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IOOEKTUBHOCTDH IPUMEHEHUSA KOMBUHUPOBAHHBIX
ITOJIMBOB B YCJIOBHUSAX IOT'A KABAXCTAHA

Kypamoacmuipwiizan mamubiiama-sicagobipiamoin cy2apy 20iCi mamubliamuln cy2apy MeH JHcanovipia-
My MexHON02UANAPLIHBIY HCARLIMObI cananapuvlii 6ipikmipedi. Hezizei mamwwviiamoin cyeapy 20icinde, oCiMOiK-
miy OaMYbIHbIY 8e2eMayUsIblK, Ke3eHiHOe2l Cy Manutbliblabl Jca20aublHOa, OYa MexHOI02Usl CYObll YHeMOeNYiH
Kammamacwiz emeoi, ayanviy memnepamypacel 25 C ackan kezoe scanbvipramy ecebinen MUKPO MeH dumo-
KIUMam napamempiepin ’Heakcapmaobl, OCIMOIKMIY oCy npoyecmepin bIHMAIAHObIPAObL HCIHE OAKbLL OHIMOI-
JU2IHIY apmyblH KaMmamacsls emeoi.

Kombunuposannwiii kaneabHo-0021c0e6AIbHbII NOAUE 00BEOUHSIENN NOLOHCUMENbHbIE KAYecm8d MexHoN0-
2utl KanenbHo20 NOAUBa U 00JCOeBaHUsl. DMa MEXHOL02Us NPU OCHOBHOM KANEIbHOM CHOCObe NOU6a 6 8ecema-
YUOHHBIU NepUod pas3sumusi pacmeHutl 8 Yciosuax deguyuma 600vl obecneuugaem ee dKOHOMUIO, d 3d cHem
00dicoesanus npu memnepamype 6030yxa bonee 25 °C ymyuuaem napamempvl MUKpo- u umoxkiumamd, cmu-
MYAUpyem pocmogule npoyeccyl pacmeruil U obecneuusaem nogbllueHue ux yporCauHocmu.

Combination of drip irrigation and sprinkling unites advantages of drip and sprinkling irrigation
technologies. This technology at the main drip method of irrigation during the vegetation period of plants
development in the conditions of water deficiency provides her economy, and due to sprinkling irrigation at air
temperature more than 25 °C improves parameters micro- and phytoclimate, stimulates growth processes of
plants and provides increase of their productivity.

YBenmuuuBaromuics ASGUITUT BOILI BO3ACHCTBYET Ha CEIHCKOXO3SHCTBEHHBIM CEKTOP BO BCEM
Mmupe. [loBrITIeHNE TPOAYKTHBHOCTH UCIIONH30BAHUS BOBI SABISICTCS aKTYaTbHBIM HAIPaBICHUEM IS
YBEIUYECHUS POU3BOCTBA MHUILIEBBIX MPOAYKTOB [1].

B wppuranuoHHOM 3emiefendy TEXHOJOTHH IIOJIMBa JOJDKHBI OOECIeuMBaTh ONTHMAIEHOE
CHAOXXKCHHE CEITbCKOXO03AUCTBEHHBIX KYJIBTYP BOJIOHM C yIeTOM OMOJOTHISCKAX OCOOCHHOCTEH KaXKIoi
KyJnbTyphl. [Ipr 3TOM yYUTBIBAIOTCS OCOOEHHOCTH CYIIECTBYIOIIUX CIIOCOOOB U TEXHOJIOTHH MOJUBA,
OKa3bIBAIOIINX BIMSHUE HA MIPHUIIETAIONIYIO K PACTCHUIO CPELy.

B crnoxuBmMXCsS yCcIOBHSIX pa3BUTHA 3KOHOMHKH KazaxcraHa 3¢)()eKTHBHOCTH MCTHOIB30BAHHA
BOJHBIX PECYPCOB B CEIHCKOM XO3SHCTBE KpaiHE HU3KA M3-3a MPUMECHECHHS YCTAPEBIINX METOIOB U
TEXHOJIOTUN OPOIICHHUS, a TAKXKE 3HAUUTEIBHBIX 3aTpaT BOJBI MPU €€ TpaHCIopTUpoBke. s qoctu-
JKEHHSI SKOHOMHH BOJIBI B CEIHCKOM XO3SHICTBE HEOOXOOUMO BHEIPEHHE COBPEMEHHBIX METOIIOB
OpOIICHHSI W BOJOCOEPETAONMNX TEXHOJOTHUN, CHIIKEHUE IMOTEPh BOJBI MPH TPAHCIIOPTHPOBKE H
BBITIOJIHEHUE PsAJa IPYTUX MEPOIPHUSTHH, HAMPABICHHBIX HA MOBBLIIMICHUE MPOIYKTUBHOCTH UCIOJb-
30BaHUs BOJIBI, YTO OCOOEHHO aKTyallbHO B YCIOBHSIX BO3PACTAIOMIETO ee NeUIuTa.

B nHayke u mpaktuke Hanboiee pacipocTpaHeHbl TEXHUKA U TEXHOJIOTHH TTOJIMBA, OCHOBAaHHBIE Ha
TMPUHITATIC TTIEPUOANISCKON aKKyMYJISIIIUU BJard B aKTHMBHOM CJIO€ TMOYBHI (TIOBEPXHOCTHEIN TIOJUB,
00BIYHOE TIEPUOANIECKOE JOKICBAHUE).

Bonee mporpeccuBHBIM SBISIETCS MPUHIIAIT HETIPEPHIBHOTO BOAOCHAOKEHUS PACTEHHH M TOYBBI
BOJIOM B COOTBETCTBUH C MX BOJOMOTPEOICHHUEM. DTOMY MPUHITUITY COOTBETCTBYIOT KaIlleIbHOE OPO-
[ICHUE U UMITYJIBCHOE JTOKICBaHUE.

O0 >(QQeKTUBHOCTH TEXHOJIOTUH KAaleIbHOTO OpPOIICHUS H JOXKIEBAHUS CBUICTEIHCTBYIOT
JIAaHHBIC TI0 UX MPUMEHUMOCTH B cTpaHax mupa [1, 2]. B ABcTpanuu mpHOPUTET KaleIbHOTO OpOIIIe-
HUS B CPaBHEHUU CO CTaphIMHU YHEPTOCMKUMH CUCTEMaMU JIOKJCBAHHS BBISIBIICH C TOYKHU 3pEHUS d(-
(heKTHBHOCTH HCIOL30BAHUS BOJIHBIX PECYPCOB U MOTPEOICHUS YHEPTUN Ha CHCTEMaX IMPOU3BOICTBA
canara [3]. Ha roro-3amame MpaHa mapaMeTprIecKHil TOIXO K OIIEHKE THUIIOB OPOIICHHS C yIETOM
0COOEHHOCTEH TI0YB, 3aCOJICHHUS M YKJIOHOB MECTHOCTH C IICJIBI0 SKOHOMHUHU BOJHBIX PECYypCOB W3
o0mieit iomnragu 60 000 ra mokaeBaHNEe PEKOMEHI0BaHO Ha Twiomiaau 23 790 ra, a kamenpHOE Opo-
menne — Ha momanan 33 261 ra [4]. Beicokas orieHka MAUKPOIOKIEBAHUS ITPH UPPUTAITIH JIEPEBHEB U
BuHOrpannukoB nana B CLLA [5]. Takast TeXHONOTHS B CPaBHEHHH C KaleJIbHBIM IOJMBOM obecrie-
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YUBAeT M 3aIUTy PacTeHHH OT 3aMOpO3KOB. I[IpuMeHeHHe cucTeM KamlelbHOTo IOJNHBA, JOXKAECBalb-
HBIX MAalllMH KPYyTrOBOrO NEHCTBHS M CTallMOHApHBIX CHCTEM AoXkAeBaHus B llopTyramum c yderom
CPaBHHUMOCTH 5KOHOMHH BOIBl U SKOHOMHYECKHX PE3YJIbTAaTOB YKAa3bIBa€T Ha HEOOXOOMMOCTb HMX
BbIOOpa Ha OCHOBE OOECIEUYEHUS] BBICOKOH NMPOM3BOAUTEIBHOCTH OPOCUTEIbHON TEXHUKU H IIOBBI-
IIIEHUS yPOKas CEIbCKOXO3AUCTBEHHBIX KYIbTYP, 8 HE TOJIbKO 3KOHOMHH BOJEBI [6].

KanensHoe opomieHre — 0J1H U3 BUAOB JIOKAIBHOI'O MUKPOOPOLIEHUS, P KOTOPOM TpedyemMoe
KOJINYECTBO BOJBI M PAaCTBOPEHHBIX B HEW NMUTATEIbHBIX BEIIECTB IOAAETCS HEOCPEICTBEHHO B 30HY
KOPHEBOI CHCTEMBbI KaXxJ0ro pacTeHus. Jlo3upoBaHHasi, HalpaBJieHHas 10a4ya BOJbI B TE€UCHHE Bere-
TAIMOHHOTO NEPHOAA CO3AAET ONTUMANIBHBIN PEKUM BIaKHOCTH IOYBBI B 30HE KOPHEBON CHCTEMBI.

OCHOBHOE IOCTOMHCTBO KaleJIbHOTO OPOIICHHS — CO3/1aHHE ONTUMAIbHOIO BOJHOTO U TUTATEIIb-
HOTO pekMMa HETOCPEACTBEHHO B KOPHEBOW CHCTEME PAacTeHHMH M TeM CaMbIM COKpAIlleHHE pacxoia
BOJIBI M yHoOpenuit 1o 40-50%.

B cpaBHeHMH C OpyrUMH UPPUTAalMOHHBIMU CHCTEMaMH Y KalleJIbHOTO OPOLICHUS MMEIOTCS U
HEIOCTaTKH, KOTOPble HEOOXOIUMO YUUTHIBATh IIPH MCIIOIb30BAHMH TaKOW TEXHOJIOIUU. DTO BO3MOX-
HOCTb 3aCOPEHHS KaleJIbHUI], MEXaHHUeCKHE TTOBPEXICHUS U HEJA0JITOBEYHOCTh KarelbHBIX JICHT, Be-
POSTHOCTh HEPaBHOMEPHOCTH NOJHMBA. THIOBBIE CHCTEMbI TPEOYIOT NMPUMEHEHHUS MPerOoXpaHUTENb-
HBIX KJIAIIaHOB, MAaHOMETPOB U PACXOJOMEPOB JUI KOHTPOJISI, UMEIOT OTPaHMUYCHHS 110 IPUMEHUMOCTHI
[7]. dnst ycTpaHeHus: 3acOpeHHs KalelbHUI] MCIOIB3YIOTCS (GMIBTPHI OYHCTKH Bonbl. He perraercs
IpU KareJbHOM TOJUBE MpobjieMa MUKPOKJIMMATa, OT KOTOPOTO 3aBHCUT MOBBIIICHHE YPOKAHHOCTH
CEeJIBbCKOXO3SIICTBEHHBIX KYIbTYD [8, 9].

Taxoii monuB HemMOCTaTOUHO 3()(PEKTHBEH B YCIOBHIX BBICOKHX TeMIIepaTyp Bo3ayxa (Oomnee 25—
35 °C) 1 HA3KOH ero BIIAXXHOCTH. M3BeCcTHO, 4TO TIpH Temmeparype Bo3ayxa 30-35 °C pocToBbIe Tpo-
[ECChl PAJa CEIbCKOXO3SIMCTBEHHBIX KYJBTYP 3aMEIISIOTCS, a mporecc (POTOCHHTE3a MpeKpaiaercs,
YTO CKasbIBaeTcsi Ha ypoxkalHoCTH. OIHOBpEMEHHO C (POTOCHHTE30M y pPACTEHHWH NPOUCXOIUT
npouecc AbixaHus. IIpym 3TOM HakOIUIEHHBIE YTJIEBOJBI, OKHUCISSICh, BBIACISIIOT JHEPIHIO, 3@ CUET
KOTOPOW CHHTE3UPYIOTCS OENKOBBIE U IPyrHe COelWHEHHs, 00YCIOBIMBAIOIINE KU3HEACATEIHHOCTD
pactenuii. C MOBBIIIEHNEM TEMIIEPATypPhl PABHOBECHE MEX]Ty CHHTE30M YIJIEBOIOB U MX PAcHOpPsI0K
Hapywarotcs. Hanpumep, y kaprodens nempeccusi (OTOCHMHTE3a HAaYMHACTCS IPH TEMIIEpaType
ceoire 18 °C, a mpu +25 °C doTocuHTe3 Npekpaniaercs. DHEprusl Ha AbIXaHWe BO3PACcTaeT, YTo Mpe-
OIIpeneIsieT PEe3KOe CHIDKEHHE NMPOLYKTUBHOCTH pacTeHuil B 3ToT mepuon. [IpomykTuBHOCTE (oTO-
CHUHTE3a CHIKaeTcs Juisl mueHuIsl npu temneparype 20 °C, nns kamyctsl pu 21 °C, KyKypy3bl Ipu
24-25 °C, xmonka mpu csitie 28 °C [10].

BrnaxxHOCTH BO3AyXa OOyC/IaBIMBAaeT WHTEHCHBHOCTb TPAHCIUPALMM PACTEHUH M HCIAPEHUH ¢
MOYBBI, OKa3bIBAET BIUSHIE Ha OMOXMMUYECKHE TPOIIECChl, MPOUCXOAAIINe B pacTeHuH. [lpyn H13KOM
BIIQXKHOCTH BO3yXa MOXKET IPOU30NUTH MpeXIEBPEMEHHOE yBsAAaHue pacTeHuit [11].

OnrtumanbsHble YCIOBHS U Pa3BUTHS CEIIbCKOXO3SIHCTBEHHBIX KYJIBTYD B paiiOHaX 3acCyIIJIMBOTO
KJIMMaTa CO3JalTCid MEPOIPUATHIMH, HAIPABICHHBIMH Ha MOJAEPKaHME ONTHUMAJIBHOIO BOJHOTO
pexxrMa. Takoi BOIHBINA PEKUM paCTEHUH MOKHO CO3AATh JIMIIb IPU AOCTATOYHOM BIIAXKHOCTH ITOYBHI
U OKpYXarollel cpepl (BO3ayxa), TaKk Kak Aa)ke MPHU BBHICOKOW BIAXKHOCTH TOJBKO IOYBBI PACTECHUS
MOTYT HCIIBITBIBaTh BOAHBIM Ae(PUIUT. DTH yCIOBHS MOXHO CO3AATh MMITYJbCHBIM JOXIECBaHHUEM.
[loBbILIEHNE YPOKANHOCTH CENBCKOXO3IUCTBEHHBIX KYJIBTYp IIPH TAKOM ITOJHMBE MPOUCXOIUT 33 CUET
UHTeHCHU(pUKAUUK psga (U3HONIOTHYECKUX IPOLECCOB, B YaCTHOCTH (OTOCHHTE3a. TexHomorus
UMITYJIbCHOTO JOXKIEBaHUSI 00ecleurnBaeTCs BbIauyell PACTCHUSM €KECYTOYHOHM MOJMBHONM HOPMBEI B
HUMITYJICHOM pEXUMe, 00eCIeUNBaIOIIEM YacThIe TTOJIUBBI C MAJIBIMH ITOJINBHBIME HOPMaMH B OIlpeie-
JICHHBIE Yachl CYyTOK IIPH ONTUMAaJIbHOM BIXKHOCTH MOYBBL. OCOOEHHOCTBIO TAKOTO JOXKIECBAHUS SBIIS-
erca obecreueHUe UIMTEIBLHOTO HAIPABICHHOTO BO3ACHCTBHUS MCKYCCTBEHHOTO NOXIS Ha YCIOBHUS
POCTa U pa3BUTHS PACTCHUN M BHEINHIOK cpeay. BiIakHOCTh akKTMBHOTO CJIOS IOYBBI M IIPU3EMHOIO
BO3TyXa MOAACPKUBACTCS HA ONTHUMAILHOM YPOBHE 0€3 pe3KuX KoJieOaHuid, CBOUCTBEHHBIX OOBIYHBIM
NEPUOJNMYECKUM MOJIMBaM.

B sxapkuii mepuoj CyTOK NPOBEAECHHE TAKOIO AOXKIEBAHUS IIO3BOJIAET CHU3HUTh TEMIIEPaTypy
MIPU3EMHOTO CJIOS BO3AyXa M TEMIIEpaTypy BEPXHHX TOPH30HTOB TOYBHI, OBBICUTH BIAXXHOCTH BO3-
Oyxa W co3gaTh Oosiee ONarompusTHBIE YCIOBHS AN pocTa M pa3BUTUS pacTeHuil. [loBbimenue
YPO’KalHOCTH CENbCKOXO3IUCTBEHHBIX KyJIbTYP INPH IIOJMBE AOKICBAHUEM IPOUCXOIUT 3a CUET
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MHTeHCH(UKaUU psna (PU3MOIOTHYECKUX IPOIECCOB, B YacTHOCTH (hoTocuHTe3a. OnTUMalbHbIE
YCIJIOBUS ISl POCTa U Pa3BUTHA CENIbCKOXO3AWCTBEHHBIX KyJIbTYp CO3/AIOTCS UMITYJIbCHBIM €KEIHEB-
HBIM AoxaeBaHueM. [Iporecc UMITyJIbCHOTO AOXKIEBAHUS 3aKII0YACTCS B HAIOJIHEHUH HEOOX0IUMOT 0O
00beMa BOJBI B THAPOAKKYMYJIITOpaxX IpH MOBBIIICHUH JaBJICHUS U BIOPOCE BOJBI B BUJE OXKAS O]
JIefiCTBHEM CKaTOTrO BO3/yXa MM YIPYTHMX MaTepHasoB MpH ero cHuwxeHuu. [lpu 3Tom 3a cuet usme-
HEHHUS JaBJICHUS B TPyOOIIPOBOJHOM CETH € MOMOILBIO F€HEPATOpa UMITYJILCOB YCTPAHSAETCS BO3ZMOXK-
HOCTH OTJIOXKCHUS KaKUX-JIM00 HAHOCOB B THAPOAKKYMYJIITOPaxX U pa3BOSILEH [TOJUBHOH CETH.

[IpuMeHeHne TEeXHOJOTUH UMITYJIBCHON MOJA4X BOABI K PACTEHHUSM IPHU KalleIbHOM OpOIICHHUH
IIPU U3MEHEHUU AABJIEHUS BOJBI OT MaKCUMaJIbHOTO 10 MUHMMAJIbHOIO TaKXe IO3BOJMUT YCTPAHUTH
3aCOPCHHUS BBIXOIHBIX OTBEPCTHH TEXHUUECKUX YCTPOWUCTB MOJIMBA U TEM CaMbIM CHU3UTH TPEOOBaHUS
K OPOCHUTEIBHOU BOJE.

JanHoe HampaBieHHe MOATBEpkAeHO H300peTeHusMH ydyeHblx KHP, kotopeie paspaboranu
CHCTEMY KalleJIbHOTO OpPOLICHHS MMIIYJIbCHOTO THIIA, A€ 33 CYET LIMPOKOIro AMAna3oHa U3MEHEHUS
YacTOThl HMIIYJIbCOB OCYILECTBISIETCS HM3MEHEHHE HWHTEHCHBHOCTHM MPpPUTallMM U YCTpaHEHUE
(GuIbTpOB 0UMCTKH BOIBI [12].

Hcxons u3 0coOEHHOCTEH TEXHOJIOTHI KalelbHOTO OPOLICHHUS, N0KAECBaHUS U (DAaKTOPOB BIIHS-
HUSI TeMIIepaTyphl U BJIAXKHOCTH BO3[yXa HA Pa3BUTHE PACTCHUH B PErMOHAX C BBICOKMMH TeMIlepa-
TypaMHd M HHM3KOM BIQXXHOCTBHIO BO3AyXa CJeXyeT INPHUMEHATh TEXHOJIOTHI0O KOMOMHHMPOBAHHOTO
MOJIUBA.

Coueranue 10KAEBaHUS U KaleJIbHOTO ITOJIMBA TO3BOJIIET OObEANHUTD MOJIOKUTEIBHBIE KayecT-
Ba, IPUCYIIHE KaXT0l TEXHOJIOTHH B OTJEIBHOCTH U YCTPAHUTD P HEJOCTATKOB, CBOMCTBEHHBIX MM
IIPU pa3AeIbHOM IPUMEHEHUH.

KanensHo-10X1€BaIbHOE OPOLICHUE JOCTUIAETCs BbIIAauel PACTCHUAM €KEeCYyTOYHOH IOJIMBHON
HOPMBI B UMILYJIbCHOM PEKUME, 00ECIICUMBAOIIEM YacThIC ITOJIUBBI C MaJbIMU ITOJIMBHBIMH HOPMaMHU
B OIpeseNeHHbIE Yackl cyTok. [Ipu Temnepatype Bozayxa mo 25 °C 100% monuBHON HOPMBI pacxo-
JIyeTcsl Ha JIOKaJbHOE YBJIa)KHEHHE IMOYBbI (KalleJIbHBIM OPOIIEHHEM), a MPH TeMIepaType BO3ayXa
Boime 25 °C mo 10% monmBHON HOPMBI pacXxoayeTcsl Ha JIOKaJbHOe yBIaxHeHne u 10 90% — Ha yB-
JaKHEHUE JTOKIeBaHUEM IIPU3EMHOTO CII0SI BO3yXa M JHCTOBOW MOBEPXHOCTH PacTEHUH.

B ’xapkuil mepuon CyTOK INpOBEACHHE IOKIEBaHMS MOMOIHHUTENBHO K KaleJbHOMY MOJHUBY
HO3BOJIACT CHU3UTH TEMIIEPAaTypy IPU3EMHOIO CJIOSI BO3AyXa M TEMIIEpPAaTypy BEPXHHUX I'OPHU30HTOB
MOYBBI, ITOBBICUTH BIIQXKHOCTh BO3[yXa M CO3JaTh OoJiee OJNarONPHUSATHBIC YCIOBHS Ui PoOcTa U
pa3BUTHUS pACTEHUH.

Takas TexHONOrus NMpPH OCHOBHOM KaleJbHOM CHOCOOE MOJMBAa B BETeTALMOHHBIN MEpuOL
Pa3BUTHS PACTCHUN B YCIOBUAX Ae(HUINTA BOII 00ECIIEUMBAET €€ S3KOHOMHUIO, a 32 CUET J0KIACBaHUS
pH Temreparype Bo3ayxa 6osee 25°C (0cob6eHHO B pailoHaX ¢ BBICOKHMMHE TEMIIEpATypaMu) yIydIiacT
napamMeTpbl MUKPO- U (PUTOKIMMATA.

TexHoI0THSA KaleIhbHO-T0KICBATLHOTO OPOMICHUS BBIMOTHICTCS OPOCHTEIBHOW crucTeMoi [13,
14], umeroreit Bog03a00pHBIH y3€1 ¢ HaopooOpa3yroIIiuM yCTPOMUCTBOM, TeHEPATOP KOMAHIHBIX UM-
MyJbCOB, PACHPEACIUTENLHBINA TPyOOIPOBO/, TOJUBHEIE TPYOOIPOBOABI C BOJOBBITYCKAMU M JIOTIOJI-
HHUTEIBHOE HArmopooOpasyoiiee yCTPOUCTBO C JaTYMKOM TeMIIepaTypbl Bo3ayxa (PUCYHOK 1, a).

Bo1oBBIyCK, IPUMEHEHHBIN B OPOCUTEIBHON CUCTEME, UIMEET BBIXOJHOE OTBEPCTHUE ISl KallElb-
HOT'O TIOJINBA MPH PadOTe OCHOBHOTO HAOPOOOpa3yIoLIero YCTPOMCTBA U HACAAKY IUIS AOKICBaHUS,
paloTalomyo Npu MOAKIIOYEHUH OMOJHUTEIBHOTO HAaNopooOpasyromero ycrpoicTtsa. ns obec-
neueHus (UKCHPOBAHHOIO O0bEeMa BOAONOAAYM K PACTEHUSAM BOIOBBIITYCK CHA0XEH BOJOHEMPO-
HUIIAEMBIM DJIACTUYHBIM IIapOM, NMPH CKaTUU KOTOPOTO MPOHCXOTUT HAKOIUICHHE BOJBI B €0 KOp-
myce (CM. pHCYHOK 1, 6).

OpocurenpHas cuctema (CM. pUCyHOK 1, @) paboraeT ciemytonum oopasom. [lpu momgade Boab!
OT BOZI03a00pHOTO y37a / HAmopooOpa3yIoIUM yCTPOHUCTBOM 2 4depe3 TeHEepaTop KOMAaHIHBIX HUM-
MYJbCOB 5 MPOUCXOIUT 3alOJIHEHUE BOJIOW paclpedelUuTeIbHOT0 6, OIUBHBIX TPyOONpoBOaOB 7 U
BOJIOBBITYCKOB 8. 3amojHeHHe Kopiyca /3 BOOOBBITyCKa (CM. PUCYHOK 1, §) ocyIiecTBIisieTcs yepes
BXOJIHO€ OTBEPCTHUEC KPBIMIKK /() MpU MEepeMEIIeHNH MaHXEThl OJTHOCTOPOHHETO AeHCTBHUS // B CTO-
poHy mnepexoaHuka /2. Boga, ornbas kpas MaHxeTsl [/, mocTymaer B Kopmyc /3, cxkuMas BOJOHe-
MPOHULIAEMBIH 3NacTUUHBINA map /5. [Ipoucxonut 3amnonHeHue kopiyca /3 10 3aJJaHHBIX MapaMeTpoB

99



MexdyHapoOHass HayyHo-npakmu4yeckas KOHgpepeHUUs

3 1 2 5 §9000/0\dODY

000 B PN O

! [ AL 0

a 7]

Pucynox 1 — OpocurenbHast cucTeMa KamenbHO-J0KIeBaIbHOTO MTOJIHBa
(a — cxema OpOCHUTENBHON CUCTEMBI; O — BOIOBBIITYCK):
1 — Bo03a00pHBIH y3eI; 2 — HamopooOpasylolee yCTpoicTBO; 3 — JOMOIHUTEIBHOE HAaOpooOpasylolee yCTpOHCTBO;
4 — maTYNK TEMIEpaTypsl BO3AyXa; 5 — TeHepaTop KOMaHIHBIX UMITyJIbCOB; 6 — pacipeaeIuTeIbHbIN TPy OOIpOBO;
7 — TIOTUBHEIE TPYOOIPOBOIBI; 8§ — BOTOBBIMYCKH; 9 — Kopiryc; /() — KpbIliKa; / / — MaHXeTa OMHOCTOPOHHETO AEHCTBHUS;
12 — nepexonHUK; /3 — TUAPOAKKYMYJIATOP; /4 — KpbllKa; /5 — BOJOHEIIPOHULAEMBbIH AJIaCTUYHBIN 1Iap;
16 — xanenpHuIa; /7 — HacaKa JOXKAeBallbHAs MOANPYKUHEHHAS

MIPH TIEPEKPHITHN BBIXOJA BOABI B arMmochepy depes mepexomgnuk /2. Ilepexognwk /2 wMeeT mon-
MPYKUHEHHYIO JOXIEBaJIbHYIO0 HacaAKy /7 M KaleNbHUIly /6, KOTOpas MOXXET COeIUHATHCS C MOJTUB-
HOW TPYyOKOU, IMEIOIIEH PsiJ] TOTIOTHUTEIBHBIX KalleIbHUII.

[Ipu 3amomHeHnn Kopiryca /3 BOIOBBITYCKa B CETh TPYOONPOBOJOB ITOJASTCS UMITYIIBC TTOHH-
JKEHUS TaBJICHUS TCHEPATOPOM KOMAaHIHBIX UMITYJIBCOB 5. 3a CUET pa3HOCTH JaBJICHHUHA B Kopmyce /3
BOJIOBBIITYCKA U B CETU TPYOONPOBOAOB MamkeTa /] mepemernaeTcs B CTOpoHY Kpbiiku /(. Bona u3
Kopiryca /3 mocTymaeT B NepeXOoAHHWK /2 W jmanee yepe3 KamenbHHIy — B atMmocgepy. OcymiecTs-
TSieTCS KareJIbHBIHN ITOJHB.

IIpu Temmeparype Bozayxa Gosee 25°C maTyWk TeMIepaTypsl Bo3ayxa 4 (CM. pUCYHOK 1, @)
MOJKITIOYaeT AOMOJHUTENBHOE HamopooOpasyloliee YCTPOWCTBO 3 cucTeMbl opouieHusi. B ceThb
MOJIUBHBIX TPYOOIIPOBOZOB M BOAOBKIITYCKU TOAAETCS BOJIA C JaBIIEHUEM HAMOPOOOPA3YIOMIUX Y3JIOB
2 u 3. B xopryce /3 BOAOBBITyCKa CO3/1a€TCs MOBBIMICHHOE AaBicHHE. 110 3aBepIIcHUIO0 HATIOTHEHUS
Kopiryca /3 BOJIOBBIMTyCcKa (CM. PUCYHOK 1, 6) B ce€Th TPyOOIPOBOAOB MOCTYIAET UMITYJILC TOHVKEH-
HOTO AaBieHUs. Boma u3 xopmyca /3 BOIOBBITyCKa MPH BO3BpaTe MAaHXKEThl /] B MCXOTHOE IIOJIO-
JKeHHE TOJIaeTCs B MEPEXOHUK /2 U Jaliee 3a CUET OTXKaTUsl MPYKUHBI T0KAeBaIbHON Hacajaku /7 B
atMoctepy. OcymectBiserca poxnaeBanue. [Ipu nanpHeiieM CHIDKEHHHM TABICHUS J0XK/IEBajlbHAs
HacaJlka BO3BpAIAeTCsl B UCXOIHOE IMOJIOKEHUE, a OCTATOK BOJIBI Yepe3 KaleNbHUIYy /6 MOCTYIaeT K
pactenusiM. JlanbHEHIUI Tpoliecc MOJIMBa aHAJIOTUYEH.

OcyiecTBieHHEe TEXHOJOTHHU KaleIbHO-I0K/I€BaTHHOTO MOJINBA pAacCMAaTPHUBAEMON OPOCHUTEIh-
HOH CHCTEMBI MO3BOJISET aBTOMATU3UPOBATH MPOIECC IMOJIMBA B PEKUMAX KamebHOTO OPOIICHUS U
JOKAEBaHUS, 00ECTIEUYUTh CTPOro (PMKCHPOBAaHHBIA 00BhEM BOAOINOJIAYH K PACTEHUSM HE3aBHCHMO OT
penbeda MeCTHOCTH. B yCIIOBHSAX BBICOKMX TeMIlepaTryp BO3/AyXa B JIETHHI NEpHUOJ BETETaIllH pac-
TEHUH 3a CUET JOXKIACBAHUS CHUXKACTCS TEeMIIepaTypa U MOBBIIIACTCS BIAXXHOCTh BO3/AyXa, UTO CO3/IaeT
OJIaronmpUATHBIC YCIOBHS ISl POCTa M Pa3BHUTHUS CENIbCKOXO3IUCTBEHHBIX KYIBTYp, CIIOCOOCTBYS TeM
CaMBIM TIOBHIIIEHUIO UX YPOKaHHOCTH.

HccnenoBannsa TEXHOIOTMH KameabHO-I0KI€BaIHHOIO OPOIIEHUS TMPOBOIMINCE B CPAaBHEHHUH C
TEXHOJIOTHEH KameabHOro oporieHus. OMbITHl 3aKIaJbIBAIHCH B SOJOHEBOM Cajy, MPEACTABICHHOM
sonmousmu «l'ongen Jlenmumiec» Ha HHU3KOPOCIOM TOJBOE HAa OMBITHO-IIPOM3BOJCTBEHHOM YYaCTKE
Kazaxckoro HUUM Bomnoro xo3siiictBa (T. Tapas, Kazaxcrtan) B 2009-2011 romax. Knumatudeckas
XapaKTEepUCTHUKA pailoHa HCCIEAOBAaHUM (CPEAHEMHOTOJIETHHE 3HAUCHHUSA) MO JaHHBIM METEOCTAHIIUU
" l>xamOyn" moka3aHa B Tabmuie 1.
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Tabmuma 1 — KnmmmaTtudeckas XapakTepUCTHKa paifoHa 1o JaHHBIM MeTeocTaHnun "JxamOym"

Mecsupl
XapaKTepUCTUKU Ton
I I |m || Vv |VvI|vl|viIl| X | X | X1 | X1
cpenHsis 51032132 | 11,3]172(21,7]2341(2121157] 91 | 24 | 26| 95
Temneparypa, | 80COMOTHAI | 1o | aa sy un | ap | a3 | a1 |40 | 35 | 27 | 25 43
tOC MaKCI/IMyM
a0COIIOTHBIN 41 140! 261 -0 3 1 5 1 50 -15 | 37 | -41 -41
MI/IHPIMyM
Ocazku, MM cpenHee 21 | 22 | 37 | 44 | 36 | 21| 9 6 8 | 30 | 30 | 23 | 287
HauOOoJIbIIIEE 86
HauMEHbIIIEe 522
P E—— Y O 68 | 67 | 60 | 49 | 41 | 35 | 31 |30,7] 32 |43,7| 59 |67,7| 48,7
BII&KHOCTH >80%, THU 1 1 03102102103 3
Bo31yXa, % <30%, nHu 6 9 | 14 | 18 | 18 | 15 | 10
g “":PEI"H"“ 0| o0 ]02]03]06]07]07]|009
Yucne nuei cyi 5
BETPOM 3| 56| 6| 6| 5| 4|3 2|4]3]4 51
>15 m/c

ITo naHHBIM KIMMAaTUYECKOW XapaKTEPUCTHKU B pallOHE MCCIICIOBAHUI B TEUEHUE BEreTallMOH-
HOTO TIEpHOJa Pa3BUTHs pPACTECHUIN HAOIOMAIOTCS BBICOKHE TeMIepaTtypsl Bo3ayxa (mo 43 °C) mpu
CpeaHell OTHOCHUTENbHOM BiIakHOCTH Bo3ayxa a0 30,7-49%. Takue yciaoBus NMPUBOIAT K YMEHbIIIE-
HUIO ypoxas pacteHuit [10], u mpoOiema ymydileHHs MHUKPOKIUMATa 3[€Ch SBISETCS OMXHON W3
TTaBHBIX [9].

TexHOMOTHS KanelbHO-I0KIEBAIEHOTO OPOIIeHHsT 00ecnedrnBagach TEXHUUYECKUMHU CPEACTBAMU
(BOOBBITTyCKaMH ) MMITYJILCHOTO IpHHIHIA padboThl. [Ipu Temmneparypax Bo3myxa 1m0 25 °C BOIOBBI-
MYCKaMH OCYIICCTBIISUICS KamlelbHBIN TMOJIMB, a B MEPUOJ] C BHICOKUMH TEeMIIEpaTypaMu BO3IyXa
(6onee 25 °C) — noxneBanue. [lonuB noxxaeBaHHEM NMPOBOAMIICS MPEUMYILIECTBEHHO B JHEBHBIE YaChl
¢ 12.00 mo 18.00 4. IIpomgomKHUTENbHOCTS PabOYEro HUKIA BOAOBBITYCKOB, COCTOSINAS U3 BPEMEHHU
HaKOIUICHUS Pacue€THOTO 00beMa BOIBI B THAPOAKKYMYJIATOPaxX U BPEMEHH €ro BhIOpOCca, H3MEHSIIACh
ot 10 mo 120 c. Ha yuacTke KaneibHOTo OpolieHHus (KOHTPOJIb) MOJIMB PACTEeHUH MTPOBOAMIICS Karelb-
HHUIIaMH B T€UYEHHE BCETO UX BEreTallMOHHOTO EPHOAA.

C y4eToM HpUHSTHIX TEXHOJOTHH MONKBA M3YYaIHCh OCHOBHBIC (PAKTOPHI, OKA3bIBAIOLINE BIIHS-
HHE Ha YCJIOBHA POCTa U pa3BUTHA s1010Hb. Onpenesiiuch oKa3aTelld TeMIepaTyp U BIaXKHOCTH BO3-
JyXa, BIIarocojiepXaHne, BOI00TAa4ya, BOJAONOIONIEHHE U HHTEHCUBHOCTh TPAHCIIUPALIMHU JINCTHSIMHU
S0JIOHB.

TeMnepaTypa W BI@XHOCTh BO3AyXa PETHMCTPUPOBAIUCH HA IJIOIIAZKAX, PACHOJIOKEHHBIX B
KOHTYpaXx YBJIa)KHEHHUS IIOYBbI TEXHUUECKUMH CPEACTBAMH MOJIHBA.

HabnroneHust mo3BONMIM YCTAaHOBUTH M3MEHEHHSI OCHOBHBIX (PAKTOpPOB, OKa3bIBAIOIINX BIUSHHE
Ha yCIIOBHUS POCTa M Pa3BUTHUS PACTCHHUI B MEPUO C TeMIiepaTypaMu Bo3ayxa Oomee 25 °C u Biax-
HOCTbIO Bo3ayxa Huxke 30—40%. [Ipu kanenbHO-I0XKACBAIBHOM OPOILICHUU B CPAaBHEHUU C Kallelb-
HBIM TIOJIMBOM Pa3HOCTh TEMIepaTyp Bo3ayxa gocturana 2,7 °C B mpuzeMHOM cioe. PazHocTs Mexay
3HAQUEHUSIMU BIIAKHOCTH BO3Ayxa nocturaia 23%.

JlononHuTEeNnbHOE HOXKIEBAHUE B HANIPSDKEHHBIM NIEPUOJL BEreTaluy 10J10Hb, OCYIIECTBIIEMOE Ha
YYacTKe KalleJIbHO-I0KICBaIbHOTO OPOLICHHUS, ITOJIOKUTEIBHO BIUIO HA BOJHBIM PEKHM, POCT U
pasBUTHE PACTECHHH.

Brnaroconepxanue B JTUCTBSAX S0JIOHb IPU KaleIbHO-IO0XKAEBAIBHOM OPOLICHUM IIPEBBIIIAIO HA
5,8—15% copneprkaHue BOJBI B JIUCTHSIX HA YYaCTKE KaleJIbHOTO MoJvBa (Tadmuma 2).

VHTEeHCHBHOCTD TpaHCTIMPALUK JUCTHEB SONOHD B 13 4 MpH KanenbHO-A0KeBaTLHOM OPOILICHHN
noBbIanach Ha 6—12%. Bomomornomniaromas crmocoOHOCTh JIMCThAME SIOJOHB B 13 4 B yCIOBUSX
JOTIOJTHUTENILHOTO JI0KAeBaHus cHIkanack Ha 0,05-0,13 r/r cyxoro Beca. [leduuuT oTHOCHTENBHOM
TypreclieHTHOCTH JIUCTheB cHIXkaincs Ha 2,0-3,3%.
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Tabnuma 2 — Braroconep:xanue B JINCTBAX 10J10HB B 13 4, % 0T Macchl

[Jara npoBenenust ombita, 2011 rog

OpolieHue
12.06 13.06 14.06 15.06 16.06 12.07 13.07 14.07 | 15.07| 16.07
KanensHo-10KaeBaabHOE 69,8 68,3 71,2 68,9 70,0 66,1 75,9 72,1 71,1 69,1
KamnensHoE 63,3 62,1 63,7 62,2 63,1 60,3 60,9 60,3 62,3 60,5

TIpooonxcenue madbauyer 2

[Jata npoBenenus omnbita, 2011 rox

OpolieHue
12.08 13.08 14.08 15.08 16.08
KarmenpHo-10XAeBaIbHOE 71,0 73,0 69,0 70,0 77,0
Kamensnoe 65,0 66,0 60,0 61,0 67,0

VIHTEeHCHBHOCTD TpaHCTIMPALUH JUCTHEB SOJIOHD B 13 4 MpH KaIenbHO-A0KIeBATLHOM OPOILICHUN
roBeImanacek Ha 6—12%. Bomomormomaromas crmocoOHOCTh JIUCThAMHU SIOIOHh B 13 4 B YCIOBHAX
JOTIOJTHUTENILHOTO JOXkIeBanust cHibkanach Ha 0,05-0,13 1/r cyxoro Beca (pucyHok 2). Jedunur
OTHOCHUTEIILHON TYPreCL€HTHOCTH JIMCTheB CHIKazcs Ha 2,0-3,3%.
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Pucynok 2 — Xapakrep U3MEHEHNSI HHTCHCUBHOCTH TPAHCIIMPALUU U BOJIOIOTIIONIAIONIECH
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CIIOCOOHOCTH JINCTHEB SI0JI0HB TP KaneJIbHO-A0XKACBAJIbHOM OPOIICHNU B CPAaBHEHUU
C KarelIbHBIM II0JUBOM B S0JI0HEBOM caay Ha BBICOTE 0,5 M B JHCBHBIC YacChbl.
d — UHTCHCUBHOCTbH TPpaHCIIUPpALIUH; 0 — Boaomnorjiionarouas CIIOCOOHOCTD JIUCThSIMU SIOJIOHB B 13 4
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BoaHbI pexuM pacTeHHH 3aKOHOMEPHO M3MEHSETCS B TEYEHHME JHSA, CIENys 3a HaIlpsDKEH-
HOCTBIO IOTOAHBIX YCIOBHM, U JOCTUTAET Makcumyma B 13—14 4.

VYydmeHHbIe MMOKa3aTeNd MHKPOKIMMATa W BOJHOTO PEXHMa PACTEHHH OOSCIEeYWNIH JIOTOJ-
HUTEIBHBIA TIPUPOCT OAHONETHUX moberoB Ha 9,0-12,8%, okpyxHOCTH mTamOa s0710HE — Ha 9,6—
10,8% u BBICOTHI epeBbEB — Ha 6,8-9,8%.

TexHOMOTHST KaNeIbHO-T0KICBAILHOTO OPOIICHUS 3a CYET JOMOIHUTEIHFHOTO OXKACBAHUS B
JKapKHe 4Yachl CYTOK MO3BOJIIIA CTUMYJIHPOBATh POCTOBBIE MPOIECCHl SIOJOHD 3a CUET YIyUIIEeHUSI
MUKPOKJIMMATHUECKUX TOKa3aTeleil B cpeie pa3BUTHSA PACTEeHHH M BOJHOTO peXHMa SOJOHb H
o0ecrieunyia MOBBIMICHUE YPOKaHOCTH Ha 5,6—9,9%.

[TomydeHnHble pe3yabTaThl HCCIENOBAaHUS 3TOW TEXHOJOTHH IMO3BOJSIOT OTHECTH €€ K BOJOpe-
CypcocOeperaroniuM TEXHOJIOTHIM TOJINBA B CETHCKOXO3SIICTBEHHOM MPOU3BOACTBE [15].

BuiBoasl. CoderaHue KalelbHOTO MOJHMBA W AOXKICBAHUS OOBCIAMHSET IOJIOKUTEIBbHBIE Ka-
YeCTBa, MPUCYIINE KAXKIOW TEXHOJIOTUH B OTACIHFHOCTH.

TexHOMOTHS KaNeIbHO-T0KICBAIEHOTO OPOIICHUST 00ECTICUNBAET YCIOBHUS ISl SKOHOMHUH OPOCH-
TEJBHOM BOJBI 32 CUET ITOJIMBA PACTEHUH KalelbHBIM OPOIIEHHEM B OCHOBHOM NEpHOJI BETeTalluu 1 32
CYeT YJIyYIIeHUS MUKPOKIMMaTa M BOJHOTO PEKUMA CEIbCKOXO03IHCTBEHHBIX KYJIBTYp MPHU JOTIOJHH-
TETHPHOM JIOK/IEBaHUHM B TIEPUOJ C BHICOKMMH TeMIepaTypamMH M HHU3KOW BIAYKHOCTHIO BO3AyXa CTH-
MYJIUPYET POCTOBBIE MPOLIECCH BHIPAIIIMBAEMOM KYJIbTYPHI.

TexHomorusi KanenbHO-A0KACBaIBHOTO OPOIICHHUS B MEPHUOJ C TEMIIepaTypaMH Bo3ayxa Ooiee
25 °C B s610HEBOM caly IO3BOJIMJIA CHM3UTH TEMIIEpaTypy BO3JyXa B Cpelde pocTa pacTeHHi Ha
1,5-2,7 °C 1 OBBICUTH €T0 OTHOCUTEIBHYIO BIAXKHOCT Ha 5—23%.

[Ipu xanenbHO-0KEBAIBHOM OpOILIEHUH BIIarocojAep kaHue JUCTbEB MOBbImaeTcs Ha 5,8—15%,
BOJIOTIOTIIAIIeHne JIMCTheB cHmkaercs Ha 0,05-0,13 1/r cyxoro Beca, Ae@HUINT OTHOCHUTEIHHOU
TYpreCeHTHOCTH JHCThEB yMeHblnaerca Ha 2,0-3,3%, MHTEHCHBHOCTH TPAaHCHHPAIUH JIUCTHIMHU
nmoBkIIaeTcs Ha 6—12%.

Ota TexXHONIOTHs 00ecneunBaeT MPUPOCT OAHOJIETHUX 1T00eroB 510100 Ha 9—12,8%, OKpyKHOCTH
mramba Ha 9,6—10,8% u BBICOTHI nepeBbeB Ha 6,8—9,8%. 3a cueT yiydmeHHss MUKPOKINMATHIECKIX
rokaszaTesnieil B cpejie pa3BUTHSA sI0JOHb M X BOJHOTO PEXHUMa YPOKaHHOCTD SIOJIOHB MOBBIIIACTCS Ha
5,6-9,9%.
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