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BBeoeHue:

» [lartaa rpynna Nepmnognyeckom CUCTEMbI BKIIOYAET ABa
TUMNYECKUX ANeMeHTa a3oT 1 docdop — 1 noarpynnol
MblLbAKa U BaHagua. Mexxay nepBbiM U BTOPLIM
TUNUYECKMMMN dNEMEHTaMKN HabngaeTca 3Ha4YNTENBLHOE
pasnnyne B CBOUCTBAX.

* B cocTtosgHnM NnpocCThIX BELWECTB a3oT — ras, a pocdop —
TBEPAOOE BELLECTBO.

« OTW ABa BellecTBa nosy4ymnu 6onbLuyo obnacTtb
NPUMEHEHUS], XOTH KOoraa a3oT BriepBble Obin BblAENEH U3
BO3[yXa ero nocuyurtanu BpegHbIM ra3om, a Ha npogaxe
docopa yagaBanocb 3apaboraTb OOMbLUOE KONTMYECTBO
OeHer (B dpocdrope LeHUnm ero cnocobHOCTb CBETUTLCS B
TEMHOTeE).




cTopusa oTKpbITUA dpocdopa

Mo npoHnn cyabbbl docdop OTKpbIBaNcs HECKONbKO pas. [Npuyem BCAKUIM pas nonyyanu ero
N3 ... MOYU. ECTb ynoMMHaHMSA O TOM, YTO apabCcKnun anxmMmk

Anbxunbg bexuns (XII BEK) OTKpbIN pocdop npu neperoHke MoyYum B CMECH C IMINMHOMN,
n3BecTbio K yrnem. OgHako gatom oTKpbITUS dhocdopa cumTaeTcs 1669 rog.

[ambyprckmin anxnmMmk-nobutens XeHHNHr bpaHa, pasopuBLUMNCA Kynew, MedYTaBLUNN C
NOMOLLbKO anxnMmnm NonpaBuTb CBOU Aena, noasepran obpaboTke camble pasHOObpa3sHbie
npoaykTbl. [peanonaras, 4To dusnonornyeckmue NPoayKTbl MOryT CoaepXXaTtb «NePBUYHYIO
MaTepuio», cYMTaBLLENCA OCHOBOM (PUNOCOMPCKOro KamHs,

bpaHg 3anHTepecoBarcs 4enoBe4Yeckomn MoYen.

OH cobparn oKono TOHHbI MOYM U3 CONAaTCKMX Ka3apMm 1 Bbinapusar ee 4o 0bpa3oBaHus
CMPONOOGPa3HON XUAKOCTU. DTY XKMUAKOCTb OH BHOBb AUCTUNNMPOBAN M MONyYnn TaXenoe
KpacHOe «ypPUHHOE Macro», KOTOPOE NeperoHANoch ¢ 0bpasoBaHNEM TBEPAOro ocTaTka.
Harpesas nocneaHuii, 6e3 goctyna Bo3ayxa, OH 3aMeTun obpasoBaHue 6enoro abiva,
oceJaBLUEro Ha CTeHKax cocyaa u ipKo CBETUBLLETO B TeMHOTe. BpaH Ha3Ban nonyyeHHoe
M BeLLlecTBO oocdopoM, YTO B NepeBoae C rpev4eckoro 03Ha4aeT « CBETOHOCEL,».

HeckonbKo neT «peuenTt NpuroToBieHnst» docopa XpaHUIICs B CTPOXaWLLEM CEKPETE U
OblN M3BECTEH NMLLIb HECKONBKNMM anxmmukam. B Tpetnn pas coocdop oTkpbin P.bonnb B
1680 roay.

B Heckonbko MmoanguumMpoBaHHOM BMAE CTapUHHbLIM MeTo nonydeHna pocgopa
ncnosnb3osanu u B XVIII cToneTuu: HarpeBaHMo nogeseprany CMecb MOYM C OKCUOOM CBUHLA
(PbO), noBapeHHoU conbto (NaCl), notawuom (K2C03) u yrnem (C). Jinwb k 1777 rogy K.B.
LLleene 3apabotan cnocob nony4yeHuns gpocdopa n3 pora n KOCTEN XXUBOTHbIX.




NpupopgHblie coeanHeHnsa n nony4veHue gocdopa

1o pacnpocTpaHeHHOCTM B 3eMHOM Kope dpocdop onepexaeT asoT, cepy u
xnop. B otnnumne ot azota cbocdop, n3-3a 60nbLION XUMNUYECKOWN aKTUBHOCTU
BCTPEYaeTcs B Npupoae TonbKo B Buae coegnHeHnn. Hanbonee BaXkHble
MuUHepansl gocdoopa - anatut Cas(POa)3X (X - dbTop, pexe xnop n
rmapokcunbHaga rpynna) n gpocoput, ocHoBom KoToporo sensetcs Cas(POa)..
KpyrnHeniiee MecTopoXXageHne anatntoB HaxoanTcs Ha KonbcKom
NOSTyoCTpoBe, B panioHe XNBMHCKNX rop. 3anexu gochopmntoB HaxXoaaTcsa B
panoHe rop Kaparay, B MockoBckon, Kanyxxckon, bpsiHckon obnacTsx n B
apyrmux mectax. Pocdop BXOAUT B COCTaB HEKOTOPLIX BENMKOBLIX BELLECTB,
coaepXaLluxcsl B reHepaTUBHbIX OpraHax pacTeHUN, B HEPBHbIX N KOCTHbIX
TKaHAX OPraHNU3MOoB XXMBOTHbIX 1 YenoBeka. OcobeHHo BoraTtbl pocdopom
MO3roBble KINEeTKMW.

B Hawm gH1 doocdop Npon3BoaAT B ANEKTPUYECKUX NeYax, BOCCTaHaBNMBas
anaTuT yrrem B NpUCyTCTBUN KpEMHE3eMa:
Ca3(P0a4)2+3Si02+5C 3CaSiO3+5CO+2P

__ [Napbl dbocpopa npun 3ToM TemnepaType No4YTH NONTHOCTbLIO COCTOAT U3
£ monekyn P2, KOTOpbIE MNP OXNaXx4eHUN KOHOEHCUPYIOTCA B MOSIEKYNbI Pa.
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Xnmumyeckme cBoucTaa

OreKTpoHHasa KoHdurypauma atoma gpocopa

15%225%2p®3s23p3

Hapy>XHbI 9f1IEKTPOHHLIN CNOW COAEPXKUT 5 3NeKTPOoHOB. Hanninem
Tpex HeCcnapeHHLIX ANTEKTPOHOB HAa BHELLHEM SHEPreTUYECKOM

YPOBHE OOBACHSAET TO, YTO B HOPpMarnbHOM, HEBO30YXAEHHOM
COCTOSIHUM BaneHTHOCTL dhocdropa pasBHa 3.

Ho Ha TpeTbeM 3HepreTn4yeckomM ypoBHE MMEKTCA BaKaHTHbIE
sYenku d- opbutanemn, N03ToMy Npu nepexoae B BO30YXOEHHOE
COCTOSIHME 3S-9NEKTPOHbI OyayT pasbeAnHATLCH, NePEXOAUTb Ha d
NoayPOBEHb, YTO NPUBOAUT K 06pa3oBaHUIO 5-TU HECNAPEHHbIX
9NIEMEHTOB.

Takum obpasom, BareHTHOCTb poccopa B BO3OYKOEHHOM
COCTOSIHMW paBHa 5.

B coeanHeHusix docop 0ObI4HO NPOSABSAET CTENEHb OKUCIIEHUS
+5(P,0,, H,PO,), pexxe +3(P.0,, PF.), -3(AIP, PH,, Na,P, Mg,P.).
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[Tepexoa atoma docdopa B BO3OYKACHHOE COCTOSHHUE




AnyioTponHada
MOIOMOPUMKALIMS

[I;ToTHOCTDL

tr.

TKUII

BHemHUIM BUIO M XaPaKTEPHEE
[IPU3HAKU

BeJwm

1,82r0/cmMm3

44,1°

287,3°C

benbin Kpuctanmyeckuin NOPOLLOK, AO0BUT,
camMoBO3ropaeTcd Ha Bo3ayxe. [pu
250—260°C nepexoauT B

OuyeHb XopOoLLO pacTBOpPUM B
cepoyrnepoge.

KpacHbem

2,340 /cMm3

590°C

416°C

KpacHbIn Kpuctanimyecknn nnm amopgHbIn
nopoLlokK, He agosuT. MNpn 220°C n 108 lNa
nepexoauT B YepHbIN poctop. 3aropaetcs
Ha BO34yXe TOSIbKO Npw nomxkuraHuu. LiBet
KpacHoro dpocgopa B 3aBUCMMOCTU OT
cnocoba 1 ycrnoBun NomyyYyeHNa MOXeT
MEHATBLCS OT CBETSI0-KPACHOro 40
do1MoNeToBOro 1 TEMHO-KOPUYHEBOTO.

UepHBEIM

2,7 o/cM3

Haubonee ycroitunBas moaudukaius. [1o BHeIHEMyY BUIy OH MOX0X Ha
rpadut. [Ipu HarpeBaHuu nepexoauT B KpacHbii dhocdop. [Ipu
HOPMAJIBHBIX YCJIOBUSIX= MTOJYTIPOBOIHUK, TOJ] JABICHUEM MPOBOIUT
ANEKTPUUECKHM TOK KaK MeTall. B oTnuuune ot 6emoro dhocdopa
KpacHbIN U 4epHbIN (Pochop HE pacTBOPSIOTCS B CEPOYIIIEPOJIE, OHU HE
SJIOBUTHI U HE OTHEOIACHBHI.




benbin pocdop

Benasa moaucukauma poccopa, nony4yarowasaca npm KOHAeHcaUMm Nnapos, UMeeT
MOJIEKYNAPHYHO KPpUCTaNNNYecKyto pelleTky, B y3nax KoTopou AUCIoLnpoBaHbl
Mornekynbl P4. U3-3a cnabocTtn MeXXMoneKynsapHbIx cun 6enbin dpoccop netyu,
JIerkonsiaBoK, PeXeTcs HOXXOM U PacTBOPAETCA B HEMONAPHbIX pacCTBOPUTENSAX,
HanpumMmep B cepoyrnepopae. benbin cpochop BecbMma peakLlMOHHOCNOCOOHOEe
BeLLecTBO.

OH 3HeprMyHo B3aumMoaeucTByeT C KUCITOPOAOM, rarioreHamMu, cepov U MmeTasnisiaMmu.

OkucneHue cpocchopa Ha Bo3ayxe CONpoBOXKAAETCA pa3orpeBaHNeM U CBe4YeHUueMm.

NMoatomy 6enbin hoccop XxpaHAT noa BOAOU, C KOTOPOU OH He pearupyeT. benbin
cdocdop o4eHb TOKCUYEH.

Okono 80% ot Bcero nponsBoacTBa 6enoro chochopa naet Ha CUHTE3 YNCTOMU
optodoccopHon Kucnotbl. OHa B CBOKO o4epeab UCMOoNb3yeTcs AN NONyYeHUs
nonucocdaTtoB HaTpPUA (MX NPUMEHAIOT AJIAA CHUXKEHUS XKEeCTKOCTU NMUTbLEeBOU BOAbI) U
nuweBbIX doccartos. OcTaBlasica YacTb 6enoro pocdopa pacxoayercs AnA
co34aHUA AbIMOOOpa3yoLWMX BeLWeCcTB U 3aXXUratesibHbIX CMecemn.

TexHuka 6e3onacHocTu. B nponssoacTee chochopa u ero coeaguHeHNn TpebdyeTtca
cobGrnoaeHne ocodbbIX Mep NPeaoCTOPOXKHOCTHU, T.K. 6enbin doccop — cunbHbIN AA.

MpopomkutenbHaa paborta B atMmoccepe 6enoro cpocchopa MoxeT NpuUBECTU K
3aboneBaHNIO KOCTHbIX TKaHeW, BbiNageHUo 3y6oB, OMepTBEHUIO Y4aCTKOB
YesllCcTen.

BocnnameHssicb, 6enbin poccop Bbi3biBaeT 60re3HeHHble, A0SIFo He 3aXXuBallLume
oxoru. XpaHuTtb 6enbin hoccop cneagyet noa BoAOKN, B repMeTUYHbIX cocyaax.

Nopsawmm cpochop TywaTt ABYOKMUCHIO yriepoaa, pactBopomMm CuSO4 UM NnecKom.

O60XKeHHYI0 KOXY crieayeT NpoMbITb pacTBopoM KMnO4 unu CuSO4. NpotuBosamem npu
oTtpaBrieHuu cpocchopom aABnNsieTcA 2%-bin pacTBop CuSOA4.

Mpuv aAnnTenbLHOM XpaHeHUU, a TaKxke Npu HarpeBaHuu 6enbin poccop nepexoauTt B

Nﬁacnym Mmoaudnkauuio (BnepBblie ero nosyyYnnu nuuib 1847 roay). HassaHue

o

dCHbIN (*)OC(*)OP OTHOCUTCA CpPa3y K HECKOJIbKUM MOﬂMd)MKauMﬂM pasnuqarou.wlxc;l
I'IHOTHOCTVI N OKpacCkKe: OHa Koneonercs ot ogaHmeBou A0 TeMHO- KpaCHOVI n gaxe




KpacHbIV 1 YepHbIU dpocdhop

» KpacHbI pocdop HaxoauT NPUMEHEHME B METaANNyprun,
NpPOn3BOACTBE NONYNPOBOAHMKOBLIX MaTtepuarnos 1 namn
HakannmeBaHWs, NCMNOSIb3YeTCHA B CNYEYHOM
NpoOn3BOACTBE.

» Hamnbonee ctabunbHomn mogmndukaumen docdopa
ABnAeTcqa YepHbin pocdoop. Ero nonyyaroT annoTponHbIM
npespaLleHmnem 6ernoro gocdopa npu t=220°C u
NOBbILLIEHHbLIM AaBrieHnem. ['lo BHeLLHeEMY BuAy OH
HanoMUHaeT rpaduT. Kpuctannuyeckasa CTpyktypa
YyepHoro doocdopa crnoncrtasa, coctodLas n3
ropprpoBaHHbLIX CroeB (puc.2). HepHbin doocdop — 3To
HanMeHee akTuBHas moaudounkaumsa docdoopa. [Npwu

~»_HarpesaHun 6e3 gocTyna BO3yXa OH, KaK U KpaCHbIW,
~/MRepexoauT B nap, U3 KOTOPOro KOHAEHCNPYETCH B benbIv




Or1pIT,

U EOINRIB DO DB LA 1-moAekyABr Oeroro dpocdopa;
o HEPEXOA KPaCHOT (Z 2-KPUCTAAAMYECKAS. PEIIIETKA
=7\ "\ CbOCfPOPa B OeAbIH gyeproro gocdopa

>
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Okcuna dpocdopa (V) - P20s

docdop obpasyeT HECKOSIbKO OKCUAOB.
BaxkHenwmm n3 Hux ssnsietca okena docdopa (V) PO

YacTto ero goopmyny nuwiytT B YNpoLEeHHOM Buae — P O B cTpykType aTtoro
OoKCuaa CoOXpaHseTca TeTpasgpuyeckoe pacnono>|<eH|/|e ATOMOB doocdhopa.

benble kpuctannbl, t nn.= 5700°C, t kun.= 6000°C, p= 2,7 r/cm3 imeeT
HECKOnMbKo Moaudukaumn. B napax coctout n3 mornekyn P H , O4eHb
FMIPOCKOMNUYEH (UCMOSIb3YETCH KaK OCYLUMNTENb ra3oB U )KVI,EI,KOCTeVI)

lNony4yeHue:
4P +50, = 2P0,
XnMunyeckue cBoucTBa

Bce Xxmmunyeckme CBOWMCTBA KUCIOTHbIX OKCMOOB: pearvpyeTr C BOLOW,
OCHOBHbIMUW OKCUAAMM 1 LLenoyamm

1) PO, + H,0 = 2HPO, (MeTadpocopHas kmucnora)
P.O. +2H,0 =H,P_O, (nupocpoccopHas kncnora)
PO, + 3H,0 = 2H_PO, (opTOodocopHas kucnorta)
2) PO, +3Ba0 =Ba,(PO,),
bnarogapsa MCKNOYUTENbHOW TUIPOCKONUYHOCTU oKkcug dpocdopa (V)
SKcrnonb3yetcs B nabopaTtopHOM M MPOMBILIIIEHHON TEXHUKE B KadecTBe

YiuaroLero n gervapatvpyowero cpeacrea. Mo cBoemy ocylualoLemy
JENCTBMIO OH MPEeBOCXOANT BCE OCTarbHbIE BELLeCTBa.




OpTtodocdopHas KMcnoTa.
1I3BECTHO HECKOMNbKO KUCIMOT, coaepXallnx

doocaop.

BaxkHeunwada ns HMx — optodpocdopHaa KMcnorta
H,PO,

be3BoagHaa opTodocdopHas KucnoTa
npeacTaBrigeT cobom cBETIbIe MPo3payHble
KpucTannbl, Npyu KOMHATHOW TeMneparype

pacnnbliBaloLlmecsd Ha Bo3agyxe. Temneparypa
nnasneHunsa 42,35°C. C Bogon goocdopHas




OpTtodocdopHast Kucrnora.

[TomydyeHue opToochOpHOM KUCIOTHI

B nmaboparopumn

B mpOMBIIIIIEHHOCTH

OKMCJICHUE
docdopa 30%-
HOM a30THOU
KHUCJIOTOM:

3P+ SNO3 +
2HZO = 3H3PO
+ 5NO

4

&

DKCTPaKIIMOHHBIN
METO]I

Tepmuueckut MeTO

00pabO0TKa N3MEJIBYCHHBIX
IpUPOAHBIX PochaToB
CEPHOM KHUCJIOTOM:
2P+ 5H., SO, =2H,PO, +
374
550, + 2H,0
OprodocdopHas KuciaoTa 3aTeM
OT(UIBTPOBBIBAETCS U

KOHLEHTPUPYETCS YIIAPUBAHUEM.

TepMuyeCcKknil METOJI COCTOUT B
BOCCTAHOBJICHUU MPUPOTHBIX
docdaroB 10 cCBOOOTHOTO
dbocdopa ¢ mocaeayIoNUM €ro
ckuranuem no P 401 o K
PacTBOPEHHEM TOCIIECTHETO B
Boje. [IponsBoauMas mo JaHHOMY
Merony oprodocdopHas Kuciaora
XapaKkTepusyeTcs 00see BBICOKOM
YUCTOTOU U IOBBIIICHHOM

koHIeHTpanuen (o 80%).




dunsnyeckme cBoOMCTBa H3PO4

* OpTtodocopHasa kncrnota B YACTOM Buae Npm 06bIYHbIX YCITOBUAX
npeacraBnsaeT becuBeTHbIE KpUcTansbl poMbndeckon popmel, NraBaLLMECS
npu Temneparype 42.3°C. OgHako ¢ Takom KUCIOTOW XMMUKU BCTPEYatoTCH
peako. [opasno valle oHu umetroT geno ¢ nonyrugpatom HsPOs * 0.5 H20,
KOTOpPbIW BbiNagdaeT B Buae 6ecuBeTHbIX rekcaroHasbHbIX MpuU3Mm rnpu
OXNaX4eHNN KOHUEHTPUPOBaHHbLIX BOAHbLIX paCcTBOPOB OpTOdOCHOPHON
KMCnoTbl. Temneparypa nnasneHnsa nonyrugparta 29.3°C.

« Yuctaa H:PO4 nocne nnaeneHnsa obpasyeT BA3KY0 MacnoodbpasHyto
XXUOKOCTb C Masion anekTpuyeckon npoBoANMOCTbLIO U CUMbHO MOHMXEHHOW
CNOCOBHOCTBLIO K AN dy3nn. 3T CBOMNCTBA, a TakKe AeTallbHOE N3yveHne
CMNEKTPOB NnokaablBatoT, Monekyrnbl H:PO4 B JaHHOM criydae NpakTUYeCKn He
anccounmpoBaHbl U 06beANHEHbI MPOYHBLIMU BOAOPOAHLIMU CBA3SIMU B
eOVNHYI0 MaKpOMOJSIEKYIAPHYO CTPYKTYpPY. Kak npaBmnio, MosneKynbl CBA3aHbl
Opyr ¢ ApyromMm ogHoun, pexe OABYMS U O4YeHb PeaKo TpeMsi BOAOPOAHbIMU
CBA3SAMMN.

* Ecnuxe kncnoty pasbasnste BOAOKW, TO €€ MOJEKyrbl OXOTHEe 0bpasytoT
BOOOPOAHbIE CBSA3U C BOOOW, YEM ApYyr C OpYyrom. N3-3a Takux "cumnaTtun" K
BOJE KMCIOTa CMELLMBAETCS C HEMN B NOObBIX OTHOLLEHUAX. QHEPIUS
rmgparauum 34ecb He Tak BENuKa, Kak y CepHOW KUCMNOTbI, MO3TOMY

asorpeBaHue H:POas npu pa36aBneH|/||/| He CTOJIb CUJTIbHOE U Auccounauns

)%r%ameHa MeHbLuUe. [1o nepBon CTyneHu guccoumaumm optTohocdopHas

oTa C‘-IVLTaeTCFl SJ'IeKTpOJ'II/ITOM Cpe,u,HeM cunbl (25 - 30%), No BTOPOW -




XHUMHUYECKHE CBOMCTBA OpTOCpOCCbOpHOI‘/'I KIMCAOTBI

1. Boouwiii pacmeop Kuciomul usMeHsiem OKpPAacKy
uHOuKamopos. Jluccoruanusi TpoOUCXOaUT
CTYIIEHYaTO:

H,PO, >H"+H PO,
H,PO, > H'+HPO *
HPO * >H'+PO >

Jlez2ue 6ce2o uoem ouccoyuayusi no nepeou CmyneHu
u mpyonee 6ce2o — no mpemoell

2. Peacupyem c memaniamu, pacnoioicesHbiMU 8
8bIMECHUMENbHOM P50y 00 8000POOA.:

6Na+2H,PO, >2Na,PO,+3H,
- Peaeupyem C OCHOBHBIMU OKCUOAMIUL:
3Ca0+2H,PO, —>Ca (PO,),+3H,0

4. Peaeupyem C OCHOBAHUAMU U AMMUAKOM, €eClU
Kucioma e3siama 6 M36bll’l’lK€, mo 06pa3yi0mc;z Kuciole
coiu.

H,PO, +3NaOH >Na PO, +3H,0
H,PO +2NH, >(NH,),HPO,
;PO ANaOH >NaH,PO,+H,O

5. Pedcupyem c conamu craOwix Kuciom:

2H,P0, —>H P,0.+H,0 (dsydocopras
Kucioma)

H,P,0,—>2HPO,+H 0O
H,PO,+3AgNO,—> Ag.P0 +3HNO,

HCenmulil 0CAOOK




XnMmumyeckme cBoucTea H3PO4

[1pn HenTpanmnsaumm PocdOpPHOU KUCMOThbI
LLileriodamMu obpasyroTca conu: aurnapodoocdaThl,
rmapodocdarhbl, a Takke doocdaTbl, HanpuMep:

H,PO, + NaOH = NaH_PO, +H.O
anrngpodocdar
HaTpUS
H3PO4+2NaOH = Na,HPO, +2H,0O
rmapodocdar
HaTpUSA
H,PO, + 3NaOH = Na,PO, +3H.0
docdar

W& o HaTpu4

—




docdop B opraHn3me 4yenoBeka

B Tene yenoseka maccon 70 kr. Cogepxutca okosio 780 r. pocopa.
B Buge doocgraTtoB Kanbuma gocdop NpUCYTCTBYET B KOCTSAX
YyeroBeka 1 XXMBOTHbLIX. BXoauT oH 1 B cocTaB bernkos,
doocdonunnaos, HYKNENHOBbLIX KUCIOT; cCoeanHeHnsa goocdopa
Yy4acCTBYIOT B 3Hepretu4eckomMm obmeHe (ageHn3nHTpmudocdpopHas
kucnota, ATO).

ExxegHeBHasa NOTPEOHOCTL YeroBe4eCcKoro opraHmama B gpocgope
cocTtaenseT 1,2 T.

OCHOBHOE ero Konm4ecTBo Mbl NOTPeDNAeM C MONTOKOM 1 XNnebom (B
100 r. xrieba cogepxmuTca npumepHo 200 mr. goocgopa).
Haunbornee boratbl ppocopom pbiba, daconb n HEKOTOPbIE BUAbI
cblpa.

NHTepecHO, 4TO ANA NpaBUIibHOro NMTaHMA Heobxoanmo
cobntogatb 6banaHc Mexay Konm4yecTtBsoM noTpebnsaemMoro
doocdopa n Kanbunem: onTuManbHOE COOTHOLLEHNE B 3TUX
anemMeHTax nuwm coctasnget 1,5/1. N30bITOK 6boraTtoun
doocdopom nNuLLM NPUBOAUT K BbIMbIBAHMIO KanbLUA N3 KOCTEN, a
RPU N30bITKE KarnbLua pasBmuBaeTcs ModekamMeHHasi 0onesHb.




Cnnydkm

3axuraTeribHasgd NOBEPXHOCTb CMNNYEYHOro KOpoDbKa NoKpbITa
CMeCbH0 KpacHoro gocdopa 1 nopoLuka ctekna. B coctas
CNUYEYHOM ronoBKN BXOAAT OKUCTIUTENU

(PbO_, KCIO,, BaCrO,) n BoCcCTaHoBUTENM (S, Sb.S,). [Npn TpeHun
OT 3KUTATENBHOM NOBEPXHOCTU CMECD, HatiéceHHas Ha
CMUYKY, BOCMNITaMeHAETCA.

[TepBble ocdOpHbIE CNNUYKK — C rONoBKOU 13 beroro pocdopa
— ObInK co3aaHbl NULb 1827 1. 6P + 5KCLO, = 5KCL + 3P_O,

Takue cnnykn 3aropanuncsb Npu TPEHUKU O NOYH NOBEPXHOCTL,
4YTO HEPEAOKO NpPMBOAMIO K NoXkapaM. Kpome Toro, 6enbin
docdrop oveHb ga0BuUT. OnncaHbl cryyYan oTpaBrieHns
doocPOopHbLIMU CNNYKaMM, KaK N3-3a HEOCTOPOXKHOIO
obpalleHuns, Tak U C Lenbo caMmoyouncTea: ansa aToro
OOCTaTO4YHO ObINTIO CbECTb HECKOSBKO CMNUYEYHbIX FOfTOBOK.
BoT noyemy Ha cMeHy poCOpHbBIM CinYKam NpULLInu

)%%esonacm:le KOTOPbI€ BEPHO CIYy>XaT HaM U MO CeW AEHb.
OMbILLUMEHHOE NPOV3BOACTBO 6e3or|aCHb|x crm4yek




MunepasbHbIE YAOOPEHUA

Hassanuue Xumuueckni | LIBer u BHenmHuit Bua | [loAyuenne B mpoMBIIIAEHHOCTH 1
yAOOpeHuA COCTaB EERKOIARELIS 19 MIDEROAE

1. Asormple yAOOpeHUA
Huwpgm Hampua NaN()3 beaoe manm cepoe [TonyyaroT pu mpoOU3BOACTBE

(HaTpuesad
CEAHTPA)

(15—16% N)

KPHUCTAAAHTIECKOE
BEIIECTBO C
TUTPOCKOIITYECKUMU
CBOMCTBAMH (CEPBIH IIBET
IIPUAAFOT IIPUMECH)

a30THOM KHUCJIOTBhl. HUTpO3HBIE
ra3el (NOu NO,), He moromneHHbIe
BOJIO, MPOITYCKAIOT Y€pe3 PaCTBOPHI
COJIBIL:

Humpam kanus

KNO,

beaoe kpucraaamaeckoe

CpaBHUTEABHO HEOOABIIIHE 3aACKU

(KanmuitHas (12,5—13% N) | BetecTBO KNO, maxoasrcs B Cpeaneit Asnu. B
ce HI/ITpa) HpOMbILHACHHOCTI/I CIro HOAY‘IQ.I‘OT TaK:
KCI + NaNO, ———>NaCl + KNO,

Hu/ﬁpaw AMMOHUA NH4NO3 beaoe [Tony4arot pu HEUTpanmu3anuu 48

(amvmasas (15—16% N) KPHCTAAAITYIECKOE, — 60%-HOM a30THOW KUCIIOTBI
BEChbMA aMMHAKOM:

CCAUTDa) IHTPOCKOTTHYECKOE NH,+HNO, —>NH,NO,
BEIIIECTBO

[TosrydyeHHbIN pacTBOP
KOHIIEHTPUPYIOT U B CIICIIUATBHBIX
OaITHSAX TPOU3BOJIAT
KPUCTAJLIN3AIUIO




HassaHue Xumunyecknn | LIBeT 1 BHELLHNA [Nony4yeHne B NPOMBbILLIIEHHOCTU U
yﬂo6peH|/|;| COCTaB BUA HaxoXxgeHwe B npupoge
1. A30THble ygobpeHusa
Cynbgham (NH4)2$O4 benpiit(u3-3a npumecei [Tony4aroT npu B3aUMOJICUCTBUU
aMmMo- (20,5—21% N) CEPBIi UIIU 3€JICHOBATHIN) | aMMHAaKa ¢ CEPHOM KUCIIOTOM:
e KPUCTAITHYECKUH 2NH,+H,SO, >(NH,),SO0,
MOPOIIIOK, C1a00 TUrpo-
CKOITMYEH
Kapﬁa Muo CO(NH,), benoe menkokpucman | Ilomy4arot mpu B3auMOJCHCTBUH OK-
(46% N) Jiuyeckoe, cuna yriepojaa (IV) ¢ ammuakom (ipu
euepockornu4e BBICOKOM JIaBJICHUU M TEMIIepaType):
CKoe, uHoeoa CO,+2NH, >CO(NH,),+H,0
3epHuUcmoe
eew,ecmeo
2.. Docghopuvlie yoobpemus
[lpocmou Ca(H,P0,), Cepsbiti [lonydaroT m0Opu B3aUMOAECHCTBUU
gboccham *2H,0 MeJIKO3epHUCMbIU (bochOpHUTOB UM alaTUTOB C CEPHOM
) ¢ [TOPOWOK KHMCJIOTOIA:

CaSO,;2H,0




MuHepanbHble yooobpeHus

HasBaHue XmMmyeckum LiBeT [MonyyeHne B NPOMbILLIIEHHOCTU U
yoobpeHus COCTaB BHELUHWUI BUp, | HAXOXAeHNe B NMpUpoAe
2.. Docghopuvie yoobpenus
80UHOU Ca(H_.PO CxopeH ¢ [Tpon3BOACTBO OCYIIECTBISACTCSA B
2 ~a/2
cyrnepgocgam *H,O NPOCTbIM JIBE CTa N
cynepdocdar
(40% PO, | oh PPOCPAT | 4)ca (PO,) +3H,S0, ——> 2H,PO,
+3CaSO,
CaSO , OCCIIaeT, U €ro OTACISIIOT buib
TPOBaHUEM:
6)Ca,(P0,),+4H,P0, —> 3Ca(H,P0,),
3. KanunHble ynobpeHus
Xrnopuod KCI benoe Xnopwpa kanusa BcTpevaeTcs B npwu
% (52—60% MEJIKOKpucmall | poge B BUae MmHeparna cunbBUHMUTA
| A\, Kzo)ﬂ iu4yeckoe (NaCI-KCI)

eewecmeo -




3. KanunHble yaobpeHuns

Auruapoopto | NH,H,PO, Benbin(ns-3a [Tosy4aroT nIpy B3anMOJEHCTBAN
docear (c npumecemn oproochopHOl KUCIOTHI €
B oS npuMmecsmm) cepoBaTbii) AMMHUAKOM:
KpUCTanan4yeckmn NH,+H.PO0, >NH,H,PO,
NOPOLLUOK
I'mapooprodoc- (NH 4)2HPO4 Takou xe, Kak [Tony4yaloT aHaNOrnM4yHo
(bar aMMoHus ¢ (NH,),S0, anrugpooprtogpoced | aurmapooptodocoaTy
H IpyTEMH ar aMMOHWUS aMMOHUS:
IPUMECIMHU 2NH_+H,PO, > (NH,),HPO,




3Ha4vyeHune pocdopa

docdopHas Kucrota MMeeT 6osbLIOE 3HAaYEHME KaK OOUH N3 BaXKHENLLINX
KOMIMOHEHTOB NUTaHNs pacteHun. Pocgop Ncnonb3yeTcs pacTeHUAMN
ONs1 TOCTPOEHMSI CBOUX CaMbIX XXU3HEHHO BaXXHbIX YaCTEN - CEMSAH U
NoaoB..

[Tpon3BogHbIe OPTOGPOCHOPHOU KUCITOThI O4EHb HYXHbI HE TOSBKO
pacTEHUSIM, HO M XXMUBOTHbIM. KocTu, 3ybbl, naHUMPW, KOITU, UMb, LUXMbI
y 60NbLIMHCTBA XUBbIX OPraHM3MOB COCTOST, B OCHOBHOM, U3
opTodoocdata Kanbumnda. Kpome toro, optodpocdopHas KUCOoTa,
00Opa3sys pasfnyHble COEANHEHUS C OPraHNYECKUMU BELLLECTBAMM,
aKTMBHO y4acCTBYIOT B MpoLieccax 0OMeHa BELLECTB KMBOro OpraH13ma
C OKpyXatoLlen cpenon. B pesynbrate aToro nponssogHble dpocdopa
codepKaTca B KOCTSX, MO3re, KpOBU, B MbILLEYHbIX 1 COeAUHUTESTbHbIX
TKaHsIX OpraHM3MoB YernoBeKka U XXNBOTHbIX. OCoB6eHHO MHOIO
OPTOdOCHOPHOM KUCIOTbl B COCTaBE HEPBHbIX (MO3roBbIX) KIMETOK, YTO
nossonuno A.E. PepcmaHy, U3BECTHOMY reOXMMUKY, Ha3BaTb pocdop
"aniemMeHTOM Mbicnun". Becbma oTpuuaTternbHo (3aboneBaHme XXUBOTHbIX
%ﬁxmom ManokpoBue, 1 Ap.) CkasblBAETCS HA COCTOSHUM OpraHM3ma
H/KeHne cop,ep>|<aH|/|;| B paLUMOHe NTaHWs coeanMHeHn hocopa
\ /A (DO D IVIE




[TpumeHeHne pocdopa

MpumeHsIloT opTodhoCcOPHYIO KUCIOTY B HACTOsILLIEE BPEMS! IOBOSbHO LUMPOKO.

OCHOBHbLIM e€ noTpeduTenem CnyxuT NPon3BoacTBO MPOCHOPHLIX U KOMOMHUPOBAHHLIX YA0OPEHNIA.
[ns aTnx uenen exxerogHo AobbiBaeTcAa BO BceM Mupe hocopocoaepxallen pyabl okorno 100
MIH. T. ocOopHble yA0OPEHNS HE TOSBKO CMOCOOCTBYHOT MOBbLILLEHNIO YPOXANHOCTU PasfinYHbIX
CENbCKOXO3SMCTBEHHbIX KYbTYpP, HO M NpUAatoT pacTeHMUSIM 3MMOCTONKOCTb U YCTONYNBOCTb K
OPpYrMMm HebnaronpuaTHLIM KIMMaTUYEeCKUM YCITOBUSM, CO34atoT yCroBus ansa 6onee 6uIcTporo
CO3peBaHUS ypoxas B panoHax C KOPOTKMM BeretatuBHbIM nepuogom. OHuM Takke 6naronpusitTHo
OEWCTBYIOT Ha NMo4BY, CMNOCOBCTBYA €€ CTPYKTYPUPOBAHUIO, Pa3BUTUIO MOYBEHHbLIX BaKkTepun,
N3MEHEHWNIO PAaCTBOPUMOCTU OPYrnX COAEPXKaLLMXCH B MOYBE BELLECTB 1 NOL4ABMEHNIO HEKOTOPbIX
obpasyroumxcs BpegHblX OpraHN4eCcKnx BeLLecTB.

Hemarno optodocdopHOmn KNCNOTbI NOTPEDNSAET NULLeBasa NPOMbILLNEHHOCTb. [1eno B TOM, YTO Ha
BKyC pa3baBneHHas opTodhocdopHasi KNCNoTa O4YeHb NpUATHa U HebonbLine ee Job6aBku B
MapmMenagbl, TMMOHabl U CUPOIbl 3aMETHO Yy4YLLaoT UX BKYCOBbIE KadecTBa. OTUM Xe
CBOWCTBOM 00nagatoT U HEKOTopble conu docopHONn KUCnoThl. MapodocdaTthl kanbLuus,
Hanpumep, C AaBHUX NOP BXOAAT B xriebonekapHble NOPOLLKY, yry4dwas BKyc byrnoyek n xneba.

NHTepecHbl n gpyrne npumeHeHns opTodooCcOpPHOM KUCITOTbI B MPOMBbILLITIEHHOCTW.

Hanpumep, 6bino 3ameyeHo, YTo NPonNUTKa ApeBeCcUHbl CaMOW KUCINOTOWN 1 ee CONAMM AenatT AepPeBo
Heroprounm. Ha aTo ocHoBe cevac Npon3BOAAT OrHe3alUUTHbIE Kpacku, Heroprodne
docoapeBecHble NNUTLI, HEropYNin ocdaTHbIN NeHONNACT U ApYyrne CTPOUTENbHbIE
martepuansl.

PasnuyHble conn oocopHOM KUCIOTbI LUMPOKO NPUMEHSOT BO MHOMMX OTPacnsX MPOMbILLNEHHOCTN,
B CTPOUTENBLCTBE, Pa3HbIX 0B61aCcTAX TEXHMKM, B KOMMYHaNbHOM XO3SMUCTBE M BbITY, ANSA 3alUnTbI
OT paguaunu, ans ymardeHns sBogabl, 60pbbbl C KOTENMbHOM HAKUMbIO N U3FOTOBIIEHNSA Pa3fNYHbIX
MOOLLINX CPEACTB.

CDOC(*)OpHaFI KUCNOoTa, KOHOEHCUPOBaAHHbIE KUCIOTbl U AernapoTnpoBaHHbIE C*)OCCbaTbI cnyxart
KaTtannm3atopamMu B npoueccax gerngpatnposaHunsd, arkniinpoBaHn4a n nosimMmepm3aunm

yrneBoaopoaoB.
v,%e MeCTO 3aHMMaloT pocopopraHmyeckne CoeaMHEHUS! Kak 3KCTPareHThbl, nNnactTudukaTopsl,
Ma304Hble BELLLECTBA, NPUCAAKN K MOPOXY M abcopBeHThl B XONOAUIbHbIX ycTaHoBKax. Conu
KMCMbIX ankundocdaToB MCNOMb3YOT Kak MOBEPXHOCTHO-AKTMBHbIE BELLECTBA, aHTUPU3bI




3agaHug
Pocdop

1. CocTaBbTe aneKTPOHHY0 chopMyny atoma pocgopa. ObbACHNUTE, YTO NPOUCXOANT C
9NEKTPOHHOWN KOHdUrypaumen atoma, Korga oH NposiBNsSieT BbICLLYHO CTENEHb
OKMCMEHMS.

2. Kakue cTteneHn OKUCIIEHUA MOXET NpoaBnsaTb oocdop B coeanHeHnax? Npusegurte
npumMmepbl 3TUX coeanHeHni. CocTaBbTe ANEKTPOHHYO dopMyny atoma dpoocdopa B
CTEMNEHN OKUCNEHMNS +3.

3. B 4eM coCTOAT OCHOBHbIE Pa3nnynst PU3NYECKNX U XUMNYECKNX CBONCTB KPAaCHOro U
B6enoro pocdopa. Kak MOXXHO OTAENUTb KpacHbIM docdop oT npumecn 6enoro?

4. PaccuntanTe OTHOCUTESbHYIO NIIOTHOCTb oocdmHa No Bogopoay v Bo3ayxy. Jlerye nnu
TAKenee ocdurH 3TUX rasos?

5. Kak MOXXHO OoCcyLLeCTBUTb Nepexo OT KpacHoro pocdopa k 6enomy n obpaTHo?
ABNAOTCA N 3TU NPOLIECCHI XUMUYECKUMU ABNEHUAMU? OTBET NOSICHUTE.

6. Beluncnute maccy pocdopa, KOTopbI HAAO CXKedb B KNCNOopoae Ansi NonyyYeHns
okcuaa gocdopa (V) maccom 3,55 r?

7. Cmecb kpacHoro n 6enoro dooccopa maccom 20 r obpaboTtanun cepoyrnepogom.
HepacTBopuBLUMNCA OCTATOK OTAENUN U B3BECUIU, €r0 Macca cocTasuna 12,6 1.
Beluncnnte maccosyto gonto 6enoro gpocdopa B UCX0QHOM CMECH.

8. KakoB Tvin XMU4yeckon ces3n B coeanHeHusix: a) PH.; ; 0) PCI B) Li,P. B nonsipHbIx
BeLleCcTBax YyKaXkute HanpasfieHUE CMeLLeHNd o6u_u/1x SJ'IeKTpOHHbIX nap.

9. POoCchUH MOXKHO NONYyYnUTb AENCTBUEM COMSAHOW KUCNOThI Ha dbocdua KanbLms.
accymTanTe ob6bem pocdurHa (HopManbHble YCIOBUS), KOTOPbIN 00pa3yeTcsa N3 9,1r
occuaa kanbums. Maccosas fons Bbixoda nNpoaykTa coctasnset 90%.




OpTtodocchopHasa Kucrnora n ee conu

1. Hanuwmnte ypaBHeHMA peakuunim mexgy optodoocdopHOU KUCNOTOU U CrieayoLwnmm
BeLLecTBaMU: a) OKCUAOM MarHus; 6) kapboHaTom Kanus; B) HATpaToM cepedbpa; r)
cynbdgaTom xenesa (ll).

2. CocTaBbTe YypaBHEHUS peakun Mexay opTodpocdOpHOM KUCITOTOW N TMOPOKCUAOM Kanus,
B pe3yribTaTte KOTOPbIX 0O6pa3yroTcs 3 TUMa Cosfien: CpeaHsisi U ABe KUCTIbIX.

3. Kakas n3 Kucrnort aBnsietTcs bonee curnbHbIM OKUCIIUTENEM: a30THasa nnn optodocdopHana?
OTBeT nodcHuTe.

4. Hannwunte ypaBHEHUSI peakLuni, C MOMOLLIbIO KOTOPbIX MOXHO OCYLLIECTBUTL crieayloLimne
npeBpaLleHns:
P — P.0. —»H,P0, —Na_,P0, — Ca_,(P0,),
5. C noMoLbIo Kaknx peakummn MOXHO OCYLLIECTBUTL CcrieayoLlime npespalleHms:
P —-Ca,P, —»PH, -P O, —K,P0, —Ca,(P0,),—~Ca(H,P0,),
HanuwuTe ypaBHEHNSA 3TUX peaKLui.
6. MeToom anekTpoHHoro b6anaHca noadepute KoahULMEHTbI B CXEMax crieaytoLmx
OKUCINTESNbHO-BOCCTAHOBUTENBLHbIX PeaKLUNi:
a) PH3 + O, —»P,0, + H,0 6) Ca,(PO,), + C + Si0, —Casio, + P + CO
7. Kakyto maccy pactBopa ¢ MaccoBou gosien dgpocopHOU KUCroTbl 40% MOXHO MOSyYUTb U3
cocoputa maccoi 100 kr ¢ maccosou gonen Ca, (PO,), 93%?
8. N3 npupogHoro dpocdopmta maccon 310 Kr Nony4mnm ocgOopHYH KUCOTY Maccom 195kr.
Beiuncnute maccosyto gonto Ca,(PO,), B npupogHom chocchopuTe.
9. BogHbIn pactBop, cogepxalunim ocdopHY KUCNOTY Maccoun 19,6 r, HeuTpanmsosanu

rMapoKCcnaom Kanbumsa maccou 18,5 r. Onpegenute maccy obpasoBaBLUEerocs npeuymnuTa
Ta CaHPO 2H O

DaccumuTanTe 06beM aMMmaka (HOpMasbHbIE YCIIOBMS), KOTOPbIN HAAO0 NPOMYCTUTL Yepes

./% MeeTCs paCTBop ocopHoii kncnoTbl Maccon 150 r (maccosas aons H,PO, 24,5%).

1 pacTtBop Ons nonyveHusa aurnapodgocgara aMMOHNS.




4.

6.

7.

8.

%

MuHepanbHble yaobpeHus

. Kakne a3oTHble 1 docopHble yaobpeHus Bl 3HaeTe? CocTaBbTe YpaBHEHUS

peakuum nx nonyvenud. nga yero Heobxoanm pacteHnsim a3ot u dpocdop?

Onpeg,enme MaccoByto fonto okcuaa cocopa (V) B npeumnnutate CaHPO, o
2H

Maccosaﬂ pons okenga gocgopa (V) B cynepgocdare pasHa 20%.
Onpepenunte maccy cynepdocdarta, KOTopbl Ha4o BBECTU Mo Ny1040BoOe
OepeBo, ecrnv And HoOpManbLHOro pa3snTus gepesa Tpebyetcsa dpocdop
Maccomn 15,5T.

MaccoBas gong asoTa B yaobpeHun coctasnseT 14%. Becb a3oT BXOoAUT B
yoobpeHue B cocTaBe MOYEBUHbI CO(NH ),- BblamcnuTe maccoByto 4010
MOYEBUHbI B 3TOM yO06peHumn.

. B cynepdgocdare maccoas gona okeunga doocdoopa (V) coctasnget 25%.

PaccuutaiiTe, maccosyto gonto Ca(H,PO,), B 3ToM yaobpexuu.

PaccuntanTte maccy cynbdara aMMOHUS, KOTOPLIN crieayeT B3ATb, YTOObI
BHECTM B NOYBY Ha nnowiaab 5 ra a3ot maccon 2 T. Kakast macca yoobpeHumsa
OOJKHA NoONacTb Ha KaXXabIW KBagpaTHbIM METP NOYBbI?

Beluncninte mMaccy HNTpata aMMOHUA, KOTOprVI cneayet BHECTU Ha ninowanb
B 100ra, ecrnn macca BHECEHHOro a3oTta Ha nnowiagb 1 ra gosmkKHa
cocTaBnATb 60 Kr.

B nouBy noa nnofosoe AepeBo Heobxoanmo BBeCTH okeung cocgopa (V)
mMaccou 0,4 kr. Kakyto maccy cynepdocdara Hago B3ATb B 3TOM Criyyae,

Tecnun maccoBas [ons YyCBOSeMOro okeuaa dpocdopa (V) B Hem paBHa 20%?

Mop nnoaosoe Aepeso Heo6XoAMMO BHECTI aMMOHWIHYIO CENMTPY Maccow
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