MiHiCTEpCTBO OCBITH 1 HAYKH Y KpaiHH
XapkiBCcbKUH HallloHaIbHUM yHIBepcuTeT iMeHi B. H. Kapa3zina

XIMIUYHA METPOAOTITA
TA CYUACHI METOAN ITPOBOIIIATOTOBKMU

HaBuaapHui mociOHMK

XapkiB — 2023



VIIK
X 46

Penenzentn:
I. M. B’1oHuk — 1.Xx.H., npodecop, 3aB. Kadeapu HeopraHiuHoi XiMii XapKiBCHKOTO
HallloHaJasHOTO yHiBepcuTeTy iMeHi B. H. Kapasina,
A. O. [lopomieHko — 1.X.H., mpodecop, 3aB. Kadeapu opraniyHoi ximii XapKiBCbKOTo
HarfioHanbHOTro yHiBepcutety iMmeni B. H. Kapasina;
B. JI. YUeprunenb — 1.X.H., 3aB. BIIJIIJIOM CHHTE3y CIHUHTWIAIIHHUX MaTepialiB
[actutyty MmonokpucranisB HAH Ykpainu.

3ameepoowcerno 0o OpyKy piwwennam Buenoi paou
Xapxkiscbkozo Hayionanvnozo ynieepcumemy imeni B. H. Kapa3zina
(npomoxon Ne 13 6io 28 cepnns 2023 poky)

XiMiyHa MeTpoJsoris Ta Cy4yacHI METOJIU MPOOOMIATOTOBKH : HaBYaJIbHUN MOCIOHUK /
X46 O.1 KOpuenko, T.B. Uepnoxyk, A. B. IlanteneiimonoB, O. M. baknanoB. — XapkiB :
XHY imeni B. H. Kapasina, 2023. — 128 c.

ISBN

B HaBuanbHOMY NOCIOHUKY Ipe/ICTaBIECHI CyyacH1 MaTepiaiy 3 XIMIYHOI METPOJIOTIi Ta
pOOOMIATOTOBKY 3 IHTEHCHU(IKALIIEIO YIBTPa3BYKOM, MIKPOXBMIILOBUM Ta YIbTPaQioleTOBUM
ONPOMIHEHHSIM. Y TMOCIOHHMKY MpeJCTaBlieHl JabOpaTopHi poOOTH 3 Cy4acCHUX METOJU
MPOOOMiATOTOBKU Ta XIMIYHOT METPOJIOTii, HABE/ICHI BKa31BKH 11010 1X BUKOHAHHSI.

[TociOHMK npU3HAYEHO AJIs CTYJEHTIB Ta aclipaHTIB XIMIYHOTO (QaKyIbTeTy.

VK

ISBN © XapkiBCbKUI HalllOHATbHUM YHIBEPCUTET
imeni B. H. Kapaszina, 2023
© KOpuenko O. L., Yepnoxyk T. B.,
ITanteneiimonoB A. B., baknanos O. M., 2023
© Ilpyanik H. €., maket oOkaguuku, 2023



TI@PE@IAMOBA.........oeiiiiiiiiiie ettt e e et b e e e s e ab b e e e s an b e e e e e e annbeeeeeannes 5

1 HonsitTss mpodomniarorosku. Teopis Ta npakTuKa Bifdopy nmpoo.

SKICTD MPOOO BIIDOPY ...oeoenieiiiiiiieiiiii e ee et n e e e nnneas 7
1.1 Teopis Ta mpakTHKa Bigoopy Mpoo. AKICTE MPOOO BIAOOPY . .vvvvrvveerireerireerireernne 8
1.2 BitOip MPOO CHUITYUHX PEUOBHH ...c.uvveervreessreessreessressssessssessssessssessssessnesssesssesssnes 9
1.3 Bi1O1P MPOO KYXOHHOT COML..uvveuriraureesnrresresateessessssessssessssessssessssessssesessesessesenes 11
1.4 BiZIOIP TIPOO POBCOIIIB ..cuuveeuriesuteeasriessteeatessseeesesasesasessssesssseeasseeesneeesseeessesenns 12
1.5 Big6ip npo0 npupoIHUX BOA T4 ATMOCHEPHHUX OTIAIIB ...veevveerreeveereeesieeseeesenenes 13
1.6 BiZIOIP TIPOO TTOBITPS ..vvevveeautiesstieastiesieeasieesbeesseesseesneessbeessneessneeesneeenneeenseeenns 17
1.7 BiZIOIP TIPOO TPYHTIB ... eeeiuveeiuieessteeasreeasieeastessseeesesasesssseesssesssseesssesssnesesseeassesenns 18
1.7.1 BuzHaueHHS BAJIOBOTO BMICTY €IIEMEHTIB Y IPYHTAX ...uveerveeveerieesieesieesieessnenns 18
1.7.2 BuzHaueHHS pyXJIUBUX (DOPM €IIEMEHTIB Y TPYHTAX ..eeeuvvrerveeaveeaieeesseeassneans 20
2 ABTOKJIABHA MPOOOMIATOTOBKA B XIMIYHOMY AHAIIZH .....veveiiieeiie e 22
3 MikpoxBH/IbOBE BUNIPOMiHIOBaHHS B iHTeHCcH (Di-Kalii Npo6o MiATOTOBKM ........ 25

4 Y ®-BunpoMiHIOBaHHA B iHTeHcUpiKkalii Mpo0ONniAroToBKM.
DOTOXIMIYHA MPOOO IIATOTOBKA ....cvvviieiiiieeiiieestieeesteeessiteeessbeeesssbeeesbeeessnbeeesssneeeas 28

5 YabTpa3Byk Ta iioro BUKOpUCTAHHS 1JIs iHTeHCH-(ikanii npo06o migroroBkmu ..36

5.1 OcHOBHI BITOMOCTI IIOJI0 YABTPA3BYKY Ta MOTO 1T HA PEUOBUHY ....ooevveerennnne 36
5.2 3acTtocyBaHHsI yJIbTpPa3ByKy MPHU MPOOOMiATOTOBII

TUISL TIOCUIICHHSI QHATITHUHOTO CHTHAITY ....vvevveesriesreesteeseeseesseesseesseessesssesssnsssessnnsns 39
5.3 VIBbTpa3ByK B IEKTPOXIMITHIUX METOMAX AHAIZY ..vvvervvrarrreavneaieeaseeasineessneanes 41
5.4 YnpTpa3ByK y IpoOOMiArOTOBIII MPU aHAMI31 XapUOBUX MPOAYKTIB......ccruvennne. 41
5.4.1 3acTocyBaHHS yJIbTPa3BYyKy MpHU aHaMi31

XaPUYOBUX MPOJYKTIB 0€3 MIHEPATIBAIIIT .. .vveervreeiriesireasiriesieeesieeesineesineesieesseneesseeenes 42
5.4.2 BuxkopucTaHHA yIbTPa3BYyKy NSl IHTEHCUIKAIIIT

MIHEPATI3aLIT XAPUOBUX TPOIYKTIB ...eervveerireasrressreessneassreessseessneessneessseesssssssesessneenes 44
5.4.3 AHani3 Xxap4oBHX MPOIYKTIB i3 34CTOCYBAHHSAM

TEXHIKHA KAPOOHI3ALIT TA YIIBTPAZBYKY ...veevreesrrersrressreassreassreassseessneasssesssesassesessesenns 46

5.5 BukopucraHHs yJIbTpa3ByKy CEpeAHIX 1 BUCOKHX YaCTOT

B iHTeHcH(DiKaIli cTazii MiHepai3allli XapuoBuX

MPOIYKTIB POCIMHHOTO 1 TBAPUHHOTO MOXOIIKEHHS ...evvverviesreesieesieesieesieesneesneesnnens 49
5.6 BukopucTtaHHs CHUIBHOI J11 yJIbTpa3ByKy BUCOKOI

1 HU3bKO1 4acTOT B iHTeHCH]IKaIlii cTasili MiHepami3altii

XapYOBUX MPOIYKTIB POCITMHHOTO 1 TBAPUHHOTO MOXOJIKCHHS ..cvvveveeveerieesieesiens 52
5.7 BukopucTaHHs CHUIBHOI 111 yJIbTPa3ByKy BUCOKOI

1 HU3bKO1 4acTOT B IHTEHCH]iKaIlii MPOOOIiATOTOBKH IIYKPY

Ta MPOJIYKTIB Ha HOTO OCHOBI /10 BU3HAYEHHS TOKCUYHUX MIKPOEIEMEHTIB ........... 54



4 XiMiuyHa MeTpOAOTris Ta CydacHi MeToAM IIPOOOIiATOTOBKI

5.8 YnbpTpa3Byk B iHTEHCU}IKAIIIT CyX01 MiHepai3allil

XapUYOBUX MPOAYKTIB OKUCHUKAMHU Y TMAPOTOIIOHIH (DOPMi..ecvvieiriiriiiiiiiierineeiieenne 56

5.9 Inrencudikariis KOHIIEHTPYBAHHS T'YMIHOBUX PEUOBUH

13 PO3COJIIB JII€F0 BUCOKOYACTOTHOTO YIIBTPABBYKY ...vveuverasreraresasesasseesssesesseeesseeenes 61

5.10 JIBoyacTOTHH yIbTpa3ByK B MIATOTOBLI IPOO MPUPOIHUX

PO3COIIB 10 BUSHAYCHHS PTYTI a0COPOITIEI0 XOTOTHOT TTAPH . vvveeevveeesrvreessareesssnens 64
6 MeTpoJIOTiYHI ACTHIEKTH XIMIYUHOTO AHATIIZY ....ooivviiiiiiiiieiiii e 67

6.1 Mexa BHUSIBJICHHSI Ta HWKHS TPAHULIS BU3HAYYBAHUX BMICTIB....ccevvveerivieiireeene 68

6.2 TEPMIHU TA BUBHAUCHHS .......veeereesireesireessreessneessseessneessneessnesssseessnessnnesssnessnnessnnes 71

6.3 MeTpoJIOriuH1 XapaKTEPUCTUKU METOIIB AHAIIIZY ..veervveerureernreerureessreessneesnneesnnas 73
7 JIA0OPATOPHL POOOTH ...ttt 84

Jlabopamopna poooma Ne 1

Cyxa MiHepai3aIlis COMOIKUX BUH Ta 11 OCOOTHUBOCTI .vvvvevuvreesriieresireessirenesssneessnns 84

Jlabopamopna poboma Ne 2

VYabpTpa3Byk B iHTeHCU(DIKaIlli pO3YMHEHHS XapYOBHUX MPOYKTIB

HA TIPUKTAI] KYXOHHOT COJIL TA ILYKPY «-rvveevreersreessreessneesneesseesseesssssssesesesseesseeenes 87

Jlabopamopna poboma Ne 3

Moxkpa miHepanizallisi XapuoBHX MPOIYKTIiB

Ta 11 THTEHCUDIKAIIS JIEF0 YIBTPAZBYKY .uvveevrraririesireasseeassreassseessneessseessesesseessesanes 89

Jlabopamopna poboma Ne 4

VYapTpa3ByKkoBa iHTEHCU(IKAIlS COPOIIHHOTO KOHIICHTPYBaHHS

KaJIMIIO 13 BOJ] TA POZYMHIB KYXOHHOT COJIL .vuuvveervrieireairiassreassneesineessseesseeessneesseeenes 92

Jlabopamopna poboma Ne 5

VYnbTpa3zBykoBa iHTeHCU(DIKAIS eKCTPAKIIIMHOTO KOHIIEHTPYBaHHS

MiJT1 13 BOJ TQ PO3UHHIB KYXOHHOT COJTL 1uvvvrsvrrresurresssseessssresssssnesssssessssssssssssenssssenens 94

Jlabopamopna poboma Ne 6

VYabTpa3BykoBa iHTeHCU(DIKALs TPOOOTIATOTOBKY IAMIAHCHKUX BUH.
ATOMHO-a0cOopIiiiHE BU3HAYEHHS BMICTY LIMHKY Y HIAMITAHCBKOMY ....vvvvvveeiecenne 95
Jlabopamopna poboma Ne 7

[aTeHcudikamis ai€r0 yabTpa3ByKy KUCIOTHOI €KCTPaKIlii )KHPIB.

BU3HAUEHHS BMICTY MIZL B JKHPAX ©ervviivriasrinsriesriesreareesneesreesreesseessessnesssessnessnnssnnsns 98

Jlabopamopna poboma Ne 8

Busnauenns Bmicty ocHoBHOT peuoBrnu CsCl y cosboBomy

teruioHocii AEC MeTo/1oM COHOIOMIHECHEHTHOT CIIEKTPOCKOMIT . ...c.vvvevviereerene 101

Jlabopamophna poboma Ne 9

AToMHO-a0copOIIiiiHe BU3HAUEHHS Mijli, IUHKY Ta MapraHIio B COKax Ta Bogax .102
8 TecToBi 3aBJaHHS, 32291 TA BAMMTAHHS .........00vvvvurrnnnninnernrnenrrnrn.—————————————. 107
Iepeaik BUKOPHCTAHMX JIKEPCIL ....cociureienrreeanireeeanreeesneeesssneeesnneessnnesesannesssneessssnes 117

B 1)1 (1) S 120



ITEPEAMOBA

Ha xadenpi xiMigyHOI MeTpOJOTii XIMIYHOTO (haKynbTeTy XapKiBCHKOTO
HalloHasibHOTO  yHiBepcutery imeHi B. H. Kapasina rotyrots ¢axiBiiB 3i
crerjanzaiii «AHamTuYHa XiMisl Ta XiMi4YHa METpoJorisy» Ta «DapmalleBTUYHA
ximisi». KOHKypeHTHO3JaTHMIA BUITYCKHUK TOBUHEH BOJIOJITH OCHOBAaMHU
AHAJIITUYHUX METOJIIB KOHTPOJIIO SIKOCTI HABKOJIMIIIHBOTO CEPEIOBUIIA, XapUOBUX
NPOAYKTIB, (hapMalleBTUYHUX THpernapariB Tomo. HalBa)KIMBIIIOW CTaIl€l0
XIMIYHOTO aHami3y € MpoOOMmiAroToBKa, M0 3aiimae Oumbine HiX 90 % wyacy
a"amizy. Hanpukian, cyxa miHepasizaiiis OopoIiiHa 3aiitMae He MeHIIe Hix 16 rox,
Mokpa — 8 roa. IIpoGomiaroToBka — CyKyHHICTH Aid HaJ 00 €KTOM aHali3y
(31p10HIOBaHHS, MIHEpai3allis, TOMOreH13alisl, eKCTPaKIIis, T1IPOJIi3, OCaKEHHS
Ta 1H.) 3 METOI TMEPETBOPEHHS MPOOM B MIAXOJAILY /JIsi HACTYITHOTO aHaJi3y
dbopMy (Cyxui 3aJIMILIOK, PO3YMH Ta 1HINE), CTAaH PEYOBHHM, a TAKOX JJIsi
KOHIEHTPYBaHHS / pO3BEJCHHS aHaNITy W BUAAJECHHS KOMIIOHEHTIB, IO
3aBKAIOTh aHAMI3y. XapakTep MPOOOIMIArOTOBKM BU3HAYAETHCS MPHUPOJIOIO
3pa3Ky 1 aHaJTITHYHUM METOJIOM, 1110 BUKOPUCTOBYETHCA JJIs TIOIANTBIIIOTO aHAMTI3Y.
3a mpupoI0K0 MATPHIll 3pa3KiB MPoOH KIacH(DiKyIOTh Ha OpraHiyHi, HEOpraHiuH1
Ta 3MiIIIaHi, a 32 arPeraTHUM CTaHOM — TBEP/I1, PIAK] Ta ra30MmoAi0HI.

OcHOBHE 3aBJaHHs MPOOOMIITOTOBKY — MIATOTOBKA PEYOBUHU, MaTepialis,
KOMIIOHEHTIB aHaji3y JJisi MEeBHOTO BUIY aHali3zy. 3agada mpoOOMiArOTOBKU —
NEpEeBE/ICHHS aHAJITY 13 3pa3Ka 4i 00’€KTa B aHANITUYHY (POpMY pallioHAIbHUM
ciocoboM. EdekTuBHICTh Takoro mepeBeleHHS OMHCYETHCS SIK CTYMIHb BUITY-
YEHHS aHATITY 1 € BIAHOIICHHSIM KUTHKOCTI aHAITY B OTPUMAaHOMY 3pa3Ky J0 HOro
KUTBKOCTI1 B MOYATKOBIN Mpo01. BumyueHHs1 BBaKaeThCsi €EKTUBHUM, SKIIO BOHO
nepeBuirye 90 %. IIpo6inoaroroBka gomoMarae ImiIBHIIATA TOYHICTh OJEPKY-
BaHUX PE3yJbTATIB, POMIUPUTH JOCIIHKYBAHUHN J1arla30H 3HAYEHb, MIIBUIIUTU
0e3neKy J0CIIHKEHHS, TPUCKOPUTH TECT, MOJIIIIIUTH MPEIU3IHHICTD 1 3SMEHIITUTH
HEBU3HAYEHICTh pe3ysbTaTiB aHamizy. [loxuOku Ha cranali nmpoOOmiAroTOBKU
HEMO>KJTMBO BpPaxyBaTH HA 1HIIMX CTAIISX aHATITUYHOTO mporiiecy. Tomy 3HaHHS
Ta HAaBUYKH MIOAO MPOOOIIATOTOBKK € ayke BakimBuMHU. [IpoOormiaroroBka
BUKOPUCTOBYETHCSI B TAaKUX Taly3siX, SIK aTOMHO-aOCOpOIiifHa CHEKTPOMETpIs,
aTOMHO-EMICIfHA CTIEKTPOCKOITIS 3 1HIYKTUBHO-3B S3aHOIO TIa3MOI0, MaTepiajio-
rpadis, xpomarorpadisi, CIEeKTPOCKOITisl, MaC-CIIEKTPOMETPisl, PEHTTEHOCTPYKTYP-
HUI 1 peHTreHOTyOpeCEHTHUI aHalll3, MiHEpaloriuHi JOCIIPKeHHS M 0araro
iHmmx. OCHOBHI eTan MpOoOOMiATOTOBKU: BinOip MmpoO; MEepBUHHE MPOCYUIY-
BaHHS; IMOAPIOHEHHS; B3SATTS HABAXKOK;, TOMOTEHI3allisl; MIHEpaJIi3ailisi; 3MIIIy-
BaHHS; BUIIAPIOBAHHA; NEPEMIIIYBaHHS NpoO0, TONEpeIHE KOHILIEHTPYBaHHS;
PO3CIB, OLIIHKAa pO3MIPY YaCTOUYOK; TEPMOITIITOTOBKA 1 T.I.
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JIist mIpUCKOpEeHHS! MPOOOITIITOTOBKM BUKOPUCTOBYIOTh HAKJIAJIAHHS 30B-
HIHIX (PI3UYHUX BIUIMBIB, TAKUX SIK BIUIMB YJIbTPa3ByKy (VY 3), €IEKTPUUHOTO
CTpyMYy, OB BUCOKO1 yacToTu (BY), MikpoxBuiib0BOTrO BUtipomiHtoBaHHs (MB),
ynbTpadioneroBoro omnpomMiHeHHs (Y®), komOiHamiio Y3 13 Y@ 1 nazepHoi
00poOku. HaOyTu Takux 3HaHb Ta HABMYOK € 3aBJaHHAM CHELKYypcy Kadeapu
XIMIYHOI MeTposiorii «XiMIYHA METPOJIOTIS Ta CydYacHI METOIU MpOOOIIiI-
rotoBku». [IpeacTraBneni MeTouyH1 peKOMEH Al 10 BUKOHAHHS JJabopaTOpHUX
poOIT 31 cienKypey «XiMidHa METPOJIOTIs Ta CydacHl METOAM MPOOOITIITOTOBKI,
BUKOHAHHS SIKUX HAJacTh CTYACHTaM HAaBUYKU MPOOOIIATOTOBKH: CyXOi MIHEpa-
Ji3anii XapyoBHUX MPOIYKTIB HA MPUKIIAA1L COJIOJIKUX BHH SIK OJJTHOTO 13 HAlCKJIaA-
HIIMX 00’€KTIB aHami3y; IHTEHCH(]IKalii PO3UMHEHHS XapyOBHX MPOIYKTIB Ha
MIPUKIIJl KyXOHHOI COJ Ta IYKpPY, MOKPOI MiHepai3allii XapuoBUX MPOAYKTIB Ta
ii inTeHcudikarii ma aiero Y3 ToIo.

[TociOHUK MICTUTH PE3yNbTaTH Cy4aCHUX OCIHIIKEHb, MPOBEACHUX Ha
kadeapi ximiunoi metposorii XHY imeni B. H. Kapasina mono Bukopuctanus
BHUCOKOYACTOTHOIO Ta HAJBUCOKOYACTOTHOIO YJBTPA3BYKY, & TAKOXK OJHOYACHOI
Oii  yJAbTPa3BYKy HHU3bKOI Ta HAJBUCOKOI 4YacTOT JJIs  IHTEHCHpIKaiii
POOOIIArOTOBKH.

Takoxx y mociOHUKY HaBejeHa iHQopmallis 040 BU3HAYCHS BEIUKHUX
KoHIleHTpalii exemeHTiB (200—600 /1) y TEXHOJIOTTYHUX PO3UYMHAX 3 BUKOPHUC-
TaHHSM 3aIPONOHOBAHOTO aBTOPAMU HOBOro MeToAy aHamizy «CoHoIroMiHec-
IIEHTHA CIIEKTPOCKOMisy. HaBeneHo MeTposIoriuHi aCleKTH XIMIYHOTO aHai3y.

Martepian BiZilOBi1a€ HABYAIbHIN MPOTpaMi CHEHKYPCY «XIMi4HA METPO-
JIOT1S Ta Cy4acHI METOAM MPOOOIIATOTOBKK ISl CTYACHTIB YETBEPTOTO KYpCy
crienianizamniil « AHaJIITHYHaA XiMis 1 XIMIYHA METPOoJIoTisy Ta «DapmalieBTUIHA
XIMIsD».



1 ITOHATTSI ITPOBOIIIATI'OTOBKMN.
TEOPISI TA ITPAKTUKA BIABOPY IIPOBD.
JAKICTbB ITPOBOBIABOPY

[TpoGomiaAroToBKa — CyKYyMHICTb /i HaJl 00’ €KTOM aHali3y (3Ap1OHIOBAHHSI,
MIHepasi3alis, TOMOTreHi3allisl, eKCTPaKLis, TAPOIIl3, OCA[HKEHHS Ta 1H.) 3 METOIO
MIEPETBOPEHHS MPOOU, sKa MIIXOAUTh JUIsl HACTYITHOTO aHamizy dopmy (Cyxwuid
3aJIMIIOK, PO3YMH Ta 1H.), CTAaH PEYOBMHH, a TAKOX JUIS KOHIICHTpyBaHHS [
PO3BENICHHS aHAJIITa M PATYBAaHHS BiJ KOMIIOHEHTIB, 110 3aBAXKAIOTh aHATI3Y.

Bubip cnocoOy miAroToBKM Mpo0 3aJ€KUTh Bi CKIALy Ta CTPYKTYpPHU
aHaI130BaHOIr0 00’ €KTa (MAaTPHIli), XIMIYHUX BIACTUBOCTEH aHAITY (A), METOTY
BHUMIPIOBaHHSI CUTHAILY, METPOJIOTIYHUX BUMOT JI0 SIKOCTI aHaJli3y, HAasIBHOCTI
MPUIIAJIIB, IX BAPTOCTI, TPAJUILIINI TA 1HILIKX.

OcHOBHE 3aBJaHHs MPOOOMIITOTOBKY — MIATOTOBKA PEYOBHHU, MaTepialiB,
KOMITOHEHTIB aHaJIi3y JyIs TIeBHOTO BUAY aHaiizy. [IpobomiaroToBka momomarae
MiABUIIUTHA TOYHICTH OJCPKYBAHUX PE3YJIBTATIB, PO3MIMPHUTH JOCHIIKYBAHUN
miana3oH 3HA4YCHb, IMJBHIIATH O€3MeKy JOCTIIKCHHS, TPUCKOPUTH TECT,
TOJITIIIINTY TPEUU31MHICTD 1 3SMEHIIIUTH MOXHOKY aHaJIi31B.

[IpoOomiaroroBky 3abe3neuye cucremMa NpoOOMIATOTOBKH — CYKYIHICTh
TEXHIYHUX NPUCTPOIB: IPOOAPKH, MIIMHU, 3MIITyBayi, HEHTPUPYTH, PETYIAATOPU
TUCKY, PETryJISTOPU BUTPATH, A03ATOPH 1 T..., IO MOCIIIOBHO a0 MapayienbHO
BUPOOJISIIOTh HEOOX1AHI TMEpPETBOPEHHS, a TAaKOXX KOHTPOJIHHO-BHUMIPIOBAIbHI
NpWwiIaad, II0 BHUMIPIOIOTh Ta KOHTPOJIOIOTH TapaMeTpu TEXHOJOTTYHHX
orepariiii (piBHEMIpH, MaHO-
METPH, TEPMOMETPH TOIIIO).

[InanerapHi KyJbOBi
MJIMHH BUKOPHUCTOBYIOTHCSI
TOJI1, KOJIY HEOOX1JHUM Hal-
BUIIMIA CTYIIHb HOJpPiOHEH-
HA. [[naHeTapHuii KyJIbOBUM
miaua PM 100 mompiOHIo€e
Ta 3MINIye BiJ M SIKHUX,
CepeIHbO-TBEPIUX JI0 JIyKE 2) 6)
TBEPJINX, KPUXKHUX Ta BOJIOK-
HUCTUX MatepianiB. [Inane-
TapHUM  KyJIbOBUM MIIMH
PM 100 BUKOpHUCTOBYETHCS TaM, J€¢ MOTPIOHUN HAMBUIIUNA CTYIIHH TOHKOCTI
(puc. 1.2). MoxHa BUKOHYBaTH CyXe Ta MOKpe mojapiOHeHHs. IlmanerapHuit
KyJiboBUI MiIMH PM 100 — 11e HacTUIbHA MOJIEIb 3 OJHIEI0 CTAHUIEK IS PO3-

Pucynox 1.1 — ll]exosa opobapka:
a) 3aeanvHuil 8u2is0, 6) npuryun pobomu
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. MOJIBHUX CKJISHOK 3 HOMIHAJIBHUM 00’€MOM BIJ
d a 12 10 500 mut.
| i OpHi€ro 3 TOJIOBHUX BUMOT JI0 CUCTEM IIPOOOIMiI-
TOTOBKHM € IXHS XIMiYHa 1HEPTHICTb 1 CTIMKICTh, TOOTO
3[IaTHICTh HE BIUIMBATH O€3KOHTPOJBHO Ha JOCHIKY-

- BaHUW OO’€KT aHaJli3y, HE pyHWHYBaTHCS 1 HE JIerpajy-
BaTU T BIUIMBOM IIKIJUIMBUX (PAKTOpIB, SKI YacTO
MIPHUCYTHI TIPU B11I00PI Ta MATOTOBIII ITPOOH, TAKUX SIK:
Pucynox 1.2 — o . :
. . — Bucoka Temneparypa (10 1000 °C) npu Bigodopi
I nanemapruii Kyrwosu npoObu AUMOBHUX Tra3iB (MPOAYKTIB TOpIHHS) Oe€3-
maun PM 100 p 5 poiy p

NOCEPEIHBO 3 TUMaps meyi;

— BUCOKUH TUCK (10 25,0 MIla) mpu BinOopi mpoOu razy 0e3mocepeHbo
3 MaricTpajgbHOrO TPyOOIPOBOY;

— BHMCOKI KOHIICHTpAIIil CIPKOBOJHIO, a30THOI KHCJIOTH MijJ Yac aHaji3y
CKJIaJly XBOCTOBUX Ta3iB y mporeci Knayca.

[Tpo6oriaroToBka BUKOPUCTOBYETHCS B TAKUX Taly3siX, SK aTOMHO-a0CcopO-
LiliHA CLIEKTPOMETPIsl, aTOMHO-EMICIHHA CIIEKTPOCKOIIIS 3 1HIYKTUBHO-3B’ A3aHOIO
mia3Moro, matepianorpadis, xpomarorpadisi, CIeKTPOCKOIIis, Mac-CIEKTPOMET-
pisi, PEHTTEHOCTPYKTYPHUI 1 PEHTreHO(IyOpECUEHTHUI aHalll3, MiHEpaJOriuHi
JIOCJIKEHHS 1 0arato 1H.

1.1 Teopist Ta mpakTUKa Bia00Opy OpoOO.
JIxicTb IpOOOBiIAOOPY

[Ipoba — yacTrHa 00’ €KTa aHATI3Y, KA 3 HUM CITIBIIQJA€E 3a CKIIAJOM 1 Bjac-
THUBOCTSIMH, TOOTO ITP0o0a Mae OyTH MPECTaBHUIILKOIO (penpe3eHTaTHBHOIO).

Bin0ip mpo0 — BaxIuBHIA eTam MpoIiecy OAep>KaHHS JOCTOBIpHOI 1H(OP-
Mallii mpo SIKICTh MPOAYKIIil, BOHA € CKJIAJOBOI0 YaCTUHOIO aHAJITUYHOTO TPO-
necy. Ciin 3a3HaYUTH, 1110 TOMUJIKH, SIK1 TIOB’s13aH1 3 HEMPABWIBHUM B1JI00POM
npo0, BUMPABUTH MPAKTUIHO HEMOXKJIMBO. OCHOBHUI BHECOK Yy 3arajbHy I10-
XMOKY aHajizy poOUTh CcTajis BiZOOpY MpoOu; BBaKAIOTh, 110 MPoOy BiaiOpaHo
171eaIbHO, SKIIO ii BHECOK Y MOXuOKy ctaHoBUTH 60—80 %. IIpu npaBuimbHOMY
BUOOPI METONy aHami3y pe3yJbTaTH MOXYTh OYTH HEMPABWJIBHUMH, SKIIO
mpoOy HEMpaBUILHO BiAIOpaHO Ta MATOTOBJICHO 0 aHATI3Y. Y ¢l cTaaii aHam3y
OB’ s13aH1 MIDK COOO00 Ta BIUTMBAIOTHh HA WOTO pe3ydbTaT. ¥ CBOIO 4epry, BimOip
1 MAroTOBKA MPOOU 3aekaTh HE TIILKHU BIJl IPUPOJU 3pa3ka, a i BiJl CIIOCOOY
BUMIPIOBaHHS aHAJIITHYHOT'O CUTHAIY.

Po3pi3HsI0TH TpU BUIM NPOO:

1. IlepBuHHa 4u TeHEepaibHa ITPoOa BIAOMPAETHCS HA TIEPIIIOMY eTarll Bl
BEJIMKO1 Macu Mmarepiairy. Maca BigiOpaHoro marepiaiy moxe Oyta go 50 kr
Ta OUIbIIIE.
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2. JIabopaTopHa 4M macmopTHa NpoOa BUXOAUTH LUISXOM CKOPOYECHHS
MEPBUHHOI MPOOU 10 MacH, AKa MOTpiOHA HA BUKOHAHHS BCiX aHami3iB (12 kr).
[IpobGa mmdpyerbes, 1 yactuHa il 30epiraetbea y BTK no Butpauanns naprii
Marepiany (IoHaiiMeHIIe 6 MICSIIIB).

3. AnamitnyHa po0Oa BinOupaeTbes Bia gabopatopHoi. Maca 1 3a3Buyai
no 1r, mpu ayxe MajJoMy BMICTI aHaAJII30BaHOTO €JIEMEHTAa HaBa)XKKy 301J1b-
myoTh 10 5—-10 T.

[Ipu BigOop1 mpodu Tpeda BpaxoByBaTHU:

1. ArperaTHuil cTaH aHaJI130BaHOrO 00’ €KTA.

2. HeogHopinHicTh MaTepiaiy.

3. Hagxonuts marepiain y Tapi abo 0e3 yImakoBKH.

4. 3aBnaHHs aHami3y (BU3HAYAETHCA CEPEIHIM BMICT KOMIIOHEHTY abo
PO3IO/LT 32 TTIMOMHOIO TIapy).

5. HeoOxiaHy TOYHICTH OI[IHKH BMICTY (TOYHICTD JJI1 BUSHAYCHHS aKTHB-
HOTO KOMITOHEHTA B JIIKAPCHKOMY Tpenapari Mae O0yTu BUIIOI0, HIK MpU aHAIi31
pyzan).

6. MoxuBICTh 3MiHM CKJIaay O0’€KTa Ta 3MICTy KOMIIOHEHTa B 4acl
(3MIHHUH CKJIaJ BOJM Y piulll, KOJMBAHHS CKJIaJly TMMOBUX Ta3iB MPOMHUCIOBOIO
MiANPUEMCTBA TOILIO).

Ckitag poOu Ta Bci€i mapTii 00’€KTa aHaNi3y MalOTh OyTH 1A€HTHYHUMU.
[{ii yMOBI MOXYTh 3aJIOBOJIbHSITH JIMIIE 0Ope MepeMilliaHi piIuHU Ta Ta3u.
[lapTiero BBakarOTh MEBHY KUIBKICTh OJTHOPITHOTO CHPOBHHHOTO Marepiaiy 4
BUpOOIB. 3a3BUUaii 11€ Ty>Ke 3HAYHI MacCu MPUPOAHUX Ta MPOMUCIOBUX 00’ EKTIB.
Tox Bix maptii BimOuparoTh cepennio mpoly. CepeaHpor0 mpoO0 HA3WBAIOThH
BIIHOCHO HEBEJIMKY KUIBKICTh JIOCHIJKYBAaHOTO Marepially, SKHM 3a CBOIM
CKJIa10M, (P13MYHUM Ta (P13UKO-XIMIYHUM BJIIACTUBOCTSIM BIJIIOBIJAE BCIH MapTii.

1.2 Bia0ip mpo0 cuny4dmx pedoBuH

st Bimbopy mpoO Ha pi3HIN
rMOVWHI ~ BUKOPUCTOBYIOTH  IIIyIH

Oytu HeomHOpigHUM. OO0’€KT Apo6-
JSTh, PO3MWIIOIOTH a00 BHCBEPIJTIO-

(puc. 1.3). 4 )
[imuit TBepauid 00’€KT MOXKE /

I0Th Yepe3 PiBHI MPOMIKKU Ta 3 TOY-
KOBUX (pa3oBUX) NpoO CTaHOBJIATH /
reHepalIbHY TTPpo0Yy. /
[Tlicns  B1AOOpPY TeEHepaJabHy
mpoOy TBepAOi PEYOBHMHU TOMOTEHI- Pucynox 1.3 — Il]ynu ons eiobopy

3YIOTh — MOJIPIOHIOIOTH Ta MPOCIIOIOTh. cunyuux npoo 3 pizHoi enubuHu
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Benuki mmaTku po30MBarOThH
y IpOOMIBHUX MAalIMHAX Ta
MJIMHAX PI13HOTO THUITY.

Opakiito 0,1 MM as
XIMIYHOTO aHami3y OJEpxKy-
I0Th Y J1a00OpaTOpHUX YMOBax,
3aCTOCOBYIOYM KYJIbOBI MJIMHU
Ta JIMCKOBI CTUpaYi.

YacTUHKU MEHILIOTO po3-
MIpYy OTPUMYIOTh PO3THpaH-
HSIM y CTYIIKax 3 araTy, SIIMH,
KBapity, nopuensau (puc. 1.4).

KBaptyBanHs — mpoOy y BUTJISI1 yCIUEHOTO KOHYCA IUISATh HAa 4 CEKTOPH;
3aJIeKHO BiJ OJHOPIMHOCTI Matepiany 1, 2, 3 4yacTuHM BiAOUpaAIOTH, IHIII
BIJIKH/Ia}0OTh, IIOTIM ITOBTOPIO-
I0Th OTIEpAIlio.

BuuepnyBanus  (BuOip-
Ka) — Mpo0y po3CUNarOTh PiB-
HUM IIApOM Y BHIJISIII KBaj-
para 1 AUIATH Ha 25 pPIBHUX
KBaJ[paTiB; 13 IEHTPY KBajapa-
TIB y IIaXOBOMY MOPSIIKY COB-
KOM BIIOMPAIOTh PiBHI MOPIii
matepiany. Crocid 3actoco-
BYIOTb Ha OCTaHHIX CTaJisix
00poOKu npoOdu.

BukopucTanHsi MEXaHIYHUX Ta PYYHUX AUIBHUKIB PI3HUX KOHCTPYKIIIH
3MEHIITye MOXHOKyY aHami3y (puc. 1.5).

['oToBY mpo0y MOMIMIAIOTh Y JBI YKCTI Ta CyXl CYJUHH, IO TEPMETHIHO
3aKpUBAIOTHCS (3a3BHYal MeTajieBl, CKISHI a0o0 IIacTMacoBl OaHKH), OJIHUH
3 AKUX HAMpaBIAIOTh, B JA0OpaTOpito i aHami3dy, a APYruil 30epiraroTh
y MocTavyajibHUKa TpoTaroM 1,5—6 Mic. Ha BUMAAOK TNEPeBIpKU (KOHTPOJIbHA
a0o0 apOiTpaxkHa mpo0a). 3arajgoM TepMiH 30epiraHHs MPoOH 3aJICIKUTh BiJl LIHU
Marepiady Ta HasBHOCTI CYyXHX CKJIQJChKHUX MNpPUMIIIEHb. 30epiratoTh mpodu
0 TOTO Yacy, IMOKM Marepian OyJie NOBHICTIO MPUUHATUN CHOKHBaAYeM
(moxyrmuem).

Jlns KOXXKHOTO BHAY MaTepiaay € I1HCTpyKIis a0o cTaHmapT BiaOOpY
poOwu.

Hampukinan, Bin6ip mpoO roToBoi MpoAyKIlii KyXOHHOI COJIl TOCUTH J00pe
Bukianeni B JICTY 3583-2015 Cinp KyXxoHHa. 3arajibHi TEXHIYHI yMOBH
1B JICTY 4886.1:2007 Cinb kyxonHa. [IpaBuina BiiOMpaHHs 1 TOTYBaHHS IpoO.

Pucynok 1.4 — Cmynku 015 monkozo
nepemupanHs npoou

Pucynox 1.5 — Mexaniuni oininbHuxu
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1.3 Bia0ip mpo0 KyXOHHOI cOoai

[Ipobu miist aHamizy KyXOHHOI COJil BigOWparoTh y Takui crocid. Bifg
napTii coii B ApiOHOMY ynakyBaHHI IpoOy OepyTh BiJl KOKHOTO BaroHy ado BiJ
KO)KHUX 20 T COJl 3 PI3HUX MICIb IIJTMMHU BNAKOBAaHUMU OJUHULISIMU B TaKiid
KITBKOCTI:

Maca onuHMIN YIIaKOBKH, T' | KiTbKICTh OIMHUIID YIIAKOBKH, SIK1 BiIOUPAIOTh, MIT.
5000 2
750 6
600 6
500 6
250 9
100 24

BiniOpaHy cinp peTenbHO 3MIMIYIOTh 1 KBAPTYBAaHHSAM BUIUISIOTH CEPE-
HIO TIpo0Yy.

Jlnst anamizy HomoBaHOi coii, po3dacoBaHoi B JpiOHE yMaKyBaHHS,
cepeaHio MpoOy He CKIaaarTh. AHaII3 Ha BMICT MOy TOBUHEH BUKOHYBATHCS
B KOXKHIM BHUITAIKOBO BI110paHiil nmpooi omoBaHo1 coii. Bix KoxkHOI nmaprii, Ha
AKY CKJIaIa€ThCs cepTUdikar, BiiOUparoTh Ha MeHIe 3 mpoO.

Bin nmaprii coui, 3aBaHTaXeHO1 y BaroHu 0e3 ynakyBaHHs (HaBaJioMm), IpoOy
CKJIQJIal0Th 13 OKPEMHUX BHIMOK, y35THX MIYIIOM 3 KOXXHOTO BaroHy B IIIECTH
pizaux Mmicigix. Koxkna Buimka comi craHoButh 0,5 kr. Cine BCiX BimiOpaHUX
BUIMOK PETEIbHO 3MIIIYIOTh 1 KBAPTYBAHHSAM BUAUIIOTH CEPETHIO TIPOOY.

KBapryBanus poOmsite y Takuii cmoci6. Ciulh HAacHMarOTh Yy BUIVISAIL
MPAaBWIBHOI KyMmH (KOHYCOM), SIKy JABOMAa B3aEMHO MEPHCHIWKYISIPHUMHU TEpe-
TUHAMU AUIATH Ha YOTUPH PIBHI YaCTUHU. J{Bl MPOTUIIEKHI YaCTUHU BIIKUIAIOTH,
a 1HII 700pe MEpeMilllyoTh 1 3a3HAYEHUM CIIOCOOOM 3HOBY JIUISATH HA YOTUPH
gacTUHU. Po3mosin 1 mepeMilyBaHHS IMPOJIOBXKYIOTh JIOTH, ITOKKM Maca COJIi, 1110
3aJTUIIIIIAcS, Oy/Ie BIATIOBITaTH BCTAHOBJICHIM Maci CepeHbOI ITPOOH.

Maca cepeanpoi MpoOM TMOBMHHA CTaHOBHUTH i coii  «EkcTtpay,
«Menena» (momon Ne 0, 1 1 2), «/Ipodnenka» abo 3epunoBa» — 1,5 kr. g
MeJteHoi coii moMmoay Ne 3,00-2,25 kr.

Cepennio npoOy coiii Ha Miclli BiOOpY IAUIATH Ha TPU PIBHI YaCTHUHU
B YMOBaX, IO BHKJIIOYAIOTh MOXJIMBICTH ii 3a0pyJHEHHS, Ta IOMIMIAIOThH
y YKCTI CyX1 OaHKU 200 TUIALIKH.

[Tocyn 13 cepeaHiMu mpoOamMu 3aKpUBAIOTH J0OpE MPUTEPTUMHU KOPKO-
BUMH a00 CKJSTHUMHU TPOOKaMH, 3aJIMBAlOTh CyprydeMm abo mapadinom. OmgHa
npoda mepenaeTbcsi B JabOpaTopio Uil aHamizy, 1HIIA — 30epIiraeTbCsl Ha
BUMNAJ0K apOITPaKHOTO aHAII3Y, a TPETS — IEPEAAETHCA BUPOOHUKY.
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Bini6pani cepenni mpobu 3a0e3meuyoThCsl €ETUKETKAMHU 13 YITKOK BKa3iB-
KOI0 HalMEHYBaHHS MPOJAYKTY, COPTY, 3aBOJly-BUPOOHHUKA, MAacH MapTii, 4ucia
MiCsIs, JaTh ¥ Micls BiIOOpY mpoOu, HOMEpa BaroHa ¥ HaKJIaJHOI, CTaHIIil
1 natuv BignmpaBieHHs. ETukeTka mianucyeThcs ocodamu, ki Bigoupaiu npooy.

1.4 Bia0ip r1po0 po3coais

Bin0ip npo0 po3coiiB BUKOHYETHCS 32 JOIMOMOIOK) CHELIAbHUX MPo0o-
BIIOIPHUX MPUCTPOIB — OaromMeTpiB. OCHOBHOIO YaCTUHOKO 0ATOMETpa € BIAKPUTA
mo oOuaBa OOKHM MIJIIHAPUYHA TOCyauHa eMHIicTIO 1-3 1. BiH mae BiakumgHi
KPHILIKY, 110 3aKPUBAIOTHCS 3BEPXY Ta 3HU3Y CHELIAIBHUM NPY>KUHHUM MeXa-
Hi3MOoM. Kpuiiku 3a 701momMororo npy>kuH 3adikcoBaHl y BIAKPUTOMY IMOJIOKESHHI.
[Ticns 3aHypeHHS B IIap pO3COdY 3a JOMOMOTOI CITyCKHOTO MPUCTPOI0 KPHUIIKH
3aKpUBAIOTh 1 MOCYJIUHY 13 MNPOOKOI MiJHIMAKOTh Ha MoBepxHio. s BiaOopy
po0 PO3COJIIB 3BUYANHO BUKOPUCTOBYIOTh OaToMeTpu Maiiepa, CkagoBChKOro—
3epHoBa abo PytHepa (puc. 1.6).

Pucynok 1.6 — bamomempu

Po3pi3Hs0Th NpOCTi ¥ 3MilIaHi (ycepeaHeH1) mpoOu po3coiy.

[Ipocti mpobu, 110 OTpUMaH1 HUIAXOM OJHOKPATHOTO BiAOOPY B OJIHOMY
MYHKTI BOJONMHU BCHOTO 0OCSATY HEOOXIHOI JJIsi aHajizy MpoOu po3couiy,
XapaKTEePU3yIOTh CKJIaJ PO3COJYy B MOMEHT B1I0OpY B KOHKPETHOMY MICIIl.
3mimandi mpobu — mpodu, OTpUMaHi NUITXOM 00’ €THaHHS ACKUTBKOX MPOCTUX
npo0. [Ipu BimOopi 3MmimaHux TPoO OCOOIMBO BAKIMBHKA OOJIK XapakTepy
PO3MOALTY ¥ 3MIHM BUMIPIOBAHWX KOMITOHEHTIB Y AOCIIKYBAaHOMY 00’ €KTI.

[Ipu piIBHOIIIHHOCTI XapaKTEPUCTUK BCIX MICITh 00’ €KTa, 10 TOCIHKYETHCS,
cepeAHio MNpolOy OJEPXKYIOTh 3MIIIyBaHHSAM PIBHUX YAaCTUH MPOCTUX IMpoO,
BiAIOpaHKuX yepe3 piBHI MPOMIKKHM Yacy. B 1HIIKMX BUMaAKaxX roTylTh CEPEIHIO
MIPOMNOPLINHHY MPOOY 3 TAKUM PO3PAXYHKOM, 11100 0OCAT a00 YMCIIO MPOCTUX MPOO
BIJIMOBITAJI MICIIEBUM KOJHMBAHHIM CKJIamy po3coiy. [lpu mpomy uum meHIe
THTEpPBAJIM MIXK CKJIaIOBUMH 3MIIIaHOT MPOOH, THM BOHA TOYHIIIIE.

3milrani TpoOu po3coily BUKOPHUCTOBYIOTHCS P BUBYEHHI CTAHY COJISTHUX
o3ep.
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[Tpu BiOOP1 MpoOU PO3COTY BapTO BpaxoByBaTH (HaKTOpH, 37aTHI CIIOTBO-
PUTH JIMCHUN CKJIaJ PO3COILY: JIOIL, SIKWM IPOMILIOB, JKEpea, BOIOCTOKU U T.1.

BiniOpanuii po3cos MOXE MICTUTH Yy B3BIIIEHOMY CTaHl KPUCTalIH COJ1
ab0 MyYJIMCTI YaCTKU. Y 1IbOMY BUIAJKy HEOOX1IHO NMpo(UIbTPyBaTH PO3COI Ha
Miclll BIOOOpY uepe3 cyxuil (QuUIbTp, MHONEPEeIHbO NPOMHUTHI OYUIIEHOIO,
130IMECTUYHOIO JUCTHIISIIIEI0, COJITHOIO KHUCJIOTOK M O1IMCTUIBOBAHOKO BOJOIO.

CkisiHKa, y sIKy BIIOMpaeTbes mpoda po3coily, MOBUHHA OyTH PETENbHO
BMMHTA W HE MEHIIIC TPhOX Pa3iB OOIOJIICKaHa PO3COJIOM, 110 HAJMBAEThCA. [1pu
3alIOBHEHHI CKJISTHKM PO3COJIOM, BapTO 3aJUIIMTU B Hiil HeOarato MOBITps, HE
A0MBarouM 10 mpoOku 4—5 cM. Ilicns 3anoBHEHHS BOHA PETENIFHO 3aMe4aTy€eThCsl
1 3aymMBaeThes cyprydyem abo napadiHom. [IpukpiruitoeTbes: €TUKeTKa 3 HOMEPOM
poOu, 1aTO0 1 MICLIEM BIIOOPY Ta MEPENIIKOM Omepaliii, IpOBEACHUX 13 MPOOOIO
Ha Micii BigOopy. [IpoOu po3comy asisi BUKOHAHHS aHANI3IB Ha BMICT MIKPO-
€JIEMEHTIB B1AOMPAIOTHCS TITIBKU B MOJIETUIICHOBI 200 (hTOPOIIACTOBI CKIISTHKH.

1.5 BiaOip mpo0 mpupogHNX BOJ,
Ta aTMOC(epHIX ONaAiB

[IpoOu 3 pivoK Ta BOJHUX MOTOKIB BIIOUPAIOTH JJII BU3HAYEHHS SKOCTI
BOAM B OaceilHl pPIYKW, MPHUAATHOCTI BOJIW JJIsI Xap4OBOTO BUKOPHCTaHHS,
3pONIEHHSI, JJISI BOJOMNOI XyA00u, puOOpO3BEACHHS, KyMaHHS Ta BOJHOIO
CIIOPTY, BCTAHOBJICHHS JHKEpeI 3a0py THCHHS.

JIyis BU3HAYCHHS BIUIMBY MICIS CKHJAHHS CTIYHMX BOJ[ Ta BOJ MPHUTOK,
poOu B1IOMPAIOTh BUIIIE 3a TEYIEIO Ta B TOUIIL, J€ BIIOYJIOCS TTOBHE 3MIIITyBaHHSI
Boa. Criix mam’siTat, 1m0 3a0pyaHEeHHST MOKe OyTH HEpPIBHOMIPHO TMOIIUPEHO 32
MOTOKOM PIYKH, TOMY 3a3BHYail MpoOU BIAOWPAIOTH y MICISAX MaKCHMalIbHO
OypHOI Tedii, A€ MOTOKH 100pe mepeMintytoTbes. [IpoOoBIAOIPHUKN TOMIIIIAIOTh
BHU3 32 TEUI€I0 TIOTOKY, PO3TAIIIOBYIOYH HA OTPIOHIN TTMOMHI.

[IpoOu 3 mpuUpoOJHUX Ta IITYYHUX O3€p (CTaBKiB) BIIOMPAIOTH 3 TUMHU K
UIAMH, 110 1 MpoOu BoAM 3 piyok. OJHAK, BPaXOBYIOUM TPUBANICTh 1CHYBaHHS
03ep, Ha MEePIIMi TUIaH BUCTYIIA€ MOHITOPUHT SKOCTI BOJU TPOTSTOM TPHUBAJIOTO
MepioAy 4Yacy — KUIBKOX POKIB (y TOMY YHCI B MICIPIX, MepeadadyBaHuX 0
BUKOPUCTAHHS JIIOJIMHOIO), @ TAKOX BCTAHOBJIEHHS HACTIAKIB aHTPOMNOTEHHUX
3a0pyaHEHb BOM (MOHITOPHHT ii CKaay) Ta BIacTuBocTei. Bindip mpob 13 o3ep
Mae OyTH peTelbHO CIUIAHOBAHWN JJI1 OTPUMaHHs iH(Opmalii, 10 sIKoi MOKHA
Oy’0 0 3aCTOCOBYBATH CTAaTUCTUYHY OLIHKY.

CnabonpoTo4Hi BOJAOWMH MarOTh 3HAYHY HEOAHOPIIHICTH BOJU B TOPH30H-
TaIBHOMY HampsMKY. SIKICTh BOJIM B 03€paxX 4acTO CHIILHO BiAPI3HSETHCS IO TIIHU-
OuHI uepe3 TepMaIbHy CTpaTU(]IKaIlito, MPUIUHOKO SKOT MOXKYTh OyTH (POTOCHHTE3
B ITIOBEPXHEBINM 30HI, MIJITPIB BOJU, BIUIMB JOHHUX BIAKJIAJCHBb Ta 1H. Y BEJIHMKHUX
TJIMOOKUX BOJIOMMAX MOXKE 3’ SIBJISITUCS TAKOK BHYTPIIIHS HAPKYJISIIS.



14 XiMiuyHa MeTpOAOTris Ta CydacHi MeToAM IIPOOOIiATOTOBKI

Cnig 3a3Ha4MTH, 10 SKICTh BOJM Y BOJOMMMINAX (K 03€pax, Tak 1 piukax)

Ma€ [MKIIYHUI XapakTep, NPUYOMY CIIOCTEpIraeThcs A000Ba Ta CE30HHA

UUKIIYHICTh. 3 11i€1 IPUYMHU LIOJICHHI MPOOU CIIiJ B1IOMpATH B TOM camuil 4ac

no0u (Hanpukiag, o 12 rof), a TPUBAIICTh CE30HHUX JIOCHIIPKEHb TTOBUHHA OyTH

HE MeHIEe | poKy, BKIIOYAaIOuM JOCTIIKEHHS cepii mpoO, BIAIOpaHUX MPOTArOM

KOKHOI Topu poky. Lle 0coOmMBO BaXIMBO JUIsi BU3HAYEHHS SKOCTI BOJU
B piuKax, 110 MAIOTh PEXKUMH, 0 PI3KO BIIPI3HIIOTHCS — MEKEHbB 1 TTaBOJIOK.

[TpoOu BosoTMX OMAaiB (IOIIYy Ta CHITY) HaJ3BUYAMHO YYTJIHMBI JI0 3a0py/I-

HEHb, SIKI MOXKYTh BUHUKHYTH B Mp0O1 NPU BUKOPUCTaHHI HEJOCTATHBO YMCTOIO

NOCy/y, MOTPAIUISIHHI CTOPOHHIX (HE aTMOC(EpHOro

/ a MOXO/PKEHHSI) YaCTMHOK Ta 1H. BBaXkaeTbes, 110 Mpo-

OW BOJOrMX ONAAIB HE CIiA BIIOUpATH MOOIU3Y

; JDKEpeN 3HauYHUX 3a0pyaHeHb aTMocepu — Hampu-

kiaj, koreneHnb a0o TELL, BinkpuTux ckiagiB MaTepi-

aJliB 1 JOOpWB, TPAHCTIOPTHUX BY3JIIB Ta IHIINX. Y pasi

npoOu OmajiiB 3a3HaBaTUME 3HAYHUI BIUIMB 3a3Haye-

HUX JIOKQJIbHUX JPKEPENl aHTPOTIOTCHHUX 3a0py/THEHb.

3pa3ku omajiiB 30Mpar0Th y CHeIiaJibHI €MHO-

CT1, IPUTOTOBaHI 3 HEUTpaIbHUX MartepiaiiB. Jlomosa

BOJa 30MpaEThCs 3a JOMOMOTOI0 JIIMKHU (JiaMeTpoM

Pucynox 1.7 — Ipunao onsn
30UpanHs piOKux onaoie

(Oowomip): a — nitixa; He meHmie 20 cMm) B MipHHMHA wmiHAp (abo Oe3mo-
6 — MipHULL YULiHOD CEPEIHBO Y BIAPO) 1 30epiraeTbCs B HUX J0 aHATI3Y
(puc. 1.7).
Po3paxyHnok kimbkocTi onafis (h) y MiiMeTpax mpoBOIUTHCS 3a (HOPMYIIO0
&  d?
h= =—.H, 11
zD* D? (1)

ne V — 06’ eM 310paHoi mpoOu onaiiB, M,

D — niameTp BUpBHU, CM;

d — miamMeTp MIpHOTO IWITIHIPA, CM;

H — Bucota cToBma 310paHoi piauHHU.

O06’eM cHITY B TepeKajl Ha BOJY MOXKHA TaKOXX OOYMCIIUTU 3a HaBe-
neHotro Bute hopmyoro (piBH. 1.1), ne D — niametp kepHa.

[IpoOu rpyHTOBUX BOJ BiIOMPAIOTH JIs BU3HAYCHHS TMPHUAATHOCTI TPYH-
TOBHX BOJI K JDKepella NMHUTHOI BOAM, a TaKOX JJIsS TEeXHIYHHX abo0 Clib-
ChKOT'OCTIOJIAPCHKUX LUICH; JJIsl BU3HAYCHHS BIUIUBY Ha SIKICTh IPYHTOBHUX BOJ
MOTEHI[IHHO HEOE3MEeYHUX TOCHOJAPCHKUX O0’€KTIB; TpH  MPOBEIACHHI
MOHITOPUHTY 3a0pyIHIOBAYiB I'PYHTOBHX BOJI.

[pyHTOBI BOAM BHUBYAIOTH, BiAOMPAIOUYM MPOOH 13 apTE31aHCHKUX CMEP/-
JIOBUH, KOJoAs3iB, jkepen. Ciig mMaTH Ha yBasl, 10 SKICTh BOJAM B PI3HUX
BOJIOHOCHUX TOPU30HTAX MOXKE 3HAYHO BIAPI3HATHUCS, TOMY IIPH BiAOOpI podu
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IPYHTOBHUX BOJ CJiJl OLIHUTH JOCTYNHHUMH CIIOCOOAMHU TIMOMHY TOPHU3OHTY,
3 AKOT'0 BIJIIOpaHO MpoOy, MOXKIIMBI IPAJIIEHTH MMIJI3EMHUX MOTOKIB, 1H(OpMAILIiO
po CKjaaj MiA3EMHUX MOPiJ, yepe3 sAKl mpoiisirae oOpiid. OCKUIbKKM B TOUII
B1100pYy MPOOH MOKYTh YTBOPUTHUCS KOHIIEHTpALl PI3HUX JOMIIIOK, BIJIMIHHI
B1Jl iX KOHUEHTpalUlld y BOJOHOCHOMY IIapl, HEOOXI1JHO BIAKAYyBaTH 31 CMEP]-
noBuHH (200 3 JKepena, poOsTYM B HbOMY IOTJIMOJIEHHS) BOAY B KUJIBKOCTI,
JOCTATHIM JJIsI OHOBJICHHS BOAM B CBEP/JIOBHHI, BOJAOMIPOBOJII, MOTIHUOICHHS
to1to. [Ipobu BoM 3 BOJONPOBIIHUX MEPEXK BiAOMPAIOTh 3 METOI0 BU3HAYEHHSI
3arajbHOTO PIBHS SIKOCTI BOJOIPOBIAHOI BOAM, MOILIYKY NPUYHMH 3a0pyIHEHHS
PO3MOAUTHHOI CHCTEMH, KOHTPOJIIO CTYIICHS MOXJIMBOTO 3a0pyIHEHHS MMUTHOI
BOJIM MPOAYKTaMU KOpo3ii Ta 1H. J[Ji1 OTpuMaHHs penpe3eHTaTUBHUX NpoO Mpu
B1100p1 BOJIM 3 BOJIOIIPOBIAHUX MEPEK JOTPUMYIOTHCS TaKUX MTPaBUIL:

— BiI0Ip TpoO MPOBOASATH MICHA CHYCKYy BOoau mpoTsirom 10-15 xB —
qacy, 3a3BMYail JIOCTaTHBOTO MJiI OHOBJIEHHS BOJAU 3 3a0pyAHIOBauYaMH, IO
HAKOTMYUITUCS;

— 1yig B1AOOPY HE BHUKOPHCTOBYIOTH KIHIIEBI JUISTHKA BOJOMPOBIIHHUX
MEpEXK, a TAKOXK JIUISTHKU 13 TpyOamu Masoro Jgiamerpa (menie 1,2 cm);

— JI1 BIIOOPY BUKOPUCTOBYIOTH, HACKIIBKM MOXHA, AUISTHKH 3 TypOy-
JIEHTHUM MTOTOKOM — KpaHHU N0OJIU3Yy KJIallaHiB, BATHHIB;

— npu BiIOOpi MpoO BOAA MOBHHHA MOBLIBHO TEKTH Y HPOOOBIIOIpHY
EMHICTB JI0 11 IEPETIOBHEHHS.

Bigbip mpo6 3 MeToro BHM3HAYEHHsS CKJIany Boau (ayje He sKOcTi!)
MPOBOJIUTHCSI TAKOXK MPU BUBYEHHI CTIYHMX BOJ, BOJ 1 TMapu KOTEIbHUX
yctaHoBoK Ta iH. [lomiOHI poOOTH MarOTh, SK MPABWIO, TEXHOJOTIYHI ITLI,
BUMAraroTh BiJ EPCOHATY CIELiabHOT MIATOTOBKU Ta JOTPUMAHHS J10JIaTKO-
BUX mnpaBui Oesneku. [losboBli MeToau HUIKOM (1 4acTo ayXe e(EeKTHUBHO)
MOXYTh OyTH BUKOPUCTaH1 (axiBISIMU 1 B IIUX BUIIAJIKAX, OJHAK 13 3a3HAUYCHUX
OpUYMH, MU HE PEKOMEHIyBaTUMEMO iX 10 pOOOTH OCBITHIM YyCTaHOBaw,
HACEJICHHIO Ta TPOMAJICHKOCTI.

[Tpu Bimbopi mpo6 cmix 3Bepratu yBary (i ¢ikCyBaTH B MPOTOKOJI) Ha
T1APOJIOTIYHI Ta KJIIMATHYHI YMOBH, IO CYNMPOBOIKYBAIH B1A0Ip MpoO, Taki K
OIlaJIM Ta iX BeJIMKa KIIbKICTh, TABOJIKH, MEKEHB 1 3aCTIMHICTh BOJOMMH Ta 1H.

[TpoOu BoaM 17151 aHAII3y MOXKYTh BiiOUpaTUCA SIK O€3MocepeIHbO Mepe
aHaii3oM, Tak 1 3a3ganeriib. Jns BigOopy mnpob ¢axiBii BUKOPUCTOBYIOTH
CTaHJapTHI 6aTOMEeTpH ab0 OYTIII MICTKICTIO HE MEHIIE 1 J1, 10 BIAKPUBAIOTHCS
1 HAITOBHIOIOTHCS HA HEOOXIMHIN TiMOuHI. Y 3B’S3Ky 3 THM, IO JJIs aHAJI3y
MOJIbOBUMH METOJIaMH 3a SKMM-HEOyJb OJHUM ITOKa3HUKOM (32 BHUHSITKOM
po3unHeHoro kucHio Ta BIIK) 3a3Bmuait mocratapo 30-50 Ma Boaum, BigOip
mpo0 Oe3mocepeIHbO Tepesl aHali30M MOXe OyTH BUKOHAHHWM B KOJOY MICT-
kicTio 250-500 mn (Hampukia, 31 CKIany KOMIUIEKTY-1aboparopii, BUMIpIO-
BaJIbHOTO KOMILIEKTY TOIIIO).



16 XiMiuyHa MeTpOAOTris Ta CydacHi MeToAM IIPOOOIiATOTOBKI

3po3ymino, 10 MOCy] g Bigbopy mpoO mae Oytu uuctuMm. Yucrora
MoCy/y 3a0e3MeuyeThCsl MONEPEeTHIM MUTTSAM HOr0 rapsiaol0 MHJIBHOIO BOJOO
(mpanpHI TOPOIIKKA 1 XpOMOBY CyMIll HE BHUKOPHCTOBYBaTH!), OararopazoBuM
CIIOJTICKYBaHHSIM UYHCTOIO TEIUIow Bojoro. Hamam jist BimOopy npob OaxkaHo
BUKOPHUCTOBYBATH TOW camuil mocyd. CyauHu, nIpu3HayeH1 Juis BiIOopy mpoo,
MONEPEHBO PETEIIBHO MHUIOTh, OOMOJIICKYIOTh HE MEHIIIE TPhOX pa3iB BOJIOIO,
10 BiJIOUPAETHCS, 1 3aKYMOPIOIOTh CKISTHUMH a00 IJIaCTMAaCOBUMHU MPOOKaMH,
IIPOKUIT SIMEHUMHU B JUCTWJIBOBAHIM BOJI. MK MpoOKOI0 Ta BigiOpaHOIO Tpo-
0010 B MOCYJUHI 3aJIUIIAIOTh MOBITPsI 00°’eMoM 5—10 mu1. YV 3aranpHuid mocyn
B1I0MparoTh Npo0y Ha aHaji3 JIMIIE TUX KOMIIOHEHTIB, SIKI MalOTh OJIHAKOBI
YMOBH KOHcepBalii Ta 30epiranis. BinOip npo0, He MpU3HAYEHUX IJIs aHATI3y
BiIpazy X (TOOTO B1IOMPAIOTHCS 3aBYACHO), MPOBOAUTHCS B CKISHUMA a0o
rmIacTMacoBui (0axaHo (TOPOIIACTOBHI) OCY/ MICTKICTIO HE MeHIe 1 JI, 1o
TePMETUYHO 3aKPUBAETHCA.

Jlyis oTpuMaHHS TOCTOBIPHHX PE3YyJIbTaTiB aHai3 BOJAW CIiJl BUKOHYBAaTH
SKOMOTa IIBHAMIC. Y BOJAI MPOTIKAIOTH IPOIIECH OKHCHEHHS-BITHOBJICHHS,
copOI1ii, ceAuMeHTaIlii, 610XiMIYH1 MPOIIECH, BUKIIMKAHI KUTTEISITLHICTIO MIKpO-
OpraHi3MiB Ta 1H.

B pe3ynbTari, JesKi KOMHIOHEHTH MOXYTh OKHCIIIOBATUCS 200 BITHOBIIIO-
BAaTUCS: HITPATU — O HITPUTIB abO 10HIB aMOHI0, CyJlb(aTh — 10 Cylb(QITiB;
KHCEHb MOXE BUTpAayaTHCS Ha OKHCHEHHS OpPraHiuHUX pPEYOBUH TOIIO.
BianmoBiHO MOXXYTh 3MIHIOBAaTHUCS 1 OPTAaHOJICITUYHI BIIACTMBOCTI BOJH —
3amax, CMakK, KOJiip, KaJaMyTHICTh. blOXIMi4HI MpOIeCH MOXKHa CIOBIJILHUTH,
0XO0JOAUBIIY BOYy A0 Temnepatypu 4—5 °C (y X0JI0AUIbHUKY).

OpHak HaBITH BOJIOJIIOYM TOJBOBUMH METOAAMM aHali3y, HE 3aBXKIU
MO>XHa BUKOHATH aHaJI3 BiJipa3y K MIC]s BIAOOPY MpoOH. 3alie’KHO BiJl Mepe-
0auyBaHOI TPUBAJIOCTI 30epiraHHs BiAIOpaHUX MpOoO MOXKE BUHUKHYTH HEOOXI1J-
HICTh Yy iX KOHCepBallii. YHIBEpCAIbHOTO KOHCEPBYIOYOIO 3aC00y HE iICHYE, TOMY
poOu TS aHaAi3y BIIOMPAIOTh B KiJIbKa OyTIiB. Y KOXHIN 3 HUX BOJIY KOHCEP-
BYIOTh, JOJAI0YX BIAMOBIAHI XIMIKaTH 3aJI€KHO BiJ KOMIIOHEHTIB, IO BH3HA-
qaroThes. J[7si omepikaHHS JTOCTOBIPHUX PE3yJbTaTiB, MPOOH BOAM aHAI3YIOTh
SKHAWIIBUAIIE Micas BiOopy (mpotsiroM 1-2 roa, B KpallHbOMY BHIIAIKy —
12 ron) abo dikcyroTh. [Ipodu MokHa cTabiN3yBaTH Ha KUTbKA FOJUH HUIIXOM
oxonomkeHHs ix 10 0 °C, Ha KUIbKa MICSIIB — HMUISIXOM Pi3KOTO OXOJIOMKECHHSI
1o -20 °C. BusnauyBaHi criofiyku (PIKCyIOTh HaiuacTilie AOAaBaHHSM PI3HUX
KOHCEpBYIOUNX pedoBHH. OCKUTBKH yHIBEpCATbHOI KOHCEPBYIOUOI PEYOBHHU HE
ICHy€, JJIs TIOBHOTO aHAI3y BOJM MPOOy 3a3BUYail BIIOMPAIOTH B KUTbKA TUISIIIIOK
1 KOHCEPBYIOTh 1i, JOJar04YM pi3HI pedoBHHH. KOHCEpBYBaHHS CTIYHUX BOJI
XIMIYHIMH peareHTaMH YCKIIATHIOETHCS Y BUIAAKY HMPUCYTHOCTI B MPoO1 HEPO3-
YUHHUX peyoBUH. KOHCEpBYBaHHS JOIMYyCKAETHCSI MPU YMOBI, SKIIO KOHCEPBYIO-
YUl peareHT He 3aBa)ka€ BU3HAUEHHIO HEOOXIJTHMX KOMIIOHEHTIB CTIYHOI BOJU
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1 SIKIITO BU3HAYEHHSI HEMOJIMBO TIPOBECTU OE3MOCEpEIHBO MICIS B1I0OPY MpOOH.
Jlesik1 BIIOMOCTI IPO CIOCOOM KOHCEPBYBAHHSI OKPEMUX KOMIIOHEHTIB, OCOOJIMBO

Tabonnusa 1.1
KoHncepByBanHs npo0 Boau
Kommnonenr, KinpkicThb MaxkcuMabHO Ocob6nuBocCTI
10 BU3HAYAETHCA | KOHCEpBaHTA Ha MO>KJIMBH Yac 30epiranHs mpoou
1 1 BOSTIM 30epiranHs mpoou
' .
3a11i30 3ALUILHE 3 M H_Cl. 2 106U Cxuisinku 6€3 MoBiTps
(10 pH=2)
| .
Baskii MeTaIm 3 Ma HI\iO3. 3 106U Ty y CKIITHOMY
(1o pH=2) TOCY/Il
Hitpatu 2—4 mut xjopodopma 3 nobu 36epiratu ipu 4 °C
Peronm 4 r NaOH 1-2 106 30epiratu nipu 4 C
B CKJITHOMY TIOCY/Ii

BiIOOpY Ta 30epiraHHs NMpoO BOJM, MOXKHA 3HaWTH B Ta0d. 1.1. OmHak HI KOH-
CepBYBaHHS, Hi (iKcallisi BU3BHAYYBAHUX CIIOIYK LUISIXOM OXOJIO/LKEHHS MPOOH He
3a0€e3MeuyoTh TOCTIMHOTO CKJIAy BIIOpaHOi BOJAM HEOOMEKEHO JOBTO.
B 3B’s13Ky 3 UM CJIiJ] YHUKATH JOBrOTo 30epiraHHs mpoo.

1.6 Bia0ip mpo0 mosiTps

YHIBepcanbHOTO CIIOcOo0y MpoOOBIIOOPY, IO JTO3BOJISE OJHOYACHO BIIOB-
JIFOBAaTH 3 TOBITPS BCl 3a0pyAHIOOYI PEUOBMHH, Hemae. Bubip amgekBaTHOTO
ciocoOy BiAOOpY BU3HAYAETHCS, TEPII 3a BCE, arperaTHUM CTAHOM PEYOBHH,
a TaKOX 1X (DI3UKO-XIMIYHMMH BJIACTUBOCTSIMH. Y TOBITPI 3a0pyAHIOIOY1 KOMIIO-
HEHTH MOXYTh OyTH y BUDIAni: rasiB (Hampukiag NO, NO,, CO, SO,), napis
(mepeBakHO OPraHiYHHMX PEUYOBHMH 3 Temreparyporo kuminas g0 230-250 °C),
aepo30JIiB (TyMaH, UM, TTUI).

Haii611p111 4acTo BUKOPHUCTOBYIOTHCS TaKl CIIOCOOM MPOOOB1I00PY MOBITPSL.
BakyymHi (0e3 KOHIIEHTpYBaHHS) 3aCHOBaH1 Ha 3a00p1 HEBEIIMKHUX OOCSTIB ITOBIT-
ps y cnemianbHi KoHTeiHepu. Jlkepena moxuOok: 1) mopyIeHHs TepMETUIHOCTI;
2) copO11is Ha CTIHKaX KOHTEHHEepa.

Acmipartiiifai (3 KOHIIEHTPYBaHHSIM) 3aCHOBaHI Ha MPOMYCKaHHI B1JIOMOTO
o0csry MoBITpPs 3a JAOMOMOIOI0 PI3HOMAHITHUX acHipaliiHuX MPUCTPOIB Yepe3
NOTJIMHAJILHE cepeloBHIle a0o depe3 TpyOKy 3 copOeHToM. J[Kepena moxudox:
1) HeToyHMIT BuUMIp 00Csry; 2) HENpPaBUIBLHUN OOJIIK arperaTHoro CTaHy;
3) mpocKkoK 3a0pyTHIOBAYA.

OntuManbHui 00°eM MoBITPs V, HEOOXITHUM 711 BU3HAYEHHSI TOKCUYHOL
JIOMIIIKH 13 33J]JaHOI0 TOYHICTIO, MOXHA MPOPaxyBaTH 3a TaKO (GOPMYJIOL0:



18 XiMiuyHa MeTpOAOTris Ta CydacHi MeToAM IIPOOOIiATOTOBKI

__aV, (1.2)
VvV, -K-C

JIe @ — HIKHST MEKa BUSIBIICHHSI B aHAJII30BaHOMY 00’ €Mi poOH, MKT;

Vo — 3araiibHU 00’ €M IpooH, MII;

V, — 00’em mipobwH, B3SITOT I aHATI3Y, MJ;

C — rpaHHYHO JOMYCTHMA KOHIEHTPAL[isL, MI/M°;

K — xoedimient, mo Bianosigae yactkam ['JIK (1/2, 1 T'IK Tommo.).

Bia6ip mapora3zoBux pedoBUH y PiAKI MOTIMHAIBHI CEPEIOBUIIA — HANUITO-
HIMpPEHIKN cnocid. AHani30BaHI PEYOBHMHU PO3YMHAIOTHCA a00 BCTYNAKOTh
y XIMIYHY B3a€MOJIIIO 3 M0-
TJIMHATBHUM ~ CEePEIOBU-
meM (xeMmocopOrrisi), siKa
3a0e3nedye TOBHOTY IIO-
TJIMHAHHS 32  PaxyHOK
YTBOPEHHSI HEIETKHUX CIIO-
ayk. IIpyu upomy croporry-
€ThCS MMIJITOTOBKA MPOOHU
70 aHawi3y, SKuUW 3a3BU-
Yail TpOBOAATH Yy PIJKIiH
dasi (puc. 1.6-1.7).

«IIpockox» K (%)

BakyymHi memodu

Acnupaujitini Memodu Y

O0OYHCITIOIOTH 3a
Pucynox 1.8 — Memoou 6iobopy npob nosimps (opmyutoro
Kot (1.3)
(A +A)-100

ne A, —Maca pedoBHHH y Apyromy adbcopOepi, MKT;

A1 — Maca pedyOBHHH Yy MEpIIOMY adbcopOepi, MKT.

EdexTuBHICTh MOTIIMHAHHSA BBa)KAIOTh JIOCTATHHOIO, SKIO B IMEPIIIA MO-
cyamH1 abcopOyBanocs 61u3pk0 95 % mociKyBaHOI peUOBHHM.

1.7 Bia0ip mpoO IpyHTiB

1.7.1 BusHaueHHsI Ba20BOIO BMICTY
eleMeHTIB y IpyHTax

Ha BigMiHy BiJi OpUpPOJHHUX BOJA Ta MOBITPS XIMIYHUW CKJIAJ] IPYHTIB
1 IOHHUX BIJKJIQ/AIB € OUIbII CTAOUIBHMM Yy 4acl Ta MPOCTOpPi, OCOOIUBO IIOJIO0
OCHOBHHMX KOMIIOHEHTIB. A BMICT MIKPOKOMIIOHEHTIB MOXE 3MIHIOBATHUCS
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3aJIe’KHO BiJl MIMOWHU B110OpY MpoOH 1 Micis Bimoopy. st BU3HAUEHHST aHTPO-
MOT€HHUX 3a0pyIHIOBaudiB MPOOM IPYHTIB Ta JOHHUX BIJIKJIAJACHb BIIOMPAIOThH
B paiioHaX HalOLIbII IHTEHCUBHOTO 3a0pyIHEHHSI.

Bci 1HrpenieHTH IpyHTIB MOXXHA MNOAUIMTH Ha TpW rpynd. Jlo mepuioi
Ipylu BIJHOCSATh PEUYOBHMHH, SIKI CKIIAIal0Th MIHEpAJIbHY YAaCTHHY IPYHTIB,
a TakoXX BYyTIJIELb 1 a30T OpraHiyHuUX cnouyk. Jlo nIpyroi rpynu Hauexarb
010JIOTIYHO aKTUBHI Ta JOCTYIHI JIJI1 POCIMH KOMIIOHEHTH. J[o TpeThoi rpymnu
BXO/STh HEOPTaHIUHI Ta OPraHIYHI TOKCUYHI PEUOBUHHU, K1 € aHTPOTIOTCHHUMU
3a0py/IHIOBaYaMU IPYHTIB Ta JOHHUX BiakiageHb. [Ipu npoMmy Tpeba maTu Ha
yBa3l, M0 OJAWH 1 TOM XK€ KOMIIOHEHT MO>XE OJHOYACHO BXOJUTH JO PIZHUX
rpyn. Hampukiana, MIKpoeIeMeHTH Midb, IIUHK, KOOAJIBT MOXYTh OJAHOYACHO
OyTH 1 3a0pyJHIOBaYaMM IPYHTIB, SKIIO HEMOJATIK pO3TAlllOBaHUNA KOMOIHAT
KOJIbOPOBOI METAITYPTii.

BiniOpanuii 1151 aHaMI3y IPYHT BUCYIIYIOTh HA MOBITP1 MPOTATOM KIJTBKOX
n16. JIoHHI BiAKIaJAeHHS BIAOMPAIOTh 3a JIOIMOMOT'OI0 CHEIIaIbHUX MPUCTPOIB —
I'PYHTOB1IOIPHUKIB, BIIAUISIOTH Bil HUX BOAY (IIBTPYBaHHSM I BaKyyMOM
1 BUCYIIYIOTh Ha MOBITPi, K 1 IPyHTH. BUCylIyBaHHS clipuse€ NPUIUHEHHIO
MIKPOO10JIOTIYHUX TTPO-
1ec 1B, K1 MPU3BOJATH
0 3MIHM BMICTy 010-
TeHHUX €JIEMEHTIB Ta
OpraHIYHUX CIOJYK.

[TpoGoBinOipHUKH
IPYHTIB TIPEICTaBIICHI Ha
puc. 1.9.

[TinroToBka mpoou
1o anam3y. lloBiTpsiHO-
CyXul TpPYHT abo JIOH-
HI BIAKJIQZAECHHI MAacol0
600750 r po3MimIytoTh HA YACTOMY Tarepi 1 BUWIyYalOTh 3 HUX KOPEH1 POCIHH,
KaMIHIIl Ha 1HII BKJIIOYEHHS. Benuki rpyaku IpyHTy po3THparoTh y Gapdoposiii
CTYIILI 1 IEPEMIIITYIOTh 3 OCHOBHOIO Macoro. CepeniHio poly IPYHTY TOTYHOTh 10
aHaJTI3y KBapTyBaHHSM. J[JIs ITbOTO PETENIbHO MepeMilany mpoly po3MilIyoTh Ha
YUCTOMY Tarepi y BUTJISAL KBajpara 1 IrnarejieM JIUIATh 10 JIlarOHajli Ha YOTUPH
piBHI YacTWHU. J[B1 IPOTHIICKHI YACTUHM BIJIKMJIAIOTh, a JIB1 1HII — 00’ €IHYIOTb,
MIEPEMIIITYIOTh, 1 3 IIHOTO TPYHTY BIAOUParOTh MPoOy s aHATI3Y.

Jlns oxepskaHHS OJHOPITHOTO 3pa3Kka CEpeIHI0 MpoOy Iepes aHaIi30M
MPOCIIOIOTH Yepe3 CUTO 3 AlameTpoMm Jipodok 0,25 mM. ['pymoukwm, sKi 3amu-
IIVJTACS] Ha CUT1, PO3THPAIOTH Y CTYIIII 1 3HOBY MPOCIIOIOTh.

[IpocitoBaHHS yepe3 IPYHTOBI cuTa Tpeba MPOBOAUTH 13 3aKPUTOIO KPHIII-
KOIO 1 BIKpUBATH ii HE paHilie HiK 4depe3 2—3 XB MICIA 3aKiHYEHHs IPocCi-

Pucynoxk 1.9 — [Ipo606i06ipruxu tpynmis
ma 8i006ip npob tpynmy
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roBaHHs. lle 1ae MOXIMBICTh OCICTH MUY 1 HE BTPATUTH HAWOUIBII aKTHBHY
YaCTUHY I'PYHTIB Ta JOHHHX BIAKJIaJ€Hb — MYJIUCTY (ppakiito. Taky miaAroToBKy
IPYHTIB Ta JOHHUX BIJKJIa/IeHb BUKOHYIOTb JUIsl IPOBEJACHHS BAJIOBOTO aHAIII3Y.

BanoBwuii ckiaj rpyHTIB Ta JOHHUX BIAKJIAJI€Hb XapaKTePU3YIOTh TAKUMU
MOKa3HUKAMM, SIK TIFPOCKOIIYHA BOJA, BTpara npu mpoxkaproBanHi (BIIII),
BMICT MIHEpaJbHUX PEYOBHUH — BMICT BYTJICIIO Ta a30Ty OPTaHIYHUX CHOJIYK,
BMICT 3arajlbHOro a3o0Ty, BMICT JIOKCHIY BYTJICIIO, KapOOHATIB Ta XIMIYHHUX
KOMIIOHEHTIB MIHEpaJIbHOI YacTUHU. J[0 MiHEepaIbHOI YaCTUHU BXOATh OKCHJIH
kpemHito, 3amsza (III), amominito, mapranito (II), turany (IV), kansiiio,
MarHito, Kaiito, HaTpito, pochopy (V) Ta cipku (VI).

BanoBum aHanizoM Ha3MBaIOTh KOMIUIEKC BU3HAUEHbB, IO JO3BOJIIE BCTA-
HOBUTH BaJIOBUI a00 KOMIIOHEHTHHUM CKJIaJ IPYHTIB, TOOTO OJI€pKaTH YSBJICHHS
PO 3arajibHUM BMICT B IPYHTI XIMIYHUX €JIEMEHTIB Ta iX OKCUIIB. BamoBuii
aHaJli3 BKJIIOYAE€ BU3HAYCHHS TITPOCKOMIYHOI BOJM, BTPATH MPHU MPOKAPIOBAHHI,
BMICTY OPT'aHIYHOTO BYTJICIIO Ta a30TY, a TAKOXK BMICTY OKCHJIIB, 1110 BXOJATH 10
CKkiamy MiHepainbHOl YacTuHu rpyHTIB (Si0,, AlOs, Fe,03, TiO,, MnO, CaO,
MgO, SOs3, P,0s, K,0, Na,0O). B kapOoHaTHOMY IpYHTI, KpiM TOT0, BU3BHAYAIOTh
CO, kapOoHaTiB.

1.7.2 BusHayeHHs pyXAUBUX
¢dopM eaeMeHTIB y IpyHTaxX

[Tix pyXJIMBICTIO PO3YMIIOTH CIIPOMOXKHICTh XIMIYHUX €JIEMEHTIB MEePEXO0-
IUTH Y pLaKY (hopMy 1 IepeMilllyBaTucs B 00’ €M1 IPYHTY.

3anpornoHOBaHI JECATKU PI3HOMAHITHUX CXEM IMOCIIJOBHOIO €KCTparyBaH-
Hs. HaitOumein Bimoma cxema Tecc’e, ska 103BOJISIE 3 JOCTATHHOKO BIPOT1IHICTIO
OLIIHUTU BMICT PYXJIUBUX 1, OTXKE, HAMOIbII HEOE3NEUHUX AJI1 HAaBKOJIMUILIHBOTO
cepenoBuIa (popM 3HAXOMKEHHs €JIEMEHTIB B TPYHTaxX. 3TITHO 3 IIE€I0 CXEMOIO
BUJUIAIOTH Taki (pakiiii: oOMiHHA 1 «kapOoHaTHa» (OpPMH; €IEeMEHTH, 3B’ sI3aHi
3 OKCHJJaMHM MapraHiilo; €JIEMEHTH, 3B’s3aHl 3 OKCHJAMH 3aji3a Ta allOMIHiIo;
cynbdigHa Ta opraniuHa ¢opma. s BusHaueHHs XiMivHUX Gopm Fe 1 Mn, 1o
MICTSTbCS B IpyHTax, OyJia po3po0jieHa METO/IMKa, 3aCHOBaHA Ha BUJIYYEHHI 10HIB
Fe Ta Mn 1 M po3unHom Mg(NQOs), 3 pH 8,5 nns BuimydeHHS 0OOMiHHHX (OpM;
0,7 M poszunnom NaClO, 3 pH 8,5 ans 3B’s13aHUX 3 OpraHiYHUMHU PEYOBHHAMU
dopm; 0,1 M po3urHOM XIHTIIPUHY Tigpokcunamidy 3 pH 2 mis okcumiB Mn,
0,25 M pozuurom KI B 0,25 M HCI gst amopduux oxcumaiB Fe 1 pozunHOM, 1110
mictuth o 0,2 M H,C,04 1 (NHy),C,04 3 pH 3, i BHIydeHHST KpUCTATIYHUX
okcuaiB Fe. Konmenrpamii Fe 1 Mn B po3umHax BH3HAYAIM 3a JOIIOMOTIOIO
aTOMHO-EMICIHHOI CIIEKTPOCKOIIIT 3 IHAYKTUBHO-3B’13aH010 1u1a3Moro (AEC-I3I1).
Yactuny, mo 3anumwiaca Fe 1 Mn, BU3Hauaam TUM K€ METOJIOM Yy MiHepaJIi3ari,
OTPUMAHOMY METOJIOM MOKpOi1 MiHepasi3allli 3aIuIlIKy IICIsS BHIYYCHHS THIITHX



1 IMonsTTs mpobGomiaroroskn. Teopist Ta mpakTuKa Bigbopy 1poo ... 21

dopm. Ilpum BUKOpHUCTAHHI METOJMUKHM OS-CX1YaCTOi IOCHIJIOBHOI EKCTpaKIii
Ul BU3HAUE€HHA XIMIYHMX (opMm 3HaxomkeHHs Cu 1 Ni B IpyHTax sK
MOCJIIJTOBHI €KCTParyroul PO3YMHHUKU 3acTocOoBaHO po3unHu: 1 M AcONH,,
1 M NH,OH-HCl1 B 25-BimcorkoBuii AcCOH, 0,1 M HCI, 0,5 M NaOH
1 8 M HNOs;. B orpumanux ¢pakuisix Ta B pO34MHI MIHEpali3aTy MICis po3-
yrHeHHs TBepaoro 3anumiky B cymimn HF 1 HNO; Busnaueno BmicT ioHiB Cu 1 Ni
METOJIaM{ TIOJYyM SIHOiI Ta €JIEKTPOTEPMIYHOI aTOMHO-aOCOPOIIMHOI CIIEKTPO-
ckorii (AAC). Jlns Bu3Ha4YeHHs XimiuHux ¢opm einementiB As, Al, Hg, Cd, Cr,
Pbi Sb Oyno BHKOpHCTaHO TOCIIOBHY €KCTPaKIIil0 B 5 eTamiB (JIciOHI30BaHOIO
BOJIOIO, OIITOBOIO KHCJIOTOFO, COJITHOKUCIUM TigpokcuiamiaoM, H,O, 1 ameraTom
amonito, HF Ta HNO;) 3 noganpmmum BuzHaueHHsM Cd 1 Hg wmerogom
enektporepmiunoi AAC; Pb, Cu, Cr 1 Al — AEC-I3II; As 1 Sb — AAC
3 TEHEepaIli€ro T1APUIIB.

Sk MOKa3HUKHU PYXJIUBOCTI XIMIYHUX €JIEMEHTIB B I'PyHTaX BHUKOPHUCTO-
BYIOTh: 1. KOHIICHTpAIil0 (aKTHUBHICTh) XIMIYHUX €JEMEHTIB B IPYHTOBHX
po3unHaxX a00 OMM3BKUX JI0 HUX 3a CKJIAJIOM BUTSIKOK (BOJHHX a00 COJICBUX
3 HU3bKOIO KOHLIEHTPALIEIO eNEeKTPOITY). Lleil moka3HuK Ha3uBarOTh (paKTOpOM
IHTEHCHUBHOCTI (CTYIiHb PYXJIMBOCTI). 3amac (BMiCT) pyXOMHUX CIOJYK XiMiYHUX
eneMeHTiB. llell moka3HUK Ha3UBalOTh (PAKTOPOM €MHOCTI. BiH xapakrepusye
MO>KJIMBICTb IPYHTIB JIO BITHOBJICHHS B IPYHTOBHUX PO3YMHAX KOHIIEHTpALlii XiM14-
HOTO €JIEMEHTY MPH WOTro BUKOPUCTaHH1 a00 mepeHoci. dakTopu 1HTEHCUBHOCTI
Ta €EMHOCTI — JBa BAXJIMBUX IMAapaMeTpH, IO BIIUBAIOTh HAa BUKOPUCTAHHS
XIMIYHUX €JIEMEHTIB POCIWHAMU. PyXOMICTh XIMIYHHUX €JIEMEHTIB B IPyHTax
3aJIeKUTh BiJl BIACTUBOCTEW TBepAuX (a3 TPYHTIB, MPOIECIB POIUYNHEHHS-
OCAJIP)KEHHS CIOJIYK, cOpOii-aecopOilii, IoHHOTO 00OMiHYy, KOMIIJIEKCOYTBOPEHHHS
Ta 1H. Jl0 pyXOMHX BIAHOCATH CHOJIYKH, SIKI BUJIY4YalOTh 3 IPYHTY OYyIb-SIKUM
EKCTParyro4uM pO3UYUHOM.
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OpHuM 3 HaOUTBII BaXXJIUBUX 1 €PEKTUBHUX HAIPSAMKIB IPOOOMIArOTOB-
KU JJI1 BUPILMIEHHS IIMPOKOTO CHEKTpa aHATITUYHUX 3aBJaHb € 3aCTOCYBaHHS
3aMKHEHUX peaKIIMHUX 00’ €MiB, TaK 3BAaHUX aBTOKJIABHUX CHCTEM 3 PE3HUCTHUH-
HUM HarpiBaHHsM. Y ApyTiil nmonoBuHi 70-X poKiB, IPaAaKTUYHO OAHOYACHO, IS
AQHAJTITUYHUX IUJIEH CTBOPIOIOTHCA aBTOKJABH 3 PE3UCTHUBHHM HarpiBaHHSIM
dipmoro Perkin-Elmer Corporation USA Ta IHcturyTOM KOJOimHOI Ximii Ta
ximii Bogu HAH Ykpainu.

[Ipuckoputu po3THH MNpPoO, IO BAXKKO PO3KIAJAIOTHCA 33 3BHUYANHHMX
YMOB, 1 CKOPOTUTH KUIBKICTh 3aCTOCOBYBaHHUX IS X PO3KJIQJaHHS PEAKTUBIB
(1 THM caMUM 3HU3UTH MOIMPABKU KOHTPOJIBHOTO JOCIiY) MOXHA, BUKOPUCTO-
BYIOUM aHAJIITUYHI aBTOKJIABU LLIOBOTO MPU3HAYCHHS — TEPMETHYHO 3aMKHYTI
XIMIYHI PEaKTOpH, B SKUX PEaKIlli po3KJIagaHHs MPOTIKAIOTH MPH IiIBUIIEHUX
Tuckax Ta Temneparypax (150-200 °C). ABTokiaBHa MpOOOMIArOTOBKA Pi13KO
COPOILLY€E 1 TPUCKOPIOE MPOLIEAYPY AHAIIZY BAaXKKOPO3UMHHUX PEUOBUH 1 Ma-
TepialliB. ABTOKJIaBHE KOHIIEHTPYBaHHsS J03BOJII€ KOOPAMHAIBLHO MOCIA0UTH
BIUIMB 1HIIKX €JIEMEHTIB 1 3HU3UTH MEK1 BUBHAYCHUX BMICTIB.

[IpoOy mowmimaioTh B KaMepy, MOAAlOTh PO3YMHHI areHTH (3a3BUYai
CyMIIlIl KHCJIOT, YaCcTO B MPHCYTHOCTI OKHUCHIOBAUiB), 3aKPUBAIOTh KaMmepy
Te(PIIOHOBOIO KPHUIIIKOIO, TE€PMETHU3YIOTh B METAJIEBOMY KOPITYCl, MOMIIIAIOThH
B €JICKTPOHATrpiBay 1 BUTPUMYIOTh Y BUOpAaHOMY TeMIieparypHoMy pexumi. [lics
OXOJIO/DKEHHS JI0 KIMHATHOI TEMIIepaTypu aBTOKJIAB PO3TepPMETU3YIOTh 1 OTpH-
MaHUl poO3uMH aHaii3yioTh. llpu TBepHO- 1 piakoda3HOMY CEIEKTUBHOMY
PO3MJIEHHI KOMIIOHEHTIB (pa3u 3aCTOCOBYIOTh (PUIBTPYBAHHA. Y JEAKUX BUIAIKAX
peaKIiiiHy CyMilll BiACTOIOIOTh Ta BIIOMPAIOTh aMIKBOTY PIAKO1 a3y 103aTOPOM.

ABTOKJIaBHA TIPOOOMIATOTIBKA Ma€E HU3KY TMepeBar y MOPIBHSIHHI 3 PO3KPHUT-
TSM y BIAKPUTHX cUcTeMax. [Iporiec po3kiamaHHs mpoO B aBTOKJIAaBaxX MPOTIKAE
OuThIl €eKTUBHO, TPU IBOMY B KUIbKa pa3iB CKOPOYYETHCS Yac MPoOOIi-
TOTOBKH, 3HW)KYETbCS BUTpaTa pEareHTIB, BUKIIOYAIOTHCS BTPATH JICTIOUHUX
KOMITOHEHTIB, TMOKPAIIyIOThCSI YMOBH POOOTH, 3MEHIIYIOTHCS EHEPrOEMHICTH
1 TPYJIOMICTKICTb €TaIy IpoOOIiATOTOBKH.

[ToeqnaHHs aHATITUYHUX AaBTOKJABIB 1 CYYaCHHMX MPWIAJIB J03BOJISIE
MOBHICTIO aBTOMAaTU3yBaTH MPOIIEC aHAII3y 1 Kpallle peaidizyBaTH MOTEHLIMHI
MOJKJIMBOCTI aHAMITHYHUX MeTomiB. [Ipu mpoBefeHHI pyTUHHUX aHAJI31B Oarato
B YOMY CaMe 3aBJSKHU aBTOKJIABHOMY PO3KJIaay BIAJOCSd BUKOPHUCTATH BUCOKY
npoayktuBHicTh AEC-I3I1.

[Teperri aBToKIaBH OYJIU 3 pE3UCTEHTHUM HarpiBOM.
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VY pa3i BUKOpPUCTaHHS PE3€CTUBHOTO HarpiBaHHS aBTOKJaBa HAMMpPOCTI-
1M € HarpiBaJIbHUI IPUCTPI — TEPMOCTAT IIAXTHOTO TUITY, B KOMIPKaX SIKOTO
BCTAaHOBJIIOIOTHCS ABTOKJIABU.

BukopurcTanHs aBTOKJIABIB 3 PE3MCTHBHUM HarpiBaHHSM J03BOJISE aHANI-
3yBaTH OyJlb-SIKWM OpraHiYHMi MaTepiai, BUKIOYUTH HU3KY MPOMIXKHHUX OIle-
partiii 1 3BMEHIIUTA TPYAOMICTKICTh MpoOoMmiaroroByoi craii. Craais AecTpyKIui
B OararoorepalliiiHix aBTOKJIaBaX XapaKTePU3Y€EThCS COPUATIMBUMH TEPMOIMHA-
MIYHUMH (paKkTOpaMu, IO 3a0e3MeuyroTh MOBHOTY MiHEpali3allli, BiJICYTHICTb
OCMOJICHUX NPOAYKTIB B PiAKii (a3l i ePeKTUBHICT OTPUMAHHS aHATITUYHOTO
KOHIIEHTpATy ejaeMeHTIB. OcOOIUBICTIO PO3KIIaJaHHSI KUCIOTaMH B aBTOKJIABax
€ MOYJIMBICTh BUKOPUCTAHHS Maike CTEXIOMETPUYHUX CITIBBITHOIIICHb KOHIIEHT-
paliiii enreMeHTa 1 peareHTy, y TOM 4ac SIK y BIJIKpUTHUX CHCTEMax pO3KJIaJaHHS
MPOBOJATh y HAJIMINKY peareHTy. Yac po3kiaiaHHs HaBaXKH MPoOU CKOPO-
Yy€eThCSI TP 1bOMY B KUTbKa pa3iB y MOPIBHSAHHI 3 PO3KIIAJaHHAM 11 Y BIAKPUTIN
cucteMi (711 00’€KTIB, IIO PO3KPUBAIOTHCSA Y BIAKPUTUX CHUCTEMaxX MPOTSITOM
5—6 TOJ, TPUBAIICTH PO3UMHEHHS KUCJIOTAMH B aBTOKJIaBaX 3a3BUYail HE Tepe-
BUIILYE 2,5 TON).

VY OiapIIOCTI BUMAAKIB aBTOKJIABM BUKOPUCTOBYBAJIMUCS SK 3aci0, IO
J03BOJIMB MIPOBOJIUTH OIepallli MpoOOoIiIr0OTOBKY MIPU TEMIIEpaTypax, 110 mnepe-
BUILYIOTh TEMIEPATYPHU KUIIIHHS PO3YMHIB MPU MIJABUILEHUX TUCKaX, TOOTO JJIs
iaTeHcu(ikarii mporeciB. CydacHi aBTOKIaBH JA03BOJISIOTH MMPOBOAUTU CX1A4acTe
HarpiBaHHsA CyMilIl MpoOM 3 KHUCIOTOK MPU CXIA9acTOMYy MiAHOMI THCKY.
3aBAsIKM LIbOMY 4Yac aHajli3y CKOpouy-
€TbCsl B 5—14 pas3iB mpu 3MEHIICHH]
KUJIbKOCT1 OKMCHIOBaYIB y 3—8 pasiB.

AHaJIITUYHI aBTOKJIaBU — (PTOPO-
MJIACTOB1 pPeakiliiiHl KaMepu, repMeTH-
30BaHi B po3HIMHOMY Kopryci. Crony-
YaHHS KPUIIKKA ¥ KOpITyca aBTOKJIABIB
3MINCHIOETBCA OaMOHETHUM 3aTBOPOM.

Vei meranmi Kopmyca M KPHIIKH aBTO- Pucynok 2.1 — Ananimuuni mooyni

KJIaBIB BUKOHaH1 3aJIeKHO BIiJ (yHK- a6MOKIAGHOI IPOOONO020MOoSKU

I[IOHATBHUX HaBaHTaXEHb 13 PI3HUX 3 pesucmusHuM Hacpleannim
MKII-04 i MKTI-05

TUTAaHOBHX CIUIABIB 3 BHCOKHMH TEp-
MOMEXaHIYHUMH W KOpPO3IMHMMH BiacTUBOCTAMH. Hrokue, Ha puc. 2.1 mpen-
craBieHo aBtoknaBu Tuiis MKII-04 1 MKII-05, 3a 7onoMoromo sSKux MOKHA
BUKOHYBAaTH OyNb-sKy Oaratoomnepariiiny mpoOOmiAroTOBKY 3 BUKOPHUCTAHHSIM
OCHOBOTO, PalaJbHOTO W JATepabHOTO TPAMIEHTIB TEMIIEpaTyp IOCTaTHBOI
BEIIMYMHU, IO ICHYIOTh TEBHUM PO3PAXYHKOBHH Yac y peakmiiHii kamepi
aBTOKJIaBa, 3aBISKHA OCOOIMBOCTSM KOHCTPYKIIiH IIIbOBOTO TIPU3HAYCHHSI.
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Tabomuis 2.1
TexHIuHI XapaKTEpPUCTUKHU aBTOKJIABIB
XapaKkTepuCTUKa MKII-04 MKII-05

MakcuManbHa TemrepaTypa B pobouomy 00’emi 240 240
peakiiitHoi kamepu, °C

Makcumanbauii po6ounii Trck, Mlla 20 20
Po6ounii 06’ €M peakiiitHOT KaMepH, MJI 150 30
Maca, kr 2,5 0,9
Hiametp, MM 88 60
Bucora, Mmm 230 150

[Ipu aBTOKIaBHIM MPOOOMIATOTOBII 00 €KTH aHAI3y MiIJAIOTHCS BIUIUBY
TakuxX (PaKTOPiB: BUCOKOTO THUCKY, BUCOKOTO Ta MOCTIHHOTO y Yaci MO3UTHUBHOTO
OKHCITFOBAJIbHO-BITHOBHOTO TOTEHIIAy CHCTEMHU, BHUCOKHX TEMIEpaTryp, IIo
MIEPEBUIIYIOTh TEMIIEPATypy KHITIHHS CHUCTeMH. J{OCSTHEHHS BHCOKHUX TeMIIepa-
Typ JUIsl KUCJIOTHUX CyMIIIEN Oe3M0cepeIHbO 3 pOOOTOI Y 3aKPUTHX CUCTEMAX —
aBTOKJIaBax. Hanpukian, MokHa BUKOPUCTOBYBATH 0araro JETKUX 1 arpeCUBHUX
peareHTiB (a30THy, COJISIHY, IUIABUKOBY KHCJIOTH) MpPH TemIepaTypax BHILE iX
KUIIHHA Tpu atMocepHoMy TucKy. [liBuIEHHS Temieparypu HpoOomiaro-
ToBKH Ha 10 °C IpHCKOPIOE KUCIOTHE po3Kiaagans y 2—3 pasu. IIpu po3kiaganHi
HANCKIAMHIMX Mpo0, TaKUX SIK YHCTI PIAKICHI TUTATHHOBI MeTald, Kapoin
KpEeMHII0, HITpHJ O0py, HEOOXiHO OLIBII HDK JBOTOJWHHE PO3KIAJaHHS IPH
temreparypi 250 °C i Burite. Ile MOXKIIMBO JHIIIE B TOMY BHITAJKY, SKIIO KOKYXH
aBTOKJIaBIB BUKOHAHI 3 MIHEPAJILHOI KE€paMiKu, HANpUKIa, K y poTtopi Nova-8.
BaxxnuBuii MOMEHT K AJisi Oe3rneku, Tak 1 Oe3nepepBHOI poOOTH — HAsSBHICTH
B ABTOKJIaBaX TPHUCTPOIB CKUIAHHS TUCKY MPHU JOCSITHEHHI TPAHWUYHO JOIYCTH-
MOT0 piBHsI. EBOIOIIST aBTOK/IAaBIB BiJl PO3PUBHUX OOMO 70 PO3PUBHHUX AMCKIB Ta
MeMOpaH Mpu3Bea 10 BUMTYCKY aBTOKJIABIB 3 KJIallaHAMU JJIs CKUIaHHS HAJTUII-
koBoro Tucky. Hanpuknan, B aBToknaBax potopiB Nova-8 ta SK10 Milestone ipu
nocsrHeHH1 TUCKY 100 at™ ckuparotbest juiie 1-2 atM. O4eBHIHOIO TTEPEBAror0
KJIalaHiB Tepel PO3PUBHUMHU JMCKAMH € MOXJIMBICTh €JIEMEHTHOTO aHali3y
npoOu IMCIIsE TaKOorO CKUJJIAHHS, a TaKoK Oe3mneka: Mpu po3puBi MeMOpaH,
Hampukiaa, B aBTokiaaBax Ha 100 arm, ogpa3y 100 atM CKUIAlOTHCS B Kamepy
CHCTEMH.



3 MIKPOXBUABOBE BUIIPOMIHIOBAHHSI
B IHTEHCU®IKAIIII ITPOBOIIIAIOTOBKMU

MikpoxBuiboBe BunpomiHioBanHsd (MXB) — 11e ouH 3 BHIIB HEIOHI3Y-
I0OUOT0 €JIEKTPOMArHITHOTO BUIIPOMIHIOBAHHS, YACTOTH SIKOTO PO3TAIIOBaH1 MIXK
iH(pauepBoHOIO OOnacT0O U pamioyacroramu B aianazoni 300-30 000 MI'.
JIst 3acTOocyBaHHSI B MPOMUCIIOBOCTI, HAyIll Ta MEIUIIMHI BUKOPUCTOBYETHCH,
rOJIOBHUM 4MHOM, 4actoTa 2450 MI'1. Mexanizm B3aemojii MXB 3 peuoBu-
HOIO TOJISITa€ B TOTJIMHAHHI OCTAHHBOK €HEPTii €JIEKTPOMArHiTHOTO BHUIIPO-
MIHIOBaHHS ¥ pO3CitOBaHHI 1i y BUTJISA1 Tera. Xo4a yactotra MXB Biamosiiae
00epTOBOMY PyXy MOJEKYJd, Y KOHJICHCOBAHOMY CTaHi, Jie, Ha BIAMIHY BIJ
ra3oBoi (pa3u, BUIbHUI PyX MOJEKYJ BIICYTHIM, MOTJIMHAHHS €HEPrii HeraiHo
MPU3BOJIUTH A0 1i MEPEePO3NOILTY MIXK MOJEKyJIaMU Ta TOMOTEHHOMY pPO3ITrpiBY
CepeI0BUIIIA.

[Tpu BrummBi MXB Ha po3unHM mepefada eHeprii 311MCHIOEThCS 3a JBOMaA
MEXaHI3MaMHM: 32 PaXyHOK IMEpEOpIEHTALl] TUIONIB PO3UYMHHUKA U, Y Pe3yJIbTari,
MEpEeMIIIIEHHS] B HBOMY 3aps/DKEHUX 10HIB PO3UMHEHOI pPEYOBHMHHU, TOOTO 3a
JIOTIOMOTOI0 JTUTIOJIBHOTO 00€pTaHHA ¥ 10HHOT TIPOBIAHOCTI. [TormMHanHsS MIKpOX-
BUAJILOBOTO BUITPOMIHIOBAHHS 3a PaxyHOK 3a3HaueHUX €(EeKTIB MPU3BOIUTH IO
3pOCTaHHsl TeMIeparypu B 00’e€mi MpoOH, IO PO3KPUBAETHCS, MPUCKOPEHHIO
MPOLIECIB  MACOMEPEHOCY, IO BIAOYBAIOThCA B po3uMHAX, AUPy3ii, a Takox
XIMIYHUX B3a€MOJIIN 32 Y4acTIO PO3YMHHUKA. MIKpOXBUILOBE BUIIPOMIHIOBAHHS
TeHEPYETHCS MarHETPOHOM, IEPEIAEThCS 3a JOMOMOTOK XBHIJIEBOIY B pobOoumit
00’eM Tieul Ta pO3MOAUIETHCA 3a PI3HUMHU HAIPSIMKaMH 3a JOMOMOIOI0 ITUPKY-
nstopa. s piBHOMIPHOTO HarpiBaHHSI peakiliiiHl CyJWHU TOMIIIAIOThCS Ha
poropi, mo obepraeThcsi. OMHOYACHO POTOP BUKOPUCTOBYETHCS JIsl 3abe3re-
YEHHS BEHTWIAI1, KOHTPOJIIO TEMIIEPATypH Ta TUCKY B aBTOKJIaBaXx.

BuxopuctanHss MIKpOXBHIILOBOTO PO3KJIAJaHHS JO3BOJIAE 30UIBIINTH
e(EeKTUBHICTh PO3KJIaJaHHS, CKOPOTUTH Yac PO3KJIaJaHHS W 3MEHIIINTH BUTPATH
PEaKTHBIB.

MiKpOXBUIBOBI CUCTEMH MOXKYTh OyTH BIJIKPUTOIO ¥ 3aKpUTOrO THILY.
[lepeBarn meueil BIAKPUTOTO THITy B TOMY, IO MOKHA PO3KJIaAaTH IPOOH
O1IBIIIOT MacH, a TaKOXK MPOOH 3 MIIBHIICHUM BMICTOM OPTaHIYHHUX PCUYOBHH.
VY meyax 3aKpUTOTO THITY PO3KJIaIaHHS TPOBOIUTHCS TIPH MiABUIIIEHOMY THCKY,
[0 JTO3BOJISIE YHUKHYTH BTpaT JICTKOJIETIOUWX eneMeHTiB. HaitOiapim Bimomi
BUPOOHUKHA MIKPOXBHUJILOBUX I€Ued I XIMIYHOTO po3kiamganHs: SEM
corporation, Milesnone, Anton Paar.

MikpoXxBUIBLOBE PO3KIAIaHHs IPOBOASATH Y MOCYAMHAX, BUTOTOBIICHUX 13
dbTopBMIITYIOUUX MOJIMEPIB, pijlie 13 kBapiry. [Ipu boMy MakcuMasabHa
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TEeMIlepaTypa HarpiBaHHS CTaHOBHTH
200-300 °C, makcuMalabHUH THCK —
100 at™m 3anexHO BiJ BUPOOHUKA i KOH-
KpPETHOI MOJEeIl MIKPOXBWJIBOBOI I€Yi.
SIx mpaBwiIO, OAHA 3 TOCYIWH, Y SKHUX
POBOJIATH PO3KJIAJAHHS, MA€ JAaTUYUKU
KOHTPOJIIO TEMIIEPATYPH U TUCKY.

Hwxue HaBeneHa HalicydacHiIna
nabopaTopHa MIKPOXBUJIbOBA CHUCTEMa
«Mapcy (CILA) (puc. 3.1).

Buxopucranas MX-BUIIPOMiHIO-
BaHHS TMPHU3BOJHWTH SK JO I1CTOTHOTO
CKOPOYCHHS Yacy pO3YMHEHHS MPOOH, TaK 1 4aCy KOHIEHTPYBaHHS MIEPBUHHOTO
po3uuHy npoou. CKOpOUYEHHS Yacy PO3YMHEHHS 3pa3ka OOyMOBJICHO II€IO
TPHOX (PaKTOPIB: 3a0€3MEUEHHAM BUCOKOI TEMIEPaTypH, CTBOPEHHSIM Y KOHTEH-
HEpi-aBTOKJIABI (JIe po3MillieHa poOa) BUCOKOTO THCKY Ta CTENU(IYHOTO BILUIUBY
MX-BunpoMiHIOBaHHsS Ha po3uuH. KpiM TOro, 3MeHIIEHHA 4Yacy HIATOTOBKU
npoOu mpu BUKOpHUCTaHHI MX-BUIIPOMIHIOBaHHSI MOK€ OyTH NOB’si3aHE 3 Je-
SKUMU CTIeU()IYHIMUA 0COOJIMBOCTSIMU aHATI30BaHO1 CUCTeMU. Tak, mij] BIUTMBOM
MX-BUNIPOMIHIOBAHHSI TIOMITHO IPUCKOPIOIOTHCSI YTBOPEHHS B PO3UYHMHI JIFOMI-
HECIIEHTHUX KOMIUIEKCIB (1[0 BaXKJIMBO MPHU JIOMIHECIICHTHOMY BH3HAYCHHI
€JIEMEHTIB, SIK1 aHATI3YIOThHCS), Yac BUIyUYEHHS aHAJII30BaHOTO 10HY Ha COpOEHTI
ab0 xpoMartorpagiyHOro MOy 10HIB Ta 1HIII MPOIECH.

CymrigHas Ta gerigparaitis. TpagumiiHuM I XIMIYHOT TIPAKTUKHA € BHKO-
puctanHs MX-BUNPOMIHIOBaHHS JJIsi CYILIIHHS Ta Jeriaparauii mnpenaparis.
OcoOauBOCTI IIUX MPOIIECIB MOJATAIOTh Y TOMY, 1110 00po61i MX-nosieM mija-
FOThCSI JIIETIEKTPUKY — BUCOKOUCIIEPCHI MaTepiajid (ITOPOIIKH), IO CKJIaIat0ThCs,
K TIPAaBUJIO, 3 HEBEJIMKUX YACTHHOK pPO3MIpIB (BiJi YacCTOK MIKpOMETpa 0
nexinpkox MmutiMerpiB). [Ipu mpoxomkenHi MX-BUTIPOMIHIOBaHHS 4epe3 00’eM
OKpEMHUX YaCTHHOK TaKWX IOPOIIKIB HOro IHTEHCHBHICTH CjalIla€ HE3HAYHO.
ToMy po3irpiB KOKHOI 4acTKH BIAOYBAETHCS 0ipa3y Mo BChoMy 00’eMy. Jlo Toro
XK, y 6araTbOX BHUIIQJKaX OCHOBHHUH MaTepia, IO IMiJJIa€ThCS CYIIIHHIO, CaM I10
co61 MX-BUNPOMIHIOBaHHSI TIPAKTUYHO HE TMOIMIMHAE, TAaK 10 PO3IrPiB MOPOLIKY
1 BUWIYYEHHS 3 HBOTO BOAM TIOB’SI3aHI TUIBKM 31 3JAaTHICTIO MOJIEKYJ, IO
BUAAISIOTHECS. SIK TIIBKM B TIOPOIIKY BOJIOTM HE BHUSBISETHCS, HOTO PO3IrpiB
npurmuHsa€eThes. {1 0coOMMBOCTI MPU3BOIATH HE TUIBKU 0 PI3KOTO 3MEHIICHHS
TPUBAJIOCTI CYHIHHSA Mg giel0  MX-BHNPOMIHIOBaHHS, aje 1 J0 JCIKHX
TOJATKOBHX €(EKTIB, sIKi CIIOCTEPITAIOTHCS, HAPUKIIA, B KPUCTAJIOT1ApaTax.

MikpoXBHIIbOBI PEAKTOPH — MaOyTHE MIKPOXBUIBLOBOI MPOOOITIITOTOBKH.
OOMeXXEeHHSIM KaMEpHHX CHUCTEM MOXHa BU3HATH HEMOXJIMBICTH OJJHOYACHOTO
PO3KJIaJIaHHS PI3HOTUIIHUX TPOO Yy PI3HUX PEAKIIHHUX CyMIIIax, OCKLIbKH

Pucynok 3.1 — Mixpoxeunvosa niu
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B I[bOMY BHMAJKY, Y 3B’SI3KY 3 PI3HUM IMOTJIUHAHHSIM MIKPOXBUJIHOBOIO BUIIPO-
MIHIOBaHHSl PI3HUMHU CyMIlIamMH, PI3HUI TEMIEPATyp MK MPOOAMH MOXKeE
nepesuinyBat 100 °C. Kpim TOro, aBTOK/IaBM Ta POTOPH JAOCHTh CKJIaIHI 3a
KOHCTPYKIII€IO 1, HAUTOJIOBHIIIE, OaraTo KOmITyr0Th. [{UX HEM0IIKIB 1M030aBIIeHI
MIKPOXBHWJIBOBI PEAKTOPU — CTaHLIi BHCOKOro TUCKY. Iloku mo Taki cucremu
BUpOOJIAe TUTbKK KoMriaHis Milestone — migmoroBa UltraCLAVE Tta nactinpHa
UltraWAVE. Tlpuniun poOOTH TakuX peakTopiB — mpoOu y mpodipkax i3
KPUIIKAaMHU y IITaTHBAX BJIACHUKA aBTOMATUYHO BCTAHOBIIIOIOTHCS Y PEAKTOP.
[lepen MIKpOXBUIBOBUM OMNPOMIHEHHSIM B KaMepy TOJAETbCS HAUIAIIOK
iHepTHOrO raszy (apron/azor, 40—70 aTm), 10 MEPEUIKOJKAE TMEPEXPECHOMY
3a0pyIHIOBaHHIO MpOoO0 mpu HarpiBaHHi. PeakTop Oe3repepBHO OXOJOMKYETHCS
LHUPKYJIATOPOM BOJOOXOJIO/DKYBAaUYEM, IO 3a0e3Meuye, 30KpeMa, TyKe MIBUAKE
OXOJIOMKEHHA peakiiiHoi 30Hu (7—10 XB) micis 3aBEepIICHHS IIUKITy HarpiBaHHS.
Cucremu UltraCLAVE Ta UltraWAVE 103BoJIsSIFOTh PO3KJIaAaTH BEIUKI HABAKKH
B ojuH IUKI: BianmoBimHO 10 100 Ta 60 T MiHepanmbHMX Ta 35 1 20 r opraiu-
HUX 1Ip0o0. TuMoOBMMHU POOITHUKAMU PIAKO BHUKOPHUCTOBYIOTHCS B aBTOKJIaBaX
TPaJUIIIfHIX KaMEPHHUX CUCTEM KpuTH4HI Temreparypu monan 250 °C. IlepeBara
PEaKTOPHUX CHCTEM y TOMY, IO PEaKiliiiHi CyIWHH B I[bOMY BHIAJKY JIETKO
MIAXOAATh O aBTOCEMIUIEPIB PI3HUX BUPOOHUKIB 1 MOXKYTh OyTH BHUKOPHCTaHI
oe3nocepeqHbO s eneMeHTHoro aHamizy Ha noiayM sinux AAC, AEC-I3II Ta
MC-AEC, 6e3 TpaauIliiiHOro mepeHeceHHs NMpod 3 aBTOKIJIABIB B 1HIIMN TOCY],
HampuKiIaa, y MipHi komou. Lle, y cBOw yepry, 3HA4HO 3HW)KYE MOXIIUBICTH
3a0pyAHEHHS P00 330BHI MICISI MPOLIEAYPH 1X PO3KIIATAHHS.

MikpoxBunsoBi Mydeni — mydeni, B SKHUX HarpiBajibHI MaHedl poOouoi
30HU Ta NPOOH, IO O30JIIOITHCA, MOIMTMHAIOTh MIKPOXBUJILOBUM BUIIPOMIHIO-
BaHHSM. 3aBJSIKM 3HAUHOMY BHECKY CHEHM(PIYHUX €PEKTIB MIKPOXBUIHOBOTO
BUIPOMIHIOBAHHSI Ta MOKPAIEHIM KOHCTPYKII MyQesi TUIIOBUM Yac 030JICHHS
y 5-10 pa3iB MeHIIMH, HDK Y TpaauliiHuX Mydensx, 1 CTaHOBUTh 25-35 XB.
Buxopucrtanus mydenis, mo cyTi BIAKPUTUX CHUCTEM 3 yCIMa HACHTIAKaMH, IO
CTOCYIOTBCS JIETKUX €JIEMEHTIB 1 popM, BUIIpaBIaHe TIPU HEOOXITHOCTI CyXOro
030JI1HHS BEJIMKHUX HABAXKOK.

Jlo crienianbHUX MOKIIMBOCTEH MIKPOXBHJIBOBUX CHCTEM MOXKHA BiTHECTH
MarHiTHE mepeMillyBaHHs Mpo0 Mij yac po3kiagaHHs (€KCTpakiiii) 3 MOCTIHHO0
ab0 3MIHHOIO MIBUJKICTIO TEPEMIIIyBaHHSA, L0 3PYYHO NpU PO3KIATaHHI
BEJIMKHMX HaBa)KOK, HAMpUKJaa, 2—4 T IPYHTIB.



4 YO-BUIITPOMIHIOBAHHSI
B IHTEHCU®IKAILIII ITPOBOIIIATOTOBKMN.
DOOTOXIMIUHA ITPOBOIIIAI'OTOBKA

VYnbTpadioneToBe BUPOMIHIOBAHHS — €JIEKTPOMArHiTHE BUITPOMIHIOBAHHSI,
0 3aiiMa€ CIEeKTpaIbHUM Jialma30H MK BUJIMMUM 1 PEHTTEHIBCHKHM BHIIPO-
MIHIOBaHHAMHU. J(OBXMHM XBWIb Y @-BUNPOMIHIOBAHHS JIekKaTh B 1HTEpPBaJl Bij
10 go 400 mM (7,5-10* — 3-10™ I'n). Haif6inbmr pO3MOBCIOMKEHE IKEPENO
BUITPOMIHIOBAHHSI — PTYTHA JiaMIla HU3bKOTO TUCKY 3 HAWOUIbLI 1HTEHCUBHUMU
maigaMu 180 ta 253,7 HM.

doToxiMidyHA MPOOOMIATOTOBKA — II€ IMIJATOTOBKA MPOOM 10 aHamI3y
3 BUKOPUCTaHHSAM (POTOXIMIUHOI peakiiii. DomoximiuHumu HA3UBAIOTh PEAKIIi,
[0 MPOTIKAIOTh JIMIIE TPH il mpoMeHucToi eHeprii. CyTHICTh (HOTOXIMIYHOI
peaxiiii moJiArae B akTUBALli MOJIEKYJIM pearyrovoi peyOBUHU MPU NOTJIMHAHHI
KBaHTa cBiT/ia. POTOXIMIYHA pEaKIis Ma€ Takl OCOOJMBOCTI: BHUCOKA CEJIEK-
TUBHICTb, SIKa MOXK€ OyTH 30UIbIIIEHA MPU BUKOPUCTAHHI (UILTPOBAHOTO abo
MOHOXPOMaTUYHOTO CBITJAa MEBHOI JOBXWHU XBHWJI; MOXJIMBICTh OTPUMAaHHS
MPOAYKTIB, BUTBHUX BiJ] JOMIIIKH HAJJIUIIKY PEareHTy, OCKUIBKH POJIb PEareHTy
Bigirpae cBiTi0. TakuM YMHOM, MOKHA OOIMTHCS 0€3 JOAATKOBOTO OYMIICHHS
Ta JOMOITHCS OJCP>KaHHS OCOOJMBO YHMCTHUX PEYOBHH; HE3AJICKHICTh IIBUIKOCTI
(GOTOXIMIUHOI peakIrii Bii TEeMIEPaTypH, 110 CIPOIILYE MPOBEACHHS MPOIIECIB Ta
3a0e3mneuye Kpally BIATBOPIOBAHICTh PE3yJIbTATIB.

CyTHiCcTh (POTOXIMIYHOI peaKilii MOJsrae B aKTHUBALIll MOJIEKYJIH, sIKa pearye
IIpU MOTJIMHAHHI KBaHTA CBITJA, B PE3YJIbTATI SIKOI MOJIEKYJIa JI0JIa€ aKTUBALIIMHUAN
Oap’ep ab0 YTBOPIOIOTHLCS PAJIMKAIIH, 1110 3yMOBIIIOIOTH MEPEOIr MEBHUX PEAKIIIA.

[TouaTkoBUM aKTOM OYIb-SIKOTO (DOTOXIMIYHOTO MPOIIECY € TMOTITMHAHHSA
KBaHTa CBITJIA MOJICKYJIOIO PEYOBMHHU 1 Tepexif ii B eIeKTPOHHO30YHKCHUN
(oTo30ymKeHnit CHHTICTHHI) cTaH. Lleit ctan mocsraeThes B pe3ynbTaTi HOILTY
€JICKTPOHIB OJHIET 3 Map MPH MEepexo/il eIEeKTPOHa 3 -, o-, N- OpOITalll OCHOBHOTO
CTaHy Ha 30y/keHy opOiTaib. B enekTpoHHO-30yI)KEHOMY CTaHi MOJIEKyJia
sHaxouthes mpotsiroM 10°-107 ¢, micist "oro BHACMiZOK BTpaTH eHeprii BOHA
NEPEeXOUTh Y TPHUIUICTHUM (METAacTaOUIbHUI) CTaH, IO BIAPI3HAETHCA Bij
BUXITHOTO HE30Y/HDKEHOTO HampsIMOM CITIHA ONTUYHO AaKTHBHOTO E€JICKTPOHY.
TpHUBAICTh JKUTTS MOJCKYIH y TpHIieTHomy crani — 10° + 10 ¢ i Ginbire.
[lepexin eneKTpOHHO-30YPKEHUX Ta TPUIDICTHUX MOJICKYJ Ha3ajd Yy BHUXIIHHA
He30y/DKeHUH CTaH BiIOYBAEThCS SIK MIIIXOM (PI3MUHOI Je3aKTHBAIIi, Tak 1 BHa-
CiMiIoK (OTOXIMIYHUX peakilid. Y pa3i Gpi3uuHOI Je3aKTHBAIlli €HEPrisl eIeKTPOH-
HOTO 30Y/KEHHS MOJICKYJIM BUTPAYAETHCS 301IBIICHHS KIHETHYHOI (TEIUIOBO1)
€Heprii MOJIEKYJIM YW BUIIPOMIHIOEThCA. EHepriss Mosiekyiu B e(eKTpoHHO-


https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D0%BC%D0%B5%D1%82%D1%80
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30y/KEHOMY 4YM TPHUIUIETHOMY CTaHI MOXE BUTpayaThcs B TPUCYTHOCTI BIJ-
MOBIHOI peyoBHHU B3aeMoAito Kocmocy 3 HuUM, TOOTO (HDOTOXIMIYHY pEaKIIito.
VY BIICYTHOCTI Takoi pEYOBHHHM MOJIEKYJA, IO MOTJIMHYJIA KBAaHT CBITJIA, MOKE
3a3HABATU PI3HUX CTPYKTYPHHUX 3MIH (MOJIMEpHU3allis, 130Mepu3allisi, TayTOMEpH-
3alis, NeperpynyBaHHs) ado yTBOPIOBATH PAAUKAIIH.

Jlo nepBUHHUX (POTOXIMIYHMX PEaKIlId HAJICKUTh TAaKOXK MIKMOJICKYJISIPHE
dboToTnepeHECeHHST €JICKTPOHIB. BINBIIICTh XIMIYHMX PEaKI[id MPOTIKAIOTh 3a
YYacTIO TPUIIETHUX MOJEKYJN (10 TMOB’S3aHO 3 BEJIMKUM YacOM KHUTTS), SIKi
XapaKTEepU3YIOThCA MIABUILIEHOIO PEAKIIMHOIO 31aTHICTIO. L{e 3yMOBI€HO THM, 110
MOJIEKYJIa B TPUIUIETHOMY CTaHI Mae€ BJIAcTUBOCTI Olpanukaiy. Molekynu, 1o
YTBOPIOIOTHCA B PE3YJIbTATI MEPBUHHOIO (POTOXIMIYHOTO MPOLECY, MOXKYTh BCTY-
naTh y B3a€EMOJIII0 MK COOOIO 1 pearyBaTu 3 IHIIMMH PEYOBHUHAMU. Y TPUCYT-
HOCTI KHCHIO MOXK€ BIOYyBaTHCSl TpUEIHAHHA 110 30y/DKeHOT Monekynu. s
OpraHIYHUX PEYOBHMH XapakTepHi peakiii goropo3namy, To0To (otomizy. [Tomm-
peHi peakilii (HOTOOKHMCHEHHsI, (DOTOBIIHOBICHHS, (HOTOAUCIIPOIIOPIIIOHYBAHHS
(mepeHeceHHsl €JIeKTPOHAa MK JBOMa MOJEKYJIaMU B €JIEKTPOHHO-30YIKEHOMY
ab0 TPUIUICTHOMY CTaHl MPU3BOJUTH JIO BIJIHOBJIEHHS OJHIET MOJIEKYJU Ta
OKMCHEHHA 1HIIOI). Pe4oBHHHU, 1110 YTBOPIOIOTHCSI B PE3YyJIbTaTi MEPBUHHHUX
(OTOXIMIYHMX PpEaKIliif, 4acTO MalOTh BUCOKY PpEaKLIWHYy 3JaTHICTb 1 MOXYTb
BCTYNATW y 3BUYAWHI XiMmiuHl peakmii. LI peaxuii Ha3uMBalOTbCS BTOPUHHUMU
(OTOXIMIYHUMH pEaKIiIMU a00 TEMHOBHUMH, a00 TEIUIOBUMHU (TEPMIYHUMHU),
TOOTO MPOTIKAIOTH O€3 JIii CBITIIA.

Takum 9uHOM, KOXKHY (POTOXIMIUHY PEAKIiI0 MOKHA PO3IIIUTH HA TPHU
cTamii:

— MOTJIMHAHHS KBAaHTa CBITJIA, BHACIIJIOK SIKOTO 3’ SBJISIETHCS €IEKTPOHHO-
30ymKkeHuil ab0 MeTacTaOlIbHUNA TPUIUIIETHUIN CTaH MOJIEKYJIH;

— NepBUHHI (OTOXIMIYHI MOpOLECH, Y AKUX OepyThb y4acThb MOJIEKYJIH
B €JICKTPOHHO-30Y/PKEHOMY CTaHi;

— BTOpPUHHI a00 TEMHOBI pPEakIlii PEYOBHH, 110 YTBOPIOIOTHCS BHACIIIOK
MEPBUHHUX TTPOIIECIB.

CenekTuBHICTh (POTOXIMIYHOI aKTHBAIlli PEYOBHMHA OOYMOBJICHA THM, IIIO
CBITJIO B3a€MOJII€ TUTLKH 3 PEYOBHHOIO, sIKa MOro morivHae. JIo Toro K, He BCe
CBITJIO, 1110 TOTJIMHAETHCS PEYOBHHOIO, € XIMIYHO aKTUBHUM. [[Jig KOKHOI pedo-
BUHU € TpaHUYHE 3HAYEHHS JOBKMHHU XBWJI, BHUIIE 3a SKE CBITJIO HE 3/IaTHE
BUKJIMKATH XIMIYHE TIEPETBOPEHHS JaHOI PEYOBMHU. TOMY, BHKOPHCTOBYIOUH
MOHOXPOMAaTHYHE CBITJIO TIEBHOI JOBXXWHU XBUJII, MOKHA OOMEXHUTH HOro B3a-
EMOJIII0 3 OJHIEI0 00 MIHIMAJIBLHOIO KUTBKICTIO PEYOBHH, IO MICTATHCS B CYMIIIII.

3akonu ¢goroximii
[Tepmuii 3axkoH ¢doToxXimMli — GOTOXIMIYHE MEPETBOPEHHS BiIOYBAETHCA
TUIBKWA MiJ €0 CBITJIA, IO TOTJHWHAETHCS PEUOBUHON. SKIO peuyoBHHA
MIOTJIMHAE CBITJIO TaKOi JIOBKWHH XBHJII, IO HOTO €HEPTisl BHUIA 32 CHEPTIFo
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akTuBalii (eHeprii (GoTOXIMIYHOTO PO3KJIAJaHHS), TO MPH OMPOMIHEHHI ITUM
CBITJIOM PEAKLIAHOI CyMilIl BIIOYBaTUMETHCS (POTOXIMIUHA PEAKIIis.

Jpyruii 3akoH GOTOXIMIi — 3aKOH (POTOXIMIYHOI €KBIBAJIEHTHOCTI: KOYKHA
MOJIEKYJIa, 10 Oepe ydacTb y XIMIYHIN peakuii, sika BIAOYBA€ThCA MiJ AIEIO
CBITJIa, NOTJIMHAE | KBAHT MPOMEHUCTOI €HEPrii, IKUIl BUKIIUKAE PEAKIIIIO.

Lle#t 3aK0H 3aCTOCOBYETHCS JIMIIIE O MEPBUHHUX (POTOXIMIYHUX IPOIIECIB,
OCKIJIbKM BTOPUHHI JIAHITFOTOB1 PeaKIlii MOXKYTh MPU3BOJUTH JIO TOTO, 110 TIOBHHMA
KBaHTOBUM BuUXiJ (BIAHOIIEHHS YHWCIa MOJEKYJ, IO MpopearyBajid, 0
MOTJIMHEHUX KBaHTIB) OyJie 3Ha4YHO Oubile 1, TOOTO KOXKEH MOTJIMHEHUH (POTOH
a00 KBaHT CBITJIa Y IEPBUHHOMY aKT1 37aTHUI aKTUBYBATH JIMIIE OJHY MOJICKYILY.
Ile o3Hauae, 110 MOTIMHAHHA CBITJIAa — OJHOKBAHTOBUH IPOLEC, 1 KBAHTOBUM
BUXI1J] IEPBUHHOTO TIPOLIECY JIOPIBHIOE 1.

BianoBigHo 710 3ak0HY (POTOXIMIYHOT €KBIBAJIGHTHOCTI OYJIO 3aMpOIOHO-
BaHO oauHMII EiHmTeiiH. EfHmTediH (MikHapoaHe Mmo3HaueHHs — E) —
M03aCUCTeMHA OJMHUIl KUIBKOCTI KBaHTIB CBITJIa (()OTOHIB) MEBHOI YaCTOTH,
KA BUKOPUCTOBYETHCS ¥ POTOXIMIi. AHATIOTIYHA OJUHUILI KUIBKOCTI PEYOBUHU
B MixHapoaniit cuctemi onunuils (Cl) — momo. B ogHomy EiHiiTeiini mic-
TUTBCS KUIBKICTh (DOTOHIB, 110 JOPIBHIOE KUIbKOCTI ABoraapo. Takum ynHOM,
1 E =6,022140-10* kBaHTiB MOHOXPOMATHYHOI'O CBITJIa.

Ha3Bana Ha yecth AnbOepra EilHmITEiHa, KM MOSICHUB (POTOEIEKT-
pudyHUi e(eKT 1 BBIB YSABJICHHS MPO KBAaHTH CBITIa ((OTOHH).

[Tpu momxuH1 xBuii 555 uM (3enenuit komip) 1 EiHmTeliny Binmosimae
enepris 215685 JIx i citnoBa enepris 1,47-10% mv-c — e Moxxe 3abe3mednTn
ocBigeHicTs 100000 1 mpoTsirom 25 XB.

Bu3HaueHHS KBaHTOBOTO BUXOJy Ma€ 3HAUEHHS /I PO3YMIHHS Mexa-
HI3MY (QOTOXIMIYHOI peakiii. 3a BETUYMHOI KBAaHTOBOTO BUX0AY (DOTOXIMIUHI
peakIlli MOXXyTh OyTH MOAIJICHI HA JIBA TUIIU:

— peakIiii 3 KBaHTOBUM BHUXOAOM < |; IpW MPOTIKaHHI IHUX pPEaKIii
KUIBKICTh PEYOBHUHH, 1110 TIpopearyBaa, MponopiiiiHa KiTbKOCTI CBITIA;

— peakIrii 3 KBaHTOBUM BUXOA0M > 1; 111 peakilii 30yKyIOThCS CBITIOM
1 gam WayTh myke mBuAKO. Peakitii gpyroro tumy € ex3otepmiunumu. [lormu-
HaHHS KBaHTa CBITJIA JIa€ TIOYATOK MPOIIECY, 110 MPOTIKAE 3 BUIIJICHHSIM SHEPTIi.
BuBiibHEHa eHepris HUISIXOM 31TKHEHHS IEPEeIA€ThCsl 1HIINH MOJIEKYJII, 1110 CTae
peaKIiiHO34aTHOI0, TOOTO PEaKIlis MPOTIKAE 3a JIAHI[FOTOBUM MEXaH13MOM.

Jl’kepesia BUNIPOMiHIOBAHHSA, CBITJIOQUIbTPH
Comnstune cBiTio. Lle mxepeno xapakTepus3yeThCsi BUCOKOIO IHTEHCHUBHICTIO
B IIIMPOKOMY Jliarma3oHi CIeKTpa. 3aCTOCOBYIOYH CBITIO(PUIBTPH, MOKHA BUIUTATH
CBITJIOBY €HEPrit0 HEOOXITHOIO Jialma30Hy JOBXHWH XBWJIb. OIHAM 13 HEIOMIKIB
€ CUJIbHA 3MiHA 1HTEHCHUBHOCTI, IOB’s3aHa 31 CTaHOM aTMoC(epH, 4acoM 100U
Ta poky. ToMy B JaHuUN 4ac COHSIYHE CBITIO SIK JIKEPEIO BUIPOMIHIOBAHHS
NPAaKTUYHO HE BUKOPUCTOBYETHCHI.
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Jlamniu po3xKaproBaHHS HE MOXYTh 3HAWTH IIUPOKOTO 3aCTOCYBaHHS,
OCKIJIbKM OCHOBHA YacTKa CBITJIOBOI €HEPIii, 10 BUIIPOMIHIOETHCS HUMH, TIPU-
najae Ha iH(payepBOHY 00JIACTh CIEKTPY, TPOXU — HA BUAUMY, 30BCIM MaJlO —
Ha YO.

PryTHi namnm — mxepena yCD-BI/IHPOMiHIOBaHHSI Bonu npencrasisroTh
coboro TpyOKy, K00y ado0 mocyAauHy 1HIO1 GopMH 3 KBapily ab0 TYroIuIaBKOTO
CKJla, 3 SIKOrO BHJIAJICHO TMOBITPS 1 BBEIEHO HEBEIUKY KUIBKICTH PTYTI Ta
1HEpTHOTO ra3y (HampuKIIaJ, aproH, KCEHOH, KPUITOH). XapaKTep po3psay 3ajie-
KHUTh B TPUPOAM ra3zy, WOT0 THUCKY Ta MPHUKIAAEHOI Hampyrd. PtyTh, 110
MICTUTBCS B JIaMIli, BUMIAPOBYETHCS 1 B pe3ysbTaTi 30yIKEHHS €ICKTPUYHHM
pO3psiIoM MOYMHAE JroMiHecyBaTH. Ilicias nporo Hampyra Ha Jiamii 3HUXKY-
€TbCSI IPUOIN3HO BABIY1 MOPIBHIHO 3 HAPYToko 3anaidtoBaHHs. [Ipy HakagaHH1
HAIpyTy Ha eJeKTPOoau (Hampyra 3amajdioBaHHSA) MOJIEKYJH Ta3y B MIKEIEKT-
POJIHOMY TMPOCTOP1 10HI3YIOTBCSI 1 BHUHHUKAE €IEKTPUYHMA po3psia. CrekTp
BUIMIPOMIHIOBAHHS PTYTHHUX JaMM JIIHIMHUKA 1 MicTUTh moHaza 200 miHiA pi3HOT
IHTEHCUBHOCTI. 3aJIeXKHO BiJl TUCKY Ta3y IiJ 4ac poOOTH JIaMIl iX MOAUISIOTH Ha
namnu Husbkoro (Bim 0,01 mo 1 mMm pr.ct.), Bucokoro (Bim 1 go 3 arm),
HAJIBUCOKOTO (KUIbKA JIECATKIB aTM) TUCKY. {7151 30y IPKeHHSI KOPOTKOXBUIJIHOBOTO
Y ®-BUnpOMiHIOBaHHSI HAMKPAILIMM JIKEPENIOM € pTyTHA Jamila HU3bKOTO TUCKY,
B CIIEKTPI SIKO1 € IHTEHCUBHA PE30HAHCHA JIHISI pTYTi nipu 253,7 HM.

Jlnst oTpuMaHHS JOBrOXBWIBOBOTO Y D-BUIIPOMIHIOBAHHS BHYTPIIIHIO
MOBEPXHIO PTYTHOI JIJAMIIM HU3BKOTO TUCKY MOKPUBAIOTH IIapoM JrOMiHOQOpa,
10 TIOTJIMHAE PE30HAHCHE BUMPOMIHIOBAHHS MAPiB PTYTI 1 BUTIPOMIHIOE OB
TOBrOXBUIH0OBOI Y ®D-001acTi.

Peakyitini cyounu. SIk peakuiiiHi CyIMHU B OCHOBHOMY BUKOPHUCTOBY-
IOThCSl KBApIIOB1 MPOOIPKH, KIOBETH, YallIKU. SIKIO ONMPOMIHEHHSI TPOBOAUTHCS
3BEpXY, BUKOPUCTAHHA KBapiy He 00OB’SI3KOBO, MOKJIMBE 3aCTOCYBAHHS CKJA.
OnpomineHHs HEOOX1THO MPOBOJIUTHU TPHU TepeminryBadHi1 mpoou. [Ipu Tpusa-
JIOMY OTIPOMIHEHHI YaCTO BUKOPUCTOBYIOTH TEIUIOB1 PiIbTPH, 5K1 3a1100ITaI0Th
BUITAPOBYBAHHIO TIPOOH, 1 MOHTYIOThCS O€3MmocepeHh0 Ha BUIIPOMiHIOBaY abo

peaKIiitHy CyauHy.

3acrocyBanHs Y @-BUINIPOMiIHIOBAHHS
JJISE POOOIIArOTOBKH 3pa3KiB

Buxopuctranus Y ®-BunpoMiHIOBaHHS AJis MiHepali3allii IPYHTY€EThCS Ha
pYWHYBaHH1 PO3UYMHEHUX OPTaHIYHUX PEYOBHH Ta METAJIOKOMIUICKCIB il AIEF0
KBaHTIB €JIEKTPOMAarHiTHOT €HEPT1i.

[gHicTh (GOTOXIMIYHOTO METOAY MPOOOMIATOTOBKH IMOJIATAE Y HWOTO YHI-
BEPCATLHOCTI JI0 PI3HUX KIJACIB OpraHIYHUX pe4doBHWH. EdekTuBHICTH MeTomy
OIIIHIOETHCSI YACOM OMPOMIHEHHS MPOOH, MICIIS SKOTO PIBEHh KOPUCHOTO CUTHATY
3a0e3neuye KiUIbKICHY OIIHKY JIOMIIIOK BIJMOBIHO J0 YyTJIUBOCTI KOHKPETHOTO
croco0y Bu3HadeHHS. ONTUMaIBHUN Yac OMPOMIHEHHS JJIs BIJMOBITHUX MPOO
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BU3HAYAETHCA EMIPUYHO SIK Yac JOCSATHEHHS TMOCTIMHOI Ta BIATBOPIOBAHO1
BEJIMYMHM aHAJIITUYHOTO CUTHAITY Ta € YaCTUHOIO METOIUKHU MPOOOITIITOTOBKH.

[Ipsimuii poToNi3 € ManoeEeKTUBHUM MTPOLIECOM BHACIHIOK BUCOKOI IIBU/-
KOCTI penakcaiii MpoIyKTIB AMUCOIAlii, 0 MEPEIIKOIKAE IXHbOMY IPOCTOPO-
BOMY MOJUIy Ta NOJANBLIIOMY pO3BUTKY peakiii. Jns mpuckopeHHs ¢(oToxi-
MIYHUX peakiiid po3KJIaJaHHs po3urHEHUX opraHiuHux pedoBuH (POP) y mpoOy
BBOJISITh PEareHTH, 37aTHI BCTYIIATH B PEAKIIIIO SK 3 PO3YMHEHOI OPraHIvYHOIO
PEUOBMHOI0, TaKk 1 3 MPOMDKHMMHU NPOAYKTaMH (OTOMIZY. 3 IIED METOIO
BUKOPHCTOBYIOTh PI3HI OKHCIIOBaul: MepCcyib(ary, Nepxjaopary, epMaHraHaTH,
NEPOKCUJ BOJHIO, Fa30MO010HI KUCEHB 1 030H.

[HmMM cocoOoM 30UIbIIEHHS MBHUAKOCTI (POTOXIMIYHOTO PO3KJIaJaHHS
POP € 3actocyBanHs (hoTOKaramizaTopis, 0 € APIOHOAUCIIEPCHUMH TOPOILLIKAMU
HAIIBIPOBIAHUKOBUX peuoBHH: SnOy, Zn0O, TiO,, WO3, CdS ra iH.

Teopis oTokaramizaTopa 3aCHOBaHa Ha TOMY, IO MPH MOTJMHAHHI KBaHTa
CBITJIa 3 €HEPTI€I0, JOCTATHROIO IS MPSMOI 10H13al1li, €IEKTPOH 3 BaJICHTHOI 30HH
HAMIBIPOBITHUKA TEPEXOIUTh y 30HY MPOBIAHOCTI. EnekTponH, 1o yTBOpIO-
I0ThCS, 1 «IIpKa» 3[aTHI NepeMIlaTics 10 MOBEPXHI HaMiBOPOBIIHUKA, HA SKIN
€ afcopOOBaH1 MOJIEKYJIM BIIHOBHUKA Ta OKUCIIOBaYa, 1 MpOpearyBaTH 3 HUMHU.

EnekTpoH Bil MOJIEKyJIM BIJHOBHHKA MEPETBOPIOETHCS HA BAJICHTHY 30HY
HaIlIBIPOBIIHUKA 1 HEUTpaJI3ye MIPKY, a €JIEKTPOH Yy 30H1 MPOBITHOCTI BITHOB-
JIFO€ OKHUCITIOBaY. [OH-paivKaiy, 110 YTBOPIOIOTHCS, JIETKO BCTYNAIOTh Y PEAKIIiIo.

Heo0xigH010 YMOBOIO MOAIOHUX (DOTOKATATITUYHUX PEAKINH € TOJ0KEHHS
MOTEHI1aly OKMCHEHHS BIJHOBHUKA HE BUILE 32 «CTEJI0» BaJICHTHOI 30HU. [y
OUTBIIIOCTI OPraHIYHUX PEYOBHH I yMOBa BHUKOHY€ThCA. JlpiOHOAMCIIEpCHUI
doTokaTanizarop, Oyaydu XOpOIIUM COPOEHTOM, 3HAYHO 30UIbIIYE MOBEPXHEBY
KOHLIEHTPALIII0 PEareHTiB 1 CTUMYJIIO€ 301IbIIEHHS IBUJKOCTI peakilii. PoToka-
TATITUYHI peaKIlii 3aTHI 1HIIIIOBATUCS TOCUTh M SIKUM Y D-BUMPOMIHIOBAHHSIM,
IO COPUSATIMBO 3 TOYKHU 30pY 3aCTOCYBaHHs JIEHICBILIOI amaparypu 31 CKJa.
OpHak MOBrOXBUJIBOBE YJIbTPadioieTOBE BUIPOMIHIOBAHHS BHUKJIMKAE TeHEpa-
IO «EJEKTPOHHO-IIPKOBUX» TMap y MIMOWHI HAIIBIPOBIAHUKA, SIKI MOXYTb, HE
TOCATHYBIIIH MOBEPXHI, PEKOMOIHYBATH.

EdexTuBHOW0O i BU3HATH T€HEPAII0 TaKWX Map y MPHUIIOBEPXHEBOMY
mapi 1 3 UUX MO3MIIN Kpalle *XOPCTKE YIbTpadiloieToBe BUIPOMIHIOBAHHS.
Kpim Toro, xopcTtke ynabTpadiosieToBe BUIPOMIHIOBAHHS 3JaTHE JO0 IPSIMOTO
dboToIMI3y peHOBHH, 10 HE OEPYTh y4acTh Y (DOTOKATATITUYHUX PEAKIIsX.

B nmanwit yac po3poOieno mpuctpoi maist GOoTOXiMIYHOI MPOOOMIATOTOBKU
BO/A. BimoMi KOHCTpyKIlii (poToOMIHEpaTi3aTOPIB MOXKHA MOAUTUTH HA TPU THIIH.
OnpomiHIOBaHWN PO3YHMH MPOKAYYETHCS depe3 3MiHoBUK. OOWBI 1i KOHCTPYKITT
3a0e3Mevyl0Th XOpOIlle BUKOPHUCTAHHS YyIbTPa(]ioIeToOBOr0 BUIPOMIHIOBAHHS
1 MalOTh BUCOKY MPOAYKTUBHICTH (4ac MpoOomiaAroToBku — Bij 5 10 20 xB). ABTO-
MaTu3ailisi mpoiecy nepeadayae yCKIaJHEHHS Ta MOJAOPOXKYAHHS KOHCTPYKIIT
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3a paxXyHOK JOJAaTKOBHX MPHUCTPOIB, HAMPHUKIAJ KJlalaHiB, HACOCIB, J103aTOPIB,
3’€AHYBJIbHUX TPYOOK 1 T.A., Ta BUCYBa€ BHUCOKI BUMOTU JIO KBamidikailii
00CIyroByrO4oro nepconaiy. Tpetiit Tun — 6araroo0’extHuid. L{e Y D-mxeperno,
B 30HI BUIPOMIHIOBAHHSI $IKOTO PO3MIIIYETbCS HAOIp KIOBET, BUTIOTOBJIEHHX
3 TIPO30poro sl (POTOAKTUBHOTO BUITPOMIHIOBAHHS MaTepialy Ta HaIlOBHEHHX
JOCTIKYBAaHUMH PO3YMHAMU. ABTOMATH3AIlisl TAKUX MPUCTPOIB YCKIIAJHEHA, aje
KOHCTPYKIIisl Ta eKCIITyaTallisl — MPOCTi. X 3acTocyBaHHs OOIPYHTOBaHE yHiBep-
CQJIbHICTIO, MOKJIMBICTIO OJTHOYACHO OIPOMIHIOBATH KiTbKa PI3HOPITHUX TIPOO.
KroBeTn 5erko mpoMHUBaKOTbCA, HE MOTPIOHA BEIMKA KUIBKICTh PEaKTHUBIB.
OOcnyroByBaHHS TaKuUX HPUCTPOIB AyKe MPOCcTe. [HCTpyMEHTaIbHUN KOHTPOIIb
IIUJIBHOCTI BUIPOMIHIOBaHHS B po0Oouiii 30HI (200 Oe3nocepeHbO B KIOBETI)
J03BOJISIE  KOHTPOJIIOBATH
npane3naTHICTh (OTOMIHE-
pasizaropa, sIKICTh Ta Mpu-
JATHICTh OKPEMHUX OMNTHY-
HUX €JIEMEHTIB — JIaMIIH Ta
ktoBeT. DoTosi3Ha Kamepa
OK-12M npusHaueHa s
ekcripecHoi (1o 10 mpoO
OJIHOYACHO)  TPOOOIIIro-
TOBKH BOJIHUX CEPEIOBHII
MIPU TIPOBENICHH] CEPIAHUX
71a00paTOpHUX BU3HAYCHD
€JIEMEHTIB PI3HMMH METOJaMHU, 30KpEeMa, BOJBTAMIIEPOMETPUYHUM y TOE€THAHHI
3 enekrpoxiMiyHuM Moayiem EM-04, nonsiporpadhom ABC-1.1 (puc. 4.1).

3arajapHi XapakTepUCTUKU: 00’eM mpodu — 10 20 M1, 4ac mpoOOIiroToB-
ku — Bizg 20 1o 90 xB; nporpamoBanuii yac onpomiHeHHsI — 1-90 XB; AUCKPETHICTD
3MIHM 4Yacy ompoMmiHeHHs — 1 XB; Bara — He Outbie 12 kr; »kuBjieHHs — 220 B,
50T'm; cnokuBana mOTYXHICTH — He Outbmie 1100 Bt. ®otomizHa kamepa
OK-12M moke OyTH TaKOX BHKOPHCTaHA TMPHU IMPOOOIIArOTOBIN OCBITICHHX
COKIB, O€3aJIKOTOJIPHHUX HAIOIB, CYXUX BUH (BMICT I[yKpy — 710 6 %), a TaKoX st
CTepuJIi3allii BOJY B MEIUYHUX Ta O10XIMIYHUX JociipKeHHsx. Criocid mpobori-
TOTOBKH BOJHUX CEPEOBHIIl 3aCHOBAHWH Ha IOBHOMY pPYHHYBaHHI OpPTraHIdYHUX
PEUOBUH Y KHUCJIOMY CEPENOBHUII HUIIXOM (POTOJI3HOIO OKHUCHEHHS MiJ| JI€I0
yJIbTpadi0IeTOBOTO BUIPOMIHIOBAaHHS Ta JO0ABKM XIMIYHOTO OKHCJIIOBaua.
OK-12M i1 poOOoITiArOTOBKA BOJAHUX CEPEAOBHII 3a0€3MeUy€e CTaNICTh TEMIIC-
paTypHu B KBapIOBUX MPoOipKax 3 MpoOaMu B MPOIEC] OIPOMIHCHHS, aBTOMATHY-
He BiIKIOUYeHHS Y®-mamMmu Micas 3aJaHoro 4Yacy MpoOomiaroToBku. BOymo-
BaHWW TEPMOJATYMK JIO3BOJISIE YHUKHYTH TeperpiBy mpo0O 1 BTpaT JETKHX
enemenTiB (Hg, As, Se Ta iH.).

Pucynok 4.1 — @omonizna kamepa ©K-12M
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®dorominepanizarop M 20 — mpuctpiit
it (POTOXIMIYHOT TPOOOMIATOTOBKH (pyHHY-
BaHHS TTOBEPXHEBO-aKTHBHUX PEUYOBHH, IIIO
3aBaXKalOTh, 1 JIE3aKTUBAIlll PO3YMHEHOTO
KUCHIO TiJ JI€I0 XKOpPCTKOro Y d-BUmnpomi-
HIOBAaHHS) 3pa3KiB MpoO PI3HUX BOJHHUX PO3-
YHHIB [IPH MPOBEJICHH] KIJIBKICHOTO XIMIYHOTO
aHaJi3y pi3HUMU MeTojamH (puc. 4.2).

Y®-0300€HHS piIKUX OpOO Mija BIUIU-
BOM MIKPOXBUJIBOBOIO OINpPOMIHEHHS. Y O-
O30JICHHSI i/ BIUIMBOM MIKPOXBHJIHOBOTO
OMPOMIHEHHS B 3aKPHUTHUX CYJIWHAX I THCKOM 3a JIOTIOMOTOI0 3aHYPIOBAJIBHOI,
0e3eIeKTPOAHOT KaMIEBOI Ta30pO3PSIHOI JITaMITM — HOBUM BUTIHHMM MIIX1A 10
niarotoBku mpo6. dortoximiunuii mporec YD-OKUCHEHHSI € TEPCIeKTUBHUM
BapiaHTOM PO3KJIaJaHHs PO3YMHEHOTO OPTaHIYHOTO BYTJEIIO0 B PIAKHUX Mpodax,
HanpUKIaa, y OpyIHii BOMl, Y Hamosx 1 B oiii. Y ®-onpoMiHEeHHS PO3UYMHIB, 1110
MICTATh HeBenuKi KinbkocTi H,O,, IpU3BOAUTH 10 YTBOPEHHS ACKIIBKOX BHCO-
KOAKTHUBHUX PEUOBHH-OKHCITIOBAYiB, HANPHUKJIAJ], CHHTJIETHOTO KHCHIO, CyIep-
OKCUJIHMX 10HIB, FAPOKCUIBHUX 200 TAJIOTEHHUX PAUKaNIB, sIKI IPUCKOPIOIOTh
PO3KJIaaHHs OpraHIYHUX pedoBUH. /{7151 ipoBeneHHst Y D-030J1€HHS I11]] BILTUBOM
MIKPOXBHJIbOBOTO OMPOMIHEHHSI KaaMI€B1 Ta30pO3psAIHI JaMIN 3aHYPIOIOTHCS
B PO3UMH TPOOM BCEpeAMHI KOXKHOI 3 pEakUiiHUX CyAuH. MIKpOXBHIbOBE
OTPOMIHEHHS BUKOPHUCTOBYETHCS JUIsl MEpeaadl €Heprii ra3opo3psIHuX Jamil.
[aTeHcuBHICTE Y D-ONMPOMIHEHHS BHU3HAYAETHCS EHEPTi€I0 MIKPOXBHIIBOBOTO
ONMPOMIHEHHS, IO MOTJIMHAETHCA BOYJIOBAaHOIO aHTeHOwo Jammu. [loganbiioro
MOKPAIICHHS] MOKHA JIOCSTTH 3a JIONMOMOTOIO JOAATKOBOI MOJadi KUCHIO T
THCKOM y TIOCYJIMHY JJIsS 030JICHHS. 3 KHCHIO TIij] BIUTMBOM Y D-0mpOMiHEHHS
YTBOPIOETHCST O30H, SKUM TMIATPUMYETHCS OKHCHEHHSI OPTaHIYHMX MOJEKYI
pagukanamu OH'. ¥V xozi Takux AOCITiIKEHb 030IF0BaHHS BUKOHYBAJIOCS 3 BBE-
aenumu Y @-iaMmnamu, a TakoX 3a pI3HUX YMOB TUCKY. E(deKkTuBHICTh 03071€HHS
BHBYAJIAC 32 JOMOMOTOI0 BUMIPIOBAHHS PO3YMHEHOTO OPTaHIYHOTO BYTJICLIO.

doToxiMiyHa MPOOOMIATOTOBKA MijJ Yac aHalli3y BOJU BiJIOYBA€ThCS 3a
TaKUM MEXaHI3MOM:

Pucynok 4.2 —
@omominepanizamop ©M 20

R+ C'O,H (CO, + H)
R—COOH — H'+ RC'OZ (R. + COz)
O'H + RCO’" (R"+ CO)

Peakii pexoMOiHarii:

O.H +O.H — H202
O'H+H — H,0
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RM + O'H -»M* + H,0 + R" (ROH)
RM + H202 — MZ+ + ROOH

OcHoBHI mnepeBaru (HOTOXIMIYHOTO CHOCOOY PO3KIAJaHHA MOPIBHSAHO
3 KMOKPHMY:

— BHCOKa MBUJIKICTh MiHepamizalii (30—40 xB);

— HeMa€e HEOOX1THOCTI BBEACHHS JOJIATKOBHX PEarceHTIB (HU3bKUU XO-
JOCTUI AOCTIN);

— PO3YMHU HE PO30aBIAIOTHCS, TOMY HEMaEe HEOOXITHOCTI B 1X yrmaproBaHHI.



5 YAbTPA3BYK TA 1IOT'O BUKOPUCTAHHS AAS
IHTEHCU®IKALIT ITIPOBOIIATOTOBKU

5.1 OCHOBHi BigOMOCTI IIOAO yAbTPa3BYKY
Ta VMIOTO Aii Ha pe4OBUHY

VabpTpa3Byk (Y3) — e akyCTHUYHI XBHWJII, YaCTOTa SIKMX HepeBullye 1,5—
2,0 10* I'm (15-20 xI'm) 1 Bu3HavaeThcs (i310JOTITUHUMHU OCOOJIUBOCTIMU
JIIOJICBKOTO CIyXy. Y 3B’S3KY 3 UMM, € BEJIMYMHOIO YMOBHOIO, TOMY 1[0 BEPXHs
MeXa CHPUNHATTA 3BYKY Ma€ 3HAUYHUU po3Oir ajig pi3HUX iHAUBIAYyMIB. [lpu
MOIIMPEHH] B PIIMHAX BEPXHS MEXa 4acTOTH Y3 Jocsira€ BETUYUMHU 10" I'.
O6mactp yactoT Y3 3a3BUYail MiAPO3AUISIOTh TAKUM YMHOM: HU3bKOYACTOTHUHN
V3 (qactorr — 15-100 k'), cepemrpouactorauii (10°~10* kI'1), i BHCOKOUac-
totauit (10°-10° xI'n). Mpyxni xBumi 3 gacroramu 10°-10° k['1; Ha3HBAIOTHCS
rinep3BYKOM.

Xoya Y3 He BIIPI3HIETHCS MO CBOIM MPUPOJL BiJ NPYXKHUX XBUJIb
YyTJIMBOrO Alana3oHy 1 HOro MOUIMPEHHS MIJIKOPAETHCS 3arajJbHUM 3aKOHAM
MOIIMPEHHSI 3BYKOBUX XBUJIb, BIH Ma€ Crielu(pidH1 0COOTUBOCTI.

Jly’xe BaxIIMBOIO OCOONMBICTIO Y3 € MOJIMBICTh OJEpPKAHHS BUCOKHX
3HaYeHb IHTEHCHBHOCTI, TOOTO CEpEIHBOI 32 YaCOM €HEprii, CTEPITHOI 3BYKOBOIO
XBHUJICIO Yepe3 OAMHUYHY TJIONIMHY, TEPIIEHANKYIISIPHY 10 HAMPSMKY TOITUPEHHS
XBHJI1 TIPH BIJIHOCHO HEBEJIMKUX BEIMYMHAX aMIUTITY] KOJIMBAJIHHOTO 3CyBY. [Ipu
BIUTHBI Ha po3unmHu Y3 3Ha4HOI iHTeHCHBHOCTI(> | BT/cM®) BHMHMKAOTH pi3Hi
HemHidHl edektu. Cepea sKMX HAMOUIbII BAKIMBUMH JJIi BUKOPHCTAHHS
B IHTeHCU((DIKAIII] aHATITHYHUX TIPOLECIB € aKyCTUYHI IJIMHY 1 KaBiTallis.

AKyCTUYHI TUIMHHU — 1I€ PETyJIIPHUN 3CYB CEpEeOBHUIIAa BUXPOBOIO Xapak-
TEpY, OB’ SI3aHUH 3 TUM, 1110 CTEPITHA 3BYKOBOIO XBUJICIO KUIBKICTh PYXY, 3B’ sI3aHa
3 KOJIMBAaHHSIMH YAacCTOK CEpeJOBHUINA MPH TOTJMHAHHI XBWJ, MEPEIaeThCs
CEpEeOBUIIy, BUKJIMKAIOYHM 11 PETYIAPHUN pyX. AKYCTHYHI TUIMHH CIPHUSIOTH
iHTeHCHiKaIii MacoOOMIHHMX TIPOIECIB 1 € HaWBaXIIMBIIMM YHHHUKOM
iHTeHCHIKaIll MPOIeCiB KOHIICHTPYBAHHSI CITIBOCA/KEHHSM 1 €KCTPAKINEIO MPH
BIUIMBI Ha CUCTEMY Y 3 KOJIMBaHb.

HaiiBaxxmuBimmm HEMHIMHUM e(pEeKToM, 10 BHWHHMKAE B PIAWHI TIpU
MPOXO/pKEeHHI Y3, € Kapitamis. Kasitariisi — 11e yTBOpEHHS B PIAUHI MyJIbCYIOYHX
MyXUPIIIB, 3aIOBHEHUX MApPOI0, Ta30M 1 iXHBOIO cymimmmo. KapitariiiHi myxupiii
YTBOPIOIOTHCS B THX MICISIX PIAMHU, /1€ TUCK P CTae HUKYE ACSIKOr0 KPUTUYHOTO
3HAYeHHsI TUCKY P,, TIpU SKOMY MOYMHAETHCS Kapitailis. lleil THCK Ha3uBaroTh
nopozom kasimayii. JIia 17eanbHO YKHCTOI BOJM TIOPIT KaBiITallli JOPIBHIOE
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1500 Kr/cm®. OpHak 1 peaylbHUX PITUH TOPIr KaBiTallli BIAMOBIJIa€ 3HAYHO
MEHIIIMM Hampyram, IO pO3TATYIOTh, TakK, JJs OITUCTHILOBAaHOI BOIU
P,.=-280 KF/I[M3. Huzbka MilHICTh pealbHUX PIJUH MOB’s13aHa 3 HASIBHICTIO B HUX
3apOJIKIB KaBITallli — MIKPOCKOIIIYHHUX ITyXUPLIIB ra3y, TBEPAUX YaCTOK, 10 MalOTh
TPIIIMHU, 3aIIOBHEHI T'a30M, 1 T.JI.

KagiTaliis BUHMKae yepe3 yTpary CTIMKOCTI ra30BUX MyXHUpPLIB B Y3 Mol
(moTparisitour B 00J1aCTh 3HM)KEHOTO THCKY BOHHM BTPAaydarOTh CTIHKICTh 1 IOYH-
HaIOTh MBUAKO pocTh). Lle BimOyBaeThCs yepes Te, 110 TUCK mapH i raszy Q, mio
MICTATBCS B IIyXUPIIl, CTA€ MEPEBAKAIOYUM CYMapHY 110 TOBEPXHEBOTO HATATY
1 Tucky P B pinuHi. IIIBUIKICTE pO3MIMpPEHHS NMyXUpLsS MOXKE OyTH ONHCcaHa
dbopmyIioro

u=,Q/ p, (5.1)

ne  p— IycTHHA pimmHH, r/cm’,

[Ipu mocTiiHOMY BMICTI Ta3y B MyXHUPIll 1 TUCKY HABKOJUIIHBOI PIAMHU
MIHIMQJIBHUI paJilyCc KaBITAUIMHOTO MyXHUpLS HPHU CXJIONMyBaHHI BU3HAYAETHCS
dbopmyIioro

1/3(y-1)

Rmin = Rmax P ’ (52)
(»-DR,

ne P —Tuck rasy B myxXupii Ipyu MaKCUMaJIbHOMY pajiyci,
Py— rigpoctaTuuHui TUCK,

y=C,/C..

TI/ICK y HYXI/IpI_[i HpI/I I_[BOMy BI/IpaSI/ITBCSI (I)OpMy.TIOIO
Pmax :P(Rmax /Rmin )37/' (53)

[Ipu amiabatmdyHOMY XapakTepi CXJIONYBaHHsS IyXHUPIS TeMmIeparypa
B HbOMY CKJIaJla€

3(y-1)
T =T {@} : (5.4)

ne Top— TeMmmepaTrypa piauHH.

[Tprt Riin = 0,1 Ripax, Po = 10°I1a, y=3/4 1 Ty= 300 K Tuck rasy B myxupiri
IpU MaKCUMaIbHOMY paziyci ckimage P = 3,3-10° [1a. 3BiacH, Opu CXJIOMyBaHHi
KaBITAIIMHOTO MyXUpIS 3 OOJIKOM HaBEJCHUX BHINE NPHUIYIICHb, MaKCH-
ManbHui THCK pocsirHe 3-10" ITa, a Temmepatypa — 3000 K.
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[Ipu Takux Temmeparypi Ta THUCKY, PEUOBHHH, 110 MICTATHCS B KaBiTa-
IMHOMY MyXHPIIl 1 TPUISATaIou0i 0 HbOro 00JACTi, pO3MaJaloThCsl Ha aTOMH,
YTBOPUTHCS O€3I114 pajvKaiB, PO3BUBAETHCSA CBITIHHS PIAMHU — COHOIOMIHE-
cyenyisa. IlpucyTH1 B piIMHI PEYOBMHU PEArylOTh 3 pajuKaliaMH, 31 30yipKe-
HUMH MOJIEKYJaMH Ta3y 1 BOJHU, 31 3HOBY YTBOPEHUMHU XIMIYHUMH CIIOJTYKaMHU.
CryniHb pO3BUTKY KaBiTallli, XapakTep ii MpOTIKaHHS 3MIHIOIOTHCS MPHU 3MiHI
BMICTY ra3y B pIiJIMHI, @ TaKOX ii TeMIepaTypu 1 THCKYy, mapameTpiB Y3:
4acTOTH ¥ 1HTEHCUBHOCTI. Lle 103BoJIsA€, 3MIHIOIOYHN MEpeTiueHi BUIE YMOBH,
KEepyBaTHu MPOIECOM KaBiTaIlli.

Jlns iHTeHcudikanli aHAMITUYHUX MPOLECIB MiA €0 YIbTPa3BYKOBUX
KOJIMBAaHb Yy PI3HUX CEPEJIOBUINAX HEOOXIJHI JHKepesia yIbTPa3ByKOBOIO BUIIPO-
MIHIOBaHHS, 3/1aTHI MPAIIOBATH B PI3HUX CEPENOBUIIAX 1 CTBOPIOBATH KOJMBAH-
HS 3 HEOOXITHUMH TapaMeTpaMu IO 4YacTOTi Ta 1HTeHcuBHOCTi. Ha uacroTax
ynbTpa3Byky Bim 15 mo 100 x['1 B aHAMITUYHIN MPaKTHUI[l BUKOPHUCTOBYIOTH
MarHiTOCTPHKIiHHI yJIbTPa3ByKOBi BUIIPOMIHIOBAYi. [X OCHOBHUM HEOIIKOM
€ HEOOXI1THICTh BOJITHOTO OXOJIOJKEHHS, OCKIJIbKA MarHiTOCTPHKIIHHI MaTeplain

Y3OH-A Y3OH-2T

Pucynox 5.1 — Ynempaseyxogi cenepamopu
(36epxy — ynompassyrosuii npunao « Hisicnicmu »)

XapaKTepU3YIOThCsl HU3BKOIO Temrieparyporo Kropi, TemmepaTyporo BTpartu
MarHITOCTPUKIIMHAX BIACTUBOCTEH MarepianiB. Ha wactoTax ymbTpa3ByKy BHIIE
100 x['m B aHamiTHYHIA MPAKTUIl BUKOPHCTOBYIOTH I €30€JEKTPHUYHI YJIbTpa-
3BYKOBI BHIIPOMIHIOBAYi. IX OCHOBHHM HEIOJIKOM € HEJOCTAaTHS MeXaHiuHa
MIIIHICTh, III0 HE JIJa€ MOXJIMBOCTI BUKOPHUCTOBYBATH YJIbTPa3BYK IHTCHCUBHICTIO
Ginbire HiX 12 BT/cM®, HABITh NP BUKOPUCTAHHI I’€30€TEKTPUYHUX BHIIPOMi-
HIOBAYiB 3 TUTaHaTa Oapito-CBUHINO. Huxkde HaBeleHI CEepiiiHl yJIbTpa3ByKOBI
npuinaan «HixHICTE» — poboua vactora 200 xI'm ta Y3AH-A 1 Y3/IH-2T —
poboua vacrora 22 kIt (puc. 5.1).
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5.2 3acTOCyBaHH yAbTPa3BYKy IIpU IIPOOOIIiATOTOBIIi
AAS IIOCUAEHHsI aHaAiTUYHOIO CUTHAAy

HaiiBaxnuBiliow cTaji€lo aHamily, Ha SIKy BUTpadaeTbes Outbie 95 %
yacy, € MmpoOomaroroBka. 3acTocyBaHHsS Y3 y MPOOOMIATOTOBIN IIKABO JIJIs
NpUCKOpeHHs aHamizy. Hampukiaa, BUKopucTtaHHa Y3 ONPOMIHEHHS J03BOJISIE
CKOPOTUTH TPHUBAJICTh PO3YMHEHHS MPOO y KHUCIOTaX A0 KUIBKOX XBHJIMH.
Hagite ManmonotykHa Y3 ycTaHOBKa J103BoJiMjIa CKOpOTUTH B 4—10 paziB yac
po3unHeHHs npod cynepdocdary Ta moapiitHoro cymnepdocdary npu BU3HA-
yeHH1 pi3HUX hopM pochopy (V).

BuBueno BB Y3 Ha BuiIyroByBaHHs (HocopuTiB, BOJIb(HpPaMOBHUX
IICEJTMTOBUX KOHIICHTPATIB, IIUHKY, M/l 3 Py, PO3UMHEHHS OKHCIEHUX MIHEpa-
JB CyppMH Ta MuUlI'sKy. JlocnmimkeHo BIUMB Y3 Ha pO3KIAJaHHA OKUCHEHUX
1 cynbdimHux (HopM CBUHIIO Ta Midil. ABTOPH 3MOIJIM CIIPOCTUTH amaparypHe
oopmIIeHHSI TIPOIIECY 3a PAXYHOK paIllOHAILHOTO CIHOJYYEHHS HarpiBaHHS,
3BMYAHOrO MEXaHI4YHOro mnepemimryBaHHs ¥ ¥Y3. Po3po0ieHo METOauKy ekc-
MIPECHOT HU3bKOTEMIIEPATYPHOI JIY>KHOI CIIABKH MPOO FPChbKUX MOPIJ 1 MIHEpAJIIB
i BIUIMBOM Y3 HuU3bkoi yacTtoTH. [lokazaHo, 110 mpu HaBaxIii B 2 T, MOBHA
cruaBka nipu 200-250 °C sakinuyersest 3a 1-2 XB, a BUTYroOByBaHHs TpHBae 1 XB
3aMICTh KUTBKOX TOJMWH. JIJIT BHIIydEeHHS 1 TMOAQIBIIOTO TIOIYM’ SIHO-aTOMHO-
abCoOpOIITHOTO BHW3HAUEHHS CTPOHINI0 B PIYKOBUX OMaaax BUKOPHUCTaHE
PO3KJIaAaHHS MPOOH KHUCIOTaMHM ITiJT BILTUBOM Y3 dactoTtoro 47,6 k['11. 3armporno-
HOBAHO METOJIM BUJTyYEHHS MIKPOEJIEMEHTIB CYMIIIIITIO a30THOI 1 COJISTHOT KHCIIOT
13 TPYHTIB 1 POCJIMH 3a JIONOMOT0I0 Y3 AJis MOJAIBIIOr0 aTOMHO-a0COPOLIIIMHOTO
I aTOMHO-EMICITHOTO aHai3y, 1110 J03BOJISIE IOPIBHAHO 3 BUKOPUCTAHHAM CyXOi
MIHEpami3alli CKOPOTUTH Yac MIATOTOBKA MpoO 1 MOJIMIIATA METPOJIOTiuHI
XapaKTEpUCTUKU aHami3y. Y3 3aCTOCOBYETbCA Ha CTafil MPOOOMIArOTOBKH MpU
BU3HAYEHHI PTYTI Ha pTyTHOMY aHamzaropi «tOmis-2». KpiMm 3Ha4HOTrO CKOpO-
YEHHS 4Yacy aHalizy, Y3 J03BOJISE 3MEHIIIMTH TaKOXK 1 MHOYTBOPEHHS MPH aHATI31
po0 OPraHIvHOIO MOXOKEHHSI.

[Ipu pamioxiMidHOMY BHU3HAYEHHI TOPIIO ¥ 130TOMIB aKTHUHOIMIB y TMPHU-
ponHuX 00’e€kTax (TIPChbKI MOPOJU, IPYHTH Ta iH.) OyB BUKOpUCTaHUU VY3.
VY 11bOMy METOl KIJTBKICTh 130TOIIB BU3HAYAETHCSA MO €MaHallisX, 10 BUILIS-
I0ThCS 3 MPOOU B PE3yibTaTI MPOTYBKHU MOBITPS 3 MOCTIMHOIO MIBUAKICTIO Yepe3
OapboTep 3 MOCHIKYBaHMM PO3YMHOM. Bukopucranas Y3 I1HTEHCHBHICTIO
500 B1/cM? 103BONUIO MiBUINUTH 3HAYCHHS eMaHaliid Ha 20—23 %, y TOH Hac
K 0€3 HbOT0 BriTy4aeThes e 50 %.

VY3 Oysi0 BUKOPUCTAHO MJIsi KUCIOTHOT MiHEpasTi3allli pOCIUHHHAX KOPMIB.
[Tokazana HEOOXITHICTh 3aCTOCYBAHHsI TOMEpeaHboi Y3 00poOkH mpod mpu-
POAHOT 1 MUTHOI BOJAW TPHU HEMOJIYM STHOMY aTOMHO-a0COpOIiiiHOMY BH3Ha-
YEHHI aJIFOMIHIIO Y BOA1 MPH Horo BMICTI Outbiie Hik 0,5 Mr/i, Tomy 1o npu



40 XiMiuyHa MeTpOAOTris Ta CydacHi MeToAM IIPOOOIiATOTOBKI

IpsIMOMY BU3HAUEHHI HOT0 pe3ysIbTaTH 3aHWKYBAJIUCS 3a HAIBHOCTI KOJIOITHUX
YaCTOK.

OnucaHo METOAUKY €JIEKTPOTEPMIYHOTO aTOMHO-a0COPOIIIIMHOTO BU3HAYEH-
Hi Oepwiil0 B KICTKaX 3 MOMNEPEAHIM MOro KOHUEHTPYBaHHSM Y BHIJISII
alleTUIIAIETOHATY METHJIOYTHJIKETOHOM 3 BOJHOTO PO3UMHY MICHSI PO3YUHEHHS
MIHEPATI30BaHOTO 3AJMIIKY, SIKUM MIAAaId TOMEepPEAHbOMY Y3 ONpOMiIHEHHIO
3 gactoToro 30 kI 11, inTeHcuBHICTIO 40 Br/cm? npotsiroM 1 rog.

3acrocyBanHsl Y3 B €KCTpakiili JOULILHO MpH poOOTiI 3 pagiOaKTHUBHUMU
pO3UMHAMHU W y TUX BHIIQJKaX, KOJM BUKOPHUCTAaHHS OE3yNMUHHO MIFOYHUX EKC-
TPAKTOPIB 3 SIKOI-HEOYIb MPUYMHHU YCKJIaaHEHO. ExcTpakiis 0coOIMBO CHUIBHO
MIPUCKOPIOETHCS, KO Y3 KOJMBaHHS CIPSMOBaHI MEPHEHIUKYJSPHO 10 Ha-
NpsSMKY PyXy ekcrpareHTa. [IprcKopeHHs! eKCTPaKIiHHOTO BHIIyYEHHS MOSCHIO-
€TbCA 3OUIBIICHHSM TOBEPXHI OPraHIYHOI PEYOBMHU 33 PaxXyHOK YTBOPEHHS
eMYJIbCIT Ta KOJMBaHb MyXHUPIIB €KCTpareHTa, a TaKoXX 3HIKEHHSIM AUQY31HHIX
0OMEKEHb 1 3MIHOIO CTaHy MPUKOPIOHHOTO I1apy.

[IpoBeneHo MOpiBHAHHA €(DEKTHUBHOCTI €KCTPAKTOPIB 3 Y3 1 MEXaHIYHUM
nepeminryBanHsM. [TokazaHo, 1110 MIBUKICTb JOCSTHEHHS PIBHOBArd B Y3 1oJii Ha
50-94 % Buie, HI)K B €KCTPAKTOP1 ISl BIWIyYEHHS! OJArOpOAHUX METANIB, IO
JI03BOJIMIIO CKOPOTUTU Yac OOpOOKH 30JI0TOBMICHUX PYJ 1 BUTpaTy LIaHILy Ta
TIOMOYEBUHU. BCTaHOBJIEHO, IO MIBUAKICTh €KCTPAKIIl MOJIIUKIIYHUX BYTJIE-
BomiB B amapari Cokcimera mig ngiero Y3 3poctae B 16 pasiB. Bigsznauena
MO3UTHBHA POJb Y3 MPH E€KCTPAKIIITHOMY KOHIIEHTPYBaHHI OITyMy Ta TymMaToOB
13 Cy0OITYMIHO3HOTO BYTULIS Ta JITHIHY B TPUCYTHOCTI TIAPOKCHIIB Kasiro
il amoHit0 1 H-OyTaHomy. EQeKT MosICHIOETbCA THUM, IO MiJ] BILTUBOM Y3 Bi0y-
Ba€THCS JICNOJISIpU3ALlisl OpPraHIiuHOI Macu BYTUUIA 3 NPHUEJHAHHSIM OCHOBH [0
3aJIMILIKOBOTO BYTUUIA. 3aCTOCYBaHHS Y3 MpH J1ecopOlii 13 CHHTETUYHUX 10HITIB
J03BOJISIE HE TUTHKY TPUCKOPUTH TIPOIIEC, aJie 1 YaCTKOBO PEreHepyBaTH CMOJIH.

BuBdeno BmimB Y3 Ha copOIlit0 ypaHy 3 MOPCHKOI BOJU TMOJIMEPHUM
a7IcOpOEHTOM, 1110 MICTHTh aMIJOKCUMHI TPYIH. Y3 CIpHsi€e YTBOPEHHIO XETaTHUX
CIOJIYK MIX JITaHIOM aJCOpPOCHTY ¥ 10HAMHU ypaHy 1 TUM CaMHM 30LIbIIy€E
1oro copOItiro.

30BHIIIIHE aKyCTHUYHE TOJIe BIUIMBAE HA MPOAYKTHUBHICTH 1 €(DEKTUBHICTH
mpolieciB yabTpadiibTpallii 1 pereHepailii MeMOpaH y MpoIieci iXHbOI €KCILTY-
araiii. Pe3ynbTar NpakTUYHUX ICHHUTIB YJIbTpauIbTPALiiHOI yCTaHOBKU
3 MOJIyJIEM Ha TIOPOYKHIX BOJIOKHAX 3 alleTaTIIeNIOJIO3H 3 MOBEPXHEI0 MeMOpaH
1 M® i MarHITOCTPHKIIfHIM aKyCTHYHNM BHIIPOMIHIOBAYEM ITOKA3aiH, IIO IIe-
plognyHa aisi Y3 KOJWBaHb MPU3BOINUTH JI0 3POCTAHHS MATOMOI MPOAYKTHBHOCTI
Ha 15-20 % mpu npakTUYHO MOCTIMHIN celeKTUBHOCTI. BusBieno, mo Y3 BIIMB
301IBIITY€E TTUTOMY TPOAYKTHBHICTH YABTpaUIBTpAIiHHUX MEeMOpaH Ha OCHOBI
aiepHUX (PUIBTPIB, TPUIOMY MPOAYKTUBHICTh 30UIBIIYETHCS Y MIPY 3pOCTaHHS
MOTY>KHOCT1 BUIIPOMIHIOBAHHSI.
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5.3 YabTpa3ByK B eAeKTPOXiMidHMX
MeTOJaXxX aHaaAi3y

MOXIHMBOCTI  €IEKTPOXIMIUHUX METOIB ICTOTHO PO3IIMPIOIOTHCA TMPU
BIUIMBI PI3HUX (PI3UYHUX MOJIB HA CUCTEMY €JIEKTPOo]I — po3urH. OCOOIMBO IIiKaBe
3aCTOCYBaHHSI Y3 B 1HBEpPCIMHIA BOJBTaMIEPOMETPIi, 10 JT03BOJIAE MOJIIIIUTH
METPOJIOTIYHI XapaKTePUCTHKH, PO3MIMPUTH aHATITAYHI MOXKIIMBOCTI METOIY,
KEepYBaTH E€JIEKTPOIHUM IIPOIIECOM, 30LIBIITUTH CIIBBIIHOIICHHS CHUTHAJI — IIIYM.
Bapitoroun vacrory Y3 moss, MOKHA MIIIBUILYBaTH KOE(DILIEHT YyTJIMBOCTI Ta
CEJIEKTUBHICTh IHBEPCIHHOTO METOTY.

Y3 OyB 3acTOCOBaHUM B €JIEKTPOXIMIYHOMY aHaII3aTopl JIJsi OYMIIECHHS
MMOBEPXHI €JIIEKTPOTY, B pe3yJIbTaTi YOTO IIIBUIIYETHCS €(DEKTUBHICTh OUNIICHHS
€JIEKTPO/IIB 1 MOJIIMIITYETHCS BIATBOPIOBAHICTh PE3yJIbTATIB aHATI3Y.

Buueno gito Y3 Ha KaTamiTHUHI CTPYMH T1IPOKCHIAMIHY, 1110 BUHUKAIOTh
y npucytHocTi moaioaeny (VI) 1 sonsdpamy (VI). Bukopucranusa Y3 go3Boise
TPOXM 3MEHIIUTH BIUIUB MOJIOJIEHY, IO 3aBa)ka€ MpU MoJsporpadiuHoMy
BU3HAYEHH1 BoJibppamy 10 criBBigHOmEeHHS Mo:W Big 1:1 no 1:3. HocmimxeHo
TaKOXX BIUIMB Y3 Ha MOBOKCHHsS YypaHy IpH KOHIIEHTPYBaHHI HOro Ha
CTallioHapHOMY PTyTHOMY enekTpoi. [TokazaHo, 1mo npu aii Y3 nominmryeTbes
CEJICKTUBHICTb 1 MABUIIYETHCS Uy TJIIMBICTH METOTY.

[Tpu BrmBi Y3 Ha pO3YMH KYXOHHOI COJII 3MIHIOIOTHCS B’ A3KICTh, TYCTHHA
1 pH po3unHy, npu IbOMY TaK0X 3POCTAE PYXJIHUBICTh €ICKTPOAKTUBHUX YACTOK,
10 MPU3BOJIUTH J10 301IbIICHHS KoediieHTiB Audy3ii ioH1B y 1,4—1,6 pasu i, sK
pe3yibTaT, A0 MiABUIIECHHS BEJIMUMHUA aHATITUYHOTO CUTHATY B moJisiporpadii ta
MOTEHIIOMETPIi 3 I0HOCEJICKTUBHUMHU €JIEKTPOIaAMH.

5.4 YabTpasByK y mIpOOOIiATOTOBLII
IIpY aHaAi3i Xap49OBUX NPOAYKTiB

Bigomuii ykpaiHChbKMii BuUeHMI XiMik-aHamTik A. A. brank ckazas:
«AHTPOIIOJNIOTIYHI BIUIMBU HAa HAaBKOJIUIITHE CEPEIOBUIIE TPU3BOIATH 0 TOCTY-
IIOBOTO HArpoOMajpKCHHS MIKPOEJIEMEHTIB B OpraHaXx 1 TKaHWHAX TBapWH,
pPOCIMHAX 1, SIK HACTINOK, 0 3a0pyJHEHHsS MPOAYKTIB XapuyBaHHs, AKi onep-
KYIOTh 3 Ii€]l CUPOBUHM...». Y 3B’SI3Ky 3 IIMM aHAJTITHYHUN KOHTPOJIb Xap4YOBHX
MIPOAYKTIB 1, Hacammepel, BHU3HAYCHHS B HHX TOKCHYHUX JOMIIIOK JTyXKeE
aKTyanbHI. HallBaXXIMBIIIOO XapaKTEPUCTUKOIO aHAJII3Y, 0 BU3HAYAE 3/IaTHICTh
BYACHO KOHTPOJTIOBATH SIKICTh MPOIYKTIB XapuayBaHHs, € EKCIIPECHICTb.

JIJis BU3HAUEHHS TOKCHYHHUX €JIEMEHTIB y TPOJYKTaX XapdyBaHHS, BMICT
SKUX PErJIaMEeHTYEThCSI MEIMKO-010JIOTTYHHMUA BUMOTAaMHU 1 CaHITapHUMH HOP-
MamH, 110 JII0Th B YKpaiHi 3TiHO 3 MDKIEPKABHUMHU CTaHAAPTAMH BUKOPHUCT-
OBYIOTh B OCHOBHOMY MOJIsiporpadiro miciIsi MOKpPOI 4YM CyXOi MiHepasizarlii.
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AHani3 XapuoBUX MPOIYKTIB 3a CTaHAAPTHUMM METOJMKAMU TPUBAIMN dYepes
TPUBAIICTb CTAJl1 MiHEpasli3allii, o 3aiimae Bij 3 (BuHa, Haroi) A0 40 rox (kupw,
M’5ICO, MOJIOKONPOAYKTH, KOHIUTEPChKI BUPOOH) 1 OublIe. 3amiHa nodsiporpadii
Ha TOJYyM’SIHY aTOMHO-a0COpOIliiiHYy CIEKTPOMETPII0 JI03BOJISIE CKOPOTUTH
TPUBAJIICTh aHaNI3y yChOro Juie Ha 15-20 xs.

3aBimyBau kadeapy XIMIYHOT METpOJIOTii, 1.X.H., mpodecop O. 1. FOpuenko,
PO3BHBAIOYM 3arajibHy METOJOJIOTII0 XIMIYHOTO aHami3y, BiA3HAYMB, 110 Hai-
OUTbIII TPUBAJIOKD MOTO CTaJi€l0, IO BU3HAYAE JO TOTO K METPOJIOTIUHI
XapaKTePUCTUKHU, € MPOOOIIATOTOBKA, a TAaKOX TE, 10 PaJAUKaJIbHE 3MEHIICHHS
TPUBAJIOCTI AHANI3Yy MOXXHAa JOCATTH JIMIIE 3aCTOCOBYIOUM IHMeHCUikayiio
npoooniocomosku. 1le cToCyeTbCsl 1 aHaMI3y XapuoBUX IPOJYKTIB, MpOOOIMij-
TOTOBKA AKHUX 3aiiMae 710 95 % Bij 3arajJpbHOrO 4acy aHajizy.

OpmHuM 3 HalOUTBII e()EKTUBHUX 3aC001B IHTEHCU]IKAIIT TPOOOITIATOTOBKU
B aHali31 MPOJYKTIB XapuyyBaHHS € BUKOpUCTaHHS BIuMBy Y3. HaiiGinbm
TPUBAJIOIO CTAAIE€I0 MPOOOIIArOTOBKH TP aHaJi31 XapuoOBUX MPOAYKTIB € MiHe-
pamizariis, 10 3aiMae 3aJIe)KHO Bl BHAY MPOIYKTY 1 CIIOCOOY BEIEHHS IPOIIECY
Bi1 3 1o 40 rox.

Mu po3auTHIIM XapyuoBi MPOIYKTH HA JAB1 TPYNIH 3a1I€KHO BiJl HEOOX1JHOCTI
Minepam3aiii. [Ipu anamizi BOJOPO3YMHHUX MPOAYKTIB (KyXOHHa Cilib, AESKI
CyXl Haroi, I[yKop, JUMOHHA KHCJOTa 1 T.J.), @ TaKOX MPOJYKTIB, 10 3MIIIY-
IOTHCS 3 BOJIOI0 y BCIX BITHOCHHAX (COKH, BUHA, JTIKEPO-TOpLIYaHi BUPOOH 1 T.1.)
{rpyna 1} wmiHepamizaiis Moxe OyTH BUKIIOUEHA, a MPOOOIMIArOTOBKA MOXKE
CKJIaJIaTUCA 3 TPHOX oOleparliii: po3unHeHHs (abo po3BeAcHHS), pyHHYBaHHS
OpTraHIYHUX CIHOJYK 1 KOHIIEHTpyBaHHs. [Ipu aHasi31 BOAOHEPO3UMHHUX MTPOTYK-
TiB (xJ11000y104YH1 BUpOOH, M’siCO, HaTypaibHa KaBa 1 T.4.){rpyna II} omepamis
MiHepami3alii O00OB’s3KOBa, 1 MPOOOMIATOTOBKA BKIIOYAE MIHEpaIi3alliio
1 KOHIICHTPYBaHHS.

3asie’)KHO BiJ BUAY MPOIYKTIB 1 0OYMOBIICHHX JIOMIIIOK, @ TAKOX METO/IB
aHami3y, 19 cXxeMa MOXe TPOXM 3MiHioBaTtucs. Hampukian, mpu BU3HAYCHHI
Pb,Cu, Zn 3a cranmapTHUMH METOAMKAMH KOHIICHTPYBAHHS MOXHa HE
BUKOPHUCTOBYBATH.

5.4.1 3acTOCYBaHHSI yAbTPa3ByKy
IIpY aHaai3i Xxap490BMX HPOAYKTiB Oe3 MiHepaai3amii

JIume nesiki XxapyoBi MPOAYKTH MOXKYTh OyTH MpoaHalli30BaHI Ha BMICT
JOMIIIOK 0€3 BUKOPUCTAHHS MiHEepasi3alli.

[Ipn aHami3i BHUH, NMHUBA, AEAKUX HAMOIB 1 KOHBAKY MOXIIHMBO MpsiMe
MOJyM’siHE aTOMHO-a0copOiiiine Bu3HaueHHs: Cu, Zn 1 Fe micis mpoBeaeHHs
Jerasailii po3yMHy IHTEHCUBHHUM TMEpEMIlllyBaHHAM OpoTsroM 20 XB YU JII€I0
VY3 nporsrom 20-30 c. [Ipy 1poMy HOpIBHIOIOTH BMICT €TaHOJIY B IpoOax
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1 CTaHAAPTHUX PO3YMHAX, UM BUJAJISIOTH €TAHOJ KUIT ATIHHAM MpoTsroM 20 xB.
Opnak OLbIN 3pyYHUM € BUJAJICHHA eTaHoiy BIummBoMm Y3. I[lpu mpomy uac,
3aTpayyBaHUM Ha BUJIAJIEHHS €TAHONY, CKOpouyeThes B 20 pasiB.

[lykop — oauH 3 HaMOUIBII CKJIATHUX OO €KTIB g MiHepamizaiii. Cyxa
MiHepaizailis 3aitmae 40 roguH 1 OuTbIIe. 3 PO3UMHIB IYKPY €KCTparytoTbes Pb,
Cu 1 Cd y Burisal mieTHiIaMTIOKapOaMiHATIB Y METHUII300yTHIKETOH. OHaK
EKCTpaKIlig MOXJIMBA JIUIIE MPU KOHIEHTpalli ykpy He Outblie 15 r/n, mpu
IIbOMY CTYMiHb BuIy4YeHHS He nepesuinye 90 %. [lonepeans oOpoOka aHamizo-
BaHUX PO3YMHIB Y3 MpU3BOIUTH N0 30iiblIeHHS cTyrneHs BuwrydeHHs Pb, Cu
1 Cd 10 98-99 % npu excTpaxiiii 3 pO3UMHIB 3 KOHIIEHTPAIIIEIO IyKPY 110 75 T/11.

[ToTeHiioMeTpisi 3 10HOCEICKTUBHUMU €JICKTPOJIaMH 3HAWILIa IIUPOKE
3aCTOCYBaHHS JJIs NMPSAMOT0 BU3HAUEHHS HITPATIB, XJIOPUJIB 1 PTOPUAIB y MUT-
HI BOJI, COKaX, BMHAX, MUBI Ta Hamosix. IIpu 10HOMETpUYHOMY BU3HAYEHHI
dbTOpy B KyXOHHIH COJII BUKOPUCTAHHS Y3 /TSl iHTEHCU(IKAIlIi MPOOOIT ATOTOBKU
crpusie HOro TMepeBeJCHHIO B EJIEKTPOXIMIYHO aKTHUBHI (POPMH, ITiABHUIIECHHIO
BEJIMYMHU aHAJITUYHOTO CUTHAITY BHACIIIOK 3MIHH CTPYKTYPH PO3UHUHY.

JInst inTeHcudikaiii po3UMHEHHS! XapuOBUX MPOAYKTIB BUKOPUCTOBYIOThH
TIepPEeMIlllyBaHHs, HarpiBaHHs, BIUIMB Y3 KOJHMBaHb, MIKPOXBHIbOBOro (MX)
ONPOMIHEHHS 1 MarHITHUX noJiB. Tak, Y3 103BOJsE CKOPOTUTU TPUBAIICTD
PO3YMHEHHS P00 KYXOHHOT COJII, IIYKPY W IHIIKUX TPOAYKTIB y BO/II.

Jlna inTeHcudikalii mporeciB pyriHyBaHHsS OPTaHIYHUX CIOJIYK BUKOPHUCTO-
BYIOTh yibTpadioneroBe (YD) onpomiHeHHs, BITTUB Y3, MX-onpomineHHs. s
pYHHYBaHHS OpTaHIYHMX CIHOJYK Yy BOJOPO3YMHHUX XapuOBUX MPOIYKTaxX
3HAYHOTO TIOMIMPEHHSI HAa0yJI0 OKWUCHIOBAHHS, IO BIAPI3HAETHCS TPHUBAIICTIO
(3040 xB). [Ipu 11bOMY MOXITUBE 3a0pyTHEHHS aHAII30BAHUX MPOO JOMIIIKAMHU
32 paxyHOK BHMKOPHCTOBYBaHMX peareHTIB. BuueHno 3actocyBanus Y®d-ompo-
MIHEHHS 1 (OTOXIMIYHOTO OKHUCHIOBaHHs. IIpm 00poOui Bojg 1 po3comiB
Y O-BunpoMiHIOBaHHSAM PTYTHOI Jammu moTyxkHicTio 250-500 Bt mpotsarom
1-2 romuH pocsraeThCsi TpakTUYHO TMOBHE (Oumbime 95 %) pyliHyBaHHS
OpPraHIYHUX CHOJYK. Y®-OonmpoMiHEHHS 3 BBEICHHSM OKHCHIOBAYiB CKOPOUYE
MPOIEAYPY PYHHYBAHHS OpraHidHUX CHOMyK 10 15-30 XB, crpusie BUIAICHHIO
PO3YMHEHOTO KHCHIO 3 TMPOO BOIM, IO MPHUCKOPIOE BOJILTAMIIEPOMETPUIHUIN
aHaJIi3 1 MOJIMIIYE METPOJIOTTYHI XapaKTepuCTUKH. i pyiHYBaHHS OpraHIgYHUX
CIIOIyK B aHATI30BAaHUX PO3YMHAX BHUKOPHCTOBYEThCSA W  EIEKTPOXIMIUHE
OKHCHIOBaHHSI, ajie B PO3UMHAX, 1110 MICTSATh 3HaYHY KUTBKICTh XJIOPHI-10HIB, 1OTO
3aCTOCYBAaHHSI HEJOLJIbHE 4Yepe3 HACHYEHHS NpoOM XJIOpOM. 3acTOCyBaHHS
pamionizy Uil PyMHYBaHHS OPraHIYHUX CIOJYK MAacCOBOIO TIOIIMPEHHS HE
OJIepKajio 4Yepe3 BHCOKY IMOTCHIIHHY MOXKIIUBICTH OMPOMIHEHHS IEPCOHATY
naboparopiii. 3acToCyBaHHS CIUIBHOI [Ii O30HYBaHHS #W Y ®-ompomiHEHHS
BUMArae Jijisi pyWHyBaHHS OpraHIYHUX CHOJNYK 5—6 TOoAuH, YBEICHHS X Kara-
J3aTOPIB 103BOJISIE CKOPOTUTH Tporiec 110 0,5 roauH.
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OpHuM 3 MEepPCHEKTUBHUX METOMIB JUIsl PYWHYBAHHS OPTraHIYHUX CIIOTYK
y BOJIOPO3YMHHUX XapYOBUX MPOAYKTaX € BUKOPHUCTAHHS 1HTEHCHBHOTO Y 3.
Onrcano BUKOPUCTAaHHS Y3 i pyHHYBaHHS OPTaHIYHHMX CIIOTYK TP BU3HA-
yenHi Pb, Cu, Cd, Zn, B, Hg y po3cosnax 1 po3unHax KyXOHHOI COJI.

[nTeHcudikalis KOHIIEHTPYBAHHS B aHaJII31 XapuyoOBUX MPOAYKTIB 3aCTOCO-
By€ThCs piliko. € poboTH 3 3actocyBaHHs MX-BUIPOMIHIOBAHHS JJIsl 1HTEHCHU-
dikamii copOrii mamamito 1 poairo Ha copoertrax IIOJIIOPT'C, mio mo3Bossie
CKOPOTHUTH, TOPIBHSIHO 3 BHUKOPHUCTAHHSM 3BHYAMHOIO MEpPEMIITyBaHHs, Yac
YCTaHOBJICHHS COPOIIiiHOI piBHOBaru 3 2 roj 10 5—10 xB. EnexkTpokorymsiiiine
KOHLIEHTPYBAaHHSI MIKPOEJIEMEHTIB 3 BUKOPUCTAHHSAM MEPEMIHHOTO aCUMETPUY-
HOT'O CTPYMY CITPUSIE IM1JIBUILICHHIO CTYIIEHS CIIIBOCA/PKECHHSI.

BB Y3 npu cniBocakensi Pb, Cu, Cd 1 Zn 3 po34nHiB KyXOHHOI COJIi
J03BOJIMJIO MIJBUINUTH CTYHiHb criBocapkeHHs 3 90 mo 99 % [140-145].
Buxopuctanus Y3 aia romoreHizaiiii €eKCTpakTiB IPH aHali31 KyXOHHOI COJIl Ha
BmicT Pb, Cu, Cd 1 Hg 103B0OIMIIO MOMINIIMTH METPOJIOTIUHI XapaKTePUCTUKH
pe3ynbTaTIB aHaMI3Y 1 MiJIBUIIUTH HOTO €KCIIPECHICTb.

5.4.2 BukopucraHHs yAbTPa3ByKy
Aast iHnTeHcH@ikanii MiHepaai3zanii Xxap4oBUX OPOAYKTiB

BusHaueHHs1 JOMIIIOK y Xap4oBuX npoaykrax rpynu Il Bumarae mine-
paiizarlii, 311MCHIOBAHOI CYXHUM Y MOKPHUM CIIOCOOOM.

Cyxa miHepai3allisi moJisirae B MOBUTBHOMY CHAIOBaHHI Xap4yOBUX TIPO-
IYKTiB 10 Ofep/KAHHS MiHEpaIbHHX CIOTYK IpH Temieparypi e Buiie 450 °C.
[lepeBaru cyxoi MiHepamizailii — HU3bKA TPYIOMICTKICTh, JOCTYITHICTh, TTIOBHE
pYHHYBaHHS OPraHIYHOT MaTPHIll, MOKJIUBICTh OJTHOYACHOI MiHEpasTi3allli 3HaYHO1
KubkocTl 1po0. Henomiku: TpuBaiicts — 1540 rofa 1 Ouiblie; MOXIMBI BTpaTU
JIETKOJIETY4YUX eneMeHTiB. Hanpukman, pTyTh 3 BUKOPUCTAHHSIM CyXoi MiHepa-
m3arii He BU3HAYAETHCS.

Moxkpa MiHepami3alis MOJsIra€e B OKUCIIOBaHHI OpPraHIYHOI PEYOBUHU
CUJILHUMH OKHCHIOBadaMu. [IOpIBHSHO 13 CyX010 MiHEpaii3aIi€ro BTpaTh 00y-
MOBJICHHX €JIEMEHTIB 3HAYHO HIDKYE, MiHepamizamisa 3aiiMae 4—12 roa. Mokpa
MiHEpaTi3alis Jerko mamaerses inTeHcudikarii. Jims inTencudikarii mpormecis
MOKpOi MiHepaJi3ailii HalOlIblIe MOIIMPEHHS O/IePKaj0 BUKOPUCTAHHS aBTO-
kj1aBiB, MX-onpoMiHeHHs Ta Jist Y 3.

BukopuctanHsi aBTOKJIaBiB 03BOJISIE 3MEHIIUTHA BTPAaTH OOYMOBIJICHHUX
€JIEMEHTIB, 30UTBIINTH €()EKTUBHICTh AECTPYKIII XapUOBUX MPOAYKTIB, 3SMEHIIIUTH
KUTbKOCTI BUKOPHUCTOBYBAaHMX PEAreHTIB 1 MIABUIIUTH IIBUAKICTH MiHEpasi3ali
B 2—3 pasm.

HenonikamMu aBTOKJIABHOTO PO3KPHUTTS € BEJEHHS MPOLIECY MPU BUCOKUX
TUCKaX, MPUUYOMY YHACIIJIOK PYHHYBAaHHS OpPraHIYHOI MATPHUIll BiJOYBAETHCS
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BujisieHHST Benukux 00’eMiB CO, 1 NO,, 1110, y CBOIO uepry, MiJABUILYE THCK
y PEaKkTopi, a TaKOXK, HEMOKIIMBICTh iIXHBOTO 3aCTOCYBaHHS ISl PO3KJIAJTAHHS
KUPIB 1 011i1 yepe3 Hebe3neKy BUOyXy, BHACHIIOK YTBOPEHHS HITPOTIIILIEPUHY.
3acToCcyBaHHsI 3alI001KHUX KJIallaHiB, BEJACHHS MPOIIECY B KiJbKa CTaJllid, BUKO-
pUCTaHHS OaraToKaMepHHMX aBTOKJIABIB, BapitOBaHHS BEJIMYUHUA HABAKKH, TEMIIE-
paTypH, KUTbKOCT1 OKMCHIOBAY1B JI03BOJIMJIO 3HAYHO ITIIBUIIUTH O€3IEeKy POOOTH.

Jlobpe BuBYeHa iHTEeHCH(IKalisd MOKpoi MiHepamizaiili MX-ompomiHeH-
HAM. BrmuB MX-onmpomiHEHHS B 3aKpUTHX CHCTEMax JO03BOJISE ITiIBUIIUTH
eKCIIpecHICTh po3kiaganHd B 15-30 pasziB. Tak, MX-onpoMiHEHHs B 3aKpUTUX
CHUCTEMax, TIOPIBHSIHO 3 BUKOPUCTAHHSM aBTOKJIABIB, JI03BOJIIE CKOPOTUTH Yac
aToMHO-(JITyopeciieHTHOro aHamizy B 1,5-2,0 pasu.

VY Bunaaky MX-npoOomiAroToBKA pO3YMHEHHS 3pa3Ka BiOyBaeTbcs 3a
pPaxyHOK BIUIMBY Ha CHUCTEMY TPbOX (PaKTOpiB: TeMmreparypu, TUCKy 1 MX-
OTIPOMIHEHHS.

[IpoBeneHo MOpIBHAIBHE BUBUEHHS JIBOX METOIIB IHTCHCH(IKAIIi MpOoI1IeciB
MOKPOI MiHepai3alli XxapuoBux mpoaykriB: MX-onpominenns i Y 3. [lopiBHAHHSA
OTPUMAaHUX PE3yJIbTaTiB MMOKA3aJI0, 10 JIsl OUTBIIIOCTI BUJIIB XapUOBHUX MPOIYKTIB
VY3 6ubin edexktrBHUi. 3actocyBaHHs Y3 go03Boiisie B 20-30 pa3iB MiBUIITUTH
HIBUJIKICTH MOKpPOi MiHEpaslizalli M’SICONPOIYKTIB, XJI10OMPOAYKTIB 1 MOJIOKO-
NpOAYKTiB, a MX-onpoMiHeHHs (BIAKpHUTA CUCTEMA) J03BOJISIE PUCKOPUTH LIEH
nporiec ycboro numie B 10 pasiB. lle mosicHIOEThCS OUTBIIT BUCOKHUMH EHEP-
TeTUYHUMH MOKJIMBOCTSAMUA Y3 TopiBHSHO 3 MX-ompomineHHs M. OpHak
MX-ompoMiHEHHSI B aBTOKJaBax (3aKpUTa CHCTEMa) Ma€ TIepeBard Imepen
BUKOPHUCTaHHSIM Y3 3a paxXyHOK OJHOYACHOTO BIUTMBY Ha X1 XIMIYHUX pEaKIii
TPbOX (PaKTOpiB: TeMIepaTypu, TUCKY 1 MX-onpoMineHHs. Tak, yac po3kiagaHHs
ByraeBoJiB y MX mneuax 3 aBrokiaBamud B 30 pa3iB MEHILIUH, HDK y BUMIAJKY
MOKpOI MiHepai3ailii, a Y3 103BoJIsie MPUCKOPUTH LIl npoiiec TUlbkH B 20 pasiB.

Bukopucranus BBy Y3 s iHTeHcudIKaimii MOKpOi MiHepami3arii
KOMOIKOPMIB, KYKYPYI3H, M’ SICO-KICTKOBOTO OOpoIHa, OTpPyOiB NIICHUYHUX
npuckopioe ii B 4—6 pasziB. BrumB Y3 wacrotoro 1844 kI, iHTEHCHBHICTIO
> 8 Br/em® MIPOTATOM Yacy He MEHIIE 3 XB J03BOJISIE IPUCKOPUTH MiHEpaTi3allio
MoJIOKONpoaykTiB 'y 20-30 pasiB. 3acrtocyBaHHS Y3 J03BOJIMIO 3OLIBIIUTH
CTYIIHb 1 €KCIPECHICTh BUTATY MIKPOEJIEMEHTIB 31 3pa3ka B PO3UMH NpU aHai3l
IPYHTIB 1 POCIMH MOPIBHSHO 13 CyXOI0 1 MOKpOIO MiHepasizaiieo y 15-20 pasis.
VY3 inreHcudikalis KUCIOTHOI MiHepami3amii >KUpIB 1 OJii, XJIOOMPOIYKTIB
y 20-40 pasiB ckopouye vac MiHepamizamii, cryminb BuiydeHHs Pb, Cu, Cd
miaBumyetrbes 3 90 mo 98-99 %. Y3 OyB BUKOpHCTaHWMIA TaKOX 1 JJIsl 1HTCH-
cudikarlli cramgii MiHepamizamii NPy BU3HAYCHHI MUII SKY B PI3HUX XapyOBHX
MPOAyKTaX. 3acTOCyBaHHSA Y3 y COTHI pa3iB MPHUCKOPIOE CTaAil0 MiHepasi3arlii,
3arajibHy TPUBAIICTh aHAI3y — B 15 pasiB, BUTpaTa OKMCHIOBAYIB, 1110 BBOASTHCS,
3MEHIIYETHCS Y 2 pasi.
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5.4.3 AHaai3 Xap40OBUX IPOAYKTIB i3 3aCTOCYBaHHSIM
TeXHiKM KapOOHi3aIlii Ta yAbTpa3ByKy

EnexkTpoTepmiuHa aToMHO-a0cOpOLiiiHA CIEKTPOMETPist 3 TpadiTOBUM
aTOMI3aTOPOM  JIO3BOJISIE  3aCTOCOBYBAaTH Oe€3MOCEpeHE BBEACHHS MPOOHU
y BUTJISA1 BOJHOI cycrieH3ii. TexHika BBEIEHHS Npo0 Yy BUIVIAI CYCIEH31T —
«Slurry» Oysa BUKOpHUCTaHa B KOMOIHAIIi 3 COPOLIHHUM KOHILIEHTPYBaHHSIM MPU
aHaii31 BOJA, 3 JOCSITHEHHSIM MPU IIbOMY 3aJI0BUIBHMX METPOJIOTTYHHMX Xapak-
TepucTuK. ONMCcCaHO BUKOPUCTAHHSI HEMOBHOI CyXO0i MiHepaui3allii (kapOoHi3aiiii)
SK METOAY MIATOTOBKH MPOO Xap4yOBHX MPOAYKTIB I MOJAIBIIOT0 e(eKT-
pPOTEPMIYHOTO aTOMHO-a0copOIiiHoro anamzy. [Ipm 1upomy mnpoba micis
BUCYIIYBAHHS 1 MOJAJIBIIOI TEpMOOOpPOOKH B My(enpHINA medi mijaBanacs
MOJPIOHEHHIO 1 BBOAWJIACA B €JIEKTPOTEPMIYHUIN aTOMI3aToOp y BUIVISAJI BOJHOI
cycnensii. [Ipote st crabimizalii CycreHsii 3aCTOCOBYBAJIOCA JIMIIE ii mepemi-
ITYBaHHsS MIKPOIIIETKOI Tiepel BBeAEHHSM B rpadiToBuii aromizarop. Kpim
TOTO, BU3HAUCHHS MPOBOAMIOCS 03 BBEJACHHS MOAN(IKATOPIB MATPHI, & BUKO-
PUCTaHHS K MOJU(DiKaTOpa MaTPHIll Caxi, 0 BUALISETHCS B MPOIIEC] MIPOIIIZY
3pa3ka, BUSIBUJIACS HEAOCTATHHOIO IS 30€peKEHHS KaJIMIil0 1 CBUHIIO B Tpadi-
TOBIM Meul Ha CTajii mipodi3y. Y 3B’SA3Ky 3 MM, METPOJIOTIUHI XapaKTEPUCTUKU
BU3HAUEHHS CBUHIIO 1 KaJMII0 OYyJM HE3aJ0BUIBHUMH JUIsl aHaNi3y Xap4yOBHX
npoaykTis (S;> 0,18).

Bbyno nocnimkeHo BUKOPUCTAHHS 11€1 TEXHIKU JJIsi BUBHAYCHHSI CBUHIIIO
1 KaJMil0 B 3pa3Kax IYKpPOBOTO MICKy, M’sca, MOJIOKA, PsDKaHKH, OOpOITHA
NIIEHUYHOTO, PUCY, KPyNH TrpedaHoi, xmiba, s0ayk 1 Oypsika 4YEepBOHOTO
3 BUKOPUCTaHHSM 1 6€3 BUKOPUCTaHHS MOAM(IKATOPIB MATPHIII.

Bu3znadueHHS TpOBOIMIM HA aTOMHO-a0copOIiiHOMY criekTpoMeTrpl AAS—3
3 enekTporepmiyHuM aroMmizatopoM EA-3 (Himeuunna). 3actocoByBanu rpadi-
TOBI KIOBETH 3 MIPOJUTUYHUM TMOKPHUTTSAM, JIAMIHU 3 TOPOKHUCTUM KaTOJIOM
tuny “Marva” 1 mikpomineTku BupoOHuUTBa Himeuumnu. Sk 3axucHuii ras
3aCTOCOBYBAJIM Tenid (CopT «BUIMIY»). Bynum BuOpaHi Taki pexxumMu poOOTH
CIIEKTPOMETpa: B POOOTH — MOHOCBITOBHUW 13 KOMIICHCAITIEI0 HEATOMHOTO
MOTJIMHAHHS JCUTEPIEBUM KOPEKTOpOM (HOHY, TOBKMHA XBWJIl: TIPU BU3HAYEHH1
cBuHITO — 283, 3 HM; KagMmito — 228,8 HM; MUPHUHA IIUTMHA MOHOXPOMATOpy —
0,20 HM; BeIMUMHA CTPYMY JIAMIIH: JUIsl CBUHIIO — 4 MA, 11 KaaMmio — 3 MA.
CrangapTHi pO3YMHU TOTYBaJIM Ha OCHOBI JI€pKaBHUX CTAHJIAPTHUX 3Pa3KiB
PO34MHIB MeTaliB BUPOOHUITBA PI3UKO-XIMIYHOTO 1HCTUTYTY IM. borarchkoro
(M. Opneca). Y3 o0poOKy pO34MHIB 3I1MCHIOBAIU 3a JIONIOMOTOI0 MOJIEPHI30Ba-
Horo Y3 mucnepratopa Y3H-1M, mo 103BoJisie 3MIHIOBATH YacCTOTU YJIbTpPa-
3BYKy Bij 18 no 47 kIl 3 peryntoBanHsM iHTeHCUBHOCTI Bij 0,05 1o 25 Br/cm’.
[Ipu BUBYEHHI MOXIJIMBOCTI BUKOPUCTAHHS Y3 BUCOKOT YaCTOTH BUKOPUCTOBYBAIIH
CTaHAapTHI (POKYCYyrOUl 1’ €30€JEKTPUYHI BUIIPOMIHIOBaU1 3 pOOOUYMMH YaCTOTAMHU
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112 MTI'y tuny LITC—19, BUroToBiieHi 3 UpKOHATy TUTAHY-CBUHITIO 13 3aXHUCHUM
MOKPUTTAM 3 (Toporacty. JlaHi 1’ e30kepaMiuHi BUIIPOMIHIOBadl Oyl BHOpaHi
3a JOCTaTHIO MEXaHIYHY MIIHICTh 1 CTA0LIBHICTh BUMPOMIHIOBAHHSI HA BUCOKUX
gactotax Y3 (1 1 2 MI'Il) nmpu iuTeHcuBHOCTI A0 12 Br/cm®. JKupieHHs
I’ €30€JIEKTPUYHOTO BUIIPOMIHIOBaYa 3[1MCHIOBAIA BlJ JaMIIOBOIO Ie€HEparopa
tunty 24-Y3T'1-K-1,2, mo no3Boise 3miHoBatd 4actotd Y3 Big 50 kI mo
2,5 MI'1. Po3mip yacTHHOK CycrieH31i BU3HAUYaIy 3 BUKOPUCTAHHSIM CKaHYIOYOTO
Mmikpockorna Tunmy CM—12M, 110 J03BOJIsI€E BUMIPIOBATH PO3MIp YaCTUHOK Cy-
crnensii BeanynHoro Big 1 10 200 MKM.

Hapaxxku 3pa3zkiB (1,00-5,00 r) nmomimanu B TUTJI KBapIiOBI MICTKICTIO
10 cm®. Pizki 3pasku 0GepeXHO yNaprOBaIM HA eICKTPOILIATI HACYXO, IPH
IbOMY /10 TIPOOH 3a37aneriap poxasamn 0,5 cM® po3unHy MarHio abo aMoHiI0
asorHokucoro (10 r/mm°). IIpoby HyKpy 3a3manerigb PO3YHHSIN B PIBHOMY
06’emi GigucrrmboBanoi Boxu i mimmuamu 0,5 cm® 0,1 M posumHy cipuaHoi
kucioTu. [Ipobu obepexHOo OOBYTIIOBAIM HA E€IEKTPOIUIUTIN A0 MPUIHMHEHHS
BUJIUICHHS JUMY 1 TIOTIM MOMIIIAIX B My(QeNbHYy 14, 3a3/1aJIeTiib NPOTPITY 10
200 °C, i moctymoBo miaBuinyBanu temmeparypy 10 300 °C. Hac 3HaX0KEHHS
B Ieul (3arajgpHuid) mpoO LyKpy, M’sica, MOJIOKA 1 psbkaHku — 40 XB, pelTu
npoayktiB — 20 xB. TBepauil 3aMuIIOK, OTpPUMaHUM Miciid KapOOHi3alii, 3BaxKy-
BaJiM 1 pO3THpAIM B araToOBIA CTYMI[l /10 TOHKOJUCIIEPCHOro cTaHy. HaBaxky
nopomky 0,030-0,050 T momimany B MipHy mpo6ipKy, MiCTKicTIO 5 cM® i miz-
muBamu 1-2 cm® GiaucTrboBanoi Boau a6o 1-2 cm® moaudikaropis (0,01 /v’
po3unau NH4NO3z, Mg(NOs),, NH4H,PO,4, PAd(NO3),, ado ix cymimeit). [TpoGipky
3aKpUBAJIM KPUIIIKOIO 3 MPOCIKaHUM MiKpooTBopoM. Ha cuctemy BrumBamu Y3
gacrorow 18 no 47 ki, intencusnictio Bix 0,05 10 10,00 Br/cm%, abo V3
yacTtoToro Big 1 a6o 2 MIn, intencusHicTIO Big 0,05 mo 12 Br/cm?. 20 MK
OTPUMAHOI CYCIHEH311 BBOJMJIM B €JIEKTPOTEPMIUHMM aTOMI3aTOp 1 BU3HAYAIH
BMICT CBHHIIIO 200 KaJMiIo 3a mporpamMamu. Takoxk OJiHI 1 Ti K MPOOU XapuOBHX
MPOJYKTIB MapajelbHO aHATI3yBalu 3a CTaHIAPTHUMU METOJMKAMU 3 BHUKO-
PUCTAHHSAM CYXOi MiHEpaTi3allii.

[Ipu BuBYEHHI BIUTMBY MOAM(DIKATOPY MATPUIll HA BETUYUHY aHATITHIHOTO
CHTHAJly KOPUCTYBAJIUCS BeMMYMHOWO AA= (A-A.,) [Ao, ne Ay — BenuunMHa
AQHATITUYHOTO CUTHAJTy JIaHOTO €JIeMEHTY y BOji; A4 — AopalieHs] aHaIITUIHOTO
CUTHAIYy €JIEMEHTY B JaHOMY OO’€KTI TIOPIBHSHO 3 BOJHUM po3unHOM. [lpum
BUIIAPOBYBaHHI METaNliB 3 KapOOHI30BaHOro B IrpadiTOBY MiY HAAXOAUTH Pa3oM
3 €JIEMEHTOM, 1110 BU3HAYAETHCS, 1 BEJIMKA KUIbKICTh OPraHiuHOI PEYOBUHH, NPU
JECTPYKIIIi SKOI BUILISETHCS 3HAYHA KUIBKICTh Ta30MOAIOHUX PEUOBHH, B OCHOB-
HOMY C 1 CO, sIKi MOXKYTh BUKJIMKATH HECEJICKTUBHE MoriMHaHHA. OIiHKa PiBHS
HECEJIEKTUBHOTO TMOMJIMHAHHS [0 METOJUIll, PO3pO0JIEHOI aBTOpaMu POOOTH
(MpoCBIUYBaHHSI Matepially JEHTEpI€BOIO JamIIO), — MOKasajia, 10 BEIMYHUHA
HECEJIEKTUBHOTO TOTJIMHAHHS CUJIBHO 3aJICKUTh BiJI TEMIIEpaTypHu MIPOJI3y, IpH
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BOMY OCHOBHA 4YaCTHHA TMPOAYKTIB JECTPYKIi MaTepially BCiX BHBUYEHHUX
KapOOHI3aTiB XapyoOBUX MPOAYKTIB, MPAKTUYHO MOBHICTIO BIIIAISETHCS MpU
Temmeparypi 550-650 °C.

OTxe, MABULIEHHS TEMIEPATYPH MIPOIII3Y JO MAKCUMAIBHO JOMYCTUMOIO
piBHA (IIpU SIKOMY HE CIHOCTEpIraeTbCsl BTPAaT BHU3HAUYYBAHUX EJIEMEHTIB)
CIPUSATUME 3MEHIIICHHIO BEJIMYMHU HECEJIEKTUBHOTO MOTJIMHAHHSA 1 TOKPAIIIEHHIO
METPOJIOTIYHUX XapPaKTEPUCTUK aHami3y. HU3bkuil piBeHh HECEIEKTUBHOTO IIO-
rMHaHHSA (B 1HTepBami JAoBXuHM XBWIb 200-350 HM He TMepeBUINYBaB
0,1 oquHUIIl ONTHUYHOI TYCTUHU) JIO3BOJISIE BUAUINTA AHATITUYHHA CHUTHAJ
3 BUKOPUCTaHHS JEHTEP1€BOro KOpeKTopy (hoHy. Po3mip yacTUHOK cycneHsii H ii
KOHIIGHTpAIlisl BIUIMBAIM Ha BEJIMYHMHY BIJIHOCHOTO CTAHIAPTHOTO BiIXHMJICHHS
BU3HAYEHHSI CBUHITIO 1 Kaamito (Sy). MiHIManbHa BEIUYMHA S, cIiOCTEpirajiacs
Ipy 3MEHIIEHHI PO3MIpy YaCTUHOK cycrneH3ii Onm3bko 10 MKM, mpH IIbOMY
HaWKpamiy pe3yabTaTd OyJlu OTpUMaHI MpPU BUKOPHUCTAHHI JJs cTadlmizarii
CyCIIeH311 1 3MEHIIEHHSI pO3Mipy 4YacTUHOK TipH nii Y3 uvactororo 1847 kI,
iHTeHcuBHicTIO 3—5 B1/cM® ipoTsrom 1 xB.

Came Taki mapamerpu aii Y3 3a0e3nedyBaid OTpPUMaHHS CTIMKOi Jipi0-
HOJIMCTIEPCHOI CYCIEH311 3 po3MIpoM 4acTUHOK O0iu3bko 10 mxMm. [Ipu Bukopuc-
TaHHI BHCOKOYacTOoTHOro Y3 wyactororo 1 abo 2 MI'm oTpumani pe3yibTaTh
BU3HAYEHHS CBUHIIO 1 KaJMII0 Majd TIpHIl METPOJIOTIYHI IMOKa3HUKH, IO
MOSICHIOETHCSA CIA0KIIION AUCTIEPTYIOYOI0 3aTHICTIO BUCOKOYACTOTHOTO Y3, TIpH
IILOMY OCHOBHA Maca YaCTMHOK cycreHn3ii (oubie 80 %) Mana po3mipu 4aCTUHOK
Bix 20 10 15 MM, KpiM TOro BUKOpucTaHH: aii Y3 gactororo 2 MI'1 mpuBoamiio
70 3IUNaHHS YaCTUHOK 1 TOTIPIIEHHS METPOJIOTIYHUX — XapaKTePUCTHK
PE3yJIbTATIB aHAJIRY.

[TomnieHHss METPOJIOTTYHUX XapaKTEPUCTHK PE3yJIbTaTIB aHalizy mpu
3MEHILIEHHI pPO3MIpY YacTUHOK, HUMOBIpHO, OOYMOBJIEHE OUIBIIOI TMOBHOTOIO
1 KpaluMU YMOBaMHU BUTIAPOBYBAHHS JPIOHOAMCIIEPCHUX YAaCTUHOK CYCIEH3I.
['yctHa cycneHsii BIUIMBaJla Ha METPOJIOTIYHI XapaKTEPUCTHKH PEe3ysbTaTiB
aHaI3y.

[Tpu 306imbIIeHH] KOHIEHTpamii cycnen3ii moHaa 30 Mr/mMi MeTpOJOTiuH1
XapaKTEPUCTUKH PE3yJbTaTiB aHAJII3y MOTIPIIYBAIUCS, M0 MOXXKHA IOSCHHUTH
30LIBIICHHSIM BEJIMYMHUA HECEJICKTUBHOTO TOTJIMHAHHS B PE3yJIbTaTi 301IbIIICHHS
KUIBKOCTI opranigyHoi marpuii. Cria BKazaTh Npo 3HAYHUM BIUTUB OPraHi4HOl
MaTpHIIl 3pa3Kka Ha aToMi3alliio Kaamito 1 CBUHITI0. Ha moBepxHi reui B pe3yibTari
JECTPYKIIi 3pa3ka, yTBOPIOETHCS AKTUBHUW BYTJCIb, SKHA MOXE CIIY)KHTU
mw1atopMoro 1 MmepemKopKaT audys3ii eTeMeHTIB B CepelnHl Tedl, a TaKOX
OpaTu y4acTh B TIPOIECax BIHOBJICHHS €JIEMEHTIB, MEPEIIKOHKAI0UN 1X BTpaTam
Ha paHHIX CTaIIIX HArPIBY, YHACIIOK JIETFOYOCTI ISIKUX MOJICKYJISIPHUX CTIOMYK.

[Ipy BU3HAUYECHHI KaJMIIO y CycHeH31i kKapOOHI30BaHOTO 3pa3ka MOKJIMBE
HiJBHINEHHST TeMiepaTypu mipomisy 3 270 mo 350 °C, a cuniro — 3 400 1o
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500 °C, mopiBHSHO 3 BH3HAYEHHSM IX Yy a30THOKHCIIMX PO3YMHAX (MaTpu
g —0,10 M po3unn HNOj). Anamituuni curHanu 0,005 MKr/mi Kaamiro
1 0,04 MKI/MJI CBUHIIIO Y TPUCYTHOCTI MaTpUIll KapOOHI30BAHOTO 3pa3Ka OyJiu
Aemo Ouablie 1 3pylIeHI B 00JIaCTh BHUCOKUX TeMIEpaTyp, MHOPIBHSHO 3
BU3HAUCHHSAM iX B a30THOKUCIHMX pPO3YMHAX. AHAIOTIYHY IO HaJaBajo
BBEICHHS TAKUX K€ KIJIBKOCTEH Caxl.

OCHOBHMMM YMHHHUKAMH, 10 BU3HAYAIOTh €(PEKTUBHICTh BUKOPHUCTAHHS
moaudikatopiB maTpuill (MM), € TepmiyHa cTabimi3allis aHATTY Ha CTaail mipo-
713y 1 IepeBeIeHHS PI3HOMaHITHUX (DOPM aHAIIITY Yy 3’ €JHAHHS OJHOTO THUITLY.

Memoouka eusnayenms ceUHYIO i KAOMIIO 8 Xap4Uo8ux NPOOYKmMax pocCiuH-
HO20 1 MBAPUHHO20 NOXOOMCEHHs (M 'ACI, Mooy, Kpynax, (opykmax i 08ouax,
YYKPI).

HaBaxky xapuoBoro mpoaykry (1,00-5,00 r) moMimaroTs B TUTJI KBapIEBl
mictkictio 10 ev’. Pinki 3paski 06epeKHO YIAPIOIOTh Ha eIEKTPOILIATII HACYXO,
Ipy IIbOMY JI0 TIPOOHM 3a3majieriip jaoaarTs 0,5 oM PO3YHMHY MAarHiro a30THO-
xucioro (10 r/mm®). TIpoGy Lykpy 3a3Ianieriab PO3YMHSIOTH B PIBHOMY 00’€Mi
O1IMCTHIILOBAHOI BOMM 1 mimIuBaroTh 0,5 oM’ 0,1 M po3uuHy cipyaHOi KUCJIOTH.
[IpoOu 00epekHO OOBYMIIIOIOTH Ha ENEKTPOIUIMTII A0 MPUIIMHEHHS BUIICHHS
UMy, TIOTIM TOMIIIal0Th B My(enbHy MEKTH, 3a3maieriap nporpity mgo 200 °C,
i moctymoBo migBHUILyIOTE Temmeparypy a0 300 °C. Yac 3HaXOKCHHS B Iedi
(3aranbHuUii) MPoO IyKpy, M’sica, MOJIOKa 1 psbkaHk — 40 XB, pemiTu MPOIyKTIB —
20 xB. TBepaumil 3aIMIIOK PO3THPAIOTh B aratoBid cTymii. HaBaxkky mopor-
ky 0,030 moMmimarwTh B MipHY MpoGipKy, MICTKICTIO 5 cM° i IifUIHBAIOTH
1 em® 0,01 r/mm® posumry PA(NO3),. TIpo6ipKy 3aKpHBAIOTH KPHIIKOIO 3 MIiKpO-
orBopoM. Ha crcremy BrumBarots Y3 gactororo 22 kI 'w, iHTeHCHBHICTIO 4 BT/eM®.
20 MKJI OTpUMAaHOI CYCIIE€H31i BBOJSThH B €JIEKTPOTEPMIUHMN aTOMI3AaTOp 1 BU3HA-
YarOTh BMICT CBUHIIIO 1 Ka/IMiIO 1O TEMIIEPaTypPHO-TUMYACOBUX Iporpamax.

5.5 BukopucTaHHs yAbBTPa3BYKy CepeaHixX i BUCOKMX 9aCTOT
B iHTeHcM@ikarii craaii MiHepaai3anii Xxap490oBUX OPOAYKTiB
POCAMHHOIO i TBAPMHHOIO IIOXOAKE€HHSI

Haii6inpr TpruBajior CTalero aHami3y € MpoOomiAroToBKa (MiHEepami3altis).
Moxkpa MiHepami3alis JerKo MiIIaeThCsl IHTeHCHDIKAIlT €0 30BHIMMHIX (Bi3ud-
HUX MOJIB pi3HOi mpuponu. Panime Hamu Oynia Moka3aHa MOXJIMBICTH 1HTEH-
cudikarllii MOKpOi MiHepami3allii Jaiero Hu3bkodactoTHOro Y3 (18—47 kI'm). Takox
OyJ10 BCTAHOBJIEHO, IO I1HTEHCHIKAIST MOKpPOi MiHepami3aiii mij giero Y3
BIIOYBA€eTbCSl B PE3YJIbTAaTl NPOTIKAHHS 3BYKOXIMIYHMX peEaklid 3a y4acTio
paJivKaiiB, 110 YTBOPIOIOTHCS YHACHIJIOK SIBUIN KaBiTallli. 3acTOCyBaHHSA Y3
CEpeHIX 1 BUCOKHUX YacCTOT Jyisl IHTeHCU(IKallli MOKpOi MiHepasi3allli Xap4yoBUX
MIPOAYKTIB HE BUBYEHE 1 B JIITEPATYpP1 HE 3HANICHE.
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Hocmiayn mpoBoAwSid B TPOOIpKax, HAa SKI OJIATAIM, 3 BUKOPHUCTAHHSIM
(TOpPOIUIACTOBUX YIIIIBHIOBAUIB, BIJMOBIIHI KUIBLIEMOAIOHI I1’€30€IeKTPUYHI
BuripoMiHtoBaul Ty L[TC—19. IlpoOipku 3akpuBanmcs mnpoOkamu, 3adesme-
YEeHUMH KJalmaHaMu O€3IeKH, MOMIIAINCS Y BOASHY COPOUKY, 10 3a0e3mneuye
HITPUMKY TOCTiiHOI Temmeparypu, — (20+1) °C, i BumBamu Ha cucremy Y3
BIMOBIAHUX TapaMmeTpiB. IIpu MpoBeneHHI €KCIIEpPHMEHTIB BHKOPHCTOBYBAIH
ONTUMAaJIbHI OKUCHUKH, 3HAW[CHI HAMU TPU BUBYCHHI YJIbTPA3BYKOBOI 1HTCH-
cudikaili MOKpoi MiHepai3aili HU3bKOYACTOTHUM Y3, a TakoXX BUBYAIU
MO>KJTMBICTh BUKOPUCTAHHS SIK OKMCHUKA TICBHUX KIJTBKOCTEH TIEPOKCHIY BOJIHIO.

Memoouka nposedents ekcnepumenmy npu aualizi M ’aca (C6UHUHA NiCHA,
SANOBUYUHA HEICUPHA) COKIB, (hpyKmia, DOpowHa, Kagu i 0804ie
4 mn coky a6o 0,50 r 6opomrHa, kaBu, OBOYIB, (GPYKTIB, M’sica MOMIILIATIN
B npo0Oipky. ITigmuBamm cymim (1:1) H,O, + HNO; (8 M mpu anaiizi cokiB
1 10 M1 ipu aHasizi 0BOYiB, KaBU a00 OOpOIIIHA).

Memoouka nposedeHns ekcnepumenmy npu aHalizi nuea i Kpyn
4 mu nuBa a6o 0,5 r po3MOJIOTUX KPYII OMIIIaiIu B mpoOipky. [lignuBanu
10 M1 cyMminin MepoKCUAY BOJAHIO 1 @30THOI KMCIIOTH B cIiBBigHOMmEHH (1:1).

Memoouka npogedenns ekcnepumernmy npu AHaLizi MOJIOKONPOOYKmie
HaBaxky mpoaykry macoro 2,00 r (mpu aHamizi MoJioka, BepuikiB 8 %
1 KUCIIOMOJIOUHHUX TpoAyKTiB) abo 1,00 r (mpu aHami31 cupy, CyXoro 1 3TyIieHoro
MOJIOKa, Macjia BEPIIKOBOTO, BEPIIKIB KUPHICTIO OUIbIe 8§ %) MOMIIIAIN B MPO-
OIpKYy 1 MIJIMBAIM B TIEPIIOMY BUTIAAKY 3 MIT a30THOI Kuciotu (1:1); y npyromy —
3 M1 cymimi azotHoi (1:1) 1 conmsinoi kucnot (1:1) B criBBigHOMIEHH] (3:1).

Memoouxa npogedeHHs excnepumenmy npu aHauizi Xaioonpooykmis

[Ipu anani3i MyKpOBMICHUX XJIIOONPOAYKTIB (3100a HOHEIbKa, Oyliovka
3 MOBUJIJIOM), HaBaXXKy Mpoaykty Macoro 1,00 r momimanu B MpoOipKy 1 IMiJijIu-
Baji 6 MJI CyMIIII @30THO1 KUCJIOTH 3 TIEPEKHNCOM BOAHIO B criiBBimHOMICHH] (1:1),
a mpu aHami3i xmba — 6 M a3otHoi kucnotu (1:1). Jlo orpumanoro minepanizary
migpmBamm 1 v 0,001 mr/im pozunny Pd(NOs),, po30aBisuii 0iIHCTHIIHEOBAHOO
BOJI010 /10 00’emy 10 M1 1 BCTAHOBIIIOBAIM BMICT CBHHITIO 1 KaJMIIO HETIOIyM sI-
HUM aTOMHO-a0COpPOLIMHUM METOJIOM 3a TeMIIepaTypHO-TUMYACOBOIO Tporpa-
Moto. OmHOYacHO OAHI 1 TI ) MNPoOOM aHATI3yBaJld CTaHJAAPTHUM aTOMHO-
abcopOLIfHUM METOJIOM Micisl MiHepasi3alii CyXuM 1 MOKpUM criocobamu. Sk
KPUTEPii IOBHOTH BIUIYYCHHS TOKCHUHUX €JIEMEHTIB BUKOPHUCTOBYBAIH ITOHSTTS
CTYIICHS BIWJIyYCHHS, KU BU3HAYAIA TAKUM YUHOM:

Xz%-lOO%, (5.5)

ae M — cepenHe apudMeTHYHE MIECTU BUMIPIOBAHb BMICTY BHU3HAYyBaHOTO
€JIEMEHTY IO 3alPOMOHOBAHOMY METOJY, MI/KT;
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n=P23 (5.6)
2
ne P — cepeaHe apupMETHYHE IIECTH BHUMIPIOBaHb BMICTY BHU3HAYyBaHOTO
€JIEMEHTY, OTPUMAHE AaTOMHO-a0COPOLIMHUM METOJOM IIICNIA CyXOl MiHepa-
Jm3arii, MI/Kr,

g — cepenHe apu(METHYHE WIECTH BUMIPIOBaHb BMICTY BH3HAuyBaHOI'O
€JIEMEHTY, OTpUMaHE aTOMHO-a0COPOLIIITHUM METOAOM MICIs MOKpOi MiHepa-
Jm3arii, MI/Kr.

VY pasi BukopucTtaHHsA Y3 cepelHiX 1 BUCOKUX YacTOT, 3 MiJABUIICHHSIM
gactoTH Y3 CTYIiHb BUJIydYeHHS CBUHINO i Ka/[Mil0 3MEHIIyBaBcs. VIMOBipHO,
1€ TIOB’S13aHO 3 TUM, 1110 JJIS MIATPUMKH BIJIIOBIIHOI aKTUBHOCTI KaBITaIlil MpU
BUKOPUCTaHHI Y3 BHUCOKHMX YacTOT HEOOXIJIHO 3acCTOCOBYBaTH Y3 BHCOKOI
IHTEHCUBHOCTI, 10 0OMEXyeThest 12 BT/CMZ, YHACJ1JIOK HEJI0CTAaTHbOI MEXaH14-
HOT MILIHOCTI Cy4YaCHUX I1’€30€JIEKTPUYHUX MaTepialiB.

Brnue wacy nii Y3 Ha cTymiHb BUIYYEHHS CBUHIIO 1 KaJMIIO 3 PI3HHUX
Xap4OBUX MPOAYKTIB MPHU PI3HUX YacToTax Y3, MPH 1[bOMY 1HTEHCHUBHICTh Y3
6yJ1a MAKCHMAaTbHO-MOKIHBOIO — 12 Br/cM®. SIK BHAHO 3 Pe3yNbTaTiB AOCTIiB,
JUISL JOCSATHEHHS CTYINEHS BUJIYYEHHS CBUHIO 1 KaaMmiro > 90 %, gac mii Y3
MOBUHEH OyTH TUM OLIblIE, YUM BHUIIE YacToTa Y3, OCKUIBKU 31 3pOCTaHHSIM
gacTOTH Y3 ISl MIATPUMKH BIJITOBITHOTO PiBHS aKTMBHOCTI KaBiTaIlii HeoOXi1-
HO 1 MIABUIICHHS 1THTEHCHUBHOCTI Y3, sIka 0OMEXYEThCSI MEXaHIYHOKO MIIIHICTIO
1’ €30€JIEKTPUIHUX BUIPOMIHIOBAUIB, 110 HE O3BOJISE MiABUIIYBAaTH IHTCHCHUB-
Hicts Y3 Ginbure 12 Br/cv’,

MOoXHBICTP BUKOPUCTAHHSI JIJIs1 IHTEHCU((DIKAIIT TTPOLIECIB MOKPOi MiHEpa-
mizamii q1i Y3 gactororo a0 300 kI ms M’sica, KaBH 1 KPyNU TpeyaHoi, JJjis
Mostoka — 70 200 kI 1 amst BepmikiB — A0 150 kI’ BiAnoBiAHO, py 301IbIICHH]
yacy aii Y3 Ourbiie 68 xB. Lle, IMOBIpHO, MOXHa MOSICHUTA TUM, IO TpHU
30UTBIIIEHH] YaCTOTH Y3 3pOCTa€ KUTBKICTh TEPMIYHO CTIMKHX €MYIIbCIH, IO SKUX
OUTBII CXHMJIbHI MOJIOKOTIPOIYKTHU, III0 BAKKO PYHHYIOTHCS, TIPUUOMY ISl CXHJIb-
HICTh 30UIBIIYETHCS I MPOAYKTIB 3 OUTHIIOI KUpHICTIO. Ciil TaKoXK BiA3HA-
YUTH, [0 TpU 30UIbIIEHHI dYacy Aii Y3, MEeTpOJIOTidHI XapaKTepHUCTHKU
pe3yNbTaTiB BU3HAYCHHSI CBUHIIIO 1 KJMIIO MOTIPUIYBAIUCS Y BCIX podax.

[Tpuyomy npu 3pocranni yacrotu Y3 Ouibiie 200 xI'1 cnocrepiranocs
MOTIPIIEHHST METPOJIOTIYHUX XapaKTePHUCTUK OTPUMAHHMX PE3YJIBTaTiB IS BCIiX
npo0. 3a70BUIbHI METPOJIOTIUHI XapaKTEPUCTUKHU PpPE3ylbTaTiB BU3HAYCHHS
CBHHITIO 1 KaaMII0 JIOCATAINCS TIILKH IPH BHKOPHUCTAaHHI Y3 YacTOTOKO 0
200 xI'1 BKITFOUHO JUTsl M’ sica, KaBH 1 KPYIIH TpedaHoi, 1y Mojoka — 10 150 kI’
1 1151 BepiikiB — g0 100 k1.

[TopiBHSIHO 3 BUKOPUCTAHHSIM PaHIIIE BUBYEHOTO HU3KOYACTOTHOTO Jiara-
30HY Y3, pe3yibTar aHaii3y, [0 OTPUMYIOTHCA 13 3aCTOCYBaHHIM Y3 CepeaHixX
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YacTOT, MaJIM JEII0 Kpally BiITBOPIOBaHICTh. OCTaHHE MOSCHIOETHCS CTIMKIIION
pPOOOTOI0 T’ €30€TEKTPUYHUX BUIPOMIHIOBAYIB MOPIBHSHO 3 MAarHITOCTPHUKIIINI-
HUMHU. TakuM 4YMHOM, IS 1HTEeHCU(IKaLli MOKpPOi MiHepami3alii XapyoBHX
MPOAYKTIB MOXe OyTH BUKOpHUCTaHUi Y3 B giana3odi yactot Bif 18 go 200 xI'ig
JUIs M’sica, KaBU 1 KPYIH TpedaHoi, Ay Mojoka — a0 150 kI 1 jyist BepiikiB — 110
100 k', mpuvoMy sIKHAMKpaI pe3yabTaTd aHali3y MOXKYTh OyTH OTpUMaHi MpU
BUKOpUCTaHHI Y3 B cepenuboMy JianazoHi yactoT — 100—200 I 3anexHO Bif
BUJIY XapyOBOT'O MPOIYKTY.

5.6 BukopucTaHHs CITiabHOI Aii yAbTpa3ByKy BMCOKOI
1 HM3bKOI 9acTOT B iHTeHcH@iKarllii craaii MiHepaai3aii xap49oBux
HPOAYKTiB POCAVIHHOTIO i TBAPMHHOTO IIOXOAKEHHSI

Bigomo, mo nipu aii Y3 Ha po3YMHM YTBOPIOKOTHCS KaBITalllliHI OyIb0allIKku
JBOX THUIIB: BesuKi aedopmaiiitii OynbOamku (BAb) 1 mam chepuuni Oyiib-
oamku (MCB). IIpu po3mierumroBanHl OCTaHHIX MPOTIKAIOTh 3BYKOXIMIUHI peaKiiii
1 BUHHMKAE COHOJIFOMIHECHEHINA. Tak, mpH CHiabHIM 1ii Y3 BHUCOKOI 1 HU3BKOI
gacToT KinbKicTe MCbh mounnae nepeBakatu Haja KutbkicTio BIb, mo migBuiye
e(EKTUBHICTh YIbTPa3BYKOBOTO PYHHYBAHHS OpPTaHIYHUX CIOIYK B PO3YMHAX
KYXOHHO1 COJIi 1 TIOCUJIIOE€ 1HTEHCUBHICTh COHOJIFOMIHecCIeHIi. CruibHa 1 Y3
BHCOKOI 1 HM3bKOI YacTOT JJIsl 1HTEHCH(IKalli MPOLEciB MOKpPOI MiHepasi3alii
Xap4yOBHUX MPOJIYKTIB HE BUBUEHA 1 B JIITEpaTypl HE OMKCAHA.

JIJiss CTBOpPEHHS HU3BKOYACTOTHUX KOJIMBaHb BUKOPHCTOBYBAJIW TPyOYacTi
MarHiTOCTPUKIIIAHI BUIIPOMIHIOBaYl, B SKi BCTAHOBIIOBAIA MPOOIPKY 3 JOCIHI-
JDKyBaHUM po3unHOM. Ha BepXHIO YacTUHY MPOOIPKH OJsTali, 3 BUKOPUCTAHHSIM
(TOpPOTUTACTOBUX YINIILHIOBAYIB, KUIBIEHOMIOHUHN I €30CICKTPUYHUN BUITPOMI-
HioBau (po6ouoro yactotoro 1 MI'n) tuny IITC-19, BurotoBieHuit 3 upKoHaty
TUTaHy-CBUHIIIO. MarHiToCTpUKIIHHUN BUNPOMIHIOBAY NPUETHYBAIM 10 MOJIEP-
HI30BaHOTO YJBTPa3BYKOBOro aucnepraropa ¥Y3/IH—1M, mio 103BOsII0 CTBOPIO-
BaTH B PO3YMHAX, II0 BUBYAIINCS, YJILTPA3BYKOB1 KOJIMBAHHS YacTOTOO Bif 18 110
44 xI'y 3 iHTeHcuBHicTIO Big 0,05 mo 15 Br/cm? (oOMexyBasmacss MIITHICTIO
poOipkn). JKHUBIICHHS 1T €30C€IEKTPUYHOTO BHUIPOMIHIOBAYA 3IIMCHIOBATN BiJ
nammnoBoro reHeparopa Tumy 24-Y3I'T-K-1,2, mo m03BOMSIIO CTBOPIOBATH
B PO3UMHAX, [0 BUBYAIKCS, yJIBTPAa3BYKOBI KOJIMBAaHHA dacToToro 1 abo 2 Ml
3 iHTeHcHBHICTIO 10 12 B1/cM® (06MeKyBatacst MIlHICTIO BUIPOMIHIOBAYA).

B pesynbrari npoBeseHUX AOCHIIKEHb BCTAHOBJICHO, 110 MPU BUKOPHC-
TaHH1 CIUIBHOT J1i Y3 BHCOKOI 1 HU3BKOI YaCTOT CTYIIHb BHJIYYEHHSI CBUHIIIO
1 kaamito O0yB aemto Buiie (98—100 %), HiXk TpU BUKOPHUCTaHHI TUIBKUA OJHOTO
HU3bK0YacTOTHOTO Y3 (94-98%) npu npoBeicHHI BIUTYYEHHS 3 BUKOPHCTAHHAM
ONTUMAIbHUX OKUCHUKIB, MIIIOpaHUX I KOKHOTO BHUY XapuyOBOIO MPOAYKTY
(BKa3aH1 BHIIIE B METOJMKAaX MPOBEACHHS ekcriepuMmeHTiB). I[Ipore mpu Buko-
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pUCTaHHI CHIBHOI Ali Y3 BUCOKOI 1 HU3BKOI YacTOT CTYIiHb BHUJIYUYCHHS CKJIaB
97-100 % 3anexHO B BUAY XapyOBOTO MPOAYKTY HaBITh MPU BUKOPUCTAHHI
TUIBKU OJIHOTO MEPOKCUY BOAHIO. 3MIHA YAaCTOTU HU3BKOYACTOTHOTO Y3 Bij
18 no 47 xI'11 Ha BeMMUMHY CTYIIEHS BIUIYYCHHS BIUIMBY HE HAJIABAJIO, TOPIBHIHHS
pE3yJIbTATIB, OTPUMAHUX 3 BUKOPHUCTAHHSM BHCOKOYACTOTHOTO Y3 YacTOTOKO
112 MI' mokasajo, 1o Kpali pe3yabTati Oyiar OTpUMaH1 B MEPIIOMY BUIAJKY.
OnTuManbHa IHTEHCHUBHICTh BHCOKOYACTOTHOTO Y3 1 HHU3bKOYACTOTHOTO Y3
3aJIeKaIM Bl BUY XapuOBOrO MPOAYKTY 1 YaCTOTH BHCOKOYACTOTHOTO Y3 1 HE
nepepuiyBana 2,0 Br/cm? JUIS BHCOKOYACTOTHOrO 1 2,5 Br/cm? JUIA HU3BKO-
yacToTHOro. Ilpy 1pOMy mMiJl ONTUMAIBHOKO IHTEHCUBHICTIO PO3YMUIA TaKy
IHTEHCUBHICTbD, sIKa 3a0e3Meuye JOCSITHEHHS MaKCUMaJIbHO MOYJIMBOI BEJTMYUHU
aHAMTUYHOTO curHaimy. CiijJl 3a3Ha4UTH, IO ONTHUMalbHA IHTEHCUBHICTh NPU
BUKOPHUCTAHHI TUIBKHM OJIHOTO HH3BKOYACTOTHOTO Y3 Oyllia 3HAYHO BHIIE
1 ckiagaia Big 3,5 Br/cm? st cokis o 7 Br/em® — s MOJIOKOTTPOYKTiB. Yac mii
JIBOYACTOTHOTO Y3 MOBHHEH OyTH HE MEHIIE 1 XB JIJIs COKIB, 2 XB JIJIsl MPOIYKTIB
POCIIMHHOTO TOXO/HKEHHS 1 3 XB JUIsSl MTPOAYKTIB TBAPUHHOTO TMOXOKCHHS TIPH
BUKOPHUCTAHHI SIK OKUCHUKA MEPOKCUY BOJHIO. CIliJl 3a3HAYUTH, 1110 HABITh MIPU
30UIblIEHH] yacy Aii Y3 B 3 pa3u BelNMYMHA aHATITUYHOTO CUTHAIY HE 3MIHIO-
Bajacsi. Ilopsigok BKJItOYEHHST Y3 HHU3bKOI 1 BHMCOKOI 4YacTOT HAa OTPUMAaHI
pe3yJIbTaTH BILIMBY MTPAKTHYHO HEMAE.

TakuM 4MHOM, BUKOPUCTAHHS CIUIBHOI Al Y3 BHUCOKOT 1 HU3BKOI YacTOT
T03BOJISIE, TIOPIBHSIHO 3 BUKOPUCTAHHSM TUIBKHM HU3BKOYACTOTHOTO Y3, MiABH-
IIUTH CTYIIHb BUTYYEHHS, BUKOPUCTOBYBATH OJMH OKHMCHUK JJISI BCIX XapYOBHX
MPOYKTIB, IO J03BOJISIE CTBOPUTH YHI(PIKOBaHY METOAMKY aHAJI3y Xap4OBHX
NpoayKTiB. Bullly iHTeHCH(iIKYIOUYy 30aTHICTh CIUIBHOI J1i Y3 BUCOKOI 1 HU3bKOI
4acTOT, MOPIBHSHO 3 Y3 TUIBKA OJHIE] HU3BKOI YacCTOTH, MO>XHA, OYEBHUIHO,
MOSICHUTH TIEPEBAYKAHHSIM B TIEPIIIOMY BHUIIAJAKY CYMapHOi Macl Majnx c(hepruHuX
OynpOarok (COpustoTh TPOTIKAHHIO 3BYKOXIMIYHUX PEAaKIliil) Haa BEJIHMKUMU
nedopMaliiHuMu  (COPUSIFOTE  MAacCOOOMIHHUM — TIpollecaM, JHCTIepPTyBaHHSA,
€MYJIbI'YBaHHS).

Po3pobiieno yHi(ikoBaHy METOAMKY BUSHAYCHHS CBHHITIO 1 KaAMIIO B Pi3-
HUX Xap4yoBUX MNpOAYyKTaxX. [IpaBUIBHICTE METOIWKH TEPEBIpsUI aHAI30M
OJIHUX 1 THX K€ MPOO CTaHJIAPTHUM BiJIOMUM METOJIOM.

VHighixosana memoouka 6uszHaweHHs CBUHYIO [ KAOMIIO 8 Xap4o8ux npo-
O0YKMax poCiIuHHO20 i MEAPUHHO20 NOXOOIHCEHHS

Hapakky mpoayKTy TBapHHHOTO MOXomkeHHs Macoro 0,50 T abo pociuH-
HOTO TOXxomkeHHs Macor 1,00 r mowmimarTe B TPOOIPKY 1 JOMAOTH 5 MII
nepokcuay BoaHo (90 %). I[IpoGipky momimaroTh B MarHiTOCTPUKIIMHUN BH-
MIPOMIHIOBAY 1 BIUIMBaIOTh Y3 3 yacToToro 22 kl'mi 1 Mrm 3 IHTEHCHUBHICTIO
20125 Bt/cm? BianmoBigHO. Yac aii V3 npu aHamizi TpoayKTiB POCIHMHHOTO
MOXOKEHHS — 2 XB, a MPU aHall131 IPOIYKTIB TBAPUHHOTO MOXOHKEHHS — 3 XB.
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Jlo otpumanoro minepamizary goaartb 1 Ma 0,01 mr/in posuuny PA(NO3),,
P030aBIAIOTH O1AMCTUILOBAHOIO BOJOKO 0 00’eMy 10 MJT 1 BCTAHOBIIOIOTH BMICT
CBUHIIIO 1 KaJIMIFO HEMOJIYM STHUM aTOMHO-a0COpOIIHHUM METOOM 3a TeMIiepa-
TYPHO-TUMYACOBOIO MIPOTPAMOIO.

5.7 BukopucTaHHsI CIiAbHOI Aii yabTpa3ByKy BMCOKOI1
1 HM3bKOI 9acTOT B iHTeHcM@iKamnii MpoOOoIIiAroTOBKM
LYKpPY Ta IIPOAYKTiB Ha OO OCHOBi 40 BU3Ha4YeHHsI
TOKCUMYHVIX MiKpOeaeMeHTiB

[Ipu aHami3i yKpy HAa TOKCUYHI €IEMEHTH BUKOPUCTOBYETHCS CyXa MiHE-
pasizallis, siKa MoJisira€ B 0OBYTIIIOBAaHHI MPOAYKTY Ha €JIEKTPOIUIMTIN 3 TTOAAITb-
1I0F0 TepMOOOPO6KOI0 B MydepHiil medi mpu temmepatypi Bixg 150 mo 450 °C.
Bimomo, mo mykop € MmpoayKTOM, SIKHMH Ba)XKO MiHEpami3yeThCcsi (4ac Cyxoi
MiHepamizamii 3aiimae Ounbmie 30 rom). Ilpudyomy mpu cyxiid MiHepamizalii
IyKPY MOJKJIMBI BTPATH €JIEMEHTIB, 110 BU3HAYAOTHCA.

Bigomo 3acTocyBaHHsI €KCTparyBaHHsI CBUHIIIO, MiAl 1 KaaMil0 O€3HOCe-
pPEAHBO 3 PO3YMHIB IyKpy. [IpoTe mporec MOKIUBHMA JIUIIE 3 PO3YUHIB MYKPY
3 KOHIIGHTpaIliel0 He Ouabiie 15 1/1, mpu 1UbOMYy CTyMiHb BHIIYYCHHS HE
nepesuirye 80 %.

Panime namu Oyno 3ampONOHOBAHO BUKOPHCTAHHS TOMEPEIHBO 00pOO-
JICHUX PO3YMWHIB, 10 aHATI3YIOThCS, YIbTpa3BykoM dactotoro 20-44 kI mpo-
TATOM HE MeHme HiK 3 xB. lle mano MOXIMBICTH MPOBOIUTH EKCTParyBaHHS
CBUHI[IO, MiJl Ta KaaMIl0 3 pO3YMHIB KOHLEHTpauiero 10 50 r/n. Ognak
BHKOPHCTAHH iHTeHCHMBHOrO Y3, inTeHcHBHicTIO > 10 Br/cm®, He 3a0e3meuyBaio
33JI0BUIBHUX METPOJIOTIUHUX XapaKTepUCTHK aHami3y, Sy > 0,10.

Bigomo BukopucTanHs omgHo4acHOI Jii Y3 BHCOKOI Ta HHM3BKOI 4acTOT
y IpOoOOMiATOTOBII KYXOHHOI COJIi 10 BU3HAYEHHSI TOKCUYHUX €JIEMEHTIB.

Bukopucranas ogHovgacHoi a1i Y3 BHCOKOI Ta HU3BKOI1 9acTOT y MPo0o-
MITOTOBIN IYKPY Ta MPOIYKTIB HAa WOTO OCHOBI JJIi BU3HAYCHHS TOKCHUYHHX
€JIEMEHTIB HE B1IOMO, Y OyAb-sIKOMY pa3i, y JiTepaTypl HAMHU HE 3HANEHO.

[TpornoHye€ThCS AOCIIKEHHS MOXIJIMBOCTI BUKOPUCTAHHS OJHOYACHOI il
VY3 BUCOKOi 1 HU3BKOI YaCTOT y MPOOOMIATOTOBII AJs1 aTOMHO-a0COPOIIIHHOTO
BU3HAYEHHS CBUHIIIO, MiJIl Ta KaJIMiIO B I[yKpl Ta MPOJAYKTax Ha HOT0 OCHOBI.

Y3 00pobky mpoBOAMIHM y XIMIYHOMY PEaKTOpl, KOHCTPYKIIS SIKOTO
J03BOJIIE OJJHOYACHO JIATH HA PO3YMH, IO JOCHIIKYEThCA, Y3 4acToTor 18—
100 xI'r1 1,0-5,0 MI'. Ixepenamu Y3 ciryryBaiy MarHiTOCTPUKIIIHI 1 1 €30-
€JICKTPUYHI BUMPOMIiHIOBaul 3 pobounmu yactotramu Big 18 kI mo 5,0 MI'n,
10 MiAKIII0Yal0ThCS J10 JamrioBoro reneparopa 24—Y3I'T-K-1,2 1 1o yneTpas3sy-
KOBOTO MOJIEpHi30BaHOTO aucrepraropa Y3J/{H-1M. BukopucroByBasiu aToMHO-
abcopOriiauii ciekrpometrp AAS-3.
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Memoouka excnepumenmy. HaBaxKy NpOAYKTY PO3UMHSIN Y BOAL, PO3-
0aBsm Bogoro 10 1000 mum 1 gisymm V3 wactororo 18—100 xI'm 1 1,0-5,0 MI'n
BIJIMOBIIHOI IHTEHCUBHOCTI MPOTATOM IMEBHOTO yacy. OniepxkaHuil po3uuH Tepe-
HOCWIM B JUIMJIBHY JIHKY 1 Jajil AisUTM 3T1JIHO 3 OMKMCAHOTO HAMH Y MOIepe/-
HBOMY po3aim. [lapanensHO MPOBOAWUIN «HYIBOBHIY JOCTIA IJIl BU3HAYCHHS
JOMIIIIOK METAaJliB, [0 BU3HAYAIOTHCS Y BUKOPUCTOBYBAaHUX PeareHTax, a TaKoxX
nmocaiau 0e3 mi Y3.

[Tonepenns 06poOka Y3 po3unHiB IYKPY JO3BOJISIE KUIBKICHO €KCTparyBaTu
CBUHEIlb, MIJIb 1 KaaMiil 3 PO3UMHIB 3 KOHLEHTpauleo nykpy a0 100 r/n. Ilpu
IIOMY Yac eKCTparyBaHHsI MOke OyTu ckopodenuit 3 8—10 1o 5—7 XB MOPiBHSHO
3 BUKOPUCTAHHSM Y3 OJHI€l 4YacTOTH 3a paxyHOK IEpPeXoay CBUHIIO, Mijl
1 KaaAMIIO B OUJIBII KIHETUYHO JIAOUTHHI 3’ € JHAHHS.

3miHa 4dactoTu Hu3bKowyacToTHOro Y3 Big 18 mo 100 kI'm Ha CTymiHb
BUJIYYCHHSI CBMHIIIO, Mil Ta Kaamilo Maibke He BIUIMBA€. [IOpiBHSHHS pe3yiib-
TaTiB, OJCPKAHUX 3 BUKOPHUCTAHHSIM BHUCOKOYacTOTHOro Y3 yactororo 1-5 Ml
MoKa3ajo, M0 Kpaill pe3yibTaTd Oylid OTpUMaHl MpU BUKOPUCTaHHI Y3 dYac-
toToro 1,0-2,5 MTI'u. Ilpu 11bOMy 1HTEHCUBHICTh HU3bKOYACTOTHOTO Y3 MOBUHHA
oytu 1,5-2,0 Br/cM?, a BucokouacToTHOro — 2,5-4,0 Br/cm?. Yac nii V3 nosuHen
OyTH He MeHIIIe, Hixk 1 XB.

[Tpu aii Y3 Ha BoaHi po3unHH, skl HacuueHl CO,, 3BYKOXIMIUHI peaKIlii
He UayTh, ockiibku CO, MpOHUKAE B KaBITalllHY MOPOKHUHY B)K€ HA PaHHIN
JI€3aKTUBYE 30yI>KeHI CTaHM.

[Ipu mpoBeneHHI MOCHiIIB B YMOBAaX HEMOMJIMBOCTI MPOTIKAHHS 3BYKO-
XIMIYHUX peaKii MO3UTUBHOTO €(EKTy HE CIIOCTEPIranocs.

OTxe, B OCHOBI CIIOCTEPEKYBAHOTO €(EKTY JIEKUTh MPOTIKAHHS 3BYKOXI-
MIYHUX peaKIlii, 10 MPU3BOJAATH JO MEBHUX CTPYKTYPHHUX 3MiH po3uunHy. Ha
KOPHUCTH I[LOTO MPUITYIIEHHS TaKOK TOBOPUTH TOM (PakT, IO MEPeXi/i CBUHIIIO,
MiJIl 1 KaaMil0 B KIHETUYHO Ja01MbHI 3’ €THAHHS KUIT ATIHHSAM MPOO 3 OI[TOBOIO
KHCJIOTOTO JI0 IMIBUIIICHHS CTYTICHS BUIYUYCHHSI HE TIPUBIB.

Memoouxa ananizy. bmmspko 100 r mykpy (a00 IpoayKTy Ha HOTO OCHOBI)
3BaKyt0Th 3 TouHICTIO 10 0,01 r, po3unHsAoTh y Boal. O0’eM po3uuHy po30aB-
astoth 10 1000 mut, 1 girote Y3 wacrororo 18—100 I 1 1,0-1,5 MI'n, nipu
IIbOMY 1HTEHCHUBHICTh HU3bKOYACTOTHOro Y3 moBuHHA OyTtH 1,5-2,5 Br/em?,
a BUcokoyacTtoTHoro — 1,5-3,0 Br/cm? , gac aii Y3 noBuHeH Oytu 1-3 XB.

OnepkaHuid pO34MH NEPEHOCATH B JUIWIBHY JIHKY, 10/al0Th 3 M po3uuH
NaOH no pH 9; 5wmn 3 % po3uuny gietwnautiokapbaminaTty Hatpito, 10 mu
XJI0pogopMy 1 €KCTParyroTh MIKpPOEJIEMEHTH MPOTATOM MEBHOTO Yacy 3 BHKO-
pUCTaHHSAM MeXaHi4HOro miaTpymryBada (120 crpyuryBans B xB). [licms poszmi-
JIEHHS I1apiB, €KCTPAKT 3/MBaoTh y (dapdopoBy uamiky. ExcTpakxiiio MOBTO-
PIOIOTh 1 €KCTPaKTH 00’€IHYyIOTh. Jlalmi eKcTpakTu OOepeXHO YIaprTh Ha
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EJEKTPOIUIMTINI Y TPHUCYTHOCTI 5 M1 a3oTHOi kuciotu (1:1). Cyxuil 3anuinok
PO3UMHSIOTH B 5 MJI coJisiHO1 KucioTu (1:1). B ogep:kaHoMy po3urHI BU3HAYarOTh
BMICT CBUHI[IO, MIJi 1 KaJMIIO TOJyM STHUM aTOMHO-a0COPOIITHUM METOJIOM.
VMOBU BH3HAUYEHHS CBUHIIIO, MIOI 1 KajaMmiio: AoBknmHA XBwm 283,3, 324.7,
228,8 HM BIAMOBIAHO, BeMMYMHA CTpyMy Jami ‘“Narva”— 5, 3, 1 3 MA, mmpuna
CHEKTpaJIbHOI HIUTMHK MoHoXpomaTtopy — 0,20 MM, BuTpara aneTwieHy — 2,
nositpst — 13 11/xB.

YyTnuBicTh BU3HAYEHHsA CBUHIIO, Miai 1 kaamio — 0,067, 0,013
1 0,004 mr/kr BiAIIOBIgHO.

[IpaBUNBHICT METOAMK MEPEBIPSUIA METOJOM J00ABOK Ha pO3YMHAX
LyKpy Ta pi3HUX Hanosix. KpiMm Toro, Ti )k mpoOu aHami3yBaucsa CTaHIAPTHUM
aTOMHO-a0COPOIITHUM METOJIOM ITiCis CyXoi MiHepamizaiii. [lapanensHo mpo-
BOJIUIIA «HYJIBOBUI» JOCHIA JIJII BU3HAYCHHS JOMIMIOK METaliB, II0 MOXYTh
OyTU y peareHTax, siki BAKOPUCTOBYIOTHCH.

Po3pobniena ekcrpecHa METOJMKA BH3HAYEHHS CBHUHIIO, MIifl, KaiMiio
BI[yKpl 1 MPOAyKTax Ha HOro OCHOBI 3 BHKJIIOUEHHSM CTajii MiHepasi3allii.
[Tokazano, 1o nomnepeans oOpoOka Y3 BUCOKOi 1 HU3BKOI YaCTOT PO3UYHMHIB, IO
aHATI3YIOThCS TPU3BOAUTH JO 30UIBIIECHHS YYyTJIMBOCTI 1 €KCIIPECHOCTI BU3HA-
YeHHS Ta TOKpAIllaHHS METPOJIOTIYHUX XapaKTEPUCTUK PE3YyJIbTaTiB aHaJi3y.
ExcniepuMeHTanbHO BCTAHOBJIEHO, 110 B OCHOBI €()eKTy MIJIBUIICHHS YYTIMBOCTI
M eKCIPEeCHOCTI aHami3y IyKPY 3 BUKOPUCTAHHSAM TOINEPENHBOI yIbTPa3ByKOBOI
0OpOOKHM PO3YHHIB JISKUTH MIPOTIKAHHS BIAMOBITHUX 3BYKOXIMIUHUX PEAKITIH.

5.8 YabTpa3syk B iHTeHcm@iKallii cyxoi MiHepaaisamii
Xap4O0BMIX IIPOAYKTiB OKMCHUKaMM y HIapOnoAiOHin popmi

Cyxa MiHepai3ailis, 10 MOJSTrae B CHATIOBAHHI MPOO XapyOBHUX MPOTYKTIB
B enekrponeyax npu temreparypi 450-00 °C, mupoko 3aCTOCOBYETHCS B J1a00-
paToOpHii MPAKTUIl BHACIIJOK MPOCTOTU amapaTypHOro o(opmiieHHS Ta MOXK-
JUBOCTI OJTHOYACHOI MiHEpasIi3amii 3Ha4HO1 KUTBKOCTI Tpo0 (10 60-Tu Ta OlibIe)
06e3 HEeoOXiTHOCTI TMOCTIMHOI MPHUCYTHOCTI mepcoHany. CyTTEBHM HEIOIIKOM
Cyx01 MiHepai3allli € ii TPUBAJIICTh, 110 CTAHOBUTH BiA 5 110 40 ToJ 3aJIEKHO Bij
BUY Xap4OBOTO MPOIYKTY.

[Ipouiec cyxoi MiHepamizaiii MpoTikae y ABI OCHOBHI crtaii: 1) cyxa
IeperoHka OpraHigyHOl PECYOBMHMU, HAMPHKIHII SKOI 030JICHAa Mpoba MOBHICTIO
OOBYTIIOETHCS; 2) OKUCICHHS BCchoro Byriemio a0 CO; 1, K HACHIIOK, OTPH-
MaHHs 3071. [[i1BUIIEHHS TeMIiepaTypy Ha TepIii cTafiii Mae OyTH TakuM, 00
3a0€3MEeUNTH TOBUIbHE OOBYTIIIOBAaHHS MPOOW, TIpH OYpXJIMBOMY MPOTIKAHHI
CyXO1 IIEPErOHKH Mpo0a PO30PU3KYETHCS 1 K HACHIIOK — TyOJISThCS] BUBHAUYBaHI
KOMITOHEHTH. TemmepaTypa Ha IpyTik crajli MiHepaiizaiii nopuHHa OyTu 450—
500 °C, 1106 3a0e3meunTi OKUCICHHS BChoro Byrieiro 10 CO,, mpu 150My 30J1a
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3a0apBIOETHCS B OUTHIA a00 O110-cipuii Komip. UMHHUMHU Iep)KaBHUMU CTaHap-
TaMU JIOITyCKA€EThCS IHTEHCH(iKaLlisl cyXxoi MiHepam3alii [Y-BunpoMiHiOBaHHAM
Big [Y namnu notysxuictio 500 BT. Lle no3Bosie ckopotuth mporec Ha 10-12 %.

Hamu panime Oysio 3amponoHOBAHO METO]T MPUCKOPEHOI CyXOi MiHepa-
Ji3anii XapyoBHMX MPOJYKTIB, KU mojisirae B TakoMmy. llepma cramis cyxoi
MiHepamzamii iHTeHcudikyeTbess [Y-ompomiHeHHSM, a Ha Jpyrid cramii —
oOByTJIeHa TIpoOa XapuoBOTO MPOAYKTY MiIaeThes Oe3nepepBHii 00poodIn mnapa-
MU OKHCJIIOBAUiB — OKCHIaMU a30Ty a0o0 xjiopom mpotsarom 10-30 xB. [ami npobda
MEPEeHOCUThCS B My(erbHy Mid 1 BUTpuMyeThest ipu Temneparypi 450-500 °C no
MOSIBU 3011 OUTOro abo Ou10-ciporo koybopy. IIpu 11bOMy €KCHpecHICTh CyXOi
MiHepasi3alii HOPIBHSAHO 3 KIACHYHUM BapiaHTOM miaBuiyeTrbesa B 20—35 pasis.
HenosikoM Takoro MeToay € CKIAIHICTh Ipoliecy — 3BaXkeHa Ipoba oOpoOIis-
€ThCS HA EJIEKTPOIUIUTII, MOTIM 0OpPOOIISIETHCS B pEAaKTOpl MapaMu OKHUCIIOBAYiB,
JaJti IepeHoCuThes B MydemnbHy mid. KpiM Toro, MeTo Takok TPUBAIHA 1 3aiiMae
Bi7 2 10 15 rox. Tpusamictk apyroi crasii MiHepasizailii 00yMOBJIeHa TUM, IO
oOByTJieHa Mpo0a 3HAXOAUTHCS B PEAKTOPl Y BUIJIAL IIUJIBHOI Macu 1 Mapu
OKHCJIFOBa4iB HE MOXKYTh OJTHOYACHO BIUIMBATH HA BCIO MPOOY, Y 3B 3Ky 3 UMM
TUJIbKY BIUIMBOM MapaMy OKHUCITIOBAYiB HEMOKIIMBO OKUCIUTH BCIO Mpody 10 CO,
i HeoOXiHa TprBasia 00poOKa B MydenbHiit medi 3a Temmeparypu 450-500 °C.

VY XiMIUHIA TEXHOJOTII BIAOME CYIIIHHS PI3HUX NPOAYKTIB Y «KUIUITYOMY
mapi». [Ipu boMy KOXHa 4yacTKa mMartepiairy, 110 MiAIa€ThCs CYIIHHIO, «KUTTUTH
B Iapi TEIUIOHOCIS, 1 MPOIeC 1HTEHCU(IKYEThCS 32 PaXyHOK 3HAYHOTO TMOJIM-
IICHHSI KOHTAKTY MaTepiaily 3 TeIJIoHOCieM. B anamithuHii Ximii 1ieit puiioM He
BUKOPHCTOBYBABCS, MPUHANMHI BIIOMOCTEH PO 1€ HAMU B JITepaTypl HE 3HAaMi-
J€HO. 3 METOI0 MPUCKOPEHHS MPOLECIB CyXO0l MiHEpalli3allli MPONOHY€EThCS BUKO-
pPUCTOBYBaTH CrIbHY Ait0 [Y-omnpomiHeHHs 1 0e3MepepBHOIO MOTOKY OKUCIIIOBA-
4iB y maponoioHii (opMi B KHUILITYOMY IIapl OOBYIJIEHOI MPOOM Xap4yOBOIO
npoaykty. st cTBOpeHHs e(heKTy KUIUITYOro IIapy MPOMOHYETHCS BUKOPUCTO-
BYBaTH BIUIMB YJIBTPa3ByKy. BUKOpHCTOBYBaJM CKOPOYECHHS 4acy MiHepasizarii
XapUOBHX MPOJYKTIB 32 PAXyYHOK BUKOPUCTaHHS €(EKTy KUIUISTYOTO IIapy.

Excnepumenmanvnua wacmuna. Cyxy MIHEpamizalio XapuoBUX MPOAYKTIB
IPOBOAMIIY 3 BUKOPUCTAHHSIM TPUJIaIy, CXeMa SKOTO HaBeleHa Ha puc. 5.1.

TBepai mpoayKTH XapuyBaHHS MOAPIOHIOBAIIM, PIJIKI mepeMinryBaid. Bif-
Oupayii HABAKKY XapyOBOT'O MPOJIYKTY TBAPUHHOTO MOXOHKEeHHs Macoro 7,00 T,
pocnunHoro — 10,00 r 1 momimany B UAIIHAPUYHUN KBapLOBUN peakTop — 1, 1o
MICTHTh BILIABJICHI HIXPOMOBI TEPMOCIEMEHTH — 2, sKl IMJKIIOYAIOTHCS J0
nabopaTopHoro aBToTpaHcpopmaropa — 3, 3aBASKM YOMY MOXKIMBE IUIaBHE
nigsuieHds temmeparypu 10 300 °C. Ha xBaprioBuil peakTop Onsraind KiJib-
1eno/1i0H1 11’ €30€TEKTPUYHI BUIPOMIHIOBAaYl yJIBTPa3BYKy — 4, MIJIKIIOYEHI 10
reHeparopa yJbTpa3ByKy — 5, IO JO3BOJIAIOTH CTBOPIOBATH YJIbTPa3BYKOBI
koJimBaHHs yactoToro Big S00 kIt mo 5 M1,
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Pucynok 5.1 — Ilpunao onsa inmencugixayii minepanizayii xapuoeux npooyKkmie 6niueom
yavmpazeyky: 1 — yuninopuunuii keapyosuii peakmop, 2 — HiXpoMO8i mepmoeneMeHmu,
3 — 1abopamopnuti agmomparcghopmamop; 4 — n’e30enrekmpuini BUNPOMIiHIO8aAYi
VALMPA38yKy, 5 — eenepamop yavmpassyky; 6 — nooawa 2a3ono0iOHUX OKUCTIOB8AYI8;

7 — cimka 3 nopucmozo ckna, 8 — cimxka 3 HaHONOPUCMOo20 CK1d

[IpoOy xapuoBOro mMpoAyKTy OOEpEKHO BUCYIIYBaJH, MOTIM, MOCTYHOBO
MIIBUIIYIOYM TEMIIEpaTrypy, OOBYIIIIOBAIM, HE JIOMYCKAIOUM PO30PHU3KYyBaHHI.
[Tpu oMy mpody ompomintoBaiu Bif [Y-mammu 500 Bt. Bincrans Bix nammnu
70 MpoOM B PEaKTOpl 1 TeMIepaTypy HarpiBaHHS PEryJlOBaid TaKUM YHUHOM,
00 He IOMyCTUTH po30pu3KyBaHHsS mpoou. [licims oOByrmroBaHHS, MpoOy 0be-
PEXKHO MOJIPIOHIOBAIM 3a JOIMOMOIOK0 CKJISTHOIO MaTO4Ka, KWW OOMOJIICKYBaJIH
O1AMCTIIILOBaHOO BOJOK. Boay o0epexxHo BumapoByBaiu. Jlami Ha cuctemy
BIUTHBAIIA YIBTPA3BYKOM 4actororo 2,0-5,0 M, intencusHictio 9—14 Br/em®,
BI3yalIbHO KOHTPOJIOBAIN TOSBY €deKTy KUIusmdoro mapy. Cucremy mimirpi-
Banu 710 50—80°C 1 mogaBany ra3omnoai0HN OKUCITIOBAY. Ik OKUCHUKH BUKOPHC-
TOBYBaJIM: 1) XJIOp, OTPUMAHHUKA MPU B3a€EMOJII COJSTHOI KHCIOTH 1 TMEPOKCHUIY
BOJHIO; 2) OKCUAM a30Ty (Mapu), OAepKaHl MpY KUIT ATIHHI a30THOI KHUCJIOTH;
3) okcuam a3ory (mapw), OTPUMaHiI TpPU HArpiBaHHI HITpaTy aMoHI0 Ta
KOHIIEHTPOBAHOT a30THO1 KHUCJIOTH; 4) OKCHUAM a30Ty (mapu), OTpUMaHI MpH
HarpiBaHHI CyMillll a30THOI Ta CipYaHOi KUCIIOT.

[Iporec 3akiHUyBaJIM 3 MOSIBOIO 30JId O1JI0TO YM CBITIO-CIPOTO KOJBOPY
0e3 BUpa3HUX TEMHUX BKJIIOUYEHb. [1icis oxonomkeHHsT mpo0y pO3YMHSIN B S—
6 Mt azorHOi kucnoTH (1:1) 1 mepeHocwM B MipHY TIPOOIPKY MICTKICTIO 15 M,
JTOBOAMIN 00’ €M pO3UMHY O1AMCTHILOBAHOKO BOJIOKO 10 10 MIT 1 IepeMiITyBaiIn.
CBuHenp Ta KaaMiil BHU3HA4Yald B OTPUMAHOMY MiHEpaii3aTi HEMoJIyM SHUM
aTOMHO-a0COPOIIITHUM METOIOM.

Busznayanu cTymniHb BUITYYEHHS CBUHIIIO Ta KAJMIIO SIK BIIHOILIEHHS 3HAM -
JCHOI KIIBKOCTI CBUHINO Ta Kaamito (%) Bif BBEICHOI KUIBKOCTI MPH PI3HUX
ImapaMeTpax yiIbTpasByKy: dactora — 2,0—5,0 M1y, inTencusHicts — 9—14 Br/em®.
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CBuHeIb Ta KaJMiil BBOJWIN Y MPOOY IMepea MIHEepaTi3aIli€r0 Y BUTIISI PO3UUHY
ta nepeminryBasu. KoxeH nociiy moBToproBaiu Tpuyi. Crijy 3a3HA4YUTH, IO
MONEePeTHHO BU3HAYAIM BMICT CBHUHIIIO 1 KQJMIIO B ITUX K€ Ipodax.

Takox cTymiHb BWJIYYEHHS CBHUHLIIO Ta KaJMIIO MEPEBIPSUIM B TAKUUH
crnoci0. JIjis boro B XapuoBUX MPOAYKTaX BU3HAYAIN BMICT CBUHIIIO Ta KaIMIIO
iCIs MOKPOi Ta Cyx0i MiHepaiizailii, KO)KHE BH3HAY€HHS MOBTOPIOBATIN TPHUYI.
3a nmiCHUM BMICT CBHUHIIIO Ta KaJMil0 MNpUUMaIH CepelHE apu(METHUHE
oTpuMaHuX pe3ynbTariB. CTymiHb BHIYYEHHS BU3HAYAIM SK BiJIHOIICHHS
3HaWIEHOT KIJIbKOCTI CBHHIIIO 1 Kaamito Bijg AificHOi KinbkocTi (%0).

CrniJl TakoX 3a3HAYUTH, 10 O€3 BUKOPUCTAHHSI OKUCTIOBAYiB MOBHA MiHE-
panizauis HeMoxnuBa. HaBiTe nigsuinenusa temmepatypu a0 300 °C npotsrom
20 rox He 3a0e3meuye OTpUMaHHA 30JI1 O1I0r0 ab0 O1710-Ciporo KOJabopy.

be3 nii yapTpa3ByKy MOBHa MiHepamizaiis HemoxkiuBa. HaBiTe fis mapiB
okucoBauiB mpotsroM 10 roa He 3a0e3nedye OTpUMAaHHS 307U O1j0r0o abo
01710-CipOro KOIhOPY.

[TokazaHo, 1m0 Kpaiii pe3yabTaTd Oyiad OTpUMaHi MPU BUKOPHCTAHHI
VIABTPa3BYKy 4yactoToro 2,5—4,5 MI'u. Cinija Tako 3a3HaYUTH, 10 CaMe MPU ITUX
napaMeTpax yiabTpa3ByKy CHOCTEpIraBcsi HAOUIbII BUpaKeHUN €(EKT KUILIA-
4oro Imapy, 3aBIsSKHA YOMYy KOKHA YacTKa MPOOM IiaBajacs BIUIMBY Ta30Il0-
IOHOr0 OKHCIIIOBAYa.

[TokazaHo, MmO Kpami pe3ynabTaTH OyJid OTPHUMAaHI MPU BUKOPHCTAHHI
VIBTPa3ByKy iHTeHCHBHICTIO 8,5—12,0 Br/cm’. BisyanbHo croctepiraest edext
KAIUITYOTO APy MPH {HTEHCHBHOCT] YIBTPa3ByKy MOYHHAIOWH 3 8,5 Br/cm?,
MpY iHTGHCHUBHOCTi YIbTpa3ByKy Oimbire 12,5 Br/cM® criokiiiHe «KHITiHHS»
MEePEXOAWIO B Pi3Ky CTaJlii0 3 pO30PU3KYBAHHSIM MPOOU, TPU3BOAWIO 0 BTpaT
poOu Ta eJIEMEHTIB, 1110 BUBHAYAIOThHCA.

3MeHIIeHHs TeMnepaTtypu npouecy meHme 60 °C npu3BOAUTH J0 3MEH-
IIEHHS MIBUAKOCTI XIMIYHUX PEaKIiii OKHCICHHS MPoO XapyoBUX MPOAYKTIB
1 IK pe3yNbTat, 10 4yacy aHamizy. [limBuIeHHs TeMIiepaTypu Ipoiecy OibIie
70 °C mepeBomuTh Horo B OypxiuBYy a3y 1, K pe3yabTaT, MPU3BOAUTH [0
BTpaT YacCTHMHU TPOO XapyOBUX MPOAYKTIB 1 0 OTPUMAHHS HEIOCTOBIPHUX
pe3yJIbTaTIB aHAJI3Y.

B pe3ynbTrati mpoBeieHUX JOCII/IIB HAMHU 3alpOITIOHOBAHO HOBUH MPUHOM
B aHAJITUYHIA XIMil XapuyOBUX MPOJAYKTIB — BUKOPUCTAHHS CIIJIBHOI [1i MapiB
OKHMCJIIOBaUiB Ta BIUIMBY YJbTPa3BYKY JJIsI IHTEHCU(IKAIT CyX0i MiHepaii3aiii
XapuoBUX MPOAYKTIB. [IprdoMy yibTpa3Byk BUKOPUCTOBYBABCS ISl CTBOPCHHS
edeKTy KHIUITIOTO IIapy, 3aBASIKH YOMYy KO)KHA YaCTHHKA ITPoOU 0OBYTJIEHOTO
XapuyoBOTO TMPOAYKTY BCTyma€ B XIMIUHI PeaKIlli OKHUCICHHsS Oe3mepepBHO
3 OKHCIIFOBA4YeM B ra3omo/110H1# GopMi. Y 3B 3Ky 3 UM HEOOXIIHICTh Y TPETIH
cTaali MiHepamizallii — TpuBaiiil 00poOIl MpoOH B €NEKTpoIedl MpH TEeMIIe-
parypi 450-500 °C — Bignana, i BHAKICTH MiHepamizamii 3pocia B 10—12 pasis.
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Ha mizcraBi HOBOro croco0y miHepasizalli HaMu po3po0eHO METOIUKY
EKCIIPECHOT0 BU3HAYEHHS CBUHIIIO 1 KaaMII0 B XapYOBHUX MPOIYKTaX €IEKTPO-
TEPMIYHUM aTOMHO-a0copOIiiHUM MeTo0oM. [IpaBUIBHICTE METOAMKHU TIEPEBI-
psijacsl MOPIBHIOBAHHIM pE3YJIbTaTIB aHaJi3y OJHHUX 1 TUX XKe MpoO 3 BUKOpPHUC-
TaHHSM METOJIMKH, 3aCHOBAHOI Ha BUKOPHUCTaHHI CyXOi MiHepasi3alii TIJIbKU
nmapaMu OKHCITIOBAYiB.

Haiibip1r TouH1 pe3yIbTaTH aHaji3y Xap4OBUX MPOIAYKTIB MOXKYTh OyTH
OTpHMaHI TMPU BUKOPHUCTAHHI CHOCOOY MiHepami3aiii mapaMu OKHCJIIOBAdiB
3 IHTEHCU(IKALIEI0 MPOLIECY YJIbTPa3BYKOM. Tak, MpU BUKOPUCTaHHI CIIOCOOY
CyXol MiHepami3alii TIIbKM [apaMyd OKHUCIIOBAuiB, BIHOCHE CTaHIApTHE
BIIXWJICHHSI Pe3yibTariB aHamizy ctaHoButh Sy = 0,081-0,089 miono kaamiro
1Sy = 0,093-0,101 npu BU3HAUYEHHI CBUHIIIO; a y CIOCO01, 10 MPOMOHYETHCA,
Bianosiano Sy =0,072-0,079 1 S, = 0,080-0,090.

Memoouka euznayeHHs cGUHYIO Ma KaoMmiro y xap4osux npooykmax. Tepi
MIPOAYKTH XapuyBaHHsI MOAPIOHIOIOTh, PIIKI — epeMilIytoTh. BinOuparoTh HaBax-
Ky XapuoBOTO MPOAYKTY TBAPUHHOTO MOXOMKeHHS Macoro 7,00 T; pOCIMHHOTO —
10,00 r. IIpoOy xapyoBOro mpoaykTy 0Oepe’KHO MiACYIIYIOTh, IOTIM, IOCTYIIOBO
MiIBUIIYIOYH TEMIIEpaTypy, OOBYIJIIOIOTH Ha EJICKTPOIUIMTII, HE JOMYCKAIOUuu
po30pu3kyBaHHs. [Ipu ibomy npoOy ornpomiHiowTh [Y-1ammnoro 500 Br.

Biacranp Bl JaMnu 0 OpoOH 1 TeMIleparypy HarpiBy peryiroloTh TaKuM
YHHOM, 1100 HE TOMYCTUTH po30pu3KyBaHHs poow. [Ticist oOByrmtoBaHHS, TPOOY
00epeXHO MOoAPIOHIOITh. HaBakky 0OBYIJIeHOT Ta MOAPIOHEHOT MPoOU Macoro
2,00 T mepeHOCATh Y CKJISIHMNA peakTop. [am Ha cuctemy nit0Th YIbTPa3ByKOM
qactororo 3,0 M@, intencuBHicTio 11 Br/cM’, Bi3yalbHO KOHTPOIIOIOUH HOSBY
edekty kumisiyoro mapy. Cucremy migirpiBatote 10 65 °C mopaioth raszo-
NOAIOHUI OKUCITIOBAY — XJIOP, OTPUMYIOUM HPHU B3aEMOJIT CONSHOI KHUCIOTH
1 mepokcuay BoAHto. IIporec 3akiHUYIOTh 3 MOSBOIO 307K O1IOr0 abo CBITIIO-
CIporo KoJbopy 6€3 BUpa3HUX TEMHHUX BKJIIOYEHB. [licisi 0X0momKeHHs, Tpoly
PO3YUHSIOTH B 5—6 M1 a30THOI kuciotu (1:1), mepeHocsTs y MipHY HpoOipKy
MICTKICTIO 15 M 1 J0BOASATH 00’€M PO3YMHY OIIMCTHIBOBAHOIO BOJOKO 0
10 M1 1 mepeMimyoTh.

BwmicT cBUHITIO Ta KaJMiI0 BU3HAYAIOTh aTOMHO-a0COPOIIITHUM METOI0OM.

PesynbpTaTu po0OOTH CBimuYaTh, M0 BUKOPUCTAHHS YJIbTPA3BYKY YacTO-
toro 2,5-4,0 MI'n, iaTeHcuBHicTio 8,5-12,0 BT/cM2 nns inTeHcudikarii
poIeCy OKUCIIEHHS OOBYIJIEHUX XapYOBUX MPOAYKTIB Mapamu ra3onoaioHux
OKHCJIIOBAYIB — XJIOPY 200 OKCHIB a30Ty npu temmnepatypi 60—70 °C ngo3Bo-
JIsi€ 3MEHIINTH 4Yac, SKUA BUTPAYAE€ThCS HA MiHEpaTI3aIio, CIPOCTUTH CIIOCIO
3a BUHSATKOM OfHI€T cTasii MiHEpasi3amii — CIaIOBaHHS B €JIEKTPOIeUl MpH
temnepatrypi 450-500 °C Ta mOKpamuTH METPOJOTIYHI XapaKTEPUCTHUKH
pe3yiabTaTiB aHaJi3y.
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5.9 InTencu¢pikariisi KOHIIEHTPYBaHHsI
TYMIiHOBVIX PeYOBMH i3 pO3CO4iB Ai€I0
BMICOKOYAaCTOTHOIO YAbTPa3ByKy

[IpupoaHi XJIOpUIHO-HATPIMOBI PO3COJIU € CUPOBUHOIO ISl OTPUMAaHHS
BXXJIMBOTO XapyOBOTO MPOAYKTY — KYXOHHOI COJl YpPEHHHM a00 BaKyyM-
BUINApHUM crioco0amu. [Ipy npoMy BMICT BaKKUX METaliB, TAKUX K CBUHELD,
MIJIb Ta KaJMiii HOPMYETHCS CaHITAPHO-TPOTHEMIIEMIYHUMHA HOpMaMH Ta IIpa-
BusaMu. [IpupoHi XJI0pUIHO-HATPIEBI PO3COIM MICTSATh T'YMIHOBI PEUOBUHH —
T'YMIiHOBI Ta ()yJIbBOKHCIIOTH, IO YTBOPIOIOTH MIITHI KOMILIEKCHI 3’€JIHaHHS
3 BOKKMMH METaJIaMU, YCKJIaJHIOIOUH iXHE MONepeIHE KOHIEHTPYBAHHS €KCTpaK-
LI€10, COPOIII€I0, CHIBOCAIKEHHSAM 1, SIK PE3YJbTaT, KUIbKICHE BU3HAUEHHS.
VY 3B’3Ky 3 mMM 1H(poOpMalisd MPO BMICT T'YMIHOBUX PEUOBUH Y HPHUPOAHHUX
pO3coJiax € Ay»ke BaXKIUBOIO.

OCHOBHUM e€TanoM BH3HayeHHs rymiHOBUX peuoBuH (I'P) y posconax
€ TXHeE monepeHe KOHIEHTpyBaHHs. HailoubI eeKkTUBHIM BBaXa€ThCs COPOITis
Ha copOeHTax Bodaruti Ta auerwiaminoeTmesntonosi (JIEAELL). OgHak cTymiHb
BUJTYYCHHSI TyMIHOBUX PEUOBHH 13 MPUPOAHUX pO3COiB He nepesuinyBas 80 %.

Hamu panime Oyn0 MOKa3aHO, 110 BUKOPUCTAaHHS HHU3bKOYACTOTHOTO
VIBTPa3BYKy 4acToTor0 35-45 xI'm, intencusaictio 0,5-3,0 Br/cm® mpoTsrom
yacy Outbiie 1,0 XxB 1711 iHTeHCHPiKalii cOpOIIITHOIrO KOHIIEHTPYBAaHHS JI03BOJISIE
MiABUILUTH CTYIIHb BUJIYYEHHS] TYMIHOBUX PEUOBHH 13 PO3COJIIB KOHUEHTPALIED
150 r/a1, mOpiBHSIHO 3 BUKOPUCTAHHSAM MEXaHIYHOTO NIEPEMILITYBaHHs, Ha COPOEHTI
Bodatut 3 73—76 % mo 91-93 %, a Ha copOenti JIEAEILL — 3 78-80 % mo 93—
95 %. be3 nii yiabpTpa3ByKy KijbKicHa copOirisi (cTyminb BuitydeHHS > 90 %)
TYMIHOBHX PEYOBHUH 13 PO3COJIIB MOXKIIMBA HA COPOCHTI BO(ATUT A0 KOHIIEHTpAITli
o xyopuay Hatpito 40 1/n, a Ha copoenti JJEAEL] — 100 r/.

Bigomo, 1110 BUKOPUCTaHHSI BUCOKOYACTOTHOTO YIbTPa3BYKY ISl IHTCHCH-
¢ikaiii MacooOOMIHHMX MPOLIECIB BBAXKAETHCS OUTbII €()EKTUBHUM, HI)K HU3BKO-
YaCTOTHOTO, 3aBJISIKM OLIBIIIM IHTEHCUBHOCTI aKyCTUYHUX Teuii. Tak, BUKopuc-
TaHHS BUCOKOYACTOTHOTO yJIbTPa3ByKy dacTotoro 2—4 MI' mns iHTeHcudikarii
CHIBOCQ/DKEHHSI CBUHITIO, MiJll Ta KaaMil0 JO3BOJISIE OTPUMATU CTYIIHb BHITY-
yeHHsa 98-99 %, a Hu3bK04acTOTHOTO — 94-95 %0,

BukopuctanHsi BHCOKOYACTOTHOTO YJbTPa3BYKY HJsi 1HTEHCH(IKAIl
copOuiiiHoro KoHueHTpyBaHHs ['P 13 po3coniB He BIAOMO 1, B YCSKOMY pasi
HaMHU, B JIITEpaTypl HE 3HAMJICHO.

Bwmict ['P BcranoBmioBanu cieKTpo(OTOMETPUYHO 3a iX BIACHUM TOTIIN-
HaHHSM 3 BUKOpPUCTaHHAM crnekTpodoromerpa CD-46 1 copOuii Ha copOeHTax
BO(ATUT Ta AUCTHIIAMIHOCTLIICIION031 BUpoOHuLTBa hipmu “Reanal” (Yrop-
HIMHA), 10 PEKOMEHAYETHCS AJIsl aHATI3y MPUPOAHHUX BO/I.
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JInst mpurotyBaHHsT MOJENbHUX po3uuHiB ['P mpuroryBanu mnpemnapatu
ymidoBux kucior (I'K) Ta ¢ymeBokucior (PK), BUALIEHUX 3 PO3COJIB COIs-
Horo o3epa bapca-Kenbmec (Kazaxcran) i constHux OaceitHiB [eHidechkoro
cosie3aBofy (YkpaiHa).

BukopucToByBaiu n’€30€IEKTPUYHI BUIIPOMiHIOBaYl Y3 3 pE30HAHCHUMU
gactoramu 10, 11, 12 ta 13 MI'11 BupoOGHHUIITBA AOCTIAHO-EKCIIEPUMEHTAIBHOTO
MaIrHOOY/IIBHOTO 3aBOY YKPAiHCHKOTO HAYKOBO-AOCIIHOTO IHCTUTYTY COJISIHOT
npomuciioBocti tumy L[TC-19M, BUTOTOBIEHI 3 IUPKOHATY TUTAHY-CBHUHIIIO 13
3aXUCHAM TOKPUTTAM 13 (pToporuiacTy, mo MiAKIIOYAIMCS A0 JIAMIIOBOTO
re’eparopa yasrpa3Byky tuny 24-Y3I'l-K-1,24M (Vkpaina).

[aTeHCUBHICTE Y3 BH3HAYaIM PO3PAXyYHKOBUM Ta EKCIIEPUMEHTAIBHUM
METOJIaMH 3 BUKOPUCTAHHSM YIbTPa3BYKOBHUX TOp3iiiHUX Bar IMY-3 ta ynsrpa-
3BYKOBOTO aHalli3aropa MBUAKOCTI yasTpazByky Y3AC-7 (Ykpaina). Pesynbraru
000X METO/IIB BUSABWIKCS TOCUTHh OJTM3bKUMU.

Hocningu npoBoawiu B Takuil croci6. MonensHi po3unnu 'K abo OK
(50 Mr/1) mpuIMBaNIK 0 PO3YHMHIB XJIOPHY HATPiFO, BCTAHOBIIIOBAIN HEOOXITHY
BelnuuHy pH po3duuHy 3a JOMOMOTrOK COJISHOI KHCJIOTH ab0 TiAPOKCHUIY
HATPII0, BBOAWIM COPOCHT Ta Jisyid YIbTpa3ByKoM 3 yactoToro 10,5-13,0 MI'i
Ta inrencusHicTio 7,0-9,0 Br/cm? npotsiroM 1,5-3,5 xB.

[Ticns BiaaIeHHS COpPOEHTIB (PUIBTPYBAHHSM JiIeCOPOYBaJIM TyMIHOBI
pedoBuHU po3unHOM 0,1 M rigpokcuay Hartpiro. JlecopOiito mpoBOAMIN il
miero Y3 uacrororo 45 k', inTencusHicTio 3,0 Br/cM® mpoTsirom 2 xB. B otpu-
MaHOMY PO3YHHI CIIEKTPO(POTOMETPUYHO BU3HAYATIU BMICT TYMIHOBUX KHCIIOT
Ta (QyIHBOKHCIIOT.

[Toaut I'P na I'K Tta @K npoBoauiu miAKUCICHHSIM KOHILIEHTPATY COJISTHOIO
kuciororo 10 pH 1,0 3 marpiBansusm po3uuny g0 60 °C. ®@pakimito I'K Bimokpem-
moBasii MmemOpanHoto ¢uibTparieto (0,45 mxm). Ocan 'K po3unnsum Ha QuibTpl
0,1 M pozunroMm Hatpito Tigpokcuay. Konmenrpamii ['K 1 @K BcTanosmoBamu
CHEKTPO(POTOMETPUYHO MPH AOBKHUHAX XBHIb 415 1 280 HM BIIIOBIIHO.

[Tpu nii BucoxowactotHoro Y3 cryminb BuirydeHHs ['P 13 po34unHiB 3 KOH-
IIEHTpAIlI€0 XJIOpUAY HATpito 150 041 MiABUIY€ETHCS, TTIOPIBHSIHO 3 BUKOPHUCTAH-
HsM Y3 HU3BKOI YacToTu Ha copOenTi Bodarur 3 91,3-93,2 % no 97,3-98,2 %,
a Ha copoenti JIEAEIL 3 93,2-95 % no 98,1-99,0 %. Kpim TOro, BriimB BHCO-
KOYaCTOTHOTO Y3 03BOJIsIE€ KIBKICHO (CTymiHb BHitydeHHs > 90 %) copOyBaTu
['P 3 Ounbln KOHIEHTpOBaHMX po3coniB. [lpuyomy Ha copOeHTi Bodaruri
KUTbKicHA copOrrist ['P moxxnuBa 10 KoHIIEHTpalli xiaopuay Harpio 200 v/, a Ha
copbenTti JIEAEILL — 250 r/1.

OntumansHUMH napamerpamu Y3 €: gactota 11,0-12,0 MI'mt, iHTeHCHB-
Hictb 7,5-8,5 Br/cM?, wac nii — He Menmie Hik 1 XB.

Haiikpami pesynbTatd Oyjad OTpUMaHI MPHW BUKOPUCTAHHI YIBTPA3BYKY
gactotoro 11,0-12,0 MI'u. Came npu nmux mapameTpax yiabTpa3ByKy CIIOCTEpi-
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raloThCsl HAMOUIBII THTEHCUBHI aKyCTUYHI Teuii, 0 COPUSIOTh HaWOUIbII edhek-
TUBHOMY NEPEMINTYBaHHIO, 10 € BU3HAYAJIbHUM (PAKTOPOM B IHTEHCH(IKALll
JaHOTO MPOLIECY.

[ligcymkn AociifiB 3 BUBYEHHS BIUIMBY IHTEHCHBHOCTI YJBTPa3BYyKy Ha
CTYIIHb BWJIYYEHHS T'yMIHOBHX PEYOBHMH IOKa3ajH, II0 HaMKpalll pe3yJbraTu
6ynM OTpuUMaHi mpH BuKopHcTaHHi Y3 iHTeHcuBHicTIo 7,5-8,5 Br/em”. Cumix
3a3HAYMTH, 10 IPH {HTEHCHUBHOCTI YIBTPa3ByKy Ginblre Hix 8,5 Br/cm® crocte-
piraeTbes pi3Ke 3HIDKEHHS CTymneHs BuiydeHHs [P, mo cBiguuTh mpo ixHe
pYVHYBaHHs MPU TAKUX MapaMeTpax YJIbTPa3BYKY, 4acTOTI Ta IHTEHCHUBHOCTI.
MeH1 3Ha4eHHsI CTYNEHsS BUJIYYEHHs MPU IHTEHCUBHOCTI YJbTPa3BYKYy MEHILE
HIK 7,5 BT/CMZ, IMOBIPHO, TIOB’sI3aH1 3 HEJIOCTATHBOIO IHTEHCUBHICTIO aKyCTUYHUX
TEJil TIPH TaKWX MapaMeTpax yJIbTPa3ByKY.

OTpumaHi pe3ynbTaTd AOCIIIKEHb BIUIUBY Yacy [ii yJbTpa3BYyKy Ha
CTYMiHb BWJIYYEHHS TYMIHOBUX PEUOBHUH TOKa3alld, IO Yac Ail yJIbTPa3BYKY
MOBUHEH OyTH HEe MeHIe HixX 2,0 XB.

Crnig TakoX 3a3HAYUTH, 110 BUKOPUCTAHHS HHU3bKOYACTOTHOTO YJIBTpa-
3BYKY I 1HTEHCH(]IKallii J1ecopOIlli TyMIHOBUX PEYOBUH BUSBHIOCS OLIbII
e(DEeKTUBHUM HIDK BUKOPUCTAHHS BUCOKOYACTOTHOTO YJBTPa3BYKY, 1110, IMOBIp-
HO, MOB’SI3aHO 3 HEOOXIJHICTIO YAaCTKOBOTO PYyHHYBaHHS COpPOEHTY MijJ yac
necopoIii.

JHonatkoBo BuBueHO copOiiito I'P 3 poscomniB Ha copOeHTax BodaTuT Ta
JIEAEIL npu iaTeHCH(}IKALi 1€0 BUCOKOYACTOTHOTO YIBTpa3ByKy. BcraHoBite-
HO, 1110 HaWKpaimM copOoeHToM a1 KoHteHTpyBanas ['P 13 posconiB € JIEAELL.
ExcniepuMeHTanbHO BCTAHOBJICHI ONTHUMANIbHI MapaMeTpH YJIbTPa3BYKY: 4acTO-
ta—11,0-12,0 MI'n, inTeHcuBHICT — 7,5-8.5 Br/cM?, uac aii — ue mene 2,0 XB.
[Ipu nii BHUCOKOYACTOTHOrO Y3 CTYIIHb BWJIyYEHHS TYMIHOBUX PEYOBUH 13
PO3COJIIB 3 KOHIICHTpAIIi€l0 XJIOpuAy Hatpito 150 r/i1 miaBUILyeThCs, TOPIBHIHO
3 BUKOPUCTAHHAM Y3 HM3bKOi 9acToTH Ha copOeHTti Bodarut 3 91,3-93,2 % 1o
97,3-98,2 %, a Ha copoenti JIEAEII 3 93,2-95 % mo 98,1-99.0 %. Kpim Toro,
BIJIUB BUCOKOYACTOTHOIO Y3 J03BOJISIE KUIbKICHO (CTyMiHb BUIydeHHS > 90 %)
copOyBatn ['P 3 Oimpin KOHIIEHTpOBaHUX po3comiB. [Ipuuomy Ha copOeHTi
Bo(aTtuti KuibKicHa copOiisi ['P MoxmBa 10 KOHIIEHTpAIlli XJIOPUAY HATPIrO
200 r/n, a Ha copOenti JJEAEILL — 250 r/n. Po3pobieHa MeToauKka CIEKTpO-
(OTOMETPUYHOTO BU3HAYCHHS BMICTY T'YMIHOBHUX PEYOBHH Yy PO3COJIAX 3 HIK-
HBOIO MEXOK BHU3HA4YeHHsI ryMiHOBUX KuCIOT 0,002 mr/i, ¢yiabBOKUCIOT —
0,001 mr/m.

[IpaBUNBbHICTh 3aMpPONOHOBAHOT METOJMKM BH3HaueHHs [P y po3scomnax
MEPEBIPEHO METOAOM J00aBOK Ha 3pa3kax mpupomHux poscomiB. Bwmict 'K
y posconax He nepepuiye 0,043 mr/i, a sBMict @K — 12,008 mr/n. Takum arHOM,
B pO3c0JIaxX B PO3UMHEHOMY Ta KOJIOiTHOMY CTaHi IpUCYyTH1 B ocHOBHOMY DK.
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5.10 /BO9aCcTOTHWI YABTPa3ByK B iATOTOBIII
npoO0 IPUPOAHNX PO3COAIB 40 BU3HAYEHHSI
PTYTi aOCOpOIIi€I0 XOA0AHOIL apu

HaliG1npm1 e(peKTUBHUM 711 BU3HAUEHHSI MIKPOKIIBKOCTEH PTYTI BBaXa-
€THCS METOJ, 3aCHOBAaHUM Ha BIJHOBJIEHHI 1i JI0 aTOMAPHOTO CTaHY XJIOPHUIOM
oJsioBa (II) 1 BuU3HaUYeHHI ii BMICTY a0COPOLIEI0 «XOJIO0IHOI Tapu».

JIns 3HMDKEHHST MEX1 BHUSBIICHHSI PTYTI 3alpOIIOHOBAHO 11 €KCTparyBaTu
PO3UYMHOM JIUTH30HY B METHII300yTHJIKETOH 3 IOJAJIBIIO TOMOTCHI3AIlIEI0
EKCTPAKTy €TaHOJIOM 1 BIHOBJIEHHSAM PTYTI JO aTOMApHOTO CTaHYy XJOPHUJIOM
JABOXBaJIEHTHOro osioBa. OAHAK HasBHICTh B BOJAAX, PO3COJIaX 1 pO3YMHAX
KYXOHHOI COJII OpraHiYHUX PEUYOBHH HE JIO3BOJISIE€ MOBHICTIO MEPEBECTH PTYTh
B €KCTPAKT; KpiM TOTO, MOBHOTa BIAHOBJIEHHS PTYTI JIO aTOMapHOTO CTaHy
3 X€JIaTHOTO KOMIUIEKCY 3HHXKYEThHCA.

3anpornoHOBaHO METOJ BU3HAUEHHS PTYTI y BOJAX, po3CcojiaX 1 po3dyMHax
KyXOHHOI COJIi, SIKH! BKJIIOYA€ PyHHYBAaHHSA PTYTHOPTaHIYHUX CIOMYK Ji€l0 Y3
yacrororo 1844 I, inrtencuBuictio 10-15 Br/em? npotsrom  60-80 c,
eKCTpaKIiiiHe KOHUEHTPYBAHHS PTYTI PO3YMHOM JAUTU30HY B YOTHUPUXJIOPUCTOMY
BYTJICIIO, pYyHHYBaHHS €KCTPAKTy PTYTI AI€I0 YIAbTPa3ByKy yactoToro 1824 kI,
intencuBHicTIO 12,5-20 Br/cM®, BiIHOBIGHHS pPTYTi MO ATOMAPHOIO CTaHy
xsiopuaoM osioBa (II) 1 Bu3HaUeHHs BMICTY PTYTI aOCOPOLIEID «XOJIOAHOT Mapu.
HenonikamMmu MeTrogy € HU3bKa TOYHICTH 1 HEAOCTaTHS BIATBOPIOBAHICTH
pe3yJIbTaTiB BU3HAYEHHSI PTYTI (BIJIHOCHE CTAaHIAPTHE BIIXWUJICHHS PE3yJbTATIB
Sy > 0,15), m0 NoB’A3aHO 3 HEMOMJIUBICTIO TTIOBHOTO PYWHYBaHHSI PTYThOpPraHiy-
HUX 3’ €IHaHb I1€r0 Y3 TUIBKH OHIET YaCTOTH.

byno 3anpornoHOBaHO BUKOpPUCTaHHSA Y3 JBOX YacTOT Jisi PyHHYBaHHS
PTYTHOPraHIYHUX CIIOJYK B PO3YMHAX KYXOHHOI COJi, PO3COJIax 1 MPUPOJHHUX
BOJIaX, @ TAKOX IJi1 pyMHYBaHHSI €KCTPAKTIB PTYTI Hepen ii BIAHOBJICHHSIM.
binbim Bucoka eheKTUBHICTh IBOXYACTOTHOIO Y3, MOPIBHSAHO 3 Y3 OAHIET Hac-
TOTH, MOSCHIOETHCA OCOOJMBOCTAMM YTBOPEHHS 1 CXJIONMYBaHHS KaBITaLIMHUX
OynwOamok. [lpu mii gBoxwacToTHOro Y3, MpU SKOMY TMEPEeBaXKHO (OiIbIIE
90 %) yTBOPIOIOTHCS 1 CXJIOMYIOTHCSA Mail cepuyHi KaBiTamiiHl OyibpOaIiKy,
1HTEHCU(]IKYIOTHCS came TaKi MPOIECH.

VY3 006poOKky nmpoBoauIM MOACpHI30BaHUM Y 3 nucnepraropom Y3/H-1M
3 HA0OPOM MarHiTOCTPUKIIMHUX TPyOUACTUX BUIPOMIHIOBAYIB, 1110 MPALIOIOThH
B mianazoHi Bix 18 mo 100 k[ mpu iHTeHcuBHOCTI Big 0,5 mo 25 Br/cm?.
BukopucToByBaJIM TakoX yiabTpa3BykKoBHM reneparop tumy 24—-Y3I'T-K-1,2 no
SKOTO MIJIKJIIOYaId MarHiTOCTPUKLINHI Ta I’ €30€JIEKTPUYHI BUIPOMIHIOBAYI,
0 JO3BOJISIIOTH CTBOPIOBATH B JOCHKYBAaHUX PO3YMHAX YJIBTPA3BYKOBI
xoiuBaHHs yactotoro 100, 150, 200, 250, 300, 350, 400, 440, 500, 550, 600, 650,
700, 750, 800, 880, 900, 950, 1000, 1200, 1500, 2000, 2500, 3000, 4000 Ta
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5000 kI't1. 3acTocoByBanM CTaHAAPTHI MAarHITOCTPUKINNHI Ta I’ €30€JIEeKTPUYHI
yABTpa3BykoBl BunipomiHtoBadi Tuny L{TC—19, BUrorosneHi 13 IUpKOHaTy TUTAHY-
CBUHI[IO 13 3aXMCHUM IMOKPUTTAM 13 (TOpOIUIacTy BHUPOOHUIITBA KOMIIAHI
«Pentex» (MommoBa), TakoX BUKOPHUCTOBYBAJIHM ONKCAHI BUIIIE YIBTPa3BYKOBI
BUIIPOMIHIOBa4Yi, BUTOTOBJICHI 3a JIICHIIED KommaHii «Penrex» (Momosa)
Ha JTOCITHO-EKCIIEPUMEHTAIbHOMY ~ MAIlIMHOOY/IIBHOMY 3aBOJIl  YKPaiHCBHKOT'O
HAyKOBO-JOCIITHOTO 1HCTUTYTY COJIIHOI TMpoMucioBocTi. Ciij 3a3HA4UTH, IO
I’ €30€JIEKTPUYHI YABTPa3ByKoBI BumnpomiHtoBaul tumy L[TC-19, BurotosineHi i3
LIUPKOHATYy THUTAHY-CBHHIIIO 13 3aXHCHUM MOKPUTTAM 13 (PTOpOIUIacTy BHPOO-
HUNTBa KommaHii «Pentek» (MomnoBa), 3a0e3neuyBajiv MACIOPTHI YaCTOTHI
XapaKTePHUCTHKH 10 iHTEHCHBHOCTI Y/IbTPa3BYKy B 15 Br/cM’, a BHIOTOBICHI Ha
JOCIITHO-EKCTIEPUMEHTAIBHOMY MAalllMHOOY/IIBHOMY 3aBOJII YKPAiHCHKOIO HAyKO-
BO-JIOCJIITHOTO 1HCTUTYTY COJISTHOI IIPOMUCIIOBOCTI — 70 12 BT/CMZ, IIIO ITOB’SI3aHO,
Ha HaITy JYMKY, 3 MEHIII SKICHUMH MaTepiajlaMu.

[TapameTpu 30BHINIHBOTO aKyCTUYHOTO MOJISI BU3HAYAIM PO3PaAXyHKOBUM
1 eKCIIEpUMEHTATHPHUM HUISIXOM. BUKOpHUCTOBYBaNM peakTHBU KBami(ikallii He
HIKYe X.4. Po3unHu rotyBaim Ha O1IMCTUIBOBAHIA BOII.

Memoouka pobomu. 3 DOCHIHKYBAaHMX PO3COJIIB 3arajbHOK MiHEpasi3a-
iero 280—-320 r/n nonepeaHbO BUIATISUIM pTYTh. [lam po3conu miakucisu a0 pH
1, BBoguiu cranaapTHuid po3uuH pryTi (I1) 0,050 MKI/n, BruMBaiu ABOYaCTOTHUM
VY3 1 npoBoaMIM EKCTPAKIliiiHE KOHIEHTPYBaHHS PTYTI 3 MOJAIBIINM ii BHU3HA-
YEHHSAM B EKCTPaKTI METOJIOM «XOJIOMAHOI mapw». Po3paxoByBaju CTyIiHb
BUJIYYCHHSI PTYTI K BITHOIIEHHS KUIBKOCTI 3HAMIEHOI PTYTI JO KUIBKOCTI
BBesieHOi (%0). Tako MpPOBOAMIN TOCHIHKEHHS 3 BUKOPUCTAHHSIM CHHTCTHYHUX
PO3COJIIB HA OCHOBI XJIOPUJTY HATPIIO X.4. JIJISl CIEKTpajibHOTO aHaizy — 300 1/,
Ky BBOJWIM BIAMOBIAHI KUIbKOCTI (ynbBokuciaoT Ta pryti 0,050 MKr/m.
DyIBEBOKUCIOTH BUAUISLIN 3 po3coty o3epa [[xakcu-Knuy (Kazaxcran).

3MiHAa 9acCTOTH HU3BKOYACTOTHOTO Y3 MpH pyHHYBAaHHI PTYTHOPTaHIYHUX
3’emHanb 3 18 1o 100 k11 mpakTHUHO HE BIUIMBAE HA BEIMYMHY BHITYYCHHS PTYTI.

Bumict OK BmimBae Ha CTymiHb BIUIYYeHHS PTYTI: 9uM Oiibine BmicT DK,
TAM MEHINWW CTYIHb BUJIy4YeHHsS PTyTi. Panime Hamu Oysio0 BCTAHOBIICHO, ITIO
OLIBIICTh OpraHiyHol peuoBrHU (Oinbie Hixk 99 %) mpUpOIHUX PO3COIIB MPeI-
CTaBjIeHa (PyJILBOKUCIOTAMH, BMICT IKMX MOke csaraTtH Big 5,00 mo 100,00 mr/kr.

[TopiBHSHHS pe3ybTaTiB, OTPUMAHUX 3 BUKOPHUCTAaHHIM BUCOKOYACTOTHOTO
VY3 ygacrororo 0,9-5,0 MI'y nmokasano, 1o Halkpall pe3yJbTaTh MOKHA OTPH-
MaTH Mpu BUKOpHcTaHHl Y3 vactotoro 1,5-2,5 MI'm. [Ipu nbomMy 1HTEHCHBHICTD
HU3bKOYACTOTHOro Y3 moBuHHA Oytu 1,5-2,5 BT/CMZ, a BMCOKOYACTOTHOI'O —
2,5-3,0 Br/em®.

Yac mii Y3 mae cranoButu 20—40 c. Ilpu excrpakmii pTyTi Mg Ji€r0
Y3 MakcuMallbHH# CTYMiHb BIJIYYE€HHS PTYTI CIIOCTEpIraBCcsi MIPH YacTOTI
500-800 kI'11 i intencusHocti 0,3-0,5 Br/cm? npotsirom 1-3 xB.
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[Ipu pyitHyBaHHI eKcTpakTiB pTyTi (aurtuzonatu pryTi (II) B doTmpuxo-
PUCTOMY BYTJICIIO) MAaKCHMaJbHO MOJIIMBA BEIMYMHA BWJIYYCHHS PTYTI
nocsraiacs Ipu BUKOPUCTAHHI OJTHOYACHOT i1 Y3 JABOX 4acToT — Y3 4acTOTOO
18-100 kI'm 1 iHTeHCHBHICTIO 1,5-2,5 BT/ cM® i V3 wactororo 1,5-2,5 MI'n,
IHTEeHCHUBHICTIO 2,5-3,0 Br/em? npotsrom 15-30 c.

B pe3ynbTati mpoBeeHUX TOCTIKEHb PO3POOICHO METOUKY BU3HAUCHHS
BMICTY PTYTI y MPUPOJHUX PO3COJIAX 3 BUKOPUCTAHHSIM YIBTPA3BYKY JIJIst
pYWHYBaHHS PO3YMHHUX OpPraHIYHUX PEYOBUH PTYTI, IS 1HTEHCHUpIKaIii
eKCTpaKUli PTyTI 1 A PyWHYBaHHSA €KCTPAKTy pTyTi. [[paBUIBHICTE METOIUKHU
MIEPEBIPSIIU METOJIOM «BBEJICHO-3HAWUJICHO», a TAKOX aHAII30M OJHUX 1 THUX XKe
po0 3a CTaHIAPTHOIO METOUKOIO.

HaiiOinbll TOYHI pe3yibTaTH BU3HAYEHHS PTYTI B HPUPOJHUX PO3COIaxX
JOCATAIOTHCS TPU BUKOPHUCTAHHI PO3pPOOJEHOI METOJUKH 32 YMOBHU BMICTY
y po3conax (¢yabBokucIOT < 20 wmr/kr. [Ipm BUKOpHCTaHHI CTaHAApTHOI Me-
TOJWKHM BIJIHOCHE CTAaHJIApPTHE BIAXWJIEHHS pe3yJbTaTiB aHali3y CTaHOBUTH
Sr = 0,12-0,17, a 3 BUKOpUCTAaHHSM PO3pOOJIEHOI METOJIMKH 13 3aCTOCYBAHHIM
yIbTPa3BYKy Ha CTajli €KCTpakilii Ta Ha CTajii pylHYBaHHS S, CTaHOBUTH
0,06—-0,09. IlonimmenHs BiI[TBOpIOBaHOCTi OTPHMAHHX pGSYJIBTaTiB J03BOJISIE
OUIBIII TOYHO TMPOCTEKUTHU TEHJICHIIIO KOJMBAHHSA BMICTY PTYTI B MPUPOJHUX
po3cojiaXx SK BHACTIOK aHTPOIOT€HHOTO 3a0pyAHEHHs, TaK 1 BHACTIOK BHKO-
PUCTAHHS PO3COJIIB PI3HUX POJOBUIII 1 3 PI3HOIO TJIMOMHOIO CBEPIJIOBHUH.

Takox 3 pe3ynbTaTiB E€KCIEPUMEHTAIBHUX JOCHIIKEHb IMOKa3aHo, IO
BMICcT y poscosiax @K nonaa 20 mr/kr BuMarae Jjisi OTpUMaHHS TOCTOBIPHUX
pe3yJIbTaTIB aHaJI3y MPOBEJACHHS 10JJaTKOBUX JOCIIKECHb.

Memoouka eusnauenns emicmy pmymi y RpupoOHUX po3Ccolax.

VY ximiunuii peaktop MictkicTio 1500 M npunmBarots: 1000 mi mpupos-
HOTO po3coity 1 aifoTh Y3 gactororo 18—100 kI, iHTeHcHBHICTIO 1,5-2,5 Br/cm?
i V3 wacrororo 1,5-2,5 MI'1y, intencuBHicTio 2,5-3,0 Br/cm? npotsirom 2040 c.
[ToTiM MiAKUCITIOIOTE 00POOJICHNI PO3YMH a30THOIO KUCIOTOrO 10 pH 1-2, momu-
BatoTh 10 mu1 0,002 %-Boro po3unHy AUTHU30HY B YOTUPUXJIOPUCTOMY BYTJICIIIO
i mirote V3 wacrororo 500-800 k['w, inTencusaictio 0,3-0,5 Br/cm® MIPOTATOM
1-3 xB. Excrpaktu 3a nonomororo uentpudyrysanus mpu 2000 00./XB BiioKpem-
JIFOTh BiJl pO3YMHY 1 MEPEHOCITHh B XIMIYHUI peakTop MicTKicTio 50 mi. [lepmmii
pEeaKTop MPOMHBAIOTH S5 MJI YHOTUPUXJIOPUCTOTO BYTJIEIIO 1 3’ € AHYIOTh IPOMUBHUN
PO3UMH 3 EKCTPakTOM. [0 eKCTpakTiB MONMBAIOTH 5 MJI OITUCTHILOBAHOI BOIU
1 MPOBOJIATh PYWHYBAHHS OPTaHIYHOTO EKCTPAKTy PTYTI OJHOYACHOKO MI€I0
V3 yacrororo 18-100 k['i i inTencusnictio 1,5-2,5 Br/em® Ta Y3 wacrororo
1,5-2,5 Ml i inrencusHictio 2,5-3,0 Br/em? npotsiroM 15-30 c. Lei mporec
NOPOBOJATH MiJ TATOIO Yy 3B’SA3KY 3 BUAUICHHSM XJopy. OTpuMaHUil poO34uH
MIEPEHOCATh B PEAaKTOP aHaji3aTopa PTYTI 1 BCTAHOBIIOTH BMICT PTYTI METOJAOM
abCcopOI11ii «XOJIO0THOT Mapm».



6 METPOAOITYHI ACIIEKTH
XIMIYHOI'O AHAAI3Y

MeTtposorisi XIMIYHOTO aHaji3y Ma€ CYTT€BE 3HAYCHHS JUIsl I1JBUIIECHHS
SKOCTI TIPOJIYKIIii, 1HTeHCH(IKAIli BUPOOHHUIITBA Ta MPUCKOPECHHS HAayKOBO-TEX-
HIYHOTO MpoIiecy B 1ioMy. OJHUM 13 PO3/UTIB METPOJIOTIT € 3aKOHOJaBYa METPO-
Joris. Po3risiiaroun METpOJIOTIuHI aclieKTH XIMIYHOTO aHalTi3y, HeoOX1JHO PO3IJl-
SJIaTH TPY HAIIPSIMKHA POOIT MO PO3BUTKY Ta BIPOBAHKEHHIO aHATITHYHOT X1Mii:

1. PO3BUTOK TEOPETMYHHX OCHOB Ta BHYTPILIHIX MOXJIMBOCTEH caMoi
AHATITUYHOIL XIMII SIK OJIHI€T 13 MPUPOJIHUYUX HAYK.

2. OTpuMaHHs JOCTOBIPHO TOYHUX BIJJOMOCTEH MPO CKJIa] PEUOBUHU MPHU
MpoBeJIeHH] (PyHIaMEHTAIBHUX Ta MPUKIAJIHUX HAYKOBUX JTOCTIKEHb.

3. KoHTpoJsib AKOCTI CHPOBMHM Ta MPOIYKIi B THX BUIAJIKaX, KOJIU IS
AKICTh 3aJICKUTh BiJ] BMICTY BHM3HA4yBaHUX MAaKpO- Ta MIKPOKOMIIOHEHTIB,
a TaKOX aHalli3y 3pa3KiB 3 METOIO 3aXMCTy HaBKOJHUIITHLOTO CEPEIOBUIIA, OXO-
POHU 370pOB’sl JIIOAMHHM, HAYKOBO 3a0€3ME€UEHOT0 IPOBEAECHHS CUIbCHKOTO
rocroJapcTBa Ta 1HIIe.

B pob6orax BCiX TphOX HaIpsSIMKIB HEOOXITHO OO ’€KTHBHO 3a0€3MeunuTd
JOCTOBIPHICTh BUCHOBKIB, KOXXHOTO 13 HaBeIeHUX JI0Ka3iB. [Ipu oOroBopeHH1
pe3yJbTaTiB Ta MPUUHSATTI PIlIEHh HEOOXITHO BpPaxoOBYBAaTH, IO pPE3yJIbTaTd
a”aizy ab0 po3paxyHKHd MalOTh MOXHOKH. MeTposoris aHAIITHYHOTO KOHTPOJIIO
€ TIEIO0 3araJilbHOI0O MOBOIO, BOJIOJIHHS SIKOIO HEOOXIJIHO BCIM CITEIliaicTaM, SKI
O0epyTh y4acTb B KOMIUIEKCHHX PO0OOTax, TOMY III0 BOHH HE 3MOXKYTh PO3YMITH
OJIHE OJHOTO Ta 00’ €KTUBHO (DOPMYITIOBATH Ta MIOTOJ[KYBATH CBOI PIlLICHHSI.

B nanuii yac BUMOTH 710 TIEpeNiKy KOHTPOJIHOBAHMX MAaKpO- Ta MIKPOKOM-
MOHEHTIB, HOPM X BMICTY B CHUPOBHHI, TOTOBIM MPOIYyKIii, 00’€KTaxX HABKOJIMII-
HBOT'O CepeoBUIIA (TIOBITPSI, BOJU, IPYHTY); 10 METO/IIB Ta METOJIMK aHAJI3Yy, SIK1
BUKOPHUCTOBYIOTHCS JIJI1 KOHTPOJIIO WX BMICTIB, Ta O METPOJIOTIYHUX XapaKTe-
PUCTUK ITUX METOJUK HEOOXITHO MPOMUCYBATH B JEP)KAaBHUX Ta Taly3eBUX CTaH-
JapTax, TEXHIYHUX YMOBAX, Ta IHIIMX OOOB’SI3KOBUX HOPMATHUBHUX JOKYMEHTAaX.
HeoOximHi 00’ €KTUBHI JTIOKa3W MEPeiKy KOHTPOJIbOBAHUX OCHOBHHX KOMITOHEH-
TIB Ta AOMIIIOK. HOpMU BMICTy OCHOBHMX KOMIIOHEHTIB a00 JOMIIIOK, SIKI HE
NPOMIIUTM BUBYEHHS 3aJIC)KHOCTI CKJIaJl — BJIACTUBICTh, HE MOXYTh XapaKTepu-
3yBaTy ONTHUMAJIBHUM CKJIaJl PEUOBHMHU a00 Marepiany. Jlo THX mip, MOKH 00’ €K-
TUBHO HE BCTaHOBJICHI TEPENIK Ta HOPMU BMICTY KOXXHOTO KOMITOHEHTY, IO
KOHTPOJTIOETHCS, TOOTO HEBHPIIICHI CKJIaIHI 337a4l OOIPYHTOBAHOTO MPU3HAYCH-
HS IHTEPBAJTy JOIMYCTUMHX BMICTIB KOMIIOHEHTIB (BiJ... J0...) a00 iX rpaHuIp (He
MEHIIIE, He OUIbIIE), HAaBITh aHAIITUYHUN KOHTPOJb HE TapaHTye€ ONTUMAILHOI
SAKOCTI IPOJTYKTY.
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[TpakTyHO HEMae HEOOX1AHOCTI TIPE1 IBJISTH KOPCTKI BUMOTH JI0 TOYHOCTI
AHATITUYHUX MPUIaAiB a00 10 TOYHOCTI aHaNi3y, KOJU MOXUOKH, 1110 BHOCSTHCS,
Jy>K€ HE3HAYHI 110J10 MOXHOOK, sIKi BAHUKAIOTh MIPU B1JI00PI Ta MiATOTOBIII MPOO.
3BiJICH BUIUIMBA€E BUCHOBOK IIPO TE, 1[0 BUMOTH CTaHIAPTY O TOYHOCTI PE3yIib-
TaTiB aHali3y HE MOXYTb OyTH CPOpMyJbOBaHI 0€3 BpaxXyBaHHsS KOHKPETHHX
0COOJIMBOCTEH KOHTPOJIbOBAHOT PEYOBUHM a00 MaTepiaiy, BiJl iX MpU3HAYCHHS Ta
KOHKPETHUX OCOOJIMBOCTEH, a TAKOK TOUHICTh METOIMK BUIPOOYBAaHHS Ta aHAITI3Y.

HeoOxiqHO 3ymWHUTHCA Ha JIBOX HaNpsMKaX, MOB’S3aHUX 31 CIoco0aMu
OTPUMAaHHS TPATYIOBATBHUX XapPaKTEPHUCTUK Ta CIIOCOOaMHU BUSBIICHHS CHCTEMa-
TUYHUX TOXUOOK aHami3zy. Lli HampsMku o00’€lHye HEOOXIAHICTh MAaTHW TOYHI
OLIIHKM JIMCHOTO BMICTY Makpo- Ta MIKPOKOMIIOHEHTIB B JIOCHI)KYBaHUX 3pa3-
kax. OCHOBHY yBary npuIUIIIOTh CIIOCO0aM, II0 BUKOPHUCTOBYIOTh TPATUIINHO
o(imiitHO arecToBaHi craHaptTHi 3pasku ckiaagy (C3C). HeobxigHO mpomoBxKy-
BaTH BUBYEHHS CHOCOOIB BUTOTOBJIGHHS Ta aTeCcTallli CTaHJAPTHUX 3Pa3KiB,
3BEpTalOYM OCOOJMBY yBary Ha po3poOKy MIAXOMIB 10 (POpMyBaHHS CHCTEM
CTaHJAPTHHUX 3Pa3KiB, KOXKHA 13 SIKUX 3a0e3Meuye 1Ty 00J1acCTh 00’ €KTIB aHAII3Y.

Ane TpaauIiiiHi CTaHAApPTHI 3pa3Ku CKJIaJy CTBOPEHI HE JUIsl BCIX 00’ €KTIB
aHaIi3y, OCKUJIBKHA iX HEMOXJIMBO BUTOTOBUTHU. Lle cTUMyIt0e HEOOX1IHICTh PO3-
BUTKY Ta BUKOPUCTAHHS IHIIMX IAXOMIB 0 OTPUMAaHHS TPAIyIOBAJIbHUX Xapak-
TEPUCTHUK 1 IO BUSIBJIICHHS Ta YCYHEHHSI CHCTEMATHUHUX IMOXUOOK aHAJII3Y JJIsl THX
BUITAJIKIB, KOJIM HEMae CTaHAApTHUX 3pa3kiB ckiamy. IlomiOHi poboTh BXKe
pO3MOYaTi Mpy aHaii31 OpraHiuHUX PEUOBHH, O10JIOTIYHUX MpenapariB, 00 €KTIB
HABKOJIMIITHBOTO CEPENOBUINA, TPU JIOKAIBHOMY aHami3l, SKUM BUKOHYIOTHCS
3 METOI0 BUSBIICHHSI PO3MOJUTY €JIEMEHTIB y TMOBEPXHEBHUX Iapax HAIMiBIPOBIJI-
HUKOBUX MaTepiaiiB, IPHU aHali3l ra3iB Ta MaTepiajiiB BUCOKOI YMCTOTH 1 T.I. He
NoTpIOHO 3a0yBaTH MIAXOH, SIKI TPATUIIITHO BUKOPUCTOBYIOTHCS B aHAJITHYHIN
Ximii Ta 3aknaaeHi B Jlepkcranpgaprax Ha MeToAau aHamizy. lle BUroToBieHi
3pa3Kky BIIOMOTO CKJIaJy METOJaMU MPEIM3IMHOTr0 3MINTyBaHHS, POZYUHEHHS a00
CHHTE3Y 13 CTaHJAPTHU30BAHMX MaTepiajiiB 3a MPOIEAYPOI0, OMHCAHOK B camiit
CTaHMapTU30BaHId Meromuil. Jlms 3a0e3medeHHS IMUPOKOTO BHKOPHCTAHHS
CUHTETUYHHX 3pa3KiB MPU TPaTyIOBaHHI Ta BUSIBJICHHI CHCTEMATHUYHUX MMOXHOOK
aHaJTI3y HEOOXITHO CYTTEBO PO3IIMPHUTH BHITYCK PEUOBHH JIOCTAaTHHO BHCOKOI
YHCTOTH Ta HAaJIaTH MOXKJIMBICTh X OTPUMaHHS aHATITHIHUMH JIJAOOPATOPISIMH.

6.1 Me:xa BUsSIBAHHS Ta HVUKHSI
IrpaHMIIsI BU3HAYyBaHMX BMiCTiB

Cnocobu oyinku
[Ipy BU3HAYEHHI MaJMX BMICTIB KOMIIOHEHTIB BaXKJIMBUMH XapaKTEPHC-
tukamu € C, ta Cpin. [lepma 3 1ux XapakTepuCTHK € HAaWMEHIIOK KOHIICHT-
parii€ro, sika MoXxe OyTH BH3HA4Y€HA 3 MOXUOKOI0, IO HE MEPEeBUIIYE 3aJaHy.
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C, (a0 KUIBKICTB), SIK TIPABHJIO, BIJMIOBIIA€ JOCITHEHHIO JESKOTO PErjIaMeHTO-
BAaHOTO PIBHS BIIHOCHOTO CTaHIAPTHOTO BiAXuieHHsS (S;) BIAMOBIIHO 3 €KCIIe-
PUMEHTAJIBHO OTPUMAHOIO 3AJIEXKHICTIO BiJI BMICTY BHU3HAUyBaHOTO KOMIIOHEHTY
Chmin € HalIMEHIIIOK) KOHIIEHTPALII€0, TIPU SIKIA 32 33JJaHOK0 METOJIMKOK MOYKHA
BUSBUTH CTAQTUCTHYHO 3HAYYILy TMPHUCYTHICTh BHU3HAYYBAHOTO KOMITOHEHTY
B aHAJII30BaHOMY 3pa3Ky. B pexomeHaalisix €Bpornencbkoro cranaapTy B po3.iii

«ONTUYHI METOAM aHami3y sl MEXI BUSBJICHHS) HABOJUTHCS PO3PaXyHKOBA
dbopmyna
ymin = VXOJ + kS ; Cmin = kSXOJI /S’ (61)

xon’

€  Ymin — MIHIMQJIBHUN aHAITHYHUN CUTHAJ, 110 BUSBIISIETHCS;

Y., — YCEpPEIHEHUN CUTHAI XOJIOCTOTO AOCTIY;

k — koedimieHT;

S — CTaHJApTHE BIIXWJICHHS CHUTHAIY BiJI HOTO CEPEIHHOTO 3HAYCHHS
B XOJOCTHUX JIOCHIIaX;

Crin — MEKa BUSIBJICHHS,

S — KoedIIEHT Yy TIUBOCTI.

JInst mpaBUJIBHOTO BUKOPUCTaHHS 1HTEpHpeTalii MmoaiOHHUX CHiBBIIHO-
IICHb B PI3HUX METOJIaX aHAIi3y Ta BUOOPY 3HAYCHHS Koe(ilieHTy K HeoOXimHO
BpaxOBYBaTH HE TUIbKM MPOCTI, aje 1 KOMOIHOBaHI METOAM aHami3y, SKi
BKJIFOYAIOTh B 3arajlbHOMY BHUIIAJIKy MPoOOBiI0Ip, pO3KiIaaHHs MPOOH, PO3IO-
171, KOHIICHTPYBAHHS Ta KIHIIEBE BUSHAYCHHS.

OpnHiero 13 XapakKTepHHX OCOOJMBOCTEH BH3HAYEHHS MIKPOKIJIBKOCTEH
€ HEOOX1/THICTh BPAaxOBYBATH AHATITUYHUN CHUTHAJI XOJIOCTOTO JOCHIiAY, TOOTO
CUTHAJIy BiJ] XOJIOCTOI MPOOM, Ky aHaJi3yloTh 3a (PIKCOBAHOIO METOJHUKOIO.
B ineani xonocra npoda moBUHHA OYTH 1IGHTHYHA peaJbHOMY aHaIi30BaHOMY
3pa3Ky 3a CKiIagoM Ta (PI3MKO-XIMIYHMMHU BJIACTUBOCTSMH Ta MICTHUTH,
MO>KJIMBO, MaJll KUTBKOCT1 BU3HAYYBAHOTO KOMITOHEHTY.

CurHai X0J0CToro A0CHIy (Vy,;) MOKHA BPaxOBYBaTH PI3HUMH CIIOCOOAMH.
HaiiOinpln mommpeHuM € BpaxyBaHHS Yy BUIVISIII YCEPEIHEHOI BEJUYMHH,
Br3Ha4YeHOi 3 cepii (N> 20) XomocTux AOCHIIB, SIKI BUKOHYBAJIWCH. Pi3HICHUN
(mepeTBOpEeHUIA) aHATIITUYHUN CUTHAJI PO3PaXOBYIOTh 3a CIIBBIIHOIIEHHSIM

Ayi = yi - yxm’ (62)

e Yj— aHaJNITUYHHUI CUTHAJ IS IaHO1 aHaIi30BaHO1 Tpoou;

Y., — YCEPEIHEHUN CUTHAI X0JIOCTOTO JOCTIY.
2
VXO.'I
X0JIOCTOTO AOoCHiAy S, ~ Sy.

Ockinbku S;=S;+S; Ta S >>S, ,TO I LbOTO CHOCOOY BPaxyBaHHs

[le cmiBBiAHOIICHHS MOXHA BHUKOPHCTOBYBATH 1 JUIS JAPYTIOro CIocooy,
110 IPAKTUKYETHCS JIJIS1 BpaxXyBaHHS XOJIOCTOTO JOCTITY:
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C=C, —Cu, (6.3)

ne xonnenrpaiii C,, Ta C., BU3HAYAIOTh OKPEMO 3a BIJIMOBITHUMH 3HAYCHHSIM
yTay,_ .

JI71st moanbIIuX po3paxyHKiB BaXKJIMBOIO BEJIMYMHOIO € CTaHAApPTHE Bij-
XUJICHHS PI3HICHOTO CHUTHAJY JUIS 3pa3KiB, OJIM3bKUX 32 BMICTOM JI0 XOJOCTHX

(S,0=S,_0)- Ilpu Bpaxysanni xonocroro mocminy S,,=S, . Bennunny S

3HaXOJIATh SIK CTAHJAPTHE BIIXWJICHHS B1J CEPEIHHOrO0 aHATITUYHOI'O CUTHAITY
IIpU aHaji31 cepii X0JIOCTUX 3pa3KiB.
Hpyruii cmoci® mojsrae B 1HAWBIAYaJbHOMY BpaxyBaHHI XOJOCTOTO

TOCTiAy
Ayi = yi - yi,x0ﬂ’ (64)

e y;— aHAIITUYHUN CUTHAJ IIPOaHaIi30BaHOTO 3Pa3Ky;
Yi., — BIIINOBIAHUI MOMYy CHUTHaJd XOJOCTOTO JAOCHIAYy, OTPUMaHUM

B MaKCHUMAaJIbHO OJIM3BKUX YMOBAX.

PisnicHuii curnan [1y; abo po3paxoByr0Th ab0 BUMIpIOIOTh. CTaHIapTHE
BIIXWJICHHSI PI3HICHOTO CHUTHANY (S ) 3aJICKUTh Bl CTaHAAPTHUX BIIXWUJICHb
CUTHAJIIB JJIS XOJOCTUX Ta aHANI30BaHMX 3Pa3KiB (S, Sy) Ta KOe(pILIEHTY
KOpeJsilii MDK UMMH curHajgamu. PairioHanbHa cxema BUMIPIOBaHHS Ta
BUCOKHMI KOE(ILIEHT KOpeNdlii B 00JacTi MajluX PI3HICHUX CHUTHAJIIB (KOJH
Sy=Sy vo1) MOKYTb 3a0€3[1€UUTU 3MEHIICHHS BEJIMYNHU S/ Ta MEXY BUSBICHHS.
Crnoci0, 1o po3MSIAA€ThCs, A BpaxyBaHHS CHUTHANY B1J XOJOCTOTO 3pa3Ky
[[IKaBUW IUMH MPUHIIUTIOBUMHU MOKJIMBOCTSIMH.

B naHomy BHNaaKy BeIMUMHY S HEOOXIIHO OIiHIOBATH i3 cepii (M)
MapHHUX MapajieIbHUX BU3HAYCHb CUTHAIIIB XOJIOCTHX 3Pa3KiB (Vixor — Vi-1.xon):

Spo = %Z( Yixor = Yict,xon )2 .(6.9)

m

3ajie’xHo BiJl CIOCOOY BpaxyBaHHS CUTHATY XOJOCTOTO JOCIITY HEOOX1T-
HO BUKOPHUCTOBYBATH BIAMOBIIHHM CTIOCIO OIIHKH S .

JIOCTOBIpHICTh BUSBICHHS aHATITUYHOTO CUTHATY TIOBHHHA XapaKTEPHU3Y-
BaTHUCS JBOMA 3HAYEHHSIMU: HMOBIPHICTh TTOXHUOKH | poay — CUrHaI, 1110 BUHHKAE,
MIEPEBUIILY€E BMICT KOMIIOHEHTY B 3pa3Ky HaJl MOro BMICTOM B XOJIOCTOMY JOCHI/1
(«Bla’€MHaA TPUBOTray») Ta WMOBIpHICTH NoxuOkHU Il pomy — curnan, sikuii Hazmae
XOJIOCTUH 3Pa30K («IPOIYCK CHTHAITY»).

[Ipu BcTaHOBIIEHH] MEK1 BUABIICHHS! HEOOX1THO OOMpaT KPUTUUHUHN PIBEHb
JOCTaTHLO BUCOKUM, JIJIsi TOTO 100 MMOBIpHICTh MOXUOKU | pomy Oyna Masoro.
B Ginbmiocti BUMaaKiB 00MparoTh AYypr = 3Sr0 (pekoMeHmawii €BponeicbKoro
CTaH/IaPTY).
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AHamTHYHUA CUTHAN AYmin = AYypur = 3SA0 MOKHA NPUUHATH 3a MiHI-
MaJbHO BUABJICHUI. BIJNMOBIIHY KOHILIEHTPALll0 BU3HAYYBAaHOTO KOMIIOHEHTY
BCTaHOBJIIOIOTH 3a IPalyIOBAIbHUM Ipadikom abo po3paxoByIOTh 3a (POPMYJIIOIO
— Aymin 3SA,0

C. = , 6.6
min S S ( )

ae S — KyToBUM KOoedillie€HT TpadyloBaIbHOTO Irpadiky mis AY = Ay

Kpur "

OuyeBuaHO, 110 WMOBIpHICTh NOXUOKH Il pomy s curnainy Ay = Ay

pur
3aBKAM OyJe BEIMKOI, SIKUM OM BHUCOKMM HE OyJ0 OOpaHO 3HAYECHHS AYipyr.
B 3B’s3ky 3 MM a1 3MeHIeHHs1 WMoBipHOCTI moxubku II pomy, To6TO m1st
OUIBII HAIIMHOT XapaKTePUCTUKH 310HOT I BUSBIEHHS, 30epiratoun 00paHuii
KPUTUYHUN PiBEHb AYpy; BHOCATH OLIBII BUCOKY MEXKY, Ky MOXKHA Ha3BaTU
MEXEI0 HAJIIMHOTO BUSBJICHHS CUTHATY AYyy;:

AY,or = A + 35, = 3S,,+ 3S,, (6.7)

1€ Sp HAIEKUTD 10 PIBHS CUTHAILY AYj,y.

AAA (atoMHO-a0copOLiiHMI aHaTi3) HAHOUIBII PO3MOBCIOKEHUN B aHA-
miTnuHiM XiMii. TIoHMOKEHHST Mei BHSBIICHHS € BaXKIMBOIO 3amadecto. Jlis
ominku C,; HEOOXITHO BCTAHOBUTH 3aJICKHICTh CTaHIAPTHOTO BiIXUICHHS
CEepEeAHBOI0 3HAYEHHSI CUTHATY BiJl HOrO BEJIMYMHU (B 00JaCTI MaJIUX 3HAYEHb
CUTHaJy) NMPU BUKOHAHHI BCIX YMOB Ta omeparlii, ki 3aKjajeHl B METOIUIII
anamizy. Haiikpamum ciocoOoM BUSIBJIICHHS 111€1 3a7I€KHOCTI € 00poOKa TaHUX
aHAITUYHOTO apXiBY, KM HAKONMMYEHUH 32 TPUBAJIUMI TEPMIH Hacy.

6.2 TepMmiHM Ta BU3HaYeHHS

Hwxye HaBeneHO TepMiHM Ta BHU3HAYEHHS 3TiIHO 3 €BpONEHChKUM
crangaprom 1SO.

1. KinbKicHU XiMiYHMd aHAJIi3 3pa3Ky peYOBMHH (MaTepiaay); KiJb-
KiCHMH XiMiYHMI_aHaJi3; aHaJi3: eKCleprUMEHTalIbHE KIIbKICHE BU3HAYCHHS
BMICTY (MacoBa KOHIICHTpaIlisi, MacoBa J10JIsi, 00’ €MHA JI0JIs TOIO) OAHOTO abo psi-
Iy KOMIIOHEHTIB B 3pa3Ky XIMIYHUMHU, (P13UKO-XIMIYHUMHU, (DI3UUHUMHU METOJAMHU.

2. MeToauKa KiJIbKICHOT0 XiMIiYHOrO aHaJi3y; MeToIMKA aHAJi3y:
CYKyHHICTh OIepalii Ta MpaBWJI, BUKOHAHHS SKUX 3a0e3Medye OTPHUMAaHHS
pe3ynbTaTiB KUIBKICHOTO XIMIYHOTO aHaji3y 31 BCTAHOBJICHUMH XapaKTEPHUCTH-
KaMu TOXUOKH (HEBU3HAYEHOCTI).

3. Pe3yabTaT _aHagdily: cepeaHe 3HaueHHs (cepenHe apudmeruyune ado
MeJllaHa) pe3yJIbTaTiB OJJMHUYHOTO aHaJi3y.

4. Pe3yabTAT OJAMHUYHOIO AaHAJI3Y: 3HAYEHHS BMICTY KOMIIOHEHTY
B 3pa3Ky peuoOBUHU (MaTepially) OTpUMaHe MPpHU MPOLEaypl aHATI3Y.
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5. TOYHICTB: CTYIIHb OJIM3BKOCTI PE3YNbTATy aHaII3y A0 ICTUHHOTO (200
B 1IOT0 B1ICYTHOCTI IPUIHATOMY OITIOPHOMY) 3HAYEHHS.

6. lIpaBWIbHICTB: CTyNHiHb OJU3BKOCTI CEPEAHBOTO 3HAYCHHS, OJIeprKa-
HOTO Ha OCHOBI BEJIMKOi cepli pe3yabTaTiB OJMHUIHOTO aHaJi3y, J0 ICTUHHOIO
(a00 y 110T0 BiACYTHOCTI PUMUHSITOTO OMIOPHOTO) 3HAYCHHS.

7. Ilpenn3ilHiCTh. CTYMiHb OJU3BKOCTI OJHE O OJHOTO PpE3yJIbTaTiB
OJIMHUYHOTO aHali3y (pe3yJbTaTiB aHaNI3y), OJepKaHUX B KOHKPETHHUX perJia-
MEHTOBaHUX YMOBaXx.

8. IloBTOPIOBAHICTh: NMPELU3IIMHICTS B YMOBaX MOBTOPIOBAHOCTI.

9. YMOBH _TNOBTOPIOBAHOCTI: YMOBH, 3a SIKUX PE3yJIbTaTH OJUHUIHOTO
aHaJI3y OJIEPXKYIOTh 32 OJTHIEIO 1 TOIO K CaMOI0 METOJIMKOIO Ha 1IEHTUYHHUX 3pa3-
Kax B OJHAKOBHX YMOBaX Ta MPAKTUYHO OJHOYACHO (PE3yJIbTaTH MapasieIbHUX
BU3HAYCHB ).

10. BiaTBOpHOBaHICTh: IPEIU31HHICT, B yMOBaX BIJITBOPHOBAHOCTI.

11. YMOBH BiITBOPIOBAHOCTI: YMOBH, 3a SKUX Pe3yJbTaTH aHAII3Y OJEp-
KYIOTh 32 OJIHIEIO 1 TIEIO XK CAMOI0 METOAMKOI0 Ha IJEHTHYHHX 3pa3Kax, aje
B PI3HUX yMOBax (pI3HUH 4Yac, pi3HI aHANITUKH, PI3HI MAPTIi PEAKTUBIB OJJHOTO
TUITY, Pi3HI HAOOPHU MIPHOTO MOCYY, Pi3HI JJabopaTopii).

12. BHYTPilIHB0./1200PATOPHA NPENU3iHHICTh. MPEeMU3iiHICTh B YMOBAX,
3a SIKUX PEe3yJIbTaTH aHaJI3y OACPKYIOTh 32 OJIHIEIO 1 TIEI0 K CAaMOI0 METOIUKOIO
Ha 1ACHTUYHUX 3pa3Kkax MNpH Bapiailii pi3HOMaHITHUX (¢akTopiB (dacy, aHai-
THKIB, PEAKTUBIB 1 T.I1.), 0 (POPMYIOTh PO3KH] PE3YJIbTATIB MPU BUKOPHUCTAHHI
METOJUKH B KOHKPETHIH J1aboparopii.

13. Iloka3HUKM SIKOCTi METOAMKM aHAJi3Y: (TOKa3HUKU TOYHOCTI, Tpa-
BUJIBHOCT1, MOBTOPIOBAHOCTI, BIATBOPIOBAHOCTI): MPUITMCAHI XapaKTEPUCTUKU
MOXHWOKM METOAMKH aHalli3y Ta ii (MOXUOKH) CKIIaJ0BHUX.

14. CepenHe KBapaTu4He (CTAHAAPTHE) BiIXUJICHHS MOBTOPHBAHOCTI!
CepeHE KBAAPATUIHE BIIXWICHHS PE3yJIbTaTiB OJMHUYHOTO aHAMi3y, OJePKAHUX
32 METOJIMKOIO B YMOBAX MOBTOPIOBAHOCTI.

15. Mexa NOBTOPKBAHOCTI: TOMYCTUMHI JJI1 MPUUHATOT MMOBIPHOCTI
95 % abcomoTHHUI PO30Ir MK HAMOUTBIINM Ta HAWMEHIIHMM 13 N pe3yJbTaTiB
OJIMHUYHOTO aHaJII3y, OJICPKAHUX B YMOBAX MOBTOPIOBAHOCTI.

16. CepenHe KBaapaTHuyHe (CTAHJAAPTHE) BiIXMJEHHS BiITBOPIOBA-
HOCTIi: cepefHe KBaJpaTUYHE BIIXWUJICHHS PE3YyJbTATiB aHaTI3y, OJIEpKAHUX
B YMOBaXx BIJITBOPIOBAHOCTI.

17. Mexka BiATBOPIOBAHOCTI: TOMyCTUMUMN ISl TPUHHATOT HMOBIPHOCTI
95 % abOcomoTHUI PO3KUA MDK JBOMa pe3yjibTaTaMu aHami3y, OAep>KaHui
B YMOBaX BiJTBOPIOBAHOCTI.

18. CucremMaTH4YHA MOXMOKA AHAJI3Y: PI3HUIA MK MaTeMAaTUIHO OYIKY-
BaHUM PE3YyJIbTaTOM OJAVMHUYHOTO aHAJI3Y, OJCPKAHOTO Y BCIX JIA0OpaTOpIsIX, IO
BUKOPHUCTOBYIOTh JJaHY aTECTOBaHy METOJAWKY, Ta ICTUHHUM (abo 3a MHoro
BIZICYTHOCTI IPUMHSATUM OMOPHUM) 3HAUYEHHSIM BUMIPIOBAHOI XapaKTEPUCTUKHU.
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19. CucremaTuyHa NMoXuOKa JadopaTopii: pi3HUIT MK MaTEMaTUIHO
OUIKYBaHUM PE3yJIbTATOM OJIMHUYHOTO aHaji3y, OJEPXKAHOTO B OKpeMiil J1abo-
paTtopii, Ta icTHHHUM (a00 3a HOTO BIJICYTHOCTI MPHUHHSATOTO OTIOPHUM) 3HAYCH-
HSIM BUMIPIOBAHOI XapaKTEPUCTUKH.

20. JlaGopaTopHa CKJAJ10BA CHCTEMATHYHOI MOXMOKHU: PI3HUIT MIXK
MaTeMaTUYHO OYIKyBaHUM PE3yJbTaTOM OJWHUYHOTO aHami3y, OJEpP>KaHOTO
BOKpeMili 1abopaTopii Ipu peaiizallii MeTOIUKH aHalli3y, Ta MaTEMaTHYHO OYi-
KyBaHUM pe3yJIbTaTOM OJMHUYHOTO aHaJli3y, OJIEP’KAHOT0 y BCIX JJa00paTopisX,
1[0 BUKOPUCTOBYIOTh JaHy METOJIMKY aHaJi3y.

21. IlpuiinsATe ONOPHE 3HAYEHHS . 3HAYCHHS, SKE BUCTYIIAE SIK IMOTOKEHE
UIs1 IOP1BHSIHHSL.

22. HopMu XapaKkTePUCTUK MOXUOKM aHAJII3Y; HOPMM MOXHOKH: 3HAYCH-
HsI XapaKTePUCTUKU MOXUOKH aHaJI3y, 3a/1aHe K HE0OX1/IHE a00 JOIMyCTUME.

23. IloxuOka pe3yabTary aHadizy (pe3yJbTaTy OJMHUYHOIO aHAJI3Y):
BIJIXWJICHHSI PE3YyJIbTaTy aHali3y (pe3ysibTaTy OJMHUYHOTO aHaJi3y), OACPKAHOTO
32 aTeCTOBAaHOIO METOJMKOIO, BiJl ICTUHHOTO (ab0 3a WOro BiJICYTHOCTI TPHIA-
HSITOTO OMOPHOI0) 3HAUEHHSI.

6.3 MeTpoa0TriyHi XapakTepucTUKN
MeTOAiB aHaAai3y

Sk 1 B OyJp-sIKOMY BUMIPIOBAaHHI, B PE3yJIbTaTax aHATITUYHOTO BU3HAYCHHSI
3aBXKJIM MICTUTBCS Jeska moxuoOka. OIHKA MOXUOKH pe3yibTaTy € YaCTHHOIO
aHaji3y, a cama noxuoka — AyKe BaKIMBOIO XapaKTEPUCTUKOI0. Y 3B’SA3KY 3 LM
PO3IJIsiI OCHOBHUX METO/IIB aHAIII3Y BKJIIOYAE M IX METPOJIOTTYHI XapaKTEPUCTUKH.

Kuaacudikauis noxudox

Tloxubxoro eumipiosarnns Ha3UBAIOTh BIIXWIEHHS PE3yJIbTaTy BUMIPIOBAHHS
BiJ] ICTHHHOTO 3HaYE€HHSI BEJIMYUHU, SIKY BUMIPIOIOTh:

AX =X — 1, (6.8)

ne  Ax; —abcomoTHa MOXuOKa BUMIPIOBAHHS,
X; — pe3yJIbTaT aHaJi3y,
[t — ICTHHHHAMA BMICT aHAJII30BAaHOTO KOMIIOHEHTY B IIPOOi.
BigHomeHHs abCcom0THOT MOXHOKH BHUMIPIOBAHHS IO ICTUHHOTO 3HAYEH-
HSI BUMIPIOBAHOI BEJIMYMHU HA3UBAETHCS 8BIOHOCHOIO NOXUOKOH BUMIDIOBAHHSL.
2% 100% =24 .1009%. (6.9)
JZ U
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[Toxubka BHUMIpPIOBAHHS 3aJICXKHUTh BIJ O0ararbox (HakToOpiB: Bl KIacy
TOYHOCTI BUMIPIOBJIBHUX MPUJIAAIB, METOAUKHA BUMIPIOBAHHS, 1HMUBIyaJIbHUX
0COCOIMBOCTEN criocTepiraya.

[ToxnOka BUMIpIOBaHHS, sIKa MPU NOBTOPHUX BUMIPIOBAHHSX 3AJIMIIAE€THCS
MOCTIHOIO 200 3aKOHOMIPHO 3MIHIOETHCSI, HA3UBAETHCA CUCMEMAMUYHOIO NOXUO-
koro. CucremaTryHa oxuoOka abo 3aHMKYe, a00 3aBUIILY€E PE3YJIbTAT.

[ToxubOka, sika MpU MOBTOPHUX BUMIPIOBAHHSIX 3MIHIOETHCS BUIIAKOBUM
YUHOM, HA3UBAETHCS GUNAOKOBOK NOXUOKOW GUMIDIO6aHHA. 3HAK BUMAIKOBOI
BEJIMYUHU B CEpii BUMIPIOBAHb HE 3AJMUIIAETHCA MOCTIMHUM BiJl JAOCIIAY JO
JOCIiTY.

['py0i moxmOKu, IO ICTOTHO NEPEBUUIYIOTH OYIKYBaHI 3a JaHUX YMOB,
HA3MBalOTh npomaxamu. BoHn 3a3Buyail OyBalOTh HACHIJIKOM IpyOUX OIlepaTHB-
HUX TMOXMOOK aHamTUKa (Hampwiaa: BTpaTa PO3YMHY 3 OCaIOM B Ipoleci
(iTbTpYBaHHsI, BTpaTa Ocay MpH MPOKATIOBaHHI 00 3Ba)KYBaHHI).

CucreMaTH4Hi MOXUOKH

Jkepena CHCTeMaTHYHUX OXHUOOK TIOCUTh urciaeHH1. HaibimpIe 3HaueHHS
3 HUX MAaroTh MOXMOKH, OOYMOBIIEHI MpWIaAaMH, sKI BUKOPHUCTOBYIOTHCS, Ta
peaKkTUBaMH, TOXUOKU METOMY Ta MOXUOKH, MOB’s3aH1 3 1HAUBITYAJIbLHUMUA OCO0-
JUBOCTAMHU aHamiTuka. [Ipunamu, siki BUKOPUCTOBYIOTHCS B aHAJIITHYHIN Tpak-
THIll, XapaKTePU3yIOThCS MMEBHUM KJIaCOM TOYHOCTI, ¥ 9YacTO BIAETHCS 3HHU3UTH
MOXWOKY BU3HAYEHHS MPH BUKOPUCTAHHI MPUJIAAIB 3 OUIBII BHCOKUM KJIacoM
TOYHOCTI. JIKepernomM CHCTeMaTH4YHO! TOXHUOKU MOKe OyTH BUKOPHCTaHHS HeEre-
PEBIPEHUX BaKOK, HEKATIOPOBAHOTO MIPHOTO TOCYy, 3MIIIEHHS MPU3MHU CIEKT-
podoromeTpy Ta iH. YacTo cucTeMaTnuHi MOXMOKM MOYKHA CYTTE€BO 3MCHIIUTH
BBEJICHHSM MOIPABOK, SIKI 3HAXOJATh MpU KajaiOpyBaHHI a00 MOPIBHSAHHI OTPH-
MaHUX Pe3yJbTaTiB, 3 MOKA3aHHSMHU IHILOTO MPUJIATY, 110 Ma€ OUIbII BHUCOKUN
KJIaC TOYHOCTI ¥ SIBHO MEHIITYy CHCTEMAaTU4YHY IMOXUOKY. BUKOpHCTaHHS PEaKTHBY,
[0 MICTUTh BU3HAYYBAaHUH KOMIIOHCHT a00 OMIIIKH, SIKi 3aBa)KalOTh, TaKOX
BUKJIIMKAE CHUCTEMAaTHMYHy TOXHOKy. PerenpHa momepemHss OYHCTKA PEaKTUBY
3MEHIITYE ITF0 TTOXHUOKY IPAKTHYHO JI0 HYJIS.

[cTroTHE 3HAYeHHS MAalOTh TAKOX OMNEPATHUBHI Ta TPUBATHI MOXHOKH, SKI
MOB’sI3aH1 3 OIEpallis MU, 110 BUKOHYIOTHCSI B XOJIl aHAJII3Y Ta 3aJIe)KaTh, TOJIOB-
HUM YMHOM, BiJ KBamiikallli aHaTiTUKa Ta Horo 3110HOCTEeH. SIKIO aHAMITUK HE
B 3MO03i, HAIIPUKJIJ], TOYHO PO3PIZHUTHU 3MIHY KOJBOPY IMPH TUTPYBaHHI 3 KOJIBHO-
pPOBUMHM 1HJIMKATOpaMH, BIH 3aBkauW Oyne MepeTuTpoByBaTd po3uuHu. Cria
BIJI3HAYHUTH TaK 3BaHI nOXUOKU ynepeddicents. BOHU MPOSBIAIOTHCS, HAPUKIIA,
B TOMY, IO NPH TMOBTOPHUX BHU3HAUEHHSX AHATITUK 3 JIBOX PIBHOMMOBIPHHX
MOKa3HUKIB MPUJIaay MPHU BIJIIKY «HA OKO» 00€pe T€ 3HAUCHHSI, SIKE€ 3HAXOAUTHCS
OMmK4Ye 0 MONEepeaHbOro pesysbraTy. ChcreMaTH4Hl MOXHOKH TOBHUHHI OyTH
BUSIBJICHI 1 BpaXxOBaHi B MEPIITYy Yepry, OCKUTLKH OIlIHKA BUMAIKOBOI MOXUOKH Ma€e
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CEHC MpHU BIJICYTHOCTI CHCTEMATHUYHOI MOXMOKH, ab0 SIKIIO BOHA TMEPEBUIILYE
CHCTEMAaTUYHY.

HaiiG1np1m1  po3MOBCIOI)KEHUMH MPAKTUYHUMHU TNPUAOMaMU  BUSBIICHHS
CUCTEeMAaTHYHOT OXUOKM € BUKOHAHHS aHali3y HEe3aJeKHUM METOOM, MpoBe-
JIEHHSIM XOJIOCTOTO JOCTIAY Ta aHali3 CTAaHAAPTHUX 3Pa3KIB.

CranaapTHUMHU 3pa3KaMu Ha3UBAIOTh Pi3HI MaTepiain, MiCKICTh BU3HAYyBa-
HUX €JIEMEHTIB B SKMX BiJIOMO 3 BUCOKHM CTYNEHEM TOYHOCTi. IX BHMKOPHCTO-
BYIOTh B PI3HMX aHAJIITUYHUX METOAaX I MOOYJA0BH IpaaytoBAIbHHUX IpadikiB
1 BCTAHOBJICHHS TAKMM YMHOM CKJIaJy PEYOBUHH, a TAKOXK I KOHTPOJIIO TPaBu-
JBHOCTI aHami3y, s OO0 €KTMBHOI METPOJIOTIYHOI XapaKTePUCTUKH PI3HUX
MeToiB. Jlo cTaHAapTHUX 3pa3KiB Mpe IBISIETCS HU3Ka BUMOT. BMicT eTanoHo-
BaHUX €JIEMCHTIB B ME)XaxX pErjiaMEHTOBAaHUX Ta BKAa3aHUX IMOXHOOK HE TTOBHHHO
BIIPI3HATHCS BiJl icTHHHOTO. [Ipm 30epiraHHi MPOTATOM TPUBAJIOTO 4acy CKJajn
CTaHJAPTHOTO 3pa3ka HE TMOBWMHEH 3MIHIOBATHCS. BiH NMOBHHEH MaTh BHUCOKY
OJTHOPIZHICTh XIMIYHOTO CKJIAAy MO BCIM Maci, 00 3a0e3MeYnTH TOTOXKHICTh
BiIOOpPY mpoO s aHamizy. BMICT eTalloHOBaHMX €JEMEHTIB B CTaHAApTHHUX
3pa3Kkax BCTAHOBIIIOETHCS 3 TOYHICTIO, 1110 CB1IOMO MEPEBaXKae€ TOUHICTh BU3HAYEH-
HSl IUX €JIEMEHTIB Y BUPOOHMUMX 3pa3kax. KoauBaHHs B cKiIajil MpoO Ta €TaloHIB
HE MOBUHHO BUKJIMKATH CUCTEMATHYHHUX TIOXHOOK, IO MTEPEBHUIIYIOTH BUIIAIKOBI.

Bunaakosi moxuoku

BumankoBi moxuOku HEe MarOTh TICBHOTO 3HAKY, i cama Ha3Ba «BHITAIKOBI»
BKa3y€ Ha BIICYTHICTb OY/Ib-5IKO1 3aKOHOMIPHOCTI B MOSIBI MMOXUOKH I[HOTO THUITY.
[CHyBaHHS BHWMIAJKOBUX ITOXHMOOK TMPOSIBISIETHCS, HAMPHUKIAA, B TOMY, IIO
PE3yNIbTAaTH MapajeIbHUX aHAJI31B MakyKe 3aBX/IM JCIIO BIIPI3HIIOTHCS OJUH BiJl
OJIHOTO, HaBITh SIKIIIO BCl JPKEpena CUCTEMAaTUYHUX MTOXMOOK BPaxOBaHi 3a JIOIO-
MOTOIO0 BIIMOBIJIHUX TOMNPaBOK. BumaakoBl MOXUOKHU MiJAIOTHCS OOpOOIN Ha
OCHOBI T€OpIi BIPOT1THOCTI Ta MATEMATUYHOI CTATUCTHUKHU.

IIpaBUIBHICTH, BIATBOPIOBAHICTh TA TOYHICTH aHAJI3Y,
CepeIHE 3HAYCHHS TA CTAHAAPTHE BiIXUWICHHS

[IpaBUIBHICTIO BUMIPIOBaHHSI HA3WBAIOTH SIKICTH BUMIPIOBAHb, K1 BII0Opa-
’KAIOTh OJU3BKICTh 10 HYJISl CHCTEMATUYHUX MTOXUOOK.

301KHICTIO BUMIPIOBaHb HA3UBAIOTh SIKICTh BUMIPIOBAHb, SIK1 BIJOOPaXatoTh
OJIM3BKICTb OJMH J0 OAHOTO PE3yJIbTaTiB BUMIPIOBAHD, 1110 BUKOHYIOTHCS B OJHA-
KOBUX YMOBaX. BiJIbIII IMPOKUIA CEHC BKJIAJAETHCS B IOHSTTS BIATBOPIOBAHICTD.

BiaTBOproBaHICTIO BUMIPIOBaHb HAa3UBAIOTh KUIBKICTh BHUMIPIOBAHb, IO
B1JI00paKar0Th OJM3BKICTH OJIHE JIO OJTHOTO Pe3yJIbTaTiB BUMIPIOBaHb, BUKOHAHMX
B PI3HUX YMOBax (B pi3HUI Yac, piI3HUMU METO/IaMH Ta 1H.).
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TouHicTIO BUMIpIOBaHb HA3MBAIOTh KUIBKICTh BHMIPIOBaHb, SIKI B1JI00pa-
Kal0Th OJIU3BKICTH X PE3YIbTATIB JI0 ICTUHOTO 3HAYEHHS BUMIPIOBAHOI BEJIMYUHHU.

Bucoka TOuHICTh BUMIPIOBAHb BIAMIOBIJIA€ MAJIMM MOXHUOKaM BCiX BHUJIIB —
SK CUCTEMaTUYHUX, TaK 1 BUNAJAKOBUX. KiJIbKICHO TOUHICTH MOXE OYTH BUpaKE€Ha
00OpOTHOK BEJIMYMHOK MOJYJIO BIJHOCHOI MOXMOKU. SIKIO, HAMpUKIIAI,
BITHOCHA TMOXMOKa BUMIpPIOBaHHA XapakTepusyerbcs 3HaueHHsM 0,01 %, To
TOYHICTH JIOpiBHIOBAaTUME 1/ 10 =10

B anamiTiuHii XiMIi 4KCIIO MapajielbHUX BU3HAYEHDb 3a3aBUYail HEBEIIUKE
1 CyKyIHICTh OTPUMaHUX PE3YJIbTaTIB HA3UBAIOTh 8UOIPKOBOIO CYKYNHICMIO AOO
6unaokogoio eubopkoro. CepellHe 3HAUEHHS PE3yJbTaTIiB BUIIAJKOBOI BUOOPKU
Ha3UBaIOTh BUOIPKOBUM CEPEIHIM.

;: = —
n N5

X . (6.10)

X+ X+ X+ X 12”:

Pi3Huiis MK OKpeMHMH pe3yJbTaTaMH Ta CEpeaHIM 3HAYCHHSIM
HA3WBAIOTh BUIAJKOBHM BiIXMJICHHSIM 200 OJMHUYHHUM BiIXHJIeHHIM O

d=X—-x. (6.11)
BubipkoBe cTaHIapTHE BIAXWICHHS OKPEMOTO BHU3HAYEHHSI S po3paxo-
BYIOTb 32 (hOPMYJIOIO

> (% -x) Zn:dﬁ
S = 4|4z Y (6.12)
n-1 n-1

KBagpaT cTaHmapTHOTO BIIXUJICHHS Ha3UBAIOTh OUCNEPCIEIO:!

n

Dx¥ 3
g2 — i< — =1 . (6.13)
n-1 n-1

JIy1st oTfiHIOBaHHS BIATBOPIOBAHOCTI PO3PAaXOBYIOTh BUOIPKOBY JAMCTIEPCIIO
CEePEIHBOTrO 3HAYCHHS S

(6.14)

(6.15)
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O1iHKa MPaBUIIBHOCTI CEPEAHBOrO 3HAYEHHs (MPU BIACYTHOCTI CHCTEMa-
TUYHUX MMOXHOOK) MPOBOAUTHCA BUpPaXyBaHHIM JIOBIPYOrO IHTEpBAIly, BCEPEINHI
SKOTO 3 TEBHOK BIPOTIAHICTIO P, 3HAXOAWTHCSI ICTUHHE 3HAYEHHS BHU3HAYAEMOI1
BEJIMYMHU:

ne t, — TabnuyHa BenuuuHa po3noauieHHs CThIOAEHTa AJIs IEBHOTO 3HAYEHHS
P —0,95 a60 0,99 ta uncna crynenis ceodonu f (f = n-1).

Po3rasiHeMo cratucTuuHy 0OpOOKY BUMIPIOBaHb Ha MPUKIAAl TUTPUMET-
puunoro Bu3HaueHHs HCI| npu Bukopucranui sk turpanty NaOH. B mpomy
BUIIAJIKy MOXXHA 0OpOOMTH KiHIIEBI pe3ysibTaT BusHadyeHb (Macy HCI), a MmoxHa
3pOOUTH CTATUCTUYHY OOpOOKY BUMIPIOBAaHUX O0’€MIB THTpaHTy. MiHiMaabHa
KIJIbKICTh BUMIPIOBaHb, Ky 00po0OJisitoTh, N = 3. Hexai, nanpuxiazn, V(HCI) =
15,00 mn (minerka) C(NaOH) = 0,1040 M. TutpyBaHHS MPOBOIWIOCH 3 pa3u
1 BianoBiaH1 00’ emu NaOH nopiBHIOIOTH:

Vi = 14,66 mi; V, = 14,60 mi; V3 = 14,68 M1 3HaX0IMMO cepeJiHiil 00’ eM;

V- 14,66 +14,60 + 14,68

| = 14,66 — 14,65 = 0,01; |d,| = 14,60 — 14,65 = 0,05; |ds| = 14,68 — 14,65 = 0,03;

=14,65 MJI1 KOXKHOTO BIIXUJICHHS B1J] CEPEAHBOTO:

3

d-2
iz_ll ! _0,012+O,052+O,032_35-10*4
n-1 n-1 2

3
2.
i=1
n-1
3HaueHHs1 P Ta N HagaeThea B Tabmuigsx. Jus n = 3 ta P = 0,95 xoedimieHt
t, = 4,3. 3HaunTh NOBipYMi IHTEpBal 13 3aJaHOK0 JOBIPYOIO BIPOTIJIHICTIO,

- St
. . f
B CEPEIVHI IKOTO JIEKUThH 3HAUYEHHS IIIyKaHOI BEITUYNHN X T+ \/ﬂ .
n

JaJl pO3paxoByEMO PO3CISTHHS:

Ta CTaHJApTHE BIAXUJIEHHS S = =4,2-10, Benu4uHA t, U1 pizHOTO

2
B nanomy npuxmani V(NaOH) = 14,65 + 42 13§ 43 =(14,65 + 0,11) mu.

Maca HCI po3paxoByeTbcs Tak:

_ V(NaOH)-C(NaOH)- M (HCI) -V,

. , 6.16
el V (HCI)-1000,00 (6.16)

ne  V(HCI) — 06’em minetku, V, — 06’em ko0u 50 mur.
Orxe, m,, = CWNBOH) -M(HCD-V, 1) 65 019y,
V (HCI)-1000,00
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[limcTaBuBIIM BIJMOBIAHI 3HAYEHHS, OTPUMAEMO

- _01040-36,46-50
"l 15,00-1000,00

.(14,65+0,11) = (0,1846 + 0,0014) r.

Bci 11 qani 3a3Bu4ail NpeacTaBIsltOTh Y BUTIISII TaOJIUIII:

V(NaOH) VNaoH) | s | =S| Raledd
a s MJI n a ot + P
Jn Jn
14,66
14,60 L
1468 3 1465 | 42-10%| 011 | 14,65+0,11

Skio ompalroBaTH Il K JaHl JJisi BCTAHOBJICHHS JIOBIPUYOTO 1HTEPBATY
3 BiporigHicTio P = 0,99, To BiH BUSBUTHCS OLIBLI IIHUPOKUM:

= (14,65+0,20) M.

B ToOii ke yac 301IbLIEHHS YKCiia BUMIPIOBaHb N 3a TI€I 5K BIPOT1IHOCTI
3BY’KY€ JIOBIpUMI IHTEpBAJL.

Metoan mareMaTHYHO! CTaTUCTHKH BHUKOPHUCTOBYIOTHCS TIPU TOPIBHSHHI
JaHUX aHaNl3y, SKI OJEp)KaHI JBOMAa METOAaMHU abo0 PI3HUMHU JOCIITHUKAMH.
B Takux Bumagkax Ba)KKO BCTAHOBUTH, UM € PI3HHUIIA PE3YJIbTATIB CTATUCTUYHO
3HauymIow. [lpy po3risganHi bOTO MUTAHHS CIIOYATKY 3’ SICOBYIOTH, HACKIIBKH
3HavylIa Pi3HUIIA B TUCHEPCIAX MOPIBHAIBLHUX 3HaueHb. [lepeBipka BinOyBaeThCs
3a jornomorow F-kpurepito: F=S?/S7, S} — Oinblia 3a 3HAYEHHSIM JUCIEPCIs,
S? — MeHIIa 3a 3HAYEHHAM JUCIIEPCist, ToMy F 3aBKu GinbIie OIMHHMIII.

F— dynkuis dimiepa, 110 € BITHOMICHHSIM JTUCIIEPCii IBOX cepiit JOCTIIB.

Sxkimo po3paxoBaHe 3HayeHHs F-KpuTepito HAa OCHOBI €KCHEepHUMEH-
TaTbHUX JIaHUX TEPEBUINYE TaOIMYHE MPU 3aJaHiid BIPOTIAHOCTI Ta YHCII
CTYTICHIB CBOOO/IM, TO MK JAUCTIEPCISIMHU ICHY€E 3HAYYIIA PI3HUIIS.

Sxmo, HAaMpUKIIaA, B OJHIN cepii aHami3iB 3 4 BU3HAYEHB 0yJI0 OTPUMAHO
BMICT 0JioBa B OpoHn3i 3 guctiepciero 0,0132, a B iH. cepii 3 6 mapaneapbHUX —
mucnepceis ckiana 0,0284, ro F = 0,0284/0,0132 = 2,15. 3 Tabn. 3HaX0AMMO,
110 TIpU

fl = 5, f2 =3TaP= 0,99, Folgg;5;3 = 28,24,
fl =b; f2 =3 TtaP =0,95; Foy95;5;3 =9,01.

OTxe, pi3HULS Y BIIXWJICHHSIX PEYOBHMH HE3HAYHA Ta OOMJBI BEJIMYMHU
CJiJT BIAHECTH J0 OJHIET i Ti€T K BUOIPKH.
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BusiByiennst npomaxis

B psal KimbKOX mapaliebHUX BU3HAYEHb YacTO BUSBIIAETHCS PE3YJIbTaT
aHaii3y, 10 PI3KO BIAPI3HAETHCA BIJ IHIIUX PE3YJbTATIB Ta BiJ CEPEAHBOTO
apuMeTH4IHOTO BCI€i cepii. JIOBUTbHE BIKUIAHHSI BUMIPIOBAHHS, SIKE € «HAJITO»
BHCOKHUM a00 «HAJITO» HU3bKHM, MOXKE 1CTOTHO CIIOTBOPHUTH pe3yJbTaT aHaTi3y,
Tak caMoO, SK 1 BKIIOYEHHS MOMHJIKOBHX JaHUX B PO3PAXYHOK CEPETHBOTO
apudmeTrnyHoro. s BUSBJICHHS MPOMaxiB B psAl MapaiedbHUX BU3HAYEHb MPU
HEBEJIMKIN KUTBKOCTI JOCHIIIB MOKe OyTH BUKOpUCTaHUN Kputepin Q:

Q=" (6.17)

I€  X; — CYMHIBHE 3HAUCHHS,

Xp — CyCIIHE 3 HUM 3HAYECHHS,

R — po3Max BapitoBaHHS, 1110 JOPIBHIOE PI3HUIN MiXK MaKCUMaJbHUM Ta
MIHIMAQJIbHUM 3HAYEHSM X B PO3IIISIHYTOMY PsiAi.

Po3paxoBana BenmmurHa Q MOpiBHIOETHCA 3 Q,45, TIPU JAHUX BIPOTITHOCTI
Ta 4uciai cryneHiB cBobomu. Akmo Q > Q,us., MA03pIOBAHUM pe3yJIbTaT
€ Tpy00 MOMHUIKOBUM, 1 HOTO CJiJi BUKIIOUYUTH TPH PO3PAXYHKY CEPEIHBHOTO
apu(pMETUYHOTO.

B cyMHIBHMX BHmajkax, HallpuKIad, K0 BennarHa Q, po3paxoBaHa 3a
piBHSIHHSIM, Onu3bKa 10 Q,uu6,, BUKOPHUCTOBYIOTH OUIBII TOYHI KpUTEPIi, sKi
MOTPeOYyIOTh PO3paxyHKY CTaHAapTHOro BiaxuieHHs. [lio3proBaHuil pe3ysbTar

- S — S ..
X1 € TPYOMM TIPOMAXoM, SIKIIO |x, — x| >3—= a60 |x, —x|>t, . —=-/2 koedilieHT
Ipy P 1 \/ﬁ 1 p.f \/E

3 1HOJI1 3aMIHIOKOTH Ha 4, SIK OUIBII TOYHO 3aJ0BIJILHHMI BUMOTaM CTaTUCTHKH.
Hampuknan, mpyu BU3HAYEHHI CBUHINIO B CIUIaBl Oynu oJepkaHl Taki
pesynbTatu (%): 14,25; 14,40; 14,43; 14,44; 14,45; 14,49; 14,50; 14,52; 14,54,
14,58.
[Ipunyckaemo, mo 3HaueHHs 14,25 ta 14,58 € pesynbratamu rpy0oi
noxu0ku. Po3paxyemo Q — kputepiit 115l IIUX BEJIUYUUH:

14,40-14,25 015
14,58-14,25 0,33
14,58-14,54 0,04
©14,58-14,25 0,33

Q 0,45

0,12

Q,

I[Ipu P = 0,95 ta n = 10 Q,us = 0,42. Q; > 0,42, Tomy 3HaUYCHHS
C; = 14,25 BBaxxaeMO HEIOCTOBIPHMM 3 YHCJa CTaTUCTUYHO OOPOOJICHUX
BenuuuH. Jlo BuMiproBanHst Cyp = 14,58 rpy0a moxuOka BiACYTHS, OCKUIbKH
Q. <0,42. Po3paxoByemo cepeane apudmeTndHe 3 9 BUBHAUCHD:
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C 14,40+14,43+14,44 +14,45+14,49 + 14,50+ 14,52 + 14,54 + 14,58 _14 48"
9 ] )

(;:,Zi“x"/gj'

3HaX0AMMO CTaHJapTHE BIAXUIICHHS

S:

\/(0,08)2 +(0,05)° +(0,04)° +(0,03)” +(0,01)" +(0,02)? +(0,04)° + (0,06)° +(0,10)° _
9-1

e _
=5,82:107; [S =\/Z(xi —x)*/(n —1)].
i=1
CraHgapTHE BiIXHICHHS CEPEIHBOTO PE3yIbTaTy JOPIBHIOE

-2
S_ :M:L%.lg* :(ij

" o

Po3paxoByemo q0BipuMii iIHTEpBAJL.
3naxoaumo 3HadeHHs tp¢ (mpu P = 0,95 ta f = 8) = 2,31.

t..-S
P~ —~231.1,94.10%=4,48-1072.

n

OuiHIOEMO 1Ie pa3 HaABHICTh TpyOuMX NOXMOOK 3a Kputepiem 3-S:
3-5=3-582-10°=0,17.
[TopiBHtoeMO Benmnuunu (C, —(_7) ta 3-S=0,17, 6aunMo, 110 >KOJIHE 3 BIJI-

XWJIEHb BIJl CEPEAHHOTO HE BUXOAUTH 3a Mexi 3-S. Orxke, BenmuuuHu C; HE
MICTSATh IpyOHUX MOXHOOK.

Cepenne 3HaueHHs pe3yJbTarTy aHaiizy cBuUHIO npu P = 0,95 BusHa-
qyaeThCs AoBipunuM iHTepBasioM (14,48 + 0,04) %.

IlepeBipka NpaBUIBHOCTI aHAJI3Y
HIJISIXOM aHAJi3y CTAHAAPTHOIO 3pa3Ka

[Ilo6 BUSABUTU CHUCTEMAaTUYHY MOXHUOKY METOJy, aHaJi3yIOTh CTaHJIAPTHI
3pa3K CKJIaay, CKJIaj SKUX BIJOMUN Ta OJM3BKUM JI0 CKJIaJly aHaJi30BaHOTO
matepiany. CraHnapTHI 3pa3Kyd MOBHMHHI OyTH MPUTOTOBJIICHI YK€ PETEIbHO,
TaK, 1100 KOHIIEHTpalisl BHU3HAUYyBAHOTO €JIEMEHTy Oyjia BijoMa 3 BHCOKHUM
CTyneHeM HajilHocTi. Haxanb, BUTOTOBUTH 3pa30K, CKJIAJl SIKOTO JAIMCHO Mpa-
BUJILHO TPEJACTABIISAB OU CKJIaJHY HNPUPOJIHY PEUOBUHY, YaCTO BAXKKO 200 30BCIM
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HeMOXxJHBO. [Tpu 11boMy HEOOXiHO, II0O caMe METO]T BUTOTOBJICHHS FapaHTyBaB
TOYHE 3HAYCHHS KOHIICHTpAIlli KOMIIOHEHTA, SIKUH HAC IIKABUTh.
Hanpuxknaza: npu aHami3zi CTaHIapTHOTO 3paska, sikuilt Mictuth 1,47 % Ag,
Oysnu oTpuMadi Taki pesynbtatu (%): 1,31; 1,45; 1,42; 1,32; 1,30. Buznauutu
CTaH/IapTHE BIIXWJICHHS, JOBIPYMI 1HTEpBAJ Ta 3pOOUTH BUCHOBOK PO MOKJIIHU-
BICTh CHCTEMATHUYHOI IOXUOKHA Y BUKOPHCTAHOMY METO/I1 BUBHAUCHHS Cpi0Ja.
3HaxoauMo cepesiHe apudMeTUIHE 3HAUCHHSI

1,31+1,45+1,42+1,32+1,30
5

E: :1,36.

Po3paxoByemo cTaHmapTHE BIIXUICHHS
S \/(0,05)2 +(0,09)* + (0,06)° + (0,04) +(0,06)

=6,96-10. ITpu P = 0,95
5-1

taf=5-1=4, tp;=2,78 Ta po3paxoBy€eMO JOBipunii inTepBa) 3HA4YCHHS C

. . -2
Caler S 1361075696107

i N3

IcTuHHE 3HaYeHHsI BMICTY cpibia HE MOTparuisie B JOBIPYMIl 1HTEpBaJ
Ag=147%-1,36 £0,09, ne 1,27-1,45 iaTepnau.
OTtxe, 11el METOT BUBHAYCHHS Cpi0jIa Mae€ CHCTEMAaTUYHY TTOXHOKY.

=1,36 £0,09.

IlepeBipka npaBUJIBHOCTI aHAJI3Y
IHIIUM METOA0M aHaJI3y

BukoHaHHsI aHami3y HE3aJI€KHUM METOJIOM 3 BIJOMOIO TOYHICTIO Mapa-
JIEJTBHO 3 BUKOPUCTAHUM TP JIOCTIKEHHI METOJIOM OCOOJIMBO BaXKJIMBO, SIKIIIO
BIJICYTHI 3pa3Ky 3 BIJOMUM CTyIIE€HEM YUCTOTH. He3zanexxHuid MeToj] He TOBUHEH
OyTH CXOXMM Ha BHUKOPHCTAHWM /I 3MEHIIEHHS BIPOTiJHOCTI OJIHAKOBOTO
BIUTMBY OyIb-IKOTO (hakTOpy Ha OOUIBa METOIH.

Hampuknan: macoBy wactky (%) CuO B miHepasi BU3HAYUIM METOJIOM
HogoMeTpii Ta METOJOM KOMIUIEKCOHOMETPIi. 3a MEepIIM METOJI0M OTpUMAJIU
pesynbTatu: 38,20; 38,00; 37,66. 3a npyrum — 37,70; 37,65; 37,55. Uu 3Ha-
YYIIO Pi3HATHCS Pe3yabTaTH JaHUX METOIIB?

Po3paxyemo cepeaHe 3HaUEHHS 1Sl KO)KHOTO METOJTY:

— 38,20+38,00+ 37,66
Ci= 3

— 37,70+37,65+37,55
C,= 3

=37,95,

=37,63.
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Po3paxoByemo qucnepcii:

_ (38,20-37,95) + (38,00 — 37,95)% + (37,66 — 37,95)°

s? =0,07453,
3-1
822:(37,90 37,63) +(37,653 317,63) +(37,55-37,63)" _ 4 yo5g3.

[IpoBomMMO TOpPIBHSIHHA TOYHOCTI 000X METOIB, BHUKOPHUCTOBYIOUU
F-po3noi:
~SZ 0,07453

een. = =5 = =12,78.
S; 0,00583

Opnepxane 3HayeHHA F., CHIBCTaBiseEMO 3 TaOJIMYHUM 3HAYEHHSIM
F-posnoainom npu P = 0,95 ta uyucnax crymneHiB cBodomu f; = 2 ta f, = 2.
Ockinbku Fogs.02 = 19,00 > F,,(,, TO PO3XOIKEHHS MK JUCIIEPCISIMU HE3HAUHE
1, BIIMIOBITHO, METOAM MalOTh OJHAKOBY TOYHICTb.

3a JOMOMOrol0 t-KpHTepis OLIHIOEMO pPO3XOMKeHHS Mix Ci Ta C..
CepenHe 3BaKEHE JBOX JUCIIEPCIH PO3paxoBYyEMO 3a (POPMYII0IO0

2 (n-1)- SZ+(n,-1)-S? ~2-0,07453+2-0,00583

S = —0,04018.
n+n,—2 3+3-2

n-n, 37,95-37,63 [3-3

n+n,  /0,04018 \3+3

CriBcTaBisieMo ojiepkaHi 3HAUCHHS o, 3 TAOTUYHUMHU

tooss = 2,776 (P = 0,95; f = 3+3-2=4), ocKinbKH teen < t,a6., TO PI3HUIL
Mixk C: Ta C, He3HAYHA.

Otxe, BCl pe3yabTaTh 000X METOIIB BIIOOpakarOTh ICTUHHE 3HAYCHHS
CuO B minrepani. Tomy naHi aHaIi3y MOXYTh OyTH TIPEACTABIICH] Y BUTIISAII

=1,96.

exen.

ty,-S
\/ﬁ ’

ne C — cepenne apudmMeTnyHe 3 ycix Ny+N, pe3yabTaTiB:

C+

38,20+38,00+ 37,66 + 37,70+ 37,65+ 37,55
6

S =0,25; to; = 2,571.

C= =37,79:

Pesynbrat ananizy: (37,79 + 0,26) %.
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IlepeBipka NpaBUJIBLHOCTI aHAJII3Y
MeTOA0M 100aBOK

Hampuknan: B Xoai po3poOKM METOAMKMA BU3HAYEHHS CIPKUM B CIUIABI
METOJOM CIIaJIOBaHHS OJIepKaHI TakKi Pe3yJbTaTH IMapajeiibHUX BHU3HAYCHBb
CIpKA B HaBaXKax MpoOu CIuiaBy (B COTHMX YacTKax BiJICOTKa 3a Macoro): 7,2;
6,8; 8,1, 7,0; 6,9; 6,3; 6,7; 7,5; 6,0 Ta 6,5 1 HACTYIHI pPe3yIbTaTH BU3HAYCHHS
CIpKU B HaBaKKax MpoOu 3 100aBKoO0, sika ekBiBasieHTHa 0,1 % (mo maci): 15,2;
15,8; 15,1; 17,3; 15,8; 13,8; 14,0; 16,6; 17,3 1 15,4. Po3noain pe3ynbrariB
BU3HAYCHS NIepea0adaeThCss HOPMaIbHUM.

BceranoButu 3 P = 0,95, uu € MyJIbTUIUTIKATUBHA BiJI’ €MHA CUCTEMaTHUYHA
noxuOka BU3HA4YCHHS. Po3paxyeMo cepemHi pe3ydbTaTH BU3HAYEHHS CIPKHU
B MpoOi

7,2+6,8+81+7,0+6,9+6,3+6,7+7,5+6,0+6,5
10

C = =6,9-107%.
Po3paxoByemMo cepenHi pe3yJbTaTH BU3HAYEHHS CIpKU B  MpoOil
3 JIOMIIIKaMH

15,2 +15,8+15,1+17,3+15,8+13,8 +14,0+16,6+17,3+15,4

=15,6-10"%.
10

C,=

Jlai po3paxoByeMO BiIIOBIIHI 3HAUEHHSI BUOIPKOBUX CTAaHIAPTHUX BIIXUJICHb
S1=0,60-10°% Ta S;=1,21-107%.
[lepeBipsieMo HA OTHOPIAHICTH OOMIB1 AUCTIEPCI].

. ° 1,21-107%)? : :
OckinpKu :12 = ((O’ 60-1(())‘2))2 =4,1> F, 4599 =3,2, To mi aucnepcii
2 ’

HEOTHOP1AHI.
Mertoauka Mae MyJIbTUILTIKATUBHY BiJI’€MHY CUCTEMATUYHY TTOXUOKY.



7 AABOPATOPHI POBOTN1

Aabopamopna po6oma Ne 1

Cyxa miHepaJtizaiisi COJIOAKHX BHH Ta il 000 IMBOCTI

KopoTki TeopeTu4Hi BiiomMocTi

Buno (vinum) — aikoroiapHui Hamii (MIHICTB: HaTypaibHUX — 9—16 %,
KkpimieHux — 16-22 % 006.), onepKyBaHU TOBHUM a00 YaCTKOBUM CITUPTOBUM
IIYMYBaHHSIM BUHOTPAIHOTO ab0 MIOAOBO-ST1IHOTO COKY (1HOM1 3 JO/IaBaHHSIM
CIIUPTY M IHIIMX PEUOBHH — «KPIIJICHE BUHO»). BIAMOBIHO O CTaHIAPTIB 3a
BMICTOM €THJIOBOT'O CIIUPTY ¥ IIYKPY BUHA MIAPO3ISIOTHCS HA TaKl BUAM:

1. Cyxi BuHa — BUHA, MPUTOTOBJIEH] NUISIXOM IMOBHOTO IIIyMYyBaHHS CycJa
13 3QJIMIIIKOBUM BMICTOM IyKpy He Ounble 0,3 %. (cnupt — 9—13 % 00., mykop —
110 3 v/mm°). BHHO HA3MBAIOTH «CYXHM» TOMY, IO B HBOMY «IOCYXa» (LIOBHICTIO)
BINpaIiboBaHo ykop. OcobmmBoCTi cyxoro BuHa: cnupt — 14-16 % 6., mykop —
10 3 /oM’ HamBcyxux BuH: crupt — 9-13 % 006., mykop — 5-30 /v
HAMIBCOMOAKUX BHH: CIUPT — 9—12 % 006., mykop — 3080 r/mm’,

2. Cneyianwhi (ToOTO KpiruieHi): mirHi (cnupt — 17-21 % 00., mykop — 30—
120 r/nM3); cononki (criupt — 14-20 % 00., nykop — no 120 r/m); HamiBrecepTHi
(crmpt — 14-16 % 06., myxop — 50-120 r/mm°); meceprhi (crupt — 15-17 % 06.,
mykop — 160200 r/nm’); mikepHi (crmpt — 12-16 % 06., wyxop — 210-300 r/am°);
apomaTi3oBaHi (crmpT — 16-18 % 06., mykop — 10 6-16 r/am°).

3. I'pucmi BUHA — 11e BUHA, HACMYEHI B MIPOIIEC] BTOPUHHOTO IITyMYBaHHSI
BYIJICKUCINM Ta3oM. HailiBigomimie y CBITI TPUCT€ BHHO — IIaMIIAHCBKE, IO
BUT'OTOBJIIETHCS 32 TEXHOJIOTIEIO, BIIKPUTOO I yIiepIie peaaizoBaHoo y ppan-
ny3bkiii nposiHmii [Ilamnans: Opror-ktoBe (cupt — 9-13 % 00., mykop —
0 r/am°); excrpabprot (crmpt — 9—13 % 06., mykop — 0—1 r/mm°); GproT (crmpt —
9-13 % 06., ykop — 10 2 r/mmd).

Jlana nabopatopHa poOOTa MPHUCBSIYEHA OCOOIMBOCTSIM MPOOOIIIIro-
TOBKH JI0 aTOMHO-a0COPOIIIHHOTO BH3HAYCHHS TOKCHYHHUX EJIEMCHTIB 3TiTHO
3 CaHITiH 42-123-4089-97, To0T0 Kympymy, IUTFOMOyMy, KaaMilO0 Ta ITUHKY
y conoakux BuHaX. CKIIaTHICTh MPOIECY aHaNi3y BUH BU3HAYAE BMICT LIYKPY
1 6apBHUKIB. [Ipu BMICTI Lykpy A0 1 /1 MOXIJIMBE HpsIME TOJIyM SIHE aTOMHO-
abcopO1iiiHe BU3HAYEHHS KyNpyMy Ta IIMHKY y O1JJOMy Ta 4epBOHOMY BHHAX,
10 5 1/1 TubkK y Outomy BuHI. [Ipu BMICTI Lykpy Ouibine 5 /71 BU3HAYEHHS
KyIpyMmy, IJIIOMOYMY, KaAMi0 Ta HUHKY MOJIMBO TUIBKU MICIS MiHEepasi3aillii.
[Tpu aHami31 COMOAKUX BUH PEKOMEHIYETHCS BUKOPUCTAHHS CyXOl MIHEpasi3ailii
3a JepKaBHUM cTaHaapToM «CHUpoBUHA Ta NpOAYKTH xapuoBi. [linroroBka mpo0.
Minepanizaniss Uisl BU3HAYEHHS BMICTY TOKCHUYHHUX eleMeHTiB». (Croci0 cyxoi
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MiHepaJi3alii 3aCHOBaHMM Ha ITIOBHOMY pO3KJIaJaHHI OpraHIYHUX PEYOBHUH
IUIIXOM CHAJIIOBaHHS MPOOM CHPOBUMHM a00 MPOAYKTIB B €JIEKTPOIEYl Mpu
KOHTPOJIbOBAHOMY TEMIIEPATypHOMY pPEXHMI i NpU3HAYEHUH AJi1 BCIX BHIB
CUPOBUHM 1 MPOJYKTIB, KPIM TBAapUHUX Ta POCIMHHUX >XKHUpIB 1 omiil. [lepeBaru
HOTO croco0y MiHepami3allli — IPOCTOTa M JTOCTYIHICTh, a TaKOXX MOXJIMBICTh
OJIHOYACHOI MiHepaii3alii 3Ha4Hoi KiIbKOocTi mpod (mo 50) 6e3 mpucyTHOCTI
nabopanta. Hemonmik — TpuBamicte (g 1ykpiB He meHmie 30 rom), a Takox
MO>KJIMBI BTPATH JIETKUX €JIEMEHTIB. [ '0JIOBHUMH OCOOJIMBOCTAMU COJIOJKHX BHUH
€ HasBHICTb LIYKPY, TIOKCHAY ByTrJemio (y BUHAaX, fKI HIAJAIOTHCA MpolecaM
mammaHizaiiii), a Tako OapBHUKIB (i1 4epBOHUX BHUH). Bce 1ie yckmasHIoe
MpoLIeC aHaMI3y 1 pOOUTh HOTr0 HEMOXJIMBUM 0€3 MOBHOI MIHEpaIi3allii.

Amnaparypa, MaTepiajid Ta peakTHBH

Baru nmaGopatopHi 3araJbHOrO MPU3HAYEHHS 3 HAWOIIBIIO MEXEI0
3BakyBaHHs 200 T 3-T0 KJIacy TOUHOCTI JUTsI B3SITTS HaBaXKKU Macoro 10 10 r.

Baru nabGopaTtopHi 3arajibHOrO MNPU3HAYEHHS 3 HAWOLIBLIO MEXEH0
3BakyBaHHs 500 r abo 1 kr 4-ro kjacy TOYHOCTI JJIsl B3SITTSI HABaXKKH Macoro
10 r 1 6ib11IE.

[[Tada cymmnbHa naboparopHa, 10 3a0e3reuye MIATPUMKY 3aJaHOTO
TemrepatypHoro pexumy, 40—150 °C npu BIAXWUJIEHHSAX TeMIepaTypu Bia
HOMIHAJIBLHOTO 3HAYCHHS, 110 He mepeBunrye =5 °C.

Enextpomniu mydensHa maboparopHa, 1mo 3abe3neuye mATPUMKY 3a1aH0TO
TemneparypHoro pexunmy, 150-500 °C, mpu BIOXWICHHSIX TeMmepaTypu Bij
HOMIHAJIBHOTO 3HAYEHHS, 1110 HE nepeBuIytoTh £25 °C.

Amnapar 1jis CTpyluryBaHHs PiAUHHU.

BcMokTyBau BOIOCTpyMEHEBHI 00 HACOC BAaKyYMHUH 3 €JIEKTPOIBUTYHOM.

[urmi TurenbH1

Enextpomnutka moOyToBa.

Jla3us BogsgHa.

Kon6a 3 TyOycom (117151 BUaneHHs JIOKCHTY BYTJICIIO 13 TPOIYKTY).

Yami a6o Turii kBaprosi mictkictio 50, 100, 250 cm® a6o wamku (THII)
MOPILIECTISTHOBI.

[TineTkw.

Huniaapu.

Konbu mipai 06’emom 50 a6o 100 cm®,

Cxnsiaka B-1-1000 TXC a6o B-1-2000 TXC.

OinpTpu 00€330J1eH1 «O1Ia CTpIuKay.

Bona nuctunsoBana.

Boma 01muctiiiboBana.

Kucnora cipuana, x.4., po3uuH (1:9).
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Kucnora onrosa, x.4., po3unH (1:19).

Kucnora consna, x.4., 1 % po3uun ta po3uus (1:1) 3a 06’emom.

Kucnora a3otHa, x.4., 1 % po3uun ta po3uud (1:1) 32 06’ eMom.

Cnupt eTunoBUi peKTU()IKOBAHUN TEXHIYHUH.

Ilpumimka. JlonyckaeTbcs BUKOPUCTAHHS IHIIKUX anapaTypy, PEaKTHBIB
1 MaTepialliB 3 TEXHIYHUMHU ¥ METPOJIOTIYHUMH XapaKTEPUCTUKAMU HE HIKUE
3a3HAYCHUX.

IligroroBKa 10 MiHepaJizamii

HogBuii ab0 cuiibHO 3a0pyiHEeHU 1abopaTopHUid Tocy/l (KOJIOH, MIMETKH,
yain abdo THUIJIl) Micias 3BUYAiHOI MUWKM B PO3YMHI OyAb-SKOTO MHUHHOIO
3ac00y MPOMHUBAIOTh BOJOTPOBIIHOIO i OOMOMICKYIOTh TUCTUILOBAHOIO BOJIOIO.

be3nocepenHpo mepen BHUKOPUCTAHHSAM TIOCYZ JIOJATKOBO OOpOOJISIOTH
rapsiYuM pO34MHOM a30THO1 KUCIOTH (1:1), MOTIM OOMOIICKYIOTh AUCTUIHLOBAHOIO
BOJIOI0, OOPOOJISIFOTH TapsiuuM PO3YMHOM COJISTHOI KUCHOTH (1:1), 0OmosicKyoTh
3-4 pa3u JUCTUIBOBAHOK BOJIOIO, MOTIM 1-2 pa3u OIAMCTUILOBAHOK BOJOIO
i cymarb. OOpoOKy TrapsyMM PO3YMHOM KHUCJIOTH MPOBOJAATH Y TaKWil cnocio:
MOCy/l TMOMIIIAIOTE y TEPMOCTiiKy XiMiuHy CKISHKY Mictkictio 1000 cm?,
3aJIUBAIOTh PO3YMHOM KHCJIOTH, HArPIBAOTh A0 KUMIHHS 1 BIKIIOYAIOTh IMiIITPIB.
ButpumMytoTh 10 TOBHOTO OXOJIOMKEHHSI ¥ NMPOMHUBAIOTH, SIK 3a3HAYEHO BHUILIE.
3aMicTh OOpOOKHM TOCYAY OJHUM 3 PO3UMHIB KUCJIOT JOMYCKAETHCS BUTPHUMY-
BaHHA Yarl ab0 THUTIIIB 3 PO3YMHOM OIITOBOI KMCIIOTH Ha KUTLISTYIN BOASHIN JIa3HI
npotsiroM 1 roa. BuHa, M0 MICTATH BYTVIEKUCTHN Ta3 (MIMITy4l W TPUCTI BUHA),
3BUIBHSIIOTH BiJ HbhoOro. IIpu aHamizi BMHA, TOMIIIEHOTO B KOj01 3 TyOycowm,
CTBOPIOIOTH BaKyyM 3a JIOTIOMOT'O0 BOJIOCTPYMHOTO 200 MacIITHOTO BCMOKTYBada
IpOTATOM 2—3 XB /10 3HMKHEHHS MIHU i MOSBU BEIMKUX MIXYpIB Ha MOBEPXHI
pimunu. [l BUJANIEHHS BYTJIEKHUCIIOTO Ta3y IOMYCKAEThCS BUKOPUCTOBYBATH 1O
yIbTpasByKy dacrororo 18-100 kI, inTencuBHictio 0,1-0,5 Br/em® mpotsirom
2 XB ab0 10 TPUIMHEHHS BUAUICHHS BYIVICKHCIOTO Ta3y MICHS 3aKiHYCHS il
yIbTpa3ByKy. s BUaaeHHs BYyTJIEKUCIIOTO Ta3y JIOMYCKAEThCs TAKOXK 00epeKHe
cTpyuryBaHHs nipoou npoTsirom 10-20 xB 10 NpUNUHEHHS BUAUICHHS MMyXUPIIB
BYTJIEKUCIIOTO ra3y. [Ipoiiec BunaneHHs ra3y MpoBOASATh Y BIAKPUTOMY TIOCY/II.

Minepadaizanisi COJIOAKMX BUH /151 aTOMHO-a0COpOLiHOIO
BHM3HAYEHHS MiJli, CBUHII0, KAJAMII0 Ta HUHKY

Buna, mo MICTATh BYrJeKHCIWNA ra3 (IMIUIMYyYl ¥ TPUCTI BUHA), 3BUIb-
HIOIOTh BiJl HBOTO fK 1€ OonmucaHo Buile. B wamy momaroth minerkor 50 e
npoOu BHWHA 1 3BaXyroTh ii 3 TouHicTO 10 0,01 1. Jami, npu BMICTI HYKpPY
6inbime 10 r/mM°, 10AAI0TH po3drH cipyanoi kuciotH (1:9) 3 po3paxyHKy 5 cM
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Ha | T IyKpy, 3aKpUBaIOTh TOJMHHUKOBUM CKJIOM 1 BUTpuMyroTh 0,5-1,0 rox.
MpU BMICTI IyKpy 10 15 F/ﬂMS, > 2,0 rox mpu BMIcTI IyKpy Ao 15-30 r/z[M3,
> 3,0 rox mpu BMicTi ykpy 10 30—50 r/aM° i > 5 rox mpu BMIcCTi 1ykpy Gimblie
50 r/am’. TTotiM Ha BosHii GaHi 60 Ha eTeKTPOIIUTII (0OPEKHO) YIAPIOIOTH
PO3UYHH JI0 CYXOro 3aJuIIKy. Jlami nmpoou o0epekHO 0OBYTIIOIOTH HAa ePeKTpo-
TUTATII 1O TIPUITMHEHHS BUAUICHHS JUMY, HE JIOMYCKAIOYH 3alaIeHHS ¥ BUKUIIB.
OXO0JIOMKYIOTh O KIMHATHOI TEMIEPATypH 1 NOMINIAIOTh MPOOH B XOJOJIHY
My(deNbHY eIEKTPOIY 1, MJABUINYI0YH i1 TemrnepaTypy Ha 50 °C 1I0miBroIuHH,
noBoaTh Temnepatrypy nedi g0 400 °C. Ilpu miit TemmnepaTtypl NpoaOBKYIOTh
MIHEpali3alliio IpoTsAroM 4—7 Toa 10 ojaepKaHHsS cipoi 301u. OX0JIoIKEHY 10
KIMHATHOT TeMIIepaTypH 307y 3MOUYYIOTh MO0 KpPaIUIaxX a30THOI KuciaoToro (1:1)
3 pospaxyHky 0,5-1,0 cM® kucnOTH Ha TPO6Y, BUIIAPIOIOTH HA BOMSHIN Ja3Hi
1 JOCYUIYIOTh Ha €JNEKTPOIUIMTII 31 ciadKuM HarpiBaHHsaM. [lomimaroTs 301y
B My(eJbHYy eJIeKTpOIiy, T0BOJATh ii Temneparypy 10 300 °C Ta BUTpUMYIOTh
0,5 roa. el umkn (0OpoOKa KUCIOTOK, CYIIIHHS, O30JE€HHS) MOXe OyTh
MMOBTOPEHO I1e pa3. MiHepamizaiiio BBaKalOTh 3aKIHUCHOIO, KOJIHM 30JIa CTaHE
oi1oro abo 31erka modgapOOBaHOTO KOJIKOPY 03 00ByriaeHux yactok. [Ipu mo-
JATBIIIOMY BHUKOPUCTAHHI Ui aHANI3Y €JIEKTPOTEPMIUHOI aTOMHO-a0CcopOIiitHOT
CHEKTPOMETpIi, OTPUMAHy TaKMM YHUHOM 30JIy PO3UMHSIOTH B a30THIM KHCIOTI
(1:1), monmaroun MO KparuisiM JI0 MOBHOTO PO3YMHEHHS MPoOU 1 po30aBIISIIOTH
OTpHMaHui po3unH 1 % a30THOK KHCIOTOI 10 25 cM°. Ilpu momaisiiomy
BUKOPUCTAHHI VISl aHAJI3y MOJIyM SIHOI aTOMHO-a0COpOLIHOI CIEKTpOMETPii,
OTPUMAHY TaKMM YMHOM 30Jy PO3UUHSIOTH Yy COJIsAHIN kucinoTi (1:1), noxaroun
M0 Kparwisix J0 MOBHOTO PO3YMHEHHS MPOOH 1 PO30aBIISIOTh OTPUMAHUN PO3YUH
1 % COJISIHOKO KHCIIOTOIO 70 25 cM”,

[TapaneapsHO TPOBOAATH MIHEpaTI3aIlil0 PEaKTHUBIB, IO JOJAIOTHCS, IS
KOHTPOIJIIO 1X YACTOTH.

Aabopamopna poboma Ne 2

YabTpa3Byk B iHTeHCHiKaNil pO3UYMHEHHS Xap4Y0BHX NMPOAYKTIB
Ha NPUKJIAI KYXOHHOI COJIi Ta LYKPY

Jana naboparopHa poOoTa NMPHUCBSMEHA BUKOPUCTAHHIO Y3 Ui 1HTEHCH-
¢ikallli po3YMHEHHs Xap4OBUX MPOIYKTIB Ha MPUKJIa/l KyXOHHOI COJIl Ta IyKpY.

Amnapartypa, MaTepiajid Ta peakTHBH

VYcraHoBKa yabTpa3ByKOBa HU3bKOYACTOTHA, IO JO3BOJISIE TEHEPYBATH
yIBTPa3BYKOB1 KoJIMBaHHS B aianmazoHi Big 18 go 100 xI'u, wampukmian,
ynbTpa3BykoBuil aucrneprarop Y3IH—1 3 MarHiCTpUKIIHHUMH yJIbTPa3BYKO-
BUMH BUNPOMiHIOBauyaMu Ha 22 Ta 44 kI 1.
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Baru nabGopaTtopHi 3arajJbHOrO NPHU3HAYECHHS 3 HANOUIBIIO MEXKEH0
3BaxxyBaHHs 500 r abo 1 kr 4-ro kjacy TOYHOCTI JJIsl B3SITTSI HABaXKKH MacorO
10 r 1 O6ib11IE.

CexkyHJ0MIp OKpEMHI MeXaHIYHUM a00 €EeKTPOHHUM.

Amnapar Jij1s1 CTpyIIyBaHHS.

Kos6u kouiuni 06’ emom 200, 250 cm’.

Bopna nuctunpoBana.

Cutp kyxonHa BupoOHuinTBa ['TI «ApTemcinap» moapiOHEHa A0 MUIIOTO-
I10HOTO CTaHy.

[ykop-padinam.

Ilpumimka. JlonycKaeTbCcsl BUKOPUCTAHHS IHIIUX amapaTypu, PEaKTHBIB
1 MaTepiaiiB 3 TEXHIYHUMHU ¥ METPOJIOTIYHUMHU XAPAKTEPUCTUKAMH HE HUKYE
3a3HaYCHUX.

IIpoBeneHHs npouecy po34nHEeHH

HaBaxxky KyXOHHOI coJii Macoro 1o 5,00 T moMimarmTs B KOHIYHY KO0y
MicTKicTiO 200 CM3, nomarTs 50 e IUCTWIBBAHOI BOJM Ta MIIOTH Y3 4acTo-
Tor0 18—100 kI'1 (3amekHO Bi BUY YJIbTPa3BYKOBOI'O MPHIIAY) 1 BUMIPIOIOTH
yac 1ii Y3 /10 MOBHOTO PO3UYMHEHHS KYXOHHOI cojil. J[aHuii 1OCIi] MOBTOPIOIOTh
me ABidvi. SIKImo mpritaa T03BOJSE 3MIHIOBATH 1HTEHCHBHICTH Y3, TO JOCIIJ
MMOBTOPIOIOTH MPH PI3HUX IHTCHCUBHOCTSIX, BU3HAYAIOUN 3aJICKHICTh IIBUIKOCTI
PO3YMHEHHS BiJl IHTCHCUBHOCTI ¥ 3.

HaBaxxky kyxoHoi comi macoto mo 5,00 r moMimarmTh B KOHIYHY KOJIOY
MicTkicTio 200 CM3, nomaroTh S0 oM’ MUCTHUIILOBAHOI BOAY, MOMIIIAIOTE B alla-
paT JuIs CTPYIIYBAaHHS 1 CTPYIIYIOTH O TTOBHOTO PO3YMHEHHS KYXOHHOI COJIi.
Jlanuii 1oCyi] MOBTOPIOKOTH 11I€ JIBi4i, (PIKCYIOUHM 3aTpadyeHui yac.

3 ymakoBKH LyKpy-padiHagy BimOUparOTh MIMATOYOK I[yKPY, 3BAXKYIOTh
fioro 3 Tounictio 10 0,01 T if MOMImAOTH y KOHIUHY KOOy MicTKicTio 200 cM®,
nonarotsb 50 oM’ IUCTAIBBAHOI BOaM Ta Hif0Th Y3 dYactororo 18-100 kIl
(3aytexHO BiJ BHIY YJIBTPa3BYKOBOTO MpHWJaay) 1 BUMIPIOIOTH 4yac mii Y3 10
TIOBHOTO PO3YMHEHHS MYKpPY, (DIKCYrouu moTpadeHuil gac. JlaHuii gocimit moBTo-
PIOIOTH 1€ ABiYl. SIKIO mpuiaj A03BOJISIE 3MIHIOBATH 1HTEHCHBHICTh Y3, TO
JOCITIJT TTOBTOPIOIOTh TPH PI3HUX 1HTEHCHBHOCTSAX, BH3HAYAIOUW 3aJIC)KHICTH
IIBUJIKOCTI PO3YMHEHHS BIJl IHTEHCUBHOCTI ¥ 3.

3 mayku Mykpy-padinany BiAOUPaIOTh MIMATOYOK ITyKPY, 3BAKYIOTh HOTO
3 Tounictio 10 0,01 T #f mOMimEA0TE y KOHIUHY KOOy MicTkicTio 200 M’
nonatoTh 50 cM® QUCTHIBBAHOI BOAM, MIOMIMIAIOTE B arapaT JIsi CTPYLIyBAHHS
U CTPYIIYIOTh 10 TOBHOT'O PO3YMHEHHS LYKpY. JlaHui A0CIi1 TOBTOPIOIOTH IIIE
1B141, (PIKCYIOUYH 3aTpadyeHUH Jac.

Bu3HauaroTh MIBUAKICTH PO3YMHEHHS 1 pOOJISATh HEOOX1/IHI BUCHOBKH.
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Aabopamopna poboma Ne 3

Moxkpa miHepaJtizanisi Xap40BUX NPOAYKTIB
Ta 1l iHTeHcUikaLis Ai€0 yIbTPa3ByKy

KopoTki TeopeTnyHi BitomMocTi

Mokpa MiHepami3alis MOJsSrae B OKUCHIOBAaHHI OpPraHIYHOI PEYOBUHU
CIJIBHUMHM OKMCHUKAMH W TIPU3HAYEHA I BCIX BUIIB CUPOBUHU il MPOIYKTIB,
KpIM BEPIIKOBOTO Macjia i TBApMHHUX >KHUPiB. [IOpIBHSAHO 13 CyXOr0 MiHEpai-
3aIli€r0 BTpPaTH BU3HAYYBAHHMX €JIEMEHTIB 3HAYHO HWIKYE, MIHEpasi3allis OUIbII
eKcrpecHa Ta 3aiiMae 4—12 roa. Mokpa MiHepaizalis JIETKO MiI1a€ThCs 1HTEH-
cudikamii. g iHTeHcu@iKalii mpoleciB MOKpOi MiHepami3alli HahOuibIe
MOLIMPEHHS O/IEP>KAJI0 BUKOPUCTAHHA aBTOKJaBiB, MX-onpomiHeHHs Ta Jis Y 3.
BukopucTaHHs aBTOKJIABIB JI03BOJISIE€ 3MEHIIIUTH BTPATH BU3HAYYBAaHUX €JIEMEH-
TiB, 30UIBIIMTH €(EKTUBHICTh JECTPYKUIl XapyOBUX MPOIYKTIB, 3MEHIIUTU
KUTbKOCTI BUKOPUCTOBYBAaHMX PEAreHTIB 1 MIABUIIUTH IIBUIKICTH MiHEpasi3arii
B 2-3 pa3u. Henomikamu aBTOKJIABHOTO PO3KJIAJAaHHS € BEACHHS MpOLECy MNpU
BHUCOKUX THCKaxX, MPUYOMY YHACTIJOK PYHHYBAaHHS OPraHIYHOI MAaTpuIll BiJ-
OyBaeTbes BuAUIeHHS BeMUKUX 00’ eMiB CO; 1 NO,, 1110, Y CBOIO Yepry, IiIBUIILYE
TUCK Yy PEaKToOpi, a TaKkoXX POOUTh HEMOXIJIMBUM IiXHE 3aCTOCYBaHHS ISt
PO3KJIaJJaHHsl KUpPIB 1 OJlld 4yepe3 HeOe3neKy BUOyXy, BHACTIIOK YTBOPEHHS
HITpOIJIEeprHy. 3aCTOCYBaHHS 3aM001KHUX KIIallaH1B, BEICHHS MPOLECY B KUTbKA
CTaJlli, BUKOPHUCTaHHS OararoKaMepHUX aBTOKJIABIB, BapiIOBaHHS BEIUYMHU
HABAXKH, TEMIIEPATypH, KITBKOCTI OKHCHHKIB JIO3BOJIUJIO 3HAYHO IMIIBUIIUTU
0e3mnexy poboTH.

Jlo6pe BuBYeHa iHTeHCH(IKAIsT MOKpOT1 MiHepasizaiii MX-onpomMiHEeHHSIM.
BB MX-onpomiHeHHSI B 3aKPUTHX CHCTEMax JI03BOJISE IIABUIIUTH E€KCIIpec-
HICTb po3kiananHs B 15-30 pazi. Y Bunagky MX-nmpoOomiaroToBKiu po3urnHEHHS
3pa3Ka BiIOYBa€ThCS 32 PaXyHOK BIUIMBY Ha CUCTEMY TPbOX (DaKTOpPIB: TeMIiepa-
TypH, TUCKy 1 MX-onpominenHs. [IpoBeneHo TOpPIBHSUIbHE BUBYEHHS IBOX
METOIB 1HTeHCH(IKallli MPOLECIB MOKpPOI MiHepalli3allii XapyoBUX MPOYKTIB:
MX-ompominenns 1 Y3. [lopiBHAHHS OTpUMaHUX PE3yJIbTATIB TIOKA3AJIO, IO IS
OUTBITIOCTI BHUJIIB XapUOBUX MPOAYKTIB Y3 OLIbII ePeKTUBHUMN. 3acTOCyBaHHS Y3
no3Bojsie B 4-30 pa3iB MiABUIIMTH MBUAKICTH MOKPOI MIHEpasi3allli M’ sSCcompo-
IOYKTIB, XJ10OMPOAYKTIB 1 MOJOKOINPOAYKTIB, a MX-ompoMiHeHHS (BIAKpHUTA
cUCTeMa) JI03BOJIIE TPUCKOPUTU 1l mpoiec Bchoro juine B 10 pasis. Lle
TIOSICHIOETBCSI OLTBIII BUCOKUMH €HEPTeTHYHUMH MOMJIMBOCTSAMHU Y3 TOPIBHSHO
3 MX-omnpomineHHsiM. OnHak MX-onpomiHeHHS B aBTOKJIaBax (3aKpUTa CUCTEMA)
Mae MepeBary nepes; BAKOPUCTaHHIM Y3 32 paXyHOK OJTHOYACHOTO BILTUBY Ha X1
XIMIYHMX pPeakiid TpboX (HaKTOpiB: TeMmIeparypu, TUCKY 1 MX-ompomiHEHHS.
Tak, yac posknananHg ByriaeBoaiB y MX meuax 3 aBToknaBamu B 30 pa3iB
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MEHIINH, HIXX Y BUIIQJIKy MOKpOiI MiHepasi3aii, a Y3 103B0JIsS€ MPUCKOPUTH LIeH
npouec TUIbKU B 20 pasis..

Jlana poboTta HampaBiieHa Ha HaJ0aHHS CTyJA€HTaMU HABUYOK BUKOHAHHS
MOKPOI MiHepaii3allii Xap4yoBUX NPOAYKTIB Ha MPUKJIIA/1 TPOOOIIITOTOBKH COKIB.

Amnaparypa, MmaTepiajiu, peakTUBHU

YcTaHoBKa yiIbTpa3ByKOBa HH3bKOYACTOTHA, IO JO3BOJISIE T€HEPYBaTH
yJIBTPa3BYKOB1 KOJMBaHHs B Jiama3oHi B 18 no 100 x['1, Hanpuknaz, yiasTpa-
3BykoBui aucneprarop Y3H-1 3 Mar"icTpukuiiHUMHU YIbTPa3ByYKOBUMU
BUNpOMiHIOBauaMu Ha 22 Ta 44 xl'1.

Baru nabopartopHi 3arajibHOr0O MPU3HAYEHHS 3 METPOJIOTIYHUMU XapaKTe-
PUCTUKAMU 3 HAHOUIBIIOI Mexero 3BakyBaHHs 200 T 3-ro kjacy TOYHOCTI JJist
B3ATTSI HABAXKOK Macoro 10 10 r.

Baru naGopartopHi 3arajgpHOTO MPU3HAYCHHS 3 METPOJIOTIYHUMU XapaKTe-
pPUCTUKAMH, 3 HalOUIbIIOW Mexkero 3BakyBaHHS 500 r a6o 1 kr 4-ro kiacy
TOYHOCTI JUIS B3ATTA HaBa)koK Macoro 10 r 1 Ouible.

EnexTpormintka no0yToBa.

[lITaTuB XiMIYHUH.

bans Boggna.

Konbu minockomoHHi.

CKISTHKH.

Humiaapu 1-5, 1-0, 1-25, 1-50.

Jlitikw.

[TineTkwu.

Kon6u mipni 2-50-2, 2-100-2.

Konbu Ku-2-1000-29 TXC a6o Ku-2-1000-34 TXC.

Kynpku CkjsiHI, BUKOPUCTOBYBaH1 Jisi 3a0€3ME4YeHHS PIBHOMIPHOCTI
KUITIHHS.

OinpTpu 00€330J1€H1 13 CHHBOT CTPIYKOIO.

Kucnora a3oTHa, X.4., KOHIIEHTpoBaHa ¥ po3uuH (1:1) 3a 06’ emom.

Kwucnora cipuana, X.4.

Kucnora comnsna, x.4. 1 po3uut (1:36) 3a 00’ emom.

Kucnora xmopuiHa, X.4.

BopaHro nepekuc, x.4.

[Mapa3uH cipuaHOKHUCIINM, 4.]1.a.

Bona nuctunsoBana.

Bopma OigncruinbpoBaHa.

Ilpumimka. JlomycKaeThCs 3aCTOCYBaHHS IHIWUX amapaTypu, pPEeaKTHBIB
1 MaTepialliB 3 TEXHIYHUMHU ¥ METPOJIOTIYHUMH XapaKTEPUCTUKAMU HE HIKUE
3a3HAYCHUX.
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IIpoBenenns MminepaJizauii 0e3 Y3

CKIISHUI TOCYX MHUIOTH, SIK OIMCAHO JUIA CyXoi MiHepamisamii. 40 cm®
COKYy TOMIIIAITh Ha JHO TIUIOCKOJOHHOI KOJOW (MOMEpEeIHbO JIOBEAECHOI 0
MOCTIMHOT MacH 1 3BaXK€HO1) 1 3Baxyt0Th 3 TouHICTIO 70 0,01 1. Jlomarots 20 e
KOHIICHTPOBAHO1 a30THOI KUCIOTH. [10TIM y KOOy BHOCATH 2—3 CKJISIHUX KYJIbKU
JUIST PIBHOMIPHOTO KHIIHHS, 3aKpHUBAIOTh TPYIIONOAI0HOK CKJISTHOIO IPOOKOIO
1 00epeXHO HarpiBarOTh PO3UYMH Ha EJEKTPOIUIMTIN IS BUIIAPOBYBAHHS [0
06’eMy 3—5 cm’. Komby mpoXonomKyoTh, BHOCSTH 10 cM® a30THOT KHCIIOTH, BMIiCT
YIIAPIOIOTh 110 06°€My 5 ¢M°, MICIIs 4Or0 3HOBY TPOXONOMKYIOTE. Lo mponeaypy
MOBTOPIOIOTH 2—4 pasu. Y koJ0y BHOCITH 20 cM® asorHOI kucaotH, 10 em® cip-
YaHOI KHCIOTH, 8 CM® NEPEKHCY BOAHIO. BMIiCT KOIOH yHIaproroTh 10 00’eMy
GIM3BKO 5 CM°, HE JOMYCKAIOYH YTBOPEHHS KOPHYHEBOTO (hapOyBAaHHS PiIuHML
3 MOSIBOXO KOPUUHEBOTO (papOyBaHHs HArpiBaHHs MPUIMUHAIOTH. Konby mpoxoso-
JUKYIOTh [0 KIMHATHOI TEMIIEpaTypH, HOAIOTh 5 CM° a30THOI KHCIOTH i 2 cM’
MIEPEKKCY BOJHIO Ta 3HOBY HArpiBalOTh JI0 MOSIBH OLTMX MapiB CIPUYaHOTO aHTIA-
puay. SIKIo mpu 1bOMy PO3YMH HE 3HEOAPBUBCS, ITIO MPOLECAYPY MOBTOPIOIOTH.
MiHepaiizallito BBa)XalOTh 3aKIHUCHOIO, SIKIIO PO3YMH TICISI OXOJIOMKCHHS
3aTUIIaeThCsl 0e30apBHUM a00 OJ11710-)KOBTUM. J[71s1 BUAAJICHHS 3aJTUIIKIB KUCIIOT
B OXOJIOJIPKEHY KOJIOy J1oaaroTh 10 oM’ O1IMCTUILOBAHOI BOJAU I KUIT ATATH 10 XB
0 MOMEHTY BHWIUICHHS OIMMX TMapiB, MOTIM MPOXOJOKYIOTh. JlomaBaHHA
O1IMCTHIILOBAHOI BOJM ¥ HAarpiBaHHS IOBTOPIOIOTH 1€ JABa pasu. SKmo mnpu
L(bOMY YTBOPIOETBCS OCa, Y KOOy BHOCATH 20 cM° GiUCTHIBOBAHOT BOAH, 2 CM°
CipuaHOi KHCIOTH, 5 cM° CONSHOI KHCIOTH il KHIT'SITATh JO PO3YMHEHHS OCAy,
MOCTIMHO AOJAI0YM rapsvy Boay. OTpuMaHUil MiHEpasizaT Micsl OXOJOIKEHHS
BUKOPHUCTOBYIOTh [IJIsl aHaji3y, MOBHICTIO a00 KUIbKICHO NEPEHOCATh B MIPHY
K0JI0y, TOBOJATH A0 MITKA O1ICUTUIILOBAHOKO BOJIOIO i mepeMminnyroTh. [lapa-
JISTBHO TPOBOJATH MIHEpPATI3aIlil0 PEaKTUBIB, MO JOMAIOTHCS, MJISI KOHTPOIIO
1X YUCTOTH.

IIposenennss minepaJiizamii 3 Y3

CKISHHH MOCYN MHIOTh, SK ONHMCAHO U CyXoi MiHepamisamii. 10 cm®
COKYy IOMIIIA0Th Ha JIHO TUIOCKOJOHHOI KOJIOM (TOTEpeIHbO IOBEACHOI [0
MOCTIHHOI Macu 1 3BaXeHOI) 1 3BaxyloTh 3 TouHicTio 10 0,01 r. JlomaroTh
5 e’ MepeKuCcy BOAHIO Ta Ait0Th Y3 dactororo 18—100 xI'11, 1HTEHCHUBHICTIO
3-5Br/cM® mporsarom 5 xB. OTpuMaHMii MiHEpaTi3aT BHKOPHUCTOBYIOTH IS
aHAITi3y, TOBHICTIO 260 KiMTBKICHO IIEPEHOCATH B MIpHY KOJIOY MIiCTKICTIO 25 cM’,
JOBOJIATH JO MITKH OiMMCTHIHOBAHOIO BOJAOKO W mepeMimryioTh. [lapanensHo
IPOBOAATh MIHEpaIi3allil0 PEaKkTHBIB, IO JOJAIOTHCSA, JJIS KOHTPOIIO iX
YUCTOTH.
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Aabopamopna poboma Ne 4

YabTpa3BykoBa iHTeHcHpikauiss copOuiiiHOrO
KOHLUCHTPYBAHHA KAaAMIlI0 i3 BOJ Ta PO3YHHIiB KyXOHHOI COJIi

KopoTki TeopeTnyHi BitomMocTi

CopOrist (SOrbeo — mornuHa4Mii) — MOTJIUHAHHS Ta3iB, Mapy ad0 TBEPIUX
PEYOBHH 3 PO3UMHIB TBEPIUMU Ti1aMH a00 piIMHAMMU.

Po3pisHsioTh: 1) adcopbyis — NMOTrIMHAHHS MMOBEPXHEIO TBEPAOrO TiNa;
2) abcopbyiss — 00’eMHe MOTIMHAHHS PIAMHOI0 ad0 TBEPAUM TiIOM; 3) xemo-
copbyis — TIOTJIIMHAHHS 3 YTBOPEHHAM XIMIYHOI crnonyku; 4) kaninsapHa
KOHOeHcayis, sIKa MOJIAraE B TOMY, 1110 ra3 ado mapu KOHIEHCYIOThCA B MOpax
1 Kamuisgpax ajgcopOeHTy.

CopbeHTu — TBEpJll PEYOBUMHU abO PIAWMHU, IO 3aCTOCOBYIOTHCSA IS
MOTJIMHAHHS Ta31B, napy ado po3uMHEHUX pedoBUH. CopOEHTaMU € aKTUBOBAHE
BYT1JUIS, CHITIKAresb, OKCHJ] aTFOMIHII0, I0HOOOMIHHI CMOJIH Ta 1H.

AncopOriisi — MOTJMHAHHS Ta3iB a00 PO3YMHEHUX PEYOBHH 3 PO3UHUHY
MOBEPXHEI0 TBEPIOTrO Tua abo piauHU. AncopOiiss OAWMH 3 BHUIIB COPOILi.
AncopOriist BimOyBaeTbCA TiJ BIUIMBOM MOJEKYJSIPHUX CHJI TTOBEPXHEBOTO
mapy aacopOeHTy. Y nesKkuxX BUIAIKaX MOJEKYIH afcopOara (peYOBHHH, SKY
MOTJIMHAIOTh) B3a€EMOMIIOTH 13 MOJIEKYJIaMHU aICOPOEHTY M YTBOPIOIOTH 13 HUMHU
MOBEPXHEBl XIMIUHI CHONYKU (xemocop6buisi). [lpu mocTiiiHid Temmeparypi
b13uyHa ancopOIlis 30UIBIIYETHCS TPU MIJABUIIECHHI TUCKY a00 KOHIICHTpaIlii
po3uuny. [Iporiec, 3BopoTHUI afacopOIIii, HA3UBAETHCS AECOPOIIIETO.

AncopOeHTH — BHCOKOIWCIIEPCHI TMPUPOAHI ab0 INTy4dHI Marepiaiu
3 BEJIMKOIO TTIOBEPXHEIO, Ha K1 BiOYBa€ThCS aicopOIlisi peYOBUH 3 JOTHYHHUX
3 Hewo Ta3iB a0o piauH. Haitbinbin BakauBi aicOpOCHTH: aKTUBOBAHE BYTLILIIA,
CUJIIKaresi, aJloMOCHIIKAareii, OKCHUAM ¢ TIAPOKCUAM JEAKUX METaliB,
MPUPOIHI MIHEPATIH.

AOcopO1iisi — MOrIMHAHHS PEYOBHH PiIMHAMHM a00 TBEPAUMHU TUIAMU —
abcopOenTtamu. Ha BimMiHy Bij afcopOiii, mpu abcopO1iii NOTJIMHAHHS PEYOBUH
B1I0YBaEeThCA BCIM 00’eMOM TorimHa4a. AOcopOris Moke Oyt oOyMOBJICHA
XIMIYHOIO B3a€EMOJIEI0 (XemMocopOiris). 3aCTOCOBYETHCS B MPOMMCIOBOCTI JIIS
MOIUTY Ta30BUX CYMIIICH 1 OUUIIIEHHS Ta3iB, U1 OJICPKAHHS PI3HUX MPOIYKTIB.

XemocopOrisi — mpoliec morivHa”Hs (azcopOirii) rasziB, mapy abo
PO3UYMHEHUX PEYOBUH TBEPAUMHU a00 PIAKUMH TOTIMHAYaMU (aJcopOeHTaMMu),
IO CYNPOBOUKYIOTHCS YTBOPEHHSAM XIMIYHHX CITOJIYK. AKTHBOBAaHE BYTI/UIS
MOAUGDIKYIOTh PI3HUMHU XIMIYHUMHU peareHTaMu JIsl MiIBUIIEHHS 1X aKTUBHOCTI
BIJIHOCHO OKPEMUX CIIOJYK.

Taki copOeHTH MaroTh Oarato BJIACTUBOCTEH, KOPUCHHX B aHATITHUYHIN
npaktuii. Cepea HUX MOKHA BUIUIUTH TaKi:
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* COPOCHTH TaKOro THINY JIETKO OJEp)KaTH B JIabopaTopisix Oyb-saKoi
OCHAIIICHOCTI;

* COpOCHTH KOMIIAKTHI i MOXYTh 3aCTOCOBYBATHUCS B MOJIHOBUX YMOBAX;

* MAIOTh BUCOKY CEJICKTUBHICTD JI0 BIIMIOBIHUX 10HIB,;

* TO3BOJISIIOTh Ha JIBA, TPU MOPSJAKUA MIJBUIIUTH YYTIUBICTH METOJIIB
BU3HAYCHHS,;

* MAIOTh JIOCTATHIO COPOIIHY €EMHICTB;

* € 3pyYHHUM CIOCOOOM KOHCEpPBAIIil JOMIIIIOK, III0 KOHIICHTPYIOThCS;

* JIETKO Y3TOXYIOThCA 13 CyYaCHUMH (PI3MYHUMU U TPAJAULIMHUMU aHaT1-
TUYHUMHU METOJAaMHU BU3HAUYCHHS,;

* HE BUMAraroTh 3aCTOCYBaHHS CIICIIaTi30BaHOTO JIOPOTOTr0 YCTaTKyBaHHS;

* i11a10Thesl iIHTeHcudikanii aiero Y3 ta MX-onpoMiHEHHS.

Amnaparypa, MmaTepiajiu, peakTUBHU

YcraHOBKa yiIbTpa3ByKOBa HU3bKOYACTOTHA, IO JI03BOJISIE T'€HEPYBaTH
yJIBTPa3BYKOB1 KOJMBaHHs B Aiama3oHi B 18 no 100 x['i, Hanpuknaz, yiasTpa-
3BykoBui aucneprarop Y3H-1 3 Mar"icTpukuiiHUMU YJIbTpPa3ByKOBUMU
BUMNpOMiHIOBauaMu Ha 22 Ta 44 xl'1.

Hentpudyra T-23 ]I abo iHIIOro TUMY, 10 Ja€ MOXJIMBICTh IpaIOBaTU
3 po3urHamu 06’emom 100 cm® ipu wactoti 5000 06/xB.

Baru maGopatopHi 3arajbHOTO MPU3HAYCHHS 3 HAWOIIBIIO MEXEI0
3BakyBaHHs 200 T 3-T0O KJIacy TOYHOCTI TSI B3SITTSI HABAXKOK Macoro 0 10 T.

Baru maGopatopHi 3araJibHOTO MPU3HAYCHHS 3 HAWOIIBIIO MEXEI0
3BakyBaHHs1 500 r abo 1 kr 4-ro Kj1acy TOYHOCTI JjIsl B3SITTS HAaBaXKOK Macoro
10 r 1 6ibI1IE.

OinbTpu OL1a CTpivKa.

Kon6u mnockomonni [1-2-250-34 TXC.

Crxustaku B-1-50.

Humiaapu 1-5, 1-10, 1-25, 1-50.

Jlitiku B-56-80.

[TineTkw.

Kon6u mipni 2-50-2, 2-100-2.

Kon6u Ku-2-1000-29 TXC a6o Ku-2-1000-34 TXC.

CrangaptHuii po3unH kaamito (11).

Po3unH A: HaBaxKy kaaMio MetasieBoro Mmacoto 1,0000 r po3unHsim npu
narpisauti B 30 cM® posunay HNO; (1:1). Po34rH 0X0I0IKyBaIIH, IEPSHOCHIIA
B MipHY K010y MicTkicTio 1000 cM® i po36aBisimg 6iXHCTHIFOBAHOI BOLOIO 10
MiTKH, epeminryBamn. 1 cm® posunny mictuts 1000 Mxr kammiro (I1).

Posunr b rorysamu mociigoBaum 100000-kpaTHHEM po3BeneHHSIM. | cM®
po3unHy MicTuThb 0,01 Mxr kagmito (II).
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CopOeHT BYT1JIbHUM, MOAPIOHEHUH 0 MIJIETIO10HOTO CTaHy.
Xropuy HaTpito, X.4., posuna 100 r/mam’, posuus (1:1).
Kucnora azotHa, po3uun (1:1).

Kaniro rizgpokeunn, po3uns 1M.

Kucnora consina, po3uus (1:3).

IIpoBenennst poooTu

B xoHiuHi k0161 06°eMom 150 cm® fomarots mo 50 cm® PO3UHHY XJOPHUIY
HATPII0, 10 5 cM® PO3YHHY TiAPOKCHAY Kamiio, mo 0,20 T cOpOEHTY BYTiIBHOTO
i mocmimoBro 5 cm®, 10 cm® Ta 20 o’ po3unHy b 1 gitoTh Ha cuctemy Y3
yactoToro 18-100 kI'm, iHTeHCHBHICTIO 3-5 B1/cm? npotsirom 15 xB. Jlam
BIJIOKPEMITIOIOTH COPOCHT BiJ] PO3UHMHY LIEHTPU(YTYBaHHAM a00 QUITpYyBaHHSIM
1 KUTBKICHO TIEPEHOCTh B KOHIUHI K0JIOM MicTKICcTIO 100 cM™, mogarots mo 30 oM’
COJISTHOI KHCJIOTH 1 JIiFOTh Ha cuctemy Y3 yactotoro 18—100 xI'11, iHTEeHCHBHICTIO
3-5 Br/cm® mpoTsaroM 5 XB. PinuHy mepeHocsTs y MipHi Ko10# MicTKicTio 50 cM®
1 JIOBOAATH 00’€MHU PIIMHU Yy Koj0ax OIJUCTHIIBOBAHOIO BOJAOK JO PHUCKHU.
VY konbax BH3HAYAIOTh BMICT KaJMII0, TTOPIBHIOIOTh MOTO 13 BBEJICHUM BMICTOM
1 pO3paxoOBYIOTh CTYMiHb BUSIBJICHHS KaIMIIO.

Aabopamopna poboma Ne 5

YabTpa3BykoBa iHTeHcHpikalisi eKCTPAKIiHHOTO
KOHUEHTPYBAaHHA MiJli i3 BOJ Ta PO3YUHIB KyXOHHOI COJIi

Amnaparypa, MmaTepiajiu, peakTUBHU

bytunanerar, x.4.

Omnucana B mabopatopHux pooorax No 2—4.

Meroauka po0OTH. HABaXXKy KYXOHHOI COJIi Macolw 25 T, 3BaXKEHY
3 touHicTio 10 0,01 1, po3uunsaoTs B 100 Ma guctuiboBaHoi Boau. Po3unH
(GIIBTPYIOTH 1 MEPEHOCATh B AUIMIBHY BOPOHKY 00’emoM 250 mi. JlomaroThb
2 M1 1-BiJICOTKOBOTO DPO3YMHY MIpOTiAMHANTIOKapOaminaTta amoHio, 20 M
Oyrunanerary i amikBoru po3uuHiB Cu (I1). Ekcrparytors mias (II) mporsrom
5 xB, micas yoro BuTpuMyBamu 20 XB i1 OUIBII MOBHOTO moaury das;
G1IpTpYIOTh OpraHiuHy a3y uepe3 cyxuil nanepoBuil ¢iabTp. [lapanenbHo
IpOBOASATh eKcTpakiito niero Y3 dyactotoro 18—100 xI['1, 1HTEHCHBHICTIO
0,2-0,5 Br/cm? MIPOTSITOM 2 XB.

['panyroBanbHI €KCTPAKTH TOTYHOTh METOJI0M A00aBoK. Jljis 1ib0T0 mepen
EKCTPaKII€l0 J0Jal0Th A0 JUIMJIBHOI JIHWKKA BiAMOBIAHI 3MIHHI aIiKBOTH
crarmapTHoro po3uuHy Cu (1) Ta mpoBOASTH EKCTpAKIIiIO, K ONMHUCAHO BUIIIE.
[TapanienbHO IPOBOISITH EKCTPAKIIIIO €0 Y 3.
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ATOMHO-a0COpOITIifHE BU3HAYEHHS MiJl B EKCTpAaKTax MPOBOJSITh Ha
cnexkrpodoTomeTpi. Bumipu npoBOIATh 32 OJJHOIPOMEHEBOK CXEMOIO 3 KOPEK-
TOpPOM (pOHY.

Tabmuus 7.1
YMOBHU aTOMHO-a0COPOIITHOTO BUSHAYCHHS M1/l B €KCTPaKTaxX
BusHauyBanbHUU Jxepeno Pe3zonanc [upuHa miMHA
CIICMCHT BUIIPOMIHIOBAHHS | Ha JIHISI | MOHOXPOMYTOpPY, HM
CuU JICII-1 324,7 0,2
Aabopamopna poboma Ne 6

YabTpa3BykoBa iHTeHcH(pikalisi IPOOOMIATOTOBKH IIAMIIAHCHKUX BHH.
ATOMHO-a0copuiliHe BU3HAYCHHS BMICTY HIMHKY Y IHAMIIAHCHKOMY

Koporki TeopeTnuHi Bizomocri

Jlana naboparopHa poOOTa NpUCBsIYEHA BUKOPUCTAHHIO YJIBTPa3BYyKa s
BUJIAJICHHSI BYTJIEKHUCJIOTO Ta3y y IMIAMIAHChKOMY «OiIuil OproT», «Oljie HamiB-
CyXe» Ta «4EepBOHE HAIMIBCyXe», a TAKOXK 1HTEeHCU(]iKallli MOKpOi MiHepami3alii
IIAMIIAHCHKOTO «YE€pPBOHE HAIIBCYyX€» Ta BU3HAYEHHIO BMICTY LIMHKY aTOMHO-
a0COpOIIITHUM METOIOM.

Amaparypa, MaTepiajid Ta peakTHBH

VYcraHoBKka yabTpa3ByKOBa HU3bKOUYACTOTHA, IO JIO3BOJISIE T€HEPYBATH
yJIbTPa3BYKOBI KOJUMBaHHs B aiana3oHi Bij 18 mo 100 k', Hanpukiaz, yiasTpa-
3ByKOBa BaHHA Tuny Y 3B—10 M.

AToMHO-abcopOIiiiHuii criektpoMeTp AAS-1.

Jlamria 3 mOpoXKHUCTHUM KaToJIOM Tuiy Narva.

['a3 anerunen, ocu.

['a3 Byraekucnuu, ocu.

Baru naGopaTopHi TEXHOXIMIYHI 3 HUKHBOIO Mexero 3BaxkyBanHs 0,01 T.

CrusHKE 06’ eMoM 150 cm®,

Bona nuctunboBaHa.

[[Tammanceke «ApTEMIBChKE YEPBOHE HAIMIBCyXe», «ApTeMIBChbKe Oifie
OproT» Ta «ApTEMIBCHKE O171€ HAMIBCYyXEM.

Kon6u mipHi emuictio 100 cm’.

[Tepekuc BogHto, 90 %, xu.

Ilpumimka. JlonyckaeTbcs BUKOPUCTAHHS IHIIUX anapaTypu, PEaKkTHUBIB
1 MaTepiayliB 3 TEXHIYHUMHU ¥ METPOJIOTIYHUMH XapaKTEPUCTUKAMU HE HIKYE
3a3HAYCHUX.
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1 IllpuroryBaHHs poO34MHIB NPOO

1.1 IIpoBenenHs nmpouecy
BU/AJIEHHS BYTJIEKHCJIOTO ra3y

B ynpTpa3BykoBy BaHHY JOJal0Th TaKy KIJIbKICTh BOJHM, 100 ii piBeHb
BIJIMOBIZIaB TIPUOIM3HO PIBHIO BOAM Y CKIISTHKaX MICTKICTIO 150 em® 3 50 oM’
IIaMIIaHCHKOTO.

VY cxiisiHKM (TTonepeTHLO BUCYIIICH] 10 MOCTIHHOT MacH 1 3Ba)KEH1) J10/1at0Th
o 50 cm® mrammancekoro. Jlami 3BayloTh CKISHKH 3 IIAMIIAHCHKAM HA TEXHO-
xiMIYHHMX Barax 3 TouHicTiO 710 0,01 r. [ToTimM BKJIIOYAIOTh yJIBTPa3BYKOBY BaHHY
1 IIFOTh YJBTPa3BYKOM CHOYATKy MIHIMaNbHOI MOTY>KHOCTI, MOTIM, IO MIp1 BHJIa-
JIEHHSI BYTJIEKMCIIOTO ra3y, MOTY>KHICTh HiIBULIYIOTh O MAaKCUMAJIbHOI JI0 TOB-
HOTO BUJIAJICHHS BYIJIEKUCIOro razy. Ilicns moBHOrO BUAAJIEHHS BYIJIEKHCIIOTO
razy JioTh yiapTpa3BykoM 1e S xB. [lix yac podotn 3SABOPOHSAETHCS Topka-
TUCSl METAJICBUX YaCTUH YJIbTpa3BykoBoi BanHu 0e3 ii [IOBHOI'O BiakmroueHHs
BIJI €JIEKTPUYHOI MEPEXKI (BUTSITHYTU BUJIKY 3 PO3ETKH).

Brocutu npobu 1 BUTAraTd mpoOU 3 BaHHU CHIJ TIIBKU NMPU MOBHOMY
il BIIKJIFOYEHI BiJ] €JICKTPUYHOT MEPEKI.

1.2 TlpoBeneHHs: mpouecy MOKpOi
MiHepaJsi3anil IaMIaHCbKOIo

[Ticns BupanmeHHs BYTJEKUCIOr0 razy B NOpo0y HIaMIaHCHKOTO
«ApTeMiBChbKe YepBOHE HAIIBCYXe» MPUINBAIOTh 10 cM® TepeKucy BOIHIO i
JII0Th YJIBTPA3BYKOM, CIIOYATKY MIiHIMaJbHOI MOTYXHOCTI — 4 XB, MOTIM 5 XB —
MaKCUMAaJIbHOT TTOTY>KHOCTI.

1.3 IlpuroryBaHHsi pO34HUHIB P00

[IpoOu 31 CKJISHOK KUIBKICHO TEPEHOCATh Yy MIpPHI KOJIOM €MHICTIO
3 . .
100 cm”, moBOAATH 06’ €M PO3YHHIB IUCTHIIHLOBAHOIO BOJOO JI0 MITKH 1 PETEIBHO
NEPEMIITYIOTh.

2 IlpuroryBaHH# rpaayoBajibHUX PO3YHHIB
Ta N00yA0Ba rPagylBaIbHOrO0 rpagiky

Y cknsHKH (MOMEPeIHbO BHCYIICHI JO TMOCTIHHOI Mach 1 3BaKeHi)
oIaroTh o 50 M JTACTUILOBAHOI BOAW. Boly HACHUYIOTh BYTJICKUCIIUM Ia30oM,
MPOITyCKaro4yu ra3 npotaroM 3 XB (o0 MokHa Oyjo paxyBaTd OyJbOaIlkm).
Jlanm BUAANAIOTH BYTJIEKUCTUN Ta3, sk omucaHo y nyHkTi 1.1. [JomaroTh Taki
KUTBKOCT1 PO3YHHY ITUHKY:.



7 /labopaTtopHi poboTu 97

Po3unH nuHKy — Po3unH nuHKy — Maca BBEIEHOT0O LIUHKY,
Ne 3/m

1,0 Mxr/min 10,0 MKr/mit MKT
1 2 2
2 5 5
3 10 10
4 2 20
5 5 50
6 10 100

Po3unHN 31 CKJISHOK KIUJIBKICHO TEPEHOCSATh y MIpHI KOJOU €MHICTIO
100 CMS, TOBOJISITH 00’ €M PO3YMHIB IUCTHIILOBAHOKO BOJOO JIO MITKH 1 PETEIILHO
NEePEMIIITYIOTb.

BxitouaroTh aTOMHO-a0COpPOLIIMHNAN CIEKTPOMETP 1 HANAIITOBYIOTh MOTO Ha
aHamTU4Hy JiHio 213, 9 M. BuMmiprooTh aToMHE NOMIMHAHS TpaayBajlbHHUX
PO3YMHIB Y OKMCHOMY TOJYM’i «alleTUJICH—TIOBITPS» MPHU CHEKTPATbHIN IILTUHI
MOHOXpomaropy 1 HM 1 OyayroTh rpaayroBajibHHM rpadik (SKIIO Tpuiaa He
poOuUTH 1Ie Y aBTOMaTHYHOMY pekuMi) y mporpami Excel, Binkmamgarouu mo oci
a0cruc Macy IIMHKY (MKT), a 10 0Ci OpJIMHAT — Ben4uuHy A4 (Bif. O71.).

3 BuzHa4yeHHS BMICTy HMHKY
y Ipodax IaMnaHCbKOro

BuMipioroTh aTOMHE TOTJIMHAHHA B MPO0axX OTPUMAaHUX PO3YUHIB IIAMIIaH-
CHKOTO Y OKHCHOMY TOJYM’1 «alleTHJICH—TIOBITPS, SIK 1I€ OMMCAHO Yy MyHKTI 2.
Hami 3a rpamyroBaibHUM TpadiKoM BHU3HAYAIOTh Macy IIMHKY Y OTPUMAaHHX
mpo0ax MaMMaHChKOTO Y MKT.

KoHuenrtpauio muHKY (MI/Kr) y mpoOax IIaMIaHChKOrO0 pO3paxOBYIOTh
3a (OpMYJIOIO

X=mln, (7.1)

A€ M — maca IIMHKY, BU3HA4YeHa 3a TPaTyIOBATBHUK IPpadikoM, MKT;

N — Maca HaBa)KKH IMIAMITAHCHKOTO, T.

Kinpkicte mpo6 — 6. BusHauawoTh DOBIpYMI 1HTEpPBAl MPU JIOBIpUUHN
iMOBIpHOCTI 95 %.
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Aabopamopna poboma Ne 7

InTencudikanis i€ yabTpa3ByKy KMCJIOTHOI eKCTPAKUil »KUPIB.
BusHaveHHs1 BMICTY Mii B JKHpax

KopoTki TeopeTnyHi BitomMocTi

Kupu e cknagauM 00’ €KTOM JyIsl KIIaCUYHOT CyX01 MiHepasi3ailii 1 Hebe3-
MEYHUM JIJIS1 KJIACHYHOI MOKpOi MiHepai3alii BHACI1JOK BUCOKOI IMOBIPHOCTI
YTBOPEHHSI HITPOTJIIIEPUHY.

Kucnorna excrpakiiis 3aiimae 61u3bpKo 2 roj. [Ipu BUKOpUCTaHHI yIbTpa-
3BYKOBO1 1HTEHCH(]iKaIlli KUCTOTHOI EKCTPAKIlii MpoIec aHali3y KHUPIB 3aiiMae
25-30 xB.

Jlana poboTa HampaBiieHa Ha HaJ0aHHS CTyJICHTaMU HABUYOK BUKOHAHHS
KUCJIOTHOI €KCTpPakKIlii CHOJIYK MiJii 3 KHUPIB 1 aTOMHO-a0COPOIIHHOIO aHasi3y
OTPUMAHOTO KOHIICHTpPATY.

Amnaparypa, MaTepiajid Ta peakKTHBH

AToMHO-abcopOIiiiHui criekTpoMeTp AAS-3.

VYcraHoBka yabTpa3ByKOBa HU3bKOUYACTOTHA, IO JO3BOJISIE T€HEPYBATH
yJIbTPa3BYKOBI KOJMBaHHs B aiana3oHi Bij 18 mo 100 xI'u, Hanpuknan, yiabTpa-
3ByKOBa MoTyxHa BaHHa YIIB—IM 3 n’€30eneKTpuyHMMH BUIPOMIHIOBaYaMuU
Ha 22 Ta 44 xI'1.

["a3-ameTunex, «xXa».

Jlammiu 3 MOPOKHUCTUM MI1THUM KaTogoMm «Narvay.

Baru nmaGopatopHi TeXHOXIMIYHI, 10 3a0€3MEYyI0Th 3BaKyBaHHS 3 TOY-
uictio 1o 0,01 r.

CrusHkH MicTkicTio 100 cm®,

[TineTku.

Koun6u mipai 06’emom 100 cn’.

Kounbu koniuHi 06°emom 200 cm®.

Bopma OigncruinbpoBaHa.

Kucnora consna, x.4., 1 % po3uun ta po3uun (1:1).

Ilpumimka. JlonyCKaeThCd BUKOPHUCTAHHS 1HIIMX anapaTypH, PEaKkTHBIB
1 MaTepiaiiB 3 TEXHIYHUMHU i METPOJOTIYHUMHU XapaKTEPUCTUKAMHU HE HUKYE
3a3HAYCHUX.
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Minepadizanii KJIACHYHUM CIIOCO00M

1 IIpuroryBaHHsi po34uHiB MPOO.
IIpoBenenHs mpouecy MiHepaJizamii KJIAaCHYHAM METOA0M

Jlanuii mporiec BUKOHYIOTH ISl 6-TH MPOO KUPY KOKHOTO BHUIY: KHP
CBUHSYMH; KUP OapCydnid.

Y koHiuHy K010y emuicTio 200 cM® BHOCSTH HaBaxky sxupy 20,00 T, m10-
narots 40 e’ po3urHy coJistHOT KucsoTH (1:1). B konOy 101ar0Th KiJTbKa CKIISTHUX
KYJIbOK, BCTaBJIAIOTH 3BOPOTHIN XOJOIWIBHHUK, CTAaBJIATh Ha EKJIEKTPOIUIUTKY
1 KU’ Atath npoTsaroM 1,5 rox 3 yacy 3akumanHsA. Jlami BMICT KOJOM MOBUIBHO
OXOJIOJKYIOTh 10 KiMHaTHOI Temneparypu. Konly 3 eKCTpakiiiHOI CyMIIIIIIO
KHUPIB 3 KUCJIOTOIO CTABIIATH HA XOJOJHY BOISHY OaHIO Ui 3aTBEPAIHHS JKUDY.
[Ticnst 3aTBEpAIHHS JKUP MPOKOJIOIOTH CKIISIHOIO MATMYKOI0, BOJAHUHN 1ap (iIbT-
pPYIOTh 4Yepe3 DUIbTp «JopHa CTpidKay (MOMepeIHbO MPOMUTUN COJISTHOIO KHUCIIO-
toro (1:1)) y nmopuesstHoBy 4ariky. JKup y ko101 po3TOILIIOIOTh Ha BOSAHIN OaHi,
nogatote 10 cM™ consiHol kucnotu (1:1), cTpyurytots 3 XB, 0X0J0/KY0Th. [licis
3aTBEP/AIHHA KUP MPOKOJIIOIOTH CKIISHOK MAJUYKOI, BOJHUN IIap (PUIBTPYIOTH
yepe3 (QUIBTP «4UOpHA CTpiuka» (MONEpPEeIHbO MPOMUTHI COJSHOIO KHUCIOTOHO
(1:1)) y nopuensiHoBY 4amiky. PiquHy 00epeKHO BHIIAPOBYIOTh HA EIEKTPOILIHT-
1. Otpumany 3051y po3uuHSIOTE Y 1 % COMSHIN KUCIIOTI, KUTbKICHO TIEPEHOCSTh
y MipHy KOOy mictkictio 100 cM® i moBomATe 06’eM po3umny 1 % COISHOIO
KHCJIOTOIO /10 PUCKH.

2 IlpuroryBaHHs1 po34uHiB MpooO.
IIpoBenenns npouecy MiHepaJii3aiii 3 BAKOPUCTAHHAM YJIbTPa3BYKY

Jlanuii mporec BUKOHYIOTH JJIS 6-TU TPOO KUPY KOXKHOTO BHUIY: KHUP
CBUHSIYMU; )KUP OapCcydnid.

B ynpTpa3BykoBy BaHHY MPUIIMBAIOTH TaKy KUTBKICTh BOJIH, 100 ii piBEeHB
IpHUGIN3HO Biamosizas piBHIo 40 cM® Bou y CKIsTHKAX MicTKicTio 100 cn’.

V ckmsiHKH MicTkicTio 100 ¢M® BHOCSTH HABAKKH xupy no 20,00 r,
nprBaoTh o 40 cM® posumny comsuoi kuciotu (1:1) i oBepexHo Ail0Th Ha
cucreMy Y3, He JOMyCKalouu po30pu3KyBaHHs npodu. [Ipuuomy criouyaTky BUKO-
PUCTOBYIOTh Y3 MIHIMAJIBHOI MOTY>KHOCTI (5 XB), MOTIM CEPEIHBOI MOTY>KHOCTI
(2 xB) 1 mam mMakcuMaiabHOI ToTykHOCTI (5 xB). Jlani Bogauii map (QiabTpyrOTH
gepes3 (QIIbTp «JOopHA CTPIUKay (MOMEPETHBO MPOMUTHIA COJITHOIO KUCIoToro (1:1)
y TOPUEJSHOBY YaIllKy. ¥ CKJISHKH 3HOBY A0Aar0Th 1o 40 oM’ PO34YMHY COJITHOT
kuciotu (1:1) 1 oOepexHO IiI0Th Ha CUCTEMY Y3, HE JIOMYCKAI4Hd PO30pU3KY-
BaHHs npodu. [Tpruuomy crioyaTky BUKOPUCTOBYIOTH Y3 MiHIMAJIbHOI MOTYKHOCTI
(5 XB), MOTIM — CepeIHBOI MOTYKHOCTI (2 XB) 1 Jlali MAaKCUMAJILHOT TOTYKHOCTI
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(5xB). [am BomHuii map (GUILTPYIOTH Yepe3 (QIBTP «4YopHA CTpiuka» (Tore-
PEIHBO MMPOMUTH COJISTHOIO KHCTIO0TOO (1:1)) y Ty caMy MOpIIENsSTHOBY YaIlKy.
Pinuny 00epeKHO BUNIAPOBYIOTh Ha €JEKTPOILIUTII. OTpUMaHy 3071y PO3-
yuHAI0Th Y | % COJIsIHIA KHUCJOTI, KUIBKICHO MEPEHOCSITh Y MIPHY KOJIOY
mictkictio 100 cM® i [OBOmATE 06eM posunHy 1 % COISHO KHCIOTOR 0 PHCKH.

3 [IpuroTyBaHHs rpaayl0BaJbHUX PO3YHHIB
Ta N00y10Ba rpaay0BaJIbHOr0 rpagiky

VY mipHi kosi0u emHicTiO 100 M1 10/1a10Th BIJMOBIIHY KIJIBKICTh PO3YUHIB
MIJI1 1 JOBOJAATH 00’€M pO34MHYy B K0s0ax 10 MITKH 1 % COJIIHOIO KHCIIOTOIO
1 IEPEMIITYIOTb.

Jlo1aroTh Taki KIJIbKOCTI PO3YUHY MIAL:

Po3uun mial — Po3uuH mial — Maca BBeneHOI M,
Ne 3/

1,0 MKr/Min 10,0 MKr/™mit MKT
1 2,5 2,5
2 5,0 5
3 1,0 10
4 15 15
5 2,5 25
6 50 50

BxiroyaroTh aTOMHO-a0COpPOLIMHUIM CTIEKTPOMETP 1 HAJAIITOBYIOTh HOTO
Ha aHATITHYHY JiHiI0 324,7 HM. BuMipioroTh aTOMHE TIOTJIMHAHHS TPaTyHOBATb-
HUX PO3YUHIB Y OKHCHOMY TIOJIYM’1 «alleTWJICH-TIOBITPSD TMPHU CIEKTPATbHIN
HIUTMHI MOHOXpoMaTopy 1 HM 1 OyIyroTh rpaayroBaibHMid Tpadik (KO TMpuian
HE POOUTH 1€ Y aBTOMaTHYHOMY peknmi) B Tiporpami Excel, Binkinanarouu mo oci
abcuuc Macy Mijil y MKT, a 0 OCl OpAMHAT — BeIU4YuHy A, Bia. on. IIpu upomy 3a
HYJIbOBUI PO3YHH BUKOPUCTOBYIOTh pO34uH 1 % CONSIHOT KMCIIOTH.

4 BuzHaueHHs BMICTYy Mijli B Ipo0ax :xKupy

BumiproroTh aTOMHE TOTIWHAHHA B MPoOaX OTPUMAHUX EKCTPAKTIB
Yy OKUCHOMY TOJYyM’1 «alleTUICH—TIOBITPS», K Iie onucaHo y 1. 3. [Ipu mpomy
3a HYJIBOBHM PO3YMH BHUKOPHUCTOBYIOTH PO3YWH, OTPUMaHui 3a 1. 1 abo m. 2,
TUIBKHY 3aMICTh XHUPY 107at0Th 20 e’ O1IMCTUIILOBAHOI BOIH.

Jlani 3a rpagyroBaibHUM rpadikoM BH3HAYAKOTh Macy Mijll B OTPUMaHUX
EKCTPAKTaX XKHUPY, MKT.

Konuenrpauito miai (Mr/kr) y mpoOax >KHpY pO3paxoBYIOTh 3a (opmy-
aor (7.1), ne m — Maca Mijai, BU3Ha4YCHA 3a TPAAYIOBAIBHHUK TpadikoM, MKT;
N — Mmaca HaBaxxku xupy, 20,00, r.

Kinbkicte mpo0d — 6. BuzHauaroTh AOBIpYMN I1HTEpBAT MOpPU JOBIpUUA
iMOBIpHOCTI 95 %.



7 /labopaTtopHi poboTu 101

Aabopamopna poboma Ne 8

Busnauenns Bmicty ocHoBHOI pedoBuHu CsCl y conboBomy
TemIoHocii AEC MeTo10M COHOTIOMiHECEHTHOI CIIEKTPOCKOIIIl

3acanvni gioomocmi. AEC mMaroTh HU3KY 1CTOTHHX MepeBar nepejl 1HIIUMU
TUTIAMHU E€JIEKTPOCTAHIIIN: €KOJIOTTYHA YUCTOTA, BIJCYTHICTh MPUB’SI3KHU IO JIXKE-
pesia cupoBuHU. OJTHAK €KOJIOTTYHA YHUCTOTA MOKIIMBA JIMILIE 32 YMOB HOPMaJIbHOI
poootu AEC. Haitbuneiry Hebe3neky y poooTi AEC Hece cuctema 0X0N0KEHHS
anepHoro peaktopa. B pisHux Tunax AEC BHKOPHCTOBYIOTH SK TEIUIOHOCII:
BHUCOKOYHCTY BOJly, PO3ILJIaB HATPit0, BOJHUHN PO3YHH XJIOPUTY JTYKHOTO METAITY —
e3iro — 400 a6o 600 r/1 a6o mitito — 400 /1 («CsCl-1», «CsCl-2y», «LiCl»). Haii-
OLIBIII MMEPCIIEKTUBHUMHE BBaXAIOTHCA cOJIbOBI TermoHocii — «CsCl-1», «CsCl-2y,
SK1 MatOTh HAaUOUIBIITY TEIJIOEMHICTS 1, SIK HACIHIJIOK, — HAaWOUIbIITY €(EKTUBHICTb.
OpHak cTabUIBHICTh TEIJIO(PI3UYHUX XapPAKTEPUCTHK COIBOBOTO TEIJIOHOCIS 3HAU-
HOIO MIpPOIO 3aJieXKaTh BIJ BMICTY OCHOBHOI PEYOBHHHU. 3MEHIIECHHS KLIbKOCTI
OCHOBHOI PEYOBMHHM Yy COJIbOBOMY TEIUIOHOCIi Ha 5 % 1 OuIbllle HEce 3MiHM
y TeTI0(MI3UUHUX XapaKTepucTukax pobotu cuctemu TermioooMiny AEC, o
MO’K€ TPU3BECTU JO0 HETAaTUBHUX HACTIJKIB: — BiJ 3MEHIICHHS €(EKTUBHOCTI
po0OTH peakTopa 10 aBapidHOI CHUTYyallli, MMOB’S3aHOI 3 MEPErpiBOM pPeaKTopa.
ToMy ekcripecHe 1 TOYHE BU3HAYEHHSI BMICTY OCHOBHOI PEUYOBMHU y TEIUIOHOCIT
€ BOKJIMBUM sIK 1151 epexTruBHOCTI podoTn AEC, Tak 1 114 ii 6e3neku.

Mera poboTH: Bu3HaueHHs BMicTy ocHOBHOI pedoBuHU CsCl y conmpoBomy
teroHocli AEC MeTronoM COHOJIOMIHECHEHTHOI CIEKTPOCKOIi 3 BHKOpHC-
TaHHSM JUTS 1HIIIFOBAaHHS COHOJIFOMIHECIICHITIT BUCOKOYACTOTHOTO YIIBTPA3BYKY.

Anaparypa Ta 00J1aHAHHS

COHOJIFOMIHECIICHTHUI CIIEKTpOMETp Ha 0a3l aToMHO-abCOpOIiHHOTO
cnexkrpomerpy AAS-3.

ConomomineciieHTHa kamepa Tumy CJIK-1M BupoOHMIITBA JOCIIIHO-
€KCTIEpUMEHTAIbHOTO0 MalIMHOOYAIBHOTO 3aBoay Y kpH/Iciib.

VYabTpazBykoBuil aucneprarop BucokodacToTHuil YJIB—44 M Bupo6-
HUIITBA JOCIIAHO-EKCIIEPUMEHTaIbHOT0 MaMHOOYAiBHOTO 3aBoAy YkpH/IIcine.

[T’ e30emexTpuyni BunpomiaioBauu 10, 12, 13 ta 15 MI'm BupoOHHUIITBA
JOCITITHO-EKCIIEPUMEHTAIILHOTO MAIIMHOOY IBHOTO 3aBoty YKpHIIcinb.

Po3unnu xnopuay nesiro konrentpatiero 100, 200, 400 ta 600 r/1.

TemoHoC1# cucTeMH OXOJIOIKEHHS SIIEPHOTO PEaKTOopa.

IHoO0ynoBa rpagyroBajbHux rpagikis

1000 mi po3umHiB xjopuay 1e3ito 3 koHueHTpaiismu 100, 200, 400 ta
600 1/ MOAAarTh B COHOJIIOMIHECHEHTHY Kamepy MicTkicTio 1200 mu, Hacu-
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YYyIOTh aprOHOM NPOTATOM 5 XB (IMBHAKICTH TpomyckanHs — 30 Mil/XB)
i BrBaroTh yasTpassykoM 10, 12, 13 ta 15 MI 'L, intencuBHicTio 20 Br/cm’.

HanamroBylOTh COHOJIFOMIHECUEHTHUN CHEKTPOMETP Ha AaHAIITHYHY
JIHIIO 11€3110 — 852 HM 1 BUBHAYAIOTh IHTEHCUBHICTh COHOJIFOMIHECIICHIIIT XJIOPUIY
1[E3110 3AJIEKHO BI1Jl KOHLIEHTpAIllT XJIOPUAY 1€3110 /I KOXKHOI YaCTOTH yJIbTpa-
3BYKy. Pe3ynbTaTu npeactaBistoTh y BUIsAal Taomwui. [1ix gac po6oTu mogauy
ra3zy He NpUMHUHSIOThH, 00 YHUKHYTH Jlera3ailii po3uuHy.

Jani OyayroTh rpadiku 3ajJeXHOCTI 1THTEHCHUBHOCTI COHOJIIOMIHECIICHITIT
BiJl KOHIICHTpAIl XJOpHUAY €310 Uil yabTpa3BykKy dactororo 10, 12, 13 Ta
15 MI'u (u1st KOKHOT 4aCTOTH YJIBTPa3BYKy OyIyIOTh CBiil rpadik).

Bu3zHaveHHsI BMICTY XJIOpHAY Le3il0
Y PO34MHI TEeNJIOHOCIA

1000 M po3umMHYy TEIUIOHOCIS TMOJAaI0Th B COHOJIIOMIHECIICHTHY KaMepy
MicTkicTio 1200 M1, HACHUYYIOTh apTOHOM MPOTATOM 5 XB (IIBUJKICTH MIPOITYC-
kaHHg — 30 mu/xB) 1 BmmBawTh yiubTrpasBykom 10, 12, 13 Tta 15 MIT,
intencuHicTio 20 Br/cm®.

HanamroBylOTh COHOJIFOMIHECUEHTHUM CHEKTPOMETP Ha AaHAIITHYHY
JIHIIO [e3110 — 852 HM 1 BHU3HAYAIOTh 1HTEHCHUBHICTHL COHOJIIOMIHECIIEHINT
XJOPUAY 1IE3110 3aJIeKHO BIJ KOHIICHTpAlli XJOpUAY IE310 s KOXKHOI
4aCTOTH YJBTPa3BYKy. Pe3ynbTaTu npeacTaBisatoTh y BUrisal Tabmui. [1ig gyac
po0OOTH Toauy Ta3y HE MPUIIUHSIIOTH, 00 YHUKHYTH Jiera3allii po3urHy.

Jlam 3a rpaayroBadbHUMH TpadikaMu BU3HAYAIOTh BMICT XJIOPUAY I€3110
Ui yabTpa3ByKy uactoror 10, 12, 13 ta 15 MI'n (s KOXHOi 4acTOTH
yABTPa3BYKY 3T1JIHO 31 «CBOIM» Tpadikom).

Aabopamopna poboma Ne 9

ATOMHO-a0COpOLiliHe BU3HAYEHHSA M,
HUHKY Ta MAPTaHII0 B COKAaX Ta BOJAax

KopoTtki Teoperu4Hi BiiomMocTi
Amommuo-abcopbyitina cnekmpockonisi

CHexTpoCKOMiYHI METOAM aHali3y 3aCHOBaHI Ha B3a€MOJIIi €JIeKTpoMar-
HITHOTO BUIIPOMIHIOBAHHS 3 PEUOBUHOIO, 110 CYNPOBOIKYETHCS MOTJTUHAHHSM,
BUITYCKAHHSIM Ta PO3CIIOBAaHHSM BUIIPOMiHIOBaHHS. YacToTa (JIOBXXMHA) TaAKOTO
BUIPOMIHIOBAHHSI € XapaKTEPUCTUYHOIO PUCOI0 IIYKAaHOT PEYOBUHH, a HOTO 1H-
TEHCHUBHICTh TIOB’s13aHa 3 11 BMICTOM.

3a TUIOM YacTOK, K1 OepyTh y4acTh y (POpMyBaHH1 aHATITUYHOTO CUTHAITY,
PO3PI3HSIOTh ATOMHY Ta MOJIEKYJISIPHY CIEKTPOCKOIII0. 3a XapaKTepoM B3aeMOJIIT
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BUIIPOMIHIOBAHHS 3 PEUYOBUHOIO PO3PI3HSIOTH CIEKTPOCKOIII0 TMOTJIMHAHHS
(aOcopOrriiiHa), BUMPOMIHIOBaHHS (eMiciiiHa), po3citoBaHHsS (KOMOiHaIlliiiHa) Ta
BIIOOpayKEHHSI.

Meton aToMHO-a0COpPOLIHOT CIIEKTPOCKOMIT 3aCHOBAaHWI Ha MOTJIMHAHHI
CBITJIa BUIBHUMH Ta HE30Y/DKCHUMH aTOMaMHU €JIEMEHTa-aHAJIITY, SIK1 3HaXOIAThCS
y Ta30- 4 napomnoaioHomy ctasi. [IppdaoMy Take morivHAHHS BiJIOYBA€ThCS Ha
PE30HAHCHIN JOBXXHWHI XBHWIl. TakMM YMHOM, y aTOMHO-a0COPOIIIiHIM CIIEKTpOC-
KOIIi PEECTPYIOTh OCJIA0JICHHS 1THTEHCHUBHOCTI CBITJIA MICIISA MPOXOKEHHS depes
MOIVIMHAOYUH 1ap.

AHaNITUYHUM CUTHAJIOM y aTOMHO-a0COpOLIiHINA CIIEKTPOCKOIIIl € CBITIIO-
noryinHaHHA (A) aTOMHOI TIapH, IO TOB’s3aHe 3 KOHIICHTPAIIEI0 aHAIITY 3aKOHOM
Bbyrepa—Jlambepra—bepa:

A=Ig||—°=—IgT:k-l-c, (7.2)

ne A — aToMHE CBITJIONOTIMHAHHS;

lo — IHTEHCHBHICTH BHUIIPOMIHIOBaHHS, 110 MaJla€ Ha 3pa3oK, IMPU aHa-
JITAYHIN JOBKHWHI XBHIII;

| — IHTEHCHBHICTh BUIIPOMIHIOBAHHSI, L0 MPOMIUIO uYepe3 3pa3oK, Mpu
aHAJIITHYHIA JOBXXUHI XBUJII;

T — mporyckaHHsl, 4yacTKa BUITPOMIHIOBaHHS, 10 MIPOMIILIO Yepes3 3pa3ok;

k — koeil[ieHT MOTJIMHAHHS, IO BKIIOYAE K KOE(MIIIEHT MOTIMHAHHS
CBITJIa BUIBHUMH aTOMaMH, TaKk 1 KOe(IIIEHT Mepexoay BiJl KOHIICHTparlii
aTOMIB €JIEMEHTa, 110 BU3HAYAIOTh, 1O KOHLIEHTPALIil L€l peYOBUHU Y PO3UMHI.
Lle eMnipryHa BeTUYMHA, SIKa 3HAXOJUTHCS 3 AOCTIAY (3 TpaaytOBaHH);

| — TOBIIMHA MOTIMHAIOYOTO IIapy aTOMHOT MMapy B aTOMI3aTopi;

¢ — KOHIIEHTpAIIisl €JIEMEHTA, 10 aHATI3YIOTb.

[Ipu anami3i 3a METOIOM aTOMHO-aOCOPOIIIHOI CIEKTPOCKOMIl piaka
mpo0a PO3MUITIOETHCSA Yy KOMIPIIl aToMi3aTopa, MePeBOAUTHCS y Ta30MoAI0HUN
CTaH Ta aTOMI3y€EThCS 3a BUCOKHX TeMmieparyp. Ha aHamiTHdHy KOMIpKy, M0
MICTUTh aTOMHY TIapy, BiJI JUKEpeia BUTIPOMIHIOBAHHS HAIPABIISIETHCS BUIIPOMI-
HIOBAaHHS, [0 € XapaKTePHUM /I BUILHUX aTOMIB €JIeMEHTa-aHaJiTy. 3MEH-
IIEHHS] IHTEHCMBHOCTI BUMPOMIHIOBAHHS Ha XapaKTEPUCTUYHINA JOBXKUHI XBUII
ICJISI MPOXO/KEHHS Yepe3 MOTJIMHAIOYUNHN Iap PEECTPYETHCA.

Jliis aromizariii mpoOu y mpuiaiax BUKOPUCTOBYIOTh TIOJIYM s 3 TEMIIepa-
typoro Bixg 1500 mo 3000 °C, 3aexHo BiJ CKIaqy TOPrOYoi cymiii, abo edheKT-
pOoTepMiuHy aTomizaiiro. Bucoka CEeneKTHUBHICTh aHalizy 3abe3medyeThest 3a
paxyHOK BUKOPHUCTAaHHS SIK JKEpeJ BUIIPOMIHIOBAHHSA 3ac001B, 110 T€HEPYIOTh
MOHOXpPOMaTHYHE BHUIPOMIHIOBAHHS BHCOKOTO cTymneHs. Ha TtenepimHiid yac
IS IIbOTO BUKOPHUCTOBYIOTH PO3PS/IHI JIAMITH — JIAMITA 3 TTIOPO’KHUCTUM KaTOZOM
Ta 0e3eJIeKTPOIH1 PO3PS/IHI JIAMITH, SIKI TCHEPYIOTh JIHIMYATI CIEKTPH.
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Mera poGotu: 1. O3HalloMUTHCS 3 METOJOM aTOMHO-a0COPOIIHOI
CIIEKTPOCKOITII.

2. [IpoananizyBatu (pPyKTOBI COKH, CTOJOBI Ta MIHEpadbHI BOJM Ha
TOMIIIIKY Ba)XKKUX METAJIIB.

1 3araanHi BizomocTi

AToMHO-a0copOITiifHE BU3HAYEHHS BMICTY Mial (IIMHKY, MapTaHIlio)
y 00’€KT1 aHami3y 0a3yeThCsi HA BUMIPIOBAHHI MOTJIMHAHHS BUJIBHUMHU aTOMaMHU
BIJIMOBIIHOTO METAJIy BUIIPOMIHIOBAHHS 3 XapaKTEPCTUUHOIO JOBXKUHOK XBUJIL:
324,7 um s migi, 213,9 HM — 115 UHKY Ta 279,59 HM — J1J11 MapraHifio.

YTBOpEHHS! BUIbHUX aTOMIB METaJIIB BiIOYBA€ThCA y MOJIYyM SIHOMY aTOMi-
3aTopl 3 HIUIMHHUM TaJIbHUKOM 3 BUKOPHCTAHHSM TOPIOYOI CYMIII alleTUJICHY
3 HOBITPSIM. SIK JIKEpeno MOHOXPOMATHYHOTO BUIPOMIHIOBAHHS BHUKOPHCTOBY-
I0Th JIaMITy 3 TIOPOKHUCTUM KaTtojoM. Lle ckistHmii abo KBapIioBHil OaoH, KU
3allOBHEHO 1HEPTHUM ra3oM IPU HU3bKOMY THCKY Ta y SIKOMY pPO3TalllOBaHO JBa
€JIEKTPOJIM — KaToJ| Ta aHo. Karog BUTOTOBIISIIOTH 3 UHCTOrO METally, Ta BIH Ma€
¢opmy vamii. I[Ipu nogadi Hanpyry Ha €IEKTPOAM BUHUKAE TIIOYUN PO3psiI, 11O
MPU3BOJIUTEH JI0 10HI3alli 1HEPTHOrO ra3y. YTBOpPEHI MO3UTHMBHI 10HM OOMOap-
IOYIOTh MIOBEPXHIO KaToJla Ta BUOMBAIOTh aTOMU MeTaiy y ra3oBy (asy. Lli atromu
30y/IKYIOThCSI Ta BHUIIPOMIHIOIOTH BUIIPOMIHIOBAHHS, IO € XapaKTEpHUM Jis
BUIPHMX aTOMIB BIAMOBIAHOTO e€JeMeHTy-aHaliTy. ChekTp BUMPOMIHIOBAHHS
JaMIid 3 MOPOKHUCTUM KaTOAOM — II€ aTOMHMI CIIEKTp MaTepiajly Karoja Ta
JHIN, 0 BUIPOMIHIOIOTH 30Y/KeHI 10HM 1HEPTHOTO ra3y. 3 IbOTO CIEKTpa 3a
JOMIOMOTOI0 MOHOXPOMaTOpa BUAUISAIOTh MAaKCUMAJIbHO 1IHTEHCUBHY XapaKTepHC-
TUYHY JOBKUHY XBUJI1 JUIl BU3HAYEHHS BIAMOBIIHOTO MeTamy. TakuM 4uHOM, TIPU
BU3HAYEHHI M1/l BUKOPUCTOBYIOTH JIaMIy 3 MIIHUM TOPOXHHCTUM KaToOAOM,
UHKY Ta MapraHiio — BiIMOBITHO, 3 IMHKOBUM Ta MapraHlIEBUM MOPOXKHUCTUMHU
KaTOJJaMH.

2 PeakTnBH ¥ 00J1aJHAHHSA

ATOMHO-a0COpOIIIHHUN CIIEKTPOMETP.

Jlammia 3 MOPOKHUCTHM MigHUM (ITMHKOBHM, MapraHI[EBHM) KaTOJIOM.
VYaerpazBykoa 6anst PS-20.

Anermnen 3a JICTY 5457-75.

Kommpecop moBiTpsiHMIA.

Migs MeTajeBa.

[luak MeTaneBU.

Mapraneris.

Kucinora a3otHa, x4, 3a JICTY 4461-77.
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BuxigHi craHmapTHi pPO3YMHHU 3 BMICTOM Mijil, LHMHKY, MapraHIio
1000 mr/mn.

Kuciaora azoTHa 3 MacoBoro dyacTtkoro 1,5 %.

[Tirtetkn Ha 5,0; 10,0 mut.

MipHi kon6u Ha 100 Mt

CKIISTHKH.

CraHmapTHl pO3YMHU [JIi aTOMHO-a0COPOIIIMHMX BH3HAYEHb TOTYIOTH,
PO3UMHSIIOUM MeTaau abo iX coyl BIIOMOTO CKJIaay y KHCJIOTax abo BOI.
Po6oui po3unHu MeTaliB rOTYIOTh 3 BUXIIHMX PO3YMHIB po3BeAeHHsIM 1,5 %
PO3YMHOM a30THOI KUCJIOTH Y BOA1 — 1€ 3a100Irae riJipoJii3y 10HiB METaIB.

3 Xin podoTu

1. I'pagyroBaHHSA

JInsi mpuUroTyBaHHS TPaayIOBAIIbHUX PO3YMHIB HEOOXITHO 3 BUXITHOTO
pPO3YMHY BIAMOBIAHOTO MeTany 3 KoHIeHTpamieo 1000 mr/m mpurorysaru
poMiXHI fioro po3unnu A ta b.

Po3uun A 3 koHnenrTpauniecwo meraay 100 mr/a. 10 ma BuxigHOTO
pO3uMHY Miai (IIMHKY, Maprasiifo) 3 kKoHieHtpaiiero 1000 Mr/m mepeHocsaTh
y MipHy K010y eMHicTio 100 mi1 Ta 10BOJATH 00’€M po3uuHy A0 MiTku 1,5 %
PO3YMHOM a30THOI KUCJIOTH Y BOJI.

Po3unn b 3 konuenrtpamicro meranay 10 mr/n. 10 M po3unny A izl
(uMHKY, Maprafifro) 3 koHreHTpamieto 100 Mr/in mepeHocsITh y MipHY KOJIOY
emuicTio 100 M1 Ta m0BOAATH 00’€M po3umHy 10 MITKH 1,5 % po3zunHOM
HITPATHOI KUCJIOTH Y BOJII.

['panytoBasibHi PO3YMHU BIAMOBIAHOTO METANy TOTYIOTh 3 PO34YUHY b
B MipHUX KoJjioax Ha 100 mi 3a Taba. 7.2. Yci po34uHU AOBOMASTH JI0 MITKU
1,5 % pO34YMHOM HITPATHOT KUCIIOTH Y BOJII.

Tabnurg 7.2
[IpurotyBanHs rpaayrOBalbHUX PO3YUHIB Mili
(UMHKY, MapraHLIo)
KonmnenTpartis O0’eM aiKBOTH KonnenTpartis
Ne rpangyroBanbHOTO BUXI1JTHOTO BUXI1JTHOTO rpagyrOBaIbHOIO
pO34MHY METally | po34uHy MeTainy b, | po3unny mertany b, | po3uuny merany,
MT/JT MJT MT/JT
1 10 1,0 0,1
2 10 3,0 0,3
3 10 5,0 0,5
4 10 7,0 0,7
5 10 10,0 1,0
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['panyroBaHHS pUiiaaly BUKOHYIOTh 3a CEPIEI0 IPajytoBaIbHUX PO3UMHIB.
JUIsi IbOTO MOHTYIOTHh y CHEKTPOMETP JIAMILY 3 MOPOKHHCTUM KaTOJOM, SIKUH
BUTOTOBJICHO 3 METally, 10 aHami3yroTbh. [Ipunag BMUKaIOTh Ta MpPOTPIBAlOTh
ynpoaoBxk 30 xB. BiAnoBiAHUN pO3YMH PO3NWIIOIOTH Yy MOJYyM’I MaJIbHUKA
CIEKTpOMETpa Ta (PIKCYIOTh MOKa3aHHS Npuiagy. BumiproBaHHS rpaayroBajib-
HUX PO3UYMHIB MPOBOJISATH Y MOPSAIKY 3pOCTaHHS KOHIIEHTpali metainy. Koxuuit
PO3YMH BUMIPIOIOTh TPUYl Ta KIHIEBY BEJIMYMHY aHAJITUYHOTO CHUTHAITY
3HAXOMATh SIK cepenHe apudmeTudne. ['paayroBajibHI BUMIPIOBAHHS TTPOBOJISTH
Ha MOYaTKy, B CEpEANHI Ta HAITPUKIHLII aHATI3y.

3a pe3ynbTaTaMud BUMIPIOBaHHS CBITJIONOIVIMHAHHS TIPagyHOBajJIbHUX
pO3unHIB MeTay (Tabi. 7.3) OyayroTh IpaiyloBajibHUM rpadik y KoopauHaTax
CBITJIONIOTTIMHAHHS (A, BiCh Y) — KOHIIEHTpaIlisl MeTalty (¢, Bich X).

Taomung 7.3

Pesynbratu BUMipIOBaHHS TpaylOBAIbHIX PO3YHHIB

KonuenTparis IToka3anHs crieKTpoMeTpa
Ne rpanyroBaibHOrO | TpaayrOBaILHOTO
po3iuHy MCTaly | PO3HHHYy MCTaIy, Mins [Huuk Mapranens
MI/J
1 0,1 14 25 22
2 0,3 40 97 42
3 0,5 47 218 94
4 0,7 86 259 114
5 1,0 123 343 184

BiamoBigHO, OTpUMYIOTH TPU TPAAYIOBaIbHI 3aJI€KHOCTI ISl MiJll, ITUHKY
Ta Maprasuo. ['paagyroBanibHa 3a71€XKHICTh TOBUHHA MPOXOJUTH Yepe3 MOYaTOK
KOOPJAMHAT, Ta KYT HaXuiy ii MOBUHEH HaOImxaTucs 1o 45 °.

2. Anaini3 peaibHOro 00’ €KTa

[Tpu anani3i Boau nmpoOy Tpeda KOHIIEHTpYBaTH ynaptoBaHHsM B 10 pasis.
AToMHO-a0cOpOIIiiiHe BU3HAYEHHS BMICTY BaXKHUX METAIIB MPOBOIITH B COKaxX
6e3 M’SKOTi, TpoOy HE YMapIOITh Ta HE PO3BOASATH.

[Ipu ananizi BUHOTPAAHO-SIOJYHEBOTO COKY HOro OOpOOJSIIOTH YJbTpa-
3BYKOM mpoTsiroMm 15 xB. OTpumani Taki TokazaHHs mpuiany: 48 (mist mimi),
266 (ms nuHKY) Ta 42 (a7 MapraHifio). 3a MonepeHbo 30y 10BaHUMU TPagyro-
BaJbHUMHU 3aJICKHOCTSIMU 3HAWJITh KOHLIEHTPALIIO MiJi, HUHKY Ta MapraHIlio
y 3pa3Ky COKY.




8 TECTOBI 3AAAHHJ],
3AAAUI TA SAIIMTAHHSI

1. OcHOBHE 3aBaHHS MPOOINOATOTOBKHU:
BapianTu BiamoBiaei:

1) BU3HAYCHHS BMICTY aHAJITY;

2) MiAroTOBKAa PEYOBHHH, MAaTepiajliB, KOMIIOHEHTIB /ISl TEBHOIO
BUJIY aHAJI3Y;

3) mepeBeICHHS PSUOBUHH Y PO3YHH,;

4) npoBeJIeHHsI KOHLICHTPYBAHHS AHAIITY CITIBOCAJI)KEHHSIM;

5) npoBeIeHHS KOHIICHTPYBAHHS aHAIIITY KCTPAKITIETO.

2. Ha sixux crafisix aHaliTUYHOIO MPOLECY MOXKIIMBO BPaxyBaTH MOXUOKHU

MPOOOMIATOTOBKHU ?
BapianTu BiANOBIICH:

1) moxuOkM Ha cTajgii MPOOOMIArOTOBKH He MOKJIHBO BPaxyBaTH,
HA IHIIKX CTAJIAX aHAJITHYHOIO Mpolecy;

2) Ha cTajii KOHIIEHTPYBaHHS €KCTPAKIIIETO;

3) Ha cTaaii mepeBeieHHs MPOOH B PO3UHH;

4) Ha cTajii roMoreHizaiii;

5) Ha cTajiii KOHIIEHTPYBAHHS CITIBOCA[KCHHSIM.

3. YapTpa3ByK — 1€ aKyCTUYHI XBUJI1 YACTOTA SIKUX. ..
BapianTtu BiAnoBiaeH:

1) nepeBumnye 15-20 kI'u;

2) menme 15-20 xI'm;

3) nepesurye 50 k11 ;

4) menme 50 kI'x;

5) nepesumrye 100 kI'm.

4. Kasirars — 1e. ..
BapianTu BiamoBiae:

1) yTBOpeHHs B piAMHI MyJIbCYIOUUX MyXUPINB, 3alOBHEHUX Maporo,
ra3oM 1 iXHbOIO CYMIIIIIIIIO;

2) CXJIONyBaHHS B PIAMHI MyJbCYHOUUX IMYXHPIIIB, 3alIOBHEHUX MapoIo,
ra3oM 1 iIXHbOI CYMIIIIIIIIO;

3) yTBOpeHHsI i cjomyBaHHSI B PiIHHI MyJbCYIOYMX MNyXHPIIB,
3all0BHEHMX AP0, ra30M i iIXHbOK CYMIIIIIIO;

4) yTBOPEHHS B PiJIMHI IyJbCYIOUHX IyXHUPI[iB, 3alIOBHCHUX MapoI0 Ta
ra3om;
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5) cxjomyBaHHS B PiIMHI MYJbCYIOUMX IYXHUPIIB, 3alIOBHECHHUX IapoI0 Ta
ra3oM.

5. YapTpa3Byk BUKOPUCTOBYETHCS I IHTEHCU(DIKAIIT TAKUX CTaJliid Tpo-

OOITIITOTOBKHU:
BapianTtu BiANOBIICH:

1) po3unHeHHS,

2) pyliHyBaHHS OPTaHIYHUX PEYOBHH;

3) roMoreHi3ariii;

4) KOHIICHTPYBaHHS;

5) ycix craaiii mpooonmiAroToBKH.

6. AGcopOI1Iis MIKPOXBHJILOBOTO BUIPOMIHIOBAHHS BIIOYBAETHCS 32 TAKUMU

MeXaHI3MaMHU:
BapianTu BianoBiaei:

1) oGepTaHHs TUMOJIIB Ta HHOHHA MPOBOIUMICTh;

2) Ha cTa il KOHIIEHTPYBaHHS EKCTPAKITIETO;

3) Ha cTaii mepeBeIeHHs MPOOU B PO3UUH;

4) Ha cTajii roMoreHi3airii;

5) Ha cTaii KOHIIEHTPYBAHHS CIIIBOCAIKCHHSIM.

7. IlpaBusio Crokca GopMyIIOETHCA TAKUM YUHOM:
BapianTtu BiAnoBiaeH:

1) moMiHecIeHTHe CBIiTiHHSI 3HAXOAMThCS B OiJIbII JOBroOXBHJILOBIi
YACTHHI CNIEKTPA, Hi’K NMOTJIMHEHE CBITJI0;

2) 3a cmeKTpamMu JIOMIHECHEHIli 1eHTU(]IKYIOTh 1 BH3HAYAIOTh HEOe3-
MIeYHI OpraHiyHI PEYOBUHH B 00’ €KTaX HABKOJIHUIITHHLOTO CEPEIOBHIIA;

3) dopma crekTpa JFOMIHECIEHIII HE 3aJICKUTh BiJl JOBXUHU XBUJI1
30yIKyIOUOTo CBITJIa, TOMY IO MEPEeXiJl €JIEKTPOHA MOXKE BiIOYBAaTUCS TIIbKU
3 CaMOTO HIXKHBOTO KOJIUBAJILHOTO PIBHS;

4) eHepris QOTOHA, IO BUITYCKAETHCS, HUKYA, HIXK €HEpris (GOTOHA, IO
MOTJIMHAETHCS, TOMY CIIEKTp (DITyOpeCIeHINT MOJIEKYIN 3HAXOAUThCS B 00IacTi
OUTBIII TOBTUX XBHJIb MMOPIBHSHO 31 CLIEKTPOM TOTJIMHAHHS;

5) cnekTpu MOTIMHAHHS 1 (DITyOPECICHINIT I3epKAIbHO CHMETPUYHI.

8. Y® BUNIpOMIHIOBAHHS — II€...

BapianTu BianoBiaei:
1) CBITJIO 3 TOBXKHUHOIO XBHJII OLabIe S00 HM;
2) CBITIIO 3 JOBXKXUHOIO XBUJIl MeHIe 10 HM;
3) cBiTIIO 3 JOBXKUHOK XBuUJi Oinbire 800 HM;
4) cBiT/10 3 TOBKUHOIO XBUJIi MeHIIe 400 HM;
5) CBITJIO 31 3MIHHOIO JIOBKHHOIO XBHIII.
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9. [HTEHCUBHICTH JTIOMIHECLICHITT 301TBIITYEThCS:
BapianTtu BiANOBIICH:
1) npu 3MeHIIIEHH] TeMITepaTypyu i y IPUCYTHOCTI JIETKUX PEYOBHUH;
2) Npu MiABHUIIEHH] TeMNepaTypH il y MPUCYTHOCTI T1eAKUX PEYOBHH;
3) npu 3MEHIICHH] TeMIIepaTypH;
4) TUTBKM MPU KOJIMBAHHI TEMIIEPATyPH;
5) TINBKU y IPUCYTHOCTI BEIMKOI KiJIbKOCTI XJIOPUAY HATPIIO.

10. IBuakicTh (HOTOXIMIYHMX PEAKITIH ...
BapianTu BiamoBiaei:

1) 30ibIIYy€THCSI PU 3MEHIIEHHI TeEMIIEPaTypPH;

2) 3MEHIIYEThCS TP 3MEHIIICHHI TEMIICPaTypH;

3) HE 3aNeKUTH BiJl TEMIICPATYPH;

4) mpW TiABHWINEHHI TEMIEpaTypy CHOYATKy 30UIBIIYETHCS, TOTIM HE
3MIHIOETBCS;

5) npaKTUYHO HE 3aJICKUTH BiJl KOJIMBAHb TEMIICPATYPH.

11. IIpaBuno Ko ¢popMyItoeTbcst TAKUM YUHOM:
BapianTu BiANOBIICH:

1) mOMiHECIIEHTHE CBITIHHS 3HAXOAMTHCS B OLIBII JOBrOXBHIIbOBIH
YaCTHHI CIIEKTPA, HI’K TOTJIMHEHE CBITIIO;

2) 3a cmeKTpamMu JIOMIHECHEeHIli 1eHTU(]IKYIOTh 1 BH3HAYAIOTh HEOe3-
MIeYHI OpraHiyHI PEYOBUHH B 00’ €KTaX HABKOJIHUIITHBLOTO CEPEIOBHIIA;

3) dopma cnekTpa JIOMiHecHeHIil He 3aJIe)KUTh Bil TOBKUHU XBWJIi
30y/KYHOUOr0 CBIiT/Ia, TOMY IO IepexXiJ eJeKTPOHAa MO:Ke Bin0yBaTucs
TIJIBKH 3 CAMOIr0 HUKHbOT0 KOJIMBAJIbHOTO PiBHA;

4) eneprist (OTOHA, IO BUITYCKAETHCS, HUXKYA, HIXK eHepris (poToHa, 110
MOTJIMHAETHCS, TOMY CIEKTp (DITyOpPECLEeHIIT MOJIEKYT 3HaXOAUThCS B 001acCTi
OUTBII TOBTUX XBHWJIb MOPIBHSHO 31 CIEKTPOM MOTJIMHAHHS;

5) criekTpu HOrIMHAHHS 1 IIyopecueH i A3epKabHO CUMETPUYHI.

12. Tlpy mpoOXOKEHHI MIKPOXBHIBOBOTO BHUIIPOMIHIOBAHHS CHEPTIA

MOTJIMHAETHCS BIAMOBIIHO JIO ...
BapianTu BiamoBiae:

1) koedirieHTa MOTITMHAHHS;

2) xoedirieHTa 30y KCHHS;

3) koedinmienTa po3ciroBaHHs;

4) xoedilieHTa YTBOPEHHS B PiJIUHI MyJIbCYFOUHUX MyXUPIIB, 3aTIOBHCHUX
Maporo Ta ra3om;

5) koedilieHTa CXJIOMYBaHHS B PIIUHI MyJbCYIOYHX MyXUPIIB, 3allOBHE-
HUX MapOI0 Ta ra30M.
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13. Ilepiuii 3akoH GOTOXIMII:
BapianTtu BiANOBIICH:

1) sSKImO pedoBMHA MOTJMHAE CBITIO, TO MOTO €HEpris BHUILE E€HEpPrii
aKTHBAIII;

2) ¢oToxiMiuHi mepeTBOpPeHHs BiI0yBa€ThCA TUILKHU Mil Ai€l0 CBiTJIA,
10 NOTJINHAETHCS PEYOBUHOIO;

3) doroxiMiuHI peakiii WAyTh TIJIBKH MPH BHKOPUCTAHHI yibTpadio-
JIETOBOTO BUIIPOMIHIOBAHHS;

4) KoXHa MOJIEKyJIa, 110 Oepe y4acTh B XIMIYHIN peakilii, sika BIIOYBA€TbCA
i J1€10 CBiTNA, moryvHae 10 KBAaHTIB NMPOMEHEBOI €HEPTii, KU BUKIMKAE
peaxilio;

5) KO)KHa MOJIEKYJIa, 10 Oepe ydacTh B XIMIUHIHN peakilli, sika BiI0yBa€EThCS
M7 JI€I0 CBITJA, MOTAMHAE | KBaHT TPOMEHEBOI €HEPrii, SKUW BUKIUKAE
peaxIIio.

14. Pi3Hi pe4oBUHU NMEPEXOAiTh B CTaH IUIa3MU IPU PI3HIN Temmeparypi,

10 MOSICHIOETHCH ...
BapianTu BiamoBiaei:

1) OynoBOKW 30BHIIIHIX €JIEKTPOHHHMX O0OJIOHOK aTOMIB PeYOBHMHMU:
YHM Jlerimie aToM Bila€ eJeKTPOH, THM HH)KYA TeMIepaTtypa Iepexoay
y CTaH IJIa3Mu;

2) OyIOBOIO 30BHIIIHIX EJIEKTPOHHUX OOOJIOHOK aTOMIB PEYOBHHH: YUM
Ba)XYe aTOM BIJIa€ CIIEKTPOH, TUM HI)KYa TEMITepaTypa Mepexo1y y CTaH TUIa3MH;

3) OyZI0BOIO 30BHIIIHIX EIEKTPOHHUX OOOJOHOK AaTOMIB PCUOBMHHU Ta
OyZ0BOIO siiep aTOMIB PEUOBHHH: UMM OLUTBINA KUTBKICTh MMPOTOHIB T4 HEUTPOHIB,
TAM HW)K4Ya TEMIeparypa TMEepexoay Yy CTaH IUTa3MH, TaKOX YUM OLJIbIIe
€JIEKTPOHIB 3HAXOJUTHCSI HA MEPEAOCTAaHHHOMY PIBHI, TUM HIDKYA TEMIEpaTypa
MIEPEX0/Ty PEUOBHHH Y CTaH IUIa3MH;

4) OynoBOIO siiep aTOMIB PEUYOBHHU: YUM OUIbINIA KIJTBKICTh MPOTOHIB Ta
HEHUTPOHIB, TUM HIKYA TEMIIEpaTypa NePeXoy Y CTaH IJIa3MH,

5) arperaTHUM CTaHOM PEYOBHMHHM, Yy CTaH IUIa3MHU JICTIIE MEPEXOASATh
ra3u, BaXK4e — pIIMHU Ta KPUCTAIIYHI PEYOBHHH.

15. IlpaBuno JlepuinHa GoOpMyIIOETHCA TAKUM YHHOM
BapianTu BianoBiaei:

1) IFOMIHECLICHTHE CBITIHHS 3HAXOJIWUTHCS B OUIBII JOBrOXBHJIBOBIMH
YaCTHHI CHEKTPA, HIXK MOTJIMHEHE CBITJIIO;

2) 3a CHEKTpaMH JIFOMIHECIEHINT iIeHTU(IKYIOTh 1 BH3HAYAIOTh HEOe3-
MeYH1 OpPTaHiyH1 PpEYOBUHHU B 00’ €KTaX HABKOJIMIIIHBOTO CEPEIOBHUIIIA;

3) hbopMa creKkTpa JIOMIHECICHINT HE 3aJeKUTh BiJ JOBXKHHHA XBHII
30yIKYIOUOTO CBITJIA, TOMY IIO TIepeXiJ €JIEKTPOHA MOXKE BiIOYyBaTUCS TIIbKH
3 CaMOro0 HI>KHBOTO KOJIMBAIBHOTO PIBHS;
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4) eneprisi poToHa, MO BUITYCKAETHCS, HUXKYA, HDK eHepris (oToHa, 110
MOTJIMHAETHCS, TOMY CIEKTP (DITyOpECLEHIIl] MOJIEKYIN 3HAXOAUThCS B 00J1acTi
OUIBII JOBIUX XBHWJIb MMOPIBHAHO 31 CHEKTPOM HOTJIMHAHHS;

5) cneKTpH NOrJIMHAHHSA i uryopecueHIii 13epKaJbHO CHMETPHYHI.

16. Yac, npoTsrom sikoro opieHTallitHAA MOMEHT JieJIEKTPHKA IMICIs panTo-

BOTO BUJIQJICHHSI 30BHIIITHHOTO TIOJISI 3MEHIITYETHCS B € Pa3, Ha3UBAETHCH ...
BapianTu BiANOBIICH:

1) vacom CTaTHYHOCTI,

2) 9acoM JUHAMIYHOCTI;

3) yacom peJiakcaii;

4) yacoM aKTHBaIlli;

5) yacoMm 3HUKHEHHS.

17. BukopucTtanHsi MiKpOXBHJIBOBOI MPOOOMIATOTOBKH Y 3aKPUTUX CHUCTE-
Max TOPIBHSHO 3 BIJIKPUTHUMH JIO3BOJISI€E 3MEHIIUTU BEIUYMHY MONPABKH Ha
KOHTPOJIBHUI TOCHI Yepes. ..

BapianTu BiANOBIICH:

1) 3meHIIeHHs 3a0pyIHEHHS MPo0 Yepe3 BUIAICHHS Opymy Ji€r0 MIKpo-
XBUJIBOBOT'O OIIPOMIHEHHS;

2) 3MeHIIIeHHsI 3a0pyaHeHHsI MPo0d 3 aTMocdepu JadopaTopii, a TAKOK
yepe3 3MEHIICHHS KUIBKOCTI peaKTUBIB, 10 BUKOPUCTOBYHOThCS

3) 3MEHIIIEHHS KIJIbKOCTI PEaKTHBIB, 1110 BUKOPUCTOBYIOTHCS,

4) 3MeHIIeHHS! BUKUIB MPOOU Y HABKOJIUIIIHE CEPEIOBHUIILIE;

5) 3meHIIeHHs 3a0pyaHEHHS P00 3 aTMocdepu 1adboparopii.

18. YnbTpa3ByKOBI €J1EKTPOAKYCTUYHI TIEPETBOPIOBAY] — II€ ...
BapianTtu BiAnoBIiACH:

1) cupenu;

2) CBUCTKH;

3) m’€e30eJIeKTPUYHI Ta MAarHiTOCTPUKIiiTHI MepeTBOpPIOBaYi;

4) CBUCTKH Ta CUPCHH,

5) xamMepTOHH.

19. Sxmo ¢oToxiMmiuHa peakilis 3aJCKUTh BiJI TEMIIEpAaTypH, 11¢ BKazye

Ha Te, 1O ...
BapianTu BianoBiaei:

1) B cucTeMi mpoTikalTh BTOPUHHI peakiii;

2) B cucTeM1 IPOTIKAE KUJIbKa (POTOXIMIYHUX PeaKiiif;

3) e doToxiMiuHa peakIlis JPYroro MOPsSIKY, sika BUKOPUCTOBYETHCS SIK
XIMIYHHUH TOJWHHHUK;

4) B cucTeMi MpOTIKa€ CIpaBxHs (POTOXIMIUHA PEAKIIIS;

5) ue npotikae TunoBa goroximiyHa peakiiisi CTokca.
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20. Ha mBuAKICTh HarpiBaHHsS PEYOBUHHM MIKPOXBUJILOBUM OIPOMIHEHHSIM

BILTMBAIOTH:
BapianTtu BiANOBIICH:

1) onun daxTop;

2) nBa (akropw;

3) Tpu PpakTopu;

4) gyotupu GaKTopH;

5) i’ s1Th (paKTOPIB.

21. MikpoXBUJIbOBE BUIIPOMIHIOBAHHS. . .
BapianTu BiamoBiaei:

1) renepyerbess CBY pe3oHaTopoMm, MepeaaeTbess XBUICBOJIOM 1 MMOTpal-
JIsi€ B MarHeTPOH,;

2) TeHepPYEThCA MATHETPOHOM, NMePeIacThbCsi XBHJIEBOAOM i MOTpan-
Jasie B CBY pe3onarop;

3) reepyerbes CBY  pe3oHaTOpoM, NEpEeNaeThCs Yepe3 MarHeTpOH
1 IOTpAIUIsi€ y XBUJICBO/I;

4) renepyetbes ciouatky CBU pe3onaTopoM, jaii nmepeiacTbCsi B MarHe-
TPOH 1 MOTPAIUISIE B XBUJICBO;

5) renepyertbes Ha nepiriii craaii CBY pesonaTopom, Ha aApyrii cramii —
MarHeTPOHOM 1 TTePEAAETHCS Y XBHIICBO/I.

3amaua 1

[Tpu aii ynpTpa3ByKy Ha pO3YMHU COJIeH KOHIIEHTpariero Big S mo 150 r/n
OTpYMaHi Takl JaHl MOA0 IHTEHCUBHOCTI COHOMMOMIHECIeHITT (Tabm. 8.1). Buxko-
pucToByrouH Tporpamy Excel, moOymyBatu rpaayroBaibHi rpadiku KOHIICHTpALIi
cosieit (T/71) BiJ IHTEHCHBHOCTI COHOJIOMIHECIEHIII. BukopucToByroun rpamyto-
BaJIbH1 rpadiky, BU3HAYUTH KOHIICHTpAIll HABEJIEHUX COJICH €JIEMEHTIB Y BOJTHUX
PO3UYMHAX, SKIIO IHTEHCHBHICTh COHOJIIOMIHECIHEHIlT Oyya Takow (tabn. 8.2).
BuszHaunty BIAHOCHE CTaHIApTHE BIAXWICHHA Ta JOBIpYId I1HTEpBAaN NpU
J0BipuMid IMOBIpHOCTI 95 %.

Taomumg 8.1

IHTEeHCHUBHICTH COHOJIFOMIHECIIEHIT
COJICH €JIEMEHTIB Y BOJHUX PO3UYMHAX

IHTEeHCHUBHICTHE COHOIOMIHECIIEHIII],

Po3umn 3’eHaHHSA, 110 . 3
BiJI. OJI., Y BOJIHMX PO3YHHAX, I/IM

BU3HAYAETHCA
5 10 50 100 150
[esiit (CsCI) 162 | 353 | 17,02 | 3353 | 50,22
Py6iniit (RbCI) 092 | 340 | 1591 | 3154 | 4653
Kaniii (KCI) 090 | 322 | 1523 | 31,02 | 4505
Harpiii (NaCl) 072 | 264 | 12,84 | 26,03 | 3952
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Pe3ynbpTaTi BU3HAUYCHHS IHTEHCUBHOCT1 COHOJIFOMIHECIIEHIII1

COJICH €JIEMEHTIB Y pealbHUX PO3YMHAX

Tabnuus 8.2

, [HTEHCUBHICTH COHOJIFOMIHECIICHIIIT
Po3umn 3’€1HaHHA, : .
y BOJHUX PO3YHMHAX, BiJ. OJ1. (HOMEP BUMIPIOBAHH)
10 BU3HAYAETHCA 1 2 3 4 4 6
1223 | 1215 | 1229 | 12,09 | 1241 | 12.23
N 1,65 157 158 | 1,64 1,60 1,63
Mesiit (CsCl) 3,55 3,59 364 | 3,54 3,60 3,53
20,3 20,7 20,0 | 20,0 20,4 20,9
30,00 | 3091 | 31,00 | 3043 | 31,01 | 3052
s 1.23 127 120 | 1,22 1.30 1.24
Py6iniit (RbCl) 4.60 472 | 467 | 472 | 475 | 462
9,56 9,39 934 | 945 9,34 9.65
30,03 | 3001 | 31,09 | 30,15 | 31,00 | 30,59
N 173 1,76 178 | 1,90 1.84 172
Kaniit (KCI) 4,76 5,02 487 | 4,99 5,04 4,87
4023 | 3954 | 40,00 | 39,92 | 39,00 | 39,97
0,77 0,75 078 | 0,79 0,80 0,79
N 1245 | 1300 | 1298 | 1232 | 1228 | 12.24
Harpitt (NaCl) 3.87 390 | 401 | 385 | 400 | 398
745 754 732 | 7.0 751 7.39
3agaua 2

Ha puc. 8.1 HaBeneHO reib-XpoMaTorpaMu po3uuHIB (PYJIBBOKUCIIOT, 110

MICTATh BUCOKOMOJIEKYJIsApHi (1) 1 Hu3pkomomnekyssipHi (II) gppakiii.
D [

Pucynox 8.1 — I'env-xpomamoepamu

PO3YUHIB (DYTbBOKUCIOM, U0
micmamy 8ucokomonexynapHi (1)
i Husbkomonexynapui (1) gppaxyii

1 — suxionuu pozuur ¢hyneeoxuciom,
2 — po3uun yrveoxuciom nicis
BNAUBY YILMPA38YKOM  UACMOMOIO
44 kly, immencusuicmro 5 Bm/cv?

npomsizom 1 xs;

3 — po3uun yrweokuciom nicis
8NIUBY  YIbMPA3EYKOM  4aACHOMOIO

: . 2
44 kl'y, inmencusnicmro 6 Bm/cm

npomseom 1 xe

[loOynyBaTtu 1edt Tpadik
y mporpami EXxcel, 3usBmm yci

HeOoOX11H1 JaHHI.

04

0.2 4
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3agaua 3

VY Tabn. 8.3 HaBeneHi pe3yJapTaTH BHU3HA4YeHHS pPTyTi. Po3paxysaru
AoBipuuit iHTepBas mpu N = 6, p = 0,95.
Tabnuusa 8.3
Pe3ynbpTat BU3HAUCHHS PTYTI B pO3YMHAX XJIOPHUIY HATPIIO,
KYXOHHOI cOJl 1 po3cojax

HaiimenyBaHHs Beeaeno pryri, 3HaiieHo pTyTi, MKI/a/ S;
npoou MKT/JI, y BUTJISII (n=6,p=0,95)

Poscin pozoBima Ho? | MMX | ®MA 3aranpHa | Oprasiusi . MeTtunbHi '

Bapca-Kemnec PTYTh dbopmu pryTi | hopmMu pTyTI

(Kasaxcrar) 0 0 0 | 1,61/0,036 | 0,45/0,058 0,32/0,078
1,50 | 0,50 | 0,25| 3,82/0,035 | 1,19/0,056 0,56/0,075

Poscin CnoB’ssHcbkoro| O 0 0 0,44/0,045 | 0,15/0,058 0,07/0,082

pooBHIIA 0,20 | 0,15 | 0,10| 0,88/0,039 | 0,40/0,057 0,17/0,080

KyxonHa ciib ['epoti- 0 0 0 0,32/0,043 | 0,12/0,062 —

epieore soreL 0,20 | 0,15 | 0,10 | 0,75/0,036 | 0,36/0,059 | 0,10/0,066

npuemctBa (Ykpaina)

MMX — metunmepkypiit xaopua, ®PMA — GpeHunmepkypiit arerar.

HapaiiTe apryMeHTOBaHI BiAnoBixi
HA HaBeJ/IeHI 3aNIMTAHHS

1. [TepemniviTh METPOJIOTIUHI XapaKTEPUCTUKH PE3yJIbTATIB aHAII3Y.

2. 3 AKUMU MOXWOKaMH TOB’s3aHI1 MOHSTTS MPABHIBHICTh Ta BiIITBOPIO-
BaHICTh PE3yJIbTATIB aHATI3Y?

3. Knacudikarrist moxu0ox.

4. J1aiiTe BU3HAYEHHS OHATTSAM TOUYHICTh 1 TPEIU31MHICTb.

5. JlaiiTe BUBHAUYEHHS MOHSTTSIM NMPAaBUIBHICTD 1 BIATBOPIOBAHICTb.

6. BunankoBi moxuOku XiMigyHOTO aHamizy. 'eHepaibHa Ta BUOIpKOBa
CYKYITHOCTI.

7. MeTpoJsioriuaa OIliHKa HEMEBHOCTI (HEBU3HAYEHOCT1) BUMIPIOBAHb.

8. Ski BigoMmi criocoOu BUSIBJICHHS CUCTEMATUYHUX ITOXHUOOK?

9. B womy monsirae pi3HUIT MK HOPMaJIbHHM PO3IMOALSIOM BHUIAIKOBUX
BemuunH [ayca Ta posmogimom CrerogeHTa? OXapakTepH3yWTe PO3MOJILT
CrtprogeHTa.

10. Ha3BiTh Ba)XIUBIII CTATUCTUYHI KPUTEPIl METO/IIB aHAII3Y.

11. B yomy mnoJssiraloTh NMPUYUHU BIIXWICHHS PE3yJbTAaTiB aHai3y Bij
HOPMAJIBHOT'O PO3MOILTY?

12. Slk BU3HAYAIOTh AWCHEPCIIO Ta CTaHAAPTHE BIAXUIIEHHS PE3yJbTaTiB
aHamizy?

13. k1 BizoMi criOCOOM BHUSIBICHHS CUCTEMAaTUYHUX MOXHO0K? Oxapakre-
pU3YUTE iX.
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14. [Ilo Take cucTreMaTHU4Hi Ta BUMAIKOBI MOXMOKU? B 4oMy moysraroTh
BIZIMIHHOCTI MK HUMU?

15. Sk OLIHIOIOTH MPABWIBHICTh PE3yJIbTaTIB aHATI3Y?

16. Sk OLIHIOIOTH BIATBOPIOBAHICTh PE3YyJIbTATIB aHATI3Y?

17. o Take panaomizailisi moxubok? Ak ii 3a3Buyail NpoBOASITH?

18. OxapakrepusyiTe crocoOu OIIHIOBAHHS MPAaBWIBHOCTI PE3yJbTATIB
XIMIYHOTO aHai3y: BUKOPUCTAHHS CTaHAAPTHUX 3pa3KiB, METOJ JT00aBOK,
METO/]T 3MIHH HaBa)kOK, 31CTABJICHHS 3 IHITMMHA METOIaMH.

19. IlepeBipka rinoTe3n HOPMaIbHOCTI, TIIOTE3U OAHOPIIHOCTI PE3YJIbTATIB
BHUMIPIOBAHHS.

20. OCHOBHI XapaKTepUCTUKU METOAY aHaji3y: MPAaBUWIbHICTH 1 BIITBOPIO-
BaHICTb, KOE(IIEHT YyTJIMBOCTI, MEXa BHUSBICHHSA, HWXHS 1 BEpXHS MEXI
BMICTY, SIKMil BU3HAYAETHCS.

21. laitiTe XapaKTepUCTHUKY CTa/ii aHAIITHYHOTO MPOIIECY.

22. Eranmu mpo6oBigzbdopy.

23. Posib po6OBi1I00OPY B aHAMTI31.

24. Cnocobu ycepeHeHH poo s aHaATI3y.

25. Cnocob6u B110OpYy Npo0 peuOBUH y PI3HOMY arperaTHOMY CTaHi.

26. OCHOBHI PO3YHMHHUKH, SIK1 3aCTOCOBYIOTh B aHATITHYHIN XiMii.

27.IlepeBarn Ta HEAOJIKHM METOJIB PO3KIAJaHHS aHAII30BaHUX MPOO
CIUTABJICHHSIM Ta CITIKAHHSIM.

28. I1naBHi, sIKi 3aCTOCOBYIOTH JIJIsl PO3KJIaJaHHs MPoo.

29. llo Take ynpTpa3Byk? ki craaii aHAMITUYHOrO TIPOLIECY BiH
iHTeHCUPiKye?

30. HaBeniTh mpuKIaayd BUKOPHUCTaHHS YJIBTPA3BYKy y Mpolecax Mpo-
OO ATOTOBKH.

31. HaBenith mpuKiIagu BUKOpUCTaHHS MX-OMpPOMIHEHHSA Yy mMpoliecax
poOOMIArOTOBKH.

32. OxapakTepusyiTe MOHATTA «Bia0Ip mpob». Buau npo0d: renepanibHa,
naboparopna. Illo Take penpesenraruBHa mpoda?

33. B yomy mossirae OCHOBHE 3aBJAaHHs MPOOINOATOTOBKU?

34. Ha sxux CTaisax aHATITUIHOTO MPOIIECY MOMIIMBO BpaxyBaTH MOXUOKU
MPOOOITIATOTOBKH?

35. Jnst iHTeHcudikaiii SKuX cTaaid mpoOoMiIrOTOBKH BUKOPUCTOBYETHCS
mist yneTpa3Byky? [lepepaxyiite 1 oxapakTepusyirTe.

36. I1lo Take kaBiTaIis?

37. OcHOBHI eTamnu, MeTa Ta XapakTep MpoOiAroToBKU. Bix 4oro 3anexuTh
BUOIp METOy TTPOOOITIATOTOBKH?

38. Jlnst iHTeHcudiIKamii SKUX CTaaid MpOoOOIiArOTOBKH BUKOPUCTOBYETHCS
TTist MIKPOXBHJILOBOTO orpoMiHeHHs? [leperniuiTh 1 oXxapakTepusyure.

39. Jlnsa inTeHcuikaIii KX cTajaiii mpoOOMiArOTOBKH BUKOPUCTOBYETHCS
nist yabTpadiosieToBoro onpoMiHeHHs? [lepeniviTh 1 oXxapakTepusyuTe.
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40. lnsa inTeHcudikarii sKux cTaaiid mpoOOmiArOTOBKH BUKOPUCTOBYETHCS
HU3bKOTEMIepaTypHa miazmMa’? [lepeniuiTe 1 oxapakTepusyure.

41. KpucranizaiiiiHe KOHLIEHTPYBaHHs Ta KOr0 XapaKTepUCTHUKA.

42. IIpaBuno Crokca Ta HOr0 BUKOPUCTAHHS.

43. ®dotoximMiuHa IpodomiAroToBka. OcoOIMBOCTI POTOXIMIYHUX PEAKIIIH.

44. 3akonu ¢ortoximii. [Ixepena ynpTpadioleTOBOTO BUIIPOMIHIOBAHHS.
[Tpuctpoi mis GoToXIMIYHOT MPOOOTIATOTOBKY (3arauOHi, CripaibHi 1 T.1.).

45. llIBuaxicTs POTOXIMIYHUX PEaKIlii, Bi SKUX (HAKTOPIB BOHA 3aJICIKUTh.
SxuM yMHOM (POTOXIMIUHI peaKilii BAKOPUCTOBYIOTHCS y MIPOOOITIATOTOBIII?

46. ABTOKJIaBM Ta aBTOKJIaBHA MPOOOIIITOTOBKA. Ii nepeBaru Ta HEJO0JIKU
nepes KIIaCUYHOI0 MPOOOITIArOTOBKOIO.

47. o Take yac penakcariii 1 ie¢ BIH BUKOPUCTOBYETbCS Y MPOOOMIArOTOBLI?

48. IlopiBHsIATE MIKPOXBUIIHOBI My(eIbH1 MeUl Ta MIKPOXBIIILOBI PEAKTOPH.

49. [lopiBHANTE BIAKPUTI Ta 3aKPUTI MIKPOXBUIIBOBI CUCTEMU JIJIsl MPOOO-
IMATOTOBKHU.

50. o Take ynbTpa3ByKOBI €IEKTPOAKYCTUYHI TEPETBOPIOBaY1?

51. llo BruMBaEe Ha MIBUIAKICTH HArpiBaHHS PEYOBHUHHU MIKPOXBUIbOBUM
OMPOMiHEHHSIM?

52. IlopiBHsiiTE yNbTPa3BYKOBI BUIIPOMIHIOBAUIL: I’ €30€JIEKTPUYHI, MarHi-
TOCTPUKIIMAHI, CBUCTKH, CUPEHHU. SIKI 3 HUX BUKOPHCTOBYIOTHCS y HpOOMOmij-
TOTOBIII, JIJIS1 9OTO 1 YUM 11¢ 00YMOBIICHO?

53. AeponrHaMivHI TEPETBOPIOBAYl yIBTPA3BYKYy, iX BUKOPUCTaHHS Ta
XapaKTEePUCTHUKA.

54. T'impoauHaMiyHI TIEPETBOPIOBAYl YIbTPA3BYKY, iX BUKOPUCTAHHS Ta
XapaKTepUCTHUKA.

55. TlopiBHsWTE MOKJIMBOCTI YJIBTPA3BYKY, MIKPOXBHJIBLOBOIO BHITPOMI-
HIOBaHHS, yJIbTpadioseTOBOr0 BUMPOMIHIOBaHHS: 1) st cTabimizarllii cycrneHsi,
2) U1l pyWHYBaHHS PO3YMHHUX OPraHiYHUX PEYOBWH, 3) i iHTeHcHpikamii
KHUCJIOTHOTI MiHepami3allii Xap4oBUX MPOAYKTIB, 4) Ui 3MIHU CTPYKTYpH PO3-
ynHiB. HaBeiTh nmpukiamy.

56. OxapakTepuszyiTe MOXJIMBOCTI YIABTPA3BYKY SIK JHKepesa aHATITHYHOTO
curHaiy. HaBeniTh MpuKIIaan METOIB aHAITIRY.

57. Slxi BMacTUBOCTI YJbTPA3BYKy JO3BOJISIIOTH 1HTEHCU(IKYBATH MPOLECH
CyX01 Ta MOKpOi MiHepaJi3aili? HaBemiTe mpuKiaau.

58. UuM MOSICHIOETHCS, 1O Pi3HI PEUOBMHU TEPEXOIATh B CTaH IUIA3MHU
MIpH Pi3HINA Temmeparypi?

59. TlopiBHANTE YABTPA3BYKOBI BUIIPOMIHIOBAYl: T €30€JICKTPUYHI, MarHi-
TOCTPHKIIIHI, CBUCTKH, CHpPEHHU. SIKi 3 HHUX BUKOPHCTOBYIOTHCS y mMpoOIIo-
IT1TOTOBIT, JIJIS 9OTO 1 UMM 11€ 00YMOBIICHO?

60. [TopiBHsHITE 3 TOUKH 30py OE3MEKHM BIIKPUTI Ta 3aKPUTI MIKpPO-
XBUJIbOBI CUCTEMHU.
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AOAATOK

POBOYA ITPOI'PAMA
HABYAJIBHOI JUCIIUIIJIITHHA

1. Onuc HAaBYAJIBHOI JUCHHUILIIHNA

1.1. Hamatu TeopeTWyHi 3HAHHS Ta MPAKTUYHI HABUYKU IIOJO0 METPOJIO-
TYHUX AacCMeKTIB XIMIYHOTO aHalli3y: CHOCOOIB OTPUMAaHHS TPaayloBaIbHUX
XapaKTEePUCTHUK, CTIOCOOIB BUSBICHHS CUCTEMAaTHYHUX MOXUOOK aHami3y, a TaKOXK
y BUKOPHUCTAaHHI CY4YaCHHX METOJIIB MPOOOMIArOTOBKH NpPU BU3HAYCHHI BMICTY
aHaJITIB y 6araTOKOMITOHEHTHUX CHCTEMaXx.

1.2. OcHOBHI 3aBJaHHsA BUBUYEHHS JUCILIAILIIHU:

— Torau0JIeHe BUBYCHHS TEOPETUYHUX OCHOB Ta METOJOJIOTT METPOJIO-
TYHUX aCIMEKTIB XIMIYHOTO aHaJli3y;

— moriaubJieHe BUBUCHHSI TEOPETHYHMX OCHOB Ta METOMOJOTII CydyacHHX
METO/IIB TTPOOOITI ITOTOBKH;

— HAOyTTSA NPaKTUYHUX HABUYOK IIOJO0 CIIOCOOIB OTPUMAaHHS Tpajylo-
BAJIbHUX XapaKTEPUCTHK Ta CHOCOOIB BUSIBICHHS CHUCTEMAaTUYHUX TOXHUOOK
aHamizy;

— 3 HAHOMCTBO CTYJI€HTIB 13 CyYaCHMMH METOJaMu MPOOOIMiArOTOBKU
3 BUKOPUCTaHHSM IHTEHCU(IKAIii;

— HaOYyTTs NPAKTUYHUX HABUYOK MPOBEACHHS MPOOOIMIITOTOBKM Cydac-
HUMH METOJaMH IIJISIXOM BUKOHAHHS JJaOOpaTOPHUX POOIT.

CTyaeHT MOBUHEH 3HATH, SK:

— BUKOPHUCTOBYBATH CIIOCOOM OTPUMAaHHS TPaAyIOBAILHUX XapaKTEPUCTUK
Ta CIIOCOOM BUSBJICHHS CUCTEMATUYHHUX TTOXUOOK aHaII3Y;

— ukopuctoByBaTu [IAP Ta ctanmapTHi 3pa3ku B aTOMHO-CIICKTPATbHUX
METOJIaX aHaII3Yy;

— 00MpaTH ONTUMAJIbHY CHUCTEMY METOJIB MPOOOMIATOTOBKHU JUIsl PI3HUX
€TallB aHalli3y, PO3MOJUITYy Ta KUIBKICHOTO BHU3HAYEHHS aHaIITIB B Oararto-
KOMITOHCHTHHUX CHCTEMaX;

— BHUKOHYBAaTH €KCIIEPUMEHTAJIbHI JIOCHIPKCHHS 3 BHUKOPHUCTaHHSIM
METOJIy aTOMHO-a0COPOIIIHOT CIEKTPOMETPIi Ta CIIEKTPOGOTOMETPIi.

1.3. KitbKiCTh KpeauTiB — 7.

1.4. 3aranpHa K1IbKICTE roauH — 210.
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1.5. XapakTepucTrka HaBYaIbHOI TUCITUTIIIHU
HopwmartuBHa / 3a BUGopom

Jlenna dhopma HaBYaHHS | 3aouHa (mucTaHmiiaa) GopmMa HaBYaHHS
Pik miaroroBku
1-it | 1-it
Cemectp
1-it | 1-it
Jlexrii
16 ron \ -
[TpakTuyHi, ceMiHaApChK1 3aHATTS
roj roa
JlabopaTopHi 3aHATTS
32 ron ‘ - 1O
CamocriiiHa poOoTa
162 ron ‘ 190 rox

InuBinyanpHI 3aBIaHHS
_ \ 20 rox

1.6. 3anaHoBaHi pe3yibTaTH HABYAHHS — €K3aMEH.

2. TeMaTHYHUH IIAH
HABYAJBLHOI JMCIUILIIHA

Po3ain 1. Jlekuii (tema 1-7)

Tema 1. MeTposoriuHi acekTH XIMIYHOTO aHaiizy. MeTposoriuyHi xapak-
TEPUCTUKU aHATITUYHOTO KOHTPOJTIO.

Tema 2. [ligBuIeHHS YYTJIMBOCTI, MPEIU31MHOCTI, TOYHOCTI ATOMHO-
CIEKTPAJILHOTO BU3HAYEHHS aHAITIB B OaraTOKOMIIOHEHTHUX CHUCTEMax 3 BHUKO-
PUCTaHHSAM YIBTPA3BYKYy, MOBEPXHEBO AKTHBHHMX PEYOBHH Ta [3-IUKETOHATIB
METaIB SIK CTAaHAPTHUX 3Pa3KIB CKIIATY.

Tema 3. Teopis Ta npaktuka BinOopy mpoO. SkicTe MmpoOOBiAOOPY.
OCHOBHI TTOHATTSI 11010 TTPOOOITIATOTOBKH.

1.1. Big6ip npo06. IIpoba renepanbHa, 1abopaTopHa Ta aHaJITUYHA.

1.2. Metonu npo60BinO0OpY MOBITPs, BOJ Ta TBEPAUX MaTepialiB.

1.3. OcHOBHI TOHATTS W00 MPOOOIMIArOTOBKH. MeTa, 3a/madi Ta eTramnu
npoOomniaAroroBku. OO0nagHaHHSA, 110 BUKOPUCTOBYETHCS Yy MpoIect mpoodo-
MM ATOTOBKHU.

Tema 3. BukopucTaHHs BHCOKOTO THCKY Ta MIKPOXBHJIBOBOTO OIPOMI-
HeHHs (MX) B iHTeHcH}iKallli TpoOONIArOTOBKH.

3.1. ABToksiaBu B iHTeHcU(]iKaIi mpoOomiaAroToBku. THUIH aBTOKJIABIB.
[Ipuknaan npakKTUYHOTO BUKOPUCTAHHSI.
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3.2. MX-onpoMiHeHHs B 1HTeHcH(iKaiii npodomiaroroBku. MX medi.
[Ipuknagym MpakTUYHOTO BUKOpHCTaHHS MX-0mpOoMiHEHHS y mpoleci mpooo-
niiroroBku. KoMOiHalis apTokaaBHoi Ta MX mpo0OOmiAroTOBKHU.

Tema 4. YbpTpa3Byk B iHTeHCU(DIKaLIT TPOOOIIATOTOBKH.

4.1. 3arayibHi B1IOMOCTI 1I0J0 YAbTpa3Byky (¥Y3) Ta oro aii Ha pedo-
BUHY. YJbTpa3ByKOBI reHepaTopu Ta Y3 BUIPOMIHIOBAYI, iX XapaKTEPUCTUKU
Ta BUKOPHUCTAaHHS B IHTEHCU]IKAIlT MPOOOMIIATOTOBKH.

4.2. Y3 B i"TeHcudikaiii cTaaiii mpoOoMmiIrOTOBKU: PO3YMHEHHS, PYHHY-
BaHHS PO3YMHHHUX OPTraHIYHUX CIIOJYK, MiHepami3alii, cTtaOuri3amii CyCIeH3IH,
KOHLEHTPYBaHHsI, 3MIHU CTPYKTYPH PO3YHHY Ta 1HIIIE.

4.3. Ilpukiiaqy TPaKTUYHOTO BHKOPUCTAHHS yIbTPa3BYKy y TpoIeci
npooomiaroroBku. [TopiBasauga MX ta Y3 mpo0OomiAroToBKH.

Tema 5. YiubrpadioneroBe Ta iHdpadyepBoOHE ONMPOMIHEHHS 1 HU3BKOTEM-
nepaTypHa Iia3Ma B IHTeHCH]iKarii mpoOomiATOTOBKH.

5.1. Vubrpadionerore (YD) onpomMiHeHHs] B IHTEHCHIKaIli mpoOomi-
roToBKH. PyliHyBaHHS PO3YMHHUX OPraHIYHUX PEUOBHH Ji€t0 YD onpomMiHEHHSI.

5.2. InppauepBoHE ONMPOMIHEHHS B IHTEHCHU(iKaLlli TPOOOMIITOTOBKH Xap-
YOBHX NPOAYKTIB. IHTeHCHDiKalis CyX01 MiHEpasi3allii XapuoBUX MPOAYKTIB.

5.2. HuzbkoTeMmneparypHa miazMa B iHTEHCH(IKaIli mpoOOmiAroTOBKHY.
HusbkoreMnepatypHa miazMa B 1HTeHCH(IKalli MiHepami3alii XapuyoBHUX
MPOJIYKTIB.

Tema 6. Poskputtst npo6. Tpaaumiiiai i cydacHi cmocoOH, BKIIIOUAIOYU
BUKOPHUCTaHHS (DI3MUHUX METOIB: BUCOKOTO THCKY (QBTOKJaBH), yJabTpadiose-
TOBOT'O Ta MIKPOXBUJIBOBOTO ONPOMIHEHHS, YJAbTPa3BYKy, HU3bKOTEMIIEpATYpPHOT
TUTa3MHU.

6.1. Po3knananHs aHami3oBaHol npoOu. Po3kianaHHs peyoBUH 0Oe3 Ximid-
HUX peakiliii. PO3unHHUKY J171s1 HEOPTaHIYHUX PEUOBHH.

6.2. «Mokpi» crocobu po3KiIanaHHS: 00poOKa MiHEpPaJTbHUMHU KHCIIO-
TaMHi, OOpOOKa OpTraHIYHHUMH KHCJIOTaMH;, OOpOOKa BOJHMMH PO3YHMHAMU
coJieii. Po3unHeHHsI MeTamB B KHCJIOTaX 1 pO3UMHAX JIYTiB.

6.3. «Cyxi» criocoOu po3KJIaJaHHs: CIUIaB 3 JIY>)KHUMH TUIaBHSIMM; CILIAB
3 KUCJIIOTHUMH TUIABHSIMH; PO3KJIAJIaHHS CIIKAHHSIM; PO3KJIaJaHHS TIPH HArpi-
BaHHI 3 cojsiMu amoHito. CruiaBiaeHHs 31 propunamu, gocdaramu, boparamu,
TAPOKCUIAMHU 1 KapOOHATAMM JTY>KHUX METAIIB.

Tema 7. BuxopucranHsi HanpaBJI€HOI KpHCTaji3aiii JJis rPyrnoBOro Ta
1H/IMBITyaJIbHOTO KOHIICHTPYBaHHS. [HTeHCH(IKaIls HAMpaBICHOT KpHCTai3ari
TI€r0 30BHIMIHIX (PI3UIHUX MOJIIB.

Po3nin 2. J1aGopaTopni 3auaTTs (Tema 8—12)
Tema 8. BusnaueHHs aHamiTiB B HaQTONPOAYKTaX Ta IpyHTax OUIs
ra3oflo0yBHUX CBEPAJOBUH 3 BUKOPUCTAHHSM YJIbTPa3BYKy, ITOBEPXHEBO
AKTHUBHUX PEYOBUH Ta [3-AMKETOHATIB METAJIIB.
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Tema 9. YibpTpa3Byk B iHTeHCH(}IKAIIT PO3YNHEHHS XapUOBUX MPOIYKTIB
Ha IPUKJIAJl KyXOHHOI COJI Ta IYKpY.
Tema 10. YnpTpa3zBykoBa iHTeHcH(ikaiiss TpoOONIArOTOBKM IIaMIIaH-

CbKHX BHH.

Tema 11. Cyxa miHepai3anis XapuyoBUX MPOAYKTIB 3 1HTEHCU(IKALIEO
1H(ppadepBOHUM OIIPOMIHCHHSIM.
Tema 12. Mokpa MiHepasizallis XapuoBUX MPOAYKTIB Ta 11 IHTEHCHU(IKa-
ITiS JII€F0 YIIBTPA3BYKY.

3. CTpyKTypa HABYAJIBbHOI

TUCHUILTIHA
KutpkicTs rogua
H%BH Jlenna dopma 3aouHa (hopma
POSALIE vy 1 Y Tomy yucni
- TOMY YHUCII T
1TeM Ycporo Y - Ycporo Y :
T 7al. | 1HA. | C.p. m. | jab. | HA. | c.p.
1 2 5 6 7 8 10| 11 | 12 13
Po3ain 1. Jleknii
Tema 1 14 4 10 22 2 20
Tema 2 14 4 10 22 2 20
Tema 3 12 2 10 22 2 20
Tema 4 12 2 10 22 2 20
Tema 5 12 2 10 22 2 20
Tema 6 11 1 10 22 2 20
Tema 7 13 1 12 22 2 20
Pasom 32 88 | 16 72 | 154 14 | 140
posauiom |
Po3zaii 2. JIaGopaTopHi 3aHATTS
Tema 8 26 8 18 12 2 10
Tema 9 24 6 18 12 2 10
Tema 10 24 6 18 12 2 10
Tema 11 24 6 18 10 10
Tema 12 24 6 18 10 10
Pasomsa | 45, 32 9 | 56 6 | 50
PO3ILIOM 2
Yenoro 210 | 16 32 162 | 210 20 | 190
TrOUH
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4. Temu ceMiHapCbKHX
(MpaKTUYHMX, JA00OPATOPHMX) 3aHATH
KinpkicTs ronun
Ne
o/ Ha3zpa Temu Jenna | 3aouHa
dbopma | hopma
BusHauenHs aHaniTiB B HaTOMPOIyKTax Ta IpyHTax
Tena 8 Oust Ta30100yBHUX CBEpPAJIOBUH 3 BHKOPHCTaHHAM 3 5
yIBTPa3ByKy, TIOBEPXHEBO aKTHUBHUX PEUYOBUH Ta
-AMKeTOHATIB METAJIB
Tena 9 YHLTpa3§yK B iHTeHcg(biKauiI PO3MMHEHHS XapuoBHUX 5 9
IPOJIYKTIB HA NPUKJIAJIl KYXOHHOI COJIl Ta LIYKPY
Tena 10 VnbTpa3sBykoBa  IHTEHCH(]IKaIis MpOOOMIArOTOBKU 5 2
[IAMIIAHCHKUX BUH
Cyxa MiHepaii3alisi XapyoBHX IMPOIYKTIB 3 1HTEHCH-
Tema 11 . ) 6
¢ikaiero iHppauepBOHUM OITPOMIHEHHSIM
Tena 12 MOKpa MiHepaHi.z.auiﬂ XapuyoOBUX TPOAYKTIB Ta ii 6
IHTEHCH(]IKaLllsl TI€I0 YIBTPa3BYKY
Ycboro 32 6
5. 3aBaaHHs NI CAMOCTIITHOI po0oTH
KiekicTs roansa
Hasga temu Popma
Henna popma | 3aouna popma KOHTPOJIIO
Tema 1 10 20 OnuTyBaHHS
Tewma 2 10 20 OnuTyBaHHS
Tema 3 10 20 OnuTyBaHHS
Tema 4 10 20 OnutyBaHHs
Tema 5 10 20 OnutyBaHHs
Tema 6 10 20 OnuTyBaHHS
Tema 7 12 20 OnutyBaHHs
Tema 8 18 10 Jlortyck 10 1abopatopHOi
poboTH
Tema 9 18 10 Jlortyck 10 1abopatopHOi
poOoTH
Tema 10 18 10 Jlomyck 10 1ab0paTtopHOi
poOoTH
Temall 18 10 Jlomyck 10 1abopaTtopHOi
poboTH
Tema 12 18 10 Honyck 1o nabopaTopHOi
pobotu
Ycboro rogux 162 190
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6. InauBinyabHi 3aBIaHHA
Tinpku 715t CTYJIEHTIB 3a04HOi ()OPMU HABYAHHSA: JICKII 3a TeMamu 1—7
y ¢dopmi cmiBOecimu — 14 roawnH; nmabopaTopHi 3aHATTS 3a Temamu 8—10 —
6 ToauH.
7. MeToau KOHTPOJII0
OnurtyBaHHs, TOMYCK /10 1a00paTopHOi poOOTH, EK3aMEH.

8. Cxema HapaxyBaHH# 0aJiiB

Jlenna ¢hopma HauaHHS

IloTouHe TecTyBaHHS Ta caMOCTiiiHa poOoTa Pazom | Ex3amen | Cyma
Po3mun 1 Pozain 2
T1-3|T4-5|T4-5| T8 | T9 T10 | T11 | TI2 60 40 100
6 7 7 8 8 8 8 8

3aouyHa (hopMa HaYaHHs

[ToTouHe TecTyBaHHS Ta caMoCTiifHa poboTa Pazom | Ex3amen | Cyma
Poznin 1 Poznin 2
T1-3| T4-5|T4-5| T8 | T9 T10 | T11 | TI2 60 40 100
12 | 12 | 12 | 12 | 12

T1, T2 ... T12 — Temu po3aimiB.
Ex3ameH BBaXa€eThCs CKIIAJICHUM, SIKIIO CTYJICHT HAOUpae Ha eK3aMEH1 He
Meniie 10 6anis.

Ikaja oiHIOBaHHA

Cywma 6aniB
3a BC1 BUJIU HABYAJIBHOI JISUIBHOCTI
MPOTATOM CEMECTPY

Or1iaka
JUTSL €K3aMEHY

90-100 BIZIMIHHO
70-89 noope
50-69 3aJ0BIJILHO

1-49 HE3aI0BLUIBHO
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