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ASSESSMENT OF THE CONDITION
OF DENDROPHILOUS ENTOMOFAUNA OF URBANIZED TERRITORIES
(BASED ON THE EXAMPLE OF VOLGOGRAD)

Nguyen Minh Chi

Volgograd State University, Volgograd, Russian Federation;
Mientrung University of Civil Engineering, Tuy Hoa, Vietnam

Elena A. Ivantsova
Volgograd State University, Volgograd, Russian Federation

Abstract. The article presents long-term data from research work on the study of dendrophilous phyllophages
in green spaces of different types and categories in the urbanized territory of Volgograd. At each site (test sites in
the plantings of the Mamayev Kurgan memorial complex, the park named after Yu.A. Gagarin, public gardens on the
embankment named after the 62" Army, named after V.I. Glazkov near the main building of Volgograd State University,
plantings along the 64" Army street), three model sites were laid out, on which five to seven main woody plants
(Populus alba, Populus nigra, Populus pyramidalis, Ulmus pumila, Ulmus laevis, Ulmus glabra, Pinus sylvestris,
and Robinia pseudoacacia) were examined. It has been established that the taxonomic composition of the
phyllophages of the main tree species in the plantings of Volgograd includes 6 species of mites and 102 species of
insects from 83 genera, 29 families, and 6 orders. Economically dangerous phyllophages include 19 species of
harmful insects and 9 species of less significant ones. Species of phyllophages have been identified whose
responses to negative environmental factors can be used to monitor the condition of urban plantings. The formation
of'a community of arthropod pests in plantings of different ecological categories is influenced by species composition,
air pollution, and the degree of recreational load.

Key words: dendrophilous entomofauna, phyllophages, green spaces, urban ecosystems, Volgograd region.
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JECOBEJAEHHUE, JJECOBOJIACTBO, JIECHBIE KYJbTYPbI

VIIK 502.5:595.7(470.45)
BBK 26.887.2(2Poc-4Bor)

OIIEHKA COCTOSIHUS JEHAPO®UJIbHOM SHTOMO®AYHbBI
YPBAHU3UPOBAHHBIX TEPPUTOPHUI (HA IIPUMEPE r. BOJITOI'PAJIA)

Mun Tou Hryen

Bonrorpaackuit rocynapcTBeHHbIN yHUBepcUTeT, T. Bonrorpan, Poccuiickas deaepanus;
CrpouTtensHblil yHUBepcuTeT MbeHTpyHra, I. Tyiixoa, BbeTHam

Ejgena AnaroaneBna HBannosa

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, . Bonrorpan, Poccuiickas ®eneparus

AnHoTanus. B crarse npecTaBieHbl MHOTOJIETHHE JAHHBIE UCCIIEI0BATENBCKUX PA0OT MO U3YUECHHIO JICHIPO-
¢mbHBIX (T0(aroB B 3eI€HbIX HACAXKICHNSIX Pa3HBIX TUIIOB U KATErOpUid ypOaHU3UPOBaHHOM TeppHuTopun I. Boror-
pana. Ha kaskmom oObekTe (ITpoOHBIX TUIONIA/IKAX B HACAXK/IEHHSIX MEMOPHAIBHOIO KOMITIeKca MamaeB KypraH, napka
nMm. FO.A. T'arapuHa, ckBepoB Ha HaOepexHOI uM. 62-if Apmun, nm. B.W. I'ma3koBa 6113 miaBHoro kopiryca Bonrorpa-
CKOr'0 TOCYIaPCTBEHHOIO YHHBEPCHUTETA, TIOCAAKaX M0 yiuie 64-1 ApMun) ObUTH 3aJI0KEHBI 110 TP MOZIETBHBIX ILIOMIAI-
KU, Ha KOTOPBIX 00CIICIOBAIKCH ITO ISITh-CEMb OCHOBHBIX APEBECHBIX pacTtenuii Populus alba, Populus nigra v Populus
pyramidalis, Ulmus pumila, Ulmus laevis, Ulmus glabra, Pinus sylvestris, Robinia pseudoacacia. YCTaHOBJIEHO, 4TO
TaKCOHOMHYECKHH cocTaB (priutodharoB OCHOBHBIX JIPEBECHBIX ITOPO B HACAXKIEHHIX Borrorpana Bkirodaer 6 BUIOB
kierieit u 102 Braa HaCEKOMBIX U3 83 pozoB, 29 ceMeiicT 1 6 oTpsnoB. K 4ncity X035 CTBEHHO OMACHBIX (GHiL1o(haros
oTHOcATCs 19 BUIOB BPEIHBIX HACEKOMBIX M 9 BHIIOB MEHee 3HaUMMbIX. BbIeneHb! BUIbI (PriodaroB, OTBETHBIE PEAKIIN
KOTOPBIX Ha JICHCTBHE HETATUBHBIX (DAKTOPOB CPEIIHI MOI'YT OBITh MCTIONB30BaHAI JjIsI MOHUTOPUHIA COCTOSTHHS TOPOICKHX
HacaxeHni. Ha ¢hopMupoBanie cooOIIecTBa 4ICHUCTOHOTMX BPEAUTENEH B HACAXKICHUSIX Pa3HBIX SKOJIOTMYECKHX KaTe-
TOpHI1 BIIUSIIOT TTOPOJIHBIN COCTAB, 3arpsi3HEHNE aTMOC(EPHOT0 BO3[yXa U CTETICHb PEKPEalliOHHON HAaT PY3KH.

Karouessle cioBa: nennpodunbHas sHTOMOGayHa, priiodary, 3eJeHbple HaCaXICHUsI, ypOOIKOCHCTEMBL,
Bosrorpazckas o0nacts.

HurupoBanue. Mun Teu Hryen, Baniosa E. A. Onenka coctosHust AeHAPOoGUIBHOM 3HTOMOG ayHEI ypOa-
HHU3MPOBAaHHBIX TeppUTOpUii (Ha mpuMepe T. Bonrorpana) // Ilpuponusie cuctemsl u pecypebl. —2024. —T. 14, Ne 1. —
C. 5-17.—DOTL: https://doi.org/10.15688/nsr.jvolsu.2024.1.1

Uzydenuto snTOMOdayHBl 03€ICHEHHBIX
TEPPUTOPUN pa3InuHbIX roponos PD nocesuie-
HO 3HAYUTEIbHOE KOJHMYEeCTBO pabdot [1-4; 8; 9;
11-13; 22; 24-26; 28; 29; 33-37; 40; 43—-47].
UccnenoBanuii, MOCBSIIEHHBIX U3YUEHHIO JICH-
JIPOQIIIBHBIX HACEKOMBIX U OIIEHKE COCTOSHHSI
JpEBECHBIX HacaxieHui Bousrorpana xpaiine
HEI0CTaTOYHO, UMEIOIIMECs JaHHbIe B paboTax
M.H. benutikoit u np. [5-7], [I.M. boronyxoBa
[10], A.Il. I'munymkuna, W.FO. IlonkoBeipoBa
[14], U.P. T'pubycr, A.B. Cementorunout [16],
10.C. Enpaukosotii [18], P.B. OBcstHkuHA | 11p.
[30-32], T A. Ceporo [38; 39], A.A. TuxoHo-
Boii, E.A. BannioBoii [41], T.I". Tokapesoii [42],
E.A. Ivantsova [49], u np. [15; 20; 21; 37; 50]
HOCAT ()parMeHTapHBIA XapaKTep, MOCBSIICHEI
OTJENbHBIM TPYIaM YJIEHUCTOHOTHX HJIH OT-
JeNbHBIM YPOaHU3UPOBAHHBIM 3KOCHCTEMAaM,
9TO ¥ 00YCIIOBUIIO HEOOXOAMMOCTD MTPOBEICHHS
HaIlIUX UCCIICIOBAaHUH.

—_— 0

HUccnenoBarenbckue paboThl BHITONHSUIIACH
B niepuon ¢ 2019 mo 2022 1T. B 3e1eHBIX HaCaXK-
JICHVSIX Pa3HBIX TUTIOB U KATETOpHil ypOaHU3UPO-
BaHHOM TeppuTOopuu Bonrorpana. AccopTUMeHT
JIPEBECHOW PaCTUTENBHOCTH BKIIOUAET: Populus
alba (tononw Oenbiit), Populus nigra (TOmonb
uepHbit), Populus pyramidalis (Tomons nupa-
MUIaNbHBIN), Ulmus pumila (BsI3 TpU3eMHUCTBIH),
Ulmus laevis (Bs13 tnaakuii) u Ulmus glabra (si3
niepmaBsblii), Pinus sylvestris (cocHa OOBIKHO-
BeHHas), Betula pendula (Oepe3a moBucias),
Robinia pseudoacacia (poOUHHS JDKeaKalus),
Larix sibirica (uctBeHHUIIa cuOUpcKast), Picea sp.
(paznuuHble BUABI en). Pexxe B mocaikax BeTpe-
yaroTcs Fraximus excelsior (AceHb OOBIKHOBEH-
HbIil), Tilia cordata (nuna MenkonvcTHas), Acer
platanoides (xIeH OCTPONUCTHBIN), Acer
tataricum (KJIEH TaTapcKuit), Acer campestre
(ke moneBoi) u Acer negundo (KiieH siceHe-
TUCTHBIN), a Takke Catalpa speciosa (kataib-
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ma mpekpacHas). U3 KycTapHHKOB OOBIUHBI:
Lonicera tatarica ()xMMOJOCTh TaTapckas),
Berberis vulgaris (6apbaprc 0OBIKHOBEHHBIH ),
Cotinus coggygria (CKyMIus KOXKEBEHHAas),
Prunus virginiana (depeMyxa BHPTHHCKas),
Rosa sp. (Buawl munoBHuKa), Crataegus sp.
(Buabl OosipblliHUKA), Amelanchier sp. (BUIBI
uprn), Syringa sp. (Bunsl cupenn). [Ipeobdnana-
Iolllee YHCIIO JIPEBECHBIX PACTEHUU B TOCAJIKax
HaxonuTcs B BozpacTe 40—-60 u Gonee et [19].

Benymiee 3naueHue B GopMupoBaHUM OC-
HOBHBIX TOPOJCKHX JaHAMA(THBIX AJIEMEHTOB
HUMEIOT CIIEYIOUIHE TTOPOIBL:

— Bsa3 (Ulmus) — maccoBoe pacTeHue,
B Pa3HBIX HACAKIACHUSX HA JIOJIO NIIBMOBBIX TIPH-
xomutcs 6onee 70 %. IlIupokoe McHonb30BaHue
JAHHOH JPEeBECHOW MOPOABI B 03€JICHEHUN TEp-
putopuu ropoaa Bonrorpana (mpomr. Lapuiisis,
Cranunrpan) Haganoch emie B 30-e IT. mpomuwnio-
ro croierus [5; 7];

— PoOunus (Robinia), Tonons (Populus)
CTaJl UCIONB30BATh LIS O3CJICHEHHS TEPPUTO-
puit B 50-x IT. mpouwtoro Beka. Ilpu aTom paz-
JUYHBIC BUBI TOMOJEH BBICAXKUBAIOT OOBIYHO B
TOPOJICKUX HACAIKICHUSIX PA3INIHBIX KATETOPUH.
AKXalyu ke OTAAI0T MPEANoYTeHHE Mpu 00yCT-
pOMCTBE CKBEPOB, OYIbBAPOB, BHYTPHUKBAPTAJIb-
HBIX YYaCTKOB U ITPH CO3JIaHUH YAMYHBIX HaCaXK-
neHuti [41; 42];

Mun Tou Heyen, E.A. Heanyosa. OueHka cocTostHUs TeHIpodIIbHON 3HTOMO(ayHb ypOAaHU3UPOBAHHBIX TEPPUTOPUIA

— CocHa Kak JpEBECHBIN BHJ B O3€JICHH-
TCIBbHBIX LEIAX CTaJla IPUMEHATHCSA IIPU CO30a-
HHUU Pa3HOTO POJa JEKOPATHUBHBIX 3E€JIEHBIX
o0bekToB ¢ 70-80-x rr. mpouutoro Beka. [Ipu
3TOM B MOCAJKaX MPUCYTCTBYIOT OOBIYHO €Iu-
HHUYHBIE SK3EMILUIIPBI UJIU IPYIIIbI JEPEBLEB ATOM
XBOWHOM MOpOABI 110 3—7 MITYK B KOMIIO3HITHH.
B TO e BpeMsi B rpaHHIIaX TOPOJa U 110 €ro Tie-
pUMETpY BCTPEYAIOTCS MACCUBHBIE HACAXKICHUS
o 5—7 ra (muxpopaiion I opnas [lonsna, npeBo-
cron OJM3 MEMOpHallbHOTO KOoMIUIekca JIbicas
T'opa, Ha cknnonax EpreHuHCKOW BO3BBIIIEHHOCTU
U ap.).

B nacrosimee BpeMsi, Kak YKa3bIBaIOT MHO-
rue uccienaoBatenn, oomee 60 % epeBbeB B MO-
cajkax ropoja Bonrorpaga ocmabneHsl B TOH
WA UHOMN CTCICHU, YTO MOATBEPKIAAIOT, B TOM
YHUCJIC 1 Halll JAHHBIC 110 pE3yJibTaTaM OUCHKU
CaHHUTApPHOT'O COCTOSAHHA OCHOBHBLIX APEBECHBIX
mopot (cM. TaOnHILy).

[Ipy npoBeneHUH SHTOMONOIMYECKUX HC-
CJICZIOBaHUIN COOp M Y4ET BPEIUTEIICH JINCTBHI U
XBOW OCYIIECTBIISIJICSI B MpOIlECCe MPOBEICHUS
MOCTOSTHHBIX ¥ PEKOTHOCITUPOBOYHBIX 00CIeNo-
BaHUH mocajok. PacronoxxeHne moCTOSHHBIX
MPOOHBIX IUIOIIAIOK B HACAXACHUAX T. Bosror-
paja IpeAcTaBlIeHO Ha PHUCYHKE.

ITocTossHHBIE HaGIIIO)Z[eHI/HI BBITIOJIHAIUCH
Ha HpO6HBIX IJIomaaKkax B HaCaXJICHUAX MEMO-

CaHI/lTapHOG COCTOAHUE TPEBECHBIX paCTe}mii B HACAXJICHUAX I. Bo.ﬂrorpazla

Hacaxnenue JlpeBecHas mopoa Rareropus coctosns, %
1 11 111 v
Bsi3 — 30,36 56,38 13,26
Pexpeanmonno- Tononb 12,04 38,52 41,01 8,43
03CJICHUTEIbHBIC PoGunus 9,98 56,05 23,97 -
CocHa 4,24 82,69 13,07 —
Bsi3 — 24,85 69,17 14,98
TpuropoaHbie Tomnonb - 40,24 45,21 14,55
PobOunust — 73,49 20,51 —
CocHa — 4,73 85,09 10,18

Ipumeuanue. Kareropuu cocrossaus: I — 6e3 mpu3HakoB 0cIa0lICHUS: IEPEBbs C TYCTOW M 3€JICHON KPOHOM,
HOPMAaJIBHBIM JIJIS TAaHHO#H MTOpo Il pupocToM; 11 — ociabneHHbIe: IepeBbs C IUCTBOM CBETICE OOBIYHOIO, YACTO C
U3PSKECHHOM WK ¢1a00aXypHOI KPOHOW, UX PUPOCT YMEHBIIICH He OoJiee, YeM HAIOJIOBHHY, 10 CPABHEHUIO C
HOPMAaJIBHBIM, JIOJIS YCOXIIHNX BeTBed MeHee 25 %; 11 — cuibHO ociabiieHHbIe, IepeBbsl CO CBETII0-3eIeHOMH, cltabo-
JKEJITOBATOM MJIH CEPOBATON MAaTOBOM JIMCTBOM MEJTBUE HJTH CBETIICE OOBITHOTO, MX KPOHBI a)KYPHBI, IPUPOCT YMEHB-
IIeH 0oJiee YeM HAITOJIOBHHY 110 CPABHEHUIO ¢ HOPMaJIBHBIM, JIOJSI YCOXINUX BeTBe oT 25 1o 50 %; IV — ycbixaro-
IIHe: IEPEBbsI CO CBETIIO-3EJICHOM, KEATOBATON HIIM CEPOBATON MAaTOBOM JIMCTBOW MEJIBUE MU CBETIICH OOBIYHOTO,
KpOHa M3peKeHa, MPUPOCT YMEHBIIEH 0ojice, YeM HAIOJIOBUHY 10 CPABHEHHUIO ¢ HOPMAJIBHBIM, JOJIS YCOXIIUX
BetBeit 50—75 %. HabOronarorcst mpr3HaKy MOBPEKACHHS CTBOJIA, KOPHEBBIX Jiall, BETBEH, KPOHBI M TOCETICHUE CTBO-
JIOBBIX BpEUTENICH Ha CTBOJIE U BETBSIX, BO3MOKHO COKOTCUCHHE U Pa3BUTHE BOITHBIX TOOCTOB Ha CTBOJIC U BETBSX.
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puanpHOro KoMIuiekca MamaeB KypraH, mapka
um. FO.A. lNarapuHa, CKkBepoB Ha HaOepeKHOU
uM. 62-it Apmun, uMm. B.W. ['ma3koa 6:1u3 riaBHO-
ro kopmyca Bonrorpaackoro rocynapcTBeHHOTO
YHHBEpPCHUTETA, MOCaKax Mo yiauue 64-it ApMum.

Ha kaxxnom oObekTe ObUIH 3alI0KEHBI 110
TP MOJIETTBHBIX IJIOMIAKH, HA KOTOPBIX 00CIe-
JIOBAJIUCh MO 5—7 OCHOBHBIX JPEBECHBIX pacTe-
HUH (TONOIS OeIIBbIN, YepHBIA U MUPaMUIaIbHBIH,
BSI3bI IPU3EMUCTBIN, NNIAJIKUI U IIEpIIAaBBINA, CO-
CcHa OOBIKHOBEHHAS W POOMHUS JDKEAKaIus).

OreHKa COCTOSHUS JIEPEBBEB HA TPOOHBIX
IJI0IIaKaX MPOBOAMUIIACH C UCIOIH30BAHUEM
OOLIETPUHSTHIX METOJIOB U B COOTBETCTBUU
C IEICTBYIOIIMMH PYKOBOJCTBAMH 1O JIECOIIATO-
JIOTHYECKOMY 0OCIIeIOBaHUIO HacaxaeHui [27].
[Ipu yuere BpenuTeneil oneHUBaNM QUTOCA-
HHUTApHOE COCTOSHHE JIEPEBHEB MO KOMILJIEKCY
TIPU3HAKOB:

— 0e3 npusHaxos ociabnenus;

— ocnabnenHnvie: NEPeBbs 4acTO C H3pe-
YKEHHOU MJIM C1a00aXKyPHOM KPOHOM, UX PUPOCT
YMEHBIIICH He OoJee, YeM HaIONIOBHHY, MO CPaB-
HEHHUIO C HOPMAaJbHBIM, JIOJISl YCOXIIMX BETBEH
<25 %;

&

VoG

Lapuupin

ofonogHui

— CUbHO ocaabnenHble: KPOHBI aXKypHBI,
MPHUPOCT YMEHbIIIEH OoJiee YeM HAIOJIOBUHY TI0
CPaBHEHHIO C HOPMAJILHBIM, JIOJS YCOXIIHX BET-
Beit 25-50 %;

— ycvixarowjue: KpoHa M3peKeHa, UMEIoT-
Csl IPU3HAKK TTOBPEXKJICHUS BPEAUTENSIMHE, BO3-
MOXHO COKOTEUEHHE W Pa3BUTHE BOISHBIX IMO-
OeroB Ha CTBOJIC M BETBSIX, MPUPOCT YMEHBIIICH
Ooree, yeM HAIOJIOBUHY 110 CPaBHEHHUIO C HOP-
MAaJbHBIM, JIOJISl YCOXIIUX BETBEH COCTABIISIET OT
50 o 75 %.

Ha nepeBbsix B HUXKHEW 4acTU KPOHBI JJIH-
Ho#t 1,0 M TOICUNTHIBATIN KOTUYECTBO BPEIUTE-
Jield pa3HbIX BUJIOB, HAHOCUMBIC MU TTOBPEXK/IE-
HUS JINCTHEB, COOMPAIH MOBPEKICHHBIC JIUCThS
C MUHAMH ¥ TJIJIaMH ¥ TIp. J[OOTHUTENBHO TIPO-
BOJIIJICSL PyYHOU cOOp MMAaro BpeuTeNneii U Ko-
IICHHE HTOMOJIOTMYECKHM CayKoM B KPOHaX
JIePEBHEB.

VYdeTsl BUIOBOTO 00HIUS IEHAPOPUIBHON
SHTOMO]AYHBI IIPOBOIMIIHN IBK/IBI 32 CE30H: paH-
HEBECEHHHMI KOMIUIEKC HACEKOMBIX H3y4alH C
KOHIIA arpeJist 10 KOHI[a Masi, JIETHe-OCCHHUI KOM-
ieke guiuiodaroB — ¢ Hadajga aprycra o ce-
pEeIVHBI CEHTSOPSI.

fopoauve
&
i

PofMAMATE

Bosgorpapg

Necuanxa

Bropana Natwnetxa

o.Caprmioami

PacrionoskeHue moCcTOSHHBIX HpOGHLIX IJIOMIAJ0K B HACAXKJACHUAX T. Bonrorpa)la
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COop 1 yuer YHCIEHHOCTH HACEKOMBIX OCY-
MICCTBJISUTH B TEUCHHE BCETO BEreTalMOHHOTO
nepuona co Il gexanpr mast u 1o okTsOps. Ha-
Ka)XJI0M MPOOHOM IJIOIIAAN BBIACISUIA 5—7 MO-
JIeNBHBIX JIepeBa KaxJ0i 13 mopos. Ha kaxaom
JiepeBe OTOMpay Mo 3 MOJACIbHBIX BETBU 1 M
JUTMHOW M3 HIDKHeH yacTu KpoHsI [23]. Ha Hux
MOJICYUTHIBAIIN YHCIIO BPEAUTENEH, obliee Ko-
JUYECTBO JUCTHEB, B TOM YHCIE MOBPEKICH-
HbIX ¢Qmiodaramu. B ciydae ydera yuciieH-
HOCTH WHBA3WUBHBIX BPEIUTENEH C JEpPEBHEB
cobupanu 1mo 100 TUCTHEB; MOACUYUTHIBAIN KO-
JIUYECTBO 3aCEJICHHBIX BPEIUTENSIMU JIUCTHEB;
YHCIIO JTUCTHEB C Pa3HBIMHU TaJIJIaMU U MUHAMH
Ha OJIHOM JIHCTE.

[poBoanm py4HO# COOp U SHTOMOIOTHYEC-
KO€ KOIICHHUE JIOTIONHIEMOE OCMOTPOM JIHCTBEI
Y aHAIIM30M TIOBPEXKICHHH, BBI3BAaHHBIX (DUILITO-
¢daramu. 3TO BaXKHO ISl BBISIBJICHUSI PEKUX U
OTKPBITOXKUBYIIUX BPEAUTENICH JINCTBEI, IIOBPEK-
JICHUsl KOTOPBIX 3a4acTyio Oojee 3aMEeTHBI, He-
xenu oHu camu [17; 27]. [lpu cpaBHUTENBHOM
OIIEHKE KOJIMYECTBEHHOTO OOMIHUSI OTIENbHBIX
BUJIOB QHILTO(AroB NCIOIB30BAINA OTHOCHTEIIb-
HbIC TTOKa3aTe! YACICHHOCTH: KOJIMYECTBO 0CO-
Oeit Ha 100 mT. nmuctheB, 100 B3MaxoB cauka.

[o utoram obcenoBaHui OlIEHUBATACH Ya-
CTOTa BCTPEYAEMOCTH BPEAHBIX WICHHUCTOHOTUX
(B 6aymax) mo metomuke A.B. CenmxoBkuna (2009).
Ipu 3TOM OTMEUanach SKCTEHCHBHOCTH TIOBPEXK-
JICHUH — JIOJIS IEPEBBEB, UMEIOIUX TTOBPEKIACHNUS
KOHKPETHBIMU BUIaMH BPEIUTENICH U MHTCHCHB-
HOCTB TIOBPEXKICHHH — JIOJISI IMEFOIIIUXCS TIOBPEXK-
JICHUH JIUCTHEB / XBOM B KPOHAX JICPEBHEB.

AHaJIN3 MOTY4EHHOT 0 MaTepralia IPOBOIHII-
Csl C WCIOJNB30BAHUEM CIICAYIOIIUX METOJIOB H
MOJXO0B: aHAIN3 CTPYKTYPHBIX IMOKa3aTelnei
JOMHUHAHTHBIX T'PYIIIT 3HTOMO(ayHbI — BUIOBOIO
COCTaBa, SKOJIOTUYECKON CTPYKTYphI; aHAIN3 PaH-
TOBBIX PACIIPEACIICH I 110 Kitaccam ooumus. [Tpu-
MEHEHHUE TaKOro MeTofa JaeT Ooliee 3aKOHYEH-
HYIO XapaKTEepPUCTHUKY CTPYKTYpPBhI COOOIIECTBa
[13; 28]. Amanu3 ocHOBaH Ha TOM, YTO B HOp-
MaJbHOM (HEHapYIIEHHOM, ()OHOBOM H T. II.) CO-
CTOSTHMHM COOOIIECTBa MapaMeTphl PaHT'OBOTO
pacnpenencHust Gpuiodarop creupuIHbI A1
KOHKPETHON JKOCHUCTEMBI, 4 TAKXKe CIOKHBIIIC-
rocsi KOMILJIEKCa YCIIOBHM, K KOTOPBIM aJalTh-
poBaHO coobmiecTBO. OTKIOHEHUE OT DTOTO CO-
CTOSIHHSI MOXET CITY>KUTh MEPOH U3MEHEHUS CO-
CTOSTHHUSI cOOOIIeCTBa.
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Oyenka cocmosanus IHMOMOPDAYHbI TIpe-
JycMaTpuBaja yCTaHOBJICHHUE CIIEAYIOIINX TOKa-
3aresneil: TAKCOHOMHYECKHil COCTaB U INIOTHOCTH;
BH/IBI, COCTABJIAIOIINE OCHOBY HAaCEIEHHUS; MaJIo-
YHCJIEHHbIE HACEKOMBIE; CBA3b MEXAY IpeBec-
HOW MOPOJIOH W pa3HBIMU TPOPUUECKUMU TPYII-
MaMH 4YJIEHHCTOHOTHX; BBIJIEJIEHUE B COCTaBe
cOO0O0IIEeCTB BUIOB, OTIUYAIOIIUXCS MO XO3SIH-
CTBEHHOMY 3Ha4Y€HHWIO: BHUJ, BCTPEUAIOLTUKCS
€IMHUYHO, HO HapalMBaIOIIUNA YHCIEHHOCTD,
CUJIBHOI'O BO3/ICHCTBUS HE OKA3bIBAET; ONIACHBII
BHJI, TAIOUIHMI BCIBIIIKA MaccOBOTO pPa3MHOXKe-
HUSl U CUJIBHOE OCIIa0JIeHHE JPEBECHBIX Hacax-
JICHUH; BUJI TIPEICTABIISIET CEPhE3HYIO OMACHOCTb,
HO BCIIBIIIEK MacCOBOTO Pa3MHOXKEHHS HE Ha-
OMI0/1aNIOCh B TEUEHHWE HECKONBbKUX JIET; BUJ,
BCIIBIIIKY Pa3MHOKEHHS KOTOPOTO BEPOSTHBI, HO
MOBPEX/ICHUS HE OKa3bIBAIOT PEIIAIONIEro BO3-
JeWCTBUA Ha JIEPEBO; BUJI, BCIBILIKH Pa3MHOXKe-
HHSI KOTOPOTO HE OTMEYaJIMCh, HO BO3MOXHBI;
3HAYUTEIHHOE BO3/IEHCTBUE HA COCTOSIHHE Jepe-
Ba MAaJOBEPOSITHO.

OHTOMOJIOTHYECKOE KOIIEHHE TOTOIHSIOCH
OCMOTPOM JICTBBI U M3yYEHHUEM MOBPEKICHHH,
BbI3BaHHBIX (prmodaramu. OcoOEHHO BaXKHO 3TO
JUTA BBISIBJICHUSI HHBAa3UBHBIX BUIOB BpeIUTENEH,
a TaKXe OTKPBITOKHUBYIIUX (riodaros, mo-
BpEXICHHS KOTOPBIX 3a4acTyro OoJiee 3aMETHBI,
HEKEJIW OHM caMH. BO3MOXKHOCTh uaeHTHDHIIN-
pOBaTh UX JI0 BUJA JIaeT [IEHHYIO HHPOPMAIUIO
10 TPOCTPAHCTBEHHON Y BPEMEHHOW N3MEHYNBO-
CTH IIJIOTHOCTH TOMYIISLIHH.

[Ipu cpaBHUTENBHON OLIEHKE KOJTNYECTBEH-
HOT'O OOMJIVSI pA3HBIX BUIOB HACEKOMBIX HCITONb-
30BajJICh TaKW€ OTHOCHUTENIbHBIE MMOKa3aTelu
YHCIIEHHOCTH, KaK KOIMM4eCcTBO 0cobeii/100 miT.
JINCTHEB, KOJIM4ecTBO 0codeii/100 B3MaxoB cay-
Ka. DTO JaeT aJeKBaTHOE IpelCTaBIeHHE 00
W3MEHYNBOCTH OOWITUS BUJIOB.

Omnpenenenue BUJOBOIO COCTaBa HAaCcEKo-
MBIX MPOBOIUIIHN IIYTEM OIpPEAETICHHs 10 UMa-
ro, IMYNHKAM, a TaKKe M0 BHIOCTICIIe MUHBIM
MOBPEXJICHUSM aCCUMIJIALIMOHHOTO armapara
JPEBECHBIX PACTEHHH C MCTIOIBb30BAHUEM OIpe-
JeNUTeNel U aTiacoB HACEKOMBIX, OMpEIenu-
Tenel MOBPEXJIEHUN NepeBbEeB U KYCTapHUKOB
[17;27; 48].

Io xapakTepy NOBpEXAECHUH JINCTOBOM I1J1a-
CTHHKH BBIICISUTUCH CIICIYIOIINE TPYIIIBI: 00be-
JTaHHUe JIMCTHEB, CKEJIETHPOBAHKE JTUCTHEB, MH-
HUPOBaHUE JINCTHEB, FAJII000PA30BAHUE, CKPYUH-
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BaHME JINCTHEB, «3MI3aro00pasHbBIe» MOTPHI3EI
JINCTOBOM TIJIACTUHKH.

HOBpe)KZ[eHHOCTB ACCUMUIBIIIMOHHOI'O aIl-
mapata (IPOIEHT MOBPEKICHHBIX JIUCTHEB OT
001Iero unciia) — Mmokas3aTeib, XapaKTepu3ylo-
muid 0coOEHHOCTH B 3aceneHnn Qumtodaramu
OTACJIBLHBIX IPEBCCHBIX ITOPOA B Pa3HBIX HACaAX-
nenusix. O6pruHast mpobda coctosuia u3 20-30 Be-
TOK JIMHOHM Kaxkaas 1 M (oOrmii 00beM cocTaB-
nsieT okono 1500 nmucTheB).

Brnustnue skomoruueckux pakTopoB Ha pas-
HOOOpasue cooOIecTB HULIOParoB OLEHUBAIN
MyTeM MPOBEICHUS KJIACTEPHOro aHaIn3a U yc-
TaHOBJICHUS 3KOJIOIN4YCCKHNX MHICKCOB, HCIIOJIb-
SYIOIIUXCA IMPHU OLCHKE CXOJACTBA U pa3indyuAa
HACEJICHUs YWICHHCTOHOTUX, UX Pa3Hoo0pas3us 1
BBIPaBHEHHOCTH (MHJECKC BHUAOBOTO OOraTcrBa
Mapraneda, uHIEKC 00IIEro pasHooOpa3us
[llenHOHA C y4eTOM BBIPaBHEHHOCTH TPOO, WH-
Jiekc BeIpaBHEeHHOCTH [Iuenmy, unnekc beprepa-
[Tapkepa) [19].

ypOBeHB JOMHUHUPOBAHNA BUAOB YJICHUCTO-
HOT'HIX HJIM UX CEMEHCTB B COOOIIECTBAX OICHH-
BaJIM C MCIIOJIb30BAHUEM CIIEYIOINX IOoKa3aTe-
neit: < 5% — pesudenmot, 5,1-10 % — cyb6oomu-
naumot, 10,1-24 % — domunanmot, > 25 % — cy-
nepooOMUHAHMDL.

JlocToBepHOCTD aHaJIH3a 00OCHOBHIBAIACH
KOpPENSIIUOHHBIMU KpuTepusiMu [ 19].

AHaNM3 CTPYKTYPBI U TUHAMHKH JTIOKAJTHHBIX
coobmiects (umioharoB ApeBeCHBIX MOPOJ B
HaCaXICHUAX MPOBOAUIICA 1O BEIACIIAIOIIUMUCA
MPEeACTaBIEHHOCThI0 TAKCOHAMHU OTAEIbHBIX
OTPSZIOB C MPeo0JIaafoMMUA CEMEHCTBAMHU U
BBIICTAIOIMMUCA OCHOBHBIMU XapaKTCPHUCTHUKA-
MU BUJaMU (BCTPEUYaeMOCTb, YHCIEHHOCTD).

3a roapl uccnenoBaHus ObUTO 00CIIenoBa-
HO 23 npoOHbBIE MJIOIAKH B 3¢JICHBIX TOPOACKUX
HacaxJaeHusX. beuto ormoBineno ceeime 6000
9K3EMIUISIPOB YICHUCTOHOIMX M O0CIEIOBAHO
ceiie S000 mepeBbeB.

Koppensamuonnasi 3aBUCUMOCTh OOUITHS
Z[eH}:[pO(bI/IHBHLIX HAaCCKOMBIX CO CTCIICHBIO PCK-
pEalMOHHOrO Mpecca U YPOBHEM 3arpsi3HEHUS
aTMoc(epHOro BO3JlyXa aHallM3upoBaiach C
HUCIOJIBb30BaAHUEM HOAaHHBIX, MPCAOCTABIACMBIX
KoMuTeToM IpUpOIHBIX PECYPCOB, JIECHOTO XO-
3SCTBA M 3KONIOTUHU Bonrorpackoii o01acTu B
OTKPBITOM JOCTYIIE.

B pesynbraTe npoBeneHHbIX HCCISIOBAHHIA
YCTaHOBJICHO, YTO TAaKCOHOMHYECKHiIl COCTaB

10

¢mnoharoB OCHOBHBIX JIPEBECHBIX TIOPOJT B Ha-
caxkJeHusX Bonrorpaaa Bxitoyaer 6 BUIIOB Kiie-
e u 102 Buga HaceKoMbIX U3 83 pomoB, 29 ce-
MeicTB U 6 orpsiioB. OCHOBY BHIOBOIO Oorat-
ctBa puiutodaros cocrapiser otpsia Lepidoptera
(38,9 % ot obriero BUIOBOTO cocrara). B kom-
miekce Gpumtodaros BhISBICHO 7 BUIOB HHBA3UB-
HBIX BPEIHBIX HACEKOMBIX.

CoobiectBa GpririoharoB OTIUYAOTCS 1O
BHUJIOBOMY 00HMIHUI0. B MX cocraBe mpeobiania-
0T TPBI3YIHE HACEKOMbBIC, BEIYIIUE OTKPBITHII
o0pas3 xu3nu (20,0—100,0 %; HIBbMOBBII TUCTO-
en Xanthogaleruca luteola (Muller, 1776), Oy-
pononiocast nsaaenuna Lycia hirtaria (Clerck,
1760), niapMoBBIi HOTOXBOCT Dicranura ulmi
(Denis & Schiffermiiller, 1775), pbixkuit cocHo-
BbIN uuibIK Neodiprion sertifer (Geoffroy,
1785) u mp.)). JomeBoe ydactre CKPBHITOKHUBY-
IIUX BpeauTeNned HuKe: MUHUpyomux 12,5—
30,0 % wu ramnoodpasyromux 5,0-27,7 %. Eme
Ooiee o0eHEH COCTaB COCYNIMX HAaCEKOMBIX
(12,5-17,2 %). Hckmouenne cocraBisieT coo0-
mecTBo pusmodaroB poOMHUM, T/IE ITOT TTOKA3a-
TeJb BapbupyeT Ha ypoBHE 45,0 %.

K unciy xo3siicTBeHHO onacHbIX Gusutoda-
TOB OTHOCATCS 19 BUIIOB BPEIHBIX HACEKOMBIX U
9 BUIOB MEHee 3HaYnMbIX. J[Jis HUX Xapakrtep-
HBI TIEPUOINYECKUE U3MEHEHHU S TNIOTHOCTH TIOITY-
JSIIUN YWICHHCTOHOTUX, YTO MPUBOJIHUT K TPAHC-
(hopmanuu cocrapa TOMUHUPYIOIIUX BUIOB Bpe-
U TEJIEH.

[ToBbIIEHNE aHTPONOTEHHOTO BO3JEH-
CTBUS CIIOCOOCTBYET TOBBINICHUIO YMCICHHOC-
TH BPEHBIX HACCKOMbBIX, B TOM YHCJIC HHBA3UB-
HBIX BHIOB BPCIUTENCH: MIBMOBBIH JTHCTOCT
Xanthogaleruca luteola (Muller, 1776),
Orchestes steppensis (Korotyaev, 2016), Geno-
aKauueBbl NUuIuIbluk Nematus tibialis
(Newman, 1837), GenoaxarizieBast MOJIb-TIECTPSTHKA
Parectopa robiniella (Clemens, 1863), Genoakariu-
eBasi MUHHUPYIOITast OMHOCTOPOHHs Phyllonorycter
robiniella (Clemens, 1859) u OejoakaiiueBas Jiuc-
ToBas rajumnna Obolodiplosis robiniae (Haldeman,
1847).

Ha ¢popmupoBanue coodriecTBa 4ieHHCTO-
HOT'MIX BPEIUTENel B HACAXKACHHUIX Pa3HBIX JKO-
JIOTUYECKHUX KATEropuil BIUSAIOT MOPOIHBIN
COCTaB, 3arpsi3HEHHE aTMOC(EPHOTO BO3IyXa H
CTENEHb PEKPEallMOHHON HarPy3KH.

Beinenensl Buabl Guiaodaros, OTBETHBIC
PEaKIMU KOTOPhIX Ha IeHCTBIE HEraTUBHBIX (aK-
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TOPOB CPEAbl MOI'YT OBITh MCIIOJIb30BAHBI JIJIs
MOHHMTOpPUHIA COCTOSHHS TOPOJCKHX HacaxKie-
HUU: akanueBas Tis Aphis fabae, BSI30B0O-0CO-
koBast Colopha compressa u BI30BO-CMOPOINH-
Hasa Eriosoma ulmi Ty, WILMOBBIA HOTOXBOCT
Dicranura ulmi, BI30BbIi MUHUPYIOIIAN TATHITb-
MUKU Fenusa ulmi, HeMapHBIA IISITKONPS
Lymantria dispar, ppbKuii COCHOBBIH MAIHJIBIIUK
Neodiprion sertifer, GenoakalieBbINA MATHIIBIIUAK
Nematus tibialis, cnupajibHas TONOJEBAs TIs
Pemphigus spyrothecae, Pemphigus populi,
OenoakalueBass MUHUPYIOIIAS OJHOCTOPOHHSS
Molb-iecTpsiika Phyllonorycter robiniella n
WIBMOBBIN Jucroen Xanthogaleruca luteola.

NndopmaioHHbIl aHaN3 BEISIBUIT BRICOKHI
CTPYKTYpPHBIH 3anac GpuutodaroB B HacaxJICHHU-
SIX Pa3HbIX KaTeropusx. [1oBbIIICHHE YPOBHS 3ar-
PA3HEHUS OKPY>KAFOIIECH CPE/Ibl U PEKPEaLOHHO-
r'0 BO3JICHCTBHSI pa3HOIO XapaKkTepa B JalbHew-
meM Oyner crmocoOCcTBOBaTh TpaHChopManuu
COO00IIIeCTBA BPEAUTEICH ¢ aKTUBH3AIIUEH POJIH
OTJCIBHBIX BUJOB (uiutodaros.
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ASSESSMENT OF THE LACTOSE-CONVERTING ABILITY OF YEAST
KLUYVEROMYCES LACTIS, DEPENDING ON THE CONCENTRATION
OF ZINC IN THE CULTIVATION MEDIUM

Kais S. Abbas
Volgograd State University, Volgograd, Russian Federation

Elizaveta S. Lushnikova
Volgograd State University, Volgograd, Russian Federation

Valerij V. Novochadov
Volgograd State University, Volgograd, Russian Federation

Abstract. The constantly increasing volumes of lactose-containing waste from the food industry, up to half
of which ends up in wastewater, necessitate the development of biotechnologies for the fermentation of lactose
from this raw material. Several such modifications use the possibility of increasing the activity of key lactose
conversion enzymes by adding some biogenic trace elements to the culture medium. The article considers the
effects of zinc on the efficiency of cheese whey fermentation by three commercial cultures of Kluyveromyces lactis.
The efficiency of lactose utilization was assessed by its content in the culture medium before and after 5 days of
fermentation. The K. lactis strain of the MicroMilk KF KL culture utilized 80.2—84.2% lactose. After the addition of
zinc ions, these indicators ranged from 74.5 to 85.7%. The strain of the Zdoroteevo culture demonstrated the
utilization of lactose in the control series in the range of 78.7-82.0%. After the addition of zinc ions at 2 MPC
concentrations, utilization increased slightly, and after the addition of 5 MPC concentrations, we see values lower
than the control ones. The lactose content in STANDA KL D cultures in the control series ranged from 41.5 to
59.0%; after addition of zinc ions at 2 MPC concentrations, it was from 50.5 to 69.0%; and after addition of 5 MPC,
it was from 38.7 to 57.4%. Thus, the addition of zinc ions to K. lactis culture increases its lactose-converting ability
at a concentration of 2 MPC and inhibits this ability if we use a concentration of 5 MPC. It is advisable to use the
obtained data in developing a strategy for cleaning lactose-containing waste in the food industry

Key words: milk whey, environmental biotechnologies, bioethanol, renewable raw materials, Kluyveromyces
lactis, zinc.
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OIIEHKA JAKTO30-KOHBEPTHUPYIOIIENA CIHIOCOBHOCTH JIPOXKKEN
KLUYVEROMYCES LACTIS B3ABUCUMOCTHU OT KOHUOEHTPAIIUU [IUHKA
B CPEJIE KYJIbTUBUPOBAHUSA

Kaiic CarrBan Ao00ac

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, . Bonrorpan, Poccuiickas ®eneparus

EausaBera Cepreesna JlymunkoBa

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, I. Bonrorpan, Poccuiickas ®eneparus

Banepuii Banepbesuu HoBouanos

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCHUTET, . Bonrorpan, Poccuiickas ®eneparus

Annoranus. [TocrosHHO Bo3pacraromyie 00beMbl OTXO/I0B MHUILEBOI MPOMBIIIIEHHOCTH, COJIEp KaIlNX JIaK-
TO3Y, /10 TOJIOBUHBI KOTOPOM B MUTOIE MONAJIAET B CTOYHBIE BOABI, 00YCIOBINBAIOT HEOOXOMUMOCTh Pa3paboTKu
6onee 3ppeKTUBHBIX CITOCOOOB ee yrrau3anuu. Hanbosee mepcrneKTHBHBIC U3 HUX OCHOBAHBI HA YBEITHUCHUHU
JIAKTO30-KOHBEPTUPYIOLIEH CITOCOOHOCTH MUKPOOPTaHU3MOB, MIPEXK/IE BCETO — IPOXKIKEH, NCIIOB3YEMBIX B IaH-
HOM 9KOJIOTMYECKOM OMOTEXHOIOTHH. Psin Takux Moan(pHKanii UCTIOIb3YEeT BO3MOXHOCTD YBEJIMUEHHS aKTUBHO-
CTH KJIFOYEBBIX ()EPMEHTOB KOHBEPTAIIMH JIAKTO3HI 32 CUET JOOABJICHUS B CpeLy psiia OMOreHHBIX MUKPO3JIeMEH-
TOB. B cTatbe paccMoTpeHb!l 3P heKThI ITUHKA Ha 3P HEKTUBHOCTE (hepMEHTAIMH ITOICBIPHOM CBIBOPOTKU TPEMSI
KOMMepYeCKHUMH KynbTypamu Kluyveromyces lactis, IUisl 4eTO OLEHUBAIH CO/IEPIKAHHE JTIAKTO3bI B KYJIBTYpalIb-
HOU cpejie 10 Hauaja ¥ CIrycTs IsTh cyTok hepmenTarmu. llltamm K. /actis xynsrypst MicroMilk KF KL yrunu-
supoBai oT 80,2 10 84,2 % nakTo3bI, IPpH JOOABICHUH HOHOB ITMHKA 3TH IOKAa3aTETH HAXOAMIUCH Mpeaeax OT
74,5 no 85,7 %. lltamM KyIbTYpbl 3M0pOTEEBO MPOJEMOHCTPUPOBAIT YTUITU3AIUIO JTAKTO3bI B KOHTPOJIBHOU Cce-
puu ot 78,7 10 82,0 %, npu n00aBIeHUU HOHOB IMHKA B KoHIeHTparwu 2 [I/IK yrumu3anus Oblia HECKOIBKO
BhIIIe, Ipu KoHUeHTpauuu 5 [1JIK — Hixe 3HaueHuit B konTpone. Coneprkanue 1akro3sl B KynsTypsl STANDA KL
D B KOHTpOIIBEHOI cepun BapbupoBao npezenax ot 41,5 1o 59,0 %, npu gobaBieHHN HOHOB IWHKA B KOHIIEHTPa-
uu 2 [TJIK — ot 50,5 10 69,0 %, npu koHIeHTpalmu HoHOB 1uHKa 5 TTJIK — o1 38,7 10 57,4 %. Takum o6pa3om,
no0aBiIeHUE HOHOB ITMHKA B cpeny KyiasruBupoBanus K. lactis B koHneHTpanuu 2 [1JIK HeCKoNbKO MOBBIIACT
JIAKT030-KOHBEPTUPYIONIYIO CIIOCOOHOCTh APOXOKeH, a B kKoHIeHTpanuu 5 [1/IK — yraeraet ee. ITomydeHHbIe
JIaHHBIE 1[eJIeCO00Pa3HO UCIIOJIB30BAThH MPH BHIPAOOTKE CTPATETHH OYMCTKH JIAKTO30-COAEPIKAIINX OTXO/OB B
MTUIICBON MPOMBIIILICHHOCTH.

KnaroueBsble cjioBa: MOJIOUHAs CHIBOPOTKA, DKOJIOTMYECKHUE OMOTEXHOIOIHH, OMO3TaHOI, BO30OHOBIISIEMOE
ceipbe, Kluyveromyces lactis, IMHK.

HutupoBanme. A66ac Kaiic C., JIymnukora E. C., HoBouanos B. B. Onenka 1akT030-KOHBEPTHPYIOIICH
cnocoOHOCTH Jpokikert Kluyveromyces lactis B 33aBUCUMOCTH OT KOHIEHTPAIIMH [IMHKA B Cpelle KyIbTHBUPO-
Banus // [Ipuponnsie cucteMsbl u pecypebl. —2024. —T. 14, Ne 1. — C. 18-25. — DOI: https://doi.org/10.15688/
nsr.jvolsu.2024.1.2

ITo ortenxam BusinesStat, ¢ 2019 mo 2023 1.
MPOU3BOJCTBO Chipa B Poccnu yBenmuumiock Ha
40 %, no 758 TeIc. T exeroano. IlpuunHoit 3T0-
My CTaJli CaHKIIMK MPOTHB Poccuu, mMOCKOmbKY
710 BBEICHHSI SMOapro Ha UMITOPTHBIE CHIPHI TIPH-
xonuaoch 10 50 % Bcero o0beMa POCCHICKOTro
peiaka [1]. EsxkenHeBHO B MHUpe MPOU3BOIUTCS
6omee 100 T MOTOYHOH CHIBOPOTKH, KOTOPAS SIB-
JSIETCS HEM30EXKHBIM OTXOJIOM MHUIIEBOW TPO-

Natural Systems and Resources. 2024. Vol. 14. No. 1

MBIIUIGHHOCTH. B Hacrosiee BpeMst Oobias
€e 4acTh HUKaK HE UCIIOIb3YETCs U yTUIM3U-
pyeTcsl yTeM MPOCTOTO CIIMBA, YTO HAHOCUT
OLYTUMBIN Bpen okpyxaromed cpene [5; 10;
11]. TTo nannbiM komnanuu Kieselmann Rus,
yiep0, HAHOCUMBIN TPUPOJIE OTHON TOHHOH ChI-
BOPOTKH, MpupaBHUBaeTcs K ymepoy ot 100 T
OOBIKHOBEHHBIX XO35HCTBEHHO-OBITOBBIX CTO-

KOB [6].
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TpancdopManus JaKTo3bl B STaHONI TO3BO-
JISIET 3aBEPIINTH TEXHOIOTHIECKYIO IIETIOYKY, TEM
CaMbIM COKpamas CyIIeCTBEHHO COKpalas
YOBITKA ¥ YMEHbIIas yIepO OT 3arps3HeHUs
okpy»aromen cpeas! [13; 14]. Kpome Toro, uc-
MOJTB30BaHUE APOXIKeH 11st pepMeHTalul BO300-
HOBJISIEMOH OMOMAacChl JUIsS MTPOM3BOJICTBA OMO-
JTaHONA SBJISETCS MHOTOOOEIIaoel TeHIeH-
et a7 pa3BUTH HOBOM 3HepreTuku [2; 7; 20].

B kauecTBe 0MO00BEKTOB It (hepMeHTa-
IIUH JIAKTO3BI B MTOCIIETHEE BPEMs yUEHBIX U MTPAK-
TUKOB MIPUBJIEKAIOT OpoXxoku Kluyveromyces lactis
[12; 18]. Buepsble renom K. lactis ObI1 nccaeno-
BaH B MHcturyte Ilactepa B [Tapuxe myrem cek-
BEHUPOBaHUA 588 KOPOTKHUX METOK M3 ABYX CIy-
YaHBIX TCHOMHBIX OMOIMOTEK, OBLIO UACHTU (Y-
IUpOBaHO 296 TEHOB, U3 KOTOPHIX 292 — HOBBIX.
[onueiii reHoM K. lactis ObLI CEKBEHUPOBAaH B
2004 r. B pamkax npoekra «Génolevures» n BKIIO-
gaeT npumepHo 5 300 renos [9; 12]. K. lactis 3a-
pEKOMEH 10BN ceOsl KaK MPUBJICKATENbHAS MHUK-
pOOHas SKCIIPECCHOHHAS CHCTeMa ISl PEKOMOH-
HAHTHBIX OEITKOB B IPOMBIIUICHHBIX MAcCINTa0ax.
Ero renst LAC 1o3BONSIOT UCIONB30BaTh HENO-
POTyIO CaxapHYO JIAaKTO3y B KaUeCTBE SMHCTBEH-
HOT'0 HCTOYHHKA yIIIepona v dHepru# [3].

Leab padoTbl — B MOJEIBHOM SKCIIEPH-
MEHTE i1 Vitro corocTaBUTh 3()(HEeKTUBHOCTD YTH-
JNHU3AIUHA JTaKTO3bl TPEMsI KOMMEPYECKHUMHU
mraMMaM# JIPOXIKeW U3 CHIPhEBOM Cpelbl, Co-
nepsxaeid 40 v/ u 80 1/171 1aKTO3bI, B 3aBUCUMO-

CTH OT KOHIEHTpAM HOHOB ITUHKA B KYJIBTYpaJib-
HOH cpene.

Marepuaa U MeTOAbI

B pabore mist u3ydeHus JakTo3o-mepepa-
OaTpIBaroIel CIIOCOOHOCTH OCHOBHBIX HCIOJb-
30BaHBl TPH KOMMEPUECKHX IITaMMa JIPOXKKEH
pona K. lactis:

— 3mopoteeso (Poccus);

— STANDA KL D (®panuus);

— MicroMilk KF KL (Mranwus).

Ha srare moAroToBKu K KylNETHBHPOBAHUIO
OBLTH TTOTOTOBJICHBI JIBE TUTATEIBHBIC CPEIIbI —
JIeTIPOTEHHE3UPOBaHHAS HATHBHAS MOJCHIPHAS
CBIBOpPOTKA A ¢ coziepkanueM JakTo3bl 40 r/1 u
yIapeHHasl ChIBOpOTKa B ¢ conmepkaHueM Jak-
T0361 80 1/71. B Kaxol cepuu 3TH CHIBOPOTKU
(epMEHTHPOBANNCH OTHOM U3 JAPOKIKEBBIX KYITb-
Typ ¢ no0aBneHueM pactsopa ZnSO, 10 KOHed-
Hoii koHteHTpauu 10 mr/i (2 TIK) u 25,0 mr/n
nonoB nuHka (5 [1JIK), coorBerctBenHo. B Kax-
Jy10 TIPOOHPKY JJIsl KYTIBTUBUPOBAHUS OBLIO JI0-
OaBneHO: MUTaTeNbHas cpena (CBIBOPOTKa A
i B) — 3 mu, nqposxokeBas cycrieHaus — 1,75 mi
u 0,25 M1 1o6aBouHOr0 pacTeopa. Kynsrusupo-
BaHUE JAPOKIKEBBIX KYJIBTYpP MPOBOAUIIOCH B 3aK-
PBITBIX XUMUYECKUX ITPOOHPKAX MPH MOJIEpKa-
HUU TIOCTOSHHOM TemmepaTypsl B 37,5 °C B Te-
yeHue 5 cytok. Kaxkzas cepuist BKIltodana mecth
MTOBTOPOB (CM. TaOIHILY).

CocTtaB MoOAeJbHBIX 00pa3loOB

i K Znt
Cepust Buz ceiBOpoTKH Bu aposxxkeBoit KyIbTypbl . ;gg:gg:i% Soplz(z:;or; .
A1-0 e
Al-2 JpoxokeBast KyJIbTypa g HﬁK
- 3
Al-5 JIOPOTEECBO STK
a2d 0 ITJIK
JlpoxokeBast KyJabTypa
A Cuinoporka A STANDA KL D 2 TTIK
— S TIAK
A3-0 i
A3-2 JlposickeBast KyIbTypa g HﬁK
MicroMilk KF KL
A3-5 icroMi TIK
o 0 TIK
B1-2 JposxxkeBast KyiabTypa 5 Hﬁ[{
3

B1-5 JIOPOTEEBO S TUIK
B2-

B2-g CriBopoTka B Aposkesas KyibTypa g gﬁi

P STANDA KL D
B2-5 S TIK
gg_g JpoxokeBas KyabTypa g gﬁi
- M. M.
B3-5 icroMilk KF KL STUIK
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JlakTo30-n1epepadaThIBAIOIIYI0 CIIOCO0-
HOCTH JIPOXKIKEH OIICHHBATHU MO COJIEPIKAHUIO
JIAKTO3bI B 00pa3Iiax aaarnTHPOBAHHBIM METOJIOM
KOJIMYECTBEHHOM OIIEHKU PEIyLUPYIOIINX caxa-
POB Ha OCHOBE CIEKTPO(OTOMETPHUYECKOTO Me-
tona benemukra [15; 17]. dist 5TOr0 CoenuHsIM
B nmpobupke 1 mut peaktuBa benenukra u 0,25 M
oOpa3siia, 3aTeM HarpeBajiy B TCUCHHE 15 MHH.
ipu 95 °C, nanee nentpudyruposanu Ha 800 g B
Teuenne 5 MuH. CynepHaTaHT pa30aBisuin CcTe-
PUIBHON AUCTUIIMPOBAHHOU BOJOM B COOTHOLLIE-
HUU 1:4 ¥ IPOBOAMIIH CIEKTPOGOTOMETPHUIECKOE
M3MepeHue Mpu AJuHe BOMHbI 740 HM.

Crartuctuyeckas oOpadoTKa KOIMUYECTBEH-
HBIX PE3YyNBTaTOB, MMOCJE HCKITIOUEHUsT HOpMaJlb-
HOT0 XapaKTepa pachpe/ieNieHus] B BHIOOpKax, mpe-
JycMaTpUBalla pacuer MeJaHbl, pa3dpoca Mex-
Iy IEpBBIM U TpeThbuM KBapTuieM (Me, Q1 + Q3)

r/n ChiBOpOTKa A
25

20
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—
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Kowtpone 2 MNAK 5nN0K
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U pacyeT IOKa3aTeNsl CTaTUCTUYECKOW 3HAaYMMO-
CTH pa3in4ui mo Kpurepuio MaHHa-YUTHU
(p <0,05).

Pe3y.11 bTaTbl H oﬁcymz]eH He

ﬂaHHBIe 0 COACPIKaHNH JIAKTO3bI B MOACIIb-
HBIX CMecsX Iocie (hepMeHTalluu IMpescTaBie-
HBI Ha pUCYHKax 1-3.

SKCHepI/IMeHTBI IIOKa3ajln, 4TO BCC TCCTU-
PYEMBIC HITaAMMBI MOT'YT YCIICHIHO ITPOU3BOJIUTH
sTanon u3 nakro3bl. Kynerypst MicroMilk KF KL
U 3710pOTeeBO MOKA3aIH BBICOKYIO JTaKTO30-KOH-
BEPTUPYIOLIYIO AKTUBHOCTb, B TO BPEMSI KaK KYJlb-
typa STANDA KL D nemoncrpupoBana Gomnee
HU3KME MoKasarenu. Tak, 3a 5 CyTOK IITamMM
K. lactis xynerypsl MicroMilk KF KL yrunu3u-
posain 84,2 % u 80,2 % nakTo3BI IPHU €e coep-
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Puc. 1. ConeprkaHue 1aKTO3bI OCIE KYJIBTHBUPOBAHUS IpoxokeBoi KynmsTypsl MicroMilk KF KL
Ha Cpe/iax C pa3IMYHbIM CO/IEp)KaHUEM UOHOB IIHKA

Ilpumeuanue. 3HaxoM * 37ieCh U Ha MOCIEAYIOLINX PUCYHKAX OTMEUEHBI IOCTOBEPHBIE Pa3IUUUI C KOHTPO-
JIeM; # — MeX Iy TpyIIaMy ¢ YMEPEHHBIM U BBICOKUM COZAEP KaHUEM IIMHKA B KyIbTypanbHOH cperne (p < 0,05 mo

Kputepuio MaHHa- YUTHH).
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Puc. 2. ConeprkaHue JIaKTO3bI MOCIIE KYTbTUBUPOBAHUS IPOAOKEBON KYJIBTYPHI 3710pOTEEBO
Ha cpeflax ¢ pa3IuYHbIM COJEPIKaHUEM UOHOB ITTHKA
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skaHuu B cpene 40 /1 u 80 r/71, COOTBETCTBEHHO,
MpH J00ABJICHUH MOHOB IIMHKA 3TH MOKa3aTeU
BapbUpoBaiu B mpenenax ot 74,5 no 85,7 %.
[lItamMM KyabTypbl 3M0pOTEEBO MPOASMOHCTPH-
pOBaJl YTHJIN3ALIMIO JIAKTO3bI B KOHTPOJILHOMU Ce-
puu B nipenenax ot 78,7 mo 82,0%, npu godaBe-
HHUM WOHOB ITWHKA B KoHIeHTparuu 2 I1JIK He-
CKOJTBKO yBeTu4InBaiack ot 84,2 mo 86,3 %, mpu
KOHIIeHTparuu noHoB 1uHKa 5 [1JIK — oka3siBa-
TUCh HIKe KOoHTpois, menee 70,0 %.

CopmepxaHue JaKTO3bl B KYJIBTYPHI
STANDA KL D B KOHTPOJIEHOM CEpUH BapbUPO-
BaJio npeaenax or 41,5 1o 59,0 %, npu nodase-
HHUY MOHOB ITMHKA B KoHIleHTpamnuu 2 I1JIK — or
50,5 10 69,0 %, pu KOHTICHTPAITNN HOHOB ITHHKA
5 ITIK — ot 38,7 no 57,4 %.

JpOsKKH ABJISIOTCS JINJCPaMHU B OMOTEXHO-
JIOTHUSIX, OCHOBaHHBIX Ha (pepmenTaruu. OHU CIIo-
COOHBI TTPEOOPa30BBIBATH MHOXKECTBO OpraHu-
YECKHMX BEIIECTB U3 OKPYKAOIICH CPEIbl B CO-
BEPILICHHO HOBBIE, KOTOPBIC HCITOIL3YIOTCS B pas3-
JTUYHBIX cepax mesTenbHOCTH 4denoBeka. Oj-
HAaKO Ha 3TOM ITyTH MUKPOOPTaHM3MbI CTaJIKUBa-
FOTCS C HECKOJIBKUMH THUIIAMHU CTPECCOB, Han0o-
JICE YaCThIMU U3 KOTOPBIX SBJISIOTCS OCMOTHYEC-
KH#, CTpecc OT HEAOCTaTKa MHUTATEIbHBIX BE-
IIECTB M OT HAKOIJICHHUS B CPEIE TOKCHUECKUX
MIPOIYKTOB >KU3HEAeITeNbHOCTH [19]. U3 mpox-
el HanOosiee BOCTpeOOBaHbI B OMOTEXHOJIOTHH
pasiIuHbIe BUIBI pona Saccharomyces [4; 11; 16],
HO ISl YTHJIM3AI[MH JIAKTO3bI BCE Yallle CIIeIra-
JIUCTBHI OOpaIaloT BHUMAaHHE Ha MPEICTaBUTE-
neit poma Kluyveromyces [12; 18]. B mpomecce
(dhepMeHTaIMU OHH, KaK U JTIO0BIC APOXKKH, ITO]I-

r/n CbIBOpOTKa A
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BEpraroTcs BO3ACHCTBHUIO CTPECCHPYIOLUMX psia
(haKTOpOB, KOTOPHIE MOT'YT YMEHBIIIUThH AKTUBHOCTb
uX (PEPMEHTOB U, B UTOI'C — CHU3UTH dP(EKTHB-
HOCTh OMOTEXHOIOTHUYECKOro mporiecca [16].

Kak m3BecTHO, IMHK SBIISIETCS Ba)KHBIM
3JIEMEHTOM JUIS HOPMAaJIbHOTO POCTa, MeTabo-
nn3Ma U Gu3noioruu apoxokeit. [lomumo toro,
YTO OH JICHCTBYET Kak KO(aKTOp st MHOTHX (ep-
MEHTOB, IMHK TaKXXe HEOOXOIAUM /ISl CTPYKTYP-
HOM CTAaOMILHOCTH OEIKOB IIMHKOBOTO Hajiblia,
MHOTHE U3 KOTOPHIX OKa3bIBAIOT Ba)KHOE BIIUSI-
HUE Ha KJIETOYHBbIE MeTabOInYecKre Mmpolec-
col [8]. HemaBHue pesynsraThl JeMOHCTPUPYIOT
yuactre OENTKOB IITHKOBOTO MaJIbIIa B KIIETOYHBIX
CTPECCOBBIX PEAKIIHAX, C AKIICHTOM Ha MOBBIIIIE-
HHE CTPECCOYCTOMUNBOCTH IPOKIKEN TPU IPOU3-
BozcTBe Ono3Tanona [ 19]. I'lmybokoe moHUMaHue
POJH IMHKA B TIEPENPOrpaMMUAPOBAHIH MeTab0-
JIMYECKOH CEeTH JAPOKKEH KU3HEHHO BaXKHO JIJIS
BBIBE/ICHUS YCTOWUMBBIX IITAMMOB IPOKIKEHN JUIs
cOpakMBaHUs ATAHOIA, a TAKXKE IS YITyUIICHHS
KauecTBa MPOMYKIIHH.

3akjaoyeHue

[IpoBeneHHBIC HCCICAOBAHUS TO3BOJISIOT
CUHTaTh, YTO COBPEMEHHBIE ITaMMbI K. lactis
CIIOCOOHBI K KOHBEPCHH JIAKTO3BI B 3TAHON, U B
3TOH CIMOCOOHOCTH CYIIECTBEHHO IPEBOCXOIAT
KJIACCUYECKHE CIHPTOOOPA3yIOIIUe MTaMMBbI
S. cerevisiae. BricOKre mMoKa3aTenu JaKT030-TIe-
pepabaThiBaroIEi ClIOCOOHOCTH TOIYUEHBI IS
npoxokeBbix Kynsryp MicroMilk KF KL u 3m0-
POTEEBO, Y KOTOPBIX YTHIIM3AIUS JIAKTO3bI HAX0-
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Puc. 3. ConeprkaHue 1aKTO3bI IOCHE KyTBTUBUPOBAHUS ApoxckeBoi KynsTypbl STANDA KL D
Ha Cpe/iax C pa3IMYHBIM CO/ICP)KaHUEM UOHOB IIHKA
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nutcst Bonmu3un win npepbitaet 80 %. st npoxk-
XKEBBIX KyIBTYp K. lactis nobaBiieHre HOHOB IHH-
Ka B cpefy KyIbTUBHPOBAaHUS B KOHIIEHTPAI[UU
2 TIJIK HeMHOTro MOBBIIIAET JIAKTO30-TIepepada-
THIBAIOLIYIO CIIOCOOHOCTh JAPOXIKEH, a B KOHIICH-
tpamuu 5 [1JIK — yruetaer ee. [lonydennsie qan-
HBIE [1eJIecO00pa3HO UCTIONB30BATh TIPH BBIPA0OT-
K€ CTpaTeruy OYHCTKH JIAKTO30-COAEPKALTUX
OTXOZIOB B ITUIIIEBOW TPOMBIIIJIEHHOCTH.
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FERTIRRIGATION TECHNOLOGY ON VINEYARDS
WITH ECONOMY OF WATER AND FERTILIZERS FOR HIGH-QUALITY
PRODUCTION OF GRAPE

Lamia M. Mirsalakhova

Azerbaijan State Agrarian University, Ganja, Azerbaijan

Abstract. The article provides information about the origin and essence of the word fertirrigation, the use of
inorganic, solid fertilizers to obtain high yields from agricultural plants, as well as the use of fertilizers by dissolving
them in water. Theoretical information on fertirrigation has shown that by dissolving fertilizers in water and introduced
into the soil through the roots of plants, not only the productivity of the plant increases, but also the soil is
enriched with nutrients for subsequent years. It was noted that the experiment on grape plantations was carried out
in two versions: furrowing and fertirigation technology, where the irrigated area was 190 m?, the number of grapevines
was 42. During the research, 1442 m? of water was supplied per hectare when irrigated with injection fertirrigation
technology, and 3810 m? when irrigated by furrows. It was found that, compared with the furrow irrigation method,
when using injection-ferrigation technology, due to the saved amount of water, the area of vineyards can be
increased by 2.4 times. For furrow irrigation, N P, K. was applied, and for the injection method of fertirrigation,
a doseof N, P, K was used, and the fertilizer savings were 2.5 times. This means saving fertilizers and eliminating
negative impacts on soil quality. It was shown that the yield with the injection method of fertirrigation is 70 c/ha
higher than with furrow irrigation, and the amount of nitrate nitrogen in the quality indicators of the product is
46.5 mg/kg, i.e. less than 60 mg/kg (criteria).

Key words: fertirrigation, injection, fertilizer, productivity, agricultural technology.
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®EPTUPPUTALIMOHHAS TEXHOJIOT s HA BUHOI' PAJTHUKAX
C SKOHOMMEM BOJIbI 1 YIOBPEHUI
JIJIS1 BBICOKOKAYECTBEHHOTI'O ITPOU3BOJICTBA BUHOI'PAJIA

Jlamuss MupHau0 kb13bl Mupcanaxopa

A3zepOaiipkaHCKHI TOCYIapCTBEHHBIN arpapHblid yHUBepcuTeT, I. [siHKka, AzepOaiimpkanckas Peciyonuka

AnHoTamus. B craThe paccMaTpuBaeTcs TEpMHUH «hepTUppHUranus» (ero MpouCXoKISHHE U CYIITHOCTD ), TIPHU-
BE/ICHbI CBE/ICHHsI O TIPMMEHEHUN HEOPTaHWYeCKUX, TBEPIABIX YIOOPEHHUH Uil MOMydYeHHs] BHICOKOTO ypoXKasi OT
CEJIbCKOXO3SIMCTBEHHBIX PACTEHNUH, a TaKkKe 00 HCIIONb30BaHUHU YOOPEHHI ITyTeM pacTBOPEHUs UX B Boze. Teope-
THUYECKHE CBEJICHHS 10 epTUPPUTALIIH TOKA3aJIH, YTO IIyTEM PaCTBOPEHNUS YI0OpEeHHH B BOJIE U BHECEHHUH B TIOYBY
Yyepe3 KOPHU paCTEHU YBEITMYHUBAETCS HE TOJIBKO POAYKTHBHOCTh PACTEHUS, HO M [T0YBa 000TalaeTcs MUTaTeb-
HBIMH BEIllECTBAMU Ha MOciIeyronye rogbl. OTMEYeHO, YTO ONBIT Ha BUHOTPA/IHBIX IUIAHTAINSX MPOBOMIICS B IBYX
BapHaHTax: OOpO370BaHUEM U (PEPTUPUTALIIOHHON TEXHOIOIHEH OPOIIEHHs, TIe OpollIaeMast IUIOIIa b COCTaBUIIa
190 M2, KOJIMYECTBO BUHOTPAIHOM JI03bI — 42. B Xo/e uccie[oBaHmil Ha OMUH TeKTap MPU OPOIICHHN HHBEKIIMOHHO-
(epTUppUTaIMOHHON TeXHOIOrHel ObUTO Togano 1442 m* Boxsl, a ipu nonuee mo 6opo3gam — 3810 m3. Bruto
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BBISIBIICHO, YTO 110 CPAaBHEHHMIO C METO/IOM IOJIHBA 10 OOpO3/1aM MpH NMPUMEHEHHH HHBEKIIMOHHO-(peppHUraiyoH-
HOM TeXHOJIOTHeH 3a CYeT C3KOHOMIIEHHOTO KONMYECTBA BOBI MOXKHO YBEJIMYUTH IUIOIIA (b BUHOT PAaJHUKOB B 2,4 pasa.
ITpu Gopo3noBom nonuse Obu10 BHECEHO N, P\ K . a IpM MHBEKIMOHHOM METO/IE (hepTUpPHUrauu ObLIa HCTIOIb-
3oBana n103a N, P, K . Ipy 5ToM 5KoHOMUS ynoOperuit coctaBuia 2,5 pasa. A 9T0 M 9KOHOMHS yOOPEHHUi, U yCT-
paHEeHHe HeTaTUBHBIX BO3AEHCTBHI Ha Ka4eCTBO MOUBHI. BBIIO MOKa3aHO, YTO YpOXKaltHOCTh NPH MHBEKIIMOHHOM
cniocobe pepruppuranuu Ha 70 1/ra Oonplie, yeM npu OOPO3TOBOM IOIHBE, & KOMIMYECTBO HUTPATHOIO a30Ta B
KaueCTBEHHBIX [TOKA3aTeIIAX MPOMYKTa COCTABISET 46,5 MI/KT, TO ecTh MeHee 60 MI/KT (KpUTepHs).

KaroueBble ciioBa: (l)epTI/IppI/IFaHI/IH, HUHBCKIMA, y;[o6peHI/Ie, ypO)KaﬁHOCTL, ArpoTCXHOJIOT M.

HutupoBanne. Mupcanaxosa JI. M. ®depruppuraioHHas TEXHOIOTHsI Ha BUHOTPaJHUKAX C SKOHOMHEHN BOZIBI
U ynoOpeHui 1 BBICOKOKaueCTBEHHOTO TIPOM3BOACTBA BUHOrpaja // IIpuponubie cucteMsl 1 pecypesl. — 2024, —

T. 14, Ne 1.—C. 26-33. —DOI: https://doi.org/10.15688/nsr.jvolsu.2024.1.3

BBenenue

«Depruppuranms» (0T aHmI. «to fertilizey —
ynoOpeHue, «irrigation» — MOJNKB) — MPEACTABIIS-
eT co0ol BHECEHUE YIOOPEHUl B KOPHEBYIO 30HY
pacTeHuil OJHOBPEMEHHO C IOJHMBHOM BOAOH.

B OonbIIMHCTBE TUTEpaTYphl hepTUppHra-
WS KCTIONB3yeTCs Kak «depTuranusy». Ita Tex-
Homorus Obuta n3obperena B 70-x rr. XX B., HO
ee IPUMEHHE U pacpoCTpaHeHHE CBA3aHO C pa3-
BHTHEM KaleIbHOTO OPOUICHHS. YIoOpeHus,
IJIaBHBIM 00pa30M TBEp/Ible MHHEPaTbHBIE Y100~
pEHUs, TIOCTIe PACTBOPEHHUS B BOJIE CMEIINBAIOT-
Cs C MOJIMBHOW BOJOM W TMOJAIOTCS PAaCTEHUSIM
Yyepe3 CUCTEMY KameJabHOro opormreHus [1; 2].

[TpuMeneHme TEXHONOTHH PEePTUPPUTALIUN
C IPYTMMH CHCTEMaMH OpOIICHHs, OCOOCHHO C
HMHBEKIIMOHHOM CUCTEMOM OPOILIEHUS], B OCHOBHOM
HE U3Y4EHO.

K Bompocy obecnieueHus ynoOpeHusIMA CH-
CTEMBI KaneJIbHOTO OPOIIICHHSI TTOCBSIIICH PsijI Ha-
YYHBIX CTaTEH, MHCTPYKLUH U METOIUYECKUX pe-
KoMeH a1, TeXHOI0ruIo BHECEHUS yI00peHU
pacTEHHUsIM OpPOCUTEIBHON BOAOW IOCIENOBA-
TenbHO M3yuaincs b. Bep-Mocedpsim [3; 4]. Tor
¢axT, 4To QepTUppUTaNUs SABISETCS COBPEMEH-
HOM arpOTEXHOJIOTHEH, ee POJTb B ITOBBIIICHUH YPO-
KAMHOCTH M 3alIUTE OT 3arPsS3HEHHS OKpPYKalo-
et cpensl uccnenoanu Y. Xarun, M. CHex u
A. Jloerrapr-Aticucuerd [5]. 1.C. Dnbdypunr [6]
rccaenoBan o0opynoBaHUe, HEOOXOMUMOE TS
ycTpaHeHUs 3acopeHus (QUIBTPOB TBEPIBIMU Ha-
CTHIIaMH TIPH BBITEKAHWH PACTBOPA yIoOpeHHH
13 OpOoCUTENbHOM cucTeMbl. M. CHexom [5] mon-
TOTOBJIEHO PYKOBOJCTBO IO OTPENENCHUIO 103
ynoOpeHui, BHOCUMBIX IIPX MUKPOOPOILICHHUH B 3a-
CYIUTHBBIX M TIOTY3aCyILJIMBBIX PErMOHAX B 3a-
BHUCUMOCTH OT ()HOJIOTHUECKHUX CTaJnui pa3Bu-
THSI PACTEHHUH.

Natural Systems and Resources. 2024. Vol. 14. No. 1

B. Bukcmans [6] moaroroBuit 06001eHHOE
PYKOBOJICTBO I10 ITPUMEHEHHIO ynoOpeHuii. B Ha-
CTOSIIIIEM PYKOBOJACTBE MPUBEACHBI ONTHMAJb-
HBIE TIPENeNbl UX J103 (HOpM), 4TOOBI yIoOpeHus
He Hapylanu OaJlaHC cpelbl PU MPUMEHEHUH
(depTrppHUTraIHL.

AHAIN3 TEOPETUUYECKUX U IKCIIEPUMECH-
TaJBbHBIX UCCIIEIOBAHUN O (PepTUPPUTALINH 10-
KasbIBaeT, 4T0 ((HEKTUBHOCTH ATOW TEXHOIOTHUH
W3y4YeHa TONBKO TPU HCIOIB30BAHHH CHCTEMBI
KaIlellbHOrO OPOLICHUSL.

O0beKT u METOAbI HCCJICI0OBaAHUSA

OnbITHBIN y4acTOK OBLIT BBIOpAH HA TEPPHU-
topuu I[Ipou3BOACTBEHHOTO O00BEqUHECHUS
«AmMuny, nercTyromero B CaMyxcKoM paifoHe,
IJie BBIPAIIMBAIOTCS TEXHUYECKHE W CTOJIOBBIE
copra BUHOrpaja. BuHorpajaHas niaHTanus 1mo-
CTpOCHA Ha CEePO-KOPUIHEBOM (KAIITaHOBOM ) TT0-
yBe, XapakrepHoi mia I'ssamka-I'azaxckoro pe-
rHOHa M 00ecCIeueHa OPOCHUTEIBLHON CHCTEMOM.

Jist pereHus mpeiCTaBICHHBIX BOITPOCOB
HCIONb30Ballach anmpoOMpPOBaHHAS METOJUKA
COMIACHO CYTH Ka)JIOTO BoIlpoca. B menoM Obut
MPUMEHEH METOJ] CUCTEMHOTO 1oaxoa. M3yueH-
HbIE BOIIPOCHI PELIATTUCH MTyTEM MTPOBENICHUS Jia-
OOpaTOPHBIX H MOJIEBBIX dKCTIepruMeHTOB. [Tomy-
YeHHbIC JJAHHBIE ObLIM MOJABEPTHYTHI HAYYHOMY
aHaJIM3Y | CJIeTIaHbl COOTBETCTBYIOIIHE BEIBOJIBI.

CxeMa dKkcriepuMeHTa ObUIa B JIBYX BapH-
aHTax:

1. ITonue o Gopozaam.

2. OpollieHre HHBEKIIMOHHO- (hepTUppHra-
IIUOHHOM CUCTEMOM.

B xo71€ TIONEBBIX HKCIIEPUMEHTOB OBLTH H3Y-
YeHBI CIICAYIOIIUE BOIIPOCHL:

— (akTHIeCcKHit 00BeM BOBI (KOTUIECTBO),
MPY OPOILIEHWH TI0 BApUAHTaM, HOpMaM U CPOKaM
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IKOJOI'us

MoK Ba, (paKTHUECKU 00bEM MPH MMOAAUE MTOJH-
BHOM BOJIbI, Ha OJIMH KYCT BUHOTPaJia, ¥ CPOK Ipo-
JOJDKATEILHOCTH TIOJIHBA;

— HOPMBI YZI0OpEHMI 110 BapHaHTaM U CPO-
KH IT0/1a4H;

— BJIMSIHYE TEXHOJIOT Ui HHBEKIIMOHHOT'O OPO-
IICHUSI ¥ BHECCHMsI yMOOPEHUH Ha MPOIYKTHB-
HOCTh BUHOTpaa.

Pe3yJ’ILTaTbI u 06cym21eﬂne

[Tpu obomx crocobax OpOIICHUS IKCIIEPHU-
MEHTaJIbHBIE IIOIAU cocTaBis 190 M2, a ko-
JIUYECTBO JIO3bI Ha KaXKJIOH Iomamm — 42. DKc-
MEPUMEHTHI MTPOBOAMIIMCH B TEUCHHE JBYX JICT.

[pu MHBEKIIMOHHOM OPOIIIEHNH (B OITBITHOM
BapHaHTe) B TICPBBIH T'0J] OTIBITA OPOIICHHUS TIPO-
BOIIUIKCH 4 pa3a, 00beM I10/Iauu BOJBI 32 OIIUH
nepros opouterus (rmomans 190 M?) coctaBu
7,6—7,8 M3, 00bEM IOAUN BOABI HA OJIMH BHHOT -
paaHbIit KycT coctaBysan 184—186 1, a mpozon-
XKHUTEBHOCTh HETPEPBIBHOTO OpOIIEHUS — 92—
93 vaca. [lepuoanyeckrie HOPMBI OPOILIEHHS Ba-
peupoBany B npeaenax 402-410 m3/ra (tabm. 1).
dakTHUYeCcKHE B pacyeTHBIE OPOCUTEIBHBIE HOP-
MBI OBITH TIPAKTHYECKH PaBHBI ApYT Apyry. On-
HaKO 3a BereTaluio pacueTHasi o0IIas OpocH-
TelbHas HOpMa MPEeBbIIIaia OpOCUTETbHYIO HOP-
My Ha 224 m>/ra. He3HaunTenbHOE yBEIMYEHHE
(hakTHUECKOW HOPMBI OpPOILICHUsSI OBUIO CBS3aHO
C TEIJION TIOTO/I0H 1 M3MEHEHHEM, TO €CTh YMEHb-
HIeHneM, BiIaKHOCTH mouBbl. C apyroit cropo-
HBI, pacueTHas IleHa MMOJIMBHOW HOPMEBI paccyu-
ThIBaeTCA He Ha 4 moiuBa, a Ha 3, 4 MOJUBA.

Ha BTOpO¥i roz orbITa OpoleHue MpoBOAU-
nu 4 paza. Ha omHy 7103y mogada Bozibl COCTaBHII
162—-167 matpa. CTOMMOCTh TIEPUOAUUECKON HOP-
MBI OpOIIEHUs Kojebanachk B mpenenax 355—
370 m*/ra. B 3T0 BpeMmst POAOIKUTENBLHOCTD OJI-
HOTO OpOIIEeHHS Kolebanach B mpenenax 80—
84 vacoB. Bennuuna 00111l OpOCUTENBHOM HOP-
MBI cocTaBuia 1442 m3/ra u pacuer Gbl1a paBHa
opocurensHoi HopMe (1400 m3/ra) (tabm. 1).

Ha BTOpOI1 oz ONBITOB YaCTUYHOE CHUXKE-
HUe (PaKTUIECKON IIMKIIOBOH IOTMBHON HOPMBI —
okono 40 m3/ra — 66110 06YCIOBIEHO KIMMATH-
4eckuMH (akTopamu. B 3T0 Bpems M3ydaluch
JBa Borpoca. IlepBbiii Bonpoc 3akmrodancs B
YTOYHEHHU PEKUMa OpOILICHUS TSl PETHOHA, BTO-
poli — B ONpeAeNeHnH ONTUMAIBHOTO YPOBHS
BIIAXKHOCTH TIOYBHI. J[€NIo0 B TOM, 4TO, KaK IOKa-
3BIBAET OIBIT OPOIIAEMOT0 3eMJIEIENHS, TIOAIEP-
YKaHHE 3aM1acOB BOJBI B TIOYBE HA ONTHMAILHOM
YpOBHE TI03BOJISIET JJOOUTHCSI BBICOKOW MPOIYK-
TUBHOCTH TpU oOecTiedeHNH HOPMAIbHOTO pa3-
BUTHUS BCEX CEIBbCKOXO3AUCTBEHHBIX PacTEHUM.

CHMKeHne BIIaKHOCTH TIOYBBI JI0 MpeJienia
YBSIaHUS 3aMEJISIET Pa3BUTHE PACTEHUH M BbI-
3BIBAET pe3Koe CHUXKeHue ypokaHocTH. C yye-
TOM BBIIIEH3IIOKEHHOTO HIDKHUH TTPEeN BIIax-
HOCTH ITOYBBI BO BTOPOI T'0J] ONBITOB OBLIT yBe-
nudeH Ha 1-2 % u ycTaHOBJIeHa HOpMa TIOJIUBA.
Takoll monxox IMO3BOJIAET HE TOJILKO YKOHOMUTDH
BOIY, HO ¥ TIOJ/IEP>KUBATh ONTHMAIILHBIE 3aI1achl
BOJIBI B TIOUBE B TEUCHUE BET€TAIIMOHHOTO MIEPHO-
na. Ilpu 3TOM ycTaHOBIIEHO, YTO HE3HAYUTEHFHOE
MOBBIIICHNE HUKHETO MPejieNia BIaKHOCTH IIOYBBI
MPUBOJUT K YMEHBIICHHUIO MPOAOJIKUTEIEHOCTH

Tabnuya 1
OcHOBHBIE TOKAa3aTeJaHU npu OpOMI¢HUH MHBCKIHOHHBIM METOAOM
(ONBITHBI BapHaHT, MJIoOMaAL ® = 190 M?)
Ne opomrenust | lata npoenenust | O0beM nmojayuu O0ObeM mogayu Bpewms [lepuoanunas [Ipumeuanue
opouieHus, BOJBI 3a OANH BOJAbI HA OOUH IPOAOJDKEHU S HOpMa
JACHb, MCCAII] LUKJI OPOLICHHU S BHHOT‘paﬂHBIﬁ OpoUICHUS OpOLICHUS
v, M KYCT, I 1,4 m,, M/ra
2018 r.
1 30.05 7,64 184 92 402 [ToTpebnenne
2 18.06 7,75 185 93 408 HHEKTOpa
3 16.07 7,80 186 93 410 qi=2 /4.
4 10.08 7,70 185 93 404 ['my6una
Bcezo - 30,89 740 371 1624 YBIOKHEHHS |
2019 r. (TommmHa
1 29.05 6,84 162 81 360 aKTHUBHOTO
2 24.06 6,75 161 80 355 CJI0SI TIOYBHI)
3 21.07 6,80 162 81 357 h=1wm
4 15.08 7,03 167 84 370
Bcezo - 27,42 672 326 1442
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nonuBa. Tak, eciii B IIEPBBIA T'OJl ONbBITA MPO-
JIOJKUTEIBHOCTD ITOJIMBa cocTaBisia 9293 u,
TO BO BTOPOW TOJI OMBITA ATOT MEPHOJ] COCTAB-
1571 80—84 4, TO ecTh MPOAOIKUTETBFHOCTD T10-
nvBa yMeHbmmiack Ha 10 gacos.

[Ipu monuBe mo 6opo3nam (KOHTPOIBHBIN
BapHaHT) B IIEPBBII T'0J] OIIBITOB MIOJIUB TPOBON-
mu 4 pasa, 3a OIUH TEPUOJ TOINBA (ILIOIIA b
190 m?) naBamum 15,2-20,0 M3, Ha oMH BUHOTpaI-
HBIN KycT naBanu 476 i1 Boabl. [IpomomxuTens-
HOCTH opolieHus coctaBmsia 6—11 gacos. Ile-
pHOAMYECKHE HOPMBI OPOIICHUS BAPEUPOBAIH B
npenenax 800-1050 m3/ra (Tabum. 2).

OOmas HOpMa OPOUICHHSI COCTaBUIIa
3890 m>/ra. MaKTHYECKHUIA PacUeT OPOCUTENLHOM
HOpMBI OKasaincs Ha 290 m3/ra Gosbine opocu-
TEIBHONH HOPMBI. JTO OOBSICHSIETCS YMEHBIIIE-
HUEM BIIATH B TIOYBE U YBEITMUCHUEM UCITAPEHUSI.

Ha BTOpO#i rox onsiTa KOJIUYECTBO IONH-
BOB coctaBmiio 4. Hopma oporiieHns 3a 0JiH UK
BapbupoBanacy B npenenax 790-1050 m3/ra.
[IpomomKuTeT-HOCTH OPOIIEHHS cocTaBmia 4,2—
8,6 yaca. 3HaucHHE OOIICH OPOCUTEIIBLHOW HOP-
MBI OKa3aaochk Ha 210 m3/ra Gonblne pacueTHON
Hopmbl 3810 M/ra. YBenuueHue He MPEBBICUIIO
JIOITY CTUMBIH TIpeIeN, U JAHHOE yBeMUeHHEe ObIII0
00yCJIOBIICHO YCIIOBHSIMH TPOU3BOJICTBA.

[Tpu 60p0o310BOM HONMKMBE (KOHTPOJIB) KOJIH-
YeCTBO BOJIBI, [TOJJABAEMOM Ha OpOIIICHUE, B TTep-
BBII TOX ombIiTa OBLIO B 2,4 pa3za 0ojblie, a BO
BTOpOH ToJ ombiTa — B 2,64 pa3a Oomnblie, yeM
MPH WHBEKIIMOHHOM criocobe opolneHus. B 1o
BpeMs 10 CPABHEHHIO C METOJIOM HHBEKITMOHHO-
r'0 OpOIIeHHsI 00bEM TIOTEPHh BOJBI COCTABUII B
cpennem 2300 M3 Ha rexrap.

JILM. Mupcanaxosa. ®epTunppuraiiioHHasi TEXHOJIOTHS HA BUHOTPaTHUKAX

AHanu3 pe3ynbTaTOB OMBITHOTO M KOHT-
POJLHOI'O BapUaHTOB IIOKa3bIBACT, YTO IMTPCIOTB-
paTUTE IIOTEPHU BOJBI MOXKHO, IIPUMEHSIS [IPOTpec-
CHUBHBIN METOJI OPOIICHMUS, 0COOECHHO UHBEKIIU-
OHHBIN METOJI OPOIIEHHU. 3a CUeT IKOHOMHUH T10-
JIMBHOM BOJIbI MO>KHO YBEJIMYUTH IUIOLIA]b BHU-
HOT'PaJTHAKOB HITH (DPYKTOBBIX CaJ0B MPUMEPHO
B 2 pasa.

Hopwmbl yno0pennii mo Bapuantam
U BpeMs UX BHECEHHsI B IOYBY

[o npuHATEIM ITpaBHIIaM OKOJIO JIBYX TPETeH
OpraHMYeCKUX U MUHEPATIbHBIX YIOOpEHHI BHOCAT
Trepert TOCeBOM (BCIIAIIKON ) MO/ 36PHOBBIC M TEX-
HUYECKUE KYJBTYpPbI, @ PAHHEN BECHOM I10J] BUHOT -
PaJHUKH U TUTOOBBIE iepeBbst. OcTaToYHAs 4aCTh
yIoOpEHUid MONACeTCS 3ePHOBBIM M TEXHUYECKUM
pacTeHHsM B BHJE TIOIKOPMKH BO BpeMs ITOCEBa
(BCTaIKy) ¥ rocsie noceBa. BuHorpaauuky u ppyk-
TOBBIE JIEPEBbsI OOBIYHO CHAOXKAIOT YIOOPEHUSIMHU
B TEUCHHE BCEr0 BEreTamoHHOro neprona. KoHk-
PETHBIX ¥ CTPOTHX YKA3aHUH O TOM, KaKHe HOPMbI
U CpPOKH (BpeMs) BHOCUTH yNOOpEHHS B TEPHON
BereTaluy HeT. AHam3Upys a3kl pa3BUTHS pac-
TEHUS BUHOTPA/1a M TEXHOJIOTUH BHECEHUSI yIioOpe-
HUH B TIOYBY, OBLIO PEIICHO, YTO TIPH WHBEKIIUOH-
HOM cIioco0e opolieHHs (OIBITHBINM BAPUAHT) YUH-
ThIBasl (haKT TONa4u YIOOpEHHS B KUIKOM BUJIE,
HX CJIEIYeT BHOCHUTh PACTEHHUIO B IepHO (ha3bl Oy-
TOHOOOpA30BaHMS, IIBETEHUSI U CO3PEBAHUSI TPO3-
JIed HECTIETIOro BUHOIPaia.

[Ipu cnocobe nonupa 1Mo 6opo3naM (KOHT-
POJIbHBIN BApUAHT) YIOOpEHHS BHOCHIIKCH B T0-
4By B (haze OyTOHOOOpa30BaHUs U 1[BeTeHUs. [Ipu

Tabnuya 2

OcHoBHBIE TIOKa3aTeJH NMPH OPOIIeHHH OGOpo3aaMH
(KOHTPOJILHBIA BapuaHT, miomaas o = 190 m?)

Ne opomrenust | Jlara npoBenenust | OOBeM mojaqu BOIbI Pacxon 6opo3nel | Bpewms nponomkenns I{uks1 HOpMBI
OpOLICHUS, 3a O/IMH LIUKJI OPOIICHHS qs, N/c OpOLICHUS opoutenus m, = V/w,
JICHb, MECSI] v, M t=1V/3,6¢s14 M/ra
2018 1.
1 30.05 19,0 0,8 6,6 1000
2 18.06 19,8 0,5 11,0 1040
3 15.07 20,0 1,0 5,6 1050
4 10.08 15,2 0,5 8,4 800
Bcezo - 74,0 - 31,6 3890
2019 .
1 29.05 18,5 0,6 8,6 970
2 24.06 19,0 0,8 6,6 1000
3 21.07 20,0 0,5 11,1 1050
4 15.08 15,0 0,5 4,2 790
Bcezo - 72,5 - 30,5 3810
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IKOJOI'us

3TOM YYHTBIBAJICS MPOIECC MO3THEr0 PacTBOpPE-
HUS 3epEH MUHEPAIBHBIX YI0OpEHUH, TO3THee UX
YCBOCHHE PAacTEHHEM W OTCYTCTBHE Bpela JJis
KauecTBa ypoxkasi BUHOTpaJa.

J103b1 yIoOpeHMA MOCTEIICHHO CHUYKAIHN B
o0onx BapuaHTax. Ha 3TOT pa3 riaBHOM IeNbI0
OBLITO MPEIOTBPATUTH HAKOIIJICHHE XUMHKATOB B
TPO3IIbSIX BUHOT'PAJIA.

TakuMm 0Opa3om, Py UHBEKIMOHHOM CITO-
co0e oporeHus (OIBITHBIN BAPUAHT) B IIEPBhIH H
BTOPOH TONBI OMBITA BO BpeMsi (POPMUPOBAHUS
OyTOHOB B KOPHEBYIO CUCTEMY BUHOTPAJIHBIX Ky-
CTOB BMECTE C OPOCHUTEIBHOM BOJOW BHOCHUTCS
yaoOpenue azora u3 pacuera 10 kr/ra, pocopa
30 kr/ra, kanwuii 10 kr/ra, B mepuoj (assl LBETE-
Hus 8 kr/ra azora, 20 kr/ra gocdopa u 8 xr/ra
KaJHs, a B IEPUOJI CO3PEBAHMS HECTIEIIOTO BUHOT -
pazaa coorBercTBeHHO 6, 20 u 6 kr/ra (Tabdm. 3).

[Tpu monuBe mo 6opo3nam (KOHTPOIBHBIN
BAapHaHT) KaK B MEPBBIN, TAK U BO BTOPOI TOABI
OIBITA B TIOYBY BHOCHJIM a30T u3 pacuera 40 Kr/ra,
¢docdop B no3e 100 xr/ra, kanui B 1o3e 40 kr/ra,
a B (ha3y uperenus — 20 kr/ra a3otHeie, pocdop-
Hble — 80 kr/ra u kanuitaeie — 20 Kr/ra ymoope-
Hus (Tabn. 3). 3epHUCTBIC TBEPAbIC YA0OpEHHUS
pactpenensoTcs MeXAY psAAaMH C IMOMOIIbIO
CESIITKH.

Buusinue TexHoJsorui
HHbEKIHOHHOTO OpOIIeHUs
U BHeceHMs ynoOpeHuii (¢pepruppuramnms)
HA YpPO:KalHOCTH BMHOIpajaa

C LEIbI0 N3YYCHU A BJIUAHNA NHBEKITMOHHO-
'O OpOLICHYSI K BHECEHHS YIIOOPEHUH Ha IPOTYK-
TUBHOCTh copTa BHHOrpana «TeOpu3» crenblii

yporkaii coOMpalii KakK C ONBITHBIX, TAK U ¢ KOHT-
POJILHBIX YU4aCTKOB U B3BCHIWBAJIN HA 3JICKTPOH-
HBIX Becax. To ecTh mpoiecc cOopa U B3BEIIU-
BaHUSI MCIIOTB30BAJICS OT Havdasa A0 KoHua. J{is
OIIpeieIeH s yPOXKAHOCTH COOpaHHYIO MPOIYK-
U0 C KaXJIOTO psAla OTIACIBHO (B 3-X MOBTOp-
HOCTHX) B OIIBITHOM W KOHTPOJIbHOM BapUaHTax
B3BEIIUBAIIA, CYMMHPOBAIIA U ONPEILIISLIN YPO-
YKaWHOCTH TI0 CIICAYIOMIEMY BBIPaKEHHIO:
m

" 1000

rae M — ypoKalHOCTh, IyTa; m — Macca yOpaHHOM
MIPOYKIIMH C ITOJIsSl B ONIBITHOM HMJIM KOHTPOJILHOM Ba-
pHaHTax, Kr; ( — IUIOLI3/1b, 3aHUMaeMasi OITBITHBIM M
KOHTDPOJILHBIM BapuantoM, M%; 100 — xoapdurment
repeBoia KT B II.

HanHble 0 cOope u GakTHUECKOH ypoxKaii-
HOCTH BHHOTpaja MpeACTaBlieHbl B TaOmuIe 4.
AHanu3 pe3ylbTaToB SKCIIEPHMEHTOB, IIPOBE/ICH-
HBIX B I[IPOM3BOJACTBEHHLIX YCJIOBUAX, ITIOKA3bIBa-
€T, YTO TCXHOJIOI'MHY NHBEKIMOHHOI'O OPOLICHUA U
BHECEHUS YA00OpEHHIA [TO3BOJISIOT SKOHOMHUTH BOILY
U ynoOpeHHus, a TaKXe MoJaydaTh JAOCTATOYHO
BBICOKHUM ypo)kail ¢ BUHOIpajxa. YpOXalHOCTb
BHUHOrpaJa npu UHbCKIIMOHHOM ITOJIMBE 1 BHECC-
HUM ynoOpeHunit Obuta Ha 21-28 11/Ta BhIIIe, YeM
pHu OOPO370BOM ITOJIMBE U 3EPHUCTOM (TBEPI0M)
(dbopmMe BHeCEHNH yIOOPEHUI! B TOUBY.

Cneﬂyer OTMETHUTH, YTO HOPMBI ITIOJIMBa U
BHECEHUS ynoOpeHU coONI0oauch B TIOJHOM
Mepe MpH UHBEKIIMOHHOM METOJIe OPOILICHHS, a
TaKKe NpH nojuee mo oposnam. [Toatomy mpo-
JTYKTUBHOCTH ObITa BEICOKOW B 00OMX BapHaAHTAaX.
JIOCTI/II‘HyTaH MMpONU3BOAUTEIIBHOCTDL ITOYTH B IBa
pasa mpeBblIiaia MPOU3BOIUTEILHOCTD, JOCTUT -
HYTOH (pepMepcKrM Xo3siicTBOM. Takum o0pazom,

Tabnuya 3
Bpems nonaum ynoOpeHuii 1 HOpMBbI, Kr/ra
. MeTo 1 UHBEKIITMOHHOT'O OPOLIEHUs Mertopn opoieHust 60po3amMu
Bpewms nopaun ynobpenuii nouse o .
(ONBITHBII BapHaHT) (KOHTPOJIbHBIN BapUaHT)
(BUHOIpa) N | P | K N | P | <
2018 .
®aza popmupoBanus OyToHa 10 30 10 40 100 40
daza useteHusa 8 20 8 20 80 20
daza cozpeBaHUs HECTIEJIOT0 BUHOIPaia 6 20 6 - - —
Bcezo 24 70 24 60 180 60
2019 .

®aza popmupoBanus OyroHa 10 30 10 40 100 40
daza useTeHusa 8 20 8 20 80 20
®aza cozpeBaHUs HECTIEJIOT0 BUHOIpaia 6 20 6 - - —
Bcezo 24 70 24 60 180 60
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€CITH CPEeIHsISl YPOXKAHHOCTh B BUHOTPAIapCKOM
xozsiicTBe cocrapisier 110-115 1/ra, 1o Ha OMBIT-
HOM y4acTke monmydena 183—195 n/ra.
[NoBwIIEHUE TPONYKTUBHOCTH TIOYBBI, B KO-
TOPBIX IPUMEHSFOTCSI TEXHOJIOTMH HHBEKITMOHHOTO
OpOLIICHHUS ¥ BHECEHUS YIIOOPEHHH, CBSI3aHO C I10-
Jadeii TTOJMBHOM BOIBI U JKUIKUX YIOOPEHUN He-
MOCPEICTBEHHO K KOPHEBOM CHCTEME pacTeHUsI.
Bropast nmpuyrHa B TOM, UYTO IOJIMB W BHECCHHE
YA0OpEeHHsT MIPOBOMATCS B CaMble ONTHMAaJbHbIC
cpoku. Kak yxe roBopHIIOCh, TIPH ONpEeIeHUH
HOPMBI OPOLIECHUS] HY>KHUM U BEPXHUU Npenesbl
BJIAJKHOCTH TTOYBBI CJI€AyeT BHIOMPATh TAKUM 00-
pa3oM, 4TOOBI MHTEPBAI YBIAKHEHUSI 00ecTieyur-
BaJl HOPMAaJIbHOE Pa3BHUTHE BCEX CEITbCKOXO3SIH-
CTBEHHBIX PacTeHHH, M CIIOCOOCTBOBAJIO ITOJTyYe-
HUIO BBICOKOTO ypokasi. C IpyToii CTOPOHBI, Hau-
Ooree yoOHBIH CrI0c00 YBETHIUT HOPMY HCTIONb-
30BaHMs YIOOpPEHUH U OOECIIEYUTh UX JIETKOE yC-
BOCHHE PACTCHHUSIMH — PacTBOPUTH YIOOPEHUS U
BHECTH WX HEIOCPEICTBEHHO B KOPHEBYIO CUCTEMY
pacrenuii. O0a ynoMsHyThIX 3¢ ()eKTa TOCTUTat0T-
CsI TIPY IPUMEHEHUU TEXHOJIOT M HMHBEKIIMOHHOTO
OpOIIICHHS ¥ BHECEHHS YIOOpEHMIA ((hepTUpPHT ALIHS).

JILM. Mupcanaxosa. ®epTunppuraiiioHHasi TEXHOJIOTHS HA BUHOTPaTHUKAX

BausiHue TeXHOJOTHH
HHBECKIIHOHHOI0 OPOIICHUSA
U BHECCHHUHA y}]OﬁpeHl/Iﬁ Ha KAY€CTBCHHbIC
MmoKasarTe/im yposxkass BUHOrpajia

Hamm wmccnenoBanus MOKa3bIBAIOT, YTO I10
CPaBHEHUIO C XO3IHCTBEHHBIM BAPUAHTOM IIPHUME-
HseMasi HAMH TEXHOJIOTUS] MHBEKITHOHHOIO OPOIIIe-
HUS M BHECCHUS YIOOPEHUH HAPSTy C IPOIYKTHB-
HOCTBIO BUHOTPaJa YJIYUIlKIa €ro OHOXUMHYEC-
KH€ KaYeCTBEHHBIC [TOKA3aTENIHU B ITOJIOKHUTEIILHYIO
CTOpOHY. BrHoxuMuueckre rmokasaTenyd BUHOTpaia
m3ydamuch B 2018, 2019 1 2020 rogax. Kak BumHO
13 Tabmupl (Tabid. 5), KOMMYECTBO TUIOTHOTO OC-
TaTKa B (pepMepCKOM BapHaHTE IIOTHBINA OCTaTOK
MeHsuIcs B mpenenax 24,3-25,0, caxapucrocts —
17,1-16,8 /100 cM?, KNCIIOTHOCTB B TUTpAX — 5,7
5,5 r/am3, a HUTpaTHBIA a30T —38,5-33,2 MrI/KT.

B BapuaHTe MPUMEHEHHUS TEXHOJIOTMH UHB-
EKITMOHHOW (pepTHppHUTaLlNK TUIOTHBIA OCTATOK
coctaBmi 26,7-27,5%, caxapuctoctb — 17,8—
17,4 1/100 cM>, KMCIIOTHOCTh B THTPaxX CHH3H-
nack 10 5,2-5,1 r/aM°, HMTpaTHEIHA a30T cocTa-
B —50, 2-46,5 Mr/KT.

Tabnuya 4
Coop ypo:kasg M ypoxaiiHOCTh BHHOIpaaa
Ypoxaii, COOpaHHBI C OTIBITHOTO VpoxaiHOCTh
Merton opoeHus (ONbITHBIC BApUAHTHI) 1 KOHTPOJIBHOTO yyacTKa miomanpto 0,019 ra (m), kr (M =m/100w),
1-i1 psn | 2-i psn | 3-it psg | Bcero LeH/ra
2018 r.
M HbeKuMOHHBINA METOJ OPOILLIEHUS
(OIIBITHBIN BapuaHT) 116 114 118 348 183
Meron opoieHus 6opo3namu
(KOHTpOJIBHBII BapUaHT) 105 103 101 309 162
2019 r.
M HbeKuMOHHBINA METOJ OPOILLIEHUS
(OIIBITHBIN BapuaHT) 120 119 122 371 195
Meron opoiieHus 6opo3namu
(KOHTPONBHBINA BapUaHT) 107 110 100 317 167
Tabnuya 5
buoxumuyeckue noKa3zatejau BHHOIpaaa
2018 . 2019 r. 2020 T.
N Bapuantsl | Cyxoe |Caxapu- Kuezor- Hmp?T_ Cyxoe |Caxapu- Kucnor- Hmp?T_ Cyxoe |Caxapu- Kuczor- HHTP?T-
. OIBITOB BEIlle- | CTOCTb, HOCT B HBI BeEIlle- | CTOCTb, HOCTB B | HEIA Bellle- | CTOCTh, HOCTB B | HBIA
cTB0, % | 17100 ev?| TP | BT orp 04 /100 eve| TP | BT oo, 94 [1/100 ew? | TIPS | 830,
r/aM MI/KT r/nM MT/KT r/aM MI/KT
1 |Opomrenne | 24,3 17,1 5,7 38,5 24,5 17,2 5,6 35,6 25,0 16,8 5,5 332

60po3aamMu

2 |Mubexuu- 26,7 17,8 5,2 50,2 26,8
OHHBII Me-
TOL  OpO-
LIEHUS
(omBITHBIH
BapUaHT)

17,6 5,1 48,2 27,5 17,4 5,1 46,5
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TakuMm oOpa3om, MPH TEXHOIOTHH WHBEK-
IIHOHHOT'O OPOIIICHHS M BHECEHUS YIOOPEHHH B BH-
HOTpaJie YBENWYUIOCH KOJIMYECTBO caxapa, a
KHACJIOTHOCTh CHU3MIIAach. Tak, 0 CpaBHEHUIO C
KOHTpOJIEM, B BApHAHTE HHBEKIIMOHHON (pepTHp-
pUTaINH CyX0€ BEIIECTBO YBEMUIMIOCH HA 2,2—
2,5 %, caxapuctocth — Ha 0,6-0,7 1/100 cM3,
HUTpaTHBIA a30T — Ha 11,7—13,3 Mr/kr. OxHaKO
Takoe yBEITMUECHHUE a30Ta HAXOAUTCS B MPEAenax
JOIYCTHMOW HOPMBI (< 60 MI/KT).

Hano ormerut, uto pu merozne dhepTup-
pHUTallMU 0361 YIOOpEHUH BHOCITCS HEMOCPEa-
CTBEHHO PacTEHHUIO 10 Mepe HEOOXOIUMOCTH,
MO3TOMY B ypo)Kae BUHOTPAJla OHO HE MOXKET
HAKOMUTHCS OOJBILE OXKUAAEMOTO.

3akjouyeHue

1. YcraHOBIIEHO, YTO JIOMYCKAIOTCS TOTe-
Py BOIBI 3a CHET UCIIAPCHUA C ITIOBECPXHOCTH I10-
YBBI ITPU KaIriCJIbHOM OPOUICHHHU, KOTOPBLIC CUM-
TalTCAd Hanbosee COBEPIICHHBIMU CHOCOOAMU
W IpreMaMu OpolIeHus. B nensx npenorspaiie-
HUA IIOTEPU BOJbI, SKOHOMHU OpOCHTeJIBHOP'I BO/JIbI
1 3QHEKTUBHOTO ee UCIONb30BaHus, OblIa yco-
BEPILICHCTBOBaHA CHCTEMa HHBEKIIMOHHOTO OpPO-
IIeHUs1 U pa3paboTaHa HOBas KOHCTPYKIUS ee
JJIEMEHTOB.

2. Ilpy npuMeHeHNH CUCTeMbI UHBEKITHOH-
HOTO OpOUIEHMS IOTydYaeTcsi IKOHOMHS OpOCH-
TeNnbHOM BOAHI B 1,3 pa3a Mo cCpaBHEHHIO C Ka-
MENbHBIM OPOIIEHUEM, TO €CTh Oolee yeM 2—
3 pa3a 1o cpaBHEHUIO € APYTUMH CIIOCO0aMHU Opo-
HICHWS.

3. OnpeneneHo, 4To Npy NPUMEHEHUH TeX-
HOJIOTHH WHBEKIUOHHOI'O OPOIICHUA 1 BHCCCHUA
ynoopennit (pepruppuraninm) yckopsiercs pa3Bu-
TUC BUHOI'paJZa U 3HAYUTCIBbHO YBCINYHNBACTCA
€ro NpOAyKTUBHOCTh. B OAMHAKOBOM arporex-
HUYECKOM (hOHE ypOrKallHOCTh BUHOTPaJia copTa
Tebpus cocraBmina 163 1/ra mpu monuee mo 60o-
poznam u 195 1/ra npu MHBEKIIMOHHOM TIOJIHBE.

4. [Tpu HHBEKIIMOHHOM MeTOze (epTHPPH-
raiuy ypokaiHocTh coctaBuiia Ha 70 11/ra 60Iib-
IIe, 4eM Ipu OOpO3J0BOM HONUBE, a MO Kaue-
CTBCHHBIM IIOKA3aTEIIAM HNPOAYKIIUKY HUTPATHOI'O

—— 37D

azora cocraBuia 46,5 MI/KI, TO €CTh MEHBIIE
60 Mr/kr (KpuTepusi).
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ISSUES OF USING UAVS TO MONITOR THE QUALITY OF COASTAL WATERS
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Abstract. Coastal water quality studies are carried out using both marine measuring stations and UAVs
equipped with multispectral and hyperspectral equipment. The results of the conducted research have shown that
the quality of coastal zones is determined mainly by the amount of algae and, in particular, seaweed, the bulk of
which is under water. The surface part is usually estimated using a UAV equipped with spectral measuring equipment
with a large error, since it is necessary to take into account the effects of gloss and turbidity of the sea surface. At
the same time, accounting for the underwater part of this vegetation can be carried out without the influence of
reflected radiation of the surface part. For this purpose, the well-known regression dependence of the reflected
signal of the surface part on the ratio of the reflected signal of the blue part of the spectrum to the reflected signal
at the transition site at the edge of the red zone is used. The task of searching for such a type of function of
dependence of radiation from the edge of the red zone on reflection from the near infrared zone is formed, in which
the target functional formed on the basis of the specified regression dependence and some restrictive condition
imposed on the desired function would reach a minimum. A transcendental equation has been obtained, the
solution of which allows us to determine the nature of the desired dependence, in which the influence of radiation
from the surface part of the vegetation under study minimally affects the result of evaluating the underwater part of
the plant.

Key words: UAVs, algae, reflected radiation, water quality, optimization.
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BOITPOCHI UCITOJIB30BAHUSA BIJIA Uil TPOBEJAEHUA MOHUTOPUHTA
KAYECTBA BEPEI'OBBIX BO/{

JAunan A3u3 oranl I'ym0aToB

HarronansHoe a3pokocMHUYECKOE areHTCTBO, T. baky, A3zepOaiimkanckas Peciyonuka

Xymap Cabup rei3sl AnueBa

HarronansHoe a3pokocMHUYECKOE areHTCTBO, T. baky, A3zepOaiimkanckas Peciyonuka

Annoranusi. ViccrienoBanust kKauecTBa OEperoBbIX BOJ IIPOBOISTCS € IIOMOIIBIO KAK MOPCKHUX H3MEPHTEIBHBIX
ctaHuui, Tak u BIIJIA, ocHaIEeHHBIX MYIBTHCIIEKTpaIbHON U THIIepCHEeKTpaIbHOM anmapartypoil. Pesynberatsl npo-
BE/ICHHBIX UCCJIEIOBAHUI TIOKA3aJIH, YTO KaUueCTBO OEPEroBhIX 30H OIPEENISETCS B OCHOBHOM KOTMYECTBOM BOJIO-
pocieif 1 B 4aCTHOCTH MOPCKOM KaITyCThl, OCHOBHAsI Macca KOTOpOH Ooka3bIBaeTcs moa Bopoi. HagBoanas yacts
00BIYHO OIICHUBAETCs ¢ ToMomIbI0 BITJIA ocHallleHHOH ClTeKTpalbHON H3MEPUTEIILHON almapaTypoi ¢ OOJbIIOM
TIOrPENIHOCTHIO, TaK KaK TPeOyeTcsl y4ecTh BIUsSHHUE Olecka U MyTHOCTH MOPCKO# 1moBepXHOCTH. [Ipu 3TOM yder
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I.A. oenvt ['ymbamos, X.C. evizbl Anuesa. Borpocs! ucnonb3oBanus BITJIA

ITOJIBOTHOM YaCTH 3TON PaCTUTEILHOCTH MOKET OBITh OCYIIICCTBIICH O¢3 BIIMSHUS OTPAKCHHOM paIuaIiiy HaBO/I-
HOU yactu. J{71st 3TO¥ 11eM UCTIONb30BaHa U3BECTHASI PETPECCHOHHAS 3aBUCUMOCTh OTPAKEHHOTO CHTHajIa HaJBO/I-
HOU YaCTH OT OTHOIICHHS OTPayKCHHOT0 CUTHAJIa CHHEH YaCTH CIICKTPa K OTPAKEHHOMY CHTHAITY Ha Y9acTKe Iepe-
X0JIa B Kpato KpacHoi 30Hb1. ChopMHupOBaHa 3a/1a4a MOUCKa TAaKOro Buaa (QyHKIIUH 3aBUCHMOCTH PAIHAIIUH C Kpast
KpaCHO# 30HBI OT OTPAXKECHHUS ¢ ONMM3KOM HHPPAKPACHOH 30HBI, TPH KOTOPOH IeIeBOM (HyHKITHOHA, ()OPMHUPOBAH-
HBIY Ha 0a3¢ yKa3aHHOH perpeCcCHOHHON 3aBUCHMOCTH M HEKOTOPOT'O OrPaHHYHUTEIBHOTO YCIIOBHS, HAJI0KEHHOTO
Ha UCKOMYIO (DYHKIIHIO, JOCTHT ObI MUHUMYMa. [10y4eHO TpaHCIIEHICHTHOS YpaBHEHHE, PEIIICHAE KOTOPOrO T10-
3BOJISICT ONPECIIUTh XapaKTep UCKOMO 3aBUCHMOCTH, TIPY KOTOPOH BIIMSHUC PaIHAIIIN C HAIBOTHOM YaCTH HCCIIe-
JTyeMOH pacTUTEIHHOCTH MUHUMAJIBHO BIIMSCT HAa PE3YJIBTAT OLICHKH MOABOIHON YaCTH PACTCHHS.
KuoueBbie ciioBa: BITJIA, Bonopocinu, oTpaskeHHas paayalius, KaueCTBO BOIbI, ONTHMHU3AITHSL.

HutupoBanue. ['ymbaroB /. A. oriel, Anmera X. C. rei3b1. Bonpocs! nucnonbs3oBanust BITJIA mist mpoBeneHus
MOHHUTOpHUHIa KauecTBa OeperoBsix Box // IIpuponsie cuctemsl 1 pecypebl. —2024. —T. 14, Ne 1. - C. 34-38.—-DOLI:

https://doi.org/10.15688/nsr.jvolsu.2024.1.4

BBenenue

XO0poLI0 U3BECTHO, YTO OECITUIIOTHBIE JIETa-
tenbHble anmapatsl (BI1IJIA) 00maaatoT BEICOKUM
MIPOCTPAHCTBEHHBIM pa3pelieHHeM U He UMEIOT
Takue npoOJIeMbl, CBOHCTBEHHBIE CITYTHUKOBOMY
JTUCTAaHIIMOHHOMY 30HIMPOBAHMIO KaK BIUSHUE
armMocdepsbl, 00akoB [2]. BITJIA mmpoKo HCIomnb-
3yIOTCSl JUIsl OTpe/eieHus] KauecTBa OeperoBbIX
Box [3; 4; 7; 10].

UccnenoBanus kadecTBa OEperoBbIX BOJ
MPOBOJATCS IMyTEM IMPOBENCHHS C MOMOIIBIO
KaK MOPCKHX M3MEPUTENbHBIX CTaHINH, TaK U
BIUJIA, ocHameHHbIX MYJIBTHCIEKTPAIbHOU U
TUIIEPCIEKTPAIBHON annapaTypoi. Hanmpumep,
Kak ykasbiBaercsi B padore [11], ¢ 910l menbio
OBLTN UCTIONIL30BAHBI BOCEMb CTaHIIUHN, YCTAHOB-
nenbl B 3anuBe Chesapeake (CILIA). Ctannuu
OBUTH OCHAIIEHBI TUIEPCIIEKTPATbLHBIMU H3Me-
pUTENSMH, pabOTAIOMMH B CIIEKTPAJILHOM JIU-
armazone 320-950 M ¢ uHTepBanoM 3,3 HM.
[TonyueHHble pe3ynbTaThl COMOCTABISIUCEH C
pe3ynpTaTaMi U3MEPEHUN C MPUMEHEHUEM
BITJIA, ocHallleHHBIMH IATHKAHAJIBHBIMH U3MeE-
putensiMu Mica Sense. IT0O yCTPOWCTBO UMEET
CJIEAYIOIINE U3MEPUTENbHBIE KaHAJIbI: CHHUI Ka-
Hau (475 HM, UPUHA TTOJIOCH 32 HM); 3€JICHON
kaHai (560 HM, IHPUHA MTOJOCH 27 HM); Kpac-
HBIM KaHan (668 HM, Mmojioca MPOMYyCKaHUS
14 uMm); kaHaJ Kpag KpacHo# 30HbI (717 HM, 1O-
noca nponyckanus 12 am); kanai NIR (842 um,
C TON0Coi 57 HM).

B yka3zaHHBIX MOPCKHX CTAHLHIX IPOBO-
JSTCSl KOHTAKTHBIE MU3MEPEHHS XJIopohuiuia u
001Iero KoJMM4YecTBa B3BEIICHHBIX YaCTHII
(TSS).

Natural Systems and Resources. 2024. Vol. 14. No. 1

BwMmecte ¢ TeM, IpUMEHHTENBHO K Oepero-
BBIM 30HaM DJIEMEHTaMH 3arps3HEHUS MOPCKHX
BOJI CUMUTAIOTCS BOJIOPOCITH, HIT MOPCKas Kamy-
cta (kelp), koTopasi sIBISIETCS TPEXMOPHBIM BBbI-
COKOTIPOAYKTUBHBIM MOPCKUM pacTeHUEM, TIpel-
CTABISIONIUM 3KOHOMUYECKYIO IIEHHOCTD IS
HaceJIeH sl TPUOPEKHOI 30HBI [6; 8]. YkazaHHbBIN
(hakTop aKTyaNIU3HPYET HCCIETOBAHME K OI[CHKH
MOTEHIMAJIA ATOTO PACTEHUS KaK ero HaJIBOIHOM,
TaK W TMOJBOJHONW KOMITOHEHTBI. YUer o0bema
HAJBOJHOW YacTH C UCIOJIb30BAaHHEM €e U3Iy-
yenust B NIR obnactu 3aTpynHsiercs HalmuduneM
MOPCKHM OJIECKOM B ITOBEPXHOCTH BOJBI, MYT-
HOCTBIO BOIEI [1; 9].

TpaauinoHHBIM 00Pa30M, YUET M UCCIIEI0-
BaHUE COCTOSHUS PACTEHUH OCYIECTBIISETCS
MPUMEHEHUEM CHTHAJIOB CHEKTPaJbHON 30HEI
«Kpait kpacHo# 30HED (670—750 HM).

B obmem ciyuae, cymmaphsbiii curaan NIR
JIMara3oHa, PerucTPUPYEMbIid CIIEKTPOMETpaMH
BIUJIA ompenensercs kak

R,s(NIR) =R, (NIR)+ p(NIR) + [;V (1)
d
e R,((NIR)— curnan NIR nuanasona, ussiekaemas ¢
MTOBEPXHOCTHOW YaCTH PacTUTEIILHOCTH; p(NIR) — KOM-
monenTa NIR nuana3zoHa u3-3a OJiecka OBEPXHOCTH
BOJIBL; Lsky — HebecHoe nziydenue; £, — nepe usiyde-
HUS U3 TIIYOUH BOJIBI.

Mackuposanne p(NIR) cormacuo [11] mo-

XKeT OBITh OCYIIECTBJIEHO METOJOM «TEMHOTO»
Lsky

OTPE/ICNISIETCS C HC-

Ed

MOJIH30BAHUEM MOJIEH PAJHAIMOHHOTO TIEPEHO-

ca [6]. KommonenTsl R, (NIR), MOXET ObITh OI-

IIUKCCIIA, a KOMIIOHCHTA

35—



IKOJOI'us

pezeneHa ¢ MOMOIIbI0 HEIMHEHHOTO perpeccu-
OHHOTO ypaBHEHUS [5].

~3,469- R, ¢ (blue)

R (NIR)=0,025¢ex
~(NIR) p{ Ry s (red edge)

}+0,00013. 2)

Perpeccuonnas ¢ynkmus (2) rpadhudeckn
n3o0pakeHa Ha puUcyHKe. TakuMm obOpazom, 3a-
nada 00eCTIeueHUs] YMEHBIICHHS 10NN CUrHalla
R, (NIR) B curnane R (red edge) ceonurcs
K yMeHbIIeHHIO BausHus R (NIR). Ilpu stom
CIIETyeT ONMPEACIUTh TAKyI0 B3aHUMOCBSI3b MEXK-
Iy Y TP KOTOPO# TaKO€ BIMSIHHUE MOTJIO OBl OBITh
MPHUBEACHO K MUHIMYMY.

MaTepH aJIbl U METOAbI

Jlns perieHus yka3aHHOW 3aladdl MOXKHO
BBECTH Ha pacCMOTpeHNE (QYHKIIMOHAIBHYIO 3a-
BHCUMOCTH

R,,s(red edge) = R, (red edge)(R, (NIR)). 3)

W nanee BeramrcnTh Takol BU GyHKIUH (3),
MIPH KOTOPOU HEKOTOPKIH (PYHKITMOHAI, XapaKTe-
pU3YHOIIMA MOIIHOCTH curHana R, (NIR) noctur
Obl MUHUMYMa.

Paccmorpum BO3MOXHOCTE (DOPMUPOBAHUS
(YHKIIMOHATA, XapaKTePU3YIOIIEro MOIIHOCTHBIE
xapakrepuctuku R (NIR) 10 MHOXECTBY HCCIIE-
JIyeMbIX OeperoBbIX 30H, 3arPsI3HEHHBIX BOJIOPOC-
JIBIO THTIA «MOPCKas KaITyCcTa». YMHOKUM Kax TyI0
U3 CTOPOH Bhipaxkenus (2) Ha R (NIR). omy4um

R (NIR) = 0,025R,, (NIR)exp{WUAS(blue)} +
RUAS (red edge) (4)

+0,00013R_(NIR).

R(NIR)
qu 0.0915 O.qO2

0.(}05

R =0.84
RMSE=1.16

0

C yderom (3) u (4) HanmieM

Rf\_(NIR):0,0ZSU,_\_(NIR)exp{ = 3469 Ry (blue) }
(5)

Ry, (red edge)R,,(NIR))
+0,00013R, (NIR).

Paccemorpum cuenapwit, korna BITJIA uccrne-

TyeT MHOJKECTBO TOYEK B 30HE OEpEeroBbIX BOZ B
KOIIM4EeCTBE /1. VI3 MOMydeHHBIX Pe3ylIbTaToB M3-
MepeHH MOXXHO ChOPMHPOBATH JIBa MHOKECTBA!
R (NIR)={R (NIR),};i=1,n; (6)

rs

Ry, (red edge)= {RUAS (red edge)j }; j=Ln. (7)

Byznem cuurarh, uto MHOKeCTBO R (NIR)
SIBJISIETCA YIOPATOYEHHBIM, TO €CTh 3JIEMEHTHI
YAOBIIETBOPSIOT YCIOBUIO

Rrs (NIR)I = Rrs (NIR) -1 + AR;'s (NIR)s (8)

e AR, (NIR) = const; R, (NIR), = 0.
C yuerom (5) u (8) cocTaBUM AUCKPETHYIO
CyMMY Fg, rae

3,469 R, s (blue) ©)
R,,,s (red edge)(R . (NIR)) |

F,="1,0,025U, (NIR), exp[,

Paccmorpum 3amady BeIOOpa TAakoro BHIA
yHxtmm R, (red edge)(R,,(NIR)), ipu kotopoii F,
AOCTUTA€T MUHHUMYMaA, TO €CTb CYMMApHbBIU
BKJIa/1 OTpasKeHHOW ONrkHe-MH(QPaKpacHOH pajiu-
alM OT HAJBOIHOM YacTH MOPCKOTO PaCTEHHS
JOCTUTaeT MUHUMYMa U B OCHOBHOM H3BJICKACT-
csi R, ((red edge), T0 ecTb n3BIeKaeTcs MHQOp-
Manusg O IMOABOJHBIX HaCTAX 3TOro pacTCHUA.

b~ ®ea )

e o” “ *

T
0 0.5

T T 1
1 1.5 2

Ruas(blue)/Ryas(rededge)

KpuBast HenmmHeHHOM perpeccHoHHON (PyHKIIMN B3aUMOCBSI3Y MEXK/Ty OTHOILICHHEM

—_— 36

Ry5(blue)

Ris (red edge) " R"S(N[R)
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Jnis perieHust yka3aHHOM 3a/1a4d B TEPBOM
MPUOIKEHUH OCYIIIECTBUM TTEPEXO0JT OT AUCKPET-
HOi1 Mozieny (9) Ha HenmpepbIBHYIO MOJIENb B BUIE
HENpephIBHOrO (pyHKIMOHaNa F,, Tie

3,469- R, (blue) y
Ry, (red edge)(R,,(NIR)) (10)
xd(Urs(NIR)).

F, = I ﬁ”(’vm)"”“ O,OZSUH(NIR)exp -

Pemenue HenpeppIBHON ONTUMH3ALIMOHHON
3agaun (10) MOXeT OBITH OCYIIECTBICHO MO
METOy BapUallMOHHOI0 aHaJIN3a IIPY BHITIOJIHE-
HUW OTHOTO YCJOBHUS, CyTh KOTOPOTO 3aKJIoya-
eTcsl B HAJIOKEHUHU K UCKOMOM (DYHKITUH OITperie-
JICHHOT'O OTPaHUYMUTENBHOr0 yciioBus. PaccMot-
pUM cilydai, Korja yKa3aHHOE OTpaHUYUTENIbHOE
yCIIOBUE Forp HMEET BHUJ

Foy = [ R, {red edge)

x (R, (NIR))d(R,(NIR))=C,

rne C= const.

(In

Otmerum, 9T0 cMbici orpaHudenus (11)
3aKJII0YaeTcs B Cy)KEHHUU TPOCTPAHCTBA HEMpe-
PBIBHBIX H IBXKJbI TU( HepeHIHPYEMBIX QYHK-
IUH 10 HEKOTOPOT'O MOAIPOCTPAHCTBA, dJIEMEH-
TBI KOTOPOTO YIOBJIETBOPSIOT yciioBuwo (11).
C yuerom (10) u (11) cocraBuM 1eneBoi GyHK-
1MoHa ) 6e3yCOBHOM BapHalMOHHOM ONTHMH-
3alliH 110 CIEAYyIoNel cxeMe:

F,=F,+[F,,~C] (12)

C yuerom (10), (11), (12) monyunm

Fy= [0 0,025U,V(NIR)exp[— 3469: Ry bl }

Ry,s(red edge)R (NIR)) )
xd(Urs(NIR))+ (13)
+ /1[[ Us Vs (red edge )R, (NIR))d(R,,(NIR))- C].

Pemenne ontumu3anunonHoi 3agaun (13)
JIOJKHO YIOBIIETBOPHUTH YCIOBUIO:

d{o,ozsu,\ (NIR)eXp{— 3469 Ryeble) )J ~ARys(red edge)R, (N’R))}

Rys (red edgeXR” (NIR
dR,s(red edge)R, (NIR))

-0.(14)

C yuerom (14) nonyuum

3,469- Ry, s (blue) }X
Ry (red edge)(R,\_(NlR)) (15)
3469 R, (blue)
Ry,s(red edge)(Rr\_(NlR))2

0,0ZSU,\_(N[R)exp|:—
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U3 (15) naxomum

exol 3,469 - Ryys(blue) | _
P R, (red edge)(R.,(NIR))

ARy (red edge)(R,.&(NlR))2
©0,025U,,(NIR)3,469- Ry, s (blue)’

(16)

Taxum 00pazom, orydeHHoe Beipaxkenue (16)
SIBTIIETCS TPAHCUEHIEHTHBIM YpaBHEHHEM OTHOCH-
TEITBHO MCKOMOU QYHKIMH R, (red edge)(R.,(NIR)).
3ajiav4a HaXOKICHHsI ONTUMAIIEHOTO BHJIA 3TOH (PyH-
KUMH HE NUMEET aHAJIMTHYECKOTO PEIIEHNS 1 MOXKET
OBITH pellicHa BEIYUCIUTEIBHBIM ITyTEM TIPH 33/1aH-
HbIX 3Ha4eHusIX R (NIR) u R, (blue).

Pemenne 3amaun yaoBIETBOPUT YCIOBHE
JOoCTHXeHUsl MUHIMYyMa (yrkimronana (10), Tak
KakK BTOpasi MpOU3BOIHAS MHTErPaHTa B (PyHKIIN-
onane (14) mo uckomoii QYHKIINU OKa3bIBaACTCS
MOJIOKUTENBHON BETUYNHOM.

3akjaoyeHue

CdopmynupoBaHa U pelieHa 3anaqa om-
THUMaJIbHOTO Hcronb3oBanusa BIIJIA mgiust mo-
HUTOpHUHTA KadecTBa OeperoBbix Bua. OTMme-
YeHa, YTO KauecTBO OEpEroBBIX 30H ompene-
JISIETCSl B OCHOBHOM KOJIMYECTBOM BOJIOpOCIIEH
U B YaCTHOCTH MOPCKOH KamycTwl B Oepero-
BBIX Bojax. [Ipum 3TOM OCHOBHasi Macca JTOH
PacCTUTENBHOCTH OKa3bIBAETCSI O] BOJOW.
HanBonnas yacTh OOBIYHO OIIEHUBAETCS C
OONBION MOTPENIHOCTHI0 METOJAMH JTUCTaH-
IUOHHOTO 30HJUPOBAaHMS TaK Kak Tpedyercs
y4ecThb BIUSHUS OJiecka U MyTHOCTH MOPCKOH
MOBEPXHOCTH. TakuM 0Opa3oM, y4eT MOoABO/I-
HOM 4acTH BOAOPOCIEH JOIKEH OBITH Ocylile-
CTBJICH IyTEM TaKOW OUEHKU R, (red edge),
KOTOpasi B MUHUMAaJIbHOH CTEIEeHU MOJ[BEepKe-
Ha BIMAHUIO R (NIR). Jlyist 5TON 1€IU UCTIO0Ib-
30BaHa M3BECTHAas PETPECCHOHHAs 3aBUCH-
mMocTh R, (NIR) ot ortnomenus R, J(blue)/
R, s(red edge). Beenena Ha paccMOTpeHuUE
Gynxuus R, (red edge) (R, (NIR)) u chopmu-
poBaHa 3aJa4a MOMCKa TAKOTO BUJa 3TOH (ByH-
KITHH, ITPH KOTOPOI 11el1eBoi (yHKITMOHAT, (hop-
MHUPOBaHHBIHN Ha 0a3e yKa3aHHOW perpeccuoH-
HOW 3aBUCHMOCTH M HEKOTOPOTO OTpaHHYUTENb-
HOTO YCTIOBUSI HAJIOXXEHHOTO Ha HCKOMYIO (DYHK-
U0, JOCTHT OBl MUHUMYMa. [lomydeHo TpaHc-
IEHJICHTHOE YpaBHEHHE, pEUIeHUEe KOTOPOTO
MO3BOJISIET ONPEIENUTh XapaKkTep NCKOMOH 3a-
BHCHMOCTH.

3] ——
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Abstract. The chabazite zeolite of potential practical importance has been obtained based on the natural
mineral of Nakhchivan Autonomous Republic. Chabazite has a wide range of application and therefore its optimal
synthesis conditions have been determined. The chabazite zeolite of potential practical importance has been
obtained based on the natural mineral of Nakhchivan. The hydrothermal synthesis has been carried out in Morey
type autoclaves made up of 45SMNFT stainless steel with a volume of 20 cm?, and with the filling coefficient of F = 0.8.
The hydrothermal crystallization experiments have been carried out generating a temperature gradient AT =0 and
without stirring of the reaction mass. The optimal conditions established in this study for the synthesis of chabazite
zeolite with a 100 % degree of crystallinity are as follows: temperature of 100°C, alkaline solution of 10-20% LiOH
and processing time of 50 hours. It was shown that at temperature below 100°C mordenitetchabazite+quartz is
present in the reaction products, and at temperature above 100°C, chabazite+clinoptilolite+albite,
chabazite+clinoptilolite+cristobalite, chabazite+clinoptilolite were obtained. At a concentration of LiOH below
10%, mordenite+quartz+chabazite are present in crystallization products, and at a concentration of LiOH above
20%, clinoptilolitet+chabazite, hydrosodalite+albite+cristobalite have been obtained. Moreover, when processing
time is below 50 hours, mordenitetquartz+chabazite crystallizes, and when processing time is over 50 hours, we
obtain clinoptilolitet+chabazite+cristobalite, hydrosodalitetalbite was obtained. The initial sample and the product
obtained were studied by X-ray diffraction (2D PHASER “Bruker” (CuK , 26 =20-80°)), thermogravimetric (NETZSCH
STA 449F3 STA449F3A-0757-M) and scanning electron microscopy (Hitachi TM-3000).

Key words: chabazite, crystallization temperature, zeolite, processing time, formation of zeolite.
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I'onear ®@. kb3l Hacupaun

Nucrutyt npuponHeix pecypcos (HaxubiBan), MuHHCTEPCTBO HayKku U 0Opa3oBaHus A3epOaiipkanckoi PecyOmikm,
. HaxubiBaH, A3ep0OaiimkaHckas Pecryonnka

Todur A. orabl Ajaues

Huctutyt npupoassix pecypcoB (Haxupiean), Munrcrepctso Hayku u O0pasoBanms AzepOaiimkaHckoii Pecryomuky,
. HaxubiBaH, A3ep0OaiimkaHckas Pecryonnka

AnHoranus. [{eonut mada3nuT, IMEIOLIHI TOTEHIMATEHOE MPAKTHYECKOE 3HAYEHHE, ObLT IIOTy4eH Ha OCHOBE
nipuporHoro MuHepana HaxubiBaHckoit ABroHomMHOM PecriyOnvku. [11aba3ut umeer MMpoKuii CIIEKTp PUMEHEHHS, B
CBSI3H C YeM OIpE/IeIeHbl ONTUMaJIbHBIE YCIIOBUSI €ro ciHTe3a. LleonuT 1madba3ut, MMerominii moTeHnuaaIbHOe IPaKTH-
YecKoe 3HaYeHHe, ObLI MOTyYeH Ha OCHOBE NMPUPOAHOro MuHepaina HaxusiBana. [ uaporepmasbHbIi CHHTE3 TIPOBOJIH-
7 B aBTOKJIaBax Tuna Mopu u3 Heprkageroreii crani 45SMHOT o6bemom 20 cm? i k03 PUITMEHTOM 3armonHeHus F'=
0.8. DKcrieprMeHTHI IO THAPOTEPMATLHOH KPUCTAILTH3aLUH ITPOBOIHIIM ITPHU IpajueHTe Temnepatypsl AT =0 u 6e3
NepeMeIIMBaHus PEaKIHOHHON MacChl. YCTaHOBIICHHBIE B JAHHOM paboTe ONTHMANIBHBIE YCIIOBUS CHHTE3a IIE0NTNTa
mrabasuta co 100 % CTeneHbI0 KPUCTANTUYHOCTH cieayronie: TeMmepatypa 100 °C, menounoi pactsop 1020 %
LiOH u Bpems 00pa6otku 50 yacos. [TokazaHo, uro mpu Temmepatype Hike 100 °C B IpoayKTax peaKIiu IPUCYTCTBY-
€T MOpACHUTHI1aba3uT+KBApIL, a pu Temrepatype Bbiire 100 °C 00pa3yrorcs 1rada3uT+KINHONTHIIONUT+aIb0uUT,
1a0a3UT-HKIMHON THIIONUT-HFKPUCTOOAITHT, 11aba3uT+KiuHonTHIonut. [1pu xonmentparwu LiOH Hike 10 % B mpo-
JIyKTaX KPUCTAUTU3ALNH IIPUCYTCTBYIOT MOPIEHUTHKBapI-+1inada3ut, a npu konneHrpanuu LiOH Beime 20 % noiy-
YeHBI KIIMHOMTHIONUT-HIIa0a3UT, THAPOCONATUTaNb0HUT+KprcTobanuT. bornee Toro, npu BpeMeHn 00paboTKH HIKe
50 4acoB KpUCTAJUTU3YeTCsl MOPACHUT+KBapI+mada3uT, a mpyu BpeMeHH 00pa0oTky Bhimie 50 4acoB moiaydaem
KJIMHONTHJIONHUTHIIa0a3UT-HKPUCTOOAIHT, THAPOCONANHUT+anbouT. McxomHsiil oOpa3sel 1 moly4eHHbIe TPOAYK-
ThI UCCIIENOBATN MeTOaMu penTrenodaszopoii (2D PHASER «Bruker» (CuK , 26 =20-80°)), repmorpasumer-
puyeckoit (NETZSCH STA 449F3 STA449F3A-0757-M) aHaIu30B U CKAaHUPYIOIIEH IEKTPOHHON MHUKPOCKO-
ru (Hitachi TM-3000).

KunroueBble ci1oBa: mabasur, TeMieparypa KpucTaIn3aliH, LEOIHUT, BpeMst 00paboTKH, 00pa30BaHKE LICOTHTA.

HutupoBanue. MamenoBal. A., Hacupnu I'. ®@., Anues T. A. Bausiaue ycioBuii CHHTE3a Ha KpUCTAJUTN3a-
1uro neonura mabasura B pacrBope LiIOH // Tlpuponusie cuctems 1 pecypebl. —2024. —T. 14, Ne 1. — C. 39-47. —

(Ha anr. s13.). — DOL https://doi.org/10.15688/nsr.jvolsu.2024.1.5

Introduction

The most important representatives of
microporous substances, zeolites, have remained
one of the most intensively studied classes of
chemical compounds for many years because of
their great structural diversity and wide practical
application as ion-exchange materials and
molecular sieves. Zeolites are actively used in
industry for the purification, drying, and separation
of various components, as catalysts for the most
important technological processes, for the extraction
of radioactive isotopes from liquid wastes from the
nuclear industry, for the removal of impurities that
pollute the atmosphere, etc.

Clarification of the optimal conditions for the
synthesis of one another zeolite, that is, temperature,
alkaline of the medium, and processing time, creates
a scientific basis for further research.

Chabazite zeolites are built from double 6-
membered rings linked by tilted 4-membered rings

40

to give the overall structure [1]. This results in a
tri-dimensional pore channel system.

For this purpose, we carried out a series of
experiments on the effect of temperature, alkalinity
of the medium, and treatment time on the
crystallization process of the practically important
zeolite chabazite. It should be noted that chabazite
is one of the most practically important zeolites;
namely, it is used as a catalyst for the conversion
of oxygenates to olefins [2], the conversion of
methanol to light olefins [3], the selective
dehydrogenation of ethane [4], the catalytic
reduction of NO, [5], and as an adsorbent of CO,,
N,, and radionuclides [6].

An analysis of the scientific literature
showed that chabazite can be obtained from
various structural types of the starting
components in hydrothermal conditions.
Previously, it has been reported that the synthesis
of chabazite in hydroxide and fluoride media uses
either N,N,N-trimethyl-1-adamantammonium
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(TMAda), N,N,N-dimethylethylcyclohexyl
ammonium (DMECHA) cations, or a mixture
thereof [7]. Pure phase SSZ-13 Cha zeolite with
wide range of Si/Al ratio has been synthesized in
a fluoride-free media by dry gel conversion method
where the conversion of SSZ-13 from
aluminosilicates precursor gel occurs under water
vapor [8], in the presence of a small amount
of N,N,N-dimethylethylcyclohexylammonium
bromide under solvent-free conditions [9], from
USY zeolites and tetracthylammonium [ 10], using
choline chloride, by the hydrothermal conversion
of FAU zeolite in benzyltrimethylammonium
hydroxide media, transformation using only Na-
type FAU zeolite, from low-cost NaY and Al-rich
beta precursors, by heating partial de-aluminate
kaolin for 2 hours at 130 °C, the step heating
procedure, in which the reaction composition is
heated to 90 °C for 40 h, followed by a rapid
heating to 103°C, which is maintained for 2 hours,
and then the completion of the synthesis at 90 °C
for one more hour [11].

As you know, synthetic zeolites surpass their
natural counterparts in their physicochemical
properties. Since synthetic chabazite has better
characteristics in comparison with natural ones
and has a wide field of application, the aim of this
paper is to synthesize and optimize the conditions
for obtaining of potential practical importance
chabazite zeolite with a 100% degree of
crystallinity and phase purity of the natural mineral
of Nakhchivan, and the effects of the alkaline
solution concentration, crystallization temperature,
and processing time on the formation of chabazite
zeolite were studied in detail.

It should be noted that the hydrothermal
synthesis of chabazite based on natural zeolite-
containing tuff is being carried out for the first
time. Synthesis on natural zeolite-containing tuff
has a low cost and is environmentally friendly, for
ease of handling and large-scale production.

Experimental. Lithium hydroxide (flake,
99% purity, Alfa Aesar GmbH & Co. KG,
Germany) has been used without further
purification. The natural samples have been
obtained from the zeolite horizon in the north-
west of the Kyukyuchai river, where zeolite
content varies in the range of 75-80%. The
samples have been thoroughly washed with
distilled water and dried at a temperature of
100 °C for three days.

Natural Systems and Resources. 2024. Vol. 14. No. 1

Hydrothermal synthesis of chabazite has
been carried out in Morey autoclaves made of
45MNFT stainless steel with a volume of 18 cm?
and a filling coefficient of F = 0.8. The
hydrothermal crystallization experiments have
been performed generating a temperature gradient
AT = 0 and without stirring the reaction mass.
The solid-liquid ratio was set to 1:10. After
crystallization was completed, the final material
was separated from the initial solution, washed
with distilled water to remove excess alkali, and
dried at 80 °C. For each experiment, 2 g of natural
zeolite was used. The stage of preparation of the
initial mixture consists of mixing a heat-treated
sample of the Nakhchivan mineral in alkaline
solutions at room temperature. After mixing the
initial component and the alkaline solution, the
initial mixture was transferred to the autoclave,
and the crystallization process began at various
temperatures. The crystalline structure of the
original natural mineral was destroyed and
recrystallized into a cubic chabazite structure
(with a 100% degree of crystallinity that
crystallizes within 50 hours).

In order to identify and optimize the process,
the synthesis of chabazite has been carried out
by varying the conditions: in the temperature range
of 80 to 250 °C; in the alkaline solution of LiOH
concentration range of 5 to 30%; and in the
reaction time of 10—100 hours.

Characterization techniques

The X-ray diffraction measurements
were performed using the X-ray analyzer 2D
PHASER “Bruker” (Cu K radiation, 20 = 5—
50°), using NaCl, SiO, (quartz), and pure zeolites
in internal and external standards, respectively.
Samples have been placed on a front-mounted
plastic sample holder. The measuring conditions
have been as follows: step size of 0.15 s/step,
nickel filter as incident beam, slit aperture of 0.3°,
and scan range of 26 = 0.5° to 10°.

The thermogravimetric analysis of the samples
has been carried out on a “Derivatograph-Q 1500-
D” of the Hungarian company MOM in the dynamic
mode in the temperature range of 20—1000 °C.
Shooting mode: heating rate of 20°/min; paper speed
of 2.5 mm/min; the sensitivity of differential thermal
analysis (DTA), difference thermogravimetry
(DTG), and thermogravimetry (TG) is 500 mv;
ceramic crucibles; the standard is ALO;.
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Elemental analysis of the starting material
and the reaction conversion products has been
carried out on a Launch of Trition XL dilution
refrigerator “Oxford instrument” multichannel X-ray
spectrometer. Measurement mode: Pd-anode,
voltage of 25 kW, current strength of 70 MA,
exposure time of 100 sec., sensitivity limit of 1072
For analysis, the samples have been prepared as
follows: the analyte was diluted with Li,B,0, flux
(ratio 1:10) at a temperature of 1250 °C. The
resulting glass has been crushed under a pressure
of 20 t/cm? with a holding time of 1 min.

Scanning electron microscopy analysis
(SEM) of the starting materials and reaction
products was performed on a high-resolution
microscope (an increase of 30000 times) at
Hitachi 3000 TM. Low vacuum mode allowed
exploring samples without pre-deposition. The
sample was placed on a double-sided adhesive
tape glued onto a metal disc and vacuumed to a
pressure of 10 Pa to obtain micrographs.

Results and discussion

The zeolite tuff of the Nakhchivan deposit in
Kyukyuchay was used as a starting material.
According to X-ray diffraction and elemental analyses,
it was found that 78.5% of the zeolite tuff consists of
mordenite (Ca,Na,K, (Al (Siyy,04.-34H,0),
19.5% quartz (Si0,), and 2% anorthite
(Ca g6Nag 14Al) 4451, 16Og o). According to
elemental analysis, it can be argued that the zeolite
tuff of the Nakhchivan Autonomous Republic of

1.5e+004

Mordenite

2
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= Anortithe ——
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oo il L :
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Kyukyuchay deposit was distinguished by phase
purity, i.e., the bulk of the sample was concentrated
on mordenite. Impurities were present in small
quantities. Comparison of X-ray data obtained for
the zeolitic tuff of Nakhchivan (Figure 1 (a)) with
literature data showed that the studied sample of
zeolite consisted mainly of mordenite [12]. The
peaks in the diffractogram with interplanar
distances d=3.34 A, 2.45 A,2.28 A, and 2.12 A
indicate the o-quartz content. Also, a small amount
of anorthite (4.30 A, 3.60 A, 3.40 A, and 3.19 A)
was found in the sample composition. SEM image
of the Nakhchivan zeolitic tuff is presented in
Figure 1 (b), showing that the sample is
characterised by an indeterminate surface relief
with microcrystals of different sizes on the surface,
possibly due to its mineral composition.

Chabazite has been synthesised in alkaline
solutions (LiOH) at different temperatures and
crystallisation times. The obtained results have
shown that chabazite with a high degree of
crystallinity has been obtained in alkaline
solutions of LiOH ranging from 5 to 30 % at
temperatures of 80—250 °C and a processing
time of 10—100 hours.

X-ray diffraction patterns of the chabazite and
its micrograph are shown in Figure 2 (a) and (b),
respectively. Table presents the data from the X-ray
diffraction analysis.

According to the X-ray phase analysis,
chabazite crystallises in the cubic crystal system
with the unit cell parameter a = 9.459 A.

(b)

Fig. 1. The X-ray diffraction pattern of Nakhchivan zeolitic tuff* (a) and its SEM image (b)

Note. *(M —mordenite, Q — quartz, A— anorthite).
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The synthesised chabazite was characterised
by a high degree of crystallinity, which is presented
in Figure 2 (a) and provides its SEM image in
Figure 2 (b). The presented XRD pattern
(Figure 2 (a), Table) relates to chabazite obtained
under optimum conditions with a 100% degree of
crystallinity.

Using the thermogravimetric analysis
(Figure 3), the region of dehydration and
thermostability of the chabazite have been
established. The DTA curve is characterised by
one endothermic and one exothermic effect.

-
2
o

[—3
>
-

The endothermic effect corresponds to the
dehydration of the sample with a maximum of
230 °C, at which the weight loss along the TG
curve is 24%. The exothermic effect, detected at
a temperature with a maximum of 950 °C,
according to X-ray diffraction analysis, refers to
the destruction of the crystal structure of chabazite
and the formation of sanidine, quartz, and
anorthite. The diffractogram of the products after
950 °C is shown in Figure 4.

The crystallization of chabazite in
solutions of LiOH has been studied at

- Chabazite
&
<
£'1.0e+004]
]
2
|
5.0e+003
[1 ! | L....M Frebin l'_} e
0.0e+000 "
10 20 30 40
100 Chabazite
50 ‘
0 l l l 1 1 11 Lo L S
10 20 30 40 50 2 theta (deg) TM3000_2778 2020/02/10 22:42 NL D5.8
(a) (b)

Fig. 2. The X-ray diffraction pattern of chabazite with 100% degree of crystallinity (a) and its SEM image (b)

X-ray diffraction data of the obtained chabazite

Chabazite
dexps A | hkl deater A
9.44 100 100 9.44
6.68 20 101 6.68
5.46 25 111 5.46
4.24 50 201 4.23
3.89 40 211 3.86
3.36 10 202 3.34
3.14 10 300 3.15
3.05 10 301 3.00
2.94 70 311 2.95
2.62 15 320 2.62
2.52 20 312 2.52
2.32 10 322 2.29
2.23 10 303 2.23
2.17 10 402 2.11
2.10 15 412 2.06
2.07 10 323 2.01
1.96 10 422 1.93
1.88 10 500 1.89
1.87 10 501 1.86

Note. dexp — experimentally obtained value of the interplanar distance; 1 - relative intensity of diffraction

lines; hkl — Miller indices characterizing the arrangement of atomic planes in the crystal; d

the interplanar distance.
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temperatures in the range of 80-250 °C. The
X-ray diffraction patterns of crystallisation
products in the obtained solutions are presented
in Figure 5.

It has been found that at a temperature of
80 °C, crystallization products consist of a mix of
chabazite, unreacted mordenite, and quartz
(Figure 5(a)). Studies have shown that the
optimum crystallisation temperature of chabazite
with a high degree of crystallinity is 100 °C. The
temperature range of 120-150 °C promotes
crystallisation in addition to chabazite, clinoptilolite,
and albite (Figure 5 (b)). In the temperature range
of 150-200 °C, chabazite, clinoptilolite, and
cristobalite (Figure 5 (¢)) and at 200-250 °C,
chabazite and clinoptilolite (Figure 5 (e)) have been
obtained.

The effect of alkaline solution concentration
has been studied in solutions of LiOH (in the range
of 5-30%).

The obtained results have shown that
experiments in the natural mineral LiOH system
at a 5% concentration of LiOH crystallise
unreacted mordenite, chabazite, and quartz
(Figure 5(a)). Pure chabazite with a 100%
degree of crystallinity has been obtained in the
LiOH concentration range of 10-20%. The study
of the influence of the concentration of LiOH
solution in the range of 20-25% has shown that
clinoptilolite and chabazite are obtained
(Figure 5 (e)). A further increase in the
concentration of LiOH (in the range of 25-30%)
promotes the crystallisation of cristobalite, albite,
and hydrosodalite (Figure 5 (d)).

950
r10
lexo
TG DTA
" r20
24% Ay %
230
endo T.O C

200 400 600 S00 1000

Fig. 3. Thermogram of synthesized chabazite zeolite
obtained under optimal conditions
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The optimal crystallisation time of chabazite
with a 100% degree of crystallinity is 50 hours.

Less than 50 hours of processing time
(starting from 10 hours) contribute to the
formation of unreacted mordenite, chabazite, and
quartz (Figure 5(a)). When processing over
50 hours, that is, in the time interval 60—80 hours,
clinoptilolite, chabazite, and cristobalite appeared
in the crystallisation products (Figure 5 (¢)). In the
interval of 80—100 hours, hydrosodalite and albite
were obtained (Figure 5 (f)).

Having studied the process of crystallisation
of chabazite, the optimal conditions for its
synthesis with a high degree of crystallinity were
established. The chabazite obtained under optimal
conditions differed in phase purity and had a high
degree of crystallinity. Chabazite with a 100%
degree of crystallinity has been obtained under
the following optimal conditions: a temperature
of 100 °C, LiOH concentrations of 10-20%, and
a processing time of 50 hours.

Conclusions

The natural mineral of Nakhchivan has been
used for the synthesis of the potential practical
importance of zeolite in chabazite. The effects of
temperature, alkaline solution concentrations, and
processing time on crystallisation have been
investigated. The obtained results have shown that
chabazite with a high degree of crystallinity
(100%) can be obtained at a temperature of
100 °C, alkaline solution LiOH concentrations of
10-20%, and a processing time of 50 hours.

Sanidine ——

Quartz, syn.
6.0e+003 Anorthite

(cps)

Intensity

4.0e+003

2.0e+003|

0.0e+000

20 30 40
i ‘ ‘ H
o ” il ‘Iu atu b LU
10 20 30 40

50

Sanidi

Ll
50
Quartz, syn

10 20 30 40 50

Anorthite

10 20 30 40 50 2-theta (deg)

Fig. 4. The X-ray diffraction pattern of the products
after 950 °C
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Fig. 5. X-ray diffraction patterns of crystallization products obtained: (a) at 80 °C, at 5 % LiOH and for 10-50 hours;
(b) at 120-150 °C; (c) at 150-200°C and for 60—80 hours; (d) at 25-30% LiOH; (e) at 200-250 °C,
at 20-25 % LiOH; (f) for 80-100 hours
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Moreover, it was shown that a change in
the synthesis conditions (temperature, alkaline
solution concentration, processing time) can
greatly affect the results of crystallisation. The
optimal conditions (temperature of 100 °C,
alkaline solution LiOH concentrations of 10—
20%, processing time of 50 hours) for the
synthesis of chabazite zeolite with a high
degree of crystallinity have been established.
Research has shown that, at temperatures below
100 °C, mordenite+chabazitetquartz is present
in the reaction products, and at temperatures
above 100 °C, chabazite+clinoptilolite+albite,
chabazitet+clinoptilolite+cristobalite, and
chabazite+clinoptilolite were obtained. At a
concentration of LiOH below 10%,
mordenite+quartz+chabazite are present in
crystallisation products, and at a concentration
of LiOH above 20%, clinoptilolitet+chabazite,
hydrosodalite+albite+cristobalite were obtained.
And also, when processing time below 50 hours,
mordenite+quartz+chabazite crystallized,
and when processing over 50 hours —
clinoptilolite+chabazite+cristobalite,
hydrosodalite+albite was obtained.
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AMULTI-WAVE METHOD FOR DETERMINING THE PHOSPHORUS CONTENT
IN SANDY SOIL BASED ON THE RESULTS OF MEASURING MOISTURE
AND SOIL ABSORPTION COEFFICIENT

Turkan N. gizi Amirova
National Aerospace Agency, Baku, Azerbaijan Republic

Humar S. gizi Aliyeva
National Aerospace Agency, Baku, Azerbaijan Republic

Abstract. The moisture content of the soil significantly affects the results of spectral methods for determining
various organic substances present in the soil. Well-known studies of the effect of sandy soil moisture on the
results of spectral measurements of the absorption coefficient in the spectral range 0f 225-2550 nm, conducted to
determine the amount of phosphorus in the soil, allowed us to compile a calibration model for predicting phosphorus
in sandy soil based on measurements of the spectral characteristics of the soil. Absorption spectra of sandy soil
with different values of moisture and phosphorus content were determined, in which water absorption lines at
wavelengths of 1450 nm and 1940 nm are clearly visible. At the same time, with an increase in moisture content, an
increase in the value of the absorption coefficient is observed. At the same time, with an increase in soil moisture
content, the curves obtained at different values of phosphorus content in it differ less and less. The values of the
correlation coefficients between the absorption coefficient and the phosphorus concentration over the entire
wavelength range A = 225+2550 nm were determined. It was found that the highest values of the correlation
coefficient are observed in soil with minimal moisture content, in the wavelength range of 1900-2500 nm. The above
results were used to predict the amount of phosphorus in the soil. On this basis, a method was proposed to
determine the concentration of phosphorus in the soil, which has an error due to the inaccuracy of determining the
correlation coefficient and the absorption coefficient. To eliminate this drawback, the use of multi-wave techniques
is proposed in this article. A two-wave method for determining phosphorus in sandy soil is proposed, a block
diagram of the algorithm for implementing the two-wave method is compiled. It is shown that when using a two-
wave method for determining the phosphorus content in the soil, the total random error decreases by a factor of /2.
It is noted that when using the m-number of wavelengths in calculations and measurements, the corresponding
random error will decrease by a factor of y/m. A general algorithm for the implementation of the multiwave method
has been compiled

Key words: absorption, moisture content, sandy soil, phosphorus concentration, soil.
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T H. zvi361 Amuposa, X.C. evizbt Anuesa. MHOTOBOIHOBAss METOUKA OMPEACICHUs conepxkanus hocdopa

VJIK 631.41
BBK 40.322

MHOI'OBOJIHOBASI METOAUKA OIIPEAEJIEHUSA COAEPKAHUSA ®OCPOPA
B IIECOYHOM IMOYBE HA BA3E PE3YJIBTATOB U3BMEPEHUSA BJIAXKHOCTH
N KOO PUNUEHTA ITOTVIOIEHU A TIOYBbI

Typkan Hazum reizel AMupoBa

HarronansHoe a3pokocMHUYECKOE areHTCTBO, T. baky, A3zepOaiimkanckas Peciyonuka

Xymap Cabup rei3sl AnueBa

HarronansHoe a3pokocMHUYECKOE areHTCTBO, T. baky, A3zepOaiimkanckas Peciyonuka

AnHoTanusi. Biiarocoziep)xaHue Io4BbI CYIIIECTBEHHO BIMSET HA PE3YIIBTAaThI CIIEKTPAIBHBIX METO/IOB Opee-
JICHUSI pa3JIMYHBIX OPraHUUECKUX BEIIECTB, UMEIOIUXCS B TIOUBE. I3BeCTHBIE NCCIIEJOBAaHHS BIMSHUS BIAYKHOCTH
TIECOYHOM MOYBBI Ha PE3yIIbTaThl CIIEKTPAIBHBIX H3MEPEHHH KOA((PHUIMEHTA TOTJIONIEHHS B CIIEKTPAIbHOM JIara-
30HE 225-2550 HM, IPOBOAMMBIX IS ONIPECICHHUS KonuecTBa (hocdopa B IIOYBE MO3BOJIUIIN COCTABUTH KaJIMOpa-
LIMOHHYIO MOJIEINb sl Tipesicka3anus ocopa B mecouHoi ouBe Ha 0a3e M3MEPEHHH CIEKTPaIbHBIX XapaKTepuc-
THUK ITOYBBI. BBUTH OTpeiesieHbl CHeKTPhI ONIOMEHHUSI IECOYHOM TTOYBBI C PA3THYHBIMH 3HAYSHUSIMH COJICPIKAHHS
Biard u Gocgopa, B KOTOPBIX OTYCTIIMBO BUIHBI JIMHUH MMOTIIONICHUS BOIBI Ha JuinHAX BOiH 1450 HM 1 1940 HM.
[Tpu aTOM C yBEIMYEHUEM BJaroconepaHusi HaOMonaeTcsl yBelnueHne 3Ha4eHus1 K03 QuUIeHTa MorIomeHHsI.
BmMmecre ¢ TeM ¢ pocTOoM BIaroconep)KaHus MOYBbl KPUBBIE, ITOJYUYSHHBIE TIPH Pa3HBIX 3HAUSHUSX CONEpPKaHUS
(docdopa B Hell paznuuaroTcs Bee crnadee. Beutn onpeeneHpl 3Had4eHNS KO3 GUIIMEHTOB KOPPEIISIIIAN MEKIY KO3 (-
(PUIMEHTOM TIOTJIONIEHHS W KOHILIEHTpalue Gocdopa BO BceM quana3oHe JIHH BOIH A = 225+2550 um. Beuio
00HapyXeHO, 4To Harbolee BRICOKHE 3HaYeHHsI k03¢ (GUIMEHTa KOPPEISIY HAOII0IAI0TCs Y TIOYBBI C MUHUMAJTb-
HBIM BJIarocojepxaHueM, B ooactu i BoH 1900—2500 HM. BeimensnokeHHbIC pe3ybTaThl ObLTH UCTIONIB30Ba-
HBI C LIEJIBIO MTPeIcKa3aHus KonuecTBa Gocdopa B mouse. Ha 3Toit 0cHOBE OBLI MpeyioKeH METON IS OTIpeziesie-
HUSI KOHIIEHTpanuu# Gocgopa B 1ouBe, KoTopasi 001aJaeT NOrpeIHOCTHIO N3-32 HETOYHOCTH OnpeeIeH st Koapdu-
LHeHTa Koppessuy U kodddunmenta abcopOimu. J{ist ycrpaHeHus 3Toro HeiocTarka B HaCTOSIIIEH CTaThe MpeJyIo-
YKEHO IPUMEHEHHE MHOTOBOIHOBBIX METOJIMK, JIBYXBOJIHOBBIH METO/ orpeaeseHus (Gochopa B NECOYHOMH NOUBE,
cocTaBiieHa 0JI0K-CXeMa aJIrOpUTMa peann3aliiy IByXBOIHOBOr0 MeTo/a. [TokazaHo, 4To pH HCIOIb30BaHUH JABYX-
BOJTHOBOM METOIMKH OIpeeNeHus coaepkanus Gochopa B IOUBE CyMMapHas ciiydaiiHasi TOrpelTHOCTh YMEHb-
maercs B +/2 pa3. OTMeUeHO, YTO MPHU UCIIOIb30BAHMH /M-KOJIMYECTBA JUIMH BOJIH HPH pacyerax U U3MEPEHHsAX
COOTBETCTBYIOIIAS CITy4aiiHasi HOTPELIHOCTh YMEHBIIUTCA B +/m pa3. CocTaBiieH OOLINHA aNropuT™M peain3aluu
MHOTOBOJIHOBOT'O METO/Ia.

KaroueBble cioBa: nomionieHue, BlIarocoaepxanue, necoyHas mousa, KoHueHTpauus pochopa, moqsa.

HutupoBanue. Amuposa T. H. renbl, Anuesa X. C. Tb1361. MHOTOBOTHOBASI METOMKA ONpeeIeHHs CoAeprKa-
HUsS Qocdopa B MecOUHOH MmouBe Ha 0aze pe3yIbTATOB M3MEPEHHs BIaXHOCTH M KOd((UIMEHTa IMOIIOMEHUS
nioussl // Tlpupoansie cuctemsl u pecypebl. — 2024. — T. 14, Ne 1. — C. 48-53. — DOI: https://doi.org/10.15688/
nsr.jvolsu.2024.1.6

BBenenue

Kak ormedaercs B paborax [5; 6], Binaro-
coziep;KaHue IMOYBBI CYIIECTBEHHO BIIUSIET HA pe-
3YJIbTaThl CIICKTPAJIbHBIX MCTO0B OIIPCACIICHUA
Pa3INYHbIX OPraHNYCCKUX BCIIECTB, UMCIONIUX -
¢S B MouBe. BimsgHue B1a)xHOCTH Ha PEIYIBTATHI
CHEKTPaIbHBIX METOJIOB ompeneneHus pochopa
B TOYBE OBLIO MCCIICNOBaHO B padotax [1; 3; 4; 7.
B yacTtHOCTH, B pabote [2] ObUIO HCCIEIOBAHO

Natural Systems and Resources. 2024. Vol. 14. No. 1

BJIMSTHHE BIIAYKHOCTH TIECOYHOM TIOYBBI Ha pe3YJlb-
TaThl CIEKTPAILHBIX H3MEPEHUH KO3 QP UIreHTa
TIOTJIOIICHHS B CIIEKTPAJIbHOM JHama3one 225—
2550 HM, TPOBOIUMBIX JIJISI ONPENETICHUS KOJH-
gyectBa Qocdopa B nouse. Llenpio uccienosa-
HUH, TPOBOJAMMEIX B 3TOI padore, ObLIO cocTaB-
JIeHWE KaTnOpalnOHHON MOJIENH, CITyXKatlen st
npezackazanus Gocopa B MECOUHON MOYBE HA
0a3e U3MepeHUH CIIEKTPAILHBIX XapaKTEPUCTHK
MIOYBBI.
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W3moxuM BKpaTIie OCHOBHBIC PE3Y/ILTATHI,
nojy4eHHsle B padore [2].

1. BeuIu onpeneaeHsl CIEKTPBI MOTJIONIE-
HUSI TICCOYHOM MTOYBHI C Pa3IUYHBIMU 3HAYCHH SI-
MH cojfiepKaHus Biaru u pocdopa. B kauecTe
npuMepa Ha pucyHke 1 MpuBeICHBI KPUBBIC 3a-
BHCHUMOCTH KO3(D(PHUIIMECHTA ITOTIOMICHUS OT JJTH-
HbI BOJIHBI ITPH Pa3HBIX 3HaUeHUAX Gocdopa npu
Biiarocoaepxanuu 4 % (a); 8 % (b) u 12 % (c¢).
Kak BUIHO M3 NpHUBENCHHBIX IPa(pUKOB, B HUX
OTYETJIMBO BUJIHBI IMHUH TOTJIOIIEHHUS BOJbI HA
nmuaax BoH 1450 am u 1940 um. [pu sToMm ¢
YBEIMYCHHUEM BJIATOCOACPKAHUS HAOII0IaeTCs

TIOTTIOI{EHHE

T
1500 2000 2500

ANHHA BOJHEL HM

IIOTJIOIEHHE

YBEIWYCHUE 3HaYeHHUs K0 PHIIMEeHTa ITOrITOoIIe-
Husg. BMecte ¢ TeM ¢ pocToM Biarocojepxka-
HUS TOYBBI, KPUBBIC MOYYCHHBIE TP Pa3HBIX
3HAUEHUAX comepkaHus Gpocdopa B HEH pasiiu-
JaroTcs Bce crabee.

2. Beun onpenenensl 3HaUeHUS KOAQOUIH-
CHTOB KOPPEJSALUU MKy KO3P(HULIUESHTOM 10~
IJIOIIEHHsT ¥ KOHIeHTpanuel ¢pocdopa Bo BceM
Jrarna3oHe JuH BoH HM. COOTBETCTBYIOIIHE
rpaduKu MPUBEICHBI HA PUCYHKE 2.

Kak BuITHO 13 TpaKOB IPUBEICHHBIX HA
pucynke 2. Haubomnee Bbicokue 3HaueHHS KOI(]-
(duIeHTa KOppeNsluy HaOIONAETCsl Y TIOYBBI C

T T T T T

(b) 1000 1500 2000 2500
AJHHA BOJTHEL HM

08

MOTNOI{EHHE

Koruenrpamma docopa

500 1000

(c)

1600

2000 2500

ANHHAa BOJMHEL HM

Puc. 1. CexTpbl MOMIOIIEHH s TOYBEI IIPU Pa3HbIX comepkanusx Gpocdopa
npu BaaxkHoct (a) 4 %; (b) 8 %; (¢) 12 %

10

0.84
06

0441

K03} HULHEHTE KO PPEIALIHE

v
1000

500

1500 2000

AJMHHA BOJHEL HM

Puc. 2. I'pacduku 3aBucuMocTH K03 PUIMEHTA KOPPEISLUH OT JUTUHBI BOITHBI
IIPU Pa3HBIX 3HAYCHUSIX BIAarOCOAEPKAHUSA
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MHHHAMAJIbHBIM BJIATOCO/IEPKAHUEM, B 00JIACTH
e BoH 1900-2500 M. BeIen3noxeHHbIC
Pe3yABTaThl OBUTH HCITOTB30BAHBI C LIENBIO TPE/I-
CKazaHMs KomudecTBa Gochopa B mMouse.

Brorunciaenus MpEACKa3aHHbIX BCIWMYUH
¢dochopa B moUYBE OCYLISCTBIAIOCH B CIEAYIO-
LIEH [TOCIIEA0BATEIBHOCTH:

1. Omnpezenenue BIarocoepKkaHus MOYBBL.
JloBeneHue yBIaXKHEHHOCTH 110 YPOBHS 4 %, 1100
8 %, mu6o 12 %;

2. Onpexaenenue o rpadukam, NpeacTap-
JICHHBIX Ha puUcyHKe | 3HaueHus koddpunnenTa
IMOrIOMICHUA IIpU 33):[3HHOI7[ BCIIMYUHE TJINHBI
BOJIHEI \;

3. Onpenenenne 1Mo rpadukam, MpeacTas-
JICHHBIM Ha pHC. 2 K0P PUITHEHTA KOPPEISIIAHN JITst
3aZ[aHHOI71 BCIIMYMHBI JJIMHBI BOJITHBI U BEJIMYHUHbBI
Biarocoaepxkanus rae C = (4, W).

Brruncnenne copepkanus dochopa B mo-
uge P 10 dopmyie:

P, =C(A, W) A2, W). )

Bwmecte ¢ TEM, BBIIICU3JIOKCHHAA MCTOJUKA
ompenenenus P o061aaaeT OTHOCHTENBHO He-
BBICOKOU TOYHOCTLIO M3-3a BIUAHUA CIIydYaUHBIX
MOPEIIHOCTEN B OMpPEAEIEHUN TaKUX IoKa3aTe-
neit kak W u A. [{nsg ycTpaHeHUs STOro HEmo-
CTaTKa Jajee pacCMaTpHUBAETCS BO3MOXHOCTh

IMIPUMCHCHUA MHOI'OBOJIHOBBIX METOJUK.

MaTepH aJIbl U METOAbI

PaccmoTpum mpeaiaraeMyro JABYXBOJHO-
BYIO METOMKY ONIpENeIeHus P . AITOpUTM pe-
aM3aliy yKa3aHHOW METONKN MOXKET ObITh U3-
JIOXKEH B BHJIC MTOCJICIOBATEIIbHOCTH CIISTYFOIIMX
oreparym:

1. V3mMepeHue BIarocoiepKaHusi TOYBBIL.
JloBeneH e BIarocoIepkarusi 10 OTHOTO U3 YPOB-
Heit (4 %; 8 %; 12 %).

2. BI6op [utiH BOJH 4, ; 1 /12J. i,j=(1, n).

3. [IpoeeneHue ko3 hGHUIMEHTA TTOTTIOICHHSI
1o Wo)s Ay jp W).

4. Onpenenenre ko3(hGUIIEHTOR KOPPEIs-
wnn C(4, ,, Wy); C(4, 7 w,).

5. Beruncnenne copepxkanus ocdopa B
MOYBE:

A(

_ Al W) )+ Al WO, )

BBIUI,j
/ 2
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6. OmpeneneHre CUCTEMaTHIECKOH U CITy-
YalHOM MOTrPelIHOCTEN B BUJE:

_ 5(/11;)4'5(;{2;),

52[’1_ == 5 (2)
_ 5(%)"'6(12;')
T 7 @)

e 6(A,,), 6(7»2],) — CpEIHUE 3HAYCHUS CUCTEMaTH-
YECKON MOTPEIIHOCTH MO MPOBEACHHBIM CEPHIM
M3MEPEHUHN Ha JUIMHAX A, U 7»2],; o(h)s 0(7»2],) — co-
OTBETCTBYIOII[HE CTyYaifHbIE MOTPEIIHOCTH IO MPO-
BEJIEHHBIM CEPUAM M3MEPEHMH Ha JUIMHAX BOJIH A ;
u 7»2],.

7. OnpesienieHie mapsl UIMH BOJH 45 A,
MpU KOTOPBIX JIOCTUTAeTCsl MakcUMallbHas Be-
nuuuHa P TO €CTh

BbIY ,)°

PBBN[,/‘ =max— {Pm,mi,j}; i’ ] = 1’ n.
8. Ompenenenue conepxkanue Gocdopa B
no4se P, B Ka4ecTBe

P =P

0 BBIY i)

bnok-cxema anroputma peanusanuu AByX-
BOJTHOBOT'O METOJIa, OMTMCAHHOTO BBIIIE ITOKA3a-
Ha Ha pUCyHKe 4.

Kak cnenyer U3 BBIIEU3IOKEHHOTO, TPU
WCTIOJIb30BaHUH JIByXBOITHOBOH METOIMKH OITpe-
neneHus conepxkanus ¢pocdopa B MoUBe CyM-
MapHas ciiydaiiHasi IOrPeIIHOCTh YMEHbIIaeT-
csl B /2 pa3. JIorHuHO MpeanoaokKuTh, YTO TPH
WCIIOTBb30BAHUH /-KOJTMYECTBA JJIUH BOJH MPH
pacyerax U H3MEPEHHSIX COOTBETCTBYIOIIAS CITy-
yaiiHas TOrpelIHOCTh YMEHBIIUTCS B Jm pas.
B aTOM ciydae anropuTMm peanuzaniid MHOTO-
BOJIHOBOI'0 METOJIa MOXKET OBITh TpEACTaBIICH
B BUJIE CIIEIYIOIICH MOCIe0BaTeIbHOCTH MPO-
BOJIMMBIX OIEpaIii:

1. M3MepeHue BIarocoiepKaHus MOYBEI
W,. JloBenienue BIarocoaepkaHus 10 OJHOTO U3
ypoBHEH (4 %; 8 %; 12 %).

2. ITpoBenenune n3mepeHuit KoaguireHTa
TIOTTIONICHUSL:

A ) A W) A W)..o AR, 7, ).

m,z %

3. Onpenenenue k03 GUIHESHTOB KOoppe-
TSN

(. )y, o} (2, ,)...C(A

m,z?>

W,).
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IKOJOI'us

4. Berunciienue conepxxanust Gocdopa B
oyYBe:

e =~ 2 1 Al W)- €4, 7, )

IIpu »TOM 1714 yNpOIIEHNS 3aIIUCH BTOPBIE
UHJIEKCh] HE YKa3aHBbI.

5. OnpeneneHue cUCTEMaTU4ECKON U Clty-
YaiiHOM MOIPEIIHOCTEN:

Z zm:lazz
Jm

[Tpu sToM 3(A)) 1 3()))-cuCTeMaTHIECKHE
Y CIIy4aiHbIE COCTABJIAIOININE MMOIPEITHOCTH OTI-
peneneHus K03 OUIMEHTA ITOTIOIMIECHHUS Ha JIJTH-
HE BOJIHBI A,

6. OmnpeneneHre MHOXKECTBA IJIUH BOJH

2 _
Oy =

{j,[ }; =1, m, IPH KOTOPBIX JOCTUTACTCSI MAKCH-

MaJibHas BeJIM4YUHaA PBLIq.max'

7. Onpenenenue coaepxanus ¢pochopa B
I04YB€ B BHUJIE:

P() :Pablq.nmx'

TakuMm 00pa3zoM, Ha OCHOBE JJAHHBIX, MTPH-
BEJICHHBIX B pabore [2], mpeioxKeHbl BYXBOJ-
HOBBIC U MHOT'OBOJTHOBBIC METOJIMKH OIpe/ierne-
HUs pocdopa B TIOUBE, YU THIBAIOIIIE BIAr0co-
Jiep>KaHue TIOYBHI.

3akjaoyeHue

[TpoaHani3upoOBaHbl UTOT'H PAOOT IO U3yYe-
HHIO BJIMSIHUS BIIATOCOICPKAHHS TOUBBI HA PE3YJTh-
TaThl I3MepeHust KO3(Q(HUIMEHTA TTOTTOICHUSI B 3a-
BHCHUMOCTH OT JUTMHBI BOJIHBI, & TAKKE HA PE3ylTh-
TaThl omnpeneicHus ko3 (OUIIMEHTa KOPPEIALUT
MEXIy coziepkanreM ¢ocdopa B TIouBe U Kodd-
(HITEHTOM TOIVIONICHUS Ha PA3HBIX JUTMH BOJH.
Ha ocHOBe yKa3aHHBIX PE3Y/IBTAaTOB MPEITIOKCHBI
JIBYX BOJTHOBBIE i MHOTOBOJTHOBBIE METOIMKH OTIPe-
JeneHust cofepykanus Gocdopa B IECOUHOM TOYBE
B 3aBUCHUMOCTH OT BJIAarOCOJCPIKAHHUS MOYBBI.

Havano

i=(1m);=(1n)

Hamepenne
BNa®HOCTH TOYBEH

Wy, = {496, 8%, 1296}

OnpegencHue
Eo3p D HIHEHTOR
KOpPENALKH

Hamepeuun
A(d, D) r A4, 0

Bruncnenue
P

BEM.LT

P

BRI, T

Bubop
= max[P

m:r‘:,t',j]

P, =

B

BRI,

Puc. 4. briok-cxema aJropurMa peajm3aln AByXBOJIHOBOI'O METOda A

]i; j'2]'; j'3/("' j'mz’

tnei,j, k,...z=1,n
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