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B KkoHCHEKTI JIEKII 3 po3MIsialoThes MaTeplaid Ipo CKIad 1 pecypcu
BITYM3HIHUX (HOCHOPUTHUX POJIOBUII, HOBI XIMIYHI TEXHOJOIIi OJlepKaHHS
MIHEpaJIbHUX JOOPUB 3  CHPOBUHHU, SIKa BIJPI3ZHAETHCS BIAHOCHO HHU3BKUM
BMicToM (dochopy, ajne MICTUTh IHIII I[IHHI €JIeMEHTH, B TOMY YHCII
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BCTYII

B TexHoi0r1i HEeOpraHiYHUX PEUOBHH B OCTaHH1 POKM HANOUIBII CYTTEBO MOTPEOYE
MeperJisii TEXHOJIOT1i MiHEpaJIbHUX PEYOBUH 1 B ocoOucTocTi pochopHux noopus. Tomy €
JEeKUIbKa MpUYMH. JIOBOJI JIOBrO CIOCTEPIrajJoch pi3Ke 3MEHLIEHHS 3aCTOCYBaHHS
MiHEpaJbHUX JIOOPUB B CUIBCBKOMY TocmojapctBi. BinOyBanmace 3MiHa dopm
roCroAapiOBaHHs, KOJIM 3aMICT KOJIEKTUBHUX TOCIOAAPCTB MPUHILIA pepMepChbKi popMu,
AKI B JOCTAaTHIM Mipl HE OBOJOAUIM CYYaCHHUMH METOJaMU TOCTOJAPIOBAHHS MPH
BIICYTHOCTI ~ BHCOKONPOAYKTHUBHOTrO oOnagHaHHsA. Bce e mnpusBeno A0 majiHHA
MPOAYKTUBHOCTI Mparli 1 Oylau pi3KO 3HUKEHI MOXJIIMBOCTI 3aCTOCYBaHHS MiHEpaJIbHUX
n00pUB Mig4ac po3nagy paAsHCHKUX KOJIOCIHIB Ta 3aMIHM iX Ha MpPUBATHI (epMepChKi
rocrnoAapcTBa. 3 IHIIOTO OOKY CIOCTEPIraeThCs 3pOCTAHHS 1iIH HA €HEProHOCIi, 0COOIUBO
Ha MPUPOJHUIN ra3, sKiil 3aCTOCOBYETHCS Y BUPOOHUIITBAX KapOaMmiay, aMiaky, a30THHX,
KanmieBux Ta (ochopHux nobpus. Binbymach 3amiHa [€mIeBOro Ta BUCOKOSIKICHOTO
anaTuTy, 1o mnoctaBisiBcs 3 Pocii 1 sgkull mepepoOssuid  yKpaiHChKI 3aBOJU  T10
BUpOOHULTBY (ochaTtHux N0oOpuB, Ha adpuxaHchki Gochoputu. Ane ansa nepepoOku
dhochopuToBOi CUPOBUHM HEOOX1HA OCOOMCTAa TEXHOJIOTIA OJepkKaHHA NOOpuB. Mix
IHITUM BIZIOMO, IO B YKpaiHi HaaluyloTbcs (ocdaTHl poaoBuila, mepepodka sSKuUX Ou
J03BOJIMJIA T030aBUTHCH TPAHCHOPTHUX BUTPAT HAa 3aKOPJOHHY CHPOBUHY. YKpaiHCBKI
pPOJIOBHIIIA MIPEICTABICH] B OCHOBHOMY HE amnaTuTami, a pochopuramu, ki MICTITh MaJo
dbochopy, Ta yacToO MarOTh HEBEIUKY MOTYXKHICTh, ajie MICTATh PiAKO3eMenbHI ab0 1HIII
[IHHI PEYOBMHHU. 3aCBOEHHS TaKUX POJOBHUI TaIbMYETHCS BHCOKMMH BUTpaTaMu Ha
30arayeHHsl arpopyau. ToMy B OCTaHHI pOKH B YKpaiHi 3 SBISIFOTBCS HOBI TEXHOJOTIi
onepkaHHs GochHopHUX TOOPUB 3 BITYU3HIHUX POJIOBHUILL, B TOMY YUCI1 KOMIUIeKCH1. Cif
BIIMITUTH BITUYM3HSHI TEXHOJIOTIT ojiep>kaHHsl rpaHdocy Ta cynepdocy, cynepdocdary 3
no0aBkaMu MiKpoenaeMeHTIB. Jlo HOBUX TEXHOJIOTii aBTOPOM BIJHECEHO 1 BUPOOHHUIITBO
CUHWIBHOI KHCIIOTH, TOMY IO BOHO III€ HE BIPOBA/KEHO, aj€ MAa€ MNEPCHEKTUBU B

MaiiOyTHbOMY.



Tema 1 PECYPCH ®OCPATHOI CUPOBUHU YKPATHU

B ocranni poxu "dochopHuii moTeHmian" VYkpaiHu, 3aBASKHM 1HTEHCHUBHUM
r'e0JIOrOpO3BiAyBaIbHUM poboTaMm, mimHsATO 10 piBHA 4 miupa. T P,Os, a moknanu
dbochopuTHOi CUpPOBUHU po3BigaHi Ha TeputTopii 13 obOmacteit. IlporHo3Hi pecypcu
dbochatHux pomoBull YKpaiHH, OCBOEHHS SKUX B HaWOMMWK4id TEpPCIEKTUBI
MIPECTABISETHCS MPOMUCIIOBO JOLUUIBHUM, ckiamaroTe 516 muH. T P,Os. Ilepexim mo
MPOMHUCIIOBOT €KCIUTyaTalli IUX POAOBHI JO3BOJIUTH IIOPIYHO, MPOTIroM OaraThoX
JIECATUPIY, BHOCUTH Y TPYHTH HEOOXITHY KUTbKICTh P,Os - 2,4 MuH. T 1 Olble.

B VkpaiHi po3BilaHO 4OTUPH POAOBUILA ATATUTOBMICHUX MOPIJ Ta BIAKPUTO YOTUPHU
dbochoputonocHi paitonu (6aceiinn): JloHenpkuii, BonuHo-Iloninbchkuii, YHeUChKUH 1
[IpudyopHomopcekuii. [loTemep 3 HUX J€TadbHO OOCTEXKEHO 1 MIATOTOBIEHO MO
eKCIUTyaTalii poJoBHUIIA anaTUTOBUX 1 (pocPopuToBUX MOpiA 3 HAAIMHUMHU 3amacaMu
¢docdarnoi cupoBunu Ha piBHi 100-120 miuH. T P,Os.

OcCHOBHI pOJOBMINA KOMIUIEKCHUX amaTtuToBux pya — 1e HoBononrascbke,
Crpemuroponcbke, TopumHchbke Ta HocauiBcbke. HaWOuIbll MEpPCEKTUBHUM €
CtpeMHTopoJichke POJOBUIIE KOMIUIEKCHHX amaTUTO-UIbMeHITOBUX pya (PKuTomupchka
obnacth, nobnuzy Ipm I'3K - Ipmancekoro ripunuo-36arauyyBanoro kom0inary). Jlo peul,
y MexXax YKpaiHChKOIO IpaHiTHOrO HIMTa PO3TalloBaHO W IpiiaHChbKUN TipHUYO-PYIHUN
paiioH, /i€ € HU3Ka MomnepeaHbo oliHeHuX (Outbmie 10) anmaTUTOBMICHUX PYIONPOSIBIB 3
cymapaumu pecypcamu 258 miaH. T P,Os (Bmict P,Os B pyai - Bix 3 1o 10% P,0s):
denopiBcrke, Bumoboperke, JlaBunkisebke, [TapomiBcrke, KponuBeHchKke Ta 1H.

BunoGytok pyau Ctpemuropoacbkoro pogosuiia (3amacu 31,8 miH. T P,Os, BMICT
P,Os y 2,7-2,8%) niikoM peanbHO TPOBOJUTH BIIKPUTHM CIIOCOOOM 3 TOAQIBIITUM
30arayeHHs M 1 pPO3MOJAUIOM pPYId HA alaTUTOBUH Ta UIBMEHITOBUH KOHIICHTPATH.
Hocsrayto ctyninb BuiydeHHs P,Os B konmentpat (38% P,0s) B mexax (60+£1)%. Ha
0a31 IbOr'0 POJOBUIIIA MOKHA CTBOPUTH MIAMPUEMCTBO 3 pIUHUM BUPOOHUIITBOM 860 THC.
T allaTUTOBOT'O KOHIIEHTPATY, 1110 IPUAATHUNA 715 ojiep kaHHs (ochOpOBMICHUX JOOPUB 32
TPaAULIIMHUMU CYJIb(PATHOKUCIOTHUMU TEXHOJIOT1sIMU. OCBOEHHS pOJIOBUIIA TOTpeOye

KaImTaJIbHUX BKJIagadb Ouremre $730 MutH.



Menmux kamiTaibHEX BKIageHb ($500 MutH.) moTpeOye ocBoeHHS DeqopiBChKOTO
(GTOpanaTuTOBOrO poOAOBHINA (MOXJIMBUNA I1HBECTOp - CILUIbHE YKPaiHCHKO-POCIHCHKE
mignpueMcteo  "TAKO"), HocauiBcbpkoro amaTUTO- UIBMEHITOBOT'O POJOBUIIA B
Uepkachbkiit 06s1acti (iHBecTop - uepkacbkke TOB "Tio®a6, JIT/").

JUisi CUpOBHHU KOMIUIEKCHUX almaTUTOBUX POJOBUI MPAaBOMIPHO 3aCTOCOBYBATHU
BU3Ha4eHHs "pyaa'", TOMy 110, MOPsS 3 anaTUTOM, 3 L€l CUPOBHHM JOLIBHO BOJHOYAC
BilokpeMHIoBaTH 1 1bMEHIT FeTiOs, piakicHO3eMeNIbH1 METaIu TOIIIO.

Haiiznaunimum B VYkpaini € HoBomonrtaBceke (3amopizbka 00J1aCTh) amaTUTO-
piAKICHO3EMEIIbHE POJIOBHIIE 3 3amacoM pyau 791 muH. T 3 cepeanim BmictoM P,Os 5,2%
(3amacu mo P,Os - 73,5 maH. T). Po3pobneno TEO OyniBHUIITBA MiA3€MHOT KOTAJbHI 1
30arauyBaibHOi (haOpUKH MIOPIYHOIO TOTYXKHICTIO 16 MiH. T pyau, cedbro 600 THC. T
anaTUTOBOro KOHIEHTpaty 3 BMicToM 39,4% P,0s. BumoOytok pyaum mnependayaeThes
MPOBOJUTH MIA3EMHUM CIOCOOOM 3 KaMEpHOIO BHUIMKOIO 1 MOJANbIIMM OOBaJIeHHSIM
nokpisii. Kopa BUBITpIOBaHHS MO’K€, MPUHILUIOBO KaXKYy4H, BIAPOOIATUCA U BIIKPUTUM
Ta CBEPAJOBMHHUMHU CHOCOOAMHU, MPOTE HACHIIKOM IbOTO OyJae  MOTIpLIEHHS IS
JOBKLUISI €KOJIOTTYHUX YMOB.

BukopucrtaHHs HOBOIOJITAaBbKOiI pyIW CTaHE pEHTAOENbHUM JIMIIE 3a YMOBHU
BUJIYYEHHS 1 LUIBOBOIO 3aCTOCYBAaHHS KOHIIGHTPATIB PIAKICHO3EMEIbHUX MeTajiB. 3a
HasIBHUMH B CBITOBIM MPAKTHULI TEXHOJOTIAMH Nepepodka noaioHo1 hochaTHOi cUpOBUHU
MOJXKJIMBAa HITPATHOKUCIOTHUM criocoOom. [leBHimie 3a Bce, 11 0O0CTaBMHA CIPOMOKHA
BIJIIrpaTU ¥ MO3UTUBHY POJIb, IPUHAWMHI O€pyyu 0 yBaru BIJOMY TEHJCHIIIO B YKpaiHi
II0JI0 3BYXKEHHS acOpTHUMEHTY (ochopBMICHUX JOOPUB (HANPUKIIAT, HA BITYU3HIHOMY
PUHKY IPAKTUYHO BiICYTHS HITpoaMo(docka).

3Ha4H1 IepCcreKTUBU YKpainu 3 3a0e3neueHHsM hochaTHOIO CUPOBUHOIO TIOB’ s3aH1 3
docdaramu, BeNMKi 3amacu SKUX OCTAHHIMHU pokaMu BusiBieHI B IliBHIYHO-3axigHOMY
kpai, cepeanbomy [Ipuanictpor’i, [Ipuuopnomop’i, AHinpoBchKo-J{OHEBKOMY pErioHi.
B3zaranni, kinbkicTs popoBuill ¢pochoputiB B YKpaiHi (y TOMY YKCI1, HEBEJIUKUX) OJM3bKO
360.

3a mopdonorivHuMH  popMaMH  YKpaiHChKl (HOChHOPUTH MIIPO3AUISIOTECS HA

’KOBHOBI, 3epHHUCTI 1 (ochoputu 3mimanoro tumy. KoBHOBI (ochopuTu HaNHOUIBII



npuaaTHi 17 BUpoOHUITBa hochaTHOoro GopomHa. Yepenamikosi (060s10B1) dhochoputu
MeHII e(dEeKTUBHI, aHDK *OBHOBI. Pecypcu MicuieBuX (HEBEIMKHUX) POJOBUIL 3€PHUCTHX
dbochopuTiB, TEK NMPUAATHUX JJIsI BUpOOHUITBA PochopuTHOrO OOPOIIIHA, CKIIAIal0Th 2-
4 miipA. T B HaTypi; >KOBHOBUX (pocdoputiB — 300 MiIH. T.

KoBHOBI ykpaiHchki hochoputu (OKpeMi KOHKpEIIii — )KOBHA — po3MipoM Bif 1-2 10
10-15 cM, BKiIIOYEHI B MICOK, TJIMHY, KpeWay 1 HEpIBHOMIPHO PO3MOAUICHI B IMYCTIH
Mopo/Ii) 3 MOTYyXHICTIO ImapiB y 0,25-0,75 M) npencrabiieHl PaTHIBCBKUM POJIOBHINEM Ha
Bonuni, rmuboko3ansrarouum KponeBenbkuM pojoBuiieM 3 3amacoMm 293 muH. T P,Os 1
Cepenuno-byncekoro miomiero y CyMmchkiii 00s1acTi, mEepCeKTUBHUMH (opMallisiMd B
KaniBcekomy Ilpunninpos’i 1 Cepennbomy I[IpunHicTpoB’i (pecypcu Ha3BaHUX ILISIM
nepeBuinytoTh 100 mau.t P,0s). He Moxna omunyTu yBaroto PatHiBchke dochopucte
poJloBHUIIlEe, MPUHANMHI TOMY, L0 BOHO B)K€ YaCTKOBO €KcCIUTyaTyeTbes. Ilmoma mporo
poaosuia — 63,5 KMZ, 3anacu nopoau — 128 miuH. T, %0BH — 60,6 mun.T, P,Os — 7,31
MiH.T. Cepenniit Bmict P,Os y mopoai — 5,59%. Tosma mopia mokpisiai — 13-15 M, 1o
CHpHUsI€ BIAKPUTOMY BUIOOYTKY «pyAM» 3 BAKOPUCTAHHIM 3€MCHAPS/IIB.

Ha xanb, popoBuille XapaKTEPU3YEThCS 3HAUHOIO PO3KHUJIAHICTIO HA HEBEIUKHUX
IUISTHKAaX, $Ki, JO TOrO 3K, PO3TAIIOBaHI TiJi OCBOEHUMH CUIBCHKOTOCIOAAPCHKUMHU
3emiiiMH. Bce 3k 3 JKOBH, HOOYTHX 3 JOCTYMHHUX JUISHOK POJOBHUINA, HICIS PO3MOIY
0JIepXKyI0Th arpopyny 3 BmictoM 10-13% P,Os, a micns daoranii miei arpopyau ( 3 60-
80% Buninenusam P,Os 3 moponn) — koHIIeHTpaT 3 BMicToM 22-23% P,05 (dhocboporrno 11
copTy). PiuHa mOTYXHICTh MpaIo0uoro mianpuemMcTsa — 10 200 TUC. T KOHIEHTPATY.

docdoputoBe OOPOITHO €PEKTUBHO BUSBIISIE CBOI MOKUBHI BIACTUBOCTI, MEPEAYCIM,
Ha 3aKHUCICHMX TIpyHTax BojauHCBhKOI Ta IHIIKUX 3aXimHUX oOjactedr Ykpainu. B
NOJANBIIOMY, TPU PO3BUTKY TIPHUYHO-30aradyyBajbHUX MOTY>KHOCTEH, MOXKIJIHMBO
3a]lydeHHs PaTHIBChKOi (hochOpUTHOI CUPOBUHHU A0 NepepoOku y GocdopBMicHi JoOpuBa
tuny cynepdocdar, cynepdoc abo amodocdar.

o ¢ochopuroHocHUX PpalOHIB TNPOMUCIOBOTO 3HAYECHHS HaJekKaTh TaKOX
I3tomcbko-JloHOackkuii  paifoH, posrtamoBaHuii Ha JliBoOepexxi Ykpainu. Bin

cknagaerbest 3 Kpemeneuwkoro,  KpuBonyubkoro,  Jlucuuancbkoro,  Maino-



KamumeBaxcokoro, Cnap’sHo-baxmyrcekoro 1 CeHU4eHO-ApeMiBCHKOIO  POIOBHIILL
’KOBHOBHX (hochHOpHTIB.

I3romcebKi koBHOBI pochoputu y minepano-nerporpadiuHoOMy BiAHOLIEHHI MO10H1
10 KposieBelbkuX (ochOpUTIB: KOHKpELli, TOJIOBHUM YMHOM, MIMIAHUCTI, BMIcT P,Os —
14-19%. Ilo3uTHBHI SKICHI O3HAaKH 13IOMCbKUX (QOCPOpUTIB — 3HAYHUH BMICT
JTUMOHHO(LIUTpATHO)-po3unHHoro P,Os (mo 50-53% Big 3arambHoro BMmicty P,0Os) 1
HeBesmka cyma R,0; (e R — Al Fe) — 61u3bko 3%.

OcTaHHIM yacoM Ha cXOoAi Ta MmiBAH1 JIOHEeUYMHHU BIIKPUTI TPOMHUCITIOBI 3aI1aCH HOBO1
U1l YKpaiHu CupoBUHU (POCPOPUT-TIAYKOHITOBI MICKH, OCOOIUBICTIO IKUX € TIBUILICHUN
BMICT ocdopy Ta Kaliio 1 1y)Ke HU3bKUN — TOKCUYHUX KaJIMiI0, ypaHy, TOpIio, a caMe: Yy
Kapnicbkomy kap’epi — Micusg BUA0OyTKY Meprento (kanbuut CaCOs + gonomit MgCO3)
st AmBpocieBcbkoro AT «JloHlleMeHT, a TakoX moOnu3y paitiieHTpy Crapoberiese.
HasBHicTh 3Ha4HOI KUIBKOCTI BKazaHux moxuBHHX enemeHTiB (P 1 K) B 3acBoroBaHux
dbopmax 0OYMOBIIIOE MOXJIMBICTh MPSIMOT'O BUKOPUCTAHHS I[I€T CUPOBUHHM 0€3 XIMI4HOT
nepepoOKH, IO CYTTEBO 3/ICIIEBIIOE MPOTYKIIIO.

Jlo 3naunux poaoBunl Jlonbacy HamexuTh Takok OCHKIBCBKE pOJOBHUILE
dbochoputi (CtapobemniBebkuii paitod Jonenpkoi o6acTi 3a 20 KM MiBAEHHO-3aX1THIIIE
BiJ 3aii3HMYHOI cTaHIlii KyreitnikoBo). PonoBuiiie mae ¢hopmy cMyru mupuHoro 10 1,5 km
1 10BXHUHOIO 110 4 kM. DocdaTHa cUpOBUHA B HBOMY IIPEICTABIICHA MIIIAHUMH MEpPreIsiMu
1 KBapI-rJIayKOHITOBUMH IICKOBUKAMH, IO BKIIIOYaOTh QocdaTHi 3epHa, MIKPOKOBHA 1
OBHA. 3araibH1 3anacu GpochopuToBOi MOpoau B Hajpax ckianarTs 230,5 muu.T (11,2
MiH. T P,Os) npu cepennpomy BMmicTi P,Os B moponi 4,84%. 3a cTyneHeM BHBYEHOCTI
reoJioriyHoi OyJ0BH, CKIIany, 30arauyBaHocTi (ocoputiB OCUKIBCHKE POJOBUIIE 3aiiMae
npoBinHe Mmiciie B Ykpaini. PonoBumie 3 dacy BigkputTTss B 1983 porii roryBanocs sk
BiTuM3HsIHa 0a3a (HochHOpUTHOI CUPOBUHHU, TOMY [JIsl OCHKIBCHKUX (OCHOpPUTIB BKE
BUIIPOOYBAHO TEXHOJIOT1IO 30araueHHs MHHOIO Cenapalli€o 3 oJAep>KaHHsIM KOHIICHTPATY 3
BMicToM (20£1)% P,0Os (pochoputae 6opomrno 111 copty).

IliBnenno-3axigna ninssaka OCHKIBCHKOTO POJIOBHUINA (3amacu nopoau — 28,4 MIH. T;
1,41 muu. T P,Os) xapakTepusyroThcsi Tpoxu Ouibll Oaratumu Qocdoputamu (5,98%

P,05). 3 HUX MOKpaIlleHHSIM METOy 30araueHHs (3aCTOCOBAHO I W METOJ| €JIeKTPUYHOT



cemnapailii) BJA€ThCA OTPUMATH KOHIIEHTpAT 3 MacoBow yacTtkoio 28% P,0s (BuiryueHHs
KOHIEHTpPATy 3 BUXiIHOI cUpOBUHH — 50%).

JlocuTh peaqbHUMU MPEICTABISIOTHCS MEPCIEKTUBU OCBOEHHS (HochaTHOT CUPOBUHU
3epHUCTOr0 1 TIayKoHIT-pochopuToBOro THUMIB BIAMOBIAHMX pojoBull I[liBHIYHO-
3axigHoro periony, Cepeansoro JliBob6epexxnoro Ilpuanicrpos’si, IlpuuopHomop’s
(Bonunceka, PiBHeHchka, XwmenbHuilbka, JIbBiBchbka, Opjecbka Ta 1HIN 00yacTi), e
MPOTHO3HI pecypcu (GochOpHUTIiB MpU TIAMOWHI 3asATaHHS MPOAYKTUBHUX TOPU3OHTIB
bk 10 100 M omineHo y 2600-2700 muH. T P,Os.

VY paitoni Cepeanboro JliBoOepexHnoro [IpuaHicTpoB’s BusiBieHO 4 MEpCIEKTUBHI
wionni: 3o3yJenbky, XmenbHullbKy, ®amuiBcbky 1 JlyHaeBeubKy 3 MPOrHO3HUMHU
pecypcamu 122 muH. T P,Os. IloTyxkHicTe mactiB mokianie — Big 0,9 mo 3,4 w,
MakcuManbhuii BMicT P,Os mocsrae 12,4%. YV Mexax oKpeMHX IMOKIAJIB MEPeBaX)arTh
Tak 3BaHl 3MimaHi_dochoputu (ce6TO 0JHOYACHO NPUCYTHI (HOCHOPUTH PI3HUX THUIIIB).
Ha nux dochoputoHOCHUX MIONIaX HAWMEPCHEeKTUBHIIMMU pojoBUlaMu (hochopuTis
3mimanoro tuny € JKBaHcbke 1 OnbxoBelpke. B mepmomy 3 Hux Bmict P,Os B moponi
nocsirae 10%, 3anacu — 5,378 muH. T P,Os. 3a TEXHIKO-€KOHOMIYHUMHU PO3PaXyHKAMH,
MIPU OCBOEHHI POJOBHINA JICIIEBUM IMiA36€MHUM CIIOCOOOM — IITOJIBHSIMU 1 TIPU PIYHOMY
BUIOOYTKY 550 TuC. T «pyau», Buxoli ¢ochoputoBoro 6opomHa Ha piBHi 400 Tuc. T
po3paxyHkoBa BiamyckHa 1miHa 1 T mpu 30% piBHI peHTaOETbHOCTI MalOYTHBHOTO
nignpueMctBa ckianae 10 mon. CIIA, a xamitamoBkiageHHs! y OYTIBHUIITBO OKYILISTHCS
MaKCHUMYM 3a 5 POKiB.

KoroBceke BusiBneHHst ocdar-rnaykoniroBux nopig (Korosewskuit paiton Onecbkoi
o6acrti) 3aiimae oy y 292 kM” mpu riuOuHi 3amsranss ig 150 1o 230 M. Buict P,0s
y nokjiaaax gocsirae 5,36%, nporrosui 3anacu — 37 muiH. T P,0:s.

BunoOyBanHs 3 momiOHMX 00’€KTIB KOPUCHUX KOMAJIMH peHTabeabHe TiIpo-
cBepasioBuHHUM criocoboMm. [lns KortoBewbkoro ¢ocdopury anpoOOBaHO MarHiTHO-
dbnoTariiiny cxemy 30aradeHHs 3 OTPUMAaHHSAM, 3a HEOOXIIHICTIO 1 MOMHTOM, OKPEMO
ri1aykoHiToBoro (8,7% P,0s) 1 pocdoputororo (10 14% P,0s) npoaykris.

OcHoBHI mokyIaaM 3epHUCTUX (PocPopUTiB 3HaXoIAThcss B I[liBHIUHO-3aXigHOMY

perioni: ManeBuilbko-KieBancbka 1 3710510yHIBCbKO-TepHOMUIbChKA TUIOINII, 3arajibHi



pecypcu sikux ormiHwThcs B 1025 mumH. T P,Os. Jlo Toro »x, y 3m070yHIBCHKIN 1
XMENBHUIBKIN JUISTHKaX HeTIn0oKo 3anaraoTh (10-30 m) 6 nmokianis, M0 € CIPUITIUBUM
JUIL  BIAKPUTOTO  BHUJIOOYTKY. 30Kpema, 3710JI0YHIBCBKE POJOBHINE  TJIayKOHIT-
dbocdhopuroBux mopia (po3TamoBaHe 3a 25 KM Ha MiBAeHHUH cxig Big M. PiBHe) 3
MpOrpo3HUMH pecypcamu «pyaum» y 1227 mun. 1t (7,1 muma. T P,Os) npumatHe nis
MIPOMUCIIOBOTO OCBOEHHS 3 BUPOOHUIITBOM MEPBUHHOTO KOHIIEHTpaTy 3 16,2% P,0:s.

PosBimane Ha mwromi 18,5 kM’ ponoBuiie Marteiiku (MaHeBUIIBKHIT paiioH
Bonuncbkoi obnacti, 3a 50 kM Ha miBHIUHME cxig Big M. JIynbk) mpencTraBicHe
3epHUCTUMU (hochopUTaMu y BUIIISAL IPIOHO3EPHUCTUX TIIayKOHIT-(hochaT-KpeMHIEBUX
Mi@aHukiB, 1o wictarb Bix 1,13 mo 9,55% P,0s. Ilopoma mocuth epeKTUBHO
30arauyethcst 10 17,2% P,0s 3 Bunydennsm gocdopy 3 arpopyau Ha 71,2%. llnamu 1
XBOCTOB1 (pakiii 30arayeHHss — Hu3bKodocdaTHi, ceOTO NMpHUIIATHI 1O BUKOPUCTAHHS B
1HAYCTpli OyIBEIbHUX MaTepialiB.

Binoripecbke ponoBuie postamoBaHe 3a 70 KM Ha NIBHIYHMNA 3axil BiI M.
XMmenpHunbkuil (binoripcbkuit Ta Teodomniibchbkuil palioHM) 3 CyMapHUMH 3amacaMu
dbochoputonocHoi moponu  (rimaykoHir-pocopuroBuit  Tmm) y 152 MuH. T
XapaKTEePU3YEThCS HEBAXXKKOIO 30arauyBaHicTio (hocoputoBoi cupoBunu 10 17,5% P,0s 3
73,6%-BuM BUTITaHHIM (hochopy 3 arpopyau (nepBuHHUN BMICT P,Os B Hilf KOIHBa€ETHCS
Bix 1,1 no 10,6%).

[Iporuo3Hni pecypcu 303yJHHEILKOTO POJIOBHINA TIayKOHIT-POCHOPUTHOTO THUITY
ckianarTs 48,8 M. T arpopynu (3,1 muH. T P,Os). 'mubuna 3ansaranas gpocdopoBMicHOT
MOPOJIM KOJUBAETHCA Big 26 10 86 M; MIHJIUBUM € TakoxX BMICT dochopy — 0,75-9,71%
P,Os . 36arauyBanicTh MOXJHBa moku 1o g0 15,6% P,0Os npu Buxoxai (1o0yTKy) 3
nepBuHHOT mopoaun — 35%. Takum wymHOM, po3BimaHi popoBuiia ¢HochopoBMiCHOT
CUPOBUHM YKpaiHU MOXYTh B NEPCHEKTHUBI MIOPIYHO 3a0e3neyuTd (Mpu MOBHOMY
TEXHIYHO 1 €KOHOMIYHO OOyMOBIIEHOMY 3aBaHTaxeHH1) Onu3bko 700 thc. T P,Os, mo
ckiagae Big 47 1o 63% Bia KUIBKOCTI, sSika TOTPiOHA JJIs 3aBaHTaXKCHHS HAassBHOI B Y KpaiHi
PIYHOT MOTYHOCT1 MIJIPUEMCTB, IO CIIPOMOXKH1 BUPOOIsITH (hochopBMicHI 100puBa (11

notyxHicTb Bix 1,111 no 1,5 mun. T P,Os — € cutyalliiino 3MiHHOIO BiJl POKY JI0 POKY).
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Jlo HerpaauuiitHux BuAiB (HochOpOBMICHOI CUPOBUHHU BIIHOCATHCA (QocdaTiiiaku,
[IUTAaMU CTaHIIT HeWTpatizallli CTIYHUX BOJ MIAMPUEMCTB Ta OCAJM OUYUILECHHS CTIYHUX BOJT
KaHaJ3al[lfHUX MEepeK HACEICHUX MyHKTIB.

dochaTuuiaku yTBOPIOIOTHCSA MPU METANYpriiHii nepepodii GochopoBmilnyouoi
3anizHoi pynu Kepuencbkoro periony. Bmict P,Os B kepueHCbkUX pyaax ckiagae 1,7-
2,6%, a y ¢ocdarnuiakax pocsrae 12-13% P,Os (10 KOHAWIIHHUX 3 TOYKH 30Dy
TOOPUBHUX BIACTHUBOCTEH BIIHOCATHCS (pocdaTiuiaku 3 BMicToM He MeHIT 10% P,0s).

HlaamiB cranmii HeWTpanizaiii 3 BMICTOM (ochopy y IPOMUCTOBUX MITIMPUEMCTB
Vkpainn nHakonuueHo Ounpme 600 tuc. 1. Haitbinemum Bmictom P,Os (20-25%)
XapaKTEepU3YIOThCA MUIaMu OyBmIioro BiHHHMIIBKOTO XIMIYHOTO mianpueMcTBa (ix
HakonnueHo 230 Tuc. T).

3BicHO, 111 1aMu, K 1 mutamu BAT «YepkacuA3oT», TBEp/l BIAXOAN TajlbBaHIYHUX
BUpOOHULTB (MICTATh 23-24% P,0s) GaratouyncenbHUX MAIIUHO- 1 MPUOOPOOYTIBHUX
3aBO/JIIB TpeOa HAJIEKHUM YMHOM TOTYBATH 10 BUKOPUCTAHHS (KOHAUIIOHYBAaTH, Oepyyl A0
yBaru iXHIO KOHCUCTEHIII0, T'paHyioBaTh Toio). OcCTaHHI BUAM LIIaMIB HE MO>KHA
BBAKATU HE3HAYHUM pecypcoMm (ocdopy — MIOpiuHE iXHE HAKONMMYEHHS CKIAIajo 1
cknagatume Big 1-10 mo 40-80 T Ha KOXHOMY MIANPUEMCTBI. 3PEHITOIO, YTUII3AIlis
[UIaMIB CIIPUSITUME M BHUPILMIEHHIO €KOJOT1YHUX 1 €KOHOMIYHMX MpOoOJieM, MOB’SI3aHUX 3
iXHIM HAKOMMWYEHHSM, 00JIAIITYBaHHIM IIJIAMOCXOBHIIL 1 30€pIraHHsIM.

3anumannus 011 CAMOKOHMPOI0

1. Yomy nHOpIBHIOIOTH IPOTHO3HI pecypcu YKpainu?

2. Ha3BiTh OCHOBHI POJIOBHUIIA KOMIUIEKCHUX alaTUTOBUX Py YKpaiHu.

3. ki 3amacu P,Os CtpeMHUropoicbKoro poaoBuiia?

4. Slke anaTUTO-pIAKICHO-3€MEIbHE POJOBHIIE B YKpaiHi € HAM3HAYHIIINM Ta SKUM
CoCOOOM MOKHA MEPEepoOIISITH Pyly IILOTO POJOBUINA?

Ha3BiTh KUIBKICTH poAoBUIL POCPOpPUTIB B YKpaIHi.
SIke 3 )KOBHOBUX POJIOBHUIL YKpaiHU BXKE €KCIUTyaTy€eThCs ?

HasBiTh ochopuronocHi paiionu Ha JliBoOepexoki YKkpaiHu.

o N W

Sxi pogoBumia € Ha [lonedunni?
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TEMA 2. TEXHOJIOT'TA ABOTHO-®OC®OPHUX JTOBPUB I3 ®OCDAT-
I'TAYKOHITOBOI'O KOHIIEHTPATY

OcTaHHIM YacoM yJOCKOHAJIEHHIO BUPOOHULITBA (HhOCHOPBMICHOT MPOAYKIIT y CBITI 1
B YKpaiHl NpUAUIAE€TbCS 3HayHa yBara. MoJepHI3yIOThCs 1104l Ta po3poOJsiiOThCS HOBI
e(dexTuBHI, pecypco3bepirarodi 1 €KOJOTIYHO 4YHCTI TexHojorii. CBITOBUU pPIBEHb
BUPOOHUIITBA 1 CMIOKUBAHHS JOOPUB Ha JaHUM yac 3HA4HO nepeBunrye 100 MIH. T a30Ty
(aiTporeny), ¢ocdopy 1 kamiro. KO ypoKalHICTh BCIX KYJIbTYp B YCIX perioHax
IaHeTH Oyne MITHATO 0 PIBHA, JOCSITHYTOTO B MPOBLAHUX KpaiHax, TO 3 ICHYIOUMX
CUIBCHKOTOCIIOAAPCHKUX IO MOKHA Oy/ie OTPUMATH CTUIBKU MPOAOBOIBYUX MPOAYKTIB,
o iX BUCTAuMTh st 10 MIIpA. 4OJNOBIK, a 3 ypaXyBaHHSIM MOTEHI[IHHO MPUAATHUX JJIs
CUTbChKOTOCTIOAapChKOi 00poOKu Twtony (011t 9,4 miupa. ra) - nis 65 mupa. yososik. Coin
Harajaty, Mo e CTaHE MOXKJIMBHM 32 YMOBHU 3a0€3ME€UEHHS POCIUH HAJIEKHUM DPIBHEM
’KUBJICHHS BIJMOBIIHUMU €JIEMEHTaMHU.

Cknana pocnuH Hajniuye Outbine 70 XiMiuHUX elleMeHTiB. BecranoBneHo, 1o 30 3 HUX -
OCHOBHI €JIEMEHTH, IO BXOJATh JO CKIaQy IMPOCTUX PEUOBHUH, HEOOXITHUX JUJISt
KUTTETISTTBHOCT] POCTUH. 16 €JIeMEHTIB - € a0COMIOTHO HEOOXITHUMHU: BYTJICIb, OKCUTEH,
T1IpOreH, a3oT - opraHorenu; ¢ocdop, Kaiii, Kalublliii, MarHii 1 cipka - 30JIbHI €JIEMEHTH;
60p, MomiOaeH, MiJb (KYIpyM), IIUHK, KOOANbT, (hepyM, MaHraH - MIKPOEJIEMEHTH. 3aMiHa
OJIHOTO Ha 1HIIWHA HEMOKJIMBA, OCKUIbKU KOKHUN BUKOHYE CBOIO (DYHKIIIIO B pociiuHi. Bci
11 eJIeMEHTH (OKpIM BYTIJICILI0, OKCUTE€HY 1 TIPOT€HY) POCIMHU OAEPXKYIOTh 3 IpyHTY. B
arpoxXiMiuHii  mpakTull  BiIOMO M 3acTocyBaHHS ~ OakTepiaJbHUX  "MOOpUB"
(pocdobakTeprHa Ta iH.), 3 AIKUMHU y ITPYHT HE BHOCUTHCS HIIKUX MOKMBHUX PEUYOBHH, alie
BOHHU IMMICHIIIOIOTh MOOUTI3aIlil0 MOKUBHUX PEYOBHH, HaIpukian, Qocdopy 3 rymycy
IPYHTIB 3a pPaxXyHOK KOHBepcii Hepo3uMHHUX (ochatHux crnomnyk y dopmu, 110
3aCBOIOIOTHCS POCIMHAMH.

Jis  3abe3nedyeHHs] CUIbCHKOTO TOCHOJApCTBAa a30THO-(pochopHUMU AOOpUBAMHU
NEPCHIEKTUBHUMH € TEXHOJIOT1i, 10 moOyaoBaHl Ha OCHOB1 (hocdaTHOi CUPOBHHH, SKa
3HaxonuThcss B YKkpaini. IlepepoOka 30igHeHux amatuTiB Ta  (ochopuTtis

(Ctpemuropoaceke, HoBononrasebke, HoBo-AMBpociiBcbke pooBuiia) 31 BMicToM P,Os
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(3 — 10 mac. %) ta kpemuieBux cnoiayk SiO, (30 — 40 mac. %) yCKJIaaHEHO MpH
BUKOPUCTAaHHI METOJIB KHCJIOTHOTO PO3KJIaJeHHS. AKTYalbHICTh 30€pekeHHs OajaHCy
KUBWJIBHUX €JEMEHTIB y TIPYHTI POOUTH HEOOXIAHUM 3aly4yeHHS Yy BHUPOOHHUIITBO
MiHEpaJIbHUX A0OpUB (HOChHOPHUX PyA ISl OTPUMAHHS HE TUIBKH OCHOBHOT'O MOYKHBHOIO
KOMIOHEHTY ocdopy, ane i HU3KU T0JATKOBUX, TAKUX SIK KaJbllii, KaJliid, MarHiu, 3a1i3o
Ta 1HII. 3acTOCYBAaHHS HITPATHOI KUCIOTH [UIsl PO3KJIaJeHHA 3011HEHOi CUPOBHUHHU
JI03BOJISIE BUKOPUCTOBYBAaTU HE TUIBKM il XIMIYHY aKTUBHICTh, ajieé 1 aHIOH, 3 SIKUM Yy
NO0OpPUBO BBOJUTHCA >KUBMIBHUM KOMIIOHEHT, KpIM TOro AoMimku Tumy R,Os; meHm

PO3YUHATOTHCSA 1 BUBOIATBHCA 31 IIIJIAMOM.

2.1. Ximizm npouecy

Bukonanuii TepMoAMHAMIYHUN pO3paxyHOK 3MiH BUIbHOT eHeprii ['100ca,
PIBHOB@XHOTO CKJaJy pEareHTiB, JO3BOJIUB BCTAHOBUTU MAapIIPYTH B3a€MOJIi
¢bochopoBMICHHX KOMIIOHEHTIB TNIayKOHITOBOTO KOHIEHTPATY 3 HITPATHOIO KUCIOTOIO, 3
SIKUX HAaWOLIBII BaroMi € HaCTYITHI:

Ca1 0(PO4)6X2+2HNO3 —>6H3PO4+ 1 OC&(NO3)2+ 2HX, (2 . 1)

ne X - kommonent F-, OH, 1/2C0O;” a6o 1/2SiFs”;

(Ca,Mg)(CO3),+2NO3;—(Ca,Mg)(NO3),+CO,+2H,0; (2.2)
(Na,K)A1S104-nS10,+8HNO,—(Na,K)NO5;+2A1(NO3);+ nSi10,+4H,0; (2. 3)
(K, Na)(Fe’",Al, Mg) (Si, A1);0,0(OH), + mHNO; —

2KNO;+2(A1,Fe)(NO;);+(Mg,Ca)(NO;),+nSiO,+ H,O. (2.4)
BcranoBneHo, 1m0 OCHOBHOIO (ha30i0 CUPOBUHM € (TOpamaTtut, y BUIJISAII 3€peH
Ta0NIMTYACTOT, MPU3MATUYHOI 1 HepaBWIbHOI (hopmu po3mipom 12-80 MkM, 0€3K0JIBOPOBI
3epHa  Caz(PO4COs)3(OH) - xapbonatrigpokcunanatury, (CasPO4,CO3)(OH,F) Ta
KBaplly, 10 3HAXOJIUThCSA y BUTIISAI1 KYTOBUX YJIaMKIB MOHOKpHUCTaIiB po3Mipom 40 - 240
MkM. Kanbpmur ytBOptoe api6Hi  4-20 MKM 3epHa 1 arperaTd. [ JayKoHIT

(K(Fe,ALLMg)2(AlSi;0)(OH), - cimelicTBO CIII0/IM) YTBOPIOE OKPYTIIi 3epHA po3mipom 40 -
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150 MKM Big >KOBTYBAaTO-OypHX 0 TYCTO-3€JICHHUX. 3 MOJBOBUX IIMATIB PO3PI3HIIOTHCS
MIKPOJIMH, OPTOKJIa3, OJIrokias (Iiariokiasm).

KinneBuit npoaykr, Mae Hactymauii ckian (% wmac.): [NH4NOs;] 48,0 - 49,0;
[Ca(OH),] 3,0-4,0; [CaHPO,4] 13,0 - 14,0; [M,HPO4] 1,4 - 2,0; [FePO4] 1,8 - 2,5;
[K;HPO4] 0,6 - 1,0; [A1PO4] 1,9 - 2,5; [(NH4),SiFg] 0,4 - 0,8; [Na,HPO4] 0,07 -1,0;

[NH4),HPO,] 0,7-1,0. (po3paxoBaHuii Ha OCHOB1 peHTIeHO(})a30BOTO 1 XIMIYHOTO aHATI3Y).

2.2 AHaJi3 TEXHOJIOTiYHUX (PAKTOPIB

Ha pucynky 3.1 HagaHo 3anexHICTh cTyneHio BuiydeHHs P,Os Bij KOHLEHTpalii
HITPATHOI KUCJIOTU. BUITHO, 1110 CTYIIHb BUUIYYEHHS 3aJ€XKITh BiJ] KOHIEHTpAIll HITPaTHOL

KHCIIOTH, a ONTUMAaIbHa KOHIIEHTpallis 1i JIexiTh B Mexax 50 - 56 % mac.

100
g = 09 ,—-;"“"“__.
B /
E V.—I‘QS /
2 Q
£y, |/
E
96

20 30 40 50 60 70
KoHImeHTpaIia HiTpaTHOL
KHCIOTH, %0 Mac

Pucynok 2.1. 3anexHicTh cryneHs BuiaydeHHs P,Os Bim KOHUEHTpallli HITpaTHOI
KHUCIIOTH

Ha pucynky 2.2 HagaHO 3alexHICTh cTyneHs BuiydeHHs P,Os Big TemmepaTtypu
Opy KOHLEHTpauli HiTpatHoi kuciaotu 56 % wmac Tta 11 Hagmmmky 1,12 1 yacy
koHTaktyBanHs 30 xB. BugHo, mo 3 poctom temmeparypu 10 50 °C cTymiHb BHIYYEHHS
P,0Os3pocTae.

Ha pucynky 2.3 HajgaHO BIUIMB IHTEHCHUBHOCTI NEpEMIIIyBaHHS CHPOBUHU Ha

cTymninb BuitydeHHs: P,Os npu giametpi yactok TBepaoi gasu, mm : 1 —1;2-0,5; 3 —0,1.
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Pucynox 2.3  BmiuB I1HTEHCHMBHOCTI MEpeMIlIyBaHHS CHPOBMHM  Ha CTYIIHb
BunyueHHsa P,Os npu niamerpi yactok tBepaoi ¢pazu, mm : 1 —1;2-0,5;3-0,1

BunHo, 1mo I1HTEHCUBHICTh MEpPEMIIyBaHHS TMO3WTHUBHO BIUIMBA€E HA CTYMIHb
BunyueHHsa P,Os , a Takox BHJIHO, 110 YUM MEHIIE pO3MIp TBEPAUX YACTOK, TUM OijIble
CTymiHb BuiydyeHHs P,0Os. mpolec HITPaTHOKUCIOTHOIO PO3KJIaJACHHS MOTPiOHO
MPOBOAUTH MpH AiameTpl yacTMHOK 0,25 MM. 3MEHIIEHHS [laMeTpy YacToK JpiOHHUX
¢dpakmiit d = 0,1 MM npakTUYHO HE BIUIMBA€E HA CTyMHiHb BuiyuyeHHS P,Os. To6TO TOHKICTh
MOMEITy TOYaTKOBOI CHPOBMHU HE BILIMBAE ICTOTHO HA ii TUCHIEPCHICTH B AOCTIIHKYBAHOMY
iHTepBayi. lle MoxxHa mosgcHUTH THM, IO (HOCHOPUTOBHI KOHIEHTPAT Ma€E BUCOKY

MOPUCTICTh, PO3BUHEHY TUTOMY MOBEPXHIO 1, SIK HACTIIOK, BUCOKY XIMIYHY aKTUBHICTb.
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[Ipu anainizi rpadiuHOi 3aJ€KHOCTI BUAHO, 0 MakcuMaiabHe BuiaydeHHs: P,Os 99,0 -
99,4 mac. % cnoctepiraeTses mpu 60 °C, a WBUAKICTH NepeMilryBaHHs cTaHoBe 80 00/XB.
3a YMOBH, 1110 PO3KJIaJICHHS MPOBOAATh 56 mMac. % HITPAaTHOK KHUCJIOTOK 3 HOpMoio 112
%. BianmoBigHO 30UIBIIEHHS MBUAKOCTI 00EPTIB MIIIAJIKKA HE MPU3BOJIUTH J0 3POCTaHHS
ctynens BuitydeHHs P,Os 13 cMpoBHHH 1 BIH 3ynHUHAETHCS Ha piBHI 99,2 - 99.4 mac. %.

Ckaa roToBOro MpoaykTty 13 ¢ochar-riaykoHITOBOI'O KOHIEHTPATy MPEACTaBICHO B

tabaumi 2.1.

Tabmuus 2.1. Ckiaaag roroBoro a3orHo-gochopHoro goopusBa i3 d¢ocdar-

IJIAyKOHITOBOI'0 KOHLEHTPATYy

KommnoneHT Bwmict, % mac | Kommonent BwmicT, % Mmac
[NH4NO;] 48,0 - 49,0; [A1PO4]; 1,9-2,5
[Ca(OH),]; 3,0-4,0 [(NH4),SiFe]; |0.4-0,8
[CaHPOy4]; 13,0 - 14,0 [Na,HPO4]; 0,07 -1,0
[MHPO4]; 1,4-2,0 [NH4),HPO4] |0,7-1,0
[FePOy]; 1,8-2,5 [NH4),HPO4] |0,7-1,0
[K;HPO,]; 0,6 -1,0

BunHo, 110 TOJIOBHUMH KOMITIOHEHTaMH TOTOBOTO a30THO-(pocdopHoro godpupa i3
dbocdaT-riaykoHITOBOIO KOHIIEHTPATy € aMOHIHHA celiTpa Ta riapodocdaT Kaiblito.

Kinetnyna Mopens mporecy po3kiany ¢GocdaT-riaykoHITOBOrO KOHIICHTPATY
HITPaTHOIO KHCJOTOK OTPUMaHa Ha OCHOBI MPOBEACHHMX IOCIIDKECHb 1 Ma€ HACTYITHUU

BUTJIA

= = s o1 V-0, @.5)

ne k — koediieHT mWBHAKOCTI; £ - eHepris akrusanii, k/x/monb; T - Temmneparypa,
K; H - HajmMmok HiTpaTHOi KMCIOTH, J.01.; C,, - KOHUEHTpALis HiTPaTHOI KUCIIOTH,

.o . . 2
Mac., %; S, - ToYaTKOBA BEJIWYMHA CYMapHOI IO TOBEPXHI YacToK Gocdoputy, Mm“/r; o
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- cTymiHb BuinydeHHs P,Os, m.oxa. Jlns nmepepookn HoBo-AMBpOCIiBCHKOTO KOHIIGHTPATY
n=0,13; W-10™*; E = 6,0 x/[>x/moub. [Ipu Temnepatypax 45-60 °C.

Cknag  cUpOBUHM  oOfepkaHHs  a3oTHO-dochopHoro mobOpuBa 13 (ocdar-
IJIAYKOHITOBOTO KOHIIEHTpaTy HoBO-AMpOCIIBCHKOTO poOjOBHINA HAJaHO B Tabywmii 2.2.
BunHO, 110 OCHOBHUMH KOMITOHEHTAaMU CHUPOBHHH € ()TOp amaTUT, ajie Ha jKajab, y Hei

JOCUTH bararo BAITHAKY Ta OKCHUOY erMHlIO

Tabnuus 2.2 Ckiag CMPOBHHHM O/iep:KaHHA a30THO-(ocdopHoOro nodpusa i3

dpochar-rnaykoniroBoro konueHrpary HoBo-AMpociiBCbKOro poaoBuina

KommnoneHnTu Bwmict, % mac
[Cag(PO4)2(CO3),(OH),] 3,0-5,0
[Cas(PO4);F] 27,0 - 29,0
[CaCOs] 21,0- 3,0
[MgCOs] 0,5-0,9
[K;0A1,0;MgOCaOFe,05-45i10,6H,0] | 13,0- 5,0
[K,0,Na,0,A1,0;:6S510;] 0,8-1,0
[NaA1SiO4KA1SiO4] 1,9-2,1
[Fe,(OH)gFe,05] 0,4-0,6
[SiO,] 26,0-28,0

2.3 TexHoJsioriyHa cxema npoiuecy

Pesynprati TEOpeTHYHMX Ta EKCIEPUMEHTAIBHUX JOCTi/KEHb JIO3BOJIHIN
PO3POOUTH IPUHIIMIIOBY TEXHOJIOTTYHY CXEMY OJIep KaHHs a30THO-(pocdopHOoro qo0puBa 3
nomimkamu (puc. 2.4), sika CKIAIaeTbcsl 3 HACTYMHUX CTajid: poskiagaHHs ¢ocdart-
[JIAayKOHITOBOI ~ CHUPOBHHHM  HITPAaTHOIO  KUCIOTOW;  (UIbTpallis;  HeWTpamizauis
a30THOKHCIIOTHOT BUTSDKKHU; BUIIAPIOBAHHS; CYIIIHHS, PO3CIB Ta 3aTapiOBaHHS T'OTOBOTO
npoaykry. docdaT-rimaykoHITOBHIA KOHIEHTpaT i3 OyHKepa | HIHEKOBHM J103aTOPOM

HAJAI0Th 0 peakTopa 2, Kyau BojHouyac mnocrymae 56 mac. % HITpaTHa KUCIOTa MpU
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temneparypi 55 — 60 °C, B HaCHIIOK 4YOTO YTBOPIOETHCS A30THOKHUCIOTHA BUTSIKKA

(AKB), sxa naini HanpaBiIsIEThCS Ha MPOLEC BUAUICHHS HEPO3ZUMHHOTO 3AJIULIKY.

@ocdopur
HNO .
3 ["a3 amownizamii
I"a3 excTpakuil \4
1 NH3z NH3 NH3
P i i | JL ] ]
3 L 3 M ; hl ™ — _:'l lT
g 6 7 8 g Ilynema

HepozunaHMIT
3ATHINOK

Pucynok 2.4. TexHosnoriuHa cxema ojepkaHHsi a30THO-(hochopHoro gobpusa i3
docdar-rnaykoniToBoro  KoHueHtpary HoBo-AmpociiBcbkoro pojoBuma: 1 —
3aBaHTaXXKYBaJIbHUN OYHKEp; 2 — eKCTpakTop; 3 — BIACTIHHUK; 4 — OapaOaHHUN BaKyyM-

binbTp; 5 — Hacoc; 6 — HaKoMUYyBaJIbHA EMHICTD; 7,8,9 — aMOHI3aTOpH

[Iporec 3AIMCHIOETBCA CIOYATKY B BIICTIMHUKY 3, po3urHHa (aza 3 skoro (y
criBBigHomeHHI T:P = 1:4,5) noctymae Ha 6apabannuii Bakyym pinstp 4. Hepozunnauit
3QJIMIIOK BIIBOJUTHCS 1 Jaji BUKOPUCTOBYETHCS B SIKOCTI OY/IBEIHbHUX MaTepialiB.
OcBiTeHu pO34YMH MOJAETHCA HACOCOM 5 y HAaKOMHUYyBaJbHY €MHICTh 6, 3BIIKM - Ha
aMOHI3allil0 10 PeaKkTopiB-aMOHiI3aTOpiB 7,8,9, AKy MpoBOASTH ra3onoAioHuM amiakom. I1o
il 3aBepuenHi pH mynenu 3poctae g0 5,0 - 5,5 ta BoHa migirpiBaetbes napom a0 130 —
140 °C.

B mporeci amoHi3amii 3 myJblld BUMAPOBYETHCS YacTHHA BOJHU, sKa MOCTYHAE 0
BUIMapHOro amapary. Ilicis dYoro mysdbna HamNpaBiS€TbCsl Ha TPAHYIIOBAaHHA [0
O6apabanHoro - rpanyistopa- cymapku BI'C. Buxoasuu 3 BI'C mpoaykr eneBaTtopom
CHpPSIMOBYIOTH Ha Kiacudikallito B 1BOXCUTOBHUI rpoxoT. Kpynny ¢paxkiito (0ibiie 4 Mmm)
noApiOHIOITh Ha Jpobapiii, Mmicas SKOI MaTrepial 3HOB CHPSIMOBYIOTh Ha T'POXOT.

@pakiito 3 po3MipoMm MeHme | MM mogaioTh y BUrisal perypa no BI'C, a toBapny
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dpakiito, 10 MICTUTh TpaHyIu po3MmipoM 1 - 4 MM, OXOJO/KYIOTh TOBITPSM Y
O0apabaHHOMY XOJIOAWIBHHUKY 1 TPAHCTIOPTEPOM MEPEIaloTh Ha CKJIaJ TOTOBOTO MPOJIYKTY.
bararocryneneBuii mporiec aMmoHi3allii a30TOKMCIOTHOI BHUTSKKH J03BOJISIE 3MEHIIUTU
peTporpazaitito 3acBoroBaHoi popmu P,Os.

JlaHi TeXHOJIOT1i JO3BOJIAIOTh KOMIUIEKCHO BHKOPHCTOBYBATH BJIacHY (pocdaTHy

CUPOBUHY IIPU BUPOOHUITBI MiHEpATIbHUX TOOPHUB.

3anumannus 011 cAMOKOHMPOJI10
1. Ha3BiTh crOKMBY1 €JIEMEHTH, K1 HEOOXIHI pOCIMHAM Ta TBAPUHAM.
2. TlepeBara 3acTOCYBaHHSI HITPATHOI KHCIIOTH 3aMICT Cyib(paTHOI y pO3KIaJaHHI
3011HeHOT Ha ochOop CUPOBUHHU.
3. Ilpurapaiite, siki peakiiii JekaTb B OCHOBI pO3KJagaHHs (OCcPOpPUTIB HITPATHOIO
KHCIIOTOIO.
4. Ski paxropu BIIIMBAIOTH HA CTYMiHb BUIydeHHs P,Os HITpaTHOIO KUCIOTOIO?
3 SIKMX PEYOBUH CKJIAJIa€ThCs TOTOBE HiTpaTHO-PpocopHe 106puBo 3 docdat-
IJIayKOHITOBOTO KOHIIEHTPATY?
5. Oxapaktepu3yiiTe KIHETUUHY MOJIEIIb Mpoliecy po3kiany (ochar-riaykoHITOBOTO
KOHIIEHTPaTy HITPATHOIO KUCIOTOIO.
6. 3 SIKHUX CTa/li CKJIaIa€ThCsl TEXHOJOT1UYHA CXeMa OJIep KaHHs a30THO-(HOoCchHOpHOTO
nobpuBa 3 JOMIITKaMu ?
7. 3 IKUX OCHOBHHMX PEUOBUH CKJIAJJA€ThCSI CUPOBUHA ISl OJIEPKaHHS a30THO-
dhochopHoro nobpura i3 pocdar-riaykoHiToBoro kKonmeHTpaty HoBo-AMpociiBChbKOTO

poaoBuIa?
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3 KOHANIIIOBAHHS, 3SbAT'AYEHHS TA BUKOPUCTAHHA
HU3bKOKOHILHEHTPOBAHMUX 3A P,05; IIPUPOAHUX ®OCDATIB

Jlo 1990 poky BITUM3HSIHI XIMIYHI MIANPUEMCTBA 3 BUPOOHHULTBA (HOCHOPBMICHUX
n00OpUB BUKOPUCTOBYBaNM JBa BUAM (ochatHoi cupoBuHM: X1OIHCHKMI anaTUTOBUN
KoHIeHTpaT 3 Pocii ta iMmnopTHy cynepdocdarny kuciory. [licias npunuHEeHHS IMIIOPTY
cynepdochaTHOI KUCIOTU €IUHUM BUJOM (pocdaTHOT CUpOBUHU Mg YKpaiHU 1Ie ACSIKUN
yac 3ajuIIaBcs POCIMCHKHUI anmaTuToBUil KoHLEHTpaT (Xi0iHcbkoro Ta KoBmopchkoro
ponosui). [IpoTe y 3B’s13Ky, No-1epiie, 3 CyTTEBUM BUCHAXEHHSM 3araciB 1 CKOPOUEHHAM
BUJIOOYTKY IIMX BHUCOKOsIKICHMX (ocdariB Ta, MO-Ipyre, - 3 MNPUUMHU 3HAYHOTO
MiABUIICHHS iH Ha HUX (01m3bko $4,7 3a 1% P,Os a6o $185 3a 1 T Ha kopaoHi 3 Pociero)
iXHIM IMOoOpT npunuHUBCs. TpeTs o0cTaBUHA — BUCOKA BapTICTh (GOCHOpBMICHUX JOOPUB
Ha OCHOBI IMITOPTOBAHMX AMATUTIB MPU3BOANIIA 10 HEKOHKYPEHTOCTIPOMOKHOCTI TEPIINX
Ha CBITOBOMY PHUHKY 1 ()IHAHCOBOI HECHPOMOXKHOCTI iXHBOI 3aKymiBJIi BITUU3HSIHUMU
CUIbCHKUMHU arpapHUMHU rOCTOapCTBAMHU.

B miit curyamii eauHuM JpKepenoMm  3a0e3rneueHHsS YKpaiHu y  HaWOImK4in
nepcnektuBl ¢ocharamu aig  XiMigyHOI miepepoOku € (pochopuToBl KOHIIEHTPATH
[TiBaiunoi Adpuku 1 biauspkoro Cxoxy. o peui, ued pailoH € HaAHOUIBbII MOTYXHUM
nocTadyaibHUKOM (PochOpUTIB - y CBITI MOPIYHO nepepoosieTbess 30 MIIH. T MIBHIYHO-
adpukancekux ocdopuris. Bapticte 1% P,0s5 3akopaoHHux GocGopUTiB KOITMBAETHCS
Big 1,6 mo $1,75, a TpaHCTIOPTHI BUTpPATH Ha IXHIO JTOCTaBKY BOJHHM IUIIXOM Yy JEKiTbKa
pa3iB HIKY1, HIXK TPAHCIIOPTYBaHHs anaTUTIB 3 Pocii.

[loctanoBa KaOinery MinictpiB Ykpainu Ne 80 Big 8 mtororo 1997 poky mpo
3a0€3MeUeHHs] CUILCHKOIO rocrnojapcTBa YKpaiHu (Qoc@opoBMICHUMH J00pUBaAMU HE
TUIBKM CTUMYJIIOBaja IMEPEOpIEHTAI0 YKPAiHCBKUX MIANPUEMCTB, SKI BUPOOISIH
docdatHi 106pUBa 3 POCIMCHKOTO anaTuty, Ha appukaHcbKy pochopuTHy CUpOBHHY, a U
OOYMOBIIIOE BUPIIICHHS 3 YaCOM NUTAHHS 3aJy4eHHS O BUKOPHUCTAHHS Yy 3POCTAIOYUX
MaciTadax BiIacHUX JKepen ¢ochaTtHoi cupoBUHU. BiamideHo, 110 TE€XHOIOTIUHI 3acaau
BUpIIIEHHS 11€T MpoOaeMu 0a3yl0ThCs Ha OJTHAKOBHX ISl Oy1b-siKOi pocdaTHOT CUpOBUHU

IMpUHOUIIaX 1 HiJII‘OTOBKI/I IJIA HACTYIIHOT'O BUKOPUCTAHHA.
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HiiicHo, nmpakTU4HO Bci (hochaTHi arpopyau, M0 100YBaOThCS, HaBITh HalOaraTiii
3a P,Os, Tpeba mignaBaTu Tiid a00 1HIINA MPOMUCIOBIHM nepepoOIli B TOBApHI KOHIIEHTPATH

3 3aJTy4Y€HHSIM PI3HOMAHITHUX METO/1B MEPBUHHOTO KOHIUIIIIOBaHHS 1 30aradyeHHs.

3.1 30aravyenns Oixnux ¢ocdopuris

30arayeHHs1 MPUPOJHOT CUPOBUHHU — 1€ CYKYIHICTh MOCHIJOBHUX OIEpaliid, METOO
AKUX € TMIJBHUILEHHS BMICTY B KOHILEHTpaTl KOPUCHOI (LIUIbOBOi) PEYOBHHHU IUISXOM
BUIJIUIEHHs] mycToi mopoau (nuiamy Toino). Ilpu 30aradeHHss MEeXaHIYHUMH METOJaMU
CKJIaJT MIHEpaJIiB BUXITHOT CHUPOBMHU HE 3MIHIOETHCS, BIOYBAETHCS JIMIINE MEXaHIYHUM
PO3MOJILN ii IHTPEIIEHTIB.

Metonu 30araueHHsl MiHEpaJIbHOI CUPOBUHHU U ii MIZATOTOBKA MEpe] PO3AUICHHIM Ha
dbpakiii rpyHTYIOThCS Ha PI3HUX IHIWBIAYaJIbHUX BIACTUBOCTSIX MiHEpasliB, a caMe Ha
HIUJIBHOCTI (TpaBiTalliiiHi MeToau 30arayeHHs), Ha MarHiTHIM CIPUHHATIMBOCTI (MarHiTHA
cenapailisi), Ha €JIEKTPUYHUX BIIACTUBOCTSX (EJIEKTpPUYHA cemapallis), Ha MTPUPOAHIN 1
3100yTili (CTBOpEHIN peareHTamu) 3Mo4yBaHOCTI (dioTaris 1 ¢aoTorpasiTailis), Ha
Paal0aKTUBHOCTI 1 CUJII BUIIPOMIHIOBAaHHSA (paJiOMETPUYHI METOAM ), Ha KOE(ILIEHTI TepTA
(30araueHHs Mo TEPTIO), HA MPYKHOCTI (METOAU 30aradyeHHs 3a MPYKHICTIO).

[Tonepenuss MIATOTOBKAa CHUPOBUHU (KOHAMIIIIOBAHHS) JO 30aradyeHHS MOXKeE
peanizyBaTUCh 3pIOHEHHSIM, CTUPAHHIM, HATPIBAHHSAM, BUCYITYBaHHSM TOILIO.

3aeXHO BIJ TEKCTYPHO-CTPYKTYPHHUX OCOOJMBOCTEH 1 BIIACTMBOCTEH MiHEpaliB
dbochaTHUX arpopyn 3acTOCOBYIOThCS PI3HI amapaTypHi pIIIEHHS, peakTaHTh 1
TEeXHOJIOT1YHI pexkuMu. [Ipu oMy CIiJT BIAMITUTH, 1110 BUHUKAIOTh J0JIaTKOBI TPYIHOIIII
npu 30aradyeHHi came BITUM3HSHUX (OCHOPUTIB, TOMY IO iXHS SIKICTh (OTXKE 1 SIKICTh
BIJIMOBIJHUX KOHIIEHTPATIB) HIKYA SKOCT1 aHAJNOTTYHUX 3aKOPAOHHUX (OCHOpUTIB 1

KOHIICHTPATIB Y 3B’sI3KY 31 3HAUHO MeHIIIMM BMicToM P,Os y arpopyi.
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3.2 MexanivHi T2 TepMidHi MeToaH 30arauyeHHs pocopurin

B Vkpainy ekcnopTyioTbcs, TOJIOBHUM YHMHOM, MIBHIYHO-apUKaHCHKI (HochHOpUTHI
KOHIEHTpaTH (3 Mapokko, Amkupy, TyHicy).

B Mapokko y paiioni M. Xypubra ekciulyaTyloTb ABI 30arauyBajibHi (haOpuku
MOTYXHICTIO OJin3bko 20 MIH. T/pIK KOHILIEHTpaTy. Arpopydy Ha HHX 30aradyiorb
NeKiIbkoMa crocobamu. 3 6aratoi nmepBuHHOI nopoau (25-31% P,0s) mpocitoBaHHAM Ha
cutax 3 ocepenkom 15....50 MM BIABOJAATH Yy BiJBajl BEJIMKI IIMATKU MOPOXKHBOI (ITyCTOT)
nopoau (puc. 3.1), migpemiTHU TPOAYKT 3 BojoricTio 14-16% cymarhk 10 BOJIOTOCTI
1,5% 1 po3citor0Th Ha TPOXOTax 3 ciTKO 6 MM. Kitac +6 MM cKuIaroTh y BiJBal, a -6 MM,
mo € dochopuraum koHneHTtpatoM (34-35% P,0s), ckinagaroTh 1 TPaHCHIOPTYIOTh
sanizauiero (150 km) Ha ckinaau M. Kacabnanku. bunem 6inHy cupoBuny (< 25% P,0s)
MPOMHUBAIOTh y OapabaHHUX CKpyOepax 1 TICIAS KOHTPOJBHOIO IPOCIFOBaHHS,
TPUCTAAIMHOrO 3HENUIAMIIIOBAHHS B T1APOLMKIOHAX, 3HEBOJHIOBaHHS B LIEHTpUdyrax i

CYILIKH OJICPKYIOTh KOHIIEHTpaT (110 36% P,05).

bararta IIEPBEHHHA

mopoaa

[Iycta + 1 }

fopoia . Kmac = 6 MM
= L

(Eotac= 50 M)

3

Kmac <= 6 MM

A
i

Pucynok 3.1. IlpuHIunoBa TeXHOJOT1YHA cXeMa 30aradyeHHsi OaraToi MEpBUHHOI
nopoau (25-31% P,0s) arpopynun Mapokko y paiioni m. Xypubra: 1, 7 — rpoxot; 2 —

cymapka; 3 — HuKIIoH; 4 — enekTpoduIbTp; 5 — IUuMococ; 6 — TuMoBa Tpyoda
YacTuny arpopya cymath 1 30aradyroTh 3HeNnuaoBaHHIM 10 0,1 MM y BiIIIEHTPOBO-

HUKJIOHHUX TOBITpsIHUX Kiacudikatopax (3,5 miuH. T/pik). Tak 3BaHy «4OpHY (TEMHY)

pyny» (TBepAy, HEOKHCHEHY, 3 TIIBUIIECHUM BMICTOM - ~3-3,5% BYIJICBOJHIB)
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30arauyioTh BUNaMoBaHHAM Ipu Temrmepatypi 1223 K (950°C) B obepToBux 6apabaHHUX
nevax ta B anapatax tuny KII («xumnsgoro» mapy).

Ha pynnuky FOcydii na 30arauyBanbHiid ¢paOpHIll MOTYKHICTIO 0 7 MJIH. T/pIK «Ou1y
(cBiTiy) pyay» (M’SIKy BUBITPEHY 1 OKHCHEHY, 3 MQJIUM BMICTOM OPTraHIYHUX JOMIIIKIB)
30arauyioTh MPOCIIOBAHHSAM 1 CYIIIHHSM 3a CXEMOIO, aHaJOTi4HOK XYypUOTIACHKIH, 3
onepxxaHHsAM KoHueHTpaty (32-33% P,0s), siky Tpancnoptyioth y M. Cadu (70 kM) amns
eKcropry i nepepobku B excrpakuiny ¢ocharny kucinory (E®K). Ha pynnuky B ben-
I'epup npupoguuit Gochoput po3apiOHIOTH 1 po3ciioioTh Mo 10 MM, a oTpumaHUU
koHueHTpat 3 27% P,0Os tpancnopryots y M. Cadi Ha ximiyHu# KoMmIuiekc «Maroc
Phoshor II», ne ¥oro mpoMuBarOTh CIOYATKy MOPCHKOI, a MOTIM MPICHOIO BOJOIO IS
BUnasieHHs xyopuiaiB. I[Ipomutnit mpoaykr 3 31% P,0Os 3neBomnioroTs 10 18% 1
CHPSIMOBYIOTH Ha MOKpHii momen y BupoOuunrsi EOK.

B Amxupi Ha mignpuemctBi « DJEBEL ONC» nHa BunamoBaibHIA 30arauyBajibHiM
dhadpuri — notyxHicTio 800 Thc. T/pik koHIeHTpaty (33,4-34,4% P,0s5) — TexHoNOT1YHA
CXeMa CKJIAJa€eTbCsi 3 TPhOX OCHOBHHMX OIEpaliid: MNEepBUHHOTO IMPOMHUBAHHS,
JleKapOOHi3aLifHOro BUIATy i BTOPUHHOTO NPOMHBaHHS BHXizHOro docdopury. Moro
CIIOYATKy TMOAPIOHIOITh Y KOHYCHIN 1 MOJIOTKOBIM JpoOapkax 1 MpOCIIOIOTh MO § MM,
CKMJIAI0YM Yy BIABal KpymHi (paxiii 3 MiJBUIIEHUM BMICTOM JOJOMITY. 3aJIMIIOK
KPYIHICTIO — 8 MM BIITHPAIOTh 1 3HEeNUIaMiIiol0Th 1o 0,08 MM y mynbCyr0YMX KOJIOHAX, a
MOTIM Ha AYroBuUx cutax kjacugikyiots no 1,4 mm. KpynHuii martepian CKUAAIOTH Y
BiJIBaJI, a MpOAYKT 3 (ppakiiiero — 1,4 + 0,08 mm, 110 MicTuTh ~ 29% P,05, 3HEBOAHIOIOTH Y
TiAponuKiIoHax 1 neHTpudyrax ao ojorocti 10% Ta HampaBisOTh Y BHUMATIOBAIBHI
anaparu.

Tepmiuny 06poOky ¢ocdary Beayth y TpukamepHux peaktopax KIII. Meroro 1riei
omepauii € po3kiaa kapOoHaTiB (B OCHOBHOMY, €HIOTE€HHHUX), SKI MPHUCYTHI Yy CKJaJIl
dochatnux crnomyk. PocPopuT MNOJAIOTH y BEPXHIO KaMmepy peakTtopa, Je BiH
BucymyeThess Ta HarpiBaetbess B KII g0 533 K (260°C) razamu, 1o BigXoasTh 3 KaMepu
BUIAJY Kpi3b IUKIOH. 3 BEPXHbOI KaMepu (PocPOopUT A03YIOTh Y CEPEIHIO Kamepy
BUIAJy, JI€ CHAIIOEThCs cupa HadTa, U0 HAAXOAUTh udepe3 ¢opcyHku. dochopur y

KaMmepl BUMATy 3HAXOJIUTHCS y MCEBAO3PIIKEHOMY CTaHl B cepeHboMy 30 XBUIIMH NpHU
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temriepatypi 1198 K (925°C). Ilositpsa Haaxoauts npu temneparypi 753 K (480°C) kpi3b
HIOKHIO penniTky. Ilicas Bunany ¢pochopuT HaIXOIUTh Y HUKHIO KaMepy OXOJIOJKEHHS,
ne takox y KII BinOyBaeThcs TemiooOMiH MK (ochaTHUM MaTepiajaoM 1 MOBITPSM, IO
HArHITa€TbCSl y Kamepy BuUMNANy. 3 KaMepu OXOJO/KEHHS Ta 3 Tapsuyoro IUKIOHY
BUmangeHui GochopuT BUBAHTAXKYETHCA Y OaK permynbiaTopa.

Brpata macu gocdoputy npu Bunami B pesynbrari BusydeHHs CO, 1 BUKUAY THILY
ckiagae ~ 10%.

Mera apyroro npoMUBaHHA — MOBHE a00 YacTKOBE BHJIYYEHHS 3 BHIIAJIEHOTO
Marepiany BanHa CaO, nepuxiazy MgO, rnayoeputy Na,Ca(SO,),, rigpodinity CaCly,
[0 YTBOPIOIOThCS B Tpolieci TepMiuHOi 00poOku. [{ro omepairito mpoBOASITE Y BOCHMU
MOCIZIOBHO PpO3TAIllOBAaHUX TMYJIbCYIOUUX Oakax, Je W BimOyBaeThCcs BIITHpPKA 1
nportuTediiine npomuBanHsa ¢pochopury. Cycnensis 31 3piIIKEHUMH YaCTKaMU T1IPOKCUIY
KaJIBI[II0 3 TPOMUBHHMX amnapaTiB HaJIXOAUTh 10 KapOOHI3aTopa, KyAHW MOAAI0Th Ta3H 3
BmicToM CO, 3 peakTtopiB Bunany. ['iapokcuy kanpiiito pearye 3 CO; 1 IepeTBOPIOETHCS B
kablUT CaCO; y BUTIISAI MAJICHBKUX KPHUCTAJIB, K1 BUAUISIOTH 1 CKUAAIOTh Y BiJBal.
®dochoputouit  koHueHTpaT (33-37% P,0Os) 3HEBOAHIOIOTH Yy TIAPOIMKIOHAX 1
HEHTpU(yTrax, BACYIIYIOTh 1 BIIBAHTAXYIOTh HA CKJIA/I.

VY Tymnici (paiion M. ['adca) Ha m’satu pabpukax arpopyny 30aradyoTb IPOMUBAHHIM
32 HAaCTYIMHOIO TEXHOJOTIYHOIO CXEMOIO: JpOoOJieHHs, MpociioBaHHA Mo 5 (abo 2) Mm,
poMUBaHHS JIpiOHOT (pakiiii B OapabaHax, 3HeNuIaMIIOBaHHS y 1Bi ctafii mo 0,07 mwm,
3HEBOJIHEHHS B lIeHTpUudyrax adbo ¢pinpTpax, cyuinHs B 6apadanuux cymapkax. Kinesui
KOHIIEHTpAT MICTUTh 29-31% P,0s.

V Woppauii npuponni ¢ochopury, 3amexHO Bif SKOCTi, AOCTABIAIOTH 400 Ha
30arauyBajibHiI YCTaHOBKM, a00, MHUHAIOYHU iX, Ha CYIIMJIbHI. 30aradyeHHs 3/1HCHIOIOTh
IpoOJICHHSIM, BIICIBaHHSAM Kiacy + 12 MM, penynbhnaii€to, IpOMUBAHHIM, KOHTPOIbHUM
MPOCIIOBAaHHAM, JBOCTAIMHUM 3HEUUIAMIIIOBAHHSM B TIIPOLMKIOHAX, 3HEBOJHEHHSM B
neHTpudyrax i1 BUCYITyBaHHAM 10 BosiorocTi 2%. Kinnesa npoaykilisi — KOHIIEHTPAT 3 ~
33% P,0:s.

B Cipii (ponosuma Kueitdic 1 Ilapkie) dochopur po3apiOHIOIOTH 1 MOCTIIOBHO

po3citoroTh no ¢pakiism 120, 40, 5 (a6o 2) mm. OxepkaHuii TaAKUM MPOCTUM CIIOCOOOM
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koHieHTpat (29-31% P,0s) BucymyoTh 10 BoioroctTi 1% 1 BiBaHTaXylOTh (4aCTKOBO 1
0e3 BuCyIllyBaHHs) criokuBayaMm. OcoOIMBICTh CIpICHKOr0 (PocHOpPUTHOTrO KOHIIEHTPATY
€ (SIK 1 TYHICBKOI'0) BMICT He0aXaHOTo JJis1 HACTYIHOT XIMI4HO1 nepepoOku xjopy (10 0,2-
0,24%) ipu JOCUTH BUCOKOMY BIZICOTKY 3acBooBaHOTO P,0s .

B Cenerani npupogsi Gochoput npoxosiTh TEPMIUHY 00pOOKY MpU TeMIiepaTypax
773-873 K (500-600°C) 3 HacTynHUM 3/Ip1OHIOBAHHIM J0 TOHKOTO MOpoIKy. OnepxaHuit
KOHIIEHTpAT MICTUTb 32-34% P,0s5 (10 27% P,05 54c5.).

docdarHo-KapOoHaTHY arpopyny Ipaky (pomosuiie Axkamiat) 3 BmictoM 21% P,0Os
30aradyyoTh BUMAJIOM 3 HACTYITHUM MpoMHBaHHsM 110 29-30% P,0s.

Y CHIA dochatny mpoMucioBicTh 3ocepemxeno y mratax dmopuaa, IliBHiuHa
Kaponina, Tennecci, Aiinaxo, Monrana, FOra 1 Baitomunr (61u3pko 85% docdarnoi
CUPOBUHHU JOOYBa€ThCA y mepmux JBox mmrartax). [lpupomni dochoputu (KOBHOBI,
dbocdaTtuzoBani cnaHili, 00iTOB1) 30arauyroTh Ha 35-40 miANpPUEMCTBAX MOTYKHICTIO Bij
0,9 1o 5 (B ocHOBHOMY, 2-3) MJIH. T/piK KOHUEHTpaTy. Arpopyany 100yBalOTh MIJ3€MHUM 1
BiIKpUTUM crniocobamu. Bmict P,Os y pocdopurtax pizHHX POIOBHUI 1y MeXKaxX OJHOTO
POJIOBUIIA € MIHJIUBHUM 1 3aJI€KUTh BiJl IIAPIB MOPOJIHU, SIKI MOKYTh OyTH MpEICTaBIICHI SK
6aratoro arpopyaorw (32-36% P,0s), Tak 1 6igHOM0 (8-24% P,05) a60 Maiike MOpOKHBOIO
nopojoto (1-7% P,0s).

[Tpu 36arauenni »xoBHOBUX PocoputiB CLIIA BiAMUBaIOTH BEIHKI dKOBHU, BUAUISIIOTH
y BiJIBaJ IUIaMH 1 QJIOTYIOTh MaTepiaj METOAOM MOABIMHOI ¢ioTallli: Ha mepuIiid cTali
aHIOHHOIO (DJIOTAII€}0 BIIOKPEMIIOIOTh Y MIHHUA MOPOAYKT YOPHOBUHM (ochaTHUM
KOHIIEHTpAT, 13 SIKOro Ha APYrid cTajall KaTiOHHOIO (IIOTAILIEI0 «BUTATYIOTHY» Yy MIHHUN
OpOAYKT KBapuoBi mickd. Ilpu 30aradeHHi «4opHHX (TeMHHX) (QOCcPOpHUTIBY
nependavaeThesl me W omnepanis Bunany, npu 1073 K (800°C). B npomy BuTAgKy 3
arpopyau, mo wmictuth 18-24% P,0s, onepxyroTs koHuentpatu 3 31-31,5% P,0:s.
OOMeXyIounuch TUIBKM NPOMHBAHHSAM 1 MPOCIIOBaHHSM, 3 «OUIMX (CBITIUX)» arpopyn
OJIEPKYIOTh KOHIEHTpaTH, o MIcTATh ~ 30% P,0Os. @ochoputHy «pyay» 3 cepeaHim
BMicToM 24% P,Os BUKOPUCTOBYIOTH NpU BUPOOHULTBI eneMeHTapHoro d¢ocdopy (B
enexkrtpornedax) 1 TepmiuHoi dochaTHOi KMcioTh. buiemn  6araTi  KOHIIGHTpATH

nepepooIstoTh XiMiuHuM 1usixoM B EOK 1 dhochopoBMicHi MiHepanbHi J0OpuUBa.
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[Iporec 30araueHHs1 arpopys 3AIMCHIOEThCS Y TpU cTaaii. Ha mepniit — ocHOBHIM
bnoTarii 3apiOHEHOT TOPOAU — OJEPKYIOTh NMPOMDKHHMI KOHIICHTpAT TpPH BiAJaJICHHI
JIEBOBOI MacH MOPOXXHBKOT MOpoau («XBOCTiB»). Ilicist BimCTOIOBAaHHS «XBOCTH» (ITICKH)
BIJIKAUYIOTh B XBOCTOCXOBHILE, a PIAKY (ha3y — 37UB 3 3ryllyBadyiB — BUKOPUCTOBYIOTh SIK
000OpOTHY BOAY Yy HACTYNMHHUX CTafiixXx mporecy. IIpoMiKHUN KOHIIEHTpAT OCHOBHOI
¢drnotanii copsAMOBYIOTh Ha APYTYy CTail0 — Mepuly W Apyry nepedyucHi Quorauii, 1o
peanizyroTh 3a JOMOMOIO0 aHIOHOAKTUBHMX 30HMpayiB (KoJeKTOpiB). 301AHLIA (pakiisd
MEPILOro MEePeUMILEHHS TOBEPTAETHCS HA OCHOBHY
¢rorauiio, a 30araueHa — 3a3Ha€ BTOPUHHOTO MEPEUMILIEHHS 3 OJIepKaHHIM KOHIEHTPATY
1 XBOCTIB, 1110 CIIPSIMOBYIOTHCSI Ha TPETIO CTaJil0 — KaTIOHHY (DJIOTAIlil0 1 NEPEUUICHHS.
KoHueHnTpatu npyroro Ta TpeThOTO NEPEUMILNEHHS IMICAS 3TyIlyBaHHS (DUIBTPYIOTH 1
BUCYIIYIOTb.

B Pocii 36arauenns ¢pocdoputiB Ta BUpoOHUUTBO (hochopuTHOro OOpoIIHA 3 HUX
MPOBOJUTHCS Ha OCHOBI >KOBHOBHX (pocdoputiB €rop’iBchkoro i Bstcbko-Kamcbkoro
ponoBul (MPOMHUBAHHS BUXITHOI arpopylu 3 HACTyMHUM 31piOHeHHsM), [lonmiHChKOro
ponoBuiia (mpomMuBaHHA 1 QuoTaniiiHe 30aradeHHs), uepenamkoBux QocdopuTis
Kinricencbkoro poposuma (monpiOHeHHss 1 Quortauiine 30aradyenHs). Jlo peui,
yepenamkosi pochopuTu HanekaTh 10 arpopy/l, 0 HaWOUIBII JIETKO 30arauyoThCs.

X101HCbKMI amaTUT AJi1 BUPOOHUITBA arpoTEXHIYHOro OOpOIIHA, 3BICHO, HE
3ally4aloTh — (propanaTUT MarMaTUYHOTO IMOXOJPKEHHS MPAKTUYHO HE PO3YMHSETHCS B
IPYHTOBHUX po3urHax. Ta i Hemae B3arajii CEHCYy NMEpPEBOJIUTHU 110 ab0 IHINY AKICHY (s
BUpPOOHHUIITBA KOHLEHTPOBaHOT (OchOpPOBMICHOI NPOAYKIIi) CHPOBUHY Yy CTaH
MajnoedekTuBHOro (pocharHoro GopomrHa.

Haili6unbi1 po3MOBCIOKEHOI0 € cHpolleHa cxemMa BUPOOHUITBA (HOCHOPUTHOTO
OopormrHa MMOApiIOHEHHAM (pUCYHOK 3.2), sika 3BOJUTHCS JI0 HACTYIMHUX OIEpallii:
nonepeHe KpynmHe po3ApiOHIOBAaHHS MHTOI arpopyld B MOJIOTKOBMX a00 IIOKOBHX
npobapkax; cymiiHHs ¢ochoputy B 0o0epTOBUX MNPsAMOTEUIMHMX OapabaHax IUMOBHMU
razamu (823-1023 K; 550-750°C) mo 3amumkoBoi BOJOTOCTI OJu3bko 2%; HACTYyITHE

cepeaHe MoapiOHEHHs (B BaJIKOBUX ab0 MOJIOTKOBUX JpoOapkax) i IpiOHUM momen (B
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KyJIbKOBUX 200 KUIbIIeBUX MiIMHAX). [lomenenuit maTepiai BIIOKPEMITIOIOTH B MOBITPSIHUX

cenaparopax BiJl KpymHUX (Qpakiiii, Kl MOBEpTalOTh HA 3APIOHEHHS.

Murtmit
dochopur

*11
,
) 2

10

Pucynok 3.2. Texnomnoriuna cxema ojepxanHHa ¢dochopuTtHoro OopomHa 3a
CITPOILICHOI0 TeXHOJOTiet0: 1 - 6GapabanHa cymiapka; 2, 10 — rukiioH; 3 — enexkTpopuisTp; 4
— IUMOCOC; 5 — nuMoBa Tpy0a; 6 — excraycrep; 7 - MOJIOTKOBa Jpobapka; 8 - KyJIbKOBHUI
MJIMH; 9 — noBiTpsiHud cenaparop; 10 — nukion; 11 — pykaBHuit GuabTp; 12 — cuiocHi
Oamtu st GocPhOpUTHOT MYKH

Icnye pexinpka crenialibHUX croco0iB 30aradyeHHst GOCHOPUTIB 3 METOIO 3MEHIICHHS
BMICTYy B (¢ochopuTHOMY OOpOIIHI IMIKJIMBUX JAOMImIOK. Tak, i 30aradeHHs
3a130BMICHUX (OChHOPUTHUX TOPIJT BUKOPUCTOBYIOTh MarHiTHy cemnapamito. [lopsia 3
bnoTariero, JIsI BUAUICHHS 3 TOPOAM JIOMIIIOK 1HOJI BUKOPHUCTOBYIOTH TpaBiTalliiiHi
METO/IY, HAIIPUKJIIAJl PO3AUICHHS MIHEPATIB Y BAXKKUX CYCIIEH31IX TOIIIO.

JHlonenaBHa B YkpaiHi ¢pochopuUTHY CUPOBUHY B3araji HE BUJI00YBaju, 32 BUHSITKOM
O6mm3pko 200 THC. T MOMYTHOTO OJEpKaHHA Ha 3ali3opyaHux komoOiHatax (Kamwuri-
BypyHcbkomy B paitoni M. Kepd Ta iH.). B 1999 p. po3noyaTo npoMUCTIOBY €KCILTyaTaIlio

KapmiBcbkoro pojoBuia 3 mnepepodkoro (ocdoputry Ha 30arauyBasibHINA (abpuii i

onepkanHsiM ¢ocdarnoro gobpusa "arpodocka" (cedto arpoP+K). dochopormicHa
nopoaa KapmiBCcbkoro pojoBHILa HAJICXHUTh 10 (GHOCHOPUT-TIAYKOHITOBOTO THIY.
30araycHHsT arpopyau 3IIMCHIOETBCS 3a CTAisIMH 3HCIIJIAMIIFOBAHHS, CJIICKTPUYHOI 1
MarHiTHoOi cemnaparnii. Buxig OCHOBHOro mpoayKTy - (ochopuT - TIayKOHITOBOTO
KOHIIEHTpaty - nocsirae 28-30%, a Buxin ¢pochopy 10 KiHIIEBOro KOHIEHTpaTy - 73-74%.
Konnentparist P,Os;,r. B ocTanabOMY - 15,3-15,5%, B T.4. ~13% P,0s55,5.. ['mayxonit 4[(K,
Na)(AlL Fe3+, Mg),(Al, Si)40,0(OH),] - cknageHuil TIAPOKCUAATIOMOCUIIIKAT - 1€

KOPUCHHUI KOMIIOHEHT KOHIIEHTPATY, JIPKEPENO MOKUBHOTO JIJIsl POCIUH KaJIilo.
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JloJlaTKOBUMHM JOCTIAHUMHU BUIIPOOYBAaHHSIMU JI0BEJIEHO, 10 TEXHOJIOT14YHI MOKAa3HUKHU
30arayeHHs arpopynud KapmiBChbKOro poOJOBUIA MOXHA MOKPAIIUTA HarpiBaHHSAM
MEepBUHHOTO KoHIEeHTpaTy 1o 573-723 K (300-450°C), BwIyd4eHHSIM 3 KOHIIEHTpATY
dpakiit 0,315-1,0 mm a6o - 0,063 mM. B ocTanHEOMY BapiaHTI MOXKHA MIABUIIATHA BMICT
P20554r. 10 17% nipu 93,5% (BimHOCHUX) P2Os55505.

OaHuM 3 TIPOCTHX METOMAIB MIJBUILECHHS €KOHOMIYHOI €(EeKTMBHOCTI 3aCTOCYBaHHS
dbochoputiB € ixHe ToOHKOoAMCHEepcHe 3aApiOHeHHs. Tak, y ®PH Bupobnserscs 3
dbochoputiB 6opormrHo "T'inepdoc", BIAMIHHOIO PUCOIO SIKOTO € BUCOKHUI CTYIIHb PO3MEITY
- Ha 70-90%<0,063 mm. ToHkuii po3mip Beae A0 30UIBIICHHS MUTOMOI TOBEPXHI
dbochoputHOoro OopoIlHA, M0 OOYMOBIIIOE 3POCTaHHS PO3IYMHHOCTI 1 CIIOKUBHOT
edexkTuBHOCTI J00puBa. B3arami yTtoyHeHo, 10 Juisi BHPOOHHUITBA (POCHOPUTHOTO
OopollIHa palioHaTbHO BUKOPUCTOBYBATH Jinie Ti hochoputu, siki MatroTh He MeHII 30%
P,Os, po3umHHOrOo B 2% JHUMOHHINM KHCIOTI. 3 METOK MIJABUIIEHHS CHOKHUBHUX
BJIACTUBOCTEN (PocOOpoIIHA PEKOMEHIYEThCS MPOBOIUTH TPAHYJALII0 3 SKUM-HEOYIb
a30TOBMICHUM B'sKy4yuM (kapOamin Touro). [Togidne 6opomrHo "I'pandoc” BUMycKaeThCs
BAT "Cymuximnpom" i mpu 6e3mnocepeiHbOMY BHECEHH1 B KUCII1 IPYHTU BUSBIISE JOCUTD
BHUCOKY arpoXiMi4Hy aKTHBHICTb.

[le 30ubIMTH €(EeKTUBHICTh TOHKOMOAPIOHEHUX (OCHOPUTIB MOKHA HUIIXOM iX
aKTUBaIlll NUIAXOM po3ThpaHHd. [lpu nboMy BinOyBaeThcs Aedopmarllisi KpUCTaiB,
YaCTKOBE PpO3UMHEHHS 1 'CIOTBOpPEHHA" MDKAaTOMHMX 3B'3KIB 1, SK HACIiJIOK,
niaBuuryerbest 10 90% nuMonHa 1 nuTpaTHa po3uuHHICTh P,Os. Takum ynHom, 50-70%
P,0Os crae uMTpaTHOPO3UMHHUM, IO J03BOJIIE 3aCTOCOBYBAaTH aKTHBOBAHI arpopyau Ha
IPYHTax yCiX THIIIB.

"binai1" ykpaiHChki (OChHOPUTH 3E€PHUCTOrO TUITY MAKOTh JOCUTh BHUCOKHH BMICT
3acBOtOBaHOTO (hochopy B MiHEepanax-HOCISX.

JIns HUX pEeKOMEHJ0BaHAa HACTYIIHA CIIpOIleHa cxeMa 30aradeHHs: Je3lHTerparis -
3HEIJIAaMJIIOBAHHS - CYIIIHHS - €JeKTpUYHa Ta Mar”iTHa cemapaiis. Y pe3ynbrati Oyne
OTPUMAHO TpPU MPOJAYKTU: KOHLIEHTpPAT, XBOCTH EJIEKTPOMATHITHOI cemapallii, nuiaMu

rpaBiTarii.
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3ajie)kHO BiJ TVIMOMHU 3alsiTaHHS arpopyAd MOK€ YTBOPUTHCH JBa THUIIU
KOHIIEHTpaTy: NepBUHHOTO 1 riubOokoro 30araueHHs. [lepmwmii BuHHMKae mnpu
3HEIUIAMJIFOBaHH1 1 XapakTepusyerbes BMicToM P,Os Bim 4,5 mo 10,5% nipu BuiydeHHI
roro 3 BuxigHO1 hochopoBMiCHOT cUpOBUHU Ha 93-96%. 3HENUIaMIIFOBaHHSAM 3 BUXI1THOT
MOPOAN BUBOASTHCS, TOJOBHUM YMHOM, JUCIEPCHI CHOJYKM KaJblil0 Ta TJIUHUCTI
YaCTHHKH, JJapMa 110 OJHOYACHO 3 HUMH JI0 IJIaMy NOTPAaIUISIOTh i AucnepcHi pocdaTu 1
kBapil. [lepBHHHI KOHILIEHTpaTH 3HAYHOIO MIPOIO YCMAJKOBYIOTh MIHEpaJbHUM CKIaj
BUXIJTHOT TTOPO/IH.

VY KiHIIEBOMY KOHIIEHTpaT1 3epHUCTUX PocdaTiB MicTuThes Bxe Bif 15 no 17,5% P,0s

IPU 3HWKEHHI IOKa3HMKa BWIydeHHs (ocdopy (65-80%). Konuentpatu miei cranii
30arayeHHs B)XK€ CYTTEBO BUIPI3HAIOTHCS 3a CKIAJOM Bl NPUPOIHUX (POcPOpHUTIB,
JSIKyr04H JoMiHyBaHHIO B HUX ( 10 100%) dbochopuTiB 1 riaayKoHITY.
Bitunsnsni sxoBHOB1 pochoputu (PatHiBecbke, Kponesenpke, OCUKIBCbKE POJOBHINA Ta
1H.) nOpW BUCOKOMY BMICTI KkapOoHartiB, SiO,, Fe,O;+AL,03(R,03) parioHanbHO
30arayyBaTy IpaBITal[liHUM KOHILIEHTPYBAaHHSAM, KUCJIOTHOIO OOpOOKOIO KOHIEHTpPATIB 3
MOAANBIINM BUJUICHHSIM Hepo3uuHHoro Si0, (3okpema, Qocdoputn PaTHIBCHKOTO
poaoBuina) abo MomnepeaHiM JAeKkapOoHa3alliiHUM BUMagoM 1 BiguuiamyBaHHsiM CaO
(ocukiBcbki hochoputn).

AHani3 (pi3UKO-TeXHIYHUX 1 TEXHOJOTTUHUX XApAaKTEPUCTUK BITUYM3HAHMX (ochaTHHX, a
TaKOX KaJIEBMICHUX MOJ1 MiHepanbHuX pya [Ipukapnarts, pi3HOMAHITHICTH IXHBOTO
CKJIaJly, HEBUCOKI TEXHIUHI Ta TEXHOJIOTTYHI TTOKAa3HUKHU ICHYIOUHMX MEXaHIYHUX METOJIB 1
npuiioMiB 30aradyeHHs 1 nepepoOKH 1€l YKpaiHChbKOT CHPOBUHU IMPH CIpodax oAep>KaTu Ha
il OCHOBI OUIBII SKICHY NPOJAYKLIIO OOYMOBIIOIOTh TMOWIYK HOBHUX, €(EKTUBHUX
TEXHOJIOT1H ii 3aly4eHHs 10 KOPUCHOTO BUKOpPUCTaHHS. [lepcrieKTUBHUMU B 1IbOMY ILJIaHI
MPEICTABIAIOTHCS TEPMIYH1 METOIH.

ExcriepuMeHTaIbHUMU  JTOCHKEHHSIMU  JIOBEJIEHO, W0 TEepMOOoOpoOKa mpu
temmneparypax 1373-1473 K (1100-1200°C) cymimni ykpaincbkux ¢ochOopuTiB OJHOTO 3
ponoBul (Konutkincekoro, PatHiBcskoro, He3puchkoro ta iH.) 1 cynb(paTHUX MIHEpaliB
[Tpukapmarts (manroeinity K,SO4,2MgSO,4, xkamimaruesii: K,;SO42MgSO4+kainiT

KC1-MgS043H,0, BaXKOPO3UMHHOI YAaCTUHM KaJldiHUX pyd TOLIO) Ja€ 3MOTY
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OJIep)KyBaTu 3 IUX MUXT (HocopHO-KaiiiHI T0OpHUBa 3 BHCOKHUM BMICTOM IOKUBHHUX
pedoBuH (46-55%). Yumana yvactka (Big 62 no 82%) docdopy npu nboMy KOHBEPTYE 3
HEpPO3YMHHOI (PopMH y PO3UMHHY (BMICT JUMOHHOpO3unHHOTO P,Os B Tepmodocdari
nocsirae 20-35%). BusiBiieHo, 1110 palioHaIbHUM € HACTYITHE CIIBBIAHOLIEHHS Y BUXITHUN

muxTi: pocdar : kaniiiHa pyaa abo kamimarsesis : kokc = 1:0,6:0:2.

3.3. Ximiuni MmeToau 30arauyeHHs npupoaHux gocdopuris

XiMiuHe 30arayeHHsi € OJJHUM 3 BU[IIB TEXHOJIOTTYHHUX TPOIIECiB, CIIPSIMOBAHUX Ha
nigBuieHHss Bmicty P,Os y docdarax 3a paxyHOK BHIIyYEHHS 3 HUX THX YU I1HIIMX
esieMeHTIB abo cronyk. Tak, Hanpukia, Mikpo3epHucTi pochoputu O6aceiiniB Kaparay 1,
gactkoBo, Yimicaii (Kazaxcran), a Takox dochoputu nesskux ykpaiHCBKHX POJOBHII €
Ba)KK030arauyBaHUMH MEXaHIYHMMH CIOCOOaMM dYepe3 TOHKE MPOPOCTAHHS MiHEpalliB.
Ce0Oto Taki ¢pochopuTH MICTIATH NEIITOMOPPHI
BKJIIOUEHHS KapOoHaTHUX (B T.4., MgCQO;), CHUIIUAHUX Ta IHIIMX KOMIIOHCHTIB
cnojiydeHux 3 ¢ocdarom pizHuMHU Gpopmamu 3B's13kiB ([lemitu (Bix rpeu. pelos - riauHa) -
yJIaMKOBI1 T1IpHHUY1 IOPOJAH, 11O CKJIAAAI0ThCs OUThINe, aHiXK Ha 50% 3 YaCTUHOK MEHIIIKX 3a
0,01 mm). ToMy HaBITh pu ay*ke TOHKOMY nomeny (-0,15 MM) He TOCATAETHCA T0CTaTHRO
MOBHE PO3KPUTTS  TOJIMIHEPAaJbHUX  3pPOCTKIB, WI0 MEPEHIKOIKAE  OJCPHKAHIO
MOHOMIHEpaTbHUX (PPAKITIH.

B Toii xe wyac mnepepoOka 3HEMarHeHWX BHCOKOMaruesianbHuUX (ochopuTin
TpaauIIMHUMU KucioTHUMH Metogamu y E®K 1 minepanbHi no0puBa Mae 3HauHI
TPYIHOII1 1 HaBIThb 1HOJI HEMOXJHUBAa - HEMNPUIYCTUMO 3MEHIIYEThCA KOe(DIillEHT
KHCIIOTHOTO po3KiajiaHHd, a orpuMmaHy EDK HemoxinuBO ymaproBaTu A0 KOHIIEHTpALlii
50% P,Os 1 Bumie. Y 3B'SI3Ky 3 UMM CIOXHMBadi-epepoOHUKH GocaTHOI CHPOBUHU
npea'aBisitoTh BUpOOHHKAM (ocpaTHUX KOHIIEHTPATIB JOCHUTh KOPCTKI OOMEXEHHS 3a
BmicToM MgO - st BucokocoptHux ochopuriB e 6utbine 0,7%. o peui, imnoproBaHi
B YKpaiHy cepeazeMHOMOPChbKl (hochopUTHI KOHIEHTpATH MICTATh 3abararo MgO - 1,3-

1,7% .
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3 ampoOoBaHUX CMOCOOIB 3HEMarHeHHs (POcHOPUTHUX KOHUEHTPATIB 3aCIYrOBY€
yBaru T€XHOJIOTisA 00poOku GpochopuTiB c1abKUMU po3unHaMU CyIb(aTHOT a00 HITPATHOT
KHCJIOT, cipdyacTuMm razoMm (SO,), xmopom. Ilpu HeBenukiii KUCIOTHOCTI piakoi (azu
cycnensiit (pH=2-4,5) mBUAKICTh pO3KJIaay KapOOHATIB KaJbI[il0 1 MArHil0 CYTTEBO BUINA,
anik ¢Qocdaris. IIpy npomy Mae micuie JesKe PO3KPUTTS MIHEpATiB 1 MICHS MOAUTY
MPOAYKTY PpO3KJIAJaHHd HAa PO3YMH, IO MICTUTH CIOJYKH MarHito (mepenaerscs Ha
yTWii3amiro), 1 Ha 30aradeHuit 3HemarHeHuir ¢ochoput. OcTaHHI ePEeKTUBHO
30arauyeThcsi TpaBiTAlllMHUMU ¥ (JIOTAlIHHUMHU CHOcO0aMHM 3a pPaxXyHOK BHIUICHHS
"po3kputux" 3 MiHepaiiB peuoBuH (SiO, Ta iH.), 110 HE POIYUHIOIOTHCS MPU KUCIOTHIN
o0poOui. XiMiuyHI MeToau 30aradyeHHsl JI03BOJSIOTH 3alyYUTH [0 BHUPOOHHUIITBA
HEMPUAATHUX [UIsl MPsAMOI KHCIOTHOI TEepepoOKHM BHCOKOMArHe3WallbHl amaTUTH 1
dbochoputh, B axux BigHomeHHs MgO: P,Os nocsrae 30-40%.

B Toif e yac sik cynb(aTHO-, TaK HITPATHOKUCIOTHE 3HEMAarHU4YeHHs He 1030aBieHe
TEXHOJIOTTYHUX HEAONIKIB. Tak, Ccyiab(haTHOKHCIOTHOIO 00poOKOI0, MpH 30UIBIICHHI B
dochatnomy konueHtpari P,Os HaBith 10 28,5-29,6%, Bmict MgO nyxe BaxkKo
3MeHIIUTU 10 pernameHTHuX 0,7% 1 Hwkde. Yepes TpyaHoull B peanizanii GuibTpamii 1
MPOMHUBAHHS BUJUICHUH 3HEMarHeHUH HITPATHOKUCIOTHUM CIOCOOOM KOHIIEHTpPAT
MICTUTh 3HAayHy KUIBKICTh JOMIIIOK HITPATIB, Kl HETaTUBHO MPOSBISAIOTH cebe mpu
nepepo61i koHueHtpary B E®K. IIpore HITpaTHOKUCIOTHHM po3Kiax Moxe OyTu
epeKTUBHUM TMpU 3a]yyeHHl JO0 MepepoOKu, [0 MpHUKIaay, amnaTUT-UIbMEHITOBUX
CTPEMHUIOPOACHKUX PYA 3 BUAUICHHAM TUTAHOBOTO KOHIIEHTPATY, LIMPKOHIIO, CTPOHIIIIO,
PIAKICHO3EMENIbHUX €JIEMEHTIB.

XimiuHe 30aradyeHHs (HochopuTIB 3 BEIUKUM BMICTOM KapOOHATIB JOCUTH €(PEKTUBHO
3MIACHIOETHCS 1 LUPKYIIOIOYHMM PO3YMHOM CyJIb(}aTy aMoHII0, 0 SKOrO J0JAar0ThCs
cyabdatHa 1 QocdaTHa KUCIOTH (3 HOpMamu, po3paxoBaHMMU Ha 3B's3yBaHHsS CaO B
CaSOy4 1 MgO - y Burnaai MoHoMmarHsidocdary):

CaMg(CO,), +0.9(NH,), SO, +0,1H,SO, + 2H,PO, —>

3.1
—> CaSO, + Mg(H,PO,), +1,8NH, +2CO, + 2H,0. G-1)

3a oM CII0COO0OM HC BHUKIIFOYCHO, 1o JCAKa qaCTHHa

droprigpokcuikapOoHaTanaTUTy 31 ckiaaay (Qoc@opuTIB TeK MOXKE NpopearyBaTtu 3
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po3unnom NH4HSO4(0,5(NH,4),S0O4+0,5H,SO,4), mo30aBuBIIMCH BiJi KOHCTUTYIIHHOTO
KapOoHATy 1 30UTBIIMBIIN YaCTKY 3acBOOBaHOro P,0s:
Ca, P, ,C, 0y, F, ;OH +10NH ,HSO, — 10CaSO, +

@pankonim

+2,2NH,H,PO, +3(NH,), HPO, + 0,8CO, + 1,8NH ,F +1,8H,0. (3.2)

[Iporecu xiMigyHOTO 30aradeHHs AOIUIBHO KOMOIHYBAaTH 3 MEXaHIYHUMH METOJaMU
30arayeHHss Qoc@opuTIB 3 IXHHOIO HACTYMHOI MEPEpoOOKOI0 y N00OpuBa - 1€ HaJIaCTh
MOXJIMBICTh TOKPAIIUTH SKICTh MNPOAYKIIi, YTHUII3YBaTHU KOPUCHI KOMIIOHEHTH, IO
napajiebHO BUIYYaOThCS B UK 30aradyeHHs (HampuKiaj, CIIOJIYKH MarHito) i 3armo0irtu
CKMJIaHHIO Kuciaux BinxomiB. [lokazoBuil mnpukian peamizamii IOr0 MNPUHIUNY -

TEeXHOJIOT1s1 T0OpHBa - cynepdocy.

3.4 HaiiBasknuBimi MiHepaJbHi 100puBa

B nactynnux tabmuusax 3.2-3.5 HajaHo SAKICHI MOKAa3HUKA OCHOBHUX CYYacHUX
MIHEpaIbHUX JTOOPUB, K1 BUPOOISIOTHCA 32 CYyYaCHUMHU TEXHOJIOTISIMU Ta K1 XapaKTepHI
IUIsL YKpaiHChKUX 3aBOJIB. LI MOKa3HMKM OXOIUTIOIOTH MEpEeIik OCHOBHMX Ta BMICT
XapyoBUX e€JEeMEHTIB (a30Ty, Kaiiio Ta (ocdopy), Ha OCHOBI SKHUX JAEThCS OIIIHKA
100pUB.

Tabnuus 3.2. HirpatHi 1o0puBa

HasBa no6puBa I"'0710BH1 KOMIIOHEHTH 3MicT OCHOBHHUX
JIIOYNUX PEUOBUH

AMiak piakuit NH; 82,3% N
AMiak BogHHI NH;+H,0 16, 5-20;5%N
Hirpat amoHit0 NH4NO; 32-35% N
Cynbdat amoHit0 (NH4),SO4 19, 9-21% N
Hitpat Hatpiro NaNO; 15-16% N
Hirpar kanbItiro Ca(NO3),:3H,0 13-15% N
Kap6amimo- NH,CONHCH; 33-42% N
dbopmanbaeriine
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Tabnuus 3.3. dochaTHi 106puBa

Cyniepdocdat npocriit

Cynepdocdar
MMOABIHHUM

[Ipenumirat

docdoputHe OGOPOITHO

docdatHi HIIaKku

3nedropenuit pocdar

Ca(H2P04)2-H20+H3PO4+CaSO4
Ca(H2P04)2-H20+H3PO4

CaHPO, - 2H,0

Ca3F(PO4)3
4C30‘P205+5C30‘ PzOs* SIOQ
3C30'P205+4C30‘ P205

Tabnuus 3.4. Kaniitni 1o0puBa

14-21% P,0s
40-52% P,0s5

27-40% P,0s5
16-35% P,0s
14-20% P,0s

20-38% P,0s5

Xaopua Kanito
3Mimnani KaiiHi
Cynbdat xamiro

KCl1
KC1+NaCl a6o KC1+MgSO4
K,SO,

15,0-62% K,0
30-42% K,O

48-52% K,0

Tabnuus 3.5. KomniekcHi 1o00puBa

Cynepdocdar CaHPO, + NH4H,PO, + CaSO, I1,5-3%N

aMOHI30BaHU

AMMO(I)OC NH4H2PO4+(NH4)2HPO4 19-20% P205

Hiammodoc (NH4),HPO4+ NH4H,PO,4 11-14% N,

Hirpoammodoc NH4NOs;+ NH4H,PO,4 46-55% P,0s5

Hirpar kaniro KNO;s 16-18%N,46-48%

P,Os

AMMO(I)OCKa (NH4)2HPO4+(NH4)QSO4 + I(NO3+ 21-25% N, 20-25%
NH4C1 P,Os

Hirpoammodocka, NH;NO; + NH4H,PO; + KNOs+|13,5% N, 46,5% K,O

azoocka NH,C1

Kap6oammodocka CO(NH;), + (NH4),HPO,4 + KNOs+ [8-12% N, 10-24%
NH4C1

Hitpodocku NH4NO; + CaHPO4 + KNO;5 + 15-24% K50

MarHiii amoHiit-pocdar

Mertadocdar amoHito
[Tonmidocdat amoniro

NH4C1 + (360 (NH4)2HPO4 abo
NH4H2PO4 + CaSO4 * 2H20 abo
CaCO;

MgNH4PO4 : H20
(NH4PO3)n

(NHy4)50,0+(NH4)4P,O7+(NH4); HP,O
-+ NH4H,PO,4
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Ilo 17-18,5% N,
P,05 1 K,0

ITo 18-20%N, P,Os 1
K,O

11-20% N, 8-16%
P,0s

10-21% K,0

34-36 P,0Os ; 17-19%
MgO

17% N, 80% P,Os
;12-25% N

53-61% P,0s




3anuTaHHA ISl CAMOKOHTPOJIIO

1.IlpuunHM NpUNUHEHHS MOCTayaHHs B YKpaiHy Xi01HCHKOTO anmaTuTy.

2. 3Binku B YKpaiHy 3aB034Th pochopHy CUpOBUHY B JaHUI yac?

3. UYomy ¢ochopHy cupoBMHY HEOOXiTHO MifJaBaTH 30aradyeHHIO Ta
KOHJIUIIIIOBaHHIO?

4. Slkum ynHOM 30arauyroTh pocoputu 3a KOPJOHOM?

5. Tlpurapaiite BUMOTM 10 3aKOpJOHHUX (OochHOpHUTIB, L0 IMIOPTYIOTHCS B
Ykpainy.

6. Sxkum ynHOM 30arauyroTh xkoBHEB1 hochoputu B CIIIA?

7. o siBnsie co0or0 cxema BUpOOHUIITBA (HOCPOPUTHOTO OOPOIITHA 32 CIIPOIICHOIO
TEXHOJIOT1€10?

8. CyTHICTh TpOOMEXaHIYHOT aKTUBALlll TOHKO AUCTEPCHUX (HOChHOPUTIB.

9. Sxi cydacHi 10OpuBa BUPOOJISAIOTHCS HA YKpaiHi 1 B CBIT1?

10. Cxinbku BUIIB KaliiHUX 100puB Bam BimomMo?

11. Cxinbku BUJIIB KOMILIEKCHUX 100puB Bam Bimomo?
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TEMA 4. TEXHOJIOI'TA CYITEP®OCY TA I'PAH®OCY

Cyniepdoc - noOpuBo TpuBayioi (mposioHroBoi) aii. Bupobiserscs 3 Gochopuris,
o MicTaTh P,Os y Bakko3acBOOBaHUX (opMax, 1 TOMY He €(DEKTUBHUX MPU MPIMOMY
(ceOto Oe3mocepeIHLOMY) BUKOPUCTaHHI B SIKOCTI (OCHOpPBMICHUX TOOPUB y BUTJIISII
dbochoputHoro OopomHa (ykpaiHnceki (ocoputu AESIKUX POJOBUIN, KapaTayChbKi,
YUTICaChKI 1 IHIIUX NMPUPOIHUX (HOCHOPUTIB).

Cyniepdoc - HOBuUit THIl PocdaTtHOro A00OpuUBa TpuBaIOi (mMposoHroBaHoi) aii. lle
XIMIYHO 30aradyeHe 1 akTUBOBaHE KucioTamMu QocdoputHe OOpOITHO, A€ Yy BHUXIJIHIN
cupoBuHi P,Os 3HaXomuThCs y Ba)KKO 3acBOIOBaHIM QopMmi 1 Tomy y "cupomy" cTaHi
OOpOIIHO HEe MPUJATHE AJIS MPSMOIr0 BUKOPUCTAHHS Y SIKOCT1 J0OpHBA.

Cynepdoc Moxe MICTUTH (B 3aJIeKHOCTI BiJ BuxigHoro ¢ocdoputy) Bin 35 go 40%
P,0s, 3 Hux 19-25% P,0s y Bogopo3unHHiil popmi. 3a epeKTUBHICTIO BiH PIBHOLIHHUN
noABiiHOMY cyniepdocdaty, Butpatu xe kucior Ha 1 T P,Os B cynepdoci (1-1,4 T H,SO4
10,33-0,36 T P,O5 docdarHoi kucioT) y 2 pa3u MEHIIII.

TexHomoriss oxepkanHs cynepdocy Tmnependayae MIAKUCICHHS BOIHOT CYCMEH31i
dhochoputHOTrO GOPOIIIHA HEBEIIMKOIO KUIBKICTIO CYIb(aTHOT KHCIOTH (200 ra3omo1iOHIM
SO,). IIpu pH<4 nounHatoTh pO3KIATATUCH KApOOHATH (IOJIOMIT, KaIbIUT) npu pH<2,5 -
dbochatu. O1Ke, peryiodr KUCIOTHICTh CEPEIOBUINA, MOXKHA 3a0€3MEUUTH Tepexiy y
PO3YMH TUIBKM HEBENHMKOI KiIbKOCTI P,Os, ekBiBajieHTHOI BMIcTy MarHito. CynbharHa
KHCJIOTA, 110 BUKOPUCTOBYETHCS A 30araueHHs Gocdoputy, HeUTpani3yeThCs 10HAMU
Ca® (3 momoMiTy i KambIHUTY) i IEPETBOPIOETHCS B HEBEIHKY KimbKicTh CaSOy, sKwmii
BIIUISIETBCS BiJ piakoi ¢a3u pazoM 3 ¢ochoputroM 1 MOxe OyTH BUIYYEHHUH 3 HBOTO
KaTioHHOIO (ioTalliero. 3akJIO4YHI omeparlii ojepxaHHs cynepdocy - m0JaTKoBa
aktuBailis ¢pochoputHoro 6opoiHa 3MouyBaHHsAM oro EDQK, rpanyntoBaHHs 1 CYLIIHHS.

Po3uuH, 1m0 yTBOPIOETHCS MpH XIMIYHOMY 30aradeHHi ¢ochopuUTy 1 MICTUTH 10HU
Mg i HPO,”, aMOHi3yI0Th misi OCa/pKeHHs MarHiiiamowsifipochary NH;MgPO4H,0,
SAKUH, Y CBOIO YEpry, € LIHHUM LUTPATHOPO3UMHHUM J00puBoM. I[Ipoiiec peanizyeTbes B

3aMKHEHOMY BOJI000IrOBOMY IMKJII - KHCJ€ 3JMBaHHS 31 3TyllyBaya CYCIHEH31i micis
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omepalii XiIMIYHOTO 30arayeHHs MOBEPTAETbCS y Tpolec akTuBaulii GocPopuTHOrO
OoporirHa.

Kopucue Bukopucranns P,Os 3 pocoputnoi cupoBunu gocsrae 95%.

B Vxpaini cBoro yacy OyB po3poOnenuit (cymcekum JHJII Min/lil") 1 BupoOasiBes
IpaHyIbOBaHUN NMPOAYKT 3 ¢ochoputHoro 6opomna [lonmincekoro poposuimia (Pocis)
nij ToBapHUM 3HaKoM "Mikpodoc", sSKui BHOCHBCS B TPYHT SK IPOCTE€ CHPOBE
rpanynboBaHe Jg0o0puBo. Ilpore mnactudikaTtop, SKMl BUKOPUCTOBYETHCS — MpHU
rpaHysdLiiHIA onepanii B TexHousorii "Mikpodocy", BusBUBCS Hee(EKTHUBHUM INpU
opraHizanii Ha  YKpaiHCbKMX  MIANPUEMCTBAX  BHUPOOHMIITBA  TIPAHYJIHOBAHOIO
dochoputHoro OopomHa Ha OCHOBI jAyxke ApiOHoaucnepcHux  ¢GochopuTiB
CEPEeI3EMHOMOPCHKOIO PETIOHY.

[IpoBeneni nocniiKeHHs 3 Mi100py HOBUX PI3HOBUAIB IUIACTU(IKATOPIB AJI MPOIIECY
rpaHy/loBaHHA (TOJOBHUM YHWHOM, Ha OCHOBI kapOaminmy, ramyHiB, Mg(NO;), ToIo)
JO3BOJIMJIM  PO3POOUTH 1 BHPOBAAUTH y BUPOOHMITBO pA JOOpUB TiJ HAa3BOIO
"TPAH®OC" 3 xonauimiiHumu rpanyiaamu. Ciia BIA3HAUUTH, IO TICIAS BHECEHHS
rpaindocy B TpYHT TpaHyIM MiA JI1€I0 TPYHTOBOI BOJIOTM PYHHYIOThCA 1 QocopuT B
IpiOHOAMCIIEPCHOMY CTaHl PO3MOJAUISAETHCS MDK YaCTMHKAMU IPYHTY, a MOro pO3YMHHI
(Bim 40 no, HaBiTh, 85% P,0s5) 1 moBimbHOAIIOYI opMu P,Os MOCTYNMOBO 3aCBOIOIOTHCS
(0c00JIMBO YCHINIHO Yy KUCIUX IPYHTAX) KOPEHEBOIO CUCTEMOIO POCIHH.

EKOHOMIYHMMH, €KOJOTIYHUMHU 1 TEXHOJOTTYHUMHU TepeBaraMM BHKOPUCTAHHS
¢dbochoputHoro OOpoIIHA $K TMOBUIBHOAIIOYOTO JA00pHBa €: JelIeBU3HA MPOAYKTY,
BIJICYTHICTh XIMIYHOI CTaJ(1i mEpepoOKU, MOKIIMBICTh HOT'0 TPAHCIIOPTYBAaHHS 1 BHECEHHS B
IPYHT OOJaJHaHHIM 1 MexaHi3MaMmH (0e3 MHJIOYTBOPEHHS TOIIO, SIK 1€ Ma€ Micle Mpu
BUKOPHUCTaHHI MOPOIIKONO11I0HOTO (hOCHOPUTHOrO OOPOIIIHA), IO € TUMOBUMU IIpHU poOOTI
3 rpaHyJIbOBaHUMU JOOPUBAMH.

TexHomoriuHa cxema BHUpOOHUIITBA TpaHdocy HaBeneHa Ha puc. 4.1. dochopur 3
Oypta | rpelipepHuM KpaHOM 2 MOJAETHCS uYepe3 NpUMaibHUN OyHKEp Ha CTPIUKOBUH

KOHBeep 3, a oTiM y OyHKep 4, po3MillEeHU HaJl By3JI0M JI03yBaHHS 5.
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Pucynok 4.1. Texnonoriuna cxema BupoOHuITea gocdarnoro noopuna rpandoc:
1 - ¢pochopur; 2 - rpeiidepunii kpaH; 3 - CTpiukoBHI KOHBeep; 4 - OyHkep; 5 -
no3arop; 6 - Oak mmactudikatopa; 7 - Hacoc; 8 - 3mimyBay; 9 - rpanynstop; 10 -

cymmibHuM 6apadan; 11 - Tonka; 12 - eneBarop; 13 - rpoxort; 14 - npoGapka

Ham gocdoput no3yerbes y 3mimryBad 8. Po3uun mnactudikatopa 3 6aka 6 HacocoM
7 nogaeThbesl y HEOOX1IHIM KUIBKOCTI y 3MilryBad 8. OQHOYACHO y 3MIITyBay MOAA0ThCS 31
cTaaii knacudikamnii 1pioH1 yacTUHKH TpaHdocy (K peryp). Bonora cupoBruHHa cymil 31
3MilllyBaya HAAXOAUTh y IpanyisiTop 6apadannoro tumny 9. [Ipu rpanyiniii yTBOprooThCA
JOCTaTHbO MILHI CHUpI TpaHyidH, SIKI HAaAXOIATh Jajl A0 CYyIIWIbHOro OapabaHy
10.IlpsiMoTedi0 BIIHOCHO TPAHYNATY B CyIIMJIbHUM OapabaH 3 Tonku 11 HaaXoAsTh
TONKOBI razu 3 Temneparyporo 10 823 K (550°C). Bucyuienuii rpanynar 3 cymapku 10
CIIPSIMOBYETHCS Ha eyieBaTop 12 13 floro momomororo - y By3oa kinacudikaiii 13. ToBapHa
dpakiis rpandocy y BUTIISII TpaHyJl MOJAEThCS Ha KOHBEEp 15 1 HampaBIse€ThCs HA CKIa
roToBO1 MpOAYKIi. ['panynu, po3mip SIKUX NEepeBHILYyE 4 MM, 3 TPOXOTY depe3 IpoOdapKy
14 nonatotbest Ha eneBaTop 12, ce0TO HEKOHIUUIMHUM MPOAYKT Kiacudikallli IpoXoIuTh
CTa/1it0 NoBTOpHOI Kiacudikauii. IpiOHi yacTuHkM rpaHdocy, po3Mip IKUX MeHIe 1 MM, 1
OUI CHUCTEMH CYXOTrO OYHMIIEHHS BIANPAlbOBAHUX TOMKOBUX Ta3iB  CHUCTEMOIO

TPaHCHOPTYBaHHS CIIPSIMOBYIOThCA Y 3MilllyBay 8.
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[Ipu nepepodui GpocoputiB Ha rpaHdoc TeMIepaTypHl YMOBHU CYIIIHHS TaKi, IO
petporpazaitii girounx Gopm P,Os He BinOyBaeThCH.

[Ipocta  TexHoOJOTiSE  JO3BOJISIE  OpraHi3yBaTH  BUPOOHUIITBO  TpaHdoOCy,
BUKOPHUCTOBYIOUM OOJaHAHHS 1IeXy TpaHyJII0BaHHSA MPoCcToro cynepdocdary.

di3uKo-xiMiyH1 oka3Huku rpadocy 3 TY YV 6 14005076.041-2000 npencraBieHo B
Tabnui 4.1.

Tabmuis 4.1. @izuko-xiMiuHi NOKa3HUKH SIKOCTI rpaHdgocy

Hopwma s mapok

Ha3Ba noka3Huka Ta OgUHUIS BUMIPIOBAaHHS CA
A b
I 11
MacoBa wuyactka 3aranpHux (QocdariB  (cyma
HIBUAKO- 1 moBUIbHOAIIOUUX QopMm P,0s), %, ne | 29 29 26 15
MEHIIIE

BinHomennss ~ macoBoi  uyactku  ¢ocdartis,
PO3UMHHUX B PO3YMHI MYpaB'iHOT KHUCIOTH, 0

. o 55 55 55 55
MacoBOi 4acTku 3araibHUX (QocdartiB, %, He

MCHIIIC

Macosa yactka BojaH, %, HE OUIbIIIE 3 3 4

MacoBa yacTka 3arajibHOro a3zory, %, He MEHIIIEe 1 - 2 1
MacoBa yacTka KaJaMilo, MI/KT, HE OLIbIIIE 12 12 12 12
MaCOBa YyacTKa CBUHIIO (TUTIOMOYMY), MI/KT, HE 20 20 20 20
OLIbIIIE

MacoBa JacTka apceHy, MI/KT, He OUIbIIIe 10 10 10 10

I'panysnomeTpuyHu CKIIAN:
MacoBa yacTKa rpaHyJl po3MipoM:

- wMenme 1 mM, %, He OLIbIIE 6 6 6 6

- Big 1 7o 4 MM, %, HEe MEHIIIE 80 80 80 80

- Ourpme 6 MM, % 0 0 0 0
Crarnuna MinHIicTh Tpanyn, Mlla (KFC/CMz), He| 1,8 1,8 1,8 1,8
MEHIIIC (18) | (18) | (18) | (18)
Po3cumnuacticts, % 100 100 100 100

EdexktuBHa mnMTOMAa AKTHBHICTH HPUPOAHUX
paaionykiiaiB, bk/kr, He OublIe
3anumannus 011 cCAMOKOHMPOJII0

1850 | 1850 | 1850 | 1850

1. o Take cynepdoc?

2. CyTtb TexHoorii ofepxxanus cymnepdocy.
3. Cxian cymepdocy.

4. Mo Take mikpodoc?
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o Take rpandoc?
[TpurangaiiTe OCHOBHI pUCH TEXHOJIOTIYHOT CXEMH OJICP>KaHHS rpaHdocCy.

[Tokazuuku sskocTi rpandocy.

®© NS W

Hagiiio HoOpMy€eThCS TpaHYJIOMETPUYHUM cKiaa rpaHdocy?

Tema 5. MIKPOAOBPUBA

5.1 IloHATTA PO MIKpPOEJeMEeHTH

Jlo ckiany pOCIMHHMX 1 TBAPUHHUX OPraHi3MIB BXOIATh JECATKH XIMIYHHUX
eneMeHTiB. Ti1 3 HHX, SKI BTPUMYIOThCS B OpraHi3Max 1 B IPYHTI B KIUJIbKOCTSIX, HE
NEPEeBUIIYIOUUX TUCAYHUX YaCTOK BIJICOTKAa (PO3PaxOBYIOUM Ha CYXy pPEUYOBHUHY),
HA3MBalOTh MiKpoeJeMeHTaMu (yJIbTPaMIKpOEIEeMEHTH - 1€ MIKPOEIEeMEHTH, IO
BTPUMYIOTBCS B 30BCIM MaJIUX KUIBKOCTSIX - MEHIIE CTOTHCSYHMX YacTOK BiJICOTKA).
MinepanbHi 100puBa, MO JIEBOI0 PEYOBUHOIO SIKMX € MIKPOEJIEMEHTH, Ha3UBaIOTh
MikpoioopuBaMu. BoHu HE0OXi1H1 1711 HOPMAJILHOT'O PO3BUTKY POCIIHH.

JUJIsi 4OTUPHAIUATH MIKPOEJIIEMEHTIB YCTAHOBIIEHE X KUTTEBO BaXKJIMBE 3HAUCHHS.
Jlo Hux craBmsatecsa: B, Mn, Cu, Zn, Co, Mo, Fe 1 neski iHmi. Bouu BXOaaTh 10 CKJIaay
(dhepMeHTIB, BiTaMiHIB, TOPMOHIB, MICMEHTIB 1 HIIUX CIOJYK, 110 BIUIMBAIOTh HA KUTTEBI
¢byukuii. BrnnmuBaroun Ha O10XIMIYHI NMEPETBOPEHHS, BOHM pPOOJATH [it0 Ha Oaratro
¢i3iom0oriyHuX (QYHKIIH y POCIMHHUX OpraHi3Max, 3[IMCHIOBaHI uepe3 (epMEeHTHI
cucteMu. MIKpOeNeMeHTH aKTUBI3yIOTh pi3HI (EepMEHTH, 10 € Karajaizaropamu
OloxiMiyHMX mporeciB. Hampuknana, BOHM BIUIMBAaIOTh Ha BYIJIEBOJHUM OOMIH,
M1ACWIIOIOTh BUKOPUCTAHHS CBITJIA B Mpoleci (POTOCUHTE3Y, IPUCKOPIOIOTH CUHTE3 O1IKIB.
[lig BIJIMBOM OKpEMHX MIKPOEJIEMEHTIB MOXYTh MIJCUIIOBATUCS Ti a00 IHIII KOPHUCHI
BJIACTUBOCTI POCIMHU: MOCYXOCTIMKICTh, MOPO30BUTPUBAJIICTh, TPUCKOPEHHS PO3BUTKY U
J03piBaHHS HACIHHA, OMIPHICTH XBopoOaMm 1 iH. Hectaua MmikpoenemMeHTIiB 00yMOBIIO€E
MOpPYIICHHS B OOMIHI PEYOBMH 1 MPUBOJUTH JO 3aXBOPIOBaHb POCIWH 1 TBapuH. Tak,
HecTaya OOpy 3MEHIIyE CTIMKICTh O3MMOI TIIEHMWIN, JHOHY W I[yKPOBOTO Oypsika 10

3aXBOPIOBaHb, HECTaua MAapraHIl0 3HMKYE 1HTEHCHUBHICTh (DOTOCHMHTE3Y, MOIIOJACHOBE
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roJIOJlyBaHHSl BUKIIMKA€ HArpoOMajpKeHHs HITPATIB y JIMCTAaX 1 3HWKEHHSA 3MICTy OLIKa,
nedInuT 3aji3a - XJ0po3 JUCTIB 1 T.J.

OpHak 10 MIKIJIMBUX HACHIIKIB MOKE MPUBECTH M HAJIUIIOK MIKPOEJIEMEHTIB.
ToMy mnpu BHUKOPUCTAHHI MIKpPOAOOPUB HEOOXIAHO BpPAaxOBYBATH 3MICT JIaHHUX
MIKpPOEJIEMEHTIB y IPYHT1 i mOTpeOi B HUX POCIHUH.

Jlesiki MIKpOeJIeMEeHTH HEeOOXIH1 Jisl 31MCHEHHS KUTTEBUX (YHKIIA BCIX POCIIHH,
HII K MOTPIOH1 AJiE OKPEeMHUX BHUIB, MPUUYOMY pPOJIb 0ararboX MIKpPOEJIEMEHTIB, IO
BXOJIATh JIO CKJIaay POCIUH, MOKH Il HE 3'ICOBaHa.

B Vkpaini # B IHIIMX KpaiHax 3acTOCYyBaHHS MIKPOJOOpPUB I MIABUIICHHS
BpOKaiB y CUIBCBKOMY TOCHOAAPCTBI OE3yMUHHO PO3IIUPIOETHCS. SIK MiKpoaoOpuBa
BUKOPUCTOBYIOTh YTPUMYIOUl MIKPOEJIEMEHTH NPUPOAHI KOMAJIWHU (MIHEpalin), NEsKi
MIPOMUCIIOB] BIXOJM, TEXHIYHI COJII W CIOJYKH, IO BUTOTOBJISIOTHCS CICLIaIbHO, 1
CyMillll, HAaNpUKIaJ, BHYTPIKOMIUIEKCHI CHOJNyKU (xematu), (pitu (ckionoaioHi ado
METaNloNoiOHI TI'paHyIH, OJEpXKyBaHi 3 pO3MIABIEHHX TBEpAMX cymimeif) i iH. Ix
3aCTOCOBYIOTh SIK IISIXOM IMEPEANOCIBHOTO BHECEHHS B IPYHT (3BUYAWHO Y BUIJIAII
KOMITOHEHTIB OCHOBHUX JOOPHB), TaK 1 JUIsl HEKOPEHEBOI MIATrOiBI1 (OOMPUCKYBAHHSM 1

OOIUITIOBAHHSM), a TAKOXK JJIsl OOPOOKH HACIHHSL.

5.2 bopHi n1o6puBa

Cepen MmikponoOpuB OOpHI € HalmomupeHimuMu. HalOuIbll KOHIIEHTPOBAHE
6opHe nmo0puBO - 1e 60opHa kuciora H3;BO;, mo mictuth He meHm 99,6% (TexHiuHMIMA
npoaykt) 1 97% H;BO; (mpoaykr st cuibChkoro rocmogapcTsa). Jlis omyaproBaHHS
HaciHb i1 PO30aBIAIOTh, TEXHIYHUM TaJIbKOM A0 KoHIeHTpamii 14-16% H;BO;, ane
31e0UTBIIOT0 3aCTOCOBYIOTh I OJEpX aHHA OOpPOBMICHHUX JOOpPHB - MpOCTOro M
noABiiHOTO cynepdocdarip, HiTpoamodocku. [ nux xe uiiei cayxatb 6ypa Na,B4O7 -
10 H,O Bumioro ta 1-ro coptiB (BinnosigHo He MeHIT 99,5 1 94% OCHOBHOI pe4yOBHHU), a
Takox OopaT Kabilito 1- u 2-ro coptiB (45 + 0,75 ta He menmn 40% B,03). Sk camocTiitHi
MIKpOAOOpHBa 3BUYAHO BUKOPUCTOBYIOTH MPOMUCIOBI BIAXOAM, SAKI MICTATH HEBEIIUKY

KUIBKICTh OOpy , JledKl mpupoaHi 6opatu abo MPOIYKTU iX MpOCTimoi nepepodku. s
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oJlepKaHHs OOpHUX TOOPHUB MOXYTh OYTH TIIHMMH 1 MeHIIe OaraTi 60poM MaTepiaiu,
TaKl, SIK IPUPOAHI PO3UMHU — palu AESKUX COJIbOBUX 03€p Ta HapTOBI OYpOBI BOIH, a
TaKOX BIAXOJW BiJ 30aradyeHHs OopHHMX pyA 1 iH. Micuesi nobpusa (3o07a, Topd, THiil)
TaKoX MICcTITh Oop: B 1 Kr nepeBuHHOi 30;11 — 200-700 Mr 6opa, B 1 Kr cyxoi peuoBUHU
rHO10 Ta Topdy — Ot 20 mr. HeBenuuki KUIbKOCTI 60py (4-8 MI/KT) MICTATBCS B CUPUX
KaJIIHHUX COJISIX.

VY BUpOOHULITBI OOPHOT KUCIOTH CYNIb(PATHOKUCIOTHUM PO3KIAAaHHAM IPUPOTHUX
OopaTiB K BIAXIJ OJEPKYIOTh MATKOBUU pO34MH, 110 MicTUTh 21-23% MgSO, 1 1, 8-2,5
% H3;BO; . Lleit po3unH BuUNapioloTh 1 30€3BOAHIOIOTH Yy CYLIapill, OACPKYIOUH TaK
3BaHUN Oop-MarHieBe a00puBo 31 3MictoM 13% H3;BO;3; 1 13% MgO. AnanoriyHum
00pa3oM - CYHIIHHSAM CyMillli OOPHOT KUCIOTH i MATKOBUX PO3YMHIB - OJIEPKYIOTH OOpHUMN
koHueHTpat (He meni 20% H;BO;). ¥V mux nobpusax okcua MarHito Takox rnepedyBae B
3acBoroBaHii (opmi (y BUIIISAL cyiab(daTy MarHiro), TOMy BOHHU CIIyXaTh JIP)KEPEJIOM He
TUIBKH 0OpY, ajie i MarHiio.

[Ipu onepkanHi yTpumytouuit 60p mnpocroro cynepocdary OOpHY KHUCIOTY
JI0JIal0Th 10 JOCHUIOr0 Ha CKJaAl TMOPOIIKOMOAIOHOMY  HAmIBIPOAYKTY, IO
HaIpaBJsIEThCS Ha rpaHymoBaHHSA. BinmosinHo no [epxcrtanmaprty, cynepdocdar 3
100aBKOIO OOpy MOBMHEH MaTh OJakUTHUH Kouip 1 MICTUTH 20+ 1 % PyOsycs, 0,2 £ 0,05%
B, He 6unbiie 2,5% PyO0se06 1 4% H,O. AHanmoriuno poOJisiTh rpaHyJIbOBAaHUN MOJABIMHUN
cynepdocdar 3 nobaskoro 6opy (4 £ 31 % PyOsye, 0,4 £ 0,05 % B). YV BupoOHMITBI
Hitpoamodocku 3 6opom (0,2 £ 0,05% B) OGopBMimyrounii KOMIIOHEHT, 0 TPHUMAE,

yBoasaTh ogHouacHo 13 KCI. ¥V nepcnektusi - Bumyck amodocy 3 6opom (0,5 += 0,05% B).

5.3 MiaHi, maprannesBi, IMHKOBI, M0JIi0IeHOBI Ta KO0AJIbLTOBI 100pHBa

Mingni noOpuBa HEOOXiNHI HE TUIBKM IS MIJBHUIICHHS BPOXKAMHOCTI, ane W nis
3a0€3MEUeHHs] OpraHi3My TBapuH 1 JIOJAWHU MIJII0, HEAOJIK SKOr0 BHUKIHMKAE
3aXBOpPIOBaHHA (MOTpeda JIIOAUHU B MiJll - OJu3bko 2 Mr y 100y). B Munynomy sik MijiHe
T0OpUBO BUKOPUCTOBYBAJIM KOJUEJAHHUN HEIOTapoK - BIAXiA CyJIb(PaTHOKUCIOTHOI

npomucioBocTi. Bin mictuts 0, 3-0,6 % Cu # iH1I1 MiKpoeeMeHTH, 30kpema Zn, Co, Mo.
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Js 1iei Meth MOXYyTh OyTH MpUAATHI 3ApiOHEHI  MIAHI NIUJIAKK W MIiJHI PYJIU.
KonnentpoBanoto ¢popmoro MiHOro go0puBa € cyibhar miai - Migaui kynopoc CuSQOy *
5H,0 (23, 4-24% Cu), npugaTHUi HE TUIBKM JJIi BHECEHHsI B IPYHT (y CKJIajal 1HIIMX
no0puB), aje ¥ I MepeaAnociBHOT 0OpOOKM HACIHHS 1 HEKOPEHEBOI MIATOIBI1 POCIHH.
Jlist onmynproBaHHS HACIHHS MOro BUIYCKalOTh y cyMmimii 3 TaimbkoM (5, 6-6,4% Cu).
3MIMIaHHAM XJOpUIY Kalilo 3 MIJHAM KYIOpPOCOM 1 HACTYIIHUM MPECyBaHHSM,
JIPOOJIEHHSM 1 PO3CIBOM OJICPXKYIOTh MimHOKamiHe 106puBo (90 + 1% KCI, 1 £ 0,2% Cu,
He OutbIe 2% BOJIOTH).

SIx mapranieBe JOOPUBO BUKOPUCTOBYIOTh FOJIOBHUM YMHOM IIAMH, OJEP’KYyBaHI
pyu MOKpOMY 30aradyeHHi MapraHueBuX pyA. MapranueBuil nuiaM MOBUHEH MICTUTH HE
MeH 14% MnO,; (nicas cyminsas npu 110°C ), y iioro ckiiajl BXOASTh HEPO3UUHHI Y BOJI
CIOJIYKH (B OCHOBHOMY mipoito3uT MnQO;). Bomopo3uunuum m00puBoM € cyibdar
Maprauiro Mn,SO, * 5H,O , mo oaepXyrTh 0OpOOKOW Cylb(paTHOW KHUCIOTOIO
OPUPOAHUX CIOJYK Maprafilo - KapOOHATHUX MapraHueBUX pya - a00 MOHOOKCHUIY
Maprasio MnO, BiIHOBIEHOTO 3 miposito3uty. Jlomatouu 1o mpoctoro cymnepdocdary
nepea  MOro rpaHyJIlOBaHHSAM  cyidbdaT MapraHul, OJAEpPXKYIOTh MapraHIEBUN
cynepdocdar, mo mictuth 19 £ 1% 3acBoroBanoro P,Os 1 1,5 £ 0,5 % Bogopo3uYMHHOTO
MapTraHio.

[uakoBUMHM mOOpUBaMHM CIIyXaThb HauuacTtime cyiabdar muaky ZnSO4 - 5SH,O
(MpOAYKT ISl CUIbCBKOTO rocmojapcTBa MicTtuTh 21,8-22.5 % Zn, npu 3milryBaHHI ¢
taabkoM — 8,1-9.9 % Zn) u nuukoBe nomimepue n1o6puso [IMVY-7 (ne menme 25% Zn)
— 3 BIIXO/IB BUPOOHUIITBA IIMHKOBUX OLIWJ; BOHO MICTUTH Takox Cu, Mn Ta iHmIi
eneMeHTd. 3 100aBKOI0 CylIb(daTy IUHKY IJIaHyEeThCsl BUTyCK amodocy (~1,4 % Zn).

OCHOBHMMH BHUJAMH MOJIOJACHOBUX NOOPUB € PO3YMHHHUM Yy BOJA1 mapamosionar
amoHil0 3(NH4),0 * 7MoO; * 4H,0 a6o 5(NH4),O * 12MoO; * 7H,0, 3BuyaiiHo
HA3MBAHUII MOJIOIATOM aMOHIIO, a TAKOXk MOJIOIAaT aMOHIIO-HATPi0. [X OIEepPKYyIOTh i3
BIIXOAIB BUPOOHUIITBA (epocIiaBiB, eynekTpojamn 1 1H. MomioaeHcynepdocdar
HAroTOBIIOIOTh, JOJIaI0UM CHOJYKH MOJiI0AeHy /10 mpoctoro cynepdocdary nepes Horo

rpaHyitoBaHHAM; BiH MicTuThb 0,13 £ 0,33 % Mo (y Bogopo3uuHHii hopmi).
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Hirpoamodocka 3 mobGaBkoro Moii0oAeHy moBuHHA Mictutu Horo 0,2 = 0,05 %,
noABiHMi cynepdocdar - 0,2 + 0,02 %.

KoGanbToBi 100puBa 3aCTOCOBYIOTh Yy BUTJIAI CYIb(aTHOT a00 XJIOPUAHOI COIi; 3
JOJIaBaHHSIM LHUX CcoJiel mepeadadaeTbcss BUIYCK TOJABIMHOrO cynepdocdary u
Hitpoamopocku (~ 0,1 % Co). Cnonyku KoOanbTy YTpUMYIOTbCA y (pochoputHOMY
6opouni (~ 0,001 %) 1 noOpuBax Ha ii ocHOBI. J{J11 60pOTHOM 13 3aXBOPIOBAHHIMU POCIUH
XJIOPO30M, OOYMOBJIEHUM JAe(IIMTOM 3aCBOIOBAHMX CHOJYK 3aii3a B IPYHTI,
BukopuctoBytoTh mnpemnapatr Fe = JITIIA («aHTiXjgopuszunH»), 0 TpeACTaBiisge cOOO0I0
KOMIUIEKCOHAT 3aimiza (  JAU-eTWICHTPUAMUHIICHTaaleTar  3aiiza).  AHaJOTI4HI
KOMIUJIEKCOHATH IIMHKY, MIiAl W IHIOUX MeETalliB MOXYTb OyTH BHKOPHUCTaH1 SIK
Mikpo1oopuBa. KoMruiekcHUMU MIKpOA0OpHUBaMU ISl CUTBCHKOTO TOCIIOAAPCTBA € CYMIIIll
OOpHOI KHUCIIOTH, CyJIb(aTiB Mial, IIUHKY, KOOAIbTy ¥ MapraHiiro, MoJIibaaTy aMOHIIO ¢
ffoauay kaniro, mo Mictars (B %): B 5,5; Cu 2,8; Zn 5,5; Mo, Co, I mo 0,1; Mn 11. Ix
BUITYCKAIOTh y BUIIsAl Tabnetok macoro 0,18 1 0,36 r. ToHkMM 3apIOHIOBAHHSIM 1
MEXaHIYHUM 3MIIIaHHAM OOpHOI KHCIOTH, Ccyib(haTiB Mifl, HOUHKY W Mapraiio,
TPUOKCUAY MOJNIONEHY W TaldbKy OAEPKYIOTh MOPOIIKH, IO MICTATh MIKPOEJIEMEHTH,
ckiany (B %): B 2,4-2,8; Cu 5-6; Zn 8-10; Mn 6,5-8; Mo 9,5-11. Jlna po3apiOHOT TOPTiBIIi
BUIIyCKalOTh 10 Mapok ymoOpIoBalbHHX CyMillel 3 MiKpoeleMeHTaMHu. IX OJep:KyloTh
3MimaHHaM 100puB (cynepdocdary, kapdbaminy, amiauHoi CeNITpH, XJIOpUAy U cyiabdary
KaJlil0) 3 HEUTpani3ylouuMH jJo0aBkamMu (BamHsAKOM a0o0 JOJOMITOM) 1 CHOJIyKaMu
MIKpPOEJIEMEHTIB.

3anumanus 011 CAMOKOHMPOI0

1. CKUIbKM XIMIYHHUX €JIEMEHTIB BXOJIUTh JIO CKJIAly POCIMHHUX OpraHi3MiB?

2. 3 KO KOHIICHTpali€10 OOPHOI KUCIOTH OMYAPIOIOTh HACIHHS?

3. Jxepena jist oepKaHHs OOpHUX T0OPUB.

4. Jlxepena s OAepKaHHS  MIJHUX, MAapraHIEBUX, MOJIOJACHOBUX Ta

KOOanbTOBUX JOOpUB?
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TEMA 6. OIEP’KAHHSA MIHEPAJIBHUX TOBPUB 3 MIKPOEJIEMEHTAMHA
JUJIA TEIVINI b
6.1 BupoOHunTBO 100PUB 3 MiKpOeJIeMEeHTAMHM ISl 3aXHILEHOr0 IPYHTY

OBOYIBHUITBO 3aXMILEHOIO TIPYHTY € BEJIMKOI IHIYCTPIaJIbHOIO Tally3310
CUIBCHKOTO TOCHOAAPCTBA. 3 KOXXHUM POKOM TPOLEC BUPOOHUIITBA TMPOAYKTIB Yy
TEIUTUISX YJOCKOHANIOEThCS W YacTKa OBOYIB, BUPOOJEHUX Yy 3aXMILEHOMY IPYHTI,
30UTBIIY€ETHCA, IO JI03BOJISE MPAKTUYHO B MPOJIOBK BCHOTO POKY IMOCTAYaTH HACEIECHHIO
110 MPOAYKITi0. BUpOOHHUIITBO OBOYIB y TEIUIMIISIX MAa€ CBOi OCOOJMBOCTI B MOPIBHIHHI

3 BUPOIILYBAHHSM iX Y BIJKPUTOMY IPYHTI.

VY Temnuusgx MOpoTArOM POKY BHUPOILYIOTH KUIbKa BpOXAiB PI3HUX KYyJIbTYp Ha
IPYHTI, 110 BUKOPUCTOBYIOTH 03 3amiHu mpoTsaroM 5-10 pokiB. Cucrema 3acTocyBaHHs
NO0OpUB Yy TEIUIMLAX BKJIIOYAE OCHOBHE BHECEHHS NOOpUB y IPYHT Mepe]] MOCAIKOIO
KyJIbTYpU W peryispHi NIATOAIBII POCIMH MpOoTsIroM Bererauii. L{sg cucrtema nependadae
NIATPUMKY ONTUMAJIBHOTO PIBHA ¥ CHIBBIIHOIIEHHS MDK €JIeMEHTaMU XapyyBaHHs
BIJIMOBIHO 710 O10JOTTYHUX OCOOJIMBOCTEH BHPOIINYBAHOI KYJIbTYPU B PI3HI mepioau ii
po3BUTKY. [Ipu 11boMy 103U BHECEHUX OOpUB HE MOBUHHI OYTH BUCOKMMH, TOMY IO L€
MOKE€ MPHUBECTU J0 MIABUIICHHS KOHIEHTpALil cojJeil y TIPyHTOBOMY pO3UMHI, W10
HEraTMBHO BIJIMBA€ Ha PO3BUTOK pociuH. HegoTpumaHHS TpaBWII 3aCTOCYBaHHS
MIHEpAJIbHUX JOOPUB NMPUBOIUTH JI0 3aCOJICHHS IPYHTIB 1 HEOOXIIHOCTI IXHBOI 4acToi
3aMiHM a0o mpoMuBaHHS. Ha 11eil moka3HuK BIUIMBa€ BeJIMYMHA 0alacTOBUX JOMILIOK Y
nobpuBax: XJopy, Hatpito, propy i iH. Lli criosmyku MigBHUINYIOTh KOHIIEHTpAIlll cojel y
IPYHTOBOMY PO3UMHI i1 3aTPUMYIOTh HAAXOKEHHS )KUBUIBHUX €JIEMEHTIB Y POCIUHH.

MinepaiibHi 10OpHBa, 3aCTOCOBYBaH1 B OBOUYIBHUIITBI 3aXUIIEHOTO I'PYHTY, TOBUHHI
OyTH BUCOKOKOHIEHTPOBAHUMH, 0€30aJacTHUMU I HE MOBUHHI MICTUTU CIOJNYK, SIKI HE
BUKOPUCTOBYIOTHCS POCIMHAMH.

3a py0OekeM OBOYIBHUITBO 3aXUIICHOIO IPYHTY OJIEPKaJIO IMIHPOKE MOMUPEHHS. Y
Snonii B remnuugx pooasts 47 % oBOUIB Bl BAJIOBOI0 BUPOOHUIITBA iX y KpaiHi, B ITamii
- outst 49%, y ®PH —28— 30%. 1y xapuyBaHHS pPOCIIMH, BUPOIIYBaHUX Ha

3aXUIEHOMY IPYHTI, Y PI3HUX KpaiHaX BUPOOISETHCS BEJIMKA KUIBKICTH MApOK JOOPUB 3
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MikpoenieMeHTaMu. OJTHaK CITIBBITHOIICHHS KUBWJIBHUX €JIEMEHTIB Y IUX JOOpUBax
HE3HAYHO BIAPI3HIIOTHCS APYT BiA Apyra. st po3MIMpPEeHHS aCOPTUMEHTIB 10 TUTIOBHUX
n00pUB 10JaI0Th KapOaMijl, a00 KaJbllieBy abo KalieBy ceniTpy, ado rizpodocdar
aMOHIIO.

JloGpuBa mapku «Kemupa cynep» 3aCTOCOBYIOTh /il BHECEHHSI B IPYHT Iepe]]
MOCAIKOI0 POCIHH.

MicTuTh KeMHpa MaKpo BC1 KUBUIIbHI 1 MIKPOEJIEMEHTH Y BUTJIS1 CIIOJYK, IO
MOBUIBHO PO3YUHSAIOTHCS Y BOJII.

Jo6puBo «Kemupa koMOn» MOBHICTIO PO3YUHSETHCS Y BOJ1  CIHYKUTh IS
TOTYBaHHS PO3YMHY 3 MAacOBOIO 4acTKO cymu comei 0,1—0,15%, 1o BUKOpUCTOBYIOTh
IUISL peryJIsipHOi MiAro/iBI1 pociuH. SKiio Oyne noTpeda 3MiHU HOTr0 CIONTYKH 3aJ1€KHO
B1JI IOPHU POKY ¥ Mepioly BereTallii pociauH J0AaTKOBO POZYUHSIOTH CIIOIYKH, IO MICTSTh
B1JICYTH1 KUBWJIbHI eJleMeHTH. Takum unHOM, 3 1o0puBa «Kemupa koMOu» 0epKyIOTh
JECATKU MapoK JOOPUB 3 MIKPOEJIEMEHTAMHU 3 PI3HUM CI1BBIIHOIICHHSM OCHOBHHX
*)uBuIbHHUX elteMeHTiB N-P,Os- K,0 (%): 15—20—27; 18—18—24; 21—15—22; 24—
13—20; 15—18—30; 15—15—32; 15— 13—36; 15—22—24; 16—26—22; 17-28—20 1
THIIIL.

JobpuBo «Kemupa ruipo» MOBHICTIO PO3ZUUHSIETHCS Y BOA1; HOTO BUKOPUCTOBYIOTh
JUTS T1IIPOTIOHHOTO BUPOIIYBAaHHS KYJIBTYP.

J171s1 OCHOBHOTO BHECEHHSI B TEIUIMYHUI IPYHT BUKOPUCTOBYIOTH O€3XJIOPHI BUIH
TYKIB: aMOHIMHY ceiTpy, KapoaMisl, moABiiHUI cynepdocdar, amodoc, niamodoc,
cyJbdaT KaJliio H KaJlieBy CENTpy.

JI71st miATO/1BIIl BUPOIIYBAaHUX KYJIBTYP BUITYCKAIOTh TPU MapKHU BOJIOPO3YUHHUX
oe3xnopHux q10o6puB. B Tabnuini 6.1 HaBeaeno cknan (% mac.) nux 1oopus (TY 6-08-454-
80).

Ha 6a3i mapku B rotoBisiTh po3uvHU 3 MOTPIOHMM CIIBBIAHOIIEHHSM JKUBUIBHUX

€JIEMEHTIB, J10JIal04i HEOOX1H1 CIIONYKH (Tabmui 6.3).
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Tabmuis 6.1. Mapku 6e3xiopuux 106puB (TY 6-08-454-80)

Mapka A | Mapka b | Mapka B

CyMa )KMBWJIBHUX PEYOBHH, HE MEHII 41 42 46

A30T 3arajibHUM, HE MCHIII 10 18 20

y TOMY YHCIIIL:

a30T aMOHIMHMIM 5 9 12
a30T HITpATHUHU 4 9 8
P,Os, HE MeHII 5 6 10
K,0, He MeHI 20 18 10
Mg, He Ouiblie 6 - -
Hepo3unHHMil y BOA1 3aIUIIOK, HE Outblie | 1 |

Bona, ne OiabIe 1,5 1,5 1,5

IHHpumirtka. pH 1 %-ro BoAsSHOro po34MHy HE MEHII J.

Tabmuis 6.3. Cxnang 7oOpuB IS MIATOAIBI KYJIBTYp, MPUTOTOBJICHUX Ha 6a31 Mapku B

Maca crnoyiyk y 100puBi, KT Macoga vactka (%)
100pUBO AwmoniiiHa | cynbdar | CMmaxkeHa KUBUIBHUX €JIeMEHTIB N-
Mapku B ( cemiTpa KaJTiro Marsesis P,05-K,0-Mg B
20-16-10) onepxkyBaniit (1000 kr)

Mapiii 100puB

375 71 554 - 5-28-0-0
310 110 — — 5-17-3-0
375 300 — 375 6-10-4-0
625 12 - 10-18-0
626 - - 375 12- 10-11-6

BinnoBiHO 10 BUMOT arpoXiMivyHO1 HayKu JOOPUBO Mapku b moBMHHE MICTUTH
(%): B -0,02; Zn - 0,05; Mn -0,01; Cu -0,03; Fe -0,5; Mo -0,002; Co -0,001. V terumunmnx
roCroJIapcTBax MpH FOTYBaHHI PO3YUHIB JJIS MIATOAIBII, IO MICTSATh OCHOBHI JKMBUJIbHI
eneMenTH (Mapku A 1 B), 101al0Th po3urH MikpoeaeMeHTiB. Moro roTosisTh
PO3YMHEHHSIM y BOJI1 CyNb(]aTiB IMHKY, MiJl, MapraHito, 00pHOT KUCIOTH, MOJTiO1aTa
amodito, Fe-JITIIY i iHIIUX CONYK.

Jliist 1i€1 MeTH MOKHa 3aCTOCOBYBaTH TabieToBaH1 Mikponoopusa (TY 08-25-12—
85). Bonu no6pe po3unHH1 Y BOJ1, MICTITh MIKPOEJIEMEHTH B MTOTPIOHIM CITIBBIIHOIIICHHI.

Hwxue HaBeneH1 cocTaBU YOTUPHOX MApOK T00pHUB (Tadmuils 6.4).
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Tabnuis 6.4 3micT MikpoeseMeHTIiB B Tab1eToBaHUX MikpoaoopuBax ( % mac.)

Mapku 100puB
Enementn 1 2 3 4
bop 2,8 5,6 2,8 5,6
[yunak 5,6 — 5,6 —
Mapraneup 8,4 — 8,4 —
Minb — 1,4 — 1,4
Momnibnen — 0,11 — 0,11
Hikxenn — — 0,11 0,11

6.2 OnepkaHHsA CKJIAAHUX 0€3XJIOPHHUX J00PHUB 3 MIKpOeJeMeHTAMM

TexHonoriyHuii npouec oxepxkaHHs crenialbHIX MapoK BOAOPO3UMHHUX 0€3
XJIOPHUX CKIIQHUX IOOPUB 3 MIKPOEJIIEMEHTAMHU JIJIsl 3aXUIIEHOTO IPYHTY IOJISTa€e B
HelTpanizaiii amiakoM pocdopHoi i a30THOT KUCTOT. KucmoTn MoXxyTh OyTH
HENTpali30BaHi aMi1akoM PO3AUIBHO, 0 iXHBOT0 3MimanHA. [loTiM oTpumani pocdaru i
HITPAaTH aMOHIIO 3MIIIYIOTH 13 Cylb(haTaMy MarHilo i Kaiio, a TAKOX 31 CIOJyKaMu
MIKpPOEJIEMEHTIB.

[Ipu HeTpanizaiii pocPopHOi KUCTOTH aMIaKOM 3aJIeKHO BiJl yMOB YTBOPUTHCS
niriapo- abo rigpodocdar aMoHiIO:

H3PO4 + NH3 = NH4H2PO4, NH4H2PO4 + NH3 = (NH4)2HPO4

BianoBigHo mo aiarpamu po3unHHOCTI B cuctemi NHj - H3PO,4 - H,O nipu
HeWTpaiizaiii KuciaoTu 10 MossipHoro BigHomeHnHs NH;:H;PO,, piBaoro 1,39,
PIBHOBa)XHOIO TBEP1010 (pa3oro € airigpodocdar aMmoHito, MPH MOAATBIIOMY 301IbIICHH]
MOJISIPHOTO BiJTHOIIIEHHSI IOYMHAE YTBOPIOBATHUCH TiipodocdaT aMOHiro.

Hetitpanizaiiis a30THOT KUCIIOTH aMiaKOM MPOTIKA€E 3 YTBOPEHHSIM HITPATy aMOHIIO:

HNO3 + NH3 = NH4NO3

[Ipu weitTpanizanii cymimi GpochopHOi i a30THOT KUCIOT aMiaKOM BUXOJIATh
crosryku NH4NO3 1 NH4H,POy,.
Cxknaani 100puBa 0JepXKyIOTh NepepoOKoro 1miaBiB GocdaTiB 1 HITPATIB AMOHIIO

a00 IXHIX cycneH31i.
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[Tpu oneprkanHi 6€3XJIOPHUX AJOOPHUB JIJIsl TEIUIUILIB 110 MIEPIIOMY CIIOCO01 CyMiIll
a30THOI (47%-11) 1 TepmiuHOi pochopHOi (74%-ii) KuCIOT amMOHI3yI0Th 10 pH 2,8—3,2 1
yMaprooioTh 10 Bojoru 1,8— 2,5 %. Orpumanuii mias 3MilIyIOTh 13 CyJIb(haTOM Kajliio B
LUKJIOH1, YCTAHOBJICHOMY Y BEPXHIi YAaCTHUHI TPaHYJIALIIHOT BEXI, 1 TICIEPTYIOTh 3a
JIOTIOMOT0I0 0OEPTOBOT0 KOIIUKA Y BeX1. ['paHysu mpoxoiomKyThes MOBITpsAM 10 90 oC;
y 1Ie#l Yac 3aKiHYyIOThCS IPOLIECH KpUCTai3allli, 1 BOHM TBepAitoTh. [licist 101aTKOBOTO
OXOJIOMXKEHHSI TPaHyJIM 3aCUIIAI0OTh y MIIIKHU i BIANPABIAIOTH ClIOKHUBaveBl. Takum
criocoOoM poOJISITE JOOPUBO ISl TEIUIUIL Mapku B.

Jlo6puBa mapok A u b o nupomy crnoco6i He poOJIATh, TOMY 1110 3MiHA
CHIBBIIHOIIEHHS! KOMIIOHEHTIB, BIAMOBIHO /10 iX CKJIay, MPUBOAUTH 0 MOTIPIICHHS
PEOJIOTTUYHUX BIACTUBOCTEH IJIaBY, HOTo 3arylI€HHIO i BTPATH TUIMHHOCTI.

Binoma yHiBepcanbHa TEXHOJOTIUHA CXeMa IXHbOT'0 BUPOOHMIITBA. 3a II€I0 CXEMOIO
MO>KHA OJIEpKYBaTH CKJIAaJIHI JOOpUBA 3 MIKpOEJIEMEHTAMU JIsl KOPEHEBOI 1 HEKOPEHEBO1
MIATOAIBENb PI3HUX KYJBTYP, BUPOLIYBAHUX y TEIUIMISX 1 HA MPUCATUOHUX JUISHKAX.
Lle#t meTon 3acHOBaHMI Ha PO3AUIBHIA HeWTpasi3alli KUCIOT 1 HACTYIMHIA mepepoOIi
oTpuMaHux cycrnensii. Ilponec BKItoYae cTajii: TOTyBaHHS IUIaBY HITPaTy aMOHIIO;
3MillIaHHA IJ1aBY HITPATy aMOHi0, Cyib(aTiB Kajlilo i MarHito, po34uHy MIKpOEJIEMEHTIB
13 yacTkoBO aMoH130BaHoi ynapenoi E®K 13 pH 1,8—2,2 npu ognoyacHoi amoHi3a1lii B
AT" no pH 5,0—35,5; po3ciB 1 3aTapioBaHHs TOTOBOro mpoaykty. Ilomepenus amoHizanis
KHUCIJIOTH 3/I1MCHIOETHCS B TPyOUacTOMY peakTopi, cycreH3is pacnuitoeTbes B AT Ha miap
Marepiaiy, 10 J0JaTKOBO aMOHI3YETbCS depe3 3ariauOH1 colula. B iHTepBali BUBYEHHUX
KoMIo3uui 1o6puB npu pH > 5,0 BUX0oAUTHh NPOAYKT 31 3MicTOM BoJjioru MeHII 1,5 %.
Takuit 3MmicT BOJOrM rapaHTye rapHi (i3uyHl BJIACTUBOCTI, MPOAYKT BUXOJIUTH Mo
FIFPOCKOMIYHUM 1 HE 3JI€XKYEThCA. 3a LI€I0 TEXHOJOTIEID MOKHA OJEPKYBAaTH MapKu
CKJIaAHUX JOOpPUB MPAKTUYHO 3 OYIb-SKMM HEOOXIJIHUM CHIBBIIHOUIEHHSM UBUIbHUX
PEYOBHH 1 MIKPOEJIEMEHTIB.

[Ipu onepxanni noOpuBa Mmapku b ¢ HaOOpOM MIKpPOEIEMEHTIB OCTaHHI BBOJSTH Y
MpOLIEC Yy BUIJISIA1 BOASHOTO pO34MHY. PO3UMHHICTH Cynb(haTiB LHUHKY, Mifl, MapraHIo,
OOpHOT KUCIOTH i MOJIIOAATY aMOHIIO Y BO/JII 3aJIEKHO BiJl TEMIIEpaTypy HaBeJIeHa Ha PUC.

6.1. BianoBigHO 10 iX PO3YMHHOCTI JJIsl BBEICHHS B MPOIEC TOTOBIATH BOASHUM PO3UUH
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coneit mpu 50 °C u HeoOXiHOMY CHIBBIIHOIIEHH! 13 3arajipHUM iX 3micToM 20 %,
[loka3HUKH TEXHOJOTIYHOTO MPOLECY OJEpXKaHHS CKIATHUX OE3XJOpHUX AOOpHUB 3

MIKpOeJIeMEeHTaMH 1 IKICTh MPOAYKTIB HaBeeH1 B Tabi1. 6.5 1 6.6.

80

PosunnnicTh, r Ha 100 r BOOHN

0 20 40 60 80 100
Temmepatypa, °C

Pucynok 6.1 Po3uunHicTh cyabdariB mapranmio (1), umuky (2), kodaabry (3), 3a/i3a
(4), miai (5), 6opHoi kucsa0TH (6) Yy BOJI 32/1€2KHO BiJl TeMIIiepaTypu

Tabmuis 6.5 [TokazHUKHM TIPOIIECY OJIepKAHHS CKIATHUX O0€3XJIOpHUX J0OpUB
N:P,05:K,0:Mg0=1,0:0,5:2,5:0,25

28 o o = |
T om a U Q. =3 >
N g Qc.e ) S . B3 S, < [oF
D) Q T > o o I o o gUcs
X2 g |E4284Z"S 5 O ) = &0 3
8.8 |2g=£ 32 5% |& S S 548
= E%® |m2z2dZ & I 5 ~ S 4z
15,0 120 1,42 118 5,00 78 1,50
16,0 125 1,42 120 5,10 78 1,00
18,0 132 11,43 120 5,00 78 0,70
20,0 130 |1,43 120 5,10 80 0,80

besxsopHi ckiagHi 100puBa 3 MiKpoeJdeMeHTaMu poOJIATh MO 1HIIIN YHIBepCalbHIN
anapaTypHO-TEXHOJIOTTYHINA cxeMi. 3MIlIaHHs ¥ rpaHyJIAIil0 KOMIOHEHTIB 31MCHIOIOTH B
anapaty posmuwibHO-kuIuIsidoro mapy (PKCI). 3acrtocyBannst amapara PKCI' s miei
METH JI03BOJISIE 3HU3UTH KUIBKICTh PETYypy, @ TaKOX BUTPUMYBAaTH TEXHOJOTIYHI
napameTpu npoiuecy B HopMi. CTaOUIbHUM peXUM Ja€ MOXKIUBICTh 3MEHIIUTH B3a€EMOJIIIO
coJieil MarHito, MIKpOeJIeMEHTIB 3 GocaTaMu aMOHIIO i YTBOPEHHS HEPO3UMHHUX Y BOII

CIIOJIYKaXx.
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Tabnuus 6.6 Cxiaa roToBOro NpoaykTy

Macose MacoBa 4gacTtka, %
BigHOIIEHH | N N | N |P,0s5 P05 K;OMgOICl F H.3. H,O pH
N . PZOS :KZO Mgo AMOH  [HHTD 3ar 3ar BOJT
1,0:0,5:2,4:0,16 | 5,8 | 4,9 |10,75,8 5,5125,9] 1,8 3,2 10,040 0,47| 0,52| 5,4
1,0:0,5:2,5:0,25 | 5,7 | 4,6 {10,35,5 5,4 25,6| 2,6 3,0 10,049 0,66/1,10 | 5,1
1,0:0,35:1,0:0,07{ 9,6 | 83 |17,96,4 6,11 18,3 1,2 2,9 10,058 0,71| 1,20] 5,5
1,0:0,37:1,0:0,07| 9,4 | 8,8 |18,216,8 6,6| 18,6/ 1,3 3,1 (0,054 0,76| 1,10| 5,4

TexHomoriuHa cxema mpoliiecy HaBeJieHa Ha pUCYHKY 6.2.

Crumynatop pocty,
KOMILIEKCOH Ta
cnpDBHH1 B.ZnMn, Mo, Cu,)

H2804 MgS04TH20

B amocdepy ("4 Hﬂ,@
| Y un TN

4
. —] = 6“ 12

B atmochepy

Boga - . .
ol Tpvbrmit *

ras

Lin

Bona

] L ﬂl et
T LI l@

- =

H3POy HNOA NH- ¥ T pvoHMit
8 - ST - ToToee raz
- nobpHED

Pucynox 6.2 TexHonoriyHa cxema OJEp>KaHHA CKJIaJAHUX JOOpUB 3
MiKkpoeneMeHTamu: 1,2 — 301pHUKH KUCIIOT; 3 — 3MilryBay; 4 — ckpyOep; 5 — KOHJIeHCaTOop-
XOJIOUIBHUK; 6,9 — 30IpHUK 3 MIIIAJIKOIO; 7 — IMIBUAKICHUNA aMOHI3aTOp-BUIIApOBYBAY;

8,11 — 6ynkepu 3 no3zatopom; 10 — cymapka-rpanynstop; 12 — sKUBWIBbHUK; 13 - IIUKIOH

Ouunieny ekcTpakiiiny GochopHy i a30THY KUCJIOTH B 3aJaHOMY CITIBBITHOIICHH1
J03yI0Th Y MIBUAKICHUNA aMOHI3aTOP-BUIApHUK 1 aMOHI3yIOTh amiakoMm a0 pH 5,0—5.5.
[Ipu oMy 3a paxyHOK TemioTH peakuii BunapoByerbcs 40—45 % Boau. Cycriensiio

HacocoM mnojarTh y dhopcyHky amapara PKCI, mo siBnse co6oro Bl TpyOKH, BCTaBJICHI
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OJlHa B IHIIY 3 KUIbLUEBUM 3a30poM. BonasHuil po3unMH MIKpoJ0OpWB, IO MICTUTH
MIKpOEJIEMEHTH B 3a/JlaHOMY CHIBBIIHOUIEHHI, J03YIOTh y 30BHIIIHINA KUIbLEBUM 3a30p
(bOopCcyHKH, KyIu OJHOYACHO TMOJAIOTh CYCIEH31I0; y LEHTpalbHy TPYOKY H03YIOTh
MOPOIIOK CHOJYK Kallilo i MarHilo y BUIJISAI aepoBard, YTBOPEHOI KOMIIPECOPHUM
NOBITPSIM. Y (POPCYHKY HAIXOAUTh TEIJIOHOCIH (TOMKOBI ra3u) 3 Temrnepatyporo 600—700
°C, mo AICHepryloTh CYCIEH3110, NepeMillye KOMIIOHCHTH Yy ¢akenl po3nuiay 3
OJIHOYACHUM BHMapoM Bojau. JlicmeproBaHa CycCleH3is NOMNaJae B HIKHIO YaCTUHY
amapara, y pO3pIIKEHUH IIap, 10 YTBOPUTHCS TEIJIOHOCIEM BiJ APYroro TOIUJICHHS 3
Temmeparypoio 180—200 °C. Bomoros'im B anapaTi cTaHOBHTb 45—50 kr/(M>-ro).

['otoBuit mpoaykt 13 Temmepatyporo 85—95 °C HagXoaWTh Yy XOJOIUIBHHK, €
poxono/KyeThess ToBiTpssM 10 30—40 °C. Benuky dpakifito HamnpapisiOTh Ha
npobnenns i nosepratroTh y PKCI'. Buxin toBapnoi ¢pakuii 3 anapara PKCI' cranoBUTB
93-95 %. IIpoayKT BUXOAUTH 13 TAPHUMHU (PI3UUHUMHU BIACTHUBOCTSIMH, 3 PO3MIPOM YaCTOK
-3 mMm. T'azu 3 amapata CAI, mo MICTATh aMiak 1 mapu BOJHU, IPOXOJOIKYIOTH Y
KOHJIEHCATOp1 W OYMIIAIOTh Bil amiaky (ochopHOI KUCI0TOK. TONMKOBI ra3u 3 amapara
PKCT npoxoasTh ouMIleHHs B IUKIIOHI i cCKpyOepi, 000pOTHUN PO3UYHH SIKOT'O BEPTAETHCS
B IIPOLIEC HAa 3MIIIIAHHS 3 CYCIIEH3IEIO.

3a 1aHOI0 TEXHOJIOTIEI0 MOXKHA OJEPKYBAaTHU PI3HI MapKu CKIAIHUX JOOpUB MpU
BIIHOIIIEHH] MacH IJIaBy JO Macu CyXuX cojsieil kainito i maruito T:P = 4:1. BnactuocTi
n00pUB, OTPUMAHKX 34 I[I€I0 CXEMOI0, HaBeIeH1 B TabJ1. 6.7.

[To pomy crioco61 poOIIsITE 6€3XJIOpHE BOJOPO3UMHHE JTOOPHUBO 3 MIKPOCIEMEHTAMHU -
«Ctumyn-1» (TY 08-25-13-85) nis miAroaiBiai pocivuH, BUPOIIYBAHUX HA MPUCATUOHUX
ninstEKax. Moro ckiajg B MACOBHX YacTKax, %, HABEJCHO B TaOIHI 6.8.

ITo pomy croco61 poOIIsITE 6€3XJIOpHE BOJOPO3UMHHE JTOOPHUBO 3 MIKPOECIEMEHTAMHU -
«Ctumyn-1» (TY 08-25-13-85) nist miAroaiBiai pocinuH, BUPOIIYBAHUX HA MPUCATUOHUX
ninstEKax. Moro ckiaj B MACOBHX YacTKax, %, HABEJICHO B TAOHII 6.8.

3MICT BOJIU B IbOMY J100pHBI - He Outbie 1,5%, pH 1 %-ro BoAsSHOrO po3unHy - HE
meH1 5,0.
Cxknaani noOprBa, COCTaBU SKWX HaBelEHI B TaOJ. 6.8, CTaBIAThCA 10 KaTeropii

MOXKeKOHeOe3MmeyHux pedoBUH. [lo maHuM TepMIYHOrO aHanmizy 3pa3ku J00puB
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noyrHaroTh po3kiangatucs npu 180—200 °C ¢ BUAUIEHHAM TEIUIOTH U 3 PI3KOIO BTPATOIO
Macu. Aepo3oib 100puB camo3zaiimaeThes mpu 420—450 °C, aepo301b 13 KOHIEHTPAIIIEI0

xMapu iy 26—260 r/m° mpu 1000 °C He 3amamoeThes it He BUOyXae

Tabmuus 6.7 Dizuko-xiMiuHi BJACTHBOCTI CKJIAAHUX 0e3XJIO0PHUX JA00pHB,
orpumanux B anapari PKCI'

' o =~ Py ~
5 O§ eMHa = z o RS -
«  Bo | IUIBHICTD, = 2 e 2
% = | r/em’ = e % E, g s a 2
o = ~ o % T O = =
=B v a 3.2 K EEEqg | 2
o M 1 . [ = o = = o B o o T —
o & .. & = h R Q i =R = o AP S
Q E( O =P 9 5 E as) R SRS ET . §~. —
SE QP EE|IRES & U o8P |&28d& | xc¢
L & >»09 552 45258 | 828ws |23
=5 z| 4 S5 =2 |95 |88
1:0,5:2:0, | 0,73 |0,62 1,54 |40 1,1548 | 10,6 0,1
6
1:0,3:1:0 |0,76 |0,70 1,69 |40 1,3098 | 8,7 0,0
1:0,8:0,5: |0,81 |0,74 1,64 |40 1,3760 |9,9 0,5
0
1:3:1:0 0,92 10,86 1,73 |40 1,2427 | 7,8 0,0
Tabnuis 6.8 Ckiaa 6€3XJ10pHOro BOAOPO3YMHHOIO 100pUBa
Naar 11 Mn 0,07
PZOS 3ar 11 B 0,065
KZO 3ar 22 /n 0,027
MgO,,; 4,0 Mo 0,014
Cu 0,026

3anuTaHHA ISl CAMOKOHTPOJII0

1. Sxi XiM14HI €IEMEHTH BITHOCSATH J10 MIKPOEJIEMEHTIB?

2. o Take mikpogoOpuBa?

3. Slki 4OTUpPHAIUATH MIKPOEJIEMEHTIB MAlOTh JKUTTEBO BAXKJIMBE 3HAUYCHHS IS

pociaun?
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Ha 110 BIiimBaOTh MIKpOEJIEMEHTH B pOCIMHAX ?
J1o yoro mMoske MpU3BECTU HAJUIMILIOK MIKPOEJIEMEHTIB B POCIUHAX ?

Ha3BiTh ximMiuHy (hopmyily OOPHOT KUCIIOTH.

N S ok

I[)Kepena MiI[HI/IX, IOHMHKOBHX, MOJ'Ii6I[CHOBI/IX, KOOAJIbTOBUX Ta MapraHuCcBUX

00pUB.

TEMA 7. MATHIEBMICHUM CYITIEP®OC®AT

BupoOuunrBo marsieBmicHoro cymnepdocdary BiIpi3HIE€TbCS BiJ aMOHI30BaHOI'O
IPaHyJIbOBAHOIO THUM, IO HEUTpaizaiis KHUCIOI MYyJbIIM, YTBOPEHOI HpH PpO3KIIAJII
dhochopuTiB, MPOBOIUTHCS HE aMiayHOIO BOJIOIO, a HANIIBBUIIAJICHUM JIOJIOMITHUM ITHJIOM.

[IpupogHuil 10JIOMIT € 0CaTOYHOIO OPOA0I0, 10 MicTUTh BanmHiak CaCO; 1 MiHepal
gonomit  CaCO3MgCO;.  [Ins  BUKOpPUCTaHHS Yy  TEXHOJOrli  MarHi€BMICHOTO
cynepdocdary NpUpOIHUNA AOJOMIT BUNATIOETHCS B OOEPTOBHX I€4aX 3 YACTKOBOIO
(HETOBHOI0) peaizallielo peakiiii qekapOoHizallii:

CaCO, - MgCO, — MgO+CaO+2CO,,
CaCO, — CaO+CO,. (7.1)

[Ipu BUMNatOBaHHI JOJOMITOBOI CUPOBMHHU B TI€4aX 3 Ta30BUM MOTOKOM BUHOCHUTHCS
MUJIOBHUJIHI YaCTUHKH, SIKI YJIOBIIOIOTHCS B IIMKJIOHAaX Ta enekrpoduibTpax. o ckimamy
MUTY BXOJSTH SIK YACTUHKH BUXIJTHOI CHPOBHHHM, TaK 1 YACTUHKHU MPOYKTIB BUIIATIOBAHHS.
JlonoMIT HamiBBUNAJEHUH Mae NPakTUYHO y nBa pasu MeHme CO,, HDK TpupoaHa
CUpPOBMHA; B HboOMY MoysipHe criBBigHomeHHs CO,:(MgO+Ca0)=(0,35-0,50):1.
BukopucrtaHHs MWIy  HaMiBBUINAJIEHOrO  JOJOMITY Il  HeWTpamizamii  KUCIoi
cynepdochaTHoi MyJabld Ma€ psJ MepeBar MOPIBHSIHO 3 TPaAMIIIHOIO Kpeimoro: npu
BUKOPUCTaHHI  JOJIOMITOBOTO THWJIY MEHIIE BUAUIEThCS TrazononioHoro CO,
(3armo0iraeThCs MIHOYTBOPEHHS ); HAIIBBUMAJICHUN JOJOMITHUN MU HE MICTUTh BOJIOTH,
BHACHIOK  OUIbII ~ BHUCOKOT  XIMIYHOi ~ aKTUBHOCTI 1  PO3BHMHEHOI  IOBEpPXHI
IpIOHOIUCTIEPCHUX YAaCTUHOK JOJIOMITHUHM M € OUIbII €(pEeKTUBHUM HEUTPai30TOPOM,

HDK BamHsK, BaITHO Ta Kpena.
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Texnomoris marnieBmicHoro cynepdocdary (puc. 7.1) nojsrae B TOMy, 110 CIIOYATKY
IPOXOANTH MpoIec po3kiany pochopury cynbhaTHOIO KUCIOTOIO B peakTopi I cTymens 3.
[Ipomec xapakTepu3yeThCcsl THMH X CaMUMHU TapamMeTpaMH, IO W TPH BHPOOHMIITBI
amoH130BaHoro cynepdocdary. Kucna cynepdocdarna mynsna nepetikae 3 peakropa 3 B
peaxtop-aeirpanizarop Il crymens 6. Ciogm x 3 OyHKepa 4 103aTOpOM 5 MOAAETHCSA B

NOTPIOHIM KUIBKOCT1 HAMIBBUITAJIEHUN JTOJIOMIT.

Harmiepumare Hiuii

Docdopur TOTOMIT
1
4
2 N ¥ [Iy/IbIIa Ha IPaHyIALEO

7 Ta CYIIKY

- pd

Pucynok 7.1. Cxema BuUpoOHHUIITBA MarHi€eBMICHOTO cyriepdocdary:
1 - Oynkep ¢ocdopury; 2,5 - nozaropu; 3 - peaktop I crymensi; 4 - OyHkep
HaITIBBUITAJICHOTO JIOJIOMITY; 6 - peakTop Il cTynens; no3arop; 7 - Hacoc

B peaktopi 3 mpoxoauTth, B Tepuly 4epry, Heurpamizamis QocpaTHOI KUCIOTH
OKCHJIaMH MarHito 1 KaJblIliio:

2H PO, + MgO = Mg(H,PO,), +H,O, (7.2)

2H.PO, +CaO = Ca(H,PO,), + H.O. (7.3)

[ToTiMm BimOyBaeTbcst HeWTpadizaimis BUIBHOT (ocdaTHOT KHUCIOTH KapOOHATaMH

KaJIBI[IIO 1 MarHito:

H. PO, +MgCO, = Mg(H,PO,),+CO,+H,0, (7.4)

H.PO, +CaCO, =Ca(H,PO,),+CO, + H,0. (7.5)

[Ipouec HeMTpanizaiii NPOBOASTH 1O JOCATHEHHS PErJaMEHTOBAHOTO PIBHS BUIBHOI

KUCIOTHOCT1 Yy TPOAYKTI (~3% H3POupiny). Y marunieBmicHomy cynepdocdari macosa
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YacTKa MIBHUJKO- 1 MOBUIbHOMIIOYUX (popm P,Os craHoButrh He MeHme 16,6%, macoBa
gactka MgO - 2,7%, macoBa dactka CaO - 29,5%, pH 10%-0i cycnensii - 3,1.

MarnieBmicHuii cynepdocdar BUIIYCKAaeTbCs B TpaHyIbOBaHINM (QopMi, AJig YOro
HeWTpalli3oBaHa MyJblia 3 peakropa 6 BaHTaKHUM HAcCOCOM 7 HANpaBISIEThCS B amapar
BI'C nns mpoBeneHHs rpaHysiii 1 CyIIiHHS.

ArpoxiMiuHa IiHHICTH Mg-BMicHOro cynepdocdary mosisrae, Imo-mepiie, Yy
HAsBHOCTI CaM€ MAarHil0 - MOXHBHOTO MaKpOEJIeMEHTY Jpyroro psay (arpoxiMmiku
BBAXKAIOTh, 1110 TIPU BTpaTax MarHiio 3 ypoxkaem 3 1 ra Big 5 g0 20 kr s 30epekeHHs 1
NIABULIEHHS POJAIOYOCTI IPYyHTIB Tpeba BHocUTH MarHieBi no0OpuBa). Ilo-gpyre,
MarHieBMicCHUN cynepdocdaT BITUM3HSIHOIO BUPOOHHMIITBA JyXe Jo0pe ceOe BHUSIBUB Ha
KHCIIUX JIepHOBO-MI30aucTuX rpyHTax Jlicocreny 1 [onicest Ykpainu.
3anuTaHH4 i BIPaBHU AJI51 CAMOKOHTPOJIIO

1. YuMm BiAPI3HAETHCS TEXHOJIOTISI OJEPKaHHS MarHieBMICHOTO cynepdocdary?
2. SIx BUMANIOETHCS MPUPOJTHUN JOJIOMIT Ta KA B HHOTO XiMIuHA hopmya?

3. OnumiiTe TEXHOJIOTIYHY CXeMy BUPOOHMIITBA MarHi€eBMICHOTO cyrnepdocdary.
4. 3a IKUMU peaklisIMu 311MCHIOEThCS HerTpamizamis GochopHOi KUCTOTH

JIOJIOMITOM ?

e

B gyomy nosnsirae arpoximivHa I[iHHICTh MarHieBMicHoro cynepdocdary?

6. B sxomy amapati 31iCHIOETBCS TPaHYJISIIsl MarHieBMicHoro cynepdocdary?
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TEMA 8. TEXHOJIOT'ISI CUHUJIBHOI KHCJIOTH
8.1 Ilpu3HavyeHHs Ta BJIACTUBOCTI CHHWIBHOI KHCJIO0TH

CuHuIbHA KUCIIOTa — po3uuH Hianicroro BoaHio HCN B Bozl. VY 3B's13aHOMY BUTIIAI
IIAaHUCTUH BOJIEHb (aMUTIaJIIH) BMIIIYETHCS B KICTOYKAX MUTIAJIO, MIEPCUKIB, aOPUKOCIB,
ciuB Ta BuieHnb (0,8-3,5 % 3a macoro); amMuriaidiH po3UIEIUIIOEThCS Ha BUHOTPAIHUN
LyKOp, OeH3anpJerii 1 BUIbHY CHHWIBHY KHUCIOTYy. llilaHucTuil BOJEHb 3HaiIEHO Yy
CIEKTpax 31poK.

CuHUIIbHA KHUCJIOTa - MPOAYKT MPOMMCIOBOIO CHHTE3Yy; Y CBIT1 ii BUPOOISETHCS
outbme 0,5 mMaH T/pik. BoHa BUKOPUCTOBY€TbCS IJisi OTPUMAHHS IIAHUCTUX COJICH,
BUT'OTOBJIEHHSI COPOEHTIB JUIsl €KCTPAKIIil 30J10Ta 1 IHIIUX OJArOpOJHUX METaJIB 3 PYIH,
CUHTETUYHHUX BOJIOKOH, IUIACTUYHUX Mac, OPrCKIa, CTUMYJATOPIB POCTY POCIHHH,
repOiuaiB, J0OpUB JOBTOTPUBAIOL Jii, [JJs OACpKaHHSA MIaHIAIB JYXKHUX 1
nykHo3eMenbHuX MeTaniB. Bukopucrtanus HCN sk 60iioBoi oTpyiHOT peuoBUHM OYJI0 3a-
OOpOHEHO B Pe3yJIbTaTi YKJIAJICHUX MI>XHAPOIHUX JOTOBOPIB.

be3BoiHa cHHUIIBbHA KUCTOTA - O€3KOIBOPOBA PIIMHA 3 3aM1aXOM TIPKOTO MUTIAIIO.
Ipu temnepatypi 233 K kpucramiuna HCN wmae wiimbicts 0,925 r/em’. JIunamidna
Bs3KicTs  Oe3BogHoi HCN  (u) mpm  Temmepatypi 278 K ckmamae 2,323-10™ Ia-c.
TeIIonpoBiAHICT WiAHKCTOrO BOAHIO mpu Temmeparypu 273 K mopisaroe 11,0510°
Jbx/(mTpanc). Koedimient nudysii nianucroro BoaHio B noBitpi npu 273 K cknanae
0,173 em’/c. Y BOJTHEBOMY CEpEJIOBHUIII Il MOKa3HUK aopiBHIOE 1,565, a B CO, - 0,117
(mpm 273,1 K10,101 MIla).

3HauYeHHS TEPMOXIMIYHUX KOHCTAHT JJI LIAHUCTOTO BOJIHIO 1 CUHMJIBHOI KHCIIOTH
HABEJICHO HIDKYE:

Tennora mnasnenss, kJ»/momns, ipu 259 K 7,197

Temnora BunaproBanss npu 258,1 K 27,926 xJ>»x/Mob.

Temota yTBOpeHHs 1iaHUCTOTO BoAHIO (ra3) npu 291 K 128,449 x]I/mMoib.

Temota yrBOpeHHs1 cMHWIBHOT KucaoTu (pinuna) rpu 291 K 100,416 x/>x/mMonb

Enepris po3puBy 3B's13KiB 1JI qUCOLiaIlii
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HCN=CH +N (8.1)
nopiBHto€e 933,7 kJ[>x/MoOJIb.
KoncranTa mBuakocti posnaxy HCN y cepenoBuii aprony B intepsaii 2200-2700

K BignmoBiziae piBHSIHHIO
K=19,5-10%exp(-117000/RT). (8.2)

CyMmim napy CUHWIBHOI KUCJIOTH 1 MOBITPSI MOKe BHOYXaTH; 32 CHJIOI0 BHOYXY LIS
CyMilll TepeBepllye TpoTWI TemiepaTypa caMoO3amalioBaHHS BUIAPIB CHUHUJIBHOT
kucnotu ckinanae 811 K. Temnora 3ropsiHHS I[1aHUCTOTO BOJIHIO B atMocdepi KHCHIO
nopiBHIOE 642,66-663,16 kx/[x/Monb, Mpu LbOMY MaKCHUMallbHa TeMIepaTrypa TOpiHHS
(mpubnuzno 3243 K) carae npu 10-18 %-my o6'emromy Bmicti HCN. Ilpu po3kinamanHi
I[IAaHKCTOTO BOJHIO O€3 MOBITpsl TemmepaTypa HabmmwkaeTrbes a0 2800 K, a ocHOBHUMHU
MPOJYKTaMU po3mnaay € a3oT 1 BoaeHb (47,5 148,7 % 00'eMHUX BIJIMOBIIHO).

[IBuAKICTh CHaOBaHHS CHHUJIBHOI KHUCIOTH B TOBITpi ckiamae 0,55 m/c, a s
TOPIHHS B YUCTOMY KHCHI 1151 BEJIMUMHA CTAHOBUTH 5,4 M/cC.

[Mianuctuit BogeHb 3 NO, yrBoptoe mapamian (CN), 1 mpu Temmeparypi 688 K,
MosisHOMY criBBigHOmEeHHI HCN:NO, =10,1 Buxin (CN), Mmoxe csaratu 72,5 %.

[{ianucTuit BOACHB 3MIIIYEThCS HEOOMEXKEHO 3 BOJOK, 31 cnupTaMu, edipamw,
AlETOHITPUIIOM, MYPAILIMHOIO KUCJIOTOIO, HITPOMETAHOM.

CuHuipHa KHCJIOTA € ciia0koro kuciororo. Pammkan - C = N BHUTICHSIOTH Takl
cnojiyku, sik (enon, OopHa kucnora, okcua Byrieutro (IV). Ilpu temmnepatypi 298 K
xoncranta mucomiarii HCN cknamae 7,2:107° ipu 291 K - 479107

3piKeHUN I[1aHUCTUH BOJEHb - CTaOUIbHA pPEYOBHMHA, aje BOJSHI PO3UUHU
CUHUJIBHOI KUCJIOTH MEHII CTidki. Tak, CMHMJIbHA KHUCIIOTa 3 MacOBOIO KOHIICHTpPAIIIEIO
10% H,O nounnae nomimMepu3yBaTUCS MPHU HArpiBaHHI B 1HTepBaii Temmnepatyp 323-333
K. Tomy kinbkicte H,O y mpoaykuiiHiil KHUCIOTI HE PEKOMEHIYETbCS MIATPUMYBATH
ounbie 2-5 %.

VY mpomucnoBux ymoBax nonaimepusaiisi HCN ycyBaerbcst 100aBIEHHSM KUCIOT
H,SO,4, HC1, H;PO4. HCN - oTpyTHa pedoBHHA, IO Jl€ B TEpIIy 4Yepry Ha JereHi

(3aTpuMye OKHCIIOBaIbHI ¥ (EpPMEHTAaTUBHI MPOILECH, NEPEHIKOKAE TEPECHECEHHIO
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KHCHIO TeMOTIJIO01HOM, Mapanizye auxanbHi neHTpu). Konnentparis mapu HCN 61u3bko
0,01 Mr/M’ He BILIMBAE HA JIOAHHY, ajle BKe IpH KoHrenTpauii 0,06-0,07 Mr/M° HacTymae
MUTTEBA cMepTh. ['pannynHo npunyctuma koHueHtpamis HCN y mnoBitpi pobounx
npumimens ckmagae 0,03 mr/m’. Y npucyTtHocTi okcuay Byriemo (II) TokCHYHHIT BILHB
HCN 301inbryeTbes.

OTpyeHHs 11aHITaMU MOKe OyTH SIK MPU BAUXaHHI, Tak 1 npu nonaganHi HCN a6o
[IaHIJIB B OpraHi3M, a TaK0X — Y KpOB Uepe3 Mopi3u 1 paHu, yepes mkipy. Cumnromamu
OTPYEHHSI € TOJPa3HEHHS CIM3UCTOI OOOJIOHKM O4Yel, BEPXHIX IUXAIbHUX MIJISAXIB,

roJIOBHA Ou1b, HYZI0Ta, OJFOBOTA, CEPIICOUTTS, 3aIUIIIKA.
8.2 OnepkaHHSl CHHWIBHOI KHCJIOTH OKMCHIOBAJIbHUM aMOHOJIi30M METAHY

CymapHa peakiiis onepxanHs HCN mpu HEMOBHOMY KaTaliTHUHOMY OKHCHEHHI

cymimi CHy 1 NHj3 kricHeM MOBITps OMUCYETHCS PIBHSHHSM
NH3 + CH4 + 1,502 = HCN + 3H20 (83)
3 eHTanbIieo AH,og = -474,6 xJI>k/MOJIb.

KoHcranTa piBHOBAru i€l peakiiii 3HaX0IUThCS 32 PIBHIHHAM

- . Phen 'Plv::() 474620
' D"Dr\'}ri;, 'Pcru P(l): 19,3-T

+0,874-1gT +4,0. (8.4)

Are ockUIbKM OJlHOYacHa B3aeMojis Tpbox kommnoHeHTiB (CH4 NH;, O,) mano
WMOBIpHa, a YUCJI0 MOOIYHMX B3a€EMOJIIN BENUKE, TO ofepkaHHs BUCOKUX BuXoniB HCN
BUKIJIMKae TpyaHolui. [Ipore icHye nmeBHa 00JacTh TEXHOJOTTYHUX MapaMeTpiB MpOLECY,

JIe BJIA€ThCSI IOCATTU CTyIEeHs KoHBepcii 60-65 %.
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8.3 Texnosoriuni ymoBu cuaresy HCN

[loyatkoBUMU peuyoBMHAMU B mpomucioBoMy BUpoOHUITBI HCN € npuponnuii ras,
amiak Ta TOBITpS.
Karaaizarop. CuHTe3 11iaHUCTOr0 BOJHIO MPOBOJAATH HA TNIATUHOPOIAIEBOMY

Katatizaropi (tabnuus 8.1) mpu Temnepartypax 1223-1323 K.

Tabnuus 8.1 XapakrepucTHKa KaTaldi3aTOPHMX CITOK i3 NIJIATMHOPOAI€BOI0

cruiaBy (%): 93Pt + 7Rh a6o 95Pt + SRh

Iloka3zuuknu JliamMeTp ADOTV. MM
0.04 [0.05 10.07 10.09 10.16
Yo ninok Ha 1 cm” 3600 {2500 (1024 11024 1500
Binepauii 32300 moMpk apotom. [0.12710.150 10.252 10.229 [0.287
BinpHa mioma. % 58 56 65 54 41

Yacrime 3acTOCOBYIOTh KaTali3aTOpHI CITKU 3 AiameTpoMm jpoty 0,09 MM, yuciom
wieTiHb 1024 Ha 1 cM. Y KOHTaKTHHM anapar yCTaHOBIIOIOTh MAKeT 3 5-7 CITOK.

Yepes nit0 BUCOKHX TEMIIEpaTyp, arpeCUBHOTO CEPEIOBUINA, KATATITUYHUX OTPYT
KaTali3aTop pyhHHyeThes 1 Woro BTpatH csraiotb 0,22-0,33 v/t HCN. V npomucioBux
yMOBax HalOUIbII 4acTO 3aCTOCOBYIOThCsA cruiaBu IuiatuHu (80-90 %) 3 pomiem. Taki
KaTaJli3aTOpH MalOTh BHUCOKY CEJIEKTHUBHICTh, XOPOIIl MEXaHIYHI XapaKTEPUCTUKHU 1 €
HaJIMHUMU B €KCIUTyaTarlii.

OCHOBHMM HEOJIIKOM TUIATHHOPOJIEBOTO KaTaldi3aTopa € BUCOKA IliHA Ta 3HAYHI
eKCILTyaTalliifHi BTPATH.

[Tics 3MEHILIEHHS BMICTY JIOMIIIOK (MUY B MOBITPI1 - B 1,8 pa3u; macia B amiaky - y
1,7 paza), TepMiH eKCILTyaTallii KarajaizaTopa 0e3 MmaJiHHsS aKTUBHOCTI 30UTBIIYETHCS 10
1730 rox, a 6e3noBopoTHi BTpatu Pt-Rh kartanizatopa - maiike y Tpu pas3u. [IpoBeaenuit
MacOBHI CKJIaJl TUJTy Ha MOBEPXHI CITOK Moka3zaB HasBHICTh (%): Fe - 0,65; Si - 0,08; Mg
- 0,02; Mn - 0,03; Ca - 0,03; AI - 0,03 (TpuBainicth po60TH CiTOK mpoTsirom 1630 roxm).

BaxMBMM TMOKAa3HUKOM MpHU €KCIUTyaTallli KaTali3aTOPHHUX CITOK € 4ac poOoTH
KOHTakTy. TepMmiH ekcruryararlii Ta npsimi BTpatu Pt-Rh karanizatopa HaBeneHo B Ta0i.

8.2.
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Tabnuus 8.2 - ExcnutyaTauniiini Brpatu 7 citok Pt-Rh karaaizaTopa npn
NOCTilHIN TemneparTypi
Tepmin poGoTn., rox. 700 900 1100 1300 |
[Tpsmi BTpaTtu Pt, % 0.9 1.3 3.8 12.7

be3noBopoTHi BTpaTu MmIaTMHU 30UTBIIYIOThCA Tmichs Temmepatypu 1313 K.
AmnanoriyHe sBumie € Wy BupoOHuuTBi HNO;, nge BTpaTd IUIATHHOPOAIEBOTO
karanizaropa npu 1193 K na nopsanok mepesepurytots BTpatu npu 1093 K, ockinbku
NOPYXKHICTh Mapu IUIATMHU TpW  MiABUIIEHHI Temneparypu 3 1049 o 1172 K
30ubmyeThes Yy 500 pasiB. Ha BenmuuuHy BTpaT IUIATUHM BIUIMBAE 1 KUIBKICTh
KaranizatopHux citok. Tak, mpu poOoTi Ha 4 cirkax nutomi BTpatu Pt y 1,55 pasis
OuIbIle, HK TIpH MpoBeneHH] nporecy cuatesy HCN Ha 5 citkax, 1 B 1,46 pa3iB MeHie,
HI TIPU BUKOPUCTAHH1 KOMIUIEKTY 3 3 CITOK.

JlezakTuBallisi TUIATUHOPOAIEBOTO KaTajli3aropa y TMpoIeci HOoro excruryaTaiii
MOB'I3aHA 31 3MEHIICHHSIM YKClia aKTUBHHUX IIEHTPIB 3a PaxXyHOK TEPMIYHOI arperarii,
XIMIYHOT'O OTPY€HHSI Ta €KpaHYBaHHS MOBEPXHI. YBEICHHsS B METaHO-aM1auHO-TIOBITPSIHY
cymim CS, (zo 200 Mr/M° y mepepaxyHKy Ha cipky) 36insmye Buxig HCN 3 61 1o 66 % i
3MEHIIYy€ TIepioj] akTuBallli katamizaropa 3 5 110 g0 1-2 roa. Ane nmogabiie 30UTbIICHHS
KOHIICHTpAIlli CIpKU MPU3BOJIE 10 OTPYEHHS MOBEPXHI KaTajizaTopa, SIKE CTa€ MOMITHUM
yxke npu 20%-My 3alOBHIOBaHHI MOBEpPXHI MJIaTUHU. ToOTO cCipka ISl IJIATUHU €
CWJIBHOIO KaTaJITUYHOIO OTPYTOI0 BHUOOpUOi Nii ¥ Moxke OyTH SIK aKTMBATOPOM, Tak 1
IHT101TOPOM KaTalli3y B 3aJIEKHOCTI BiJ] IOBEPXHEBOI KOHIEHTpallli. Bruius Temneparypu
Ha BTpaTH IUJIATUHOBOTO KaTtaji3aTopa B MPOLECI CUHTE3y CUHWJIBHOI KUCJIOTH HaBEACHO
Ha puc. 8.1. BugHo, mo BTpaTH KaTalli3aToOpy PI3KO MIABUILIYIOTHCA NPU MIIBUIIECHHS
TeMIlepaTypH IpoLecy 1 Ha TPbOX CITKaX BOHU BUII1 HIK IIPU YOTUPHOX Ta I SITH.

Ho criiikoro otpyenHst Pt-Rh kaTanizaTopa npu3BoJsTh CIOIyKH 3aii3a.

Oxpemoro mpobnemoro st texHosnorii cuHTesy HCN € HaByriemoBaHHs
IIaTUHOPOIi€BOro katamizatopa. IIpu po3kiagaHHi BYTJEBOAHIB Ha MOBEPXHI MIIATUHU
YTBOPIOEThCS 1map Byriemio. IBUAKICTE yTBOpPEHHS BYTJICIIO HE 3aJIeKUTh BIJ CKIATY
BYIJICLIEBOAHEBOI CUPOBMHHM. Y TIPOMHUCIOBUX YMOBax [Jisi 3MEHILIEHHA IPOHECY
BIKJIaIaHHs ByTJIelo Ha moBepxHi Pt-Rh karanizaTopa B mo4aTkoBy Cymill J00aBISIOThH

2-4 % Boguto. He BmimBaroun Oe3mocepeanbo Ha yTBopeHHss HCN, 1eii KOMIOHEHT
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J03BOJISIE YACTKOBO 3MEHIIUTH TepMmoii3 CHy 1 30UTbIIMTH HOTO YacTKy Ha YTBOPEHHS
HCN. Lle 3MeHnIye CTyMiHb HABYTJICHIOBAHHS MOBEPXHI MIIATUHOPOIIEBOTO KaTaiai3aTopa,
0 CcHpuse MOKpalleHHIo ioro podotu 1 migsuinye Buxin HCN. HanmipHe no3yBaHHA
BoaHto Outpiie 0,25-0,30 mons Ha 1 mMons CH4 mpusBoae 10 pi3KOro majiHHA CTyINEHI

KOHBeEDCIi.
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Brpatu xaramsatopa, r/t HCN

1153 1233 1313 1393
Temmepatypa. K

Pucynok 8.1 - 3anexHiCTh BTpaT KaTajdizaTopa Bil TeMIepaTypu MpoIecy Ta
KUIBKOCTI CITOK MPH MBUAKOCTI ra30Boro motoky 1,69 m/c i tepminy npo6iry 1110 rogus:

1 - Tpu CiTKH; 2 - YOTUPH CITKU; 3 — I’ AT CITOK

3naunoto mnepeBaroto mnepen HCI 1 HNO; € perenepamiss # akTuBaiis
KaTajli3aTOPHUX CITOK y po3uMHax KapOoHoBuX kucior. [Ipm upomy mnepion ekc-
IUTyaTaliiHOi aKTuBalii cKopouyBaBcs, crymiHb kouBepcii CH;s 1 NH; y HCN
migBuIyBaBcs, a BTpatu Pt-Rh citok Ha ctagii oOpoOku TOBHICTIO OyiM BiACYTHI.
[IpoMucnoBa mepeBipka Moka3aja, L0 AaKTUBOBaHI CITKH JIETKO PO3MANIOIOThCS, MpHU
upoMy 3HauyHO migBuIyeTbess BMICT HCN y koHTakT-rasi, a 0e3moBOPOTHI BTPATH
IUIATUHU  3MEHINYIOTbCS. BTparu KaTamiTUYHOI IUIATMHM Ha CTajii akTuBailii B
KapOOHOBUX KHCIIOTaX MOBHICTIO BIICYTHI.

Hns 3menmennss BtpaT Pt-Rh karamizatopa B cunte3sir HCN MoxHa BHKO-
PUCTOBYBATH HACTYITHI METOAM:

¢buTpTpaliiiHe BIAAUIEHHS YacTUHOK IUIATHHOIAIB 13 Ta30BOr0 IMOTOKY PI3HUMHU
BOTHETPUBKUMU HACaIKAMM;

copOl1iifHe 3B'I3yBaHHS TUIATHHOIIHUX METAJIB 3a JOMOMOTOIO CIUIaBIB 13 30JI0TA 1
najnajairo abo HIMX 01aropoJHUX METAalIB,;

YIOBIIOBAHHS YAaCTUHOK JOPOTOI[IHHUX METalliB aJcopOeHTaMH Ha OCHOBI

TYT'OIINTaBKHUX OKCI/II[iB.
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VY Tomy BHUMAAKy, KOJIM MOJIbHE BIAHOLIEHHS KUCHIO 0 ME€TaHy a00 aMiaky MEHILe
1,5, Buxim HCN 3apxnau Habarato OUIBIINM, HDK MPH CTEXIOMETPUYHOMY CKJIajl rasy.
ITIpu BimHomenHi O,:NH;<1,25 monb/mMonb BiAOYBa€ThCA BIAKIAICHHS BYTJCHIO Ha
Kartanizaropi, mo pizko 3meHmye Buxigq HCN 1 30ubrye BTpaT mwiaTuHy. g ycyHeHHs
IIbOTO SIBUIIA Y CKJIAJ] TOYaTKOBOI CyMIllll JOAAIOTh BOJICHB Y KITbKOCTI 2,5-4,5 % 00.

Yac konmaxmyeanna. llepeOir peaxiii HermoBHOro okrncHeHHss NH; 1 CHy Ha
IUIATUHOPOJIIEBOMY KaTalli3aTopl CYTTEBO 3aleKUTh Bl Audy3ii rasis 3 ob'emy A0
MOBEPXHI KOHTakTy. TOMy ONTHMajibHi YMOBHM MPOTIKaHHS TMpOILECYy B 3HAYHIA MIpi
3ajexaTh BIJ] MIBUAKOCTI Ta30BOro motoky. I[lpu manomy 3HayeHHI IbOTO MOKa3HHUKA
Moke Oytu oOopoTHa nu@dy3is Ta3iB, sKa CYNPOBOMKYETbCA HEMPOAYKTUBHUMHU
BUJIATKAMHM PEareHTIB, YaCTKOBUM po3KianaHHsM yTBopeHoro HCN 1 BigkiagaHHAM
BYIJICLIO HA MOBEpPXHI KaTanizatopa. Haazpuuaiine 301IbIIEHHS IBUJIKOCTI TOTOKY MOKeE
CTBOPUTU CHTYallil0, KOJIM 4Yac KOHTAaKTyBaHHsS pPEAareHTIB Ha IMOBEpPXHI MOXe OyTu
HejocTaTHIM. Ha mpakTuill niHilfiHa MBUAKICT ra3y (IepepaxyHOK Ha HOpMajibHI YMOBH)
nopieaioe 0,8-1,4 m/c. Po3paxyHOK 4Yacy KOHTAKTYyBaHHS 3HAXOJUTHCA 3a PIBHSIHHAM
ATtpomenko— bopeckoBa:

8085-S-d-n-P,-(1-1,57d/m)
- V,-T,

o

T

(8.5)

. 2 . .
ne S — moma mepepizy peakropa. M, d — JiaMeTp APOTY, M; 1 — YHCJIO CITOK Y
. . 2 .
KOMIUIEKTI, WT.; Py - TCK kKoHBepcii, MIla; m - yucno mierinp Ha 1 cMm™ citku; V) -
00'em razoBoi cymimi ipu 273 K1 0,101 MIla, m”/r; T, — Temneparypa konsepcii, K.

OnTHManbHAI 9ac KOHTAKTYBaHHS ckiagae 6,3-10° ¢ mpu temmeparypi 1373 Ki5,9-10°
c - npu 1473 K.

8.4 Texnonorisi BupodoHuurea HCN

TexHonoriss BUPOOHULITBA CUHWIBHOI KHCIIOTH CKJIAJAETHCSA 13 TPhOX OCHOBHHX
ctaaiid. [lepma crajis nmop's3aHa 3 KaTajliTUYHUM MPOLIECOM OKMCHEHHS CyMIIIl aMiaKky Ta
METaHy KHUCHEM TOBITpsl A0 ILIAHKUCTOrO BOAHIO (OKUCIIOBAJILHUM aMOHONI3 METaHy).
Hpyra crtaaisi BUpOOHUIITBA CHHWJIBHOI KHCJIOTH TOB'SI3aHa 3 abCOpOIIE€0 OAep>KaHOTO
HCN Boj010 3 OTpUMaHHSIM PO3UYMHIB KHCIOTH 1 TPETsS CTajisl - peKTUdikaiis cladKux
PO3YMHIB CHUHWIBHOI KUCIOTH 3 ojaepxkaHHsAIM 98-99 %-i HCN. 3a momomororo 1miei
TEXHOJIOT1i 3apa3 y CBIT1 BUPOOJISIOTE 0J113bk0 90 % ychoro o0CAry KUCIOTH.

Ha puc. 8.3 HaBegeHO THUMNOBY TEXHOJIOTIYHY CXE€MY YCTaHOBKU OJEp>KaHHS
CUHWIBbHOI KMCIOTH NIoTyXHICTIO 30 Tuc. T /pik 100 %-i HCN.
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Cymim NH3.CH4

. H3PO:
Ta OBITPA SN Bona Poscin
- CHHILTBEHA
8 9 KHCIIOTa
1 Boma 6
57 Bona
H25804 7

WA WD) | =

Bona
(NH4)>504

—{ T

Pucynok 8.3 Cxema yCTaHOBKM [Jii BUPOOHHUIITBA CHHWIBHOI KUCIOTH: | —
KOHTaKTHUM amapar; 2 — KoTen-yTuiaizatop; 3,6 — XonoauwinbHuku; 4 — cynbbaTHUN
CKpyOep; TemI000MIHHUK; 5,8 — Aedaermaropu; 6 — XOJOAWIBHUK; 7 — pekTudikaliiina
kosoHa; 10,11 — abcopbepu — norauHavi CHHUIBHOI KUCIIOTH; 12 — caHiTapHUl cKpyoOep

[Ipupognuii ra3 Ha yYCTAaHOBKY TIOJA€ThCA TICAS KATaTITUYHOI OYMCTKU BiJ
CIPKOBOJIHIO Ta MEPETBOPEHHS T'OMOJIOTIB METaHy Ha METaH B pEaKkTOpl TipyBaHHS Ha
XPOMOHIKEILOBOMY KaTasizaTopi npu TemiepaTypi 553-563 K Ta BuilydeHHS MUIY.
Pinkuit amiak (99,98 % NH;) nomaerbest Ha 3MIITyBaHHS 3 METAaHOM IIICJISl BUMAPyBaHHS
OUYHMIIAETHCS Bl MEXAHIYHMX JIOMIIIOK Ta KOMIIPECOPHOrO Maciia y (QuIbTpI HaJAXOAMTb.
[ToBiTps, HEOOXITHE MJIA KATaJITUYHOIO OKHUCIEHHS METaHy 1 amMiaKy, TaKOX MPOXOJUTh
MoTepeHE OUUIIEHHS Bi MIITY Ta KUCIMX ra3iB. [Ipupoanuii ra3, amiak Ta MOBITPS MICI
3MIIlyBaHHS B 3aJlaHOMY CIIIBBIIHOUIEHHI 4Ye€pe3 BOTHENEPEeNMHHHUK MOAAIThCS B
KOHTaKTHUM amapart 1.

VY KoHTakTHOMY amapaTi npu Temmepatypi 1173-1373 K Ha miaTuHOpOIi€BOMY
Kataiizatopi 3 5-7 CITOK TPOXOAUTH peakilii YTBOPEHHS IIaHHCTOTO BOJHIO.
MakcuMalnbHa aKTUBHICTh Katayizatopa pocsraetbes micias 80-200 rox poOOTH, KOJIH
Buximu HCN cknagae 60-65 % Bing Macu momaHoro amiaky. ['a3u miciasi KOHTaKTHOTO
anapara 1 3 o6'emHoro konuenrtpauiero HCN 5,9-8,7% Tta temneparypoto 1173-1273 K
HIBUAKO OXOJIOMKYIOTh Y KOTai-yTuiizatopi 2 1o 473 K ta B xonoaunbHuky 3 - 1o 343 K.
Oxo0J0/KEeHUN KOHTaKT-ra3 MOoCTymae A0 cyiab(haTHOro cKpybepa 4 s BUIYyYEHHS
aMiaky, SIKUH TIOTJIMHAETHCS CIPYaHOK KHCJIOTOI, a TmoTiM po3unH (NHy),SO4
NepepoOIIoIOTh Y TBEpAY CUlb. SIKIIO aMiak BIACYTHIA y CHHTE3-Ta3l, Cylb(aTHe
BIJITUICHHS] BUKITIOUAETHCSA 31 CXEMHU.

[licns BuiydyeHHA amiaky 13 CyMIlIl Ta3iB  KOHTaKT-Ta3 OXOJOJKYEThCS B
nednermaropi 5 1o 313 K. xomogunsHuky 6 go 274-283 K ta Hagxoauts B abcopOep 10,
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akuid 3pomyeTbes 1,5 %-m poszumnom HCN 3 abGcopOepa 11. OctaHHIN 3pOIIyeThCS
KyOOBOIO PIIMHOIO peKTU(]IKAIIITHOT KOJIOHH 7 13 KOHIIEHTPAII€X0 CHHUIIBHOT KUCiIoTh 20
mr/n. Ilicnst abecopbepa 11 ra3 ine B canitapHuii ckpyoep 12 i 3 konmentpaiiero HCN He
outbire 0,065 M/ BUKUIA€ETHCS B aTMOChEpy.

Pozuun 3 2,5 %-m Bmictom HCN micnsg abcopbepa 10 mimirpiBaeTbcs B
terooomMinHUKax 10 368 K ta mogacteca Ha 16 abo 18-ty Tapuiky pexkTudikamiiHol
kosoHu 7. Ilapu HCN 13 BepXHbOi YaCTHHM KOJIOHU HAAXOIATh Yy Aediermarop 19, ne
BiIOYBAETHCS YaCTKOBA KOHJACHCAIlS MApW Ta YTBOPCHHS CHUHWIBHOI KUCJIOTH, YacTHHA
SIKOT TIOBEPTAETHCS Ha OCTAHHIO TAPLIKY KOJOHM 18 11 MiATpUMaHHS MOCTIHHOTO CKIIaTy
napv, 0 BUXOAUTh 13 pekTudikamiiiHoi konoHu. Heckongencoani razu HCN vy
nediermMaropi 8 TOMAETHCA B XOJIOJWIBHHUK-KOHJEHCATOP 9, SKUU OXOJIOJKYETHCS
po3cosiom 13 Temrmepatyporo 263 K. CuHMIbHA KHUCIOTa 3 MacCOBOK KOHIICHTpAIIIEIO0 HE
MeH 98 % micist XonoAUIbHUKAa-KOHASH caTopa MpsIMy€e Ha NepepoOKy B 1HII PEUOBUHU
a6o Ha cximang toBapHoi HCN. [lns 3amoGiranus mnomimepusanii HCN nHa cranii
pektudikaiii B kucioty goaatotsh 0.2-0,3 % cradinizatopa H;PO,. IlianHoBMicHI cTiuHi
BOJM BUPOOHUIITBA TIOCTYMAOTH JIaJli HA 3HCIIKO[KCHHS.

OO6'emuuii cknaj razis micist abcopoepy 11 % 06., ve 6u1bmie: HCN - 0,05; CO - 6,0;
0,-0,2; H, - 16,5; N, - 76,0.

CuHmwIbHA KHCIIOTA, OJIEpKaHa 3a IAaHOK TEXHOJIOTIEI0, MICTUTh OCHOBHOT PEUOBHHU
He MeHie 97,5 %, ctaburizaropa 0,2-0,4 %.

8.5. BuiryyeHHsI HiaHMCTOr0 BOJAHIO 3 KOKCOBOI'0 ra3y KOKCOXiMiYHHX
BHPOOHUUITB

VY KOKCOXIMIUHIN MpoMUCITOBOCTI HeoOXinHICTh BuiaydeHHsT HCN 13 KoKCOBOro rasy
00OyMOBJIEHAa MOT0 HETaTUBHUM BIUIMBOM Ha TEXHOJIOT1UHI MPOIIECH B LIeXaX YJIOBJICHHUS Ta
y MepIy 4epry, Ha Kopo3iro 00JIaIHaHHS 1 Ha MPOIIECH OYMILICHHS T'a3iB BiJl CIIOJIYK CIPKH.
3aJIe’KHO BiJl BMICTY @30Ty B KOKCIBHOMY BYTULII 1 TEXHOJIOTTUHUX YMOB KOKCYBaHHS
(Temmepatypa, BosioricTh muxTu To-110) BMicT HCN y cymimi rasiB 3miHioeTses Bia 0,4
10 1,5-10 xr/™’. Y cepennpoMy i3 1 T cyxoro Byrimis omgepxyerbes 0,3 K iaHHCTOTO
BoaHto. [Ipm npomy 3HayHa yactuHa yTBopeHoro HCN BHacliIoOK HEIOCKOHAJIOCTI
TEXHOJIOT1i HOTo YJIOBIIOBaHHA MOTpaIUisie B atMocdepy i y Boguuii 6aceitn. Lianuctuii
BOJICHb BUIUISETHCS B arMoc(epy MepeBa)KHO HA TPaAUpPHAX KIHIEBUX Ta30BUX XOJIO-
JTHMIBLHUKIB 1 BMICT #oro csirae 1,13-10 KT/M° rasy.

KoxcoximiuHi 3aBoau Y KpaiHH IMIOPIYHO BUKUJIAIOTh Y HABKOJIMIITHE CEPEIOBUIIIE 0
75-80 tuc. T HCN (y nepepaxynky Ha NH4CNS).

I'muboke BunyuenHs HCN pocsraeTbcss HOro BUMHBAaHHSIM 3 Ta30BOI CyMilli 3a
JIOTIOMOTO0 TIONTICYJIb(ITy aMOHIIO 3 OJIep)KaHHSIM POJAHIAy aMOHIt0. AJie TaKui MPoIEeC
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CTPUMYETHCS OOMEKEHICTIO 3aCTOCYBaHHS KiHIIEBOro mnpoaykty. Ilorpeba HapomaHOro
rocroJIapcTBa B POJIaHil aMOHII0O Ha MalOyTHI poku ckiagae Tuibku 10-15 % ioro
MOXJIMBOTO BUPOOHUIITBA HA 0CHOBI pecypciB HCN y kokcoBomy rasi.

Opep>kaHHs TOBapHOI CUHUIIBHOT KUCIOTH MPH OYMIIEHHI KOKCOoBOro razy Big H,S
BaKyyM-KapOOHaTHUM MeTroaoM mnojsrae y BumuBaHHI HCN 13 cipkoBomHEBOro rasy
BOJIOIO 3 HACTYNMHOIO BiAroHKO0 HCN 13 BOJIHOTO pO3UKHY B KOHLIEHTPOBAHOMY BUTJISIII i
KOHJICHCAIIIETO.

KokcoBuii ra3, 3BUIBHEHHUH BIJI CMOJM ¥ amiaky, NPOMHUBaIOTH pPO30aBICHUM
po3urHOM cofu. [lormuHanbHUN PO3UMH 3BUIBHSIOTH Bl aJCcOpOOBaHUX Ta3iB
HarpiBaHHAM Mia BakyyMoM. ['a3u, 110 BIAXOATh, OXOJOIKYIOTh 1 IPOMHUBAIOTH BOJIOIO 3
pH = 3, sxuii niatpumyerbest nobaBiaenusam H,SO4. Bunydenns H,S 1 CO, 31iiicHIOIOTH
npu temneparypi 298-373 K y uHmwxknid 1 303 K - y BepxHili yacTuHi ckpyOepa.
CipkoBOZieHb MEPEBOJIATh Y CipyaHy KUCJIOTY HAa YCTaHOBIIL, sIKA MPAIIO€ 32 KOHTAKTHUM
MetonoM. Pozuura HCN (2 %-i1), sikuii mokuaae 1ianHoBuil Ckpyoep, HarpiBaroTh 10 373 K
y BIATHHOMY amapari roctpoio mnapoto. [lapy, mo BHXOAMTH 13 KOJIOHH, MIAAAIOTh
nedraermariii 1 BIJIy4aroTh 13 BIATIHHOTO amaparta 3 Temneparypoto 328 K i o6'emHuUM
Bmictom HCN 6 50 %. Mami HCN 36arauyetbcs B kosioHi a0 98,5 % HCN
(TemmnepaTypa ra3iB, 10 BIAXOAATh, - 299 K) 1 Ha 3aBepiiieHHsT 0X0JI0Ky€eThes 10 278 K,
MPUYOMY B SIKOCTI KOHJEHCATy OTPUMYETHbCS CHHWIbHA KHUCJIOTA, IO 30UpaeThCcs B
€MKOCTI 3 MIIIAJIKOIO, JIe MATPUMY€EThCs Temneparypa 275 K.

3a 1i€ro TexHoorier BuaaTkoni koedimientu Ha 1 T 98,5 %-1 HCN cTaHOBIISITS:

KOKCOBHIA ra3, THC. M 1056,0
KapOOHAT HATPIIO, KT 135,1
cyJb(aTHa KHCIOTA, KT 13,8
dbochopna kucnora 93 %-Ba, kr 3,9
napa, T 3,3
BOZA, M

JUTST OXOJIOIKEHHS 5200,0;

TEXHOJIOT1YHA 530,0;
eleKTpoeHepris, KBT-rog. 5900,0.

BupoOHHUIITBO CHHUIBHOT KHCIOTH OyJIO 3IIHCHEHO TaKOX Y KOKCOXIMIUHIM
npomucinoBocTi Himeuunnu. Kucnoty onep:kyBajid MpH OYMILEHHI KOKCOBOTO Tras3y Bil
H,S 3a amiaunum meTosioM. Cxema yCTaHOBKH HaBeJieHa Ha puc. 8.4.

CipkoBOAHEBUI Ta3 13 pereHepaTropa LEXy CIPKOOYMILIEHHS KOKCOBOIO Tra3y
HaIpaBISIETHCS y 3MIMOBUK BIATTHHOT KOJIOHHU 5, A€ MiAIrpiBae BOAHUI PO3YUH CUHUIIBHOT
kucnotu st BunapoByBanHss HCN. Harpituii ra3 nmoctymnae B T€IJI000MIHHUK 1; TyT BiH
Bigmae Ttemio cinabkomy po3unHy HCN, mo mnopaetbcss B kojony 2. Ilotim ras
OXOJIOJXKYETHCS B XOJIOIUIIbHUKY 4.
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Pucynok 8.4 - Texnonoriuna cxema BupoOHuiTBa HCN 13 CipKOBOAHEBOIO Ta3y
KoKcoxiMiyHoro BupoOHunTBa (Himeuuwna): 1 - mnpuiimau (emHicts); 2,4,6,7 —
XOJIOAWJIBHUKH; 3 — HACOC; 5 — BITIHHA KOJIOHA; 8 — EMHICTh 3 0XOJIOKYIOUOI0 COPOUYKOIO

VYTBOpeHa cyMmiml mapiB 1 KOHJeHcaTy mojaetscsi B mpuitmau 3, ne H,S 1 CO,
BIIOKPEMJTIOIOTBCSL BiJl ciabkoro BoaHoro po3unHy HCN. Ocranniil i3 npuiimaya 3
MOJIa€Thcsd HacocoM 7 depe3 TermnooOMiHHMK 1 y kojony 2. HCN BunaproeThcs, mapa
HCN oxonomxyerbes 10 303 K y BepxHiii 4acTHHI KOJIOHU 2, sKa i€ AK aedaermatop. 3
kosonu 2 napa HCN nonaerbes cnovyaTky y XOJOAWIBHUK 5, 1€ OXOJOIKYETHCS BOAOIO, a
MOTIM - y XOJIOAWIBLHUK 6, Ne TeMmieparypa 3HWKyeTbes 0 283 K 3a momomororo
XOJOAWIBHOTO po3coy. 3 xonoaunbauka 6 pinka HCN momanae B npuiiMad, sikuil TaKOXK
OXOJIOMXKYETHCS PO3COIIOM.

3 Meroro 3anmoOiraHHs TOKCMYHMX BHUKHUAIB Ha TPajUpPHIX LHUKIY KIHIIEBOTO
OXOJIO/PKEHHSI KOKCOBOI'O razy Iependavyaerbcs 3aKpUTTS  3BOPOTHOTO  LHUKITY
BOJIONIOCTAYaHHS KIHIIEBUX Ta30BUX XOJOJWIBHHUKIB 3 OXOJOJKEHHSM LHUPKYJSALIHHOI
BOAM B KOXYXOTPYOHHUX TersiooOMiHHUKaX. [lpu mboMy HMpKyJsAUidHA BoJa MiCIs
BIJICTIHHUKIB BOJM BiJ cMoiu 3 Temrepatyporo 318-328 K yepe3 mpomikH1 301pHUKH 1
GUIBTpH HAcocaMHU TOJAETHCS B KOXKYXOTPYOHI XOJNOAWUIBHUKH, /1€ OXOJIOMXKYETHCS
TexHiyHOI0 Boja0I0 70 303 K, a moTiM momaeThCs Ha OXOJIOJKEHHS KOKCOBOTO rasy B
KIHIIEB1 XOJIOMJIbHUKU. TeXHIYHA BOJIa OXOJIOMKY€EThCS HA CAMOCTIHHIN TpaupHi.

Takum yunoMm, BunydenHss HCN 13 Boau mpuiyckae ojepaHHsS KOHIEHTPOBAHOI
CUHWIBHOI KHCJIOTH TPHU 3HUAKEHHI KOpO3il 00JIalHaHHA 1 KOMYHIKalli KOKCOXIMIYHOIO
BUPOOHHUIITBA.
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8.6 OnepxaHHsA HiaHMCTOrO0 BOJAHIO 3 BYIVIEBOJAHIB B a30THIM mJia3Mmi

lonizoBaHuil Ta3, SKUM CKIAAAETHCA 3 aTOMIB, MOJICKYJ, 10HIB 1 E€JIEKTPOHIB,
HA3MBalOTh YETBEPTUM, IJIA3MOBUM CTaHOM peyoBUHU. [Ipu 1IbOMy pedyoBHHA Ma€e HOBI,
TUIBKHA [bOMY CTAHOBI IPHUCYTHI BJIACTUBOCTI, - MPOBOJIE €JIEKTPUUHHUI CTPYM, B3aEMO/IIE
3 €JIEKTPUYHUMU, MATHITHUMHU ¥ €IeKTPOMArHiTHUMU MOJISIMU, BUIIPOMIHIOE 1 MOTJIMHAE
cBITJO. Taki BIacCTMBOCTI OOYMOBIICH] HAsIBHICTIO B IJIa3Mi YaCTUHOK BHCOKOI €Heprii, a
TAKOX 3aps/PKEHUX YacTUHOK - 10HIB 1 enekTpoHiB. [Ipouecu, ski nepebiraiotb y
HU3BKOTEMIIEPATYPHiil M1a3Mi, 0COOIMBO MEPCIEKTUBHI AJIs peajizallii XIMIYHUX peaKIii,
JUIsL SIKAX pIBHOBara 3MIIIYeETbCd B OIK BHUCOKHUX TeMIEpaTyp; IIBUAKOCTI Pi3KO
30UTBIIYIOTHCS 3 MIJIBUILIEHHSIM TEMIIepaTypy; BUCOKUN BUXIA MPOIYKTIB JAOCITAETHCS B
HEPIBHOBAXXHUX YMOBAX, TOTPUMYIOTHCS BUCOKI BUMOTH JIO YUCTOTH MPOAYKTIB PEAKIIIi.

Po3poOnsitoTbest  HOBI  BUCOKOTemmepatypHi  Mmeroau  oxepxkanHs  HCN.
3anponoHOBAaHO CHHUJIBHY KHCIOTY OJIepKyBaTH mpu B3aemonii N, 1 H, 13 TBepaumu
yacTUHKaMu Tpadity npu temmnepatypi 1722-2250 K. Ilpu temnepatypi 2261 K, tepmini
peakiii 0,022 c i cimiBBigHomeHH1 Ny : Hy = 1 : 1 nait6unpmmit Buxinm HCN cranoBuB 2,18
%.

3HayHo Outeinl Buxomu mponykry (mo 10,7 % HCN) Oynu oxepxkaHi mnpu
npornyckanHi cymimi N, 1 NH; y BigHomenni 1 : 1 yepe3 map cpepruuHUX YaCTHHOK
rpadiry.

JUJisi IPOMMCIIOBOCTI MOE TPEACTABIATH ACSKUNA 1HTEpec MeTol, 3a sakuM NH;
B3a€EMOJII€ 3 METaHOM (MPOMAaHOM) y TMCEBAO3PIIHKEHOMY IIapi YaCTMHOK KOKCY IMpH
temrepatypi 1370-1650 K. HarpiBanHs 31HCHIOETBCS CTPYMOM, SIKHWA MPOIYCKaIOTh
yepe3 KUIUIAYMN I1ap YaCTUHOK 13 JOMOMOTOI I'padiTOBHX €IEKTPOAIB, 110 3a0e3nedye
PIBHOMIpHE PO3MOJUICHHS TEMIIEpaTypu B peakiiiHii 30H1. PeakuiiiHi ra3u BMIIIYIOTh J10
25 % HCN 1 H,. 3a num metogom Ha 1 kxr HCN Butpauaetscs 0,64 kr nponany, 0,74 xr
amiaky 1 6,0 kBT'roa. enekrpoeneprii.
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