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HHEPEIMOBA

Jucuumiina «3arajbHa Ta KOJIOIIHA XIMIs» BUKIAAAE€THCS JIJISl CTYACHTIB,
o HaBYamThcs 3a HampsamoMm 0706 «[impomereoposoris» (iHTErpoBaHUIA
poOoumii HaBYaIbHMKM IUTAH MIArOTOBKH), 3a chemianbHocTsMu  6.070600
«igpororis Ta rigpoximis» Ta «Meteopororis», 3a cremianizarieo 6.070600
«PamiomeTeoposioris Ta paaiofoKalliss», OCBITHbO-KBATI(IKAIIHHOTO PIBHI —
OakanaBpy, HaJEXKUTh JI0 IUKIY HPUPOJHO-HAYKOBOI MIATOTOBKHU Ta CIYXHUTh
0a3010 IS TOAAIBIIIOT0 OUIBII MOTJIMOJICHOTO BUBUCHHS (PaXOBUX JUCITUILIIH.

3acBO€EHHSI TUCHMILIIHU «3arajibHa Ta KOJIOiIHA XIMis» MOBUHHE CIPUSITH
(hopMyBaHHIO y CTYJICHTIB IIIMPOKOT'0 MPUPOTHO-HAYKOBOT'O KPYr030PY Ta PO3yMIHHIO
(byHIaMEHTAIbHUX OCHOB CKJIaJHMX XIMIYHHMX TPOLECIB, IO BIiAOYBarOTHCA Yy
rigpocepi, armocdepi, JiTocdepi, Oiochepi Ta  pi3HOMAHITHHUX  cdepax
MIPOMHUCIIOBOCTI Ta CUIBCHKOTO TOCHOAAPCTBA IMiji BIUIMBOM TPUPOJHUX Ta
AHTPOTIOTEHHUX (DAKTOPIB; BMIHHIO TPaMOTHO 3aCTOCOBYBAaTH 3HAHHS PO
XIMIYHMI CKkiaj 1 OylOBY pPEYOBHH, BHUKOPHCTOBYBATH OCHOBHI 3aKOHHU
3arajibHOi Ta KOJOIAHOT XiMii, OCHOBU TE€PMOJMHAMIKH Ta €HEPTreTUKHU XIMIUHHUX
MPOIIECIB, 3aKOHU Mepediry XiMiYHUX peaKiiii.

Meta 30ipHMKAa METOAMYHHMX BKa3iBOK — (OPMYBaHHA Yy CTYJEHTIB
VSBIIGHHS TIPO OCHOBM 3arajbHOi Ta KOJOIAHO1 XiMii; HaJaHHSA CTyJEHTaM
LUTICHOTO CBITOPO3YMIHHA Ha OCHOBI CYYaCHMX 3HaHb IIPO BJIACTUBOCTI
XIMIYHUX CHOJIYK; ()OPMYBAHHS CY4aCHOI'O CBITOIJISILY — PO3IJIANATU JKUTTA 3
ypaxyBaHHsIM Tiapochepu, armocdepi, mitochepi Ta Oiocdepu, SK €IUHOL
CUCTEMU >KMBOI PEUOBMHM Ta MIHEPAIbHUX CIOJIYK; HABYUTU CTYJICHTIB
BUKOPHUCTOBYBAaTM TEOPETUYHI 3HAHHSA 3 XiMIi I NOPaKTUYHUX TOTped
CydacHUX (paxiBIIiB.

BukonaHHs KOKHO1 1a00paTOpHOI pOOOTH MPOXOAUTHh HACTYMHI CTaIli:
® TEOpPETHUYHA MIATOTOBKA — 3aCBOEHHS OCHOBHUX TEOPETHUYHHMX IOJOKEHb,
0a30BUX 3HAHb Ta 3aKOHIB 3arajbHOI Ta KOJOIAHOI XIMII;
® BHBYCHHS NPHUHIMUIY Ta XIMI3My JAHOTO METOJY BUKOHAHHS JaOOpaTOpPHOI
pobotH,
® 03HAaWMOMJICHHS 3 OCHOBHMMHU TIpUJIaJlaMU Ta peaKTHBaMH, SIK1 HEOOX1HI TS
BUKOHAHHS JIaHO1 1Ta0OpaToOpHOi poOOTH;
MPOBEICHHS TOCT1IPKCHHS;
HaMMUCaHHS XIMIYHUX (DOPMYJI PEUOBUH Ta PIBHSIHB XIMIYHHUX PEAKIIIH;
PO3paxyHKH, Yy pe3yJIbTaTl IKUX BUXOJIUTHh (PaKTUUHUI MaTepial;
(dhopmyIIIOBaHHS BUCHOBKIB.
JlaH1 METOMYHI BKa31BKH JIONIOMOXYTh CTYJE€HTY Ha OCHOB1 0a30BHX 3HaHb
3aKOHIB XIMIYHOI HAyKH OBOJIOAITH PO3YMIHHSIM XIMI3MY MPOIIECIB, 5Kl IIFOTHCS B
OpUPOJL Ta PIZHOMAHITHUX Taly3sX HAPOJHOTO TOCHOAapCcTBa;, ChHOPMYBATH
BMIHHS KOPHUCTYBaTUCA XIMIYHOIO 1HopMalieo npodeciiHiil AisTbHOCTI,
pO3paxoByBaTH HEOOXIJIHI MOKa3HMKU XIMIYHUX PEaKliil y BIAMOBIIHOCTI 3



3aKOHAMHM 1 MpaBWJIAMH CYYacHOi HAayKd; CTBOPUTH y MaHOyTHIX (haXiBLiB
UPOKUN TIPUPOTHO-HAYKOBUHN KPYTro3ip.

VY upoMy pasi CTyJ€HT TOBUHEH 3HATHU !
TEOPETUYH1 OCHOBH CYYaCHOI XIMIYHOT HAyKU, OCHOBHI MOHSTTS, 3aKOHU 1 TEOPii
XIMII;
CKJIaJl 1 Oy/I0OBY €JIEMEHTIB, XIMIYHUX CIIOJIYK Ta FETEPOAUCTIEPCHUX CUCTEM,
3arajbHi 3aKOHOMIPHOCTI TMepediry XIMIYHMX MPOIECIB, iX EHEPreTHKy,
KIHETHKY, XIMIYHY pIBHOBAry;
BJIACTUBOCT1 BOJIHUX PO3YMHIB Ta T1APOII3 CONEH;
OCHOBH €JIEKTPOXIMIYHHUX ITPOIIECIB,
OCHOBH KOJIOIIHOI X1MiI;
TEXHIKY 0€3MeKH MPU BUKOHAHH1 XIMIYHUX JTOCTIIB;
BIUIMB JIISUTGHOCTI JIFOAWHHN Ha 30BHIIITHE CEPEIOBHIIIC.

Ha ocHoOBI oziepskaHiX 3HaHb CTY/ICHT IOBUHEH BMITH:
PO3B'sI3yBaTH pO3pPaxXyHKOBI 3aBJaHHsI 3arajbHOI Ta KOJOIAHOI X1Mii;
0€3MOMMWIIKOBO 3alIMCYBAaTH XIMI4HI Ta CTPYKTYpHI (POPMyYJIH CHOJIYK;
BU3HAYaTH CTYIIIHb OKUCJIEHHS €JIEMEHTIB Y CIIOJYKax;
CKJIa/IaTh PIBHSHHS pEakiliii 10HHOTO OOMIHY, OKHUCIIIOBAJIbHO-BIJHOBHHUX,
TEPMOXIMIYHUX PEaKIIii;
PO3paxoByBaTy PI3HUMH CIIOCOOAMU KOHIIEHTpAIlli BOJHUX PO3UUHIB;
CKJIaJIaTh PIBHSHHS pEaKIliil TiIpoii3y cojJell Ta BHU3HAYATH PEaKIliio
cepeoBHUIIa y BogHoMy po3unHi (pH);
ckiaaaty (GopMyIiTy MIIIETTH Ta BU3HAYATH MOPIT KOAryJIsilii 30J10;
MPOBAJUTH XIMIYHI JOCHIIU 1 CAMOCTIHHO pOOUTH BHUCHOBKHU 3 PE3YJbTaTIB
EKCIIEPUMEHTY;
IIpY BHUKOHAHHI JIA0OpaTOpPHUX POOIT CTYAEHT MOBHHEH YMITH TPAMOTHO IX
UTIOCTpYBaTH rpadivuHo, SKIIIO IFOro MOTPeOye TOCTIT;
KOPUCTYBAaTHCS  JTAOOpAaTOpHUMH  TpuiagaMd Ta  (Pi3UKO-XIMIYHOIO
anaparypoto;
KPUTUYHO OIIHIOBaTH XIMIYHI SIBUINA 1 MPOTHO3YBAaTHU €KOJOT1YH1 HACTIIKHU
HapOTHOTOCIIOAAPCHKOI TISUTHHOCTI,
TBOPYO 3aCTOCOBYBAaTH Of€p:KaHI 3HAHHS Ui OpodeciiHMX BHUMOT, NpU
PO3B'SI3aHHI HAPOJHOTOCIOAAPCHKUX 3aBIAHb.
O1iHIOBaHHS! BUKOHAHUX J1a00paTOpPHUX pOOIT BiI0YBAETHCS Y BIJIMOBIIHOCTI

710 po00YO1 TPOTrpamMu JJAHOT TUCITATIIIHH.



TexHika 0e3meKH NPU BUKOHAHHI JIa0OpaTOPHUX POOiT

[Ipu npoBeaeHHi nabopaTopHUX poOIT 3 XiMii HEOOXIAHO PETEIBHO
JOTPUMYBATHUCA MPABWII TEXHIKU O€3MEKHU.

Heo0xiaHO cTeXUTH 3a BEHTUJIALIEI0 TabopaTopii 1 y BUTSKHIN madi, He
JIOTYCKaTH POOOTH NP MOTraH1i BEHTHIISIIII.

B maboparopii y JOCTYIHOMY MiCLI BCTAHOBJIOIOTH alTE€uyKy, B SKIH
MaroTh OyTH Bara, OWHTH, po3unmH OopHoi kuciotm H3BOs3; (2%), i#omna
HacTolka, po3yuH onrToBoi kuciotu CH3COOH (2%), neiikomiactup, Ma3b Bif
omikiB, po3umH nBoByriIekucioi comgu Na,CO; (5%), HamatupHuid Ccroupt
NH;OH, nixmer, HOXWUI, CKIISTHKA JIJI IPOMUBAHHS OYCH TOIIIO.

Po6oTa 31 CKJISTHUM MTOCY/IOM.

o XimiyHUN TOCya Tpeba TpuMaTu OOEpekHO, HE CTUCKAIOUM HOro CHIIBHO
pyKaMH [Jis 3amoOiraHHs MOXJIMBOTO TMOPAHEHHS; MUTU XIMIYHUM MOCY]]
Tpeba Texx 00epekHO HopIiliamu, 100 He MPOOUTH THO a00 CTIHKH.

e [lpu HeBenmukux MOpi3ax CKIOM, Tpeba OOEpEeKHO BWIYUYUTHU OCKOJIKH,
3MUTHU KpPOB HaBKOJIO PAaHKH BaTHUM TaMIIOHOM, 3Ma3aTH MOJOM Ta 3aB’sI3aTH
OMHTOM a00 3aKJIeiTH JTEUKOTUIACTUPOM.

e [Ilpu rnmubokuxX aprepiaJbHUX MOpi3ax MICHsA BUIYYEHHS CKJIa Tpeba MIIHO
nepeB’sa3aTh PyKy BHINE MOPI3y JHKTYTOM, BUTEPTH KPOB HABKOJO pPaHH,
HaKJIACTH KUIbKAa IIapiB CTEPUIIbHOI Mapii, TMOTIM TOBCTHM mIap
TIrPOCKOIIYHOT BaTH Ta BUKJIMKATH JIIKapsI.

PoGora 3 XIMIYHMMHM peakTUBaMH. Bumnagku OTpyeHHS XIMIYHUMH
peakTuBaMH y JiabopaTopii HaJ3BUYAWHO PIJKICHI, ajle HE BHUKIIOYEHI, TOMY
HEOOX1/THO 3HATU MPUHOMU HaJIaHHS TIEPIIOL IOMOMOTH 10 IPUOYTTSI JIIKapSI.

e Ilpu poOOTI 3 PIAKMMH KHUCIOTaMH Tpeda mam’aTaTv, 0 BOHU MOXYTh
CIPUYMHATU BaXKi XIMIYHI OIIKH, IO MOTAHO TOsAThCS. PO30aBIsITH KUCIOTH
MOTPIOHO JIMIIE MEBHUM YUHOM — JIUMU KUCIOMY Y 600y, Ta HIKOIU HE
HaBnaku. Ilpum momagaHHI CHIBHOI KHCJIOTH Ha TUIO CIig  OOMHUTH
MOMIKO/PKEHE MICIE CIOYAaTKy BEJIMKOI KUIBKICTIO BOAU IiJI MPOTOYHHUM
CTPYMEHEM 3 KpaHy, a MmoTiM — 5% po34MHOM ABOBYTJEKHUCIOrO0 HATPilO
(comn).

e [Ilpu omiky JiyraMu Takox Tpeba 0OMUTH BpakKeHE MICIIE BEIUKOIO KUIbKICTIO
MPOTOYHOI BOAM 3 KpaHy, a BkKe MOTIM — 2% pO3YHHOM OITOBOT KUCIIOTH.
P030aBisTH KOHIEHTPOBAHUI PO3UMH JYTY Tpeba TaKUM K€ YMHOM, IO i
KHUCIIOTY — JIumu Jiy2 y 600y, Ta HIKOJIU He HaBnaku. [Ipu po3ynHeHH1 IyriB y
BOJIl CIIOCTEPITA€ThCsl CUIIbHE PO3IrpiBaHHS, TOMY JYrd Tpeda pO3UUHSITH Y
dbaphopoBOMYy TOBCTOCTIHHOMY MOCY/I1 — CIIOYATKY KOHIIEHTPOBAH1 PO3YUHH,
a TICJsl OXOJOKEHHS PO30aBUTH 10 TOTPIOHOT KOHIIEHTpAIIIi.

e Ilpu momajgaHHi y pOT JYKHOTO PO3UYHUHY MOPOKHHUHY POTa MPOMUBAIOTH
CIOYaTKy BOJOI0, a ToTiM 2% po3unHOM OOpPHOI KHCIOTH 10 YCYHCHHS
MUJIBHOTO TPUCMAKy y poOTi 1 3HOBY Bojoto. lloTiM mopoxxHUHY poTa
3Ma3yl0Th XapUOBUM >KHPOM.




SIki110 y MOpOKHUHY pOTa MOMaB PO3YMH a30THOKHUCIIOro cpibia, HeOOX1THO
MPOMUTH TOPOXKHHUHY POTA BEIUKOK KUIBKICTIO PO3UYHMHY XJIOPUCTOTO
HaTPIIO.
[Ipy OoTpy€HHI XIMIYHUMHU pPEAKTUBAMU HEOOXIAHO BBECTH IMOTEPHUIOMY Y
IUTYHOK BIJIMOBIIHI PEYOBUHU: MPU OTPYEHHI KUCIOTAaMU — MHJIbHA BOJA,
MarHesis, cOJia, BalHJIKOBAa BOJA, MOJOKO, PIIIKE MYy4YHE TICTO, CIIU3HUCTI
BiJIBapH; JIyramMu — JUMOHHA KuciioTa abo 5% outoBa. [Ipu oTpy€eHHi consimu
BBOJSITh y LIUTYHOK SI€YHUI OUTOK, BEIMKY KUIBKICTh MOJoOKa. Ilpu oTpyeHH1
Ho0M — KpOoXMaJhb 3 BOJIOIO, B’ SIKY4l HACTOMKHU, MIITHUHN Yyait abo kode.
Tpeba 3aBxAu mNam’gaTaTH, 110 [PU HANOBHEHHI MINETKA OYIb-IKUM
PO3YMHOM, HEOOX1JIHO KOPUCTYBATUCh T'YMOBOIO TPYIIEIO.
Po6oTy 31 WIKIAJIUBUMH, OTPYUHUMH Ta JIETKO JIETHOYMMU PEYOBHUHAMM CII1]
MIPOBOJIUTH Y BUTSIXKHIN 1miadi.

Po6oTa 3 HarpiBadbHUMU OPUIAIAMH.
HarpiBanbHi npunagm HE MOXHa 3aidumiaTa 0e3 Harisay, iXx HEoOX1JTHO
BCTAHOBJIIOBATH HA cHEIaIbH1 130JISI1HHI T1AKIAIKH.
Harpituii nocyn abo iHII npeaMeTH Tpeda OpaTu creriadlbHUMHU HIUIISIMI
(kaHIIEp), KOJIOOTpHMadeM abo MPOCTO PYITHHKOM.
VY mpumiiienHi J1abopaTopii 3aBXAM MOBUHHI 3HAXOJAUTHUCH MPOTHUIIOKEKHI
3acobu: az0ecT, MiCOK, BOTHETaCHUK, KOIIMa. Bomol0 MOXHA racUTH TUIBKU
TaKi peYOBUHHU, 110 POZUUHSIOTHCS y BOA1 ab0 Bax4il 3a Hei. Macio, OeH3uH,
KEPOCHH FaCUTH BOJIOI0 HEMPUITYCTUMO.
[lpu omikax 1-ro cryneHs (MOYEPBOHIHHSA IIKIPH) KOPHCTYIOTHCS
CHCIaIbHUMU Ma3siMHM BiJ omikiB. Ilpu omikax 2-ro crymeHs (myxupi Ha
MIKipi) BpaxkeHe Micie Tpebda OOpOOUTH PO3YMHOM MAPIaHIIEBOKHUCIIOTO
Kajito abo po3unHOM TaHiHy. Ilpum omikax 3-ro crymneHs (pyWHyBaHHS
TKaHWHU IIKipH) Tpebda MOKPUTH BPA)KEHE MICIIE CTEPHIILHOIO MOB'SI3KOI0 Ta
BUKJIMKATH JIIKAPSI.

Pobora 3 enexrponpunagamu.
B ximiuniii nmaGopaTopii Kpalle BUKOPUCTOBYBATH E€JIEKTPUYHY IUIUTKY 13
3aKPUTOIO CIIpAJUIIO; Mij IUIUTKY Tpeda miakiaaaaTH a30ecTOBY KOBAPY 4H
KepaMiuHy a00 MapMypoOBY IiJICTaBKY.
IIpy poGOTI 3 ENEKTPOIUINTKOI, OCBITIIOBAILHUMH a00  IHIIUMHU
CIEKTPUYHUMH TpPUJIAJlaMH  CIIiI PETENbHO 130JII0BaTU MPOBOJHU, HE
JOMYCKaTH TOTpaIUIiHHA Ha HUX BOAM, ICKPIHHS, YCl HECIPABHOCTI CH1J
yCyBaTH MPU BUMKHEHIN €JIEKTPUYUHIN MEpexi.
Crynentam 3a00pOHSIETHCSI YCYBATH HECIIPABHOCTI CAMOCTIMHO — CHiJ] TUIBKU
BKa3aTH Ha HECIIPABHICTh BUKJIaAady a00 MpalliBHUKY JabopaTopii.




3ATAJIBHI IPABUJIA POBOTHU B JIABOPATOPII

JIist yCHilHOTO BUKOHAHHS JIAOOpPaTOPHUX POOIT KOXKEH CTYJEHT, SIKUU

npairoe B 1adbopaTopii, 3000B's13aHUI TPUMATH CBOE PoOOUYE MICIIe B YUCTOTI U
nopsiaky. [Ipucrynarouu 10 po6oTH, HEOOXITHO O3HAHOMUTUCH 3 METOJUUYHUMHU
BKa3iBKaMH, 3 Ja0OpAaTOPHUM YCTATKyBaHHSIM Ta HOTO MPUHLMIOM Jii, 3HATH
BJIACTUBOCTI XIMIYHUX PEUOBUH 1 MeToau Oe3neyHoi poOOTH 3 HUMH.
KopucrtyBarucss MoOxHA TUIBKM pEaKkTHBAMH, SIKI MalOTh ETUKETKH Ta
PO3MIIIYIOTHCS Ha MOJIUII pOOOYOro CTOJIA.

~

I[HOPAJOK POOTU

Bci poGoTtu B 1abopaTopii NOBUHHI BUKOHYBATHUCH TIJIBKH Y NMPUCYTHOCTI
BHKJIaJaya.

B naGoparopii KOXEH CTYJEHT NOBHMHEH MpAaIlOBaTH CaMOCTIIHO,
KOPUCTYIOUUCh METOJMYHMMHU BKa3iBKAMHM Ta 3BEPTAIOYUCH, SKIIIO
MOTPiOHO, 32 KOHCYJBTAIIEIO 10 BUKIa aya.

KokeH cTyAeHT MOBUHEH BECTH KypHaJl Ja0OpaTOpHUX POOIT, y SIKOMY
KOpPOTKO, aj€ TOYHO BIJ3HAYAIOTHCS BCl CIIOCTEPEXKEHHS, 3pO0JeHI Mpu
BUKOHAHHI €KCIIEPUMEHTY.

He npuctynatu 10 mpoBefeHHS HACTYMHOTO AOCIITY, HE 3alUCaBIId B
KYpHaJIl pe3yJbTaTH MONEePEIHbOTO.

He mnoumnatu pnociigy, TOKM HE TE€pEBIpeHAa HAsBHICTh BChOTO
HEOOX1THOTO JIJIst HhOTO (TOCY/1, IPHUJIAH, PCAKTHBH).

[Ipu poOOTI TOYHO BUKOHYBATH MOPSIAOK Ta IMOCTIJOBHICTH OIEpalii,
3a3HAYECHUX Y METOJUYHUX BKa3IBKaX. YBaXXHO CTEXUTHU 3a XOJIOM
TOCITIY.

Hikxonu He 3anumaTu Ait0unii 1a00paTopHuUii npuiaj 6e3 Harsay.

be3 no3Boiy BuKIagaya HE MIPOBOJMTH JOCHIAIB, HE 3a3HAYCHUX Y
METOJUYHUX BKa31BKaX.

[licns BUKOHAHHS POOOTM TOMUTH JIaDOpPATOpPHUM TOCYyd  Ta
YHOPSIAKYBAaTH poOOYE MicCII€.



IIuTaHHs 1151 CAMOCTIHOI IepeBipKH CTY/IEHTIB
BHKOHAHHS NPaBUJ TeXHIKM 0e31eKH pu podoTi y XimiuHi 1aboparopii

1. SIx mpaBWJILHO BU3HAYMTH 3aMaX XIMiYHOT peUYOBUHU?

2. SIK IpaBWIIBHO HATIOBHATH IIMETKHU PiIKUMH HEOC3NMEYHUMHU PEUOBUHAMU ?

3. Un MoxHa Ha JTabOpaTOPHOMY CTOJIi BUITAPIOBATH OPTAHIYHI PO3YNHHUKH?

4. Slky HeOe3neky g MpaloYoro CTaHOBISATh PO3UYMHU KOHIIEHTPOBAHUX
KHCJIOT Ta JIYT, @ TAKOK TBEP/I1 JIYTH Ta Mapu KUCIOT?

5. SIx po36aBastOTh PO3UMHM KOHIIEHTPOBAHUX CipuaHOi Ta a30THOI Kuciaot? Ym
MO>KHA BOJY J10AaBaTh A0 Kuciaotu? Yomy?

6. [llo Tpeba 3poOWTH, AKIIO HA PYKH YW HA OJAT IIONAB KOHIICHTPOBAaHHM
PO3UYMH KUCIOTH ab0 JIyTy?

/. 3 sKUMH HarpiBaIbHUMHU IMPUJIAJAMU MOXHA MPAIIOBATH, SKIIO MA€ENI CIIPaBy
3 BOTHEHEOE3MEYHUMU U1 JIETKOTOprounMu pedoBuHamu? [1{o Tpeda 3podutn
MIEPIIl, HiXK TTOYNHATH TIPAIFOBATH 3 CIEKTPUIHUMU TIPHIIAIaMU ?

8. Sk mpaBWUIBHO HATpiBaTH TBEPHI Ta PIAKI PEUYOBHHU y XIMIYHOMY TOCY/Ii?
Yomy HeOe3nmeyHO HarpiBaTh HIKHIO YaCTUHY NPOOIPKU 3 PIAMHOIO Ha
BIJIKPUTUM BOTHEM?

9. SIx mpaBUIBLHO TPUMATH MPOOIPKY 3 PIAUHOIO MPU HATPIBaHHI?

10. SIki 3ax011 TIEPIIOi AOTIOMOTH MPU TEPMIYHUX OOTAICHHSAX IIKIpH?

11. Slkux 3ax0iB BXKUBAIOTh MPH MOPAHEHHIX 200 TOpi3ax CKIOM?

12. SIxux 3ax0[iB MepIIoi HEOOX1THOCTI BXKUBAIOThH ITPH BUHUKHEHHI TTOXKEXK1?

13. o HEOOX1aHO 3pOOUTH MPU OTPYEHHI TApaMK HEOE3TEUHUX PEUOBUH ?

14. SIk BUAUIAIOTH OTPYTY 3 OPTaHi3My MPU MUTYHKOBHX OTPYEHHSX ?

15. Yu MOXHa CTyJI€HTaM CaMOCTIMHO BUIIPABIATH HECIPABHOCTI €IEKTPUUHUX
Ta IHIINX MPUIAIIB Y JabopaTopii?

16. o HeoOXiaHO 3p0oOUTH IO 3aKiHYCHH] JIA0OPAaTOPHOI pOOOTH?

10



PO3AIJI I OcHoBHi 3aK0OHH XiMil

JlabopaTopHa po6ora Nel
Tema: «3Ba:KyBaHHS HA Tepe3ax»

TeopernyHa YaCTHHA

Heo0xigHOIO MNpUHANEKHICTIO XIMIYHOI J1abopaTtopii € Tepe3u. Tomy
BMIHHS [TPABWJILHO KOPUCTYBATUCA HUMU TMOTPIOHO BiJ] KOXKHOTO, XTO MPAIIOE B
naboparopii. 3BMYaifHO TIPY BUKOHAHHI JJAOOpATOpPHUX POOIT OyBa€e JOCTATHBHO
BUKOPUCTOBYBAaTH TEXHOXIMIYHI Tepe3u. TOUYHICTh 3Ba)KyBaHHS Ha TaKUX
tepeszax gopiBHioe 0,01 r. IX yacTo 3acTOCOBYIOTH IPU CHHTETUYHUX POOOTaX,
JUISL 3BaXKyBaHHSI BXIJTHUX PEUYOBHMH Ta OTPUMAHUX MNPOAYKTIB. s OuibId
TOYHOTO 3BaXKyBaHHSI, SIKE HEOOX1AHE MPU aHAIITHYHUX POOOTaX, 3aCTOCOBYIOTh
aHATITHYHI TepPe3u, TOUHICTh 3BaxyBaHHs skux gopiBaioe 0,0001 r.

OCHOBHOIO YaCTHUHOIO SIK TEXHOXIMIYHMX, TaK W aHAIITUYHUX Tepe3iB
(puc. 1 a, 6) € konoHKa 3 kopomucioM (5). Ha kopomucii € Tpu pu3Mu: OJIHA 3
HUX 3HAXOJUTHCA MOCEPEANHI KOPOMHUCIA Ta il peOPO CIHPAETHCS O KOJOHKY;
JIB1 1HIII — HA KIHIISIX KOPOMHUCIIA — 10 HUX 3a JIOMIOMOTOI0 JTY>KOK M1JIBIIIYIOThCS
gami Ttepe3iB (4). B aHamiTHUHUX Tepe3ax NpuU3MH 3pOOJICHI 3 arary, B
TEXHOXIMIYHUX — 3 HepkaBitouoi ctami. [1[o6 oxoponutn pebOpa mpusM Bif
3HOIIYBaHHS, TEPE3U MAIOTh apeTUp. ApeTUp BBOIAUTHCA B [0 32 JOMOMOTOIO
koeca (3). Y HempaiiorouoMy CTaHi TEpe3iB apeTHp IOBOPOTOM KoJjeca
MITHIMAETHCSA JOTOPHU Ta MiJHIMAE KOPOMHUCIO TakK, 1[0 MPU3MU HE TOPKAIOTHCA
KOJIOHKH, a JY>KKH BHUCSTh HE Ha KOPOMHUCIII, a Ha apeTupi. [ToBopoToM Koseca
apeTupy B 3BOPOTHOMY HampsiMl T€pe3u MPHUBOJATHCS y mpalorouuil crad. Ha
KIHIIIX KOPOMHUCIIA € Peryiitorodi rBUHTH (6), 32 JOIMOMOTOI0 SIKUX JIO TOYaTKy
3BXYBaHHS TEpPe3W MOXHA BiaperynmoBaTH (TOOTO BpiBHOBaXHTH). Tepesu
3HaxXOJAThCS y CTaHI piBHOBard, sKmo crpiika (7), IO NPUKPIIUICHA JI0
KOPOMHUCIIA, BIJKJIOHSETHCS BIPABO Ta BIIBO Bia cepeaHboi (HYJIbOBOI) PHUCKH
mkay (8) Ha OJTHAKOBY KUJTbKICTh PO3IIOILTIB.

HemoxHa craBuTM Ha yamii Tepe3iB rapsidi abo JdyKe OXOJOMKeHi
npeaMeTy Ta peakTuBu. [IpeameTu Ta pedyoBUHH, SIK1 3BaXKYIOTh, IOBUHHI MaTH
KIMHATHY TeMmIiiepatrypy. PedoBuHH, 110 3BaKyIOTh, HOMILIAIOTh y CEIl1adbHUN
MOCY/l — Ha YacoBE CKJIO, Y XIMIUYHY CKJIAHKY, y OOKC a00 Ha mamipenp — Ta
HIKOJIM HE KJIaAyTh O€3MoCepeIHhO Ha Yallli.

KyacTu npeaMeTH Ta peakTMBHM HA Yauli Tepe3iB, 200 3HIMATH 3 HHUX,
MOKHA TiJIbKM_NPH_MiIHATOMY apeTHpi (T00TO Yy HeNpanw4oMy CTaHi
Tepe3iB)!

B oaniit mabopaTopHiii poOOTi yCi 3BaKyBaHHSI MOBUHHI MMPOBOJUTUCH HA
ONIHMX M THUX K€ Tepe3ax Ta 3 OAHUM HaOopoMm BaxkiB. Habip 3BHUaifHO
cKIagaeThes 3 BakkiB mesHoi macu. 100, 50, 20, 20, 10, 5, 2, 2, 1 rpamis ta 500,
200, 100, 100, 50, 20, 10 mimirpamis.
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Puc.1.1 — TexHoximiuni Tepesu (a):
1 — BHCOK; 2 — HACTAHOBHI 'BUHTH (FBUHTOBI HKKH); 3 — apeTup; 4 — variii;
5 — KOpoMuco; 6 — peryiatoBaibHI TBUHTH; / — CTPUIKA; 8 — IIKaja.
Amnamitnuni Tepesu mapku AJ[T-200 (0).
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[lepen 3BaKyBaHHSM CJiJ TEpeBipUTH 3a jgonoMoror Bucka (1), 4m
3HaXOJATHbCS TEpPe3U y TOPU3OHTAIHLHOMY TOJIOKEHHI. Skimo HI — TO
HEMPABWIBHICTh 1X PETYIIOBAaHHS MOXHA YCYHYTH TMiJKPyTHBIIN TBHHTOBI
HiXKH (2). TToTiM mepeBipsAIOTh, YU 3HAXOAATHCS TEPE3W y CTaHI PiBHOBAru.
[ToBoporom koieca (3) omyckaroTh apeTup, mo0 MPHUBECTH iX Yy MPAIFOIOYHI
crad. Tomi cTpinka (7) moyHe TOWJATHCS — TPU MPABUIBHOMY pPEryJIIOBaHHI
Tepe3iB ii BIIXWJICHHS BiJl HYJbOBOI pucku Ha mkaii (8) BmpaBo Ta BIiBO
MOBUHHI OyTH OJTHAKOBUMH. SIKIO BIAXWIICHHS CTPUIKU P13HI, TO Hacammepen
Tpeba mepeBipuTH YHCTOTY damok (4), kopomwucina (5), Ta rBuHTiB (6). SKII0
3a0pyAHEHHS HEMAE Ta BIAXWIICHHS HE JYXK€ BIAPI3HAIOTHCS, HETOUHICTh MOXKHA
BUIIPABUTH 32 JIOTIOMOTOIO PEryJIIOI0unX TBUHTIB (6). Aute, KO PI3HHIS TyXKe
BEJIMKA, Tpeda 3BEPHYTHUCH 3a JOMOMOTOIO 0 BHUKJIajada abo jJabopaHTa — HI B
SAKOMY pa3l CTyJIeHTaM He MOKHA yCyBaTH HECIIPaBHICTh CAMOCTIHHO!

OcCHOBHI IPaBWJIA POOOTH 3 TEXHOXIMIYHUM Tepe3aMu:

1. TIpenmer (abo peakTHB), IO 3BaXKYIOTh TpeOa KIIACTH HA JIIBY Yallly Tepe3iB,
a BaXXKH — Ha IpaBy.

2. Baxxu OepyTh 13 OIYXJIAIKHA TUIBKH MIHIETOM Ta KJIaayTh Ha Yally Tepe3is,
a00 3 yallll MOBEPTAIOTh BAXKKU JI0 HIYXJISIM — Ha CTLJ X KJIAaCTH HE MOXHA.

3. Cnhixg moymHaTH 3 OLIBIIMX BaXKIB. SIKIIO Ba)XKOK 3aHAITO BEIWKHHA, HOTrO
3HIMalOTh (MTOBEPTAIOTh y MIYXJIAAY) Ta OEpyTh IHIIMA MEHIIOI MacHu. SIKio
BAKOK BHUSIBUBCA 3aHAJTO JIETKHUM, TO, HE 3HIMAlO4Yu MHOro, A0Jal0Th
HACTYIHH MO Maci.

4. Ha xiHeup 3BaKyBaHHS BKa3y€ BIIXWICHHS CTPUIKM Ha OJHAKOBY KUIbKICTb
PO3MOILTIB, a00 3HAXOKEHHS CTPUIKA TOYHO HAa HYJIBOBIA BIMITIII.

5. Jlms migpaxyHKy Macu ImpeaMeTa, 10 3BaXylOTh, CIIOYATKY 3aMUCYIOTh LIHY
MOAUTY BaXKKiB, HE 3HIMAIOYHM iX 3 Yallll, a TOTIM NEPEHOCI YU X O HIYXISIH.
PetenbHO nepeBipsItOTH 3aMKC Ta MiIPaXOBYIOTh.

6. Ilo 3akiH4eHH] poOOTH TIEPEBIPTE, UM MPUOPaHi y NIYXJIATY BaXXKH Ta MIHIIET,
Yy He 3a0pyIHEH] Yalll, Yd MAHATUN apeThp — poOode Miciie TOBUHHE OyTH

y OPSAKY.

AHaNITUYHI Tepe3u MOMIMAITECA y crelianbHy madKy 3 ABEpIsTaMH, SKi
BimuuHstoThes. [ladka 3axumiae Tepe3u BiJl MUY Ta PyXiB MOBITPS, IPHU SKUX
HEMOJKJIMBE TOYHE 3BakKyBaHHsA. AHanmituuni aemidepri tepesu (AJ[T-200)
MaloTh CIEMIaIbHe MPUCTOCYBAaHHS — JAeMrdep, SKUH MIBUAKO TPUITHHSIE
KonuBaHHs dami. [lpu poOOTI 3 aHATITUYHUMHU TEpe3amMu 3BaXKYBaHHS 3
TOYHICTIO /10 1 T TPOBOJUTHCS TaKOXK, IK U HA TEXHOXIMIYHUX Tepe3ax, TOOTO 3a
JIOTIOMOTOX0 BaXKKIB (CreliadbHUA HaOIp y IIyXJIsai, SKHH BMIIIYE BaKKH
Tibku Macoto y rpamax). Jlecari (0,1 r) ta cori (0,01 r) wactku rpama
BU3HAYAIOTHCS 32 JIOTMIOMOI'0I0 CIIELIAIbBHOTO MPUCTOCYBAHHS JIJIsl OITYCKAHHS Ha
KOPOMHUCJIO Tepe3iB BakkiB Macoro Bij 10 mr g0 990 mr.
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Iopsinok 3BaKyBaHHA HA aHAJITHIHMX Tepe3ax AJIT-200.

Bxmrount B eNEKTpUYHY MEpeXy OCBITIIOBaY Bewtorpada (cremianbHe
ONTUYHE MPUCTOCYBAaHHA [Js BIJUIIKY IIOJIOKEHHS CTPUIKM Tepe3iB IO
TIKaJTi).

BigperyntoBaTu TOJIOKEHHSI HYJIBOBOI TOUYKM TepesiB. [ns 1uporo mpu
3aKpUTUX JBepUATaX Iapku OOEpEeKHO IMOBEPTAIOTh KOJIECO aAPETUPY [0
kiHug. [lpm  mepeBoji Tepe3iB y Mpaliol0Yuid CTaH aBTOMATHUYHO
BKJIIOYAETHCA JIaMINouka OcBiTiiOBaua. Ha ekpani BedTorpada 3’sBIAsS€ThCS
300pakeHHs MIKPOIIKaiu, SKE TNEpPEeMIIIYEThCS B3JI0OBXK ekpaHa. Komm
MepeMIlllyBaHHSI  3aKIHYUTHCS, HYJIb IIKaJIXM TOBUHHUNA 30irtucss 3
BEPTHKAJIBHOIO JIIHIEI0 Ha €KpaHi Beutorpada. Skmo — Hi, To 00epexHO
MOBEPTAIOTh TOJIOBKY PEryJIIOBaJIbHOTO TBUHTA, SKUWA 3HAXOJUTHCS Ha
HIDKHIA TaHell Tepe3iB, Ta J0MararThbCs 30ITy HYJIS 3 BEPTHKAIBHOIO
JHIEIO.

[lepekoHaBImIUCh, 10 TEpe3uW MPALIOIOTh MPABWIBHO, MOYUHAIOTH
3BaxKyBaHHs. [Ipeamer, 110 3BaxytoTh, KIaAyTh Ha JIIBY 4allly TEPE3iB, a Ha
MpaBy — BaXXKHU. TaKuM YMHOM MPOBOJSTH 3BAXKYBAHHS 3 TOUHICTIO /10 1 .
s Busnauenns aecsatux (0,1 r) ta corux (0,01 r) rpama 3acTOCOBYIOTH
OPUCTPIN Il po3TallyBaHHS Ha Tepe3u ApiOHMX BaxkiB. [loBopoTom
30BHIIIHBOTO JIMCKAa HABaXXYIOTh HAa KOPOMHUCIO TEPE3IB BAXKKKH MACOK0 Yy
necsti gactku rpama (0,1 r), a TOBOPOTOM BHYTPILTHHOTO JIUCKA — BAXKKH
macor y coti rpama (0,01 r). Koxuuit pa3 tpeda mepeBipsATH y sKkuid Oik
BIIXUJISIETHCS CTPUIKA. TakuM YMHOM BUKOHYIOTH 3Ba)KYBaHHS 3 TOYHICTIO
mo 0,01 r.

Tucsani (0,001 r) Ta necatutucsuani (0,0001 r) yacTku rpama BU3HAYAIOTH 32
BIIXUJICHHSIM CTPUIKHU BiJ] HyJIbOBOI TOUKHM Ha OCBITJICHIH IKali BeHTOorpada.
JIisi 1bOro MOBEpPTalOTh JO KIHISL KOJIECO apeTupy Ta, J0YEKaBIIHCh
MPUITMHEHHS KOJIMBAHHS CTPUIKH, POOJATHh BUIIIK BIAXUICHHS BEPTUKAIBHOI
JHII OCBITJECHOTO €KpaHa BiJ HyJs wmKaiu. KoxkHa KpymHa MOAUIKA IIKaIU
Biamosigae 0,001 r, a xoxxHa npi6Ha mominka mkamd — 0,0001 r. Bigxuneras
MOXYTh MaTH SIK MO3UTUBHE, TaK i HEraTHUBHE 3HAYEHHs. Y MepIIoMy pasi
BEJIMYMHY BIAXWJICHHA Tpeba J04aBaTH IO CyMapHOi Macu BCIX BaXKKiB, a y
JIpYyroMy pasi — BIIHATH B1Jl CyMapHOi MacH.
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EKCIIEPUMEHTAJ/IbBHA YACTHUHA

MeTa _po0oTHM: BHUBYUTH TPUCTPIl Ta MpaBuia 3BaXKyBaHHA Ha
TEXHOXIMIYHUX Ta aHAIITHYHUX Tepe3ax; HABYWTUCh IPABUILHO HUMU
KOPUCTYBATHUCS.

Ilpunaau T4 peakTHBHU: TEXHOXIMIYHI TEpE3H, aHAIITUYHI TEpe3u MapKu
AJIT-200, mabopw BaXKiB 10 HUX, CIHCMIALHANA XIMIYHHA TIOCYT JUIS
3BaXKyBaHHs, Imareni, Orokcu 3 kpucramiuaummu coisimu  K,Cr,O;, NacCl,
CuSO,.

3apaanns Nel: 3acTocoByroun mpaBwiia, HaJaHi y TEOPETUUHIN YaCTHHI,
3BXXHMTH HAa TEXHOXIMIYHMX Tepe3ax ciib Macoro a) 2,67 r; 0)1,38r; B) 3,25T;
r) 2,43 r. PeTenapHO 3amucaTH XiI BUKOHAHHS.

BucHOBOK. 3poOWTH BHCHOBOK IPO TOYHICTh 3BaXKyBaHHS (IMOXUOKY
3Ba)KYBaHHS) Ha TEXHOXIMIYHUX TEpe3ax.

3aBaanna Ne2: 3acTOCOBYIOUM MpaBWiIa, HAJAaHI y TEOPETHUUHINA YaCTHHI,
3BOXHUTH Ha aHAMITHYHHX AeMmmdepHux Tepe3ax mapku AJ[T-200 cimp macoro
a) 1,6374 r; 0)2,4385 r; B) 3,2755 r; 1) 2,1643 r. PeTenbHo 3amucaTH Xin
BUKOHAHHS.

BucHOBOK. 3poOWTH BHCHOBOK IPO TOYHICTh 3BaXKyBaHHS (IOXUOKY
3Ba)KyBaHHS) Ha aHATITHYHHUX Tepe3ax.

IIuTaHHs 1151 CAaMOCTINHOI IepeBipKH 3HAHb CTY/ICHTIB

1. Yu BipHE CTBEpJXKEHHS: Maca PEUYOBUHM, 3BAKEHOI HA TEXHOXIMIYHHUX

Tepe3ax aopiBHoe 3,472 r. Homy?

Slka OCHOBHA YaCcTHHA K TEXHOXIMIYHUX, TaK i aHATITUIHUX Tepe3iB?

Sxuii mpuam qomoMarae 3aXuCTHTH pedpa MPU3M Bijl 3HOIITYBAHHS ?

3a TOTIOMOTOF0 SIKOTO MPUCTPOIO APETUP BBOJAUTHCS B JIIFO?

Konu mokHa KJacTu Ha yalll TEpe3iB BAXKKU Ta MPEIMET, 10 3BaXYIOTh!

SKIIO apeTHP MiTHATAN 91 OMYIIICHUI ?

Slky poiib BHUKOHYIOTH JAeMmidepu TMpu 3BaKYBaHHI Ha aHAJITUYHUX

nemideprux tepe3ax mapku AJ[T-2007?

/. 3a IOMOMOIOI0 SIKOTO MPHUCTPOI0 BHU3HAYAIOTh THUCAYHI Ta JECATUTHCSIYHI
YJaCTKHW TpaMa MpH 3BaKyBaHHI Ha Tepe3ax mapku AJ[T-200?

8. Jle GinpImie BimHOCHA MOXHOKA 3BaKYBAaHHS TBOX HaBaXXOK: 2 T un 15 r?

9. Ilpu sAKif TemIiepaTypi MOKHA 3BaXKyBaTH IPEIMETH a00 PEaKTHBH ?

10. Ha sixy wanry Tepe3iB MOKHA KJIaCTH MPEIMETH Ta PEaKTHBH, Ta Ha Ky —
BaXKKH?

11. V axomy mocyai MOKHA 3BaKyBaTH PEAKTUBH?

12. Uu MoKHa JicTaBaTH BAXKKH 13 TIYXJISIIA PyKaMU?

13. SIk BCTAaHOBUTH piBHOBAry Tepe3iB?

14. Slka TO4YHICTH 3BaKyBaHHS Ha TEXHOXIMIYHUX Tepe3ax?

15. flka TOYHICTh 3Ba)KyBaHHS HA aHATITUIHUX TEpe3ax?

abown

o
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InauBiavajabHe 3aBIaHHA 10 JadoopaTopHoi podooTu Nol

Ta6muma 1.1.

BapIaHTy

3aBnannsa 1
BusaaunTu BiICOTKOBUIA

BMICT €JIEMEHTIB, 110
CKJIaJIal0Th PEUOBUHY,
xiMiyHa (popmyna sSKoi:

3aBraHns 2

2

3

Aly(SOq)3

Busenitsb MOJIEKYJISIPHY bopmyny
MAaCJISTHOT KHCIIOTH, sIKa BMIIIye (32 Macoro)
54,5% Byrnerto, 36,4% oxcureny ta 9,1%
rigporeny. ['yctuHa ii mapu 3a BOJHEM
D(H,) = 44.

Fes(PO.),

Busenitsb MOJIEKYJISIPHY bopmyny
pedoBuHH, 1o BMimye (3a macor) 93,75%
Byrimemo Ta 6,25% rigporeHy, SKIIo
ryCTMHA 1I[l€i PEYOBUHU 3a TOBITPSM
D(nos.) = 4,41.

AICl;-6H,0

Haiinite mnpoctimy ¢GopMmyiny pedyoBUHH,
ska Bwmimye (3a wmacow) 26,53% K;
35,37% Cr; 38,10% O.

Na3PO4

lNazonoxibHa  cmodyka  HITPOreHY 3
TIAPOTEHOM  BMIIIYE 12,5% (mac.)
rigporeny. ['yCTMHaA CHOTYyKHM 3a BOJHEM
DH,) = 16. BuBexaitb MOJEKYJIApHY
hopMyTy peHOBHHH.

AlIPO,

Busenitsb IPOCTIITY bopmymy
KpUCTaJoTiapary Oypu, ska Bwimye (3a
Mmacoro) 12,05% Na; 11,35% B; 71,32% O;
5,28% H.

K2SiO;

Macosa yactka xJjiopy y xaopui gpochopy
cknagae (/,5%. BusHauutH mnpocTiury

popmyiy.

Ca(OH),

Busenitsb MOJIEKYJISIPHY bopmyny
MiHepaldy, sKkuid BMimye (3a Macor)
36,8% depymy; 31,6% okcureny Ta
31,6% turany. ['yctuna #oro mapu 3a
BomHeM D(H,) = 151.

FeSO,47H,0

Haiinite mpoctimy ¢gopMmyly pedOBUHH,
ska Bwmimye (3a wmacoro) 43,4% Na,
11,3% C, 45,3% O.
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ITponosxenns tadmui 1.1.

1 2 3

Busenitsb MOJIEKYJISIPHY bopmyy

pedoBUHH, sika BMinIye (3a macoro) 39,14%
9 Fe(HSO,), Byriemto, 52,16% okcureny Ta 8,7%

rigporeny. ['yctuna ii mapu 3a BOJAHEM

D(Hz) = 46.

Haiinite mpocrimy  gopmyily  OKcuay
10 PtCl,-4H,0 BaHAIIO, SIKII[O 2,73 r OKCHUTY

BMilTy10T161,53 r BaHafi10.

Haiinite mpocrinry ¢popMyiay pedoBHHH, KA
11 NH;NO; BMmingye (3a maci) 29,1% narpito, 40,5%

cipkn, 30,4% okcureny.

Po3spaxyiire, CKITbKH rpam Oapiro
12 Al(NO3)3 BmimyeTbcss y 100 T cymedaty Oapiro

BaSO4.

Bu3HaunTy aTOMHY Macy 1’ STHBAJICHTHOTO
13 CuOHNO; eJIEMEHTA, SKIO OKCHJ LbOT0 eJeMeHTa

BMmintye 74,1% oxcureny.

Haiinite npocTiry Gopmyny cronyku 60py
14 CuS0O,-5H,0 3 TIIPOTEHOM, SIKIIIO BMICT O0pYy y CHOMYII

cTaHoBUTH 78,2% (1o maci).

[Ipoctima dopmyna riapasuny  NH..
15 BaCl,-2H,0 Haiinite  iioro MOJIEKYIAPHY (bopMyJIy,

SKIIO TYCTHHA TapH TiIpa3uHy 3a MOBITPSIM

D(nos.) = 1,1.

Po3paxyiiTe, ckiibku Kutorpam ¢depymy
16 KMnO4 BMIIIYETbCS y 1 T cipyaHOTro KOI4YedaHy

(FeS,), sxmro momimiok - 15% .

Haiinite mpocrimty  gopmyily  oKcugy
17 Na,C0O5:10H,0 XpoMy, SKIIO BMICT XpOMY B OKCHII

nopiBHioe 68,4% (mac.)

Pospaxyiite B1JICOTKOBUI BMICT
18 (NH,).SO, KPUCTAIIYHOI BOJIW y JWTIAPATI XJIOPHUIY

oapiro BaCl,-2H,0.

Haiinite mpocrimty  gopmyily  OKCUIy
19 Na,S,03-5H,0 HITPOTEHY, SKIIO BMICT (Mac.) HITPOTCHY

25,93%, a okcureny 74,07%.

Haiinite mpocrinty ¢opmysly pedoBUHH, 10
20 CaS0,:2H,0 ckinaay skoi BxoauTh 25% rimporeHy Ta

/5% Byremto.
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IIponosxenns tabdmumi 1.1.

2

3

21

Na2804-10H20

Haiinite mpocrinry ¢hopmysly pedoBUHH, 10
ckinany skoi BxomuTh 34,42% depymy Ta
65,58% xi0py.

22

MgCl,-6H,0

Haiinite mpocrinry ¢opmysly pedoBUHH, 10
cknany skoi Bxoauth 93,09% aprerTymy Ta
6,91% oxcureny.

23

AI(OH),CI

Haiinite mpocrinty ¢opmysly pedoBUHH, 10
CKIafy sikoi BXoauTh 34,6% Hatpiro, 23,3%
docdopy Ta 42,1% okcureny.

24

BaCI2-2H20

Haiinite mpocrinty ¢opmysly pedoBUHH, 10
CKIaay siKoi BXoauTh 45,95% aprenTymy Ta
54,05% itony.

25

ZnS04-7H,0

Haiinite npocrimy (GopMmyiay pedyoBUHH, SIKa
BMingye (3a wmacor) 33,33% HaTtpiro,
20,29% witporeny Ta 46,38% oxcureny.

26

CaOHCI

Haiinite npoctinty gopmyily KUCIOTH, sIKa
BMiIrye (3a mMacorw) 2,2% riaporeny; 55,7%
rony Ta 42,1% okcureny.

27

AI(OH);

Haiinite mnpoctimry dopmyiy codi, sika
BMingye (mo wmaci) 24,7% xaniro, 34,8%
manrany ta 40,5% okcureny.

28

CaSO,

Haiinite npoctinty popmyily KUCIOTH, sIKa
BMimye (3a wmacow) 1,59% rigporeny;
22,22% wuitporeny ta 76,19% oxcureny.

29

BEC|2'4H20

Busnaure MOJICKYJIIPHY bopmyiry
peUoBHHHM, sika BMimrye (3a macoro) 85,7%
kapobony Ta 14,3% rtimporeny. ['yctmna
napu pedoBUHU 3a BogHeM D(Hy) = 14.

30

K2Cr207

Haiinite mpocrinry ¢opmysly pedoBUHH, 10
ckaany skoi BxomuTh 20% rimporeHy Ta
80%  Byrmemro. MonekynapHa ~— maca
pedoBunau M = 30 r/MOb.
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JlabopaTopHa po6oTa Ne2
Tema: «BU3HAUCHHS €KBiBaJIEHTY MeTaJly METOI0OM BUTUCHEHHSI BOJHIO»

TeopernyHa YaCTHHA

XiMiuHum eKeieaneHmom peyosuHu HA3UBAIOTH JIESIKY YMOBHY a0o
peadbHy YacTUHKY IIi€l PEYOBMHHM, SIKa B JIaHIM peakilii Croyiy4aeTbcs ado
3amingye 1 Monp atomiB rigporeHy abo 8 Momnb atomiB okcureHy. binmbmia
YacTMHA €JEMEHTApPHUX PEYOBUH B3aeMoiie abo 3 riaporeHoMm, abo 3
OKCUT'€HOM, a00 3 HUMHU pa3oM. ToMy €KBIBaJEHTH TiIpOT€HY Ta OKCUIEHY
MNPUUHATI ¥ AKOCTI BUXIJHUX MPU PO3PAXyHKaX XIMIYHUX E€KBIBAJICHTIB 1HIIMX
PEYOBUH, 0 3 HUMU B3a€EMOJI1IOTh.

3akon exsisanenmis. MacH PEYOBHH, IO B3aEMOJAIIOTH MiX c000I0 0€3
ocTaTtky (H. y.), IPsIMO MPOIOPIIiiHI MOJIIPHUM MacaM iX eKBIBaJICHTIB

m _M

exel

m, M

eke?2

O6’emu Ta3iB, 10 pearyrTh MK COOOIO MPHU MOCTIMHUX TEMIMEpaTypl Ta
TUCKY 0e3 ocTaTKy (H. y.), IpSIMO IPOTOPIIiHHI 00’€MaM iX eKBIBaJCHTIB

V_]__VeK61
VZ VeKeZ
VYV xiMmiuHIA mpakTull OyBae Tak, IO OJIHA 3 pPEaryruux pPEYOBUH
3HaXOJUThCS Y TBEPJAOMY arperaTHOMy CTaHl, a IHIIA pPEYOBUHA — Y
ra3ornoaiOHOMYy; TOMAI 3aKOH EKBIBAJICHTIB JJIA ILOTO BUMAAKy (H. y.) MOXHa
BUPA3UTU TAKUM YUHOM:
m M

ekel

V, V

eke 2

Monsapua maca exeieanenma pevosunu [r-ekB/Monb] HOpPiBHIOE TOOYTKY
(akTOpa eKBIBAJIEHTHOCTI HA MOJISIPHY Macy L€l peYOBHHH:

Mexe (pedoBunm) = fexs(peuoBunm) - M(pedoBUHN).

Monspnuii 06’em exeieanenma 2asy [1/Moib] nopiBHIOE T0OYTKY (hakTopa
€KBIBaJIEHTHOCT1 HAa MOJIAPHUI 00’ €M rasy:

Vers(razy) = fexs(razy) - V(rasy) = fexs(razy) - 22,4.

Kinekicmes  peuosunu exsisanenma [MoOab] — 1€ BIJHOIICHHS MacH
PEYOBUHU JI0 MOJISIPHOI MacH ii €KBIBAJICHTA!

_ I
MNexs (v) = —M .

€Ke6
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Skio peyoBHMHA Ta30mojiOHA, TO KUIBKICTh PEYOBUHHM il €KBIBAJICHTA
[MoOJIB] — 11 BiHOIICHHS 00’€MY PEYOBHHH JIO MOJISIPHOTO 00’€My €KBiBaJIeHTa
rasy:

-V
T]eKB(v)—V .

€Ke
Daxkmop eKeigaieHmHOCmi peuyosuHU € YKUCIIO, 110 BKa3ye, sika 4acTHUHA
111€7 peYOBHUHU € 11 XIMIYHUM €KBIBaJICHTOM.
Daxmop eKk8iBaleHMHOCMI NPOCcCmoi _peuosury JIOPIBHIOE OOepHEeHIH
BEJIMYMHI JOOYTKY YMCIIa aTOMIB, IO CKJIAJal0Th (POpMyiy pEUuOBHHH, Ha iX
BAJICHTHICTb.

1
n(ar.)-B
1 _1 1 1

H : fexe(O2) = —=~; fexe(ZN) = —=—.
amnpUKIIaI exe(O5) exe(ZN) 12 2

Daxmop eksiganenmuocmi oKkcudig NOPIBHIOE OOEpHEHIM BEIWYUHI
N00yTKY YMCiia aTOMIB KUCHIO Ha iX BaJE€HTHICTH!

fexe(pocT. peu.) =

fexs(oxcum.) = L
eKe JT TN oAy
n(0)-B(O)
| 11 - 1.1
Hampuxknan: fexe (MNO,)= —2 D ~ 4 fexe (Na20)= 1.2 o
1 _1
fexe (Al - A AR
e 6,( 203) 3.2 6

Daxmop exsisanrenmuocmi 2i0poxkcudis TOPiBHIOE OOEPHEHIN BETUYMHI iX
KHCcI0THOCTI (KiTbkocTi ioHIB OH):

fexe (Timpokcum.) = #
n(OH™)
Hampriax:  fexs (Mn(OH),) = ;; foxs (NaOH) = 1.

Daxmop eksisaieHMHOCMI KUCI0om JOPIBHIOE OOEpHEHIN BEIWYWHI iX
OCHOBHOCTI (KUTbKOCTI i0HIB H' y MoJleKyii KHCIOTH, sKi 3aMIiIIyIOThCS B
peaxiiii Ha MeTa):

fexe (KUCITOT) = ! :
n(H")
HaanKnaz{: feKG.(HZSO4) = ; ; fekel(H3PO4) = é; fexe(HNOg) =1.

Daxkmop exsisaieHmHocmi coli TOPIBHIOE OOEPHEHIN BEeIWYUHI T00YTKY
Yycia aTOMIB METally Ha CTYIIHb OKUCHEHHS METaly:
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1

fekel(COJIi): .
n(Met) - B(Met)
Hanpuxian: f (NaSO):izl' f (Fe(PO)):i:E
p I1. €K8. 2 4 1.2 5 , eKe, 3 4)2 3.0 6.

dakTOp €KBIBAJICHTHOCTI ISl OUIBIIIOCTI MPOCTUX 1 CKIIAJHUX PEUOBHH, a
OTXK€, U €KBIBAJIEHT, € 3MIHHUMHU BEJIIMYMHAMU 1 BU3HAYAIOTHCS 332 PIBHSIHHIMU
BIAMOBITHUX XIMIYHUX PEAKIIiH.

Hanpuknan:

H,SO, + 2NaOH = Na,SO, + 2H,0.

V niit peaxuii 2 iona H' 3aminryrorscs na 2 iona Na*, Tomy

1 1 1
fexe,(HzSO4) = 5; fekel(NaQSO4) = E: 5
A K110 peaxilist BIA0OYBA€ETHCS 3a PIBHSIHHSAM
H,SO, + NaOH = NaHSO, + H,0,

10 fexs (H2SO4) = 1, Ta fexs(NaHSO,;) = 1, Tomy mo Timeku 1 iom H'
3aminnyroTbes Ha 1 ion Na™.
VY piBHAHHI XIMIYHO1 peakiiii

Cu(OH), + 2HCI = CuCl, + 2H,0,

1
foxs (CU(OH)p) = ; Ta fors (CUCK) = = = ;
A K110 peaxilist BIIOYBAETHCS 3a PIBHSIHHSAM
Cu(OH), + HCI = CuOHCI + H,0,
TO. fekel(CU(OH)g) =1 Ta fekel(CUOHCD =1.
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EKCIIEPUMEHTAJ/IbBHA YACTHUHA

Mera po0oTH: 3a pe3yiabTaTaMHd EKCIIEPUMEHTY BU3HAYUTH MOJISIPHY
Macy €KBIBaJICHTa MeETally 3a 00’€MOM BHUTHCHEHOIO iM BOJHIO 3 PO3UHUHY
COJISTHO1 KUCJIOTH.

Ipuiaau Ta peakTHUBU: MPWIA IJIs BU3HAYEHHS CKBIBAJICHTA METAIY;
aHAJTITUYHI a00 TEXHOXIMIUHI TE€pPEe3W Ta PI3ZHOBAXKKHU; TEPMOMETpP, OapoMmeTp,
GiIIBTpYBaIbHUN TIAMip; OIOKC 3 METAJICBOI0 CTPYXKKOIO a00 MOpPOIIKOM (X. 4.);
CKJISTHKA 3 4 H po3unHoM coiisiHoi kucinotu (HCI), MipHuM#A mumisap.

XiJx BUBHAYCHHS.

[Mpwman ckmamaeThess 3 koiOu, ob6’emom 150 wmur, BimBimHOI TpyOKH,
KpHUCTaJli3aTopa Ta eBaioMerpa (priaay JUisi BA3HAYCHHS 00’ €My BOJIHIO), IKUH
3aKpIMJIEHUH y IITATUBI.

Y xonby 3a MOMOMOTOI MIpHOTO IWIHAPY HammBaoTh 15-20 Mo
pos0asineHoi cosstaoi kucinotu (HCI) tak, mo6 He HAMOYHUTH TOPIUIKO KOJIOH.

Puc.2.1 — Cxema npunafy 1uisi BUSHAYEHHS MOJISIPHOT MacH €KBiBaJIeHTa MeTaJla
32 00’ €MOM BUTHUCHEHOT'O BOIHIO.

Ha aHanmiThyHux a00 TEXHOXIMIYHMX Tepe3axX 3BaXylTb HaBaXKy
METaJIeBOi CTPYKKH a0o mopoiky (Zn), ska Omu3pka g0 0,1 1. [{1o HaBaxkky
[MHKY MOMIIIAI0Th HA CTIHKY IIMHKHU KOJIOW, sIKa MOMEpeHbO Oylia mpoTepTa
mMaToukoM  (inbTpyBasmbHOro mamnepy. Konba mnpu 1poMy MHOBUHHA
3HaXOJUTUCh Y TOPU3OHTAIILHOMY MOJIOKEeHHI. BiBigHa TpyOKa OJHUM KiHIEM
3a JJOIIOMOT'0I0 TIPOOKH FePMETHUYHO CIOJY4Ya€ThC 3 KOJIOOK0, a IHIINKN KiHelb il
MIIBOAUTHCS MiA eBaioMeTp. EBmiomeTp momepenHbO 3alOBHIOIOTH BOJIOIO,
pIBEHb SIKOi BCTaHOBIIOIOTH MOOJIM3Y HYJIbOBOi BIAMITKM Y BEpXHIM YacCTHHI
eBJIloMeTpa a00 TOYHO Ha HYIIb.
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TouyHo BigMiYalOTh piBeHb BOAM B eBaioMeTpi (a;, M), TOTIM pi3KO
MOBEPTAIOTh KOJOY y BEpPTUKAIbHE IMOJIOKEHHS TakK, MO0 HaBa)XXKa IUHKY
nmonajga y Kuciaotry. BinOyBaeTbcsi XIMiIYHA peakxilisi, B pe3yibTaTi SKOi
BUIUIAETHCS BoAieHb (Hy), 10 HaIXOAUTh BiABITHOIO TPYOKOIO Ta BUTICHSE BOITY
3 eBIIOMETpA.

Zn+ 2HCIl = 2ZnCl, + H, T

[Ticnst 3aKiHUYEHHS peaKiii:
e BiIMIYalOTh KIHIICBUH pPIBEHb BOJW B €BAIOMETpI — a; (MJ) Ta 3HAXOIATh
00’eM BOHIO (MJI), IIIO BUILTHBCS, 32 (OPMYJIOK0:

V(Hy) =ay—a;

® JIIHINKOIO 3aMIpsIOTh BUCOTY CTOBMYMKA BOJH, IO OCTalach B €BIIOMETPI,
BiJI pIBHSI BOJM Y KPUCTAIII3aTOPi JI0 PiBHS BOJM B eBIiomMeTpi, — hy (Mm);

e 3a 0apoMeTpoOM, IO 3HAXOAUTHCA Yy Jaboparopii, BiAMIYalOTh aTMOChepHUit
TUCK — Parm. (MM pT. cT.);

® BIAMIYAIOTH TEMIEpaTypy MiA dYac JOCHIAy 3a TEPMOMETPOM, IO
3HaXOAUThCs y naboparopii — t°C;

e y tabmumi (momatox No2), 3HaXOAATh 3HAYCHHS THCKY BOJSHOI MapH TpH
Temuepatypi gociiay — hy (MM pr. ct.).

Pe3yJibTaTH BUMIPOBAaHb 3BOSTh y TaOIuITO 2.1:

m (Zn)1 al; 32, V(HZ)’ h2’ hl, PaTM" t
T MJT MJT MJT MM MM PT. CT. MM PT. CT. °C
Po3paxyHku:

Otpumani nani Ta (opMynay o00’€IHAHOTO Ta30BOro 3akoHy boins-
Mapiotra 1 ['eii-JItoccaka BUKOPUCTOBYIOTh JJI PO3PAaXyHKY 00’€My BOJHIO 3a
HOpPMAaJIbHUX YMOB:

h
P .—h,——2 .V(H,) 27
PV _ PV, _PV.T, _ (P - =y 136 (H)-273
— = Vo(Hz) - - 0 ,
T T Ro-T 760-(273+1°C)

ne: 13,6 — rycTuHa pTyTi.
BukopucToByoun 3akoH eKBiBaJieHTIB (H.y.), OTPUMAaeMO 3HAYCHHS
MOJISIPHOT Macy €KBiBaJICHTA IIMHKY:

m(zn) -V, (H,)

Mad) = =0, )
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Po3paxyHOK NOXHOKH TOCJTIAV:
BinHocHy mOXMOKY IOCHIiAy Y BIICOTKAX PO3PAXOBYIOTH 3a POPMYIIOIO

‘ M exe (Zn )meop. -M exe (Zn )eKcn.
) M exe (Zn)

-100%,

meop.

ne: Me(ZN)1e0p. — MOJIIPHA Maca €KBiBaJEHTA UHKY, PO3PaXOBaHA TEOPETHIHO
3a (hOpMYJIOIO JUIS TPOCTOT PeUOBUHU (T-C€KB/MOJIb);
Myo(ZN)exen-  —MOJSIPHA Maca EKBIBAJICHTY IIMHKY, po3paxoBaHa 3a
pe3yabTaTaMu eKCIIepUMEHTY (T-€KB/MOJIB).

3anuiTe KiHUEBUH pe3yjbTaT 3 YPaXyBaHHAM IOXHOKH JOCJixy.
3po0iTh BUCHOBOK.

IIuTanHs Ta 3aBJAHHA JJIS CAMOCTIHHOI NepeBIPKU 3HAHb CTYACHTIB

[I{o Ha3WBarOTh €KBIBAJICHTOM PEYOBUHU ?

CdopmymroiTe 3aKOH €KBIBAJICHTIB.

3a AKMX YMOB CIpaBeIINBHUIl 3aKOH €KBIBaJICHTIB?

[I{o Ha3uBarOTH (PaKTOPOM €KBIBAJICHTA PEYOBHHH ?

Sk po3paxyBaTu (HaKTOp EKBIBAICHTY MPOCTOI PEYOBMHMU Ta CKJIIAIHHUX

peuoBHH (OKCHIIB, TiAPOKCHUIIB, KHUCIOT, CEPEAHIX COJCH, KUCIUX COJICH,

OCHOBHHX COJIeH)?

6. SIx po3paxyBaTH MOJISIpHY Macy C€KBiBaJI€HTa PEYOBHMHU Ta €KBiBaJCHTHUI
00’€eM ra3onoaioHO1 peYOBHHM?

7. YoMy MOpiBHIOE KITBKICTh PEYOBHHH €KBiBAJICHTA?

8. dakTop ekBiBaJCHTAa € IOCTIHHOIO YW 3MIHHOI BEIHMYMHOIO? Bin sSkmx
(haKTOpIB 3aJIC)KNUTh 3HAUCHHS CKBIBaJCHTA PEUYOBHUHHU?

9. Opna i Ta X KUIbKICTh MeTanmy cnonydaerbes 3 0,2 T okcureny 1a 3 3,17 1
rajioreHy. BUsHauuTu MOJISIpHY Macy €KBIBaJICHTA rajoreHy.

10. Ha wmeWiTpamizamiro 2,45 r KUCIOTH MOTPIOHO BUTPATHUTH 2 T TiAPOKCHUIY
Harpito (NaOH). Busnauntu MonsipHy Macy €KBiBaJICHTY KUCIIOTH.

11. 1,6r xansmito (Ca) Ta 2,61 T muHKy (ZN) BUTICHAIOTH 3 KHCIOTH OJHAKOBY
kuTbKicTh BoaHIO (Hy). Po3paxyiiTe MONspHY Macy €KBiBaJICHTA ITUHKY, SIKIO
MOJIIpHA Maca eKBiBaJieHTa KaJbIlito HopiBHIOE 20 r-eKB/MOJIb.

12. TlIpu B3aemomii 5,95 r meskoi pedoBunu 3 2,75 r comstaoi kuciaotu (HCI)
orpumanu 4,4 r comni. Po3paxyiite MOJsipHI Macu €KBiBaJ€HTA IIi€] PEYOBUHU
Ta COJIl, IKY OTPUMAJIH.

13. 1 r gesxkoro Merany cmonydaetbes 3 8,89 r 6pomy Ta 3 1,73 T cipku.
Po3paxyiiTe MoysipHi Macu €KBiBajeHTa OpoMy Ta MeTaly, SIKIIO MOJisIpHA
Maca eKBiBaJIeHTa CipKH JOPiBHIOE 16 r-eKB/MOIIb.

14. Maca 1 i kucHio (O,) nopisatoe 1,4 r. CKUIBKH JIITPIB KHCHIO BUTPAYYETHCS
IpH 3ropsiHHi 21 T Marxiro, paxkTop eKBiBaJICHTa SKOTO A0piBHIOE 1/2,

15. Po3paxyiiTe aTOMHY Macy JABOBaJE€HTHOI'O METally Ta BH3HAuTe, KU 1€

meTaln, Akmo 8,34 r mertany okucimorThes 0,68 m kucHo (O2). YMoBH

HOpMaJbHI.

okhwbdE
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IHauBiAVAJIbHI 3aBTAHHS 10 J1A00PATOPHOI poooTH No2

a) pospaxyite daktop ekBiBajgeHTy (f.,) peyoBHMHU Ta TiAKpECICHOTO
CIIEMEHTY; PO3paxyiTe MOJISIPHY Macy €KBIBaJICHTY Mi€i-K pe4OBHHU (Meys);

0) po3paxyiiTe 00’€M eKBIBAJICHTY Ta30MOAI0HOT pedOBHHH (Vgs);

B) pO3paxylTe KUTBKICTh PEUOBHHU CKBIBAJICHTY NaHOI PEYOBHHH (Iexs), SKIIO

nana ii maca (m).

Ng a) ®opmyna rilig;?ggsi B) ®opmyria pedoBUHU Ta il
BapiaHTy PCUOBUHHU S Mmaca (T)

1 Cu(OH), NH; H,SO, 49

2 H,SiO3 0O, CuSO, 159,5
3 CaS0O, CO, Ca(OH), 37
4 NaHSO, CO NaOH 120
5 Na,HPO, H,S Fe(OH); 107
6 MgOHCI HCI Na,CO; 159
7 Mggz H2 CH4 4

8 Mg(OH), CH, HCI 73

9 KOH Br; CuCl, 134,5
10 Al(OH); SO, MgSQO, 120
11 NazPO4 F, NH; 17
12 H,CO4 NO CO, 22
13 Al(OH),CI HBr AICl; 89
14 Ca(NOs3), NO, HsPO, 65,3
15 Fe(OH); N,O H,S 17
16 HsPO, Cl,0, Al(OH),CI 100
17 NaH,PO, HF FeCls; 50
18 FeCl; Cl, H,CO3 25
19 FE(QH)Q 803 N33P04 36
20 NaHS N, Al(OH); 250
21 &203 PH; MgC|2 160
22 CaO N,Os MgOHCI 36
23 KQS Br207 NagCr207 120
24 Na2g207 HQO H3PO4 98
25 NHg C2H6 FE(OH)Q 90
26 Al(NO3)3 OF, KOH 112
27 Aly(SOy)3 SiF, N,Os 150
28 N,Os HF HNO; 280
29 Cl,0Oy NH; NaHS 100
30 HNO; C,oH, Fe(OH); 210
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PO3JA1JI II Enepreruka XiMiYyHMX peakuii

XiMIYHUMHU PEakIlisiIMH Ha3UBAIOTHCS MPOIIECH MEPETBOPEHHSI PEUOBUHH,
MiJl 4ac SKUX BIJIOYBA€ThCS PO3PUB CTAPUX Ta YTBOPEHHS HOBUX 3B S3KIB Yy
MoOJIeKyJlaX. XIMig BHBYA€ pEakilii, BUXOAAYM 3 MAaKpOCKOIIYHUX SIBHIL, Ha
OCHOBI YSIBJICHHSI IIPO BJIACTUBOCTI MOJIEKYJI, aTOMIB, €IEKTPOHIB Ta sifep. YCi Il
YaCTUHKU MIEBHUM YHHOM MEPETBOPIOIOTHCS.

Onni peakiii BiI0OyBalOThCS CAMOBUIBHO 3 BUJICHHSAM 3HAYHOI KUIBKOCTI
eHeprii, IHII peakuii — 3 TOTJMHAHHAM eHeprii. XIMiuHl peakiii
CYNPOBOJIKYIOTHCS 3MIHOIO PI3HUX BUJIB €HEPrii, HAMPUKIA!

C+0,=C0O,+Q.

CaCO3 = CaO + CO, - Q.
2Mg + O, = 2MgO + hv.
2AgBr + hv = 2Ag + Br..

Zn + CuSO,4 = ZnSO,4 + Cu
(y ranpBaHIYHOMY €JIEMEHTI).
2H,O = 2H, + O,

(pu esreKkTpoIIizi).

BuniieHaaM TemioTu
[TornuHaHHSAM TEIIOTH
Buninenaam Y ®-cBitia
INornununanasm Y d-cBitia
BuaineHHsIM eeKTpUKU

[lornuuanHsam CICKTPHUKH

XiMi4H1 mpoliecH Bi0yBalOThCS 3 BUALJICHHAM a00 MOTIMHAHHSIM €Heprii
B pI3HUX (opmax, aje 000B’SI3KOBO B EKBIBAJICHTHUX KIJTBKOCTSIX.

3riIHO 3 3aKOHOM 30€peKEHHS €Heprii JOMOBUIUCH YC1 BUJU €HEPrii, sika
BUJIISIETHCS. YU TIOTJIMHAETHCS, IEPEPAXOBYBATH B TEILJIOBY €HEPTIIO.

TepMoagunamika BHUBYAa€E pI3HI MNPOLECH YEpe3 AOCHIKEHHS 3MIH
€HEepreTUYHoro crany Tu1. Lli 3MiHM MOXXHAa OXapaKTEPU3yBAaTH KUIBKICTIO
termotd Q Ta pobotm A. BiamoBigHO Ha3Ba ckjamacs BiJ TPEIbKHX CJIiB
»lerme” — remnoTa ta ,,dinamic” — cuia, pooora.

Hayka mipo B3aeMHI IEpeTBOPEHHS PI3HUX BUIB €HEPTil MPU XIMIYHUX Ta
($1BUKO-XIMIYHHMX Mpoliecax, y SKMX Mae€ MICIe 3MiHa XIMIYHOrO CKiIaay abo
CTPYKTYPH, HA3UBAETHCS XIMIYHOIO MEPMOOUHAMIKOIO.

XiMiyHa TEpPMOJIMHAMIKA BCTAHOBIIIOE€ HAIMpPSMOK Ta MEXI1 CaAMOBIIBHOIO
nepediry peakitin.

3agayi XiMiYHOI TEPMOTUHAMIKH:

1. Busnauenns tenioBux eeKTiB y peakiisx.

2. BuzHaueHHsT MOXJIMBOCTI a00 HEMOXIJIMBOCTI Mepediry XiMidHOi
peakKIlii 3a JaHNX YMOB.

3. BuzHaueHHss yMOB, NOpH SKHX OKpeMi KOMIIOHEHTH CHUCTEMH

MOXYTh 3HaXOAUTHUCS Y CTaHI PIBHOBArH.
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JlabopaTopHa po6ora Ne 3
Tema: «KBu3HaueHHS TeNJI0BOr0 epeKTy XiMiYHUX peakiiii»

TeopernyHa YACTHHA

TensioBi edexTn peakmiii. XimMiyHI peakilii MPOTIKAIOTh 3 BUIILICHHSAM
a00 morivHaHHAM TerioTu. el mpouec BiAOyBaeThCs 3a paXyHOK YTBOPEHHS 1
PO3pUBY 3B’SI3KIB MIDK aTOMaMHU, 110 TPUBOJUTH 0 YTBOPEHHS HOBUX XIMIYHHUX
CIOJIYK, SIK1 3HAXOJAThCA Y BUT1THOMY €HEPreTUYHOMY CTaHI.

TakuMm 4YMHOM, YTBOPEHHS TEIUIOTHM 3B’A3aHO 3 MEpediroM pearbHUX
MPOLIECIB Y TUX Y 1HIIMX CUCTEMAX.

Kinvkicmo mennomu, sika uoiniemocsi abo NO2NUHAEMbCS 8 Pe3)abmami

peaxyii, Ha3uBaemMuvCs MmeniosuM ehekmom 0arHoi XiMiuHoI peakyii.

KinbkicTh TEmIOTH BU3HAYAETHCS 32 3MIHOIO TeMIepaTypu Ta
XapaKTepU3yeThCs B Kaopisx abo B koyisx. Kanopis (kamx) — 1€ KUIBKICTb
TEIJIOTH, sIKa HeOOX1JHa Il HarpiBaHHS OJTHOTO rpaMy BOJIU Ha OJWH Ipaayc
[enbcis. B cucremi CI KiTbKiCTh TEIUIOTH BU3HAYAa€Thes B uKOyisx (JIx). OmHa
kajopis exkBiBasienTHa 4,18 JIx (1 xan = 4,18 Jx).

3a TerioBUM eQEeKTOM XIMIYHI peakilii MOAUIAIOThCS Ha 2 TPYIu:
eK30mepPMiuHI Ta eHOOMEePMIYHI.

Ex3zomepmiunumu  nazusaiomvcsi  peaxyii, Aki  8i00ysaromvci 3

BUOLICHHAM Meniomu.
Hanpuxknan: H, + Cl, = 2HCI + 184,6 x/Ix

Enoomepmiunumu  Hazuearomvcsi  peakyii, AKi  6Il00ysaromvcs 3
NO2TUHAHHAM MENnJIomu.

Hamnpuknan: Y2 N, + %2 0, = NO - 90,4 xJx

Ximiuni pieHAHHA, 6 AKUX 3A3HAYAEMBCS KIIbKICMb 8udineHoi abo
88IOPAHOI MenIoMuU HA3UBAIOMbCSL MEPMOXIMIYHUMU.
B mpakTuili KOpuCTyIOTbCSl MOHITTAMH «TEIUIOTa YTBOPEHHSI» 1 KTEIIOTA
3TOPSTHHS.
Tennoma ymeopennusa — ye KilbKicmb mMeniomu, aKa SUOLIAEMbCA aO0
NO2IUHAEMBCS N0 YAC YMBOPEHHSI 00HO20 MOJb CHOJNYKU 3 NPOCHIUX
DEUOBUH.
Hanpuknan, Termora yrBopeHHs 1 Mok pigkoi Boau 3 1 Mok (2 1) Bogsto 1 0,5
MoJib (161) KucHIO AopiBHIOE 286 KJ[X:

H, ot 5 O, ) = H,O ot 286 KJK.

Tennomoro  320pAHHA  HA3UBAEMbC — KIIbKICMb — Meniomu, SKd
BUOLIAEMBCA NIO YAC 320psAHHA 1 MOJIb peuosutu.
Hamnpukian, Terora sropsHHus anetwieHy aopiBaioe 1300 k/Ix

CHy () + 2,50, o = H2Oy + 2CO; ot 1300 x/Ix.
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Tennotu yTBOpEHHSI 1 3TOPSIHHS — BaXJIKB1 (Di3WYHI BEIMYMHH, Ta iX
YUCeIbHI 3HAUEHHSI MOYKHA 3HAWUTHU Y BIJIMOBIAHUX JTOB1THUKAX.

Buyrpimnsa enepris. Koxna cucrema mMae NeBHMI 3amac eHeprii, Ky
HA3HMBAIOTh sHympiunboio enepeicio (U).

[lin énympiwinvor enepicto po3yMitoTh MOBHUI 3amac €HEeprii CUCTEMU
(6e3 rpasitamiiiHoi eHeprii). Bona ckiamaetbes 3 eHeprii  MOCTYITHOTO,
KOJMBAJIBHOIO Ta O00EpPTAJIBHOIO PyXYy YACTHHOK, TOOTO 3 KIHETUYHOI €Heprii
YaCTUHOK, a TaKOX TMOTEHIII{HOT, 3YMOBIICHOI CHJAMH  TSKIHHA,
BIIIITOBXYBaHHS Ta SIICPHUMU CUJIAMH, SIK1 JIIFOTh Y sIAPax aTOMIB.

BuyTpiniHs eHepris 3alexuTh Bl Macu Ta cmaHy CUCTEMHU, SKUAU
BHU3HAYAETHCS 32 JIOIOMOrOI0 TphoxX mapamerpiB: V — 00’emy, P — tucky, T —
TEeMIIepaTypHu:

U=t(V.p, T)

AOCOJTIOTHE 3HAYEHHS BHYTPIIIHbOI €HEPrii BUBHAYUTH HEMOXKIIUBO, TOMY
0 €HEeprisi Ta Maca CKJIaJaloTh €JHICTh BIYHO PYyXOMOi maTepii, 3 SKOi
HEMOXXJIMBO BHUYEpIIaTH BCIO €HEpPriro. Aje, MOXHA BHU3HAYUTH 3MIHY
BHYTPIIIHBOI €HEPrii, KO CUCTEMa EPEXOIUTh 3 OJIHOTO CTaHy B 1HIIUH

AU =U; - U,

BuyTpiniHs eHeprisi € mepmoouHamiunHow QyHKUicl0 cmamy CUCTEMH.
Ile o3Hauae, 1110 3MiHA BHYTPIIIHBOI eHeprii AU 3anexuTh Juiile BiJ KIHIIEBOTO i
MOYaTKOBOT'O CTaHIB CUCTEMHU Ta HE 3aJIEKUTh BIJ HUISIXY MPOXOJKEHHS I[bOTO
MPOIIECY.

Jxoyns (1845 p.) ekcnepHMEHTaNbHO JOBIB, IO BHYTPIIIHS CHEPTis
17IealbHUX Ta31B MPU MOCTIMHINA TeMMepaTypl HE 3aJICKUTh HI BiJl TUCKY, HI Bij
00’emy (3akoH Jxoyis).

OcHoBHI (hopMmu eHeprii — menioma 1 po6oma. 1{i TOHATTS CTOCYIOThCS
HE CHUCTEM, a MPOIECIB.

PoGoTra A € KUIBbKICHOIO MIpOIO Tepenadi BHOPAAKOBAHOTO pyxy. s
XIMIYHUX peakiliii HalO1IbIIe XapakTepHa po0oTa po3IIUPEHHS.

A=p-AV (p = const)

ne AV — 3MmiHa 00’ €My CUCTEMU.

[Tpu i3oxopHOMYy Tiporieci (V = const), koimu AV = 0, Togi 4 = 0 — poboTa
JOPIBHIOE HYJIIO.

Tennora Q - 1e KigbKiCHa Mipa Tepemadi O€3lMamgHOTO PyXy, fKa
3M1MCHIOETHCS XAaOTUYHUM PYXOM MOJIEKYJ 1 BiIOYBAa€ThCsl MPU KOHTAKTI JABOX
T 3 PI3HOIO TEMIIEPATYPOIO.

3HaueHHs TEIUIOTH 1 poOOTH 3anexkaTh BiJ Xoay mporecy, To6to Q tTa A4
HE € QYHKUISIMUA CTaHy CUCTEMHU.
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Ilepmunii 3aK0H TepMOAMHAMIKHU € 3aKOHOM 30epexeHHs eHeprii. Pi3ui
BUJIM €HEPrii, Kl XapaKTepU3ylTh PyX MaTepii, B3aEMHO MEPETBOPIOIOTHCS B
€KBIBAJIGHTHUX KUIbKOCTAX. [lepmmii 3akoH TepMOJUMHAMIKM BCTAHOBIIIOE
3B’SI30K MDK KUIBKICTIO TeIIOoTH Q, SKka BHAUIIETBCS UM IOTTMHAETHCS B
mpoIeci poOOTH CUCTEMH, 1 KUIBKICTIO BUKOHAHOI poOOTH A, 110 IPUBOAUTH J0
3MIHU BHYTpIIIHBOI eHeprii U cucteMu.

Q=AU+4

Tennoma, saxa 6UMpAYyacmMuvCs YU HAKONUYYEMbCS CUCMEMOI0, Ude Ha
3MIHY BHYMPIWHBbOL eHep2ii ma 8UKOHAHHS pOOOMU.

Jnst  1300apHOrO TpoIleCcy MNEpHIMi 3aKOH TEPMOJAMHAMIKHM MOXHA
3aMucaTi TaKUM YAHOM

Q,=4U +p - AV
Q=(Uz2-Uy) +p-(V2-Vy)
Qp=(Uztp-Vo)-(Ur+p-Vy)
Cymy U + p -V HasuBaroTh eHTanbiieto H (TEIOBMICTOM) CHCTEMU:
H=U+p- -V
Bennmunna H e ¢ynkmieto 3minanx U, Vi T. H = f (U, V, T). 3mina
eHTanbiii AH BuU3HAYa€ TEMIOBUM eeKT XIMIYHOT peakiiii B 1300apHUX yMOBAaXx.
EnTanbnisa — eneprosmict cucremu. Bona BigoOpakae B3a€MHUM BIUIUB
aToMiB y Mosiekyi. EHTanbmisa € QyHKII€10 CTaHy CUCTEMU:
AH = H2 -H 1

3riIHO 3aKOHY TEPMOJMHAMIKH, 3MiHA E€HTaNbIIi JOPIBHIOE TEIJIOBOMY
edexTy peakilii B 1300apHUX yMOBAaX, aJie 13 3BOPOTHIM 3HAKOM:

AH=-Q,.
Jlnst i3oxopHoro nporecy A =0 (p-AV) 1 Toai 3riHO 3 MEPIIUM 3aKOHOM:
QV = AU.

ToOTo TemnoTa peakilii B 130XOPHO-130TE€PMIYHOMY MPOIEC] JTOPIBHIOE
3MiH1 BHYTPIIIHbOI €HEPTii CUCTEMHU.

Icnye 3anmexHicTh MK TEMIOBUMH edeKTaMu TMpu 1300apHHUX Ta
130XOpHUX YMOBAaX:

Qp, = Qv -RT(nz—ny),
7€ Ny 1 N1 — KIIBKICTh MOJIb Ta30MOII0OHMX PEUYOBHH ITICIIS 1 IO peaKIlii.
OTxe CHiBBITHOIICHHS MDK TEIJIOBUMHU €(EeKTaMu MpU CTaaomMy 00’ emi
Qv 1npu cranomy Tucky Q, 3a1eXKHUTh BiA pi3HULI AN.
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3akonn Tepmoximii. TepMOXIMIYHI 3aKOHH € OKPEMOIO (POPMOIO 3aKOHY
30€epeKeHHsI €HEeprii.
1. 3axon JlaBya3be-Jlanacca (1784 p):
Axwo npu ymeopeHnui CKIAOHOI CRONYKU (3 HPOCMUX PEedO8UH,
suoinaemocs nesna Kiabkicmo mennomu (emepeii), mo maxa cama
KIIbKICMb eHepeii no2nuHaemsbCs npu ii po3xiadi Ha NPoCcmi pevyosuHu
AH Y .. =—AH,
298 yme 298 po3skn.
2. 3axon I'ecca (1840 p):
Tennosuii epexm ximiunoi peaxyii (mobmo 3mina emmanvniti abo
BHYMPIWHBOI eHepeil) cucmemu 3an1edxcums auue 6i0 NoYamKo8020 ma
KIHYe8020 CMAaHi8 peazyiouux pedosun mda npooyKmié peaxyiil, ma He
3anexcums 8i0 WLISAXY NepemeopeHHs peuosuH, moomo He 3al1edcums 6io
NPOMINCHUX CMAOill pearkyil.
Ockinbku AU ta AH He 3anexath BiJ] HUISIXY IEPEX0ly CUCTEMH 3 OJHOTO
CTaHy B IHILIUM, TO 3aKOH ['ecca € HacIiIKOM MEPIIOro 3aKOHY TEPMOUHAMIKH.
3Ha4yeHHs 3aKOHYy l'ecca monsrae B ToMy, 110 3a MOr0 TOIIOMOTOK0 MOYHA
pO3paxyBaTH TEIUIOBI €(PEKTH, K1 HEMOXKJIMBO BU3HAYUTU €KCIIEPUMEHTAIIBHO.

Hacainku 3 3akony I'ecca:
1. 3akon Jlagyaszve-/Iannacca € nepuuM HacaiAKOM 3akoHy ['ecca:
EHMANbNISL  YMBOPEHHSI pPeYyoBUHU OOPIBHIOE eHmanvhii il po3kiady 3
NPOMUNIEHCHUM 3HAKOM

0 0
ﬂH298 yme — _ﬂH298 PO3KiL.

2. Hpyruit Hacninok — npasuno I'ecca:
mennosuti eghekm XiMIYHOI peaxyii OOPIBHIOE pIZHUYI MIXHC CYMOI0
meniom ymeopeHHs 8CiX NPOOYKMIi8 peaxyii, NOMHONCEHUX HA BION0BIOHI
cmexiomempuuni  koegiyicumu (N), ma Ccymow meniom YmeEopeHHs
BUXIOHUX PEYOBUH 3 YPAXYBAHHAM ix cmexiomempuunux Koeghiyienmis (N):

JH =>nJH — S nJH
x.p

yme (kiny.) yme (suxion.)

JIist TepMOXIMIYHUX PO3pPaxyHKIB 4acTO BUKOPUCTOBYIOTh HACIIIKH 13
3akoHy ['ecca. Ane nis noyatky Tpeba BU3HAYUTH OCHOBHI MOHSTTS TEPMOXIMII:
EHTAJbIIS yTBOPEHHS XIMIYHOI CHOJIYKHM, €HTaJbIlisl XIMIYHOI peakIli,
TEPMOXIMIYH1 PIBHSHHS.

Enmanvnia ymeopenusa XimiuHoi cnoayku — 11e KUIBKICTh TEIUIOTH, sKa
BUJIUIETHCS UM TIOTJIMHAETHCS MPU YTBOPEHHI 1 MOJIb CKJIAIHOI PEUYOBUHH 3
MPOCTUX PEUOBHH CTIMKHUX 33 JAHUX YMOB IIPH CTAJIOMY THCKY (p = CONSt).

3miHa eHTanbmii 3a crangapTHux ymoB (p = 101325 Ila, 7 = 298 K) nHa
1 Monb pPEYOBHMHHM HA3UBAETHCS CHIAHOAPMIHON EHMANbRIEI) YMEOPEHHS

.. . 0 0
XiMi9HOI peqoBUMHY Ta MO3HAYAEThCS AH 55 [K][K/MoONB] 260 AH |, .
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UuMm MeHIlIa CTaHAApTHA EHTANbIISl YTBOPEHHS PEUOBHMHU, THUM OUIBII
‘o 0 . Lo
criiika pedoBuHa. [JH 59 — Xapaxmepuszye mepmiuny Cmitikicms CHOLYKU.
CraHmapTHI €HTaJbII YTBOPEHHS MPOCTUX PEUYOBUH JOPIBHIOIOTH HYIIO
(JIH 35 npoctux peuosnn = 0) , a CKIIaHAX PEYOBHH — JOBIAKOBI BETHIMHHL.

EnTanpnis XapakTepuszye MNparHeHHsT YacTUHOK /10 YKPYIIHEHHS Ta €
Miporo  enopsiokosanocmi cucmemu. EHTanbmis € MIpow eHeprii, sKy
HaKOMW4YMJIa pedyoBHHA. EHTanmbmis 3ajdexuTh BiJl TeEMIEpaTypH, THUCKY,
arperaTHoro CTaHy, MpUPOAU PEUOBUHH.

Eumanvnia ximiunoi peaxuyii — KUIbKICTh TEIUIOTH, KA BUIUISETHCS YU
MOTJIMHAETHCS MPU XIMIYHIN peakili Ipy yMOBaXx, 1110 PEAKIIis e Mo 3a1aHOMY
PIBHSIHHIO Ta BIIHOCHUTBCS JO KUIBKOCTI PEUYOBHH, 110 NPUIMAIOTh Y4acTh B
peaxiii.

Bona nosnauaetscs AH xine.p. T BuMiproeTbess B KJDk (Jx). Terosi

eeKTH XIMIYHUX PEaKIiid 3MIHIOIOTHCS B JOCTATHHO IMIUPOKHX MEXKaxX 3aJIe’KHO

BiJI IPUPOJIU MpOIECiB. B eHepreTMuHOMY CHEKTpl NpUPOAHUX SIBUIL TEIJIOBI
o o . : 3

edeKTH XIMIYHUX peakIliii 3aiMaroTh By3bkuili iHTepBas Bix 10 mo 10° xJIx.

Ilpukaaau po3B’si3aHHs 3aBJAaHb

Ipukaan 1.
Kopucryrounce gaammu tabm. 3.1. po3paxyBaTu eHTAJbMiK0 XiMiuHOI

peaxuii Ta 3poOMTH BHCHOBOK PO XapaKTep NMpoIecy:
3Fe(NOs); () + 4HNO;3 () = 3Fe(NOs)s ) + NO ) + 2H;0¢,

Po3B’sa3aHHs.
1. 3anumeMo  MOJEKYJsipHE  PpIBHSHHS — peakilii, BpaXOBYIOUH
arperaTHUM CTaH PEYOBUH:

3Fe(NOs); () + 4HNO;3 () = 3Fe(NOs)s ) + NO ) + 2H;0¢,

2. 3anunieMo NOBHE MOJIEKYISIPHO-I0HHE PIBHAHHSL:

3Fe” + 6NO; + 4H *+ 4NO3; ™ = 3Fe** + 9NO; + NO + 2H,0

3. Jlani muiyTh CKOpOUEHE PIBHSIHHS Ta BKa3ylOTh 3HaueHHS AH 298
i XIMIYHUME POpMyTaMu pedOBUH B KJ[/MOJIb, sIKi 3HAWTIN y Ta0mwmmi 3.1:

3Fe?" + NO; +4H * = 3Fe* + NO + 2H,0
879 -2066 0 -47,7 +90,4 -286

4, 3anumemo npaBwio ['ecca B 3araibHOMY BUTIISIALL

_ 0 0
Mx.p - Z14’1ZU_1298 Kiny.peu. Z14’1ZU_1298 nou.peu.
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5. 3anuiemMo npaBuiio ['ecca ams 1aHOTO PIBHSHHS:
AH = |3AH(Fe** )+ AH(NO)+ 24H(H,0)|-
— [3AH(Fe2+ )+ 4AHH* )+ AH(NO,” )]
6. IlincraBumo wumcenbHi 3HaueHHsS AHy,, PEUOBHH i PO3PaxyeMo
EHTAJIbIII0 XIMIYHOT peaKIii:
AH, , =[3-(—47,7)+90,4+2-(—286)]-[3-(—87,9)+4-0+(— 206,5)]=

= —624,7—-(-470,3)=-154,4 ]I
1. ®opmymoeMo  BUCHOBOK: ockinbku AHy, < 0, T0 mnpouec
ex30TepMidHuil (Tomy mo AHy, = -Q).

Bianosinas: AH,, = -154,4x/lx; npouec eK30TepMIYHUI.

Ipukaan 2.
BuszHauyutu eHTanbmio yreopenns 4kr Fe,0s.

Po3B’g3aHHs.
JInsi BU3HAuUEHHSI EHTANbIli YTBOPEHHS TMEBHOI KIIBKOCTI PEYOBUHU
HEOOX1THO PO3paxyBaTH YUCJIO MOJb PEYOBUHU

m V
N=— abo N=—.
M V

m
. . 0
OcCkinbKM  CTaHAAPTHA  €HTalbIA  yTBOPEHHA pedyoBUHU  AH 5o
BiIHOCUTBCS 10 1 mozb pevoBunH, pospaxyemo AH |, . 3a hopmyrioro:

_ o _M 0
AHyme_ n.AH298_M.AH298'

AH 35 (Fe,03) = — 322,2 xJI/Momb
M (Fe,03) = 160 r/momb
_ 4000

"= 160
BiamoBine: enransiis yrBoperHs 4kt Fe,0O3 cknamae -20555 k/[x.

(-822,2) = — 20555 k][

Ipukaag 3. BuzHauuTH eHTAJBIIO po3kiaany 112 n amoniaky.
Po3B’sa3anHHsA: Paxyemo KiIbKIiCTh peuoBUHU amiaky (muB. [Tpuknaz 2)

V 112
N=—=——=5 wnoxne.

V, 224
Busnayaemo eHTanbmiro yrBopeHHs 5 Mosib NHj:

AH 3,5 (NH3) = —46,2 kJTx/MOJT®.
AH |, .=5 (—46,2) = —231 x]Ix.
Ockinbku AH |, ,=—AH ..., 10 AH ., =231 x]Dx.
Binnosiae: entansmis po3kiaany 112 m amoniaky ctanoButh 231 kJIx.
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Ilpukaan 4.
TepmoxiMiuHe piBHAHHS peakilii po3Kiaay KapOoHATy KaJblilo:

CaCO3 — CaO + CO,; AH =157 x]Ix.
Slka KiIbKicTh TeNJIOTH BUTPavYaeThes Ha po3kiaaa 325r CaCOs3?
Po3B’s3aHHS.

CaCO3 — CaO + COy;
M (CaCOs) = 100 r/moi1b.

BusnauaeMo KibKICTh pEUOBHHH, 1110 BCTYIIA€ B PEAKIIIIO:
ne m(CaCOy) 325
M(CaCO,;) 100

= 3,25 M0I1b.

Paxyemo AH .., =N-AH,.. = 3,25 157 = 510,25 kIx.

Ppo3Ka

BianoBins: Ha po3knan 325r CaCOs Butpadeno 510,25 x/[x TermoTu.

Ipukaan 5.

Tennora po3uvHEHHS OE3BOJAHOTO XJIOPUAY CTPOHIIIIO JOPIBHIOE
-47,70 xJIx, a Teruota po3unHeHHs kpucrtaioriapaty SrCly-6H,O mopiBHroe
+30,96 k/x. Busnauutu temnoty rigparamii SrCl, (teruory yTBOpeHHS
KPHUCTAJIOTiIPATY).

Po3B’sa3aHHs.

CxknagemMo TepMOXIMIYHI PIBHSHHS BIJMOBITHUX PEaKITiil:

1) SrCl, + aq = SrCl,-aq; AH=—-47,70 xJIx.
2) SrCl,-6H,0 + aq = SrCl,-aq; AH =+30,96 xJIx.

Bunyuyaemo piBasHHS (2) 13 piBHSHHS (1):

SrCl, + ag — SrCl,-6H,0 —aqg =0; AH=-47,70 — 30,96 = — 78,66 x/[x.
SrCl, + 6H,0 = SrCl,-6H,0.

Bimnogizae: npu yrBopenHi SrCl,-6H,0 Buginsetnscs 78,66 kJx.
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Tabmumsa 3.1 — CrammapTHi eHTanbIrii yTBOpeHHS AH°,93, eHTpomii S°g Ta
BiTbHA eHepris yTBopeHHS AG°g NESKUX PEYOBHH Ta 10HIB

npu 298 K(25°C)
PewoBmHa AH 04 S%508 AG g
kJIx/Mob | JTx/ (Monb-K) kJ>x/MOJTb
A1,05 (x.) -1676,0 50,9 -1582,0
CH,4 (r.) -74,9 186,2 -50,8
CoHy(r.) 52,3 219,4 68,1
C,H, (r.) +226,8 200,8 +209,2
CeHs (p.) 82,9 269,2 129,7
C,HsOH (p.) | -277.,6 160,7 1748
C,HsOH (r.) | -235,3 282,0 -168,62
CH30H (r.) -201,2 237,7 -161,88
CH3O0H (p.) -238,6 126,8 -166,1
CH3COOH (p.)| -486,6 159,7 -392,1
CO (r) 110,5 1975 137,1
CO, (1)) -393,5 213,7 -394,4
CaCOj (k) | -1207,0 88,7 1127,7
CaF, (x.) -1214,6 68,9 -1161,9
CaO (x.) -635,5 39,7 -604,2
Ca(OH), (x.) | -986,6 76,1 -896,8
CaCl; (x) -785,8 113,8 -750,2
CuO (x.) -162,0 42,6 29,9
FeO (k.) -264,8 60,8 -244,3
Fe,Os (x.) -322,2 87,4 -740,3
FesOu (k) | -1117,1 | 1462 210142
HBr (r.) -36,3 198,6 -53,3
HCI (r.) -92,3 186,8 -95,2
HF (r.) -270,7 178,7 272.,8
HI (r.) 26,6 206,5 1,8
H,O (r.) -241,8 188,7 -228,6
H,O0 (p) -285,8 70,1 -237,3
H,S (r.) -21,0 205,7 -33,8
MgCl, (x.) -641,1 89,9 -591,6
MgO (x.) -601,8 26,9 -569,6
MgCO; -1096,2 65,7 -1029,0
NH; (r.) -46,2 192,6 -16,7
NH;NO;z(x.) | -365,4 151,0 -183,8
N,O (r.) 82,0 219,9 104,1
NO (r.) 90,3 210,6 86,6
N,O3 (r.) 83,3 307,0 140,5
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[TponopxenHs Tabmwmii 3.1

PedoBHHa AHgq S%g8 AG g
K J[K/ MO T/ (moib-K) kJ[>K/MOIB
NO, (1)) 33,5 240,2 51,5
NiO (k.) -239,7 38,0 -211,6
TiO, (k) -943,9 50,3 -888,6
PbO (x.) -219,3 66,1 -189,1
SO, (r.) -296,9 248,1 -300,2
SOs(r) -394,8 256,0 -370,0
ZnO (x.) -350,6 43,6 -320,7
AgCI (t.) -126,9 96,0 -109,6
Ag’ 105,90 73,93 77,11
A% -524.7 -313,4 -481,2
AsO,> -870,3 -144.8 -636,0
CO;* -676,3 -53,1 -528,1
Ca** -542,9 -55,2 -553,1
CI -167,46 55,1 -131,2
Cu”* 64,4 -08,7 64,98
Fe™* -87,9 -113,4 -84,94
Fe* 47,7 -293,3 -10,5
H* 0 0 0
Hg,”" 168,2 74,2 154,2
K* -251,2 102,5 -282,3
Li* 2784 14,2 -293,8
Mn** -218,8 -79,9 -223,4
MnO, -518,4 190,0 -425,1
NO, -106,3 125,1 -35,3
NO; -206,6 146,4 -110,5
Na* -239,66 60,2 -261,87
OH" -229,94 -10,54 -157,3
PO~ -1284,1 -218,0 -1025,5
S0~ -907,5 17,2 -743,0
HSO4 -628,0 132,4 -527,3
PCls (1) -369,45 362,9 -324,55
PCl; (1) -277,0 311,7 -286,27
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EKCIIEPUMEHTAJ/IbBHA YACTHUHA

Meta po60TH: - BU3HAYUTH CHTAJBIIIIO peakIlii HeuTpamizalii;
- BUBHAUUTH CHTAJIBIIIO POZUMHEHHS COJII-KPUCTANIOT1ApaTy;
- OBOJIOJIIT HABUYKAMU TEPMOXIMIYHUX PO3PAXYHKIB;

Ipuaaam Ta peakTHBMH:

- po3umH cipuyanoi kuciaoru (H,SO,) 3 konmentpamiero 0,2 Moib/i;
po3unH Tinpokcuay Hatpito (NaOH) 3 konmentpariero 0,2 Monb/i; Ccilb
kpuctanorigpar kapoonat Hatpito (Na,COs3-10H,0); cinp kpucranoriapaT
tiocyibdat Hatpito (Na;S,03:5H,0); cinb kpucramorigpat kapOoOHAT HATPIrO
(NazCO3:10H,0); muctunpoBaHa BoJa,;

- TEXHOXIMIYHI TEpe3u 3 pI3HOBaraMu; CHPOIICHUN KaTIOPUMETP —
dapdoposmii crakan Ha 250Mi1; Tepmometp 3 miHoro moxauty Ha 0,1 (0,2) °C;
cTymka 3 ToBkauumkom; MipHi mwmiaapu #Ha 100 Tta 50 M, ¢GimsTpyBaTbHUNA
narip, CKJISIHI TaTu4YKu, CEKyHAOMIp.

Jocain 1. BuznaueHHs1 eHTaNbMil peakuii HeliTpadizauii cipuaHoi KMCJI0TH
(H.SO,) po3unnom rigpokcuay narpito (NaOH).

XiJx BUBHAYCHHSA

3a monmomororo mwriHapa Ha 100 M Biamipsta 75 Mt po3unHy cipyaHoi
kucioru (C(H,SO,) = 0,2 mons/i; p = 1,012 r/mi1); BHIMTH y CHPOLIEHHH
kKajopuMeTp (cTakaH) Ta BHMIpATH TModaTtkoBy Ttemieparypy (tp). I[ToTim
BIIMIPSATH 3a JOTMOMOTOI0 iHImOro IwiiHApa Ha 50 Mi — 25 mu po3uyuHy
rigpokcuny Harpito (C(NaOH) = 1,2 mons/nt; p = 1,044 r/mn). Po3unn NaOH
BWINUTH, TEPEMIIIYIOYU CKISIHOIO TMAJWYKOK, Y CHPOUICHUN KaJOpUMETP
(crakaH) 3 PO3YMHOM CipyaHOi KHUCJIOTH. Y MOMEHT BWIMBAHHS YBIMKHYTH
CEKYHJIOMIp Ta, MPU MOCTIMHOMY NEPEMIIIYBaHHI PEaKIIMHOI CyMillli, 3aMIpsTH
TeMriepaTypy 3 intepBaioM 10 cexyHa 10 TOCATHEHHS HAWBHUIIOI TEMIIEPATYPH.
[Ticnst Toro, SIK MPOTSITOM MEBHOTO Yacy BIIOYBAaTUMETHCS PIBHOMIpHE MaJiHHS
TEMIIEpATypH, JOCHIA MOXHA MNPUNUHUTH. OTpuUMaHi pe3yiabTaTh HOCTITY
3aHECTH y TabuIo 2.2.

Tabmuns 3.2 — Pesynpratu mociminy.

t,¢c |0(10{20 |30 40|50 60|70 80|90 |100 110 |120 130 |......

t°C | to

3a manumu Tabmumi 3.2 MOOyAyBaTH Ha MUTIMETpOBOMY mamepi rpadgik
3ajexknocti Temneparypu (t, °C) Bix wacy (t, ¢). lllkany xoopawHAT CIIij
BUOMpATH TaKUM YMHOM, 100 moyaTkoBa TemrepaTypa (fp) Oyia 6 Ha mouaTky
oci opauHaT. Yepes MoyaTkoBy Ta KIHLEBY AUISIHKU rpagiKy IpOBECTH JOTUYHI
npsiMi, HA TICPETUHI SKUX 1 BU3HAYAIOTH KIHIIEBY TeMIiepatypy nociiay (t).
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3anectn B TaOmmmio 3.3 AaHI 3 BEIWYMH O0’€MIB Ta KOHICHTpAIii
pPO34YMHIB, MOYATKOBOI Ta KIHIIEBOI TEMIEpaTyp, a TaKOoX MOXHOOK IX
BuMiptoBaHHs. Chij mam’siTaTd, 110 TOXWOKU BUMIPIOBAHHS 00’€MIB PO3UMHIB
Ta TEMIIEPATypPU BU3HAYAIOTH 32 IIHOKO MOAUIKY HUIIIHJIPIB Ta TEPMOMETPA.

Ta6mums 3.3 — ExcriepuMeHTaIbHI JaHi

Jlaui H,SO4 Jlani NaOH Temneparypa, °C

V |3V | Cw, p | V|3V | Cu, Polto|te| At=te-ty | St

MI | M1 MOJIB/JT /e | MuI | wma MOJB/T /oM’

Po3ibpatu kanopuMeTp, BAMUTH TEPMOMETP, CTaKaH, CKIISIHY MaJuyKy Ta
BUCYIIUTH.
AHAJI3 Ta 00pO0KAa PE3VJIbLTATIB.

1. Po3paxyHOK eKCHEpUMEHTAJbHOI BeJIMYMHHU EHTAJIBIII peakiii
HeHTpaJsi3amii.

Po3paxyHOK KIUIBKOCTI TEIJIOTH, IO BUAUISETHCA TMPU  peakiii
HerTpanizarnii po3unny H,SO4 po3zunHom NaOH nipoBoasTh 3a piBHSIHHSIM:

Ql—leﬁTp. = Cp' mp - At

ae: M, - Maca B3a€MOJII0YHMX PEYOBUH;
C, - MUTOMa TEIIOEMHICTH PO3uuHy (mpuitHsaTH piBHOIO 4,18 JIx/T ' K)
At - pI3HUIIA MIXK KIHIIEBOIO Ta MOYaTKOBOIO TEMIIEpATypaMu JOCIIIY.

3riIHO 3aKOHY TE€PMOJMHAMIKH, 3MiHA E€HTaNbIIi JOPIBHIOE TEIJIOBOMY
edexTy peakiii B 1300apHUX yMOBAaX, ajie 13 3BOPOTHIM 3HAKOM:

AH° = -Q
0
AH = 2
n

Po3paxyHOK  €KCHepUMEHTaJbHOIO  3HAYEHHS  E€HTajbIlli  peakiil
HeWUTpaizalii mIpoBOASTh 3a PIBHSHHSIM:

o '(PH2804 *VH,s0, + PNaoH * YNaoH )- At

AH o (kJIx/Mo6 H,SO,) = —
Chi,s0, * VH,s0,

2. Po3paxyHoOK MOXHOKHU €eKCNEPUMEHTAIbHOI BeJIMYMHU eHTAJIbMIT peakmii
HeHTpasizamii:

My,s0, N OVNa0H N 20t

0(AH) xIx/monbpH,SO,4 = ‘AH

ekcn‘ )
Vi,s0,  Veon At
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3. HepeBlpRa KOpeKTHOCTl BHKOHAHHHA )]OC.]IlIly
Il IIPOBOJATH IIJISIXOM HepeBlpKI/I BUKOHAaHHA HeplBHOCTl

|AHza65. - AHexeen:| < 8(AH),
BpPaxoBYIOUH, L0 AHyeiirp.H2SO4 (raga)= - 114,7 xIx/monb HoSO4,
4. KinueBi ekcniepuMeHTAJIbHI pe3yJbTaTH 3anucatu y Gopmi:
AHyeiirp. H2SO4 = AHegen. + 6(AH)

BuCHOBOK:
- 3pOOUTH BUCHOBOK IPO TEPMOXIMIYHHUI XapakTep peakiii (ek30- abo
CHIOTePMIYHA);
- 3pOOUTH BUCHOBOK MPO KOPEKTHICTh BUKOHAHHS JTIOCHIY.

Jocain 2. BuzHaueHHsI eHTAbIIII PO3YMHEHHS COJIi-KPUCTAJIOTiApaTy.

Xix BUBHAYCHHSA

3BaXUTH Ha TEXHOXIMIYHHX Tepe3ax S T Kpucraioriapary (Tiocynbdar
Hatpito Na,S;03-5H,0 abo kapbonar matpiro Na,CO310H,0). Ilomepeauno
CUIb pETeNbHO po3TepTH Yy (papdopoBiil CTymIli TOBKAYMKOM. 3a JOMOMOTOIO
mutiaapa #a 100 M BigMipatu 50 M TUCTHIHOBaHOI BOAM Ta HAJIUTH il Y
CHpoIeHuH KaopuMeTp (cTakaH). BUMIpsSTH MOYATKOBY TEMIIEPATYPY TOCIITY
(tp). BHecTn HaBaXXKy COJIi B pEakIiMHWNA CTakaH KalopuMerpa. B MomeHT
MEPEHECEHHS COJIl YBIMKHYTH CEKYHJOMIp Ta, MPU MOCTIHHOMY MepeMilTyBaHHI
CKJIIHOIO  MAJIMYKOIO,  BiJ3HAYaTH  3MIHY  TeMmIepaTypu  aHaJOTI4HO
norepeIHbOMY Jociiny (3 iHTepBagoMm y koxkHi 10 cexynn). Ane y mpomy pasi
CIiJi BpaxOBYBAaTH HE HaWBHUIYy, a HailHWX4y TeMmreparypy. PesynabraTu
JOCIIKEHHS] BHECTH Y Ta0nuiio 2.4.

Tabmuns 3.4 — Pesynbratu mociminy.

0[10|20|30(40(50|60|70|{80|90/100(110|120130]......
t°C |t

3a manumu Tabmumi 3.4 noﬁyz{yBaTu Ha MUIIMETPOBOMY manepi rpadik
saexnocti Temnepatypu (t,°C) Bix uacy (t, ¢). Uepes o4aTKOBY Ta KiHLEBY
TUISTHKA Tpadiky MPOBECTH JOTHYHI MPsAMi, HA TIEPETHHI SKUX 1 BU3HAYAIOTH
KiHIIEBY Temnepatypy mociiny (tg).

3a"ectn B Tabnuio 3.5 maHi OTPUMAaHUX EKCIIEPUMEHTAIHHUX BEITUYHH
Macu coii, 00’eMy BOJAM, TMOYATKOBOI Ta KIHIIEBOI TEMIIEpaTyp, a TaKOX
nmoxuOoK iX BumiptoBaHHs. CiiJl maM’siTaTv, M0 MOXUOKU BUMIPIOBaHHS MacH
coyii, 00’eMy BOJM Ta TeMIEpaTypd BU3HAYAIOTh 32 IMOXMOKOI 3BaXKyBaHHS
TEXHOXIMIYHUX TEPE31B, IIIHOIO MOTY HWIIHAPY Ta TEPMOMETPY.
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Tabmums 3.5 — ExcriepuMeHTanbHI JaHi.

Hani H,O JlaHi comi Temmneparypa, 'C
Y, 5V P m [ sm | M | t | t | At=t-ty ] ot
MII MII r/em® r r I/MOJIb
1

Po3ibpatu kanopuMeTp, BAMUTH TEPMOMETP, CTaKaH, CKISIHY MaJuyKy Ta
BUCYIIUTH.
AHAJI3 Ta 00pO0KA PE3VJIbTATIB.

1. Po3paxyHoK eKCNEPUMEHTAJbHOI BeJIMYMHHM EHTAJbIII  peakuii
PO3YHMHEHHS COJIi.
Po3paxyHOK KiJIbKOCTI TEILUIOTH po34rMHEHHS codli (k/[/M0Jb) IpOBOAATH
3a popMyIoro
Q, =~y g +mg) A
P 1000 2 m

C

Cp — MATOMA TEIUIOEMHICTh pO34uuHy, nopiBHIoE 4,184 Jx/r-K;
m H,0 — Maca BOIW, T,
M - mossipHa Maca KpHCTaIorigpary, I/Moib;

Mc — HaBa’kKKa PEYOBUHHU, T.

Enranbniiinnii egeKT pO3UUHEHHS CONI-KPUCTATIOTIAPATY:

AHeken. = 'Qp-

2. Po3paxyHoKk NOXMOKH EKCIEPUMEHTAIBHOI BEIMYWHU CHTANBIIT peakilii
PO3YMHEHHSI COJI-KPUCTAIOT1IpaTy NPOBOJSATH 32 PIBHSIHHSM:

Mh,0, +5m -+25t

com

VH 0] mCOJzi At

S(AH) kJIx/MOIb = ‘AH

eKcn‘

3. HepeBlpRa KOpeKTHOCTl BHKOHAHHHA )]OC.]'IlIly
Il IIPOBOJATH IIJISIXOM HepeBlpKI/I BUKOHAaHHA HeplBHOCTl

|AHT36J1. - AHeKcn.l < 5(AH),

BpPaxoBYIOUH, L0 AH 054, N22S;03:5H,0 (1a6a. ) = 47,2 x/Ix/mois;
AHpmq. Na,CO3:10H,0 (raa.) = 66,6 xJ]x/Momb;

4. KinueBi ekcniepuMeHTAJIbHI pe3yJbTaTH 3anucatu y Gopmi:

AHposa. = AHexen. + 5(AH)

BucHOBOK: - 3p00UTH BUCHOBOK IPO TEPMOXIMIYHUN XapakTep peaxiiii
(ex30- a00 eHJI0TEpPMIiYHA) Ta TPO KOPEKTHICTh BUKOHAHHS JOCTIY.
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IIuTanHs Ta 3aBAAHHA JJIS CAMOCTIHHOI NepeBiPKU 3HAHb CTYACHTIB

1. [ITo BHBYa€e TepMOIMHAMIKA Ta SKi 11 3ama4i?
2. l1lo BuBUa€ XiMiuHA TEPMOJTHMHAMIKA?
3. OCHOBHI ITOHATTS XIMIYHOI TepMOJIUHAMIKH. Buan cuctem.
4. Slxi Bumm eHeprii MOKYTh CYIPOBOJDKYBATH XiMiuHI peakmii? B skwii
5. ki peakiii Ha3UBAIOTHCA EK30TCPMIYHUMHU, EHAOTCPMIUHUMH,
TEPMOXIMIYHUMHU?
6. [TapameTpu cucteM Ta QyHKIIII CTaHY CUCTEM.
/. BHyTpilllHs €Heprisi Ta eHTaNbIIA SIK (PYHKIIIT CTaHy CUCTEM.
8. TeruoTa Ta po6ota. [leprmmii 3aK0H TEPMOTUHAMIKH.
9. 3akonu Tepmoximii. Hacmiaku 3 3akony ['ecca.
10. Busnauntu cranmapTHi 3MiHu eHTanbiii AH B peakmisx ta 3poOutH
BHCHOBOK TPO TEIJIOBUI €(hEeKT peaKIiiii:
4N Hg(r) + 502(r) = 4NO(F) + 6H20(H)
AN Hg(r) + 302(r) = 4N2(r) + 6H20(H)
11.* YmoBu nuBuch B 3apaanHi 10.
Fe,O4 w T 3CO o= 2Fe w T 3CO, (r)
CH, T 20, r) = CcoO, T 2H,0 ()

12.* 2Mgy + CO2 (1) = 2MgOx) + Crpagum)
2C|2(r) + 2H20(H) = 4HC|(r) + OZ(r)
13.* 3CH4(F) + COZ(F) + 2H20(p) = 4CO(F) + 8H2(r)

CaO(K) + F8203(K) = Ca(FeOz)g
AH(Ca(FeOz)Z) = -1665,2 xJIx

14.* 2H28(F) + SOz(r) = 3S(p0M6.) + 2H20(p)
2C2H2(r) + 502(r) = 4C02(r) + 2H20(H)
15.* C&COg(K) = CaO(K) + COz(r)
SOz(r) + ZCO(r) = ZCOZ(F) + S(K)
16.* PbO(K) + COZ(F) = PbCOg(K)
CU(K) + FeSO4(p) = FE(K) + CUSO4(p)
17.* CH4(r) + 2H28(r) = CSz(r) + 3H2(r)

SﬂClz(p) + 2F€C|3(p) = SnCI4(p) + 2F€C|2(p)
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InauBiaVaJIbHI 3aBTAHHSA 10 J1A00PATOPHOI podoTH No3

3apaanns 1.

O6uncnutn AH xiMiuHOi peakiii 3a CTaHJAPTHUX YMOB 1 3pOOUTH
BHCHOBOK IMPO TEPMOXIMIYHMI XapakTep peakuii. [Ipu pospaxyHkax ciif
BUKOPUCTOBYBATH JaHi Ta0Omwui 3.1.

Ne
. 3aBnaHHA
BaplaHTy
1 H,O (O SO; ) — H,SO, (0)
2 CaCl, ot Na,COs @) CaCOs ) T NaCl ()
3 Na,SO4 ot H,O () ™ H,SO, ot NaOH (0)
4 Fe(OH); @t HCI @ — FeCls; @t H,O ()
5 SnCl, ot FeCl; () — FeCls; ot SnCl, (0)
6 8HI ot H,SO, e ™ 41, @t H,S ot 4H,0 (p)
7 NO, ot H2803(p) — H,SO, ot NO (r)
8 Ca(OH), w7t CO, ) CaCOs (x)
9 SO, ot H,O @t NO, o H,SO, @t NO ()
10 Fe @+ H,SO, () — FeSO, o T H2m
11 CaCOs; x) = CaO @t COQ(F)
12 Fe @t 4HNO; ) = FE(NOg)g (O NO o T 2H,0 )
13 CaCOs wt 2HCI () — CaCl, (O H,O ot CO, (0)
14 3l mt 3H,S0; @t 3H,0 (@) ™ H,SO, @t 6HI )
15 Zn @t HCI ) — ZnCl, ot H, o)
16 C,HsOH ) = C,oH,4 ot H,O ()
17 H,S ot CO, )™ H,O m t CS, (r)
18 CH, @ T H,S ) — CS, @ T H; ()
19 NO, ot HQO(p) — HNO; @t HNO, ()
20 Na,COs ot Ca(OH), x) = CaCOs wt NaOH (0)
21 3Hg ot 8HNO; ®) = 3Hg(N03)2 ot 2NO ot 4H20(p)
22 NO, ot NaOH () = NaNO; ot NaNO, O HZO(p)
23 16HCI @t KMnO, @) = 2MnCl, @t 5Cl, ot 2KCI @t 8H20(p)
24 H,SO, ot Cu x) = CuSO, (O SO, ot HZO(p)
25 FeCls () +Ag 1) ™ AgC| @t FeCl, ()
26 CH50OH ot 3/2 O, r) = CO, @ T 2H-,0 (0)
27 CUC'z(p) + NaOH @ — CU(OH)2 @t NaCl (p)
28 6KOH ot 3S (1) = K>S0, ot 2K5S ot 3H,0 (0)
29 Cu m T FeSO, (@) Fe @t CuSO, ()
30 4Mg @t 10HNO; () — 4Mg(N03)2 ot N,O (r) 5H,0 (p)
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3aBaaHus 2.
Bu3HauuTH €HTANBMI0 MEBHOT KUIBKOCTI PEYOBUHHU.

OO NOOUITPDWN -

€HTAJIBITII0 YTBOPEHHS
EHTAJIBIIII0 PO3KIIATY
€HTAJIBIIII0 YTBOPEHHS
EHTAJIBIIII0 PO3KIIATY
EHTAJIBITII0 YTBOPEHHS
CHTAJIBIIII0 PO3KIIATY
EHTAJBIIII0 YTBOPECHHS
EHTAJIBIIII0 PO3KIIATY
EHTAJIbIIII0 YTBOPECHHS
EHTAJIBIIIIO0 PO3KIALY
€HTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
EHTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
€HTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
€HTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
EHTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
€HTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
EHTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
€HTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
EHTAJIBITII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY
€HTAJIBIIII0 YTBOPEHHS
EHTAJIBIIIIO0 PO3KIALY

10,2F A|203
6,72.]'[ CH4
250r CaCOs
32r NHsNO;
11,2.]'[ C2H4
100r MgO
1,xr NiO
168r MgCOs
1m* H,0
20051 NH3
11,2xr CaO
190r MgCl,
5 mons N,O
285r AgCI

6 moiss HF
48r F9203
0,5M° CO;,
1,5 mons Fe304
10 moms ZnO
90 HZS
134,41 NO,
3 MOJIb C6H6
3,4F HZS

lxr PbO

8kxr CuO

7 mons CaCl,
64kr SOZ
312r CaF;
48r CH;0OH
2,51 NH3;
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PO3JIJI III XimiuHa KiHeTHKA Ta XiMiYHa piBHOBara

JlaGopaTopHna podora Ned

Tema: «BiuiuB pizHUX (paKTOPIB HA WIBUAKICTH XIMIYHUX peakuiin»

TeopernyHa YACTHHA

XimiyHa KiHeTHKA — 1Ie HayKa, 1110 BUBYAE MIBUIKICTh XIMIYHUX PEAKIIIH
Ta IX MEXaHI3M.
XimiyHl peakiii BimOyBaroThca B uacli. OpHi mnepediraroTh J1OCUTH
MMOBUIBHO:
2H2 () + 02 r) = ZHZO (m)s

ajJle B MPHCYTHOCTI Kartajmizartopa (turatuau) Tta npu HarpiBani (700 °C) —
B110yBaIOTHCSI MUTTIO.

XimiyH1 peakiii, 1mo mnepediraloTb B Mexkax OJiHi€l (a3u, Ha3UBAIOTHCS
rOMOTeHHUMMM, a peakili, Mo TMepediraloTh Ha MEXl po3mnoaury ¢as,
Ha3UBAIOTHCS reTePOreHHUMH.

BaxxiMBo10 XapaKTepUCTUKOIO KIHETUKHU XIMIYHOI peakilii € il MBUJIKICTb.
[[IBuaKICT, BU3HAYAETHCS 3MIHOIO SIKOTOChH MAapaMeTpy 3a OAUHUIIIO0 Yacy. Jlis
XIMIYHUX pEaKIii TakuM MapaMeTpoM BHOpPaHO KOHIIEHTpAIlI0 pearyrdux
peuoBuH. KoHIleHTpaIlis BU3HAYAETHCA KUIBKICTIO PEYOBHH B OJMHUII 00’€MY,
MOJIB/JI:

c="; C=—1_
\% M -V

Sxmo B MomeHT uyacy fp, koHuenrtpamiss Oyma Cp a B MOMeHT t

KOHIeHTpaIlis ctana C, TO MBUAKICT B TOMOTE€HHIN CHCTEM1 MOKHA 3aIIMCATH.
V =CO_C =—AC,MOJII>/J'I-C, aoo V =id—C.
t, —t At dt

B rereporenHux peakuisix MBHUAKICTh XIMIYHOT peakiiii Oyjae 3anexaTu
TaKOX BiJ IUIONII S MOBEpXHI moaury (a3 ado Bija IJIONII MOBEPXHI TBEPAOTO
TiNa

= A aoo \V = d—C
S-At S.dt

IBuAKiCcTh peakilii 3a1exuTh BiJl 0aratbox ¢gakrtopiB. Ha Hei BImBaroTh
Npupojia Ta KOHIEHTpallil pearyrouux pEYOBUH, THUCK, TeMIepaTypa,
KaTaii3aTtop, CTaH pearyr4ux peuyoBUH — CTYIIHb NOAPIOHEHOCTI TBEpAUX abo
MaponoIiOHUX PEYOBUH, CTAH PIIKUX PEYOBUH.

B rereporennux cucremax mnpoiuecu Oararoctaiivini. [IIBUAKICTh peakirii
BU3HAYAETHCSI HE CYMOIO IIBHJIKOCTEH OKpeMHX CTafld, a MIBUIKICTIO
HaWMOBUIbHIIIOT cTaAll. [|Jisl reTepOreHHUX CUCTEM — 1€ IIBUJIKICTh TUu]y3ii.

OcCHOBHMMU TMMapaMeTpamu, $KI BpPaXxOBYIOTh MpU BCIX MpoIlecax, €
MpUpPOJia PEYOBUHU, KOHIICHTpAIllsl, TEMIIEpaTypa, TUCK, il KaTaai3aTopa.
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3ajiexkHiCTh IIBUHAKOCTI peakuili Bil KOHUeHTpaulii. 3aKOH Ail0YHX
mac. B 1865 pomi mpodecop Xapkicbkoro yHiBepcuteTy M.M. bekeros
BCTAHOBUB KIUJIBKICHUM 3B’SI30K MDK MacaMu pPEareHTiB Ta 4acoM mepeoiry
peaKIlii: «...TSLKIHHS MPONOPLINHO N00YTKY JIFOUHUX Mac».

A B 1867 pomi HopBesbki ximikn K.M. DI'ympbepr i II. Baare mamm
MaTeMaTUYHE OOIPYHTYBaHHSA L€l 3aJ€XKHOCTI Ta CHOPMYIIOBAIU 3aKOH
JiI0YHX Mac.

IlIeuoxicmb XimiyHux peaxkuini npu cmajiii memnepamypi npamo

nponopuiiina 000ymkKy KOHUEeHmpauiil peazyloyux pevuoeuH,

nioneceHux 00 CHyneHsa 6i0On0GIOH020 iIX cmexioMempuuHuUMm

Koegiyiecnmam.

Jlns1 peakinii 3arajJJbHUM BUTIISIIOM:
aA+bB=cC+dD
MIBUAKICTh PEaKIlii 3a 3aKOHOM J1I0UYHMX Mac:
V =K[A]:[B] a0 V=K.Ci.CE,

ne a, b — ctexioMeTpu4Hi KoeillieHTH;
K — xoedimieHT mponopiitHOCTI, 110 HA3UBAETHCSI KOHCHAHM O UWBUOKOCHLE

Ppeaxuii.
Jgxkmo Cy=Cz=1,T=const,toV =K.
®iznunmii 3mict K - 11¢ MBHAKICTH peakiii Ipu KOHIEHTpaIii

pearyr4mnx pedyoBUH piBHUX 1 MOJIB/II.

KoHcTanTa mBUIKOCTI peakiii 3aiekuTb BiJ TPUPOIUA PEYOBUH, Bij
TEMIIEpaTypH, BiJl MPUCYTHOCTI KaTaji3aTopa 1 HE 3aJeXUTh BiJl KOHIEHTpaIlil
pearyro4yux peuyoBUH.

3aKOH [JIIOYMX Mac 3aCTOCOBYETBCS I Ta30MOJIOHMX Ta PO3YMHEHUX
pedoBuH. SIKIO B peakiiii MpuiMarOTh y4acTh 1 TBEp/il PEYOBUHU, KOHIIEHTPALis
SKUX CTalia, TO IIBUJKICTh PEaKIlii 3MIHIOETHCS B 3aJI€KHOCTI BiJ KOHIIEHTpAIlii
ra3iB Ta pO3UMHEHUX peuoBHH. Hanmpukia, MBUIKICTE 3TOPSIHHS BYTJIEIIO

Cmt 020 =COz

MpONOpIiiHA TUIbKA KOHIEHTpPAIlil KUCHIO
V =K -const[0, |= K'[0,] ne K = K - const.

BnuiuB npupoan pearyounx pe4oBHH HA MIBUAKICTH pPeaKilii.

[Ilo6 yTBOpunHCS HOBI CHOJYKHM Tpeba CrmoyaTky po3ipBatu abo
MOCIaOUTH 3B’ SI3KM MIDK aTOMaM# B MOJIEKYJiax BUXiJIHUX pedoBuH. Ha 11e Tpeba
BUTPATUTH TIEBHY €HEPrit0. 3riHO Teopil akTUBAWil y B3a€MOJIII0 BCTYMAIOTh
TUIBKM aKTHUBHI MOJIEKYJIH, SIKI MAaloTh HAJJIMIIKOBY EHEPril0 — eHepriio
akTuBamii peakmii. i BenmuumHa € QakTopoM, 3a JOHNOMOIOI SIKOTO
MO3HAYAETHCS BIUIUB NPUPOIU pearyrounx peyoBUH Ha IMIBUAKICTh PEaKIIii.
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JIist akTUBaIlli 1HIIUX MOJIEKYJ Tpeba NoAaTu JO0JATKOBY €HEpriio s
MOJOJAHHS eHEPTeTUUHOTO 0ap’epy — eHeprito akTuBallii — E 4q4,, KJK/MOIIb.
SAxmo enepris aktuBaiii Mana (Eg., < 40 x/[X/Moib), TO MIBUAKICTH
peaxiii BeJIruKa
H, ot F> ) = ZHF(F).

Hagnaxku, ko E,, nyxe Benuka (moHax 120 kJ[>k/Mo0JIb), TO MIBHIKICT
peakiiii majia
N, + 3H, = 2NHs.
Komu enepris axtuBamii mae Benmuuuny Big 40 no 120 x/[x/mons, TO
MIBUAKICTH PEaKIlli MOKHA BUMIPATH

Na,S,03 + H,SO4 = Na,SO,4 + Sl + SO, + H,0.

HeoOxiqHOIO YMOBOIO B3a€MOJIi MOJIEKYJd MDK co0oro € aotuk. [lpum
bOMY aKTHUBHI MOJIEKYJIH MOCHA0IIAlOTh 3B’SI30K MIDK aToOMaMu MOJIEKYJI
BUXIJJHUX PEYOBHUH Ta YTBOPIOIOTh AKTUBOBAHMI KOMIUIEKC. B IboMy KOMILIEKC]
BIJIOYBA€ETHCS MEPEPO3NOALT €IEKTPOHHOI T'YyCTHHM, PBYTHCS CTapi 3B’A3KH Ta
YTBOPIOIOTHCS HOBI.

H I H.-..__. | H-I
| + | — E N
H - | H-1
aKTUBOBaHUM
KOMILIEKC

PeuoBuHM, 1110 pearyroTh, BOUPaOTh 10JATKOBY €HEPril0 Ta NEPEXOJATh Y
HECTIMKUN CTaH, SKAW XapaKTEepU3Ye€ThCs BEIMKAM 3alacoM  EHEprii.
AKTUBOBAaHUN KOMILUIEKC ICHYE AY>K€ KOPOTKHUH 4Yac, BiH MIBUJKO PYHHYEThHCA 3
YTBOPEHHSM MPOAYKTIB peakiii. [Ipu nbomy eHeprist BUALUISETHCS.

Pi3nuns eHeprii akTuBalii 3BOPOTHOI Ta MPSIMOi peakiii JOPIBHIOE
TEIJIOBOMY €(DEeKTY peaKilii.

BruiuB TemmnepaTtypu Ha WIBHAKICTH XiMi4HOI peakiii.

[Ipu HarpiBaHHI IIBUAKICTH PYXy MOJEKYJd 30UIBLIYETHCS, IO
MPU3BOAUTH JO 30UIBIIEHHS MIBUIKOCTI peakili. 3aJeXKHICTh IIBHIKOCTI
XIMIYHOI peakiii BiJl TeMOepaTypu AOCHUThH ckiaaHa. BrummB temmeparypu Ha
IIBUJIKICTh PEaKilii B JOCUTh LIMPOKOMY IHTEpBall TEMIIEpATyp BU3HAYAETHCS
piBHSIHHAM AppeHiyca:

_ Eaxm

K=7-¢ R,

ne K — xoHcTaHTa MBUIKOCTI peakiii; Z — (akTop 4acTOTH 31TKHEHD;
E oy — €HEPTIS aKTHBAITI].

3pocTaHHs IMIBHJAKOCTI peakilli 13 3pOCTaHHAM TEMIIEpaTypu MOKHA
BU3HA4YUTH 32 npaBuioM Baur-I'odda:
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IlIpu niosuwenni memnepamypu na 10°C (10 K) weuoxicmo
XimiuHol peakuyii 30inbuwyemscsa npuonusno 6 2 — 4 pazu.

CHiBBiHHOH_IeHHﬂ
2 1 2 1
£ 4 V < 4

10 a60 2oy 0

VT2 =V, 'Y
1
BiZioMO sik mpaBuii0 Banr-I'odda 1 mae npubnuzauii xapakrep. Aile BOHO Ja€

MOXJIMBICTh OLIIHUTH TOBEIIHKY XIMIYHOI CHUCTEMH B TEBHHX MeXax
TEeMIIepaTyp.

IIpuckopenns ximivHux npouecis. KaraJis.

OmuuM 3 TOMIMPEHUX METOMIB MPUCKOPEHHS XIMIYHUX peakiiil €
KkarTaJi3. PeyoBuHa, 110 npuiiMae ydacTh B peakiliii, 3MIHIOE 1i MIBUJKICTb, aJie
0 KIHIIL peakilii SKICHO Ta KIIbKICHO HE 3MIHIOEThCS, HA3UBAETHCA
Karajgizatopom. Peakuii, B sAkux Oepe ydacThb KaTadi3aTop, Ha3UBAIOTh
KAaTAJITHYHUMH.

3riIHO Teopli aKTUBHUX KOMIUIEKCIB KaTali3aTop YTBOPIOE 3 BUXIJIHUMU
PEYOBMHAMM TIPOMIKHI CIOJIYKH, SIKI PYWHYIOUUCh YTBOPIOIOTH MPOJIYKTH
peakKIlii Ta pereHepyroTh KaTalli3aTop.

Karanizarop 3MmeHIIye eHeprito akTHUBalli Ta CHPSMOBYE MPOLEC IO
HOBOMY IIISAXY:

A + B — A:B — qyxe moBUIBHO,
A+ B+ K— A:-B + K- mBuako

1A+K—>AK, V1>>VAB
2.A..K+B— A-B+K, V;,>> Vg

A+B+K— A-B+K.
A..B

’ a
A-x+B / Eaxm.np.

/ / Eaxm.3e.
AHx.n.
A+B |+K /-

AB

ty
|

Eaxkm.np.
FEarxm.3e.
D

Koopounamu
pearuii

Puc. 4.1. EHepreTuyHa Jiarpama peakiii:
a) Oe3 KaTamizaTopa, 0) 3 KaTaxi3aTOPOM.
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VY BUNAJKy TOMOreHHOr0 KAaTaJi3y KaTali3aTop 1 pearyrdi peyoBUHU
3HaXOJIAThCS B OJHIN (a3i (ra3 abo po3unH)

2S0; (1) + O, (r) = 2S03 (), katamizaTop NO (r)

I'eTeporennmnii KaTaJi3 MOYMHAETHCS 3 aACOPOIIl BUXIAHUX PEYOBUH Ha
MOBEPXHI TBEPJIOTO KaTanizaropa. B Hacnifgok aacopOilii 3MEHIIIYETbCS €HEPris
aKTHUBAllll pearylouux peuoBUH, 301IbIIYETHCSA KUIbKICTh AKTUBHUX MOJIEKYJ Ta
MIBUJAKICTh XIMIYHOT peaKIii.

Karanizaropu 6ionoriunux cucrem — pepmeHTu. B opranizMi JroauHu ixX
omm3pko 30000. KoxeHn 3 HHX € e(QEKTUBHUM KaTali3aTOpPOM BiAMOBITHOI
peakiii. CnuHa yTpumye (EepMEHT NTiajiH, KU MEepeTBOPIOE KpoXMalb B
ykop. B TpaBieHHi npuiiMae ydacth nencuH (GepMeHT, 10 € B MUTYHKY), SKHMA
KaTali3ye po3lIeIieHHs OinkiB. PepMEHTH MpaulioTh MpU TeMIepaTypi
OpraHi3My, OCKIJIbKM €HEPTisl aKTUBAIlIl 3MEHIIIYETHCS.

ToOTO, OCHOBHa CYTHICTH KaTadidy — 3MEHIICHHS EHEeprii akTuBailii
pearyroyux peuoBUH.

Ipukjaaam po3B’A3aHHA 3aBIAHL

Ipukaan 1.
BuzHauuty y CKUIbKM pa3iB 3MIHUTHCS MIBUJIKICTh MPSMOi Ta 3BOPOTHBOI

peaxirii B CUCTEMI, SKITO TUCK 3pOCTe B 3 pa3u
CO, () + C (1)=2CO (v

Po3B’g3aHHA:
3riiHO 3 3aKOHOM JIIOYMX Mac, MIBUAKICTh NPsIMOi peakiii B
reTepOreHHIM CUCTeM1 CTAaHOBHUTD.

V,, = K[CO,]-const =K' [CO, ]

SAxmo TUCK 3pocte B 3 pasd, TO 00’€M 3MEHIIUThCA B 3 pasu, a
koHeHTpariss CO, 3pocte B 3 pa3u

V' = K3C0,|-3K'[CO, |

o Y. K'|co, |
CriBBiTHOTICHHS —np = =3
\Y K'|CO,

HIBuakicTh IpsAMOI peakxili 3pocte B 3 pa3u.
[IBHaKICTH 3BOPOTHHOT PEAKIIIi:

V:m = KZ [CO]2

[Ticast 3MiHM THCKY

V' 56 = K, (3COD? = 9K'2 [cOP?
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V' 9K,[cOf
—36=—5"—1-=0

V. K,[CO]

MOKa3ye, M0 MIBUAKICTE 3BOPOTHROT peakirii 3pocTe B 9 pasis.

ChiBBIIHOIIEHHSA

Ipukaam 2.
Sk 3MIHUTBCS MIBUAKICTH PEaKilli B TOMOTE€HHIN CHCTEMI IPU 3HUKEHHI1

temriepatypu 3 80 mo 20°C, sixmro TemrepaTypHuii KoeirieHT y = 27
Po3B’g3aHHA:
3riiHo 3 emnipuyHuUM npaBuwioMm Baut-I'odda
To~Ty
—\/ . 10
Vo=Vyy ’

ne Vi, V, —mBuakocti peakuii npu temneparypax 1y, 1.

T,-T; 20-80
V, 1

—:}/ 10 :2 10 :2_62—_
\A 64
BiamoBisik: MBHUIKICTh peakIlii 3SMEHIIUTHCS B 64 pasu.

EKCIIEPUMEHTAJ/IbBHA YACTHUHA

Meta podoTH:
1. BuBunTH BIUTUB pi3HUX (DAKTOPIB HA MIBUJKICTH XIMIYHUX PEAKIIIN:
- BIUIUB KOHLIEHTpAIlll pearyroyux pPEYOBHMH Ha IIBHJKICTH pEaKIlii B
TOMOTE€HHINA CUCTEMI,
- BIUIUB TEMIIEpaTypH HA MIBUIKICTh peaKiiii B TOMOIE€HHIN CUCTEMI;
- BIUIMB BEJIMYMHU MOBEPXHI PO3MOJLITY Pearyroyux peuoBUH Ha MIBUAKICTb
peaxiiii B TeTepOTreHHIN CUCTeMI,
- BILUTMB KaTajli3aTopa Ha IMBUIKICTh PEaKIIii;
2. ExcriepuMeHTAIBHO TATBEPAUTH CIIPABEJIUBICTh 3aKOHY JIFOYMX Mac
Ta paBwio Bant-I'odda 3a ogepxkaHumMu pe3yabTaTaMu JOCIIIB.

Ipuaaam Ta peaKTHBH:

Cexynnomip; 2 tepmoctatu abo crakanu Ha 200-300 mut 3 KpuIkamu, B
AKUX € 3 OTBOpU I TEPMOMETpY Ta 2-X MpoOipok; 3 OropeTku Ha 25 M,
npoOipku; Tepmomerp Ha 50°C; CKISHI TaTWYKH, CTYIMKa 3 TOBKAYHKOM.
KapOonar kampmito (kpeiina). Pozumnu: Tiocynbdar natpito (1 H; 0,5 H),
cipuana xuciora (2 H), XIopoBoxHeBa kucimora (ryctuHor 1,19 r/emd),
nepmanranar kaimiro (0,5 H), cynsdar migi (1), xmopun 3amiza (II1) (0,5 H),
ponanin kamito (0,5 ).
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Jocain 1. BiuiuB KOHIeHTpaLil pearylo4ux pe4oBUH HA MIBUAKICTH peakuil
B TOMOT'CHHIiH CHCTEMi.

B3aemonist Tiocyab(paTy HATPIKO 3 CIPYAHOI0 KUCJIOTOIO.
Peakiis nepedirae 3a piBHSIHHSIM:
Na,S,0; + H,S04 = NaSO; + S{ + SO, + H,0

[IBuAKICTH peakilii BU3HAYA€ Yac Bij MOYATKY peakilii J0 MOSBU MEPIIUX
O3HaK OMAaJeCUEHIlli pO3UMHY KOJOiTHOT CIPKH, SIKUN BU3HAYAETHCS Bi3yaJlbHUM
METOJIOM JOCIIXKEHHS MPO30POCTI POIUUHY.

Xit BUKOHAHHSA

[TigroToBUTH YKCTI CyXi MpoOipku. 3aTOBHUTH 3 OFOPETKH BiAMOBITHUMHU
po3uunamu. H,SO,4, Na,S;03, H,O. B 3 npobipku Hamute 1o 5 M cipyaHOi
KucIoTH. B 3-X iHmUX mpoOipkax MPUTOTOBUTH PO3YMHU TiOCYIb(}ATy HATpitO
3a CXEMOI0, HaBeJeHOw y Tabmumi 4.1.

VY npoOipku 3 TioCyJibhaTOM HATPII0 OJHOYACHO BJIMUTH CipuaHy KHUCIOTY
3 MOMepeIHbO HaOpaHUX MPOOIPOK.

VYBIMKHYTH CEKYHIOMIp Ta MepeMillaTd PO3YMHU CKIISTHUMU MaJTuYKaMHu.
3adikcyBaTy 4yac Bij MOYATKy PEAKIlii 10 MOSBU MEPIIMX O3HAK CIIAIB CIPKH Y
KOXKHIM mpoOipii. 3amucatd 4Yac Jyuisi KOXKHOI KOHIIEHTpallli Tiocyhbdary
HaTpito. [laHi excriepuMeHTy 3aHecTu B Tabmuio 4.1.

Tabnuis 4.1 — ExcriepuMeHTanbH1 Ta pO3paxoBaHi BEIUYUHU

O0'em, M1 Bignoc- | Yac | Bignoc-
Ne Ha (1) mo Ha
pooip- - | KOHIIEHT- mBua- | V-1000
Pan | H280s Nas$,05 | H,0 | R 10T O e
N&zSzOg S, cex V=1/t
1 5 5 10 20 1C
2 5 10 5 20 2C
3 5 15 - 20 3C

3a eKCHepUMEHTaJbHUMHU JaHMMHU MoO0yayBaTH rpadik 3ainexHOCTI
IIBUAKOCTI peakilii (Bick opauHat) Bij KoHieHTparii Na,S,03 (Bick adcuuch).

BuCHOBOK.
e [IlpoaHanizyBaTu XapakTep B3aJIEKHOCTI IIBUIKOCTI peakiii Bif
KOHIICHTpAIIli pearyrounx pedyoBUH Ha 0a31 OTpUMAHOTO Ipadiky.
e BkazaTu 4 MIATBEPAKYETHCS E€KCIMEPUMEHTAIBHO 3aKOH AII0YUX
Mac.
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Jocain 2. BmiimB TeMmepaTypu Ha MBHAKICTh peaknii B TOMOTreHHii
CHCTEMi.
Xi/I BUKOHAHHS

J1Jist BUKOHAHHS 1OC1y BUKOPUCTOBYIOTh JIBa TEPMOCTATH, TEMIIEpaTypa
B skux BigperympoBana Ha 10°C ta 20°C Bume HiK KiMHaTHa. MOKHa
CKOPHUCTATUCS CTaKaHAMH 3 KPHUIIKAMH, B SKUX € OTBOPH JJIsi TEPMOMETPY Ta
JIBOX MPOOIPOK.

3 crakann Ha 200-250 M1 HamoBHUTH Ha 2/3 Bomoro. Ilepmmii crakan
3QJIMIIIATHA HA CTOJI1 32 KIMHATHOIO TeMIepaTyporo. TemmnepaTypy BOJu 3aMIpsATH
TepMoMmeTpoM. Boay B 2-my Ta 3-my crakanax migirpitu Ha 10 °C Ta 20 °C
BUIIIE KIMHATHOI TeMIepaTypu Ta MiATPUMYBATH iX. B KOXeH cTakaH BCTaBUTHU
tepmomeTp (Ha 50 °C), KIHUMK SKOTO 3aHYPUTH Yy BOAY. 3aKpUTH CTaKaHU
KpUIIKamM#i. B OTBOpW y KpHIIIKax BCTaBUTH MPOOIPKU: OJHY 3 2 H PO3YMHOM
cipyaHoi KWCIOTH Ta mineTkoro, apyry — 3 10 kpammsmu 1 H po3uunHy
tiocynbdary HaTpito Na,S,03. Uepes 10-15 XxBuiIMH BKIIOYUTH CEKYHIOMIp Ta,
He BHiiMaroun mpoOipku 3 Na,S,03 31 cTakaHiB, J0JAaTH B HUX IO OAHIN Kparuti
2 H po3uuny H,SO, i3 po0bipkH, sika 3HAXOIUTHCS B TOMY CaMOMY TEPMOCTATI.
3a CeKyHJIOMIpPOM BU3HAYUTHU Yac BiJ IOJAHHS KUCJIOTH JO MOSBH OMAJIECICHITII.
JlaH1 eKcriepuMeHTY 3anmucaTi y Ta0iuiro 4.2.

Tabmurs 4.2 — EkciepuMeHTalTbHI Ta pO3paxyHKOBI BETUINHU

No Temneparypa nocmuiny, Yac peaxuii, IBuAKiCTh peakiii
/1 °C C V=1/t

1

2

3

BuCHOBOK.
e Po3paxyBaTu cepelHE 3HAUCHHS TEMIEPATypHOro KoedilieHTa
peaxiii.

e Busnauutu 3a pe3yiabTaTaMH JOCHIAY 3aJ€XKHICTh MIBUIKOCTI
XIMIYHOT peakIlii BiJl TeMIepaTypu Ta CHpaBEUIMBICTh IpaBUIia
Bant-T'odda.

50




Jocain 3. BmiuB BeIMYMHH MOBEPXHi PO3MOIiIy pearylouux pe40BUH HA
IIBU/JKICTH peakuil B rereporeHHil cucremi.

Po3unHenHs1 kKapOOHATy Kajbllil0 B XJIOPOBOJHEBIM KUCIOTI BiIOYBAETHCS

3a pIBHSIHHAM
CaCO; + 2HCI = CaCl, + H,O + CO»

Xit BUKOHAHHSA

B34tu nBa HEBENMKHUX MO MOKIIMBOCTI OJHAKOBUX IIMATOYKAa KpEHaw.
OnuH 3 HUX po3TepTH Ha (UILTPYBAJLHOMY Mamnepl CKISHOKI MATUYKO M0
MTyXOBOT'O CTaHy.

[lepenectu po3TepTy Kpehay B mpoOipky. B iHIIy mpoOipky MOKIAcTH
IpYyrui 1mMaTodoK Kpeiau. B oOuaBi nmpoOipku OJHOYACHO JOJATH OJHAKOBY
kinbkicts (10-20 kpamens) xmoposoaresoi kucnorn HCI rycrunoro 1,19 r/em”.
3anucarty 4ac MOBHOTO PO3YMHEHHS KPEUIHN B KOXKHOMY BUMIAJKY Ta BU3HAYUTHU
IIBUJIKICTB MIPOIIECY.

BucHoBok. [lpoananizyBaty NpUYMHUA PI3HOT MIBUIKOCTI peakilii B IUX
BUMAJKaX.

Jocain 4. BmuuB kartajizaTopa Ha mBHAKiCTh peaknii. KarajgiTuune
BinHoBJIeHHs1 pepymy(I1I).

Xit BUKOHAHHSA

B nBi nmpo6ipku BHectn o 10 xpamens 0,5 H po3unHy pomaHigy Kaiito
KSCN ta no 1 kparuti 0,5 H po3unny xnopuny dhepymy (III) FeCls. Big3naure,
mo crnocrepiraere? B onay npobipky mogatu 1 kpamito 1 H po3uuny cynbdary
kynpymy CuSO,. B o6uaBi mpobipku BHectn mo 10 kpamensb Tiocynbdary
Hatpito Na,S,;03. CriocTepiratu pi3Hy MIBHIKICTH 00€30apBICHHS PO3UWHIB, SKE
BiOyBaeThcss B Hachimok BigHoBieHHs Gepymy (III) mo depymy (1)
T10CYJIb()aTOM HATPIIO.

3anuc_aaHuX _jaocainy. BigMiTHTH BcCi  CIOCTEpeXeHHS. 3amucaTH
piBHsHHS peakirii yrBopenHs [Fe(SCN);] — ponaniny dhepymy (I11).

FeCl; + 3 KSCN = [Fe(SCN)3] + 3KClI:

YEpBOHUI
KOJIIp

Bignosnenns depymy (III) y depym (II) Tiocymedarom Hatpito
B110yBa€THCS 32 PIBHSHHSIM:

2[Fe(SCN)s]+ 2 Na,S,03 = Na,S40¢ + 2[Fe(SCN),] + 2NaSCN

BucHoBok: ykaxith skuii komip Mmae [Fe(SCN),] Ta sika pedoBwHa €
KaTaii3aToOpoOM Yy IbOMY JOCIHiJi.

o1



IIuTanHs Ta 3aBJAHHA JJIS CAMOCTIHHOI NepeBiPKU 3HAHb CTYACHTIB

1. o po3yMifOTh MiJ] MBUAKICTIO TOMOT€HHUX Ta TETEPOTCHHUX PEaKITii?

Sxi pakTopu BIUTMBAIOTH HA MIBUAKICTH PEAKIIIA?

3. CyTHICTh Ta MaTeMaTHYHHUIA BUPA3 3aKOHY IIIOYUX MacC JJIT TOMOTE€HHUX
Ta TETEPOT€HHUX CUCTEM.

4. Slxke pIBHSHHSA OMNKCY€ BIUIMB TEMIEPATypu Ta EHEPrii akTHUBaIlii Ha
IIBUJIKICTh XIMIYHOT peaKIii?

5. B 4gomy cytHicTs Teopii akrtuBamii? [l[o Ha3uBalOTh «aKTHBOBAHUM
KOMITIIEKCOM»?

6. 3a mOmOMOror0 SKOro IpaBHIa MOYKHA OIHMCATH 3ajJeXKHICTh IBHIKOCTI
peaxiiii Bij Temmneparypu?

7. Illo Taxe karami3? SIki peYOBHMHH Ha3HMBAIOTHhCSA KartajizaTopamu? Jlatn
BU3HAYEHHSI TOMOT€HHOT' O Ta T€TEPOr€HHOI0 KaTalizy.

8. Onmcatu MexaHi3M Jii TOMOTEHHOTO Ta TEeTEPOreHHOTrO KaTalizy.
BusHauuTH CYTHICTB KaTamizy.

9. 3ammcaTtu BUpa3 MIBUIAKOCTI IPSIMOI Ta 3BOPOTHOI PEaKIIil I CHCTEM:

N

a) 2A(r) + B(r) = A;B(1)

0) Hy(r) + Cly(r) = 2HCl(r)

B) COy(r) + C(1) = 2CO(1)

r) CaO(1) + COy(r) = CaCOx3(1)

Buznauutu gk 3MIHUTBCS IIBUJKICTH peakiid mpu 30UIbIICHH]
KOHIIEHTpAIliil BUXiJHUX PEUOBHH B 2 pa3u.
10. SIx 3MIHUATBCS IMIBUIKICTh IPSMHX Ta 3BOPOTHUX PEaKITii, SKIIO 3a CTAIO1
TeMIIepaTypy KOHIIEHTpAIlisl KOXKHOT pEYOBUHH 3MEHIITUTLCS B 2 pa3u?

Na(r) + Oa(r) = 2NO(r)
2Hy(r) + Oy(r) = 2H,0(1)
FeO(t) + Hy(r) = Fe(r) + H,O(r)

11. SIx 3MIHUTBCS MIBUAKICTh MPSMHUX Ta 3BOPOTHUX PEAKI[IH, SIKIIO TUCK Y
cucTemi 3pocte B 3 pa3u?

CHy(r) + HyO(r) = CO(r) + 3Hy(r)
C(1) + CO,(1) = 2CO(1)
2CO(r) + Oy(r) = 2COx(1)

12. Ilpu migsumenHi temneparypu Ha 10°C mBHIKICTH peakirii 3pocia B
2 pasu. Y CKUIBKH pa3iB 30UIBIIUTHCSA IMIBHIKICTH ITIET peakilii mpu
nigBumeHHi Temneparypu Ha 50°C ta Ha 20 °C?
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13. BuzHauntu TemrepaTypHUN KOe(DIIiEHT MBHIKOCTI peakxilii, SKIO MpH
migsumenHi  temmepatypu Bim 10 mo 50°C  mBuakicTe peakiii
30impIIIach B 16 pasis?

14. SIx 3MIHUTBHCS MIBUIKICTH PEAKIliil B IPSIMOMY Ta 3BOPOTHbOMY HAIPSMKY
pu 30UTBIIIEHH] 00’ €My B 2 pasd MpH CTaNIH TeMrepaTypi?

CO(r) + Cly(r) = COClyx(r)
2C(1) + Oy(r) = 2CO()
COy(r) + C(1) = 2CO(1)

15.Ha ckinbku rpagyciB Tpeba MiABUIIUTU TeMIEpaTypy, 1100 MIBUIKICTH
peakmii 30umpmmnacs B 8lpas, sAKmo TeMrepaTypHuUl KoedimieHT
IIBUJKOCTI TOpiBHIOE 37

16. Temneparypanii koeillieHT MBHAKOCTI peakiii gopiBHIOE 2. Sk
3MIHUTBHCS MIBUJIKICTh III€T peaKIlii, SIKIO0 TeMIlepaTypa 3MEHIIUIach BiJ

70 o 20°C?
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JlaGopaTopHna podora Ne 5
Tema: «BmiiuB pi3HUX (pakTOpPiB HA XiMIYHY PiBHOBaAry»

TeopernyHa YaCTHHA

HeoGopoTHi Ta 0o0opoTHi peakmii. HeoOopoTHi peakiiii BigOyBarOThCs
10 KIHIS TUIBKM B OJHOMY HAamlpsAMKYy, KOJHM YTBOPIOIOTHCSI NIOTAHO PO3YMHHI
CHOJIYKH Ta PEYOBHHH, IO BUXOAATH 31 cdepu peakiii (razomomiOHi Ta
MaJIOJMCCOIIHOBaHI PEYOBUHN).
Hanpuxknan: 2NaOH + H,SO4 = Na,SO, + 2H,0
BaCl, + Na,SO,4 = BaSO,] + 2NaCl
Na,CO3; + 2HCI — 2NaCl + H,O + COzt

J1o HE0OOOPOTHHMX peakIliii Halle)KaTh TaKOXK 1 JIAHIFOTOB1 PEAKIIii.

binbuiicTs XIMIYHMX peakiii — 0OOpPOTHI, OCKIIBKM BOHHM OJHOYACHO
B110YBaIOThCA B MPOTWICKHUX HampsiMkax. [Ipu 3anucy Takux peakiiiii 3amicThb
3HaKa PIBHSIHHS KOPUCTYIOTHCSA CTPUIKAMU B MPOTUIICKHUX HAIIPSIMKaX:

H, + |, = 2HlI V =K,[H,]-[1,]; V=K,[HI]
2H,+0, = 2H,0 V=K, [H,[:[0,]; V=K,[H,0F

—

3H, + N, = 2NH; V=K, N,]-[H,F; V=K,[NH,]

Ximiuna piBHoBara. Sfkmo B cHUCTEM] MBHUAKICT, MPSAMOI peakirii

vV JOPIBHIOE MIBUAKOCT1 3BOPOTHOI peakilii V , To TaKUi CTaH CUCTEMH 3BEThCS
XiMiYHOI0 PiBHOBArom.

Cran XIMIYHOi PIBHOBAru XapakTEPU3YEThCS TUM, 10 PEUYOBHHU
MIEPETBOPIOIOTLCS B MPOJAYKTH peakilii (mpsma peakilis), i HaBMaKd, MPOIyKTH
peaKilii IepeTBOPIOIOTHCS B BUXI1/IHI PEUOBUHH (3BOPOTHA PEaKIIisi) 3 OTHAKOBOKO
IIBUJIKICTIO. 3a JaHUX YyMOB BHUHHMKA€ JUHaAMI4Ha piBHOBara mpsMOro i
3BOPOTHOTO  MpOIEciB, TOOTO  XIMIYHI  peakiii  BinOyBarOTbCs,  SIK
TEPMOJMHAMIYHO PIBHOBaXXH1 Tmpoliecu. 3MmiHa BuIbHOI eHeprii [100ca —
HaWOLIbII BAAMNA KpUTEPI nepediry peakilii. B piBHOBaXxHOMY mpoiiect

AG T = 0.

[Ipu xiMiuHIN piBHOBA31 KOHIEHTpAllll BUXIIHUX PEYOBUH Ta MPOJYKTIB
peakilii 3anumarTbcsi He3MiHHUMU. [Ipu piBHOBa3i Oe3nepepBHO mepedirae sik
npsiMa, Tak 1 3BOPOTHA peakilii 3 OJHAKOBOI MIBUAKICTIO. ToMy piBHOBara
Ha3UBA€ThCS AUHAMIYHOI0. KOHIIEHTpallil peYOBUH, SIKI BCTAHOBIIIOIOTHCS MPU
piBHOBa3i, HA3WBAIOTHCSA PIBHOBAKHMUMM Ta IMMO3HAYAIOThCA [ | KBaapaTHUMU
TTy’)KKaMHU.

Koncranra piBHOBaru Tta ii 3B’130K 3 BUIbHOI eHepriew ['i60ca ta
I'enbMroabna. KiabKiCHOIO XapaKTEpUCTUKOIO XIMIYHOI PIBHOBArv € KOHCTAHTA
piBHOBaru. /s O0yab-siKOi piIBHOBaKHOI CUCTEMU
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mA +nB = pC+qD,

KOHCTAHTY PIBHOBAarv MO>KHa 3alucaTd PiBHAHHIM

_[e]” )"
=A™ [B]"

Ile mMareMaTH4HHMI BUpa3 A1 KOHCTAHTH piBHOBaru K, roMoreHHux
CHUCTEM: BiJIHOLICHHS [00YTKY PIBHOBAa:XKHHUX KOHLEHTpaUiil MNPOAYKTIiB
peakuii, NiTHECEHUX [0 CTYNEHS CTEXiOMeTPUYHHX KoOe]ilieHTIB, 10
A00yTKY PiBHOBA)KHUX KOHUEHTPALId BHUXiIHUX PEYOBHH, IiJHECEHHUX /10
CTyneHs iX KoedilieHTIiB pH JaHiil TeMHepaTypi, € BeJIMYUHA CTAJA.

KoncTanTa XiMi4yHOT pIBHOBAry HE 3aJ]€XITh BiJ] KOHIIEHTpAIlil pearyrounx
PEUYOBHH Ta CTajia 3a JaHOK TEMIEPATYPOIO.

3MiHa  KOHUEHTpauii  OyAb-sIKOi  pPEUYOBHMHM  CIPUYUHSAE  3MIHY
KOHIICHTpAII1ll yCIX IHIIUX PEUYOBHH, aje CIIBBIIHOUIEHHS MIXX HUMH BIJINOBIIA€
KOHCTaHTI pIBHOBAru.

B rereporeHHux peakilisix KOHIIEHTpaIlli PEYOBUH, IO 3HAXOIATHCS B
TBEPJIOMY arperaTHOMY CTaHi, Y BUpa3 KOHCTAHTHU PIBHOBAru HE BXOMSTh:

_lco]*
" [co,]’
CaCOs) = CaOyy + COyy; Ky =[C0,].

COQ(F) + C(T)T—’ 2CO(F) ; K

Bennunna K, 3a5exiTh BiJ IPUPOIHN Pearylodux PedoBHH (arperaTHOro
CTaHy, IPUPOJX 3B’SI3Ky) Ta BiJ TemIepaTypu. Bin HasBHOCTI KaTali3aTopiB
BOHA HE 3ajJexXiTh. KaTamizaTop MoXe nUIle MPUCKOPUTH Yac BCTAHOBIICHHS
pIBHOBaru.

KoHcTanTa piBHOBarm XiMigyHOI peakilii MOB’s3aHa 31 CTaHJIAPTHOIO
3MiHOI0 BibHOI eHeprii ['i66ca (i306apHo-i30TepMiunnM moTeHmiatom) AG’r Ta
sminoto eneprii Lensmromsua AF’r (i30XOpHO-i30TepMidHMM MOTEHIHiATOM)
PIBHSHHSIMH.

AG; =-23-R:-T-lgK
a6o mpu 298 K

o, AF=-23.R-T-IgK,

AF°®=-23.831-298-1gK_ =-5,69-IgK
AG; =-2,3-8,31-298-1g K, = -5,69-1g Ky, kIK/Moib.

3nayenHs  AG <0 moxknuBo, skimo IgK, > 0, To6to K, < 1.
A 3nauenns AG > 0 6yne ko IgK, < 0, To6t0 K, < 1.
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Ile o3Hauae, mO mpu Bix €MHUX 3HA4eHHAX AG, 3pyHIeHHA XiMIYHOI
pIBHOBaru BiOyBa€ThCs B HampsMKy mOpsiMoi peakuii. Ilpu mno3uTuBHUX
3HaueHHsIX AG, piBHOBara 3CyBa€eThCsl B HAIPSMKY 3BOPOTHOT peakilii.

B 3araipHOMYy BHIAAKy MOXJIHBICTH (a00 HEMOMIHMBICTB) peakinii

BU3HAUYA€ThCS 3HaKoM AG, a He AG,,.

3pymiednss ximiyHoi piBHoBaru. Ilpunoun Jle-Ilareave. Cran
XIMIYHOT PiBHOBarv 3a MOCTIMHUX 30BHIIIHIX yMOB (HE3MIHHHX TeMIIepaTypi,
TUCKY, PIBHOBRXHHMX KOHIICHTpAIlid pearecHTIB) 30epira€TbCst SK 3aBTOJHO
TIOBTO.

[Ipu 3MiHI 30BHINIHIX yYMOB MIBUJAKOCTI MPSMOi Ta 3BOPOTHOI peakilii
3MIHIOIOTBCSI, CTAlOTh HEPIBHUMU. AJle uepe3 ACSKUI 4ac MIBUJIKOCTI MPOIIECIB
3HOBY CTalOTh OJIHAKOBUMH, BCTAaHOBJIIOEThCSI HOBA piBHOBara, MOpH SKii
pPIBHOB&)XHI KOHIIEHTpallli HaOyBalOTh 1HIIOrO 3HaueHHs. [lopyuieHHs
pIBHOBaru 13-3a 3MIHM OJIHI€E] YMOBM ICHYBAaHHS JaHOi CUCTEMHU HAa3UBAETHCS
3pylIeHHAM a00 3cyBOM XiMi4HOI piBHOBaru. 3pyIieHHs XIMIYHOI PIBHOBAaru
MOXXHa MepeadaynTH, KOPUCTYIOUKHCh NMPHHIUIIOM 3PYIIEHHSI PiBHOBAru —
npuHmunom Jle-Illarteane (1884 p.):

Skmo B cucremi, ika nepedyBae B piBHOBAa3i, 3MIHMTH 30BHIilIHI
ymMoBH (THCK, TeMmepaTypy 4YM KOHIEHTpamii), To piBHOBara
3MILy€THCH B HANIPAMKY NpouLecy, AKMH MPOTHAIE Wil 3MiHi.

Hpuanpmn Jle-Illatense yHiBepcanpuuii. HMoro MOHa 3aCTOCOBYBATH HE
TUIBKH JI0 XIMIYHHUX TPOIECIB, @ TAaKOXK 1 JJIs1 (DI3UKO-XIMIYHHUX SIBHII, TAKUX 5K
KpUCTalli3allisg, PO3YMHEHHS, KHUII STIHHS, (a30B1 MEPETBOPEHHS B TBEPAMX
T1JIax.

Posrnsnemo 3actocyBanns npuniumny Jle-11latense 10 pi3HUX BILIUBIB.

BnauB koHumeHTpamii Ha 3pyuieHHs piBHOBaru. Hampuknan, Ttpebda
BU3HAYUTH, B SIKOMY HaIPSMKY 3pYIIUTHCS pIBHOBara 0OOpPOTHO1 peakiii mpu
30UIbIIeHHI: a) KoHIeHTpalii xiopuay ojoa (II); 0) KoHIeHTpamii XJIopHIy
osiosa (IV).

SnCl; + 2FeCl; — SnCl, + 2FeCl.,.

Axmo 30upmmTH KoHIEHTparito SNCl,, To piBHOBara 3CyHEThCS B
HaIpsMKY TPsSMOi peakiii, Ik Mpolecy, KUl 3MEHIIye HOro KOHIIEHTpAIIIo.
ToGro npu Cgq, T piBHOBara 3MiIIyeThCs BIPaBO —>.

Take came 3MillleHHS BI1AOYJIEThCS, SIKIIO 30UIBIIMTH KOHIUEHTPAILIIO
xnopunty Gpepymy (IT) (Cpeer, T).

[Mpu 30inbreHHI KOHIEHTparii xmopuay osoBa (IV) 3cyB piBHOBaru
B1IOYBAa€ThCSI B MPOTUIICKHOMY HAmNpsIMKy, 0O 3BOPOTHIM Mpouec 3MeHIIye
koHuenrpauito SNCly. Ilpu Cgpney, T piBHOBara 3MmimnyeThess <— BIIIBO.
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Slkmo B peakuiiiHy CyMill BBeCTH HAVIMIIOK OyIb-sIKOI
B32€EMO/II0Y0i PEYOBHHH, TO PiBHOBAra 3Milly€TbCSI B HANPSAMKY
3MEHIICHHS] KOHIEHTPALil i€l pe4OBUHH.

BniuB Temmnepatypu Ha 3pylI€HHS PIBHOBAru y XiMmiuHiil cuctemi. Jlis
BUSIBJIICHHSI BIUIMBY TEMIEPATypH HEOOXIAHO 3HATH 3MIHY EHTAJIbIII peakuii.
Uum Ounpliui TemwioBUil e(EeKT XIMIYHOrO MpOoIEeCy, TUM OUIbIIMKA BILIUB
TEMIIEPATypH Ha 3CYB pIBHOBaru

2N02 ) < N204 () AH<O0

Oypuit 6e30apBHUI

Peaxiiiss yTBOpEHHSI TETPAOKCHUAY a30Ty CYMNPOBOJIKYETHCS BUALICHHSIM
TEIJIOTU — €K30TEPMIUHMM TIpoliec, 3BOPOTHIN MPOIIEC — €HA0TEPMIUYHUM.

€K30

2NO; % N2Os y; AH<0, Q>0, Tomy mo AH =-Q
T 1T

Skimo MiABUIIMTH  TeMIepaTtypy, TO 3a0apBJi€HHS B  CHUCTEMI
301TBITY€THCS, TOOTO piBHOBAra 3MIiNTy€eThes B HanpsiMKy yTBopeHHS NO:
TT « (emzorepmiunuit mporuec).
[Ipu 3MeHIlIeHH] TeMnepaTypu 3a0apBiICHHS CUCTEMH MOCIA0II0EThCS, 00
piBHOBara 3Minryethbes B 01k yrBopeHHS N,Oy:
Td— (ex3oTepmiunuit mporec).

Ilpy migBuieHHI TeMmepaTypu PpiBHOBara 3Mily€TbCH B
HANPSIMKY €HJ0TEPMIYHOIr0 Mpouecy, a MmiJ 4ac 3HUKEHHS — B OiK
€K30TePMIYHOI peaKiuil.

BnauB THCKY Ha 3pylIeHHS PIBHOBAaru y XiMIi4HIM cuUcTeMi. 3MiHA TUCKY
B CHCTEMI CYIPOBOKYETHCS 3MIHOIO 00’€My ra3omofiOHUX PEYOBHUH. 3MIHA
TUCKY CHPUYMHSE 3CYB PIBHOBArd TUIBKA B TOMY BHUIAJKYy, KOJH KUIbKICTb
ra3onoai0HuX pedoBrH (MOJIB) 110 1 MICJIS peakIlii BIAPI3HAETLCSA OJ{HA BiJ| 1HIIOT.
Hamnpukian, peakiliss CHHTE3y aMOHIaKy:

N> 1) + 3H2 1) = 2NH3 (r)
pT Pl

[Tpsima peaxitist poTikae 31 3MeHIICHHIM 00’emy (THUCKY): 2 Moib NHg;
3BOPOTHS — 31 30UIbIICHHSIM 00’eMy Ta30Boi cyMimii: 4 Mok (31 30UTBIICHHSIM
THCKY). V pasi 36insmenns Tucky (PT) piBHOBara 3Mimtyetscst B 6ik 3MEHIICHHS
4yciia MOJIb Ta30no/(I0HUX PEUYOBHH, TOOTO B HAIPSIMKY 3MEHIIEHHS TUCKY — B
0ik yrBopenHs NH3 (—).
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Skmo THCK 3Menmyerbes (PY), To piBHOBara 3mimyerncsi B
HANPSIMKY 3POCTaHHsS KiJIbKOCTI Moab BuxigHux pedoBuH (N, Ta
3H,), To6T0 B HAPSIMKY 30i1bIIEHHS THCKY (¢—).

ko PT, pIBHOBara 3MiCTUTBCS —>, KOJIH PJ«, TO PIBHOBAra 3MICTUTBHCS <.

IIpu 30IbIIEHHI THCKY B PIiBHOBAaXHIM cHCTeMI 3pyLICHHS
piBHOBaru Bi0yBa€ThC B HANPSIMKY MEHIIOT0 THCKY (MeHIION
KIJILKOCTi MOJIb ra30M0i0HUX PEYOBHH), TA HABIAKH.

IIpukaaau po3B’si3aHHA 3aB/1aHb

Ipukaan 1.
B romorenniii cucremi 2NO + O, = 2NO, mpu meBHiil Temmeparypi

KOHIIGHTpAIlil ~ pearyloyux  pPeyOBUH CTAaHOBHUTH [NO]=0,2MOJ'IB/I[M3,
[0,]=0,3momb/mm®, [NO,]=1,2mons/am°. Bushauntu KOHCTaHTy pIBHOBAaru Ta
KOHIIEHTpAIlli BUX1THUX PEYOBUH.

Po3B’s13aHHS.
Jlns peakiii 2NO + O, =2NO,

KOHCTaHTa PIBHOBAaru BU3HAYAETHCS CI1BBIIHOIICHHIM

_[No, )2 122 144

= = = =120
"~ [NoF-[o,] 02%.03 0012

[To piBastHHI0O 2 MO NO pearye 3 1 momp O, Ta yTBOPIOETHCS
2 Mostb NO,. Ockinbku Ha yTBOpeHHs 1,2 Mo NO, Butpadeno 1,2 moas NO Ta
0,6 moiss O, TOAl:
Coux NO = [NO,] +1,2=0,2 + 1,2 = 1,4 monb/am°
Cyux 02 = [0,] +0,6 =0,3 + 0,6 = 0,9 mos/am°

Hpukaan 2.
Bu3HauuTH B SIKOMY HAaNpsSMKY 3pYLIMTHCA XIMIYHA pIBHOBAara B CHCTEMI

3a CIIIyIOUUX YMOB: PJ«, ™ , CgT.
2NO (r) + C|2 ) = 2NOCI () AH < 0.
Po3B’sa3aHHs.
JUis BU3HAYEHHS BIUIMBY TEMIIEpAaTypH Ha 3CyB PIBHOBAaru B CHCTEMI
3BepTaeMo yBary Ha Te, mo AH< 0, Tomy: mpsiMuii poriec — eK30TepMIdHHIA, a
3BOPOTHIN — EHJOTEPMIYHUN

2NO (r) + C|2 ) = 2NOCI () AH <0, To Q >0
i, PT TT, Pl
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[Ipu migBuineHHi temneparypu 3a npunuunom Jle-lllatenbe piBHOBara
3pYUIYETbCS B HAMPSMOK EHJOTEPMIYHOTO (3BOPOTHHOTO IMpOIECy), TOOTO
T .

[1106 BU3HAUMTH SK BIUIMBAE TUCK Ha PIBHOBAry, paxye€MO KUIbKICTb MOJIb
ra3omno/IiOHUX PEYOBUH J0 Ta Micis peakiii: 3 Ta 2 BignoBigHo. [Ipu 3MeHIIeHH]
TUCKY pIBHOBAara B CHCTEMI 3PYLIYe€TbCS B HANpPSIMKY OUIbIIOI KUIBKOCTI MOJIb
Ta300MIOHNX PEIOBUH, TOOTO B GiK 3BOPOTHBOI peakiii: Py«

Sxmo 3a yMOB 301IbIIYEThCS KOHIICHTpallisi TpeThoi peuoBuHr — NOCI,
TO 3CyB PIBHOBAard BiJIOYNEThCS B HANPSAMKY je Ifi€ei pedoBuHH Hema (abo
MEHIIIE), TOOTO B OiK 3BOPOTHBLOI peaKilii CNOUT(—.

BinnoBisik: 3a yKa3aHUX YMOB piBHOBAara y XiMIYHIA CHCTEMI 3pyIIA€ThCS
y 01K 3BOPOTHOI peaKIii.

EKCIIEPUMEHTAJ/IbBHA YACTHUHA

Meta po6oTH:

- BUBYMTH BIUIMB PI3HUX YMHHUKIB Ha 3PYIICHHS PIBHOBAru B XIMIYHOMY
nporiect,

- OTpUMATH HABWYKHU 3acTocyBaHHs mpuHuumy Jle-lllatenbe mnist 3cyBy
pIBHOBAaru peakiiii B nOTpiOHOMY HaNpsMKY;

- BU3HAQUUTH BIANOBIAHICT, OTPUMAHMX pe3yJbTaTiB mNpuHnuny Jle-
[ITaTenbe.

Ilpuiaau Ta peakTUBH:

- mpwWJaj JUIs 3CYyBY piBHOBard B TazomnoaiOHid cuctemi (puc. 5.2) abo
U-mioxibna tpyOka, aBa crakamm Ha 300-500 mur; xoogHa Boma 3 JIBOJOM,
rapsiaa Boja.

- Hitpar mmoMOymy kpuctaniuauii; xmopun depymy (III) xpucramiuamii;
POMaHI/ Kallil0 KPUCTATIYHUMN; XJIOPUJ KAl KPUCTATIYHUI; PO3UUH XJIOPUTY
3amiza (I1I) (0,0025 H; Hacuu4.), po3unH ponaniny karito (0,0025 u; Hacuy.).

Jocain 1. Bnius 3MiHM KOHUIIEHTPauii pe4OBHHYU HA 3CyB PIBHOBArH.

B orpumaniii piBHOBaXkHiI cuctemi

FeCl; + 3NH,SCN = [Fe(SCN)s] + 3NH,CI

BU3HAYUTH BIUIMB 301IbIICHHS KoOHIeHTpamii Buximaux pedoBuH (FeCls,
NH4SCN) ta npoaykry peakiii (NH4Cl) Ha 3cyB piBHOBaru B TOMy 4d iHIIOMY
HanpsMKy BianoBigHO npuHuuny Jle-Ilarenne:

Slkmo B peakuiiHy CcyMill BHECTH HAIHIIOK OyAb-sIKOI
B3a€EMO/iI040i PEYOBHHHU, TO PiBHOBAra 3CYHeTbCS B HAINPAMKY
3MEHILIECHHSI KOHIEHTPAWil i€l pe4yOBUHH.

59



BuznauaemMo BIUIMB 301JIbIIIEHHS KOHIIEHTpAIld pearyroyux pEeuoBUH Ta
MPOAYKTIB peakiii Ha 3MIHY IHTEHCHBHOCTI YEPBOHOTO KOJIbOPY pPOJaHIAy
depymy(III). 3a 3MiHOIO IHTEHCUBHOCTI KOJIHOPY MO’KHA POOWTH BHCHOBOK ITPO
3miny konneHtpamii [Fe(SCN)sz], To6TO Tpo 3cyB piBHOBar“ B TOW YH IHIIHMA
HaIpsIMOK.

Xi/I BUKOHAHHS

B gotupu npobipku BHecTn 1o 5-10 kparneis po3BeaeHux pozunHiB FeCls
ta NH4SCN. Ilepemimaru po3uunu. [Ipobipku moctaButu B mrtatuB. OOHY 3
poOipoK 30epiratul ik KOHTPOJbHY JUIsl TOPIBHSHHS.

B mepmy mpo0Gipky nomatu xmopun depymy (III), B apyry — pomanin
amonito NH;SCN, B Tpetto — jaekinbka kpuctamiB xmopuay amoniro NH,CI.
Po3unnM B npo6ipKax nepemMiliatv Ta BU3HAYUTH 3MIHY 1IHTEHCUBHOCTI KOJIbOPY
B KO’)KHOMY BHUMAJKy MO 3pIBHSHHIO 3 KOHTPOJIBHOIO MPOOIPKOIO.

PesynbraTu nociigy 3aHecTd B Tabnuiro 5.1; 3amucaTd BUpa3 KOHCTAHTH
piBHOBaru 000POTHOI peaKIlii.

Tabmuns 5.1 — PesynpTatn ocaiay

3MiHa IHTEHCUBHOCTI Hanpsamoxk 3cyBy
KOJIbOPY PO3YHHY piBHOBaru
(mocwitenHs, nociaadneHus) | (y JiBUH, y mpaBuii OiK)

No Honana
npoOipKu peyoBHHA

KonTposibHa
npoOipka

F9C|3

NH,SCN

AIWIN|

NH,CI

BuCHOBOK.

e 3poOUTH BHUCHOBOK IMpO 3CYB pIBHOBAru B CHUCTEMI NIpPH 3MiHi
KOHIIeHTpaIlii: a) ximopuay ¢epymy (III), 6) pomaniny amoHi0, B)
XJIOPHU]Ty AMOHIIO.

e 3poOuUTH BHUCHOBOK MpO BIANOBIAHICTH mnpuHnuny Jle-Illarense
BIUIUBY 3MIHM KOHIIEHTpAIlli pearyroyux pPEYOBUH Ta MPOAYKTIB
peakKIlii Ha HaMPsSMOK 3CYBY XIMIYHOI pIBHOBAru peaxiiii.

Jocain 2. BniinB 3MiHu TeMniepaTypu Ha 3CyB PiBHOBATH.

BniuB TemmepaTypu TakoX MOXXHa nependayuTy 3a npuHmumnom Jle-
HlaTebe:

IIpu migBHIIeHHI TeMIIepaTypH PiBHOBAra B CUCTeMIi 3PyLIY€EThCH B

HANPSAMKY €HJAOTepMIiYHOI peakwii, a mig 4Yac 3MeHIICHHH

TeMIIepAaTypH PpPiBHOBara 3CyBa€TbCd B OIK €K30TepPMiYHOIO

npoiecy.
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ToMmy nns BU3HAUEHHS HANpPsIMKY 3pYLIEHHS pPIBHOBarM MOTPiOHO
BU3HAYUTHCS 3 TEIUIOBUM edekxToM mporecy (AH = -Q).
Peakuis mosmiMepu3aii JIOKCUAY HITPOreHYy BIIOYBA€ETHCS 3a PIBHSHHAM

2NO; = N,O4 + 62,76 x/Ix

I'a3 NO; — depBoHO-KOpHYHEBOTO KOIHOPY, Taz N,O, — Oe30apBHMIA.
Tomy 1o 3MiHiI KOJIbOPY Ta30BOi CyMillll MOKHa POOUTH BUCHOBOK PO 3MIHY
peaxiii.

Xi/I BAKOHAHHS

Konbu um U-mopiOny tpyOky (puc. 5.1.) 3amoBHUTH JTIOKCHIOM
HITPOTEHY, SIKUH OTPUMAJI PO3KIIaI0OM KpHcTaiiB HiTpaty mioMoymy Ph(NOs),
MpU HarpiBaHHi HOTro KpUCTalIiB y MNpoOIpIl HA EIEeKTPUUYHIA IUIMTII 3a
PIBHSHHSIM

Pb(NO3), —“ > 2PbO + 4NO, + O,

Po3krnaz comni nmpoBOaUTh 1a00paHT y BUTSIKHIN madi.

50 R
O o
SRR TR w0

Q
<)

Puc. 5.1 — [lpunan ass BU3BHA4YEHHS 3CYBY pPIBHOBaru

B ximiuHiit cuctemi 2NO, = N,O,

OO6uaBI KOJNIOU HIUTHLHO 3aKPUBAIOTH PE3MHOBUMHU MpoOkamu. OnHYy 3 KO0
BMIIYIOTh y CTaKaH 3 rapsiuor0 BOJOIO, a 1HIIY — B CTaKaH 3 JIbOJOM Ta CLLIIO.
CrnoctepiratroTh 3a 3MiHOIO 3a0apBiieHHs Ta3y y Kojoi. [loTiM koi0u MIHSIOTH
MICIISIMU; ajieé TONEPEHBO OXOJIOIKYIOTh KOOy, sika OyJia y CTakaH1 3 rapsyolo
BOJOI0, Y BOJl 3 KIMHATHOK Temueparypor. CrnocTepiraroTb MOCHUICHHS
KOJIbOPY Ta3y B rapsidid Bojl Ta 00e30apBJiEHHS KOJbOPY B OXOJIOJKYIOUIi
cymimm. Pe3ymbratm mocnmimy 3amucyioTh y Tabmuiro 5.2. 3ammcatd BHpas
KOHCTAHTH XIMIYHO1 pIBHOBAru peaKiiii.
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Tabmus 5.2 — Pesynbratu mociimy

Ne 3miHa 3MiHa IHTEHCUBHOCTI Hamnpsmoxk 3cyBy
KOJIOM | TeMmmepaTypu 3a0apBIICHHS Ta3y piBHOBaru
(mocwitenHs1, nocnabieHHs) | (B JiBUH, B mpaBuil OIK)
1 HarpiBanns
2 Oxon0mKeHHS
BuCHOBOK.
e 3a JaHUMHU JOCHTIAY BU3HAYUTU TEIJIOBUM €(PEKT MPsAMOi Ta 3BOPOTHHOI
peaxiii.

N

e 3a npunuunoMm Jle-Illatenpe Bu3HAUMTH, SK BIUIMBA€E TeMIeparypa Ha
3CYB XIMIYHO1 piBHOBaru B OOEpHEHIM peaxiiii mojiMepusallii J110KCUITY
HITPOTEHY .

ITuTanHs Ta 3aBJAHHA 1JIS CAMOCTIHHOI NepeBIPKU 3HAHb CTYJACHTIB

Sxi peaxirii HA3UBaIOTHCS HEOOOPOTHUMH Ta OOOPOTHHMU ?

Komnm HacTae xiMigyHa piBHOBara?

3anucatu BHUpa3, SIKUM TOB’si3aHi BUIbHI eHeprii ['enbmronsia ta ['160ca 3
KOHCTAHTOIO PiBHOBArHU.

3a JOMOMOIOI SKOTO TMPUHIIMIY MOXHA SIKICHO BHU3HAUYUTH HaIpsAM
3pYIICHHS PIBHOBAru?

Sk BIUIMBA€E 3MiHA TUCKY Ha 3CYB XIMIYHOI piBHOBaru?

Sk BIIMBa€ 3MiHa TEMIIEpATypH Ha 3CYB XIMIYHOI piBHOBAru?

Sk BIIMBaE 3MiHA KOHIEHTPALIM BUXIJHUX Ta OTPUMAHUX PEUOBHH HA 3CYB
XIMI9HOT piBHOBaru?

3a SKUM TEPMOJMHAMIYHUM KPUTEpPIEM MOXHA BHU3HAYUTH, IIO0 CUCTEMa
3HAXOJHUTHCS B PIBHOBA31?

3anucaTtd BHUpa3 Il KOHCTAaHTH PIBHOBArd [0 KOXHOTO 13 CHITYIOUUX
3BOPOTHUX IMPOIIECIB:

a) 2NOy(r) = NoOy(r)

0) 2NOy(r) = 2NO(1) + Oy(1)

B) 3H,(r) + Ny(r) = 2NHas(r)

r) FeO(r) + Hy(r) = Fe(r) + H,O(n)
n) C(r) + H20 () = Ha (r) + CO (1)

Sk 3cyHeTbcs piBHOBAra B KOKHOMY BHIMAJKY MPH 30UTBIIICHHI TUCKY ?
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10. B sxoMmy HampsMKy BigOyneThCs 3CyB pIBHOBArd TIPH  ITiABUIICHHI
TEeMIIepaTypy B HABEICHUX HIDKYE OOOPOTHHX PEAKITisX ?

a) SO, (r) + O, (r) = 2S03 (r) + 196 x/Ix
0) Hy (r) + Br, (r) = 2HBr (r) + 73,2 xJIxx
B) Ny (r) + O, (r) = 2NO(r) — 180,8 x/Ix
r) 2N, (r) + O, (r) =2 2N,0(r) — 163,2 x Ik

11. SIx TpebGa 3MIHUTU TeMIIEPaTypy, TUCK Ta KOHILIEHTPAIll0 KOMIIOHEHTIB B
PIBHOBaXKHIN cucTeMi, 00 30UIBIIUTH BUXiJ XJI0py?

4HCI (1) + O, (r) = 2H,0 (m) + 2Cl, (r); AH =-113 x/Ix.

12. SIk 3MIHUTBCS TUCK B 3aMKHEHI/ PIBHOBAXHIN CUCTEMI

2NO, (1) 2 2NO (1) + O, (1)
SKIIO PIBHOBAara 3CyHyJach BIpaBo? Sk mpu mboMy 3MiHWIACh KOHIIGHTpPAIIis
KOXXHOTO KOMIIOHEHTA?
13. Sk Oynm 3mMiHEHI TeMIiepaTypa Ta TUCK B CHCTEeMI

CaCOs (1) = CaO(1) + CO; (r); AH =180 x/Ix,

SKIIIO piBHOBAra 3CyHyJach BIIPaBo?
14. 3anucatu BUpa3 Jyisi KOHCTAHTH PIBHOBAru 3BOPOTHHOTO MPOIECY

4ANH; (r) + 30, (r) = 2N, (r) + 6H,0 (n)

15.YTBOpeHHs 030HY 3 KUCHIO BiIOYBA€THCS 3a PIBHSIHHIM

30;,(r) = 203(r)

3ammcaTty BUpa3 A1 KOHCTAHTH PIBHOBArM PEakilii Ta BKAa3aTH B SKOMY
HaIpPsMKY 3MICTUTHCS pIBHOBAra:

a) pu 30UThIIICHHI KOHIIeHTpalii 030Hy O3 B 2 pasu;

0) nipu 30IbIIEeHHI TUCKY KUCHIO O, B 2 pa3u?
16. Tlpu meskiii Temmeparypi ckiaj piBHOBakHOI cymimii B 00’emi 101 Oyne
takuii: 11,2 v CO; 14,2 r Cly; 19,2 r COCl,. Bu3Hauntii KOHCTaHTY PiBHOBaru
K, peaxuii 3a nanux yMoB

CO (r) + Cly (1) = COCly (1)
Bianosine: K, = 25
17.3anucaTtu BUpa3 AJid BUBHAUYCHHS! KOHCTAHTH PIBHOBAru peakilii

4HCI (1) + O, (r) = 2H,0(r) + 2Cl; (v)

B sxoMy HampsiMKy 3pyHIUTHCS I pIBHOBAara y BHUIMAAKY 301IbIICHHS
00’emy cuctemu B 4 pazu?
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InauBinvajabHi 3aBIaHHA 10 JadoopaTopHux pooiTtNed Ta Neb

J1J1st KOKHOTO 3 BapiaHTIB:

1. /Ins HaBeAeHUX peakiii HamucaTh BUPAXKEHHA NIBUJKOCTI MPsIMOi Ta
IIBUAKOCTI 3BOPOTHBOI peakilii. Bka3aTu sk 3MIHUTBHCS IIBUJAKICTh PEAKITIHA
(IpsiMOT Ta 3BOPOTHBLOT) MPH 3MiHI THCKY ...

2. OOYHUCITUTH SIK 3MIHUTHCS MIBUKICTD peaKIlii mpy 3MiHi Temnepatypu Bix 1;
1o T, SKmio TeMnepaTypHui KoedimieHT (Y) JOPIBHIOE. ..

3. 3a mpunnumom Jle-Illatenbe BkazaTh B SKOMY HAmNpsSIMKY BigOyIeThCS
3pylLICHHS PIBHOBAaru B CUCTEMax 3a CI1IyI0UHX YMOB: ot ol T PTG
74,7, 3anucaTy BUpasKeHHs ISl KOHCTAHTH PIBHOBATU PEaKIIil.

Ne BapiaHnry
1. 2S0, ot O, ) ™ 250, ) AH<O0
CaCOg3 () = CaO ;) + COz (n, AH>0
VmoBu s 3aBnanss 1 P 3;
Ywmosu mist 3aBaanns 2: Tp =40 °C, T, =60 °C,y = 2.

2. 2WO; T 3CO ) = W @ T 3CO, (r)s AH>0
2NH; ot 3N,0 W) = 4N, @t 3H,0 (), AH >0
VMoBH 115 3aBaanns 1: P4 3;
Ywmou mns 3aBaanss 2 T, =50 °C, T, =80 °C,y = 2.

3. 2CO ot 2H, = CH4 T CO, ) AH<O0
Fe,O4 m T CO o= 2FeO @t CO, ) AH <0
VYMoBH 114 3aBgaHHs 1: Pt 4.
Ywmosu mns 3aBaanss 2: T; =50 °C, T, =10 °C,y = 3.

4, 2WO; ot 3C ) = 2W m 3CO, ) AH >0
2NO ot Cl, ™= 4NOCI ), AH <0
VmoBu st 3aBnanns 1. PT 2;
Ywmosu mns 3aBaanss 2: T = 10°C, T, = 60°C, y = 3.

5. 2C0O, ot H, = CO @ T H,0 () AH>0
3Fe m 4H,0 m = Fes04 @t 4H, ™), AH >0
YmoBu s 3aBnanns 1. P 4;
YwmoBu as 3aBnanns 2: T, =20°C, T, =80 °C,y=3.

6. 2NO, ) = 2NO oM O, ) AH>0
SrO m t CO, ™= SrCO; ), AH <0
VmoBu 11s 3aBnanns 1: PT 2
Ymosu ans 3aBnanns 2. T, =60 °C, T, =20 °C,y = 3.
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10.

11.

12.

13.

14.

15.

FeO T CO o = Fe m T CO, s AH>0
4ANH; ot 50, r) = 4NO(F) + 6H,0 (1), AH >0
VmoBu s 3aBnanns 1. PT 3;
Ywmosu st 3aBmanss 2: T =100 °C, T, =50 °C, y = 2.

2CO ot O, @) = 2C0O, (r): AH <0
C @t 2N,0O ) = 2N, ot CcO, (1), AH <0
VmoBu s 3aBnanss 1. P 3
Ywmou ms 3aBaanss 2. T, =40°C, T,=70°C,y=3.
N, ot 3H, = 2NH3(F); AH <0
CaO @t CO, ™= CaCO3 (1), AH >0
VmoBu s 3aBnanss 1 Py 4;
Ywmosu ms 3aBmanns 2. T, =30°C, T,=70°C,y=3.
CH4 ot HZO(H) =CO OB 3H, ) AH >0
WO; ot 3H, ™= W(T) + 3H,0 (1), AH>0
YmoBu s 3aBaanss 1. P 3;
Ywmosu ms 3aBaanss 2: T, = 100 °C, T, =70 °C, y = 3,2.

2H,S )= 2H, @ T S, ) AH>0
Fe,04 @t 3H, ™= 2Fe m T 3H,0 (), AH >0
VYMoBU 11 3aBOaHHA 1: Pl 4.
Ywmosu s 3aBaanns 2: T, =10 °C, T, =50 °C, y = 2.

2N, ot O, @) = 2NO ) AH>0
C m T 2H, ™= CH,4 () AH>0
VmoBu s 3aaanns 1: P 3;
YmoBu as 3aBnanns 2: Tp; = 65 °C, T, =105 °C, y = 3.

4HCI ot O, ) —> 2Cl, @t 2H,0 () AH <0
C m t CO, ) = 2CO ), AH >0
VYMoBH 11 3aBaaHHsa 1: P 4.
YwmoBu s 3aBganns 2: T, =75°C, T,=35°C,y=2.

CcO OB Cl, ) = COCl, () AH <0
2Hg m t O, T = 2HgO (1) AH >0
VMoBH 114 3aBnanusg 1: P4 3:
Ywmosu st 3aBmganns 2. T, =25°C, T,=55°C,y=3.

2H, ot O, = 2H,0 ™) AH<O0
4HNO;3 ®) = 4NO, OB O, ot 3H,0 (), AH >0
VYMOBH 114 3aBnanus 1: P4 2
Ywmosu st 3aBmanns 2; T, =45°C, T, =75°C,y =4.
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16.

17.

18.

19.

20.

21,

22,

23.

24,

2MQ )+ O2 ¢y = 2MgO (5 ); AH< O
2PH3 (n + 40; () = P20s 1y + 3H20 (), AH < 0
YMmoBu s 3aBganas 10 P 3;
YmoBu s 3agaanns 2: Ty =110 °C, T, =160 °C, y = 2.

4HCI ot O, = 2H,0 O 2Cl, ) AH <0
Fe,O4 m t 3CO o= 2Fe @t 3CO, ™), AH >0
VMoBH 115 3aBaanns 1 P4 2;
Ywmou gt 3aBaanss 2: T;=20°C, T,=70°C,y = 2.

3Fe @t 4H,0 m) = Fes0, mt 4H, ) AH>0
CO ot H,0 ™= CO, ot H, ™), AH <0
VYMoBH 114 3aBgaHHs 1: Pl 4
Ywmosu s 3aBaanss 2: T, = 170 °C, T, = 220 °C, y = 3,2.
2NH; ot 3N,O = 4N, OB 3H,0 ()1 AH >0
2WO; @t 3C (1) = 2W(T) + 3CO, (), AH>0
VmoBu st 3apaanns 10 P 3
Ywmosu as 3aBmanns 2: T =120 °C, T, = 180 °C, y = 2.

2NO, = 2NO @ T o)) () AH>0
3Fe m 4H,0 ™= Fe;0, m 4H, ) AH >0
VMoBH 114 3aBnanns 1; P4 2;
Ywmosu s 3aBnanns 2: Tp; = 100 °C, T, = 150 °C, y = 2.

4ANH; ot 50, ™= ANO ot 6H,0 (), AH <0
WO, @t 3H, = wW T 3H,0 (1), AH <0
VMOBH 114 3aBnanus 1: P4 2
Ywmosu s 3ananns 2: T, =60 °C, T, =100 °C,y = 3.

3Fe @t 4H,0 ) = FesO4 @t 4H, (M) AH>0
2C0(r) =CO, ot C (1), AH >0
VYMoBH 1 3aBaaHHsa 1: P 4.
Ywmosu ans 3ananns 2: T; = 70 °C, T, =140 °C, y = 3.

2C0O, )= 2CO @t O, () AH >0
Fe,O3 @t 3H, ) = 2Fe m t 3H,O () AH >0
VMoBH 11 3aBgaHHsa 1: Pt 4,
Ywmosu st 3aBmanns 2 T, =30°C, T,=70°C,y=4.

CaO ot CO, ) = CaCO; (1)r AH >0
ZNO(F) + 0, r) = 2NO, () AH <0
VYMOBH 114 3aBaanus 1: P4 3:
Ywmosu ans 3aBnanns 2: T; =40 °C, T, =80 °C,y = 3.
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25.

26.

217.

28.

29.

30.

FeO T CO o = Fe m T CO, s AH>0
250, o= 2S0, ot O, ™), AH >0
VMoBU 114 3aBgaHHsT 1: Pl 4.
Ywmosu mis 3aBaanns 2: T; = 20 °C, T, =90 °C,y = 2.

Fe,Os mt 3H, = 2Fe m T 3H,O ) AH <0
CH, ot H,0 = CO ot 3H, ™), AH >0
VmoBu s 3aBnanss 1: P 3
Ywmosu ms 3aBaanss 2: T, =70 °C, T, =110 °C,y = 3.

C @t 2N,0O = CO ot 2N, () AH <0
4HCI ot O, )= 2Cl, ot 2H,0 (), AH>0
VYMoBU 11 3aBgaHHs 1: Pl 4.
Ywmosu ms 3aBmganss 2. T; =60 °C, T, =90 °C, y = 2.

2CO + 2H, )= CH4 @t CO, ) AH <0
C @t CO, ™= 2CO ™), AH >0

VYmosu s 3asnanss 1: PT 3;

Ywmosu mst 3aBaanss 2: T =170 °C, T, =220 °C, y = 2.

C(T) + 2N,0 ) = CO OB 2N, ) AH <0
2N,O ) = 2N, ot O, (F),AH <0

Vmosu s 3aaanns 1. PT 3;

Ymosu ams 3aBnanns 2. T; =40 °C, T, =80 °C,y = 4.
2NH; ot 3N,0O ) = 4N, ot 3H,0 (), AH>0
Fes04 @t CO ) = 3FeO m t CO, (), AH <0
VMoBu 115 3aBaanns 1; P 2
Ymosu as 3aBnanns 2: Tp; = 60 °C, T, =110 °C, y = 2.
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PO3ALI IV Po3uuHHU

JlabopaTtopHa po6oTa Ne6
Tema: «IIpuroryBaHHs po34MHiB 32/1aHOI KOHIIEHTPaLii»

TeopernyHa YaCTHHA

Po3uunu — 11¢ ogHOpiAHI (TOMOTEHHI), TEPMOAMHAMIYHOCTIHKI CHCTEMH,
10 CKJIAJAIOTBCA 3 JBOX a0o0 Oijbllle KOMIOHEHTIB (CKIaJIOBUX YaCTHH) 1
MPOAYKTIB 1X B3a€MOIIi.

BaxnBoro XapakTepUCTUKOIO OyAb-KOTO PO3YMHY € MOro CkIa.
IcHyt0Th pi3HI CIOCOOM YHCETBLHOIO BU3HAYEHHS CKJIAIy pO3uuHIB. BMicT
PO3YMHEHOI PEUYOBUHHM y PO3UYMHI MOXKE OyTH BUpaxeHO abo 0e3po3MipHUMHU
OJMHUIIIMA — YacTKaMH 4YM B1JICOTKaMHu, ab0 BEJIMYMHAMU PO3MIPDHUMU —
KOHIICHTPAI[ISIMH.

Konuentpauiss pedoBuHu — 1¢ ¢i3UYHa BEJIMYMHA, LI0 BHU3HAYAE
KUIBKICHHIM BMICT pO34uHY, cymimii abo posmiaBy. KoHueHTpallis po3unHeHOT
PEUOBMHU BHM3HAYAETHCSI MOTO KIUTBKICTIO B TI€BHIM MacoBiii 4u 00’ €MHIN
KUIBKOCTI pO34HMHY a00 pOo3YyMHHUKA. TOMY KOHIIEHTpAIlli HOAUISIOTh HA MacoBi
Ta 00’ €MHI.

MacoBi KOHICHTPALLI.

e MacoBa 4YacTKa pO3YMHEHOI PEUOBHMHM O — BIJHOIICHHS MacHu

PO34YMHEHO1 PEUYOBUHHU J0 3araJIbHOI Macu PO3UYUHY:

mpett mpett . mpett
W: = , W:—
m m +m c-V
p-ny peu T p—Ka p—Hy

JIe: @ — MacoBa YacTKa PO3YMHEHOT PEUOBHHH,
M peu. —Maca pO3YMHEHOI PEYOBUHH, T;
M p-ny — 3arajbHa Maca po3uuHYy, T,
M p-xa — Maca pO3UMHHHUKA, T
p — T'YyCTUHA PO3YUHY, T/ cm’;
V — 00'eM po3uuny, oM,

MacoBa yacTka pO3YMHEHOI PEUOBMHH @ — Ii¢ Oe3po3MipHa (DizuyHa
BEJIMYMHA, 3a3BUYall BUPAKAETHCS B JOJIAX OJAUHUIIL a00 Y BIJICOTKAX.
Hampukmnaa, macoBa yacTka pO3YMHEHOI PEUOBMHM — COJOU Y BOJII
nopieHtoe 0,05 abo 5%. Ile o3Ha4dae, mo B po3uuHi Macoro 100 r MicTUThCS cona
Macoro 5 T i Boja macoro 95 .
. IIpouenTHa xoHmeHTpanis C% — maca (r) po3UuMHEHOI PEUOBHUHU B
100 r po3uuny

m ey
C%=w-100% ado C%=—L%" .100%.
pP—HYy
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e Mouasipaa yactka (N;) — BiZHOIIEHHS KUTBKOCTI pedoBUHH (Npey) HO
CyMapHOi KUIBKOCTI BCIX PEYOBHUH, IO BXOASATH JO CKJIAAYy PO3YHHY,
BKJTFOYAI0YH PO3YMHHUK.

ny

_ : N,
n +n,’

N, =2
n,+n,

N

7€ Ny 1 Nz — YUCIIO MOJIb PO3YMHHHUKA 1 pO3YNHEHOT PEYOBHHH,
N; — MosisipHa yacTka — 0e3po3MipHa (i3uyHa BEIUYUHA.

e MoustibHa koHuenrpauis [(Mons/kr)] — (momsibhicts, Cp) —
BiJTHOIIIEHHS KUIBKOCTI (YKCIIa MOJIb) PO3YMHEHOT PEUOBUHH JIO0 MACH
pO3UYMHHMKA. BKa3zye CKUTHKH MOJIb PO3YHMHEHOI PEYOBUHHU MICTUTHCS B
1 xr po3YMHHUKA.

¢ - npeq ; Cm:mpeq-looo’
m p—Ka M-m p—Ka
I M peu. — Maca PO3YMHEHO] PEUYOBUHU, T,
M p-ka — Maca pO3YMHHUKA, T}
N peu. — KUTBKICTh PEUYOBHHH, MOJIb;
M — MonsipHa Maca po34YMHEHOI pEYOBUHU, I/MOJIb.
CkopoucHe ITO3HAYCHHS OJMHUII MOJISIIbHOCTI — MoIb/Kr, 1 kr = 1000 T.

00'eMHiI KOHIICHTPALI.
e (O0'emMHa yacTKa PO3YMHEHOT PEYOBUHU () peu. — BIIHOIIEHHS 00'eMy
PO3YMHEHOI PEYOBUHHU JI0 00'€MY pPO3UUHY

Vv Vv
ped peu

Ppeu =y Ppen Ty Ty |
p-Hy ped P —Ka

1€ @ peu. — 00'€MHA YACTKA PO3YMHEHOI pEYOBUHH,
. 3,
Vpeu. — 00'eM pO3UMHEHOT pEUOBHUHH, CM ",
V/ p-ny — 3araibHUil 06'eM pO3UUHY, CM;
p-ny y
V p-xa — 06'€M PO3UMHHHUKA, CM°.
O0'emHa yacTka — 0e3po3MipHa BEIWYMHA, i1 BUPAXKAIOTh B YacTKax BIJ

OJIMHMUIII 200 Y BiICOTKaX

C(% 06.) = ¢ - 100%

e Moasipua konumentpamisi [(Mons/n; Momb/nm®)] (Momspaicts, Cyy
2060 M) — BiHOIIEHHS KiTEKOCTi PO3UMHEHOI peHOBUHU Npeq 10 00'eMy
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pO34YMHY Vp_Hy. [loka3zye CKUIbKM MOJb PO3YMHEHOI PEUYOBUHHU
BMIIyeThCs B 1 e po3umnny (1 =1 ).

npe‘l m peu
My M™M v
pP—Hy pet p—HY
OCHOBHOIO OJIMHMIICI0 MOJISIPHOI KOHIICHTpAIIii € MOJIB/IIM° 260 MOJIB/IIL.
Ilpuxnaou 3ammcy w™ossapHoi konmentpamii: Cyp (HCI) = 0,1 wmoms/i;

Cy (NH) = 3 Moms/m.
CxopoueHa popMa 3anucy oJAUHUI MOJISIPHOT KOHIIeHTpallii M = MoJib/1.
Axmo B 1 1 po3unny mictutbest 0,1 MOnb pedoBUHH, TO BiH HA3UBAETHCS
nermumorsipauM, 0,01 mons — cantumonspanM 0,001 Mombp — MiLTIMOTSIpHAM.
MonsipHicTh po3uuHy no3HaudaeThesi OykBoto M. Hampuxman, 0,01M NaOH —
CAaHTUMOJISIPHUN PO3YMH TIIPOKCUIY HATpito, TOOTO 1 1 po3uMHY MICTUTH
0,01 mons NaOH a6o 0,01moms - 40r/moms = 0,4r NaOH.

e MossipHa KOHUEHTpallisi eKBiBaJleHTY pPe4YoBHHHU (CKBIBAJICHTHA
KOHIEeHTpalis a6o Hopmaiabhicth, Cy abo H) — BigHOLIEHHS
KUIBKOCTI €KBIBAJEHTY PO3YMHEHOI PEUYOBHUHU A0 O0'€eMy pO3UHHY.
[lokazye CKUIBKM MOJb  €KBIBAJICHTY PO3UYMHEHOI PEUYOBUHHU
BMiNIy€eThes B 1 e PO3UYHHY

C. = Nexe . C. - M peu

H ’ H . '
Vp—Hy Mexe(veu) Vp—Hy

. . 3

OCHOBHOIO OJIMHUIICI0 MOJIIPHOI KOHLIEHTPAIll €KBIBAJIECHTY € T'-€KB/IM

. 3 N

abo r-exB/n [(Moib/n; Moaw/am°)]. [lpukinaan 3amucy MOJSIPHOT KOHIIGHTpAIiT
€KBI1BaJICHTY PEYOBHHM:

Cu (H2S04) = 1 r-exs/mm*; Cyy (Ca(OH),) = 0,5 r-exs/mm’.

CxopoueHe MO3HAYEHHS OJIMHMIII MOJISPHOI KOHIIEHTpallli €KBIBAJICHTIB
PECUYOBUHH «H», H = F—CKB/I[MS.

Axmo B 1 1 po3unHy MiCcTUTBCS 1 MOJb €KBIBaJIEHTY PEUYOBHUHHM, TO BIH
HasuBaeThcsl HopManbHUM; 0,1 MONe eKBiBaJIeHTY — JACTIMHOPMAJILHUM,;
0,01 momp ekBiBameHTy — caHTuHOpManbHuM. Hampuxnam: 0,1 v H,SO, —
JEHUHOPMAIBHUNA PO3YUH CIpYaHOT KHUCIOTH, TOOTO 1 1 Takoro po3uuHy
MictuTh 0,1 MOJIb €KBIBJICHTY pEUOBHUHU 200

0,1 momsb M, (H,SO4) = 0,1 moas 49 r/moas = 4,9 1 H,SO,.

JloOyTOK MOJNSIpHOI KOHIIEHTpallll EKBIBAJIEHTY pPEYOBHMHU Ha 00'eM
po3uuHy Vp-ny JOpIBHIOE KUIBKOCTI E€KBIBAJCHTY I[l€i pedyoBHHU. Tomy s
peaxilii, B kil OepyTh y4acTh PiBHI KUIBKOCTI €KBIBaJICHTIB peyoBUH A 1 B

Ch (B) -V p-uy(B)= Cy (4) - V p-uy(A).
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OcCKUIbKH pEUYOBUHU B3a€EMOJIIIOTh B €KBIBAJICHTHUX KUIBKOCTSIX, TO 3aKOH
€KBIBAJICHTIB JJIsI PO3UYHMHIB IPUUMAE BUTIISIA!

Cpy(4)-Vp—ny(A)=Cy; (B)-Vp —ny(B),

ne Cy(A) i Cy(B) — MonsipHi KOHIIEHTpalii eKBiBaJeHTIB (HOPMAJIBHOCTI)
PO3UYMHEHUX peyoBUH A 1 B;
V(A) i V(B) — BiamnoBiaHi 00'€eMU pO3UYHHIB.

e Turp (T) — KOHLEHTpaLis CTaHmapTHOro posunHy [(r/mi; r/em)].
[Toka3ye, sika maca pedyoBuHU (T) MICTHTBCST B 1 cM”™ pO34MHY
(1 em® =1 ).

m .
) _CH M€K6. T_CM

-M
Vv ’ 1000 1000
p—Hy
ockitbkrr M/M = n(v) — umciao moib, To TV = m; T-V/Mexe = M/Mexse = N —
YUCJIIO MOJb €KBIBAJEHTIB B JaHOMY o00'eMi, a00 KUIbKICTb PEYOBHHH
ekBiBasieHTa (KPE).

o 7-1000 ~ m-1000
3B1I[CI/I. CH:M—, CH—m
€K6 €Ke6
T -1000 m-1000
Cyp=—"—""; Cpp=——"7-—.
M™ m M™ My

3B’A30K MiK MaCOBOI0 YACTKOI0, MOJISIPHOK0 KOHIEHTPALI€I0 Ta
MOJISIPHOI0 KOHIIEHTPAII€I0 eKBIBaJIEeHTA Pe40OBUHU

OckibkM MacoBa dYacTka (BIZICOTOK) 1 MOJIsIbHA KOHIEHTpAITii
BIIHOCSATBHCS JI0 MACOBHUX KUIBKOCTEM pO3YMHY, a MOJSpHA KOHIIEHTpAIlis
€KBIBAJICHTa Ta TUTP — A0 OO'€MHHMX, TO JJIsI MEPEXOJY BiJ OJHOrO CIOCO0Y
BHUpa3y KOHIIEHTpAIii [0 1HIIOr0 MOTPIOHO 3HATH BIJHOCHY T'YCTUHY PO3UYHUHY

(p, T/en).
dopMynu nepepaxyHKy KOHIEHTpaIlii JOCUTh OPOCTi 1 MAIOTh BUTJISAA!
.1000 - C% .1000 -
M= p-1000-C% abo C,, YA A 000- & MOJIB/IM®
M -100% M

Jle p— TYCTHHA PO3YHHY B I/CM;
p-1000 — maca 1 1 po3uuny;
p-1000-@ — maca po3unHEHO1 pedOoBUHH B 1 11 po3unHy.

: .CO : :
= p+1000-C% a60 C, = p-1000- @
M, -100% M

€Keé

MOJIB/ M
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IIpukaaau po3B’si3aHHA 3aB/IaHb

Hpuxaan 1.
[Tpurorysatu 120 r Bognoro pozunny KCI 3 macoBoro gactkoro 0,04,

Po3B’g3aHHs.
Po3paxyemo wmacy xjopuay Kaliro 1 BOAW, SKI HEOOXIJIHI st
MPUTOTYBAaHHS PO3YUHY 32 (POPMYIIOLO:

m
ped

W =
m
p-Hy
M peq (KCI) =M,y - o(KCI) =120-0,04=4,81
M (H20) = myy — M(KCI) =120 — 4,8 = 115,2 .
I'yctuna Bogu p(H,0) =1 r/CM3, Tomy 006’eM BOM TOPIBHIOE:
m 1152r
= =115,2 M

V(H,0) = —=
(H20) o 1lr/mn

Bimnogine: ans npurotyBanas 120 r Boguoro po3uuny KCI 3 macoBoro
gactkoio ® = 0,04 tpeda B3saTu kpuctamiuauii KCI macoro 4,8 r Ta po3unHuTH
fioro y 115,2 mu Boam.

Ipukaan 2.
[TpuroryBatu 50 r po3umny CuSO, 3 wmacoBoto uactkoro 0,03 i3

kpuctanorigpary CuSO,4-5H,0.

Po3B’sa3aHHs.
JUid mpuUroTyBaHHA pPO3YMHY HEOOXIAHO po3paxyBaTh Macy O€3BOIHOL
comi CuSO, (cyxoi pe4oBHHN).

M(CuSO,) = Mp-ny - ® (CuSO,)=50-0,03=15r

3naiinemo wmacy kpucrtanorigpaty CuSO4-5H,0, BignoBigHy wMaci
6e3Boauo1 comi CuSQO,.

1 Mo CuSO, - 5H,0 mictuts 1 Mmons CuSOy
249,5r CuSO4 -5H,0 - 159,5r CuSO,
mr CuSQO, - 5H,0 - 1,5r CuSQOq,

m (CuSQO, - 5H,0) = (249,5-1,5)/1595=2,34r

Maca kpucranoriapaty Mgk = m (CuSO,) + Mag
7€ Maq — Maca BOJM, [0 BXOJUTH JI0 CKJIAy KpUCTAIOTiApaTy

Mag = Mg - m (CuSOy4) =2,34-1,50=0,84r.

Maca po3unHy M,y = Mg + M(H20)= mg + my, + m(H,0),
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ne m(H,O) — maca BoJM, BUKOPUCTAHOT HA MPUTOTYBAHHS PO3YMHY 13 3aJaHUM
3HAYCHHSIM @

m(HZO): Mp-ny — Mg = 50,00 - 2,34 = 47,66 T.
abo
M(H50)= M-y - M(CUSOL) - Mag = 50,00 -1,50 - 0,84 = 47,66 .

p 1lr/wmn
Po3unHn 3 MacoBOIO YACTKOI TOTYIOTh TAaKUM YHWHOM: 3BaXKEHY Ha
TEXHOXIMIYHUX Barax HaBa)XKy PO3UYMHSAIOTh y HEOOXIAHIA KUIBKOCTI BOJM,
BIAMIPSHOT ITUIIHIPOM.
Binnosiap: nns mpurotyBaHHS po3uumHy CuSO, Tpeba B3SITH HaBaXKy
KpUCTanoriapary Migaoro kymopocy CuSO, - 5H,0 macoro 2,34 T Ta po3unHATH
y BoJii 00’ eMoM 47,66 M.

Hpukaan 3.
[Tpurorysatu 300 M 0,2 M po3unny nuxpomaty kaiito K,Cr,05.

Po3B’sg3aHHSI.
Maca K,Cr;0;, neooximna mist nmpuroryBaras 300 mur 0,2 M po3unny,
PO3paxoBY€ETHCS 32 POPMYJIIOIO:

Cu =ﬁ (Mo1B/11)

O6'em po3uuny: Vp-uy = 300 vt = 0,3 71
m(K2Cr,07) = M(K:Cr,07) - Cy -V =294-.0,2-0,3=176T.

BigmoBine: mnst npurotyBanus 300 mur 0,2 M po3umHy quxpoMatry Kajiro
Tpeba B3t HaBaxky K,Cr,O; macoro 17,6 r ta mepenectu ii y MipHY KO0y Ha
300 MJ1, pO3UYMHUTH BOJOIO 1 IOAATH BOAY 0 MITKH.

Ipukaan 4.
[TpuroryBatm 200 M 0,1 M pozumny CuSO, 3 KpuCTaIOTiApaTy

CuS0QO,4-5H,0.
Po3B’s13aHHS.

m(CuSO4) = M(CuSO,) - CyV = 159,5.0,1.0,2 = 3,19r.

3raxogumo Macy kpuctanoriapaty CuSO,4-5H,0, BianoBigHy 0e3BOHIM

COJII.
1 moab CuSO4-5H,0 mictuts 1 Moas CuSO4
249,5 r CuSO,4-5H,0 - 159,5r CuSO,
m  CuSO,4-5H,0 - 3,19 r CuSOq,

m (CuSO4-5H,0) = (249,5 - 3,19)/159,5 = 4,98 T
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Pozunnn 13 3agaHor0 C); TOTYIOTh TaKMM YHHOM. 3BaXXEHYy Ha
TEXHOXIMIYHUX Barax HaBaXKy pPEUYOBHHH TIEPEHOCATh B MIpHY KOJIOY
BIIMOBIAHOTO 00'€éMy, PO3UYMHSIIOTH B TOJOBUHHOMY O00'€Mi JUCTHUIHOBAHOI
BOAM, MOTIM OO0'€eM PO3YMHY JOBOJATH 0 MITKM Ha MM KonOu. Po3umn
NEPEMINIYIOTh.

Bigmosine: mns npuroryBanas 200 mur 0,1 M po3unHy MiTHOTO KYTIOPOCY
Tpeba B3sATH HaBaxKy kpuctanoriapaty CuSO,4-5H,0 macoro 4,98 1, meperectu
y MipHYy K010y Ha 200 MII, pPO3YMHHATH BOJIOIO Ta JOJATH BOIY JO MITKH.

Hpukaan 5.
[Mpurorysaru 250 mi 0,2 H po3uuny CacCl,.

Po3B’sg3aHHS.
Maca CaCl,, neoOxigna mis npurotyBanHs 250 mu 0,2 H po3uuHy,
PO3pPaxoBY€ETHCS 32 POPMYJIIOIO:

m
C, =
. Meke .V
m(CacCl,) = M,(CaCl,) -Cy -V = (M(CaCl,)/2) -Cy - V;
m(CaCl,) = 111/2-0,2-0,25=2,78 1.

BigmoBine: mnst mpurotyBadds 250 mi 0,2 H po3unMHY XJIOPHAY KaJbITifO
Tpeba B3siTH HaBaxky coji CaCl, macoro 2,78 T, mepeHecTd y MipHYy KOOy Ha
250 M1, pO3YMHUTH BOJOIO Ta JOJATH BOIY IO MITKH.

Ipukaan 6.
[TpuroryBatnt 200 mn 0,4 wm po3umHy Na,SO, 3 xpucramorigpary

NaQSO4'10H20.

Po3B’s13aHHS.
Maca Na,SO,, rHeoOxigna mst npurotyBanus 200 mi 0,4 H po3unHy:

m(NaQSO4) =M, (NaQSO4) . CH V= M(NaQSO4/2) . CH -V
m(Na,SO,4) = 71-04 - 0,2 = 5,68r
M., (NaSO,) = M/2 = 142/2 = 71 r-exB/MoJ1b (I/MOJIB)

3Haxogumo  macy  kpuctanoriapaty  Nap,SO4-10H,O, BiamosimHy
0O€e3BOIHIN COIL:

1 moab Nay,SO4-10H,0 mictuts 1 Mmoas Na,SO4
3221 NagSO4-1OH20 - 142~ N&zSO4
mr NagSO4-1OH20 - 568r NaQSO4

m(Na,S04-10H,0) = (5,68 - 322)/142 = 12,88 r.

Pozunan 13 3amaHor0 Cy TOTYIOTh TakuM YHHOM: 3BaXKEHY Ha
TEXHOXIMIYHUX Barax HaBaXXKy TMEPEHOCITh B MipHY KOJOY BIAMOBIIHOTO
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00'eMy, pO3UHMHSIOTH Y TIOJIOBUHHOMY 00'€M1 AUCTHJIHLOBAHOI BOAM, MOTIM 00'eM
PO34YUHY AOBOJATH A0 MITKU. PeTeNIbHO MepeMilTy0Th PO3UYUH.
Bigmosias: m(Na,SO,4-10H,0) =12,88 r.

Ipukjaaam po3paxyHKIiB NPy PO3BEeACHHI PO3YUHIB TAa 3MIIIYBAHHI
PO3YMHIB PIZHUX KOHIEHTPAIIIN

B xiMiuHiil nabopatopii 4acTo JOBOAUTHCA MPOBOAMTH PO3PAXyHKH,
MOB'sI3aH1 3 PO3BEJICHHAM PO3YHHIB. 3 ABOX PO3UHMHIB 3 PI3HOK KOHIICHTPAIIIEIO
PO3YMHEHOI PEYOBUHU MOXKHA MPUTOTYBAaTH PO3YMH HEOOX1MHOT KOHIIEHTpAIlii.

Jlist iboro Tpeda 3poOUTH pO3paxyHKH, MPUKIAAN IKUX HaBEACHI HUKYE.

Ipukaan /.
[TpuroryBatn 200r 20%-ro po3umny H,SO, posemnennsm 96%-ro

PO34YMHY KOHIIEHTPOBAHOI CIpYaHOi KUCIOTH. BU3HAYNTU T'YyCTUHY OJIEPKAHOTO
PO3YHMHY apEOMETPOM.

Po3B’g3anHHs.

Bupimwmtu 1ie 3aBJaHHs MOXHA, CKOPUCTABIIUCH 11arOHAJLHOI0 CXEMOIO
— TaK 3BaHUM <NPABWJIOM XpecTa». SIKI0 B JIBUNA BEPXHIA KYyT HOMICTHTH
BUIITy KOHIIEHTpaIlito — 96%, a B HWXKHIN JiBUI — MeHITy KoHIeHTpaiiro — 0%
(H20), B 1IcHTpi — KOHIICHTpPAITiO IITYKAHOTO PO3YUHY

20 gactuH 96%-r0 po3unHy
139 96>,
HO — o 76 wactun H,0

1 OOTIM BIAHATH IIO AlaroHajl Bix OIBIIOrO 4YWCia MEHIIE, TO BIIHOIIECHHS
pisaunp 20 : 76 = 5 : 19 mokaxke B SKOMY MacOBOMY CIIiBBIIHOIIEHHI CIif
3MINIyBaTH TOYATKOBUIH PO3YMH KHUCIOTH 1 BOJY JJIi OTPUMAHHS PO3YHHY
3amanoi koHneHtparii. Tak, mis orpumanus 200r 20%-o01 cipuaHoi KHUCIOTH
tpeda 3mimiaru 41,65 r 96% H,SO, (5 yactun) 3 158,35r H,0 (19 vactun).

5
M(H,S0,)= 200 - —>— =41 65 1
(Hz50,) 5+19 '

M(H,0)= 200 - 1—>_ = 15835 1.
5+19

BusnaumBmm 3a TaOnMIer0 TYCTHHY TodaTkoBoro po3unny H,SO,
(1,84 r/mi), 3HaX01MMO 00'€M CipyaHOT KHCIIOTH 32 (POPMYIIOI0
m=p-V

v="
D
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_ 4165
1.84

\

~ 23,2 M 96%-01 H,SOy,,

skl HeoOximHo 3Mmimatu 3 158,35 mur Boam, mo6 omepxkatm 200 r 20%
po3unay H,SO,. Crhig mam’staTi, Mo cipyaHy KHCIOTY HE3HAYHOKO KUIBKICTIO
J0/1al0Th JI0 BOJIH.

OnepkaHuil pO3YMH 3aUINAIOTH HA KU Yac Ha poOO4YOMYy Miclii, 1100
OXOJIOJIUTA MOTr0 J0 KIMHATHOI TeMmIepaTypu, IHICAS YOro MepeBipsIOTh
KOHIICHTPAI[1}0 PO3YHUHY, BUMIPSBIIM HOr0 TyCTHHY 3a JOMOMOTOI0 apeoMeTpa,
MOPIBHIOIOTH pe3yJIbTar, AKHAMN OJIepKAIH 3 TaOJIUYHUM

(p 20%-0i H,SO,4 = 1,14 1/mi).

Ipukaan 8.
[TpuroryBat 300r 3%-to po3umny KMnO,, 3MimaBmm B TEBHOMY

MacoBOMY criBBigHOIIeHH] 8%0-nii 1 2%-1it po3UynHU IEpMaHTaHATY KaJlito.
Po3B’g3aHHs.
CKOpHUCTAaEMOCH IIPABUIIOM XPECTa»:

8 1 vactuna 8%-ro po3uunHy
~ ~ A7

KMnO4 3
™~ 27 ™ 5yactun 2%-ro PO3YUHY

6 wactun Ha 300T po3unHy, T06TO 1 yactuna = 50 T.

3unaxoaumo, o 1ia orpuManHs 300 r 3%-ro po3unny KMnO, HeoOXigHO
smimata 50 T 8%-ro pozunny KMnO, (1 gactuny) i 250 r 2%-ro po3uuny
KMnO, (5 wactun), ToOTO

m; = 300 - L = 50 r 8%-10 po3unny
1+5

m, = 300 - S 250 r 2%-ro po3uuny
1+5

Ipukaanx 9.
[Mpuroryatu 100 mz 0,5 ® poszumny HCl, 3mimaBmK B IEBHOMY

cniBBigHomenHi ii 0,8 H 1 0,3 H po3unHM.

Po3B’sa3aHHs.

«IIpaBuno xpecta» MOXHaA 3aCTOCOBYBAaTH JUIsl PO3PaxyHKIB MpHU
MPUTOTYBaHHI PO3YMHIB 3aJ1aHOI MOJIIPHOI KOHIIEHTpAI[li €KBIBAJICHTY IUISIXOM
3MINIYBaHHSI PO3YMHIB OUIBIIOI 1 MEHIIOT KOHIIEHTpAIllli B MEBHUX OO0'€MHHX
CHIBBIHOIIEHHIX.

08 _,

HCI 0,5
T~03" T=0306

0,2 06’emy 0,8 H po3unny

emy 0,3 H po3unHy
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Tak, caix 3mimatu 0,8 H pozunn HCI i 0,3 v pozuna HCI B 06'emHOMY
criBBigHomeHHi 2 : 3 ( To6To 40 mua 0,8 H po3unny 3 60 ma 0,3 H po3unHy),
06 onepsxatu 100 mux 0,5 1 po3unny HCI.

V; = 100 - 0,2/(0,2+0,3)= 40 ma1 0,8 u HCl
V, =100 - 0,3/0,5 = 60 mu1 0,3 1 HCI

Hpukaang 10.
10 kxr 25%-ro po3unHy HiTpaTy aMoHito 3mimanu 3 5 kr 40%-ro po3unHy
TI€1 % coJl. BU3HAUNTH KOHLIEHTPALIIO COJIl B CyMIIIIi.

Po3B’g3aHHs.

[Tpu 3mMimryBaHHI JEKUTLKOX PO3UYMHIB 3 PI3HOK MacoBOKO yacTkoro (A%,
B%) onHi€i 1 Ti€i )k peUOBMHU BU3HAYCHHS MacoBOl yacTKu pedoBwHH (%) B
CYMIIIIi IPOBOJIATH 3 ypaxyBaHHAM iX Mac (a, B) 3a (opMyJIOIo:

a-A+y-B=(a+B)-x

Orxe: 10-0,25+5-0,40=(10+5) - x
x=(10-0,25+5-0,40)/(10 + 5) =4,5/15= 0,30
Bigmosigs: @(NH4NO3) = 0,30 a6o C%( NH;NO3) =30%.

Ipuxaax 11.

3n 48%-ro poszunmny H,SO, BimHOCHOI TycTuHm 1,38 r/eM® 3mimanu 3
2,5 1 20%-ro po3umny H,SO, BimHocHoi ryctuaum 1,14 r/e. BusHauuTtH
MPOLIEHTHY KOHIEHTPALIII0 OJIEP>KAHOT0 PO3UYHUHY 1 HOTO MOJISIPHICTb.

Po3B’g3aHHs.

Skmo mpu 3MillyBaHHI PO3YMHIB BpaxoBYIOTbCS iX 00'€eMH, TO
KOPUCTYIOUUCHh BIJHOCHOIO TyCTHHOIO, BH3HAYaeMO iX Macd, a TMOTIM
MIPOBOJIMMO PO3PAXyHOK 332 (POPMYJIOIO:

a-A+y-B=(a+B)-x
miA + mpB = (mg + my)Xx,
e m=p-V
Otxe:
m=3-138=414kr, m,=25-1,14=1,85«kr
m,=(3-138-48+25-1,14-20) = (4,14 +2,85) - x
255,72 = 6,99x
x = 36,58
Konnenparis H,SO,4 y cymimti — 36,58%.
MOoSIpHICTh PO3YMHY — YUCIO MOJEH pO3YMHEHOiI peyoBMHU B 1 1
pPO3UYUHY:
5,51 H,SO, mictars 255,72/98 mons H,SO,4
11 H,SO, - x mois H,SO,
x = 0,474 moinb
BiamoBine: otpumanu 0,474M po34uH cipyaHOi KHCIIOTH,
C%( H,SO4) =36,58%.
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IIpukaaau nepepaxyHKy KOHIIEHTpAaILiii

Ipukaanl?.

Busnaunt MmossipHy koHmeHtparito (Cy), MOJNSpHY KOHIICHTPAIIitO
ekBiBasieHTa (Cexs), MOMsUIBHY KoHIeHTpamito (Cp) ta tatp (T) 17 %-ro
PO3YHMHY CIpYaHOI KHCIIOTH, TycTUHA K01 1,12 r/cm”™.

Po3B’g3aHHs.
3Haloud TYCTUHY pPO3YMHY, MOXHaA CcKopucratucs QopMmynamu

nepepaxyHKy KOHIEHTpaIIii:
_ p-1000- @

Cwu ! Cy

_ p-1000-
M

€Keé

M(H,SO4) = 98 r/momb
MGKB(HZSO4) = fexs -M = 1/2-98 = 49 r/momb
BusnauaeMo monapny konyenmpauiio po3unHy:
~112-1000-0,17
98

Busnagaemo  monsapny — Konuenmpauiro  eKeiéanieHma - PO3UHHY
(HopmanvHicms):

Cwu =194 MOJ'H:./I[Ms

~ 1,12-1000-047

C = 3,88 MOJ'H:./I[Ms
i 49
Po3paxoByeMo monanbHy Konyenmpayito po3unny 3a GopMyJIow:
_ m-1000
T M-mg

e m, mMs — Macu PE€UYOBHUHU Ta PO3YHMHHHKA
M p-xa = M pozu-uy — M pey. = 100 — 17 = 83 r.

17-1000

o= = 2,09 MoaB/KT
98-(100-17)

Tutp BuzHauaemo 3a GopmMyJior:

:CH'MeKB abo T:CMM
1000 1000
1,94-98 3,88-49

T(H,SO,)= =0,1901r/cm® a6o T = 0,1901 r/cm®

Bimnosine: C,, (H,S0,)=1,94 moms/mm°, C,,(H,S0, )= 3,88 Mons/mm°;

Cpy = 2,09 momn/xr; T(H,SO, ) =01901 r/cm®.
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EKCIIEPUMEHTAJ/IbBHA YACTHUHA

Meta podoTH:

— OBOJIO/IIHHSI HABUYKAMU MPUTOTYBAHHS PO3YMHIB PI3HOI KOHIIEHTpAIIii 3
CyXO1 COJIi, 3 KpUCTAJIOT1APATy a00 3 OLIBII KOHIIEHTPOBAHOTO PO3UHHY;

— OBOJIOAIHHSA METOJAMKOI  PO3PaxXyHKy HaBillyBaHb PEUYOBHUH,
HEOOXIIHUX JJI TPUTOTYBaHHS PO3YMHIB 3aJaHOi KOHLEHTpalii Ta
nepepaxyHKy pi3HUX CIIOCOOIB BUPAKEHHS KOHIICHTpAIlii;

— OBOJIOAIHHS HAaBUYKaMH BH3HAUYEHHS KOHIICHTpAIlll PO3YMHIB 3a
JIOTIOMOTOI0 apeoMeETpa.

Ilpuaaaun _Tta peakTuBu. kouou emHictio 200-250 mu, mipHi kKonOu Ha
100, 200, 250 mn, mwriaapu Ha 100 ta 250 mu, apeomerp Ta MalleHBKHIA
mTiHIp 0e3 moaitok; 6e3Boani coi: xmopua Hatpito NaCl, xmopun kaniro KCl,
xmopua amonito NH4Cl, 6ixpomar kamito K,;Cr,O7; comi kpucrajioriaparu:
cynbar migi CuSO4-5H,0, cympdar marnito MgSQO,-7H,0, cynsdat Hatpito
Na,SO4:10H,0, xapbonat Hatpiro Na,CO3-10H,0.

Jocain 1. [IpuroryBaHHsI pO34UMHY i3 321aHOK0 MAaCOBOK YaCTKOK COJIi

Opepxath 'y BHKJIaJaya IHAMBIAyalbHe 3aBAaHHs. IlpuroryBaTm
METO0/I0M 3Ba:KyBaHHSI PO3YHH 337aHOT KOHIICHTPAITIi:
1. 180 r 9% po3zuuny NaCl,
2. 125 r 15% pozuuny CuSQ, 3 kpuctanorigpaty CuSO,4-5H,0;
3. 150 r 5% pozunny K,Cr,07;
4.110 r 6% po3unry MgSO, 3 kpuctanorigpary MgSO,-7H,0;
5. 205 r 3% pozuuny KCl;
6.190 r 8% pozumnry Na,COj; 3 kpuctanorigpaty Na,CO3-10H,0;
7. 145 1 7% pozuuny NH,CI.

XiT BUKOHAHHSA

JIist  mpuroTyBaHHS ~ PO3YMHIB  33/IaHOI  KOHIEHTpallii  HeoOXiJAHO
po3paxyBaTu HaBa)XKy PEUYOBHHH, SIK 1€ HABEICHO Yy MPHUKIAIaX TEOPETHUUYHOT
YJaCTHHH, Ta 3BAXKUTH i1 HA TEXHOXIMIYHHMX Tepe3ax 3 TouHicTio 10 0,01 r.

- BigmoBimHo 70 3aBHaHHS po3paxydTe macy coii (y mepepaxyHKy Ha Cyxy
PCUOBHUHY), MOTPIOHOT JIJIS MPUTOTYBAHHS PO3UMHY 3aJlaHOol KoHIeHTpaiii. [Ipu
HEOOXIIHOCT1 poO3paxyiTe Macy KpUCTAJIOriapaTy, SKAW MICTUTh Macy
0e3BoJIHOI couti. Po3paxyHKu nepeBipTe y BUKIIaaya.

- 3BaXXUTh HA TEXHOXIMIYHUX TEPE3axX PO3PaxOBaHy MACy COJI1 Ta MEPEHECITH ii
B KOHI4HY K0s10y Ha 200 a6o 250 mur.

- Po3paxyiite HEOOXITHY KUIbKICTh AMCTHJIHOBAHOT BOJU JUIsl MPUTOTYBaHHS
pO3uMHYy 3aJaHOi KOHIeHTpalii. BpaxoByroun, mo rycruHa Boam p(H,0) =
1 r/em’, BIAMIpSIUTE IWIIHAPOM HEOOXiIHHUM 00'€eM BOAM Ta PO3UUHUTH CUIb Y
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MpUOIN3HO MOJIOBUHHOMY 00'eMi Boju. Ilicist po3unHEeHHS coJll ToJaluTe BOAY,
10 3aJIIIMIACS, Ta PETENIBHO EpEMILIATe pO3YUH.

- Bu3HauiTh BIIHOCHY I'yCTHHY MPUTOTOBAHOIO PO3UYMHY TaKUM YMHOM: PO3YMH
13 KOJIOM CH1J] MEePENUTH Y BY3bKHI LMJIIHAP HEBEJIHMKOro 00'eMy Ta 3aMipsATH
apeoMeTpOM HOTro I'yCTUHY.

IIpaBujIa KOPUCTYBAHHA APEOMETPOM

ApeoMeTp — 1€ NMyCTOTUIMI CKJISIHUW MOIUIaBelb, Y BEPXHINM YacTHHI
SKOTO 3HAXOJMTHCS IIKada BIAHOCHOI TYCTHHM, @ B HUXKHIM — BaHTaxX, SIKUI
MIITPUMYE apeoOMeTp y BEPTUKAIbHOMY IMOJOKEHHI MPU 3aHYpPEHHI HOTro B
pIIUHY.

ApeoMeTp KamOpyeThcs NpH MEBHIM TeMmieparypi. ApeoMerpu, U0
BXKUBAIOTh JIJI1 BU3HAYEHHS BIJHOCHOI I'YCTHHU PIIUH Ba)Kue€ 3a BOJY, MalOTh
HYJIb BrOpi LIKaJIH, a IS PIAUH JIETIIE 32 BOAY — BHU3Y IIKAJIH.

Kopuctyrouncr HabOpoM apeoMeTpiB, MOKHA IIBUJKO BHU3HAYUTHU
ryctuHy piguHu. s mboro B cyxuil By3bkuil mutiHAp micTkicTio 50-100 Mo
HaJMBAIOTh JOCIIKYBAHUM PO3UYUH 1 3aHYPIOIOTh CYXHUI YUCTUM apeoMeTp Tak,
100 BiH HE TOPKaBCs CTIHOK IuiiHApa. I10TiM BiA3HAYAIOTh PO3MOILT IIKAIH,
KWW CIIBIAJAE 3 PIBHEM PIAMHU B LIWIIHJIPI 10 BEPXHBOMY MEHICKY.

3a chneuiaJbHUMHU  TaOMUIKIMHM, JOCHIJUBIIA TYCTUHY  pPO3YHHY,
BH3HAYAIOTh MAaCOBY YacCTKy po34rHEHOI peuoBuHU (%). SKkimo B TabauIl HemMae
uudpu, TOYHO CMIBMANAI0YO0I 3 BIAJIKOM 3a IIKAJIOK apeoMmeTpa, a € OJIu3bKi
3HAQYE€HHS, TO MAcCOBOIO YAaCTKy PO3UYMHEHOI PEUOBHMHHU OOUYUCIIOIOTH METOJO0M
iHTeproJAIii (BU3HAYCHHS MPOMIKHOI BEJIMYUHHM IO JBOM BIJOMHM KpaiHIX
3HAYCHB).

Tabnums 6.1 — BigHocHa rycTHHA 1 KOHIICHTpAIIil pO3YMHIB JESIKUX COJICH

Macosa I'yctuna posuuny p (r/cm’)

qactka, % "NaClT KCI Na,SO4| KiSO,4 | KyCr07|CuSO4[MgSO4| NHLCI

1,007] 1,005 1,007 | 1,006 | 1,005 | 1,009 1,001

1014] 1011] 1016 | 1015 1,012 | 1019 1,0_18 1,004

1

2

3 1,022] 101/7] 1026 | 1,023 | 1,019 - - 1,008
4 1,029] 1,024] 1035 ] 1031 | 1,026 | 1,040] 1,039| 1,011
) 1,036] 1,030] 1,044 | 1,039 | 1,034 - - 1,014
§ 1,044] 103/] 1053 | 1,048 | 1,041 | 1,062] 1,060| 1,017
/ 1,051] 1,043] 1063 | 1,053 | 1,049 - - 1,020
8 1,058| 1,050] 1,0/2 | 1,065| 1,056 | 1,084] 1,082| 1,023
9 1,065| 1,056 1,082 | 1,073 - - - 1,026
10 1,073] 1,063 1,091 | 1,082 - 1,107] 1,104 | 1,029
12 1,089| 1,07/ 1111 - - 1,131] 1,126 | 1,034
14 1,104] 1,090] 1,131 - - 1,155] 1,148 | 1,040
16 1,119| 1,104| 1,141 - - 1,180 1,172| 1,046
18 1,135] 1,113 - - - 1,206] 1,196| 1,051
20 1,151 1,133 - - - - 1,220 1,057

* HacruueHuil po34ynH
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- Pe3ynbTaTu qociigy BHECTH B TaOIUIIO.

Tabnurs 6.2 — Pe3ynbrati eKCIEpUMEHTY Ta pO3paxyHKiB

Konunentpairis
Maca Maca Maca Pp-ny HenTpal
, . 3 MPUTOTOBJIEHOTO
0 0€3BOAHOT | KpUCTANO- | BOJIH, r/cM
o coJi, T | rigpary, T r DOSTHILY
paty Tabn. | excn. | Cy Cu Ch | T

- TlopiBHsANTE BiTHOCHY T'YCTHHY OJIEPKAHOTO PO3YHMHY (Pexen) 3 TaOIMYHHM
3HAYCHHSIM (Praén) Ta po3paxyrTe MOXUOKY JOCIIAY 3a (hOPMYIIOKO:

I1= [(p Taba - P eKcn)/p ta6n] - 100%,
a6o II=[(® ra6n- ® 3KCH)/(D ta6n] - 100%.

- Pospaxyiite momspHy konunentpamiro (Cy), MOJSIpHY KOHIICHTPAIIIO
exBiBasieHTy (Cy), MomsutbHy KoHieHTpalito (Cp) 1 tutp (T) mpuroroBaHoro
po3unHy. Pe3ynbTaTi po3paxyHKiB 3aHECITh y TaOIHIO 6.2.

- 3po0iTh BUCHOBOK IPO T€, 3 IKOK TOUYHICTIO MPUTOTOBUIN PO3IUHH.

Jocain 2. [IpuroryBaHHsi pO34HHY COJIi i3 32]JaHOI0 MACOBOI0 YaCTKOK)
(%) 3 6iIbII KOHIEHTPOBAHOIO PO3YHHY

OnpepxaTh y BHUKJIajJada IHIUBITyajdbHE 3aBJaHHSA. BUKOpHUCTOBYHOUH
oJiepKaHUM B Aocaimi 1 po34yuH, MPUTOTYBATH METOAOM PO3BeIeHHS] MCHII
KOHIIEHTPOBAHUMN PO3YHH:

1. 250 mu 5%-ro po3unny NaCl

2. 200 mut 4%-1o pozunny CuSO,
3. 250 mu 3%-ro po3unny K,Cr,05
4. 200 M 4%-ro po3unny MgSO,
5. 250 ma 1%-ro po3zuuny KCI

6. 200 mit 5%-10 pozunny Na,CO3
7. 250 M1 3%-ro pozunny NH,CI

Xi/I BUKOHAHHS
- 3po0iTh PO3paxXyHOK 3a «IPABUJIOM XpecTa», SIK II€ HaBEICHO Y
npukiaaax 7, 8, 9 reopernyHoi yacTuHU. Po3paxyHOK MepeBipuTH y BUKIaAaua.
- BiamipsiiTe muniHAPOM po3paxoBaHUil 00'eM OUIbII KOHIIEHTPOBAHOTO
po3unHy (oTpuMaHoro y nociiai 1), mepeHeciTh ioro B MipHy koia0y Ha 200 abo
250 M1 1 JoMiiTe MUCTUITLOBAHOIO BOJIOO 10 MITKH.
- llpuroToBanuii poO3UMH pETENbHO MepemilaiTe, mepeiiiTe Yy

MaJICHbKHI IAIIHAP 1 TOMIPSANTE apeOMETPOM HOT0 T'YCTHHY — P eKer.
- TabnuyHe 3HAYEHHS TYCTUHU MNPUTOTOBAHOTO PO3YMHY 3HAUAITH Yy

tabmuui 6.1. — Praéa.
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- PesynbTaTé mociigy 3aHeciTh B TabmuIrto 6.3.

Tabnums 6.3 — Pe3ynbratu eKCIEpUMEHTY Ta PO3PaXyHKIB

KonreHnTtpariiss mpuroToBIeHOTO
pPO3UHHY
Cwm Cu Cn T

VKOHII. Py peKcré, P Taéa:
cM r/c™m r/c™m

- IlopiBHsiiTe BIZHOCHY TyCTHHY OJEpXaHOTO pO3UnHY (Pexen.) 3

TaONMMYHAM 3HA4YeHHSIM (Pra6a) Ta po3paxydTe MNOXMOKY Aocaixy 3a
dhopmynoro:

I1= [(p Tabm - P eKcn)/p ta6n] - 100%.

- Pospaxyiite momsapHy koHieHTpamito (Cy), MOJSPHY KOHIICHTPAIIitO
exBiBasieHTy (Cy), MomsutbHy KoHIeHTpaiito (Cp) 1 tutp (T) mpuroroBaHoro
po3unHy. Pe3ynbTaTi po3paxyHKiB 3aHECITh y TaOIHINO 6.3.

- 3po0iTh BUCHOBOK IO T€, 3 IKOK TOUYHICTIO MPUTOTOBUIN PO3IUMH.

Jocain 3. [IpuroTryBaHHs po34UHY MOJISIPHOI KOHIIEeHTpauii ado
MOJISIPHOI KOHLIEHTPallil eKBiBaJICHTIB

Opepxatm 'y BHKJIaJaya IHAMBIAyalbHe 3aBAaHHs. IlpuroryBaTm
METO0/10M 3Ba:KyBaHHSI PO3YHH 3a7aHOT KOHIICHTPAITii:
. 250 mut 0,05M pozuuny K,Cr,07;
. 200 mit 0,11 po3unnay Na,SOy 3 kpuctanoringpaty Na,SO,-10H,0;
. 100 mut 0,1M pozunnry MgSO, 3 kpuctanorigpary MgSQO, - 7H,0;
. 200 M1 0,2M po3zuuny NacCl;
. 250 mut 0,05M pozuuny CuSQOy 3 kpuctanorigpaty CuSO,4-5H,0;
. 100 mut 0,05 u pozunny K,Cr,07;
. 250 mi 0,15 = po3zuuny KCI.

~No o bk wpN P

Xit BUKOHAHHSA

- PospaxyBatu Mmacy cogii, HEOOXIAHOI i1 MNPUTOTYBAHHS 3aJaHOIO
pO34YUHYy, BPaxoBYHOYM MpPHU I[OMY 1 KpHUCTali3allliHy BOJY, SKIIO PO3YHH
rOTY€ThCS 13 KpUcTaloriapary. Po3paxyHok nepeBipuTy y BUKIIaaaya.

- 3BaXUTHU pO3paxoOBaHy Macy COJII Ha TEXHOXIMIYHUX Tepesax,
BUKOPUCTOBYIOUM Y SIKOCTI Tapy XIMIYHHUNA CTaKaH.

- IlepenecTn cuib 13 cTakaHa B MIpHY KoJIOy BIANOBIZHOrO 00'eMy Ta
PO3UYMHMTH 11 IPU MEPEMIIIYBaHHI B HEBEJIUKIN KIIbKOCTI Bogu. OONOIOCHYTH
KiJIbKa pa3iB HEBEJIIMKUMHU KUIBKOCTSIMH BOJM CTaKaH, B SKOMY PO3YMHSUIN ClIb,
3]IUTH L0 BOJY TAaKOXX B MIpHY K00y 1 BMICT KOJOM [IOBECTU A0 MITKH
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JUCTWJIBOBAHOIO BOJOK MO HWXHBOMY MEHICKY. Po3uMH B Ko0JIOl peTenbHO

MepeMiIIaTH.

- BiiHOCHY TI'yCTHHY NPUTOTOBAHOTO PO3YMHY BU3HAYMTH 32 JOMOMOTOIO

apeoMeTpa.

- TlopiBHsiiTe BiAHOCHY TYCTHHY OJIPKaHOro po34uHY (Pexen) 3

Ta6aMIHIM 3HaueHHAM (Pragn) Ta po3paxyiiTe HOXUOKY MOCITILY 33 GOPMYIOH0:

I1= [(p Tabn - P eKcn)/p ta6n] - 100%.

- [lepepaxyBatu monsapHy KoHIeHTpalio B Cy, T, ® (%0),a Cy - B Cy, T,

® (%)

- Pesynpratu nocminy BHECTH B TabmuIo 6.4.

Tabnus 6.4 — Pe3ynbratu eKCIEPUMEHTY Ta PO3PaXyHKIB

Cmoci0
BUPKCHHS
KOHIIEHTpaIli

Maca coii gis
MPUTOTYBAHHS
pO3UMHY, T

0€3BO/I. | KpUCTAJIOT1IP.

Maca
BOJIH,
T

p-ay’

V
3

CM

p

CKCIIY

r/lem’

Konnentparis
MIPUTOTOBAHOTO

pPO3YHHY

T

Cwm,(Cn)

®(%0)

3poO6uTH BHCHOBOK TPO TOYHICTh MPUTOTYBAaHHS PO3YMHIB, BKA3aBIIH
NOXUOKY JOCHIIIB.
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IIuTanHs Ta 3aBJAHHA JJIS CAMOCTIHHOI NepeBiPKU 3HAHb CTYACHTIB

1. JlaTu BU3HAYEHHS PO3UUHY.

2. Illo Take KOHIIEHTpAIlisS PO3UHHY?

3. CnocoOu BU3HAYEHHS KOHIICHTpAIlil pO3YMHIB, iX MAaTeMaTHYHI BUPA3H.

4. Ha sxi AB1 Tpynu AUISITH CIOCOOU BHUpa3y KOHILIEHTPAIlll PO3UMHIB 1 JJIs SIKOT
3 HAX BOHHM OIIIHIOIOTHCS 0€3p0o3MipHUMH BenrmurHaMmu? HaBeaiTh mpuKITau.

5. Sk po3paxoBYyIOTh KOHIIEHTpAIlii IPH 3MIITyBaHHI PO3YNHIB?

6. SIka KOHIIEHTpaIlisi HA3WBAETHCS MOJSPHOIO KOHIICHTPAIIEI0, OIUHUILA ii

BUMIPIOBaHHS?

/. Slka KOHIIEHTpallisi HAa3UBAETHCS MOJISIPHOIO KOHIIEHTPAIIIEID EKBIBAJICHTIB,
OJIMHUIIA 11 BUMiIpPIOBAaHHS ?

8. V¥ sxomy cmiBBigHOmEHHI Mac OTpiOHO y3atH 28 % 1 1 % po3umnu, mod
onepxatu 7 % po3unH?

9. fdxa monspHa koumeHtparis 20 %-To po34MHY XJIOPOBOJHEBOI KHCJIOTH,
BiJJHOCHA T'yCTHHA sikoro 1,1 r/em?

10. V ckinbku pa3iB moTpiOHO po36aBuTH 2 M po3uuH, mob oxepxkatu 0,4 M
pO3UHH?

11. flka MonsipHa KOHIIEHTpAIisi ekBiBaJieHTIB po3unmHy, B 300 M sxoro
mictuthes 10,5 T imkoro kamiro?

12. V sxomy cmiBBigHOIIEHHI TpeOa 3MiMIaTh PO3YMHUA 3 MACOBOIO YaCTKOIO
po3uuneHoi pedoBuHu 10 1 50 %, mo6 oxepxkatu po3uuH macoro 800 r, mis
sakoro @ =25 %?

13. Ilo Ha3WBalOTh MAaCOBOK YACTKOK PO3YMHEHOI pPEUYOBHHH? 3a SKOIO
bopMyIor0 11 00YHCITIOIOTH?

14.Y domy CyTHICTh TpaBWiIa 3MillyBaHHS (IPaBHJIO «XpecTa») NpH
MPUTOTYBaHHI PO3YMHY NPOMDKHOT KOHIIEHTpalli 30UIbII pPO3BEJACHUX Ta
OUTBIIT KOHIIEHTPOBAHUX PO3YNHIB?

15. SIlka KOHIIEHTpaIlii HAa3WUBA€THCA MOJISUIBHOIO? B  sAKMX OJMHHINX 11
BHU3HAYAIOTH Ta 3a KO0 (PopMyIioro ii MOXHA O0UUCITIUTH?

16. B doMy momsirae OcCOOJMBICTh PO3paXxyHKY KOHIIEHTpAIlii KOMIIOHECHTIB
PO3YHMHY MIPH MPUTOTYBAHHI HOTO 3 KPUCTAIOTIAPATY Ta BOJIN?

17. Illo Ha3WBarOTh KOHIICHTPAITIEI0 KOMIIOHEHTA Y PO3YHHI?

18. ki ¢izuuHi Ta XiMi4HI TIPOIECH BiIOYBAIOTHCS I/ YaC PO3ZUYNHEHHS ?

19. SIki maHi HEOOXiMHO 3aCTOCYBATH JJIs MEpEepaxyHKY MacoOBOi KOHIIEHTpAIIii
pO34YuHy B 00’ €MHI Ta HaBIaKH?

20. SIki icHYIOTh CTIOCOOM IPUTOTYBaHHS PO3UUHY?
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InauBiAVaJIbHI 32aBTAHHSA 10 JJA00PATOPHOI poooTH Nob

Tabmusa 6.5

Ba-
plaHT
No

3aBmanus 1

3aBmanus 2
O6uuciutu Cy, Cy, Cm, T.

2

3

Axy macy ¢ocdary kaniro 1 Bogu Tpeda
B3STH 1751 TpurotyBanHs 8 % po3unmHy
K3PO, macoro 250 r?

8%-ro po3unny K,SO,
ryctiHa sikoro 1,065 r/cm’

Axy macy coni 1 Boau Tpebda y3aTH IS
NPUTOTYBaHHS  PO3YMHY 3  MAaCOBOIO

yacTkolo cyibdaty Hatpito 0,12 macoro
40 xr?

30%-ro po3unay HNO3,
ryctina sikoro 1,184 r/cm’®

Y Boxi 06'emom 200 MJI pO3YMHWIM CLTb
macoro 40 r. Busnaute MacoBy dYacTKy
COJIi B OJIep’)KaHOMY PO3YHMHI, TPUHHABIIN
I'YCTUHY BOJM p1BHOI 1 r/miL

12%-ro po3uuny HCI,
ryctuna sikoro 1,059 r/cm’®

Y o6ensoni o6'emom 170 M po3duHWIH
cipky macoro 1,8 r. I'yctuna OeH30ITy
nopiBaioe 0,88 r/min. Busnaure MmacoBy
YaCTKY CIPKHM B PO3UYMHI.

16%-ro pozunny NaOH,
rycruna sikoro 1,180 r/cm’®

Slka maca xjopuny kaiito Oyae moTpioHa
JUIsL TIPUTOTYBAaHHS PO3YMHY 1Ii€i codi
o6’emoMm 300 M 1 3 KOHIICHTPAIIIEIO
0,15 M KCI?

21%-10 po3unny H,SOy,
ryctuHa sixkoro 1,151 r/em®

Sxy macy minnoro kynopocyCuSO,4-5H,0
1 Boau Tpebda B3ATH Uil NPUTOTYBAHHS
po3unny cynbdary wmimi macoro 40 kr 3
MacoBoro yactkoro CuSO, 2%?

30%-ro po3unHy
Pb(NOs3), ryctuna sikoro
1,326 r/em’

Y Boai macoro 40 r pO3UMHUIN 3aTi3HUH
kymopoc FeSO,7H,O wmacoro 3,5 T.
Busznaute macoBy 4acTKy cynb(ary 3amiza
(I1) B oepsxaHOMy PO3UHHI.

9%-ro po3zunny HNO3,
rycuna sikoro 1,05 r/em’

Bu3zHaute MacoBy YacTKy — XJIOPHIY
kaibIlito B 1,4 M po3unni CaCl, ryctuna
SIKOTO AopiBHIOE 1,12 r/MmIL.

35%-ro po3unry NaOH,
ryctiHa sikoro 1,383 r/cm’

Jlo po3unHy cipuyaHOi KHUCIOTH 00'eMOM
400 ™, TYyCcTHHA SIKOTO JIOPIBHIOE
1,1 r/mi, a macosa gactka H,SO, 0,15,
nomanu Bomy wmacor 60 r. BuzHaure
MacoBY YAacTKy CIpYaHOi KHCIOTH B
0JIEpKAHOMY PO3UHHI.

6%-ro po3unay KMnQOy,,
ryctuna sikoro 1,041 r/cm’®
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ITpomopxxeHHs TabmmIl 6.5

2

3

10

Jlo Bogu Mmacoro 200 T migmuiaM po3YnH
2 M KCI o6'emom 40 mMi1 i TYCTHHOIO
1,09 /M. Busnaure MOJIIpHY
KOHIIeHTpamito i macoBy yactky KCIl B
0JIEP>KAHOMY PO3YHHI.

80%-ro po3unny H,SOy,
ryctina sikoro 1,732 r/cm’®

11

Jlo po3unHy Macor 250 T, MacoBa 4acTka
comi B skomy ckiamae 10 %, mimmimm
Boay o0'emoM 150 mu. Busnaute macoBy
YacTKY COJI1 B OJIEP>KAaHOMY PO3UUHI.

19%-ro po3uuny HCI,
ryctiHa sikoro 1,094 r/cm’®

12

VY Boai 06'emom 200 MIT pO3YHMHIIIH 3pa30K
COJIl, OJEp)KaBIIM PO3YMH 3 MAaCOBOIO
JacTKOI0 po3unHeHoi peuoBunu 20 %. Jlo
OO PO3YMHY LIE AOJAIH BOAY 00'eMOM
150 mu. BusHaure mMacoBy 4acTKy COJii B
0JIEP>KAHOMY PO3YHHI.

10%-ro pozuuny K,Cr,0-,
ryctuna sikoro 1,070 r/cm’

13

Y Bomi macoro 600 T po3umMHWIM amMiak
ob'emom 560 ™M (HOpMaibHI YMOBH).
BusHaute MacoBy 4YacTKy amoHiaKy B
0JIEP>KAHOMY PO3YHHI.

13%-to pozunny KOH,
ryctuna sikoro 1,109 r/cm’®

14

BogHuit po3uMH 3 MAacoBOK YAaCTKOIO
amoniaky 10 % Ha3uBalOTh HANIATUPHUM
cnupToM. Skuii 00'em ra3y Oyne noTpiOHO
32 HOPMAJIBbHHUX YMOB I OTPUMAaHHS
HamatupHoro crupty o0'emom 200 M i
ryctuaoro 0,96 r/mn?

10%-ro po3uuny FeCls,
ryctina sikoro 1,085 r/cm’

15

Axuit  o0'em pozumny 3 M NaCl
ryctuHoo 1,12 1/mn Tpeba miamuTH 10
Bogu wmacor 200 1, mob oxepxkatu
po3urH 3 MmacoBoro yactkoro NaCl 10%?

55%-ro po3unny H,SOy,
ryctusa sikoro 1,447 r/en’

16

Jlo po3unny 3,5 M NH4CI 06'emom 80 mut
i ryctuHoro 1,05 r/mMn migmmnm Bomy
06’emom 40 M (TyCTHHY BOJIY TPUHHSATH
piBHOIO 1 r/™Muit). BusHauTe MacoBy 4acTKy
COJI1 B OJIEPKAHOMY PO3UHHI.

10%-to po3zunny Na,COs,
rycruna sikoro 1,102 r/cm’®

17

SIky macy po34HMHY 3 MacOBOK YaCTKOIO
kapoonaty kamiro 40 % Tpeba momatu 10
Bogun wmacoro 500 T ama  oTpuMaHHS

po3urHy 3 wMacoBor dYacTkoo Ky;COs
15%7?

17%-to pozunny H,SOy,
rycruna sikoro 1,120 r/cm’®

18

Sxy Macy po3duMHy 3 MAacOBOIO YaCTKOIO
xyopuny Hatpiro 20 % HeoOxigHO momatu
10 Bogu ob6'emom 40 M Ui OTpUMaHHS
PO3YHMHY 3 MAaCOBOIO YaCTKOI0 couti 6 %7

20%-ro po3unny CaCly,
ryctiHa sikoro 1,178 r/cm’®
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ITpomopxxeHHs TabmmIl 6.5

2

3

19

Axi ob'emu 2 M 1 6 M posuuny HCI
NOTPIOHO 3MIIIATH I HPUTOTYyBaHHS
500 ma 3 M po3unny?

21,75  %-ro  po3umHYy
NH3-H,O, ryctuna sxoro
0,920 r/cm’®

20

Hus meittpanizamii 20 mun 0,1 H po3unny
KHCIIOTH OyJio MOTpiOHO 8 M po3umHy
NaOH. Ckineku rpamiB NaOH wmicTuth
1 11 iporo po3unHy?

65,3 %-ro pozunny HNOs,
rycrina sikoro 1,400 r/cm’®

21

VY nabopartopii € pO3UYMHH 3 MaCOBOIO
gacTkoo xyopuay Hatpiro 10 % 1 20 %.
Sxy Macy KOKHOTO PO3UHMHY Tpeba B3SITH
st orpuManHs 300 r po3dnHy 3 MacoBOIO
qacTKo¥0 coiti 12 %?

49,4 %-ro pozunny KOH,
rycruna sikoro 1,530 r/cm’®

22

Ckinpku TpamiB Na,CO; MicTuTBCS B
500 mn 0,25 H po3unny?

39%-ro posumny HCI,
ryctina sikoro 1,200 r/cm’

23

VY sxomy 06'emi 0,1 H po3UrHY MICTUTBCS
8 r CuSO,?

6%-ro pozuuny Al(SO,)s,
ryctina sikoro 1,061 r/cm?

24

Js meirrpanizamii 30 mur 0,1 H po3unny
ayry Oymo motpi6HO 12 M KHCIOTH.
Bu3HauTe HOpMaATBHICTh KUCIOTH.

26%-10 po3unny KOH,
rycTiHa sikoro 1,241 r/cm’®

25

Busznaure wmacy po3uMHy 3 MacoBOIO
gactkoro CuSO,; 10 % 1 macy Boau, siki
OylyTh MOTPIOHO JUIsi TPUTOTYBAHHS
po3unny wMacoro 500 T 3 MacoBor
yactkoro CuSO, 2%

86%-ro po3unay HNO3,
rycruna sikoro 1,480 r/em’

26

Slka Maca BOOM 1 PO3YMHY 3 MacOBOIO
gacTkoro xyopuay wMarHito 0,2 Oyme
MOTPIOHO ISl MPUTOTYBaHHS PO3YMHY 3
macoBoro uvactkoro MgCl, 0,04 macoro
300 r?

31,75%-ro po3unny NHs,
rycruna sikoro 0,890 r/cm’

27

Bu3Haute MacoBy 4YacTKy TiApOKCHIY
Oapit0 B PO3YUHI, OJIEpKAHOMY TMpHU
3MimranHi Boau mMacor 50 r i rimpokcumy
Oapiro macoro 1,2 1.

48%-ro pozunny H,SO,,
ryctina sikoro 1,380 r/cm’

28

Axwmii 06'em 2 M po3unny Na,COjz; tpeba
y3atu qis mpurotyBanHs 1 1 0,25 H
pO3UnHY?

4%-ro po3uuny BaCl,,
ryctina sikoro 1,034 r/cm’®

29

Sxuit  o6'em 6,0 M pozunny HCI
NOTPIOHO Y3SITH IS MPUTOTYBaHHS 25 Ml
2,5 M pozunny HCI

28%-10 po3unny KOH,
rycTiHa sikoro 1,263 r/cm’

30

Axmit o6'em 0,05 H po3umHy MOXKHA
onep>katu 3 100 M 1 H po3unny?

94%-ro po3unay HNO3,

rycina sikoro 1,500 r/cm’®
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JlabopaTopHna po6ora Ne/
Tema: «I'igpoJi3 cosiell Ta BUSHAYECHHS KUCJIOTHO-JIYKHOI peakuii
cepeIoBHINA BOTHOTO po3uuny coui (pH)»

TeopernyHa YACTHHA

Tonnnii 1o6yTox Boau. BonneBuii mokaznuk (pH).

B uyucriii Boal cmocTepira€ThCsl HE3HAYHA EJIEKTPOIPOBIAHICTH, TOOTO
BOHa ¢J1a00 JUCOIIiI0€ Ha 10HU (BOJa — CIA0KUI €JIEKTPOJIIT).

HOH = H'+ OH  a6o 2H,0 = H;0" + OH .
Koucranra aucornaiii BoAu CTAaHOBUTH:

_[H"][OH™]
ouc —
[H,0]
KonuenTpaiiisi MoJieKya BOJY — cTaja BeJIMUMHA: 55,95 MOJIb/JI; 11 MOXKHA
BKJIIOYUTHU B KOHCTAHTY:

K [H,0]= [H]-[OH] = 1,810 . 5555 = 1.10™
Kue [H20]= [H']-[OH] = 1-10™ mons/n

K =1.8-107%,

Ko — ionnuii 0ob6ymok 6o0u — il BOAU Ta PO3BEICHUX po34uHiB mpu 22 °C €
BeJIMYMHA cTana. Po3uuMHM, B SIKUX KOHIIEHTpalli KaTiOHIB TiIpPOTreHYy Ta
T1POKCHI-10HIB JIOPIBHIOIOT.

[H]=[OH]=. 10™ =107 monb/1, HA3UBAIOTHCS HEHTPATBHIMIL

Y xucmux posunnax [H'] > 107 moms/1, To6T0 [H] > [OH].

Y nyxaux posunaax [OH] > 107 momns/1, a6o [H'] < [OH].

KucnorHicts (JTy’KHICTB) BOJHHMX PO3YHMHIB MOYKHA BH3HAUUTH depes
JECATKOBUN JorapudM MOJISIPHOT KOHIIEHTpaIllll 10HIB BOJHIO, B3ATUHA 3
HETATUBHUM 3HAKOM. L[4 BenuunHa HAa3MBAETHCS BOAHEBMM IOKA3HHUKOM, i
I03HA4Yar0Th cUMBOJIOM pH:

pH =-1g [H'].

BignoBigHo, rigpokcwibHui TokasHuk (pOH) — 1e jmecATKkoBUi
jJorapudM MOJIAPHOI KOHIIEHTpaIlli T1APOKCHUI-10HIB, B3SATHM 3 HETaTUBHUM
3HAKOM:

pOH = -1g [OHT].

Cyma BOJHEBOTO Ta IJAPOKCHUIBHOTO MOKa3HUKIB JTopiBHIOE 14
pH + pOH = 14.

Taxum urHOM, 3HAYEHHS BenMIUHU pH 3MiHtoeThes Big 0 mo 14.
Jlnst meiiTpanbuux posunnis pH = - 1g [H']=-1g [107] = 7.
Sxio po3unnu kucdi, To pH < 7, xonu po3uunu ayxni, pH > 7.
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Bemnuuna pH € kputepieM cuiM KHCIOTU: NPU OJHAKOBIM MOJISIpHIN
KOHIIEHTpaIlii 3HaueHHs] pH MeHie y Ol CHIbHOT KUCTOTH. J[Ji1 OCHOB Taka
3aJIEKHICTh MA€ 3BOPOTHIN XapakTep.

BuzHauutu xapakTep cepeloBHIa MOXXHA 3a JIOMOMOIOK) KHUCIOTHO-
OCHOBHUX I1HJUMKATOpPIB — PEUYOBHUH, SIKI B TMEBHOMY IHTepBali 3HadeHb pH
PO34YUHY 3MIHIOIOTh CBiil KOJIP.

[HmukaTopamMu MOXyTh OyTH cialki opraniuni kuciotu HINd ta ocHOBH
INdOH, Mostekyiu Ta i0HHM SIKUX MalOTh Pi3HUN KOJIp.

H' + Ind”
Ind" + OH™

Hind
IndOH

N

B kuciux po3umHax — IHAUKATOpU CHA0KI KHUCJIOTH 3HAXOIATHCS B
MOJEKYISIpHIA (QopMi Ta 3a0apBi€HHS PO3UYUHY OOYMOBJICHO KOJIHOPOM
mosekynt Hind.

Inaukaropu — c1abki OCHOBH B KMCJIMX PO3YMHAX 3HAXOASITHCS B 1I0HHOMY
crani Ind”, sxuit 06yMOBITIOE 3a6apBIEHHS PO3UHHY.

Inaukaropu — cnabki OpraHiyHi KUCIOTH — 1€ JJaKMyC Ta peHondTaniein.
[ngukaTopu — ciaabki OCHOBH — 1€ METHJIOBHM ITOMapaHYEBUM, METHUIOBUM
YEPBOHUU.

Tabmuis 7.1 — KucnoTHO-JIyKH1 IHAUKATOPU

Inoukamop I('om'pv 6 cepedosuuii
KUC1omy HellmpanbHOMY JLYHCHOMY
MeTuioBui YEPBOHUM IOMapaH4YeBUI YKOBTUU
TTOMapaH4YEBUI pH<3,1 3,1<pH<4 4 pH>44
MeTuioBuu YEPBOHUM IOMapaH4YeBUI YKOBTUU
YCPBOHUI pH<4,2 4,2<pH<6,3 pH>6,3
. 0e30apBHUI 0e30apBHUI MypHypHUid
denondranein » H£8 0 8. O<pl;{< 0.8 y;)HZS 8
TMakmyc YEPBOHUM (bioneToBuit CHUHII
pH<5,0 5,0<pH<8,0 pH>8,0

TiapoJis coJjiei.

Peakiis 0OMIHY MIDK pEUOBUHOK Ta BOJIOIO 3BETHCS T1IPOJII30M.
[Naponizy miansraroTh CoJli, BYTJ€BOIU, OUIKH, €TEPH, KUPH TOIIIO.

B Heopraniyniii xiMii HailyacTie MarwTh CIOpaBy 3 TiAPOJi30M COJIe:
XiMIUHa 63A€MO0IA I0HIG CONi 3 IOHAMU 600U RPU3EOOUMb 00 YMEOPEHHA
c1abkozo  enekmponaimy  abo  clabOpoO3YUHHO20  eeKmpoaimy  ma
cynpogooxcyemuca 3minoio pH cepedosunia.

INaponiz € HacHiAKOM MOJSPU3ALINAHOI B3aeMOAIi 10HIB COJl 3 iX
TAPATHOIO 000JIOHKOIO.
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Po3zenanemo 4 muna coneil.

1) CoJi, mo yTBOpeHi CHJILHOI0 OCHOBOK Ta CHJIbHOK KHUCJIOTOI
TiApoJIi3y He MiJIekKATh.

JI0 CUIBHMX OCHOB HANE€XaThb JYTU — PO3ZYUHHI 2IOPOKCUOU JIYHCHUX
memanie — LIOH, NaOH, KOH, RbOH, CsOH Ta zidpokcuou nyscno-
3emenvrux memanie Ca(OH),, Sr(OH),, Ba(OH),.

Cunwvni kucnomu — HCI, HBr, HI, HNO;, H,SO,4, HCIO,.

[Tpu B3aemonii comi CaCl,, yrBopeHoi cuibpHOO ocHOBOlO Ca(OH), ta
cruibHOIO KucioToro HCI, 3 Bo/1010 HEe YTBOPIOETHCS CIIA0KHN €IIEKTPOJIIT, KM
61 38’3aB ionn Boau (H” un OHY)

CaCl, + 2HOH «— Ca(OH), + 2HCI
Ca?" + 2CI” + 2HOH « Ca®* + 20H + 2H"+ 2CI

Bnacniok 1150ro piBHOBara 3MIiIy€eThCs BiIiBO, B 01K MaJIOMCOIIIHIOBaHOT
pedoBunu — HyO:

CaCl, + 2HOH « Ca(OH), + 2HClI

ToOTo coai, yTBOpeHi JyramMm Ta CHIBHAMM KHCJIOTAMHM He
TiApoJi3y0Th. A pO3UMHU TaKuX coliei HeiTpaibHl: pH = 7.

2) CoJi, 110 YTBOPEHi CHIILHUMH OCHOBAMH Ta CJIA0KHMMH KHCJIO0TAMH
TiAPOJIi3y0Th, BHACIIOK YOr0 YTBOPIOETHCS CIAO0KHUM E€NEKTPOJIT, a PO3UYUH
Mae JyxHy peakiito: pH > 7. BigOyBaerbcs rifipoiiz 3a aHioHom (ioHOM
ciabkoro enexrpoiniry) — H,S, COs%, SOs%, CN ~, CNS ~, CH;COO™ Ta inm.

Hampuknaz, rinpoJis coxai anerat natpiro CH3;COONa:

CH3;COONa + HOH = CH3COOH + NaOH
CH;COO™ + Na"+ HOH = CH3;COOH + Na "+ OH ~
CH;COO + HOH = CH3;COOH + OH -
peaxiiist po3uuHy JayxHa, pH > 7.

BHacnifok rigpomisy coni iomum rigporeny Bomu (H') 3B’s3yroThes B
CJIa0KHI1 eEeKTPOJIT — OUTOBY KHCIOTY Ta 3aJumaeTbes Haumok OH™ -10HiB.
ToMmy po34uMHH coJieil, 0 YTBOpEeHi CHJIbHOI OCHOBOI Ta CJIa0KOI0
KHCJIOTOK, MAIOTh JY:KHY peakuiwo: pH > 7.

Comni 0araToOCHOBHUX KHUCJOT TIAPOMI3yIOTh CTyIIHYACTO.
I. Tlepumii cTymiHb:

Na,S + HOH = NaHS + NaOH
2Na"+S*+ HOH = Na'+ HS + Na'+ OH~
S* +HOH = HS + OH"
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II. Apyrwuii cTymiHb:
NaHS + HOH = H,S + NaOH
Na*+ HS™ + HOH = H,S + Na’" + OH"
HS + HOH = H,S + OH™
peaxuis po3uuHy ayxHa, pH > 7

Coumi, 1m0 yTBOpEH1 3 0araTOOCHOBHHUX KHUCJOT Ta JIYTiB, TIAPOTI3YIOTh 3
yrBopeHHsIM kuciux conerd (NaHS). Po3umH Takux coneil Texk Mae IyKHY
peakiiito - pH > 7.

I'iaposi3 TUM IHTEHCUBHIIIIE, YUM CJIa0KIiIIa KUCIIOTA.

3) Coui, siki yrBopeHi cJ;Ia0OKHMH OCHOBAMH Ta CHJILHUMHU KHCJI0TAMH.
B mpoMy pa3i BimOyBaeThCs rigpoJii3 3a KaTioHOM (A|3+, Zn%*, Mn?, NH," Ta
1HIIL).

PiBHOBara eNeKTPOJITHUYHOI AUCOINaIii BOAM 3MIIIYeEThCS B OIK
YTBOPEHHS CJ1aOKO1 OCHOBH, a B PO3YMHI HAKOMHUYYETHCA HAJUIUIIOK BOJHEBUX
ionis H', peaxiis posunny xucna— pH < 7. Hanpuxnan:

NH,Cl + HOH = NH,OH + HCI
NH;" + CI” + HOH = NH,OH + H" + CI”
NH;" + HOH = NH,OH + H"
peakilisi po3uuny kucina, pH < 7.
Coni 6araToOOCHOBHHMX OCHOB T1JIpOJIi3yIOTh CTYIIHYACTO
L. Tlepmmii cTymiHb:
Zn(NOg3), + HOH = ZnOHNO3 + HNO3
Zn** + 2NO3” + HOH = ZnOH" + NO; + H" + NO;”
Zn** + HOH = ZnOH" + H'

II. dpyruii cTymifb:
ZNOHNO;3; + HOH = Zn(OH), + HNO3
ZnOH" + NO; + HOH = Zn(OH), + H" + NO;3~
ZnOH" + HOH = Zn(OH), + H”

HakonuuyeTbcst HAJUIMIIIOK 10HIB BOJHIO — peakilis po3uuny kucia, pH < 7.
YumMm cnabiiie OCHOBA, TUM TMOBHIIIE HE T1IpOTi3.

4) Coai, siIKi yTBOpeHi €/J1a0K0I0 OCHOBOI Ta CJa0KOI KHCJIOTOI
riApoai3yThCH 32 KaTiOHOM Ta aHioHoM. Hanpuknan:

CH3COONH, + HOH = CH3;COOH + NH,OH
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CH;COO "+NH,; " + HOH = CH;COOH + NH,OH

OnHovacHO WyTh 00MABA MPOIIECH:

CH3;COO ~+ HOH = CH3;COOH + OH™ K cpgcoon =1,8-107
NH, * + HOH = NH,OH + H" Ky 01 =1,8-107

Peakiiss po3umHy 3aleXUTh B1J CIIIBBIAHOIICHHS KOHCTAHT 1OHI3aIlil
PEYOBHH, IO YTBOPIOIOTHCS, - CJIabKOT OCHOBHU Ta ci1abKoi kuciotu. Bona moxe
Oyt abo cnabo kucnoro, abo cinabo ocHoBHOw — pH = 7. B HaBeneHomy
MPpUKIaAl KOHCTAaHTHU JUCOIIaIli KUCIOTH Ta OCHOBH CITIBIAIM, TO PEaKIlA
po3unny — HelrpanbHa (pH = 7).

[IpukiiaoM MOBHOIO TIAPOJII3Y COJl € B3aEMOJIS CyIb(iaiB aTtOMIHIIO,
XpoMy, KapOOHATy aJIFOMIHIIO 3 BOJOIO:

Al,S; + 6HOH — Al(OH)3,L + 3stT
Cr,S;3 + 6HOH — Cr(OH)s] + 3H,S?

Alz(CO3)3 + 6HOH — Al(OH)3l + 3H2CO3T

l
3H,O + 3C02T

Taki conl HEMOXIMBO AOOYTM BHACIIIOK IX TIAPOJI3y B BOJHHUX
pO3UYMHAaX.

Ta0mu 7.2 — KoncranTu ioHi3anii geskux kuciaoT Ta ocHoB (mas T = 298 K)

Ha3Ba @opmyia K; pK=-IgK;
1 2 3 4
HitpuTHa KHCIOTA HNO, 6,9-10" 3,16
Bopna kucinoTa H3BO; 7,110 9,15
[epMaHieBa KuCIOTa K 7,9-10™%° 9,10
Kp|  4Ge0 2,010 12,7
I'imoioauTHA KMCI0Ta HIO 2,3-10™" 10,64
MeracunikaTtHa KACI0Ta K 1,3-10™ 9,9
K, H,SiO, 1,6-10™" 11,8
K; 2.0-10H 13,7
OpToapceHaTHa KMCIOTa K 5,6-107 2,25
K| H3AsO, 1,7-107 6,77
K3 2.95.1012 11,53
OpToapceHiTHa KUCIOTa HzAsO3 59.10™"° 9,23
CeJleHOBOJHEBA KHMCIIOTA 1,3-10™ 3,89
Ky H,Se 1,0-10™" 11,0
K>
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[TpomoBxeHHs TaOmHII 7.2

1 2 3 4

CynbdiTHa KACITIOTA K, H.SO 1,4-10 1,85
K, 2o 6,2-10° 7,20

CipKoBOHEBA KHCIIOTA 1,0-10” 6,99
K H,S 2.5.1013 12,60

K>
KapOonartHa kuciaora 45107 6,35
K; | COz (p)+H20| 4,8.10™ 10,32
K>

OnToBa KUCIOTA CH;COOH | 1,74-10° 4,76
docdirtaa kucnoTa K 3,1-107 1,51
? K, H3PO; 1,6-107 6,79
[inoxaopuTHA KHCIOTA HCIO 2,95.10° 7,53
I{iaHoBOJHEBA KUCIOTA HCN 5,0-10™% 9,30
AJTFOMIHIFO T1APOKCH]T K3 Al(OH); 1,38-10° 8,86
AMOHIaKy po3unH Hs;N H,O | 1,76-10° 4,755
®epymy (1) rigpoxcun K| Fe(OH), 1,3-10" 3,89
®Oepymy (III) rigpoxcuy K 1,82.10™ 10,74
pymy (L) rizp Kz3 Fe(OH)y | 192100 | 1067

Marsiro TipoKCcuI K, | Mg(OH), 2,5-10° 2,6
Masnrany (II) rizpokcun K; | Mn(OH), 5,0-10™ 3,30
Kynpywmy (II) rizpokcun Cu(OH), 3,4-10 6,47
[Tnrom6ymy (II) rigpoxcu K3 9,55.10™ 3,02
o K; PB(OH), 3,0-10°® 7,52
ApPTeHTyMY T1IPOKCH]T AgOH 5,0-10° 2,30
[{uHKY TigpoKcu K; Zn(OH), 4,0-10” 4.4

Crvyvmigb riapoJizy. KoHcranra riapoJisy.

KinmpkicHO TiApoOJTi3 XapaKTEepH3YeEThCSA CTYyNEHeM Timponizy (o ) Ta
KoHCTaHTOIO Tipoizy (K ;).

Crtyninb rigpoJii3zy — BiIHOILIEHHS YHCJIa MOJIEKY, SIK1 T1IpOJIi3yI0ThCH,
710 3araJIbHOTO YHCJIa MOJICKYJI:

ne C, — KOHIIGHTpAIlls T1IpOIi30BaHOl YaCTUHN PEYOBUHH,
C — 3arajibHa KOHIICHTpaIllsl PO3YNHEHOI pEYOBUHH.
Crynisb rigpoJisy 3ajexuThb Bil:
e 30UIBbIICHHS KOHIIEHTpaIlli a00 po30aBIEHHS COJI;
e TemmepaTypu;
® XIMIYHOI MPHUPOJU KUCIOT Ta OCHOBH, SIK1 CKJIAJal0Th ClJlb.
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IMaponi3 coni MA moxHa 3aucaT B 3araJibHOMY BUTJISIII
MA + HOH <~ MOH + HA

KoHncranTa piBHOBaru
_ [MoH]-[HA]
P [mA]-[HOH]

Ane xkonmentpamis Bomu [H,O] B po3BeneHMX poO3UMHAX cTajga Ta
nopiBHioe 55,5 monp/n. Tomi:  K,:[H,O] = const Ta Ha3uBaeThCcAd KOHCTAHTOIO
riapoIizy

x _1MOH] [HA]
© 4]
JUid rigponizy no aHioHy

_ [HA]'|O.H_|:KH20

K
S 75 B

ne Ky, - lonHuit 106yTok Boaw; Kyy,o= 1-107*,

JIid rigponizy no KaTioHy

o _lom) || Kuy
’ lM+J K yion

J7ist T11poITi3y MO KaTiOHY Ta aHIOHY

KH 20

=
Ky Kyon

[li piBHSIHHSI — KUJIBKICHI MIATBEPAXKEHHSI 3pOOJEHOTO paHillle BUCHOBKY:
yuM cnabmia kucioTa (OCHOBA), CUIb SIKOT MiJUISTA€ TigpOoITi3y, THM IMOBUIBHIIIE
He T1apoTis.

B3aemo3B’s130k cTymneHs Tigponizy (o) 3 koHctantoro riapomnizy (Ki)
OMHUCYETHCS 3aKOHOM po3BeeHHA OcTBaJIb/A.

_azz'CM
° o l-a
Sxumo @, <<1, K.=a’ C,; a, = g

IIpu po3BeaeHHi Po34MHY COJIi, AKa MiABEpPrJjach riApoJily, CTymiHb il
rigpoJii3zy 3pocrae.
Tomy po3uuHu comneid Tpeba 30epiraTd KOHIIEHTPOBAaHMMM Ta J0JlaBaTH
ayry (it coneld, yTBOPEHHX CHIIBHOIO OCHOBOIO Ta CIaOKOK KHCIIOTOIO) abo
KUCIOTY (U1t CoJel, yTBOPEHUX CHUIIBHOIO KUCIIOTOIO Ta CIIA0KO0 OCHOBOIO).
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Crymiab rigpomizy (o) — 3pocTtae 3i 30UIbIICHHAM Temmeparypu. Lle
Butikae 3 npunnuny Jle-lllarenpe. Skmo peaxuii HeWTpanizallii eK30TepMidHi,
TO 3BOPOTHI — peakiii rigpoyizy — eHaoTepmiyHi. Tomy 13 3pocTaHHAM
TeMIepaTypu 30UIbLIYETbCS CTYIIHb Tiapoiizy. i mocmabiaeHHs TiApoIti3y
pO34YuHU coJieil Tpeba 30epiraTv mpu HU3bKINA TeMIeparTypi.

IIpukjaaau po3B’si3aHHA 3aBJAAaHb

Hpuxaan 1.

BusHaunTi KoHmeHTpario ioHiB BoxHio (H), rimpokcua-ionis (OH),
pOH B po3uuni, pH sikoro cranoButs 7,4.

Po3B’g3aHHA:

Ockinbku pH Ta pOH — HeraTuBHi Jorapudmu, To Tpeda KOPUCTYBATUCS
Tabnuiero Jorapupmin

Tabmums 7.3 — Jleski 3HaueHHS JorapudMiB

Ig 1 =0 lg 5 = 0,70
lg14 = 0,15 |Ig6 = 0,78
lg16 = 020 |Ilg6,31 = 0,80
Ig 2 = 0,30 |lg6,61 = 0,82
lg25 = 040 |Ig7 = 0,84
Ig 3 = 048 |Ig8 = 0,90
lg 4 = 060 |[Ilg9 = 0,95
3Ha4H, 1010 cyma: pH + pOH = 14,

BU3HauuMO 3HaueHHs1 pOH po3uuHy sk pi3HULIIO
pOH=14-pH=14-74=6,6

Po3paxoByeMO KOHIIEHTpAIIilO 10HIB TIPOTE€HY 3a PIBHAHHIM

1+l
pH=-Ig[H"1=-7,4=-8+0,6
[H*] = 4-10® moxs/m.

lg x = 0,6 = x = 4 (nuB. Tabn. 7.3) lg; -8 — Bkazye Ha CcTymHiHb, B SKY
Tpeba MmiTHeCTH OCHOBY JecsTKOBOro jJorapupma — 10.

Busznauaemo konnenTpaiito OH -ioHiB B po3uuHi
141

pOH=-I1gjOH]=-66=-7+0,4
Bignosigno: [OH ] = 2,5:10~ Mo/

BrcHOBOK: sKio po3unH Mae pH = 7,4, To pOH = 6,6; [H'] cranoBHUTS
4.107 Monb/1, a [OH] = 2,5:10" monb/i.
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Ipuxnan 2.

KonneHrpairiss 10HIB BOJHIO B PO3YMHI CTAHOBHUTH 1,4-10"3 MOJIB/I.
Busznauutu pH, pOH po3unHy Ta KOHIIEHTPAIIIO T1IPOKCUI-10HIB.

Po3B’s13aHHS .

[H']=1,4-10" mons/n
Busnauaemo: * pH = - Ig[H'] =-1g[1,410°]= -[lg1,4 +1g107°]=
=-[0,15-3]1=2,85
(* muB. Ta01. 7.3 B pukitazi 1).
Pospaxosyemo pOH

pOH =14 -pH =14 -2,85=11,15
BuzHauaeMo KOHIIEHTpAIiO T1IPOKCHU/I-10HIB B PO3UUHI

1+
pOH=-I1gJOH ] =-11,15=-12+0,85
[OH] = 7,1-10™ mons/i.
Konnentpamito [OH| TakoX MOXHA BU3HAYUTH 32 10HHUM JOOYTKOM
BOJIH.
10—14 10—14
7] 14107

o= =0,71-10 =71:10"2 moms / n
BHCHOBOK: [IPH KOHIIEHTpalii ioHis Boaro 1,4-10~° mouns/11, pH = 2,85;
pOH =11,15;  [OH]=7,1-10"* mons/x.

Hpuknan 3.

Cxinactd MOJNEKYISIpPHI, 10HHO-MOJIEKYJSAPHI Ta CKOPOYEHI pIBHSHHS
rigponizy comi AgNOs;, Bkazatu peakiito po3uuny (pH), sk ii BU3HAYUTH
(IHIUKATOp) Ta 3aIMKMCATH KOHCTAHTY TiIPOJIi3y.

Po3B’sa3aHHA:

AgNO; — cinp, sika yTBOpeHA CIa0KOI OCHOBOIO Ta CHIIBLHOIO KHUCIOTORO.
INaponiz 3aBxau ¥Hae 3 YTBOPEHHSIM CJIA0OKOrO €IeKTPOJdITy, TOOTO Clif
OYIKyBaTH YTBOpPEHHS cjaOkoi ocHOBU (Triapoii3 1o KarioHy). loHm cpibma
OynyTb 3B’SI3yBaTW TIAPOKCHUI-IOHM BOOM, a 10HM BOJHIO OyayTh
HakonuuyBaTucs. Hannuimok 10HIB BOJHIO B PO3YMHI BIANOBIJAE KHUCIOMY
cepenouity: pH < 7.

AgNO; + HOH = AgOH + HNO;
Ag*+ NO;3 + HOH = AgOH + H" + NO;5~
Ag’ + HOH = AgOH + H"
cepenoBuie kucie, pH <7

Kucny peakiiro po3uMHy BHU3HAYalOTh 3a JOMOMOTOI0 IHJUKATOpa —
nakmycy. Po3unH 3a0apBiao€ThCsl B YEPBOHUM KOJTIP.

96



KoHncranTy riiposizy 3a KaTIOHOM BU3HAYaIOTh 32 PIBHIHHAM

KH20 _ I<H 20 10_14
Kyon Kagon 9 107
Korcranta ionizauii AQOH crarosuts 5,0-107 (qus. Tabu. 7.2)

K,= =2.107"

BucHOBOK: Timpoii3 3a KaTiOHOM He 3 yTBOpeHHsM cinabkoi ocHoBu AQOH,
peakiiss po3umHy kucia (pH < 7), Ha mo BKasye 4YepBOHE
3a0apBlICHHS PO3YMHY MpU JojAaBaHHI Jjakmycy. KoHcTaHTa
TIAPOIIZY TOPIBHIOE 2,0-10_12.

Ipukaan 4.
Cxinactu MOJNEKYISIpHI, 10HHO-MOJIEKYJIIPHI Ta CKOPOYEH1 PIBHSHHS

rigponizy comi K;SOsz, Bkazatm peakmito po3uwmny (pH), sk 11 BU3HAYUTH
(IHIUKATOp) Ta 3aMKMCATH KOHCTAHTY TiIPOJIi3y.

Po3B’g3aHHA:

K;SO3 — cinb, 1m0 yTBOpeHa CHIBLHOIO OCHOBOIO Ta CIAOKOI KHCIOTOIO.
IMapomni3 fige 3 yTBOpEHHAM cla0Koro enekTpomiTy. Ciif o4iKyBaTH YTBOPEHHS
cmabkoi kucmotu - H,SO;3. CynbdiTHa KUCITIOTa — TBOXOCHOBHA, TOOTO TiApOJIi3
Hae 3a JBOMa CTYMEHSMHU. 3a MEPIIMM CTyleHeM OyJie YTBOPIOBATUCS KHCIIa
CUIb.

1) K,SO; + HOH = KHSO3; + KOH
2K"+SO;” + HOH = K" + HSO; + K"+ OH™

SO;” + HOH = HSO3; + OH™
JTy’KHA peakiis po3uuny, pH > 7

Amnionu cynbditHOl KucaoTi SOz 3B’SI3yIOTHCS 10HAMHM BOJHIO BOIH Ta
YTBOPIOETHCS IEAKUN HAAJIUIIOK TiApokcua-ioHiB OH ™, ki BKa3yloTh Ha JIyKHY
peakmito pozunny (pH > 7). JlyxxHe cepenoBWille MOXKHA BHU3HAYUTH 3a
gonoMororo iHaukaropa ¢eHoadraneiny, sSkuil 3a0apBiIOE PO3UHUH Y
MaJIMHOBUM KOJIP.

KoHcTtanTa riposnizy 3a aHiOHOM 3a NEPIIUM CTYIIEHEM:

2l

1. _ K
_[HSO; ] _[OH 1 a6o K, = H»0
[SO3 ] KH2803

KoncranTa ionizamii H,SO3 3a mepium CTylieHeM CTaHOBHTH

K1(H,S03) = 1,4-107
107

i=—7=071.10"
14-10

[Maponi3 3a aHIOHOM 3a IPYTUM CTyIEHEM
2) KHSO; + HOH = H,SO; + KOH
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K"+ HSO; + HOH = H,SO3 + K" + OH”
HSO; + HOH = H,SO; + OH™
JTy’KHA peakiis po3uuny, pH > 7

HonaBauus ¢geHondraneiny 3a6apBiItoe po3unH y MATUHOBUN KOJIIP.
KoHcTaHTa ripoi3y 1o aHioHy 3a IpyTUM CTyIEHEM:

_[H;50: 1[OHT] o g _ Khjo
[HSO3 ] KH2803

22

KoncranTa ionizamii H,SO3 3a mepium CTylieHeM CTaHOBHTH

Ki(H,S05) = 6,2:10°8,
107

=~ =016-10"°
46,2107

BuchoBok: T'igpoiri3 3a aHiOHOM HJie 3 YTBOPEHHSAM KHCJO0i coii (3a mepurmm
CTyIleHeM) Ta cjaOKoi KMCIOTH (3a ApyruM cryrneHem). Peakiris
po3unny nyxHa (pH > 7). KoHcTaHTH Tifpoii3y IOPIBHIOIOTH
K;=0,71.10"* K, =0,16-10"°.

Hpuxaan 5.
I'iapoai3 3a xarionoM ta arioHoM cojii NH;NO;

Po3B’s3aHH.
NH;NO, — cinp yTBOpeHa CIaOKOIO OCHOBOIO Ta CIA0KOI0 KHCIIOTOTO.
I'aponi3 BigOyBaeThCA 3a KaTIOHOM Ta aHIOHOM.

NH,NO, +HOH = NH,OH + HNO,
NH," + NO,” +HOH = NH,OH + HNO,

OcCKiNbKH 10HH BOJHM 3B’S3YIOTHCS 3 YTBOPEHHSM OCHOBH Ta KHCIOTH, TO
peakiliss po3uuHy mnpudau3Ho HeuTpanbHa (pH =~ 7). Ane OutbIl TOBHY
BIATMOBIIb OJEPKUMO, SKIIO TOPIBHIEMO KOHCTAaHTH 10HI3aIlli OCHOBHM Ta
KUCJIOTH.

K(NH,OH) =1,76:107;  K(HNO;) =6,9-10™.

HitputHa kucnora nucouiroe kpamie. ToOTo peakiiss po3uuHy ciiabo
kucna (pH < 7).

KoncTtaHnTa rigposidy 3a KaTIOHOM Ta aHIOHOM 3aJIe)KUTh BiJ KOHCTaHT
10H13a1[1T KUCJIOTA Ta OCHOBU

K = KHZO = 10_14
° Ky, Kyoy 176-107°.6,9-107"
BucnoBok: ['iposni3 3a KaTIOHOM Ta aHIOHOM JIa€ peakiiito ciabo Kucity adbo

c1aboMyXKHY B 3aJIEKHOCTI BiJ] KOHCTAaHT 10HI3aIlli KHCJIOTHU Ta
OCHOBH.

=0,08-10°=8-10"°
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EKCIIEPUMEHTAJIbBHA YACTHUHA

Meta po6oTH:

- TOCHIAUTH PEaKIito PO3YUHIB PI3HUX COJIEH;

- TOCHIAUTU YTBOPEHHS OCHOBHMX Ta KUCJIUX COJIEH MPU CTYMIHYACTOMY
TAPOAI31; BUMAJAKU TOBHOTO T1POJIi3y;

- TocHianTH (HaKTOpH, K1 MPUCKOPIOIOTH Ta TAIbMYIOTh T1APOIII3.

Ipuaaam Ta peakTHBH:

- po3uunu coneit: amnerar Hatpiro CH3COONa, cynbdar anrominiio
Aly(SOy)3, kapoonat Hatpito Na,COs, xmopun Hatpito NaCl, xiaopun pepymy
(IIT) FeCls, opTodochat Hatpiro NasPOy, xmopua ctubdito ShCl;

- kpuctaiiuaa cis xyopun cranymy (II) SnCly, konnieHTpOBaHMI PO3UNH
xnmopBoaneBoi kuciaotu HCI (1:1), nuctriiboBana Boja,;

- 1HOUKATOpU: HEUTpaIbHUU PO3UMH JIAKMYCY, CIHUPTOBHM PO3UUH
dbenondraneiny;

- ITaTUB 3 MpobOipkamMu, Mikpommarens, ctakad Ha 200mi1, enekTpudHa
TUTATKA.

XiJI BAKOHAHHSA

Jocain 1. locaigxeHHns peakiii po3unHiB cosieil, 0 riapoJi3yloTh.

A) Tinpoai3z kap6onaty Harpiro Na,COg3

B 2 mpoGipku wamutu mo 2-3 ma 0,1 # pozumny Na,COs; B mepmry
npoOipKy AO0JaTU JAEKUIbKa Kpamellb PO34MHYy I1HAuKaTopa (eHondTanein Ta
CHOCTEpIraTH 3MiHY 3a0apBIIEHHS pO3YUHY. Y Apyry npoOipKy IoAaTH AEKIIbKa
Kparellb PO34YMHYy I1HAUKATOpa JAKMyC Ta CIOCTEpIraTd 3MiHY 3a0apBICHHS.
Pe3ynbTaTi AOCHIKEHHS 3aHECTH Y Ta0auIo 7.4,

3anucatd MOJEKYJspHE, IOBHE Ta CKOPOYEHE MOJEKYJISIPHO-10HHE
PIBHSIHHSA T1ApOJi3y KapOOHATY HATPil0 — 3a CTyNMeHs MU Ta cymapHe. Hanucatu
BUPaKEHHS KOHCTAHTH T1IpoJiizy. BusHaunTH peakiito cepenonuiia (pH).

3poOuTH BHCHOBOK TpO TE, SIK i€ Tipoiii3 — 3a KATIOHOM YU 3a
aHIOHOM; SIKMI MPOMDKHUN MPOJYKT OTPUMAIK y MEpIIiid CTajli; sike 3HaueHHs
pH (< 4u >7); sxuii IHAUKATOP CIIiJ] 3aCTOCOBYBATH.

B) I'inpoJi3 oprodocdaty Harpiro NazPO,,

B 2 mpoGipku mamuty 1o 2-3 Mt 1 # po3unny NazPO, B mepury mpobipky
J0/IaTH JIEKUIbKa Kparelb po3YuHy iHAUKAaTopa QeHondTanein Ta crnocrepiratu
3MiHY 3a0apBJICHHS PO34YMHY. Y Jpyry MNpoOipKy AO0JaTh NAEKIIbKa Kparelb
PO3UYMHY IHAMKATOpa JAKMYC Ta CIOCTEpIiraTu 3MiHy 3a0apBiieHHs. Pe3ynbratu
JTOCHIKEHHS 3aHECTH y Tabnuiro 7.4.

3anucatd MOJEKYJspHE, IOBHE Ta CKOPOYEHE MOJEKYISIPHO-I0HHE
piBasHHA Tigpomizy NasPO, — 3a 3-ma crynensmu Ta cymapHe. Hammcatm
BUPaKEHHS KOHCTAHTH T1IpoJiizy. BusHaunTh peakiito cepenonuiia (pH).
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3poOUTH BHMCHOBOK MPO Te€, SK MAe TIAPOJi3 — 3a KAaTIOHOM 4YH 3a
aHIOHOM; SIKMI MPOMDKHUN MPOJYKT OTPUMAIK y MEPIIid CTajli; sike 3HaUeHHs
pH (< uu >7) Ta sikuii IHAUKATOP Y OMY pa3i CJIiJ] 3aCTOCOBYBATH.

B) Tiapodis cyandarty amrominiro Aly(SO,);

B 2 npoGipku Hamutu mo 2-3 mu 0,5 H posunny Aly(SO,)s B meprry
npoOipKy J0JaTh ACKUIbKa Kpameiab PO3YMHY I1HAWKaTtopa (eHondTaneid; y
Ipyry mOpoOIpKy O0JaTH JEKUIbKa Kpameib pPO3YMHY IHJIMKATOpa JIAKMYC Ta
crocTepiraTd 3MiHYy 3a0apBlIeHHS Yy poO3uMHaX. Pe3ynbratu JOCHIIKEHHS
3aHeCTH y Tabnuiro /.4.

3anucatd MOJEKYJspHE, IIOBHE Ta CKOPOYEHE MOJEKYISIPHO-I0HHE
piBasHHSA Tigponizy Al (SO4); — 3a crynensmu Ta cymapHe. Hammcatu
BHUPaKEHHS KOHCTAHTH T1IpoJiizy. BusHaunTh peakiito cepenonuiia (pH).

3poObuTH BHCHOBOK NpO TE, SIK i€ Tipoiii3 — 3a KATIOHOM YU 3a
aHIOHOM; SIKMM TPOMIKHUN MPOAYKT OTpUMAIM Yy TeEpuIid cramali Ta ska
pPCUOBHHA € KIHIIEBHM MPOAYKTOM,; sike 3HaueHHS pH (< uu >7); MOSCHITh, KUt
THIUKATOP CJI1] 3aCTOCOBYBATH.

I') Tigponi3 xaopuxy natpiro NaCl,

B 2 npo6ipku Haymty 1o 2-3 mut 0,5 v po3unny NaCl B nepiury mpobipky
JI0JaTH JEKUIbKa Kpamellb pO3uMHy iHAuKatopa (eHondraieid, a B IHIIY —
JIeKUIbKa Kpameidb pO3YMHY I1HJAUMKATOpa JIaKMyC Ta CHOOCTepiraTH, 4Yu
BiOyIeThCs 3MiHA 3a0apBiieHHA. Pe3ynbTaTh AOCHIIKEHHA 3aHECTH Y
Tabnuio 7.4.

3anucatd MOJEKYJsIpHE, IOBHE Ta CKOPOYEHE MOJEKYJISPHO-I0HHE
piBHsHHS. BuszHauutu peaxiito cepenouia (pH).

3po0uTH BHCHOBOK TIPO T€, YW e riapoui3; ske 3HaueHHs pH (< gm >
a00 =7); MOSICHITH, YOMY 1HIUKATOPH HE 3MIHIOIOTH 3a0apBICHHS.

Tabnuis 7.4 — Pe3ynbratu cioctepexkenb y pociifi 1.

No ®opmyna | I[naukarop | 3abapBieHHs Peaxiist pH
npoOIpKu coJl IHAMKATOPY pPO3YUHY pO3YUHY
1
2...

Jocain 2. BiiinB TemnepaTypu Ha riapoJris.

VY nBi mpoOipku HamuTH 1o 2-3 Mul po3uuny xiopuay dhepymy(IIl) FeCls
Ta JOJAaTH y KOXHY mOpoOipky 4-5 mu auctuiboBaHoi Boau. [loTiM omny
npoOipKy 3aJUIIUTA Yy IITaTHBI, a JAPYTY MOCTABUTU HArpiBaTH y CTakaH 3
KUIUISIY0I0 BOJOIO Ha €JNEeKTpUYHIM mmautTui. Yepe3 npuOIuM3HO 5 XBHIMH
crocTepiraiite, sik OyJe BiAMIHIOBATUCH KOJIp PO3YMHY B ILHUX MPOOIpKaXx.
[losicHIT, YOMy TIpU HarpiBaHHI 3a0apBIEHHS PO3UYMHY CTA€ IHTCHCUBHIIIIE.

3anumniTe MOJEKYJISpHE, MOBHE Ta CKOPOUYEHE MOJEKYISIPHO-I0HHE
piBusHHS Tigponizy FeCls (3a crynensmu ta cymapre). Hanumnite BupakeHHs
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KOHCTAHTH TiApoiizy. BusHauuth peakiito cepenosuina (pH < um >7); sxwuii
IHAMKATOP y LIbOMY pa3i CJij 3aCTOCOBYBATH.

3poOuTH BHCHOBOK TIPO T€, K BIUIMBA€ 30UIBIICHHS TEMIEpAaTypu Ha
IIBUJIKICTh PEAKIli TipoJi3y Ta MOSICHITH 1€ SIBUINE CIUPAIOYUCh HA MPUHIUII
Jle-Illarenne.

Jocain 3. BiiinB po30aBjieHHsI PO3YHHY COJIi HAa TiapoJIis.

Hanwiite y npo0ipky 2-3 mi po3uuny coii xjopuay ctubiro SbCl, ta
nojamnte 4-5 mi quctuiboBaHoi Boau. Crocrepiraidre, nio Bii0yBa€eThCs.

Hanuoiite MonekyiisipHe, MOBHE Ta CKOPOUYEHE MOJIEKYJIIpPHO-IOHHE
piBusHHS Tiaponizy SbCl, (3a crynmensmu ta cymapre). Hanumrite BupakeHHs
KOHCTAHTH Tipoiizy. BusHauuth peakmito cepenosuma (pH < um >7) Ta sxuii
IHAMKATOP CJ1J 3aCTOCOBYBATH.

3poOuTH BHCHOBOK IPO T€, SIK BIUIMBAE PO30AaBJICHHS PO3YMHY COJ1 HA
TAPOII3.

Jocain 4. IlogaBjieHHs rigpoJi3y.
[Tonoxite y mpoOipky 2-3 kpuctaimuka coii xjaopua cranymy SnCl, (ae

Oinple) Ta modaiTe MpUONM3HO 2 MI JUCTHIBOBaHOI Bogau. Croctepiraiire
MOSIBIICHHS PSICHOTO O110T0 Ocaay OCHOBHOI couti Tipokcoxiopury ctanymy(Il).

Hanmumite MonekysisipHe, TMOBHE Ta CKOPOYEHE MOJEKYISIPHO-10HHE
piBusHHS Tigponizy SnCl,. Hamumnite BUpakeHHS KOHCTAHTH TiAPOII3Y.
Busnauuth peakiiro cepenosuma (pH ) ta sskuii iHAMKATOP CIIiJ] 3aCTOCOBYBATH.

[ToTiMm mo oTpmmaHOro ocamy AojanTe 2-3 Kparli KOHIIEHTPOBAHOTO
po3unny xmopuaHoi kuciotu HCI (1:1) ta cmoctepiraiite po3unHEHHS OCauy.
[TosicHiTh 11 siBUIIe. HanmumiiTe piBHSHHS peaKIlii.

3poOuTH BUCHOBOK TMPO TE, SIK BIUIMBAE JOJABAaHHS CHJIBHOI KUCJIOTH Ha
rigpo:mi3z SnCl,.

IIuTaHHs 4151 CAMOCTINHOI IepeBipKH 3HAHb CTY/ICHTIB

=

[o Take ioHHUI TOOYTOK BOIN?

2. Jlaiite BU3HauUeHHs BoaHEBoro nokasnuka (pH). Slke sHauenus pH y pizHux

CepelOBUIIAX PO3YUHIB?

Sxi pe4OBHHY HA3UBAIOTh KUCIOTHO-TYKHUMU 1HIUKATOPAMHU?

Sy peakilito Ha3UBaKOTh T1IPOITi3?

Ski TUIM coyled TiApOMi3yrOTh? SIKME THI coJiel He mijuisirae peaxirii

riaponizy?

3a SIKUM TTOKa3HMKOM BH3HAYAIOTh CHITY Ta CIA0KICTh KUCIOT Ta OCHOB?

Sxi 3HaueHHs npuiiMae pH y po3unHax pi3HUX THIIIB COJICH?

B sixomy pas3i BimOyBa€eThCs CTyMIHYACTHHA TiApOTi3?

OxapaktepusyiTe CTyIiHb TIAPOII3Y Ta KOHCTAHTY TIAPOJI3Yy. YKaXiTh, SIK

BOHU 3B’s13aH1 TOMIXK CO0O0IO.

10. Ski daxTopu BITMBAIOTH HA MPUCKOPEHHS peakilii riapomnizy? I[loscHITs,
qoMy.

11. SIx mogaBUTH TiaPOITI3?

ok w

©o~NOo
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InauBiavajabnHi 3aBIaHHA 10 J1A00paATOPHOI podooTH Ne/

Tabnuus 7.5.

3aBaanng 1

3aBaanud 2

3aBaanusa 3

Cxiactu MOJIEKyJIApHi, TOBHI | BusHauuTu Busnauutu pH, pOH
Ta CKOPOYEHI 10HHO- | KOHIIEHTPAIII0 PO3UHHY Ta

2, MOJIEKYJISIPHI PIBHSIHHSI T1ApO- | 10HIB BO/JIHIO, | KOHIIEHTpPAII1I0

= | i3y coueii. Bkasatu peaxiiio | rifpokch-ioHiB | rimpokcui-ioHis,

'g cepenopuma (pH), koHCTaHTy | Ta pOH B | IKIIIO KOHIIEHTpAIIis

& | rinpomisy (K;) Ta inmukatop, | po3uuHi, pH |ioHiB  BOomHIO B
SKUM HaWOUTBbINE MiAiHAE IJIs | IKOTO JOPIBHIOE. | PO3YMHI  JIOPIBHIOE
BU3HAYCHHS cepeloBUIIa (MOJIB/7)
PO34YHUHIB Ta MOT0 KOJIP

1 |SnCl;, Na,S 6,8 0,01

2 | AICl;, CH3;COOK 7,2 0,2

3 | Li,CO3, MgSO, 4,0 0,003

4 | RbCIl, CuSOQO, 3,7 0,5

5 | NiSO,, K3PO, 3,1 0,06

6 | Na;SO3z, TiCls 2,4 0,007

7 KzSﬂOg, F9C|3 1,2 0,04

8 | Mg(HCOg3),, NiCl, 6,9 0,0016

9 | Caz(POy4)s, CrCl; 11,5 0,0007

10 COC|2, KQS 7,8 1,6

11 | (NH,),CO3, KCI 2,2 0,08

12 | FeSO,4, Na,SO; 8,3 0,25

13 Hg(N03)2, NH4N03 10,1 0,002

14 | NaySiOs, NiCls 6,3 0,0016

15 | ZnCl,, CaS 94 0,004

16 | NaNOs, FeCl, 8,7 0,0005

17 | NH4Br, CuCl, 2,8 0,06

18 | CaCl,, NaNO, 9,8 0,003

19 | NasPO,, CrCl; 10,5 0,0007

20 | MgSOy4, NapS 11,7 0,0025

21 | NaNO3;, KCNS 1,9 0,014

22 | Zn(NQO3),, CaCOs 12,3 0,002

23 | NaCN, NH4NO; 5,6 0,009

24 K2C03, Cf(NOg)g 13,1 0,08

25 | NH,CI, NaF 2,9 0,006

26 | Na,HPO,4, ZnBr; 12,7 0,0014

27 | CuCl,, CH3;COOK 6,5 0,05

28 | CH3COONH,, CoCl, 7,8 0,07

29 | MnSQ,, KiI 5,4 0,0009

30 | Sn (NOg)z, Na2804 12,3 0,1
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Po3ais V. OcHoBH esteKTpoXiMmii.

JlabopaTtopHa po6oTa Ne8
Tema: «OKHCHO-BiIIHOBHI peakIii»

TeopernyHa YaCTHHA

3a 3MIHOIO CTYNEHS OKHCHEHHSI E€JEMEHTIB, SIKI BXOMSTh 10 CKIaay
BUXIJHUX PEYOBUH Ta MPOIYKTIB peakKilii, XiMiuHi peakilii MO>kKHA MOIITUTH Ha 2
TpyTIH.

Jlo mepmioi rpynu HajexaTh peakilii, 1o BiAOyBalOThCs 0€3 3MiIHU
CTYNEHIB OKHMCHEHHs eneMeHTiB. lle peaxiii moaBiiHOro oOMiHy, BUTUCHEHHS,
KOMILUIEKCOYTBOPIOBAHHS, JIESKI peaKiiii po3Kiaay, i3oMepu3ailii, moaiMepusanii
i T. 1H. Hanmpuxknan:

NasPO; + AICI; = AIPO, | + 3NaCl
CaCO3 + SiO, = CaSiO; + COQT

0
Cu(OH), —— CuO + H,0.
Jlo npyroi rpynu HajiekaThb peakiiii, 10 BiAOYBalOTbCS 31 3MIHOIO

CTYIIEHS OKMCHEHHS €JIEMEHTIB PearvIOUnX PEYOBMH Ta OPOAYKTIB peakmii. Taki
peaxilii Ha3uBarThCS OKMCHO-BiAHOBHMMU. Hanmpuknan:

0 + 2+ 0
Zn+ 2HCIl = ZnCl, + H>1

VY mporeci i€l peakilii cTyniHb OKHCHEHHS IUHKY 3011bmryeThest Bifg 0 mo
+2, a rigporeny — 3MeHuryetses Big +1 mo 0.
Ilin 4yac ckiamaHHA pIBHSHH OKHCHO-BITHOBHHUX PpeEakIllii HEO0OX1THO

BU3HAYUTH KIJIBKICTh €JIEKTPOHIB (€), SKi BiJjIae OJIHA PCUOBHHA Ta MPHUETHYE
iHma. [lpwitHaTO BBaXkatw, MmO pedoBuHA (MOJEKysa, aToM abo i0H), sKa
YMOBHO MPUETHYE €IEKTPOHU HA3UBAETHCS OKUCHHUK; a caM MPOIEC MPUETHAHHS
€JIEeKTPOHIB HA3UBAETHCA BIIHOBIEHHSIM, TOOTO OKHCHUK — BIJIHOBIIOETHCS.
PeyoBuna (mosekyna, arom a0 10H), IO YMOBHO BIJJIa€ CICKTPOHH
Ha3UBA€THCS BIIHOBHUKOM, a CaM IPOIIEC BiAJaud €JIEKTPOHIB — OKHUCHEHHS,
TOOTO BITHOBHUK — OKHCHIOETBCS. Y piBHAHHAX OBP mi obuaBa mporecu
BiIOYBAaIOTHCS ~ OJIHOYACHO: OJHI  YaCTOYKM  OKHUCHIOKOTHCA, 1HIN  —
BITHOBJIIOIOTHCS.

B mporeci npuenHaHHs €IEKTPOHIB (BIIHOBJICHHS) Y OKHCHHKA CTYIICHb
OKHCHEHHSI 3HIXKY€EThCS. Y BIIHOBHHMKA B MPOIECI OKUCHEHHS — 301IbIITY€THCS.

VY KoBalleHTHUX MOJSpHUX crnojiykax B peakiisix OBP ne BinOyBaeTbcs
MOBHA BiJiJaya EJIEKTPOHIB BIAHOBHUKOM, a CIOCTEPIraeTbCcsl BIATATYBaHHS
€JIEKTPOHIB JI0 aToMa OUIbII EJIEKTPOHETaTUBHOTO €JEMEHTa BiJ eJIeMEHTa
MEHIII €JICKTPOHETaTUBHOr0. TOMY MOHATTS BiJJadl Ta IpUEIHAHHS €JIEKTPOHIB
€ YMOBHHM.
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JIyist XapaKTEpUCTUKH MPOIECIB MEPEHOCY €NEKTPOHIB BBEACHO MOHATTS
CTYHEHI0O OKHUCHEHHS. CTYNEHb OKHUCHEHHSI XapaKTepU3Ye€ThCS KIIBKICTIO
SJIEKTPOHIB (€ ), YMOBHO BimaHux (+) ab0 MpUHHATHX (-) aTOMOM €JICMEHTA.

JUis BU3HAUYEHHSI CTYNEHIB OKMCHEHHS €JE€MEHTIB y XIMIYHUX CIIOIyKax
CJI1J1 BUKOPUCTOBYBATH HACTYIHI IpaBUJIa:

1. Jlesiki eneMEeHTH y XIMIYHUX CHOJYKaX MAarOTh NOCTIMHI CTYII€H1 OKUCHEHHS.

e OkcureH (0'2), K €JIEMEHT 3 BEJIUKOI €JEeKTPOHETaTUBHICTIO, Y OUIBIIOCTI
CIIOJIYK MAa€ CTyNeHb OKUCHEHHS = -2. AJle € NeKiIbKa BUKIIOYEHB 3 I[HOTO
MpaBuWia - y cronyii (Topua OKCUTEHY (O+2) Ta B NIEPOKCUJAX TIAPOTreHy i
meTauiB (O): 2 4+ - 4 - 24 -

OF;; H20,; Na,0,; CaO,

e Tigporen (H') y XiMiuHMX criomykax Maifke 3aBKIH Ma€ CTyIeHb OKUCHEHHS
= +1. Ane ¥ 3 UbOro MpaBwUia € BUKIIOUECHHS — Y TIAPUAAX METajiB CTYIEHb
OKHCHEHHS Tiiporeny = -1, Hanpuknan:

+ - +2 -
NaH; CaH,.

o @uyop (F) y XiMIYHUX CIIOJYKaX Ma€ CTYIEHb OKUCHEHHS = -1,

o JlyxHi Metanu (MeTanu 1-1 rpynu TOJI0BHOI MIATPYIH) Y XIMIYHUX CIIOJTyKax
MarTh CTyNI€Hb OKHUCHEHHS = +1.

o JlyxHO-3eMeibHI MeTamu (MeTanu 2-i rpynu TOJOBHOT MIATPYIN) y XIMIYHUX
CTIOJTyKaX MarOTh CTYIICHh OKUCHEHHS = +2.

o Ille nmeaxi metann y XIMIYHHUX CHOJyKaX MalwTh IMOCTIHHY CTYNEHb
okxucuenns: Zn*%: Cd*%: Al

2. Jlmg MOJeKya NIPOCTHX PEYOBHH, SKI CKIIAJAIOTBCS 3 aTOMIB CJIEMCHTIB
OJTHOTO BUIY, CTyneHb okucHeHHs = 0. Hanpuxman:

0O 0 0 0 00 0 O
Oy; Hy; Cly; Bra; Ny; S; Fe; Zn.

3. CTynmeHb OKWCHEHHS €JIeMEHTIB y OiHapHMX I1OHHUX  CIIOJIyKax
pPO3pPaxOBY€EThCSl 3a 3HAKOM Ta BEJIMYMHOK HOTrO EJIEKTPUYHOrO 3apsjy.
Hanpuknan, y cnonyui oain kanito Kl crynenb okucHeHHst kanito = +1, a
Hoxy — BiMoBiAHO = -1.

4, Y OiHapHMX CIOJyKax, M0 CKJIaJaloThCid 3 €JEeMEHTIB, I SKHX
XapaKTEPHUN KOBAJIEHTHUH MOJSPHUM 3B'A30K, CTYIIEHb OKUCHEHHS IPUIAMAE
HETaTUBHE 3HAYEHHsSI JJisi OUIbIl EJIEeKTPOHETaTUBHOTO €JEMEHTa Ta
MO3UTHBHE 3HAYCHHS 11 MEHII  EJIEKTPOHEraTUBHOIO  €JIEMEHTA.
Hanpuknan:

+4 -2 3+ + -
Cywma 3apsiaiB y MoJiekyii moBuHHa 0yt = 0.

5.V crmagaux cronykax, Hampukiax AlPO4 po3paxyHOK MmepeMiHHOTO
cTyneHs: okucHeHHs enemeHTty (P) Bemerscs Takum umHOM: st Al cTymeHb
OKHUCHEHHSI TIOCTIHHUN = +3, OKCHUTeH TEX Ma€ TMOCTIHHUN CTYyNCHb
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OKHCHEHHS = -2; Jajdl MOXEMO CKJIacTH PIBHSAHHSA, BUXOJSIYHM 31
CTBEP/KECHHS, 0 CyMa 3apsiAiB y MosieKyii moBuHHa 0yt =0.
+3x -2
AIPO,
+3+x+(-2)4=0; x=+8-3=+5.

To6to y crionytii AIPO, ctynienb okucHeHHs docdopy = +5.

6. Y OUIBIMIOCTI OpPraHIYHUX CTOMYK XIMi4HI 3B 3K MalOTh C1a00 BHUpPAKEHUIN
noJIsApHMA xapaktep. llpueaHaHHs 10 aroMmiB kKapOoHy (BOHHM CKJIaJaloTh
CKEJIET OpraHiYHHMX CIOJYK) aToMiB (Iyopy, OKCUTEHY, XJOpPY, HITPOTCHY
NPUBOAUTH 10 30UIBIIECHHS MOJSIPHOCTI 3B’SI3Ky MK HHUMHU. CTyINeHb
OKHMCHEHHS €JIEMEHTIB y TaKUX CIOJIyKaX pPO3paxOBYIOTh TaKUM € YUHOM,
K 1 JJ1s1 KOBAJIGHTHUX MOJSIPHUX CIOJIYK.

OKHCHO-BITHOBH1 peakiiii MarOTh BEJIMYE3HE 3HAYCHHS, OCOOJIMBO JIJIA
MIATPUMYBAHHS KUTTEISUIBHOCTI O10JI0TTYHUX cucteM. IIporecu porocunTesy,
JTWXaHHS, TpaBJICHHS — Bce 1ie Janioru OBP.

Hatimommpenimnri 2 Merona ckiaaanas piBHsHs, OBP:

- METOJ| €JEKTPOHHOro OajllaHCy, 3aCHOBaHMW Ha BHM3HAYEHHI 3arajlbHOL

KIJTBKOCT1 €JIEKTPOHIB, K1 IEPEMIIITYIOTHCS Bij BIIHOBHUKA IO OKUCHUKA,;

- Ta METOJI €JIEKTPOHHO-HOHHOTO 0OajlaHCy, SKIH TMepeadadae oKpeme CKIIaJaHHs

WOHHMX PIBHSIHb JJIsI TIPOIECIB OKHMCHEHHS Ta BIJHOBJICHHS 3 TMOJAIBIITAM

M1JICYMOBYBAHHSM iX y 3arajibHe 10HHE PIBHSHHS.

Meroro gaHoi 1abopatopHOi poOOTH € BUBYEHHS METOJY E€IEKTPOHHO-
HOHHOTO OanaHcy.

Cxnamanaasg pisHIHE OBP MeTo10M e1eKTpOHHO-HOHHOTO OaJIaHCY
BEJIETHCS 34 OCHOBHUMM IIPABUJIAMM .

1. Cknactu cxeMy pIBHSHHS peakilii 1 BU3HAYUTU BHUXIJHI PEUOBUHU Ta
MPOIYKTH PEAKITIi:

KMnO, + KI + H,SO, — MnSO, + |, + K,SO, + H,0.

2. Bu3HayuTH CTyNEHI OKUCHEHHS BCIX €JIEMEHTIB, IO BXOIAThH A0 CKIady
BUXIJIHUX PEUYOBMH Ta MPOJAYKTIB PeaKIlii; BUIUIMTU OJIHIEID PHUCKOIO
NEepIInid eJIEMEHT, 10 3MIHUB CTYNEHb OKHCHEHHS Ta JBOMAa PUCKaMH
IHITUN €JIEMEHT, IKUW 3MIHUB CTYNE€Hb OKUCHEHHS

+47 -2 +- +46-2 +2+6-2 0 ++6-2 + -2
KMnO, + K1 + H,S0; — MnSO,4 + 12 + K;S0, + H,0.

3. Cknactu HoHHO-MONeKynspHe piBHsSHHA OBP Ta mo3naunTé omHiero Ta
JIBOMa PUCKaMH 10HH, IO CKJIaAy SIKMX BXOJSATh €JIEMEHTH, 31 CTYIECHIMU
OKHCHEHHS, SIK1 3MIHIOIOThCS .

+ -+ - + 2- 2+ 2 0+ 2- 0
K+MnOy+K+ 1 +2H+ S0, — Mn + S0, + 12+ 2K + SO, + H,0.
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4. CkiactTu MOHHO-CJIEKTPOHHI PIBHSHHS HAMIBPEKI[IH OKHCHEHHS Ta
BIJIHOBJICHHS, BKa3aBIlM PEYOBHUHY-BIJIHOBHUK Ta PEYOBUHY-OKUCHUK;
miaiopatu KoediieHTH Il 000X peakilii; 3piBHATH KUIBKOCT1 BIITaHUX
Ta TPUETHAHUX EJIEKTPOHIB (é), 3HAMIIOBIIN CIUIBHUNA MHOXKHHUK IS
IUX [JBOX HAaIBPEaKIllid; M0JaTH PIBHAHHSA IIPOIECIB OKUCHEHHS 1
BIIHOBJICHHS 3 ypaxyBaHHSM KO€(DIII€HTIB!

-+ 2+ 0
MnO4+ 8H + 5¢ = Mn + 4H,0 I 2 | npoyec 8i0HOGNEeHHS; OKUCHUK

- o 0 .
2I"-2¢e =1 | 5| npoyec oxucnenns; sionosnux

2MnO, +16H" +10 I" = 2Mn°" + 8H,0° +5,°

5. Otpumani Koe}illeHTH NPOCTABUTU y MoJiekyisipHe piBHAHHS OBP Ta
MPOBECTU TEPEBIPKY KOE(PILIEHTIB TAKUM YHUHOM, W00 3PIBHSIINCH
KUIBKOCTI BCiX €JIEMEHTIB, 5IKl BXOASTh A0 CKJIaay BUXIJIHMX PEYOBUH Ta
MPOJYKTIB peaKiii:

2KMnO,4 + 10Kl + 8H,S0, = 2MnSQO, + 5I, + K;SO,4 + 8H,0.

Ha mnpomec OKuCICHHSA-BIAHOBICHHS 3HAYHOIO MIpPOI0 BIUIMBAIOTH
KOHIIEHTpaIlli OKHCHHMKAa Ta BIJTHOBHUKA. I3 30UIbIIIEHHSIM KOHIICHTpAIlil
OKHCHHKA a00 3MEHIICHHSIM KOHIIGHTpaIlli BIJHOBHHKA OKHCHIOBAJIbHA
31aTHICTh OKHCHHKA 3POCTAE.

MoxIHBICTD 1 XapakTep Nepediry OKMCHO-BITHOBHOTO MPOLIECY 3AJICKUTh
W Big peakii cepedoBuila po3uwHy. JloCHiAuUTH IO 3aJ€KHICTh MOJKHA,
BUKOHABIIIU JTOCTIJ 5 €KCIIEPUMEHTAIBHOT YaCTUHH JIA0OPaTOPHOi pOOOTH.

Y cTexioMeTpUYHHUX  pO3paxyHKaX  OKHCHO-BIJIHOBHUX  peakIliit
KOPUCTYIOTHCSI MOJIIPHUMH MacaMH €KBIBaJICHTIB OKMCHHKA Ta BITHOBHHUKA.

MounspHa maca ekBiBaneHnTa okucHuka abo BimnosHuKa (Mexs) nopisarOC

BigHomennto ix wmomspuoi macu (M) 1o xinmekocti enextpomis  (Ne),
MpUETHAHUX OKUCHUKOM a00 BiITaHUX BITHOBHUKOM:

MeK@ = M—

ne
Hanpukiaz, y Bule po3misiHyTiH peakilii MoJispHa Maca €KBIBaJIECHTY OKUCHHKA
M (KMnQOs) _158
S)
A MoJsipHA Maca €KBIBaJEHTY BIJIHOBHUKA MOy KaJlilo:

=31,6 r-ekB/MOJIb.

nepmanranatry kaniro:  Mexs (KMNnQO,) =

M (KI) _166
Mexs (K1) = %:7: 83 r-eKB/MOIIb.

Po3pi3HsitoTh 3 THUIHM OKWUCHO-BITHOBHHMX pEAKIIii: MIKMOJICKYISIPHI,
BHYTPIIIHBO MOJICKYJISIDHI Ta peakilii CaMOOKHCHEHHS-CaMOBI1IHOBJICHHS

(TMCTPONOPITiFOBAHHSA).
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MiXMOJIEKYJISIpHI peakilii BiAOyBarOThCSA 31 3MIHOIO CTYIEHS OKHCHEHHS
aTOMIB y pPI3HUX MOJIEKYyJIaX, BOHU CTAHOBJSATh HAWOLIbIIYy TPYyMy OKHUCHO-
BIJTHOBHOBHHUX PEaKIliid, HAIPUKIaI;

+2 0 42 0
CuSO, + Zn = ZnS0O, + Cu.

[lin vac mnepediry MDKMOJICKYJSIPHUX peakilii OOMIH eJIeKTpPOHAMU
B110YBa€THCSI MK aTOMaMH, 1110 BXOASTH JI0 CKJIay PI3HUX MOJIEKYII.

[1in yac nmepeOiry BHYTPIIIHbOMOJEKYISIPHUX OKMCHO-BIAHOBHUX PEaKIlii
B110yBa€ThCS 3MIHA CTYNEHSI OKUCHEHHS aTOMIB PI3HUX €JIEMEHTIB, 1110 BXOJSATh
710 CKJIaay OJHI€T i Ti€l & camoi MoJiekynu. [[o nmux peakiiii HaJIeXaTh peakili
TEPMIYHOT'O OKHMCHO-BITHOBHOT'O PO3KJIaJaHHsl, HAMPUKIA!

-3 +6 0 +3
(NH4)2CF207 = NzT + Cr,03 + 4H,0.

Peaknii  caMOOKHCHEHHS-CAMOBIAHOBJICHHS (mucnipomopIriroBaHHs)
B1JI0YBAIOTHCA 3 OJJTHOYACHUM 30UIBIIEHHSAM 1 3MEHIIEHHSAM CTYIE€HS OKUCHEHHS
aTOMIB OJIHOTO M TOrO K CaMmoro ejeMeHTta. Takl peakiili MOXXyTh BigOyBaTuCs
JUIIe MDK TaKUMH CIOJYKaMH, B MOJIEKYJaX SKMX € aTOMU 3 MPOMDLKHHM
CTYIIEHEM OKHCHEHHs, TOOTO TaKl CHOJYKH MOXYTh OyTH SIK OKMCHUKOM, TaK 1
BIIHOBHUKOM, HaIllpuKJIa;

0 - +
Cl, + H,O = HCI + HCIO.

Takox ICHYIOTh Taki CKJIaJHI PEYOBMHHU, IO 32 NMEBHUX YMOB 3a3HAIOTh
BHYTPIIIHBO MOJICKYJISIPHOTO OKHCHEHHS-BIJHOBJICHHS, y IbOMY pa3l OJlHa
CKJIaJIOBa YaCTWUHA PEYOBHUHHM € OKMCHHUKOM, a 1HIIA — BiAHOBHHMKOM. Ilim wac
nepediry TakuxX peakiiil BiJOyBa€TbCS BHUPIBHIOBAHHSA CTYINEHS OKHCHEHHS
aTOMIB OJHOTO M TOTO ) CaMOro €JIEMEHTa, TOOTO Il MPOIECH Ha3UBAIOTHCS
KOHTPJAUCIpONOpIitoBaHHsAM. Taki mpoilecu BiOYBalOThCS 3HAYHO PIIIIE, HIXK
peakilii gucnponopiiiroBanHs. Hanpuknan:

-3 43 0
NHsNO, = N, + 2H,0.
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EKCIIEPUMEHTAJ/IbBHA YACTHUHA

MeTa poOOTH:

- OBOJIOJITH METOJIOM pO3pPaxyHKYy CTYINEHIB OKHCHEHHS €JIE€MEHTIB Yy
CKJIQJIHUX CIIOTYKax;

- OBOJIOJIITH METOJOM BH3HAYEHHS OKHMCHHMKA Ta BIJHOBHHKA, MPOIIECIB
OKHCHEHHS Ta BITHOBJICHHS,

- OBOJIOJITH METOJOM €JIEKTPOHHO-MOHHOTO OanaHCy MJis CKJIaJaHHsS
piBasiHb OBP.

Ipuaaam Ta peaKkTHBM:

- po3unnn: cojsHol kuciaotu HCI (2 H), cipuanoi kucioru H,SO,4 (2 H),
rigpokcuny kamito KOH, xnopuny depymy (III) FeCls, Wominy kamiro KiI,
nepmanranary kaiito KMnQOy, ponanigy amonito NH;SCN a6o kamito KSCN,
oixpomarty kaiito K,Cr,0y;

- TUCTWJILOBAHA BOJIA; PO3YUH KpoXMaltio; rpanyiu Al;

- KpUCTaJiyHi codi: 3anizauit kynopoc FeSQ,, cymsdit Hatpito Na,SOs;

- IITaTUB C TPOOIpKaMU, MIKPOIIIMATEIII.

Xix BUKOHAHHSA

Hocain 1. Oxuciaenns merany ionamu rigporeny (H™).

Y npobipky HabepiTh 2-3 mu po3uuny constHoi kuciaotu HCI (2 H) Ta
OMYCTUTh B Hei rpaHyiny amoMmiHiio. CrocrepiraiiTe peakiilo OKUCHEHHS
AMOMIHI0. SIKUif Ta3 BUIIISETHCS?

Hamumnite piBasaas OBP, BU3HauTe pedOBMHU OKHMCHHK Ta BITHOBHHUK,
mia0epiTh KOePilllEHTU METOJIOM EJIEKTPOHHO-HOHHOro Oanancy. Po3paxyiite
MOJISIPHI MacH €KBIBAJICHTIB OKHCHHUKA Ta BIAHOBHHKA.

VY BHCHOBKY HajailTe MOPIBHSUIBHY XapaKTEPUCTUKY OKHMCHO-BIIHOBHUX
BJIACTUBOCTEHN aTOMIB Ta 10HIB ATIOMIHIIO Ta T1JIPOTEHY.

Hocain 2. OxucyieHnst ioxin- ioniB ionamu gepymy (I1I).

Y mpoOipky BHeciTh 2-3Mia po3umHy comi depymy (III) ta momarite
1-2 xpamni po3umny comi Kl — crnocrtepiraiite 3miHy 3a0apBieHHS PO3YHHY.
BwmicTt mpoOipku po30aBTe TUCTUIHOBAHOIO BOJOIO JI0 CJIa00-KOBTOTO KOJIbOPY
Ta momaite 1-2 kparuri po3umHy Kpoxmaiio. [IOSIBICHHS CHHBOTO KOIhOPY
CBITYUTH MPO HASIBHICThH y PO3YMHI BIILHOTO HOJY.

Peaxiiiss BUpaxa€Tbcsi CXEMOIO:

Fe* + 1" — Fe™ + 1

CknaaiTh  €JNEeKTPOHHO-10HHI ~ PIBHSIHHS  NPOILIECIB  OKHUCHEHHS  Ta
BiTHOBJICHHS. BUSBITH PEUOBMHM OKHMCHHUK Ta BiAHOBHHMK. CKIaiTh PIBHSIHHS
OBP Ta miabGepith KOe(DIIIEHTH METOJOM E€IEKTPOHHO-IOHHOTO OaaHcy.
Po3paxyiiTe MOIsIpHI Macu €KB1BaJI€HTIB OKMCHHUKA Ta BIIHOBHUKA.

3po06iTh BUCHOBOK IIPO OKHMCHO-BIJHOBHI BJIACTHUBOCTI aTOMIB Ta 10HIB
rony ta karioHiB ¢pepymy (II) i (I11).
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Hocain 3. Oxuciennst kationiB ¢pepymy(Il) nepmanranar — ionamu.

VY npoOipKy BHECITh MPUOIN3HO 2 MJI PO3YUHY COJII TIEPMAHTAaHATY KaJlifo
KMnO, ta nogaiite mpuOIM3HO CTUTBKH X PO3UMHY cipuaHoi kuciotu H,SO,
(2 wm). Ilorim ©HaOepiTh Ha KIHII MIKpPOIITIATENII HEBEIUKY KUTBKICTh
KPUCTAIIYHOI COJi 3ami3Horo kymopocy FeSO, ta pomadite y mpoOipky.
Crnocrepiraiite noBHe 00€30apBICHHS PO3YUHY — 11€ CBIIYUTH MPO BIAHOBJICHHS
ioniB MnO,” y kationn Mn?".

B 06e30apBiieHnii po3urH qoAaiiTe AeKUIbKa Kpareiab PO3YMHY poAaHiTy
amorito NH;SCN a6o xamito KSCN Ta 3a 3MiHOIO KOJIBOPY pPO3UYHHY
nepekoHaiTech, 1o Kkarionu depymy(Il) Fe”* OKHCHIOIOTBCS B KaTiOHH

depymy(I1l) Fe**:
6KSCN + Fe,(S0,)3 = 3K,S0,4 + 2[Fe(SCN)s].

YEepBOHMM KOJIIp

OKHCHO-BIIHOBHA  peakiis B3aeMoxdii  KarioHiB  depymy(ll) 3
MepMaHTaHAT—10HAMHU BUPAXKAEThCS CXEMOIO:

MnO, + H' + Fe?* - Mn?" + Fe*' + H,0.

3a CXeMOIo:
- CKJIaJIiTh €JIEKTPOHHO-10HH1 PIBHSIHHS OKMCHEHHS Ta BITHOBJICHHS,
- BU3HAYITh OKUCHHUK Ta BIJTHOBHUK;
- CKJIaJITh CyMapHEe OKMCHO-BIJIHOBHE PIBHSHHS;
- mia0epith koediieHTH y piBHsAHHI OBP Ta 3p00iTh nepeBipKy;
- pO3paxyuTe MOJISIPHI MaCH €KBIBAJICHTIB OKHUCHHUKA Ta BIJTHOBHHKA.
3po0iTh BUCHOBOK PO OKHMCHO-BITHOBHI BJIACTUBOCTI IIEpMaHTaHAT-10HIB
MnQO, Tta xationiB ¢pepymy (II) i (III).

Hocaix 4. OxucHi B1acTuBocti 6ixpomary kaJirw K,Cr,0;,

Y mpo0bipky BHeciTh 2-3 Mi po3umHy codi Oixpomar kamito K,Cr,0Oy
(3BepHITH yBary Ha KOJIp PO3UYWHY), JOAAalTe NMPHOIM3HO TaKy X KUIbKICTb
po3unny cipyanoi kuciotn H,SO, (2 u). IloriMm HaOepiTh Ha KiHII
MIKpOIIIATENsl HEBEJIUKY KUIBKICTh KPUCTAIYHOI COJI1 3aJI3HOTO KYIOPOCY
FeSO, Ta nomaiite y mpoOipky. Crnoctepiraiite 3MiHy 3a0apBJICHHS PO3YHHY.
Cxema OKMCHO-BITHOBHOI peaKiiii:

K,Cr,0O; + FeSO,4 + H,SO, — Cr2(804)3 + F62(804)3 + K, SO, + H,0.

3a METO/I0M €NIEKTPOHHO-10HHOT'O OaJlaHCy:
- CKJIaJIITh €JIEKTPOHHO-10HH1 PIBHSHHS OKUCHEHHS Ta BITHOBJICHHS,
- BU3HAYITh OKHCHHUK Ta BIJTHOBHUK;
- CKJIaJITh CyMapHE OKMCHO-BIJIHOBHE PIBHSIHHS;
- mia0epith koedinieHTH y piBHsAHHI OBP Ta 3p00iTh nepeBipKy;
- pO3paxyuTe MOJISIPHI MacH €KBIBaJICHTIB OKHCHHUKA Ta BITHOBHUKA.
3po0iTh BUCHOBOK IIPO OKHMCHO-BIJTHOBH1 BJIACTUBOCTI aHIOHIB Cr2072' Ta
KaTIOHIB Cr3+, Fe 2+, Fe 3"
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Hocain 5. OkucHi BJACTHBOCTI NEePMAHTaHAT-iOHIB Yy Ppi3HHX
cepel0BHINAX.

A) Kucie cepenouie — pH<7.

VY mpobipky HabepiTh 2-3 mMi po3unHy nepManraHaty kamiro KMnO, ta
JoJaiTe JCKiIbKa Kparmeilb po3duHy cipuanoi kuciotu H,SO, (2m ). IoTim
Ha0epiTh Ha KIiHII MIKpOIINAaTedsl HEBEJIHMKY KUIbKICTh KPUCTAIIYHOI COJIi
cynedity Hatpito Na,SO; ta gomaiite y mpobipky. Croctepiraiite 3HUKHEHHS
(107€TOBOTO KOJIbOPY PO3YMHY JO MOBHOTO 00€30apBIIEHHS, 10 CBIAYUTH MPO
BimHOBICHHS ioHIB MNO,” y KaTioHH Mn%". Cxema peakiiii OBP:

KMnO,+ Na,SO3; + H,SO, = MnSO, + Na,SO, + K,SO, + H,0.

¢ioneroBuit 6e30apBHUI

3a METO/I0M €JIEKTPOHHO-10HHOT'O OaNlaHCy:
- CKJIaJIiTh €JIEKTPOHHO-10HH1 PIBHSAHHS OKMCHEHHS Ta BITHOBJICHHS,
- BU3HAYITh OKUCHHUK Ta BITHOBHUK;
- CKJIaJITh CyMapHEe OKHCHO-BIJIHOBHE PIBHSHHS;
- mia0epith koedimieHTH y piBHsiHHI OBP Ta 3p00iTh nepeBipKy;
- pO3paxyMTe MOJISPHI MacH €KBIBAJICHTIB OKHUCHUKA Ta BITHOBHHKA.
3po6iTh BUCHOBOK ITPO OKWCHI BIACTUBOCTI IepMaHraHaT-ioniB MnNO4 'y
KHCJIOMY CEPEOBUIILI.

b) HeiiTpaabhe cepenoBunie — pH=7.

Y mpobipky HaOepith 2-3Ma po3unHy mnepmaHranary kaiito KMnOy,
p030aBTe JUCTHIILOBAHOIO BOJOKO TA JHOJANTE HEBEIUKY KUIBKICTh KPHUCTAIIYHOL
comi cymbdity nHarpito Na,SO; mHa kiHmi wikpommatens. Croctepiraiire
BUMIAAIHHS Oyporo ocagy, IO CBIAYUTH MpO BigHOBIEHHS ioHiIB MnOj vy
Hepo3unHHME okcua Manrany(IV) MnO,, Cxema peakii OBP:

KMnO,+ Na,S0O3; + H,O = MnO, I+ Na,SO, + H,0.

¢ioneroBuit Oypuii

3a METO/I0M €JIEKTPOHHO-10HHOT'O OallaHCy:
- CKJIaJIiTh €JIEKTPOHHO-10HH1 PIBHSAHHS OKMCHEHHS Ta BITHOBJICHHS,
- BU3HAYITh OKUCHHUK Ta BIJHOBHUK;
- CKJIaJITh CyMapHE OKHCHO-BIJIHOBHE PIBHSIHHS;
- miabepith koedimieHTH y piBHsAHHI OBP Ta 3p00iTh nepeBipKy;
- pO3paxyuTe MOJISIPHI MacH €KBIBAJICHTIB OKHUCHHUKA Ta BITHOBHHKA.
3po06iTh BUCHOBOK TIPO OKHCHI BIACTHBOCTI MepManranat-ioHiB MnO4~ 'y
HEUTPaJILHOMY CEPEIOBUIIII.

B) Jly:kHe cepenoBuiie — pH>7.
VY mpobipky HabepiTh 2-3Mi po3unHy nepManraHaty kaiito KMnO, ta momaiite
AeKinbKa Kpamenb po3uuny rigpokcuay kanito KOH. [lotim HabGepith Ha KiHII
MIKpOIITATEN HEBEJIUKY KUIbKICTh KPUCTAIYHOI COJl Cynb(iTy HATpiO
Na,SO3; Ta momaiite y mpoOipky. CroctepiraiiTe MOsSBY 3€JIE€HOTO KOIhOPY
pO3YMHY, IO CBIAYWTH TPO BIJHOBJICHHS TMepMaHTaHat-ioHiB MnO, vy
manranar-ioan MnO,%~ . Cxema peakuii OBP:
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KMnO,+ Na,SO; + KOH = K,;MnO, + Na,SO, + H,0.

¢bioneroBuit 3eJIEHUI

3a METOJIOM €JIEKTPOHHO-10HHOTO OaJlaHCy:
- CKJIaJIITh €JIEKTPOHHO-10HH1 PIBHSHHS OKMCHEHHS Ta BITHOBJICHHS,
- BU3HAYITh OKMCHHUK Ta BITHOBHUK;
- CKJIaJIITh CyMapHE OKUCHO-BIJITHOBHE PIBHSIHHS;
- miabepith koedimieHTH y piBHsiHHI OBP Ta 3p00iTh nepeBipky;
- po3paxyiiTe MOJISIpHI Macy €KBIBaJICHTIB OKMCHHUKA Ta BITHOBHUKA.

3po06iTh BUCHOBOK PO OKMCHI BIACTUBOCTI IepMaHraHaT-ioniB MnO,4~ y
TY>KHOMY CEpEeIOBUIIL].

UYepes nesikuil yac 3eieHe 3a0apBICHHS PO3UYMHY 3HUKAE Ta MOSBISETHCS
Oypuii ocan. Lleit mporec BimOyBaeTbCsl B Ppe3ydbTaTi peakilii OKHCHO-
Bi/ITHOBHOTO 1M CIIPONOPIiIOBAHHS, CXEMA SKOTO:

K:MnQO,4+ H,0 = KMnO4 + MnO; |+ KOH

3eNeHul Oypuit

3a METO/I0M €JIEKTPOHHO-10HHOT'O OallaHCy:
- CKJIaJIiTh €JIEKTPOHHO-10HH1 PIBHSAHHS OKMCHEHHS Ta BITHOBJICHHS,
- BU3HAYITh OKUCHHUK Ta BIJHOBHUK;
- CKJIaJITh CyMapHE OKHCHO-BIJIHOBHE PIBHSIHHS;
- mia0epith koediieHTH y piBHsiHHI OBP Ta 3p00iTh nepeBipKy;
- pO3paxyuTe MOJISIPHI MacH €KBIBAJICHTIB OKHUCHHUKA Ta BITHOBHHKA.
3p061TL BHCHOBOK TIPO OKHCHO-BIJIHOBH1 BJIaCTUBOCTI MaHTaHAT-10HIB
MnO,* y peaxIii TUCIpOIOPIiFOBAHHS.

IIuTaHHs 4151 CAMOCTINHOI epeBipKH 3HAHb CTY/ICHTIB

YumM BiIpI3HAIOTHCSA OKHCHO-BiHOBHI peaKIlii BiJl IHIIMX XiMIYHHX PEaKIliii?

Ski mpoliecn Ha3UBAIOTHCS OKHUCHEHHSM Ta BITHOBJICHHSM?

[To BimOyBa€eThCs 3 OKUCHUKOM Ta BiTHOBHUKOM I1iJ1 9ac npoTikanas OBP?

Yum XapaKTepU3y€eThCs CTYMIHb OKHCHCHHS ?

SIKi peYOBUHU € TUTIOBUMHM OKHMCHHUKAaMH, TUIIOBUMH BIJJHOBHUKAMH, Ta SKI

MIPOSIBJISIIOTH OKMCHO-BITHOBHY MOJIBIHHICTH ?

Sk 3anexuTh Tepedir  OKUCHO-BIJHOBHOTO MpOLECY BII  peakiii

cepenopuiia? HaBemiTh mpuKiaau.

Y 4oMy CYTHICTh peakilii OKMCHO-BITHOBHOT'O JUCTIPOIIOPIIIOHYBAaHHS ?

Sk po3paxyBaTh MOJISIpHY Macy €KBIBaJI€HTa OKMCHUKA Ta BITHOBHHKA?

SIki iICHYIOTh THIT OKMCHO-BIJTHOBHUX PEAKITIi ?

10 SIk1 MmeToau BUKOPUCTOBYIOTD VISl CKJIa/laHHs piBasIHE OBP?

11. flka TOCHIIOBHICTh CKJAJAaHHS OKHCHO-BITHOBHUX peaKIiii MeTOoI0M
CIEKTPOHHOTO Oanmancy? HaBemiTh mpuKIagy.

12. SIlka TMOCHIZOBHICTh CKJIQJaHHSA OKHCHO-BITHOBHHX PpEAKIIH METOJIO0M
eJIEKTPOHHO-10HHOTO Oanancy? HaBenith mpukiaay.

13. Sk BU3HAYAIOTHh HAMPSM MEPEOIry OKUCHO-BITHOBHUX PEAKIIiii?

14. Ha3BiTh OKHCHHKH, III0 MAIOTh BEJIUKE 3HAUCHHS Y TEXHII Ta 1abopaTopHii

MPaKTHIII.

SAES A .

o

© oo~
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InauBiaVaJIbHI 3aBTAHHSA 10 J1A00PATOPHOI podoTH N8

1. V piBassHHl OBP BH3HAuUWUTh CTyHiHb OKUCHEHHS KOKHOMY €JEMEHTY Y

KOKHIM CTIONYIII.

Hanumits piBusaass OBP B 10HHO-MOJIEKYISIPHOMY BHU/II.

Hanumite HamiBpeakilii OKUCHEHHS Ta BiJHOBJIEHHSI METOJOM €JIEKTPOHHO-

10HHOTO OaJlaHCy. YKaXITh PEYOBUHY — OKMCHUK Ta PEUOBHHY — BIJIHOBHUK.

4. TlinGepith koediuieHTH y piBHsAHHI OBP MeTOOM €neKTpOHHO-10HHOTO
Oanancy. 3po0iTh NEPEBIPKY.

5. Po3paxyiite MOJIsIpHY Macy €KBIBaJIEHTY OKHCHHKA Ta BJTHOBHUKA.

w

{Vl’ Pienanna OBP
eapianmy

1 HsP + KMnO, + H,SO, — H3PO,+MnSO,+ K,SO,+H,0

PbS + HNO; > S + Pb(N03)2 + NO +H,0

KBr + KBrO;+ H,SO, — Br, + K,SO4 + H,O

SO, + Br, + H,O - H,SO, + HBr

MnSO, + PbO, + HNO; - HMnO, + Pb(N03)2 + PbSO, + H,0

AS,03+ |, + KOH — K3AsO, + Kl + H,O

2
3
2
5 KNO, + PbO, + HCI —» KNO; + PbCl, + H,O
6
7
8

MnSO, + KCIO3; + KOH —» K,;MnO,+ KCI + K,SO, + H,0O

9 HgS + HNO;z; + HCl —» HgCl, + S + NO + H,0

10 ClO;+ H,O —» HCIO; + HCI

11 AgNO;; + AsH, + H,O —» Ag + H3AsO,+ HNO;

12 Bi,O; + Cl, + KOH — KCI + KBiO; + H,O

13 Na,C,04 + KMnO,4 + H,SO4 — MnSO, + CO, + H,0 + K,SO4

14 Kl + K,Cr,07+ H,SO4 — |5 + Cr2(804)3 + K,SO, + H,O

15 Cu,0 + HNO3;— CU(N03)2 + NO + H,0

16 K>S + KMnO4 + H,O - S + MnO, + KOH

17 KMnO,+ HBr - KBr + MnBr;, + Br, + H,0

18 P+ HNO3;+ H,O —» H3PO,+ NO

19 KNO, + H,SO, + K,Cr,0; - KNO; + Cr2(504)3 + K,SO,+ H,O

20 P+ HIO;+ H,O — H3PO,+ HI

21 Na,S,0;+ HCl —» S + SO, + NaCl +H,0

22 KNO, + H,SO,+ KMnO,; — KNO3; + MnSO, + K,SO4 + H,0O

23 I, + Ba(OH)z - Ba(I03)2 + Bal, + H,0O

24 H,O + KBrO + Fe(OH), — Fe(OH)s + KBr

25 SO, + NalOz; + H,O —» H,SO, + Nal

26 NaCrO, + PbO, + NaOH — Na,CrO, + Na,PbO, + H,O

27 FeSO, + KCIO; + H,SO, — Fez(SO4)3 + KCIl + H,0

28 H,O, + KMnO,4 + H,SO, - MnSO, + K,SO,4 + O, + H,O

29 HCIl + CrO; —» Cl, + CrCl; + H,O

30 Zn + H;SO; - ZnS0O4 + HS + HO
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Po3aia VI. OcHoBM KO0JI0ITHOI XiMil.

KonoinHa Ximis BHBYa€ AMCHEPCHI CUCTEMHU. [ eTeporeHHy cucrtemy,
YTBOPEHY 3 YAaCTOYOK MOAPIOHEHOT PEYOBHMHU 1 CEPEJOBHUIIA, B SIKOMY BOHHU
MICTATBCS, Ha3UBAIOTh OucnepcHoro. J1o HUX BIAHOCSTH 30J11 Ta refi, CYCHeH3ii
Ta eMyJbCii, macTH, (hapOou, NOPOILIKH, MOJIKPUCTAIIYHI Ta MOPUCTI TLIA, TUTIBKH,
MiHU, aepo30JIi; a TAKOX MPUPOIHI TucnepcHi cuctemu (Hadra, Byriuis, Topd,
IPYHTH, TIPChKi TIOPOJIH, XMapH, TYMaHH, KIIITHHH KUBUX OPTaHI3MiB).

Yacroukn mojapiOHeHOi (AmcrieproBaHol) PEeYOBHHU B TaKUX CHCTEMax
Ha3UBaIOTh JAMCHEPCHOIO (ha3010, a cepelloBUIllE, B SIKOMY BOHU MICTSTHCA —
JUCTIEPCIAHUM CEPEIOBUIIIEM.

Jlnst  00'ekTiB  KOJOiAHOI XiMii XapakTepHi JBI CHUIbHI O3HAKH:
2emepozeHHicms ~ Ta  OucnepcHicme, SIKI  Oynu  BUAUIEHI  OJHUM 3
OCHOBOIIOJIOKHHUKIB BITUYM3HAHOI Kosmoimuoi ximii H.II. IlickoBuMm 1mie Ha
MOYATKy TPUMALSITUX POKIB MHUHYJIOIO CTOpIYYs, IO MOBHICTIO BIJINOBIAA€
Cy4aCHOMY YSIBJIEHHIO IPO 00'€KTH KOJOIAHOT XIMIi.

I'emepocennicmsb, abo OaraTtoa3HiCTb, BKa3ye€ Ha HASIBHICTb Yy
JUCIIEPCHUX CHUCTEM MOBEPXHI po3/iny (a3, MOBEPXHEBOIO IIApy — OCHOBHOIO
o0'ekta 111€i Hayku. KonoinHa Ximisi pUIisie yBary B MEpILy 4epry Mpoiecam
Ta SIBUIIaM, 10 BiI0YBAaIOTHCS HAa MEX1 MoAuUTY das.

TakuM 4YMHOM, TE€TEPOTeHHICTh — 1€ HaWBaXJIMBIIIA O3HAaKa O0O0'€KTIB
KOJOIAHOT XiMii. Y mipydyHuky «Di3MKO-XIMIYHI OCHOBU KOJIOiTHOT HAyKH»
(1934) H.II. IlickoB mmcaB. «...KOJOIAHA CHCTEMa - € CHCTEMa IeTCPOrcHHA,
T00TO Oararodaszna. I3 mier0 OGaraToaszHICTIO KOJOIIHUX CHUCTEM 1 3 (PaKToM
ICHYBaHHSI B HUX NOBEPXHI po3AU1y (a3 3B’s3aHi BCl HAWOUIbII XapaKTepHI
BJIACTUBOCT1 KOJOIAIB....».

Jlucnepcuicmo (po3ApoOIIeHICTh) — Apyra O3HakKa O0'€KTIB KOJIOigHOT
xiMmii. BoHa BU3HA4Ya€eTbCs pO3MipaMu YACTHHOK JUCIEPCHOI ¢a3u. 3 pocToM
JUCIIEPCHOCTI, TOOTO 31 3MEHIICHHSIM PO3MIPY YAaCTHUHOK, 30UIbIIYETHCS POJIb
MOBEPXHEBUX SBUII Y T€TEPOAUCTIEPCHINA CUCTEMI.

OnHak, SIKILO TEeTEePOreHHICTh € YHIBEPCaIbHOI 03HAKOIO, TOMY IO OY/Ib-
aka OaraTtoda3Ha cucTeMa B MPUHIMIL MOXe OyTH 00'€KTOM KOJIOITHOI XIMil
(Hampukian, il moBepXHs po3aiury (as), To OJHA TIABKK JIUCHEPCHICTH 0e3
reTEPOreHHOCTI HE MOXE BU3HAYaTH MPUHAIECKHICTh KOHKPETHOTO 00'€KTa 10
KoJoigHoi Ximii. Hampukiana, iCTUHHI PO3YMHHU MPEJACTABIAIOTH AUCIEPCIIO
PO3YMHEHOI PEYOBUHHU B PO3UMHHHKY, ajie BOHU HE € KOJIOIAHOK CUCTEMOIO.

Knacugikauisa 1ucnepcHuX CMCTEM 3a CTYIIeHeM JTUCIIePCHOCTI.

Jucnepcii pedyoBUH MOXYTh MaTh BCUIIKY ¢Gopmy: cdepuuny,
UWJIIHJPUYHY, PSIMOKYTHY, a Haf4acTIIlIe - HEPaBUIIbHY.

Mipoto noipiOHEHOCTI peUOBUHH NMPUNHATHI CTyNiHb AucnepcHocTi d —
BEJIMYMHA, OOCpHEHA JIO PO3Mipy YaCTHHKH (a):
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d=1/a,m"’
Hamnpuknan, njs vacTuHOK po3MipoM 1HM, TOOTO 1171st a = 1HM,
d=1:10°=10n "
3pydHO KOPUCTYBATHCS MOKA3ZHUKOM aucnepcHocTi (pd):
pd = lgd = - lga.

Jiis Hammoro npukitany pd = 9.
3 wMeroro kiacudikamii gucnepcHux cucteM B.OctBampn  (1910)
3aMpPONOHYBAB KAy JUCIEPCHOCTI:

pd 3456 789 10
Cucremnu I'py6o- . | KonoimnoaucmnepcHi MonexkynsipHO-IUCTIEpCHI
JUCTIEPCHI

Jlo Tpy0o-mucnepcHUX cucteM (po3Mip YacTOYOK JUCIEpCcHOi (aszu
a > 1.107'M) BiZHOCSTBCS CyCIeH3ii, eMyIbCii, MUT, TTOPOIIKH, YACTHHKH SKHX
He TPOXOJATH Kpi3h nanepoBuii GinsTp. IX MO’kKHA MOGAYUTH I1iJ MIKPOCKOIIOM,
BOHU OC1/Ial0Th B P1IKOMY YH ra30MoAI0HOMY CE€peI0BHILI.

3 1Hmoro OOKy IIKaJdW PO3TAIllOBaHI MOJIEKYJSIPHO-IUCIIEPCHI CUCTEMU
a6o icrurHi po3umnu (po3mip wactowox a < 1.10°m), abcomoTHO mPO30OPI,
MOBHICTIO 30€epiratoThCsi MpPU TPUBAIIOMY CTOSHHI. B ICTHHHMX po3unHax
MOJIEKYIM ab0 10HM PO3YMHEHOI PEYOBHMHHU PIBHOMIPHO PO3MOJUIECHI cepen
MOJIEKYJ PO3YMHHUKA. PO3uMHEHa pPEedyOBUHA 1 PO3UYMHHHUK YTBOPIOIOTH €IUHY
ONHOPIAHY a3y, B SKIM HEMae MOBEPXHI MOAUTY MIXK AMCHEPCHOIO (a30i0 Ta
aucriepciiHuM cepenoBuieM. OQHIEIO 3 XapaKTEPHUX OCOOIMBOCTEN ICTUHHUX
PO3YHUHIB € T€, [0 MEXaHIYHUM CIIOCOOOM HEMOKJIMBO PO3IIIUTH PO3ZUMHHUK 1
PO3YMHEHY B HbOMY PEUOBUHY.

KonoigHoaucnepcHi cucTeMu MaloTh pO3MIP YaCTOUOK JIUCTIEPCHOT (pa3u:

1.10°m < a <1-107"m, 200 - Bix 1 mo 100 aM.

Taki cucteMu Ha3UBAIOTh 30/MU. 3aJEXKHO BIJ arperaTHOrO CTaHy
PCUOBUHM JTUCIICPCIHHOTO CEPeIOBUINA PO3PI3HAIOTH Jio3oimi (Jrioc- piauHa 3
rpeupkoi), rigpo3oni (AmcmepciiiHe  CepemoBHINE — BOJA), aepo30ii
(mucnepciiiHe cepeloBUIlE — TOBITpS abo iHIIA Ta30MoiiOHa pPEYOBHHA),
oprano3oJti (aucrepciitHe cepe0BHUIIEC — OpraHivyHa PiuHA).

KonoigHo-nucnepcHi cucteMu HE MarTh O3HAK IpyOO-AUCIEPCHUX Ta
MOJICKYJISIPHO-IUCIIEPCHUX ~ CHUCTEM 1  XapaKTepU3yKThCS  MPOMIKHUMU
BJIACTUBOCTSIMU. TaK, KOJOIAHI YACTUHKU HE MPOHUKAIOTH KPi3b HAMIBIPOHUKHI
IUTIBKU, aje BUIbHO QUIBTPYIOTbCS Kpi3b mamnepoBuit  uibTp. BoHu
onanecyupyioms, alle MOXKYTb 3/1aBaTUCAd TMPO30PUMU TPU PO3IJSAl B
MIHJIMBOMY CBiTJIi, MpuU OOKOBOMY 3K OCBITJIICGHHI MYTHICTh JIETKO
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YCTaHOBIIOE€THCS. KOMOiNHI YaCTUHKM HE BHJIHI MiJl 3BUYAHUM MIKPOCKOIIOM,
ajie IX MOKHa BUSIBUTH IIPU OOKOBOMY OCBITJIEHHI B YIBTPAMIKPOCKOTII.

Po3mipoM 4acTMHOK BHM3HAyaeTbCsl 1€ OJHA JIyXKE  BaXKJIMBa
XapaKTePUCTHUKA TUCIIEPCHOT CUCTEMU — MUTOMA MOBEPXHs po3aity da3z Snum,
TOOTO, CyMapHa MOBEPXHs 1M JUCIIepCHOI (pa3u:

Snum = é ZE, M_l,
\"
ne: S1iV — cymapsi mwioria moBepxHi Ta 00’eM qucnepcHoi ¢asu;
S 1 L — MOBEPXHs Ta 00’ €M OJHIET YACTOUKH.
OnnakoBa pO3MIPHICTh MUTOMOI MOBEpPXHI po3auty a3 Ta CTyHeHs
JUCIIEPCHOCTI BKa3y€ Ha TICHUH 3B'SI30K MK IUMH BETUYMHAMH.

Kanacudikanis nucrnepcHuX cUCTEM 32 arPeraTHUM CTAHOM M CIIEPCHOT
(¢a3u Ta TUcnepciiiHOro cepe0BUIIA.

B.OcTBanba 3ampornoHyBaB TMOAUIMTH KOJOIAHI CHUCTEMH Ha TpHU
OCHOBHUX THUIIU 3 MIIPO3LIOM KOXKHOTO TUITY HA KJIACH 32 TPhOMa arperaTHUMU
CTaHAMHU JTUCTIEPCHOI (a3u.

JIns mporo BiH mo3HauuB ¢asu: T — TBepma, P — pigka Ta
I' — razononiOHa, a TUCTEPCHI CUCTEMHU — SIK Api0, J€ YMCEIbHUK — JUCIEpPCHA
(daza, a 3HaMEHHUK — JUCIIEpPCiiiHE CEpeIOBUIIIE.

Tun 3a oucnepciinum | Knac 3a oucnepcnoro gpazoro Haiimenysanusn
cepeodosuuiem oucnepcHa ¢aza | cumeon cucmemu
. Pinka P/T Tyman
Aeposoui (T) Trepna T/T Jlum
["azoBa r/p [Tina
Jliozoui (P) Pinka P,/ P, Emynbcis
Trepna T/P Cycnensis
I'a3oBa /T Kceporeni
Teepni 301 (T) Pinka P/T Kaninsapui cuctemu
Trepna T/T CraBu

Knacudikauis nucnepcHux cuctem 3a B3aemoicro ¢as

s xnacudikaiiiss 3aCTOCOBHA TUIBKU JIO AUCHEPCHUX CUCTEM 3 PIIKUM
JTUCTIEPCIMHUM  CcepelloBUILEM. PO3pI3HAIOTE  MIKPOT€TEpPOreHHOIUCIIEPCHI
CHCTEMH 31 CJIaOKOI0 B3a€EMOJIEI0 MK YacTOYKaMHM JUCHEpPCHOi ¢a3u Ta
JTUCTIEPCIMHUM CEpeIOBUINEM Ha Mexi po3ainy (a3 — a10¢poOHI; 13 CUIBHOIO
B3aEMOJIEI0 — JoQiIbHI. SKIIO cepenoBuleM € Boja, J10(UIbHI CUCTEMHU
Ha3UBalOTh TiApodinbHUMTH, a J10hoOH1 — TiapodoOoHUMHU. [Jo nmiodoOHMX
KOJIOITHUX CHUCTEM BIIHOCATh BOJHI 30Ji (Tigpo3oiri) MeramiB, CyibdimiB
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MetamB, Agl; no modinbHUX — 3011 OLIKOBHUX PEYOBHMH, KI€i, KpOXMallb,
Kay4yK, 30J11 TIJPOKCHU/IIB METANIIB, KPEMHI€BO1 KUCJIOTH Ta 1HIIII.

INapodinbHl 3011 MOXYTh OyTH OTpUMaHI B Habarato OUIBII BHCOKUX
KOHIIEHTpAIIsAX, HIXK TiApodoOHi, BOHH OUIBII CTIHKK JO Al €JIEKTPOJITIB, a
OCa/id, SIKi OTPUMYIOTh MICIIs TXHBOTO pYHHYBaHHs (KOaryssiii) - JTyke MyXKi,
00'eMHI.

Knacudgikauis 3a B3aEMOIi€10 Mk YACTUHKAMM JUCTIepCHOI ¢ a3u.

JlucriepcHi CHUCTeMHM MpH JOCUTh BUCOKOMY BMICTI AMCHEpPCHO1 ¢azu
YTBOPIOIOTh YCEPEIHUHI UCTIEPCIHOTO CEpepoBUINa MPOCTOPOBY CTPYKTYPHY
CITKY, a JAesKl IHI, HAIpUKJIaJ JI€PEBHE BYTULIS, SBIAIOTH COOOI0 BHUCOKO
nmopucti Tina. B 000X BUMagkax AMCIEpCiiHE CepeaoBHINE Ta AUCIepcHa (aza
Oe3nepepBHi, TOMY Taki CUCTEMHU Ha3BaH1 3BsI’3HOJAMCIEPCHUMH Ha BIIMIHY BiJl
3BUYAMHUX 30J11B, fAKI 13 IIUX MO3HUIIIN BIHECEHI 1O BUIbHOAMCTEPCHUX. [0 HUX
HaJeXaTh MHU Ta TPAHUYHO KOHIEHTPOBaHI eMyibCli. Jlo 3Bsi’3HOIUCTIEPCHUX
CUCTEM BIAHOCATh BCl TKAaHWMHM OPraHi3MiB, OCKUIBKM BMICT KIITOK y HHX
PO3IUIEHO KIITMHHUMU MeMOpaHaMH; pO3MOALT Ha cepelnoBulle Ta a3y TyT
YMOBHHH 1 3aBKI1 OOMOBJISIETHCSA OKPEMO.

CykynHicTh kiacu@ikanii 103BOJISIE JOCUTh MOBHO OXapaKTEPU3yBaTH
JUCTIEPCHY CHUCTEMY; >KOJHA OKpEeMO B3ATa Kiacu(ikaiiss He Jae TaKoi
MOxJIMBOCTI. [IpoTe, HailuacTile BUKOPUCTOBYIOTh OKpeMi Kiacugikallii, KoJiu
JUISI KOHKPETHOI METH € BH3HA4YaJbHOIO sKa-HEOyJb OJHA BIACTHUBICTH
JTACIIEPCHO1 CUCTEMH.

MeTtoau yTBOpeHHS KOJIOITHUX cucTeM (30.1iB).

Konoigni cucremu 3aiiMaloTh MPOMIKHE TMOJIOKEHHS MK ICTUHHUMH
pO3UMHAMU Ta TPyOO-AUCTIEPCHUMHU CHUCTEMaMH, IO OOYMOBJIIOE MOKJIHBICTH
iXHBOTO OJIEp>KaHHSI AUCHEPryBaHHSM BEJIMKHUX YACTMHOK a00 KOHJCHCAI[IEI0
MOJIeKyJ. BIiAMoBiIHO METOAM OJEpKaHHS KOJOITHHUX CHCTEM MOAUISIOTH Ha
JUcriepraifiifi Ta KOHJICHCAIlIHI.

[Ipu pucnepryBaHHi 3aTpadaeTbesi poOOTa HA YTBOPEHHSI HOBOT MOBEPXHI,
0 CYIPOBOMKYETHCS 30UIBIICHHSM BUIHHOI MOBEPXHEBOI €HEPrii CHUCTEMH.
3anexxHo BiJl BUIYy €HEprii, sika 3aTpaydaeThCs, 1[I METOAU MiAPO3AUISIOTHCS Ha
MEXaH14H1, eIEKTPUYHI Ta aKYCTUYHI.

[Iporiecu MexaHIYHOTO AWCOEPrYBaHHS AYy’Ke MOIIMpeH1 B mpupoxi. [lig
BIUIUBOM TIpUOOI0 ¥ XBUJIb CTHPAETHCS BEJIMYE3HA KIIBKICTh MiHEpaliB
npuOepekHoi cMyru. MexaHIYHOMY poO3/ApiOHIOBAHHIO TIPCHKUX TMOPiA MpH
BUBITPIOBaHHI  CHPHUSAIOTH [ BOJOTH, PI3KI 3MIHM  TeMIEpaTypH,
KUTTEISUTLHICTh Oprani3MiB. Bee 11e npuBesno 10 yTBOPEHHS 0CaI0BUX MOPIJ —
JIeCiB, TJWH, KBApPLOBUX JUCIEPCIH, 110 MOCIYXWJIH OCHOBOIO KYJIbTYPHOTO
mapy rpyHry.

EnexTpuyHi METOAM IMCIEepryBaHHS 3aCHOBAaHI Ha TOMY, IO MaTepiai
€JIEKTPO/IIB, 3aHYPEHHUX Y PIIKE CEPElIOBUIIE, BUIAPOBYIOTh MPHU ICKPOBOMY
po3psial ado mia aier0 BoJbToBOI ayru. [lpu xoHaeHcalii mapu pedoBUHU Oiis
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€JIEKTPO/IB YTBOPUTHCS KoJIOifHA cucTeMa. JlJisi ofep:kaHHs CTaOUIbHUX 30J11B
OJaropolHUX MeETaliB y BOAY BBOJAATH J00aBkM mnoidimepiB abo IIAP
OMoOBEpXHEBO-aKTHBHI PEYOBHUHH), SIKi BUCTYIAIOTh SIK CTA0LIi3aTOPH.

AKYCTUYHI _METOJIM 3aCHOBaHI Ha BUKOPHUCTaHHI HAMPaBJICHOTO
yIbTpa3BykoBoro mojiga. JlucmepryBanHs  BimOyBaeTbcsi B pe3yJbTati
KaBITALlITHOTO pyHHYBaHHS, 10 €(PEKTHUBHO JJIsi HE Ty>K€ MIIHUX YaCTHUHOK.
[Mum crmocoOoM BIAeThbCsl AMCHEPTyBaTH a30€CT A0 MEPBUHHUX, NYXKE TOHKHX
BOJIOKOH J[iaMeTpOM 2:10°. Meton IIUPOKO 3aCTOCOBYETHCA MPU OJIEpHKaHHI
€MYJIbC1A BUCOKOTO CTYIEHS IUCTIEPCHOCTI.

KoHieHcaliiiHi METO/IM 3aCHOBaHI Ha OJIEpP>KaHHI EPECUUYEHUX PO3UHMHIB
PEUYOBUHHU JUCIEPCHOI (a3u B JUCIEPCIMHOMY CEpEOBHUILI 3 HACTYIMHUM
BUJIVICHHSIM MOrO0 y BHIJISAAlI YAaCTUHOK KOJIOiMHMX po3MmipiB. L1 meToau
BKJIIOYAIOTh CTaJI1l YTBOPEHHSI 3apOJIKIB y MEPECUYCHOMY PO3YMHI Ta iXHIHM picT
10 KPUCTAJIB KOJIOIZHOTO pO3Mipy. 3al€KHO Bl IUISAXY JOCSITHEHHS CTaHy
MepEeCUYEHHS KOHACHCAIlIiHI METOAN MiAPO3AUISIIOThCS Ha (DI3UYHI Ta XIMIYHI.

@di3yuyHa  KOHIEHcAIllsl 3A1MCHIOEThCS TNpu  (Pa30BOMY  MeEpexoii
PO3YMHEHOI PEYOBUHU B HEPO3UMHHUM CTaH MpU 3MiHI 30BHIIIHIX yMmOB. [Ipu
KOHJIEHCAIlli Tapu B Ta3ono/iiOHOMY CEpPEAOBUIIl YTBOPUTHCS TyMaH, MpH
CHUIBHIM KOHJAEHCAllli Mapu PEYOBUH, IO CTAHOBIATH AHUCHEPCHY (Qa3zy Ta
JUCIiepciiiHe cepefoBullle, ad0 MpU MPOMYIIEHHI Mapu 4Yepe3 IHILY PiAUHY
OJICPXKYIOTh J1301. 3a METOJOM 3aMiHU PO3YMHHUKA ICTUHHUN PO3YUH
PEUYOBUHHU, NPU3HAYEHUM [JIsi YTBOPEHHSI JUCIEpCHOi ¢a3u, 3MIMYITh 3
PCUOBUHOIO, B sIKiM aucrnepcHa (a3a Hepo3uwHHA (HEpO3UMHHHUKOM). Cymimn
pPO3UMHHUKA 3 HEPO3UYMHHUKOM (YUCTI PCUYOBHHHU IMOBUHHI 3MIIIyBaTUCS
HEOOMEKEHO) CTa€ IUCIEPCIHHUM CEPEeAOBHMINEM [I HEPO3YMHHOI B Hil
pedyoBUHU nucnepcHoi ¢da3u. Y Takux yMOBax OACPKYIOTh MEPECUUYCHUI
PO3YHH, 3 SIKOTO YTBOPATHCS arperaTd MOJEKYN — KOJIOiJH1 YACTUHKHU.

Metoan XiMi4HOI KOHJEHcallli 3acHOBaHI Ha MPOBEACHHI XIMIYHUX
peakilii y CcepeloBUIl PO3YMHHUKA, MNPHU SKUX YTBOPIOIOTHCS HEPO3YMHHI
pedoBUHM (quctiepcHa ¢asa).

s 3a0e3rmedeHHs] CTIMKOCTI KOJIOIMHOI CHCTEMH HEOOXIITHA HasSBHICTH
ctaburizaTopiB (MPOAYKTIB peakiii, enekTpouitis, [ITAP — moBepXxHEeBO-aKTUBHUX
peuoBuH, BMC — BHCOKOMOJCKYJISAPHHX CHOJYK). IIpakTHUHO BCi THIH
XIMIYHUX peaklii MOXYTh OyTH BHUKOPHUCTaHI MJIsI OACPKAHHS KOJOITHHUX
CUCTEM, HAIPUKIIAJ, Peakilisi TAPOII3y MpU BIUBAHHI PO3UUHY COJ1 B KUILISUY
BOY:

FeCl; + 3H,0 = FE(OH)3,L+ 3HC1,

a0o peakilis MOABIMHOTO OOMIHY MK PO3UMHHUMHU COJISIMU .

AgNO; + KJ = Agll + KNOs.

JlucriepcHi CUCTEMHU 3 PIAKUMHU JTUCIEPCIMHUMU CEPEeIOBUIIIAMU MOXKYTh
KOaryJiroBaT ab0 yTBOpIOBaTH reni. Sk mpaBWiio, MPOIECH KOAryysiii Ta
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YTBOPEHHSI TeliB OOOpOTHI. 3BOPOTHIM TMpoliec NEpexoay Telr B 30Jb
Ha3UBae€Thbcsl menTuzaiiero. Hampukmaa: ocan, SKuil  OTpUManu — JI€RO
€JIEKTPOJIITY Ha 30Jb, 3HOBY NEPEBOJSATH Y CTaH 30JI0 IUISIXOM BUIAJICHHS
HAJJTUIIKY €JIEKTPOIITY MPOMHUBAHHAM YHCTUM JUCIEPCIMHUM CepeOBUIIEM
abo0 TpuM J0JaBaHHI MaJiUX KUIBKOCTEM pedyoBHHHU-CTaOLTI3aTOpa. 30BHI II€
Harajye mporec PO3UMHEHHS JICHATYPOBAHUX OUIKIB ITiJI JII€I0 TETICHHY (3BIICH
— TepMiH «IenTu3amis»). [lentusaiis iHO I IPUBOANUTH 10 HEOAKAHUX Ta HABITH
katacTpoPpiuHUX HacaiAkiB. Tak, pycina KaHamiB, SIKl IPOKJIAIM MO 3aCOJICHUX
IpyHTax, He3a0apoM IicCJisl 3alIOBHEHHSI BOJIOIO 3/1yBAalOThCS, 1 HA MICII KaHAIIB
YTBOPIOIOTHCSA OIYKJIOCTI, IO MOBTOPIOIOTH ixHIA penbed. Lle pesynbrat
MEenTU3aIii Ta pi3KOro miABUIIECHHS 3JJaTHOCTI IJIMH HA0yXaTu y BOJII.

JlabopaTopHa po6ora Ne9
Tema: «OTpuMaHHs 30,110. BU3HaYeHHS OPOry KoaryJsimii»

TeopeTnyHa YACTHHA

EjekTpokiHeTHYHI IBUIIA B KOJOIAHUX CUCTEMAX.

OnHiero 3 HAaWBaXXKJIUBIIINX BIIACTUBOCTEH KOJOIMHUX PO3UYHUHIB € T€, IO
iXHI YaCTOYKU HECYTh €JICKTPUUHI 3apsaiu. Y OyJb-IKOMY CTIHKOMY KOJIOiTHOMY
PO34YMHI 3apsiIU YaCTOUOK MAalOTh OJJHAKOBUHM 3HAK. 3aBMSIKU IbOMY YAaCTOYKU HE
3JIUMAKOTHCS 1 HE OCAKYIOThCSl. BUHUKHEHHS 3apsily Ha YacTHUHII MOXHa
MOSICHUTH aJICOPOIIIE€I0 TTOBEPXHEIO0 YACTOUYKH 10HIB 3 PO3UMHY. 3HAK 3apsiiy Ta
HOro BeJMYMHA 3aliekaTh BIJ CHOCOOY OJIEpkKaHHA KOJOIMHOTO PO3YHHY,
KOHIICHTpAIIii 10HIB, TEMIEPATypH, IPUPOJIN POZUMHHHKA Ta IHIIUX (HAKTOPIB.

[Ipu momaBanHi no Hammumky po3dnHy AQGNO; MOBUIBHO MO Kparuisx
HEOCTaTHBOI KUTbKOCTI po3unHy NaCl yTBOpIOIOTECS yIbTPaMiKPOKPUCTAIN —
sanpa — AQCI, sxi (mpu Hammmky AGNO3) NPUNHHSIOTH CBiM PICT HE JTOCATIIN
pO3MIipiB, MOCTAaTHIX g ocaykeHHsA. Lle moB'sizaHe 3 TuM, IO Ha TMOBEPXHI
TaKuX MaIuX siiep aacopOyrOThCs T1 10HHU, LIO:

1) BXOAATH IO CKIIATY sJIPa;
2) € B pO34MHI Y HAIIHIIKY .

Y upoMy BHUNAAKYy Ha TOBEPXHI YJIBTPaAMIKPOKPHUCTANIB  siapa
ancopbyroteca ionm cpi6ma (Agh). Sdmpa AgCl 3 aacopboBaHMMHM Ha HHUX
KaTioHaMu cpibma AQ’ yTBOpIOIOTH arperats, ski HaOyBarOTh MO3UTHBHOTO
3apsiny. HasiBHICTh OIHOMMEHHUX 3apsi/iiB HA arperatax MepeikokKae iXHboMY
00'€THAHHIO, POCTY Ta OCAKEHHIO. AncopOoBaHi sapom ioru AQ™ Ha3MBAIOTH
MOTEHIlI1aJl BU3HAYaIbHUMU 10HAMU aJICOPOIIIHHOTO MIapy.

Arperatu OpuTATalOTh 3 HABKOJUIIHHOTO PO3YMHY 10HH MPOTHUIIEKHOTO
3apsay (Ti, sKi € B PO3YWHI B 3HAYHIN KUTBKOCTI (y HAJUIMIIKY), B HAIIOMY
Buniaaky — 1e ionn NOjz') — mpaBwiio Ilaneta-®asHca. TakuM YHHOM BHUHHKAE
aJCOpOIIMHUH 11ap NPOTUIOHIB.

Kinbkicth mOpoTHIOHIB B afcopOLiifHOMY 1Iapi HEIOCTaTHSA IS
HeWTpamizalli 3apsaiB 10HIB, afcOPOOBAHUX SAPOM, TOMY YTBOPEHUH 13 slipa 3
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l0HaMHU Ta TPOTUIOHAMHU aJcopOLiiiHuN 1map OyAe HeCTU HAesIKUM 3aps,
OIHOMMEHHUHN 13 3apsA/oM 10HIB, aacopOoOBaHMX sApoM. Taka cuctema, IO
CKJIQJIA€ThCS 13 arperaty 3 aJCcOopOIiiHMM IIapOM MPOTHUIOHIB, HA3UBAETHCS
KOJIOi/IHOIO YaCTOYKO 200 _rpaHyJIolo.

HaBkono rpanynum po3TamoByeTbes AUGY3IMHUN 11ap MNPOTHIOHIB,
KOHLIEHTpallisl 10HIB y sAKoMy YyOyBae B Mipy BiAJaJ€HHS BiJ TpaHyIH.
YTBOpEeHHS, 110 CKJIAAE€ThCs 13 TPaHyJIu 3 NPOTUIOHAMHU AUQY3iiiHOTO Iapy,
Ha3UBAETHCS MILIEJIOO.

HeoOxigHO BiA3HAYMTH, MO MPOTHIOHAMH MOXYThb CIY>)KHUTH 10HH, SKI
OepyTh ydacThb Yy pe€akilii YTBOPEHHS KOJOIJHOTO PO3YHMHY, TaK 1 IPOCTO
MPUCYTHI B PO3UYMHI.

bynosy winemn AQCIl, mo 3Haxomuthess B po3umHi AGNO;z;, MoxHa
MpEeACTaBUTH POPMYJIIOIO:

X+

+ j— —_
{m[AgCI]*nAg *(n—x) NO3 } <« x NO;
A0po . npoOmMuioHu
SR N o
$3§ i% 3 g
888 = 25 2
S 2 S © 3 s 2 3
= 3 S & S ]
g3 S 3
azpezam 3 ©
aocopbyiunul wap | ougy3sitinui
Tenvmeonvya wap
epanyna abo KonoioHa
YACMUHKA
miyena

[Mpu momaBanHi no Hammmky po3unHy NaCl mvemonik pozunny AgNO;
oynosa mirtenn AQCI, Oynme BU3HAYaTUCS TUM, IO B HAUTHIIKY € 10HU XJIOPY Ta
HaTpi0, TOMYy (hopMyIia MILIETU OTPUMAHOTO 30J1F0 Ma€ THITUN BUTIISIL

[M(AGCl) s nC1l s (n—x)Na'T «x Na".

3a ¢opmynor0 Milenu BUAHO, 1[0 BOHA HEWTpasibHA, a 1i TpaHyjla Hece
SIEKTPUYHUHN 3apsi/l, 3HAK SKOTO 3aJICKHUTh Bl YMOB OJIEpP’KaHHS PO3UHUHY. 3HAK
3apsily TpaHyJd BHU3HAYAETHCA 3apsAJIOM TOTEHIllaN-BU3HAYAIBHUX 10HIB,
a7IcOpOOBaHUX SIPOM.

3aps1 KOJOIIHNX YaCTUHOK MOKHA BCTAHOBUTH €KCIIEPUMEHTAIBHO JTi€I0
MOCTIHOTO €JIEKTPUYHOTO TOJIs, TIPH IBOMY TO3UTHBHO-3aPSIIPKEHI YaCTUHKH
nepecyBaroThes JI0 Karoaa (-), a HeraTUBHO-3aps/pkeHi — 10 anoxaa (+). Iporec
MIEPEeMIIIIEHHS YAaCTHHOK KOJIOITHOTO POo3unHy (IpaHys) B €ICKTPUIHOMY ITOJI
Ha3UBAETHCS EIEKTPODHOPE3OM.
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Ko 3apsa KOJIOIAHOT YacTHHKH (TPaHyJIM) 3MEHIIUTH JIO JESKOTrO
MIHIMyMYy, TO CTIHKICTh KOJIOIIHOTO PO3YMHY MOPYIIUTHCS, BiAOYIAETHCS
3JIMIIAHHA Ta 3’ €JHaHHS YaCTUHOK Yy Outbwii arperatu. Llei mpouec Ha3uBaeThes
KOaryJisii€ero. A nmojanpiie ocajyKeHHsI KPYITHUX arperaTiB - CEIUMEHTAIS.

Koarynsiig KoJOiTHOTO PO34YMHY MOKE€ BIAOYBAaTHCS NI JIEI0 TAKUX
(bakTopiB:

- IOAaBaHHS 10 HHOT'O PO3UUHY €JIEKTPOIITY;

- JIOJIaBaHHSIM 1HIIOTO KOJIOIMHOTO PO3YMHY 13 YaCTUHKAMU MPOTHIICKHOTO
3apsiy;

- 3M1Ha TeMIEPaTypH;

- 3M1Ha KOHIIEHTpaIlii JucrepcHoi gas3u;

- CTapiHHS KOJIOITHOTO PO3UHHY;

- JIis1 Ha 30J1b €JICKTPUYHUX Ta MArHITHUX IOJIIB,

- MEXaH14YHa i Ta 1H.

Koaryndmis mpu AomaBaHHI €IEKTPOJITY BHUKJIMKAHA THM, IO MPH
30UIbIIIEHH] KOHILIEHTpAIlii aHIOHIB 1 KaTIOHIB y PO3YMHI BOHU MPOHUKAIOTH B
OOOJIOHKY TPOTHIOHIB aJICOPOIIfHOrO Imapy Ta 3HIKYIOTh (200 HaBiTh

HENTpaIi3yIoTh) 3apsij rpanyJl, BipHille iX eleKTpoKiHeTHuHui noreniian (§ —
J3eTa MOTeHITIaN).
SAxmio B 30516 AQCI, 110 MicTHTh Milenu, popmyia SKUX:

[m (AGCl) s n Ag” » (Nn—x) NO; ] +x NO;,

nomatu enekTpoiiT KNOs, To depe3 30imMbIICHHS B PO3YMHI KOHIICHTpAIlii
npotuioHiB NO3 moumHaEeThCSA TPOIIeC BXOHKEHHS iX B aACOpOLIMHMI map, 1o
BUKJIMKA€ 3MEHIICHHS 3aps/ly KOJIOIMHOI YacTHMHKU ax 10 Hyds. Lledt cran
Ha3MBA€ETHCA 130€ICKTPUYHNN CTaH MIICIIHN:

[m (AgCl) e n Ag+ n NOg_]O

Ile mocnabmio€e CTIMKICTh KOJOIZHOIO pO3YMHY, IO, y CBOK 4Yepry,
MPUBOJUTH IO MOr0 KOAryJdilii Ta CeJUMEHTaIlli.
Koarymnsiis 30J11B €JIEKTPOJITaMuU M1JIKOPSIETHCS MIEBHUM
3aKOHOMIPHOCTSM, 5IK1 MOXHa 00'€IHATH B HACTYIIHI 3arajibHi IpaBua.
1. Bci enekTposiiT npu 30UIbIIEHHI iXHbOT KOHIIEHTpAIIil B 30J11 A0 JIESKOTO
3HAYEHHS BUKJIMKAIOTHh KOAryJAlil0 KOJOIAHUX cucTeM. MiHiMalbHa
KOHIIEHTpAllisl €AEKTPOJITY, 110 BUKJIUKAE MIBUIAKY KOATYJSIIIO 305 3a

ICBHUM Yac, HA3MBAETHCS MOPOTOM KoaryJasiii (7y).

2. Koarynoiouy Ai0 CIPUYUHSE HE BECh €IEKTPOJIT, a TUTbKU WOT0 10H, 110
Mae 3apsiji, OJHOMMEHHHUHU 13 3apsaaoM Iudy31MHOr0o mapy MNPUTHIOHIB
Mmittenu. KomoigHi po3ynHH, K1 MICTATh MO3UTHBHO 3apsKeH1 YaCTHHKH,
KOaryJirolTh MiJ] JI€I0 aHIOHIB, a Ti, IO MICTSATh HETAaTUBHO 3apsiKeHI
YaCTUHKU — MiJ1 JII€I0 KaTiOHIB.
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3. Koarymoroua 37aTHICTh 10HA 3aJIKUTH BiJ Woro 3apsiay. baratozapsmHi
10HM BHUKJIUKAIOTh KOAryJjsililo Npu HabaraTo MEHIIMX KOHIEHTPAIlisX
(HHKYUX ToOporax KoaryJisiii), 9YuM 10HH 3 MEHIIUM 3apsajioM -—
npaBwio_lllvabue-I'apai a00 npaBwjo 3HAYHOCTI. K0 TpUNHATH
KOaryJoydy 3/1aTHICTh OJHO3aPSHOTO 10HA 32 OJMHUINIO, TO KOAryIlorya
3aTHICTh JABO3apsHOrO 10HAa Oyjae Oudble B KUIbKA JIECSITKIB pasiB, a
TPU3APSIAHOTO — Y KUJIbKA COTEHb pa3.

CriBBIIHOIICHHS IOPOTiB KOAryJsiii pi3HUX 10HIB 3BOPOTHO-IPOIOPIIIMHO
CTYIEHI BAJICHTHOCTI KOATyIOKYOro 10Ha.

Y~ i, MOJIB/II.
76
[IpaBuno ynbue-I'apai  Mae npubnu3Huii  Xxapakrep, TOMy IO
KOaryJjirorya Jisi eJeKTpOoIiTa 3aJIeKUTh HE JIMIIE BiJ] BaJIGHTHOCTI 10HIB, a
1 B11 XIMIYHOT IPUPOJIU PEUOBUH Ta YMOB MIPOBEJICHHS JOCIIY.

4. Koarymooroua 34aTHICTh 10HIB OJHAKOBOi 3apsiIHOCTI 3pocTae  3i
30UIBIIEHHSIM pajiyca 10Ha. IOHM OpraHiyHUX CHONYK 3aBXIAU MAaIOTh
BUIIY KOATyJIIOI0YY 3JaTHICTh, HI)K 10HM HEOPTraHIYHUX PEUOBUH.

5. Ilpu 30i7bIIEHH]I KOHIIEHTpALll EJIEeKTPOJNITYy B PO3YMHI 3MEHIIYETHCS
€JCKTPOKIHETUYHUN TOTEHI1aJl KOJOIJHUX YAaCTUHOK 1 KOaryJjsiis
HAaCcTyHa€ Mpu MOro NMEeBHOMY 3HAYEHHI — KPUTUYHOMY THOTeHIuami. Jlms
OIIBIIOCTI CUCTEeM KpUTHYHME moTeHIian gopisHoe 0,03B .

[Ipu B3aemomii KOJIOiNHUX PO3YMHIB, IO CKJIAJAIOTHCS 13 YACTHUHOK
INPOTUJIEKHOTO 3apsay, 3apsiad TpaHyJl HEHTpali3yIOThCS Ta BiJOYBAa€ThCA
B3a€MHA Koaryisiiss po3unHiB. HarpiBaHHs 3MmeHIye ajcopOIiilo 10HIB
KOJIOTTHUMHU YACTUHKAMH, 110 TaKOX MPUBOJIUTH JO KOATYJIAIIi.

[Ipouiec, 3BOpoTHUI KoOAaryJsiiii, Ha3uBaeThcA nentusailiero. IlenTuzaris
MOX€ BIJOyBaTHUCS TMpU MOPOMHUBAaHHI o0cajiB Bojoro. [lpu 1pOMy 10HH
€JEKTPOIITY-KOAryasiTopa BUMHUBAIOTHCS, YAaCTUHKH OCaAy 3HOBY 3700yBarOTh
3apsi/l 1 IepexXoAsaTh Y KOJTOIAHUN PO3UMH.
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EKCIIEPUMEHTAJ/IbBHA YACTHUHA

Meta po6oTH:

- OTPHUMATH 30JIb METOJIOM XIMIYHO1 KOHICHCAIIi;

- JOCHIIUTHA TPOIEC KOAaryJdili OTPUMAHOrO 30JIF0 MiJ BIUIMBOM
PI3HUX €JIEKTPOJIITIB,

- EKCIIEpUMEHTAJIbHO JOCHIAUTH BUKOHaHHsS mpaBwia [lynwsue-Iapai
(mpaBuMIIa 3HAYHOCTA).

IIpuiaau Ta peakTUBH:
- 2%-nii posunn FeCls;, muctunpoBaHa Boza;, PO3YMHM CIEKTPOJIITIB. XJIOPHI
Hatpito NaCl (1 wmomw/n), cymedar Hatpito Na,SO, (0,01 wmomw/n),
rekcaranopepat(Ill) xaniro Ks[Fe(CN)e] (0,001 mon/n);
- eJeKTpUYHa IUMTKa, kKoimOa Ha 200my, minetka HalOwmu, rymoBa rpymia,
4 OropeTKH IJid PO3YMHIB EJIEKTPOJITIB Ta JUCTUIHLOBAHOI BOJM, INTAaTUB 3
12 npobipkamu.

Xit BAKOHAHHSA

Hocaix 1. Orpumanns 30110 rigpoxcuny gpepymy(IIl).

3a gomomororo 1wriHApa Biamipsta 100 mim muctuiboBaHOI BOAM Ta
nepenut ii y KoHiuHy KonOy Ha 200 mu. JlucTuiboBaHy BOIy HAarpiTé Ha
SNeKTPUYHINA TUTUTIII 10 KUTUIsT9oro ctany. HaOpatu mimetkoro 10 mu 2%-ro
po3unny FeCl; Tta moBumbHO (IO Kparuigx) J0JaTH y KHIUITYY BOIY, HE
3HIMaO4M K0a0u 3 TiiTku. CrnocTepiraloTh IHTEHCUBHE 3a0apBICHHS PO3UUHY —
BiIOyBaeThCs ripoai3 xiaopuay hepymy(IIl):

FeCl; + 3H,0 « Fe(OH)3] + 3HCI

[linBumieHHss TeMmmepaTypu 3pyllye pIBHOBary y OIK YTBOPEHHS
rinpokcuny depymy(Ill) Fe(OH)s. IIpoBenenHst peakiii y KUIUIA4Yid BOII Ta
MOBLJIbHE [JOJaBaHHS 3HAYHO MEHINOI KiabKOCTi po3uuny FeCls cropusiors
YTBOPEHHIO KOJIOiAHOTO po3unHy Fe(OH)s, 3amicTh BUTIAAIHHS OCay.

Hanwmcatu 3a crynensmu peakiito rigponizy FeCls B monekymspaomy,
MMOBHOMY Ta CKOPOYEHOMY 10HHO-MOJIEKYJISPHOMY BUJ1. BpaxoByoun ocTaHHIO
CTaJlifo TiApodi3y, 3anucatu ¢popmyny mineiu 3010 Fe(OH); ta mo3HauuT Bei
1l CKJ1aJ0B1 YaCTHHHU.

Jocin 2. BuzHauyeHHs MOPOry KoaryJisiii.

Y 12 npoOipok minerkor HaOuparoTh mo 5 mi 3omo Fe(OH)s, sxwmii
orpumaniu y aociiai 1. Koxni 4 npoOipku npu3HayeHi AJis JOAaBaHHS OJIHOTO 3
3-x  enmektpomitiB: NaCl (1 wmome/m), NaSO, (0,01  wmois/m),
Ks[Fe(CN)g] (0,001 m™onp/m). Y mnpoOipku i3 307eM [I0JaI0Th PO3YHHH
€JIEKTPOJIITIB Ta JUCTUIHLOBAHY BOJIY 32 CXEMOIO!
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No ipo0bipku: 1 2 3 4

0O0’eM BOIH, MII 45 40 3,0 1,0

O06’eM eNeKTPOIIITY, MJI 0,5 1,0 2,0 4,0

BwmicT npoOipok peTeiabHO MEepeMillyloTh CTPYIIYBAHHSIM 1 3aJIUIIAIOTh
npubnu3ao Ha 30 xB. [loTiM Bi3yalnbHO CHOCTEpIraroTh, B SKHX MPOOipKax
npornuia Koarynsmis 3omto. Ilpu BizyanbHOMY METOAl JOCHIIKEHHS MOPIT
KOaryJsiiii BU3Ha4aroTh 110 MOMYTHIHHIO 30JI10 32 JAHUM IMPOMIXKOK Yacy.

PesynpTaTti cnoctepexeHHs 3BOmATH y Tabmuio 9.1, me Bim3HAYarOThH
HasBHICTh KOATYJIAIIT 3HAKOM (+), @ BIICYTHICTh KOATyJIsIii 3HAaKOM (-).

[Topir koarymsmii (y) pO3paxoBYIOTh I BCiX 3-X EJICKTPONITIB 3a
npaBuwioM 3HayHOCT1 Illyneue-I'apai Ta poOasiTh BUCHOBOK MHpO Te, SIKUU 3
KOAryJIIOI0YHX 10HIB 3-X €JIEKTPOJIITIB Ma€ HAWMEHIIINN TTOPIT KOATryJIAIIii.

Tabmunsg 9.1 — Pe3ynpratu Bi3yanbHOTO TOCITIKEHHS KOATYIIAIII1 30JT1O0.

dopMynia eIeKTPOTITY: 1 g@ HP06113KH13 ;
NacCl
Na,SO,
Ks[Fe(CN)g]

Po3paxyHok mopory koaryssmii (y), i3 BpaXyBaHHSIM yMOB IPOBEICHHS
CKCIIEPUMEHTY MPOBOIATH 3a PIBHIHHIM
C.. -V
Y= ——=% MOTB/T;
V3

ne: C en. — KOHIIEHTpaLlis EIEKTPOIITY, MOJIB/TI;

Ven - moporosuii 06’em enekrponity (mepma 3 mpoGipok, Mmo3HadeHa
3HaKOM +), IOJaBaHHA sKOro a0 meBHoro o0’emy 3o0ma (Vi) Bukimmkae
MOMYTHIHHS PO3YUHY, MIT,

V3 = 5mi — 06’ €M 3051 y KOXKHiH 3 IPOOIpOK.

OOuuCcnIMBIIM BIJTHOIIEHHS TMOPOTIB KOATyJslii TPhOX €IEKTPOJIITIB,
BU3HAYUTH KOATYJIIOI0YY 3aTHICTh KOKHOT'O 10HY B OPIBHSIHHI 3 1HIIUMH.

[lopiBHsiiTE pe3ynbTaTu po3paxyHkiB 3a npasuioMm lynbie-I"apai ta 3a
€KCIEPUMEHTATLHUMU JaHUMH, 1110 BPaXOBYIOTh YMOBH IMPOBEJACHHS AOCIITY 1
3p00iTh BUCHOBOK.
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IIuTaHHs A5 CAMOCTINHOI IepeBipKH 3HAHb CTY/ICHTIB

1. [JaiiTe BU3HAUYCHHS KOJOINHOI CUCTEMU CTaHY.

2. Ha3BiTh 03HAKH KOJIOITHOTO.

3. Illo Ha3mBaeThCs AUCTIEPCHOIO (Pa30t0, JUCTIEPCIHHIM CepeTOBUIIIEM?

4. SIxi 0COOJMBOCTI CHUCTEMH XapaKTEPU3YIOTh 1ii TE€TEPOreHHICTh Ta
JUCIICPCHICTH ?

5. Ha3BiTh 03HaKU Irpy00-AUCTHEPCHUX 1 MOJICKYJISIPHO-TUCIIEPCHUX CUCTEM.

6. Sk 3B’s3aTH CTYNiHb JUCHEPCHOCTI CHUCTEMH Ta pO3Mip YaCTUHOK
aucnepcHoi (ha3u?

7. Slxuii po3Mip 4aCTOYOK TUCTIEPCHOI (pa3u KOJOIMHUX PO3UNHIB?

8. TMosicHiTh, K KIAcH(DIKYIOTH TUCIIEPCHI CHUCTEMH 3a arperaTHUM CTaHOM
JUcIiepcHoi (ha3u Ta JUCIIEPCIMHOrO CepeloBUIIIA.

9. Illo Take arperaTuBHA CTIMKICTh JUCTIEPCHUX CUCTEM?

10. YumMm Bimpi3HAIOTHCS JT10POOHI CHUCTeMH Bija 0D iTbHUX ?

11. HaBeniTh npukiiaau NpUpOAHUX TUCTIEPCHUX CUCTEM.

12. Slxy OynoBy Mae MOABIHHUN €NEKTPUYHUN IIAp 1 YUM BiAPI3HAIOTHCS
MOBEPXHEBUM Ta €MEKTPOKIHETUIHUN MOTEHITIaTN ?

13. TloscHiTs OyOBY MilledHU Ta BKaXKITh BCI il CKJIa10B1 YaCTUHH.

14. SIkwmii mporiec HA3WBAKOTH eIeKTpodope3om?

15. SIki yacTHHU MILIENIH PYXAIOThCS IO €IEKTPOIIB MPpH eIeKTpodopesi?

16. SIxa ocHOBHA NMPUYMUHA arperaTUBHOI CTIMKOCTI T1ApOoPOOHUX 307iB?

17. o Take koaryusmis Ta Ski GaKTOPH ii BUKIUKAOTH ?

18. Slkwii 10H eNEeKTPOJITYy Ma€ KOaryjimidy if0 Ta SK KOaryironda
3IaTHICTH MOB'sI3aHA 13 3apsI0M 10HIB?

19. Ilo Take mopir koarymsAwmii 1 Big SKuX (PAKTOPIB 3aJIEKUTH HOTO
BenuunHa? Yomy mnpaBwio Illymeiie-I'apai Ha3wBawOTh  MPaBHIIOM
3HAYHOCTI?

20. SIxwii cTaH 307110 HA3UBAETHCS 130€TEKTPUIHUM?
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InauBinyajabHi 3aBJIaHHA 10 1200paTOPHOI podoTH Ne9

1. Hanumiite y MOJEKYyJSpHOMY, TOBHOMY Ta CKOPOYEHOMY 10HHO-
MOJIEKYJISIPHOMY BUJIaX PIBHSHHA peakiiii oOMiHy MIXK PO3YMHOM PEUOBHUHHU
(A) Ta po3zunHOM peuoBunH (b).

2. Cxnamite GopMyIy MIIEIN OTPUMAHOTO 30JI0, SKIIO 0 HAUIUIIKY PO3YHHY
peuoBuHH (A) MOBUIBHO MO KPAIUIAX JOAATN HEAOCTATHIO KIJTbKICTh PO3UNHY
peuoBuHH (B). YkaxiTh BCi CKJIaJ0BI YaCTHHH MIIEIH Ta iX 3apsyu: sAApo,
arperart, TpaHyjia, ajacoOpOUIMHUN Iap MNOTEHIIad-BU3HAYAIbHUX 10HIB,
afCcOpOIIMHUI 1Iap TMPOTUIOHIB, JU(y3idHUIA 1IAp TPOTUIOHIB, IHap
I'enpmrosbia.

3. Cepen ionis: Na', Fe?*, AI**, CI., SO42", PO43" BHOEPITH Ti, IO BUKIHKAIOTH
KOaryJsiiio yTBOpeHOro 30j10. 3a mpauioMm lllymene-I'apai pospaxyiite,
AKUW cepel] KoaryJiolounX 10HIB Ma€ HAWMEHIIUM MOPIr KOaryJisilii.

4. Cxnanite Gopmyily MILETU 30110, SKIIO O HAJJIUIIKY PO3YMHY PEYOBUHU
(b) moBUTBEHO MO KpaIlIsSX JOJaIH HEAOCTATHIO KUTbKICTh PO3YMHY PESUOBHUHU
(A). YkaxiTh BCi CKJIaJ0B1 YaCTUHU MILIEIU Ta IX 3apsiH.

5. Cepen ioni: Na', Fe*, AI**, CI', SO,*, PO,* BHOEPITH Ti, IO BUKIMKAIOTH
KOaryJysiiito 30Jit0, ytBopeHoro B 1.4. 3a mpaBwiom Illyneue-T'apai
po3paxyite, SKUH cepell KOaryjalol4yuxX 10HIB Ma€ HaWMEHIIW mopir
KOaryJsiii.

Tabmwmms 9.2.
Ne papianTy PeyoBuHa A PeyoBuna b

1 2 3
1 CuSO,4 NaOH
2 Na2804 Ba(OH)z
3 Na2C03 MgC|2
4 AgN03 Na2C03
5 Li,COs FE(NOg)g
6 Mnl, K2C03
7 K3POy4 AlCl;
8 NiBrz KZS
9 KzSIOg Znl,
10 ZnCl, KOH
11 COC|2 Na3PO4
12 HCI K,SiO3
13 Na3P04 HgC|2
14 Na 25 N|C|2,
15 Pb(N03)2 Na2804
16 K 2803 Zn(N03)2
17 Ba(OH); FeCl,
18 SnCl, Ca(OH)z
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ITponopxenns 9.2

1 2 3

19 ZnS0O, PbCl,
20 NH,OH MgCl,
21 Na3PO4 CUSO4
22 CaC|2 K2C03
23 FE(NO;;)Q K3PO4
24 FEQ(SO4)3 N33P04
25 Na,S FeSO,
26 CrCl; K,S
27 Li3PO4 CF(NOg)g
28 CU(N03)2 Li2C03
29 (CH3COO)QZH NaZS
30 Kl (CH;COO),Pb

IHopsinok opopmiieHHs pe3yibTaTiB J1a00OpaTOPHUX POOIT Ta
(opmy/II0BaHHA BUCHOBKIB.

Pe3ynbraT mpoBENEHUX JOCHIAIB, OTpPUMaHi MiJ 4Yac BUKOHAHHS
nabopatopHoi poOOTH, € 0a3010 AK sl 0e3MOCepEeHbOr0 aHaizy, Tak 1 AJis
NOJAIBIINX PO3PAXYHKIB, SKI MHIATBEPKYIOTh BIPHICTb TEOPETHUUYHHUX
MOJIOKEHb.

Bukonyioun mabopaTopHy poOOTy CTYJAEHT MOBHUHEH CIOCTEpIraTv 3a
XOJIOM EKCIIEPUMEHTY, BiJ3Hauar4u BCl HOro OcCOOJMBOCTI: 3MiHA KOJbOPY,
BUMAAIHHS OCady, BHJAUICHHS Ta30MoAiOHOI pEYOBUHH, TEIUIOBI €(eKTH,
MOKa3aHHS mnOpuiany, T.A4. Pe3ynbTaTu  cHOCTEpeXeHb 3alMUCYIOTh Y
7a0opaTOpHUN KypHaJI Yy BHUIJISAI MOPOTOKONY J1abOpaTOpHOi poOoTH,
JTOTPUMYIOUYHMCH MMEBHOI MOCII1JOBHOCTI:

1) rema 1abopaTopHOi poOOTH;

2) MeTa poboTH;

3) KOPOTKO JaTH TCOPETUYHI BIJOMOCTI, II[0 CTOCYIOThCS AaHOI poOOTH;

4) HaKPECIUTH CXEMY YCTAaTKyBaHHS 3 KOPOTKUM OITMCOM BR)KJIMBHUX BY3JIiB;
5) HanmcaTy piBHAHHS XIMIYHUX PEaKIii;

6) pe3yabTaTh JOCIIIIB CJIiJ BHECTH B TAOJIHMII];

7) po3paxyHKoBa yacTiHa (Tabmuili, popMyiu, rpadikn);

8) 3poOHUTH BHCHOBKHU.

3anucu B J1a0OpaTOPHOMY >KypHajl poOOdsATh YOPHUIOM. MantoHKu
NpUiIaaiB, CXeMH YCTaHOBOK, Tpadiku BUKOHYIOTH OJIIBIIEM HA MUIIMETPOBOMY
narnepi. Bci po3paxyHku HE0OX1THO TPOBOJUTH B Ja0OPATOPHOMY KYypHAJII.

3HavYeHHS CUMBOJIB 1 KOE(QILIEHTIB, 10 BXOIATh Yy (GOpMyJy, MOBHHHI
OyTu HaBejieH1 Oe3nocepeHbo MiJl (HOPMYJIOK B Tid MOCHIAOBHOCTI, Y SKIH
BOHHU HaBeJieH1 y GOpMYIIi.
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IMopsaok oopmiteHHs 3BiTY, ii0r0 MpeACTABJIEHHS i 3aXHUCT.
BukonaBmu nabopaTopHy poOOTy, CTyAEHT MOBHUHEH O(OPMUTHU 3BIT,
TOOTO MPOTOKOJ J1labopaTopHOi poboTH y nabopaTopHOMy >KypHaii. OCHOBHI
MyHKTH TTPOTOKOITY:

e Tema mabopaTopHOi poOOTH.

e Merta mabopaTopHOi poOOTH.

e KopoTko natv TeopeTuyH1 BiIOMOCTI, 1110 CTOCYIOThCS 1aHO1 pOOOTH.

e KopoTkuii omnuc MNpUHLIHUNY METOAY JOCHIPKEHHS 3 TMPUBEACHHSIM
XIMIYHHUX PIBHSHb.

e PeakTuBy, XIMIYHMI TOCYA Ta NPUIIAJIHU, IO 3aCTOCOBYIOTb.

e KopoTkuit onuc X0y BUKOHAHHS JOCT1IKEHHS.

e Hanwucatu piBHSHHS XIMIYHUX PEAKI[i{, K1 UTIOCTPYIOTh AOCII/I.

e Po3paxyHKH.

e BucHOBKW.
[Ipuknan oQopMIIEHHS TUTYJIBHOTO JIUCTAa MPOTOKOJY HABEACHO Y

nonatky Nel.

JIist mpecTaBiIEHHS Ta 3aXUCTY Ja00paTopHOi poOOTH HEOOXITHO BMITH
BIAMOBIIaTH HA KOHTPOJBHI 3alMTaHHS Ta BUPINIYBaTH I1HAWBIAyalbHI
3aBJaHHs, HABEJICHI y METOJMYHMUX BKa3iBKax y KIHII KOXHOi JIabopaTOpHOIi
pobotu. Bukonapmu nabopatopHy poOOTy Ta CaMOCTIMHO MOMpPAaLFOBABIIN HaJ
«KOHTPOJIIOIOYOI0 TMPOTPaMor0», CTYJIEHT, 3 OJHOr0 OOKYy, O3HAaWOMHUTHCS 3
XapakTepoM MUTaHb MO JaHId TeMi, 3 1HIIOr0 OOKYy - 100pe MiArOTYEThCS 0
MOJIyJIbHOI KOHTPOJIBHOI POOOTH 13 IBOTO PO3ALIY 3arajbHOI Ta KOJOIMHOI
Ximii.
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Honartox 1
OdopmiieHHSI TUTYJIBHOIO JIMCTA MPOTOKOJY JIa00PaTOPHOIL podoTH

Opnecbkuii 1ep:KaBHUI €KOJIOTTYHUM YHIBEPCUTET

Kadenpa ximii HABKOJUITHROTO CEPEIOBHUIIIA

ITPOTOKOJI

JlabopaTopHoi podoTu Ne....

T eMaA: € D

Cxema npunany.

Bukonas: I1.I.b. ctynenra

[lepesipus: I1.1.b. Buknanaua

Opneca—20__
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JlonaTok 2

Tuck BOASHOT Mapy MpH pi3HUX TemrepaTypax (MM pT. CT.)

t°C P t°C P t°C P t°C P
MM PT.CT. MM PT.CT. MM PT.CT. MM PT.CT.
0 4,58 25 | 2376 | 50 | 9251 | 75 | 2891
1 493 26 | 3521 | 51 | 9720 | 76 | 3014
2 5.29 27 | 2674 | 52 | 1021 | 77 | 3141
3 5,69 28 | 2835 | 53 | 1072 | 78 | 327.3
4 6,10 29 | 3004 | 54 | 1125 | 79 | 3410
5 6,54 30 | 31,82 | 55 | 1180 | 80 | 3551
6 7.01 31 | 33,70 | 56 | 1238 | 81 | 3697
7 751 32 | 3566 | 57 | 1298 | 82 | 3849
8 8,05 33 | 37,73 | 58 | 1361 | 83 | 4006
9 8,61 34 | 3990 | 59 | 1426 | 84 | 4168
10 9,21 35 | 4218 | 60 | 1494 | 85 | 4336
11 9.84 36 | 4456 | 61 | 1564 | 86 | 4509
12 | 1052 | 37 | 4707 | 62 | 1638 | 87 | 4687
13 | 11,23 | 38 | 4969 | 63 | 1714 | 88 | 4871
14 | 11,99 | 39 | 5444 | 64 | 1793 | 89 | 5061
15 | 12,79 | 40 | 5532 | 65 | 1875 | 90 | 52576
16 | 1363 | 41 | 5834 | 66 | 1961 | 91 | 546,05
17 | 1453 | 42 | 6150 | 67 | 2051 | 92 | 566,99
18 | 1548 | 43 | 64,80 | 68 | 2142 | 93 | 588,60
19 | 1648 | 44 | 6826 | 69 | 2237 | 94 | 610,90
20 | 1754 | 45 | 71,88 | 70 | 2337 | 95 | 633,90
21 | 1865 | 46 | 7565 | 71 | 2439 | 9 | 657,62
22 | 1983 | 47 | 7960 | 72 | 2546 | 97 | 68207
23 | 2107 | 48 | 8371 | 73 | 2657 | 98 | 70727
99 | 733,24
24 | 2238 | 49 | 8802 | 74 | 2772 | o0 | geoee
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JlonaTok 3

CraHmapTHi €eKTPO/IHI MOTEHIlIAIN ASSIKUX CUCTEM Y BOJAHUX PO3UMHAX MPU

25°C.
Okucnena Bionoenena Pisnnnnz npouecy 0° B
Gdopma dopma '

SO, +8H* S+ 4H,0 SO, + 8H" +8¢ — S + 4H,0 0,149
S+ 2H" HzS S+ 2H"+2& — H,S 0,17
S,06° 2S,05° S,06° +2 ¢ — 25,057 0,15
S,05° 2504° S,05°+26— 2504> 2,05
Fe** Fe?* Fe* + 16 — Fe®* 0,77
HNO, + H* NO + H,0 HNO,+ H"+ 1¢ - NO + H,0 0,99
NO; + 2H* NO, + H,0 NO; + 2H*-1& — NO, + H,0 0,84
NO; + 2H* NO, + H,0 NO; + 2H* - 1 — NO, + H,0 0,81
NO; + 10H* | NH, +3H,0 NO; + 10H" + 86— NH," + 3H,0 | 0,87
NO; + 4H" NO + 2H,0 NO;™ + 5H" +36— NO + 2H,0 0,95
NO, +2H" NOy+H,0 NO, + H" +1¢ - NO + H,0 0,98
|2(p03‘II/IH) 21" |2 +2e—->21° 0,54
105 + 6H" I”+ 3H,0 105+ 6H" + 6& — | + 3H,0 1,08
2H+ H, 2H+ +2¢ > H» 0,00
Oy + 4H" 2H,0 O, + 4H* + 46 — 2H,0 1,23
H,0, + 2H" 2H,0 H,0, + 2H" + 2 — 2H,0 1,77
PbO, + 4H' Pb® + 2H,0 PbO, + 4H" + 2¢ — Pb®* + 2H,0 1,46
Br2(p03‘II/IH) 2Br~ Br,+2¢ — 2Br~ 1,07
MnOguy+ 4H" | Mn®*+2H,0 | MnO,+ 4H' + 26 > Mn?" + 2H,0 | 1,28
MO, + 2H,0 | MnOy + 40H" 2"5‘3_4 + 2H,0 + 3¢ > MnO, + 0,57
MnO, +8H* | Mn* + 4H,0 MnO, + 8H" + 56 — Mn* + 4H,0 | 1,51
MnO, + 4H" MnO, + 2H,O0 | MnO, + 4H" + 3¢ - MnO, + 2H,0 | 1,69
F> 2F F+ 2¢ > 2F 2,85
Clz(r) 2CI Cl,+2¢ — 2CI° 1,36
ClO; + 6H* CI™+ 3H,0 ClO; + 6H"+ 6¢ — CI” + 3H,0 1,44
ClO™ + H,0 ClI + 20H" ClO™ + H,0 +2é— CI™ + 20H" 0,89
Cr,0/ +14H* | 2Cr**+ TH,0 | Cr,0,% + 14H" + 62 — 2Cr* + 7H,0| 1,36
CrO, + 4H" CrO, + H,0O CrO, + 4H" + 3¢ — CrO, + 2H,0 0,95
HsAsO,+ 2H" | HASO, + 2H,O | H3AsO, + 2H" + 26 —>HAsO, +2H,0 | 0,56
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Honarok 4

TET

IIEPIOMNYHA CHCTEMA EJIEEMEHTIB [I.I. MEHIEJGGBA
NEPIOA 1 ] m v \'J Vi vil Vil
1 II
H He | oo
Ti
Bl;x}g:‘:n Teniit Fe
- 3 4 5 6 7 8 9 — 55 0
L]. 6,941 Be 9,0122 B 10,811 C 12,011 N 14,007 O 15,999 F 18,998 Ne 20, 179 Depym
Tlimid B . B KapGox Hirporen OKcuren Dayop Heon ] - Saniso
epuin op Byrzens Asor Kncenb Prop Ximiunnit ITpazmgiﬁHa HasBa
11 13 . 14 15 16 17 CHMBOJ npoCTOi PeYOBUHH
N a 22,990 M g 24, 305 Al 26,982 S 1 28,086 P 30,974 S 32,066 Cl 35,453 Ar 39, 948 Bignocua Haasa eemeHTa
Harpiit Marsnii Amominii Cuninii Doctop giy;:g)yp Xnop Apron aTOMHa Maca
19 21 22 1123 24 26 27 28 :
K 39,098 Ca 40, 078 44,956 S C 47,88 Tl 50,942 V 51,996 Cr 54,938 Mn 55,847 Fe 58,933 CO 58,69 Nl
- v . DepyMm Hikon
Kaniit Kansniit Cxanpiit Turan Banagiit Xpom Manran 3anizo . KobansT Hiweny
30 32 35 36
63 546 Cu 65,39 Zn Ga 69, 723 Ge 72,59 AS 74, 922 S e .78 904 Br 79,904 Kr 83,80
Ky%ﬁ&;‘: Uunk | Taniit Tepmaniit Apcen Cenen Bpom Kpunrox
38|39 40 41 43 44 45 46
Rb 85, 468 S r 87,62 | 88,906 Y 91,224 Z r 92,906 Nb 95,94 MO [99] Tc 101,07 Ru 102,91 Rh 106,42 Pd
Py6iniit LCTPOHII ITpiix InpkoHii Hio6iit Moni6aen Texxeuiit Pyrteniit Pogiit IManaaiit
47 49 50 51 52 53 54
107,87 Ag 112,41 Cd In 114,82 S n 118,71 Sb 121,75 Te 127,60 I 126,90 Xe 131,29
Aplée;'gg:; Kagmii Imxiﬁ 8;?;?““““2‘ Ctubiit Tenyp %‘I)gn Kcenon
55 ) 57 % 73 74 ‘N 7|7 76 77 78
CS 132,91 Ba 137 33 138,91 La 178,49 Hf 180,95 Ta 183,85 186 21 Re 190,2 OS 192,22 Ir 195,08 Pt
Lesiit Bapiit JlanTan Tadmiit TanTan Bonsdpam Peniit Ocwmiit ipmxiix IlnaTuna
81 82 3 83 84 85 86
195 97 Au 200,59 Hg Tl 204,38 Pb 207,2 Bl 20898 PO [209) At [210] Rn [222)
E‘i\os;xpo);hc: Mep§¥§;1: Taniit g;:;rgz’lwo SHEG Bicmyt Iomoniit Acrtatr Pagon
87 89 % 104 105 106 107 108 109 110
F r [223] Ra 226 03 [227] AC [261) Db [262) J l [263] Rf [262] Bh [265) Hn [266] Mt 58,69 U@Iﬁl
Dpanniix Pagiit AXTHHINL Hy6Hiit Jxomioriit Pesepdoniit Bopiit Taniit MaiitHepiit Vayssinii
d JIaHTano'l'un
60 61 62 69 70
Ce“ 140,91 Pr 144,24 Nd [147) Pm 150,36 Sm 15! 96 Eu 157 25 Gd 158 ,93 Tb 162 50 Dy 164,93 HO 167 26 Er 168,93 Tm 173,04 Yb 174 97 Lu
Hepiit | TIpaseogum Heozum ITIpomeriit Camapiit €ppomniit Tagoniniit Tepbiit Jucopoaii Tonbmiit Ep6iit Tynik Irep6iit Jlroremiit
** AKTHHOIZH
Th 91 92 94 95 96 97 98 99 100 101 102 103
D) Pa 238,03 U [2871 Np [244) Pu 243 Am [247] Cm [247] Bk [251] Ct [252) Es [257) Fm [258] Md [259] No [260] Lr
Topiit | [IporakTusnii Vpan Henrynii ILnyTomiit Awmepnuii Kiopiit Bepkuniit | Kanigopniit | Efirmreitnii @epmiit | Mengenesiit Hoﬁe:{m Jloypenciit




cel

Ta0uuss po34YUHHOCTI cOJIell Ta OCHOB Y BOAi

JomaTok 5

E Karionn
'E K" |Na"NH,|Ba?*|sr?*|Ca® Mg®| AI¥ [Cr¥*|Fe* |[Fe” Mn%|Zn®*|Ni?* |Co?*| Ag® |[Hg?*|Cu?|Cd* |Pb?* | Bi** |Sn**
OH- |P|P|P|P|P|BP{H|/H|H|H|H H|H|H|H|BP H  H|H|H|H|H
F- P|P| P |BP|BP|/BP|BP|BP| | H | |BP BP|BP|BP|P|P|P| - |BP BPH|H|P
ci- |(p|lPp|P|P|P|P|P|P|BP|P|P|P|P|P|P|H|P|P|P|BP|-|P
Br— |P|P|P|P|P|P|P|P|BP/P|P|P|P|P|P|H|P|P|P|BP|-|P
|~ p,p|(P|P|P|P|P|P|P|P|P|P|P|P|P|H|H|H|P|BP H|P
S* P/P|P|P|P|P|BP|-|-|H H H/ H H H|H| H H|/H|H|H| H
so,*> |p|P|P|H|/H|H|BP|-|-|-|H|-|H|H|-|H|-|-|H|H]|-/|-
so”~ |p|P|P|H|BPBP|P|P|P|P|P|P|P|P|P|BP|-|P|P|BP P |P
PO |P|P|P|  H H/ H H/ H|BP|H|H H|H|H|H|H|H|H|H|H|H]| -
cro|p|P|P H|BP|P|P|-|-|-|-|H/H|/H|H|/H|/H| H|H|H|H|H
cCoO> |P|P|P|H H/ H/ H|-|-|-|H/H/H/ H/H/H|/H|H|H|H|H]| -
NOs- |P|P|P|P|P|P|P|P|P|P|P|P|P|P|P|[P|P|P|P|P|P|-
NO, |P|P|P|P|P|P|P|P|P|P|P|P|P|P|P|BP -|P|P|P|H|-
CH,coolP|P|P|P|P|P|P|P|P|P|P|[P|P|P|P|BP|P|P|P|P|-]-

IMpumitka: P — po3unnni y Bojai; BP — Baxkkopo3unHHi (Majopo3unHHi); H — mpakTHYHO HEPO3YMHHI; «—» pUCKa
O3Hayae, 10 PEYOBHHA HE ICHY€E a00 PO3KIIAAETHCS BOJIOKO.




8.

9.

PEKOMEH/IOBAHA JIITEPATYPA
OcHOBHA

I'muaka H.JL. O6mas xumust . — JI.: Xumus, 1985.

I'muuka HJI. 3agaun m ynpakHeHHsT 1O OOmed XuUMUU: Y4eOH.
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