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TOP®O-MHHEPAJIbHbIE TPAHYJIHPOBAHHBIE YIOBPEHMUS

C. 1. CMOJIBSIHMHOB, H. E. CATAUEHKO

ArpoxuMuyeckast Hayka cuuTaeT HauboJiee NPaBUJIBLHLHIM IPUMEHATH MH-
HepaJbHble YIOOpeHusl COBMECTHO ¢ OPraHMYeCcKHUMHU.

M3 Bcex BO3MOKHBIX BAPHAHTOB HCIOJb30BaHUA TOpda HA yao6peHud
ccofoe MecTO 3aHMMAiOT TaK HasbiBaeMble TOp¢hO-MUHepadbHble YA0OpeHHH,
T. €. yRoOpenus, cOCTodAIMe U3 TOpda U Pa3/HYHbIX MUHEpPaJbHBIX KOMIMO-
nenToB. CyllecTByeT HeCKOJNbKO BHI0B TOP(O-MHUHepanbHbIX yno6pennil. Onu
OTJIIMYAIOTCs APYT OT APYra MO COCTABY, TEXHOJOTHH H3TOTOBJEHHS H 3 dek-
rusHoctu {1, 2, 3, 7]

C TOUKHM 3peHHs psLa BONPOCOB, HENOCPEACTBEHHO CBA3AHHLIX C arpoOXH-
Mueii, GoJbliioe 3HaYeHHe HMeeT ToJyYeHHe NOJMHBIX TOpdO-MUHEPaTbHbIX
TpanyJupoBaHHbIX yaobpenui [4, 5, 6].

OpraHo _MHHepaJbHble TPaHY/Ibl NPeICTaB/IAIOT COGOH CMech OprammHyec-
KOro ynoOpeHHs ¢ MHHEpaJbHBIM TYKOM HJ/IH HECKOJNbKUMH TYKaMH, BKJIOUa-
I0ILYI0 MUKPOYAOODEHHST M JAPyrHe crenuajibibie fo6askn. OpraHo-muHe-
pajpHBIE FpaHyJIHpOBaHHbIe yﬂ,OﬁpeHMH MUMEIOT psjJ MPeHMyLiecTB [epe
zzpyrHMH Y100 peHHAMH.

1. Oprano-MuHepaJibHBIE T'PAHYJBI, BHECEHHbIE B IIOYBY, VJYYIIAKT €
CTPYKTYPY.

2. B noyBe 1pu BHECEHWH TpaHy/JHPOBAHHBLIX YAOOpeHHH cO3AaIOTCHA IIU-
TaTeNbHbIE OUAru: B TPAHYAax HAXOAUTCA MUTATENHHBIX BElleCTB B COTHH Pas
Oosblle, 4eM B TeX MecTaxX, KyZa yAobpeHuss He BHOCHAHCL. To ecTb ueM
Jdanplie OT TpaHyJ/bl, TéM NMUTATEJbHBIX BellecTs MeHblle. Takas.pasnuunad
KOHLIEHTPpalus NMUTATeNbHBIX 3J6MECHTOB UMeeT OUeHb OoJblloe 3HaueHune A4
TIOBBILIEHHST YPOKAIHOCTH CeAbCKOXO3AACTBEHHBIX KYJAbTYD, MOTOMY UTO BOK-
pyr opraHo-MuHEpaJbHBIX TPaHyJ TPOUCXOIUT 3HAUHTENbHOE YCHJIHE pPOcTa
¥ Pa3sBHTHE MHKPOMJIOPLI.

KonuenTpaimus nutateqbHblX BellecTB, co3jaBaeMas BOKPYT TpaHydl,
obecrneynBaeT caMble BHITOJHbIE YCJOBUS AJS POCTA U PA3BUTUA CeJbCKOXO-
3AACTBEHHBIX KYJAbTYDP, TAK KaK KaXXJad U3 HUX H3BJeKaeT HeoOXOAHMBIE ei
3JIEMEHTH! U3 TeX KOHUEHTPAUMH MUTATeNbHBIX BellleCTB, KOTOpPble GoJbllle
BCEro COOTBETCTBYIOT ee GHOJOrHUeCKHM MOTPeOHOCTAM. :

3. Haxopsce B rpaHy/ax, MUHHpaJbHble YAOOPEHHS TNPEAOXPaHSIOTCS
OT BHLIMBIBABUA B IIyGOKHEe NOUYBEHHBIE CJIOH: YMEHbIIAeTCH MOBEPXHOCTD COTI-
pPHKOCHOBeHHd, ¢ocdopHasg KHCIO0TA, HANpUMep, MeHblle npeBpaulaercs B
HepacTBOpHUMbIEe cOefHHeHHS — pocdaThl aJIOMUHUSA U XKejes3a,

4. Haxoascp B rpaHyJHPOBAHHOM BHJE, MHHepalbHBIE TYKH 06JalaioT
' 3HAYUTEJ]bHBIMH NPEHUMYIIECTBAMH Tepefl 3THMH Ke MOPOLIKOBHJIHBIMH
YROOPEHHAMH — He CJIeXKHBAIOTCH, MOITOMY WX MOXKHO PABHOMEPHO pacrpe-
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JeJuTh no nodain. B Buae rpaHyn yaoOpeHHST MOXKHO BHOCHTb COBMECTHO
C CEMEHAMH CeANKAMH.

5. OprannyecKass 4acTb , FpaHyJl yJayylllaeT BOAHO-BO3AYUIHBIH DeXHUM
NIOYBBI. ‘

Arpoxumuyeckas 3¢ heKTHBHOCTb OPraHO-MHHEpPaMbHLIX TPaHyJIUpPOBaH-
HbIX yano6penuii nokaszana B padorax AH BCCP, Bcecolo3noro HHCTHTYTa
yao6penui, HoBOCHOHPCKOrO CeabCKOXO3sACTBEHHOTO MHCTHTYTA [4, 5, €]

B Hacrosllee BpeMa He CyILeCTBYeT [IPOMBILIJIEHHOrO crnocoGa Nnpous-
BOJICTBA NPOYHLIX, JMOCTATOUHO TPaHCNOPTaBenbHBIX OpPraHO-MHUHEPATBHBIX
I'paHyJHPOBaHHBIX yaoGpeHuil. Hamu nposeneHo ucciaenoBanye no paspador-
Ke TaKoro crmoco6a mosyuerusi Topdo-MuHepaJpHbIX FPaHyJUPOBAHHBIX YA0G-
peHu#. ,

J1last cosmaHust rpanys NOBBLIIIEHHOH NMPOYHOCTH MCHOJAb30BAJUCh KOJJIO-
HIHblE CBOHCTBA CBIPOro (He NOMBEpPraBLIErocs MNpeABapHUTENLHOH CyliKe)
Topda. Hasa paGorel 6611 BT Topd Taranckoro mecropoxjgennsg ToMcKoi
obsacTty, cTenedb pasaoxkenus 32%, Topd HHUBMHHBIA, OCOKOBO-THINHOBDIA.

B kauecTBe MHUHEpaJbHBIX KOMIOHEHTOB HCIOJB30BAJMHChL cynepdocdar,
aMMHauHas CeJUTPa, MOYEBHHA, CyJbdaT aMMOHHSA, aMMUauHas Boaa, KajaHii-
Hasl coJib, XJ0pHcThid Kanud u ap. [lpensaraembl#i cnoco6 mpoH3BOACTBA
FPaHyJUpPOBAHHBIX TOP(HO-MHHEPANbHBIX yNOOPEeHHH 3akjawyaeTcs B cle-
JYIOILIEM. ‘

Coipoii Topd ¢ ucxonnoi Baaxsocteio 70—85% mnoasepraercs MexaHu-
yecKoH mepepaboTke (MCTHPAHHIO) B LIHEKOBBIX HcTHpartedasx. K mepepao-
TaHHOH Macce Topda [106aBAAIOTCA MPH TLWATEJNBHOM TlepeMeluBaHuu B
HeoGX0ANMOH JO3HPOBKe MUHEpaJabHble KOMIOHeHTHI. [lodydenHas cMmech Mo-
KeT ObiThb C(QOPpMOBaHa B IPaHyJEl TaKOTO pasMepa, KOTOPBIE MOCHE CYIIKH
H ycajaku aaayt Tpedyemblil pasmep 3epeH. Baaxkneie popMoBKH cyumiares
€CTeCTBCHHLIM NYTE€M HJ/IH C INOMOLILIO KAKOro-au6o Temnonocutens. [locae
cylukd go BaaxksHoctH 20—30% dopmMoBKH npuoGpeTardT HEOOXOIUMYIO
NPOYHOCTb X MOT'YT OBITb HCIOJb30OBaHBI. ’

BaxuefimuMH (hakToOpaMu TEXHOJOTHUECKOTO PEXHUMA SIBJSIOTCH:

1. Mcxoaunas BaaxxnocTh Topda. [IpHHIUNNANBHBIM OT/IHUHEM Npeiara-
EMOro crocota oT BCeX NPOUUX ABJASIETCSH UCIONb30BAaHHE KOMIOHIHBIX CBS3Y-
IOIIHX CBOHCTB TODP(aA, KOTOPHI ABJAAETCS HeOOPATUMBIM KOJNJAOHIO0M, NOITO-
MYy H3JIMIIHEE MepecyllMBaHHe, JaXKe €CJH DoTepsd BOAbl KOMIIEHCHPYETCS ee
MOBTOPHBIM JtoOaBJaeHHeM, IPUBOANT K YXYAUIEHHI0O MEXAHHUYECKOH NMPOYHOCTH
rpanysn. C yMeHbllIeHHeM HCXONHOH Baaxknoctu ot 84 go 70% npounocTh
rpanys yeaununBaercs B 2—3 pasa. [1pu ncxonnoli BraxuocTn nopsiaka 70%
BO3MOXKHO TOJyYeHHe IPaHy/ HemoCpeACTBEHHO HYKHOro pasmepa npH o0Ka-
ThIBAHHH BBIAABIMBAEMOKH 13 (HOPMOBOYHOH MallHHHE TOp(OMAacCcH B BHJS
CTPYH CPaBHHUTEJIbHO HEOOMBIIOTO AMaMeTpa B GapabaHe-rpaHyasiTope.

2. Crenennb nepepa6otku Topda. DTOT HakTop 0OKasbIBAaeT CYIIECTBEHHOR
B/AHSHHE HA NPOYHOCTh TOP(O-MHHEpPaJbHHIX rpanysa. He noaseprasumiics
MEXaHHYECKOMY HCTHPAHHIO TOP( He MOXKCT AaTb MPOYHBIX TpaHyJ, yxKe
OueHb HE3HA4YHTeJbHOE YBEIHYEHHE CTeleHH mepepabOTKH NMOBLIIAET [POY-
HOCTB T'panyJl B HeCKOJIbKO pas. Tak, npu cTeneHu nepepaGoTKH Topda, cooT-
BeTCTBYIOLIEH TOH, KaKasd OGbIYHO HMEET MECTO B SKCKABATOPHOM  ClOcoGe
R06bIYH TOPGha, CONPOTUBJEHHE PAa3[aBJHBAHHIO TPAHYJ COCTABIAECT OKOJO
100—150 6ap, npu yBennyenuu cTemeHy nepepaGOTKH B 3 pasa CONPOTUBIIE-
HHE pas[NaBJHBAHHUIO TOP(HO-MHHEPAJBHBIX TPaHyJ/] Bo3dpactaer no 300 6ap.
C NMO3HIMH yMEHbUICHH 3aTPAT HA IPOM3BOJCTBO TOP(HO-MHHEP ANBHBIX YAOG-
peHHH cTeneHb NMepepaboTKH TOp(a MOMKHO IPHHSATH MHHHUMAaJbHOH. B atowm
cayyae CONPOTHBJ/IEHHE Pa31aBJAMBAHUIO COCTABHT He Menee 100 6ap.

3. Koamuectso MHHEpanbHBIX KOMIOHEHTOB, L06aBasieMbix B Topd. [l an-
HBIA €Noco0 LoNMycKaeT LIMPOKOe H3MeHeHHe COOTHONIEHHI MexXay TophoM i
MHHEDAaJbHEIMH KOMIIOHEHTAMH.
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IIpu yBenHYeHUH COAEPKAHHA MOCAEAHHX NPOYHOCTb IPaHy/ HECKOMBKO
napaer. Hampumep, CcONpOTHBJIEHWE PA3[aBIHBAHHIO TPaHyJ NPH CPelHei
CTEMeHH nepepabGOTKU ¢ yBeJHUEHHEM COAEeDPIKaHus MUHEPANbHLIX KOMIOHEH-
toB oT 15 1o 25% (cuuras Ha Topd ¢ BAaxHOCTBIO 85%) yMeHbUIMIOCH C
220 no 190—200 6ap. Takum 06pas3oM, MOXKHO A06aBAATb NPaKTHYECKH
HeorpaHUYEHHOe KOJHYeCTBO MHHEPaJIbHbIX KOMIIOHEHTOB, H B BepXHHH mpe-
JeJi JHMHTHPYETCS JIMIIb arpOXHMHUECKHMH TPeOOBaHHAMH.

MuHepasbHble KOMIOHEHTH, A00aBasgeMble K Topdy, MOTyT GbITh Ccambl-
MH pasHoO6Gpa3HbBIMU KaK MO (GH3UYECKHM, TaK U MO XMMHUECKHM CBOHCTBAM.
EnuHCTBEHHbIM OrpAaHHYEHHEM [t HePacTBOPHUMBIX HJIM TPYAHOPACTBOPH-
MBbIX B BOAe KOMIOHGHTOB SIBJSICTCS CTeNeHb H3MeJbUYeHHs, KOTODYIO IJist
obecredendsi paBHOMEPHOCTH paclpeliesieHds XKeJaTeJbHO HMeTb MeHee
| mm. Tlpu yBeIMYEGHHH CTENEHH H3MeJbUeHHUsI HePACTBOPHUMbBIX MHHEPAJbHbBIX
KOMIIOHEHTOB ITPOUHOCTb TPaHyJI BO3PACTAET.

4, CxopocTb Bpaluenusi 6apatana. [Ipy nsMeHensu CKOPOCTH BpalleHHd
fapabaHa-TpaHyJATOPA BbIAENAseTCAd 3 pekUMa ABHMXKEHHS OKaTbiBaeMoro
maTepuana [8]: A — mepekar, B — Bomonanubii, B - nukaunuecxuit. IBuxe-
HUe MaTepHuaJa B pekHMe Iepexkara HalbJIOJaercss NPH MaJblX CKOPOCTSX
BpaleHus 6apabaHa U XxapakTepHu3yeTcs NOCTHXKeHHeM 0ObeMOM MaTepuasa
BBHICIIE[I TOYKH KPYrOBOro ydacTKa TPaeKTOPHH H MOCJeNYIOUIHM CChIMaHu-
eM ero TOHKHM CJOeM BHHU3 IO HAaKJIOHHOH TOBepPXHOCTH, 06pa30BaHHOH ca-
MHUM MaTepHaJoM. ¥ MepechlarolliUXcA YacTHIl OTCYTCTBYeT napabonyeckui
yUacTOK TPaeKTOPHH.

Boponaaubii pexkuM, BO3HUKAIOIUA NPH 60Jee BHICOKHX CKOPOCTAX Bpa-
nenusi GapaGaHa, xapaKTepH3yeTcs HaJHYHEM TPeX YyYaCTKOB TPAaeKTOPHH
JBHKYIIHXCSA YaCTHIL — KPYTOBOro, NapaboiMyecKoro W y4acTKa Iepechina-
nusi. B 3ToM cayuae matepuas mocjie KpyroBoro yuyacTka NYTH OTPLIBaeTCsl
or moBepxHoctTH GapaGaHa U JBHKeTCs Jajiee MO BO3AYLIHOH mapaboauyec-
koi Tpaekropuu. [locae nmajgeHus MaTepHal cchllaeTcsd BHH3 10 HAKJAOHHOU
[IOBEPXHOCTH M BHOBBb NEPEeXOJHT Ha KPYroBOH y4acTOK.

[uxnuueckuil peXUM ABHIKEHHS MaTepHaljia Xapakrepusyercda obpalue-
HHeM TPAaeKTOPHH OTHeNbHBEIX 37eMeHTaPHBIX CJI0eB B 3aMKHYTHIe, He Nepece-
Kalouldecs MeXAy coGoii KpuBble. B 3TOM peXnme OTCyTCTBYeT YuacCTOX
nepechinanusA, W Marepuan ¢ napabo/HyeCKOH TPAEKTOPHEH NepexoAHT He-
IIOCPEACTBEHHO Ha KPYrobyio. LIMKIHUeCKHH pPEXUM IBHKEHHSA NOABJAETCS
UpH AOCTATOUHO GOJLIICH CKOPOCTH BpallleHHs.

JBuxenne Marepuaja B rpaHynfTope TOJKHO NPOUCXOAHUTL B PEKUME
nepekara. (OCHOBHbIM YCJOBHEM TDaHyJALHH sBJAseTcs obecneyeHHe BO3-
MOXKHOCTH CKAaTHIBAHHA TPaHyJ 10 HAKJOHHOH IIOBEPXHOCTH M NPeJOTBpa-
I€HHs paspylieHuss TPaHyJ upe3MepHO OOJbIIMMH JAHHAMHUYECKHMH Ha-
rpyskamu. bosbiioe 3HaueHHe IIpH TOM HMEET cTelleHb 3aloJHeHHs Oapa-
Gana. Ilpu BbicOKOH CTemeHW 3amojiHeHHs1 Haubonee ciabbie rpaHyJbl MOLYT
Pas3pyUIUTbCS MO ACHCTBHEM BbILIEJEXKAINHX CJI0eB OONBLICH TOJNLIMHEL

['panysibl, nosiyueHHble MO JaHHOMY MeToAy, 006/1a4aloT XOopollel B1aro-
IOTJIOLaeMOCThI0 M HaGyxaeMoCThIo, AocTHranme# 3a 48 yacos B aTmoche-
pe, HacHILEHHON BOJASAHLIMH TApaMH, TPH KOMHATHOH TeMnepatype 75% u
110% cooTsercTBenno. Kpome TOro, B HaGyXIIeM COCTOSIHHM TPAaHYJIbl HE Te-
psitor cBoefl ¢opmel. Takum 06pa3oM, NPH MNOJMHOK AOCTYIFHOCTH MHHEpPA/b-
HBIX KOMIOHEHTOB A/ PACTEHHH OHM OYAYyT c1a00 BLIMBIBATHCS U3 MOUBHIL.

[TpensaraeMulii crioco6 OTIHUAETCS OT BCEX APYIMUX TeM, YTO NaeT OUeHb
MPOUHBE IPAHYJbl, yCTPaHseT MHOrOCTaJIHM{IHOCTb B NPOH3BOACTBE TOpdo-
MHHEpaNbHLIX TPAaHYJIHPOBAaHHbLIX yHoOpeHHH, 103BoOJIsSeT OPraln3oBaTh Npo-
MbIIIJIEHHOE TIPOU3BOLCTBO TAKOTO BHIA YAOODeHHH, IPHYEM B OCHOBY TE€XHO-
JOFHH MOTYT OLITh MOJOXKEHb CYUIIeCTBYIOLIHE B HacTosllee BpeMs crnocoObl
Jo0bun Topga. :
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[TIpounocTh rpaHya HAaCTOJIbKO BBICOKA, YTO HX MOXKHO BHOCHTb B MOUBY
CaMbIMH PA3JHYHBIMH CIIOCOGAMH U, KPOMEe TOr0, TPAHCIIOPTHPOBATL Ha AaJie-
KHe pacCTOSIHUSA., DTO NO3BOJIUT OPraHu3oBaTh B paionax TOPQSIHbIX MecTo-
POKIACHUH KPYNHOEC LEHTPAJH30BAHHOE H3roTOBJeHHe yAo0peHui 1 cHalxe-
HHe uMHu notpeburteselt Ha Goabliue paccToanus. Topdo-MuHepaabHbBIE rpa-
HYJHpPOBaHHble YyA0OpeHHsT 00JajaloT BbICOKHMH 3KCIVIYATAUHOHHBIMU Ka-
yecTBaMH. [IpoBeaeHHBIC ONMLITE MO YCJOBHAM XpaHeHWs B FepMEeTHYHOH Tape
1 B OTKPBITOM BHJ€ NOKa3aJd, UTO I'PaHYJIbl IPH XPAHEHHH He CJeXHBAIOTCS
u He paspywatoncs. Kpome Toro, Topgo-MuHepasbHble TPAHYJIbBl YAOBJIETBO-
pHTEJNbLHO {IEPEHOCAT pe3Kue KoaeOaHus BJAaXKHOCTH OKpyXKalolleh cpelibl M
BOCCTAHABJIHBAIOT CBOH KCIWIyaTALlUOHHbBIE CBOACTBA N PH BHICHIXaHHH. '

Arpoxumuuyeckas 3beKTHBHOCTh T'PaHYJAUPOBAHHBLIX TOPHO-MHHEPATD-
HbIX yZOOpeHHH Oblia NpoBepeHa JgabopaTopued ceMeHoBeneHus: CHOUpPCKO-
ro dorannueckoro caaa npu ToMCKOM rocynapcrseHnoM yHupepcurere. Ot-
pereasiach CcuJda pocTa ceMsH $SIPOBOH NuleHHUbl <«Jdwamant» no MeToay
H. B. Ilpukaanosa B cleAyOMUX BapHaHTaX: KOHTPOJb 6e3 y1o6peHui, pac-
colnHble (a3oT, docdop, Kaauil) MUHepaabHble, TOpGO-MUHEpPaNbHbIE TPAHY-
JUPOBAHHBIE (C paBHOH A030H MHHepaJbHEIX KOMOOHeHTOB). Chia -pocTa
B [IPOLEHTAX N0 OTHOLIGHHIO K KOHTPOJIIO COCTaBU/Ia: AJS BTOPOrO BapHAHTA—
125%, nas topdo-mMuHepaJbHBIX TpaHyJAUPOBAHHLIX ya06penuis — 1389 .

Boicokyio 3¢eKTHBHOTCh HOKAa3aJH TAaK:Ke I'PaHyJbi, IPHIOTOBJIEHHbDIE
no coctaBy HoBocHOHPCKOro cenbCKOX03SHCTBEHHOIO HHCTHTYTA. JTOT HHC-

UTYT TMPOBeJ MNOJIeBLle HCNIBITAHMS JAHHOTO BUJAA YA0OpPEHHH B COBX03e
«TOMCKHH» NpH BHECEHHH HX NOJ KyKypy3y. [IpubaBku ypoxkas 3esenoil
Macchl ¢ y4acTKoB coctaBH/aIH 29,6%, a npu BHecenHH MHHEPaAbHBIX Y100pe-
HHH pocceinbio — 3,8%.

OpueHTHPOBOUHAS OLleHKA SKOHOMHUYECKOH 3 ()eKTHBHOCTH JAHHOTO BH-
Aa ynoOpeHu#, NPOM3BEAEHHAT HaMM C YdYeToM JaHHBIX HoBocuGHpPCKOTO
CE/IbCKOXO3SMCTBEHHOTO HHCTUTYTA, TTOKA3bIBaeT, UTO 34TPAThl Ha yI0OpeHHe
ONHOTO FeKTapa NOoCeBOB B 3—D5 pa3 HHXKe MO CPaBHEHHUIO ¢ JIOOBIM APYrHM
BHAOM yA00peHui.
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