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Abstract

I ntroduction. Therelevanceis due to the maintenance of water-ecological balance on irrigation systems
during operation. The water-ecological balance on irrigation systems takes place if the intake of water
for irrigation from a water source during the acute arid periods of vegetation does not exceed the estab-
lished sanitary norm. Currently, water sources, both surface and underground, due to man-made impacts
on them, exceed the sanitary normin variousindicators, which leads to the devel opment and implemen-
tation of new water purification technologiesin irrigation systems. In the specific studies at the experi-
mental production site of the Volgograd State Agrarian University "Innovative Village" presented in the
article, water treatment, namely, groundwater was intended for drip irrigation systems, sincethisirriga-
tion method is being introduced in steppe, semi-desert and desert areas suffering from water scarcity,
which includes the Volgograd region.

The selected site for the drip irrigation system took into account the specific characteristics of the culti-
vated crops, the duration of vegetation, the spread of the root system, as well as the requirements for
soil, climatic, hydrogeological and relief conditions and the qualitative composition of water. Having
studied the composition of groundwater from awell located near the irrigated area, the authors proposed
not only their patented method of groundwater purification, but aso a method of its activation.

The simultaneous use of both methods in the installation scheme for the purification and activation of
groundwater isthe main advantage that distinguishesthistechnol ogy fromall existing ones. Thisscheme
allowsyou to increase the yield and quality of tomatoes grown with minimal energy consumption, pros-
tate and mai ntenance safety, achieving high quality purification and activation of water for drip irriga-
tion. Object. The research areais a drip irrigation system at the experimenta production site of the
Volgograd State Agrarian University "Innovative Village" Materials and methods. The bulk of the
research work was carried out at the experimental production site of the Volgograd State Agrarian Uni-
versity "Innovative Village'. The study is based on reagent-free purification from suspensions, iron and
other impurities by vacuum-gjection method and activation of water by vacuum method using avacuum

379



dxkkk H3BECTHS *¥kkkx

HH>XHEBOAXCKOI'O ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE ITPO®PECCHOHAABHOE OBFPA30BAHHE

activator developed by the authors. An integrated approach, which provides for the need to simultane-
ously solve a number of related root problems of water treatment, makes the proposed technology uni-
versal for both irrigation systems and domestic drinking water supply. Results and conclusions. The
first stage of research of the water purification plant was carried out in laboratory conditions on a hy-
draulic model at the Department of Water Supply of the Volgograd State Agrarian University "Innova-
tiveVillage", the second stage of tests for purification and activation of water was carried out at the pilot
production site before the start of sowing tomatoes in the ground, at the installation with a capacity of
10 m¥ day. The second stage included the work performed in the foll owing sequence: first, we achieved
stable operation of the water purification unit by vacuum-gjection method, and then we achieved stable
operation of the water activation unit using a vacuum activator. The final tests were carried out at the
start of both installations. The installations worked in semi-automatic mode. It should be noted that the
vacuume-egjection unit includes a vacuum-gjection oxidizer and a semi-automatic sand filter, working as
asingle unit.
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Y@rB0Y BO Boneozpaockuii TAY
2I'BOY BO Boneozpadckuii 20cy0apcmeentbiii mexHuvecKuil yHugepcumen
3Poccuiickas akademus HapoOHo20 X03a1cmea u 20CyOapCmeeHHoll CLyicobl
npu Ilpe3udenme Poccuiickou @edepayuu
2. Boneoepao, Poccuiickas @eodepayus

AKTYaTbHOCTH 00YCIIOBJICHA TTOJIEPKUBAHUEM BOJHO-IKOJIOTUIECKOTO PABHOBECHS HA OPO-
CUTEJIbHBIX CUCTEMAaX B MEPHUO/I dKCILTyaTaluu. «BogHO-3K0I0TMYECKOE PABHOBECUE HA OPOCUTEIb-
HBIX CHCTEMaxX HUMEET MECTO, €CJIM 3a00p BOABI JJIsl OPOIICHUS M3 BOJOMCTOYHHKA B OCTPO3aCYIILIH-
BbI€ MEPUOJIbI BErETAllUU HE MPEBBIIACT YCTAHOBICHHON CaHUTapHOI HOpMBI». B HacTosmee BpeMs
HCTOYHUKU BOJBI, KAK IOBEPXHOCTHbBIE, TAK U MOJA3EMHBIE, BCIIEJICTBUE TEXHOTE€HHOT'O BO3JI€UCTBUS
Ha HHX IPEBHIIAIOT CAHUTAPHYIO HOPMY I10 Pa3IMYHBIM MTOKA3aTelsIM, YTO MPUBOIUT K pa3paboTKe
Y BHEJPEHUIO HOBBIX TEXHOJIOTMM OYMCTKHU BOJBI HA OPOCHUTEIBHBIX CHUCTEMax. B HaMEUeHHBIX HC-
CIIEIOBAHUSAX Ha OMBITHO-TIPOU3BOICTBEHHOM ydacTke Bonrl'AY «HHOBaIMOHHAS IEPEBHSY, TIPS~
CTaBIEHHBIX B CTaThe, IMOATOTOBKA BOJBI, & HMMEHHO IMOJ3EMHOW BOJbI, OY/JET BHITIOJHEHA YIS CH-
CTEMBI KaIleJIbHOT'O OPOIICHUS, TAK KaK 3TOT CIIOCO0 IMOJIMBA BHEAPSETCS B CTEITHBIX, MTOJTYITYCTHIHHBIX
Y TYCTBIHHBIX 00JIACTAX, CTPAAAMOIINX Ne(QHUIIMTOM BOJIbI, K KOTOPEIM OTHOCHTCS U Bonrorpajackas
00J1aCThb.

BrI1OpaHHBIN yUaCTOK TIOJT CHCTEMY KaIleJIbHOTO OPOIICHUS YIUTHIBACT BUIOBBIC TPU3HAKH BHI-
PaIIMBAaEMBIX CEIBCKOXO3SIMCTBEHHBIX KYJIBTYP, MPOJOIKUTEIBHOCTh BEreTaluu, paclpoCTpaHECHUE
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KOPHEBOW CHCTEMBI, TAKXKe TPEOOBaHHS K TOYBEHHBIM, KIIMMAaTHYECKUM, THIPOTEOJIOTHIECKUM U Pelb-
e(HBIM YCIOBHSM U Ka4eCTBEHHOMY COCTaBy BOABI. M3y4ynB cocTaB MoJ3eMHOM BOJABI U3 CKBa)KUHEI,
HaxoJsIIeincst BOJIM3M OPOLIaEMOr0 y4acTKa, aBTOPBI MPEIUIOKIUIN HE TOJIBKO 3allaTeHTOBAHHBIA UMHU
Croco0 OYKMCTKH IIOA3EMHOM BOJBI, HO M CIIOCO0 €€ aKTHBALlHH.

OnHOBpeMeHHOE MPUMEHEHHE 000UX CIOCOOOB B CXeMe YCTAaHOBKH JJISl OYUCTKU U aKTHBa-
[IUU TIOJ3EMHOM BOJBI SIBJISIETCSI OCHOBHBIM NIPEUMYIIIECTBOM, OTIMYAIOIINM JAHHYIO TEXHOJIOTHIO OT
BCEX CYIECTBYIOIIMX. JlaHHasd cxeMma MO3BOJISET NOBBICUTE YPOKAWHOCTh U Ka4eCTBO BBIPAIMBAC-
MBIX TOMAaTOB IIPM MUHUMABHBIX 3aTpaTax SHEPTHH, IIPU IPOCTOTE U 6€30MaCHOCTH 00CTYKUBaHHUS,
JIOCTHUTasl BBICOKOTO KaueCTBAa OYMCTKH M aKTHBAIMH BOABI JUIs KaneabHoro opomieHus. O0bekT. Tep-
PUTOpHUS UCCIIENOBAHUSA — CUCTEMA KaleJIbHOTO OPOIIEHUS Ha ONBITHO-TIPOU3BOJCTBEHHOM y4YacTKe
Bonl'AY «MaHOBannonHas nepeBHs». MaTepuajbl 1 MeToabl. OCHOBHOH 00BEeM HCCIIE0BATETh-
CKHUX paboT aBTOpPHl HaMEPEBAIOTCS MPOBOJAUTH HA OINBITHO-IPOU3BOJCTBEHHOM ydacTke Bon['AY
«laHOBanIMOHHAs nepeBHs». VccaenoBanne OyaeT OCHOBaHO Ha Oe3peareHTHOW OYNCTKE OT B3BECeH,
JKeJle3a U Ap. MpUMecel BaKyyMHO-2KEKIIHOHHBIM CIIOCOOOM M aKTHBALMM BOJbI BAKYYMHBIM CIIOCO-
0OM C MOMOUIbI0 BaKyyMHOT'O aKTHBATOpa, pa3padoTaHHOro aBTopamu. KOMIUIEKCHBIH MOIXOM,
HpC}Z[yCManI/IBaIOHII/Iﬁ HGO6XOILI/IMOCTI) OOIHOBPEMECHHOTI'O pCIICHHA LICJIOTO pAaa COIMMYTCTBYOIIUX KO-
PEHHBIX Ipo0IeM BOLOOUYHCTKH, A€TAcT NpeasiaraéMy0 TEXHOJIOTHIO YHUBEPCAIBHOM KaK Uil Opo-
CUTENBHBIX CUCTEM, TaK U JJIs1 XO35HCTBEHHO-TIUTHEBOT0 BOlOoCHA0KeH . Pe3yJbTaThl M BHIBOJBI.
[lepBsiit 3Tan uccieA0BaHU YCTAHOBKH 110 OYMCTKE BOJIbI TPOBOIWIIH B JTA0OPAaTOPHBIX YCIOBUAX Ha
COOTBETCTBYIOIIECH T'MAPABINYECKOM MOJENIH, BTOPOM 3Tal HCHOBITAHUWA MO OYMCTKE M AKTUBALIUU
BOJIbI IUIAHUPYETCS] MPOBECTU HA OMBITHO-IPOU3BOACTBEHHOM yuyacTke Bonl'AY «uHOBanuoHHas
JIepeBHs» J10 Hadyaya 10ceBa TOMATOB B IPYHT, Ha yCTAHOBKE NPOM3BOAUTENBHOCTRIO 10 M%/cyT. Bro-
poii 3Tam npegycMaTpuBaeT paboThl, KOTOpbIE OyIyT BBIIOIHATHCS B CIEAYIOLIEH MOCIe10BaTEIbHO-
CTH: cTabnnM3anus pexxuMa paboThl YCTAHOBKHU 110 OYMCTKE BOJBI BAKyyMHO-3KEKLIMOHHBIM CIIOCO-
0oM, nanee ctabuin3anus pexxuma paboThl YCTAHOBKHU 110 aKTHBAIMH BOJIBI C TIOMOIIBIO BAKYYMHOT'O
akTrBaTopa. OKOHYATEIbHBIC UCIIBITAHUS 3aIlJIAHUPOBAHBI ITPH IIyCKE 00€UX YCTAaHOBOK, KOTOPBIC OY-
OyT paboTaTh B MOJyaBTOMAaTHYECKOM pexume. HeoOXoqumMo OTMETHTh, YTO BaKyyMHO-3KEKLMOH-
HasA yCTaHOBKA BKIIIOYACT B cebs BaKYYMHO-B)KeKHHOHHBIﬁ OKUCIIUTECIb U HOJ'IyaBTOMaTI/I‘-IeCKI/Iﬁ ec-
YaHbIA QUIBTP.

Knroueeswie cnosa: nojyasmomamudecKue necdanvle @Mﬂbmpbl, 6AKYYMHblE AKMUBA-
mopbul, 6aKYYMHO-9HCEKYUOHHbIE OKUCIUMENU, MEXHOIOcUU aKmusayuu 6’0()bl, KanejlbHoe opo-
UieHuc.

Hutuposanme. bopogoii E. I1., Bonsckas O. H., I'puropos C. M., UypakoB A. A., Kambimranosa JI. B.
VYiydiieHue KayecTBa OPOCHTENBHOM BOJBI METOIOM BaKyyMHOH o0paboTku. Mssecmus HB AVK.
2023. 4(72). 379-388. DOI: 10.32786/2071-9485-2023-04-38.

ABTOPCKMIi BKJIa/l. ABTOPBI HACTOSIIETO HCCIEJOBAHMUS MPOBENH PsIT T1a00PATOPHBIX U OMBITHO-TTPOMBIIII-
JICHHBIX UCIIBITAaHUH, PE3YJIbTaThl KOTOPBIX MPEICTABICHBI B JAHHOMN CTaThe.

KondauxTt unTepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(INKTa HHTEPECOB.

BBenenue. BomHO-3KOMOTHYECKOE paBHOBECHE Ha OPOCHTENIBHBIX CHCTeMax Oyner
UMETh MECTO, eclii 3a00p BOJBI I OPOIIECHUSI 3 BOJHBIX HCTOYHUKOB B OCTPO3aCYIILIUBHIE
NnNepruoaAbI BETreTallu HE IPEBBICUT yCTaHOBHeHHOI)’I CaHHTapHOﬁ HOPMEIL, a CJICACTBUEM OpPOIIC-
HUSL HE OKaXyTcs (HOpMHpPOBAHHE SPO3HMOHHO-OMACHOTO CTOKA, HEXellaTeIhbHOEe U3MEHEHUE
MPUPOJHOTO PEKHUMa TPYHTOBBIX BOJ U HEOJIAronpHUsATHbIE U3MEHEHHS! BOJHO-COJIEBOTO pe-
’KMMa OpOIIAEMBIX IJIOIIAEH U MPUIETAIONINX K HUM TEPPUTOPHI.

OFpaHquHHH Ha HOPMBI U3BATUSA IPUPOAHBIX BOJ N3 BOJOUCTOYHHUKOB U HOPMBI BOAO-
nojauu u3BecTHHI [1]. Bce oHU cTaBsAT CBOEH 11€J1bI0 COXpaHEHUE BOJAHO-IKOJIOTUYECKOTO PaB-
HOBECHSI, XapaKTEPHOTO AJI1 aBTOMOP(HOT0 MoYBo0Opa3oBaHusl Ha OPOIIAEMBIX IIOMIA/IAX, a
TaK)XKe€ HE HapylleHHWEe MPUPOJHON SKOJIOTUUECKON CUTYyallMH, CIOKHUBIIEICS 10 Havyajia opo-
HICHUs Ha MpHIerarommx Tepputopusx. K HopmatuBaM (QyHKIHOHHUPOBAHUS OPOCUTEIBHBIX
CHUCTEM, XapaKTEePU3YIOLUM BOJHO-IKOJIOTUYECKOE PABHOBECHE, MOKHO OTHECTH MOKa3aTeIn
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KauecTBa MOJIMBHOM BOABD [7]. BompocaMu kauecTBa MOJMBHOM BOABI YUEHBIE 3aHUMAIOTCS Ha
MPOTSDKEHUH MHOTHX JIeT [3, 4, 5]. ABTOPBI Tak)Ke 3aHUMAIOTCS ATOM MPpo0sIeMoii 60J1ee 0OTHOTO
necaruwierusi. Hamu paszpaborana s¢ppexkTuBHas cXeMa OYUCTKU MOJ3EMHBIX BOJ C OJTHOBpE-
MEHHOM aKTHUBAallMEH ee JUIs KaneJlbHOTo opoiueHus. JJaboparopHble uccieaoBaHus, TPOBOIU-
MBI€ T10 BBILICYIOMSHYTOU CXEME, KaK M UCCIEAOBAaHUS MHOTUX YYEHBIX, CTABHJIM CBOEH I1e-
JbI0, pa3paboTaTh CIOCOO U YCTPONCTBA JUIsl OYUCTKHU U aKTHBAIMK MOJ3EMHBIX BOJ JUISl Ka-
MEJIBLHOTO OPOIIEHUs, KOTOPBIE 1aIyT BO3MOXHOCTh IMOBBICUTH YPOXKAWHOCTh U KAYECTBO BbI-
pallMBaeMbIX pacTeHHI MpU MUHUMAJIBHBIX 3aTpaTax dHEPruu, MPOCTOTe U OE€30MaCHOCTU UX
obcmyxxuBanus [ 1].

O0bekT HccaenoBanusi. TeppUTOpPUS UCHBITAHUS — CUCTEMA KaIleJIbHOI'O OPOLLIEHUS
Ha OIBITHO-IIPOM3BOACTBEHHOM ydacTke Bonl'AY «HHOBanmoHHas IepeBHS» C MpeaBapu-
TEIbHBIMU JTA00PATOPHBIMU UCCIIETOBAHUSIMHI MOJIENIA YCTAHOBKHU MO OYHCTKE BOIBI.

Marepuanbl 1 MeToabl. VccienoBanrs OCHOBaHbBI Ha BHEAPEHUH ABYX CIOCOO0OB 00-
paboOTKK BOJBI: MEPBBI — BaKyyMHO-KEKIIMOHHBII, BTOpPO — BakyymHasi aktuBanusa. O0e
YCTAaHOBKU OTHOCSATCS K MEJIMOPAIUH, B YaCTHOCTH K YCTAaHOBKAM JIJIsi IPOBEJICHUS MEJIHOpPa-
THUBHBIX POLECCOB: OPOILIECHUS C OTHOBPEMEHHOM aKTHUBALIME BOJIbI /1S IOJTYyYEHUS BBICOKUX
YpO’KaeB M KaYeCTBEHHOW MPOJYKIMU PaCTEHUEBOACTBA. J[j1s1 aHa/IM3a MOJI0KUTEIBHOTO BO3-
JIEMCTBUSI aKTUBUPOBAHHOM BOJIbI HA POCT, YPOKAWHOCTh M KAUECTBO TOMATOB aBTOPaMU Mpei-
Jaraercsi MOJENIUTh OpOILIAaeMblii y4acTOK Ha 2 ywacTka. OpollleHue TOMaToB Ha IEPBOM
Y4aCTKE IUIaHUPYETCS MPOBOJUTH MPOCTOM BOJIOM M3 CKBaXKMHBI, & HA BTOPOM Y4acTKE — I10
pa3zpaboTaHHOl cxeme (pUCYHOK 1).

Komruiekc ycTpoiicTB 1 060pya0BaHUs, TOKa3aHHBIX Ha cxeMe (PUCYHOK 1), comepikan
Hacoc 4, COeIMHEHHBII BCachIBAIOLIUM TPyOOIIPOBOAOM 3 uepe3 3aBUKKY 2 CO CKBaXXHHOH |
¥ HallOPHBIM TPYOOTPOBOJIOM 5 uepe3 3aBUKKY 22 — C IMHUEH MOJIKIIOUEHHS K CUCTEME Ka-
MEJIBLHOTO OPOIIEHUs y9acTKa. BakyyMHO-2KEKIIMOHHASI yCTAaHOBKA 8, MpeIHa3HAYCHHAs ISt
OYMCTKHU MOA3EMHOM BOJBI OT B3BECEH, Xkeje3a U Jp. MPUMECel, BaKyyMHbI akTUBaTop 16,
MpeHA3HAYEHHBIN JI aKTUBAIIUU BOBI, IIUPKYISIIIHOHHAS €MKOCTh 19 coequHEeHbl MEXITy
co0oii mocaenoBaTenbHO TpyOompoBogamu 6, 9, 11, 12, 15, 18, 21 uepe3 3ansuxku 7, 10, 13,
14, 17, 20. Cxema paboTaeT cinemyrommm odbpazom. [lomzemHas Bosa U3 CKBaKMHBI 1 110 Bca-
CBIBAIOIIIEMY TPYOOIIpOBOAY 3 Uepe3 OTKPHITYIO 3aJBMKKY 2 MOJIaeTcsl Ha HAacoc 4 U Janee mno
HAIMOpPHOMY TPYOOIIpoBOAY 6 Yepe3 OTKPHITYIO 3aABUKKY 7 HA BAKYyMHO-2KEKITMOHHYIO yCTa-
HOBKY 8. IIpu aTom 3anBmxkku 13. 14, 10, 20 3akpsITsl, 3aaBMKKa 17 oTKpbITa. B 3TOM pexume
BOJIa ITOCJIE OYMCTKHU OT B3BECEH, JKeJIe3a U JIp. IPUMECEN Yepe3 OTKPBITYIO 3aABUXKKY 17 mo-
JaeTcs B HIUPKYIALMOHHBIN Oak 19, rie mpoucxoaut ero 3anonHeHue. [lpu 3anomHeHnn Boaoi
Oaxka (1o TTOKa3aHMsIM PacX0JOMEPOB MU YPOBHS BOJIbI B eMKOCTH 19) Hacoc 4 oTkiroqaercs,
3aKpBIBAETCS 33JIBUKKU 2 U 6, OTKpbIBaeTcs 3a1BkKa 14 u 20, BKIIIOYaeTcsi HACOC U OUMILIECH-
Has BoJia o KOHTypy no3unui 20, 21, 12, 13, 3, 4, 14, 15 noctynaer Ha aera3arop 16. IIpu
9TOM 3aJBWXKKH 2, 7, 17 3akpbiThl. B nerazarope 16 Bojga akTUBUpPYETCS U LUPKYIUPYET 1O
KOoHTYpy 16, 18, 19, 20, 21, 12, 13, 3, 4, 14, 15, 16, 18, 19 «1o nokazarens ONTHYECKOMN TJIOT-
Hoctu D = 0,09 — 0,12, kak OCHOBHOTO TIOKa3aTeNsi KaBUTAIIMOHHBIX MPOIIECCOB, OINpeense-
MOTO Ha TypOouanMeTpudeckoM ananmsaTtope xxunkoctu AXKCT-94. B nporecce uccienoBanms
AKTUBHPOBAHHOW BOJBI OMPEIEISUTUCEH JOMOIHUTENBHO TemrepaTypa HarpeBa t°C, kucnot-
HOCTB BOJIBI — PH, 00mmas xecTkocTs BoAB» [7]. Kak TOMpKO akTMBUpOBaHHAS BOJIA TIOCTUTATA
YKa3aHHBIX MOKa3aTeNel ONTUYECKOM IUIOTHOCTH, B TEUEHME Yaca, 3Ty BOJY MOAAaBalIH B CH-
CTEMY KareJIbHOTO OPOIICHHS Ha MOJMB TOMATOB. [Ipudem mojauB TOMaToOB uepenoBaliu, T.€.
MEePBBII MOJMB MPOBOAWINA OYUIIIEHHOW BOJOM mo KoHTYpy 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 3,
4, ,22, 23, BTOpOil akTHBUPOBAHHOM BOAOW MO KOHTYpY 3, 4, 14, 15, 16, 18, 19, 20, 21, 12, 13,
3, 4, 22, 23. IIpouiecc 0UMCTKH OT B3BECEH, XKejle3a U Ap. IPUMECEH MPOXOANI Ha BAKYyMHO-
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9KEKITMOHHOM YCTaHOBKE 8, TOKa3aHHOW Ha PUC. 2 U BKIIIOYAIOIICH B Ce0sl BAKYYMHO-KEKIIH-
OHHBIM OKUCIUTENH 1' M Tecyansii GpuabTp ¢ dnementamu 4', 5', 6', 7', 8', 9', 10", 11', 12, 13,
14', 15", 16'. YcTaHoBKa OYMCTKHU BOJBI 8 paboTaer crneayronmum obpazom. Bona, momgaBaemast
U3 CKBKUHBI | TI0 BCachIBaroIIeMy TpyOOonpoBoIy 3 yepe3 OTKPBITYIO 3aJIBUKKY 2 Ha Hacoc 4,
a Jajee 1o HarlopHbIM TpyOoIpoBoJaM 5 U 6 yepe3 OTKPBITYIO 3a/IBHKKY 7 ITOCTYIAeT Ha Ba-
KYYMHO-3KE€KIIMOHHYIO YCTaHOBKY ouucTku 8. IIpu sTom 3ansrxku 13, 14, 17 3akpeiTel. Ba-
KYYMHO-9KEKLIIMOHHBIH OKHCIUTENh 1', CMOHTHPOBAaHHBIA HA TlecyaHoM (uibTpe 3', COCTOUT
13 KoH(y30pa 12, Hacanka BenTypu 22 1 HECKONBKHUX CTYTEHEH, COeTMHEHHBIX COOCHO OJIHA B
npyroit 32, 4%, 5% u 62 (pucynoxk 2).
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Pucynox 1 — Cxema YCT@HOBOK I10 OYMCTKE M aKTHBALIMU MTOJI3EMHOM BOJIbI
Figure 1 — Diagram of underground water purification and activation plants

Pe3yabTaTsl M BbIBOABI. CyTh pabOThl BaKyyMHO-KEKIIHOHHOTO OKHCIUTENS 1' mo-
JIpOOHO OMMCHIBAETCS] B MOHOTpauu aBTOPOB [2] 1 3aKIII0YaeTCs B TOM, UTO YCTaHOBKa pado-
TaeT MOJI AaBJeHHE U B MECTaX CY/KEHHUs ee dIeMeHTOB 12 1 22 «co3/1al0Tca BaKyyMHBIE 30HbI,
MO3BOJIAIOIINE OOBEMHO BCKMIATh ra3aM, pacTBOPEHHBIM B BOJE, pa3pyllaTh LIETOCTHOCTb
CTPYH U IPEBpAILATh €€ B BOJOBO3AYIIHBII TOTOK, 3aMIOJIHSAIOINI BCIO IO/l IONIEPEYHOTO
CcedeHHs BAKYYMHOM kameps! 32, BeienuBuInecs ra3sl B BAKYYMHO-KOMbIIEBOH 30HE OTCACHI-
BaloTcsi caMuM notokoM. Beinenenune CO2 ciocoOcTByeT noBbIeHHI0 pH BOJIBL, UTO co31aeT
OJraronpusTHBIC YCIIOBUS JIJIsl OKUCIICHUS skene3a. [lomyueHnHbrit TakuM 00pa3oM BOJOBO3YIII-
HBIi TOTOK MOCTYTAET B BAKYYMHO-KEKIIHOHHBIE CTyMeHH 4, 52 u 62, B KOTOPBIX 4epe3 BO3-
JyXOMOABOAIINE NATPYOKH 72 2KEKTUPYETCS BO3LYX M3 OKPYXKAIOMIEH CPelbl, B CUIY 4ero
IPOMCXOTUT Mpoliecc OeCIPepbIBHOTO AUCIEPTUPOBAHUS Kallelb BOJbI B TIOTOKE 3KEKTHPYe-
MOTO BO3ayxay» [2]. Jlamee BOIOBO3MYNIHBIN MOTOK MOCTYMAeT HAa pacceKaTeNlb MOTOKA, TJIe
POMCXOIUT UHTEHCUBHOE pa3JielIeHUe Ta30B U BOABI. ['a3bl BBIXOIAT B aTMOCc(hepy depes Je-
(bieKTopHl, yCTpOEHHbIE Ha TpyoOe 2'.

Boga nocne BakyyMHO-3KEKIIHOHHOTO OKUCINTENS 1' momazaeT Ha mojyaBTOMaTH4e-
CKUH QUIBTP HUCXOIALIETO (pUIBTPOBaHUS (PUCYHOK 2), CYIIECTBEHHBIM JOCTOMHCTBOM KO-
TOPOTO SBJISETCS OTCYTCTBHE HEOOXOIUMOCTH B pe3epByape M Hacocax JJIsi IPOMBIBHOM BOJIBI,
YTO AenaeT 00CIy>kKMBAaHNUE YCTAHOBKH MPOCTHIM U HE TPEOYIOIIUM BBICOKOKBATH(DUIINPOBAH-
HBIX crienuanucToB [10].
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PucyHnox 2 — YcTaHOBKa IO OUMCTKE BOJBI OT B3BECEH, JKeJe3a U Ap. IpUMeceil.
Figure 2 — Installation for water purification from suspensions, iron and other impurities

OunpTpyrolas 3arpy3ka — KBaplEBbId MECOK CTaHAApTHOIO 3KBHUBAJIEHTHOIO JHa-
MeTpa. BakyyMHO-2KEKIIMOHHBIA OKUCIUTENb U QUIBTP padOTAIOT KaK €AMHBIA MEXaHHU3M.
CyTb ero 3akyrodaercsi B TOM, 4TO, IPOWs BaKyyMHO-3KEKIIMOHHBIA OKHCIuTeNb 1', Boja ¢
OKHCIICHHBIM JKEJIE30M, HO yXe 0e3 ra30B ocTynaer Ha necyanblii puibtp 3'. «IIpoxoss uepes
HE3aTOIUIEHHYIO (PUIIBTPYIOLIYIO 3arpy3Ky, BoJIa OCBOOOXKIAETCs OT TPEXBAJIEHTHOTO XKelle3a,
OpraHMYECKUX BEILECTB U B3Becen» [2, 9].

ITocne ouncTku Bojia MepBOHAYAIBHO UJET Ha 3allOJHEHNE IUPKYISIIMOHHOr0 6aka 19,
KOTOPBII aKKyMyJIHpyeT 00beM BOBI I Ipoliecca aKTUBALIUH U JTAJIbHEHINIEro 1MoJInBa TOMa-
TOB B TEUEHUE HECKOJIbKUX YacOB.

AKTHBaIMsI OUMIICHHON BOJbI OCYILIECTBISETCS ¢ MOMOIIBIO BAKYYMHOI'O aKTHBAaTOpa
16 (pucyHok 1).

Bakyymnslii aktuBatop 16 padotaet cinenyromum odpazoM. Bosa mo naBneHue mocry-
MaeT yepe3 COeAMHUTENbHBIN naTpyook 1" u nanee B koH(y30p 2" ¢ IPUKPEIITICHHBIM Ha
KOHIIe maTpyokoM BeHTypu B BakyymHylo kamepy 3" (pucynok 3). «OOpa3yromuiics Ha BbI-
X0JI€ KaMepbl IIOTOK I'a30BOM AMYJIBCUH MOAAETCA B 3aMKHYTYIO0 KOHUYECKYI0 30HY 4" o yr-
JIOM K €€ OCH, TEM CaMbIM CO37aBasi IOTOKY BpaIlaTeIbHOE U MOCTYyINAaTeIbHOE ABMKEeHUE. [1o-
TOK HAauYMHAeT 00pa30BbIBATh CHUPATbHBIN BUXPh C BEPTUKAIBHON OCBIO M YMEHBIIAIOIIMMCS
KHU3Y PaJuycoM 3aKpyTKu BUXps. [lox nelicTBHEM LEHTPOOEKHON CHIIBI TOTOK pa3zessercs
Ha ’KUJIKYIO 1 Ta30BYIO (pa3bl. [Ipy 3TOM mpoucxouT riry0oKoe BhIIEIEHHUE U OTeNIEHUE arpec-
CUBHBIX Ta30B U3 MOTOKA, KOTOPbIE HAMPABJISAIOTCS BBEPX M BBIXOAST B aTMocdepy uepes na-
TpyOOK 6", a OUMIIEHHAs! OT ra30B BOJA, U3MEHHBIIAS CBOIO CTPYKTYPY, HaNpaBIseTcs K Ta-
TpyOKy 5" u ajnee B cucTeMy KarejabHOro OpOLIeHHs ydacTka» [2].

Heo0xo1uMo 0TMETHUTD, UTO OYMCTKA U aKTUBALIUS TOJTUBHOM BOABI MO MPEIOKEHHON
CXEMe€ KaleJbHOI0 OpPOILIEHUS AACT BO3MOXHOCTb HE TOJIBKO IOBBICUTH YpPO’KallHOCTb, HO U
YIYy4IIUTh U3MEHEHUE XMMHUYECKOI0 COCTaBa IJIOJ0B ToMaToB. MccnenoBaHus MIaHUpyeTCs
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MIPOBOJIUTH HA JABYX OJIMHAKOBBIX MO IUIOIIAJM U MO PaCHpeIeICHUIO KaleJIbHUI] YYacTKax C
TOM JIMIIL pa3HUIIEH, YTO OJIMH Y4aCTOK OYJET MOJUBATHCS IMTPOCTON BOJIOH, BTOPOU — OUMIIICH-
HOUM M aKTUBUPOBAHHOW BOJI0M. [Ipnyem MoauB akTHBUPOBAHHOM BOJOW OyaeT MPOBOAUTHCS
cienyromuM o0pa3oM: B IEPHO/I IIBETEHUS — 3 pa3a; 00pa3oBaHUE IJI0I0B — 3 pa3a; MOJOYHAas
CIEJIOCTh — 2 pa3a; MojHas CresnocTh — 1 pa3. Bee ocTabHbIe MOJMMBHI HA ONBITHOM y4acTKe
MpelyCMOTPEHBI OYHUIIEHHOI BOI0M. B KOHIIe Kaxaoro mexdazHoro nepuoia 6yaem orpee-
JSTh MAaKCUMAJIbHYIO IJIOIIA/Ib TUCTHEB HA 000X yuacTkax [3]. OxkugaemMble pe3ysabTaThl CBe-
JeHbI B Tabmute 1.

Pucynok 3 — BakyyMHBIi akTUBaTOp
Figure 3 — Vacuum activator

Tabnuna 1 — JluHaMuka HapacTaHHs JHCTOBOM MOBEPXHOCTH TOMATOB IPH MOJIMBE MTPOCTON U
aKTUBHPOBAHHOM BOAOH B Me(a3HbIE TIEPHOIBI
Table 1 — The dynamics of the growth of the leaf surface of tomatoes when irrigated with plain and
activated water in the interphase periods

NoNe MexdazHble TepHoabI, KonTpoins OmneiT
/1t ThIC. M%/Ta (mpocras Boga) (axTHBHpOBaHHAS BOJIA)
1. IIBeTeHune 15,4 22,2
2. O0pa3oBaHue IJI0JIOB 32,6 41,8
3. MonoyHas CieIocThb 29,8 42,0
4 [NonHas cnenocTh 18,0 24,5

B KOHIIC I€pUOoaa ITOJTHOM CIICIIOCTH HGO6XO}II/IMO IMPOBECTU CPABHCHHUE KAaUCCTBA I1J10-
J0B TOMATOB, B3ATHIX C obomx Y4aCTKOB 110 100 kr ¢ Pa3HbIX ACIISAHOK. O)KI/II[&CMBIC Pe3yliib-
TaTbhl IPUBCACHLI B Ta6J'II/II_[e 2.

Tab6mmia 2 — CpaBHeHHE TTOKa3aTelell KauecTBa II0J0B TOMATOB TIPH MOJIMBE MPOCTON U aKTUBHPO-
BanHoU Bozoii/ Table 2 — Comparison of quality indicators of tomato fruits when irrigated with plain

and activated water
X HMIICCKHI COCTAR TOMATOR KonTpons (HvaCTaSI Boza) | OnbIT (AKTUBUPOBAH-
NeNe ii/mm (Ha CBIPYIO Maccy) IIPU yPOXKAUHOCTH Has BOJIa) TPH ypo-
55,0 T/ra skariHocTH 60,8 T/Ta

OpraHuyeckrie 1 MUHEPaJIbHBIC

1 coeMHEHHS O€3 BOIbI 5,8 6,6
(cyxoe Berectso), %

2 Caxapo3sa, % 38 33
3 Butamun C, mr/100 ¢ 15,6 16,8
4 HuTtpatsl, Mr/kr 74,8 34,6
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BBIBOIIBI. O)KI/II[aCMI)Ie PE3YJIbTAaThl UCCIICAOBaHUs, 3aAIUTAHUPOBAHHBIC aBTOpAMU, JOJDKHBI ITOKa-
3aTh TECHYIO CBSI3b MEXKIY YPOKaHHOCTBIO U ero KadecTBoM (Tabmwma 2). [Ipu momise mpocToii Bomoit ypo-
JKafHOCTh TOMATOB B34Ta CPEIHSISI IO PETHOHY M cocTtaBuia 55,0 T/Ta, a Ipy MMoJIMBE OYMIIIEHHON 1 aKTHUBH-
POBaHHOI BOIOH MIaHUpyeTcs momyunth Ao 60,8 1/ra. [Ipu 3ToM KayecTBO XUMHUYECKOTO COCTaBa JOJKHO
OBITE JIy41I€ 110 OCHOBHBIM ITOKA3aTCIIsIM Y TOMATOB, IIOJIMBAEMBIX aKTHBHpOBaHHOﬁ BOHOﬁ, 9€M y TOMAToB,
TIOJIMBAEMBIX TIPOCTOH Bo/IoM. [lonmBHAs Bosia, OMydeHHAs ¢ TTIOMOIIBI0 BAKYYMHOHM YCTaHOBKH, CIOCOOHA
60p0TI)C$I C HUTpATaMH, YTO OYCHb BaXKHO JJIA HpOIlOBOJ'II;CTBGHHOfI CEJIbCKOXO03IMCTBEHHOM MPOAYKIIUH.

Conclusions. The expected results of the study planned by the authors should show a close relation-
ship between yield andits quality (Table 2). When watered with plain water, the yield of tomatoes was taken
asthe averagefor the region and amounted to 55.0 t/ha, and when watered with purified and activated water,
itisplanned to get up to 60.8 t/ha. At the sametime, the quality of the chemical composition should be better
in basic terms for tomatoes watered with activated water than for tomatoes watered with plain water. Irriga
tion water obtained with the help of avacuum installation is ableto fight nitrates, which isvery important for
agricultural food products.
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Summary
The paper presents the results of analysis of tasks arising in microclonal propagation of plantsin vitro
and proposes means of robotization of the laboratory. A robotic cell was devel oped to perform the pro-
cedure of microcropping and planting of cuttings in nutrient medium.

Abstract
Introduction.The procedure of microclona propagation by in vitro microcutting requires a large
amount of routine labor. An experienced laboratory technician can plant up to 700 microcuttings per
shift. However, this work is very monotonous and, as a consequence, extremely tiring. In addition, fa-
tigue makes peopl e less attentive and they start making mistakes, which often lead to rejects — sterility
violations and introduction of infectionsinto the nutrient medium. Asfar back as 30 years ago, robotiza-
tion of this procedure was sought. A number of known attempts at robotization have demonstrated the
potential solvability of this problem, but have not led to the introduction of robotization tools in this
industry, and until now these operations are still performed manually. Object. Robotic complex for
maintenance of the laboratory on microclona propagation of plants. Materials and methods. The re-
search includes analyzing the requirements for robotization of alaboratory for microclonal plant prop-
agation and devel oping a concept for robotization of such alaboratory. Results and conclusions. Asa
result of the analysis, the needs for robotic equipment in the laboratory of microclonal plant propagation
were determined and the main provisions for robotization of the laboratory were formulated.

Key words: microclonal plant reproduction, in vitro, micropropagation, robotization, indus-
trial robotic manipulators, delta robot.
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