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BCTYTI

HaBya/lbHO-METOAMYHI BKa3iBKM PEKOMEHA0BaHO AN1s NPOBEAEHHS
nabopatopHUX po6IT 3 aucumMnniHnm  «MeToaonorid  aHaniTUYHKX
(IBNKO-XIMIYHUX ~ HAYKOBMX [OCMIAXeHb B  eKONorii» CTY[eHTIB
[IOPOXHbO-0YAIBENbHONO  (hakynbTeTy  cheuiasbHocTi  7.070801
«EKO/0ria Ta 0XOpoHa HaBKOJIMLLHLOIO CEPESOBULLA.

[MpornoHOBaHe  MeTOAMYHE  BWUAAHHA AN NPOBEAEHHS
nabopaTopHUX PoBIT (i3NKO-XIMIYHUX METOAIB AOCNIIKEHHS [03BONSE
NPOAOBXYBATN PO3BUTOK XIMIYHOrO MUC/IEHHSI CTYAEHTa, AKWA 3aCBOIB
KypC HeopraHiyHoi Ximil, HabyBae HaBWYKW MNPOBEAEHHSA XiMIYHOro
eKcnepmmeHTy JTabopaTopHi pob0TM MaKoTb EKOIONYHY Harpas/eHICTb
| MOB’A3aHi 3 KOHTPOJIEM | XiIMIYHMM MOHITOPMHIOM CTaHy [OBKIN/S.
MeToAMuHI BKa3iBKM po3pax0BaHi TaKOX Ha CaMoCTiiHy poboTy
CTyAeHTa.

[Mpn npoBefeHHI BCiX AOCMIAIB CNifg CyBOPO [AOTPUMYBAaTUCH
NnpaBua TeXHIKM 6e3nekn, BMKOHYBaTW iX CYMJIHHO, akypatHo, 6e3
METYLLHI.

[Mepen noyaTKkoM po6OTM HEOOXiAHO 4ITKO 3’ACyBaTu CyTb
MEeTOAMKM Ta MopsagaoK Ti BMKOHaHHA. [1ig4  4ac npoBefeHHS
eKCrepumeHTy cnif 060B’S3KOBO 3anucatu yCi 3MiHW, NomideHi nifg vac
NMPOBeLEHHS EKCMEPUMEHTY. YCi nabopatopHi poboTy MatoTb NMUTAHHA 3
caMOnepeBipKN TEOPETUYHMX | MPaAKTUUYHUX 3HaHb ON1A 3aXUCTY MIiCNs
BUKOHaHHS po60TMW.

Bvknagay oOuiHIOE pobO0TY CTyfeHTa, YpaxOBYKOUM TEOPETUYHI
3HaHHSA, PeTeNbHICTb BWKOHAHHA AOCNifdiB  Ta OMOPMSEHHA X
pe3ynbTaris.



TemaTunka Ta 06cAr nabopaTopHUX pPobit

No HasBa Tem Ycboro roanH
3/n HaBYa/IbHMX
3aHATb

1 TexHika  nNpoBefeHHs  (Pi3NKO-XIMIYHMX 2
pocnimkeHb  (TexHika  6e3nekn; nocyn i
06MaHaHHA; OCHOBHI onepauil Ta npuiomn).
Moxnbkn  BuMiptoBaHb.  Bigbip npob6 Ta
npoboniaroToBKa A4 NPoBeieHHsA aHanizy

2 AKUICHI peakuil [AesKuX aHioOHIB Makpo- i 2
MIKPOE/NeMeHTIB

3 KOHTpOsbHe 3aBaaHHA. BuUsHayeHHs cknagy 2
PO3YMHY HEeBILOMOI CyMilWi aHioHIB Makpo- |
MiKpOoenemeHTIiB. BM3HayeHHA cCKnagy pPo3vnHYy
HEeBIZOMOT CyMillli OHIB

4 BusHayeHHs BMICTY OpraHiYHUX pPevyoBuMH 2
rPYHTY METOAOM rpaBiMeTpii

5 ["paBiMeTPUYHNIA METO/, BM3HAYEHHSA 2
BOMOrOCTI NNCTA AK IHAIKALINHOT 03HaKWM CTaHy
noBiTPA

6 BusHayeHHs  rigponiTUUYHOI  KUCNOTHOCTI 2
FPYHTOBUX BUTSXKOK METOA0M TUTPUMETPIT

7 TUTPUMETPUYHMI METO[, BM3HAYEHHS IOHIB 2
Ka/ibLlifl | MarHis B BOAHI BUTSXKLI 3 MOYBYU

8 Bu13HaueHHs BIZIbHOTO xnopy B 2
BOAOMPOBOAHI BOAj

9 BusHaueHHA pH  TpPYHTOBUMX  BUTAXKOK 2
MeTOA0M MOTeHLioMeTpIT

YCcboro 18




1 TEOPETUUHI OCHOBW EKCINEPUMEHTY

1.1 XimiuHuMIn nocyy i obnagHaHHA

Mpunagyn Ta nocyd XiMivyHOI nabopaTtopii BUroToB/EHI 3 CKNa abo
thapcopy.

XiMiYHI MK pI3HUX  fAiamMeTpiB  BUKOPUCTOBYKOTb [N
nepenvBaHHsA PignHKM i pinbTpyBaHHA (puc.l.1).
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Puc. 1.1. XimiuHi nifikK: a - nika ximiyHa, 6 - hinbTp LLIoTTa, B - thapoposa
NiikKa BroxHepa, ¢ - konb6a broH3eHa

®inbTpy LLoTTa — CKAAHI PINLTPU 3 NOPUCTUMKU MeperopoiKamm
BMKOPUCTOBYHOTb A/ BifAiNeHHA TOHKOANCNEPCHOT (hasun Bif PiAnHN.

Ninky BroxHepa BUKOPUCTOBYHOTb Y BUMaAKYy BENIMKNX 06’ eMIB /14
BIAAINEHHS KPUCTaNiYHMX ocagiB | AN NPUCKOPEHHS  MnpoLecy
(inbTpyBaHHA. Ha AHO NiKM 3 MHOXWHHMMMK OTBOpPamMu BMIiLLYOTb
(iNbTp 3a AiaMeTpoM Ninkn. Camy NiiKy BCTPOM/IKOKOTL Y TOBCTOCTIHHY
Konby byH3eHa, WO Mae O6i4YHWMIA BIAPOCTOK [ANS1 CMOMYYEHHS 3a
AOMOMOrOK WiaHra 3 BOAOCTPYMUHHUM HAcoCOM. PO3pigpKeHHS,
CTBOpPHOBaHe B K0/16i pob0TOH Hacoca, Cpuse NPUCKOPEHiin MinbTpadii.

[MNOCKOAOHHMIA nocyd — Konbwu, ckKisaHku (puc. 1.2, a, 6)
BUKOPUCTOBYIOTb AN 30epeXXeHHs  PIAWHW,  CXOBY  PO34YMHIB,
(hiNbTPYBaHHA, HETPMBAIOTO HArpiBaHHA peakLuiiHUX CyMiLLei.

KpyrnofoHHi konoun (puc. 1.2, B) BUKOPUCTOBYIOTH A8 PI3HUX
BUAIB MEPeroHKM 1 BIATOHY PO3YMHHUKIB, TPUBANOIO KINATIHHA,
eKCTpaKLii.
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Puc. 1.2. CKknsHWiA nocyA: a - Konba KoHivHa nnockofoHHa (EpneHmeiepa), 6 -
XiMiYHa CKNAHKa, B - K0/16a KPyrnogoHHa 04HOropna, r - 61KC, 4 - KpanenbHUUA

CkngHi 6token (puc. 1.2, T) BUKOPUCTOBYHOTb A1 36epiraHHsa Ta
B3BiLLlyBaHHS PeYOBMH, SIKi NeTKi Ta rirpocKomniyHi Ha NoBiTpi.

[na po34nHIB IHAMKATOPIB, & TAKOX A4/1F PeakTuBIB, AKi 4O4AI0TH B
HeBeMMKMX KiNlbKOCTAX, BUKOPUCTOBYHOTb CneliasibHi KpanenbHuyi (puc.
1.2, p).

ManepoBsi QiibTpy. MNpy INbTPYBaHHI B NiAKY BMILWYOTb QPifbTP
I3 (PiNbTPyBasIbHOrO nanepy abo cneuiasibHi 6€330/bHI QINbTPU PI3HOT
nopuctocTi. LLinbHICTb inibTpa No3Ha4Ya€ETbCA KOMbOPOM MaKyBasibHOT
CTPIYKW: YepBOHa — BE/IMKMIA PO3MIp nop, 4ns rpyboaicnepcHMX ocagis;
6ina — cepeiHA NOPUCTICTb nanepy; CUHSA — APIGHOMOPUCTUIA Nanip Ans
TOHKOZICMEePCHUX 0ocafiB.

Y nabopaTopHOMY MNpPaKkTUKYMi 3a3BM4yail BMKOPWUCTOBYIOTb [Ba
BUAM NanepoBmMx (QinbTpiB: nNpocTi | cknagyacti. lMpoctuid ginbTp
roTyloTb MOABIAHMM MepPernHoM ManepoBoro KyTta 3 HaCTYMHUM
pO3ropTaHHsAM KOHyca. [lnsi BWIOTOB/IEHHS CKNaAyacTtoro inbTpa
KPY>KOK 3 (DI/IbTPYBa/IbHOrO Marepy, CKAageHoro yyeTsepo, BiArMHaTh
NOCNiAOBHO 3a pafialbHUMM HanpsamKamu, CKiagatouy rapMOLLIKOLO,
3BMYaNHO 3a 5 neperuHis.

MipHuia nocyn y XimivHin naboparopit (puc. 1.3):

- MipHi ninetkn (ninetka Mopa) (puc. 1.3, a) 6e3 wkKam 3
€AVHOI0 PUCKOK BUKOPUCTOBYHOTb A1 BUMMIPY HEBE/IMKMX TOYHUX
06’emiB Big 0,1 oo 50 mn abo rpagynroBaHMX Ha AECATI | COTI YacTKu
MISIINITPa, a TaKoX rpagyroBaHnMy 6ropetkamu (puc. 1.3, 6);
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Puc. 1.3. MipHui1 nocyz: a - MipHi nineTku, 6 - rpagyinosaHi 610peTKu, B - MipHi
KON6W, I — unniHapn

- MipHI BY3bKoropsi konéu (puc. 1.3, B), unniHgpu (puc. 1.3, 1)
PI3HMX O06’€MiB 3 HAHECeHOK MITKOK Ha Top/ao  Konbu abo
rpagyroBaHOO LLKaI0K Ha CTiHLI uuniHapa.

HaliMeHLl TOYHWA BUMIPIOBA/IbHUA MoOCyA — Ue UWiiHApW i
MEH3YPKMK, a TOYHILINIA — BHOPETKU | MipHI KONow.

Mpn 3amMoBHEHHI MINETOK | MIpHUX KONM6 cnig nam’atatu, wWo
PiBEHb PIAVHN Mae TOPKaTUCb PUCKU HWXKHLOK YaCTUHOK YBITHYTOrO
MeHicKka. MNpun ubomy Tpeba cronyyaTn PiBHI OKa i pUCKK. TineTkn i
KONOW HaneXuTb TPMMATW 32 BEPXHIO YaCTWHY, BiJibHY BIf PIAVHM |
CTPOro BULLIE MITKM, abu 3MiHa TemnepaTypu piavHW Big Tenna pykn He
BN/IMHYMa Ha TOYHICTb BMMIpY 06°emy. [pu poboTi 3 nineTkamu
HeoOXiHO KOPUCTYBATUCA TYMOBMMU TpyLIaMKU | He 3aTArysaTtu pignHy
B NINETKy poOTOM; MpU LUbOMY MOTPIOHO CTEXWUTU, WO6 HMXKHIN KiHeub
nineTkn 6yB MOCTIAHO 3aHYPEHUI Yy PiaUHY, Y NPOTUBHOMY BMNAOKY
MOXKe BiAOyTUCS 3aCMOKTYBaHHS PiAVHN, WO HAOMPAETLCH, Y rpyLUy.

HeobxigHO nam’ATaTi, WO $AKWO nineTtka He rpagyiosaHa
LLKaI00, TO B 3aBOACHKMX YMOBax 1i rpafytoroTb Ha BU/IMBAHHS, TOOTO
nicna BUTIKAHHA PignMHKX 3 nineTky i 10-ceKyHAHOI BUTPUMKK, NINeTKY
BUAMalOTb 6e3 BWAYBaHHS, BUTPYLIYBaHHA | IHLWKX MNPUIAOMIB,
CNPSMOBAHNX Ha MOBHE CMOPOXHEHHA KiHYMKa NineTkn, 3a3Buyal
3aroBHEHOK Kpannew piavHu, 06’em skoi = 0,4 M BpaxoBaHUW Npwu
HaHeCeHHI MITKW.

BropeTkn (puc. 1.3, 6) — Ue AOBri BY3bKi rpafyioBaHi CKAsAHI
TPYOKW, WO 3aKiHYYHTbCA 3BY)XXEHMM HOCMKOM | MatoTb 3arnipHWUiA
NPUCTPIN y BUrNAAI KpaHa, 3aTUcKadya abo ryMoBol TPYOKWM 3i CKNSHUM
HaKOHEYHMKOM | BCTaB/IEHOK YCepeamHy LUaHra CKISAHOK KY/bKOLO.



MicTkicTb 6topetok Big 25 ao 100 mn, uiHa noginok 0,1 — 0,2 mn
[103BONIAE BUMIptOBaTU 06°emMy 3 TO4HicTIO Ao 0,05 mn. BropeTtku
3aKpINoTb Ha LWTaTMBaxX, BCTAHOB/MOKTL PiBEHb Ha HY/NbOBIN
nonminbui  (Bi4 Bepxy) 1 npuv Bignikax AOTPUMYKOTbCA nNpasBuna
BIAMOBIAHOCTI PiBHA OKa eKcrnepumeHTaTopa i MeHicka piavHu. Cnig
3HaTW, WO Y BUMIPHOBA/IbHUX MineTkax I OHpeTKax He MOBMHHO OYyTU
OynbballoK noBiTpsA, AKI HagatTb rPyoi MOXMOKM | HETOYHOCTI Mpw
BUMIpi 06’eMiB.

Baxxnmeum npunagoM nabopatopii € ekcukatop (puc. 1.4.) -
repMeTMYHa TOBTOCTIHHA NOCyAMHA [ANS BUCYLUYBaHHA | CXOBY B
130/1b0BaHMX YMOBaX XiMIYHUX PEYOBMH. EKCUKATOP CKNaLaeThCa 3 ABOX
YaCTWH: 3BY)KEHa nNpu3HayeHa A8 OcCyLlyBadiB, BOAOBIAHIMAKUMNX
PEYOBMH, Hanpuknag, TYAW HaMBalOTb KOHLEHTPOBaHY Cy/bgaTHy
KUCNOTY, 3acunatoTb  MPOXapeHWin  Kanbuiii  xnopua,  docdop
MEeHTAOKCWU, HAaTPOHHE BarHO Ta iH.; BEPXHA LIMPOKa UWMNIHAPUYHA
yacTMHa BIJOKPEM/IOETLCA BIf HWKHbOT 4YacTUHM  (hapdhopoBOIO
NMepeTMHKOK 3 OTBOpPaMK, Ha AKY MOMILLAOTb OHOKCK, TUII, Yallkun 3
PeYoBMHAMK, AKI BUCYLIYHOTb abo OXOMOoMKYHTb. LLLiNbHO npuTepTa,
linioBaHa CKNsIHA KpULLIKA eKcuKaTopa HafiliHO 3axuLLae BMICT Bifl
MOBITPSA 1 BOMOIN.

Puc. 1.4. Ekcukatop

Ana  fesdkux onepauin  npu adHanisi 06’eKTiB  AOBKINNA €
He3aMiHHUM (hapopoBuidi nocyn (puc. 1.5): BUNApHI Yalikwu, TUri,
CKNAHKK, CTYMKW, YOBHWKWN A/19 MIKPOKINIbKOCTE PeYOBMHK, 3rajaHa
BULLE NiliKa BroxHepa.
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Puc. 1.5. ®apgoposuii nocys;: a - Turenb, 6 - Yallka, B - CTyMNKa 3 TOBKAYMKOM

dapdoposi vawku (puc. 1.5, a), YoBHUKKM | Turai (puc. 1.5, 6)
BUKOPUCTOBYHOTb MPU MPOXKaptOBaHHI PeYoBUH Yy MyenbHiA nedi,
OCKI/IbKM TX TEepPMOCTIKICTb | MILHICTb 3HAYHO BULLA HIXX Y CKna.
Ctynku 1 ToBKauuMkm (puc. 1.5, B) HeoOXigHI Ana pPO3TUPaHHSA |
NOAPIGHEHHSA AEAKMX AKICHUX peakuiin, eeKT AKUX BUSBNSETHCA B
NpoLLeci pPO3TMPaHHA AOCNILKYBaHUX KOMMOHEHTIB.

[na npoBefeHHs1 KiNbKICHOro aHanisy HeobxigHO cnevjiasibHe
nabopatopHe o06nagHaHHA. OcobnmMBe 3HAaYeHHSA Mae HarpiBajibHe
06nagHaHHS.

Puc. 1.6. [a30Be Ta enekTpuyHe 061agHaHHA XiMi4HOT nabopaTtopii: a - rasosa
ropinka sugy Teknto; 6 - BoAsHI 6aHi; B -MydesnibHi neyi; I - cylumnsbHa wadga

AKLWO B HaBYasbHIM nabopaTopii € ras, BUKOPUCTOBYHOTb ra3oBi
ropinku sugy Tekno (puc. 1.6, a), AKi HafjawTb yucTe nonym’s 3
TemnepaTypoto 6ins 1500 °C.

BoasHi enekTpuyHi 6aHi (puc. 1.6, 6) BWKOPWUCTOBYHKOTb [/
BUAANEHHA  aMOHIHMX  CONMer, PIBHOMIPHOrO  HarpiBaHHa  Ta
BMMapOBYBaHHA PigVHN.



MydpenbHi nedi (puc. 1.6, B) 3 TemnepaTtypoto HarpisaHHA 800 —
1000 °C BUKOPWCTOBYHOTb [N151 MPOKa/ItoBaHHSA OCafiB Ta ChJaB/eHHS
PEYOBVH.

CywunnbHi wagu (puc. 1.6, r) 3 TemnepaTtyporo HarpieaHHs 4o 500
OC BMKOPUCTOBYIOTb A4S BUCYLLYBAHHSA (iNbTPIB 3 0cafamu Ta GIOKCIB 3
PeYOBMHAMUN.

3anuTaHHA ao KOHTPOJIKO 3HAaHb

AKi pi3HOBMAM MIPHOrO NMocyay BK 3HaETe?

LLlo cnifg nam’aTaTn Npw 3anoBHEHHI MIMNETOK | MipHUX KON6?

[ns AKX Winein 3acTocoByoTb thapdoposuii nocyn?

AKi B/ 3HAETe HarpisasbHi Npunagn?

AKi  eNeKTpUYHI  HarpiBajsibHI  nNpunagn BWU  3HaeTe?  HKi
TemnepaTypHi XapakTepuCTUKN BOHU MaKOTb?

b whE

1.2 CyyacHi meToam aHani3dy Ta ix Knacudikadis

3a CBOIM MNPW3HAYEHHAM METOAM BU3HAYEHHA MaKpo- | MIKpO
e/IeEMeHTIB MOAINAKTbL Ha TPY BUAMN.

I. MeTtoan MacoBOro aHanizy — aHani3 MpUPOAHUX 06’EKTIB:
FPYHTIB, TIPCbKMX MOpiA, BOA HaseMHMX, MiA3eMHUX | aTMOCHepHMX
[Kepen, O6I0M0MIYHNX  PIAWMH, MNOKPUBHUX | BHYTPIWHIX TKaHUHWU
NHOANHK, TBAPUH | POC/IH | X OpraHis..

Il. MeTogn cneuiasibHOro MPU3HayYeHHs -  creymivyHi mMeToam
MiABVLLEHHOT YYT/IMBOCTI, 3aCTOCOBYBaHi [N BU3HAYEHHSI OKPEMUX
MIKpOe/ieMeHTIiB ab0 pevyoBUH, BignpaLboBaHi NPUIAOMI 415 BU3HAYEHHS
OZHOro Tuny npoo.

[11. MonboBi MeTOAN — Lie METOAN eKCrnpec-aHani3y, 3acTocoBaHi He
TiIIbKW B NOMIbOBMX YMOBax, ane i y nabopartopii Ana ofepXXaHHsA 3a
CMPOLLEHOK METOAMKOK LUBUAKNX Pe3ynbTarTis.

Y 3a/leXXHOCTI Bif [AOCTYMHOCTI  AOCAIMIKYBaHOro 06’eKTy
PO3PI3HAKTL ANCTAHLiHI | KOHTAKTHI METOAM aHanisy.

AncTaHuinHI MeToAM 3AINCHIOKTLCA Ha BiACTaHi 3 nepefayero
pesynbTatiB y BUrAa4i curHanis. Lii meTtoan BMMararTb K NPOCTMX
MPUCTOCOBYBaHb TaK i CKNaAHOT anapatypu, cnewljiabHMX CTaHLn Ta iH.
LLi MeToan WMPOKO 3aCTOCOBYIOTL B rigpomeTanyprii (pagio3oHau, reo-
| rigpoakycTvka), KOCMOHaBTULI (KOCMIYHI CYMNYTHUKM | CTaHuii),



MeauuMHI (30HAYBaHHA OpraHiB, YNbTPasBYKOBI AOCNIMKEHHSA, 3a6ip
Npo6 TKaHUHW), reonorii (30H4 KapoTaXXHWUIA AN CBEPLSIOBUH).

KoHTakTHI mMeToau 6ifbll nowmnpeHi i 6aratorpaHHi. Ll metoam
3aCTOCOBYHOTb A1 BM3HAUYEHHSI OpraHoenTUYHUX MOKasHUKIB NoBITPA |
BOAMW, ON19 Bi3ya/lbHOr0 BUSB/IEHHA 3a [0OMOMOIOK iHAMKATOPIB, A06Ip
NPo6 i IX AKICHWIA Ta KiNbKICHWIA aHanis.

3a NPMHLMNOM AOCNIAXKEHHA METOAN AOCNIMKEHHS KNAaCU(IKYOTb,
AK  XIMiYHI, (i3nKO-XiMiYHI, (I3NYHI, OGIONOTIYHI, Ka/JIOPUMETPUYHI,
MaTeMaTUYHI.

Mo cyTi XiMiYHI METOAM — Ue KNacU4yHi aHaniTUYHI MeToAu, Lo
BK/1HOYAOTb SKICHWUM Ta KifIbKICHWIA aHani3.

AKICHMA  aHani3  BUpilLYE 3aady BCTaHOB/EHHA  CKnagy
AOCNIMKYBaHOro 06°eKTa i BK/IKOHA€E HACTYMHI onepawil:

- eNIeMEHTapHUIN aHani3, WO BCTAHOB/OE 3 SAKUX XIMIYHUX
e/IEMEHTIB CK/MafaeTbCa PEYOBUHA;

- MOHHa igeHTUDIKaLis;

- BU3HAYEHHS MONEKYIAPHOr0 cKnagy.

KinbKiCHWI aHani3 — Le po3ain aHaliTUYHOT XiMiT, 3afa4eto AKOro €
BM3HAUeHHA macu, KOHLeHTpauT, Oyab-SKoi KINbKICHOT
XapaKTepPUCTMKK, BCTAHOB/IEHHS Ki/IbKICHUX CMiBBigHOLLEHb CKNafoBuUX
4aCTWUH CyMiLLIi abo CMONyKW.

1.2.1 XimMiuHi meTOoAN aHanisy

Meplumm 3 BUAIB XIMIYHOIO aHani3y € AKICHUI aHasi3. KnacuuHuia
AKICHWIA aHani3 NoB’A3aHNin 3 BOAHUMM PO3YMHAMWN ENEKTPONITIB, TOOTO
COMeN, Nyrie, KWUCNIOT, SKI ANCOLIOKOTL Ha 10HW. KOXeH i10H Mae CBOI
B/IACTMBOCTI, fKi BiH 30epirae He3aneXxHo Bif MPUCYTHOCTI B PO3YUHI
IHWKNX 10HIB. Peakuii, ki BigbyBalOTbCA Yy PO3UMHAX  MIXK
enekTponiTamMn, — Ue peakuii MK ioHamu. BoHM gonomaratoTb
BU3HAYUTK MEBHWI I0H 3a BiOMUMK 0COBNNBOCTAMM. XiMIUHI NpoLEecH,
AKI BUKOPUCTOBYIOTb NPV aHani3i peYoBUHN, Ha3MBaKOTb aHalITUYHUMU
(AKICHMMN) peakuigMn. AHANITUYHUMW € TiNbKK Ti XIMIYHI peakuii, aki
CYNPOBOMAKYHOTbHCS 30BHILLIHIM e)eKTOM: YTBOPEHHAM ab0 PO3YMHEHHSAM
ocafy, 3MIHOK 3abapBfeHHS PO3YMHY, LLO aHai3yeTbCs, BUAIIEHHAM
razonofibHnx peyoBuH.

PeyoBnHW, 3a [ONOMOrOK AKUX MPOBOAATL aHaNITUYHI peakuil,
Ha3MBalOTb  peareHTamm  (peaktmBamu). Y  AKICHOMY  aHanisi



BUKOPUCTOBYHOTb [OCTaTHbO KOHLIEHTPOBaHI PO3YMHW peareHTiB: 2 H
PO3YMHM KUCNOT i nyriB, 0,5 H PO34YMHK CONeEN.

[na nepe.BefeHHA CyXOi PeYOBUHM Yy PO3YMH MPOBOAATL NPO6KM Ha
Il PO3YMHHICTb Yy PI3HOMAHITHUX PO3YMHHUKAX MPU  KiMHATHI
Temnepartypi, a AKWOo NoTpibHO — i Npu HarpiBaHHI. Pe4yoBKHY, SKa He
PO3UYMHAETLCA Y BOMI ab0 PO3YMHAETLCA B Hildl cnabo, BUMNPOOYHTL Ha
PO3YMHHICTbL CMOYaTKy B OUTOBI KWUCNOTI, a NOTIM Y po36aBneHnx Ta
KOHLEHTPOBAHNX X/TOPUAHIN, HITPaTHIN KUCNoTax | HaBiTb Yy CyMili
XIOPUAHOT Ta HiTpaTHOI K1cnoT (3:1).

[Mpn BUKOHaHHI aHaNITUYHOT peakuil HeobxigHO AOTPUMYyBATUCS
MEeBHUX YMOB, $fKi 3a/eXxarb Bif BNacTMBOCTEN PEYOBMHK, L0
aHani3yeTbCA.

[MepLloto i3 UMX YMOB € NEBHe cepefoBuLle po3yvmMHy. Hanpuknag,
NS BU3HAYEHHs Kapb6oHaT-ioHa (COsY) cepefoBulle NOBUHHE 6GYTU
HEUTPa/lbHUM ab0o NYXXKHUM, TOMY WO B KWUC/IOMY CepefoBuLLi
YTBOPOETLCA OKcng KapooHy (1), To6TO KapboHaT-I0H 3HUKAE:

2H" + COs*  H,0 + COy1

[pyroto yMoBOIO BMKOHaHHA aHaNiTUYHOT peakuii € NigTPUMaHHSA
HeoOXiAHOT TemnepaTypy PO3YMHY. BinbLWiCTb aHaNiTUYHUX peakLil
BUKOHYIOTb MPW KIMHATHIN TemnepaTypi abo HaBiTb OXONOLXKYHOTb
NpPoo6ipKy nig BOAOHO (Hanpuknag, npwu OCaKEHHI
rekcarigpokcocTibiaty (V) HaTpito Na[Sb(OH)¢]). OgHak geski peakuii
NoTpebyloTb HarpiBaHHA [0 MNeBHOI Temnepatypu. Hanpuknag,
BM3HaueHHs ioHa NH," 3a [JonoMorow nyris BUKOHYIOTb Py
HarpiBaHHi.

He MeHL BaXX/iMBa TPeTH yMOBa — MeBHa KOHLEHTPaLis ioHa, AKNiA
BUABNAKOTL Y PO34YMHI. [N npoBefeHHA XIMIYHOrO aHanizy neBHMX
IOHIB Yy pPO34YMHI aHaNiTUYHA peakuis MNOBMHHA MaTW [OCTaTHIO
YyTAMBICTb. UYYTAMBICTb peakuil XapakTepusyeTbCA KiNbKICHO 3a
[OMOMOroK ABOX BENYUH — BIAKPUBAHOIO MIHIMYMY Ta MiHIManbHOI
KOHLLeHTpaLiT.

BiKpMBaHMn MiHIMYM — Lie HaliMeHLLUa KifbKICTb i0Ha, KY MOXHa
BUSABMTM 3a [JOMOMOIOK MEBHOI aHaMiTUYHOT peakuii. s BU3HAYEHHS
NOCNIMKYBAHUX IOHIB LI MIHIMYM MOBMHEH CTAHOBUTW MeHLLIE HiX 50
MKT.

MiHiMa/IbHa KOHLIEHTpaLia NoKasye, 3 AKOro po3BefeHHA PO3UMHY
MOXHa BW3HAUMTW aHani3oBaHWA 10H. AHaNITUYHI  peakuii, AKi



[03BO/IAKOTb  BM3HAYUTK 10OHU B Ma/MX KOHLEHTpauifx, HasnBatoTb
BUCOKOYYT/IBUMMU.

[na npoBefeHHA SKICHOro aHanidy, KpiM 4yT/IMBOCTI, Be/MKe
3HaYeHHA Mae CheungiyvHICTb | CENeKTUBHICTb aHaNiTUYHOT peakuii.
AHanTUYHI peakuii NOAINATLCA Ha CeNIEKTUBHI Ta creumiyHi.

Hali6inbll NOLWMPeHNMN cepefl SKICHUX peakuiin € Tak 3BaHi
ceNneKTMBHI (BMOIPKOBI) peakLil, SKi Aat0Tb NOAIGHWIA 30BHILLUHINA e(eKT
I3 KinbKoMa ioHamn. Hanpuknag, kap6oHat amoHito (NH,),CO; yTBOpHOE
He TinbKW 3 kaTioHoM Ca”*, ane i 3 kaTioHamu Ba®* Ta Sr** 6inuii ocag;

Ca” +CO;” CaCOs! ;
Ba’* +COs> BaCOs! ;
Sr** + COs”  SrCOs! .

Taki peakuii [03BONAKOTb BUAINUTA TPyny IOHIB i3 CKAagHoT
cyMmiwi. PeareHT, KW [03BONAE BWUAINNTUA i3 CKNaAHOI CyMiLLi
aHa/liITUYHY Tpyny IOHIB, Ha3MBalOTb TPYNoOBUM peareHTOM. Tak
KapboHaT amoHito (NH,),CO;, B HaBeAeHOMY Bulle MpuUKNadi €
rpynoBuM peareHTOM Ha Il rpyny KaTioHiB.

BifOKpeMUTM MeBHWI 10H Bif CyMiLWi IHWWX IOHIB Ta BM3HAYNUTU
A0ro MOXKHa 3a I0NOMOroH SIKiCHOT peakuii. [10 SIKiCHMX peakLiii MOXKHa
BiAHECTU creumpivHi peakuii.

CreymiyvHi peakuii 403BONAKOTL BUABUTU iOH B OKPeMii nopuii
aHasli30BaHOro PO34MHY B MPUCYTHOCTI IHLWIMX 10HIB. [1OCNIA0OBHICTb
BUAB/IEHHS 10HIB MOXE OYTU [OBI/NIbHOLO.

CreundiyHO peakuiero HasMBalThb Taky, WO [03BOJIAE BUABUTY
MEeBHUI IOH HaBiTb Y MPUCYTHOCTI IHLIMX iOHIB. Hanpuknag, BUSBUTY
ioH Fe®* Mo>cHa 3a JOMOMOroro crieLmdiuHOi peakuji

4Fe® + [Fe(CN)]*  Fey[Fe(CN)gls!

PeuoBuHa, sika pearye 3 neBHUM iOHOM i B cneum@ivHin peakuil
[a€ NeBHUI epeKT Ha3MBAETLCA CreundivyHNM peareHToM (PeakTUBOM).

Kaniin rekcauiaHoepat (I1) Ky[Fe(CN)s] € cneyundiyHnm
peareHTOM A9 ioHa Fe®*, ake YTBOPIOE 3 HIM 0Ca/, CUHLOFO KOMOPY
(ocap ,,6epniHCbKOT Na3ypi”) HaBiTb Y NPUCYTHOCTI IHLLKMX I0HIB.

AKICHMIA aHasi3 3a/1eXKHO Bif, CKNafHOCTI NPOBEAEHHS aHaIITUYHMX
onepauiii NofinsaTb Ha APOO6OBUIA Ta CUCTEMATUYHUIA.

[po6oBunin aHani3 - Ue BUSABMNEHHSA IOHIB B OKPEMMX MOPLIAX
aHa/li30BaHOr0 PO34YMHY 3a [A0MNOMOroK CrneunivyHMX peakuii, SKi
NMPOBOAATL B Pi3Hi NOCNIAOBHOCTI.



AHani3 aHioHIB NpPoOBOANTLCA APOOOBMM MeTOAOoM. bBinbLicTb
aHIOHIB (JaKTMYHO He MepeLlKOo4KaloTb BU3HAYEHHIO MEBHOrO ioHa B
MPUCYTHOCTI IHLNX.

Konu aHanitmyHi peakuii He € crneundiyHMMK, a HECNPUATIMBY
Ai10 I0HIB, WO NepeLLKO4KatoTb YCYHYTU HEMOXX/INBO, BUKOPUCTOBYIOTb
cUCTeMaTUUHUIA  Xif aHanizy. CuctemaTMyHWA aHania — LUe MeBHa
MOCNIAOBHICTb BMKOHAHHA aHaNiTUYHUX peakuil, SKi gonomararoTb
BIIKpMBATM NEBHWI IOH TiNbKW MicNa TOro, K 6yayTb BUSBNEHI Ta
YCYHYTI BCi NnepeLLKomKatoyi ioHu.

OTxke, B CMCTEMAaTUYHOMY aHani3i BUKOPUCTOBYHOTb He Ti/IbKK
peakuii BUABNEHHSA OKPEMUX 10HIB (CreundiyHi Ta AKIcHI), ane TakoX i
peakuil BiggineHHs (CenekTuBHI), AKIi NPOBOAATL 3a [AOMOMOrOH
rPynoBoro pearexHTy.

HacTynHum BWAOM XiMIYHOrO aHanisy € KinbKiCHUA aHanis.
XiMiIYHI MeTOAM KifIbKICHOrO aHanisy KnacugikyoTb, AK:

o paBIMETPUYHMIA — BaroBW  aHanis, MOB’A3aHNIA  3i
BCTaHOB/IEHHAM Macu. MeTog 3abe3neyye MakCUMasibHy TOUHICTb, ae €
Ay>Xe TPYOAOMICTKMM | TpuBanMM. paBiMETPUYHUIA METOA, 3AiNCHIOKTh
CTYNeHeBo:

| cTagid — B3ATTA HaBaXKOK: 3 aHani3oBaHOl Mpobu Bif6UPatOTh
TOYHY HaBaXKKYy PeY0BMHU, 3BMYaiHO Big 100 mr o 1 — 3 r ans TBepanx
PEYOBWH | 3HAYHO BifbLL - ANA PIAYH.

Il cTagis — BUAiINEHHA BM3HA4YyBaHONo KOMMOHEHTA. PO3PIi3HAIOTL
6e3nocepenHe BUAINEHHS | OCagKeHHA Yy BUMNALI 6y 4b-AKOT CMONYKMN.

11 cTagia - BigdineHHA ocagy. [lpu  [OCATHEHHI MOBHOTU
0Ca/PKEHHS, 3a JOMOMOrow (iNbTPYyBaHHSA BIAAINAIOTL YTPUMaHWUA ocaf
Bifl PO3YMHY, KU MICTUTb CTOPOHHI AOMILIKKN. BUCYLLYIOTb Ha (iNbTPI
[10 MOCTINHOT MacK, OXONOMKYHOTb | 36epiratoTb Y EKCUKCUKATOPI.

IV cTagis — po3paxyHOK pesynbTaty aHanisy. 3a pisHuUero mac
(hinbTpa 3 ocagoM i A0 (hinbTPyBaHHS BM3HA4YatOTb Macy ocagy, MoTiMm
PO3PaxoBYHOTb BMICT e/leMeHTa B 3pasKy.

Pi3HOBMAW rpasBiMeTpil:

- efleKTporpaBiMeTpis: BU3HAYYyBaHNIA KOMMOHEHT
0CaKYETbCA Ha KaTOi Npu eneKTponisi;

- TEePMOrpaBIMETPIA:  3BaXKYBaHHA TEPMIYHO HECTabI/IbHOT
PEYOBMHM HA  CheuialbHUX  TEPMIYHMX  Tepes3ax, MOCTaYeHUX
HarpiBa/lbHUM e/leMEeHTOM.



e  OO6’eMHMI (TUTPUMETPIA) — CYKYMHICTb METOZIB KifIbKICHOI0
aHani3y, B OCHOBY BUMIpY SKMX MOKIafeHO 06°emM po34uMHiB, rasis,
ocagiB 3 METOKH  BCTAHOBJIEHHA  KOHUEHTpauii  BM3Ha4yBaHOro
KOMMOHEHTA.

MeToan TUTPUMETPIT NOAINAOTH:

1.  3acnocobom NpoBefeHHs TUTPYBaHHS:

a) MeTOo4 3aMilleHHS — nepeBefeHHS HeCTINKOT aHani3oBaHol
PEYOBMHM 3 BIAMOBIAHWM peareHTOM B CTiMKWA CTaH, a noTim i
TUTPYBaHHS;

0) npAMe TUTpPyBaHHA — 6Ge3nocepefHe TUTPYBaHHA aHai30BaHOIl
PEUYOBWUHW TUTPAHTOM Y MPUCYTHOCTI IHANKATOPA;

B) 3BOPOTHE TUTPYBaHHA — [0 aHani30BaHOro Po34yMHy [OAA0Tb
Haf/MLLIOK peareHTy BiJOMOI KOHUEHTpauii 1 TOYHOro 06’emy.
Hag/vwok, Wwo He npopearysas, BiATUTPOBYHOTb POGOYMM PO3YMHOM.
Po3paxyHKOM BCTaHOB/MOKOTbL 00°€M Ha/IMLLKY | 3a Pi3HULE 06°EMIB
3HaXOA4ATb CrnoyaTKy 06’eM peareHTy, a MNOTIM BMICT PEYOBMHM Y
aHasi30BaHii nNpooi.

2. 3a TUNaMu peakLii, NoKnageHnX B OCHOBY TUTPYBaHHS:

a) KWUC/IOTHO-OCHOBHe TUTPYBaHHA Yy BOAHMX | HEBOAHWUX
cepeaoBuLax, y SKOMy BUKOPUCTOBYIOTb peakLito HernTpanisauir;

0) ocagoBe TUTPYBaHHSA, WO CYMNPOBOMIKYETLCA BUNALIHHAM ocandy
(apreHTOMETPIA | MEPKYPOMETPIS);

B) KOMMJIEKCOYTBOPEHHSA — peakLil 3 YTBOPEHHAM KOMMIEKCHMX
CMONYyK;

r) PefoOKCOMETPIA — OKMCHO BIAHOBHI MpouUecn 3 MepeHOCOM
e/IEKTPOHIB.

1.2.2 ®i3nyHi MeTOAM aHani3y

PisnYHNMN MeTOAaMU Ha3MBalOTb METOAN BUABMEHHSA | KiJIbKICHOI
OUIHKM BMICTY XIMIYHMX efleMeHTIB abo peyoBUH B 06’eKTax npw
BUBYEHHI  (DI3NYHMX BMACTUBOCTENM PEYOBUH, BUMIPY  (i3UUYHNX
napameTpiB | BCTAHOB/IEHHA CMiBBIAHOLUEHHA MK HAMW | BMICTOM
BW3HA4YyBaHOr0 KOMMOHEHTA.

[0 isNYHNX MEeTO/IB aHanNi3y BIAHOCATLCA:

- Mac-CrneKTpocKonis [,03BOSIAE BCTaHOBUTU TOYHY
MONEKYNAPHY Macy, e/IEMEHTaPHWIA | i30TONHWUIA CKnag, AOCNIIKYBaHMX



PEYOBMH, AKICHUIA | KIiNIbKICHWIA aHaNi3 CKNafHMUX OPraHiyHuX Cronyk,
KpucTanis, MiHeparnis;

- aKTUBaLiNHNIA aHani3 6a3yeTbCA Ha akTuBauii a4ep aToMIB i
[OCNIMKEHHA 130TONIB, SAKI YTBOPKOKTLCA 3a Pe3y/bTatoM A4epHOl
peakuir;

- CMEKTPa/IbHUA aHai3 BUKOPWUCTOBYE 3AAaTHICTb MOJIEKYN |
aTOMIB MOrIMHATY | BUMYCKATW eN1eKTPOMarHiTHe BUNPOMIHIOBaHHS;

- MeToj, ALepHOro MarHiTHoro pesoHaHcy (AMP) nonsrae B
peecTpauii Pe3oHaHCHMX CUrHaniB, WO BWHMKaKOTb MPW MOrIMHAHHI
e/IEKTPOMarHiTHOro BWUMPOMIHIOBAHHA MapamMarHiTHUMKU  sapamu, Lo
nepebyBatoTb B OJHOPIJAHOMY MarHiTHOMY MoJi B YMOBaX 3MiHW 0ro
Hanpy>XeHOoCTi;

- NIOMIHECLIEHTHMIA ~ aHani3  6a3yeTbCA  Ha  [JOC/IIKEHHI
IHTEHCVMBHOCTI BUMNPOMIHIOBaHHS Yy BUrNAAI KBaHTIB Y@ abo BifOMOro
CBIT/a JeAKUX PEYOBMH Mif LIEH0 TakMX LKepen 30ymKeHHS, AK MOoTiK
e/IeKTPOHIB, eHepria XiMIYHOT peakLuii, €eHepria eneKTPoMarHiTHNUX
XBWNb, 6IOXIMIYHA eHepris;

- PafiOMETPUYHNIA aHani3 3acTOCOBYKOTb [AN18 IMMIPHOBaHHS
(DOHOBOT | LWITYYHOI PafioaKTUBHOCTI | BW3HAYEHHA pPagioHYKNIdiB Yy
KOMMOHeHTal toioctepu.

1.2.3 ®Di3nKo-xXiMiyHI MeToAN aHasi3y

Pi3nKo-XiMiYHI METOAW aHanily rPYHTYIOTLCSA Ha CMOCTEPeXKEHHI
(I3UYHUX ABULL, SKI BUHWKAKOTL MPU XIMIYHUX peakuisax. Lii metoam
[y>ke MOLUMpPeHi, TaK fIK MaloTb BUCOKY 4yTameicTb (10™° — 10° %),
MPOCTOTY TEXHIKM EKCMEPUMEHTY | MOX/MBICTb MpawutoBaTh B MNOIbOBUX
ymoBax. 10 (hi3nKo-XiMI4YHMX MEeTO/AIB aHani3y BI4HOCATLCA:

1.  EnekTpoximiyHi MeToaum:

- KOHLYKTOMeTpIf: BUMIpHOBaHHSA e/IeKTPONpPOBILHOCTI
[OC/IKYBaHUX PO3UYMHIB, IKa 3MIHKOETLCA B HACNIAOK XIMIYHOT peakLii;

- MOTEHLIOMEeTPIA:  BUMIPIOBAHHS  MOTEHLiany efiekTpoaa,
3aHYPEHOro B AOCNIMKYyBaHMIA PO3UMH, LLO 3MIHIOETLCA B pe3ynbTaTi
XIMIYHUX peakui i KU € 3aneXXHUM Bif, KOHLEHTpaLilT PO3UYMHY i
TemnepaTypu;

- BO/IbaMMepPOMETPIA: BMBYAKOTL 3a/IEXKHICTb CUIN CTPYMYy B
eNeKTPONITUYHIA KOMIpLi Bif MOTeHLiany, 3aHypeHOro B aHani3oBaHui



PO3YMH  IHOAMKATOPHOrO  MIKpOefnekTpoda, Ha  AKOMY  pearye
[OC/IAKyBaHa eNeKTPOXIMIYHO aKT1BHA PeYOBUHa.

2.  Cnektpo)oTOMETPUYHI METOAMN:

- KaNopuMETPIA:  Bi3ya/lbHe  BCTAHOB/IEHHA  KOHLEHTpauil
PO34YMHEHOI 3abapBeHOl CNoyKM 3a IHTEHCUBHICTIO 3abapBiieHHs abo
BIATIHKY;

- (hoTOMETPIA | CNEeKTPOPOTOMETPIA: BUBYEHHS CMEKTPIB
NornuHaHHA B ynbTpadionetosii (200 — 400 Hm), Buammiin (400 — 760
HM) | iH(hpauepBOoHiil (760 — 50000 HM) 06/1aCTSX CMEKTPY.

3.  Xpomatorpadiui MeToaM 6a3ytOTbCS Ha  30Ha/IbLHOMY
PO3MOAiNYy KOMMOHEHTIB CyMilli pPi3HOI copOyBa/ibHOI  3A4aTHOCTI
(pyxnvBa  (paza) MO Hepyxomiin  asi  wWwapy  afcopbeHTi.
XpomarorpagiyHi MeTomn KnacugikyoTb:

a) Y 3a/1e)KHOCTI Bifl arpereTHoro ctaHy pyxnmeoi gasu:

- rasoBa (pyxn1Boto (pa3oko € ras);

- pignHHa (pyXnm1BOHO (ha3oto € pianHa);

- raspiguHHa posnoginbHa (pyxnmBa (hasa — IHEPTHUI ras,
HepyxnunBa pasa — pianHa);

6) 3a MexaHi3MoM noginy:

- NIOHHOOOMIHHa (COPOEHT — NOHHOOOMIHHMKM ab0 MOHITK);

- ocagoBa (YTBOPEHHS BaXKKOPO3UMHHWX OCafiB Yy BU3HAYEHIN
MOCNiA0BHOCTI);

- OudysinHa  (po3fdiNeHHA pPeyoBMH 3a  LUBWUAKICTIO  Andy3ii
yCcepeanHi afcopbeHTY B 3a/1eXXHOCTI Big pO3Mipy | (DOpMU MONEKN);

- apiHHa (yTBOpeHHs 6ioaacopbaeHTIB, AKi BUBIPKOBO i3 CyMiLli
YTPUMYOTb 6iononimep, CropigHEHNIA 40 HLOTO);

- MONIEKYNsipHa (aacopouiiHa);

- po3nofinbHa.

1.2.4 BionoriyHi MeToau aHasnisy

BionorivyHi MeToau aHanisy — ue MeToAmn AKICHOro i KibKiCHOro
BU3HAYEHHS1 HEOPraHiYHWX | OpraHiYHMX CMOoNyK, WO 6a3yrTbCA Ha
3aCTOCYBaHHI >XMBUX OpraHiamiB fK IHAMKATOPIB. BionoriyHi mMetoau
NOAINAIOTh Ha:

1. bioiHAMKauis — MeToA OUiHKM abioTUYHUX | BIOTUYHMX
YUMHHMKIB CepefoBMLLIAa 3a AOMOMOrok 6ioforiyHmMx cuctem. Metog,
FPYHTYETLCA Ha BMACTUBOCTI 6araTbOX OpraHi3miB pearyBaTh Ha 3MiHY



(QIBNYHMX,  XIMIYHUX, EKONOTIYHUX  XapaKTepUCTUK  CepeaoBuLLa
MPOXXMBAHHSA, AKI MPOABAAKTLCA B 0COO/MMBOCTAX X POCTY, PO3BUTKY,
YMCeNbHOCTI, 3MIHY CK/agy KpOoBi, MOPYLUEHHI (PYHKUINA, NaTONOriYHUX
3aXBOPHOBaHb.

2. bioTectyBaHHA — METO/ OLIIHKM SAKOCTI KOMIMOHeHTa biocgepu
3a BIANOBIAHMMW peakuisiMM  OpraHiamiB, WO WOro HacenswTb |
BUKOHYIOTb  POJib  TecT-00’eKTiB.  BIoforiyHi  metoan  aHanisy
BIAPI3HAIOTLCA BUCOKOK YYT/MBICTHO | BMOIPKOBICTIO BUAB/EHHSA
6i0M10rYHO aKTUBHNX PEYOBUH.

1.2.5 MartemaTn4Hi MeToam

MaTtemMaTuUyHi MeTOAN — e MaTeMaTUyHe niaHyBaHHSA Ta 06pobka
eKCnepyvMeHTa/IbHOro Matepiasty. PO3BUTKY MaTemMaTUYHUX MEeTOZiB
0C06/IMBO Crpusie cy4vacHa Kommn’toTepHa 6asa i HOBITHE nporpaMHe
3abecreyeHHs.

3annTaHHA [0 KOHTPOJIKO 3HaHb

1. 4K KnacuikyroTb MeToAKn, BUXOAAYM 3 NPUHLMMY AOCILXKEHHA?
HasBiTb X CyTb.

Ana aKux uineii BUKOPUCTOBYIOTb XiMIYHI MeTOoAM aHanizy? Ak
BOHU PI3HATLCA?

LLLo cMiNbHOrO i YAM BUAPI3HAETLCA AKICHWM | KINbKICHWIA aHani3n?
AK KnacuikytoTb XiMi4HI METOAM KifIbKICHOTO aHanizy?

AKi MeToAN HanexXxaTb A0 (Pi3NYHMX MeTOAIB aHanisy?

AKi mMeToan BXOAATb A0 KaTeropii enekTpoximiyHux? Ha yomy
6asyeTbea ix 4id?

Ha aki meToaun aHani3y nofinsatoTb 6iof0rivyHi MeToan?

Ynm Bifpi3HAETbCA MeToZ GioiHAMKaLIT Bif 6i0TeCTyBaHHA?

Konun BUKOPUCTOBYHOTb MaTeMaTUYHI MeTOAN?

10. LUlo cnpwuse po3BUTKY MaTeMaTUYHUX METOLiIB?

A

©o 0k w
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2 EKCIMNEPUMEHTAJIBHA HACTUHA

2.1 TexHika 6e3nekn Ta npasuna poboTun B nabopaTopii

1. T[lepen noyaTKOM KOXXHOI nabopaTopHOi po6oTu Tpeba
nigrotyeat TEOPETUYHWMIA  MaTepian 3  BIiAMOBIAHOI TeMn 3a
NigpyYHMKOM. MpUCTYNUTN 40 BUKOHAHHA POBOTU MOXHA TiNlbKK Nicns
[03BO/y BMK/agaya.

2. Ha kKoxHOmy  nabopaTOpHOMY  3aHATTI  pe3y/nbTatu
eKCrepuMeHTy 060B’SI3KOBO  3anuUCYOTb Yy  pobounid  30WINT  —
NabopaTopHUIA XXypHaJl.

3. Poboue micue, a TakoX nocyg i npunagm 3aBXAau MOBUHHI
OyTn 6e3goraHHoO Ynctumn. OcobMBO NOTPIGHO CTEXUTU 38 YUCTOTOKD
PEaKTMBIB Y CKMAHKaxX. 0N YHUKHEHHA MOMWIOK MPOOIPKM Ta iHLIWIA
PeakTMBHWIA nocyy cnig nignucaru.

4.  HeobxigHo oLanmBo BMKOPMCTOBYBATU ras,
e/IEKTPOEHeprito Ta AMCTMNbOBaHy Boay. [Mpu poboTi 3 NPMPOAHUM
rasom ciif 6yt 06epeXxXxHNM i YHUKATW AOro BUTOKY.

5.  [ns 36epexkeHHs oaary nepebysatu B nabopaTtopii He0OXigHO
TI/IbKW B Xanari.

6. KOHUEHTpOBaHi KUCMOTW, NYyrn Ta pPeakTMBU i3 CUIbHUM
3arnaxoM MoBUHHI 36epiraTncsa y BUTSHKHIN Lwadi.

7.  KOHUEeHTpoBaHI KACMOTK Ta YT NpW NOTPanIfHHI Ha LWKipy
BUKNNKAKOTb OMNiKW. Lli peakTMBM TakoX MCYOTb 0o4ar, ToMy poboTa 3
HUMW NOTPebye 06epeXXHOCTI. AKLWO KMUCIoTa abo Nyr nonaan Ha LWKIipy,
Tpeba cnoyaTky peTenbHO MPOMUTU ypadKeHe MicLe NPOTOYHOK BOAOHD
(nig KpaHOM), a SKWO HeO0OXIAHO, 3a/ULLKN KUCNOTU HerTpanidysatu
PO34YMHOM COAN, a 3a/ILLKWN YTy — PO3YMHOM OLTOBOI KUC/IOTW.

8.  3abOpOoHeHO 3/1MBaTh Yy PakOBUHY PO3YUHU KOHLIEHTPOBAHMNX
KWUCNOT | NYriB, CONein BaXKKUX MeTaniB, BUKUAATU Tyan ocaaun, Pinbtpu,
6uTe cKno, nanip Ta iH. [N Uboro NOBWHHI 6yTW crneuianibHi KepaMiyHi
BaHKw.

9. Y nabopaTopii KaTeropuyHO 3a00POHSETLCA BXMBATU TXKY.

10. 3arMMKCTI cyMmiLli Ta NeTKi pevyoBUHN (OpraHivyHi PO3YNHHUKN)
He MOBWHHI OYTW po3TalloBaHi NO6/M3Yy BIAKPUTOro BOrHKO abo
HarpisasibHUX NpuIagis.



2.2 lNpaKTnyHa poboTa.
[MoXmMbKn BUMiIpIOBaHb

IMOX1OKN BUMIpIHOBaHb PO3MNOAINAKTL Ha:

- abconoTHa NOXnbKa rnokasye HacKiNbKM 3HaleHa BefiMYnHa
6isiblia abo MeHLLa 3a ICTUHY.

Mpuknag,

— NpakT _ TeopeT
Bage = My,0 = M0

ne: m,ﬂpzag — e 3HaliileHHWIA pe3ynbTaT aHanisy;

TeopeT

Mo — e AINCHWIA BMICT MEBHOr0 KOMMOHEHTa B AOCNILKYEMIi

PEYOBUHI.
- BigHOCHa noxmbka (%) — BigHOLLEHHA abCO/OTHOI NOXMOKN
[10 ICTUHOT BeNNYNHa, NOMHOXKeHa Ha 100 %:

Pomos = mAaﬁc 100%, (2.1)

TeopeT
H,0

ne:  Aggc — abCoNoTHaAA NOXNoKa BUMIPHOBaHb;

TeopeT

Mo —ue AINCHWIA BMICT NMEBHOr0 KOMMOHEHTa B AOCNIMKYEMIN

PEYOBWHI.

ICHye 3 OCHOBHWUX BMAN MOXMUOOK:

o CUCTEMATUYHI — NOXMOKMK, MOB’A3aHI 3 MeTO40M BMMIpiB abo
He[JOCKOHa/ICTIO BUKOPMUCTOBYBAHOI0 06/1aHaHHS;

o npomMaxu — Cu/ibHa PO36iXHICTb 0OMIpPHOBaHOI BEIMUYNHA 3 Ti
NUCTUHMM 3HAYEHHAM, L0 BUHWKalOTb uYepe3 HernpaBWIbHWUIA BIAJIiK
NnoKasaHb Npwnagis;

o BUNAAKOBI MOXMOKM — L& MNOXMOKMK, L0 CYNpPOBOMAXKYHOTb
Oyab-aKe BUMIPIOBAHHS; BOHW MNOB’A3aHI 3  BIAXWIEHHAMW YMOB
CMOCTepPEeXeHHS Bif CTaH4apTHMX.

CKNlagoBOK YaCTUHOK KOXKHOT PO60TM NOBUHEH BYTW pPO3paxyHOK
MOXMBOK. [N XiMIYHMX HayK PeKOMeHAOoBaHa HaCTymnHa MOoeTanHicTb
PO3paxyHKIB NPU BU3HAYeHHI NOMUIOK eKCNEPUMEHTY:

a) 004YMCNEeHHSA cepeaHbOro apUHMETUUYHOIO 3HAYEHHS:



X =

S5 |

3%, (2.2)
1

[le: N —YnCcno BUMIpIB;
X;— Pe3ynbTaT OKpeMMX BUMIpIB.
0) po3paxyHOoK BiAXWIEHHA OKPeMUX BUMIpPIB Bif CepeAHbOro:

di =X - X (23)

B)  00OYMCNEHHA  CTaHAApTHOro  BiAxuneHHa  (cepedHbO
KBaApaTuyHOI MOXNOKN):

szzni_édiz, S=4S (2.4)

) po3paxyHOK CTaH/JapTHOrO Bi[IXWUIEHHS CePeIHbOr0 Pe3ynbTaTy:

S, =SuM (2.5)
MoTiM Ans 3afaHoro KoediuieHTa MMOBIPHOCTI (3a3Buyait 95 %,
pigwe — 99% a6o 99,9 %) BM3HaAyalOTb TaK 3BaHUI KoeqilieHb
Ct’tofeHTa (ton), AKMIA 3HAX0AATb Y creuianbHin Tabnumui B 3a1eXKHOCTI
Big VimosipHocTi (P) i KinbkocTi BuMiptoBaHb (n). Woro BapTo
MOMHOXWUTW Ha S, ANS 064YMCNEHHS MMOBIPHOT MOXMOKK BUMIpPY, TOOTO:

X+ AX=Xx%t, -S,, (2.6)

ae AX — [0BIpYKUiA iHTepBan pe3ynbTaTty CepefHbOro BU3HaUYeHHS.
Mpuknag. Bumipy 06°emiB po3uMHy [N TUTPYBaHHA daniu
HacTynHi pesynbtatun: 25,34; 25,36; 25,35; 25,40; 25,37. 3HanTu
MMOBIPHWIA pe3ynbTaT BUMIpY 3 UMOBIPHICTIO 95 %.
PilLeHHA. 3anunLueMo AaHHi B TakKiil NOCNiAOBHOCTI:

.. 1 2 3 4 5
n... 2534 25,36 25,3 25,40 25,37

a) CepeaHii pe3ynbTar 3a piBH. 2.2:

25,34 + 25,36 +25,35,25,40+ 25,37 _
5

6) BIAXWUNEHHSA OKPeMUX BUMIpIB Bif cepeaHboro (pisH. 2.3):

X=

25,36 (mn);



di..... -0,02 0 -001 -0,04 +0,01

B) CTaHAapTHe BiAXWNEeHHA (cepefHs KBadpaTuyHa MOMWIKA 3a
PiBH. 2.4):

0,022 +0%+0,01% + 0,042 +0,01°
5-1
) cTaH4apTHe BiAXWNEHHSA cepefHbOro pesynbrarty (piBH. 2.5):

S, =0,016+/5 = 0,007 ~ 0,01

SZ

, S5 =0,016 = 0,02

3a Tabnuueto 2.1 npu iMmosipHocTi P = 95 %, n = 5 koeqiLieHT
CT’tofileHTa [IOPiBHIOE 2,78; 0T>Ke MMOBIPHMIA pe3ynbTart Mae byTu:

25,36 + (0,01-2,78) = 25,36 + 0,0278 = 25,36 + 0,03.

TakMM UYMHOM, LUyKaHa BeNnYMHa 06°eMy NeXuTb MK 25,33 i
25,39 mn.

Tabnmua 2.1 - KoeiyieHT CT’tofeHTa NpPU  PI3HUX 3HAYEHHAX
MMOBIPHOCTI P i uncna BuMiptoBaHb N

n P

0,9 0,95 0,99
2 6,31 12,75 63,66
3 2,92 4,30 9,92
4 2,35 3,18 5,84
5 2,13 2,78 4,60
6 2,01 2,57 4,03
7 1,94 2,45 3,71
8 1,89 2,36 3,50
9 1,86 2,31 3,35
10 1,83 2,26 3,25
11 1,81 2,23 3,17

3anuTaHHSA 40 3aXMUCTY NPaKTUYHOT Po60oTH

1.  4Ki noXnbKM Ha3MBatOTbCA CUCTEMATUYHUMM | BUMAAKOBUMU | UMM
BOHW BUK/IUKaHI?

2.  UWo nokasye BigHOCHa i1 abCcoMOTHA MNOXMOKM M YOMY BOHM
BUMIPIOOTLCA?



3. fka BennMumHa HasmBaeTbCa KoeiuieHTom CT’rofeHTa? 3 AKOK
METOHO 1T BUKOPUCTOBYHOTh?

4.  Tlpy BW3HAYeHHI MOMAPHOI Macu MiHepany B 6 gocnigax 6ynu
OTPUMaHI HacTyrnHi 3HayeHHA Mr, r/monb: 120,4; 119,8; 120,2;
119,7; 120,5; 120,0. 3HaiTM [OBIpYMiA iHTepBaN NS iCTMHOI
MOJIAPHOT Macu MiHepana.

5.  TloAcHITb, YoMy KOHUeHTpoBaHa H,SO, p036pUCKYETLCA NpwU
nonagaHHi Boaw.

2.3 lNpakKTnyHa poboTa
Bin6ip npob Ta npobonigrotToBKa Ans rnpoBeAeHHS
aHasisy

1. Bigbip npo6 armocgepHoro noeiTpA. IcHye 3 crnocobu
Bigbopy noBIiTPsA: OOMIHHWIA, BakKyyMHWA | acnipaTopHuiA. [lpu
obMiHHOMY cnocob6i npobwu noBiTPSA 6epyTb 3 rasonpuinmada (rasosi
MineTkW, MOCyAWHW, TymMOBa Kamepa), MNPOMnycKarouu [OCNiLKyBaHe
MOBITPA Kpi3b nocyamHy B 10-pa3oBomMy 06’eMi abo BUIMBAKOYM 3 HLOTO
IHAN(EPEHTHNIA PO3UnNH. BaKyyMHWiIA cnoci6 Bigoopy 34IACHIOETLCA B
eBaKyioBaHi MocyanHu; Ha Micui Bigbopy Npob nocyanHy BiAKpPMBaOTb
| gocnigpkyBaHe MOBITPA Oro 3anoBHIOE. [puHUMN acnipauiiHoro
Bifbopy nonarae B TiM, WO MNOBITPA 3 TMEBHOK LUBUAKICTIO
MPONYCKAETbCA KPi3b MOrMMHabHI Npunaan — CKAAHI NOCYANUHU PI3HUX
KOHCTPYKUiA.  TlorfvMHanbHi  npunagn  BUKOPUCTOBYIKOTLCA  AJ1A
MPOMYCKaHHA MOBITPA KPi3b PIAKI COPOEHTU — PeyvyoBUHW, 3AaTHI
NOrNMHATK BU3HAYYyBaHWIA IHIPeAieHT NOBITPS (PO3YMHMU KUCNOT, OCHOB,
COMeil, opraHiyHMx peyoBuH Ta iH.). Hanpuknag, SO, 3 noBiTps
NOrNMMHAETLCS NYroM; riporeH wiaHig — BOAOK; (DTOP — PO3YMHOM Kaslil
nogmay; NO, — posunHom cymiwi N(1-HadTin)-eTuneHaiamiHy i
cynbaHinoBol KUCNoTn i T.4.

Kpim pigkmx iCHYHOTb TBepAi MornvHadi, Ois SKMX OCHOBaHa Ha
(hisnyHIn agcopbuii  (akTuBOBaHe BYTINASA, TOPd), KOKC, CUHTETUYHI
MIKPOMOPUCTI opraHiyHi matepiany (nopanak i nosicop6) i rigpodinbHi
HeopraHiyHi pevyoBUHU (CUMiKarenb, MONEKYNAPHI CUTA)).

[na npokayyBaHHA NOBITPA KPi3b PO3UYMHU  NOTINMHAIBHUX
npunagie  MOXYTb  BUKOPWUCTOBYBATUCA  BOAOCTPYMHI  HAacocCHW,



KOMMPECOPHI YCTaHOBKMW, €XeKTOPHI acnipaTtopu, Hanpuknag, Mapku
AEPA,; eknekTtpoacnipatopy — M-822, €EA-1, EA-2, EA-2C.

OontumansbHUin 06’em noBiTps (V), HeOOXIAHWIA AN BU3HAYEHHS
TOKCWMYHMX AOMILLIOK i3 33JaHOK0 TOYHICTHO Npw BigGopi Npobu NoBiTps 3
PIAKMM MOrnHa4YeM B13HAYa€ETLCA 3a POPMY/IOH:

v=_AYo 2.7)
K-V,[K4

Ae: A — HMXHS MeXXa BU3HauYeHHs B aHas1i30BaHOMY 06’€Mi, MKT;

Vo — 06’eM Npobu, y3aTuiA AN aHaniy, M,

V,, — 06’eM Npobu y3aTUiA ANa aHanisy, M,

QK - rpaHM4YHO fJonycTuMa  KOHUEHTpauis — aHanizoBaHoil
PEYOBMHM, MI/M>;

K — KoediuieHT, 3BMyaiiHo 0,5, wo Bignosigae vactui AK.

[Mpwn Big6opi NPo6 NOBITPA 3 BUKOPUCTAHHAM TBEPAUX COPOEHTIB
ONTUMasnbHWiA 06°€M NOBITPSA ANA aHanizy 064NCOKTL 3a (HOPMYOH:

A

K (2.8)

2. Bipgbip npo6 rpyHTy. Bigbip npo6 rpyHTiB npu aHanisi
MIKPOeNeMeHTIB NPOBOAATL 3 006/1iKOM /10Ka/IbHOT HEeOo4HOPIAHOCTI
'PYHTOBOI0 NOKPOBY. ICHYIOTb pi3HI MeTOAM BiAGOPY IPYHTIB i My/iB:

- BifAbGip Npo6 OAHOPIAHOrO I'PYHTY 3AINCHIOETLCS METOA0M
«KOHBEpPTa» y 5 ToUYKax, po3TalloBaHMX MO [ABOX AiaroHansax AiNsHKW i
y Micuax TXHbOro nepetuHy nnowi 0,5 ra. Benuki nnowi noginsatoTb Ha
[eKinbKa AINAHOK, | 3 KOXHOI BigbupatoTbca npobu. MnbuHa sigdopy
3a/1eXXNTb Bif METU AOC/IIKEHHS;

- MeTO/ 3aANPKOBMX NPOO — BiJOMPaHHS PIBHOIO LWapy rpyHTYy
M0 BCIi1 100 Oro/eHiin TOBLUMHI Wwypady;

- NPOMIiNbHO-THI3A0BUIA  MeTOL — BigbupaHHs npob 3a
IOMOMOrOK MO BEPTUKa/bHIA NiHIT | 3 AHa, 3a3aanerigb 3po6/eHoro,
Lypopy.

3pa3ku ynakoBykOTb Y MONIETUIEHOBI abo GaBOBHSAHI MiLLEYKN,
NMakeTu 3po6/fieHI 3 MepraMeHTy, a/tOMIHIEBOI (onbr Ta iH. [laker
HyMepytoTb. [pobn noctayaroTb MacrnopToM i3 YKasiBKOK HOMEpa;



naTtn; micus i rnnbuHu Bigbopy; peyoBMHM (ab0 PeyvyoBMH), WO CAif
BU3HA4YNTK; Npi3BULLIA | mocaam ocib, Wwo Bigibpanv npooy.

[MigroToBKa I'pyHTY [0 aHani3y 34iMCHIOETLCS B KiflbKa eTaris:

- NPo6Y 3 KOXKHOIT AINAHKK 3MiLLYHOTb, PO3APIOHIOITL TPYAKK,
BIJOKPEM/IOOTb CTOPOHHI AOMILIKA | 3a/uWarTb NIACOXHYTU [0
MOBITPAHO-CYXOr0 CTaHy;

- MiCNA BUCUXaHHA PO3PIBHIOKTL Wap 1-2 CM 3aBTOBLLKW,
Hagatoum QopMy KBagpata abo Kona, | MPOBOAATb KBapTYBaHHS:
NOAINATL NeprneHANKYNAPHUMMK  diaroHansaMn, WO MNPOXoAdTb Kpi3b
LEHTP, Ha 4 4YaCTUHW — TPUKYTHWUKW, KBagpatun abo CeKkTopyu — [Bi
MNPOTWMEXHI YaCTUHW BIAKWAAIOTH, WO 3IAWWANCE — MOELHYIOTH.
[MoBTOpPIOKOTL Mpoueaypy A0 OAepXKaHHS cepedHbOol npobu = 0,5 Kr i
3BaXKYIOTb;

- 00’eflHaHI KBapTW 3BaXKYlOTb | po3TUparoTb Yy hapdoposiii
CTYNUi TOBKa4YMKOM;

- PO3TEPTUIA I'PYHT MPOCItOKTL KPi3b CUTO 3 AiaMETPOM OTBOPIB
1 wMm. YacTuHy, WO npoMwna Kpisb CUTO, «APIGHO3EMY,
BUKOPUCTOBYHOTb AN1S aHani3y, 36epiraloTb y KnaHKax i3 NpUTEPTUMM
KpULIKaMW. TPYHT, WO 3a/MLUMBCA Ha CWTI, «'PYHTOBWI CKENeT»,
3BaXKYIOTb | BM3Ha4atOTb MPOLEHTHWUIA BMICT BiHOCHO BUWXIiAHOT Macwu

[PYHTY.

3. Bipgbip npo6 Boan. Y 3aneXHoCTi Big METW aHanisy Aans
Bii60pY NpPo6 BUKOPUCTOBYHOTL:

- MeTaneBuin 6aTOMETp — AN BCTaHOB/EHHSA COMIOHOCTI, pH,
NYXXHOCTI, BW3HAYEHHA TigporeHcynbypy, NecTuumgis i 6GioreHHUX
peyoBUH. baTomeTp — Le NPOO6OBIABGIPHUK ANA Y3ATTA BOAM 3 PI3HUX
[MUO6UH, SABNSE COOOK MOPOXKHIM UWMNIIHAP, MOCTAa4YeHMt OTBOPOM i3
MPUCTPOEM, LLIO 3aMMUKAETLCA | BIiJMWUKAETLCA TiNlbKM Ha 3adaHiid
rMNOMHI, WO BW3HAYaETbCA LUKAMOK TPOCWUKA, 3’€dHaHOro 3
6aTomMeTpom;

- niacTMacoBi 6aTOMETPU — AN BM3HAYEHHSA BMICTY BaXKKUX
MeTasiB, AeTepreHTiB, eHONIB, HATONPOAYKTIB.

O6’eM BOAM ANA aHanidy TaKoX MOB’A3aHU 3 MOro LifIbOBUM
MPU3HaYeHHAM: 415 BU3HAUYEHHS OpraHo/IeNnTUYHMX BNacTMBOCTEN BOAW,
T cKnagy, CONOHOCTI, NYXHOCTI — 2 — 5 11; BU3HaUYeHHA HaTOMNPOAYKTIB,
[EeTePreHTIB, BaXKUX MeTaniB, (eHoniB — 7 — 10 n; pagioximivyHuia



aHani3 1 BCTaHOBMEHHA nucteungis — 50 n; ANa  BU3HAYEHHSA
MiKpoenemeHTIiB NoTpibHo: Ha Mog, KobanbTt, Kynpym, Hikon — no 1,5
n; Ha Mnoméym, Mepkypin, Kagmii, LiuHK — no 0,7 n; Ha Bop — 0,3 n;
Ha MaHraH, ®epyM, Cuniuii — no 0,2 n.

Y3dra npoba 3abe3neyyeTbCa LOKYMeHTaLUiel0 3 JaHUMKU: HOMep,
pata Bigoopy (pik, Micaub, 4MCNO, Yac), MKEpPeno i micue woro
3HAXO[PKEHHS, TPUBASIOCTI, METEPUOSIOTIYHUX YMOB, TemmepaTypw,
npi3BuLLa , XTO pobuB BIAOIp.

AHani3 BoAN BUKOHYETLCA B MeXaX 2 — 12 rogmH. HemoXXnmBicTb
aHani3y 3a Leil yac npunyckae KoHcepsauitd Npo6 — 30epexkeHHs Y
XONOANNIBHUKY, [04aBaHHA KOHCEPBAHTIB, 3aMOPOXYBaHHS.

4. Bigbip npo6 pocnvH. BrnbupatoTb Kinbka MargaHuyumkis (1
M%) i3 TPaB’SHWUCTOID POCAMHHICTIO, CTPWKYTb TpaBy, 3B’A3YIOTb Y
CHOMWKWN | 3BaXYKTb Yy CBDKOMY CTaHi: mMaca npobu Ans XimiyHoro
aHaslizy mae 6yTn He MeHLW K 1 Kr. [po6u BUCYLLYIOTb 40 MOBITPAHO-
CYXOro CTaHy, NnepenakoByTb Y MakeTu i NiANUCYHOTb.

[na ycix BWAIB poCNVMH Meped BUCYLIYBaHHAM abo XiMIYHUM
aHas1i30M, AKLLO AOCNILKYETHCA CUPUIA 3pa30K, NMPOBOAATL BI0I0TIYHNIA
OMUC 30BHILWHLOrO BUrNA4Y MNpPo6: po3Mip POC/IMH, (Pasa PO3BUTKY,
KifIbKICTb MariHLuiB Ha POC/WHI, BEIMYMHA CUMPOT Ta CyXOi Macu; nossa
BUPOA/IMBUX (DOPM, 03HAKa EHAEMIYHNX 3aXBOPHOBaHb.

5. po6onigrotoBkKa ans NpoBeAeHHS aHanisy.
MpobonigrotToBka A0 aHanidy BK/OYAE MPUAOMUK, WO [03BOMSAKOTh
MepeBecTn PevyoBMHY B 3pYUHY 4N aHANITUYHOTO aHani3y gopmy:

o  «Cyxe» 030/1eHHS — CNa/ItOBaHHA PEYOBMHM B CyXOMY BUAI B
MYyenbHIN neyi, He A0NYCKaKUM 3aropaHHs i 3a/IMWKY «BYTINIAYOK» -
YOPHUX BK/HOYEHb HecrnaneHoro KapboHy nicns 3akiH4eHHS npouesypu.
O30/M1eHHS NPOBOAATL Y  (haphopoBUX, MeTasieBUX abo KBapLOBUX
TUTNAX. PeXUM 030/1eHHS AeAKMX POCAMH 1 TX YacTuH 3a faHumu €.M.
Jlyk’AHOBa HaBefeHO y Tabnuui 2.2.

Tabnuua 2.2 - PeXxnm 030/1eHHA AKX POC/INH | TX YaCcTUH

[ocnigpKysaHa pocnvHa | HarpiBaHHS | Temnepatypa, | Yac BUTPUMKM Micns
0

C npuiiomy Temnepartypu,
rog,
1 2 3 4

Munpiii [oBinbHe 450-600 2-4




MonnHoK LLIBnake 40-500 1,5-2
MweHnys 3epHo/conoma | [MoBinbHe 450-500 20-25/2-4
AuMiHb 3epHO/cooma [MoBiNnbHe 450-500 12-45 [2-4
MpofoBXeHHA Tabnuui 2.2
1 2 3 4
Puc 3epHo [MoBiNnbHe 450-500 4-6
Kykypyasza cunoc/novatok | [loBifbHe 450-500 1,5-3/10-15
TpocTuHa [MoBiNnbHe 450-650 1-2
LLyKpoBuiA BypsiK LLIsngke 450-550 2-3
CocHa, xBo# LLIBnake 450-600 0,5-1
INncta fy6a, rpaba LLiBnake 450-550 0,5-2
KanycTa LLIBuake 450-500 2-4
Jlucta Tononi, Bepbu LLIBnake 450-550 0,5-2

e  «MoKpe» 030M1eHHS — 00pobKa 3paska Kucnotamm (HCI,

H,SO,, HNO3) 3 pi3HUMM KaTanizaTopamu.

A

3anuTaHHA 40 3aXUCTY NPaKTUYHOT PoboTuU

AKi ICHYIOTb Croco6u Bifbopy Npob atMocgepHOro nosiTpa?
OnTManbHUA 06°€M MOBITPA A4/ BU3HAYEHHSA amiaky — 2 1. AK
3MIHWUTBLCSA 06°€M NOBITPSA, HeObXigHWIA Ana aHanizy, fkwo FAK
aHani3oBaHoro iHrpagieHTa € meHwoto 3a IMAKyHs?

[na aHanizy 6yna y3sarta 3 TeCcT-A4iNaHKM 06’eaHaHa npoba rpyHTy
0,9 «kr. [Micna TpMpa3oBOro KeapTyBaHHS, MNpPO6OMIAroTOBKU
PO3TMPAHHAM | MpocitoBaHHAM 3anumwimnoca 50 I «rpyHTOBOrO
ckenety». CKinbkn rpyHTy (Y BIACOTKax) MIArOTOBAEHO AN
aHanisy?

Yn icHYIOTb criewianbHi nocyanHmn ans sigbopy npob soam?

AKniA eTan poboTn € 060B’A3KOBUM MpKU BiAOOPI 3pasKiB POC/IUH i
[0BefleHHA X 10 NOBITPAHO-CYXOro CTaHy?

2.4 JlabopaTopHa poboTa
AKICHI peaKLUil Ha aesiKi aHIOHU

BioreHHi HemeTasnn, WO rpak0Tb BXKINBY PO/b Y XKUTTERIANBHOCTI

opraHisamie Ak Mmakpo- (C,N. S. Cl. P), mikpo- (B, F, Br, J) i
ynbTpamikpoesnemeHtT (Se, As), B OCHOBHOMY BXOAATb [0 CKfagy
aHIOoHIB.




B npouecax 6iochepn i MeTabonismy oOpraHi3MiB HainbinbLle
3HaUYEHHs HaNeXWTb CaMe aHioHaM MaKpoeneMeHTiB- HemeTanis; COz%,
S0,%, HCOy, CI', H,PO,, HPO,%, NO3. BamBy 6ioreoximiuHy ponb
y 6ap’epHUX MmpoLecax, FPYHTOBMX i BOAHWX Mirpauisx rpaioTb S%, Br,
J, B,O/4, SiOs”. Y kpyroo6iry ®ocdopy, Kap6oHy i HiTporeHy
NPOBiAHY (YHKLit0 BUKOHYOTb PO, COs%, NO, ", NO3.

AHTpoOnoreHHe 3abpygHeHHs aTtmocepn | npobnema KUCImX
[OLLiB NOB’A3aHi 3 aHioHamn SO,%, SO5”, NO,, NO3. Tomy siKicHe
BUAB/IEHHS aHIOHIB He 3aMKHYTO paMKamu aHafiTUYHOT XiMmil, a TIiCHO
nepensiiTaETbCA 3 3aaYamMy eKOOriYHUX HaykK.

EKcnepmeHTasibHa yacTuHa

YCTaTKyBaHHA | peakTWBW: ra30BUA MNa/bHUK, MIKPONpPobipKy,
Habip peakTuBIB AN AKICHOro aHanisy.

Xig aHanisy

Peakuii Ha aHIOHW MepLUoT rpynu

1. PeakLis cynbhaT-ioHa (SO4%). Y npobipKy BHOCUMO ABi - Tpu
Kpanni po3unHy Na,SO, Ta cTinibku X 0,5 H po3unHy BaCl,. OaepxxaHuii
0caj, po3rnoAisifemo y ABi NPobipku. Y nepLuy AoAaeMo ABi - Tpy Kpani
2 H po3unHy HCI. Y gpyry gogaemo ABi - Tpy Kpansi 2 H PO3YnHY
NaOH. CrocTepeXxXeHHs, BUCHOBKM Ta PIBHAHHA peakuii 3aHeciTb Yy
30LLNT,

2. PeakLii kap6oHaT-ioHa (CO3Y). a) Y npo6ipky BHOCHMO fBi -
Tpy Kpanni po3unHy Na,COs; Ta cTinbkn X 0,5 H posunHy BaCl,. o
oflep>XaHoro ocagy AoJaeMo Mn’ATb Kpaneib 2 H po3umHy HCI.
CnocTepeXKeHHs, BUCHOBKM Ta PIBHSAHHS peakLiii 3aHeCITb Y 30LLUWT.

6) Y npobipKy BHOCMMO ABi - Tpu Kpanii po3unHy Na,CO; Ta
CTiNIbKM XX 2 H po3unHy HCI. CrnocTtepexkeHHs, BUCHOBKM Ta PIBHAHHSA
peakLiil 3aHeciTb Y 30LLKT.

3. Peakuii thochaT-ioHa (PO,>). a) Y npo6ipKy BHOCUMO fABi -
Tpy Kpanni po3unHy Na,HPO, Ta cTinbkn X 0,5 H po3unHy BaCl,. [o
OflepXXaHoro ocagy [A0A4aemMo M’ATb Kpanenbs 2 H po3unHy HCI.
CnocTepeXkeHHs, BUCHOBKM Ta PIBHAHHS peakLiii 3aHeCITb Y 30LLNT.

6) ¥ npobipKy BHOCMMO N’ATb-LWICTb Kpanesb po3unHy Na,HPO,
Ta [04aEMO BiCiM Kpare/sib MONi6AeHOBOT PigUHKX. PO34MH nigirpisaemo.



Ofiep>kaHunin ocag, po3noginsemo y ABi Npobipku. Y neplly A0AAEMO ABi-
Tpyn kpanni posunHy NH,OH. Y agpyry npo6ipky AOAaemMo ABi - Tpu
Kpanni 2 H po3unHy NaOH. CrnocTepe)eHHsl, BUCHOBKW Ta PIBHAHHSA
peakLiii 3aHeCiTb Y 30LLKT.

B) ¥ Npo6ipKy BHOCMMO PO34nH MarHesianbHoi cymiwi (MgCl, +
NH,OH + NH,CIl) Ta gogaemo po3unmH Na,HPO,. OnepxaHwuin ocap
PO3MOAINAEMO Y ABi NPOBGIpKKX. Y nepuly A0AAEMO ABI-TPW Kpanni 2 H
po3unHy HCI. Y apyry npo6ipky AoAaeMo ABi - TpU Kpansi 2 H PO34nHYy
CH3;COOH. CnocTepeXkeHHs, BUCHOBKW Ta PiBHAHHS peakLiil 3aHeciTb y
30LUNT.

Peakuii Ha aHIOHW gpyroi rpynu

Peakuii xnopug-ioHa (CI"). ¥ npobipky BHOCUMO [Bi - TpK Kpansi
po3unHy NaCl T1a cTinbkn X po3unmHy AgNO;. OpepxkaHuii ocag,
PO3MOAINAEMO Y ABiI NPOBGIpKKN. Y nepLuy foAaeMO ABi - TpU Kpansi 2 H
po3unHy HNO;. Y gpyry npob6ipKy [AoAaeMO M’ATb - LWICTb Kparesb
po3unHy NH;OH. CnocTepexxeHHsi, BUCHOBKW Ta PIBHAHHA peakLiil
3aHECITb Y 30LUNT.

Peakuii Ha aHIOHW TPeTbLOT rpynu

1. Peakuii HiTpaT-ioHa (NOj3). a) ¥ npobipKy BHOCUMO [ABi - Tpu
Kpanni posunHy NaNO;z fofaeMo Tpy - 4oTupwy Kpansi po3yunHy FeSOy i
00epexKHo, Karawun Ha CTIHOYKY npo6ipku, BHocumo 0,5 — 1,0 mn
KOHLIEHTPOBaHOI CynbgaTHOI KUCIOTU. CroCTEPeXXeHHs, BUCHOBKU Ta
PIBHAHHSA peakLi 3aHeCITb Y 30LUNT.

6) Y npobipky BHOCMMO pABi - Tpu Kpanni po3unHy NaNO;
[I00AEMO OAHY - ABI Kpanai KOHLEHTPOBAHOI Cynb(aTHOI KUCNOTU i
3aHYPHOEMO B PO3YMH MIAHUA OpiT. CnoCTEpPeXXeHHs, BUCHOBKM Ta
PIBHSAHHS peakLii 3aHeCiTb Y 30LUNT.

2. Peakuia ayeTaT ioHa (CH3COO). Y npobipKy BHOCMMO TpW -
yoTupn Kpanni po3unHy CH;COONa Ta gofaemMo CTiNIbKM XX Kpanesb 2 H
H,SO,. Po3uvH nigirpisaemo. [lo oTBOpy MpoGipkM nNigHOCKMMO
3BOJIOXKEHWW NakmycoBuid nanipeub. CrnoCTepeXXeHHs, BMCHOBKM Ta
PIBHSAHHS peakLii 3aHeCITb Y 30LUNT.



3annTaHHS 40 3aXUCTY 1labopaTopHOi poboTn

=

AKi aHIOHM HaeXaTb A0 NepLUoT aHaNITUYHOT rpynu?

2. $Ka aHaniTMyHa peakuis € cneumivyHo Ans BUABMEHHA docdaT
I0HY? HanuwiTb piBHAHHSA peakuii.

3. 3a 4onomororo SKOi aHaniTMYHOT peakLii MOXKHa BCTAHOBUTU aHIOHW
APYroi aHaniTMYHOT rpynn? HanuwiTe PiBHAHHA peakuii.

4. Yomy TpeTa aHaNiTUYHa rpyna aHioHiB He Ma€e rpynoBoro peareHTy?

5. Y Akomy cepefOBULLI Ai€ TPYMOBUIA peareHT Ha Meplly rpyny

aHioHiB? Yomy?

2.5 JlabopaTopHa poboTa
AHani3 cymiuli aHioHiB

AHani3 aHioHiB Mae CBOI 0COBAMBOCTI. AHIOHM He MilakTb
BWU3HAYEHHIO OAMH OfHOoro. Tomy 6arato XTO 3 HMX BW3HAYaKTb
APO60BMM METOAOM B OKPEMMX MOPLIAX aHa/i30BaHOro po3uuHy. Mpu
LLbOMY TPYMNOBWIA peareHT BUMKOPWUCTOBYIOTb He [NS BiAOKPEM/IEHHS
aHaNliTUYHOT rpynu, a 44 i N0YaTKOBOIr0 BU3HAYEHHS.

EKcneprmeHTasIbHa YacTuHa

YCTaTKyBaHHA | peakTWBW: ra30BUA Na/bHUK, MIKPONpPoOipKK,
Habip peakTUBIB A4/ AKICHOIO aHanisy.

Xig aHanisy

1. T[lpoba Ha aHioOHM nepLUOi rpynn MNOBWHHA BiAbyBaTUCA Y
HeTpasibHOMY abo cnabonyxHomy cepegoBuwi. Jo 0,5 wmn
aHafli30BaHOro posyMHy A0AAEMO OAHY-ABI Kpanai 0,5 H po3ynHy
BaCl,. binnii ocag — 03Haka MPUCYTHOCTI Yy PO34YMHI aHIOHIB MepLUoTl
rpynu. 3a [OMOMOro  Apo60BOro  aHasni3y, BUKOPWUCTOBYHOUU
cneundiyHi peakuii, 3HaX0AMMO aHIOHM MePLUOi aHaNITUYHOI TPYMu.
AKWO ocafy 3 rpyrnoBMM peareHTOM He BWHWKAE, TO Lle BKasye Ha
BIACYTHICTb aHIOHIB MEPLUOT TPYnu | He NOTPebye BUKOHAHHSA MYHKTY
1.1.

1.1. CneuundiyHi peakuil Ha aHIOHX NepLloT rpynu

a) npo6a Ha ioH SO,%. [lo ocafy, AKuii 6YN0 0AepKaHo B MyHKTI 1,
fojaeMo fAsi - Tpu Kpanni 2 H po3umHy HCIL.  Akwo ocag He
PO3UMHMBCA, TO Lie BKA3Yye Ha MPUCYTHICTb Y pO3UuHi ioHa SO,”;



6) npo6a Ha ioH CO5%. Y npoBipKy BHOCMMO fABi - TpW Kpanni
aHasli30BaHOro Po3ynMHy Ta A0AaeMo CTinbku X 2 H HCI. BuaineHHs
rasy — Lie 03HaKa NpUCYTHOCTi Y pPo3unHi ioHa CO5”;

B) npo6a Ha ioH PO,¥. Y npo6ipky BHOCUMO ABi - TpW Kpanni
aHas1i30BaHOro Po34YunHy, A0AAaEMO BiCiM Kpanesib MONi6AeHOBOT PiAVHMY |
po3uMH nigirpisaemo. [losiBa >XOBTOr0  KpUCTa/iyHOro  ocagy
(NHy)3H4[P(M0,0-)s] — 03Haka HasBHOCTI pocaT-ioHa.

2. [poba Ha aHioHwn pgpyroi rpynn (npoba Ha ioH CI, sk
HalbifNbLL PO3NOBCIOMKEHNIA). O ABOX - TPbOX Kparnesb aHanizoBaHOro
po3umHy gopaemo po3yunH AgNO3; B MpUCYTHOCTI 2 H po3unHy HNOs.
Binnin ocag cBigUNTbL NPO HasBHICTb B aHani30BaHOMY PO34YMHI aHIOHIB
Apyroi rpynu, 3okpema xnopug-ioHa Cl'.

3.  CneuyndiyvHi peakuii Ha aHIOHM TPeTbOI rpynu

a) npoba Ha ioH NOj (peakuis ,,6yporo Kinbus”). Y npo6ipky
BHOCMMO [Bi - TPW Kpanni aHani3oBaHOro PO34vuHy, AOOAEMO TPU-
yoTupu Kpanni po3unmHy FeSO, i 06epexxHo MO CTIHOYLi NPOBGIpKK
pogaemo 0,5 - 1,0 Mn KOHUEHTPOBaHOI Cynb(aTHOI KUcnoTtu. bype
KiflbLle Ha MeXi ABOX LWapiB pPignHM — 03HaKa HassBHOCTI ioHa NOs';

6) npoba Ha ioH CH3COO’. ¥ npobipky BHOocMMO 0,5 mn
aHas1i30BaHOro po3yMHy Ta 4OJAEMO CiM - BICIM Kpanesib 2 H PO3YnHY
H,SO,. PoO3uMH nigirpisaemo i A0 OTBOpPY MpPOGIpKM MifAHOCUMO
3BOJIOXKEHWIA NIAKMYCOBMI Manipelp. 3anax OuTOBOI KUC/IOTK, a TaKoX
YepBOHe 3abapB/IeHHsA /TaKMYCOBOro Mnanipus CBig4aTb NPO HasBHICTb Y
po3unHi ioHa CH3;COOQO'". Pe3ynbTaT Xo4y aHanisy BHOCMMO A0 Tabnumui
2.3.

Tabnuua 2.3 - PesynbTaTn Xoay aHanisy

No AHanizoBaHa PeareHT, SiKuit CnocTepeXkeHHs BucHOBOK
3/m peyoBunHa [0[aK0Thb

3anuTaHHS A0 3axXMUCTy n1abopaTopHoT poboTun

1. Ha3BiTb, fAKi MeTOAM aHanisy BUKOPUCTOBYHOTHCA B Cy4acHil
aHaNITUYHIN Ximii?




N

LLlo Ha3nBalOTb B aHaMiTUYHIN XiMIT aHaniTUYHOK XIMIYHOMO

peakuieto Ta aHaITUYHUM XIMIYHUM peareHToM?

Yum Bifpi3HAETbCA AP060BMIA aHani3 Bif CUCTEMATUYHOI0?

AKi Knacuikauii aHioHIB By 3HaeTe? HaBefiTb NpuKnaau.

3a 0MOMOroH AKOro MeToAy, aHai3ytoTb CyMilll aHioHIB? Yomy?

3a [10NOMOroK AKMX cneungiyHnX peakui, MOXHa BiApi3HUTK

aHioHM SO,%, CO3% Ta PO,* ? HanuLWiTh PiBHAHHSA peakLiii.

7. 3a 4OMOMOror AKOT aHaNITUYHOT peakLil MOXXHa BU3HAYMUTK Apyry
rpyny aHioHiB B aHanizoBaHOMY pO34MHI? HasefiTb npuknag?
HanuwwiTb piBHAHHA peakuii.

8. flka aHaniTM4Ha peakuis € creundiyHO Ha aueTaT iIoH? HanuuwiTb
i

9. 3a 4OMOMOror AKMX peareHTiB MOXXHAa PO34INNTY NepLuy Ta Apyry
aHaNITUYHI rpynn? HanuwiTb PiBHAHHA peakuii.

10. HanuwiTe PIBHAHHA peakuil, 3a [ONOMOro AKOT MOXHa

BU3HAYNTW HITPAT-I0OH.

S0k ow

2.6 JlTabapaTopHa poboTa
BusHaueHHS cknagy po3dnHy HEBILOMOT CyMillli IOHIB

AKICHNA aHani3 OIOreHHUX enemMeHTIB € OyXKe BaX/MBUM [/
BU3HAYeHHA CKnagy 6i006°eKTiB 1 KOMMOHEHTIB 6iocepn, Ha
XapaKTePHUX AKICHUX peakuisxX IPYHTYETbCA KiNbKICHWIA aHani3. Mpu
BUBYEHHI BIOTEHHUX €/IEMEHTIB BMKOPWUCTOBYETLCA TEXHIKA aHA/TITUYHOT
XimiT, 3aCTOCOBYBaHa MNpu NPoBefeHHI AKICHOro HaniBmikpoaHanisy 3
aHas1i30BaHMMK 06’ ekTamu Ao 1 mn.

EKcneprmeHTasibHa YacTuHa

YCTaTKyBaHHSA i peakTMBW: ra3oBui MasibHUK, MIKPOCKOM, TUTeflb,
MIKpOnpobipkn, Habip peakTMBIB AN1A AKICHOMO aHani3y, Po3vunH Ans
NMPOBeLEHHS aHa/TITUYHOTO KOHTPOHO.

Xig aHanisy

Y pPO34MHI HEBIAOMOro CcKagy MOXIMBA HaABHICTb BUBYEHWUX
paHiLe ioHiB: NH,", Na*, K*, Ca®*, Mg®*, Ba®*, Cu**, Fe*, Fe**, Mn*",
Co**, Ni**, Cr**, zn™*, AI*, CI, NO*, SO,”, PO,*, CO5”, CH5COO".

1.  3BepHiTb yBary Ha Kosip po34mnHy i 3p06iTb BUCHOBOK LLOAO
MOX/IMBUX KaTIOHIB/aHIOHIB Y PO34MHI ab0 ABHOT BIACYTHOCTI iHLUUX




(tabn. 2.4).

[Mpn  BU3HAYeEHHI

IOHY 3a 3abapBNEeHHAM  PO3UYUHY

nepefbayeHnin ioH BiAKPUBAKOTh AIKICHOK peakLi€eto.

Tabnmua 2.4 - 3abapBfieHHS [eAKUX MOHIB i rigpoKcniB MeTanis y

PO3YMHI
KatioH Konip BOAHMX PO34MHIB CO/Ei Konip rigpokcuais
1 2 3
cu” Bipto3oBuii BnaknTHuin ocap
Fe® YKoBTuiA Bypwii ocag,
Fe”" Be36apBHUIA, YKOBTO-3e/1eHNIA bpyaHo-3eneHnin ocaf
cr* TeMHO-3e/1eHNiA Cipo-3eneHui
Co” PoxKeBuii CuHiit ocap,
Ni** FACKpaBO-3e/1eHUiA FICKpaBO-3e/1eHnin 0caf
Cu®* i Fe** YKOBTO-3eNeHNiA
OiHOYaCHO
Na', K*, Ba” Be3bapBHWi Be36apBHWiA, NPO30pPWii
Ca”, Mg Be36apBHui Binuii ocap,
Mn?* Be3bapBHMiA binwia, Ha noBiTpi 6ypie
Hg** Be36apBHWiA YKoBTuih ocaf
Ag” Be36apBHWiA YopHwit ocag,
Cr,0;~ OpaHXeBWii
CrO,” YKOBTWIA
MnO,* ®ioneToBO-MaIMHOBUI

2. CnocTtepexeHHsi 3abapBfieHHA MONyM’d: Yy He3abapB/eHe
nonyMm’nasibHUKa BHECITb KIHUMK 3a/i3HOr0  APOTMKAE, 3MOYEHUi
Kpannew A0CNigXyBaHOro po3umHy. 3pobiTb nonepeaHiin BACHOBOK Mpo
HasBHICTb ab0 BIACYTHICTb KaTiOHIB, L0 3a6apBtoOTL Nonym’sa (Taoén.
2.5). Tpn NO3NTMBHIN peakuii 3a6apBfieHHs Monym’s nepeadayveHui
KaTiOH BIKPVBatOTb AKICHOK peakLi€to.

Tabnuuga 2.5 - 3abapBieHHA NOAYM’ A JeAKUMM KaTioHaMK

KartioH Konip nonym’s
Na* YKoBTuin
K" dionetosuit
Ba®* YK0BTO-3eN€eHMiA
ca” Ller nsiHo-4epBOHWI
Cu™ 3eneHuit
NH," MwuTTeEBe NeTiHHSA 6e3 3a6apB/eHHA




3.  BwusHaumTb peakuilo PO3UMHY CMYXKKOK YHiBepCa/lbHOro
iHOVKaTopa. AKLLO peakLis MyXHa, B PO3UMHi BigCyTHI ioHn Mg, Fe**,
Fe*, NH,".

4.  TpoBefeHHs peakuii 3 1yraMmu: BiJOKPEMTE B UNCTY NPOBGIPKY
3 Kpanjli KOHTPO/bHOr0 PO3YnMHY | AojaniTe Takuid ke 06°em nyry.
Bu3Hauntb abo BiOKpemMTe i0H 3a 40MNOMOrowo 1abn.2.4.

a) BU3HAYNTb 3a 3aNnaxoM HasiBHICTb aMiaky;

6) 3anuwWiTb CrOCTEPEXEHHS BUMagiHHA ocagy abo ioro
BIACYTHICTb. HamaranTtecs BWAYYMTW TOYHI flaHi NPO HasABHICTb abo
BIACYTHICTb TMX UM IHWIKNX KaTiOHIB 3 UMX BUNPOOYBaHb, IPYHTYHOUUCH
Ha KO/1bopi ocaay;

B) AgofaiTte 2 — 3 Kpanni Nyry 3Ha4yHoO OiNbLIOi KOHUEHTpaUil i
3BEPHITb yBary Ha 3miHy K0/Ibopy abo po34MHEHHs ocaay.

5. BigokpeMTe Kinbka Kpanefb KOHTPO/IbHOMO  PO3YUHY |
BUNPOOYWTE Ait0 KWUCNOT: Bi3ya/lbHO YMEBHITLCA, UM BUAINSETHCS a3,
Bif|3HAUTE 1AOro Konip, 3anax.

6. KpananHHum wmeTtogom nepesipte Aito Ky[Fe(CN)g] i
Ks[Fe(CN)g] 3 BMKOpuCTaHHAM Tabn. 2.5. 3anuuiTe CMOCTEPEXEHHS |
3p006iTb BMCHOBOK MPO MMOBIPHY MPUCYTHICTb KaTiOHIB ab0 BMK/HOYITb
X 31 CNUCKY.

Tabnuua 2.6 - Konip fesakux rakcawiaHoepaTHUX KOMIeKCiB

KarioH [is: yTBOpeHHs ocajis
Ka[Fe(CN)e] Ks[Fe(CN)e]
Fe* Binuii ocapg: KoFe[Fe(CN)g] CwuHiin ocag: KFe[Fe(CN)g]
Fe¥* CuHili ocag: KFe[Fe(CN)g] Bype 3a6apBieHHs
Mn?* Binuii ocag: Mn,[Fe(CN)g] Bypwii ocag: Mns[Fe(CN)g],
Co** 3eneHysatuii: Co,[Fe(CN)g] Bypo-yepBoHuit: Cos[Fe(CN)gl.
Ni** 3enenysatuin: Ni[Fe(CN)g] YKoBT0-6ypuii: Nis[Fe(CN)s],
Ccu” TemHo-4epBoHUiA: Cuy[Fe(CN)g] | YepBoHo-6ypuin: Cuz[Fe(CN)s],
Zn** Binwnii ocap; KoprnyHeBaTO-XXOBTUIA:
Ka2Zns[Fe(CN)s], Zns[Fe(CN)s],
Ca” Binuii ocap; -
CaKNH,4[Fe(CN)g]
Ba™* Binwii ocap; -
BaKNH,[Fe(CN)g]
cre Ocafly He fae -




7. Tlicna nonepegHiX CNOCTepeXXeHb | BUCHOBKIB MPO TOYHY
BiACYTHiCTb a60 HasBHicTb Fe”*, Fe®*, NH," i Bawux BWUCHOBKIB, L0
6a3ytoTbCA Ha focnifax, NpPUCTynainTe 4o AOAATKOBOrO SKiCHOrO aHanisy
Ha nepefbadvyBaHi KaTioHM | JOBeAITb TX NPUCYTHICTb. PeKoMeHayeTbCA
HacTymnHa nocnigoBHicTb: Cr*, Mn?*, Co®*, Ni**, Cu*, Zn*, Mg**, Ca**,
Na’, NH,", K"

8. [AnA BUABNEHHSA aHIOHIB MOYMHaNTe 3 rPYynoBMX peareHTiB, IO
0CaKYHTb MEBHI aHIOHMW.

9. Y poboyomy XypHani 3anmcaTtu BeCb Xif AOCNIAXKEHb | PIBHAHHSA
XapaKTepHUX peakuiid, WO [0BOAATb HasABHICTb BCTAHOB/EHWX BaMu
KaTIOHIB | aHiOHIB (Tabn. 2.7). Pe3ynbTaT NepeBipuTU y BUKNagava.

Tabnuua 2.7 - PeaynbTaTn Xo4y aHanisy

Ne AHanizoBaHa PeareHT, siknit | CrocTepeXxeHHs BucHOBOK
peyoBnHa L0[aloTb

3annTaHHS 40 3aXUCTy 1labopaTopHOi poboTn

1. fka peyoBuHa nepebyBac B 6e36apBHOMY PO3UMHI, AKWO pH< 7,
pPO3UMH  3abapBnoe nonym’a y  (hioneToBUMA  Konip, a
KOHLUEHTpOBaHa Cy/fbaTHa KWUCI0Ta BUKIWKAE  BUAIEHHSA
4epBOHO-0Yyporo rasy?

2. Po3ni3HaT peyoBUHY, SKWO 6e36apBHUIN PO3YMH 3a0apB/OE
Monym’s B XKOBTUM KONIp, Mae NyxXHy peakuito, a npn AoAaBaHHi
HCI BuainaeTbCca ras, Lo 6epe yyacTb Yy npoueci POTOCUHTE3Y?

3. Y npobipui — 6MakKUTHWIA PO3YMH, WO 3abapBe Monym’s B
3eNeHUA Konip 1 3 SAKOoro Bunagae 6inuiA ocag Npu [ofaBaHHi
BaCl,; pH<7. BU3HaunTu pe4yoBurHy.

4. Cyxa 6e3bapBHa Cinlb 3a6apB/toe MNOMym’st B KapMiHOBO-YEPBOHWI
KOJIip, 106pe PO3UNHAETLCA Y BOAI, pH>7, y BOAHOMY PO34MHI Mpu
ait po3unHy CaCl, pae api6HOKpUcTaniyHuiA ocan 6inoro Konbopy,
HEPO3YMHHUIA MPW  HarpiBaHHi B auUeTaTHIA  KWCNOTI, ane
po3unHHuiA B HCI. HasBiTb Ciflb.



2.7 JlabopaTopHa poboTa
Bu3HayeHHS BMICTY OpraHiYHMX PeYOBUH I'PYHTY
METOAO0M rpaBiMeTpii

OpraHiyHa peyoBMHA YTBOPHETLCA | HAKOMUYYETLCA B IPYHTI 3a
PaxyHOK PO3KnafaHHA POCAUHHUX | TBAPUHHUX 3a/IMLLKIB | MPOAYKTIB
XUTTELIANbHOCTI OpraHiamis. Y TpyHTI y Burnagi rymycy (Big nart
humus — 3emns, I'pyHT) — NeperHoto, yTpumMyeTbca 4o 15 % opraHivyHol
PEUYOBUHMN.

'ymMyc — ue TeMH03abapBfieHi BMCOKOMOJEKYNAPHI apOMaTWyHI
PEYOBMHM OpPraHiyHOro NOXOo4XKeHHs, 40 CKIaay AKUX BXOAATb ryMiHOBI
KNUCNOTW, PYNbBOKUCNOTHU, YIbMIH i FYMIiH.

XiMIYHWIA CKnag rymycy BM3HayaeTbcA MakpoenemeHtamm C, H, O,
N, Wo BXOAATb A0 cKnagy (PeHONbHUX KOMMOHEHTIB, FiAPOKCU/IbHUX,
KapOOKCUNbHUX, KapPOOHIbHUX 1 aueTorpymn. ¥ 3HayHUX KifIbKOCTAX B
r'ymyci i rpyHTOBMX pO34MHax MICTATbCA efniemeHTn S, P, K, Ca y
MiHepasibHil hopMi.

MeTo BM3HaYeHHS OpraHiyHoOl PeyvyoBMHM T[PYHTY MOMsArae B
CYXOMY MpOXKaproBaHHI 3pa3ka B My(e/ibHiiA nedi, BU3HaYeHHI B HbOMY
30/11 1 opraHivyHOT YacTuHW. Mpu npoxaptoBaHHi rpyHTY C, H, O, N, S
BUAINATLCA Y BUMNAAI rasiB KapboH, HITPOreH, CynbQyp AMOKCUAIB i
BOASHOI napun. HeneTkunin ocaf (301a), WO 3a/ULWIAETbCA, CKNANAETbCS 3
TaK 3BaHWX 30/IbHUX efleMeHTiB. Pi3HMUA MK Macot BCbOro CyXOro
3paska | 30/IbHMM 3a/IMLKOM CKMafjae macy oOpraHivyHol pPeyoBUHM

[PYHTY.

EKcneprmeHTasibHa yacTuHa

YCTaTKyBaHHA i peakTusu: (hapdoposi TUMAI, WMnui, MydesbHa
niyv, aHaNiTUYHI Tepesn, eKCUKaTop, abCOMOTHO CYXWMil 3Pa3oK [PYHTY
(micna BWKOHaHHA MonepegHbOl PO60TU MO BU3HAYEHHK BOJOMOCTI
rpyHTY); CaCl, ona ekcukaropa.

Xig aHanisy

3pasoK rpyHTY Maco (Mmgp) 3 — 5 r MoMilaloTb Y TapoBaHWA
(haphopoBuiA TUTeNb | CTaBNATb 3/ XONOAHY My(penbHy nid, NocTynoso
aosoasaun temnepatypy o 450 “C. binbl BUCOKA TemnepaTypa MoXe
BUKNMKaTK BTpatn ®ocdopy, Kanito i Hatpito. Yepes 3 roguHu Turens
BUAMaOTb 3 Medi i noMiwarTb Yy ekcukaTtop. [licns 0X0No[pKeHHS




3BaXKYIOTb. [MOBTOpHE NpoXXaproBaHHA MpoBoAATL 15 XB i 40OBOAATL A0
MOCTINHOT Macu 3 Npo6oto rPYHTY. Pe3ynbTaTh 3anncyoTb Yy Tabnumuto

2.8.
Tabnuuga 2.8 - PesynbTaTn xoqy aHanisy
Maca Turna 3 | Maca Turns Maca OpraHiy- | 3ona,
Maca abCco/oTHO 3 30/1010 abCcosoTHO Ha %
No | TMrna, CYXUM nicng Cyxoro PeYoBUHa,
B r rPYHTOM A0 npoX<apto- FPYHTY, T %
npoXaproBaH- BaHH4A, T
HA, T
m Mrp' m,’ m X W
T rp 3 rp 3
BMiCT opraHiYHMUX peyoBMH 06UYMCNIOKOTL 3a (POPMY/IOHD:
Mrp
X =——-100%.
m3
MacoBy 4acTKy 30711 (w;) BU3HAYaOTb 3a PIHULIEID:
w, = 100 - X, %. (2.10)
3anuTaHHs 0 3axXMCTy NabopaTopHoT poboTun
1. SAkuin cknag rpyHTIB?
2. SAKuia cknag rymycy?
3. SKuin enemMeHTHUI CKNag opraHivyHOi Pe4YOBUHW TPYHTIB?
4.  Tlicna cnantoBaHHA Npoou rpyHTy , macoto 10 r, 3anmwmnnacs 3ona
Macoto 8 r. Yu € faHuiA 3pa3oK rpyHTY YepHO3eMOM?
5. 340ro cKknagaeTbLCcsa maca opraHivyHoOT PeYOBUHN IPYHTY?



2.8 JlabopaTopHa poboTa
Bur3Ha4yeHHs BOIOrOCTi INCTA K IHAWKALIMHOT 03HaKN
CTaHy MoBiTPsA MiCT

[MoKa3HMK BOMOrOCTi  POCIMH — OAWH 3  BUAIB  peakuii
6ioiHAMKATOpPIB, AKUIA € IHDOPMATMBHMM MOKa3HWKOM CTaHy MOBITPA i
'PyHTY. Bigomo, WO B LUEHTPa/bHIA 4YacTuUHI OyAb-AKOro Mmicra
CTBOPIOKOTLCA 30HW, TaK 3BaHI «30HW Tensa», Ae Temneparypa nosiTps
MOXKe 6yTu Ha fekinbka rpagycie (4o 8 °C) BuLLOIO, HiXX Ha BiAKpPWTIN
MICLIeBOCTI, 4epe3 rapadvi BUKMAW MpoMucnoBux nignpuemcts, TEL,
NOPYLUEHHS UMPKYNALIT NOBITPA B 30HaX BUCOTHMX 3abyao0B. TennoBuii
eheKT «OCTPOBIB» BM/NBAE Ha BILHOCHY BOMIOTICTb NOBITPA | 3HWXKYE Ti.
Oco6/iMBO Le BIJHOCUTLCA [0 UEHTpaibHUX BY/MUb MICT LleHTpy |
MiBOHA YKpaiHW | MPOMUC/IOBUX LIEHTPIB.

[na pocnnH BOJa € OCHOBOK 1X ICHYBaHHSA 4epe3 Te, LLIO
3abesrneyye npouec (OTOCUHTE3y 1  (PYHKUIOHYBaHHA POCIVHHUX
CUCTEM; BOHA € CepefloBULLIEM, e MAYTb BioXIMIUHI npouecK, TpaHCNopT
MOXWBHUX PEYOBUH 3 TPYHTY | rasoo0MiH; 3aBAAKW TpaHcnipauii
3AINCHIOETLCA NPOLEC KPYroobiry Boau B NPUPOAI.

Ha Bynnuax 3 BUCOKUMU ByAMHKAMM | HU3bKOK BOJIOTICTHO IPYHTIB
yepe3 CTiKaHHA onafiB 3 acasbTOBMX MOKPUTbL CTBOPKOKOTLCA YMOBU
A/19 HeOCTaTHLOI O 3BOJIOXKEHHSA KOPEHEBUX CUCTEM [EPEBHUX POC/IVH.

Bonora 3 KOPIHHA LWBWAKO TpaHCMipyeTbCca AepeBamu i
BUNAPOBYETLCA 3 MOBEPXHA INCTA — FO/IOBHOrO OpraHa TpaHcnipauil, B
ymoBax MigBULLIEHMX TemnepaTyp, NOTOKY MOBITPSA pa3oM 3 MWUIOM Bij
aBTOTPAHCNOPTY | HN3bKOT BONOrOCTI. B 3B’A3KY 3 UMM NINCTA BTpayaroTb
TYricTb | Typrop, 06BMCalOTb, 3MIHIOKOTL (OPMY Yepe3 BiOAXWUIEHHS
PO3BUTKY, B HUX CMOCTEPIratoTbCA 3MIHM Ha MIKPOCKOMIYHOMY PiBHI:
00e3BOfHEHHA KNITUH i Nnasmoni3. TOMy BU3HAYEHHSI BMICTY BOAW € He
TiINIbKN MOKA3HUKOM, L0 OOYMOBNEHWUA KNiMAaTOM, MICLE3POCTaHHAM,
NPUPOAOID POC/INHK, ane | € 6ioiHAMKaLIMHOK 03HAKOK MiABULLEHHS
TemnepaTypu 4epe3 NapHWKOBUIA eqieKT, aBTOTPaHCMOPT, HErpamoTHY
MiCbKY 3a0y/0BY i, IK HACNiA0K, MiABULLEHY TpaHCripaLito.

EkcnepumMeHTasibHa YacTuHa
Mpunagm i yCTaTKyBaHHA: aHaliTU4YHI  Tepe3n, piBHOBaru,
CyLUWMbHA Wada, nonieTnsieHoBi | naneposi NakeTw.




[JomaluHe 3aBgaHHA. OBCTEXUTN NUCTS AePEB Ha BYMUAX MICTa
B PIi3HMX parioHax, 0CO6NMBO Yy [epeB-iHAMKATOPiB (NMNna, KalluTaH,
KMEeH), OUIHUTW Bi3ya/lbHy 3MiHY CTaHy nucTa (yTpayeHHs TyrocrTi,
B’ANICTb,3yMMHKa ab0 3MiHa HanpsiIMKy POCTY Y SIKWA-Hebyb YacTUHI
NnCTa), 3pisatv  fdeKinbka /UCTKIB 31 BKa3iBKOK Micua 360py |
eKONOri4YHUX YMOB, MOK/IACTV B NONIeTUNEHOBUIA NaKeT.

Xig aHanisy

B nabopatopii NuCTA nepeknagaroTb Yy 3a3fjanerifb 3BaXKeHi
nanepoBi MakeTuW i 3BaXYyKTb 3 MakeToM. BucywywTb nucTa Ao
nocTifiHoi macv npu 105 °C B cywwnbHiii wadi (1,5 — 2 rog),
NMepeHocATb A0 eKcUKaTtopy 3 rirpockonivyHoto peyosuHoro CaCl, ans
CXOBY. 3HOBY 3BaXYKTb JIACTA B MakeTi | pe3ynbTaty (PiKCyoTb Y
Tabnuui 2.9.

Tabnuug 2.9 - PesynbTaTn aHanisy

Maca Maca Maca Maca Maca Maca Bono-

nakera 3 cuporo nakeTa 3 | MOPOXHLOrO | CyXOro | BOJOIMU, ricTb

cupum INCTA, CYyXUM nakera, INCTA, r INCTA,
NNCTAM, T r NNCTAM, T r r %
m b=m-p d p c=d-p | a=m-d X

Po3paxyHOK BOMOrOCTi IMCTA X BUKOHYIOTb 3a (HOPMY/IOH0:
X =%-100%, (2.11)

fle: a — Mmaca BOMOrM /fnUCTA (AKa BMMApPOBYETLCH B YMOBaX
eKCMepUMeHTY);
b — maca cuporo nmcTs.

3anuTaHHS [0 3aXUCTY /1Ta60PaTOPHOI PO6OTU

1. LWo Take BOMOriCTb POCNNHN? $FKe 3Ha4YeHHA Mae Boja Ans
POCINHN?



o

3 1 ra nociBy KanycTth 3a BeretauiiHuin nepiog (3 micaAui)
BUAINAETLCA 8 MJH. Kr BOAW. Po3paxyBaTtu LUBUAKICTb TpaHCnipauil
KarnyCcTAHOro noss y T/rog.

B 3pa3ky rvHM npubepeXxxHoi 30HW MicTUTbCA 14 % XiMivHO
3B’A3aHOT 1 25 % rirpocKoniyHoi BoAu (OCTaHHIO MOXHa BUAANNTYU
BUCYLUYyBaHHAM). Po3paxyBaTM BMICT XIMIYHO 3B’BOAM Y
BUCYLLUEHOMY 3pa3Ky JIMHW.

Mpwn 36epiraHHi 1500 Kr uykpy maca inoro 36inbLumnach Ha 22,5 Kr
B pe3ynbTaTi 3BOJIOKEHHS. OOUMCIUTI BMICT BOAW Y LYKPI, AKWiA
cnoyaTky mictns 2 % Bogu.

Aki hopmun, Buan i Tmnn GioiHAMKalii Bam Bigomi?

Br3HauMTK BIACOTKOBWIA BMICT BOAM B O4YepeTi, SAKWO BifOMO, L0
A0ro NnCTA MICTATb 86 %, cTe6n0 — 80 %, a KOpIHHA — 72 % BOAM.
[Mpn BUCYLWYBaHHI HaA3eMHOT YaCTUHM POC/IUHKU (NNCTA | CTe61a)
BTpaTa Macu cTaHoBUTb — 82 %, a Mpu BUCYLUYBaHHI cTebna i
KOpiHHA — 78 %.

TexHiyHa cinb MicTUTbL gomiwkn: 8 % Bogm | 4 % MeTaneBoro
nuny. CKifbKK BiICOTKIB METaNeBOro nuay 6yae MiCTUTUCb B CONI
nicns cyLwKkn?

2.9 JTabopaTopHa poboTa
BusHayeHHSA rigponiTUYHOT KUCMIOTHOCTI FTPYHTOBUX
BUTSXKOK METOAOM TUTPUMETPIT

KHCIOTHICTE TPYHTY

- .

AKTyVaIbHA TToTeHITiiHA
KHCIIOTHICTE (H ) KHCTOTHICTE (H)
OGMIHHA TiapomiTiaHa

KWCNOTHICTb TPYHTY NOAINAETLCA Ha aKTyaslbHY | MOTEHLiNHY.

AKTya/ibHa M03HaYaeTbes AK pH i BU3HAYAETLCA HaABHICTIO MoHiB H' y

'DYHTOBOMY PO34MHi. MOTeHUiNHa KMCNOTHICTb — H, 3yMoB/eHa iloHaMu
H" y rpyHTOBO-B6MPHOMY KoMMnekci (MTBK), ii po3pisHAOTL Ha 06MiHHY
I TigpoNiTUYHY. AKLLO NPUYMHOK OOMIHHOT KMUCMOTHOCTI € PYyX/vBY



ioHn H”, aki BUTiCHAIOTLCA 3 TBK KaTioHaMy HeTpasibHUX Conelt Tuny
KCI, NaCl, BaCl,, To rigponiTu4yHy KUCNOTHICTb BUABMAOTb 06POOKOH0
'PYHTY po3uMHaMK COMel, SKi NigoatoTbCA TiApPoNi3y 3 JIYXKHOH
peakuiero cepeaoBmLLa.

Taki coni yTBOPeHi KaTioHaMu CUNbHOT OCHOBM | CNabKOoi KMCIOTH |
npu aii Ha MBK 3 nOrnMHeHMMM KaTioHaMy He TiflbKW BUTICHAKOTb NOHK
H* 3 HbOro, ane i HelTpanisytoTb BifibHi H' y rpyHTOBOMY pO34uHi,
TOOTO aKTyanbHY KUCMOTHICTb I'PYHTY. KpiMm Toro, npu Aii Taknx cone,
K HaTpiii GeH30aT, HaTpiiA aueTar, Kanih kapboHaT TOLLO, OOMiHHa
KMUCNOTHICTb TaKOX HeATpanisyeTbCsA. TakMm UYMHOM, 3riHO 3 HUXKYe
HaBefeHOK peakLUied BAAETLCA BU3HAUUTM  CYMAapHY KWUCNOTHICTb

[PYHTY:

[pyuToEC-EbHpHETE

o +3nCH,COONa —+ [pyHToBRO-EOHPHEH| 30} +
O MITIEKL
H' (axryanbHol KECIOTHOCTL) {En-zm}CHECQDH
H' (obmEHO KHCIOTHOCTI) +
H' (rigpomiTuagel KECIOTHOCTL) e {CH,CO0)
e 3

Bnbip Hatpiii auetaty Hailbinbll ONTUMaNbHWIA, OCKINbKK Ais
KapboHarTiB I CynbifiB noB’s3aHa 3 BUAINEHHAM ra3onofibHux KapboH
AioKcMAay | TOKCUYHOTrO rigporeHcynbqypy.

EkcnepumeHTasibHa YacTuHa

YCTaTKyBaHHA i peakTUBMW: TEXHOXIMIYHI Tepesn, MmipHa Konba Ha 1
N, Konba KOHiYHa 3 MpuTepToro Mpo6kot 3 ToecTOoro ckna 300 m,
BUMIptOBa/IbHI MineTkn Ha 1 i 50 mn, ginbTpyBanbHUin nanip, 0,1 M
PO34YMH HATPIN aueTary, 3pa3ku I'pyHTIB, IHAMKATOP (DeHONDTANEH.

Xig aHasnisy

1. MpurotyBaHHsa 0,1 M po3uMHy HaTpiil aueTaTy. 3BaXyTb Ha
TexHoxiMiyHnX Tepesax 136 r CH3;COONa-3H,0 i nepeHoCATb Yy MipHY
Konby Ha 1 N, pO3YMHAOTL Y AUCTUNbOBaHIN BOAI | JOBOAATL 06°€M A0
pUCKW. PO34nH noBuHeH matn pH = 8,3 — 8,4. Y Bunaaky 6isbLl KMCAoi
peakuii, gogatoTe kKpanagmu 10 % po3unmH NaOH, npu 6inbLuii
ny>xHocti — 10 % posunH CH;COOH. lMam’aTtaTu, WO Po34nH cnig
36epiraTtu He Gisbw 3 Aib.




2. TpurotyBaHHA TPYHTOBOI BUTSXXKW. [na aHanizy 6epyTb
cepefHto npoby rpyHTy 30 I Ha TEXHOXIMIYHUX Tepe3ax 3 TOYHICTHO A0
0,01 r i nepeHocATb Ti B KOHIYHY TOBCTOCTIHHY K06y Ha 300 mi.
HopatoTe 100 mn po3umHy 0,1 M HaTtpii aueTaty. Cymill 3aKpuBatOThb
MPUTEPTOO NPOOKOK | PeTenbHO nepemilyroTb npoTtarom 15 — 20 xB.
Micns B30G0OBTYBaHHA CyMill (MiNbTPYHOTb KPi3b CYXWA CKNaa4vacTui
QINbTP Yy Cyxy Konby, nepiognuyHO CTPYLIYHOUYM Nepes  KOXHUM
A0AaBaHHAM. AKLLO (iNbTpaT KasaMyTHWIA, NepLuy NopLito BiAKNAAKOTb.

3. TutpyBaHHA. BigbupatoTe ninetkordo 50 ma Qinbrpary i
MePEHOCATb Y KOHiIYHY Konby Ha 250 mn, gopatoTb 5 — 6 Kpanesnb
(eHondgtaneivy i tutpytots 0,1 M posunHom NaOH pgo cnabko-
POXEBOro 3abapB/eHHs, AKe He 3HMKae BrnpogosX 30 — 60 c.

4. Po3paxyHOK TiApOoMiTUYHOT KUCMOTHOCTI. [1aponiTUYHY
KWUCNOTHICTb FPYHTY X BU3HAYAOTH 3a (DOPMY/IOH:

VK175

X , MMO/1b-eKB/100 T rpyHTY. (2.12)

eK

ae: K — nonpaBoyHmnin KoedilieHT ans nepesegeHHs po3yunHy NaOH
[0 KoHUeHTpauii 0,1 M;

V —06’em 0,1 M po3unHy NaOH, BUTpa4eHOro Ha TUTPYBaHHS;

5 — KoeqpilieHT Ans nepepaxyHKy pesynbtaty Ha 100 r rpyHTy;

1,75 — Koe(iuieHT NepepaxyHKY (CepeaHs BeNMYMHaA, SiKa MoKasye
CepefHE 3HaYeHHA TiAPONITUYHOT  KUCMOTHOCTI, OCKIIbKA  Mpw
oflHopa3oBiin 06pobui rpyHTy CH3;COONa KUCMOTHICTb BUTICHSETLCS
HEMOBHICTIO);

10 — BuUMpaBfeHHs [ MepeBefeHHs KoHueHTpauii HY 'y
MMO/1b-EKB.

5. MNepeBefeHHA Xq Y 3Ha4YeHHA pH. KopucTyrounck Tabnuuero
pofgatky Nel, rigponiTUYHY KWUCMOTHICTb Y MMOJIb-€KB/N MepeBoasTb B
OJIMHMLI BUMIPIOBAHHS KOHLIEHTpaLiT MOHIB rigporeHy — pH.

3anuTaHHs 40 3axXMUCTy nabopaTopHoT poboTun
1. Ha 4omy 3acHOBaHO BW3HAYEHHSI TiAPONITUYHOI KUCNOTHOCTI

'PYHTIB?
2. §Ki meToam BU3HaYeHHA pH BaM BifoMi?



3. U nos’sa3aHe MNPUroTyBaHHA aueTaTHOI PYHTOBOI BUTSXKKU 3
06p0o6KOoLO NPo6bK aLeTaTHOK KNCIOTOK?

4. Y AKX OOQMHUUAX BUMIPKHOETBCA TiAPOMITMYHA KMCNOTHICTb

[PYHTIB?

Un nos’A3aHa 06MiHHA KMCNOTHICTb 3 peakuisimMy 06MiHy?

6. UM MOXHa 32 BeIMYMHOW PH BCTaHOBUTWU  TiAPONITUYHY

KUC/TIOTHICTb?

AKi BUAWM KMCMOTHOCTI I'PYHTY Bam BigoMmi?

8.  Bu3HaunTW KOHLEHTpALitO 1oHiB H™ (MOnb/N), AKLO rigponituyHa
KWUCNOTHICTb FPYyHTY cknagae 0,76 Mmosb - ek/100 r rpyHTy.

o1

™~

2.10 JlabopaTopHa poboTa
Bu3HayeHHS KaslbLito | MarHito y rpyHTOBIN BUTSKLL

BMIiCT BOAOPO3YMHHMX PEYOBUH Y T[PYHTI CTaHOBUTbL 4YacTKU
BI[ICOTKa, asie BOHU € [y>Xe HeoOXiAHMMM AN1A POC/IUH | € PYXIMBOKO Ta
3aCBOHOBAHOO OM0 YaCTUHOK. Y BOAHUX BUTSXKKAX MICTATLCA KaTiOHU:
NH,*, Na*, K*, Mg®*, Mn**, AI**, Fe**, anionn: CO5”, SO,~, HCOy, CI’,
H,PO,’, HPO,”, NO3.

[y>XXe BaX/MBO 3HATK CKMaf rpyHTY. [PYyHTU XapakTepusyroTh 3a
PeyYOoBMHAMW, AKI BXOAATL A0 CKNady rPyHTIB. TaK Yy BOLHMX BUTSXKKAX i3
MiA301MCTUX, AIPHOBONIA30MECTMX | CIpUX TPYHTIB BOAOPO3UUHHUX
PEYOBMH Masio, MepeBaXatdTb OPraHiyHi 3  KUC/OK  peakLieto
cepefoBua. Y BOAHUX BUTSXKKaxX CIpo3eMiB, OypuX | KaliTaHOBMKX
'PYHTIB, CO/IOHYaKIB i COMIOHLIB MepeBaXkaloTb MiHepasibHi PeYOBUHM.
BUTSXKKM 3 YOPHO3eMY — HeWTpPasibHI, L0 3YMOB/IEHO MePeBaXKaHHAM
MarHi i KasibLiin rigpokap6oHatiB, BMICT OpraHiuHuUX i HeopraHi4yHUX
PEYOBMH NPUG/IM3HO OAHAKOBUIA.

EkcnepumMeHTasibHa YacTuHa

YCTaTKyBaHHS i peakTBU: TEXHOXIMIYHI Tepe3n, MipHa Kosba Ha 1
N, Konba KOHIYHA 3 MPUTEPTOKD MPO6KOK 3 ToBCTOro ckna 300 m,
BUMIpIOBasibHI nineTkn Ha 1 i 50 mn, ¢inbTpyBanbHUin nanip, 0,1 M
PO34YNH HATPIl aLleTaTy, 3pa3kn I'PYHTIB, IHAMKATOP eHOoN(TanelH.

Xig aHasnisy

1. TpurotyBaHHA BOAHOI BUTSXXKW 3 TPYHTY. 3 I'PYHTY, AKWiA
NnoApi6HEHO | MPOCISAHO Yepe3 CUTO 3 0TBOPaMK 1 MM, Bi3bMiTb HaBaXKKY




50 r (Ha TexHOXIMIYHKX Barax). MepeHeciTb i B KOHIYHY KO/IBY EMKICTHO
750 wmn, pgonuiite 500 mMn npokum'sadeHoi (ansa BuaaneHHss CO,)
AMCTUNIbOBAHOT BOAW, 3aKpuiiTe NPOOKOK i CTpywyiTe npoTarom 3
XBWUJIVH.

MpounbTPyinTe BOAHY BUTSDKKY 4epe3 cKnagyactui inbTp,
BCTaB/IEHWIN Yy BOPOHKY. HAKWO (iNbTpar BMABUTLCA KalaMyTHUM, TO
MOBTOPHO NPONYCTITb MOro Yepes Toi Xe inbTp. He 3abyabTe aobpe
nepemiwati inbTpaT.

3 OTpMMaHOT TakKMM YMHOM BOAHOI BUTSXKKW 6epiTb HeobxigHi
06'eMn ANa TUTPYBAHHS.

2. BU3Ha4yeHHA cymapHOro BMICTY i0HIB KanbLito | MarHito. 50
M/T BUTSDKKW MEepPeHEeCiTb MINeTKO A0 Konbu ans TUTpyBaHHS Ha 100
M, 4O/IMiMTe 5 M/ amMOHIMHOT 6ydepHOT Cymilli, BHECITb Ha KiHUi
wnatena 20-30 MinirpamiB  iHAMKaTOpa — XPOMOrEHY YOPHOro
cneuianbHoro i Tutpyinte 0,05 H poboUnUM pPo3uMHOM «TpunoH b» fo
Nnepexoay BMHO-KPAcHOro 3abapB/ieHHs PiAvHK [0 CUHbLOI. IoBTOpPHONTE
TUTPYBaHHA 2-3 pasu | 3 CXOXMUX BIAJIKIB Bi3bMiTb cepefHe. Bci
pe3ynbTaTh TUTPYBaHHA 3aHeCiTb A0 Tabnuui 2.10.

Tabnmuq 2.10 — PesynbTatu aHanisy

Ne gocnigy VBO,EI,H.BI/IT.! M I\ITry H VTry M

CyMapHa KiflbKiCTb Mr-3KB KasibLito i MarHito B 1000 M1 BUTSXKKM
abo BignosigHo y 100 rpamax rpyHTY 064nchiTh 3a POPMYIOoH:

N_V
m (Ca®*" + Mg®") = VTr—Tr 1000, (2.13)

BOAH.BUT.

fe: Ny - HOpManbHICTb PO34MHY TpUNoHy b, H;

Vi - 006'eM poboyoro po3umHy TpunoHy b, BMUTpayeHOro Ha
TUTPYBaHHA, M/,

Veogsur, - 00'EM BOLHOT BUTAKKM, B3ATUIA ANA BUSHAUEHHA, M.

3. BusHayeHHA BMICTYy KasibLito. 50 M BUTSXKKW NepeHeciTb
MiNeTKo A0 Konbwu and TUTPYBaHHA, AOfvinTe 2,5 M 2 H PO3YMHY
NaOH (a6bo KOH), BHecitb 30-40 minirpamis cymiwi iHAuKaTopa



mypekcugy 3 NaCl. ToTim nosifibHO TUTpyWTe pignHoto 0,05 H
po3unHOM TpunoHy b A0 mepexody POXKEBOro 3abapBfiEHHS B CUHbLO-
(hioNeToBUiA, He3HMKaoHoro Npotarom 3 xB. [OBTOPHONTE TUTPYBaHHS
2-3 pasn i 3 CXOXMUX BIANiIKIB BI3bMITb cepefHe. Bci pesynbTtatu
TUTPYBaHHA 3aHecCiTb 40 Tabnnui 2.11.

Tabnuus 2.11 — PesynbTaTn aHanisy

No jocniny Vm M1 NHCI, H VHCI, M

KinbKicTb Mr-ekB Kanbuito B 1000 Mn BUTSXXKKK abo BignoBigHO B
100 rpamax rpyHTy 064ncniTb 3a PopMysoH:

2+y — NTrVTr
m (Ca*") Vi 1000, (2.14)

BOAH.BUT.

fe: Ny - HOpManbHICTb PO34YMHY TpPUIOHY b, H;

Vi - 006'eM poboyoro po3umHy TpunoHy b, BUTpayeHOro Ha
TUTPYBaHHSA, M,

Veogh.eur. - 00'EM BOAHOT BUTSKKW, B3ATUIA AN BUSHAYEHHA, M.

4. ObUYMCNeHHS BMICTY MarHito. KinbKiCTb MarHito 064nchiThb 3a
PI3HULEIO:

m (Mg”") = m (Ca®*+Mg"*) - m (Ca*") (2.15)

BMmicT Kanbuito i MarHito Bu3Ha4yte B Minirpamax Ha 100 rpamis
rpYHTY. [lns Luporo umcno mr-eks Ca®* i Mg®* MOMHOXTe Ha 3HaueHHs
Mr-ekB Kanbuito (20,04 minirpam) abo marHito (12,16 minirpam).

3anuTaHHS A0 3axXuUCTy 1abopaTopHoT poboTun

#AKa po/ib BOAOPO3UNHHUX PEYOBUH Y TPYHTI?

AKi KaTIOHW MICTATLCA Y BOAHUX BUTSXKAX TPYHTIB?

YoMy BaXX/IMBO 3HATU CKNag rpyHTY?

AK XapaKTepusyroTb IPYHTU 3a PevyoBUHAMM, AKi BXOOATb A0 1X
cKnagy?

P



2.11 JTabopaTopHa poboTa
Bu3HaveHHS BiJIbHOT0 X/10py B BOAOMNPOBIAHIN BOAI

[N 3He3apaxKyBaHHA BOAW MUTHMX MOTPe6 BMKOPWUCTOBYIOTH Y
BUNPOMIHIOBaHHS, pafialiiiHi METOAM, 030H i X/10p. XopHa 06pobKa €
HalgeLlleBLINM GaKTepUUUAHMM 3aC0060M, a BMICT X/1I0pY 3aNeXuTb Bif
AKICHOro 1 KinbKiCHOro 6aktepianbHOro cknagy soawn. OfHak Xnop €
AY>Ke TOKCUYHUM, MOXXE NIErKO B3aEMOZISTU 3 OpraHiYH1UMK pevyoBUHaAMU
[0 Wwe O6ifblwl Hebe3neyHUx CNoAyK TUMy AIOKCUHIB. TOMY 3a/1MLLIOK
BI/IbLHOFO  X/I0PY  PEeTe/lbHO  KOHTPONIOETHCA:  BiH  HE  MOBWHEH
nepesuwyBatn 0,5 mr/n. B npoueci XxnopyBaHHS BOAW MOXYTb
yTBoptoBatuca adioHn, tuny CI, CIO°, a TakoX X10pBMICHI amiHu
NH,CIl, NHCI,. [o npupogHux BOfL X/0p i X/JOPBMICHI CNOAYKK
HaAXo4ATb 3i CTIYHMMM BOAAMU XIMIYHUX MIAMNPUEMCTB.

MeTog BIigHOCUTBLCA 4O MOAOMETPIi | 3aCHOBaHWA Ha OKWUCHO-
BIHOBHIN peakuii, MOB’A3aHiiA 3 MepeTBOpPeHHAM J B Jo. [lpwu
MiAKNUCNEHHI aHani3oBaHoi BoAM 1 AofaeaHHI HagimMwky KJ o yci
X/IOPBMICHI CNOMYKN BUAINAKOTL ANNOA, AKWIA BIATUTPOBYHOTbL POGOYMM
PO3YMHOM HATPIin Tiocynb(aTy 3a HasABHICTIO iHAMKATOPa KPOXMarito.
KinbkicTb  Na,S,03, fKa BUTpaydeHa Ha TUTPYBaHHA Auinogy €
eKBIBa/IEHTHOK) BMICTOBI [AMXIOPY B AO0CNimKyBaHiA Bofdi. OCHOBHI
XiMiYHI peakuil npouecis:

Cl++2) =J,+2CI
Jo + Na,S,05 = 2NalJ + Na,S,04

Aniion, B 3aneXHOCTI Bifl KOHUEHTpaUii 3a6apB/Oe Po3vnMHM B
KONMbOPW Bif XOBTOr0 [0 4epBOHO-6yporo. IHAMKATOp [A0Aat0Thb
HaNpUKIHUI TUTPYBaHHA, KO/MM 3abapB/ieHHA CTae O6Mi4HO->)XOBTUM.
Kpoxmanb yTBOPIOE 3 AMAOLOM IHTEHCMBHO-CMHIO PeYOBUHY. B Touui
eKBIBa/IEHTHOCTI B MUTb, KO/IN BiJHOB/OETLCS BECb AWUMOM, CUHIW KOJIp
3HMKAE, | PO3YMH CTae 6e36apBHUM.

BmicT xnopy nicns po3paxyHKiB BMpaXkatoTb B MI Ha NiTP BOAN.

EKcnepmeHTaslbHa YacTuHa
YCTaTKyBaHHA | PeakTMBU: TEXHOXIMIYHI Tepesn; BUMIpOBa/ibHa
ninetka Ha 50 mn, Mmikpo6ropeTka Ha 50 M/, KOHIYHA KON6a 3 NPUTEPTOHD




npobkoto Ha 250 mn; 0,01 M po3unH Na,S,03; Kanii nogng KJ
(KpucTaniyHnin); 0,5 % posunH Kpoxmano; 30 % po3uMH aueTaTHOI
knucnotn CH;COOH; npoba BogonposigHOT BOAW.

Xig aHanisy

[0 KOHIYHOT KONMbM 3a [J0MOMOroK MIMETKU BHOCATb TOYHO
BiAMIpsHMIA 06’eM BogonpoBsigHoT Boan (50 - 100 mn), aogatotb 0,5 Kr
KJ i 10mn auetaTHOI Kncnotu. Yepes 5-10 xB Auiiod, WO BUAINMBCS,
BIATUTPOBYIOTb PO34MHOM Na,S,0;. B KiHLI TUTPYyBaHHA [0 CBIT/0-
XOBTOMO PO34YMHY fJofalTb 1 - 2 MA PO3UMHY KPOXMaso |
NMPOLOBXYHOTb TUTPYBaHHA [0 3HEGapBfIeHHA PO3YMHY. TUTPYBaHHSA
NpoBOAATb He MeHW 4 pasiB A0 OTPUMaHHA BIATBOPHOBaHUX
pe3ynbTaTiB, 3HaX04ATb CepefHii 06°eM i pO3paxoBYHOTb KOHLEHTpaLit0
ANXOPY Y BOA|:
~V.C-35,5-1000

VHZO

X mr/n, (2.16)

pe: 'V — cepedHe 3HayeHHA 06°’emy Na,S,03, AKMIA NiWOB Ha
TUTPYBaHHSA, M/,

C — KoHugeHTpauis Na,S,03, Monb/n;

Vi o — 00°€M aHani30BaHOi BOAK; 35,5 EKBIBAIEHT X/10pY, [/MO/b.

3anuTaHHs A0 3aXUCTy 1abopaTopPHOT PoboTU

=

Yomy BMICT X/10py Y BOfi Tpeba KOHTPO/KOBaTA?
2.  $lKOW € MonApHa KOHLIeHTpauis eKBIBa/IeHTIB BifIbHOrO X1opy Yy
BOZI B focniai nabopaTtopHoi poboTn?

3. PospaxyiiTe TUTP X/10pY B Uil BOfI.

4. #AKy KIiNbKiCTb Kanii noamay Tpeba pogaBaTu [0 BOAW ANS
eKCNepuMEHTY BM3HAYeHHS BI/IbHOTO X/10py?

5.  UYowmy i aknmun peareHtamu Tpeba 3He3apaxkyBaTu Boay?

6. SAKi HebGe3MneyHi X/IOPBMICHI peareHTU YTBOPIOKOTLCA  MNPW

X/I0pyBaHHI BOAN?

7.  $Ky Hebe3neKy MICTUTb B COBi BiflbHWIA X/10p B NPUPOAHIA BOAi 3
BUCOKUM BMICTOM OpraHiYHuUX peyoBuH?

8. OuumweHa Boga BMmiwye 7-10° % xnopy. Um MoxHa i
BYKOPUCTOBYBATY K NUTHY (p = 1 r/cm®)?



2.12 JTabopatopHa poboTa
BusHaueHHA pH rpyHTOBUX BUTSXXOK METOA0M
NnoTeHUioMeTpIi

PoCMHM MOXYTb iCHyBaTWM fMlie B MEBHWX Mexax pH ans
KOXHOT0 BUay

JlonuH pH = 4-6
Bypsak pH = 6-8
XKuto pH = 4-7

MweHnua pH =5-8
KapTonns pH = 4-8

KWCNOTHICTb FPYHTIB Mae Be/IKe 3HaUYeHHA 4NS PO3BUTKY | poCTy
POCMMHHOT 6GiomMacK, BMNAMBaE Ha [AOCTYMHICTb 3aCBOEHHSA MOXXMBHUX
PEYOBWMH poCnMHamMW. BCTaHOBMEHI ONTUMasbHI BEIMYMHU TPYHTIB ANS
006p0O6KM Ci/IbCbKOrocnoaapcbKux KynbTyp. 3anexxHo Big pH rpyHTOBOro
PO34YNHY I'PYHTM PO3MNOAINAKTL Ha FPYMN:

1.  pH=3-4 — cunbHOKMCAI;

2. pH=5-6 — cnabokucni;

3. pH=6-7 — HelTpasibHi;

4.  pH=7-8 — cnabonyxHi;

5. pH=8-9 - cunbHONYXHI.

HaituacTilwe pocnvHu CTpaxaaroTb Bif NiABULLEHOT KUCNOTHOCTI,
ANA YCYHEHHA AKOT 3aCTOCOBYHOTb BarHyBaHHSA [PYHTIB - BHOCATb
BarHAKW. AKLLO X IPYHT CUNbHO NTY>KHWUIA, TO ANS YCYHEHHSA NPOBOAATb
rincyBaHHs - BHOCATb po3mMeneHuii rinc CaSO, -2H,0 (Kanbuin cynbhar
airigpar).

Y BOHUX BUTSHXKKaX I'PYHTY MOXKHa BM3HAUUTK pH HainpocCTilmm
MeTOA0M 3a JONMOMOrOH0 YHiBEPCa/IbHOrO IHAMKATOPHOrO nanepy.

OpfHak  To4He 3HaYeHHS pH MOXHa BCTaHOBUTU
MOTEHUIOMETPUYHUM METOLOM, SKWUA TI'PYHTYETLCA Ha BUMIpHOBaHHI
Harnpyru, NepeTBOPeHHi ii B MOCTIAHWIA CTPYM i MOTIM Y NMoOKa3aHHA pH
cepeaoBuLLa.

EKcneprmeHTasIbHa YacTuHa
YCTaTKyBaHHSl | peakTuBW: WOHOMIp €B-74, XnopocpibHUin i
CKNAHWIA eNIeKTPOAN; TEXHOXIMIYHI Tepesn; CKAsHKa A4 Bumipis 50 mn;




CKNAHKa 10 Mn 3 NpUTEPTOI0 NPOOKOID; CKAHI NaSIMUKK; XIMIYHA NINKa;
OydepHi cymiwi pH = 1,68 i pH = 9,18 ans HacTpotOBaHHA MoHOMIpa; 1
M po3unH KCI; yHiBepca/ibHUI iHAMKaTOP.

Xig aHanisy

1. TligrotoBka. Po3snoyatu po6boTy cnig 3 HacTPorOBaHHA
MOHOMIpa 3a pi3HuLIEo BigoMnx pH 6ydhepHNX po3umHiB.

2. [MpurotyBaHHA I'PYHTOBOI BUTSXKKW. [Nd NpuUrotyBaHHS
'PYHTOBOIr0 PO34MHY B KOHiIYHY K06y micTKicTio 100 mn BHocATb 10 1
'pyHTY i 3anmBatoTb 50 mA  gucTunboBaHol Boaw. [lepemillytoTb
CKNSIHOKO Ma/INYKOLO, 3aKpMBalOTb KOO0y NPo6KOoK i CTpywyoTh 10 XB.
[MoTiM BUTSXKKY (DiNbTPYHOTb KPi3b CyXUin CKnagyacTuii inbTp. Mepen
3/IMBAHHAM BUTSXKM Ha (IiNbTP CTPYCHITb KONOY ANA 3millyBaHHSA
BMICTY, 1, MO MOX/IMBOCTI, Ki/IbKICHO NepeHeCITb I'PYHT Ha (iNbTP.

BogHi rpyHTOBI BUTSXKKM aHaNi3yroTb Bigpasy nicns X oAepXKaHHs,
TOMY LLO Mif BM/JMBOM MIKPOMIOPY 3MIHIOKOTLCA TX XapaKTEPUCTUKN |
cKnag,.

[MpaBUIbHO MNPUIOTOB/IEHA BUTSXKA MOBWHHA OYTWM MPO30POLO,
nepebysat B KONGI 3 3aKpUTOK MPOOKOK, T 06°€M MOBUHEH OYTU
BU3HAYEHUM.

3.  Bwuwmip pH rpyHTOBOro po3umHy. ¥ CKIsAHKY MICTKicTiO 50
mn Bigamite 30 — 40 mAa ginbTpaty M 3aHypTe B HbOIO €NIEKTPO/MN.
CnoyaTKy BUMIPIOKOTb Habmxye 3HayeHHs pH, HaTUCHYBLUWM KNnaBilui
«pX», «1-19». 3HayeHHA pH BM3HayalOTbL 3a LWKaNoK «1-19»,
BM3Ha4yatoTb MOTPIOHMA fianasoH | BUMIpHOOTL pH, 3HIMaruu
MOKa3aHHS 3a HeOOXIiAHOK LUKanow. Hanpuknag, SKWO NokasaHHA 3a
LUKa/I0H «1-19» BUABMANCH MiDK 8 — 9, TO HATUCHYTU KHOMKY «4-9»,

4. 3aKiHYeHHS eKCnepuMeHTY. 3aKiHYMBLUM BUMIPIOBaHHS,
BUMKHITb NpWnag, eneKTpoan 3aHypTe B CKISAHKY 3 AUCTWIbOBaHO)
BOZOH0.

5. BwusHauyeHHs pH iHAMKaTOpHMM MeToAOM. a) MapanencHo
BUMIpIOBaHHIO Ha MOHOMIpPI NpoBediTb BM3HAYeHHA pH iHAMKATOPHUM
MeToAoM. na uboro = 1 Mn iNibTpaTy 'PYHTOBOT BUTSXKKN BiA/IMBaOTh
y nNpo6IpKYy, 3aHYpPHOKTb CMYXKY YHIBEPCA/IbHOr0 IHAMKATOPHOrO
nmanipus B PO34YMH, YCTaHOB/OKWTbL pPH, NOPIBHIOKYM  KONip
3abapBneHoOro iHAuKartopa 3i LWKano Ha gyTnapi IHAMKATOPHOro
nanepy.



6. TlopiBHAHHA pe3ynbTaTiB BU3HAYeHHA pH. Pe3ynbTatu
[NOCNIMKEHb 3aHOCATbL A0 Tabnuui 2.12.

Tabnuua 2.12 - PesynbTaTy aHasizy

No MoTeHuioMeTpUYHMIA MeTog, pH IHAMKATOPHWIA
[iana3oH BUMiptOBaHb TOoYHe 3HayeHHa pH meTtog, pH

3anuTaHHs A0 3axXUCTy 1abopaTopHoT poboTun

AKi MeTOAM 3aCTOCOBYHOTb A/19 BU3HAUYeHHA pH?

Ak BnivBae pH Ha picT pocnnH?

Bu3HaunTu KoHLeHTpaL,ito H npu pH = 8,7.

BCTaHOBUTM pH FPYHTOBOrO po3unHy, kLo [OH] = 7,7-10°.

el

2.13 JlabopaTtopHa poboTa
BioreHHi 3abpyaHeHHA HITpPaT- Ta HITPUT-IOHIB Y BO/|

MiHepanbHi [o6puBa MICTATb HEOOXIAHI ANA POC/INH eNeMeHTU
YKVMBJIEHHSA, NOTPIOHI 4N NiABULLEHHSA BPOXKAMHOCTI | pOAKOYOCTI IPYHTY.
Hali6ifnblle 3Ha4yeHHs MatoTb a30THI, KasiiHi i (pocdopHi [06pmBa,
Has3BaHi 3a OCHOBHMM XIMIYHMM efIeMEHTOM MiHepaslbHOrO XXWB/EHHA
POC/MUH. J10 a30THUX [A0OpPUB BIiAHOCATLCA ceniTpy (Kanii, HaTpin,
aMOHIN | KanbLii HITpaTK).

[obpuBa Ha OCHOBI HITpaTIB, CEYOBMHM, NOXIAHNX aMiaky i Cronyk
(hochopy BigHOCATLCA A0 Hebe3neyHUxX TUMIB BIAXOAIB. Takoro Tuny
BIAXOAM NPU CKUAAHHI B NPUPOAHI BOAOVMW OKUC/THOKTLCSH PO3YMHEHMM
Yy HUX OKCUreHOM, L0 NPU3BOAUTL [0 PI3KOro 36i/bLLUEHHS MOro BUTPAT,
3HWKEHHS BMICTY OKcureHy Yy BOAI [0 PiBHA, HEAOCTaTHLOro ANA
MIATPUMAHHSA XAUTTH.

MigBVLLEHNIA BMICT HITpaTiB Yy NUTHIA BOAI I OBOYaxX BUK/INKAE
3aXBOPOBAHHA KPOBI — METIEeMOr/1I00iHeMItO, A0 SKOT 0COBMBO CXUMbHI
AiTn. Ona HITPUTIB, BUKOPUCTOBYBAHUX Y AKOCTI XapyoBMX [00aBOK,
KOHCEPBAHTIB, L0 3HaxXoA4ATbCA B 6iomaci KopmiB, € HeGE3MeYHO A/s
opraHiamy B 3B’S13KY 3 YTBOPEHHAM Y LUNYHKY CCaBLiB 3a peakLuieto 3
XapyoBMMM amMiHaMM HITPO3aMiHIB — HAUCWU/bHILLIMX KaHLLePOTreHiB:



R:NH + NO,  R,N-N=0O + OH’",

OTpyeHHs Mae Micue BXe npu KoHueHTpauii 0,2 — 0,3 %.
BcraHosneHa 'K HiTpaT-ioHIB B MUTHIW BOAI — 45 Mr/n. BMICT HiTpaTiB
B MWTHIN BOAi HefONYyCTUMWIA, BiH He MOBWHEH MepeBuLLyBaTU B
3aM1eXXHOCTi Bif Knacy Bogu 10 — 0,1 mr/n. Y Bogi rocrnofapcbko-
nobyToBOro npusHadeHHs TAK HITpUTIB | HITpaTIiB 3a HiTporeHom — 10
mr/n. TAOK HitpaTiB 'y TrpyHTi — 130 w™Mr/n; y Kopmax [Ans
cinibcbkorocnogapcobkoi xygoou — 500 mr/kr; HiTpuTiB — 5 — 10 mr/kr. ¥
3B’A3KY 3 BULUE BUKNALEHVMM, KOHTPO/Ib BOAW Ha BMICT HITpaT i HITPUT-
IOHIB € HEOOXIAHUM | BAXKMBMM aHasli30M.

B OCHOBI MeTofy NexuTb BIAHOBMEHHA HITPaTiB [0 HITPUTIB 3a
peakui€to:

NO; + H,O NO, +20H

| nopanblle BW3HAYEHHSA HITPUT-IOHIB. Y HKOCTI BifHOBHMKA
BUKOPUCTOBYHOTb MeTa/leBUIn KaaMili:

2Cd + 2H,0 + O,  2Cd(OH), a6o
Cd +2H,0 Cd(OH), + 2H".

ans BU3HAYEHHSA HITpUTIB 3aCTOCOBYHOTb
(hOTOENEeKTPOKONOPUMETPUYHMIA MeTOA. B OCHOBI  MeTofy NexuTb
3a06apB/IEHHA PO34YMHIB, WO MICTATb HITPUT-IOH, B POXKEBO-YEPBOHMI
KOJP PI3HOT IHTEHCUBHOCTI B 3a/1€XKHOCTI Bifl KOHLEHTpauii HITpUTY nig
Aieto peaktusy [Mpicca-lnoceas.

IHTEHCUBHICTb 3abapBneHHs npu  Ail IHAMKaTopa OTPUMAHOro
PO34YMHY OLIHIOETBCA BE/IMYMHOK OMTUYHOT TYCTUHM D, 3HATOI Ha
(hoToeneKTpoKonopumMeTpi. KoHLUeHTpauis HITPUT-IOHIB 3HaxXoAATb 3a
KanibpysasibHMM  rpaikom,  nonepeaH,0  nobyaoBaHMM  AnA
NPUroTOB/IEHNX ETA/IOHHNX PO34MHIB 3ajaHOT KOHLEHTpaLT.

3a BiJOMOK 3a/1eXHICTIO, WO BUPaXaeTbCA 3aKOHOM byrepa-
lambepTa-bepa, MOXHa  BU3HAYUTU  KOHLEHTpaLil0  PEYOBUHM,
BUMIPSABLUM [HTEHCMBHICTb CBIT/I0BOrO MOTOKY, WO MNPOWLIOB Kpi3b
PO3YMH:

| =1y-10™, (2.17)

ae: | — iHTEHCUBHICTb CBIT/IOBOrO MNOTOKY- LLO MPOMLLIOB KPi3b PO3UUH;



lo — IHTEHCMBHICTb Nafak4voro CBIT/I0BOr0 MNOTOKY;

K — MONAPHUIA NOKasHWK TMOM/IMHAHHA — Tana, LWo €
XapaKTePUCTUYHOK Be/IMYMHOK A8 [aHOT CNOMYKW |1 3a/1eXuTb Bif
[OBXWHW XBUNI [pKepena BUNPOMIHIOBAHHS, MZ/MOI'Ib;

C — KOHUEHTpaLia po3ynHa;

| — TOBLMHA NOrIMHAKOYOro LWapy, 3a3Buyain LIMpUHa KIOBETH, Y
SKill NPOBOANTLCS BU3HAYEHHS.

[licng norapumyBaHHA | AeAKUX MaTeMaTUYHUX MepeTBOPEHb
PIBHAHHA HabyBae BUIALY:

D = kel. (2.18)

To6TO rycTMHa € nNpsAMO MPOMNOPLINHOK KOHLUEHTPaUii MNeBHOT
3a6apB/IEHOT PEYOBUHU | TOBLLUMHW LLIAPY PO3UNHY.

EKcneprmeHTasibHa yacTuHa

YCTaTKyBaHHSA i peakTuBKn: (hoToenekTpokonopumetp (PEK) abo
cnektpootomeTp CP-16; mipHi kKonbu 50 ma — 6 wT i 100 M — 2 wWr;
MiNeTKn BUMIPKOBa/IbHI Ha 1 1 2 mMn 3 uiHoW noginkn 0,1 mn; peakTus
["picca-l1nocBas — cymill 0HaKoBUX 06’€EMIB PO3YMHIB O-HaTUNAMIHY B
12% aueTaTHiil KUCnoTi (3 po3paxyHky 0,2 r a-HaTvnamiHy Ha 150 mn
PO3UYMHY aueTaTHOI KACNOTK) i PO3UNHY Cy/b(aHioBol KMCIoTn B 12%
aueTaTHin kucnoTi ( 3 po3paxyHKy 0,5 r cynbdaHinoBoi KMcNoTn Ha 150
M/T PO3YMHY aLeTaTHOI KMUCNOTKW); cTaHAapTHMIA po3unH NaNO,, aKui
micTutb 0,4927 r NaNO, B 1 1 BoAW; npoba BoAw.

[lomallHE 3aBAaHHA: BUXOAAYM 3 AaHWX CTaHAAPTHOIO PO3YMHY
a) po3paxyBaTh BMICT HiTpUTHOro HitporeHy, Cy, Mr/mn B 1 wmn
CTaHZapTHOro, pobo4oro i eTa/loOHHMX PO34KHIB; 6) po3paxyBaTy BMICT
HiTpuT-i0HIB, C(NO,), Mr/n, B cTaHAapTHOMY, pPOO0OYOMY | €Ta/IOHHUX
PO34YMHAX. Y Ci po3paxyHKM 3aHeCTW B TabNNLIO pe3y bTaTiB.

Xig aHasnisy

1.  3i crtaHgapTHOro posunHy NaNO, nineTkoto BigoupatoTs 1
M/, BMiLLYOTb Oro B MipHy Konby Ha 100 mMn i AOBOAATL 4O PUCKM
ANCTUNBOBAHOK BOAOHO.

2. [purotyBaHHS  eT&/IOHHUX  PO3YMHIB AN MOOYA0BM
KanibpyBasibHOro rpaika: y 6 MipHMX Kon6 Ha 50 Mn BHOCATb
BignosigHo Tabnmuyi 0; 0,4; 0,8; 1,2; 1,6; 2 Mn pobo4voro pPosvnHy,
[0BOAATL [0 PUCKM AUCTUNBbOBAHOK BOAOK. [l04akoTh 40 KOXHOI KONou




I g0 npobwu BoaM no 2 MN peakTmBy [picca-lnocsas, 3akpuBatOThb
NPOBGKOK | peTenibHO MNepeMillyoTb. PO3UYMH Yy «HY/NbOBIN» KONOI
(AMCTUNATHIHANKATOP) CAYXWUTb Y  AKOCTI  MOPIBHAMBHOIO  Mpu
BU3HAYEHHI OMTMYHOT MYCTMHMW | 3a/IMBAETLCA B KHOBETY MOPIBHAHHSA:
Be/IMYMHA MOro OMNTUYHOI TYCTUHW aBTOMATUYHO BiJHIMAETbCA Bif
ONTUYHOI TYCTMHW eTa/IOHHMX pPo34MHIB abo npobu, |1 uudpose
nokasaHHsA D BMCBIYYETHCA Ha N1eKTPOHHOMY Tab/10 npuiagy.

3. Uepes 30 — 40 xB nicna nossu 3abapBfieHHA BUMIPHOKOTb
OMTUYHI TYCTUHM YCIX PO34YMHIB | AOCnigpKyBaHOoT npobu Ha PEK (abo
C®-13) B KiOBeTi JOBXUHOK 3 CM i3 3efieHMM cBiToiNbTpom (A = 540
HM), pe3ynbTaTu 3aHOCATb [0 Tabnuui 2.13 pe3ynbTaTiB aHaniay.

Tabnuug 2.13 - PesynbTaTtuy aHasisy

HaliMeHyBaHHS pO34HY, BmicT Homep eTaslIoOHHOI0 PO3UNHY
AOro KOHLUEeHTpauis i HiTtporeny, | < 1 2 3 4 15| 4
napameTpu CnMr/in | Q S
S, g8
T
1 2 3 4 5 6 7 |8 9
CTaHOapTHUIA  PO3YWH

NaNOz

Po6ounii po3unH NaNO,

O6’em peakTumBy [picca-

InbcBas, mn

Bmict  HitporeHy Cy,
mr/n,

Bwmict HITPUT-IOHIB,

C(NOy), mr/n

OnTtnyHa ryctuHa, D

Cy= w™r/n C(NO,) = mr/n

4. TobynoBy KanibpyBanbHOro rpaika 34ilNCHIOOTL, B
3a/1eXHOCTI Bifl 3aBAaHHA BUKNadaya, y koopamHatax D =f (Cy) abo D =
f (C(NOy)) i1 BU3HayaoTb 3a KanibpyBa/ibHUM rpagikoM KOHLEHTpaLito
HITPUTHOro HiTporeHy (a6o HiTPUT-iOHIB) Yy Npob6i BoaW. IX MacoBi
KOHLIEHTpaLiT 064NCNO0TL 3a JOPMY/IOHO:

Cu(NO,) = C - 1000/V, mr/n, (2.19)




pe:  C - kinbkictb N a6o NO,™ 3a rpagikom;

V — 06’eM npobu.

Buxogaum 3 oTpMMaHmx pesynbrarie, pospaxysaTn BmicT NO, y
BOAl | MmopiBHATK yci fdaHi 3 [AK HiTpart-, HITpUT-iOHIB (AMB. Teop.
4yaCTWHY); [aTu BWCHOBOK MpPO BIAMNOBIAHICTb BOAM BCTaHOB/IEHUM
cTaHfapTam.

3anuTaHHs A0 3axXMUCTy 1abopaTopHOT poboTun

1. MacoBa 4acTtka HitporeHy B fobpuBi cTaHOBUTL 14 %. HiTporeH
BXOAUTb A0 Aobpmea B cknagi ce4oBuHM CO(NH,),. O6umcnntn
MacOBY YaCTKY CEUYOBMHM,

2. Cymiw HaTpih HiTpaty i HITpUTY MicTUTb 18 % HiTporeHy.
CKinbkun % Hatpito B cymiLui?

3. Y 4yomy nonsdrae CyTb TOKCMYHOCTI CNOMyK HiTporeHy?



Jogatok Ne 1 - KoeilieHTM nepeBefeHHA pH aueTaTHOT BUTSAXKU
PYHTY B OAWHMUI TigponiTU4YHOT KucnoTHocTi (3a IM.O. binascbkum i J1.1.
ByTueHkKO0)

pH(Lini pH (coTi YacTkn)

yncnai | 0,00 [0,01]0,02]0,03]0,04]005]0,06][007]008] 0,09
[ecaTi [ioponiTUYHA KUCMOTHICTb, MMO/b-eKB/100 I rpyHTY
4acTKW)

6,0 17,3 116,9 | 16,6 | 16,2 | 158 | 15,5 | 15,2 | 14,9 | 14,5 14,2

6,1 138 | 136|133 |131 125|122 |12,0 | 12,0 | 11,7 11,5

6,2 11,2 | 110|108 10,5103 |10,1/984]9,64[944| 9,23

6,3 9,04 883 |865|845|1825[811 792|776 |759| 741

6,4 7,28 | 7,11 |6,97 | 681 | 6,69 | 6,53 | 6,38 | 6,26 | 6,11 | 5,98

6,5 5,85 | 5,73 |561|548|537|525|514|503|492| 4,82

6,6 4,71 | 4,61 | 452 | 4,42 | 4,32 | 423 |4,14 | 4,05 | 3,96 3,82

6,7 3,79 | 3,71 363|355 |348|340|333|3,26|319| 3,13

6,8 305 (299292 ]286|280|274|268]|262|257| 252

6,9 246 241 |1235(232|225|221 216|211 | 207 2,02

7,0 198 1194|119 (186|182 1,78 |1,74|1,70]| 1,66 1,63

7,1 160 | 156153150 146|143 140137134 1,31

7,2 128 1126|123 /120(118|1,15/1,13|1,10|1,08 1,06

7,3 103 1101]099]097]095/0,93/091]0,89|0,87| 0,85

7,4 083 |081,080]0,78]0,76 |0,/75]0,73|0,72|0,70| 0,68

7,5 0,67 | 0,66 |0,64 |063]|061|0,60|059]058]05 | 0,55

7,6 054 (053052051049 [0,48 047046046 | 044

7,7 043 [043,042|041]0,40|0,39|0,38|0,37|037| 0,36

7,8 03 (034/033/033]0,32[0,31[0,30]029]029| 0,29

79 0,28 0,28 0,27 10,26 | 0,26 | 0,25 |0,25|0,24 | 024 | 0,23

8,0 <0,23
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