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Beenenune

Boansie pecypcesl Ha EBponerickon teppuropun Poceuu, rae mpo-
JKMBAET BOCEMBJIECAT MPOLIEHTOB HACEJICHUA, a4 TAKKE COCPENOTOUYEHA OC-
HOBHAsl 4acTh XO3SIMCTBEHHON WMHQPACTPYKTYPhl, COCTABISIOT JIUIIL BO-
CEMb IIPOIIEHTOB OT BCEX BOJHBIX 3a1aCOB CTPaHbl. B F0’KHBIX pailOHaxX Ha-
omonaercsa aedunut Boabl. [Ipu ycinoBuM mpUMEHEHHs] OPOIICHHS 371eCh
BO3MOXKHO TOJIy4aTh BBICOKHE YpOXkKauh U 00eCHeUuTh MOTPEOHOCTH Hace-
neHust Bced cTpanbl. Hambonee 3(PexTUBHBIM CHOCOOOM OpOIICHUS
B PA3BUTHIX CTPAHAX IIPU3HAETCS KAIlEJIbHOE OPOIICHUE.

KanenbHOe opornieHrue B HACTOSIIIEE BpeMsl SIBJISICTCSl OJHUM U3 HUH-
TEHCHBHO Pa3BHUBAIOIIUXCA CIOCOOOB OpolleHUs. B mocnennue aBaaaTh
JIET TUIOMIA/IU, 3aHATHIC KarleJbHBIM OPOIICHUEM, PACIIUPUIINCH O0Jiee YeM
B 6 pa3 v B HACTOAIIIEE BPEMS B MUPE COCTABJIAIOT nopsijka 6,1 mau ra [1].

B nameii crpane, no ornenke ICID, B 2005 roxy ObII0 3aHATO OKOJIO
200 ThIC. Ta, a eciM y4ecTb, 4To (pakThuecku B PD monuBaercs nopsaka
400 TBIC. Ta, TO MOJYYAECTCS, UTO O IUIOIIAACH, TAE NMPUMEHSETCS Ka-
MIEJIBHOE OPOIICHUE, ABIACTCS 3HAYUTENbHOU [2, 3].

[IpumeneHne kaneabHOro OPOIIEHUS BO MHOTMX CTpaHax Mupa Jo-
Ka3aJI0 €ro MPEUMYIIECTBA, CPEAN KOTOPBIX: CHMKEHUE TPYIOBBIX, SHEP-
TE€TUYECKUX M PECYPCHBIX 3aTpaT, BO3ZMOXKHOCTh HCIIOJIb30BaHUS Ha 3€M-
JISTX, HEMPUTOAHBIX JUIsl OPOIICHHS JPYTHMMH CIIOCOOaMM, HarpuMep Ha
36MJISIX C BBICOKHM 3aQJIETAHUEM TPYHTOBBIX BOJI, HA KPYTBHIX CKJIIOHAX, Ha
oYBax JIEFKOTO MEXaHUYECKOro cocraBa. lcrnosib3oBaHMEe KarelbHOIro
OpOUIEHUSI TTO3BOJISIET CHU3UTh OPOCHUTENbHBIE HOPMBI Oosiee ueM Ha 50 %
M0 CPAaBHEHUIO C TPAAUIIMOHHBIMHU CIIOCOOAMH, BHOCUTBH yIOOpEHUS IS
MOJIYYEHHUS MAaKCUMaJIbHBIX YpPOXaeB 3allIAaHUPOBAHHOIO KadecTBa. Ero
BO3MOXKHO TIPUMEHSITh MPU MOBBITIEHHOW MUHEpaIU3allii BObI, Ha MOJSX
HEIPaBUIHHON (POPMBI, IPU HATMYUN MaJIOJACOUTHBIX UCTOYHUKOB BOJIO-
CHa0XXEHUS U UCMOJIb30BAHUU MECTHOTO CTOKA, pe3epBbl koToporo Ha FOre
Poccun cocrapisitor 10 7,0 KyOO-KAJIOMETPOB B T'OJl, YTO MOXET OOecIe-
YUTH MOJIMB Ha ILIONIAIN OKOJIO 2-X MJIH Ta [4].

KanenpHOE opomieHue sBseTCS HAaMOOJIee TEXHUYECKU CIIOKHBIM U
JIOPOTOCTOSIIIIUM CITOCOOOM opolieHusl. HeaocTaTouHblil ydeT MCXOAHBIX
YCJIOBUU MPU NPOCKTUPOBAHUU M IKCIUTyaTalldd CUCTEMbI IPUBOJIUT K HE-
TaTUBHBIM pPE3yJIbTaTaM, KOTJa BIIOKEHHBIE PECYPChI ((PUHAHCOBBIC, TPY-
JIOBbIE, MaTepuajbHbIE) HE NAIOT oxkuaaemon ornayu. [lpm Henpogyman-
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HOM KCIIOJIb30BaHUU KaIleJIbHOI'O OPOLICHUSI BOZMOXHA HE TOJBKO MOTEps
BJIOKEHHBIX CPEJICTB, HO M HAHECEHUE BpeIa OKpyKarolel cpene [5].

[IpakTrka IpUMEHEHHS CHCTEM KalleJbHOTO OPOIICHMs IIPH BO3JE-
JIIBAaHUM OBOIIHBIX KYJIbTYp Ha FOre Poccuu B nmocieiHue roipl okasana,
YTO NPU NPOEKTHUPOBAHUU M IKCIUTYyaTAllMH UX YAEISIETCS HEAOCTATOYHOE
BHUMaHUE BOIIPOCAM BJIMSIHUSA HA OYBEHHOE IUIOAOpOAHE. B cBsI3u ¢ aTUM
BO3HUKJIA MOTPEOHOCTh B pa3pabOTKE arpoTeXHUYECKUX TpeOOBaHMIA
K CHUCTeMaM KalleJbHOTO OpOLIeHHs, 00ecleunBalolX pecypcocOepexe-
HUE U COXPAHEHHUE LJI0I0POIUSI YEPHO3EMHBIX MOYB.



1. PacnipocTpaHeHue KaneJbHOI0 OPOIIEHUs B MUPe

1.1 ITonsiTHE KaNEJIBHOT0 OPOUICHUS U MUKPOOPOLIEHUSA

KanensHoe opoliieHne — JIOKaJIbHBIA CIIOCO0 MOJMBa € MoJayeii BOJIbI
M0 TJIACTMACCOBBIM TPYOONpPOBOAAM Uepe3 KameIbHUIbl OE3HAMOPHO IO
KaruisiM Ha TOBEPXHOCTh WJIM IO ITOBEPXHOCTH MTOYBBI B 30HY PacipocTpa-
HEHMSI OCHOBHOM MAacCChl KOPHEW Ka)JI0T0 OTAEIBLHOI0 pacTenus [6, 7, 8].

KamenmpHOE OpomIeHrne OTHOCUTCA K TaK Ha3bIBAEMOMY MHUKPOOPO-
HICHHIO, KOTOPOE BKJIFOYAET KPOME KaIleJIbHOTO OPOLIEHUs, B KOTOPOM BO-
Ja TOJIaeTcsl yepe3 KameiabHUIbl (puc. 1), cnennarsbHO BMOHTUPOBAHHBIE
B TpyOOIIPOBOIBI MJIM PACIOJIOKEHHBIE Ha TPYyOOIPOBOAE, TAKXKE U OpO-
HICHHE C MOMOIIBI0 MHUKPOCIPUHKIEPOB PA3JIMYHOIO THIA, UMEHOIIUX
pacxon o0 200 n/gac (puc. 2) [2].

Puc. 1. KanejqbHuIbI, BMOHTHPOBAHHbIE B TPYOOIIPOBO/ U
NnpeHa3HAYCeHHbIE V11 YCTAHOBKH Ha TpyOomnposoze [2]

K P§$

Puc. 2. MukpocnpusHkiepsl [2]
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1.2 KpaTkasi ncTopusi CO34aHUS KaNeJbHOr0 OPOIICHUS

HauajoM BO3HHMKHOBEHHMS KamelIbHOIO OPOILICHHUS MOYKHO CUHTAThH
UCIIOJIb30BAHUE €IlI€ B JAPEBHOCTH TJIMHSHBIX T'OPIIKOB, 3alIOJHEHHBIX BO-
JIOM, U3 KOTOPBIX BOJAA IOCTENEHHO IpocaunBajiach B nouBy. CoBpeMeH-
HOE KalleJIbHOE OPOIIEHHUE HAa4yajo cBoe pa3Butue B I'epmanuu B 1860 ro-
Jly, KOrJa MCCJIeIOBATENN HAaYaJld SKCHEPUMEHTUPOBATH C IOIIOYBEHHBIM
OpOIIIEHHEM, UCIOJb3Yys TJIMHIHBIC TPYOBI JUIsI KOMOMHHMPOBAHHUS OPOCH-
TeNbHOM U ApeHaxxHou cucteM. B 1913 rony E. B. House B yuuBepcurere
Konopano Colorado State University cymen ycremHo nojarh BOAy B KOp-
HeoOUTaeMyl0 30HY pacTeHHil 0e3 MoabeMa YPOBHS TPYHTOBBIX BOJI.
B 1920-x rogax B I'epmanmnu ObL1 TIpeAcTaBieH NepGOpUPOBAHHBIN TPY-
oomnpoBoa, a B 1934 roxy O. E. Robey npoBoaui skciepuMeHTsI ¢ OpPHUC-
THIMM TKAHEBBIMU LIUIAHTAMU B yHHUBepcutTere Muuurana. Ilociie Bropon
MHUPOBOM BOWHBI Pa3BUTHE MPOU3BOJCTBA COBPEMEHHBIX ILIACTMACC I1O-
3BOJIWJIO PEAJIM30BaTh OCHOBHBIE MPEUMYIIECTBA KAMEIbHOTO OPOIICHHS.
[TmacTmaccoBble MUKPOTPYOKM M Pa3IMYHOIO THUIA KalleJbHUIbl Havyalld
ucnoJib3oBarh B Teruiax Esponsl u CIHIA [1].

HoBasi TexHOJOTHS KameJbHOTO OpOIICHUs ObUIa TIpeacTaBlieHa
Simcha Blass u ero cerHOM Yeshayahu B M3pawnse, rae on paspadoran u
3amaTeHTOBAN MEPBYIO MCMOJB30BABIYIOCS HA TIPAKTHUKE KaNeJIbHUITY IS
MTOBEPXHOCTHOT'O KarelbHOTO OpoIieHUs. BMecTo Toro uTo0bl BHITYCKATh
BOJY 4epe3 HeOONbIlINe OTBEPCTUSA, KOTOPHIE JIETKO 3aCOPSUIUCHh MEITKUMHU
YaCTHUIIAMHM, BOJIA BBITYyCKaIach yepe3 OOJIbIIEro pa3Mepa U JUIMHBI TPOXO-
JIbI, B KOTOPBIX C TIOMOIIBIO TPEHHS] BHYTPH IIACTMACCOBOM KaIleJIbHULIBI
3aMeIIAIICA NOTOK BOABL [lepBbIil MPOM3BOACTBEHHBIM Y9aCTOK KOMITAHUHU
«Heradum» ¢ HCONB30BaHUEM CHUCTEMBI TAKOTO THUMA ObUI YCTaHOBJIEH
B 1965 rony bnaccom B U3paune B kubyne Xarzepum [9].

1.3 Hnomann, 3AHATHBIC CHCTEMAMM Kall€JIbHOI'0O OPONICHHA B MHUPE

[IIupokoMacmTabHOE MCIOIb30BAHUE KAlEeJIbHOIO OPOILIEHUs Haya-
aock B 70-x romax B ABcrpanmm, M3paune, Mekcuke, HoBoil 3emanguu,
CHIA u IOxHoit Adpuke 1715 OpOLICHHS] OBOLIHBIX U IJIOJOBBIX KYIbTYP
[10, 11]. CooOmianoch, 4TO TIOMIATN TIOJ KaleJbHBIM OpOIICHHEM CO-
crasisa 56000 ra. Ilo nanaemm Mexaynapoanon Komuccun o Uppura-
nuu u Jpenaxy (ICID), miomand mojg MUKPOOPOUICHUEM MEJICHHO, HO
HEYKJIOHHO yBeanuuBaiuce v K 1981 r. coctaBmwm 0,4 muH ra, 1,1 muH ra



B 1986 ., 1,8 M ra B 1991 r. u okono 3,0 max ra B 2000 r. BMecTe cO
CIIPUHKJICPHBIM MUKPOOPOIIIEHUEM [2].

Hecatunerne 1990-2000 TomoB CBUAETEIHCTBOBAIO O PE3KOM YBe-
JUYECHUM PACIPOCTPAHEHUs] TEXHOJOTMU KameJIbHOrO OpOIIEHUS Kak
B Pa3BUTHIX, TaK U B PA3BUBAIONIMXCS CTpaHax. B ciayuyae ¢ Mukpoopore-
HUEM HauOoJIbIlIee PaCIpPOCTPAHEHUE OTMEUEHO Ha AMEPUKAHCKOM KOH-
tudeHte (1,9 muH ra), 3arem B EBpone u Azuum (1,8 MJIH ra B KaxaoM),
Adpuke (0,4 muia ra) u Okeanuu (0,2 mutH ra). [iomans moja MUKPOOPO-
IIEHUEM YBEJIMYMIAch MOYTH B IIECTh pa3 B TeueHue nocieanux 20 yer —

c 1,1 mua ra B 1986 1o 6,1 mutn ra B 2006 (puc. 3) [1].

7000000 -

6089534
6000000 -
5000000 -
4000000 -
3000000

2000000 -

3201300

1826287
1030578

1000000 - 436590
o wem
1981 1986 1991 2000 2006

Puc. 3. Ilnomaau nog MukpoopomeHueM B mupe [1]

ITo manubmM S.A. Kulkarni u ap. [2], B 2005 r. B PO 65110 200000 T2
IO/, KaleJIbHbBIM OPOLIEHUEM, YTO COCTABISIET OKOJO 4 % OT BCEW Opo-
maeMoi miomaad. Hanbosplmuii mpoleHT OpollaeMbIX IUIOMIaAeH Moy
KaneJabHbIM opoimieHueM otMmeueH B Mspaune (74 %), Ucnanuu (26 %),
Caynosckoit Apasuu (17 %), Tynuce (16 %), FOxnoit Adppuke (15 %),
Utamuu (14 %). Haubonbiue miomaay mnoj KanejabHbIM OpPOIIICHUEM 3a-
HaThl B CIIA — 1209757 ra (6 % oT Bceit opomraeMoi miomasu) (tadm. 1).

Taomumna 1

Crtpanbl ¢ HAMOOJIbIIUMH TLUIOIHAASIMH, 3AHATHIMH MUKPOOPOIIEHUEM,
no aanubiM ICID, 2005 rox

% OT BCEH IUIOIaa
Crpana [Tnomanm -
1 2 3
CIIA 1209757 6
HUcnanns 914112 26
Nunus 589251 1
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ITponomkenue Tadauisl 1

1 2 3
Kuraii 371000 1
Uranus 366038 14
bpazunus 338000 10
Oxnas Adpuka 220000 15
Poccus 200000 4
Mekcuka 200000 3
CaynoBckass ApaBusi 198000 17
ABcTpanus 180000 9
W3panib 170000 74
Upan 160000 2
['penust 128583 9
Eruner 104000 3
Ppannus 103300 7
Y 62153 3
Cupus 62000 5
TyHuc 62000 16
Snonus 55000 2
Bcero 5693194 3

3a mocinegHue 15 JeT mpoM30IUI0 3HAYWTENIBHOE COKPAILECHHE I10-
nuBHBIX Tomaaen [12]. M3 Otkpeiroro nuceMa JI. A. MenBeneBy akajue-
mukoB II. A. Ilonan-3ane, A. A. Bukcue, b. M. KuzseBa u3BecTHO, 4TO U3
6,3 MJIH ra opoIaeMbIX 3eMelb, UCroiab30BaBmuxcs B 1990 rony B Poc-
CHUH, CETOJHS B pabOTOCIIOCOOHOM COCTOSIHUM HAXOAUTCS MeHee 2 MIIH Ta,
a nosiuBaercsi ToJabko 0koio 0,4 maH [3]. CpaBHUB LML, TPEACTABICH-
Hble B 3ToM nucbMme (400000 ra, KOTOpble MOJMBAKOTCS), U BBIICTIPUBE-
JIEHHbIC JTaHHBIE MeXTyHapOIHOW KOMHUCCHHM IO UPPUTAIMU U JIPEHAKY
(omaab B PO nmox mukpoopoienrem cocrasisier 200000 ra), momyda-
€TCsl, YTO TMOJIOBUHA (PAKTUYECKH TOJIMBAEMBIX B HACTOSIIEE BpPEMs ILIO-
manet B Poccuiickon @enepanuiy MoJUBACTCSA C MOMOIIBIO KaleJIbHOTO
opoleHusi. Bo3M0OXHO, 4TO UCTUHA HAXOAUTCS TJI€-TO MOCEPEANHE, HO OT-
pHULIATh TOTO, YTO KameJIbHOE OPOIICHWE CTAHOBUTCS B HAIIEH CTpaHE O/I-
HUM W3 JUHAMUYIHO PA3BUBAIOIINXCS CTIOCOOOB OPOIIICHMS, HENIB3I.

2. HpenMymeCTBa H HEAOCTATKHN KAIlCJILHOI'0 OPOIICHUSA

C nmoMouIs0 MUKPOOPOIIEHHS U KaleJIbHOTO OPOIICHUS B YACTHOCTH
MOYKHO TIOJINBaTh BUHOTIPAJTHUKH, CaIbl, IIOJEBBIE KYJIBTYPBI, BETPOJIOM-
HBIE TI0JIOCHI, OBOIIHBIE KYJIBTYPbI, TEIUINYHBIE KYJIbTYPbI, & TAKKE JIAH]I-
madTHBIE cUCTEMBI [13].

[IpenmyiiecTBaMH KaneiabHOTO OPOIIECHHS ABILtOTCA [ 1, 14]:




- MOBBIIIIEHNE YPOXKAHHOCTH KYJIBTYpPHl C OJIHOBPEMEHHBIM CHHKE-
HUEM TIOJMBHBIX HOPM M YMEHBIIEHUEM 3aTpar BOJbl HA MOJYyYEHUE €Iu-
HUIIBI TPOAYKIIUH;

- YMCHBIIICHUE TUIOMIAAN YBJIAKHICMOM 30HBI, W KakK CIICJICTBHE,
CHUKEHUE TTOTEPh BJIATY 3a CUET UCIIAPEHNS,

- BO3MOKHOCTh MPOBEJCHUS TMOJUBOB MPH CHJIBHOM BETPE C COXpa-
HEHHEM PaBHOMEPHOCTH PaclpeiesIEHUs BJIark Ha OpOIIaeMOM yUYacTKe;

- OTCYTCTBHE HEOOXOJIMMOCTH THIATEIHHON TIAHUPOBKHU OpPOIIaeMO-
IO y9acTKa, TaK KaK MOJIMBHBIE TPYOOIPOBOABI C KOMIIEHCUPYIOIITUMH J1aB-
JIEHWE KaleJbHUIIAMU MO3BOJISIOT MPUMEHSTh UX B CAMBIX CIOXKHBIX TOIO-
rpauuecKkux yCcIoBUSAX MPU OTCYTCTBUU MTOBEPXHOCTHOTO CTOKA;

- CHIDKEHUE OPOCHUTEJIBHBIX HOPM, MPAKTUYECKH UCKITFOYAIOIIEEe BO3-
MOXKHOCTh (PHUIBTPAIIU B HUKEJIEKAIINE TOPU3OHTHI M TTO3BOJISIET ITPUMeE-
HATh CUCTEeMbI KanenbHoro opomieHus (CKO) Ha TeppuUTOpUsIX ¢ 3ajeraHu-
€M YpOBHSI TPYHTOBBIX BOJI BBIIIE, YEM JOMYCTUMO JUTSl IPYTUX CITOCOOOB
MOJIMBa, 0€3 OIMTACHOCTH BTOPUIHOTO 3aCOICHHUS;

- MPEIOCTABIISACTCS BO3MOXKHOCThL TPOBEIEHUS CENbCKOXO035SHCTBEH-
HBIX padOT BO BpEMsI OpPOIIIECHHUS;

- oOecrieunBaeTcsl mojada ymoOpeHHH HEMOCPEICTBEHHO B KOpHE-
o0HuTaeMBbIil CJION;

- HCKJIFOYAIOTCSI epU(EpUITHBIE TTOTEPU BOJIBI;

- YMEHBIIACTCS KOJIMYECTBO COPHSIKOB B MEXKIYPSIIbSIX;

- IPH TIEPEX0/I€ OT APYTUX THUIIOB OPOIICHMSI K KarneJIbHOMY, IIPOIIECC
aJanTaIuy IPOUCXOTUT OBICTPO U 6e3 mpobdiieMm;

- YIIYYILIEHUE PKOJIOTUYECKOM 00CTaHOBKH 3a CUET UCKIIFOUEHUS BO/I-
HOM 3pO3UU U CTOKA C YYACTKOB, /1€ IPUMEHSETCS KaleJIbHOE OPOLIECHHUE;

- BO3MOXKHOCTh HCIIONB30BAaHUSI HA KPYTHIX CKJIOHAX, T/I€ METOJbI
MOTYT BBI3BaTh UPE3MEPHYIO IPO3HIO.

OCHOBHbBIE HEJIOCTATKU KaIeJIbHOTO oporieHust — 31o [1, 14]:

- BBICOKAsi CTOMMOCTb;

- 0OJIBIIIOE KOJIMYECTBO MJIACTMACCOBBIX TPYO, KOTOPhIE HEOOXOIUMO
YTHIIM3UPOBATH, CJIEIOBATENILHO, YBETUUEHUE KOJUIECTBA OTXO/IOB;

- 3aCOpEHUE KarleIbHUII;

- HEIPUTOAHOCTh JJI MCIOJIb30BAaHUS B KaueCTBE MPOTHBO3aMOPO3-
KOBOT'O OpOIIICHHS;

- HE MPUEMJIEMO JJI BCTIOMOTATEIbHBIX TEXHUYECKUX TTOJIMBOB;
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- IPU OMPEJIEICHHBIX THUIaX MOYB U MOJIMBHON BOJIbI BO3MOXKHO YBE-
JMYEHUE KOHIIEHTPAIIMK COJIEM B 30HE CMOYEHHOI'0 KOHTYpa, BIEKYIIIEE 3a
co0O0l OIMAacCHOCTh UX MOMAJaHKs B KOPHEBOM FOPU3OHT B CIIydae JJIUTENb-
HOT'O BBINMAJCHUS 0CAJIKOB HEOOIBIITUMHU PACXOaMU;

- HEKOTOPBIM KYJbTYypaM JUIsl XOPOILETO pOCTa U Pa3BUTUS HEOOXO-
JTMMO CMauMBaHUE JINCTHEB.

3. BausiHve BOAHOI0 M MUTATEJIbHOI0 PE:KUMOB HA YPOKAUHOCTD
OBOILHBIX KYJbTYP NPHU KaneJbHOM OPOLICHUH

YPpOoKaiHOCTh MPU UCIIOJIB30BAHUU KaIleJIbHOI'O OpPOILLIECHUs, 110 J1aH-
HBIM MHOTMX MCTOYHHKOB, CIIOCOOHA 3HAYMTEIBHO MOBBICUTHCA. Tak, 1Mo
nanabiM KoMnanuu A.LLK. L'TD, ypoailHOCTh OBOIIHBIX KYJIbTYp MPH KC-
II0JIb30BAHUU CHUCTEM KalleJIbHOI'0 OPOLIECHUS MOXKET COCTaBJIATH, HAIpU-
Mep, Jyka peryaroro 120 t/ra (tabn. 2) [15].

Tabmuua 2

YPpoxkaiiHOCTh OBOUIHBIX KYJbTYP NP UCIOJIb30BAHUU
CHCTEM KaleJbHOro opoueHus [15]

KynbTypa YpokaitHOCTb, T/Ta
Tomar 160
JIyk peruaTslit 120
Kamycra Genoxovyannas 120
MopkoBb 120
CBekJia cToJI0Bas 100
Orype1n B pacTHJI IO TTOYBE 50
Crnagxuii epert 100
baknaxan 120
Kaprodenp pannmii 60

CormacHo pesynbraram uccienoBanuii B. A. @enoceeBoil, MpoBO-
JUBIIMXCS B YCJIOBHSX CBETJIO-KAIITaHOBbIX Mo4uB HuknHero IloBoikbs
(2005-2007 rr.), — Opu TOBBIIIEHUH TPEANOJUBHOrO mopora oT 70 10
90 % HB ypoxalHOCTh TOMATOB B cpeAaHeM yBeauuuiach ¢ 49,7 no
96,4 T/ra. YBenuuenue a03bl yaoOpenuit ¢ NP4 Kss 10 NigoP70Kgg Ha
(hoHE JTAaHHOTO BOJIHOTO PEXUMA IMOYBBI TAKIKE CLIOCOOCTBYET MOBBIIICHUIO
YPOKaWHOCTH B cpeaHeM Ha 58-75 % [16].

ITo nanuemm A. C. OBunnHukOBa, 1. U. AzapbeBoii, (opmMupoBaHue
HauOOJBIIeH yposkalHOCTH TOMATOB 95, 96 T/ra MPOUCXOIUIIO TIPHU MPOBE-
JICHHH TOJIOCHOTO OOBEMHOTO PHIXJICHHS M MOJMBHONH HOopMe 190 M’/ra

[17].
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Uccnenosanusa A. C. OpunHHukoBa, 1. U. AzapbseBoil noka3zaiu, 4to
TIpHMEHEHHe HauGOoIBIIHX B OIBITE MOJIMBHBIX HOPM 220 M’/Ta 1 TpoBe;ie-
HUE TIOJIOCHOTO OOBEMHOI0 PBIXJIEHUSA CIOCOOCTBOBAJIO PA3BUTHUIO Hau-
OoJpIIEH KOPHEBOM MaccChl, OJIHAKO YPOKAMHOCTh TOMATOB ObLIa TOJIyde-
HA TP MeHee BBICOKO#T oymBHOi Hopme 190 m/ra [18].

Jns ouieHkn 3(PGHEKTUBHOCTU KaleJIbHOTO OpOIIEHUST TOMAaTOB
B Bonrorpanckoit obnactu M. C. I'puropoBeiM, B. A. denoceBoii 3akna-
JBIBAJIUCH MOJIEBBIE ONBITHI MO U3YUYEHUIO PA3JIMYHBIX BOJHBIX M MULIEBBIX
PEXKUMOB TIOYBBI C MOJIEPKAHUEM MPEANOJUBHOTIO IMOPOra BIAKHOCTH
B €€ aKTUBHOM ciyioe Ha ypoBHsx 70, 80 u 90 % HB u BHecenuem 103
yaoopenuit: Ni1oPssKso n NisoPeoK7s. B BapuanTe nomyctumoro yBennue-
HUs BiaxHOCTU nouBbl 10 90 % HB s (hexkTUBHOCTH COOTBETCTBYIOIIETO
YBEJIMUCHHUS T03bI BHECEHHS YIOOPEHHUI XapaKkTepru30Baiach MOBHIIICHUEM
ypoxaiiHoct ¢ 84,7 mo 90,8 1/ra. [loBeIIeHHe CyMMapHOTO pacxoja Biia-
M pacTeHHil 10 6640 + 50 M’/ra oGecrieunio ux ypoxaiinocts 90 T/ra.
YMeHbIIIEHHE MPEANOIMBHOIO MOPOra BIAXKHOCTH MPUBOJIUIO K IMOTyYe-
HUIO Oosiee HU3KOU ypoxkariHocTu ¢ 57,7 mo 63,1 1/ra [19].

B. H. bouaposevm, I'. @. Cokonoroii, H. H. Kucenesoii, /I. B. Kpas-
IIOBOM, MIPOBOJIMBIIMMH HCCJEAOBaHUS B JiebTe BoJrm mpu kameiabHOM
oponieHuH, OBLIO YCTaHOBJICHO, YTO MPH MOAACPKAaHWUU ONTHMAaTbHOU
BJIaXHOCTU nouBbl 80-90 % HB HamMmeHblllee KOMMYECTBO BOJIbI B CYTKH
(B cpemreM 28 M’/ra) pacTeHHs TOMAaTa PacXomylOT B HEPHOJ HAPACTAHUS
BEreTaTHBHON Macchl, Hauboblee (64 M’/ra) — B dase m101000pazoBaHus
[20].

[To nannbM O. E. Aconnnu, npu nzydenun 3PpGeKTUBHOCTH Karellb-
HOT'O0 OpPOIIEHHUS B TMOJIEBBIX OMbITaX HA TOMAaraxX, B CPEJIHEM 3a TPHU roja
ypOoKaifHOCTh TOMAaToOB cocTaBuia 87,0 T/ra mpu TPEANONIMBHOM IOPOTe
BJIQXKHOCTH MouBbI 75-85% HB u 96,5 1/ra — mpu 85-95 % HB [21].

B pesynbrare nccinenoBaHui, MPOBEICHHBIX HA CBETJIO-KAIITAHOBBIX
nmouyBax Bonrorpaackoit 00iacTu, ¢ MEIBIO MOIYYEHUS YPOKAWHOCTH TO-
mata 80-140 1/ra, E. H. EpoHoBo#i ycranoBneno, uro nomyderue 110 1/ra
TOBAPHOM MPOIYKIIMM TOMATOB BO3MOKHO MPU PEXKUME BIAKHOCTU IMOYBbI
80-70 % HB na ¢one BHeceHuss ymobpenmii B 103¢ NigoP120Kig0, mm
70-70 % HB c no3oi ynoopenuit Nj3oPig0Ky70. st monyuenus 3aniaHu-
poBaHHoro ypoxas 140 1/ra muomoB TomMara HEOOXOAUMO OOECIeYeHHE
BJIaXXHOCTH nouBbl Ha ypoBHE 80-70 % HB m 80-80 % HB B couderanumn
C I[OSOﬁ YIIO6p€HHﬁ N230P13()K27() [22]
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Uccnenoanusamu B. H. bouapopa u I'. ®@. CokosioBoit B AcTtpaxas-
CKOWM OOJACTM YCTAHOBJIEHO, YTO HaMOOJIBIIYIO YpPOXKAWHOCTH TOMAra
102 1/ra B NOYBEHHO-KJIMMATHUYECKUX yCIOBUsAX Bomro-/[oHckoro Mexmy-
peubsi BO3MOXHO MOJIYYUTb IPU COUYETAHHUU BBICOKOTO YPOBHSI MPEJIO-
auBHOM BiaxkHoctu 80-90 % HB ¢ nmpumeHeHreM MUHEpaIbHBIX ya00pe-
HUWA KaKk NpU OCHOBHOM BHECEHHH, TaK W B IOJKOPMKax oOmIed 1030
NasoP100K 130 [23].

CornmacHo manHbeiM M. Pomanienko, B. KoproHeHko, nmpoBOoAMBIINX
UCCJICJIOBAHUS C MEPIIEM CJIAJIKUM U OaKJaX)KaHOM IMPHU KareJbHOM OpoIlie-
HUU B YCJIOBHUAX 3allOPOKCKOM 00JIaCTH, YCTAHOBJIEHO, YTO B MEPHO] TO-
CaJIKU—3aBA3BIBAHMS IJIOIOB BIAKHOCTH MOYBBI HEOOXOIUMO TMOAAEPIKH-
BaTh Ha ypoBHe He Huke 75 % HB. Haubonpmias MHTEHCMBHOCTh MOTPEO-
JICHUS! BJard Oakjia)kaHOM HaOJIOIAaeTCs B MEPUOJ 3aBSI3BIBAHUS TIJIOI0OB—
Hayajla MIOJOHOIIEHUA. B 3TOT nmepuon BiIaKHOCTHh NOYBHI B cioe 40 cm
HeoOxoaumo nojaepxkuBarh He Hibke 80 % HB. [llupuna jeHThI yBIax-
HEHUs JTOJDKHA COCTaBJIATH mpubmm3utenbHo 60 cM. [lpu sTom BenmumnHa
NOJIMBHOM HOpMBI Tipu cxeme mnocaaku 90+50 x (25-30) cm cocraBisina
100-110 m*/ra [24].

Amnanus JTAHHBIX, nonydeHHbIX  O. B. bouapaukoBou 17§
B. C. bouapHHUKOBBIM, CBUAETEJIbCTBYET, YTO HAUOOJBIIUN BBIXOJ TOBAp-
HOM MPOAYKIIUU CJIAJIKOTO TepIia MPU KareJIbHOM OpPOIIEHUU (POopMUPYETCs
Ha BapHaHTE C BIAXKHOCTBHIO akTUBHOTrO cios moussl 90 % HB, Ha done
BHECEHUS] MHUHEpaIbHbIX ymoOpeHuil Ny3oPi50Ky30. OnHako nipu ananmuze
3 (HEKTUBHOCTH pEXKHUMa KaeJIbHOTO OPOIISHUS TepIia Mo IMOKa3aTelsiM
CYMMapHOI'0 pacxojia OPOCUTEBHON BOJbI, OTHECEHHOTO K €IMHUIIE MPO-
nykiuuu (Ha 1 T mmoAoB mepria), YyCTaHOBJICHO, YTO HAMMEHBIINE 3aTPaThl
BOABl Ha (OPMHUPOBAHHE EIUHHUIIBI YpPOXKas CIOXKWINCh Ha BapHaHTE
C MOAAEP)KAaHUEM BIIAXXHOCTH NouBbI Ha ypoBHE 80 % HB npu ypoBHe mu-
HepanbHOro nutanus NigoPii5K 70, Benmnunna kosdpduiirenta Bogonorpeo-
nenus coctauia 77,8 MY/T. C HOHIKEHHEM T10pOra BIaKHOCTH 10 YPOBHS
60 % HB ypoxaitHocts cHusmimack g0 20,3-35,7 t/ra, uto Ha 16,2-
28,0 T/ra mensIe, yem mpu 90 % HB BnaxuocTu nmoussl [25].

A. C. OpunnnukoB u T. B. IlanTiommnaa, npoBOAUBIINE MCCIIEIOBA-
HUSI, HANPaBJICHHBIC HA COBEPUICHCTBOBAHUE JJIEMEHTOB TEXHOJIOTHUM Ka-
MEJIBHOTO OPOIICHUs W YAOOpEeHHs] THOPUIOB CIAJKOTO TIepIia, YCTaHOBU-
JIM, 4TO IPH MOLIEPKaHUU TTOpora BiaxHOCTH Ha ypoBHE 80 % HB n mu-
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HepanbHOM nuTaHuu NigoP115Ki79 Boga ucnomnb3yercss Hambosee dddek-
THBHO, K03((HIHEHT BoonoTpebIeHns cocTaBmi 77,8 M /T [26].

[Ipn mpoBeneHHH HCCIECIOBAaHUW, HAIPABJICHHBIX Ha IOBBIILICHUE
ypoxKallHOCTH U KayecTBa MOpKoBH (copt IllanTens 2461) npu kanenbHOM
opomieHnd, A. A. MapThIHOBOM YCTAHOBJIEHO, YTO MaKCHUMAaJbHBIA YpoO-
*ai ObUT 3a)MKCUPOBAH HA BapUAHTE OMbITA C NojepxaHueM guddepeH-
IIUPOBAHHOTO MOpora BiaaxXHOCTH NouBkI (70-90-80) ¢ mpuMeHeHHeM 03Bl
MUHepaIbHBIX yaoOpenuit (N oP1s0Kog0), KoTophiit cocraBun B 2007 ro-
ny — 69,4 t/rau B 2008 rony — 69,3 1/ra [27].

B Bonrorpazackoit obmactu M. C. I'puropoBsiM, B. M. XKuakoseiM 1
B. M. 3axaposiM B 2000-2004 rogax npOBOIUINCH UCCIECIOBAHUS MO OT-
paboTtke auddepeHIUPOBAHHOTO KaleJIbHOrO MOJiuBa KapTtodens (CopT
Pen Ckapiier) Ha CpeTHECYTJIMHUCTBIX CBETJIO-KAIITAHOBBIX MouyBax. Hau-
Oosiee BBICOKHMI ypokal kapTodens 74 1/ra ObLI MOIyYeH HPH PEKAME
opotenusi 60-85-70 % HB. Ilpu 3ToM BBIXOJ| CTaHIAPTHBIX KIIYOHEH co-
craBui 90-95 %. DKOHOMHUS OPOCUTENBHOH BOMIBI cocTaBhaa 10 20 M° Ha
I ToHHY mpOAYKIMK. DKOHOMHUS B CPABHEHUHU C JOKIAEBAHUEM COCTaBUIIA
30-40 % [28].

A. C. OBunnHuKOBBIM, M. A. AxynunuHoii, B. B. bopoasraeBsim u
E. B. llerneroit B 2005-2007 rogax ObLTH MPOBEICHBI HCCIICIOBAHMUS, Ha-
IIpaBJICHHBIE HA Pa3pabOTKy U OCBOCHUE PEXHMMOB OPOILIEHUS U CUCTEMBI
MUHEPAIBbHBIX YAOOPEHHH B /103aX Ha INIAHUPYEMYIO YPOKaHHOCTh OTypIia
30-70 1/ra mpu kamneiabHOM oporieHnd. Hanbomnpinas yposkaiHOCTh OTMe-
YeHa Ha BApUAHTE C BHECEHUEM COJIOMBI, MOAIECPKAHUEM MTPEAIOIUBHOTO
nopora BiaxxHoctu Ha ypoBHe 90 % HB, npu BHeceHMHM MUHEpPaTbHBIX
ynoOpeHuil Ha IaHupyemyr ypoxkaitHocts 70 1/ra — 70,3 1/ra [29]. Io-
Jy4YE€HHE MaKCUMaJIbHOW ypOKaHHOCTH Ha BapHUaHTE C BHECEHUEM COJIOMBI
yKa3bIBa€T HA OJIArONpPUSTHOE BJIMSHUE YIYUYLIECHHUSI BOJHO-BO3IYLIHOIO
pexKUMa OpOIIAEMbIX ITOYB.

O NOJOXUTENBHOM POJIM YIYUIIEHUS BOJHO-BO3IYIIHOTO PEXKUMA
TSOKEITBIX YEPHO3EMHBIX TOYB TIPH BO3JEIBIBAHUU KapTo(dess mocpeacT-
BOM MPHUMEHEHUSI Pa3JIMYHbIX arpOMEIMOPATUBHBIX MPHUEMOB, TAKHX Kak
meseBanue, ppesepoBanue, rrydokoe 0€30TBATBPHOE PHIXJICHHE, COOOIIacT
B cBoux nyonukauusx B. A. Kyneirmn. B ero uccienoBaHusx ypoxai-
HOCTb KapTodens ypennuuBaiach Ha 10-42 % [30, 31, 32].

Takum o0pazoM, aHanM3 JIUTEPATYPHBIX UCTOYHUKOB IOKA3aJl, YTO
KOJINYECTBA MCCIICOBAHUM, MPOBEJACHHBIX HAa YEPHO3EMHBIX MOYBAX MPHU
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MCITOJIb30BAaHUH KareJIbHOTO OPOIICHUS, HEJOCTATOUHO, OCHOBHBIC HCCIIe-
JIOBaHMS B TIOCJIEHUE TOJIbI TPOBOMIIMCH HA KAaIITAHOBBIX MOYBax. bob-
IIMHCTBO MCCJIEAOBAHUM JTOoKa3aio 3(pPEeKTUBHOCTh NMpUMEHEHUs audde-
PEHIIMPOBAHHBIX PEKUMOB OPOIICHHUS TPH HCIOIH30BAHUM KareIbHOTO
OpOIIICHUS Ha Pa3IMYHBIX OBOMIIHBIX KyJlbTypax. ExuHoe mHeHHE 00 orf-
TUMaJIbHBIX PEXKHUMaxX OPOIICHUS M CUCTEMax yJaoOpeHus eie He chop-
MHUPOBAHO U TpeOyeT MPOBEACHUS JOTIOTHUTEIBHBIX UCCIICTOBAaHUN.

4. OCHOBHbBIE COCTABHBbIE YACTH KAIEJIbHOI0 OPOILIECHHS

Cucrembl kanenbHoro opoienus (CKO) obecrnedunBarOT BOJION U
MUATATEIbHBIMU 3JIEMEHTAMHU HAINpPSAMYI0 KOPHEOOMTAEMYIO 30HY PaCTEHUS
Yyepe3 BCTPOEHHBIE B MOJUATUIIEHOBBIX TPYOKaxX KamleabHUIIBI, KOTOPHIE
MOT'YT OBITh PACIOJIOKEHBI HAa WM HUXKE MOBEPXHOCTU MOYBHI. [IpakTuka
npuMmeHenns CKO mokazana, 4TO MNpaBUIBHO CIPOEKTUPOBAHHBIE U
YIPABISIEMBIE CUCTEMBI MOTYT YBEIMYUBATH YPOKAUHOCTH IIPU OJHOBpE-
MEHHOW 3KOHOMHHU BOJIbI, YI0OpeHuid, sHepruu u jaeHer. [lepBwiii mmar
K co3fanuto npuHocse npuodsts CKO — 3TO NpaBUIbHBINA BEIOOP KOM-
TIOHEHTOB CUCTEMBI (puc. 4).
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Puc. 4. CxemaTnueckoe u300paskeHue CHCTEMBbI KaleJILHOIr0 OPOLICHUS

4.1 O0s13aTeIbHBIE KOMIIOHEHTHI CUCTEMbI

CKO MoxeTr (GpyHKIIMOHUPOBATH 0€3 HEKOTOPBIX M3 MEPEUNCICHHBIX
KOMIIOHEHTOB, HO YIIPABJISATh U SKCILUTyaTUPOBATh TAKYK) CUCTEMY CIIOXKHO.
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B koHEuHOM cueTe, CUCTEMa MOXET BBIMTH U3 CTPOS U3-32 HEJIOCTATOYHbBIX
CUTHAJIOB OMNEPATOpPy O COCTOSIHUM PAOOTHI MU HEAOCTATOUYHOM 3alUThI
KaneabHuIl. OOBIYHO CYIIECTBYET HECKOJIBKO MCTIOMHEHHH KaXXIO0Tr0 KOM-
MOHEHTA; HIKE MepeurciieHbl nx onuuu. CrnenuanbHbIe OMIUH MOTYT
OBITH IOCTYITHBIMH WJIA HET JJIs1 BAILIETO MCIIOIb30BAHMS B 3aBUCUMOCTH OT
oco0eHHOcTeN ydacTka U cucteMbl. OCHOBHBIE (DAKTOPBI, KOTOPHIE HOJIK-
Hbl OBITh YUTEHBI MPHU BHIOOPE KaXXJAOT0 KOMIIOHEHTA, TEPEUUCITIEHBI IO
3HaYUMOCTH [33].

Hacoc. CKO 00b14yHO TpeOyrOT HU3KOTO jAaBiieHusi. HyXeH ToJIbKO
HAcoC, KaK B ciy4yae i OOJIBITMHCTBA OPOCHTENbHBIX cucTeM. TpeboBa-
HUE K JIaBJICHUIO HAXOJUTCS B AMara3zoHe Uil OOJBITMHCTBA HU3KOHAIOP-
HBIX JIOXKEBaJbHBIX MAIlIMH KPYTOBOTO JEHCTBUA. PazMep Hacoca 3aBUCHT
OT pacxojia u obmiero Haropa. TpeboBaHus MO O00IIEMy HATIOPY BKIFOYAIOT
BBICOTY BCachIBaHUsI HAacoca, NOTEPU Ha TPEHUE, U3MEHEHUs B BBICOTAX,
nasiyienue B cucreme u, st CKO, nmorepu naBneHust B GUIABTPE U JPYTUX
CTPYKTYPHBIX KOMIIOHEHTAX, TAKUX KaK KOHTPOJbHBIE KJamaHbl, pacxo0-
Mepbl, oOpaTHbIC (3aMOpHBIC) KIIANaHbl, OCHOBHBIC U MOJOCHOBHBIE CHA0-
xaronue auHun. Takum 00pa3om, pasmep Hacoca OylEeT 3aBUCETh OT €M-
KOCTH BOJIOCHAOKEHHS, HEOOXOIUMOrO JIaBIICHHS B CHCTEME, Pa3MEpoB
30HBI (TJIOIIaU, KOTOpas TOJKHA OPOIIATHCS OJHOBPEMEHHO) U (UIIbTpa
1 TpeOOBAHUH K MTPOMBIBAIOIIEH JTHHHH.

Qurvmpayuonnas cucmema. DOUIBTpPAIMOHHAS CHCTEMA YIAJISIET
B3BEIICHHbBIC YaCTHUIIbI U3 BOJIBI JIJISl MPEAOTBPAIICHUS 3aCOPEHUST DMUTTE-
poB. I'pynma GuIbTPOB MOKET OBITH YCTAaHOBJICHA TIAPAJUICNIBHO JJIs YBe-
audeHust obmero pacxona. Cepust GUIBTPOB MOXKET OBbITh UCIIOJIB30BaHA
Uit yaydineHust uiabtpauud. Onyuu. OOBIYHO HCHOJNB3YIOT CETYaThIE,
JTUCKOBBIE W MECUaHO-TPaBUIHBIC (PUIBTPHI B 3aBHCHUMOCTH OT KadecTBa
BO/bI. LleHTpoOekHbBIE cenapaTophl Mecka UCIONIBb3YIOT B TE€X CyYasx, KO-
rJa BOJa COJIEPKUT OOJIBIIIOE KOJIMYECTBO MECKa U3 TTYOOKUX CKBAXKHH.
st cucteM, CHaAOXKaeMbIX BOJIOM M3 TOBEPXHOCTHBIX BOJHBIX MCTOYHU-
KOB, B JIOMIOJIHEHUE K OOBIMHOMY (DPUIIBTPAIIMOHHOMY OOOpPYIOBAaHUIO MO-
YT TOTpPeOOBaThCA O0aCCEHMHBI-OTCTOMHHUKN IS yAAJICHHUS OTJIOKEHUH.
KomOunamms o0opyaoBaHus MOXKET OBITh HMCIOJb30BaHA I yAAJICHUS
B3BEIIEHHBIX YacTHIl. MHOTHE U3 3TUX (PUIBTPAIIMOHHBIX CUCTEM HMEIOT
BO3MOXKHOCTh aBTOMaTHYECKOM 0OpaTHOM MPOMBIBKH.

Taxkum oOpazom, KadecTBO BOJIBI, TPCOOBAHMS KamNCIbHHUI] (MaKCH-
MajbHO JOMYCTUMBIM pa3Mep YacTUIl) U PacXoJl CUCTEMBI SBJISIOTCS BaX-
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HbIMHU (aKTOpaMH, BIMAIOIIMMU Ha QuiibTpaluoHHoe obopynoBanue. Ka-
YECTBO BOJIbl BIMSIET Ha KOJIMYECTBO, pa3Mep U THUIl (OPraHUYECKUX HIIH
MUHEpAJIBHBIX) yAAIIeMbIX 4acTull. Hampumep, MOBEpXHOCTHBIE BOJIBI
OOBIYHO cojiepKaT OoJiblliee KOJIMYECTBO OPraHMUYECKOTO BEIECTBA, YEM
TPYHTOBBIE BOJIbI, UTO BJIMAET HA TUN (PUIIBTPA, KOTOPHI MOXKET OBITH HC-
10Jib30BaH. TpeboBaHus K PuiIbTpaLMK ONPEICISIOTCS Pa3MEPOM IMUTTE-
pa unu orBeperus. Takas uHpopMalus NpeoCTaBIsSeTCs TPOU3BOIUTEIEM
M JIOJDKHA TIOMOTaTh B NPOJICHWH CpOKa Ciyxk0a cuctembl. B oOmiem,
(¢unpTpalus A0HKHA MNPENOTBpallaTh MPOXOXKJIECHUE YaCTHI[ pa3MeEpoOM
1/10 ot camoro manoro mpoxoja B KamenbHHIlE. [lepBuunHbIe (QUIBTPHI
Pa3leNsAIoT Ha CeTYaThie, JUCKOBBIE N M€CYaHO-TPABHUITHBIE.

Knanan, noooepocusarowuti dasnenue. 3aBUCUT OT TUIA (PUIBTpa-
IIUU, MOXKET OBITH 000pYNOBaH KIJIAMIAHOM, MOJACPKUBAIONIAM JaBICHUE
JUTsl 0OECTIeUeHUS IPOMBIBKH (aBTOMATHUECKOM UITH BPYUHYIO).

Manomempor. DUnbTPHI JOJKHBI ObITh CHA0XEHBI MAHOMETPAMU Ha
BXOJI€ ¥ BBIXOJIE JUIS TOKA3aHWM Pa3HUIBI ABJICHUS, HEOOXOIUMOM IS
HayaJla MPOMBIBKH (PUIBTPALIMOHHON €AMHMIIBI, BPYYHYIO WJIM aBTOMAaTH-
yecku. CrenyliTe peKOMEHAAMSAM POU3BOAUTENSI O BEJIMUMHE Pa3HULbI
JABJICHUS, TIPU KOTOPOH IOJDKHA OBITh HauaTa MpOMbBIBKAa. Takke peko-
MEHJIyeTCS MMETh MAaHOMETPHI B Ha4ajie OCHOBHOM JOCTABJISAIOLIEH JIMHUU
Y Ha OTJIaJIEHHOM KOHIIE CUCTEMBI, YCTAHOBJICHHbIE HA TPOMBIBAIOIIEHN -
HuU. Pacxo/1 1o moka3aHusIM J1aBJICHUSI U PACXOJOMEPOB CUCTEMBI oOecte-
yuBaerT nHpoOpManuMen oreparopa O COCTOSHUM KarelbHUL (MX padore u
3aCOpECHUN).

Ilpedoxpanumenv obpamunoco moxa. IT0 000pPYyIOBaHHE MPEHOT-
BpalaeT oOpaTHBIM TOK YAOOpPEHM, XUMHKATOB WJIA YaCTHI[ B BOJHBIM
UCTOYHMK. Ero ycTaHaBIMBaOT MEXIy BOJHBIM HCTOYHUKOM MJIU HACOCOM
W JIMHUEH, BOPBICKUBAIONIeH XUMUKaThl. Onyuu. [IpomMexyTok Gpru3ndecKo-
ro BO3[yXa MEXIY JUHHUEH C BOJOU U (DepTUTALIMOHHBIM OaKOM, IpephIBa-
TeJIb aTMOC(EPHOro BaKyyMa, MpephIBaTeIb BaKyyMa JaBJICHUS WU JIBOM-
HOM OOpaTHBIN KJlanaH SBJIAIOTCS OMLMAMM JJis NpeAOoTBpalieHus oOpar-
HOT'O TIOTOKA. Bbi600bl. BaXKHbIM SIBISETCS TUM XKUJKOCTH, KOTOpAsi MO-
KET UMETh OOpaTHBI TOK (TOKCHMYECKas WJIM HETOKCHYECKas), a TaKxKe
BO3MOYKHO€ BO3HMKHOBEHHE OOpaTHOrO NABJICHHUS WM OOpaTHOro cudgo-
HUpoBaHus (0OpaTHOM nepekaukn). [Ipu ycraHoBKe 000pyI0BaHUS CIETy-
€T coOJII0AaTh MOCTaHOBIIEHUS (DeIepaIbHBIX U MECTHBIX OPTaHOB BIIACTH.
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Pecynupyrowuti xnanan. ITU KJalaHbl UCHOJB3YIOT JUISI TTOMOIIU
Py TOJACPKAHUU TPABUIBHOTO JABJIEHUS B OPOCHUTEIIbHBIX JIMHUSX.
Bv1600b1. BaXHO yuUTHIBaTh BEIUUYMHY MOTEPH ABJICHUS, PEKOMEHI0BaH-
HYIO U3TOTOBHUTENIEM SMUTTEpA, M MOTEPU JAaBJICHUS B TPYyOOMpPOBOJIE BO
BpeMsI IOCTaBKHM BOJIbI K IIYHKTY COCJIMHEHUS KaleJlIbHON JIMHUH. DMUTTE-
pbl OOBIYHO PAacCUMTaHbl TMPOU3BOJUTEIEM TaK, YTOObI 0OECIeunBaTh OI-
pEeIEeNeHHBI Pacxo/l, €Ciu pabdoTaroT NpH 3aJaHHOM JaBJieHUH. Perynu-
PYIOITUH Kiamad JOJDKEH OBITh TAKOTO pa3Mepa, 9To0bl 00ecIeunBaTh 3TO
JaBJIEHUE, B TO )K€ BPEMsl, YUUTHIBAS TOTEPH JABJICHUS MEX/y KJIallaHOM U
AMUTTEPOM.

Xumuyeckuu umdxcekmop. XAMUYECKUNA WHXKEKTOP TOYHO BIPBHICKH-
BaeT yJAOOpEHHUs U MECTHIMJBI B OPOCHUTENbHYIO cucTeMmy. CyliecTByer
JIBA THUIA XUMUYECKUX UHKEKTOPOB:

1) mocTostHHAsT HOpMa (TMMO3WUTHBHOE IIepeMeleHne): auadparma,
MOPIIEHb WK IIECTepEeHYaThlil HACOC;

2) mepeMeHHasi HOpMa: HHXKEKTOphl BeHTypu, paboTaroiue Ha pas-
HUIIE JaBJICHUS WU DJIACTUYHBIC OAJTOHBI (EMKOCTH, OaKH).

Bv16006b1. Tumbl UCTIOJIB3yEMbIX XUMUKATOB, J103bl MHXKEKIIUH U Tpe-
OyeMasi TOYHOCThH SBIIIOTCS OMPESMIOMUME (pakTopaMu TPH BBIOOpPE
HaWIy4YIlero THIMAa WHXeEKTopa. TpedyeMoe KOIMYEeCTBO HHKEKIIMOHHBIX
CHUCTEM U PACIIOJIOKEHUSI UX TOUEK WHXKEKIIMU 3aBUCHUT OT OMACHOCTH 3a-
COpEHHUs W/WIH TOTO MaTepuaja, KOTOphI OyJeT WHXKEKTUPOBaH (BIIPHI-
CKUBATHCS).

Pacxooomep. Pacxogomep nsmepseT 00beM BOJBI, IPOXOISIICH Ue-
pe3 CUCTEMY KaK CKOPOCTh MOTOKA, TaK M OOIIMHA aKKyMyJIHpPOBaHHBIH
o0beM. PacxonoMep oOecrieunBaer omneparopa UHQOpPMaLMEH O TOM, Kak
cucTema paboTaeT U KakK CIUIAHUPOBATH MOJIUBBL

ObpamHuulli K1anaw AUHUY Xumueayuu. ITOT KialaH, YCTaHOBJICH-
HBIM MEX/Ty UHXKEKTOPOM U BOJHBIM MCTOUHHUKOM, MPEJOTBpaliaer oopar-
HBIM TOK BOJBI B 0aK ¢ XUMHUKATaMH B CIIy4ae MOJOMKH HHXKEKTOpa. ITOT
KJIallaH 4acTo SIBJIAETCS COCTaBHOW (MHTETPUPOBAHHON) YACThIO MHKEK-
IIMOHHOW YCTAaHOBKHU M MOXET YIIPABJISATh Kak OOpaTHBIM JaBJICHHEM, TaK U
oOpatHbIM cHOHUPOBaHUEM. Bwvisoodwvl. Ilpu ycranoBke 000pyIOBaHUS
cienyer coOoaaTh MOCTAHOBICHUS (eiepaibHbIX U MECTHBIX OpPraHOB
BJIACTH.

Knanan 30onvi. Takue KiamaHbl OTPBIBAIOTCS M 3aKPbIBAIOTCA IS
KOHTPOJISI pacxoja COOTBETCTBYIOLIEU 30HBI. MIX MOKHO KOHTPOJIMPOBATH
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aBTOMATUYECKH, HCHOJIb3ysl DJICKTPOHHYIO KOHTPOJBHYIO CHCTEMY.
B cenbCKOXO035MCTBEHHOM TPOM3BOJACTBE TAKUE KJIAMAHbI 30HBI YacTO
YIPaBJISIOTCS BPYYHYIO, TaM, i€ pa3Mep 30HbI 3HAUYUTEIbHBII.

Pezcynamop oasnenus. Perynsatopsl J1aBieHUsi OOBIYHO PACIIOI0XKEHBI
Ha pacripeaesnTeie sl MOMOIIM IPHU PEryJIHMPOBAHUMN pabOYero 1aBJICHUS
B KarneJbHUIAaX. Bb1600bl. OCHOBHBIMU MCXOJHBIMH JAHHBIMU SIBJISIFOTCSI
TAPUPOBAHUE KAaIlEJIbHUI] MU3TOTOBUTEIEM W JIMHUA NOTEPh NaBiieHUsA. Ka-
MEeJIBHUIBI OOBIYHO TPaTyUpPOBAHbl M3TOTOBUTEIIEM I oOecTiedeHus OI-
PEICJICHHOT0 pacxo/ia, €ciii padoTaroT MpU 3aJJaHHOM JIaBjieHUU. Perys-
TOp JIaBJICHUS TOJDKEH OBITh TAKMX Pa3MepPOB, YTOOBI OOECTICUUTH 3TO JaB-
JIEHWE, OJHOBPEMEHHO YUYWTHIBas MOTEPHU JIaBJICHUS, KOTOPHIE UMEIOT Me-
CTO MEXJIy PETYISITOPOM U KareIbHUIIAMHU.

Bo30ywnsie u 6axkyymHble npedoxpauumesibHbvie Klanausi. Takue
KJIallaHbl MIPEAOTBPAILAIOT 3aCACHIBAHME IIOYBBI WJIM YacCTHUI] B KareJlbHU-
1kl TPU OTKJIFOUEHUU OPOCUTEIHOW CUCTEMbI WIN MPU CTEKAHWUU Karesb-
HBIX JUHUA. OHU HE MOTYT YHPABISITHCS OOpPATHBIM JaBJICHHEM, TOJIBKO
oOpaTtHbIM cu(oHnpoBaHrEeM. Bce TOUKM CHCTEMBI ¢ IOABEMaMH T10 BBICO-
T€ JIOJDKHBI ObITh 00OpPYZ0BaHbI BO3AYIIHBIMU WJIM BaKYYMHBIMH TPEJIO-
XpaHUTEIBHBIMH KJIallaHAMHU.

OcHogHvle u nodocHosHbvle aunuu. OCHOBHBIC U MMOJIOCHOBHbBIC JIMHUU
SBJISIFOTCS. TPAHCTIOPTUPYIOIUMU TPYOOIIPOBOJAMHU, KOTOPHIE JOCTABJISIOT
BOJY OT I'OJIOBHOTO KOHTPOJIUPYIOUIETO COOPYKEHHUS CUCTEMBI 10 pacIpe-
JIeTIUTEeIICH C MOJICOeIMHEHHBIMU KaNeIbHBIMU JIMHUSMU. Bbl60oosi. JlaBie-
HUE B CUCTEME, TpeOyeMbIe pacxobl, TUAPABINIECKUN yaap U CTOMMOCTD
TpyO sBysItOTCA (paKTOpamMu, Ha KOTOPHIE ClIeyeT oOpaTUTh BHUMaHUE.

IIpomvisarowue aunuu. [IpoMbiBaroniue JUHUU HA KOHIIAX CUCTEMBbI
CIIyKaT U1 TPEX LEeJICH:

1) MO3BOJIUTH JHOOBIM OTJIOKCHUSIM M 3arPS3HEHUSM OBITh BBIMBITHI-
MU U3 KaIl€IbHBIX JTUHUM;

2) ypaBHOBECHUTD JIABJICHUSI B KalleJIbHBIX JIMHUSX;

3) MO3BOJIUTH MOJIOKUTEJIILHOMY JIaBJICHHWIO Ha OOOMX KOHIAX Ka-
MEJIbHOW JIMHUU TPEPhIBATHCS JIJI MPEIOTBpAIllCHUs MonajgaHus (3acachl-
BAHMS) [IOYBHI B KaNEJIbHYIO JIMHUIO.

OcHogHnoti pacnpedeaumens. OCHOBHOM pacrpeeuTeNb 10CTaBISET
BOJYy OT NOJOCHOBHOW JIMHUU K JIaT€paJsIM U CBA3BIBAET HECKOJBKO Ka-
MEJIBHBIX JTMHUIA BMECTE B OJIHY MOJIKOHTPOJILHYIO eAuHUITy. Ha GonbimH-
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CTBE CEJIbCKOXO3SMCTBEHHBIX IMOJEU TMOJOCHOBHAS JMHUS CIIYXKUT DTOH
byHKIUU.

Kanenonaa nunusa. KanenbHas JTUHUA SBJSETCS TMOJIUAITHICHOBOM
TpyOKOM, B KOTOPYIO BMOHTHUPOBAaHBI BCTPOCHHBIC KamneJbHHIIBL. PaccTos-
HUE MEXJIY KaleJdbHUIIAMH M PacxXo]] BBHIOMPAIOT ISl YAOBJIETBOPEHUS
TpeOOBaHUI PACTEHUI U BOJOYJEPKUBAIOIIEH CIIOCOOHOCTH MOuYBbl. OHU
JIOJKHBI OBITH COBMECTUMBI C (HAKAYMBAE€MbIM) JIaBJIICHHEM (HAcoca) U €M-
KOCThIO MOTOKA. KanenbHble TMHUM pa3inyaroT MO TOJIIUHE CTEHOK, Jua-
METPY, PACCTOSIHUIO MEXY SMUTTEpamMu U pacxonam. bonemmnactso CKO
UCIIONB3YIOT KamelbHbIE JIMHUM C TOMIMMHON cTeHOK oT 8 (0,250 mm)
1o 15 (0,375 mm) muit. Ha CKO g1t mMpoKOpsiAHBIX KYJIBTYP CTPEMSITCS
WCMOJIb30BaTh OOJIbIINE JUaMeTphl (7/8 nroiiMa uiau OOJbIIEro AUuaMeTpa),
TOHKOCTEHHBIE KAamleJIbHbIe JTUHUU C MajblM PacXOJOM, KOTOpBIE MHOT/AA
OTHOCSAT K KalleJbHbIM JieHTaM. bosbiive auamerpsl u Oosiee HU3KHUE pac-
XOJIbI TIO3BOJISTIOT Y/UIMHUTD JIJTHHY J00eraHus U YBEITUIUTh pa3Mep 30HBI,
KOTOpasi COOTBETCTBYET OOBIYHBIM pa3zMepam mosieid. MimeroTest Takke Ka-
NeJIbHbIC JIMHUKM C KOMIICHCAIMEH JaBJCHUSA, HO OOBIMHO OHHM HE MCIOJIb-
3YIOTCSl M3-32 BBICOKOW CTOMMOCTH. KauecTBO BOJbI TaAKKE MOXKET BIIUSTH
Ha BBIOOP pa3Mepa SMHUTTEPA U PACCTOSHUS I TOTO, 9YTOOBI H30€kKaTh 3a-
COpPCHHSL.

Buvisoowi. Tomiuny cTeHOK TpYOOK, pacCTOSHUE MEXy KaneabHUIla-
MU, PacX0Jl, MCXaHUYECKHI COCTaB TTOYBBI M BOJIOYICPKUBAIOIIYIO CIIOCO0-
HOCTb TTOYBBI HEOOXOAMMO yYHUTHIBaTh, TIOTOMY YTO OHM BJIHSIOT HA CONEP-
YKaHUE BJIaru B KOPHEOOUTAEMOM 30HE PACTEHHUSI U €€ paCTIPEACIICHHUE.

Coedunumenu (konrHexkmopwvt). KOHHEKTOPbI HEOOXOAUMBI JJI MPH-
KPEIUICHUS] KANeJIbHOW JIMHUU K PACIPENCIUTENI0 WIH MOJOCHOBHOU JH-
Hur. KomndyecTBO M TUI 3aBUCAT OT CXEMBI PacloioKeHUs: cucteMbl. Cy-
IIECTBYET MHOTO THIIOB KOHHEKTOPOB. OINIMM KOHHEKTOPOB BKJIIOYAIOT
CKJICMBAHHE, PE3UHOBBIC TPOKJAIKU, pe3b0y, U yimioTHeHHe. OHU MOTYT
UMETh MPSAMOE COCAUHEHUE C KAleJIbHOW JUHUEH WM MOTYT MHOJICOEIu-
HATHCS Yepe3 CHAOKAIIIYI0 TPYOKY, KOTOpas MPHUKpPEIUieHa K KaneabHOU
auand. OTNIUU KOHHEKOTOpa KamelbHOW JIMHUHM COCTOSIT B COCIMHEHHH
(IpOBOJIOKOM ), 3a:KUME (XOMYTOM) WJIH YIJIOTHCHUH.

JIy1st TOUHOM JOCTABKM BOJIBI M TIMTATEIBHBIX BEIIECTB B COOTBETCT-
BUU C TIPOEKTOM U TMOTPEOHOCTSIMH KYJIBTYpPhl MOXET OBITh MPUMEHEH
asmomamuyeckuii KOHmpob. OH TaKKEe MOXKET YMEHBIIUTh HEOOXOIH-
MOCTb PYYHOI'O yIpaBieHUus. Aemomamudeckuti konmpoas. Hacochl, kna-
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IIAHbI, UHKEKTOPBI MOT'YT BKIIFOUATHCS M BBIKIIKOYATHCS WJIM OTKPBIBATHCS
M 3aKpbIBaTbCS aBTOMATUYECKU B COOTBETCTBUHU C IMPOJOJIKUTEIIBHOCTHIO
TOJIMBOB M ITOCJIEIOBATEILHOCTHIO MOJUBAEMBIX 30H. DTO MOYHO OCYIIIE-
CTBUTh C IOMOIIBK) ABTOMATHUYECKUX TAUMEPOB, CEHCOPOB MOYBEHHOMN
BJIary WJIM C TIOMOIIBIO MOJIeiel, paOOTaroIUX O METEOaHHBIM JIJISI OIl-
peleeHns MOMEHTa 3amycka CUCTEMbl. KOMIBIOTEpHBI KOHTPOJIb U MO-
HUTOPHUHT SBJISIOTCS JOMOJHUTEILHON OIIMEH, HO HE 00s3aTeIbHbI IS
aBTOMAaTH3ALMH.

4.2 I'mppaBiauvecKuil pacyet TpPyOONIpoBoI0B
NPHU KANeJIbHOM OPOILICHUHU

MaructpaiibHble U pacupeneauTeIbHble TPYOOIPOBOAbI KAEIbHOTO
OpOLIEHUSI MO THAPABINYECKOMY PEXKUMY PaOOTHI SIBIAIOTCS CHUCTEMOU
C TypOyJICHTHBIM YCTaHOBUBIIMMCSI PABHOMEPHBIM JBUKEHUEM KHJIKOCTH.
OHM HAYEM HE OTIMYAIOTCS B THIPABIMYECKOM OTHOLICHUHU OT aHAJIOTUY-
HBIX TPYOOIIPOBOJOB CHUCTEM JIOKAECBAHUS M MOBEPXHOCTHOI'O OPOILICHHS.
Hx pacder cienyeT BECTH MO OOBIYHBIM METOJUKAM C HCIIOJb30BAHUEM
dopmyn g TypOyJIEHTHOTO YCTAaHOBHBIIETOCS PABHOMEPHOI'O JABUKEHUS
KUIKOCTH WJIM 1O TabiuMumaMm Uil  THAPABIMYECKOrO  pacyera
@. A. Illesenesa.

[lonuBHBIE W paclpeneNnuTelbHble TPYOOIIPOBOABI MOCIEAHETO MO-
pAIKa OTIMYAIOTCS OT OCTaJbHBIX TEM, YTO MUMEIOT IO CBOEU JUIMHE JBU-
YKEHHE KUJIKOCTU C IEPEMEHHON MAacCOM M PaBHOMEPHO PacHpeneaInuTEIb-
HbI myTeBo 0TOOp BOABL CyHIECTBYET psii METOAMK T'MAPABIAYECKOTO
pacyeTa MOJUBHBIX U PACHPENEIUTEIbHBIX TPYOOIPOBOJOB, OCHOBAHHBIX
Ha TEOPETHUYECKUX U SMIMPHUYECKUX 3aBUCUMOCTSX. Bce OHM MMET pas-
JIMYHYIO CTENIEHb TOYHOCTH, CJIIOKHOCTH M YCIIEIIHO MCIIOJIB3YIOTCS 3a Py-
0EXKOM.

['uppaBardeckuii pacuer CBOJIUTCS K MOAOOPY TaKOTO JUaMETpa Mo-
JIMBHOTO TPyOOIPOBOAA, KOTOPBIM OOECIEYUT HOPMAJIbHBIA TMAPABIAYE-

. h,100 o
CKUI peXuM pabOThl U YCIOBHUE <5,0%, T.e. mOTEpU HAIIOpa h, HE
n

noioxHbl npesbiiaTte 0,05 Hamopa B roJIOBE IMOJMBHOTIO TPYyOOIPOBOJA.

[Ipu MeHee >KecTKUX TpeOOBaHUIX JIOMYCKalOTCAd TOTEPU HAmopa
h <hh,(h, h, ) — $nanazoH pabOYMX HATIOPOB KaleJIbLHHUIIBI).

Metoauka TUPABIMYECKOTO pacuera, npeIoKeHHas

O. E. Aconuau [34], paccMaTpuBaeT NOJMBHOW TPYyOOIIPOBO/I C KareJIbHH-
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JaM{ KaK HU3KOHAIIOPHYIO CUCTEMY C ITyTEBbIM U PaBHOMEPHBIM OTOOPOM
BOJIbI 110 JJIMHE.

Pacuer nmonuBHOrO TpyOOIPOBOAA CBOIUTCS K ONPEICICHUIO BHYT-
PEHHEro IMaMeTpa, 00eCIeUNBAIOIIET0 MUHUMAJIbHBIE CYMMAapHbIE TOTEPU
Haropa B €ro KoHile. PacueTr Benercss METoAoM Moadopa Auamerpa ¢ Io-
CJIEIOBATENIbHBIM HCIIOJIb30BAHUEM CTAHJIAPTHBIX TUIOpa3MepoB. [lonus-
HbIE€ TPYOOIPOBO/IBI M3TOTABIMBAIOTCA U3 MOJUATUICHOBBIX TPYO HU3KOM
mwroTHOcTH 1o ['OCT 18599-73. OOBIYHO MCHONB3YIOTCS TPYObI AHaMET-
pom 12, 16,20 u 23 mm.

Ha nonuBHOM TpyOONpOBOJE KameabHUIBI PACHOIOKEHBI APYT OT
npyra Ha HeOoibmoMm paccrosauu 0,5-4,0 M. OTHoIlIEHUE PaCCTOSHUI
MeXy KanelbHuIamMu (d ) K JJinHe TpyOOIIpoBOAa BeCbMa Majlo, 03TOMY
pacyeT MmoTepb HAIopa MOKHO BECTH Kak JJIA TPyOOIPOBOAOB CO CPEAHUM
PABHOMEPHO pacHpeieIEHHBIM PacX0JIOM I10 JUIMHE MPU HYJIEBOM €ro 3Ha-
YEHUU B KOHIIE.

[Ipu TypOyI€HTHOM YCTAaHOBHUBIIEMCS ABMYKEHUH >KUIKOCTH B KPYT-
JBIX TPYOONpPOBOJIaX MOTEPU HAOpa MO JJIMHE B COOTBETCTBUU C ypaBHE-
Huem Beiicbaxa-/lapcu paBHBI:

A= s , (1)
d2g
rae h, —IoTepu Hamopa B IOJMBHOM TPyOONpPOBOJE, M;
A — KO3 (HULIMEHT TUAPABIMYECKOTO TPEHUS;
[ — nmuHA TPyOOIIPOBOA, M;
d — nuametp TpyoonpoBoja, M;
V' — CKOpOCTb JIB)KCHHS BOJIBI, M/C;
g — YCKOPEHHE CHIIbI TSDKECTH, M/C’.
[Ipeobpazoras hopmyny Beticbaxa-Japcu, momydum:
2
=l @
gd 11

[Ipn paBHOMEpPHO pacHpeieseHHbIX PacXo/ax MO JJIMHE TPyOoIpo-
BOJIOB IMOTEPU HAIIOpa HAXOIUM 10 popmyre

1 80°I\

= — 5 3
e 3 H2d2g ( )

ryie 0 — pacxoj B IOJOBE MOJTHBHOIO TPYOOMPOBO/IA, M/C.
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3Has cXemy IMOCaJKh KyJIbTyp, pacxoll B ToJIoBe TpyOorpoBoja
MOHO pacCUUTaTh MO 3aBUCUMOCTH

Q = qlnlnz 2 (4)
3
I7I€ ¢, — Pacxo/i KaneJabHUIbI, M /C;
n, — KOJJMYECTBO KaIleJIbHUIl Ha OJHOM PAaCT€HUH, LIT.;

n, — KOJIUYECTBO PACTEHUH B sy, LIT.

[IpuHAB 1MHY MOJUBHOIO TPyOONpoBoaa /, HAoOp ~ B rOJIOBE IO-
JIMBHOT'O TPYyOOINpPOBOAA U ONPEACNMB pacxod (), MOXKHO PAacCUUTHIBATH

HEOOXOMMBIN BHYTPEHHUI AuaMeTp 1o hopmyie

81O’

ke 5
3g0,054IT ()

r7ie 7 — Hamop B rOJIOBE MOJUBHOrO TPyOOIIPOBOAA, M;
0,05 & — moTepu Hamopa MPUHSITHI paBHBIMU 5 % OT Hamopa B rojioBe

1
MIOJIMBHOTO TPYOOIpoBOJa, T.€. 5% > h, hOO :

Takoe ycnoBue o0ecrieunBaeT paBHOMEPHBIE U CTA0MIIbHBIE PACXOJIbI
KareJbHULL 10 JIIMHE MOJIUBHOrO TpyOOIpoBoAaa.

Koadduimentsl ruapaBIudyeckoro COMPOTHBICHHUS TpPyOOIpoBoOaa
C KareJabHUI[aMU HaXOUM 0 SMIIMPUYECKON (opMyIie, paHee BBIBEICHHOU
Ha OCHOBAaHMHU J1a00paTOPHBIX U JaOOPATOPHO-NIOJIEBBIX UCCIIEAOBAHUM:

- 1363 6)

- 03484
Re,

Trac Red — YqUCJ10 PeﬁHOHBI[Cﬂ, BBIpa)KeHHOe qepeB I[I/IaMeTp TPY6OHpOBOI[a.
Re =" (7)

rae ¥ — CKOpOCTh ABMXKEHUS BOJBI B TPYOOIPOBOJIE, M/C;
d — muaMeTp TpyOoIpoBOa, M;
Y — KO3(pPUIMEHT KUHEMATHUECKON BA3KOCTH BOJIBI IIPU TEMIIEpaTy-
pe 20 °C pasen 0,000001 m*/c.
CKopocCTh IBHYKEHUS BOJBI B TPYOOIIPOBOJIE HAXOAUM 10 (OopMyIie

_ 49
V= (8)
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Harmop B rojioBe noJiIMBHOTr0 TpyOONpOBOa ONPEIEAETCS PACXOIHO-
HAIIOPHOW XapaKTEPUCTUKOMN NMPUHATOM KanelbHuUllbl. Hampumep, B cirydae
WCMOJIb30BaHMs KarelbHUul «MongaBus 1» Hamop B TOJIOBE IMOJUBHOTO
TpyoonpoBoja Oyaet paBeH 20 m/c. [lonuBHBIE TPyOONPOBOIBI PACCUUTHI-
BAIOTCS HA PACXOJl B TOJIOBE OJHUM JUAMETPOM.

PacnpenenurensHbie TpyOONpPOBOLI MOCIEIHETO MOPSAKA PacCyu-
THIBAIOTCSl AHAJIOTMYHBIM 00pa3oM. Pacuer BeayT mepeMEeHHBIM JUameT-
pPOM 10 y4acTKaM, HauMHas ¢ KOHLA. PacxoJ pacnpeneanTenbHoro Tpyoo-
MIPOBO/Ia MOXHO OIPEENUTH MO (popMmylie

v
QW_ b ’ (9)

H

riae Qg — pacxo B FOJIOBE Paclpeae/IuTeILHOI0 TPYOOIIPOBO/Ia MITH €T0
y4acTKa, M/c;

ly — IauHA pacHpeneUTeILHOr0 TPyOOIpoBOJa, M, HMPUHHMAETCS
B 3aBHCHMOCTH OT PacXoJI0B KaleIbHUIILI, (OPM YIaCTKOB, CXEM ITOCAJIKH,
penseda ot 200 g0 400 Mm;

b, — paccTosiHEe MEX]ly NOJUBHBIMU TPYOOIPOBOJIAMHU, OHO 3aBUCHUT

OT IIMPUHBI MEXIYPSAAUNA U HA BUHOTPAJHUKAX paBHO 2,5-2.0 M, B cajgax
4,0-8,0 M, Ha oBomiax — 0,7-1,4 m;
O — pacxoJ1 TIOIMBHOIO TPYOOIPOBO/Ia, M/C.

Cormacno I'OCT 18599-73, 8 CCCP BbImycKkanuch TpyObl U3 MOJIH-
ATUJIEHA HU3KOHM IJIOTHOCTU CPEIHE-JIETKOr0 TUIA ¢ BHYTPEHHUMH JHa-
metpamu: 0,046, 0,058, 0,069, 0,083, 0,102, 0,115, 0,129, 0,148 m. Ot
TPyOBI UCTIOJB3YIOTCS JJIsl CTPOUTENIBCTBA PACIPEACIIMTENbHBIX TPYOOIIpO-
BOJIOB TociieHEro nopsiaka. [lpu pacuere mocineaoBaTenbHO MTPUMEHSIOT-
Csl IMaMETPhl OT HAUMEHBIIIETO K HanbOoJbiiemy [35].

[Ipennaraemast METOAMKA TUAPABIMYECKOTO pacuyeTa TpyoOIpoOBOAOB
KaneJbHOTO OPOIIEHHUS 0a3upyeTcsl Ha TPAAUIIMOHHBIX (OpMyJiax TUIpaB-
JIMKH, 00J1aJIa€T NPOCTOTOM, JOCTATOYHON TOYHOCTBIO U JIOCTOBEPHOCTHIO,
YTO TMOATBEPKIACTCS HATYpHBIMH HccleoBaHUAMU. (CpaBHUTEbHAS
OLICHKA Pe3yJIbTaTOB PACUYETOB M0 MpeIaraeMol METOANKE U PEKOMEH1a-
nusim BHUNMMuTII, BHUUT uM, 3apyOekHBIX aBTOPOB J1a€T XOPOIIYIO
CXOOUMOCTh. B TO ke Bpems Bce MepedrcleHHbIE METOAUKU 00JIaaroT
3HAUYMUTENIbHOW CJI0OKHOCTBIO PACYETOB U OOMIIMEM PA3JIMYHOIO POJIa IMIIU-
pU4ecKuX K03()PUIIMEHTOB.
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ITomaya BOJBI HA OPOLIAEMBIM YYACTOK OCYIIECTBJISIETCS B COOTBET-
CTBHH C PEXKUMOM OpOLIEHU KyJIbTyphl. HacocHas cranuus qOJDKHA B Te-
YeHUE BCEro MEepHoJia ONTUMAIBLHOTO YBIAXKHEHUS OOecreurBaTh pacTe-
HUS BOJAOW B HY>)KHOM 00BbEME M CBOEBPEMEHHO. PacCUMTHIBAIOT HACOCHO-
CUJIOBOE 000OPYJIOBAaHHE HA pacXO U MOJIMBHON HAMOpP, HEOOXOAUMBIN IS
OJITHOBPEMEHHOTIO IMOJIMBA IUIONIA/IA B TCYCHUE OJHOTO TaKTa.

[Honnbrit HaIrop HacCOCHOM CTaHIIUU OIIPCACIIACTCA 110 YPABHCHHUIO

H:h2+2he+2hm+hk+hn.m_irhb, (10)

rae H — MOJHBIA HAallOp HACOCHOM CTaHLIUU, M;
h, — reoe3ndeckui Harop, M. OH pacCUUTBHIBAETCSA KaK Pa3HOCTb Me-

Ty HaUBBICIIEM OTMETKOW Ha OPOIIIAEMOM Yy4YacTKe IO Tpaccam TpyOo-
MPOBOJOB BCEX MOPSAJAKOB U OTMETKOW MHUHUMAJIBLHOTO YPOBHS BOJIBI
B MECTE BOJ103a00pa, M;

Zhg — CyMMa NOTEeph Hamopa Mo JJMHE Haubojee MPOTKEHHOU

TpPacchl TPyOOINPOBOAOB: MAaruCTPAIbHOTO, PACHpeNeMTEIbHbIX, MOJIUB-
HOT'0, M;

> h, — cyMMa MECTHBIX IOTEpb HAIIOpa II0 PacueTHOi Tpacce, M. Mx
NpUOMIKEHHO NpuHUMaro paBHbiMU 5,0-10,0 % oT morepp Hamopa 1o
IUTUHE;

h, — pabouuil Hanop KaneabHUlbl, M. [IpyHUMaeTCs Mo MacOPTHHIM

JAHHBIM;
h, — PacCTOSIHME OT IMOBEPXHOCTH IOYBBI O MOJIMBHOIO TPyOOIpo-

BOJIa, TTOJABEIICHHOTO Ha IIMAJIEPHON TIPOBOJIOKe, M. [[pruHMMaeTcss KOHCT-

PYKTHBHO Ha pa3n4uHbIX KyabTypax ot 0,0 go 1,0;

hb

oonpoBoax, M. OHU MOTYT ObITh TIpUHATHL OT 0,75 10 1,0 M.
MakcumanbHbIi 1 MUHUMAJIBHBIM Pacxojibl, HEOOXOIUMBIE ISl Of1-

HOBPEMEHHOI'O0 TOJIMBA IO B TEUEHHE OJHOIO TaKTa, CIY>KaT IS

OmnpeesICHUs KOJIMYECTBA HACOCHBIX arperaros:

— IIOTEPH HAIIOpa BO BCACBLIBANOIIIEM W IMPHUCOCAUMHUTCIBHOM TPYy-

0
— 11
"o, .

rJe n — KOJIMYECTBO HACOCOB HAa HACOCHOW CTAaHIMU, HEOOXOIUMOE Ui
obecrieueHns BOJONOaul B COOTBETCTBUH C PEKUMOM OPOLLICHHUS, LIT.;
Q... — MaKCUMaJIbHBII pacxon, Ji/c;
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Q... — MUHUMAaJIbHBII pacxof, Ji/c.

Mo1HOCTh Ha BaJly Hacoca pacCUUTHIBACTCS MO (OpMyIie

N, =2 (12)
1020m

rae N, — MOIIHOCTb Ha Bally Hacoca, KBT;
Q, — IPON3BOAUTEILHOCTh HACOCA, JI/C;

H — NOJHBINA HAIIOP, M;
N — K03hPUIIMEHT M0JIE3HOT0 ACUCTBUS, JJIsSl IIEHTPOOSKHBIX HACOCOB

npuHuMaercs paBabiM 0,7-0,8.
PacdyeT MOITHOCTH 3JEKTPOJBUTATENS OCYILECTBISECTCS IO 3aBUCH-
MOCTH:

N, =K—2, (13)

rae N, — MOIIHOCTG JBUTraress, KBr;

N — KO3 PUIMEHT MONE3HOr0 IECUCTBUS NEpeaayun, Mpu COSAMHEHNN

Hacoca U JIEKTPOABUTATENS AKECTKOM My(PTOH, paBeH €NMHUIIE;
K — ko3 dunuent 3anaca, pasex 1,1-1,5.

5. PacyeTrHble MeTOABI ONIpeaeIeHUsI BOAONOTPeOIeHUsI

[ToTeHIIMATbHYIO HCMIAPSEMOCTh MOXKHO OMNPEIESITh, HCIOIb3YS
KOCBEHHBIE (pacyeTHbIE) METOJbI, OCHOBAaHHBIC HA NMPUMEHEHHH YypaBHE-
HUH, XapaKTepU3YIOIIUX ITUHAMHUKY TEIUIO- U BJIarooOMeHa B CHCTEME
noyBa—pacrenne—armocdepa.

Teopernueckoil OCHOBOM PAaCYETHBIX METOJOB CIIYXKUT TO, YTO IIPU
ONTUMAJILHOM BOJIOCHA0KEHUH PACTEHUI CYIIECTBYET TECHas CBSI3b MEX-
Ty UCTIapEHHUEM BJIaru CEIbCKOXO03WCTBEHHBIM MOJIEM U SHEPTe€TUYECKUMU
pecypcamu arMoc(epbl, KOTOpbIE OIIEHUBAIOTCA TaKUM KOMILJIEKCHBIM I10-
Ka3aTesieM, KaK UCIapseMOCTh.

B OonpmmMHCTBE Cilyd4aeB NpH ONpEAeSIEHHH CYyMMapHOTO BOJIOMO-
TpeOJieHusl (9BAMOTPAHCIIUPAIIMHU) 32 OCHOBY NMPUHUMAIOT HCIAPSEMOCTh,
CKOPPEKTUPOBAHHYIO KOA((UIIMEHTAMH, YUYUTHIBAIOIIUMHU POJIb PACTEHUIA
U KJIUMaTa B UCTIAPEHUU BJIard OPOIIAEMbIM MOJIEM.

CymMmmapHoe BoJIonoTpedsieHrue (MM) C y4eTOM 3TUX KO3(PPUIIMEHTOB
HaXOJISIT IO 3aBUCUMOCTHU:

ET =k, ET,, (14)
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rae k, — OMOIIOrMUecKUi KO3(P(PUIMEHT, XapaKTepU3YIOLUN POJIb pacTe-
HUM;

k, — MUKPOKJIMMATHYECKUH KO PHUITUEHT;

ET, —ucnapsieMocTh (MMOTEHUMAIbHAS 3BANIOTPAHCIIUPALINS ), MM.

N3 3apyOexHbIX METOJOB OMpeAcsieHUsT UcnapsieMoCTu (IOTEHIIU-
aJIbHOW ABAIlOTPAHCITUPAIMK ) HanboJiee MIMPOKOE PacIpoCTpaHEHHE HMe-
10T pacuetHsie moxenu X. JI. Ilemmana, JI. Tropka u X. @. bieiiHn—
B. JI. Kpugna [36].

B Hamiell ctpase U3 pacyeTHBIX METOJIOB OINPENIECIICHUS UCTIAPSIEMO-
CTH U BOJOINOTpeOIeHUsI HauOoJIblliee MPAKTUUECKOE MPUMEHEHHE TOJTy-
gyun meton A. M. u C. M. AnmaTeeBbIX, OCHOBAaHHBIM Ha HMCIOJIL30BAHUU
ynporieraHon Gopmynsl H. H. MiBanoBa, koTopast uMeeT BU/I:

ET,=k,>d,, (15)

rae ET, — ucrapseMoCThb, MM;

k, — KOI(QOUIUEHT MPOMOPIMOHATEHOCTH MEKJY UCTIAPAEMOCTBIO U

neUIUTOM BIAXKHOCTH BO3IyXa, paBHbIH 0,01;
Zdlp — cymMmMa Je(pUIuTOB BIAKHOCTH BO3QyXa 3a PAcUCTHHIN IEpH-

O, MM.
3a nocneguue 50 JieT yYEHBIMH U CHEHUAIMCTAMH BO BCEM MHUPE
pa3paboTaHO OTPOMHOE KOJIMYECTBO METOAOB [ pacuera ET, (1IOTEHLHU-

aNbHOM SBANOTPAHCIIMPAILIMK) MO PA3IUYHBIM KIMMATHYECKUM MapameT-
paM. OTH METOJIbl 4acTO HMMEJIM TOJIbKO MECTHOE 3HAUYEHHE U HE MOIJIHU
MPUMEHSTHCS B JIPYTUX 4YaCTSIX 3eMJin. McnpiTaHue TOro Ui MHOTO METO-
J1a B IPYTUX YCIOBUSX SABIACTCI TPYAOEMKHUM, IPOIOJKUTEILHBIM JIETIOM,
a naHHble 10 ET HYXHBI OBICTPO.

DAO npoBesa OIEHKY YEThIPEX PACYETHBIX METOJIOB: PaUaIlMIOHHO-
ro, Mmeroaa Ileamana, MeTosa ¢ UCapuTeseM, yTouHeHHOro Meroaa Ilen-
mana. [lo pe3ynbpraTaMm 3TOM OLEHKH, MPOBEACHHOW NOJA PYKOBOJICTBOM
Komurera o uppuraiiyiv ¥ BOAONOTPeOICHHI0 AMEPUKAHCKOTO 00111eCTBa
rpaxaaHckux uHxeHepoB, DAO pekomeHAoBalIO [JIs pacuera 3Ba-
norpadcrmpanuu Metop llenmana—MoHTeNTa Kak €IMHCTBEHHBIN CTaH-
napTHbii MeTon [37].

B 1948 r. Ileaman o0ObEeIUHUII TEOPUIO DHEPrETUUECKOTO OajiaHca
C METOJIOM IIEPEHOCA MACCHI M BBIBEJ YPABHEHHE JUUISI pacueTa UCIIApEHHUS
C OTKPBITOM BOJIHOW MOBEPXHOCTH ISl CTAHJAPTHBIX KIMMATHUYECKUX YC-
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JIOBUI: IO COJIHEYHOMY OCBEIICHUIO, TEMIIEPATYPE, BIAXKHOCTU U CKOPO-

CTH BETpa. DTOT TaK Ha3bIBAEMbIi KOMOWHAIMOHHBIA METOJI B JIaJIbHEM-

1meM ObUT pa3BUT MHOTMMHM HCCIICIOBATEIISIMUA M PACIpOCTpaHEH Ha 3ace-

SITHHBIC TTOBEPXHOCTH IyTeM BBeJIeHUs (haKTOPOB COMPOTUBJICHUS.
Pacuetnas ¢popmyna [leamana—MoHTelHTa BBITISINAT TaK:

O,408-A-(Rn—G)+y-ﬂ-uz-(es—ea)
ETE): T+273 , (16)
A+y-(1+0,34-u,)

-1
rae ET, — noTteHmanbHas 3BaroTpaHCIupanus (MM IeHb );

Rn — pajyaiys HETTO Ha OBEPXHOCTH KYIbTYphl [MJIKM~ eHb ™ |;
G — IVIOTHOCTH IIOYBEHHOI'O TEILUIOBOI'O ITOTOKA [MJI)KM'2 neHs ' ;

T — cpeauss JHEBHAs TeMmieparypa Ha Boicote 2Mm [°C];

U2 — CKOPOCTb BETPaA HA BBICOTE 2 M [M c'l;

A — HaKJIOH KpMBO#i aBJIeHNs HachImeHHoro napa [kITa °C™'];

Y — IICUXOMETpHUYECcKas nocrosinuas [klla °c'];

e. — (hakTuueckoe AapieHue napa [kllaj;
es — IaBJICHHE HaChIeHHOro napa [klla];
€s — ea — IeUILINT JaBJICHUs HAChIlIeHHOTro apa [klla].

ITocne onpeneneHnss NTOTEHIUAIBHOW ABANIOTPAHCIIMPALIAN JTOJKHBI
OBITh YUYTEHBI OuoOnOrmueckue Kod(h(PUIIMEHTHI, XapaKTepU3yIolue poJib
pacteruii. OObIYHO 3TH KOA(DPUIMEHTHI 3aBUCAT OT IUIONIAU JIMCTOBOM
MOBEPXHOCTH PAcTEHUM Ha 1oje, a (opma OMOIOTMYECKOW KpUBOW MpH-
MEpPHO TOBTOPSIET KPUBYIO Pa3BUTHUS JIMCTOBOM MOBEPXHOCTH, BBIPAKEH-
HYIO Yepe3 MHJEKC JIMCTOBOM MOBEpXHOCTU. Hampumep, kpuBas OMOI0ru-
yeckux K03(h(PUIIMEHTOB /1JI1 TOMAaTOB MOKET BBITJISJICTh CIACIYIOIIUM 00-
paszoM, IIpeACTaBICHHBIM Ha pHUC. 5.

Takum 00pa3om, 3Hasi MPOLEHT OT MEPUOJia BereTauu (epuo Bere-
TaIMM MOKET OBITh BBIPAKEH B AHIX WIM CyMMOM 3(D()EeKTHUBHBIX TemIiepa-
Typ), IO rpaduKy HaAXOAAT OMOIOTHYECKUI KOA(P(ULIUEHT, COOTBETCTBYIO-
MM TaHHOMY TIEPUOAY, U YMHOXKAIOT €r0 Ha 3HadeHue L7 3a 3TOT xKe 1e-

pPHOJI, B pe3yJIbTaTe MOJIy4aeTcsi CYMMapHOE BOJIONOTPEOICHNE PaCTeHHUS.

B 2009 roxy ®AO paszpaboTano mporpamMmy Jjisi ONPEACICHHS T10-
TEHIMAJIbHOW 3BanoTpaHcnupaiuu, koropas HaseiBaercss EToCalc (V3.1)
[39]. lagHas mporpamma pa3paboTaHa B COOTBETCTBHUHU C TOPSIKOM BBI-
gucieHnii, omicadabiM B FAO Irrigation and Drainage Paper N° 56 [40].
C ee MOMOIIIbIO MOYKHO BBIYMCIUTH MOTEHIUATIBHYIO SBANOTPAHCIIUPAIUIO
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JaXke TIPH OTCYTCTBUHM HEKOTOPBIX MOKa3aTesIeH, BXOAAIINX B BHIIICTIPUBE-
neHnyto hopmyny. [lonpobuyro nHpopmaluo 06 3Toi mporpaMme MOKHO
Haiiti Ha caiite ®AO http:// www. fao.org/nr/water/ETo.html.
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IIpoueHT OT neproaa Bereranuu

Puc. 5. KpuBas Ouosiornyeckux Ko3ppuuneHToB 1 ToMaTos [38]

JIaHHBIM METOJOM B HACTOSAIIEE BPEMs IOJB3YIOTCS MPH MPOBELE-
HUU UCCIIEIOBAaHUM KaK 3a pyOe:KoM, Tak U y Hac B cTpane [41, 42].

6. Bausinue xkayecrsa Boabl Ha padory CKO un
JAOCTYIIHOCTh MUTATEJIbHBIX BellleCTB

KadecTBO BOJIBI MOXET CEpPHE3HO IMOBJIUATH Ha padOTy CHUCTEM Ka-
MEJTBLHOTO OPOIICHHS U UX CPOK IKCILTyaTaluu. B HEKOTOPBIX cllydasix BO-
J1a TJIOXOr0 KauecTBa, HAPUMEP C BHICOKUM COJIEPKAHUEM COJICH, MOXKET
MOBJIMATh HA CBOMCTBA IOYBBI U POCT PACTEHHUM, APYTHE CBOMCTBA BOJBI
MOTYT BBI3BaTh IOJHOE 3aCOPEHUE KalleJIbHUIl U BBIXOJ W3 CTPOsl BCEH
CUCTEMBI KaIeJIbHOIO0 OPOLIEHUS.

[IpoOsieMbl, CBSI3aHHBIE C KAY€CTBOM MOJMBHOW BOJIbI, OOBIYHO BO3-
HUKAIOT B CBSI3U C 3aCOPEHUEM KalleJbHUIl, UX KIACCU(PUIUPYIOT KaK (u-
3UYECKOE, XUMUYECKOE U OMOJIOTMYECKOE 3aCOPEHUE.

OnacHOCTh (PU3UYECKOTO 3aCOPEHUsI MOYKET BO3HUKATH IPHU IOBBI-
IIEHHOM COJIEP’KaHWU B BOJE B3BEIICHHBIX BEIIECTB, MEJIKOro necka. s
UX yAaJieHus OOBIYHO MPUMEHSIOT pa3iudHbie GuiIbTpsl (puc. 6). OOBIYHO
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UCIIOJIB3YIOT CeTYaThle, IMCKOBBIEC U MEeCYaHO-TPaBUHbIE (DUIILTPHI B 3aBU-
CUMOCTH OT KadecTBa BOJbI [43]. LleHTpoOEXHBIE cemapaTophl MEeCKa HC-
MOJIB3YIOT B TE€X CIIyYasiX, KOrja BoAa COJAEPKUT OOJIbIIOE KOJIMYECTBO TeC-
Ka U3 rayOOoKuX CKBaxuH. [ cuctem, cHaOkaeMbIX BOJON U3 MTOBEPXHO-
CTHBIX BOJIHBIX MCTOYHUKOB, B JOTIOJHEHUE K OOBIMHOMY (DUIILTPAIIMIOHHO-
My 000PYJIOBaHUIO MOTYT OTPEOOBATHCS OACCEMHBI-OTCTOMHUKY ISl ya-
neHus otioxeHuid. KomOuHaiys o00py/10BaHMsI MOXKET ObITh UCIIOJIH30Ba-
Ha JIJIs YAQJIEHUS B3BEIICHHBIX YacTull. MHOTHE U3 3TUX (PHIBTPAIIMOHHBIX
CUCTEM HMMEIOT BO3MOXHOCTh aBTOMAaTHYECKOW oOpaTHOW NpoMbIBKU. Kak
MpaBUJIO, PEKOMEHJAIUU MO (PUIBTPOBAHUIO IPEANUCHIBAIOT YIAJSATh U3
BOJIbI YACTHULIBI pa3MepoM 0oJiee OJHOM JIECATON OT pa3Mepa HAUMEHBILIETO
OTBEpCTUs KaneabHUIbL. OTIENbHBIE YAaCTUIBl WA, TJIUHBI U OaKTEpPUU
OOBIYHO MOTYT IPOUTHU Yepe3 CUCTEMY (PUIBTPOBAHUS U KalelIbHUIIBI, B TO
K€ BpEMsI UX CKOIUIEHUSI, OCOOCHHO €CIIM OHU CKPEIUISIIOTCS MPOAYKTAMHU
OMOJIOTUYECKOM JIeATETbHOCTH, MOT'YT BbI3BaTh 3aCOPEHUE.

—

Puc. 6. ®uibTpsbI 1151 KaNeJIbHOT0 opoienus [1]

XUMHYECKOE 3aCOPEHUE MOXKET MPOU3OUTHU B CIEIYIOMIMX CIIydasix
[44, 45]:

-eCIM  KOHIIGHTpanusi  OWKapOOHATHBIX  HOHOB  IPEBBIIIACT
2 Mr-okB/i1, a pH Oonbire 7,5, MOXeT BeIMagaTh OCaJ0K B BHIE KapOOHATa
KaJIBIIHUS;

- KOHIIGHTpAIUs KajJbIUs OT 2 A0 3 MI-3KB/J MOXET BbI3BaTh BhIIa-
JICHUE OCajJKa BO BpEMs IMOJAYU B CUCTEMY KaleJIbHOTO OPOIICHHS HEKO-
TopbiX (hochopHbIX ymoOpenuit. [ns BBeaeHus B cuctemy (HochOpHBIX
ynoOpeHnii HeoOXOIUMBbI CHElUalIbHbIE MPOIEAYPhl, KOTOPHIE JTOJKHBI
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BHHUMATEJIBHO OCYILECTBIATHCSA KBAIM(DULIIUPOBAHHBIM IIEPCOHAIIOM;

- BBICOKHE KOHIIEHTpaluU Cylb(UI-MOHOB MOTYT BBI3BATh BBIMNAJIE-
HUE JKeJIe3HOro M MapranieBoro ocajka. CynbQuiabl jxene3a U Mapratiia
IIPAKTUYECKH HEPACTBOPUMBI, 1a)K€ B KUCIBIX pacTBopax. B Takom ciydae
PEKOMEHAYETCS TOCTOSTHHOE BBEJICHUE KUCIIOTHI B CUCTEMY WJIM UCIOJIb30-
BaHUE 0ACCEMHOB-OTCTOMHUKOB ISl OCXKICHHUS Kejle3a U MapraHiia;

- MOJIUBHAs Boja, cojepxaiias oosnee 0,1 mr/in cynbduaoB, MOXKET
CIPOBOLIMPOBATH POCT CEPHBIX OAaKTEpUl B CHCTEME KalleJIbHOIO Opolle-
Hus. MoxeT noTpedoBaThCs IPOBEACHUE PETYIIIPHOTO XJIOPUPOBAHMS;

- €CIIM B BOJIE COJEPIKUTCA MapraHell, XJJOPUPOBaHHUE CIENYET Ipo-
BOAUTH C OCTOPOXKHOCTBIO BBUY TOT'O, YTO BO3MOXKHA 3aJIepKKa PEaKINU
MO0 BPEMEHU MEXKIY XJOPUPOBAHHEM U BBITIAJIEHUEM OCaJKa. ITO MOXKET
CIPOBOIMPOBATH BHITIAJCHUE MAapraHIIeBOI0 OCaJKa YXKe MOcje MPOXOXK-
JICHHSI CUCTEMBI (PUIBTPOBAHUSA U BBI3BATh 3aCOPEHUE KaIlEIbHUII.

Jlsie BOJOMOATOTOBKM OOBIMHO MPOBOJIAT XJIOPUPOBAHKE UM 00Opa-
OO0TKY KHMCIIOTaMH. XJIOPUPOBAHUE OOBIYHO TPOBOAST HJIsi YHUUYTOXKEHUS
3aCOpPEHMS OPraHUYECKOro MPOUCXOKIACHUS, MPEJOTBPAICHHUS 3aCOPECHUS
OakTepuaIbHON CIU3bI0, @ 00pa0OTKY KUCIOTAMM — JJISl IPEYTPEKICHUS
BBITIQJICHHS B OCAJIOK PA3IUYHBIX XUMHUYCCKUX BEIICCTB, HAPUMEP Kajib-
115, KeJIe3a, MapraHia.

Takum oOpa3oM, yueT KadecTBa BOJIBI IIPH NPOSKTUPOBAHUH M KC-
IUTyaTallid CUCTEM KaIleJIbHOI'O OPOIICHMS SBISIETCS OJHUM M3 Ba)KHEMU-
mux (akToOpOB, BIUSIONMX HA PabOTOCIOCOOHOCTh CUCTEMBI U COXpaHe-
HUE TIOYBEHHOTrO Tuiogopoaus. [locie onpeneneHus xapakTepUCTUK Kade-
CTBa BOJIbI CJIEIyET 3alpOCKTUPOBATh HEOOXOIUMOE O0OpYIOBaHHUE,
a TaKke pa3zpadoTaTh MEPOINPHUSATHUS MO MPEJOTBPAIICHUIO UM YMEHbBIIIe-
HUIO BO3MOYKHOTO HETaTMBHOIO BJIMSHHUSA Ha IOYBEHHOE ILIOIOPOIME.
AHanu3 JUTEpaTypHBIX UCTOYHUKOB II0Ka3ajl, 4TO CBEACHHUM O HENmOCpe.-
CTBEHHOM BJIMSIHMM KayecTBa BOJBI HA CBOMCTBA YEPHO3EMHBIX IOYB MPHU
NIPUMEHEHUH KAameJlbHOTO OPOIICHUS KpailHEe HEOCTaTOYHO U Tpedyercs
NIPOBEJICHUE MCCIICIOBaHUM, HANpaBJICHHBIX HAa H3YyYEHUE TOYBEHHBIX
MPOLIECCOB, BO3HUKAOMIMX NPU MPUMEHEHUH TOJIMBHBIX BOJ Pa3jIndHOIrO
KauecTBa B CUCTEMAaX KareJIbHOI0 OPOIICHHUS.

7. Oco0eHHOCTH NIPUMEHEHU YA00peHUH IPU KaleJIbHOM OPOILICHUMN
Cucrema ygoOpeHHit Py UCTIOIH30BAHUHU KaleJIbHOTO OPOIICHHS BO
MHOTOM CXO0Xa C CUCTEMaMH yJI0OpEHHUH, UCTIONB3YEMBIX MPH APYTUX CIIO-
cobax OpOUIEHUs, HO TAKXKE€ MUMEET HEKOTOpbie 0coOeHHOCTH. OCHOBHAs
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1eJdb IpU pa3pabOTKe HSKOJOTHYECKH O€30MacHOM CHCTEMBl YAOOpEHHs
OBOIIHBIX KYJIBTYp MPH KareJIbHOM OPOIICHHH — 3TO YAOBJICTBOPHUTH IIO-
TPEOHOCTH PACTEHUH ISl TOJIyUEHUS 3aJaHHOM YpOKallHOCTH U HE HaHeC-
TH BPEAA OKPYKAIOLIEH Cpeie.

Jls onpenenenuss mOTpeOHOCTEN pPacTEeHUM CYIIECTBYET OIPOMHOE
KOJIMYECTBO PACUYETHBIX METOMIOB. DTO OaIaHCOBBIE METObI, ONPEICICHIE
HOpM ynoOpeHmi Ha TpubOaBKy yposkas, ompeeiecHHe HOPM YI0OpeHMA
C IpUMEHEHHEM OallaHCOBBIX KOI(PHUIIMEHTOB MCIOIb30BaHUS MUTATENb-
HBIX AJIEMEHTOB, OIPEJICIICHUE HOPM YA00pEHUIA 110 BO3MEIIICHUIO Y100pe-
HUSIMH BBIHOCA C YpOXKasiMU MUTATENBHBIX BEIIECTB B 3aBUCUMOCTH OT CO-
JIepKaHMs MX B TIOUBE U Jp. [46].

Brauase ompenensior HE0OXOIUMOE PACTEHHUSM KOJIUYECTBO IMHUTA-
TEJIbHBIX AJIEMEHTOB, KOTOPOE B OCHOBHOM 3aBHUCHUT OT BHJIa PACTEHUS U
TJIaHUpyeMoH yposkaitHocTu. Jlanee onpeacssitor 00ecneueHHOCTh MTOYBbI
JIOCTYITHBIMH DJICMEHTaMU TUTaHus. J[JI1 Kaneab,HOTO OPOIISHUS CIIeIyeT
y4eCTh, UTO 00BEM, KOTOPBIM OYJIyT 3aHUMATh KOPHHU, YMEHBIIICH, CJIC/IO-
BaTEJIbHO, U MOTPEOATH TUTATEIIBHBIE YJIEMEHTHI OHU OYIYyT U3 MEHBIIIETO
oonveMa. J[aHHOe OOCTOSITENLCTBO CIIEAYET YUUTHIBATH IIPU pacueTe KOJH-
YEeCTBa MUTATENbHBIX 3JEMEHTOB, MOCTYNMAONIMX U3 NouBbl. [locne ompe-
JeJeHUs TOTpeOHOCTEeH pacTeHWH W BO3MOXXHOCTEH MOYBBI HEOOXOIMMO
CpPaBHUTH HEOOXOIMMOE ¥ UMEIOIIECECS KOJUYECTBO MUTATEIBHBIX JJIEMCH-
ToB. Eciiu cosiepkaHne mMUTATEIbHBIX 3JIEMEHTOB B MOYBE HE TMO3BOJISIET
JIOCTHUYb 3aIUTAaHUPOBAHHOW YPOKAMHOCTH, B TIOYBY BHOCST JIOMIOJTHUTEb-
HbIC MUTaTEIbHBIC BENIECTBA — YI0OPEHU.

CrenyronuM 3TarnoM pacydera SIBIISIETCS IJIaHUPOBAHUE pa3/IeiICHUS
HOPM yAOOpeHUH JIsi OCHOBHOTO BHECEHHWS M C MOMOIILI0 (pepTHUranum.
J171st OCHOBHOTO BHECEHHSI MOXKHO MCIOJIb30BaTh JItOObIE yI00pEHUs, B TOM
qucJe JAeneBbie MaaopacTBOpuMble ynoopenus. [{ns depruramuu cneayer
WCIIOJIBb30BATh TOJBKO MOJHOCTHIO pacTBOpUMBbIE yao0Openus. [Inanupona-
HHE OCHOBHOTO BHECEHHS YJI0OpeHHMH U (pepTUranuy 3aBUCUT OT MEXaHH-
YECKOT'0 COCTaBa MOYBHI U OOCCIICUCHHOCTH €€ MUTATEIHLHBIMU JICMEHTA-
MmH (Tabm. 3) [47].

ITpu MCHOJIb30BAHUM KAMNEJIbHOTO OPOIICHUSI PAllMOHAJILHBIM CUMTA-
ercst npeanoceBHoe BHeceHue 20-30 % ot Bceit HopMmbl azota, 50-70 %
docdopa, 30-50 % kanmst. OCTaIbHYIO YaCTh IMUTATEIBHBIX BEHIECTB JIAI0OT
C mogKopMkamu [48].
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Taomura 3

IlnanupoBanue pasaejieHUss HOPM yA00peHu i
J1JIs1 OCHOBHOI'O BHECEHUS M B MOJAKOPMKAaX

Mexannyeckuit O06ecre4yeHHOCTh MUTATeNbHBIMH 3JIEMEHTAMU
COCTaB MOYBbI HU3Kas cpenHsis BBICOKAs
Jlerkuit O ) O
CpenHecyrauHUCTBIN od ) O
Tsorensrit 0d 0d )
[Tpumedanue: O — ocHOBHOE BHeceHHe; @ — pepTurarus.

Pemenne o HeoOXOAMMOCTH TpoBeACHMs (epTUraluu U HOpMax
ya0OpeHusl ciieayeT NMPUHUMAaTh, OCHOBBIBAACh Ha pe3yjbTaTax aHallM3a
TKaHen pacrenuid [49]. Takue aHanM3bI MOKHO MPOBECTU TPATUIIUOHHBIMH
METOJaMU M C HCIOJb30BAHMEM HOBBIX MPUOOPOB ISl BKCIpecc-
JIMarHOCTUKHU pacTenuit (puc. 7) [50, 51].

| DI BIA Pmrpa s -

[TopraruBHas nadoparopus GYHKIIMOHAIEHOW TUATHOCTUKU «AKBAJIOHHUC)

Puc. 7. [Ipubopsl 1J151 IKCHpPECC-IMATHOCTUKU MOTPEOHOCTH PACTEeHHU I
B MUTATEJLHBIX 3JIeMEeHTAX
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7.1 OcoOennocTu nposeaeHus Gpepruranun

Bo3MOXHOCTH (pepTHUTAIlIK B TIEPHO]T BBIPAIIUBAHUSA KYJIBTYPHI SIB-
JISIETCSL OJTHUM W3 OCHOBHBIX MPEUMYIIECTB KANeIbHOTO OPOIICHUS TIepe]
IpYrUMH crioco0amMu mojuBa. DepTuraius SBISETCS YACTHBIM CIIydaeM
0osiee MHUPOKOTO MOHATHS «XUMHTAIUsD, KOTOpask O3HA4YaeT 1Mojavyy pas-
JUYIHBIX XUMHKATOB B CUCTEMY ITOJIUBA.

Ilpeumywecmeéa OT WCTONB30BAaHUSA XHMHUTAIIUH MOTYT OBITH ClIe-
nyromue [S52]:

- 3aTpaThl Ha XHMHTAIIUIO 110 CPAaBHEHHUIO C BO3AYIIHBIM WJIH T10Y-
BEHHBIM BHECEHHEM MOTYT ObITh MCHBIIIE;

- XUMHKAT MOXKET OBbITh BHECEH TOTJa, KOTJa 3TO HeoOXoammo 0e3
OXKHMJIaHMS TOAXOMSIINX IMOTOJHBIX YCIOBHU WM TOCTYITHOCTH padouei
CHUJIBI. DTO MOXKET COKPATUTh OOIIUE TPYAOBBIC 3aTPaThi,

- BHECEHHE MOXKET ObITh 00JIee OJIHOPOJHBIM IO CPABHEHUIO C JIPY-
MMM METOJ[aMH TIPU PaBHBIX YCIOBHSX;

- IPU IPUMEHEHUN TepOUIIHUIOB, 3a/IC/IbIBAEMBIX B MOYBY, COOTBET-
CTBYIOIIIEE KOJIMYECTBO BOJIbI MOXKET OBITh BHECEHO JJIs 3aJ€JIKH TepOUIIH-
Jla Ha JKeJaeMyro TIIyOuHY U JUIsl HEMEJUICHHOW €ro akTHBAIIHH;

- YIUIOTHEHHUE TMOYBBI CHMXKAETCS, TaK KaK OTIAaaeT HeOOXOJIUMOCTh
MIPOX0/a MOJIEBOM TEXHUKH IT0 TIOJTFO TIPH BHECEHWH XUMHUKATOB;

- MEXaHMYECKHE MOBPEKICHNS PACTCHUIN COKPAIIAlOTCs MO CpaBHE-
HUIO ¢ MEXaHMYECKUMH TTOBEPXHOCTHBIMHA METOJIAMH BHECCHUS;

- BpeI onepaTopy CHIKAETCS 0 MUHIMATBHOTO;

- MOXKET MOTPeOOBAThCSA MEHBIIIEE KOJIMIECTBO YI0OpESHHHA, 0COOCH-
HO TIPY MHUKPOOPOIICHHUH (ITPH KareJIbHOM OPOIICHNN );

- MOTEPH OT CHOCA BETPOM MOTYT OBITh MCKIIFOYEHBI B 3aBUCHMOCTH
OT METOJIa OPOIICHHS. DTO MOXXET CHH3UTh OJIHY W3 MPUYHH XUMHUYCCKUX
TIOTEPD M 3arPSA3HEHUS OKPYKAIOIIEH CpeIbl;

- TEXHOJIOTMH XUMHTAIlMH COBMECTHUMBI C HYJIEBOM 00pa0OTKOM TTOYBHI.

Heoocmamxkamu npuMeHEHUSI XUMUTALIUU SIBIIIOTCA [S52]:

- HEKOTOPBIE XUMHUKATBI SBJISIOTCS KOPPO3HOHHO-OITACHBIMU JIJISL HP-
PHUTAIIMOHHOTO O0OpYAOBaHUS, OCOOEHHO B 30HE, PACIOJIOKEHHOU Hero-
CPEJCTBEHHO TIOCJIe MyHKTa BHECEHUs. B OOJBIIMHCTBE CiTydaeB pacTBO-
pseMble XUMHKATHI Jjajee M0 CHUCTeME OT TOYKH BHECEHHs HE SIBIISIOTCS
cepbe3Hor npobiemoit. O0opyaoBaHUE IS BBEICHUS XUMHUKATOB JOJIKHO
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OBITH CIIPOEKTHUPOBAHO TaKUM 00pa3oM, YTOObI 00ECTIEUNTh BO3MOXKHOCTD
yTpaBJIeHUs] KOHIEHTPAIUEH XUMUKATOB;

- CMENIMBAaHNUE XMMHUKATOB MOXKET OBITh OMACHBIM M 3aTpPaTHBIM, €C-
U cAeNaHo 0e3 COOTBETCTBYIOIIMX 3HAHWUW O MOTEHIHMAIbHBIX, MHOTIA
CUJIBHBIX PEakUMsIX. XMMUKAThl TAKK€ MOTYT BBINAJaTh B OCAJ0K, UYTO
MOJKET 3aCOPUTH O0OPYIOBaHNE MIIM 00pa30BBIBATH SIOBUTHIE UCIIAPECHMS,

- MOTYT CIIy4aThCs MOTEPH OT UCTIapeHus (yJIETYyUMBaHMS), OCOOCHHO
MIpHU JOXKIEBAHNH,

- YHACIIO XUMHUKATOB, KOTOPbIE MOT'YT OBITh YCIIEIIHO UCIIOJIb30BAHBI C
MTOMOIIIbIO XMMUTAIlUU, OTPAHUYEHO;

- Ype3MEPHOE BHECEHHUE BOABI WM JIOKIHU BO BPEMSI XMMHUIallMU MO-
T'YT BbI3BaTh NOTEPH XUMMKATOB WUJIU cliejaTh UX HedPHEKTUBHBIMU U3-32
UX TIyOOKOTO MpocadyuBaHMs B TOUBY (TIIyOMHHOM (UIBTpAINK) WA T10-
BEPXHOCTHOT'O CTOKA;

- TpeOyeTcs CcrenuaibHoe 00OpyIOoBaHWE Il BHECEHHS W TPEIo-
XpaHEHHUsl CUCTEMBI OPOLICHHSI;

- BCET/Ia CYIIECTBYET MOTEHIIMAIbHAS OMACHOCTh JJIS BOJHBIX HC-
TOYHUKOB, OCOOCHHO 3TO KacaeTcs MEeCTULIMIOB U FepOUIIH/IOB;

- MHOT'O€ €lI€ HE M3Y4YEHO MO BOMPOCaM O HAWIY4ylIUX U HauOosee
0e30macHbIX MeToAaxX pabOThl MPU XUMUTAIIUHA, METOJ SIBIIIETCS OTHOCH-
TEJIbHO HOBBIM;

- TpeOyeTcsl BHICOKHI ypOBEHb OpraHHM3alliy YIPaBJICHHS] U PaBHO-
MEpPHOCTH OpPOIICHUS.

XUMUYECKUE TpenapaThl, IPUMEHIEMbIC Il XUMUTAIMU TPU BBE-
JICHUU XMMHKaTa C TOMOIIBI0 MHXEKIIMOHHOTO OOOpPYAOBAaHMS, TOJKHBI
OBITH B OJTHOM U3 CIEAYIOMHIX (popM:

- pPaCTBOPHUMBIH, CYyXOU MOPONIOK (KPUCTAILIbI);

- )KUJIKOCTh, CIOCOOHAs CMEIIMBATHCA WM OOPa3OBBIBATH AMYJIb-
CHIO;

- HEPACTBOPUMBIN, CMAYMBAIOIIUICS, TACTIEPCHBIN OPOLIOK.

OTtpaenbHble BUIBI 00OPYIOBAHUSI M3rOTaBIMBAIOT CIELUUATIBHO IS
IPUMEHSIEMOTO BEIleCTBA (HAPUMEP, B 3aBUCUMOCTH OT THIAa XMMHUKATa,
XUMHUYECKOM KOHLEHTpPALMH, BI3KOCTH). B pe3ynbrare J0MKHBI OBITH BbI-
OpaHbl KaK MOJXOJAIIMA TUIT XUMUKATOB, TaK U TN 00opynoBaHus. O0o-
pYyJIOBaHUE JOHKHO COOTBETCTBOBATH HEOOXOJIMMON E€MKOCTH CHCTEMBI.
CHaOxeHne dHepruel HacoCOB, KOTOPBIE MOJAIOT XUMHKATHI B CUCTEMY,
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MOJXKET OBITh C TIOMOIIBIO AJIEKTPUYECKOTO MPUBOAA, ABUTATENS] BHYTPCH-
HEro cropanus wiv ruapornpuoaa. OOopynoBaHUE /Jisi BBEACHHUS XHUMHU-
KaTOB B CHCTEMY IOJMBAa MOXXHO Pa3/I€IUTh HA YEThIPE KaTErOpUU: CAMO-
MEK, MEHMOop, HACOC-003amop u do3upyrowas cucmema [S52].

Camomek W3 €MKOCTEU-XPaHWINIL XUMUKATOB — 3TOT CIIOCOO SIBJISI-
eTcsa Hamboiiee mpocThiM. KOHTPOIIb 3a MHKEKTUPYEMOW HOPMOMW CBSI3aH
C PEryJIMpOBKOM KJlaraHa, KOTOPBhIM NPUOIU3ZUTENIBHO PEryIupyeT MOTOK
XMMHUKATOB B MOJIMBHYIO Boay. I[IoTOK XMMHMKATOB MojaeTcs Wik Ha Bca-
CBHIBAIOIIMM KOHEIl HAacOCa WM B OTKPBITYIO CAMOTEYHYIO CUCTEMY. DTOT
TUI WHXEKIIMA OOBIMHO HCIOJB3YIOT B MOBEPXHOCTHBIX CHCTEMax, OCO-
OCHHO JIJIs1 BHECEHUS TTOYBEHHBIX MEITMOPAHTOB, TAKUX KaK CEPHBIE COEIH-
HeHus. OH TpeOyeT MOCTOSHHOTO BHUMAaHUs orepaTopa.

Menmop — 310 HamboJIee MPOCTON CIIOCO0 M0IaY XUMHUKATOB B CHC-
TeMy. MeToabl, HCTIONb3YEMBIE IJIsl 9TOM KaTEerOpuH, CAEAYIOIUE:

- MHDKEKIIMS Ha BCaCchIBAIOIIEH CTOPOHE HACOCa;

- MHXKEKIIMS Ha OCHOBE TIpUHIINIAa BeHTypu;

- MHXKEKIIUS ¢ moMoIipio [IutoT TpyOoxK.

HopMma BHeceHMsT XUMHUKaTa MPUMEPHO MPOTIOPITHOHATIFHA TTOTOKY BO-
abl. MeToa TpeOyeT HEKOTOpOro BHUMaHMs CO CTOPOHBI omeparopa. C ero
MTOMOILBI0 MOYKHO YIPABJIATH MOAAYEH KUIKOCTEN BOJOPACTBOPUMBIX WIIA
cyxux marepuasioB. O0OOpyJI0BaHUE MEHTOpPA JIOJKHO OBITh MCIOJB30BAHO
TaM, rae (BOJHBIN MOTOK) PacXo] BOJbI OJIM30K K TOCTOSTHHOMY.

Hacoc-0o3amop — 3TOT METOA TOYHO OTMEPSIET KOJUYECTBO XHMH-
Karta JIJIs BBOJA B MOJIMBHYIO BOJY B IIPEIBAPUTEIIHHO OTPEICICHHOMN J03€.
Jlo3a BXOJSIIETO IMOTOKA XMMHUKATa SIBISIETCS TIOCTOSIHHOM BO BPEMEHU U
MO3BOJISIET ONEpPaTOPy MPOBOJAUTH U3MEHEHHS J103bl BHECEeHUs. MeTon cre-
JyeT MCIOJIh30BaTh TaM, T/I€ CKOPOCTh BOJHOTO MOTOKAa OJiM3Ka K MOCTO-
SSHHOU. M CIoNIb3yeMbIii METOJI MHXKEKUHUU SBISETCA WHXKEKIHUEH Hacoca.
OH MOXXET MH)XEKTHPOBATh TOJIBKO JKHIKOCTH.

Hozupyrowas cucmema — 3TOT METOJI MHKEKIIUN B TOYHBIX MPOTOPIIH-
SIX BBOJUT XMMHKATHI B TTIOTOK MOJMBHOM BOABL. OH COCTOMT M3 CEHCOpa, KO-
TOPBIN OMpenesieT CKOPOCTh BOJHOTO MOTOKA, MOAYJISA, KOHTPOIUPYIOIIETO
XUMHYECKUN TIOTOK, ¥ MHKEKIIMOHHOTO HAacOCa, KOTOPhIA MHKEKTUPYET XH-
MHUKaT. JTa Kareropus WHXEKIMOHHOIO OO0OpYAOBaHMs JOKHA ObITH HC-
MOJIb30BaHa TaM, T7I€ pacxo] (CKOPOCTh) MOTOKa u3MeHsiercst. OH sBIsieTCS
aBTOMATHUYECKUM U TpeOyeT MUHIUMAJILHOIO BHUMAHUS ONlepaTopa.
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7.2 O0ecnieueHHe IKOJOTHIECKO 0€30I1aCHOCTH
npu nposeaennu gpepruranuu (XMMHramum)

[locne onpenenenuss HOTPeOHOCTEN pacTeHHUM CIIEyEeT MPUHATH Me-
PBI MPEOCTOPOKHOCTH, 00ECTICUMBAIONITNE YKOJIOTHUECKYIO0 0€301acCHOCTb.
Jlns aTOTO MpH yCTaHOBKE (PEPTUTrallMOHHOTO O0OpYAOBaHHUS MpEIycMaT-
PUBAIOTCS CIEIUATBHBIE TEXHOJOTHUHU NJi1 OOECIEUEeHHs] ACIEKTOB 0e30-
MaCHOCTU XUMHTIallMK. B TO e Bpems, eciii UCIOIb3YETCS MEXAHUUECKOE
0o00OpyI0BaHME, BCET/Ia CYIIECTBYET BO3MOXKHOCTh OTKa3a, TOJIOMKH HIIH
BBIXOJIa U3 CTPOA. YCHemHas U 0e30macHas XUMUTAIMs TpeOyeT yCTaHOB-
K1 o0opymoBanHus, odecrednBaroiero 6e3omacHocTh pabot. Takoe o6opy-
JIOBAHUE TIPOCKTUPYETCS 1T YMEHBIICHHS TPEX BO3MOXKHBIX MPOOJIEM 3a-
I'PS3HEHUS OKPYKAIOLLEH CPEebl:

- 00paTHOro TOKa Hepa3z0aBJICHHBIX XMMUKATOB B €MKOCTh C BOJIOU
WJIM BOAHBIA UCTOYHUK;

- MPOJIMBA XUMHUKATa HA TIOBEPXHOCTH ITOYBBI;

- 00paTHOro TOKa BOJbI, CMEIIAHHOW C XMMHMKAaTaMH U3 TOJUBHOU
CHUCTEMBI.

Cucrembl, obecrieunBaroIMe 0e30MacHOCTb, BKIIIOYAIOT CICAYIOIINE
TpeboBanus [52]:

- cUCcTeMa JIOJbKHA OBITh OCHAIIEHA CHEeIHAbHBIM OOpaTHRIM KJlara-
HOM, BaKyYMHBIM MPEIOXPAHUTEIBHBIM KJIallaHOM M TPYOOIPOBOIOM HHU3-
KOr0 JaBjieHWs (11 OTBOJIa B KaHAJIW3AIlMIO), YCTAHOBJICHHBIM B TIOJIXO-
JISIIIIEM MECTE Ha MOJMBHOM TPYOONpPOBOJE sl MPEIOTBPAICHUS 3arps3-
HEHHUS BOJHOTO NCTOYHHKA;

- TpyOOTIPOBOA /1T WMHXKEKIIMU TIeCTUIIUIOB JOJDKEH COJIepKaTh
byHKIIMOHAIBHBIN (Pab0TOCTIOCOOHBIH), aBTOMAaTHYECKHI, OBICTPO 3aKphI-
BAlOIIMICA OOpaTHBIN KJalaH IJIs MPEAOTBPAIICHHUS MOTOKA >KHAKOCTH
00paTHO K MHXKEKIIMOHHOMY HACOCY;

- TpyOONpPOBOA AJIsi WHKEKIUW TECTUIUIOB JODKEH TaKXKe Cofep-
XaTh (DYHKIMOHAIBHBIA (padOTOCIOCOOHBIN), HOPMAJIbHO 3aKPbIBAIOIIMI-
Csl KJamaH, yHpaBJsieMbI COJICHOHIOM, PACIOJIOKEHHBIN Ha BCACBhIBAIO-
e CTOpOHE HWHXXEKIIMOHHOTO HAacoca M TOJICOSAUHEHHOIO K CHCTEME
OJIOKUPOBKY ISl IPEAOTBPAIICHUS TONATaHUSI )KUIKOCTH U3 CHAOXKaromen
€MKOCTH NPU aBTOMATHYECKOM WJIM PYYHOM OTKJIFOUEHHH IOJIMBHOM CHC-
TEMBI;
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- cUcTeMa JIOJKHA ObITh OCHaIlleHa paboTOCIIOCOOHBIMU OJIOKHUPATO-
paMu JIJI1 aBTOMaTHYECKOTO0 OTKJIFOUCHHS HHXEKIIMOHHOTO Hacoca, IIo-
TAIOIET0 XUMHUKATHI P OCTAaHOBKE JIBUTATEIIS BOISHOIO HACOCA;

- OJIUBHAS JIMHUS WU BOJSHON HACOC JOJDKHBI OBITh OCHAIIICHBI pa-
00TOCTIOCOOHBIM MEMOpPAHHBIM TEpEKIoYaTesieM (pelie AaBJjeHUs ), KOTO-
pbIii OyJIeT OCTaHABJIMBATh BOJSIHOM HACOC, €CJIM BOJSIHOE JABJICHUE CHU-
JKaeTcs JI0 3HAYCHHM, KOT/Ia paclpe/eicHNue MeCTUIIHIOB CTAHOBHUTCS He-
0JIarONpUSITHBIM;

- CHCTEMBI JOJDKHBI MCIOJIB30BaTh JIO3UPYIONMIMA HACOC, HampuMep
WHXEKIMOHHBINA TuadparMeHHbIit Hacoc, ObITh YPPEKTUBHO CIIPOCKTHPO-
BAaHHBIMHM U U3TOTOBJICHBI U3 MAaTE€pPHAJIOB, KOTOPhIC YCTOMYHMBEI K BO3/CH-
CTBUIO TIECTHUITU/IOB ¥ TIOJIXO/ISIIHNE K CUCTEME OJIOKUPOBKH.

7.3 CTparerusi ynpapJieHUsI a30TOM

Opaum n3 HanbOoJee BaKHBIX AJIEMEHTOB TIPU BBHIPAIIMBAHUU OBOIII-
HBIX KYJBTYP ABJIACTCA a30T, B TO K€ BPEMS OH O4YE€Hb IMOJABMKEH U MOYKET
OBITH JIETKO BBEIMBIT U3 KOpHEOOUTAaeMOl 30HBI PACTCHUH, Iie OH JeHCTBH-
TeJIbHO HeoOXouM. 11ocie 3Toro oH MOXKET IMOIacTh B TPYHTOBBIE BOJbI U
TakuM 00pa3oM 3arpsi3HUTh MX, HAHOCS BpeJl OKpyxkarouen cpene. [loaro-
My CHUCTEME MPUMEHEHUs a30THBIX yIOOPEHUH TOJKHO YAENATHCS MOBBI-
IICHHOC BHUMaHWE. YBEIMYNTHh A(PPEKTUBHOCTH HMCIOJB30BAHHS a30Ta
pacTEeHUAMHM MOMOT K0T cheayromue aeicTeus [49]:

- YY€T MOCTYIUICHHS a30Ta U3 BCEX WCTOYHHUKOB INMPHU OIPEICICHUU
70361 BHECEHHSI a30THBIX yIOOpEHM, HampuMep, a30T B IOYBE, OINpee-
JIIEMBIN BO BpEMs TMPEJNOCEBHBIX AaHAJIM30B; a30T B MOJMBHOW BOJIE U
a30T, MUHEPAIM3YEMBIN B TEYEHNE BETETAIMOHHOIO TIEPHO/IA;

- MUHUMH3UPOBAHUE NIPEITOCEBHOIO BHECEHUS a30Ta;

- BHECEHUE a30THBIX YJAOOpPEHUI PSJIOM C PSIIKOM PACTEHUN OJIMKe
K KaneabHOM JIMHUU;

- UCIIOJIb30BAaHUE YCOBEPIIICHCTBOBAHHBIX CHOCOOOB OpPOUIECHUS ISt
CBEJICHUS K MUHUMYMY MOTEPh Ha NIYOUHHYIO (PHIIbTpaLINIO;

- IPOBE/ICHUE AHAJIM30B TKAHEW PAcTeHMM [JIsl OIpe/esieHus HeoO-
XOJUMOCTH B JIONIOJTHUTEIBHBIX YI00PEHUSIX;

- CO3[ITaHUE YCJIOBHM Uit OoJiee TiIyOOKOro MPOHHUKHOBEHUS! KOpPHE-
BOM CHCTEMBI IS MOTPEOICHHS a30Ta.
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[Ipu cocraBienuun nporpamMm (epruranuu yao0HO HUCIOIb30BAThH
rpaguKy €KeTHEBHOTO MOTPEOICHHs] MUTaTeNbHBIX AeMeHToB. Ha puc. 8
MpeAcTaBieHa KpUBasi NOTPEOICHHS JTyKa permdaroro.
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NKOHB nonb aBrycr CeHTH6pb

Puc. 8. Cpeanecyrounoe norpedjieHue a3ora
pPacTeHUSIMU JIyKa Pen4aToro, Kr/ra/1eHb

Takum 00pa3om, pa3paboTka CUCTEMBI YAOOPEHUI MPU UCIOJIb30Ba-
HUM KarleJbHOTO0 OPOIICHUS JOJDKHA OBITh HampaBlieHa Ha Haubosee 3¢-
(heKTHBHOE HUCIIOIH30BAHUE YIOOPEHUMN ISl TTOJTyUE€HHS BHICOKHX YPOXKAEB
MPU OJTHOBPEMEHHOM COOJIIOJICHUN MEPOIIPHUSATHH, TPEIOTBPAILAIOIINX 3a-
IpsSI3HEHUE BOAHBIX OOBEKTOB U HAMPABJIEHHBIX HA COXPAHEHUE MOYBEHHO-
IO TJI0JIOPOIUSL.

8. Biansinue kanejabHOro OpOIICHHUSI HA ITOYBY

OcHOBHOE OTIMYHME KamneJIbHOTO OPOIISHUS OT JPYrHuX CIIOCOOOB
OpOIIEHHUSI COCTOMT B TOM, YTO BOJA IO TIOJIFO PACIpEAeIIeTCsl OdaraMm.
Takoe pacnpenenenne oOyCIOBIMBACT U PACIPEACICHHUE COJIEPIKAIIIXCS
B 3TOM BojE cosieil. OOBIYHO MPU HUCHOJIb30BAHUU KaIleJIbHOTO OPOIICHUS
(bOpMHUPYIOTCS 30HBI € TTOBBIIIICHHBIM COJIep)KaHuEM colie (puc. 9).

OMnbIThI, MPOBEICHHBIE HA BUHOTPATHUKAX U B cajiax (PPyKTOBBIX Je-
peBbeB [53] B Teuenue 1968-1970 rr., mokaszanu, 4TO COJIM NIPU KaneIbHOM
OPOIIICHUY TTOYBBI PACIIPEACIIAIOTCS B TPEX OCHOBHBIX 00/1aCTsIX:

- B TIOBEPXHOCTHOM 30HE, HEMOCPEIACTBEHHO BOJIM3U PACIIOIOKEHUS
KameIbHUIL, TIPH 3TOM KOHIIEHTPAIMs X OOJbIIIE, YeM TPH JIFOOBIX IPYTUX
crioco0ax OpOIICHUS;
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- B CpeAHEH 30He, Ha neprudeprun KOHTYpa YBIAXHEHUS, TJ¢ KOJude-
CTBO MX KOJIEOJIETCS] OT HE3HAYUTENILHBIX JI0 CPEAHMX 3HAYCHUM;

- B TIIyOMHHON 30HE C YBEJIWYEHHBIM COACPKAHUEM Ha IOJIOIIBE
KOHTYpa U C TEHJCHIIMEH BO3pacTaHUs 10 Mepe YAAICHHS OT KaleIbHHUIIbI
(B pejienax KOHTypa YBJIKHEHUS).

paccToAHHe Meway !
TpyGonpoBoganu

—KdaNenbHHUa .~ CYyXdaA NOBepxXHOCTE NOYBEI

| HanpaeneHuA
ABHAHEHHA BNAlH

___KOHTYp
YBNaOMHEHNA

Puc. 9. Hakonienue cosieil npu KanejibHOM OPOLLICHUU

[louBa, Haxonsmiascs TOJA KaneJbHULEH, OKa3bIBaeTcs Haubosee
npombiTor. Comep:kaHue cojeil B Hell OyJIeT CTPEMHTHCS K COICPKAHUIO
coJiel B ONIMBHOM BoJe. [0 Mepe yBenmyeHust pacCTOsIHUSA OT KareJlbHU-
I[bI CKOPOCTh MEPE/IBIKEHUS BOJIbI COKPAILIAETCS, YTO BBI3BIBAECT HAKOILJIE-
HUE coJiel B epudepuiiHoi 30He KOHTYpa yBIaKHEHUS [54].

Hawubosiee omacHOM 30HON HAKOMJIEHUs SIBJISIETCS 30HA, PaCIOJo-
’KEHHas B BEpXHEH 4acTH oyara yBJIa)KHEHHUsI, BJIOJIb TPAHUL] YBIAXKHEHHOM
wiomaau. HeOounbliue AOXKAWM MOTYT BBIMBITH 3TH HAKOIUJICHHBIE COJIU
BHM3 B KOPHEOOUTAEMYIO 30HY U CEPbE3HO NOBPEAUTH pacTeHus [435].

HcnapeHne ¢ MOBEPXHOCTU MOYBBI BBI3BIBAET MOSIBJIECHUE OOIBIIOTO
MOTOKA BOJIBI, HAIIPABJICHHOT'O BBEPX M JIOCTUTAIOIIETO TIyOMHBI MOPSIIKa
30 cM. CTeneHp HAKOIUICHHMSI COJIE HA MOBEPXHOCTH MOYBHI (HA IIyOMHE
MeHee 30 cMm) Obl1a B TpU-YETHIPE pasa BbIIIE, €CIIM KOHTYPbI YBIIAKHECHHUS
MEPEKPHIBAIIUCH, 10 CPABHEHUIO C PACIIOJIOKEHHBIMU OTAEIBHO, T.€. KOrAa
paccTosiHue MEX1y TpyOorpoBoaMu ObL10 OosbIe [S35].
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B o0mem cityyae xapaktep pacrpe/ie/ieHus] CoJIed Mpu KareJbHOM
OpOIIEHUHU 3aBHCUT OT CKOPOCTHU HCIIAPEHHUs C MOBEPXHOCTU IOYBBI, IO-
TJIONICHMS BJIard KOPHSIMH pacTEHUM, pacrpeielieHus (PppoHTa yBIakHe-
HUs, OOIIEro KOJWYEeCTBa IMOJaBaeMOM BOABI W PACCTOSHUS MEXAy Ka-
METBbHULIAMH U TPYOOIIPOBOIAMH.

B 3apy06exHol nuTepaType BCTpeuyaroTcss pabOThl, pEKOMEHIYIOIINE
WCIIOJIb30BaTh KameIbHBIA CIIOCOO TOJMBA JIJISI ONMPECHEHHUS 3aCOJECHHBIX
MOYB IMyTEM CO3/IaHMS BBIIIEIOUYEHHBIX 30H IOJ KAameJbHHIEH, a TakkKe
WCIIOJIB30BaTh MUHEPATM30BAHHBIC BOJBI JIJIsl TOJMBA, TaK KaK WM3MEHSS
PEXUM OpOLIEHUS, MOXKHO MOJIEPKUBATh YPOBEHb 3aCOJIEHHOCTH TTOPOBO-
IO pacTBOpa Ha YPOBHE 3aCOJEHHOCTH MOJUBHOM BOJIBI.

Tak, uccnenoBanusi, MPOBEICHHBIE HA TSKEIBIX 110 MEXAaHUYECKOMY
COCTaBY 3acoJieHHbIX TouBax B San Joaquin Valley B Kamudopuuu CIIA,
MOKa3ajad, 4YTO NpPH IIOJMBE BOJIOW C MalblM COICPHKAHUEM COJICH OT
0,34 nCm/m 1o 1,2 nCM/M KarenbHOE OpOIIEHHE CIOCOOCTBOBAIO Pacco-
JICHUIO TIOYB U B 30HE JIEUCTBUS KAlEJIbHUI] 32COJICHUE CHIDKAIOCH [56].

HccnenoBanus, BBIIOJHEHHBIE W3PAWJIBCKUMHU HCCIIEIOBATEISIMU
[57], nokazanu, 4To MpU MPOBEJACHUHN KAINEJIbHOIO OPOIIECHUS HA TTeCUaHbIX
MOYBaX B YCJOBUSX IMOBBIIIEHHOW 3BalOTPAHCIHUPAIUUA MPOUCXOIUT BHI-
MbIBaHUE COJIEH M3 KOHTypa YBIAXXHEHMS, OOYCIIOBJIMBAIOLIEE Pa3BUTHUE
OOJBIIOTO KOJIMYECTBA TOHKUX KOpHEH B 3TOW 30He. KoHueHTpanus pac-
TBOPUMBIX COJIEM B TIOUBE ITOBBIIACTCS [0 MEPE yIAIECHUS OT KaleJIbHOTO
ucTouHMKa. KOpHHM pacTeHMid TPYNIHUPYIOTCS B 30HE C HU3KUM YPOBHEM
OCMOTHYECKOT0 MOTEHIINAIA.

OpnHako, o nanHeiM @. B. YHrypsiHy, Ipy OpOLIEHMHA XOPOLIO OCT-
PYKTYPEHHBIX Y€PHO3EMOB TMOJ00HAs MPAKTHKA MOXKET BBI3BAThH TIIyOOKHUE
OTpUIaTEIbHBIC U3MEHECHUS [54].

8.1 3akonomepHocTH (pOpMHPOBAHNS KOHTYPA YBJIAKHEHHUS MOYBBI

BaxHbIM BOITPOCOM MPHU UCTOJIb30BAHUU KANEJIbHOI'O OPOILICHHUS SB-
JSI€TCA BOIPOC MCCIEAOBAHUSI 3aKOHOMEPHOCTEN (hOPMUPOBAHUST KOHTYpa
yBIQXKHEHUS MOYBBL s omMcaHusl xapakTepa pacupenesieHHs Biaru u
COJICH MbI MJIAHUPYEM BOCIIOJIb30BAThCS UCCIEIOBAHUSMHU, TPOBEICHHBI-
MH . I1. T'ocTrieBbiM, H. C. CxyparoBbim, E. I1. bopoBbiMm,
E. A. Berpenko, A. /I. AxmenossiM 1 11p. [58, 59, 60, 61, 62].

OTuMH aBTOpaMu pa3paboTaHbl pacyeTHbIe (OPMYJIbl 3aBUCUMOCTHU
koa(duirenTa ot BiaxHocTu (D(W) ), NO3BOJSAIOIINE OMPEACIIATh pa3Me-
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pbl KOHTYpa YBJIQKHEHHUS, OCHOBBIBAsICh Ha (opMysax, MOJTYYEHHBIX
I"apnuepom u JI. E. UepHBIIIEBCKON:

DW) =D, exp[p(W - W,)], (17)
_ 3,5

p=— 1W In 3, Wo)l | (18)

n o W W —W*>»(— =0

i n( 0 ) (VVO2+ VV”} |
Kyw* w —w* 1 /4
_ b 3,5

D, =t () Gt 2. (19)

1_(7) n 0 n

rae B —napaMeTp, XapakTepU3yIOLIUK [OYBY;
D, — k03 puiment nudPy3un npu HauaabHOU BIAXHOCTH W, ;
W — nonHast B1aro€MKOCTb;
W, — HayaJlbHas BJIAXKHOCTB;
W * — MakCcUMaJbHas MOJIEKYJISIPHAS BJIarOEMKOCTB;
K, — K03puimenT GuibTpanmu,
 — KalWUIIPHOE JABJICHHUE MPU BIAXHOCTH, PABHOM MaKCUMAJIBHOM

MOJIEKYJISIPHOW BJIArOEMKOCTH.

W, = W) =W, (m=W,)"

W : 1 (20)
W, -w)" —m-w,)"
wz—th\/%ln%,an w=w", (21)

rae W, —MakcuMalbHas TUIPOCKONNYHOCTD, %0
h, — MaKCHMaJbHasl BbICOTA KAWJUIAPHOTO MOJAHATUSA (Ul CYIJIMHHU-

CTBIX MOYB 2-5 M);
vV — OMIOUPUYECKUI KOIPPHUIMEHT, OTIPEIETICHHBIN 111 MUHEPaTbHBIX
TPYHTOB U IPUHUMAETCS PABHBIM 2,7
m — MOPUCTOCTh, %0 OT 00bEMa MOYBHI.
[To u3BeCTHBIM 3HAYCHUSIM TTOPUCTOCTH U MAKCUMAITLHOW THTPOCKO-
MUYHOCTH C TOMOIIBIO0 YPaBHEHUH MOXXHO BBIYHCIIUTH HAIPABJICHUE Blia-
rornepeHoca U pa3Mepbl KOHTYpa YBIKHEHUSI.
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B 3aBucHMMOCTH OT cocTaBa HAaKaIUIMBAIOIIMXCS B IOYBE COJIEH, MO-
T'yT pa3BUBATLCS U APYryue HeOJaronpusTHbIC TOYBEHHbBIE TTPoIecChl. Tak,
IIPY MOBBIIICHHOM HAaKOIJICHUM HATPUS BO3MOXKHO OCOJIOHLICBAHUE ITOYB.
Uccnenosanus, npoeneHubie Hamu B 2007-2008 rr., mokasaiu, 4To Mociie
OKOHYAHHUSI MOJIMBHOI'O CE30HA B TEIUIMIIAX, MOJUBBI B KOTOPHIX MPOBOIU-
JIUCh BOJIOH CyJIb(haTHO-HATPUEBOTO COCTaBa, COACPIKAHNUE TTOTJIOMICHHOTO
Hatpust foxoauio 110 20 % oT cyMMbl OOMEHHBIX KaTUOHOB [63].

8.2 Mepbl o NpeaAoTBPAINCHUIO OITACHOI'0 BJIUSIHUS 34COJTCHUA

Tak kak n1r00ast OpocHUTeNbHAS BOJA COACPKUT HEKOTOPOE KOIMYECT-
BO PACTBOPEHHBIX COJIEH, KOTOPbIE OOBIMHO PACTIPEACIISIFOTCS] Ha TPAHUIAX
YBJIQXKHEHHOTO TTOYBEHHOTO O00BheMa B TEUYEHHE OPOCHUTEIBHOIO CE30Ha,
HEOOXOIUMBI MEpHI 1O MPEIOTBPAIICHUIO OMACHOTO BIIMSAHHS 3aCOJICHHS.
[Tpumensist OomblIee KOJIMYECTBO BOJbI, UeM TPEOYETCsl pacTeHUAM, 00JIb-
IIUHCTBO COJIEH MOXKET OBITh BBIMBITO HI)KE KOPHEBOM 30HBI, HO HEBO3-
MOYKHO TTOJTHOCTBIO U30€KaTh MOSIBJICHUS YYACTKOB C HAKOTIJIEHUEM COJICH.

JI71s1 CHUKEHUsT ONTAaCHOCTH MTONaJaHusl HAKOIUICHHBIX B BEpXHEH Jac-
TH KOHTYpa YBJIOKHECHHS COJIeH B KOPHEOOUTAEMYIO 30HY BO BpeMs J0XK/I-
JIUBBIX TIEPHOJIOB PEKOMEHIYETCS TIPOJIOJDKATh OPOIIICHHE 3allJIaHUPOBaH-
HBIMH 00BEMaMH JIJIsl TOTO, YTOOBI BEIMBITH COJIM BHU3 32 MPEJEIbl KOpHE-
obuTaeMol 30HbI [45].

B Tex paitonax, riue ocaakoB BhimagaeT MeHee 150-255 mm B rog,
MOXXET TMOTPeOOBaThCS IOMOJHUTEIHFHOE MPUMEHEHHUE MO0XKICBAHUS WU
MTOBEPXHOCTHOTO OPOIIECHUS JIJIsi IPEAOTBPALICHNUS KPUTHICCKUX YPOBHEH
HaKOIUICHUS CoJiel. J[omoJIHUTEIbHOE OpOIIeHHEe OCOOCHHO HEOOXOAUMO
TaM, TJI€ OPOCUTENbHAs BOJA UMEET BHICOKYI0 MHUHEPAIM3AIHUIO, a TAKXKE
Tam, TJIe€ OAHOJICTHHUE KYJIbTYPBl MOTYT OBITh BBICA)KEHBI WJIM BBICESHBI HA
3aCOJICHHBIE TPAHUIIBI, OOpPa30BaBIIUECS B MPEABIAYIINE TOBI [45].

Ecnum mmaHupyeTcsl MOdMydeHHE BBICOKMX YpPO)KaeB, BPEIHBIE pac-
TBOPHUMBIE COJIM JOJDKHBI OBITh yalieHbl U3 KOPHEOOUTaeMOM 30HBI pacTe-
Hul. B 3acynumBhIX pailoHax, r/ie 3aCOJICHUE SIBISETCA TJIaBHOM mpoOJe-
MOH, IOJDKHO IMPHUMEHSATHCS JOMOJHUTEIBLHOE KOJIMYECTBO OPOCUTEIBHOU
BOABI 11t pombIBOK nouBbl. B CIIIA npenmnaraercs npu KamneiabHOM Opo-
IIEHUH, KOrJa MOJIUBBI MPOBOIATCS YacTO, €KEIHEBHO WM 4Yepe3 JICHb,
OMPEIETIATh BEJIMYMHY MUHUMAJIBHOTO JTOTIOJIHUTEJIBHOTO KOJIMYECTBa BO-
Il (B JONSAX OT BHOCMMOIO KOJIMYECTBA BOIBI) LR, KOTOPOE IOJIKHO
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IPOMTH Yepe3 KOPHEOOUTaeMYIO 30HY ISl MPEIOTBPAIIIEHUS 3aCOJICHHUS 110
dbopmyne [45]:

EC
LR = ——*—— (22)
2(maxEC))
rae EC, — DIEKTPONPOBOAHOCTh BBITSDKKA W3 HACBILIEHHOW I10YBBHI,

nCwm/m;

EC  — 31€KTpOIpPOBOIHOCTh OPOCUTEIBHON BOABI, ACM/M.

3HaHHE IEKTPONPOBOAHOCTH OpocuTenbHOU Boabl ( EC ), nCm/M, 1
AJIEKTPOIPOBOJHOCTH BBITSDKKM M3 HachllleHHOW mouBbl (EC,), nCm/Mm,

ABJISICTCSI OYEHBb IOJIE3HBIM INPH OMNPEAEIEHUA YCTOMYMBOCTH KYJIBTYPBI
K OpOCUTENBHON BOJle. MUHUMAaIbHOE U MaKCUMalIbHOE EC, HEOOXOIUMBI

JUIs OlpeAcsieHUusT TPeOyeMbIX MPOMBIBOK I10J] KaleJIbHBIM OpPOIICHUEM.
MuanmansHoe EC, — 3TO MaKCUMaJIbHasi KOHLIEHTPALUs COJIEH, IIPU KOTO-
pOM ypOKaHOCTh HE yMeHblaeTcss. MakcumanbHoe EC, — 3TO TEOpETHU-

YEeCKUH YpOBEHb 3aCOJICHHOCTH, KOTOPBIM YMEHBIIWI OBl YpOKalHOCTh
10 0, T.e. ecnmu BO BCEM KOPHEOOMTAEMOM 30HE 3aCOJICHHOCTh OyJeT Ha
ATOM YpPOBHE, PACTEHUSI HE CMOTYT MOTPEOJSATh BOAY M MPEKPATIT POCT.
B 1abn. 4 npencraBieHbl 3HAYEHUSI MUHUMAJIBHOM U MakCUMaJlbHON EC,

JUTISL Pa3NIMYHBIX KYJbTYp. OTHU 3HAY€HUs ObUIM MOJYYEHBI IIPU AKCTpaIio-
JMPOBAHMM JTaHHBIX, NMOJdydYeHHbIX npu 0, 10, 25, 50-mponeHTHOM COKpa-
LICHUU YpPOKaNHOCTU. MHHMMaJIbHBIE M MaKCUMalbHble 3HadeHUs EC,

JUTSl HEKOTOPBIX OBOUIHBIX KYJBTYp MPEICTABICHBI B TA0I. 4.

Tabnuna 3
MuHuMaJibHbI€e © MAKCHMAJIbHbIE 3HAYEHUSA ECe
JJIA OBOLIHBIX KYJbTYp [64]
EC , nCv/™m
KynbTypa - =
min max
1 2 3
Csexkia 4,0 15
Bpokxkosn 2,8 13,5
Tomar 2,5 12,5
Kabagok 2,2 16
ImuuaT 2,0 15
Kamycra 1,8 12
Kaprodenp 1,7 10
Crnagkas KyKypy3a 1,7 10
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[Tponomkenue TadauIs 4

1 2 3
ITepery 1,5 8,5
Cautar naryk 1,3 9
Penmc 1,2 9
Jlyk 1,2 7,5
MopkoBb 1,0 8
BoOnr 1,0 6,5

Teoperudyeckoe ymeHbIlIEHUE YpokaHOCTU (Y ), B MPOIEHTAX, IS
Pa3IUYHBIX KYJIbTYpP, BRI3BAHHOE 3aCOJICHUEM MPU KaleIbHOM OPOIIECHHH,
eci EC, > min EC,, MOXeET ObITh BBIYMCIIEHO IO (popmyIie

y— EC, —minEC,

- : -100. (23)
max EC, —min EC,

Jlig wactoro opoumienust EC, <min EC,, Y Oyzaet paBHo 0.

E>xeqHeBHbBIE TOJIMBBI U COOTBETCTBYIOIINE OOBEMBI JJISI IPOMBIBKH
(MpOTUB 3aCOJEHUSI MOYBbI) CIIOCOOCTBYIOT TOMY, YTO KOHLIEHTpalUs CO-
Jiel B TIOYBEHHOM PacTBOPE HAXOJUTCA Ha TAKOM K€ YPOBHE, KaKk U B OpO-
CUTEJIBHON BOJAE M3-32 HEOOJBIIOrO MEPHOJAa BBICHIXaHHSI MOYBBI MEXKIY
MOJIMBAMHU, & TAaK)Xe MOTOMY, YTO COJIM OCTAlOTCS PacTBOpeHHBbIMH. Ecim
MOJIMBBI TIPOBOJATCSI PEAKO, BO BPEMs BBICHIXAHUS MMOYBBI KOHLICHTPALIUS
COJICH IOBBIIIAETCS.

B pesysnpTarte aHanm3a HayYHBIX MyOJUKAIHA TI0 BOTIPOCAM BIIMSTHUS
KareJbHOr0 OPOLICHUS Ha IJIOJA0POAME MOYBbI HAMU OBUIM CHEJIAHbI Clie-
Ayronime BbIBOJbI. [IpruMeHeHne KaneiabHOro OpouIeHUs OKa3bIBAa€T OIpe-
JEJICHHOE BJIMSHUE Ha IMOYBY, KOTOPOE B OCHOBHOM 3aBUCUT OT IpHMeE-
HAEMBIX PEKUMOB OPOLIEHHUS, Ka4eCTBa UCMHOJIb3yeMOU MOJIMBHON BOJBI U
ITOYBEHHBIX YCIOBUHU.

KanenbHoe opolieHne 4acTo NpUBOAUT K 04aroBOMY paclpocTpaHe-
HUIO 30H C MOBBIIIEHHBIM COJIEPKaHUEM COJIEH, KOTOpbIE OCOOEHHO Onac-
HbI B 3aCYIIUIMBBIX pPaliOHaX C KOJUYECTBOM OCaJIKOB MeHee 250 MM B rO/I.
[IpuMeHeHre MOIMBHON BOJBI C MOBBIIIEHHBIM COJEPKAHUEM HATpUs HA
MOYBaX TSAKEIOr0 MEXaHUYECKOIO COCTaBa MOXKET CTaTh MPUYMHON O4aro-
BOI'0 OCOJIOHIIEBaHUs. Takum o0Opa3oM, IJisi NpeIOTBPAIECHUS U YMEHbIIIE-
HUS HETaTUBHOTO BIUSHUS BBIICYKa3aHHBIX MOYBEHHBIX MPOILIECCOB HEOO-
X0JIUMa pa3zpadoTKa CIEUUATBHOIO KOMIUIEKCa MEPOINPUATHA NP ITPUMe-
HEHUH KaIeJIbHOr0 OPOIICHUS.
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3akrioueHne

KanenbHoe opollleHHe Kak Crnoco0 OpOLIEHHs MOJyYWJI B Halieu
CTpaHE B ITOCJIEOHUE TOAbl 3HAYUTEINBHOE PACIPOCTPAHEHUE, YTO CBA3aHO
C HEOCIIOPUMBIMU TIPEUMYIIECTBAMU, KOTOPHIE MOTYT OBITh MOJYYE€HBI OT
€ro NPUMEHEHUS, 4 UMEHHO — DKOHOMHS BOJIHBIX, SJHEPTETUUECKUX, TPYIO-
BBIX PECYpCOB, MOBHIICHUE YPHEKTUBHOCTH MPUMEHEHUS YAOOPEHUM Tipu
MOJYYCHUHU BBICOKOW YPOKAMHOCTH, BO3MOXXHOCTH aBTOMATH3allUMU TPO-
1iecca IoJiiBa U BHECEHUS XMMUUYECKHUX BEILECTB U Apyrue. B To xe Bpems
IIPY HEAOCTATOYHOM YYETE UCXOMHBIX YCIOBHM IIPU MPOEKTUPOBAHUN CUC-
TEM KaleJbHOTO OPOIICHUSI U OTCYTCTBUM 3HAHUM O BO3MOXKHBIX IPOILIEC-
cax TMpH B3aUMOJICWCTBUU TTOJIMBHON BOJIbI, BHOCHUMBIX yIOOpEHUH U MOY-
BBl IIPM MCITOJIb30BAHNH KANEIbHOTO OPOLICHHS BO3MOXKHA HE TOJBKO I0-
TEpsi BJIOKEHHBIX CPEJICTB, HO M HAHECEHHE BpEJa OKPYKAIOIIEH cpele,
YTO a0COFOTHO HEIOITYCTHUMO.

[IpumeHeHre KareJIbHOrO OpOUICHHUS OKAa3bIBAET ONPEAECIEHHOE
BIIMSIHUE HA ITOYBY, KOTOPOE€ B OCHOBHOM 3aBHCHUT OT NPHUMEHAEMBIX Pe-
KUMOB OPOIICHHUS, KAUECTBA UCIOJIb3YEMOM MTOJIMBHOM BOJIBI U TOYBEHHBIX
yCJIOBUU. AHAIN3 JUTEPATypHBIX HCTOYHUKOB TMOKa3ajd, 4YTO CBEJICHUI
0 HENOCPEACTBEHHOM BJIMSHUH Ka4€CTBA BOAbI HA CBOMCTBA YEPHO3EMHBIX
MIOYB MPU NPUMEHEHHUM KalleJIbHOIO OPOIICHHS KPAWHE HEJOCTATOYHO U
TpeOyeTcs MpOBEJAEHUE UCCIIE0BAaHNN, HANIPABIECHHBIX HA U3Y4YEHUE MOY-
BEHHBIX MPOLIECCOB, BOZHUKAONIUX NPU NPUMEHEHUHN TOJUBHBIX BOJ Pa3-
JIMYHOTO KadecTBa. KpoMe Toro, rnpu nNpuMEHEHUN KaleJIbHOTO OPOIICHUS
BO3MOXKHO 04aroBO€ PaclpOCTPAHEHUE 30H C MOBBIIIEHHBIM COJICPKAHUEM
CoJieH, KOTOpble OCOOEHHO OMAacHBl B 3aCYILIMBBIX pailOHaX € KOJIWYECT-
BOM OCaJIKOB MeHee 250 MM B roj, KOrja COJIM MOTYT HaKarJIMBaThCH.
[IpymeHeHre MOJMBHOW BOJBI C MOBBIIIEHHBIM COACPKAHUEM HATPUS Ha
I0YBAX TSDKEIIOr0 MEXAHWYECKOTO COCTaBa MOXKET CTaTh NPUYAHOU BO3-
HUKHOBEHHS OCOJIOHLICBAHHUS TTOYB.

Takum 00pa3om, [JIsl TPEAOTBPALIECHNAS U YMEHBILIEHUSI HETaTUBHOT'O
BIIUSIHUS BBIIICYKA3aHHBIX MMOYBEHHBIX MPOIIECCOB HE0OX0MnMa pa3padot-
Ka CHEHAAIBHOIO KOMILIEKCAa MEPOIPUSATHN TTPU TTPUMEHECHUHN KANEJIbHOTO
OpOILLICHHUS.

46



Jluteparypa

1 Reinders F. B. Micro-irrigation: world overview on technology and
utilization // Keynote address at the opening of the 7th International Micro-
Irrigation Congress in Kuala Lumpur, Malaysia, 2006.

2 S.A. Kulkarni, F.B. Reinders, and F. Ligetvari Global Scenario of
Sprinkler and Micro Irrigated Areas 7" International Micro Irrigation Con-
gress.

3 Otkpeitoe nucbmo JI. A. Mensenepy akaaemukoB [I. A. Iloman-
3ane, A. A. Bukcue, b. M. Ku3zsiera / Menuopatiusi 1 BOJHOE XO3S5IHCTBO. —
2009.—Ne 5. - C. 2.

4 TIpobmeMbl W TEPCHEKTUBBI HCIIOJIB30BAaHUS BOJHBIX PECYPCOB
B arponpomsinuieHHoM komiuiekce Poccun / B. H. lenpun [u ap.]. — M.:
OI'HY HHTU «MenuoBoaundopmy», 2009. — 342 c.

5 CHunmny O. @. TexHuka U TEXHOJIOTHS OPOLIECHHS B COBPEMEHHBIX
YCIIOBHSIX 3€MJIENONIb30BaHus // Menuopaisi 1 BOJAHOE XO3SWUCTBO. —
2006.— Ne 6. — C. 28-30.

6 dconnau O. E. KanensHoe opomenne Ha CeBepHom Kakaze. —
Pocrtos v/J1: U3a-Bo Poct. yn-Ta, 1987. — 80 c.

7 I'puropoB M. C., [Tonos P. 1O. Kanensnoe opomienue // AkTyamb-
HbIE BOIPOCHI MEIMOPAIMHN U UCTIOIB30BAHUS MPUPOTHBIX U TEXHOT€HHBIX
nanamadToB: c0. Hayd. Tp. / ®I'OY BIIO «HI'MA». — HoBouepkacck,
1996. — C. 61-64.

8 ['umpoMenuopaTuBHbIE CUCTEeMbl HOBOro mokosienus / Ilyma-
koB b. b. [u gp.]. - M.: BHUUI'uM, 1997. - 110 c.

9 http://www.netafimltd.ru/139/1935.

10 bensiea T. B. CoBepiiieHCTBOBaHHE HEKOTOPHIX CIIOCOOOB MOJH-
Ba B CIIIA // O630pHas undopmarnus. — M.: BHUUTIOUCX, 1975. - 69 c.

11 HecrepoBa I'. C. 3oun U. C., Beucman E. A. KanenpsHoe oporre-
Hue // O63opHas nuapopmanms. — M.: HBHTU, 1973. — C. 5-52.

12 llenpun B. H. CoBpeMeHnHbIe MpoOIeMbl METUOPALIMU U ITYTH UX
peuienus // Memuopanus 1 BogHoe x03s1icTBo. — 2006. —Ne 6. — C. 9-11.

13 NRCS, Conservation Practice Standard irrigation system, microir-
rigation Code 441, 2006.

14 JlementeeB A. B. KamenbHoe OpoOImIEHHE TOMAaTOB B YCIOBHAX
Bousro-/loHCKOro MeXaypeubs: AUC. ... KaHA. C.-X. HayK. — M., 2004. —
164 c.

47



15 CoBpeMeHHOE TIPOMBIIIJICHHOE ITPOM3BOJICTBO OBOIIECH M KapTo-
denst ¢ UCTIONB30BaHUEM CUCTEM KarelbHOTO OpOIIEHHUs: yued. rmocodue
st arp. yueO. 3aBenenuil [-IV ypoBHel akkpeaurtanuu no cner. 1310
«Arporomust» / JI. C. Tuns [u ap.]. — Kuromup: UII «Pyrta», 2007. —
390 c.

16 ®enoceea B. A. PexxnmMbl KanejabHOr0 OPOIICHHUS U YI0OpeHHUs
TOMaTOB B YCJIOBMSIX CBETJIO-KalITaHOBBIX MoYB HuxkHero [loBomkbs: aB-
toped. auC. ... KaHI. ¢.-X. HayK. — Bonrorpag: ®I'OY BI'CXA, 2009. —
20 c.

17 OBuunnukoB A. C., AzapneBa U. . XozsiictBenHas >¢GdeKkTHB-
HOCTh (DOTOCHHTE3a U MPOAYKTHBHOCTH TOMATOB IPH KalEIbHOM OpOILIe-
Huu // 3Bectrsi HUXKHEBOKCKOTO arpOyHUBEPCUTETCKOTO KOMILIEKCA. —
2009. —Ne 4. (16) - C. 7-12.

18 OBuunnukoB A. C., AzapbeBa M. U. 3oHa yBiIa)XxHEHHS TTOUBBI KaK
(daxTop ympaBieHHs] POCTOM KOPHEBOIH CHCTEMbl TOMATOB MPH KareabHOM
opomienun / A. C. Opunnnukos, U. Y. Azapresa // U3Bectust HuxxHeBOIK-
CKOro arpoyHuBepcuTeTckoro komruiekca. — 2009. — Ne 4 (16). — C. 43-47.

19 I'puropoB M. C., denoceeBa B. A. DpdexkTnBHOCTE OpOIICHHUS
TomatoB B Bonrorpazackoit oonactu // Becthuk PACXH. —2007. — Ne 3.

20 AcTpaxaHCKasi TEXHOJIOTHSI BBIPAIIMBAHUSI OBOIIHBIX KYJIbTYp /
B. H. bouapoB [u np.]. // OBOIIEBOACTBO M TEIJIUYHOE XO3SMCTBO. —
2007. — Ne 4.

21 lokyuaes B. B., Illunep I'. I'., Makapos B. B. OnsIT kaneasHOro
opormieHus orypma B PoctoBckoit o6mactu / OBOMEBOACTBO U TEIIMIHOE
x03s1CcTBO. — 2007. — Ne 10.

22 Eponosa E. H. OnTtumuzanus pexMMOB OPOLIECHUSI U MUHEpab-
HOT'O MUTaHUsI TOMATa MPHU KarelbHOM IOJIMBE B TUICHOYHBIX TETUIMIIAX HA
CBETJIO-KaIITAaHOBBIX MOYBAX: aBTOped. AUC. ... KaH[. C.-X. HayK. — Bounro-
rpaz, 2009. — 20 c.

23 AcTpaxaHCKas TEXHOJIOTHS BBIPAIIUBAHUS OBOIIMHBIX KYJIBTYD /
B. H. bouapoB [u ap.]. / OBOIIEBOACTBO M TEIUIMYHOE XO3SUCTBO. —
2007.— Ne 4.

24 Pomamenko M., Kopronenko B. TexHosiorus BeipaiiuBaHus nep-
1a 1 OakJiaXkaHa MMpH KaneJbHOM OPOIIEHHUH B YCIOBUSAX 3alOPOKCKON 00-
nacty // OBOLIEBOACTBO U TEIIUYHOE X035UCTBO. —2007. — Ne 5.

25 bouapnukosa O. B., bouapaukosa B. C. IIpogykTuBHOCTh claj-
KOro mepia npu KaneabHOM OpPOLIEHWH B 3aBUCHUMOCTH OT MPUMEHEHHUS
MHUHEpaJIbHBIX yaoopenuti // Bonpockl menmuoparuu. — 2007. — No 1-2.

48



26 OBunnHuKOB A. C., IlanTrommna T. B. OddekTuBHOCT Kareb-
HOTO OpOILIEHUS] MEPCHEKTUBHBIX THOPUAOB ciaakoro mnepua B HuwxkHem
[ToBomxbe // Boripockl menuoparuu. — 2007, — No 1-2.

27 MapteiHoBa A. A. KanenbHoe opomieHue mMopkoBu // Bompocsl
Menropanuu — 2009. — Ne 3-4,

28 I'puropos M. C., XKunkos B. M., 3axapos B. B. luddepenunpo-
BaHHBIA PEKUM OpOILIEHUS KapTodess npu kamneibHoM noiuse // Kapto-
denb u oBomu. —2009. — Ne 9,

29 Pecypcocbeperaroliasi TEXHOJIOTHS KareJlbHOTO OPOIIEHUS OTyp-
na/ A. C. OpuunnukoB [u ap.| // KapTodens u oBomu. — 2009, — No 3.

30 Kynsirun B. A. Biusinue ¢pe3epoBanus OUBBI HA YCIIOBUS BEre-
TallMM U ypOXKaWMHOCTh KapTodens npu opoiieHuu // [lonuremaTnyeckuit
CETEBOM 3JIEKTPOHHBIN Hay4yHbIA XypHan KybOaHCKOro rocyaapcTBEHHOIO
arpapsaoro yausepcurera. — 2005. — Ne 13. — C. 56-60.

31 Kyneirun B. A., EBtyxoB M. B., Painsan P. H. CoBepiiencTBys
TEXHOJIOTHIO BhIpalMBaHus Kaprodens npu opoueHun // Menuopauus u
BOJHOE X031CTBO. — 2006. — Ne 6. — C. 48-49.

32 llenpun B. H., Kyneirun B. A. Biusiaue yBia)XxHEHHS MOYBBI Ha
ypOXKailHOCTh W BojionoTpedsienue kaprodens // BectHuk Poccuiickoit
aKaJIEMUU CEJIbCKOXO3SIMCTBEHHBIX HAyK. — 2008. — Ne 5. — C. 23-25.

33 MF-2576, Subsurface Drip Irrigation (SDI) Components: Mini-
mum Requirements // www.oznet.ksu.edu.

34 Slconnau O. E. [IpoekTrupoBaHrU€E CUCTEM Kall€JIbHOIO OPOIICHHUS:
yue0. nocoone HUMMU. — HoBouepkacck, 1984. — 101 c.

35 PyKoBOJACTBO MO MPOEKTHUPOBAHUIO CTPOUTEILCTBA M IKCILTyaTa-
UK CUCTEM KaresbHOoro opomenus. BTP-11-28- 81. — M., 1981. - 177 c.

36 Menuopanus ¥ BOJHOE X035UCTBO. 6. OpollleHHe: CIIPaBOYHUK /
b. b. lllymakos [u ap.|; nox pen. b. b. lllymakosa. — M.: ArponpoMusaar,
1990.—-415 c.

37 http://rex.vniigim.ru/HTML/VOL3BOOK 1 (rus).doc.

38 National Engineering Handbook, Part 623, Chapter 2, Irrigation
Water Requirements, 1984.

39 FAO. 2009. ETo calculator. Land and Water Digital Media Series
Ne36. FAO, Rome, Italy.

40 Allen, R., L.S. Pereira, D. Raes, and M. Smith. 1998. Crop evapo-
transpiration — Guidelines for computing crop water requirements. FAO Ir-
rigation and Drainage Paper Ne°56. Rome, Italy.

49



41 Pomko A. B. O0GocHOBaHME BOJHOTO W IHUTATEIBLHOIO PEXHUMaA
MEIMOPUPYEMBIX 3€MeIb TYMHUJIHOW 30HBI C UCIIOJIB30BAHUEM HMHTEIPUPO-
BaHHOW MOJIENIM arpoOreOCHCTEMBI: aBToped. auc. ... KaHI. T€XH. HAyK. —
M., 2007. - 26 c.

42 Rui M.A. Machado, David R. Bryla, M.L. Verissimo, A.M. Sena,
M.R.G. Oliveira Nitrogen requirements for growth and early fruit devel-
opment of drip-irrigated processing tomato (Lycopersicon esculentum
Mill.) in Portugal // Journal of Food, Agriculture & Environment Vol. 6
(3&4):215-218. 2008 // www.world-food.net.

43 MF-2576 Subsurface Drip Irrigation (SDI) Components: Minimum
Requirements // http://www.oznet.ksu.edu/sdi/Reports/2003/mf2576.pdf.

44 MF-2575 Water Quality Assessment Guidelines for Subsurface
Drip Irrigation // http://www.oznet.ksu.edu/sdi/Reports/2003/mf2575.pdf.

45 National Engineering Handbook, Part 623, Chapter 7, Trickle Ir-
rigation, 1984.

46 lonckux U. H. KypcoBoe M IUILIIOMHOE NPOEKTHPOBAHUE IIO
cucreMe npuMeHenus ynoopennii. — JI.: Arponpomusaar, 1989. — 144 c.

47 PekoMeHIaIluu 110 BO3/IEIBIBAHUIO CETbCKOXO03SHCTBEHHBIX KYJIb-
Typ mnpu KameiabHoM opomeHuu. — M.: ®T'HY «Pocundopmarporex»,
2003.-43 c.

48 Koznenko A. E., buiby P. B. [IlpumeHnenne cnenuaibHbIX ya00-
peHUl U CTUMYJSTOPOB pOCTa pACTEHH B  OBOIIEBOACTBE. —
http://agrovita.com.ua, 2010.

49 D. M. Sullivan & et al Nutrient Management for Onions in the
Pacific Northwest // PNW 546. —2001.

50 Llepmuuar B. B. JluarHocThka NHUTaHHUS CEIbCKOXO3SMCTBEHHBIX
KYyJbTYp: clipaBo4HMK. — M.: Arponpomuszaar, 1990. — 235 c.

51 HukynkoBa T. ArponpomeinuieHHas razera IOra Poccun. //
No 35-36 (142-143) 22 cents0ops—S oktsa0ps 2008 roxa.

52 National Engineering Handbook, Part 652, Irrigation Guide, 1997.

53 Shmueli M. Field observation plots and experiments in the use of
trickle irrigation in orchards and vines. — British Columbia Orchardist.
1974, V. 14(D).

54 Yurypsiny @. B. 3acosieHue 3eMenb Mpu KaneJabHOM OpPOIICHHUH. —
M., 1986. — 48 c. — Menuopauus u BoaHoe x03-Bo. O030p. npopm. / M-
BO Menmopanuu 1 Boj. xo3-ea CCCP, HIBHTU. Cep. 1, Opoiienue u opo-
cutenbHble cuctembl, ISSN 0233-6189; Boim. 1.

50



55 B. Yaron, J. Shalhevet u D. Shimshi Patterns of salt distribution
under trickle irrigation. — Ecological Studies: Physical aspect of soil water
and salt in ecosystems. 1972, V.4, pp 389-394.

56 Hanson B., May D. Drip irrigation increases tomato yields in
salt-affected soil of San Joaquin Valley //
http://ucce.ucdavis.edu/files/repositoryfiles/ca5704p132-70223 .pdf.

57 Rauta C., Sandu J. Lupta pentru folosirea judicioasa a apei-
irrigatia “picatura-cu-pucatura”. — Ferme si intreprinderi. 1972, B. 24 (2),
16-18.

58 I'octumies /I. I1., Porosuna IO. C. Maremarnyeckoe MOAECIUPO-
BaHUE BJIarorepeHoca Mpyu BHYTPUIIOYBEHHOM OpollieHur // Menuopanus
1 BOJHOE X03s1icTBO: 0030pH. nHdopM. / HBHTU Munsoacrpos CCCP. —
M., 1990. — C. 3-6.

59 Ckyparos H. C. MojaenupoBanue paOOThl yBIQXKHUTEIEH mpu
MOJIIOYBEHHOM OpoIleHur // Menuopaiysi opoiaeMbIX 3eMellb, UCIOJb-
30BaHUE OXpaHa BOJHBIX pecypcoB: c¢O. Hay4. Tp. KOxHUMI'uM. — HoBo-
yepkacck, 1982. — C. 69-77.

60 boposoii E. I1., Berpenko E. A. AHanmuTH4YecKuii MOaX0J K OIpe-
JICJICHUIO TIapaMEeTPOB KOHTYpa YBJIXKHEHHS MOYBBI HA OCHOBE PEIICHHUS
ypaBHeHHs BiarornepeHoca // M3Bectuss HumkHEBODKCKOTO arpoOyHUBEPCH-
terckoro komiuiekca. — 2009. — Ne 4 (16). — C. 52-57.

61 AxmenoB A. JI. AHaTUTHUYECKUN MOAXOJ K OINPEACICHUI0 HEKO-
TOPBIX BOJHO-(PU3NUECKUX XAPAKTEPUCTUK MOYBOTrpyHTOB // Ponp memnuo-
paly ¥ BOJHOTO XO35MCTBA B peaM3allii HAllMOHAIBHBIX MTPOEKTOB: Ma-
Tepuansl MexayHap. Hayd.-1pakTt. Koud. — M., 2008.

62 Antonenko E. M., FOpkosa P. E.  MuorodakropHoe Mojaenupo-
BaHUE MPOCTPAHCTBEHHO-BPEMEHHOW CTPYKTYPHI paclpeiesieHus 3arpss-
HSIOIMX BeniecTB B nouse // [loauTtemMaTHyeckuil CETEBOM 3JIEKTPOHHBIN
Hay4HbI xypHan KyOaHCKOro rocynapCTBEHHOI'O arpapHOro yHHBEPCH-
tera —2005. — Ne 13. — C. 83-86.

63 BoeBoauna JI. A. OcOOEHHOCTH BIUSHUS KaleJIbHOTO OPOIICHUS
Ha TIOYBEHHOE II0I0poue (1Mo maTtepuanam cemutapa) // Ilytu mosie-
HUsA 3G(EKTUBHOCTH OpolIaeMoro 3emieaenus: c6. Hayd. Tp. / OT'HY
«PocHUUIIM»; noxa pex. B. H. lllegpuna. — HoBouepkacck: OO0 «I'enu-
koH», 2009. — Bemm. 41. — C. 68-74.

64 Ayers, R.S., and D.W. Westcot. 1976. Water Quality for Agricul-
ture. U.N. Food and Agric. Org. Irrigation and Drainage Paper 29.

51



Hayunslit 0630p

BE3OITACHBIE CUCTEMbBI 1 TEXHOJIOT'UHN
KAIIEJIBHOI'O OPOLUEHUA

Koppexrop E. B. Kynsirnna
KommbrorepHas Bepctka E. A. baOuuesoii

[Toamucano B meyats 07.07.10 r. dopmar 60x84 1/16.
VY. ned. i 3,02. Tupax 300 k3. 3aka3 Ne 34.

Otnevarano B ®T'HY [THTU «Menuooaundopm»
109382, Mocksa, yn. CoBxo3Has, 1. 10, koprit. 6

52



