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Annomayusa. Heanb n 3apaun. I[locraBneHHoN 3aqaueil nccienoBaHUs SBISIETCS UCIAPUTENbHBIA MPOIECC ¢ OTKPHITOH Mo-
YBEHHOM MOBEPXHOCTHU NPH Pa3HOM PEKUME BBIMAJAIOIINX OCAJKOB U BJIArOHAKOIUIEHUS Iepe]] Bereranueil pacteHuid. Ma-
TepHuaJbl U MeTOAbI. [IpuBoAMINCE TEOPETUUECKHE BBIKJIAAKH U IMPUMEHSINCH METO/Ibl MaTeMaTH4eCKOro MOAETHPOBAHUS
npolecca U3MEHEHHs BJIaro3anacoB B MIOYBEHHOM cjioe. B IMOJEBBIX HCCIIeOBaHUSX YYUTHIBAJIACh UCIAPsSEMOCTh Ha (oHe
numeromierocst ((pakTHUECKOro) pacTUTENLHOIO dKpaHa (03MMOM MiIeHuIbl). Pe3yabTarsl neeaenoBanuii. Pazpaboran anro-
PUTM OIMCAaHUsI TUHAMHUKH BJaro3anacoB B MOYBE C YYE€TOM BPEMEHHOro (hakTopa, a TOUHEe MOCYTOYHOTO MX M3MEHEHHUS.
AJTOpUTM MOCTPOEH 110 NPUHIIUITY MOCIIEA0BATEIbHOM TPOBOKK COOBITHH. Best pacueTHast paboTa Besiach B TIOIIArOBOM aBTO-
MaTHYECKOM peKUMe (ITOCYTOYHO) 3a BECh IIEPUOJT BEreTaluy pacTeHuil. B crarbe oOpariaercss BHUMaHue Ha OOJBIIYIO POJIb B
UCTIapUTEIHLHOM IIPOLIECCE PACTUTEIBHOTO 3KpaHa, 0COOEHHO €ro rnapameTpoB. BrIsSBIEHO, YTO ONpeeTIeHHYIO POJIb UTPACT U
KOJIMYECTBO BJIark B MOYBEHHOM ciioe. [Ipn 3ToM nokazaHo, 4TO ¢ yBEJIMUCHHUEM BIIaro3anacoB B I0YBE HCIIapeHNE B a0COIOT-
HBIX BEJIMYMHAX BO BPEMEHM YBEJIIMYUBACTCS, a B HOPMUPOBAHHOM BHUJIE€ — yMEHbIIaeTcs. [IpuunH, 1o MHEHUIO aBTOPOB, JIBE.
OyHa U3 HUX CcBsi3aHa ¢ auddepeHmanyeil Biaru B ouBe, a Apyrasi — ¢ YUCTO MaTeMaTHYeCKUMH CBOMCTBAMU (TIOCKOJIBKY
IIPYU HOPMHUPOBAHHMHU HMCIIAPEHMs] 3HAMEHATeNlb M YHCIUTENb JAPOOU MU3MEHSIOTCS MO pasHbIM 3akoHaMm). Hayunasi HoBu3HAa.
[TomyuyeHHbIe CTPYKTYPBI U aJITOPUTMBI MTO3BOJISIIOT HE TOJIBKO OMPEENATh MOCYTOUHO BJIaro3anachl B OYBE Ha MalllHE U Ha
nactoumax (¢ yuyeroM (pu3MYECKOro UCTIApeHHMs1), HO M MPH JaJIbHEHIIei mpopaboTke MOTYT CTaTh OCHOBOI MOJEITMPOBAHHMS
MIPOLIECCOB MPU Pa3HBIX CLEHAPUSIX U3MEHEHUS KJINMaTa.

Knrueswvie cnoea: nporecc, ncnapeHue, MoAeINPOBAHUE, OIBIT, IPOrpaMMHUPOBAHUE, AITOPUTM, BJIAro3anacsl, Ho4Ba, OKpy-
xKarolas cpesa.

Jna yumuposanusn: Bacuines 10. U., Typko C. 1O., Hazaposa M. B., Uepnssckuii FO. B. Tlporecc u3meHenus Baaro3anacon
HA TMaIlHe ¥ MacTOUINaxX ¢ y4eToM (U3UUecKoro ucnapeHus // ArpapHsiii BecTHuk Ypama. 2019. Ne 12 (191). C. 2-8. DOL:

10.32417/1997-4868-2019-191-12-2-8.
Mama nocmynnenua cmamou: 02.10.2019.

IMocTanoBka npoodaems: (Introduction)

Brarosamack! B 1o4uBe, Kak TIOKa3bIBAET OIBIT, HTPAIOT OY4CHBb
BOXHYIO pOJb B (POPMHPOBAHHUHU PACTHTEIBHOCTH. B TO XKe
BpeMs caMO TPOTEKaHWE MCTIAPUTETFHOTO Tporiecca (a ciemo-
BaTeNbHO, M TIpOIlecca M3MEHEHHs BJIAaro3amacoB B ITOYBE) BO
MHOTOM OTIpeIeTIsIeTCs (PU3MYECKUM COCTOSTHHEM TTOYBBI U TTa-
paMeTpaMu pacTUTEIBHOTO SKpaHa Ha ee MoBepXHOCTH. Kpome
TOTO, BJIATO3AIT1aCHI B ITOYBE OTIPEICISAIOTCS Il i PEKUMOM BBI-
MAJIAFOIINX OCAIKOB, TIPUYEM HE TOJNBKO MX KOJMYECTBEHHBIM
COCTaBOM, HO M BpEMECHEM BBINTJICHHA. B CBS3M C STUM 3aKOHBI
W3MEHEHHS BJIAaro3anacoB B ()YHKIIMH BPEMEHH TIOJIC3HO 3HATh,
TaK KaK He TOJIBKO MOKHO OyIIeT CYIHTh O TeKyIIel ypoxKaHO-
CTH CeITbCKOXO3HUCTBEHHBIX M TPABSHHUCTHIX KYIBTYp Ha IaIrHe
1 macTOMIaxX B KOHKPETHOM TOMY, HO M 3TO JAaCT BO3MOXKHOCTh
CTPOUTH TPOTHOCTUYECKHE MOJACTH TPOTYyKTUBHOCTH PACTH-
TEIIFHOCTH Ha TIEPCIEKTHBY IMPU OTPAaOOTKE TOTO WIIM HHOTO
CIieHapHsI TII00ATBHOTO M3MEHEeHHs KimMara. KoHeuHo, Hy)KHO
TIOMHHTH U O TOM (haKTe, 9TO YPOKAHHOCTh pacTeHUH (HOpMH-
pyeTcs 1mof BO3ACHCTBAEM MHOKECTBA (DAKTOPOB, a HE TOJIBKO
OT BIMSHUSA Blaro3amacoB. Ho Bce jke mociiemHuil mokas3areib
SIBIISIETCS. OJHUM U3 OIPEACISIOIIMX B apUIHON 30He. Mare-

2

MaTH4eCcKoe OIMCaHUE W3MEHEHHS BJIaro3aracoB B MOYBE, He-
COMHEHHO, OyZIeT TIOJIE3HO ISl MPAKTUYeCcKoro 3emienenus [1,
c. 69;2,c.54; 3, c. 507].

MeTtonosorusi u MeToabl ucciaenoBanus (Methods)

[TocraBneHHas 3ajaya UCCIICIOBAHUS JMHAMUKU BJaro3a-
MacoB Ha TalIHEe M ACTOMIIAX HAMHU pelaercs: 0e3 y4era 1o-
Tephb BJIArd 4epe3 TpaHcnupaiuioo. VHadye roBopsi, B OMbITaxX
YUYHUTBIBACTCA TOJIBKO (bmvmemcoe HUCapCeHue, NpuieM Ha OT-
KPBITOM TOYBE U IIPU HAJIUYMU PACTUTEIBHOIO DKpPAaHA Ha €€
MIOBEPXHOCTH.

[TockonbKy B HaTypHBIX YCJIOBHAX MONOOHYIO MpoOieMy
ObLIO peliarh OYeHb CIOKHO, & TOUHEE HEBO3MOXKHO, BO3HHK-
J1a HeOOXOMMOCTb MPOBEJCHHS JTa00PATOPHBIX OIBITOB C yde-
TOM TpeOOBaHMI OIBITHOIO [ejia U MojaenupoBanus [4, ¢. 59;
5, ¢c. 48].

B naGopaTopHbIX OmNBITax HCIOJIB30BAJNCHh CTEKIISTHHBIC
COCYZIbl M UCKYCCTBEHHbII, HE TPAaHCIMPUPYIOLIUN dKpaH U3
BUHUIIOBBIX pr60qu. Beutn B3sTHI CJICAYIOINE BapHUAaHTHI:
1) mmomane 3akpeITHA Hcnapsroneil nosepxuoctu 0, 10, 15,
20 u 30 %; 2) BeicoTa 3amuTHOTO dKpana — 0, 10, 20 u 30 cm;
3) mo3a yBnaxHeHus oopasia — 30, 60 u 90 mu. Ilpu sToM
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HCIIONB30BANUCh cocynpl o0beMoM 180 cM®, HamoJIHEHHBIC
OTCOPTUPOBAHHOM MOYBEHHOW (pakiyell pasmepoM 3—5 MM;
4) 5KCNO3UIMS KAKIOTO OIbiTa OblTa 3 Yaca, IpH TeMIIepary-
pe 17-28 °C u oTHOCUTENBHOH BlIaXXKHOCTH Bo3ayxa S0-81 %;
5) onbITHI poBOAMIKCE O3 yuacTus BeTpa [6, c. 19].

B moneBbIX MCCIEAOBaHUAX yYUTHIBAIACH MCIIAPSIEMOCTh
Ha (oHe umeronierocs ((haKTHIecKoro) pacTUTENLHOTO dKpa-
Ha (03uUMO¥ mieHuIsl) [7, ¢. 55].

Pesyabrarsl (Results)

Kaxk nokazanu 1aboparopHble SKCIIEPUMEHTBI, B BAPHAHTE
0e3 pacTUTEIBHOTO KpaHa IMOTEPHU BJIArd 3a YKa3aHHYIO JKC-
MO3uIHI0 cocTtaBmim ot 12,8 no 23,3 r (Tabmuma 1).

YT0OBI yOCIUTHCS, KAKUM 00pa3oM M3MEHSIOTCS BJIAroIo-
Tepu B (DYHKLUH BIIArOCOJICPKaHMsS B IOYBE MPU OTCYTCTBUH
9KpaHa, ObUT TOCTPOeH rpaduk, MPUBEACHHBIN Ha puC. 1.

Kak Buanm, B 9TOM cilydae C yBEJIMUCHHEM BJIard B 00-
pasiie KOJMYEeCTBO WCTApUBILIEHCS BIard BO3pacTacT, HO HE

nuHeiHo. VHavye roBOpsi, CKOPOCTh HCIAPEHUS CTAHOBUTCS
HECKOJIbKO MEHBIIEH. ITO, HA HAIl B3LVIsL, MPOMCXOAUT MO
crnenyroneid npuduHe. [Ipu Gomblieil BIaxHOCTH 00pasia B
UCTIAPUTEIBHBIN MPOIECC BOBICKAETCSI €IIIE U BHYTPUIOPOBAst
BJIara, a 3To Ooyee TPYIHBINA TpoIlece n3-3a OoMbIIei CBsI3aH-
HOCTH BJIarH C MOYBEHHBIMU arperaramMu.

Takoe MOJOKEHHE JICNT AaI0 HaM OCHOBaHME THITOTETHYE-
CKH TPEIOJIOKHUTh ISl MOBEPXHOCTH 0€3 dKpaHa CIeayro-
[IYI0 MaTEMaTHYECKYIO0 CXEMY MOJCITUPOBAHHS HUCIIAPUTEIh-

HOTO TIporiecca: dE K,
dw (W +B)’

rae E — ncnapsiromasicst Bnara n3 nouseHnoro ciost 0—100 cm,
mm; W — Briara B modBe, MM (B TOM ke ciioe); K, — koa(du-
LUEHT, 3aBUCSIIMH OT YCIIOBHH MCHApEeHUs! BIard U CBOMCTB
MOYBOrPYHTOBOTO ciiost; B = 100 — koaduIrieHT, BBEICHHBIN
Juts u30eranus paspeiBa yHkuuu mpu W = 0.

(M

Tabmuma 1
BecoBas pasuuia (r) o6pasiia 10 u mocie IKCmepuMeHTa
BbicoTa 3J1eMeHTOB 3KpaHa, cM
O0beM :KUAKOCTH B 00pa3ue, MJI Iliomwaap 3aKpbITUS SKPAHOM, Yo 10 20 30
KonTpois (6e3 sxpana) 12,8 14,4 17,8
10 11,2 8,2 12,2
30 15 10,2 9,3 10,3
20 8,4 8,5 10,0
30 7,0 7,5 8,9
KonTpous (6e3 sxpana) 16,5 20,7 10,7
10 13,0 13,8 11,3
60 15 11,7 12,8 10,6
20 10,5 8,7 9,1
30 6,9 10,5 8,7
KonTpois (6e3 sxpana) 23,3 23,3 23,3
10 12,5 18,5 12,5
90 15 10,2 14,6 9,3
20 10,5 15,1 6,8
30 7,7 11,3 6,5
Table 1

Weight difference (g) of the sample before and after the experiment

The volume of fluid in the sample, ml Screen closing area, % Thelgelght of the ;%reen elemem;é am

Control (no screen) 12.8 14.4 17.8

10 11.2 8.2 12.2

30 15 10.2 9.3 10.3
20 8.4 8.5 10.0

30 7.0 7.5 8.9
Control (no screen) 16.5 20.7 10.7

10 13.0 13.8 11.3
60 15 11.7 12.8 10.6
20 10.5 8.7 9.1

30 6.9 10.5 8.7

Control (no screen) 23.3 23.3 23.3

10 12.5 18.5 12.5

90 15 10.2 14.6 9.3
20 10.5 15.1 6.8

30 7.7 11.3 6.5

.
o~
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Fig. 1. Connection of evaporation (E) with the moisture content in the sample (W) (version without screen)

Paznenss nepemenusle B ypaBHeHuu (1) n npousBens uH-
TErpUpPOBAHNUE, ITOTyIaCM:

E=K In(W+B)+C, Q)
rae C — NOCTOsIHHAsI MHTETPUPOBAHUS HEOTIPEISICHHOTO WH-
Terpaja, HaxoAsIIasCs 110 TPAHUYHBIM YCIIOBHUSIM.

Hcnonb3ys rpaHuyHble yeioBus, T. e. W = 0, E = (0, nony-
qaem, uto C =—K, In B
[Moxncrasnsist Tenieppb 3HaueHue C B ypaBHeHUe (2), UMeeM:

W+ B
E=K In|—— 3
O4eBHUIHO, YTO OCTATOK BJIAard B IMOYBEHHOM CJOE TOCTe
MIEPBBIX CYTOK MPH YCIOBUU OTCYTCTBHUS OCAAKOB U THAPOCTO-
Ka OyzieT paBeH:
W =W.—-K. 1 M (4)
1~ "o p B ’
e W, — 3anacel BIary nepes NEpBLIMU CyTKAMH HCTIAPUTETb-
HOTO TIpoLIecca, MM.
B ypaBHeHnu (4) HeM3BECTHBIMHU HYXHO CUMTATh JIBa I10-
kazarens — kodpduuuentsl K u B.
Jlyist packphITUSI TIEPBOTO KOA(PPUIIMEHTA BOCIIOJIB3YeMCs
nonxonoM A. P. KoHCTaHTHHOBA, COTIIACHO KOTOPOMY:

- 0,3d,y, (1+mvy, )(eo’5 —e,, )KP

b 100 ’

In| —

®)

0 .
rae m — ko3 UIMEHT BIUSHUS Ha AICIapUTENILHBII Mporece
CKOPOCTH BeTpa (BBeZIeH HaMu); d, Y, — K03 QHUILMEHTHI, 3aBU-
csALUE OT CBOMCTB UCHAPSIOLIEH TIOBEPXHOCTU U TEMIIEpaTy-

4

pel Ha ypoBHe 0,5 1 2,0 M, a Takyke CKOPOCTH BETPa Ha BBICOTE
1 mM; KP — k0o (pUIMEHT, yYUTHIBAIOIIUHA UCITAPSIONINE CBOI-
CTBA [I0YBEHHOTO CIIOSL; € 5, €, | — YIPYTOCTh BOISHOIO Napa Ha
Beicotax 0,5 u 2,0 m.

ITpu >TOM 3Ha4YeHust d, MOTYT OBbITh Hai/ICHBI U3 COOTHO-
LICHUSL:

0,5

d,=1+0,72\1-28(Z,— Zy, )R 1 (6
rie Z,, Z,, — COOTBETCTBEHHO NapamMeTp (paKTHYECKOH Imepo-
XOBATOCTH MOYBEHHOW MOBEPXHOCTH U MapaMeTp, PaBHBINA 1
cM; R, —uncno Puvapacona, onpenenseMoe ¢ moMOIIBIO COOT-
HoueHus Buza [4]:

R -0,025(7,;—T,,)In*(100/ Z,)
i~ 2

Vi
rae 7, ;, T, ,— Temieparypa BO31yXa Ha BbICOTE, COOTBETCTBCH-
Ho, 0,5 1 2,0 M; Z, — mapaMeTp MIEPOXOBATOCTH UCTIAPSIONICH
TIOBEPXHOCTH; V, — CKOPOCTh BETpa Ha BbicoTe 1 M, M/c.
YTo e KacaeTcs 3HAYCHUSA Y, B yPaBHEHUH (5), TO OHO Ha-

X0muTCs 1o hopmyrie:

(D

1

"R

Hano ormeruTh, uto ko3 duuuent K, B ypaBHEHUH elle
OKOHYATEJIbHO HE PACKPHIT. I[IpearnonoKuTeIbHO MOXKHO CUU-
TaTh, YTO OH 3aBHCHUT €IIE OT HECKOJILKUX (PaKTOPOB, OIpe/ie-
JSIFOLMX MCTApUTENbHBIN mponecc. HesicHpIMU SIBISIIOTCS Ha
CETO/IHSIIHUN JICHb JMAIa30Hbl U3MEHEHHs KOI((PHUIIMEHTOB
m 1 KP. KoHllenTyaiabHO OHH 3aBUCST OT COCTOSIHUSI TIOUBBI U
ee CBOMcTB [8§, ¢. 82; 9, c. 19].
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Amnanmu3 ypaBHenuil (5) u (7) CBUIETENBCTBYET U O TOM,
YTO MpH OONBIINX T'PAJAUCHTAX YIPYTOCTH BOISHOIO Iapa B
BO3JlyXe M OOJIBIINX PA3HOCTSIX TEMIIEpPaTyp B HEM Ha YPOB-
uax 0,5 u 2,0 M 3Hauenus koddduimenta K, okasbiBaroTCs
Oonbmmmu. To e MPOMCXOAUT M C YBEIMYEHUEM CKOPOCTH
BETPa, TOBBIIICHUEM IIIEPOXOBATOCTH MOYBEHHOM MOBEPX-
HOCTU. Hy’KHO OTMETUTHb U TO, YTO I'PAAUEHT TEMIIEPATypbl
BIIMAET Ha BeNMUUHY K| uepes uncio Puuapsicona, a BnusHue
CKOPOCTH BETPa OCYLIECTBIAETCS U yepes uncio Puuapcona,
W HENOCPEICTBEHHO uepe3 koo punment m. Uro xe kacaercs
BIIMSIHUS TEKYIIETO BIArocojep>kaHus B MOYBEHHOM CIIO€ Ha
HCIapUTENbHBIIN Mpoliece, TO HaJ0 CKa3aTh, YTO €r0 BIMSIHUE
UJIET 1O Jorapu(pMUYECKOMY 3aKOHY M BCEIEJO 3aBHUCHT OT
TEKyLIEero 3HaueHus W, (HadanbHble BJIAro3amnachbl).

Hcrionb3yst IpUBe/ICHHBIE BBIIIE TEOPETHYECKHE HApaOOT-
KM, @ TAK)KE YUUTHIBasi OOIETPHHSATHIE COBPEMEHHBIE METO/IbI
MaTemaTtudeckoro mogenuposanus [3, c. 58; 10, c¢. 1107; 11,
c. 11; 12, c. 230; 13, c. 409] n anropuTMUpOBaHHs (AMUTALINH)
ObUT pa3paboOTaH AJTOPUTM OIMKMCAHUS JUHAMHMKH Biarosara-
COB B IIOYBE C y4ETOM BPEMEHHOTO (pakTopa, a TOuHEe MocCy-

T %Y %YN%N"

” S

TOYHOTO MX HU3MEHECHHS. AJITOPUTM MOCTPOCH IO MPUHIIHITY
MOCJIeA0BATENILHOM MPOBOKK COObITHI. Best pacuetHast pa6o-
Ta BEJETCS B IMOIIATOBOM, MPHUYEM aBTOMATHUECKOM PEKUME
(TI0CYTOYHO) 3a BECh TICPUOJT BEreTAI[H PACTCHHIA.

CrenanHble COMTACHO ATOMY — aJITOPUTMY PACUEThI CBH/IC-
TEJILCTBYIOT O JJOCTATOYHON KOPPEKTHOCTH IMOJYyYaeMbIX pe-
3ynbTatoB. [IprdyeM OHU FOBOPST O CYIIECTBEHHOM BIIUSHUU Ha
KOHEYHBIN PEe3y/IbTaT BPEMEHHU BBIMAJACHHS 0CaaKOB (pHcC. 2).

A, B, C, D — BapuaHThI 6€3 0cajKOB (HauaIbHBIC BJIaro3a-
racel coorBercTBeHHO 220, 160, 100 u 50 mm; 1, 11, III, IV —
¢denonornueckue passbl; 1-5; 1'-5"; [-5"— paznuynbie BapuaH-
ThI TIOMIOJTHEHUS BJIAr03aracoB 3a CUET 0CajKOB (Ha rpaduke
BEPTHKAJbHBIE OTPE3KH).

W3 nipeicTaBIeHHOro PUC. 2 BBITEKAET IIEJbIH PSIJ OUYCHb
B)XHBIX BBIBOJOB. OJIUH U3 HUX OTHOCHUTCS K BOKHOCTH BeE-
CEHHEr0 HaKOIUICHWsl Bjard. VIcciaenoBaHWsl MOKA3aid, 4TO
OT 3TOT0 3aBUCHT MPOAOKUTEIBHOCTL 00ECTIEUEH s BIIarou
PaCTUTENLHOCTH BO BPEMSsI BEreTallHOHHOTO MIEPHO/IA, 0COOEH-
HO TIPH HEONATOMPUATHOM 0CAJKOBOM PEKUME.

250
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Puc. 2. V3smeHeHue 871a203a1aAc08 80 8peMeHU U3 N0UBEHHO20 CNOA (npu OMCYymcmeuu Ha N0BEPXHOCU NO4U6bl 3AULUNHO20 3KpaHa)
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Fig. 2. Change in moisture reserves over time from the soil layer (in the absence of a protective screen on the soil surface)
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BakHO Tak:Ke OTMETHTh 3HAYUUMOCTh BPEMEHH BbITIA/ICHHS
0CAaJIKOB, IMTOCKOJIBKY 3TO BIIMSICT HA XapaKTep JMHAMUKH BJa-
ro3arnacoB B [MOYBE U OMpPE/E/sIeT KOHEUHBIC 3HAUCHUS UX MTPU
3aBepILICHUH BereTaluu pactenuii [ 14, c. 235].
Pacuersl mokazanu Tarxke, YTO M3MEHEHHUE BJIAro3aracos
B TOYBE BO BPEMEHHOM acIiEKTe CyTh MPOIECC HEIUHEHHBIMH.
DTO 3HAYUT, YTO KOHEUHBIM PE3YNIbTAaT €ro HEOJAHO3HAUYHBIMH.
UrpatoT omnpeneneHHy pojib BPeMsl BBIMAJACHUS OCAJKOB U
KOJIMUCCTBCHHAS] CTOPOHA TPUXOJISIICH YacTH BIIATH.
BbIsIBJIEHO, YTO MPH CMEIIEHUN CPOKOB BBITIAJICHUS 0CAI-
KOB K Ha4aJIy BereTanuu (B Mpe/eiaX BereTalliOHHOTO TIEPUO-
Jla) CpeIHUE 3HAUCHMSI BIIaro3anacoB B IIEPBOIl YacTH Berera-
LIMOHHOTO MEPUO/a YBEIMUUBAIOTCS, a BO BTOPOH, HA000POT,
yMEHbBIIat0TCst. [Ipy CMEIIeH M 5Ke UX B CTOPOHY KOHIIA BereTa-
UM HaOMroaeTcst oOparHasi KapThHa, T. €. B IEPBOI YacTH Be-
TeTallly BJIaro3anachkl CHUKAIOTCsl, @ BO BTOPOH — BO3pacTaloT.
Koneuno, MOxeT OBITh U Jpyrasi KapTHHA 10 BPEMEHHBIM
nepuogaM. Bce 3aBHCUT OT xapakTepa MOTOJHBIX YCIIOBHH,
roja W MEepPUOAMYHOCTH MOMOJHEHUsI Biark B mouse. VHave
TOBOPSI, KOHEUHBIH PE3yNbTaT [0 BIAro3arnacam eCTh (QyHKIHs
OTMEUYEHHOT0 (haKTopa W €Ile IEIOro psijaa JAPYTuX MPHUYHH
(Ha4aJpHBIX 3HAYCHHUU BJIAr03aliacoB, BPEMEHHOIO pacrpe-
JICNICHNS] OCAJIKOB, MOYBEHHOIO COCTOSIHHSI). DTOT MPOLECC
CTPOTO HE JIETEPMUHUPOBAH ¥ HOCHUT BEPOSTHOCTHBIN Xapak-
tep. [ToaTomy Opark ero 3a OIEHOYHBIN MOKa3aTesb, KaK 3TO
JienlaeTcsl ceivyac, npyu ornpeaeaeHun kod(hGuIreHTa BoJaomno-
TpeOJIEHUs], MSTKO TOBOPSI, PUCKOBAHHO, a TOYHEE OIIUOOUHO.
DTO PHCKOBAHHO €Il M MOTOMY, YTO Ha JaHHBIA MOKA3aTeIh

_ W W

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

MOXET OKa3bIBaTh CYIIECTBEHHOE BIUSHHUE (KOTOpPOE OMpese-
JISIETCSI €0 TTapaMeTpaMu) U pacTHTENbHbIH 3kpaH. Ho 310 Bo-
IIPOC APYroi, ToTOBAIIeHCs CTaThU.

Oo6cy:xknenue u BbiBoAbI (Discussion and Conclusion)

Crenyer OTMETUTh OJJMH OYCHb BaKHBIF MOMEHT, a MMEH-
HO TO, YTO B IpE/AJIaraéMoOd MOJIEIH HCIIOJIb30BaHbl OOIIHE
NIPE/ICTABJICHUS O AMHAMUKE BJIAro3aracoB B MOYBE U cIabo
HHTEpPIPETUPOBaH Takoi mapametp, kak KP. [loatomy nanb-
HeWIMe MCCIIeI0BaHus JOJDKHBI OBITH HANpaBJCHBI HA €ro
packpbITHE (JIUIsI pa3JIMYHBIX TIOYB U TEXHOJIOTHI BO3/IEJIbIBA-
HUSI CEJIbCKOXO3SMICTBEHHBIX PACTEHUIT), a TAaK)Ke Ha YCTAHOB-
JICHHUE TPEETIOB €ro N3MEHEHHSI.

Crenyer cka3arh U TO, YTO CO3JJaHHBIE CTPYKTYPBI U MIPO-
rpaMMHBIF IPOAYKT 00€CIEeYHBAIOT BOZMOKHOCTH IPOTHO3H-
pOBaHMs AMHAMUKH BJIaro3anacoB HE TOJIBKO B COBPEMEHHBIX
YCJIOBUSIX, HO M IIPU OTPabOTKE Pa3IMYHBIX CIIEHAPHEB IJIO-
0anbHOTO M3MEHEHMsl KiMMara. B mepcrekTuBe co3iaHHBIC
HapaOOTKH C yCIEXOM MOT'YT OBITh TpaHC(HOPMHUPOBAHBI B 00-
Jiee cepbe3Hble CTPYKTyphl. Hanpumep, B cucremy, odecredn-
BAIONIYIO pacyeT UCIapUTENILHOTO Mpoliecca U AMHAMUKH Blla-
ro3aracoB B ITOYBE MPU HAJMYHUU Ha €€ TOBEPXHOCTH Pasiny-
HBIX I10 TUIOTHOCTH PACTHTENILHBIX DKPAHOB, a B JAaJbHEHIIIEM
u BooOIIE BJIaroodbopoTa MeX/1y MOACTHIAIONIECH MOBEPXHO-
CTBIO W MIPUJICTAIONICH BO3IYIIHON cpemoi. Takum oOpaszom,
MOYKET MOSIBUTHCSI BO3MOXKHOCTD IPOTHO3a (haKTHIECKOIt OHo-
MIPOJYKTHBHOCTH PAaCTEHHI B KOHKPETHBIX KIMMAaTHYE€CKUX U
MOTO/IHBIX ycnoBusX [15, c. 253].
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Abstract. Purpose and objectives. The stated objective of the study is the evaporation process with an open soil surface
under different conditions of precipitation and moisture accumulation before the plant vegetation. Materials and methods.
Theoretical calculations were given and methods of mathematical modeling of the process of changing moisture reserves in
the soil layer were applied. In field studies, evaporation was taken into account against the background of the existing (actual)
vegetable screen (winter wheat). Research results. An algorithm has been developed to describe the dynamics of moisture
reserves in the soil, taking into account the time factor, or rather, their daily change. The algorithm is built on the principle of
sequential posting of events. All settlement work was carried out in a step-by-step, automatic mode (daily) for the entire period
of plant vegetation. The article draws attention to the large role in the evaporation process of the vegetable screen, especially
its parameters. It was revealed that the amount of moisture in the soil layer also plays a role. It was shown that with increasing
moisture reserves in the soil, evaporation in absolute terms, in time, increases, and in a normalized form decreases. The reasons,
according to the authors, are two. One of them is associated with the differentiation of moisture in the soil, and the other is
associated with purely mathematical properties (since the denominator and numerator of the fraction change according to
different laws when normalizing evaporation). Scientific novelty. The resulting structures and algorithms allow us not only to
determine the daily moisture reserves in the soil on arable land and on pastures (taking into account physical evaporation), but
also during further study can become the basis for modeling processes under different climate change scenarios.
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IloceBHbIE MJIOIAAU, BAJIOBBIE COOPBHI U YPOKAWHOCTH COPIo
B Poccun u Camapckoi ods1actu

E. B. MarBueHko'™
'TToBomkckuit HUMCC - ¢punuan CamHII PAH, Kunens, Poccus
& E-mail: opel0076687@yandex.ru

Annomayus. lleab padoTbl — aHAIN3 U OIEHKA MMOCEBHBIX TUIOMIAZCH COPro, ypoXKalHOCTH M BaJOBOTO cCOOpa B IIEJIOM I10
Poccun u o Camapckoii obnactu. VccnenoBanust 6a3upyrorcs Ha MeToaax 3(h()EKTHBHOTO MPOU3BOJICTBA COPro U OMOJIO-
IMYECKUX 0COOCHHOCTEH KyabTypbl. COCTaBIsIach CTaTUCTUKA, 00padaThIBAIUChH JITAHHBIE 110 MIOCEBHBIM IUIONIAJSIM COPro B
Poccun B nenom 3a nepuon 1990-2018 rr. Pe3yasTarhl H 00/1acTh IPUMEHEHH: IPUBOANTCS JaHHBIC 10 TUIONIA/IAM U Ba-
n0BOMYy cOopy copro B 1iesiom 1o Poccun. Tak, 3a nepuoa 2015-2016 rr., rutonas moj copro Obljia peKOpJHOM U coCTaBIsLIa
2242 n 228,7 thIC. Ta IO cpaBHeHMIO ¢ 1990 ., Koraa wiomans cocrapusiia 67,3 Thic. ra. [maBHbIM pernoHoM B Poccuu mo
HauOobIIIeH MIoIa U copro osi1a CapaTtoBckas 001acTh, riie ObLIO OCesHO 1o gaHHbIM Ha 2018 1. 26,4 Thic. Ta, win 37,1 %
OT 00IIIel oMM MOCEsTHHBIX Momazei copro. B Camapckoit o0nacTu miomnap moj copro cocraBmia B npeaenax 4,0 Teic. ra
u 5,5 % ot obmeit nomu. B 2018 1. mpon3BoaCTBO cOpro cocTaBuiio 49 Teic. TOHH. YpoxkaitHocTh copro B Poccuu B 2018 . B
cpenHem Obuta Ha ypoBHe 11 1/ra. B Camapckoii obnactu ona coctapisiia 18,3 1/ra. Hayunasi HOBH3Ha 3aKitodaercsi B 00-
JJaCTU CEMEHOBOACTBA COpPro B CaMapCKOﬁ O6HaCTH. Ha}le)KHI:IM HNCTOYHUKOM MOBBINICHUSA MPONU3BOACTBA COYHBIX U 3CJICHBIX
KOPMOB MOT'YT CTaTh IIOCEBBI CaXapHOI'O M 3€pPHOBOTO COPro. BhICOKOW MOTEHIMAIBHOI YPOXKAIHOCTBIO M Ka4eCTBOM 3€pHa
OTIIMYAIOTCA copTa copro 3epHoBoro — [Ipembepa, CrnaBsuka, Pocs nu Kunensckoe 63, coznannsie B [ToBomkckom HUMCC —

¢ummane CamHL] PAH.

Knwuesvie chosa: COpro, MOCCBHLIC TJIOIIAa/ N, ypO)I(&ﬁHOCTI:-, BaJIOBBIC C60p]:-l, copTa, Ka4eCTBO, CEMCHOBOACTBO.

Jlna yumuposanus: Mareuenxo E. B. IloceBHble miomanm, BajJoBbie cOOpsl U ypoxaitHocTh copro B Poccun u Camapckoii
obnactu // Arpapuslii BecTHUK Ypana. 2019. Ne 12 (191). C. 9-18. DOI: 10.32417/1997-4868-2019-191-12-9-18.

JMama nocmynnenua cmamou: 09.10.2019.

IMocranoBka npod.iembl (Introduction)

IIpuponusie ycmous Camapckoil obmacTu (pe3ko KOH-
TUHEHTAIbHBIA KJIMMaT, HCIOCTATOK BJIard M BBICOKHEC TCM-
neparypbl) TpeOyIOT MOMCKa HOBBIX ITyTEH IMOBBIIICHUS d(-
bexruBHOCTH 3eMienenus [13, ¢. 4; 14, c. 280; 3, ¢. 37; 15].
HaIIe)KHI)IM HNCTOYHHUKOM IMOBBIMICHUA NPOU3BOACTBA COUYHBIX
" 3CJICHBIX KOPMOB, 3€pHa MOT'YT CTaTbhb IMOCEBLI CaXapHOTO 1
3epHOBOTO copro [3, c. 37].

Bricokas 3acyx0ycTOWYMBOCTh, Masasi TPeOOBaTEIbHOCTD
K IMo4YBaM, OTHOCUTECJIbHAsA COJICBBIHOCIUBOCTbD, CTa6I/U'H)HOCTB
YpO’KaeB CUJIOCHOM M 3€JI€HOM Macchl 3epHa MO3BOJISIOT IIH-
POKO BO3/IEIBIBATE COPTOBBIE KYJIBTYPEI BO MHOTHX 3aCyIIIN-
BBIX pallOHax CTpaHbl. B 30He HENOCTATOYHOIO YBIJIAYXKHEHUS
COpro He UMeeT cebe paBHbIX 10 MPOAYKTUBHOCTH CPEU KOP-
MOBBIX U 3€pPHOBBIX KyabTYyp [3, c. 37].

Kynerypa copro criocodHa popMHUPOBATH XOPOIITHE YPOXKaH
HE TOJIBKO B 30HAX CyXHX CTeHeﬁ, HO U B 30HC ITOJTYITYCTBIHB,
TJIe 3a TOJI BBITIaaeT 0caaKkoB Beero B npeaenax 200-300 mm.
Copro crmoco0HO OIarompUsATHO MEPEHOCUTh OYEHb CHIIbHBIE
M3MEHEHHUs TeMIIEpaTyphl OYBbI U Bo3ayxa. B IloBomkee Ta-
KHe YCIIOBHUSI MOTYT HaOmomaThes exeroqHo. Copro 3a cBOIO
CHOCOOHOCTD MIEPEHOCHUTH 3aCyXy MOJIYUHIIO Ha3BAHUE «BEp-
omron pactutenibHoro mupay» [13, c¢. 4]. Ilerecoobpa3HOCTb
BO3/IEJIBIBAHUS COPIO B 3aCYILJIMBBIX U NIOIY3aCylLIMBbIX pai-
oHax obnactu Poccum oOyciaBIuMBaeTCsi €ro BBICOKOW MPO-
JYKTUBHOCTBIO ¥ YHMBEPCAIBHOCTBHIO MCIOJIb30BaHMs. 3erie-

Hasl Macca 1 3epHO U3 COPro 0YeHb XOPOLIO MOEJAIOTCSI BCEMU
BMJIaMU KUBOTHBIX U NTUliel. Harmpumep, 3TO OTIMYHBII KOpM
JUIsl CBUHEMH, KOPOB, OBELl, JIOIIAJIEH, KPOJIUKOB, Kyp, I'yceil u
pa3HbIX BUIOB pbIO [14, c. 280; 9, c. 56; 5, c. 47].

Ecnu BHOCSTCSI MUHEpallbHBIC YIOOpPEHUsSI MO CaXapHOe
COpro, TO MOBBIIIAIOTCS COJEPKAHUE CHIPOTO MPOTEUHA, & TaK-
K€ YPOXKaHHOCTb 3€JeHHON Macchl. Ee ucnonb3yoT 11 npu-
TOTOBJIEHUS 3€JIEHOTO KOpMa, CHJIOCA, CEHa)ka B KOPMJICHUU
KPC, ogen, nomazeii, kponukoB [2, c. 43]. 13 coka, KOTOpbIit
MOJIYYaroT U3 CTeONel caxapHOro COpro, JACIarT CUPOI, KOTO-
PBIi UCTIOIB3YIOT HA MUIIEBBIE 1IEJH, @ TAKKE B KOHAUTEPCKON
MPOMBIIIJICHHOCTH | JJIsl IATaHUs THa0eTUKOB [6, c. 44]. OHO
Ooraro yrieBonamMu, OeJIKaMu, aMUHOKHCIIOTAMH, KApOTUHOM,
MUHCPAIBHBIMUA M JyOWIBHBIMH BCIICCTBAMHU, BUTAMHUHAMH,
KOTOpbIE UTPAIOT BAXKHYIO POJIb B MOBBIIIEHUU MPOAYKTUBHO-
CTH KUBOTHBIX.

3epHO COPro MOXKET COJIep:KaTh, MO YCPEAHEHHBIM JaH-
HbIM, okoslo 70 % kpaxmana, 12 % Oenka u 3,5 % xupa u
OTHOCHTCS K OYCHb LICHHBIM COaJaHCHPOBAHHBIM KOPMaM.
[To muTarenbHBIM CBOMCTBAM 3€pPHO COPro M 3ejeHas macca
MOYTH HE YCTYMAIOT TaKOM KyIbType, Kak Kykypy3a. B 100 kr
3eJIeHOI Macchl U3 COPro MOXKeET coziepkarbes 23,5 Kr KopMo-
BbIX enuuull, 0,8 kr mepeBapumoro Oeiika; B ceHe — 49,2 kr
u 2,2 xr, B conome — 50,2 xr u 1,8 kr; B Msikune — 44,2 Kr u
2,4 xr; B cuiioce — 22,0 xr u 0,6 xr; B 3epHe — 118,8 kxr u 7,9 xr
CcOoOTBEeTCTBEHHO [ 14, c. 280].
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Copro siBIIsieTCsl BAXKHBIM CTPAaXOBBIM PAacTEHHEM Ha CITy-
yaif 3aCyXH B IIEPBOIl MOJIOBUHE JIeTa, a TAKXKE XOPOIIEH MOoXK-
HUBHOW U NOYyKOCHOU KynbsTypoi [14, c. 280]. OHO ciyxuT
BaXKHOI Menuopupyromeil KyasTypoi pu MOCeBe Ha COJIOH-
Lax ¥ HaJIS)KHBIM CPEACTBOM JIsi 00PHOBI C BTOPUYHBIM 3aC0-
nenueM [14, c. 280].

MeTomosiorusi u MmeTobl uccjaenopanusi (Methods)

Mertozonorust BBITIOJIHEHUST JTAHHOW pPabOThI MpemycMa-
TpHUBajia OLEHKY CIEeHUAINCTaMHU DKCHEPTHO-aHATUTHYECKO-
ro ueHrpa arpoousneca «Ab-LleHTp» moceBHBIX muIONIACH
1 BaJIOBOTO cbopa copro 3a mepuon 1990-2018 rr. [16]. W3-
y4daJIHuCh MOKa3aTeNu MPOU3BOJICTBA COPTO B BUJE CTATUCTUKU
U TIOCEBHBIX IUIOMaAeH kak B obmem no Poccuu ¢ 1990 no
2018 rr., Tak 1 OT/AENBHO MO pernoHaM ctpansl ¢ 2011 roxa nmo
2018 rr., a Takxe o Camapckoii obacTu.

OOBEKTOM HCCIIEOBAHUIM CITY>KHIT COPTO, IPEIMETOM — pe-
KOMEHIALUH 10 BO3/ICIIBIBAHUIO KYJIBTYPBI B 3aCYIIJIMBBIX pe-
rHOHax cTpaHbl. [IpUBOAATCS HOBBIE COPTA 3€PHOBOTO COPTO,
coznannbie B [Toomkckom HUNCC — dpmmane CamHIL| PAH,
IIpembepa, Cnapsnka, Pocs u Kunensckoe 63.

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

PesyabTaThl (Results)

B cBs13u ¢ TeM, uto B Poccun peanusyercss HallMOHa bHbIN
mpoekT «KHBOTHOBOACTBOY», MpOOIEMa MONYyYEHHUS IMOIHO-
LIEHHBIX KOPMOB MPHOOpETaeT akTyaJbHOCTh. YacTo MOBTO-
PSIIOTCST 3aCyNUTMBBIE YCIOBHUS, MOHIKAIOTCA YPOKaHOCTH
1 TIPOU3BOZCTBO (DYpa’KHOTO 3epHA, HEOOXOAUMO BCTIOMHUTH
PO HE3aCTyKEHHO 3a0BITYI0 KYJIBTypY — COPTo 3epHOBOE [ 13,
c. 5]

[{emecooOpa3HOCTh BO3MACIBIBAHUS COPTO B 3aCYIIIHBBIX
1 TIOJTy3aCyIIINBBIX paifoHax obmactu n Poccum oGycrnaBmu-
BAeTCSI €r0 BBICOKOW MPOAYKTUBHOCTBIO M PA3HBIM HCIIONb-
30BaHMAM. 3elieHast Macca M 3ePHO COPTO OXOTHO IOENA0TCS
CBUHBSIMH, KOPOBaMH, OBLIAMH, JIOIIAIbMH, KPOIUKAMH U pa3-
HBIMH BHUAAMHU PBIO, NTHIEH — Kypamu, Tycsmu [9, c. 56; 5,
c. 47; 14, c. 280].

B Poccum moceBHbIe IUIOWIATU IO COPTO COCTAaBIISIN
166,7 toIC. Ta B 2014 Tomy, mpou3onuio yBenuueHue Ha 9,4 %
o cpaBHenuto ¢ 2013 . m ¢ 1990 romom (puc. 1) [16].
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Puc. 1. Ilocesrvie nnouadu copeo 6 Poccuu 6 1990-2018 ze., moic. 2a.
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ig. 1. Sorghum sown areas in Russia in 1990-2018, thousand hectares.

Source: according to Rosstat
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Fig. 2. Gross sorghum fees in Russia in 1990-2018, thousand tons.
Source: according to Rosstat

ITo ortHomenuto k 2012 romy mocCeBHBbIC TUIOIMIATU O]
COPro yBEJIMYWINCH MIPAKTUUECKH B 3 pa3a, a BOT 3a MSATHIIET-
Ky TUIONIab ITOCEBa IO COpro B IesioM 1o Poccun Beipocia
MIPaKTUYECKH B 6 pa3, a 3a 10 jer — B 5,5 pas. [loxaszarens no-
CEBHOH TUIONIAIU TI0J COPro BHIPOC MPAKTUUYECKH B 2,5 pasza
1o cpaBHeHuto ¢ 1990 rogom [16].

B 2015 u 2016 rr. moceBHas IUIOMIA/b IO COPro ObLIA pe-
KOpIHOM U cocTaBisiia 224,2 u 228,7 Thic. Ta COOTBETCTBEHHO
1o cpaBHeHuto ¢ 1990 r., rae mnomaas cocrasnsia 67,3 ThIC.
ra. Ho nocaemyromue 2017 u 2018 rr. 03HaMEeHOBAIUCH Majie-
HUEM TOCEBHBIX Iomaaei copro B Poccuu no 140,8 u 71,2
TBIC. T2 COOTBETCTBEHHO [16].

Inasnuvim pecuonom svipawusanus copeo 6 Poccuu ocma-
emcs PocroBckast obnacTh, rae Obu1o mocestHo B 2014 rony
58,5 Thic. Ta. Jlons oT o0MmKX MOCEBHBIX IJIOIIAJACH COpro B
Poccun cocrasmsina 31,5 %. Ecnu cpasauBats ¢ 2013 1, TO
MOCEBHbIE IJIOIAAN copro B PocToBCcKoil 00acTi yBemuu-

nuch npaktuuecku Ha 35,4 % [16]. B Poccun 3HaunTensHbIe
pasMepsl OCEBHBIX IIIOMIAAeH HaxoAsaTcs Takke B CapaToB-
ckoii, Bonrorpazckoit, Openoyprekoit u Camapckoii 001acTsIX.
Kynbrypa copro BO3ZIeJbIBACTCS, KPOME BBIIIE MEPEUHUCIICH-
HBIX, emie B 14 pernonax crpansl. OCHOBHOW NMPUYHHON He-
JIOCTATOYHOTO PacIpOCTpaHeHus: copro B P® u cTabUIbHOTO
YBCJINYCHHUSA TTOCEBHBIX HHOIJ.Ia}Ieﬁ SIBJIISICTCSI HEAOCTATOYHOC
pasBuTHEe XKMBOTHOBOACTBA [8, c. 48]. [Ipouszsodocmeo copeo
B Poccun naumnas ¢ 1990 r. mocrosiHHO MeHsuioch. [Ipowc-
XOJIUJIO TaJieHne mpou3BoacTBO B 1996, 1998 u 2010 rr., roe
BaJIOBbIE COOPBI OBUTH PEKOPAHO HHM3KHE W BapbUPOBAIM OT
8,0 10 9,2 TeIC. ToHH, HaunHas ¢ 1990 roga. M1 Ha060POT, BhI-
cokue B 2013, 2014, 2015, 2016, 2017 rr., tae BajoBbIe cOO-
pel coctaBmsui oT 104 1o 312 teic. ToHH [16]. PexopmueiM
TOJIOM TI0 TIPOM3BOJICTBY COPro, Mo JaHHbIM Poccrara, OB
2016 1. (312 ThIC. TOHH). B 2018 . MPOM3BOACTBO COPTO PE3KO
ynano u coctaBuio 49 teic. ToHH (puc. 2) [16]. Ecau cpas-
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Fig. 3. Regions leaders in the size of sorghum sown areas in Russia in 2018.
Source: according to Rosstat

HUBATH NMPOM3BOJICTBO cOpro B Poccnu 3a mATHIIETKY, TO MPO-
M30IIIIO YBEJIMUEHHE B 15 pas, a eciii MPUBECTH CTATUCTUKY
3a 10 jet, IpON3BOACTBO COPTO YBEIMUHUIOCH PAKTUIECKU B
5 pa3 no cpaBHenuo B 1990 rogom [16]. Jluoupyiowee me-
Mo 1o NPoU3BOOCMEY COpP20 U NO NOCEGHBIM NAOWAOSAM NO
Poccuu 3annMaet PocTtoBckas 001acTh, rae ObUIO HaMOJIO4e-
HO IpakTH4Iecku 93,6 ThIC. TOHH, ¥ 3TO MpakTHUecKu 45 % ot
o01mero oobemMa BaloBBIX cOOPOB copro 1o pernonam Poccun
[16]. B 2014 roxy Hapsity ¢ PocToBCKO# 0051aCcThIO ITIABHBIMHU
pErHOHAMH MPOM3BOJUTEIISIME copro Obut Bomnrorpanckas
n Camapckast obnactu. IIponssonactso n c6opsl copro B Ca-
MapcKoi obiacTy ynamau a0 4 ThIC. TOHH, YTO COOTBETCTBYET
69,1 %, urto naer 2,1 % B obmem no Poccun o cbopy copro.
[To moceBHBIM TUIOMIAASM aHAJIOTWYHAS cuTyanus B Camap-
ckoit obmactu. CokpaimieHue cocTaBmio Ha 9,2 % u momaas
ITOJT COPTO COCTABMII 8,3 THIC. Ta, UTO COOTBETCTBYET 3,7 % OT
BCEX IMOCEBHBIX Iomaneit B Poccun. Camapckas o0macTs B
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2015 romy mo pa3MepaM IMOCEBHBIX IUIOMIAJCH BOILIA B IIsi-
TepKy Juaepos [16].

Huxe npusoasTcst pernonsl Poccuu, rae cocpeoToueHbl
HAMOOIBINE pa3MephI TUIOIIAIH IO COPTO.

[TepBoe MecTo 1o MOCeBHBIM ImTomasaM B 2018 1. 3annMa-
et CaparoBckas oomacts — 26,4 teic. Ta, win 37,1 % ot obme-
poccuiickux. K coxkanenuro, 3a O1MH roJl HOCEBHbIE TUIOLIAIU
cokparuirch Ha 18 TrIc. Ta, nnn Ha 41 %.

Bropoe mecto 3annmaer OpenOyprekas oomacts. Pazmep
TUTOIIA e COCTAaBIII MIpakTHIecku 12 ThIC. Ta, 1 310 16 %.

Tpetbe MecTo — Bonrorpanckast 001acTsb, e cocpeaoTo-
yensl 11,7 Teic. Ta, n gomnst no Poccuu cocTaBisieT B mpeneiax
16 %.

YerBeproe MecTo 3aHMMaeT PocToBckas oOmacte —
8 ThIC. Ta, niau 12 %.

Taxxe B mATepKy JauAepoB BxoauT 1 Camapckast 001acTb,
TIe pa3Mep Iuromaaei mo copro B 2018 r. 66110 IpaKTHYSCKA
4,0 TBIC. Ta, 1 5,5 % (puc. 3).
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Fig. 4. Regions leaders in sorghum collection in Russia in 2018.
Source: according to Rosstat

MoxHO OTMETHUTH, YTO B YHUCJIO JTUACPOB IO IMOCCBHBIM
wromansM copro B 2018 . Bomm: KpacHomapckuil kpai,
CraBponoibekuii kpaif, benropoackas obmacts, Boponex-
ckas obnacte U Pecrybnuka bamkoprocran [16].

ITo nanubeiM Poccrara, moceBHble 1uioaau copro B Poc-
cuu B 2019 r. B mpeAnpuATHAX BCEX KaTeropuil COCTaBHIU
99,9 TrIC. TA, ¥ 3T0 OONbIIE, ueM B 2018 1., Ha 40 %, nin
28,7 thIC. Ta) [16].

Huxe npusondares 5 peruonos Poceun, rae cocpenoroue-
HBI HaOOJBIIINE pa3MepsI IUIoImazel mox copro B 2019 .

IlepBoe MecTo 3aHMMaeT, kKak u B 2018 1., CaparoBckas 00-
JIaCTh, TJIE MJIOMAAb cOpro cocrapmsiia 41,9 Teic. ra, 4TO CO-
CTaBJISIET JIOJIO MO 00MIeH TuIommaan okomo 42 %.

Btopoe mecto — Openlbyprckas obnacts. Pazmep tutomia-
neit cocrasisin 20,5 Teic. Ta, win 20,5 %.

B tpoiiky nmunepoB Takxke Bomia Bonrorpaackas o0nacTb
¢ mIom@aabpio copro okono 13 teic. Ta, unu 13 % ot obmeit
JIOTTH.

Yerseproe MecTo y CTaBpOMOIBCKOTO Kpasi, TJIe COCPEIo-
TOYEHO OKOJIO 7,6 ThIC. I'a IJIOIIAAN COPro, YTO COCTABISET
7,6 %.

3aMbIKaeT ISITEPKY JUAEpPOB PocCTOBCKash 0071acTh, I7e
IJI01a/1h copro ObuIa B mpezenax 6,8 ThiC. ra, YTO COCTABISAET
6,9 %.

MOXKHO TaK»Xe OTMETHTh, YTO B 4uCa0 20 MO MOCEBHBIM
momaasiM copro B 2019 r. Bommu Camapcekas o6nacts, ben-
ropojckas obiacts, Pecrryonuka Kanmeixus, Kpacnomapckuit
Kpaiif, Boponexckas obmacts, Pecrybnuka Kpoeiv, bpsHckas
obnacTts, Jlumnerkas o0nacts, Psg3anckas odiaacts, OMckas 00-
nactb, CMosieHcKass o0Osacth, TamOOBCKast 00macth, Actpa-
XaHcKas obnacth, Pecriybnuka Anpiress u PecniyOnuka [lare-
craH [16].

[ToceBHbIE TIIOIIAM COPTO 36PHOBOTO B MUPE COCTABJISIIOT
39,3-44,8 MH ra, a cpeHssl YPOKalHOCTh 3€pHA COCTABIISIET
1,4-1,6 1/ra [8, c. 484; 17].

ITo nanabiM Poccrara, B 2018 1. BasioBbie cOopsl B Poc-
cum cocTaBmiu 49 THIC. TOHH, YTO MpUMepHO Ha 53 %, wau
54 toICc. TOHH, MeHbIIe 10 cpaBHeHuto ¢ 2017 r. Ecnu cpas-
HUTH TPEABIAYIIYIO MATUIETKY, TO MOJXy4IHuTcs, 4to Ha 71 %,
nn Ha 123 TeIC. TOHH, MeHbIe. Ecnu B34Th 17151 cpaBHEHUS
2001 rom, To c6opsl yBemuumiuch Ha 39 %, win 14 ThIC. TOHH
(puc. 4) [16]. Hmwxke npuBoasTcst 5 peruonoB Poccuw, rie B

13

sor3o[ouys91013y



T T T st pans # 12 (191), 20191

ATPOTEXHONIOT U

E)

P® B cpennem

Kpacnonapckuii kpait

AcTpaxaHckas 001acTb

20,8

Boponexckas 061acTh

16,2
benroporckast o6nacrs

314

CTaBpOMONBECKUH Kpan

19,2

OpeHOYPIrcKasi O0MACTD  |m— 6.6

Bonrorpazckas oonactb 15.6

CapartoBckas 001acTh 52
B

PocroBckas o6nacts 19.1
b

Camapckas o0mactb 18.3

0 10 20

30 40 50 60

Puc. 5. Pezuonvl - nudepvt no yposxatinocmu copeo 6 Poccuu 6 2018 200y.
Hcmounux: no dannvim Poccmama

For Russia on average

Krasnodar krai

Astrakhan region

20.8

Voronezh region

16.2
Belgorod region

31.4

Stavropol krai

19.2

Orenburg region | 6.6

Volgograd region 156

Saratov region 5.2

Rostov region 191

Samara region 183

0 10 20

30 40 50 60

Fig. 5. Regions leaders in sorghum yield in Russia in 2018.
Source: according to Rosstat

2018 r. HaubobIIcH cOop copro. besycioBHOe mepBoe Me-
cto — PocroBckast ob6macte — 15 Thic. TOHH copro, mo Poccuun
B obOmem oobeme 31 %. Ha Bropom mecte CaparoBckas 00-
jacte — 9 ThIC. TOHH copro, B o0mem oobeme 18 %. Bosro-
rpajckast 001acTh 3aHUMAET TPEThE MECTO 10 COOpY copro —
6 ThIC. TOHH, win 12 %. YeTBepTOoe MECTO 3aHUMAECT TI0 COOpy
OpeHOyprekast 001acTb — 6 ThIC. TOHH, WK 12 %. U 3aMbikaeT
mATepKy JunepoB CTaBpOIOIBCKUI Kpail, Tie Obuio cobpa-
HO mo4TH 4,0 THIC. TOHH, ¥ B 00IIEM 00BEME 3TO COCTaBIISIET
8,0 % [16]. ITo BamoBbIM cO0pam copro B 2018 1. Takxke BOIUIN
cieyronye peruonsl: benroponckas odnacts, Camapcekas 00-
nactb, BopoHnexckas o6macth, AcTpaxaHckas odnacts, Kpac-
HoJapcKuil kpaii [16].

BaxHO OTMETHUTB, YTO OCHOBHOI IPOU3BOAUTENH COPIO B
Poccun — at0 [IpuBomkekuii denepabHbIi OKPYT, TIIe cocpe-
JIOTOYEHO 0KOJI0 28,5—141,6 ThIC. T2, 3aTem uaet KOxubIi deme-
paNbHBINA OKPYT, TA€ COCPENOTOYEHO 0Koo 23,8-94,0 ThIC. Ta.

Ha ocTanpHBIC PETHOHBI MPUXOAUTCS HAMHOTO MCHBIIIAS
4acTh MOCEBOB — 0KOJI0 2,4—13,8 ThIC. Ta [4].

14

VYpoxaitnocts copro B Poccuu B 2018 1. B cpeniHem cocrta-
Bwia 11 w/ra, uto mouru Ha 5 %, win 0,5 1/Ta, BRI ypOxKai-
Hoctu 2017 . (puc. 5).

B cpennem 3a 5 ner ypoxkaitHocTh copro B Poccun cHmka-
yachk — Ha 3 1/ra, Wik Ha 23 %, a BOT €CIIU B3SITh NEPUOA 32
10 et — ypoxallHOCTb COpPro yMeHsbIlanach Ha 5 %, UiIM Ha
0,6 w/ra [16].

Cpeansistypoxkaiinoctbcoprozanepuog2001-2010rr.sPoc-
cum ObuTa Bipenenax 12 w/ra, as2011-2018rr.— 12,2 w/ra[16].

CpeaneronioBas ypoxaitHocts copro B Poccum B 2001—
2010 rr. cocrapmsa 12,0 i/ra, 82011-2018 rr. — 12,2 /ra [ 16].

YpokallHOCTh COPro IO pPErHOHAM-IIPOW3BOAMUTEISIM B
Poccun BapeupoBaniace u cocraBmia B 2018 1. ot 5,2 ii/ra B Ca-
paroBckoii obmactu u 10 48,3 1/ra B benropozackoit obmacty.
B ocTanpHBIX pernoHax ypoxKaitHOCTh coctaBmia: Camapckas
obnacte — 18,3 1/ra; PocToBckast 001acTh — ypoxxaifHOCTB CO-
crapwia 19,1 w/ra; B CraBpomnonbsckoM kpae — 19,2 1y/ra; Boi-
rorpajckast oonacte — 15,6 n/ra; OpenOyprckas o0nacTp —
6,6 1/ra; Boponexckas obmacte — 16,2 1y/ra; AcTpaxaHckas
obnacte — 31,4 1/ra, a B KpacHomapckom Kpae ypokaitHOCTb
on1a 20,8 1/ra [16].
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Jlist Camapcekoii 0051acTé 3epHOBOE COPTo — KYJIbTypa HO-
Basi M OYEHb MEPCHEKTUBHAsA. B uuciie OCHOBHBIX IyTeH I0-
BBILICHUSI YPOXKAHHOCTH COPro YBEIMYCHUE TIOCEBHBIX ILIO-
mazel u BaJloBOro cOopa 3epHa COpro SIBISIETCS CO3JaHNE U
BHEJ[PEHHE B IIPOM3BOJICTBO HOBBIX COPTOB, KOTOPBIEC aJIalTH-
POBaHbI K MOYBEHHO-KIMMATHYECKUM YCIIOBHSM BbIpaliBa-
Hu# [3, ¢. 39; 7, c. 646].

O6cy:xknenue u BbiBoAbI (Discussion and Conclusion)

burosnornyeckne 0COOEHHOCTH COPro BaXKHO YYHMTHIBATh
JUISL CO3/IaHMsI M BHEIPEHUSI HOBBIX TEXHOJIOTHH B MPOHM3BOJI-
ctBO. PontHa copro — Adpurka, 1 KyJIbTypa XapakTepu3yeTcs
Kak Terutoirobusasi [ 10, c. 5]. Buenpenue copro B HOBbIE paii-
OHBI BO3/ICJIBIBAHMS: CEMEHA HAYMHAIOT IIPOPACTATh IIPH TEM-
nepatype 10—12 °C; ecnu ¢ Takoii TeMneparypoii nepros npo-
JIOJDKUTENBbHBIH, TO CEMEHA MOT'YT 3arHMBATh B Io4YBe. Bexob
OYEHB JIOJITO TOSBIISIIOTCS, MpUMepHO Ha 20-i 1eHb u Ooee.
[Tone MoxeT 3apacTaTh COPHBIMH pacTeHHUsIMH. Bexoapl MoryT
MOSIBUTKCS ObIcTpee Ha 8—10-i1 IeHb, eCiu MoYBa MPOrPEeTCst
Ha TIyOuHe 3a7enku cemsiH jo 15-16 °C. Jlns copro ontu-
ManbHas Temneparypa 20-30 °C, oHO MOXKET BEIHOCHUTD Kapy
10 42 °C. HeOGomnbIo# nepuos ¢ NOHMKEHHBIMH TeMIIepary-
pamu 110 —2...—3 °C MoxeT BbI3BaTh rHOEIb BexooB [13, ¢. 8].

IIpn moceBe B TpeTbeil jekane Mas BBOJMMBIC KYJBTY-
PBl MOXXHO HCIIONB30BaTh Ul 3€JICHOTO KOpMa C CEpEeIIUHBI
WIOJIS TIO KOHEI aBrycTa, JJIsl Cuiioca — IouTH 10 Mopo3a [11,
c. 13 810; 8, c. 11 813].

W3y4yenne MHOpaOHHBIX COPTOB M3 APYIMX Hay4YHO-HC-
CJIE/IOBATEIbCKUX WHCTUTYTOB IMOKA3al0 HECTaOMILHOE BbI-
3peBaHKe CeMsH I10 MPUYMHE UX Mo3faHecnenocT. Iloatomy
cpasy BCTaJl BOIPOC CO3/1aBaTh CBOU COPTa, KOTOPhIE ObLIN ObI
aIanTHPOBAaHBl K MECTHBIM YCIIOBHSIM U KOTOPBIE JaBaju Obl
YPOXKAMHOCTH B yciaoBusx CaMapckoi 00IacTH.

JIyist OJTHOTO CO3pEeBaHMsl COPro HeoOXoAMMa CyMMa aK-
THUBHBIX Temreparyp Beiie +10 °C 3a BereTalinoHHBIN NepHoa
(ot BcxomoB 10 co3pesanwust). st mectHBIX coproB — [Ipe-
Mbepa, CnaBsinka, Pock 1 Kunensckoe 63, KOTOpble CO3/1aHbI
[MoBomkckom HUUCC — ¢umanom CamHI[ PAH stotr mo-
kazarensb 1800-2000 °C [13, c. 8-9]. D10 naeT BOZMOKHOCTh
yOparb BOBpeMs B KOHIIE aBryCTa — IIEpPBOH JieKaie CEeHTIOps
JI0 HACTYIUICHUS] OCEHHUX 3aMOPO3KOB.

BaxHo orMeTHTh, uToO B Hauaje 90-x ronoB B [ToBomKCKOM
HUUCC — ¢punmane CamHL] PAH Benach kporotiuBas pabo-
Ta [0 CO3JJaHUI0 COPTOB 36PHOBOTO COPro, KOTOPBIE JaBaJIU ObI
CTaOWIIbHYIO YPOXKaHHOCTB 3€pHA 110 T0oJlaM, TEXHOJIOTHYHBI 1
UCIIONIB30BAIIUCH ISl PA3JIMYHBIX LIeJIeii: HA MOHOKOPM, CHIIOC
U QypaxkHOE 3EPHO.

['maBHast poJib B MOJIY4YEHHH CTAOMIILHOTO M BBICOKOTO YPO-
»Kasl PAaCTEeHHEBOAUECKOH OTPACIH arpONPOMBIIIIIEHHOTO KOM-
mwiekca Poccun otBoautes copty [1, c. 13]. Crout otmMeTuTh
takxe, 4yto [ToBomkckuit HUMCC — ¢unman CamHL] PAH
CO3/1aJ1 M BHEPSIET B TIPOM3BOICTBA HOBBIC paHHECTIENbIE, 00-
JIa/latolI1e BHICOKOH MOTEHINANBHOM yposkaifHOCTBIO U Kade-
CTBOM 3€pHa copra copro 3epHoBoro — [Ipembepa, CraBsiHKa,
Pocwk u Kunensckoe 63. Bece onu BHecensl B [ocynapcTBeH-
HBIH peecTp CEeNEeKIIMOHHBIX JOCTHXeHUH PO.

Pabora 1o co3mannio COpToB 3epHOBOTO copro B [ToBomk-
ckom HUUCC — ¢unuane CamHI] PAH nanpasiena B miep-
BYIO Ouepe/ib Ha MOJyueHHe MaTrepualia, KoTopblii o0aian Obl
CKOPOCTIEJIOCTBIO, OBICTPBIM HadaJbHBIM POCTOM, BBICOKOW

O T T T T Ty
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CEMEHHOH MPOJYKTHBHOCTHIO M HU3KOW BOCIPUUMYHBOCTBIO
k marorenam [ 14, c. 281].

BrnaxuocTs 3epHa B ycioBusx Camapckoit 06i1acTi nmeer
OYeHb BKHOE 3HAUYCHHE. BriaxkHOCTH — 3TO IaBHBIN (akTop,
KOTOpPBIA TOKa3bIBaeT KOJIMYECTBO ITUTATEIBHBIX BEIIECTB
3epHa M NPOAOJDKUTEIBHOCTD €ro XpaHeHusl. CTOUT OTMETHTh
TaKXe, 4TO, YEM BBIIIE CO/ICPYKaHUE BJIAaTU B Macce, TEM MEHb-
11e oHa Oy/IeT coJepKaTh MUTATEIBHBIX BEIIECTB U TEM XyXKe
Oyzner xpaHuThes. Ecian 3epHO COAEPKUT MHOTO BJIard, TO B
HEM HA4YMHAIOT MPOMCXOAUTH (pr3MoNIOTHUEcKUe U (PU3UKO-
XMMHUUYECKHE MPOLIECCHl. Y 3epHa COPro Ha4YMHAIOTCS TPOIEC-
cbl HaOyXaHusl, U OHO Ipopacraer. VayT mporeccsl akTUBH-
3a1uK (PEpPMEHTOB, ITPHU ATOM IPOUCXOJUT CHUIKEHHE HATYPBI,
CBIITYYECTH 3€PHA, U OHO CTAHOBHUTCS YSI3BUMBIM JUISI MEXaHH-
YEeCKHX TOBPEX/CHUI. YOOPKY 36pHOBOTO COPro MpOBOJST B
(haze MOJTHOM CHENOCTH, P BIAKHOCTH 3epHa 10 20 % you-
paroT npsiMbIM KomOaiHupoBaHueMm, cBblie 20 % — pa3neinb-
HBIM criocoboMm [14, c. 283].

Hwke npuBoauTcs Oosee noxpoOHast XapakTepUCTHKA CO-
proB, kotopbie cozaanbl B [ToBomkckom HUMCC — punmnane
CamHI] PAH.

Copt Ilpembepa oTHOCHTCS K BHIY copro kadpckoe,
paHHecnensli, Hu3kopocisiii, 10 120 cM BeIcoTOH. 3epHO
OKpyIIIoe, *kKeiarosaro-0ypoe, Ha 1/3 oTkpsiToe. B 3epHe co-
nepxurces 9-11 % ceiporo nporeuna, 77-79 % B9B u 34 %
xupa. CopT NPUTO/IEH JUIsl UCTIONB30BAHMUS B CIECIYIOIINX IIe-
nsx: (pypa)kHOE 3epHO U MOHOKOPM, PUTOTOBJICHHE KOHIICH-
TPUPOBAHHOTO CHJIOCA JIJIsl BCEX BHJIOB JKUBOTHBIX U TTHIIBL.
VYpoxkaliHOCTh 3epHa JOCTATOYHO BHICOKA M CTAOMIIBHA IO TO-
nam — ot 2,5 1o 4,4 1/ra.

Copt CaaBsiHKa OTHOCHUTCS K BUJIy COPro KapcKoe, paH-
HeCIeNbIiA, HU3KOpOCibii, 10 110 cM BeICOTOH. 3epHO dIIUII-
THUYECKOE, CO CIIMHBI OKPYIIOe, KOPHYHEBOE, JIETKO BHIMOJIA-
YHMBAETCsl, POBHOE B Mpejeiax MeTeNKu. B 3epHe conepxurcs
10-14 % ceiporo mpoteuna, 7-883 % BOB u 3—6 % xwupa.
braronapsi ToHKOCTEOENTBPHOCTH PACTEHUS MPU PasieIbHON
ybopke OBICTPO BBICHIXAIOT. Mcnonk3oBaHue: GypakHOe 3ep-
HO. YporkaitHOCTh 3epHa — /10 4,4 T/Ta.

Copt Pocs oTHOCHTCSI K BUY COPTro KadpcKoe, paHHEeCTIe-
JIBIA, HU3KOPOCIBIH, 10 130 cM BBICOTOM. 3epHO UMEET OKPY-
yro popMy, IIBET JKeITOBaTO-0eibIid. B 3epHe comepxurcs
10-11 % ceiporo npoteuna, 80—82 % BOB u 4-5 % xwupa.
Hcnonb3oBanne: Ha QypakHble HENIH, a TakkKe MOJydYeHHe
Kpaxmaja ¥ CIupTa. YpoXKalHOCTh 3epHa B KOHKYPCHOM CO-
pTOMCHBITaHUH — /10 5,3 T/Ta.

Copt Kuneabckoe 63 oTHOocHTCs K BUAY copro kadp-
CKOe, paHHecIenbli, Hu3kopocisli, 10 100 cM BeIcOTOM. 3ep-
HO OKpYyIJIO€, OpaH)KeBO-KpacHoe, Ha 3/4 myuHucroe. B 3ep-
He coxaepxurcs 9-13 % cwiporo nporeuna, 63-78 % kpax-
Mmaina u 3—6 % sxupa. Mcnonb3oBanue copra — Ha (hypa)KHbIe
1enu. YpoxalHOCTh 3epHa cocTaBmwia ot 2,8 T/ra no 5,1 T/ra
MIPH CIUTOIIHOM ToceBe U 10 6,0 T/ra ¢ MexaypsaabsimMu 50 cM
[14, c. 281].CoBpemeHHas opranu3aiusi CEMEHOBOICTBA OCY-
IIeCTBIsIETCA Ha OCHOBaHUM 3akoHa Poccuiickoit denepanuu
«O cemenoBozactBe» u B coorBeTcTBUM ¢ ['OCT P 52325-
2005. CornacHo 5TOMYy 3aKOHY MPEAyCMOTpEHa Cleayromias
TPEXCTyIeHYaTasl CHCTeMa CEMEHOBO/ICTBA: 3TO TPOU3BOJICTBO
opurnHanbHBIX (OC) ceMsiH NepBUYHBIX 3BEHHEB CEMEHOBO/I-
CTBa, MUTOMHHUKOB Pa3MHOXEHHUSI ¥ CYTIEPIIUTHI, IPOU3BE/ICH-
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HBIE OPUTHHATOPOM COPTa U NpeHa3HaYeHHbIE JUIsl AabHEH-
nrero pasMHoxeHust; anutHele (3C) ceMeHa, NOoNyYeHHBIE OT
MOCIICAYIOIIETO pa3sMHOKeHus; penpoaykiuonabie (PC) ms
CEMEHHBIX IIeJIeH, TIOJIyYEHHBIX OT MOCJIEA0BATEILHOTO Mepe-
ceBa IMTHBIX CeMsH; penpoaykuuonnsie (PC.) nms mpous-
BOJICTBA TOBapHOU mpoaykuuu [13, ¢. 30].

CeMeHHBIE yYaCTKH COPro PEKOMEH TyeTCs pacronararh Ha
YHUCTBIX OT COPHSKOB 3eMJISX M, KOHEYHO, Ha MIOJOPOIHBIX.
TpeOyeTcst cTporoe coOItOIEHUE 00SI3aTeIIbHBIX YCIOBUI JIJIs
MOJTyYEHHs] KaY€CTBCHHBIX CEMsiH. [lepBUYHBbIE U MEPEIOBbIE
arpoTeXHUYECKUE TPHEMBbl BO3JICIBIBAHUS COPIrO CO3JAIOT
Jy4IINe YCIOBUS IS POCTa M Pa3BUTHS, HOPMUPOBAHUSI BBI-
COKHX yporkaeB. Kpome Toro, BaJKHO OTMETUTb, YTO HA CEMEH-
HBIX YYacTKaX HEOOXOIMMO CTPOTO COOMIOMATh psij TpeOoBa-
HUH U 9YMCTO CEMEHOBOAYECKOTO XapakTepa, 0e3 KOTOPBIX
HEeIb3s1 JOOUTHCS XOPOILIUX PE3YJbTaTOB B MOJIYYEHHH BBICO-
KOKAUECTBEHHBIX CEMSIH.

Heo0xoaumMo NOMHHTB, YTO KYJIBTYpa COPro — MepeKpecT-
HOOTIBIISIIOIIIEECs] pacTeHHE, Pa3Hble BUJABI U COpPTa KOTOPO-
TO JIETKO CKPEIIUBAIOTCSI MEXIYy c000i. UTOOBI BBIpacTUTH
YUCTOCOPTHBIA HE TMEPEONbUICHHBIH MMOCEBHOW MarepHar,

_ W W
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JYIOIUX MpaBUIL: MpocTpaHcTBeHHas u3omsiuusg 500—-1000 m
OT MOCEBOB CYJaHCKOI TpaBbl U JIPYTHX COPTOB CaxapHOTO U
3epHOBoOrO copro [13, c. 31].

[Tpn BBIOOpE ywacTka IOA KyJIBTypYy COPro HeoOXoanMo
BBITIOJTHUTH OCHOBHBIEC TPEOOBAHUS: B TIEPBYIO OUepe/b UUCTOEC
OT COPHSIKOB I10JI€ OT OJHOJIETHUX 3JIaKOBBIX, TaK KakK MOCIe
MOSABJIEHUSI BCXOIOB B nepuof oT 20 g0 25 nHel oHO pacTeT
MEJUICHHO M TEM CaMbIM MOXKET OBITH 3aIITyIICHO COPHSIKAMH.
Copro — KyJbTypa IJIacTHYHAs, OHAa CIIOCOOHA J1aBaTh XOpPO-
1IMe ypoXKau IpH IOCEBE IT0CIIE Pa3IMYHbIX MPE/IIeCTBEH-
HUKOB, HO JIYYIIMMH KYJIBTYpaMH, IOCJE€ KOTOPBIX OCTaeTCs
ToJIe HE 3aCOPEHHBIM U C JJOCTaTOYHBIM 3aracoM BJIard, 3TO
03HMMBIE, 3epHOO00O0BEIC, KyKypy3a, PaHHHE KOJIOCOBBIE KYJIb-
TYpBbI, KapTo(eb 1 MHOTOJIETHUE TPaBbl, KOTOPbIE YOpaHbl Ha
ceno [13, c. 15].

EsxerozHo Beziercst paboTa B 00J1aCTH CEMEHOBOJICTBA COP-
ro B Camapckoit 00nacTH Juis MojJiepKaHusl Ha JOJDKHOM Ce-
JICKIIMOHHOM YPOBHE OWOJIOTMYECKUX, MOP(OIOTHUSCKUX H
XO3SIHCTBEHHO-1IEHHBIX MPU3HAKOB ¥ CBOMCTB COPTOB, a TakXkKe
JUIsl TIPOU3BOZICTBA HEOOXOIMMOTO 00BEeMa CEMSH BBICIINX pe-
MPOTYKITUH.

CEMCHOBOAYECCKHUE MOCEBBI pa3MelIatoT € COONIOICHUEM CJie-

Bub6auorpaduueckuii cnucok

1. Anabymes A. B., Kosrynos B. B., Kosrynosa H. A., I'opmuanuenxo C. Y. CeMeHOBOACTBO cOpro 3epHOBOr0 B PocToBCKOM
obmactu // ArpapHnas Hayka EBpo-CeBepo-Bocroka. 2016. Ne 1. C. 12-15.

2. benpuenko C. A., lporoB A. B., llanoano B. @. IIpoayKTHBHOCTE COPTUMEHTA KOPMOBOTO COPTO B 3aBHCHMOCTH OT
(hona muHepanpHOTO ITanus // Bectank YinbsHoBckoir [CXA. 2018. Ne 2. C. 38-44. DOI 10.31367/2079-8725-2019-62-2-
27-31.

3. I'myxoBues B. B., Ceipkuna JI. @., AuTumonos A. K., Autumonosa O. H. Postk HOBBIX COPTOB caxapHOTO U 3€pHOBOTO COPTO
B YKPEIUIEHUH KOPMOBOI1 6a3bl B 3acylUTUBBIX ycrnoBusx Cpeaaero IloBomkes n Ypana // 3Bectuss OpeHOyprekoro rocyaap-
CTBEHHOTO arpapHoro yHuBepcurera. 2014. Ne 3. C. 37-39.

4. Enunas MexxBeoMcTBeHHas nHpopMmannonHo-ctatuctudeckas cuctema (EMUCC) [Dnexrponnsiii pecypc]. URL: https://
www.fedstat.ru/indicator/30950 (mara obpamenus: 20.09.2019).

5. Kamyctun C.U., Bonogun A.b., Kanyctun A.C. Xo035iiCTBeHHO IIEHHBIE TPU3HAKH KOJUICKITHOHHBIX 00Pa3IloB COPTo 3€PHO-
Boro // TaBpuueckuii BecTHUK arpapHoit Haykn. 2019. Ne 2 (18). C. 46-52. DOI: 10.33952/2542-0720-2019-2-18-46-14.

6. Kanyctun C. U., Bomoguu A. B., Kyxapyk M. 1O., Karyctun A. C. OneHka HCXOQHOTO MaTepHaia Ul CeJICKIINN BBICOKO-
CaxapuCTHIX COPTOB U THOpUAOB copro // Bectauk Kypckoii rocymapcTBeHHON CeNbCKOX03siicTBeHHOM akanemun. 2019. Ne 2.
C. 44-51.

7. Kapustin S. I., Volodin A. B., Vlasova O. 1., Donets I. A., Golub A. S., Kapustin A. S. The use of sorghum-sudanese hybrids
in the North Caucasus // Research Journal of Pharmaceutical, Biological and Chemical Sciences. 2019. Vol. 10. No. 2. Pp.
646—653.

8. Kostynos B. B. [loceBHas miomia s 1 ypoxaifHOCTh cOpro 3epHOBoro // 3epHoBoe x03siicTBo Poccuu. 2018. Ne 3. C. 47-49.
DOI: 10.31367/2079-8725-2018-57-3-47-49.

9. Korynos B. B., Kosrynosa H. A., JIymmuna O. A., Cyxenko H. H., UrnarseBa H. I. IIutaTensHOCTS IEHHOCTH 3€PHOBOTO
copro // ®epmep [ToBomxbe. 2018. Ne 8. C. 56-58.

10. KosrynoBa H. A., KoBrynos B. B., Topmuanuenko C. U. [u ap.] PexoMenmamuu mo TeXHOJOTHH BO3/CIBIBAHHUS COPTO
3epHOBOTO, CAXapHOTO M CyIaHCcKo# TpaBbl. Caparos: OO0 «Ammupury, 2018. 28 c.

11. Shkodina E., Balum O., Kapustin S. I., Volodin A. B., Kapustin A. S. Agroecological testing of sugar sorghum, sudanese
grass and sorghum-sudanese hybrids in the natural conditions of the Novgorod region // Indo American Journal of Pharmaceutical
Sciences. 2019. Vol. 6. No. 7. Pp. 13810-13815.

12. Shkodina E., Balum O., Kapustin S. I., Volodin A. B., Kapustin A. S. Agroecological studies of southern forage crops in
the natural conditions of the Novgorod region // Indo American Journal of Pharmaceutical Sciences. 2019. Vol. 6. No. 9. Pp.
11813-11815.

13. Ceipkuna JI. @., AatumonoB A. K., AutumonoBa O. H., Akumosna JI. 1. PekomeHauu 1mo BO3IeIbIBAHUIO 3€PHOBOTO
copro B Camapckoit oonactu. Kunens, 2010. 38 c.

14. Ceipxuna JI. @., Kocsix JI. A., AaTumonoB A. K., Autumonosa O. H. IIpogyKTHBHOCTE U KOPMOBasi IIEHHOCTb COPTOB
3epHOBOTO COPro ISl CEBEPHOM 30HBI coprocesHus // 3pectus Camapckoro HayqHOTO IeHTpa Poccuiickoii akageMnu Hayk.
2018. T. 20. Ne 2. C. 280-285.

16



Y Ty Ty N N " "
Agrarian Bulletin of the Urals No. 12 (191), 2019 - D,

15. Coipkuna JI. ®@., AutumonoB A. K. CaxapHoe copro — 1eHHasi KopMoBasi KyJbTypa JUlsl 3aCyLUIUBBIX ycaoBuit CpenHero
[MoBomxkbs [Dnekrponnsiii pecype]. URL: https://agropost.ru/rastenievodstvo/kormovie/saharnoe-sorgo-cennaya kormovaya-
kultura.html (mara ooparmienus: 20.09.2019).

16. DKcnepTHO-aHAIMTHYCCKUH 1IeHTp arpobusHeca «Ab-Llentp» [DnekTponnsiii pecypce]. URL: https://ab-centre.ru (mara
oOpamienus: 24.09.2019).

17. FAOSTAT [Onexrponnsiii pecypc]. URL: http://faostat.fao.org (nara oopamenus: 21.09.2019).

00 asmopax:

Esrennii Bnagumuposry MaTBUEHKO', KaHAUAAT OMOJOTMYECKUX HAYK, MJIQ NI HAYYHBIH COTPYIHHUK,
ORCID 0000-0002-3171-153X, AuthorID 718828; +7 917 944-37-51, opel0076687@yandex.ru
'Tososmkckuit HUUCC — ¢punman CamHL] PAH, Kunens, Poccus

sor3o[ouys91013y

Sowing area, gross fees and sorghum yield in Russia
and Samara region
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Abstract. Purpose. Analysis and assessment of sorghum sown areas, yields and gross collection in general for Russia and the
Samara region. Research is based on methods of efficient production of sorghum and biological features of culture. Statistics
were compiled and data on sorghum sowing areas in Russia as a whole were processed for the period 1990-2018. Results
and scope of application. Data on sorghum areas and gross collection in Russia as a whole are given. Thus for the period
2015-2016, the area under sorghum was record-breaking and amounted to 224.2 and 228.7 thousand hectares, compared to
1990 when the area was 67.3 thousand hectares. The main region in Russia for the largest area of sorghum was — Saratov region,
where it was sown according to the data for 2018 — 26.4 thousand hectares, or 37.1 % of the total share of sown area of sorghum.
In the Samara region, the area under sorghum was within 4.0 thousand hectares and 5.5 % of the total share. In 2018, sorghum
production amounted to 49 thousand tons. Sorghum yields in Russia in 2018 averaged 11 c/ha. In the Samara region it was —
18.3 c/ha. Scientific novelty lies in the field of sorghum seed production in the Samara region. Sugar and grain sorghum crops
can be a reliable source of increased production of juicy and green feed. Those with high potential yield and grain quality differ
in grain sorghum varieties — Premyera, Slavyanka, Ros’ and Kinel’skoye 63, created in Volga Research Institute for Breeding
and Seed Breeding — Branch of Samara Science Center of Russian Academy of Sciences.
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HUcnonn3oBanue NDVI 115 onpenesieHus coaepkaHus a30Ta
B PACTEHHUAX 03MMOI MIIEHULbI
B ycJ1oBUsAX CTaBpPONMOJIbCKOI0 Kpas

W. TI. Cropuax’, V. B. YepHosa'“, ®. B. Epomenko’, T. B. Bonmomenkosa', E. O. Illecrakosa’
! CeBepo-KaBkasckuii ¢eepanbHbIil HAyYHBIIT arpapHbIii IeHTP, Muxaiinosck, Poccus
SE-mail: chernova_skfu@mail.ru

Annomayus. Hepoctatok a3oTa NpUBOAUT K CHUKEHUIO YpOXKasi M KAUECTBA 3€pHA Y pacTeHUM 03uMoi nmueHuusl. [loato-
My HEOOXOAMMO KOHTPOJIHMPOBATh a30THOE IMUTAHNE B TEUCHHUE BCETO TIEPHOJIAa POCTA U PA3BUTHS PACTCHHUH, YTO MO3BOJIUT
OTIEPATHUBHO OIEHUTH NMOTPEOHOCTH B MUHEPAIBHBIX MOJKOPMKAX C IIEIBIO MOJTYUYCHHS BBICOKMX YPOXKAaeB Kaue€CTBEHHOTO
3epHa. Llesb uccae0BaHusA — yCTAHOBUTH BO3MOXKHOCTD HCIIOIb30BAHNS HOPMATM30BAHHOTO PA3HOCTHOTO BET€TAIIMOHHO-
ro maaekca (NDVI) nns MOHUTOpHHTA pacTeHWH O3MMOI MIICHUIIB Ha TIPEIMET COAepKaHUsA a30Ta B ycioBusax CraBpo-
moabckoro kpasi. Metonasl. Pabora Bemmonnena 8 ®I'BHY «Cesepo-KaBkasckuii heaepaabHBIA HAyYHBIH arpapHBIA IEHTP»
Ha TTPOM3BOJICTBEHHBIX TIOCEBAX 03MMON MMIIEHUIIBI. OTOOPHI PACTUTEIHFHBIX 00PA3I0B (CHOMOBOM MaTepHal) IPOBOIUIH 110
oOmenpuHsAToi Mmetonuke. [IoBTOpHOCTH — YeThIpexKpaTHas. OnpeaeeHne XUMHUIECKOT0 COCTaBa OPraHOB PacTEHHUI po-
Bonmnu mo metonuke B. T. KypkaeBa ¢ coaBTopamu, a coaepxanue xiaopoduiiaa — mo Munaesot u [Ipumak. Pe3yabraTsl.
Tak kak Ka4ecTBO 3epHA 03UMOI1 MIIIEHHUIIBI HATIPSMYIO 3aBUCHT OT 00ECTIIEIEHHOCTH PACTEHHH a30TOM, OBIITH N3y YEHBI B3aH-
MOCBSI3M MEXy COIEP)KAHUEM a30Ta B PACTEHUSIX 03UMOM MIIEHULIBI U 3HAUEHUSIMU BereTauuoHHoro nuaekca NDVI. [Tony-
YEHBI BHICOKHE KOO()PUIMEHTHI KOPPENAINH MEX Ty STHMHU MOKasaTensamu. Taxk, B cpennem 1o monsm R B 2012 romy Ob1
pasen —0,89, a B 2013 u 2014 ronax —0,82. Kpome TOT0, BBHIY 3aBUCHMOCTH CONIEPKAHUS a30Ta OT KOJIMYECTBA XJIOpO(HILIa
YAaJ0Ch MIPOBECTH aHAJIN3 KOPPEISALIMOHHOMN CBSA3M MEXAY 3TUM nokazaressiMm 1 NDVI noneit, koTopslil mokazan ycToluu-
BYIO OOPaTHYIO CBSI3b C KOJIMUECTBOM XJIOPOQIILIIA B EAMHUIIC OMoMacchl (MI/T) (B cpeaHeM olleHuBaeTcs Bennannoi —0,79).
BersiBII€HA B3aMMOCBSI3b MEX/Ty Ka4eCTBOM 3€pHA M JAHHBIMH AMCTAHIIMOHHOTO 30HANpOBaHus 3emun. Hanbosee sBHO OHA
MIPOCTICKUBACTCS B CITydae ¢ MAaKCUMAJIBHBIM U cpenHuM NDVI 3a mepron ot BO300HOBIICHUST BECEHHEH BETeTAIlNH JIO TI0JI-
HOM CIIENIOCTH 3€pHA 03UMOM MIIEHUIIBI.

Knrwuegvle cnosa: BereTalMOHHbIN HHAEKC, nMHamMuka NDVI, o3umas nuiennna, coaepkanue a3ora, COAEpKaHUue XJI0po-
¢umra, KauecTBO 3epHA, K0dhGUIHeHTH Koppesuu, [133.

Jlna yumuposanusn: Cropuax U. I, YUeprosa 1. B., Epomrenko @. B., Bomomenkosa T. B., Illecrakosa E. O. lcnionb3oBanne
NDVI miist onpenenenus conepkanus a30Ta B paCTEHUSIX 03UMOH MIICHUIIBI B yeIoBUsIX CTaBpOMOIBCKOTO Kpast // Arpap-

HBIH BecTHHUK Ypaua. 2019. Ne 12 (191). C. 19-31. DOI: 10.32417/1997-4868-2019-191-12-19-30.

Jlama nocmynnenua cmamou: 13.09.2019.

IMocTanoBka mpodaemsl (Introduction)

[Ipon3BoACTBO 03UMOH MIEHUIIB! TPAAUIIMOHHO SBIISET-
Csl BEAYIIEH OTPacibiO CENbCKOro Xxo3siictBa CTaBpOMOb-
CKOT'0 Kpasi U B 3HAUUTEIIbHON CTENCHH OINpeiesieT Pa3BUTHE
npyrux otpaciueii [1, c. 2121]. [lony4yeHne BBICOKOKaYECTBEH-
HOI'0 ypo’Kasi 3¢pHa 03UMOM MIIEHHUIIbI ABJIAECTCS aKTyaJIbHOU
3aJla4eil CebX03TOBAPOIPOU3BOAUTENEH, KOTOpasi CErojiHs
peaeTcs myTeM pa3paboTKU OBICTPBIX M HAJIE)KHBIX METO-
JIOB MOHMTOPHHTA [I0CEBOB U KOHTPOJIS X012 (HOPMHUPOBAHMSI
ypoxkasi ¥ KadecTBa 3epHa. [[71s 3Toro Bce yarie UCTIoNIb3yI0T
JTAaHHBIE TUCTaHIIMOHHOTO 30HAupoBaHus 3emun (/133) [2,
c. 202; 3, c. 39]. CnyTHHKOBbIE CHUMKH Pa3IUYHOTO IPO-
CTPaHCTBEHHOT'O U BPEMEHHOro paspemeHus [4, c. 162] mo-
3BOJISIFOT I0J1y4YaTh WH(GOPMALIMIO O COCTOSIHUU TIOCEBOB Ha
Pa3HBIX TEPPUTOPHAIBHBIX YPOBHSIX: OTAEIBHOE IT0JIe, paiioH
niu Kpaid. HenocTaTok a30THOro NUTaHUsI pAaCTEHUM 03UMOM
MIICHUIIB! IPUBOIUT K CHMKEHHUIO HE TOJBKO ypOXKasi, HO U
kadecTBa 3epHa [5, c. 106]. OgHOl W3 MPUYMH, BEAYIIHUX K

CHUXXEGHHMIO IPOU3BOJACTBA BBICOKOKAUECTBEHHOIO 3€pHA B
CTaBpONOJIBCKOM Kpae (XOTs BaJOBBIH ero cOop 3a rnocien-
HUE TOABI YBEIHYMJIICS), SIBISICTCS MEJICHHBI POCT BHOCH-
MBIX MUHEpaJIbHBIX yo0penui [6, c. 24]. [ToaTomy HeoOX0-
MO KOHTPOJIUPOBATh a30THOE NMUTAHHME HA NPOTSHKEHUU
BCEro Mepuojia pocTa M pa3BUTHUS PACTEHUN, YTO MO3BOJIUT
CBOEBPEMEHHO NMPHUHATH HEOOXOANMbIE KOPPEKTUPOBKH ISl
MOJIy4YEHHUsI BBICOKMX yPOXKAEB Kau€CTBEHHOI'O 3€pHA. 3aua-
CTYIO CIIOCOOBI OIIPEAEIICHNUS COJCP)KaHUs a30Ta B PACTECHH-
X TPeOYIOT JIaOOPaTOPHBIX aHAJIHM30B, OUYCHb TPYAOCMKH H
JUTUTENBHBI 10 BPEMEHH.

B nureparype BcTpedaroTcst OTAEIbHBIE PA0OTHI, CBUIC-
TEIbCTBYIOIINE O TOM, UTO COJIEP’KAHUE a30Ta B PACTEHUIX
OKa3bIBaeT BIMSHUE HA JaHHBIE JUCTAHLUOHHOIO 30HAUPO-
BaHus 3emuin [7, ¢. 118]. K coxaneHuto, Takux vuccieaoBaHui
KpaliHe Maio, a s yciaoBuil CTaBpONOIbCKOrO Kpas OHU HE
npoBoaAUINCh BoBce. Tak kak CTaBpONOIbE SIBISETCS OAHUM
u3 nuzaepos B Poccuiickoit denepanuu no npou3BoACTBY Bbl-
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Fig. 1. Placement of winter wheat crops: a) 2012, b) 2013, ¢) 2014

21



o
N

ATPOTEXHONIOT U

b b e e
. e e e e

COKOKQueCTBEHHOI'0 3epHa IIIEHUIIbI, pa3paboTka METO0B
00BEKTUBHOTO KOHTPOJISI YCIOBHH a30THOTO TTMUTAHUS T1OCE-
BOB JIJIs 3TOT'O PErHOHA TPHOOPETAET 0COOYI0 aKTYaIbHOCTb.
[TosTOMY HeJbI0 HalIeil padoThI ObIIIO YCTAHOBIICHHE BO3-
MOKHOCTH HCIIOJIb30BAHUSI HOPMAJIM30BAHHOT O PA3HOCTHOTO
BeretaruonHoro unaekca (NDVI) mist koHTpous comepika-
HHUS a30Ta B pACTEHUSX 03UMOM MIIEHUIIBI B yCIoBUsIX CTaB-
POTIONIBCKOTO Kpasl.

MeToaoJiorusi 1 MeToabl uccienopanusi (Methods)

Pa6ora Bemmonasace ¢ 2012 mo 2018 roxer 8 ®I'BHY
«CeBepo-KaBka3ckuil ¢enepanbHblii Hay4HBIH arpapHbIi
LIEHTP» Ha MPOU3BOJCTBEHHBIX MOCEBAX O3UMOM MIICHUIIBI

- ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

(puc. 1) [8]. B paboTe ananu3upoBaiy 1aHHBIE, OITYYCHHBIC
B (ha3bl BECEHHETO KYIICHUs!, TPyOKOBaHMsI, KOJIOIECHHUSI, Ha-
nuBa 3epHa. OTOOpPHI PAaCTUTEIBHBIX O0pa3LOB (CHOIOBOM
MarepHall) NMpOBOAWIM 10 oOmenpuHsTod Mmeromuke. [lo-
BTOPHOCTH — YeThIPEXKpaTHasl.

IToussr moneit CeBepo-KaBkaszckoro ®HAILL npencrasie-
HBI YePHO3EMOM OOBIKHOBEHHBIM, CPEIHEMOIIHBIM, MaJIOTy-
MYCHBIM, TSKEJIOCYTJIMHUCTBIM. Peakiinst mouBeHHBIX 00pa3-
1IOB TTAXOTHOTO CJIOSI IOYBHI CJIa0O0IIEIOYHAs U HEHTpabHas.
Cogepsxanue rymyca B ciioe 0—20 cM moUBHI 32 BECh MEPUOJT
HaOJIONEHNsT y BCeX TOJieil ObUIO HHU3KOE W HaXOIWJIOCh B
nepeaenax 3,17-3,77 %.

Puc. 2. Pacnpedenenue no meppumopuu Cmaspononvckozo Kpas kavecmea sepHa u xapaxmepucmuk ounamuxku NDVI 03umoti nuieHuivl
6 2012-2018 za.

Fig. 2. Distribution of grain quality and characteristics of NDVI dynamics of winter wheat on the territory of Stavropol region in the years
2012-2018
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B cpenHem 1o mossiM cojpepikaHue TMOABIKHOTO (ocdo-
pa B maxoTHOM ciioe ObLI0 B mpeaenax 23—27 Mr/Kr, a3ora —
Haxoauiock B npenenax 0,22—-0,23 %. Y npenctaBlieHHBIX
noJiel copepkaHue OOMEHHOTrO Kajiusi BapbHpOBAJIOCH OT
140 mr/kr g0 470 Mr/KT.

Kunmarnyeckue ycaosusa 2011-2012 rr. OceHblo
2011 . morogHbIe yCJIOBHS B KPae CKJIAJbIBAJIUCh HE COBCEM
ONaronpusATHO JJIS TIOCeBa U TIOJNYYEHHUs BCXOZOB O3UMOM
nureHUbl. TpeTbs nexana ceHTsOps OTIMYalach IOBbI-
HIEHHBIMU TEMIIEpaTypaMu U Hepo0opoM ocajkoB. Jloxau,
CHOCOOCTBYIOIIME BCXOJaM, IPOIUIH B | U 2 nexagax OKTs-
Opsi. JITMTETPHOCTh OCCHHEH BEreTaluy B TPEThCH JCKaze
OKTsI0pst Obla MeHbIIe 00bIuHOM (50—60 nHeit), mpuYnHON
STOMY MOCIY>KWJIM HHU3KHE Temneparypsl. Kpome Toro, Ha-
0J110/1710Ch TI0371HEE BO3HMKHOBEHHE BECEHHEW Bereranuu
(mepexox uepe3 +5 °C oTMeueH B TpEeTheW JeKaze MapTa).
CnoXMBIIMECS] TIOTOJIHBIC YCIIOBHSI HE TIO3BOJIMIIM PACTEHH-
SIM O3MMOM IMIIEHHUIBI B JOCTATOYHON MEpE PacKyCTUTBCS U
chopMHpOBaTH ONTHMaJIBHBIN cTebaecTol. B anpene u mae
oTMeuajcs Hemobop ocankoB (57 % u 21 % cOOTBETCTBEH-
HO) Ha (DOHE BBICOKHMX TEMIIEpaTyp (ampenb — MPEBHIICHHIE
cpenHeMHOroJeTHero 3HaueHus Ha 4,3 °C, mait — Ha 3,7 °C).
B pesynbrare Takux sKCTpeMalbHBIX YCIOBHH HaOII0aI0Ch
yckopenne (Ha 10 mHeit) cpokoB HactymieHus QeHodas.
B urone, npu popMUpOBaHUK U HAITMBE 3€pPHA, YCIOBHS BEre-
TalUU yXyJINIHINCH (TEeMIlepaTypa MpeBbllaia CpeHEMHO-
ronetHee 3Hadenue Ha 2,6 °C), 4TO 3HAYUTEIHHO OTPAZUIIOCH
Ha KOHEYHOM ypoxKae.

2012-2013 rr. OTHOCHTENEHO HEOIATOMPUSITHO TSI CEBa
U TIOSIBJICHUSI BCXO/IOB PACTEHUI 03UMOIl MIIIEHUI[BI CIIOKH-
JINCh arpokyinMarnueckue yciaosust ocenu 2012 r. Temmnepa-
TYPHBIE PEKUMBI CEHTSOPSI U OKTSAOPS OBLIM MPEBBIIICHBI B
cpenreM Ha 2,2 °C u 4,6 °C COOTBETCTBEHHO Ha (DOHE TO-
JIOBUHHOIM HOPMBI OCaJIKOB B CEHTSOpE W IPHU 3aCyLINBOM
OKTsI0pe (Hemobop ocanakoB coctaBuia 85 %). B mepsoit ne-
KaJie iekadpst HaOJoancst OIaronpusTHBIN BOJAHBIH PEXKUM
(220 % oT HOpPMBI), KPOME TOTO, BEICOKHE TEMIIEpaTypbl Ha
MPOTSKEHUH Beero ekaodpst (+6,3 °C, uto Ha +2,6 °C BbIlIe
HOPMBI) TOJIOKUTEIBHO CKa3bIBAJINCH HA Pa3BUTHH MOCEBOB
03MMOM TIICHUIIBL.

TemneparypHblil pe)kMM 3MMHHX MECSIEB B Kpae ObuI
npesbiieH Ha 1,5 °C MHOTOJIETHUX 3Ha4YeHUH, HAOIIONAN-
cs1 Henobop ocankoB (43 %). Ha 14 nueit panbie oObIvHO-
r'O CPOKa 0TMEYaJIoCh BO30OHOBJICHUE BECEHHEH BETETaIIHH.
B mapre BbINazo 1Be HOPMBI ocankoB, Ha 2,2 °C Temmnepa-
Typa BO3AyXa IpEBbIIIAJIa CPEJIHEMHOTOJETHHE 3HAUCHHUS.
B ampene ormeuancsi HeIOCTATOYHBIA YpPOBEHb OCAIKOB,
TEMIEpaTypPHBIA PEKUM OCTaBaJICS MOBBIMICHHBIM. [lepBast
W BTOpasi JIeKaJbl Mas XapaKTepU30BAJINCh MOBBIIIEHHBIMU
temneparypamu (Ha 4,4 °C BbllIe CpeTHEMHOTOJICTHUX 3HAa-
YCHHI B mepBoii aekane, Ha 2,0 °C — Bo Bropoii). [Tpu 3Tom
KOJIMYECTBO OCAJKOB BTOPOIl JeKaJ bl COCTaBUIO OKOJIO 162
% OT CpeTHEMHOT OJIETHUX 3HaYCHUH. YCIOBUS MEPBOH JIeKa-
JIbI MEOHSI OBLITN OJIArONPUSITHBIMH JUJIs1 HAJTMBA 3€PHA 03UMOM
nuIeHUIbl. B nanpHeiimeM HaOI01a1ach MOBBIIICHHAS TEM-
neparypa Bo3zayxa (Ha 2,4 °C Bbllle CpEAHEMHOTOJICTHETO
3HaueHUsI BO BTOpoH nekane u Ha 1,7 °C — B TpeTheil), He-
JI000p 0CAJIKOB B TPETHEH JIeKaIe HIOHS COCTABUJI ITOJOBUHY
HOPMBI.

O T T T T Ty

S>> >>>)
2013-2014 rr. biiaronpusTHBIE YCIOBUS JUIsl POCTa U pa3-
BUTHS PACTEHUI 03MMOM MIIICHUIIBI CIIOXKHIIUCH B CEHTIOpE 1
okTs0pe 2013 r. B 3T Mecsibl HaOII01aI0Ch OOMIIBHOE BBI-
najieHue ocaakoB. Ha 15 nHell paHblie cpeTHEMHOTOJIETHBIX
CPOKOB HACTYNHJIO BO300HOBJIEHHWE BECEHHEH BETCTAIIHH.
B Hawane BecHBI cpeHsIsl TeMIlepaTypa MpeBbllIaia HOpMY
Ha 2,7 °C, KOIM4eCcTBO OCaJKOB B MapTe cocTaBuiio 129 % ot
CpeIHEMHOTOJIETHEr0 3HaueHus. B ampene Habmonancs He-
nmobop ocankoB (19 %) Ha (hoHE MOHMIKCHHON TemrepaType
Bo3ayxa (Ha 0,5 °C). CuTyalius H3MEHUIIACh B Mag, KOT/1a TeM-
nepaTypa Bo3jyXa npesbliiaia Hopmy Ha 2,8 °C, HO 00MIIb-
Hble ocaku (168 %) He MO3BOIUIN OKa3aTh OTPULIATEIBHOTO
BIIUSTHUS Ha XOJI (JOPMUPOBAHUS YPOXKasi O3UMOH MIICHHUIIBL.
bnaronpusiTHbIC MOTOAHBIE YCIOBHS Mas KOMIEHCHPOBAJIN
Hemobop ocaakoB B uioHE (46 %). Kpome Toro, Obiia 6iu3ka
k HopMe (21,3 °C) u cpepHEeMecssYHas TeMIIepaTypa Bo31yXa.
Takum 00pazoM, MOTOAHBIC YCIOBUS ONaronpusTHO BIIMSIIN

Ha (opMupoBaHHe ypoxkast 03UMOH TieHunsl B 2014 roxy.

B nenom B 2011-2012 cenbckoX03sIHCTBEHHOM T'OJly Ha-
OJTr0/1a710CH paHHee MpeKpalieHne OCEHHEH 1 Mo3/1Hee BO300-
HOBJICHHE BECEHHEW BereTaluu Ha ()OHE MOBBIIICHHOTO TEM-
NepaTypHOTO peXXMMa M 3HAYUTEIHFHOTO Heao0opa 0CaaKoB
B BeCEHHe-JIeTHUH nepuon. B Hauane 20122013 cenbckoxo-
3sICTBEHHOTO Tofa (CeHTS0ph, OKTSIOPb) OTMEYaiach CHUIIb-
Hasl 3acyxa, KOTopasi B 3HAQUUTEIBHOW CTENEHH KOMIICHCH-
poBajach OGJaronpusTHBIMU YCIIOBUSIMU HOSIOpS U Jiekaops,
KpOMeE TOro, OTMEYaJIOCh paHHEe BO30OHOBIICHHE BEeCEHHEH
BEreTaluy U CBOEBPEMEHHOE BBIINAJICHUE OCAJKOB B PENPO-
JlyKTUBHBIN nieprojl. Hanbosee GiaronpusiTHBIM Kax 1o TeM-
nepaTypHOMY PEKUMY, TaK U 110 KOJIMYECTBY OCAJKOB ObLI
2013-2014 cenbCKOXO3SIMCTBECHHBINA TOJ, IOJ0KUTCIBHOE
BIIMSIHUE HAOII0/IaJIOCh BO BCE MEPHOJBI POCTA M Pa3BUTHS
03UMOM MIICHUIIBL.

Hopmanu3oBaHHBIH pa3HOCTHBIN BEreTalMOHHBIN WH-
JIeKC Tosty4aiu ¢ nomotisto cepBuca «Beray KU PAH [9,
c. 581]. Onmpenenenne XMMHYECKOTO COCTaBAa OPTaHOB pacTe-
HUM 03UMOM MIeHUIBI npoBoauau o metoauke B. T. Kyp-
KaeBa C COaBTOpaMH, a coJiepkanue xyopoduia — no Muma-
eBoif u [Ipumax. Takske Ayt aHaIKM3a UCMOIB30BAIN JAHHbBIE
CrarynpasieHust CTaBpONoIbCKOro Kpas.

CraTucTHYecKHe JaHHbIE 10 KavyeCTBY 3€pHa O3MMOM
MIICHUIBI TpepocTaBiieHbl  CTaBpOIOILCKUM  (puIHaioM
OI'BY «DenepabHbIil HEHTP OIEHKH O€30MIaCHOCTH U Kade-
CTBa 3epHA U MPOAYKTOB ero nepepadbotkm» [10].

MaTeMaTHUYECKYI0 U CTATHCTUYCCKY 00pabOTKY IMOITy-
YEHHBIX JJAHHBIX TPOBOAMIIN HA IEPCOHAILHOM KOMITBIOTEPE
¢ omMo1Ibio nakera nmporpamm Microsoft Office 2010.

PesyabraTsl (Results)

Hamu ObUTH OCTPOEHBI KapThl pacipe/ielieHNs KauecTBa
3epHa 03MMOM MIIEHUIBI U PA3JIMYHBIX ITOKa3aTelei, Xapak-
Tepusytomux auHamuky NDVI o3uMoil nieHuIs no xax-
oMy pariony CTaBpoOIoabCKOro kpas (puc. 2).

Ha pucynke npexncrasinens! nokasarenu /33, Hanbonee
TECHO CBSI3aHHBIC C KaueCcTBOM 3epHa. [loiHoro coBmaneHus
HU C OJIHOW M3 XapaKTEPUCTHK HAMH He BbIsBIEHO. OHAKO
JUTSL TaKUX TOKazaTeslel, Kak MaKCUMallbHbId U CpeaHuit
NDVI 3a nepuon oT Havyasia BeCEHHEH BereTanuu 10 NOITHON
CHEJIOCTH, CBS3b NMPOCIEKUBACTCI. Tak, MaKCUMalbHbIE MX
3HAUEHMs] OTMEYCHBbI Ha TeppuTOopuu 300MIIBHOTO TOpOA-
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ckoro okpyra (I'O) u HoBoanekcannposckoro 'O, a taxxe
[lImakoBcKkoro MyHHIHIAIBHOTO paiiona (MP), Kouybees-
ckoro u IIpearopnoro MP, a MmunumansHble — MnatoBckoro
u Hedrexymckoro 'O, AnmaHaceHKOBCKOTO, AP3rUPCKOTO U
JleBokymckoro MP.

AHanu3 TaHHBIX Ka4YeCTBEHHBIX MOKa3aTesiel 3epHa MoKa-
3aJ1, 4T0 HauOoJIblIee KOJINYECTBO 3epHa 2-T0 U 3-TO KIaccoB
B CraBpomnonbckoMm kpae B 2012-2018 rr. moiay4aroT B TaKux
MYHHUITUNIATBFHBIX palloHaX, Kak AJieKcaHApoBckuii, Kouyoe-
eBckuit, HoBocenuuknii, CtenHoBckuii, Kypckuii, a Takxke
B bnaromapuenckom, MunepanoBoackoMm, [eoprueBckoM u
CoserckoMm ['O. Haumensmee — B Kpacuorsapaeiickom MP,

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

ITerpockom 'O, JleBokymckom MP, Apsrupckom MP, I'pa-
yeBckoM MP u llTnakosckom MP. MakcumanbHOE KOIUYECTBO
MIPOJIOBOJIBCTBEHHOT'O 3epHA OBLIO BHIPAIIIEHO HA TEPPUTOPHU
Kouy6eesckoro, Anexcanapockoro u HoBocemuikoro paiio-
HOB. MMHMMaJIbHBIE 3HAYECHMSI TOTO [10KA3aTelsl OTMEUEHBI B
ITerpockom I'O, BynenHoBckoM, AmaHaceHkoBckoM, [Ipen-
ropHOM, TypKMEHCKOM U AP3THPCKOM MYHHIIUMAIBHBIX pai-
oHax. B nenom no CtaBpomnoiabCKoMy Kparo yXy/lIeHHe Kade-
CTBa MPOU3BOANMOTO 3€pHA O3UMOM MIIEHUI[BI TPOUCXOIUT C
3araja Ha BOCTOK, TaK KaK B 3TOM HallpaBICHUU U3MCHSOTCS
[IOYBEHHO-KJIMMaTUYECKHUE 30HBI, CICI0BATEIbHO, U YCIOBUS
BbIPALUBAHUSL.
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Fig. 3. Regression models of the dependence of NDVI crops on the amount of chlorophyll in the organs of winter wheat plants
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KOJIOIICHUEC HAJINB 3CPHA

Puc. 4. ﬂMHaMMKa OMHOCUMENbHO20 CO&EP?*CQHM}I azoma e pacmeHusax 03UMOTL nuieHuubl

Tak Kak KadecTBO 3epHa HANPSIMYIO 3aBHUCHT OT obecre-
YEHHOCTH ITOCEBOB a30TOM, TO €CTh OCHOBAHHE ITPEAIIOIOKHUTh
HaJIMYUE CBSI3M MEXy JaHHBIMU TUCTAaHIMOHHOTO 30HANPO-
BaHMS 3€MITH C COZIEPKaHUEM ATOTO JIEMEHTa MUHEPATLHOTO
MTUTAHUS B PACTEHHUAX O3MMOM MIIICHUIIBI.

HccnenoBannsi 10 ONpENENICHUIO COAEPKaHMS a30Ta B
pacTeHnsIX Ha OCHOBE NMaHHBIX /133 CBs3aHBI ¢ MCIONB30Ba-
HUEM ONTHYECKUX XapaKTEPUCTHK ITOCEBOB. Tak, OTpakeHHe
B KPAacHOH OOJNAaCTH CIEKTpa 3aBUCHUT OT COAEPXKaHUS XJIO-
podmita B pacTeHUsIX 03MMOH MIIEHUIB. B cBoro ouepens,

JIMHAMHKA COAEpKaHus XJIopoduiia napanieabHa JHHAMUKeE
KOHIIEHTPAIINN a30Ta B PACTCHUSX.

MpbI TpoaHaTM3UPOBAIN HECKOJIIBKO TOKa3aTelsieH, CBs-
3aHHBIX C XJIOPO(HIIIOM, XapaKTepH3yIOIMX (OTOCHHTETH-
YecKHi armapara pacTeHHWi: Ha eIUHMILY IUIOMIA N aCCHMHU-
JSIIAOHHOM MOBEPXHOCTH — MI/IM?, OTHOCHTEIIBHOE COIEp-
JKaHWE 3€JICHBIX MMUTMEHTOB B €AWHUIIE OMOMAacchl — MI/T, a
TaKXXe BAJIOBOE WX KOJIMYECTBO Ha | KBaJpaTHOM MeTpe To-
cepa — 1/M?. [IpoBenu aHaIIN3 KOPPEISIIUOHHON CBA3H MEXITY
XJIOPO(UIUTOBBIMH TIOKA3aTENISIMH TTOCEBOB O3MMOH TTIIEHHIIBI
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Fig. 4. Dynamics of relative nitrogen content in winter wheat plants

u NDVI mns mabopa moneit mpu pasHBIX TEXHOIOTHYECKHIX
(copt, mpenmiecTBEHHWK, yHOOpeHHs) W MOromHbX (2012,
2013 u 2014 rT.) YCIOBUSAX BHIPAIIUBAHHSA. YCTAHOBWIU, YTO
KOpPEJSIIMOHHAsT B3aUMOCBSI3b JOCTATOYHO HEOJHO3HAYHA
Kak 110 TO/[aM, TaK U 110 00BEKTaM, TOKa3aTeIsIM.

W3 paccMOTpeHHBIX IOKa3aTenei, CBSI3aHHBIX C XJIOPO-
¢dmutom, Hanbonee ycroitunsas cBsizb NDVI npociexnBaercs
C coepKaHneM XJI0po(hrlIa B eIUHULE OMOMACCHI PACTEHUH.
OTy BEJIMYMHY YacTO MCHOJB3YIOT JJIsI OIPEeNICHNs] pa3Me-
POB (POTOCHHTETHYECKOT'O amrapara BMECTE ¢ BaJIOBBIM KOJIHU-
YECTBOM 3€JICHBIX TUTMEHTOB HA KBaPAaTHOM METpE IT0CEeBa.

B pesynbrare anamm3a IOJMYYEHHBIX JAHHBIX YIAJIOCh
YCTaHOBUTH, 4TO KodpduumeHT Koppemsimun mexay NDVI u
OTHOCHUTEJBHBIM COAEpKaHWeM XJopoduiia B MI/T COCTaB-
nsiet BesmunHy —0,79 B cpesHeM 10 BceM M3YUYEeHHBIM IOJISIM
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3a TOJIBI ICCIIEIOBAHUIM, UTO YKa3hIBACT HA CYMICCTBEHHYIO 3a-
BHCHUMOCTH aHHBIX /(33 ¢ KOMU4ecTBOM (POTOCHHTETUICCKIX
MTUTMEHTOB B OpPraHax PacTCHUH 03UMOM MIICHHIIBL.

B pesympraTe ObUIH TIOCTPOCHBI PETPECCHOHHEBIC MOICIH,
orpaxatouiye 3aBucumoctb NDVI noceBoB 03uMoil mileHu-
Bl OT COZACPIKAHUSI XJIOPO(HIUIA B pa3IMYHBIX OpraHaX pac-
TEHUH O3MMOW MIICHUIBI, OHH HADIATHO JIEMOHCTPUPYIOT
BJIHSIHAC BHEUTHHX (PAKTOPOB HA B3aMMOCBS3b MEKIY ITUMHU
ONTHUKO-OMOJIOTHYECKAMH XapaKTePUCTHKAMU (pHcC. 3).

Taxum 0O6pa3om, HanboJee TecHas U CTaOMIIbHAS B3aHMOC-
BSI3b MEXKITy XJIOPO(PHUIOBBIMU TIOKA3aTEISIMI PACTCHUH 031-
MO IIICHULBI ¥ BEreTal[AOHHBIM HHJIEKCOM IT0CEBOB HAOJII0-
aeTcs B CIydae C OTHOCHUTEIBHBIM COJCPIKAHHUEM 3EIICHBIX
MMUTMEHTOB B SUHHIIE OMOMACCHI, KO3 PUIIUEHT KOppEIAInT
coctasisietr Benuuuny —0,79.
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Fig. 5. Correlation coefficients of NDVI with nitrogen content in winter wheat plants

Hawmu Op110 M3yYeHO H3MEHEHHE CONEPIKaHUS a30Ta B pac-
TEeHUsX B TedeHue Bereranuu (puc. 3). B 2012 romy B da3y
KYIIIEHU OTBITHBIE 00Pa3Ilbl UMEIH TOCTaTOYHO BBICOKHE 0~
Ka3aTelld OTHOCUTEIHHOTO COJCpIKAHUS a30Ta B PACTCHIUSIX.
Cpenu HuX BoIIensercs moie 6 (4,16 %), koTropoe BILIOTH 10
Iepro/ia HaJIMBa 3epHA MMEJIO BBICOKHH rokasarens (1,45 %)
0 CPAaBHEHHIO C IpyruMu oOpasmamu. Hambomnee HU3KOE CO-
JiepKaHue a30Ta B (ha3y KyIICHUS HAOII0IaI0Cch Ha 4-M ToIe —
3,58 %, HO K IepHOLy HAlIHMBa 3€PHA Pa3pbIB B MOKA3ATEIIX
COKpaTHiICs ¥ cocTaBuil 1,12 %, 4To mpeBbIIIaNo CpeaHee 3Ha-
gyeHwne 1o BceM oM (1,06 %). B miemmom B 2012 1. mons a3ora
B PACTEHHAX O3UMOM MIIICHUIIBI 3HAYUTEIEHO MIPEBHIIIAa 0-
kazarenu 2013, 2014 rr., 0COOEHHO B TICPUOABI KOJOIICHUS U
HaJIMBA 3epHA.

PesymipTarel pacTUTENEHOW NUATHOCTUKH B (pa3y KyIICHUS
B 2013 roay oTpaswiiv 3HAYUTEIbHOE OTCTABaHUE MOKA3aTesl
COJICpIKAaHUS a30Ta B PACTCHUSAX HA BCEX OMBITHBIX MOJIX IT0
cpaBrHenuro ¢ 2012 u 2014 rr. (3,08 % ot 3,84 % u 3,86 %
CcoOTBeTCTBEeHHO). Ha 1oJjie 7 oTiryanoch caMbIM HU3KHM I10-
kazarenem — 2,67 %. B mocnemnyronmie ¢a3sl MOTOIHBIE yC-
JIOBHS CITOCOOCTBOBANIM CTHPAHHIO PA3ITHUNA MEXKIY TOJaAMH.
Tak, B mepro/1 HaJIMBa 3epHA CPEIHISI A0S COEPIKAHMS a30Ta
1o onbITHBIM T0JsiM B 2013 1. coctaBuna 0,88 %, 4To BbIiIe
mokazareis 2014 1. za 0,06 %.

AHanm3 OTHOCHUTEIBFHOTO COACPIKAaHUS a30Ta B PACTCHUAX
o3uMoit mmeHuns! B 2014 romy mokaszan 3HAYUTETBHYIO €ro
HeycToHunBOCTh. CyIecTBEHHBIC M3MEHEHHUS TOTO TOKaza-
Tesst OBUTH CBS3aHBI C PE3KUM €T0 COKPAIICHUEM IIPH MEPEXo-
nie ¢ (aspl KymeHus K ¢pa3e TpyOKOBaHHSA, UTO, TIO-BUIUMOMY,
CBS3aHO ¢ HemoOopoM ocaakoB. Tak, Ha 4-M ONBITHOM IIOJIE
OTHOCHUTEJIBHOE COZiepKaHUe a3oTa cokparmioch ¢ 4,4 % no
1,53 %. B cpeaHem mo moisiM 3TOT IOKa3aTelb COCTABHII
1,71 %, uto 3HauMTENBHO MeHbIIe, yeM B 2012 u 2013 rr.
(2,41 % u 2,42 % cootBercTBeHHO). K (pase HanuBa 3epHa
pa3pbIB 3HAYEHUI 10 rojiaM cokparuics u cocrasui 0,82 %.

Hamu mpoBenen aHann3 B3aUMOCBS3M MEXKITy COMEprKa-
HHEM a30Ta B PACTCHHSAX O3MMOH MIICHHIBI W 3HAYCHUSMHU
BeretaliioHHOro uHaekca NDVI. beun nomyuyeHsl JOBOJIBHO
BBICOKHE KOA(HUIMEHTH KOPPEISIUN MEXKTy STUMH TIOKa3a-
tensvu. Tak, B cpennem no nomsim R B 2012 roxy 6but pa-
BeH —0,89, a B 2013 n 2014 ronmax — 0,82 (puc. 4).

Obcy:xaenue u BoiBoAbI (Discussion and Conclusion)

1. st ycnoBuit CTaBpOMOIBCKOTO Kpasi CyIIECTBYET B3a-
HMMOCBSI3b MEKIY KaueCTBOM 3€pHA 03UMOH MIICHUIIBI U JaH-
HBIMH FICTAHITMOHHOTO 30HAMpoBaHusA 3emin. Hambomee
TECHOW OHa OTMEYAeTCs B CIlydae ¢ MaKCHMAaJbHBIM U CPEa-
auM NDVI 3a mepron ot BO30OHOBJICHHST BECEHHEH BereTa-
LUU 10 TOJTHON CHEIOCTH.

27

"

"y

sor3o[ouys91013y



ATPOTEXHONIOT U

2. JluHaMuKa cojiep)KaHue a30Ta B PACTECHUSAX HAMPAMYIO
CBs3aHA C cojepkaHueM xJjopoduiuia. B ciyuyae ompenene-
HUSI COZIEPKaHUs XJIOPO(DUIIa B PACTCHUAX O3UMOM TIIEHH-
el ganHbeie J[33 HawrydimmM o0pa3oM KOPPEIHPYIOT C OT-
HOCHUTEBHBIM COJIEPYKAHUEM 3€JICHBIX TIUTMEHTOB B €JMHUIIE
Oromacchl, KOAQGUIIMEHT KOPPEIISAIUN COCTABIISCT BEINIUHY
-0,79.

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

3. CymectByeT oOpaTHasi CBsI3b MEX]y BETre€TalMOHHBIM
nunaexkcoM NDVI u copepxaHueM a3oTra B PacTCHUAX O3U-
MO MIIEHUIIBI, KOTOpas B CPEJHEM IO TOAaM OLEHUBAETCS
koa(duienTom koppemsinuu paBHbiM —0,84. [oiyueHHble
pe3yNbTaThl CBUACTEIBCTBYIOT O TOM, YTO HOPMAJIN30BAHHBIN
pa3HOCTHBIN BereraoHHbll nHaekc (NDVI) Bnonne gomy-
CTUMO MCIIOJIb30BaTh I ONEPATUBHOIO JUCTAHIIMOHHOTO

KOHTPOJIA COACPKAHUA a30Ta B pAaCTCHUAX 03UMOM NIICHUIIBI.
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The use of NDVI to determine the nitrogen content in winter
wheat plants in the Stavropol region

I. G. Storchak’, I. V. Chernova'™, F. V. Eroshenko', T. V. Voloshenkova', E. O. Shestakova'
! North Caucasian Federal Scientific Agrarian Center, Mikhailovsk, Russia
SE-mail: chernova_skfu@mail.ru

Abstract. Lack of nitrogen leads to a decrease in yield and grain quality in winter wheat plants. Therefore, it is necessary to
monitor nitrogen nutrition throughout the period of growth and development of plants, which will quickly assess the need for
fertilizing to obtain high yields of quality grain. Therefore, the aim of the study was to establish the possibility of using the
normalized difference vegetation index (NDVI) to control the nitrogen content in winter wheat plants in the Stavropol terri-
tory. Methods. The work was performed in federal state budgetary scientific institution “North-Caucasian Federal Agricultural
Research Centre” at the production of winter crops. Selection of plant samples (sheaf material) was carried out according to the
generally accepted method. Repeated — 4x. Determination of the chemical composition of plant organs was carried out by the
method of V. T. Kurkaev with co-authors, and the content of chlorophyll — Milaeva and Primak. Results. Since the quality of
winter wheat grain directly depends on the nitrogen supply of plants, the relationships between the nitrogen content in winter
wheat plants and the values of the vegetation index NDVI were studied. High correlation coefficients between these indicators
are obtained. Thus, the average of R _fields.in 2012 it was equal to —0.89, and in 2013 and 2014 —0.82. In addition, due to the
dependence of nitrogen content on the amount of chlorophyll, it was possible to analyze the correlation between these indicators
and NDVI fields, which showed that a stable relationship (inverse) is observed in the case of the amount of chlorophyll per unit
biomass (mg/g), which is estimated on average at —0.79. The interrelation between grain quality and earth remote sensing data
is revealed. It is most clearly seen in the case of the maximum and average NDVI for the period from the resumption of spring
vegetation to full ripeness of winter wheat. Scientific novelty. For the first time in the conditions of unstable humidification of
the Stavropol territory, a high inverse correlation between the vegetation index NDVI and the nitrogen content in winter wheat
plants was determined, which on average is estimated by the correlation coefficient equal to —0.84.

Keywords: vegetation index, NDVI dynamics, winter wheat, nitrogen content, chlorophyll content, grain quality, correlation
coefficients, remote sensing.
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dDeHoIornYecKue 0COOEHHOCTH HAYAJIbHBIX (Pa3 HBETCHUSA
U Bereranuu KyJbTUBapoB a0pukoca /larecrana

IO. M. Anaros'™, P. M. OcmanoB'
! Topusbiit 6oTannyeckuit cay JOUII PAH, Maxaukana, Poccus
“E-mail: djalal@list.ru

Annomayusa. Henw. VccnenoBanue HampaBIeHHO Ha CPAaBHUTEIBHBIM aHAIN3 KYJIBTHBAPOB a0pHKOCca Pa3IUIHOIO KOJIO-
ro-reorpadguyeckoro MpoOUCX0oXkJACHHUS TeHETHUECKON KoleKnu [OpHOro 60TaHMYECKOro caja 1o HavyaJbHbIM (EHOJIOTH-
4yeckuM (pa3aM LIBETEHHUs W BEreTalMy C LIEJIbI0 BBISICHEHHUS! CTENEHHU COMPSIKEHHOCTH UX MEXJY CO0Oi M onpeneieHus
aBTOXTOHHOCTH copTOB M (opm abpukoca [larectana. Meroabl. McciienoBanue 6a3upyercst Ha MeToax (pEeHOIOrMYECKIX
HaOJIIO/ICHUH B COOTBETCTBHH C OOIIECIIPUHSATHIME METOJIMKaMHU C COOCTBEHHBIMH JIOTIOJHEHUsIMU. Pe3yabraThl. BoisiBiieHo,
YTO TOSBJICHHE KPACHOTO OYyTOHA y COPTOB BapbHpOBAJIO B IIMPOKOM AMana3oHe (28 maprta — 21 ampens), B CpegHeM Ipu-
xonutes Ha 6 anpens. ®asza 6esroro OyToHa HAOJIFOIAIKCh B IEPBOM U BTOPOM Aekaaax ampess ¢ 1 mo 25 4ucio Mecsia, a
HauaJio 1BeTeHus — 5—28 anpelsi. BeretaTuBHbBIE TOYKK HAUMHAIOT MPOOYIKAATHCS B LIEJIOM T103)KE [€HEPATUBHBIX, 32 UCKJIIO-
YEHHUEM COPTOB U I'MOPHJIOB, BEIBEICHHBIX OT CKPEIMBAHUI C aJIbIu0l, CIINBOM anbliuiickoil. Hauano Habyxanus, pacmycka-
HUS [TOYEK U JIMCTHEB MPUXOIUTCS Ha BTOPYIO M TPETHIO IeKa bl anpesis, B cpeaHeM Ha 11, 21 u 25 anpens cOOTBETCTBEHHO.
KoppensiuoHHbIil aHa U3 MoKa3al Hanndue 3HaunMoi Ha ypoBHe P < 0,05 monoxuTenbHoi KOppeasiMOHHON CBA3H MEXK Y
OOJIBLIMHCTBOM T'€HEPAaTUBHBIX W BEre€TAaTHBHBIX IPU3HAKOB COPTOB U (opM adpukoca. [1o uroram KjiacTepHOro aHajau3a
yCTaHOBIIEHA OJIM30CTh OOJIBIIMHCTBA KYJIBTHBAPOB JareCTAaHCKOI0 IPOUCXOXKIACHHUSI MeXKAY CO00il, 3a HCKIIIOYEHUEM COpTa
X0HO0ax W ero pa3HOBUIHOCTEH, KOTOPbIE OKa3aJIUCh OJIMKE K CPEeHEa3HaTCKUM COPTaM, 4TO, BOBMOXHO, CBSI3aHO C €ro
AJUTOXTOHHBIM IPOMCXOKIeHeM. HayuHasi HOBH3HA 3aKJII0YaeTCs B OLIGHUBAHUU (PEHOJIOrHUeCKUX (pa3 [BETEHUs U pacily-
CKaHUsl JIUCTHEB KYJIBTHBApOB abpuKkoca B ycioBusix Llynaxapckoii skcniepuMeHTaibHoM 6a3bl. B xone paboTsl moka3aHo, 4To
OOJIBLIMHCTBO AareCTaHCKUX COPTOOOPA3IIOB SIBISIIOTCS paHHelBeTy MU (13 00pa3ioB u3 22) u cpeHero cpoka [BETSHUs
(7), Torna Kak y eBpoOIeiCcKuX U CpeJHea3snaTCKUX MpeodIasaoT copTa CPEIHEro U MO3THETO CPOKA IIBETCHHUS.

Knrouesnie cnosa: adbpuxoc (Prunus armeniaca L.), KyabTuBapbl, MecTHbIe ()OPMBI, HauaIbHbIE (ha3bl IBETEHHS, HHTPOIYK-
nwus, ['opHblii 6oTanuveckuii can, [lynaxapckas skcrepuMeHTalbHas 6asa.

/s yumuposanusn: Anaros J{. M., OcmanoB P. M. ®eHosornyeckne 0COOCHHOCTH HaYaIbHBIX (pa3 [[BETCHUS U BereTaluu
KyJnbTUBapoB adbpukoca Jlarecrana / ArpapHsbiii BectHuk Ypaia. 2019. Ne 12 (191). C. 31-39. DOI: 10.32417/1997-4868-2019-
191-12-31-39.

Hama nocmynnenus cmamou: 12.09.2019.

IocranoBka npood.ems! (Introduction)

Abpuxoc Jlarectana, COriacHo 9K0JI0ro-reorpaduiaeckon
kiaccupukanuu K. @. Koctunoii, orHocurest k Mpano-Kas-
Ka3CKOH IKOJIOTO-reorpauueckoil TpyImne u JarecTaHCKOn
pernonansHON moxrpymnme [1, c. 183]. M3yuenue reHo¢on-
Jla TIPUPOJHBIX TOMYJISIUA U MECTHBIX COPTOB abpHKoca B
Jlarectane nmeeT 0O0JIbIIIOE 3HAYCHNUE [T PELICHUS Psijia BO-
MIPOCOB OMOJIOTMYECKOTO U CEITBCKOXO03SICTBEHHOTO HAIIPAB-
neHus. B cBoio ouepenp, mccienoBaHUsS (EHOIOIMUYECKUX
0COOEHHOCTEH HadaJbHBIX (a3 IBETCHHS aOpUKOCa UMEIOT
HEMAaJIOBaXXHYI0 KaK TEOPETUUYECKYIO, TaK U IMPAKTUUYECKYIO
LIEHHOCTh, HEOOXOIUMYIO IIPH M3YYCHHH OMOJIOTHUYECKUX U
9KOJIOTMYECKUX XapaKTEePUCTHK Pa3IMYHBIX COPTOB U (OpM
abpukoca [2, c. 73; 3, c. 5; 4, c. 46].

AGpHKOC B CBOEM acCOpTUMEHTE B Jlarectane HaCUMTHI-
BaeT Oosiee 100 mecTHBIX popM U copToB. MecTHBIE copTa
abpHKoca SIBIISIIOTCS pe3yJIbTaTOM KaK €CTECTBEHHOTO, TaK 1
UCKYCCTBEHHOTO 0TOOpa, MPE/ICTABIISIIOT 3HAUNTEIBHBIN Ce-
JIEKITUOHHBIN HHTEPEC U MOTYT OBITH OE3BO3BpPATHO TOTEPSI-
Hbl. [To cpokaM co3peBaHUs pa3JeNsIIOTCS Ha CBEPXPAaHHHUE,

paHHME, CpeIHEpaHHUE, CPEIHNE, CPEIHEINO3IHUE U MO3[-
Hue. [To TexHOMOrMUECKUM KadecTBaM aOpHUKOCHI TOzpa3ie-
JSIOT Ha JIeYeOHO-TNETHIECKHE, CTOIOBbIE, CyXO(PPYKTOBBIE,
KOHCEpBHBIE M yHHBepcaibHble. Komnekius abpukoca Ha
IKCIepPUMEHTANBHBIX 0a3zax ['opHOro OoTaHWYECKOTO cana
JI®UILL PAH nacuuteiBaet 150 copToB 1 (hopM, OTHOCSIIHAX-
Cs1 TI0 TIPOHMCXOKICHUIO K Pa3IMYHBIM 3KOJIOro-reorpadude-
CKHM Trpymmam. [5, c. 28; 6, c. 28].

B ycmoBmax Ilymaxapckoil SKcrepuMEHTaIbHONW 0a3bl
BEZIETCS CENICKIIMOHHAs OI[EHKa CESHLEB abpHuKoca pas3ind-
HBIX 3KoJoro-reorpadudeckux rpymm. IIpoBoasites paboTs
10 BHYTPH- U MEXBHUAOBOW rubpuan3anuu poxa Prunus L.
3a mepuox ¢ 2013 mo 2018 rr. ocymectsieHo 6omee 7 000
CKpellMBaHUW. B HacTosAlMi MOMEHT B OTKPBITOM I'PYHTE
BEIpamuBaeTcs 6omnee 40 ruOpUAHBIX 00pa3oB OT 12 Mex-
COPTOBBIX CKPEIIMBAHMHN, MPOBOJSATCS YUETHl U OTOOp mep-
CHEKTUBHBIX THOPUIIOB.

YcTaHOBIIEHO, UTO Yy PacTEHHM OJHOTO U TOrO XK€ CO-
pTa, BBICAXKEHHBIX B Pa3JIMYHbIC OYBEHHO-KJINMATHUECKUE
YCIIOBHS, CPOKHM HACTYIUICHHSI W IPOJIOKUTEIBHOCTH (ha3
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pa3BUTHUSI HEOAMHAKOBBI. JlaXke y OJHOrO M TOTO JXe Jepe-
Ba B pa3HbIC IO/l B 3aBUCHUMOCTH OT IOTOAHBIX YCIOBHH
(a3bl pa3BuTHs (T€HEpaTUBHAS W BEreTaTHBHAS) MPOXOJST
B pasiu4Hble CPOKH. JlJIss HOPMaJIBHOTO POCTa M Pa3BUTHS
JIepeBbsiM abpruKoca HEOOXOIUM COOTBETCTBYIOIINN PEKUM
KJINMaTHYECKUX YCIIOBUU B TEUCHHE I'O/1a, 3HAYUTEIBHO BIIH-
SIFOIMIA HA HAaYaJIbHBIC CPOKU HAcTyIuieHUs ¢eHodas. 13-
y4EHHE ATOT0 BAXHOT'O BOIIPOCA MIO3BOJISIET CACIATH BHIBOJIBI
0 MPUCTIOCOOJICHHOCTH KYJIBTYPBI K KIIMMaTHYECKOMY PUTMY
JIaHHOM MecTHOCTH [7, ¢. 59; 8, ¢. 219; 9, c. 234].

deHosorns pa3BUTHS TEHEPATHUBHBIX OPraHOB Y COPTOB
abpukoca (CPOKH U TPOJOKHTEIBHOCTh IIBETCHHS, CPO-
KM CO3pPEBaHMs, MTOMOJOTHYECKAsi XapaKTePUCTHKA IIJI0/I0B,
YPOXKAHHOCTB) MPEACTaBISICT WHTEPEC JUIsl BhIpAIlMBaHUs
B 30HaX C HEYCTOIYMBBIMH TOTOJHBIMU YCIOBUSMHU M JUJIS
UCIIONIb30BaHMS B CEJICKIIMU Ha ro3/iHee nBeTenue. [Ipomyk-
THBHOCTH HEKOTOPHIX COPTOB CBsI3aHa C KOJIMYECTBOM Chop-
MHUPOBABIINXCS TEHEPATHUBHBIX IMOYEK W HHTEHCHBHOCTBIO
LBETEHHUS] Ha HayaJbHBIX JTamax, MpU ITOM OCHOBHBIMHU
JUMUTHPYIOIUME (paKTOpaMu SBIISIOTCS JIETHUE 3aCyXH, a
TaK)kKe CyMMa 0CaJIKOB M OTHOCHTEJIbHAS BIAKHOCTH B IIEPHU-
on uerenus [10, c. 20; 11, c. 128; 12, c. 82; 13, c. 1439; 14,
c. 633].

Llenbto taHHO# paOOTHI SIBIISIIICS CPABHUTEIILHBINA aHAIN3
KYJIBTUBApOB a0pHKOca Pa3iIMYHOIO JKOJOoro-reorpaduye-
CKOT'0 TIPOMCXOXKAEHHUsSI TEHETHUYECKOI KoJieKiuu [opHOoro
0OTaHMUYECKOTO Cajia M0 HavaJbHBIM ()CHOJIOTHYCCKUM (a-
3aM IBETCHMsSI W BETETAIlMH C I1IeJbI0 BBISICHEHUS CTENECHU
COTPSKEHHOCTH UX MEXIY COOO0M U ompe/ieieH s aBTOXTOH-
HOCTH copToB U hopm abpukoca /larecrana.

MeTtonoJiorusi u MeTobl ucciaegosannii (Methods)

B kauecTBe 00BEKTOB JIJIsl UCCIICOBAHUS B JJAHHOW pa-
60Te ObUIM HCIOJIB30BAaHBl MHTPOAYLMPOBAHHBIE (OPMBI U
copra P. armeniaca L. paznmuunoro mpoucxoxkiacHus (41 00-
pasernr). YCIIOBHO U3y4aeMble 00pasiibl pas3/iesieHbl Ha CIEIYIO-
LIMe TPYNIIBI: eBpOIIeiicKas — copTa, Mmojy4eHHble u3 Huknt-
CKOTr0 OOTaHWYECKOTO Cajla, OTHOCSIINECS K PErHOHAIBHON
Bocrouno-eBponeiickoit noarpynmne (Kpacnomekuit, Meny-
Hen, ®aBoput, AnanacHbslll, Yuctenskuii, Kpacuelii Amyp);
npaHo-kaBkasckas — Illanax; cpenHeasuarckas rpymnma mnpes-
crariicHa opmoit Adranuctad u coptoM CyIXaHbl, MOCKOB-
CKasl — COpTa, BBIBEJICHHBIC [J1aBHBIM OOTAaHWYECKUM CaIOM,
OTHOCSIIIIMECS] K CEBEPHOH PErMOHAJIBHOW MOArpyIe (eBpo-
nieiickas rpynmna): Jlens, Anemra, Aiicoepr, Llapckuii, Mona-
CTBIPCKUIA; ruOpuiHast — rudpuabl Yepnsiii 6apxar, UepHsiii
abpukoc, rubpunsl Hukurckoro 6oranmueckoro camga 8134,
8103; marecranckas — Dcaenuk, Xekobapin, XoHO0ax KOpo-
muackuii, Canra Ne 2, Canra Ne 7, Canra Ne 9, Canra Ne 10,
Canta Ne 11, Kamxa Ne 4, 11956 Ne 1, I'yauoOka, Kavacyn, Xu-
oun OaksaineO, ['oopckuii, Kapannanaesckuii, Kamuib, Xu-
pui, I'aya xBanane® xypar, Xyrawi, KynnuHckuil mo3aHui,
yCJIOBHBII XoHOOax, cestHel] XoHoOaxa. Yuer (eHomornye-
CKUX HabOirofeHui npoBoamics BecHor 2017 rozma mo oOure-
TIPUHSTBIM METOJJMKaM C COOCTBEHHBIMH JOIOMHEHUSIMH [ 15,
c. 335] B ycnoBusix Llynaxapckoii sKCIeprUMEHTAILHOU 0a3bl
(I2B), okpectHocth cena Ilymaxap JleBammHCKoro paiioHa,
1100 M HaT ypOBHEM MOPSI.

CpennerozioBas Temreparypa Bo3ayxa Ha LI19b cocrasisier
10,1 °C ¢ aGCcomOTHEIM MaKCUMYMOM B utoiie — asrycte +40 °C
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1 a0COJTFOTHBIM MUHHMYMOM B siiBape —23 °C. CpenHee 4ucio
6e3Mopo3HbIX aHeH cocTasiseT 270. CpeaHsis cymMMa 0Ca/IkoB
3a 3UMHHUHA TEPUOJ] COCTaBIsAeT 0Koio 40 MM, MAaKCUMYM — B
ntoHe — urosie. [109BBI cyXxocTenHble, KaAMEHHICTO-IIICOHHCTHIE,
MaJIOMOIIIHEIE U XpsiiieBaTsie. J[ist MaTematudeckoi o0paboT-
KU TOJYYCHHBIX HAaHHBIX IMMPUMEHAIN METOABI OnycareaIbHON
CTaTHCTHKH, KOPPEISIIIMOHHBIN U KJlacTepHbIH aHann3bl. Cra-
TUCTHYECKasi 00paboTKa MOIYYEHHBIX PE3yJIbTaToB IPOBOIU-
Jlach C UCTIONB30BaHMEM ITporpamMMmsl Statistica v. 5.5.
PesyabtaTel (Results)

[Ipu3Haku TeHepaTHBHON M BEreTaTUBHOW (ha3 pa3BUTHS
abpukoca B KoJuleKIu [ 0OpHOro 60TaHHYECKOTO Ca/ia B LIEIOM
XapaKTepU30BAIUCH OTHOCHTEIILHO CXO)KUMH KaJICHJapHBIMU
naramu. Tak, HacTymieHue ¢as3bl KpacHoro OyToHa B ycJo-
Brusix 1[Db mpenMymecTBeHHO HAOMIOMAETCS B TIEPBOU JeKa-
Iie arperrs, 3a uckiarodeaneM (opmer Canrta Ne 11, y xkotopoit
nanHas (asa, HaOMomaeTes B TpeThel aekane mapra (puc. 1).
VY obpasuoB Monacteipckuii, Canra Ne 2, Canra Ne 7, 119b
Ne 1, Toopckuii 1o cpaBHEHHIO CO BCEMH 00pa3iiaMy KpacHbIH
OyToH paHblle Bcex HaOmomaercs 3 anpeins. benblit Oyron
HaOromancss B mpomexxyTke ¢ 1 mo 20 amperns. [Berenue y
OOJNBITMHCTBA COPTOB U (POPM HACTYITHIIO BO 2 IEKAC arpers,
KpoMe HecKoJbkuX garectaHckux ¢opm (Canra Ne 2, Canra
Ne 7, Canra Ne 11, Xubun 6akBaned, [oopckuii, 3upui) u co-
pTa, BeIBeACHHOTO B HukuTckom Oortanmueckom caxy HHIL
PAH, ®perar.

BereratuBHas dasza pa3BUTHS, a IMEHHO HaOyXaHHE II0-
YeK, Y BceX O0paslloB HAYMHACTCS BO 2 JCKane ampens, a
HAYaJI0 pacIlyCKaHMs MOYEK (3eIEeHBIH KOHYC) W Ha4ajo pac-
ITyCKaHUS JUCThEB NPUXOAUTCA HA 3 JeKady ampensd, 3a Hc-
kirogenueM rudpuaa 8134 n popmsl Adranucran, Beretarus
KOTOPBIX TPUXOJUTCS Ha MEpByIo nekany mas (1-2 mas). Uro
JKe KacaeTcs BETeTaTHBHOM (pa3pl pa3BUTHs, TO OHA HUMEET
paCTAHYTHIH XapakTep, PEHONEePHOa OT HaOyXaHHs MOYEK 0
Hayayia pacmyCKaHUs JUCTbEB MPUXOTUTCS HA JWANa30H OT
9 anpens 10 3 Masi, BKIIIOYAIONINHA 4 1eKaIbl.

Amnanu3 (peHoI0rnYecKnX Mpru3HaKoB Gpopm u coptos P. ar-
meniaca L. B ycinoBusix L[Ob BbIsBHI psizt 3aKOHOMEpHOCTEH
(tabmuma 1). Hagamo mosiBIeHHsT KpacHOTO OyTOHa y COPTOB
BapbHPOBAJIO B MIMPOKOM uarazoHe (28 mapra — 21 ampe-
J1s1), B cpenHeM npuxoautes Ha 6 anpens (37,1 + 0,62). dazbl
Oesoro OyToHa, IIBETEHUSI U HaOyXaHHUs MMOYEK HAOJIOIAIOCH
BO BTOpOIl aekaze anpens ¢ 11 mo 14 uucno mecsa. Hauano
pacIryCKaHus TIOYeK M Ha4yajo PacIilyCKaHWs JHCThEB IPUXO-
JIUTCSL HA TPETHIO JieKany, Ha 21 u 25 anpesnsi COOTBETCTBEHHO
(52,6 £ 0,44 u 56,7 £ 0,44). B ienom pa3mudaus MEXIy KyJb-
THBapaMu cuiibHee 1Mo GeHodazam reHepaTuBHON chepbl, ueM
BEreTaTHBHOM, YTO OTPA3MIIOCh Ha 3HAYCHUSIX KO (DHUIHEeHTa
BapHUaluy.

KoppensunoHHBIN aHau3, TPOBEACHHBINA 110 MpHU3HAKaM
TeHEpaTUBHBIX M BETeTaTUBHBIX (a3 pa3BUTHsI COPTOB U (HOpPM
P. armeniaca L. B anpene 2017 rona B ycnosusix 1195, moka-
3aJ1 HaJIM4Yue 3HaYnMMoir Ha ypoBHe P < 0,05 monmoxkutenbHoM
KOPPEJISIIIMOHHON CBSI3U 1O OOJBIIMHCTBY Map YYTCHHBIX TIPH-
3HakoB (Tabnuma 2). HemoctoBepHast KOPPESIIIMOHHAS CBSI3b
BBISBJICHA B Tapax MEXAY NMPHU3HAKOM «HaOyXaHHE MOYEK» C
reHepatuBHbIMU (pazamu (KpacHbIi OyTOH, Oesblii OyTOH, I1Be-
TEHUuE).
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Puc. 1. asvr pazsumus copmos P. armeniaca L. 6 ycnosusx IJ9b:

I - ccrepamusHas Basa paseumust, NN - secemamusHas pasa pazsumusi, epynnui: esponeiickas (E),

upano-kaskasckas (IK), cpedneasuamcxas (SA), mockosckas (M), eubpuonas (G), 0acecmanckas (D)

Tab6muna 1

Xapaktepucruka npupogusix popm u copros P. armeniaca L. B ycnousx II19b (n = 41)

DeHoJIOrNYeCKHe IPU3HAKHT X £ Sx min max CV, %
KpacHblit OyToH 37,1 £0,62 28 51 10,8
Bensrit OyToH 42,4+ 0,64 32 56 9,6
[IBeTeHue 45,5+ 0,72 35 59 9,9
Habyxanue mouex 45,2 0,31 42 51 4.5
Havano pacmyckanus nouex 52,6 +0,44 46 58 5,3
Hayano pacnyckaHust TuCTbEB 56,7 £0,44 51 63 5,0
Table 1
Characteristics of natural forms and varieties of P. armeniaca L. in the conditions of the TsEB (n = 41)
Phenological traits X+ Sx min max CV, %
Red bud 37.1+£0.62 28 51 10.8
White bud 424 +0.64 32 56 9.6
Flowering 45.5+£0.72 35 59 9.9
Bud swelling 45.2 £0.31 42 51 4.5
Beginning flushing buds 52.6 £0.44 46 58 5.3
Beginning leaf flushing 56.7 £0.44 51 63 5.0
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Fig. 1. Phases of development of P. armeniaca L. varieties in the conditions of the TEB:
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I - generative phase of development, NI - vegetative phase of development, groups - European (E),
Iran-Caucasian (IK), Central-Asian (SA), Moscow (M), hybrid (G), Dagestan (D)

Tabnuna 2

KoppensinonHnsie cBsa3u Mexxay ¢penodasamu copro u ¢popm P. armeniaca L.
B 00'beMHEHHOIT BBIOOPKE (N = 41)

TMpusnaku K[ﬁ)aCHbII/I Beubiii 6yton | IlBeTenue HaOyxanmne |Hauano pacnyckanus
YTOH MoYeK JINCThEB
Bensrit OyTon 0,92*
IIBeTenue 0,88%* 0,96*
Habyxanue mouex 0,14 0,14 0,09
Hauaso pacrnyckaHust moyex 0,46* 0,40* 0,36* 0,55%
Hauaso pacrnyckaHust JUCTHCB 0,40* 0,37* 0,34* 0,65* 0,90*

IIpumeuanue: * docmosepruie koppensuuu Ha p < 0,05 yposHe 3HAUUMOCHU.

Table 2

Correlations between phenophases of varieties and forms of P. armeniaca L. in the combined sample (n = 41)

Beginning flushing

Traits Red bud White bud Flowering Bud swelling buds
White bud 0.92*
Flowering 0.88* 0.96*
Bud swelling 0.14 0.14 0.09
Beginning flushing buds 0.46* 0.40* 0.36* 0.55*
Beginning leaf flushing 0.40%* 0.37* 0.34* 0.65* 0.90*

Note : * reliable correlations at the p < 0.05 level of significance.
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Tabnuna 3
Pacnpepenenne 4acToT 1o M3y4aeMbIM IPU3HAKAM COPTOB 1 ¢popM abpukoca
regep;;:;::oﬁ Amanazon Yacrora % Bel;IgTH;TH;:lz)ﬁ Amanason Yacrora %
(pasbl aat $asbl at
25-30 1 2.4 40-42 3 7,3
30-35 14 34,1 42-44 13 31,7
. 35-40 18 43,9 44-46 13 31,7
KpacHbrii 0yToH HaOyxanue nouek
40-45 7 17,0 4648 9 21,9
45-50 0 0 48-50 2 4.8
50-55 1 2.4 50-52 2 2,4
25-30 0 0 44-46 1 2.4
30-35 1 2.4 46-48 1 2,4
35-40 11 26,8 48-50 7 17,0
Bensiii GyTon 40-45 21 51,2 pacnyggi{apjll;noqek 50-52 12 29,2
45-50 6 14,6 52-54 8 19,5
50-55 1 2.4 54-56 8 19,5
55-60 1 2,4 56-58 4 9,7
30-35 1 2.4 50-52 4 9,7
35-40 0 0,0 52-54 3 7.3
40-45 23 56,1 Hauaino 54-56 13 31,7
Hserenne 45-50 12 29,3 pactyerant 56-58 9 21,9
JNCTHEB
50-55 3 7,3 58—60 8 19,5
55-60 2 4,9 60-62 ) L
62-64 1 2.4
Table 3
The frequency distribution of the studied traits of varieties and forms of apricot
0 fgene?;:gi phase Date range | Frequency % of vegez‘zttlii\fz phase Date range | Frequency %
25-30 1 2.4 40-42 3 7.3
30-35 14 34.1 42-44 13 317
35-40 18 43.9 Bud swellin 44-46 13 31.7
Red bud 40-45 7 170 ¢ 46-48 9 219
45-50 0 0 48-50 2 4.8
50-55 1 2.4 50-52 2 2.4
25-30 0 0 44-46 1 24
30-35 1 2.4 4648 1 2.4
35-40 11 26.8 o . 48-50 7 17.0
White bud 40-45 21 51,2 | Beginning flushing |50 _gp 12 292
45-50 6 14.6 52-54 8 19.5
50-55 1 2.4 54-56 8 19.5
55-60 1 2.4 56-58 4 9.7
30-35 1 2.4 50-52 4 9.7
35-40 0 0.0 52-54 3 7.3
40-45 23 56.1 o 54-56 13 31.7
Flowering 45-50 12 203 Be%’;;l’l’.g g’e"f 56-38 9 21.9
50-55 3 7.3 58-60 8 19.5
60-62 3 7.3
55-60 2 4.9 6764 1 bW,
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B Tabnume 4 nmokazaHo paslereHne MPU3HAKOB Ha KaTero-
PHH TI0 YacTOTaM pacrlpe/esieHns: CopToB adbpukoca. Ha oo
MaKCHMaJIbHBIX YacTOT IO MPHU3HAKY «KPACHBIA OyTOH» MpH-
xonutcs 14 o6pasios (34,1 %) B tuanazone aat ¢ 30 mapra 1mo
4 ampenst u 18 coproB u Gpopm (43,9 %) abpukoca B 1uanazoHe
nmar ¢ 4 mo 9 ampens. Yactota ¢ 21 u 23 obpasnamu (51,2
56 %) npuxonuTcs Ha Oemblif OyTOH U I[BETEHHE, KOTOPOE Ha-
OJromaeTCs B MPOMEKYTKE Jat ¢ 9 mo 14 amperts.

[To HactymieHuro 6enoro OyTOHA W Ha4Yajly LBETCHHS BCE
00pa3mpl MOXKHO pa3ieluTh Ha paHHerBerymume (20 obpas-
10B), cpennero cpoka (12) u mozgaonBerymme (9) (Tadmu-
1a 3). K mo3aHouBETY MM MOKHO OTHECTH BCE COPTA THOPHI-
Horo mpoucxoxkaeHus (YepHsrii aGpuxoc, YepHbI NpHHII,
8134, 8103), copTa eBpOIEHCKOTo MPOUCXOKICHUSI AHaHAC-
uelid, @perar, Kpacubiii AMyp U JarecTaHCcKHe KyJIbTHBaphI
Xonobax Kopomuuckuii, Kamxa Ne 4. B rpymnmy co cpennum
CPOKOM LIBETEHHUs IONIAJIM eBporeiickue copra Menynen, Yu-
CTeHBbKHH, U3 cpeaHeaznarckux — CymnxaHbl, AQraHUCTaH,
a u3 upano-kaBkazckux — [lamax, Dcnenuk, cesHer; Xonoba-
xa, Canra Ne 9, Canra Ne 10, I'yuuOka, Xubun OakBajied u
Kapannanaesckumii. Bce copra MOCKOBCKOH CEEKITUH 1 00JTb-
INUHCTBO JAr€CTaHCKMUX COPTOB OTHOCATCA K paHHCIBCTYIIIHUM.

BereraruBubie (ha3bl HAXOIATCS B Y3KHX JIMANa3oHax 3Ha-
'-IeHPIﬁ, a X pacrnpeacicHue HEC MMECT YECTKOTO pasrpaHuyec-
HHUsl HAa TPYIIIIBI ITO CPOKAM.

O T T T T Ty
S>> >>>)
Ha puc. 2 xnactepu3saiusi aOpukoca 0OBIKHOBEHHOTO BBI-
s;BiIa OOJIbIIEE CXOJACTBO MECTHBIX KYJIBTYPHBIX COPTOB M
¢dopM, Tarke MX OIM30CTH K COPTaM EBPOIIEHCKOTO IMPOHC-
xoxsiernsi. Copra ¥ ruOpuibl, BeIBeeHHBIE B HUKHTCKOM 00-
TaHUYECKOM Cajly, BBIJICIHIINCH B OTACIBHYIO IO PYIIITY.
Oo6cy:xnenue u BbiBoAbI (Discussion and Conclusion)

Orenka (eHomornyeckux (a3 1BETEHHUS M pacIlyCKaHHs
JHMCTBEB Y GOpM U copToB Prunus armeniaca L. B ycnoBusix
LIDb mokasana, 4To OOJBIIMHCTBO JareCTaHCKUX KyJIbTHBA-
POB OTHOCSTCS K panHenBerymuM (13 00pasnos u3 22), pexe
— cpenHero cpoka 1BeTenus (7), Torna Kak y eBpOINeHCKUX U
Cpe/iHea3snaTCKUX MpeodiialaloT copTa CPEHEro U TO3/IHETO
cpoka nBereHus. Copra, BBIBEJCHHBIC B CEBEPHBIX IIMPOTAX
(MOCKOBCKHE), B LIEJIOM PaHHELBETYIIHE, YTO CBSI3aHO C Ce-
JIEKIMEH ATUX COPTOB B YCIOBHUSIX KOPOTKOTO BEreTanmoHHO-
TO TEpPHOJa, CIIOCOOCTBYIOIIETO YCKOPEHHOMY MTPOXOXKICHHIO
¢benodas.

[To uroram Ki1acTepHOro aHaJM3a yCTaHOBJIEHA OJIM30CTh
OOJIBIIMHCTBA KYJIBTUBAPOB J[ar€CTAHCKOTO TPOUCXOXKICHHS
MEXay CO0O0M, 32 MCKIIIOYEHHEM copTa XOHO00ax M ero pas-
HOBHUIHOCTEH, KOTOPbIE OKa3aJIiCh OIIMKE K CpPeAHea3naTCKUM
copram, 4T0, BO3MOXKHO, CBSI3aHO C €r0 aJJIOXTOHHBIM TIPOUC-
XOXKJICHHEM.
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Phenological features of the initial phases of flowering
and vegetation of apricot cultivars of Dagestan
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Abstract. Purpose. The study is aimed at a comparative analysis of apricot cultivars of various ecological and geographical ori-
gin of the genetic collection of the Mountain Botanical Garden by the initial phenological phases of flowering and vegetation in
order to determine their degree of interconnection and determine the autochthonous varieties and forms of the Dagestan apricot.
Methods. The study is based on the methods of phenological observations in accordance with generally accepted methods with
their own additions. Results. It was revealed that the appearance of red bud varieties varied in a wide range (March 28 — April
21), on average, on April 6. The white bud phase was observed in the first and second decade of April from the 1st to the 25th
day of the month, and the beginning of flowering from April 5 to 28. Vegetative buds begin to wake up as a whole later than
generative ones, with the exception of varieties and hybrids bred from crosses with plum and alpine plum. Beginning swelling
buds, flushing buds and leaves in the second and third decade of April, on average on April 11, 21 and 25, respectively. Correla-
tion analysis showed the presence of a positive correlation between the majority of generative and vegetative traits of varieties
and forms of apricot, significant at the level of P < 0,05. An inaccurate correlation was found between the trait “bud swelling”
and all generative traits. According to the results of cluster analysis, the proximity of most of the cultivars of Dagestan origin
to each other was established, with the exception of the Khonobakh variety and its varieties, which turned out to be closer to
the Central Asian varieties, which is probably due to its allochthonous origin. The scientific novelty of the study is to assess
the phenological phases of flowering and swelling of apricot cultivar leaves under the conditions of the Tsudakhar experimental
base showed that the majority of Dagestan cultivars are early flowering (13 samples from 22) and medium (7), while in Euro-
pean and Central Asian prevail varieties of medium and late flowering.

Keywords: apricot (Prunus armeniaca L.), cultivars, local forms, initial flowering phases, introduction, Mountain Botanical
Garden, Tsudahar Experimental Base.
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Abstract. To carry out genome editing in cattle, an effective and well-functioning system for obtaining gametes, fertilizing
eggs and their cryopreservation is necessary. Aim of the work: review and research of present-day existing methods of
obtaining, insemination and cryopreservation of donor material, in order to provide genome editing in cows. Methods and
materials. The work is completed according to the theme No. 0532-2019-0001 “Development of complex technology of
marker-based genome selection of agricultural animals” within State Order of Ministry of Education and Science of the Rus-
sian Federation. The analysis of open scientific literature on the issues of in vitro fertilization in animals, cryopreservation
of oocytes and embryons, sperm preparation and methods of insemination of cows’ oocytes, and cryopreservation of oocytes
and embryons of animals is done. Features of the preparation of biological material of cattle for genome editing by microin-
jection into ooplasm are described. Results of research and duscussion. At present time there are two ways to obtain donor
material from cattle: from live animals and taking ovaries after slaughtering cows. Material transportation is carried out at
a temperature of 30-37 °C depending on the distance to the laboratory and expected time period of transportation. Oocyte-
cumulus complexes can be removed by ovarian dissection and aspiration of visible follicles. In both cases, immature eggs
are predominantly obtained. Subsequent ripening is carried out in vitro using special media in a CO, incubator. The culture
medium for oocyte maturation should contain hormones that mimic the peak of LH (luteinizing hormone), which occurs
in vivo during the maturation of oocytes before ovulation. To accumulate a certain number of eggs at the stage of MII, it is
recommended to carry out their cryopreservation by the method of vitrification, having previously released the oocyte from
the cumulus cells. After thawing, oocytes need to be incubated for 2-3 hours 38.5 °C in 5-6.5% CO, to restore the spindle. In
order to make editing more effective, the introduction of genetic material is recommended to be carried out in parallel with
the fertilization method “icsi”. In humans, mice and rabbits, an injection of sperm into the cytoplasm is sufficient to activate
the oocyte, however, in cattle, just micro-injection of the sperm is not enough and often the male pronucleus does not form.
To solve the problem, various methods are used, including freezing-thawing of sperm, resulting in damage of a membrane, or
addition of heparin-glutathione into the medium that increases decondensation of the sperm DNA.
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Introduction

Introduction of planned changes into cattle genome makes
it possible to obtain animals with expected economic char-
acters, such as disease resistance, necessary composition of
milk, improved productivity and others [27]. For genome
editing both somatic cells and gamets can be used. In the
first case, genetically modified nucleus of somatic cells are
introduced into an oocyte. This procedure is called somatic
cell nuclear transfer. However, because of low acceptance of
embryons and high rate of abortions, this technology needs
a significant number of recipients. The method that is alter-
native to cloning is microinjection into in vitro inseminat-
ed oocyte. Using the latter method significantly increases a
number of recipients’ successful pregnancies and deliveries
(as compared to the method of somatic cell nuclear transfer).
Thus, to successfully obtain a necessary number of transgenic
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animals, it is possible to use less recipients [26, 28]. This work
describes present-day existing methods and features of prepa-
ration of biological material of cattle for a microinjection into
ooplasm.
Methods

The work is completed according to the theme No. 0532-
2019-0001 “Development of complex technology of marker-
based genome selection of agricultural animals” within State
Order of Ministry of Education and Science of the Russian
Federation. The analysis of public-accessed scientific litera-
ture on the issues of in vitro ferrilization in animals, cryo-
preservation of oocytes and embryons, sperm preparation and
methods of insemination of cows’ oocytes, and cryopreserva-
tion of oocytes and embryons of animals is done. Features
of the preparation of biological material of cattle for genome
editing by a microinjection into ooplasm are described.
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Results

Sampling and maturation of oocytes. At present there
are a few ways to obtain bovine oocytes. A modern approach
is the use of OPU (ovum pick up) technology, that is obtaining
oocytes from follicles of alive animals, using an ultrasound
prober, special nozzle and an aspirating needle. This method
can be used with both mature animals and adult heifers [8].
OPU can be done both with preliminary hormonal prepara-
tion of a donor (stimulation of superovulation), as well as
under the conditions of normal ovary cycle. Without exoge-
netic hormones, one donor can produce oocytes once in two
or three weeks, with aspiration of from two to five follicles.
In case of superovulation, it is possible to obtain up to more
than 20 oocytes in one cycle, if donors are used once in two
or more months [9]. An advantage of OPU technology is the
possibility to use one donor many times, and disadvantages
are high cost of necessary equipment and high demands to
qualification of personnel involved in doing that procedure.

An alternative of OPU is obtaining oocytes from cows’
ovarium directly after slaughtering, preferably avoiding ovar-
ium from pregnant cows, ovarium having abnormities, such
as cystous follicles (> 20 mm in diameter) and ovarium carry-
ing yellow body. It is known that level of blastulation (forma-
tion of blastocytes) is significantly lower [16].

It is possible to transfer the whole oocyte to the laboratory
or do aspiration of visualized follicles and transfer them in
follicular fluid with oocyte-cumulus complexes in buffered
medium. Follicles of from 2 to 8 mm are aspirated with a 18G
needle attached to a 5-10 ml syringe [18, 24]. Transportation
is done in special incubators with constant temperature 30—
35 °C [11, 24]. According to the data obtained by L. V. Golu-
bets and co-authors, the optimum delivery time of oocytes tis-
sue or aspirated oocyte-cumulus complexes at temperature of
37 °C is not more than 3 hours, whereas formation of morulas/
blastocytes can be up to 27 %. Longer time of transportation
significantly reduces level of blastulation [2].

Oocyte-cumulus complexes obtained from non-stimulat-
ed oocytes need to get matured until the stage of mature oo-
cytes (the stage of metaphase II — M II), suitable for insemi-
nation (IVM — in vitro maturation). To achieve that, oocyte-
cumulus complexes are cultivated for 20—24 hours in culture
medium at temperature of 38,5 °C, pH of medium is about
73 (56,5 % CO,) and 5 % O,. The culture medium for ma-
turing oocytes should have hormones that mimic peak of LH
(luteinizing hormone) occuring in vivo during the period of
maturation of oocytes before ovulation. There are a number of
scientific works regarding optimization of medium of matura-
tion, but nowadays the standard one is the TCM-199 medium
with bicarbonate buffer with added 10 % fetal calf serum,
22 ug/ml sodium pyruvate, 50 ug/ml gentamycine and 1 ug/
ml 17B-estradiol. Main modifications are caused by changes
in concentration of gonadotropins introduced into culture me-
dium. As a rule, doses of 0,5 ug/ml FSH (follicle stimulating
hormone) and 5-50 ug/ml HGG (human chorionic gonadotro-
pin) or 5 ug/ml LH (luteinizing hormone) are used [4, 12, 22,
24]. Methods of cultivation of donor oocytes in medium with
prolactin are developed and successfully used [5, 6]

Preparation of spermatozoids. For successful insemina-
tion of an oocyte, sperm needs to undergo biochemical modi-
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fications (capacitation), resulting in elimination of factors
blocking acrosomal activity. By natural insemination capaci-
tation takes place in female reproductive tracts. In case of in
vitro insemination, an ejaculate needs preliminary treatment,
that is dissection of sperm from semenal plasma, as well as
from immobile and dead spermatozoids and/or cryoprotectors
(if an ejaculate was originally cryopreserved), as well as pre-
incubation in special medium for their capacitation.

If sperm has not been cryopreserved, most spermatozoids
are active and mobile, whereas in the course of cryopreserva-
tion a part of spermatozoids die that leads to mobility after
thawing from 30 to 70 % [21].

Treatment of sperm can be done by “swim-up” method or
centrifugalization in Percoll gradient. “Swim-up” method is
quite often used for migration of spermatozoids. It includes
overlaying of culture medium on sperm that allows progres-
sive motility spermatozoids to move from semenal plasma to
pure fraction of medium.

Centrifugalization in Percoll gradient is also rather often
used. It results in division of sperm into spermatozoids and
semenal plasma by centrifugalization in discontinuous Per-
coll gradient (Percoll 45 % and Percoll 90 %) for 5-10 minutes
at 1500-3000 g and at room temperature. Sperm pellet after
centrifugalization is washed by buffer fluid for 3—5 minutes
at 1000 g [23].

Further preincubation of sperm in culture medium is
necessary for capacitation. There are a few modification of
protocol of sperm preincubation, such as addition of heparin
in various concentration in culture medium, changing duria-
tion of an incubation period, or addition of caffeine and/or Ca
ionophore [10, 12, 22].

Insemination. After preincubation sperm is introduced
into medium with matured oocyte-cumulus complexes.
Amount of sperm added to oocyte-cumulus complexes dur-
ing in vitro fertilization affects percentage of zygotes insemi-
nated by a few spermatozoids (polyspermy). As a rule, it is
enough to introduce in the medium sperm in concentration of
about 1.0-9.0x10° mobile spermatozoids/ml [19, 24].

In some cases, for example, in case of the use of prelimi-
nary cryopreserved oocytes, it is necessary to do fertilization
using the method of intracytoplasmic a sperm injection into
oocyte (ICSI).

DNA of mammals’ spermatozoids is tightly packed with
protamine sulfate links. After penetration into an oocyte, a
spermatozoid is subjected to decondensation by means of re-
placing protamines of spermatozoids with histons of an oo-
cyte that leads to decondensation of chromatine and formation
of male pronucleus, which later links with female pronucleus
resulting in formation of a zygote [15]. In humans, mice and
rabbits, an injection of sperm into the cytoplasm is sufficient
to activate the oocyte. However, in cattle, just micro-injection
of the sperm is not enough and often the male pronucleus does
not form.

To solve the above-mentioned issue, various kinds of
methods are used, including freezing-thawing of a sperma-
tozoid, that results in damage of a membrane, and addition of
heparin-gluthatione or dithiothreitol, which facilitate decon-
densation of DNA of sperm [20].
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Before doing ICSI it is necessary to remove oocyte-cumu-
lus cells by repeated pipetting in 0,1 % solution of hyaluroni-
dase that allows to denudate an oocyte from cells of cumulus
and granulosis. For an injection only oocytes at the stage of
MII, which extruded the first polar body can be used.

After an injection it is possible to activate oocytes, in or-
der to provide extrusion of the second polar body, by influ-
ence of 7 % etanol for 3—5 minutes [17, 25]. However, outer
activation of an oocyte can cause virginal reproduction [18].

Oocytes demonstrating extrusion of the second PB after
3—4 hours after activation are considered to be insemintated
[17,25].

Cryopreservation. It is possible to cryopreserve oocytes
before genome editing both at the MII stage and after insemi-
nation. At present time a standard method of cryopreserva-
tion is considered to be vitrification, that is ultrafast cooling
without crystallization. Originally vitrification was used for
cryopreservation of mice’s embryos. In the course of vitrifica-
tion cells or tissues are subjected to influence of high concen-
tration of cryoprotectors penetrating inside, which effectively
dehydrate a cell before the start of cooling. Long effect of high
concentrations of penetrating cryoprotectors is harmful for
cells [13]. High cooling speed during vitrification is a main
criteria of success that helps to avoid damage of cells because
of cooling and cryoprotectors.

Oocytes showed high sensitivity to cryopreservation be-
cause of low proportion between their surface and volume
that prevents motion of water and penetrating cryoprotectors
through cell plasma membranes [4]. Besides, vitrification of
mature oocytes at the metaphase of miosis II (MII) leads to
disorganization or damage of meiotic spindle that results in
chromosomal aberration. On the other hand, in immature oo-
cytes at the stage of a germinal vesicle (GV) depolymeriza-
tion of spindle does not occur, but oocytes at the GV stage are
more sensitive to osmotic stress than the MII oocytes. The
first successful vitrification of the MII oocytes of cows was
done using the grid of electron microscope and 0.25 ml plastic
straws as a device for vitrification [18]. Since then a few more
devices have been developed, each one using a special method
of minimization of volume of solution for vitrification: Cry-
oloop, a straw with open strain, a glass capillary, Cryotop,
cellulose triacetate hollow fibers [3, 25].

The issue of necessity of cumulus cells for successful vit-
rification of mature oocytes, is disputable. Some researchers
vitrified mature oocytes of cows with a few layers of cumulus
cells. Nevertheless, according to other data, availability of cu-
mulus in mature oocytes of cows reduced survival rate after
vitrification, as cumulus cells probably prevented diffusion of
water and cryoprotectors [21]. The reason for incompatibility
of the results can be differences in vitrification protocols, and
the use of various cryoprotectors (ethylene glycol or mixture
of ethylene glycol/dimethylsulfoxide).

Nowadays numerous vitrification protocols have been de-
veloped, whereas main difference between them regards the
used cryoprotectors and their concentration. The process of
vitrification starts with equilibration of oocytes/zygotes for
12—-15 minutes at room temperature in the solution with low
concentration of penetrating cryoprotectors, 3—4 % ecthylene
glycol or 7,5% ethylene glycol + 7,5 % dimethylsulfoxide. Af-
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ter equilibration oocytes/zygotes are placed in the medium
for vitrification, containing 30-35 % ethylene glycol with
addition of 1,0 mol/L saccharose or 15 % dimethylsulfoxide
+ 15 % ethylene glycol + 0.5 mol/L saccharose [14, 23]. In
the vitrification medium oocytes/zygotes should stay for not
more than 1.5 minutes until their placing into liquid nitrogen,
including the time of putting them on the device for vitrifica-
tion.

For thawing, the device for vitrification is placed in 2—5 ml
of medium containing 0.5-1 mol/L saccharose or 0.3 mol/L
trehalosa at temperature of 37 °C for 1 minute. After that
oocytes/zygotes are transferred to the medium with reduced
concentration of saccharose or trehalosa for 3—5 minutes in
each medium [11, 14]. Gradual changes in concentration of
penetrating cryoprotectors is necessary to prevent excess in-
crease of cell volume and cell lysis during influence of large
osmotic gradients on the membrane.

After heating oocytes are incubated for 2—-3 hours at tem-
perature of 38.5° C in 5-6.5 % CO, for restoring spindle.

According to the data obtained by L. Letkevich and coau-
thors (2015) survival rate of oocytes after vitrification in dif-
ferent cryoprotectors is 36.9 % [7]. In the work of A. I. Gan-
dzha and coauthors (2017) it was stated that cryopreservation
of oocytes obtained from follicles and at different stages of
development makes it possible to preserve more than 80 % of
cells, with obtaining up to 18 % of cleavage stage embryons,
including 5.5 % up to the stage of blastocyst [1].

Discussion and Conclusion

The analysis of literature source showed that at present
there are a few ways of obtaining biological material from
cows that allows to choose the most suitable one to obtain
oocyte-cumulus complexes. The further cultivation of o0o-
cytes is done in culture medium at temperature of 38.5 °C,
pH of medium about 7.3 (5-6.5 % CO,) and 5 % O,. The cul-
ture medium should contain hormones that mimic the peak
of LH (luteinizing hormone) in ovarian cycle. The literature
gives description of a few modifications of culture media that
mostly differ in concentration of gonadotropins introduced
in culture medium. For insemination of mature oocytes two
methods were suggested: ICSI and insemination of spermato-
zoids, after capacitation, in the medium with oocyte-cumulus
complexes. As genome editing needs some definite amount of
biomaterial, the issue of its long-term preservation arises. The
most effective way of cryopreservation of oocytes is vitrifica-
tion. According to a number of researches, survival rate of
oocytes after vitrification is from 37 to 80 %.

Thus, for preparation of biological material for further
genome editing of cattle by means of microinjection into an
oocyte it is possible to suggest the following order of actions.
At the first stage it is recommended to provide accumulation
of biomaterial: aspiration of oocyte-cumulus complexes from
ovary obtained after cows’ slaughtering; further maturation
of oocytes in special mediums; cryopreservation by method
of vitrification of oocytes at the MII stage, or zygotes after
insemination. The second stage includes thawing unfertilized
eggs and their insemination by the ICSI method with intro-
duction of system of editing, or thawing of zygotes and their
editing by microinjections.
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HccaenoBanue nmpouecca pacxoaa padouyeu KuaKoCTU
U MPOTPAMMHUPOBAHUSA MPOLECCOB CTPUKKHN M KYIIAHUS OBeIl

C. O. Hazapos'®
' KpIprol3ckuit HaMOHa/IbHBIN arpapHbiil yHusepcutet uM. K. V. Ckpabuna
“E-mail: n.sadyk53@mail.ru

Annomayusa. Ilpu KynlaHUH OBEIl ONIPEJICIICHHAS YacTh WX IIEPCTH MPOMUTHIBACTCS KUKOCTHI0. DTO TIPUBOJMT K PACXOLy
paboueil KHUAKOCTH BaHHBI, KOTOPBIH MPSIMO MPOIOPIHUOHAIEH TUIONIAIN IEPCTH M 00IIEMy KOJIMYECTBY 00pabOTaHHBIX
osell. [TosToMy B OONBIIMHCTBE clydacB 00pabOTKa OBEI] MPOWU3BOIUTCS MOCIE CTPHKKH. [lenvlo padbomul SIBISIETCS UC-
CJIeIoBaHME MpOIlecca pacxoaa padodeit )KUIKOCTH U IPOrPaMMHUPOBAHHUS MTPOIIECCOB CTPIKKHU M KYTIaHUs OBeLl. Memoobl
uccae006anuss — CACTEMHBIN TIOJIXO/l, AHAJIN3 U CHHTE3, ONITHMHU3AILINHU MTPOLIECCOB, TPOUCXOAIINX MPH CTPHUKKE U KyTaHUN
osell. J[nmHA OCTATOYHON MIEPCTH MOCHE CTPHIKKH OKa3bIBAET CYIIECTBEHHOE BIMSHUE HAa PACXOA KMJIKOCTH B BaHHE IS
Kymaaus. Yem MeHbIe OyaeT KOpOoTKas CTPHKKa, TeM OoJbliee KOIMIECTBO OBEIl MOXKHO OyneT oOpabareiBaTh. M3MeHe-
HUE pacxosa paboueil )KHUIKOCTH CHIIBHO 3aBUCHT OT KOJHUYECTBA 00pabOTaHHBIX OBEll. MaTemMaTnieckas MOJIENb Mporecca
CTPIKKH M KyTIaHUS OBEIl pa3paboTaHa I COBMECTUMBIX ¢ IBM mepcoHambHBIX KOMITBIOTEPOB € ONIEPAIIHOHHON CHCTEMOI
Windows 98/2000/XP/NT/7/10 ua s3s1ke mporpammupoBanus Delphi 7. Peann3oBaHbl OKOHHBIH MMOTB30BAaTEIBCKAN HHTEP-
¢eiic BBOA TaHHBIX, a TAKXKE TpauuecKoe MPEACTABICHNE PE3YIbTATOB pacueTa. BeIXOJHBIMY TapaMeTpaMu MaTeMaTHIe-
CKOW MOZIEIH SIBIISIIOTCS: TpahK M3MEHEHN S TEMIIEpaTypbl paboveil *KUIKOCTH B BAaHHE JUIsI Ky TaHUSI OBEIL; TpaduK 110 ompe-
JICTICHUIO BPEMEHHOTO JTNara30Ha, B KOTOPOM JOCTHTAETCSI JOIMYCTUMOE 3HaY€HUE TEMIIEPATy pbl; IpaduK MO ONPEAETICHUIO
KOJIMYIECTBA OBEIL, TIOCJIE KOTOPBIX HEOOXOIMMO JOTOIHUTE XKHUJIKOCTh. Hayunou nosusnol pabomsl sBISIETCS TIOITYUYCHHOE
MaTEeMaTHYECKOE OMMCAHNE TPOLECcCca CTPUIKKH U KyTTaHHSI OBEIl, TI03BOJISIONIEE OMPEACIUTh: pacxo pabodeil JKnJKoCTH B
BaHHE JJIs KyTIaHUs OBEIl, & TAK)Ke BPEMEHHOW THANa30H, B KOTOPOM JIOCTUTAETCsl JOMYCTUMOE 3HAUCHHUE TEMIIEpaTyphl B
BaHHE [ Kynauus. B pezyibmame ucciedosanus pa3paboTaHa MaTeMaTHYeCKast MOJEIb, TIO3BOJISIOMIAs TPOTHO3UPOBATH
ONTHMAJBbHBII TEMIEPATYPHBIN PEXKUM W aBTOMATH3AIIHIO TPOLIECCa CTPHKKH U KYIIaHUS OBEIl, a TAK)KE IIPOBECTH PacueT
Ha KOMITBIOTEPE.

Knrouesvie cnoga: oBIbI, CTPUKKA OBEII, BAHHA JUISI KyTIaHUs, paboyast >KUKOCTh, SKCIIEPIMEHT, MaTeMaTH4decKast MOAETb,
ONITHMHU3ALUA.

/s yumuposanus: Hazapos C. A. VccnenoBanue mporecca pacxona padoueid )KHUIKOCTH U IIPOrPaMMHUPOBAHUS IIPOLICCCOB
CTPYDKKH U KyTaHust oBell / ArpapHblii BecTHUK Ypaia. 2019. Ne 12 (191). C. 45-51. DOI: 10.32417/1997-4868-2019-191-12-45-51.

Mama nocmynnenua cmamuu: 03.10.2019.

IMocranoBka mpodiaemsl (INntroduction)

[pu KynaHU¥ OBEI| ONPE/IeJICHHAS YaCTh UX HIEPCTH IIPO-
MUTBIBAETCS KHUAKOCTHIO, YTO MPUBOJUT B UTOTE K PACXOIY
paboueii >KUAKOCTH BaHHbL. OH MPSIMO MPOMOPIHOHANICH
IJIOIIAM IEPCTH M OOIIEMY KOJHYECTBY 0OpabOTaHHBIX
oBell. [loaToMy B OOJNBIIMHCTBE CiIydaeB 00pabOTKa OBeI|
MPOU3BOJUTCS MOCHE CTPUXKKU. KadecTBO CTPHIKKH OBEIl
TaK’)Ke BIIUSET HA KyMaHUE OBEIl.

Lenvio nacmosiwyeil pabomuvl SBISETCS HCCICIOBAHUE
mporecca pacxoja paboueil JKHIKOCTH U [IPOrpaMMHUPOBa-
HUSI TIPOLIECCOB CTPHIKKHU U KYTIAHUS OBEIl.

MeToaoJiorusi u MmeToabl uccjenopanusi (Methods)

Memoodamu uccnedosanuss CTaqid CUCTEMHBIN IOIXOJ;
aHaJIM3 ¥ CUHTE3; ONTUMHU3AIUS [TPOIECCOB, TPOUCXOISIIIE
[pU CTPHIKKE M KYMAaHWUU OBEI, MPOrpaMMa, MO3BOJISAIOIIAs
MPOBECTH PACUYET Ha KOMIIBIOTEPE

PaccMOTpUM poIlecC yMEHBIIEHHS UM pacxojaa pabo-
Yeil )KUIKOCTH BaHHBI. HauanbHbI 00beM BaHHBI JUIS KyIa-
HUs OBell — V, nocne KynaHust N OBell KHAKOCTh B BaHHE
yMEHBIIIAeTCsl Ha 00beM V U TpebyeTcs JOMOIHUTEIbHBIN
o0bveMm V.

non”

Korma pacxon pabodueii )KUIKOCTH B BaHHE V' TOXOAHT 110
obbema V-, KymajbLIMK JOJKEH JONONHATH XKHAKOCTH B
BaHHE. /{111 9TOTO pacxon pabodeit KUIAKOCTH HAXOIAUTCS 110
ciexyomei popmyie

V=YV (1)

W3menenne pacxona padoueit KUAKOCTH V CHIBFHO 3aBH-
CHUT OT KOJTM4YeCcTBa 00pabOTaHHEIX OBEIl /N, TOTIa MOKHO 3a-
MHCcaTh YpaBHCHHE H3MEHEHUS 00beMa J pabodeil )KUIKOCTH
B BaHHE:

dV = kSIdN, )
rie k — Kod(pPUITNCHT, MOKA3hIBAIONTHN PACX0]] HACHIIIICHUS
JKHAJIKOCTBIO IEPCTH;

S — moIa s Hapy>KHOTO TTOKPOBA OJTHOW OBIIBI, M

[ — nIIMHA WIEPCTH OBITHI TIOCTE CTPIKKH, M.

U3 ypaBHeHus (2) moxyunm
Vaon N

Jav =ksifan - 3)
0 0

Ecnu nononuurensHoro odvema V- paboueit xuakocTn
BaHHBI TpeOyeTcst //i 4acTh 001Iero 00bemMa JKUIKOCTH, TOTAa
MOHO ONPENENNUTh PACXO [0 IOMOTHUTEIBLHOTO 00bEMa.
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Vo=

| av = kSleN, @
0 0

IZ€ { — YUCJIO, IOKAa3LIBAIOIIME YacTh 00IIEro 00beMa KU I-
KOCTHU BAHHBI.
Yucno i HanaeTcs U3 COOTHOIICHU S

don .

i=

V.
0
W3 ypaBHeHus (4) MOXKHO OIpPENEIUTh KOJIUUECTBO OBEIl
JI0 3apsIIKM BaHHBI: iV
N=—"L. ®)
kSl

VYpasuenue (5) onpesensieT KOJUYECTBO OBEIl, MOCTe KO-
TOPOIr'o HYKHO AOTIOJIHUTH )KUAKOCTD.

I'paduk n3menenust oopadaThiBAEMOro KOJINYECTBA OBEIL
B 3aBUCHUMOCTHU OT AJIMHBI OCTaTOYHOM IMEPCTH NOCJIC CTPUIK-
KM IIPY Pa3HbIX 3HAYCHUSIX 00beMa N300pa)keH Ha puc. 2.

I'paduk (puc. 2), MOKa3bIBACT, YTO KAYECTBO CTPUIKKH,
T. €. JUIMHA OCTATOYHOMU IIEPCTHU TOCIIE CTPHIKKH, OKa3bIBACT
CYHICCTBCHHOC BJIMAHUE HA pacXoJ KUAKOCTHU B BAHHC JJIA
KynaHus. Yem MeHble OyIeT KOpOTKasi CTPHKKA, TEM 00JIb-
1Iee KOJIMYECTBO OBEIl MOXKHO OyzieT 00pabaThIiBaTh.

I'padux m3MeHeHHs pacxoja KMJIKOCTH B 3aBUCHMOCTH
OT KOJIMYCCTBA OBCI IPHU pa3HbIX 3HAYCHHUAX IJIMHBI OCTa-
TOYHOI HIEPCTH TOCIIE CTPHXKKH MPEACTABIICH Ha puUC. 3.

Pesyabtathl (Results)

Jluist aHanM3a ONTUMU3AIUH MTPOLECCOB, TTPOUCXOSIINX
IpU CTPHUIKKE U KyITaHHUU OBCII, 10 BEINICOMUCAHHBIM YPaBHEC-
HUSIM HaMu ObliIa CO3/1aHa MporpamMma, Mo3BOJISIoLIas mpo-
BECTH pacyeT Ha KOMITbIOTEPE.

Maremaruueckasi MOJIEIb IPOLECCa CTPUKKU U Ky TTaHHS
oBell pa3paborana s coBMecTUMbIX ¢ IBM mepconaib-
HBIX KOMIIBIOTEPOB C OIepanuoHHOi cuctemoir Windows
98/2000/XP/NT/7/10 Ha s13bike nporpammupoBanus Delphi 7.
Peanu3oBaH OKOHHBIN MOJIB30BATEIIbCKUI HHTEP(EHC BBOAA
JIAHHBIX, & TaK)Ke rpa)HuecKoe MPe/ICTaBICHUE PE3YJIBTaTOB
pacueTa.

Texuuueckue TpeObOBaHUS JUIsl PabOTHI TPOrpamMMbl
CleAyIoIKe: TepCOHaIbHBIN KoMmbioTep cepun IBM 486 u
BhIIIIE, OniepalionHas cucrema Windows 98 u Bbllle 1 HaJIH-
yue nakera nporpamm Office. [Iporpamma Takxke nporecTu-
poBaHa B oniepanioHHbIX cucteMax Windows XP u Windows
7. CBOOO/IHOE MECTO Ha KECTKOM JHCKE JIOJKHO OBITh HE Me-
Hee 15 MO, Tak kak 00beM HCIOHsIeMOro (aiiaa COCTaBISICT
1,5 Mo. TpeboBaHue K onepaTuBHON NaMsTH — HE MeHee 64
M6. Kaxk npaBuiio, CKOPOCTb pabOThI IPOrpaMMBbl 3aBUCHT OT
OBICTPOACHCTBHSI KOMITBIOTEPA, @ TAK)KE OT pa3Mepa cBoOoI-
HOM OmnepaTUBHOW MaMSATH.

Puc. 1. O6ujuii 6u0 6anHbvl 015 Kynanus oge,

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

IIporpamMma, peanu3yromiasi BEIYUCIUTEIBHBIN IKCIEpU-
MEHT COCTOUT U3 YeThIpex okoH (hopm). Ha puc. 4 nzobpaxe-
HO CTapTOBOE OKHO BBIOOPA BBIBO/IA PE3YIIBTATOB YUCICHHBIX
pacueToB Ha Maremaruueckoil monenu. Ilocie BbIOOpa BbI-
BOJIa rpaduyecKrX pPe3ysIbTaToB CIeqyeT HaKaTh Ha KHOIIKY
«ITEPEMTU» B [IPaBOM HHM KHEM YTy OKHA I Iepexona K
BBIOPaHHOMY OKHY BBOJIA.

[Tpu Be60pe «MISMEHEHUE TEMIIEPATYPbI PABO-
YEI )XUIKOCTU BAHHbI» u naxarun Ha kHONKY «I1E-
PEMTU» otkpsiBaetcs oxHo «OIPEJIEJIEHUE U3MEHE-
HUS TEMITEPATYPbI PABOYEI XU IKOCTHU KYIIOY-
HOI BAHHbI». [I1s BbIBONA rpaduka U3MEHEHH s TeMIepa-
Typbl pabo4el )KUIKOCTH BaHHBI JUJISl KyIIaHUs BO BPEMEHH
cieayeT BBECTH HadyallbHOE U KOHEYHOE BpeMsl B CEKyHAAX U
Haxath kKHONIKY «BBIBO/]» (puc. 5 u 6).

OxoHyaHue pabOTHI B TEKYIIEM OKHE IPOU3BOJIUTCS Ha-
xatueM Ha kHonky «I JTABHOE OKHO».

[Tpu BeIGOpe «BPEM S, 3A KOTOPOE JIOCTUTAETCS
JOITYCTUMOE 3HAYEHUE TEMIIEPATYPbI» u naxa-
TUsA Ha KHOIKY «ITEPEMTHW» oTkpeIBaeTcst okHO «OITPE-
JEJIEHME BPEMEHHU, 3A KOTOPOE JJOCTHUI'AETCA
JOITYCTUMOE 3HAYEHUE TEMITEPATYPbI». [lns BbI-
BOJa rpaduka 10 ONpPEETICHNUI0 BPEMEHHOI'0 JHana3oHa, B
KOTOPOM JIOCTUTAETCS AOMYCTUMOE 3HAYEHHUE TEMIIEPaTyphl,
cieayeT BBECTH MUHUMAJIBHOE M MAaKCUMaIbHOE KOJIMYECTBO
oBell U HaxaTh kHonKy «BbIBO/» (puc. 7 u 8).

OxkoHyaHHe pPabOTHl B TEKYIIEM OKHE MPOM3BOAUTCS
HaxarueM Ha kHoOnkKy «[JTABHOE OKHOw. Ilpu BbIOOpE
«PACXOJ] PABOYEN KUJIKOCTU BAHHBI» 1 Haxatus
Ha KHOIIKY «ITEPEM T oTkpsiBaeTca okHO «OITPEJIEJIE-
HUE PACXOJIA PABOYEM XMJIKOCTU KYIIOYHOMN
BAHHBI». [lns BeiBoga rpaduka usmeHenuss oopabamoléa-
eMbIX KOJIMUECTB OBEIl B 3aBHUCUMOCTH JJIMHBI OCTAaTOYHOM
HIEpCTU MOCTE CTPUKKHUCIETYeT BBECTH MHUHUMAJIbHOE U
MaKCHUMAaJIbHOE 3HAYEHUs JITUHBI OCTATOYHOM MIEpCTH Mocie
CTPIXKKHU U HaxaTh KHONIKY «BBIBO/I» (puc. 9 u 10).

OxoHyaHue pabOTHI B TEKYIIEM OKHE IPOU3BOJIUTCS Ha-
xatueM Ha kHonky «IJTABHOE OKHO».

Ilo npu4mHe TOro, UTO BBOJ BXOJHBIX JAHHBIX 3aHUMAeT
3HAYUTENIBHOE BPEMsl, IPOrpaMMoi MPEelyCMOTPEHO COXpa-
HEHME M 3arpy3Ka BXOJHBIX MapaMeTpoB ¢ (aijoB, 4To mo-
3BOJISIET OOJIETYUTh 33/1a4y U COKOHOMUTH BpEMSI.

BbIxogHBIMU apaMeTpaMU MaTeMaTUUYECKON MOJIEIH SB-
JSI0TCS: TpaUK U3MEHEHHS TEMIIEpaTypbl pabodeit )HIKo-
CTH B BaHHE JUISl KyNaHHs OBell; rpaduk 110 OnpeaeIeHuIo
BPEMEHHOTO JHamna3oHa, B KOTOPOM JOCTUTAeTCsl AOMYCTHU-
MOE 3HaUCHHE TEMIIEPATy PbI; rpaduK 10 ONpeIeIeHUIO KOTH-
4ecTBa OBEI], OCIIE KOTOPBIX HYKHO JIOTIOJIHUTD KUIKOCTb.

Fig. 1. General view of the bathtub for bathing sheep
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Puc. 2. Tpagux usmerenus o6pabamoléaemozo KOIU1ecmea 06el, 6
3A6UCUMOCINU O ONIUHbL OCAMOYHOL UEPCMU NOCTe CHPUNCKU:
1 - npu o6veme V = 4000 7; 2 — npu o6veme V = 6000 1
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Puc. 3. I'pagpuk usmereHus pacxooa H#uoKocmu
6 3A6LUCUMOCINI 01 KOJIUHECHIBA 06el:
1 - npu 3HaueHUL ONUHbL OCMAMOUHOLL UlePCMU
nocne cmpuscku | = 8 mm;
2 - npu 3HaveHUU ONUHbL OCHMAMOYHOL uepcmu
nocne cmpurcku | = 4 mm
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Fig. 2. Schedule changes in the processed quantities of sheep depend-
ing on the length residual hair after shearing:
1 - with a volume of V = 4000 I; 2 - with a volume of V = 6000

Fluid flow rate,l
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Fig. 3. Schedule changes in fluid flow from the number of sheep:
1 - with the value of the length
of the residual hair after shearing | = 8 mm;
2 — with the value of the length of the residual hair
after cutting, | =4 mm

Puc. 4. Oxno 6v160pa 6b1600a Pe3yNbIMAMO8 YUCTEHHVLX PACUEMOS HA MAMEMAMUUECKOLL MOOeTU
Fig. 4. Window for selecting the output of the results of numerical calculations on a mathematical model
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Puc. 5. OkHo 6b1600a 2paduka usmeHeHUs memnepamypot padoueil HUOKOCMU 6aHHbL O KyNAHUS 80 BPeMeHU
Fig. 5. The window for displaying a graph of the temperature change of the working fluid of the bathtub for bathing in time
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Puc. 6. I'pagux usmeneHus memnepamypul pabouets #u0KoCmu 8aHHbL 0I5 KYNAHUS CO BpeMeHeM
Fig. 6. Schedule changes in the temperature of the working fluid of the bathtub with time

ONPEAENEHWE BPEMEHW B KOTOPOM AOCTUFAETCA AONYCTUMOQE 3HAYEHWE TEMNEPATYPbI

Puc. 7. Oxno 6v1600a epaduxa no onpedeneHuio BpemerHo20 OUanasond, 8 Komopom docmuzaemcs 00NYCMuMmoe 3HaUeHue Mmemnepamypol
Fig. 7. The graph output window for determining the time range in which the permissible temperature value is reached

48



Agrarian Bulletin of the Urals No. 12 (1- : :

Puc. 8. I'pagpux usmeHeHUs 8pemMeHH020 OUANA30HA, 8 KOMOPOM 00CMUAEMCST 00NYCMUMOe 3HAYEHUe MeMNepanmypol
Fig. 8. The graph of the time range in which the permissible temperature value is reached

OMPELE/IEHUE PACXOLA PABOYUEN XUAKOCTU KYMQOYHOW BAHHbI

Puc. 9. OkHo 6618004 2pagura usmerenus 00padamvi6aemMozo KoIU4ecmea osey,
8 3A8UCUMOCTNU OM OZIUHbL OCIAMOYHOLL WEPCNU NOCTIE CIPUNCKU
Fig. 9. The window for displaying the graph of changes in the processed quantities of sheep depending

500

4uu

300

200

100

on the length of the residual wool after shearing

T BHIEON

FMABHOE 0Kk |

Puc. 10. Tpagpux usmenenus 00pabamuieaemozo Konu4ecmea 08el; 6 3A6UCUMOCTIU O OIUHbL OCIAMOYHOTI WePCMU nOCe CIMPUNKU
Fig. 10. Schedule of changes in the processed quantities of sheep depending on the length of the residual wool after shearing
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Oocy:xnenne u BbiBoabI (Discussion and Conclusion)

OxoHvaHMe pabOTHI IPONU3BOIUTCS HAXKATHEM HA KHOIIKY
«~I». ITpn 5TOM mporpamMma aBTOMAaTUIECKH BBITPYKACTCS 3
naMsTH KoMmmbioTepa. Pa3paboTaH cremuaibHBIN KOJ Mpo-
I'PaMMBIL.

ITo pe3ynbpraram pabOTHI OBLIH CIENAHBI CJIENYIOIINE BbI-
BOJBI:

1. TlomyyeHo MmaremMaTH4yecKOoe OIHMCAHME IIpolecca
CTPUKKH M KYTIaHUS OBEIl, TO3BOJISIIOIIEE OIPEACTUT: pac-

_ W W
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X0 paﬁoqeﬁ KUAKOCTU B BAHHC JId KyIIaHUA OBCI, 4 TAKKC
BpeMeHHOﬁ JAuamna3oH, B KOTOPOM JOCTUTACTCA AOIMYCTUMOC
3HAYCHUC TCMIICPATypPbl B BAHHEC JJI KyIIaHHW .

2. Pa3pa60TaHHaﬂ MaTeéMaTu4eCcKasda MOAC/b IMpeAHa3Ha-
YycHa:

— IJIA MPOrHO3UPOBAHUA ONITUMAJIBHOTO TEMIICPATYPHO-
ro peKuma Mpu KynnaHuu OBEII;

— JJId KOHTPOJIA MTOUCKA pallMOHAJIBbHOI'O pC)KUMa U aBTO-
MaTu3aluu nponuecca CTpUXKKHU U KynaHus OBCII.
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Research of the process of expense of working liquid and
programming processes of sheep crutching and dipping operation
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Abstract. When clipping sheep, their wool soaks a certain part of the liquid. This leads to a certain consumption of the
working liquid of the bath. The consumption of bath liquid is directly proportional to the area of wool and the total number
of treated sheep. The length of the residual wool after crutching has a significant effect on the bath liquid consumption.
The smaller the short shearing is, the greater the number of sheep can be processed. The change of consumption of the work-
ing liquid is strongly dependent on the number of sheep treated. The mathematical model of the process of sheep crutching and
dipping operation was developed for IBM-compatible personal computers with the Windows 98/2000/XP/ N'T/ 7/10 operating
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systems in the Delphi 7 programming language. The window based front panel for data entry is implemented, as well as a
graphic representation of the calculation results. The output parameters of the mathematical model are: a graph of changes in
the temperature of the working liquid in a bath for sheep dipping operation; a graph to determine the time range in which the
permissible temperature value is reached; a graph to determine the number of sheep, after which the liquid must be added.
A mathematical description of the process of sheep crutching and dipping operation is obtained, which allows determining:
the flow rate of the working liquid in the bath for sheep dipping operation, as well as the time range in which the allowable
temperature value in the bath for dipping is reached. The developed mathematical model is designed to predict the optimal
temperature and automate the process of crutching, as well as the sheep dipping operation.

Keywords: sheep, sheep crutching, cattle bath, working liquid, experiment, mathematical model, optimization.

For citation: Nazarov S. O. Issledovanie protsessa raskhoda rabochey zhidkosti i programmirovaniya protsessov strizhki i
kupaniya ovets [Research of the process of expense of working liquid and programming processes of sheep crutching and dip-
ping operation] / Agrarian Bulletin of the Urals. 2019. No. 12 (191). Pp. 45-51. DOI: 10.32417/1997-4868-2019-191-12-45-51.
(In Russian.)
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OnbIT IPUMEHEHUS MOJUMEPA3HOU LENMHON peaKkuumn

IPHU THATHOCTHKE BUPYCA JIEK03a KPYITHOT0 POraTroro
CKOTA ¥ ee 3(PPeKTUBHOCTH HA PA3HBIX ITANAX NPOBEACHUA
0310POBUTEJIbHBIX MEPONIPUATHH

M. B. Ilerponasnosckuit’, H. A. Besbopogosa'™, A. C. PomaHosa', A. B. JIbicoB', B. B. KoxxyxoBckas'
'Ypanbckuii penepanbHbIi arpapHbIil HAYYHO-MCCIEOBATENbCKNIT EHTP YPATbCKOTO OTHAETeHN A
Poccniickoit akagemun Hayk, Ekarepun6ypr, Poccusa

S E-mail: n-bezborodova@mail.ru

Annomayusn. Hayunasi HoBu3Ha. B cTarbe coOpaHbl M M3J10)KEHBI MaTe€pHalibl MHOTOJIETHETO TpyAa 1o npuMenenuto [11[P-
JINAaTHOCTHUKHU COBMECTHO ¢ ceposiorundeckumu meronamu (PUJL, UDA) B n3ydyeHnn TUIIOB BUpYyca Jieiiko3a KPYITHOTO pora-
TOr'0 CKOTa Pa3HbIX (PU3UOJIOTUUYECKUX TPYIII, a TAKIKE Ha OIBITHBIX )KUBOTHBIX (KPOJIMKH, MEIKUN poraThiii ckoT). Llebio
ucciaenoBanmii crana ouenka merona I[P ¢ onpenenennem 3¢h(heKTHBHOCTH JaHHOM JHArHOCTHYECKOH peakiuu B BbI-
ABJIGHUU BHpYcCa JIeiK03a KpyIHOro poraroro ckora. Meroabl. buomarepuansl (KpoBb, MOJIO3MBO) OT KPYIIHOTO POTaTo-
ro ckota ju1s nmposeaeHus I11[P-uccinenoBannii Obiin momydeHsl U3 20 ceIbCKOX03SIIICTBEHHBIX OpraHu3anuil TIOMEHCKOH,
YensiouHnckoit, Kypranckoii obnacreit u Peciyonuku bamkoprocran. Beero Obuio uccnenosano meronom [P 1269 6uo-
po6 kpoBu u 36 mpob mMosto3usa. Jlaboparopusie metoasl (PUI, UDA, ITLP) npuMeHsuIHch B paHHEH AHarHOCTHKE BUPYCa
JIeK03a Ha MOJIOJIHSIKE KPYITHOTO pOraToOro CKOTa, a TAK)Ke B IMAarHOCTUKE B3pOCIOro noroyiosbs. Pesyabrarsl. [1L[P no3so-
JIWJIa BBISIBISATH TENAT-BUpycoHocuTeneit BLV B Bospacte ot 15 gHeit 10 1 Mecsiiia cpenu MOJIOIHSIKA B 03/I0PaBIMBAEMbBIX OT
JeiKo3a cTanax, YTo 3HAUYUTEIBHO YMEHBIINIIO CPOKH ITPOBEACHHS 03/10POBUTEIIBHBIX MEpPONIpUATHH (B cpenHeM Ha 20 %).
1338 () BBISICHCHO, YTO ITPHU CEPOJIOTUYCCKOM O6CJ'ICI[OBaHI/II/I HOBOPOXACHHBIX TCJIAT HA HAJITUYUEC AHTHUTEII K BLV MOT'yT GBITI)
IMOJTYYCHBI JIOKHBIC PE3YJIbTAThI BCIICACTBUEC BINAHUA BBICOKOM KOHICHTpAaUUN MaTECPUHCKUX aHTUTECIT U pa3BUTHA UMMYHO-
norumdeckoit TonepantHoctu. I1I[P-ucciaenoBanus 6uomarepuana (1023 nmpo0), B3ATOr0 OT B3pOCIOro MOr0JI0BbS KPYITHOTO
poraToro ckota (KopoBsl 3—4, 6 J1eT) oKa3aju, 4To B 52 % 00pa31ioB MPUCYTCTBOBAJ BUPYC JICHKO3a, YTO MOATBEPIKIJI0CH
ceposlornuecKuMH uccienoBanuamu. B xommiekce ¢ PUJ-, UDA-meTogamu [11[P nmo3BosisieT KOHTPOIUPOBATh Pe3yIbTaThl
CEepPOJIOTMUECKUX UCCIIeIOBAHUIN U BBISIBISITH JaTeHTHbIE popmbl BLV. Jlokaszano, uro npu nposenexnu VDA u I[T1[P BbisiB-
JseTcs AONOTHUTENbHO 10 20 % Bupyconocureneil u3 yucna P J[-HeraTUBHBIX )KUBOTHBIX. YCTaHOBJICHO CYIIECTBOBAHHE
OTACJIbHBIX TCHETUYCCKHUX BAPUAHTOB BLV, KOTOPBIC HEBO3MOKHO BBIABUTDH ITPU MPOBEACHUN CEPOJIOTUUCCKUX UCCIICI0BA-
HUI1, HO ¢ aTUM Oe3 Tpyna crpasisercs [1L[P. B pabore paccmarpuBaroTcs pasubie Bujbl [11IP, npuMensieMble Ipu 1narto-
CTHKC neﬁ1<o3a, OIMUCBIBAIOTCA MMOJIYYEHHBIC JaHHBIC 11O TPOBOANMBIM SKCTIEPUMEHTAM UCKYCCTBCHHO 3apaXCHHBIX BUPYCOM
JIEIK03a KUBOTHBIX.

Knroueevie cnosa: Bupyc yeiiko3a, KpynHbIi porateiii ckot, BLV, [1IIP-quarnoctTuka, UMMyHOJIOTHYECKasl TOJIEPAHTHOCTb,
BUPYCOHOCUTEILCTBO, TUIIBI BUPYCA.

Jna yumupoesanusn: bezooponosa H. A., Ilerponasnosckuit M. B., Pomanoa A. C., JIeicoB A. B., Koxxyxosckas B. B. OnbiT
MPUMEHEHUS TIOJIMMEPA3HO [ISITHON PeakUy IIPY TUArHOCTUKE BUPYyCa JISHKO03a KPYITHOTO POraToro CKoTta u €€ ek THB-

HOCTh Ha Pa3HbIX dTalax IPOBEJCHUS 03JI0POBUTENIBHBIX MEpPONpUITH / ArpapHblii BecTHUK Ypausa. 2019. Ne 12 (191).
C. 52-59. DOI: 10.32417/1997-4868-2019-191-12-52-59.

Jama nocmynnenusn cmamou: 01.10.2019.

ITocTanoBka npodJems! (Introduction)

Bupyc neiikosza kpymnsoro poraroro ckota (BLV) — un-
¢dexnmonHoe 3aboneBanue, Bbi3BaHHOe PHK-comepikamiim
BUpYCOM cemelcTBa Retroviridae, popa Deltaretrovirus.
B Poccuiickoit @enepannuu BLV nnutensHoe Bpems 3aHUMa-
eT IUAUpYIoIIKe no3uuut [2, c. 22; 3, c. 362, 5 ¢. 50].

DKOHOMUYECKHH yIepO A OTpaciu )KUBOTHOBOJICTBA,
BBI3BaHHBIN 3a00JIEBAaHUEM, JOCTATOYHO CYIIECTBEHEH H TH-
XKeJo MojfaeTcs noacueTy. B GonbmuHCTBE cBOEM, OH 00y-
CJIOBJICH MTOTEPSIMH MOJIOYHOM MTPOAYKTHBHOCTH KHUBOTHBIX,

52

a Tak)Ke OrpaHWUYCHUSMH, CBSI3aHHBIMHU C peaiu3anueii Mo-
JIOKa, Msica W TUIeMEHHOTro MolomHska. [lorepu oOycroBie-
HBI TaK)Ke MPEKICBPEMEHHONW BHIOPAKOBKOW, 3aTpaTaMu Ha
YTUIU3ANAIO TYII H OPTaHOB KUBOTHBIX M IMPOBEICHUECM Be-
TePUHAPHO-CAHUTAPHBIX U 300TEXHHIECKUX MEPOIPHUATHH.
Kpome Toro, 3aboreBaHre BBI3BIBACT y JKUBOTHBIX HMMY-
HOJICTIPECCHIO, YTO OOYCIIaBIIMBAaCT BO3HUKHOBEHHUE PHCKOB
pa3BUTHS IPYTUX TATONOTHH KaK WHPEKIIMOHHOTO, TaK U
HEMH(EKIIMOHHOTO XapaKTepa, BKIIOUasl MaTOJIOTHH PETpo-
JNIYKTUBHOM cucTeMsl [3, c. 362; 4, c. 86; 7, c. 55].
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Kpome Toro, B HEKOTOpOIl CTEMEHU CHUKEHO KauecTBO
MOJIOUHOU M MSICHOW MPOIYKINH, MOJTYYECHHOW OT HMHDUIH-
POBaHHBIX )XKMBOTHBIX. JlaHHOE 00CTOSTETLCTBO 00YCIIOBIIE-
HO M3MEHEHMSIMH (DU3UKO-XMMUYECKHUX [OKa3aTelei, B TOM
qyciae CHHKeHUEeM Oosee yeM Ha 40 % ypoBHS aMHHOKHC-
JIOTHOTO COCTaBa, COJEpXKaHMs OeiKa, JaKTO3bl, Ka3eWHa.
MOoJI0KO SIBIISIETCSI HECBIPOIIPUTOIHBIM MO COCTABY M TEXHO-
JIOTHYECKUM CBOMCTBAaM. YCTaHOBJIEHO, YTO TaKas MPOAYK-
LUsl SIBJISIETCS] TOTEHI[MAJIBHO OIACHON JUISl YeJIOBeKa BBUIY
HaKOIUICHUs] 00JaNalonX KaHIEPOIeHHBIMH CBOHCTBAMHU
MeTabO0JIUTOB BO3OYAUTEIS IIPH NMPOT'PECCHPOBAHNH JICHKO3-
HOTO Tpoliecca y MHGUIMpPOBaHHBIX KOPOB [6, c. 36; 9, c. 14].

OCOOCHHOCTBIO JIaHHOTO BO30OYAMTENS SIBISIETCS CIIO-
cOOHOCTH CHHTE3MpOBaTh BUpyccnennduueckyo JHK na
Matpuie reaomHoii PHK perpoBupyca ¢ momomibio dep-
menta PHK-3aBucumoit JIHK — monumepassl (peBepTasbi).
PesynpraTom 3TOrO SBISETCS BCTpanBaHUE TEHETUYECKH UY-
YKEPOJHOT0 MaTepHalia B TapreTHhIE KJISTKU X03s1uHa. B cBsi-
31 C 9TUM BO30YAMTENb JEHKO3a UMEET TEHACHIUIO K JIJTH-
TEJIBHOW NMEPCUCTEHIIUU B OpraHU3Me KUBOTHOTO 0e3 BH/IU-
MBIX KJIMHAYECKUX POSBICHUH [2, . 22; 8, ¢. 204;12, c. 315].

OcHoBHoM nyTh nepenaun BLV napentepansubiil. Bupyc
pa3BUBAETCs MPEXIAe BCEr0 B UMMYHOKOMIIETEHTHBIX KJICT-
Kax, PUBOAS K Pa3BUTHIO UMMYHO/IE(HUIIUTHBIX COCTOSTHUN
y )KMBOTHBIX. COIJIacHO NMPOBEJACHHBIM HCCIIEIOBAHUSIM, TIE-
penaya BUpyca MPOUCXOAHUT OT BOCIIPHMMYHUBOTO )KHBOTHOT'O
TOPHU30HTAJIEHBIM U BEPTHKAJIBHBIM ITyTSIMU. BepTukanbHas
nepeaada Bo30ynuTess o0yClIOBJICHA aKTHBHBIM Pa3BUTHEM
MHQEKIUN B OpraHu3Me MaTepH, TpaHCIIalleHTapHOe HHU-
LUPOBAHME TEAT IIPU 3TOM A0CTUTAET 5—8 %. YCcTaHOBIIEHO,
YTO NpH AAJIbHEHIIEM COJIEPKaHWM TaKUX JKMBOTHBIX MpPH
MIEPBOM CEPOJIOTMYECKOM JTHarHOCTUYECKOM CKPUHHUHTE KO-
JINYECTBO MHPHUIIMPOBAHHBIX )KUBOTHBIX B TPYIIINE YBEIHYH-
Baetcs 10 30 % u Gonee [2, c. 23; 5, c. 51; 13, c. 8948].

TpuBuanbHas JsabopaTopHas JMarHOCTHKA JieHKo3a
BKJIIOYAeT B ce0s pa3inyHble METOABI, TAaKUE KaK CEpoJIo-
ruueckue (PUJI, UDA), remaTonorndeckue v TUCTOIOTAYE-
ckue. B Hacrosuiee Bpemst HanbOosee HHGOPMATHBHBIM METO-
JIOM JIMarHOCTUKH JIEHKO03a KPYITHOTO pOraToro CKOTa siBJIsi-
€TCsl MOJIEKYJISIPHO-OMOJIOTMYECKUH METO — ITOJINMepa3Has
uenHas peakius ([ILP) [1, c. 29; 7, c. 56]. Boicokas cmer-
nGUIHOCTH METOAa OOYyCJIOBJIEHA TEM, YTO B HCCIIETYEMOM
MaTepHalie BhISBIISETCS YHUKAJIBHBIH, XapaKTEPHBIA TOJIBKO
JUISL TAHHOTO BO30ynuTelns (parMEeHT MpOBHpYyca JIeHKo3a.
Crientnpn9HOCTH 3a7aeTcsi HYKJICOTH/IHOW MOCIEI0BATEb-
HOCTBIO MTPaiiMEPOB, YTO UCKIJII0YAET BOZMOXKHOCTH MOJyYe-
HUs JIOKHBIX pe3yibraToB. Meron [1L[P obnagaer BhicOKOH
YyBCTBHUTEIBHOCTBIO, JIAIOIIEH BO3MOXKHOCTH OOHApPYKHUTh
€/IMHUYHBIE (PParMEHTHI BUPYCHBIX HYKJICHHOBBIX KUCIOT [1,
3, 15]. MeTonbl TpUBHATBHON AUATHOCTUKH, Takue kak PU]I,
H®DA, He obecrieunBaloT MOJIHOTO OOHAPYKEHUs BCEX HHU-
LUPOBAaHHBIX JKUBOTHBIX, 3TO KAaCAETCS B TOM YHUCIE M MO-
JIOJTHSIKA KPYITHOTO POraToro cKota /0 4—6-MeCS4HOro BO3-
pacta. Onpe/eneHo BIUSHUE KOIOCTPAJIBHOTO HMMYHHUTETA
Ha Pe3yJbTaThl CEPOJIOTHYECKUX HCCIETOBAHUM MOJIOTHAKA
KPYITHOTO POraToro cKoTa, KOTOpoe 00YCIIOBJICHO MOSIBIICHH-
€M JIOXKHOTIOJIOKUTENBHBIX pe3ynbTaroB. C yu4eToM JaHHOTO
oOcrosiTenbeTBa B HacTosiniee Bpemst [P nmpumenunma ais
UICHTUPHUKAMY UHQUIMPOBAHHBIX KUBOTHBIX C 15-THEB-

e e e e

.
-
Horo Bo3pacta. Meton I1LIP Takxe ocobeHHO >(pdekTHBeH
IIPH BBISIBJICHUHU 3200JI€BaHUs JKUBOTHBIX C HU3KUM THTPOM
NMMYHOIJIOOYJIMHOB (AHTUTEI) B CHIBOPOTKE KPOBH [2, c. 23;
3,c.364;6,c.36;9,c. 15].

Kpowme toro, III[P gaeT Bo3MOXkHOCTH TPOBOJUTH THUIIH-
3alMI0 WHPEKIMOHHBIX areHTOB, YTO, B CBOIO OYEpElb, OT-
KpPBIBAET BO3MOKHOCTH M3yUEHUS FeHETUUECKON CTPYKTY PbI
BHpYycCa JIeHK03a, a TaK k€ €ro pacnpoCTPAaHEHHOCTH B 3aBU-
CHUMOCTH OT Teorpaduyeckux obnacrei [8, c. 205].

WHocTpaHHbIE yuYeHble HE MCKIIOYAIOT B3aMMOCBS3b
MEXy MHQUIMPOBAHHEM OTJIEJIIEHBIMUA F€HETHYECKHUMH Ba-
puanTamu BJIKPC u TskecThio aTOJIOTHYECKOro mpolecca,
pa3BUTHEM KIMHUYECKHX CHMIITOMOB OOJIE3HHM WIJIM T'yMO-
pajpHOro UMMYyHHOro oTBeTa [12, c. 315].

ITocTOSTHHBIM MOHUTOPUHT T€HOTUIIOB C BBICOKOH aHTH-
TeHHON U3MEHUNBOCTBIO TI03BOJISIET COBEPIICHCTBOBATH J1Ha-
THOCTHYECKHUE TECT-CUCTEMBI ITyTeM o7i00pa crennpuaHbIX
npaiiMepoB [UIsl KOHCEPBATUBHBIX (PparMeHTOB reHOMa BO3-
OynuTesst, 4TO 0OCOOCHHO aKTYyaJbHO IPU AMATHOCTHUKE JICH-
ko3a [8].

Hean uccaenoBanuii — 1ath orienky merona [P u onpe-
JenuTh Y3QPEKTUBHOCTD JAHHOW TUArHOCTUYECKOW PEaKINH
B BBISIBJICHMH BHUpYcCa JIeHiK03a KPYITHOIO POratoro ckoTa Ha
Pa3JIMYHBIX 3TaMax OCYIIECTBICHUS 0310POBUTENBHBIX MPO-
THUBOJIEMKO3HBIX MPOrpaMM, a TAaK)Ke MPU MOCTAHOBKE 3KC-
MEPUMEHTAJIBHBIX OINBITOB JIJI1 HAYYHO HCCIIENOBATEIbCKUX
nenei.

MeToaoJiorusi 1 MeToabl ucciienoBanusi (Methods)

PabGoTa mpoBeznena B jabopaTropuu Jieiiko3a OTaeNa Mo-
HUTOPHMHTA W MPOTHO3UPOBAHMS MH(EKIIMOHHBIX OoJe3HEH
OI'BHY Yp®AHUII YpO PAH. HccnenoBanus mpoBeieHB! B
pamkax HanpasyeHus 160 IIporpammer ®HU rocynapcrsen-
HBIX akageMuil Hayk Ha 2013-2020 rr. o Teme «Pa3paborka
TEOPETUUECKUX OCHOB JJIsl CO3JJaHUs ¥ BHEAPEHUS MPOrpaM-
MBI MOHUTOPHHTA, THATHOCTUKH, JieueOHO-IIpOoHIIaKTHYC-
CKMX U 0370POBUTENBHBIX MEPONIPUATUH MO 3AIIUTE KUBOT-
HBIX OT 3MU300THYECKH 3HAYMMBIX MH()EKIMOHHBIX 00Je3-
Heit» Ne 0773-2019-0001.

OOBEKT UCCIICIOBAHUS — TeJsATa (BO3pacT OT 15 maHel 1o
1 mecsina), KopoBsl (3—4, 6 J1eT), MEJIKMH POraThlii CKOT, KpO-
JIUKH.

buomarepuaibl (KpoBb, MOJIO3UBO) OT KPYITHOT'O POTaToro
ckorta st nposeaeHus [1L[P-uccnenoBanuit Oblin momy4ve-
HbI U3 20 CeNbCKOX035IMCTBEHHBIX OpraHu3aiii TIOMEHCKOH,
Yensounckoit, Kypranckoit oOnacteit u PecrnyOmuku
Bamkoproctan. Beero Obuto uccnemoBano metomom I11[P
1269 6uonpo6 kpoBu 1 36 TPod MOIO3MBA.

JIoTIOJTHUTENBHO OBUIN TPOBEJCHBI SKCIIEPUMEHTHI C UC-
KYCCTBEHHBIM 3apaKeHHEM BUPYCOM JIeHiK03a MEJIKOTO pora-
TOTO CKOTa ¥ KPOJIMKOB B YCIIOBUSIX BUBapHUsL.

Boigenenne mnpoBupyca Jeliko3a M3 KPOBH KPYIHOTO
poraroro cxora 1 nocraHosky I[P nposonuiu B cooTBeT-
CTBUM C MHCTPYKIMSMU NPOU3BOAUTENS MO NMPUMEHEHUIO
TecT-cucTeM. B paboTe ncronb3oBanyu HaboOp peareHToB st
Beienenust JJHK Diatom DNA Prep 200 OOO «U3ol'en»
(Poccus).

Beiencaue B mpobax CHeru(uuecKoro yyacTka Bupyca
Jeiiko3a KPyMHOTO poraroro CKoTa MpPOBOJUIN C HCIOJIb-
30BaHUEM pA3JIMUYHBIX KOMMEPYECKUX TECT-CHCTEM pOC-

-l LA A& A -
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CHUIICKOT0 MPOM3BOACTBA, a TaKXe ¢ moadopoMm crenudud-
HBIX TpaiimMepoB (Habop s amrumnpukanuun JJTHK Bovine
leukemia virus GenPak DNA PCR Test BLV OO0 «M13o0l'en»
(Poccus), tect-cuctema «JIeiiko3» ISl BBISIBJICHUS BHpYca
neitkoza KPC meronom I[P ¢ D@ nerexuueil pesyibra-
toB (MuTepJladbCepsuc, Poccus), Tect-cuctema «JIeiko3»
Js BeIsiBIIeHUS Bupyca neiikoza KPC metomom IILIP ¢ ne-
TEKIHEH MPOIYyKTOB aMIUIM(PHUKAIUK B PEaIbHOM BpPEMEHH
(UuTepJladeepruc, Poccus)).

AMIInpuKanuioo  NMPOBOAMJIA C  HCIOJIB30BAaHUEM
tepmonnkiepa Appliede Biosystems 2720 (Cunramyp).
HccrnenoBanus B pEeXHMME pealbHOIO BPEMEHHM MPOBO-
MU ¢ mpuMeHeHueMm amiuindukaropa Rotor-Gene 3000
(ABcTpanus). Y4eT MOJIYYEHHBIX JaHHBIX OCYIIECTBIISIIN
METO/IOM FOPH30HTAIBHOIO AEKTpodhope3a ¢ IPUMEHEHUEM
1,5-poLEHTHOTO arapo3Horo reis ¢ jo0aBieHueM OpOMHU-
CTOrO ITHJAMS B Ka4eCTBE MHTEPKOJIUPYIOIIET0 KPacUTENs
st JIHK. B pabote npumensnn o6opynoBaHHe: MUHH-Ka-
Mmepa Mini-Sub Cell GT npousBozacTsa komnanuu Bio-Rad
(CHIA) c Buzyanuzanmeil moj yibTpaduoNIeTOBBIM H3ITyde-
HueM, kamepa Bio-Rad Chemidoc XRS+ (CLIA).

PesyabTaTsl (Results)

IIposenennsie I P-uccnenoBanus B Te4eHue 5 JET MO-
3BOJIMIIM BBISIBIISITH TEAT-BUpycoHOcuTene BLV B BozpacTe
ot 15 mueii o 1 mecsina. MupumpoBanne BUPycoM JIEHKO-
3a JJAHHBIX XMBOTHBIX TPEANOI0KHUTEIBHO POUCXOAMIIO B
MIePUOJl BHYTPHYTPOOHOTO pa3BUTHS 1I0/a. JJaHHBINH MeTOx
TI03BOJIMJI TPOBOJIUTH PaHHEE BBHISIBJICHUE JATEHTHBIX BUPY-
COHOCHTENEH cpeli MOJIOIHSKA B 03710PAaBJIMBAEMBIX OT JICH-
KO3a cTajJax, YTO 3HAYUTEIBHO YMEHBIINJIO CPOKH MPOBEe-
HUSI 03J0POBUTEIBHBIX MeponpusATuil (B cpeqHeM Ha 20 %).

VYCcTaHOBIICHO, YTO TPHU CEPOJIOTHYECKOM 00CIIeI0BaHUN
HOBOPOXACHHBIX TEJISIT Ha HaJW4yue aHTurea kK BLV moxer
OBITH TIOJyYEH JIOKHOIOJIOKUTEIBHBIH WM JIOXKHOOTPH-
LATEJbHBIN Pe3yJbTaT HEe TOJIBKO BCIIEACTBUE BIMSHHS BbI-
COKOM KOHIIEHTpAllMM MaTepUHCKUX aHTUTeNn Kiacca IgG
(MackupytoT Hajuuue IgM y TexsT), HO M Pa3BUTHI UMMY-
HOJIOTMYECKOH TOJIEPAaHTHOCTH — HECTTIOCOOHOCTH OpraHu3Ma
K UMMYHHOMY OTBETY Ha OIpeJeNieHHbIH aHTUTreH. Cpoku
ee (OpMHPOBAHHUS BapPbUPYIOT OT HECKOJIBKHUX YacCOB [0
HECKOJIBKMX CYTOK, a €€ JIUTEIBHOCTh 3aBHCUT OT MEPCU-
CTEHIIMM aHTHI'eHAa B OPraHW3ME M CKOPOCTH 00pa3oBaHUs
MMMYHOKOMIETEHTHBIX KJIETOK M3 WX MPEAIICCTBEHHUKOB.
WHayKnuu TOJEPaHTHOCTH CHOCOOCTBYeT Hecnenuduye-
CKasi UMMYHOJIeTIpeccusi (B TOM YHCJIE MO/ BIUSHUEM JIEKap-
CTBEHHBIX ITPENIApaToB).

Hamu nposoaunocs takxke ucciengosanue merogom I1[P
W B3pOCJIOrO TIOTOJIOBBSI KPYITHOT'O POraToro cKoTa (KOpOBBI
3—4, 6 neT). 3a Bech MEPHUO UCCIETOBAHUN U3 YHUCIIA TOCTY-
nuBiIero B jaboparoputo I[P 6nomarepuana (1023 mpoOsr)
(parMeHT reHoMa BO30YIUTEIS JieliKo3a ObLT HACHTUDUIU-
poBaH B 52 % 00pa3ioB kpoBu. [loaydeHHbIC TaHHBIC TOA-
TBEPXKJAJIUCH CEepOJOruYecKuMu uccienoBanusimu (PUJL,
HDA).

[IpoBeIeHHBIMH KOMIIJIGKCHBIMH  JIAOOPATOPHBIMH  UC-
CJIEZIOBAHMSIMHM OBLIIO YCTAHOBJICHO, YTO IIPH JHArHOCTH-
Ke KOpoB 4-5 JeT B 0370paBiIUBacMbIX (epMax C HU3KHM
MPOICHTOM HMH(UIIMPOBAHHBIX >KMBOTHBIX (MeHee 10 %)
onpasaaHo npuMmenenue I11P-uccienoBanus B KOMILIEKCE C

_ W W
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PU u UDA. TII[P kak G6osee 4yBCTBUTEIBHBIN METOJ IHA-
THOCTUKU I03BOJIET KOHTPOJIMPOBATH PE3YJIbTaThl CEPOJIO-
THYECKUX HCCIEIOBAHUN M BBISBISTH JAaTEHTHBIE (DOPMBI
BLV. MHOrouuciaceHHbIMU UCCIECJOBAHUSAMU JOKA3aHO, YTO
npu nposeneaun UDA u I[P BeisBIAETCA NOMOIHUTENb-
HO 10 20 % Bupyconocuteneit uz yucna PUJI-HeraTuBHbBIX
KUBOTHBIX. DTO 00CTOSTEIBCTBO 00YCIIOBIEHO O0JIee BBICO-
KUM MpeseloM 4yBCTBUTENBHOCTH peakuuid. [Ipu momormu
[IIIP gocTynHO BBISIBJICHHE BUPYCOHOCUTENEH HE3aBHCHMO
OT THTpa aHTUTEN y )KMBOTHBIX B HAYAJILHOI cTanu 3a00J1e-
BaHMS, a TAaK’KE BO3MOXKHO MOJITBEPKACHUE COMHUTEIBHBIX
PE3yJIBTAaTOB CEPONOTMUECKUX HCCIETOBAHMIM.

JIOTIOJIHUTENBHOE  BBISIBJICHUE HWHQUIIMPOBAHHBIX IKH-
BOTHBIX MeTozioM [II[P oOycioBieHo Takke M aHTUT€HHBIM
nei3akeM BO30yIUTENs. YCTaHOBICHO CYLIECTBOBAHHE OT-
JIENBbHBIX T€HEeTHYecKux BapuaHToB BLV, koTopele nmeror
orpeJieNIeHHbIE aMUHOKHCIIOTHBIE 3aMEHBI B ITMTOIAX Oelka
gp51 u moka3bIBalOT CepOHEraTUBHBIN pe3ynsTaT o PUJ[ u
N®DA-uccnenoBanusM. J[aHHbIE N3MEHEHHbBIE TE€HETUUYECKUE
BApHAHTHl JIeHK03a, KOTOpPblE HEBO3MOXKHO BBIIBUTH IPHU
MPOBEJICHUH CEPOJIOTHYCCKUX UCCIICIOBAHUM, OBLITH Halize-
HBIL Y 7,5 % nHQUUIUPOBaHHBIX KUBOTHBIX.

[II{P-uccnenoBanys IpOBOAUIUCH ABY M METOAAMM C I10-
motpto Real-Time PCR u anextpodopeTrdeckoil AeTeKnnn
noxydeHHbIX nponykros I1IP-ammmndpukanuu (puc. 1, 2).

[IpencTaBieHHbIE METOMBI IETEKIIMM Pa3IUYHBI, HO MpU
9TOM B XOJI€ UCCIIEIOBAaHUI XOPOIIO JOMOJIHSIOT IPYT ApyTa.
OnekrpodopeTnyeckas JeTEKIHsI ITO3BOJSET OCYIIECTBISATh
TOJIBKO KAayeCTBEHHBIM aHanu3, B nuarHoctuke BLV, naer
BO3MOKHOCTb IIPOBECTU T'€HOTUIIMPOBAHUEHU3OJISATOB C IIPU-
meneHueM MeToznoB pectpukunn JJHK. Real-Time PCR co3-
J1aeT BO3MOXKHOCTb COBMELICHUS JETEKIUU U KOJUYCCTBEH-
HOTO OIpeJeNieHHus crenu(uIeckoll MOCIIeI0BaTEeIbHOCTH
JIHK B 00Opa3ie B peasbHOM BPEMEHH TOCIIE KaXKJIOTO IIHKJIa
amruirukanuu. J{as 3Toro Ucrnonab3yroT (uyopecleHTHbIE
KPAacUTENHU, UHTEPKAJIUPYIOLUIUE B ABYLECIOYCUHBIE MOJIEKY-
nel JJHK, xotopeie diyopecuupyroT mocie ruOpuIn3anuu ¢
KoMIUIeMeHTapHbIMu yuacTkamu JTHK.

[IIIP-nnarHocTrka HMCHOJAb30BANACh U IPU HCCIIEI0BA-
HUU JJaDOPATOPHBIX JKUBOTHBIX U KJIETOYHBIX KyJIbTYp. Tak,
B OMONpPOoOax KPOBU MEJIKOI'O pPOraToro CKOTa MpH MOMOIIN
[TLIP 6b11 0OHapykeH crenupUUHBIH y4acTOK BO30YIUTENs
Jeiiko3a, HO y KPOJIMKOB, SKCIEPUMEHTAJIBHO 3apa’keHHBIX
KPOBBIO HH(HUIIMPOBAHHBIX KOPOB, PE3yJIbTAThI, HOIYYCHHBIC
metonoM I[P, He monTBepauIn HaIW4Yue BUpYcCa JieWKo3a
KPC.

JIonOJTHUTENBHO OBLIN MPOBEIEHBI MCCIIEIOBAHUS TIPOO
Moso3uBa ot PUJI (+) u remaToiorudecku OONBHBIX KABOT-
HBIX B KoiudecTBe 10 mpo6 metomom ITLIP. [Ipennonaraercs,
YTO MOJIO3UBO OT HWH(HUIIMPOBAHHBIX >KMBOTHBIX HIpaeT
OIpEJNICNICHHYI0 POJIb B PACIpOCTPaHEHUH 3a00JeBaHUs
cpeay BOCIPUMMYUBOIO IIOr0JOBbS KPYIHOLO pPOraToro
CKOTa, TaK KaK JaHHBIH OMOJIOTMYECKUI MaTepuans MOXKEeT
coZiepKaTh OOJBIIOE KOJIMYECTBO COMATHYECKUX KIIETOK,
YTO YBEIMYMBACT BEPOSITHOCTH Tepeadu BO3OYAUTEs JIek-
K032 OT MH(QHUIHMPOBAHHOTO BOCIIPHHUMYUBOMY >KHBOTHOMY.
WMmeroTcs pa3nuyuHble MHEHUS O JCHCTBUM HU3KOH TeMIle-
parypsl ¥ TIIyOOKOH 3aMOpPO3KH Ha >KH3HECIIOCOOHOCTH BHU-
pyca. CoriacHo HalIMM pe3yJbTaTaM HCCIeIOBaHuM, B 00-



) . “\ . S S S S8
Agrarian Bulletin of the Urals No. 12 (191), 20-

Puc. 1. Onexmpogopezpamma onpedeneHuss pasmepos amnauduyupyemorx gpazmenmos: npobwt 1, 3,4, 5, 6, 7, 8

(cneyuduueckue nonocol Ha yposHe KOHMPOJSL natoc) Aénsomes BLV-nonoxumenvioimu; npoba 2

(omcymcmeue cneyuguueckoti nonocvl Ha yposHe kKoHmpons nawc) He codepycum JJHK BLV, ompuyamenvrasi;

C* - nonoxumenvroiii KonmponvHuiti o6pasey JJHK BLV; C - ompuyamenvHolii KOHMPOnvHili 06pasey,
Fig. 1. Electrophoretogram: sample 1, 3, 4, 5, 6, 7, 8 (a specific band on the level of control plus)
are BLV positive; sample 2 (no specific band on the level of control plus) does not contain BLV DNA negative;
Ct is a positive control sample DNA of BLV; C- is a negative control sample
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Puc. 2. [lemexyus npodyxmos amnaugurayuu Ha npubope Rotor-Gene 3000
u ananus cneyugudecxkozo yuacmia JJHK eupyca netixosa kpynHozo poeamozo ckoma no kauany Joe/Yellow

Fig. 2. Detection of amplification products on the Rotor-Gene 3000 device and analysis
of a specific phase of bovine leukemia virus DNA via the Joe/Yellow channel

pasuax JeHKOIUTapHONW B3BECH, MOJTYUYEHHON U3 MOJIO3UBA,
ObUT ompeneneH (parMeHT TeHoMa BO30OYAMTENs JieHKo3a
KPYITHOTO poraroro ckota. Jlanuele 00pasisl ObUIH 3aMOpO-
skeHbl pu —20 °C 1 UCTIONIB30BAINCH 1T HHOUITMPOBAHUS
(BHYTPHOPIOIIMHHOE 3apa’keHHE) MCCIEAYEMBIX KHUBOTHBIX
(Menkmii poratelii ckot). [Ipu nanbHEHIINX eXeMecTUHBIX
ceposornueckux (PUJ], UDA) n monexynspHO-reHeTHYE-
ckux (ITLIP) mccnenoBaHMsIX JKUBOTHBIX OBUIM TIOJYYEHBI
OTpULATEIbHBIC PE3YJIBTAThl, 3TO MOIJIO OBITH CBS3aHO C

HU3KUM COZIEp>)KaHHEM BHpPYyCa B OpraHU3ME UM C TEM, UYTO
00pasibl ObUTH M3HAYAIBHO 3aMopokeHbl pu —20 °C u 310
00CTOSITEICTBO MOTJIO TIOBJIMSITH Ha X0/ AKcTiepuMenTa. J{is
orpenesieHus Bcex (akTopoB TPeOyIOTCs JONOIHUTEIBHBIC
nccnenoBanus. OHAKO MOXHO MPEIIOI0KUTE, YTO CIIOCO0-
HOCTh BO30YAMTENS BBI3BIBATH AKTHBHOE HMH(UIIMPOBAHHE
JTAaHHBIM OMOJIOTMYECKUM MaTepHajioM BOCIPHHUMYNUBOTO
OpraHu3Ma CHUXKAETCS B PE3yJbTaTe€ CHMXKEHUS BUPYJIEHT-
HOCTHM MUKPOOPIaHHU3Ma P 3aMOPO3KE.
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Yro ke KacaeTcsi KOPOB, y KOTOPBIX BBISBUIIN 3apakeH-
HOE MOJIO3HMBO, TO OHU 110 BceM Tectam (PU/JI, MDA, ITLIP)
ObUIM BUPYCOHOCHUTEISIMH. V30MMpOBaHHBIE OT 3THX KOPOB
TeJATa C MePBBIX JHEH *KU3HU MOJIyYald MOJIO3UBO OT 3/10-
poBbIX kopoB. IIpu III[P-uccnenoBanuu uepes Mecsl, TOJb-
KO Y OJIHOTO TeJICHKa ObIJ1 00OHApYKEH B KPOBH BO30YIUTEIh
JIeiiKo3a, 4To, B CBOIO 0Yepe/ib, OBLIO MOJATBEPXKACHO U CEPO-
JIOTHYECKUMU UCCIIeJOBaHUSIMU. BeposTHO, TeIeHOK ObLI 3a-
pa)XeH BUPYCOM JIeiiko3a KPYIIHOTO POTaToro CKOoTa BHYTPH-
yTPOOHO M OCTaBAaJICS JIO ONPEEIICHHOTO MEPHUOa CKPBITHIM
HocuteneM BLV-undeximm.

Oo6cy:xnenue u BbiBoAbI (Discussion and Conclusion)

[IpencTaBieHHbIE JaHHBIE TOBOPAT O BO3ZMOYKHOCTH IIH-
pokoro npuMeHeHwus 1adopatopHoro meroaa [P B uaenTH-
¢dukanuy Bo30yauTENs BUpYyca JISHKo3a KPyITHOTO POTraToro
CKOTa pa3HbIX (U3UOJIOTHYECKUX TPYII, B HCCIEIOBAHUU
pa3IUYHBIX OMOJIOTMYECKMX MaTepUaJOB OT JKUBOTHBIX H
KaK JIOTIOJIHUTEIbHBIM METO/ PU BBITMIOJIHEHUN HAYYHBIX HUC-
cienoBaHMM. B Hacrosimee Bpemst MpakTUYeCKOe MpUMEHe-
Hue peaknuu [1I[P ocymecTBiaseTcs Ha pa3IUYHBIX 3Tanax
BBITIOJTHEHUST O370POBUTENBHBIX MPOTHUBONEHKO3HBIX IIPO-
IpaMM.

Bo3moxHocTtu [ILP-peakunu mo3BOJAIOT JTOBBISBIATH
UHQUIMPOBAHHBIX, HO CEPOHETATUBHBIX YKHUBOTHBIX, TCISAT
B 15-1HeBHOM BO3pacTe, MPOBOAUTH HAyUHBIC HCCIIEOBa-
HUSI IO TEHOTUITHPOBAHUIO U305 TOB, OCYIIECTBIATH OLEHKY
KJICTOYHBIX KyJIbTyp. Takke TeHeTHYecKH OOYCIIOBICHHAs
CEpPOHETaTUBHOCTH BUpYCa JIeHK03a KPYyITHOIO POraToro cKo-
Ta He aeT BO3MOXKHOCTH NMPOBOAUTH AHAJIU3 CTaHJaPTHBIMU
CepOJOrM4eCKUMH METOAAMH, a IPU UCCIETOBAHUHN METOAOM
[TLIP obecnieunBaeTCst MOJIOKUTEIBHBINH PE3yJIbTaT.

_ W W
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OpHaxko, HECMOTPS Ha MOJIOKUTEIBHBIA OMBIT MpUMEHe-
Hus IIIP, 3auacTyro Ha JTamne aHajau3a U UHTEPIPETALUU
pesyabratoB [1LIP Bo3HHMKatOT MpoOIEMBI, KOTOPBIE MOXKHO
0003HaYNTh KaK HECOBMAJICHHE PE3yIbTATOB IIPH HCHOJIB30-
BaHUU pa3IMYHbIX METOJOB HccienoBanus (Hanpumep, [TL[P
n UDA, T11P). OnauM n3 GakTopoB HECOBNAACHUS JaHHBIX
[P u MDA siBisieTcsi 3aBUCUMOCTb pe3yJbTaTOB aHalln3a
metozoM I[P ot xonuenrpanuun marpuuHoit JJHK B 00b-
eme Ouomarepuala, Ipu 3TOM BO3MOXKHOCTH HHTEPIIPETAIHN
pPe3yabTaTOB TECT-CUCTEMBI 3ajiatoTcsi konuitHocThio JJTHK.
Taxske noy4YeHUE JIOKHOOTPULATEIIBHBIX PE3YJIBTATOB IIPU
[TLIP-nuccnenoBaHuM MOKET OBITH CBSI3aHO C TOUYCYHBIMH HY-
KJICOTHTHBIMU 3aMEHAaMH B y4acTKaX I'€HOMa BO30yquTess
Jieiiko3a B MecTax MocaJiku npaiMepos.

Ha ceronusimnuii gens meton [P umeet orpomHoe Ha-
YYHOE W TMPHUKJIAJHOE 3HaYCHHUE, C €ro MOMOIIbI0 ObUIN pea-
JIM30BaHbl MacCIITaOHbIE UCCIIEIOBAHUS B O0JIACTH M3YUYCHHUS
AHTUTGHHOTO Teii3a)xka Bo30yUTeNs JIeiKo3a KPYIHOTO po-
raroro ckora. HakorsieHHast 3a 3TOT mepuoj nHpOpManus
M03BOJIMIIA CPOPMHUPOBATH ITPUHITUITHAIIEHO HOBBIH ITOJIX0/ K
KOMIIJIEKCHOMY OOCIIE/IOBAHHIO TIOTOJIOBBS IIPH NPOBEICHUN
037I0POBUTEIBHBIX MEPONPHUATUH U OMPEJENUTh aJIbTePHa-
TUBHBIC YCOBEPLICHCTBOBAHHBIC BAPUAHTHI IPOBEACHUS IIPO-
THBOBITU300THYECKUX MEPOTIPHUSTHI C yUETOM X OCOOCHHO-
cTell reHOTUMNa U NOMYJISIITUOHHON puHaaAnexHocTu. Urak, ¢
MOMEHTA BO3HUKHOBECHUS UJIEU MHOIOKPATHOI'O YBEIMYEHU S
yycna konui uckomoil monexynst JIHK npomno cpaBHH-
TEJIbHO HEMHOI'O BPEMEHU, TeM He MeHee TexHozorus [11[P
COBEPIUINIA TUTAHTCKUI PBIBOK U CTaja HEOTHEMJIEMOH da-
CTBIO PYTHHHOMW J1a00OpaTOPHOM MPaKTUKH, TMPOJOIDKAs MPH
9TOM COBEPLICHCTBOBATHCS U Pa3BUBATHCL.
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Experience in the use of polymerase chain reaction
in the diagnosis of bovine leukemia virus and its effectiveness
at different stages of health activities
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Abstract. Scientific novelty. The article presents the materials of long-term work on the use of PCR diagnostics together with
serological methods (rid, ELISA) in the study of bovine leukemia virus of various physiological groups, as well as experimen-
tal animals (rabbits, small cattle). The aim of the study was to evaluate the PCR method in the diagnosis of bovine leukemia
virus. Methods. Biomaterials (blood, colostrum) from cattle for PCR studies were obtained from 20 agricultural organizations
of Tyumen, Chelyabinsk, Kurgan regions and the Republic of Bashkortostan. A total of 1,269 blood samples and 36 colostrum
samples were examined by PCR. Laboratory methods (rid, ELISA, PCR) were used in the early diagnosis of leukemia virus in
young cattle, as well as in the diagnosis of adult livestock. Results. The results obtained by PCR revealed carriers of the Lekota
virus in calves aged 15 days to 1 month among young animals, which significantly reduced the duration of recreational activi-
ties (an average of 20 %). It was established that serological examination of newborn calves for the presence of antibodies to
leukemia virus can give false results due to the influence of high concentrations of maternal antibodies and the development
of immunological tolerance. PCR studies of biomaterial (samples 1023), taken from adult cattle (cows 3—4, 6 years), showed
that 52 % of the samples were present leukemia virus, which was confirmed by serological studies. It is proved that up to 20 %
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of virus carriers from the number of rid-negative animals are detected during ELISA and PCR. Some types of BLV leukemia
can not be detected by serological studies, but easily cope with PCR. The article deals with various types of PCR used in the
diagnosis of leukemia, describes the data obtained from experiments on artificially infected animals with leukemia virus.
Keywords: leukemia virus, cattle, cows, PCR diagnostics, immunological tolerance, virus transmission, virus types.
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OueHka 1eCTPYKTUBHBIX MPOLECCOB XPOMATHHA IPAHYJIE3HbIX
KJIETOK OBapUAJIBHBIX (POJLIINKYJI0B KOPOB
U PYHKUUOHAJIBHBINA CTATYC OOLIUTA
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! BcepoccuitcKmit HayYHO-MCC/IE0BATeTbCKIIT MHCTUTYT TeHeTUKY U pa3BeleHNA CeTbCKOX03ACTBEHHBIX
KUBOTHBIX — ¢pymnan PefepanrbHOro HAyYHOTO LIEHTPA )KMBOTHOBOJCTBA —

BIK nmenn akagemuka JI. K. Opucra (BHUUTIPIK), Cankr-Ilerep6ypr, Poccus

2 CapaToBCKMI1 TOCYAapCTBEHHbIN arpapHblit yHuBepcureT nmenu H. V1. BaBunosa, CapaTos, Poccus
“E-mail: lllfor@mail.ru

Annomayun. B HacTosiee BpeMsl B CBSI3U C COBEPLICHCTBOBAHUEM KJIETOUHBIX PEMPOTLYKTUBHBIX TEXHOJOTHH B COBPEMEH-
HOM >KMBOTHOBO/ICTBE IOSIBUJIACH BO3MOYKHOCTB JUIs O0Jiee TIOIpOOHBIX UCCIIC0BAHUM MO H3YUEHHIO OOLIUTA U COMAaTHUECKUX
KJIETOK (KJIETKH rpaHyiie3sl) ¢posumikyiaa. HeooxoqumocTs pa3paboTKH yCIENHbIX MOJIEIICH J103peBaHMsl )KEHCKHUX TaMeT Oolpe-
JIeIsieT TOTPeOHOCTh COBEPIICHCTBOBAHHSI CYILIECTBYIOIIMX METOANK 0TOOpa JOHOPCKUX stiliekieTok). Co3peBaHe 00LUTa in
VIVO MTPOMCXOANT TPH HEMOCPEACTBEHHOM YYaCTHH CTPYKTYPHBIX 3JIEMEHTOB (DOJUTHKYJIA, COJACPIKAIUXCS B (POJUIMKYIISIPHON
xuakocTH [3, 4, 6]. Knetku rpaHynesbl IIMPOKO UCTIONB3YIOTCA B CUCTEMaX JI03PEBaHMs OOLIUTOB KOPOB, a TAKXK€ B TEXHOJIO-
TUsIX KJIOHUPOBaHMA U TpaHcreHesa [8, 13]. Llenp HacTosIero ucciae10BaHus — MIPOAHATU3UPOBATh A€CTPYKTHUBHbBIC U3MEHE-
HUSI KJIETOK TpaHyie3bl B OBapUalibHBIX (OUTHKYIax KopoB (@ 3—5 Mm), copepxkanux pacryume (BCB™) winn 3aBepumBive
¢asy pocra oouutsl (BCB"). Metoasl. TectupoBanue 0oUTOB 10 (DYHKIIMOHAIBHOMY ITPU3HAKY ITPOBOIMIIOCH C IIOMOIIBIO
BuTanbHoro kpacuteinst BCB (brillant cresyl blue — 6puiuinanToBsiii kpuctaumueckuii royooit) [10]. TTokaszarenu sxu3Hecro-
COOHOCTH B KJIETKAaxX I'paHyJIe3bl, BBICICHHBIX U3 (OJUIMKYIIOB, COJEpPIKAIMX pacTyllye WK 3aBepuinBime (asy pocra 00-
LUTBI, ONMPEACIISIIN METOIOM IPOTOYHON [IUTOMETPUHU. Pe3ysIbTaThl HCCIeI0BAHNSA. YCTAaHOBICHO, YTO I'PaHyJIe3HbIE KIETKU
13 (OIITMKYIIOB KOPOB XapaKTEPH3YIOTCS pa3IMYHBIMK [10Ka3aTeISIMU YPOBHEH alionTo3a B 3aBUCHMOCTH OT CTaTyca OOLIUTOB
(3aBepLIMBIIME POCT M PACTYIIHE), BBIACICHHBIX U3 3THX (OJIUKY/I0B. Jl0JIs aONTOTHYECKUX KIICTOK rpaHyse3bl B (DOJUTHKY-
J1ax KOPOB, COZIEPIKAIIMX 3aBepIIMBIINE (ha3y pocTa OOLMTHI, 3HAUYMTENIBHO IPEBbIIIAlia TAKOBYIO B (OJUIHKYIIAX, COAEPIKAIIIX
pactymme ooruThl (29 % npotus 18 %, “/P < 0,05). Hayunasi HOBH3Ha MCCJIe0BAHUI: TaHHbIC, TOTYYCHHbIC TIPHU TTOMOIIN
MIPOTOYHON IUTOMETPHH, O3BOJISIFOT PACCMATPUBATh YPOBEHB AIIONTO30B B KJIETKAX IPaHyJIe3bl OBapUAIbHBIX (DOJUTHKYJIOB KO-
POB KaK MHJHMKATOp (PYHKIMOHAIBLHOI'O CTaTyca pa3BHBAIOIIErocs B HEM oouuTa (pacTyluii WM 3aBepIIMBIINN (asy pocTa).
JlaHHbII OKa3aTesb BO3MOXKHO MCIIOIB30BaTh [IPU MPOrHO3MPOBAHNH KOMIIETCHIMH OOLIMTOB KOPOB K CO3PEBAHUIO in Vitro.
Knroueswvie cnosa: oouut, rpaHyiiesa, arornro3, KOpoBa, OpUUTHAHTOBBIN KPUCTAIUTMYCCKUI roiTy0oid, in Vitro.

Jna yumupoeanusa: Cranucnasosud T. Y., Ky3smuna T. 1., Monmuanos A. B. Onenka gecTpyKTUBHBIX IIPOLIECCOB XpOMaTHHA
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IHocTranoBka npod.iems! (Introduction)

[losiBneHHe HOBBIX TEXHOJIOTMYECKHUX BO3MOXKHOCTEH B
KJICTOYHBIX PENPOAYKTHBHBIX TEXHOJOIMSX (KJIOHHMPOBAHHE
U TpaHCTE€HE3) OmpeselisieT Ba)XKHOCTh IEPBHUYHOIO dTama —
0TOOpa Ka4eCTBEHHBIX JOHOPCKUX SHUIEKIETOK AJISI KYyJIBTH-
BHUPOBaHMs. METOAMKA PaHKUPOBAHUS OOLUT-KYMYJIIOCHBIX
KOMIIJIEKCOB C y4ETOM MOP(OJIOTHYECKUX KPUTEPUEB (YHCIO
CJI0€B KyMYJIOCHBIX KJIETOK, IIMPUHA 30HBI MEJUIIOLUAA, 3ep-
HHUCTOCTh OOIUIa3MBbl) JI0JIT0€ BPEMs SIBJISLIACH €ANHCTBEHHOM.
BusyanbHas oLieHKa JOHOPCKUX OOLIUTOB, BBIACIECHHBIX W3
(ONIMKYJIOB SIMYHUKOB XXMBBIX JXMBOTHBIX (TpaHCBarMHAJIb-
Hasl aclMpanysi) WM W3 I[OCTMOPTAIBHBIX SIMYHHKOB, BO
MHOT'OM 3aBHCHUT OT HPO()ECCHOHAIBHBIX KOMIIETCHIIH 3M-
OpuroTexHOoIOoroB. B kadecTBe crocoba OLIEHKH KOMIIETEHT-
HOCTH SIMLIEKIIETKH K JalbHENIIEMY CO3PEBAHUIO IPEII0KEHA
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JUarHOCTHKa (YHKIHOHAIBHOIO CTaTyca OOLIUTOB, OCHOBAH-
Has Ha pa3HHIE B aKTUBHOCTH (DepMEHTa TIIOK030-6 docdar
neruaporerassl (GOPDH). Ha MomMeHT acrimpariuil OOIUTE B
GOoJUTMKyYIaX MOTYT HAaXOIUTHCA B PasHOM (DYHKIHOHAIBHOM
cocrossHnU: pactymme ooruTsl (BCB) m oomutsl, 3aBep-
mmBme ¢asy pocta (BCB™). Pazmennuts 3Ty reTeporeHHyIo
HONYJIALMIO CTAIO0 BO3MOXHBIM C ITOMOIIBIO HHBA3HBHOTO
BuTtaneHOTO Kpacurens BCB (brillant cresyl blue — 6pmmmm-
AHTOBBIA KpHCcTaTHIecKkuil Tomy6oit) [10]. BCB-TecT ocHO-
BaH Ha ciocoOHoctH G6PDH ronBeptrpoBars okpacky BCB
n3 roy0oif B GecrBeTHYIO B pactynmx oonutax (BCBY), a B
IIUTOIUIa3Me 3aBEPIIMBIINX CTaanio pocta oomurax (BCBY)
BCB-kpacutens He TepseT nBeT. Co3peBaHue SHICKICTKH in
VIVO IPOUCXOAUT IIPH YYACTHU CTPYKTYPHBIX JIEMEHTOB (HOII-
JHMKYJa, CoepKamuxcs B QOIIHKYIIAPHOH )KUIKOCTH, COCTAB



Agrarian Bulletin of the Urals No. 12 (191), 2019

KOTOpOM, Oe3yCIIOBHO, BJIMSET Ha KadeCTBO KEHCKOW rame-
1ol [3, 4, 6]. ®oUIMKYN BBIMOJHSET JIBE TVIAaBHbIC (DYHKIIUH:
MIPOJYLIMPOBAaHNE TOPMOHOB U 00ECIICYEHHE POCTa OOLUTOB,
KOMIIETEHTHBIX K omiofoTBopeHuto [3, 11]. Knerku rpany-
JIe36l HEOOXOIUMBI ISl pocTa U TU(depeHIHanii 0OIUTOB,
HOpPMAJIHOTO TPOTEKaHHsd Meio03a, IUTOMIa3MaTHUECKOro
CO3peBaHMs, a TAKXKe KOHTPOJS TPAHCKPUIIIMOHHON aKTHB-
HOCTH B sitniexnerkax [12, 13, 15]. ['eTeporeHHOCTh OOLIUTOB
peryimpyeTcss Ha ypOBHE KJIETOUHBIX MOIYISIUHA, U OJIHUM
U3 TaKMX MEXaHM3MOB MOXKET OBbITh YHHBEPCAIBHBIHN MpoIece
MIPOrpaMMHPOBAHHOMN KJIETOYHOW THOEITN — aronTo3, KOTOPbIH
XapakTepeH Ul CMHUYHBIX KJICTOK WIJIM UX KJIACTEPOB SIii-
ueksetkax [1, 14]. DTot mpoiecc oTBeuaeT 3a pa3BUTHE JO-
MHUHAHTHOTO (OJUIMKYJIa W JKEJITOro Tela, (pOIUTMKYISIPHYIO
aTpe3uto U OByNALUio [2, 7]. MOHUTOPUHT NECTPYKTUBHBIX
WU3MEHEHHMH IpaHyJe3HbIX KJIETOK OBapHaJIbHBIX (DOJUTHKYIOB
MOYKET SIBUTHCS KIIFOYEBBIM MOMEHTOM B M3YYEHUH MEXaHH3-
MOB (hOpMHUPOBAHHUS TIOTHOIICHHOM sHTICKIICTKH [8, 13].

MeTtonoJiorusi u metoabl uccieaoBanus (Methods)

B akcnieprMeHTax HMCIOIB30BaIM MOCTMOPTAIbHbIC SIMY-
HUKHM KOPOB pa3HOTO BO3pacTa. SIMYHUKH JOCTABISUIA B Jia-
OoparopHIo B TEPMOCE B CTEPHIBHOM (PH3HOJIOTHIECKOM pac-
TBOpe mpu Temmeparype 32—35 °C. OObEKTOM UCCIICIOBAHUS
CyXwin oonuT-KymyirocHbie komruiekesl (OKK) u kietku
rpanynesbl (KI'), koTopble monydanu myTeM acupaIiuu Xuji-
KoCTH U3 453 QOIUTHKYIIOB TUAMETPOM 3—5 MM C 3aMETHO BBI-
paKeHHOM BacCKyJIsIpU3alMeil U TYpropoM. ACrupar, mojy4eH-
HBIH M3 KaXJI0ro (OJUIMKYIIA, IEPEHOCHIIN B OJHY M3 JIYHOK
96-1yHOUHBIX IIAT 10 OIEHKH (DYHKIMOHAJIBHOTO CTaryca
oonura. sl SKCEPUMEHTOB OTOMpPAIM OOLMUTHI OKPYIIIOW
(OpMBI, C TOMOTEHHOW IIMTOIUIA3MOI, PABHOMEPHOH MO IIH-
pHMHE 30HOH IEJUTIONNAA, OKPYKEHHBIE MHOTOCIOWHBIM KOM-
NakTHbIM KymymiocoM. [lns mposeaenuss BCB-Tecta oonut-
kymymocHble KoMmiutekebl (OKK) kopoB oTmbIBanu B pactBope
Jronbbexko ¢ nodasnenuem 0,4 % ObIYBETO CHIBOPOTOYHOTO
anpOymuHa, 3ateM nomeniany Ha 90 muHyT B 26uM pacTBOp
BCB, npurortosienHoro Ha ocHoBe Jlromb0Oekko. [Tocie atoro
acrimparsl XK paszpensiiin B cOOTBETCTBUH € (DyHKIIMOHAIb-
HBIM CTaTyCOM HaXOJMBIIETOCS B HEM OOIMTA (PacTyLIUH WIN
3aBepmBIIMi (aszy pocta) u ueHtpudyruposanu mnpu 250g
B TeueHne 10 munyT. Jlanee ynansum cynepHaraHTt, a KJIETKH
rpaHy’se3bl IBaX/(bl OTMBIBAIN ITyTEM PECYCICHANPOBAHUS B
(docdarno-coneBom Oydepe. Mukyouposanu KI' B Teuenue 3
yacoB mpu temmeparype 37 °C B pocharHo-coneBoM Oydepe
¢ nobaBieHreM 5 % CHIBOPOTKH KPYITHOTO POTaTroro CKOTa.
Jlist oneHkM sKcrepHanu3anuu (GocdarnauiacepuHa K Kie-
tounoi cycnersun (1,3%x10° kieTok/mir) 100aBIsIM 30HI K
aHHekcuHy-V (AnV) u fionucteiii nponuauii (PI) (Hadop An-
nexinV-FITC Apoptosisdetectionkit, Sigma-Aldrich, CILA)
COIVIACHO MHCTPYKINH, AHAJIM3 IIPOBOAMIN Ha TIPOTOYHOM ITH-
tomerpe Cytomics FC 500. O6paboTka MoIyueHHBIX pe3yiib-
TaTOB OCYIIECTBIISUIACH MIPU TIOMOIIU ITPOrpaMMHOTO obecrie-
yeruss Kaluza™ (BeckmanCoulter, CIIIA). /locroBepHOCTH
pas3yInuus CPaBHUBAEMBIX CPEHUX 3HAUCHUH OLCHUBAIU TPH
Tpex ypoBHsX 3HaunMocTu: P < 0,05; P <0,01; P < 0,001 mns
3 HE3aBHUCHMBIX IKCIIEPUMEHTOB C HCIIOJIb30BaHHEM )>-TECT
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(craructuueckast nmporpamma SigmaStat). Bee ucnonb3oBas-
HBIE B HCCJIC/IOBAHUN PEAreHThI, 32 UCKIIIOYCHUEM YKa3aHHBIX,
npousBojcTBa Sigma-Aldrich. Ilenp HacTosimero ncenenoa-
HUSI — [TPOAHAIN3UPOBATh JIECTPYKTUBHBIE N3MEHEHHS KIIETOK
rpaHysie3bl B OBapHajbHBIX (poyutnKysax KopoB (O 3-5 Mm),
cogepxanux pacrynie (BCB) nnm 3aBeprusiime ¢asy po-
cra oouutsl (BCBY).
PesyabTaThl (Results)

KonnyecTBo amontoTHYeCKUX KIETOK ONPEAEsIOCh Kak
JIOJISL KJIETOK, OKPAIIEHHBIX aHHEKCHHOM V, HO HE OKpalleH-
HBIX HoaucTeiM nporuaueM (¢ppakiust AnV*'/PI), n Beipaka-
JIOCh B MPOILEHTaX OT OOIIEro KOJWYECTBAa aHAIN3UPYEMbIX
kieTok. Mnentudukaims Hekpoza 0OazupyeTcs Ha CHoco0-
HOCTH HOIMCTOrO MpPONUAXS MPOHHUKATh TOJBKO B KIETKU C
MOBPEXJICHHON MeMOpaHo#l. [l amonro3a XapakTepHO CO-
XpaHeHHEe IIEJIOCTHOCTH MEMOpaHbl BIUIOTH JI0 MOCIEAHUX
9TANoB MPOTrPaAMMHUPOBAHHON KiieTouHOM rubenu [5]. Takum
00pa3oM, KHMBbIE KIETKH HE OylayT OKpAIIMBaThCsl HU OIHHM
kpacutesneM (AnnexinV7/PI7), anonTornyeckue KIETKH OymyT
OKpaIlMBaThCsl aHHEKCHHOM V (AnV™), HEKpOTHYECKHE KIIeT-
KM ¥ KJIETKH Ha MO3JHUX CTaJHIX aronTo3a OyayT OKpallu-
BaThCsl HOUCTHIM MPONUANEM HIIH 0OOMMH KPACUTEISIMU Cpa-
3y (AnnexinV*7/PI"). MOHUTOPHHT NECTPYKTHBHBIX MPOIEC-
COB B KJIETKaxX I'paHyjie3bl OBapHaJIbHBIX (OJUIMKYIOB KOPOB
BBISIBUJI JIOCTOBEPHBIC PA3JINuusi MEXK/Y YPOBHEM arloNTO30B
TpaHyJIe3HBIX KJIETOK (OJJIMKYIIOB, COACPIKAIIUX DPACTYIIHE
wim 3aBepimBine ¢aszy pocra ooruts (18 % mporus 29 %,
<P < 0,05, (kpurepuii x%)). JJosist )KUBBIX KICTOK IPAHYIC3bl B
(donnukynax, conepkalinx 3aBepIuuBIIre a3y pocta OOIH-
ThI, ObUTA 3HAYUTEIHHO MCHBIIIC TAKOBOW B (hOJUIMKYIIAX, CO-
JIepKalnX pacTymme oouTsl (62 % mpotus 76 %, **P < 0,05,
(xkputepuii y%)). OlieHKa HEKPOTHIECKUX MPOIIECCOB HCCIIETY-
eMbIX 00pa3IoB MOKa3ayia, YTO YPOBEHb KJIETOK C HEKPO30M
U KJICTOK Ha TIO3/IHUX CTa/MSX aronrosa B (ouimKynax, co-
Jiep KalinX 3aBepIuuBInue a3y pocTa OOLUTHI, ObLT BBIIIE 110
CPaBHEHUIO C 9THM I10Ka3aTeJIeM y KIETOK IpaHyIe3bl U3 (hoi-
JIUKYJIOB, COJIEpKaIMX pacTtyiue oouutsl (11 % mpotus 6 %,
&P < 0,05 (kpurepwuii x%).

Oo6cy:xknenue u BbiBoAbI (Discussion and Conclusion)

B pesyabrare wuccienoBaHHs YCTQHOBIGHO CHUIKEHHE
KOJINYECTBA JKU3HECIIOCOOHBIX, (DYHKIMOHAIBHO aKTHBHBIX
KJIETOK I'paHyJIe3bl B OBapUAIIBHBIX (DOJUTHKYJIaX C OOLUTAMH,
paHKUPOBAHHBIMU Kak 3aBepiuuBiime (asy pocra (BCBY).
HarpoTuB, ot )KMBBIX KJIETOK IPaHyJIe3bl, yIaCTBYIONINX B
(hOpMHUpPOBaHUH KOMIIETEHIINH OOIIMTA K CO3PEBAHMIO, BBIIIE B
KJIETKaX IpaHyse3bl U3 (QOJUIMKYJIOB C PACTYIIMMU OOIMUTaAMU
(BCB"). IlonmyucHHBIC C MOMOIIBIO MPOTOYHON UTOMETPHUH
JITAaHHBIE O IECTPYKTHUBHBIX M3MEHEHHSIX B KJIETKAX IPaHyJIE3bl
OBapHAIBHBIX (DOJHMKYIOB KOPOB C Y4eTOM (DyHKIIMOHAIBHO-
TO cTaryca COAEpIKallerocsi B HUX OOIMTa (pacTyliue u 3a-
BepmBIMe (azy pocra) NO3BOJSIIOT HCHOJIB30BAaTh YPOBEHb
aroNTO30B I'PaHyJIE3HBIX KJIETOK KaK MTOKa3aTeb P MPOTHO-
3MPOBaHUM KaYeCTBA JJOHOPCKUX OOIMTOB KOPOB.

Pabora BbITIOIHEHA B COOTBETCTBUH ¢ TeMOW MUHHCTEp-
cTBa oOpaszoBanusi Poccuiickoit denepannu, HOMEp rocperu-
crpamun — AAAA-A18-118021590132-9.
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Abstract. Currently, there is the possibility of more detailed studies to the study of oocytes and somatic cells (granulosa cells).
The possibility to develop successful models of maturation of female gametes defines the possibility to improve existing meth-
ods for the selection of donor eggs and the search for new donor eggs. Oocyte maturation in vivo occurs with the participation
of structural follicle elements and follicular fluid [3, 4, 6]. Granulosa cells are widely used in bovine oocyte maturation systems
and used in cloning and transgenesis technologies [8, 13]. Purpose of this study: to perform destructive changes granulosa
cells in ovarian follicles of bovines (@ 3—5 mm),which contain growing(BCB"~) or completed the growth phase of oocytes
(BCB"). Methods: Functional testing of oocytes wascarried out using the vital dye BCB (brillant cresyl blue — diamond crystal
blue) [10]. Viability indices in granulosa cells isolated from follicles that contain oocyte s that grow or complete the growth
phase were determined by flow cytometry. The result. It was found, that cellsof granulosa from cow follicles are characterized
by different indicators of apoptosis levels depending on the status of oocytes (completed growth and growing) isolated from
these follicles. The proportion of apoptotic granulosa cells in bovine follicles of containing oocytes that completed the growth
phase, exceeded that in follicles containing growing oocytes by 11 % (29 % vs. 18 %, <P < 0.05). The scientific novelty: The
data obtained using flow cytometry, allow us to evaluate the level of apoptosis in granulosa cells of bovine ovarian follicle as
indicator of functional status of developing oocytes (growing or completed growth phases). This indicator can be used in prog-
nosis of competencies for maturation of bovine oocytes.

Keywords: oocyte, granulosa, apoptosis, bovine, brilliant cresyl blue, in vitro.
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Pa3BuTHE BHYTPUPETrHOHAJIbHOTO
MPOU3BOACTBEHHOI'0 3¢PHOBOI0 KJacTepa

W. T. T'enepanos!, C. A. Cycnos'™
' HuskeropoacKuii rocyiapcTBeHHbII MHKeHePHO-9KOHOMIYeCK Uit yHuBepcuteT, Kusrnuuno, Poccus
SE-mail: nccmaild@mail.ru

Annomayus. Uenn. VccnenoBanue HarpasieHO HaoOOcHOBaHHE (OPMHUPOBaHUs Ha TeppuTopun Hibkeroposckoii oba-
CTH 3€pHOBOrO KjacTepa U olpeleseHuu ero rpasun. Meroasl. McciengoBanue npoBOAMIIOCh HA OCHOBE CTaTUCTHUYECKUX
JIAHHBIX O JMHAMHUKE IPOM3BOJACTBA 3€PHA B CEIbCKOXO3MCTBEHHBIX Oopranu3anusx B Huxeropoyackoi obnactu B pa3pese
MYHHULHUNAIbHBIX 00pa3oBanuii ¢ 2013 mo 2017 rr. s 000CHOBaHHUsI KJIacTepa aBTOPhI MPEIIararoT MOAXO0I, 3aKIH0Yar0-
LIMHCS B BBIICJIICHUH IPOU3BOIMTENEH 3epHa, GopMupyomuX 75 % BaJOBOrO perMoHaJbHOr0 cOopa B IMHAMHUKE, COCTAB-
JICHUW PEUTHHIa MYHHUIUIAJIBHBIX 00pa30BaHMi 10 00beMaM MPOU3BOJCTBA, ONPENEICHIH YaCTOThl BXOXK/JICHUS B peii-
THHT, TPYIIHUPOBKE MYyHHUIIUNIATBHBIX 00pa30BaHUI MO YaCTOTE BXOXKACHUS M aHAJIN3€ IPOU3BOICTBEHHBIX IMOKa3aTeneil B
rpynmnax. PesyabraTsl. Ilo pesynpraram aHannsa aBTOpPB yCTAHOBHIIIM, YTO B 3€pHOBOH kiactep Huxeropoackoi obmactu
JTOJIKHBI BXOJIUTH TAKME MYHHUIIUITAJIbHbBIC 00pa3oBanusi, Kak JIbIckoBCKUi, JlaIbHEKOHCTAHTUHOBCK UM, [To4MHKOBCK U, Ap-
naroBckuil, Ciacckuid, [TaBnoBckuii, [1laTkoBckuii, Ap3amacckuii, ['arunckuii, boropoackuii, CeuenoBckuii, Ceprauckui,
KpacnookTsi0pbekuii, bonbmebonaunckuii, bytypinnckuii, [TnibHUHCKUI palioHbI, KOTOPbIE HEOOXOAMMO O0BEIUHUTH B
TP KaTErOpHH 10 yPOBHIO Mponu3BoAcTBa. HayuyHasi HOBH3HA 3aKJII0YaeTCs B aBTOPCKOM MOAXOJIE€ K BBIACICHUIO BHYTPH-
PErHOHANBHOTO 36pPHOBOTO KJacTepa M BBIICICHUM B HEMTPEX KaTErOpHil B COOTBETCTBUU C UX YCTOHYHMBOCTBIO B 3€pHO-
BOM KJIacTepe: AApo KiacTepa (Co cpemHuM pedTunrom ot 2,2 no 6,8) — [larkosckuii, Ceprauckuii, KpacHOOKTSOpbCKUH,
Bonsmebonaunackuii, byrypannckuii u [InnsHUHCKHN pallOHBI; yHaCTHHKHU KJIacTepa CO CPEIHUM yPOBHEM YCTOWYHUBOCTH
(co cpequuM peiituarom ot 6,8 o 11,4) — JIpickoBckmii, [lounakoBckuii, Apzamacckuii 1 Ce4eHOBCKUN ParOHBL; IS Cl1ab0-
YCTOMYMBBIX yYaCTHUKOB KJiacTepa (co cpeaHuM pertuHrom ot 11,4 mo 11,6 — JlanbHEKOHCTAaHTUHOBCKUH, ApIaTOBCKUH,
Crnacckuii u I'aruHCKuil palloHBI.

Knrouesnle crosa: BanoBoii coOop, 3epHO, 36pHOBOE XO35HCTBO, 3€PHOBOI KJIacTep, KiiacTep, KJlacTepu3alus, peruoH, 3KOHO-
Mudeckas 3ppekTHBHOCTD, YCTOHUNBOCTb.

Jna yumuposanus: I'enepanos U. I, Cycnos C. A. Pa3putre BHyTpPUPETHOHAIBHOTO TPOU3BOACTBEHHOTO 36PHOBOIO KJlac-
Tepa // ArpapHblii BecTHUK Ypaina. 2019. Ne 12 (191). C. 65-72. DOI: 10.32417/1997-4868-2019-191-12-65-72.

Hama nocmynnenua cmamou: 04.10.2019.

IMocTanoBka mpodaemsr (Introduction)

[IpomoBonbcTBEHHAA 0E30MACHOCTHh OTHCIBHO B3ATHIX
PETHOHOB CTPAHHI SABIAETCS 0a3MCOMCOIMAIBHO-YKOHOMIYe-
CKOHl CTaOMIBHOCTH, O0OECIEYMBAIOIIMMEE HE3aBHCHUMOCTD.
OnpenensomuMpakTOpOM  COXpaHEHHS  YCTOWYHUBOCTH
CEJTBCKOT'0 XO3SHCTBA CIIYKUT YPOBCHD Pa3BUTHUS 36PHOBOTO
xo3giicTBa. OqHAKO BeIeHNE BRICOKOA(P(EKTUBHOTO CEITbCKO-
r'0 XO3SHCTBAa HEBO3MOXKHO B KaXXJIOM PETHOHE IO O0IIeMy
ANTOPUTMY WJIU )K€ MCTONB3YS JUIIh OTACIBHBIE MEPOIPHU-
sitas [1, ¢. 30].

BBuny 0co0oif 3HaYUMMOCTH Pa3BUTHS 36PHOBOTO XO3SH-
CTBa aKTyalbHBIM HampaBieHHeM B ympasieHun AIIK B
cyosektax P® craHoBHTCA (OpMUPOBAHWE 3EPHOIPONYK-
TOBBIX KJacTepoB [2, c. 334]. B memoM KIacTepHBIN MOIX0
IOCTaTOYHO 3P (PEKTUBHO MPUMEHSETCS B IpoOIlecce pas3pa-
OO0TKM W pean3alliy PeruoHaTbHBIX HHHOBAIIMOHHBIX MPO-
rpaMM ¥ IPOEKTOB B PA3IMYHBIX CEKTOpPaxX HAPOTHOTO XO-
3siicTBa [3, ¢. 67].

[ox xmacTepoM MOHMMAETCSI CHCTEMa B3aNMOCBSI3aHHBIX
(upPM ¥ HHCTUTYTOB, ABJISIOMIASICS B IIEJIOM OOJIBIIE TPOCTOH
CyMMBI CBOMX COCTaBHBIX HacTei [4, c. 57].

Haubonee 3¢ pexTHBHO 3TOT [TOXO/ IIPOSIBUII CE0s1 ITPH €TI0
peann3anuu B cepax NPOMBIIIICHHOCTH H YCIYT. SIpKUMH
MpUMepaMH SIBISAIOTCA MporpaMMHbIe Kiactepsl KpemHue-
Bas J{onuna (CILIA) u banranop (Munus), a takke pruHaHCO-
Bbie — Yosutetput (CIHA) u ropux (IlBeitnapus). Baxuyro
pOJIb B UX PAa3BUTHHU ChIrpalia MOJACpPkKKa MPAaBUTEIBCTB UX
ctpas [5, c. 8].

IlepcneKTUBHOCTBL MCCIIEAOBAHUM, CBSI3aHHBIX C yIpaB-
JICHHEM TPOU3BOJCTBEHHBIMH KJIACTEpaMH, M HEOOXOau-
MOCTh B pa3paboTKe Mep MO MOBBIIICHUIO SKOHOMHUYECKOI
3¢ (GEKTUBHOCTH B 3CPHOBOM XO3SMCTBE CBHICTCIHCTBYIOT
00 aKTyaJbHOCTHU JaHHOM TeMbI uccienoBanus. Llenp uccie-
JIOBaHUs 3aKJIIo4aeTcsi B 000CHOBaHMM (popMUpOBaHMS Ha
TeppuTopun Huskeropozackoi 00J1acTH 36pHOBOTO KjacTepa
U OTpEJIeICHUH ero TpaHull.

MeTtoaonorust u MeToabl ucciaenopanus (Methods)

HccrnenoBanus, NOCBAILICHHBIC 3E€PHOBOMY XO3SIHCTBY,
BCEr/a SIBISAIOTCA aKTyaJbHBIMM U MEPCIEKTUBHBIMHU BBULY
cneunpUYHOCTH JIAaHHOM OTpaciii HapOJHOTO XO3sicTBa.
Creayer OTMETUTH CBSI3aHHBIC C IAHHOW TEeMaTUKOHN uccre-
JIOBaHMS TaKUX ydeHbIX, kak H. JI. ABapckuii [6], A. U. An-
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Tyx0B [7], O. ®. AMuposa [8], JI. b. Bunnuuek [9] u np. Pop-
MHUPOBAHUIO KJIACTEPOB B 36PHOBOM XO3HCTBE KaK HAy4YHO-
MY HaIlpaBJICHUIO B paMKax arpapHoil HayKH MOCBSITUIN CBOU
pabotsr H. A. T'onouH [1], T. M. Xynsikosa u O. b. I'pexoa
[2], H. TI. Monyanosa u 1. H. Monuanos [3], B. [Tucemax [4],
K. b. Cmarynosa [5], A. T [Tnaxun [10].

Matepuanamu Ji1s UCCIEIOBAHUS TOCITYKUIU CTaTUCTH-
YecKUe JJaHHBIE O JMHAMUKE MPOU3BOACTBA 3€PHA CEIIbCKO-
XO3SIUCTBEHHBIMHM OpranuzanusMu B Hipkeropoackoit 00-
JIACTH B pa3pe3e MyHHIIMINAJIbHBIX 00pa30BaHUI pErvoHa C
2013 mo 2017 rr.

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

Jlnst onpezienieHns cocTaBa MyHUIIMITAIBHBIX 00pa3oBa-
HUH pervoHa B KJjacTepe aBTOPBI IIPEJIaraloT MOAXOM, 3a-
KJIIOYAOLIHNICS B CIEAYOLIEM:

1. Beimenenne MpoM3BONUTENCH 3epHA, (GOPMHUPYIONIHX
75 % BaJIOBOTO PETHOHAJIBHOTO cOOpa B TUHAMUKE.

2. CocTaBieHHE PEUTHHIa MYHUILUNAJIBHBIX 00pa3oBa-
HUU 110 00BEMaM MPOU3BOICTBA.

3. OnpezerneHne 4acTOThl BXOXK/ICHHS B PEHTHHT.

4. I'pynmupoBka MyHUITUIIATBHBIX 00pa30BaHUH IO Ya-
CTOTE BXOXK/ICHUSI.

5. AHanu3 Npou3BOACTBEHHBIX MOKa3aTese B KiacTtep-

HBIX TPyIIax.
Tabmuna 1

PeiiTMHIM MYHHIIMIATIBHBIX 00pa3oBaHuii, popMupy0mMX 75 % BaT0OBOr0 PeriMoHaIbHOIO c6opa

IO MPpOMN3BOJACTBY 3€pHa

MyHuuunajibHoe o0pa3oBaHue 2013 r. | 2014 . | 20151 | 20161 | 2017 1. B cpennem 3a 5 Jier
[lepeBo3ckuii paiion 18 - - - - -
Kusarunnuckuii paiton 17 17 15 16 - -
JIBICKOBCKUH palioH 16 7 10 11 12 11,2
JlanbHEKOHCTAHTUHOBCKUHN paiioH 15 12 11 13 10 12,2
[TouynHKOBCKUY palioH 14 4 6 14 11 9,8
ApnaTtoBckuil pailon 13 13 12 10 17 13
Cracckuii paifon 12 18 17 17 16 16
[TaBnoBckuit paiton 11 14 10 15 15 13
[[TaTkOBCKHH palioH 10 8 5 4 3 6
Ap3amacckuii paiion 9 6 8 8 5 7,2
laruHCckuii palion 8 16 18 18 14 14,8
Boropoackuii paiion 7 10 14 9 18 11,6
CedeHOBCKUN palioH 6 9 16 12 9 10,4
Ceprauckuii pailon 5 5 7 6 1 4,8
KpacHookTa0pbckuii paiion 4 11 1 2 6 4,8
BounbiiebonnHcKnii paiion 3 3 2 5 7 4
ByTypnunckunii paiton 2 2 3 1 4 2,4
IInnpHUHCKUY paiioH 1 1 4 3 2 2,2
Banckuii paiion - 15 13 7 8 —

Table 1

The ratings of the municipal units forming 75 % of gross regional collecting on production of grain

Municipal unit 2013 2014 2015 2016 2017 On average in 5 years
Perevozskiy district 18 - - - - -
Knyagininskiy district 17 17 15 16 - -
Lyskovskiy district 16 7 10 11 12 11.2
Dal’nekonstantinovskiy district 15 12 1 13 10 12.2
Pochinkovskiy district 14 4 6 14 11 9.8
Ardatovskiy district 13 13 12 10 17 13
Spasskiy district 12 18 17 17 16 16
Pavlovskiy district 1 14 10 15 15 13
Shatkovskiy district 10 8 5 4 3 6
Arzamasskiy district 9 6 8 8 5 7.2
Gaginskiy district 8 16 18 18 14 14.8
Bogorodskiy district 7 10 14 9 18 11.6
Sechenovskiy district 6 9 16 12 9 10.4
Sergachskiy district 5 5 7 6 1 4.8
Krasnooktyabr’skiy district 4 1 1 2 6 4.8
Bol’sheboldinskiy district 3 3 2 5 7 4
Buturlinskiy district 2 2 3 1 4 24
Pil’ninskiy district 1 1 4 3 2 2.2
Vadskiy district — 15 13 7 8 -
66



PesyabraTel (Results)

Hwuxeroponckast 007acTh XapaKTepU3YeTCSI BBICOKHM
KOHTPACTOM MPUPOAHBIX M arpoOKJIMMAaTHIECKUX 30H. JIeBo-
OepeXkHast 4acTh PerHoHa COCPENOTOUYCHA B OCHOBHOM HA OT-
pacnu JKHBOTHOBOJCTBA, MPEUMYIIIECTBEHHO Ha Pa3BEACHUN
KPYIHOT'O POTaToro ckoTa. MyHHWIMIAIbHBIE 00pa30BaAHUS
mpaBoOepeKbsl PErHOHA MTPOU3BOASAT MPOIYKIHIOKAK pacTe-
HHEBOJCTBA, TaK W )KMBOTHOBOACTBA. bimke k rory Huxkero-
POICKOH 00JIACTH CIIENHAM3ANNS CEIbCKOXO035IHCTBEHHBIX
OpraHu3anuil yriryOnseTcs B 3epHOIPON3BOACTBO.

B xome wuccienoBaHuii ObUIO yCTaHOBICHO, 4TO 75 %
PErHOHAILHOTO TPOU3BOJICTBA 3€pHA COCPENOTOYEHO B 18
OJIM3NIeKAIKX JAPYT K APYTY MYHHIIMITAIBHBIX 00pa30BaHU-
sax Huxeropozckoii oonacT.

B nepuop ¢ 2013 o 2017 rT. B cocTaB BeAyUINX MPOU3BO-
nurteneid Bxoaunu IlepeBosckuii, Kusrunuuckuii, JIbickoB-
ckui, JlanbHEKOHCTAaHTUHOBCKHH, [lOUMHKOBCKUHN, Ap/IaTOB-
ckuit, Cnacckuit, [TaBnosckuii, llaTkoBckuit, Ap3amacckuii,
l'arunckuii, boropoackuii, CeuenoBckuii, Ceprauckuii,
KpacnookTsi0pbckuii, bonbimedonauuckuii, By Ty piauHckuid,

[MuneuuHCKMA, Bagckuii paiions! (tTadnuma 1).

Tabnuua?2

Snpo 3epHOBOrO KIacrepa

MyHuunajibHoe o0pa3oBaHue 2013 r. 2014 r. 2015 . 2016 r. 2017 r. Temn pocta, %
[IaTkoBCKHit paiion 297 012 397 864 492 110 492 101 608 901 205,0
Ceprauckuii paiion 418 084 488 270 399 630 463 789 732 177 175,1
KpacHOOKTA0pbCKHit paiioH 429 917 369 548 619 211 536 166 523 674 121,8
BonpmebonauaCKMit paiion 456 412 538 972 605 912 467 124 511 706 112,1
ByTypiauHCKHit paiioH 491 370 541 519 525331 561 275 587 583 119,6
[uabHUHCKUHN paiioH 516 341 626 339 508 056 532 806 634 929 122,9
Hroro 2609136 | 2962512 | 3150250 | 3053261 | 3598 970 137,9
Peruon 8010171 | 9785201 | 9506946 | 9413 744 |11 027 129 1377
Jomns B perrnoHe 32,6 30,3 33,1 324 32,6 -

Table 2

Kernel of the grain cluster

Municipal unit 2013 2014 2015 2016 2017 Growth rate, %
Shatkovskiy district 297012 397 864 492 110 492 101 608 901 205.0
Sergachskiy district 418 084 488 270 399 630 463 789 732 177 175.1
Krasnooktyabr’skiy district 429 917 369 548 619 211 536 166 523 674 121.8
Bol’sheboldinskiy district 456 412 538 972 605 912 467 124 511 706 112.1
Buturlinskiy district 491 370 541 519 525 331 561275 587 583 119.6
Pil’ninskiy district 516 341 626 339 508 056 532 806 634 929 122.9
Total 2609 136 | 2962 512 | 3150250 | 3053261 | 3598 970 137.9
Region 8010171 | 9785201 | 9506946 | 9413 744 | 11 027 129 137.7
Share in the region 32.6 30.3 33.1 32.4 32.6 —

Tabmuna 3

Y4yacTHUKY KJIacTepa co CpefHUM YPOBHEM YCTOMYMBOCTH

MyHununajabHoe o0pa3oBaHue 2013 r. 2014 1. 2015 . 2016 . 2017 1. Temn pocta, %
JIvickoBCcKuU paiion 257 352 408 966 356 142 338 828 377 938 146,9
[TounHKOBCK Ui paiioH 263 695 525282 444 432 318 137 395 959 150,6
Ap3amacckuii paiioH 298 015 418 494 380 482 406 323 567 156 190,3
CeueHOBCKUH paiioH 397 179 386 580 277 487 338 740 436 583 109,9
Uroro 1216241 | 1739322 | 1458543 | 1402028 | 1777 636 146,2
Peruon 8010 171 | 9785201 | 9506946 | 9413 744 | 11 027 129 137,7
Jomnst B peruone 15,2 17,8 15,3 14,9 16,1 —

Table 3
Participantsofaclusterwiththeaveragelevelofstability
Municipal unit 2013 2014 2015 2016 2017 Growth rate, %
Lyskovskiy district 257 352 408 966 356 142 338 828 377 938 146.9
Pochinkovskiy district 263 695 525282 444 432 318 137 395 959 150.6
Arzamasskiy district 298 015 418 494 380 482 406 323 567 156 190.3
Sechenovskiy district 397 179 386 580 277 487 338 740 436 583 109.9
Total 1216241 | 1739322 | 1458543 | 1402028 | 1777 636 146.2
Region 8010171 | 9785201 | 9506 946 | 9413 744 | 11 027 129 137.7
Share in the region 15.2 17.8 15.3 14.9 16.1 -
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OneHKa MYHHUIMIAIBHBIX 00pa30BaHUM MO MPOU3BOI-
CTBY 3€pHAa CBUJETENIBCTBYET, YTO HAa MPOTSIKEHUU MOCIE-
HUX TSATU JIeT B peHTHUHT Bcerma BXoAMJU JIBICKOBCKUH,
JlanbHeKOHCTaHTUHOBCKUH, [lounHKOBCKMM, ApAaTOBCKUH,
Cnacckuii, [TaBnoBckuii, IllatkoBckuii, Ap3amacckuii, ['a-
runckuit, boroponckuii, Ceuenonckuii, Ceprauckuii, Kpac-
HOOKTSIOpbCcKHi,  bosbieOonauHckuil,  ByTypiauHCKuid,
[MunbHUHCKUN paliOHBI.

B onmcanHO# coBoKymHOCTH 0c000 BBIAEIsIOTCS boro-
poackuii u IlaBnoBckuil pailoHbl, KOTOpBIE YJal€HBI OT OC-
HOBHBIX INPOHM3BOAUTENEH 3epHA. YCTOHUMBOE BXOXKJAECHUE
JAHHBIX MYHUIUIAJIBHBIX 00pa30BaHHMI CBUAETEIBCTBYET
o ¢opmupoBanuu Ha 3amane Hwuxeropopackod obmactu oT-
JIENIEHOTO KJIACTEPHOTO 00pa30BaHMs B 36PHOBOM XO3SHCTBE,
YTO,HECOMHEHHO, SIBISACTCS MO3UTHBHOM TEHACHLMEH s
TIOBBINICHUS YPOBHS TIPOJJOBOJILCTBEHHOW O€30MTaCHOCTH pe-
THOHA.

Jlns onpeneneHus KiIacTepHON COBOKYITHOCTH aBTOpaMU
ObLTa MpoBezieHa IPYNITMPOBKa MYHHIIMIIATIBHBIX 00pa3oBa-
HUH 110 YaCTOTE BXOXKACHUSI B pEHTHHT 3¢pPHOBOTO IIPOU3BOJI-
CTBA U NPEIJIOKEHO pa3felieHHe y4YaCTHUKOB KJIacTepa Ha
CJeqyIOINe KaTerOpyuHu:

1. AAapo xnacTepa.

2. Y4aCTHUKHU KJIACTEpa CO CPEJHUM YPOBHEM yCTONUU-
BOCTH.

[TponseoacIBO
3epHa, I
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VuacTHIIII KTacTepa co
CPeIHIM YPOBHEM
VCTOIUIBOCTIL

Sapoxmactepa

-Arpapnmﬁ BeCTHNK Ypama Ne 12 (191), 2019 1.

3. CrraboycToiunBbIec YYaCTHUKH KJIaCcTepa.

B pesynbrare pacueToB ObLIN MMOTyYEHBI Clieyomue oa-
pPbEPBI BXOXKJICHHSI MYyHHIIMIIAJIbHBIX 00pa30BaHM B 3€pHO-
BOI1 KJ1acTep B COOTBETCTBUU CO CPEIHUM PEHTUHIOM:!

— s siapa knacrepa — 2,2—6,8 (00pa3oBaH IMIECTHIO MY-
HUIUTAJIEHBIMU 00pa30BaHUSIMH);

— U1 yYaCTHUKOB KJIACTEpa CO CPETHUM YPOBHEM yCTOM-
quBOCTH — 6,8—11,4 (0Opa3oBaH YETHIPbMSI MYHHIIUTIATBHbI-
MU 00pa30BaHUSIMH);

— JUIsL C1a00YCTOWYMBBIX yYaCTHUKOB KilacTepa — 11,4—
11,6 (0Opa3oBaH 4eTHIPbMSI MyHHUIIMIIAIBHBIMU 00pa30BaHH-
SIMH).

Snpo 3epHoBoro kiacrepa obpazoBano lllarkoBckum,
CeprauckuM, KpacHOOKTSOpbCKMM, bBoJbIIeO0IIMHCKIM,
byrypnunckum n [TubHUHCKMM palioHaMHU.

K yuacTHHKaM KiacTepa co CpeJHUM yPOBHEM yCTOWUH-
BocTH OTHOCcsTCs JIbickoBckuit, [lounmHKOBCKMH, Ap3amac-
ckuit 1 Ce4eHOBCKUM pailoHBbI.

JlanbHEeKOHCTAaHTUHOBCKUM, ApnatoBckuil, Crnacckuii u
laruHCKNH paloOHBI SBISIOTCS CcIa00yCTOWYMUBBIMU Yy4acT-
HUKaMH 36pHOBOrO KjlacTepa.

[TpencraBienHble Oapbepbl OTPAXKAIOT TAKKE M YPOBEHb
MIPOU3BOACTBA 3€PHA B KJIACTEPE, UTO MPEACTABIEHO Ha puc. 1.

3598970

CmadoycToIMNBEE
VUACTHIKIL KTIacTepa

Puc. 1. Pacnpedenenue 06vem06 npoussoocmea 3epHa yHacmHuKamu Ka1acmepa no yposHio ux ycmotiuugeocmu 6 2017 e.

Fig. 1. Distribution of the production of grain by participants of a cluster on the level of their stability in 2017
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B cooTBeTCTBUY ¢ JaHHBIMH pHC. | MOXKHO OTMETHUTH CH-
CTEMOOOPA3YIOIIY0 POJIb MYHHIIMITAIBHBIX 00pa30BaHUM,
00pa3yrouux spo 3epHOBOTO Kiacrepa. JlaHHOW KaTeropu-
et B 2017 1. 6p1110 coOpano 3 598 970 11 3epHa, YTO COCTABIACT
OKOJIO TPETH BCET0 PErHOHAIBHOTO BaJIOBOro cOopa. Yuact-
HUKH KJIaCTEpa CO CPEIHUM YPOBHEM YCTOHYHMBOCTH cOOpa-
nu 1777 636 1, a cnaboycroitunbie yuacTHUKHY — | 437 351 1.

Jlns oTpakeHUsT WMHTCHCHUBHOCTHUPA3BHUTHS 3EPHOBOTO
KJIacTepa B Tpeiesiax TePPUTOPUH PEroHa aBTOpaMu ObLIa
cOCTaBJieHa KapTorpaMMma MYHHIHMIIAIBHBIX 00pa3oBaHMN
Hwuxeroponckoit ob61acTi B COOTBETCTBUU C UX yYacTHEM
3epHOBOM KJiacTepe. KpacHBIM OTMEYEHO sJIpo 3epHOBO-
TO KJIacTepa, )KEITHIM — YYaCTHUKH KJacTepa CO CPEJAHHUM
YPOBHEM YCTOWYHUBOCTH, CHHUM — CJIA00YCTONYHBBIC yUacT-
HUKH (puc. 2).

Wzydenue KkiacTepHbIX 00pa3oBaHuil TpeOyeT aHain3a B
paspe3e yUaCTHUKOB B COOTBETCTBHH C CUCTEMHBIM MTPHHIIH-
TIOM, TIO/IPa3yMEBAOIINM PA3JIOKEHHE CI0KHOW SKOHOMHUYE-
CKOM CHCTEMBI Ha OT/ICJIBHBIC B3aUMOCBSI3aHHBIC OOBEKTHI.

PeanbHBICEKTOPHAPOAHOTO X03siicTBa (GOpPMUpPYET ce-
T'OJTHSI OCHOBY HAIIMOHAJIBHOM 3KOHOMUKH Poccuiickoit dene-
paiuu, Kotopasi 00pa3yeT MPUHIIUIBI Pa3MCIICHUS Pa3Iuy-
HBIX BHJIOB XO3SHCTBCHHOW JCSATCIBHOCTH HA TCPPUTOPUHU
CTpaHBbI, a TAKXKE BIMSICT HA CTCIICHb KOHIICHTPAIMH TTPOU3-
BojIcTBa. Hanboree panroHanbHble MOAXO/bI B OPraHU3alHN

Puc. 2. Kapmoepamma myHUGUNANbHLX 00pA306aHUT
Huoicezopodckoii 061acmu 6 COOMeemcmeauu ¢ ux yuacmuem
3epHOBOM Kacmepe
Fig. 2. A cartogram of municipal units of the Nizhny Novgorod region
according to their participation a grain cluster

@ v TS . =

MIPOU3BOJICTBEHHBIX IIPOIIECCOB, aJIEKBATHO OTpakaolIHe
TpeOoBaHMs COOJIOICHUSI MECTHBIX COIMAJIEHO-OKOHOMHYE-
CKHMX OCOOCHHOCTEH pa3BUTHUSI M TEXHOJOTHYECKHE TpPaju-
1uu, B OOJIBIICH CTEMEHU OYAYyT CIIOCOOCTBOBATH M3BJICUC-
HUIO MAaKCUMaJIbHOH BBITOJIBI U3 CYIIECTBYIOIIUX B PErHOHE
pecypcos [11].

BBuay sToro nenecooOpa3HO JUIsl 3¢pHOBOTO KJacTepa
OIpEeNeNINTh Te MyHHIIMIAJIbHbIE 00pa30BaHusl, KOTOPHIE Oy-
JIyT CUCTEMOOOPA3yIOUUMH ISl PETHOHAIBHOTO 3€PHOBOTO
XO3SIUCTBA, U OLICHUTH TMHAMHKY Pa3BUTHUS IPOM3BOJACTBA B
HUX.

MyHnununansHeie  00pa3oBaHusi, (HOPMHUPYIONIUESIPO
3€pHOBOT'0 KJIACTEPa, MOKA3bIBAIOT TEHICHIIHIO POCTA IIPOU3-
BOJICTBA 3€pHA, aHAJOIMYHYIO B LIEJIOM 110 peruony — 37 %
npupocrta K ypoBHio 2013 1. —u GOpMHPYIOT Ha OTYETHYIO
naty 32,6 % BayoBoro coOopa. Hambosiee BBICOKHE TEMITBI
pocTa TPOM3BOJACTBA 3€pHA HAOJIOAAIOTCS B HCCICAYEMOM
nepuojne B HlatkoBckom (205 % Mo OTHOMIEHUIO K YPOBHIO
2013 r.) u Ceprauckom (175,1 % 10 OTHOIIEHHIO K YPOBHIO
2013 r.) paitonax. Poct 00bemoB nponsBoscTBa cbime 20 %
HaOmronaercs B [TunpHuHCcKOM 1 KpacHOOKTSIOpbeckoM paiio-
Hax. B Bytypnunckom 1 bonbiiedonguHckoM palioHax TeMIT
pocTa nmpou3BojcTBa 3epHa coctaBuia 119,6 % u 112,1 % co-
OTBETCTBEHHO.

MyHununansHeie 00pa30BaHus, SBISIIOIUECS yYaCTHH-
KaMH1 KJacTepa CO CPeTHUM YPOBHEM YCTOHYMBOCTH, IOKa-
3BIBAIOT OMNEPEXKAION[YI0 TEHJCHIIMIO POCTa MPOM3BOACTBA
3epHa 10 CPAaBHEHHUIO C OOIIMM pPETHOHAJIBHBIM YPOBHEM —
46,2 % mpupocrta kK ypoBHto 2013 1. (BBIIlIC PErHOHATHLHOTO
ypoBHs Ha 8,5 %)—u popMupyIOT Ha OTYeTHYIO Aaty 16,1 %
BajioBoro cbopa. Hanbonee BbICOKHE TEMITBI POCTa ITPOU3-
BOJICTBA 3€pHA 3a IOCJIEJHUE 5 JIET B ATOI KaTeropuu Ha-
onmronmarorcst B Apzamacckom paiione (190 % mo oTHOUICHHIO
k ypoBHI0 2013 r.). JIsickoBckuit u ITounHKOBCKUI palfOHBI
XapaKTepusyroTcsa TeMnaMu pocta B 146,9 % u 150,6 % co-
orBeTcTBeHHO. CaMblil HU3KMH TEMIT pOCTa B KaTErOPHH OT-
MeyaeTcsi B CeueHoBckoM paiione — 109,9 %.

CnaboycTol4YuBBIE yYaCTHUKH Kiactepa (GOopMUPYIOT
13 % peruoHabHOTO BaJIOBOro cOopa, IPU STOM TaKKe OT-
JIUYAIOTCSl BBICOKMMH TEMIIAMH pOCTa MPOM3BOACTBA 3€pHA
B pa3pe3e Hmxeropopckoii obnactu. Jlngepom 31ech Kak 1o
o0beMaM MPOU3BOJICTBA, TaK M TI0 Temmnam pocta (155,7 % no
OTHOIIEHUIO K ypoBHI0 2013 1) aBisieTcs JlaTbHEKOHCTAaHTH-
HOBCKHH paiioH, opranuszanuu koroporo coopanu 403331 m.
ApnaroBckuit 1 CriaccKuil paidlOHBI NMPHOJIM3UTENBHO CXO-
XU 1 1o o0bemam mpou3sBonactBa (337 343 u 346 202 11 co-
OTBETCTBEHHO), U Mo Temnam pocta (126,2 u 127,9 % coor-
BETCTBEHHO). ['arMHCKMIi pailoH 3aHUMAeT BTOPOE MECTO MO
0o0beMy IpOM3BOACTBA 3epHA, KOTOphIi B 2017 r. cocTaBmi
350 475 1, ogHako Mo TeMIaM pOCTa OH 3aHUMAeT B JaHHOU
KaTeropuu MocleHIow no3umnuto — 116,5 %.

Oo6cy:xknenue u BbiBoAbI (Discussion and Conclusion)

Hwxeropoynckast 0051acThb SBJISETCS OJHUM M3 BEAYIIMX
npousBoauTeNel 3epHa B HeuepHosembe, oaTomy hopmu-
pOBaHUE SKOHOMHYECKOH IOJUTUKH I10 MOBBIIICHUIO 3KOHO-
MUYecKOol APPEKTUBHOCTH U YCTOIYMBOCTH 3€PHOBOTO XO-
3sIICTBa B PErMOHE SIBJISICTCSI HEOOXOIMMBIM HarpaBIeHUEM
TI0 Pa3BUTHUIO arpapHOil SKOHOMHUKH.
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Tabnuna 4

CiraboycroiidnBble Y4aCTHUKM KIacTepa

MyHununajisHoe odpa3oBaHue 2013 r. 2014 r. 2015 r. 2016 . 2017 r. Temn pocta, %
JlanbHEKOHCTAHTUHOBCKUN paiioH 259 092 366 148 351 880 333 625 403 331 155,7
ApraToBCKHi paifoH 267 292 338299 331278 338916 337 343 126,2
Cnacckwuit paiion 270 586 268 561 250 847 294 343 346 202 127,9
laruHckui paiioH 300 777 304 430 235 743 266 744 350 475 116,5
HUrtoro 1097 747 | 1277438 | 1169 748 | 1233628 | 1437 351 130,9
Peruon 8010171 | 9785201 | 9506946 | 9413 744 |11 027 129 137,7
Jois B peruone 13,7 13,1 12,3 13,1 13,0 —

Table 4
Poorly steady participants of a cluster
Municipal unit 2013 2014 2015 2016 2017 Growth rate, %
Dal’nekonstantinovskiy district 259092 366 148 351 880 333 625 403 331 155.7
Ardatovskiy district 267 292 338 299 331278 338 916 337 343 126.2
Spasskiy district 270 586 268 561 250 847 294 343 346 202 1279
Gaginskiy district 300777 304 430 235 743 266 744 350 475 116.5
Total 1097747 | 1277438 | 1169748 | 1233628 | 1437 351 130.9
Region 8010171 | 9785201 | 9506946 | 9413 744 | 11 027 129 137.7
Share in the region 13.7 131 12.3 13.1 13.0 -

Ilo pe3ynbprataM HccIeOBAHUS MOKHO OTMETHUTh, UTO B
Huxeroponckoii 0671acTi €cTh MEPCIEKTHBEI CO3AaHUS BHY-
TPUPETHOHAIBHOTO 3¢PHOBOTO KJIACTEPa, B KOTOPBIH, 1O pac-
YeTaM aBTOPOB, JOJDKHBI BXOAUTH TaKHWe MYyHHUIIUNATBHBIC
oOpa3oBaHus, kKak JIBICKOBCKHil, J[aIbHEKOHCTAHTUHOBCKHUH,
ITounnkoBckuii, ApmartoBckuii, Cnacckuii, IlaBioBCKUH,
ITatkoBckuii, Ap3amacckuii, [arunckuii, boroponckui,
CeuenoBckuii, Ceprauckuii, KpacHooktsiopsckuii, bonbiie-
Oonnuuckui, ByTrypnunckui, [InnpHuHCKMN padionsl. Ha
HAaIII B3IJIJI, Yy9aCTHUKOB CJIEyeT CIPyNIUPOBaTh B TPH Ka-
TETOPUHU B COOTBETCTBUU C UX YCTOWUYHMBOCTBIO B 3€PHOBOM
KJacTepe: sApo Kiactepa (CoO CpeIHUM PEeUTHHTOM OT 2,2
1o 6,8) — IlarkoBckuii, Ceprauckuit, KpacHOOKTAOpbCKHUA,
Bonbiebonnuuckuit, By typauHckuii u [TnnbHUHCK I paiio-
HBI; YUaCTHUKH KJIACTEPa CO CPETHUM yPOBHEM YCTOWUHBO-
cTH (Co cpeHUM pedTuHTroM OT 6,8 10 11,4) — JIBICKOBCKHH,
[TounnkoBckuit, Apzamacckuii © CeueHOBCKMM palioHBI; IS
c1a00yCTONYMBBIX YUACTHHUKOB KjacTepa (CO CPeIHUM pei-
tuHTOM OT 11,4 10 11,6 — JlanbHEKOHCTAaHTUHOBCKUM, Apna-
ToBCckui, Criacckuid u ['aruHCKUM paiioHBbI.

ABTOpaMH TIPEICTABIEHbl CTAaTHCTUUYECKOE OMUCAHUE
YYaCTHUKOB 3€PHOBOTIO KJIacTepa M BBHISBICHBl OCHOBHBIC
TEHJCHITNH Pa3BUTHS B OTAEIBHBIX KaTETOPUSIX, a TAKXKe OC-
HOBHBIE NTPOU3BOJICTBEHHBIC JUACPHI B HUX. BbIIO ycTaHOB-
JICHO, YTO HanboJee JMHAMUYHO pa3BHUBAIOIICHCS KaTeropu-
el ABIsieTCs AApo KiacTepa.

CrnenyeT OTMETHTb, YTO B CIOKHUBIIMXCS HKOHOMUYECKUX
YCIIOBUSIX KIIACTEPBI M MOI00HBIE UM (DOPMHUPOBAHUS SIBIISIIOT-
cst HauOosee 3P PEKTUBHBIMU CTPYKTYPHBIMU 00pa30BaHUSIMH,
4ybe (pyHKIIMOHMPOBAaHHE COCOOCTBYET MHHOBAIIMOHHOMY Ha-
MIPaBJICHUIO Pa3BUTHUS HAITMOHAIBHOM S5KOHOMUKH [12, c. 117].

[To3uTuBHBINA 3apyOeKHBINH OMBIT Pa3BUTHUSI KIACTEPOB
JIeNlaeT aKTyalbHbIM (DOPMUPOBAHHE KJIACTEPHON MOJIUTHKH
B Hamel crpase. JlaJbHEUIINM NIEPCIEKTUBHBIM HallpaBJiie-
HUEM JIOJKHBI SIBJISATHCSA BHEAPEHUE B MPAKTUKY X03HCTBO-
BaHMs COAJIAHCHPOBAHHOW CHCTEMbI ToOKa3atened 3ddek-
TUBHOCTH JEHCTBYIOIIMX KJIACTEPOB U IOCIEAYyIOIIee Mpo-
THO3UPOBAHKE YPOBHS Pa3BUTHSL, UTO OyIeT CIOCOOCTBOBATH
KOMIIJIEKCHOMY TIOJIXOJy K HOAJEpKKEe (POPMHUPYIOMIMXCS U
¢dyHkronupyooumx B Poccuniickoit denepannn kiacTepHbIX
obpa3zoBanuii [10, c. 64].

HyxHOo mnomyepkHyTh, 4TO Hambonee 3ddexkTrBHbIC
KJIacTepbl (OPMUPYIOTCS TaM, TAE OCYILIECTBISETCS WIIN
0KUJAeTCsl WHHOBAIIMOHHBIA MPOPBIB B OOJIACTH TEXHUKHU
1 TEXHOJIOTHH TPOU3BOJCTBA C MOCIEIYIONINM BBIXOIOM Ha
HOBBIE PBIHOYHBIE CETMEHTHL. BBHIY 3TOrOpsiA pa3BUTBIX
rOoCy/IapCTB BCE aKTHBHEE HCIOJIb3yeT KJIACTEPHBINH MOAXO]
B (hOpMUPOBAHMH W PEryIUPOBAHMH CBOWX HAIMOHAJIBHBIX
WHHOBAIIMOHHBIX Mporpamm [13, c. 125; 14, ¢. 256; 15, c. 852].

JlanbHelne nepcrneKTUBbI UCCIIEN0BAHMS 3aKI09a0TCs
B pa3paboTKe CHCTEMBbl OPraHU3aIlHOHHO-DKOHOMHYECKOI'0
yIpaBJeHHs] 3epHOBBIM KiacTepoMm Hrmkeroposckoit o0ia-
CTH, a TaKXke pa3paboTKe METOAOB MOHUTOPHHTA M OLIEHKU
€ro pa3BUTHSA.
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Development of an intra-regional production grain cluster
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Abstract. Purpose.The research is directed to justification of formation in the territory of the Nizhny Novgorod region of a
grain cluster and definition of its borders. Methods. The research was conducted on the basis of statistical data on dynamics of
production of grain in agricultural organizations in the Nizhny Novgorod Region in a section of municipal units from 2013 to
2017. For justification of a cluster authors offer the approach consisting in allocation of the producers of grain forming 75 % of
gross regional collecting in dynamics, drawing up rating of municipal units on the outputs, determination of frequency of en-
try into rating, group of municipal units on the frequency of occurrence and the analysis of operational performance in groups.
Results. By results of the analysis authors established that the grain cluster of the Nizhny Novgorod region has to include
such municipal units as Lyskovskiy, Dal’'nekonstantinovskiy, Pochinkovskiy, Ardatovskiy, Spasskiy, Pavlovskiy, Shatkovs-
kiy, Arzamasskiy, Gaginskiy, Bogorodskiy, Sechenovskiy, Sergachskiy, Krasnooktyabr’skiy, Bol’sheboldinskiy, Buturlinskiy,
Pil’ninskiy districts which need to be united in three categories on level of production. The scientific novelty consists in au-
thor’s approach to allocation of an intraregional grain cluster and allocation in it three categories according to their stability in
a grain cluster: a cluster kernel (with average rating from 2.2 to 6.8) — participants of a cluster with the average level of stability
(with average rating from 6.8 to 11.4) — for the poorly steadyof participants of a cluster (with average rating from 11.4 to 11.6).
Keywords: gross harvest, grain, grain farming, grain cluster, cluster, clustering, region, economic efficiency, sustainability.
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Annomayus. leanb padoTbl — CHMMETPHUYHOE pa3/eneHne (PakTopoB MPON3BOJCTBA M HEPABHOMEPHOE PAa3BUTHE TEPPUTOPHI
OCIIOXKHSIET TIpoliecc ypoanuszaun. B cBoro ouepenp, ykazaHHBIE SBJICHHSI MOTYT B pa3HOM CTENEHU BO3JCHCTBOBATH HA pa3-
BUTHE TEPPUTOPUH, OXKUBUTH KOHKYPEHIIMIO. B CBSI3U C 9THM BO3HHKAET HEOOXOANMOCTD ONPEAEIICHHSI I'PAHUI] SBEHTYaIbHbBIX
pa3Muuil B COLMAIBHOM M SKOHOMHYECKOM YPOBHSX Pa3BHTHsS M BO3MOXKHBIX IIPUHIMIAX BbIpaBHUBaHMA. Hapsngy c stum
CJIe/lyeT NMPOBECTH aHAIN3 U aTh OLIEHKY SKOHOMHKE TEPPUTOPHH B LIEJIOM, a TAKXKE yIEINTh BHUMAaHHE TEM BHaM 3KOHOMH-
YEeCKOH JEATeNIbHOCTH, KOTOPBIE XapaKTepHU3yIoT ee crieruain3aniio. Kpome Bcero, BEISIBUTH IIEPBOCTEIICHHBIC HAIIPABICHHS
1 MHCTPYMEHTBI, KOTOPbIE TOMOTYT ITPEO0JIETh AUCIPOIIOPINOHAIFHOE Pa3BUTHE TEPPUTOPHN. B cTarhe Ha OCHOBE aHANN3a
OTpPACIIEBON CTPYKTYPHI BAJIOBOTO PErHOHAIBLHOTO IMPOAYKTa pacCMaTpUBAIOTCSI OCOOCHHOCTH MPOCTPAHCTBEHHOTO PA3BUTHS
SKOHOMUKH U COLIMAIBHOHN C(epbl TEPPUTOPHI FOXKHOTO MakpoperrnoHa Poccu, BBISIBICHO X acCUMETpUYHOE (hOPMUPOBAHUE,
MIPE/ICTaBIICHA TUIIOJIOTH3ALUsl TEPPUTOPUH, NPEUIOKEHBI HAIIPABICHHUS PA3BUTHS B YCIOBUSIX IPOCTPAHCTBEHHBIX THCIIPO-
nopuunii. [yt MOBBIIIEHUS] YCTOMYMBOCTH K TIPOIECCaM 3KOHOMHUYECKOTO KPH3HCA TEPPUTOPHSIM FOXKHOTO MaKpOPETHOHA C
ACHMMETPHYHBIM Pa3BUTHEM Ba)KHO COXPAHUTH T€ C(epbl SKOHOMHUUECKON IEATEIBHOCTH, B KOTOPBIX PErHOH SIBISETCS JIH-
JIepoM, a TaKKe MPHIEPKUBATHCS 00YCIIOBIEHHOTO YPOBHS TUBEpCH(MKAINY U CIICUAIM3AUH B JOXOAHBIX CErMEHTaX KO-
HOMHKH. QO0BEKTOM HCCIICIOBAHMS SIBIISIFOTCS] COLMATIBHO-IKOHOMHUYECKHUE TIPOIIECCHl PETHOHA B YCIOBHUIX ACCHMETPHYHOTO
pasBuTus. OyHIaMEHTAIbHBIE HCCIIEI0BAHMS POCCUHCKIX W 3apyOeKHBIX YUCHBIX, ITOCBAIICHHbBIE IPOOIeMaM PErHOHAIbHON
SKOHOMUKH, (POPMUPYIOT TEOpETHIECcKyIo 0a3y uccienoBanus. MeToabl. B ncciieoBaHy NpUMEHSUTUCH SKCIICPTHBIA METOJ,
METOJ] CUTYAIIHOHHOTO M CPAaBHHUTEIILHOTO aHAJIN3a, METO/ TUIIOJIOTHYECKUX IPyHIHpoBoK. VHPpOpMAaMOHHO! 1 SMIpHye-
cKoit 0a3oii sBistoTCS (hakTHIeckne oTyeThl denepanabHON CITyKOBI TOCY/ITapCTBEHHOM CTATHCTHKY U TEPPUTOPHUAIBHBIX Opra-
HOB; UCCIIEJOBAHMS B 00JIACTH Pa3BUTHS IKOHOMUYECKUX CHCTEM PETMOHOB; aHAJIMTHYECKUE 0030pbl 1 MaTepHalibl HayYHbBIX
KoH(epeHuid. Pe3yJibTaThl HcciIe0BaHNs MOTYT OBITh HCIOJIB30BAaHBI IPU Pa3padOTKe CTPATErHny SKOHOMUYECKOH aKTHUBH-
3aIuK TeppuTopuii. B paborte momydeHs! cienyiomye HOBbIe HAyYHbIe pe3yJbTaThl: pa3padoTaHa THIIOIOTHSI PETHOHOB MO
CTETICHH NPOTIOPIHOHATIBHOCTH U JUHAMHUKE UX COLMAIbHO-SKOHOMHYECKOTO PAa3BUTHS; MPEITIOKEHB MEPOIIPUSATHS 110 pea-
JM3alU HHBECTUIIMOHHBIX IPHOPUTETOB I0’KHOTO MaKpOpErHOHa JUIS [eiel YIIpaBIeHHs IPOLeCCaMi SKOHOMUYECKOH aKTH-
BU3AIMU TEPPUTOPUI C HCIIONB30BAHUEM BOZMOXKHOCTEH MEKPETNOHAIBHOTO B3aUMOICHCTBHSI.

Kniouegvie cnosa: pernoH, MPOCTPAHCTBEHHAs] KOHKYPEHIHUS, COIMAIBHO-9KOHOMHYECKOE Pa3BUTHE, TEPPUTOPHS, acCHMe-
TPUYHOE PA3BUTHE, HHBECTUIIMOHHBIC TPUOPHUTETHI, THIIOJIOTU3AIHS CyObEKTOB.

Jna yumuposanus: I'ypuosud T. B., Ocranenko E. A. OcoOeHHOCTH COIMaTbHO-?KOHOMUYECKOTO PA3BUTHS TEPPUTOPUH H0K-
HOTO MaKpOPETHOHA B YCIOBHUSX TPOCTPAHCTBEHHON KOHKYpeHIMH // ArpapHslii BecTHHK Ypaina. 2019. Ne 12 (191). C. 73-83.

DOI: 10.32417/1997-4868-2019-191-12-73-83.

Mama nocmynnenua cmamopu: 23.10.2019.

IMocTanoBka mpodaemsr (Introduction)

ITpobieMa HEPABHOMEPHOIO PEMOHAILHOIO PA3BUTUS B
YCIIOBUSX IIPOCTPAHCTBEHHOM KOHKYPEHIIMH BbI3bIBAET HAYY-
HbI€E JIUCKYCCHUH, B KOTOPBIX HMEIOT MECTO TIOJISPHO IPOTHBO-
HOJOKHBIE TOYKHM 3PEHHUs PELIEHMs JAHHOro Bompoca. He-
KOTOPBIE SKOHOMHCTBI CUMTAIOT, YTO HEOOXOMMMO MPOBOAMTE
HOJIMTHKY BHIPABHUBAHUSA TEPPUTOPHUH, IPYIUe — OCBOOOIMTE
PETHOHBI OT HEPEHTAOEIBHBIX NPEANPUATHI U [IOMOrarh Ha-
CEJIEHUIO MUTPUPOBATh B O0JIee GIaronoiy Hble PErHOHbI.

AHanu3 pa3BUTHA TEPPUTOPHUIT FOKHOTO MaKpOpPErHOHA B
YCIIOBUAX MPOCTPAHCTBEHHOM KOHKYPEHLMH [103BOJIMI MIPEJ-
CTaBUTH O0O0OIIEHHYIO XapaKTEePUCTUKY OCHOBHBIX PE3yJbTa-
TOB UCCIIEZJ0BAHUSI.

MeTtonoaorusi u MeToabl uccjenoBanus (Methods)

Lenbro nccnenoBaHus SABIAETCS (GOPMHUPOBAHHE TIPEJIO-
JKEHUM M IIPAaKTUYECKUX PEKOMEHIALUNI 110 COBEPLICHCTBOBA-
HUIO MEXaHU3MOB CIVIA’KUBAHUS IPOCTPAHCTBEHHBIX COLIMAIIb-
HO-DKOHOMHUYECKUX IUCIPONOPLUUI B YCIOBUSX IPOCTPaH-
CTBEHHOU KOHKYPEHLUU.
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Table 1
Distribution structure of the gross regional product of the Southern macroregion [3]
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Southern Federal District

. 2007 | 100 | 716.9] 0.0 | 1.9 | 13.0] 2.0 | 99 [20.0| 1.0 | 4.0 | 0.1 | 49 |109| 6.0 | 7.0 | 1.0

Republic  To0107100 | 74.7| 0.7 | 1.3 | 13.5] 3.0 | 5.4 | 19.7] 0.6 |101] 0.0 | 6.4 |11.1| 63| 7.1 | 14
of Adygea

2018 | 100 | 158| 0.1 | 1.3 |129] 33 |63 18205 |92 |01 |72 |101] 66|69 15

2007 | 100 | 74.1] 0.1 | 0.7 |123| 24 |102]17.8| 26 |181| 0.1 | 72| 51|28 | 47| 15

Krr"esg”l.‘o’i‘” 2010 | 100 | 74.7| 0.1 | 1.7 |12.2| 2.7 | 87 |17.5| 23 [202] 0.0 | 6.8 | 3.9 | 2.8 | 46 | 1.4

2018|100 | 157 0.1 | 1.9 |13.0] 3.3 | 94 | 143| 24 (193] 00 | 7.1 | 3.7 | 33| 49| 1.6

2007 | 100 | 7.6 | 0.8 | 3.1 |202| 33 |164| 93| 1.6 |142] 00| 81 | 6.7 | 3.5 | 4.8 | 0.4

Afergf;hn“” 2010 | 100 | 7.7 | 0.6 | 3.2 |23.6| 32 | 11.5]| 94 | 1.4 |154| 0.1 | 88 | 53 | 34| 47| 1.2

2018|100 | 7.7 | 0.7 | 2.7 |27.7] 3.5 |12.0| 88 | 1.2 |145]| 0.1 | 6.9 | 4.8 | 3.5 | 48 | 1.1

2007 | 100 | 9.9 | 0.1 | 49 [259| 30| 49 [159| 1.0 | 80 | 03| 99| 49 | 30| 40 | 1.0

V"rleg;%’;"d 2010 | 100 | 93 | 0.1 | 7.2 (277 46 | 35152 06 | 83 | 0.1 |103| 44 |26 | 38| 1.1

2018|100 | 95| 0.1 | 68 |266| 62|59 (16208 |84 |01 |81 |37|25]|36] 1.0

2007 | 100 | 771 0.1 | 1.2 |205| 4.1 | 85 (21.2| 1.3 1 93| 05| 79|53 |34|38]| 13

Rostov region | 2010 | 100 | 11.4 | 0.1 | 1.2 |18.7| 4.6 | 7.7 | 22.4| 1.2 |10.1| 0.6 | 7.8 | 4.5 | 3.4 | 4.1 | 1.3

2018 | 100 | 12.8| 0.1 | 1.1 |186| 5.4 | 6.4 |23,2| 1.1 |102] 0.7 | 79| 3.8 | 3.8 | 3.6 | 1.3

North Caucasus Federal District

. 2007 | 100 | 7175 0.0 | 1.1 | 42 | 1.4 |17.3]23.8| 26 | 123 00| 28 | 6.1 | 51| 35| 1.6

Republic 50107100 [ 208 0.7 | 1.0 | 5.2 | 1.8 | 13.1]22.7] 1.7 [ 140 00 | 2.7 | 48 | 5.7 | 36 | 1.8
of Dagestan

2018 | 100 | 235 0.1 | 1.9 | 58 | 2.1 |12.6|198| 1.6 |142] 0.0 | 26 | 41 | 5.7 | 3.6 | 2.4

2007 | 100 | 702 0.0 | 3.2 | 1.7 | 0.8 | 11.6|10.7| 0.1 |12.8| 0.0 | 1.1 |31.5| 81 | 6.6 | 1.2

Republic 50107100 | 20.3 00| 7328158119600 |57]00)|05]137|92]|84]| 12
of Ingushetia

2018 | 100 |22.6| 0.0 |102| 2.1 | 1.3 | 79 |156| 00 | 51 | 0.0 | 26 |140] 96 | 7.1 | 1.8

. 2007 | 100 |23.5] 0.0 | 0.1 |122| 26| 82 194 1.1 | 72|00 | 34| 91|66]| 48| 1.1
Kabardino-

Balkarian | 2010 | 100 |25.7| 0.0 | 0.1 |13.2] 2.6 | 63 |19.6| 1.0 | 81 | 0.0 | 5.5 | 57 | 65 | 44 | L1

Republic 17501871100 |26.6| 0.0 | 02 | 115] 32| 7.7 | 190] 08 | 83 | 00 | 58 | 51 | 68| 39| 0.9

2007 | 100 | 23.2] 0.0 | 1.8 | 13.4| 50| 82 [138| 1.2 | 47 00| 61|97 | 48| 62|12
Karachay-

Cherkessia | 2010 | 100 |22.7| 0.0 | 2.1 | 12.4| 3.7 | 81 | 164 09 | 53 | 0.0 | 81 | 7.5 | 51 | 6.1 | 1.2

Republic 5015100 | 23.9] 0.0 | 2.0 | 11.4| 46 | 7.8 [163] 06 | 60 |00 |68 | 7.1 | 55| 67| 1.3

Republic | 2007 | 100 |15.4| 0.0 | 0.2 | 156 | 3.1 | 9.7 | 193] 04 | 7.6 | 0.0 | 42 |12.3| 5.1 | 5.1 | 1.1

"Of;feotfflh 2010 | 100 | 75.2] 0.0 | 0.1 |223| 28 | 64 |187| 04 | 81| 00| 70| 81 | 44| 43| 1.1

Alania 2018 | 100 | 183 0.0 | 0.1 |152] 35|59 (196| 06| 98| 00| 70| 66| 58| 56| 2.0

2007 | 100 | 9.7 | 0.0 | 83 | 1.8 | 1.1 |198|11.7) 0.1 | 73|00 | 2.1 |26.1| 7.1 | 44 | 0.7

Igflf;z;’z 2010 | 100 | 70.71] 0.0 | 9.7 | 0.4 | 5.6 |13.8|12.1| 0.0 | 81 | 0.0 | 1.4 |226]| 86 | 4.7 | 1.7

2018|100 | 6.7 | 0.0 |10.1] 0.5 | 7.3 |163|151] 00 | 45| 0.0 | 0.9 |236| 85 | 5.1 | 1.4

2007 | 100 | 76.7] 0.0 | 1.1 |14.2| 51 | 7.1 [192| 1.5 |105| 0.0 | 5.7 | 6.8 | 41 | 6.3 | 1.2

S’r“evgrl%ﬁ‘)l 2010 | 100 | 74.1] 0.0 | 27 | 151 6.1 | 7.1 |17.7| 1.5 | 134 02 | 56 | 5.1 | 41| 58 | 1.1

2018|100 | 152 0.1 | 2.1 |14.6| 6.9 | 54 |17.1| 1.5 |149| 03 | 6.1 | 44 | 43 | 6.0 | 1.1
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TeopeTnko-MeTO0IOTHYECKAasE OCHOBA  MCCIIEIOBAHMS
JIAaHHOW cTaTbu — (yHIAMEHTaJIbHOE W TPHKIAJHOE HCCIIe-
JIOBAaHHE OTEYECTBEHHBIX M 3apyOEKHBIX YYCHBIX B 00JACTH
MIPOCTPAHCTBEHHOH HKOHOMHUKH, TEMaTH4eCKUe ITyOIHKaIiu
B MEPUOANYECKUX M3/IaHUSX, TIOCBSICHHBIC IPOOJIEMe COLH-
aJIbHO-DKOHOMHMYECKOTO Pa3BUTHsI pernoHa. B xone uccneno-
BaHMs UCIIOJIBH30BAIUCH METO/BI OOIIEr0 HAy4YHOTO M CIEIH-
aJIBHOTO XapakTepa: aHalli3, CHHTE3, a0CTpaKIys, HHIYKIHS
U ISy KIUSL.

[IpakTHyeckass 3HaYMMOCTh CTaTbU 3aKJIIOYaeTCS B BOC-
TPEOOBAaHHOCTH €€ OT/CNBHBIX IOJOKEHUIl MPH COBEpPIICH-
CTBOBAHMH PETHMOHAIBHOTO MEXaHNU3Ma yIPaBJICHHS.

PesyabTaThl (Results)

DKOHOMHYECKHI KPU3UC NPHUBEN K CIIaay SKOHOMHKHU pe-
TMOHOB, B Pa3HOIl CTEIIEHU KOCHYJICS TeX WJIM UHBIX ee chep.
C y4eToM OTIMYHTEIBHBIX OCOOCHHOCTEH COIMAILHOTO IKO-
HOMHMYECKOTO Pa3BUTHSI TEPPUTOPUN HEraTHBHBIM 3((hexToM
KpH3HCa SBISIOTCS Cliaz 000pOTOB TOPTOBIIH, TPOU3BOACTBO
MIPOAYKIMH 00padaThIBaoIel MPOMBIIIIIEHHOCTH U CEJILCKO-
IO XO34HCTBA.

Ha conmanbHO-0KOHOMHYECKOE Pa3BUTHE PETHOHA BIHSIIOT
TaKue BUJIbI SKOHOMHYECKOW JIESITEILHOCTH, KOTOPbIE HMEIOT
HauOONBIINI YIENbHBIH BEC B CTPYKTYPE BaJIOBOTO PErHO-
HanpHOro mpoxykra (BPIT). B tabaune 1 npencrasiena ot-
pacneBas ctpykrypa pacnpenenenust BPIT FOxuoro makpope-
ruoHa [1, c. 226; 2].

B paccmarpuBaeMOM BpEeMEHHOM OTpPE3KE OTMEUeHa I10-
JIOKUTEJbHAS IMHAMUKA B Cepe CeIbCKOro X03s1CTBa B pe-
cnyonmukax Aneiresi, [larectan, KapauaeBo-Uepkecusi, Kabap-
nuHO-bankapus n KanMmpikuns. YBeandeHue yelbHOTro Beca
B BaJIOBOM PErMOHAIILHOM IPOAYKTE JOOBIBAIOIINX OTpacien
HaOmonaercst B Yeune u Bonrorpackoit obmactu.

B CraBpornonbckoM Kpae OTMEUEH pOCT MPOW3BOACTBA U
pacripezienieHus AIeKTPOIHEPrH, Taza 1 Bojsl. B Kapadaeso-
Yepkecckoii PecyOnuke ynenbHbil Bec B cTpykType BPII cy-
IIECTBEHHO YMEHBIINIICS.

OnroBasi ¥ PO3HUYHAS TOPTOBIS HMMEET HaMOOIBIIYIO
JIOJTIO B BAJIOBOM PETHOHAJIBHOM MPOAYKTE, OJHAKO U €€ JIOJIs
BEChbMa CHHU3MJIACh, YTO MOXKET SIBIISITHCS CIIEACTBHEM IMHA-
MHUYHOT'O Pa3BUTHSI CETEBBIX CTPYKTYP, @ TAKKE MIOTEPH TTO3H-
i Masoro OusHeca. JloBOIBHO CTAOMIIBHO pacTeT yeIbHbIN
BeC TpaHCIopTa u cBsizu B KpacHomapckom kpae.

3npaBooxpaHeHHe U 00pa3oBaHue — 3TO cepbl, KOTOPbIE
WHBECTUPYIOTCS M3 (e/IepalbHOTO M PETHOHAIILHOTO OrO/pKe-
TOB, TIOATOMY MMEIOT JIOCTAaTOYHO BBICOKHMH Y/JCIbHBIN BEC B
CTPYKTYpE BaJIOBOI'O PETHOHAJIBHOTO MpoAyKTa. B wactHoCTH,
9TO aKTyaJIbHO JUIst pecryOonuk Murymerust n Yeuns.

TeppuropuanbHoe PacIoNoKEHHE PErHOHOB O0YCIIaBIIH-
BaeT oTpaciieBoe pacipezaenenne nusectTuimii. B Kpacnonap-
cKoM Kpae u PecriyOniike Azpirest B aHaIIM3UPYEMBbIH MTEPUOJT
OTMeYaeTcst MOBbIIIeHUE (PMHAHCHPOBAHUS HHBECTOPAMHU.

KoHconunnpoBaHHbIE OFOKETHI TEPPUTOPHHA F0XKHOTO Ma-
KpPOpernoHa MCHoyHsoTes ¢ aepunntom. TeHaeHnuen cra-
HOBHUTCS POCT HAJIOTOBOM 3aJJOJDKEHHOCTH TEpes OIOKETOM.
TpancnoprHasi cdepa, TOMIMBHO-OHEPTETHYECKUN KOMILIEKC
W BUHOJENIUE SIBIISIIOTCSl ayTcaiiepaMy B YacTH yIJIaThl Ha-
JIOTOB.

DKOHOMHYECKHE TPOOJIEMbl HETAaTUBHO CKA3aJIMCh Ha CO-
LIMaJIbHOW CTOPOHE JKMU3HH B perrnoHax. CTaTHCTHKA MOKa3bl-

_ W W
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BAET, YTO B FOXKHBIX PETHOHAX YPOBEHb 0€3padOTHIIbI B aHAIIH-
3upyeMoM nepuone coctapisier 10 % OT HKOHOMHUYECKH aK-
TUBHOTO HaceleHUs. [IpuurHamMu SIBISIOTCS Y9KOHOMHUYECKHUH
craj, 3acTaBisolMid paboromarenell YMEHbIIATh CIIPOC Ha
pabouyro cuity; BHEIpEHHE HOBBIX TEXHOJIOTHH U 000py/10Ba-
HHS, CHIDKAIOIIee NOTPEOHOCTh B TPYLOBBIX PECypCax; CE30H-
HBIE N3MEHEHHS B OT/JICILHBIX CEKTOPaX AIKOHOMHUKH.

OpraHsl BIaCTH PeaM3yOT KOMIUIEKC MEpPOIPUSTHH, Ha-
MIPaBJICHHBIX HAa PEaIM3alUI0 HHBECTUIIMOHHBIX IPHOPUTETOB
Y CHI)KEHHE HeraTUBHBIX MPOIECCOB B peruoHax (puc. 1).

AHan3 SKOHOMHUYECKOI CHTYallMU TEPPUTOPUH FOIKHOTO
MaKpOpETHOHA TIO3BOJMIIM BBISIBUTH TOCIIEICTBHS SKOHOMHU-
YEeCKOTo CIaJia, B TOM YHCJIEe CHIKEHHUE 00bEMOB MPOU3BOI-
cTBa BBIMycKaeMol mnpoxaykumu. Hampumep, B PocroBckoit
00J1aCTH KOJIMYECTBO YOBITOYHBIX OpPraHM3aliiii BHIPOCIIO Ha
10 % B cpaBHenuu ¢ 2008 . KonmndecTBo Npon3BOICTBEHHBIX
MIPEANIPUSTHH UMEIOIe YOBITKH YBeIn4miIoch Ha 12 %.

B 06o3puMom OyaymiemM TEeppUTOpUH FOKHOTO Makpope-
rHOHa OyJIyT OTIMYaThCs IMBEPCUPHUIIMPOBAHHBIM CEIILCKHM
X0341CTBOM, MHILEBOM, XUMUYECKON U JIETKOM MPOMBIIIIECH-
HOCTBIO, @ TaKXX€ KypOPTHO-PEKPEAI[IOHHBIM KOMIUIEKCOM.
Jlist pasBUTHSL TTPOM3BOJCTBEHHOM JEATEIBHOCTH HEMaso-
Ba)XHO TIPHMEHEHUE 0COOCHHOCTEH, XapaKTEPHBIX TOJIBKO ISt
OT/ICJIBHOTO PErHOHa, a TAKXKE YUUTHIBATh NPUOPUTETHBIC Ha-
MPABJICHUS PA3BUTHSI, KOTOPBIC HCBO3MOXKHBI HA JIPYTHX TEP-
putopusix [4, c. 5; 5].

B ycnoBusix 10’KHOTO MakpOpEerrHoHa 3HAYUTEIBHO YBEIH-
YHMBAETCSl POJIb CEIILCKOXO3IHCTBEHHOTO M KypOPTHO-peKpea-
LIMOHHOTO KOMIUIEKCOB, a TAK)Ke TPAHCIIOPTA U CBSI3H (pHC. 2).

PanonanbHOoe IpUMEHEHHME MPUBWICTHH ITOJOXKEHHS
MOMOTaeT JMHAMUYHO pa3BUBAThCS U COBEPLICHCTBOBATHCS
Jlake TeM TPUTPaHUYHBIM PETHOHAM, KOTOPBIE CYMTAIOTCSI HE
MO/IAI0IINMH NIepCIIeKTHB. THITONOru3aIsi PETHOHOB JIOJKHA
CTaTh OCHOBOMW JUIsl pa3pabOTKH M TIPOBEICHHST MEPOTIPUSTHIA
10 TOCYIapCTBEHHOMY PETyJIMPOBaHUIO YIKOHOMHUKH. Heobxo-
JTUMO TOYHO BBISIBUTH OJHOPOJHBIC TPYIIITBI PETHOHOB U CPOp-
MHUPOBATh THITOJOTHYECKHE KiIacCH()UKAIMU TEPPUTOPHN O
Pa3IUYHBIM ITPU3HAKAM.

Jlyist nenei uccieoBaHus TUIIBI PETHOHOB OIPE/ICIICHBI B
3aBUCHMOCTH OT CTENECHU MPOCTPAHCTBEHHBIX aCUMMETPHI B
sKOHOMHUKE (pHC. 3).

Oo6cy:xknenue u BbiBoAbI (Discussion and Conclusion)

B wucciienoBaHuy BBISIBJICHO, HACKOJIBKO aCCHMETPUYHO
Pa3BHBAIOTCS TEPPUTOPHU FOXKHOTO MAaKpOPErHoHa, YTO JIAJIo
BO3MOXXHOCTb CTPYKTYPHUPOBAaTh UX 10 CTEIIEHH MPOIOPIHO-
HAJIBHOCTH B OT/ICJIBHBIC THIIHI [7, C. 46; 8, ¢. 92] (puc. 4).

OOHapyKeHHbIE JMCHPOIIOPIMU B PAa3BUTHU OT/IEIBHBIX
BUJIOB SKOHOMHYECKOW AESTEILHOCTH TEPPUTOPHHA MO3BOJIH-
JIM ClIesiaTh BBIBOJI, YTO BO MHOTHX PETHOHAX IOJIyYHIIO pas-
BUTHE OJIMH WJIM JIBa BHJa SKOHOMHYECKOW JIESITEIbHOCTH, 32
UCKJIIOUYCHHEM TOproBiu. OTMETHM, YTO arporpOoMbIIUICH-
HBIH KOMILJIEKC MPU HAJMYUH JIOCTATOYHOTO KOJIMYECTBa Cep-
BUCHBIX TPCANPHUITAN UMECT MOTCHIIUAN YBEIUIUTh O0BEMBI
COOCTBEHHOMW TPOTYKIINH.

MOHHTOPUHT MPOEKIIMOHHBIX HANpaBICHUH COLMAIBHO-
HKOHOMHYECKOT'O Pa3BUTHSI TEPPUTOPHI TTIOKa3bIBAET, YTO KO-
HOMHMYECKH HeOJIaronoiryyHble TEPPUTOPUN B MaKpOPETHOHE
SIBJISIETCSI CIICJICTBMEM HEPaBHOMEPHOH ajanTaiyuu TeppUTO-
pHil K PHIHKY B HOBBIX PHIHOUHBIX YCIIOBHSIX.
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PasButne npuopuTEeTHBIX OTPaciell IKOHOMHUKH H TePPUTOPHAIBHBIX KJIACTEPOB

PasBuTHe CenbCKOX03HCTBEHHO CHIPEBOM Oa3kbl,

i obecrnednBaronei MpempUATHS THIEBOH

1 U niepepabaThIBaIOIIeH IPOMBIIINIEHHOCTH BCEMU BUAAMU
i MPOAYKIUU PACTCHUEBOACTBA U )KUBOTHOBOJICTBA

COSJIaHI/Ie HOBBIX TCIINIMYHBIX KOMIIJICKCOB,
o0ecreunBaroInX Kpyriaoron4Hoe IPOU3BOICTBO
; CEJILCKOX03IHCTBEHHOH MPOAYKIMY B IPOMBIIIJICHHBIX
i Maciradax

BrebroxeTHOe prHaHCHpOBaHNE
(cpencTBa MHBECTOPOB),
rocyZlapCTBeHHasl Iporpamma
«Pa3BuTHE CEIBCKOrO X0O35ICTBA U
peryJarpoBaHUe PHIHKOB
CENBbCKOX03AHCTBEHHON
MIPOAYKIIMH, CBIPBS U
MIPO/IOBOJIbCTBHSY

Co3znanne mpON3BOICTBEHHBIX MIPEIIPHUATHH,
CHETMATN3UPYIONINXCS Ha IepepadoTKe

BrebromxeTHOS (hMHAHCHPOBAaHUE
(cpencTBa MHBECTOPOB)

Awouooyg

CEJIbCKOXO3SIIICTBEHHON MTPOyKLIUU U TIPOU3BOJCTBE
MPOJYKTOB IMUTAHUS

HHBecTHIIMOHHOE Pa3BHTHE CAHATOPHO-KYPOPTHOTO H TYPHCTHYECKOT0 KOMILIEKCA !

CrpoutenbcTBo. PeKOHCTpYKIIMS M OOHOBJICHUE !
. BreGromkeTHOE DPMHAHCHPOBAaHUE
MaTepuaIbHO-TEXHINYECKOW 0a3bl CAaHATOPHO-
N N (cpencTBa UHBECTOPOB)
KYPOPTHBIX NPEANPUATHNA U YUPEIKIACHUN

Pa3zButHe npou3BoACTBEHHOH HHPPACTPYKTYPHI

! Opranusaiyst 1 00ecrieueHIE 3eMEIbHBIX YUaCTKOB,
i BreOropxeTHOS (PMHAHCHPOBAaHUE
. MpeHa3HAYEHHBIX JIJIsl CO3/IaHUs TIPOMBIILICHHBIX !
i (cpencTBa HHBECTOPOB) X

U arpOIPOMBIIUIEHHBIX [IADKOB .

1 Pa3puTHne TPAHCIIOPTHON M JIOTHCTHYECKOH MHPPACTPYKTYpPbI

CTpOUTENBCTBO U PEKOHCTPYKIIHSI aBTOMOOMIBHBIX I'ocynapcreennas nporpamma !
JIOpOT OOILEro MoJIb30BaHUS PETHOHAIILHOTO «Pa3BuTHe ceTH aBTOMOOHIIBHBIX !
3HAYCHHUS JIOpOT» !

! Pa3BuTHe MeXaHU3MOB NOJEPKKU CY0beKTOB MHBECTUIIMOHHOIM,

NMNENTNMDUHNUMATETHRCKOW U UHHORATIMOHHOW NTeIaTeThHOCTH

IMonnepskka 0O6pa3oBaTEIbHBIX IPOrPaMM CHCTEMEI

! I'ocymapcTBenHas nporpamMma
i OCHOBHOTO U JIOTIOJTHUTEIIFHOTO 00pa3oBaHuMs,

! «ConuanbHO-93KOHOMUYECKOE
i | oOecreunBatomero pa3BuTne KagpoBOTo MOTEHINANIA i

. o 1 MHHOBAITMOHHOEC PAa3BUTHC» .
1 HWHHOBAITMOHHOM ICATCIBbHOCTH 1

Puc. 1. Meponpuﬂmuﬂ no peanu3ayui UHBECMUUUOHHBLX NPUOPUINEM 06 H0HHO20 MAKPOPecUoHa
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Name of event Source of

: Development of priority sectors of the economy and territorial clusters !
1
! 1
i The development of the agricultural raw i
! material base, providing food and processing Extra-budgetary financing (investor I
! enterprises with all types of crop and livestock funds), state program “Development | '
1 2
I products of agriculture and regulation of :
! . agricultural products, raw materials i
I Creation of new greenhouse complexes » i
; L . ) and food markets
providing year-round agricultural production on I
! an industrial scale !
! 1
! 1
! 1
! 1
! 1
! 1
! 1

Creation of manufacturing enterprises )
specializing in the processing of agricultural Extrabudgetary financing
products and food production (investor funds)
L e et oo e oL - :

Investment development of a spa and tourist complex

Construction. Reconstruction and updating of
the material and technical base of sanatorium
enterprises and institutions

Extrabudgetary financing
(investor funds)

Industrial infrastructure development

Organization and maintenance of land intended
for the creation of industrial and agricultural
parks

Extrabudgetary financing
(investor funds)

Development of transport and logistics infrastructure

Construction and reconstruction of public roads State program “Development of
of regional importance the road network”

The development of support mechanisms for the subjects of investment,

business and innovation

of basic and additional education, ensuring the State program “Socio-economic
development of the personnel potential of and innovative development”
innovation

1

1

1

1

!

Support for educational programs of the system !
1

1

1

1

Fig. 1. Activities for the implementation of investment priorities of the southern macroregion
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[IpuopuTeTHBIC HANPABJICHUS PA3BUTHUS TEPPUTOPHIA I0KHOTO MaKpOPETHOHA

ATpOIPOMBIIIUIEHHBIN KypopTHO-pekpeatnoHHbIH Tpancnopr u
KOMITJICKC KOMILIEKC CBSI3b
BnaroycTpoiicTBO CymIeCTBYIONMIHMX
YckopeHHoe 9
LEHTPOB 0OIIEPOCCUHCKOTO MonepHu3anus
CTPOUTENBCTBO
DAL HazHaueHus. [lepepacnpenenenue MHPPACTPYKTYPHI,
p o MOTOKOB OTJBIXAIOMINX, KaK I10 pa3BUTHE EAMHOM
XOJOAUIIBHUKOB,
TEPPUTOPUH, TAK U TI0 CE30HAM. ceTH
repepadaThIBAIOIINX
. JuddepeHnmpoBaHHOCTS TapU(OB AIEKTPOCBS3HU
MPEIPUSATHIA
Ha YCIIYTH 0 Ce30HaM

Puc. 2. [Ipuopumemmoie Hanpasnenus pazsumus

Priority areas for the development of the territories of the southern

Agro-industrial Resort and recreation complex Tranqurt a.nd
complex communications
. Infrastructure
Accelerated Improvement of existing centers of N
: . e modernization,
construction of national purpose. Redistribution of
o . . . development of a
storage facilities, flows of tourists, both in territory .
. . . unified
refrigerators, and in seasons. Seasonal tariff L
. . . telecommunicati
processing plants differentiation
on network
Fig. 2. Priority areas of development
THunsl pernoHOB Ipusnakn

PasBuBaromuecs
HpOHOpHI/IOHaJ'H)HO

PaBHOMepHaH IIOJIOKUTCIIbHAA JUHAMHKa
IOKazareliei 1mo 6OJ'II>I.LII/IHCTBy BUIOB ACATCIIBHOCTH

Pernonst co cnabo
BBIPOXKECHHBIMU
JUCTIPOTIOPIIASMU Pa3BUTHS

YmepenHsble TeMiibl pa3Butusd. HeznaunrenbHbie
pa3nuuus moka3aresiel 1o BUuaaM AesiTeIbHOCTU

I[HCHpOHOpLH/IOHaHLHO
Pa3BUBAIOIINECS PETUOHBI

Peruonsl, rie noxasaTenay pa3BUTHUS 10 OOJIBIINHCTBY
BHUJIOB JESATENBHOCTU PE3KO PA3IUYAIOTCS.
HeycroitunBas nMHaMHUKa Pa3BUTHS

Pervons! npropUTETHBIE CO
c1a00 BBIPAKEHHBIMHU
JIUCTIPOTIOPIUSIMU

«JIr0OOMMYUKNY, PETUOHBI-AOHOPBI, MOCTOSHHAS
TIOJIOKUTENIbHAS AMHAMUKA

BHOBB 00pa3oBaHHbIE PETHOHBI

Bynyiee He onpeiesieHO, TOTEHIIUAI CYIISCTBYET

Puc. 3. TL[T?O/IOZU&’HHM}IP@ZUOHOB 8 3aB8UCUMOCMIU OM CHeneHU NPOCMPAHCINEEHHbLX ﬂCuMM@?’npuljl
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Types of regions
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Signs

Developing
proportionally

Uniform positive dynamics of indicators for most
activities

Regions with mild

Moderate pace of development. slight differences in

developmental imbalances indicators by type of activity
Disproportionately developing Reglopg Where development indicators for most types
regions of activities vary dramatically. Unstable development
dynamics
Priority regions with slightly “Pets”, donor regions, constant positive dynamics

pronounced imbalances

Newly formed regions

The future is uncertain, the potential exists

Fig. 3. Typology of regions depending on the degree of spatial asymmetries

Perunonsl FOra Poccun no crenenu MNPONOPIHHOHAIBHOCTH UX Pa3BUTHUSA

Peruonsl co cj1ago
BbIPAKEHHOM
JHCIPONOPIHEH

PocToBckas 001acTh
KpacHopapckuii kpaii
Boarorpaackasi
00J1acTh

JIMCIpONOpUHOHAILHO Peruonsl ¢ oTpunare;bHoil

pa3BUBaIOLIMECs JHHAMHUKOI MoKa3areJeii, Tpedyloniue
PeruoHbI CHeuaJbHBIX NPOrPaMM Pa3BUTHS
Pecnyoiuka UHrymerust
Pecny6iuka Aabires Pecnybnuka Jlarecran

Pecny6auxa Kaampikus Pecny6auka Kadapauno-bankapust

CraBponoJbckuii Kpaii Kapauaeso-Uepkecckas Pecny6ianka

AcTpaxanckas 06,1acTh Pecnnyosiuka Ceepaas Ocerusi-

AnaHus

Puc. 4. Tunonozusauus cy6vexmos 104H020 MAKPOpeeuoHa

Regions of the South of Russia in the degree of proportionality of their development

Regions with a mild
imbalance

Regions with negative dynamics of
indicators requiring special
development programs

Disproportionately
developing Regions

Rostov region
Krasnodar region
Volgograd region

Republic of Ingushetia
Republic of Dagestan
Republic of Kabardino-Balkaria
Karachay-Cherkessia Republic
Republic of North Ossetia-Alania

Republic of Adygea
Republic of Kalmykia
Stavropol region
Astrakhan region

Fig. 4. Typologization of the subjects of the southern macroregion
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Abstract. The aim. The asymmetric separation of factors of production and uneven development of territories complicates
the process of urbanization. In turn, these phenomena can, revitalize competition. For this reason, it is necessary to determine
the boundaries of eventual differences in the social and economic levels of development and possible principles of alignment.
Along with this, it is necessary to analyze and evaluate the economy of the territory as a whole, as well as pay attention to the
types of economic activity that characterize its specialization. In addition, identify priority areas and tools that will help over-
come the disproportionate of the territory. The article discusses the features of the spatial of the economy and the territories of
the southern macroregion of Russia on the basis of the analysis of the sectoral structure, their asymmetric formation is revealed,
the typology of territories is presented, development directions in the conditions of spatial imbalances are proposed. To increase
resistance to the processes of the economic crisis, the territories of the southern macroregion with asymmetric development,
one should adhere to the stipulated level of diversification and specialization in the developed and profitable segments of the
economy. It is especially important to preserve those areas of economic activity in which the region is a leader or participant in
local markets. The object of research is the processes of spatial differentiation in the socio-economic development of the ter-
ritories of the southern macroregion in the conditions of spatial competition. The theoretical base is the fundamental research
of Russian and foreign scientists on the problems of the regional economy. Methods. The study used the expert method, the
method of situational and comparative analysis, the method of typological groupings. The information and empirical basis are
the actual reports of the Federal State Statistics Service and territorial bodies; research in the development of regional economic
systems; analytical reviews and materials of scientific conferences. The results of the study can be used to develop a strategy
for economic activation of territories. Scientific novelty. The following new scientific results were obtained in the work: a ty-
pology of regions was developed according to the degree of proportionality and the dynamics of their socio-economic develop-
ment; measures are proposed to implement the investment priorities of the southern macro-region for the purpose of managing
the processes of economic activation of territories using the opportunities of inter-regional interaction.

Keywords: region, spatial competition, socio-economic development, territory, asymmetric development, investment priorities,
typologization of subjects.
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Abstract. The topicality of this article is due to firstly, the need to study local budgets as a factor in the economic growth of
rural municipal districts and as a component of the economic basis of local self-government; secondly, the presence of prob-
lems in the formation and execution of local budgets of rural municipalities due to their inherent features. In the budget system
structure, based on the criteria of the municipal structure, there are distinguished various types of local budgets, among which
the largest group is the local budgets of rural municipalities, combining local budgets of municipalities and local budgets of
rural settlements. Local budgets of rural municipalities are components of a regional financial system. The purpose of the
study is to assess trends and development factors of local budgets of rural municipalities against the background of a set of
local budgets. Research methods: allocation and justification of the features of rural municipalities in the financial aspect,
affecting the formation and execution of their local budgets; a method of structural analysis of indicators of local budgets
of municipal districts and local budgets of rural settlements in the context of such components as budget revenues, budget
expenditures, budget deficits, which allows us to assess the extent of their presence in the corresponding aggregate of local
budgets. The results of the study and their scientific novelty: confirmation of the hypothesis on the development trends of
local budgets of rural municipalities against the background of local budgets of other types of municipalities: there are trends
in the reduction of income and expenditures of local budgets of municipalities and rural settlements in the general indicators

of local budgets, against the background of the trend strengthening the imbalance of local budgets of rural municipalities.
Keywords: rural municipality, local budget, rural settlement, municipal district.
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Introduction

The problems of the formation and execution of local bud-
gets, on the one hand, as a factor of the economic growth of
a municipality, on the other hand, as a component of the eco-
nomic basis of local self-government, are invariably relevant.
In modern conditions that are characterized by the emergence
of new trends in economic development associated with new
industrialization, digitalization of the economy, local budgets
continue to retain their importance to ensure the solution of
issues of local importance by local governments. Among the
types of municipalities that exist in the Russian Federation,
we especially single out municipal areas and rural settle-
ments, which are combined in such a complex concept as ru-
ral municipal districts [20, p. 85].

The dynamics of the number of rural municipalities in
the Russian Federation is presented in table 1.

In general, there is a negative trend in the number of mu-
nicipalities — over the period under review, the number of mu-
nicipalities decreased by 1962 units, and this reduction was
most active due to rural settlements, the number of which de-
creased by 1819 units. This trend is due to the processes of
transformation of the municipal structure: the transformation
(unification) and the abolition of municipalities. At the same
time, there was done work on the delimitation of powers be-
tween local government at different levels and state authori-
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ties, as well as on securing the appropriate sources of income
for them.

The current version of the Federal Law “About the General
Principles of the Organization of Local Self-Government in
the Russian Federation” refers to the jurisdiction of munici-
palities 40 issues of local importance, and to the conduct of
rural settlements — only 13.

Methods

Modern scientists study various problems and issues of
the formation and execution of local budgets of various types
of municipalities. L. I. Pronina [11; 12] presents problems of
autonomy of regions and municipalities, including financial
aspects, as well as directions for the effective implementation
of the federalism principles and subsidiarity in inter-budget
relations at the level of regions and municipalities in articles.
V. V. Levina [8; 9] analyzes features of managing the balance
of local budgets in conditions of financial instability. Setting
priority tasks for managing budgetary resources, including
strengthen the revenue potential of regional and local budgets
is devoted study of D. A. Artemenko, M. R. Pinskaya and E.
V. Porollo [19]. T. V. Sumskoi [13, 14] characterizes actual
problems and features of the formation of local budgets, as
well as directions for their use.

From the standpoint of the local government problems,
including its territorial organization, there are the works
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Table 1
The dynamics of the number of municipalities of the rural type in the Russian Federation
Rural-type municipalities
Including
Total Municipal areas Rural settlements

on 1.01.2010 23907 1829 19 591
on 1.01.2011 23 304 1824 18 996
onl.01.2012 23 118 1821 18 833
on 1.01.2013 23 001 1817 18 722
on 1.01.2014 22 777 1815 18 525
on 1.01.2015 22 923 1823 18 564
on 1.01.2016 22 406 1788 18 177
on 1.01.2017 22 327 1784 18 101
on 1.01.2018 21 945 1758 17772
Change, units -1 962 -71 -13819

Note: the table is compiled by [15; 16].

of A. N. Adukova [1], R. V. Babuna [2], E. M. Buchwald,
N. V. Voroshilov [3; 4]. The financial and budgetary aspects of
the sustainable development of rural territories were investi-
gated by T. V. Yurchenko [17; 18], L. P. Voronina [5]. Analysis
of publications on the topic of our study allows us to conclude
that insufficient attention is paid to the study of trends and
development factors of local budgets of rural municipalities
in the system of local budgets.

The purpose of the study is to assess trends and develop-
ment factors of local budgets of rural municipalities against
the background of a set of local budgets.

Results

Municipal districts of the rural type in the financial aspect
are characterized by the following features.

Firstly, due to the fact that rural municipalities are usually
peripheral territories, the level of concentration of financial
resources in them is low.

Secondly, the tax potential of municipalities of a rural type
is less developed compared to municipalities of an industrial
type, especially the largest and large cities, since the bulk of
large taxpayers — industrial enterprises, as well as organiza-
tions of other types of economic activity are concentrated on
the territory of cities of this type , and the main number of
payers of tax on personal income. The economic space of ru-
ral municipalities is less saturated with objects that form the
tax potential.

Thirdly, rural municipalities have less developed oppor-
tunities for generating non-tax revenues of local budgets, as
forms of using municipal property are implemented more pas-
sively in comparison with other types of municipal districts.

Fourthly, rural-type municipalities are characterized by a
low degree of financial independence, which is manifested in
the presence of higher values of subsidized indicators in the
structure of their local budget revenues compared with other
types of municipalities.

Fifthly, rural municipalities, unfortunately, are not areas
of banking development, since there are few large economic
agents on their territory that are demanding banking services,
credit resources, etc.

Sixthly, rural settlements as representatives of rural mu-
nicipalities are actively using the financial mechanism of self-
taxation of citizens, in contrast to large municipalities. The

use of self-taxation in small municipalities contributes to a
more effective solution to the issues of development and ar-
rangement of specific territories.

Let us imagine the position of budgets of rural municipali-
ties in the structures of regional financial and budget subsys-
tems using statistical indicators (table 2).

Discussion and Conclusion

The situation of local budgets of rural municipalities
against the background of local budgets is characterized by the
following circumstances.

Firstly, the share of local rural budgets in the total amount
of local budgets in the reporting period is relatively stable,
there are no significant structural changes, however, a trend
should be noted for a decrease in the share of local budgets of
rural settlements (in 6 federal districts) and a trend for a de-
crease in the specific weight of local budgets of municipal dis-
tricts (in 5 federal districts). There is an increase in the share of
local budgets of other types of municipalities.

Secondly, the budgets of rural municipalities continue to
be unbalanced during the period under review, expenses con-
sistently exceed revenues, which significantly complicates the
solution of local issues by local authorities of municipalities
and rural settlements, and the imbalance of local budgets is in-
creasing, as evidenced by the corresponding deficit indicators

Thirdly, as rural municipalities, on the whole, have lim-
ited possibilities for forming a financial base that ensures the
independence of local self-government, it is precisely in rural
municipalities that such a financial instrument is used more
actively than other types of municipalities: self-taxation of
citizens. According to the Ministry of Finance of the Russian
Federation, self-taxation of citizens was introduced in 2017 in
the territories of 1,687 municipalities, which is 7.6 % of the
total number of municipalities (in 2016, 35 regions, 1,567 mu-
nicipalities). According to the data of the constituent entities
of the Russian Federation, almost the entire volume (99.2 %)
of self-taxation proceeds in 2017 came from settlements, out
of the total amount of self-taxation funds 86.6 % went to the
budgets of rural settlements and 12.6 % to the budgets of urban
settlements. Federal Law of December 5, 2017 No. 389-FL
“About Amending Articles 25.1 and 56 of the Federal Law”,
“About General Principles of Local Self-Government in the
Russian Federation”, provides for the possibility of introduc-
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Table 2
Local budgets of municipal districts and rural settlements in 2010-2017, million rubles
2010 year 2017 year
Indexes Income Expenses zlerf;i:lg ((__')_)’ Income Expenses z{egﬂl’; ((__')_)’
Central Federal District
Local budgets, total 418 647 436 534 =17 887 703 013 729 663 —26 650
Including:
Municipal budget 186 676 192 905 -6 229 305 395 314 282 -8 887
Specific weight, % 44.6 44.2 34.8 43.4 43.1 33.3
Rural budgets 21 970 22 751 -781 38 715 41721 -3 006
Specific weight, % 5.2 5.2 4.4 5.5 5.7 11.3
Northwestern Federal District
Local budgets, total 185 974 194 272 -8 298 263 827 274 142 -10 315
Including:
Municipal budget 81731 84 627 -2 896 107 534 109 176 -1642
Specific weight, % 44.0 43.6 34.9 40.8 39.8 15.9
Rural budgets 10 202 10 375 =173 12 070 13 159 -1 089
Specific weight% 55 53 2.1 4.6 4.8 10.6
Southern Federal District
Local budgets, total 193 323 205 697 -12 374 336 548 348 099 —11 551
Including:
Municipal budget 75 473 79 222 -3 749 140 045 142 689 -2 644
Specific weight, % 39.0 38.5 30.3 41.6 41.0 22.9
Rural budgets 14 097 15 298 -1201 19 516 21 252 -1736
Specific weight, % 7.3 7.4 9.7 5.8 6.1 15.0
North Caucasus Federal District
Local budgets, total 94 069 96 855 -2 786 154 620 166 777 —12 157
Including:
Municipal budget 50 679 50 895 -216 88 697 98 165 -9 468
Specific weight, % 53.9 52.5 7.8 57.4 58.9 779
Rural budgets 7342 7425 =83 8770 8 844 =74
Specific weight, % 7.8 1.7 3.0 5.7 5.3 0.6
Volga Federal District
Local budgets, total 386 936 399 447 -12 511 586 406 604 605 —18 199
Including:
Municipal budget 170 149 172 542 -2 393 243 996 248 582 -4 586
Specific weight, % 44.0 43.2 19.1 41.6 41.1 25.2
Rural budgets 22 439 21 826 613 28 294 29 259 -965
Specific weight, % 5.8 5.5 - 4.8 4.8 5.3
Ural Federal District
Local budgets, total 293 587 302 256 -8 669 500 737 515 767 -15 030
Including:
Municipal budget 84 933 85 915 -982 139 778 144 230 -4 452
Specific weight, % 28.9 28.4 11.3 279 28.0 29.6
Rural budgets 7757 7863 -106 13 546 13 871 -325
Specific weight, % 2.6 2.6 12 2.7 2.7 2.2
Siberian Federal District
Local budgets, total 367 220 375 786 -8 566 535 260 554 665 19 405
Including:
Municipal budget 142 417 143 441 -1024 216 681 219 882 -3 201
Specific weight, % 38.8 38.2 12.0 40.5 39.6 16.5
Rural budgets 17 146 17 466 -320 24 769 25 661 -892
Specific weight, % 4.7 4.6 3.7 4.6 4.6 4.6
Far Eastern Federal District
Local budgets, total 186 148 193 815 -7 667 307 091 317 344 —10 253
Including:
Municipal budget 80596 83 890 -3294 117 571 118 889 -1318
Specific weight% 43.3 43.3 43.0 38.3 375 12.9
Rural budgets 10 331 10 447 146 15 153 15 561 -408
Specific weight, % 55 5.4 19 4.9 4.9 4.0

Note: the table is compiled by: Formation of local self-government in the Russian Federation on January 1, 2018: Bulletin of the Federal State Statistics
Service. Moscow, 2018; The formation of local government in the Russian Federation on January 1, 2010: Bulletin of the Federal State Statistics Service.
Moscow., 2010 // Official website of the Federal State Statistics Service http://www.gks.ru.
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ing self-taxation not only in the entire municipality, but also in
the territory of a separate population center paragraph on the
gathering of citizens [7].

Fourthly, in the context of a constant deficit of local bud-
gets, rural municipalities do not have the ability to form de-
velopment budgets. Inter-budget transfers make a significant
share of their income. The budgetary provision of rural mu-
nicipalities is lower in comparison with other municipalities.

In the medium term, financial factors related to the sphere
of inter-budgetary relations will be determined by the solution
of tasks in such areas as:

— assistance in balancing the budgets of entities and local
budgets;

— reduction of federal regulation of the tax base of the re-
gions;

N Ny Ny " Ny N
S>> >>>)
— improving the efficiency of budget expenditures and
budget consolidation;

— creating predictable, transparent and comfortable condi-
tions for the provision of financial assistance.

In general, since the local budgets of rural municipalities
are also subject to a significant influence of regional factors,
the functioning of mechanisms for solving such problems,
such as: improvement of intergovernmental relations; devel-
opment of the revenue base of local budgets; expansion of the
program-targeted approach in the formation of the regional
budget. In addition, current trends in the development of rela-
tions in the field of public finance impose new requirements
on the composition and quality of information on the financial
activities of municipalities, as well as on the transparency of
information on the results of their activities.
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OnpenesieHne NPUOPUTETHHIX HANIPABJICHUNA BHEAPEHUSA
UM(POBLIX TEXHOJIOTMHA HA NMPEANPUATUAX PACTEHUEBOICTBA
HA OCHOBE HEYETKHX IKCIEPTHBIX OLIEHOK

(ua marepuanax KemepoBckoii o01acTu)

A. O. Paga'™®
! KemepoBcKMil rocygapcTBeHHbIIT YHUBepcuTeT, Kemeposo, Poccns
SE-mail: radaartem@mail.ru

Annomayusn. Heab. B cratee pemaercs 3a1ada ornpeiesieHus IPHOPUTETOB BHEIPEHUS U(PPOBBIX TEXHOJIOTHH HA TIpej-
MPUSITHSIX PACTEHUEBO/CTBA B YCIOBUAX (DMHAHCOBBIX, KaJ[POBBIX, PECYPCHBIX OrpaHn4eHuil. OTHOBPEMEHHOE BHEIPCHHE
BCEro CIeKTpa HU(POBBIX TEXHOJIOTHH SABISETCS MaIOBepOITHBIM. [ToaTOMy HE0OX0aMMO BBLAEIUTH Hanbosee 3pdexTns-
HBIE TEXHOJIOI'MH, CIIOCOOCTBYIOIINE MOBBIIIECHNIO 3 (PEKTUBHOCTH PEATIPUATHI pacTeHHEBOACTBA. MeT010JI0THsI U MeTO-
abl. [TockonbKy nu(poBU3aIMs CEIBCKOT0 X03sHcTBa B Poccuy HaxoauTesl HA HAYaJIbHOM 3Tane, Hanbosee paroHaIbHbIM
METOJOM SIBJISIETCS UCIIOJIB30BAHME HEUETKUX SKCIEPTHBIX OLIEHOK, KOTOPBIE BBIPAXKAOTCS TMHIBUCTUUECKUMHU IIEPEMEHHBI-
Mu. B uccnenoBanuu copMupoBaHa SKCriepTHas TPYIINa U BBITOIHEHO PaH)KMPOBAaHUE IIPUOPUTETOB BHEAPCHUSI ITU(DPOBBIX
TexHoJorui. Bee nudpoBble TEXHOIOTUU PACTCHUEBOJCTBA PACCMATPUBAINCH 110 TPEM KJIACCH(UKALMOHHBIM I'pyIIIaM:
LIeJIb TPUMEHEHH I, UCII0JIb3yeMas TEXHHUKa, JIOKaJIn3anus (Ha OTAeIbHOM IIPEANPUSTHH HIIH B pernone). PesyabraTsl. B pe-
3yJIBTaTe 3KCHEPTHBIX OIIEHOK U NX 00pabOTKH METOaMU HEYETKMX MHOKECTB BBISIBJICHBI IPUOPUTETHI BHEPEHU S IH(pO-
BBIX TEXHOJIOTUH Ha NPEANpPUATHIX pacTeHneBoacTBa Kemeposckoii oonactu. Io crenenu gokanu3anuy Hanoosee s pex-
TUBHBIMU SIBJISIFOTCS PaCIpPEAeIICHHbIE CPEU MHOTUX CEJIbCKOXO35UCTBEHHBIX NMPEANPUATHIH, 3aTEM — paclpeaeiCHHbIE Ha
onHOM npeanpusituu. Cpenn UCIoNIb3yeMOol TEXHUKH HanOoJjee BEICOKUE OLCHKH IOJIYYHIIN: CHCTEMBI yIaJeHHOTO y4eTa
1 KOHTPOJIS, TEXHOJIOTHH KOJUIEKTHBHOI'O MCIOJIB30BAHUS PECYpPCOB OOIIETo Iyja, TEXHOJIOTUH aBTOHOMHOTO (Oectmior-
HOT'0) BOXKJICHHS Ha36MHOW TEXHHUKH, T€OMH(OPMALMOHHBIE TEXHOJIOTHH, OSCIUIIOTHBIC JeTaTesbHble annaparsl. C Toukn
3peHHMSI eI MPUMEHEHHs HH(POBBIX TEXHOJIOTHIT HanboJIee BBICOKYIO OLICHKY IOy YN MH(OpMaTH3a1usi, MOHUTOPHHT
U IIPOTrpaMMHUPOBaHUE yPOXKAEB, TOCTPOEHUE UPPOBOI Mozemu Jutst paboTsl arpoHoma. Hayunast HoBu3Ha. B pesynbrare
IIPOBE/ICHHBIX MCCIIEJOBAHUI BbI/ICIICHBI KOHKPETHBIC NPHOPUTETHI BHEAPEHUS HH(POBBIX TEXHOJOTHH B OTpaciu pacTe-
HueBoyicTBa KemepoBckoit oomact. OnpenesneHsl HuppoBbIe TEXHOJIOTHH, BHEIPEHNUE KOTOPBIX TpeOyeT rocyaapCTBEHHON
nojaep kK. [lepcnekTuBbl ganbHEHIINX UCCAEJOBAHUM CBSI3aHBI C ONPEIEIEHUEM OPraHU3aMOHHO-YIPABIEHYECKUX YCII0-
BUH MPOAYKTHUBHOTO BHEJPEHHUSI KOHKPETHBIX TEXHOJIOTHH, 000CHOBAHNEM UX SKOHOMHYECKOH (P (HEKTUBHOCTH B YCIOBUSIX
MPEIIPUSTHH PACTCHUEBOACTBA PA3JINYHBIX THIIOB.

Knroueswie cnosa: nudpoBbie TEXHOIOTHH, PACTCHUEBO/CTBO, SKCIICPTHEIE OLEHKH, IMHIBUCTHYECKAas! IEpEMEHHasl, T€ONH-
(opMaLMOHHBIEC CHUCTEMBI, OECITUIIOTHBIC JIETaTEIbHbIEC alllapaThl, TOYHOE 3eMJIe/ielIne, aBTOHOMHOE BOXKJICHHE, (D (HEKTHUB-
HOCTb CEIbCKOX03HCTBEHHOr0 NPEANPUATHS, IPOrPAMMHUPOBAHUE YPOXKANHOCTHU, KOJIEKTUBHOE MOIb30BaHUE.

s yumupoeanusn: Pana A. O. OnpeneneHne NprHOPUTETHBIX HAIIPABICHUH BHEIPEHUS HU(POBBIX TEXHOJIOTHI HaA Mpe-
MPUSITHSIX PACTEHUEBO/ICTBA HA OCHOBE HEUETKNX IKCIEPTHBIX OLICHOK (Ha Marepuaniax Kemeposckoit ob6nactu) / ArpapHsiii

BeCTHUK Ypaua. 2019. Ne 12 (191). C. 8§9-98. DOL: 10.32417/1997-4868-2019-191-12-89-98.

Mama nocmynnenua cmamou: 02.10.2019.

IocranoBka npod.aems! (Introduction)

OnHUM M3 OCHOBHBIX BEKTOPOB Pa3BUTUS SKOHOMHUKHU
Poccnu B 11e11oM 1 arponpoMBIIIIICHHOTO KOMITJIEKCa B 9acT-
HOCTH SIBIISICTCS BHEAPEHUE MHU(POBEIX TeXHOIOTUi [1, ¢. 2;
2,¢.156; 3, c. 331; 4, c. 39. B cerbCcKkOoM X035IMCTBE OHH II03BO-
JISAFOT PEIIUTH 3aady IMOYUYCHHS MaKCHMAaIIBHOTO d((deKTa
OT Ka)KJIOW SAMHUIIBI PeCypCcoB (MAIIMHO-9aca pabOTHI TeX-
HUKH, KIJIOTpaMMa BHECEHHBIX YHOOpEHUIt) 3a cyeT Hambo-
Jiee paIlMOHAIBHOTO, «TOYEYHOr0» MPUMEHEHHUS Ha OCHOBE
6opmIoro oobeMa HHGOPMAUK O TPOTEKAIIUX B ITOYBAX,
PACTEHUSAX CIOKHBIX IIPOIIECCax.

[TosTomMy B pe3ynbTate MpUMEHEHHS HU(POBBIX TEXHO-
JIOTUM TOCTUTAETCs POCT YPOKANHOCTH IPHU 3HAUUTEIBHOM
CHIKCHHH 3aTPAT M SKOJIOTHUECKOTO y1iepOa BCIeICTBUE ce-
JIEKTUBHOTO MPUMEHEHHS YA0OpEHUH, TEXHUKH BMECTO Mac-
CHUpOBaHHOTO [5, ¢. 14; 6, c. 13; 7, c. 101; 8, c. 25].

[Tpu >ToM TIpuMeHeHue TU(POBBIX TEXHOJOTHH B CEIb-
CKOM x03sicTBe Poccuu moka HOCUT OrpaHUYEHHBIM Xapak-
Tep, pa3BUBAETCA MyTeM Mpo0 U OmuOOoK, 9TO TpeOyeT Aaib-
HEHIIero pa3BUTHS SKOHOMHYECKHX W OPraHU3alHOHHBIX
ACMEeKTOB BHEIPCHHS JAaHHBIX MHHOBAIMH B PACTCHHEBOJ-
CTBO.
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OnuH u3 Hanbosee BaXXHBIX BOIIPOCOB — ATO OMNpeiese-
HUE MPUOPUTETOB BHEJIPCHUS IU(PPOBBIX TEXHOJIOTHH, YUH-
ThIBasi UX MHOroo6pasue. CreKTp TeXHUKH, ITPOrpaMMHBIX
MPOAYKTOB, TEXHOJOTMYECKUX pelIeHUH KpaiiHe mupoxk [9,
c. 59; 10, c. 1020; 11, c. 39; 12, c. 15; 13, c. 370; 14, c. 569;
15, c. 320]. OH TpebyeT cucTeMaTU3aluy, YIOPSI0UHBAHUS,
orperesieHHs] TPUOPUTETOB HMCHONBb30BaHusl. [IpakTudeckn
HU B OJTHOM PEr'HOHE MJIH CEIbCKOXO03SICTBEHHOM HPEATIPH-
STHM HEBO3MOKHA OJHOMOMEHTHas peayn3anus HuPpoBbIX
pelIeHui o BCeMy CHEeKTpPY pelIaeMbIX 3a/1ad.

ITosToMy axTyanbHOM Hay4yHON M NMPUKIJIATHON 3amadeit
SIBJISIETCS ompesesieHne Hanbosee 3pHeKTHBHBIX UPPOBBIX
TEXHOJIOTHH, CHOCOOHBIX JaTh MaKCHMaJbHBIH pPe3ysbTar
B caMOM Hadajie LU(pPOBH3AIMH CEIbCKOX035HCTBEHHBIX
npennpusTuid. B paHHOW cTarbe paccMaTpUBaIOTCS INPH-
OpPHUTETHI BHEAPEHH S IU(PPOBBIX TEXHOJIOTHH Ha MaTepHaiax
MpeaNpUsTHH pacTeHneBoacTBa Kemeposckoii obnacTu.

MeTtonoJiorusi u Mmetoabl uccieaoBanus (Methods)

OmnpezesieHne OCHOBHBIX HAPaBJICHUN BHEIPEHUS 1K (D-
POBBIX TEXHOJIOTUH TOUHOTO 3eMJIC/IEIHS MPEAToNaraer:

— YCTaHOBJIEHUE KJIIOYEBBIX IeJIel U 3a/1a4 UCIOIb30Ba-
HUsl TU(POBBIX TEXHOJOTHI TOYHOTO 3emJiienienus (Kakue
Pe3yJbTaThl IOJKHBI OBITh ITOJTyYEHBI B IEPBYI0 O4EPEab?);

— BBIOOp HaunboJee MPOIYKTUBHON M BaXKHOW JJIsI arpo-
npombinuieHHoro komiiekca (AIIK) pernona Texnuku (Bo
YTO HY)KHO B IIEPBYIO OUepe/b BKJIAABIBATH CPECTBA?);

— olpejesieHHe HanOosee paroHaIBHBIX OpraHHU3ally-
OHHBIX CXEM M MEXaHHW3MOB OpPraHW3allMu BHEAPEHHS HHU(-
POBBIX TEXHOJIOTHH.

[ockonbKy BHeIpeHHE HUPPOBBIX TEXHOJOTHH B CEllb-
CKOM XO3SIICTBE HAXOJUTCS Ha HAa4aJIbHOM 3Tale CBOETO
pa3BUTHSI, C SKOHOMUYECKOW TOYKH 3PEHUS OHH JOCTATOYHO
c1a00 M3yUYeHbI, OCHOBHAS YacTh HHPOpPMaIUK He popmau-
30BaHa, CyIIECTBYET B OCHOBHOM «B TOJIOBE» Y CIElUaJH-
CTOB, paboTAIONIUX B JAHHOW 00JIACTH, IeJIECO00Pa3HO MPH-
OErHyTh K METOAY JKCIIEPTHBIX OLIEHOK. 3ajia4ya 1o ornpese-
JICHWIO OCHOBHBIX HAaIlpaBJICHUH BHEAPCHUS ITU(PPOBBIX TEX-
HOJIOTHH TOYHOTO 3€MJICACIHS, TAKUM 00pa3oM, CBOJUTCS K
9KCHEPTHOMY PAaHKHPOBAHUIO CYIIECTBYIOIUX BAPHAHTOB.

PamxupoBaHue BapuaHTOB HCIOJIB30BaHHS IH(PPOBBIX
TEXHOJIOTHH 10 IPUOPUTETHOCTH TIPUMEHEHHS SIBISECTCS
KJIacCOM 3ajay ONTHMM3AIUU B YCIOBUAX HEOIpPEeIeHHO-
cru. [Ipn HemocraTke GpopMaIM30BaHHBIX KOJINYECTBEHHBIX
JAHHBIX JUUISl UX PEIICHUS IPUBJIEKAeTCsl HE TPaJUIIHOHHBIN
MaTeMaTHYeCKUi amnmapar (Teopusi BEpOSITHOCTEH, TEOopHs
ONTHMAJBHOTO MPOrPAMMHPOBAHNS), a HEYETKHE DKCIIEPT-
HBIE OICHKH Ha «ECTECTBEHHOM S3bIKEe», 00padaThiBaeMble
METO/IaMU TEOPUHU HEYETKMX MHOXKECTB M JIMHTBUCTHYECKON
nepeMeHHoti [16, c. 27].

OCHOBHOE MPEUMYIIECTBO HEUETKUX MHOXKECTB 3aKIIO-
YaeTcsi B BO3MOXKHOCTH 00padaThiBaTh HEKOJINYECTBEHHBIC
9KCIIEPTHBIEC CYKACHHS HAa €CTECTBEHHOM $I3bIKE THIIA «OYEHb
s dexkTuBHO», «ManodPPEeKTUBHO», «HEmpuemiIeMo». Tem
CaMbIM TOSBIJISIETCS BO3MOXKHOCTBH MOJYYHTh OOOOIIEHHYIO
OLICHKY PHOPUTETHOCTH, 3PPEKTUBHOCTH TOW MITH MHOH 1TH(-
POBOM TEXHOJIOTHH TOUHOTO 3eMJIEAETHS B PALy Jpyrux. Jta
OlLleHKa OyneT 3ajaBarhcs (DYHKIMEH MPUHAIICKHOCTH dJe-
MeHTa (T. €. KOHKPETHON TeXHOJIOTHH) K HeUETKOMY MHOXKECTBY
(G PEKTUBHBIX, MPUOPUTETHHIX HAIPABICHUH BHEIPCHHUSL.

_ W W
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HeueTkoe MHOXECTBO A 1JIsi TPOU3BOIBHOTO JIEMEHTa X
3ajaeTca Gpynkuuei npunaanexnoctu p ;o X — [0; 1]. Be-
auunna p,(X) npuHamiexuT untepsaiy [0; 1] u guxcupyer
Mepy NMPHHAJJICKHOCTH 31eMeHTa X K MHOxecTBY 4. Ecnn
JUIsL OOBIYHOTO YETKOT'O MHOKECTBA Mepa MPHHAJICKHOCTH
0000 3JIeMeHTa K HeMy cocrtasiser jubo 0 ymbo 1 (1. e.
JIEMEHT MOXET MJIM TOJBKO MPHHAIJICKATh, WK TOJIBKO HE
MIPUHAIJIEKATH), TO B CIIydae ¢ HEYETKMM MHOYKECTBOM OIle-
HUBACTCSI BEPOSITHOCTh NMPHUHAICKHOCTH, Hampumep, 0,3,
0,5 wu 0,8. D10 B GOJIBIIICH CTENICHH COOTBETCTBYET 3aa4yamM
9KCTIEPTHOW OLIEHKH B cJ1ab0 (pOpMaTM30BaHHBIX CUTYAIIHIX
npu HemocTarke nHdopmanuu [16, c. 29].

HeueTkoe MHOXXECTBO MOXKET OBITH 3aITUCAHO KaK COBO-
KYITHOCTb YIOPSIIOYCHHBIX Map, BKIIOYAIONIUX 3JIEMEHTHI X
1 COOTBETCTBYIOIIME UM (DYHKLHMH MPHHAIIEKHOCTH L ,(X).
[TpumepoM 3amucu HEYETKOTO MHOXKECTBA MOXKET OBITh
A = {(x;, 0,1), (x,, 0,5),(x,, 0,4)}. {1 pabOTHI C HEUETKMUMH
MHOXECTBaMH, 00pabOTKN JaHHBIX M MOJy4eHUs1 0000IIeH-
HBIX OIICHOK HCIIOJIB3YIOTCSl HEUETKHE YHCIa TPareiiieBu/I-
Horo Bua (I1-o6pa3zueie), S-o0pasHble (CIIIaiHbI) U T. 1.

OHM ciTy’KaT MaTeMaTHYECKUM BbIPAKEHHEM DKCIIEPTHBIX
CY’XJeHNH Ha (OpMaIN30BaHHOM MaTeMaTHYeCKOM si3bIke. B
YaCTHOCTH, TPEYTOJIbHBIC (DYHKIIUH TPUHAIICKHOCTH MOTY T
OBITH 3a/1aHbI BhIpaxkeHueM (1):

0, x<a
x—a’ a<x<b
wa(x;a,b,c) = b-a , M
c—x, b<c<x
c—b
0, c<x

rae a, b, ¢ — HEKOTOpbIe BEIMYHHBI JEHCTBUTEIBHBIX YHCEII,
YIOpsiJ0YeHHBIE cOOTHOMmEeHNeM a < b < ¢ [17, c. 34].

S-o0pasHasg GyHKOHS TNPUHALISKHOCTH  (CTUTAlH-
(byHKIHS) 3a1aeTCs BRIpaXXeHHEM BUAA (2):
0, x<a
1 1 x—b
f.,(x;a,b)=1—+—cos 8|, a<g<x<by @
2 2 -a
1, x>b

OKCHEepTHBIE OLEHKH, BBIPA)KEHHBIC Ha E€CTECTBEHHOM
SI3BIKE, TO3BOJISAIOT MOCTPOUTH JaHHBIE (YHKIMM TPHHAT-
NeKHOCTH. IS 3TOTO KakK/IbIi AKCIEPT BBIOMPAET JIMHTBHU-
CTUYECKYIO IEPEMEHHYIO — OIEHKY Y(PPEKTUBHOCTH IIpHUMe-
HEHUs TEeXHOJOrmu. TepM-MHOXKecTBO A(X) THMHTBHCTHYE-
CKHX NEPEMEHHBIX (JIMHTBUCTHYECKAs IITKAJIa) 3aIHChIBACTCS
BeIpakeHHeM Tuma A(X) = {04eHb BBICOKHI, BBICOKHH, J0-
BOJIHO BBICOKHI{, OTHOCHTEIBHO BBICOKHM, BBIIIE CPEIHETO,
CpeaHul, OTHOCUTEIbHO HU3KUW, OBOJIBHO HU3KUH, HU3-
KU, 0O4eHb HU3KUH, TPAKTHIECKH OTCYTCTBYET}.

Takum 00pa3oM, MPUMEHEHHE HEUETKUX MHOXKECTB IIO-
3BOJISACT (POPMANIN30BATh M 000OUITUTH HEUETKYIO CIIOBECHYIO
nH(popMaIuio, 0oyiee MOIHO U TOYHO arperupoBaTh Hedop-
MaJIM30BaHHBIE MHEHUS 9KCIIEPTOB, IIEPEUTH OT Psia CIOBEC-
HBIX OIICHOK K KOJHMYECTBEHHOMY paHXHpOBaHUIO d(dek-
THBHOCTHU U IPUOPUTETHOCTH HNU(PPOBBIX TEXHOJIOTUH.
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PesyabTaThl (Results)

[Ipu GopmMupoBaHNU SKCHEPTHOW TPYHIBI OBLIO TOMIO-
Opano 13 dKCIepTOB HA OCHOBAHWH TOT'O, YTO IMPU YHCIEHHO-
ctu 12—13 genoBex yke JOCTUTACTCS TOYHOCTH PE3yIbTaTOB
cerme 80 % [18, c. 466]. JlanpHeimee HapalIMBaHUE YHC-
JICHHOCTH 3KCIIEPTOB HE JA€T CYIICCTBEHHOT'O TMOBBIMICHUS
TOYHOCTH OIEHOK U MPUBOIAUT K CHHKCHHUIO CPETHETO YPOB-
HS KOMIETCHTHOCTH B CHJIy y30CTH KpyTa CIICIIHAIHCTOB,
3aHATHIX TpoOneMaTukor nudpoBeix TexHomoru B AIIK
peruona. Ilo obGmactu mpodeccrmoHaIbHOW eATEITbHOCTH
9KCHEPTHI PaCIPEACTUIUCH CICAYIOMHUM 00pa3oM:

— PYKOBOIWTEIH W CICIHATHCTHI CEIbCKOXO3SHCTBEH-
HBIX NPEANPUATHH — 5 Ye.;

— PYKOBOIUTENH U CIEIIHATICTHI CIICIIHATH3UPOBAHHBIX
OpraHu3alii, BRITIOTHSAIONNX PaOOTHl M OKa3bIBAIOIINX yC-
TyTH B chepe nudpoBbIX TEXHOIOTUH, — 3 UedL.;

— roCyapCTBEHHBIC U MyHHUIIUTIAJIbHBIC CITyKaIlIHe, CBS-
3aHHBIe ¢ Bonpocamu passutus AITK, — 3 gen.;

— HayYHO-TIEJIATOTHYECKHE COTPYIHUKHU By30B, HAYUHBIX
OpraHu3aInui — 2 Jel.

ITo xaxxmo#t u3 kmaccuukanui MUPPOBBIX TEXHOIOTUI
TOYHOTO 3eMJICICNHs, NMPUMEHUMBIX B PacTCHHEBOJACTBE,
9KCHEPTHI OLEHUBANIN IO JHMHTBUCTHYECKOW mIKaie 3ddek-
THUBHOCTL TIpuMeHeHus B KemepoBckoii obnactu. JIMHTBH-
CTHUYECKas IIKalla UMeeT CeAyromuil BuI: A(X) = {«nuskas
agppexmusnocmoy, «ymepennas 3QpgexmusHocmvy, «cpeo-
HAS 2 hexmusHocmby «8blCOKAsL IPPEKMUBHOCTILY, KOUEHD
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eblcoKast dpGpexmuenocmpy}. Pe3ynpTaThl SKCIICPTHOM OIICH-
KH OTpakaJiuCh B cieayroniei ¢popme (tadbnumna 1).

Hanpumep, npu ouenke 3¢dexkTnBHOCTH Takoro kiacca
TEXHOJIOTHH, KaK aBTOHOMHbIE (KiaccuduKanus Mo crere-
HU JIOKQJIM3alMK) OBLIH TI0JIYYEHBI CIEAYIONINe pe3yIbTaThl
9KCIepTHOro ompoca (Tadiuma 2). OHM TOKa3bIBAOT, YTO
3P PEKTUBHOCTh aBTOHOMHBIX TEXHOJIOTHIT OLIEHUBAETCS IKC-
HepTaMu JOCTaTOYHO HHU3KO. JJis 3TOro ecTh sIBHbIE conep-
)KaTeJIbHbIe COOOpaKEHHsI — aBTOHOMHAsI TEXHUKA, HE MHTE-
I'PUPOBaHHAs B €UHBIA KOHTYD yIPaBICHUs, UMEET BeCbMa
OrpaHMYEHHBIE PE3yJIBTaThl CBOEr0 MCIob30Banus. Ha oc-
HOBaHUU IOJYUYEHHBIX JAAHHBIX CTPOUTCS rpaduk CruiaiiH-
¢yHKIMH, 110 (HOpME KOTOPOTrO OLEHHBACTCS MPHHAIICHK-
HOCTb TEXHOJIOT'MH K BBICOKO3()(hEKTHBHBIM.

I'paduku crnnaitH-QyHKIUH, OTpakaloliue HTOrOBbIC
CYXKJEHHUS IKCIIEPTOB 00 dPPEKTUBHOCTH LUPPOBBIX TEXHO-
JIOTUH TOYHOT0 3eMJICICIIUS 10 TPEM KJ1acCH(pHUKAIUM (IIeJTb
MPUMEHEHHsI, UCIIOIb3yeMasi TEXHUKaA, JIOKAIU3alus) IMoKa-
3aHbl Ha puc. 1, 2, 3.

B uwactHoCTH, pHc. 1 oTpaxkaeT 3PEeKTUBHOCTH HCHONb-
30BaHMs HU(PPOBBIX TEXHOJIOTUH TOYHOTO 3EMJIS/IENI NS, OTIH-
YaroLIMXCsl 10 CTeNeHu JAeTann3zaunu. Ha auarpamme npen-
CTaBJIEHbl MOHOTOHHO BO3pacTaloIue CrlaitH-QyHKIUH, KO-
TOpBIE [T0KA3bIBAIOT KyMYJISITHBHOE 3HAYEHHE MEPbI IPHHA/I-
JISKHOCTH B TOUKe repexoza (Ha puc. 1, 2, 3 cooTBeTCTByET
OTMETKE «CPEHEEY).

Tabnuua 1
®dopma 151 06pabOTKY pe3yIbTaTOB IKCIEPTHOIN OL[eHKI
JInHrBHCTHYECKAS
XapaKTepucTHKA Huskas YMepeHHasi Cpennss Bbicokas OueHb BbICOKASI
(HeueTKas oueHka) | 3¢ dexTUBHOCTD | 3P PeKTHBHOCTD | 3PPeKTUBHOCTH | IPPekTUBHOCTD | 3P (PeKTUBHOCTH
TeXHOJIOTHH
Yucno oTBETOB
9KCIEePTOB B UHTEPBAJIE,
€IMHUIIBI
Jlons oTBETOB B
HHTEpBaje, 10Jei
€IMHHIIBI
Hakonnennoe yucio
OTBETOB, €IMHUI]
Haxomiennas nosst
OTBETOB, J0JICH
€IMHUIIBI
Table 1
Form for processing the results of expert evaluation
Linguistic characteris- . . .
ng Low Moderate Medium High Very high
tics (fuzzy assessment) . s U L e
efficiency efficiency efficiency efficiency efficiency

of technology

The number of expert
answers in the interval,
units

The share of answers in
the interval, unit frac-
tion

Accumulated number of
responses, units

Accumulated share of
responses, unit fraction
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Tabnuna 2

HPI/IMCP 3KCIICPTHOI7[ OLICHKM 9(1)(1)CKTI/IBHOCTI/I TEXHOIOIUN (aBTOHOMHI)Ie TEXHOJIOI'M TOYHOTO SCMHCJICIII/I}I)

JIMHrBHCTHYECKAS Huskas YMmepennas Cpennss Brbicokas OueHb BBICO-
XapaKTepuCTHKA 3pdpexTHB- 3pdexTUB- 3pdpexTHB- 3pdexTUB- Kkas 3¢ dex-
(HeyeTKas OLEHKA) TEXHOJIOTHH HOCTh HOCTh HOCTh HOCTh THBHOCTh
Yucno oTBETOB IKCIIEPTOB B UHTEPBA- 5 3 3 2 0
JIe, eMHHIIBI
OJIs1 OTBETOB B MHTEPBAJIE, H0JICH

A p » It 0,38 0,23 0,23 0,15 0,00
€JIMHUIBI
HaxkonieHHOe 4Kciio OTBETOB, SUHUIL 5 8 11 13 13
Hakonnennas 1051 0OTBETOB, JOJeH

. e 0,38 0,61 0,84 1,00 1,00
eIMHUIIBI

Table 2

An example of expert assessment of the effectiveness of technology (autonomous technology of precision farming)

Linguistic characteristics (fuzzy Low Moderate Medium High Very high
assessment) of technology efficiency efficiency efficiency efficiency efficiency
The number of expert answers in the 5 3 3 2 0
interval, units
The share of answers in the interval, 0.38 0.23 0.23 0.15 0.00
unit fraction ) ) ) ) ‘
Accumulated number of responses, 5 8 1 13 13
units
Accumulated share of responses, unit
fraction 0.38 0.61 0.84 1.00 1.00
. / .
0,80 /
S ———n
0,60 /
0,20 et
0,00 r : .
Huskas YMmepeHHas Cpenuss Bricokas OdeHb BBICOKas
=&®—= ABTOHOMHBbIE

== PacnpeneneHHbIe Ha IPEANPUITHH

Pacnpez[eneHHHe Ha pasHbIX IMPEANIPUATUAX

Puc. 1. Pesynomamut sKkcnepmmoil oyeHKu dhPexmusHocmu yugdposoLx mexHono2uti mouHo2o 3emueoenis

no knaccugurxayuu «Mecmo nokanusayuu»

1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

. "‘

/

Moderate Medium High Very high
== Autonomous
== Distributed in the enterprise

‘- Distributed in different enterprises

Fig. 1. The results of expert evaluation of the effectiveness of digital technologies of precision farming according
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to the classification “Localization place”
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0,00 ¥ T T
Huskasn YmepenHas

=#=Dopmuposanue HHPOPMALHU
== MonennpoBanue ypoxkaiHOCTH

== [IpuHsTHE TEXHOJIOTHYECKUX PEIICHUH

TouHbIe BO3ICHCTBUS
AHanu3 ¥ oIleHKa

Cpenusist

T T

Bricokas OueHb BEICOKAsI

Puc. 2. Pesynomamot skchepmuoti oueHKu 3PhexmusHocmu uuPposvix mexHonoeuii mo4Ho20 3emnedenus
no knaccuguxayuu «Lenv npumerenus»

1,00
0,90
0,80

—

0,70

0,60

7‘//

0,50
0,40

///
gt

0,30
0,20

-

0,10

/
Z

0,00
Low Moderate
—— Formation of information
—8— Modeling yield
== Making technological decisions
= Accurate Impacts
Analysis and evaluation
Enterprise management

Medium

High Very high

Fig. 2. The results of expert evaluation of the effectiveness of digital farming technology according to the classification “Purpose of use”

UeM BeIIIIC 3HAYCHHE (PYHKITMHU B TOUKE ITEPEXoia Ha cepe-
JIMHE TOPU30HTAIBHOM OCH, TEM B MCHBIIICH CTCIICHU paccMa-
TpUBaeMasi TEXHOJIOTUSI OTHOCUTCS JKCHEPTaMH K Pa3psiay
BbICOKO3(pexTuBHBIX. Tak, Ha puc. 2 BUIHO, 9YTO aBTOHOM-
HbIE IU(PPOBBIE TEXHOJIOIHH B 84 % OTBETOB OLICHEHBI C 3(-
(heKTHBHOCTBIO «CPEHHSIsI» U HIDKe. HarmpoTus, o pacmpene-
JICHHBIM IIHU(DPOBBIM TEXHOJIOTUSM TaKasl OIICHKA JIaHA JIUIIb
B 38 % ciyudaes, cienoBaTelbHO, Oonee 60 %, M0 MHCHHIO
9KCIEPTOB, BEPOSATHOCTH TOTO, 4TO 3(P(PEKTUBHOCTH ITUX
TEXHOJIOTHH SBJISCTCS BHICOKOM M OYEHBb BHICOKOM.

CrnetoBaTenbHO, paHKUPOBAHUE TEXHOJOTUH 110 HTOTaM
9KCICPTHOW OLCHKH OyneT cienyrommm: Haubdonee 3ddek-
THBHBIMH CYUTAIOTCS PACIIPEICICHHBIC CPEIH MHOTHUX CEJIb-
CKOXO3SIICTBCHHBIX MPEATPUSITHIA, 3aTEM — PaCIpPEACICHHBIC
HA OJHOM MPEIIPHUSATHU, HanMeHee d((EKTHBHBIC — aBTO-
HOMHBIE.

BMmecTe ¢ TeM He BCe TEXHOJIOTHH TOYHOTO 3EMJICICITHS,
€CTECTBEHHO, MOTYT HMPHMCHSTHCS HA IPUHIHIIAX KOJIICK-
THBHOTO MMOJIB30BaHUs. [109TOMY K OCHOBHBIM HAIPaBICHH-
sIM (IPHOPUTETAM) BHEPCHHS U POBBIX TEXHOJIOT Ml Ha OC-
HOBE 3KCIICPTHON OIICHKU MOXXHO OTHECTH PaCIpEICICHHBIC
HA OJTHOM MPEIIIPUATUN U MEXKIY PA3HBIMU ITPEIIPUITUSIMH.

Jlanee paccMOTpUM paHKUPOBAHHE TEXHOJIOTUH TOYHOTO
3eMJIC/ICIHS 10 eNId MpuMeHeHus (puc. 2). V3 mpuBeIeHHBIX
JAHHBIX BUJTHO, YTO MO 3HAYCHHUIO MEPBI IPUHAIIIC)KHOCTH B
TOYKE IMMEpexXojia PacCMAaTPUBACMbIC TEXHOJOTHH PaHKHPY-
FOTCS DKCIIEPTAMU CIICAYFOIUM 00pa3oM.

1. TexHONOT MY aHANIN3a, OLICHKH U OOPaTHOU CBSI3U.

2. Texnonoruu hopMUpOBaHUS HHYOPMAIUH.

3. TexHONOr UM MOJIETUPOBAHUS, IPOrPAMMHUPOBAHUS YPO-
JKaHOCTH.

4-5. TexHONOruM NPUHSATHUS PELICHUN U OCYILIECTBICHUS
TOYHBIX arPOTEXHOJIOIMYECKUX BO3ACHCTBUM.

6. TexHonOrUM ynpaBjeHus CEIbCKOX035MCTBEHHBIM Mpe/i-
MPUSTUEM.

PamxupoBaHue TEXHOJOTUH TOYHOTO 3eMJICHEIUs IO
LEJU UCHOJb30BAHUS, AaKe SKCIEPTHOE, UMEET YCIOBHBII
XapakTep, MOCKOJIBKY HauOobas 3pGEeKTUBHOCTh JOCTHU-
racTcs IpH CUCTEMHOM oxBare mudpoBm3aiueir Bcex chep
nestenbHoctd CXTII. OgHako npeacTaBleHHbIE OLEHKH MO-
3BOJISIFOT YTBEPXKAATh, YTO IPHOPUTETAMHU MH(PPOBH3AIIUU
pacteHueBoacTBa KemepoBckoii 001acTi H3HAYAIBHO JTOJIXK-
HBI CTaTh WHPOPMATH3AIUS, MOHUTOPUHT H MPOTPAMMHUPO-
BaHHE yPOXKAEB, T. €. MOCTPOCHUC ITUPPOBOU MOJCIU IS
paboThI arpoHOMA.

Pemenuss mpu 3TOM moka MOTYT NPUHUMATHCS «BPYU-
HYIO», a UCTIOJIb30BaHUC TEXHUKHU ISl TOYHBIX (TOUCHHBIX)
BO3JICHCTBHI MOXKET HOCUTh JIOKAJIM30BaHHBIN XapakTep. [1o-
ATOMY HauOOJBITUI HHTEPEC PE3yIbTaThl SKCIICPTHOM OIICH-
KU B pa3pese 1esiel MPUMEHEHUS] UMEIOT MPU «HAJ0KEHUM
Ha pe3yJibTaTbl PaHKUPOBAHUS HCIOIb3YEMbIX YCTPOUCTB,
TEXHUKH (cM. puc. 3).
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1,00 —, — =®=TecoundopmanuoHHbIC
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) / Vay = GPS-, ['JIOHACC-
0,80 77— : HaBUT AU
== Anayu3 60JbIIMX JaHHBIX
0,70 - — !
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Puc. 3. Pe3ynomamui sKcnepmmoil oueHku dPekmusHocmu g posvlx mexHom02uil mouHoz0 3emuedenus
no knaccugurxayuu «Vcnonvsyemoie ycmpoiicmea u mexHuxa»
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Fig. 3. The results of expert evaluation of the effectiveness of digital technologies of precision farming according to the classification
“Used devices and equipment”

Crnenyetr OTMETHTB, YTO NpPH NPOBEACHUHU HKCIIEPTHON
OLIEHKM M3 PACCMOTPEHHUs OBUIM HCKIIIOYEHBI OT/AEIbHBIC
nepudepuitabie 1 ci1abo 3HAKOMBIE CIICITHATUCTAM-ar papHH-
KaM Ou(pOBbIE TEXHOJIOTHH (HaIpUMEp, BUPTYaIbHAS U J10-
TIOJTHEHHAS PEaJIbHOCTh KaK CPEJICTBO TOYHOT'O 3EMJIC/ICIIHS).
WX KoppeKTHas OLICHKA W3-32 IPAKTHUECKOI HEM3BECTHOCTH
9KCTIEpTaM BPAJ JIn BO3MOXxHa. [1o pe3yabraTam sKCTIiepTHOH
OLIEHKH, KaK BUJHO U3 IPUBEICHHON TUarpaMMBbl, U(PPOBLIE
TEXHOJIOTHH TOYHOTO 3€MJICACIHS IOBOJIEHO 4eTKO audde-
PEHIMPOBAHBI HA JBE I'PYTIIIHI.

1. TexHONOTHH C BBICOKOH 3(P(PEKTUBHOCTHIO B YCIOBHSIX
Kemeposckoii o0mactu B Hacrosimee Bpemsi (okoio 50 % n
Oosee cyXJICHUH SKCIIEPTOB OTHOCST UX K I'PYTIIE C BBICOKOH
U OYeHb BHICOKOH 3((EKTUBHOCTHIO): CHCTEMBI YIAJICHHOTO
ydeTa u KOHTPOJIS, TEXHOJIOTUHU KOJUIEKTHBHOT'O HCTIOJIb30Ba-
HUS pecypcoB 00IIEro myJsia, TEXHOJIOTHH aBTOHOMHOTO (Oec-
MTUJIOTHOT0) BOXK/ICHHS HA3€MHOM TEXHHUKH, T€OMH(pOPMAIH-
OHHBIE TEXHOJIOTUH, OCCITNIOTHBIC JIETATEIbHBIC alIapaThl.
JlaHHbBIE TEXHOJIOTHUH CIEIYeT CYUTATh TPUOPUTETHBIMH.
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2. TeXHOJIOTHH C OTHOCUTEIHHO HEBBICOKUH 2P PEKTHBHO-
cThIO B ycioBusx Kemeposckoii obmactu (6omnee 70 % cyxae-
HUH 9KCIEPTOB OLEHUBAIOT APPEKTUBHOCTH KaK CPEIHIOIO U
HUKE): CUCTEMbI aBTOMAaTHYECKOTO YIIPaBJICHUS, OJOKUYCHH,
JATYNKH U CEHCOPBI, aHAJIN3 OOJIBIINX JaHHBIX, CITyTHHUKO-
Bas HaBHUTAIHS.

Kax oTmeueHo BhIIIe, MAKCHMAJBHEIH 3P PEeKT TUPPOBH-
3alMN JOCTUTAETCS IPU KOMIIJIEKCHOM HCIIOJIb30BaHUH Pas3-
JUYHBIX TEXHOJIOTUH, TOITOMY B HEPCIIEKTHBE B pacTEHHUE-
BojcTBe KemepoBckoil 00macTH AOJKHBI HCIIOIB30BaThCS
BCe MJIM OOJBIIMHCTBO M3 HUX. OIHAKO HA HA4YaJIbHOM JTare
B YCJIOBHSIX JKECTKHX PECYPCHBIX OTpaHHYCHUH HEOOX0IMMO
OyZeT CKOHIICHTPHUPOBATH YCHIIHS Ha Hamboiee 3(dexTun-
HBIX TEXHOJOTHSIX, JAIONINX HanOobIIyio oTnavy. Crucrema-
TH3anUs PEe3yIbTATOB AKCIICPTHON OLICHKHU MpPEACTaBICHa Ha
puc. 4.
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IugpoBbie TEXHOIOIHH
TOYHOTO 3eMJIeIe /st

Ilo MecTy TOKaTH3aITHH:
1. PacnipeeneHHbIe 110
MHOTHM IpPEeINPHATHAM
2. PacnpeeneHHbIe HA OJHOM
TIPEATPHATHH

IIo memn npuMeHeHHs
1. TexHOTOTHH aHATH3A,
OLIEHKH B 0OPAaTHOH CBS3H.
2. TexHonoruu
(hopMHpOBaHHA HHPOPMATTHH.
3. TexHomorHH

Ilo nemoms3yeMbIM
YCTPOHCTBAM (TEXHHKE)
1. CucTemMsl yIAICHHOIO y4ieTa
H KOHTPOILAI
2. TeXHOTOTHH KOTEKTHBHOTO
HCITOTb30BAHHS PeCYPCOB IMyTTa

MOJIeTHPOBaHHA, 3. TeXHOIOTHH aBTOHOMHOTO
MpOrpaMMHPOBAHHS BOKIEHHS Ha3eMHOH TeXHHKH
ypoxaHHOCTH 4. TeonrpOpMAIIIOHHEIE
TeXHOJIOTHH
5. BecmIOTHBIE JIeTaTeIbHbIE
aIapaTsl

Puc. 4. IIpuopumemmole Uudposvie MexHOI02UU MOUHO20 3eMIE0eNIUSL 1O U02AM IKCHEPMHOTE OUeHKU

Digital precision farming
technology

By location:
1. Distributed by many
enterprises
2. Distributed on one
enterprise

By purpose of application
1. Technology analysis,
evaluation and feedback.
2. Information technology.
3. Technology modeling,
programming yield

By used devices
(technology):
1. Remote accounting and
control systems
2. Pool Resource Sharing
Technologies
3. Technology autonomous
driving ground equipment
4. Geo-information
technologies
5. Unmanned aerial vehicles

Fig. 4. Priority digital technologies of precision farming on the basis of expert evaluation

Obcy:xnenue u BbiBoabI (Discussion and Conclusion)

B xome wuccrnenoBanusi ObLia INpOBEACHA AKCIEPTHAs
OLICHKAa 3¢)¢)CKTHBHOCTI/I N IMMPUOPHUTECTHOCTHU OCHOBHBLIX Ha-
MpaBJICHUI BHEAPEHHS LU(PPOBBIX TEXHOJOTHH B KOHKPET-
HBIX YCIOBHSIX pacTeHHeBOAcTBa KemepoBckoil oOmactw.
DTO MO3BOJIMIIO ONPEIEIIUTh JaHHbIC HATIPABJICHUS CIIEYI0-
UM 06pa30M: HHCTPYMCHTBI KOJIJICKTUBHOI'O ITOJIB30BaAHU A,
COBMECTHOI'O JOCTYIIa K HI/I(i)pOBI)IM TCXHOJOTUAM, TCXHOJIO-
MM MOHMTOPUHIA U aHAJHM3a COCTOSIHUS M0CAJI0K, TOCEBOB!
pacinpCeHUC UCTIOJIB30BAHU A FCOI/IH(l)OpMaHI/IOHHI)IX CHCTEM,
MPOrpaMMHUPOBAHHE YPOXKAWHOCTH; CHUCTEMBI LH(POBOIO
ydera, KOHTpOJIs; OECNHMJIOTHAsE Ha3eMHasl CelbCKOXO03sii-
CTBCHHAs TCXHHUKA, OECITMIIOTHBIE JIETATEILHEIE anrmaparsbl
JUTSL pelIeHus 3a7ia4 TOuHOoro 3emuieaenus. Ha ocHoBe naH-
HBIX HalpaBlieHWH Haubosee Ienecoobpa3Ho peann30Bbl-
BaTh MEPONPUITHS N0 IIUPPOBU3ALNU pacTeHHEeBoICcTBa Ke-
MEPOBCKO# 00JIaCTH Ha EPBOHAYAILHOM dTArle.

Ha ocnoBanumn 3KCHepTHOﬁ OLICHKHN MOX>XXHO BBIJCINTH
CJeqyIOIKe MPHOPUTETHHIC HAPABICHUS BHEIPEHUS IU-
POBBIX TEXHOJIOIM B OTpaciu pacteHueBoicTBa Kemepos-
CKOM 00macTH.

1. Coznanue, ctumynupoBaHue U obecrieyenne 3 hex-
TUBHOI pabOTHl MHCTUTYTOB, ()OPM KOJJIEKTHUBHOTO IIOJIb-
30BaHHUsI, COBMECTHOTO JOCTYTA K IIUPPOBBIM TEXHOJIOTHM,
BKJITO4asds TEXHHUKY, CHCHUATIU3UPOBAHHOC TIPOTrpaMMHOC
06ecnequMe, BBIYHCIIMTCIIBHBIC MOIITHOCTH.

2. MaccoBoe BHEApPEHHE TEXHOJOTMH MOHUTOPHUHTA U
aHaJIM3a COCTOSIHUS CEeITbCKOXO3SIMCTBEHHBIX YI'OAMH, Toca-
JIOK, TIOCEBOB C MIMPOKUM IIPUMEHEHHEM OeCITUIOTHBIX JIeTa-
TEJIBHBIX aIllaparos.

3. JlanpHeimee pacuimpeHue, AeTanu3anus HHpopMa-
IIMU O COCTOSIHUM TOJIEH, PaCTUTEIBHOCTH, pesbede MecT-
HOCTH, JPYTHX 3HAYUMBIX JUUISl PACTCHHEBOJCTBA JaHHBIX B
CYIIECTBYIOIICH 1 ICPCIICKTUBHON I'¢ONH(POPMAITHOHHON CH-
CcTeMe, paclIMpeHHe HCIOIb30BaHNS T'€OMH()OPMAIIMOHHBIX
TEXHOJIOTHH CEIbCKOX03HCTBEHHBIMU TOBAPOIIPOU3BOIUTE-
JISIMU peTHoHa.

4. Pacmmpenue, THpaXHUPOBaHHUE TEXHOJIOT Wi TOJTHOMAC-
ITA0HOTO MPOrPaMMHUPOBAHUS YPOXKAHHOCTH C YaCTHYHOU
aBTOMaTH3allMel IPUHSATHS PEHICHUH, a TaK)Ke BHIITOTHEHUS
pabor.

5. Buenpenne cuctem nuppoBOro y4yera, KOHTPOJIS B JIO-
TUCTUYECKHX U TPOM3BOACTBEHHBIX Mpolieccax, GU3nIeckuii
KOHTPOJIb COXPAaHHOCTH, J)KOHOMHH PECYPCOB CEILCKOXO035TH-
CTBEHHBIX MPEIIPUSATHH.

6. MannuupoBanue, pacuimpeHue, THPaXXuPOBaHHUE MPO-
€KTOB HCIIOJIb30BaHUSI OECHIIOTHOW (aBTOHOMHOM) HazeM-
HOM CeIbCKOX03HCTBEHHOI TEXHUKH B TeX cepax, rue yxe
nmeeTcs HUppPoBast MOJIENb CEIbCKOX03HCTBEHHOTO TOBApO-
TIPOU3BOIUTENS U OCYIIECTBIISIIOTCS 3HAYUTEIbHBIE 00BEMBI
pabor.
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7. TupaxxupoBaHUE PEATU30BAHHBIX IIPOEKTOB, PaCIINpe-
HUE MCHOJIb30BaHMUsI OECITMIIOTHBIX JICTATEIBHBIX aIapaToB
JUTSL pEILICHU s 3a]1ad TOYHOTO 3eMJIS/IeNINs B 4aCTH Kak cOopa
MHPOPMAIUH, TaK U OCYIIECCTBICHUS! KOHKPETHBIX arpoTeX-
HOJIOTHYECKHUX BO3JIEHCTBUIMA.

Heo0xomuMo OTMETHTB, YTO YacTh ITHUX HaIpaBICHHUN
Hauasa pa3zsuBaThbes B 2017-2018 rr., TpedyeTcs nx pacumpe-
HUe U TUpaxxupoBanue. [lepsoe, a Takke 4eTBEPTOE U MATOE
HanpaBJIeHUs KpaliHe ci1abo Mpe/ICTaBIeHb! Ha TPAKTHKE, He-
00XOMMO UX HHUITUUPOBAHHE TIPAKTUYECCKH C HYJIS.

3HaunTENBHO TUPPEPESHIIMPYIOTCS JAHHBIE HAIPABICHU S
TaK)Ke C TOYKHM 3PEHHS] HEOOXOJMMOCTH TOCYyIapCTBEHHOM
MOAJICPKKHA M Creluduyeckoro cTumyinupoBanus. [lpen-

ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.

CTaBIAETCA, UTO MATOE HANpPaBICHHE — aBTOMATU3MPOBaH-
HBIH KOHTPOJIb U yUeT — OyJeT yCHEUTHO pean30BbIBATHCS
CaMHUMH CEJIbCKOXO35IMCTBEHHBIMH TOBAapONPOU3BOJUTEN -
MU, TOCKOJIBKY MPaKTHKa OTEYECTBEHHON MOJENN yIpaBJe-
Hus (He TonbKo B cepe AIIK) mokassiBaet, 4TO pa3inyHble
TEXHUYECKHUE CPE/ICTBA KOHTPOJISI COXPAHHOCTH UMYIIIECTBA,
MOBEJICHUS TIEPCOHAJIA BBI3BIBAIOT 3HAUUTEIBHYIO 3aUHTEpE-
COBaHHOCTH OM3Heca. HampoTus, kanuTagoeMKue, He BCEraa
OYEBHJIHBIE C TOYKH OBICTPOro SKOHOMHYECKOro 3dexra
MPOEKTHI NMPHOOPETEHUsT OCCIUIOTHON TEXHUKU WM BHE-
JIPEHHS] MPOTrpaMMHUPOBAHUS yPOXKANHOCTH, KaK NMPaBUIIO,
OynyT TpeOoBaTh MOJAEPKKH B pamMKax rocyAapCTBEHHBIX
MPOrpaMM.
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Definition of priority directions of introduction of digital
technologies in the enterprise plant based on fuzzy expert
assessments (on materials of the Kemerovo region)
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Purpose. The article solves the problem of determining priorities for the introduction of digital technologies in plant-growing
enterprises in the conditions of financial, personnel and resource constraints. Simultaneous introduction of the entire spec-
trum of digital technology is unlikely. Therefore, it is necessary to identify the most effective technologies that contribute to
improving the efficiency of crop production enterprises. Methodology and methods. Since the digitalization of agriculture in
Russia is at the initial stage, the most rational method is the use of fuzzy expert assessments, which are expressed by linguistic
variables. The study formed an expert group and ranked the priorities of the introduction of digital technologies. All digital
technologies of crop production were considered in three classification groups: the purpose of the application, the equipment
used localization (in a separate enterprise or in a region). Results. As a result of expert assessments and their processing using
fuzzy sets, the priorities for the introduction of digital technologies in the plant growing enterprises of the Kemerovo region
are identified. According to the degree of localization, the most effective are distributed among many agricultural enterprises,
and then distributed in one enterprise. Among the vehicles used, the highest marks were obtained: remote accounting and
control systems, shared pool resource sharing technologies, ground-based autonomous (unmanned) driving technology, geo-
information technologies, unmanned aerial vehicles. From the point of view of the purpose of applying digital technologies,
the most appreciated were the informatization, monitoring and programming of crops, the construction of a digital model
for the work of an agronomist. The scientific novelty. As a result of the research conducted, specific priorities for the intro-
duction of digital technologies in the crop industry of the Kemerovo Region were highlighted. Identified digital technology,
the introduction of which requires government support. Prospects for further research are associated with the definition of
organizational and managerial conditions for the productive implementation of specific technologies, the rationale for their
economic efficiency in the conditions of various types of crop production enterprises.

Keywords: digital technologies, crop production, expert assessments, linguistic variable, geographic information systems,
unmanned aerial vehicles, precision farming, autonomous driving, efficiency of an agricultural enterprise, productivity pro-
gramming, collective use.

For citation: Rada A. O. Opredeleniye prioritetnykh napravleniy vnedreniya tsifrovykh tekhnologiy na predpriyatiyakh ras-
teniyevodstva na osnove nechetkikh ekspertnykh otsenok (na materialakh Kemerovskoy oblasti) [Definition of priority di-
rections of introduction of digital technologies in the enterprise plant based on fuzzy expert assessments (on materials of the
Kemerovo region)] / Agrarian Bulletin of the Urals. 2019. No. 12 (191). Pp. 89-98. DOI: 10.32417/1997-4868-2019-191-12-89-
98. (In Russian.)

Paper submitted: 02.10.2019.
References

1. Vartanova M. L., Drobot E. V. Perspektivy tsifrovizatsii sel’skogo khozyaystva kak prioritetnogo napravleniya importo-
zameshcheniya [Prospects for digitalization of agriculture as a priority area of import substitution] / Ekonomicheskie otnosh-
eniya. 2018. Vol. 8. No. 1. Pp. 1-12. DOI: 10.18334/¢0.8.1.38881. (In Russian.)

2. Manzhosova I. B. Modernizatsiya sel’skogo khozyajstva v usloviyakh tsifrovoy ekonomiki: analiz problem I poisk resheniy
[Modernization of agriculture in the digital economy: problem analysis and search for solutions]. Stavropol’: Sekvoyya, 2018.
156 p. (In Russian.)

3. Grigor’ev N. S. Povyshenie rentabel’nosti rastenievodstva na osnove primeneniya tekhnologiy tochnogo zemledeliya [Im-
proving the profitability of crop production based on the use of precision farming technologies] / Ostrovskie chteniya. 2017.
No. 1. Pp. 330-332. (In Russian)

4. Oborin M. S. Razvitie potentsiala sel’skogo khozyaystva na osnove tsifrovykh tekhnologiy [Development of agricultural
potential on the basis of digital technologies] / Vestnik of Samara State University of Economics. 2018. No. 5. Pp. 38—47.
(In Russian.)

5.Kononova S. A., Fedulova E. A. Algoritm primeneniya sistemy sbalansirovannykh pokazateley dlya otsenki rezul’tativnosti
deyatel’nosti sel’skokhozyaystvennoy organizatsii [Algorithm for applying a balanced scorecard to evaluate the performance
of an agricultural organization] / Economy of agricultural and processing enterprises. 2018. No. 1. Pp. 12—17. (In Russian.)

6. Osipov V. S., Bogoviz A. V. Perekhod k tsifrovomu sel’skomu khozyaystvu: predposylki, dorozhnaya karta I vozmozhnye
sledstviya [Transition to digital agriculture: prerequisites, roadmap and possible consequences] // Jekonomikasel’skogohozjaj
stvaRossii. 2017. No. 10.Pp. 11-15. DOI: 10.32651/2070-0288-2017-10-11-15. (In Russian.)

97

Awouooqg



IKOHOMUKA

o - P P g P g
- ArpapHblit BecTHUK Ypama Ne 12 (191), 2019 r.
. . . D N N M

7. Pershukevich P. M., Tyu L. V. Problemy razvitiya ekonomicheskikh otnosheniy v sel’skom khozyajstve Sibiri v usloviyakh
usileniya global’noy konkurentsii [Problems of development of economic relations in the agriculture of Siberia in the face of
increasing global competition] / Innovations and Food Safety. 2016. No. 1. Pp. 99-104.

8. Deichmann U., Goyal A., Mishra D. Will digital technologies transform agriculture in developing countries?// Agricultural
Economics. 2016. Vol. 47. No. 1. Pp. 21-33.

9. Aymurzinov M. S., Baymukhamedova G. S. Povyshenie effektivnosti upravleniya ag-rarnymi predpriyatiyami na baze
sredstv avtomatiki I informatsionnykh tekhnologiy [Improving the management of agricultural enterprises based on automa-
tion and information technology] // Agrarian Bulletin of the Urals. 2018. No. 1. Pp. 57-62. (In Russian.)

10. Skvortsov E. A., Skvortsova E. G., Sandu I. S., lovlev G. A. Perekhod sel’skogo khozyaystva k tsifrovym, intellektual’nym
I robotizirovannym tekhnologiyam [The transition of agriculture to digital, intelligent and robotic technologies] / Economy
of Region. 2018. Vol. 14. No. 3.Pp. 1014-1028. DOI: 10.17059/2018-3-23. (In Russian.)

11. Truflyak E. V. Osnovnye element sistemy tochnogo zemledeliya [ The main elements of a precision farming system]. Kras-
nodar: Kubanskiy gosudarstvennyy agrarnyy universitet im. I. T. Trubilina, 2016. 39 p. (In Russian.)

12. Yakushev V. P., Yakushev V. V., Konev AV.,, Matveenko D. A., Chasovskikh S. V. O sovershenstvovanii realizatsii
agrotekhnologicheskikh resheniy v tochnom zemledelii [On improving the implementation of agrotechnological solutions in
precision farming] / Vestnik of the Russian agricultural science. 2018. No. 1. Pp. 13—17. (In Russian.)

13. Bramley R. G., Ouzman J., Gobbett D. L. Regional scale application of the precision agriculture thought process to pro-
mote improved fertilizer management in the Australian sugar industry // Precision Agriculture. 2019. Vol. 20. No. 2. Pp. 362—
378. DOI: 10.1007/s11119-018-9571-8.

14. Leroux C., Tisseyre B. How to measure and report within-field variability: a review of common indicators and their sen-
sitivity // Precision Agriculture. 2019. Vol. 20. No. 3. Pp. 562—590. DOI: 10.1007/s11119-018-9598-x.

15. Finger R., Swinton S. Mio, Benni N. E., Walter A. Precision farming at the nexus of agricultural production and
the environment / Annual Review of Resource Economics. 2019. Vol. 11. No. 1. Pp. 313-335. DOI: 10.1146/annurev-re-
source-100518-093929.

16. Konyukhov A. N., Dyubua A. B., Safoshkin A. S. Osnovy teorii nechetkikh mnozhestv [Fundamentals of the theory of
fuzzy sets.]. Ryazan’: Ryazanskiy gosudarstvennyy radiotekhnicheskiy universitet, 2017. 88 p. (In Russian.)

17. Volkova E. S., Gisin V. B. Nechetkie mnozhestva I myagkie vychisleniya v ekonomike I finansakh [Fuzzy sets and soft
calculations in economics and finance]. Moscow: Finansovyy universitet pri Pravitel’stve Rossiyskoy Federatsii, 2016. 184 p.
(In Russian.)

18. Volkov D. O., Avramchikova N. T. Primenenie metoda ekspertnykh otsenok dlya otsenki effektivnosti gosudarstven-
noy finansovoy podderzhki innovatsionnoy deyatel’nosti regiona [The use of the method of expert assessments to assess the
effectiveness of state financial support for innovative activities in the region] / Reshetnevskie chteniya. 2017. Vol. 2.No.21.
Pp. 465-467. (In Russian.)

Authors’ information:

Artem O. Rada', postgraduate of the department of finance and credit, ORCID 0000-0001-7678-8402, AuthorID 1044755;
+7 (3842) 58-57-97, radaartem@mail.ru

"'Kemerovo State University, Kemerovo, Russia

98



ArpapHbIH BECTHHK Ypaaa Agrarian Bulletin of the Urals
Ne 12 (191), 2019 r. No. 12 (191), 2019

YupeAHTEAD H H3AQTCAD:

YpajabCcknil roCy1apCTBEHHBIA arpapHbIi YHUBEPCUTET
AApec yupeAHTeAd, H3AATCAS H PEAAKIHH:

620075, Poccus, . EkarepunoOypr, yia. K. JIluOknexra, 1. 42

Founder and publisher:

Ural State Agrarian University

Address oi iounder, publisher and ediiorial board:

620075, Russia, Ekaterinburg, 42 K. Liebknecht str.

MopanucHom nHpekc 16356 B 06beagnHeHHoM KaTtanore «lMpecca Poccuun»

Penakuus skypHaja: Editorial:
A. B. Pyukun — KaHAWAAT COLMOJIOTNYECKUX HayK, MIe(-peaakTop A. V. Ruchkin — candidate of sociological sciences, chief editor
O. A. baepeyosa — OTBETCTBEHHBIN PSIAKTOP O. A. Bagretsova — executive editor
A. B. Epogheesa — penaxtop A. V. Erofeeva — editor
H. A. Ilpedeuna — BepcTKa, AU3aitH N. A. Predeina — layout, design

YupenuTeab U U3IaTEAb: YPAABCKUH I'OCYJapCTBEHHbBIN arpapHbIil YHUBEPCUTET.
Anpec yupenuread, uznaread U pepakimu: 620075, Poccuga, r. EkaTepuHOypr, ya. K. AubkHexTa, O. 42.
OTBeTCTBEHHBIH penakTop: ¢akc (343) 350-97-49.

E-mail: agro-ural@mail.ru (masg maTepuasos).

WUznanune 3aperucrpupoBaHo B MuHncrepcrBe Poccuiickoit @enepanum o geaaM mnedartH,
TEAEPaIUOBEIIAHNA U CPELCTB MAaCCOBBIX KOMMYHUKAIIHUH.

Bce mybAuKyeMble MaTepUaAbl IIPOBEPLAIOTCS B CUCTEMeE «AHTUIIAATHATY.
CBumereabcTBO 0 peructparmu [ Ne 77-12831 ot 31 masa 2002 .
OpuruHaA-MakeT IIOATOTOBAEH B M3maTeAbcTBE YPaAbCKOr0O arpapHOro YHUBEPCHUTETA.
620075, r. EkaTepunobypr, ya. K. AubkHexTa, o. 42.

Otnedatano B OOO YHuBepcasbHasa Tunorpadgusa «Aabga ITpuHT.

20049, r. EkaTepuHOypr, nep. ABToMaTHKH, 1. 22K.

[Togmucano B meyath: 10.12.2019 r. Yca. meu. a. 11,4. ABT. A. 9,2.

Tupazk: 2000 3k3. lleHa: B po3HUIYy CBOOOmHAS.
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