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N3MEHEHUE MAKPOCTPYKTYPHOI'O COCTOAHUA ITOYBbLI ITPU PA3JIMYHBIX CIIOCOBAX
OBPABOTKH YEPHO3EMA TUIIMYHOT O ITPU BBIPAIIMBAHUHN COMN

E.B. Iy6oBuK, TOKTOp OMOIIOTHYECKHAX HAYK,
J.B. Iy00BHK, TOKTOP CETHCKOXO03IHCTBCHHBIX HAYK

Kypckuii gpedepanvrviii azpaprulili HayuHblil YeHmp,
305021, Kypck, yn. K.Mapxca, 706
E-mail: dubovikdm@yandex.ru

Hccnedosanus nposoousiu ¢ yenvio uzyuenus 6AUAHUA PA3TUYHBIX CROCO006 00pAdOmKU nouewl (6cnawiKa, KOMOUHUPOBAHHAS 00~
pabomka, nosepxnocmuas oopadomka, No-till) na cmpykmypnoe cocmosanue uepnozema munuunozo (Haplic Chernozems). Oovexm
UCCNe006aAHUI — YePHO3eM MUNUYHBLIL MOWHBIIL mAdcenocyenuHucmolil. /[na ananuza OaHHBIX UCHOIb306AIU MEMO) UHmepnpe-
mayuu MaKkpocmpykmypHozo cocmoanus no Xumposy H.b. u Qeuyesoii O.A. Ilo pesynomamam cyxozo u MOKp020 RPOCEUBAHUSA
He3asucumo om cnocobda oopadomku nouewl 6 cioe 10...20 cm oviau ycmanosnenst ciedyroujue oougue 3aKOHOMEPHOCMU, RO CPAG-
Hnenuto co cnoem 0...10 cm: pocm cpedneszgeniennozo ouamempa 030yuiHo-cyxux azpecamos (Dc), cnusicenue cpeoneszseutennozo
ouamempa azpezamog nociie MOKpozo npoceusanus (Dm), ysenuuenue cpeones3geuieHH020 OuamMempa azpezamos, pa3pyuiaroujuxcs
npu yenaxcuenuu (D*), u cpeoneszeeuwiennozo ouamempa yacmuy, Ha KOMopwvle PACNAOAIOMCcA azpezamol (Umeroujle cpeoHes3se-
wiennwtii ouamemp D) npu yenaxcuenuu (D), a maxsice nogvluieHue KOIUYECMEaA pa3pyuiarouiuxcsa npu yeaaicHeHuu azpecamos
(S). Ananu3z e3aumoceasu cymmut 6000ycmoiiuuewvix azpezanos no Cageunogy u no nOKa3amento HEyCMOUYUGOCHU K PA3PYULEHUIO
npU YeNadscHeHUuU ROKA3al, YUMo npu KOMOUHUPOGAHHOU U NOEPXHOCHHOU 00padomKax nouea 6 cnoax 0...10 cm u 10...20 cm, a
maksice npu écnauike u npumenenuu mexunonozuu No-till ¢ cnoe 0...10 cm o6nadana omauunol azpezuposanHoOCmMvio U Xopouieil
6000yCMOUYUBOCHIbIO, YMO NO36078em omhuecmu ee K IVo knaccy. B cnoe 10...20 cm na écnawike u npu npuMeHeHuu mexnHonocuu
No-till ommeuena omnuunasn azpecuposaHHOCHb NOUEHL 8 YEIAAHCHEHHOM COCIMOAHUN NPU CPEOHEll 6000YCMOIIYUEOCIU, YO Xa-
PaKkmepusyem Kauecmeo cmpyKmypol KaK cpeonee u oaem 803modcnocmo omuecmu ee K Ille knaccy. Ilockonsky 6 cnoe 10...20 cm
dopmupyromesn azpezamul, Komopule 001a0a0Mm b1COKOU NIOMHOCHIBIO U HUSKOI ROPUCHIOCHIBIO, INO 6NOCTICOCHIGUL OMPAHCACHICA
Ha pocme Rws u cHudicenuu Kauecmea nO48eHHOI CIPYKMypblL.

CHANGES IN THE MACROSTRUCTURAL SOIL STATE WITH VARIOUS TILLAGE METHODS OF
TYPICAL CHERNOZEM IN SOYBEAN CULTIVATION

Dubovik E.V., Dubovik D.V.

Federal Agricultural Kursk Research Center,
305021, Kursk, ul. Karla Marksa, 70b
E-mail: dubovikdm@yandex.ru

The purpose of this work was to study the influence of various methods of tillage (plowing, combined tillage, surface tillage, No-till)
on the structural state of typical chernozem (HaplicChernozems). The object of research was typical deep heavy loamy chernozem.
The method of interpretation of macrostructural state according to Khitrov N.B. and Chechuyeva O.A. was used to analyze the data
obtained. According to the results of dry and wet sieving, regardless of the method of tillage in a layer of 10-20 cm, general patterns
were established: an increase in the weighted average diameter of air-dry aggregates (Dc), a decrease in the weighted average diameter
of aggregates after wet sieving (Dm), an increase in the weighted average diameter of aggregates collapsing during moistening (D+),
and the weighted average diameter of particles, into which aggregates (having a weighted average diameter D +) disintegrate when
moistened (D-), as well as an increase in the number of aggregates collapsing when moistened (S). The analysis of the relationship
between the total waterproof aggregates obtained by the Savvinov method and the index of instability against destruction during
moistening showed that the soil in layers 0-10 cm and 10-20 cm when treated with combined and surface tillage, as well as during
plowing and when No-till technology in a layer of 0-10 cm was used had excellent aggregation and good water resistance, which allows
the soil to be attributed to IVb class. Excellent aggregation of the soil in a moistened state with average water resistance is noted in
a layer of 10-20 cm when plowing and No-till technology were used, which characterizes the quality of the structure as average and
refers the soil to Class I11. Since aggregates with high density and low porosity are formed in a layer of 10-20 cm, this subsequently
affected the growth of Rws and a decrease in the quality of the soil structure.

KunroueBnie cnoBa: ueprnozem munuunviii (Haplic Chernozems),
€cnocobbl 0bpabomKu nousbl, CHAUKA, KOMOUHUPOBAHHAS 00pa-
bomxa, nogepxHocmuas oopabomra, npamoti nocee (No-till)

B cOBpeMEHHOM CENbCKOXO3AHCTBEHHOM IPOM3-
BOJICTBE, NP MpeobdIafaHuy HHTEHCUBHBIX TEXHOJIOTUMH
BO3/EIIBIBAHUS KYJIBTYP, JOCTATOYHO OCTPO CTOUT BOIPOC
COXpaHEHHUs TOYBECHHOM CTPYKTYPBI KaK OJTHOTO U3 OCHOB-
HBIX arpou3nvecKux rmokaszarelieil T0YBEHHOTO ILI00PO-
qust. Jlst ee BOCCTAaHOBJICHUS M COXPAHEHUST HEOOXOMMO
pacipocTpaHeHHe MOYBO3ANUTHBIX CITOCOO0B 00paboTKN
nouBsl [1]. OquH U3 cr1ocoOOB COXpaHEHUS TI0I0POIHS,

Key words: typical chernozem (HaplicChernozems), tillage
methods, plowing, combined tillage, surface tillage, direct sowing
(No-till).

KaK B Halllell CTpaHe, TaK U 3a py0exxoM, — CHIDKEHHE Me-
XaHUYECKOT0 BO3/eCTBUA Ha MOYBY, BIIJIOTh /IO OTKa3a OT
ee o0paboTku [2, 3]. B 3TOM CBsI3U, aKTyalbHO H3yUCHUE
TEXHOJOTHH npsiMoro mocesa mwiu No-till [4, 5]. Ee mpume-
HEHHE UCKJII0YaeT MEXaHNIECKYI0 00pabOTKY ITOYBBI, IPH
9TOM TIOCEB, BHECEHHE ITUTATEIBHBIX BEIIECTBH CPEJCTB
3alUThl PAaCTEHUN MPOBOAATCS CIIELUATU3UPOBAHHOMN
TEXHUKOM [6, 7].
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OHaKO JTMTENTFHOE BIMSHAE MUHUMHA3AIIUN 00paOO0TKH
MOYBBI, @ TAaK)KE TEXHOJOTUHU TPSIMOTO 1OCEBa, Ha M3Me-
HEHHE arpo(U3NIeCKUX CBOWCTB IMOYBHI, U B YACTHOCTH,
HATIPaBJICHHOCTH MIPOIIECCOB CTPYKTYPOOOpa30BaHUs, U3Y-
YEHO HEJIOCTATOYHO, & UMEIOIINECS PE3yJIbTaThl 3a4acTyI0
MIPOTHBOPCUYHBHI.

Tak, mpu CHIDKEHNH TITyOnHBI 00pabOTKH, TIPH BO3CIIHI-
BaHWY PA3JIMYHBIX KYJIBTYP, MOJKHO HAaOJII01aTh YBEIIMUCHUE
TIIBIONCTOM CTPYKTYPHI TIOYBHI, YTO OOYCIIOBIICHO KaK OHO-
JIOTHYECKUMH OCOOCHHOCTSAMH CaMUX KyJIbTYp, TaK U TEXHO-
JIOTUSIMH X BozzienbiBanus [8]. [1pu aToM ritbioncTas noyvsa,
c mpeobiaganuem arperatos >10 mm, Tepsiet B 2,0...2,5 pasa
0oJIpIIIe BIIATH, YEM ITOYBA C MEITKOKOMKOBATOMH (3...1 MM)
cTpyKTYypoOii [9, 10].

B Toxe Bpems Ha depHO3eMaX OOBIKHOBEHHBIX IPH
Mepexoe OT TIyOOKOi BCHANIKK K MPSIMOMY ITOCEBY OT-
MEUaeTcsl yBEJIIMUCHHUE BOJOIPOYHOCTH ITOYBCHHBIX arpe-
raToBU KO3 HUIHNEHTA CTPYKTYPHOCTH, YTO OOYCIOBICHO
KaK pacrmpeielieHHeM CTPYKTYpPHBIX OTACIBHOCTEH, Tak
u ux BojoycToiunBocThio [11]. Taxke, mo cpaBHEHHIO ¢
riry00K0# 00pabOTKOI MTOYBEI, MUHUMAJIBHBIC CIIOCOOBI 00-
PabOTKH CIOCOOCTBYIOT YTy UIIICHUIO IIOYBEHHON CTPYKTYPHI
[12, 13], nOBBIIIEHNIO BOJJOTPOHUIIAEMOCTH U BOJIOYCTOMN-
yupoctH [14].

Takoe HEOHO3HAYHOE BIMSHUE CIocoba 00paboTKu
Ha CTPYKTYPHOE COCTOSIHME TI0UBBI TPEOYeT JalbHEHINEero
W3yYCHUS.

Lens wiccaenoBaHNi — N3yYEHUE BIMSIHUS PA3THIHBIX
croco0oB 00pabOTKM MOYBHI HAa CTPYKTYPHOE COCTOSIHUE
YepHO3eMa THIUYHOTO, BBIpaKAIOMIeecs M3MCHCHUEM
CPETHEB3BEIICHHOTO JHAMETPa CyXHX U BOJIOYCTOHYMBBIX
arperaToB, a Tak)Ke SHTPOIHEH UX pacrpelesIeHus, JUIs
OoJee MOTHOW OIIEHKH MaKPOCTPYKTYPHOTO COCTOSHUS
TTOYBBI.

Metoauka. VccienoBanust NpoOBOJIWIM B MOJIEBOM
crannonapHoM omeite PI'BHY «Kypckuit penepanbhblii
arpapubiii Hay4yHbIH neHTp» (Kypckas o6macts, Kypcekuit
pation, n. Yepemymiku, 51°37'46"N; 36°15'40"E) B ueThI-
PEXITOIFHOM CEBOOOOPOTE.

CeB0o00OPOT pa3BEepPHYT B MPOCTPAHCTBE U BO BPEMEHH
YETBIPHMSI TTOJISIMH, CO CIISAYIOIMM YepeIOBAHIEM KYJIBTYP:

rOpoOX — O3WMasl IIIeHUIA — COsl — STUMeHb. Cxema OmbITa
BKJTIOYaJIa CJIEAYIOIINE BapUaHTHI: BCHAINIKA C 000POTOM
mracta (20...22 cm); koMOuHHpOBaHHAs 00paboTKa ([Iuc-
kxoBanue 8...10 cm + umzenp 20...22 cM); TOBEPXHOCTHAS
obpabotka (auckoBanue) 1o 8 cM; npsimoit moces (No-till).
Bapuant No-till mpemycMaTpuBar mpsMoi OCeB CEsTKON
Jon 114. Cioco6b1 06paboTku moussl npumensum ¢ 2015
r. PasMenienne BapuanToB OBUIO CHCTEMAaTHYECKUM B OJIUH
spyc. [Tnomans nocesno gensaku 6000m> (60x100m),
MOBTOPHOCTH TpexkpaTHas. B 2020 r. Opuia HauaTa BTOpas
poranusi ceBoobopora. OTOOp MOYBEHHBIX 00Pa3IIOB MPO-
Boauiau 1o nocesamu cou B 2020 u 2021 rr.

Texuomorus Bo3aensiBanus cou (copt Kazauka) obmie-
TIPUHSITAs Ul pETMOHA U 110 BapUaHTaM He pa3jinyaiach,
3a UCKIIFOUCHHUEM CITOCOO0B OCHOBHOW OOpaOOTKH MOYBHL.
[Ipu 3TOM 0c060€ BHIMAHHE YACISIN TEXHOJIOTHU IPSIMOTO
moceBa (No-till), Tak sxe ObLIO YYTEHO, YTO OHA HAYMHACT
JEHCTBOBATh HE paHee 4-TO rojja CHCTEMaTHYECKOTO MPH-
menenus [15].

OOBEKT McCIeT0BaHMsI — YePHO3EM TUITHYHBIN MOIIHBIH
TsoxenocyriuaucTiil (Haplic Chernozems). Coneprkanne
(cpennee) rymyca B IMaxOTHOM clioe€ cocTaBisuio 5,1%,
IEIOYHOTHIpoIn3yeMoro a3zora — 15,4 mr/100 r mouBsl,
moBMKHOTO (ochopa u xamus (mo Yupukosy) — 20,1 u
13,1 mr/100 r mo4YBBI COOTBETCTBEHHO. Peakiiys moYBeHHOMN
cpenpl — cinabo kucnas (pH, ., 5,4).

OO0pasIel TSk ONpeIeNIeHUs] CTPYKTYPHO-arperaTHoOro
coctaBa oTOWpanu mocie yOOpkH cou (CEeHTSAOph), B
3-kpatHOoi noBTOopHOCTH B cioax 0...10 cm u 10...20 cwm,
9T0 00YCIIOBIICHO PA3TUIHON rITyOUHOW 00pabOTKH YepHO-
3eMa THIMUYIHOTO. /I 3TOTO 10 IMaroHaiu IeNSHKA ObLIH
BBIOpaHbI 3 IUIOINAAKK PAJMYCOM 5 M, M B OTUX IpeAeax
MIPOBO/TVITH BBIEMKY ITOYBEHHBIX 00pa3I[0B HEHAPYIIICHHOTO
CIOXKeHus pazMepoM 25x25%10 cm. HemocpencrseHHoe
OIpe/IeIeHNE CTPYKTYpPHO-arperaTHOro COCTaBa OCYIIeCT-
BisuTH 110 Metoay H.W. CaBBHHOBa ITyTeM CyXOT0 H MOKPOTO
npoceuBanus [ 16]. [TomydeHnbIe pe3ynbTaTsl 00padaTeIBaIn
C METOIOM MHTEPITPETALNH JaHHBIX MaKpO- K MUKPOCTPYK-
Typsbl ouBbl XuTpoBa u Yeuyesoii [17]. Cratuctuyeckyro
00paboTKy JaHHBIX MPOBOAMIN C HCIIOIH30BAHHWEM IPO-
rpamm Microsoft Excel, Statistica.

Tao6a.1. CpeaHeB3BeIIEeHHbI TMAMET] arperaTos M SHTPONHS Pacipe/esieHusi CTPYKTYPHBIX OT/AeIbHOCTEl
YepHO3eMa THIIHYHOTO MPH PA3IHYHBIX CIIOCO0AX 00PAOOTKH MOUBBI

IToka3zatenn
O06paboTka Croit, cm
Dc, mm* Hce Dm, Mm | Hm | D', mm | H* | D, MM | H-

Bcemarmka 0...10 3,15 2,51 0,81 2,03 4,26 1,42 0,27 1,13

10...20 3,38 2,46 0,71 2,08 4,61 1,39 0,30 1,26
Kombunuposauuast 0...10 3,62 2,36 1,81 2,38 4,49 1,21 0,26 1,06

10...20 3,68 1,98 1,43 2,47 5,31 1,04 0,33 1,31
TloBepxHOCTHAST 0...10 3,40 2,42 1,34 2,30 4,47 1,27 0,26 1,08

10...20 3,93 2,26 0,90 2,23 4,94 1,33 0,32 1,33
No-till 0...10 3,88 2,28 1,58 2,53 4,86 1,21 0,29 1,20

10...20 4,18 2,11 1,01 2,38 5,18 1,20 0,34 1,38
HCP, cioi 0,31 0,22 0,31 0,17 0,36 0,15 0,03 0,09

obpaboTtka 0,44 0,31 0,45 0,25 0,52 0,22 0,04 0,13

*Dc — cpeTHEeB3BEIICHHBIN JUaMeTp BO3AYIIHO-CYXHX arperato, Mm; Hc — SHTpoOIHs pacripeeeHus CoiepKaHus BO3AYIIHO-CYXHUX arperaTos;
Dm — cpeHeB3BEIICHHBIN HAMETpP arperaToB MOCIe MOKPOTO MPOCEHBAHMS, MM; Hm — SHTpOIHs pacnpeaeneH st CoaepKaHusI arperaros mocie
MOKPOTO ITpocerBanus; D' — cpeIHeB3BEIICHHBIN THAMETpP arperaToB, pa3pylaoIuXCs IPY YBIAKHEHUH, MM; H'— 3HTpoIHs pacrpeaeneHus
COZIEPYKAHUSI arPEraToB CO CPEIHEB3BEIICHHBIM [rHaMeTpoM D*; D™ — cpeIHeB3BEIICHHBIH THaMETP YaCTHII HAa KOTOPBIC PACHIaTal0TCsI arperaThl
HMMEIOIINE CPEAHEB3BELICHHBIH uaMeTp D' npu yBiaxkHeHHH, MM; H™— SHTpOITHSI pactipe/ieieH sl COICPKaHKs arperaToB CO CPEeTHEB3BEIICHHBIM
nuamerpom D
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PesyabTaTsl U 00cy:xaenue. [1o pesynprataMm cyxoro
MIPOCEUBAHUS, HE3aBUCUMO OT CI1oco0a 00pabOTKH YepHO-
3eMa TUIUYHOTO, B TTOYBE MPeodIaaiy BO3IyITHO-CYXHe
arperatsl pazMepom >10 mm (28,97+1,82 %). Ilpu aTom
BBIXOJI CTPYKTYPHBIX oTzienbHocTeH 1,0...0,5 MM Obl1 MUHH-
MaJIbHBIM U COCTaBJIsUI B cpeaneM 6,02+0,65 %. KonnuectBo
arpOHOMHUYECKH IIEHHBIX arperatoB pasmepoM 10...0,25 mm
B cioe 0...20 cM ObUIO TPEBATUPYIOIIUM TIPH BCTIAIIKE U
npumenennn No-till (65,74...65,25 %) n nmeno TeH1eHINTO
K CHIDKCHHIO B PSIIy: TIOBEPXHOCTHAsA 0OpaboTka (63,92 %)
— KoMOuHHMpOBaHHas 00padoTka (59,49 %).

WuTepnperaryst MaKpOCTPYKTYPHOTO COCTOSTHHUS O Me-
Toxy Xutposa, UeuyeBotii [ 1 7] mokazana OonmbImii cpegHe-
B3BEIIEHHBIN quaMeTp cyxux arperatos (Dc) B cioe 10...20
CM, 110 cpaBHEHUIO co ciioeM 0...10 cM, He 3aBUCUMO OT CIO-
co6a 00paboTku mouBkI (Tad:1.1). IIpu 5TOM MakcuMaIbHAas
B OIIBITE BEJIMYMHA ITOT'O TI0KA3aTelsi OTMEUECHAB BapUAHTE
¢ TexHosorueit No-till, HanMmeHbIIas — mocie BCIAaIIKe, Py
WCIIOJIb30BaHUN KOMOMHUPOBAHHOW U MMOBEPXHOCTHOM 00-
paboTKH OHa 3aHMMaJIa TPOMEXKYTOUHOE MTOJI0KEHHE.

XapakTtep pacrpeeeHus] BO3IyITHO-CYXHX arperatoB
MOYBBI MOXKHO OIICHHTH ¢ ToMolbio HTpormu (Hce). ITo
pe3ysbTaTaM HallMX HMCCIIEJOBAHUM SHTPOIHS pacrpesae-
JICHHUS CyXUX arperaTtoB YepHO3eMa TUITUYHOTO ObLTa BEIIIIC
nipu mpuMenennu Benammku (He =2,51...2,46) u cHmkanach
B BapHMaHTaX C MHHHMH3AIMEH 00paOOTKH MOYBBI, YTO
00yCIIOBIICHO POCTOM arperaToB >5 MM W CHH)KEHHEM KO-
JMYECTBA CTPYKTYPHBIX oTAeabHOCTEH <1 MM. [ToBbIIIeHNE
KOJIMYECTBA arperaTtoB >5 MM CBHUJICTEIBCTBYET O (POPMHU-
poBaHUU OoIee TIBIOUCTON CTPYKTYPHI, YTO YKa3bIBAaCT Ha
TEHICHINIO K YXYIIICHUIO arperaTHOr0 COCTOSIHHS TpHU
BCIIAIIKeE.

CpeaHeB3BEUICHHBIN qHAMETP CTPYKTYPHBIX OTACIh-
HOCTEH "epHO3eMa TUIUYHOTO COXPAHSIOMIETOCS MOoCie
yBinaxHeHus (Dm) He3aBUCHMO OT M3y4yaeMoOTro CJos
Mpu KOMOMHHUPOBAHHOW 00paboTKe OBUT HaHOOIBITUM
(1,81...1,43 mm), a mocne Bcnamku HaumeHbImmM (0,81...
0,71 mm). OOr1iIeli 3aKOHOMEPHOCTHIO HE 3aBUCHMO OT CITO-
coba 00pabOTKH TOYBHI ISl BETMYMHBI STOTO ITOKA3aTels
OBLTO CHIDKEHHE C TITYOMHOM 00padaThIBAEMOTO CIIOS, UTO B
CBOIO 0Y€pE/Ib CBUJICTEIBLCTBYET O POIIM KOPHEBOM CHCTEMBI
pactenuil B BepxHeM cioe 0...10 cM B BOZOyCTOHYMBOCTH
noussl (r=0,75).

ITpu aTom oTmeuaetcs cymecrsennoe (HCP = 0,25)
BIIMSTHHE CTI0c00a 00pabOTKH MOYBBI HAa YHTPOITHIO pacIipe-

JIETICHUs] COAEPKAHUS BOJOYCTOHUMBBIX arperaToB MOYBEI
(Hm). Tak, Muanmm3anmst 00paboTKH MOYBBI CHOCOOCTBOBA-
J1a GoJIee paBHOMEPHOMY PACIIPE/ICIICHNIO BOI0YCTOHUMBBIX
arperaros, MO CPaBHEHHUIO CO BCHANIKOM, U BennynHa Hm
IpH 3TUX criocobax oOpaborku Obuta Bbime B 1,1...1,2
pasza. OTO CBS3aHO C MOBHIIICHNEM KOJIHYECTBA arperaToB
COXPAHSIOIIUXCS 1T0CIIE YBIAKHEHHS >2 MM.

CpenHeB3BeLICHHBIN AMaMEeTp arperaTton, pa3pylIaro-
muxcs npy yBnaxHenuu (D), n cpeHeB3BeICHHbIN a1a-
METp 4YacTHIl, Ha KOTOPbIE PACIIafatoTCsI arperaTsl (MMero-
IIMe Cpe/IHEeB3BEIICHHBIH Auamerp D*) mpu yBinakHEeHUH
(D) HezaBucuMO OT criocoba 00pabOTKU MOYBHI B CIIOE
10...20 cm 6pin cymectsenno souue (HCP=0,36 u 0,03),
yeM B cioe 0...10 cm. IIpu Bo3aensIBaHNM COU B BapUaHTe
co Bcrmamkoid D' ObuT HIDKE, YeM MPH MUHUMH3AIHAA 00-
paboTku mouBsl Ha 5...15 %.

KonmuecTBo paspymaronmxcs Mpy yBIQKHEHUH arpe-
raros (S) 3aBuceno ot cyos 1moussl, B cinoe 0...10 cM oHO
Obu10 3HaunTeNnpHO HIDKE (HCP =10,15), 9em B coe 10...
20 cM (taou. 2). [pu aTom B citoe 0... 10 cM mociie BCharku
KOJIMYECTBO PA3pyIIAIONIMXCS P YBIAKHEHUN arperaToB
6bu10 HanmbompImMM — 58 %, B TO BpeMs Kak IPH UCIIONb-
30BaHNK TexHosornu No-till moxBepkeHo pa3pylIeHHIO
50 % arperaros, a Mp1 NOBEPXHOCTHOH N KOMOMHHPOBAH-
HOM 00paboTkax, cooTBeTcTBeHHO 48 1 43 %. KonmmuecTBo
pa3pyIaromxcs arperatoB (S) HaXOUTCS B TECHOM CBA3U
¢ Maccolf KopHeBBIX octaTkoB (r=-0,91) u conepkxaHuem
rymyca (r=-0,64).

YcranoBineHo, uTo B cioe 0...10 cM mpu npuMeHeHNH
texHonoruu No-till u moBepxHOCTHOW 0O0pPaOOTKU KOJIH-
YEeCTBO KOPHEBBIX OCTATKOB OBLIO BBIIIE, [0 CPABHEHUIO C
KOMOMHHPOBaHHOH 00paboTKO# 1 Berakoi, Ha 9...31 %,
cozxeprkanue rymyca — Ha §...10 % (cM. pucyHok). B cioe
10...20 cM Macca KOpPHEBBIX OCTaTKOB TIO BCITAIIKE OblIa
Haubonbiiel (7,73 T/ra) 1 B 3aBUCUMOCTH OT criocoda 00-
paboTku MOoYBBI CHIKANach B psamy: No-till (7,05 t/ra) —
MoBepXHOCTHAs 00paboTka (6,78 1/Ta) — KOMOMHUPOBAHHAS
obpabotka (6,67 1/ra). [Ipu 3TOM conepkaHue TyMyca B CJIOe
10...20 cm mpu ucnonb3oBaHnu TexHooruu No-till 6110
Ha 3...5 % BBIIIE, YeM B OCTAFHBIX BapHAHTaX.

Bmecte ¢ TeM, KOJUYECTBO «CTaOMIBHBIX» (Ss) arpe-
raToB, MPH MUHUMHU3ALMHA OOpPaOOTKH IOYBHI B CPEIHEM
ObLT BBINIE, YeM 1o Bcmamke, B 1,1...1,2 pasa. [Tpu sTom
KOJIMYECTBO «CTAOMIBHBIX» arperatoB B cioe 0...10 cMm, o
cpaBHeHHIO co cioeM 10...20 cM, OBIIO JOCTOBEPHO BEIIIE

Ta6a. 2. [Toka3aresm BOOOYCTOIYHBOCTH YePHO3EMA TUIMYHOTO MPH PA3TMIHBIX CIOCO0aAX 00PAOOTKH MOYBBI

IToka3zarens
O6paboTka Cuoii, cm

S, %* ss, % Dsww | Hs | Sm% Rws

Bcenamka 0...10 58,73 41,26 2,27 1,57 62,43 2,40

10...20 62,07 37,92 1,38 1,51 64,15 2,70

KombunupoBaHHas 0...10 42,88 57,11 2,97 1,89 68,47 1,81

10...20 58,64 41,36 2,99 1,62 70,87 2,32

IToBepxHOCTHAas 0...10 48,49 51,50 2,40 1,83 63,87 2,07

10...20 65,59 34,41 1,98 1,47 67,38 2,46

No-till 0...10 50,45 49,55 2,89 1,82 69,44 2,33

10...20 65,62 34,38 2,29 1,47 69,56 3,18

HCP,, cI1oit 10,15 10,15 0,19 0,22 2,25 0,38

obpaboTka 14,36 14,36 0,27 0,31 3,18 0,54

S — KOJIMYECTBO arperaToB, pa3pyIIAOIIUXCS IPU EPEX0/Ie U3 OIHUX YCIOBUIA OHPEJICNCHHUS K IPYTUM,%; S8 — KOJTNYECTBO «CTAOMIBbHBIX» arpe-

raTtoB,%; Ds — cpeJHeB3BEIICHHEII AMaMeTp «CTaOMIBHBIX) arperaTtoB M YacTHUL, MM; Hs — SHTpOIHs pacrpeieeHust CONeprKaHus «CTaOMIBHBIX)»
arperaToB M YacTHI[; Sm — CyMMa BOIOYCTOHUMBBIX arperatoB >0,25 MM, %; Rws — noka3aTeiib OLIeHKH BOJI0YCTOHYMBOCTH MAKPOCTPYKTYPBI HOUBEL
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16
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4
2
O - - -__ N | -
Bcenamika KomOunnpoBaHHast
00paboTka

IToBepxHocTHAS No-till

o0OpaboTka

Hsmenenue codeprcanus 2ymyca u Koauuecmeo KOPHEEblX 0CMAmMKOE NPU PA3IUYHBLX CROCOOAX 00pabomKu nouesl npu
6030enviganuu cou (cpeonee 3a 2 200a): [ 1 — kopuu, m/za; @ — 2ymyc, %.

(HCP,=10,15) B BapnaHTax ¢ MOBEPXHOCTHOH W KOMOH-
HUPOBAHHON 00pabOTKaMU, a TaKKe MPH HCTIOIb30BAHUH
texHonorun No-till. To 00BsICHSIETCsI POJIBI0 KOPHEBOH CH-
CTEMBI M I'yMyca B Iiporiecce (hOpMUPOBAHMS «CTAOMITBHBIX)
arperaros, MOCKOJIbKY KOI((GHUIUEHT KOPPEALUN MEXKITY
KOJIMUECTBOM «CTaOWIIBHBIX)» arperaroB ¥ Maccoil KOpHEH
cocrasisier 0,91, conepkanuem rymyca — 0,64.

CpenHeB3BEIICHHBII THaMETP «CTaOUIIBHBIX)» arperaros
n yactui (Ds), a Takxke SHTPONHS pactpe/eTIeH s «CTaONITb-
HBIX» arperatoB U dactull (Hs) B cnosx moussl 0...10 cM u
10...20 cM mipu MUHUMU3AIAHA 00pabOTKH TIOYBBI OBLIH B
1,1...1,6 paza Bbite,ueM 1o Beraike. [Tpyu 3ToM He3aBUCHMO
ot crocoba 06paboTku ouBHI B cioe 0...10 cm, mo cpaBHe-
Huro co cioeM 10...20 cm, Bemmuraa Ds mocsie Bcramku Oblia
JIOCTOBEPHO BBIIIIE, YEM B BapUaHTaX C IIOBEPXHOCTHOM 00-
paboTkoi 1 npumerenrem Texnonorun No-till (HCP =0,19),
a JIOCTOBEPHO HaNOOJIbIIAs SHTPOITHS UX Pacpe/IeIICHHS OT-
MedeHa P MUHUMHU3aIkl 06paboTku noussl (HCP =0,22).
Bwmecre ¢ Tem, s Ds Obuta ycTaHOBIIEHA CPEIHSIS CBS3b
C Maccoil KOPHEBBIX OCTATKOB M COAEPKAHMEM TyMmyca
(r=0,54...0,47), a niis Hs — BeIcOKas (r=0,90...0,72).

Pe3ynbraThl aHaIM3a KadecTBa MOYBEHHOH CTPYKTYPBI
Mo cymMe gacTuil >0,25 MM, TOITy9eHHBIX IPH MOKPOM TIPO-
ceuBaHuu 1o CaBBUHOBY (Sm), M IOKA3aTENI0 HEYCTOWYH-
BOCTH CTPYKTYPBI K BHELITHUM BO3/ICHCTBHAM — RWs, TO ecTh
YBIIQ)KHEHHIO, COTTIACHO KIaccudukary XuTposa i Yeuye-
Boii [17], cBUAETENBCTBYIOT, uTO MouBa B ciosix 0...10 cm
u 10...20 cM nmpu KOMOMHUPOBAHHON M TOBEPXHOCTHOMN
00paboTkax, a Takxke B cioe 0...10 cM npu Bemamike u npu-
MeHeHnn Texuosorun No-till obianana oTimaHOM arperu-
POBAaHHOCTBIO M XOPOIIEH BOJOYCTOHYMBOCTBIO. DTO aeT
BO3MOKHOCTB OTHECTH X K [V0 kiaccy.

B cnoe 10...20 cm npu Benanike ¥ MPUMEHEHUN TEXHO-
norun No-till oTMedeHa oTIIMYHas arpernpoBaHHOCTH IIOYBBI
B YBJI&KHEHHOM COCTOSIHUM IIPU CPENHEN BOIOYCTONUNBO-
CTH, 4TO XapaKTepU3yeT KaueCTBO CTPYKTYPHI Kak CpeaHee
n cootBercTByeT I1IB Kitaccy. D10 CHI)KEHHE KauecTBa 00y-
CJIOBJIEHO POCTOM RWsS, 11 CBUIETENBCTBYET 00 yMEHBILICHUH
BOJIOYCTOWYNBOCTH OYBEHHOH CTPYKTYPBHI.

6

Taxwm 00pa3zoM, He3aBUCHMO OT CII0c00a 00paboTKH To-
4Bl B cioe 10...20 cM ycTaHoBIeHO peobiafanne 0ompie-
ro iMameTpa BO3AyIIHO-CyXxux arperaroB (Dc), cHmkeHue
CPEIHEB3BEIICHHOTO JHAMETpPa arperaTtoB MOCIe MOKPOTO
npocenBanus (Dm), yBenmueHne CpeHEB3BEIICHHOTO THa-
METpa arperaTos, pa3pyIlarNIuXcs Ipu yBiaxueHun (DY),
U CPEIHEB3BEIICHHOTO IHaMETpa YacTHUIl, Ha KOTOpPHIE
pacmamaroTcs arperaTtsl (MMEIONIHe CpeIHEB3BEIICHHBIN
nuametrp DY) mpu yBnaxknenuu (D7), a Takke MOBBIIICHHE
KOJIMYECTBA Pa3PYIIAOIIIXCS IIPH YBIAKHEHUH arperaTtonB
(S), mo cpaBuennto co cinoeM 0...10 cm. Takas xapTuHa
CBHJICTEJILCTBYET O TOM, YTO B 9TOM cjoe (hopMHpYIOTCS
arperaTsl, KOTOpPBIE 00JIalal0OT BHICOKOW IUIOTHOCTBIO U
HU3KOH MMOPUCTOCTBHIO, IIPH ITOM IFIOTHOCTH W TOPUCTOCTH
cnost 10...20 cM B cpeiHEM COCTaBsia COOTBETCTBEHHO
1,12...1,19r/em*u 51...53 %, B ciroe 0...10 cM — BeJTMUUHBI
9THX Mokasareinei Obutd paBubl 0,99...1,04 r/cm’ u 58...
61 %, 4TO BIIOCIECTBUH OTPA3MIIOCh Ha pocTe Rws 1 cHu-
JKCHHE Ka4eCTBa IIOYBEHHOU CTPYKTYPHL.

Munnmmszanus 00pabOTKU MOYBEI MPUBOIUT K POCTY
pa3mepa Bo3aymIHO-cyxux arperaroB (Dc) u arperaros,
MTOJYYSHHBIX TIOCIIe MOKpOTo npocenBanus (Dm), a Taxke
K TIOBBIIICHUIO CPEIHEB3BEIICHHOTO AMaMETpa arperaTos,
paspyuraromuxcs npu yBiaaxksHeHuu (D), u cpenHeB3Be-
OICHHOTO JUaMeTpa YacTHIl, Ha KOTOPHIC paclaJaroTcs
arperatsl (MMEIOIIHe CPeTHEB3BEIICHHBIN quamMeTp DY) mpu
yBnaxHeHud (D7), 1 CHMXKEHHIO KOJIMYECTBA pa3pyllao-
IIUXCS TIPU YBIIAXXHEHUH arperaToB (S), HO B TOXKE BpeMs
1 K POCTY «CTaOMIIBHBIX)» arperaTos (Ss), IO CpaBHEHHIO C
MIPUMEHEHHEM BCHAIIKH. DTO CBUICTEIBCTBYET O TOM, YTO
MUHUMH3AIUs 00padOTKH TOYBBI CIIOCOOCTBYET YITydIIIe-
HUIO BOJIOYCTOHYMBOCTH Y€pPHO3EMa TUITUIHOTO, a, CIIEeI0-
BaTEIbHO, ¥ MOBBIIICHUIO KAYECTBA €r0 CTPYKTYPBI.
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NPEUMYIIECTBA COYETAHUA KANIEJIBHOT'O OPOIIEHUA C POCTOCTUMYJ/INPYIOIIUMU
MMOAKOPMKAMM ITPU BBIPAIIMBAHWHN OJHOJIETHUX CA’KEHIIEB YEPEIIITHU*
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Hccnedosanusn npoeoounu c yenvio u3yueHus 6IUAHUAL 600HO20 PEHCUMA NOUELL NPU KANEIbHOM OPOUIEHUN U MUHEPATIbHBIX ROO-
KOPMOK Ha 6b1X00 U Kauecmeo caxcenyes uepewtnu Bacunuca. Pabomy 6binonnanu na céemno-Kauimanosoii nouee é Bonzozpaockoii
oonacmu. Cxema onvima npedycmampueana uzyuenue ciedyiouux 6apuanmos: 600l pexcum nouevl (hakmop A) — enaxcnocms
6 cnoe 0...0,4 m ecro éecemanuio nododepicusanu na ypoene 80 % HB; enasxcnocme ¢ cnoe 0...0,2 m ¢ nauane eecemayuu cocmaenana
80 % c ysenuuenuem 2nyounst pezynupyemozo cios 00 0,4 m ¢ nepuoda akmugHozo npuUPoOCmMa 00 8bI3PEBANUS CANCCHUEB; LANC-
nocms 6 cnoe 0...0,2 m noodepacusanu ¢ nauane gezemayuu 80 % c ygenuuenuem 2nyounvt pecyiupyemozo noaueamMu ciosa no4esl ¢
nepuooa akmuenoz2o npupocma 00 0,4 m ¢ nociedyrouium cHuiceHuem nPeOnoaUBHOIl 61ANCHOCHU 6 nePpU0O ebi3pesanus ¢ cioe 0,4
M 00 70 %; munepanvnvie nookopmxu (paxmop B) — 3-xpamno N, P uepes 10 oneit ¢ nauane secemayuu u 2-kpamno N, uepes 14
oneil 6 nepuod akmuenozo pocma; 3-kpamno N, P uepes 10 oneii 6 nauane éezemayuu u 2-Kpammno 6uocmumyiamopom %/Iwﬂuon,
2 n/2a uepes 14 oneit 6 nepuoo axmueinozo pocma; 3-kpamno N, P uepes 10 oneii ¢ nauane ¢ezemayuu u 3-Kpammo npenapamom
Macmep, 5 k2/2a uepes 14 oneil 6 nepuoo akmuenozo pocma). JIyuuwiue napamempot u COpmMHOCMY CAINCEHUEE OMMEUEHbL NPU HOO-
oeporcanuu enaxcuocmu nousvl e nudce 80 % ¢ cnoe 0...0,2 m 6 nauane eezemayuu u ¢ cnoe 0...0,4 m 6 nepuod akmusenozo pocma
CO CHUDICCHUEM NPEONONUBHOU 61ANCHOCIU K 6bl3pesanuto 00 70 % na ¢pone nookopmok npenapamamu Hzaouon u Macmep. Imo
obecneuusio yeenuueHue 661X00a nepeoCcopmuuIxX caxcenyeg 00 93 %, unu na 23 %, no cpagHenuIo ¢ KOHMPOILHLIMU APUAHMAMU
opoutenus u yooopenus.

THE ADVANTAGES OF COMBINING DRIP IRRIGATION WITH GROWTH-STIMULATING
FERTILIZING WHEN GROWING ANNUAL CHERRY SEEDLINGS

Kruzhilin L. P.!, Nikolskaya O.A.?

'All-Russian Research Institute of Irrigated Agriculture,
400002, Volgograd, ul. Timiryazeva, 9
E-mail: vniioz2009@rambler.ru
’Federal Research Center Agroecology, complex land reclamation and protective afforestation of the Russian Academy of Sciences,
400062, Volgograd, prosp. Universitetskii, 97
E-mail: Lelka-Nikolskaya@mail.ru

The aim of the work is to study the influence of the water regime of the soil during drip irrigation and mineral fertilizing on the
yield and quality of seedlings of sweet cherry Vasilisa. The studies were carried out on light chestnut soil of the Volgograd region.
The scheme of the experiment provided for the study of the following options: the water regime of the soil (factor A) — humidity in
the layer 0 ... 0.4 m was maintained throughout the vegetation by 80% HB; humidity in the layer (... 0.2 m was maintained at the
beginning of the vegetation by 80% with an increase in the depth of the regulated layer to 0.4 m from the period of active growth
to the ripening of seedlings; humidity in the 0...0.2 m layer was maintained at the beginning of the growing season by 80% with an
increase in the depth of the soil layer regulated by irrigation from the period of active growth to 0.4 m, followed by a decrease in
pre—watering humidity during the ripening period in the 0.4 m layer to 70%; mineral fertilizing (factor B) — 3-fold N10P5 after 10
days at the beginning vegetation and 2-fold N10 after 14 days during active growth; 3-fold N10P5 after 10 days at the beginning of
vegetation and 2-fold biostimulator Izabion, 2 1/ ha after 14 days during active growth; 3-fold N10P5 after 10 days at the beginning
of the growing season and 3-fold with Master, 5 kg / ha after 14 days during the period of active growth). The best parameters and the
variety of seedlings were noted when maintaining soil moisture of at least 80% in a layer of 0...0.2 m at the beginning of the growing
season and in a layer of 0... 0.4 m during active growth with a decrease in pre-watering humidity for the ripening of seedlings up to
70% against the background of fertilizing with Isabion and Master preparations, which provided an increase in the yield of first-class
seedlings up to 93%, or by 23%, compared to control irrigation and fertilizer options.

KiroueBble ciioBa: oononemuue casxcenysl uepeutnu, 600Hbll pe-
JUCUM, PEICUM OPOULEHUSL, BLICOMA PACTNEHUL, Ouamemp wmamod,
KaneibHoe opoueHue, MUHepaIbHble NOOKOPMKU.

ﬂOHFOJ’IeTI/Ie BBICOKOH MPOAYKTUBHOCTHU MHOT'OJICTHUX
IO A0OBBIX HaCﬁ)KZ[eHI/Iﬁ B HEMaJIol CTCIICHU 3aKJiaabIBacT-
Cs UCTIOJIBb30BAHHUEM BBICOKOKAYCCTBCHHOT'O ITOCA0OYHOI'O

Key words: annual cherry seedlings, water regime, irrigation
regime, plant height, stem diameter, drip irrigation, mineral
fertilizing.

MaTepuaia, BEIPAIlEHHOTO B MOYBEHHO-KIUMAaTHYECKUX
ycnoBusX pasmemienus cagos [1, 2, 3]. CpaBHUTENBHO
BBICOKAs TI0O POCCUHCKOM OIIEHKE TEII000ECIIeYeHHOCTh

*PaboTa BBIIIONHEHA B paMKax rocyaapcrsentoro 3aganus HAP Ne 0713-2019-0009 « TeopeTnueckie OCHOBBI, CO31aHHE HOBBIX KOHKYPEHTOCIIOCOOHBIX
OHMOTHIIOB CEJILCKOXO3SHCTBEHHBIX KYJIBTYP C BBICOKHMU II0OKA3aTeIISIMU IIPOLYKTUBHOCTH, Ka4eCTBa, YCTOHYMBOCTU ¥ COPTOBBIE TEXHOJIOTHU HAa OCHOBE
HOBEHIIMX METO/IOB M TEXHOJIOTHYECKUX PELICHUH B YCIOBHSIX H3MEHSIIOIIETOCS KINMaTa)
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Bounrorpanckoi 06acTi, 0cOOEHHO B 30HE pacnpocTpa-
HEHUS KalITaHOBBIX TIO0YB, OJArONPHUATCTBYET paciinpe-
HUIO CaTOBBIX HACAXKICHHUH, B TOM YHCIIC TAKHX TEILIO-
TMOOMBBIX KOCTOYKOBBIX KYJNbTYp, KaK IEPCHUK, aOpHUKOC,
yepemHs u ap. [4, 5].

3aKiazKa 4YeperrHeBbIX TPOMBIIUICHHBIX U JTFOOUTEIb-
CKHX CaJI0B U3-3a OTCYTCTBHS B JOCTATOYHOM KOJIMYECTBE U
ACCOPTHMEHTE Ca’KeHIIEB MECTHOTO IIPON3BOJICTBA o0ecrie-
YMBAETCSI IPUBO3HBIM [10CAI04YHBIM MaTepuaiioMm [6, 7, 8]. B
TO JK€ BPeMs, KaK MIOKa3bIBACT OIIBIT CAJ0BOJIOB JIIOOHUTEIEH
U pe3yJIbTaThl HAIIIUX UCCIICAO0BAaHUMN, B YCIOBHUSX MOI30HBI
CBETJIO-KAIITAHOBEIX TIOYB ITPH COYCTAHUHU KaTleIbHOTO OpPO-
IICHUS C YA0OPEHUSIMH MOKHO TaPAHTHPOBAHHO C BBICOKUM
H9KOHOMHUYECKHUM I(PPEKTOM BBIPAIINBATH B MTUTOMHUKAX
KOHKYPEHTOCIIOCOOHBIC BRICOKOKAUYECTBEHHBIC OHOJICTHUE
CaKCHIIBI COPTOB YEPEIIHH, BOCTPEOOBAHHBIC PBIHKOM U
aJaNTUPOBAHHBIE K MECTHBIM ycioBusM [9, 10, 11].

Ilenp mccrnenoBaHU — M3YYUTH BIHSHHAE BOJHOTO
peXnMa MOYBBI IPU KaeTFHOM OPOIICHUH U ITOJAKOPMOK
MHUHEPaIbHBIMH YI00PSHUSIMH M OMOCTHMYJIISITOPaMH Ha
BBIXOJI ¥ KAYECTBO CAXXCHIIEB YepelTHn copTa Bacmmca.

MeTonuka. DKCIIEpIMEHTATBHYIO YaCTh UCCIECIOBAHINA
BoImoHsUTH B 20172020 1T B JlyOOBCKOM MYHHUIMITAIEHOM
paifore Bonrorpasckoii 00macTu Ha TeppUTOPHN TUTOMHHKA
1a60paTOPUH CENEKITNH, CEMEHOBOACTBA M MUTOMHHKO-
BojictBa ®I'BHY «®HI] Arposkonoruu PAH». O0bekTOM
HCCIIeIOBAHUIN CIY)KUIH BEreTaTHBHO Pa3MHOXKaeMbIe
Ca)KEHIIBI YEPEeITHN copTa Bacummca, mpuBHUTHIEC HA TIOBOE
BHUIIIHU COpTa AHTHUIIKA.

[MnanupoBaHIEe CXEMBI OMBITOB BBITIOJIHSIIN C YIETOM
MPOUCXOASIINX 32 BEreTAI[HI0 MOP(POIOTHIESCKUX H3Me-
HeHMH 1 pHU3HoIOTHYeCcKHX polieccoB. [10 aTuM npu3Ha-
KaM 3a MePUOJI OT BECEHHET'0 TPOOYKICHUS OKYJISHTA 10
MOJIy4eHHUS TOTOBOTO K Pean3alliyl Ca)XKeHIIa BBIACICHO
TPHU XapaKkTepHBIX nepuosa. IlepBrlil mpopomKaercs ot
npoOYXKICHHUS MOYKH OKYJISHTA JO TOJHOHM aJanTaluu
OKYJISIHTa C NMPHUBOEM M Mepexoga K COBMECTHOMY HX
(GYHKIIMOHUPOBAHUIO 110 (POPMUPOBAHHUIO BET€TATHBHBIX
OpTaHOB CaXCHIIEB. BTOpoil mepuoa XapakTepusyeTcs
AKTHBHU3AIMEH POCTOBBIX MPOIECCOB, HATIPABICHHBIX Ha
(opMHpOBaHHE KOPHEBON CHCTEMBI M ra0UTyCa Ca)KEHIIEB.
Ha sToMm 3Tare npoucxoasiT 0CHOBHEIE MOP(OIOTHYECKUE
U3MEHEHHus W HalmromaeTcsa Hanboyiee BHICOKAST aKTHB-
HOCTB (PU3MOJIOTMYECHKX MIPOIIECCOB B carkeHIax. Havano
TPETHETO TEPHOJia BETeTAIMH CBSI3aHO CO CHIDKCHHEM
MPUPOCTA CaKCHIIEB M MOCIEIOBATEIBHBIM MEPEX0I0M
K COCTOSHHUIO 3UMHero mnokosi. OCHOBBIBAasICh HAa ITHUX
MOJIOKEHUAX, CXEeMa OIbITa IpeJIoaraia H3ydeHue
CIEAYIOMHNX BapHAHTOB!

BOJIHBIN PEKUM MOUBHI ((haKTOp A) — BIIAXKHOCTD ITOYBBI
B cioe 0...0,4 M mojanep uBaeTcs MOJUBAMU B TEUCHHUE
Beel BereTanynn He Huoke 80 % HB (A); BIaXKHOCTB MOYBBI
B ciioe 0...0,2 M B Te€YeHHE TEPBOTO MEPUOJIa BETCTAIIUU
noanepxkuBaercs He Hiwke 80 % HB, ¢ Hauana akTuBHOTO
MIPUPOCTA J0 BEI3PEBAHUS CAXKCHIIEB, BO BTOPOM H TPEThEM
MeproIaxX IITyOnHA PETYIHPYEMOTO TIOIUBAMH CIIOS TOYBHI
yBenuuusaercs 10 0,4 M (A, ); BIaKHOCTb MOYBBI B CIIOE
0...0,2 M moIep>KUBaeTCS B TSYCHUE MIEPBOTO MIEPHOJIA Be-
rerarun He HIDKe 80 % HB, co BToporo nepnoaa riryouna
peryJIupyeMoro noJiMBaMH CJI0s TOUBHI YBEJINYHUBACTCS 110
0,4 M, B TpeThEM IIEPUO/IC IIPEATIOIMBHAS BIIAXKHOCTD B CII0€
0,4 m camkaercst 1o 70 % HB (A,);

MUTaTEIBHBIA peXuM 1ouBHI ((paktop B) — 3-kparnas
nojakopmka N P uepes 10 qHeli B nepBoM NepHo/ie Berera-
uuM 1 2-Kkpatnas noakopmka N, gepe3 14 nneid Bo BTopoM
nepuose (B,); 3-kparnas noaxopmka N, P gepes 10 aneit
B IIEPBOM IIEPHO/IC BET€TAINH U 2-KpaTHast 00paboTka Ono-
cTumyIsTopoM pocta Mzabuon (2 11/ra ¢ pacxomoM pabodero
pactBopa 300 si/ra) yepe3 14 mHEil BO BTOpOM TepUOje
(B,); 3-xpatnas mogkopmka N, P, gepes 10 nnei B neppom
TIePHO/Ie BETeTAIN! U 3-KpaTHas OJKOPMKA TUTATEIEHBIM
xommekcoM «Mactep» (NPK 18:18:18 + Mukpo31eMeHThI)
B 1103¢ 5 Kr/ra yepe3 14 quei Bo BTopoM nepuoze (B,);

Kopnesbie mogkopmru (N, P, N, u «Mactep») coBme-
LU ¢ TIOJUBAMU.

[TOBTOPHOCTE OMBITOB TPEXKPATHAS C CHCTEMATHICCKUM
OJTHOSIPYCHBIM pa3MeIIeHIeM BapraHToB. [ ITommaas OmbITHBIX
JICTITHOK TIEPBOTO YPOBHSI COCTABIISUIA 54 M2, BTOPOTO YPOBHSI
—18 M2, C yuéToM CXeMbl IIOCAIKH IIIKOJIbI CasKeHIeB 1,5 M X
0,15 M Ha ensHKaxX BTOPOro ypoBHS pasmertann 80 cakeH-
1ieB. Bo Bcex BapraHTax nepBoro ypoBHsI JIsl HAOIFOICHHS 32
M3MEHEHUEM BIIQKHOCTH ITOYBBI pa3MEIIaid THHAMUYCCKIC
TUTOIAIKK pazMepoM 2,67 M x 1,5 M. JlnHaMuKy JTHHEHHBIX
HM3MEHEHUI Ca)KEHIIEB ONPEENsIN U3MEPEHUEM LIEHTPAIbHO-
ro mobera B (pa3e akTHBHOT'O POCTa Yepe3 7 CYTOK, B TPEThEM
nepuoze Beretauu — uepes3 14 cytok [12].

[TonuB OCYIIECTBIISIN UEpe3 CUCTEMY KaIleJIbHOTO Opo-
[ICHUS C PACTIONIOKEHUEM KallelIbHBIX JIMHUH yepe3 1,5 M u
karenpHUI — gepes 0,3 M. [Tomada Boap! yepes KaneapHUILy
— 1,1 /4. B 3aBHCUMOCTH OT JOIYCTHMBIX IT0 CXEME OTIbITa
M3MEHEHHI BIaKHOCTH ITOYBEI, B IIpeeliaX HAaNMEHBIIeH
Brnaroemkoctd (HB) u npennonmsro# Bnaxuoctu (I1BI),
nosuBHast HopMa Ay ciost 0...0,2 m mpu [IBIT 80 % HB co-
craisina 50 m*/ra, st cnos 0...0,4 m npu TIBIT 80 % HB —
100 m*/ra, nust cinost 0...0,4 m ipu TTBIT 70 % HB — 160 M>/ra.
Biia’xHOCTH MOYBHI ONMpPEAENIN TEPMOCTATHO-BECOBBIM
MeTo/10M U BiaromepoM Irrometer R-12, sBanorpancnupa-
LUI0 — METO/IOM BOJTHOTO OaslaHca, MOJUBHBIC HOPMBI IS

Tao6a. 1. TemnepaTypHblii pe:KuM U pacnpe/ie/ieHHe 0CAIKOB M0 MeCANaM BereTAHOHHOTO NePHoa.

Mecsig
ITokasaTenb T'on
v A\ V1 vl VIII IX IV-IX
CpenHemecsiuHas TeMIiepa- HOpMa 11 18 23 26 24 17 19,8
Typa, °C 2017 10 16 21 26 27 19 19.8
2018 11 21 25 27 25 20 21,5
2019 12 20 27 23 23 16 20,2
2020 9 16 25 29 23 19 18,5
CymMa 0caikoB, MM HOpMa 28,0 434 40,1 26,6 21,2 31,1 190,7
2017 51,5 28,6 43,8 1.3 0,7 23,8 149,7
2018 19,4 12,7 7,2 79,2 0,8 19,2 138.5
2019 21,8 50,4 13,9 59.8 3.8 19,3 169,2
2020 2,2 53,5 18,6 0,6 13,6 1,8 90,3
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HECMBIKAIOMNXCA KOHTYPOB yBiakHeHns — 110 A.H. Kocts-
koBy B Moaudukanuu W.I1. Kpyxununa, E.A. Xoxaskosa
u 1p. [13]. KauecTBO NoJyuyEHHBIX CaXEHLIEB ONPEACIISIN
B cootBercTBUE ¢ TpeboBanusmu ['OCT PD 53135-2008,
I'OCT 31783-2012 [14].

[TouBa OMBITHOrO ydacTKa — CBETJIO-KAIITAHOBAs B
KoMIUIeKce ¢ conoHnamu a0 15 %. Coxepxkanue rymyca
B naxoTHoM cioe — 1,7 %. CozaepkaHue BaJOBOTO a30Ta
B nouse BapbupyeT B npeaenax 0,10...0,16 %, BanoBoro
¢dochopa — 0,14...0,16 %. ObecreueHHOCTH TOYBHI OITBIT-
HOT'0 y4acTKa JISFKOTUAPOIIM3YEMBIM a30TOM — HU3Kas;
MOIBIKHEIMHE (popMamut pocopa 1 kanus — cpeassist, pH —
7,8...8,4,HB B croe0...0,2M—-21,5%,0...0,4 m— 18,3 %,
TUIOTHOCTB CIIOXKEHUSI ¢ TITyOrHO#t Bo3pacTaet ot 1,10 /m° B
naxoTHoM cioe j10 1,34 /M3 B cnoe 0,8... 1,0 M. [Toarorosky
TIOYBBI K 3aKJIAJKE ONbITa HaunHamu ¢ BHecenus P K. n
3aJIeJIKM OCeHHel Benamkoi Ha rryouny 0,20...0,22 M. B
HavaJie Masi BBICAKMBAJIN IIKOJY BUIITHHM COpTa AHTHIIKA C
OKYJINPOBKOM €€ B aBrycTe IOYKOM yepelmHu copra Bacu-
Jca. YXO07 3a CaKeHIIaMU HauMHAJIM BECHOM CIIeAYIOIIEro
rojla ¢ PeBU3MN HAJIMYUS )KU3HECTIOCOOHBIX OKYIISIHTOB H,
P HEOOXOOMMOCTH, TEPENpUBUBKU. Jlanee mpoBOAUIH
PBIXJIEHUE MEKAYPSANH, 3aIIUTY OT BpeAnTeNe, Oone3Hei
1 COPHSKOB, 00pe3Ky 1 (popMupoBaHHe rabUTyca Ca)kKeHIIEB.
BrIKOTIKY ca)kKeHIIEB TPOBOIMIN CKOOOH, 3armyOiseMoit Ha
0,45 M. CaxkeHIIbI COPTUPOBAIIU Ha NEPBLIIT U BTOPO COPT,
OCTaJIbHbIE BEIOPaKOBBIBAIIH.

Pe3yabTaThl H 00cysKk1eHHe. BereTaionHbIe TEPHOABI
B TOJIbI UCCJICJJOBAHMH 110 TEIUIO- M BJIaroo0eCreuyeHHOCTH
OTJIIMYAINCH KAaK OT CPEJHEMHOTOJICTHUX 3HAUYCHHUH, TaK U
MeXTy coboit (Tabdm. 1).

HawuGomnee teruoodecneueHubM 0bu1 2018 T. ¢ TIpeBbI-
IIEHUEM CpeIHeH 3a BereTallMOHHBIN IIePHOJI TEMITepaTyphbl,
10 CpaBHEHHWIO ¢ HOopManbHBIM, Ha 1,7 °C. CambiM TIpO-
xnaaHbM, Ha 1,3 °C ke HopMbl, Obi1 2020 1. [To cymme
BBINABIINX OCAIKOB T'OJBI MCCIIEIOBAHUI OTINYAINCH OT
CPEAHEMHOTOJIETHETO 3HAUEHHSI B MEHBIIYIO CTOPOHY, a B
2020 r. ux BBINAJIO HIYKE HOPMBI OOJIee YeM Ha MOJIOBUHY.
[To runpotepmuaeckomy koddpdummenty (I'TK) Bererarm-
OHHBIE TTEPUOIBI XapaKTepru30BaInCh: 2017 T. —3aCyIIIUBBIN
(I'TK = 0,6), 2019 r. — cna6o3acynumussiii (I'TK = 0,7),
2018 m 2020 rr. — cyxue (I'TK coorBerctBenHo 0,5 u 0,3).
[IponomxuTeNbHbIE IEPUOBI ¢ HE3HAUYUTEIBHON CyMMOIl
ocajkoB ObuTH B 2017 T., 32 UIOJIb U @BTYCT UX BBIMAJIO 2 MM,

a B 2020 r. — B anperie, UIOJIe U CEHTSAOPE COOTBETCTBEHHO
2,2, 0,6 u 1,8 MM, OKa3anu CyliecTBEHHOE BIUSHUE Ha pa3-
JIMYHE 0 TO/IaM YHCTIa U PaCTIPECIICHUS ITOJIBOB Ca)KCHIICB
(Tabm. 2).

Jyis mopnepkaHusl BOJHOTO PEKUMA TIOYBBI B TICPBOM
BapHaHTE OIBITA O0IIIee YUCIIO TIOJIHMBOB H3MEHSIIOCH OT 14
B 2019 r. mo 22 B 2020 T. OPOCUTEIBHBIMU HOPMaMH CO-
orserctBeHHO 1400 u 2200 m*/ra. Camoe GOJBIIIOE YUCIIO
ITOJTUBOB BO BCE TOJIBI MOTPEOOBAJIOCH BO BTOPOM BapHaHTE
BOJIHOTO PEIKUMA, TJI€ BIIAXKHOCTH TIOYBBI B TIEPBOM TIEPHO/IE
BEreTAI[UK CAXKCHIICB, KaK U B TPEThEM BapUaHTE, OJJICP-
skuBai He Huke 80 % HB B cioe 0...0,2 M, a BO BTopom
u TpeTtbeM nepuoaax Bereranuu — 0...0,4 M. OgHako u3-3a
CHIDKCHHS B TPETHEM BapUaHTE MPEAMNOIUBHON BIAXKHOCTH
ITOYBBI HA 3aBEPIIAIOIIEM ITAIlC BETeTANHU CaKeHIIeB 110 70
% HB o01m1ee 9ucio monMBoOB, IO CPAaBHEHHUIO CO BTOPHIM,
yMmeHbImiIoch ¢ 18 1o 16 82019 1. 1 ¢ 29 1o 25 82020 . [Ipu
9TOM OpPOCHTENbHAS HOpMa B BapHaHTE A B 3aCYIIIHBOM
2019 1. cocrasmia 1450 m*/ra, B cyxom 2020 1. — 2300 M/ra.
B BapuanTe A, OHa CHU3WJIACH IO TOJIaM COOTBETCTBEHHO
o 1310 u 2120 m3/ra.

VBenu4yenne 4Yncia MojauBOB B BApUaHTax A, U A, B
MIEPBOM TICPUO/IC BETCTAIMH JIIsI TIOICPIKAHUS BIIAKHOCTH
nouBsl He HIKe 80 % HB B cioe 0...0,2 M crioco6¢cTBOBAIIO
Ooree paHHEeH amanTalMy MPHUBOS C OKYJSTHTOM M Tiepe-
XOJIy Ca)KCHIIEB B (pa3y aKTHBHOTO pocTa. B pasHbie rojs
¢ y46TOM O0COOCHHOCTEH METEOyCIIOBHI Pa3HUIIA B CPOKAX
nepexo/ia K akTHBHOMY POCTY CaKEHIECB B BAPUAHTaX A U
A, A, cocraensna 3...5 cyTok. brarogaps atomy BbICOTa
LIEHTPAIBHOTO CTEOIST CaKEHIICB K MEPHUOIY 3aBEPUICHUS
BETETAllMK B BapuaHTax A B u A3B1 Obu1a OOJIBIIIE, YEM B
kourpone (A B)), B cpennem 3a 2017-2020 rr. na 0,09...
0,10 M (Tadm. 3).

B nepBoM mepurone BereTanuu MpUpOCT TOJBOS MPO-
TeKaJl MEJJICHHO. B cpemHeM 3a rofel McciaeIoBaHuil 3a
53 mus o coctaBmi 0,31...0,37 M, rmaBHEIM 00pa3om, B
MPEIIeCTBYIOMME K Hadalry (a3l akTHBHOTO POCTa ca-
xeHIeB 15 cyTok. OOBSICHSETCSl 3TO TEM, YTO M3-32 MAJIOH
OOJIMCTBEHHOCTH TIOJIBOSI PECYPC YTHIM3AINU COTHEYHOMN
SHEPTUHU OCTACTCS HU3KUM, HEJJOCTATOUHBIM JIJIsT aKTHBHU3a-
MU OMOXMUMHYCCKHX POIECCOB (DOTOCHHTE3a B 00bEMaX,
00eCTIeUNBAIONINX WHTCHCUBHBIA IPUPOCT BETETATHBHON
Macchl. Tak, osiBJICHHE Ha TOBOE TIEPBHIX 3...4 TUCThEB
OTMeYaJy [0 BApHaHTaM B pa3HbIe TO/IbI TOJIBKO uepes 20. ..

Ta6a. 2. Pacnipenenenue moJMBOB 10 BAPHAHTAM BereTalUy CayKeHIIEB B Pa3HbIe TOAbI

Bapuar o KonndecTBo M0IMBOB / HOpMa MoONMBa, M/ra o
oo |t ORI | e | e o meue |7
OKYJISIHTA) Ca)keHIIa) HHE BereTaluu)

A, 2017 15 3/100 8/100 4/100 1500
2018 16 4/100 8/100 4/100 1600
2019 14 3/100 8/100 3/100 1400
2020 22 5/100 12/100 5/100 2200

A, 2017 19 6/50 9/100 4/100 1600
2018 22 10/50 8/100 4/100 1700
2019 18 7/50 8/100 3/100 1450
2020 29 10/50 13/100 5/100 2300

A, 2017 16 6/50 9/100 2/160 1420
2018 19 10/50 8/100 1/160 1460
2019 16 7/50 8/100 1/160 1310
2020 25 10/50 13/100 2/160 2120
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Ta6.. 3. Binsnue usydaembix (hakTopoB Ha opMHPOBaHME BBICOTbI CTe0Is cazkeHueB (cpennee 3a 2017—2020 rr.), M

I mepuox Bereranuu 1I mepuion Beretanuu 3aBepmenne DobdexTuBHocTs, %
Bapuanr HayaIo KOHelI| Hay4aJIo KOHEI[ nepexoza Kk ase BOJIHBII
18.04 10.06 (11.06) (12.08) T0KO31 TOAKOpMKH pesKIM
A, B,(x) 0,01 0,32 0,32 1,50 1,68 100
B, 0,01 0,32 0,32 1,66 1,86 112 100
B, 0,01 0,32 0,32 1,64 1,86 112
cpeznee 0,01 0,32 0,32 1,60 1,08 108
HCP 0,0005 0,016 0,016 0,08 0,054 — -
A, B, 0,01 0,37 0,37 1,61 1,78 106
B, 0,01 0,37 0,37 1,85 2,03 121 112
B, 0,01 0,38 0,38 1,78 1,98 118
cpenHee 0,01 0,37 0,37 1,75 1,93 115
HCP 0,0005 0,019 0,019 0,09 0,097 - -
A, B, 0,01 0,38 0,38 1,62 1,77 105
B, 0,01 0,37 0,37 1,86 1,99 118 111
B, 0,01 0,38 0,38 1,83 1,97 117
cpenHee 0,01 0,38 0,38 1,77 1,91 113
HCP 0,0005 0,019 0,019 0,09 0,096 - -
Cpennee B, 0,01 0,36 0,36 1,58 1,74 104
B, 0,01 0,35 0,35 1,79 1,96 117 108
B, 0,01 0,36 0,36 1,75 1,94 116
cpenHee 0,01 0,36 0,36 1,71 1,88 112
HCP 0,0005 0,018 0,018 0,09 0,094 — -

25 cyToK nocie mpoOy>KIeH s IPUBUTOH MOYKHY IIPH BBICOTE
cte6is 0,05 M. M Tonpko B cpemaeM uepes 27...32 CyToK mpu
BeicoTe 0,32...0,38 M Ha (poHE Pa3HBIX BOIHBIX PEIKHUMOB
MIOYBHI B IEPBOM [IEPHO/IE BETETAINH CA’KSHIIBI IIEPEXOIHIIH
B aKTHUBHYIO (pa3y pocTa, BTOPOH MEPUO] BETCTallNH.

B cpenneM 3a roniel uccien0BaHUN B TIEPBOM BapUaHTE
BOJIHOT'O PEXXMMa IEPEX0/1 CAXKEHIIEB B AKTUBHYIO (asy po-
cta otMedanu 10 uioHs. 3T0 crrocoOCTBOBAIO YBEINICHUIO
MPHUPOCTA IEHTPAILHOTO CTEOJIsI CaXKEHIAa K O4epeHOM
nate uzmepenus ¢ 0,24 1o 0,33 m, 1.e. Ha 0,09 M. 3a coot-
BETCTBYIOIIIEE BpeMs Oyiaromapsi JIydIiei BiIaroo0eceyeH-
HOCTH W 0oyiee paHHEMY NEpexo]y K aKTUBHOMY POCTY
TPUPOCT CaXEHIEB B BapHaHTax A, A, yBEIMIUICH JIO
0,11 m (Tabm. 4).

3aJ0)KEHHbIE B TIEPBOM TIEPHO/IC BErETAllMK CAXKCHIICB
B BapHaHTax A, H A, 0 CPaBHEHHMIO C BapuaHToM A Ooee

OJTaroNpUSATHBIC YCIOBUS BOJOOOSCICYCHHS OKa3bIBAIH
MTOJIOKUTEIFHOE BIMSHUE HA MX POCT M (OPMUPOBAHHE
MPAKTUYCCKH B TCUCHUH BCETO MEPHO/Ia BereTanuu. B aTux
BapHaHTaX OHU OBLTH 00Jiee OONMCTBCHHBIMH U Oaromapsi
9TOMY COXPAHSUIHN 32 COOOM TUAEPCTBO MO BBICOTE IIEHTPAITh-
HOTO CTeOJIs K 3aBEPIICHUIO BET€TAIIMOHHOTO MEPHO/a, 0
CPaBHEHHIO C KOHTPOJIbHBIM A B, B pasubie rojp1 o1 0,11 10
0,14 M. CHEPrU3M BOJHOTO PEXHMMA MOYBBI B BAPHAHTaxX A,
1 A, C NOJIKOPMKaMH BETE€THPYIOIIHMX CaXKEHIIEB MHOTOKOM-
MTOHCHTHBIMU TIperapaTaMi CIOCOOCTBOBAN YBEIMICHUIO
Pa3HHIIBI BEICOTHI CTEOIIS C KOHTPOJIEM B KOHIIEC BETeTaIluN
B Cpe/IHEM 3a roJiel uccienoBanuit 1o 0,28...0,35 M.
CHMKeHHUe MPEIIOIMBHON BIIaKHOCTH ITOYBBI B TIEPHO]T
HEpexo/ia CAKEHIIEB K MOKOIO B BapuaHTe A, crioco0CTBO-
BaJIO TIOCJICIOBATCIBHOMY, B COOTBETCTBUH C TCHETHUCCKOM
MIPOTPaMMO, 3aBEPIIICHHUFO HX BETCTAIIH 1 TIOTYICHHFO I10-

Ta6ux. 4. Bimsinue BOAHOro pexkuMa NMOYBbI HA H3MEHeHHe HHTEHCUBHOCTH MPUPOCTA caxkeHneB yepemmnn (cpeanee 3a 2017—2020 rr.), m

o— Jlara n3mepenus
20.05 27.05 04.06 13.06 | 20.06 27.06
A B, () 0,12 0,18 0,24 0,33 0,44 0,59
IMpupoct - 0,06 0,06 0,09 0,11 0,15
AB, 0,15 0,20 0,26 0,37 0,51 0,66
IMpupoct - 0,05 0,06 0,11 0,14 0,15
AB, 0,14 0,20 0,27 0,38 0,50 0,65
Ipupoct - 0,06 0,07 0,11 0,12 0,15
[pupocr A, n Ak A 0,02 0,02 0,02 0,04 0,06 0,06
HCP - 0,003 0,003 0,005 0,006 0,008
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CaJIoYHOT0 MaTepuasa BBICOKOTO KauecTBa. B BapuanTe A
MoJi/Iep>KaHue B ATOT MEpHO/] BiIakHOCTH He HUxe 80 % HB
B OJIAaTONIPUSATHBIX YCIOBHSIX COYCTAHUS TEIlIa U BIIATH OCE-
Hb10 2019 1 2020 TT. Ca’keHIIbI TPO0HKAIN BETETUPOBATH,
a TIpU PE3KOM MePEX0/Ie B OKTAOPE K HU3KUM TeMIepaTypam
OCTaJTUCh HE ITOIrOTOBIICHHBIMU K IIepHOTy TTOKOs1. [ToaTomy
B 3UMHHUM IEPUO/I N3-3a MOBBIIIICHHOM BIAKHOCTH MTOCA104-
HOTO MaTepualia OH TOJBEPrcs MOPAKEHUIO TUIECEHBIO U
THIJIBIO, 9TO MPHUBEIIO K ero BeiOpakoBke. Clie10BaTeIILHO
CHIDKEHHE BIQYKHOCTH B aKTHBHOM CJIO€ TIOYBHI JI0 YMEPEH-
HOM B IepHOJI MOATOTOBKH CAKEHIIEB K 3MMHEMY TIOKOIO HE
OKa3bIBACT HETaTUBHOTO BIUSHHS Ha MX OMOMETpUYECKHE
MOKA3aTeNH, HO CIIOCOOCTBYET MOCIIeIOBATEIHLHOMY IIepe-
XOJly B COCTOSIHUE TIOKOS.

?g 18,5184 [T —
E 6 ] 16,2.16.5 16,2 16,5
§14 :
= 12
E 10
E 8
26
E 4
=

0

BI B2 B3

Bnusnue 6001020 pescuma nO46bl U MUHEPATLHBIX
HOOKOPMOK HA Ouamemp wimamoa ca)xcenyee uepeuinu
(cpeonee 3a 2017-2020 z2.), mm: O — Al; 0 — A2; B — A3.

OrieHKa KauecTBa Ca)KEHIIEB M0 AUaMeTpy mramoa 1mo-
Kazana (CM. PHCYHOK), 4TO B CpeHEM 3a 4 roja TOJbKO B
KOHTPOIBHOM BapuaHTe A B, OHM OBUIH HECKOJIBKO HHKE
(15,4 MM — koHTpOIB, 16,9 MM 1 6oiee — 'OCT) TpeboBanumit
I'OCT nns oTHeceHHs K MEPBOCOPTHBIM. Bo Bcex apyrux
BapUaHTAaX COUETAHNS BOJHOT'O PEXKHUMa ITOUBBI C POCTOCTH-
MYJIMPYFOLIMMH ITOJKOPMKAMHU BEJTMUMHA 3TOTO ITOKa3aTeIst

ObLTa BBITIE HIDKHETO YPOBHS KaTETOPHUHU CaXKCHIIEB TIEPBOTO
copra. Haunbomnee 3¢ppexkTuBHBIMU Ha (OHE BCEX BOJIHBIX
PE)KUMOB TTOYBBI 3aPEKOMEH/IOBAIIN CeOsI TTOJJKOPMKH, CO-
YETaoINe KOMIUICKC POCTOCTUMYIHPYIOIINX 3JIEMEHTOB,
N3abuon u Macrep.

Hapsimy ¢ Ha3eMHOH 4acThIO, XOPOIIO Pa3BUTAs KOp-
HEeBasl CHCTeMa Ca)KCHIIEB MPHUIAET UM IPUBICKATCIBHBINA
BHJI, CIIOCOOCTBYET JIyYIICH MPUKUBACMOCTH ITOCAIOYHOTO
MaTepraia U alalTalliy K YCIOBUSM BHEIITHEH CPeIIbI ITOCIIe
mocanku. OCHOBHAs Macca KOPHEH OHOICTHUX Ca)KCHIICB
YepEIHHU BO BCEX BaPUAHTAX OMbITa (JOPMUPOBAIIACH B CIIOC
0,0...0,4 m. Ha ¢oHe KkareiapbHOTO OpOLICHHS KOPHI UMEITH
OOJBITYIO JJTUHY BAOJb KaIlleIbHOW TUHUH. B KOHTpOITEHOM
10 BOJTHOMY PEIKUMY U POCTOCTHMYJIUPYIONICH MTOIKOPMKE
BapHaHTE CAXKEHIIBI B pa3HbIe Toabl GopmupoBanu 3...4
crepkHeBBIX KopHs juymHou 0,31...0,39 M. B Bapmantax
MOJIKOPMOK BETCTHUPYIOIINX CaXKCHIECB C COUCTAHHEM
MakKpo- ¥ MHUKPOSJEMEHTOB YUCIO CTEPKHEBBIX KOpHEU
YBEIHMYHUBATIOCh 10 4...7 B Bapuante A, mmnnao# 0,50...
0,65 M, a B Bapuantax A, u A, — yio 5...8 nymuoi 0,53...
0,70 m. CniegoBarenbHO, pa3BUTHE KOPHEBOW CUCTEMBI UIET
CHHXPOHHO C U3MCHECHUSAMH HAA3E€MHOM 9acTH Ca)KCHIICB.
[To cTpyKType U ONYIICHUIO CTEPIKHEBBIX KOpHEH Ooee
MEITKUMHE 00pacTaIOMIMMI KOPHSIMU TTO3BOJISIIO OTHOCHTH MX
K TOBapHOW MPOAYKIIUH C IPEUMYIIECTBCHHBIM HATHIHEM
MIEPBOCOPTHOM Kareropuu (Tadi. 5).

CamMble HU3KHE 110 KOJIMYECTBEHHOMY U Ka4YeCTBEHHOMY
COCTaBY TOBAPHBIC CAXKCHIIBI ITOTyYCHBI B KOHTPOJIEHOM Ba-
puante A B,. B BapuanTax qudpepeHupoBaHHOro BOJHOI0
pexuma ouBsl A, u A, Ha pone MoromoakopMku N, (B ) ko-
JIMYECTBO TOBAPHBIX CaXkeHIIeB B cpeHeM 3a 2017-2020 1T,
10 CPAaBHEHMIO C KOHTpOJIEM, ObuTO TosydeHo Ha 14 %
OoubIre. B cTpykType KOHTPOIBHOTO BapHUaHTa OIS IEPBO-
COPTHBIX CaXk€HIIEB cocTapysna 70 %, a B BapuanTtax A B
u A B, — coorBercTBenHo 75 u 76 %. Hanbonee BhIcOKHi1
BBIXOJI TOBapHBIX caxkeHies, 40340 u 40233 mt/ra, oT™Me-
YeH B BAPHAHTAX COOTBETCTBEHHO A,B, m A,B,, u3 uncna

373
KoTopbIX 93 % oTHeceHsI k rpymie 1 copra.

Ta6.. 5. IToka3areu Ka4ecTBA CAXKEHIEB YEPEIIHH B 3aBHCHMOCTH OT BOJHOIO PEKHMMA II0YBbI ¥ MUHEPAJIbHBIX IIOJKOPMOK
(cpennme 32 2017—2020 rr.)

Bapnast ITosrydyeHo ToBapHBIX Ca)KEHLIEB 1 copt 2 copt
mT./Ta | % mT./Ta | % mT./Ta %
A, B, (x) 33848 100 23657 70 10191 30
B, 36448 100 30869 85 5579 15
B, 36132 100 30917 86 5215 14
cpenHee 35476 100 28481 80 6995 20
A, B, 38313 100 28634 75 9639 25
B, 40099 100 35552 89 4547 11
B, 40114 100 35565 89 4549 11
cpenHee 39509 100 33250 84 6245 16
A, B, 38810 100 29512 76 9298 24
B, 40340 100 37436 93 2904 7
B, 40233 100 37330 93 2903 7
cpenHee 39794 100 34759 87 5035 9
Cpennee B, 36990 100 27268 74 9709 26
B, 38962 100 34619 89 4343 11
B, 38826 100 34604 89 4222 11
cpenHee 38259 100 32164 84 6091 16
HCP, 1912,9 - 1608,2 - 304,6 -
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W3noxeHHbIe TPEeNMYIIeCTBa MOIACP)KaHuUS TOTUBAMH
QG depeHIpOBaHHOTO BOJJHOTO PEKMMa ITOYBHI IT0 CXEMe
Bapuanta A, He Hiwke 80 % HB B nepsom nepuoje Bere-
Tally OJHOJIETHUX CaKeHIeB uepemHu B cioe 0...0,2 m
C MOCJEIYIOIINM YBEIHYCHUEM TIyOUHBI PEryJIHPYeMOTro
MTOJIMBAMHU BOJHOTO PEXHMa TOYBBI BO BTOPOM IIEPHOJIE
10 0...0,4 M ¥ CHWKEHHEM MPEANOJUBHON BIAKHOCTH
noussl 10 70 % HB B TpeThem mepuojie mOATBEPKIAIOT-
Cs M DKOHOMHYCCKUMH TMoKazaTersamu. [lomydaemast Ha
(hoHE TaKOTO PEKMMa OPOIICHHS CaKEHIICB B COUCTAHHUU C
A30THBIMH OAKOPMKAMH YHCTAasl TPHOBUIb OT pean3alum
TOBapHOM MpoxyKnuu coctarisieT 3506,89 Tric. py0./ra, mim
Ha 35 % GonblIle, I0 CPABHEHUIO C KOHTPONIBHBIM A B, ipu
peHTadenbHOCTH cOOTBeTCTBEHHO 134 1 99 %. Coueranue
pEeKHMa OpPOIICHUS CAXKCHIIEB, 00ECIICYHBAIOIIETO PEKO-
MeHIyeMyI0o Tu(PEepeHIIHANNI0 BOJHOTO pEKUMa ITOYBHI €
MOZKOPMKaMH BET€THPYIOIIUX PACTEHUI POCTOCTUMYJISITO-
pamu, Tura M3abuon mwim Macrtep, TOBBIIIACT Pe3yIbTaThI
9KOHOMHYECKOH A(h(HEeKTHBHOTO MTUTOMHUKOBOACTBA. TaK,
HarpuMep, coueTaHHE PeKUMa OPOIICHHUS TI0 cXeMe A ¢
omocTuMyIsITOpoM M3a0MOH 1 KOMIDIEKCHBIM YAOOpCHHEM
Macrep cmocobcTByeT yBenudeHnto npuosumu go 4077,9
n 4062,63 Thic. py0./Ta COOTBETCTBEHHO IPH PEHTAOEIb-
Hoctu 155 %.

Takum 00pa3om, IpU BEIpAIIMBAHUH OJHOJETHUX Ca-
JKCHIIEB YCpEIHH MMPUMEHEHHE BapHaHTa PasInuHOro 110
rIyOWHE TPOMAYUBAHUS IOYBBI H TIPEATIOIMBHOMY TTOPOTY
BIIQKHOCTH MMEET MPEUMYIIECTBO Mepe APYTUMH ABYMS
BapuaHTaMH BoIHOTO pexkrMa. [ToaTBepxaaercs aTo camoit
BBICOKOM HOPMOH TTOJIOXKHUTEITBHOM PEaKIHU CaXKEHIIEB, KaK
Ha nuddepeHmaio BOJHOTO PeKUMa IMOYBBI, TAK U MPH-
MEHEHHE Ha ero ()OHe MUHEPAIBHBIX MOJJKOPMOK M3aduo-
HOM 1 MacTepoMm, coiepKallliX B CBOEM COCTaBE KOMILIEKC
MaKpOAJIEMEHTOB C MUKPO3JIEMEHTAMH B XeJaTHOH (popme
(IIMHK, Mellb, MapTaHell, )KeJe30, MarHuid, cepa, 0op).

Jlyumum 3apekoMeH10Ball ceOst BAPHAHT MOIACPIKaHUS
BIIQYKHOCTH TIO4BKI He HIKe 80 % HB 10 nepuoma momHoit
aJlanTalyy MOoJBOS C MPUBOEM U MEPEXo/ia K aKTHBHOMY
MpUpOCTy caxkeHues B cioe 0...0,2 M B cOYETaHUU € TPEX-
KpaTHO mojikopMKoi N, P, mocienytonmm yBenmueHnem
TIIyOMHBI IPOMAYMBAEMOTO TIOJIMBAMHU CJIOS BO BTOPOM H
TpeTheM nepuojax sereranuu 10 0...0,4 M ¢ AByXKpaTHOU
MOAKOPMKOH BETeTHUPYIOIINX CAKEHIIEB KOMIUIEKCHBIM
POCTOCTUMYJIMPYIOIIMM YA0OpPHUTENBHBIM NperniapatoM. Ha
3aBepIIAIOIIeM TIePUOC BEreTaIlly Mepexoa K 3UMHEMY
MTOKOTO TIPEIIONHUBHYIO BIIaXKHOCTB TIOUBBI CIIEAYET CHIKATh
10 70 % HB. Ilognepxanue Takoro BOJHOTO peKUMa MOYBBI
oOecrieynBaeT MPOBEICHIUE B TICPBOM IIEPUOJIE B 3aCYIILIH-
Boie roasl (I'TK 0,6...0,7) 6 unu 7 monuBos, B cyxue (I'TK
0,3...0,5) — no 10 mosuBOB HOPMOH TPU HECMBIKAFOIUXCS
KOHTypax yBiaxHenust 50 M*/ra, BO BTOpOM MEPHUO/IE — COOT-
BeTCTBEHHO 8 win 9 u 8 wiu 13 moauBos Hopmoii 100 m*/ra,
B TpeTheM — | nnu 2 monuea Hopmoit 160 m*/ra. Couetanue
TaKOTO BOJHOTO PEXXHMa C POCTOCTUMYIHPYIOIIUMHE IO
KOpMKamu nipenaparamu M3abnon u Macrep obecrieunBaeT
CHIDKEHHUE PAacXo0/la OPOCUTEIBHOM BOJIBI, 110 CPABHEHUIO C
koHTpoJieM, Ha 100 M3/ra 1 oBbIIIEHHE YPOBHS peHTa0eIb-
HoctH ¢ 99 o 155 %.
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Pacmenueeodcmeo, awmiuma u ouomexuonozusn pacmenuﬁ
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YPOXKAMHOCTD U MUTATEJBHOCTH BETETATUBHOM MACCHI CUJIOCHBIX KYJIBTYP

N.B. [Iyoope3os', A.B. KocoJianoB?, KaHIu1aThl CEILCKOXO3SHCTBEHHBIX HAYK,
B.M. JIy6ope30B!, TOKTOp CETBCKOXO35MHCTBEHHBIX HAYK
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Hccneoosanusn nposoounu ¢ yenvio CpagHUmMenbHoll OUeHKU NUMAMenNbHOCU 3e/1IeH020 KOpMA U RPOOYKIMUGHOCHU NOOCONHeY-
HUKA, COP20 Caxapnozo u 2udpudoe KyKypy3vl paziuinsix zpynn cnenocmu. Padomy sévinonnsnu ¢ ycnosusx Mockoeckoit oonacmu.
Onpedenanu yposcaitnocms u XumuuecKuil cOCIags 6e2emamueHoil Maccol nepevucieHnsix Kynomyp. Bee uzyuaemoie cunocnsie
KY/IbIypbl OMAUYaOnCcs 8bICOKOU YPONHCAUHOCHBIO 6€2eMAMUGHOI MACCHL. Y KYKYPy3bl OHA 603DACHAEH RO MEPE ROGbLIMEHUA YUCIA
ycnoenozo nokazamensn ckopocnenocmu (PAO) ¢ 374 y/za — y paunecnenvix 2uopuoos 00 486 y/za —y cpeonecnenvix. Hauoonouian
6eIUYUHA IMO20 NOKAZAMENA OMMeEUeHa Y cop2o caxapnozo — 491 u/za, coop eezemamueHnoll Maccovl ROOCONHEUHUKA cocmagu 442
u/ea. Yeenuuenue evicomul cpeza npu yoopKe cpeoHepannux 2UOpUO08 CHUNCACH YPOICATIHOCIY 8ecemamueHoi maccol Ha 10 %,
HO ygenuuueaem IHep2emuyecKyIo yeHHOCmb 3enen020 kopma ¢ 2,08 M/Irc O3 oo 2,41 M/[»c O3. Yoopxa cpedonecnenvix 2uépuoos
KYKypy3bl nocjie 3aMopo3K06 HeCKOIbKO NO8bluiaen RUmamenbHocms Hamypanvnoz2o kopma (¢ 1,87 oo 2,00 M/ e 03), no cnusica-
em Konyenmpayuio ynepzuu ¢ cyxom eeujecmee ¢ 9,74 00 9,48 M/c 03. Copzo caxapnoe no 6v1x00y numamensvHulx éeujecme c 1
20 U KOHYeHMPAayuu IHePUL 8 CYXOM Geujecmee cunoca ne ycnynaem KyKypyse, a no vixody npomeuna c 1 2a xapakxmepu3syemcs
Ccamoii 6bICOKOIl 6enuuuHoll Imozo nokazamensa — 1028 ke. Oonaxo no snepzemuyeckoii yennocmu (1,86 M/[»c 03) namypanwvnotii
KopM u3 copzo caxapnozo ycmynaem KyKypysuomy. Ilooconneunux uz-3a 8bicoKoll 61axcHOCHU OMAUYACMCA HUKOU RUMAameib-
Hocmoto 3enenozo kopma (1,53 M/[»c O3) u naumenvuium 6v1xo00om oomennoii snepzuu ¢ 1 2a (67,6 171, npomue 90,9 I/xc — y
cpednecnenvix 2udpuoos KyKypysot).

YIELD AND VEGETATIVE MASS NUTRITION OF SILAGE CROPS
Duborezov 1.V.!, Kosolapov A.V.%, Duborezov V.M.!

!Ernst Federal Science Center for Animal Husbandry,
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The research was carried out with the aim of comparative evaluation of the nutritional value of green fodder and the productivity
of sunflower, sugar sorghum and corn hybrids of different ripeness groups. The study was conducted under the conditions of the
Moscow region. The yield and chemical composition of the vegetative mass of the listed crops were determined. All studied silage
crops were characterised by a high yield of vegetative mass. In corn, it increased as the number of the conditional indicator of
early maturity (FAO) increased from 374 c/ha in early-ripening hybrids to 486 c/ha in mid-season ones. The highest value of this
indicator was observed in sugar sorghum — 491 c/ha, the collection of the vegetative mass of sunflower was 442 c/ha. An increase in
the cutting height when harvesting mid-early hybrids reduced the yield of the vegetative mass by 10%, but increased the energy value
of green fodder from 2.08 MJ ME to 2.41 MJ ME. Harvesting mid-season corn hybrids after frost slightly increased the nutritional
value of natural fodder (from 1.87 to 2.00 MJ ME), but reduced the energy concentration in dry matter from 9.74 to 9.48 MJ ME.
Sugar sorghum in terms of nutrient yield per 1 ha and energy concentration in the dry matter of silage did not concede to corn, and
in terms of protein yield per 1 ha it was characterised by the highest value of this indicator — 1028 kg. However, in terms of energy
value (1.86 MJ ME), natural fodder from sugar sorghum was inferior to corn. Sunflower, due to high humidity, was characterized
by a low nutritional value of green fodder (1.53 MJ ME) and the lowest metabolizable energy yield per 1 ha (67.6 GJ, versus
90.9 GJ for mid-ripening corn hybrids).

KuatoueBble coBa: kykypysa, copzo caxaphoe, noOCOTHEUHUK,
YpooIcaiHocmb, numamenvHvle Geujecmed, IHep2emuiecKas yeH-
HOCMb.

[TomHOIIEHHOE KOPMJICHHE MOJIOYHOTO CKOTa C MaKCH-
MaJIbHBIM HCIOJIb30BaHUEM PACTUTEIBHBIX KOPMOB — OJIUH
13 OCHOBHBEIX (DAKTOPOB pealu3aliiil TEeHETHYECKOTO T0-
TEHIIHaJIa TPOAYKTHBHOCTH U PEHTA0ETBHOT0 IPON3BOJICTBA
npoaykiu [1].

BMmecTe ¢ TeM, HOBOTETBHBIC U BHICOKOIIPOTYKTHBHEIC
KOPOBBI HE MOTYT MOTPEOIATH OONBIIOE KOIUIECTBO 00B-
EMHCTBIX KOPMOB, KOTOpBIE 00€CHEeYNBalOT NOTPEOHOCTH
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Key words: corn; sugar sorghum; sunflower; yield; nutrients,
energy value.

B DHEPI'MU M IIUTATENbHBIX BELIECTBAX IUI 00pa30BaHU
MOJIOKA U BOCCTAHOBJICHHMS JKUBOI Macchl. DTO TPUBOJUT
K OTPHLIATEIILHOMY SHEPreTHUECKOMY OallaHCy, )KUBOTHBIC
TEPSIIOT B BECE M CHIKAIOT MPOLYKTHBHOCTE. [Ipn 3TOM y
HUX MOKET OTMeUaThCsl HapylieHne oOMeHa BeliecTs [2].

Hepezxo Takyro npo0iaeMy peliaroT Iy TeM yBEIUYCHUSI
JOTU KOHIICHTPUPOBAHHBIX KOpMOB 70 50...60 % muTa-
TENBHOCTH panona. OHAKO 3HAYHUTEILHOE KOJIMYECTBO
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KOHIICHTpaToB (6osee 12 Kr HA TONOBY B CYTKH) OTpHUIIA-
TEJIBHO BIMSET Ha OOMEHHBIC NMPOLECCH U B KOHEYHOM
UTOTE IPUBOINT K YXYAIICHUIO 310POBhS KOPOB, CHIKCHUIO
BOCTIPOM3BOANTENEHON (PYHKIIMH U COKPAIICHUIO MTPOJOI-
JKUTEJIILHOCTH MX MCTIOJIb30BAHUS B IPOU3BOJICTBE.

J1y1s mpe o TBpaIIeHuUs TaKuX Ipo0IeM HE0OX0IIMO TI0-
BBIIIATHh KOHIIEHTPAIUIO YSHEPTHH H TUTATEIFHBIX BEIIECTB
B CyXOM BellecTBe panuoHa. [Ipexae Bcero aTy 3ajady
CIIEyeT pemarTh MyTeM MPOU3BOJICTBa 00BEMHUCTHIX KOPMOB
C BBICOKHM cofiepkanueM dHepruu [3, 4]. B Momounom
CKOTOBOJICTBE K UHCITy OCHOBHBIX 00bEMUCTHIX KOPMOB OT-
HOCHTCS crtoc. [ TaBHBIM 00pa3oM ero roTOBSIT U3 KyKypy3bl
— KyJbTYPHI C 04€Hb BBICOKHM ITOTEHITHAJIOM YPOKAaHHOCTH
BEreTaTUBHOM Macchl, KOTOpas B OJaronpUsITHBIX AJISl BO3-
JIENTBIBAHAS YCIOBUSAX MOXKET mpeBbimaTh 700 m/ra [5].

OmHako KyKypy3a IpeabsSBIACT OBBIIICHHBIC TpeOOBa-
HUs K Teruty u Biare. CornacHo kinaccupukannu PAQO, o
CKOPOCTICIIOCTH THUOPUABI ACTAT Ha IATh rpymil. [loatomy
OoJpIIOe BHUMAHHE HEOOXOIUMO YICISATh TPaMOTHOMY
oI00Py COPTOB U THOPHIOB C YUETOM arpOKIUMATHUCCKUX
yCIIOBUi1 B 30HE Bo3/enbIBaHus. C TOUKH 3pEHUsI COKpaLle-
HUH PUCKOB B X03SHCTBaX CIEIYET BRIPAIIMBATH HECKOIBEKO
THOpPHUIOB.

B kauecTBe ambTEpHATUBHBIX CHIIOCHBIX KYIBTYP MO-
T'YT BBICTYIIaTh COPro caxapHoe M moacosHedHuK. Copro
caxapHO€ XapaKTepH3YyeTCsl OTHOCHUTEILHO HEBBICOKUMHU
TpeOOBaHUSAMHU K TIOYBE M OJaromaps kapo- U 3acyXoy-
CTOWYHMBOCTH (hOPMHUPYET BBICOKHE U CTAOIIBHBIC YPOyKan
3ej1eHON Macchl. Ee MOYKHO MCIOJIb30BaTh ISl IPUTOTOB-
JICHWsI CHJIOCA, CeHaka W 3epHOCEHAXKa, TPABSIHONH MYKH,
a TaKkKe Ha 3eJEHYI0 MOAKOPMKY [6, 7, 8]. YpoxaiHOCTH
BEreTaTHBHOW MacChl 3TOW KyJIbTYPBI HAXOIUTCS Ha yPOBHE
WIH TIPEBHIIIACT BETMYHHY 3TOTO TIOKA3aTeNsd Y KYKYpPY3bl.
Hampumep, na Kybanu y HOBBIX COPTOB OHa JOCTHTaeT
500 w/ra, y rubpunos — 600 1/ra [9], Ha roro-3amaje 1eH-
TpanmpHOH Poccum — moskeT mpeBbimath 700 m/ra [5]

[TogcoMHEYHNK TaKKe OTHOCUTCS K TEIUIOTIOOMBBIM
KyJIbTYpaM, OJTHAKO 3Ty OCOOEHHOCTH CJIE/IyeT YYUTHIBATh
MIPH BO3JICIBIBAHUY KYIBTYPHI IS TIPOU3BOICTBA BEI3PEB-
mmx MaciuoceMmsH. [Ipu ee MCTOIP30BaHUM Ha KOPMOBBIC
LIeJIM, HallpuMep, Ha CHIJIOC, OCHOBHBIC XapaKTEPHCTHUKH,
KOTOpBIE HEO0XOTUMO IPUHIMATh BO BHUMaHHUE, — BRICOKAs
YPOXKaNHOCTh U JIETKasi CUJIOCYEMOCTh BEr€TaTUBHOM Mac-
cel [10, 11]. Kpome Toro, y4utsiBast Ipo10JKUTEIBHOCTh
BETeTallMOHHOTO NEpUOJIa MOJICOTHEUYHUKA, €r0 3EJICHYIO
Maccy MOXXHO HCIIOJIb30BaTh JIETOM B BHJE 00BEMUCTOTO
KOpMa WITH B KaUeCTBE MTOJJKOPMKH K OCHOBHOMY PAIlHOHY.
B cBs131 ¢ 3THM B ITOCIIEAHUE TOBI BO3MOKHOCTB UCIIONb-
30BaHU KyJIBTYPHI HAa TAKHUE [IEJTH N3YYalOT B IICHTPAIBHBIX
u ceBepHbIX perroHax PO [10].

B cBsi3u ¢ M3I0KEHHBIM, IEJIb HAIIUX WCCIICTOBAHMIMA
3aKJII0YANIach B CPABHEHUH YPOKAWHOCTH M MHUTATEIBHO-
CTH 3€JICHOTO KOPMa pa3IMYHBIX CHJIOCHBIX KYJbTYp TPH
WX BO3ICTBHIBAHUH B YCIOBUIX MOCKOBCKOW OOJIACTH ISt
OTIpE/ICICHUS NX MaKCHUMAIbHOW MPOTYKTUBHOCTH U SHEP-
reTHYECKOI [IEHHOCTH.

MeToaunka. PaboTy poBOIIITH Ha OTIBITHBIX JENITHKAX
OUIL BMXK um. JILK. Opucra n ossix /X «KineHoso-
YeromaeBo» MockoBckoii oomactu B 2017-2020 rr. Mzyua-
JIU TPU KOPMOBEIE KYJBTYPHEI — KYKypy3Y, COPTO caxapHoe
1 TIOZCOJTHEYHUK.

[TouBa OMBITHO-IKCIIEPUMEHTAILHOTO XO3SHCTBA CY-
TJIIMHUCTAsl ¢ MOIIHOCTHIO TYMYCOBOTO TOpH30HTa 25...
30 cm u coneprkanneM rymyca — okoino 3 %, P,O,u K,0 (no
KupcanoBy) — 127 u 134 Mr/Kr no4Bsbl.

[ToAroTOBKY MOYBBI M MTOCEB MPOBOJHIN 1O 0OO0ImIe-
MIPUHATON I 30HBI UCCIIEIOBAHUN TeXHOIOTHH. OCEHBIO
BBITIOJTHSJTH 350JICBYIO BCHAIIKY Ha myouny 23...25 cM,

BECHOU — CIUIOIIHYIO KyJBTHUBAIMIO M MPEIIIOCEBHYIO 00-
paboTtky. [Tox Bcrialky BHOCHITM OpraHH4YecKue y100peHust
3 pacdera 50 T/ra, MO KyJIbTHBAIIMIO — MUHEpPaIbHBIC
ynobpenus B Hopme N60P60K60.

B nmepuon mpoBesieHus HCCIIeOBaHUI METEOPOJIOTH-
YECKHUE YCJIOBHUS B IIEJIOM MOYKHO OXapaKTepU30BATh Kak
OarOMPUATHBIC TUIS BO3ACIBIBAHHUS N3YYAaEMBIX KYJIBTYP.
[Ipu xopormiem oOecrieYeHHH MOYBBI BJIArOW, CPEIHSS
TeMnepaTypa Bo3ayxa B Mae cocrasuna 13,1 °C, urone —
19 °C, mione — 19,4 °C, asrycre — 21,1 °C, cenrsbpe —
14,3 °C. lng MakcMMajbHOTO BbIXOJa MUTATENbHBIX Be-
IIECTB U €T0 CPAaBHCHUS MEXKIY KyJIbTypaMu, YOOpKY OCy-
MIECTBIISLTA OHOBPEMEHHO B 3-1i IeKaie OKTIOps, KoTopast
XapaKTepu30Bagach OTHOCUTEIHLHO HU3KON TeMIepaTypoit
Bo3ayxa (okoio 2,5 °C), a HOUbIO (PUKCHPOBAIIN €€ OTpPU-
naTepHbIe 3HayeHus 1o -2 °C.

[ToceB Bcex KyJbTyp IIPOBOJIMIIN B TPEThEH JieKaie Masi.
Kykypy3y ¥ MOJICONHEYHUK BHICEBAIH IIHPOKOPSTHBIM
crocobom ¢ Mexaypaassamu 70 cMm Ha rryounHy 4...5 cM ¢
HOpMOI BeiceBa cooTBeTcTBeHHO 30 kr/ra u 20 kr/ra. [Toce
COPro MPOBOJIMIIN CIDIONIHBIM CIIOCOOOM C HOPMOW BBICEBA
ceMsH 23 Kr/ra, riryOrHa 3a1eKu ceMsH — 3...4 CM.

HccnenoBanu ruOpuabl Tpex TPyl CHENOCTH: paHHe-
crensre (PAO 100-199) —Poce 145, POCC 199 MB, Marryk
175 MB, Karepuna CB, Kpacnonapckuii 194 MB; cpenne-
panaue (OAO 200-299) — Heroron, Pocc-209 MB, Pocc
211 MB, Kpacnonapckuii 291 AMB; cpennecniensie (PAO
300-399) — CraBpomonbsckas 1, IToBomxckmii 89, Mamryk
350 MB, KO6unetinstii 390 MB. TTo3guecmenbie TeHOTHIIBI
HE M3YyYali [0 IPUYNHE Ae(PUIINTa aKTUBHBIX TEMIIEPATYP
B KJINMaTH4ECKON 30HE NPOBEACHUSI UCCIIEI0BAHUM.

B xauecTBe JIOMOIHUTEIBHOTO (haKTOpa N3ydaly BIIns-
HUE BBICOTHI Cpe3a PacTeHUI KyKypY3bl Ha YPOKaHOCTh U
MTUTATEFHOCTD 3€JICHOT0 KOpMa Ha pUMepe CpeTHEPaHHUX
THOPHJIOB, JUTS YETo MPOBOMIN YOOPKY Ha YPOBHE IEPBOTO
(TpamummonHast BeicoTa cpe3a 10...15 cM ot moBepxHOCTH
ITOYBBI, KOHTPOJIb) U TPEThEro Mexaoy3mui (35...40 cM ot
TIOBEPXHOCTH ITOYBHI).

Taxke MPOBOAMIH OIICHKY IEJIECO00Pa3HOCTH YOOPKH
BEreTaTUBHON MAcCCHl KYKypy3bl IOCIIE HACTYIIJICHUS OCCH-
HUX 3aMOPO3KOB, KOTOPYIO B TIOCIIETHHE T'OJIBI TPUMEHSIOT
B MPOW3BOJICTBEHHBIX YCIIOBHAX C IIETBIO TIOJYYCHHUS Ha-
TypaJbHOTO KOpMa TOBBIMIEHHON NMHUTAaTeNbHOCTH. J[ms
9TOTO MCCIIEA0BAIN XUMHYECKUI COCTAaB U PacCUNTHIBAIIH
YHEPreTHYECKYI0 IEHHOCTh 3€JEHONW MacChl pacTeHUU
CpeIHECTIeNbIX THOPHUIOB, TIOMABIINX IO 3aMOPO3KH MpH
yOOpKe ¢ BBICOTOM cpe3a 15 cM.

XHUMHUKO-aHATUTHYECKUE MCCIICIOBAHNS BEIreTaTHBHOMN
MAaCChI MPOBOVIIN OOIIETIPUHATHIMU MeToAamH [ 12]. DHep-
TeTHYECKYI0 IIEHHOCTh BET€TaTUBHOW MAacChl CHIIOCHBIX
KYJBTYp PaCCUUTHIBAINA HA OCHOBAHUH COACPIKAHUS CBIPBIX
MTUTATEIBHBIX BEMIECTB M0 YPABHEHUIO JJIs1 KPYITHOTO pora-
Toro ckoTa [13]:

03 =0,0166-CIT+ 0,0172-CX + 0,00286-CK +

+0,01159-CBDB,

rae OD — oOmenHnas sHeprusi, MJIx B 1 KT KopMma;
CII, CXK, CK, Cb2B — cOOTBETCTBEHHO ChIPOl IPOTEUH,
KJIETYaTKa, KAP, 0€3a30THCTHIE SKCTPAKTHBHBIC BeIlle-
CTBa, T/KT.

[TomyueHHEIE B OIIBITE MaTepHaIbl 00padaTeiBaIl OHO-
METPUYECKH.

PesyabTaTtsl u o0cyxnenne. B HeuepHosemnoit 30He
IpY OJTaTOIPHATHBIX IOTOTHBIX YCIOBHSX KYKYypy3a CIIOC00-
Ha GOpMHUPOBATh yporKaii BeretaTuBHON Macchl 10 500 1y/ra.
OnHaKO BEJIMYMHA ITOTO [TOKA3aTeNs CHIIBHO BAPbUPYET MO
rogam. B To ke BpeMs IpOCIEKUBAIOTCS OIPEICICHHBIC
3aKOHOMEPHOCTH POCTa M Pa3BUTHS THOPUIOB PA3TUIHBIX
rpynm crenoctd. Tak, y paHHECHENbIX U CpeJHEpaHHUX
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ruOpUI0B POCT PACTECHUH B OCHOBHOM IPOUCXOIHUT Ha
HayvaJbHBIX 3Tanax BereTalliu U OCTaHABIUBAETCS MPH J10-
CTWO)KEHUH LIBeTeHNs. JlalbHEHIINI pOCT KyKypy3bl OTMEUCH
TOJIBKO Y CPEIHECIIEIBIX THOPHUIOB.

IIpu »TOM ypokalfHOCTh BEreTaTUBHOW MaccChl yBeNU-
YHBAETCS [TOCTOSHHO TI0 Mepe pa3BUTHs pacTeHuid. [Tocie
LIBETCHHUsSI OCHOBHOM €€ MPUPOCT BETreTaTUBHOM MpOHUC-
XOJIUT B pe3yJibTaTe 00pa3oBaHuUs MMOYATKOB M CO3PEBAHUS
3epHa. [Ipudem B GosblIeil CTENEHM 3TO XapaKTEPHO IS
PaHHECIIENBIX ¥ CPEJHEPAHHUX THOPHUIIOB, Y KOTOPBIX 10JIS
MOYATKOB B 3-¢if IeKajie CCHTSOPS MOXKET IOCTUTATh OKOJIO
TIOJIOBUHBI ypOXKasl.

MaxkcuManbHYIO CPeIH H3YICHHBIX 00pa3IoB yporkaii-
HOCTB ()OPMHUPOBaNN CpeaHectenbie rudpuapl — 486 1y/ra,
yto Ha 112 n/ra, nim Ha 30 % Oomblie, 4eM y paHHECTIEIbIX
ruOpuI0B, 1 Ha 76 1/Ta, miw Ha 18,5%, 4eM y cpeqHepanHux
(tabmn. 1).

Taou. 1. YpoxkailHOCTb BereTaTUBHOI MACChl CHJIOCHBIX

KYyJIbTYp
VYpoxkailHOCTb,
Ne Bapuanr
/ra
1 KyKypy3a, paHHecHeble THOPUIBI 374,0£12,5
2 KyKypy3a, CpeJHEpaHHUE THOPHIBI: 410,0+18,3
Ha HU3KOM cpe3e (IepBoe MEeXI0Y3IIue)
3 Ha BBICOKOM Cpe3e (TPeThe MEeXKI0Y3IINE) 371,0£19,7
4 KYKypy3a, Cpe/HeCTIeIble THOPH/IBL: 486,0+20,4*(1:23)
JI0 3aMOPO3KOB
5 ocJie 3aMOPO3KOB 434,04£23,7%03
6 COpro caxapHoe 491,0£14,8*1235
7 0JICOJTHEYHUK 442,0+£16,6%19
*p <0,05

[Ipu yBemMueHUH BEICOTHI Cpe3a PACTCHUSI PH YOOPKE B
3aroTaBJIMBaEMON BEreTaTHBHON Macce yMEHBIIIASTCs TOJIS
HWOKHEH 9acTh CTeOIIs, KOTOpast M3-3a MOBBIIIICHHON BIIaYKHO-
CTH ¥ BBICOKOT'O COJIEPKaHUsI KIIETYaTKU MEHEee MMUTATENIbHA.
OIHOBpEMEHHO YBEIHUYHMBACTCS JOJsI Hamboyee SHepre-
THUYECKOM 4acTu pacTeHus — novyarkoB. Kpome Toro, ecinu
HIDKHSIS 9aCTh CTEOJISI OCTAETCsI B TOJIC, B CKOIIICHHON Macce
MTOBBITIIACTCS COJCPIKAHUE CYXOT0 BEIECTBA M CHIKACTCS
KOJIMYECTBO HEXKENATeIbHON IS KUBOTHBIX SMTHU(PUTHON
MUKpodopsl. B pesynbTaTe monydaercs KopMm ¢ Ooliee
BBICOKOW OMOJIOTHMYECKON M 3HEPreTHYECKON IICHHOCTEHIO,
9YTO OCOOEHHO BaXKHO JJISI BHICOKOIIPOAYKTHBHBIX KOPOB

[1]. B To 5xe BpeMs BEICOKHIA cpe3 HEM30€KHO IPUBOIUT K
COKpallIeHHI0 ypoxkaiiHoCcTH. Tak, B HAlINX UCCIEOBAHUSIX
CKallIMBaHUE KYKypy3bl Ha YPOBHE TPETHEro MEKIOY3IHS
CHIDKAIIO cOOp BEreTaTHBHOM MacChl KyKypy3bl Ha 39 11/Ta,
wm Ha 10,5 %.

OceHHEE 3aMOPO3KH TAK)KE CHI)KAIOT YPOXKaHOCTH
KyKypy3bl. B OCHOBHOM 3TO MpPOMCXOIUT U3-3a MOTEPH
BJIarM B JIMCTBSIX MPH paspylieHnu kietok. Coop Berera-
THUBHOI Macchl KyKypy3bl, HONABIIeH MO KPaTKOCPOUHBIE
3aMOpo3KH, coctaBui 434 11/ra, uyto Ha 12 % MeHbIle, 4emM
py yOOpKe B ONTUMAJIbHBIC CPOKH.

Y copro caxapHOT0 110 pOCTY U Pa3BUTHIO POCIIEKHUBA-
eTCs Takasl ’Ke TEH/ICHIIHS, KaK U y CPETHECTICNIBIX THOPHIOB,
MX BereTarys IpoA0JDKASTCs TPAKTHYECKH JI0 HACTYIUICHUS
3aMOpO3KOB. [Ipr 3TOM ero yposkaliHOCTh OKa3anach Hau-
OoubIIei cpean BCcex n3ydaeMbIX KynbTyp —491 1/ra. Oto Ha
117 1/ra Gosnpblire, 4eM y paHHECTIEIbIX THOPUIOB KYKYpY3bl,
nHa 81 1/ra, yeM y cpeJHepaHHUX THOPHUIOB, yOPaHHBIX Ha
HHU3KOM cpe3e.

Poct nozconHeyHnKa 3aKaHYMBACTCSl C HAYaJIoOM IIBe-
TeHUs pacteHuil. JlanpHel1iee NOBbIIIEHHE YPOKAHHOCTH
MIPOMCXOIUT B PE3yJIbTaTe 00Pa30BaHUs CEMSH B KOP3UHKE.
B cpennem ona cocraBuia 442 11/ra 1 HaXOUIaCh MEXKIY
TIOKa3aTeISIMU YPOXKaHOCTH CPEAHEPAaHHUX U CPEaHecTIe-
JIBIX THOPHUIOB KYKYpY3bl.

MakcumalbHOE B OIIBITE CO/IEPIKAHUE CyXOTo BEIECTBA
1pu yoopke B 3 1iexajie OKTSOpst OTMEUYEHO Y PAaHHECTICNIBIX
THOPHUIOB KyKYpY3bl — 228 I/KT 3eJIeHOT0 KOpMa, HANMEHb-
mree (167 r/kr) —y nopconneynrka. Hanboupim copepixa-
HHEM IpoTerHa (Tab1. 2) XapakTepr30BaIach 3eJIeHas Macca
paHHecTIeNbIX THOPHA0B KyKypy3sl (10,92 %) u monconned-
nuka (13,83 %), HaUMEHBIIMM — CpeIHECTIeNbIe THOPUIBI
KyKypy3bl (8,13 %) u copro caxaproro (8,17 %).

Y6opka KyKypy3bl IIpH TOBBIIIEHHOM Cpe3€, Hapsiay
C YBEIMUYEHHEM COJIep:KaHus cyxoro Bemiectsa ¢ 21,3 no
23,5 %, NoBBIILIAET KOJMYECTBO poTerHa Ha 1,2 % u cHu-
JKaeT coiepKaHue KJIeTIaTKu Ha 5,5 %.

VY KyKypy3bl, TIOTaBIIEH MO 3aMOPO3KH, O COJIepKa-
HUIO CyXOTr'0 BellecTBa HaOII0Jali aHAJIOTHYHYI0 KapTHHY,
oHO Bo3pocio ¢ 19,2 mo 21,1 %. IIpu sTom conmepkanue
nporenHa cHu3mioch Ha 0,36 %, KIeT4aTKu — BO3POCIIO
Ha 0,58 %.

ConeprxkaHne caxapoB B 3eJIEHOI Macce BCeX UCCIIeye-
MBIX KYJIbTYp HaXOIMJIOCh HA OTHOCHTEIBHO BBICOKOM YPOB-
He, 110 CPaBHEHUIO C APYTUMU KOPMOBBIMH KYJIbTYPaMH, 4TO
XapaKTepu3yeT X Kak JErko cmiocyemble. HanbOombmras
BEJIMYMHA ATOTO TIOKA3aTellsi OTMEUEHa y COPro caxapHoro —
29,94 % B pacuere Ha CyXO€ BEIIECTBO, YTO ITOYTH B 2 paza
Oouiblle, YeM y JIPYyTUX U3Y4aeMbIX KYJIbTYD.

Ta6.1. 2. KoHueHTpanusi NMTATeIbHIX BEIECTB B CYXOM BElIECTBE BEreTATHBHOM MACChI CHJIOCHBIX KYJIbTYp, %

Ne | Kynbrypa | [Iporeun | Kup | Kneruarka | BEOB | Caxap
1 KyKypy3a, paHHECTICIIbIE
THOPHIBI 10,92+0,19%2450 1,80+0,12*© 16,45+0,97 67,32+1,67 11,89+0,56
2 KYKypy3a, CpeIHepaHHIE
THOpPU/IBL:
Ha HU3KOM Cpe3e 9,53+0,11 1,8340,06*© 22,77+1,05%03 62,39+1,43 11,88+0,73
3 Ha BBICOKOM cpe3e 10,72+0,24%@2456 1,80-+0,09*© 17,28+0,88 66,21+1,55 9,79+0,45
4 KyKypy3a, Cpe/JHECTIeIIbIe
THOPUJIBL:
J10 3aMOPO3KOB 8,13+0,27 1,57+0,14 20,42+1,13 65,10+1,37 15,57+0,57*1:23
5 T10CJIe 3aMOPO3KOB 7,77+£0,34 1,54+0,13 21,00+1,22 63,22+1,61 9,76+0,60
6 COpro caxapHoe 8,17+0,16 1,13+0,17 24,72+1,07%03 60,50+£1,29  29,94+0,49%*(1.23457)
7 MOJICOJTHEYHUK 13,8340, 31 ¥(1:9##C436) - 9 §34(), 22 *(124%(450) 3D T +] 252450k k(13 47 07+],40%01-0  15,8]1+],25%1235
*p<0,05; **p<0,01
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Tao6u. 3. DHepreTHyecKasi IEHHOCTh BEr€TATUBHOI MACChHI M IPOAYKTHBHOCTb CHJIOCHBIX KYJIBTYP

Oo0wmenHast sueprusi, MJDx/kr Brixox ¢ 1 ra
Kynbrypa
3€JICHbII KOpM CyXO0€ BEIIECTBO CyXO0€ BEIIECTBO, 11 0D, I'Jlx | mnporeuH, KT caxap, Kr

Kykypys3a, panHecrnienbie THOpHIbI 2,37 10,39 85,3 88,6 931 1014
Kykypys3a, cpenHepanHue THOpUIBL:

Ha HU3KOM cpese 2,08 9,77 87,3 85,3 832 1037
Ha BBICOKOM Cpe3e 2,41 10,26 87,2 89,4 935 853
Kykypy3sa, cpenaectnensie ruOpubL:

J10 3aMOPO3KOB 1,87 9,74 93,3 90,9 758 1453
OCJIe 3aMOPO3KOB 2,00 9,48 91,6 86,8 712 894
Copro caxapHoe 1,67 9,28 88,4 82,0 722 2130
TToaconneunuk 1,53 9,16 73,8 67,6 1021 1167

[Tpn KOpMIICHHH BBICOKONPOIYKTHBHOTO MOJIOYHOTO
CcKOTa 0co0oe 3HaueHHe MpuoOpeTaeT KOHIEHTPALHs B
KOpME SHEpPruM U nurareidbHbiX BemecTB [11]. PacueTs
MOKa3aJId, 4YTO HauOOJbIIeH KOHIIEHTpalueld OCHOBHBIX
MUTATEIbHBIX BEIIECTB XapaKTEPU3yeTCs MOACOTHEUHUK U
paHHecIesbie THOPHUIBI KyKYpy3bl, HAUMEHBIIEH — KyKy-
py3a, yOpaHHas Tociie 3aMOpo3KoB. B wactHoCTH, conep-
’KaHHUE IPOTEHHA B CYXOM BEILIECTBE MOACOTHEYHNKA ObLIO
BBIIIIE, YEM Y PaHHECIIENIBIX THOPHUIOB KYKYpy3bl, Ha 2,91
%, copro caxapHoro — Ha 5,66 %. Pannecnesbie rHOpHIbI
KyKYpPY3bl IPEBOCXOANIN 110 BEITMUUHE 3TOTO MOKA3aTENIs
cpennepannue Ha 1,39 %, cpennepannue —Ha 2,79 %. Ilo co-
JIEpPKaHHIO CaxapoB PaHHECHENbIE M CpeJHEPaHHHE THOPH/IBI
HAaXOJWJINCh TPAKTUYECKH HA OJHOM YPOBHE M YCTYHAalH
cpennecnenbM Ha 3,68 1 3,69 % COOTBETCTBEHHO.

B 10 ke Bpems, MOJCOIHEYHUK IPU MAaKCHMaJIbHOU
Cpean M3y4eHHBIX 00pa3loB KOHIEHTPAIMN ChIPOTO MPO-
teuna (13,8 %) oTnuuaeTcs U HAUOOJIBIIUM COJICPIKAHHEM
kaerdatky (32,9 %), 94TO CBUAETEIBCTBYET O HEBBICOKOM
KOPMOBOM JIOCTOMHCTBE TaKOT'0 3€JIEHOT0 KOPMa, TOCKOJIBKY
ONTHMANBHBIM €€ YpOBEHb B CyXOM BEILECTBE PALHOHOB
BBICOKOIPOYKTUBHBIX KOPOB COCTABIAET OT 18 10 22 % [2].
Hcxozst n3 3TOr0, MOKHO 3aKIIFOUUTh, YTO 3€JI€Hasi Macca
MO/ICOTHEYHMKA UJTH IPUTOTOBJICHHBIN U3 HEE CUIIOC MOTYT
3aMEHUTH KOPM U3 KyKYpYy3bl IIpH KOPMJICHUH MOJIOJTHSIKA
CKOTa WJIM B3POCIIOTO MOTOJIOBbS CPEAHEH MPOIYyKTUBHO-
ctr. K Takomy jke 3aKIIFOUEHHIO TIPUXOANT U P APYTHX
uccnenoarenei [11].

Mexay NpoaoKUTENbHOCThIO BEr€TallMOHHOTO Iie-
pHOJa U YPOKaeM CyXOro BellecTBa (TO €CTh HAaKOIICHUEM
MIUTATEIbHBIX BEIIECTB) CYIIECTBYET TeCHasi Koppessinus. B
CBSI3M C 3THM IIPH BBIPAIIUBAHIY THOPUIOB KyKypy3bl Oosiee
MO3JTHUX TPYIII CIEIOCTH, KOTOpble OyayT ¢ ¢eKkTuBHEe
UCTIONIb30BaTh BETETAMOHHBIN I1€PHOJ] PErHOHA, BAIOBOH
cOOp MUTATEIbHBIX BEIECTB OyIeT yBEINUUBaThCs. B ycio-
BUSIX HAILIErO SKCIEPUMEHTa Takoi mpupocT pocturai 30
%. OTHaKO ¢ TOYKM 3PEHUSI 300TEXHUYECKUX TPEeOOBAHUH
K KOpMY, BaKHa €ro 3HEpreTHyeckas IeHHOCTb, KOTopas
HaXOAUTCS B MPSIMOIM 3aBUCHUMOCTH OT AOJHU CHENbIX MO-
4yaTKoB. TO €CTh B TOM OTHOILICHUH HAaHOOJIBIINI HHTEPEC
MIPEACTABISIIOT PAHHECTICTbIE THOPHUIBL.

Pacuer sHepreTuyeckoi IEHHOCTH BETE€TaTUBHON MacChl
CHJIOCHBIX KYJBTYp MO YPAaBHEHHIO PETPECCHU C YyUETOM
COJICpP’KaHMs ChIPBIX MHUTATENbHBIX BEIIECTB ITOKA3all, YTO
HauOoIbIIeH oHa Oblla y paHHecHebIX THOpuIoB — 2,37
M/Ix OO (taba. 3). YOopka cpeaHepaHHUX THOPHUIOB MIPH
MOBBIIEHHOM CPE3€ CHOCOOCTBYET yBEIMUCHHIO YHEpTe-
tryeckoit iernocty Ha 0,33 Mk OD. B aTux Bapuantax
OTMEUYEHA M caMas BBICOKAs KOHIICHTPAIUs SHEPTHUU B
cyxoM BemiectBe — coorBercTBenHo 10,39 u 10,26 MIx
OD3. DHepreTruyeckas LIEHHOCTh 3€JIEHOTO KOPMa U3 COPro

CaxapHOT0 1 IOJICOJTHEYHHKA OblJTa HIKE, YeM Y BceX THOpH-
JIOB KyKypy3bl. Hanpumep, B cpaBHEHHHU C PaHHECTIEIIBIMU
rHOpUIaMH KYKYpY3bl, y COPrO CaXapHOro BEJTMUYHHA ITOTO
mokasatens Opita Hroke Ha 0,70 Mk O, y HoacOoTHEYHHKA
—Ha 0,84 M]JIx OD.

MaxkcumaibHBIH B ONbITE cOOp CyXOro BeliecTBa o0e-
CIICUIIIH PaHHECTIeNbIe THOpHIHI (93,3 11/Ta), a HANMEHBIIIHIA,
B CHITy BBICOKOH BJIQYKHOCTH, — OACONHEYHHUK (73,8 m/Ta).
CaMmpblif BBICOKHH BBIX0J] OOMEHHOM SYHEPTrUH OTMEYEH Y KY-
Kypy3bl — ot 85,3 I'Jlxx O3 y cpetHepaHHUX THOPUIOB TIPH
ybopxke Ha HI3KOM cpese, 10 90,9 I'J[x OO y cpenHecnensIx.
BripaniiBanue nocoiHeYHNKa 00eCeYrIo HanOoIbIINi
c6op mporenna ¢ 1 ra (1021 xr), copro caxapHOTo — caxapa
(2130 kr).

Takum oOpazom, B ycioBusix MOCKOBCKOW 00jacTH
BCE MCHBITYEMbIE CHIIOCHBIE KYJIbTYPBl (JOPMHUPYIOT BBICO-
KYIO YPOXKallHOCTh BEI€TaTUBHOM MaccChl. Y KyKypy3bl OHa
BO3PAcTaeT 10 MepEe IMOBBIIICHNS YCIOBHOTO TTOKa3aTes
ckopocrienoctd (PAO). Hanbomnbiast mUTaTeILHOCTD 3€-
JICHOTO KOpMa OTMEUeHa y KyKypy3bl. Ee yOopka Ha ypoBHE
TPETHETO MEXKI0Y3JINS 3HAUUTEIHEHO MOBBIIIAET BEITHUUHY
9TOr0 MOKa3arels. AJIbTEPHATHBONH KYyKypy3€ MOXET
CIy’)KUTb cOpro caxapHoe. IlofcomHeyHUK, HECMOTPST Ha
BBICOKYIO YPO’KalHOCTb, XapaKTepU3yeTcsi CaMOl HHU3KOM
9HEPreTHYeCKON IEHHOCTHIO 3eJICHOT0 KOpMa.
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OTEYECTBEHHBI TPEXKOMITIOHEHTHBIN I'EPBUIAT TUKCEJIb, M1 JIJISI 3AIIIATHI IOCEBOB
O3UMOTI'O SYMEHS B KPACHOJAPCKOM KPAE*

A. I1. CaBBa, kannunat 6nonorndeckux Hayk, T.H. Teaexenko, B.A. Cysoposa, C. C. KoBanes

Dedepanvbhbill HAYYHBI YeHmp OUOIOSUHECKOU 3aWUmbl PACeHUl,
350039, Kpacnooap, n/o 39
E-mail: savap53@mail.ru

Hccneoosanus npoeoounu ¢ yenvio OUeHKU 010102u4ecKoll U X03AUCMEEeHHOI IPeKmusHOCMU H08020 OMEUeCH8EHHO20 MPexX-
Komnonenmnozo zepouyuoa Iuxcenv, M/] (90 2/n mughencynoghypon-memuna + 24 o/n paymemcynama + 18 2/n ¢pnopacynama) na
nocesax o3umozo aumens copma Pyoesic 6 Kpacnooapckom kpae. Pabomy nposoounu é 2017-2018 22. 6 coomeéemcmeuu c pekomenoa-
UUAMU RO UCRBIMAHUAM 2ePOUUUO06 6 CenbCKom Xo3aticmee. [1oueenHblil NOKP 06 ONbIMHBIX YUACIKOE — YePHO3EM GbIU{E/10UEHHbLIL
ITnowaos oensanxu — 25 m?, nO6MOPHOCHb — YeMbIPEXKPAMHAsL, PACHON0MCeHUE — peHOomuzuposannoe. Cxema onvima K104aA1a
enecenue uzyuaemozo npenapama Iluxcenv, M/l ¢ nopmax 0,25; 0,27 u 0,30 n/2a, smanonoe Ipumaoonna C3 — 0,60 n/2a, /lepou
175, CK — 0,05 n/za, konmpons — 6e3 2epouyudos. Buecenue npenapamoe npogoounu é nepuoo KyujeHus 03umozo AumeHs, pacxoo
paboueii sncuokocmu 200 n/2a. Hexoonasn 3acopeHnocms noceso6 08y00abHbIMU COPHBIMU PACMEHUAMU 68 CPEOHEM COCMABNANA
70 3x3./m>. Jleiicmeue 2epouuudos oyeHusanu no YUCAeHHOCIU U MACCE COPHAKOG, YPOICAUHOCHU 3ePHA KYIbHYPbl, 6 CPAGHEHUU C
sapuanmom 6e3 ucnoab308anusn 2epouyuoos. Bee copnvie 6uobvl (ackonka noneeas, NOOMaApeHHUK YenKUil, MaK camoceikda, 000aK
W eMmUHUCMbLIL) NOKA3AIU 6bICOKYI0 UYECHEUMEIbHOCY K UCHbImbléaemomy npenapamy. B eapuanmax c zepouyuoom Iluxcens,
MJT 6 nopmax 0,25...0,30 1/2a ommeuanu duonozuueckyro ygpghekmusnocms na ypoeue 88...100 %. Ompuyamenvrozo 6030eiicmeus
npenapama na Kynomypy ne naoniooanu. /locmosepusie npubagKu ypoicas 3epHa 03umozo aumens cocmagunu 7,7...8,7 %. B
pesynvmame 0gyxiemuux ucnvimanuii, 2epounud Iuxcens, M/ noxazan bICOKyI0 0U0I02UHECKYI0 U X03AUCMBEHHYI0 Ihhexkmue-
HOCHb 8 NOCEBAX O3UMO20 AYUMEHA.

RUSSIAN THREE-COMPONENT HERBICIDE PIXEL, OD FOR PROTECTION OF WINTER BARLEY
CROPS IN THE KRASNODAR TERRITORY

Savva A. P., Telezhenko T.N., Suvorova V.A., Kovalev S. S.

Federal Scientific Center for Biological Plant Protection
350039, Krasnodar, p/o 39
E-mail: savap53@mail.ru

The study aimed to assess the biological and economic efficiency of a new domestic three-component herbicide Pixel, OD (90 g/l
thifensulfuron-methyl + 24 g/l flumetsulam + 18 g/l florasulam) on the winter barley crop Rubezh in the Krasnodar Territory. The
work was carried out in 2017-2018 in accordance with the recommendations for herbicides testing in agriculture. The soil covering
of the experimental plots was leached chernozem. Plot area was 25 m2 with quadruple repetition and randomized location of pieces.
The experimental design included the introduction of the studied drug Pixel, OD in the norms of 0.25, 0.27 and 0.30 l/ha, standards
Primadonna SE — 0.60 l/ha, Derby 175, SC — 0.05 l/ha, control — without herbicides. The introduction of preparations was carried
out during the tillering period of winter barley, the flow rate of the working fluid was 200 l/ha. The initial infestation of crops with
dicotyledonous weeds averaged 70 pcs/m2. The effect of herbicides was assessed by the number and mass of weeds and crop grain
yield compared to the variant without the use of herbicides. All weed species (field chickweed, goose grass, canker rose, yellow thistle)
showed high sensitivity to the tested preparation. In the variants with the herbicide Pixel, OD in the norms of 0.25-0.30 l/ha, biological
efficiency was observed at the level of 88-100%. The negative impact of the drug on the culture was not observed. Reliable increases
in the yield of winter barley grain amounted to 7.7-8.7%. As a result of two-year tests, the herbicide Pixel, OD showed high biological
and economic efficiency in winter barley crops.

KiroueBble ci10Ba: o3umblil AYMeHb, YPOXHCAUHOCMb, COPHOE PAC-
meHue, eepouyuod, apghexmugrnocme.

Osuwmslii sstamens (Hordeum vulgare L.) — ogHa U3 Bax-
HeHImX 3epHO(ypaxkHbIX KylbTyp Poccuu. Ha reppuropun
Kpacnonapckoro kpas B 2021 1. o ero moceBbl ObUIO OT-
BeZieHo 199,4 ThIc. Ta. YpoXkalfHOCTh B CpeIHEM COCTaBHIIa
5,24 t/ra [1].

OnHa U3 OCHOBHBIX NPUYUH MOTEPH YPOXKAWHOCTU H
CHIDKEHHSI KAUECTBEHHBIX XapaKTePUCTHK 3€PHA CENIbCKO-
XO3SCTBEHHBIX KYJIBTYP — 3aCOPEHHOCTB IIOCEBOB. B Mupe
HOTEPH yPOXKasi 03UMBIX 3€PHOBBIX KOJIOCOBBIX KYJIBTYp OT
COPHBIX pacTeHH exeronHo cocrasisaoT 17...30 % [2].
CoOpHSIKH JIy4llIe, YeM KYJIbTYPHBIE PACTCHUs, KOHKYpPH-
PYIOT 3a BIIary, COJHEUHYIO SHEPIHIO U APYIUe PecypCHl,
OHH aKTHBHEE UCIIOJIL3YIOT 3JIEMEHTHI TN TaHHSI BHOCUMBIX
MUHEPAIbHBIX yIOOPEHHH ¥ MOTEHIMAN IOYBEHHOIO
wiogopous [3]. Hapsay ¢ mpsIMBIM OTpHUILIATEIBHBIM BO3-
JIeHiCTBHEM Ha pa3Mephl M Ka4eCTBO ypoiKasi, COPHBIE pac-

Key words: winter barley, yield; weed plant; herbicide;
efficiency.

TEHHsI HAHOCSIT KOCBEHHBIN Bpe, Oyay4n pe3epBaTopamMmu
B030yauTelNeid O0NIe3Hel 1 BpeAUTEIeH, 4To co3aaeT oaro-
MIPUSATHBIC YCIIOBHS ISl HAKOIUICHHS M PACIIPOCTPAHECHUS
¢uronaroreHos u purodaros [4]. Kpome Toro, copHsku
3aTPYAHSIOT IPOBECHUE arPOTEXHUICCKUX MEPOIIPHATHH,
YTO BBI3BIBACT IOIOJIHHUTENbHBIC 3aTPaThl TPyJa U Mate-
pHaNBHBIX pecypcos [5].

Takum 00pa3oM, yripaBJeHHe U KOHTPOJIb 3aCOPEHHOCTH
IIOCEBOB CEJIBCKOXO3SHCTBEHHBIX KYJIBTYP HMEIOT 0c000¢
3Ha4CHUE M OTHOCATCS K YHCITYy HPUOPHTETHBIX 3a]lad B
HUHTETPUPOBAHHON CHCTEME 3aILHTHI.

Ha cerogusimnuii 1eHb B CHUYKEHUN 3aCOPEHHOCTH T10-
JIel BaKHOE MECTO OTBOJUTCSI IPUMEHEHHIO TepOUIIH/IOB,
JICHCTBYIOILIE BELIECTBA KOTOPBIX OTHOCATCS K COCAMHE-
HUSM Pa3iIHYHBIX K1accoB. [IpaBHIbHOE HX HCIIONB30BaHUE
JlaeT BO3MOYKHOCTh CHU3UTh MJIM MOJHOCTHIO YHUUTOXUTh

*uccnedosanus evinoHenvl coenacto I ocyoapemeennomy sadanuio Munucmepcmea nayku u svicute2o oopasosanus P® ¢ pamkax HUP no meme Ne

FGRN-2022-0001.
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COpHBIE PacTEHUs, MPUCYTCTBYIONINE B TIOCEBAX CEIBCKO-
XO3SIUCTBEHHBIX KYIBTYp [6, 7].

[IpenmymiecTBa XUMHYECKOT'O METO/Ia 3aKIFOYAIOTCS B
TOM, 9TO ITPH UCTIOE30BaHNH TePONINIOB JOCTUTACTCS BI-
cokasi Omostoruueckas 1 Xo3siiicTBeHHas 5 PEKTUBHOCTD U
OBICTpast OKYIIaEMOCTb B OTIIMYHE OT APYTUX (hopM OOpHOBI C
COPHBIMHU pacTeHUsIMU. B CBsI3U € 3TUM, TaKO METO/T IITUPO-
KO IIPUMEHSIOT NIPH BO3/ETIBIBAHUHN CEITbCKOXO035ICTBEHHBIX
KYJbTYp NPaKTUYECKH BO BceM Mupe [8§, 9].

EsxerogHo Gmaromapsi 1esieHanpaBIeHHOMY TOUCKY H
CKPMHHUHTY HOBBIX 3(()EKTHBHBIX BELIECTB aCCOPTHMEHT
cpencTB OOPHOBI C COPHAKAMH MOTOTHSIFOT HOBBIC ITPEIapaThl
Ha OCHOBE OTJICTIFHBIX COSANHEHUH U X KOMIO3HUIINH, B CO-
CTaB KOTOPBIX BXOJUT HECKOJIBKO AEHCTBYIOIIUX BEIIECTB C
paznuyHbIM Mexanu3MoM jeictsus [10]. Ilpu sTom rnaBHoe
TpeOoBaHNE K HOBBIM TepOHIIIIaM, HapsITy C BEICOKOH OHO-
JIOTUYECKOH A(PPEKTHBHOCTHIO B OTHOIICHUH COPHSIKOB, —
0e30IacHOCTB ISl TETIOKPOBHBIX M OKPYIKAIOIICH CpeIbl.

Pabotas B aTom Hanpasierann B AO «llexxoBo Arpo-
xumy» coznanu repourm [Tukcens, M/I. IIpeumymiecTBo
mpernapara 3aKIf0YacTcs B YHUKaIbHONH KOMOMHAITIH TPEX
JIEUCTBYIOUIMX BELIECTB, CYMMAapHbI CUHEPreTUYECKUN
3¢ (}EeKT KOTOPBIX MO3BOJISIET MAaKCHMaJIbHO YBEIUYHTH
TepOHIIUIHY IO aKTUBHOCTH IIPOTUB COPHAKOB. [IprMeHeHme
mpemnapara B BHJE MAacisSHOW AWCIEPCHUU CIIOCOOCTBYET
OBICTPOMY NMPOHWKHOBEHHIO ACHCTBYIOIINX BELIECTB B
pactenus copuskoB (https://betaren.ru/catalog/sredstva-
zashchity-rasteniy/gerbitsidy/pixel _md/).

Ilens mccaemoBaHus — OLEHKA OMOJOTHYECKON U XO-
3SHCTBEHHONW 3(P(EKTUBHOCTH HOBOT'O OTCUYECTBEHHOTO
repounuaa IMukcens, MJ] B moceBax 03UMOTO SIIMEHSI
LEeHTpaJIbHON 30HBI KpacHogapckoro kpast.

J11st ee TOCTHIKEHUS peliaiy CIISAYIOIHE 3aaqu: Ope-
JenuTh Bivstaue repounnaa [Tukcens, M1 Ha 3acOpeHHOCTH

ITOCEBOB O3MMOTO SUMEHS M OTACTBHBIC BHIBI COPHSIKOB;
W3YYHUTh CTENECHb 0E30MaCHOCTH Iperapara Jisi KyJIbTYpbI
1 OLICHUTH €T0 XO3SIMCTBEHHYIO 3P PEKTHBHOCTE.

MeTtoauka. M3ydenne OHOIOrnIecKoi 1 XO3sIHCTBEHHOM
3¢ PEKTUBHOCTH UCTBITHIBAEMOT'0 MIpernapara poBOININ B
2017-2018 rr. Ha moceBax O3MMOTO sTUMEHs copTa PyOex
Ha 6aze DenepantbHOTO HAYYHOTO IIEHTPa OMOJIOTHYECKON
3alUThl pacTeHui» (r. Kpacnonap).

Kimmar KpacHonapckoro kpast Ha paBHUHHOM 4acTu —
YMEpEeHHO-KOHTHHEHTAIBHBIN. B Tedenne roga ormeyaroTces
pe3kne KoyeOaHMsT MECSYHBIX U CE30HHBIX TeMIIEpaTyp.
TemrmepaTypa Bo3Iyxa ssHBapsi B CPeJHEM COCTaBIISIET -3. . .-5
°C, mronst — +22...+24 °C, cymma aTMOC(HEpHBIX 0CaIKOB
3a rog —400...600 MmM.

TemneparypHblii pexxum MapTa—utois 2017 r. Haxoaui-
cs Ha ypOBHE CpeAHEMHOr0JIeTHETO. B anpene Habmonanu
neuIuT BIIary, MOCKOJIBKY KOJMYECTBO BBIMABIIMX OCAl-
KOB OBLIO B 2 pa3a HI)Ke HOPMEIL. B Mae ormevanu obnime
0CaJIKOB KOTOpOE B 3 pa3a mpeBbIcHiio HopMy. KommaecTo
0CaIkoB B MapTe, MIOHE M UIOJie ObUIO OJIM3KO K YPOBHIO
CpPEeIHUX MHOTOJETHUX JaHHBIX. MapTt—utonb 2018 r. BbI-
JATNCh OoJiee TEeTIIBIMHU M 3aCYIIUTUBBIMH, Y€M TI0 CpeHE-
MHOTOJIETHUM JaHHBIM. CpeiHeMeCsIUHbIe TEMIIEPATYPHI B
9TOT NEPUOJ NPEBbIIIan HopMy B cpeaHeM Ha 10 °C. Kpome
TOT0, OTMEYAJIH CHIIbHBIN Ae(DUITIT aTMOC(HEPHBIX OCATKOB,
YTO MOBJIHAJIO Ha YPOKAIHOCTb KyJIbTYpHI.

TexHoNOTHS BBEIpAIIMBAHUAS O3UMOTO SUYMCEHS ObLIa
OOIIENPUHSATON /ISl TIEHTPaIbHON 30HBI KpacHomapckoro
kpas. Ilocne yObopku yposkasi mpemecTBeHHUKa (03uMast
IMIIICHATIA) TIPOBOJWIN TUCKOBOE JYIICHHUE CTEPHHU C IO-
CIeyIoIIei He ITyOOKOi OCCeHHEH BCTIAIIKOM 1 ITPEITOCceB-
HOI KysibpTHBareil. [ToceB o3umoro ssumeHs copta Pyoex
OCYIIECTBIISLIA BO BTOPOH AeKae OKTAOps cesutkoit C3-3,6.
Hopwma BreiceBa — 180 kr/ra.

Taoun. 1. Jleiicteue repoumuaa Iukceas, M/ Ha 001IyIo 3acOPEHHOCTD MOCEBOB 03UMOro0 staMeHs (cpeauee 3a 2017—2018 rr.)

HHCIIEHHOCTh COPHBIX PACTEHUI ChlIpast Macca COpHbIX pacTeHHM
Bapuant VYuer , CHUKEHMUE, r/™? CHIDKEHHE, % K KOHTPOIIO
oK3/M % K KOHTPOITIO OJIC* | MJIC** OJIC* MJIC**

Be3s repoununos 2 66,4 - 426 316 - -
(koHTpoE) 3 64,5 - 645 474 - -

4 62,9 - - - - -
IMukcens, MJ] — 2 5,8 91,3 20 27 95,3 91,5
0,25 wra 3 69 89,3 4 49 93,5 89,7

4 7.8 87,6 - - - -
TTukcens, MJI — 2 2,5 96,2 7 9 98,4 97,2
0,27 a/ra 3 3,6 94,4 19 2 97,1 95,4

4 43 93,2 - - - -
IMukcens, MJ] — 2 0 100,0 0 0 100,0 100,0
0,30 fra 3 0 100,0 0 0 100,0 100,0

4 0 100,0 - - - -
IIpumanonna, CO (3tanon) — 2 49 92,6 16 23 96,2 92,7
0,60 w/ra 3 58 91,0 36 42 94,4 91,1

4 6,9 89,0 - - - -
Jepbu 175, CK (stanon) — 0,05 2 6,9 89,6 26 34 93,9 89,2
a/ra 3 7.8 87,9 49 59 92,4 87,6

4 8,9 85,9 - - - _
*OJ1C — oHOJIETHHE IBY10JIbHBIE COpHBbIe pacTeHust; **M/IC — MHOTOIeTHHE JIBYJOJIbHBIC COPHBIC PACTCHUSI
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[To4Ba OMBITHBIX yY4aCTKOB ObLIa MPE/ICTABICHA YEPHO-
3eMOM BBIIIEIOYEHHBIM, JETKOCYTJIMHUCTBIM T10 TPaHyJIo-
MeTpudeckoMy coctaBy. CojiepikaHue ryMmyca B IaXOTHOM
ropmzonTe (0 Tropuny, T'OCT 2613-94) — 3,39 %, nox-
BrxHOTO (hocopa (o Ynpukosy, 'OCT 26204-91) — 182
MT/KT' TIOYBBI, IOJBMKHBIX (opM Kanus (mo Maduruny,
I'OCT 26205-91) — 306 mr/kr noussl, pH (o 'OCT
26423-85)—6,9 en.

[ToceBbl 03UMOr0 STYMEHSI B OCHOBHOM OBLITH 3aCOPEHBI
onHONETHUMU (sickosika monesast (Cerastium arvense L.),
Mak camocelika (Papaver rhoeas L.), NoAMapeHHUK HETTKUH
(Galium aparine L.)) n MHOTONETHIMU (OOJISIK IIETHHUCTHIN
(Cirsium setosum (Willd.) Bess.)) By TOTbHBIMH COPHBIMU
pacTeHUSIMH.

CxeMa oIbITa MpeycMaTpuBalia IPUMEHEHUE H3y4vae-
Moro repouruaa [ukcens, M1, B cocTaB KOTOPOTO BXOST
TpH JeicTByromuX BemectBa — 90 /1 TudeHcynbypoH-
MeTmna + 24 r/n paymercynama + 18 r/m ¢umopacyiama,
atasioHoB [ep6u 175, CK u I[Ipumanonna, CO.

O0paboTKy TepOuIUIaMu MPOBOJMWIN B TIEPUOJ KY-
[IEHHSI 03UMOT0 SIUMEHSI COTJIACHO CXEME OIIbITa, KOTopast
IIpeycMaTpuBalla UCIoib30BaHue rpenapara [ lukcens, MJ{
B HOpMmax 0,25; 0,27 u 0,30 n/ra, stanonos [IpumanonHa,
C5-0,60 n/rau depdu 175, CK - 0,05 i/ra, koHTpOIE — 63
MPUMEHEHHs] TepOHIIUJIOB.

OO0paboTKy MMOCEBOB OCYILIECTBISUIN C UCHOJIB30BAHUEM
pyunoro onpsickuBarens «PULVEREX», ocHaieHHOro 1ByX-
METPOBOM IITAHT O ¢ 11eieBbIMU pacribuiTessivu Thra TEEJET
11002 VS. Pa3mep OMBITHBIX JEISHOK COCTABIIST 25 M2, TOBTOP-
HOCTb — YEThIPEXKPATHASI, PACIIOJIOKEHUE — PEHIOMH3UPOBAH-
Hoe. Hopma pacxoma paboueit sxuakocta — 200 ni/ra.

[TonieBble MCIIBITAHUSI TPOBOJAMIN B COOTBETCTBHH C
«MeToUYeCKUMU YKa3aHUSIMH [0 PErHCTPALMOHHBIM
UCTIBITAHUSIM TEPOMIIUIOB B CEIILCKOM XO3SHCTBE» (IOI.
pen. B. U. lomkenko. C-I16: BU3P, 2013). 3acopenHocTh
YUHUTBHIBAJIN B Y€ThIPE CPOKA. [1epBbIii — 10 BHECEHUS TepOu-
LU/IOB C OTPE/IeICHUEM BUIOBOW IPHHA/IJICKHOCTH COPHBIX
pacTeHuit (MCX0/JHAsl 3aCOPEHHOCTD), INIOTHOCTH 3aCOPEH-
HOCTH ¥ X (ha3bl pocTa U pa3BuTHs. BTopoii u TpeTHii yueTs

BOJIH

(crrycrsa 30 m 45 grelt mocne 00paboTKN) TPOBOIMIIN KOJIH-
YECTBCHHBIM M BECOBBIM METOJIOM C YYETOM YHCIIa COPHSIKOB
0 BUZAM U OTPEJICICHUEM ChIPOW HaJ3eMHOU OMOMAaCCHI
COpHBIX pacTeHHd. UeTBepTHIH (KOJTUIECTBEHHBIH ) — epet
yOOpKOI1 yposkast KyJbTYpHI.

VYder ypokas 3epHa O3UMOTO SUYMEHS IPOBOJIIIN
npsiMbiM KoMmOaiitaupoBanueM (XET'E-125) skcnepumen-
TaJbHBIX JIEJISTHOK KaXXOT0 BapHaHTa M MOBTOPHOCTHU
OIIBITA C MOCTICAYIOIINM B3BEIIMBAHIEM U OTIPEICICHUEM
YPOXKalHOCTH.

Buonorudeckyro u X03siicTBeHHY 0 3 (HEeKTHBHOCTH rep-
OWIINIOB OLICHUBAIH 110 CHIDKCHHIO 3aCOPEHHOCTH ITOCEBOB
03MMOTO STUMEHS U yPOXKaro KyJIbTYPHI, B CPABHEHUH C KOH-
Tposib. JlaHHBIC 00padaThIBAIM METOJIOM JAUCIICPCHOHHOTO
aHanmu3a ¢ ucrnonb3oBanueM nporpamMsl MS EXEL.

Pe3yabTaThl U 00cy:xaedue. [Ipu mpoBeneHuu mo-
neBbIx dKkcriepuMeHToB 2017 u 2018 1. moceBbl 03UMOTO
SIIMEHSI B OCHOBHOM OBIITH 3aCOPEHBI XapaKTePHBIMU IS
KpacHomapckoro kpas IBYAOJBHBIMH COPHBIMHU pac-
TCHUSIMHU, UCXOJHAS YUCICHHOCTh 0OOJSKa MICTHHHCTOTO
B cpeaHeM cocraBisiia 10 mT./M?, Maka caMOCeWKu —
19 1wrt./M2, mogMapeHHKUKa HENKOro — 24 1IT./M2, ICKOJIKH
moJieBou — 15 mt./m?2,

B xontpoe yepes 30 mHe ocie 00paboTKu repOnIu-
JaMH 001IIee KOIMYIECTBO COPHIKOB B CPETHEM COCTABIISIIO
66,4 5k3./M?, CcyMMapHasi CbIpasi HaJ3eMHast OHOIOTHYECKast
Macca OJIHOJIETHHX JIBYI0JbHBIX BUIOB — 426 r/M%, MHOTO-
JICTHUX JBYJOIBHBIX — 316 T/M? (Tabm. 1). Crycrs 45 nHeit
YHCIICHHOCTh COPHBIX PACTCHHUI OCTaBajaCh IMPUMEPHO Ha
TaKoM ¢ YPOBHE, a HX OmoMacca 3HaYUTEIHHO BO3POCIIa
u cocTaBuia 645 n 474 r/m?* COOTBETCTBEHHO.

Buecenue 0,25 n/ra npenapara [Tukcens, M/l Ha 03u-
MOM STYMCHE B TIEPUO]T KYIIECHHS IO TAaHHBIM y4eTa o0Imas
YHUCIIEHHOCTh COPHBIX pacTeHui yepe3 30 mHEel mocie
00paboTku cHusmmack Ha 91,3 %, OJJTHOBPEMEHHO HAOITO-
JATIOCh BBICOKOE TIOJIABJICHUE MX HAJ3eMHOW OMOMAacChl
(omuonmeTHHX — Ha 95,3 %, MHOTONIETHUX — Ha 91,5 %), TIO
CPaBHEHHIO C BAPHAHTOM 0€3 UCTIOIb30BaHUs TepOUITHIOB. B
MTOCIIEAYFOIIEM JeHCTBHE TepOUIIHIa HECKOIBKO CHIKAIOCH,

Ta6a. 2. Jleiictue reponmmaa Iukceab, M]I Ha 0CHOBHbIE BUIbI COPHBIX PACTEHHMIA B IOCEBAX 03MMOI0 STYMEHS
(cpeanee 32 2017—2018 rr.)

CHIDKEHHE YUCICHHOCTH COPHBIX PACTEHHH, % K KOHTPOIIIO
Bapuanr Yuer Galium Papave Cerastium L
. Cirsium setosum
aparine rhoeas arvense
Konrpois (6e3 repourmaos)* 2 23,6 18,3 14,9 9,6
3 22,4 17,8 14,7 9,6
4 21,6 17,3 14,4 9,6
Tukcesns, MJ] — 0,25 ni/ra 2 90,3 92,3 94,0 87,5
3 38,4 90,4 91,8 85,4
4 87,0 89,0 90,3 82,3
Tukcens, MJI — 0,27 si/ra 2 96,2 96,2 97,3 94,8
3 94,6 94,9 95,2 91,7
4 93,5 93,1 93,7 91,7
Tukcesns, MJT — 0,30 si/ra 2 100,0 100,0 100,0 100,0
3 100,0 100,0 100,0 100,0
4 100,0 100,0 100,0 100,0
TIpumanonna, C3 (stanon) — 0,60 n/ra 2 91,1 934 95,3 90,6
3 89,7 92,1 93,9 87,5
4 88,0 90,2 91,7 85,4
Hep6u 175, CK (atanon) — 0,05 n/ra 2 89,0 90,7 91,9 85,4
3 87,5 89,3 90,5 82,3
4 85,6 87,3 88,2 80,2
*B KOHTPOJIE TIPUBEIEHBI JaHHBIE TI0 YHCIIEHHOCTH COPHSAKOB, 9K3./M?
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Ta6a. 3. YpoxkaiiHoCcTh 03UMOro stameHst copta Pyoexk npu npumenennn repoununa Iukcens, MJI

VYposxaiiHocTb, T/Ta Cpennsis
Bapuait 2017 r. 2018 r. T/Ta | % K KOHTDPOJIO

KonTtpois (6e3 repOHIIIOB) 5,14 4,43 4,79 100,0
TTukcens, M1 — 0,25 n/ra 5,55 4,76 5,16 107,7
Tukcens, MJ] — 0,27 ni/ra 5,58 4,79 5,19 108,3
TTukcens, MT — 0,30 i/ra 5,61 4,81 5,21 108,7
Ipumanonna, CO (atanon) — 0,60 n/ra 5,56 4,77 5,17 107,9
Hep6u 175, CK (atanon) — 0,05 n/ra 5,53 4,74 5,14 107,3
HCP 1,40 1,31 - -

HO OCTaBaJOCh Ha BHICOKOM YPOBHE M IO JIaHHBIM ydYerTa,
MPOBEICHHOTO uepe3 45 mHeil mocie 00paboTKY, BEINIH-
HBI YIIOMSHYTBIX ITOKa3aTesnei coctaBunu 89,3 %, 93,5 u
89,7 %, COOTBETCTBEHHO.

[epen ybopkoit yporxkast 03UMOTO SYMEHS TaK e Ha-
Onrofanach BbICOKasi repouiuaHas 3¢ HeKTUBHOCTh HC-
IBITBIBaEMOro npernapara. CHIKeHHe 00IIero KoJIu4ecTBa
COPHSIKOB, OTHOCUTEIILHO KOHTpPOJIsL, cocTtaBuiio 87,6 %.
[TpumepHO Takol xe 3¢ HeKT ObIIT OTMEUEH 1 TPU UCTIONb-
30BaHHUM ATAJIOHHBIX npenaparoB [Ipumanonna, CO (0,60
n/ra) u epobu 175, CK (0,05 n/ra).

[ToBbITIIeHNE HOPMBI HCITBITEIBAEMOTO Mperapara 1o 0,27
11/ra MPUBOAMIIO K YBEINYEHHUIO 3(D(DEKTUBHOCTH €ro IpuMe-
Henwus. [1o nanHpM Tpex yueroB [Tukcens, M1 obecieunn
93,2...96,2 %-Ho0e cHIKeHHe 00IIIero YHCiIa COPHBIX pacTe-
HUU U MoJIaBJIeHUE uX Macchl Ha 95,4...98,4 % JlanpHelmee
yBenmdeHne Hopmsbl repounmaa [Tukcens, M1 (0,30 i/ra)
MIPUBOIMIIO K TOJTHOMY OYHIIIEHHIO IIOCEBOB O3UMOTO STIME-
HS OT OJTHOJICTHUX U MHOTOJICTHUX JIBYIOJIbHBIX COPHSIKOB,
9TO 110 AP PEKTUBHOCTH 3HAYUTEIIFHO MIPEBOCXOMIIO ITAIIO-
Hel. Ha Ham B3rman, npenMyinecTBo repournmaa [lnkcens,
MJI, B cCpaBHEHUU C dTaJOHAMH, OOYCIOBJICHO TEM, YTO B
cocTaBe HOBOTO ITperapaTa COBMEIIECHBI TPU JCHCTBYFOIIIX
BEIIIECTBA U, TI0 BCeH BHIIUMOCTH, IPOUCXOIUT CHHEPTETH-
yeckuit 9p(exT, B pe3yapraTe KOTOPOro YCHINBACTCS €T0
repONIUIHOE ISHCTBHE Ha COPHBIC PACTCHUS.

Hambomee BBICOKYIO YyBCTBHUTEIBHOCTh K TE€POUIHITY
[Mukcens, M/] IposiBUIIN OHOJIETHHE JIBYA0JIbHBIE COPHBIC
pactenus (moxmapeHHuK nenkuii — 87,0...90,3 %; mak camo-
ceiika — 89,0...92,3 %; sckomnka nonesas — 90,3...94,0 %),
HECKOJIbKO MEHEEe — MHOTOJICTHHH COPHSIK 0OJISIK IIETHHU-
cThii (82,3...87,5 %). DT0 0TUETIIMBO IPOCIIEKUBAIOCH IPH
WCTIONB30BaHNM TIperapara B Hopme 0,25 si/ra (taba. 2). [Tpu
Hopme 0,27 j1/ra 3TH pa3inyus HECKOJIbKO HUBEIUPOBAITUCH,
a B MakcuManbHOI HopMe (0,30 11/ra) OHM HCYe3ai.

B mpomecce BU3yanpHBIX HAOMIOJCHUH 32 COPHBIMH
pacteHusMHU, oOpaboTaHHBIMEU repOunmuaom [lukcens,
MJI, ycTaHOBIICHO, YTO IMEPBBIC BUAMMBIC MPU3HAKA HX
MOpaXeHUsI MOKHO HaOII0naTh yepe3 3...4 JHS mocie
NpUMEHeHHs npenapara. [IposBisiiincs OHU B OCTaHOBKE
pocTa ¥ pa3BUTHsI, 00ECIIBEUNBAHIH [TEPBOHAYAIEHO TOUKA
pocTa, a 3aTeM M BCero pacTeHus. B nanbHelemM CoOpHIKu
Oypernn, 3acbixany 1 oTMupany. [lomHas rubens HacTynana
coycts 3...4 Henenu mociie 00pabOTKY repOUIUIOM U 3a-
BHCeIa OT (ha3bl Pa3BUTHS COPHSAKOB U YCIOBHH MOTOJBI BO
Bpemsi 00paboTku. CUMIITOMOB TOBPEKICHUS KYJIbTYPHI
HE OTMCUAIIH.

VpoxaliHOCTB 3epHa B KOHTpoJIe (0€3 IPUMEHEHHs rep-
ounmna) 3a 2017 u 2018 rr. B cpeanem cocrasisiia 4,79 1/
ra. [Ipumenenue 0,25...0,30 n/ra mpenapara [Tukcens, M/]
B TICPHO/] KYIICHHUSI 03UMOT0 STIMEHS TTO3BOJIIIIO TIOTYIHUTh
CTaTHCTUYECKH JOCTOBEPHBIE MPUOABKH YPOXKasi, KOTOPHIE B
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cpenHeM coctaBuiu 7,7...8,7 %. JlocTOBEpHBIX pa3iuduii o
YPOXKAMHOCTH MEKTy BApUAHTAMH C IIPUMEHEHHEM HCITHITHI-
BAaeMOTo TIperapara u dTATIOHOB He Habmonamm (tadm. 3).

Pe3ynbpTaThl HAaIMX WCCIIENOBAHUI, XOPONIO COTJIa-
CYIOTCSI C aHHBIMH TI0 HCITBITAHUIO HOBOTO repOunuga
ITukcens, MJI Ha 03UMOM MIIIEHUIIE B IIEHTPAIHHOU 30HE
Kpacnonapckoro kpas (Poccust) 1 Munckoro paiioHa
Pecrryommku benapycs [11, 12]. I'me ero mpumeHneHue B
nopmax 0,25...0,30 n/ra mpu JOCTIKEHUN KyJIBTYPOIt (ha3bl
KYIIEHUs 00ECIICUNIIO BRICOKYIO TePOUIIUIHYI0 aKTHBHOCTh
(90...100 %) B OTHOIICHUH OIHOJECTHHX W MHOTOJICTHHX
JIBYIOJBHBIX BUJOB COPHBIX PACTCHUH.

Takum oOpazom, Ouosorundeckas 3P HeKTUBHOCTD
npenapara [Iukcens, M/I, BHecennoro B HopMmax 0,25...
0,30 n1/ra, Ha TOCEBAX O3MMOTO STIMEHSI IIPOTHUB OJHOJIETHUX
Y MHOTOJICTHUX JIBYIOJBHBIX COPHSKOB (OOMSK INCTHHH-
CTBI, MaK caMmocelika, TOJIMapeHHUK IETKAN, SICKOJIKA
monieBasi) cocranmsgeT 88...100 %.

Ero npumeHeHHe MO3BOJIMIO CHU3HUTH W YCTPAHUTH
KOHKYPEHITUIO COPHBIX PAaCTCHHI B PE3yJIbTaTe Yero J10-
MTOJIHUTENBHO OBIIO cobpano 7,7...8,7 % ypokas 3epHa
03MMOT0 STYMCHSI, B CPABHCHHU C KOHTPOJIeM (0e3 BHECCHUS
repOHUIUIOB).
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BJIMSTHUE MTPUPOTHO-KJIMMATUYECKUX YCJTOBUM HA JIETPAJTAIIATO MECTULIMIOB
ITPU BAIMTE BUHOI'PAJIA OT BOJIE3HEHN U BPEJJUTEJIEN

M. O. lerpoBa, T. /I. YepmeHcKkas, KaHIUIATbl OMOJIOTHYECKIX HAYK

Bcepoccuiickuil Hayuno-uccie008amenscKull URCIUNYm 3auumsl pacmeHull,
196608, Canxm-Ilemep6ype-Ilywxun, w. I[loobenvcrkoeo, 3
E-mail: mar34915696@yandex.ru

Hccneoosanus nposoounu ¢ yenvio u3yueHus 6IUAHUA NOZOOHBIX YCI06ULL (memnepamypa, 61aM#CHOCMb) HA OUHAMUKY PA3l0-
JHCEHUS PATUYHBIX U006 NECIUUUO08, NPUMEHAEMBIX 011 KOHMPONsa 0one3neil u epeoumeneii unozpaoa. Pabomy evinonnsnu 6
2019 u 2020 22. 6 Temproxckom paitone Kpacnooapckozo kpas, Canvckom paiione Pocmoeckoii oonacmu u baxuucapaiickom paiione
Pecnyonuku Kpvim. IIpoowt 51200 omoupanu omoenvho ¢ Kaxcoou 0ensanku (5 Kycmoas) no sapuanmam, u3 HUX 20MoeuaIu cpeonuil
obpazey (no oonomy na eapuanm). Ananu3 o0pasyoe Ha coOePI Hcanue OCMAaAmMoOYHbIX Koauuecme 60cKkanuoa, hennupoxcumama u
08YX RUPEMPOUO08, OCUICMEYIOUUX 6EU{ECHI8 COOMBEHICIEEHHO (YYyHULUOA, AKAPUYUOA U UHCEKMUUUOO8, 8 A200aX U COKE GUHO-
2paoda npoeoouIu ¢ UCHOIB308AHUEM 2A30HCUOKOCIHOIL U 8bICOKOIPPEKMUBHOIL HCUOKOCHHOIL XPOMamozpaghuu no MemooudecKum
yKazanuam, ymeepicoenuvim Pocnompeonaozopom. B 2020 2. paznoscenue dockanuoa npoucxoouno 6 yciosusax Kpacnooapckozo
Kpas 6 2 pasa ovicmpee, uem ¢ 2019 2. Kapkas nozooa c Hedocmanmounoil 61a3cHOCMbI0 yCKopaAa Imom npovecc é Kpacnooapckom
Kpae 6 2 paza, no cpasnenuiro ¢ Pocmoeckoit oonacmoio. /lecpaoayusn gpennupoxcumama ¢ Pecnyonuke Kpoim npoucxoouna na 10
OHell oOvicmpee, uem ¢ Kpacnooapckom Kpae, 6nazooaps 60ee 6b1COKOI 611AHCHOCHU 8 NEPUOO HADIIOOEH UL, NPU RPAKMUYECKU 00U~
HAKOBBIX CpeOHemecaAUHbIX memnepamypax. Bvicokas memnepamypa u nuskasn eénaxcnocms ¢ Kpacnooapckom Kpae cnocoocmeosanu
maksice U yeeiuueHUI0 CKOpOCmu 0ezpadayuu nupempouoos é cpeonem na 10 oneit. Hznosxcennvle pakmul MoyicHo ucnonv3oeams
07151 8b1O0PA CXeMbl 3AUUNbL BUHOZPAOA OM (ONe3Hell U 6pedumeneil, RpU Pa3padonKe KOMopoi HeOOX00UMO YUUMbIEANb 0COOEH-
HOCU NPUPOOHO-KIUMAMUYECKUX YC/I08UTL KOHKPEMHO20 Pe2UOHA 8030€1bI6AHUS KYIbHYPbI.

THE INFLUENCE OF WEATHER-CLIMATIC CONDITIONS ON THE DEGRADATION OF PESTICIDES
IN THE GRAPE PROTECTION FROM DISEASES AND PESTS

Petrova M. O., Chermenskaya T. D.

All-Russian Institute of Plant Protection
196608, Sankt-Petersburg-Pushkin, sh. Podbelskogo, 3
E-mail: mar34915696@yandex.ru

The aim of this investigation was study of the influence of weather conditions (temperature, humidity) on the dynamics of degradation
of various types of pesticides to control diseases and pests of grapes. The work was carried out in 2019 and 2020 in the following
regions: Temryuksky district of the Krasnodar region, Salsky district of the Rostov region and Bakhchisaraysky district of the Republic
of Crimea. The experimental plots area was 5 bushes, block arrangement. Samples of berries were taken separately from each plot
according to the variants; an average sample was prepared from them (one per variant). Analysis of samples for the content of residual
amounts of boscalid, fenpyroximate and two pyrethroids, active ingredients of fungicide, acaricide and insecticides, in berries and
grape juice was carried out using gas-liquid and high-performance liquid chromatography according to guidelines approved by
Rospotrebnadzor. In 2020, the boscalid decomposition in grape from Krasnodar region was two times faster, that in 2019. Hot weather
with insufficient humidity accelerated the decomposition of boscalid in the grape in the Krasnodar region compared to the Rostov
region. Degradation of fenpyroximate occurred 10 days faster in the Republic of Crimea, in contrast to the Krasnodar region, due
to the higher humidity during the observation period, at practically the same average monthly temperatures. The high temperature
and low humidity in the Krasnodar region contributed to an increase in the rate of pyrethroid degradation. Thus, it is necessary to
take into account the peculiarities of the natural and climatic conditions of a particular region of crop cultivation to choose a plant
protection system from diseases and pests.

KuitoueBblie €J10Ba: n0UGCHHO-KAUMAMUYECKAs 30HA, MeMne-
pamypa, 81adjiCHOCMb, NeCMuyud, 0CMAmMouHble KOIU4ecmaeda,
xXpomamozpaghus

[IpupoHO-KITUMAaTUYECKHE YCIOBUS BBICTYNAIOT OJTHUM
W3 OCHOBHBIX (DaKTOPOB, OMPEIEIAIONINX KOJTHYECTBO U
Ka4ecTBO ypojkasi CebCKOXO3sIMCTBEHHBIX pacTeHHi. Co-
CTOsTHHE aTMOC(EPHI B OMPEICICHHBIN MOMCHT BPEMCHH Ha-
3bIBAIOT IOr00H. DTO CJI0’KHAsI MHOI'OBapUaHTHAs CUCTEMA,
COCTOSIIIIas U3 OT/ACTBHBIX JIEMEHTOB — METEOIIAPaAMETPOB
(TemnepaTyphbl, AaBJICHUS, BIXKHOCTH) U UX TPOU3BOTHBIX
(obmagHOCTH, OCAIKOB, BETpa U IIp.).

Knumat onpeaensroT kak Hanbosee BepoITHOE COCTOS-
HUE aTMOC(epsl 32 HEKOTOPBIH mepuo BpeMeHu. [Jist ero
XapaKTEPUCTUKH HCTIOIB3YIOT CPETHIE BETMINHBI METEOIIa-
paMeTpoB 3a OIpeeICHHbI BpeMEHHOU UHTEpPBAJl.

C pa3BUTHEM HAyKW M TEXHUKH COBEPIICHCTBYIOTCS
METOBI OOPBOBI C BPEIUTEISIMH 1 OOJIC3HAMHE, KOTOPHIE B
OOJBIIMHCTBE CBOEM IMPEIyCMATPUBAIOT HCIOJIB30BAaHUE
XUMHUYECKUX CPEJICTB 3allUThI pacTeHuid. [locnenyromniee nx
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Key words: soil-climatic zone, temperature, humidity, pesticide,
residual amounts, chromatography.

oOpallieHre B OKpYIKarollel Cpejie ONpeesIsiFoT MPOIIeCCHI,
BIUSIONINE HA KWHETHKY pacCceuBaHMA mecTUuoB. Ha xa-
paKTep TUHAMUKH PA3I0KCHUS TECTUIIUIO0B JaXKe B OJTHIX
U TEX )K€ YCIOBHUAX OKPYKAIOIICH CPEIbl BIUSIOT (PU3UKO-
XIMHUYECKHE CBOUCTBA, OMOIOCTYITHOCTD U 3P (PEKTHBHOCTH
npenaparos. [lo3ToMy mpu MporHO3e KHHETHKU UX paccesi-
HUST HCOOXOJIMMO YYHUTBIBATh KaXKIbId (aktop [1].
OntuManbHas TeMIIepaTypa U IPUMEHCHHUS MTECTUIH-
noB— 18...24 °C. Ilpu ee NOBBIIIIEHAH PA3TI0KEHIE ICHCTRY-
FOIIMX BEIICCTB CUHTCTUYCCKUX MPEIAPaTOB MPOUCKOIUT
YCKOPEHHBIMH TEMITAMH, a CHIDKECHHE TEMIIEPaTy P BO3ayXa
3aMeNIIsIeT MPOIECChl COKOABMKCHUS U AUCCHTIANNK [2].
Ha ckopocTb Jerpaiaiyy ImMecTHIMIOB CYIIECTBEHHOE
BIUSTHUE OKA3BIBAIOT W MEPHOANYCCKHA HACTYIIAOIINE I10-
YBEHHBIC W BO3IYIIHBIC 3aCyXH, CHIKAIOIINE COKOABIKCHIE
B PaCTCHUSIX, U, KaK CJICJICTBHC, BBI3BIBAFOIIIUC TOPMOKCHIHE
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0OMEHHBIX IIPOLIECCOB M YMEHBIIIEHHE CKOPOCTH JIETPaIaIlin
JISHCTBYIONIMX BEIIECTB MECTUIIUAOB [3].

[pu pa3paboTKe IKOITOTU3UPOBAHHBIX CUCTEM 3aIUTHI
pacTeHuil oT BpeauTenel u 6oe3neil HeoOX0AUMO YUUTHI-
BaTh 3aKOHOMEPHOCTH TpaHC(HOPMAIMH OCTATOYHBIX KOJIU-
YeCTB MECTUIUIOB. V3ydeHne mpoIeccoB UX Jerpagaini
B MPOIYKINH PACTEHUEBOACTBA MMEET BAKHOE 3HAUCHUE
MIPY OCBOCHUH HOBBIX CPEICTB 3aiuThl pactenuii (C3P) [4].
Jist 000CHOBaHHS HOPM IIPUMECHEHUS HOBBIX IIPENapaToB U
OTIPE/ICTICHUST CPOKOB OXKUJAHUS TPOBOIST MCCICIOBAHUS
M0 TMHAMHKE Pa3JIOKEHUsI U U3MEPEHHIO OCTAaTOYHBIX KO-
JINYECTB MEeCTULUIOB [5].

Lenp vccnenoBanuii — U3y4eHUE BIAMSHUS PUPOIHO-
KJIMMaTHYECKHX YCIIOBUI Ha CKOPOCTb JIETPaialliy MECTULIN-
JTOB TIPH 3allIUTE BUHOTPAa OT OOJIC3HEH U BpEAHUTEICH.

Metoauka. Paboty mpooaunu B 2019 un 2020 rr. B
cleayromux HacaxaeHusx: TeMmprokckuit paiion Kpacho-
Japckoro kpast — BuHorpaz nocagaku 2009 r., copr lap-
none; Canbckuii paiton PocToBckoi 001acTi — BUHOTPA/T
nocagku 2013 r., copt Jlsna; baxuuncapalickuii paiion
Pecriy6onuku Kpeim — BuHOTrpan mocanku 2005 r., copt
Kabepue-CoBHHBOH.

Ha 6onbmeii wactu KpacHonapckoro kpast KIImmar yme-
perHsbIid. CpeqHsist roJ0Basi TEMIIEpaTypa [0 BCEMY PETHOHY
cocraniser +12 °C. CymMMa U BUA OCaIKOB 3aBHCSAT OT MPH-
POHOM 30HBI. B cpeHeM rooBoe KOJMYeCTBO OCaIKOB Ha
TamanckoMm mnoistyoctpoBe coctasisieT oT 350 MM, B paB-
HUHHOU YacTh — oT 450 10 550 MM, B ropax — 10 2000 mm.
Ha crenHpIX paBHUHAX OOJIBIIMHCTBO OCAIKOB BBINIAJACT B
HIOHE, B TOpaX U Ha MOPCKOM ITOOEPEKbE — OCEHBIO F 3HMOM.
BiaxxHOCTB BO3/1yXa IOJHOCTBIO 3aBUCUT OT ce30Ha. [Ipu ee
ymenbIiennn 70 30 % nosiBisiercs 3acyxa [6].

Kirvat PocToBckoii 0011acT yMEpEeHHO-KOHTHHEHTAb-
HBIH. B nrone, ntone u aBrycre nmpeo0iagaeT xapkas | COJ-
HeyHast Toroja. [Ipyu ’ToM HIOHB CaMBbIii IO UTUBBIA MecsII,
a MIOJIb — caMbIil xkapkuil. CpeHss THEBHAS TeMIleparypa
utong +25 °C, Ho He peako noganMaercs 10 +35 °C. Asrycr
B PocToBckoii 001acT XapakTepHu3yeTcsl )KapKoi 1 3acy-
JIUBOY ITOTOJION C CyXOBESIMH ¥ IBUTBHBIMHE OypsiMu. B ceH-
T0pe xapa cragaet 10 +20°C. MakcumalbHas BIaXKHOCTh
(85...90 %) oTmeuaeTcst B 3MMHUE MECSIIbI, MUHUMaJIbHAasI
(48...60 %) B netuue. [Ipu cyxoBee OTHOCHTENIbHAS BIIaXK-
HOCTB BO3ayxa moHmxaercs 10 30 % u menee. B cpegnem
3a TOJ UUCJIO CYXOBEHHBIX AHEH Kojebnercs oT 45 Ha 1oro-
3armajie 10 85 Ha 1ro-Boctoke odmactu [7].

Knumar ocHoBHOM wyactu KpbiMa MOKHO OXapakTepu-
30BaTh KaK yMepeHHbII. HanOoubIee KoIm4ecTBo 0caKkoB
BEIMTAJIACT MPH IPOXOKACHUU HAJl TEPPUTOPUEH perrmoHa
METEOPOIOTHIECKUX (PPOHTOB MUKIOHOB. JleTrom B Kpeimy
BCJICICTBHE TOTO, YTO KOHTHHEHTAJIBHBII BO3JYyX yMe-
PEHHBIX IUPOT MpeoOpa3yeTcss B MECTHBIN TPOIIYECKUIA,
mpeobramaeT 3acynuinBas moroja. BeimagaroT oOMIbHEIE,
WHTEHCHBHBIC, HO Yallle BCEro KPaTKOBPEMEHHBIE I0XKIH
[8].

B Temprokckom paitone Kpacnomapckoro kpasi B 2019 .
MIOT0/1a COOTBETCTBOBAJIA CPEJJTHUM MHOTOJICTHUM JIAHHBIM.
Cpennsist TeMiiepaTypa B Hrose cocrasuia — 26,4 °C, B aBry-
cte — 24,7 °C. OTHOCHUTEIbHAS BIaKHOCTH BO3yXa: B HIOJIE
—55,3,BaBrycre —59,7 %. B 2020 r. B anpene puxcupopanu
3aMOPO3KH BILIOTh JI0 TPETheH neka bl arpeist. CyXoBeiHbIe
SIBJICHUSI HAOJIFO1amu B TeueHue 6...10 jaHel nepBoii neka-
JIbI 3TOTO Mecsina. TpeThbs Aekana Mast XapakTepu30Baiach
MOHIDKEHHBIM TEMIICPATYPHBIM PEXUMOM C JINBHEBBIMU
OCagKaMH, MECTAMH CHJIBHBIMH, B OTJENBHBIX ITyHKTaX C
rpagoM. Bo BTOpoii U TpeTbel J1eKaie UIOHS MPOLLIN 3Ha-
quTeNbHbIC ocagku. OTHOCHTENbHAS BIAXKHOCTh BO3AyXa
coctaBmia 65 %. IlepBas nekana uiois ObUTa aHOMABHO
JKapKoli, cpeiHss TeMIlepaTypa Bo3yxa coctasuia 28,2 °C

npu kimMaTtudeckoir Hopme 22,4 °C. TpeTbs Aekaaa Takxke
ObLJ1a )KapKOH, C TIOJTHBIM OTCYTCTBHEM OCAJIKOB U C YaCTHIMU
WHTECHCUBHBIMH CYXOBESIMH — CPEIHSIS TEMITEpaTypa BO3ayXa
cocrasmia 31,2 °C npu Hopme 23,7 °C. B aBrycre cpenusisa
Temneparypa Obuia erie Boiie (31,3 °C), a oTHOCUTEIbHAS
BJIQXKHOCTB Bo3ayxa — 45,0 %.

B Canbckom paitone PoctoBckoit obmactu B 2019 1.
CpenHsis TeMIepaTypa B urosie coctapuia 22,6 °C, B aBrycre
— 23,1 °C, oTHOCHUTEIIbHAs BJIAXKHOCTh BO3/lyXa — COOTBET-
ctBeHHO 58,2 11 44,0 %. B 2020 1. cpennss Temmeparypa B
utosie Obuia paBHa 26,6 °C, B aBrycre — 22,5 °C, OTHOCUTEITb-
Hasl BJIQXXHOCTh BO3yXxa — cOOTBETCTBEHHO 44,0 u 54,0 %.

B Baxuncapaiickom paiione Pecrry6mmxu Kpeiv B 2019
T. cpefHsisl TeMmrepaTypa B aBrycre cocraBuia 23,7 °C, B
cenrsaope — 20,7 °C, a cymma ocaakoB — 41,8 MM 1 2,5 MM
cootBeTcTBeHHO. B 2020 1. OTHOCHTETBHAS BIAKHOCTH BO3-
JyXa B aBryCcTe Haxoauiaach Ha ypoBHe 68,0 %, B ceHTIOpe
— 70,5 %, a cpennsas temneparypa — 23,3 u 21,1 °C npu
cymMme ocaakoB 0 MM u 28,5 MM COOTBETCTBEHHO.

[Tnomanp ONMBITHBIX JENSTHOK — 5 KyCTOB, pacrojoxe-
Hue 6mouHoe. [IpoOsI siro1 0TOMpaTH OTIEIBHO C KaXKIOU
JSTISTHKY 110 BapHUaHTaM, U3 HUX TOTOBHJIM CPETHIN 00paser
(110 OTHOMY Ha BapHaHT).

Ot160p 1po0 B 2019 r. B PocToBcKoit 06s1acTy poBojuim
¢ 05 urons, B Kpacromapckom kpae — ¢ 21 utost, B Kpeimy ¢
10 aBrycra; B 2020 r. B PocToBckoii ob6mactu — ¢ 09 uroiis, B
Kpacnonapckom kpae — ¢ 21 utons, B Kppimy — ¢ 14 aBrycra,
C MIEPUOUIHOCTHIO pa3 B 10 queit. OToOpaHHbIe TPOOHI 3a-
MOpa)XKUBaJIX Ipu Temneparype -18 °C u xpaHunu npu 3Toi
JKe TeMIIepaType A0 MPOBEICHHS aHaN3a.

Brusane TemnepaTypsl Ha JUHAMUKY AETpagaliy Ie-
CTHIMJIOB B BUHOTPaJIe M3ydalld Ha mpuMepe QyHrHIma,
conepxamiero 500 r/kr 6ockanuaa (mpemaparuBHas Gopma
— BOJHO-AHCIIEPTHPYEMBbIE€ TPAHYIBI) C PEKOMEHIyeMON
HOPMO# pacxoja Io JeHCTByoIeMy BemiectBy — 600 1/
ra. Kak mpaBwuio, mociie o0paboTKH IpenapaTroM, 9acTh
6ockanmuma ocTaéTcs Ha MOBEPXHOCTH PACTCHHS, Ipyras
MIPOHUKAET BHYTPb, PACIIPOCTPAHSIETCS TPAHCIAMUHAPHO
10 COCYIUCTOM CUCTEME JIUCTA aKPONETAIBLHO [9].

AmHanu3 00pa31oB Ha cojiepkaHre 60CKaIH 1A TPOBO/IH-
i cortacHo MYK 4.1.2672-10 na razoBom xpomarorpade
«Kpucramn 2000M» ¢ 193 u kBapLueBOi KamMIISIPHON
KoJToHKOW amuHO# 30 M, BHyTpeHHHM nuametpoM 0,32 MM
C TOJIIIMHOM cllos HenoABIKHOI (asel HP-5 0,25 MM,

BrnustHUE BTa)KHOCTH BO3/IyXa HA IMHAMUKY JIETPaTallii
JEHCTBYIOIINX BEIIECTB MECTUIMIOB U3ydJaln Ha IpUMepe
(enmupoxcumara (50 r/m) (mpemapatrBHast popma — CyCIicH-
3MOHHBIN KOHIIEHTPAT), BXOJSIICTO B COCTAaB MPENapaToB,
MIPUMEHIEMBIX HA BUHOT PAIHUKAX /11 KOHTPOJIS YHUCIICHHO-
CTH ITayTHHHOTO KJIEIa, C PEKOMEH,TyeMOW HOPMO# pacxoza
10 ICHCTBYIOIIEMY BEIIECTBY — 45 r/Ta.

Konuenrpanuio ¢peHnmupoxrcnmara B Irogax ornpeaessiIn
B coorBeTcTBUM ¢ MYK 4.1.1439-03, B coke — mo MYK
4.1.2859-11 na xugkoctHoM xpomarorpade «ACQUITY»
¢bupmb1 « Watersy ¢ ObICTpO-CKaHUPYIOIM Y D-1eTeKTOpOM.
Konmonka ACQUITY UPLC BEH C-18 (100 x 2,1) mm,
1,7 mxm (Waters). PaGowast qirHa BoJTHBI 258 HM.

Brnusane Temmepatypsl B BIQKHOCTH Ha JHHAMHKY
JIeTpaJIaliiy MUPETPOUJIOB N3ydYalld Ha ITPUMeEpe HHCEKTH-
nuaoB (mpernapatuBHas GopMa — KOHIICHTPAT IMYJIbCHH),
coxepxanux 150 r/71 d-rumepmMeTprHa ¢ peKOMEHIyeMOi
HOPMO# pacxojia Mo JCHCTBYIOIIEMY BEIIECTBY 36 1/Ta;
50 r/m nAaMOma-IUTaNoOTPUHA C PEKOMEHAYEMOW HOPMOI
pacxofa 1o aeicTByromemMy BemecTy — 24,0 1/ra.

Amnani3 00pa3ioB Ha CoJIepIKaHKe alTb(a-IUIepPMETPUHA
1 IMOIa-IHTaoTpuHa poBoamiIn mo MY Ne 4344-87.
KommaectBeHHOE onpenienenue IaM0,1a-IurajJoTpUHA IPo-
BOJIMIIM Ha ra30BoM xpomatorpade «Agilent 7890B» ¢ ATU
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M KBapIeBOW KaNMJUIAPHOW KOJOHKOH uymmHOK 30 M, nua-
metpom 0,32 MM ¢ HenoBmkHOU (azoit HP-5 (0,25 mMxm),
anbha-nunepmerprHa — Ha Xpomarorpade «Kpucramt 2000
M) ¢ 3JeKTpOHO3aXBaTHEIM JeTekTopoM (J193), komoHka
kamuisipHas RTX-5 pnmunoit 30 M, BHYTpeHHHM AuaMeTp
0,32 MM, TOTMIIUHA CI0s HETTOABHKHOH (a3l 0,25 MKM.

Pe3yabTaTsl u 00cy:kaeHue. BHe 3aBHCUMOCTH OT
MOYBCHHO-KJIUMATHYCCKON 30HBI, B MP00ax BHHOTpaIa
MOJTHOE pa3IoKeHHe OOCKaIHIa MPOUCXOIUIO B CPEIHEM
gepe3 20 nHeit mocie 00padoTKH, HO BIUSHIE TEMIIEPATYPHI
BO3/yXa 1 KOJINYECTBA OCAAKOB BHOCHUJIO CBOU KOPPEKTHUBBI
(Tabm. 1).

Taoun. 1. /lunamuka pazioxenns 6ockamuaa (500 r/a) B BUHO-
rpajie B 3aBUCHMOCTH OT NMOYBEHHO-KJIMMATHYECKON 30HbI

CoJneprxkanue, MI/Kr
Cpok otbopa npod = =
KpacHomapckwuii kpait | PoctoBckas o06nactsb
nocse 00paboTku
2019 r. 2020 . 2019 r. 2020 r.
JleHb 00padoTkH 1,04 0,95 0,71 0,53
10 mueit 0,47 0,14 0,12 0,32
20 nueit 0,19 H.0.* 0,05 0,11
30 nHEew 0,08 H.0. H.0. H.O.
40 nHeit (rofpl, COK) H.0. H.0. H.0. H.0.
*He 00HAPYKEHO

Tak, B KpacHogapckom kpae B 2020 r. pasiioxeHue
Oockanma MpoucxoIuio B 2 pasza OpicTpee, yem B 2019 1.,
4TO OOBSCHACTCS aHOMAILHO XKAapKOW M CYXOil TIOro/ioi B
MIEPUOJT TIPOBEICHHUS SKCIICPUMCHTA.

B Pocrtosckoii o0macti B 2019 1 2020 rr. moroaa CUiIbHO
HE OTJIMYaJIach, He ObLIO 3a(MKCHPOBAHO SKCTPEMAaTbHBIX
YCIIOBHUH, YTO MPHUBEJIO K TNIABHOMY CHIKCHUIO COICPIKAHUS
Oockanmuaa B SITo1ax BUHOTpaia B 06a roga. OTHAKO B CBS3H
¢ TeM, 4to B 2019 r. B meproa npoBeieHNs HIKCIIEpUMEHTa
BEIITAJIO OOJIBIIE OCAJKOB, ACTPAalUs JEHCTBYIOMIETO Be-
mecTBa npoxoamia oeictpee. B 2019 . ero xonn4ecTBo B
sirofiax uepe3 20 aHel mociie 00paboTKU CHU3MIOCH B 14,2
paza, B 2020 r. — B 4,8 pasa.

B 2019 r. nepuon momypacnana 60ockanuaa B BHHOTpa-
ne B ycnoBusix KpacHogapckoro kpast coctaBui okono 10
nHel, a B POCcTOBCKOI 0071aCTH — OKOJIO 4 IHEH, Toraa Kak
B 2020 1. HAaobopoT, B KpacHomapckoM kpae — 3 J1HA, a B
PocroBckoii obnactu — 6onee 10 nuei. 1o nuteparypHbIM
JTAaHHBIM U3BECTHO, YTO B OT'ypIiaX MOCIIe 00paOOTKH ITEPUOT
moypacmnaaa 6ockanuaa coctasisu 2,7...9,9 o [9].

OTHOCHTENTbHAS BIAKHOCTH BO3/lyXa TAKXKE UMEET 00JTb-
moe BiIAsHUE Ha A((EKTUBHOCTh 00pabOTOK U CKOPOCTH
JIeTpaaiiy MECTUITHIOB.

B ycnoBusix Pecriyonukn Kpbim perpananust Gpenmnu-
pokcuMaTa mpoucxoauia opictpee Ha 10 qHEH, a momHOe
pasiokeHue HacTynuio k 20 aHio mociie 00paboTKH, Tora
kak B KpacHojapckoM kpae BelecTBO He OOHApyKHBAJIOCh

Taoun. 2. /Iunamuka paszioxenus ¢penmaporcumata (50 r/m)
B BUHOTPA/Ie B 3aBUCHMOCTH OT NMOYBEHHO-KIMMATHYECKON 30HbI

B2020T.
Coneprxkanue, MI/Kr
Cpok otbopa mpod -
Tocte 0GPAGOTKH KpaCHo;[z‘t'pcmn PecniyGnuka
Kpai Kpbim

Jlenb 00paboTkn 0,122 0,070
10 queit 0,081 0,027
20 nHei 0,031 H.O.
30 nHew 0,015 H.O.
40 nHel (Sro/pl, COK) H.0.* H.O.

*He 00HAPYKEHO
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TobKO K 40 mHIO (Tabmn. 2). 3HaYUTENbHO 0oJiee BHICOKAS
OTHOCHTEJIbHAS BIAXKHOCTH BO3/1yXa B baxumcapaiickom
paiione Kppima no cpaBHeHUI0 ¢ TeMpIOKCKUM pailoHOM
KpacHomapckoro kpasi cpIrpaia penramonyio poib B CKO-
pocTH aerpaganuu GeHnupoxcuMara.

DeHITUPOKCUMAT 00J1a/1aeT BEICOKOH YCTOWYHBOCTHIO K
HEOIaroNpHUATHEIM (aKTOpaM OKPYKaroIeil cpes! (BBICO-
Kasi TeMIeparypa, CUJIbHas COTHEYHAs! MHCOJISLIUS, OCA/IKN)
[10]. UmeroTcs TOIBKO OrpaHUYEHHBIE JAHHBIE O CKOPOCTH
€ro JIeTpaJaliil B MOJEBBIX YCIOBHAX. Tak, Ha SOIOKax,
LUTPYCOBBIX, IUIOAAX U JIMCThSIX BUHOTPaJa, COACpIKaHUE
OCTaTOYHBIX KOJIMYECTB (PCHITUPOKCHMATA [TOCIIE OTHOKPAT-
HOT'O IPUMEHEHHS CHUKAJIOCh Yepe3 7 THEH COOTBETCTBEHHO
¢ 1,63, 0,33, 0,49 u 1,75 mr/kr no 0,14 mr/kr (1a 91,41 %),
0,09 mr/kr (Ha 72,7 %), 0,08 Mr/kr (Ha 83,6 %) 1 0,07 Mr/KT
(12 96,0 %) [11]. B Hammx skcrepuMenTax ObLIO ITOKa3aHo,
4TO0 yepe3 7 AHeH KOIMuecTBO (PeHITUPOKCUMATa CHU3HIIOCH
Ha 23,5% B ipobax u3 Kpacnomapckoro kpast, u Ha 43,0% —B
KpriMy, 9T0 Kak pa3 ¥ MOXKET OBITh 00YCIIOBICHO pa3HHUIICH
MIPUPOAHO-KIIMMATHYECKUX YCJIIOBHI pernoHa MpoM3pac-
TaHUS KYJIbTYPHL.

Jns 3amuThl BUHOTpajaa OT BpeAUTEseH MIHUPOKO HC-
TIOJTB3YIOTCSI TUPETponabl. Hamu ObUTH OTMEUYEHBI pa3Inyust
B JICTPaJalliy Pa3HBIX MUPETPOUIOB B KIIMMATHUCCKUX 30-
HaX, OTJIMYAIOLINXCS TEMIIEPATYPHBIMU W BJIQYKHOCTHBIMU
mokaszatessimu (Tadi. 3).

Ta6a. 3. JIlunamuka pasioxenus mapetpounos (50 r/m)
B BUHOIPAJIE B 3aBUCUMOCTH OT II0YBEHHO-KJIMMATHYECKOIi 30HbI

B2019r.
Cpoxk CozepikaHue MUPETPOUIOB, MI/KT

ot6opa Kpacromapckuii Kpaii Pecriy6mmka Kpsim
Hogﬁg ?)6- anbda- MO~ anbda- namoa-
paGoTky | WAICPMETPHH | MTaioOTPUH | UMICPMETPHH | LMIAIOTPHH
JleHs 00- 0,93 0,253 1,40 0,315
paboTKu

10 nueit 0,37 0,075 0,65 0,086
20 nuei 0,22 0,010 0,21 0,008
30 gueit H.0.* H.O. 0,09 H.O.
40 nHei H.O. H.O. H.O. H.O.
(strozpl,

COK)

*He 00HapyKEHO

B nipo6ax, 0ToOpaHHBIX B JIeHb 00pabOTKH, COIep KaHne
anbda-runepmerprHa B KpacHogapckoM Kpae mpeBbIIaio
MY (0,5 mr/xr) B 1,9 pa3a, B Pecyonnke Kpeim — B 2,8
pasa, namona-muragorpura (MY — 0,15 mr/kr) cooTBet-
ctBeHHO B 1,7 1 2,1 paza. KoHneHnTpanus 000ux MUpeTpou-
noB B BUHorpaze B KpacHonmapckom kpae uepe3 10 nueit
mocie 00paboTKu CHU3MIIACH B 3 pasa, B Pecrybnmke Kpeim
— B 2 paza. Kpome toro, B KpbiMy ckopocTh aerpananuu
anbga-unepMeTprHa Obiia HiKe, 4eM B KpacHomapckoM
Kpae, ¥ TIOJTHOE €T0 Pa3NIosKeHHe ObII0 3a(hMKCUPOBAHO TOJIb-
ko Ha 30 eHb nocie o0padoTku. Ha yBenmueHn ckopocTH
Jierpaaniuy 000X MUPETPOUIOB CKA3aIHCh 00JIee BBICOKAsI
TEMIIEpaTypa 1 MEHbIIIAsl BIA)KHOCTh BO3/1yXa B IEPUOJ ITPO-
BeJICHUs HKCcTiepuMenTa B KpacHogapckoM kpae.

[IpnHMMas BO BHUMAHHE HHU3KYIO TPaHCIOKAIUIO
OCTaTKOB aib(a-IUIEepMETPHHA B PA3INYHBIX YaCTSIX pac-
TEHUS! ¥ TMITO(HIBHBIE CBOMCTBA €0 aKTHBHOT'O BEIIIECTBA,
MOXHO OBUIO MPEAIOI0KNTh, YTO OH JIOJITO COXPAHSETCS
Ha oOpaboTaHHOU mMOBepXxHOCTH. [Ipm HccreqoBaHUU
MeTabosm3Ma [UINEepPMETPHHA Ha JIMCTOBOM cajiaTe, 4epes
21 nenb rocie 00padOTKH, PACTEHUS CO/ICPKaI B OCHOBHOM
HEM3MEHEHHOE AeHCTRYromIee BermecTBo (33 % oT nexoaHon
KoHIeHTpanun) [ 12]. B apyrux BraskHbIX MaTpHUIIax (TOMAT,
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OTypell, paric, KarycTa u reper) anbha-IumepMeTpruH pas-
JlaraeTcsl ¢ IepHOoJIOM Tosypacnaja Bcero 2,8...8,9 mus
[13]. B naweM cityyae, Ipy UCCIEIOBAHUM AeTrpaaluu
anbda-uIepMeTprHa Ha BUHOTpaae, yepe3 20 aHeii mocie
00paboTku, B siromax u3 Kpeima u KpacHomapckoro kpas
coxpansuiochk 15,0 % u 23,6 % neiicTByIOILIEro BeecTBa
OT MCXOIHOHN KOHIIEHTPAINH, COOTBETCTBEHHO, a TIEPHOT
MoJrypacriajia HaXoIuics B Ipeserax 5...9 qHel B 3aBUCH-
MOCTH OT PETHOHA.

JIaMOma-1uramoTpUH OTHOCUTCS K CTAOMIIBHBIM COEJTH-
HCHUSIM U HE CMBIBACTCSI JIOXKIICM, TaK KaK ObICTPO, B TCUCHHE
gaca, MPOXOAUT Yepe3 KyTUKyry nmucta. Ho Ha appexTuB-
HOCTh IPUMEHEHHUS IpenapaTa BIUsAeT Temmeparypa. Ile-
pHOJI oTypacaja JsIMOaa-IUraioTPUHa Ha TOBEPXHOCTU
pactenuii cocrapiusieT S aue [14]. 1o pesyapTaTam HaImux
HCCTIeTOBAaHHUN IEPHOJ IOy PAcIiaia TaKKe COCTABUII OKOJIO
5 nHe# B 000X pEerHOHaX.

Kpome TemriepaTyphl 1 BIIa)KHOCTH Ha TIOBEICHUC ITECTHU-
IIU/IOB MOTYT BITUSITH TaKUe (PaKTOPBI, KaK HHTEHCUBHOCTD 1
KOJIMYECTBO OCAJIKOB, MpEMapaTuBHas (popMa MeCTHIINUIOB,
BOJIOPACTBOPHMOCTD TICCTUIIHIIOB U JIP.

Takum 00pa3oM, MPUPOTHO-KIUMATHICCKUE YCIOBHS
OKa3bIBAIOT 3HAYUTEIIHHOC BIIUSHIEC Ha JICTPAIAIIHIO TCCTH-
IIUJIOB, UCTIOJIb3YEMBIX JUTS 3alIUTHI BHHOTPaIa OT OoJe3Hel
u Bpenuteneit. Kapkas morojia ¢ HEIOCTATOYHOM OTHO-
CUTCIIHOM BJIAYKHOCTBIO BO3IIyXa YCKOPSCT Pa3JIOKECHUE
Oockanuna B BuHOTpaze. Jerpangamus ¢peHmupokcuMara
MIPOUCXOIUT OBICTPEE MPH TOBBIIICHHOW BIAKHOCTH BO3-
JlyXa TpH MPAKTUYCCKH OJIMHAKOBBIX CPETHEMECSIUHBIX
Temreparypax. Beicokas TeMmeparypa i Hu3Kast BIaXKHOCTb
Bo3ayXxa B KpacHomapckoM Kpae yBEIHIUBACT CKOPOCTB Je-
rpajanuu JIIMOIa-IUTaI0TpUHA U alib(a-IIUuIepMETpUHA.

B meom pu BEIOOpE MperapaToB Ist 3aIIUTH KYJIbTYP
OT BPEIUTENIEH B )KAPKUN IEPUOJ CIELYET UCKITFOUUTD 1EH-
CTBYIOIIHE BEHICCTBA C HU3KOW YCTOHUHUBOCTBIO K BRICOKUM
temneparypam. i1 JOCTHKEHUS BBICOKOH OHOIOTHYECKON
3¢ HEKTUBHOCTH U TIPOU3BOCTBA YKOJIOTUIECKH OE30TaCHOM
MPOIYKIIMU B TAKUX YCIOBUSX CIICAYCT 00PaTUTh BHUMAHUC
HA MHCEKTHUIIMBI U3 TPYIIIBI TUPETPOUIOB.
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BUOTEXHOJIOI'UA B CO3JAHUU COPTOB APOBOI'O AYMEHSA

U.H. lllenankoBa, wicH-koppecnonaeHt PAH, O.H. lllymienosa, noktop 6uonorunyeckux Hayk, JL.II. KoxknHa,
KaHJUJAT CEeIbCKOX03iCTBEHHBIX HAyK

Dedepanvubiii acpapHbiil Hayurwlil yeump Cegepo-Bocmoxa um. H.B. Pyonuykoeo,
610007, Kupos, ya. Jlenuna 166 a
E-mail: i.schennikova@mail.ru

Hccneoosanus npoeoounu e ycnosusx Kupoeckoii oonacmu. Ouenueanu ceneKyuoHHslii ROMEHUUATI HO8020 COPMA AYMEHA PezeHe-
panmnozo npoucxoxncoenus [Juanoe (550-08), cozoannozo na ocrnoge cudpuonoii komounayuu copmos Valeta (k-22345, Huoepnanowt)
u Lulu (xk-25169, I'epmanusn). Tumens 6600unu 6 Kyavmypy in vitro, UHOYUUPOEANU KALYC U RPOBOOUIU NOCTIE006AMENb LI OMOODP
Kannychblx tunuil Ha kucavix (pH 3,8) cenekmugnuix cpedax ¢ uonamu aniomunus ¢ nocieoyroueii pecenepayueil pacmenuii. Cemen-
HOe HOMOMCHI60 PACHIEHUII-PE2eHEPAHMOE CIIYHCUIO0 UCXOOHBIM MAMEPUATIOM 01 RPOGeOeHUs OalbHellulez0 KI1emoYH020 ombopa.
B pe3ynomame mpexamannoii Kiemo4Hoil ceneKyuu Ha hone noguluiaiou|e2ocs 2paouenma KOHyeHmpayuu uonoe antomunus (20 u
40 m2/n) c 6necenuem 1,0 m2/n abcyu3060i KuCa0mol 6 KA4ECMEe UMMYHOMOOYIAMOPA NOTYUEHbL PezeHePAHmHble TUHUU, KOmOopble
u3yuanu 6 1a60PaAMoOPHLIX, 6e2eMAUUOHHBIX U N01e6bIX onbimax. CpasHumenvHblil AHAIU3 NPOBOOUNU OMHOCUMETbHO CMAHOAPIN0E
(buoc 1 u benzopoockuii 100) u antomomonepanmnozo copma Hosuuok. Pezenepanmmubvie TuHUU umenu RPeUMyu{ecneo 6 ycioeusx
anmoKuciozo cmpecca. B 600noii kynomype unoekc onunvt kopueit y nux ovin pagen 1,17, npu 0,80 y ucxoonoii ghopmot m 0,84 y
cmanoapma. B eecemayuonHbIx OnbImMax npeumyu|ecmeo pezeHepanmHuoll TUHUU HA0 CMAHOAPMOM RO YPOHCAUHOCIU COCHABIIANO
0,66 m/2a (90,4 %), ¢ nonesvix ucnvimanusnx — 0,85 m/za (97,6 %). Cozoan copm aumens peceHepannHuo20 RPOUCXONHCOCHUSL, XAPAK-
mepusyruuIica 6bICOKUMU A0ANRMUBHBIMU CEOIICHEAMU 8 YC08UAX KUCTIBIX 0ePHO60-N00301ucmblx noue Kupoeckoii oonacmu, é
mMoM uucie npu HeOOCMAamKe 81a2u: bICOKOU YPOAHCAIIHOCHIBIO, XOPOULUMU MEXHON02UYECKUMU CEOLICHIBAMU 3ePHA U YMEPEHHOT
YCMOUYUEOCHIBIO K 2e/IbMUHHIOCHOPUOZHBIM HAMHUCHIOCIAM JIUCIMbEE U KOPHEBbIM ZHUTIAM.

BIOTECHNOLOGY IN THE CREATION OF SPRING BARLEY VARIETIES

Shchennikova I.N., Shupletsova O.N., Kokina L.P.

Federal Agrarian Scientific Center of the North-East of N.V. Rudnitsky,
610007, Kirov, ul. Lenina 166 a
E-mail: i.schennikova@mail.ru

The studies were carried out on the basis of the Federal Research Center of the North-East (Kirov). The breeding potential of a new
barley variety of regenerated origin Dialogue (550-08), created on the basis of a hybrid combination of varieties Valeta (k-22345,
the Netherlands) and Lulu (k-25169, Germany), was evaluated. Barley was introduced into in vitro culture, callus was induced, and
callus lines were sequentially selected on acidic (pH 3.8) selective media with aluminum ions, followed by plant regeneration. The
seed progeny of regenerated plants served as the starting material for further stages of cell selection. As a result of a three-stage cell
selection against the background of an increasing concentration gradient of aluminum ions (20 and 40 mg/l) and the introduction
of 1.0 mg/l of abscisic acid as an immunomodulator, regenerative lines were obtained, which were studied in laboratory, vegetation
and field experiments. A comparative analysis was carried out with respect to the standards (Bios 1 and Belgorodsky 100) and the
aluminum tolerant variety Novichok. Regenerated lines had an advantage under conditions of alumina stress: in aquatic culture
in terms of the development of the root system (root length index: 1.17 — regenerant, 0.80 — original form, 0.84 — standard); in
vegetation experiments, the yield exceeded the standard by 0.66 t/ha (90.4%), in field trials — 0.85 t/ha (97.6%). A variety of barley
of regenerative origin has been created, which is characterized by high adaptive properties in the conditions of acid soddy-podzolic
soils of the Kirov region, incl. with a lack of moisture: high yield, good technological properties of the grain and moderate resistance
to Helminthosporium leaf spots and root rot.

KoroueBsble cnoBa: kannyc, Kiemounas cenexkyusi, peceHepanm,
ANIOMOYCMOUYUBOCTb YPOCAUHOCb, AOANMUBHOCTIb, KAYECTBO
3epHa, YCMOoUYUBOCMy K OONE3HAM

CtabuiapHOE MPOU3BOICTBO 3€PHA B JIIOOOM CTpaHe WIH
peruone 0a3upyeTcs Ha UCTIOIb30BAHUH HOBEUIIIMX CEJICK-
IIUOHHBIX JOCTIKeHHH. [IpHBOIDKCKIH (eiepabHbIi OKPYT
(IT®O) onuH M3 OCHOBHBIX IIEHTPOB MPOM3BOJCTBA 3epHA
B P®, Ha nomro xotoporo npuxoaurcs 22 % ero BaJloBOro
coopa. B miemom o [1IOO ocHOBHBIC TUIOMAAHA 3€PHOBOTO
KJIMHA 3aHATHI APOBOM MIleHUIEH, ogHako B KupoBckoii
00J1aCTH ICPBEHCTBO MPUHAIICIKHUT IPOBOMY SIUMEHIO. DTO
MIPOBEPEHHAS, BRICOKOHAIEKHAS KYJIbTypa, KOTOpasi MaKCH-
MAaJIbHO HCITONB3YET CBOM OMOJIOTHYESCKHUH MOTSHITHAT IS
(dbopMHpOBaHUs YCTOHYUBBIX ypokaeB. [locinenHue roasl B
KupoBckoit o6macTu HabIr01aeTCst TCHACHITHS YBEITHICHUS
IUIOIIAaH, 3aHATOM stuMmeHeM, n B 2021 r. oHa gocTuria
100,5 ThiC. Ta [1].

PacteHnus sumeHs TpeOoBaTENbHBI K MOYBEHHBIM
YCIIOBHSM, UMEIOT CIab0pa3BUTYI0 KOPHEBYIO CHCTEMY,
KOTOpasi pa3MeIacTcsi, B OCHOBHOM, B ITAXOTHOM CJIOE T0-

28

Key words: callus, cell selection, regenerant, aluminum resistance,
yield, adaptability, grain quality, disease resistance

uBHI [2]. KynbTypa He epeHOCHT KUCITYIO PEaKIHIO TOYBBI
U 0cOOEHHO TPUCYTCTBUE B MOYBEHHOM PAaCTBOPE MOHOB
amoMuHU. Kputnaeckoe comepkanne MOIBIKHBIX (HopM
9TOTO MUHEPATBHOTO 3JIEMEHTA, TIPH MPEBBIIICHUH KOTOPOTO
MIPOUCXOTUT TUOEITh pacTeHui, coctarseT 8...10 mr/100 T
1moyBsI [3].

B ctpykType mouBeHHOTO TOKpoBa KnpoBckoii o6mactu
76 % mamHu NpUXOAUTCS Ha JEPHOBO-IMOJ30JIUCTHIE TO-
9BBI [4]. DTO 00yCIOBIMBACT HANWYHE OOJBINUX ILIOMIA-
JIell ¢ BBICOKOM CTENEHbI0 KUCIOTHOCTH. 1o pe3ynpraTam
MOCJICTHETO IUKJIA arpOXMMHUYCCKOTO OOCIICOBaHUS U3
736 ThIC. Ta MOCEBHBIX IUTOMAnel Kuposckoii 00mactu, Ha
KHCIIbIE MTOYBBI IPUXOAUTCS 74,6 %, HA TIOYBBI C HU3KUM
coneprkanueM hochopa —26,1 %, xamus — 24,5 %, rymyca —
50 %. Jerpaganuio noyB CBS3bIBAIOT C MPAKTUYECKH MOJI-
HBIM [TPEKPaIICHHEM POBEICHHUS MEPOTIPUSATHH 1O N3BECT-
KOBaHUIO ¥ (POCHOPUTOBAHUEO KHUCIIBIX I0OYB, 3HAUATCIIBHBIM
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CHIDKCHHEM BHECCHHS OPTaHMYECKHX M MHHEPAIbHBIX
ynobpenuii [5].

B coBpeMeHHBIX CEIeKIMOHHBIX MpOTrpaMMax IpH-
CTaJhbHOEC BHUMAHUE YACNACTCA CO3AAHHMIO aJalTHBHBIX
CEJIEKIIMOHHBIX (OPM, KOTOpPBIE B YCIOBHSIX HECTAOMIIb-
HOCTH arpoOKIIMMATHYECKUX PECYPCOB CIOCOOHBI (POpMH-
pOBaTh SKOHOMHYECKU 3HAYUMYIO YPOXKaWHOCTH [6, 7, §].
COBMECTHO C TNTACTUYHBIMH, ITUPOKO PACIPOCTPAHCHHBIMU
COpPTaMH, HEOOXOIUMO OCYIIECTBIIATE AAPECHYIO CEICKIINIO
JUTSE KOHKPETHBIX TIOYBEHHO-KITMMAaTHYECKUX U SKOHOMHYE-
ckux ycnoruit [9]. Co3nanue TaKuX peruoHCHCIU(DUIHBIX
COPTOB SIPOBOTO STAMEHS [T YCIOBUI Bonro-Bstckoro pe-
ruona ycrerrHo Benetrcs B DI BHY ®AHIL Cesepo-BocTtoka
nmvenu H.B. Pynuunkoro [10].

Vcnonp30BaHUE METOIOB MPUKIIATHOW OMOTEXHOIOTHH
B COYETAHHUHU C THOPUIU3AIMEH 1 OTOOPOM — TIEPCTIEKTHBHOE
HarpasJeHUuEe HHTEHCU(HUKALIMY CENIEKIIMOHHOTO Tpoliecca
[11, 12]. Xopomo pa3paboTaHHas CHCTEMa «pacTCHHE-
KJIETKA in Vitro-pacTeHHE» OTKPHIBACT BO3MOXKHOCTH IS
pELIeHUs] MHOTHX TPO0OJIeM MpakTHyeckoi cenekiyu [13].
J11s IoITyYeHust TEHOTUIIOB ¢ HEOOXOAUMBIMU MTPU3HAKAMU
3¢ PEKTHBHO NCTIOTH30BaHUE KIETOYHOH CENEKIINH — KYITb-
TUBUPOBAHKEC KICTOK U TKaHEW HA MCKYCCTBEHHBIX IMUTa-
TEJNBHBIX CPeJlax Co CTPECCOBBIM (haKTOPOM B 3aBUCHMOCTH
OT KOHKPETHOH CeNeKIMOHHON 3amaun. OIHAKO Ha Cerofi-
HSIIHWIA JICHb HE CYIICCTBYET YHUBEPCATBHBIX METOIHMK
MIPOBEICHUS 0TOOPA in Vitro U pa3HBIX BUIOB PACTCHHUN K
pasnuaHbIM cTpeccopam [ 14, 15, 16]. Kpome Toro, mmpoxo-
MY TIPUMCHEHUIO KIICTOYHOM CENICKIIUH PCISITCTBYCT JIJTH-
TeJbHAS HECTAOMIBPHOCTD MTPOSIBIICHUS IICTICBBIX IPH3HAKOB
Yy CEeMEHHBIX IIOTOMCTB pacTeHuii-pereHepanToB [17, 18].
[TosToMy HEOOX0/IMMa NX KOMIUIEKCHAsSI OIICHKA B YCIIOBHSIX
in vivo, a TaKk)Ke BBISIBIICHAE CBSI3eH MEKTY IPOTyKTUBHBIMHU
MIPU3HAKAMHU PEreHEPAHTOB U MCIIOIB3YEMBIMH MTPH UX TO-
JIYYCHHUHU YCIOBUSIMH 0TOOpa B KaJUTYCHOI KyJIbType.

e nccneoBaHmi — OIICHKA CEIEKIIMOHHOTO U X035TH-
CTBEHHOTO IIOTEHIIHAIa HOBOTO COPTa STYMEHS pereHepaHT-
HOTO TIPOUCXOMKICHUSI.

MeTtonuka. Paboty npoBoaum Ha 6aze DTEHY ®AHI]
Cesepo-Bocroka (r. Kupos). O0bekTamMu UCCIeT0BaHUS
CITY)KHJIA TEHOTHUIIBI IpOBOT O stumenst (Hordeum vulgare L.):
COpPT pereHepanTHoro npoucxoxaenus 550-08, nepBoHa-
9aJIbHO MHIYIIMPOBAHHBIN B KaJUTyCHOU KYJIBType C IPHMe-
HEHHEM pa3padOTaHHBIX paHee METOJIOB, M AJIFOMOTOJICPAHT-
HBIA COPT STYMEHS THOPUIHOTO MPOUCXOKACHUS HOBHYOK.
B kauecTBe craHAapTa WCHOIH30BATIHN PEKOMEHIOBAHHBIC
["ocynapcTBeHHOI KOMHCCHEH 110 COPTOUCTIBITAaHHUIO COpTa
buoc 1 u benropoackuii 100. [Ins co3paHusi reHOTUIIOB
STIMEHS, YCTOWYMBBIX K HOHHOM TOKCHYHOCTH AJTFOMHHUS
B YCJIIOBHUSX KHCIBIX MOYB, B KaJUIyCHOHM KYJbType Ha
CCJICKTHBHBIX Cpelax IMONydJald PACTCHHS-PETEHEPAHTHI,
CEMEHHOE ITOTOMCTBO KOTOPBIX OIICHUBAJH B TAOOPAaTOPHBIX
Y BEreTaluoOHHbBIX omnbiTax [19].

J1tst onipeiesieHust ypOBHsI OTHOCUTEIEHOM aJTFOMOYCTOM-
YHBOCTH B JJAOOPATOPHBIX OMBITAX B YCIOBHAX PYJIOHHON
KynbTypsl onenuBanu MJIK (MHAeKkC MIMHBI KOpHEH) Kak
OTHOIIICHHUE CPEIHEH UIMHBI KOPHEH MPU HAIWYIHH CTPEC-
cosoro ¢akropa (pH 3,8, AI** 20 mr/n) x cpeaHeii JuMHe
KopHeit pu ero otcyrerun (pH 6,0, A" 0 mr/m). Bere-
TaI[MOHHBIC WCIBITAHUS TPOBOIIIN B cocynax (5...7 m) ¢
JIEPHOBO-IIOJ30JIUCTOM MTOYBOM B CIEAYIOLIMX BapUAHTAX:
1—pH 6,0 AI** 0 Mr/100 r moussr; 2 —pH 4,3; AI>2,1 mr/100
r noussr; 3 — pH 3,8 AI¥* 8,7 mr/100 r noussr; 4 — pH 3,7
AP* 21 mr/100 T mouBBHL.

[ToneBble HAOMIOACHUS, OLEHKH M yYET ypoXKasl ocy-
IIECTBIISUTA B COOTBETCTBUH C METOIUKOM [ 0OCcCKOMICCHY TTO
COPTOMCHIBITAHUIO CEITBCKOXO03SHCTBEHHBIX KyIbTyp [20].
W3yyeHue mpoOBOIUIM B KOHKYPCHOM COPTOUCIBITAHUU

Ha JISMSHKAX ¢ yUeTHOH tuiomansio 10 M?, B 4-X KpaTHOi
noBTopHOCTU. [loceBBl pacronaraauch B CEIEKIIMOHHOM
ceBooOopore. [TouBa OMBITHBIX YYaCTKOB THUITUYHAS JIJIS
Kuposckoii o6actu 1epHOBO-TIO30JIMCTAasI C HU3KUM CO-
Jiep>)KaHueM Tymyca, HeOOJbIIOW MONIHOCTBHIO MaxOTHOTO
TOPU30HTA B 3HAUUTEIbHOH YacTu ¢ Hu3koi pH. OcHOBHYIO
1 TIPEIIOCEBHYI0 00pa0OTKY MTOYBHI OCYIIECTBISUIN B COOT-
BETCTBUU C 30HATBHBIMU pekoMeHaausmu [21, 22] [Toces
MIPOBOJMJIA B ONTHUMAJIFHO PaHHUE CPOKH, MHUHEpAIbHBIC
ynoOpenust BHOCHIIH mepen mocesoM B nose N P K, .

B 1enom mouBeHHO-KIMMATHYCCKUE YCIOBHS CIIOCO0-
CTBOBAJIM BBHISBICHUIO MOTCHIIMATBHBIX BO3MOXKHOCTEH
coptoB (tabn. 1). B 2018-2020 rr. BOo BCce Mexda3HbIe
MIEPUOJIBI, 33 MCKIIOYCHUEM «BBIXOJ] B TPYOKY — KOJIOIIIC-
HHUE», CKIIA/IBIBAITUCH OJIM3KHE K ONTHMATBHBIM IO BIIar00-
6ecrieuennoctH (1,0 <I'TK > 2,0) ycrmoBus BereTanuu, 94To
CIOCOOCTBOBAJIO MPOSIBICHUIO MOTEHIIMAIBHBIX BO3MOXK-
HocTell copToB. YcnoBus Bererauuu 2021 r. mo3BoMIn
OIIEHUTH CTPECCOYCTONYNBOCTH T€HOTHIIOB, IIOCKOJIBKY OT
(ha3bl «BCXOABI» 10 (a3bl «KOJIOMICHUE) OTMEUAITH NCHHUIIAT
ocankoB (0 <I'TK > 0,83).

Ta6a. 1. Ycaosus seretamun (I'TK) copros sumens

I'TK B nepuon
Copr BCXOJIbI— | KYILICHHE— | BBIXOZ B KOJIO-
Kylie- | BBIXOI B TpyOKy— HICHHEe—
HHE TpyOKy | KOJOIICHHE | CO3peBaHME
2018-2020 rr.
benropoackuit 1,10 2,30 0,74 1,56
100, crangapr
Hosuuox 1,10 2,67 0,54 1,55
Juasor 1,14 2,15 0,55 1,61
2021 r.

benropoackuii 0,65 0* 0,83 1,60
100, crangapt
Hosuuok 0,62 0,22 0,82 1,65
Juasor 0,62 0* 0,49 1,72
*0CaJIKi HE BHINAJaIn

DKOJIOTHYECKYIO CTa0MIBHOCTh COPTOB OIICHUBAJIN B
COOTBETCTBUU C METOAMKOM, ontucaHHO! A.A. 'OHUapeHKO
[23], cormacHO KOTOPO Pa3sHOCTHh MKy MUHIUMAIBHOHN 1
MaKCUMaJIBHOW ypO’KalfHOCTBIO COPTa 3a ToJ(bl U3Y4YECHUS
(Y,i- Y,..)- OTOT MOKa3aTeNb HMEET OTPULATENBHBIH 3HAK
1 OTPaKaeT YPOBEHb YCTOWYMBOCTH COPTA K CTPECCOBBIM
(axTopam, YeM MEHBIIIE Pa3pblB MEXKAY 3HAYCHUSIMH, TEM
BBIIIIE CTPECCOYCTOWYMBOCTH copTa. CpenHsas yposkai-
HOCTb COPTa B KOHTPACTHBIE MO YCIOBUSIM BETETAIIUN OB
(Y- Y,.)/2) xapaKTepu3yeT TeHETHYECKYIO THOKOCTh
copTa, YeM BBIIIE COOTBETCTBHE MEKAY T€HOTHUIIOM H pa3-
JIMYHBIMA (DAKTOPaMH CPeJIbl, TEM OOJIBIIIE BENNYNHA 3TOTO
ToKa3aTe’s.

JA71st o1ieHKH BI1aroo0eciedeHHOCTH B IEPHO/T BEreTanu
pacTeHwiA, UCTIOIL30BAITU THAPOTEPMUIECKUH KO DUITHESHT
(I'TK), Beruucnsiemslii mo gopmyie:

I'TK=XP/XT- 0,1

rae 2P — cymma ocazikoB 3a pacCMaTpUBAEMBIil IEPUOI,
MM; 2T — cymMMma akTUBHBIX TeMnepaTyp Boliiie 10 °C, Hako-
MUBLIMXCS 32 TOT ’Ke Iepuoj ymeHnbmenHas B 10 pas, °C.

Marematideckyro 00padOTKy MOTyYSHHBIX PE3YIbTATOBR
OCYILECTBIISUIM CTATUCTUYECKUMHU METO/IaMH B U3JI0KEHUU
Bb.A. JloctiexoBa [24].

PesynbTaThl U 00cy:kIeHue. PereHepanTHas JTUHUS
550-08 6pu1a TONTyYeHa B Ipoliecce pa3padoTKH ONTHMAaIb-
HBIX CEJICKTUBHBIX CHCTEM in Vitro JUIs UHIYKIUH HOBBIX
CTPECCOYCTOWIHMBBIX TEHOTUIIOB CO CTAOMIIBHBIM [EJIEBBIM
MPU3HAKOM aJIOMOYCTOWYUBOCTH. McxoaHol Gopmoit
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CITyKWJ1a THOPUAHAS IMHUSL, CO3/1aHHAsI C yIaCTHEM KOJUIEK-
IIMOHHBIX 00pa31oB stumeHst Valeta (k-22345, Hunepnanisr)
u Lulu (x-25169, I'epmanus), KoTopasi XapaKTepH30BaIach
qyBCTBUTEIBHOCTHIO K TOKCHYHOCTH JIFOMHHUS Ha KUCITBIX
no4Bax. SlYMeHb BBOJIWIHN B KyJIBTYPY in Vitro, HHAYIIUPO-
BaJIM KAJUTyC W MPOBOJMIN OTOOp KaJUTyCHBIX JIMHUH Ha
KHCIIBIX CEJIEKTUBHBIX CPEJax ¢ MOHAMU ATIOMUHHSA C TI0-
cienyroliei perenepanyeit pacrenuit. CeMeHHOE TOTOMCTBO
pacTeHn-pereHepaHTOoB CITY KUIIO HCXOIHBIM MaTepHaIoM
JUI TIPOBEICHUS TIOCJIEAYIOINX 3TANoOB KIETOUYHOIO OT-
6opa. [TepBoHaYaIbHO OCYILECTBIISIIIN CEJICKIHUIO KaJlTyca
B npucytctue 20 mr/n AP u pH 3,8 (tabn. 2). B stux
YCIOBHSIX OTHOAIIO O0JIee MOJIOBHHBI KAJUTyCHOW TKaHH PU
HEBBICOKOU yacToTte pereneparuu (12,4 %), a cmocoOHOCTH
K KaJUTyCOT'€He3y Jla’Ke B KOHTPOJIbHBIX YCJIOBHSIX (B OTCYT-
CTBHE HOHHOW TOKCHYHOCTH aTIOMUHUS ) He TTpeBbImana 50
%. TakuM 0Opa3om, HaOIIOAIN COBIA/ICHHE PEAKIIUK Ha
cTpecc yCIoBuit in vivo / in vitro.

Taoa. 2. BausiHue KpaTHOCTH OTOOPOB in Vitro B AJIIOMOKHUC-
JIBIX YCJIOBUSIX HA MAPAMETPbI PA3BUTHS KAJLTYCHO# KYJIbTYPbI

AYMEHA
[apameTp pa3BHTHS KaJTyCHOH KYJIbTYPbI
T'enotun
(MPOHCXOXKACHHE) ycIoBust 0TOOpa | BBDKHMBae- | 4acToOTa pere-
in vitro MOCTb, % | Hepaimu, %
VallettaxLulu MCXOJIHBIN re- - -
HOTHII
173-85 20 mr/m AP* 44,8 12,4
(RA (pH 3.8)
VallettaxLulu)
530-98 40 mr/n A" 67,9 25,6*
(RA 173-85) (pH 3,8)
550-08 40 mr/n AP+ 62,5 50,0
(RA 530-98) (pH 3,8) + 1,0
Mr/11 abcum3oBas
KHCIIOTa

W3onupoBaHHbIE 3apOJIBIIIN C PACTEHUN-PETEHEPAHTOB
(nuuus 173-85) BBOAWIN B KYJIBTYpY in Vitro, a UHAYIH-
POBaHHBIN KaJUTyC MOMEIIANIH Ha CEICKTUBHBIC CPEIbl C
YIBOCHHOM KOHIIEHTpanuei Al** (40 Mr/m) pu coxpaHeHHH
kuciotHoctd (pH 3,8). IIpu moBTOpHOM BBEIEHUH pPETCHE-
PaHTOB STUMEHS B KYJIBTYPY i7 Vitro CHIOCOOHOCTH HE3PEIIbIX
3apOJIBIIICH K KaTyCOTeHe3y, a TaKKe TOJIEPAaHTHOCTh K
AIIOMOKHCIIOMY CTPECCy WHIyIIUPOBAHHBIX M3 HUX KaJLTy-
COB W pETeHEPUPOBAHHBIX U3 HUX PACTCHUH CYIICCTBEHHO
MTOBBIIIATACH: BBDKMBAEMOCTH Kajuryca — B 1,5 pas; perene-
paroHHas criocooHocts — B 1,8 pa3 (mpu P>0,99). Ilony-
YeHHAs Ha ATOM dTare pereHepanTHas auHus 530-98 Opura
nepenana B koyuiekuuio BUP B kauecTBe reHeTnyeckoro
MCTOYHHKA TOJICPAHTHOCTH K MOBBIIIEHHOMY COJICPIKaHHIO
B IIOYBE MOHOB BOJOpOJa W amroMuHHs. O4YeBUIHO, TPU
MEePBOM KyJIBTHBHPOBAHUH H30JUPOBAHHBIX 3apOBIIICH
MIPOMCXOJIUIT HETraTHUBHBIN OTOOP TI0 MPU3HAKAM CITOCOOHO-
CTH K KQJLTyCOTeHEe3y U pereHeparun. [103ToMy KIIeToqHy 10
CEJICKITHIO TEHOTHITOB C HU3KUMH CTPECCOYCTOWIMBOCTBIO U
CIIOCOOHOCTHIO K KJUTyCOTeHe3y 1eJIeco00pa3Ho NPOBOANTD
B HECKOJIBKO 3Tarnos [14].

Ha tpeTtpem 3Tarne oT00pOB B CETICKTUBHBIE CPE/IBI AOTION-
HUTEJHHO B KAYECTBE HeCTIeIN(PHUUECKOTO MIMMYHOMO/LYJIs-
TOpa BHOCIITH a0CITM30BYIO KHCIIOTY B KosmaecTse 1,0 mr/m.
W3BecTHO, 9TO 3K30T€HHOE BHECEHHE 3TOT0 (PUTOrOpMOHA
MOBBIIIAET aKTHBHOCTh MOP(OTreHETHYECKUX MPOIIECCOB
KaJUTyCHOM TKaHU SYMEHS B IPHCYTCTBUU CTPECCOPOB pa3-
maHOU pupos! [ 14]. B pesyapraTe Takoi MHOTO3TAITHON
KJIETOYHOH ceneknuu Obuta co3nana jaunust 550-08.
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JlanbHelas oreHKa pereHepaHTHBIX JIWHUH B 1abopa-
TOPHBIX M BEreTallMOHHBIX ONbITaX moiarBepania sddek-
THBHOCTH HCIIOJIB3YEMBIX METOJIOB in Vitro. B ycmoBmsx
BOJIHOH KyJBTYPBI OBLIO YCTaHOBJICHO, YTO UTHHA KOPHEBOU
cucrembl pereHepanra 530-98 Ha ctpeccoBoM (oHe OblIa
JIOCTOBEPHO OOIIBINIE, YeM B OTCYTCTBHH CTpECcCa M, COOT-
BETCTBEHHO, X cooTHomenne (MJIK) npeBpimiano exuHu-
ny. Kpome toro, Benmuuuna MJIK y nuauu 530-98 ObL10
cymectBeHHO (Ha 0,37 emuaunm) Gomnpine, yem y 173-85 u
cranaaprta (puc.l).

1.4
12 L17+0,11%

1
£ 08
= 06
0,4
0,2

0 : : \

173-85 530-98
TeHOTHIT

0,84+0,01 0,8+ 0,11

buoc 1

Puc. 1. Oyenxa antomoycmoiiuusocmu (M/[K)
pecenepanmmublx TUHUIL AYMEHS 6 60OHOIL Kyllbmype
(*0ocmosepno omnuuaemca om cmanoapma npu P>0,95).

B BereTanMoHHBIX OMBITAX TOJIEPAHTHOCTH K TOKCHYE-
CKOMY JCHCTBHIO MOHOB BOAOPOJAA U aTIOMHHHUS pereHe-
panTta 530-98 mposBIBLIIaACh IPU YCHICHUU 31a(QHISCKOr0
crpecca. [Ipu OIaronpusTHBIX yCIOBHAX BBIPAIIUBAHUS
(pH 6,0) n orcyrcTBUHM CBOOOJHBIX MOHOB AJIOMHHUS B
MTOYBEHHOM PacTBOPE OTMEYAJIN IPEUMYIIIECTBO CTaHAapTa
(+0,24 1/ra, 4,5 %).

VYcunenue MouBEHHOTO CTpecca MOBIUSIIO HA yposkaii-
HOCTh 000MX copToB (puc. 2). B ycinoBusSX MOBBIIICHHON
KHCIIOTHOCTH M HEBBICOKOTO COJICPKaHMUS HOHOB aTFOMHHUS
B TIOYBEHHOM pacTBOpe (BapuaHT 2), oHa ObUla paBHOW M
coctapisiia 5,0 T/ra. JlanmpHelinee yxXyameHne yCIOBUH Ipo-
n3pacTaHus (BapHaHT 3) BBI3BAJIO CYIIIECTBEHHOE CHIDKCHHE
YpOKalfHOCTH y CTaHAAPTA U HE3HAUUTENIbHOE €€ IMOBBIIIe-
Hue y RA 530-98, oTHOCHTENBHO NPEbIAYILIErO BApUAHTA,
B UTOTE YPOKaHOCTh pereHepanTa Opuia Ha 1,37 T/ra
(35,8 %) Boimie, yeM y craHmapra. SIBHOC MPEUMYIIECCTBO
pereHepaHTa MpPOSIBUIOCH MIPU YBEIHMUCHUN COJICPKAHUS
QTIOMUHUS B TIOYBEHHOM pacTtBope /10 21 Mr/100 T mouBsI
(4 BapumaHT), NPEBBIIICHHE YPOKAWHOCTH, TI0 OTHOIICHHIO
K cTanaapry, cocrasisuio 0,66 1/ra (90,4 %).

6
T —
4,7
£3
=
2,7
- ]
. m
1 2 3 4

BapHAHT

Puc. 2. Bruanue ycnosuil 6blpauiueanus Ha yporcaiiHoCms
copmoe ssumensn: 1 —pH 6,0 AP* 0 m2/100 2 nouswt; 2 — pH 4,3;
AP*2,1 m2/100 2 nouswi; 3 — pH 3,8 AP* 8,7 m2/100 2 nouswt;
4 —pH 3,7 AP* 21 m2/100 2 nousst; [[1— RA 530-98;

W - cmanoapm.
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Ta6.a. 3. XapakTepucTHKA COPTOB STAMEHS 1O IONOJTHUTETLHOMY
c0Opy 3epHa OTHOCHTEILHO CTAHIAPTA

[TpubaBka k cTanzapry, T/ra
Copr 2018r. | 2019r. | 2020r. | 2021 °§§§'
Juasnor +0,05 +0,63 +0,51 +1,40 +0,85
Hosuuox  -0,46 -0,58 +1,05 40,83 +0,43
HCP,, 0,67 0,61 0,69 0,39 -

AnanTtanmoHHOE CBOWCTBO HEKOTOPBIX aJIFOMOTOJIEPAHT-
HBIX COPTOB STYMEHS MTOBBIIIATH YPOKAWHOCTB IIPH HATUYHH
HeOOJIBIIIOr0 COeP)KaHNsI HOHOB aJIFOMUHHS B TIOYBEHHOM
pacTBOpe, OTHOCHTENIBHO M3BECTKOBAHHOTO (hOHA, paHee
yxe orMedanu [20] B BereTallMOHHBIX OMBITaX Ha COpTax
s;tumenst HoBuuok, @epmep u 1p.

B pesymnprare mocnenyromux oTOOpOB in vitro ObLIa
nosryueHa yimaus 550-08 (cm. tadn. 2). [lo uroram mo-
JIeBOH OLICHKHM, BKIIFOUAIOIIEH BCIO CXEMY CEJIEKIIMOHHOTO
mporecca Uil CaMOOIBUIUTENEH, €€ BBIICINUIH 110 PALY
CEJNIeKIIMOHHO-IIEHHBIX MTPU3HAKOB U YPOXKaWHOCTH U IOJ-
TOTOBHJIM IS TIEPEAAUN HA TOCYapPCTBEHHOE COPTOHCIIBI-
TaHMe 110/ pabounM Ha3BaHueM Jluaor.

Bborannyeckast xapakTepuCcTHKA TEPCIEKTUBHOTO COpTa
Huanor (550-08). PazHoBumHOCTE nutans. ®opma KycTa —
MOJTYTIPSMOCTOSYAs-IPOMEKyTouHast. OIMyIIeHUE TUCTOBBIX
BJIaraJMIl HYDKHHUX JINCTHEB OTCYTCTBYET. AHTOIIMAHOBAs
OKpacka ymek M cTeOseBbIX y3i10B mMmeercs. ColoMuHa
noJsias, cpeAHel TonuHel, npouHas. Konaoc nBypsaHbI,
HWINHAPUYECKOH (OPMBI, cO c1abbIM BOCKOBBIM Haje-
TOM, CPEHEH JUIMHBI ¥ IJIOTHOCTH, TIOJYNPSIMOCTOSIHH,
COJIOMEHHO-KENTHIA. OCTH AITMHHBIE, 3a3yOpEHHBIE 110 BCEi
JUIMHE, COJIOMEHHO-KeNThIe. [Iepexos BEeTKOBOM uelyu B
OCTh TOCTeNeHHbIH. OmylIeHne OCHOBHOM IETHHKH 3ep-
HOBKH JUTMHHOE.

IIponomKUTEeNbHOCTh BEreTAllMOHHOTO MEepHuoaa Iep-
CIEKTUBHOTO COPTA HAXOAMIACh HA YPOBHE CPEIAHECIICIIOTO
crannapra benropoackuit 100 (83+8 mueit, HCP =3 nns,
p=1,25 %) 1 B cpeiHeM 3a TOJIbI M3YUEHHS COCTaBIIsLIA 86+
6 nueit. [lo BpemeHn HacTyIUieHHs (a3 pa3BUTHA CyIIe-
CTBEHHBIX Pa3IN4Uil MEX/y COPTAMHU HE OTMEYAIH.

YcraHoBIIeHa JOCTOBEPHAs KOPPEIALMOHHAS CBA3b MEXK-
ny 3HauerneM I TK B iepros «BbIX0 B TPYOKY-KOJIOIICHNEY
u ypoxkaitHoCThIO (1 = 0,520) ssumeHs. Y mepcreKTHBHOTO
copra Jlnaior u copra HoBu4ok nepros «BeIX0/1 B TPyOKy-
KOJIOLIEHHE» POXOAMII TIPH SIBHOM HEJJOCTATKE BIIATrH, 4TO
HE MOMEIIAJI0 UM MPOSBUTH aJaNTalMOHHBIE CBOMCTBA,
copmMupoBaB 0oJiee BHICOKYIO, YeM Y CTaHIapTa, ypoxKai-
HOCTb. Panee Obl1a ycTaHOBIICHA CITOCOOHOCTB JTHHUH 550-08
(hopMHpPOBATH MOIITHYIO KOPHEBYIO CHCTEMY ITPH JSPHUIINTE
Bnaru. Tak, B 2016 r. B yCIIOBUSIX KECTKOM 3aCyXH Ha Mpo-
TSDKEHHH BCETO BETETAIIMOHHOTO IIEPHOJIa y Hee OTMeUalln
B cpexHeM 9,1 kopens/pacT. (pu 3,7 mWT. y CTAHAAPTHOTO
copra, HCP =2,4 xopHs/pacT.), 4T0 00€CTIEHHIIO BHICOKYIO
COXpaHHOCTH pacTeHuii k yoopke (87,3 %, nmpotus 74,3 %
y crannapra, HCP =7,9%) n, cooTBETCTBEHHO, OOMBIIYIO
ypOoKaiiHOCTh. BhICOKHE a/lanTHBHBIC CBOWCTBA MEPCIICK-
TuBHOrO copra [uanor noarsepamnucsk B 2021 r., xorga
B YCJIOBHSIX 3aCyXH, KOTOpasi MPOJIOJKAIAcCh B TCUCHHUE
BCero Mek(ha3Horo Mepro/ia «KyIeHne — KOJIOIICHHE (CM.
Tab:.1), ero yposkaifiHOCTh ObliIa BBIIIE, UM Y CTaHIAPTA,
Ha 1,40 T/ra (Tabm. 3).

ITo pe3ynbTaTaMm OLIEHKU aJJalTUBHOCTU M IKOJIOTHYE-
CKOW IIACTHYHOCTH PETEHEPAHT OTINYAJICS HauMEHBILICH
PA3HOCTBIO MEXKAY MAKCUMAJIbHONM M MUHHUMAajbHOWU YpO-
JKalfHOCTBIO, UTO XapaKTEePU30Bao €ro BEICOKYIO CTPECCOY-

CTOMYMBOCTh, OTHOCUTENBHO CTaHapTa u copra HoBuuok.
ITo cpennelt ypoxailHOCTH B KOHTPACTHBIE MO YCIOBUSIM
BETeTaI[UH TOIbl OH TAKXKE MPOICMOHCTPHPOBAT MIPEUMY-
IIECTBO Mepe]T cTanaapToM (Tabdm. 4).
Ta6un. 4. AnanTUBHbII NOTEHIMA COPTOB STYMEHS
(2018—2020 rr.), T/ra

ITokazarens
Copt
Vo | Yo | Your Vo | Foi V)2
Benroponckuii 100, 1,48 6,18 470 3,83
cTaHAapT ’
Juasmor 2,88 6,69 -3,81 4,79
Houuok 2,31 7,23 -4,92 4,77

ITepciekTuBHBIN copT uanor GopMHupOBaI 3epHO € XO-
POILINMH TEXHOJIOTHYECKMMH CBOMCTBAMU: HaTypa — 662 /11,
BBIPOBHEHHOCTB — 93,2 %, cofep>kaHue ChIPOro NpOTEHHA B
3epHe — 10,9 %, kpaxmana — 50,7 %, xupa— 1,7 %, kierdar-
ku — 3,33 %. OreHka Ha HHPEKIIHOHHO-TIPOBOKAITHOHHOM
¢done, mpoBeeHHAs B J1a0OpATOPHUM MMMYHHTETA U 3a-
el pactenuiit @ AHLL Cesepo-BocToka, xapakTepusyer
€ro Kak yMEpEeHHO YCTOWYMBBIN K T€IbMUHTOCIOPUO3HBIM
MSTHUCTOCTSIM JINCTHEB (CTENEHb MOPaKEHUSI CETYATOU
maTHHCTOCTHIO 15,0 %, TeMHO-0ypoit — 16,3 %; npu BemH-
YMHAX ITHX TO0Ka3areseil y NHANKATOPHBIX copToB 29,0 u
50,0 % cOOTBETCTBEHHO) M CPEJHE YCTONYMBBINH K KOPHEBBIM
rHIIIM (24,6 %, ipu 48,4 % y uHnukaTopHOTO copTa). B
€CTECTBEHHBIX MOJIEBBIX YCIOBHAX OTMEYAIH Ci1adoe I1o-
paskeHne MblIbHOM TosoBHEH (710 0,2%).

Takum 00pa3oM, HCITOJIL30BaHKUE PETeHEPAHTHBIX JTMHUAN
STYMEHSI TI03BOJISICT YCOBEPIICHCTBOBATH TEXHOJIOTHIO CEIICK-
LUOHHOTO TIporiecca. Co3/1aH HOBBIH NMEPCIIEKTUBHBINA COPT
SPOBOTO SIUMEHS PETEHEPAHTHOTO MMPOUCXOXKIeHNs Jnanor
(550-08), xapakTepHU3yIOIIHIACS BEICOKOU YPOKAHHOCTHIO B
YCIOBUSIX 31aUIECKOro cTpecca, XOPOIINMH TeXHOIOTU-
YECKHMMU CBOMCTBAMU 3€pHA U YMEPEHHON YCTOWYUBOCTBIO
K Oone3HsM. Ero BrICOKHME aJalTHBHOCTD U HKOJIOTHYECKast
TUTACTHYHOCTH 00YCIIOBIICHBI ()aKTOM 0TOOPOB AITFOMOYCTOM-
YMBBIX ()OPM Ha CTa/IUH KAJUTyca B CEJICKTUBHBIX CHCTEMAX
in vitro, 9To noAaTBepxaact 3pGeKTHBHOCTh IPUMEHIEMBIX
METO/I0B KJIETOYHOM CEJIEKINH.
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HNCIIOJb30BAHUE MAPKEPHOI'O ITPU3HAKA B CEJIEKIIUHA
KO3JISITHUKA BOCTOYHOI'O (GALEGA ORIENTALIS LAM.)

B.H. 3os0TapeB, kaHIuaaT CETBCKOX03MCTBEHHBIX HayK, M. A. KiluMeHKo0, KaHAHIAT CETbCKOXO3SHCTBEHHBIX HAYK,
B.M. Kocosnano, JOKTOp ceTbCKOX031iCTBEHHBIX HAyK, akajeMuk PAH,
B.JI. KopoBuHa, crapiiuii HayuHblil COTPYIHUK, AHTOHOB A.A., MJIAJIINNA HAYYHBIA COTPYIHUK

Dedepanvublii HAYYHBII YeHMP KOPMONPOU3BOOCBA U APOIKOIOUU
umenu B.P. Bunvsimca,
141055, Mockosckas o6a., Jloous, ya. Hayunwiii 2opodox, kopn. 1
E-mail: semvik@vniikormov.ru

Ilo cocmosanuio na 2021 2. ¢ I'ocyoapcmeennom peecmpe ceneKyuonHbIX 00Cmuicenuil 3apezucmpuposano 17 copmoe Ko3namuuka
socmounozo (Galega orientalis Lam.). Bce onu 0v1au co30anvt Memooamu maccogozo u UHOUSUOYATbHO20 OMOOpa 011 KOHKpem-
HBIX YCN06UIL U3 UHMPOOYUUDPOBAHHBIX OUKOpAcmyujux nonynayuil unu copma Iane. B pesynomame ucnonv308anus ucxoonozo
Mamepuana Ha 0CHOGe 00uell 2eHemuyeckoll 6a3vl GONLUIUHCHEO U3 HUX NO MOPPON02UUECKUM XAPAKMEPUCMUKAM 6 UeTIOM
oonomunmuul. B ceazu ¢ ymum ouenv akmyanvHol npoOIemMbl UOCHMUDUKAYUL COPMOS, 3AU{UMbL AGMOPCKUX NPA8 U anpodayuu
CeMEHHBIX nOCcesoes 01s ceneKyuonepos. Cyuecmeenno ynpocmums ee peuienue MojNcem ebleedeHue cOpnos ¢ MapKepHbIMU MOp-
gonozuueckumu npusnaxamu. OOHo8pemMeHHO 6 NOCIEOHUE 200bl 603DACMAEH 3HAYUEHUE COBPEMEHNDBIX MEMOO08, OCHOBAHHBIX HA
ucnonvzosanuu monexynapuovix {HK-mapkepos, kak 0ononnenue K mpaouyuoHHsIM CROCOOAM OUEHKU CeNEKUUOHHO20 U COPHI0BO20
mamepuana. Ilens uccnedosanuii — coz3oams copm KO3NAMHUKA 60CHOUHOZ20 C MAPKEPHBIM PeHOMUNUYECKUM NPUSHAKOM U RPOGe-
CHU MONEKYIAPHO-2EHEMUYECKUTL AHATIU3 RO éblAeaeHUI0 ungopmamuenvix /[HK-wapkepos ons copmoeoit uoenmugpuxayuu. /{ns
peluenus nocmasnennoi 3a0auu u3 nonynayuu copma I ane ovinu evioenensl pacmenus ¢ panuynoil OKpackoii yeemkos. Memooom
nOC1e006aMeNbHO20 PERPOOYUUPOBAHUA NOMOMCINGE 6 HECKOTNbKUX NOKOIEHUAX U HE2AMUBHO20 OMO0pa, Yoanoct CIaduIu3upo-
6amb PO306OUGEMKOBYIO U De/1016eMKOGYI0 nonyiayuu. B nomomcmee Ko3namnuka ¢ po3o6oii OKpAcKoil Y8emKo8 Imom npusHax
coxpansanu 98 % pacmenuii. Ilocne KOHRKYPCHO20 UCHBIMAHUA NORYAAUUA ObLAA 3APEUCMPUPOBARA KAK cOpM Ko3namuuka Becm
¢ mapkeprovim Mopgomunuueckum npusnaxom. Ilo kopmoeoii u cemennoii npodyxmuenocmu copm Becm npesocxooum copm Iane
na 15...34 %. III[P-ananu3z c ucnonvzoeanuem 10 nap SSRs u 6...8 komounayuit SRAP-npaitmepos, 6 cpagnenuu ¢ cuney8enKo-
6011 U 0eN10YBEMKOB80Il RONYIAYUUAMU, NO3601UI Onpedeums 06e ungopmamusnsle Komounayuu SRAP-wapxepoé — ME3-EM4 u
ME3-EM2, komopbie MOMCHO UCROIb308ANb 6 KAUeCHée 0ONOTHUMENbHO20 uHCmpymenma npu copmoeoit /IHK-uoenmughuxayuu
U CO30aHUU 2eHEMUYECKO20 NRACROPMA HO8020 COpMA.

APPLICATION OF MARKER TRAIT IN BREEDING OF FORAGE GALEGA (GALEGA ORIENTALIS LAM.)
Zolotarev V.N., Klimenko I.A., Kosolapov V.M., Korovina V.L., Antonov A.A.

Federal Williams Research Center of Forage Production & Agroecology
141055, Moskovskaya obl., Lobnya, ul. Nauchnyi gorodok, korp. 1
E-mail: semvik@vniikormov.ru

As of 2021, 17 varieties of forage galega (Galega orientalis Lam.) were registered in the State Register of Breeding Achievements. All
of them were created by methods of mass and individual selection for specific conditions from introduced wild populations or varieties
of Gale. As a result of using the source material on the basis of a common genetic base, most of the available varieties are generally
of the same type in morphological characteristics. The problem of identification of varieties, copyright protection and testing of seed
crops for breeders is one of the most urgent. A significant simplification of the solution of this problem is the breeding of varieties with

marker morphological features. Along with this, in recent years, the importance of modern methods based on the use of molecular
DNA markers has been increasing as an addition to traditional methods of evaluating breeding and varietal material. The aim of
the work is to create a forage galega variety with a marker phenotypic trait and to conduct a molecular genetic analysis to identify
informative DNA markers for varietal identification. To solve this problem, plants with different flower colors were isolated from the
population of the Gale variety. By the method of successive reproduction of offspring in several generations and negative selection,

it was possible to stabilize the pink-flowered and white-flowered populations. It was found that 98% of plants retained this feature
in the progeny of forage galega with pink flowers. This population, after a competitive trial, was registered as a forage galega West
variety with a marker morphotypic feature. In terms of feed and seed productivity, the West variety exceeds the Gale variety by 15-34%.

PCR analysis using 10 pairs of SSRs and 6-8 combinations of SRAP primers in comparison with blue-flowered and white-flowered
populations allowed us to identify two informative combinations of SRAP markers ME3-EM4 and ME3-EM?2, which can be used as
an additional tool for varietal DNA identification and the creation of a genetic passport of a new variety.

Key words: forage galega (Galega orientalis Lam.), variety,
marker phenotypic trait, flowers color, molecular and genetic

KuaroueBble cioBa. xozmamuuk eocmounviil (Galega orientalis
Lam.), copm, maprepuviii (henomunuyeckuil npusHax, oKpacka

YBEmKo8, MOJEKYIAAPHO-2eHeMUYUEeCKdsl XxapaKkmepucmuKka.

Ha coBpemeHHOM 3Tarie pa3BUTHsI KOPMOIIPOM3BOICTBA
JIOTIOJTHUTETLHOE TOBBINICHUE () (HEKTUBHOCTH 3TOM OTpac-
JI BO3MOXKHO B pe3yJibTare 00Jiee IIMPOKOro BOBICUCHUS B
MPOLIECC XO3HCTBEHHOTO UCTIOIBb30BaHHSI [ICHHBIX B KOPMO-
BOM OTHOIIIEHHUH, HO €II[€ MAIOPACTIPOCTPAHEHHBIX KYIIBTYP,
001aJar0IUX BBHICOKUM TOTSHIIUAIOM MPOYKTHBHOCTH,
TEXHOJOTUYHOCThIO, YCTOMYMBOCTHIO K a0MOTHYECKUM
CTpeccaM M CIMOCOOHOCTBIO K afamnTaliyi B Pa3IHYHBIX

characteristic.

MTOYBEHHO-KINMATHIECKUM yCIOBHAX. KO3IATHIK BOCTOU-
HBIU, WK rasiera BocrouHast (Galega orientalis Lam.) Beije-
JISICTCS CPEeITU IPYTUX OOOOBBIX TPaB PsIOM MOP(HOOHOIIOTH-
YEeCKUX U OMOTre€OEHOTHUECKUX OCOOEHHOCTEN M OTHOCHUTCS
K IpYIIIE pacTeHUH, 00J1a/Ial0IINX BBICOKOH OMOJIOTHYECKOI
MPOJYKTUBHOCTBIO U KOJIOTMYECKOM MIIaCTUYHOCTHIO [ 1, 2,
3]. Ota KynbTypa XapaKTepHU3yeTcs alalTHBHOCTHIO, YCTOM-
YHBOCTBIO M HENPUXOTINBOCTHIO, BBICOKOW KOHKYPEHTHOM
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CIOCOOHOCTBIO B TPABOCMECSIX U BBIHOCIIUBOCTBIO, MOPO30-
1 3UMOCTOMKOCTBIO, 3aCyXOyCTOIUNBOCTBIO, MOBBIIIEHHON
azoTQuKCcHpYyIOHIel criocoOHOCTRIO [4, 5, 6]. Benencreue
BBICOKOH CITOCOOHOCTH K aJJaNTALMX B PA3JIMUHBIX YCIOBHAX
KO3JISITHUK BOCTOUHBIH MOXET BO3EIIBIBATHCS B IITMPOKOM
JlMana3zoHe MOYBEHHO-KJIMMaTUYECKUX YCIoBUi [7, 8, 9].

OnHO U3 ycnoBUil MOBHIMIEHUS 3PPEKTUBHOCTH XO-
3sIICTBEHHOTO MCINOJIb30BAaHUS KO3JIATHHKA BOCTOUHOTO
— MEepMaHEHTHBIH Mpolece CO3AaHus M PACIIMPEHHS CO-
PTUMEHTA COPTOB, AJANTHPOBAHHBIX K Pa3HbIM [TOYBEHHO-
KIIMMaTU4YeCKUM YCJIOBUSIM U TEXHOJIOTHYECKHM Tpebo-
BaHusM. Ilo coctosuuio Ha 2021 r. B T'ocynapcTBeHHbII
PEECTp CENEKIMOHHBIX JOCTHKEHHUM, AOMYIIEHHBIX K HC-
MOJIb30BaHMIO Ha TeppuTopun Poccun, BkitoueHo 17 copToB
9TOH KynbTypHl. [lepBeiM ¢ 1988 1. OBLT 3aperucTpupoBaH
copt l'ane cenekiuu BHMU xopmos um. B.P. Bunbsamca,
BBIBEJICHHBII MacCOBBIM OTOOPOM M3 JUKOPACTYIIEH I10-
MyJIALKAW, UHTPOLYLIMPOBaHHOM ele B 30-€ rr. mpouuioro
BEKa U3 ECTECTBEHHOTO apeaiia. B pe3ynbpTraTe MHOTOI€THETO
otbopa chopMHpoBaach NOITYJISILUS N3 HanboIIee aKKIMMa-
TU3UPOBAHHBIX 11 ycnoBuii LlenTpansroro HeueproseMbst
6moTumos, koTopyto B 1988 r. ropuanyuecku ohopMuiIn
kak copt 'ane [10]. B mporecce Ky nbTUBHPOBaHUS CEMEHA
MOMYJISIUK PACChUTAI BO MHOTHE HAyYHbBIE YUPESKACHUS
1 XO34HCTBa MO Bceil cTpaHe. DTOT MaTepHall MOCTYKHII
OCHOBOM /ISl BHIBEJICHUS HOBBIX COPTOB KO3JISTHUKA B
Pa3HBIX arpOKIMMAaTHYECKHX 30HaxX. Tak, palOHMPOBaHHBIC
copta ['oproanTatickuii 87, SInrunckuii, Maructp u npyrue
BBIBEJICHBI METOJIOM MaccOBOT0 0TOOpa HEMOCPEACTBEHHO
u3 copra ["ane, nomyuennoro u3 koswekunu BHUUM kop-
MoB [10]. Copta Kpusuu, FOOmmsip n TanucMan cenekiuu
IlcxkoBckoro HMM cenbckoro xo3siiicTBa Takxke CO3JaHbI
C HCIOJIb30BAHMEM HMCXOJIHOTO MaTepHalla CKOBCKOH pe-
npoxaykiuu copta ["ane [11]. Copra [Tonecckast, Hecrepka,
CanpysxHaclib, 3aperucTpupoBanHsie B ['ocpeectpe Pecmy-
ommmku benapych, 1 copTa TUTOBCKOM cenekimu Vidmantai,
Laukiai m Melsviai Takke OITy9eHbI METOJaAMH MacCOBOTO
W MHAMBUIYaJbHOTO O0TOOpa JYYIHX PAacTeHUH M3 paHee
HMHTPOAYLHMPOBAHHON nomysiuuu copta [12, 13].

Ko3JI9THUK BOCTOUHBIN MOKET OBITH KIIACCH(PUIIIPOBAH
KaK KyJbTypa C OUYeHb HEOOJIBIINM IeHETHYECKUM CelleK-
LIMOHHBIM yJTy4llIeHneM. BeandanHna KopMOBO# U CEeMEHHOM
MPOIYKTHBHOCTH PaOHMPOBAHHBIX COPTOB I'aJIETH OIIpesie-
JISIETCSI B OCHOBHOM ITOUBEHHO-KINMATHUECKUMH YCIOBUSIMU
1 TEXHOJIOTHSIMU BO3/ICJIBIBAHUS, @ HE TEHETHUECKOM 0230
[10]. BoznenbiBaeMble paHee B MPOU3BOACTBE COPTA rajieTu
BOCTOYHOH B IEJIOM XapaKTepU3yHTCs HE3HAUUTEIbHBIM
pasHooOpasneM 1Mo MOp(OIIOTHYECKUM U XO3IHCTBEHHO-
TMOJIE3HBIM ITPU3HAKAM U cBOMcTBaM. DEHOTUIINYECKH O0JIb-
IIMHCTBO COPTOB, CO3aHHBIX MPEUMYILIECTBEHHO METOJAMU
oTr0Oopa, XapakTepu3yloTcs CHHE-(UOIETOBON OKpACKOH
I[BETKOB H 10 3TOMY IIPU3HAKY CYIIECTBEHHO HE OTIINYAIOTCSI
OT pacTEeHUH U3 AUKOPACTYIIMX MOMmysuuit [12].

B ycoBusiX ppIHOYHOM KOHBIOHKTYPBI ITPOOJIEMbI HCH-
TU(UKAITII COPTOB, COXPAHEHHUS aBTOPCKUX PaB, anpobda-
IIMY CEMEHHBIX ITOCEBOB U cOOpa POSUITH IS CEJICKIIMOHEPOB
CTAHOBSTCS OYEHb aKTyaIbHBIMHA. COPT BEICTYIAET B Kade-
CTBE peHTO0Opa3yromero (Gakropa, ero cozganue TpedyeT
CYIIIECTBEHHBIX 3aTpaT BPEMEHH, a TAK)KE UHTEIICKTyallb-
HBIX 1 (UHAHCOBBIX BiokeHui [14]. Copra oTHOCATCS K
Ba)XKHBIM OOBEKTaM WHTEIJICKTYaJIbHOW COOCTBEHHOCTH M
JKM3HEHHO Ba)KHO, YTOOBI MTHHOBAIMH B CEJICKIMIO PACTCHUH
0JIyYyaJli COOTBETCTBYIOLLUE MaTEpUAIIbHbIE CTUMYJIBI [15].
B cBs13u ¢ 5THM aKTyanbHa MpobieMa pa3paboTKu KpUTepreB
HOBU3HBI, OTIIMYMMOCTH, OJHOPOJHOCTH U CTAOMIIBHOCTH
(DUS) ceneKIMOHHBIX JOCTHKEHHUH B COOTBETCTBUH C KOH-
Bermeid UPOV. CyIiecTBeHHBIM YIPOIICHHEM PELICHUS
9TOM 3aJjauul MPEJCTABISIETCS CENEKLUs COPTOB C MapKep-
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HBIMH NPU3HAKAMH, KOTOPBIE BU3YaIbHO JIETKO U HAIEKHO
ONpeleIUMbl U MPOSBISIOTCS HE3aBUCUMO OT BIMSHUS
ycnosuii cpensl [16, 17].

Ha ceropnsmHmuiA JeHb Ha OTJENBHBIX KyJIbTypax pac-
HIUPSIOTCS pabOTHl O cOOPY KOJUIEKIMH U BBIBEJICHHIO
COPTOB C MapKepHbIMHU Tpu3Hakamu. IIpu sTom oOpara-
€TCsl BHUMAHUE HA HOBBIE MapKepHbIE MOP(OIOTHUECKHE
TIPU3HAKH, JUIS YCTAHOBJICHUS KOPPEJSIIIUE MEKITY HUMU
XO03SIHCTBEHHO-0MOIOTMIECKIMU TTI0Ka3aTeIsIMU, H3yJaeTcs
ux reHeruka [18]. Tak, reHeTHUECKUIT aHATN3 MyTAaHTHBIX
JIMHUH JIbHA BBISBUJ IOMMHAHTHOE MOHOTEHHOE Hacie0-
BaHME AaHATOMHYECKHX MApKEPHBIX 0COOCHHOCTEH CTPOCHUS
cTeOisl pacTeHUH M B Pe3yNbTaTe B3aMMOACHCTBHS Heal-
JICJIBHBIX T€HOB MOJIUTEHHBIA KOHTPOJIb MO TUITY SMHUCTa3a
oKpacku cemsiH [19].

enp nccnenoBanuii — co31aTh COPT KO3IATHUKA BOC-
TOYHOTO C BBIPQXKEHHBIM MapKEPHBIM MOP(OIOrHYECKUM
MPU3HAKOM M XO35HCTBEHHO-TIOJIE3HBIMU CBOWCTBAMH,
HE YCTyNalUUMU palloHUpOBaHHOMY coptry [ane, u
MPOBECTU MOJIEKYJISIPHO-T€HETUYECKHUIl aHaIN3 MO BBI-
siBiteHnt0 nHpopmatuBHEIX [IHK-MapkepoB st copToBOM
UICHTU(UKAIIAH.

Metoauka. Padory Bemonusnn B @HILL «BUK um.
B.P. Bumbsmca» B 1993-2021 rr. B oTaene reHopoHIa U
71a00paTOpUN CEMEHOBOJCTBA U CEMEHOBEACHUS KOPMO-
BbIX KynbTyp CpaBHurtensHbsiii [11[P-ananu3 nposeneH B
71a00paTOPUN MOJIEKYJIIPHO-TEHETHUECKIX MCCIIE0OBAaHNI
KOPMOBBIX KyJbTyp. JlJIsl peleHus mocTaBICHHON 3aJaun
Ha HaYaJIbHOM dTare ¢ /993 2. ObLIO MPOBEICHO 00CIIeI0BA-
Hue cTapoBo3pacTHbIX (10...12 r.1.) moceBoB copra ["ane B
(haze LBETEHUS C TENBIO TIOMCKA OMOTUIIOB C MAPKEPHBIMH
MIPU3HAKAMU 10 OKpAcKe [[BETKOB. I3 TpaBOCTOSI OBLIH BbI-
JIeTICHBI pacTeHHUs ¢ OesIol, PO30BOLBETKOBO (CHPEHEBON)
1 CBETIIO-TOTy0O0H OKPACKOH IIBETKOB, a TAKXKE KOMOMHHUPO-
BaHHOM (Harpumep, THIIMYHON CHHEe-()1OoJIeTOBOM mapyca 1
KPBUIBEB, O€JI0H — JIOIOYKH U IPYTHEe BApUALIMH U OTTEHKH).
OTto6pano oT 2 10 21 mapruagbHBIX KYCTOB KO3TSTHHKA C
CEMbIO pa3IMYHBIMHM BapHMaHTaMM OKpacku 1BeTKoB. Oce-
HBIO ATOTO K€ T'0/1a BBIJCJICHHBIC OMOTHUIIBI IEPECaNIN B
MIPOCTPAHCTBEHHO U30JIMPOBAHHbBIE THTOMHUKH C KOMILIEK-
TOBaHMEM I10 TPU3HAKAM OKPACKU LBETKA Uil M3Yy4YEHUS
BO3MOYKHOCTH MX 3aKpEIIEHHs IPH NIEPEOTbIICHIH, OLICHKH
OMOJOTUYECKNX U XO3SHCTBEHHO-IOJIE3HBIX MOKa3aTe-
neit nomynsanuii. CemeHa, BbIpalieHHbIE B MHTOMHUKAX
MIePEONbUICHHS, PEIPOAYLIMPOBAIIN B TPEX ITOKOJICHHUSAX B
YCIIOBHSAX TPOCTPAHCTBEHHON H3O0JSIIMU MPU HETPEPBIB-
HOM HeraTMBHOM oTOope. OCHOBHOI METOJl B CENEKINU
KO3JISITHUKA C MapKEPHBIM IPU3HAKOM — HallpaBJICHHBIH
MHJIUBHUYaJIbHBII U MacCOBBIH OTOOP 10 MapKEPHBIM IIPU-
3HaKaM IPHU COXPAHEHUH BBICOKHUX MOKa3aTeseil KopMOBOH
1 CEMEHHOH NMPOAYKTHBHOCTH UCXOIHOTO COPTA.

VY4eTsl 1 HaOMIOACHUS, OLIEHKY C(hOPMHUPOBAHHBIX IT0-
MyJISIUUAA TTIPOBOJIMIIM B COOTBETCTBUH C METOINYECKUMHU
yKa3aHUASIMH 0 celeknnu MHoToneTHUX TpaB (M.: BUK,
1985). CtangapToM B KOHKYPCHOM COPTOMCIIBITAHUHU Ha
KOPMOBYIO M CEMEHHYIO MPOJYKTHUBHOCTb CITY>KHJI COPT
Iane. Pazmep nenstHok coctapiisii 10 M2, MIOBTOPHOCTD —
4-X KpaTHasl.

[TouBa OMBITHBIX y4acCTKOB JEPHOBO-TIOA30JIUCTAs,
CPEIHECYTJIMHUCTAs C COAEpPKaHWEM B IaXOTHOM CIIO€
(0...20 cm) monBmwxkHBIX Gopm docdopa (mo Kupcano-
By)— 112...150 mr/kr, oOmenHoro xamust (o MaciaoBoi)
— 108...112 wmr/xr, rymyca (o Tropuny) — 2,36...2,47
%, pH_ — 5,3...5,6. MunepanbHbie ynoOpeHus B BHIE
cynep(f)OC(baTa poCTOro rpanyuposanHoro (18 % P,O,)
n kamus xjopucroro (K,O — 60 %) n3 pacuera P45k90
BHOCHJIM Ha y4YacTKaX ¢ MMTOMHHUKAMH OCEHBIO pa3 B TPH
rojia. MeTeoponornyeckue ycoBHsl B IEPUOJ TPOBECHNUS
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HCCIICIOBAHHUN B OTAEIBHBIEC TOJBI OTIMYAINCH MEXKIY CO-
00i1 1 OT CpeTHEMHOT OJICTHUX TOKa3aTeel (IpoXiiaHble
WA C N30BITOYHBIM BEIITAJICHHEM OCaIKOB BETeTAllMOHHBIC
ce3onbl 2000, 2017 rr., HO B OCHOBHOM 3aCyIUINBEIC WIIN
C TIOBBINICHHBIM TEMIIEPATYPHBIM ()OHOM MPU HOPME WU
n30bITKE ocankos — 2002, 2004, 2006, 2007, 2009, 2014 rr.,
aHoManbHO 3acynummBeie — 2010 u 2011 rr.) 9TO Nano BO3-
MOXHOCTB OTOOpaTh HanboJIee aJanTHBHBIE 00Pa3IIbl.

J1yis BBISIBIIEHUST 0COOCHHOCTEW HOBOTO COpPTa Ha TeHe-
THYECKOM ypoBHe nposenu [I1[P-ananu3, B koTopom st
CpPaBHUTEIILHOMN OIIEHKH MCIIOJIb30BaJIM UCXOIHBIN copT [ arne
U CEJICKIIMOHHBIA OENONBETKOBBIN 00pa3el, MOITyYeHHBIN
B pe3yNbTaTe 0TOOpa M MOCIEAYIOMINX MIEPECceBOB IS 3a-
KPETUICHUSI OTJIMYUTEIILHOTO TIPU3HAKA.

I'enomuyto JJHK st ananuza Beigesnsuid u3 tkanu 30
CEMHIHEBHBIX ITPOPOCTKOB OT KAKIOT0 SKCIEPHMEHTAIBHO-
ro oOpasia Ha ocHOBe Oa3oBoro SDS-MeTosa ¢ BHeCEHnEM
psna momudukamwmii [20]. Ucnonp3oBamu 10 map SSRs u
6 xomOuHaii SRAP-nipaiiMepoB B pa3IMYHbBIX MApHBIX
couetanusix [21, 22]. CoctaB KOMIIOHEHTOB PEaKIIMOHHON
cmecu i [THP: 10x Taq Turbo buffer — 3 mxir, 50 ANTP
mix — 0,5 mxi, 5U Taq-AHK momumepaszb — 0,4 Mk, 1 MK
kaxxioro npaiiMepa u 1 Mk renomuoi JIHK konnentparueit
20 ar/mi (Ha 1 peaknuio 00pEMoM 20 MKIT). AMITTH(HKA-
IIUIO C OCYIIEeCTBILLIIN Ha pubope «Bio-Rad T-1000, USA»
B COOTBETCTBUU C ycioBusmu anst SSR-mapkepoB [21] u
SRAP-mapkepos [23].

[TpoayKTBI peakIuu pa3aesisuii METOIOM MIeKTpodopesa B
1,6 %-nom LE2-arapo3nom rene npu 50 B B reuenne 90 MuH.
J11s1 otieHKH pazMepa (pparMeHTOB MPOYKTOB aMILTH(DUKAIIN
HCTIONB30Bay MoneKysipHbIil Mapkep 100 kb DNA Ladder
(«ThermoFisher Scientificy). Busyanuzarmro pparMeHTOB am-
HKany mpoBo iy Ha iprodope «Gel Doc™ XR+» (Bio-
Rad, USA). Pa3mep npoayKToB aMILTH(HUKAIIMH 1 TIOKAa3aTeIN
TEHETUYECKOr0 Pa3HO00pasusl, pacCUMTaHHbIE HA OCHOBAaHUH
JTAHHBIX OMHAPHBIX MATPHII, ONPEICIIUIA C HCIOIB30BAaHUEM
nporpamm Image Lab u PopGene.

Pe3yabTaThl u 06cykIeHAe. VICXOHBIN MaTepra — 3TO
Omonornyeckas matgopma, Ha KOTOPOH B IPOIIECCE HC-
MTOJTE30BAHUS PA3TTHYHBIX CEIEKIIMOHHBIX METOI0B PaOOTHI
(dbopMHpyeTcsi ONPEICICHHOT0 TEHOTUIIA C KOMITJIEKCOM
HEOOXOIUMBIX MOP(OTHITMIESCKUX M XO3SHCTBEHHBIX MTPH-
3HaKoB. [losiBIeHNE OMOTHIIOB ¢ HOBBIMHU IIPH3HAKAMH B
CTapOBO3PACTHBIX ITOCEBAX KO3JISTHUKA CBS3AHO C TEM, UTO
B IIPOIIECCE HHTPOMYKIMH B HOBBIX paifoHaX C Pe3KO OTIIH-
YAFOIIUMHUCS KIMMATHYCCKIMH YCIOBUSAMH B TOITYJISAIIMSIX
BCJIE/ICTBHE MOP(HOTCHETHYECKOT0 MPOIIecca PaCIIMPHICS
JTUAITa30H MOJUMOP(H3Ma IPU3HAKOB U MPOU3O0ILIO MHO-
KECTBO HOBBIX TpaHchopmanuii. CroHTaHHAS MyTarus
OKpacKy IBETKOB, OOHapy)XEHHAasi B CTaApOBO3PACTHBIX
TPaBOCTOSX, MTOJITBEPKIACT 3aKOHOMEPHOCTH MPOSBICHUS
BapHabeTFHOCTH KOMOMHAITUH 110 3TOMY U IPYTHM ITPH3HA-
KaM B FeTEPOTCHHBIX MOMYJISIIUIX, UMCIOIIUC OTHOIICHUE K
3aKOHY TOMOJIOTUYECKUX PsIOB [24].

Metoamu ocIe10BaTeIbHOTO PEITPOTYIPOBAHNS IO~
TOMCTB B HECKOJIbKUX MOKOJICHUSX U HETaTHBHOT'O 0TOOpa
YAaJIO0Ch CTAaOMIIM3HPOBATH PO3OBOLBETKOBYIO H OCIOIBET-
KOBYIO TOMyJISAIMH. BBUTO yCTaHOBIEHO, UTO B MTOTOMCTBE
KO3JISITHUKA C PO30LIBETKOBOH (CUPEHEBOW) OKPACKOH IIBET-
KOB 3TOT IPU3HAK COXpaHMIU 98 % pacTeHuil.

O06pasipl ¢ 6ol OKpacKoW IBETKOB OTJIMYAIOTCS HE
TOJILKO TI0 (DEHOTHUITY, HO U IO XO3SHCTBEHHO IMOJIC3HBIM
npuzHakaM. OHU XapaKTepU3yIOTCs CI1a00i H3MEHIUBOCTEIO
KOJMYECTBEHHBIX MPU3HAKOB, KOTOPAs XapaKTePU3yeTCs
k03 duIeHTOM Bapuaruu B ripesienax ot 4,3 1o 8,3 %, uto
MOATBEPKIAIOT JaHHbIE APYrux aBTopoB [11, 24].

Po3zoBouBeTKOBas OMyJsALMs OTAMYaeTces OT copTa ["ane
©oJiee BEICOKO 00JIMCTBEHHOCTHIO PACTEHHUH U COJICpIKaHHU-

eM cyxoro Bemiectsa. [Ipr 3ToM 001HCTBEHHOCT BapbUPyET
o1 47...58 % 1o 72...80 % B 3aBUCUMOCTH OT Iojia )KU3HU
¥ TUma 1moderoB (MOHOKAPIIMYECKHAE TCHEPATUBHBIC U
BEreTaTHBHBIE).

3UMOCTOMKOCTh PACTEHHUI MEPBOTO TO/a XU3HH TPU
BECEHHEM CpPOKE ITOCEBa PO30IBETKOBOI MOITYISAIIUU CO-
craBuia 96...98 %. Ha nocnemyromem Tane peKyppeHTHON
OMOTHIIMYECKOH CEJIEeKIMU Ha MPOTSHKEHUH TPEX IHMKIIOB
repeceBa BBITOIHSIIA MacCOBBI HETaTHBHEIA OTOOp, 9TO
CIOCOOCTBOBAJIO 3aKPEIUICHUIO OMOTHITMYECKOTO COCTaBa
c(OpPMHUPOBAHHO MOMYJISIIUK C MAPKEPHBIM IPHU3HAKOM —
PO30IBETKOBOI (CHPEHEBOW) OKPACKH I[BETKOB.

B 2007-2012 rr. mpoBOAMIN KOHKYPCHOE W 3KOJO-
THYECKOE COPTOUCTIBITAHUE, a TAK)KE CEIEKIIHOHHOE pa3-
MHOKEHUE B MUTOMHUKE copTocoxpaHeHus. B 2012 r.
MEePCIEKTUBHBIA COPT Mepeaasdl Ha TOCydapCTBEHHOE
COPTOUCHBITAHHE 110 SKCIIEPTHOH OLIEHKE 1101 Ha3BaHHEM
Becrt, ¢ 2014 r. ero BHecau B ['ocpeecTp celleKUHOHHBIX
noctmwkennii Poccun (opurunarop — ®HIL «BUK uwm.
B.P. Bunssimcay). Pactenus ko3naTHuka copta Bect xa-
PaKTEepHU3YIOTCS IPKO BRIPAYKCHHBIM OTIIMYUTEIFHBIM Map-
KEepHBIM MOP(}OJIOTHIECKIM MIPU3HAKOM PEIPOAYKTUBHBIX
OpraHoB — (hHOJCTOBO-PO30BOIl (CUPCHEBOIT) OKpacKoit
[BETKOB: TIAPyC M KPBUIbS CBETIIO-PO30BO-(DHOIETOBBIE,
Jo1049Ka — (prosieToBo-po3oBas, 60jIee TEMHO OKpaIleH-
Hast. [IBUTbHUKY THIYMHOK MMEIOT OPaH)KEBO-XKEJITYIO
oKkpacky [25].

OrieHKa MPOAYKTUBHOCTH ITOKA3a1a, 9YTO YPOKAHHOCTH 3€-
JICHOW Macchl rajieru copra Bect B cpeziHeM 3a nepBble 3 roga
MTOJIb30BaHUs cocTaBmia 36,5 1/ra, y copra 'ae — 32,8 1/ra,
i Ha 11 % menpmre. CO0p Cyxoro BemecTBa ObUT paBeH
COOTBETCTBEHHO 6,33 u 5,73 1/ra. Benencrsue 6ojee BEI-
COKOH OOJIMCTBEHHOCTH COAEPIKaHUE CHIPOTO MPOTEHHA B
¢aze crebmeBanus — Havana oyronusanmu (111 nexamga mas
— I nexana mroHs) y HOBOrO copTa cocrasisieT 26...30 %;
B (¢aze uBerenus (I-1I mexampl WMIOHS) OHO CHIDKACTCS IO
18,4...19,4 %, a KOIWYECTBO CHIPOW KJIETYATKHU 32 ITOT
nepuos ysenuuuBaercs ¢ 22,8 1o 28,7 % [25].

daxTryeckuii cOop ceMsH copta Bect B mepBbIit rof
TOJIb30BAHMS B CPETHEM COCTAaBHII — 74 Kr/Ta, BO BTOPOU —
397 xr/ra, Tpetuii — 427 Kr/ra, 4T0 COOTBETCTBCHHO Ha 34, 15
n31 % Beimre, uem y copra ["ane. B 6naronpusitHbie roab! ak-
THYecKui coop cemsH copta Bect mocturan 597...612 kr/ra,
ouosiornueckas ypoxaitnocts — 1000 kr/ra.

Crnemyer OTMETHTh, YTO B CEMCHHOM IIOTOMCTBE B TI0-
CeBaxX MOTYT MOABIATHCS SANHUYHBIC CHHEI[BETKOBEIE pac-
TEHUSs1, YTO TPEOYEeT MPOBEACHHS COPTOBOW MPOTONIKHU. J{itst
MIPEAOTBPAIICHUS ITEPEOITBUICHIS 0053aTEIEHO COOII0ICHHE
MIPOCTPAHCTBEHHON N3OJISAIIUH OT APYTHUX COPTOB U JUKOPa-
CTYIIUX IOIYJISIIIMN KO3JISITHHKA.

SSR-ananu3 ¢ MCHOIB30BAHNEM MapKepos, (IaHKH-
PYIOIINX MHKPOCATEIUTUTHBIC TIOCIIEI0BATEIHbHOCTH TEHOMA,
OKazaJicsi MaTOMH(OPMATUBHBIM Ha H3y4aeMOM MaTepHale.
B o6meii Be0opke u3 10 map npaiimepos Tobko TpH (VSspS
038, VSspS 066, VSspS 245) renepupoBain MOHOMOP(hHBIE
(dparMeHThl aMIUTU(UKAINN, HE MO3BOJISIONINE OLECHUTh
yposens nomumopdusma JIHK (puc. 1). C ocransHbIME aMm-
TTHUKAIHST HE TPOIUIA WITH ObIIa CIA00BBIPaKEHHOU. DTO
MOYKHO OOBSICHUTb, KaK HEYJa4HbIM TI0A00POM MapKepoB,
TaK M OTCYTCTBHEM Pa3IMYUN B MCCIECITyEMBIX OOJACTSIX
TE€HOMA BCJIEACTBUE Y3KOM M€HETMYECKONH OCHOBBI aHAJIU-
3UpyeMOro MaTepHara.

PesynbraTel aHanm3a Ha ocHOBe 8 komOuHanuit SRAP-
MapKepoB, pa3pabOTaHHBIX I aMIUTM(DHUKAIITH WHTPOH-
9K30HHBIX Y4aCTKOB B I'€HOME, MOKa3aiu, 4To copt Becr,
HapsIy ¢ oommMu (pparMeHTaMH aMIUTA(UKAIIH, XapaK-
TEPHBIMU TSI PYTUX 00PA3LOB, OTIMYAICS YHUKAIBHBIM
JHK-criexktpom mo 6 komOuHarmsM. B kadecTBe npumepa
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1 2 3 K M 1 2 3 K M

Puc. 1. Inexkmpogpopezpamma ITL[P-npodykmos, noiyuennsix
npu amnaugukayuu oopasyos /[HK koznamnuka éocmounozo
¢ SSR-npaiimepamu: a) VSspS 245; 6) VSspS 038; 1 —
oenoysemrkosoe pacmenue; 2 — copm Becm; 3 — copm
T'ane; K — ompuyamenwnotit konmpons (H,0); M — mapkep
Mmonekynapnoi maccot (100 bp DNA Ladder).

MIPUBEIEHBI 371eKTPO(OpErpaMMbl ¢ HEKOTOPBIMU M3 HH(OP-
MaTHBHBIX IpaiiMepoB. B wactHOCTH, cCOpT BecT Briemsics
HAIMYHEM aMIUTHKOHOB pasMepoM 229 u 726 map HyKIieo-
THI0B (1.H.) U orcyTcTBUeM (parmentoB [IHK pazmepom
1108 1. 1 781 1m.H., uMerolmuxcs B criekrpe copta ['ane u
0eorBeTKOBOM (OPMBI, ¢ KOMOMHAIHSAMU TIpaiiMepoB ME3-
EM4, ME3-EM2 u ME3-EMS5 cooTBeTcTBEHHO (pHC. 2).

1200

w
E=3
L=

0)

MTOJIO’KCHHBIMH Ha 001IIe# BETBH IeHEaJOTMYECKOT0 IepeBa
U Ha JAeHJporpamme, moctpoeHHoil metogom UPGMA
(HEeB3BEIICHHOI MTOTAPHOH TPYIIUPOBKH C YCPETHEHUEM),
aHaM3upyeMbie 00pasisl (puc. 3).

Puc. 3. UPGMA-0enopozpamma zenemuueckozo cxoocmea
Mexncdy 00pazyamu Koznamuuxa eéocmounozo (Gale — copm
T'ane; Gale white — 6enouysemrosan gpopma; West — copm Becm).

Takxum 06pa3oM, HHTPOAYIIPOBAHHBIE TIOMYJISIIIAN KO3~
JIATHUKAa BOCTOYHOTO B pe3yibTaTe MOP(OreHETHYECKOTO
npolecca MoJBEPKEHbl T€HETUYECKON M3MEHUYUBOCTH.
HoBele HeTHITMYHBIC TTPU3HAKKA OKPACKH I[BETKOB MOTYT
HCTIOJB30BATHCS B CENEKINH I CO3AaHUS COPTOB C Map-
KEepHBIMH Npu3Hakamu. Ha ocHOBaHMM 0TOOpa OTIEIBHBIX
OMOTHIIOB W3 TMOMyJSAUU copTa ["ane OBLIM BBIICICHBI
pacTeHus C pa3IMyHOM OKpACKO# IIBETKOB. MeTo10M nocie-
JIOBATEJIHLHOTO PENPOIYIIUPOBAHNUS TIOTOMCTB B HECKOJIBKUX

Puc. 2. Inekmpogpopezpamma ITL[P-npodykmos, noayuennwvix npu amnauuxayuu oopasyoe /IHK koznamuuka 60cmounozo c
ucnonvzoeanuem SRAP-npaiimepos: a) ME3-EMS5; 6) ME3-EM4; ¢) ME3-EM?2; 1 — copm I'ane; 2 — I'anne 6/y (6enoyeemrogoe

pacmenue na ocnose copma I'anne); 3 — copm Becm; M

[To pe3ynpraram, MOJy4YEHHBIM C MCIIOJIb30BAHHEM
SRAP-mapkepoB ME1-EMS5 u MEI-EM1, oGHapysxeHO
BBICOKOE CXOJICTBO Ha T€HETUYECKOM YPOBHE MEXKIY CO-
pToMm Bect u 6eo1BeTKkoBO# (POPMOIL, UTO MOATBEPIKAATIO
1 BBICOKOE 3HAYEHHUE HHIEKCa pa3HooOpasus no Hero (H)
— 0,833 (c™. Tabm.). YkazanHble 00Opa3Iisl OKa3aluch pac-

Mnpaekcel reHeTHYECKOro pa3Hooopasus no Hero nyis ananusu-
pyeMbIX 00pa310B KO3JISITHUKA BOCTOYHOTO*

oo | Mo | TS | Bec pomor
Tame 0,722 0,677
Tane 6/11 0,325 0,833
Becr 0,406 0,182

*HaJl IMaroHaJbI0 IPUBEICHBI HHIEKCHI TeHETHIECKOr0 CXO/ICTBA,
MO/T IMATOHAJIBIO — TeHeTHYeCKue aucTanimu; [ amie 6/11 — OenmonBer-

KOBOC paCTEHHUE, IIOJIYYCHHOC U3 copTa Tamre.
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— mapkep monexynapuoi maccol (100 bp DNA Ladder).

TIOKOJICHHUSIX W HEraTUBHOT'O 0TOOpA, yNAIOCh CTAOMIIN3HU-
POBaTh PO30BOIBETKOBYIO H OCIIOIBETKOBYIO ITOITYIISAIINH.
B nmoroMcTBe KO3MATHUKA C PO30BOM OKPACKOMl 1BETKOB
Tako npusHak coxpanmi 98 % pacTenuil. Ota nomyJssAIus
ITOCTIe KOHKYPCHOTO HCITBITAHUSI ObLiIa 3apEeTrHCTPHPOBAHA B
T'ocpeecte cenekIMOHHBIX JIOCTHKEHUN KaK COPT KO3JIAT-
HUKa Bect ¢ MapkepHBIM MOP(QOTHITHUECKHM ITPU3HAKOM —
po30Boii OKpackoii iBeTkoB. HOBBII copT XapakTepusyercs
BBICOKOH MMPOAYKTUBHOCTHIO. [10 cO0py KOpMOBOi Macchl 1
YpOKaHOCTH CEMSIH OH MpeBOCXoauT copT ["ane Ha 15...34
%. Hammumne MapkepHOTro (peHOTHITHUECKOTr0 NPU3HAKA 110-
3BOJISIET JIETKO BU3yallbHO MAEHTH(HIIMpoBaTh copT Bect
IIpU BEJICHUHU €T0 CEMEHOBOJICTBA.

[To pesymbpTaTaM MOJIEKYISIPHO-TEHETHYECKOT'O aHa-
JIM3a orpeeneHbl nHpopMaTUBHBIE KoMOuHauu SRAP-
MapkepoB ME3-EM4 u ME3-EM2, koTopble MOXKHO HC-
ITOJIb30BaTh B KAa4eCTBE JOMOIHUTEIEHOTO MHCTPYMEHTA
nipu coptoBoii JIHK-uaeHTnUKanmm u co3TaHuu TeHETH-
YeCcKOro MacrnopTa HOBOTO copTa.
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ATPOTEXHOJIOTMYECKWI MMOTEHIIUAJI YIIPABJEHUSI OPTAHUYECKHAM YIVIEPOJOM
YEPHO3EMOB OBBIKHOBEHHBIX B 3EPHOITAPOITPOITAIITHOM CEBOOBOPOTE

N.T. Xycuues', B.A. PomaneHkoB'?, TOKTOp OMOJOrUYECKUX HAYK,
C.B. MacbKko®, KAHIUIAT CEIBCKOX035CTBEHHBIX HayK, M. A Mnbu4éB!

'@axynvmem nousoseoenuss MI'Y umenu M.B.Jlomonocosa,
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Hccnedosanue npogoousiu ¢ uenvlo OUeHKU azpomexnolocuecko20 NOMEeHUUANA YRPAasieHus OpZanuieckKuMm y2iepooom RAXomHoil OY6bl
— YEPHO3EMA OOBIKHOGEHHO20 CPEOHEMOUIHO20 MUUCTIAPHO-KAPOOHAMHO20 MANCENOCY2IUHUCHO020. Padomy evinonnanu ¢ onumensnom
axcnepumenme I'eozpagpuueckoit cemu nonesvix onvimog c yooopenusmu, 3anoxncennom ¢ 1974 2. @edepanvrvim Pocmosckum azpapuvim
Hayunvim yenmpom. Hzyuanu ounamuky opeanuueckozo y2nepooa 6 mpéx KOHMpACHHbIX 6APUAHIMAX ONbIINA 8 MeueHle RAMU POmayuil —
3a 40-nemnuii nepuoo. Ilo sxcnepumenmansvuvim oannvim 3a 1975-2011 ze. ¢ nomMouipro OUHAMUYECKO20 MOOETTUPOBAHUA 80CHPOU3BEOCHA
MeCAUHAA OUHAMUKA 3ANACO8 OP2AHUYECKO20 Y21epo0a 6 Kaxcoom eapuanme onvima 00 2020 2. Bo ecex sapuanmax onvima mooeny Onucyl-
6aem HaOII00aeMOe CHUIICEHUE 3ANACO8 OP2AHUYECKO20 Y211epo0a ROC/Ie RPOX0JcOenus namu pomavuil cesoodopoma. Ilpu smom na gone
OP2AHO-MUHEPATIBHOIL CUCHEMbL YOOOPEHUs 6 medeHlue NEPEbIX MPEX pomanuii npoucxoouno yeenuuenue zanacos C. Oonako 3amem Hako-
NJIEHHDBLIL Y2T1epo0 Gblll ROMEPSIH, YO YKA3bIGAEeH HA HEPAGHOBECHOCHIb 3ANACOE U 3HAYUMETLHYIO UX 3A6UCUMOCHb OM RPOOYKIMUGHOCHIL
€e600bopoma, YMmo nPoACIAEMC 0asxice npu nPoxoxcoeruu 00nou pomavuu. Ipu smom merccoouunan uzmeHUU8OCms 3 Oe6AMUNCIHION
pomayuio mozna npesvtuiams 4 m/za, unu oxkono 5 % om oougux 3anacos. Ha ocnosanuu mooenuposanus ycmanosneno, Yno Heooxooumoe
07151 ROOOEPIHCAHUA 3ANACOE OP2AHUUECKO20 Y21ePO0d 6 RAXOMHOM cioe nouebl nocmynierue C ¢ pacmumenbHbIMu OCHAMKAMU COCHIABTIACI
6 cpeonem 3,87 m/za 6 200. Escezo0noe nakonnenue opzanuueckozo yenepooa 6 pazmepe 0,4 %o om nepeonauansmuix 3anacos 88 m/2a ¢ nepsoe
osaouamunemue 00eCneuusano cOBMECHHOE 6HeceHue HaUDoNee BbICOKUX 003 MUHEPATLHBIX U OpeanuyecKux yooopenuii. Cmpamezus «4
HPOMUILILEY MOIICEN DbIMb PeaIU306aAHA 8 YEPHO3EME OObIKHOBEHHOM 6 YCII08UAX PACCMAMPUBAEMO20 ONBINLA NPU €ICe200HOM ROCHIYNIICHULL
4,3...5,7 m/za C pacmumensnwix ocmamkos. Buecenue evicoxux 003 opeanuyueckux yooopenuil, 00ecnequsarouiux HazeaHHylo npooyKmue-
HOCHIb, — HEOOX0OUMDBLIL KOMIOHEHM ROO0EPICANUsL U YeeIUYEHUs 3ANACO8 OP2AHUYECKO20 Y21epo0ad 6 ROUGIX.

AGROTECHNOLOGICAL POTENTIAL OF ORGANIC CARBON MANAGEMENT IN CHERNOZEMS
IN GRAIN-FALLOW CROP ROTATION

Khusniev I.T.!, Romanenkov V.A."% Pasko S.V.3, Ilyichev L.A.!

!Faculty of Soil Science, Lomonosov Moscow State University,

119991, Moskva, Leninskie gory, 1, str.12

E-mail: husniev.ilshat@gmail.com
’All-Russian Research Institute of Agrochemistry named after D.N. Pryanishnikov,

127550, Moskva, ul. Priyanishnikova, 31 a

E-mail: romanenkov@soil. msu.ru
3Federal Rostov Agricultural Research Center,
346735, Rostovskaya obl., Aksaiskii r-n, pos. Rassvet, ul. Institutskaya, 1

Assessment of the agrotechnological potential of organic carbon management in arable soil — chernozems, medium thick micellar-
carbonate heavy loamy. Object of research: long-term experience of the Geographical network of long-term field experiments with
fertilizers, founded in 1974 by the Federal Rostov Agricultural Research Center. The dynamics of organic carbon was studied in three
contrasting variants of the experiment during five rotations — over a 40-year period. According to experimental data 1975-2011, using
dynamic modeling, the monthly dynamics of organic carbon stocks in each variant of the experiment until 2020 was reproduced.
Results: In all variant of the experiment, the model describes the observed decrease in organic carbon stocks after five crop rotations.
At the same time, in the variants with an organo-mineral fertilizer system, during the first three rotations, an increase in C reserves was
observed, but then the accumulated C was lost, which indicates a non-equilibrium of reserves and a significant dependence on crop
rotation productivity, manifested even during the passage of one of the crop rotations. At the same time, the interannual variability for
a nine-year rotation could be more than 4 t/ha, or about 5% of the total C stock. Based on the modeling, it was found that the C input
with plant residues necessary to maintain organic carbon reserves in the arable soil layer is on average 3.87 t/ha per year. The annual
accumulation of organic carbon in the amount of 0.4%o from the initial reserves of 88 t/ha was ensured in the first twenty years with the
combined use of the highest doses of mineral and organic fertilizers. The strategy of 4 ppm can be implemented in the chernozems of the
study experiment with an annual input of 4.3-5.7 t/ha C of plant residues. The introduction of high doses of organic fertilizers, which
provide the mentioned productivity, is a necessary component for maintaining and increasing the stocks of organic carbon in soils.

KiwueBble cioBa: sanac opeanuueckoeo yenepooda, uepnosém,  Key words: stock of organic carbon, chernozems, 4 ppm, long-term

«yemvipe npomMuiLey, OTUMenbHblll N0Ae8oU onvim, opeanuyeckue  field experiments, organic fertilizers.
VO0OpeHusl.
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B mpupoaHBIX U arpo’KocHCTeMax KPyroBOPOT U 3a-
Machkl OPraHUYecKoro yriepoja B MOYBE ONPEACISIIOTCS
MHOXECTBOM (hakTOpoB [1], MOABEPKEHHBIX BIUSHUIO
YeJI0OBeKa 1 MI00ATLHBIM KIIMMATHIECKUM U3MEHEHUM [2].
3anac C — 0/IMH U3 OCHOBHBIX NOKa3aTeseil MOYBEHHOTO
TUTOAOPOISI ¥ 3A0POBbS ITOYBKI, @ €T0 COXPAaHCHHE — yCIIO0-
BME yCTOMYMBOTrO cOCTOsIHUSA arpodkocucteM. Ha [Tapuxk-
ckoit koHpepenuuu no xkiumaty (COP 21) B 2015 r. Obta
npeiokena nporpamMma «MHUNMaTHBA 4 TIPOMILILIIEY,
[[eTb KOTOPOH 3aKITI0YaeTCsl B YBEIHMUCHUHU COJIEPIKAHUSA
OpPraHNuEeCcKOro yriiepo/ia B KyJIbTHBHPYEMBIX TOYBax Ha 4
%o B TOJT AJTs1 KOMIICHCAIINY BEIOPOCOB IMTAPHUKOBBIX TA30B
1 o0ecredeHns: OCTOSTHCTBA KOHIIEHTPALNN yTiIepoia B
atMocdepe [3]. [IpakTuueckre MexaHH3MBbI pearupoOBaHuUs
Ha 3TH WHUIMATHBBI JOJDKHBEI OBITH pa3padOTaHBI Ha pe-
THOHAJTHHOM ¥ MECTHOM YpOBHE [4].

Kak npaBuiio, B mouBax ¢ HU3KUM COJIEPYKaHUEM Opra-
HUYECKOTO YTJIEPO/ia €ro 3amachkl MOTYT OBICTPO YBEIHYH-
BaTKCsI PU CMEHE arpOTEXHOJIOTHH WITH MX 3JIEMEHTOB [ 5, 6].
[To4BBI ¢ MCXOHO BBICOKOM BETMYMHOW ITOTO MOKA3aTEes
00Jaar0T 3HAYUTEITHFHO MCHBIIMMH BO3MOXXHOCTSIMH ISt
HAKOIUICHHUS opraHudeckoro C, gayke MpH MoCIe10BaTEb-
HOM IIPUMEHEHUH YTIIEPO/ICEKBECTPYIOLIUX TEXHOJIOTHil. B
4epHO3EMAaX, COCTABILIOMINX OOJBINYIO YacTh ITAXOTHOTO
¢doHIa cTpaHsbl, Yame yaaéTcs CTaOUIHM3UPOBATh €T 3a1ac
WIM CHHU3WTDH MOTEPH, HANPUMED, MPH MHUHHMaTH3AINH
00pabOTKH TOYBHI, YeM 00ECIICUYUTH UTHTEIBHBINA POIIece
yBenu4eHus 3anacos [7, 8§, 9].

Tak, nnst yepHo3éMa OPTHUK OTMEUYAIH HAKOIUICHHE
OpraHUYecKoTo yriepona B BepxaeM cioe 0...15 cM npu
BBeleHnH 00paboTku mouBkl No-till B Teuenue 11 ser. [Tpu
3TOM CKOpOCTh mporiecca coctariisiia 400...500 kr/ra B rox
[10]. B mpyroii pabote, B yepHO3EME KaNbIUK B TCUCHHE
77 nmet mocie mpekpamieHusi 00padOTKH MAIIHA U BOCCTa-
HOBJICHUSI CTEITHOM pacTUTENbHOCTH cojiepkanne C B cioe
0...10 cm Bo3pocio B 1,4 paza [11]. Heodxoammo OTMETHTB,
9TO B IepBOM cirydae 3armac C B Hagase OImbITa COCTABIIIT
27 t/ra, BO BTopoM — He Ooiiee 25 T/ra, eclii UCXOIUTh U3
conepxkanus C — 1,97 %.

CornacHo gaHHBIM 0030pa Minasny et al. [3], mems Hako-
tuieHust 4 %o B TO MOXKET OBITh IOCTHKHMMA ITPU HAYaTIbHBIX
3amacax C moussl MeHee 80 T/ra. DTO OJIHU3KO K HCXOTHOMY
YPOBHIO WJIM Ja)K€ TPEBBIIIAET €ro JJIS MOJEBOTO OIBITa
BHUMU caxapa u caxapHO# CBEKJIBI Ha BBIIIEIOUCHHOM
gepHo3éMe. B aTom skcniepumenTe HakoruieHue C TOYBBI
HaOJTI0JANTN TOITBKO B 7 U3 62 JIET, pACCYUTAHHOE €IKETOTHOE
nocrymieHue C ¢ pacTUTEIbHBIMHI OCTAaTKaMH ISl HAKOTLIE-
HUs He MeHee 4 %o T0JDKHO cocTaBiaTh 2400 kr/rox [12].

B aTo01i cBs3M BechbMa HH()OPMATHBHEI Pe3yIbTaThl MO-
nenupoBanust, nposenénnoro Rolinski et al. [13] auist reppu-
TOPHUH OCBOCHHBIX IIETMHHBIX 3eMelb Poccnn u KazaxcraHa,
CeBepHasg YacTh KOTOPBIX IPEJCTaBICHA YePHO3EMaMU.
MonenupoBanue aisa nouseHHoro ciost 0...300 cMm npu
YCIIOBHH BBIBOJIA 3€MEJIb U3 CEIbX03000pOTa MOKA3hIBACT,
9TO [T cueHapus Oymymiero kianmata CMIP3 [14] 3amacs
C 104YBBI IOCTENEHHO BO3PACTAIOT IPH €0 HaYaJIbHOM CO-
neprkannn 150 1/ra. Ipn HawansHOM conepsxkannu C 220 T/ra
3amacel ero yosBaroT 10 2070 1., a 3aTeM CTa0MIN3UPYIOTCS
Ha PaBHOBECHOM YpoBHe. [Ipu HauanbHOM coOmep)KaHUH
C 400 T1/ra 3amacel OpraHMYecKoOro yriepoja, JMHAMHKa
KOTOPBIX BO BCEX MoOYBax cmojenuponana a0 2100 r., mo-
CTOSTHHO YOBbIBatoT. O4eBH/IHO, YTO PEUIAIOINM (aKTOPOM
OBUTH HavasbHBIC 3amackl C, MaKCUMAIbHBIC BEITHIMHBI
KOTOPBIX olleHeHbI aBTopamu B 40...50 1/ra B cioe 0...20 cm
B 1985-1995 rr. B »aTOM citydae npu BbIBOJIE TAXOTHBIX 3€-
MeJTb U3 CEITbCKOXO03SICTBEHHOTO 000POTa HE MPOUCXOIUT
cekBectparuu C. [Tpu 3amacax C moussl 20 T/Ta cekBecTpa-
I[Us1 OKa3bIBAETCsI 3HAUMTENbHOU (B cpenrem 0,86 xr/m?

B rox). B pabore Kurganova et al. [15] mms Toif xe Tep-
PHUTOPHH, MTPOIOJKUTEILHOCTh HAKOIJICHUS! TTIOYBEHHOTO
yTIepoia 0 JOCTHKCHUS HOBOT'O COCTOSTHHSI PABHOBECHS
TPY MOCTArpOreHHOM SBOJIOLNH YEPHO3EMOB OIIEHUBACTCS
B 30...40 ner.

WHTeHCHBHOCTS MIpOIIeccoB (hHUKCAINH YTiiepoaa Oy et
3aBHCETH M OT CTETICHH BBITTAXaHHOCTHU MOYBHI. [0 omenkam
Minnikova et al. [16], Ha TeppuToprn poBeeHHs 00CY K-
JAEMOTO B CTaThe JIUTEIHHOTO ITOJICBOTO OIBITA, CPEAU
MMaXOTHBIX MTOYB MPeobIamatoT KapOOHATHO-MULICIIISIPHBIC
yepHOo3éMeI ¢ 3amacamu C B cioe 0...30 cm 83,6 £1,4 T/ra.
OtH BenwuuHBI OJMK3KHK K 3amacam C Ha HAYalo OIbITa
88 T/ra, 9TO MONTBEPKIAET BIUSHUE JJIUTEITHHOTO HCITOJTb-
30BaHUs y4acTKa I10J1 MAIIHIO Mepe 3aKJIaJIKOH OTbITa Ha
MMOTEPH TOYBEHHOTO yIiIepoaa. B maXxoTHRIX KapOOHATHO-
MHUIIEIUIAPHBIX Y€PHO3EMAX TIOTEPH COCTABIIIOT OKOJIO 1/3
OT 3aI1aCOB OPraHUYECKOT0 YTJIepo/ia HATUBHBIX 10YB. bins-
kue nu(pel IpUBEACHHI 1 B paboTe UepHoBOI u ap. [§], rue
notepu C gepHo3zemamMu PoCTOBCKOI 00IacTi B Ipeenax
IIpenxaBkazckoit mpoBuHIMH 32 50...60 JneT pacnamku u3
ciios 0...25 cm onenensl B 25...40 %.

Metoauka. VccnenoBanus nIpoOBOIUIIN B JUTUTEIIBHOM
sKcriepuMenTe [ eorpauueckoii CeTH IMTETbHBIX TTOJIEBBIX
OIBITOB C yIOOpeHUsIMH «O(P(EeKTHUBHOCTh MUHEPATBHBIX
1 OPTaHUYECKUX YAOOPCHHUH B 3aBUCHMOCTH OT HACBIIICH-
HOCTH MMM CE€BOOOOPOTay, 3aJI0)KkeHHOM B 1974 T. Ha Oa3e
®enepanbHOTO POCTOBCKOT0 arpapHOTo HAyYHOTO IIEHTPA.
OnbITHOE TIOJIE PACIIONIOKEHO B IIEHTPAIBHOM yacT PocToB-
CKOI1 oOacTi BOJM3M rocernka Paccer Akcaiickoro paiiona
B 20 kM oT Oepera peku J[oH Ha BOZOPA3IEIEHOM ILIATO.
BricoTta moBepxHOCTH Hall ypoBHEM Mops 250 M.

KnumaT TeppuTOpUM yMEpeHHO KOHTHHEHTAJIbHBIH.
CpenneronoBoe konuuectBo ocaakoB 429 mm. Cpexane-
MHOTOJICTHSISI CyMMa TeMmIeparyp Bosayxa Beime 10 °C
cocrasiser 3400 °C, mpo10KUTENBHOCTh OE3MOPO3HOTO
neprona — 240 nueit. Pannanmonsstii 6aranc — 2603 M/
M? B rox. OceHb HacTymaeT OOBIYHO B KOHIIC CEHTAOPS,
B Hauajie € yJep:kuBaercs TEIuias sicHas norona. Jlanee
YHCIIO IMTACMYPHBIX JTHEH BO3pacTaeT, JOXKIU ydYaIlatoTCs
1 CTaHOBATCA 0oJee IINTEIbHBIMU. 3UMa HEYCTOWYIHMBAS,
C YacCTBIMU OTTEIENSIMHU, HAUNHACTCS B CEPEMHE — KOHIIE
nexaOpsi. BecHoil moteruieHne HAET 09eHb OBICTPO, B KOHIIE
(eBpanst — Hayae MapTa TEMIIEpaTypa BO3LyXa NepexoanuT
yepes 5 °C, B Hauane mas — gepe3 15 °C.

[TouBa X0OpOIIO OCTPYKTYpEHA, IMPEOOIIaAaoIIas YacTh
arperaTtoB OTHOCHTCS K arPOHOMHUYECKH LICHHBIM (DPaKITHSIM.
CyMmMa BOJIOTIPOUHBIX arperatoB cocraBiseT 50...55 %.
[170THOCTh TyMyCOBOTO TOPH30HTA HE MpeBbImaeT 1,4 1/
cM’, B maxoTHOM — coctasiuser 1,0...1,2 r/cm’. TlaxoTHBIH
CJIOl MMEET BIIOJIHE YAOBJICTBOPHUTEIbHYIO IMOPUCTOCTH
—50...60 %. Boanbliil pesxuM MoYBbI HENPOMBIBHOMU. B 0oT-
JeTIBHBIC TO/IBI ITOCIIE YUCTOTO MTapa HabII0Iar0TCs TITyOOKHe
MIpOMavrBaHMsl. 3amackl JOCTYITHOW BJIATH B CJIOE TOYBI
0...20 cM B nepuoA rnoceBa 03UMOH MILEHULbI IO YUCTOMY
napy cocTtaBisioT 20...30 MM, CHIDKAsICh TTOCIIE HETTapOBhIX
TIpe/ecTBeHHNKOB. EcTecTBeHHas Biaro3apsiika mo4Bbl
MIPOUCXOJIUT OCEHBIO W 3UMOIM. MaKCHMyM 3amacoB BIIard
HaOIIOMaeTCsl paHHEeH BECHOH, COCTaBIASA B MOJyTOpame-
TPOBOM citoe 00bIYHO He MeHee 200 MM.

ObecneueHHOCTh MUHEPATHHBIM a30TOM U TIOIBIKHBIM
(hochopom — HU3KAsI, OOMEHHBIM KaJTHEeM — CpeIHsSA. ATpo-
XMUMUYECKasl XapaKTepUCTUKA MOYBBI ONBITHOIO Y4acTKa
JI0 3aKJajKH ombITa: Tymyc — 2,54 %, pH — 7,2, P,O, (1o
Maunruny)—13,5...14,0 mr/kr moussr, K,O (o Ma4unrumy)
— 360 Mr/KT M0YBBI; HUTPH(UKAIIMOHHAS CIOCOOHOCTH (TI0
KpaskoBy) — 15...20 MI/KT TIOYBBHI.

VY49acTok 10 3aKIaJKH OMBITa HAXOIHMICSA B UTHTEIb-
HOM HCIOJb30BaHUU 1o mamHio. CeBoodOpoT 3epHo-
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napornponaiHoi. [lepBas porauus: yucTblii ap; o3uMast
MIIEHUIa; 03MMasl MIIEHUIA; TOPOX; O3UMas MIICHUIIA;
SIPOBOM SIIMEHB; KYKypy3a Ha CHJIOC; O3UMasl IMIICHUIIA;
noacoaHedHUK. Co BTOPO# pOTaIMK: YUCTHIN Map; 03uMast
MIIEHNUIA; KyKypy3a Ha 3€pHO; SIPOBOM AUMEHB; KyKypy3a
Ha CHJIOC; O3WMas MIICHHIIA; TOPOX; O3MMas IMIICHUIIA;
nojcoHeYHUK. KomudyecTBO moJieit — 2, MOBTOPHOCTH
4-x KpaTHasi, IIoMaas AeNHKH 135 M2, 00mias riomaip
ombita 1,94 ra.

B cpemnem 3a 5 poraruii ceBoo60pOTa MPOAYKTHBHOCTD
CeITbCKOXO03SIHCTBEHHBIX KYJIbTYp 0€3 BHECCHNUS YA00pEeH i
cocraBmia 2,91 Teic. 3epH. ea./ra. B cpemHem 3a mepuon
HCCIIeI0BAaHM BHECECHHE YAOOPSHUH MTOBBIIIAI0 BETHINHY
9TOTO TOKa3aTess, OTHOCUTEILHO HEyn00peHHOro (oHa,
Ha 29...36 %, a Takxke yJIydlano KadecTBo 3epHa. Hau-
OOJBIINHI POCT MPOAYKTUBHOCTH CEBOOOOPOTA K KOHTPOITIO
obu1 paBen 10,5 1/ra nmpu MakCHMalIbHOW B OTIBITE J103€
OpraHOMHHEPATBHBIX ya00peHuit (BapuanT 11).

ConepkaHne OPTaHMYECKOTO yTiepoia OMpeaeisiin
B MIaXOTHOM M TIOJIMAaXOTHOM TOPU30HTE MOYBHI B 1974,
1983, 1992, 1998, 2001 u 2010 rr. oceHpIO 1OCIE YOOPKU
yposkas. BoznensiBaHne cenbCKOX03IHCTBEHHBIX KYJIBTYP
0e3 yJI00peHus B TeueHHne S5 poTaluii 3epHOIaponpomnan-
HOTO ITIOJIEBOTO CEBOOOOPOTA MPHUBOAMIO K YMEHBIIICHUIO
COJZIEpKAHMS YTIIepoa B MaXOTHOM U MOITaXOTHOM CJIOSIX
yepHo3eMa 00bIKHOBeHHOTO. [lepern 3akiakoii ombita co-
JIepKaHUE yIraepoa B IaXOTHOM CJIOE COCTaBIILIO 2,56 %, B
noamnaxoTHoM — 2,3 %. K koHIty 6 poTaruu 0HO CHU3MIOCH
cooTBeTCTBEHHO 10 2,27 % u 1,91 %.

KowMriekcHOEe TPUMEHEHUH OPTaHUYSCKUX W MUHE-
pPaNBHBIX yIOOpEHUI B CPEIHUX M TOBBIIMICHHBIX 033X
Ha MPOTSDKEHUH JUTMTENBHOTO TIEPHOa CTa0MIN3UPOBAIIO
coJiep>KaHUeE yTIepoa B TOYBE B TAaXOTHOM CJIO€ Ha YPOB-
e 2,4...2,54 %, B moanaxotaoMm — 2,25...2,36 %. Ilpu
CpeIHUX J03aX (BapuaHT §) B MATOU poTalMK HAOJO AN
TEHJICHIINIO K CHIKCHHIO COJCP)KAHUS TyMyca B IaxXoOT-
HOM CJIO€, TIPH 3TOM B MOJMAXOTHOM OHO OCTaBaJiOCh Ha
MIPEKHEM YPOBHE.

B xo1e ucciiegoBaHus ¢ UCTIONB30BaHIEM THHAMUYECKO-
T'0 MOJICITMPOBAHH ObLIIa BOCTIPOM3BEICHA HENPEPBIBHAS M-
HaMHKa OPraHUYECKOro yriiepoa B MaXOTHOM CJIOE TIOYBBI
B T€UCHHE IISITH POTAIHH, 9TO OTKPHIBACT BO3MOXKHOCTH IS
0oJ1ee TOYHOI OILIEHKH arpOTEXHOIOTHIECKOTO IIOTSHITHATIA
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YIPaBICHHUS €T0 3aI1acaMi ITyTeM KOPPEKTUPOBKHU YCIOBHA
MHUHEPaJIbHOTO IHTaHUsI PACTCHUI B 3€pHOIAPOINPOIAlI-
HOM ceBooOopoTe. MoaenupoBaHue OCYIIECTBIISUTH Ha
ocHOBe maHHBIX 1975-2011 rr. mo ciexyromum BapHaH-
TaM: aOCOFOTHBIN KOHTPOJIb (KOHTPOIb), 80 T/Ta HaBo3a +
N3300P190K 190 B cpemrem 3a ceBOOOOPOT (BapHuaHT §) U
100 1/ra HaBo3a + N580P330K330 B cpeaneM 3a ceBOOOOPOT
(Bapmant 11). Panee Mozienb MCHIONB30BaIIN 1)1 UMUTAIMOH-
HOT'0 MOJICTTMPOBAHUS JHHAMUKHI OPTaHUIECKOTO YIIepoia
mouBbl 10 1998 1. o TeM ke BapuaHTam ombita [17].

Vcrionp30BaHHAsT MOJIETb KPYrOBOPOTA OPraHUYECKOTo
yriepoaa B aBToMop¢HbIX nouax RothC-26.3 yuursiBaer
BIMSIHUE THTIA TIOYBBI, TEMITEPATYPHI, BIAKHOCTH M THITA Pac-
THTEJILHOTO TIOKPOBa Ha MpoLiecc Kpyropopora yrieposa. OHa
paboTaeT ¢ MECSIMHBIM IIIaroM, PacCUUThIBas 3arac oorrero C
(rTa'), C MukpoGHO# 6Gromaccsl (T-ra’) u A*C Bo BpeMEHHOM
JIMAra3oHe OT roja 1o croyeruii [ 18, 19, 20]. Mones tpedyer
HEOOJTHIIIOTO KOIMYECTBA IOCTYITHBIX BXOAHBIX JAHHBIX, IIPE/I-
craBIsis co00i MoudurKarmro 6oree panHeit Bepcuu [21]. s
3artycka Moyier Obu1a ooHoBneHa b/1 crannapra EuroSOMNET
— EBporieiickoii ceTr MoJIeBbIX OITBITOB TI0 U3YUCHHIO OpTraHu-
YECKOT0 BEIIECTBA MOYBBI, B KOTOPHIA BXOJWT JUTUTEIBHBIN
11071eBOH OIBIT [22]. KonnuecTBo exxeMecsiyHO OCTYAOIEro
C B IIOYBY PaCcCUUTHIBAIM C UCTIONTH30BAaHMEM MTOKa3aTeNeH exe-
TOITHON ypOskalHOCTH [23 ] ¥ CIIPaBOYHBIX JAHHBIX 110 KAYECTBY
HaBo3a. HauanbHoe pacripezienieHne yriiepoja ro Imysiam Jyist
3aITycKa MOJICITH CMOJICITMPOBAHO JUTS YCIIOBUI PaBHOBECHOTO
coxepkanus C. [IpeaBapuTenbHO BBYHUCISIIN COACPKaHNE
ITyJ1a ”HEPTHOT'O OpraHu4ecKoro yriepoaa o [24]. Iocne storo
Moziestb RothC 3aryckanm B pexxnme pacuéra pacnpenenens C
TI0 ITyJTaM B HAYaJIe OMbITa Iy TEM T000pa CPeAHEMHOT OJICTHEe !
BENMYUHBI NocTyIuieHnst C B TIOYBY TakKM 00pa3oM, YTOOBI
TIOTy9YeHHBIH PACUETHBIM ITyTeM 3arac opranndeckoro C coot-
BETCTBOBAJI SKCIIEPUMEHTAIILHO onpenenéHHoMy. Hactpoiiky
MOJIEJ! BBITTOJTHSIIN TI0 KOHTPOJIGHOMY BapHaHTy C HCTIONB30-
BaHMEM OCTAJIFHBIX BAPHAHTOB B KAYECTBE HE3ABHCHMBIX JIIS
TIPOBEPKH KaYEeCTBA HACTPOUKH.

[TpoBepky 1o dKCIIEpUMEHTAIBHBIM JIaHHBIM CO CTa-
THCTUYCCKOW OIECHKON TOYHOCTH MPOBOAMIN HA OCHOBE
Modeval — MozenH CTaTUCTHYECKOH OIICHKH PE3yIbTaTOB
monenupoBanus mo RothC [25]. Ona npescrasisier coboi
KOMIBIOTEPHYIO IIPOrpaMMy, KOTOpasi PACCUUTHIBACT PSIT
TTOKa3aTeseH Uil aIeKBaTHOTO CTATUCTUYECKOTO aHAJIH3a.

1998
lfog

2001 2004 2007 2010 2013 2016 2019

Puc. 1. /lunamuxa 3anacoe (m/2a) opzanuueckozo yenepooa no4evl, pacciumannvlx no mooeau RothC (nunuu) u onpedenenmnvix
IKCREPUMEHMATILHO (IMOYKI) 8 RAXOMHOM Cll0e.
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Taoa. 1. CraTucTHYECKAS OIIEHKA Pe3yJIbTATOB MOJEIUPOBAHNS TUHAMUKH 3aMaCOB OPraHMYECKOTO YIJiepoaa
no mozeu Roth-C B niuTesHOM N0JIEBOM ONbITE

Bapuasr Koaddumuent CpenHexBagpaTHIHAas OtHOcHTeNbHAS Koadpumuent Cucremarnaeckast
Koppeusiuu (1) ommbka mozenu (RMSE) ommbka (E) nerepmunanuu (CD) omnbdka (M)
Kourpons 0,99 0,66 0,06 1,23 0,06
8 0,76 3,26 1,81 0,01 1,62
11 0,40 3,32 1,39 0,20 1,26

Pe3yabTaTtsl u 00cy:xnenue. HayanbHoe conepxkanue
yriepoza B cioe 0...30 cM cooTBeTCTBOBAJIO 3amacy 88,5 T/ra.
Mopens mokas3elBaeT, YTO B BapHaHTax C OpraHo-
MUHEPAIBHON CHUCTEMOW yJO0OpEHHS B TEUCHHUE MEPBBIX
Tp€X poTanuii abCONMIOTHAS BEIMYMHA 3TOTO TOKA3aTews
Bo3pactayia 10 92...93 1/ra. OMHAKO 3aTEM HAKOIUICHHBIN
yIaepol OBLT TOTEPSH, YTO CBUACTEIBCTBYET O HEPABHO-
BECHOCTH €r0 3aracoB M 3HAYMUTEIHLHON 3aBUCHMOCTH OT
MPOAYKTHBHOCTH ceBooOopora. B xoHTpome 3a TOT xke
MIEPUOT TIPY MHOT OJICTHEM OTPHIIATSIIFHOM TPEH/IE 3a11acOB
C OBUTO TTOTEPSIHO OKOJIO 15 T/Ta OT UCXOAHON BETUYHHEI.
CKOpOCTh HaKOIUICHHSI B OJIArONPHSTHBIC TOJBI H TIOTEPH
TIpY TAPOBaHUH CHIDKAIKCH B CIIEyIOIIeM psiy: 11 BapuaHT
> 8 BapWaHT > KOHTPOJIb (puc. 1).

CrarucTryeckas OlleHKa pe3yIbTaTOB MOJICIIUPOBAHUS
(Tabum. 1) yka3pIBaeT Ha yIOBICTBOPUTEIHHYIO CXOAUMOCTh
9KCIIEPUMEHTAIBHBIX JaHHBIX OMBITA C PACUCTHBIMH IS
BCEX TPEX UCCIIEAYEMbIX BAPHAHTOB, B CPABHEHUH C JIMTE-
paTypHBIMH JaHHBIMH OLICHKH TOYHOCTH MOZICIHPOBAHUS
RothC no Matepuanam JAIUTENBHBIX OMBITOB [26].

Jlydriast Koppensiys SKCIePUMEHTAIBHBIX K PACYETHBIX
JTAaHHBIX HAaOIFO/TaeTCs B KOHTPOJIe, Xy amnasi — B 1 1 BapuaHTe.
Hawnmenpiniee 3HaueHUE KOPHS CPEHEKBAIPATUIHOMN OIIHO-
k1 (RMSE) oTMeueHO B KOHTPOJIEHOM BapuaHTe, HO BO BCEX
cinydassx RMSE ne npesbimaet 3,4, 4T0 CBUIETENLCTBYET O
HE3HAYNTENBHBIX Pa3IHINIX MEXIY TPOTHO3UPYEMBIMH U
¢akTiyeckuMu BenmunHamu. Koagduiment nerepmuHanim
B KOHTpOJIEe Oobmie 1, 9T0 0 MEHBIIEM OTKIIOHEHHH pac-
YEeTHBIX 3HAYCHUH OT CPEIAHET0, YEM Y SKCIIEPHUMEHTAIBHBIX
JIaHHBIX, TO €CTh MOJIEJb OMMCHIBACT UX JIyullle, 4YeM rpaduk,
MTOCTPOSHHBIN TI0 CPETHEB3BEIICHHBIM YKCIIEPUMEHTATBHBIM
3HAUEHUsM. 3HAYMMOCTh CHCTEMaTH4Yeckor omuoku (M)
BappupyeT B auamnaszone 0,06...1,62, 4To CBUIETENLCTBYET
0 Pa3HOW CTETIICHN PACXOXKICHUS MEKIY POTHO3HPYEMBI-
MU 1 paKTHIECKIMHU BenuanHaMHy. [lomydeHHbIe 3HaYeHNs
CHCTEMaTHUYEeCKOW ONIMOKM CTaTUCTHYECKH 3HaYnMbl. HeoO-
XOJIIMO OTMETHTB, YTO PaHEe, PH HUCIIOTH30BAHUH TAHHBIX
3a TIepBBIC JIBE POTAIH CEBOOOOPOTA, yIAIOCH OTYIHTh
OoJiee TOYHOE COOTBETCTBHE IKCIIEPUMEHTAIBHBIX U pac-
4€THBIX JaHHbIX: BesinunHa RMSE ne npesbiana 0,86; M
cocrasisa -0,01...-0,02 [17].

[MTocTynnenune yrieposa ¢ pacCTUTEIBHBIME OCTaTKaMH
1 HaBo3oM B BapuaHtax 8 u 11 B nmocnennue 20 ner npo-
BEJICHHS OTBITA HECKOJBKO CHID)KAETCS M3-3a OTCYTCTBHUS
BHECEHHMsI OpraHMYecKuX yJno0peHuid. B KoHTposIbHOM
BapWaHTE OIBITA 32 TOT XK€ MEePUOJ 3arackl OpraHude-
CKOTO YTJIEpOJa HE MPETEpPIIEBAIOT CTONb 3HAYUTEIHHOTO
CHIDKCHUS M3-32 YBEJIMUYCHHUS! KOJMYECTBA TOCTYIAIOIINX
PaACTUTENBHBIX OCTATKOB, 10 CPABHEHHIO C MPEIBIIY MU
rogamMu. OTMEUYCHHBIC Pa3IHYus B TUHAMUKE MEXKITy KOH-
TPOJIEM U BApHAHTAMH C BHECEHHEM yI0OPEHHUH MOTYT OBITh
00yCIIOBIICHBI KaK OTHOCHUTEIIFHO MECHBIINM KOJIUYECTBOM
pPacTUTENBHBIX OCTATKOB, TAK W MEHBIIUM COOTHOUICHHEM
MOJI3eMHOM 1 Ha/I3eMHOM NPOyKIUH B 00111t Onomacce B
BapuaHTax 8 u 11, 4TO yIHTHIBaeTCS B pacyErax IMOCTyIar0-
IIETO B MOYBY yTIIEPOAa C PACTUTEIHHBIMH OCTATKaMH TI0
Metonuke JleBuna [23].

HaOmromaempie n3MEHEHUS B TIOCTYTUICHUH OPTaHUIECKO-
T0 yTriiepoia 0OBSCHIIOTCS PEryISIpHBIM BHECEHHEM 2 pa3a
3a pOTaluio ceBooOOpoTa opraHndyeckux yaoopenuid. Hy-
JICBBIC 3HAYCHUS TOCTYIUICHH YTIIEPOIa C PACTHTEIbHBIMU
OCTaTKaMH M HABO30M B BapraHTax 8 11 11 00yCoBIeHBI TEM,
yto HauuHasi ¢ 2000 r. BHECCHHE HAaBO3a OBLIO MPEKPAIIICHO.
[Ipu 5 TOM TEHACHIVS YBETUICHUS CPETHEH BETMYMHEI I10-
ctymieHns C B MOYBY MPH IMOBBIIICHUH 1036 MUHEPATBHBIX
ynoopennii coxpansiercs. [IMkn ¢ moCTyIieHneM B TIOUBY
8...9 1/ra yriepona 0OBSCHSIIOTCS BHECEHHEM OPTaHUUSCKIX
ynoOpeHuil B MOUBy cpasy mocie yOOpku ypoxast KyKypy3bl
Ha CHJIOoC.

Bo Bcex BapmaHTaxX ONBITa MOJENb OMHCHIBACT IO-
CTETICHHOE CHIDKEHHE 3aIlacOB OPTraHMYECKOTO yriiepoaa
rocJie MPOXO0XKJICHUs MSITH poTanuii ceBoobopoTa (cMm.
puc. 1). I[Ipu 5TOM BUAHO, YTO HAMOOIBIINE PACXOKICHHUS
MEKIY KCIEPHIMEHTATBHBIMA 1 MOJICTTPYEMBIMU JaHHBIMU
xapakTepHsl i BapuantoB 8 u 11 B 2010 r. Paznuuus B
3amacax gocturany 2,0...2,5 1/ra. B To Bpems kak MoJeINb
MTOKA3bIBaeT OTPHIATENBHBIN TPEHI MOTEPh paHee HaKo-
IUICHHBIX 3a11aCOB, BBIPAKCHHBIH TOCIIC IPOXOKICHHUS BTO-
pO¥i poTanuu ceBOOOOPOTA, SKCIICPUMECHTAIBHBIC JaHHBIC
JEMOHCTPUPYIOT OTHOCHTEIBHYIO CTaOMIBHOCTH 3aI1acoB
B BapuaHTte 8 W morepro okosno 2 1/ra B 2001-2010 rr.
B Bapuanrte 1 1. Takoe pacxoxaeHue MeKIy HaOI01aeMbIMA
Y PacCUMTAHHBIMHU IO MOJENN JAHHBIMHU ITOCIE TPEThen
POTALIMK MOXKET OBITB CBSI3aHO CO 3HAYUTEIBHBIM ITPOCTPAH-
CTBEHHBIM BapbUPOBaHUEM KaK COACPIKaHUS OPraHUIECKOTO
C B mMaxoTHOM CIIO€, TaK U €ro INIOTHOCTH. TeM He MeHee,
HaOJII01aeMble TIPH aHAIN3E MOJICIIH TCHACHIINH YKa3bIBAIOT
Ha HEPaBHOBECHOCTH HAKOTUICHHBIX 3aITaCOB OPTaHUYECKO-
ro C, IpOSBISIONIYIOCS Jake BO BpeMsS OJHOM pOTaluu
ceBoobopora. [Ipn 3TOM MeXroandHas U3MEHUYUBOCTD 32
JEBSTHIICTHIOI POTAIMIO MOTJIA MPEBHIMIATh 4 T/Ta, WK
okoJ0 5 % ot obmrero 3amaca C.

HaumeHnsbIme notepn opraHudeckoro yriepo/ia noys,
Kak B aOCOJOTHBIX, TAK U B OTHOCHTEIHHBIX BEIMIHMHAX
10 JaHHBIM Mojiend HabmonatoTes B 11 BapuaHnTe omnbiTa
C BHECEHHEM HamOOJIbIICH JT03bI OPraHUYECKUX U MUHE-
PANBHBIX yIOOPEHUI U JOCTHTAIOT MAaKCUMyMa B KOHTPO-
ne (tabn. 2). Kak u B mnutensHom omnbite ['HY BHUN
caxapa u caxapHoit cBéxiel uMenn A.JI. Masnymosa [11],
M0 pe3yJibTaTaM MOICIHUPOBAHUS ITHHAMHKH 3aIacoB
OPTraHWYECKOr'0 yTJIepoJa MaxOTHOTO TOPH30HTA MOYB

Taon. 2. I3meHeHus 3anacoB opranunyeckoro C B JIUTETbHOM
noJjieBoM onbiTe ¢ 1975 mo 2015 rr., paccynTaHHbIE MO CpeIHE-
TOI0BbIM MOJIEJIMPYEMBIM 3HAYEHUSIM

Bapuanrt omnsita

TTokazarenn 1 (koHT-
poJib)
13,26 8,50 7,34

14,99 9,60 8,30

8 11

AOGcCoNoTHBIC TOTEPH, T/Ta
OTHOCHUTENBHBIE TOTEPH, %

OTHOCHUTEINBHbIE NOTEPU B IO, % 0,37 0,23 0,20
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Puc. 2. llocmynnenue yenepooa c pacmumenbHulMu OCIAmMKamu U Haeo3om 6 1974-2017 zz.: a) konmponw; 6) 8 eapuanm;
8) 11 sapuanm.

OTMEUECHA TpsMas 3aBUCHMOCTh MEXIY 0301 BHECECHUS
OpraHMYECKUX U MUHEPAIBHBIX YIOOPCHHUN W MOTEPSIMU
opranuyeckoro yriepoaa. OTHOCUTEIbHBIE CPETHEr0/10-
BbI€ MIOTEPU €ro 3amacoB B omnbiTe Bo3pactanu ¢ 0,20 %
(11 Bapuanrt) mo 0,37 % (KOHTPOIB).

Tpenn yBenndyeHus 3amacoB OPraHUYECKOTo yriiepoja
B BapHaHTaX C BHECCHUEM OPTaHUYECKUX W MUHEPATbHBIX
ynobpennii Habmrogamu Toaeko B 1975-1993 rr. (cM. puc.
1). Ananu3upysi IMHAMUKY 3amacoB opranuueckoro C B
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9TOT mepuox (Tadi. 3), MOKHO HAOIIOIATh MX €KETOTHOE
yBenndeHue B BapuanTax 8 u 11 coorBerctBenHo Ha 0,1 n
0,3 %, 9TO CBUJETENBCTBYET O TEOPETUUECKOM BO3ZMOKHOCTH
JOCTIDKEHUS 11end « ITHUIIHATUBBI 4 TIPOMILLIC).

Ecnu paccMoTpeTh CKOPOCTh HAaKOTUICHHS JIHOO TMO-
Tepu yriiepoaa B mouse 3a 1975-2015 rr. (cm. Tabm. 2) u
€XKerogHoro noctyrmieHns C B MOYBY C MTOBEPXHOCTHBIMHU
OCTaTKaMH, IT0I3eMHON OFOMacCOi 1 OpraHNIECKUMH Y10~
OpeHUSIMH (CM. pHC. 2), OLICHUBAEMOE MOJICIIBIO CPEIHET 010~
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BOE KOJINYECTBO TTOCTYMAIOIIET0 B TouBy C, onpenensiemMoe
JMHEIHBIM ypaBHeHueM (1), HeoOxoanmoe 1St ojiepxa-
HUSI 3a11aCOB OPTraHWYECKOr0 yIJIepoJia B ITAXOTHOM CIIOE
MTOYBBI, COCTABJIMT B cpenHeM 3,87 T/ra B TofI:

AC = 0,1908- Cinp — 0,7382, (1

rae AC — cpenHeroioBoe u3MeHenue 3amnacoB C B cioe
0...30 cM, 1/ra; Cinp — eXXerogHoe CyMMapHOE ITOCTYTIICHHE
C B OYBY C MOYKHUBHBIMH OCTaTKaMH, TI0/13eMHO# Oromac-
COl M OPraHNYeCKUMHU YAOOPEHUsIMH, T/Ta.

CorylacHO PKCHEPUMEHTAIBHBIM JaHHBIM, JJIS MOA-
JIep KaHusl 3aI1acOB OPraHNYECKOTro yriiepoaa He0OX0IMMO
€ro eXeroJHoe MocTyIuIeHne B Koiaudectse 2,99 T/ra B
roJ.

[Tpu Habope KyIbTYp ¥ arpOTEXHOJIOTHSIX, HCITOJIb30BaH-
HBIX B iepuo 1o 1993 r. B Bapuanre 11, cornacHo JinHeiHo-
MY YPaBHEHHIO, BBIBEJJICHHOMY I10 JAHHBIM MO/ICIIUPOBAHNS,
1enb B 4 %o B T0JT MOKET OBITh YCIEUIHO JOCTUTHYTa Ipu
YBEJIMUCHUN TIOCTYIUICHUS YTIIepo/ia B IOYBY B CPEIHEM
110 5,72 t/ra. CorylacHO ypaBHEHHIO, TOJTYYEHHOMY IT0 IKC-
MEPUMEHTAIbHBIM JaHHBIM, MOCTYIUIEHHE OPraHUYECKOro
yIJIepo/ia B MOYBY JIOCTATOYHO YBEIMUHTSH 110 4,25 T/Ta.

Ta6.. 3. Vi3amenenus 3anacoB oprannyeckoro C B 1JMTEILHOM
noJieBoM ombite 3a 1975—1993 rr., paccuuTaHHbIe MO CPeHET0-
JIOBBIM 3HAYECHUAM

Bapuanr onbita
Ilokazarens 1 (koH-
8 11
TPOJIb)
AOCOIIIOTHOE U3MEHEHHE, T/Ta -3,7 +2,1  +4,7
OtHOCUTETbHOE U3MEHEHHE, Yo -4,2 +2,3  +53
OTHOCHUTEIIHOE €KETOIHOE U3MEHEe- -3,3 1 3
Hue, %o

AHanm3upysi ITMHAMUAKY W3MEHEHUS 3aIlacoB OpPTaHU-
YEeCKOT0 yIiIepoAa B IMOYBAX JIUTEIBHOTO OMBITA TI0 ABYM
neaanatuiieTisM (1975-1995, 1995-2015), MmoxxHO OTMe-
TUTb IBHOE PA3IIMYHUEC B TEMITaX TOTEPHU WITH HAKOTUICHHUS Op-
raHWYecKoro yriepoaa B 8 u 11 BapuaHTax, 10 CPaBHEHUIO
¢ KoHTpoJieM (Tabu. 4). HabmomaemMoe pa3iniue CBsi3aHo ¢
3aMETHBIM CHIDKEHUEM J03 BHOCHMBIX OPTaHUIECKUX Y0~
Openuii B 4 1 5 poranusx ceBoodbopoTa.

Kpome Toro, B 11 BapuaHTe ombiTa MOXHO BBIICIUTH
HeOouIbIION TpupocT 3amacoB yriaepoaa (0,4 %o ot nepBoHa-
JaIbHBIX 3aMacoB exeronHo) ¢ 1975 mo 1995 rr., mo cpas-
HEHHUIO ¢ JPyTMMHU BapHaHTaMH, B TO Bpems kak ¢ 1995 no
2015 rr. QUKCHUPYIOTCS 3HAYUTEIBHBIC TOTEpH. Bo BTOpoM
JIBAIATHIICTHN JIJIs1 BapruaHToB 8 U 11 exeroaHas cpemHss
notepsi cocTapisiia 4,3 %o. B KOHTpOIIe pazniuust Mex Iy pac-
cMaTpruBacMbIMU 20-JIETHUMH IEPHOIAMH HE3HAYUTEIIHHBI U
OTIPEIETISTIOTCS JIMIITh U3MEHEHHEM KOJIMYeCTBA M KauecTBa
MOCTYTIAFOLIMX B ITOYBY PACTUTENIBHBIX OCTATKOB.

MuHIMaNkEHOE B OIBITE HAKOILICHHE OPTaHUYCCKOTO
yriepojia B IEpBOE ABAALATHICTHE MIPOMCXOIIIIO TIPH T10-
CTYIUICHHH B ITOYBY 3,63 T/Ta OpraHMYECKOro yriepo/ia, 4To

Taox. 4. Exeromnsiii npupoct (motepu) U noctymiedus C, no

BapUAHTAM
Iepuon Bapmnanr onsita
1 (xoHTpOJIB) | 8 | 11
1975-1995 -3,72/2,16* -0,78/2,89 0,4/3,63
1995-2015 -4,08/2,10 -4,09/2,77 -4,53/2,88

*B YHCIIHTENE eXKETONHBIH IPUPOCT (HOTepst), %o; B 3HAMEHATENIE — HO-

crymrenue C, T/ra

OJIM3KO K BEJIMUMHAM, MTOJYUYCHHBIM 10 YPaBHEHHUSIM 3aBH-
CHUMOCTH CKOPOCTH HAKOIUICHHS JINOO MOTEPH yriepoja B
no4se ot noctyrieHust C eXeroHo B OYBY C TOBEPXHOCT-
HBIMH OCTaTKaMH, TTOJI3EMHON OMOMACCOM 1 OpraHUIeCKUMHU
ynoopenusmu (3,87 u 2,99 1/ra, Ui CMOJICIIUPOBAHHBIX U
IKCIEPUMEHTAIILHBIX JIAHHBIX COOTBETCTBEHHO).

TakuM 00pa3oM, pe3ysibTaThl MOJCIUPOBAHUS IO/~
TBEPKIAIOT MPEACTABICHUS O CIOXHOCTH YIPaBICHUS
3aracaMu OpraHuueckoro yriepo/a u 00ecieueHus ero mpo-
IPECCUBHOTO ICTIOHMPOBAHHMS B IOYBAX, OOraThIX OpraHuye-
CKHM BelIecTBOM. EskeroHoe HakoIIeHUEe OPraHMYeCcKOro
yrieposa B pazmepe 0,4 %o OT HepBOHAYAIBHBIX 3aM1aCOB
B cioe 0...30 cm 88 T/ra yepHO3EMOM OOBIKHOBEHHBIM
CPEHEMOIIIHBIM MUIICIUIIPHO-KaPOOHATHBIM TSXKEIIOCYTITH-
HUCTBIM 32 40-1eTHUH 1eproj] 00eCIeUunBaIOCh B MEPBOE
JBAALIATHIICTHE [TPH COBMECTHOM MPHUMEHCHHHM Hanboee
BBICOKUX /103 MHHCPAJIbHBIX H OPTaHUUCCKUX YIOOPCHHUIA.
VX BHECEHHE MOIIEPXKUBAIIO MPOLYKTHBHOCTH CEBOOOOPOTA
CO CPEIHUM eXKETOIHBIM ocTyIieHHeM C ¢ pacTUTENIbHBIME
ocraTkamu OoJjiee 3,6 T/Ta, UCIIOIb30BAHUE OPTaHUUCCKUX U
MHUHEPAJIbHBIX YA00PEHHIA TO3BOJIMIO 3a 3TOT MEPUOJL Ha-
KOITUTh B BEpPXHEM cJ10€ 1ouBbI 0k0J10 5 T/ra C. Ha ¢poHe Ha-
0JTII0/IaeMO C HCITOJIb30BAHUEM MOJICIH HEPAaBHOBECHOCTH
HAKOIUICHHBIX 3aM1acOB Opranuueckoro C, mposBIISOIIeHCsE
B ME)KTOAMYHOM H3MCHYMBOCTH 3a JICBATHIICTHIOO POTALIHIO
6onee 4 1/ra, unu okoso 5 % ot odmiero 3amaca C MOYBBI,
CHIDKEHHUE JI03 OPraHUYeCKUX YA00peHuii BO BTOpOe Jiecs-
THJIETHE ¥ COOTBETCTBYIOIIEE YMEHBIICHHE MOCTYILICHUS
C nHa 25 % npuBesIo K OTEpe paHee HAKOTUICHHBIX 3aI1acoB
C. Crparerust «4 IpOMUILIE» MOXKET OBbITh pean30BaHa JUist
MOYBBI HCCIIEyEMOT'0 JUTUTEIBHOTO OIIBITA ITPU €KET0THOM
nocryrieann 4,3...5,7 1/ta C pacTUTENBHBIX OCTATKOB.
BHeceHue BBICOKHX JI03 OPraHHYECKHX YA00peHHid ObLIO
HEOOXOJMMBIM KOMIIOHEHTOM JIJIsl TIOJJICPKAHKSI U yBe-
JIMYCHUS 3allaCOB OPraHUYECKOTO YIiiepoja B MoyBax. B
YCIIOBHUSIX HEIOCTATKA OPraHHUYECKUX YA00peHui Heo0X0-
JUMO JaIbHEHIIIee HMUTALHOHHOE MOJICTUPOBAHNE, YTOOBI
BBISICHUTB, MOTYT JIH 3€JICHBIC YI00pCHUS, Onovap u Ipyrue
AIbTePHATUBHbBIC HCTOYHUKH yTIIEPO/Ia 3aMEHUTh TPA UL~
OHHBIE OpraHUueCcKKe YA00peH s HA OCHOBE HABO3a.
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YBEJIUYEHHUE 39OPEKTUBHOCTH HCITIOJIb30OBAHMA A30TA:
OLEHKA ABOTMHWHEPAJIM3YIOMEN CITIOCOBHOCTH ITOYB

B.H. Bamkun, 10kTop OMOIOTHYECKUX HAYK

Hucmumym ¢usuxo-xumuueckux u ouonozuueckux npooiem nousosedenus PAH,
142290, Mockosckas ooa., [lywuno, yn. Hncmumymcxas, 2-2
E-mail: viadimirbashkin@yandex.ru

Ha cezoonamnuii 0env 60npocam noguluieHus I heKmusHocmu ucnonb306anUsA a30ma yoensiencs 601buioe 6HUMAHUE, HOCKONbKY
04e6UOHO, Umo 6 dnudicaiiuiem Oyoyuiem He603MONCHO 0ICUOAMb CYW,ECHIEEHHO20 POCIA NPOU3E00CINEA U NPUMEHEHUA A30NIHbIX
yooopenuii. Heodxoouma pazpadomka npuémos ycmanoeneHus 003 a3omuulx y0oopeHuil, MaKkCuMaibHo RPUOIUHCEHHBIX K HOMpeo-
HOCIAM PACIMERUIl, NPECOE 6CE20 C YUenOom AKIMYANbHOU MUHEPAUZAYUU INO20 IIEMEHNA U3 HOUEECHHO20 OP2ZAHUYECKO20 6euiecmed.
Lenv uccneoosanuii — pazpadomka memooa onpedenenusn azommunepanusyroujeit cnocoonocmu nouevt (AMC) ona ouaznocmuxu
azommnozo pexcuma noue. B xooe peanusayuu pazpabomannozo memooa KONu1ecmeeHHOIl OYeHKU A30MMUHEPAnUu3yIouell cnocoo-
Hocmu noue onpeoenenue AMC npogodumca npu KOMROCIMUPOGANHUYU 00PA3U 06 NOUBLL 6 ONMUMATLHBIX YCTIOGUAX MEMNEPAnypbl
(18...28 °C) u enaxcnocmu (60 % IIIIB) ¢ meuenue 4 nedenv ¢ navopom (4...6) so3pacmarougux 003 a3omHubvIX yOooOpenuil, IKGU-
6AICHMHBIX NIAHUPYEMbIM NOO PA3TUYHbLE CENbCKOX03ATCMEEHHbIE KYNbmypsl. Benuuuna azommunepanu3syiouieii cnocoonocmu
nou6bl Onpeodenaemca nymem HaxorHcOeHus Nepeoil NPOU3600HOI K6AOPANMHOZ0 YPAGHEHUA PeZPecCull, ORUCHIEAIOU|e20 HAKONIeHUe
00cmynHozo azoma (HUMpPamol U OOMEHHbLIL AMMOHUIL) 8 NOYEE 8 3AGUCUMOCHIU 0N 003 HOCUMBIX Y00Openuil. Hcnvimanus 3mozo
Memooa 6 pasiuyHyIX ONLIMAX, NPOEEOEHHBIX KAK 6 IKCHEPUMEHMANbHBIX, MAK U 6 NPOU3EO0CHIEEHHBIX YC/I06UAX 6 PA3IUYHBIX
NOYGEHHO-KIUMAMUYECKUX 30HAX U C PA3HLIMU KYIbIMYPAMU ROKA3ANU, YN0 PACXONCOEHUA 6 Ge/IUYUHAX UCNONb306AHUS NOUGEH-
HO20 azoma, ONPedeNénnbIX ¢ ucnonv3osanuem memku >N u npeonazaemozo memooda ne npesviuaiom 10...12 %, umo oonycmumo
01 duaznocmuueckux yeneii. Onpeoenenue Imoii eNUUUHBL NO3GONAECH NPOZHOZUPOCAM U MOOETUPOGANb PAZTUYHbIE ACHEKNIbL
mpauncgopmayuu azoma 6 nouee, OUECHUEANMb AKKYMYIAUUIO U OUHAMUKY HOOBUIICHBIX MUHEPATbHBIX A30MHBIX COEOUHEHUNl 6 NO-
uge, a maKsice npespanjeHue A30ma 6 MaAKUX CUCINEMAx, KaK nouea — yoodpenue — pacmenue.

INCREASING THE EFFICIENCY OF NITROGEN USE: ASSESSMENT
OF THE NITROGEN MINERALIZING CAPACITY OF SOILS

Bashkin V.N.

Institute of Physico-Chemical and Biological Problems of Soil Science of the Russian Academy of Sciences,
142290, Moskovskaya obl., Pushchino, ul. Institutskaya, 2-2
E-mail: viadimirbashkin@yandex.ru

Currently, much attention is being paid to increasing the efficiency of nitrogen use, since it is obvious that in the near future it is
impossible to expect a significant increase in the production and use of nitrogen fertilizers. It is necessary to develop methods for setting
doses of nitrogen fertilizers that are as close as possible to the needs of plants, primarily taking into account the actual mineralization
of nitrogen from soil organic matter. The purpose of this article is to develop a method for determining the nitrogen mineralizing
ability of the soil (NMA) to diagnose the nitrogen regime of soils. Accordingly, a fairly simple in execution, but quite workable method
for quantifying the nitrogen mineralizing ability of soils (NMA) has been developed. Determination of NMA is carried out when
composting soil samples under optimal conditions of temperature (18... 28 °C) and moisture (60% WHC) for 4 weeks with a set of
(4 ... 6) increasing doses of nitrogen fertilizers equivalent to those planned for various crops. The value of the nitrogen mineralizing
capacity of the soil is determined by finding the first derivative of the quadratic regression equation describing the accumulation of
available nitrogen (nitrates and exchangeable ammonium) in the soil depending on the doses of nitrogen fertilizers applied. Tests of
this method in various experiments conducted both in experimental and production conditions in different soil-climatic zones and
with different crops showed that the discrepancies in the values of soil nitrogen use determined using the N label and the proposed
method did not exceed 10-12%, which is acceptable for diagnostic purposes. The determination of this value makes it possible to
predict and model various aspects of nitrogen transformation in the soil, to assess the accumulation and dynamics of mobile mineral
nitrogen compounds in the soil, as well as the conversion of nitrogen in such systems as soil — fertilizer — plant.

KiroueBble ciioBa: asomuvie y0oopenus, azommunepanu3yiouas
cnocobrocme nous, uzomon azoma °N, ouacnocmuka azommnozo
pevxcuma noye

B nocnetane rozipl oTMeuaeTcs BO3pacTaloinii HHTepec
K OLIEHKE Pa3IN4HBIX (PAKTOPOB, CBA3AHHBIX C YBEJIIMUCHUEM
3¢ PeKTHBHOCTH UCTIONBH30BaHNUS a30Ta. B mepByro ouepes,
3TO 00yCIIOBIEHO POCTOM NPUMEHEHHS MUHEPAJIbHBIX
a30THBIX ynoOpeHwmii, kotopoe B Haganme 20-x rr. XX B.
npesbicuiio 120 mnH T. Kpome TOro, pacTeT KOJIHUECTBO
UCIIOJIB3YEMBIX OpPTaHWYECKHUX YAOOpPEHUH M KOMIIOCTOB,
KOTOpBIE€ TAaKKE€ CIyXaT UCTOYHMKOM NPUBHOCHMOTO B
arpo’KOCUCTEMBI a30Ta. B arpoxuMuueckoil jurepaTtype
BOIIPOCAM OLIEHKN KO3 (HIIMECHTA NCIIOIb30BAHMS A30Ta U3
MHUHEPAIbHBIX U OPraHUYECKUX YJ0OpEeHUi ObUIO yETICHO
0oJIbIII0OE BHUMAHKE U CYIIECTBYIOINIME OLEHKH JUIsl MHHE-

Key words: nitrogen fertilizers, nitrogen mineralizing ability
of soils, nitrogen isotope 15N, diagnostics of nitrogen regime of
soils

palbHBIX YA00peHuii B cpeHeM He npeBbimatoT 40...50 %.
OmHako Jgaxe ceifyac HEBO3MOKHO C HEOOXOINMOI TOYHO-
CTBIO OIIEHUTb BEIMYMHBI UCIIOJIb30BAHUS a30Ta, MUHEPAIH-
3yeMOro U3 MOYBEHHOTO OPraHMYECKOTO BEIIECTBA B BULY
CJIO)KHOCTH y4eTa pa3HOOOPA3HBIX METEOPOIIOTUIECKUX,
MTOYBEHHBIX, OMOJIOTHUECKUX, IKOJIOTUYECKUX U JPYTUX
¢daxropos [1, 2, 3 u ap.].

W3BecTHO, 4TO CyMMapHas OIeHKa TpaHC(hOpMaIiu
a3oTa B IOYBE I10]] BO3JICHCTBUEM Pa3UUHBIX (pakTOpoB
(10361 ynoOpeHuit, THAPOTEPMHUUYECKHE MTapaMeTphl, arpo-
XMMHMYECKHE MOKA3aTeNN MOUYBbI, MUKPOOHOJIIOTHYECKAs
AaKTUBHOCTH) BO3MOYXHA HA OCHOBAHUM ONpE/EICHUsS a30T-
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MHUHEpaIN3YIOIEeH cmocoOHOCTH TTOUBHI. OHA MOXKET OBITH
OXapaKTepU30BaHa KaK KOJMYCCTBO OPraHMYCCKOT0 a30Ta B
MTOYBE, CIOCOOHOTO K MHHEPATH3AI[UH B TCYCHHUE TPOTHO3H-
PYEMOro BEereTalMOHHOT 0 Ce30Ha U OyIeT BKII0YATh B ce0s
a30T, MOTJIOIICHHBIN PACTCHUSMH, PCUMMOOMITH3UPYEMBIT
MHUKPOOPTaHU3MaMH, TePSIEMbIi TIPU BEIMBIBAHUU U [ICHH-
TpudUKanHU, a TaK)Ke OCTAIOIINNCS B JOCTYMHOH (opme
MOCJIC OKOHYAHUS TICPUOIa BETCTAIlHH.

CrnemyeT oTMETHTB, 9To etie B 70-x rr. XX B. ObLIO TIpe-
JIOXKECHO OMPEACTICHNE a30 TMHHEPAIH3YIOIIET0 MOTEHIINAIA
N,,, OTIpe/IenseMoro Kak KOJIM4eCTBO OPraHUIECKOro a30Ta
ITOYBHI B HYJICBOH MOMEHT BPEMEHH, KOTOPOE MOXKET OBITh
MHUHEPATM30BAHO ITPH OJIArONIPUATHBIX YCIOBUAX 32 HEOTIpe-
JICICHHO JJONTUi epro Bpemenu [4]. Ipu fomyieHnu, 4to
MpoIecC MIUHEPATH3AINA TTOAIYHUHICTCS KHHETHKE IIEPBOTO
MOpAIKa, BEIWYMNHA MMOTCHIIMAla MUHEPAIU3aIii a30Ta
MOJKET OBITh OMPECIICHA IO CIICAYIONIEMY YPaBHCHHIO:

dN/dt = kN,

rae N = N0 — N, — coneprkanue MOTEHIUATBHO MUHEPa-
JIU3yEeMOT0 a30Ta B KOHIIC HHTepBaa t; k — KOHCTaHTa CKO-
POCTH MHHEPAIH3AIINH, TO €CTh 10y N, MEHEpaH3yeMast
B CIMHUITY BPEMEHH.

AHanu3 COBPEMEHHOTO COCTOSIHUSI OIICHKH 3TOTO II0-
TEHIIMaja MpuBeaeH B 0030pe [5].

HecmoTpst Ha gecsituieTus ucciieOBaHUM, TOYHAA
OIICHKAa MUHEPAIU3AIMHU a30Ta, KOTOPasi OTHOCUTCS K MHKPO-
OMOJIOTMYECKUM IIPOIIECCOM, OCTASTCS CIIOKHOU 3amaveit
[6,7,8,09].

Hanpumep, uccneoBanus ¢ npuMeHenueM N-uuju-
KaTOpOB IMOKa3aiH, 9To N, MUHEPAIH30BAaHHBIA U3 TI0-
yBeHHOTo opranndyeckoro Bemecta (IIOB), o6praHO 00€-
cneunBaeT >50 % N, ycBauBaeMoro KyKypy3oil B TeueHue
BETCTAI[MOHHOTO MEePUO/Ia, HECMOTPS Ha BBICOKHE O3B
npumeHerns N-ynoopennii [10].

OreHUBast pe3yJIbTaThI ONPECICHUS A30 TMHHEPATH3YIO-
IIei crtocOOHOCTH TIOYB, TTOTyYCHHBIE Pa3THMIHBIMHU CIIOCO-
Gamu, cienyeT MOA4epKHyTh, YTO, HAPSAAY C YUETOM psia
(hakTOpOB, HE MPUHUMACTCSI BO BHUIMAHUC OJMH U3 BaYKHEH-
IIUX, 2 IMEHHO BO3/ICHCTBIE BHOCHMBIX MHHEPAITBHBIX a30T-
HBIX YI0OpeHui. X0Ts pa3paboTaHbl pa3IHIHbIC TPUEMBI U
MeTopl [ 1, 2, 3], mo3BosstoNIHe THO0 PACCUUTHIBATS, JINOO
OTIPENICISITh AHATUTUICCKH, HAIIPUMED, C HCIIOE30BaHHEM
MEUYEHHBIX a30THBIX yI00peHuii, 3To Bo3neiicteue [10, 117,
OJTHAKO, B TIPAKTUKE OICHKH 3(h(HEKTUBHOCTH HUCIIOIH30BA-
HUS a30Ta, a TaK)Ke JUATHOCTHKE a30THOTO IHUTaHUs, OHU
HE MTOJTYY/IJIN ITUPOKOTO pactpocTpaneHus. CienoBaTeabHoO,
HE00XO0IUMO pa3padboTaTh JOCTATOYHO MIPOCTOMH, HO B TO JKE
BpeMst ”HPOPMAaTHUBHBIN METO/ OTIPE/ICICHHUS a30TMHHEPA-
JTU3YIONIEH CrIOCOOHOCTH MOYB.

B cBsI31 ¢ U37I0KCHHBIM, 1ICJTh HAIITUX UCCIICTOBAHUN —
pa3paboTka MeToJa OIpEeIeIICHUs a30TMUHEPATH3YIOMIeH
criocooHocTH 1MOYBBI (AMC) 1l TUarHOCTHUKH a30THOTO
peKUMa TOYB.

Metoauka. OueHKa a30TMHHEPATH3YIOIIEH CIIOCO0-
HOCTH IIOYBBI, KOTOPAsi CIYKUT BAXHEUIIINM KPHUTEPHEM
CTCTICHU BBIPAXKCHHOCTU arpOXUMHUCCKOrO IMKIIA a30Ta,
MOJKET OBITh BHITIOJTHEHA Ha OCHOBAHUH OTIPEICIICHUS KOJIH-
9YeCTBa MUHEPAIU3YEMOT0 a30Ta MTOYBBI, 3KBUBAJIICHTHOTO 110
JIOCTYIHOCTHU a30Ty BHOCUMBIX MUHEPAJIBHBIX YI00PCHUIA.
OrmpeeneHne MOCIeIHEr0 IPOBOAUTCS MPH KOMIIOCTH-
poBaHMM OOPA3LOB MOYBHI IPU ONTHMAIBHBIX YCIOBHIX
temmnepatypsl (18...28 °C) u Bnaxunoctu (60 % III1B) B
TedueHue 4 Hemenb ¢ HabopoM (4...6) BO3paCTAIOMINX /103
A30THBIX YHOOpPEHMIA, SKBUBAJICHTHBIX TUTAHUPYEMBIM 10T
pa3IMYHbBIC CEILCKOXO03SIMCTBEHHBIC KYJIbTYPHI. Bennyrna
A30TMUHEPAITH3YIOMICH CIIOCOOHOCTH ITOYBEI OIPEACTIACTCS
MyTEM HaXOXAEHUS MEePBOM IMPOU3BOJHOM KBAaIpaTHOrO
YPaBHEHUSI PETPECCHHU, OTHCHIBAIOIICTO HAKOILICHHUE J10-
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CTYIHOTO a30Ta (HUTPAaThl 1 OOMEHHBII aMMOHHIA ) B TOYBE B
3aBUCHMOCTH OT JI03 BHOCHMBIX a30THBIX y100peHuit. Mox-
HO TaKKe HCIOJIh30BATh 00JICe CIIOKHBIA METOJ] PEUICHUS
9TOTO YPaBHEHHS C BEIYUCICHHEM KBAIPAaTHOTO KOPHSL.

BrausiHre THAPOTEPMUUECKUX YCIOBHI BETETAIIMOHHOTO
MIEPHUO/Ia YIUTHIBAIOT Ha OCHOBE JIOJTOCPOYHBIX METEOPO-
JIOTHYECKUX TTPOTHO30B MM CPEIHEMHOTOJIETHUX JTaHHBIX
JUTSl KOHKPETHOTO pernoHa. J{yst 7Toro BBOJST MOMPABOYHbBIE
KOX(PHUIUEHTHI K CKOPOCTH HAKOIUICHUS JOCTYITHOTO JUIS
MMUTaHNS PACTEHUH CETbCKOXO035MCTBEHHBIX KYIBTYp a30Ta
B M0YBE B 3aBUCHMOCTH OT TEMIIEPATYypPHBIX YCIOBUH U
BIIQKHOCTH ITOYBEI.

Hcnonp3ys MaTeMaTH4ecKoe BEIPAKEHUE 3aBUCUMOCTH
HaKOIUICHHSI JIOCTYITHOTO a30Ta B II0YBE IPH KOMITOCTHPO-
BaHUU OT J03 a30THBIX yIOOPEHUH, MOKHO OIICHHUTH a30T-
MUHEPATH3YIOIYyI0 CIIOCOOHOCTB MOYBHI, KOTOpas OyneT
BKJIIOUaTh B ce0s1 BECh OTECHIHAIBHO JIOCTYITHBIH a30T HO-
YBEHHOT'O (POH/IA, CIIOCOOHOTO K MHHEPAIH3aliH B TCUCHHE
MIPOTHO3UPYEMOTO BETETAIIMOHHOTO IEPHOIA.

O0ocHOBaHWE TpeIaraeMoro MeToJia OIpeJeIeHuUs
A30TMHHEPAITN3YIOIICH CITIOCOOHOCTH CBSA3aHO C OLICHKO Tak
Ha3pIBaeMoro “priming effect” mnm BemmuuH «3KCcTpan-N,
YTO XapaKTepHU3yeT CTENEHb yCHIICHHUS MHHEpaTU3alUu
A30THBIX COCIMHCHHUY TIOYBHI TIPH BHECEHUH a30THBIX YII0-
Opennii. [TogpoOGHO ATOT BOMPOC MCCIIENOBaH B paboTax
psina aBTopoB [4 u Ap.], HauboJiee [eTaabHAast CBOJIKA JaHa
B MoHorpaduu B.H. Kynesposa [12]. CoriacHo Takomy
MTOIXOAY, B KaXIbI OTACIHHO B3ATHII MOMEHT BPEMEHHU
BEJIMYMHA a30TMUHEPAIM3YIOIIEH CIIOCOOHOCTH MOYBHI OY-
JIET POTIOPIIHOHATBHA KOJTHYECTBY «IKCTpay-N. BenmuanHbl
«aKcTpan-N, 00HapyKUBaeMbIC B IOYBE B BUAE TOCTYITHBIX
COE/IMHEHUH a30Ta rocie € KOMIOCTUPOBAHUSL, OyIyT OT-
pa’kaTh aKTYAIbHYIO CIIOCOOHOCTH ITOYBBI K MUHEPATA3AIHH
a30TCONEPKAINX OPTraHWYECKUX KOMIIOHEHTOB, BKIIIOYAs
MIPOIIECCH MMMOOMIIM3AIMH U PEMOOMIIM3AINH a30Ta BHO-
CUMBIX MUHEPAIFHBIX YI0OpPCHUH.

OmpeneneHue KOIMIecTBa «IKCTpan-N 1Mo mpesia-
raeMoOMy METOJY IO3BOJISIET AaTh OLICHKY aKTyallbHOH
A30TMHHEPATU3YIOMIeH CIIOCOOHOCTH TOYB, TO €CTh TOH,
KOTOpast MOXKET IMETh MECTO B TCUCHHE IIPOTHOZUPYEMOTO
Mepro/ia WM BETeTallMOHHOTO ce30Ha. B Tom e€ oTiimumne
OT a30TMUHEPATU3YIOIIETO MOTEHITHAA, KOTIa OTPEIesi-
€TCs KOJIMYECTBO MOTEHIINAIHHO MUHEPATH3YEeMOro a30Ta.
[TosTOMY BeNMYMHBI A30TMHHEPAIN3YIOIEH CIIOCOOHOCTH
ITOYB, OIICHUBAEMBIC IO TPesIaraéMOMy METOIY, OyAyT B
OCHOBHOM MEHBIIIE.

Jnst peanu3zanuy MpeuiaraeMoro MeTojia M3 Kakaoro
00pa3ia mouyBsI (BO3MYITHO-CYXOH, IPOCESTHHOI Yepe3 CUTO
C TMaMETPOM OTBEPCTHHA 2 MM, WU HATHBHO-BJIAKHOM)
Oepercst 5 HaBecok 1o 50 I' ¥ TTOMeNIaeTcs B IMOJIUITHIIC-
HOBBIE ITakeThl. K HaBeCKaM MOYBBI IPHUOABIISCTCS a30THOE
ynobpenne (aMMHavYHas CENUTPa WIH JPYToe, MPenMyIIe-
CTBEHHO HCITIOJIb3yEMOE 0] BHIPAIMBAEMbIC KYJIBTYPHI)
B BHJIC BOJHOI'O PAacTBOpa M3 pacuéra 103, TUNIAHHPYEMBIX
MIO/T Pa3NIUYHBIC CEITbCKOXO3AUCTBEHHBIC KYJIbTYPhI: AJIS
3epHOBBIX KynbTyp — 0; 0,5; 1,0; 2,0 n 2,5 M pactBopa ¢
KoHIeHTpanuei 1 Mr N/mi; it kapTodens, KyKypy3bl U
Texandeckux KynsTyp — 0; 0,5; 1,0; 3,0 u 4,0 mm; s uH-
TEHCHUBHBIX OBOIIHBIX KyIbTyp - 0; 1,0; 3,0, 4,0 u 5,0 mu.
OO0mrast BJaKHOCTH ITOYBEI YCTAHABJIHMBACTCS B IpeIeiax
60...80 % IIIIB myTém mobaBieHHUs HEOOXOANMOTO KO-
JIMYeCTBa AUCTHIUTUPOBAHHOM BoJbI. [locie TmarensHoro
MepEeMEIINBAHUS [TOYBHI TTAKETHI TUIOTHO 3aKPBIBAIOTCS U
KOMIOCTHPYIOTCS B TepmocTate nipu 18...28 °C B TeueHne
4 Henenp. TouHOE 3HAUCHME BIIAKHOCTH M TEMIIEPATYPHI
KOMIIOCTHPOBAHUS BBIOMPACTCS B 3aBUCUMOCTH OT IIPEHMY-
IIECTBEHHBIX THAPOTEPMUYECKHUX YCIOBUI KOHKPETHOTO pe-
ruoHa. [Tociie OKOHUaHMST KOMITOCTUPOBAHHUS (BO BIIaXKHBIX
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o0pasmax ¢ 0TOopoM Mpod Ha BIAKHOCTH) OCYIIECTBIISIETCS
oTpesieJIeHHe CyMMbl OOMEHHOTO aMMOHUSI U HUTPATOB
JOOBIM CTAaHIAPTHBIM METOIOM.

OmnpeneneHre BETUYNHBI a30TMHHEPATUIYIONIEH CIIo-
COOHOCTH TOYBBI OCYILECTBIIACTCS MyTEM pEIICHUs ypaB-
HEHUS KPUBOW, OMHCHIBAIONICH HAKOIUICHHE TOCTYITHOTO
N - (NO; + NH," . ) B mouBe (y) B 3aBUCHMOCTH OT 103
a30THOTO yI00peHuUs (X):

y=ax’+bx+c (1)

Bce BennuMHbBI UCHIOIB3YIOTCS B OJHOM pa3MEpHOCTH.
CrereHb anmpOKCUMAIIMK PA3JIMYHBIX BUIOB YPaBHCHUN
OIICHUBACTCS 110 OCTATOYHOM aucnepcun. Cama BelTn4nHA
AMC HaxomuTCs MO CIEAYIOUIeH hopmyIe:

AMC = [f(0) x x*]/ [f(0) - f(x*)], )

rre f(0) — penreHue moTy4aeMoro KBaJpaTHIHOTO ypaB-
Herns mpu X = 0 (vimu BenmmuuHa «o» B ypaBHeHud (1)), f(x*)
pemienue sToro ypasaenus npu x = 0,1, mepBoii ncross3ye-
MO B or1bITe 10361 N-ymoopenus (Hanmpumep, 0,1 mr N/100 T
TIOYBBI, WK 3 KI/Ta).

Y4ET ruapoTepMHUECKUX YCIOBUHN NPENCTOSIIETO
BETETAIIMOHHOTO TIEPUOJIA OCYIIECTBISCTCS CIIETYIOIINM
00pa3oM: OTKJIOHEHHE CPEIHUX TEMIIepaTyp MOYBHI OT MH-
TepBana 18...28 °C yuuThiBaeTCs MOCPEACTBOM BBEJICHUS
kodpdunumenTa 0,2 Ha KaxIblid TPaaycC; OTKIOHCHUE CPEJI-
HUX 3HAYEHHUH BIa)KHOCTH 1MOUYBHI OT nHTEepBana 40...80 %
[I1B — ko3¢ punmenra 0,023 na kaxasiii % [1I1B. Takxe
YYUTBIBACTCS 1 OTHOCUTEIIBHAS TOJIS TIEPUOJIa OTKIOHCHHUN
9THX 3HAYCHUH OT MIPOIOIDKUTEIHHOCTH IIEPHUO/Ia BETCTAIIN
BBIPAIIMBAEMON KYJIBTYPBl. B TOABI C 0)KHUIAaCMBIM ONTH-
MaJTbHBIM PEKIMOM ITOIPAaBOYHBIE KO (HUIIIECHTHI HE YIH-
TeiBafoTes [13]. Hioke Oyzmer man mpuMep TaKuX pacyeToB
JUTSE KOHKPETHBIX BETCTAIHOHHBIX [IEPUOJIOB U KYJIBTYP.

PesyabTarel u o0cy:kaenue. Criocod onpeneneHus
A30TMHHEPATU3YIONIeH CIOCOOHOCTH MOYBHI OBLT TAKKE UC-
TIBITAH 8 YCI0BUSX P0d NOIEBIX ONBINOE HA PA3TULHBIX NO-
YBaX € UCNOAL308aHUeM MeyenHblx PN azommubix yoobpenuil,
YTO ITO3BOJIIIO PACCUUTATh BKJIA]] a30Ta TIOUBBI M YIOOpEeHHH
B o0ecrieueHre pacTeHni a30TOM. A30TMHUHEPAITH3YIOIITYO
CrocoOHOCTH BO BCEX CIyYasiX OMpPEHeIIsUIA COTTIacHO MPH-
BEJICHHOW MpONMUCH MeTo/a. B mouBe onpenensiiau conep-
xanue pocrynuoro asora (NO,; + NH," . ). Ilpu onenke
A30TMHHEPATH3YIOMIEH CITOCOOHOCTH oépa3u1,1 TTOYBBI IS
KOMITIOCTHPOBAHUS OTOMPAITH C COOTBETCTBYIOIINX BapHaH-
TOB IOJICBBIX OIBITOB JI0 BHECEHUs ynoopenuid. [Tocie yoop-
KH ypoKasi B paCTEHUSX OIPEIEISIIN COIepIKaHUe O0IIero

asora, cooTHomenue u3otonoB N : “N u paccuurbiBain
BBIHOC 230Ta U3 ITOYBBI M yJIOOPEHHSI.

Y4uThIBas paBHYIO JIOCTYITHOCTH a30Ta yI0OPEHHUS U T10-
9BBI, K03 QUIHEHTHI HCTIOTB30BAHI a30Ta, TOTyYCHHBIE C
nomotpko PN 171t a30Ta y100peHuUs, MOTYT OBITh OTHECEHBI
Y K UCIIOJH30BAHUIO a30Ta MOYBKL. TakmM 0Opa3oM, mocie
yOOpKH ypokast OBUTH pacCYUTAHBI 3a1achl JOCTYITHOTO
a30Ta IOYBBI, DKBHUBAJIEHTHOTO [0 YCBOSIEMOCTH a30TY Y/10-
Openwii. [TomydeHHbBIC BETUYHNHBI TOCTY KT OCHOBOH ISt
CPaBHUTEJIBHOM OIIEHKH TTOKa3aTelNeil 00eCIIedeHHOCTH pac-
TEHUH JOCTYITHBIM a30TOM B TEUCHHE MEPHO/Ia BEreTaluu
(cymMMapHBIe BEIHYHHEI 3a11aCOB aMMOHUITHOTO ¥ HATPAT-
Horo a3ota B cioe 0...20 cv 1 AMC).

Ha cepoit necroti mouse r0xHOTO [10MOCKOBBSI OBLIH
MIPOBEICHBI OIBITHI C TYMEHEM U KyKypy30i. Cxema orbiTa
C SYMCHEM BKITIOYasa B ce0sl BHECEHHE BO3PACTAIONINX 103
ammuauHoit cenutpsl (0, 30, 60, 80 u 120 kr/ra) Ha done
P, K, (mBoiinHoi cynepdocdar u XnopucThii kammi). I1o-
BTOPHOCTb OIIbITa 4-KpaTHast, IIoma s aeastHok — 120 M2, Ha
Ka)XII0H JeNSTHKE B 5-KpaTHOM MOBTOPHOCTH JAOTIOIHUTEIILHO
pasMelaiy MUKPOJICISIHKY TUIoMapi0 1 M> ¢ BHECEHHEM
meuerHoro N ynobpenus. [lepen Hagasom ombita coep-
’anue poctynHoro azora (NO,” + NH,” . ) B cioe mousbl
0...20 cM B cpeqHEeM cOCTaBISLIO 23 KI/Ta.

KommuecTBO a30Ta MOYBEI, CIIOCOOHOTO K MHHEpAH-
3allMM U PacCUYMTaHHOE IO BBIHOCY a30Ta yJIOOpEHHs C
UCIOJIb30BaHueM MeTkHu "N, B cpesHeM cocTtaBmiio 123
kr/ra. OnpeneneHne a30TMUHEPAIH3YIOMIEeH CIIOCOOHOCTH
TI0 TIpeJIaracMoMy METO/Ty C UCTIOJIb30BaHHEM YPaBHEHUSI
perpeccuu (y = 1,556 + 0,472x + 0,149x?) najno Benuvuny,
paBHyt0 95 kr/ra. Heo6xonmmo Takke y4ecTb, 9To 3arachl
JIOCTYITHOTO a30Ta B MOYBE ObUIM paBHBI 23 Kr/ra, TO €CTh
CyMMa a30Ta, JOCTYIHOTO PACTCHHSM SIMCHS B TCUCHUE
BEreTaIMoHHOTO Neproja coctapisia 118 kr/ra. Cnenosa-
TEJILHO, BEJIMYUHBI JOCTYITHOTO PACTEHUSIM a30Ta, ONpe/ie-
JICHHBIC IBYMSI Pa3THIHBIMHA METOIaMH, ObLITH OJTU3KH — 123
u 118 xr/ra.

Ha ocHOBaHMM METEOpOJIOTHYECKUX JaHHBIX yCTa-
HOBIICHO, YTO CPEIHsS TemIieparypa moussl B cioe 0...20
CM B TE€UEHHE NEepHOJa BETETALUH SUMEHS COCTABIsIA
16,5 °C, To ecTb OTIMYANACh OT ONTUMAIBHOTO PEKUMA Ha
1,5 °C. TlonpaBouHbIi K03()(HUIMUEHT IPH ITOM OBUT paBeH
0,3 (1,5%0,2). Bna)xxHOCTh TOYBBI OTJIMYATIACH OT ONITUMAJTh-
Horo untepnana40...80 % I1IIB B Teuenue 10 queit u3 108,
otkitonenust coctauin 10 % II1B. TTorpaBounslii koaddu-

Ta6a. 1. OueHka BeJMYNH A30TMUHEPAJIU3YIOIEi CIOCOOHOCTH CePOii JIECHOI MOYBbI MPH BbIPAIMBAHUU KYKYPY3bl, KT N/ra

. . OneHKa BeJIMYHHBI JIOCTYITHOTO
Bapuanr nefictBust u nocueneicTus
a30Ta Iepe/] Ha4aaoM BereTari-
N,,, Ha ¢one P, K, . . | Pacuer o BeIHOCY a30Ta
120 9090 VpoxkaitHoCTh cyxoit s OHHOTI'0 CE30Ha PazHocTb
¢ ucnonp3oBaHueM N
Macchl, T/Ta A-b
T'ox onbiTa (A) B CII0E
- - - - - 0. 20 ou AMC cymma (B)

1-it | 2-it | 3-i | 4-it | 5-it

0 0 0 0 0 4,6 82 28 66 94 -12

0 0 0 0 N 13,5 120 36 76 112 +8

0 0 0 5N N 14,6 135 36 96 132 +3

0 0 N “N N 15,0 124 33 80 113 +11

0 N N N N 15,1 135 36 106 142 -7
N N N N N 13,5 163 58 104 162 +1
N 0 0 0 0 7,2 85 36 48 84 +1
“N N 0 0 0 9,2 152 33 115 148 +4
N N N 0 0 9,8 135 35 102 137 -2
N N “N N 0 11,2 148 51 96 147 +1
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IIUCHT Ha ycI0Bus yBiIakHeHus Obu1 pasen 0,021 (10 : 108
x 10 x 0,023). CymmapHbIi ONPaBOYHBIA KO PHUIIUCHT:
[1-(0,3%0,021)] =0,99, TO ecTh pH YCIOBHUSIX BEreTAIIH
STAMEHST UM MOYKHO OBIIIO ITpeHeOpedb.

O1eHKY MPUMEHHUMOCTH CII0CO0a OpeIeNICHNS a30TMH-
HEepaIM3YIOMe CIIOCOOHOCTH B YCIIOBHSIX MHOTOJIETHETO
MOJICBOTO OMBITa C KYKYypY30H Ha cepoil necHol nouse
MIPOBO/IMIIM Ha ()OHE BHECEHHE JIBOWHOTO cyrnepdocdara u
XJIOPUCTOTO Kamust o 90 Kr/ra AEWCTBYIOMIETO BEIIECTBA.
B kxauecTBe a30THOTO yA0OPEHNUS NCTIONB30BAIN MECUCHHYIO
N u HeMedeHHyI0 aMMHauHyo cenutpy. Cxema ombita
(Tabm. 1) mo3BoJIsIIa BRIWICHUTH JEHCTBIE U TIOCIIEACHCTBIE
a30THBIX yHoOpeHuil. PaccMaTpuBanm nanuble 5-ro roma
IKCIIEPUMEHTA.

CoriracHO pe3yibpTaTaM HCCIIeJOBaHUI BBEIHOC a30Ta
ynobpenus m3mensics ot 27 no 49 xr/ra, wian 23...40 % ot
110361 BHECEHHOTO N. BRIHOC MOUBEHHOT'0 230Ta B KOHTPOJIE
coctaBmi 24 Kr/ra, B BapHaHTax C U3yYECHUEM JICHCTBUS
azoTHOro ymoOpenms — 43...58 kr/ra, mocieneicTBus —
35...63 xr/ra.

[epen HaYaIOM BEreTallMOHHOTO CE30HA OBLIO OI[CHEHO
COJIEpKaHNE TOCTYITHOTO MTOYBEHHOTO a30Ta B CJIOE TIOYBHI
0...20 cm u ompenenensl BennunHbl AMC cornmacHo mpo-
mucu Metona. ComepskaHue JOCTYITHOTO a30Ta B BEPXHEM
CJI0€ TIOYBBI U3MEHSIIOCH OT 28 110 58 Kr/ra, oTpakas npe/-
IIECTBYIOIYIO UCTOpHUIO ynoOpenus. BHeceHnue asora B
TEYCHHUE MEPBBIX 4-X JIeT SKCIIEPUMEHTa CKa3aJI0oCh Ha Be-
mmarnaax AMC mouBsl, KoTopbie cocTaBmm 48...115 kr/ra
(cM. Tabm. 1). MUHUMAJIBHBIC BEJIMYMHBI 9TOTO OKA3aTeIst
OBpUTH 3aUKCUPOBAHBI B BapHaHTax 0e3 BHECCHHS a30Ta
WIH ¢ U3YYCHHEM €TO JIUTEIBHOTO mocieneiicTus: 48. ..
66 kr/ra. [lepnoanyeckoe BHECEHHE a30THBIX yHI00peHHN
YBEIUYHBAIO JTAOWIBHEIN (OHI MOYBEI U MPUBOJHIO K
MTOBBIIICHUIO a30TMHHEPATIN3YIONIeH ClIOCOOHOCTH B 1,5. ..
2,0 paza (mo 115 kr/ra). ['maporepMuueckne yciaoBusi B
TEUYCHHE TEPHO/a BETETAllMN KYKYpy3bl MPAKTUYCCKHA HE
OTJIMYAJIUCh OT ONTHMAJBHBIX, TO3TOMY IOMPaBOYHBIN
K03(h(UIMEHT HE IPUMEHSITH.

PaszHOCTH MKy BETHYMHAMHA JOCTYITHOT'O PACTECHHSIM
a30Ta, OMPECICHHBIMH MO BBIHOCY KYKYPY3BI C HCIIOIB30-
BaHMEM METKH M TpeJylaracMoro criocoda, B BapuaHTax
W3y4YCHUEM JCHCTBUS U ITOCICACHCTBIS a30THBIX YI00OpeHHI
coctaBmia 1...11 kr/ra, uau 1...10 %.

W3ydeHne a30TMUHEPATU3YIOMICH CIIOCOOHOCTHU MO~
MeHHOU noyssl cpegHero teueHust p. Oxa MPOBOIMIA B
YCIOBUSAX MPOU3BOJCTBEHHOTO OIMBITA C KAIyCTOH NpH
opouieHnu. Ha mpou3BOJCTBEHHBIX KapTax B 6-KpaTHOM
MTOBTOPHOCTH Pa3MeIail dKCIEePUMEHTAIbHbIC JCITHKA
TUTOIA/BI0 3 M? ¢ BHECEHHEM MedeHHBIX N yno0peHuii.
CxeMa o1bITa BKJII0Yasa B ce0sl HaJI0)KEHHE BO3PACTAIOIINX
1103 a3oTa B Buae ammuadHoi cenutpsl (0, 100, 150, 200
kr N/ra na ¢one 150 xr/ra P,O, (nBoiinoi cynep(bocq)aT)
n 280 kr/ra K,O (XJ'IOpI/ICTLII/I Kam/m) [IPOU3BOJICTBEHHBIC
JI03BI Nzoale K BiiaxxHocTh OYBBI NOIEPIKUBAIH B Te-
YeHHE BETETAIIMOHHOTO Ce30Ha HA ONTHMAJIBHOM JUISI 3TOH
KyJIBTYpPbI YPOBHE ITyTEM ITPOBEJICHUSI COOTBETCTBYIOIETO
KOJIMYECTBa MOJMBOB. [lompaBKu Ha THIPOTEPMHUYSCKUC
YCIIOBHSI HE BBOJFLIH.

CucreMaTH4ecKoe BHECEHUE BBICOKHMX J103 a30THBIX
YIOOpEeHHIA TPUBENIO0 K YBEITUYCHHUIO KOJIHYECTBA a30Ta,
crocoOHOTO K MuHepanu3anuu. Hanpumep, ocie yoopku
ypoxasi B mouBe octaBanoch 60...75 % a3zora BHECEHHOTO
yHAOOpeHHs, B OCHOBHOM, B OpraHUYecKOi (opme. A30T-
MHUHEpAIN3YIOIas CocoOOHOCTh MOWMEHHOH OYBHI B 3THX
ycnoBusix coctaBuiia 336 kr/ra (cpemaHee Juis paziIMYHBIX
BapHaHTOB). B kopHEOOHTAaEMOM CIT0€, KOTOPEIH IIPH BBIPA-
IIMBAaHUH KairycThl cocTaBiseT 40...50 cm, mepen HagaaoM
Nepro/ia BEreTalny coiepkainoch B cpeanem 167 xr N/ra
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(EUTpaTHI 1 OOMEHHBII aMMOHHUIT), TO €CTh CyMMapHBIE 3a-
achl JOCTYITHOTO a30Ta B IOWMEHHOM MOUBE Nepe/ HauaaioM
Bereranuu coctaBisu 503 kxr/ra. [To omeHke NOCTYITHOTO
pacTeHUsIM a30Ta, BHIOJHEHHON 110 BBIHOCY ITOYBEHHOTO
a30Ta C UCIIOJIL30BaHKEM METKH "N, BEeJIMYMHA 3TOr0 I0-
kazarenst cocraBmwia 550 kxr/ra. CienoBaTenpHO, pa3HHLA
6puta paBHa 47 kr N/ra, i 8 %.

Crioco0 orpeziesieHus! a30TMHHEPAIU3YIOLIEH Croco0-
HOCTHU OBLT TaKXKE HCITBITAH B TIOJICBOM OIIBITE C TTAHTOJION
(Tpommyeckas MHOTOJICTHSS 37IaKOBasi TpaBa) Ha Oypoul
Geppanumosoli nouge ONBITHON CTAHIUU «DCKaMOpaii»
(Pecrrybnmka Ky6a). Dta mouBa, Kak M IOWMEHHast, OT-
JINYaach OT CEPOH JIECHOW OTHOCUTENLHO 00Jiee BBICOKUM
conepxanueM rymyca (3,35 %). Mcnonbzyembie 10351
MUHEepaNbHBIX ynooperuit coctaisimm 400...480 kr N/ra,
YTO CONPOBOXKIAIOCH aKKYMYJISILIMEN a30Ta B IOUBE. Y 10-
OpeHust BHOCHITH B BHJIe MeUeHHBIX N Cyiib(haTa aMMOHUS 1
aMMHavYHOH ceuTphl B 1o3ax 30 u 60 kr N/ra mox ykoc, 94to
skBrBaieHTHO 180 1 360 kT N/ra 3a BereTalMOHHbIH Ce30H
npu Hauuuy 6 ykocos Ha Qone P, K, mon kaxblii ykoc.
PesynbraTel onpeneneHus a30TMUHEPAIHA3YIOMIEH CIIoco0-
HOCTH TIOKA3BIBAIOT, YTO ONPEACICHUE JOCTYITHOTO pacTe-
HUSIM a30Ta C UCIoJIb30BanneM MeTKu N u 1o npejiarae-
MOMY METOJTy JaBajio Oiu3Kkue pe3yabratel: 690...711 kr/ra
u 642...779 kr/ra COOTBETCTBEHHO (Ta0JI. 2).

Taoa. 2. OueHka a30TMHHEPAIU3YIONIEi CIIOCOOHOCTH Oypoit
¢eppannToBOii MOYBHI B ONBITE C MAHTOJIOM, KI N/Ta

Pacuer 1o BbI- B cnoe AMC o
Ddopma HOCY TOUBBI [1aH- I0YBBI npeiarae- | Cymma
ynoOpenus | ronoii ¢ ucnonb- | 0...20 cm | momy mero- | A+ B
3oBaHueM N (A) 1y (b)
(NH,),SO, 690 140 502 642
NH,NO, 711 140 639 779

PestomMupys mpencTaBieHHbIE PE3YJIbTAaThl OMBITOB C
MeueHHBIMH N a30THBIMH YJOOPCHUSMH B Pa3HuHBIX
[MOYBEHHO-KJIMMATHYECKUX M IKOJIOTMUYECKUX YCIOBHSIX,
MOHO OTMETHTh, YTO HE3aBUCHUMO OT TOYBBI U CXEMBI
OITBITAa BEJIMYMHBI JOCTYITHOTO PACTEHHSIM a30Ta, OIpeJie-
JICHHBIE PAa3HBIMU MeTo/aMHu, Obutn Onuskumu. [Ipu 3TOM
YCTaHOBIIEHO, 4TO pa3Mepsl AMC (X) nMenn TOCTOBEPHYIO
00paTHYIO KOPPEISIIIUOHHYO CBS3b C BeIMUUHAMHE KO3 (-
[UEHTOB HCITOBF30BAHUS a30THBIX yz[06peH1/H71 y):

y=43,4-0,0550 x,r=-0,928, P

AHanornyHas CBsi3b OTMEUCHA U L[J'ISI BEJINYNH CYMMBI
JIOCTYIHOTO PACTEHMSM a30Ta (cymMmapHOe KOJHYECTBO
N-(NO; +NH," . ) n AMC):

y =445 66149x r=-0,942,P, .

B o011t cymme a30Ta, JIOCTYITHOTO B TEYSHHUE TIEPUOIA
BereTauu pacteHusM, Ha AMC mpuxoauTcs B OCHOBHOM
6oniee 70...75 %. Ee oreHka no3BosisieT AMArHOCTHPOBATh
A30THBII PEXKUM [10YB U BO3MOXKHOCTh IIPUMEHEHUSI A30THBIX
ynoOpeHuii, MOCKONBKY K03 (QUIIMEHTHI MX UCTIOIE30BAHNUS
TECHO CBsi3aHbl ¢ BenumunHaMu AMC mouB: Bo3pacTaroT
[PY YMEHBIICHUN KOJHYECTBA [MOYBEHHOTO MHUHEpAJH-
3yeMOro a30Ta ¥ yMEHbBIIAIOTCS TPH €ro YBEJIUUSHHUH (CM.
PHCYHOK).

KonnyecTBO MUHEPAIBHOTO a30Ta, MPUCYTCTBYIOIIE-
ro B TOYBE Iepe]] HayajloM BEreTallmOHHOIO Ce30Ha, Kak
MIPaBUIIO, HE UMEET CTATUCTUYECKOH JIOCTOBEPHOH CBSI3H C
BEJIMYMHOMN a30TMUHEPAIU3YOIIEH CIOCOOHOCTH, KOTOpast
B 3HAYUTENHLHO OOJBILEH CTETNEHH OMpENeNseTcs I03aMu
A30THBIX YZA0OpEHMI M CKJIaJbIBAIOLICHCS B TCYCHUE BCeE-
ro BEreTaliMOHHOI0 Ce30Ha JUHAMHKOW J0CTymHOro N.
CrnenoBaTelIbHO, OLIEHKA 3TOH BEJIMYMHBI BO3MOJKHA O€3
MIPEABAPUTEIHLHOTO yu€Ta HCXOAHOTO COACPIKAHMUS JTOCTYII-
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HOro N ., OTPaKaloIIEro yKe CyIeCTBYIONIEE PABHOBECHE
CONPSUKEHHBIX ITPOLIECCOB TPAHCHOPMALIMH OPTAHHIECKOTO
BEIIIECTBA, TOT/Ia KAK BHECEHUE a30THBIX YJI00pEHUIT 00bIY-
HO CIIBUTAET 3TH MPOIIECCHl B KOHEYHOM HTOTE B CTOPOHY
MUHEpaTN3aIIH.

B 1ensix ke AMarHOCTUKM a30THOTO PEeXHMa TOYB
noCTynHBIA N ., 0JJHAKO, TOJDKEH OBITH ONpEJIENeH, Mo-
CKOJIBKY xapaKTepnayeT 00eCTIe4eHHOCTh a30TOM PACTCHHUI
B Ha4yaJbHBIN nepuoj Bereranuu. Cymma ucxoaHoro N u
a30TMHHEPATH3YIOMICH CIIOCOOHOCTH TIOYBHI MO3BOJSET
JUArHOCTHPOBATH NOTPEOHOCTH PACTEHHIA B 9TOM SJIEMEHTE
B TEYECHHUE BCErO BETeTAI[IOHHOTO TIEPHO/IA.

CreroBaTenbHO, C arPOXHUMHYECKON TOYKHU 3PCHUS,
oTpeeneHNe a30TMHUHEPATU3YIOMIeH CITIOCOOHOCTH TOYB
MO3BOJIIET ¢ HEOOXOAMMOI TOYHOCTHIO YCTaHAaBJIMBATh
BEJIMYUHBI JIOCTYITHOTO PACTCHUSAM a30Ta B TEUCHHUE TIPE]I-
CTOSIIIIETO BEreTallMOHHOTO MEepHOoAa M MPOrHO3UPOBATH
MOTPEOHOCTh B a30THBIX YAOOPEHUSIX MO IUTaHUPYEMBIH
yposkail BRIpalIMBaeMbIX KyJIbTyp. B cBO¥O ouepenp, onTu-
MaJbHOE BHECEHHE a30THBIX yI00OPEHNUH MO3BOJISET YBEIIH-
9UTh 3QHEKTHBHOCTH MX UCITOIB30BAHNS U YMEHBIIUTH OT-
pHILIATETBHBIC TOCTIECTBUS HEPAMOHATEHOTO IIPUMEHCHUS
[14, 15, 16]. Do Tarkke Ma€T BO3MOKHOCTD OIIEHUTH 3KOJIO-
TMYECKUE PUCKH, BKITIOUAsi PUCKH IS 3/I0POBbS HACEIICHUS,
BO3HUKAIOIINE ITPH H30BITOYHOM HAKOTUICHHH COCTHMHCHHUN
A30Ta B TPYHTOBBIX TUTHEBBIX BOJAX U PACTCHHEBOYECKON
MPOAYKIUH, U yIpaBisaTh umu [17, 18].

B nienmom ciieryeT oTMETHTb, 9TO CETOIHS PACCMOTPEHHIO
MpUEMOB TOBBIIICHUS 3(P(PEKTUBHOCTH HCIOIB30BaHUS
azora yzensiercst 0ospiioe BHuManue [19, 20], mockosbKy
OUYEBHUJIHO, YTO B OrmKaifiieM Oy ayIieM HEBO3MOXKHO OKH-
JIaTh CYIIECTBEHHOTO POCTa MPOM3BOJCTBA U MPUMEHEHUS
a30THBIX yao0perwuii. CienoBaTeIbHO, KOJIUYCCTBCHHAS
OIIeHKa a30TMHHEPATU3YIOIIeH CIIOCOOHOCTH MOYB TI0-
3BOJIUT ONTHUMH3UPOBATH 03Bl a30Ta MOJ IUIAHUPYEMBIN
ypoxai.

Takum oOpa3oM, B pe3ysbTaTe HCCIEIOBAHUHN pas-
paboTaH IOCTaTOYHO MPOCTOW B MCIIOJHEHHUH, HO BIIOJHE
pabOTOCIIOCOOHBIN METOT KOJTMYCCTBCHHOW OLICHKH a30TMHU-

HepaJIu3yIomei crmocodHocTr mous. Ero ncnsiTanus B pas-
JINYHBIX OTBITAX, TPOBCICHHBIX KaK B IKCIICPHUMCHTAIBHBIX,
TaK U [IPOM3BOJICTBEHHBIX YCIOBHUSIX B PA3HBIX MOYBCHHO-
KIMMaTHYECKUX 30HAX M C Pa3iM4HbIMH KyJIbTYpaMH MO-
Ka3aJid, YTO PACXOXKJCHHS B BEJIMYMHAX HCIIOJIb30BaHUS
[MOYBEHHOI'0 a30Ta, ONPEACIEHHBIX C HCIOJIb30BAHUEM
MeTkH PN 1 npeiaraeMoro Meto 1a He npessimarot 10...12
%, 4TO JOMYCTHUMO JUIsl TUATHOCTHUYCCKUX IICIICH.

CrnenoBaTenbHO, a30TMHHEPATU3YIOMIAsl CIIOCOOHOCTH
MOYBBI — KOMIUICKCHBII KOJIMYECTBEHHbIH MOKa3aTelb st
XapaKTEPUCTHKH OCHOBHBIX MPOIECCOB arpOXUMHUYCCKOTO
[MKJIA a30Ta (MMMOOMIIN3AINS<«<>MOOMIN3AIHS) ¥ OIICHKH
BIMSTHHSA Ha 9TH MPOIIECCH a30THBIX yHoOpeHmid. Ompene-
JICHHE 3TOM BEJIMYUHBI MO3BOJISICT MPOTHO3UPOBATH M MO-
JISTMPOBATh PA3IMYHbIC ACTIEKThI TPaHC(HOPMAIMU a30Ta B
MOYBE, OLIEHUBATH AKKYMYJISLUIO U TUHAMHKY TIOJABUKHBIX
MUHEPAJIbHBIX a30THBIX COCTUHCHUIA B TOYBE, IPCBPAILCHIC
a30Ta B TAKMX CUCTEMaX KaK [04Ba — yJJ00peHHe — PaCTeHHE
Y TIOYBOTPYHTHI — BOJIA.

[pu 3Tom Benmmurabl AMC MOTYT OBITH HCIIOJIH30BAHBI
[IPU JIMArHOCTHUKE a30THOTO PEXKKMMA MOYB U pacyere /103
A30THBIX yAOOpEHUH MOJ MIaHUPyeMBIH ypoxai. Uem
OHU BBIIIC BEJIMYMHBI, TEM MCHBITUMHU JOJDKHBI OBITH CO-
OTBETCTBYIOIIME JI03bl yI00OpeHuil u TeM Oosblie Oyaer
3(hPEeKTUBHOCTH WX UCITOJIb30BAHMUS.
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Hccneoosanuis nposoounu ¢ yensvlo onpedeenust ONMUMAIbHbIX HOPMAMUGHBIX 3HAYEHUT HUMPUDUKAYUOHHOU CROCOOHOCHMU
U CpoK06 omoopa o0pasyoe noYesl 0151 OUACHOCIMUKU A30MOHAKONIEHUSA 8 NAPOBLIX NOAAX U NPOZHOZUPOGAHUSA YPOIHCAS O3UMBIX
Kysmyp 6 ycnosusax 3acyuinueoit cmenu Ilosonscoa. Pabomy evinonnanu ¢ 2016-2019 22. 6 cmayuoHaphslx onsimax 6 ycio8usax
cmennoiul u cyxocmennoi 30n Capamogckoii oonacmu (2eozpagpuueckue koopounamot 51.603656, 46.032527). /lokazana 603modnc-
HOCHMb UCROIB306AHUSA HUMPUDUKAYUOHHOU CROCOOHOCIU NOY6bl KAK 013 Hellell MOHUMOPUH2A NI1000POOUs ROY6, MAK U O
KpPamkocpouHo20 azpoHoMuYecKko2o naianuposanus. Beiaenena evicokas ompuyamenvuasn koppenayus (r=-0,98**) mesncoy naxo-
nieHueM HUMPAmHO20 a30ma U HUMPUPUKAYUOHHOI CROCOOHOCMbIO NOuebl. B ycrnosusax apuonozo Kiumama nOmeHuUaNbHAS
HUMPUUKAUUOHHAA CROCOOHOCHb HAYUHAEM POPMUPOBAMBCA NOCIIE NOTHO20 OMMAUBAHUS NOUGHL U OOCINUZAEH MAKCUMATLHOZO0
YPOSHA RPU 803DACMANHUU CYMMbL AKMUGHBIX memnepamyp éviuie 5 °C na 2nyoune nousvt 20 cm 00 20 °C u npozpesanuu eepxnezo
cnosa nouewl (0...5 cm) 0o 15...17 °C. Haubonvuiyro Humpugukayuonuyo akmugHocmy Hada100a1u 6 nepuoo mpyoKosanus — Ha-
uana Konowenus o3umoi nuwenuysl. Humpugurxayuonnas cnocoonocms 6 3mo gpems non10ICUMENbHOU KOPPETUPYent ¢ ypodcaem
3epua (r=0,98). Iloamomy yenecoodpazno npoeoOUMs OUACHOCIMUKY PEHCUMA A30MHO20 RUMAHUA PACMEHUI 03UMOI NULCHUUbL 6
daze mpyoxosanus — nauana Konowienus. YcmanoeieHvl azpoKauMamuiecKue yeiosus opmuposanus OnmMumMaibHozo yposHs
Humpugukayuounoii cnocoonocmu (14...17 m2/k2), onpedenaroujue noOMeHYUAR A30MHO20 NUMAHUA NOCCEO8 03UMOIL RULEHULbL.
IIpu nosviuennoit HUMPUDUKAUUOHHOU CROCOOHOCIIU U HIIAZONPUSMHBIX HOZOOHBIX YCILOGUAX 8€2eMAUUOHHO20 NEPUOOA OmMeud-
emcs UHMeHCUGHOe hopmuposanue 3e1eHOl MAcchl U MAKCUMATIbHBLIL 6IHOC azoma. Bvinoc azoma c pumomaccoit u yposcaitnocmeo
3€pHa 03UMOU NUIEHUUbL 00CMOGEPHOIL KOPPENUPYIOm ¢ HUMPUDUKAUUOHHOI CROCOOHOCMBIO 8 REPUOO MPYOKOGANHUA — HAYANA
Konowtenus.

SOIL NITRIFICATION CAPACITY AS AN INTEGRAL INDICATOR OF SOIL FERTILITY MONITORING
Sayfullina L.B., Azizov Z.M., Imashev 1.G., Vorontsova O.A., Demakina L.I.

Federal Center of Agriculture Research of the South-East Region,
410010, Saratov, ul. Tulaykova, 7
E-mail: raiser_saratov@mail.ru

The research aimed to determine the optimal standard values of the nitrification capacity and the periods of soil sampling to

diagnose nitrogen accumulation in fallow fields and to predict the yield of winter crops under the conditions of the arid steppe of
the Volga region. The work was carried out in 2016—2019. in stationary experiments under the conditions of the steppe and dry
steppe zones of the Saratov region (geographical coordinates 51.603656, 46.032527). The possibility of using the nitrifying capacity
of the soil both for the purposes of monitoring soil fertility and for short-term agronomic planning was proved. A high negative
correlation (r=-0.98*%) between the accumulation of nitrate nitrogen and the nitrification capacity of the soil was revealed. In an

arid climate, the potential nitrification capacity began to form after complete thawing of the soil and reached its maximum level
when the sum of active temperatures rose above 5 C at a soil depth of 20 cm to 20 C and the upper soil layer (0-5 cm) warmed up

to 15-17 C. The highest nitrification activity was observed during the booting period - the beginning of the winter wheat heading.

The nitrification capacity at that time positively correlated with the grain yield (r=0.98). Therefore, it is advisable to diagnose the

nitrogen nutrition regime of winter wheat plants in the booting phase — the beginning of heading. The agroclimatic conditions for
the formation of the optimal level of nitrification capacity (14-17 mg/kg), which determine the potential of nitrogen nutrition of
winter wheat crops, were established. With increased nitrification capacity and favourable weather conditions during the growing
season, intensive green mass formation and maximum nitrogen removal were observed. Nitrogen removal from the phytomass

and the yield of winter wheat grains were significantly correlated with the nitrification capacity during the booting period — the

beginning of heading.

KoaroueBblie c10Ba: n0200Hbie yCi06ust, HUMPAMHBILL A301M, HUMPU-
QurayuonuHas cnocobHOCMb NOYBbL, NOYGEHHOE NILOOOPOOUE.

K 3amadam KOMILIEKCHOTO MOHUTOPHHTA IIJIOJ0PO-
IS TI0YB 3eMeNb CeIbCKOXO03SHCTBEHHOT'O0 Ha3HAYCHUS
OTHOCSTCS HAOJIOJCHUE 32 XMMHUUYECKUMHU, (PU3UKO-
XUMHUYECKUMHU, OMONIOTHICCKUMH, PU3UUYCCKUMHU U
BOJHO-(QHU3UYECKUMH CBOWCTBAMHU TOYB. MOHHUTOPHUHT
CIIYKHT OCHOBOM JUIsl pa3pabOTKH IPOECKTOB M TIAHOB IO
HCITOTb30BAHHIO 3€MEIBHBIX YTOJIHA, BOCCTAHOBJICHUIO
MMOYBEHHOTO IIJIOJOPOIUS U MPUHSTHS PEIICHUHA B arpo-
Homuu [1, 2].

Key words: weather conditions; nitrate nitrogen; soil nitrification
capacity; soil fertility.

[Inmomoponue mMOYB 3eMeIb CEIbCKOX03SHCTBEHHOTO
Ha3HAYCHUS XapaKTePU3YEeTCs MEepeuHeM IoKaszaTeleil B
cootBeTcTBUU ¢ OCT 10 294-2002. BMmecTe ¢ TeMm, Kak
MOKa3aju pe3yJbTaThl NPEAbIAyLIIUX UcciaeaoBaHui [3],
HCTIOJTb30BAHUE JIJISI OLIEHKH a30THOTO PEXKHMa MOYBBI
TaKoro TMoKa3zaTelsl, KaKk CcoAep>KaHhe HUTPATHOrO a3oTa
He HH()OPMATHBHO, TIOCKOJIBKY HAXOAUTCS O] BIUSHHEM
MHOTHX ()aKTOPOB, HE HMEET SIPKO BBIPAKEHHOU KOPPEsi-
1IUU C YPOXKAWHOCTBIO CETbCKOXO3SMCTBEHHBIX KYJIBTYp U
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JTIOCTOBEPHBIX Pa3INYHi 110 BapUaHTaM B TIEPHO/T BET€Tallny
B CBSI3M C BBIHOCOM a30Ta uromaccoid. [ToaTromy st po-
BEJICHHUSI KOMIUIEKCHOTO MOHHTOPHHTA IUIOAOPOINS [TOYB
3eMeJb CeNbCKOXO03SHCTBEHHOTO Ha3HAYCHHS HEOOXOTUMO
UCIIOJIb30BaTh MHTETPANIbHbIE MTOKA3aTeIN OMOJIOTHYECKOH
aKTUBHOCTH 1T0YB. Cpei OCHOBHEIX TIOKa3aTeleil OMOTeH-
HOCTH TTOYB (JIbIXaHue, HUTPU(UKAIIMOHHAS CTIOCOOHOCTD,
a30T(UKCHPYIONIAs U IIEJUTI0N030pa3iararonias akTHBHOCTB )
IUISL YCIOBHUH apUIHBIX PETHOHOB Hambojee aKTyalbHa
HUTpUPUKAITMOHHAS cIOCOOHOCTH [1]. OHa obecrieunBaeT
€CTECTBEHHBIH NPUTOK HUTPATHOTO a30Ta, CIYKUT OJHUM
u3 (pakTopoB GOPMHUPOBAHUS ypOXKasi, O0OYCIOBINBACT Ha-
KOIUIEHHE HUTPATHOTO a30Ta B MPOIECCe YXOa 3a MapoM
[4]. Ompenenenue auanazoHa BO3MOKHOTO BApbUPOBAHUS U
ONTUMAITEHBIX BETMYNH HUTPUPHKAIIMOHHOHN CITOCOOHOCTH
MTOYBBI — BAYKHOE YCIIOBHE THATHOCTUKU a30THOTO MTUTAHUS
pacTeHHH MPUMEHUTEIHHO K KOHKPETHBIM NMOYBEHHO-
KITMMAaTHYeCKAM 30HaM, a TaKKe BEreTaIlll KOHKPETHBIX
KyneTyp [1].

Ha ceronHsmHuii AeHb METOJMKA HMCIIOIb30BAHUS
HUTPUPUKAITMOHHON CIIOCOOHOCTH ITOYBEI KaK WHTETPaTb-
HOTO TIOKa3aTeNs IMOYBEHHOTO THIOJOPOIUS IS yCIOBHA
apuaHbIX pernoHoB P® nayuHo He obocHoBaHa. Hanpu-
Mep, CYIIECTBYET MpaKTHKa O0TOOpa 00pas3loB BECHOH IO
Hayaja arpoTeXHUYCCKUX MEPONPHUITHH, KOT/a MOYBa
HaXOJIUTCS B COCTOSIHUU TOMeocTasa [2], HO B 9TOT MEPHOJ
(opmupoBaHre HUTPUDUKAITMOHHON CITOCOOHOCTH TOJIBKO
HauMHAeTCA. B muTeparype n3BeCTHBI pe3yNbTaThl H3yUCHHUS
HUTPU(PUKAMOHHOIN CIIOCOOHOCTH B T€YEHUE BETeTaINH
pACTEHHI1, OTHAKO B ITUX HCCICIOBAHUAX HE yHalOCh
OTIPEIETINTh CPOKH, B KAKOM CITydae OHa KOPPEIHPYET C
pasMepamu ypoxKaeB KyJabTyp [6].

Borpoc 0 HeoOX0aMMOH [UTHTETEHOCTH KOMITOCTUPOBAHHS
TaKKe OCTaeTCsl OTKPHITHIM. KOMIIOCTHpOBaHKE TTOYBHI 110
30 el n OoJiee MO3BOJISIET PACKPHITH MOTEHIIMAIBHbIE
BO3MOYKHOCTH a30TOHAKOIUICHHSI M OCOOCHHOCTH CTPYKTYPHI
OpPTraHMYECKOT0 BEIIECTBA, HO C TOYKH 3PEHHS arpOHOMHHU
HanOosee orepaTHBHO CEMHHEBHOE KOMITOCTHPOBaHHeE [2].

[IposiBieHne MAKPOOHOTIOTHYSCKOW aKTUBHOCTH ITOYB
B Pa3MYHBIX AMANa30HaX BPEMEHH CBS3aHO C CE30HHOU
JIMHAMHUKOHN TeMIepaTypbl U KOJIMuecTBa ocaakoB [ 7, 8]. Ho-
Ka3aH HU3KUH YPOBEHb HUTPUPHUKAIIMOHHOHN CITOCOOHOCTH
mpu Temnepatype noussl 5 °C [9, 11, 12], u ee ocnabnenne
B MEP3JIOTHBIX ITOYBax ¢ riyonHoit [ 10]. Pe3ynbrarer Hammx
WCCIICIOBAHHI CBUCTEIBCTBYIOT, YTO TOIOBBIC KOJICOAHNUS
TeMIepaTypbl ¥ KOJTNIECTBA 0CAAKOB, 0COOCHHO BO BTOPOH
TIOJIOBHHE aIIpestsi — Mae MEeCsIIIE, OKa3bIBAIOT OOJIBIIIOE BIIHSI-
HUE Ha (HOpMUPOBAHHE HUTPUPHUKAIIMOHHOHN CITOCOOHOCTH
M a30TOHAKOIUICHHE B TIAPOBBIX MOJAX [4], 4TO CBSA3aHO C
CE30HHOI JMHAMHKOH MHKPOOHOJIOTHYECKOH aKTHBHOCTH
MoYBHI [9].

CrnenoBaTeNnbHO, YBETHUYCHHE OMOIOTHYECKON aKTHB-
HOCTH MPOUCXOJUT MO MEPEe MPOTPEeBaHMs IIOUBbI B BECEH-
HUH TepHOJ U MOXET pacCMaTpUBAThCS KaK (QYHKIUS OT
CYMMBI aKTHBHBIX Temriepartyp Bbie 5°C Ha TIyOuHe mo-
yBbI 20 cM. BeposiTHO, T03TOMY BBICOKasi BAPHAOEIEHOCTD
HUTPU(DHUKANHOHHON CIIOCOOHOCTH B arpojiaHamadrax
CBsI3aHA HE TOJBKO C BapHaOEIbHOCTHIO TUIOOPOHS, HO
n ¢ nuddepennuanueii MporpeBaHusi CKIOHOB Pa3HOM
9KCIO3ULMHU U UHcoJsiuuu [7]. B ycinoBusix coBpeMeHHO
apUaU3aiy KIMMAaTa CPOKH YCTAHOBIICHHUS ONTHMAIbHBIX
JUIsl HUTPU(HUKALUKE TEMITEPaTyp 3HAUYUTEIEHO BapbUPYIOT
[8]. B cBsA3M ¢ 3TUM MOXHO HPEAINONOXKUTh, YTO CPOKHU
oTb6opa mpobd MOYBH HEOOXOAMMO yCTAHABIMBATH HE
KaJIeH/IapHbIe, a B ITPUBS3KE K YETKO HICHTH(GUIIMPYEMBIM
JTaraM >KU3HEACATSIIEHOCTH OMOJIOTHYSCKIX 0OBEKTOB.

Taxum 006pa3zoMm, I KayT0H 30HBI U CENbX03KYIBTYPHI
BO3MOJKHO HayuHOe 000cHOBaHHE YP(PEKTHBHON METOTUKH
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HCTIOJH30BAHUS HUTPHU(PHUKAIIMOHHON CITOCOOHOCTH TOYBHI
Kak JUIsl 1eJied MOHUTOPUHTA IJIOJOPOAMS, TaK U IS
KpPaTKOCPOYHOTO arpPOHOMHYECKOTO TNITAHHPOBAHUSI.

Ilenp uccnenoBanuii — onpeaeaeHue ONTUMAIbHBIX
HOPMaTUBHBIX 3HAUCHU I HUTPUPHUKAIIMOHHOH CITOCOOHOCTH
Y CPOKOB 0TOOpa 00pa3IIOB MTOYBHI JIJIs TUATHOCTHUKH a30TO-
HAKOIICHHS B MTAPOBBIX IOJIAX, @ TAKXKE MTPOTHO3UPOBAHNUS
ypoXasi 03UMBIX KYJIBTYP B YCIOBHUSIX 3aCyLUTHBOI CTEIH
[ToBosxbs.

MeTtoauxka. Pabory Beimonsasuin B 2016-2019 rr. B
crarmonapubsix onbiTax PI'BHY «®AHII FOro-Bocrokay
B YCIOBHUSIX CTEMHOH M cyxocTemnHoi 30H CapaTOBCKOH
obmactu (reorpaduueckue xkoopauHaTel 51.603656,
46.032527). KoadduiueHT yBinaxHeHHs] TEPPUTOPUH, pac-
cuutannblii no H.H. ViBanoBy, B cpeanem cocrasiusiet 0,47.
[TouBa —yepHO3eM FOKHBIN MAJIOT'yMYCHBIN CPEIHEMOLIHBII
TSDKEJIOCYTIIMHHUCTBI CO CPEIHUM COJIEpIKaHHEM Irymyca —
4,1...4,5%, BasioBoro azora — 0,220...0,235 %, BajoBoro
¢dochopa 0,118...0,130 % wu BamoBoro kanus 1,8...2,0
%. OO0ecre4eHHOCTh JAOCTYIHBIMUA PacTeHHsIM (hopMamu
(bochopa mo Mauuruny Beicokas 47,0...62,0 MI/KT IOYBHI,
xamust 350...500 MI/KT MOYBHI.

O6pasue! moussl B cioe 0...30 cM oTOMpau B OJTHH U
T JK€ CPOKH B ITAPOBBIX IMOJISIX U IO/ O3MMOU MIICHUIICH
B CEBOOOOPOTAX Pa3HOI MPOTOIDKUTEIFHOCTH M COCTaBa C
HCITOJIb30BaHMEM Pa3HBIX arpOTEXHOJIOTHH (KiTaccudyeckasi,
MeJKasi, pa3HOTTyOHHHAs 00pabOTKY mamrHu). B geThipex-
MTOJTFHOM CE€BOOOOPOTE paHHEH BECHOU IOl 03UMYIO TIIIIe-
HUILy BHOCHJIM aMMHUa4YHyI0 cenuTpy B 1o3e N40 kr/ra 1. B.
Y TIOJ] TIPEITTOCEBHYIO KYJIBTUBAIIHIO IO Ipoco — N60 kr/ra
1.B. Cpoku mocesa (1.09—10.09) u Hopms BeiceBa (4,0...4,5
MJTH BCXOJKHX 3€PEH Ha | ra) COOTBETCTBOBAIIM 30HAIILHBIM
TEXHOJIOTUSM BO3JICIIBIBAHUS O3MMOM ITIIICHUIIBI.

3a ocHOBY HaOrOEeHNS 32 (HOPMHUPOBAHNEM HUTPUDH-
KaI[MIOHHOM CITOCOOHOCTH M €€ pean3aineil ObUIM IPHHSTHI
WHTETpaJbHBIC TTOKA3aTEeIH a30TOHAKOICHHS B TETUIBIN
MeprosI roja B 0ECCMEHHOM Mapy M MApPOBBIX MOJISX CEBOO-
0OpOTOB, MTOCKOJIBKY 3/1€Ch HCKIIIOYEH OJIMH M3 OCHOBHBIX
(hakTOpOB pacxo/ia MOYBEHHOTO a30Ta — BBIHOC C (PUTOMAC-
coi. B ombITe BbIpamuBalii COPT 03UMOM MATKOM MIIEHUTIBI
Kanayg 60 cenexiiuu ®T'BHY «®AHI FOro-Bocroxkay.

Cpoku oTO0pa 00pa3oB B MAPOBBIX MOJISX H IO 03U-
MOW MIIeHHUIEeH, OBIIH MPUYpPOUYCHBI K OCHOBHBIM (hazaMm
Pa3BUTHUS KYJIbTYPBI, IIOCKOJIBKY B arpeie—Mae OHU TeCHO
KOPPEIUPYIOT ¢ arpOKIIMMATHICCKIMU H3MCHEHUSMH T10-
YBEHHBIX Nokazarteneii [7]. [IpoOsr oTOupanu B crieayiomue
cpoku: 1 — ampenp (MOJHOE OTTaWBaHHME MOYBBI, HAYAJIO
BEreTal[Ul O3MMOM IIIICHUIIBI); 2 — TIepBasi MMOJIOBHHA Mast
(TpyOKOBaHKE — HAYAIO KOJIOMICHHUS O3UMOH MIIIEHHUITBI); 3
— KOHEIl Mast — Ha4yaJio MIOH (1{BETEHHE O3UMOH IIIIEHHIIBI);
4 — KOHeIl UIoJIs — Havallo aBrycra (yOopka 03UMOH Iiie-
HUIBI); 5 — cepelnHa aBrycTa (II0CeB 03MMOM MIIICHHIIBI TIO
napy). B 2016 u 2018 rr. 06pasisl oTOMpay Takxke 1mocie
ImoceBa 03UMOH MIIICHUIIBI 10 BCXOaM (Ha4ajio CEHTSIOPsT)
1 B a3e OCEHHETO KYIICHUS (KOHEI CeHTIOPS).

KomrmoctrpoBanue nouBsl (7-JHEBHOE) MTPOBOMIH T10
MeTony KpaBkoBa, cofiepkaHre HUTPATHOTO a30Ta OIpee-
Tt roHOMeTpuaeckuM MetoioM o 'OCT 26951-86.

AHanu3 TaHHBIX O COBPEMEHHBIX TEH/ICHIIMSIX N3MEHe-
HUS [TOTOHBIX YCJIOBUH OMHPAJICS HA PE3YIbTATHI HAIIMX
nmpeasiayme uccienoanus [8]. CBeaeHUS 0 METEOoyCIo-
BUSIX B TOZBI HAOJIO/CHHUS OBUIM NPEJI0CTaBIICHBI METEO-
cranuueit «CapatoB IOro-Bocrok» Capartosckoro II'MC
— ¢punmana ®I'BY «IIpuBomkckoe YIMC.

Jast craTucTHYeCKO 00pabOTKH IKCIIEPUMEHTAIBHBIX
JAHHBIX HCIIOJIE30BAIN JIBYX- M TPEX(PaKTOPHBIA THCIIep-
cuoHHBIHA aHanu3. OO6paboTKy MaTeprana MPOBOIUIH B
nporpammax Excel u Agros.
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Pe3yabTaThl 1 06cyxaeHue. [1o TaHHBIM MHOTOJICTHETO
MOHUTOPHHIA COJEPKaHNSI HUTPATHOTO a30Ta B MAaPOBBIX
MOJIAX ero HamOoJiee aKTHBHAs CE30HHAs AMHAMHKA OT-
MedeHa B cioe oussl 0...30 cm. Hakoruienne HUTpaTHOTO
a30Ta B YEpPHBIX Mapax CEeBOOOOPOTOB K ITOCEBY O3MMOI
MUIEHULBI B TAXOTHOM clioe B cpeaneM 3a 2010-2019 rr.
coctaBmwio 17...19 mr/kr. OcraTouHas HUTpU(DUKAITMOHHAS
CIOCOOHOCTH I10]] YEPHBIM ITapOM COXPaHSIACh Ha YPOBHE
7...13 mr/kr, Onaromapst 4eMy B ONITUMAIBHBIX YCIIOBHIX
CEHTSOPSI — OKTSAOPS MPOJOHKAIOCH a30TOHAKOTUICHHE B
MIEPHO/T BCXOJIOB M OCEHHETO KYIIEHHS 03MMOMW MILCHUIBI.
B GeccMeHHOM mapy, IO CpaBHEHHIO C YEPHBIMH MMapaMu
CceBOOOOPOTOB, CIIOCOOHOCTH MOYBBI K HUTPU(DHUKAIIUN K
cepeMHe aBrycTa MPaKTHYECKH MCYepIbIBaNach (2 Mr/kr
mouBkl). TakuM 00pa3oM, CBEIKUE PACTUTEIBHBIC OCTATKU
B TIOYBE ITOJIEBBIX CEBOOOOPOTOB B HEKOTOPOH CTEMEHHU
MOJ/ICP)KUBAIOT €€ OMOJIOTMYECKYI0 aKTHBHOCTh M WHTe-
TpaJbHBIC TIOKA3aTeIH a30TOHAKOIUICHUS.

VHTEeHCHBHOCTh HAKOIUICHUSI MHUHEPAJIHHOTO a30Ta HE
BCET/Ia 3aBHCUT OT BAJIOBBIX 3aM1aCOB 3TOI'0 MUHEPAILHOTO
AIIEMEHTA, IIOCKOJIBKY B YepPHO3EMaX OHU YHEPTETHYCCKH HE
nmoctynHbl. OHA U3 33424 arPOTEXHOJIOTHIA BO3/ICIIBIBAHNS
KyJIBTYp — CO3/IaHU€ PEKUMOB IIUTAHUS PACTEHU, oOecrie-
YUBAIOMIAX (OPMHUPOBAHNE MOBHIIICHHONW HUTPUPUKAIN-
OHHOM CTIOCOOHOCTH 3a CYET €CTECTBEHHBIX 3aI1acOB a30Ta.
Tak, Mo JaHHBIM MOHUTOPHUHIA ITOYBEHHOTO TJIOAOPOIHS
YepHO3eMa FO’KHOTO B paMKaX OITbITa IO IPUMEHEHHFO KJ1ac-
CHYECKOH W Pa3HOTIYOMHHON 00pabOTKH MOYBHI HA TIOJSIX
®OAHII IOro-BocToka, mpuMeHeHne TpaJAUIIMOHHOW TeX-
HOJIOTHH 00paOOTKH ITOYBHI MOBBIIIACT 3aTIaCHI HUTPATHOTO
a30Ta, TI0 CPAaBHEHHUIO C IPUIICTAIOIIEH 3aJISKBI0, B BEPXHEM
MOJYMETPOBOM CJIO€ MPUMEPHO B ceMb pa3 (47,7 u 6,9 kr/ra),
HECMOTpS Ha MOHIKCHHOE COJEp)KaHWE BaJOBOTO a30Ta
(10 000 m 13 000 Kr/ra COOTBETCTBEHHO).

B ycnoBusix 2016-2019 rr. HUTpUQHUKAMOHHAS CHIO-
COOHOCTPH MOYBHI HAYMHAJIA aKTUBHO (POPMHUPOBATHCS C
JTOCTIDKEHHEM CYMMBI aKTHBHBIX TeMIiepaTyp (Bbiie +5 °C)
Ha riryoune noussl 20 cMm 10 20 °C u Bo3pacTaer ¢ rmocre-
MIEHHBIM MPOTpEeBaHUEeM BepxHero cios mo4uBk (0...5 cm)
o +10...15 °C.

3a neproJ HaOIIO/IEHHUS CPOKU TMOJHOTO OTTaWBaHUS
MTOYBBI BApbUPOBANIN B Ipejenax 2 AeKal, Hauboiee paH-
Hee orranBanre orMedanu B 2016 1., mo3aHee — B 2018 T.
(tabmn. 1). Cpoku OTTaWBaHUsS MMOYBHI U HEYCTOWYHUBOCTH
METEOYCIIOBHIA 1o rofaM (B Mae BapuadbenpHOcTh I TK ObLTa
paBHa 45, CyMMBI BBIITAJAIOIINX 0CAIKOB — 39, B HIoJIe — CO-
OTBETCTBEHHO 63 1 62), BIUSIN HAa Pa3BUTHE HHTETPATIBHBIX
MoKa3aTesieii a30TOHAKOIUICHUSI B TIAPOBHBIX IMOJSX U 00b-
SICHSUTH BBICOKYIO BapHaOeNbHOCTh HUTPU(PUKAINOHHON
crocoOHocTH 1MouBHI (0T 2 110 14,5 MI/KT TIOYBEI; Kmp:61)
KaK B Hayaye yXxoJa 3a IapoM, TaK M K IOCEBY O3UMOU
neHusl [12].

Taoua. 1. ArpoKImMaTHiYecKHe MOKA3aTe/lM B BECEHHUI epro.

Ton
IToka3zatenn
2016 | 2017 | 2018 | 2019
Cpok OTTauBaHUs TIOYBBI 09.03 25.03 18.04 23.03
I'TK 3a maii 1,6 2,3 0,5 0,6

BaxHbIii arpoKIMMaTHYCCKHI TOKA3aTEIb I PA3BUTHS
A30TOHAKOIUICHUS, KPOME CPOKOB OTTAMBAHMUS [OYBBI, —
WHTEHCUBHOCTB TPOTPEBAHUS B BeceHHUH nepuo/ (puc. 1).
CornacHo pe3yJbTaTaM MHOTOJICTHUX HAOJIFOICHUN HUTPH-
(buKannoHHast CHOCOOHOCTH MTOYBBI B [TAPOBBIX MOJISX B Mae
HMEET JOCTOBEPHYIO MOJI0KUTENBHYI0 Koppessiuuto ¢ ' TK u
KOJIMYECTBOM 0cakoB (r=0,62**). B To BpeMs kak coepika-
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3 pekapalV | 1 pekapaV | 2 pekapaV | 3 pekagaV | cpepHaa T°C
—4—2016 13,5 17,6 15,8 21,8 17,2
2017 10,3 18,1 13 17,6 14,8
=he=2018 13,8 20,3 19,2 22,8 19
=>¢=2019 13,3 16,6 22,7 22,4 18,8

Puc. 1. /lunamuka npozpesanus 6epxnezo cios no4evl
(0,00...0,05 m) ¢ anpene—mae.

HUE HUTPATHOTO a30Ta KOPPEIUPYET C STHMH TIOKA3ATEISIMU
OTPHIIATENBHO, a Ha MPOTSHKEHUH BCETO TEIJIOT0 Mepruoa
TECHO CBSI3aHO CO CPEIHEH TeMrepaTypoil 1 abCOIIOTHBIM
TEeMITepaTypHBIM MAaKCHMyMOM Ha ITOBEPXHOCTH 1 B BEPXHUX
ciosix mouBkI (1=0,85%*). JI7st pa3HBIX arpOTEXHOJIOTHH BO3-
JIeITBIBAHNS CEITbCKOX03HCTBEHHBIX KYJIBTYP B 3aBUCHMOCTH
OT CPOKOB OTTAaWBAHHUS M IIPOTPEBAHIISI TIOYBHI COXPAHICTCS
OJIMHAKOBAs TCHACHIIHS Pa3BUTHS HHTETPAJIbHBIX TTOKa3aTe-
neid. [TockobKy B 7TOM COOOIIEHUH MBI ITOKa3bIBAEM OOIIYIO
3aBHUCHMOCTh OMOJIOTHYECKON aKTHBHOCTH OT IMOTOJHBIX
YCIIOBHH, TO MCTIOJIB3YEeM CPETHIE 3HAUCHUS.

Bricokuii ypoBeHb HUTpU(HUKAIMOHHOH CHOCOOHOCTH B
mae 2017 r. oobsacHseTcs Beicokum ['TK — 2,3 (cMm. tabu. 1)
U MUHUMAJIBHOH 3a MEpHOJ HAaOIIONEHUS TeMIepaTypoi
BepXHUX cyioeB mouBbl — 14,8 °C (cM. puc. 1). B Takux ycio-
BHSIX OTMEYAJM 3aTPYAHCHUE Peai3alii MMOTCHIINAIEHON
CTIIOCOOHOCTH ITOYBBI K HUTPU(HUKAIINH U HAKOIUICHUIO HU-
TPaTHOTO a30Ta B YEPHOM I1apy B IIEPBO MOJIOBHHE Masl, TI0
cpaBHermto ¢ 2016 1. (puc. 2). B cpeareM no ceBooboporam
HUTpHUPHUKAITMOHHAS cCTTOCOOHOCTH B 2017 T. ObLITa 3HAYNMO
BhImre, yeM B 2016 1. (22,17 u 11,83 MI/Kr no4BkI) Npy NOHHU-
YKCHHOM COJICp’KaHIH HUTPATHOTO a30Ta (COOTBETCTBEHHO
6,92 u 12,43 MT/KT TTOYBBI).
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>~—
10 / \
5 Nm—
0
1 2 3 4 5
—4—2016 12,43 11,83 13,07 4,47 3,78
2017 6,92 22,17 20,23 10,31 5,15
=e=2018 5,47 13,21 14,06 15,89

Puc. 2. /lunamuxa numpugukayuonnoii cnocoonocmu 6
napoevix nonsax. Cpoxku omoopa oopasyos: 1 — anpenv; 2 —
nepeas nonoeuna mas; 3 — KOHey mas — Ha4a10 urwHs; 4 —

uionb; 5 — KOHey ulona — agzycm.

[ToBbIIeHHas! CpeAHsAs TeMIepaTypa BEPXHHUX CIIOCB
noussl B Mae 2016 r. (21,8 °C), no cpaBHenuto ¢ 2017 T.
(17,6 °C), ciy)uT OJTHOM U3 IPUYHH NPEUMYIIECTBEHHOT'O
HaKOIJICHUSI HUTPATHOTO a30Ta K IT0CEBY O3UMOH MIICHHU-
16l (COOTBETCTBEHHO B CPEIHEM I10 ceBoobopoTam 21,3 u
16,3 Mr/kr).

[To3nuee orrauBanue mouBsl B 2018 r. CABHHYIIO CPOKH
(dbopmupoBaHuss HUTPUDUKAITMOHHON CITOCOOHOCTH. A TIO-
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Ta6.. 2. ®opmupoBanue puTomMaccsl B (pa3e TPyOKOBAHMS — HAYAJIO KoJIomeHus Ha miomanu 0,25 M? 1 ypoxKasi 3epHa 03UMOii
NIIEHUIIBI B CBS3U C A30TOHAKOIIEHHEM B NIOYBE

. MuTerpanbHblii mokas3arenb a30TOHAKOIICHHS,
duromacca ¢ y4eTHOU MI/KT TIOYBEI Vposaiitocts sepHa, Coneprxanne
Ton TUTOIAIHM, / CBIPOTO
KT HUTPHPUKAMOHHAS N-NO T/ra npotenta, %
CIOCOOHOCTh 3
2016 0,450b** 7,380a 3,620b 4,14b 9,630a
2017 0,150a 20,210b 1,950a 7,11¢c 10,230ab
2018 0,147a 6,990a 4,200b 3,37a 13,220c
HCP 87,279 1,495 4,421 1,11 0,961
F 69,246* 309,260* 7,381% 4830,26* 46,535%*
*F-KpUTepHil MOKa3bIBAaCT JOCTOBEPHOCTD PA3INUHil TOKA3aTeNeH M0 roam
**cormacHo kputepuio JlyHKaHa BapUaHThI C OJIMHAKOBBIMHU JIATHHCKUMH OyKBaMH, Pa3INYarOTCsl HE3HAYNMO

cIeyromas 3acyxa ¢ MporpeBaHIEM MOYBHI yKE B IIEPBOH
nekane mas 1o 20 °C 3atopmo3suiia ee pazsutue. [lostomy
BEIMYMHA MHTETPAIBHOI'O ITOKA3aTeNsl MOTCHIIHAIEHOTO
A30TOHAKOIUICHHUS AocThra ypoBHA 2016 T. TOJIBKO B HIOHE
W HE MEHsIIAach JI0 aBrycTa. Pe3ysnbTaToM craiia TeHJCHIHS
MTOHIKEHHOTO COICpKaHMs HUTPATHOTO a30Ta K MOCEBY
03UMOM MIIEHUITBI (KOHETIT Htodisi) — 14 MT/KT.

Takum 00pazoM, 0COOCHHOCTH ANHAMUKH HHTETPAILHO-
TO IOKA3aTels «<HUTPU(UKAITMOHHAS CTIOCOOHOCTD ITOYBED)
B MApOBBIX IMOJIAX OMPEISNAIOT HAKOIUIGHHE HUTPATHOTO
a30Ta K KOHIy yX0/1a 3a [TapOoM.

[Iporeccrl a30TOHAKOIUICHHS O] KYJIBTypaMu CEBOO0O-
POTOB CONPSKEHBI C BEIHOCOM a30Ta (PUTOMACCON U ypoKa-
eMm. l3MeHeHHs arpoKJIMMaTHYECKUX XapaKTEPUCTHK ITOYBEI
B CEpEMHE anpelii—Mae COBIIAAAI0T C HAYallOM BECCHHETO
OTpacTaHus O3MMOM MIICHUIIH U TOCIECAYIONMMHA (hazaMu
ee Bereranyu. [Ipyn HanMYMK BECEHHMX 3aracoB BJIATH 3TO
oTIpeNieNsieT B apHIHOM KIIMMATe PErHOHa POCT U Pa3BUTHE
KYJIbTYpBI, CONPOBOXKAAEMbIE HHTCHCUBHBIM BBIHOCOM
azora. [loHwkeHHas TemrepaTypa BEpXHUX CJIOEB TOYBBI
3aMeIIIsIeT HaKOIUIEHUE (PUTOMACCHI, TOATOMY MEXKTY ITOKa-
3aTEeJIIMH B 3TOT IIEPHUOJT OTMEYACTCSI OTPHLIATEIbHAS KOppe-
sty (r=-0,83*%*). [ToBbImeHe TeMIIepaTypbl CTUMYJIHPYET
OHMOJIOTHYECKYIO0 aKTHBHOCTB TTOYBHI, a30TOHAKOIUICHHUE, a
TaKkKe POCT M Pa3BUTHE KyIbTypbl. CHHXPOHHOCTh 3THX
nporeccoB obecrnednBaeT TPOPHUKY arpoleHO30B 03UMBIX
KYJBTYp B UTPACT BAYKHYIO POJIb B arPOIKOJIOTHH.

MaxkcuManbHBIN ypOBEeHb HUTPUDUKAITHOHHON CTIOCO0-
HOCTH II0J] O3UMOH TIICHUIIEH, KaK ¥ B MapOBBIX MOJISX,
oTMevaeTcs K (pase TpyOKOBaHUS — HAaYaly KOJOMICHUS.
KonngecTBeHHO BBIHOC OMOJIOTHYECKOTO a30Ta, POPMHUPOBA-
HHEe (PUTOMACCHI B X0/1€ BETeTaINH U BIIOCJIC/ICTBUH YPOKast
3epHa B OOJNBIION Mepe 3aBUCST OT YPOBHS HUTPUPUKAIIH-
OHHOM CIIOCOOHOCTH K 3TOH daze (r=0,98**).

Tak, MOHW)KEHHAsl TEMITEpaTypa MOYBbI B KOHIIE alpestst —
Hagase Mast 2017 r. caepkuBaia opMupoBaHue GUTOMACCHI
K (baze TpyOKOBaHWS — HaYaTy KOJIOIICHUS, 3aTPy THsIa pea-
JIM3aLUI0 HUTPU(PUKAIIMOHHOH CITOCOOHOCTH M HAKOIUICHNE
HUTPATHOTO a30Ta B 1ouBe (Tadi. 2). [IporpeBanne No4YBbI B
Mae — MIOHE CTIOCOOCTBOBAJIO aKTHBHOMY a30TOHAKOTIICHUIO
Ousiaroziapsi BHICOKOW HUTpH(HUKAIIMOHHON CIIOCOOHOCTH
(18...27 MI/KT) 1 ”THTEHCUBHOMY HapacTaHHUIO (PUTOMACCHI.
[TormxkeHHOE comep:kaHue HUTPATHOTO a30Ta B MOYBE B
2017 r. Ha TPOTSHKEHUHU BETeTaINH, 110 CPABHEHHIO C IPYTH-
MU ToJIJaMH HAOJFOACHUS, OOBSICHICTCS HAPACTAIOIINM BBI-
HOCOM 3TOT0 JIEMEHTA IIPU MPOTPEBAHUH TIOYBHI BO BTOPOH
TMIOJIOBMHE Masi — MIOHE, YTO 00eCTIeYHBaIOCh pealln3alnei
HUTPUPHUKAITMOHHOH crtocoOHOCTH. [loCTeneHHBIN MPUTOK
OMOJIOTMYECKOTO a30Ta B JalibHeWeM obecrieuna (op-
MHUpOBaHHE ypoxkas 3epHa copra Kanau 60 1o oT1enbHbIM
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BapuaHTam arpotexnosioruii 10 10 1/ra. 1o coxepxanuro
a30Ta B 3epHE B CPEJHEM OTMeEvaiach TEHJCHIHS K €ro
YBEJIMYEHHUI0, 110 cpaBHeHUIo ¢ 2016 .

CornacHo kpureputo JlyHKaHa, IpU paHHEM OTTauBAHUN
nouBsl B 2016 . Kk ¢aze TpyOKoBaHMs HaKoruieHHe GuTo-
Macchl ObuT0 Ha 67 % BBIIIE, YEM B /1BA OCIIEAYFOIIHUX T0/1a
(0,45 xr/m?, npotus 0,15 u 0,147 Kr/mM?> COOTBETCTBEHHO).
K ¢ase userenus on cocrasun 0,670 kr/m>. Ilpu 3TOM HH-
TpUPHUKAIUOHHAS CTIOCOOHOCTH ObLIa HIKE, 4eM B 2017 T.
B 2,7 pa3a, a ypoxaii 3epHa — B 1,7 pas.

B yciioBusIX Mo3/1HETO OTTaMBaHUS MOYBBI U PaHHEH
3acyxu 2018 1. HeOIaronpusITHEIE METEOYCIOBUS HE TOJb-
KO CKa3aJluCh Ha POCTE pacTeHUi (maxe K (aze IBETCHUS
¢uromacca Obuta MeHbie, yeM B 2016 1. Ha 40 %, a no
cpaBuenuto ¢ 2017 r. —ua 22 %), HO ¥ IPUBEIH K O3 JHEMY
(hopMHUPOBAHHUIO HUTPUPUKAITMOHHON CTIOCOOHOCTH. YPO-
»al 03uMoit meHuIb! copra Kanad 60 ObLT MUHUMAaTbHBIM
3a 3 rosa HaOIIOIeHNSI.

ITonmxeHHast HUTPU(PUKAIMOHHAS CITIOCOOHOCTB IOYBBI
B Mae 2018 r. caepkuBana a30TOHAKOIUIEHHE, TEM CaMbIM
COXpaHss a30T B (popMe JIETKOMHUHEPAIN3YEMBIX OpraHU-
YECKUX COCAMHEHMH, 4TO Ha (DOHE ero MEHBIIEro BBIHOCA
¢ (uTOMACCON COXPaHSUIO MOTEHIMAIBHOE UI0A0POaHE
TIOYBBI B YCJIOBHSIX 3aCYIUIMBBIX CTEIICH.

Takxum 00pa3zoM, CTAHOBHUTCS OYEBHTHBIM, YTO (POPMHPO-
BaHME B YCIIOBHSIX 3aCYIUIMBBIX CTENEH B OTACIBHBIC TOIbI
BBICOKOTO YpO’Kasi 3€pHa C IOBBIIICHHBIM COJEPKAHUEM
0eJKa TECHO CBSI3aHO C BBICOKMM a30TOHAKOIIJICHHUEM IIPU
ONIaroNMpPUSTHBIX MOTOJAHBIX YCIOBUSIX.

MHorosneTHee H3y4eHHe IIePeXO/ISIIIX OCCHHE-BECEHHUX
MOKa3aTesiel CBUIETENILCTBYET O IPOIOIKEHIN HAKOTUICHUST
HUTPATHOT'O a30Ta IIPH COXPAHEHUH BBICOKOTO YPOBHS HHU-

18
16
14

15,89

N-NO; mr/kr

13.08.2018 |08.10.2018 | 15.04.2019 | 31.05.2019 | 15.06.2019 | 20.08.2019

Puc. 3. ounamura unmezpanabHulX noKazamenei
A30MOHAKONIEHUS 8 CPEOHEM NO 4-ROTbHOMY ces00bopomy
noo o3zumout nuenuueir (2018-2019 zz.).
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TpUPUKAIMOHHON CIIOCOOHOCTH B PAHHEOCEHHHH MEPUO/T
(puc. 3). Tak, B 2018 r. ociie moceBa 03MMOH MIICHHIIBI 110
YEepHOMY I1apy, HECMOTPSI Ha OCEHHEE KyIIEHUE KYJIbTYPBI 1
BBIHOC 230Ta, HAKOTICHUE HUTPATOB B IT0YBE MPOAOIIKAIIOCH
(c 10,12 mr/xr B cepennne aBrycra 1o 13,63 Mr/kr B Havase
OKTSIOPs1) IPY CHIDKCHUT HUTPUPUKAIMOHHOH CITIOCOOHOCTH
¢ 15,89 no 7,03 mr/xkr.

JlutenbHOE M3yUYeHHe MUIEBOTO PeXXuMa B CeBO0OO-
pOTax CBUAETENLCTBYET O CHI)KEHHH 3aI1acOB HUTPATHOTO
a30Ta 3a NEepPHOJ C TEMIIEpaTypoi BO3ayXa HUXKE OMOI0TH-
YECKOro HyJIS O3UMBIX KYJIBTYp B CpeHEM B 2 pasza. DTo
CBSI3aHO C €r0 YaCTHYHBIM COPOCOM BHM3 IO MPODWIIO U
nporieccoMm aeantpudukanun. K nagamry Bereramun 2019
T. COZIEp)KaHUe HUTPATHOTO a30Ta YMEHBIIUIIOCH, IO CPaB-
HEHHIO C MO3JHEOCEHHUM, B 3 pasa (1o 4,57 mr/kr). B 10
BpeMs KaKk HUTpU(UKAIIMOHHAS CTIOCOOHOCTH BO3pOCa JI0
13,74 mr/xr. 1o Mepe pocTa 1 pa3BUTHSI KyJbTYpbI IIPHTOK
OMOJIOTMUYECKOT0 a30Ta OCYIIECTBIISIICS B pe3yJIbTaTe peau-
3aIMM HUTPUDUKAITMOHHOW CTIOCOOHOCTH TP COXPaHEHUH
TOMEOCTAaTHYECKOT'0 COIEPKaHHsl HUTPATHOT'O a30Ta B TIOUBE
(2,7 mr/kr). ITocne yOOpKH yposkast K KOHITY aBTyCcTa OTMe-
YJaJId HAaKOTUICHWE HUTPATHOTO a30Ta J0 6,36 MI/KT.

Taxkum 00pazoM, pe3ybTaThl UCCICAOBAHU JT0Ka3aIH
BO3MOXXHOCTb HCIIOJIb30BAHNS HUTPH(DUKAIIMOHHO crI0cO0-
HOCTH TIOYBBI KaK Ul LieJIell MOHUTOPHUHTA IIOAOPOIHS
MOYBBI, TaK U JUIsI KPATKOCPOYHOTO arpOHOMHYECKOI0
TUTAHUPOBAHUSI.

B ycnoBusix apugHOTO KIIMMaTa OTCHIINATIbHAS HUTPH-
(UKanMOHHAask CHOCOOHOCTH HAYMHAET (POPMHUPOBATHCS T10-
CJIE TTOJTHOTO OTTaWBaHUsI [TOYBBI U IOCTUTAaeT MAKCHMAaJIbHO-
T'0 YPOBHS IIPU BO3PACTAHUH CYMMBbI AKTUBHBIX TEMIIEPATYP
Boie 5 °C va riryoune nousst 20 cm 110 20 °C 1 iporpeBaHum
BepxHero ciost moussl (0...5 cm) o 15...17 °C.

OT6HupaTh MOYBEHHBIE 00PA3ITBI IJISI AMATHOCTUKH a30T-
HOT'O ITUTAHUS 03UMOM TIIIEHHIIBI B CBSI3U C (YOPMUPOBAHNEM
HUTPUPUKAIIMOHHON CIIOCOOHOCTH IIeJIecoo0pas3Ho B (haze
TpyOKOBaHUs — Havana KoJlomeHus. B 3ToT mepuon Bere-
TalMM HUTPUPHUKALUOHHAS CITIOCOOHOCTH MOJIOKUTEIBHO
KOppeIupyeT ¢ yposkaiiHOCTh 3epHa (1=0,98).
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N3MEHEHME POCTA JPEBOCTOEB JIMCTBEHHHUIIBI B MOCKBE 11O JAHHBIM
JOJIT'OBPEMEHHBIX HABJIIOAEHUHN

H.H. ly6enox, akanemuxk PAH, A.B. JlebeneB, kaHauaat cebCKOXO35UCTBEHHBIX HAYK,
B.B. Ky3sMuueB, TOKTOp OMOJIOTHUYECKUX HAYK

Poccuiickuii 2ocyoapcmeennviii acpapnwiil ynugepcumem — MCXA umenu K.A. Tumupazesa,
127550, Mocksa, yn. Tumupszesckas, 49
E-mail: alebedev@rgau-msha.ru

Hccneoosanue npogoounu ¢ yenvto npoeepKu Unone3svl 0 HAAUYUL 8PEMEHHBIX MEeHOeH YUl 6 U3MEHEeHUU NOKa3amenell pocma u
nPOU3800UMENLHOCHU OPEBOCHIOEE IUCHBEHHUYBL 8 YC108UsAX 20p00a MocKebl 6 meuenue 0071208peMeHHbIX Hadnodenuil. Mamepua-
Namu 0N UCCAe008AHUA CTLYHCUTU OAHHbLE HAONIOOEHUIl HA NOCMOAHHBIX RPOOHBIX NAowadax Jecnoii onvimnoit 0auu PIAY-MCXA
umenu K.A. Tumupsazeea 3a nepuoo c 1893 no 2015 ze. Hanuuue menoenyuii 6 usmMeHeHUU pocma 0peeocmoes onpedensiiu nymem
MOOenuposanus maKcayuoOHHbIX NOKA3ameneil ¢ 3a6UCUMOCIU OM 603PACMA U KATIEHOAPHOZ0 2004 C UCNONb308AHUEM IUHEHHBIX
Mooenei cmMeuannslx Ihghexmos. /Ipesocmou na ROCMOAHHBIX RPOOHBIX NOULAOAX 6 PA3HBLE 2006l HOOGEP2ANUCH GIIUAHUIO OKPY-
acarougeit cpednt. C konya XIX 6. nosvicunuce cpeonezo006an memnepanmypa 030yxa u 20006asa cymma ocaoxos. O0OHoepemeHHO
HPOU30WTIO yeenuyueHU e 6e2eMAUUOHNO20 NEPUOOA U YUCIA ONACHBIX NO2OOHBIX AGTIEHUIL, YCUTIUTIOCH 6030€ICIEUE NPOMBIULICHHBIX
6b10pocos. JIucmeennuunsle Opeeocmou 6 ypoanuzuposannvix ycnosuax Mockewl ¢ nauane u konye XX 6. Xapaxkmepu3o8anucs pas-
HbIMU meHOenyumu pocma. /[ 00H0603pacmHbIX OPe6oCmoes yeenudunucy cpeonss evicoma (+19 %), cpeonuit ouamemp (+13 %),
cpednuil oovem cmeonog (+35 %) u ymenvuiunocsy Konuuecmeo pacmyujux oepeeves (-14 %). B cpeonem yckopenue npoxoscoenus
OCHOGHBIX JMAN08 POCMA 30 PACCMAMPUBACMBLI 6peMENNOU npomexcymok cocmaeuno 20...40 nem. Tak Kak enuanue He2amugHyIxX
ghaxmopoe co cmoponwl 20po0a He nPUEeNo K CHUNCEHUIO RPOOYKMUGHOCHIU OPE6OCO0€e8, TUCHIEEHHUNY MOHCHO CUUMANb OPeeCH Ol
ROPOOOIL, yCMOUYUBOIL K YCIOGUAM YPOAHUZAUUU.

CHANGES IN THE GROWTH OF LARCH STANDS IN MOSCOW ACCORDING
TO THE DATA OF LONG-TERM OBSERVATIONS

Dubenok N.N., Lebedev A.V., Kuzmichev V.V.

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy,
127550, Moskva, ul. Timiryazevskaya, 49
E-mail: alebedev@rgau-msha.ru

The study tests the hypothesis of the presence of temporal trends in the growth and yield of larch stands in the conditions of the city
of Moscow based on long-term observations. The materials for the study were observational data on permanent trial plots of the
Forest Experimental Station of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy for the period from
1893 to 2015. The presence of trends in the growth of forest stands was studied by modeling stand variables depending on age and
calendar year using linear models of mixed effects. Forest stands on permanent trial plots were subjected to environmental changes
in different years. Since the end of the 19th century, the average annual air temperature and the annual amount of precipitation have
increased. At the same time, there was an increase in the growing season and the number of dangerous weather events. Tree stands
were exposed to industrial emissions. Larch stands in the urbanized conditions of Moscow at the beginning and at the end of the
20th century had different growth trends. For forest stands of the same age, the average height (+19%), average diameter (+13%),
average trunk volume (+35%) increased, and the number of growing trees decreased (-14%). On average, larch stands accelerate
the passage of the main stages of growth over the considered time period by 20-40 years. Since the influence of negative factors from
the side of the city did not lead to a decrease in the productivity of forest stands, larch can be considered a resistant tree species to
the conditions of urbanization and recommended for use in urban landscaping.

KuroueBble cioBa: nucmeennuya, ypoanuszayus, pocm opesocmo-
€6, NPOOYKMUBHOCTb OPEeBOCHIOEE.

[lepBblc ymOMHHAHUS O BO3MOXKHBIX H3MEHEHHUAX B
pocte apeBoctoeB B crpaHax LlenTpanbHoil EBponbl Ha
(doHE KIMMATUYCCKUX M3MCHCHHI W 3arpsS3HCHHS BO3-
myxa otHocsTes K 1980-Mm rr. [1]. Takme pesynbrathl Ha
y4acTKax JOJTOBPEMCHHBIX HAOJIONCHUN M3HAYAIBHO
BOCIPUHHAMAH KaK UCKIIOYCHHE W3 OOINEro MpaBmiia, a
HEe B KauecTBe 001Iei 3aKkoHOMepHOCTH. JanbHere uc-
cle0BaHus MOATBep WU Hanuuue B nocieanue 100 et
TEHJICHIINH K TTOBBIIICHUIO IPOTYKTUBHOCTH JPEBOCTOCB
Ha QoHEe KIMMaTHYecKuX u3MeHeHui [1, 2]. PesympraTs
MHOT'OJICTHUX HaOJIOJICHUI Ha MOCTOSHHBIX OTBITHBIX
yJacTKax B IICHTPE eBPOICHCKOW yacTu Poccuu Takke
CBHJETEIBCTBYIOT O YCKOPEHUHU POCTa JIECOB U MHTCHCHB-
HOM BBIXO0/I€ ITUPOKOJUCTBEHHBIX MOPOJI B TIOJIOT Jjieca |3,
4, 5]. Ha ¢oHe nmpoucxoasmux W3MEHEHUH HeoOXoanMa
pa3paboTKa cTpaTernu aJanTallii CUCTEMBI YIIPaBJICHUS
JIeCaM¥, YIUTHIBAIOIICH TEKYIIUI KIMMAT, TPOTHO3HUPYE-
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Key words: /arch, urbanization, Moscow, growth of forest stands,
productivity of forest stands.

MoO€ BIHSHHE KIUMaTa B OyAyIIeM U CBSI3aHHBIC C HUMHU
TOCJEICTBUS JIsl IECHBIX YKOCHUCTEM U BEJCHUS JECHOTO
XO03sICTBA.

Pe3ynbpTaThl paHee NpoBeAEHHBIX MCCIEIOBAHUN
OXBaTBIBAIOT 3HAYUTEIbHBIC TeOrpad)uueCKUe PErHOHBI
U B IICIOM MOTYT OBITh WHTEPIIOJIMPOBAHBI Ha OOJIBIIYIO
yacTh EBpoOIbI, B TOM 4KCIIe €eBPONEHCKYIO YacTh Poccuu.
OnHaKo BOMPOC O TOM, KaK CKa3bIBAIOTCS KIUMAaTUYECKHE
W3MCHEHHS Ha POCTE IPEBOCTOCB Ha (POHE BO3ICUCTBUS
Pa3IMYHBIX AaHTPOIIOTECHHBIX (PaKTOPOB B ypOAHU3UPOBAH-
HBIX YCJIOBUSIX, OCTAETCSI OTKPBITHIM. boJbII0e KOJIMUecTBO
WCCJICIOBAaHUI B pa3HBIX rOpoJiaX MHUpa HAIMPaBICHO Ha
M3y4YeHHUE BIUSHUS yCIOBUH ypOAaHM3MPOBAHHOU CpEIbI
Ha POCT U MPOJYKTUBHOCTH OTIENBHBIX JAEepeBbEB [6, 7,
8]. Hanpumep, B Anonuun, I'epmanun, Kanager, Opan-
unu, Yumu, IOxua0l Adpuku, BeetrHama, ABCTpanuu U
CIHIA 0bl1a BeIsIBIIEHA 001ast TEHAEHIUS, 9TO ¢ 1960-IT.




Poccuiickas cenpckoxo3siiicTBeHHas Hayka, 2022, No 3

JIEPEeBbs B TOPO/AX PacTyT ObICTpee, YeM, HaXOASIIeCs B
ecTecTBeHHOM cpene [7]. KimMatudeckue n3MeHeHHsI 00b-
SICHAIOT B cpefiHeM 35 % yCKOpeHus pocTa, B TOM uucie 21
% mpuxoautcs Ha 3¢ deKT rmodaapHOro MoTeIUIeHns u 14
% Ha rOpOoACKON OCTPOBHOH TEIIOBOH 2P PEKT.

Pe3yﬂbTaTbI OLEHKM MOJieJieil Ni3MEeHEeHUs pocTa ApeBOCTOECB JTUCTBCHHUIIbI

Llenb vccaeq0Banus — MPOBEPKA THIIOTE3bI O HATHYHH
BPEMEHHBIX TEH/ICHIIMI B U3MEHEHUH MMOKa3aTeleil pocta
Y TIPOM3BOAUTEILHOCTH JIPEBOCTOEB JIMCTBEHHHUIIBI B YCIIO-
BHSAX TOpoja MOCKBBI 110 MaTepHaiaM J0JIrOBPEMEHHBIX
HaOIIOICHH.

ITokazatenn Ilepemennas [Tapametp Orenka CTgﬁﬁ:g;:aﬂ p-value chcf){lzx—lmﬁ Hpeﬂf{;BHHﬁ
Cpeansisi BbICOTA
DuKCHUpOBaHHBIC Intercept B, -8,027¢+00 1,057e+00 2,04e-10 0,916 0,839
dbderrt In(Age) B, 2,835¢+00 1,496¢-01 < 2e-16
In(Age)’ B, -2,837e-01 2,032e-02 <2e-16
Year B, 2,221e-03 4,779¢-04 2,29¢-05
YpoBeHb ITapamerp CranjapTHoe
OTKJIOHCHHE
Cuyyaitnsie IIpo6nas mio- b, 0,1008
3¢ dexTh maab
OcraTtku 5 0,1058
Cpennuii 1uamerp
Ilepemennas ITapamerp Ounenka CranpapTHas p-value YcnoBHbIH IpenenpHblii
owrnoKa R? R?
DuKCHUpOBaHHBIE Intercept B, -4,967¢+00 1,243e+00 0,000174 0,953 0,873
dPberrrt In(Age) B, 1,857¢+00 1,433¢-01 <2e-16
In(Age)’ B, -1,380e-01 2,056e-02 2,18e-10
Year B, 1,501e-03 5,767e-04 0,011738
YpoBeHb ITapamerp CranjapTHoe
OTKJIOHCHHE
Cuyyaitnsie IIpo6Gnas mio- b, 0,1353
3¢ deKTh aab
OcraTtku 8 0,1042
O0nem cTBOJIA
Ilepemennas ITapamerp OrneHka CranjaprHas p-value YcnoBHbIH IIpenenbHblit
ommoKka R? R?
DUKCUPOBaHHBIE Intercept B, -22,742837 3,093306 6,28¢-10 0,948 0,865
dbdexrt In(Age) B, 5,469366 0,379324 <2e-16
In(Age)’ A, -0,4462006 0,053350 1,22¢-14
Year B, 0,003750 0,001418 0,0107
VYposeHb ITapametp CrangaptHoe
OTKJIOHEHHE
Cryuaiinbie IpoGHas mo- b, 0,3186
3¢ dexTs 1a1b
Ocratku g, 0,2536
Yuciio 1epeBbeB
Ilepemennas [MTapamerp Orenka CrangapTHas p-value YcnoBHbIH IpenenbHblii
ommoOka R? R?
DUKCUpOBaHHBIE Intercept B, 12,706788 1,661924 4,73e-13 0,935 0,358
dbdexrt In(Age) B, -0,623652 0,067600 <2e-16
Year B, -0,001916 0,000965 0,0482
YpoBeHb ITapametp CranpapTHoe
OTKJIOHCHHE
Cutyvaitnsle [TpoGHast mo- b, 0,4106
3¢ dexTh aab
Ocratku 5 0,1383
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Mertoauka. MarepuaiaMmu AJ1s1 UCCIIENOBAHUS CITYKUIN
JIaHHbIE MHBEHTapH3allMi JPEeBOCTOEB JHCTBEHHUIIBI Ha
MTOCTOSTHHBIX MPOOHBIX IUiomiansix JIecCHOW OnmBITHON Madn
Poccuiickoro rocy1apcTBEHHOIO arpapHOro yHUBEpCUTETa
—MCXA umenu K.A. TumupsizeBa, KOTopasi pacroiiokeHa B
ceBepo-3amaHoi YacTu ropoaa Mockssl. [Ipeobmamatomiye
JIPEBECHBIE TIOPOJIBI IECHOTO (DOHIAa — COCHA, JINCTBEHHHUIIBI,
ny0, 6epesa u nuna. 1o uroram necoycrpoiicrsa 2009 r.
mwromanb JlecHO! OomBITHOM dadu cocraBisier 248,7 ra, B
TOM YHCIIE TIOKPBITHIX JIecoM 3eMenb — 233,4 ra (93,8 %).
JIucTBeHHNYHBIE APEBOCTOM MPOU3PACTAIOT HA IJIOLIAAN
34,8 ra ¢ obmum 3amacom 11900 m* [9]. B mccienoBanuu
HCTIOJF30BAHBI TaHHBIE 110 37 MOCTOSHHBIM MPOOHBIM TIIO-
I1a1IM C JINCTBEHHUYHBIMHU peBocTosivu [ 10]. 3mepenus
TaKCallMOHHBIX NIOKa3aresel npooauiu ¢ 1893 mo 2015 rr.,
KOT'/Ia BO3PacT IPEBOCTOEB COCTABILT OT 14 10 146 nerT.

Hannune TeHneHIMi B MN3BMEHEHNU POCTa JIPEBOCTOECB
M3y4Yalii IMyTeM MOJCIHPOBAHMS TAKCAIIMOHHBIX ITOKA3a-
TeJei B 3aBUCHMOCTH OT BO3pacTa M KaJICHJApPHOTO TOAA.
Jlnst u3ydeHus N3MEHEHUsI CPeIHEH BBICOTHI, CPEHETO
KBaJIPaTHYECKOTO JHaMeTpa U CpeqHero o0bema Jepena
HCIIOTB30BAIN CIEIYIOIYIO CTPYKTYPY JTMHEHHOMN Moaenn
cMeraHHbIX 3G QeKToB:

In(Y,) = B, + B,  Indge,) + , % In(Age)* + B, x 1)

X YEAR,+ b, + ¢,

rae Y — MolenupyeMblil mokazarteib; Age — BO3pacT
npeBocTos, neT; YEAR — KaJleHIapHBIM TOJ; i — MHICKC
POOHOM TUIOIAAN; { — NHAEKC MOMEHTA BPEMEHU; ﬂo b
— IapaMeTpbl PUKCHPOBAHHBIX Y PEKTOB; b, — CJ'Iy‘{aI/IHLII/I
sbdexT npobHoit miomanu b~N(0,7°); ¢, — ciydaiinas
ommbka b~N(0,6°); N — dyHKIHs HOpMaJ'ILHOFO pacmpe-
JICIICHUS.

3aBHCUMOCTH MEX/Ty KOJTHYECTBOM PACTYIINX ACPEBHEB
1 BO3PAacTOM MOJKET OBITH NpeACcTaBlieHa MOHOTOHHOW
yObIBatomeit KpuBoii. [t onpeieNIeHIs CBSI3U MEXTY Be-
JUYUHAMH STHX OKa3aTeIel ¢ y9eTOM KaleHAapHOT o To/1a
UCTIOJIb30BAJIM JIMHEHHYIO MOJIENb CMEIIaHHbIX 3 (PEeKTOB
CJIEIYIOMIETO BHJIA:

45
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In(Y)=p,+pB, * ln(Auge”) +p, X YEAR, + b + e, (2)
rzie ¥ — MoempyeMblii mokasaTesb; 4ge — BO3pacT Jipe-
BOCTOSL, J1eT; YEAR — KaneHIapHbIi rof; i — MHICKC MPOOHON
IUTOIIA/IH; { — HHAEKC MOMEHTA BPEMEHH; f3,.. ﬁ — mmapame-
Tpbl (PUKCHPOBAHHBIX dPPEKTOB; b, — CJ'Iy‘laI/IHLII/I ekt
Hp06HOI/I wiomanu b~N(0,7°); ¢, — ciydaiinas omuOka
b~N(0,6°); N — (byHKum HopManLHoro pacrpeneeHus.
Bxirouenue B MoJienb norapn(anqecxnx 3HAYCHHUH
BO3pacTa W TAaKCAI[MOHHBIX IOKa3aTellei MO3BOJISET B
JIOCTaTOYHOW CTENEHU OXBATUTh HEJIMHEHHBIN XapakTep
CBS3M C HCIOJNb30BaHUEM JIMHEHHON perpeccu [2]. Bre-
JICHHE B ypaBHEHHE CIy4ailHBIX 3(P()EKTOB MO3BOJISICT
n30exaTh aBTOKOPPEJIIINE B PErPECCHOHHBIX OCTaTKaX.
JIIst OLEHKH JI0CTOBEPHOCTH MOJIEJIEH HCITOIb30BaTH
YCIIOBHBIN U TIPEACITbHBIN KO3()QUIIMEHTHI IeTepPMIHAIIHA
(R?). ITpenemnpHbiii R? y4nThIBaCT TOIBKO TUCTICPCHIO HHK-
CHPOBaHHBIX d((PEKTOB U YKa3bIBAET, KAKYIO 4aCTh JIUC-
MIEPCHUU MOJICITH OOBSACHSET TONBKO YacTh (PUKCHPOBAHHBIX
3¢ dexToB. YcmoBHbIH R? yInThIBaCT, Kak (PUKCHPOBAHHBIC,
TaK M ciiydaiiHble 3QEeKTHl U TOKA3bIBAET, KAKYIO YacTh
JTUCTICPCUU OOBSCHSCT «IOJHAs» MOJenb. [ Bcex pac-
YEeTOB UCIIOJIE30BANIN CTATUCTHYECKYTO Tporpammy R 4.0.3,
B yactHOCTH (pyHKIMI0 Imer u3 nakera Ime4 [11].
Pe3yabTatsl U 06cy:xnenue. Ha repputopun MockBbl
3a nocieaaue 100 jgeT mMpoOM30MmIIN 3HAYUTEIbHBIC W3-
MEHEHUsI CPETHETO0BOM TeMIepaTyphl, KOJHMYECTBA BbI-
MAJAFOIIIX OCAIKOB M COCTOSHUS OKpyKaromiei cpeasl. C
xoHua XIX B. cpegHeronoBas TeMueparypa noBblCUIach B
cpeareM 6osee yem Ha 80 %, pOCT TOIOBOM CYMMBI OCajl-
KOB cocTaBus 0kono 20 %. OIHOBPEMEHHO MPOHU3OILIO0
YBEJIMYEHHE BETETAIMOHHOTO TEPHO/Aa U YHCIa OMACHBIX
TIOTO/IHBIX SIBJICHUH (JINBHHU, yparaHHbIC BETPBI, 3aMOPO3KH
u 1p.). MiccnemyeMbie TiCTBEHHIYHBIC IPEBOCTOH B pa3HBIC
TOJBI TIOABEPTAINCH BO3JACHCTBUIO NMPOMBIIIJICHHBIX BBI-
opocoB (1920—1990 rr.), BEIOPOCOB OT KEJIE3HOJOPOKHOTO
(1900-1950 rT.) m aBTOMOOMITBHOTO TpaHcTopTa (¢ 1950T.),
a Tak)Ke OTABIXAIOIIETO Ha MPUPOJIE HACENIEHHS Topoa (¢
cepeaunbl XIX B.). Pe3ynbTaTroM NpOMBIIIUIEHHOTO Pa3BUTHSI
rOpo/ia CTAJIM OBBIIICHHBIC KOHIICHTPAIIHX B aTMOC(HEpHOM

80 100 120 140

Bospacr, jer

Puc. 1. Bospacmmnsle mpenowvt cpeonux evlcom opegocmoes:
—mooens 1900 2.;
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— oannvte 1860-1940 22.; o — oannvie 1940-2020 22.;
—mooens 1980 2.
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Puc. 2. Bospacmusle mpenowt cpeoHux ouamenmpos opeocmoes:

—moodens 1900 2.;

BO3/yXe auoKcuaa cepsl (0 0,24 mr/m*) B meprox ¢ 1950 mo
naygaso 1990 rr. u auokcumaa azora (10 0,10 mr/m?®) ¢ 1960
o 2010 rr. Takum 06pa3oM, ¢ OJJHOIH CTOPOHBI U3MEHECHUS
KITMMAaTU9IECKUX YCIIOBHH JOJKHBI CIOCOOCTBOBATH TTOBBI-
IIEHUIO CKOPOCTH POCTA ¥ MPOYKTUBHOCTH JJPEBOCTOEB, &
C IPyTOii, KOMILIEKC HEOIAroNpHUsTHEIX ()aKTOPOB YpOaHH-
3HPOBAHHON CPEIBI MOKET 3aMEUIATh 3TU TPOIIECCHI.

Jlnst Bcex M3ydaeMbIX TaKCAIMOHHBIX IOKa3aTelei
YUCIIOBBIC OIEHKH Mepel NMepEeMEHHON KalleHIapHOTO
roja craTucTudecku 3HauuMslI (p < 0,05). bonee Beicokne
BeJMUYUHBI ycioBHOTO R? (Gosee 0,9), mo cpaBHEHHIO C
npeaenbHbIM R%, yKa3bIBatOT Ha XOPOIIYI0 00000y O
CITOCOOHOCTh MOJIeNH (CM. Tadl.).

3,5

3,0

0,0 o
60

— oannvte 1860-1940 22.; o — oannvre 1940-2020 22.;
—mooens 1980 2.

B yp6aHM3MpOBaHHBIX YCIOBHIX TSI APEBOCTOEB JIH-
ctBeHHUIIBI ¢ 1900 mo 1980 rr. mpousonuio yBennueHue
CpeIHel BBICOTHI, CPEIHECKBAIPATHUECKOrO AHaMeTpa U
cpemHero o0beMa CTBOJA, a TAK)KE CHIDKCHHE YHCIA pa-
CTyIIUX JepeBbeB. OIIEHUTh N3MEHEHUS TPEHIOB TaKCalH-
OHHBIX [TOKa3aTeJIeH MOYKHO C YYETOM OLIEHOK ITapaMeTPOB
MOJIETH TP HYJEeBbIX ciydaiHbIx 3¢ dexrax. C 1900 mo
1980 rr. yBenuueHue cpeaHel BBICOTHI IPEBOCTOEB CO-
craBuio +19 % (puc. 1), mnu +4,8 M B Bo3pacte 100 ner.
Taxum 06pa3om, coriaacHo OOHUTETHOH mikaie [12] mpou-
3011LTO0 TTOBBIIIIEHHE POYKTUBHOCTH Ha | Kitacc OoHMTETA.
CpenHuii TuaMeTp CTOJIOB IEPEBbEB OTHOCHUTCS K OJTHUM H3
OCHOBHBIX TaKCAIIMOHHBIM TOKA3aTeJeH, OMpeIesIonX

120 140

100

80

Bo3spacr, Jer

Puc. 3. Bospacmmnwle mpenowvt 06vema cmeona cpeonezo oepesa:
—mooens 1900 2.;

— oannvlte 1860-1940 z2.; o — dannvie 1940-2020 22.;
—mooens 1980 2.
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Puc. 4. Bospacmuvie mpenovt usmMeHeHus 4ucia 0epesves:
—mooenv 1900 2.;

B OKCIUTyaTal[MOHHBIX JIECaX BBIXOJ AEJIOBOH IpEBECHHBI.
3a paccMaTpuBaeMblii BpEMEHHOW MPOMEXYTOK H3Me-
HEHUE CpeaHero nuaMerpa coctaBuio +13 % (puc. 2).
OO0 yBenMueHHH KOJIMYECTBA KPYITHOMEPHOH JAPEBECHHBI
CBUJIETEJICTBYET U3MEHEHHE CPEIHETO 00BbeMa CTBOJIOB
nepeBbeB Ha +35 % (puc. 3). YMeHbIICHHE KOJTMYECTBa
pacTylmux JepeBbEeB Ha €AMHHUIBI IUIOMAAH B CPEIHEM
cocraBmio —14 % (puc. 4).

Jli1 M3y4aeMbIX IpeBOCTOEB JIMCTBEHHUIIBI BPEMSI J10-
CTIDKEHMS LIeNIEeBbIX MOKa3aTeneit cokparuiocsk. Hampumep,
noporoseiit cpennuit nuametp 40 cm B 1980 1. ormMeuanu
panbire, ueM B ycioBuax 1900 r., va 30 xer, a cpennuit
o6bem nmepesa B 1 M — Ha 20 net. B cpeanem yckopeHue
JIPEBOCTOSIMU JINCTBEHHUIBI IIPOXOKJIEHNUSI OCHOBHBIX
MepHUOJIOB POCTa 3a paccMaTpUBAEMbIii BPEMEHHOM Mpo-
MexyTok coctaBuio 20...40 mer.

CornacHo pe3yibTaTaM paHee NMPOBEIEHHBIX HC-
CJIEIOBAHMH, MOBBIIIEHUE MPOAYKTUBHOCTH JI€PEBLEB U
JIPEBOCTOEB TIPOUCXOANT OJ1arojapst pocTy TeMnepaTypbl
BO3/yXa M KOJMYECTBA BHINAJAIOIINX OCA/IKOB, yBEIHUe-
HUIO NPOJOJIKUTEIBHOCTH BETETAL[HIOHHOTO MEPHUOIA U
noseimenuto yposus CO, B atmocdepe [1, 13, 14]. Otn
MIPUYMHBI MOXXHO PaCCMaTPHUBATh B KAYECTBE OCHOBHBIX B
YCKOPEHHHU POCTA ¥ OBBIICHUN TPOAYKTUBHOCTH IPEBO-
CTOEB JINCTBEHHUIBI B MockBe. CUnTaeTCsl, 4TO BBICOKHE
xonuentpanuu SO, n NO, B aTMOC()EPHOM BO3TyXe MOTYT
BBI3BIBATH MOBPEXKICHUS JJEPEBHEB HAIPAMYIO UEPE3 XBOIO
1 KOCBEHHO uepe3 nouBy [15, 16], mpuBos K CHUKEHUIO
npupocTta. [locaecTBYSI MOBBIIIEHHBIX COAEPIKAHUH 3a-
IPSI3HSIONINX BEIIECTB MOT'YT CKa3bIBaThCs HA (PYHKIIMOHU-
POBaHUM JIECHBIX DKOCUCTEM Ha MPOTSHKEHUH HECKOIBKHX
JecsaTriaeTHi. JIncTBeHHUIA B ycioBUAX MOCKBBI OKa3alia
3HAYUTEIbHYI0 YCTOHYNBOCTh K KOMIIJIEKCY HeOnaronpu-
SATHBIX BO3JIEHCTBHH CO CTOPOHBI rOpPOJa, KPOME TOTO,
MIPOJIEMOHCTPHUPOBAJIa 3HAUNTEIHHOE MOBBIIICHUE TIPO-
JyKTUBHOCTH.

TakuM 006pa3oM, TUCTBEHHUYHBIE IPEBOCTOU B ypOa-
HU3MPOBAHHBIX YCJIOBHSAX MOCKBBI B Hadajle U B KOHIIC
XX B. UMenu pasHble TeHASHIUU pocTa. s 0qHOBO3-
PacCTHBIX JPEBOCTOEB yBEIWYUIUCH CPEJHSsI BHICOTA,

60

— oannvte 1860-1940 z22.; o — dannvte 1940-2020 22.;
—mooens 1980 2.

CPEIHHI AUaMeTp, CPeIHUN 00BEM JIepeBa U yMEHBIIIH-
JIOCh KOJIMYECTBO PACTYIINX AepeBbeB. Tak Kak BIUsSHUE
HEraTUBHBIX ()aKTOPOB CO CTOPOHBI TOPO/Ia HE IPUBEIIO
K CHUYKEHUIO IPOTyKTUBHOCTH APEBOCTOEB, TO TUCTBEH-
HUILY MOKHO CUUTATh JPEBECHON OPOI0NA, yCTOHUNBOI
K yCJIOBHSIM ypOaHU3allMU U PEKOMEHAOBATh IS HC-
MOJb30BaHUSI B TOPOJICKOM O3€JICHEHUU. BhIsIBIeHHBIE
TEHJICHIINH YKa3bIBAIOT Ha MOBBILICHHUE TIPE0CTABICHUS
9KOCHCTEMHBIX YCIYTI TOPOJCKHUMH JIMCTBEHHUYHBIMHU
necHbIMH MaccuBaMu. [lpu opranmszamum Oyayminx
HaOJI0IeHNH Ha MOCTOSHHBIX MPOOHBIX IMJIOMAASX B
TOPOJCKHX YCIOBHSIX HEOOXOIUMO (PUKCHPOBATH KaK
MoKa3aTeNy PocTa U NPOJLYKTUBHOCTH APEBOCTOEB, TAK
1 YCJIOBHS OKpPY KaroIlel cpesl ¢ Iebio 00j1ee TOUHOTO
BBISIBIICHUS IIPUYUH U3MEHEHUS B TPEHAAX TaKCALMOH-
HBIX [10Ka3aTeleH.
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3oomexnusa u eemepunapus
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BO3PACTHBIE UBMEHEHUS AKTUBHOCTH ®EPMEHTOB B NO/KEJNYIOYHOM KEJIE3E,
KHINEYHUKE U IIJIASME KPOBHU LbIIIJIAT-6POUJIEPOB KPOCCA CMEHA 9*

B.I'. BepTunpaxos', 1oktop 6nomorudecknx Hayk, A.A. I'po3nHa®, kanauaaT OMOIOTHIECKUX HAYK,
H.B. OBunnnukoBa'?, U.B. KncioBa®, kaHunaT OMOJIOTHYCCKIX HAYK

1Poccutickuii cocyoapcmeennuiil azpapruiil yHusepcumem— MCXA umenu K.A. Tumupsizesa,
127434, Mockea, yn. Tumupsaseeckas, 49
E-mail: vertiprahov@rgau-msha.ru
‘DedepanvHolil HayuHbII Yyenmp « Bcepoccutickuil HAyYHO-UCCIe008aMeNbCKUL U MEXHOL02UYeCKULl uHCmumym nmuyesoocmeay PAH,
141311, Mockosckas 06n., Cepeues Ilocao, yn. [Imuyespaockas, 10
"Hayuno-ucciedosamenbCKull uHCmumym HopmansHot ghusuonoeuu umenu I1.K. Anoxuna,
125315, Mocksa, yn. banmuiickas, 8

Hccneoosanus nosoounu ¢ yenvio uzyuenus 6 OHmozene3e Y YbliiAm-opoiiiepos Nuuie6apumenbublx 0p2anos, AKMueHOCmu nanKpea-
muuecKux u 0yoO0eHaIbLHBIX (hepmenmos, uienounoi gpocpamasl u hepmenmog nnazmul Kposu. Onvimot evinonuanu na 120 yeinnamax-
opoitnepax kpocca Cmena 9. Mamepuan ons uccnedosanuit opanu nocne dexkanumavuu 8 1-,7-,14-,21-,28-,35-cymounom éo3pacme nmuuypt,
hepmenmamuenyo akmueHoOCmMb ONPeOenANU KNacCUYeCKUMU MENOOAMU, d MAKIHCE C UCNONb308AHUEM NOTYAGHIOMAMUYECKO20 OUOXU-
muueckozo ananuzamopa SINNOWA BS-3000P ¢ nabopom peaxmueoe 0715 onpedenenus ghepmennmos komnanuu «/JHAKOH-BET». Kuean
Mmacca yvinaam-opoilnepos Kk 35 cym. yeenuyuesanacs ¢ 50,4 pasa, macca nooicenyoounoit yncenesvl — 6 68,7 paza, 12-nepcmnoit Kuniku — 6
23,7 paza. Haubonee unmencueHo opeansl RULLE6apenus pazeusaiuc 6 nepevle 7 Cym.: OMHOCUMENbHAA MACCA ROOMHCETYOOUHOI Jicee3bl
oocmuzana 0,53 %, 12-nepcmnoii kuwku — 2,48 % om sncueoii maccoii nmuypl. K 35 cym. eenuuunst 3mux noxazameneil CHUMNCA1ACH
coomeemcmeenno 00 0,19 % u 0,45 %. L{viniama eoLaynasaiuce u3 aiya ¢ akmueHo OelicmayrouwiumM nuuiesapumensHsim annapamom. B
nepayIo Hedelio NOCIMIMOPUOZEHE3A NPOUCXOOUTIO YMEHbUIEHIE AKMUEHOCIU NAHKPeamuyecKux gpepmenmos. B 21-cymounom éozpacme
Haonoanu yeenuuenue akmugnocmu amunazol na 149,4 %, nunaszol — na 6,0 %, npomeas — na 95,1 %, no cpagneHuro ¢ CymouHvIM 603-
pacmom. B 35 cymoxk npoucxoouno ysenuuenue akmugenocmu oouux npomeas ¢ 2,1 pasza, akmuenocmes mpuncuna ocmasanacy nHa 27,0
% Hudice, uem y cymounvix ocooeil. B akmuenocmu hepmenmos nooicesry0ounoil ycene3vl MOHCHO 6blOeUms 064 Nepuodd é NOCHIM-
opuozenese: nepeutii (1...14 cym.) xapaxmepu3syemcs cmanosienuem QyHKuuu noOXHceyo0ouHoll yHecenesvl, adanmayueil eé K 6HeuHemy
numanuo, émopout (15...35 cym.) — evicokum ypoenem nanKpeamuueckux epmennos, CROCOOHLIX SUOPOIUINEANb 603pACHAlOulee
KOouuecmeo Kopma npu nogvluieHuU aKmueHOCIU ieouHoll (pochamaszvl. AKmueHocnp 0y00eHanbHuIX (hepmennios, Haooopom, ovlna
OMHOCUMENbHO 8bICOKOIL 6 nepavie 14 cym. AKmugnocms mpuncuna 6 niazme Kpogu CHUNCAIACS C 603PACHIOM UbIIJIAM.

AGE-RELATED CHANGES IN ENZYME ACTIVITY IN PANCREAS, INTESTINES AND BLOOD PLASMA
OF BROILER CHICKENS OF THE SMENA 9 BREED

Vertiprakhov V.G.!, Grozina A.A.%, Ovchinnikova N.V.!3, Kislova L.V.}

'Russian State Agrarian University — Moscow Timiryazev Agricultural Academy,
127434, Moskva, ul. Timiryazevskaya, 49
E-mail: vertiprahov@rgau-msha.ru
’Federal scientific center «All-Russian Research and Technological Poultry Institute» of Russian Academy of Sciences,
141311, Moskovskaya obl., Sergiev Posad, ul. Ptitsegradskaya, 10
SResearch Institute of Normal Physiology named after P.K. Anokhin,
125315, Moskva, ul. Baltiiskaya, 8

The aim of the study was to study the ontogeny of the digestive organs in broiler chickens, the activity of pancreatic enzymes and alkaline
Pphosphatase, the activity of duodenal and blood plasma enzymes. The experiments were carried out on 120 broiler chickens of the Smena 9
breed (FSCARRTPI RAS, 2021). The material for research was taken after decapitation at 1-,7-,14-,21-,28-,35-day-old birds, the enzymatic
activity was determined by classical methods, as well as using a semi-automatic biochemical analyzer SINNOWA BS-3000P with a set of
reagents for determining enzymes of the company « DIAKON-VET». Live weight of broiler chickens aged 1-35 days increased by 50.4 times,
the weight of the pancreas increased by 68.7 times, and that of the duodenum by 23.7 times. The digestive organs developed most intensively
in the first 7 days: the relative weight of the pancreas reached 0.53 %, duodenal ulcer — 2.48% of the live weight of the bird. By day 35 the
indicators decreased to 0.19% and 0.45%, respectively. The chicks hatched from an egg with an active digestive apparatus. In the first week
of postembryogenesis, a decrease in the activity of pancreatic enzymes was noted. At the age of 21 days, there was an increase in the activity
of amylase by 149.4%, lipase — by 6.0%, protease — by 95.1% compared with the day old. At 35 days, there was an increase in the activity of
total proteases by 2.1 times, the activity of trypsin remained lower by 27.0% than in day old individuals. Thus, in the activity of pancreatic
enzymes, two periods in postembryogenesis can be distinguished: the first (1...14 days) is characterized by the formation of pancreatic
function, its adaptation to external nutrition, the second (15...35 days) is characterized by a high level of pancreatic enzymes capable of
hydrolyzing an increasing amount of feed with an increase in the activity of alkaline phosphatase. The activity of duodenal enzymes, on the
contrary, had relatively high activity in the first 14 days. In blood plasma, trypsin activity decreased with the age of chickens.

KiwueBbie ciioBa: ywinisma-opoiinepnl, pepmenmol nooxceny-  Key words: broiler chickens, pancreatic enzymes, duodenal
00UHOI JHcenesvl, 0V00eHAIbHble (pepmenmyl, hepmenmul Kposu,  enzymes, blood enzymes, trypsin, ontogeny.
MPUNCUH, OHMO2eHe3
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J171s coBepIIIeHCTBOBAHUS TEXHOIOT UM KOPMIICHUS TITH-
16l HEOOXO/JMMO 3HATh IPOUCXOASAIINE BO3PACTHBIE MOP(O-
(YHKIIMOHATIFHBIC N3MEHEHUSI MATIEBAPUTEIHHON CHCTEMBI,
IIOCKOJIBKY KaKblii BO3PACTHOM IEPUOJL XapaKTepU3yETCsl
0COOCHHOCTSIMHU, KOTOPBIE TPEOYIOT WHAMBUAYAIHHOI'O
I0/TX0/1a K OpTraHu3anuy mutanus. [1ompkery nounas xenesa
CYNTACTCS OTHIM U3 IICHTPAIEHBIX OPTaHOB IHIIIEBAPUTEIIH-
HOW CHCTEMBI, YUaCTBYIOIIUX B CAMOPETYJISIIUYU JEeSTEIb-
HOCTH JKEITYJOYHO-KUIIEYHOro KaHaia. OHa BBITOIHSCT
9K30KPHHHYIO ¥ YHJIOKPUHHYIO (QYyHKINH, €€ 3HAUYCHUE HE
OTpaHMYMBAETCS MpolleccaMy numieBapeHus. [lomkeny-
JTOYHAs KeJie3a yJ4acTBYeT TaKKe BO B3aUMOACHCTBUH BUC-
HEePATBHBIX CUCTEM W OOIIUX METa0OJUIECKUX MpoIeccax
B OpraHu3Me.

Jis n3ydeHus: BO3PacTHBIX H3MEHEHHH CEKPETOPHOM
(GYHKIMH TIOKEITYAOTHOH JKeIe3bI HCIOMB3YIOT OCTPHIi
METOJI, KOrjia mociyie yOOsi ITHIBI U3BJIEKAIOT M M3ydYaroT
TKaHb TIOJPKETYI0YHON Kelle3bl B TOMOoreHate. Pesynbra-
THI MCCJIEJOBAHUS IBITLIAT-OpoiiaepoB kpocca CmeHa-8
MoKa3aJii, 4T0 HanbOJIee MHTCHCUBHBIN MEPHOJI POCTA CO-
BPEMEHHBIX KPOCCOB OpOMICPOB COOTBETCTBYET IEPHOIY
14...21 cytkn. Macca mopkery JO9YHOH jKeIe3bl HHTEHCUBHO
yBeIMUYUBaEeTCs B mepBble 7 cyTok (B 12,3 pasa), B 3TOT
MEePUOJl OTMEYACTCsl caMasi BEICOKAasi OTHOCHTEIbHAS &
Macca, kotopas coctaBisieT 0,53 % OT KHBOM MacChl IITULIBI
[1]. Umerorcst nanHBIC O TOM, YTO HanOOJIee HHTEHCHBHO B
MIEPBEI TOCOMOPUOHAIBEHBIA TIEPUO]] pa3BUBACTCS TOHKHN
KHIIIEYHUK, 0COOCHHO IBeHAIaTuiepcTHas kumka [2]. [Toa-
TOMY CO3/IaHH€ HOBBIX KPOCCOB IBIIIIST-OPOIMIIEPOB TOIKHO
0a3upoBaThCAd Ha (PYHIAMCHTANBHBIX 3HAHUAX Pa3BUTHUS
MTUIIEBAPUTEIFHON CHCTEMBI B OHTOTEHE3€, KOTOPBIE CITyKaT
OCHOBOI Jy1s1 pa3pabOTKH PAIlMOHAIBEHOTO TUTAHMUS NTUIBI.
D10 umeeT 0coboe 3HAYCHUE MTPH HOPMHUPOBAHUY [TUTAHUS
JUTS BHOBB CO37IaBa€MBIX KPOCCOB IBITUIAT-OPOIIEpOB, KO-
TOPBIE 10 CBOUM I'€HETHYECKUM TTI0Ka3aTelIsIM, IPEBOCXOST
MIPEIICCTBCHHUKOB.

Ilenb ucciienoBanmii — onpeerneHrue BO3PacTHbIX H3Me-
HEHUI aKTHBHOCTH ()EPMEHTOB B ITOJDKEITY IOYHOM JKelie3e,
12-miepcHO KHIIKE W TUTa3Me KPOBH IBILISIT-OPOMICpOB
HOBOTO Kpocca CmeHa 9.

Metoauka. OnbITEl BRIMOMHAIM Ha 120 1BIUISTAX-
Opoiinepax kpocca Cmena 9 (BHUTHUIIL, 2021). Lpmst
BBIPAIIMBAIN C CYTOYHOTO 0 35-CyTOYHOrO BO3pacTa B
BuBapun OHI[ «BHUTUII» PAH, rae ycnoBus kopMiaeHus
U COIEpKaHUs COOTBETCTBOBAIM TPEOOBAHUSAM ISl STOTO
Kpocca NTUIBL. DKCTIEPUMEHTHI BBITIONHSIIA B COOTBETCTBHE
¢ TpeboBanusiMu EBporieiickoli KOHBEHIIUH O 3aIUTE T10-
3BOHOYHBIX )KHBOTHBIX, HCIIOJIB3YEMBIX JJIs 9KCIICPUMEHTOB

i B nHBIX HaygHbIX nemsx (ETS Nel123, CtpacOypr, 1986)
[3]. Marepuan ist uCClIeJOBaHMSI TIOTYUYaId OT LBITUIAT B
1,7,14,21,28 u 35-cyTouHoM Bo3pacte. Bece uccnenopanus
MPOBOAMIN HaTOmakK, mocie 10-4acoBoro rojomaHus,
IIPY HEOTPAHWYEHHOM JIOCTYIIE K BOJIC. YOO BBITOTHSIIH
METO/IOM JICKallUTAaIll1, BCKPHIBAIH OPIONIHYIO IOJIOCTH,
M3BJICKAIN METIIO | 2-TIepCTHOM KUIIIKH, OTITPEIIAPOBBIBAIIN
MIOJKEITYJOUHYIO JKeJle3y, B3BEIINBAIM €€ Ha aHAJUTHYe-
ckux Becax HR-100AZ (AND, Anonwus). C ucronp30BaHIEM
romorenuzaropa B.Braun Melsungen AG (I'epmanus) (1500
00/MUH B TeUEHHE OTHONH MUHYTHI) CO3/[aBaJI OJHOPOIAHYIO
cMech, KoTopyto neHTpudyrupoBai npu 6000 o6/MuH B
teyenne 3 muH. Ha nentpudyre EBA-200 (Hettich LAB
TECHNOLOGY, I'epmanus). [{nst onpenenenus akTHBHO-
cTr epMEHTOB OpaJI HATOCATOUYHYIO )KUIKOCTb.

Omnpenenenne aMuiIa3sl BRIMOTHIN o Smith-Roy B
MoAM(UKAIH JUIsl ONPE/IEICHHs BRICOKOH aKTHBHOCTH (hep-
MeHTa [4, 5], npoTea3 — 1o ruIpoaU3y Ka3enHa, OUHUILEH-
Horo 110 ["'aMmepcTeny, Ipy KaopuMeTPHIECKOM KOHTPOJIE
(mmHa BoHbl 450 HM) [4,5], AMna3sl — Ha TOJyaBTOMa-
THYecKoM OnoxmmudeckoM ananuzatope SINNOWA BS-
3000P (KHP) ¢ HabopoM BeTepHUHAPHBIX JHATHOCTUIECKUX
peareHToB JUIs ONPEEIICHNS KOHIICHTPAIMH JIMIIa3bl B KPOBU
*uBOTHBIX Komranun « INAKOH-BET» (P®). AktuBHOCTB
TPUIICHHA B IUIa3Me KPOBH U3Y4aJIH, UCTIOb3Ysl B KAUECTBE
cyocTpara HuTpoanmua 6enzomt DL-apriunnna (BAPNA),
Ha MOJYaBTOMaTHYECKOM OMOXMMHMYECKOM aHaJIN3aTope
BS3000P (KHP) kuneTn4eckum mMeToaoM [6].

Jist craTucTryeckoit 00paboTKH pe3yIbTaTOB HCIOMb-
30Bany nporpammy Excel, B KOTOpOIl BBINOIHSIN pacdeT
cpennero 3HadueHust (M), cpeHEKBaApaTUIHOE OTKIOHE-
Hue (+SD), Koppensnuio, a Tak)Ke IPOBOUIHN AUCIIEPCHU-
OHHBII aHANIHW3 C MpUMEHEeHHneM maketa Microsoft office.
JIoCcTOBEPHOCTD pa3nuuuil yCTAHABIMBAIM 110 {-KPUTEPUIO
CTbl0JIeHTa, PA3IMYMs CYMTAIN CTATUCTUYECKN 3HAYUMBIMU
pu p <0,05.

Pe3syabTaThl u 00cyxkaeHune. JlesTeIpHOCT MOJ-
JKEITYI0UHOH JKeJle3bl He OTpaHuUBaeTCs CeKpennen dep-
MEHTOB, KOTOPBIE THIPOIHU3YIOT OCIIKH, )KUPBI U YTIIEBOIBI.
OHIOKPUHHAs YacTh JKEJIE3bl BBIPA0ATHIBAET FOPMOHBI,
KOTOpBIE PEryJIHPYIOT YIIIEBOJAHBIA OOMEH M METadoIIN3M,
Hapsiay ¢ TpunicuHoM [7, 8]. [ToaTromy pa3BuTue opranusma
B MOCTAMOPHOHAIBHBIN MEPHOA OMPEIENIET COCTOSHUE
TIOJKEITY TOYHOM JKeJIe3bl ¥ KUIICYHHUKA.

Pe3ynpraThl HamIMX MCCIETOBAHUI IOKa3ald, YTO
KMBas Macca LBIUIAT-OpOIIepoB K 35 CyT. yBEIMUUBACTCS
B 50,4 pa3a (Tabm. 1), mpu 3TOM Macca Mo KeITy TOUHON HKe-
Jie3bl Bo3pacTaet B 68,7 paza, 12-nepcTHOl KUILKKU — B 23,7

Tao6ua.1. TToka3zarem MaCChl MOIKEJTYI0YHOI JKeie3bl i 12-nepeTHOl KUMIIKH Y IBILIAT-0poiiiepoB Kpocca CveHa 9 B OHTOreHe3e

(Mz£SD, n=20)
Bo3spacr upimuist, cyt
IToxazarenb
1 7 14 21 28 35

JKupas macca, T 44,0+0,3 152,0+1,1* 431,0+7,3* 888,0+7,5* 1748,0+0,3* 2217,0+£50,5%
Macca pancreas, I 0,060+ 0,800+ 1,900+ 2,930+ 3,660+ 4,120+

0,007 0,020* 0,100* 0,170* 0,200* 0,100*
B % OT )KUBOM 0,140+ 0,530+ 0,460+ 0,330+ 0,200+ 0,190+
Macchl 0,015 0,010* 0,020* 0,019* 0,018* 0,050*
Macca 0,47+ 3,79+ 6,07+ 7,72+ 11,15+ 9,94+
duodenum, r 0,06 0,14* 0,28%* 0,20* 0,61* 0,34*
B % OT )KHUBO# 1,06+ 2,48+ 1,41+ 0,87+ 0,64+ 0,45+
Macchl 0,14 0,08* 0,08 0,02 0,03* 0,02*
*pa3nu4us ¢ OKa3aTeseM CYyTOYHBIX IBIIUIAT JOCTOBEpHBI pu p<0,05
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Ta6.1. 2. AKTUBHOCTD hepMEHTOB MOKETyI0YHON KeJie

3b1 y HBILIAT-0poiisiepoB pa3noro Bo3pacra (MtSD, n=20)

AKTUBHOCTB hepMeHTA
Bospact, eyt aMuIIasa, Mr/T-MHH JIUIa3a, MKMOJIB/T*MUH | TIPOTEa3bl, MI/T*MHH TPHIICHH, D, ex/n
MKMOJTB/T " MHH
6360,0+893,2 89,0+3,1 245,0+39,6 6,4+0,4 30785,0+2149,5
7 5540,0+280,9 64,5+8,4%* 143,0+10,9 1,9+0,1%* 18107,0+£1899,0%*
14 5640,0+£556,0 66,5+6,7 230,0+9,2 2,1+0,1* 9125,0+£593,5%*
21 15860+460,0 94,47+5,398 478+40,9* 2,05+0,214%* 22028+1668,3*
28 16175,0+433,3 102,8+5,2 330,0+17,9% 4,5+0,8 33516,0+6806,0
35 16550,0+526,2 94,6+2,0 520,0+6,5* 4,6+0,3* 37323,0+£6143,0
*pa3nu4us ¢ OKa3aTesieM CYyTOYHBIX IBIILIAT JOCTOBEepHBI pu p<0.05

pa3a. Hanboee ”HTEHCUBHO OpPTaHbI MUAIIIEBAPCHUS PACTYT
B IIEpBbIE 7 CYTOK: OTHOCUTEJIbHAS MAcca MOKETY I0UHOM
skenesbl gocturaet 0,53 %, 12-nepctHoi kumiku — 2,48 % ot
>kuBOM Maccolt ntuubl. K 35 cyT. oTHOCUTENbHASI Macca MoJ1-
eIy ToYHOH skene3sl cHkaeres 10 0,19 %, 12-nepctHoit
kumky — 10 0,45 %.

JIns OLEHKU MHUIIEBAPUTEIBHOW (YHKIHU BaKHO
3HATh AaKTHBHOCTH (DEPMEHTOB B TKAHH MOKEITYJOYHON
JKeJIe3bl M KUIICYHUKA. B HamIUMX HMCCICIOBaHUAX TKaHb
TOJKEITYIOYHOM KeIle3bl B CyTOYHOM BO3pacTe oOajarna
OTHOCHTEIIEHO BBICOKOH aKTHBHOCTBIO MUIIIEBAPHTEIHHBIX
(epMEHTOB, TO €CTh LBIIUIATA BBUTYIUISIOTCS U3 SHIa C
AKTUBHO JICHCTBYIOMINM MUIIIEBAPUTEILHBIM armapaTom. B
7-CyTOYHOM BO3pacTe aKTUBHOCTH aMHJIa3bl OCTaBajach 6e3
CYIICCTBEHHBIX U3MCHCHUH, JIMTIOJIUTUYCCKAS aKTUBHOCTh
CHUKAIIach, 10 CPAaBHEHUIO C IMOKA3aTCISIMH CYTOYHOTO
Bo3pacTa, Ha 27,5 %, Tpuricuna — Ha 69,5 %, meno4Hoi
docdaraser — Ha 41,2 %, obmux nporeas — Ha 41,6 %. B
14-cyTO9HOM BO3pacTe IBILIAT-OPOMIEPOB OTMEUCHO J10-
CTOBEpPHOE YMCHBIIICHHE aKTUBHOCTH TpHUIICHHA Ha 67,7 %
(p<0,05) u menounoit hocdaraser — Ha 70,4 % (p<0,05). B
21-cyTouHOM BO3pacTe HAOIIOIAN MOIBEM aKTUBHOCTU
amuiasel Ha 149,4 %, munasel — Ha 6,0 %, mpoTteas —Ha 95,1
%, OJTHOBPEMEHHO aKTHBHOCTH TPHUIICHHA CHIDKACTCS Ha
67,8 % menouHoi ¢ocdaraser —Ha 28,5 %, 110 CpaBHEHHIO
C TOKa3aTeNsIMH B CyTOUYHOM Bo3pacte. [loBsienue ¢ep-
MEHTATUBHON aKTUBHOCTH CBSI3aHO C OKOHUAHHEM IEproIa
CTaHOBJICHUS (DYHKITUH MTUIICBAPEHIA Y IBIUIIT-OPOIICPOB.
C 14-cyTo4HOTO BO3pacTa OHH CIIOCOOHBI IEpPeBapUBAThH
3HAYHUTEIBHBIH 00BEM KOPMa, MTOCKOJIBKY TIO/DKEITYA0YHAS
JKelle3a MOKET CEeKPETHPOBATh aJICKBATHOE KOPMY KOJIHYE-
ctBO (hepmenToB. K 3TOMY CpOKY 3aKaHUNBACTCSI CTAHOBJIC-
HUC HEPBHOM CUCTEMBI, UTO ITO3BOJISICT YETKO PETYJTHPOBAThH
(YHKIHIO TIOKEITYTOYHON JKEIe3bl ¢ YIaCTHEM HEPBHBIX
U TYMOpPAJIBHBIX MEXaHHW3MOB, YTO TIO3BOJISIET aJalTHPO-
BaThCsl K MHTpeueHTaM parpona. K 28 cyt. nabmonaercs
CHIDKEHHE aKTUBHOCTH OOIIMX MpOTeas, 10 CPABHCHHIO C
MPEIBIAYIIIAM BO3PACTOM, IIPH 3TOM aKTHBHOCTH TPUIICHHA
0CTaeTCs HIKE, YeM y CYTOUHBIX LBIMIAT, Ha 29,4 %. B 35
CYTOK ITPOMCXOIUT YBETHMUYCHUE aKTHBHOCTH OOIIHX ITPOTEa3

10 520 Mr/MII'MUH, YTO TPEBHIIIAET YPOBCHb CYTOUYHBIX
LBIIIAT B 2,1 pasa, akTHBHOCTH TPUIICHHA OCTACTCSI HUXKE,
YeM y CyTOuHbIX ocoOeid, Ha 27,0 %.

Takum 06pa3oM, B aKTUBHOCTH (EPMEHTOB IIOJ-
JKEITYyZJOYHOH KeNle3bl MOKHO BBIJCIHTH JIBa NEPHOJa B
mocTaMOpuorenese: mepseiid (1...14 cyT.) xapaktepusy-
€TCsl CTAHOBJICHHEM (DYHKIIHU ITO/DKEITYIOYHON KEIIe3Hl,
amanranueil e€ K BHEIIHEMY MHUTaHUIo, BTopoit (15...35
CYT.) — BBICOKHM YpOBHEM ITaHKPEATHYECKUX (EPMEHTOB,
CIIOCOOHBIX THAPOIIM30BATh BO3PACTAIONICE KOJIHISCTBO
KOpMa ITPH MOBBIIIICHUH aKTHUBHOCTH IIETIOYHON (hocaTaspl,
KOTOpasi B3aMMOCBsI3aHa C KOCTHOW TKaHbIO, UCIIBITHIBAIO-
mIei Ha 3aKTFOYUTEIIFHOM dTalle BBIPATUBaHUS OpOIepoB
0OJIBIIIOE HATIPSDKEHUE.

OYHKIHS TOHKETYTOUHOM jKeJie3bl TECHO CBsi3aHa ¢ 12-
MIEPCTHON KHIIKOW, Ky/a OTKPBIBAOTCS MPOTOKH TITABHBIX
MTUIIEBAPUTENBHBIX JKeJIe3 M HeMPEPHIBHO B TEUCHUE CYTOK
MOCTYTAET X CEKPET. AKTUBHOCTb JIyOJICHAJIbHBIX (hepMeH-
TOB UMEET OTIIMYHS OT BO3PACTHBIX H3MCHEHU TAHKPEaTH-
yeckuX pepMeHToB. CBSA3aHO ATO, IPEIKE BCETO, C HATTUYHN-
€M B IyOJICHAILHOM XUMYCE IIUIIEBAPUTEIbHBIX ()EPMEHTOB
u cyOcTpaTta st HuX. OJJHaKO, TOCKOJIBKY allTOpPUTM cOopa
XuMyca OB BCerja OJWHAKOB, 3TOT (PaKTOP CHIDKEHUS
AKTUBHOCTH THILIEBAPUTEIbHBIX (DEPMEHTOB MOXHO HE
YYIUTBIBaTh. HanOOIBITYF0 aKTHBHOCTH aMHUIIA36I OTMEUANH
B CYTOYHOM BO3pacTe HBIUIAT. B 7 1 14 cyT. Habmronanu ee
cHmkenue Ha 62,8 % u 45,7 % (p<0,05) coOTBETCTBEHHO
(Tabu. 3). B ocranpHO# mepuo] BHIpAIIMBAHUS aKTHB-
HOCTBH aMMJIa3bl HAXOIMIIACH HA YPOBHE CYTOYHBIX LIBITIIIST.
JluHaMMKa aKTUBHOCTH JIMITa3bl HOCHJIA BOJIHOOOpa3HbIH
XapakTep: B IEPBYIO HEAEIIO MOCTIMOPHOTeHe3a CIIeI0Ball
moxseM B 4,2 pasa, 3atem (14 cyt.) — cnan Ha 37,7 %, 1o
CPaBHEHUIO C BEJIMYMHOM ITOTO ITOKA3aTelIsi B CyTOYHOM BO3-
pacre. B 21-cyTouHOM BO3pacTe MPOUCXOINIIO IATHKPATHOE
MTOBBIIIICHNE AKTUBHOCTH JIMIA36I, B 28-CyTOYHOM CTIaf, HO
YPOBEHb OCTABAJICS BBIIIE TTOCTUHKYOAIOHHOTO Ha 193.9
% (p<0,05), a B 35 cyr. —Ha 162,7 %. [Iporeonurnueckas
AKTUBHOCTH B 12-TIEpCTHON KHIIKE ¢ BO3PACTOM IOBBIIIA-
JIaCh, IOCTETIEHHO JIOCTHTasi MAKCUMYyMa JUTsl OOIIMX IpoTeas
B 28-cyTounom Bo3pacte (B 11,5 pa3), mis TpurcuHa — B

Ta6a. 3. AKTHBHOCTD JyO/IeHAJbHBIX (DepPMEHTOB HBILIAT-0poiiiepoB Kpocca Cvena-9 pasnoro Bo3pacta (MtSD, n=20)

AKTUBHOCTB (hepMeHTa
Bospact, eyt ammuIIasa, Mr/r-MHH JHTEE, R e I, en/n
MKMOJIB/T* MHH MI/MJI"MUH MKMOJIB/T* MUH

223,0+18,1 0,5+0,1 2,6+0,5 4,0+0,4 279394,0+26263,2
7 83,0+8,5* 1,2+0,2%* 17,5+0,9* 4,0+0,5 560498,0+15723,9*
14 121,0£12,9% 4,2+0,6* 13,5+1,2* 3,1+0,3 400830,0+£59949,3*
21 199,0+8,8 1,3+0,3* 18,0+0,8* 1,8+0,1* 357858,0+23795,8%*
28 190,0+9,1 0,7+0,1* 30,1+1,4* 2,840,1 373535,0+37332,0%*
35 187,0+7,8 0,6+0,1* 19,6+0,8* 4,5+0,8 374864,0+34651,0*

*pasIHYKs C MOKA3aTeIeM CYTOYHBIX UBILUIAT Z0cTOBEepHbI pH p<0,05
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35-cyrounom Bo3pacte (B 6,4 paza). lllenmounas ¢pocharaza
(II®) — 3T0 hepMeHT, KOTOPHIi 0Opa3yeTCs MpH pas3pyIie-
HUM KJICTOK KOCTHOM TKaHH, KHIIICYHUKA, TICYCHH U IPYTHX
OpraHoOB, a B JAJIbHEUILIEM ITOCTYIAET B KPOBb. B kuneunuke
€ro akTMBHOCTb 3HAYHUTEIIBHO BBIIIIE, YEM B ITOKEITYA0UHOM
JKene3bl. B mepros; oHTOTreHe3a HaOIIoJali ee CHIDKCHIE
B 14 cyt. Ha 46,2 % (p<0,05), M0 cpaBHEHUIO C CYyTOYHBIM
Bo3pactoM. B nanpHeiimem (21...35 cyT.) oTMevanu pe3kuii
noawseM aktuBHocTy LD B 8,5; 8,9; 8,9 pas, no cpaBHeHMIO
C CYTOYHBIM BO3PAaCTOM, YTO MOKHO OOBSICHUTH MOCTYTIIE-
HUEeM (pepMeHTa U3 KOCTHOM TKaHW, KOTOPAsl NCIIBITHIBACT
B TOT BO3PACTHOW TIEPHO/] BRICOKYIO Harpy3Ky.

Takum 00pa3oM, HHTEHCUBHOE pa3BUTHE 12-TiepCTHON
KHUIIIKH B HAYAJTbHBIA TOCTIMOPHOHAIBHBIN TICPHOT IBITLIST-
OpoiisIepoB HAKJIAIBIBACT OTIICYATOK Ha aKTUBHOCTH JTyOJIC-
HAJIBHBIX (PEPMEHTOB, KOTOPHIE TPEUMYIIECTBEHHO MOCTY-
MAlOT C COKOM ITOJDKEITY IOYHOH JKeJe3bl, HO HE TIOBTOPSIIOT
BO3PACTHYIO TWHAMHKY ITAaHKPEATUICCKON aKTUBHOCTH IO
MPUYHHE ACHCTBUS MHOTHX (DaKTOPOB TyOJCHAIBHOTO XH-
Myca, BIMSIOINX Ha MX aKTUBHOCTb.

W3BecTHO, 4TO MUIIeBapHUTEIbHBIC (DEPMEHTHI T10-
CTYIAIOT B KPOBh M BHOBBH BO3BPAIIAIOTCS B KHUIIEYHUK C
MaHKpeaTHuecKuM cokoM [9]. PesynbraThl uccienoBaHuit
KpPOBH HOBOTO kKpocca OpoitnepoB CMeHa 9 CBUACTENBCTBY-
0T, YTO aKTUBHOCTH TPHUIICHHA B KPOBU MMEET TCHICHIINIO
CHIDKAThCSI ¢ Bo3pacToM (Tabm.4). Tak, B 7 CyT. OHa HUKE,
4YeM B CyTOYHOM BO3pacTe, B 2 pasa, B 14 cyT. — B 2,2 pa3sa,
B 21 cyT. — B 2,7 pa3a, B 28 cyT. — B 2,5 pasa, B 35 cyT. — B
5,5 pa3a. AKTMBHOCTB JIUIIa3bl TPH BBUTYTUICHHUH IBITICHKA
U3 SIa B KPOBU HEBBICOKAsI, HAMOOJBIICH BETHYMHA OHA
JIOCTUTANA B 7 CYT, YBEIIMIUBASCH 3a HEJIENIO TIOCTIMOpHO-
reHesa B 16 pas. [lanee HaOonanm BoHOOOpasHbIE H3Me-
HEHUS aKTHBHOCTH ()epPMEHTA C HANMEHBITUMH 3HAYCHHSIMA
B 14- u 28-cyTouHom Bo3pacTe.

Taou. 4. AKTUBHOCTb ()¢ PMEHTOB B IIa3Me KPOBH HBIILIAT-
opoiinepos kpocca Cmena 9 (M=SD, n=20)

AKTHBHOCTB (pepMeHTa Conepxa-
Bos- HUE
pacr, TPHIICHH, nMmnasa, Xoue-
cyr. MKMOJIBb/ MKMOJIb/ D, ex./n cTepuna,
MII*MUH MITMUH MMOJTB/IT
0,94+0,02  0,004+0,001  5174,0+182,1 12,4+1,2
7 0,48+0,06  0,064+0,001 26993,0+4687,3  3,8+0,2
14 0,42+0,07  0,005+0,001  9524,0+1419,0 4,1+0,2
21 0,35+0,05  0,045+0,007  4636,0+710,8 3,6+0,1
28 0,38+0,04  0,018+0,002  3995,0+608,0 3,7+0,1
35 0,17+0,02  0,030+0,006  2062,0+275,8 3,4+0,2

CBeIeHUS 0 Macce KeITyJOYHO-KUIIIEYHOTO KaHaIa ITTHII
conmepkarcs B padote baroesa I1.2K. (2001) [4]. CormacHo
9TUM JaHHBIM, Macca MUIIEBAPUTEIBHOr0 KaHajla MTHUIL
MMEeT He3HAYUTEIFHYI0 BEeJIHMYUHY OTHOCHUTEIBHO OOmIen
Macchel: y yrok Ha Heé npuxogurcst 10,0 %, y ryceii — 8,0
%, y Kyp — 6,6 %. OTHOCUTENbHAsI Macca MOJKETYTI0UHOM
JKeIe3bl, o TaHHBIM batoeBoii (1974), cocTaBiseT: y yTOK
— 0,36 %, y ryceit — 0,18 %, y xyp — 0,18 %, nBenanma-
TUNIEPCTHON KHIIKU — cooTBeTcTBeHHO 0,37; 0,27 u 0,46
%. Pe3ynbTaThl HCClIeOBaHUN Ha LBIUIATax-Opoiinepax
Kkpocca bpoiinep-6 mokazanu, 9YTO OTHOCHTENIbHAs Macca
MOKEyA0UHOH *kKene3bl yBeauduBaeTcst B nepseie 10
cyT. xu3Hu ¢ 0,16 10 0,49 %, a 3aTeM MOCTENEHHO CHUXKa-
ercsa U B 56 cyT. cocraBinsier 0,28 %. Koppemsanus mexny
a0COTIOTHOM Maccol MOMKENyA0UYHOHN KeJe3bl U JKUBOM
MacCOH IBIUIAT B CYTOYHOM BO3pPacTe OYCHb HEMPOYHAs
1 MEeT OTPHIATENIFHOE 3HAUCHHE, a C BO3PACTOM IITHIIBI
MEePEXOIUT B YCTOMUMBYIO monoxuTenbuyto [1]. Jlanueie

10 HOBOMY Kkpoccy CMeHa 9 yka3pIBaIOT Ha TO, 94TO Y Opoii-
JIEpOB OTHOCHTEIIbHASI Macca IMOJDKEITYI0YHO JKene3bl OT
JKUBOW MacChl 3HAYUTEIFHO BEIIIIE, YeM y KYP-HECYIIEK, Y
KOTOPBIX 0COOEHHO 3aMETHOE €€ YBEINICHNE HAOII01aeTCs
TaKKe C CyTOYHOTo 10 14-CyTO4HOr0 BO3pacra, 4To COOT-
BETCTBYET (ha3e alanTalry OpraHu3Ma IBITUBAT K BHSITHUM
ycrmoBusaM cpensl ooutanust [10]. CpaBHUTENBHBIN aHATH3
¢ JaHHBIMHU Kpocca bpoiinep-6 naer ocHOBaHME MOJararh,
YTO COBPEMEHHBIH KPOCC OTIMYAETCS 00JIee HHTCHCUBHBIM
POCTOM MOKEITy T09HOMN JKeJIe3bl, 0COOCHHO B PaHHUH IT0-
CTIMOPHOHABHBIN ICPUO/T.

O0m1re 3aKOHOMEPHOCTH BO3PACTHOM JUHAMHKH aKTHB-
HOCTH ITaHKpeaTHIECKUX PepMEHTOB HOBOTO Kpocca CMeHa
9 ¢ opotinepamu O6osee panHeii cenexkuun (bpotinep 6) BbI-
pakaloTCsl B BRICOKOI aKTHBHOCTH B CyTOYHOM BO3pacTe,
B TIEPBBIC HEACTH CIEAYET €€ CHIKCHHE C IOCIEAYIOIINM
MOBBIIICHUEM B 2 1-CyTOYHOM BO3PACTE U COXPAHCHUEM Ha
BBICOKOM YPOBHE JIO KOHIIa BBIPAIIUBAHSI NTHIEL. J{71s co-
BPEMEHHOW MTHIIBI KPUTHYECKUE TTEPUOIBI TPUXOIITCS Ha
niepBbie 7 cyT. HocTaMOprorenesa u 2 1 -cyTouHbIil BO3pacr,
KOTJ]a 3aKaHYMBACTCS CTAHOBJICHUE MHIEBAPUTEIBHON
(GYHKIMH B OCYIIECTBIISICTCS MEpexoi Ha moTpebieHue
0O0JIBIIOrO KOJIMYECTBA KOPMa. DTO HAXOJUT MOATBEPIXK/IE-
HUE B JMHAMUKE COJICpKaHUs 00IIero XoJecTepruHa KPOBH:
C CYTOYHOTO 10 l4-CyTOYHOTO BO3pacTa ero KOJIWYEeCTBO
cumxkaercs ¢ 12,4+1,17 mmons/n g0 4,1+£0,21 Mmonb/m.
B nampHeiimem HaOIIOMaeTCSI CHIDKEHUE XOJIECTEpUHA JI0
3,37+0,18 MMomnb/ B 35 CyT., 9TO MOATBEPKIACT PE3YIIb-
TaThl UccienoBanuil [11], cormacHo KOTOPBIM IPU POCTE U
PA3BUTUU IBIIUIAT U3MEHSETCS CKOPOCTH MCIOIH30BAHUS
XOJIeCTeprHA I OMOCHHTE3a CTEPOHUIHBIX TOPMOHOB,
OIPEACIIAIONINX aIalTAI[HI0 OPTaHU3Ma K IPOMBIIIIIIEHHBIM
CTpeccaM.

N3BecTHO, 4TO Hanbonee WHTEHCUBHO B TIEPBBIA TO-
COIMOPUOHATBHBII IIEPUO]T PA3BUBACTCS TOHKHI KHIIICUHUK,
0Cc00EHHO JIBeHAANATUIIEPCTHAS KUIIKa [2]. B mepBbIe nHI
TOCTIe BBUTYIUICHHUS [BITUICHKA U3 SHIIa HHTEHCUBHO Pa3BH-
BAKOTCS DHTCPOIUTHI, KOTOPHIC B TCUCHUE 24 U YTTHHSFOTCS
1 TIPOSIBIISIFOT OoJiee TUTUYHYIO Mopdooruto. [1pu BeuTy-
MJICHUHW KPHIITHI 3a9aTOYHBI, a K 48 1 mocTaMOprorenesa
VHBarMHAIMS 3aBEPIIACTCS U MX KOJTMYECTBO YBCIHMUMBACTCS
B pE3yJbTaTe BETBJICHUS U JCICHHS, IPUIEM KOJIUYECTBO
KpUOT Ha BOPCUHKY JOCTHTAeT IUIATO 4depe3 72 | mocie
BoutyrieHud [12]. C 1-cyTouHoro g0 7-CyTOYHOTO BO3-
pacTa UBIUISAT TPOKCHUMATbHBIN, CPESIHUN U JIUCTABHBINA
CETMEHTHI TOHKOH KUIIKH COAEPIKaT OJMHAKOBBIC TIPOTIOP-
U OOKAJOBUIHBIX KJICTOK, MPOIYIUPYIONIUX KUCIBIC U
HeHTpanmbHbIC MylIHBL. HaOmroqaercst rpaiueHT II0THOCTH
OOKAJOBHUIHBIX KJIETOK, YBEIWYMUBAIOIIMICS BIOIH OCH
JIBEHAIIIATUIICPCTHON KHIIKU K TOAB30NIHOM. [Ipomude-
pamys YHTEPOLUTOB JIOKATU3YeTCS B KPUIITaX B PaHHHMA
MOCTIMOPHOHATBHBIN TTEPUOT, XOTS B TOIICH KUIIKE TPH-
MepHO 20 % SHTEPOIMTOB BCe elie PonepUpyroT Yyepes3
7 nHell mocie BBUIYIUIEHMS U3 siiiia. MecToHaxoxXaeHue
CTBOJIOBBIX KJIETOK JJISI 3TOH mpoimdepanuy 10 CUX MOop
He BbIsACHEeHO. [locie BbUTyMIIeHHUS 05151 OOKaIOBHIHBIX
KJICTOK YBEITHYMBACTCS C BO3PACTOM B TIOCTOSTHHOM ITPOTIOP-
MU K DHTEPOIMTAM [0 BCEMY TOHKOMY KHIIEYHHUKY [13].
WccnenoBanusi, MpoBEJCHHBIE HA LBITLIsATAaX-Opoiiiepax
kpocca Ross 308 [14], mokazanu, 4To Macca KUILIEYHHKA
LBIIIIAT-OpOiiiepoB B Bo3pacte S...38 cyT. yBeIHmuuBaeTcs
B 22 pasa, 4TO COIJIacyeTCs ¢ pe3yIbTaTaMU, MOTYyYEHHBIMU
Ha uplisiTax kpocca Cmena 9.

Takxum oOpa3oMm, B OHTOTE€HE3E MBITLIAT-OpOiiIepoB
MOJKHO BBIZICITUTH JIBa IIEPHO/Ia B CTAHOBJICHHUH IHIICBA-
PUTENBHOM CUCTEMBL: C CyTOUYHOro 1o 14 cyt. u ¢ 15 no
35 cyr. Kputndeckumu (azamu, HCXOS U3 3TOTO, MOKHO
CUUTATh CIIEAYIOIIHUE:
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1...7-cyTOuHBIH BO3pacT (CBS3aHHBIN C MEPEeXoa0M Ha
CaMOCTOSTENBHOE MMUTAHKE), KOTOPBIN XapaKTepu3yeTcs HH-
TEHCHUBHBIM POCTOM ITO[KEITY IOYHOM KEJIe3bI H KUIIICYHUKA,
CHIDKCHHEM aKTHBHOCTHU JIUMIA3bl, IPOTEa3, TPUIICHHA U
11enouHoi ocdaTaspl Ha eUHUIYY TKAHU TTOJIKEITY I0YHOM
JKeIIe3bl ¥, Ha000pOT, YBEIIMICHUEM aKTUBHOCTH (epMEH-
TOB, 32 HCKIIFOUEHIEM aMUJIa3bl, B €AMHUIIC TyOICHAIEHOTO
XUMYyca;

15...21-cyTouHsbIii Bo3pacT (OKOHYAaHUE TIEpPHOIa CTa-
HOBJICHHSI TTUIIIEBAPUTEIIEHON CHCTEMBI) XapaKTepu3yeTcs
MOCTETIEHHBIM CHIYKEHUEM MACChI TIOJKETYI0UHOM Kee3bl
1 12-1epcTHOM KUIIKK OTHOCUTENIBLHO JKUBOW MaCChl IITHULIbI,
YBEJIIMYCHNEM aKTHBHOCTH ITAHKPEATHICCKUX ()EPMEHTOB B
€JIMHUIIEC TKAaHH MOJDHKENYI0UHOM jKeNe3bl U MPOTeOIUTHYE-
CKHX (DEpMEHTOB B EIMHUIIC JYOICHAILHOI'O XUMYCa.

Kaxxmas kputndeckas haza mpegonpeaessieT CTaHOBIIe-
HUC (QYHKIUH OpraHu3Ma U €ro CHCTEM Ha MOCIICAYOIIHN
aran pa3sutusa [15]. Panee ycTaHoBiieHa 3aBUCHUMOCTh
CHI)KCHHSA aKTHUBHOCTH TPHUIICHHA B KPOBU OpOIHIEpOB B
OHTOTI'€HEe3€e, KOTopasi KOPPEIUPYET ¢ yXyIIEHUEM YCBOE-
HUs IUTaTeNbHbIX BeulecTs [16]. Ponb Tpuncuna, KOTopblit
CEKPETUPYET MOKEITyT0YHAas JKeIe3a BRIXOANUT JalleKo 3a
paMKH MHIICBAPUTEIBHON (YHKIUH. Y CTAHOBJICHO, YTO
OH yYacTBYeT B aKTHBHPOBAHUM KaJUTUKPEHHA, KOTOPBIN
o0ecrieuynBaeT PeryisLrio apTepHaIbHOTO JaBICHUSI KPO-
Bu [17,18]. UmenHO mo3Tomy Habmronactes 3¢ heKTUBHOES
YCBOCHHE ITPOTEHHA PAIIOHA B IIEPBEIC THH TOCTAIMOpHOTe-
He3a ¥ CIIOCOOHOCTH MTHIIBI YCBAUBATH OOTAaThI MPOTEHHOM
kopM [19, 20]. Kpome Toro, Tpuncun akxtusupyer PAR-
penenTtopsl, odecreunBaronue nepeaady MHPOpManuu B
KJIETKY TIPH BOCTIAJIUTEIBHBIX IPOLIECCaX U UMMYHOJIOTH-
yeckux peakiusix [21, 22, 23]. [TokazaHo, 4TO aKTUBATOPHI
PAR2 oka3bIBatoT BIUSHUE HA COCTOSTHUE MIOJIKEITY J0UHON
KEJe3bl, PETYINPYIOT CEKPETOPHYIO0 (DYHKITHIO IMaHKpeac,
JKEJTy/IKa U CIIOHHBIX )kene3. [lomyuens! nannsle, uto PAR-
PELENTOPHI CBSA3aHBI C ITATOTCHE30M HEHPOJeTeHePaTHBHBIX
3a0o0eBaHmid ToJOBHOTO Mo3ra [24, 25]. CnenoBarenbHO,
HOBBIC 3HAHUS O PAa3BUTUU IMUINCBAPUTEIIEHOW CUCTEMBI U
BO3PACTHOM TUHAMUKH TPUIICHHA B KPOBH OpOIIEPOB KpOC-
ca CmeHa 9 sBIIOTCA (QyHIaMEHTATIBHBIME B pa3padoTke
KOHIICTIIIMK PAIlMOHAILHOTO MUTAHUS MTHIIBI B Pa3HbBIC
MIEPUOJIBI OHTOTCHE3A.

TakuM 00pa3oM, pa3BUTHE OPTraHOB MHUINECBAPEHUS B
MOCTAMOPHUOHAIBHBIH MEPHO/T TPOUCXOTUT HEPABHOMEPHO.
OTHOCHTENBHAS Macca IO IKEITYI0YHOH JKeIe3bl OpoiIepoB
pacteT HanOoJee MHTEHCHBHO B MEPBYIO HEIEIIO ITOCTIM-
OpuOHANBHOM ku3HH, YBeanuuBasich ¢ 0,14 % 10 0,53 % B
JAbHEHIIeM HaOF01aeTCs MOCTETICHHBIN CITaj U K 35 cyT.
ona nocturaet 0,19 %. Pa3putre 12-nepcTHOM KUIIKH B TIep-
BYIO HEJIEIIIO TOCTIMOPHOTeHe3a COBIAAAET C M3MEHEHHSMHU
MAacChl OJKETyI0UHOM Xkele3bl, yBennuusasich ¢ 1,06 % 1o
2,48 %, B najbHeMIIIeM HaOJIFOAaeTCs TOCTEIICHHBIN CITal B
K 35 cyT. ona cumxkaercs 10 0,45 %. CnenoBatenbHo, nep-
BBI TIEpHOI SMOPHOTeHE3a XapaKTepU3yeTCs HHTCHCHBHBIM
POCTOM TODKEITYAOYHOH Kene3bl U |2-epCTHON KUIIKH,
KOTOPBI npojoikaetcs 10 14 cyt. B ganpHelimeM oTMe-
gaeTcs 0oJiee IIaBHOE U3MEHEHNE OTHOCHTEIIEHOW MacChl
OpraHOB, UTO CBUICTEILCTBYET O HadajIe BTOPOTO Mepruoaa
B Pa3BUTHUH MHUIICBAPUTEIBHOI CUCTEMBI OPOIIICPOB.

Lprutsta-0poiiiepsl IpH BRUTYTUICHUS U3 STiIa 00-
JIAIAI0T XOPOIIIO PAa3BUTHIM MUIIIEBAPUTEIHHBIM AIlapaToOM.
B nepByro Heznenro nocrambpuorenesa ormevaercs 3 pex-
TUBHOE YCBOCHHE IPOTEHHA paIlOHa OJIarogapsi BEICOKOMY
YPOBHIO TPUIICHHA B IOIKEIYIOUYHOM XkKeye3e U KpoBu. B
CTaHOBJICHUW aKTUBHOCTH MHIICBAPUTEIBHBIX ()SPMCHTOB
TaK)Ke MOJKHO BBIICTUTH JIBa OCHOBHBIX [IEPUO/IA; B TICPBBIA
(1...14 cyt.) mepuon HabMIOAAETCS CHUKEHNE aKTUBHOCTH
nunassl, Tpuncuna u [dD B TkaHu MoJKeTy TOUHOH JKeTIe3bl,
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BO BTOpO# (15...35 CyT.) — aKTHBHOCTBH (hepMEHTOB yBEIIH-
YHBACTCS B CIMHHUIIC TKAHU OPTaHa U B BAJIOBOM KOJIMYECTBE,
YTO YKa3bIBaeT Ha OKOHYAHUC CTAHOBIICHHS ITUIIICBAPUTEITH-
HOHM CUCTEMBI U CITOCOOHOCTH €€ 3P PEKTUBHO TEpeBapH-
BaTh MMOCTYIAIONINH KOPM B BO3pPACTAIOIIMX KOJMYECTBAX.
AKTHBHOCTB IyOJIcHAIIbHBIX (DEPMEHTOB XapaKTepU3yeTCs
CBOMMH OCOOEHHOCTSIMH U IMEET OTHOCHTEIHHO BBICOKYIO
aKTUBHOCTH B mepBblil niepuox (1...14 cyT), 4TO MOKHO
O0OBSICHUTE MEMOPAHHBIM ITHIICBAPCHUEM U HAKOTUICHHEM
AKTUBHBIX IMHUIIEBAPUTENIBHBIX (DEPMEHTOB Ha IIETOYHON
KaiiMe SHTEPOIUTOB.

BuaaromapHocTb. A6mopbt sbipadicaom 61a200apHOCMb
U 27YOOKYI0 NPUSHAMETbHOCb TAOOPAHMY-UCCIe008amento
nabopamopuu gusuonocuu ®I'BEHY Dedepanvrozo nayuro-
20 yenmpa « Bcepoccutickuil Hayuno-ucciedo8amenbCekuil u
mexHoa02UYeCKUti uHcmumym nmuyeeoocmea» Poccutickoii
axaodemuu nayx Koweesoti Mapuu Banenmunosne 3a npo-
6edeHue OUOXUMUYECKUX AHAU308.
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3HAYEHUE BUOXUMUYECKHUX MOKA3ATEJIEH KPOBU B PAHHIOIO JIAKTAILIAIO
B MIPOI'HO3UPOBAHUU BOCITPOU3BOJUTEJIBHOU CIIOCOBHOCTH Y MOJIOYHBIX KO3
B ITIOCJIEAYIOIEM CE30HE PA3BEJEHUSA*

B.B. Jleii6oBa, kanauaaT OMOJOTHIECKIX HAYK,
M.B. [1o30BHUKOBA, KaHTUIAT OUOJOTHUCCKUX HAYK

Bcepoccuiickuii nayuno-uccie008amensekull UHCIMUMYm 2eHemuKy i pazeeo0eHus CelbCKOXO3AUCMEEHHBIX HCUBOMHBIX — QUIUAT
DedepanbHozo Uccie008amenbeko2o yeHmpa sHcusommnosoocmea — BHOK umenu axaoemuxa JI. K. Opucma,
196601, Canxkm-Ilemepoype, Iywxun, Mockogckoe wi., 554
E-mail: leib1406@yandex.ru

Y monounsix ko3 6 nepuoo panneii 1aKmayuu 6ONbULAA YACHE MEMAOONUUECKUX NOMOKOE HANPAGIEHA HA NPOU3B00CIE0 MOJIOKA
6 yuiepo snepeemuueckum pezepeam opzanusma. Kax u y xopoe, napywenue 3gpghekmuenoit koopounayuu 00MeHHbIX nPoyeccos
MOdIcem npueoOUums K Memadonuieckum 3a001e6anuam u He2amugHo ompajicamscsa Ha penpooyKmuGHoll QYHKUUU IHCUBOMHBIX.
Ilenv uccnedosanusn — usyuenue OUHAMUKYU OUOXUMUYECKUX NOKA3AMelell KPO6U 6 nepevle 064 Mecaua 1aKmayuu y Ko3 3aaHeH-
CKOIl nOPOObL NOCTIE NEPEO20 OKOMA 8 CA3U C PAZHBIM PEenPOOYKIMUGHBIM UCX000M 6 nocedylouiem ce3one paszeeoenus. Kpoes ona
npoeedenus uccnedosanuii omoupanu na 20...30 cym. u 50...60 cym. nakmayuu. Ilo umozam 2-20 cnyunozo cezona naoniodaemole
scueommnsle 0vliu pazoenenst na 2 zpynnwi: I zpynna (n=19) — ocoou, npunecuiue sxcusnecnocoonoe nomomcmeo, 11 zpynna (n=6) —
KO3bl, He npuHecuiue nomomcmea. B konye nepeozo mecaya nakmayuu coodepiicanue 2n110ko3ul y ko3 zpynnoi I ovino na 3 % eviue
(p<0,05), a akmugnocmov ACT 60 emopom mecaye nakmayuu na 9,6 % nuce (p<0,01) no cpasnenuio c camxamu zpynnut I1. Ocoou
zpynnot I omauuanuce 6onee KOpomKoii nPOOONNCUMETLHOCIBIO UHMEPEATIA OM OKOMA 00 NEPEO20 OCEMEHEHUS 6 CIYUHOM Ce30He,
no cpaguenuto ¢ xcusomnwvimu zpynnut 11 (p<0,05). Koppenayuonnwlii ananus y ko3 c ompuyamenbHyim penpooyKmueHsIM Pe3yiib-
mamom noKazan He2amueHyio ceéasv medxicoy akmuenocmoio AJIT na 20...30 cymku nocne okoma u UHmMePBEAIOM MeMicOy OKONOM
u nepevim ocemenenuem (p<0,05). Moscno npednonoxcums, 4umo adanmugHle 603MONCHOCHIU KO3 6 PAHHUIL NEPUOO TAKMAuUlL, 6
mom uucne 00ycnoenennvle uRmMezpayuell HenKo80-y21e600H020 0OMeEHa, MO2ynt 6AUAND HA PEnPOOYKMUGHBLIL YCHex 6 NOCnedyio-
uiem cezone pazeeoeHus.

THE VALUE OF BLOOD BIOCHEMICAL PARAMETERS IN EARLY LACTATION IN PREDICTING
THE REPRODUCTIVE ABILITY OF DAIRY GOATS IN THE SUBSEQUENT BREEDING SEASON

Leibova V.B., Pozovnikova M.V.

Russian Research Institute of Farm Animal Genetics and Breeding — Branch of the L. K. Ernst Federal Science Center
for Animal Husbandry,
196601, Sankt-Peterburg, Pushkin, Moskovskoe sh., 554
E-mail: leib1406@yandex.ru

In dairy goats during early lactation, most of the metabolic flows are directed towards milk production to the detriment of the body’s
energy reserves. As in cows, a violation of the effective coordination of metabolic processes can lead to metabolic diseases and adversely
affect the reproductive function of animals. The purpose of the study was to study the dynamics of blood biochemical parameters in
the first two months of lactation in goats of the Saanen breed after the first lambing due to different reproductive outcomes in the
subsequent breeding season. Blood for research was taken at 20-30 days. and 50-60 days. lactation. According to the results of the 2nd
breeding season, the observed animals were divided into 2 groups: group I (n=19) - individuals that brought viable offspring, group
1I (n=6) - goats that did not bring offspring. It was found that at the end of the first month of lactation, the glucose content in goats
of group I was 3 % higher (p<0.05), and AST activity in the second month of lactation was 9.6 % lower (p<0.01) compared with the
same indicators in females of group II. Individuals from group I had a shorter interval from lambing to the first insemination in the
breeding season compared to animals of group II (p<0.05). Correlation analysis in goats with a negative reproductive result showed
a negative relationship between ALT activity on days 20-30 after lambing and the interval between lambing and the first insemination
(p<0.05). We assume that the adaptive capabilities of goats in the early lactation period, including those due to the integration of
protein-carbohydrate metabolism, can affect reproductive success in the subsequent breeding season.

KitroueBble cl10Ba: k03b1 MOIOUHO20 HANPABTIEHUS, OUOXUMUYECKUE
noxazamenu Kpogu. penpooyKyusi.

VYcenemHsli mepexo OT MPeapoIoBOro Meproaa K
Hayaly JIAKTalluU BKJIIOYAET B ce0sl MHUIMMPOBAHHUE U
KOOPJMHAILUIO U3MEHEHUH BO MHOTUX TKAaHSIX OpTaHU3Ma
[1]. ITocne ponoB OHM CBsI3aHBI C NEepepacnpeieieHueM
MeTaboINYECKUX MOTOKOB, B MIEPBYIO OUEPE/lb, HA IPO-
U3BOJACTBO Mojioka. Kak ¥ y MOJIOUHBIX KOPOB, HECTO-
co6HOCTh 3((HEKTUBHO PEryJMpOBATH MPOUCXOASIINE
MPOLECCHl MPUBOIUT K JA€3afaNTaluy NMEPEXOTHOTO
Mepuosia y K03, 4T0 COIMPOBOKAACTCS BOZHUKHOBEHUEM
MeTabonnueckux 3aboneBanuii [2]. B manpHeinmem, He-
CMOTpS Ha CE30HHOCTbh Pa3MHOXXEHHS KO3, 3TO MOXKET
HEraTHMBHO OTPa3UThCSl Ha PENPOAYKTHBHOW (QYHKIIHH,
MTOCKOJIbKY PEMHHUIMANHs aKTUBHOCTH SIMYHUKOB OyIeT
IPOUCXOAUTH B pAaHHEM IEepUoje JIaKTalUU Ha (QoHe
HaﬁimeHHﬁ oOMeHa BemecTB [3]. DT0 0COOEHHO aKTy-
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QJIBHO JUISI CAMOK, MPUHOCSIIUX TTOTOMCTBO BO BTOPYIO
MOJIOBUHY CE30HA OKOTOB, TaK KakK COKpallaercs Bpe-
MCHHOW HMHTEpBaJ MEXKIYy POJAaMH M HAYaloM MEpHOIa
pa3sMHOXKeHUsI. Pe3yabTaThl HUCCICAOBAHUN CBUACTEIb-
CTBYIOT, YTO OCOOEHHOCTH MeTab0IM3Ma y KO3 B IEPHO
CE30HHOT'0 aHACTPyca MOTYT BIUSTh Ha CIIOCOOHOCTH K
[JI0JJOTBOPHOMY OCEMEHEHUIO M BBHIHAIIMBAHUIO I1JI0/1a B
MOCIIEeAYIONTyI0 OepeMeHHOCTH [4, 5].

Omnpenenenne MeTaboIMYECKOro npoduis, Moa KOTo-
PBIM II0/IPa3yMEBAIOT aHATU3 OMOXMMHUUECKHX TAPAMETPOB
KPOBH, TOJIE3HBIX JIJIsl OLIGHKH M MPEIOTBPAILCHUS HAPY-
IICHUHA OOMCHA BEIIECTB U MHUTAHHS B MOJIOYHBIX CTajax
[6], mO3BOJISIET BBISIBUTH HEXeJIaTeIbHbIC U3MEHCHUS,
MIPOMCXOSIIIE B OPraHu3Me CaMKH JI0 Hadaja Mepuoja
Pa3MHOXKCHUSI.
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I{enp mccmeoBaHUS — OMPEACICHUE CBA3U MEXKIY
JIMHAMHKOI OMOXMMHUYECKHX ITapaMeTpoB KPOBH Y HEPBO-
POISIINX KO3 3aaHEHCKOW TIOPOABI B IPEACTYIHOM Mepro.T
(1...2 Mec maKTaIUM) U MOCIEIYIOMICH BOCTIPOU3BOAUTEIb-
HOMW CIIOCOOHOCTBIO CAMOK.

MeTonuka. VccinenoBanue mpOBOAMIH B OTHOM U3 TUTE-
MEHHBIX X03s11cTB JIeHnHrpaackoi obmactu (20201.). O0B-
€KTOM HCCIICI0BAHUS CITY)KHIIH 25 KO3 TIOCIIE IEPBOT0 OKOTA
(ampenrb—Mmait), He TPOSBISBINNX KIMHAYECKUX MTPH3HAKOB
3a001eBaHuil. JKMBOTHBIE HAXOIWINCh HA OCCIIPUBSI3ZHOM
COJICp)KaHNUHU, PALMOH COOTBETCTBOBAJI 300TEXHUYECKHM
HOPMaM JUIS 3TOTO (PH3HOIOTHIECKOTO niepruoaa. KpoBb s
OMOXUMHUYECKHUX MCCIEA0BAaHNN OTOMpaIH Yepes 2 1 Tocye
YTPEHHET0 KOPMJICHHSI: B KOHIIE TIEPBOTO MECSIIIa JIAKTalln!
(20...30 cyt.) u BTOporo mecsna sakramun (50...60 cyT.).
ChIBOpOTKY IoJTydasiv uepes 1 4 nocie ordopa npod Kposwu,
HEHTPUPYTHPYst 00pa3ipl B TeueHue 15 mun. mpu 3000 g. B
CBIBOPOTKE KPOBH OTIPEIEIISIT KOHIICHTPAIHIO 001IIero Oer-
Ka, aTbOyMHIHA, MOYEBHUHBI, KPEaTHHIHA, TJIFOKO3bI, 00IIEro
XOJIECTepHHA, TPUTIUIEPUAOB, 00mero ounnpyounna, a
TaKKe aKTHBHOCTH ()EPMEHTOB aclapTaTaMHHOTpaHC]epasa
(ACT), anannaamunotpanchepasa (AJIT) u menounast hoc-
(hataza (ILID). JTabopaTopHbIe HCCIIeT0BAHUS POBO/TIIIHN HA
aBroMatrueckom aHanmmzarope «PKL 125» (Paramedical,
Wranus) ¢ ncronb3oBanueM peareHToB hupmel «Burtan [le-
BestonMeHT Kopriopaiitmy (Poccus).

[To muToram 2-ro ciy4HOro ce3oHa, KOTOpPbI Havascs
gepes TPU MecsIia ITOCIIe OKOTa (aBryCT) HaOII0JTaeMbIX KH-
BOTHBIX paszenin Ha 2 rpynmsl: [ rpynma (n=19) — ocobwu,
MIPUHECIINE KU3HECITOCOOHOE TTOTOMCTBO (3aBEpIIEHHBIN
penpoaykTuBHBIA muki) II rpynma (n=6) — KO3bI, HE TIPH-
HecCIlIMe TOTOMCTBA (He3aBEpUIEHHBIH PENpoyKTHBHBIH
UK.

PesynpraThl mccnenoBanuii 00padaThIBaIl METOIOM
0/IHO()aKTOPHOTO JIMCIIEPCUOHHOTO aHaju3a (one-way
ANOVA) 1 0JHO(AaKTOPHOTO JUCIIEPCHOHHOTO aHAIN3a C
noBTopHbIMU n3Mepenusimu (One Way Repeated Measures
Analysis of Variance) ¢ ncrnonb30BaHUEM MPOrPAMMBbI
SigmaPlot 12,5 (SystatSoftware, Inc., CIIIA). B ciyuae
HOPMAJBHOTO paclpeeseHNus CPAaBHUBAEMBIX ITOKa3a-
Tenei npumensuin kputepuit Xonma — Cujaka, npu ero

300

250 —
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150 1

OKOTBI, ron.

100 o

50 I
0 I .I I_ I. .|-| .IT"I

|ﬂnoanu| |wewaa.,| | Mapy | | Anpenn I | Mad | | Hiosie |

Mecay, okoTa

Puc. 1. /lunamuka okomoe y nepeopooaujux u
nOGMOPHOPOOAUUX KO3: Wl — K03bl 1-20 okoma;
[ — K036l 2-X u Ho/1ee 0KOmoe.

OTCYTCTBUU — KpuTepuil [lanHa. Bell mpUHSAT ypOBEHb
3HayuMocTtu p < 0,05, a TeHAEHUUU PACCMOTPEHBI IPHU
0,05 < p < 0,10. KoppensaunoHHbIH aHAIN3 TPOBOIUIH C
HCIOJIb30BaHueM KoddunueHTa [TupcoHa.

Pe3yabTaTtel U 00cy:xaenue. [lepuosr oKOTOB y KO3 B
CeBepo-3anaiHOM PEeTHOHE JUTHTCS C STHBAPS 110 Mai, Ce30H
Ppa3Be/IeHNs] HAUMHACTCSI, B 3aBUCHMOCTH OT TIOTOHBIX YCJIO-
BHI, B aBTyCTe—CEHTIOpe W 3aKaHUYMBAeTCs B Jekadpe. B
2020 1. y )HBOTHBIX C IBYMs M O0JIee TaKTaIrsIMH O0JIbIIast
yacTb 0KOTOB (40,7 %) npoxoauina B suBape (puc. 1), y nep-
BOPOJIAIINX CAMOK OHU OBLTH pacrpe/ieIeHbI paBHOMEpHEE,
HO HauOOJbIIIee UX YHUCIIO MPUIIUIOCH Ha anpenb—Mai (21,4
% u 25 %). Takum oOpa3zom, OoJsiee MOJIOJIBIC JKUBOTHBIC
MMEITU 3HAYUTEIHHO MEHBIIIC BPEMEHH HA BOCCTAHOBIICHHE
1 TIOATOTOBKY PENPOTYKTHUBHOM CHCTEMBI K Hadaly CIyd-
HOTO CE30Ha.

PanHMIT MOCTICOTENFHBIN IEPUOJT XapaKTEPH3YETCsI 110-
BBIIICHHOH aKTHUBHOCTHIO OOMEHHBIX TporieccoB. OHAKO B
HallleM HMCCIIe/IOBAHUH JIOCTOBEPHOE yBEIMYEHUE KOHIICH-

Taou. 1. Buoxummuyeckue noKasaTeu KPOBH B NE€PBbIC IBA MECALA JJAKTAIIUA Y KO3 C PA3HBIM PENPOAYKTUBHBIM PE€3YyJIbTATOM NMOCJIE
OKOHYAHHUSA C€30HA PA3MHO2KECHUA

I'pynna
Tlokazatenb 1 (n=19) II (n=6)

20...30 cyT. 50...60 cyT. 20...30 cyr. 50...60 cyr.
KpeatuHuH, MKMOJIB/JT 59,4+1,9 65,7 £ 1,7%* 62,624 68,9 +2,2%
TpurnuIepubl, MMOJIB/1T 0,102 +0,010 0,154 +0,018 ** 0,098 £ 0,018 0,297 £ 0,099
OOmwuit 6emoxk, 1/ 64,1+ 1,0 68,7 + 0,8%** 68,9+ 1,5 71,5+ 1,1
OOmuit XonecTepuH, 2,01+ 0,07 2,15+ 0,05%** 2,03+0,15 2,15+0,11
MMOJIB/JT
MoueBuHa, MMOJB/IT 6,97 0,30 6,31 +0,42% 6,21 +£0,48 7,01 +0,59
OOyt 6rmpyouH, 8,31+0,56 6,55 £ 0,49%** 7.87+1,1 7,60+ 0,9
MKMOJIb/TT
Tirroko3a, MMOJIB/JT 3,27+0,07* 3,18 £0,08 3,04 +£0,05° 3,21 £0,07
ACT, ex/n 948 +2,7 91,4+3,6¢ 103+ 6 114+ 64
AnpOymuH , /11 31,3+0,4 32,0£0,3 32,8+0,7 324+0,3
AJIT, en/n 155+ 1,0 189+1,9 16,1 +1,5 18,4+1,2
D, en/n 125 +31 140 +£40 97,2+19,9 99,6 +17,8
JOCTOBEPHBIE Pa3IHIus [I0 MecsAIaM JIaKTalluy BHYTpH rpyni — *p<0,05, **p<0,01, ***p<0,001 (One Way Repeated Measures Analysis of Variance);
JIOCTOBEPHbIE PA3IMYMsI 10 MECSIAM JIAKTALUK MEeX 1y Tpyrmamu — *°p <0,05; ©9<0,01 (One Way Analysis of Variance).
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Tpanuu B CBIBOPOTKE KpoBH K 50...60 cyT. mocne oKoTa,
kak B rpymnne I, tak u B rpynne II, orMevanu ToabKo st
kpearnanHa (p<0,01 m p<0,05 coorsercTBenno). Coxaep-
YKaHWE 3TOT0 METa0OIHNTa B KPOBH y 0COOEH, HE MIMEIOIITIX
MaTOJIOTHH TTOYEK, MOJIOKHUTEIBHO CBSI3aHA C MBIIICYHOM
Maccoii Tena. [loBbIieHHas TOTPeOHOCTH B TITFOKOHEOTCHE3e
1 CHHTE3€ MOJIOYHOTO OeJKa Mmocye poaoB MPUBOINUT K BBI-
CBOOOK/ICHUIO aMHHOKHUCIIOT U3 MBIIIICYHOM TKaHU [7].

[To maHHBIM HEKOTOPBIX HCCIIeAoBaTeNeH [ 8], mmmomMoou-
JU3AIHA Y TIEPBOPOIIINX KO3 TPOTEKAET MCHEE MHTCHCHB-
HO, B OTJINYHUE OT 0COOEH, UMEBIINX HECKOJIEKO OKOTOB, TaK
KaK y MOJIOZBIX )KHBOTHBIX B IIPEIPOIOBOM ITEPUOE OOITBIIIE
MBIIIIEYHBIX PE3EPBOB, IO CPABHEHUIO C KUPOBOH TKAHBIO
[9]. ITpu 5TOM MK MOOMIIN3AIMU MBIIIEYHBIX PE3EPBOB B
OOJIBIICH CTEIIEHU MTPOUCXOIUT B IIEPBYIO-BTOPYIO HEICITIO
TOCTIE POJIOB ¥ 3aKaHUMBAeTCs K 4-0i Henerne maktanuu [10].
Taxum 00pazom, Ooliee HU3KKE TOKA3ATEIH KOHIIEHTPALIUH
KpeaTWHUHA Y CaMOK B KOHIIE IIEPBOTO MECSIa JIAKTAIIHH,
BEPOSTHO, MO’KHO OOBSICHUTH OTPUIIATEIIEHBIM DHEPTETHYC-
CKHMM OQJIaHCOM M CBSI3aHHBIM C HUIM CHIDKEHHEM MBIIICUHOH
MACCBI, YTO OOYCJIOBICHO HCITOJIb30BAHUEM MEIIICYHOTO
Oenka B Ka4eCTBE NCTOYHHUKA YHEPTUH.

VY k03 rpynnsl I kK OKOHUaHWIO BTOPOTO Mecsla JIaKTa-
[IUH YBEIIMYMIACH KOHIICHTPAIUS B KPOBH TPUTIIUIICPUIOB
(p<0,01), obmero 6enka u xomecrepuna (p<0,001), Ho
yCTaQHOBJIEHAa OTpHLATEIbHAS JUHAMHUKA I10 COJICPIKAHUIO
moueBuHbI (p<0,05) u obmero ommupyouna (p<0,001). ¥
ocobeii rpynmsl 11 Mexxay mepBBIM U BTOPBIM MECALIAMHU
JIAKTallMU CTATUCTHYECKH 3HAYMMBIX PA3JINYUI MEXKIy
BEJIMYMHAMH ITHX TI0OKa3aTelIel He BBIIBICHO, IIPH 3TOM Y
HUX, B OTJIMYHE OT )KUBOTHBIX IIEPBOU TPy, AKTHBHOCTH
ACT umena tenaeHuio k pocty (p=0,08).

YpoBHH OONBIIMHCTBA OMOXMMHUYECKUX TTOKa3aTelei
HaXOJIWIINCH B TIpeieNiaX peepeHTHBIX TUAa30HOB, COIEP-
JKaHue KpeaTHHUHA B KpoBH Ha 20...30 cyT. ObL1a HECKOJIBKO
HIDKE STHX 3HAYCHUH, a KOHICHTpAIHs OOIIero Omimmpy-
OmHa B 00eWx Tpymmax BBIXOAWJIA 3a TPAHHUIIBI BEIUYHH,
YKa3aHHBIX B clipaBouHOM 1ocoOuwu [11] mo kpaiineit mepe
B 1,5...1,8 pa3a, HO coBmazana c peyiapratamu Radin et al.
2017, momydeHHBIMH Ha KO3aX B PAaHHIOIO JakTamwio [3].
Nudopmanus o6 aktusoctu ACT u conepkannu oOiie-
ro OmMpyOWHA B KPOBH, HAPSy C HEKOTOPBIMH JIPYTHMHU
MetabonutamMu U pepMeHTamMu, MaéT MpeacTaBiIeHUE O
COCTOSIHUY TeueH! y ko3 [12]. HeznaunrenabHoOe, HO CTATH-
CTHYECKH JOCTOBepHOE yBenndyeHne aktuBHocTH ACT, Ha
(hoHE TOBBIIIEHHOTO W HE CHI)KAIOIIETOCS YPOBHS OOIIEro
OunmMpyOuHa y ko3 rpymisl 11 B mepBbie MecsIIbl JIaKkTalum,
MOTJIO OBITH 00YCIIOBJICHO HAIIITYHEM CYOKIHHUYECKOTO BOC-
MAINTEFHOTO WK IETeHEPATUBHOTO 3a00JICBaHUS IEYCHN
[13]. 3BecTHO, UTO PYHKITMOHAIEHOE COCTOSIHUE TICUCHHU B
MTOCIICPOIOBEII IIEPHO BIUSACT Ha OBAPUAITBHYIO (PYHKIIUIO
MOJIOYHOTO CKOTa, B TOM YHCJIC HAa KAYECTBO OOIMTOB U IO~
TeHIUaN ux pazpurus [ 14].

PesynbTaThl CpaBHUTEITHHOTO aHAT3a CBUICTCIBCTBY-
10T, 9T0 bnoxummdeckue npodumm Ha 20...30 cyt. 1 50...60
CYT. JIaKTallMHU (Mali-HIOHB) y KO3 C Pa3JIMYHBIM PETPOIYyK-
TUBHBIM MICXOJIOM B ITOCIICAYIOIIEM CE30HE Pa3MHOKCHUS
HECKOJIBKO pa3indarotcs (Tadu. 1). B koHIle mepBoro mecsia
JIaKTaIMX COJEP>KaHNe TITFOKO3bl B KPOBHU Y KO3 TPYMIIHI I,
o cpaBHEHHMIO ¢ rpynmoii 11, 6puto Beie Ha 3 % (p<0,05).
[Tepsrie 30 mgHEN mocie POAOB MOTYT MMETh peIIaroIiee
3HaYCHNE C TOYKH 3PEHUS BIMSHUS METAO0OJNTOB U Me-
Ta0OJIMICCKUX TOPMOHOB Ha PEIPOIYKTHBHYIO (YHKIIUIO
MOJIOYHOT'O CKOTa, KaK M3BECTHO, TJIFOKO3a — OCHOBHOMU
9HEPreTUUECKUI UCTOYHUK ISl PETIPOTYKTHBHBIX OPTaHOB,
KpOMe TOTO KOHIICHTPAIIUS ATOTO METa0OINTa B KDOBH CBSI-
3aHa ¢ npoaykuueil uacynuna u U®P I, kotopsle cayxar
BOXHBIMH MOJIYJIITOpaMU OBapHaibHON GyHKumu [15].
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Puc. 2. Koppenayuonnasn ceéasv mesxcoy akmusenocmuto AJIT ¢
nepevlil Mecay NaKmayuu u UHmMepeaiom om okoma 0o 1-20
ocemenenus 6 ce3on pazeedenus y ko3 zpynnoi I1.

Jpyroii noka3zareib, BEJIMYMHA KOTOPOTO Pa3Inyaliach y
TPYIII C Pa3HBIM PETPOIYKTHBHBIM ITOTEHIINAIOM — aKTHB-
Hoctb ACT. Bo BropoM Mecsrie Takranuu y ocobeit rpymms [
oHa Obuta Ha 9,6 % Hike (p<0,01), 4eM y )KUBOTHBIX TPYIIIIEI
II. I3mMeHeHns: OMOXUMHUYECKHX KOMITIOHEHTOB CHIBOPOTKH
KpOBH, 00YCIIOBJIEHHbIE (DH3HOIOTNYECKUMHU WIH MaTOJIO-
TMYECKMMH U3MEHEHHMSIMH B OPTaHU3ME CaMKH, BIUSIOT Ha
coctaB (HOJUTHKYJISIPHOI xuaKocTH [16], uTo ¢ yaérom mpo-
JOJDKUTEIIFHOTO Pa3BUTHS OBAPUATIBHBIX (POJUTHKYIIOB (4...6
MecsIIIEeB OT IPHUMOPIHAIBHOM JI0 IPEOBYIISITOPHON CTa/INH),
MOXKET PeONPEEIIATh PA3BUTHE OOLUTA ¥ CTEPOUIOTEHE3
(onuKyIa y caMOK J0 Hadaja ce3oHa pasBenenus [/7, 18,
19]. llokazano, urto nossienne aktuBHocTH ACT B dosutu-
KYJISIPHOH HAKOCTH MOXET OBITh CONPSDKEHO CO CHIDKEHHEM
Ka4ecTBa OOIUTOB Y MOJIOYHOTO cKoTa [20].

Oco6u u3 rpynmsl | oTauyanuck 6ojice KOPOTKUM
(p<0,05) mHTEpBAIOM OT OKOTa J0 MEPBOTO OCEMECHEHUS B
CIIy4YHOM CE€30HE, 110 CPABHEHHUIO C JKUBOTHBIMU TPpymIsl 11
(tabn. 2). [Ipn npoBeaeHNH KOPPEISIIMOHHOTO aHaN3a Yy
ko3 rpymisl I Obi1a 06HapyskeHa oTpunaTeIbHast TMHEeHHAs
3aBucuMocTb (p<0,05) mexny aktiuBHOCTBIO AJIT Ha 20...30
CYTKH ITOCJIE OKOTa M MHTEPBAJIOM MEX/y OKOTOM H IIEPBBIM
oceMeHeHHeM (pHucC. 2), XOTSI caMH 3HAYEHHs aKTHBHOCTH
y XKHUBOTHBIX 00€uX Tpymni OblIM CXOAHBIMH. B Hammx
MPEABITYIMX paboTax Ha MOJOYHBIX KOpPOBax MOA0OHAs
CBSI3b ITOTO (PEepMEHTA C MPOAOJIKUTEILHOCTBIO CEPBHC-
MIEPUOAOM TaKKe OblIa YCTAaHOBJIEHA, OJJHAKO YPOBEHb €T0

Taou. 2. Iloka3aTeau BOCIPOU3BOACTBA H MOJIOYHOIM

NPOAYKTHBHOCTH
I'pynmna
Iokazatens

I (n=19) II (n=6)
MuTepsain oT 0koTa 10 MEPBOro oce- 1577 187 + 8*
MEHEHHS, TH.
Bo3spacr nepsoro okora, JiH. 430+ 6 412+ 10
Yucno Kozt npu 1-M okore, Tod1. 1,58 +£0,12 1,57+ 0,20
HNunexc oceMeHeHUs. 1,25+0,10 1,33+£0,21
Vnoii 3a 100 nHel TaKTanyu, KT 243 £ 15 288 £ 15
MK, % 3,56+0,17  3,58+0,04
MJB, % 323+£0,02 3,25+0,03
“p<0,05
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AKTHUBHOCTH MEKIY TPYNIIaMH )KHUBOTHBIX C PA3HBIM PETIPO-
JIYKTUBHBIM NOTeHIManaoM pasnudancs [21]. TTockonbky
METa0OJINTHI CHIBOPOTKH KPOBH yYacTBYIOT B PETYJISILIUN
(bepMeHTaTHBHOM aKTUBHOCTHU Ha KJIIETOYHOM YPOBHE, IPEI-
rojiaraeM, 4to oTpunarensHas cBa3b AJIT ¢ uHTEpBaIOM OT
OKOTa JI0 IEPBOT0 OCEMEHEHUsI 00yCIIOBJIEHa €ro POJbio B
paboTe TIII0K030-ATaHMHOBOTO ITUKJIA Ha PoHe OoJiee HU3KOM
KOHIICHTPAIMH TJIFOKO3bI B IEPBBIN MECSIII JIAKTAINHU Y KO3
rpymst 11 (p<0,05). M3BecTHO, 94TO coaepKaHUE TIFOKO3BI
B KPOBHU KBAYHBIX )KHBOTHBIX 3aBUCHT OT HHTEHCHBHOCTH
9H/IOTE€HHOT'0 CUHTe3a [22].

Taxwue rmokasaTeny penpoayKIUH, KaKk BO3PacT IIEPBOTO
OKOTa, YHUCJIO KO3JIAT B TIOMETE M MHAEKC OCEMEHEHHUS y KO3
MIepBOM ¥ BTOPOI1 TPy ObUIM CXOHBIMHU, MOJIOYHAS ITPO-
JTyKTHBHOCTB TaKXKe HE MMeJa CTAaTHCTUYECKHU JI0CTOBEPHBIX
pasnuanii (cM. Tadr. 2).

Takum 00pa3zoM, y K03 ¢ 3aBEpIIEHHBIM PEIPOYKTHUB-
HBIM IIMKJIOM B ITOCJIETYIOIIEM CE30HE Pa3BEACHHS KOHIICH-
Tpanus rIIF0K036I B KpoBH Ha 20...30 cyTku nakTannu Obuia
Boime (p<0,05), a akruBHOCTH ACT Ha 50...60 cyTKku 1akTa-
LIUH HWXKE, 110 CPABHEHMIO C )KHBOTHBIMH, HE IPUHECIINMHU
motomcTBO (p<0,01). Kpome Toro, y K03 ¢ He3aBepIIEHHBIM
PENpOIYKTUBHBIM IIUKJIOM YCTaHOBJIGHA OTpHIATENbHAS
KOppEesIUOHHAs CBS3b MEXy akTUBHOCTbIO AJIT B nepBblit
MecsIl JJaKTallMi ¥ UHTEPBAJIOM OT OKOTa 70 1-ro oceme-
HEHUs, YTO Tpe/roaraeT oomnee BHICOKYIO MOTPEOHOCTH B
MHTErpanuy OEIKOBO-YIIIEBOAHOIO OOMEHa.

PesynbpTaThl MCCe0BaHMs CBUIECTENBCTBYIOT O TOM,
YTO MPH OJAWHAKOBBIX YCIIOBUSX KOPMIICHHS M COJICPIKAHUS
KO3BI TIPOSIBIISIIOT Pa3HyIo aAaNTAHOHHYIO CIIOCOOHOCTh K
METaboINYeCKON Harpy3ke B MEPBbIC MECSIbI JIAKTALNH,
YTO, B CBOIO OUEPE/Ib, MOJKET OKa3bIBATh BIMSHUE Ha PEIIPO-
JYKTHUBHBIH YCIIEX B IIOCIIETYIOLIEM CE30HE Pa3BEe/ICHHUSI.

Jluteparypa.

1. Boeconwbosa H.B., Pomanos B.H., baecupog B.A. Mema-
bonuueckull npoPuIL KOpos npu Koppekyuu numaHus
8 KOHYe CYXOCMOUHO020 Nepuood u nadane iaxmayuu //
Poccuiickas cenvcxoxosaiicmeennasn nayka. 2021. Ne 1.
C. 47-50. doi: 10.31857/52500262721010117.

2. Simoes J., Gutierrez C. Nutritional and Metabolic
Disorders in Dairy Goats // In Sustainable Goat Production
in Adverse Environments. Berlin: Springer, 2017. Vol. 1.
P. 177-194. doi: 10.1007/978-3-319-71855-2.

3. Blood metabolites of extensively reared Croatian multi-
coloured goats during early lactation and early gravidity
/L. Radin, A. Shek Vugrovecki, J. Pejakovic Hlede, et al.
// Veterinarski arhiv. 2017. Vol. 87(3). P. 273-280.

4. Jleubosa B.b., lllanues U.III., Jlebeoesa HU.IO. Dep-
MEHMamueHas akmugHOCHb KPOBU Y KO3 3AAHEHCKOU
nOpPOObL 8 pasHble NEePuodbl PenpoOyKmMuU6HO20 YUKIA U
6 ces3u ¢ 3aseputenuem bepemennocmu // CenbcKoxossii-
cmeennas buonozus. 2016. T. 51. Ne2. C. 238-246.

5. Jleuboea B.b., Ilozoenurkosa M.B. Buoxumuueckue no-
Kazamenu 0OMena 6ewecms y MOJLOYHbIX KO3 C PA3HbIM
PENPOOYKmMuBHbIM nomenyuaiom //Monounoe u msicrnoe
ckomogoocmso. 2020. Ne. 8. C. 35-37.

6. Puppel K., Kuczynska B. Metabolic profiles of cow’s blood;
a review // Journal of the Science of Food and Agriculture.
2016. Vol. 96(13). P. 4321-8. doi:10.1002/jsfa.7779.

7. Insulin signaling and skeletal muscle atrophy and autophagy
in transition dairy cows either overfed energy or fed a
controlled energy diet prepartum/S. Mann, A. Abuelo, D.V.
Nydam, et al. // Journal of Comparative Physiology B. 2016.
Vol. 186. P. 513-525. doi: 10.1007/500360-016-0969-1.

8. Endocrine and metabolic status of commercial dairy
goats during the transition period / F. Zamuner, K.
DiGiacomo, A. Cameron, et al. // Journal of Dairy

Science. 2020. Vol. 103(6). P. 5616-5628. doi: 10.3168/
Jjds.2019-18040.

9. Siachos N., Panousis N., Oikonomou G., Valergakis G.
Role of fat and muscle mass and mobilization of transition
dairy cows on milk yield and reproduction // EAAP — 69th
Annual Meeting. Dubrovnik, 2018. P. 364. doi: 10.13140/
RG.2.2.32266.72648. URL: https://www.researchgate.net/
publication/328342687 Role of fat and muscle mass_and _
mobilization_of transition_dairy_cows_on_milk_yield and r
eproduction?channel=doi&linkld=5bc752aea6fdcc03c789a8
Sc&showFulltext=true (Oama oopawgerust 18.05.2022).

10. Protein and fat mobilization and associations with serum
[-hydroxybutyrate concentrations in dairy cows /S.G.A.
Van der Drift, M. Houweling, J.T. Schonewille, et al. //
Journal of dairy science. 2012. Vol. 95(9). P. 4911-4920.
doi: 10.3168/jds.2011-4771

11. Axcenosa I1.B., Epmaxos A.M. Buonoaus penpodykyuu
xo03. CI16.: H30amenvcmeo «Jlanwvy, 2015. 272 c.

12. Castillo C., Abuelo A., Hernandez J. Usefulness of
metabolic profiling in the assessment of the flock’s health
status and productive performance // Small Ruminant
Research. 2016. Vol. 142. P. 28-30 doi:10.1016/].
smallrumres.2016.02.019.

13. Davoudi S.M. Study of hepatic problems in livestock //
European Journal of Zoological Research. 2013. Vol. 2
(4). P. 124—132.

14. Conomaxun A.A. Cmexanosa A.A., Jlebeoesa U.I1O. [lo-
Kasamenu pabomol neueHu 8 nocjieomenbHulil nepuoo y
KOpOog ¢ denpeccuell 08apuUaiIbHOU QYHKYUU 6 NePEyIo U
nocaedyrowue raxmayuu // 3oomexnus. 2020. Ne 12. C.
20-25. doi: 10.25708/ZT.2020.83.72.006.

15. Lucy M.C., Butler S.T., Garverick H.A. Endocrine and
metabolic mechanisms linking postpartum glucose with
early embryonic and foetal development in dairy cows
// Animal. 2014. Vol. 8(s1). P. 82-90.

16. Rodgers R.J., Irving-Rodgers H.F. Formation of the
ovarian follicular antrum and follicular fluid // Biology
of reproduction. 2010. Vol. 82(6). P. 1021-1029. doi:
10.1095/biolreprod.109.082941.

17. Cahill L.P., Mauleon P.J. Influences of season, cycle and
breed on follicular growth rates in sheep // Reproduction.
1980. Vol. 58(2). P. 321-328.

18. Lussier J.G., Matton P., Dufour J.J. Growth rates of
follicles in the ovary of the cow // Reproduction. 1987.
Vol. 81. P. 301-307.

19. Mechanisms regulating follicular development and
selection of the dominant follicle / R. Webb, B.
Nicholas, J.G. Gong, et al. // Reproduction-Cambridge-
Supplement. 2003. Vol. 61. P.71-90.

20. Pomapo JI.H., llanues U.11l. ACT, mpuenuyepudol u
XOJleCmepuH 8 JHCUOKOCTU 08APUATLHBLX (DOILTUKVIO8, U
UX €6513b ¢ MOPGhonO2Uel O0YUM-KYMYTIOCHBIX KOMIIEK-
€08 Kopos // MedcOyHapoOHblll 6eCMHUK GemMePUHAPUL.
2019. Ne 2. C.156-161.

21.Jlenibosa B.B., [llanues MH.I1I., Jlebeoesa HU.IO. Me-
mabonauyeckoe cOCMosiHue 8 Konye nepuooa pazoos
VY 8bICOKONPOOYKMUBHBIX MOLOUYHBIX KOPO8 C PA3HOU
socnpouszsooumenvrol cnocoonocmoio // Cenbckoxo-
ssicmeennas ouonoeus. 2011. T. 6. C. 103—109.

22. I'anouxkuna B.11., Aeaghonosa A.B., [{youn B.1. Oyenxa
06ecneyeHHoCmu MUaMUHOM U PONAYUHOM U HANPAGIIEeH-
HOCmu 06Mena NUPOBUHOSPAOHOU KUCIOMbL Y KOPO8 8
c6s3u ¢ yposnem npodykmuenocmu // IIpoonemvr buono-
2uu npooyKkmueHvix sxcusomuuix. 2016. Ne 1. C. 65-75.

Mocrynuia B pepakuuio 15.03.2022

IMocue nopadorku 19.04.2022
IIpunsra k nyoaukanuu 05.05.2022

71




Poccuiickas cenbckoxo3siiicTBeHHas Hayka, 2022, No 3

72

IIpaBuJia 1J1s1 aBTOPOB

1. Penakust momerniaeT He 6osee AByX cTaTeil OJJHOTO aBTOpa B TOJI. DTO IPABHIIO HE PACTIPOCTPAHETCS
Ha aKaJIeMUKOB M 4JIeHOB-KoppecnonieHToB PAH u npyrux akagemuii.

2. O6beM crateu HE MeHee 12 ¢Tp., BKimoyas Tabmumsl (He 6omnee 4), pucynku (ue 6omnee 4), Ou-
onuorpacduro (o 25 Ha3Banwmii). Crarbs, HaOpaHHas KPyNHbIM mpugToM depe3 1,5 nnrepBaJa,
nepecbliaercst o E-mail: nsm2308@yandex.ru. B neit nomkus! 06Tk ykazans! YK, HazBanue
CTaThbU, HHULIHAIBI U (paMUJIUM ABTOPOB, CTENeHH, NN0JIHOe HA3BaHHe YUPesK/IAeHHs ¢ aipecoM,
E-mail, pedepat 066emom 200-250 crioB ¢ yka3aHHEM LIENIHN OMBITOB, 00bEKTa UCCIICA0BAaHNH, aHATTH3a
ITOJTyYCHHBIX JaHHBIX ), KJII0YeBbIe CJI0BA U BCe MPOAYOIUPOBAHO HA aHTJIHIICKOM sa3bike. Tadm-
Libl 1 PUCYHKH B OIHOM (aiisie ¢ TekcToM. B Tekcrte BhiieauTs «Metoauka» u «Pe3yabraTsl 1
o0cy:xaenne». [loBTopeHne 0JJHUX U TEX )K€ JaHHBIX B TEKCTE, TadIMIaX, rpadukax Hepomyctimo. B
KOHIIE CTaThbH yKa3aTb HoMep TenedoHa (Ciry>keOHbIH, TOMAITHUI, MOOMIIBHBIIN) KQKI0TO COABTOPA.

3. Pucynku (rpaduueckuii MaTepual) JOJKHBI OBITh BBIIIOJHCHBI 4€TKO, MPEICTABIEHBI HA OT-
JeJIbHOM JiucTe B popMare, odecneynBaiomieM sICHOCTh IepeJayM Bcex JjeTajieil, W/Wjam Ha
3JIeKTPOHHOM HocuTesie (mporpammer «Adobe PhotoShopy, «Adobe Illustratory).

4. CtaTbd ¢ 001bIINM KOJIHYeCTBOM (hopmy.r (He Oosee 10) mpeacTraBiaseTcs HA JEKTPOHHOM
Hocutene — (mporpamma «MS Equationy nmu mogo0Hast).

5. HpI/I OIMMMCAaHUN MCTOJAUKHU UCCIICAOBAHMS CIICAYCT OIPAHNYNBATHCSA OpHI‘PIHaJ'IBHOﬁ €C 4acCThbIO, IIpH
OJIEMEHTHOM aHaJIN3€ NMPUBOJUTH TOJIBKO YCPEAHCHHBIC JaHHBIC.

6. crionib30BaHHast TUTEPATYPA IPUBOIUTCS B MOPSIJIKE OUEPEHOCTH YIIOMHHAHHS, B TEKCTE — LIU]-
POBBIE CCBIIKH B KBapaTHBIX CKOOKax. Crimcok aurepatypsl odopmirsercs B coorBeTcTBuH ¢ 'OCT
P 7.0.5-2008. Jlons cchulok Ha MCTOYHMKM crapuie 10 et He momxHa mpessimats 30 % crucka
JIUTEPATYPBI, I0JIsl CCHUIOK Ha MyOJIMKALKK B )KypHaiax u3 supa PUHI] 3a nocneqaue 8 ner 1o/mkHa
cocTtaBATh He MeHee 50 % crucka muTepaTypsbl. JKenaTensHbI CCBUIKH Ha Ky PHAIIbI, BXOJSIINE B 623y
nmauHbIX Scopus U Web of Science. LlutupyemocTsh cBOHUX paGoThl He ostee 15%.

7. HpI/I TMOJIYYUYCHNHU CTATbU PEAAKIHNA pACCMATPUBACT €€ COOTBETCTBUE TEMATUKE JKypHaJia U IOCHIIIACT
Ha pCLCH3UIO BEAYIIUM CIICHHUATIUCTaM. Bo3BpameHHe PYKOIIUCH aBTOPY Ha nopa60TKy ¢ Konuen pe-
LECH3UHN HC O03HAYACT, YTO CTAThs IPHUHATA K IIECHYATH. I[aTOfI MOCTYIUICHUS CHATACTCS ICHDb TOJYYCHU L
penaxuneﬁ OKOHYATCJIbHOTO BapraHTa CTaTbH.

8. Pe,Z[aKI_[I/ISI MOCbUIACT aBTOPAM Ha BU3Y HOI[FOTOBHCHHLIﬁ K Ie4aTH SK3EMIIIAP CTATbhH, KOTOpLIfI
JOJIKCH OBITh BBICIIAH O6paTHO B TEYCHHUE CYTOK C MOMEHTA €T0 IOJYyYCHUS.

ABTOpaM BBICHLIAETCH KYPHAJI B 2JIEKTPOHHOM BHJE.

C acmupaHTOB IUIATA 32 MYOJUKAIIMIO He B3UMAaeTCsl.

Jns mostyyeHus roHOpapa 3a My0JIMKALIMIO B AHTJIOSI3BIYHOM M3/1aHHH ABTOPbI MOTYT 00PATUTHCSA
B Poccuiickoe aBTopckoe o0mecTBo no ajapecy: 123995, Mocksa, b. Bponnas, a. 6, cTp. 1, Te.:
+7 (495) 697-3335; u na caiite PAO: www.rao.ru (noasectu Kypcop Ha «IIpaBoobiagarenn»,

Jajiee Ha «ABTOpPaM HAay4YHBIX cTaTeii». 31ech HAXOASATCS JOKYMEHTBI 115 MOJy4YeHHs] aBTOp-
CKOro roHOpapa.

7KypHau paccpliaeTcs TOJIBKO M0 MOANNCKe, B POSHUYHYIO MPOAAXKY He NMOCTYINaeT.

- J




