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SAAKICTb Big npupoav
YHikanbHi npupoaHi pecypcun K+S

BucokosikicHi kaniiiHi Ta MarHieBi go6puea

KomnaHia K+S 3aiimaeTbcs BMAOOGYTKOM, BUPOGHULTBOM i
36yTOM MiHepanbHUX [06puB, CTBOPEHMX Ha OCHOBI
NpUpoaHOI  CUPOBMHU. 3aBASKWM  YHiKanbHOMY  cknapy
poaoBuuy, K+S nponoHye — okpiM OCHOBHUX KaninHux nobpus
— Takox AobpvBa Ha OCHOBI MarHito Ta Cipku, fiKi LUMPOKO
3aCTOCOBYHTBLCA B CillbCbKOMY rOCNoAapCTBi.

MoxomxeHHs poAoBULL, KaNiiHO-MarHieBUX conei

YHikanbHoO cupoBuHO komnaHias K+S e Hartsalz, ska
BMAOOYBAETbCS BUKIIOYHO B HIMELbKMX LUAxTax Ha rnbuHi
noHag 700 m. Le eamHuin y CBiTi NpUpogHUA MOHOMIT, WO
MICTUTb Y CBOEMY CKNafi YHikanbHe MOEOHAHHA CUMbBIHY,
ranity Ta kiseputy. Came Hartsalz € ocHoBolo pAns
BupobHuutea Korn-Kali - komnnekcHoro pobpusa 3
NPUPOAHUM KaniemM, MarHiem Ta CipKoto.
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3aBaskn  3anaTeHToBaHii  TexHonorii  ESTA  cupoBuHa
npoxoauTb OenikaTHy O4YWUCTKY BiO, LWKIOIMBUX [OOMILLKIB,
36epiratoum CcBOKW nNpupoAHy camMobyTHicTb. Lle posBonsie
CTBOPUTM KOMMIEKCHe [o6puBo, Lo 36anaHcoBaHe BiAMNoBiAHO
no notpeb pocnuH. OnTumanbHa cdopmyna Korn-Kali 3anobirae
aHTaroHiaMy enemMeHTiB, 3abesnevyloum iXHE MakcumanbHe
3aCBOEHHSA Ta CTabiNbHO NiABULLYIOYN POAIOYICTb I'PYHTY.

MoTY>XHMI1 KOMINJIEKC NOXXMBHUX PEYOBUH

MoxusHi enemenTn y cknapgi Korn-Kali noxogats i3 npupoaHux
conen, wo BupgobysatoTbea B HimewunHi. Lli coni ytBopunucsa
BHaCnNifoOK KpucTanisauii MOPCbKOi coni  Micns  BUCUXaHHA
[aBHbOrO MOpSA, fIKe iCHyBano Ha Lin TepuTopii noHag 250
MifNbAOHIB POKiB TOMY.



Himeubki popoBuia — eauHi y CBIiTi, Ae Kanin i marHin
npupoaHO 3ansralTb pa3oM. Lle posBonse ogHovacHo
BUAOGYBaTU XMTTEBO BaXNUBi MNOXWBHI enemMeHTn Ans
POCIVH: Kanii, MarHin i cipky. 3aBAsku LbOMY, 3aCTOCYyBaHHSA
[o6pMB  Ha OCHOBI NpUMPOAHOI  CUMPOBUMHKM  3abesneuvye
NMOBHOLLIHHUI PO3BUTOK POCIWH | BUCOKOSAKICHUIA YpOXaW.

BupaobyTok i nepepo6ka KanikHMx conemu

Lli cupoBuHHi maTepianu obyBaloTbCA LIAAXOM NiA3EMHOro
BMA0OYTKY. OTpUMaHi KaninHi Ta MarHieBi coni TpaHcnopTy-
I0TbCA CaMOXiAHUMW BenukorabapuTHUMK HaBaHTaxyBavamu
00 TMYHKTIB PO3BaHTaXeHHA, [e npoxoaaTb nonepegHe
OpOGneHHs.

LliHHa cupoBMHa nepemilllyeTbCd Ha BiACTaHb Yy Kinbka
KiJIOMETpiB CTPIYKOBUMM KOHBEEpPAMM A0 MiANOMHOI LLAXTU.
3BiATM y WAaxTHIW KNiTi BOHA MiAHIMAETbCA Ha COTHI MeTpiB
yropy — Ha noBepxHi, 6e3nocepefHbO0 [0 BUPOBHMYOrO
nignpueMcTBa, Oe npoxoouTb nopanbuy o6pobky. Bucoka
AKicTb pobpuB 3abe3nevyeTbcs 3aBAsSKKM BOOCKOHANEHOMY
TEXHOMOMYHOMY JNaHUory, SIKM OXOMMoE BCi eTanu — Bif

BMOOOYTKYy Ta BMpoGHWMUTBA [0 peanisauii  KiHUeBOMY

crnoxuBayesi — hepmepy.



Korn-Kalr

YHiKanbHa CyMiLll NOXXUBHUX PEYOBUH

OOBPUBO €C
Xnopwua kanito 3 MarHieM Ta Cipkoro
38(+6+4+12)

38 % K20 Bopopo3unHHuiA okeupg, kanito (= 31,5 % K)
6 % MgO BOOOPO3UMHHMIA OKeua, MarHito (= 3,6 % Mg)
4 % Naz20 Boaopo3unHHMI okeug HaTpito (= 3 % Na)
12 9% SOz BOAOPO3UMHHUIA TPUOKCUA, CipkK (= 4,8 % S)

MpanynomeTpuyHa knacudikadis:
TUMNOBa
*>50wmMm 2%
e 2,0-5,0 mm 94 %
e <2,0Mm 4%
e dso [MM] 34 %

[OaHi npo 36epiraHHa:

e 06’eMHa LWiNbHICTb npu6n. 1 100 kr/m®
* HacumHa LWinbHICTb npuén. 1 150 kr/m®
* KYT nepekupaHHs npuén. 37°

CraHpapTHi pekoMeHAauii wopao
3acrocyBaHHsa Korn-Kali®

YpoxanHictb Korn-Kali
(t/ra) (xr/ra)

3epHoBi 57 120-450

KynbTypa

Pinak 34 120-450
Kykypynsa 120-500
LlykpoBuin 6ypsak 250-600
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Pe3ynbTat
MOoNIbOBUX OOCNIOXEHb

Cinbcbkorocnogapcbka nasiata HmxHboi CakcoHii, gocnimpxKeHHs
3aCTOCyBaHHS Kasilo AJis BUPOLLYBaHHA TpUTUKane B FonbTnaHai,

YpoxalHicTtb [1/ra] 'pyHTOBa nNpoba: pH 5,4
100

YpoxaiiHictb +11 1 =
95 + 10 kr N/ra __y

HOpMa BHECEHHSA /
. noepy
85
80
75
70
65

82,9 94,2

60

6e3 K20 60 kr K20 120 kr K20 180 kr K20 180 kr K20

Korn-Kali Korn-Kali Korn-Kali 60er Kali gran.

3abe3neueHHs a3o0THOro 6anaHcy (N-6anaHc) Anga 03MMoOro sUMeHHo B AOCHiAi i3 3aCTOCyBaHHAM KaniiHOro
nobpusa, yHiBepcutet FH Kiel, OcteHdennba, HimeuunHa, 2015 p.

N-6anaHc [kr N/ra] I'pyHToBa npo6a: MiHepanisauis; pH: 6,1;
24 mr P20s;
12 mr K20; 6 Mr Mg
10
5 |
0 |
5 ]
-10 o
-15 T
20 o
25 6e3 K:0 30 kr 60 kr 120 kr 30 kr 60 kr 120 kr
Kz20/ra Kz20/ra K2O/ra K2O/ra K2O/ra Tak K2O/ra

NmiH.: 31 kr N/ra; nigxmBrneHHs
N: 190 kr N/ra!

3aranom: 221 kr N/ra!
Pe3ynbTaT BUNpobyBaHHs,
BpoxariHictb: 1 220 kr/ra!

lNonepeaHunK: 03uMa NLEeHUUSs; KybTypa: 03uMuii sumiHb,; copT: KWS Meridian



Pe3ynbTat
MONIbOBUX OOCIOXEHb

MimpxuBNeHHs 03MMOro siUMeHIo copTy «KanicdopHis» kanieM, MarHieM i cipkoto,
JlronHe, HimeuuunHa, 2015 p.

PocnuHHa npoba, r/kr cyxoi pevoBuHu (CP) I'pyHTOBa Npoba: pH: 5,2
K 26,5 33,7 38 34,8 36,9
Mg 0,94 0,84 0,87 0,89 1,01
90
88
86
)
3 84
;|
6
2 82
=
2
5 80
o
>
78
76
80,0 81,6 83,5 88,0 85,3
74
KoHTpornb 120 kr/ra K20 120 kr/ra K20 120 kr/ra K20 120 kr/ra K20
60er Kali gran. Korn-Kali Korn-Kali + Korn-Kali +2 x 10 kr/ra
100 kr/ra ESTA Kieserit EPSO Combitop

AocnimxeHHA 3acTOCyBaHHA KaniiiHoro 4o6puBa st BUPOLLYyBaHHA 03UMOI0 SIUMEHIO,
yHiBepcuteT FH Kiel, Octrendenna, HimeuunHa, 2015 p.

YpoxanHicTb [u/ra]

145
140 [~ ‘ 1
+ 1050 kr/ra
3% - S - N - —
0% —--———-——————— A I - S ——— —
25 —-———------———— |- - - - - ——— - ————— —
120 — - - e ————— - - - ————- T ————- —
115 — - - - - —— - --——- - - - ————- —
110
6e3 K 50 kr/ra 100 kr/ra 200 kr/ra 75 kr/ra 150 kr/ra 300 kr/ra
60er Kaligran. 60er Kaligran. 60er Kali gran. Korn-Kali Korn-Kali Korn-Kali

(30 kr K=0/ra) (60 kr K=O/ra) (120 kr K2O/ra) (30 kr K=O/ra) (60 kr K=O/ra) (120 kr K-O/ra)

miHepanizayis; pH: 6,1 (B); 24 mr P20s (C); 12 mr K20 (B); 5,5 mr Mg (A)
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AisanbHicTb KOMNaHiI

KomnaHia K+S 3aiimaeTbca npakTMYHUM NiAXOA0M A0 NigXMB-
NeHHA rpyHTy fobpuBamu BxXe noHapg 125 pokie. KomaHaa
cneuianicTis  WoAHsA po3pobnse  HalKkpall  pilleHHs,
cnpsiMoBaHi Ha cyyacHe Ta 6e3ne4vHe 3emnepobcTBo. Mu
BUrOTOBJISIEMO BUCOKOSIKICHI A06puBa nuule 3aBAsKK TiCHIin
cnienpaui 3 HayKoBO-AOCAIAHUMW  iHCTUTYTamum Ta
depmepamu, WASXOM YMUCNIEHHUX MOJNbOBUM AOCHIAXEHb,
KOHTpOnem €KocTi Ta o6MiHOM pgocBigy 3 iHWUMHK
KOMNaHissMu.

Hawi nobpuBa — He NPOCTO MOXMBHI pe4oBUHK. [PONOHYEMO
BaLii yBasi foknaaHy iHdpopmaLito npo gobpuso Korn-Kali
Ta cKnag, noro rpaHyn.

1. Oo6pueo Korn-Kali € cymiwito xnopuay kanito, yHikarnb-
HOro MiHepany Ki3epuTy 1 HaTpito. Kanin y noegHaHHi 3
MarHiem, Cipkoto Ta HaTpiem yTBOptoe fOOpUBO, ke BiAno-
Bifae notpeb6am MixHapoAHOro CiflbCbKOro rocrofapcTea.

2. [oBepleHa rpaHyna. NparHyyn 3ag0BOSIbHUTU BUMOTU
CiNbCbKOrocrnoAapcbkmx BUPOBHUKIB, MU po3pobunu
BMCOKOSIKICHY rpaHyny: BOHa TBEpAa Ta He YTBOPHOE Ny,
piBHOMipHa (2-5 MM: 94 %) i LUBMAKO PO3YMHAETLCS MicNA
nociBy. NpakTM4YHO OAHAKOBWUI PO3Mip Ta Bara rpaHyn
3ab6e3neyyoTb PiBHOMIPHICTb IX BHECEHHSI PO3KUAHUM
cnocobom o 36 metpis. Lle yHikanbHa nepeBara, sika
HaA3BMYaWHO LiikaBUTb BeJIMKI rOCNoAapcTBa.

Cnig 3a3HaunTK, LLO NMLLE OPUTiHANbHI NPOAYKTU KOMNaHii
K+S rapaHtytotb 100-BiacoTkoBy edeKkTUBHICTb i 3abe3nevy-
I0Tb AXEepeno BOAOPO3YNHHUX NMOXMBHUX PEYOBUH, LOCTYM-
HUX NSl POCIINH.

~ I'padpik piBHOMipHOCTi po3knaaHHa Ao6pmBa
Korn-Kali® nig yac nociBy 3a po60o40i lumpuHu 36 M

100%

18m14m 10m 6m om
L 3%m—— 1

6m 10m 14m 18m




@ [loBepLieHe NoOEAHAHHSA
OcHoBa cTabinbHO BUCOKOI BPOXaAWHOCTI

He nuwe kanii
Kaniit € ocHoBOO CTabinbHOT BpOXXailHOCTI

Kaniih € ogHUM 3 HaNBaXNUBILLMX NMOXMBHUX €NEMEHTIB Ana pocnvH. HanBaxnusiwymMmuy npouecamu, y sikux 6epe yyacTb Kanii, €:

1. TpaHcnipauis - LT EdekTuBHE cnoxvBaHHs BOAU

2. CyTTeMii BNAMB Ha : |/ MigBuLEHa CTinKICTb A0

CTpecocTiiiKicTb pocuH MOCYXW, HECUIbHUX MOpPO3iB,
3 BUNSAraHHA NociBiB

Kpalmn po3sutok
KOPEHEBOI cUCTEMM

30inbLLUEHHS KiNbKOCTi
6inka, BiTamMiHiB,
KPOXMarto TOLLO.

4, MNipBYLEHHA NapaMeTpiB
AKOCTi

EdpekTnBHE cnoxunBaHHA
5. binblu edpekTUBHE POCIIMHO AO0CTYMNHOT
CMOXXMBaHHSA BOAU BOAM; Kpalya CTpyKTypa
nop rpyHty

_ Puc. 1 flocTaTHiii 3anac kanito € 3anopykoro
e(deKTMBHOro BUKOPUCTAHHA BOAU

OcHoBHi yHKLUii Kanito

1. Kaniii, ocHOBHa NoXnBHa pe4oBUHA
nobpusa Korn-Kali, ponomarae
POCIINUHI €KOHOMHO BUKOPUCTOBY-
BaTV BoAy. 3aBAsiku 36anaHcoBaHii
TpaHcnipauii pocnuHa egeKTUBHO
BUKOPUCTOBYE AOCTYMHY BOAy AN
YyTBOpPeHHA bBiomacu. Ak ocMOTUY-
HUIN PaKTOP Kani YNHUTb CYTTEBUN
BMJIMB Ha BIiAKPUTTA Ta 3aKpuUTTA
npoAamxiB NUCTH, TOMy BiH Bigirpae
BaX/MBY poSib y BUKOPUCTaHHI BOAU
pocnuHoto. (puc. 1)

- K O6MexeHa yHKLUiA npoanxis + K MoBHa chyHKLis npoaunxis

2. Kaniit 3axuiiae pocnvHu Bif cTpecy, HeKOHTpOnboBaHa BTPaTa KOHTpOSIbOBaHa TpaHcnipawis,
CI'IpI/ILII/IHeHOFO nOCyXO}O, aKa Bce BOAU BHaACNIAOK TpaHcnipaull e(beKTI/IBHeBVIKOpI/ICTaHHﬂBOp,I/I
yacTilwe TpannaeTbCcs B HawWin
KniMaTu4Hin 30Hi. PocnuHa Moxe
pearyBaTu Ha TaKi CTpecoBi cuTyaLii,
AK gediunt BoaM, BKpan peTesibHO
perynio4um  cBil  BogHUi BGanaHc
Wwob MiHimMi3yBaTU BTpaTW BOMOrK.
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— Puc. 2 Kanii nigBULLyE CTiliKiCTb pOC/IUH A0 MOPO3Y

Kaniv nigeBuwye CTiKiCTb A0 MOpO3y 3aBAsKW
HaKOMWYEHHIO acMMINATIB, WO 3HMXYIOTb TemnepaTtypy
3aMep3aHHs KNiTUH pocnuHu. (puc. 2)

3. Kanin BnnuBae Ha npouec hoTocuHTe3y i 3abeaneyye

eeKTUBHUI TPAHCNOPT aCUMINATIB, AXepPenoM SKnx €
doTocnHTE3. 3aBAAKM LbOMY HaBiTb 3@ CKMagHUX yMOB
rapaHTyeTbCcA eDEeKTUBHUIN PO3MOAIN MOXNBHUX
PEYOBUH MiX JINCTAM | KOPEHAMMN.

4.

MipBuLEeHe 3acBOEHHA a30Ty. BpoxawHicTb i AKicTb
niaBuLLYOTbCS  3aBAAKW  Oinbll  aKTUBHOMY  BUKO-
PUCTaHHIO @30Ty, L0 PErynioETLCH LWSXOM HaaXOOXEHHS
Kanito 3 gobpuea Korn-Kali.

3a [JaHuMMM  OCTaHHiIX  JocnigXeHb, Kanin  Moxe
nigBuLlyBaTW 3AaTHICTb PpyHTY 30epiratu Bosory, Lo
3HAQYHOK MIpOK BM3HAYAETLCA WMOro  KaninspHICTIO.
[ocTaTHii 3anac kanito 36inblwye BOAOYTPUMYOYY
30aTHICTb  IPYHTY  BHacnifok  opMyBaHHA  nop
cepepnHboro po3mipy. Lle BigbyBaetbcs 3a [0OMOMOroto
«MNEepemMUYOK i3 IMUHUCTUX MiHepaniBy. (puc. 3)

aKniMaTM30BaHa KJiTUHA

N~ K Kanii ~
\ (.K_\\ ® acuminaTun
e X (Hanpwuknag, uykpu)
K ° KMiTUHHA CTiHKa
K (amonnacr) «— YLKO-
® DKEHHSs!
e \BHyTpimHﬂ yacTuHa memGpaHn
g K kK® KNiITUHK
/ \ / \ (cumnnacr)
N S
36epiraHHsi OCMOTHU4HO [1iFOYNX PEYOBUH, 36epiraHHsi OCMOTHM4HO [1iFOYNX PEYOBUH
Hanpukaaa LuyKpy Ta Kanito He 3ab6e3neuyeTbcs

« [TigBULLEHHA TUCKY B KNiTUHaX

= 3axucT Bifi MOPO3Y: MiX KNiTUHaMU
YTBOPIOETLCA Nif,

HeakniMaTM3oBaHa KNiTUHA

* 3HUXEHHS BHYTPIiLLUHbOKII TUHHOIO TUCKY

* PyiiHyBaHHS MemMbpaH Kpuctanamu
nboAy — 3aMOPOXEHHS

_ Puc. 3 HapxopxeHHs fOCTaTHBLOI KiZIbKOCTi Kanito 36inbluye 3aaTHICTDL

IpyHTy 36epiraTt Bogy yepes nopu cepegHboro po3mipy

- K HepiBHOMipHa NOpUCTICTb M'PYHTY € NPUYMHOIO

I'PYHTI.

3aHanTo BenuKi
Kaninsapu — BUTIK
BOAU

3aHagTo mani
Kaninspu — 3aHaaTo
MiLHe 3B’A3yBaHHSA
BOAU

/

BUTOKY BoAM ab0 3aHafToO MiLHOTO 3B’A3yBaHHs BOAM B

BinbLw akTUBHI Kaninsapu cepeaHbOro
pO3Mipy, NigBULLIEHHS BOAOYTPUMYIOYOI
30aTHOCTI I'PYHTY.

-+

Kaninsipn cepegHboro
po3Mipy — 36epexXeHHs Ta
OOCTYMHICTb BOAN

«epeMnYKM 3 rAMHUCTUX
MiHepanis»




£

Kanin, mardin Ta

OcHoBa cTabiZ1IbHO BUCOKOI BPO)XaUHOCTI

CipKa

LlykpoBuii 6ypsik, IHoBpownas, Monblua, 2014 p., Incrutyt IHAR-PIB, Bugrowy,

M. HoBakoBcbki (M. Nowakowski), noktop ¢inocodii
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KoHTponb 200 K=0 300 K=0 350K:0 200K0+W 300K-0+W 350K0+W
MpupoaHuin cTaH Boau Ta F'pyHTY ... .. jogatkoso 180 mMm Bogu Ha ra

3acTocyBaHHA Kanilo BNavMBae Ha cTabinisauito BpOXanHoOCTI,
Lo ocobnuneo NOMITHO B MocywwnuBi poku. baraTtopiyHuin goc-
Bi[l, BUPOLLYBaHHSA CiNbCbKOrocnoAapcbkunx KynbTyp, 30Kpema
LyKpoBOro 6ypsiky, nokasye, Lo BULLi A03K Kanito (B AoOpuBI
Korn-Kali 38 % K:0, 6 % MgO, 12 % SOs i 4 % Naz=0), a Takox
onTMManbHi onagu (y LUbOMY BWUMNAAKy 3BOJMOXEHHA 3a
[OMOMOrOK MOJMMBY) MO3UTUBHO BMIMBAOTb Ha 3POCTaHHA
BPOXaWHOCTI Ta SKICTb NPOAYKLUii. Y BMNagKy HEMOXIIMBOCTI
LUTYYHOro 3abe3neyeHHs BOAOK BUCOKMIA PiIBEHb YPOXAWHOCTI
MoXe OyTW [OCATHYTUIM LUMSAXOM MPaBUSIbHOIO MiAXUBIEHHS
KaninHum pobpueom. OTXe, Kaniit y BiANOBIAHOMY NMOEAHAHHI
3 MarHiem i cipkoto (K y pobpwusi Korn-Kali) ponomarae
[ocartv 6inbLIoi ypoxanHoCTi 3@ YMOBY NMPUPOAHUX Onagis.
lMpakTuka nokasye, Lo ANns BUPOLLYBAHHSA TakUX OCHOBHMX
cinbCbKorocnogapcbkux KynbTyp, K LyKpoBuii Bypsik i 3naku,
36anaHcoBaHe NiAXMUBIEHHST KanieM € edeKTUBHIWNM i

AeleBLnM, HiX nonue. 3 iHWoro 60Ky, po3paxoByBaTh Ha
ONTUManbHUI PO3MOoAin onagiB y Ce30HM TpUBarol Nocyxu,
SKi TPannATbLCA BCe YacTille, € HEeHaAiNHO CTpaTerieto.

BukopuctanHa gobpuea Korn-Kali ctabinizye piBeHb Bpo-
XanHOCTi 3aBAsKM TOMy, L0 J[Joromarae pocivMHam
edeKTMBHO crnoxueaTtu Bogy 3 onagis. BiH nonepe- gxae
HagMipHe 3HWXEHHs BpOXaWHOoCTi B ymoBax mnocyxu. 3a
YMOBW ONTMManbHWX onagiB abo Ha 3poLuyBasibHUX MOMSX
pobpuso Korn-Kali 3abesneyye 3acBOEHHA pocnvHamu
HanbiNbLLIOI KiNbKOCTI BOAM Ta BUCOKY BPOXAaWHICTb 3aMicTb
HENpPOAYKTUBHOI BTpPaTXM BOJSIOTM BHACMIAOK ii HagMipHOro
BUMApPOBYBaHHA 3 POCNMH. AK Noka3aHo Ha rpadiky Huxue,
BUKOPUCTaHHSI Kanito npu3Beno A0 MOMITHOro 36inbLueHHSs
BPOXaWNHOCTI He3anexHo Bif, yMOB y neBHOMY Micsaui. OTxe,
Kanin cnig po3rnagatyv fAK OAHY 3 OCHOBHMX i HE3aMiHHUX
MOXWBHUX PEYOBWH A POCINH.

Crpec Big nocyxu: 4-TMHKHEBE AO0CIIiAKEHHS, L0 NPOBOAMIIOCA B YepPBHi Ta sIMnHi: bpoawm,
Monbuwa, 1999-2001 pp., n = 3, npod. B. Nkeb6iw (W. Grzebisz)
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Y BunaaKy HeedeKTUBHOrO BUKOPUCTaHHS BOAW B NOCYLWINBUIA PiK...

... IpU3BOANTL A0 CTPecy BiA,
nocyxu Ta, Ak Hacnigok, Ao
3HUXEHHSA BPOXAaNHOCTI...

Ctpec Big nocyxu

... nociBu NoTpebytoTb
nonuey.

MNonepeantn nocyxy HEMOXIMBO,
npoTe MOXHa 3MEHLLNTN Tl HeCcnpu-
ATNUBI HACNIOKN.

CTpec Big nepiognyHoi HecTayi Boau
YaCTKOBO MiAAAETHCA KOHTPOSO.
MipXvBNeHHA Kaniem € HawunpocTi-
wuM i HangeweBWUM crnocobom
3MEHLUUTN BTPATU BPOXANHOCTI.

OnTumMmanbHe XWUBMEHHS CiNbCbKO-
rocnofapcbkKux KynbTyp Karniem ao-
rnomarae HafoBLle MiABULLIMTU TXHIO
CTilKiCTb Y CTPECOBUI CE30H | 3MEH-
LUNTU PU3NK 3HUXEHHS BPOXANHOCTI.
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2 OcHoBa cTabiZ1IbHO BUCOKOI BPO)XaUHOCTI

Kanin, mardin Ta

MarHii — 3a6yTnii MakpoenemeHT

MarHiit Bigirpae KnYoBY pornb Yy XWBAEHHI pocnuH. Moro
4YacCTo Ha3MBalTb ENEMEHTOM XUTTH Yepes NOoro y4acTb Y Yuc-
NIEHHUX BaXNUBUX MpoLecax, HeobXigHUX AnS HOPManbHOro
(PYHKLiOHYBaHHA OpraHiaMmy nognHuU. Y NeBHUX rpyHTOBUX
YMOB Ha 6araTbox nosisix, 30KpemMa 3 fIerkum r'pyHToM, a Takox

1. Xnopodin

2. TpaHcnopT

3. 3acTocyBaHHSA a30Ty

4, PicT kOpeHs

5. CrilikicTb AOAI*> Ta 3MeH-
LLEeHHS COHAMHMX OniKiB

OCHOBHI yHKUIi MarHito

1. Xnopodin i otocnHTes. MarHii € LeHTpanbHUM aTOMOM MOMEKYU xnopodiny
1 6epe y4acTb y npoLeci NepeTBOPEHHS CBITNOBOI eHeprii Ha 6iomacy. Tomy
BiH Biflirpae cyTTeBY posnb y 3ab6e3neyeHHi HanexHoro po3BUTKY BCiX POCIIVH.
Xnopodin mictuTb woHanmeHwe 30-35 % ycboro marHito pocnuvHu. (puc. 4)

2. TpaHcnopT pevyoBMH BcepeauHi pocnuHu. MarHin € HeobxigHum  ans
TpaHCMOpTYyBaHHA UYyKpIiB i BiNkiB BcepeavHi pocnuHu Ta akTuBi3auii 6araTbox

depmMeHTaTUBHUX npoLeci. (puc. 5)

CH, CH=CH,

Cc

Cc e S

N

CH; H

Puc. 4 MarHii, UeHTpanbHWi aTtoM MOIEKY/IN X10poginy
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CH,-CH,

CipKa

Ha nonsx, siki akTMBHO 06POBNATLCA, HECTayYa MarHito BUHU-
Kae Bce yacTilwe. Tomy BapTo nam’atati Npo (PyHKLUIii Lboro
MakpoenemeHTy, Ta 3aCTOCOBYBaTU MarHi ana 3b6anaHcosa-
HOro MiAXMBMNEHHSA POCNUH f06prBaMy.

MigBuLEeHHS eheKTMBHOCTI (DOTOCUH-
Tesy

HopmanbHi 06MiHHI npoLecu

MigBULLEHHS ehEeKTUBHOCTI
3aCBOEHHSA @30Ty

PozButok KopeHeBoi
cucrtemm

CTinkicTb A0 HU3bKOro pH rpyHTy,
HOpManbHUN 06MiH peYoBUH

X
@©
<

x
©

O
5
=
o

&

Puc. 5 MarHivi nonerwye TpaHcrnopT peyoBuH
R+ = G Chiovopiyl 2 Bgepeam-ii' POC/INHM. ﬂiBOpy"-l.‘ 84 % BYyr/1€B0-
R* = CHO, Chiorophyll b AiB 'y ncti 1a 16 % y KOpeHi — MOMITHI 03HaKu
HecTayi marHito BigcyTHi. [pasopyy: ax 99 %
BYITIEBOAIB Y JINCTI; YMOBIIbHEHWNI TPAHCIOPT
PEYOBUH [10 KOPEHS BHAC/IIAOK HECTayi MarHir.



®oto: Cakmak

Puc. 6 Brians marHito Ha picT KOpeHs nieHuLi

MarHin, Wwo HagxoauTb A0 POCANHU
B HaNeXHiN KinbKoCTi, 3axuLLac i Big,
COHAYHUX OMiKiB.

Y TiHi

HeBenuki ainaHku ceitnoro
3abapBreHHs Ha JINCTi € 03HAKO0
HecTaudi MarHito.

Ha coHui
IHTEHCUBHE CBITNO BUKINKAE
COHSYHI onikKn

®oto: Cakmak and Kirkby 2008,

Physiol Plant

Puc. 7 Hectaua marHito npmu3BoAnTb [0 CBITI0OYYTINBOCTI

HanuB 3epHa nweHuui 3a pi3HUM BMICTOM MarHiro

HaciHHs1 poC/InH i3 HU3bKUM HaciHHSI pOC/IvH i3 HU3bKUM
BMICTOM MarHito BMICTOM MarHito + ro3akopeHese
po3nuieHHss MgS0a4,7H20

@oro: Ceylan i cniBast., 2016, Plant and Soil

OnTumizauis 3aCBOEHHA MOXMBHUX
peyoBuH. [Ona  3abe3neyveHHs
BUCOKOI BpOXaWHOCTI  MOTpibHe
onTUMarnbHE XWUBMIEHHS MarHiem,
AKNN rapaHTye edeKTnBHE
3aCBOEHHA iHLLINX NMOXWUBHUX
peyvyoBMH, Hamnpuknag, asoTty W
tpocchopy.

Po3BuTtok KopeHeBoi cuctemun. Mar-
HiVi CNpUSsiE TPaHCMNOPTY BYrNeBOAiB
[0 KopeHs Ans 3abe3neyeHHs eHep-
rif, HeO6XiAHOI AN POCTY KOPEHEBOI
cuctemu. (puc. 6)

[MpoTnaia TOKCUYHOCTI antoMiHito.
HanexHe XVBMEHHA npurHivye
TOKCUYHICTb antoMiHito B I'pyHTax i3
HU3bKUM piBHEM pH.

CTilKiCTb 00 COHSIYHMX OMiKiB.
PocnuHu, wo BigvyBaloTb HecTady
MarHito, BUSAIBMIAIOTb 6inbLuy
YyTNUBICTb A0 NiABULLEHOI pagiaLii,
O NPU3BOAUTbL OO COHAYHMX OMIKiB.
(pnc. 7)

ESTA Kieserit

HaciHHs1 poC/InH i3 HanieXxHuM
BMICTOM MarHito
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2 OcHoBa cTabi/Z1IbHO BUCOKOI BPO)XXAaUHOCTi
Kanin, marHin, cipka n HaTtpiu

Cipka sik 3anopyka 6inbLuoi epeKTMBHOCTi

3axogu 60poTbbu i3 3abpyAHEHHAM MOBITPA NpU3BENU A0
KapOuHanbHOro 3HUXEHHSA CepefHbOro pPiBHA OCaAXEHHS
aTtmocdepHoi cipku. OTXe, NiOXUBMEHHA CipKOK CTano
HeobXifHICTIO Anst BCiX KyNbTyp, i 4O UbOro cnig ctTaBuTuCs
cepino3Ho. Y r'pyHTi cipka Moxe 36epiratucs nuwe B
opraHiyHin peyoBuHi. Cipka cTae [oOCTynHOW AnsA
BMKOPUCTAHHA pPOCNMNHOK 3a YyMOBW NONepeaHbol
MiHepanizauii. Yepe3 ue HaaXOO4XEHHA CipkKM 4YacTo €
HefoCTaTHIM, 30KpemMa B nepioan cusbHoro pocty abo Ha
noyaTKy BereTaLwiji.

OcHOBHi hbyHKUii Cipku:

1. BnnuBae Ha opmyBaHHs xnopodpiny Ta nigsuilye edek-
TUBHICTb (DOTOCUHTESY.

2. € He3aMiHHOW And 3aCBOEHHSA a30TYy.

3. bepe yyacTb y CUHTE3i TaKuX aMiHOKUCIOT, AK LUCTEIH,
LUMCTUH | MeTIOHIH, AKi € ByaiBenbHMM MaTepianom ana  3eseHe 3a6apBieHHs 31aKiB nig A€l Cipku
dopMyBaHHs GifKiB | MalOTb BUpilLanibHe 3HAYEeHHS AN
AKOCTi KOPMIB i MPOAYKTIB XapyyBaHHS.

4. CnpuyvHSIE 3MEHLUEHHA KiNbKOCTi HITpUTpeayKTasu,
HebinkoBOoi (hopMM a30Ty B POCHIVHI.
5. Cnpwuse penykuiji HITpUTIB y amiaky.

6. bepe yyacTb y (pepMeHTaTMBHUX peakUiax, AKi BignoB.i-
hatoTb 3a 6ionoriyHe 3B’A3yBaHHA aTMOCEPHOro a3oTy
OakTepiamMmu pisobismu.

7. Tipcvnioe cMak i 3anax AeAaKnx pOCANHHNX NMPOAYKTIB
(umbyni Ta YacHUKY).

8. MigBuulye CTilKiCTb POCNVH A0 XBOPOD i LWKiAHMKIB — Bak-
TepUuMaHi Ta QYHriunaHi BNacTMBOCTI.

3acBOEHHSA
asoty

Xnopodin/ CuHTes

dhoTocHHTES AMIHOKMCTTOT BepxHE 306paxeHHs: MOJI0AE INCTS 3 HECTaYer Cipku

HuXHE 306paxeHHs: oONTUMaabHUI BMICT MOXWBHOI pEYOBUHU
CIpKuW B rieHunLi

CrinkicTb nilJ.BI/ILIJ.e!-IHﬂ
00 6ioTUYHOro sikocTi
cTpecy npoayKLuji
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HaTpiit — kopucHuii enemMeHT?

HaTpiit HanexuTb A0 YMcna KOPUCHUX eNeMEHTIB | MO3UTUBHO
BNMBae Ha nepebir 6aratbox disionoriyHmx npotecis. byno
[OBEAEHO, WO Uel HaTpil € He3aMiHHUM Y OeAKMUX BuAaax
POCNUH, WO BUKOPUCTOBYHOTb C4-npouec, y AKOMy HaTpin cTu-
MYyIOE crHTE3 xnopodiny abo akTMBHICTb HiTpaTpedyKTasu.
HaTpin Bigirpae Baxnusy ponb y NigX1BNEHHI NacoBuLL,. AKLLO
o6’emMuUcTi KOpMa 3 NyKiB MaloTb HaNEeXHWIN BMICT HATPItO, IXHIl
CMaK € Ginbll HacMYeHUM, | TOMy TBapUHU BigaatoTb iM nepe-
Bary, Lo 3abe3neyye BUCOKi NOKA3HMKM BUPOOHMLITBA MOJIOKa.
OTxe, HaTpin gonomarae 36inbWNTN KOHBEPCi0 06’ EMUCTMX
KopMiB. [na nigTpyUMKM 340pOB’A BENUKOI poraTtoi Xxyaobwm
noTpibHo 3abe3neyvyBaTi CNiBBIAHOLIEHHA Kanito Ta HaTpito
npu6nusHo 20 go 1.

IHaklWwe kKopoBaM [oBefeTbCs KOMMeHcyBaTu AucbanaHc
36iNblUEHHAM YTBOPEHHSA TOPMOHY anbAOCTEPOHY, SKWI
Bignosifae 3a epTunbHicTb. MNMpoTe B pasi HecTavi HaTpito B
opraHi3mi TBapuHu 36inbLiyeTbcs peabcopbuis HaTpito, Lo
NPU3BOAMUTL [0 3HUXEHHS DEPTUITBHOCTI.

Oob6pueo Korn-Kali MicTUTb HeBenuky KinbKicTb HaTpito B
NOEAHaHHI 3 onNTUMarnbHUM CNiBBIAHOLLEHHAM Kanito, mar-
Hil0 Ta CipKM, MaKCMManbHO OOCTYMHWUM [Afisi 3aCBOEHHSA
pocnnHamu.

3aBasiku 36asaHCOBaHOMY NMiAXUBJIEHHIO Kani€M i MarHieM MOXHa
pocartTy 6inbl cTabinbHOI Ta HaAiMHOT BPOXKaWHOCTI Ha POKMU.

LA
w18
& 8l

Mpadik
BPOXKaiHOCTi

ESTA Kieserit

-K-Mg

2001 — 2002 — 2003 — 2004 — 2005 — 2006 — 2007 — 2008 — 2009 — 2010 — 2011 — 2012 — 2013 — 2014 — 2015 — 2016
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100 % pO34YUHHICTb
Kanin, marHin i cipka B NepBUHHIN OOopMmi

Korn-Kali® — noTy)xHa it opuriHasibHa CyMiLll NOXXMBHUX
peyvoBuH

Korn-Kali € 36anaHcoBaHuM f06puBOM, sike € e(PeKTUBHUM
Y NiAXMBINEHHI BiNbLUOCTI CiNbCbKOrocnoAapCbknx KynbTyp.
Y I'pyHTi 3 HeQOCTaTHIM BMICTOM Kanito Ta MarHito noTpibHo
[0AaBaTU WBMAKOAIYI Ta NErkogoCTyMnMHi MOXMBHI peyoBU-
HWU Anst 3anobiraHHsa AediunTy BaXIMBUX MIKPOENEMEHTIB i
3abe3neyeHHs BUCOKOI BPOXANHOCTI.

Ho6puso Korn-Kali € 36anaHcoBaHOK CyMiLLLLIO MOXUBHUX
peyYoBUH ANA POCNUHU. BOHO MICTUTbL Kanin, MarHin i cipky
B HanexHoMYy CriBBiAHOLLEHHI, WO BianoBigae notpe6am
pocnuHu.

CepeaHe NOrsiMHaHHA POCJINHAMM Ta BMICT NMOXXUBHUX
pe4voBuH y no6pusi Korn-Kali®:

MpupoagHa cwia — Kiseput

Kizeput cdhopmyBasca 250 MinbrOHIB POKiB TOMY BHACMiAOK
BMMNapoByBaHHA. Bneple noro 6yno 3HanaeHo B poaoBu-
wax Kanito B HimeyunHi B XIX cToniTTi, Ta BiH A0CI € €EANHUM
NpUpoOAHUM Axepenom cynbdaTty marhito. Lier npupoaHun
MiHeparn, wo BuaobyBaeTbCA, € CUPOBUHOK HAMBULLOI SKOCTI
O BUrOTOBIIEHHS MEPLUOKNAacHO! NpoayKuji, Hanpuknag,
no6pue Korn-Kali n ESTA Kieserit. Jluwe 3aBasaku kizeputy
MarHin i cipka, Wo BXOAATb A0 CKNaay NPOAyKTiB:

* € MOBHICTIO BOAOPO34YNHHUMU;
® WBWNAKO CTaOTb AOCTYNMHUMU ONA POCITUHONO,

= 3abe3neyyoTb ONTUMarnbHY A03Y NOXUBHUX PEYOBVH Bif-
noBigHO A0 NoTpeb poCnvHY;

* MalTb NpUpoaHe NOXOoAXEHHA.

K20: MgO
CepefHe NOrnMMHaHHA POCIIMHOK 6:1
K20: MgO B Korn-Kali 38:6(6,33: 1)

K20: S
CepenHe nornvHaHHsA npu6n. 5: 1
POCIINHOO
K20: S B Korn-Kali 38:5(7,6: 1)
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Ao6puso Korn-Kali® 3 noBHiCTIO pO34MHHUMM Y BOAI
no>xuBHumu pevosuHamm (K, Mg, S, Na)

MiHepanbHi fo6pmBa K+S MicTATb NOXMBHI PEYOBUHU Y
MOBHICTIO BOOOPO3YMHHIN i, BiANOBIAHO, AOCTYMNHIN Ans
pocnuH cdopmi. Tomy nobpuso Korn-Kali rapaHTye nosHy
OOCTYMHICTb  MOXMBHUX PEYOBUH AN POCAUHM Ta €
YHiKanbHUM [XeperioM BaXnMBUX [ANA  CiNbCbKOro
rocrnogapcTBa MarHito Ta Cipku.

Korn-Kali € kombGiHoBaHMM KaniiHO-MarHieBumM [06puBOM,
wo mictntb 38 % K20 y dopmi xnopuay kanito 1a 6 % MgO y
dopmi cynbdaty MarHito (kizeput). JONOMiXHUMW BaXIMBUMM
KOMMOHEHTaMM TakoxX € 4 % HaTpito y hopMi Xropuay HaTpito
(Na=0) 1a 12 % cipkun y dopmi cynbdaty cipku (SOs).

Y MNOpIiBHAHHI 3 iHWKXMW MarHieBumun gobpusamm, 3oKkpema
TUMMU, WO MICTATb okcug Marhito (MgO) abo kapboHaT MarHito
(monomit), ronoBHa nepesara Ki3epuTy NMonsrae B LUBUAKOMY
BMBIMbHEHHI MOXMBHUX PEYOBUH (OMB. Tabnuul HUx4e).
Otxe, Korn-Kali € noseplieHum nobpueom, sike 3abesnevye
I'PYHT Kaniem y NOEAHAHHI 3 MarHiem i Cipkoto BignoBigHoO A0
notpeb pocnuHu. Lie noTyxHa cyMmill NOXMBHUX PEYOBUH, SAKi
NEerko AOCTYNHi A5 POCIUHMN.

Po3uMHHiIcTb pizHux ¢popM mMarHito B fo6pmBax

®dopma B gobpuBi

Kizeput MgSOs. - H20
Oonowmit CaCOs - MgCOs
Okcua, MarHito MgO
liapokena marhito Mg(OH)2
Cunikat marHito 2 Mg - SiO2

OpwuriHanbHa CyMill NOXXUBHUX PEYOBUH
["apaHTOBaHa ePEKTUBHICTb

be3ne4yHa AKiCTb — BiACYTHICTb BaXKKMX MeTaJliB

[MpupoaHe axepeno Kanito, MarHito, Cipku Ta HaTpito, a came
CUPOBMHA 3 HiMELBbKUX POAOBULL, € 3aNOpyKOK BiACYTHOCTI
6yab-AKUX LKIANUBKX AOMILIOK, HANpUKnaz BaXkKnx meTtanis,
SIKi MOXYTb BUHMKATW B Mpoueci XiMiYHOro BMPOBGHMLTBA.
HaykoBo-gocnigHun BigAin KOHTPOMIOE BECb TEXHOSIOTIYHUN
naHugor. Lle € rapaHTieto HaMBULLOI AKOCTi NpoayKLii.

Kizeput € npupoagHUM, NepBUHHUM MIHEPAIOM, SIKMI MOCTa4yae

POC/IMHaM pO34YUHHI MarHiv i CipKy.

Po34yunHHicTb (r/n)
471

0,034

0,0062

0,009

HepozunHHun B H20

[xepeno: Taschenbuch fiir Chemiker u. Physiker; UEIC 2012/Ullmann’s Encyclopedia of Industrial Chemistry, P. Benezeth et al.: Experimental
Determination of the Solubility of Magnesite; H.C. Helgeson: Thermodynamics oh Hydrothermal Systems at Elevated Temperature; M. Bhuiyan

i cniBaBT.: A Solubility and Thermodynamic Study of Struvite
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He nuwe no6pueo

TexHonoris — ycnix, Akuii 6yayBaBcsi pokamMu

HaykoBoto ocHoBow Ansi BUrotoBrieHHs pobpuea Korn-Kali €
6araTopiyHuin focBig depmepiB, pafHUKIB y ranysi CinlbCbkoro
rocnogapcTea Ta (axisuiB komnaHii K+S. HaykoBo-gocnigHun
IHCTUTYT «IHCTUTYT NPUKNAAHOro XMBMNEHHS pocnuHy (Institute
of Applied Plant Nutrition, IAPN), sikuii 3aiimaeTbcsa po3pob-
KO pilleHb Af1A Cy4YacHOro CinbCbKOro rocriogapcTea, Oys
3acHoBaHu komnaHieto K+S B napTHepcTBi 3 MeTTiHreHCbK1UM
yHiBepcuTeToM. FonosHoto crieujanisadieto IAPN € cTBopeHHSA
CUCTEM MiAXMBIEHHS, sKi 6 6ynu edeKTMBHUMK HaBiTb 3a

Mwu nparHemo 3a40BONIbHUTM BUMOTIM HALUUX KIIEHTIB LWOA0
NiABULLEHHS IXHbOI YPOXaNHOCTI Ha KOXHOMY eTani BUpo6-
Hu4yoro npouecy. Jobpuso Korn-Kali — ue notyxHa cymiw,
Wo € HeobxigHot Ana 300poB’A pocnuvH. [Jobpuea, fKi
BUTOTOBNSAOTLCA 3 MPUPOLAHUX KOMMOHEHTIB, € 3aNopyKor
BUCOKOI AkocTi Ta Ha 100% 6e3neyHumun ona nogen. Came
BUKOPUCTaHHS [o6puB, BUrOTOBMIEHMX i3  HaTypanbHOI
CVUPOBUHW, rapaHTye BUPOOHULTBO Oe3neyqHux i KOpPUCHUX
0119 300PpOB’A Xap4yoBUX NPOAYKTIB.

HeCcnpuaTiIMBnux ymoB.

BupobyTtok

WopHsA y cBoiX WaxTax My Bugobysaemo npubnnsHo 100 TUC. TOHH Kanin-
HUX | MarHieBMx conen. YHikanbHU MiHepan Ki3epuT € nuiie y poaoBuLLax
KaninHoi coni B Hime44nHi.

Bupo6HMLTBO

BupobyTi cupoBuHHI MaTepianu nepepobnATbeA Ha 6 BUPOOHNYMX yCTa-
HOBKaX, pO3TaLLOBaHMX MOPYY i3 LWaxTamu. 3aBAsKN CyHaCHUM TEXHOMOTIAM
Ta yHikanbHoMy BMpo6HU4YoMy meTony ESTA Halwa komnaHia € nigepom
cepep, BUpOOHUKIB BUCOKOSIKICHMX A06pUB.

KoHTponb sikocTi

e nig 3emneto BMICT MiHepany, Hanpuknag Kiseputy, y cupii coni BU3Ha-
YaeTbCA 3a AOMOMOrOl0 Cy4yacHOro obnafgHaHHa. Pusuk 3abpyaHEHHs cu-
POBUHW BUKITIOYAETLCA 3aBAAKM MOCTINHOMY KOHTPOIIO SKOCTI Bif, MOYaTKy
BUA06YBaHHSA [0 3aKiHYEHHSI BUPOGHULITBA.

AncTpubyuia it 06cnyroByBaHHS

MapTHepaMy Haloi KOMNaHii B MMTaHHI NpoAaxy NPOAYKLi KiHLEBUM CMo-
XuBayam € gucTpub’totopu aobpuB. MapaHTieo HasiBHOCTI [o6OpuB Ansg
KiHLEBUX CMOXMBayiB, epMepCbKUX rocnofaapcTs € 6araTopiyHa nnigHa
cniBnpaus 3 HAMMU.

®depmep

YncneHHi depmepcbKi rocnogapctea CniBNpaLoloThb i3 AUCTpnb’otopamum,
AKi perynsipHo oTpuMytoTb 3anacu 4obpue komnahii K+S. Ha gogatok go
rapaHTOBaHO BWCOKOI SIKOCTi Halimx AOOpUB, MU MPOMOHYEMO MOCHyry
KOHCY/NbTYBaHHS LLOA0 BHECEHHS A06pPUB.
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