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B craTtbe paccmaTpuBarOTCs TEXHOIOIMYECKHUE NPOLIECCH M TEXHUYECKUE CPELICTBA IS
BHYTPUIIOYBEHHOTO (P PEepeHIUPOBAHHOIO BHECEHUSI MUHEpaJbHBIX y100peHuii. Pa3pabo-
TaHbl OPUTHHAIBHBIE KOHCTPYKIIMM KOMOWHUPOBAHHBIX CESJIOK s TH(GQEpPEHINPOBAHHOTO
BHYTPUIIOYBEHHOI'0 BHECEHHS MUHEPAIbHBIX ya00peHuil. [Ipeanoxeno opurnHaabHOe yCTpOoii-
CTBO JJIsl paBHOMEPHOI'0 paclpeieNieHNsI U JO3UPOBAaHUS ChITYYHUX ya00peHuil. Pe3ynbprars! uc-
clieIoBaHui TexHOIorHU AU depeHIIMPOBaHHOIO BHYTPUIIOYBEHHOFO BHECEHUS] MUHEPAJIbHBIX
yI00peHHid 1 TEXHUYECKUX CPEICTB JUIA €€ OCYIICCTBICHUS Peai30BaHbl B MaKETHBIX 00pa3-
1ax, paboTOCIOCOOHOCTh KOTOPBIX IIPOBEPEHA B J1A0OPATOPHBIX U MOJIEBBIX YCIOBUSX.

KitoueBble €j10Ba: TEXHOJIOTHYECKUE MPOIECCHI, TEXHUYECKUE CPECTBA, BHYTPUIIOUBEHHOE
muddepeHIIIpOBaHHOE BHECEHHE, MUHEpajbHbIC yI0OpeHHs, KOMOWHHUPOBAHHBIE CESJIKU,
YCTPONCTBO, pPABHOMEPHOE paclpe/ieieHUe, T03MpPOBaHNE.

BBenenne. O6padoTKa MOYBHI SABISETCS BKHBIM 3BEHOM B CHCTEME arpOTEXHUYECKUX
MEpOIPUATHIA B IPOU3BOICTBE MIPOIYKTOB PACTEHUEBOCTBA. MeXaHN4eCcKoe BO3JIEUCTBHE pa-
004YMX OpPraHoOB MallluH U OpPYAUH Ha MOYBY NMPUBOIUT K MOOMIM3ALIMN OPraHUYECKOTO Belle-
CTBA, YIAYYLIEHUIO (PU3NUECKUX CBOMCTB MOYBBL. MI3MeHeHNe CTpOEeHUs TaXOTHOTO CJI0s1, BBI3BaH-
HOE MEXaHUYeCcKol 00paboTKoii, 0becrieunBaeT HanboIee OIaroNpUSTHBIC YCIOBHS JUIS TIPOTE-
KaHHsI OMOJIOrNYecKuX, (PU3UKO-XMMUYECKHX, (PU3NUECKHUX MPOLIECCOB MOYBE, a CO/IEpPKAHUE B
HEH KHUCIopo/a U BIark IOJ0KUTENIBHO BIMSET HA PEAKIMI0 MOYBEHHOI'O pacTBOPA, YCHIIMBAs
AKTUBHOCTh MUKpOQIIops! [1].

[NoBpuueHne YPPEKTUBHOCTH MPOU3BOJICTBA CEINBCKOXO3SIMCTBEHHBIX KYJIBTYP CBA3aHO C
MHTEeHCU(UKAIMEH TPOLIECCOB PACTEHUEBO/ICTBA Ha 0a3e KOMIUIEKCHOM MeXaHHU3alluK 1 BHEJpe-
HUSl CUCTEM MaIllMH, OTBEYAIOIIUX MMOYBEHHO-KJIMMATUYECKUM YCIIOBHSIM KakJ10i 30HBL. Bo3-
MOXHOCTB KOMITJIEKCHOTO MCIOJIb30BaHMsl MAIlIMH U 00OPY/IOBaHUS HA OCHOBE TepeIOBbIX WH-
JyCTpUAIbHBIX TEXHOJIOTUH MTPOU3BOJICTBA CEIIbCKOXO3IUCTBEHHBIX KYJIBTYp MPEICTAaBIISET CO-
00i1 KauecTBO MpHUCYILlee COBPEMEHHOM TeXHUKE B pacTeHueBozcTBe. KoMiulekcHas MexaHu3a-
1 padoT He BO3MOKHA 0€3 Hay4HO-000CHOBAaHHOM CHCTEMBI MAIlIMH, 00eCIIeUNBAIOIIeil Mexa-
HU3AI1I0 BCEX OCHOBHBIX M BCIIOMOIATENBbHBIX ONEPALUil BO3ENBIBAHHS CEIbCKOXO3ANCTBEH-
HBIX KynbTyp [1].

HHTepec yueHbIX U CIEHUATIMCTOB CEIbCKOTO X03SHCTBA BBI3BIBACT NMPOOIIEeMa, Kacarola-
ACsl CIIOCOOOB BHECEHMSI YI0OPEHUH, TaK KaK KOJMYECTBO MUTATENIbHBIX BEIIECTB B I0YBE SBJIS-
€TCsl OJIHUM U3 OCHOBHBIX (DaKTOPOB POCTA M PA3BUTHS CENTbCKOX03HCTBEHHBIX KYIbTYp. Pere-
HUE JIaHHOW Mpo0GIieMbl OyJeT ClIOCOOCTBOBAThH MOBBIIIEHUIO YPOKaHOCTH 3€PHOBBIX KYJIBTYP
Y YIIYYIIEHHIO SKOHOMUYECKUX ITOKA3aTeNel CeNbCKOX03sIMCTBEHHOTO MPOU3BOACTBA. [1].
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B Hacrosimee Bpemst 3h(heKTHBHOCTE MUHEPATIBbHBIX YJOOPEHUN B YCIOBUSAX PUCKOBaH-
Horo 3emienenus CesepHoro Kasaxcrana B 3HAUMTEIbHON MEpEe CHWKACTCA U3-3a HEJOCTATOU-
HOW PaBHOMEPHOCTH MX pacCIlpeesieHHs MO IJIOMAAH, 00YCIOBICHHON HE TOJIBKO KOHCTPYK-
TUBHO-TEXHOJIOTMYECKUMH HEIOCTaTKaMU MAIlIMH JUIsl BHECEHUS TYKOB, HO U HCIIOJIb30BAHUEM
crioco0a BHECEHHsI YCPETHEHHOM 103kl yI00peHuil Ha Bce Tojie 6e3 yuera BHYTPHUITOIBHON Ba~
pHabeIbHOCTH NapaMEeTPOB UCXOAHOIO PACIpPEIeIEH s UX Ha yJacTKax IOJIs.

Pemenne 3Toi TeXHOIOTHYECKOM MPOOIEMbI TpeOYyeT pa3paObOTKH HOBOM TEXHOJIOTHH. U
CO3JJaHUsl aBTOMaTU3UPOBAHHBIX TEXHUYECKUX CPEJCTB Uil AU (HepeHIIMPOBAHHOTO BHECEHHS
MUHEPAJIbHBIX Y100pEHNI B CHCTEME TOYHOT'O 3€MJIEEINS, 00ECIIEUNBAIOIINX COXPAHEHUE I1JI0-
JIOpPO/IUs TIOYB U TIOBBILIEHUE YPOXKAHHOCTU MPH BBICOKOW (PPEKTUBHOCTH U OKYHNAEMOCTH
yI0OpEHHIA, UTO SIBIISICTCS BOXKHEHINICH HAyYHO-TEXHUYECKOM TPOOIEMOi, TpeOyIoIeil pereHus
B Kparyauuime cpoku [2].

OcHoBHast yacThb. B 3epHOceronmx pernonax Kazaxcrana mmpokoe NpuMEHEHNE TeX-
HOJIOTM BHYTPUIIOYBEHHOT'O BHECEHUSI OCHOBHOH J103bl MUHEPAJIbHBIX YIOOPEHUH OCYyIIECTB-
JsIeTCs MEAJICHHO M3-32 OTCYTCTBUS CIICIMATM3UPOBaHHOM TexHUKH. Ha panee pa3paboTaHHBIX
wiockopezax-riyookopeixautensax KIII-2,2 u rmy6okopsixdntensx-yaooputensx ['YH-4,
IpeIHa3HAYEHHBIX JUIsl 3TOM 11€JIH, BHICEBAIOLIME araparhl ‘HE B I1OJIHOM Mepe BBINOJIHSIIN ar-
pOTEeXHUYECKHE TPeOOBAHNUS 110 HEPABHOMEPHOCTH M YCTOMUMBOCTH BHICEBA, a 3a/1€JbIBAIOIINE
pabouure opranbl — IO pacnpeesieHUI0 YI00peHUH 10 IO i1 BHYTPH 1MoYBkl. B pe3ynbrare
9T MaIIMHBI HE HAIIUTU [IUPOKOTO IPUMEHEHUS U OBUIH CHATHI C IPOU3BO/CTBA.

HepnocraTouHocTh Mccaen0BaHUM MO BBISIBIEHUIO 3aKOHOMEPHOCTEH MPOCTPAHCTBEH-
HOW BapHaOeIbHOCTH MapaMeTpOB II0JOPOIUS MOUB, BIAMSHUS NECTPOTHI II0A0POANS IOYBBI
Ha ypO’KallHOCTh BO3/IE€BIBAEMBIX KYJIbTYp HE MO3BOJSAET c(hOPMUPOBATH UCXOIHBIE TpeOOBa-
HUSl K TEXHOJIOTUM M TEXHUYECKUM CpeACTBaM I JU(QepeHIIMPOBAHHOIO BHYTPUIIOYBEH-
HOT'O BHECEHHUSI MUHEPAJIbHBIX YIOOPCHUM.

Henocrarounast u3y4eHHOCTh 3aKOHOMEPHOCTEH JIBUKEHHUS U pacrpeaeeHus yaoope-
HUI B TEXHOJOTHUYECKUX Mporeccax AuPQGepeHIIMPOBAHHOTO BHYTPUIIOYBEHHOTO BHECEHUS
MHUHEpaJIbHBIX YA0OPEHUH ABISCTCS CACPKUBAIOLINM (DAKTOPOM Ha IYTH K Pa3pabOTKe BBICO-
KOAQJANTHUBHBIX pab04YMX OPraHoOB ¥ MAILMH JUIsl IPUMEHEHHS B CUCTEME TOYHOT'O 3€MJIE/IETHSI.
He B nonHoit Mepe 060CHOBaHBI CIIOCOOBI KOHTPOJISL M YIIPaBJIEHUS TEXHOJIOTHYECKUM MPOLeC-
coM qubdepeHIIMPOBaHHOIO TPUMEHEHUS] Y100pEHU.

13-3a HecoBEpILICHCTBA TEXHOJIOTUI BHECEHHUSI MUHEPATIbHBIX YA0OpEHHUI, CBO10pa3py-
HIAIOIINX, BOPOILIUTEIBHBIX, JO3UPYIOMINX, PACIPEISISIIOIIMX U 3a/IeJIbIBAIOLINX pabodux op-
raHOB MAIIIMH JI1 BHECEHUS, HE IPECTABISAETCA BO3MOKHBIM BHOCUTH y100peHus tuddepeH-
[IUPOBAHHO C ONMTUMAIBHOU /1030H, HEOOXOAMMOMN IJIsi 00€CTIeUeHUs] TeHETUUYECKH TTOTCHITH-
AIbHON YPO>KaWHOCTH COpTa BO3ZEIIBIBAEMON CEIbCKOXO3IMCTBEHHON KYJIBTYpBI. YUUTBIBAsI
00JIb11I0€ KOJIMYECTBO BIUSIOLINX Ha KaYECTBO BHECEHU y100peHH (hakTOpOB, MHOTHE U3 KO-
TOPBIX HOCAT CIY4YallHBINA XapaKTep, KOJIUUYECTBO YA0OpEHHH, BBINAAAI0NINX HA 3JIEMEHTapHYIO
IUTOMIA/IKY MOKHO pacCMaTpUBATh KaK CIydyallHYIO BEJIUYUHY.

CpenHsist ypoxKailHOCTh CENTbCKOX0351ICTBEHHON KyNIbTYphI V Kak (QyHKIIHS CITy4aifHOro
aprymMeHTa, He3aBHCHMO OT 3aKOHa paclpelesieHus YAOOpeHUi IO MOJIt0, NMPU H3BECTHOMN
(yHKINU OT3BIBUMBOCTH JAaHHOH KyJIbTYphl Ha yIOOPEHUS U IUNIOTHOCTD pacipeaeeHus UX 1Mo
TIOJTFO, OTIPEEIISIETCS 10 3aBUCHMOCTH [3]:

V=M[V(D)|=a,+aD+a, (GZD +D?)=a, +a,D+a,D’ [1/1041/; +l] M

TAC oD - CPCAHCKBAAPATUUCCKOC OTKIIOHCHUC CJIy‘-Iﬁ.fIHOfI BCIIMYHUHBI D,

D - MaremaTHYeCKOe OKHIAHUE CIyYaiHOM BeauduHbl D,

ao, ai, az - YMOMpUYEcKUe KO3PPHUIHUEHTHI, XapaKTepU3yoLe QYHKIUIO OT3bIBYMBO-
CTH JAHHOU KYJBTYpHI Ha YI0OpEHHS;

Ve - K03 HUIIMEHT BapUalliK 1036l BHECEHUS Y100PEHUIA.
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Amnanu3s (1) mokasbIBaeT, YTO AJIsl HAXO0XKJIEHUS CPeAHEH yposKaliHOCTH MPH KBaApaTH4-
HOW 3aBUCHMOCTH YPOXKAHHOCTHU OT JJ03bI BHECEHHS TYKOB HET HEOOXOIMMOCTH yCTaHABINBATH
3aKOH pachpeeieHus yI00peHHi Mo Moo, a JOCTaTOYHO 3HATh TOJIBKO /103y BHeceHus D u
€€ CpeIHEKBAPAaTUYECKOE OTKIOHEHUE OD.

3nauenuss D 1 ob MOXXHO OIpeNeanTh, BHIIOJHUB MaTeMaTHYECKyl0 00paboTKy JaH-
HBIX arpOTeXHUYECKOU oneHKH MamuH. 13 (1) Takxke cienyer, 4To ¢ pOCTOM HEpaBHOMEPHO-
CTH BHECCHHs YAOOPCHHUU B MOYBY 3HAYUTEIILHO YXY/IIACTCS OT3BIBUMBOCTH PACTEHUI Ha
ynoopenus. CymecTByOINUe TEXHOJIOTUN U MAlIMHbI 111 BHYTPUIIOYBEHHOT'O BHECEHUS MU-
HEPAIBHBIX yI0OpPEHUI HE B TIOJTHOW Mepe 00eCIIeunBal0T Ka4eCTBEHHOE BBIMTOJIHECHUE TEXHO-
jorudeckoro npoiecca. OiHa U3 IPUYUH ITOTO - HEJAOCTATOYHASI U3YYEHHOCTH IIPOIIECCOB B3a-
UMOJICHCTBUS MUHEPATBHBIX YIOOPEHUIA ¢ pa0OYMMHU OpraHaMU MAIIIHH.

KauecTBo BBINOIHEHHS TEXHOJIOTHUECKOTO MPoIiecca BHECEHUsI MUHEPATBHBIX YA00pe-
HUH (Ve1) MOXKHO OLIGHUTH TIPH MOMOINM TMoKazarenei dddexrTuBnocTu. s paccmarpuBae-
MOT0 Ipolecca noxkasareneMm 3PpGEeKTUBHOCTH MOKET CIIYKHUTh KaueCTBO BHECEHUS y100peHui
IIPH YCIIOBUH, YTO 3aTPAThl HE MPEBHIIIAIOT 33JAHHON BEJTUYHHEIL.

[IpenmnonoxuB, 4TO H3BeCTHa (DYHKIMS OT3HIBYMBOCTH KOHKPETHOH CEIhCKOXO035ii-
CTBEHHOW KyJbTYpBI HA MUHEpaIbHOE ynoOpeHue, 3¢ ekt (y.e./T) OT BHECEHHS yIo0peHuit ¢
Y4eTOM 3aTpaT Ha UX BHECEHHE, CTOMMOCTH IPUOABKM ypOsKas M 3aTPaT Ha ero TPaAaHCIIOPTUPO-
BaHUE TPEJCTABUTCS B BHJIE:

D=(4-Ta, +aD+a, D’ Q+1/10°V? )]-3, 11, )

rae A - eHa eAMHHIBI IPOAYKLUH, Y.C./T;
T - 3arpaThl Ha TPAaHCIOPTUPOBAHUE CAMHUIIBI TPOAYKIINH, V.C./T;
34 - 3aTpaThl Ha BHECEHUE (PUBMYECKOI Macchl yI0OpeHuH, y.e./T;
L] - cTOoMMOCTbh MUHEPAJIBHBIX YAOOpEHMIA, y.€./T.

[Ipumewm B (2) ycroBue MUHHMMaJIbHOCTH HEPABHOMEPHOCTH BHECEHMSI YAOOPEHUN:
J(\/gH) = O' (3)

Torna OIITUMAJIBHBIC ITOKA3aTCIIN Ka4€CTBAa BHCCCHUA y,H06p€HI/II\/JI I10 IIOJIFO HAaXOJJHUM B

pe3ynbTaTe MakCHMHU3anuu dpdekra, I Yero onpeiessieM YCIOBHBII MakcuMyM (YHKIHU
), T.e.
max O npu @ Ve,)=0. 4)

AJTopUTM ONTUMM3ALMU MTOKa3zarenei kauecTBa. OThICKaHUE YCIOBHOIO MaKCHUMyMa
MOYKHO CBECTH K MCCIIeI0BaHUIO Ha OOBIYHBIN MakcuMyM ¢yHkuuu Jlarpanxka L=2+A¢.
HeoOxonuMmeble ycioBust 3KCTpeMyMa:

(p(\/su):o; 8873+ aaT(PZO'
6n 6H (5)

HaiinenHslii B pe3ynbraTe pelicHus 3a7aui 3HaYeHue Kod((UIIMCHTa BapHallii BHE-
ceHus ynoopenuit Vy, OyaeT onTUMalbHBIM TSI TAaHHOW TEXHOJIOTUH BHECEHHSI MUHEPAITHHBIX
yInoOpeHuit.

3HaHue Vg, MO3BOJIAET MO-HOBOMY MOJOMTH K 3a/aye KOHTPOJIS U yNpaBJieHUs Kade-
CTBOM TEXHOJIOTHYECKOTO TpoIiecca BHECCHUS YI0OpEHHIA, a Takke CHOPMYITUPOBATH TPeOO-
BaHUA K NEPCICKTUBHBIM TEXHUYCCKUM CPEACTBAM IJId BHCCCHUSA MUHECPAJIbHBIX y,]lO6peHHI>i.
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JlJis cuHTE3a CHCTEMBI YIIPABIICHUSI BHECEHMEM MUHEPAIbHBIX yI00pEHH, TEXHOIOTH-
YECKUH MPOLIeCC BHYTPUIIOUBEHHOT'O BHECEHUS KYJIbTUBATOPAMU-YI00PUTEISIMU MOXKHO MIPE/I-
CTaBUTb KaK PsiJl MOCIEIOBATEIILHO MPOTEKAIOIIUX Onepanuii (pUCyHOK 1):

— ABWKEHUE MAITUHBI 110 TIOJTI0 ([IM);

— NUTaHKE TyKoBbIceBarouux annaparos (I1);

— no3upoBanue ynoopenui (1);

— TPAaHCTIOPTUPOBKA YIOOPEHUH 0 TYKOIIPOBOaM K pabouemy oprany (T);

— BHYTPUIIOYBEHHOE pacnpeeiacHue ynoopenuii (P).

©

% (1) O.=f(1) O:(1) g=f(1) e Ve 1)

Pucynok 1 — Moje/ib TeXHOJOTH4eCKOro npouecca BHyTPHIIOYBEHHOI0 BHeCeHHsl y100peHHii Ky IbTHBATOPOM-Yy/100pUTeIeM

3a7alonMMU  BO3AEHCTBUSAMH IPOLIECCa BHYTPUIIOYBEHHOFO BHECEHUs] MUHEpaIbHbBIX
yI00pEHHIA SIBJISIFOTCS: TI01a4a y1o0peHuii Ha TyKkoBbiceBaroruii anmapat Ug(t), Tpedyemas 1o3a
BHeceHHs1 ynoopenuii gi(t) u mmprHa jeHTs! BHeceHus L.

Ha Boixoaubie motoku Qi(t) oka3pIiBarOT BIHAHME BO3MYILaroLHe Bo3aeiicTBus Zq (1), Z1
(t) u Zy (t), Brirouaromme Gpu3NKo-MeXaHHIECKUE CBOKMCTBA yI00PCHUIA, HEPOBHOCTH TIOBEPXHO-
CTH TIOJISA, TEXHUYECKHE ¥ TEXHOJOTMYECKUE XAPAKTEPUCTUKH YyIOOPUTEIbHONW MAIITMHBL.

BbIxoqHbIMH ITapaMeTpamMu SBISIIOTCS () yHKIMH:

q(t) - m03a BHECCHHBIX yI00OpCHHIA,

Vi(t) - HepaBHOMEPHOCTD BbICEBA MEXKIY AlllapaTaMi U HEYCTOWMYUBOCTh BHICEBA,

L.(t) — pabouast mmpuHa JICHTHI BHCCCHHUS,

VL(t) — HepaBHOMEPHOCTH pacrpeAeieHus ya00peHuil 0 HIUPUHE pacceBa.

3amaueii ynpaBiieHHs MPOIIECCOM BHYTPUIIOYBEHHOTO BHECEHUSI MHHEPAIBHBIX yI00pe-
HUH SBISIETCS U3MEHEHHE JI03bI UX BHeceHHs (|(t) B 3aBUCUMOCTH OT MOTPEOHOCTH JAHHOTO dJie-
MEHTapHOTO y4YacTKa IOJiT B BUIE W J03aX ynoOpenus. Mcxons u3 storo, GpyHKIMOHATBHAS
CX€Ma aBTOMaTHYECKOI'0 YIIPABIEHUS TEXHOJIOTHUECKUM ITPOLIECCOM ITPE/ICTaBIeHa KaK CHCTEMA
YIIPaBJICHUS HCTIOTHUTETBHBIMA MEXaHU3MaMH U3MEHEHUS 10361 BHECCHUSI.

JInst BBIABIEHUS MepeqaTouHbIX (DYHKLIMHU pacrpesiesieHHss MUHEPaIbHbIX yI00peHHui
BHYTPH MOYBBI paceMoTpeH nporiecc nojaaun (I1) ynodpenuit ot OyHKepa 10 3aA€TbIBAIOIINX pa-
604nx OpraHoB (PUCYHOK 1) ¢ MpUMEHEHHEM METO]la JIMHeapH3alui JUHAMUYECKOM CHCTEMBI.
OnpeneneHsl mepeaTouynble PyHKIMA BUHTOBBIX BOPOIINTENEH, TaTYMKOB, UCIIOTHUTEILHBIX
MEXaHHU3MOB, TYKOHAIIPaBUTENEH B BU/IE TYKOIIPOBOJIOB U LIEHTPAIbHBIX TYKOpacIpeaeauTenei,
KOHUYECKOTO PacIpe/IeITeNs COUTHUKA C BHHTOBBIM 3aBUXPHUTEIIEM.

JU1st Ipon3BOICTBEHHON MTPOBEPKHU TEXHOIOTUH AU (HepeHIIPOBAHHOTO BHYTPHIIOUBEH-
HOTO BHECEHUS] MUHEPAJIBHBIX YIOOPEHUH M TEXHHYECKUX PEIICHUH /U €€ peanu3auy ObUTr
pa3paboTaHbl KYIbTUBATOPBI-ya00puTenu [4, 5] (pucyHok 2).
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B)
Pucynok 2 — KyasTHBaTopei-ynoopure/n:
a) Ha 0a3e cTepHEBO# CesIKH, 0) ¢ HEHTPAILHO-BbICEBAIOLIEli CHCTEMOI, B) YH3eJIbHbIH YI100pUTeIb

ABTOpaMHu Takxke pazpaboTaHO OPUTHHATILHOE YCTPONUCTBO SISl pABHOMEPHOTO pacIipe-
JIeJICHUS ¥ JIO3UPOBAHMS CBHIYUUX yIOOpEeHH (PUCYHOK 3).

Pucynok 1 — YcTpoiicTBo 11sl pABHOMEPHOTI'0 pacripeJesieHUsl M 103UPOBAHUSI CHITYYHUX Y100peHMii

YcrpoiicTBo BKIO4aeT OyHKep 1 3epHOBOH cesuiku B (hopMe YCEYeHHOro KOHyca, B
HIDKHEM OTCeKe OyHKepa BBITIOJIHEHO BBICEBHOE OKHO 2, KOJIMYECTBO MOCTYIAIOIIEro U3 OyH-
Kepa Ha J103aTop 3 yA0O0peHus perylIupyeTcs 3aCIOHKON 4, ¢ peryIupoBOYHON HIKAJION ycTa-
HOBKHU HOPMBI BbIceBa Matepuaina. Jlo3arop 3, npeacrasiser co0oi cnupaieBUAHOE YIPYTroe
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TEJO0, 3aKPEIUIEHHOE Ha Bajly 5 NMPHUBO/A BHICEBAIOLIETO YCTPOICTBA, HA KOTOPOM 3aKpeIlieH
KOHHUYECKHI CETMEHTHBIN OTpakaTeiab 6 ¢ BHIPY3HBIMU OKHAMH 7 U TYKOIPOBOIOM &.

CerMeHTHBIN OTpaXkaTenb 6 MpeAcTaBiseT coboil KoHyc ¢ pudamu, popmMa KOTOPHIX
OnuChIBaeTCs GOPMYIIOi:

L =/rx/180°, (6)
rne L — mmna gyru, M; I — paanyc OKpYXHOCTH, M; & — IEHTPaJIbHBIN yroJ B rpa-
Iycax.

YCTpoHCTBO [UIsi pABHOMEPHOTO PACHpeeTICHUS U JO3UPOBAHUS CBHIMTyYUX yAOOpeHUI
pabotaeT crneayronmmM oopazom. Y gobpenue u3 OyHkepa 1 uepes BbICEBHOE OKHO 2 CAMOTEKOM
MIOCTYTAET B CIUpANIbHBIN 103atop 3. JlozaTop 3, Bpamiascek, TpaHCIIOPTHPYET YA0OpEeHUE K BbI-
IPy3HOMY OKHY 7, IpY 3TOM CErMEHTHBIN OTpa)kaTeib 6 paBHOMEPHO pacnpeAessieT yioopenue
10 TYKOIIpOBOJaMm 8.

C uenpio moiy4yeHus MHPOPMALUU O MPOCTPAHCTBEHHONM M3MEHYMBOCTH I1apaMeTpoOB
TUTOJIOPOAMS SKCIIEPUMEHTAIBHOTO TI0JISl IPOBEJICH OTOOp M aHaIHu3 TIOUBEHHBIX MPo0. Pe3yib-
TaThl ArPOXMMUYECKOT0 aHAJIN3a CBUJIETENILCTBYIOT O HATMUUH O0JbILION HEPaBHOMEPHOCTH pac-
IpeIeNICHUs] TUTATEIbHBIX AIEMEHTOB B OIIBITHOM IIOJIE.

C ydeToM conep:kaHusl JIEMEHTOB IMUTaHUs OCYILECTBICHO BHYTPUIIOUBEHHOE TU(de-
PEHLIMPOBAHHOE BHECEHUE CTAPTOBBIX U OCHOBHBIX /103 YAOOpPEHHil, OHpeeieHbl IEPEX0IHbIE
XapaKTEPUCTHKHU U Ka4eCTBO BHIMOIHEHUS TEXHOJIOTMYECKOTr0 IpoIlecca.

JIabopaTopHO-TI0JIEBbIC UCTIBITAHHS TIOKA3aJIH, YTO:

— KyJbTUBaTOp-yA0OpuTens Ha Oaze cesuiki C3C-2,0 nmo3Bonser nuddepeHunpoBaTh
103y BHeceHus oT 12 10 408 kr/ra 1 yBenTMUUTh IUPUHY pacceBa MUHEPATILHBIX YA0OpeHui 60-
Jee ueM B 3 pasa Ha IIIyOuHY 10 8 CM 110 CPaBHEHMIO ¢ 0a30BOM MaIlIMHOI;

— KYJITHBATOP-yIOOPUTEIh C IEHTPATLHO-BBICEBAIOICH CUCTEMOW T03BoJIsieT audde-
peHuupoBaTh 103y BHeceHus: oT 50 no 450 kr/ra co BpemeneM mepexonHoro nepuona 3-3,5 c,
CHIKAeT HEPaBHOMEPHOCTh BHECEHUS IO LIMpuHe 3axBaTta Ha 20-22 % 10 CpaBHEHMIO C 3€pHO-
TYKOBOH cesIKoi 1eHTpain30BaHHOTO BbiceBa «bAPC -1000», mpu 3TOM IIUpUHA JIEHTHI YA00-
pennii nosbimaercs Ha 30-35%;

— YM3eNb-y100puTess 00eciieurBaeT 00paboTKy MouBsl Ha rTyOuHy 32...35 cM 1 BHece-
HUE YA0OpEeHUI C IMUPUHON HAKIAOHHOM JIEHTHI 25...29 CM 1 ¢ HepaBHOMEPHOCTBIO pacmpeerie-
HUs y100peHuii o ee mupuHe 7,8-22,7%.

Pe3ynbraThl TEXHUKO-3KOHOMHUYECKOTO aHalIM3a MOKaszaliH, 4To AuddepeHnnpoBaHHOe
BHECEHHE MUHEPANBHBIX YI00PEHHI ¢ yUeTOM HCXOHOM HEPaBHOMEPHOCTH pacilpeieNIeHNs TU-
TaTEJIbHBIX BEIIECTB B MOYBE MO3BOJIUT MOBBICUTH OKYITaeMOoCTh (ochopHBIX ynodpenuit 1o 18,5
KT 3epHa Ha 1 Kr JeHCTBYIOIIEro BellecTBa y1o00peHui mpi HOpMaTUBHON oKynaemoctu 8-10 kr,
a TaKke 00eCTIeIuTh SKOHOMHIO MUHEPAITBbHBIX yao0peruid Ha 25-30 %, 9TO MO3BOJIUT CHU3UTH
arpoXMMHMYECKYIO0 Harpy3Ky Ha OKPYXKAroIlylO Cpeny.

INopoBoit sxoHOMUUECKU A3PPEKT OT BHEAPEHUS pa3pabOTaHHBIX TEXHUUYECKUX CPEICTB
JUIL BHYTPHUIIOUBEHHOTO (P PepeHIIpOBAaHHOTO BHECEHUS! MUHEpAIIbHBIX YA0OpEHUI cocTaB-
nsieT Ooxnee 25 ThIC. y.€.

BobiBoabl. 1 TexHonmornueckue mporeccsl 1 TEXHUYECKUe CPeCTBA sl BHYTPUIIOUBEH-
HOTO M (HepeHINPOBAHHOIO BHECEHHSI MUHEPAJIbHBIX YI0OPEHUH HE yIOBIIETBOPSIOT TpeOOBa-
HUSIM TOYHOTO 3emuiesienus. [ToBbimenue 3pPpeKTHBHOCTH UX (PYHKIMOHUPOBAHUS MOKET OBITH
JOCTUTHYTO Ha OCHOBE HAayYHO OOOCHOBAaHHBIX TE€XHOJIOTMYECKUX U TEXHUYECKUX PELICHMH,
o0ecIeunBarOIMX FeHeTHYECKH MOTEHIIMAIBHYIO YPOXKAHHOCTh C YY€TOM IECTPOTHI pacrpeie-
JIEHHS B TIOYBE MUTATEIbHBIX BEIIECTB U SKOJIOTUYECKUX TPeOOBaHUH.

2 CpenHss ypoXkKailHOCTB CENTbCKOXO3IUCTBEHHBIX KYJIBTYP 3aBUCHUT OT KOJIMYECTBA IH-
TaTeJIbHBIX AJIEMEHTOB B TOYBE, IOCTYMHBIX PACTEHUIO, HEPABHOMEPHOCTH UX paclpeieIeHus,
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JI03bl BHOCIMOT'O YAOOpEHUS, HEpaBHOMEPHOCTH BHECCHHUS M CTETICHN B3aUMO/ICCTBYS Ha3BaH-
HBIX CIIydalHbIX BelIHUMH. C LIETIbI0 NOBBILIEHUS YPOKANHOCTH CEIbCKOXO3SIMICTBEHHON KYJIb-
TYpBI Hapsly ¢ ONTHMU3ALKEH 1036l BHECEHUS TYKOB HEOOXOAMMO YMEHBIIIATh HEPaBHOMEDP-
HOCTb PacIpeesieHus UX IO MO0 32 CUeT Pa3OMBKHU I0JIA Ha apealibl C TOCIEIYIOIUM BHeCe-
HUEM YAO0OpEHHI Ha KOKIBIH U3 apeasioB ¢ J030M HEOOXOUMOM ISl TIOTYYEHHUS TOTCHITHATEHON
YpOKaliHOCTH.

3 [NoonepanroHHOE MPEACTABICHHE TEXHOJIOTUYECKOTO MpoIlecca BHYTPHUIIOUYBEHHOIO
G depeHIIIPOBAHHOTO BHECEHHUSI MUHEPAIbHBIX YA0OPEHU MO3BOJIMIIO ONPEACeTUTh epea-
TOYHBIC PYHKIINU pabOYUX OPraHOB, pa3pabOTaHHBIX TEXHUYECKUX CPEICTB.

4 Pa3zpaboTaHbl OPUTHHAIbHBIE KOHCTPYKIIMM KOMOMHUPOBAHHBIX CESJIOK IS A de-
PCHIIMPOBAHHOTO BHYTPUIIOUBEHHOT'O BHECCHUSI MUHEPAILHBIX YI00OPCHHUIA.

5 Pesynbrathl uccnenoBanuii TeXHOIOTHH UG (HEpeHIUPOBAHHOTO BHYTPUIIOUBEHHOIO
BHECCHUS MUHEPATBHBIX YIOOPEHHI H TEXHHUECKUX CPEIICTB ISl €€ OCYIICCTBICHUS PEan30-
BaHbl B MaKETHBIX 00pasliax, paboToCnoCOOHOCTh KOTOPBIX IpoBepeHa B J1a00paTOPHBIX U MO-
JIEBBIX YCJIOBHSIX.

6 uddepenumrpoBanHoe BHECEHHE MUHEPATbHBIX YIOOPEHUI ¢ Y4eTOM MCXOJHOM He-
PaBHOMEPHOCTH paclpeIelieHUs] MTUTATEIbHBIX BEIIECTB B NTOYBE MO3BOJIMT MOBBICUTH OKYyTIac-
MocTh (hocopHbIX ynodpenuii 10 18,5 kr 3epHa Ha 1 Kr AeliCTBYIOIIErO BellecTBa y1o0peHui
IpY HOPMATUBHOH OKymaeMocTH 8-10 Kr, a Takke 00eCeYnTh SKOHOMHUIO MUHEPAIILHBIX y00-
penuii Ha 25-30 %, 4TO MO3BOJIUT CHUZUTH arpPOXUMHUHYECKYIO HATPY3KY Ha OKPYKAOILYIO CpELy.

7 [IpensiosxkeHo OpUrHHAIBHOE YCTPOMCTBO JJisi PABHOMEPHOTO PaCpe/ICIICHUs U JT03U-
POBaHUS CHITYYHX yI0OPEHUH, UCIIONB30BaHHE KOTOPOTO HO3BOJIMUT PEaI30BaTh PABHOMEPHOE
BHECEHUE CHITYUUX YAOOPEHUI, TOBBICUTH KAYECTBO M HAJIEKHOCTh PabOTHI arperara B I€JIOM.
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Ramaniuk Mikalai, Sayakhat Nukeshev, Asel Zhunusova, Agilia Shamganova
Innovative technologies and technical means for the subsurface differentiated fertilization

The article discusses the technological processes and technical tools for subsurface dif-
ferentiated fertilization. Developed original designs combined drills for differentiated soil fer-
tilization. An original device for uniform distribution and metering of granular fertilizers. The
results of the research technology differentiated soil mineral fertilizers and technical means.for
its implementation are implemented in the mock-up samples, the performance of which was
tested in laboratory and field conditions.

Keywords: processes, techniques, subsurface differential application, mineral fertilizers, com-
bined drills, device, uniform distribution, dispensing.
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