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CENbCKOE XO3AMNCTBO
HayyHasi cTatba
YK 631.9:631.95
doi: 10.55170/19973225_2023_8_3_3

BNUAHUE ®OCPOrUNCA HA NPOAYKTUBHOCTD JTIYKA NPU BbIPALLIUBAHUU
B YCNOBUAX CTEMHOW 30Hbl CAMAPCKOI'O 3ABOJTXbA

Hartanba WBaHoBHa AkaHoBa', Hatanba MuxaitnosHa Tpou?™, Nluaua HukonaesHa XonombeBa3, AHaTonumn
AnekcangpoBuy ConoBbes*

BHW arpoxumumn umenn [. H. MpsHuwHukosa, Mocksa, Poccus

2.4CamapCKuii rocyaapCTBeHHbIN arpapHbli yHuBepeuTeT, YeTb-Kunenockuit, Camapckas obnacts, Poccus

SAO «AMNATUT», Mockea, Poccust
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Sinfo@phosagro.ru,http://orcid.org/0000-0001-7127-308X
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Llenb uccnedogaHuli — pa3pabomka npuemMos nosbileHus npodykmugHOCMU fyka U MUHUManu3ayuu co-
OepxKaHuUsi maxXenbIX Memarniog 8 npodyKyuu 3a c4em 8HeCeHUs1 ghocghoaunca Ha YEPHOIEMHbIX NOY8AX HOXKHOU
aepoknumamudeckol 30Hb! Camapckol obracmu. BbisgneHo, ymo nyk aubpuda Koabo F1 g ycrosusx 0ocmamoy-
HO20 yBNaXHEHUs Ha YepHO3eMHbIX no4sax ¢hopmupyem 00CMamoyHO 8bICOKYK ypoxalHocmb — 53,0 m/ea.
3a cuem eHeceHus @I ysenuyusaemces co0epxaHue cepbi 8 nodge: npu dose 2 m/ea 0Ho 8o3pacmaem 6 1,6 paza u
OuHaMUu4HO pacmém ¢ ysenudeHuem 0o3bi O, MakcumanbHOe nogbiweHue (8 5,5 pasa) ommeyeHO npu 8HECEHUU
10 m/za - 124,3 me/ka. [Npu HU3KOU obecneyeHHOCMU peauoHa hodauxHOU cepoli u deghuyume anemMeHma 8 noyse
@I MOXHO paccmampueamb Kak UCMOYHUK 3moeo anemenrma. OmHocumenbHO QUHaMUKU 825108020 COOEPKaHUS
MSKenbIX MEMAIIo8 yCmaHoBEeHO, Ymo nNpu eHeceHuu @I npakmuyecku He npoucxodum yeenuyeHust Komuye-
cmea 6 noyse Zn, Ni, Cu, a codepxaHue Cd ymeHbwaemcs. Konuyecmeo Pb cHuxaemcsi ¢ 1,7 pasa — ¢ 13,0
00 5,0 me/ke. Barnosoe codepxaHue 8cex msKenbIX MEMasIIo8 U Konu4yecmso ux nods8uxHbIX (hopm 80 8cex 8apu-
aHmax He npesbiwaem ycmaHoeneHHbIx K. BHeceHue ghocghoeunca 8 coyemaHuu ¢ MUHepasnbHbIMU yOobpeHu-
Amu cnocobemeyem nosbIWeHUK NpodyKmueHOCMU yka. BHeceHue e noysy ghocghoeunca Ha hoHe NPUMEHEHUS
MuHepanbHbIx ydobpeHuli obecneyusaem npubasky ypoxas nyka eubpuda Koaba F1 e npedenax 14,0-19,5%
(unu 26,9-33,9 m/za), Haubonbwuli ypoxal nofyyeH e sapuaHme ¢ eHeceHuem 8 m/ea ghocchoaunca — 57,5 m/ea.
lMpumererue hocghoaunca cnocobemeyem ysenudeHuUo codepxaHue Karmbyus, Yiy4weHuUlo cmpykmypbl Noyebl,
NOBLILEHUK YPOXaUHOCMU U Ka4ecmea 080WHbIX Kybmyp.

KntoueBble cnoBa: coccorunc, Nnogopoane noys, ypoxaHOCTb, YEPHO3EMBI, MK, OPOLLEHME.
[nsa yumuposaHus: AkaHosa H. ., Tpou H. M., Xonombega J1. H., Conosbes A. A. Bnusine cocdrorunca Ha npo-

AYKTMBHOCTb IyKa Mpy BblpalyBaHuM B YCroBUSX CTENHON 30HbI Camapckoro 3asomxbs /| M3secTus Camapckoit
rocyJapCTBEHHON cenbeckoxosancTeeHHon akagemum. 2023, Ne 3. C. 3-10. doi: 10.55170/19973225_2023_8_3_3
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AGRICULTURE
Original article
INFLUENCE OF PHOSPHOGYPSUM ON ONION PRODUCTIVITY WHEN GROWING

IN THE STEPPE ZONE OF THE SAMARA ZAVOLZHIE

Natalya I. Akanova', Natalya M. Trots?>, Lidia N. Kholomieva3, Anatoly A. Solovyov*
'All-Russian Research Institute of Agrochemistry named after D. N. Pryanishnikov, Moscow, Russia
24Samara State Agrarian University, Ust-Kinelsky, Samara region, Russia

3JSC «Apatit», Moscow, Russia

linfo@vniia-pr.ru, http:// orcid.org/0000-0003-3153-6740

2troz_shi@mail.ru®, http://orcid.org/0000-0003-3774-1235
Sinfo@phosagro.ru,http://orcid.org/0000-0001-7127-308X

4anatoliy.solovyev@icloud.com, https: //orcid.org/0000-0002-6486-7899

The purpose of the research is to develop methods for increasing onion productivity and minimizing the content of
heavy metals in products by introducing phosphogypsum on chernozem soils of the southern agroclimatic zone of
the Samara region. It was revealed that the onion of the Coabo F1 hybrid under conditions of sufficient moisture on
chernozem soils produces a sufficiently high yield — 53.0 t/ ha. Due to the application of FG, the sulfur content in the
soil increases: at a dose of 2 t/ ha, it increases 1.6 times and grows dynamically with an increase in the dose of FG,
the maximum increase (5.5 times) was noted with the application of 10 t/ha — 124.3 mg/kg. With a low availability of
movable sulfur in the region and a shortage of the element in the soil, FG can be considered as a source of this ele-
ment. Regarding the dynamics of the gross content of heavy metals, it was found that when FG is applied, there is
practically no increase in the amount of Zn, Ni, Cu in the soil, and the Cd content decreases. The amount of Pb de-
creases by 1.7 times — from 13.0 to 5.0 mg/kg. The gross content of all heavy metals and the number of their mova-
ble forms in all variants does not exceed the established MPC. The application of phosphogypsum in combination
with mineral fertilizers helps to increase the onion productivity. The application of phosphogypsum into the soil
against the background of the use of mineral fertilizers provides an increase in the yield of onion of the Coaba F1
hybrid in the range of 14.0-19.5% (or 26.9-33.9 t / ha), the highest yield was obtained in the variant with the applica-
tion of 8 t / ha of phosphogypsum — 57.5 t/ ha. The use of phosphogypsum helps to increase the calcium content,
improve the structure of the soil and increase the yield and quality of vegetable crops.

Keywords: phosphogypsum, soil fertility, productivity, chernozems, onion, irrigation.

For citation: Akanova, N. I., Trots, N. M., Kholomieva, L. N. & Solovyov, A. A. (2023). Influence of phosphogypsum
on onion productivity when growing in the steppe zone of the Samara Zavolzhie. Izvestiia Samarskoi gosudarstven-
noi  selskokhoziaistvennoi akademii (Bulletin Samara State Agricultural Academy), 3, 3-10 (in Russ.).
doi: 10.55170/19973225_2023_8_3_3

CoBpeMeHHbI YpOBEHb MPOAYKTUBHOCTM JlyKa B OCHOBHbIX JTYKOCEKLUMX CTpaHax [ocTuraet
46,4-51,7 t/ra. B Poccumn cpeaHsst ypoxanHocTb nyka coctaBnseT 22,6 t/ra. [oatomy akTyanbHOM 3aga-
Yel COBPEMEHHOCTU SBMSETCS MOBbILIEHWE YPOXANHOCTW PENYATOro nyka, Npexae BCEro, Ha BbICOKONMO-
[OPOAHbIX, OpOLIaeMbIX 3eMAsX, C LeneBbiM YypoBHEM NpogyKTUBHOCTU He MeHee 100 T/ra u cobniogeru-
eM MPUHLMMOB pecypcocOepexeHns u akonormyeckon BesonacHocTu npoussoacTea. Jlyky, kak u Gonb-
LUMHCTBY OBOLLHbIX KyNbTyp, TpebyeTcs perynspHbIi NoAuB, 1 B COBPEMEHHOM OBOLLEBOLCTBE OTKPbITOTO
rPYyHTa HEBO3MOXHO 060MTUCH BE3 MCMONb30BaHMS OPOLLEHMS.

Mpy OpOLLEHNN BOSMOXKHO BbIMbIBAHWE NOYBEHHbIX KOMMOMAOB, PAaCTBOPUMbIX COMEN KanbLus U
MarHus B rnybokue ropu3oHTbI MOYBLI, YTO BEAET K Pa3pyLUEHNO CTPYKTYPbI, YNIOTHEHUIO NAaXOTHOTO ropu-
30HTa M 0DOpa3oBaHMi0 KOPKM Ha MOBEPXHOCTM MOYBbI. YMEHbLUAETCs oblas M HekanunnspHas nopu-
CTOCTb, YXyALIAETCA aspauys.

B pasnnyHbix oTpacnsx poCCUICKOM SKOHOMMKM oBpasyeTcs nopsgka NATMAECATU BUOOB Karb-
LUuAcodepxaLMx OTXOOB, 3HAUYUTENbHASA LONS KOTOPLIX MPUXOANTCS HA HEOPraHMYecKkoe M OpraHNYeckoe
NPOM3BOACTBO B XMMUYECKON MPOMBILLIIEHHOCTU. [IpUMEPOM MOXET CRYXWUTb NPOAYKT NOBOYHOrO Npoms-
BOACTBa (hochopHON KucnoTbl — doccporunc (), cnocobCTBYOWMIA NOBBILEHWIO MAOLOPOANUS MOYB M
YPOXXaNHOCTU CENbCKOXO3AMCTBEHHbIX KynbTyp [1-4, 7, 11].
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Lenb uccnedosanull — pa3paboTtka NpMEMOB NOBbILIEHUS NPOLYKTUBHOCTY flyka N MUHUManu3a-
LUnn cofepxaHus TSHKEMbIX METANNOB B NPOAYKLMW 3a CHET BHECEHMS dhocorumnca Ha YePHO3EMHbIX NOY-
BaX KXKHOW arpoknumaTiyeckor 3oHbl Camapckon obnactu.

3adayu uccnedosaHull — u3yyeHne BNUsSHWS Bo3pactarowmx go3 @r (2,0, 4,0, 6,0, 8,0
n 10,0 1/ra) Ha chopMMpoBaHNE NPOAYKTUBHOCTU fNyKa, arpOXMMUYECKME MOKasaTenu nnogopoams noYBbl,
0Cc0BEeHHOCTM AMHAMIKKM BaNOBOrO cofepxaHus LuHka (Zn), cauHua (Pb), Hukens (Ni), meam (Cu) n kagmus
(Cd) B naxoTHOM ropu3oHTe.

Mamepuan u memodsi uccnedogaHuli. docorunc copgepxut 80-90% runca (CaSO42H:0),
2-3% P20s, 0o 15% SiO2, o 21% S, 20-22% Ca. Takxe B ero coctase cogepxutcs: 1,4% Mg, 0,17-0,20%
F,0,1% B, 1% Mn, 0,01% Cu, 0,05% Zn, 0,03% Co, 0,05% Mo [5, 6].

Monesble onbITbl NO UCCneaoBaHMO Aenctaus G B nocagkax nyka u kaptoens 6binn 3anoXeHbl
Ha nonsx KpecTbsHCKO-(hepmepckoro xossnctea (KPX), pacnonoxeHHoro B [puBonxckom paintoHe Camap-
ckor obnactw.

AHanu3 MeTeoporiorMyeckux JaHHbIX MeTeoCTaHUmun «be3eHuykekas» nokasan, 4to cymma nomnoxu-
TEMNbHbIX TEMNEpaTyp 3a BeretaunoHHbIn nepuog (Main — uonb) coctasuna 2009°C, npu Hopme 1602°C,
['TK pasHsinca 0,55.

3aknagka M npoBedeHWe MNOneBbIX OMbITOB MPOBOAMIMCH COMNAcHO METOAMKE OMbITHOMO Aena
b. A. [locnexosa [10], METOAMYECKUM YKa3aHUSM MO NPOBELEHWIO UCCEA0BAHUA B ANUTESNbHbLIX OMblTax ¢
yaobpeHusimu [8], meToaunyeckum TpeboBaHUAM K NONEBOMY OnbITy [9], OCHOBaM Hay4HbIX UCCNEA0BaHUA
B arpoHomuu [10].

MHTeHCMBHas TexHONorns Npon3BoAcTBa nyka Benacb Ha nnowaan 100 ra u Bkntoyana cregyto-

Lye MEpONPUATMS: OCEHbO FOTOBUMW NOYBY, MPOU3BOAMIM BCNALLKY, Yepes MecsL, (hpe3epoBaHiie NoYBbI.

B koHue beBpans, no CHery, Ha onbiTHble AensHku BHecnn O B gosax 2,0, 4,0, 6,0, 8,0 n 10,0 T/ra
(tabn. 1).

Tabnuua 1

Cxema onbiTa Ha nocagkax nyka
1 2 3 4 5 6 7
Kontponb | ®oH (N1ooP1oo) | oH+PM 271/ra | Qon+PM 4 1/ra | GoH+OI 61/ra | GoH +OI 8 1/ra | ®oH + @I 10 T/ra

Moces nyka nposogunu 20 anpens 2022 r. O6bekT uccnegosaHuin — rnbpua Kaoba F1. Hopma
BbICeBa ceMsiH 1 mMnH/ra, unm 5 kr/ra. [lo nosisneHus BCxogoB nposoauv obpabotky repbuumaamu. Yoop-
Ky Nyka npoBOAWMMM OBOLLHbIM kombaitHom Grimme. Hopma nonmsa 3a ce3oH coctasuna 3200 kybomert-
poB. [1onnB OCyLLeCTBNANCA 3a NePUOA BereTalumn pacteHuin 21 pa3 3a ce3oH, fo3son 150 kybomeTpos.

B nouBeHHbIx obpasuax onpegensnu: pH con. (TOCT 26483-85 «[ousbl. MMpurotoBneHue cone-
BOW BbITSXKM 1 onpegeneHue ee pH no metogy LUMHAO»); a3oT wenoyHornaponuayemslin — no KopHdgwus-
oy [5]; nogBwxHbI dhocdop n 06MeHHbIN kanui no KupcaHosy (TOCT P 54650-2011 «[Mousbl. Onpeaene-
HWe NOABWXHBIX coeanHeHun hoccopa v kanus no metody KupcaHosa B mogndmkaumn LIMHAOY); co-
[EpXKaHNe TSKENbIX METaNOB — LMHKA, CBUHLA, KagMus, HUKENs, Mean — onpeaensanocs MeToaoM aToM-
Ho-abcopbumoHHoNM cnekTpockonuu. MaTtemaTtuyeckas obpaboTka aKCnepuMEHTanbHOro MaTepuana npo-
Bogunack no b. A. locnexosy [10].

Pe3ynsmambi uccnedosanuti. CBOEBPEMEHHOMY NMPOPACTaHMI0 N APYKHBIM BCXOLAM PacTeHUiA
nyka cnoco6cTBoBan paBHOMEpHbI nonue. OTNNYKIA B CKOPOCTU NOSIBNEHUS NPOPOCTKOB NO BapUaHTam
He oTMeyeHo. K thase obpasoBaHus nepa npocnexueanach pasHuua B pasBuTMM pacTeHuit. Hambonee
ObICTPO K 3TON (ha3e NOAOLLNMN pacTEHMs KOHTPOBHOMO BapuaHTa — Ha 35 aHel nocne Havana gopmupo-
BaHWa nykosuy. B ¢hoHOBOM BapuaHTe, a Takke B BapuaHTax C LOMOSHUTENbHbIM BHeceHnem 2,0, 4,0
1 6,0 T/ra O 66N chopMMPOBaHBI NYKOBULbI HA 3 AHS MO3XE, YEM B KOHTPONIBHOM BapuaHTe. YBenuye-
Hve Hopwmbl @I go 8,0 T/ra npoanuno nepuoa opmmpoBaHns 4o 6 aHel. PacteHns B BapuaHTe C BHece-
Huem 8 T/ra O oTnmyanucs Gonee rycton Haa3eMHON Maccon, Nepo BbINO ANMHHEE, YEM B KOHTPONBHOM
BapuaHTe B CpeaHeM Ha 3 CM.

Ocobbix pasnuunin B hady noneraHus nepa He OTMEYANOChb (B KOHTPOIbHOM BapuaHTe 3T0
55 [OeHb nocrne npoXoXAeHUs pacTeHusmu asbl 06pa3oBaHus NykosuL). MoneraHue nepa B POHOBOM



BapuaHTe 1 ¢ goamm 2,0, 4,0 1 6,0 T/ra O Hayanocb Yepe3 53 aHs, B BapuaHTax ¢ go3amu 8,0 n 10 1/ra
I cokpatuno go 50 aHen.

Takum obpasom, noneraHue nepa nepen ybopkon y cpeaHecnenoro rnbpuaa nyka Koaba F1 HacTy-
naet Ha 50-55 geHb nocne nocesa. Mpy 3TOM Kakoro-nnbo BIUSHWA MUHEpParbHbIX yAo6peHuin n O He
npocnexusaetcs. [JoctoBepHoe BnusHUe nposienseTcs nodxe. BHeceHne B noysy @I B gose 8,0 T/ra co-
KpallaeT MexdasHble nepuofbl pa3BUTUS pacTeHWA Ha Tane Havana obpasoBaHNs NyKOBWL, U NoneraHms
nepa v CoKpaLlaeT BereTauuto nyka Ha 5 gHeM.

OTnunune Habntoganoch B KOMUYECTBE NYKOBWUL, C ANMHOMN BbICYLIEHHON LWenkn 6onee 5 cM. [nuH-
Has LWeinka cnocobCTBYET TOMY, YTO BPEAUTENW MOTYT OTKNaAbiBaThb LA HA OCHOBaHUS NIUCTHEB UMK B
NOYBY PSAAOM C LUEMKOW NyKa, NIMYMHKM NPOrpbI3atoT NEPO Nyka M BbIeAAKoT ero U3HyTpu Nnbo nocenstorcs
B OCHOBAHWW LUENKI TYKOBWLbI, YTO NPUBOAUT K €€ BbICTPOMY 3arH1BaHuio. MUHUManbHas oLeHka npuxo-
[Mnach Ha NyKOBWLbI C AensHOK ¢ BHeceHneM O 8 T/ra. Y nykoBuL, C ONbITHBIX AENSHOK Habmoganock
COKpaLLEHMe AnuHbI WenkK, 4To BnaronpusTHO ANs YCTOMYMBOCTM K BonesHsam v Bpeautensm n obecne-
YMBAET AONTOCPOYHOE XPAHEHWE.

B nykoBuuax, BbIpaLLEHHbIX B YCOBMSX KCMEPUMEHTA, COAEPXaHNe CyXOro BeLLecTBa konebanoch
B npegenax 9,8-10,7%, makcumanbHoe 3HayeHne Obino B KOHTPONBHOM BapuaHTe, cofepxaHue caxapa
pocturano 14,5%, 6enka — 2,4%, knetyatkm — 0,8 r (tabn. 2).

Tabnuua 2
Broxmummyeckie nokasatenu nyKoBuL
CopepxaHue
0, 0,
N Corema | Mo | VS caap e | Fenl | IR Bre s
(MAK250 M) | oowa 10-20%)| HOPMAE12%) | 450000 | mo12r) | 1o 2-10 mri)
1 KoHTponb 55 10,7 13,0 2,0 0,7 9,3
2 ®oH (D) 79 9,8 14,0 2,3 0,7 10,7
3| ¢+l 217/ra 75 10,1 14,0 2,1 0,8 10,3
4| O+0r41/ra 77 10,4 14,5 24 0,8 10,9
5| ¢+9r6r/ra 101 9,8 14,0 2,3 0,8 10,3
6| d+dl87/ra 96 10,3 14,5 2,3 0,7 10,3
7| ®+0r101/ra 100 10,2 14,5 2,4 0,8 10,9

AKTMBM3aLMS NPOLLECCOB BMOCMHTE3a OpraHNYECKMX BELLECTB B JTyKe NMpoucxoauna Ha oHe BHe-
CEHMs MUHEeparnbHbIX yaobpeHun n O, makcumanbHOe HakomneHne oTMevanock B npegenax ot 9,3 4o
10,9 mr/%, uto 6onblie B cpaBHeHWUN KoHTponiem B 1,1-1,2 pa3a. CogepxaHue HUTpaToB Konebanock oT
77 0o 101 mr/kr (npu MAK 250 mr/kr). C y4eTOM NpuBeaEHHbIX NOKa3aTeneit BapuaHTbl yaobpeHuin 1 4o3bl
O MOXHO cunTaTh ONTUMArBbHLIMU 115 PEKOMEHAALMIA NPOU3BOACTBY.

BoisiBneHo, uto BHeceHne O NOnoXuTeNbHO BAMSIET HA peakuuio NOYBEHHOW cpedbl. JddekT
PacCoONEeHNs NOYBbI HAYMHAET NPOSIBNATLCS YKE NPU HOPME BHECEHMS MeNnopaHTa 2 T/ra.

3HaueHus pH yBennumMBanoch B NaxoTHOM rOpu3oHTe B cpedHeM ¢ 6,0 eguuny (Ha KOHTporne) Ao
7,2. C yBenuyeHnem HopMbl BHeceHust O ¢ 2 go 10,0 T/ra nokasatens gocturan 7,1-7,2. YunTbias BbICO-
KW YPOBEHb LLEeNoYHOCTH nonmeHoi Boabl (pH Bbiwe 8,0) BHeceHne O cnocobCcTBOBANO €6 HEKOTOPOM
HenTpanu3aLummn n ctabunuanposasno pH NoYBEHHOro pacTeopa B cnaboLenioyHoM uHTepsarne (tabsn. 3).

AHanu3 aaHHbIX N0 COAEPXaHMI0 r'yMyca B MOYBE BbISIBUN BIUSHE MEIMOPAHTA Ha €ro KOHLEHTpa-
LVt0, KOTOPAs BblILUE B CPABHEHWUM C KOHTPOMbHLIM 3HA4eHWeM. MOMMMO eCTECTBEHHON MOYBEHHOM NECT-
POTbI, BO3MOXHO, BHeCeHne O npuocTaHaBnmMBaeT NpoLEecchl rymudmkaLmm, u 3T0T nokasatenb Oyaet
MMETb NONOXMTENbBHYI0 AMHAMUKY B NOCNEAYIoLLMe TOAbl, KOrha B pesynbTate nocneaencTaus goctorun-
ca OygeTt HapactaTb MpPOAYKTUBHOCTb (PUTOLIEHO3a W KOMMYECTBO MOCTYMatOLLEN B MOYBY OPraH14Yeckoi
Macchl.

B nepsbin rog genctaua O okasan CyLecTBEHHOE BIMAHWE Ha JOCTYMHOCTb NErkornaponmudyemo-
ro a3oTa MouBbl ANs PaCTEHWN, NoKasaTemb YBENYMACA C 75 MI/Kr Ha KOHTpone Ao 152 mr/kr npu BHece-
HWW MUHepanbHbIX yaobpeHuit n O B fose 6 T/ra. BHeceHne @I okasano BnusiH1e Takke Ha PoctaTHbIi
PEXMM MOYBbI, YBENNYMBAS COLEPXaHMe NOABKHOMO ¢hocopa No Mepe BO3pacTaHWsi HOPMbl BHECEHMS
menuopaxTa. Tak, B BapuaHTe ¢ npumeHeHneM 6,0 t/ra O cogepxanne docdopa nosbicunocs B 1,2 pa-
3a, Ha hoHe 2,0 T/ra ®I - B 1,6 pa3a, 4 n 8 1/ra O — B 1,5 pasa, npn BHeceHun 10 7/ra ®I - B 2,5 pasa.
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Tabnuua 3
Arpoxumuyeckne nokasarteni noys

EwmkocTb S o6m.| Mg obm.| Caobm.| Na | P2Os| Nar | K20
No Bapuant | pH | katuonHoro | Fymyc,| Hutpatsl, [noTHOCTb
" onbita | (KCI)| obmeHa, % | mr/100 r Mr-ak8./100 T Mk noyBbl, r/cm?
Mmonb/100 r '
1] Kontporb | 6,0 28,4 4,9 17 22,4 2,0 20,0 | 0,05] 125| 75 | 123 1,48
o| P les| 313 | 66| 24 | 38| 21 | 150 |007| 208| 126 | 220 1,34
(N100 P100)
®oH +
3 +OF 21/ 7,1 33,1 6,1 23 54,7 3,1 18,0 | 0,07| 188 | 147 | 221 1,32
OoH +
4 +OF 41/ 7.2 314 4,9 22 62,3 2,1 219 | 0,05| 201 | 138 | 170 1,32
®oH +
5 +OF 61/ 7,1 31,9 52 26 83,5 24 196 | 0,03 192 | 152 | 215 1,31
6 oH * 7,1 32,4 58 26 1070 2,1 16,6 | 0,05| 267 | 146 | 195 1,30
+Or 8 1/ra
®oH +
7 +Or 10 1/ra 7,1 34,6 4.8 28 124,3 1,9 21,3 | 0,07 316 | 138 | 270 1,30

CopepxaHne O0OMEHHOTO Kanusi B MOYBE Takke BO3pacTano WM Haxoaunocb Ha MaKCUManbHOM
ypoBHe (270 mr/kr nouBbl) B BapuaHTe ¢ BHeceHneM 10 1/ra . OyesnaHo, 3anacsl K20 6binu mobunuso-
BaHbl 32 CHYET yCUNeHns 0OMEHHbBIX NPOLECCOoB.

Mo coaepaHuio KanbLys U MarHust 3akoHOMEPHON AMHAMUKK He BbiSBNEHO. OTMEYEHO, YTO BHeCe-
Hue 10 T/ra O cHuxaeT cogepkaHne 0bmMeHHoro marHus. MakcumarnbHoe cogepxaHne 0OMEHHOro Kanb-
L1t OTMEYEHO B BapuaHTe ¢ BHeceHueMm 4 1/ra OF (tabn. 3).

BHeceHne O B MOYBY 3HAYMTENBHO YBEMNMYMBAET EMKOCTb KaTWOHHOrO obmeHa —
oT 28,4 mmonb/100 r Ha koHTpone go 34,6 mmons/100 r npu gose 10 T/ra.

BaxHbIM nokasaTenem MOHUTOPUHIa npu 1cnonb3oBaHum O aBnseTca NnoTHOCTb noyBbl. [ogsep-
rasicb JeiCTBMIO NONWBHOM BOAbl M TSHXKESON TEXHUKKM, YPOBEHb YNoTHeHUs focturaet 1,48 r/cms. [en-
cteue O yxe B NepBblii rof NPUMEHEHNS MOBMAMANO Ha Pa3ynnoTHEHWE MOYBbI — NOKa3aTenb CHU3WICS
no 1,30 r/om3.

3a cyeT BHeceHns O yBenuuMBaeTCA COAepXaHue cepbl B MOYBE: Mpu 2 T/ra OHO BO3pacTaer
B 1,6 pasa n guHamMn4HO pacTeT ¢ yBenuueHnem fo3bl O, MakcumanbHoe nosbiwenne (4o 124,3 mr/kr —
B 5,5 pa3a) oTmeueHo npw BHeceHun 10 1/ra OI. Mpu HU3KOM 0BeCneYeHHOCTM peroHa NoABMKHON CEpon
1 aecmumnTe anemeHTa B nouse O MOXHO paccMaTpUBaTb Kak MCTOYHMK 3TOrO 3IEMEHTA.

OTHOCMTENBHO AMHAMWKW BANOBOrO COAEPKaHUS TSHKENbIX MeTannos (Tabn. 4), ycTaHOBNEHO, YTO
npw BHeceHum B nouBy O npakTuyecku He nponcxoanT yBennyenus B nouse Zn, Ni, Cu, a cogepxarue Cd
yMeHbLuaeTcs. Konuyectso Pb cHxaetcs B 1,7 pasa (¢ 13,0 go 5,0 mr/kr). Banosoe cogepxaHue Bcex
TSDKENbIX METaNmoB 1 KONMYECTBO UX NOABWXKHBLIX (DOPM BO BCEX BapuaHTax HE NPEBLILLAET YCTAaHOBMEH-
HbIX MK (Tabn. 5).

Tabnuua 4
BanoBoe cogepxaHue TsKenbIx MeTanmnos, Mr/kr
Ne| BapwahT onsiTa Tsokerble MeTanbl, Mr/kr '
Hg Cd Pb Zn Cu Mn Fe Ni As
1 KoHTponb >0,005 | >1,0 13,0 13,0 9,1 220 3200 12,0 1,03
2| ®oH (N1ooP10o) | >0,005 | >1,0 76 17,0 9,3 210 4100 15,0 >1,0
3| o+l 271/ra | >0,005 | >1,0 9,6 14,0 8,8 210 3300 13,0 >1,0
4| OGon+dr4tira | >0,005 | >1,0 9,6 14,0 8,4 220 3800 13 >1,0
5| ®Gon+®r61/ra | >0,005 | >1,0 8,7 14,0 8,8 210 3100 15,0 >1,0
6| don+dr8/ra | >0,0056 | >1,0 5,0 14,0 8,1 180 3100 12,0 >1,0
7| ®oH+®r101/ra | >0,005 | >1,0 78 17,0 75 220 3800 15,0 >1,0
noK 2,1 2,00 32,0 100,0 | 14,00 | 1500,00 | OfJK 40000 85 2,0




BHeceHue 2,0 T/ra O Ha choHe MUHepanbHbIX yaobpeHuit 0ByCnoBUIO HEKOTOPOE YBEMMYEHKE,
B cpaBHeHuu ¢ koHTponem, Ni — Ha 19,1%, Cu — Ha 13,2% v Fe - B 1,9 pa3a. Ha doHe 4,0 1 6,0 T/ra OI He
YCTaHOBIIEHO HAKOMMEHWS TSXKENbIX METANN0B B NOYBE. 3aMETHbI POCT BanoOBOrO COAEPKaHUS TSKENbIX
METasnmnoB B NOYBE, MO OTHOLIEHWUIO K KOHTPOSH, NpocnexuBaeTca npu BHeceHun 6,0 T/ra . Mo umHKy
npupocTt coctasnseT 11,5%, Hukento — 37,6%, mean — 47,9%, a kagmuio — B 2,7 pasa. OgHako nonyyeH-
Hble 3Ha4eHNs Haxoaunucb 3HaumTensHo Hke OJK. Takum obpasom, BHeceHue B nousy O cnocobeTsy-
€T CHKEHMIO 3HaYeHUi pH NoYBEHHOrO pacTBopa M BEAET K HEMTPanuU3aLmn BpeaHoOro AeNCTBUS CONnelt B
BEPXHUX CNOSIX NOYBbI.

Tabnuua 5
Cop,ep>|<aHV|e NnoaBUXHbIX CbOpM TAXeIbIX MeTalsioB, Mr/Kkr
Ne BapuaHt Taxenbsle MeTansbl, Mr/kr
B onbITa Cd Pb Zn Cu Mn Fe Ni
1 KoHTponb >1,0 >1,0 >1,0 >1,0 5,40 >5,0 >1,0
2 ®oH (N100 P10o) >1,0 >1,0 >1,0 >1,0 13,0 >5,0 >1,0
3| ®oH+Ol27/ra >1,0 >1,0 >1,0 >1,0 20,0 >5,0 >1,0
4 | QoH+Ol41/ra >1,0 >1,0 >1,0 >1,0 23,0 >5,0 >1,0
5| OoH+®l61/ra >1,0 >1,0 >1,0 >1,0 24,0 >5,0 >1,0
6| PoH+Pr81/ra >1,0 >1,0 >1,0 >1,0 26,0 >5,0 >1,0
7 | ®oH+®r 10 1/ra >1,0 >1,0 >1,0 >1,0 23,0 >5,0 >1,0
MoK 0,5 6,0 23,00 3,00 140,0 - 4,0

BbisBneHo, yto nyk rmbpuaa Koabo F1, B yCnoBusix LOCTATOYHOTO YBMaXHEHWS, Ha YEPHO3EMHbIX
noysax, oopMmUpPyeT JOCTATOYHO BbICOKYHO YPOXaANHOCTb — Ha ypoBHe 53,0 T/ra (Tabn. 6).

Tabnuua 6
YpoxanHocTb nyka, 2022 .
Ne BapuaHT onbiTa YpoxanHocTb, T/ra [Npu6as(@ k KoHTpOMIo
T/ra %
1 KoHTponb 38,0 0 0
2 ®oH (N100 P10 ) 52,0 14,0 26,9
3 ®oH+ Pl 2 1/ra 55,5 17,5 31,6
4 ®oH+ Pl 4 1/ra 57,3 19,3 33,6
5 ®oH+ Pl 6 1/ra 55,0 17,0 30,9
6 ®oH+ Ol 8 1/ra 57,5 19,5 33,9
7 Qon+ @I 10 1/ra 55,8 17,8 31,8
HCP o5 0,98 - -

Mpumerenne 2,0 T/r I cnocobcTBOBaN0 yBENUYeHMo ypoxanHocty nyka ¢ 1 ra Ha 17,5 % — go
31,6 1/ra. MNoBbiweHne Hopmbl Ao 8,0 T/ra obecneunno noBbilEHNe ypoxas ewe Ha 2% — go 57,5 1/ra,
npubaska coctasuna 33,9%. MpoayKTMBHOCTL KynbTypbl Npu BHeceHwn 4,0 T/ra ' npumepHO oaMHaKoBa
B CPaBHEHUM C BapuaHTOM C BHeceHuem 8,0 T/ra.
3akntoyeHue. BHeceHune B nouBy Ol Ha hoHE NPUMEHEHNS MUHEPanbHbIX Y10OpeHUii 4OCTOBEPHO
obecneuvBaeT npubasky ypoxas nyka rmbpuga Koaba F1 Ha 14,0-19,5%, unn 26,9-33,9 T/ra, Makcumans-
HbIM ypoxan Bbin nonyyeH B BapuaHTe ¢ BHeceHue 8,0 T/ra @ — 57,5 1/ra. Mo pe3ynbTatam uccnegosa-
HWA BbISIBNIEHO, YTO BHECEHWE B noysy @I B coveTaHuM ¢ MUHepanbHbIMU yaobpeHusamm obecneyvsaeT
npubasky ypoxas nyka rubpuaa Koaba F1 B npegenax 14,0-19,5% wunm 26,9-33,9 1. lNpn aTOM Makcu-
MarbHbIN ypoxan nyka bbin nonyyeH B BapuaxTe ¢ BHeceHnem 8,0 1/ra O u coctasun 57,5 T/ra.
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KOMBUHALWMOHHASA CNOCOBHOCTb KOMMOHEHTOB CKPELUVMBAHUI
r’MePUOOB F1 CAXAPHOIO COPIro no YPOXXAMHOCTU BUOMACCHI

OkcaHna MaBnoBHa KubanbHuk

Poccuitcknin Hay4yHO-MCCneaoBaTenbCKUA U MPOEKTHO-TEXHOMOMMYECKUIA MHCTUTYT COPro W Kykypy3el, Capatos, Poc-
cus

kibalnik79@yandex.ru; http://orcid.org/0000-0002-1808-8974

Lenb uccnedosaHull — oueHka obweli U cneyuguyeckoli KOMOUHAUUOHHOU chocobHoCMU U30S0€PHbIX
LUMC-nuHul Ha ocHose cmepurbHbIX yumonnam A3, A4, 9E u 06pa3Lios caxapHo20 COp20 8 CLUCMeMe MecmepHbIX
CcKpeuwjusaHull. B Hacmoswiee spemsi Haubosee NepecnekmMUBHbIM HanpasieHUeM ceflekuyuu sensemcs cosdaHue
2ubpudos F1 caxapHo20 copeo, 0CHOBaHHOE Ha 8biggneHuU U nodbope podumenbCKUX opM C 8bICOKOL KoMOUHa-
LUOHHOU cnocobHocmbio. McxolHbIl mamepuan u aubpudbl F1 ebipawusanu e 3acywnuebix ycrosusx Capamos-
ckozo [pasobepexbs 8 2016-2018 ez.: audpomepmuyeckull KoaghghuyueHm 8 nepuodbl sezemauuli cocmasusn
0,51-1,01. OueHky KomMbUHaYUOHHOU ChOCOBHOCMU KOMNOHEHMO8 CKpeuwjugaHull npogodunu no memody monkpoc-
ca. ['ubpudsi F1 cyuwiecmeeHHO pasnuyanuck no ypoxalHocmu buomaccsl. Haubonee npodykmugHbIMU OKa3anuch
2ubpudsl, y KOmopbIX 8 KaYecmee omuyosckol (hopMbi ucnorb3oganu nuHu f1-52/13 — 39,9-71,4 m/za. Ananus
KOMOUHaUUOHHOU CchoCOBHOCMU KOMNOHEHMO8 CKPEeWUsaHUll Ha OCHOBE MPEXNEMHUX pe3y/bmamos nokasan,
ymo ebicokue agppexkmbi OKC ommeyerb! y copmoe Bomkckoe 51 (1,91-11,31), Capamosckoe 90 (2,67-15,71)
u nuHuu f1-52/13 (2,38-5,54). Haubonbwue ducnepcuu CKC ebiseneHsl y copma Capamosckoe 90 (1,21-189,27)
u nuHul f1-60/12 (9,98-14,53), 11-52/13 (30,43-54,83). YcmaHoeneHo, ymo mun cmepusbHOU yumonnasmbl U30-
A0epHbIX UMC-nuHull He oKasan CyueCmeeHH020 8MUSHUS Ha 0bWY0 U Cneyuguyeckyro KOMOUHAULUOHHYIO cno-
cobHocmb no ypoxatiHocmu 6uomaccsi. Tlpu amom, 6oree 8bicokue nokasamesnu aghpekmos OKC (1,04-1,27) u
ducnepcuti CKC (11,80-36,66) ommeyeHn! y 9E )KenmosepHoe 10 no cpasHeHUr ¢ aHanozamu Ha CmepUsibHbIX
yumonnasmax A3 u A4. MonydyerHble ceedeHus UeecoobpasHo UCNoIb308amb 8 CENIEKULUOHHbIX Npo2paMMax no
8bIBEAEHUI0 8bICOKONPOOYKMUBHBIX 2ubpUA08 caxapHO20 COp2o.

KnioueBble cnoBa: copro, nsosaepHble LIMC-nuHumn, tunsl UMC, rubpuasl F1, acddektsl OKC, aucnepcus CKC,
YPOXaNHOCTb Bromacch!.

Ana uumuposarus: Knbanshuk O. 1. KombrHaUMOHHast cnocobHOCTb KOMMOHEHTOB CKpeLlmBaHuiA mbpuaos F1
caxapHoro copro no ypoxaiHoct 6uomaccel // W3Bectus CamapCckon rocynapCTBEHHOM CEMNbCKOXO3AMCTBEHHON
akagemmu. 2023. Ne 3 . C. 11-18. doi: 10.55170/19973225_2023_8_3_11

AGRICULTURE
Original article

COMBINATIONAL ABILITY OF COMPONENTS CROSSES OF HYBRIDS F1

SUGAR SORGHUM ON BIOMASS YIELD
Oksana P. Kibalnik
Russian Research and Design-Technological Institute of Sorghum and Corn, Saratov, Russia
kibalnik79@yandex.ru; http://orcid.org/0000-0002-1808-8974

The aim of the research is to evaluate the general (GCA) and specific combinational ability (SCA) of iso-nuclear CMS
lines based on sterile cytoplasmas A3, A4, 9E and samples of sugar sorghum in the system of test crosses. Current-
ly, the most promising direction of breeding is the creation of F1 hybrids of sugar sorghum, based on the identification
and selection of parental forms with high combinational ability. The starting material and F1 hybrids were grown in the
arid conditions of the Saratov Right Bank in 2016-2018: the hydrothermal coefficient during the growing season was
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0.51-1.01. The evaluation of the combinational ability of the crossing components was carried out using the topcross
method. F1 hybrids differed significantly in biomass yield. The most productive were hybrids, in which the line was
used as the paternal form L-52/13 - 39,9-71,4 t/ha. The analysis of the combinational ability of the components
of crosses based on three-year results showed that high effects of GCA were noted in the varieties Volzhskoe 51
(1.91-11.31), Saratovskoe 90 (2.67-15.71) and the line L-52/13 (2.38-5.54). The greatest SCA variances were found
in the variety Saratovskoe 90 (1.21-189.27) and the lines L-60/12 (9.98-14.53), L-52/13 (30.43-54.83). It was found
that the type of sterile cytoplasm of iso-nuclear CMS lines did not significantly affect the general and specific combi-
national ability of biomass yield. At the same time, higher rates of effects GCA (1.04-1.27) and dispersions SCA
(11.80-36.66) were noted in 9E Zheltozyornoe 10 compared with analogues on sterile cytoplasmas A3 and A4. It is
advisable to use the information obtained in breeding programs for the breeding of highly productive hybrids of sugar
sorghum.

Keywords: sorghum, iso-nuclear CMS-lines, CMS types, F1 hybrids, effects GCA, dispersion SCA, biomass yield.

For citation: Kibalnik, O. P. (2023). Combinational ability of components crosses of hybrids F1 sugar sorghum on
biomass vyield. lzvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara State Agricul-
tural Academy), 3, 11-18 (in Russ.). doi: 10.55170/19973225_2023_8_3_11

B HacToslLLee Bpemsi caxapHoe Copro sIBNseTcs BOCTPebOBaHHOM CENbCKOXO3SAMCTBEHHOMN KyNbTy-
poW, cnocobHoi NpouspacTaTh B 3aCyLWMBbLIX PETMOHAX MUpa. JTa KyrbTypa OT/INYaEeTCs LWMPOKOW ajan-
TMBHON CMOCOBHOCTBH, BbICOKOPOCIOCTbIO, COAEpXaHeM BOAOPACTBOPUMbIX CaxapoB B COKE [MaBHOMO
ctebnsa go 20%. Bmecte ¢ Tem, 310 pacTeHne obnagaeT BbICOKON POTOCUHTETUYECKON APPEKTUBHOCTLHO
1 MOXET 3a KOPOTKWN CPOK CHOpMMPOBaTH MOLLHYH0 Gruomaccy. CaxapHoe COpro LWMPOKO UCMonb3yeTes B
MPUrOTOBINEHNM COYHBIX KOPMOB, @ TaKkKe ABNSETCS anbTepHATUBHBIM UCTOYHMKOM BMOTONNMBA M Caxapo-
cofepxalyeit npoaykumm [1-4].

3BecTHO, 4TO Yy rMbpuaos F1 yacto nposiBnsietca addekT rerepo3nca N0 MHOTUM XO3SMCTBEH-
HbIM NPpKU3HaKaM, B TOM YICME M NO YPOXaNHOCTK BroMacchl, KOTOPbINA 3aBUCUT OT NPaBMibHO NoaobpaH-
HbIX POAMTEMNBLCKMX Nap W aKTUBHO WUCMOMb3yeTcs cenekuuoHepamu. Mo3ToMy BbISIBIIEHWE KOMMOHEHTOB
CKPELLMBAHUIN C BbICOKOW KOMBUHALMOHHOM CMOCOBHOCTBID — 3TO OCHOBHOW 3Tan B CeNeKUUn Ha reTepo-
auc. Kak npasuso, B ka4yeCTBe MaTePUHCKON (DOPMbI UCMOMbB3YIOT JIMHUM C LIMTONSIa3MaTYECKON MYXKCKOM
ctepunbHocTbto (LMC), a oTL0BCKON — copTa W NuHKK [4-3)].

Y copro obHapyxeHO 60MbLIOEe KOMMYECTBO PasnnYHbIX TUMOB CTEPUNbHLIX LuTonnasm. OgHako,
Hanbonbluee pacnpoCTpaHEHMEe B CO3AaHMM KOMMepYeckux rubpmaos nonyumna A1 (milo). ns paclumpe-
HWS TEHETMYECKOro pa3Hoobpasust rMbpuaoB NEpPBOrO MOKOMEHUS B MPAKTUYECKON CENeKLun BaXHO WC-
nonb30BaTb HOBbIE TUMbI CTEPUNbHBIX UuTonnasm (A2, A3, A4, A5, A6, 9E v ap.) Hapsay ¢ TpaanLMOHHOM
uutonnaamon A1 [6]. BnnsiHne anbtepHatuBHbIX TMNOB LIMC-MHAYLMpYOWMX LMTONMNA3M Yy COpPro Ha npo-
SIBNEHNE CENEKLUMOHHO-LEHHbIX NPU3HAKOB M3Y4YEHO HEe AOCTATOMHO MOMHO. B OCHOBHOM, B nuTepatype
BCTPEYaOTCS CBEAEHUsI O uuTonnasmatndeckux acdekrax tmnos A1, A2, A3 [7-8]. CneayeTt 0TMETUTS,
YTO aHanornyHble paboTbl BCTPEYAIOTCS MO TaKUM CEenbCKOXO3AMCTBEHHBIM KynbTypaMm Kak Kykypysa [9],
apukaHckoe npoco [10], noaconHeyHuk [11], puc [12] n ap.

Lenb uccnedosaHull — oueHka obLeit 1 cneuyndryeckon KOMBUHALMOHHOM CnocOBHOCTM 130-
snepHbix LUMC-nuHuin Ha ocHoBe cTepunibHbIX uutonnasm A3, A4, 9E n 0bpasLioB caxapHOro copro B Ci-
CTEME TeCTEPHbIX CKPELLMBAHMMN.

3adayu uccnedoeaHutl — onpeaenenne acpdektoB OKC n gucnepcuin CKC KOMMOHEHTOB CKpe-
LMBAHWIA NO YPOXKAMHOCTW HaA3eMHOMN Bromaccs!.

Mamepuan u memodbi uccnedosaHutl. M'vbpuabl NepBoro nokonexms (scero 39) n poauTens-
ckue hopMbl COpro Bblpawmsany Ha onbiTHOM none ®rbHY PocHUWCK «Poccopro» B 2016-2018 rr.
(r. Capartos). N3osaepHbie LUIMC-ninHum 3epHoBOro copro (Bcero 3), MCronb3yeMble B Ka4ecTBe MaTepuH-
ckux chopm — A3 XKentosepHoe 10, A4 XKentosepHoe 10 1 9E XKentosepHoe 10, pasnnyanucb TOMbKO re-
HETUYECKM pasfMYHbIM TUMOM CTepuribHo uuTonnaamel [13]. OTtuosckue dopmbl (Bcero 13) — copTa u
nuHUM caxapHoro copro (Bomxckoe 51, ®narman, Yaiika, Caxapa, Capatosckoe 90, KambiwwnHckoe 8, Ku-
Henbckoe 3, k-64, J1-60/12, [1-39/12, N-42/13, N-59/13, 11-52/13) — otnuyanuck Mexay coboi no 0CHOBHbLIM
XO35MCTBEHHO-L|EHHbIM Mpu3HakaM. BonblUMHCTBO 06pa3sLoB, y4acTBYIOWMX B CKPELLMBAHUSX, CENEKLNN
OIBEHY PocHWUCK «Poccopro». WckntoveHne coctaBunm KambiwuHckoe 8 (®FBEHY ®epepantHbiif
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HayYHbIN LIEHTP arpoaKoNoriK, KOMMIEKCHbIX MEenMopauuin u sawutHoro necopassegerns PAH), Capa-
ToBckoe 90 (PrBHY «®AHL KOro-Boctokar), Kunensckoe 3 (PrbHY Mosormkekuin HAW cenekumm u ceme-
HoBoacTBa UM. 1. H. KoHcTaHTMHOBA) 1 KONMEKLMOHHBIN copToobpasel k-64 (PILL Bcepoccunckuii MHCTH-
TYT reHeTUYECKUX PeCypcoB pacteHun uMmenn H. /. Basunosa). MoyBa OnbITHOMO y4actka npescTaBneHa
YepHO3eMOM HXHBIM CpefHecyrnMHUCTLIM. CoaepxaHue rymyca B naxoTHoM crioe coctasnset 3,5%. [Mo-
CEB NpOoBefeH WMPOKOPSAHBIM cnocobom ¢ Mexaypsigeem 70 cM BO BTOPOW-TpeTbel aekage Mmas. [Mo-
BTOPHOCTb B OMbITe TpexkpaTHas. PasmelleHure fensHok nrowaabko 7,7 M2 peHooMu3nMpoBaHHoe. 'yctoty
CTOSIHUSA pacTeHW ycTaHaenmBanm BpyyHyto — 100-150 Tbic. pacT./ra. Y4yeT ypoxainHoctn bromaccsl npo-
BOZMNM NO METOAMKE roCyapCTBEHHOTO UCTbITaHWSA CeNbCKOXO3ANCTBEHHbIX KynbTyp [14].

Cratuctuyeckast 0bpaboTtka aKkcnepuMeHTanbHbIX pesynbTaToB MCCIEA0BAHWA BbIMOMHEHA AMUC-
NEePCUOHHBIM OZHO(AKTOPHBIM aHanM3oM ¢ NOMOLLbI0 nporpaMmbl «Arpoc 2.09». KoMbuHaLmMoHHyo cno-
COBHOCTb poaUTENbLCKMX hOPM ONpeaensany no Metogy Tonkpocca [15].

[mapoTepmuyeckuit koadpduumeHT (I'TK) 3a nepuogd co BTOPOM Aekadbl Mast no BTOPYH Aekady
ceHTs6psa coctasun B 2016 1 2018 rr. 0,51-0,68 (cymma akTuBHbIX Temnepatyp — 2696-2702°C, konnye-
cTtBo ocagkoB — 137,3-184,6 mm), 4tO CBUOETENLCTBYET O 3acywnuebix ycnosusx. CornacHo [TK
(paBeH 1,01) Hanbonee BnaroobecneyeHHbIM okasancs 2017 rog (Cymma akTuBHbIX TemnepaTyp — 2475°C
1 KONMYECTBO 0CaAKOB — 248,9 Mm).

Pe3synbmambi uccnedosaHull. [INCNepCUOHHBIM aHanM30M MOATBEPXKAEHbI Pa3nuuns Mexay
€XEerogHo ucnbiTbiBaeMbiMn 39 rmbpugamm F1 caxapHoro copro no ypoxaiHoctn Guomacchl, Kotopasi Ba-
pbMpoBara B 3aBMCUMOCTM OT yCroBui roga Bo3aenbiaus: B 2016 r. ot 18,0 T/ra (B ckpelymBaHusx ¢
nunmen J1-59/13) no 45,8 1/ra (B ckpewmBaHusix ¢ coptom Bomkckoe 51); 8 2017 r. o1 29,4 T/ra (B ckpe-
wmBaHusx ¢ nuHuen J1-59/13) go 46,8 t/ra (B ckpewmsanuax ¢ nuuuein J1-52/13); 8 2018 r. ot 30,6 T/ra
(B CKkpeLmBaHuax ¢ coptom Yaitka) go 71,4 1/ra (B ckpewmsanmsx ¢ nuHuen J1-52/13) (puc. 1). bonee Bbl-
COKYI0 YPOXaMHOCTb BEretatMeBHoM Macchl rmbpuasl F1 cpopmmposanm B 2018 r.; B koMGuHaLmsx ¢ cop-
Tamn ®narman, Capatosckoe 90 — 62,0-67,6 1/ra; nuHuamu 11-39/12, 11-52-13 - 66,1-71,4 T/ra.

PesynbTaTbl CTaTUCTUYECKOrO aHanm3a KOMOMHALMOHHOM CNOCOBHOCTM NoKa3anu 3HauMMble pas-
nmyus mexay coptamu v nuHuamm caxapHoro copro no OKC (Fos=Freop.) (Tabn. 1).

Tabnuua 1
PesynbTaTbl AUCNEPCMOHHOTO aHanu3a KOMOUHALMOHHOM CnocoBHOCTM
KOMMOHEHTOB ckpeLymBaHuin (2016-2018 rr.)
2016 . 2017 . 2018 .
MokasaTenb df
ms Fos ms Fos ms Fos
OKC (obpasLioB) 12 110,93 27.87* 46,95 2,74* 256,67 11,68*
OKC (LUMC-nuHui) 2 10,65 2,67 28,47 1,66 27,40 1,24
CKC 24 9,56 2,40* 16,70 0,97 40,66 1,85*
CnyyaiHoe 76 3,97 17,11 21,95

Mpumevanue: * — p<0,05.

OTHOWEHWE CcpeaHeKBaapaTUYECKX OTKMOHEHW obLen u cneumguyeckoin KoMbUHaLMOHHON
CNOco6HOCTM MO YPOXKAMHOCT BMOMACCH! CBUAETENbCTBYET, YTO Y COPTOB U NWHUIA, BOBMEYEHHBIX B CH-
CTEMY TECTEPHbIX CKPELLMBaHWUIA, B TEHETUYECKOM KOHTPOIE Y4aCTBYIOT reHbl C aganTUBHBLIM 3GhEKTOM:
msokc/msckc = 2,81-11,60 (tabn. 1).

ExerogHo nonoxutencHble agektol OKC BobisiBnieHbl y coptoB Bomkckoe 51 (1,91-11,31),
Capatosckoe 90 (2,28-5,54) n nuHum 1-52/13 (2,67-15,71) (tabn. 2). Copta Yaika n KnuHenbckoe 3,
nuHum J1-60/12 1 11-59/13 B Kaxabli rog nokasbiBanm HU3KYK KOMOMHALMOHHYK CNOCOBHOCTL B CKpeLLBa-
Huax ¢ LUMC-nuHusmu ¢ reHomom XKentosepHoro 10 Ha ocHoe A3, A4 n 9E Tunos yutonnasm: agekTsl
OKC coctasum -12,96...-1,40; -3,02...-0,16; -7,72...-1,00; -11,49...-6,76, COOTBETCTBEHHO.

/IHTEpecHO OTMETUTb, YTO Y HEKOTOPbIX OTLIOBCKMX (POPM OTMeYeHb! panuyHble addektsl OKC B
3aBUCKUMOCTM OT TMAPOTEPMUYECKNX YCNOBUIA BO3AENbIBaHUS rmbpuaos F1. B Bonee 3acyLwinuebIx ycrnosu-
sx 0bLas kombuHaumoHHas cnocobHocTb nuHuiA J1-39/12 (B 2016 r.), 1-42/13 (B 2018 r.) Okazanack Huxe,
0 4YeM cBuAeTenbCTBYOT oTpuuatenbHole addektel OKC. C apyroi CTOpoHbI, y copToB ®PnarmaH
n Caxapa bonee Huskune 3HaveHns apdektos OKC otmeueHsbl B 2017 r., XapakTepuaytoLemes ocTaToy-
HOM BNaro06ecne4YeHHOCTbIO.
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Tabnuua 2
Adextbl OKC n gucnepeun CKC copTtos v nuHui caxapHoro copro (2016-2018 rr.)

Opdektol OKC [Oucnepcun CKC

Copr, nuns 20167 2017T. 2018, 2016 T, 20171, 2018 1.
Bonxckoe 51 11,31 3,30 1,91 15,82 0,78 14,69
®narmaH 2,28 6,43 7,11 15,40 3,17 4117
Yaitka -5,92 -1,40 -12,96 0,15 3,53 23,16
Caxapa 2,65 -0,86 4,48 0,66 26,88 16,19
Caparosckoe 90 2,38 3,27 5,54 1,21 16,60 189,27
KambllwmHckoe 8 498 3,90 -13,39 4,24 11,40 9,78
Kunenbckoe 3 -3,02 -0,56 -0,16 0,80 48,60 28,39
k-64 1,91 -3,83 8,48 13,23 3,84 0,24
N-60/12 -4,92 -1,00 -1,72 13,96 9,98 14,53
N-39/12 -6,12 1,80 7,58 2,02 1713 91,80
n-42/13 0,35 5,90 -7,46 9,74 1,19 3,99
N-59/13 -11,49 -6,76 9,12 7,07 3,08 0,97
n-52/13 5,61 2,67 15,71 30,43 54,83 53,74

CrabunbHble 3Ha4YeHust aucnepcuin CKC no rogam mccnegoBaHui BbiSBIEHb! Y NinHUM J1-60/12 v
N1-52/13 — 9,98-14,53 n 30,43-54,83, cooTBETCTBEHHO (Tabn. 2). Npuyem, BbiCokas cneuuguyeckast Kom-
BuHaumoHHas cnocobHocTtb B 2016-2017 rr. yctaHoBneHa y nuHum J1-52/13, a B 2018 r. — y copta Capa-
ToBckoe 90 n nuHmm J1-39/12 (91,80-189,27). CnepyeT OTMETUTb, YTO BbICOKasi KOMOMHALMOHHAs Cnocob-
HOCTb NWHMI CaxapHOro COPro CeNeKLnn MHCTUTYTa YCTaHOBMEHa W B ckpelimBaHusax ¢ LIMC-nuHuamu Ha
OCHOBE CTEPUIBHOM LuToNNasMbl A2 [9].

/3yyeHne BAUSHUSA pasnnuyHbIX CTEPUIBHBIX LMTONNA3M Ha KOMOBUHALMOHHYK CnocOBHOCTb M30-
snepHbix LUMC-nnHni no cenekuMoHHO-LEHHbIM NMpU3HaKaM y COpro NpeAcTaBnsieT He TOMbKO (PyHOaaMeH-
TanbHbIA, HO W NPaKTUYECKUA UHTEPEC. BKroveHWe B CENEKUMOHHBIM NPOLEeCcC anbTepHaTUBHbLIX TUMOB
CTEPUIbHbIX LMTOMNMa3M NO3BONMUT M30exaTb CHKEHUS BblpalluBaHus rubpuaos B Cryyae MaccoBbIX Mo-
paxeHni ux bonesHaMn unu BpeauTensaMn. B npoBoAMMBIX UCCREA0BAHMSX TUM CTEPUBHON LUTONA3MbI
He OKa3blBasi 3Ha4YMMOro BAMUSHWA Ha apdekTbl OKC cTepunbHbIX NMHUA MO YpOXanHOCTM Bromaccsl
(Fos<Freop). OpHako, exerogHo Gornee Bbicokue agdektsl OKC otmeyeHsl y LIMC-nuHumn 9E XKentosepHoe
10 — 1,04-1,27. Hanbonblune 3HayeHns gucnepcum CKC Takke ycTaHOBNEHbl Y MaTepuHCKOM NIUHWM Ha
untonnaame 9E - 11,80-36,66 (puc. 2).

m2016 ®2017 m2018 Sdpcpextbi OKC m 2016 ® 2017 m 2018 Aucnepcun CKC

2
1,66 40 36,66

15 1,27 35 32,86
1,04
1 30
0,5 0,31 25
0 . . 20
A3 A4 9E
. 14,08 1315
0,5 11,8
039 48
' -0,64 10 8 8,65
1 6,18
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15 1,18 2,48 I
158 o
A3 Ad 9E

Puc. 2. 3ddektbl OKC n aucnepcum CKC nsosaepHbix LIMC-nnHuin copro
Ha OCHOBe CTepunbHbIX Uutonnasm A3, A4 v 9E (2016-2018 rr.)
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OTHOLWeHWe cpeaHeKBagpaTUYECKUX OTKIIOHEHWI NMOKa3arno, YTo y MaTepUHCKUX (DOPM B reHeTu-
4eCKOM KOHTPOME AaHHOTO Npu3Haka HabnaaeTca NpenMyLLecTBO aaanTUBHBIX dGEKTOB Haa Heaaan-
TuBHbIMM B ycnosusax 2016-2017 rr.. msokc/mscke = 1,11-1,70, 3a wncknovenmem 2018 r., korga
msokc/msckc = 0,67.

OTcyTCTBME BAMSHMSA PasHbIX TUMOB CTEPUNbHBIX LMTOMMIA3M Ha KOMOMHALMOHHYIO CMOCOBHOCTb
nsosigepHbix UMC-nnHnin no ypoxanHocTy Buomaccel B CKpellmBaHusax ¢ obpasuami caxapHoro copro
oTpaxeHbl 1 B pabotax L. Hoffmann n W. L. Rooney [16]. BmecTe ¢ Tem, B ckpelmBaHmsx 3T0ro xe Habo-
pa n3osiaepHbix LUMC-nnHuin Ha ocHose A3, A4 n 9E umtonnasm ¢ obpasuamm 3epHOBOro COPro OTMEYEHO
CYLLECTBEHHOE BnmMsiHME LmTonnasMbl 9E Ha KOMBMHALMOHHYI0 CNOCOBHOCTL CTEPUMBHBIX NMHWIA NO Gop-
MWUPOBaHMIO HaZ3eMHON Gromacehl, a Takke AnWHbI COLBETUS W ANMHbI HanbonbLLero nucta, 0COBEHHO
NPOSBISIOLLEECS B 3aCyLUNMBbIE Ce30HbI [17-18].

3aknoyeHue. AHann3 KOMOMHALIMOHHOM CMOCOOHOCTK poauTenbCckux dopm rmbpuaos F1 caxap-
HOrO COPro NO3BOMNIN BbIAENNUTL KOMMOHEHTbI C BbICOKOM 06LLEN 1 cneLmuieckoin KoMOUHALMOHHOM cro-
COBHOCTBI. YCTAHOBMEHO, YTO B AaHHbIX TECTEPHbIX CKPELUMBAHWAX FEHETUYECKUA KOHTPOIb YPOXailHO-
CTM Gruomacchl Copro OCYLIECTBNSIOT reHbl ¢ aganTUBHLIM 3pdekToM. BbicokonpoaykTueHble rmbpuabl F1
peKoOMeHAyeTCs co3faBaTb C MPUBIIEYEHNEM B Ka4yeCcTBE OTLLOBCKOTO POAMTENS COpro copToB Bomkckoe
51 n Capatosckoe 90, nuHun J1-60/12 v 11-52/13. Tpun aTom, 3a nepuos TPEXNETHUX UCCneaoBaHMin Bomk-
ckoe 51 xapaktepusyetcs Bbicokon obuwen KC, J1-60/12 — cneundgmueckon KC, a Capatosckoe 90
n J1-52/13 otnuyatotcs 3HaumTensHbiMu addektamm OKC n aucnepcuamm CKC. B ganbHenwen cenekuu-
OHHOM paboTe NO CO34aHMI0 BbICOKONPOAYKTUBHBIX MMOPUA0B CaxapHOro COPro B Ka4yecTBe anbTepHaTHB-
HOMO WCTOYHMKA LMTOMNA3MATUYECKOM MYXCKOM CTEPUIBHOCTYM BO3MOXHO WCMONMb30BaHWE CTEPUNbHOM
untonnaambl 9E, xapaktepuaytowlencs Boicokumn apgektammn OKC u gucnepcusamm CKC no nayyaemomy
npusHaky — 1,04-1,27 n 11,80-36,66, COOTBETCTBEHHO.

Cnu1COoK MCTOYHMKOB

1. BonoguH A. b., Kanyctu C. U., CaBapues M. A. HoBble HeTpaanUMOHHbIE MCTOUHUKM Cbipbs NS NPOM3BOACTBA
MULLEBOrO 1 KOPMOBOrO caxapa // HoBble 1 HETPaAMLMOHHLIE pacTEHWUS U NEPCneKkTUBbI MX ucnonb3oBaHus. 2016.
Ne1. C. 305-308.

2. Ackapbekos Q. b., baitrasvesa I'. /1., MamaeBa J1. A. PaspaboTka TEXHOMOrMM CNnMpTa 3 CaxapHOro Copro oTe-
yecTBeHHOM cenekuun // HosocTu Hayku B ATK. 2018. Ne1(11). C. 32-43.

3. de Oliveira T. C., de Oliveira A. J., da Almici M. S., dos Santos A. A. C., da Silva V. P., Pires A. S. C., Morais
L. H. P., Rodrigues J. C. C., Barelli M. A. A., Tardin F.D. Yield components in sweet sorghum genotypes // Re-
search, Society and Development. 2021. Vol. 10, Ne 6. P. €35310615965. doi: 10.33448/rsd-v10i6.15965.

4. Oliveira I. C. M., Margal T. D. S., da Costa Bernardino K., de Olivera Ribeiro P. C., da Costa Parrella R. A., Car-
neiro P. C. S., Schaffert R. E., de Souza Carneiro J. E. Combining Ability of Biomass Sorghum Lines for Agroindus-
trial Characters and Multitrait Selection of Photosensitive Hybrids for Energy Cogeneration // Crop Science. 2019.
Vol. 59. P. 1554—1566. doi:10.2135/cropsci2018.11.0693.

5. Xyxykun B. W., FT'opbyHos B. C., KubanbHuk O. M., Cemun [. C., TapwmH A. KO. N3yyeHne komMOUHALMOHHON
CNocoBbHOCTU COPTOOOPA3LOB CaxapHOro Copro no Guoxumuyeckomy coctasy buomacchl u 3epHa // Poccuiickas
cenbckoxo3sancTBeHHas Hayka. 2017. Ne5. C.11-14.

6. KnbanbHuk O. M. KomBuHaumoHHas cnocobHocTb LIMC-nunnin 3epHoBoro copro Ha ocHoee A1, A2, A3, A4, 9E
M-35-1A TMNOB LMTONNA3MaTUYECKOA MYKCKON CTEPUNBHOCTM // BaBUNOBCKWA XypHan reHeTukn u cenekyun. 2017.
Ne21(6). C. 651-656. doi 10.18699/VJ17.282.

7. Reddy B. V. S., Ramesh S., Reddy S. P., Ramaiah B. Combining ability and heterosis as influenced by male-
sterility inducing cytoplasms in sorghum [Sorghum bicolor (L.) Moench] // Euphytica. 2007. Vol. 154. P. 153-164.

8. Aruna C., Shrotria P. K., Pahuja S. K., Umakanth A. V., Brat B. V., Devender A. V., Patil J. V. Fodder yield and
quality in forage sorghum: scope for improvement though diverse male sterile cytoplasms // Crop & Pasture Science.
2012. Vol. 63. P. 1114-1123. doi 10.1071/CP12215.

9. Pal S., Zunjare R. U., Muthusamy V., Duo H., Gowda M. M., Bhowmick P. K., Kasana R., Hossain F. Influence of
T-, C- and S-cytoplasms on male sterility and their utilization in baby corn hybrid breeding // Euphytica. 2020.
Vol. 216. P. e146. Doi 10.1007/s10681-020-02682-y.

10. Pujiar M., Govindaraj M., Gangaprasad S., Kanatti A. Effect of isonuclear-alloplasmic cytoplasmic male sterility
on grain yield in pearl millet // Indian Journal of Genetics and Plant Breeding. 2019. Vol. 79. P. 141-149.
doi 10.31742/1JGPB.79S.1.3.

16


https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-Belum_V__S_-Reddy
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-S_-Ramesh
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-P__Sanjana-Reddy
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-B_-Ramaiah
https://link.springer.com/journal/10681
https://www.researchgate.net/journal/Indian-Journal-of-Genetics-and-Plant-Breeding-0019-5200

11. Tyagi V., Dhillon S. K. Cytoplasmic effect on combining ability for agronomic traits in sunflower under different
irrigation regimes // SABRAO Journal Breeding Genetics. 2016. Vol. 48(3). P. 295-308.

12. Young J. B., Virmani S. S. Effect of cytoplasm on heterosis and combining ability for agronomic traits in rice
(Oriza sativa L.) // Euphytica. 1990. Vol. 48. P.177-188.

13. 9nbkoHuH J1. A., Koxemskud B. B., VwmH A. T'. Ucnonb3oBaHue HOBbIX TMNOB LIMC-1HAYLMpYIOLLMX LuTONnasm
AN CO3AaHMs CKOPOCTENbIX fIMHUIA COPro ¢ Myxckoit cTepunbHocTbio // Joknagbl PACX. 1997. Ne2. C. 7-9.

14. MeToguka rocyaapCTBEHHOTO COPTOMCILITAHNS CENbCKOXO3SNCTBEHHbIX KynbTyp. Bbin. 2. M. : Tocarponpom,
1989. 1% c.

15. CaBueHko B. K. MeToq oueHK1 KOMOMHALIMOHHOM CMOCOBHOCTM rEHETUYECKM PasHOKa4eCTBEHHbIX HAbopoB po-
QuTEnNbCKNX hopM. MeToaMKM reHETUKO-CENEKLMOHHOMO 1 TEHETUYECKOTO 3KCNepuMeHTOB. MHCK : Hayka v TexHuka,
1973.48 c.

16. Hoffmann L., Rooney W. L. Cytoplasm Has No Effect on the Yield and Quality of Biomass Sorghum Hybrids //
Journal of Sustainable Bioenergy Systems. 2013. Vol. 2. P. 129-134. doi 10.4236/JSBS.2013.32018.

17. Elkonin L., Kibalnik O., Zavalishina A., Gerashchenkov G. Genetic Function of Cytoplasm in Plants with Special
Emphasis on Sorghum / In Chloroplasts and Cytoplasm. Structure and Function. Eds. C. Dejesus, L. Trask. New
York : Nova Publ., 2018. P. 97-154.

18. Knbanbhuk O. I1., InbkoHuH J1. A. BnvsiHue pasHbix TMNOB cTepunbHbIx yutonnasm (A3, A4, 9E) Ha kombuHa-
LMoHHyto cnocobHocTb LIMC-nunnia copro// BaBunosckui xxypHan reHetuku n cenekuymn. 2020. Ne24(6). C. 549-556.
doi 10.18699/VJ20.648.

References

1. Volodin, A. B., Kapustin, S. 1. & Savartsev, M. A. (2016). New non-traditional sources of raw materials for the
production of food and feed sugar. Novye i netradicionnye rasteniia i perspektivy ih ispolzovaniia (New and non-
traditional plants and prospects for their use), 1, 305-308 (In Russ.).

2. Askarbekov, E. B., Baygazieva, G. |. & Mamaeva, L. A. (2018). Development of alcohol technology from sugar
sorghum of domestic selection. Novosti nauki i APK (Science news in the agro-industrial complex), 1(11), 32-43
(in Russ.).

3. de Oliveira, T. C., de Oliveira, A. J., da Aimici, M. S., dos Santos, A. A. C., da Silva, V. P., Pires, A. S. C., Mo-
rais, L. H. P., Rodrigues, J. C. C., Barelli, M. A. A. & Tardin, F. D. (2021). Yield components in sweet sorghum geno-
types. Research, Society and Development, 10, 6, 35310615965. doi: 10.33448/rsd-v10i6.15965.

4. QOliveira, I. C. M., Marcal, T. d. S., da Costa Bernardino, K., de Olivera Ribeiro, P. C., da Costa Parrella, R. A.,
Carneiro, P. C. S., Schaffert, R. E. & de Souza Carneiro, J. E. (2019). Combining Ability of Biomass Sorghum Lines
for Agroindustrial Characters and Multitrait Selection of Photosensitive Hybrids for Energy Cogeneration. Crop Sci-
ence, 59, 1554-1566. doi:10.2135/cropsci2018.11.0693.

5. Zhuzhukin, V. ., Gorbunov, V. S., Kibalnik, O. P., Semin, D. S. & Garshin, A. Yu. (2017). Study of the combina-
tional ability of sugar sorghum cultivars according to the biochemical composition of biomass and grain. Rossiiskaia
selskokhoziaistvennaia nauka (Russian Agricultural Sciences), 43(6), 456 (in Russ.).

6. Kibalnik, O. P. (2017). Combinational ability of CMS lines of grain sorghum based on A1, A2, A3, A4, 9E and M-
35-1A types of cytoplasmic male sterility. Vavilovskii zhurnal genetiki | selektsii (Vavilov Journal of Genetics and
Breeding), 21(6), 651-656. doi 10.18699/VJ17.282 (in Russ.).

7. Reddy, B. V. S., Ramesh, S., Reddy, S. P. & Ramaiah, B. (2007). Combining ability and heterosis as influenced
by male-sterility inducing cytoplasms in sorghum [Sorghum bicolor (L.) Moench]. Euphytica, 154, 153-164.

8. Aruna, C., Shrotria, P. K., Pahuja, S. K., Umakanth, A. V., Brat, B. V., Devender, A. V. & Patil, J. V. (2012). Fod-
der yield and quality in forage sorghum: scope for improvement though diverse male sterile cytoplasms. Crop & Pas-
ture Science, 63, 1114-1123. doi 10.1071/CP12215.

9. Pal, S., Zunjare, R. U., Muthusamy, V., Duo, H., Gowda, M. M., Bhowmick, P. K., Kasana, R. & Hossain, F.
(2020). Influence of T-, C- and S-cytoplasms on male sterility and their utilization in baby corn hybrid breeding. Eu-
phytica, 216, 146. doi 10.1007/s10681-020-02682-y.

10. Pujiar, M., Govindaraj, M., Gangaprasad, S. & Kanatti, A. (2019). Effect of isonuclear-alloplasmic cytoplasmic
male sterility on grain yield in pearl millet. Indian Journal of Genetics and Plant Breeding, 79, 141-149.
doi 10.31742/IJGPB.79S.1.3.

11. Tyagi, V. & Dhillon, S. K. (2016). Cytoplasmic effect on combining ability for agronomic traits in sunflower under
different irrigation regimes. SABRAO Journal Breeding Genetics, 48(3), 295-308.

12. Young, J. B. & Virmani, S. S. (1990). Effect of cytoplasm on heterosis and combining ability for agronomic traits
in rice (Oriza sativa L.). Euphytica, 48, 177-188.

17


https://doi.org/10.4236/JSBS.2013.32018
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-Belum_V__S_-Reddy
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-S_-Ramesh
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-P__Sanjana-Reddy
https://link.springer.com/article/10.1007/s10681-006-9281-6#auth-B_-Ramaiah
https://link.springer.com/journal/10681
https://www.researchgate.net/journal/Indian-Journal-of-Genetics-and-Plant-Breeding-0019-5200

13. Elkonin, L. A., Kozhemykin, V. V. & Ishin, A. G. (1997). The use of new types of CMS-inducing cytoplasmas to
create precocious sorghum lines with male sterility. Doklady RASHN (Russian Agricultural Sciences), 2, 7-9
(in Russ.).

14. Methods of state variety testing of agricultural crops (1989). Moskow : Gosagroprom. Vol. 2. (in Russ.).

15. Savchenko, V. K. (1973). A method for assessing the combinational ability of genetically heterogeneous sets of
parental forms. Methods of genetic-selection and genetic experiments. Minsk : Nauka i tekhnika (in Russ.).

16. Hoffmann, L. & Rooney, W. L. (2013). Cytoplasm Has No Effect on the Yield and Quality of Biomass Sorghum
Hybrids. Journal of Sustainable Bioenergy Systems, 2, 129-134. doi 10.4236/JSBS.2013.32018.

17. Elkonin, L., Kibalnik, O., Zavalishina, A. & Gerashchenkov, G. (2018). Genetic Function of Cytoplasm in Plants
with Special Emphasis on Sorghum / In Chloroplasts and Cytoplasm. Structure and Function. Eds. C. Dejesus,
L. Trask. New York: Nova Publ.

18. Kibalnik, O. P. & Elkonin, L. A. (2020). Influence of different types of sterile cytoplasmas (A3, A4, 9E) on the
combinational ability of CMS sorghum lines. Vavilovskii zhurnal genetiki | selektsii (Vavilov Journal of Genetics and
Breeding), 24(6), 549-556. doi 10.18699/VJ20.648 (in Russ.).

MHhopmaumsa o6 aBTopax:
O. M. KnbanbHuk — kaHanaaT 61Uonoruyecknx Hayk.

Information about authors:
0. P. Kibalnik — Candidate of Biological Sciences.

Cratbs noctynuna B pegakumio 26.05.2023; ogobpeHa nocne peueHsvposanus 17.06.2023; npuHsaTa k nybnmkauymm
1.07.2023.

The article was submitted 26.05.2023; approved after reviewing 17.06.2023; accepted for publication 1.07.2023.

18


https://doi.org/10.4236/JSBS.2013.32018

N3Bectna Camapckon rocyaapCTBEHHON CENbCKOX03ANCTBEHHOM akagemu. 2023, Ne3. C. 19-27.
Bulletin Samara State Agricultural Academy. 2023. Ne3. P. 19-27.

CENbCKOE XO3AMNCTBO
HayyHasi cTatba
YIK 633.88 : 631.81
doi: 10.55170/19973225_2023_8_3_19

MOBbILEHWE BUONPOLYKTUBHOCTN AMMU EOJbLLON _
C NPUMEHEHWEM PErYNnATOPOB POCTA U MUKPOYAOBPEHUA
B YCNOBUAX CPEAQHEIO NOBOIMKXbA

AnekcaHgp HukonaeBuy 3aropsiHckuit!, Onbra WBaHoBHa HukuchopoBa?, Butanuit Hukonaesuy CetuH?,
OkcaHa lMeTpoBHa KoxeBHuKoBa*™

1.2.3CpegHe-Bonxcknin ounuan OrEHY BUNAP, AHToHoBKa, Poccus

4CamapcKuii rocyaapCTBEHHbIN arpapHbIn yHuBepeuteT, YeTb-Knnenbsckuin, Camapckas obnacts, Poccus
1svf_vilar@bk.ru, https://orcid.org/0000-0002-4971-7788

2svf_vilar@bk.ru, https://orcid.org/0000-0003-1604-3753

3svf_vilar@bk.ru, https://orcid.org/0000-0002-4812-4681

4kop.78@mail.ru™, https://orcid.org/0000-0001-9469-0505

Llenb uccrnedosaHull — nosbilieHue ypoxalHOCmu U yecmolqugocmu K cmpeccosbiM hakmopam ammu
6onbWol npuMeHeHUeEM pezynsamopos pocma u MukpoydobpeHul g ycrosusix CpedHezo [Mogomkba. lNonydeHue
cmaburnbHbIX ypoxaes, 8efu4UHa KOMOpPbIX MaKcuMarbHO coomeememsyem 6UOM02UYECKOMy NOMeHYuany, Sens-
emcs akmyanbHol 3adadell COBPEMEHHO20 f1EKapCMBeHH020 pacmeHuegodcmea. HecmabunbHOCMb N0200HbIX
ycnosul u yxyoweHue obuwell akonoauyeckoli 06cmaHo8KU, OKasbigaem He2amusHoe 8/USIHUE Ha pOCM U passu-
mue 11eKapCMBEHHbIX Ky/ibmyp, NPUueods K CHUXEHUIO YCMOU4YU80CMU pacmeHull K cmpeccosbiv ghakmopam U He-
803MOXHOCMU 8 NOSIHOU Mepe peanu3osbieams KynbmueupyeMbIMU COpmMamu C80U NOMeHYUasbHble 803MOXHO-
cmu. B cea3u ¢ amum e nekapcmeeHHOM pacmeHuesodcmee npu pa3pabomke nPO2PeCcCUBHbIX MEXHOM02ull 8bi-
paujusaHus b6onbuioe 8HUMaHUe ydensiemcs npuMeHeHU npupodHbix buopeaynsamopos 05 06pabomku cemsH u
ge2emupyrouiux pacmexuli ¢ pasHbimu delicmeyrowumu gewiecmaamu. Ha meppumopuu KomneKyuoHH020 NUMoM-
Huka CpeOHe-Bormxckozo punuana ®IEHY BUSIAP e 2020-2022 22. nposoduricsi onbim No U3YYEHUIO 8USHUS pe-
2ynamopog pocma LiupkoH, Anbbum u mukpoydobperus CununnaHm Ha ycmolyusocms pacmeHull Kk Hebnazonpu-
AMHbIM YCI08USIM NPOU3pacmaHusi, U nosbilieHue ypoxatiHocmu nnodos ammu 6onbwol. 3aknadka onbima u
HabnodeHus nposodunucs 8 coomeemcmeul ¢ MemoOUYECKUMU yKasaHuaMu. B 200b1 uccnedosaHuli no2o0Hble
ycnosusi bbinu 3KcmpemarbHbIMU C 8bICOKUMU memnepamypamu u omcymemeuem ocadkos. CmumynupogaHue
pacmeHull u3y4yaeMbIMu npenapamamu ysenu4ugano ebicomy pacmeHuli Ha 1,1-6,0 %, konuyecmeo 30HMUKO8 Ha
5 %, maccy nnodoe 8 00HOM 30HMuKe Ha 7,1-22,0 %, ypoxaliHocmb Ha 10-26 %. 3a mpu eoda uccrnedosaHull Ha
Cbipbesbix ydacmkax 8 ycrosusix CpedHezo [1osormkbs npu 3aknadke eeHepamugHbIX op2aHos Hauboree onmu-
MaribHble yCrosus CroXunuck 015 pacmeHul ammu 60sbLwol, cemeHa Komopbix bbuiu 06pabomaHbl pe2ynsimopom
pocma Anbbum e dose 0,03 n/m. Ypoxali nnodos Ha 0aHHOM eapuaHme cocmasurn 804 ke/ea, Yymo Ha 164 ke
6bonbuue, Yem 8 KOHMPOIbLHOM 8apuaHme.

KntoueBble cnosa: ammu 6onbLuasi, MUKPOyRobpeHus, perynstopbl pocta, CununnaHt, LimpkoH, AnbbuT, HekopHe-
Bas 0bpaboTka pacTeHuit, ypoxKanHoOCTb.

Wccnegosanna nposogunuce no teme HAP ®IrEHY BUSAP «[Mouck 1 BbiSiBNEHUE NEPCNEeKTUBHbLIX BUOOB
AVKOPACTYLLMX PacTEHWiA, M3YYEHME X PECYPCHOMO NOoTeHUMana, (hopMUpoBaHNE BLICOKOMPOAYKTUBHBIX arpoLieHo-
30B JIEKAPCTBEHHBIX 1 apOMaTUYECKUX KyMbTyp MyTEM CO34aHMS HOBbIX COPTOB 1 pa3paboTkm MHTEHCUBHBIX, 3KOMO-
ryecku 6e3onacHbIx TexHonorni nx sosgensianusy (FGUU-2022-0009).

Ans yumupoeaHus: 3aropsaHckuin A. H., Hukndpoposa O. W., CetuH B. H., KoxesHnukosa O. I1. MoBblwexne 6uo-
NPOAYKTUBHOCT aMmu GOMbLLUON C NPUMEHEHWEM PErynsaTopoB pocTa U MUKpoyaobpeHun B ycnosusix CpeaHero
Mosomxbst /I W3secTuss Camapckom rocydapCTBEHHON CeNnbCKOX03anCTBEHHON akagemun. 2023. Ne3. C. 19-27.
doi: 10.55170/19973225_2023_8_3_19

© 3aropsiHckuin A. H., Hukudboposa O. U., CeTun B. H., KoxesHukosa O. I1., 2023
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The aim of the research is to increase the yield and resistance to the stress factors of ammi majus with the applica-
tion of growth regulators and microfertilizers in the conditions of the Middle Volga region. Obtaining stable yields, the
value of which corresponds to the biological potential as much as possible, is an urgent task of modern medicinal
crop production. The instability of weather conditions and the deterioration of the general environmental situation
have a negative impact on the growth and development of medicinal crops, leading to a decrease in the resistance of
plants to stress factors and the inability to fully realize their potential in cultivated varieties. In this regard, in medicinal
crop production, in the development of progressive growing technologies, great attention is paid to the use of natural
bioregulators for the treatment of seeds and vegetative plants with different active substances. On the territory of the
collection nursery of the Central Volga branch of the Federal State Budgetary Institution VILAR in 2020-2022 the
experiment was conducted to study the influence of Zircon, Albit and Siliplant growth regulators on the resistance of
plants to unfavorable growing conditions, and an increase in the yield of ammi majus fruits. The experiment and ob-
servations were carried out in accordance with the methodological instructions. During the years of research, weath-
er conditions were extreme with high temperatures and no precipitation. Stimulation of plants with studied prepara-
tions increased height of plants by 1.1-6.0%, number of umbrellas by 5%, weight of fruits in one umbrella
by 7.1-22.0%, yield by 10-26%. Over three years of studies in raw materials in the Middle Volga region, when laying
the generative organs, the most optimal conditions were developed for ammi majus, the large seeds of which were
treated with the Albit growth regulator at a dose of 0.03 I/t. The fruit yield in this case was 804 kg/ha, which is 164 kg
more than the control group.

Keywords: ammi majus, microfertilizers, growth regulators, Siliplant, Zircon, Albit, foliar treatment of plants, produc-
tivity.

The research was conducted on the topic of research All-Russian Scientific Research Institute of Medicinal and Aro-
matic Plants «Search and identification of promising species of wild plants, study of their resource potential, for-
mation of highly productive agrocenoses of medicinal and aromatic crops by creating new varieties and developing
intensive, environmentally friendly technologies for their cultivation» (FGUU-2022-0009).

For citation: Zagoryansky, A. N., Nikiforova, O. I., Setin, V. N. & Kozhevnikova, O. P. (2023). Increasing the bi-
oproductivity of ammi majus with the application of growth regulators and microfertilizers in the conditions of the Mid-
dle Volga region. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara State Agri-
cultural Academy), 3, 19-27 (in Russ.). doi: 10.55170/19973225_2023_8 3_19

B cenbckoM X035MCTBE LUMPOKO MCMOSb3YHTCA MUKPOYAOOPEHUS, UIMMYHOMOZYNATOPLI, Buonoru-
yeckue perynsTopbl pocta pacTeHnin Ans nomnyvyeHus ypoxas 3agaHHoro KonmnyecTsa u kadectsa [1, 2, 3].
Perynsaropbl pocta pacTeHui NOBbILLAKT YCTONYMBOCTb CENbCKOXO3ANCTBEHHBIX KYIbTYp K CTPECCOBbLIM
YCIOBUSIM MPOMU3PACTaHMs, CHKAs HEraTUBHOE AENCTBUE BPeaHbIX (HaKTOPOB Kak MPUPOLHOTO, Tak U aH-
TPONOreHHOro NPOUCXoXaeHus [4, 5, 6]. [laHHble BELLeCTBa NPUMEHSIOT B O4EHb HU3KUX AO3MPOBKAX, U OHM
He NpeaCTaBnAT ONacHOCTW AN YenoBeka 1 OKpyxatoLlen cpeabl [4].

3amaymBaHue CeMsiH nepes NOCEBOM B pacTBOpax PasnnyHbIX PerynsTopoB pocta U MUKpOdne-
MEHTOB SIBMSETCSA AOCTATOYHO NPOCTbIM, HO O4EHb APEKTUBHBIM CNOCOOOM NOBLILIEHNS MPOAYKTUBHOCTM
CENbCKOXO3AMCTBEHHBIX KyNbTyp. B nepuoa npopactaHus pacteHus 0bragarT BbICOKOM MAACTUYHOCTBIO U
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BOCMPUUMYMBBI K NIH0ObIM W3MEHEHUSM YCOBUA OKPYXXatoLienh Cpedbl, MO3TOMY MPUMEHEHUE BbiLLEeHa-
3BaHHbIX NpenapaToB B 3T0 BPEMS MOXET OKa3sblBaTb MHOrO(YHKLMOHANbHOE JeNCTBIUE, aKTUBUNPYS PO-
CTOBblE MPOLLECChI, MOBbILLIAS YCTONYMBOCTb K BONE3HSM pasnnyHoro npoucxoxaenus [7, 8]. Takke ag-
(DEKTMBHBIM MPUEMOM WX MCMONb30BaHUSA SBMSETCS HEKopHeBas MogKopMKa. HekopHeBble MOLKOPMKM
MUKPOYA0BpEHNAMIM NO3BONSIOT B HECKOMBKO Pa3 YMEHbLUMTL 403y MakpoyaobpeHuin 6e3 CHuxeHus npu-
6aBok ypoxasi. [penmyLLecTBo Takoro crnocoba BHECEHUS — BO3MOXHOCTb BO3LENCTBUS Ha pacTeHue B
nepvoasl Hanbonee ocTpoi NOTPeBHOCTI B TOM MMM UHOM 3rieMeHTe niuTaHus [9).

[pUMeHeHne NpUPOAHBIX PerynsaTopoB pocta 0COOEHHO BaXXHO MPW BblpalLMBaHWUM NEKapCTBEH-
HbIX KyNbTyp, TaK Kak OHU OTIIMYAKTCA HU3KOWM SHEPruei NpopacTaHnus CeMsH, MPOAOIKUTENBHOCTLIO ne-
prnoaa BCxofoB, cnaboit pocTOBON peakumen Ha HavanbHbIX aTanax oHToreHesa [10]. Mcnonb3oBaxue pe-
rynNSTOPOB POCTa MUKPO- 1 OpraHOMUHEparbHbIX yA0OpeHUA CnocoBCTBYET YCUNEHUO POCTOBBIX NpoLEeC-
COB HOBbIX MHTPOAYLMPYEMbIX NEKAPCTBEHHbIX PACTEHWIA, MOBBILEHWIO aganTauun K HectaburbHbIM no-
FOOHBIM YCIOBMSM W MOSyYEHUI0 CTabUNbHBIX YPOXaeB C BbICOKMM COAEpXaH1e AEMCTBYHOLLMX BELLECTB
[11].

Camapckas obnacTb 3aHUMaeT LeHTpanbHylo YacTb CpeaHero MoBOMKbS W pacnonoxeHa B npe-
[enax AByX NPUPOAHO-KNUMATUYECKMUX 30H — NEeCOCTenHomn u ctenHon. Tepputopus CpegHero MoBomkbs
XapaKTepu3yeTcs YMepPeHHO-KOHTUHEHTANbHBIM TUMOM KIMMaTa CpeaHuUX LWUPOT C TENMbIM NIETOM U cpas-
HWUTESTbHO XOSOAHOM U MHOTOCHEXHO 3umoi [12]. o faHHbIM camapcKux creumanucToB, ceivac Habso-
[AKTCA M3MEHEHWS, HanpaBneHHbIE B CTOPOHY KOHTMHEHTanbHOCTW knumata [13]. OH xapaktepuayeTcs
CTabUbHO XapKuM IETOM, MOPO3HOWM 3UMOM W HEBOMbLUMM KONIMYECTBOM OCAKOB. Takxe Tepputopus
CpepHero NoBonmxbs noaBepkeHa BO3AENCTBUO 3acyX [12].

CpepHerogoBas Temnepatypa Bo3gyxa B Camapckoit obnactu cocrasnset 2,9...3,9°C. Makcu-
MarnbHas TemnepaTypa Bo3ayxa netom MoxeT gocturatb 40°C 1 gaxe Bbllle, a 3UMOII B OTAENbHbIE roab!
MUHUMarnbHas TemnepaTtypa Bo3ayxa onyckaetcs 4o -45°C n ke, Tepputopus Camapckoit obnacti oT-
HOCUTCS K 30HE HeJOCTAaTOYHOrO YBMAXHEHWS, U OCaAKN pacnpeenstoTcs HepaBHOMEPHO (CpeaHee rogo-
BO€ Konn4ecTBo ocaakos 469 mm) [12].

OCHOBHbIM (PaKTOpPOM, NIMMUTUPYIOLMMI YCNELHOE MPOU3pacTaHne NekapCTBEHHbIX PacTeHWN,
SBNAOTCS YaCTble 3aCyX1 B BECEHHUI 1 NIETHUI Nepuodbl, a TaKkke xapkas cyxas noroaa, npuBogaLLas K
HapyLLUEHMIO NpoLiecca MUKPO- U MakporameToreHesa B nepuop LeTeHus 1 obpasoBaHus cemsH [14, 15].

B 2020-2022 rr. Ha TeppuUTOpUK KOMNMEKLUMOHHOrO NuToMHUKa CpeaHe-Bommkckoro dmnuana Ob-
HY BWUJIAP Bbin 3anoxeH onbIT.

Lenb uccnedosaHutl — NOBbILIEHIE YPOXKANHOCTM U YCTOAYMBOCTM K CTPECCOBBIM (hakTopam am-
MU 6ONbLLON MPUMEHEHWEM PETYNATOPOB POCTa U MUKPOYA0OpeHMI B ycrosusix CpeaHero MoBomkbS.

3adayu uccnedoeaHull — faTb OLEHKY OCODGEHHOCTSIM poCTa, pasBUTUS ammu BOnbLLIOn npw
NPUMEHEHNN PEerynaTopoB pocTa U MUKPOYyAoBpeHni; BbisBUTL Hambonee achdekTVBHbIA npenapar, no-
BbILUAIOLLMA YCTOMYMBOCTL aMMK BOMbLLION K HEONaronpuaTHLIM abroTUYECKUM hakTopaMm B Nepuos Bere-
Tauuu; AaTb OLEHKY BENUYMHBI ypoxas amMmu BOMbLLION NpW NPUMEHEHUU PErynsTOPOB pocTa U MUKPO-
yaobpeHuii B nepuog BereTauum.

Awmn  Gonbwas (Ammi majus L.) wn3 cemenctBa cenbaepenHble Apiaceae (30HTUYHbIE
Umbelliferae). 310 ogHonetHee TpaBsHWCTOE pacteHue BbicoTon 40 140 cm [16]. KopHeasi cuctema
CTepxHeBasi, cnaboseTsucTas, KopHW Benosatble. CTebenb BETBUCTbIN, Mano OBMMCTBEHHbIN, NPSMON,
OKpyrbIA, nonblid, 6oposgyatbi [17]. JlucTbs ABOSKO UM TposikonepucTopacceyéHHble. [onbku nucra
LUMPOKME NaHLETOBMAHbIE C 3y6uaTbiM kpaeM. CouBeTUE — COXKHbIA 30HTUK 0 15 cM anameTtpom [16].
LiBeTku Benble, oboenonble, 4o 3 MM B anameTpe. I1nog (BUCNONNOAHK) — AMLEeBMAHAs Ui NpogonroBa-
TO-ANLEeBMAHas, cxaTas ¢ 6oKoB, ronas, rnagkas AByceMsiHka, pacnajatoLlasncs Ha 4Ba cnerka U3orHyTbix,
KpacHOBaTO-OypbIX, pexe CepoBaTO-KOPUYHEBDIX, C MATLIO NPOAOMNbLHbIMKM, Bonee cBeTNbIMM pEBpami no-
nynnoguka (mepukapnus) [17]. CemsiHkn grmHon 2,0-3,0 MM, wmpuHon 0,6-1,0 Mm, pebpuctele. LiBeTéT B
WIOHE — MIONe; NNoAbl CO3PEBAIOT B MoNe — aBrycrte. 3anax nrnojoB apoMaTHbIA, BKYC rOpbKOBATO-MPSIHbLIN
[16].

B MeauumHCKuX Lensx Mcnonb3yT nnogbl aMmu B0MbLLIOHA, B KOTOPLIX HakanamMBalTcs Kymapu-
Hbl, piaBoHOMIbI, (YPAHOXMHOMMHOBBIE anKkanougbl, XUPHbIE KUCNOTbI, ceckuTepneHsl [17]. B Poccum
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1“3 NNoJoB ammu 60nbLLION NPou3BOAAT npenapatsl AMMUGYPUH (POTOCEHCUBUNUNPYIOLLMIA) U AHMapWH
(npoTuBOrpUbKOBBINA) [4].

Mamepuan u memodbI uccnedogarull. B onbiTax UCnonb3oBanu CneaytLLme perynsropbl po-
cTa 1 MuKkpoyaobpeHus:

— CununnaHT — 3T0 MUKpOYyA0bpeHe, KOTOPoe coaepkuT kpemHuin. Obnagaet cnocobHOCTLIO No-
BbILUATb COAEPKaHWe ropPMOHOB — ayKCWHOB M LIMTOKMHUHOB, KOTOPbIE B CBOK OYepedb OMpenenstoT po-
CTOBbIE NPOLECCHI pacTeHuit. CUNUNMaHT UMEET aHTUCTPECCOBOE AENCTBME,;

— LIMpKoH — NpupoaHbIA PerynsaTop HEeropMOHamnbHOrO NpoucXoxaeHus. MonyyalT 13 axuHauen
nypnypHon. B ero ocHoBe Hax0AMTCA KOMMAEKC TMAPOKCUKOPUYHBIX KACIIOT M UX MPOU3BOAHbIX, KOTOPbIE
obrnagatoT CTUMYNMPYIOLLMM AENCTBMEM Ha POCTOBbLIE MPOLECCHI, 3aLMLLAtOT PACTEHUsS OT CTPECCOBbIX
(haKTOPOB M HOPMMPYIOT CUCTEMY XM3HEODECTIEYEHUS PACTEHNIA;

— AnbbuTt — ectecTBeHHbIN Gruononumep, nonu-beta-rmapokcMacnsHas KUCnoTa 13 noYBEHHbIX
Bakrepuin Bacillus megaterium. B ero cocTaB Takke BXOASAT BELLECTBA, KOTOPbIE CTaBUIUNPYIOT M yCunu-
BatoT A (EKT OCHOBHbIX JEMCTBYOLMX BELLECTB: MarHUi CEPHOKUCTLIN, Kanuii (h0CHOPHOKUCHLIN, Kamnui
a30THOKMCIbIN, Kapbamug v XBOMHbIN 3KcTpakT. B Poccuitckoint ®epepaumn npenapat Anbout paspeLuéH k
NPUMEHEHWIO KaK aHTWUAOT, PYHMMUMA W PErynsaTop pocta pacTeHN.

OnbIT 3aM0XeH Ha TEPPUTOPUN KOMNMEKLUMOHHOTO NinTOMHUKa CpeaHe-Bomkckoro dunuana B cooT-
BETCTBUM C MeToauveckumm ykasanuamu b. A. [locnexosa B 4-x nosTopHocTsix [18]. Mnowaab AensHok —
4 M2, pasmeLLeHre — peHOOMWUHU3MPOBAHHOE.

CxeMa onblTa NpegycMaTpuBana LWecTb BapuaHTOB:

1. KoHtponb (0bpaboTka Bogon);

2. Cununnanr, 0,45 n/ra (obpaboTka pacTeHuit B hasy ByToHnsaumm);

3. UnpkoH, 0,03 n/ra (obpaboTka pacteHnit B asy byToHM3aLum);

4. CvnunnaHT, 0,45 n/ra + Umnpkon, 0,03 n/ra (obpaboTka pacteHni B hasy byToHM3aLmMK);

5. AnbbuT - 0,03 n/t (npeanocesHas 0bpaboTka cemsiH);

6. Anbbut — 0,03 n/ra (0bpaboTka pacTeHuin B hasy NepBbIX HACTOALWMX IUCTLEB + B (ha3y Havana
LiBETEHMS).

Pacxoq paboueit xuakocti npu chonuapHon obpabotke pacteHun coctasun 300 n/ra, obpabotke
cemsaH — 10 n/.

lMoceB NpoBOAMNM BPYYHYHO Ha riybuHy 2-3 cM. Hopma BbiCeBa CeMsH 5 Kr/ra C LUMPUHOWM MEXay-
paguin 45 cm. B 2020 r. onbiT 661n 3anoxeH 27 anpens, B 2021 r. — 20 anpens, B 2022 r. — 4 mas. [epsble
Bcxogbl B 2020 r. nosieununce 25 mas, B 2021 r. — 4 mas, B 2022 rogy — 18 mas. Cpoku npoBeaeHust obpa-
BOTKM CeMSiH 1 pacTeHMn ammu BonbLIOKW perynsTopamu pocta U Mukpoygobpexusamu B 2020-2022 rr.
npeacraseHbl B Tabnuue 1.

Tabnuua 1
[atbl npoBeaeHus 06paboTkn pacTeHnin ammm BOrbLLIOH perynsaTopamu pocta 1 MUKpOyaoBpeHusMu,
2020-2022 rr.
BapuaHT onbiTa 2020 . 2021 . 2022 r.
KonTponb (06paboTka Bogoi) 6 nons 24 vioHs 16 nons
CununnanT, 0,45 n/ra 6 nions 24 vioHs 16 mons
LinpkoH, 0,03 n/ra 6 nons 24 vioHs 16 nons
Cunvnnanr, 0,45 nira + Linpkon, 0,03 nira 27 anpens 20 anpens 4 mas
AnbbuT, 0,03 n/T SuioHa n 14 wona | 27 mas 1 1 nions 21 nioHsa 1 24 nions

Ha noceBax ammu 6onbLUON B Nepuog Beretauuy npoBeaeHbl TPU PyYHbIe NPONOSKWA pacTeEHNA B
psagkax M pbixneHne Mexagypsgui.  GeHonormyeckne HabnAEHUS NPOBOAMNMCH MO METoAuke
N. H. Bengemana [19]. Ybopka ammu BonbLLON Ha Cbipb€ NPOBOAMMACH B NEPUOA MAcCOBOTO CO3PEBAHMS
NyTEM CPEe3KN 30HTUKOB.

Pe3ynsmambi uccnedoeaHull. Bo3aenbiBaHue NekapCTBEHHbIX KynbTyp U, B YaCTHOCTW, aMMW
BonbLIon onpeaenseTcs NPUPOLHO-KMMMATUYECKUMM YCIIOBUSMW 1 €€ BMONOrMYeckuM 0COBEHHOCTAMM.
Bo Bpems Beretaumn ammu Gonblon B 2020-2022 rr. cknagbiBanucb 3KCTPeManbHbIE KnuMaThyeckue
YCIOBUS. OTW FOAbI XapaKTEPU30BanCh NOBbILLEHHBIM TEMMepaTypHbIM PEXUMOM C AeULIMTOM OCaaKoB,
0COBEHHO B NEPUOA, C MIOHS NO CEHTAOPD.
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TemnepaTypHbIi peXuM, KONMYECTBO OCALKOB 3a BEretauuio KynbTypbl U CyMMa 3(PGEKTUBHbBIX
Temnepartyp Boile 5°C Ha KoHeL, BeretaumoHHoro nepuoga 3a 2020-2022 rr. npeacTasneHsbl B Tabnuue 2.

Tabnuua 2
[MorogHble yenosus, 2020-2022 rr.

TemnepaTypHbIii pexum Cymma appeKkTUBHbIX TEMNEpaTyp KonnuecTso ocaakos

BO Bpemsi Beretaumm, °C Bbiwe 5°C, °C BO BpeEMSs! Beretauum, Mm
log cpeaHss

TemnepaTypa cpenHe- Ha KOHeL, BereTaum- cpeaHe- cymma cpenHe-
BO3IYXa MHOroneTHee OHHOrO nepuopa MHOroneTHee 0cajKoB MHOroneTHee

2020 18,0 17,6 2234 1800 186,0 206
2021 20,7 17,0 2235 1800 189,9 201
2022 17,3 17,6 1827 1800 151,5 209

CpepHss Temnepatypa Bo3ayxa B 2020 n 2022 rr. Bo Bpems Beretauum ammun 6onbLuoit bbina B
npepenax Hopmbl u coctaensana 18,0 n 17,3°C, COOTBETCTBEHHO, NPU CPEAHEMHOMONETHEM 3HAYEeHMM
17,6°C. B 2021 r. - 20,7°C, ut0 6bINO BbILLE CPEAHEMHOTONETHEro nokasarens Ha 3,4°C.

Cymma adpekTnBHbIX Temnepatyp Boiwe 5°C Ha koHel BereTaumoHHoro nepuoga B 2020
1 2021 rr. coctasuna 2234 n 2235°C, COOTBETCTBEHHO, YTO Bbllle HOPMbI Ha 24 %. B 2022 r. 3TOT nokasa-
Tenb coctasun 1827°C, 4To COOTBETCTBYET CPEAHEMHOTONETHEMY 3HAYEHMIO.

Cymma BbINaBLUMX O0CaAKOB 3a BpeMsi Beretauuu udyydaemon Kynbtypbl B 2020 r. 6bina 186,0 Mm,
yto coctaBuno 90,3% oT Hopmbl. OCHOBHOE KONMMYECTBO 0CALKOB, OKOSO 65%, BbINaso B KOHLE anpens, B
Mae W B Havane uioHs. B 2021 r. okono 81 % ocagkoB NpULLMOCH HA KOHeL, Masi, Hayaro MIOHS U Havano
nons. Cymma 0cafkoB 3a Beretauuio usyvaemoin kynbtypbl coctasuna 189,9 mm unm 95 % ot Hopmel. B
2022 r. TaK xe Habntogancs geduunT 0CagKoB. 3a BpeMs Beretauuu WX KONMY4ecTBO COCTaBWIO ULb
151,5 MM (72,5 % 0T HopMbl), a 82 % Bbinano B Mae Hayane WoHs. B uone u aBrycte ocagkos He Bbino.
He 6b1n0 3acmkcpoBaHO 0CaaKoB B NepBor nosioBuHe mast u asrycte 2021 roga.

deHornormyeckne HabnoaeHUs U CpaBHUTENbHbIE Pe3yNbTaTbl MO BMSIHUIO PErynsTopoB pocTta
MUKPOYAOBpEHNn Ha BroMeTpUYecKkne 1 X03aNCTBEHHbIE NokasaTenn ammu Gonblon 3a 2020-2022 rr.
npeacTaeneHsl B Tabnuuax 3-6.

lMoceB aMmu 6OMbLLLON NPOBOAMNCA NO MEPE NporpeBaHust nousbl. Tak, B 2020 r. onbIT nocesny
27 anpens, B 2021 r. 310 CTano Bo3MOXHbIM yxe 20 anpens, 4To Ha 7 QHEW paHblue, YeM B npesblayLLmi
rog uccneposanuit, B 2022 r. Ha 14 gHen no3xe, Yyem B 2021 r. — 4 mas.

Tabnuua 3
®eHonornyeckne HabnogeHns 3a ammm bonbLuoi, 2020-2022 rr.

Ne ®eHonornyeckue gasbl 2020. 2021 . 2022r.

1 Moces 27.04 20.04 04.05
Bexoppl

2 Havano 25.05 04.05 18.05
MaccoBble 30.05 06.05 23.05

3 1-9 napa HacTOSALLMX INCTHEB 05.06 18.05 06.06

4 3-4 HacTosILWMX NncTa 11.06 25.05 21.06
ByToHu3aLms

5 Havano 29.06 21.06 08.07
maccoBas 06.07 24.06 15.07
LiBeTeHne

6 Havano 14.07 01.07 21.07
MaccoBoe 21.07 14.07 27.07

7 TexHu4eckas CnesnocTb CeMsH 10.09 26.08 19.09

8 BereTaumoHHbIA nepuog (gHen) 109 115 125

TpeTbs aekapa anpens B 2020 r. Bbina JOXANMBON C HEBLICOKOM TEMNEPATYpPON BO3ayxa, NO3To-
My BCXOZbl aMMu BOMbLLON Havanu nosiBNATLCS Yepe3 28 AHel nocne nocesa. B 6onee BnaronpusTHbIX
norogHbix yenosusx (2021 n 2022 rr.) Bcxogbl NOsSBUAKCE Yxe vepesd 14 1 16 gHeil COOTBETCTBEHHO.
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B 2021 r. B pesynbTaTte YCTaHOBMBLLENCS C NEPBOW [ekafdbl Mas XKapkoi norogsl ¢ AeuuymuTom
0CafKoB, MaccoBble BCXOAbI NOSIBUNMCL Yepes 2 AHs nocne Havana Bexogos. B 2020 n 2022 rr. aTa asa
pa3BUTMSA pacTeHnin HacTynana Yepes 5 gHewn.

Havano chasbl 6yToHn3aumm Ha ammm 6onbluon B 2020 r. oTmMeyanock yepes 30 gHen nocne no-
SIBMNEHNs MaccoBblx BCxoaos, B 2021 1 B 2022 rr. oHa HacTynana nuwb Yepes 46 gHen.

®dasa LBeTeHNs BO BCe rofbl HAbMoLeHN HaYnHanach B uione, Ho HeobXxoaUMO OTMETUTb, YTO B
2020 r. ueTeHMe HacTynuo Yepes 45 aHen nocne asbl MaccoBbIx BCXogos, B 2021 r. yepes 56 gHed, a
B 2022 r. — yepes 49 gHen. [13-3a BbICOKMX TemnepaTyp BO3ayXa W Aeduumta 0CafkoB NpOAOSIKUTENb-
HOCTb NepuoAa oT hasbl HaYana LBeTeHnst 4o TexHuyeckon cnenoctu cemsH B 2020 1 2021 rr. coctasuna
58 1 57 pHen, cootBeTcTBEHHO. B 2022 r. 9T0T Nepuopg coctasun 61 aeHb.

B cpeoHem 3a rofdbl UccnegoBaHWiA BbICOTa pacTeHWA aMMn BOMbLLONA Haxogunach B npegenax
93,4...99,0 cm. B 2022 r. pacTeHuns 6binv Bbiwe, Yem B 2020-2021 rr. (tabn. 4).

Tabnuua 4
BnvsiHne perynstopoB pocta 1 MUKpOoya4o6peHuin Ha BbICOTY pacTeHun ammm bonbluoi, 2020-2022 rr.

BapuaT onbiTa BbicoTa pacteHui, cm
2020 r. 2021 . 2022 . cpegHee
KoHTponb (06paboTka Bogoit) 84,4 94,3 101,6 934
Cununnanr, 0,45 n/ra 84,8 96,9 105,5 95,7
LinpkoH, 0,03 n/ra 80,7 95,6 106,8 94,4
Cunvnnanr, 0,45 nira + Linpkon, 0,03 nira 87,1 96,8 104,9 96,3
Anbbur, 0,03 n/t 88,3 97,3 111,3 99,0
AnbbuT, 0,03 n/ra 88,4 97,8 110,1 98,8

Camble Hu3kue pacTeHust Obinn Ha KOHTPOSE, BbICOTa pacTeHUN B CPEAHEM 3a rofbl UccnegoBa-
HWi cocTasuna 93,4 cm. B cpeaHeM no BapuaHTam onbiTa Ha AensiHKkax ¢ 06paboTkon n3yyaembiMi npe-
napatamu pacteHus 6binu Boiwe Ha 1,1-6,0%. Heobxoaumo oTMETUTL, YTO MeHee BCEro Ha aHHbIN Noka-
3aTenb nosnusna obpabotka npenapatom LmpkoH, 0,03 n/ra, a BOT NyywMMK OKasanucb BapuaHTbl C
npeanoceBHo 06paboTkon cemsiH perynsatopom pocta AnbouT (Ha 5,6 CM BbILE KOHTPONS) U ABYKPATHOM
06paboTKOM pacTeHWit STUM Xe npenapaToM B a3y NepBbIX HACTOSALMX IMCTHEB M B hasy Hayana Lse-
TeHus (+5,4 cm).

B cpegHem no BapuaHTaMm OMbiTa Ha Kaxzgom pacTteHun obpasosanock 7,75 30HTUKOB. Obrnapas
XOpOLUMM MOTeHUManom pocta ammu 6onbLuas 3a ce3oH 2020 r. cdpopmupoana 7,2 cougetns, B 2021 . —
10,9, a B 2022 r. - 5,2. [0 KONMMYECTBY 30HTUKOB HA OLHOM pacTeHWUu B pe3ynbTaTe TPEXNETHUX UCMbITa-
HWIA BapUaHT C COBMECTHbIM NpUMeHeHneM npenapatoB CununnaHT 1 LinpkoH B dhasy 6yToHu3aumum noka-
3an Haunydwwe pesynbTatbl. CTUMYNMPOBAHWE PACTEHMI U3y4aeMbIMK NpenapaTami yBENUYMBaNo Ko-
NM4ecTBO 30HTUKOB Ha 0,4 WT. unn Ha 5 % no cpaBHeHMIO ¢ KoHTpornem. Camoe HU3Koe 3HadeHne Bbino Ha
BapwaHTe obpaboTku npenapatom Lnpkon, 0,03 n/ra — 7,0 wr. (tabn. 5).

HeobxoanMMo OTMETUTb, YTO KOHTPOSb HE YCTynan HeKoTopbIM BapuaHTam ¢ 0bpaboTko peryns-
TOpammM pocTa 1 MUKPOyRobpeHnsmMU, B CpeaHeM 3aechb ChopMmpoBarnoch 7,9 30HTUKOB Ha O4HOM pacTe-
HWW, HO U3-3a 3KCTPEMarbHbIX MOrOAHbIX YCIOBUA OHW BblM MESKUE U CyXue, YTO B CBOK ovepedb 0Tpa-
3unocb Ha macce nnogos, macce 1000 cemMsH 1 Ha ypOXaWHOCTW B LienoM. Ha KOHTPOMbHbIX AensHKax
macca nnogoB B OAHOM 30HTUKE B CpeaHeM 3a rofbl uccnegosanumn coctasuna 0,311 r. Heobxogumo ot-
MEeTUTb, YTO HambonbLuen Mmacca nnogos Obina B 2021 r, a HaumeHbLuen B 2020 T.

Tabnuua 5
CtpykTypa ypoxas ammn 6onbLuon, 2020-2022 rr.
BADUAHT OMbITa KonnyecTso 30HTHKOB Macca nnogos Macca 1000 cevsi. ©
P Ha OHOM PacTEeHMMU, LUT. B OJJHOM 30HTUKE, T '
KoHTponb (06paboTka Bogoit) 79 0,311 0,93
CununnaHr, 0,45 n/ra 7,6 0,333 0,94
LinpkoH, 0,03 n/ra 7,0 0,361 0,91
J(_Il/lﬁgvmnaHT, 0,45 n/ra + UupkoH, 0,03 83 0.343 0.97
Anbbut, 0,03 n/t 78 0,378 0,97
Anbbut, 0,03 n/ra 79 0,367 0,93
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[NoBbILIAsA YCTONYMBOCTbL PaCTEHUIA K CTPECCOBBLIM (hakTopaM, U3yvaemble npenapatbl yBenuunea-
1N 3aBSA3bIBAEMOCTb MII0AO0B B 30HTUKE, YTO OTPA3WIOCh Ha Ux Macce, kotopas coctaeuna 0,333...0,378 .
MpuMepHO oanHakoBbIMM Obin NokasaTenu Ha BapuaHTax obpabotku LinpkoHom, 0,03 n/ra u gBykpaTHOM
obpaboTkon Anbbutom, 0,03 n/ra — 0,361 n 0,367 r, COOTBETCTBEHHO. [ly4yLliMM N0 AaHHOMY MOKa3aTento
oKasarncsi BapuaHT C npuMeHeHueM npenapata Anbbut B npegnoceBHoi obpabotke cemsiH — 0,378 r, 4To
Ha 22 % NpeBbILLAET KOHTPOSbHbI BapUaHT.

Macca 1000 cemsaH okasanacb Gonee ctabunbHbIM nokasatenem, oHa cocraensna 0,93...0,97 r.
Mo cpeaHnum gaHHbIM 3a 2020-2022 rr. nyywue nokasatenu no macce 1000 cemsiH Gbinu nonyyeHsl B Ba-
puaHTax C npuMeHeHneM npenapata Anbbut B npeanoceBHoin 06pabotke cemsiH (0,97 r) u COBMECTHOMO
NpUMeHeHNs Mukpoyaobperns CununnaHt u perynatopa pocta LiupkoH B a3y GyToHusaumm (conuap-
Has obpaboTka pactenuit (0,97 r)). MonyyeHHble 3HAYeHWs1 B YKasaHHbIX BapuaHTax MpeBbILAOT KOH-
TPOMbHbIA BapuaHT Ha 4 %.

Hanbonee 6naronpusaTHble ycnosus ans popMUpOBaHUs ypoxas nnogoB ammu 60MbLLON CROXK-
NUCb NS pacTeHWi, KOTOPbIX CTUMYNMPOBAHWE perynsaropamu pocta 1 MUKpoyaobperusmu. x npumere-
HWe yBennumBano ypoxan nnogos Ha 10-26 % (tabn. 6).

Tabnuua 6
BnvsiHne perynsitopoB pocTa v MUKpoyaobpeHuii Ha ypoxan nnogos ammm 6onbuoir, 2020-2022 r.
BapuaHT onbiTa 2020. 2021r. 2022 cpegHee Cpeptiee B %
K KOHTPOItO
KoHTponb — 06paboTka Bogom 438,0 882,0 601,0 640 100
Cununnanr, 0,45 nira 440,0 1036,0 639,0 705 110
LinpkoH, 0,03 n/ra 392,0 1027,0 736,0 718 112
Cununnanr, 0,45 n/ra + LiupkoH, 0,03 n/ra 467,0 1121,0 707,0 765 119
Anbbur, 0,03 n/t 529,0 1109,0 775,0 804 126
Anbbur, 0,03 n/ra 537,0 1061,0 702,0 767 120
HCPos 22,0 141,0 36,0 - -

MeHee 0T3bIBYMBOI aMmMi Bonbluasi okasanack Ha onuapHyo obpaboTtky npenapatom Cunun-
naHt B gose 0,45 n/ra. Hannyywue nokasatenu no ypoxainHoctu nnogos (804 kr/ra) B cpeaHeM 3a Tpéx-
NeTHWUA nepuog HabntoaeHUn nonyyeHsl B BapuaHte npu 0bpabotke cemaH Anbbutom (0,03 n/t), 4to BbI-
LLe KOHTPOMNbHOTO BapuaHTa Ha 26 %.

3aknroveHue. B pesynbtate WUCMbITaHUA PETYNSTOPOB POCTA M MUKPOYAOBPEHMIA Ha ammu 60nb-
wow B cpegHem 3a 2020-2022 rr. B CNOXMUBLLMXCS SKCTPEMANbHbBIX MOTOAHBIX YCIOBUAX STyyLUMe nokasaTe-
N1 N0 KOMMMEeKcy MOPONOrMYECKMX 1 XO3SMCTBEHHO-NONE3HbIX NPU3HAKOB OblNK NOMyYeHbl Ha BapuaH-
Tax C NpUMeHeHneM perynstopa pocta Anbbut B npegnocesHon obpaboTke cemsH B fose 0,03 n/T.

ObpaboTka BblLLeyka3aHHbIM NpenapaTom CnocobCcTBOBaNa YCUNEHNK POCTOBbIX NPOLECCOB pac-
TeHW. B cpegHeM 3a Tpu roga uccnefoBaHui No BbICOTE PACTEHWIA 3TOT BapWUaHT NPEBbLILAET KOHTPOSb-
HbI BapuaHT Ha 6 %, N0 Macce NNOAOB C OAHOMO 30HTUKA Ha 22 %. Ypoxait nnogos ammu BonbLuon npe-
BbICUIN KOHTPOIbHOE 3HayeHue Ha 26% u coctasun 804 krira.
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Hucmom. [ns nocmpoeHusi modenu bbinu 839mbl OCHOBHbIE (hu3udeckue ceolicmea noyebl (2paHynomempuyeckull
cocmas, noMHOCMb, Nopucmocms). Ha nepgoHayansHoM amane pabomsi NOCMPOEHUe 0CHO8HOU 2udpogu3uye-
ckoll xapakmepucmuku 66110 npogedeHo 1abopamopHbIM U pacyemubim memodamu. [TockombKy cmoumocme no-
TY4eHUsI NOYSEHHO-2udpPOhu3LYecKol UHhopMayuu, 0COBEHHO C y4emoM NPOCMPaHCMBEHHO-8PEMEHHOU U3MEH-
yugocmu, 06bI4HO 8efluKa, akmyanbHoU 3adaveli A8siemcs ynpoweHue U yoewesneHue NoyyeHusi NOYEEHHOo-
audpogpusudeckol uHgbopmayuu. Noamomy Onsa cokpaweHus 3ampam epemeHu bbina paspabomara npoepammHo-
annapamHasi Memoduka NOCMPOEHUs U3y4aeMbIX 2pahukos OCHOBHOU 2udpohusudeckoli xapakmepucmuku.
M3 nonyyerHbix epaghukos bbiiu onpederneHbl NOY8EHHO-2UAPOI02UYECKUE KOHCMAaHMbI, S3HAYEeHUS OCHOBHbIX (hu-
3UYeCKUX €80lCM8 No4sbl U NOMYYEHHbIX NOYBEHHO-2UOPOIO2UYECKUX KOHCMaHm no3eonunu cdenams 8bI60PKy
OaHHbIX 05151 pabombi Had NPo2HO3HOU MOOENbI0 C NOMOLUbIO LCKYCCMBEHHO20 UHMesnekma. B pesynbmame npo-
2HO3UpoBaHUs ¢ noMowbto opetimeopka TensorFlow npu 0dHocnOUHOU NuHeapu3ayuu Bbiu NOMyYeHbl NPOSHO3-
Hble 3Ha4yeHuUs1 Onsi MakcumarbHol auepockonuyHocmu nodgbl Wie, MakcumanbHol MonekynspHol enazoemkocmu
Wime, HaumeHbwel enazoemkocmu Wie, 0nsi 3HavyeHus npedena mexkysecmu Wim u nopucmocmu €. 1o nonyyer-
HbIM pe3yfibmamam MOXHO omMemumb, Ymo Onsi napamempa MakcumarnbHoU MOneKynspHol enazoemMkocmu mMo-
Oenb npedckasbigaem AOCMamOYHO XOPOWO NPO2HO3UpyeMbIll napamemp. Mcnonb3yemas (yHKYuUsi nomepb nos-
gorngem ysudems, Ymo nonyyeHHble 3HayeHus napamempa Wy, 61u3ku k mecmogbiM daHHbIM. bombwuHCMeo
3HaYeHUl UeHMpUpYoMes 80Kpy2 3HaYeHUsI HOMb, CMaHOoBsCh 60MbWwe U MeHbLWe NPUMEPHO C pagHOU 8eposim-
Hocmblo. B cnyyae ¢ napamempom Wiwe, OYHKUUS NOMepb npuHUMaem nOCMOsSHHOE 3HayeHue, HaqyuHas ¢ 75 ano-
Xxu. HabnwdeHue He3HayumenbHbIX 8616pPOCO8 N038oMSEM 2080pUMb 0 OCMOBEPHOCMU NPO2HO3HOU Modenu na-
pamempa. B criyqae ¢ nopucmocmbio €, cnedyem ommemums 6071bwoll pa3bpoc NpoeHO3UpyeMbIX 3Ha4eHull. 3mo
mMoxem bbimb C8513aHO ¢ meM, Ymo bbina onpedeneHa obuwjasi nopucmocms 6e3 yyema U3MeHeHusi 8 npogusne
aKMUBHbIX NOp, 3aHIMbIX KanusIspHOU 8000l U nop aspayudu.

KntoueBble cnoBa: MofenvpoBaHue, rpaHyNioMETPUYECKIA COCTaB, OCHOBHASH MApOhn3MYECKast XapaKkTePUCTHKA,
BMaronepeHoc, NMOTHOCTb, NOPUCTOCT.
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The purpose of the study is the development of a mathematical model of moisture transfer in soils. The studies were
carried out on leached, low-humus, medium-thick, light loamy chernozem. To build the model, the main physical
properties of the soil (granulometric composition, density, porosity) were taken. At the initial stage of the work, the
construction of the basic hydrophysical characteristic was carried out by laboratory and calculation methods. Since
the cost of obtaining soil-hydrophysical information, especially taking into account spatiotemporal variability, is usual-
ly high, the urgent task is to simplify and reduce the cost of obtaining soil-hydrophysical information. Therefore, in
order to reduce the time spent, a hardware-software technique for constructing the studied graphs was developed.
Soil-hydrological constants were determined from the obtained graphs. The values of the main physical properties of
the soil and the obtained soil-hydrological constants made it possible to select data for working on a predictive model
using artificial intelligence. As a result of forecasting using the TensorFlow framework with single-layer linearization,
predictive values were obtained for the maximum soil hygroscopicity Wrg, the maximum molecular water capacity
Wi, the lowest water capacity Wiy, for the value of the yield strength W, and porosity €. Based on the results ob-
tained, it can be noted that for the parameter of maximum molecular water capacity, the model predicts a fairly well
predictable parameter. The loss function used makes it possible to see that the obtained values of the Wng parameter
are close to the test data. Most of the values center around the value zero, getting bigger or smaller with about equal
probability. In the case of the Wy parameter, the loss function takes on a constant value starting from epoch 75.
Observation of minor outliers allows us to speak about the reliability of the predictive model of the parameter. In the
case of porosity €, a large spread of predicted values should be noted. This may be due to the fact that the total po-
rosity was determined without taking into account the change in the profile of active pores occupied by capillary water
and aeration pores.

Keywords: modeling, granulometric composition, basic hydrophysical characteristics, moisture transfer, density,
porosity.
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B nocrnegHee Bpems MaTematnyeckoe MOAENMPOBaHWE MPEBPALLAETCS B MOLUHbIA MHCTPYMEHT
NO3HaHUs peanbHoro mupa. MpoucxoauT 3T0 B CBA3M C Pa3BUTUEM KOMMbIOTEPHbLIX TEXHOMOMA U Npo-
rpamMmmHoro obecrneveHuns. HeobxoauMocTb B MaTeMaTUYeCkux MOAENsX BO3HWKAET, korda 0bbekT Hepdo-
CTYMeH ANs U3yYeHUs BBUAY ero OTAarneHus B NPOCTPAHCTBE U BPEMEHM, BBIUAY €ro OnacHOCTH, Koraa JKc-
NEePUMEHT MOXET BbITb NOABEPXKEH HENPeBMAEHHbIM nocneacTauam [1].

MoyBeHHas mMaTemMaTika — Hay4yHOE HanpaBreHWe, KOTOPOE BO3HUKIO Kak HEOBXoaMMOCTb (hyH-
[aMEHTasbHOrO M3yYeHMst hM3MYECKNX, XMMUYECKIX 1 BUONOTMYECKMX NPOLIECCOB W UX B3aMMOLENCTBUS B
NOYBEHHbIX cucTeMax. ECnu paHblue maTemaTtuka UCrnosfib3oBanach B NOYBOBELEHWUN TOMbKO B CTATUCTU-
Yeckx MeTofax U BEpPOSTHOCTHbIX MMMOTe3ax, TO B HACTOSILLEE BPeMS AN PELLeHWs pasnnyHbixX 3adad
UCNONb3YeTCs Kak YACMEHHbIN aHanu3, Tak U MaTeMaTM4eckoe MOAENUpPoBaHue. Ha CEeropHsWHUA AeHb
MOZENNPOBaHIe SBNSETCH HEOTHLEMIEMbIM KOMMOHEHTOM B MOYBOBEEHNN. PaspaboTka MatemaTiyeckon
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MOZEnW BaxHa Ans U3y4eHns npoLeccos rnobanbHom broctepsl, HEOTLEMIIEMON YaCTb0 KOTOPON SBASETCS
noysa [2].

AHanu3 coBpeMeHHbIX pa3paboTok Ha POCCUIICKOM PbIHKE M 3@ PyBexoM NokasbiBaeT, YTO Mpu Uc-
NONb30BaHNN WH(OPMALIMOHHBIX TEXHOSOMMN OYEHb aKTyasbHbIMW CTAHOBATCS reOUH(OPMALMOHHbIE CU-
CTeMbI, a Takke 6a3bl AaHHbIX, KOTOPbIE XOPOLLO 0becneynBatoT paboTy CO MHOXECTBOM Pa3fnyHbIX Noka-
3arenei CBOWCTB NouBbl [3, 4].

OuyeHb MHTEPECHOW SBNSETCA Takke paboTa C CUCTEMaMU B pexuMe peanbHOro BpemeHu. Kak
NpaBuo, OHU UCMOMb3YIOTCSA AN NPOTHO3MPOBAHUS KOHTPOMS YPOXANHOCTU, ONACHOCTU SPO3UIMHBIX MPO-
Lieccos, HabrogeHns 3a gerpagaumen nous. MOHUTOPUHI NPOLIECCOB OpPOLLEHUS Takxke TpebyeT peasnbHo-
r0 3HaHWS O KONMYECTBE 0CAAKOB [5].

OCHOBHbIM NPeAMETOM HaLlero U3yyeHus SBMseTca npouecc BaronepeHoca B noysax. Ho Tak
Kak B BOOHOM pacTBOpe MOYB BCerga MpUCYTCTBYHOT pasfmyHble KaTUOHbI M aHUOHbI NMOYBEHHOrO Morno-
watowero komnnekca (MMK), T0 Mbl UMeeM [eno He TOSbKO C BaronepeHocoM, HO M CONENepeHoCcoM.
OnpefeneHve napamMeTpoB npoLecca conenepeHoca MMeeT BaxHoe 3HaveHne. opMUpYIOLLMICS BOLHbIN
PEXWUM NpU ANIMTENBHOM OPOLLEHWUM, @ TaK Xe W NPKU eCTECTBEHHbIX YCMNOBUAX C YY4ETOM IPYHTOBbIX BOS,
MOXeT CnocobCTBOBATL BbIHOCY COME HAa NOBEPXHOCTb NOYBbI U HAbNAAeTCs 3aconeHue noys [6, 7].

Lenb uccnedosaHuil — pa3paboTka MaTemMaTU4ECKO MOAENM BRaronepeHoca B noyBax C Wc-
NoNb30BaHWEM UCKYCCTBEHHOIO UHTEMNMeEKTa.

3adayu uccnedogaHull — 3KCNEPUMEHTANbHOE UCCNenoBaHne MMapOPU3NYECKUX N (U3NYECKIX
CBOWCTB MOYB, KOTOPbIE HEOOXOAUMBI 119 KONMUYECTBEHHOrO ONCaHWs NpoLecca BraronepeHoca u pacye-
Ta negopaHcdepHbix yHkuuin (MT); onpeaeneHne YMCNEHHbIX 3HAYEHUI MapaMETPOB BbIOPAHHOM
(OYHKLMK, NPy KOTOPbIX 3aaya BraronepeHoca pelaeTcs Haumnyyimm obpasom; NoCTPOeHNe NPOrHO3HOM
MoZenu ans no4YBeHHo-ruaponornyeckux KoHeTaHT (MIK).

[Mony4YeHHbIe 3HAYEHNS NOYBEHHO-TUAPONOMMYECKMX KOHCTAHT Bblnk MCMOMb30BaHbl A1 pacyeToB
aKTUBHOrO Criosi NOYBbI NPU 3eMreBaHNK, pa3paboTky MeTOAVKM MO OnpesesieHnio HOPM 1 CPOKOB NOMNMBa.
Tarke faHHble no MK no3sonsoT MoAennpoBaTh UCKYCCTBEHHBIE MOYBOMPYHTbI.

Mamepuan u memodsbi uccnedogaHuil. OCHOBHbIM OOBEKTOM WUCCNEA0BAHWA CTan YepHO3eM
BbILLENOYEHHbIA CnaboryMycupoBaHHbI CpeaHEMOLLHbIA NerkocyrnuHUCTbIin. OTBop NoYBeHHbIX 06pas-
LoB nposoauncs B netHuit nepuog 2020 r. B noneBsbIX YCNoBUsX 3aKnafblBannch NOYBEHHbIE paspesbl,
Bb1m onpegeneHbl MOPGOorMyecke CBOMCTBA NOYBbI U NIOTHOCTb, 0TOBPaHbI 06pasLbl Ans onpeaene-
HWS (DU3MYECKMX CBOMCTB. paHynomeTpuyeckuit coctas (Tabn. 1), NnoTHOCTL TBepaoi asbl onpeaens-
n1cb B NabopaTopHbIX YCIIOBUSX.

Tabnuua 1
[paHynoOMETPUYECKUA COCTaB YepPHO3EMA BbILLENOYEHHOTO NETKOCYMMHUCTOMO
KypraHckoro 0BOLLHOro COpTomUCHbITaTENBHOrO yyacTka, 2020 .

CopepxaHnue dpakuuit (%) npu pasmepax, MM
FopusonT | Fnybuka, cv - 5251025005 | 0,050,01 | 0,01-0,005 | 0,005-0,001 | <0001 | <0,01
0-10 6,38 65,22 3,99 162 7,98 14,81 24 41
A 10-20 6,26 65,10 410 1,76 8,13 14,65 | 2454
20-30 5,86 64,50 4,30 1,86 8,92 1456 | 25,34
AB 30-40 8,71 59,68 8,67 2,04 8,66 1224 | 22,94

WccnepoBaHust NpoBoaunuc, Ha Tepputopun KypraHckon obnacti, pacrnonoXeHHOW Ha toro-
3anagHou okpauHe 3anagHo-Cubupckoi HU3MeHHOCTH, B BaccerHe peku Tobon. Kypravckas obnactb, B
CUIy CBOEro MOMOXeHWst B LieHTpe EBPOa3naTckoro KOHTUHEHTa, OTINYAEeTCs KOHTUHEHTAbHLIM KIiuMa-
ToM. Tepputopusi 0bnactu oTropoxeHa YpanbCkum xpebTom OT BnaxHbIX M TeNmbIX BO3AYLIHbIX Mace ¢
3anaga, HO nerko JOCTYMHa XOSOAHbBIM apKTUYECKUM U CyXWUM HOXXHBIM BO3ZYLIHBIM BTOPXEHMSM, YTO 0BY-
CMOBJIMBAET KECTKOCTb KNUMaTa U HEYCTOMYMBOCTL METEOPOOMYECKMX YCIIOBUI. BaxHenLwMMn xapakTe-
PUCTMKaMM arpOMETEOPONOrNYECKNX YCIOBUIA SIBNSIETCA XapaKTep aTMOCHEPHbIX 3acyx W cyxosees. [lo-
BTOPSIEMOCTb NET C MHTEHCUBHbIMM cyxoBesmu cocTaBnsieT 70%, a1o 3HaumT, 4to u3 10 neT cyxoBeu nuMe-
nn MecTo B 7 rogax. Yacto neTHue ocagkw, Bbinagas B BUAE KPATKOBPEMEHHDBIX, NPEUMYLLECTBEHHO NNB-
HeBbIX AOXAeW, NonagalT noj AEeMCTBUE CyXOBEEB W BLICOKMX TEMMEPATYP U YCUAEHHO UCMapsoTCs.
OceHHe-3MMHME OCafku B BUAE CHera npw GbICTPOM MOBLILLEHWN TEMNEPaTypbl BO BPEMSI CHETOTAsHbS
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NepexoasT B Tarble BoAbl, KOTOPble B BorbLUei CBOEN Macce CTekaloT B OTpULAaTeNbHbIE (hOpMbl Penbe-
ha, YaCTUYHO UCNAPSLOTCS WU HE YCNEBALOT MOMHOCTLIO U Fy6OKO NPOHWKHYTH B ELLE HE OTTasBLUYH) MOYBY.
MoaTomy npoLeccoM No4Bo0OPa30BaHMA OXBAYeH BEPXHWIA CIOM HEBOMbLLON MOLLHOCTU, TaK KaK KOpHe-
Bas cucTema u3-3a AeduumuTa Brnaru, a 4acto W Tenna KOHLUEHTpUpyeTcs 6nn3ko K MOBEPXHOCTM B Maro-
MoLLHoM cnoe [8].

[ins nocTpoeHus mMogenu B paboTe MCMONb30BanNUCh OCHOBHbIE (PU3NYECKME CBOWCTBA MOYBbI
(rpaHynOMETPUYECKMIA COCTaB, NIIOTHOCTb, MOPUCTOCTD). 10 NONYYEHHbIM 3HAYEHNAM YKa3aHHbIX XapakTe-
PUCTUK Bblna NOCTPOEHa KpuBas BOLOYAEPKaHWS — OCHOBHAs rMApOMU3MYeckas xapakTepucTika nous
(OrX). Ha nepsoHayansHom atane pabotsl noctpoeHne O X Gbino npoBeaeHo nabopaTopHbIM U pacyeT-
HbIM MeToZamu [9, 10]. B kavecTBe MHCTPYMEHTAmNLHOTO MeToAa OnpeseneHns OCHOBHOW ruapoguanye-
CKOM XapakTepuctukm B pabote B obnactu pF ot 4,4 no 6,5 (obnactb agcopbupoBaHHOM NPOYHOCBS3aH-
HOM W NNEHOYHON BRarv) Mbl MCMONb30BaNK MeToq Aecopbumn NapoB BOAbl Haf HACHILLEHHBIMW PacTBo-
pamu conen. [nsa onpeaeneHns OCHOBHON MMAPOGM3NYECKON XapakTepUCTUKM B 061acT BbICOKMX AaB-
nenun, pF 0o 3 (obnactb NNEHOYHO-KaNUINSPHON U KaNUMNASIPHOM BNaru), B Hallen paboTe ucnonb3osar-
cA MeToa, NpUONKEHHbIN K METoay TeH3MoCTaToB. B OCHOBY pacyeTHoro metofa Obina nonoxeHa KoH-
uenums, passutas A. [l. BOPOHMHbIM, COrnacHo KOTOPOM KaxaoW NOYBEHHO-MMOPONOrMYECKON KOHCTaHTe
Ha KpWBOW BOAOYAEPXMBAHMS COOTBETCTBYET AABMIEHWE BNary, onpeaenseMoe O4HAM U3 YPaBHEHMUIA:

nopucroctb € => P=0;

npegen Tekydyectn Wpr => pF=217;

HanMeHblLuas BnaroeMkoctb Wyg => pF=2,17+ Wig;

MakcumanbHas MonekynspHas BnaroeMkocte Wuwe => pF=2,17+3 Wiwe;

MaKcumMarbHas rurpockonuYHoOCTb nousbl Wyr => pF=4,45.

[lanee ans cokpalleHns 3aTpaTt BpeMeHu Ha noctpoeHne OX Gbina paspaboTtaHa nporpaMmMHO-
annapaTtHas MeToauka nocTpoeHns uayvaembix rpadmkoB OIX [11]. OHa no3Bonuna CHU3WTL TPYAOeM-
KOCTb M YBENUYNTL HArMSAAHOCTb NPOBOAUMBIX pacyeTos [12, 13] (puc. 1).

Zagaqa | —Mogens — PesyneTaT Pea: /NbTaT:
pF 45
M £= 50,3 F=0
354 - [} p -
] Wnr = 28,5 pF =2,17
2,51
2 WwHwe = 18,9 pF =2,359
1,5
14 W MM = 18 pF =271
0,51
D_ T T T T T T T T T T W Mr - 6(8 pF =4{45
5 10 15 20 25 30 35 40 45 50
W, %
BxoaHble OaHHble MapameTpol: Buibepute 3anauy:
BiiGop @ 3agagm dpakum (w) 3anaém snaxHocti (W)
e ——— {Haxoamm BnakHOCTI) (Haxoamm dpaxkim)
C —
TaHAapTHbIE p = 1,24 ml _ 13,72
e . T =
CoxparEHbIe w2 = 54 w3 = 416
COXPaHUTE TEKYLLME w4 = 474
wh = 8559
wb = 514

Puc. 1. HaxoxaeHue 3HaYeHuin BNaxHOCTEN No 3a4aHHbIM ppakLmsam
rpaHynoOMETPUYECKOTO COCTaBa NoYBbl

A3 nocTpOEHHbIX rpadpnkoB KPUBOW BOAOYAEPKAHNS Oblnin NONyYeHb NOYBEHHO-TMAPONOMNYECKIE
KOHCTaHTbl. OTW 3HAYEHUS BMECTE CO 3HAYEHUSAMW OCHOBHbIX (OM3MYECKMX CBOWCTB MOYBbLI UCMOMNb30Ba-
nucb anst paboTbl Hag NPOrHO3HOM MOAENbHO.

MoMMMO YepHO3eMa BbILLENOYEHHOTO NPOrHO3Has MoAenb Obina NoCTPOeHa Ans CONOHL0B, KOTO-
pble 3aH1MaloT BTOPOE MECTO Mocne YepHo3emoB u conopen KypraHckon obnactu. PesynbTathl paboThl
Mozenu Bbiny NnpoBepeHbl Ha GOMbLIOM KONIMYECTBE apXMBHBIX AAHHbIX.
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Pe3ynsmamsbi uccnedosaHudl. T1oCKONbKy NONyYeHUE NOYBEHHO-TMAPOGU3NYECKON UH(OPMa-
Lnn, 0COBEHHO C Y4€TOM NPOCTPAHCTBEHHO-BPEMEHHOM M3MEHYMBOCTM, OObIYHO BEMMKO, aKTyanbHOW 3a-
[ayen SBNSeTCs ynpoLieHne u yaelesneHre paboTbl ¢ TakuMK JaHHbIMU. [porpaMMHoO-annapaTHble Me-
TOAb! NO3BONAKT CHU3UTL TPYLAOEMKOCTb U YBESMYUTD HArMSAHOCTL NPOBOAUMBIX pacyéTos. [ns uccne-
[0BaHNS KPUBOM BOZOYAEPXaHUs Bblnu onpefeneHbl rpaHynoMeTpU4eckuini CocTas, NNOTHOCTb MOYBLI, ee
MOPO3HOCTb W MOYBEHHO-TMAPONIOTMYECKNE COCTaBNALLME, OTBEYAIOLLME 38 XapaKTEPUCTUKY COLepX)aHMs
NOYBEHHOW Bnark B noyse. Ha pucyHke 2 npusedeH Npumep BblOOPKM AaHHbIX, C KOTOpbIMKA paboTaeT
HenpoHHas ceTb. Habop coctosn n3 Bbibopku 140 akcnepuMeHTanbHbIX NapamMmeTpoB Ans 3a4aHHOM Tuna
NOYBbI.

A B C D E F G
wo, w5, wa, w3, w2 wl,rhoepsilon, WPiC,, WPSPI,WPjPjPI, WPjPi
8.32,64.12,4.92,3.44,5.78,13.42,1.11,53.82,29.84,18.6,18.88,6.61
6.4,64.96,5.33,5.31,5.52,12.48,1.33,48.7,28.94,18.93,16.78,5.71
5.58,68.79,5.72,4.34,4.38,11.19,1.39,47.1,39.6,20.87,22.66,7.1
2.29,64.75,5.98,3.04,6.14,17.8,1.13,52.62,30.64,20.19,19.27,7.55
2.11,55.3,8.34,3.52,9.02,21.71,1.35,47.7,38.7,21.56,22.37,7.8
1.07,70.88,1.88,0.88,5.15,20.14,1.21,50.14,29.45,19.47,18.26,8.39
0.81,65.51,3.63,3.63,13.81,12.61,1.26,53.3,30.11,27.12,25.45,5.23
3.81,60.66,3.83,0.48,8.37,22.85,1.62,52.07,35.06,23.16,26.26,5.67
10 |2,78.48,5.85,0.94,1.41,11.32,1.42,47.81,37.73,23.16,25.56,5.67

== RN I = T R - R TS N I

Puc. 2. Mpumep BbIOOPKM JaHHbIX

CuHanTU4eckne CBS3N HepoHa MMEKT BECOBbIE KOI(ULMEHTBI, KOTOpbIE NoadupatoTcs B Npo-
Lecce 0byveHns mogenu. GyHKUMS cymmaTopa S BbIMOMHAET CIOXEHWE BXOAHbBIX CUTHANOB Xi, MOMHOXEH-
HbIX HA 3HAYeHUs| BECOBbIX KOI(ULIMEHTOB ai, B OAMH CUTHaN Ans nepegaqn ero pyHKUMM akTusaLmm
HeWpoHa:

S = Z?=1 a; x; + b,

r4e N — KONMYeCcTBO BXOAHbLIX CUrHAMOB HEMpoOHa, b — KO3 ULIMEHT CMELLEeHNS.

KoathpuumeHT cMeLLeHMS BbINOMHAET Posib KOHCTaHTbI MMHENHON (hYHKLMN.

Llenbto 06y4eHns HeMPOHHON CeTH ABNSIETCA Takoi NOAGOP BECOBbIX KOAPMULMEHTOB AN CUHAN-
TUYECKNX CBSA3EN, MPW KOTOPOM OLLIMBKA BblAaBaeMblX CETbIO pesynbTaToB OyaeT MUHUMansHoW. [Ans ato-
r0 BXOAHbIE AaHHble Oblnmn pasbutbl Ha obyyatoLie 1 TeCcToBbIE (BanuaauMoHHbIe). B HawweMm cryyae Ha
0byyeHue cetn nowro 20% Bbibopku, 80% BbIGOPKK MCNONBL30BANOCh 4SS NPOrHO3a OLeHUBaHMs. B kave-
CTBE BXOAHbIX AaHHbIX MCMOMb30BaNUCh rpaHyNoMETPUYECKUIA COCTaB 1 MIIOTHOCTb MOYBLI. BbixogHble
napameTpbl — 3TO NMPOrHO3MPYeMble NOYBEHHO-TUAPOMNOrMYecke coctTasnstolme. MporHo3npoBaxue npo-
BOAMNOCH C NomoLlbio TensorFlow — dpeiiMBOpKa AN MALUMHHOTO 0By4YeHUsI, KOTOPLIN UCNONb3YET pas-
NUYHbIE METOAb! ONTUMM3aLMK ANs 3 EKTUBHOIO BbluncneHus. [JaHHas bubnunoteka ucnonb3yeTcs ans
nporpamMM1pOBaHNs NOTOKa AaHHbIX. [Mpu BbIGOpe MeToda OnTUMMU3ALMM UCMONb3YeTC KOMOUHALMS Nn-
HEeWHbIX W HeNMMHeNHbIX yHKUMIA. Mpu aTom TensorFlow xopoLwo paboTaeT ¢ BblpaXeHUsaMIN MaTeMaTUKM
W MOXET nofaepuBaTth rnybokue HempoHHble ceTu. Mocne BbINoNHEHUs 0By4eHNst BbIGpaHHbIX MOAEnen
HeMpOHHOMN ceTu Bblna NpoBeseHa OLEHKa pe3ynbTaTos.

B pesynbTate nocTpoeHUs faHHbIX NPOrHO3HOW MOZESNN C MOMOLLBI0 HEMPOHHOW CETU NPY NiHea-
pusaum  (dpyHKumMs Linear) 1 1Cnonb30BaHUM OQHOTO Crost BbinK NONyYeHbl creayowme AaHHble. [ns
napameTpa MakcuManbHON rurpockonnyHocTi nousbl — Wy (puc. 3), Ang napameTpa MakcuMmaribHOM Mo-
nekynsapHom Briaroemkoctn — W (puc. 4).
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BanupaumoHHas kpuas, no3sonstowas npoeepsaTs paboTocnocobHOCTb MOAENM B rpacpuyeckom
BMAe, 3aaeT KOHTPOMb (yHKUuK noTtepb (loss). 0ns MuHMMM3aLmMmM owmnbKM NPOrHO3MPOBaHUS NMOYBEHHO-
MOPONOrYeCcknX napameTpoB Bbifia Ucnonb3oBaHa (yHKUMS noTepb (puc. 3a), koTopas no3sonuna yeu-
[eTb, YTO nocne 25 anox nonyyaem ans napamerpa Wy 3Ha4yeHus, 6riskve K TeCTOBbIM AaHHbIM. Ha pu-
CcyHke 36 HabnoaaeTcs KONMYECTBO BECOB, MHULMANM3MPOBAHHbIX C CMOMNb30BAHNEM PacnpeaeneHus c
HyNeBbIM LEHTPOM, KOTOpble nexat B Auana3oHe 3HayeHun ot -0,8 go 0,8. Ha pucyHke 3B BWUAHO, YTO
BOMbLWNHCTBO 3HAYEHMUI LIEHTPUPYIOTCS BOKPYT 3HAYEHUS HOMb, CTAHOBSACH BOMbLUE UK MEHbLUE NpUMep-
HO C paBHOW BEPOATHOCTBI0. Mozernb npefckasblBaeT 4OCTaTOYHO XOPOLLO NPOrHO3MPYEMbIi napameTp.

B cnyyae ¢ napametpoM Wywes, PYHKUMS NOTEpPb MPUHUMAET MOCTOSHHOE 3HAYeHWe, HauuHas
c 75 anoxu (puc. 4a). Ha pucyHke 46 Mbl BUAWUM, YTO KONMYECTBO BECOB, C pacnpederneHnem Hynesoro
LleHTpa, nexart B AnanasoHe 3HaveHui ot -0,5 go 1,0. CnegosatenbHo, pa3bpoc NomnyyveHHbIX AaHHbIX
HebonbLUOK B Npefenax AonyCcTuMbIx ownbok. Ha pucyHke 4B npy CpaBHEHWUM NPOTHO3MPYEMbIX AaHHbBIX
CO 3HaYeHWsMU, NONYYEHHbIMW B peynbTate 0byyeHns ceTh, HabnaaTCa He3HaYUTENbHbIE BbIGPOCHI,
HO OCHOBHblE NOKa3aTenu LEHTPUPYTCSH BOKPYr 3HAYEHWS HOMb. OTO FOBOPUT O JOCTOBEPHOCTH NPOrHO3-
HOW MOAENW AaHHOro napameTpa.

AHanornyHblit aHanu3 6bin NpoBedeH AN NapaMeTpoB HauMeHbluen BnaroeMkocT Wys 1 ans
3HaveHus npegena Tekyyectn War.

B cnyyae ¢ nopucTocTblo € (puc. 5) cregyet 0TMETUTb 6OMbLLON pa3bpoc NPOrHO3MUPYEMbIX 3Ha-
YeHu (puc. 56, B). B faHHOM cnyyae KONMM4eCTBO BECOB, KOTOPbIE pacrpesenstoTcs OKOMO HyneBoro LieH-
Tpa, nexart B AnanasoHe 3HaueHuit oT -2 1o 2.
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Puc. 5. PesynbTathl nporHo3vpoBaHns dyyHkumen Linear napameTpa €

BONbLUMHCTBO 3HAYEHMIT HE LIEHTPUPYIOTCS BOKPYT 3HAYEHUS! HOMb. OTO MOXET ObiTh CBSA3aHO C
TEM, 4TO Bbiria onpegeneHa obluas NopucTocTb 6e3 yyeTa M3MeHeHUst B Npoduie akTUBHbIX MOP, 3aHSAThIX
KanunnsipHoii BogoM, U nop aspauun. Ho HaumHas co 125 anoxu, pesynbTaT 06y4eHns NPUHUMAET 3Hade-
HUS OLUMOKM, MEHbLUEN, YeM BanuaaLmoHHast Bbibopka. Mo3ToMy MOXHO rOBOPUTL O [JOCTOBEPHOCTM MPo-
rHO3MPOBaHUs NapameTpa.
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3aknroyeHue. o pesynbTaTam aHanuaa Nofy4eHHO MOAENM MOXHO FOBOPUTb O TOM, YTO AnS
BbIYMCIIEHMSI U NPOTHO3MPOBAHMS TMAPOGU3NYECKIX NAPaMETPOB MOYBbI BO3MOXHO MPUMEHEHWE COBpE-
MEHHbIX BbIMMCIIUTENbHBIX CPEACTB, B YaCTHOCTU HEMPOHHbIX CETEN. B 3aBUCUMOCTM OT XapaKTepuCTHK,
KoTOpble HEOGXOAMMO anmpPOKCUMUPOBATb, BbIGUPAETC yHKLMS aKTUBALMM HEMPOHHOM CETU C Y4ETOM
noaxofoB 6bIcTPOro 0by4eHus:, KOTOPbIA NPUBEAET K Haunyywemy pesynbTaty. [JocTOBEpPHOE MPOrHO3W-
POBaHMe MOYBEHHbIX NapameTpoB NOMy4aeTCst Mpy WUCMONb30BaHUN PYHKUMK Linear ¢ OOHAM CKPbITbIM
crioem. Mpu 3TOM criefyeT OTMETUTb, YTO B CryYae HEMPOHHbIX CETEN AN PELUEHMUs 3a1a4u NPOrHO3Npo-
BaHWsl TpebylTCs AOMOMHUTENbHbIE XapaKTEPUCTUKM ANS KOHKPETM3aUMM BXOAHbIX A@HHbIX, @ Takke
HaroXeHu1e 1 y4eT BHELUHMX YCMOBWIA Mpy BraronepeHocax. B aTom criyyae pesynbTaT annpokcuMaLmum
OyneT 3aBKCeTb OT NPaBMIbHOCTY M 060CHOBAHHOCTM BbIGOpPa METOAOB, a Takke y4eTa BCeX YCOBMiA, B
TOM YMCre rPaHNYHBIX M HavarbHbIX, OKa3blBAKWWMX BMUSHUE HA MOYBEHHO-TUAPONONMYECKIE NapaMeTpbl
1 Ux u3meHeHwe. Mpeanaraemas MeToaMka pacyeToB yaobHa ans paboThl B paitoHax o CROXHbLIMMU reo-
NOTMYEeCKAMM ycrioBusiMU. T03BONSET NPOBOANTL aHaNM3bl apXMBHBIX MaTepuanoB (PU3N4YECKNX CBOWNCTB
noyB. ATo JaeT BO3MOXHOCTb OL|eHMBATb COCTAB W XapaKTePUCTUKW FPYHTa Anst NPaBUIbHOTO MPUMEHEHNS!
arpoTEXHNYECKNX Mep, KOTOPbIE MO3BOMNST CHU3WTbL 3aTpaThl Npu 06paboTkax.
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Llens uccnedosaHull — nogblwieHUe Kadecmea 3a0eflku 86pXHE20 20pU30HMa npu SPycHol obpabomke
noysbl. B pabome uccnedyemces kayecmeo 3adesiku 86pXHE20 CII0Sl NOY8bI SIPYCHBIMU NiTy2amu: CEPUUHBIM NiyeoM
MMHA-4-42 u KOMBUHUpPOBaHHLIM Niy20M ¢ 6e3neMELHbIM KOPNYCOM HUxXHEe20 fpyca. [na onpedeneHus npoghuns
60p03db1 8 Havane onbima ebibupancs PosHbIli ydacmok noss. Ha samom yyacmke nosnsi npousgodurncst 00uH pabo-
yul xo0 aepezama. 3amem 05151 co30aHusi cucmembl KOOpPOUHAM Ha nose ycmaraenueanucs Yemsipe cmoliku, 0ge
(6opo3dosbie cmoliku) Ha obpabomarHol yacmu u 0se (nonegble cmoliku) — Ha HeobpabomaHHoU Yacmu nosns. Ha
6opo3dosbie U nomesble cmoliku bbinu yrnoXeHb! U 3aghuKkcuposaHbl peliku co wkamol, obpasys koopduHameb! 8
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0,02 m pacnonazanucb 8 08yX YPOBHSAX: NEpPebIli ypOBEHb Ha NOBEPXHOCMU NOY8bl, 8MOPOU — Ha anybuHe
0,08...0,10 m. 3aknadbieanoch 8 psdos no 6 puwek 8 psady. CpasHUMenbHbIU aHanud 06pabomku NoYebI PYCHbI-
mu nnyeamu nodmeepxdaem sghhekmusHocmb opyouli 8 bopbbe ¢ CopHsIKaMu 3a cyem KayecmseHHOU 3a0esKu
CeMsiH COPHOU pacmumenbHOCMU ¢ MPaHCNopmMUPOBKOL 8epxHe20 €105l noyebl 8 60po30y Ha 3adaHHyto 2nybuHy
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The purpose of the study is to improve the quality of embedding of the upper horizon during tier tillage. The work
examines the quality of topsoil embedding with tiered plows: a serial PNYa-4-42 plow and a combined plough with a
frictionless lower-tier hull. To determine the profile of the furrow at the beginning of the experiment, an even section
of the field was selected. In this area of the field, one working stroke of the unit was carried out. Then, to create a
coordinate system, four posts were installed on the field, two (furrow posts) on the treated part and two (field posts)
on the untreated part of the field. Racks with a scale were laid and fixed on furrow and field posts, forming coordi-
nates in the longitudinal direction. To determine the coordinates of movement of the upper and lower soil layers, a
developed private technique for laying numbered chips was used. Chips up to 0.02 m in size were located in two
levels the first level on the soil surface, the second at a depth of 0.08...0.10 m. 8 rows of 6 chips in a row were laid.
Comparative analysis of soil tillage by tiered plows confirms the effectiveness of tools in weed control due to high-
quality filling of weed vegetation seeds with transportation of the topsoil to the furrow to the specified depth of tillage.
At the same time, treatment with a plow PNYA-4-42 allows embedding to a depth of more than 0.2 m 86.1% of the
seeds of weed vegetation, and experimental tier tillage with a combined plow allows embedding to a depth of more
than 0.2 m 96.6% of the seeds which is better in the quality of embedding with a special serial tiered plow. Combined
plow makes it possible to provide better embedding of topsoil with contained seeds of weed plants, which can in-
crease efficiency of weed vegetation control, as well as find its application in technologies providing embedding of
organic and mineral fertilizers into root layer.

Keywords: soil, plow, embedding, plant residues, tier tillage.

For citation: Erzamaev, M. P., Sazonov, D. S., Artamonov, E. |. & Nesterov, E. S. (2023). Investigation of the quality
of embedding the topsoil with tiered plows. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii
(Bulletin Samara State Agricultural Academy), 3, 37-44 (in Russ.). doi: 10.55170/19973225_2023_8_3_37

FApycHeln nnyr obpabatbiBaeT MOYBY Ha Pa3HbIX YPOBHSAX, YTO MO3BOMSET YNYYLWWUTb CTPYKTYpY
NMoYBbI, APEHAX W AOCTYMHOCTb NUTATENbHBLIX BELLYECTB, YMEHbLWNTL ee nnoTHocTb [1, 2]. KayecTBeHHas
3apernka BepxHero Crosi noYBbl No3BONSET BECTU APPEKTUBHYIO HOPbOY C COPHOI PacTUTENBHOCTHI0 Me-
XaHn4eckon 06paboTKon BEPXHEro ropnaoHTa [3-6].

Ha gaHHbI MOMEHT Hanbornee M3BECTHBLIM U3 CEPUINHO BbIMyCKAEMbIX SPYCHBIX MIYroB CYUTAETCS
MHA-4-42. OH MOXET NPUMEHATLCA Ha PasNUYHbIX TUMaX MOYB, BKIKOYAS METKyK U CPEAHION TMKHY, Yep-
Ho3eMm 1 cepo3em. CnocobeH paboTtaTh Ha yyacTkax ¢ yKnoHom Ao 8 rpagycos 1 obpabaTbiBaTb NOYBY Ha
rnybuxy go 27 cm [1].

OCHOBHOW HeJoCTaToOK SAPYCHbIX NAYroB, MPUMEHSEMbIX An1s rny6okoin 06paboTku NouBbI, COCTOUT
B BONbLUMX SHEPrETUYECKMX 3aTpaTax Ha BbIMONHEHWE TEXHOMOTMYECKOro npoLecca, a Takke B obpa3osa-
HUM «MAYKHON MOAOLUBBI» NE3BUSMM IEMEXOB, YTO CHIXKAET YPOXKANHOCTb CEMbCKOXO3SAMCTBEHHDBIX Kyfb-
Typ [7].

MoBbIcMTb 3GhHEKTUBHOCTL OCHOBHOM rNy6oKoi 06paboTkn NoYBbI MOXHO 3a CYeT 06beaNHEHUS
TEXHOMOTMYECKOTO MpoLecca ABYXbSPYCHOM BCMALUKA MOYBbI C PbIXNIEHMEM NOANAXOTHOTO TOPU3OHTA
8, 9.
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KOHCTpyKTUBHO-TEXHOMOIMYECKast cxema paspaboTaHHOro KOMOWHMPOBAHHOIO Mnryra COCTOUT W3
Kopryca BEPXHEro sipyca, BbIMOMHSIOLWEro noapesaHne n 06opoT BEPXHEro CNos NoyBkl, U 6e3nemeLIHoro
Kopryca HWKHero sipyca, [OSI0TO KOTOPOrO BbIMOSIHAET PbIXAEHUE NOLAMAXOTHOMO rOPU3OHTA W HUXKHErO
CNosi MoYBbI C NOCneayLwyM 060poTOM HIBKHErO Cosi MOYBbI OTBANbHON MOBEPXHOCTBIO KOPMyca HIMKHE-
ro sipyca [8, 9].

Lenb uccnedosaHull — NOBbILEHNE KA4eCTBa 3af€NKN BEPXHETO FOPU3OHTa Npu SpycHom obpa-
BoTke noyBssbl.

3adayu uccnedogaHull — OLEHWTL CTENEHb 334Nk BEPXHETO CMOS NOYBbLI MO rMybuHe npu ee
06paboTke SpyCHbIMU NITyramu.

Mamepuan u memodbI uccnedosaHull. [Ins npoBefeHUs MCCNELOBaHNN B Ka4eCTBE SHepreTy-
Yeckoro cpefctea npuMeHsncs Tpaktop XT3-16131, KOTOpbIA arperaTMpoBancs C CEPUHLIM NIyrom
MHA-4-42 1 KOMOUMHUPOBAHHBIM MIYTOM.

[nsa onpefenexns npoduns 6oposabl B Hayane onbita BbibMpancs poBHbIM yy4acTok nons. Ha
9TOM y4acTke Nons npoM3BoAUNca oguH pabounin xog arperata. B 0bpaboTtaHHyto YacTb nons ycraHaenu-
Banacb cTonka (6opo3aHas CTonka) ¢ y4eTomM TOro, 4Tobbl NPK KOHTPONBHOM NPOXOAE NaxOTHOrO arperaTa
OHa He nomMeLuana kopnycam nnyra. [poTMBONONOXHO el Ha paccTosiHUM 3,4 M Ha HeoBpaboTaHHbIN y4a-
CcTOK Obina yCTaHOBMEHa Apyras CToika (nonesas CToiika). Ha pacctosHum 1,5 M OT nonyyYeHHbIX CTOEK,
no Xo4y [BWXEHUS arperata, yCTaHaBMBanNMCh AONOMHUTENBHO fBe CTONKM (BoposaHas 1 nonesas). Me-
cT0 60pO3A0BbLIX CTOEK ONPEAEnsrnoch Takum obpasom, 4Tobbl Npu ChneaytoLeM Npoxode aKcnepuMeH-
TarnbHOro Nnyra OHW He MeLanu ero kopnycam. B peaynbTate B ropu3oHTanbHOM NPOEKLMM YETLIPE CTOMKM
obpasoanu cobor npsAMOYronbHUK co cTopoHammn 3 1 1,5 M. Ha 6opo3noBble 1 NoneBble CTOMKM Bbinu
YNOXeHbl M 3adMKCMPOBaHbl PefikM CO LKanon, obpa3ys KoOpAuHaTbl B MPOLONMBHOM HanpaBieHWu
(puc. 1).

Mpv nomoLum npubopa ¢ ypoBHEM BCe YETLIPE CTONKM Obinv BbIBEEHbI B FOPU3OHTANbHYIO NNOC-
kocTb. CoeamnHsIsA Ha4yana KoopaMHaT, Ha penku Obina ynoxeHa nepeaBuKHas NMHeNka ANs CHATUS KOop-
[MHAT B NOMNEPEYHOM HanpasneHun. 3aTem npy NOMOLLM OTBECA NPOWU3BOAMIMCH 3aMepbl Npoduns Nons
[0 ¥ nocne npoxofa noysoobpabatbiBatowlero arperata. Lar samepos coctasnsn 5 ¢cM no BCen AnuHe
nonepeyHoN NHenkn. 3atem 0TBEC NPUKNAAbIBaNcs K KOHTPONbHOM NMHENKE ANS NOMyYeHNs BEPTUKanb-
HOW KoopaMHaTbI.

[na obecneyeHns GecnpensTCTBEHHOMO MPOXofa arperata CHUMarnach nonepeyHas NMHenka
NpoAonbHbIe penku. MNocne npoxofa arperata penku U NMHenka BO3BPaLLAniCh Ha MCXOAHbIE NO3NLMM.

Puc. 1. Onpeaenexve npocuns AHEBHOM NOBEPXHOCTM NOYBbI
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Mocne npoxoda SKCNepUMEHTANbHOTO Miyra Npou3BoAMNCs 3amep npoduns. [ns 3amepa npo-
unsa gHa 60po3abl CHUMANCS BEPXHUIA PbIXMbIA CIOW NOYBbI A0 YNAOTHEHHOMO NoXa. 3ateM npou3so-
Anncs 3amep npocuns gHa 6oposgsl (puc. 2).

Puc. 2. Mpocmnuposaxie gHa 60po3ab!

[ns onpegenexns KOOPAUHAT NEPEMELLEHNS BEPXHETO M HWXHErO CMOEB MOYBLI UCMONb30Banach
pa3paboTaHHas YacTHas MeToaumka 3aknaaki NpoHyMepoBaHHbIX cuwwek. Puwwkn pasmepom o 0,02 m pac-
nonaranuch B ABYX YPOBHSIX: NEPBbIA YPOBEHb HA NOBEPXHOCTYH MOYBbLI, BTOpoi — Ha rnybuHe 0,08...0,10 m.
3aknagbiBanocs 8 psgos no 6 uLek B psay.

PacctosiHue mexay cduiukamm B psgy 0,05 M. Psabl 3aknagblBanuch € yH4eTOM TOro, YTO (OULLKK U3
9TUX pAaoB ByayT 3axBaTbiBaTbCS NEPBLIM U BTOPLIM KOPMYCOM BEPXHErO Apyca (Mo YeTbipe psaa Ha Kop-
nyc). WnpuHa opHoro kopnyca 0,45 M, noatomy paccTtosHue mexay 5 u 6 psgamm 0,15 m, a mexay
octanbHbiMu psaamu 0,10 m. MepBbi psg 3anoxeH Ha paccTosHun 0,05 M OT HOCka BepxHero spyca
npeablayLero npoxoaa, Ans atoro 6oposaa Obina pacyuLeHa u onpeaeneH cnea ot Hocka npeablayLero
npoxopa. 3agenka duku Ha rnybuny 0,08 M ocyliecTnsnacs Npu NOMOLLM NpUCNocobneHus, npeacTas-
nsoLero cobomn «pykosaTKy» C 3arHyTom YacTbio, pasHon 0,08 m (puc. 3).

Puc. 3. 3aknagka uwuek Ha rnybuHy

MpegBapuTenbHO B MOYBE MPU NOMOLM NPUCMOCOBNEHNS BbINONHANUCL OTBEPCTUS Ha rNybuHy
0,08 m, 3aTem B 0TBepCTUS Onyckanacb M JOCTaBnsnach Ha AHO duwwka. [ocne 3aknagku Beex ek
OTBEPCTWSA 3acbiNanmchb, a Ha NOBEPXHOCTM YCTaHABNMBANACh (LKA BEPXHErO YPOBHS.
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[ns onpeaeneHns KOHEYHbIX KOOPAMHAT (PULLIEK YOAnsnCcsa BEPXHUN PbIXMblA COW NoYBbI (pUc. 4)
[0 NOSIBNEHUS (OULLIEK N ONPEeaensnch UX KOHeYHble koopauHaThl. [ns Hanbonee TOYHOro onpeaeneHus
MecTa pacnonoxeHus (uLlek noysa yaansanack nog yrnom 45°. Kayectso yknagku BepxHero nnacra nou-
Bbl TaKKe OLEHMBANIOCh 1 MO NOMHOTE 3aferkn PacTUTENbHBIX U CTEPHEBbLIX OCTATKOB U CEMSIH COPHSIKOB,
HaXOASALMXCA M3HAYanbHO Ha NOBEPXHOCTW nons. [laHHble nokasaTtenu onpefensnncb no Korm4yecTBy
OCTaBLUMXCS PacTUTESNbHBIX OCTATKOB HA MOBEPXHOCTM MONS.

Puc. 4. MNMpocunuposane gHa 6opo3apl

Pesynbmamsbi uccnedoeaHull. Peanusauns spyCHOM BCrallkM KOMOWHWPOBAHHLIM MAyrom
obecneunBaeT arpoTexHuyeckn Tpebyemoe Kka4yecTBo KpolueHus (pasmep dpakumin o 50 mm) B obpaba-
TbIBAEMOM CMO€ NOYBbl He MeHee 75% Ha pa3nuuHbIx rmybuHax obpabotku 0,3...0,45 M B AnanasoHe pa-
Boumx ckopocreit 1,5...2,5 mic (puc. 5).
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Puc. 5. KauecTBo kpoLLeHus noyusbl OT rnybuHbl ee 06paboTky KOMOUHUPOBAHHLIM MITYroM

Mpwn paboumx ckopocTax aswkenns 1,5; 2,0 n 2,5 m/c v rnybune obpabotkn nousel 0,3 M kKa4ecTBo
kpowweHus coctasuso 80,4; 81,9 n 82,5% cootBeTtcTBEHHO, Npu paboyen rnybure obpaboTku — 0,35 M co-
crasnsano 75,1; 77,5 n 80,4%, npw rnybuHe poixnenus 0,40 m — 75,0; 75,5 1 77,3% v npu rnybunHe 0,45 m —
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75,8, 75,3 n 76,0%. MpuBeaeHHbIe AKCNEepUMEHTaNbHbIE AaHHbIE MOKA3bIBAKT, YTO C YBENIMYEHWEM My-
OuHbl 06paboTkn NOYBbI, KAYECTBO €€ KPOLUEHUS HE3HAUMTENBHO CHIKAETCS, HO MpU 3TOM Nyylwue pe-
3ynbTaThbl 4OCTUraloTCs Npu 6onee BbICOKMX paboumx CKOpoCTsX ABWkeHWs. locne npeanaraemon spyc-
HOM 06paboTKN KOMOMHMPOBAHHBIM NAYTOM KOMMYECTBO 3aeNaHHbIX pacTUTENbHBIX U CTEPHEBBIX OCTaT-
KOB 1 CEMSIH COpPHsIKOB cocTaBuno 97,7...98,8%, 4to 06bACHAETCS HanMuMeM ANMHOCTEDEeNbHbIX COPHS-
koB. [Mpu aTOM rnybuHa 3aenkn BEPXHErO CROS NOYBbI (MOXHUBHBIX PACTUTENBHBIX U CTEPHEBBLIX OCTATKOB
N CEMSIH COPHSIKOB) M3MEHSNach B 3aBUCUMOCTM OT rnybuHbl 06paboTkn U NpaKTUYECKN HE U3MEHANACH B
3aBUCUMMOCTU OT CKOPOCTY ABMKEHUS (puC. 6) [8].
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Pwc. 6. 3aBucumocTb rnybuHbI 3a4enku BEPXHErO Cos MOYBkI OT ry6uHbl 06paboTku

PesynbTaTbl uUccnegoBaHuii pacnpegeneHus cuilek no rnybuHe ropusoHTa noysbl (puc. 7)
noaTeepxaatoT 3PEKTUBHOCTL SpyCHON 06paboTKM NouBbl B 6opbbe C COPHON PacTUTENBHOCTLI 3@ CYET
3a0enku CeMsiH COPHOM pacTUTENbHOCTU C TPAHCMOPTUPOBKOA BEpXHEro cnosi nouysbl B Goposgy Ha
3aaHHyto rnybuHy obpaboTku noysb!.
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Mpn atom obpabotka nnyrom MHA-4-42 nossonset 3agenatb Ha rnybuHy Gonee 0,2 M — 86,1%
(uLeK, a aKkcnepuMeHTanbHas spycHas obpaboTka KOMOMHMPOBAHHLIM NIyrM MO3BONSET 3aAenaTb Ha
rnybuHy 6onee 0,2 M — 96,6 % uilek, YTO Nyyle Mo Ka4yecTBy 3afenku cneuuanbHbiM CepUinHbIM
SIPYCHbIM NITYroMm.

MpvBeaeHHble  AaHHble  MOKasbiBAlOT — BLICOKOE  KayecTBO  npegnaraemMon  06paboTku
KOMBWUHMPOBAHHBIM NNYrOM, TaK Kak M3BECTHO, YTO 3afefika BEPXHErO CMos NOYBbl C CEMEHAMU COPHSKOB
Ha rny6uHy 0,18 m obecneunBaeT CHxeHne 3acopeHHocTn nons 4o 90 % [3, 5, 6, 9].

3aknroveHue. KoMOMHMPOBaAHHLIA Myr No3BonsieT obecneuntb 6onee KavyecTBEHHYHD 3afenky
BEPXHEr0 CNosi C COAEPKALLMMUCS B HEM CEMEHAMM COPHbBIX PACTEHUIA, YTO MOXET MOBbLICUTL 3GhHEKTHB-
HOCTb 60pbObI C COPHOI PACTUTENBHOCTLIO, @ TAKKE HANTU CBOE NMPUMEHEHME B TEXHOMOIWAX, Npeaycmar-
PUBAIOLLMX 3a[eSKy OpraHNYecKuX U MUHeparbHbIX Yao6peHui B KopHeoBUTaeMblit Cro.
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Llenb uccnedosaruli — 060CHO8aHUE NEPCNEKMUBHO20 HanNPasIeHUs: cogepuieHcMeo8aHuUss Apoburiok 3ep-
Ha. ghhekmusHoe UCNob30saHUe KOPMOB020 Chbipbsi mpebyem €20 uamernbyeHus 0Nl NOBbILIEHUS yc8osseMocmu
u, 8 pesynbmame, pocma npodyKmMuUSHOCMU 8bIpaujusaeMbIX XUgOMHbIX. [podyKmb! uamenbyeHusi A0mKHbI COom-
gemcmeosamb 300mexHuYeckuM mpebosaHusm. [lpouecc usMenbyeHuUsi KOPMo8 8ecbMa 3Hep20emMok, CogepuieH-
cmeogaHue ycmpolicme Or1s U3MesbYeHUsT KOpMO8 UMeem 8axHoe HapoOHO-X03slicmeeHHoe 3HaqeHue. Paccmom-
PEHbI KOHCMPYKUUU Pa3iuYHbIX MOomKoebix 0pobuiok, a makxe Apobumok ¢ 1ONaCMHbIMU, HOXE8bIMU U «pa3-
20HHbIMUY bunamu. [posedeHHbIl aHanu3 pabomsi ApobUNOK 3epHa N0 8EUYUHE 3Hep2o3ampam No380oNUs 8bl-
A8UMb NEPCNEKMUBHOCMb U3MesTbyumenell ckanbigarowe2o npuHyuna deticmeusi N0 CPaBHEHUIO C MOSTOMKO8bIMU
u bunbHeMU Opobunkamu, pabomarowumu no npuHyUny ydapa. Lpobunku ckanbigarouiea0 muna nodpasdensom-
CA: Ha UeHmpobexHo-pomopHble poburiku ¢ nanbyesbiMu (WmugpmosbimMu) pabodyumu opaaHamu; 8asbyosbIti no-
cmas ¢ puciMu; KOHyCHbIe UHEPUUOHHbIe ApobUNKU ¢ 3y64YambIMU KOHycaMu no muny 8asby08020 nocmasa ¢
8HYMPEHHUM KOHMakmom 3yb64yamo-pugbriesbix eanbyos. Cpedu ykasaHHbIX 8Ud08 usmenbyumenel, 8 cusy 603-
MOXHOCMU €aMOO04UCMKU, Haubonee nepcnekmueHbIMU ABMSKMCS KOHYCHble UHEPUUOHHbIe Opoburnku ¢ 3yb4a-
MbIMU KOHyCamu, KoOmopbIe N0380/ISAM pacwupsmb pabodyro 30Hy N0 8AXHOCMU U USMESTbYEHUIO 3€pHa Macuy-
HbIX Kybmyp. B npouecce npobHbix uchbimaxuti nabopamopHo20 obpasua KOHYCHOU UHEePUUOHHOU ApobUSKU KOH-
cmpykyuu MeHsl TY u 000 «@OPMALE/» nodmeepdunack genuduHa sHepao3ampam 4,6 kBm-u/m. [ns cHuxe-
HUSI 3HEP20EMKOCMU U3MEIbYEHUSI 3epHa, NOBbILIEHUS NPou3goduUMenbHoCcmuU ycmpolicmea u kadecmea npodyk-
ma mpebyemcsi npogecmu AoNOMHUMETbHbIE UHMEPNONAYUOHHbIE U ONMUMU3ayUOHHbIe uccredosaHusi no 06oc-
HOBaHUI0 ONMUMarbHbIX 3Ha4YeHUll Yacmomb| 8paLeHUsi KOHUYECKO20 pomopa U 3a3opa Mexdy pabodumu opaa-
Hamu.

KntoueBble cnoBa: uamenbunTenb 3epHa, Apobunka, ckanbiBaHue 3epHa, 3ybuaTthbin KoHYC.
Ana yumupoeanus: Yyikos B. E., Konosanos B. B., [loHuosa M. B., Metpoea C. C. OBocHoBaHWe HanpaBneHus
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Hom akagemuu. 2023. Ne3. C. 45-55. doi: 10.55170/19973225_2023_8_3_45
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The purpose of the research is to substantiate a promising direction for improving grain crushers. The effective use of
feed raw materials requires its grinding to increase the digestibility and, as a result, increase the productivity of
reared animals. The grinding products must meet the zootechnical requirements. The process of feed grinding is very
energy-consuming. The improvement of devices for grinding feed is of great national and economic importance. The
designs of various hammer crushers, as well as crushers with blade, knife and «acceleration» bills are considered.
The analysis of the work of grain grinders by the amount of energy consumption allowed to identify the prospects of
crushers of the chipping principle of action in comparison with hammer and bill crushers operating on the principle of
impact. Chipping type crushers are divided into: centrifugal-rotary crushers with finger (pin) working bodies; roller
delivery with riffles; cone inertial crushers with toothed cones according to the type of roller delivery with internal con-
tact of toothed-riffle rollers. Among these types of grinders, due to the possibility of self-cleaning, the most promising
are cone inertial crushers with toothed cones, which allow to expand the working area for humidity and grinding of
oilseeds. In the process of trial tests of a laboratory sample of a cone inertial crusher of the design of PenzSTU and
FORMADEL LLC, the value of energy consumption of 4.6 kWh/t was confirmed. In order to reduce the energy con-
sumption of grain grinding, increase the productivity of the device and the quality of the product, additional interpola-
tion and optimization studies are required to justify the optimal values of the rotational speed of the conical rotor and
the gap between the working bodies.

Key words: grain grinder, crusher, grain chipping, toothed cone.

For citation: Chuikov, V. E., Konovalov, V. V., Dontsova, M. V. & Petrova, S. S. (2023). Justification of the improving
direction design of grain crushers. lzvestia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin
Samara State Agricultural Academy), 3, 45-55 (in Russ.). doi: 10.55170/19973225_2023_8_3_45

ObPeKTUBHOE MCMONB30BAHNE KOPMOBOTO Chipbsi TPebyeT ero u3mernbyeHus Ans noBbiLEHNS
YCBOSIEMOCTM 11 POCTa NPOAYKTMBHOCTY BbIpaLLMBAEMbIX XMBOTHbIX. YeM Menbye NPOAYKTbI U3MeNbYeHNs,
TEM Bblle HabnogatoTcs npueeckl XMBOTHbIX [1]. OgHako, B cnyyae nepeunsmenbyeHns (obpasoBaHus
NbINEBUAHON hpaKuuK), KOPMOBas Mbifb NONAZAET B AbIXaTenbHbld TPakT (CNOCOBCTBYET NEeroyHbIM 3a-
BoneeaHusM), a CyXOM MyYHUCTbIN NPOAYKT MIIOXO CMAYMBAETCS CIOHOM, YTO CMOCOBCTBYET XenyaouHo-
KuLLeYHbIM 3aboneBaHmam [2]. Tem cambiM, NPOAYKTbI U3MENbYEHUS AOMKHBI COOTBETCTBOBATH 300TEXHU-
yeckum TpeboaHuam [3]. Cam npouecc U3Menb4eHNs KOPMOB BeCbMa 3HEPTOEMOK, a YuMTbIBas 6onbLLne
obbeMbl nepepabaTtbiBaeMblX KOPMOB, KOPMOU3MENbYEHE TpebyeT BbICOKOro pacxoaa sHepruu. [oatomy
COBEPLUEHCTBOBAHWE YCTPOWUCTB ANS U3MENbYEHUS KOPMOB UMEET BaXHOE HApOAHO-XO3SIMCTBEHHOE 3Ha-
YeHue [2, 4].

Lenb uccnedoeaHull — 060CHOBaHWE NEPCNEKTUBHOIO HaNpPaBMEHNs COBEPLUEHCTBOBAHMUS Apo-
Bunok 3epHa.

3adayu uccnedogaHull — NPOBECTN aHANMUTUYECKII 0630p KOHCTPYKLMA 3ePHOBBIX U3MENbYNTE-
nen; BbISBUTb MO BEMNYMHE SHEPro3aTpaT MepCrnekTUBHOCTL W3MENbYMUTENEN CKanbiBatoLLero npuHumna
[ENCTBUS NO CPABHEHMIO C MOMOTKOBLIMM 1 GUMNbHbIMM Apobunkamu, paboTatoLmmm No NpUHLMNY yaapa.

Memoduka u pe3ynsmambi uccnedosanut. CornacHo FOCT 14916-82 «[pobunku. TepMuHbI 1
onpeaeneHus» paspyLleHne TBEPLOro KyCKOBOrO Matepuarna (Kakum 1 SIBNSTCS CEMEHa CenbCKOX03sm-
CTBEHHbIX PaCTEHMI) HOCUT Ha3BaHWe «apobneHney», a No3TOMY MalUUHbI ANS M3MENbYEHUSI Ha3bIBAKOTCS
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«gpobunkammy. CornacHo FOCT 14916-82 pasnuyatoT: KOHYCHbIE, LLEKOBbIE, BaNKOBbIE, MOMOTKOBbIE W
POTOPHble Apobunkm [5]. cnonb3ayoTes pas3nnyHble cnocobbl HarpyKeHUS (M3MENbYEHMs) YacTuL, 3epHa.
K Wwupoko M3BECTHbIM NPUMEHSEMbIM Cnocobam OTHOCATCS M3MENbYeHe 3ePHOBOK YAapoM, packarbisa-
HWEM, pasfaBnMBaHWEM (UCTUpaHUEM), CKaTMEM, pacnunuBaHueM (y ctebenbHbIX KopmoB). MeHbluel
9HEProemMKOCTbi0 00adatoT nepenekTuBHble Cnocobbl HAarpyXXeHus Matepuana yactuy, (apobneHus): ns-
b, ckon, cpes, pacTshkeHue [6-8].

TpaguUMOHHO pacnpocTpaHeH cnocob namenbyeHns yaapom Bnet [6-8). OH npousBoauTeneH,
KOHCTPYKLMS ApOOMIKM JOCTAaTOYHO HafexHas u oTpaboTaHHas. OgHako OTMEeYaeTCs Hanuume 3aBblLLeH-
HbIX 3HAYeHUI MbINEBMAHOrO NPOAYKTa. AHanu3 nuTepatypbl NOCNEgHWUX ABYX AECATUNETUA MO3BONNI
3aK0YNTb, YTO COBEPLLEHCTBYETCS Kak Ap0OUIbHbIA annapart, Tak U cucTeMa cenapauuy 3Menb4eHHOro
npoaykta [9]. HegounamernbyeHHble YacTuLbl ApoBSTCA BHOBb, YTO YBENMYMBAET AOMHO NbINEBUAHON (hpak-
Unn. KOHCTpYKUMM MOMOTKOB MOTYT ObiTb Pa3mnuyHbl, Kak U AEKOBbIE W CENapupytoLLme anemMeHTbl Apo-
BunbHoOro annapara.

Mpumepom nogobHbIX ApobunbHLIX annapaToB ABnseTcs uamensuntens Opnosckoro MAY ¢ ne-
PEMEHHbIM 3a30POM MeXZy LAapPHUPHO NOABELLEHHbIMM MOMOTKaMK 1 pelleToM [8]. B ykazaHHOM mMaTepu-
arne BbISIBNEHO BNWSIHUE OuaMeTpa OTBEPCTUM PELLET U YBENMYEHUS pagnyca Crmpani Ha SHEProeMKOCTb
nonyyYeHus AepTu.

HepocTaTkoMm poTOpHbIX ApoBunok ¢ paboumm opraHom B Buge Guna (poTopHO-bunbHbIe Apobun-
kW) SIBNSETCA OTCYTCTBUE NMPefOXpaHWUTENbHbIX 3MEMEHTOB B Clyyae nonajaHus Yactuy meTanna unm
KaMHS B ApoBbunbHbIN annapar. 10 MOXeT NPUBECTW K 3aKNMUHUBAHMIO WK MonoMKe Apobunku. B aTom
OTHOLIEHUM MOMNOTKOBbIE Apobunkn (puc. 1) Gonee HagexHbl — LUAPHUPHO YCTAHOBIIEHHbIE MOJIOTKM
npeaoTBpaLlaoT 3aknuHWBaHMe paboumx opraHoB [8]. Vcnonb3ytoTcs OpoGUIKM Kak C nonacTHbIMM
[10-12], Tak 1 ¢ HOXeBbIMK Bunamu [13-15].

o™
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Smax

Pwc. 1. Cxema MonoTkoBoW ApoBunku co cnmpanbHeIM pelweTom [8]

Mpumepom BUnbHbIX NONACTHbIX APOBKUNOK SBNSIETCH KOHCTPYKUMS (PUC. 2) C OTOTHYTHIMM NOBEP-
HyTbIM1 ionactamu [10, 11]. B oTAanune oT npegblgyllero pucyHKa, OTBOA M3MENBYEHHOMO NPOAYKTa He
TONbKO NepucepuitHbIi, HO 1 BokoBOW — ¢ Topua poTopa. MoBOpPOT Nonacten cnocobCTByeT NyyLlemy oT-
BEJEHW0 NPOJYKTOB M3MENbYEHUS.

/13BECTHBI KOHCTPYKLMN BUNBHBIX APOOUIBHBIX annapaToB C HOXEBLIM NOMNACTHLIM paboyum opra-
HOM (puc. 3) [14]. Hoxm cnocobCTBYIOT CKanblBaHMIO YacTuL, YTO HECKOMBKO YMEHbLUAET Pacxos SHeprum
Ha gpobneHve.
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Puc. 2. Cxema gpobunku 3epHa ¢ bunamu:
1 — pewweTo; 2 — nonacTHoe 6uno; 3 — poTop; 4 — 3arpy304HOE OKHO; 5 — Kopnyc APoOMIKM; 6 — PeLIETO TOPLEBOE;
7 — OKHO BbIrpy3Hoe [11]

Puc. 3. Cxema opobunbHoro annapara:
1 — LeHTpanbHas 30Ha; 2 — BO3AYLIHO-NPOAYKTOBbI NOTOK B NepudepuitHoi 3oHe; 3 — nonacTtb paboyero opraHa;
4 - kopnyc ApobunbHoN kamepbl [14]

PaspaboTaHbl Takke ApoBunkn, y KOTOPbIX POTOP BbINOMHEH B BUAE PagWanbHO-OTOTHYTbIX TPy6-
yaTbIX KaHaroB («pasroHHble» Buna) ¢ nogaveit matepuana y ocu BpalleHus potopa [16, 17]. B gaHHOM
Cnyyae pasorHaHHble 4acTuLbl BbIXOAAT U3 Tpy6uaThix OTBEPCTUIA poTOpa (PUC. 4) C BBICOKOI CKOPOCTbIO 1
YAApSI0TCS 0 peLleTa, BbINOSIHEHHbIE B BUAE LMNUHAPA BOKPYT BpallatoLlerocs potopa. INpu yaape o rpa-
HW OTBEPCTUI peLLeT 3epHOBKK ApobATCS, Npu 3TOM YacTb YacTUL MOAAETCs Ha BbIrPy3Ky, a YacTb — OT-
paxaeTcs OT peLeT. 1o 0TpaxeHHbIM YacTuLam poTop yaapseT TpybyaTbiMu HanpaBnALWMMK kak Guna-
MU, W NPOLECC U3MENBYEHNS NPOJOIIKaeTCs. B pesynbTaTe Yactb MaTepuana apobutcs yaapom BeT, a
YacTb — CKarnbIBaHWEM.

BonblUoe KONMYECTBO CPABHUTENbHbIX SKCMEPUMEHTOB M3MENbYNTENEN PasnnyHbIX TUMOB MoKa-
3anu npeumyLLecTo ApobneHus 3a cyeT ckanbiBaHus. [laHHbIn cnocob HarpyxeHus matepuana (apobne-
HWS1) 3epHOBOK MeHee aHeproemok [18-20]. PaccmaTtpusas KOHCTPYKLUMM ApOBUNoK, peanmayowmx AaHHbIN
cnocob M3MenbYeHNs, MOXHO BbIENUTb TPU HanpaBneHWs pasBUTUS KOHCTPYKUMM: LEHTPOBEeXHO-
POTOPHbIE APOOUIKM C NanbLeBbIMU (LWTUTOBLIMK) paboyMmMM opraHamu; BasnbLOBbI NOCTaB C pudns-
MW; KOHYCHbIE VHEPLMOHHbIE ApOBMMKKM C 3y64aTbiMM KOHYCaMW MO TUMY BanbLOBOrO MOCTaBa C BHYTPEH-
HUM KOHTaKTOM 3y64aTo-pudreHbIX BarbLOB.

BbISIBIEHbI KOHCTPYKLMM LIEHTPOBEXHO-POTOPHBIX APOOMMOK € NanbLUeBbIMK (LUTUGTOBLIMI) pabo-
yumm opraHamm OIHL| CB um. H. B. Pygruukoro n Bonorogckoit TMA um. H. B. BepewarvHa, Yensbuh-
ckoro [AY, Omckoro FAY u ap., obecneynBaiolme n3mMenbYeHe 3epPHOBOK CkanbiBaHunem [21-25]. Ux oc-
HOBOWN SBNSieTCS WTUATOBLINA (NanbLeBbIn) ApobunbHbld annapat [21] pas3nuyHoi KOHCTPYKUMM (puc. 5),
rOe 3epHOBKW NPOXOAAT Yepe3 psdbl BCTPEYHO ABWKYLLMXCS LUTUQTOB (ManbLes, Hoxen). 3a cueT
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BbICOKOCKOPOCTHOTO 3aK/NHMBAHMS 3€PHOBOK MPOMCXOAMT CKOM UX YacTein. Ype3aMepHO BbICOKas B3auMHast
CKOPOCTb HOXel (WTndhToB) cnocobcTByeT 06pa3oBaHMio My4YHUCTON ppakumn. Mpu Manbix CKOPOCTSX
pacTeT BEPOATHOCTb NMPOXOAa KPYMHbIX YacTul. [JOCTOMHCTBOM [aHHbIX annapaTtoB SBASETCS OTCYTCTBUE
MenKMX Na3oB, CMOCOOCTBYIOLMX «3acannBaHNiO», 3abuBaHNM0 NPOAYKTOBOM Maccoi. OfHaKo, CNOXHOCTb
WN3roToBneHns pabounx OpraHoB OrpaHNyMBaeT NPUMEHEHIE NOLOBHbIX M3MENbYUTENEN.
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Puc. 4. Cxema LeHTpobexHo Apobunku 3epHa:
1 — kopnyc ApobunbHONM Kamepsl; 2 — poTop; 3 — HENOABWKHASA NONacTb POTOpa; 4 — NOABIKHASA NONACTb POTOPa; 5 — peLweTo;
6 — 3arpy304HbIn ByHKep; 7 — kaHana 3arpy304Hbiit; 8, 9 — eMKOCTb M3MENbYEHHOro npoaykTa; 10 — pama;
11 - anekTpogBuratens; 12 — knuHopeméHHas nepegaya; 13 — BbirpysHas ropnosuHa; 14 — Hanpaenstowas nnactuHa [17]

MADYHHOR KONLLO HOMERA
A

/EH}'TDBHHEE KOG HOHE A

/Qﬂllé PHDYHWEA MOBEDXHOCTE.

*
~

Puc. 5. Cxema LieHTPOoBEXHO-POTOPHOrO APOOMNLHOrO annapara:
a — KOHCTPYKTMBHas cxema; 1 — kopnyc Apobunku; 2 — naTpybok 3arpy304HbIn; 3 — naTpyboK BbIrPY3HON;
4 — cTaTtop (BepXHWiA ANUCK); 5 — POTOP (HWKHWN BNCK); 6 — KONMbLEBbIE KaHambl; 7 — HOXM; 8 — HapYXHbIN PsL HOXEN;
9 - ckBo3Hble nasbl; 10 — npuBoaHo Ban; 11 — WwWkuB; 12 — ropnosuHa 3arpysHas; 13 — okHa paguanbHble;
14 — paboyas kamepa; 6 — 0OLLWI BA BEPXHETO [MCKa M3MENBbYNTENS C CENnapupyHoLLEeit NOBEPXHOCTbIO
W YCTAHOBIEHHBLIMU HOXaMW 1 CXeMa KOHTPOMS OTKPLITUS CenapupyioLLeil noBepxHocTu [21]

BanbLoBble nocTaBbl C pUCEeHbIMA BarbLaMu WWPOKO UCMOMb3YKTCA B MyKOMONBHOM MPOu3-
BOACTBE. 3epHOBKM 3aKMHMBaeTCs nepeq Barnblamu, a pudnsamu kak qpesoin cpes3aeTcs Cron Yactuy.
A3MeHss COOTHOLLEHME CKOPOCTEN M HanpaBlieHne pexyLLei KpOMKW B3auMOLENCTBYIOLMX BasbLOB, Me-
HAKT KPYNHOCTb NOMona Myku [22, 23]. HegoctaTkoM SBNSETCS Hanuymne NblfeBuaHbIX YacTul.

BapuaHT KOHCTPYKLMM BarbLOBbIX U3MESbYMTENEN C BHYTPEHHUM 3aLenieHneM NpUBeaeH Ha pu-
CYHKe 6, rae fgeka ctatopa, N0 CyTu, BbIMOMHAET ponb Banbua [7, 23]. MpobnemHbiM SBNSeTCS MOMEHT
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3abvBaHus Me)K3y6OBOI'O NPOCTPaHCTBAa M3MEITIbYEHHbIM NMPOAYKTOM, YTO CHWXaET NPOU3BOANTENBHOCTb
JJ,pO6I/IJ'IKVI N 3TM NOBbILLAET SHEPro3aTparthbl.

T
I A "

Puc. 6. Cxema pOTOPHOro M3MenbYMTens ckanblBatoLLero Tuna:
1 — kopnyc; 2 — ByHkep; 3 — poTop; 4 — 3ybbs poTOpa; 5 — KOXYX KaMepbl U3MenbyeHus; 6 — aeka 3ybuatas [7]

B 3TOM OTHOLWEHUM Bonee COBEpLLEHHbI KOHCTPYKLIMU UHEPLMOHHBIX APOBUNOK ¢ 3yByaTbiMu Ko-
Hycamu, KOTOpble MO3BONSIOT NPU AaNbHENLIEM COBEPLUEHCTBOBAHUM UX KOHCTPYKLMK obecneynTb camo-
OYMCTKY Mex3yObeBblX KaHanoB Mo TuMy B3auMoJencTBus HOPO3AOK XEePHOBbLIX MOCTABOB. TEM CaMbIM,
pacLumpsieTcs 0bractb NPUMEHEHUS 3a CYET MOBLILIEHNS BNAXHOCTW NPOAYKTa 1 BO3MOXHON 06paboTkm
CEMSH MaCHNYHbIX KYNbTYp.

/A3BECTHBI KOHCTPYKLMW KOHYCHbIX MHEPLMOHHbBIX Apobunok ¢ 3ybuyatbiMu koHycamu CTaBponosib-
ckoro [AY [20, 24], MeHseHckomn CXA [25, 26] n NMepmckon TCXA [27, 28]. X npuHUMN BeiACTBIS, MO CyTH,
[OCTaTOMHO CXOXMIW. B KoHCTpyKUmn CtaBpononbekoro MAY Ha KOHycax HaHeCeHbl BUHTOBbIE KaHasbl C
pasHOHanpaBneHHoi HaBMBKoM (puc. 7). CpaBHUTENbHBIE UCTbITAHUS YKa3aHHOW KOHWYECKOW ApoBunku ¢
MOJIOTKOBbIMW Apo6unkamu nokasanu ee npeumyiyectso [20].

Puc. 7. KoHycHas nHepumoHHas apoburka:
1 - Kopnyc; 2 — NNacTMHa-[o3aTop C TEXHONOMMYECKAM OTBEPCTUEM; 3 — TEXHONOTMYECKOE OTBEPCTUE; 4 — NpaBasi HaBMBKa
BHYTPEHHETO KOHYCA; 5 — BHYTPEHHWIA KOHYC; 6 — neBas HaBMBKA HAPYXHOTO KOHYCa;
7 — HapyXHbI KOHYC; 8 — Ban NpUBOAHOM; 9 — NpoKnazaka;
10 — TexHonoruyeckoe oteepcTue; 11— perynupyrowas nnactuHa [24]
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B KOHCTPYKUMM KOHYCHOM MHEPLMOHHON Apobunkn ¢ 3ybuaTtbiMm koHycamu (puc. 8) MeHaeHckoro
CXA [25] nasbl pacnonoxeHbl bvke k BEpTMKaNM 1, N0 Mepe YBENUYEHWS AnameTpa KOHyca, CaenaHbl
HOBble nasbl. MiccrnenoBaH BbICOKOCKOPOCTHOM PexuM paboTbl pabounx opraHos.

Y KOHYCHOrO MHEPLMOHHOIO 13menbuntens ¢ 3ybyatbimMm koHycamu Mepmckon MCXA [27] pabounit
PEXUM CPEAHECKOPOCTHON, a Yron Mexay pabounmu KpOMKammn BHYTPEHHETO 1 HAPYXXHOrO KOHYCOB CyLue-
CTBEHHO BonbLue (puc. 9). cnonb3oBaH HaKMNOHHbIM BapuaHT YCTaHOBKM paboumx OpraHoB.

TR
T PRy
| | %

Puc. 8. KoHycHast uHepLmoHHas apoburka KyCKoBbIX MaTepuaros:
a — cxema apobunku; 6 — cxema na3os paboyero koHyca; 1 — kopnyc; 2 — pama; 3 — 3arpy304Hasi roprnosuHa; 4 — Bar;
5 — noaLWwmMnHMKoBas onopa; 6 — BOPOLLMTENb; 7 — pacnpenenuTenbHBIN KOHYC; 8 — KoHnYeckas BTynka; 9 — pabouuil KoHyC;
10 - koHMYeckas BTyKa ¢ nasamu; 11 — BbIrpy3Hon ckpebok; 12 — BbIrpy3HOI NOTOK; 13 — BUHT; 14 — raifka;
15 — anekTpogsuratens; 16 — knHopemeHHas nepegava [25]

a) ﬁ) B)

Puc. 9. KoHycHas uHepLmoHHas opoburnka gypaxHoro sepHa:
a — CxeMma M3MenbyaroLLero annapara; S — KornbLeBom 3a30p; 1 — BbIrpy3Has kamepa; 2 — Ne3B1si HOXEBOTO KOHYCa;
3 — 3arpy3oyHas kamepa; 4 — 3arpy3ouHbIin GyHkep; 5 — NpMBOAHON Bar; 6 — NOAAOLNIA LUHEK; 7 — HOXEBOM KOHYC;
8 — npoTMBOpEXYLLME 3NEMEHTbI Kopryca; 9 — kopnyc uamenbumnTenst; 6 — o6LLmMi BUA M3MENbYaOLLEro annapara;
B — CXEMa YCTaHOBKU: 1 — M3MenbYatoLLmil y3en; 2 — 3arpy3ou4Hblit OyHKep; 3 — pemykTop; 4 — anekTpogsuratens; 5 — pama [27]

Y BanbLOBbIX NAOLWMIOK U APOOMIOK 3HeprodaTpaThbl COCTABAAT 0kono 3,7 KBT-Y/T, y GuyeBbIx —
okono 3,2 kBTu/t [29]. B 10 xe Bpems, No AaHHbIM [19], cpeamn BCcex TMNOB ApOBUIOK HaMeHee SHepro-
eMKW U3MENbYMTENN, Peanuaylole pe3aHne 1 ckanbiBaHne 3epHa (LeHTPOOEXHO-POTOPHbIE N3MENbYK-
Tenu) ¢ aHeprosatpatamn 4,5-6,5 kBT-u/T. MogobHble 3Hepro3aTpatbl HabMIAAKTCA M Y KOHYCHbIX
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NHepLMOHHbIX apobunok [28]. CornacHo gaHHbiM Ctaponopnbckoro FAY [20], KOHYCHbIE MHEPLMOHHbIE
Apobunku obecneumBatoT CyLLECTBEHHOE YnyudLleHne kayecTBa uamenbyeHns (83,4% cooTBETCTBUS Kpyn-
HOCTU NOMONa HopMam, No cpaBHeHWIO ¢ 44,7% y MONOTKOBbIX APOBUIIOK) 1 pacxof SHeprv cocTaBnseT
0,4-1,0 kB1y/T. C yMeHbLUEHMEM NMOMONa Pe3ko pacTyT aHeprosaTpaThbl, MK Ha 58% MeHbLLe, YeM Y MO-
NOTKOBbIX ApoBunok npu conoctasumom nomone [20].

B npouecce npoBHbIX ucnbiTauuii nabopaTopHoro obpasua KOHYCHOW MHEPLMOHHOW ApOBUNKu
koHcTpykuum Mensl TY u OO0 «dOPMALES» noareepaunacs BennumHa aHeprosatpart 4,6 kBt-u/t. [ns
CHKEHNS SHEPTOEMKOCTY M3MENbYEHUS 3epHa, MOBbILIEHWS NPOU3BOANTENBHOCTM YCTPOCTBA W KayecTBa
npoaykta TpebyeTcs NpoBECTU AONONHUTENbHbIE WHTEPNOMALMOHHbIE U ONTUMM3ALMOHHbIE UCCrenoBa-
HWS N0 06OCHOBAHWIO ONTUMANbHBIX 3HAYEHWI YacTOTbl BPALLEHUS KOHWYECKOrO poTopa 1 3a3opa Mexay
pabounMmMn opraHamu.

3aknroverue. MNpoBeseHHbIN aHann3 Apobunok 3epHa No BENMYMHE 3HeprosaTpaT NO3BOMMN Bbl-
SIBUTb NEPCNEKTUBHOCTb U3MESTbYUTENEN CKanbIBaLLero NpuHLMNa AENCTBUS MO CPABHEHMIO C MOSTOTKO-
BbIMM 11 BUNbHBIMK Apobunkamu, paboTaroLwmmm No NPUHLMNY yaapa.

[pobunku ckanblBaroLWero Tuna noapasaenstoTcs: Ha LeHTPOOEXHO-POTOpHbIE ApoBUKM ¢ nanb-
LeBbiMU (LUTUTOBBLIMI) paboymMmmn opraHamm; BarbLOBbIA NOCTaB C PUPNAMI; KOHYCHbIE UHEPLMOHHbIE
Opobunkn ¢ 3yByaTbiMW KOHyCamu Mo TWMy BaribLOBOrO NOCTaBa C BHYTPEHHUM KOHTAaKTOM 3ybyaTo-
pucpnesblx BanbuoB. Cpean ykasaHHbIX BUOOB W3MeNbuMTENen, B CUNY BO3MOXHOCTM CaMOOYUCTKM,
Hanmbonee NepcnekTUBHLIMU ABMSKOTCA KOHYCHbIE MHEPLIMOHHbIE ApOBUKN € 3y64aTbiMM KOHYCaMM.

KOHCTPYKTUBHO-KMHEMATWYECKME NapameTpbl 1abopaToOpHOA KOHYCHOM MHEPLIMOHHOM OpoBuUIku
TpebyIT AONOMHUTENBHBIX AKCEPUMEHTANbHBIX UCCHEA0BAHNN.
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Uenb uccnedosaHull — nosbieHUEe Ka4ecmea nocesa 3epHOBbIX Kyrbmyp pa3pabomkol u npuMeHeHUem
COWHUKa NHE8Mamu4yeckol CesisIku, NO36OMsAWe20 No8bICUMb PaBHOMEPHOCMb pacnpedenieHusi CemsaH no afy-
buHe nocesa. M3secmHble KOHCMPYKUUU 11anogbiX, 0OHOOUCKOBbLIX U 08yXOUCKOBbIX COWHUKO8 UMEom Cylje-
CmeeHHble Ms208ble Xxapakmepucmuku, 00HaKo He Mo2ym obecneyums nodxodsuiee KonuposaHue penbegha noss,
obpa3sys obwupHyro 60po3dy, komopyto Heneako 3adenamb. Bcé eblenepequcneHHoe ckasbigaemcs ompuuya-
MesibHO Ha PaBHOMEPHOCMU pacnpedenieHust CEMSH 36PHO8bIX U 3epH060608bIX Kyrbmyp Kak no OruHe psdka, mak
u no anybuHe 3adesnku. YcmaHoeneHo, Ymo MHo2006ewarowum HanpasneHuem nogbIeHuss nokasamenel pabomel
NOCEBHOU MalUHbI UNU agpezama 56/19emcs OCHaleHUe 3epHOBbIX CesrioK OUCKOBbIMU COWHUKaMU, N0 KOHMypy
KOmMOpbIX UMeromcs KaHaeku 8 gude anuuyukinoudsl. B cmamee npedcmasneHa KOHCMPYKUUS OUCKOB020 COWHUKA,
paspabomaHH020 Ha Kaghedpe MexaHu3auuu mexHonoauyeckuli npoueccos 8 AlK leHseHckozo FAY, umetowas
HOBU3HY, N0OMBEPXOEHHYI0 dKCnepmu30U, 8 C8sI3U C YeM NPUHSMO peweHue 0 ebidaye nameHma Ha None3HyrH
modenb Ne215855. [uck cowHuka umeem kaHasKu 8 8ude anuyukinoudbl No KOHMypy Ons Ka4ecmeeHHo20 npoyec-
ca 60p03doobpa3osaHust U KpOWEHUS noysbl, codepxauieli bonbLoe KOMUY4ecms0o NOXHUBHbLIX OCMamKo8 U noy-
8EHHbIX 3IEMEHMO8 KpynHbIX gppakyudl. lNonyyeHo epaghudeckoe uzobpaxeHue, N0 KOMOPOMY YCMAaHOBIEHO, Ymo
yenecoobpasHo ebibupams AUCK COWHUKa ¢ paduycom 225-250 MM — npu 3mMoM 803MOXHO pabomamb C NOYEEH-
Hbmu anemeHmamu 00 30-32 MM, HO 8 CrTyyae NosIBMEHUS Ha NOBEPXHOCMU Nosis 6ONEe KPYNHbIX NOYBEHHBIX Jr1e-
MeHmog oHu 6ydym pa3pywambcs b1a200apsi HanuyuK KaHagok No KOHMYPY, 8bINOTHEHHbIX 8 8UOE ANULUKIOUO!.

KnioueBble cnosa: 3EpHOBaA CedAnka, TeopeTnveckne NUccrnenoBaHus, AWCKOBBIA COLLHMK, rny6|/||-|a nocesa, pac-
npegeneHna cemaH, noysa.

Ans yumupoearus: CunyHos B. A., lymaes B. B., ®yauna E. B. TeopeTudyeckue uccnenoaHns AUCKOBOMO COLL-
HVKa C KaHaBKaMK1 B BMAE anMUmMKIonabl no koHTypy // 13BecTus Camapckoii rocyaapCTBEHHOM CENbCKOXO3SNCTBEH-
How akagemun. 2023. Ne3. C. 56-62. doi: 10.55170/19973225_2023_8_3_56
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The purpose of the research is to improve the quality of sowing grain crops by developing and using a pneumatic
seeder coulter, which allows to increase the uniformity of seed distribution over the sowing depth. The well-known
designs of foot, single-disc and double-disc coulters have significant traction characteristics, however, they cannot
provide a suitable copy of the terrain of the field, forming an extensive furrow that is not easy to close up. All of the
above has a negative effect on the uniformity of the distribution of seeds of grain and leguminous crops both along
the length of the row and in the depth of the embedding. It has been established that a promising direction for im-
proving the performance of a sowing machine or unit is to equip grain seeders with disc coulters, along the contour of
which there are grooves in the form of an epicycloid. The article presents the design of a disc coulter developed at
the Department of Mechanization of Technological Processes in the Agro-Industrial Complex of the Penza State
Agrarian University, which has a novelty confirmed by an expert examination, in connection with which a decision
was made to grant a patent for utility model Ne215855. The coulter disc has grooves in the form of an epicycloid
along the contour for a qualitative process of furrowing and crumbling of soil containing a large number of crop resi-
dues and soil elements of large fractions. A graphic image was obtained, according to which it was found that it is
advisable to choose a coulter disc with a radius of 225-250 mm — at the same time it is possible to work with sail el-
ements up to 30-32 mm, but if larger soil elements appear on the surface of the field, they will collapse due to the
presence of grooves along the contour made in the form of an epicycloid.

Keywords: grain seeder, theoretical studies, disc coulter, sowing depth, seed distribution, soil.

For citation: Sipunov, V. A., Shumaev, V. V. & Fudina, E. V. (2023). Theoretical studies of a disc coulter with
grooves in the form of an epicycloid along the contour. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi
akademii (Bulletin Samara State Agricultural Academy), 3, 5662 (in Russ.). doi: 10.55170/19973225_2023_8_3_56

ObecneyeHne nyyLein YpoxxanHoCcTh 3epHOBbIX 1 3epHO6060BLIX KynbTyp BO MHOTOM 3aBUCUT OT
KayecTBa CBOEBPEMEHHO BbINOSHEHHbIX MOCEBHbIX paboT. [Ans co3gaHns 6naronpusTHbIX YCIOBUI CeMe-
HaM npu nocese HeobxoauMo obecneunTb UX paBHOMEPHOE pacnpegenerune no rnybuHe 3agenku u nro-
Wwaau. B HacTosllee BpeMsi Ha COBPEMEHHbIX MHEBMATUYECKMX 3EPHOBbLIX CeAnKkax MCMonb3ylTcs nano-
Bbl€, OOHOAMCKOBbIE U ABYXAMCKOBbIE COLIHWKM NS 3afenkn cemsH. OQHOAMCKOBbIE U ABYXAMCKOBbIE
COLUHMKM MMEIOT CYLLECTBEHHbIE TArOBbIE XaPaKTEPUCTUKM, OAHAKO He MOryT obecneunTb noaxoasiiee
konupoBaHue penbedia nons, 0bpa3osbiBas 06LLMPHY0 BOPO3ay, KOTOPYIO Henerko 3adenath. Bcé Bhile-
nepeyncrieHHoe CkasbiBaeTCs OTpULATENbHO Ha PABHOMEPHOCTW pacnpesenieHns CEMsiH 3epHOBbIX U 3ep-
HO6060BbLIX KyNbTyp Kak N0 AnMHE psaKa, Tak v no rnybuHe 3agenku. YCTaHoBMEHO, YTO Hanbonee MHoro-
obeLLatoLLM HanpaBieHWeM MOBLILLEHUS NOAXOAALLMX Noka3aTenei paboTbl MOCEBHOM MaLUMHbI UK ar-
perata SBMSIETCSH OCHALLEHMEe 3epPHOBbLIX CESANOK AMCKOBBIMW COLLUHMKAMU, NO KOHTYPY KOTOPbIX UMEKTCS
kaHaBKM B BUZe anuuuknougsl [1].

Lenb uccnedosarull — NOBbILLEHNE KA4ECTBA MOCEBA 3€PHOBLIX KyNbTYP pa3paboTkon u npume-
HEHMEM COLUHWKA C KOMMPYIOLMM KONMECOM MHEBMATUYECKOM CEsinKkK, MO3BOMSIOLEro MoBbICUTL PaBHO-
MEpHOCTb pacnpefeneHns ceMsiH no rnybuHe nocesa.

3adayu uccnedosaHull — 060CcHOBaTL 1 pa3paboTaTb KOHCTPYKTUBHO-TEXHOMOTMYECKYHD CXeMY W
KOHCTPYKLMIO COLLHMKA MHEBMATUYECKOW CEANKMA, AN MOCEBa CEMSIH 3€PHOBbIX KYMbTYp C y4eToM WX (u-
3UKO-MEeXaHW4YeCKNX CBOWCTB; BbINOSTHATL TEOPETUYECKUE UCCEL0BaHUS TEXHOMNOMMYECKOro npolecca no-
CEBa CeMSsIH 3ePHOBbIX KyNbTYp dKCMEPUMEHTASbHBIM COLLUHUKOM.

Mamepuan u memodsi uccnedogaHuil. TeopeTuyeckme METOAbI UCCELOBaHNS OCHOBbIBANUCH
Ha NPUHLMNaX KNacCUYecKom MexaHuK1, MaTeMaTU4ecKkoro aHannsa, MoOLenMpoBaHus 1 MaTeMaTUyeCcKom
CTaTUCTUKK, TEOPWUN MOYBEHHBIX 3NIEMEHTOB, Paboumx NPOLECCOB NMOCEBHbIX ¥ MOCALOYHBIX MALUMH W Ap.
Mo pesynbTatam aHanUTUYeCKoro 0630pa COBPEMEHHbBIX KOHCTPYKLIMIA COLLHUKOB 1 Ha OCHOBE nuTepaTyp-
HbIX MCTOYHVKOB OMPEAENMIM, YTO 4NN YKNAAKW 1 3a4enKn CEMSIH 3ePHOBbIX KYNbTYp W rpaHyn M1Heparnb-
HbIX yA0OPEHNA NPK NX BHECEHWM, ANS KAYECTBEHHOTO NOCEBa B HAMOOMbLUEH CTENEHN NoaXoasT AMCKO-
Bbl€ COLLUHWKM, NO KOHTYPY KOTOPbIX UMEKTCA KaHaBKi B BUAE anuumknonabl. OBHAKO OHWN UMEKT psig He-
[0CTaTKOB, K KOTOPbIM OTHOCATCS: HIU3KOE Ka4eCTBO M3MENbYEHUs MMbIOUCTON NOYBbI U HU3KAsi paBHOMEp-
HOCTb pacnpeaeneHns cemsaH no rnybuHe nocesa Ha nonsx ¢ GOMbWNM KOMMYECTBOM NOXHMBHBIX OCTaT-
KOB, 4TO MPUBOAWT K CHIKEHMIO YPOXaNHOCTW. BCE 3TO CHWMXAET KayeCTBO NOCEBA, YTO NPUBOAMT K CHIXe-
HWK0 YPOXAMHOCTU KyNbTypPbl M NOBbILWEHNO Ce6ECTOMMOCTY NPOAYKUMW. [Nns ynyylweHns OLEHOYHbIX
nokasaTenei KayectBa YKnagkn W 3adenku CEMSH 3EPHOBbIX KYNbTyp MpWU WX BHECEHWW OWUCKOBbIMU
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COLLUHMKaMW, MO KOHTYPY KOTOPbIX MMEIOTCS KaHaBKW B BUAE SNULMKIONAbI, HEOBXOAMMO Y4ecTb HeaocTart-
ku [2].

Ha kateape mexaHusauuv texHonoruyeckuit npoueccos B AlK [NeHseHckoro [AY usroToBneH
amckoBbIn COLWHMK (MaTeHT Ne215855 PO. [luckosblin cowHuk. LLymaes B. B., CunyHos B. A.) (puc. 1), co-
OepXallnid KPOHLITEMH 5, HA OCK KOTOPOro PacnonoXeH MIOCKMA AUCK 1, MO KOHTYpY KOTOPOro UMeKTCs
kaHaBku B hopme anuumknongbl 6. Hke 0Cu KPOHLWTENHA b YCTaHOBMEH KnanaH 2 W Haknagka 3, Bbllle
ocu — obTekarens 4.

[unckoBbl COWHMK paboTaeT cregytowmm obpasom. Mpu nepeMeLieHn OMCKOBOTO COLLHMKA
NIOCKWA OUCK 1 C KaHaBKaMu MO KOHTYPY B popme anuumknonabl 6 paspyLuaeT KpynHble NOYBEHHbIE dne-
MEHTbI, pa3pe3aeT NOXHUBHbIE N KOPHEBbIE OCTATKN PACTEHWA 1 COPHSIKOB, OAHOBPEMEHHO pa3aBurast Ux
B CTOPOHbI, 0Bpa3sys 6opo3aKy Ha 3agaHHoOW rmybuHe. Y AMCKOBOrO COLHWKA NpeaycMOTpeHa Haknagka 3,
KOTOpas NMOTHO Npuneraet K NNOCKOMY AUCKY 1 W CRYXWUT ANS O4ACTKA MPUIUNLLEN NOYBbI, NOXHUBHBIX Y
KOpHeBbIX ocTaTkoB. CeMeHa W3 BbICEBalOLLEro annapara, nocTynarLme no ceManpoBOAY CEAnKM, Yepes
obTekatenb 4 nonagatoT Ha KnanaH 2 W ckaTblBaloTcs Ha AHO Goposaku. Mocrne nepeMeLLeHns Nnockoro
aucka 1 cTeHkn 60pO3A0K OCHINAIOTCS W 3aKPLIBAIOT BbICESAHHbIE CeMeHa. Tak Kak AaHHbIA COLIHWK npuMe-
HeH BnepBble, TO B 3afayy TEOPETUYECKUX UCCeLoBaHUi BXOOUT onpeaeneHne HeobXoanMbIX KOHCTPYK-
TMBHbIX NapamMeTpos [3, 4].

Puc. 1. IMCKOBbIN COLLHKK:
1 — nnockuit uck; 2 — knanaH; 3 — Haknagka; 4 — obTekatenb; 5 — KPOHLUTEIH; 6 — kKaHaBKW MO KOHTYPY B (hopMe aMMLMKIONab

Pe3ynbmambi uccnedoeaHudl. [Jnck COLUHMKA MMEET KaHaBKW B BUAE 3nnumknomabl. B npouecce
B3aWMOZENCTBMSA C NOYBON ANCK JOMMKEH pa3pyLuaTh KPYMHbIE MOYBEHHbIE 3NEMEHTbI, pa3pe3aTb NOXHUB-
Hble U KOPHEBblE OCTaTKW PacTeHU, OOHOBPEMEHHO pa3fBuras ux B CTOPOHbI, 0Bpasys 6opo3aky 3aaaH-
HOW rny6uHbI [5].

[Mpu BCTpeYye C KPYMHbIMM MOYBEHHBIMU 3fIEMEHTAMM AUCK COLLHMKA JOSMKEH NepekaTbiBaTbCs Ye-
pe3 HUX 1 He obpa3oBbiBaTh Brepean cebs cean. Mpn nepekaTbiBaHUM Yepe3 MOYBEHHbIN 3MIEMEHT [aB-
NEHMe OMcKa COLUHMKA KOHLEHTPUPYETCS HA JIMHUM KOHTaKTa, U MOYBEHHbLIA 3NIEMEHT pa3pyLiaeTcsa unm
BOaBnuBaeTcs B nousy 6e3 obpasosaHus ceana [6, 7, 8]. Xapaktep B3auMOLEMCTBUS AUCKa COLIHMKA C
MOYBO 3aBMCUT OT €ro AMameTpa 1 pasMepoB MOYBEHHbIX ANEMEHTOB (HANPUMEP, Nepes TSKENbIM KaT-
koM HebonbLIOro auameTtpa 06pasyeTcs BbICOKMIA NOYBEHHDIN BanK, B pe3ynbTaTe YEro NOYBEHHbIE Jre-
MeHTbI nepemeLlatotes snepeg) [9, 10].

Ecnu guck colwHuka BCTpeyaeT pacnonoXeHHbIN Ha MOBEPXHOCTU NOMS AOCTATOMHO KPYMHbIN MOY-
BEHHbI 3NeMeHT (puc. 2), TO OT AeACTBUS CUMbl JaBneHns P aucka CowHMKa BO30YX4aoTcs cuna TpeHus
F> Mexay AMCKOM COLLHMKA 1 MOYBEHHBIM 3MEMEHTOM W CUna TPEHUS F1 MeXy NOYBEHHbIM IEMEHTOM W
NOBEPXHOCTBLIO MOYBLI. 3alleMneHne MOYBEHHOTO 3NEMEHTA MEXOy OMCKOM COLWHWKA W NOBEPXHOCTHIO
Nons NPOUCXOAUT NPM YCIIOBUN:

P2< F1+ F2cos 0. (1)
OpHako
P>= P sin o, (2)
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Fo=Ptg @, (3)
Fi=Ntg @1, (4)
rae @1 — yron TPEHWS NOYBbI O MOYBY; P2 — YrON TPEHUS MOYBbI O ANCK COLLHMKA.
N=PB+F2sind=Pcosd+Ptgp2sind. (5)
w
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2
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Pwc. 2. Cxema cun npy B3anMOZeNCTBUM AUCKOBOTO COLLHMKA C KOMKOM NOYBbI;
P - cuna gaBneHus gucka CowHmKa; F1 — cuna TpeHust Mexay NoYBEeHHbIM 311EMEHTOM M NOBEPXHOCTbI0 MOYBHI;

F2 — cuna TpeHns Mexay AMCKOM COLLHMKA M MOYBEHHBIM areMeHToM; h — rny6uHa 6opoaapl; w — yrnosas CKopocTb
AUCKa COLLHWKa; P1— ropusoHTanbHas CoCTaBnsoWas Curbl JaBneHns Aucka CoLLHKa; P2 — BepTukanbHas cocTaBnstowas
CUnbl AECTBIS AUCKA COLLHWKA; & — YTON MeXy BepTUKaINbi0 M TOUKOA KOHTaKTa AMCKa COLLHMKA C MOYBEHHbBIM 3MIEMEHTOM;

N — BepTuKkanbHas cocTaBnstoLLas peakuum

[MpeaenbHbIM SABNSETCA CNyyai, Korga NoYBEHHbIN 3NeMeHT umeeT dopmy Lwapa (puc. 3) [11].

w
T [ T Vo
{ i \\‘
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Puc. 3. Cxema k onpegeneHuto yCnoBui nepekarbiBaHus:
I — PaAnNyC ONCKa COLLHUKA, s — PaAMYC NOYBEHHOIO 3f1IEMEHTa; V — NuHeHas CKOPOCTb NepemMeLLeHnA JNCKOBOro CoLLIHNKa
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[Mpwn aTOM
AB = Iny + I'ny COS 0 = Iac - fac COS &
unm
fns (1+ €08 8) = rac (1 - cos ).

Peluns nony4eHHoe BblpaXeHne OTHOCUTENBHO fns, MONYYUM MaKCUMasbHbIA Pafnyc NOYBEHHOO
areMeHTa, KOTopbIi ByaeT 3aleMnsTbCs W B AanbHerWeM paspyLuaThecst UM BAABNMBATLCS B NOYBY AMC-
KOM COLLHWKa paanycoM ryc 6e3 nepemeLLeHns Bnepes;

Mo max = fac (1-€080)/ (1+cos0)=ry tg2(6/2). (6)
BbIpasnB ryc Yepes rms, NOMYYMM MUHUMAmbHBIA paguyc Aucka COLIHWKa, obecneumBaiowmi 3a-
LLIeMIeHNEe NOYBEHHOIO 3reMeHTa pagunycom rms[11, 12):

I'dc max = I'na Ctg2 (5/2) (7)

[ns HarnsgHoro npeacTaBreHns B3aMMOCBSA3W pas3Mepa Aucka COLLUHWKA W CBOMCTB MOYBbI MO-
CTpouM rpadmyeckoe nsobpaxeHue (puc. 4), nonaras 4to pagnyc Ancka COLUHMKA fae AOMKEH HAXOAUTLCS
B AnanasoHe ot 225 1o 405 MM, Npy 3TOM yron Mexay BEPTUKanbLO 1 TOYKOM KOHTaKTa AMCKa COLLHMKA C
NOYBEHHLIM 3neMeHToM O ByaeT HaxoauTbes B AnanasoHe ot 20° go 40° (nonaraem, YTO AMCKOBbIN COLL-
HWK U3rOTOBMEH U3 YrNepoanCcTON cTanm, B3anMogencTByeT CO CPeAHECYTMIMHUCTON NOYBON C BNAXHOCTHHO
o1 10 8o 20%, npu aToM d < @1 + @2, rae yron ¢+ HaxoauTcs B AnanasoHe ot 14° 0o 42°, a @2 HaxoauTcs
B AnanasoHe o1 17° go 22°). MNpeactaBneHHbIe 3Ha4YeHNst nogctasum B hopmyny (6). PesynbTathl 0bpa-
BatbiBanu, ncnonb3ays nporpammy Mathcad 14.0.

430, T T T T T
405,

4001 ) -

e

300 b

6996, ;e 33632,

Puc. 4. Tpadhuk 3aBUCMMOCTM paguyca Ancka COLUHMKA (rxc) OT pagmyca NOYBEHHOTO 3neMeHTa (Ins)

3 rpachuka 3aBUCHMOCTM BMAHO, YTO MPWU MUHUMANBHOM paguyce AMCKa COLUHMKA 225 MM BO3-
MOXHO 3alLeMWUTb NOYBEHHbIN 3nemeHT paguycom go 30 mm 6e3 obpas3oBaHus cBana nepes COLUHUKOM.
Bonee kpynHble (pakumm NOYBEHHbIX dNEMEHTOB OyayT He3HauUTeNnbHO nepemeLlaTbest Bnepes A0 Mo-
MeHTa 3anafaHns B KaHaBKy AWCKAa COLUHWKA, BbIMOMHEHHOTO B BUAE ANUUMKNOWAbI (B pesynbTaTe Yero
NPOMCXOANT 3aLieMIeHNe NOYBEHHOMO 3NEMEHTA, ero pa3pyLLeHre Unn nepekatbiBaHne Yepes Hero). Mpu
BbiOOpe Aucka COLHMKA MakcuManbHoro paguyca 405 MM BO3MOXHO pabotaTb Ha noysax, rae npucyT-
CTBYIOT NOYBEHHbIE 3IEMeHTbI pagnycom Ao 53,6 MM (Heo6Xx0aMMO OTMETUTb, YTO B COOTBETCTBMM C arpo-
TEXHUYECKUMI TpeBOBaHMAMI NOYBEHHbIE ANEMEHTbI JAHHOMO pa3Mepa AOSKHbI OTCYTCTBOBATD).

3akntoyeHue. [onyyeHbl aHaNUTUYECKUE 3aBUCKMOCTY, NO3BONAOLLME ONPEeLeNnnTb pagnyc noy-
BEHHOTO 3MEMEHTa MpW ONpeaenéHHOM AnaMeTpe AWcKa COLWHMKA. YCTaHOBMEHO, YTO LenecoobpasHo
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BbIOpaTb ANCK COLLHMKA C paguycom 225-250 Mm ans paboTsl ¢ NOYBEHHbIMK arieMeHTamn 4o 30-32 M, B
cnyyae nosiIBNEHNS HA NOBEPXHOCTW Nonst Gonee KpynHbIX MOYBEHHBIX ANIEMEHTOB OHW ByayT paspyLuaThes
Bnarogaps HanM4YMK KaHaBOK MO KOHTYPY, BbINOMHEHHbIX B BUAE dNMUMKNOMAbI. [IMCKOBbIN COLHMK 0bec-
neyvnBaeT Hauny4Liee paspe3aHne NOXHUBHBIX OCTATKOB, KPOLLIEHWE rMbIBUCTON NOYBbI, YTO CNOCOBCTBYET
NOBbILLEHWI0 PABHOMEPHOCTU pacnpeaeneHns cemsH no rnybuHe nocesa U, Kak CreacTBue, YBENYEHMIO
YPOXaNHOCTb 3€PHOBLIX KYIbTYP.
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PABOTA TPAKTOPHOIO AU3ENA HA BUOHEDTAHOM TOMJIUBE
B PEXMME XONOCTOr o XOO4A
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Llenb uccrnedogaHull — 8bINOAHUMb 3KCNEPUMEHMANbHYK OUEHKY MEXHUKO-3KOHOMUYECKUX U 3Komoauye-
CKUX noka3amesnell amMochepHo20 mpakmopHo2o Odusens [-243 npu e2o pabome e b6e3Ha2py304HOM pexume
CaMoCmosiImesnibHo20 X010cmo20 xoda Ha OU3EeNIbHOM CMEecesoM BUOHEMAHOM MOoNuee, pacmumerbHbIM KOM-
NOHEHMOM KOmMOopOo20 sensemcs pedeyHoe macro. B npouecce akcnmyamauyuu Ogueamenb asmompakmopHOU
mexHuku 8o 35% cmeHH020 8pemeHu pabomaem 8 6e3HazPy304HOM PeXUME CaMOCMOSMENbHO20 X010CMOo20 XO-
0Oa. M3-3a manbix yukmiosbix noday monsnusa y dusens Habnwdemces yxydweHHOe npomekaHue pabo4e2o npouecca,
Ymo He2amueHO CKa3biBaemcsl Ha €20 MEXHUKO-9KOHOMUYECKUX U KOI02UYECKUX nokasamessix. B ycrosusix nepe-
xo0a paboms! mpakmopHOU MexHUKU ¢ mpaduyUOHHbIX 8UA08 MOMOPHO20 Monuea Ha 80306HOBSEMbIE UCMOY-
HUKU 3Hepauu 803HUKaem Heobxodumocmb npogedeHust akcnepuMeHmarnbHbIx uccrnedogaHull Ousenell npu ux pa-
6ome Ha anbmepHamugHbix gudax monnuga. O0HUM U3 8UA08 albmepHamueHo20 MOMOPHO20 Monsuea siensem-
cs usenbHOe cMecesoe bUOHe(hMAHOe MoNsuUBo, 8 KOMoPOM PEAEYHOE MAcO 8bINOMHSAEM 0OHOBPEMEHHO (DyHK-
Yuu pacmumesnbHo20 KOMNoHeHma u buonoauyeckoli dobagku. TexXHUKO-3KOHOMUYECKUE U 3KOo2uYecKue noka-
3amenu dsuzamens OUeHUBAUCh Ha npuMepe mpakmopHo20 ammocghepHo2o dusens [J-243 e ycrosusx cmeHdo-
8bIX UCNbIMaHul Ha mopmo3Hol ycmaHoske. 1o cpagHeHuto ¢ pabomol 0gueamesnsi Ha Mos8apHOM HeGPMSAHOM Ou-
3€/1bHOM MON/UBE yCMaHOBMEHO Yy4WeHUE 3KOM02UYEeCKUX nokazameneli npu HEKOMOPOM yXyduweHuu monnue-
HO-3KOHOMUYECKUX noka3ameneli dusens. B yacmHocmu, Hauny4wue 3Komo2udeckue nokasamernu nosyyeHbl npu
pabome dusens Ha OU3EIbHOM CMECce8oM BUOHe(MSIHOM MONIUBe ¢ COOMHOWEHUEM PacmumerbHo20 U Heghms-
Ho20 KoMnoHeHmos — 50% pedeqHoe macno : 50% dusensHoe monnugo. Obpabomka Ou3enbHo20 cMecegozo buo-
HehmsHo20 moniusa yibmpasgyKkoM N03eonsem ynydwiums MEXHUKO-3KOHOMUYECKUE U 3KO02UYECKUE NOKa3a-
menu Ou3essi N0 CpaBHEHUK ¢ HeobpabomaHHbIM YIbmpa3gykoM OU3EbHbIM CMECce8bIM BUOHEMSAHLIM monu-
8OM.

KnioueBble cnoBa: au3ernb, PEXMM CaMOCTOATENLHOrO XONOCTOr0 Xo4a, peaeyHoe mMacno, HedhTsHOe aM3enbHoe
TonnmBo, An3enbHoe cMmecesoe 6I/IOHGd)TFIHOG TONNMBO, NoKasartenu.
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The purpose of the research is to carry out an experimental assessment of the technical, economic and ecological
indicators of the atmospheric tractor diesel D-243 when it operates in a non-loading mode of self-idling on diesel
mixed bio-oil fuel, the vegetable component of which is sunflower oil. During operation, the motor of tractor equip-
ment operates up to 35% of the shift time in the non-loading mode of independent idling. Due to the small cyclic fuel
supply, the diesel engine has a deteriorated workflow, which negatively affects its technical, economic and environ-
mental indicators. In the conditions of the transition of tractor equipment from traditional types of motor fuel to renew-
able energy sources, it becomes necessary to conduct experimental studies of diesels when they work on alternative
fuels. One of the types of alternative motor fuel is diesel mixed bio-oil fuel, in which sunflower oil simultaneously per-
forms the functions of a vegetable component and a biological additive. The technical, economic and environmental
performance of the engine was evaluated on the example of the tractor atmospheric diesel D-243 in the conditions of
bench tests on the brake system. In comparison with the operation of the engine on commercial petroleum diesel
fuel, an improvement in environmental indicators was found with a slight deterioration in the fuel and economic indi-
cators of diesel. In particular, the best environmental indicators were obtained when the diesel engine was running
on diesel mixed bio-oil fuel with a ratio of vegetable and petroleum components — 50% sunflower oil : 50% diesel
fuel. Treatment of diesel mixed bio-oil fuel with ultrasound makes it possible to improve the technical, economic and
environmental performance of diesel compared with raw ultrasound diesel mixed bio-oil fuel.

Keywords: diesel, self-idling mode, radish oil, petroleum diesel fuel, diesel mixed bio-oil fuel, indicators.

For citation: Ukhanov, A. P., Sidorov, E. A. & Sidorova, L. I. (2023). Operation of tractor diesel powered by bio-oil
fuel in idle mode. lzvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara State Agri-
cultural Academy), 3, 63-69. (in Russ.). doi: 10.55170/19973225_2023_8_3_63

B nocnegnue pecatunetus Habniogaetcs CyLWEeCTBEHHbIA POCT BHUMAHWS K Pa3BUTMIO BO30OHOB-
NAeMbIX UCTOYHUKOB 3Heprum (B3). Hanbornblune goctmxenus B passutun BMO oTmevaroTes B anekTpo-
SHepreTuke, YTo 0OYCMNOBMEHO UCMOMNb30BAHNEM YXKE 3apeKoMeH0BaBLUEN cebs rTMapO3HEPreTUkI, pa3si-
TEM BETPOSHEPrETUKN, a Takke BONMbLLIMM NPOrpeccoM B UCNONb30BAHWUK COMHEYHOMN dHeprim. OgHako, no
[aHHbIM MEXOYHAPOAHOro aHepreTnyeckoro areHTcTea (MOA) anekTpoaHeprust coctaBnsiet okono 20% ot
notpebnsemoit aHeprum B Mupe. [loCTaTouHO CyLLeCTBEHHas 4ons noTpebnsemMon SHeprum NPUXoanTCs Ha
TPaHCNOPTHbIE CPEACTBA, YTO MOBLILIAET 3HAYEHWe MCCreaoBaHWA B 06nacTu nepexoda TpaHcnopTa ¢
TPaAULMOHHBIX BUAOB HE(DTAHOTO (AM3TONNMBO, BEH3NH, KEPOCKH) 1 ra30BOTO (CXMXKEHHBIN U CKaTbIN ra3)
Tonnvea Ha BUO.

Mo paHHeiM MOA B 0bwem obbéme BID, npumeHsieMbix B HacTosiLLee BPEMS Ha TPaHCMopTe,
BonbLyto gonto (8o 93%) obecneunsaet Guotonnmeo. MIA nporHoaupyet, 4to go 2024 roga npousonaeT
yBenuyenue Ha 24% (Ha 0,9 3[1x) nponssoacTBa broTonnmea, UCNonb3yeMoro Ha Tpasenopte [1].

Bonbluas fons npon3soAMMOro ceitvac BuoTonnmBa OCHOBaHa Ha UCMOMb30BaHWUK MMAPOOUNLLEH-
Horo pactutenbHoro Macna (HVO), npou3BoAcTBO KOTOPOro no oueHkam akcreptoB MOA k 2024 rogy
YBENUYNTCS BOBOE, MO CPABHEHWIO C CyLLECTBYOWMMN 06bEMaMK NPOM3BOACTBA, M COCTaBuT 13 MnpA
nuTpoB. B kauecTse cbipbsi ans HVO, kak npaBuno, cnyxat otTpaboTaHHble xupbl, Macna u cMasku (FOG)
[1]. OpHako, Heob6x04MMO OTMETUTL, YTO 3anachbl AAHHOTO ChiPbst OrpaHNYEHbI, YTO 0BycnaBnMBaeT pac-
TYLMA MHTEPEC K Pa3BUTUIO HOBbIX TEXHOMOMMIA NPON3BOACTBa B1OTONNMBA HA OCHOBE Bornee AELLEBOrO 1
[OCTYMHOrO ChIPbS.
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AnbTepHaTMBON TPaAULIMOHHOMY MOTOPHOMY TOMMMBY, NPUMEHSAEMOMY B COBPEMEHHbIX [AU3efb-
HbIX ABUraTENsX BHYTPEHHErO CropaHus, B HACTOSLLEe BPEMS SBNSETCS An3enbHOe CMeceBoe GuoHedTs-
Hoe Tonnmeo (JCEHT), nonyyaemoe nyTém CMELLMBaHUS B Pa3inyHbIX NPONOPLMSX PacTUTENBHOTO Macna
(PM) v ToBapHoro HedtsHoro ausensHoro Tonnuea (AT) [2-8]. B uccnemosatensckux 1 obpasoBatens-
HbIX LeHTpax Poccun v BegyLmx CTpaHax Mupa BeAyTCs McCneaoBaHus pecypcHoi 6asbl, obnagatowen
NOTEHLUMarnbHbIMA BOSMOXHOCTAMU Ans ucnonb3oBanua B JCBHT Takux pactutenbHbIX Macen, KoTopble
Obl 06naganu He TOMbKO (PYHKUMAMM GUOKOMMOHEHTA, HO U dhyHKUMAMK Brogobasku. K Takomy pactu-
TenbHomy komnoHeHTy ICBHT oTHocuTCs peaeyHoe macno [2].

B ycnosusx nepexoaa paboTbl TPAKTOPHON TEXHUKK C TPAAULMOHHbIX BUOOB MOTOPHOTO TONNWBA
Ha BWO Bo3HMKaeT HeobXxoaMMOCTb NPOBEAEHUS SKCIEPUMEHTANbHBIX WCCNEA0BAHNIA AU3eNei npu ux
paboTe Ha anbTepHaTUBHbIX BuAax Tonnmea. OQHUM 13 BUAOB arbTEPHATUBHOMO MOTOPHOrO TOMMUBA SB-
nsetcsa ansenbHoe cMmeceBoe bruoHedTaHoe Tonnmeo (JCBHT), B KOTOPOM pefeyHoe Macrno BbINOMHAET
OLHOBPEMEHHO (PYHKLMM pacTUTENBHOTO KOMMOHEHTA 1 Gronoruyeckoin fobasky.

OKCnepUMeHTasbHbIMI UCCRER0BAHNAMM YCTAHOBMEHO, YTO B MPOLIECCe 3KenyaTauun aBToTpak-
TOPHOW TEXHWKW NPOAOIKUTENBHOCTL PaboThl An3ens B 6€3Harpy304HOM pexmme CaMoCTOSTENbHOTO XO-
nocroro xoga (BPCXX) moxeT gocturats 1/3 ot 06Liero BpeMeHn paboTbl, @ 13-3a ManbIX LMKIOBbIX MO-
[ady TonnuMea y ausens Habnogetcs yxyaleHue npoTekaHus paboyero npouecca, YTO HeraTMBHO CKasbl-
BAETCA Ha €ro TEXHWUKO-3KOHOMUYECKMX W SKOMOrMYecknx nokasatensx [9].

Lenb uccnedosaHull — BbINOMHUTL KCNEPUMEHTASBHYIO OLIEHKY TEXHUKO-3KOHOMUYECKMX U KO-
nornyecknx nokasartenen atMocgepHoro TpaktopHoro ausens [-243 npu ero pabote B 6e3Harpy304HOM
PeXMME CaMOCTOSTENIbHOIO XONIOCTOrO Xof4a Ha AM3enbHOM CMeCceBOM BUOHedTSHOM Tonnuee, pacTu-
TeMbHbIM KOMMOHEHTOM KOTOPOro SBMSETCS pefeyHoe Macno.

3adayu uccnedoeaHuil — onpefennTb Nokasatenn paboyero npouecca 1 TOMAUBHON SKOHOMMY-
HocTu ausens [1-243 npu ero pabote B 6e3Harpy304HOM PEXMME CaMOCTOATENBHOrO XONOCTOro Xo4a Ha
[M3€eNbHOM CMeCeBOM BUOHETAHOM TONNMBE, PacTUTENbHLIM KOMNOHEHTOM KOTOPOro SIBMSETCA peaey-
HOe Macno; onpeaenuTb BIUSIHUE COCTaBa AN3eNbHOr0 CMECeBOro BUOHETAHOTO TONNMBA Ha KOMOTNYe-
CKue nokasatenu paboTbl OU3ens; OUeHUTb BRMsHWE 0BpaboTku ynbTpasByKOM AM3ENbHOMO CMECEeBOro
OnoHedTAHOrO TONMNMBA, COAEPXKALLEr0 PeAeYHOe Macno, Ha TEXHUKO-3KOHOMWUYECKME U SKOMOrMYeckue
nokasaresnm.

Mamepuan u memodbi uccnedogaHull. [InNs OLEHKM TEXHUKO-3KOHOMUYECKUX U SKOMOTMYECKUX
nokasatenei Obinu BbINONHEHbI CPABHUTENbHBIE KCNIEPUMEHTAbHbIE UCCnenoBaHus ausens [1-243 npu
ero pabote B BPCXX Ha ICBHT u HedhTsHom [T. UccnenoBaHns ausens npoBoaMIUCh Ha 0OKaTOUHO-
TOPMO3HOM CTeHze npu pabote apuratens Ha JCBHT ¢ cogepxaHueM B HEM peaeyHoro Macna 295, 50, 75
1 90%. Ans pabotbl ansens Ha JCEHT oH 6bin ocHaLEH AByXTONMMBHON cucteMon nutanus [10, 11].

B npouecce uccnenoBaHmin NpOBOAMINACH Takxke OLEHKa BIIMSHWA HA nokasaTenu ausens ynbtpa-
3BykoBoit (Y3) obpabotkm LCBHT. Mpu aTom oueHka BnusHusa Y3 obpaboTku ocywwectensnacs Ha JCEHT
c cogepxaHuem 90% pegeyHoro mMacna, Tak kak npu paboTe au3ens Ha GuoTonnMBe OAHHOTO COCTaBa
NpoMCXoasT Hanbonee CyLECTBEHHbIE U3MEHEHMS NoKasaTenel Au3ens no CPaBHEHMIO ¢ ero paboTon Ha
HedptaHom AT. [nsa atoro CBHT ¢ copepxannem 90% peaeyHoro macna 6bino nogseprHyto obpabotke
Ha gucnepratope Y3H-2T anutensHoCThi 50 MUHYT ynbTpasBykom YactoToin 44 ki,

Mpy NpoBegeHUM 1ccnefoBaHUin OLEHUBANUCL CrEAyILWME TEXHUKO-9KOHOMIUYECKME U AKONOTU-
yeckue nokasaTtenn au3ens: fy — KodaPMUUMEHT HaMOMHEHUs, a — Ko3dhduUneHT n3bbiTka Bo3ayxa, P, —
MakcumanbHoe AaBnieHue uukna, Gm — 4acoBoW pacxod Tonnmea, [ — AbIMHOCTb OTpaboTaBLUMX ra3os
(ON) n CO - cogepxaHue okenaa yrepoaa B O, lNepeuncnerHble nokasaTenu oueHuBanuch npu pabote
O3NS Ha MUHUManbHO-YCTOMYMBOM YacToTe BpalleHus KoreHyaToro Bana (k.B.) n =800 mMuH" (pblyar
ynpaBneHus nogaden Tonnmea 6bin yCTaHOBNEH B NONOXEHWE MUHUMANbHOW Nogaum).

Pe3synsmamsbi uccnedoeaHull. Pe3ynbTaTbl BbINOMHEHHbIX WCCREAOBaHWUA (puc. 1) nokasanu,
YTO MakcumanbHOe AaBreHve Lukna npu pabote Ha Bcex Buaax TOMAMBA HEM3MEHHO U paBHO 6,3 MMa.
3meHeHve copepxanns pegeyHoro macna B JICBHT Ttakke He noBAusno v Ha KO3(MUUMEHT HanonHe-
HWS, KOTOPbIA ANS BCEX WCCNEAOBaHHbIX BWAOB TOMMMBA, BKIOYas TpaguLMoHHoe HedTsHoe [T, cocra-
Bun 0,87.
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Puc. 1. MameHeHne nokasatenen paboyero npouecca ansenst B BPCXX
B 3aBucumMocTy ot coctaBa [JICBHTT:
1 —HedhTsiHoe [AT; 2 — ACBHT ¢ copepxannem peaeyHoro macna 25%; 3 — ACBHT ¢ copepxannem pegeyHoro macna 50%);
4 — ICBHT c conepxanuem pegeyHoro macna 75%; 5 — LCBHT ¢ copepxanuem peaeyHoro macna 90%; HEeO03By4eHHOE
OCBHT; — — o3ByueHHoe [JICBHT

OueHnuBas auHamMuKy koadhduumeHTa M3bbiTka BO3gyxa npu U3MEHEHWN COAEPXaHWS PeaeyHoro
macna B [JICBHT MOXHO OTMETUTb, YTO YBENUYEHWNE LONN Macna Peabku BIUSIET HA NapaMeTpbl TOMIUBO-
nogauu (LMKIOBYIO 1 YacOBY0 NoAgaYM TONMMBA) M NPUBOAMT K CHKEHWKO AAHHOTO Ko3ghdmumeHTa. Tak,
npu pabote Ha [JCBHT ¢ copepxaHuem pegeyHoro macna 25% koacpduumeHt o = 6,006, a npu pabote
Ha [JCBHT ¢ cogepxaHuem pegeyHoro macna 50% koachuumeHT a = 5,78. HaumeHbluee 3HauYeHe Ko-
appuumenTa a = 4,818 HabnopaeTcs npu pabote Ha [JICBHT ¢ cogepxanuem pegeyHoro macna 90%, 4to
Ha 32,9% Hke, YeM npu paboTe Ha HedTaHoM AT (a = 7,187).

Mpy OLEHKe YacoBOro pacxoda Tonnmea (puc. 2) B 3aBUCUMOCTY OT BiAA UCCNEA0BAHHOTO TONMM-
Ba OnpeJerneHo, YTo C poCToM cofepxaHus pegeyHoro macna B JCBHT npoucxoguT yBennyeHue 4acoBso-
ro pacxoga tonnmea. Tak, npu pabote gsuratens Ha [JCBHT ¢ copepxaHuem pegeyHoro macna 25% pac-
xond Gm=1,4«kr/y, a npu pabote Ha JCBHT ¢ cogepxaHnem pegeyHoro macna 90% pacxog Gm= 1,9 kr/y,
yT0 Ha 72,3% 6onbLue, Yem npu paboTe Ha HedpTaHOM [T (Gm = 1,1 Kr/v).

Wccneposanust ausens B BPCXX nokasanu pasHOHanpaBneHHy AuHamuky asiMHOCTU OF mpw
yBENMYeHU copepxanust macna pegbkv B JCBHT. Mpu ysenuyeHumn gonv pegeyHoro macna B JCBHT o
50% Habntoganocb yMeHbLUEHNE AbIMHOCTY, @ NpU AanbHeweM YBENMYeHu JONW pefeyHoro macna
npoucxoauno yeenuyexue geimHoctn OF. Tak, Hanpumep, npu pabote asuratens Ha LCBHT ¢ copepxa-
H1em pegeyvHoro macna 25% [ = 3%, a npu pabote Ha [JCEHT ¢ copepxanuem pegevHoro macna 50%
L = 2%, uto Ha 66,7% ny4iue nokasaTtens AbIMHOCTM Npu paboTe Ha HedhTaHoM AT ([ = 6%). OgHako, npu
pabote gauratens Ha JICBHT ¢ nocteneHHbIM yBennyeHnem onu macna pegeku 6onee 50% nokasatens
ObIMHOCTU yXyAwancs, Tak npu pabote gsuratens Ha [JCBHT ¢ copepxannem pegeyHoro macna 90%
[=10%.

AHanornyHyto AMHaMmKy 4EMOHCTPUPOBAN ¥ NOKalaTeNb, XapakTepu3yoLLmMin CoOAepKaHme okcmaa
yrnepoga B OF. Tak, npu pabote gsuratenss Ha [CBHT c cogepxaHuem pegevyHoro macna 25%
CO = 0,05%, a npu pabote Ha [CBHT c copepxaHnem pegeuHoro macna 50% CO = 0,04%. lMpw
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[anbHenLeM yBenMYeHn 4onM peaeyHoro Macna npoucxoamno NoCTeNEHHOE YXyALLEeHUe JaHHOro noka-
3atensa u npu pabote asuratens Ha [JCEHT c copepxavuem peaeyHoro macna 90% CO = 0,11%. Takum
obpasom, Haunydwwee 3HaveHne CO, nonyyeHHoe npu pabote asuratens Ha JCBHT ¢ cogepxaHuem pe-
aeyvHoro macna 50%, Ha 42,9% nyJiue 3HaveHui, nonyveHHbIx npu pabote Ha HedTaHom AT (C0O=0,07%).

G,

AT, } q

18

16

14 b =

12

1 0 %
022
0z
a8
amw
au
ar

4 % ar

14

2

0

8

6

4

Ve

0

7 Z 3 4 5

Puc. 2. \3ameHeHwue TOMNMBHBIX W 3KOMNOrMYecknx nokasartenen amsens B BPCXX
B 3aBucumMocTi ot coctasa [JCBHT:
1 - HedpTsHoe AT; 2 — ACEHT ¢ copepxaxuem peaeyHoro macna 25%; 3 — CBHT c cogepxanuem pegeyHoro macna 50%;
4 — ICBHT ¢ cogepxaHuem pegeyHoro macna 75%; 5 — ACBHT ¢ conepxaHuem pegeyHoro macna 90%; ——— Heo3By4eHHOE
OCBHT; — — o3ByueHHoe CBHT

MpoBoaymasi B NpoLECce UCCredoBaHNA OUEHKa BnMsHUS ynbTpassykoBon obpaboTkn JCBHT ¢
coaepxaHuem pegeyHoro macna 90% Ha uccnegyemble nokasaTtenum nokasana, 4to npu pabote ausens Ha
obpabotaHHoM Y3 Tonnuee koapduumeHT a = 5,085, uto Ha 5,2% 6onblue, Yem npu pabote ABuratens
Ha HeobpaboTtaHHOM ynbTpassykoM ICBHT ¢ copepxannem pegeyHoro macna 90% (a = 4,818). Monoxw-
TenbHOe BNMsHWe ynbTpassykoBoi 06paboTkn ACBHT ¢ copgepxanuem peaeyHoro macna 90% oTmeyaeT-
CA TaKkKe M Ha 4yacoBOM pacxof Tonnmea. Tak, npu pabote au3ens Ha 06paboTaHHOM ynbTpa3BykOM
OCBHT ¢ cogepxanuem peaeyHoro macna 90% pacxog Gm= 1,8 Kr/v, uto Ha 5,3% MeHbLUE, YeM Ha Heob-
paboTaHHOM.

OKOroruyeckue nokasaTenu, onpeaensemble Npu NpPoOBEAEHWM UCCREA0BaHWA, Takke nokasanu
MONOXMUTENbHYIO AMHAMWKY BNWSHUS ynbTpassykoBon obpabotku [CBHT ¢ copepxaHnem pepeyHoro
macna 90%. Tak, AsiMHocTb OI obpabotanHoro Y3 [CBHT ¢ cogepxanvnem peaevHoro macna 90%
ymeHblwunack Ha 10% (4 = 9%), a cogepxaHue okcuaa yrnepopa ymeHblumnocs Ha 9% (C0=0,1%), no
CpaBHeHWto ¢ paboToit Ha HeobpaboTtaHHoM [CBHT.

3akntoyeHue. lNpu pabote aTMocdepHOro TpakTopHoro ausens [1-243 Ha BCex UCCnegoBaHHbIX
coctaax [JCBHT nponcxogut HekoTopoe yxyaLeHue nokasartenen paboyero npoecca u TONMBHON 3KO-
HOMWYHOCTU MO CpaBHEHWO ¢ paboTon Ha ToBapHOM HedpTsHoM [T. Haunyyiume akonornyeckue nokasa-
Tenu Habnogatotcs npu pabote ausens Ha [ICEHT ¢ copepxannem B HEM 50% pefeyHoro macna. Ynb-
Tpa3sykoBas obpabotka [JCBHT, coaepxaluero pegeyHoe Macno, cnocobCTByeT KayeCTBEHHOMY CMeLLy-
BaHMIO HEPTAHOTO M PaCTUTENBHOTO KOMMOHEHTOB W PaspbiBy MEXMOSEKYNSAPHbIX CBA3EW, YTO Crnocob-
CTBYET YNYULLEHUIO TEXHUKO-OKOHOMUYECKMX 1 3KOSOTMYECKNX NoKasaTenen usens.
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BO3[ENCTBUE MPENAPATA 3CTPOTEHHOIO PSIIA )
HA OUHAMUKY POCTA NMOTOMCTBA JTABOPATOPHbBIX MbILLEW
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Llenb uccnedosarull — 06ocHog8aHUe 8030elicmeusi npenapama 3¢mpo2eHH020 psda gyngecmpaHma Ha
comamomempuyeckue nokazamesnu nomomcmea n1abopamopHbix Mbiwel. s npogedeHust aKChepuMeHmMarnbHbIX
uccriedogaHull UCNOML308aI0Ch NOMOMCMBO /1TabopamopHbIX Mbiwel, MamepsM KOmopbiX Ha 00uHHadyambIl
OeHb bepemeHHocmu bbima npou3sedeHa UHBLEKUUS hpenapama 3cmpo2eHHo20 psida gyneecmpaHma 8 003e
100 mKa/ke 00HOKpamHO 8HymMpPUMbILIEYHO. AHanusuposanuck 0ge epynnel. epsas (n=15) — uHmakmHas — 6e3
gosdelicmsusi. KugomHbiM 8mopoll onbIMHOU epynnbi 8800UNU OOHOKPAMHO 8HYMPUMBILUEYHO hyrigecmpaHm
0,4 mn 0,0005% e 0o3e 100 mke/ke (®©-100 mka/ke). [lomoMcmeo MyXCKO20 U XEHCKO20 nosa 8 gospacme 00HO20
mecsua pa3densnu u hodpawjusanu epynnamu 00 MoMeHma nomosol 3penocmu. Camuyos U CaMoK nomewany 8
om0enbHble KNemKU ¢ COoOmeemcmeeHHOU MapKuposkoli 6800uMo20 npenapama. Ha nonydeHHoM nomomcmee
nposodurnuck comamomempudeckue uccnedosaHus — UaMepsinacb Macca mena (2), dnuHa mena (Mm), dnuHa 2oso-
8bl (MM), OriuHa xgocma (MM), OnuHa cmynHu 3adHell npagoll anku (MM) U aHo2eHumarnbHoe paccmosiHue (AlP)
(MMm). AHanu3 comamomMempuYecKUX nokazamesneli NomoMcmea MyXCcKo2o nona abopamopHbIX Mbiel nokasar,
ymo macca mena ymeHbuwaemes Ha 21,5% (p<0,05), OnuHa mena ymerbwaemcs Ha 13,1% (p<0,05), dnuHa 20i10-
8bl yMeHbluaemes Ha 8,1%. BenuduHa aHo2eHUManbHo020 paccmosiHus yeenuyunack Ha 18,1% (p<0,05). AHanu3
COMamoMempUYeCKUX nokazamesneli NnomomMemea XeHCcko20 nona nabopamopHbIX Mbiel nokasan, 4mo Habsmo-
darnock ymeHblueHue maccbl mena Ha 21,4% (p<0,05), ymeHbWweHUEe 8€nUYUHbI aHO2EHUMaNbH020 PacCmosHUS Ha
13,4% (p<0,05). Y nony4yeHHO20 nomomcmea MyXCKO20 U XEHCKO20 nona 8 803pacme 00HO20 Mecsua hoCmHa-
marbHo20 passumusi 8 pe3ynbmame UHbeKUUU bepeMeHHbIM MamepsmM npenapama 3Cmpo2eHH020 psda (hynee-
cmpaHma 8 dose 100 mka/ke Habnrdanuch U3MEHEHUSI 8 COMamoOMempUYEeCKUX nokasamesisix, 00yCrnosneHHble
8nusiHUEM 8800UM020 npenapama. Pe3ynbmamei uccnedogaHus 0arom 803MOXHOCMb LIChOIb308amMb NOJTy4YeHHbIE
aKcnepumeHmanbHble OaHHbIe O1si noucka cpedcme Koppekuuu penpodykmusHol OucghyHKUUU 8 NOCMHamanbHOM
passumuu. JTumumuposaHue 8sedeHusI npenapamos 3cmpo2eHH020 psida 80 epems bepemeHHocmu npedocmasum
803MOXHOCMb U3bexamb HebnazonpusimHbIx 8030elicmeull 8 NOCMHamarnbHOM OHMO2EHE3E Y NOMOMCMBa KeH-
CKO20 U My»CK020 nona.

KntoueBble cnoBa: ¢hynBectpaHT, NabopaTopHble MbilM, NMOTOMCTBO, NPeHaTanbHash MHbEKLMUS, COMaTOMeTpuYe-
CKvie nokasaTenu.

[Ans yumuposarus: Ksouko A. H., CynaitmaHosa P. T., Acxabosa 3. [1., Cynaimanosa J1. /1. Bo3geiicTue npena-
paTa 3CTPOreHHOro psiga Ha AMHaMKKy pocTa noTomcTea nabopaTtopHbix Mbiwei // A3Bectus Camapckoit rocyaap-
CTBEHHON CenbCcKoxo3ancTBeHHoi akagemuu. 2023. Ne3. C. 70-74. doi: 10.55170/19973225_2023 8_3_70
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The purpose of the research is to substantiate the effect of the estrogen-type drug fulvestrant on the somatometric
parameters of the offspring of laboratory mice. To conduct experimental studies, the offspring of laboratory mice was
used, whose mothers were injected with an estrogen-type drug fulvestrant at a dose of 100 mcg/kg once intramuscu-
larly on the eleventh day of pregnancy. Two groups were analyzed. The first (n=15) is intact — without exposure. An-
imals of the second experimental group were administered once intramuscularly fulvestrant 0.4 ml 0.0005% at a
dose of 100 meg / kg (F-100 mcg / kg). Male and female offspring at the age of one month were separated and
raised in groups until puberty. Males and females were placed in separate cells with the appropriate labeling of the
injected drug. Somatometric studies were carried out on the resulting offspring — body weight (g), body length (mm),
head length (mm), tail length (mm), right hind foot length (mm) and anogenital distance (AGR) (mm) were measured.
Analysis of somatometric parameters of male offspring of laboratory mice showed that body weight decrease by
21.5% (p <0.05), body length decrease by 13.1% (p<0.05), head length decrease by 8.1%. The anogenital distance
increased by 18.1% (p<0.05). Analysis of somatometric parameters of female offspring of laboratory mice showed
that there was a decrease in body weight by 21.4% (p <0.05), a decrease in the anogenital distance by 13.4%
(p< 0.05). The resulting male and female offspring at the age of one month of postnatal development as a result of
injection to pregnant mothers of the estrogen-type drug fulvestrant at a dose of 100 mcg/ kg had changes in soma-
tometric parameters due to the effect of the administered drug. The results of the study make it possible to use the
experimental data obtained to search for means of correcting reproductive dysfunction in postnatal development.
Limiting the administration of estrogenic drugs during pregnancy will provide an opportunity to avoid adverse effects
in postnatal ontogenesis in female and male offspring.

Keywords: fulvestrant, laboratory mice, offspring, prenatal injection, somatometric parameters.

For citation: Kvochko, A. N., Sulaimanova, R. T., Askhabova, E. D. & Sulaimanova, L. I. (2023). Effects of an estro-
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LLInpokoe npuMeHEHWe XMMMUYECKNX BELLECTB, 0BnaaaroLmx ropMOHanbHOM akKTUBHOCTLIO, HEpas-
PbIBHO CBS3aHO HE TOMbKO C CENbCKOXO3AMCTBEHHBIM MPOU3BOLCTBOM, HO U C HALLei NOBCEOHEBHON XWN3-
Hbt0. [OPMOHANBHO aKTUBHBIE BELLECTBA MOTYT COAEPXATbCS B NPOAYKTAX NUTAHWUSI, B OKPYKaOLEN cpe-
€, U KOHTaKT C HUMW B COBPEMEHHOM Mupe HensbexeH [1-3]. CoeamHeHus xumnieckon npupogasl, obna-
fawwme 13bbITOYHbIM BO3LENCTBUEM SK30MEHHOMO 3CTPOreHa — 3HaYMMbIA (PAKTOP pUCKa OHKOreHesa,
KaHLeporeHesa n ux MeTabonuToB Ha MONEKYNSPHO-TEHETUYECKOM YPOBHE B 9CTPOreH-4yBCTBUTESbHbIX
TKaHsIX, penpoayKTUBHbIX opraHax 0boux nonos [4-6]. [1ns oueHkn penpoayKTUBHOIO cTaTyca B cepe Me-
OVLMHCKO 1 BETEPUHAPHON AEATENBHOCTW NErko AOCTYNHbIMWA HEMHBA3UBHBIMWA METOAAMMW UCCIEA0BAHMIA
ABNAOTCH COMATOMETPUYECKME UCCTeLOBaHMS.

deHOTUNNYECKUMI NOKA3aTENSAMW TOKCUYECKOTO AEMCTBUSI TOPMOHANbHO aKTUBHBIX BELLECTB SiB-
NATCA: Macca Tena, AnuHa Tena, AnvWHa XBocTa, AfMHa W LUMPUHA FOM0BbI, aHOrEHUTaNbHOE PacCTosHME.

Lenb uccnedosaHull — 060CHOBaHVe BO3AEICTBUS NpenapaTta 3CTPOreHHoro psiaa pyneecTpaH-
Ta Ha COMaTOMETPUYECKME MOKa3aTeNu NOTOMCTBA NlabopaTOPHbIX MbILLEN.
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3adayu uccnedosaHull — N3y4nTb BNMSIHUE NpenapaTa 3CTPOreHHOro psiga GyneecTpaHTa B Ao-
3e 100 MKr/kr Ha QMHaMKKY pocTa MOTOMCTBA NabopaToOpHbIX MbILIEN; NPOBECTU CTATUCTUYECKYO 0bpa-
BOTKY NOMyYeHHbIX pe3ynbTaToB B OTHOLLEHWW COMATOMETPUYECKUX MoKasaTenei y akcnepuMeHTanbHbIX
KUBOTHBIX.

Mamepuan u memods! uccnedosaHull. Ans NpoBeAeHNst KCNEPUMEHTaNbHbIX UCCNEA0BaHMIA
MCMONb30BanoCh MOTOMCTBO NMabopaTOPHbIX MbILLEN, MATePsM KOTOPbIX Ha OAWHHAALATbIA AeHb bepe-
MeHHOCTYW Obina Npou3BefeHa MHBbEKLMS NpenapaTta 3CTPOreHHoro psaa dynsectpaHTa B ose 100 MKr/kr
OHOKPATHO BHYTPUMbILLEYHO. PacyeT akcnepumeHTarnbHoM 403kl npenapaTta Npou3BoAUIM N0 METOAMYE-
CKUMU yKa3aHUAMI Ans nepepacyeTa 403 BELLECTB B MKI/KT Ans nabopaTopHbIX KUBOTHbIX [7-9].

B uccnenoBaHusix aHanuaupoBanuck age rpynnbl. Mepeas (n=15) — uHTaKkTHas — 6e3 Bo3gen-
cTBus. )KNBOTHBLIM BTOPOW (OMbITHOM) rPynMbl BBOAWIN OBHOKPATHO BHYTPUMbILIEYHO ¢pynBecTpaHT 0,4 Mn
0,0005% B no3e 100 mkr/kr (®-100 mKr/kr).

OTOMCTBO MYXCKOTO W XEHCKOro nona B BO3pacTe O4HOTO0 Mecsila pasgensnu v nogpaliusanm
rpynnamm oo MomeHTa nonoso 3penoctu [10-12]. XKuBoTHbIX noMeLLanu B OTAENbHbIE KNETKU AN cam-
L|OB 1 CaMOK C COOTBETCTBEHHOW MapKMPOBKOW BBOAMMOrO npenaparta. Y nony4yeHHOro noToMcTea npoBo-
ANICb COMaTOMETPUYECKME UCCNEeA0BaHNS: Macca Tena (r), AnrHa Tena (Mm), AnnHa ronosbl (MM), Anu-
Ha XBOCTa (MM), AnWHA CTYMHW 3adHEN NpaBom nanku (MM) W aHoreHuTanbHoe pacctosiHue (AIP) (Mm).
[1Ns TOYHOCTM M3MepEHNst Macchl TeNa UCMNoNb30BanuCh 3NEKTPOHHbIE Bechl Mapku BW-500 (¢ TOUHOCTbIO
namepeHusi 0,1 r; aBToMaTyecKkas kanubpoBka; eAnHULbI U3MEPEHUIA — rPaMMbI, YHLMK, KapaTbl; rabapu-
Tbl — 120%80%25 MM, npoussoacTo KOxHas Kopest). Mamepenne napametpos Tena u AP npoBoaunoc
Mpn NOMOLLM 3NeKTPOHHOrO LWTaHreHuupkyns Digital Caliper (CO BCTPOEHHbIM XWAKO-KPUCTANINYECKAM
avcnneem; amanasoH — 0-150 mm; ToyHoCTb — 0,01 MM, nponssoacTso KOxHast Kopes).

OKCnepuMeHThbl B paboTe BbINosHeHbI B cooTBeTcTBUM ¢ AupekTusoit 2010/63/EU Esponenckoro
napnameHTa 1 CoBeTa €BPONENCKOro CO3a Mo OXPaHe KMBOTHbIX, MCMONb3YEMbIX B Hay4YHbIX Lensx. Ha
BbINOSTHEHWE 3KCMEPUMEHTA NOSTYYEHO paspeLLeHite NOKanbHOro SKCMEPTHOMO coBeTa no BromeanLMHCKON
9TWKe balK1pCKOro rocyaapCTBEHHOro MeanUMHeKoro yHuBepcuteTa (npotokon Ne 3 ot 17.03.2014 r.).

[ns cTatuctyeckoir 06paboTkn AaHHBIX BbIYUACIANM CpeaHEE apudMeTiecKkoe 3HavyeHne napa-
MeTpa W ero ctaHgapTHyt owunbky (M+SD). [locToBEPHOCTb pasnnynii CpeaHUX OLEeHWBanu ¢ NOMOLLbIO
t-kputepns CtblogeHTa Ha ypoBHe 3HauumocTu p<0,05.

Pe3ynbmamsbi uccnedoeanull. CpaBHWUTENbHbLIN aHanM3a COMaTOMETPUYECKUX NOKasaTenen
NOTOMCTBA MYKCKOro nosia 6enbix 6ecnopoaHbIX 1abopaTopHbIX MbILLEN NpW OOHOKPATHOM BO3AENCTBUM
npenapara yneectpaHT B fo3e 100 mkr/kr (Tabn. 1) ¢ nokasaTensmMm XUBOTHbIX MHTAKTHOM IPYnMbl Noka-
3an, yto macca Tena (r) ymeHowaetcs Ha 21,5% (p<0,05), anuHa Tena (Mm) ymeHbluaetca Ha 13,1%
(p=<0,05), anrHa ronosbl (MM) yMeHbLIAETCS Ha 8,1%. B 3HaueHusx nokasaTens WpKHbI ronosbl (MM) He
HabnoaaTCa 3HaYMMbIX pasnuunid. [nnHa xocta (MM) yMeHblianach Ha 7,5%. [inuHa CTynHu 3agHen
npaBoy nanku (MM) — 3Ha4YUMbIX pasnnunii He BbisiBNeHo. Bennunna AP (mm) yBenuuunace Ha 18,1%
(p=<0,05), Tak kak cpynsectpaHT B fo3e 100 MKr/kr GrOKMpyeT 3CTPOreHHble peLenTopsbl, B peynbrarte pa-
BoTalT TONBKO aHAPOreHHbIE, NPUBOASLLME K MOBBILIEHUI0 MACKYIIMHU3MPYIOLEro addekTa y noToMcTBa
MYXXCKOro nona.

Tabnuua 1
ComatomeTpunyeckne nokasaTenn NOTOMCTBA MYXKCKOIO 1 XXEeHCKOro nona nabopaTopHbIX MblLei
NpW 0QHOKPATHOM BO3aencTBIK pyneectpanTa B o3e 100 MKr/kr

WuTakTHas rpynna OnbiTHas rpynna (P-100 mkr/kr)
lNokasaTtesnb g 9 g 0

Macca Tena (r) 27,09+3,59 20,50+2,14 21,24+1,69* 16,12+2,49*
[nuHa Tena (Mm) 97,20+1,79 88,00+1,41 84,50+2,35* 83,00+5,83
[nuHa ronosel (Mm) 22,86+0,31 22,20+0,45 21,00+0,71 21,20+1,04
LLInpuHa ronossl (Mm) 12,0040,01 12,00+0,01 12,00+0,01 11,66+0,47
[nuHa xsocta (MM) 95,60+2,61 91,60+2,88 88,40+4,02 82,80+7,05
[nuHa cTynHW NpaBom 3agHer nanku (Mm) 17,5040,50 17,22+0,41 17,00+0,71 17,00+0,61
ATP (Mm) 1,44£0,09 0,67+0,12 1,70+0,08* 0,58+0,08*

lMpumeyaHve: * — B CPABHEHWUW C UHTAKTHOW rPYNNoi BbISIBNEHbI Pa3nnyms Co CTaTUCTUYECKON 3HauMMocTbio p <0,05.
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AHarnus comaToMEeTPUYECKIX NOKasaTenen NOTOMCTBA XEHCKOro nosia NabopaTopHbIX MbILLen Npu
BO34enCcTBMM npenapata ¢ynsectpaHTa B Ao3e 100 Mkr/kr (Tabn. 1) N0 CPaBHEHMIO C KUBOTHLIMI WHTAKT-
HOW rpyNMbl NOKa3an ymeHblueHne macchl Tena (r) Ha 21,4% (p<0,05); ymeHbLUeHWe AnuHbI Tena (MM) Ha
5,7%. B nokasaTensx AnuHa, WupuHa ronosbl (MM) 1 AnWHA CTYMHKU NPaBON 3a4HeN nanku (MM) 3Ha4YUMbIX
pasnuunii He BbisiBNeHo. [nuHa xBocTa (MM) yMeHbluaeTtcs Ha 9,6%. Y moTomcTBa camoK npu Bo3gei-
CTBWW npenapaTa ¢yneectpaHTa B 403e 100 MKI/Kr N0 CPABHEHUIO C XMUBOTHBIMIU UHTAKTHOW TPYNMbl OXW-
[anocb yBenuyenne senuuunHbl AIP B cooTBeTCTBUM C uccnegoBaHuamu T.D. Fouqueray u coasr. [13],
O[HaKO NOMyYeHHbIe pesynbTaTbl OTNMYaNKUCh OT NpeanonaraemMbix: BennunHa AP (MM) ymeHbLIaeTCs Ha
13,4% (p=<0,05).

3akntoyeHue. Y nosly4eHHOro MOTOMCTBA MYXCKOIO M XEHCKOro nosia B BO3pacTe OJHOMo Mecsua
NoCTHaTarnbLHOro PasBUTUA B pe3ynbTaTe MHBbEKLMM BepeMeHHbIM MaTepsiM NpenapaTa 3CTPOreHHOro psaa
tynsectpaHTta B go3e 100 Mkr/kr HabnoQancb M3MEHEHUS B COMATOMETPUYECKUX MoKasaTensx, oby-
CMOBMEHHbIE BAWSIHUEM BBOAMMOIO npenapata. PesynbTaTbl UCCNEA0BaHMS 4at0T BO3MOXHOCTb UCMOSb-
30BaTb MOMYYeHHbIE KCNEPUMEHTArbHbIE AaHHbIE AN NOUCKA CPEACTB KOPPEKLMM PENPOAYKTUBHOM AMC-
(OYHKUMW B NOCTHATanbHOM pa3sUTUU. JIMMUTUPOBaHWE BBEAEHMS MpenapaToB 3CTPOreHHOro psga BO
Bpemsi 6epeMeHHOCTM NPeaoCTaBUT BO3MOXHOCTb M3bexaTb HebnaronpusTHbIX BO3AEUCTBUN B MOCTHa-
TanbHOM OHTOreHe3e y NOTOMCTBA JKEHCKOIO 1 MYXKCKOro nosa.
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Lens uccnedosaHuli — Hay4HO 060CHOBaMb U3MEHEHUE 80TOCSIHO20 NOKPOo8a bbIKO8 pa3Ho20 Hanpaere-
HUsi npodyKmueHOCMU 8 3a8UCUMOCMU OM 8o3pacma U ce30Ha 200a. BbinomHss menno3awumHyro yHKyuU, 80-
JIOCSIHOU NOKPO8 KPYNHO20 po2amozo cKoma U3MEHSIEMCS C 803pacmoM XUBOMHbIX, 60nbwe 8ce20 no ce30Ham
200a 8 pesynbmame e8eceHHell U 0CeHHel NUHbKU. B c8a3u ¢ amum Heobxo0umo 3Hameb, Kakue (hakmopbI 8r1USIOM
Ha OaHHble USMEHEHUS, Kakue U3MEHEHUs npoucxodsim 8 MOPGhoo2udeckoM CMPOEHUU KOXU U ee NPOU3BOOHbIX.
Lna docmuxeHus nocmasneHHoU uenu Ha XugomHosodyeckux komnnekcax Pecnybnuku bawkopmocmaH u Ca-
mapckol obracmu bbiiu cehopMUPOBaHb! U3 HOBOPOXAEHHbIX bbIMKO8 YepHO-necmpoll, becmyxesckol U Kanmbiu-
Kkoli nopod mpu epynnbi, no 15 201108 8 kaxdol. Y nodonsimHbIX XueomHbIx 8 8o3pacme 8, 12, 18 mecsiues u3yva-
JIU Ka4yecmeo 80/10CSIHO20 NOKPOBa, 2UCMOII02UYECK0e U MOPGHOI02UYECKOEe CMPOEHUE KOXU. YCmaHo8eHo, Ymo 6
gospacme 8 mec. camas 2ycmas wepcmb bbina y ObNK08 KanMbiukol nopodsl. B sospacme 12 mec., nocrne cMeHbI
3UMHE20 80/10CAH020 NOKPOBa Ha flemHul, 2ycmoma yMeHbWwunachk y XugomHbix | epynnbl Ha 480 wm./cm?
(35,6%), Il epynnbi — Ha 671 wm./cm? (42,9%), Ill epynnbi — Ha 537 wm./em? (31,8%). K 18-mecsiuHOMy 803pacmy,
nocrne oceHHel NUHbKU, 2ycmoma CHo8a yeenuyunach, coomeememseHHo, Ha 601 wm./cm? (69,3%); 833 wm./cm?
(93,3%); 646 wm./cm? (56,1%). ucmonozaudeckue uccrnedosaHusi KOXU NoKasasnu, Ymo NpusHaku, Xapakmepusyto-
Wue Ka4ecmeo 80/10CSIHO20 NOKPOBa, 06YCI08/1EHbI PA3UYUAMU 8 CMPOEHUU KOXU, @ MaKXe Koluyecmeom U pac-
nONOXeHUEM Xene3 KoxHo20 nokpoea. loamomy, npu ebibope cnocoba codepxaHus bbi4k08, He06X00UMO y4UMbI-
gamb OaHHble 0CODEHHOCMU KOXHO20 U 80/10CSIHO20 NOKPO8a y u3yyaeMbIx Nopoo.
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The purpose of the research is to scientifically substantiate the change in the hair cover of bulls of different productiv-
ity directions depending on age and season of the year. Performing a heat-protective function, the hair cover of cattle
changes with the age of animals, most of all according to the seasons of the year as a result of spring and autumn
molting. In this regard, it is necessary to know what factors influence these changes, what changes occur in the mor-
phological structure of the skin and its derivatives. To achieve this goal, three groups of 15 heads each were formed
from newborn bulls of black-and-white, Bestuzhev and Kalmyk breeds at the livestock complexes of the Republic of
Bashkortostan and the Samara region. Hair quality, histological and morphological structure of the skin were studied
in experimental animals aged 8, 12, 18 months. It was found that at the age of 8 months, the thickest wool was in
Calmy bulls. At the age of 12 months, after the change of winter hair cover to summer, the density decreased in ani-
mals of group | by 480 pcs./ cm? (35.6%), group Il — by 671 pcs./ cm2 (42.9%), group IIl — by 537 pcs./ cm? (31.8%).
By the age of 18 months, after the autumn molt, the density increased again, respectively, by 601 pcs./ cm? (69.3%);
833 pcs./ cm? (93.3%); 646 pcs. / cm? (56.1%). Histological studies of the skin have shown that the signs characteriz-
ing the quality of the hair cover are due to differences in the structure of the skin, as well as the number and location
of the glands of the skin. Therefore, when choosing the method of keeping bulls, it is necessary to take into account
these features of the skin and hair of the studied breeds.

Keywords: breed, bulls, hair, skin, histology, age, season of the year.

For citation: Gazeev, |. R., Karamaev, S. V., Tagirov, H. H. & Karamaeva, A. S. (2023). Features of the formation of
hair and skin structure in bulls of different breeds depending on age and season of the year. lzvestia Samarskoi
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OpHon 13 Hanbonee BaxHbIX 3afay, KOTOPYK NPeACTOUT pellaTb B HACTOsLLEe BpeMst arponpo-
MBILLNIEHHOMY KOMMAekcy Poccuu, SBNsieTcs yAOBNETBOPEHNE NOCTOSHHO pacTyLwmux noTpebHOCTEN Hace-
NEHMs CTpaHbl B NpodyKkTax nuTaHus. Hanbonee ocTpo ctout npobnema pocta Npou3BOACTBA BbICOKOKA-
YeCTBEHHOM roBsiAMHLI. B nocnegHune gecsatuneTvs ropsgnHa NnpousBoamnacs B OCHOBHOM 3a CYET OTKOp-
Ma OblYKOB M BbIOPAKOBAHHLIX KOPOB MOMIOMHOMO W KOMOMHMPOBAHHOTO HanpaBMeHUs NPOAYKTUBHOCTM
(97%) n Tonbko 3% 3a CYET CKOTa CNeLManm3MpoBaHHbIX MACHBLIX MOPOA. ITO CBUAETENLCTBYET O TOM, YTO
B Gnvxaniume roabl KapanHanbHO U3MEHWTb CUTYaLMI0 B HanNpaBEHUN YBENNYEHNS JOMKN MSCHOMO CKOTa
NPaKTUYECKN HE NPEeLCTaBNAETCS BO3MOXHbIM. [103TOMY, OQHOBPEMEHHO C peLLeHNeM JaHHOW npobnemsl,
HeobXx0aMMO MCKaTb BOMOXHOCTM YIyYLLEHWUS MSICHOM NPOAYKTUBHOCTM CKOTA MOMOYHBIX M KOMBWUHWPO-
BaHHbIX NOPOZ U CHWKEHWS CeBeCcTOMMOCTM NPOM3BOANMON rOBSAAWHBI [1-5].

B npupoaHo-knumaTtiyeckoin 3oHe CpeaHero Mosomxbst 1 KOxHoro Ypana Hanbonee pacnpocTtpa-
HEHHOI MOMOYHON MOPOAON ABMNSETCH YEPHO-NECTpast, U3 KOMOMHMPOBAHHLIX NOpog — BecTyxeBckasi, u3
MSAICHbIX — KaNMbIUKas. B OTKpbITOA neyaTn HET CBEAEHWUA O KOMNMEKCHOM WCCNEA0BaHNN B CPABHUTENb-
HOM acnekTe AaHHbIx nopogd. Mpy BbipalBaHUM Ha MSCO HEMNEMEHHOr0 MOMOAHSKA Ha OTKOPMOYHbIX
nnowyagkax no TEXHOMOrMM, NPUHATON B MSICHOM CKOTOBOACTBE, O4EHb BaXHO 3HATb afanTalOHHble BO3-
MOXHOCTM XMBOTHbIX. [1pu BbipallMBaHuy B NOMELLEHNSX 0BMErYeHHOro TMNa XWBOTHBIE, HApPsAY C Npu-
CMoCOBIEHHOCTBIO K YCMOBUSM ONpeAeneHHON TEXHOMOMMM 1 CTPECCOYCTONYMBOCTbIO, AOSMKHbI 0Braaath
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afanTauWOHHOWM NNacTUYHOCTBIO, KOTOpas MO3BOMMT UM MpMCNocabnmBaTbCsa K YCHOBUAM OKpYXatoLLen
cpenb! B 30He passeaeHus [6-10].

Y KpynHOro poraToro CKoTa OAHUM W3 OpraHoB, MO3BOMAKLMX NPOTUBOCTOSATH BO3LENACTBUIO Ha
OpraH13m pasnuyHbIX (hakTOpOB BHELLHEN Cpefbl, SBISETCS KOXa 1 ee Npou3BoaHble. [1pn 3TOM OHM Bbl-
MOMHAKT HE TOMBbKO 3aLUUTHYIO (PYHKLMIO, HO U (PYHKUMIO TEPMOpPErynsaumm, BbleneHus, opraHa YyBCTB,
nokasatens KOHCTUTYLIMM XMBOTHbIX U aHTMbaKTepuanbHoro 6apbepa. BbinomnHas TennosawmTHyo gyHK-
LMo, BOMOCSIHOM MOKPOB KPYMHOTO POratoro Ckota U3MEHSIETCS C BO3PACTOM XKMBOTHbIX, @ Gornblue BCero
Nno Ce30HaM rofa B pesynbTaTe BECEHHEN N OCEHHEN NUHbKW. B CBA3M C 9TUM HeobXoaMMo 3HaTb, Kakue
(haKTOpbI BMMSIOT Ha JaHHbIE U3MEHEHUS, KaKMe U3MEHEHUS NMPOUCXOAAT B MOPONOrMYECKOM CTPOEHUN
KOXW 1 ee npoun3sogHbIx [11-16].

Lenb uccnedosaHull — Hay4HO 0BOCHOBATb M3MEHEHME BONMOCSHOMO MOKPOBa OblYKOB Pa3HOro
HanpaBneHWs NPOJYKTUBHOCTM B 3aBUCUMOCTI OT BO3pacTa 1 Ce30Ha roga.

3adayu uccrnedogaHull — U3y4nTb MUCTONOMMYECKOE, MOPKONOTMYECKOE CTPOEHUE KOXN U Xapak-
TEPUCTUKY BOSIOCSHOMO NOKPOBa BbIYKOB Pa3HOro HanpaereHns NPOLYKTUBHOCTU B 3aBUCUMOCTH OT BO3-
pacTa 1 ce3oHa roga.

Mamepuan u memodbi uccnedoeaHudl. /13y4eHne 0COBEHHOCTE CTPOEHUSI KOXW U LLIEPCTHOrO
NoKpoBa NPOBOAWIK Ha BblYkax MONOYHOr0, KOMBUHUPOBAHHOIO U MSICHOTO HanpaBneHUs NPOAYKTUBHOCTY
B YCNOBMSIX XXMBOTHOBOAYECKMX komnnekcoB Pecnybnuku bawkopToctaH u Camapckoit obnactu. /3 HoBo-
POXAEHHbIX ObIYKOB ObINM CCHopMUPOBaHbI TPX rpynnbl Mo 15 ronos B kaxaon: | rpynna — YepHo-nectpas
nopoga, Il rpynna — 6ectyxesckas nopoga, Il rpynna — kanmblukas nopoga.

OB6pasLbl KOXW 1 LWEPCTHOrO Nokposa bpanu y Gbl4koB BO Bpemsi OTOMBKW OT maTepei (8 mec.) 1
NpoBeAeHMs KOHTPOSbHOrO Y6osi B BospacTe 12 u 18 mec. Ha ypoBHe cepeauHbl nocnegHero pebpa. Kave-
CTBO BOJIOCSHOO MOKpoBa onpeaensnu no metoauke E. A. ApsymansiHa B nabopatopuu wepctu npu Ca-
mapckom [AY. [uctonoruyeckne 1 Moponornieckne CcneaoBaHns NPOBOAMN B aHANMTUYECKON nabo-
patopuu npu deaepansHOM HayYHOM LieHTpe BUoNornyecknx cuctem u arpotexHonoruin PAH.

Pe3ynsmambi uccnedosaHull. B pe3ynbTtaTte U3y4eHUss M3MEHEHMUI LLePCTHOrO NOKpoBa Y Oblu-
KOB pasHblX MOPOA W HanpaBiEHWs UCMONb30BaHNS Bbln YCTAHOBMEHbI ONpeaeneHHble 0COBEHHOCTH,
oBycrosrneHHble BIUSHWEM BO3pacTa 1 ce3oHa roga (tabn. 1).

Tabnuua 1
XapaKTepI/ICTI/IKa BONOCAHOIO MOKPOBa ObIYKOB B pas3Hble BO3PaCTHbIE Nepuobl
pynna
MNokasatenb I | T | M
BospacT 8 mecsues
['ycToTa BONOCSHOrO NOKPOBA, LUT./CM2 1347+39,56 1564+42,71 1689+56,24
[OnnHa kocuubl, MM 31,4+0,42 38,7+0,39 42,8+0,47
Macca Bonoc ¢ 1 cm2, Mr 56,3+0,87 76,940,58 81,6+0,69
Bospacr 12 mecsiues
['ycTOTa BONMOCSHOIO NOKPOBA, LUT./CM2 867+49,63 893+36,54 1152467,40
[nuHa kocubl, MM 13,6+0,84 10,8+0,57 11,3+0,62
Macca Bonoc ¢ 1 cm?, mMr 17,8+0,81 17,340,73 19,740,68
Bospacr 18 mecsues
['ycToTa BONOCSHOrO NOKPOBA, LUT./CM2 1468+42,33 17,26+56,71 1798+83,90
[nnHa kocuubl, MM 38,5+0,65 44 510,74 46,2+0,83
Macca Bonoc ¢ 1 cm2, Mr 62,8+1,14 83,7£0,99 89,3+1,48

Ob6pasupbl WwepcTu y Bbi4koB Bpanu B KOHLE NMHBKKM, B Bo3pacTe 8 Mec. B Aekabpe, nocne oTbnBku
OT Matepeit, B Bo3pacTte 12 Mec. B UIOHE, NOCHe 3aBepLUeHMs Neproaa NonoBoro CO3peBaHis, B Bo3pacTe
18 mec. B aekabpe, Nocne CHATUS C OTKopMa.

WccnenoBaHus nokasanu, 4to B Bo3pacte 8 Mec. camas ryctas wepctb Obina Ha Tene 6blukoB
KanMbILKkOA nopoabl. PasHuua no CpaBHEHWIO CO CBEPCTHUKAMU YepHO-NecTpo nopodbl cocTaBuna
342 wr./em? (25,4%; P<0,001), 6ectyxesckon — 125 wr./cM2 (8,0%). [nuHa kocuubl Bbina 6onbLue, cooT-
BEeTCTBEHHO, Ha 11,4 mm (36,3%; P<0,001) n 4,1 mm (10,6%; P<0,001), macca Bonoc ¢ 1 cm2 Koxu —
Ha 25,3 mr (44,9%; P<0,001) n 4,7 wmr (6,1%; P<0,001).
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B Bo3pacte 12 mec. Hbiukm Il rpynnbl npeBocxogunu ceepctHukos | 1 Il rpynn no ryctoTe Bonocs-
Horo nokpoBa Ha 285 wr./cm? (32,9%; P<0,001) n 259 wr./cm? (29,0%; P<0,001), B Bo3pacte 18 mec. — Ha
330 wr./em? (22,5%; P<0,001) n 72 wr./cm2 (4,2%). OnnHa kocuubl B BospacTe 12 mec., HaobopoT, Bbina
BonbLe y 6bi4koB | rpynnbl, N0 cpaBHEHWHO ¢ Bbldkamu Il rpynnbl — Ha 2,8 MM (25,9%; P<0,01), ¢ Bblukamm
I rpynnbl — Ha 2,3 Mm (20,4%; P<0,01). B Bo3pacte 18 mec. npeumyLlecTBo cHoBa 6bino y 6blukoB
Il rpynnbl, cooTBeTCTBEHHO, Ha 7,7 MM (20,0%; P<0,001) 1 1,7 mm (3,8%).

Mo macce Bonoc ¢ 1 cm2 koxu B Bospacte 12 mec. 6biuku Il rpynnbl NPeBOCXOANM CBEPCTHUKOB
n3 | n Il rpynn, cooteTctBeHHO, Ha 1,9 mr (10,7%) n 2,4 mr (13,9%; P<0,05), B Bo3pacTe 18 mec. —
Ha 26,5 mr (42,2%; P<0,001) 1 5,6 mr (6,7%; P<0,01).

Wcxogs u3 Toro, 4yto B Bo3pacTe 8 MecC. y OblukOB Obin 3MMHWIA BOMOCSHOM MOKPOB, a K
12-MeCcs4HOMY BO3pacTy OHM CMEHMUMM €r0 Ha IETHWIA, yCTOTa BOMIOCSHOMO NOKPOBA YMEHbLUMIACh, COOT-
BETCTBEHHO, Mo rpynnam Ha 480 wr./cm? (35,6%; P<0,001); 671 wr./cm2 (42,9%; P<0,001); 537 wr./cm2
(31,8%; P<0,001), anuHa kocuupl — Ha 17,8 mMm (56,7%; P<0,001); 27,9 mm (72,1% P<0,001); 31,5 mm
(73,6%; P<0,001), macca Bonoc ¢ 1 cm2 koxu — Ha 38,5 mr (68,4%; P<0,001); 59,6 mr (77,5%; P<0,001);
61,9 mr (75,9%; P<0,001).

K 18-mecsuHOMy BO3pacTy, MOCMe OCEHHeN NUHBKW, ryCToTa BOSIOCAHOrO NOKPOBa CHOBA YBENUYM-
nacb y 6bl4koB | rpynnbl Ha 601 wt./cm2 (69,3%; P<0,001); Il rpynnbl — Ha 833 wr./cm2 (93,3%; P<0,001);
[Il rpynnbl — Ha 646 wT./cm? (56,1%; P<0,001), anuHa kocuusl — Ha 24,9 mm (183,1%; P<0,001); 33,7 mm
(312,0%; P<0,001); 34,9 mm (308,8%; P<0,001), macca Bonoc ¢ 1 cm? koxu — Ha 45,0 mr (252,8%;
P<0,001); 66,4 mr (383,8%; P<0,001); 69,6 mr (353,3%; P<0,001).

Takum 0bpa3om, yCTaHOBNEHO, YTO HECMOTPS Ha ONpefeNieHHoe BNUSHWE Ha COCTOSIHME BOMOCS-
HOro NMOKpoBa NopoAbl 1 Bo3pacTa BblYKOB, OCHOBHAS MPUYMHA U3MEHEHNS KAYECTBEHHBIX 1 KONUYECTBEH-
HbIX XapaKTEPUCTUK LLUEPCTM 3aBUCUT OT CE30Ha rofa M CBA3aHHbIX C 3TUM NOTOA4HbIX YCIOBUA.

A3y4eHne ructonornyeckoro CTPOEHWS KOXM Yy NOpoA BbIYKOB pasHOro HanpasreHWUs NPOAYKTHB-
HOCTW B 3aBWUCMMOCTM OT BO3pacTa nokasano, YTo obLas TOMLMHA KOXM U COCTaBMALMX €e CrOeB B
fonbluen cTeneHn NOABEPXKEHbI M3MEHEHWAM, CBS3AHHLIM C BO3PACTHbIMU M3MEHEHWUSIMW B OpraHv3me
(Tabn. 2).

Tabnuua 2
VA3mMeHeHMs r1CTONOrMYECKOro CTPOEHUS KOXM Y ObI4KOB Pa3HOro HanpaBneHns NPOAYKTUBHOCTY
C BO3pacTOM, MKM

pynna
Cnowu koxu I I 1l
Mzm | % Mzm | % Mm | %

Bospact 8 mecsues
Anuaepmuc 36,440,73 0,90 37,2+0,86 0,87 38,5+0,79 0,87
MnspHbIN 789,3+31,42 19,33 843,7+39,24 19,77 897,4+34,63 20,33
PeTukynsipHeIn 3256,7+49,65 79,77 3386,6+55,71 79,36 3479,5+52,37 78,80
Obuwas 4082,4+63,84 100 4267,5+66,18 100 4415,4+65,23 100
Avavetp konnare- 36,4+0,59 37,8+0,64 - 38,3+0,66
HOBbIX BOMOKOH

BospacTt 12 mecsues
anuaepmmc 41,2+1,18 0,86 42 ,5+1,34 0,85 43,4+1,23 0,84
MnspHbIN 1054,6+£52,79 21,89 1099,7+68,53 21,96 1186,6+51,48 22,89
PeTukynsipHein 3721,5+64,58 77,25 3865,4+81,26 77,19 3954,3+79,67 76,27
Obuwas 4817,3+79,64 100 5007,6+88,59 100 5184,3+84,93 100
Avawetp konnare- | 45 5,4 g3 43,8+0,87 - 44,6+0,98
HOBbIX BOMOKOH

BospacTt 18 mecsues
anuaepmmc 47,2+1,34 0,83 49,4+0,88 0,84 50,8+1,46 0,84
MnnspHbIN 1469,7+49,68 25,77 1576,5+£31,99 26,88 1684,3+63,24 27,86
PeTukynspHbIi 4186,4+72,37 73,40 4239,6+50,71 72,28 4311,5+81,43 71,30
Obuwjas 5703,3+86,21 100 5865,5+84,36 100 6046,6+91,13 100
Avavetp onnare- | g 5. g9 67,50,69 : 69,741,12
HOBbIX BOJTOKOH
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HanbonbLuen TONWMHON KOXI BO BCe BO3PACTHbIE MEpuodbl OTNIMYaNMCh BblYKM KanMbILKOW no-
pozbl. B Bo3pacte 8 Mec. pa3Huua no cpaBHEHMIO Co cBepcTHUKamm | rpynnbl coctasuna 333,0 Mkm (8,2%;
P<0,001), Il rpynnbl — 147,9 mkm (3,5%), B Bo3pacTe 12 Mec., COOTBETCTBEHHO, 367,0 MkM (7,6%; P<0,01)
n 176,7 mkm (3,5%), B Bo3pacte 18 mec. — 343,3 mkm (6,0%; P<0,01) n 181,1 mkm (3,1%). Mpu atom Ton-
LWyHa 0BLLEro Cnos KoXmM yBennumunach 3a nepuog ¢ 8- o 12-MecsyHoro Bospacta, COOTBETCTBEHHO, MO
rpynnam Ha 734,9 mkm (18,0%; P<0,001); 740,1 mkm (17,3%; P<0,001); 768,9 mkm (17,4%; P<0,001),
¢ 12- po 18-mecsyHoro Bo3pacta — Ha 886,0 mkm (18,4%; P<0,001); 857,9 mkm (17,1%; P<0,001);
862,3 mkm (16,6%; P<0,001).

Koxa KpynHOro poratoro ckota COCTOUT U3 TPEX CMOeB: anuaepmuca, NuUspHoro 1 PETUKYNSPHO-
ro, Kaxablil M3 KOTOPbIX BbIMOMHSAET ONpeaeneHHyo YHKUMIO. NUAEPMIC BbINOMHSET 3aLUUTHYIO (yHK-
LU0, NMUASPHBIN CIION — TEPMOPETYNALMOHHYI0, PETUKYNAPHBIN CIION — MEXaHUYECKYH0 (DYHKLMIO. YCTaHOB-
MNEHO, YTO Ha TOMLWMHY AaHHbIX CIIOEB KOXM OCHOBHOE BMMSHIE B NMPOLECCE POCTa XMBOTHOMO OKa3biBaeT
BO3pacT 1 0COBEHHOCTM NOPOAbI.

Mo ToNWMHe NUASIPHOrO Cos BbIYKK KaNMbILKOW NOPOAb! MPEBOCXOAMIMN CBOUX CBEPCTHUKOB Yep-
HO-NecTpon 1 BecTyxeBckoi nopog B Bospacte 8 mec. Ha 108,1 mkm (13,7%; P<0,05) n 53,7 mkm (6,4%),
B 12 mec. — Ha 132,0 mkm (12,5%) n 86,9 mkm (7,9%), B 18 mec. — Ha 214,6 mkm (14,6%; P<0,01)
n 107,8 mkm (6,8%). Mpwn aTom 3a nepuog ¢ 8 4o 12 mMec. ToMLMHA MUASIPHOTO Cos yBenuuunack y Bbly-
KOB, COOTBETCTBEHHO, MO rpynnam: Ha 265,3 mkm (33,6%; P<0,001); 256,0 mkm (30,3%; P<0,05);
289,2 mkm (32,2%; P<0,001), 3a nepuog ¢ 12 go 18 mec. — Ha 415,1 mkm (39,4%; P<0,001); 476,8 mkm
(43,4%; P<0,001); 497,7 mkm (41,9%; P<0,001).

Camyto 6onbluyto 40N B CTPYKTYPE KOXW COCTaBSET PETUKYNSAPHbIA Cnoi. 1o ero TonwmHe Bo
BCe BO3paCTHble nepuodbl Obl4YkK KanMbILKOM NOPOAb! 3aHUManu nuaupytoLee nomnoxexue. PasHuua no
cpaBHeHuo ¢ Bbiukamm | v Il rpynn B BospacTte 8 mec. coctasuna 222,8 Mkm (6,8%; P<0,05) 1 92,9 Mkm
(2,7%), B BO3pacte 12 mec. — 232,8 Mkm (6,3%; P<0,05) n 88,9 mkm (2,3%), B Bo3pacte 18 mec. —
125,1 mkm (3,0%) v 71,9 mkm (1,7%). B pesynbTate pocTta XMBOTHbIX TOMLUMHA PETUKYNSPHOMO Crost yBe-
nuyunace 3a nepuog ¢ 8 fo 12 mec. y BbI4KOB YepHO-NnecTpor nopoabl Ha 464,8 mkm (14,3%; P<0,001),
BectyxeBckon — Ha 478,8 mkm (14,1%; P<0,001), kanvblukor — Ha 474,8 mkm (13,6%; P<0,001), 3a nepu-
og ¢ 12 po 18 mec., cooTBeTCTBEHHO, Ha 464,9 MkM (12,5%; P<0,001); 374,2 Mkm (9,7%); 357,2 MKM
(9,0%; P<0,001).

B koXe y XWBOTHbIX pacronaratoTcst BOSOCsHble JIYKOBULbI, CafibHbIE 1 MOTOBbIE Xenesbl, KOTo-
pble 0becneunBatoT 3alUMTHbIE U BbIAENUTENbHbIE (hYHKLMM OpraHu3ma (tabn. 3).

Tabnuua 3
VI3MeHeHMs ¢ BO3PACTOM Xene3 KOXHOr0 NOKPoBa Yy BbIYKOB Pa3HOrO HanpaBneHMs NPOAYKTUBHOCTM
n Bospacr, pynna
okasaTternb
MeC. [ | Il | i
[nybuHa 3aneraHusi, MkM:

8 789,6+11,42 817,8+9,93 885,2+10,88
BOMOCSHbIX NYKOBUL| 12 1038,9+18,24 1065,8+14,89 1068,7+16,54

18 1395,2+23,76 1494,34£20,48 1615,9+£21,67

8 238,7+6,49 282,5+8,34 370,449,12
canbHbIX Xenes 12 334,1+12,63 360,5+13,51 476,9+15,44

18 565,7+16,45 645,2+17,82 762,8+19,10

8 796,9+15,81 823,7+16,34 907,8+18,23
MOTOBbIX Xenes3 12 1049,6+19,37 1074,9+21,18 1198,1+23,38

18 1403,4+21,52 1505,6+23,46 1627,3+£24,94

KonnyecTBo Ha 1 MM2 KOXM, LWT.:

8 17,440,35 18,5+0,27 18,9+0,38
BOMOCSHbIX NYKOBWL, 12 14,6£0,32 15,6+0,34 15,8+0,46

18 18,1£0,39 19,310,31 19,840,42

8 30,4+0,44 31,6+0,35 32,5+0,47
CanbHbIX Xenes 12 29,8+0,49 30,9+0,43 31,8+0,51

18 24,3+0,37 25,1£0,39 25,9+0,44

8 20,9+0,28 22,4+0,33 23,1+0,29
MOTOBbIX Xene3 12 20,4+0,35 21,8+0,36 22,7+0,31

18 16,5+0,30 18,3+0,29 19,6+0,34
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YCTaHOBMNEHO, YTO BOMOCSHbIE JYKOBULIbI, CarlbHbIE 1 NOTOBbIE Xenesbl pacnofiaratoTcs B NUsp-
HOM cnoe Koxw. lMpu 3TOM Ha rny6uHy 3aneraHns AaHHbIX OPraHOB OCHOBHOE BIMSHWE OKa3blBAET BO3-
pacT. Y BCex NOAOMbITHBIX XUBOTHBIX C BO3PACTOM, HE3aBMCUMO OT Ce30Ha roaa, rnybuHa saneraHus yse-
nuynBanach. BonocsHble nykoBULbl M NOTOBbIE Xenesbl pacrnonaranucb Brke K HUKHER rpaHu, a canb-
Hbl€ Xenesbl, HA0bOPOT, K BEPXHEN rpaHu nunspHoro cnos. Camas 6onblias rnybuHa 3aneraHus BO Bce
BO3pacTHble Nepuoabl 0TMeYeHa y ObI4KOB KanMbILKoi nopogsl. B Bo3pacTe 18 mec. pasHuua no cpaBHe-
HWIO ¢ Bblukamm | v Il rpynn cocTaBuna no 3aneraHnio BOMOCSHbIX JYKOBUL, COOTBETCTBEHHO 220,7 MKM
(15,8%; P<0,001) n 121,6 mkm (8,1%; P<0,001), canbHbix xene3 — 197,1 mkm (34,8%; P<0,001)
n 117,6 mkm (18,2%; P<0,001), notosbIx xene3 — 223,9 mkm (15,9%; P<0,001) u 121,7 mkm (8,1%;
P<0,001). U3yyeHne NnoTHOCTK pacronoXeHUs Xenesa KOXXHOro NokpoBa Ha 1 MM2 ee NOBEPXHOCTH MoKa-
3arno, YTO KOMMYEeCTBO BOMOCSHBIX JTYKOBWUL, NOABEPKEHO BMUSHMIO OCOBEHHOCTEN Ce30Ha roaa B nepuos
OYepeaHON NMUHBKK, @ KONMYECTBO CambHbIX U MOTOBbIX Xene3 M3MEHSIeTCs B 3aBMCMMOCTW OT BO3pacTa
KUBOTHBIX.

B 8 mec. Bo3pacTHOM Nepuof NpUXOAMICA Ha KOHeL, HOsbps Havarno Aekabpsi, OCEHHSS NMHbKA Y
OblYKOB MpaKTMYECKM 3akoHYMnach. 1o KONMMYecTBY BOMOCSHbLIX JYKOBWL HA 1 MMZ KOXW KMBOTHble
Il rpynnbl npeBocxoaunu ceoux ceepcTHrkoB | 1 Il rpynn Ha 1,5 wr. (8,3%; P<0,01) n 0,3 wr. (1,6%). Bos-
pact 12 MecC. NPWUXOAWNICA Ha OKOHYaHWe BECEHHEW IMHbKW. YCTAHOBMIEHO, YTO MO CPaBHEHMUIO
C 8-MeCcs4YHbIM BO3PACTOM, B XOZ€ BECEHHEN NMMNHBKW, KONMMYECTBO BOMOCSAHbIX NYKOBWL, YMEHbLUMIOCH, CO-
OTBETCTBEHHO, NO rpynnam Ha 2,8 wr. (16,1%; P<0,001); 2,9 wr. (15,7%; P<0,001); 3,1 wrt. (16,4%;
P<0,001). KonmyecTBO BOMOCAHbBIX NyKoBUL, Ha 1 MM2 KOXW Bbino Borblue Yy 6bIYKOB KanMbILKOW NOPOAb!,
Mo CpPaBHEHUIO C YepHO-NecTpoit 1 BecTyxesckoin nopogon, Ha 1,2 wr. (8,2%; P<0,05) n 0,2 wr. (1,3%).
B Bo3pacTe 18 Mec., B X04e OCEHHEN NMHBKI, KOMMYECTBO BOMOCSHbBIX NYKOBWL, HA 1 MM2 KOXMW YBENNYK-
NoCb, COOTBETCTBEHHO, MO rpynnam Ha 3,5 wr. (24,0%; P<0,001); 3,7 wr. (23,7%; P<0,001); 4,0 wr.
(25,3%; P<0,001). PasHuua no konmyectsy BOMOCAHbIX JyKOBWL, B Bo3pacte 18 Mec. coctaBuna mexay
Bbiykamu 111 rpynnel u ux ceepctHukamu | u Il rpynn, cootBetcTBeHHo, 1,7 wr. (9,4%; P<0,01) n 0,5 wr.
(2,6%). OnHamuka Konm4yecTBa CanbHbIX 1 MOTOBLIX Xene3 Ha 1 MM2 KOXu Oblna MeHee BbipaxeHa, YeM Y
BOMOCSHBIX NyKOBML, Npu 3TOM 6onee noaBepxeHa BIUSHUI0 BO3PACTHbIX U3MEHEHUI B OpraHuame Obly-
KOB. YCTaHOBNEHa TEHAEHUMS YMEHbLUEHUS! KONMYECTBa CarlbHbIX M MOTOBbIX Xere3 Ha 1 MM2 KOXu Xu-
BOTHbIX C BO3pacToM.

3aknroveHue. B pesynbtarte pocta 1 pasBuTUs BbIYKOB, MPU CMEHE CE30HOB FOAA, XMBOTHbIE Me-
HAIKOT BOSOCAHOM MOKPOB, aAanTupysiCh K U3MEHEHMIO NOTOAHbIX YCHOBWIA. Mpy 3TOM Ka4ecTBO BOMOCAHOMO
MOKPOBA 3HAYNTENbHO PasfNyaeTCs B COOTBETCTBUM C HanpaBfeHMEM NPOLYKTUBHOCTW MOPOAb! XMBOT-
HbIX. YCTAHOBNEHO TakxKe CYLLECTBEHHOE BIIMSHUE HA Ka4eCTBO BOSIOCSHOTO MOKPOBA MOrOAHbIX YCMOBMM,
CBSI3aHHbIX C Ce30HaMu rofa. McTonornyeckune NccnegoBaHNs KOXIU Nokasani, 4To NpPU3HaKKM, Xapaktepu-
3yloLiMe Ka4yecTBO BOSIOCSHOMO MOKPOBa, 0OYCIIOBMEHbI PasnMyniMi B CTPOEHUM KOXM, a Takke Konuue-
CTBOM W PacnofiOKEHUEM XKere3 KOXHOro nokposa. Moatomy, npu Beibope crnocoba copepxanus ObI4KoB,
HeobXxoa4MMOo yunTbIBaTb AaHHbIE OCOBEHHOCTU KOXHOIO 1 BOSIOCSHOMO NOKPOBA Y U3Y4YaeMbIX NOPOS,.
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Llenb uccnedosaHuli — nogbiwieHUe nuwegol u buonoauyeckoll UeHHocmu Mmsca ubinasim-bpolinepos 3a
CYém ucnonb308aHUs 8 pauuoHax npenapama KaponuH cosMecmHo ¢ npobuomudeckumu npenapamamu. B meve-
Hue onbima bpolinepam ONbIMHbIX 2pyNN 8 PayUOHbI 8KTKYaIU UchbimyeMble npenapamel: Ubinnsgma-bpolinepni
1- onbImHOU 2pynnbI NoMy4anu NOTHOPaUUOHHBIU Kombukopm ¢ 2,5 1 npenapama Kaponur u 350 2 npobuomuka
Cybmunuc Ha 1 m kombukopma; Ubinisima-6polnepb! 2-0 onbIMHOU 2pynnbi NOyYanu NOTHOPAUUOHHLII KOoM6U-
Kopm ¢ 2,5 n1 npenapama Kaponux u 2 ke npobuomuka bauenn-M Ha 1 m kombukopma; ubinissma-bpolneps!
3-0i onbIMHOU 2pynnbl NOMyYanu NOMHOPAUUOHHbII KOMOUKopM ¢ 2,5 1 npenapama Kaponux u 1 k2 npobuomuka
Uennobakmepun-T Ha 1 m kombukopma. B npouecce uccnedogaHull ycmaHOBIeHOo, YMO UCNOoMb308aHuUe 8 payuo-
Hax ubInism-bpolinepos usy4aeMbix npenapamos cnocobemeyem nosbIieHUIo nuuesol U 6uono2u4eckol YeHHO-
cmu epydHbIX MbIwy, NodonkImHOU nmuubl. MccnedosaHusi XUMUYECKO20 cocmaga Msica MoIoOHsKa nodonbImHOU
nmuubi cgudemenibcmeosanu 0 mom, Ymo y bpolinepos 1-, 2- u 3-0 onbIMHbIX 2pynn 8 2PyOHbIX Mbiluyax co0epxa-
J10cb MeHble enazau, coomeememeeHHo, Ha 0,16, 0,24 (P<0,05) u 0,35 % (P<0,01); 6oniblie opaaHu4ecko20 selye-
cmea — Ha 0,17 (P<0,05), 0,25 (P<0,01) u 0,35 % (P<0,01); 6enka — Ha 0,24 (P<0,05), 0,29 (P<0,05) u 0,58 %
(P<0,001), yem y ubinnsgm KOHMPObHOU 2pynnkl. 1o cpasHeHU ¢ nmuyeli KOHMPObHOU 2PyNNbl, MACO ePYOHbIX
MbIWY, UbInIsim-6polinepos onbImHbIX 2pynn umeem bonee 8bICOKyH buOMO2UYecKass UEHHOCMb U KynuHapHO-
mexHosozuYyeckue nokazamenu. Jlydwiue nokazamenu Kka4ecmea Msica 8bISI8NIEHbI y NMuUbI 3-U 0NbIMHOL 2pynnbI.
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The aim of the research is to increase the nutritional and biological value of broiler chicken meat through the use of
Karolin in the diets together with probiotic drugs. During the experiment, the tested preparations were included in the
rations of the broilers of the experimental groups: broiler chickens of the 1st experimental group received an ade-
quate compound feed with 2.5 liters of the preparation Karolin and 350 g of the probiotic Subtilis per 1 ton of com-
pound feed; broiler chickens of the 2nd experimental group received an adequate compound feed with 2.5 liters of
the preparation Karolin and 2 kg of the probiotic Bacell-M per 1 ton of compound feed; broiler chickens of the 3rd
experimental group received an adequate compound feed with 2.5 liters of the drug Karolin and 1 kg of the probiotic
Cellobacterin-T per 1 ton of compound feed. In the course of research, it was found that the use of the studied prepa-
rations in the diets of broiler chickens contributes to an increase in the nutritional and biological value of the pectoral
muscles of the experimental bird. Studies of the chemical composition of the meat of young experimental poultry
indicated that broilers of the 1st, 2nd and 3rd experimental groups contained less moisture in the pectoral muscles,
respectively, by 0.16, 0.24 (P<0.05) and 0.35% (P<0.01); more organic matter — by 0.17 (P<0.05), 0.25 (P<0.01) and
0.35% (P<0.01); protein — by 0.24 (P<0.05), 0.29 (P<0.05) and 0.58% (P<0.001) than in control group chickens.
Compared with the poultry of the control group, the meat of the pectoral muscles of broiler chickens of the experi-
mental groups has a higher biological value and culinary and technological indicators. The best indicators of meat
quality were found in poultry of the 3rd experimental group.

Keywords: broiler chickens, compound feed, Karolin, probiotics, meat quality.

For citation: Zlepkina, N. A., Salomatin, V. V. Varakin, A. T. & Zlepkin, V. A. (2023). Broiler chicken meat quality
when feeding biologically active drugs. lzvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin
Samara State Agricultural Academy), 3, 83-88 (in Russ.). doi: 10.55170/19973225_2023_8_3_83

B psige uccnenosaHuin ybeauTenbHO nokasaHa HeoBXOAMMOCTb W BaXHOCTb MOBbILLEHUS 6UOno-
MYECKON MOMHOLEHHOCT PaLMOHOB 3a CHET MCMOSb30BaHUS A EKTUBHBLIX KOPMOBBIX CpeacTB [1-5].

[ns panbHenLWwero CoBepLUEHCTBOBAHMS TEXHOMOMMN BeeHUs NTULEBOACTBA MHOMMe 1ccneaoBa-
HWS YYEHbIX TaKKe NOCBSLLEHbI MOBBILLEHMIO KAaYECTBEHHBIX MoKasaTenemn msca 6poinnepos npu BBEAEHUM
B paUMoH BMONOrMYECKN akTUBHbIX KOPMOBLIX A0BaBOK M npenapaTos [6-10].

Tak, JlykaweHko B. v gp. [11] noguépknBatoT, 4To UCMONb30BaHME NPOBUOTUKOB B TEXHOMOWN Bbl-
paLMBaHNs LbINnaT-6ponnepoB ABNSETCS OAHUM M3 3PdeKTUBHbIX CNOCO60B NPOUNAKTUKM Xenyaoy-
HbIX BOnesHemn, OCHOBaHHbLIX Ha 3KOMOrnyeckn BesonacHbIX MexaHu3mMax nofaepKaHus BbICOKOTO YPOBHS
KOMOHM3ALMOHHON PE3NCTEHTHOCTH KULLEYHMKA, HA CTUMYNIALMAW OTKOPMa NTULbI.

V3-3a pedpmymta B KOPMIEHWUN LbINAAT-0pOnNnepoB KyKypy3bl U TPABSHOW MyKU, KOTOPbIE SBASIOT-
CSl OCHOBHbIMW UCTOYHMKaMK KapOTUHOMA0B, 0COBEHHO aKTyarieH Bonpoc obecneyeHns NTULbl KapoTUHCO-
AepXalymy npenapaTtamu.

B cBs3n ¢ 9TUM, U3y4eHue BNUSHWUS npenapaTta KaponuH COBMECTHO ¢ NpobuoTukamu Ha Kave-
CTBEHHbIE MOKasaTenn Maca b6ponnepoB ABISETCS akTyarnbHbIM U UMEET NPAKTUYECKOE 3HAYEHME.

Lenb uccnedosaHuli — NOBbIWEHME MWLEBOA W BWUOMOTMYECKOM LEHHOCTW Msca LbINasT-
OpolinepoB 3a CYET WUCMOMbL3OBAHWS B pauuoHax npenapata KapomuH COBMECTHO C MpoBuoThveckumm
npenapatamu.

3adayu uccnedosaHull — N3y4nTb XMMUYECKMIA COCTAB MsiCa rPYAHbIX MbILLL, LibINAST-6poinepos,
X BUONOMNYECKYIO LIEHHOCTb M OMPedeniTb KyNIMHAPHO-TEXHONOMYECKUe NoKasaTenm kayecTsa Msca npu
BKIMOYEHUM B paLyoHbl npenapata KaponuH B coyetaHun ¢ npobuotukamu (Cybtunuc, bauenn-M, Llen-
nobakrepuH-T).

Mamepuan u mMemoOb! uccrnedosaHull. [Ins BbiMOMHEHNS HAYYHO-XO3ANCTBEHHOTO OMbiTa
chopmupoBanu 4 rpynnbl UbINAST-OpoinepoB: ogHa M3 HWX — 6a30BOrO0 BapuaHTa (KOHTPOmbHas)
n 3 onbiTHbIX. Mpy 3TOM Mcnonb3oBann NTuly kpocca «Pocc-308», HauMHas C  CYTOYHOrO BO3pacTa.
B kaxayto rpynny Obinn BKAOYEHbI MO 50 UpINAAT. JKCNepUMeHTanbHble MCCNeA0BaHWS BbIMOMHUIMN
B AO «[Mtuuechabpuka KpacHogoHckas» VinoenuHckoro paitoHa Bonrorpaackon obnacti. B cootBeTcTBUM
C NPUHSATON TEXHOMOMMEN MONOAHSK pa3MeLLani B Kopnyce C HanosbHbIM CogepxaHueM Ha riybokon noa-
CTUIKE B CneyuanbHO OTrOPOKEHHbIX cekumsx. Cpok BbipalymeaHus Gpoitnepos coctasun 40 gHen.

[NokasaTenu MUKpOKNMMaTa NoMeLLEHUs MO CPaBHMBAEMbIM rpynnam LsinnsaT-6ponnepos He pas-
nuyanuchb. BbipalmBanu nogonbITHYO NTULY MsACHOro kpocca «Pocc-308» cornacHo pekoMeHzauusm.
E€ kopmneHue BbIMOMHANM BPYYHYKO C pasdadeit Kombukopma B cneuuasbHble KopMywku. CmeluvBaHue
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N3yyaeMblx NpenapaToB ¢ KOMOUKOPMOM MPOBOAMIOCH CTyneHyato. [oeHne Bponnepos OCyLLeCTBNANM
BBOJKO.

MMoponbITHEIM Gpoiinepam, ¢ Y4ETOM a3 VX BblpallMBaHUS, B PALMOHbI BBOAMIMN MOMHOPALMOH-
Hble kombukopma ([1K). Tak, ¢ 1 no 4 cytkm ucnonbsosanu MK-0, ¢ 5 no 14 - MK-2, ¢ 15 no 28 - IK-5,
¢ 29 no 34 - IK-6, ¢ 35 no 40 cytkn — MK-7. OcobeHHOCTAMM BblpaLLMBaHWS LbINAsAT 6bINo TO, YTO LbINns-
TaM BCeX OMbITHbIX rpynn B gononHexue Kk MK ckapmmveanu no 2,5 n npenapata KaponuH B pacyéte
Ha 1 T kombukopma. Kpome Toro, ntuue 1-i onbITHOW rpynmbl AononHuTensHo 3agasanm 0,35 kr npobuoty-
ka Cyb6Tunuc, 2-i onbiTHOM — 2,0 kr npobuoTtuka bauenn-M, 3-i onbiTHON rpynnbl — 1,0 kr npobuoTuka
LlennobaktepuH-T 13 pacyéta Ha 1 T kombukopma.

B 40-gHeBHOM BoO3pacTe UbINNAT-OpONnepoB NpOBENN KOHTPOMbHbIA YOON M aHAaTOMUYECKYHO
pasgernky Tywek. [ns KOHTponbHoro y6os 6bino B3ATO U3 KaxaoW CpaBHMBAEMOW rpynnbl Mo 6 ronos
(3 netywka n 3 Kypouku). ns onpegeneHns XMMWYECKOTrO COCTaBa, SHEPreTMHECKoin 1 BKUonornieckon
LUEHHOCTW, a Takke TEXHONOTMYEeCKNX CBOMCTB MbILLIEYHON TKaHW Oblna OCyLlecTBeHa aHaToMuUyeckast
pasgenka TyLek 1 oTobpaHbl cpeaHue 0bpasubl rpyaHbIX MbILL. AHaTOMUYECKas pasgenka TyLek npoBo-
aunack B cooteTcTBUN ¢ MeToaukoin BHUTWM (B. C. fykawenko, M. A. Nlbicenko, T. A. Ctonnsp v gp.,
2013).

PesynbTaThl 3KCMepUMEHTanbHbIX UccnesoBaHnii Beinn 0bpaboTaHbl METogoM BapUaLMOHHO
CTaTUCTUKL.

Pesynbmambi uccnedosaHull. [Ins OUEHKN MSCHOW MPOAYKTUBHOCTM CENbCKOXO3SNCTBEHHOIA
NTULbI BaXHbIM SBNSETCS KAYECTBO NOMy4aemMoro Msca.

AHanm3a XxMMn4eckoro coctaBa Msica sIBNSeTC 00BbEKTUBHBIM METOLOM €ro OLeHKM [12].

[laHHble nccnefoBaHns XMMUYECKOrO COCTaBa rPYaHbIX MbILLL, NOAOMbITHOM NTULbI CPaBHUBAEMBIX
rpynn npueeaeHbl B Tabnuue 1.

Tabnuua 1
XUMUYECKUIA COCTAB MSCA MPYAHbIX MbILUL, LbINNSAT-6poiiepos
Fpynna [Nokasatenb
Bnara benok XKup 3ona
KoHTponbHas 73,68+0,06 22,39+0,08 2,94+0,12 0,99+0,01
1-9 onbITHas 73,52+0,05 22,63+0,06* 2,87+0,03 0,98+0,01
2-91 ONbITHasA 73,44+0,05* 22,68+0,06* 2,90+0,09 0,98+0,01
3-91 onbITHas 73,33+0,08** 22,97+0,05*** 2,71+0,12 0,99+0,02

Mpumeyanue. * - P<0,05; ** - P<0,01; *** - P<0,001.

CornacHo nony4YeHHbIM pesynbTatam UCCMefoBaHNs, MEHbLUE Bark B MSCe rpyaHbIX MbllL, W, B
CBSA3W C 3TUM, NPEUMYLLECTBO MO COAEPKAHMIO B HUX CYXOro BELLECTBa UMena nTula OnbITHbIX rpynn. Tak,
cofepxaHue Brarv B rpyaHbIX MbllLax GpornepoB KOHTPOSbHOM rpynnbl 6bino pasHbIM 73,68%, y Gpoi-
nepos 1-i OMbITHOW rPynMbl OTMEYEHO e€ CHkeHue, cocTasmaLuee 0,16%; Npu OCTOBEPHOW pasHuLe
Bpoitnepos 2-i 1 B 3-1 OMbITHBIX rPynn CO0TBETCTBEHHO, Ha 0,24 1 0,35%. Mpu 3TOM NokasaTtenb cogep-
XaHus 6enka B uccneayeMblx MbilLaXx LbINAsT B KOHTpone cocTasun 22,39%, a y NTULbl ONbITHLIX Fpynn
OH 6bINn C JOCTOBEPHBIM NPEUMYLLECTBOM, COOTBETCTBEHHO Ha 0,24; 0,29 1 0,58%.

OpgHako y ubinnaT-6poitnepoB 6a3oBOro BapuaHTa CoaepaHue Xupa B rpyaHbIX Mbiwuax Obino
BbISIBNEHO BbILLE, YeM B 1-i1, 2-11 1 3-1 ONbITHLIX rpynnax, cootBeTcTBeHHo, Ha 0,07; 0,04 n 0,23%. Bmecte
C 3TUM, CYLLECTBEHHbIX Pa3nnynid No COLEPXaHMIO 3011kl B MSICE PYAHBIX MbILL Y NOAOMbITHBIX Bpoinne-
POB Mexay rpynnamm He Bbino YCTaHOBNEHO.

B uenom upinnsdTa B KOHTPONE MMENU nokasaTeNb COAEepXKaHUs OpraHMYeckoro BeLlecTsa B UC-
cnegyemblx Mblwax 25,33 %, a B OMbITHbIX rpynnax oH Obin ¢ npeumywectsom Ha 0,17 (P<0,05),
0,25 (P<0,01) n 0,35% (P<0,01) cooTBETCTBEHHO. OHEPreTUYECKAs LIEHHOCTb MSiCa rPYAHbIX MbILUL, LbIM-
nAT-0poiNepoB CyLEeCTBEHHO He pasnuyanack u coctasuna no rpynnam (MIx/Kr), COOTBETCTBEHHO,
4,9940,03; 5,00+0,01; 5,02+0,03 1 4,99+0,04.

Mpw onpepeneHun kavyecTa Msca BaxHOE 3HayeHne UMeeT cocTas ero benkos. MoaTomy Heob-
XOAUMO 3HaTb COOTHOLUEHWE MOSHOLIEHHbIX M HEMONHOLEHHbIX 6eMnKkoB, KOTOpOe BbipaxaeTtcs 6enkoso-
KayecTBEHHbIM nokasatesnem (bKIT).
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PesynbTtathl uccnegosanus (puc. 1) nokasanum, 4to cogepxaHue TpuntoaHa B MACE rPyaHbIX
MbILL, UbinnaT-BpoinepoB 6a30Boro BapuaHta 6bino paBHbIM 1,47%, Npu YCTAHOBMEHHOM MO HEMY
[OCTOBEPHOM MpeumyllectBe Yy ntuubl 1-i onbiTHoW rpynnbl Ha 0,07% (P<0,05), 2-1 onbiTHOM —
Ha 0,09 (P<0,05) u 3-i onbiTHOM rpynnbl — Ha 0,11% (P<0,01). OgHako copepxaHue OKCUNPOnuHa B U3y-
YaeMOW MbILIEYHOW TKaHW Y MOAOMBITHOrO MOMOAHSKA MEXAY rpynnamu CyLECTBEHHO He pasnmyanoch u
Bapbuposasno ot 0,35 8o 0,36%.

4,5

3,5

B KOoHTpO/bHaA

2,5 M 1-9 onbiTHaA

2 2-A ONbITHaA

1,5 - M 3-a onbITHaA

0,5 A

TpuntodaH (%) OKkcunponvH (%) benkoBo-Ka4yecTBeHHbIN
nokasartenb (BKM)

Puc. 1. bruonoriyeckast LEHHOCTb Msica rPYAHbIX MbILLIL, MOACMLITHON NTULb

B msice rpyaHbix MbIWwL Yy UbinngaT Obino BbiBNeHO BapbupoBaHue BKIT mexagy rpynnamu —
o1 4,20 go 4,51. Mpuuém, B koHTpone BKIT coctasun 4,20, uto yctynaeT 1-i onbiTHoi rpynne Ha 1,90%,
2-i onbITHOM — Ha 3,10 1 3-1 onbITHOM rpynne — Ha 7,38%.

KayecTBO Mpou3BeEHHOrO MsCa Takke B3aMMOCBSI3aHO C TEXHOIOrMYeCKMMW CBOMCTBaMM. Ero
KynMHapHas LLEHHOCTb B 3HAYNTENbHOW CTEMEHW HaXOQMTCA B 3aBMCUMMOCTW OT nocnefHux. [laHHble uc-
CrnefoBaHWsa KynHapHo-TexHorornyeckoro nokasartens (KTI) msca rpyaHbiX MbllwL NOZOMBITHON NTULbI
OTpaxeHbl B Tabnuue 2.

Tabnuua 2
KynnHapHO-TEXHONOTMYECKNE CBOMCTBA MbILLIEYHON TKaHW LbINIsST-Opoinepos
Foynna Nokasarenb

Bogocsssbisatoas cnocobHocTb, % YBapueaemocTb, % KTn
KoHTponbHas 59,08+0,13 35,22+0,11 1,68
1-9 onbITHas 59,38+0,07 34,82+0,11* 1,70
2-91 ONbITHasA 59,46+0,09* 34,68+0,11** 1,71
3-91 onbITHas 59,72+0,12** 34,43+0,09** 1,73

Mpumeyanue. * - P<0,05; ** - P<0,01; *** — P<0,001.

CnepyeTt OTMETUTb, YCTAHOBNEHO NONOXWUTENbHOE BIMSHWE CKapMMBAHWUS MCTMbITYEMbIX npena-
paToB Ha KyNWHAPHYI LIEHHOCTb NPOM3BEAEHHOIO Msica. B KOHTPOMBHOM rpynne BOAOCBA3bIBAOLAsA Cro-
COBHOCTb Msica rpyAHbIX Mbilwl GpoiinepoB BbisiBneHa paBHoi 59,08%, 4TO HWXe Takoro mokasaTens
B 1- onbiTHOW rpynne Ha 0,30%, BO 2-1 1 3-1 OMbITHLIX FPynnax ¢ 4OCTOBEPHOM pa3Huuen — Ha 0,38 u
0,64% cooTBeTCTBEHHO. [0ONOXUTENBHBIM TaKKe SBNSETCS TO, YTO NoKasaTesb YBapUBaeMOCTW UCCneay-
€MOil MbILLIEYHOI TKaHW B KOHTporne coctaBun 35,22%, a B ONbITHbIX rpynnax OTMEYEHO ero CHUXEHUE npu
poctoBepHoit pasHuue Ha 0,40; 0,54 1 0,79%. KTI msca y nTuysl B 1-1 ONbITHOW rpynne NoBbICUCA Ha
1,19%, BO 2-i1 onbITHOM — Ha 1,79 1 B 3-i1 onbITHON — Ha 2,98%.
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[ns panbHenwen oueHKn NoTpebuTenbCkux KayecTs NPOM3BEAEHHON NPOAYKLMK BbINo BbINOMHE-
HO 1CCreoBaHMe No OpraHoONENTUYeCKon oLeHke BynboHa, BapéHOro 1 xapeHoro msica. CornacHo obuen
OLEHKe, MokasaTenb KayecTBa BynboHa M3 Msca LbinnaT-6ponnepos B 6a30BoM BapuaHTe Obinl paBHbIM
3,77 6annos, npotus 3,87 6annos — B 1-i onbITHO rpynne, 3,92 — BO 2-i1 onbITHOM M 3,99 — B 311 OMbITHO
rpynne. COOTBETCTBEHHO, Nyullee Ka4yecTBO ByrboHa NOMy4YEHO U3 MSca rPyAHbIX MbILL, NTULbI 3-A rpyn-
nbl. CnegyeT 0TMETUTb, YTO BApEHOMY MSCY MbILIEYHOW TKaHW BPOMNNEPOB OMbITHLIX FPYNN XapakTepHb
CneaytoLLMe CBOWCTBA: COMHOCTb, HEXHOCTb, MSICO C NPUATHBIM 3anaxom 1 Bkycom. Obwuit 6ann BapéHoro
MsiCa MbILIEYHON TkaHW Bponnepos 1-i onbITHOW rpynnbl nosbicuncs Ha 4,01%, 2-i onbiTHOW — Ha 7,02
1 3-i onbITHOM — Ha 10,53 %, NO CPABHEHWIO C KOHTPOIEM.

Bonee BbICOKOM 0DLUEN OLEHKOM KayecTBa XapaKTepu3oBanoch XapeHoe MACO TPYAHbIX MbILuL
NTULBI ONbITHBIX rpynn — 4,15; 4,27 n 4,41 6annoB COOTBETCTBEHHO, C YCTAHOBMNEHHBLIM MPEUMYLLECTBOM
Ha 0,16; 0,28 n 0,42 6anna, No cpaBHEHNIO C LibinnsTamMu-6ponnepamm 6a3oBoro BapuaHTa.

3aknrovenue. Vicnonb3oBaHue B pauyoHax LbinasaT-6ponnepos npenapata KaponnH COBMECTHO ¢
“3y4aeMbIMu NPOBMOTUYECKUMI NpenapaTaM MOBbILLAET MULLEBYIO U BUONOTMYECKYIO LIEHHOCTb MPYAHbIX
MbILUL. JTyyline nokasaTenu kavyecTBa Msica BbISIBMEHbI Y MOMNOAHSIKA, KOTOPOMY BBOAMMNM 2,5 N npenapata
Kaponut coBmecTHo ¢ 1 kr npobuoTuka LiennobakrepuH-T Ha 1 T kombukopma.
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BOCIMPOU3BOAUTEINbHbIE CITOCOBHOCTU KOPOB
N KAYECTBO HOBOPOXAEHHbIX TEJIAT NPU YACTOMNOPOAHOM PA3BELJEHWU
N CKPELLIUBAHWUU KAITIMbILIKOW U MAHOQONOHICKOW NOPONA
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Lens uccnedosaHuli — 0amb 0UeHKy 80cnpou3sodumensHoli cnocoObHOCMU KOpOo8 U Kayecmea HOBOPOX-
OeHHbIX Menam npu YuCmMonopoOHOM passedeHuU U CKpeuUsaHuU KaambIukol u MaHO0IO0H2CKOU nopod MSCHO20
ckoma. M3yyeHue enusiHus Memoda YyucmonopoOHO20 pas3eedeHus U CKpewusaHus KanMbIykol U MaHOO0MOH2CKOU
nopod MACHO20 cKoma Ha 80CnpPoU3sodUMEsTbHbIE CNOCOBHOCMU KOPO8 U Ka4ecmeo HOBOPOXOEHHbIX Mensim npo-
goduru 8 ycrosusix ghepmepckozo xosslicmea «MIM byeaesa B.C.» Camapckol obnacmu. Mamepuanom uccrnedo-
8aHUL CyXunu Koposbl KanmbIiykol, MaHOO0MOH2CKOU Nopod U UX NOMECU NEP8020 NOKOMEHUS, @ MaKxe HOBOPOX-
OeHHble menama 8 nepeble CymKu nocne poxAeHus. Y Ho80pOXAeHHbIX BbIHKO8 KanMbIUKOU U MaHOO0I0H2CKOU no-
po0, @ makxe nomeceli Nnepgo20 U 8MOPO20 NOKOMEHUL U3ydasnu epemMsi NPOSBEHUS OCHOBHbIX (hU3UOT02UYECKUX
peakyuli: ecmagaHue Ha Hoau, nposigrieHue pechriekca cocaHusi, nompebneHue nepgoll Nopyuu Mono3usa, 0bbem
nompebieHHO20 MOI03U8a OMHOCUMENBHO XUBOU Macchl mefieHka. YcmaHoeneHo, Ymo 8 c8s3u ¢ 6osbwol pas-
Huyel no xusoli macce y kopos U bbIkos npu MEXNOPOOHOM CKpeujusaHuU, NOMeCHbIe menisima nepeo2o NoKose-
Husi poxdanuck KpynHbiMu — 7,05-7,94% omHocumenbHO Xueol macchi Mamepu, 8 pe3ynbmame 00715 0mesnos ¢
ocnoxHeHuamu cocmasuna 20,0%. Tensama, poduswiuecs npu omenax ¢ OCIOXHeHUAMU medneHHee adanmupy-
Iomcs K ycrnogusiM okpyxatowel cpedsl, y HUx cnabee nposiensiemcs ¢husuonoauyeckass akmusHocms. llepsyto
nopyUK MOoo3uea NoMecHble bbiKU U3 npobnemHol epynnbl nompebunu no30Hee hu3uoNI02u4eckol HOPMbI Ha
9,3-15,4 MuH 8 06BEME, OMHOCUMENBHO UX XUgoU Macchbl, MeHbwe Ha 1,60-1,66% (P<0,001). Moamomy dns ckpe-
WueaHus1 KanMbiukoli u MaHOOoMoHackol nopod ymobbl usbexamb mpyOHbIX omenog Heobxodumo ombupamb
MOJIbKO NOTHOBO3PAaCMHbIX, XOPOWO pa3gUMbIX, C 8bICOKOU XUBOU Maccol Kopos KanmbIukol nopodb!.

KntoueBble cnosa: nopoaa, Koposbl, ONn0A0TBOPAEMOCTb, TPYAHbIE OTEIbl, HOBOPOXAEHHbIE ObluKK, Ka4ecTBO
Tenqar.
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REPRODUCTIVE ABILITIES OF COWS AND THE QUALITY OF NEWBORN CALVES
DURING PUREBRED BREEDING AND CROSSING OF KALMYK
AND MANDOLONG BREEDS
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The purpose of the research is to assess the reproductive ability of cows and the quality of newborn calves during
purebred breeding and crossing of Kalmyk and Mandolong breeds of beef cattle. The study of the influence of the
method of purebred breeding and crossing of Kalmyk and Mandolong breeds of beef cattle on the reproductive abili-
ties of cows and the quality of newborn calves was carried out in the conditions of the farm «IP Bugaeva V.S.» of the
Samara region. The research materials were Kalmyk and Mandolong cows and their first-generation crossbreeds, as
well as newborn calves on the first day after birth. In newborn calves of the Kalmyk and Mandolong breeds, as well
as first- and second-generation calves, the time of manifestation of the main physiological reactions was studied:
getting on their feet, the manifestation of the sucking reflex, consumption of the first portion of colostrum, the volume
of colostrum consumed relative to the live weight of the calf. It was found that due to the large difference in live
weight in cows and bulls during interbreeding, crossbreed calves of the first generation were born large — 7.05-7.94%
relative to the live weight of the mother, as a result, the proportion of calving with complications was 20.0%. Calves
born during calving with complications adapt more slowly to environmental conditions, their physiological activity is
weaker. The first portion of colostrum was consumed by crossbred bulls from the problem group later than the physi-
ological norm by 9.3-15.4 minutes in volume, relative to their live weight, less by 1.60-1.66% (P<0.001). Therefore, to
cross Kalmyk and Mandolong breeds, in order to avoid difficult calving, it is necessary to select only full-aged, well-
developed, with a high live weight cows of the Kalmyk breed.

Keywords: breed, cows, fertility, difficult calving, newborn bulls, quality of calves.

For citation: Negmatov, H. M., Gubaidullin, N. M., Tagirov, H. H., Gazeev, |. R. & Minibaev, V. R. (2023). Reproduc-
tive abilities of cows and the quality of newborn calves during purebred breeding and crossing of Kaimyk and Mando-
long breeds. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara state agricultural
academy), 3, 89-96 (in Russ.). doi: 10.55170/19973225_2023_8_3_89

OcHoBHasi 3afjava, koTopasi CTOMT nepeq arponpoMbILLNEHHbIM KoMnnekcom Poccuiickon depe-
pauuu, — HaCblLLEeHWe BHYTPEHHErO PbiHKA JOCTYMHbIMWA BbICOKOKAYECTBEHHBIMI NPOAYKTAMMU MUTAHUS Ku-
BOTHOIO NMPOMCXOXAEHMS 1, B MEPBYI0 04epeab, MAcoM. Msco B paLuoHe YeroBeka 3aH1MaeT O4eHb Bax-
HOE MECTO, ABNSASICb MCTOYHUKOM Berka XMBOTHOTO MPOUCXOXAEHMS, HE3aMEHUMbIX aMUHOKUCIIOT W Lieno-
ro psga apyrux, He MeHee BaXHbIX AN OpraHu3ma areMeHToB. MHCTUTYT NUTaHWS akagemun MeguumnH-
CKux Hayk P® pekomeHayeT notpebneHne msca, 13 pacyeTta Ha AyLly HaceneHus,, 82 Kr B rod, B TOM Y1cne
roBsiguHbl — 43% (35,3 kr). Mpu aTtom B Poccum Bcerga CyllectsoBan geduynt Nnpon3BoacTBa Msca, KoTo-
pbi B HacTosee Bpemsi coctasnseT 18%, a rossguHel — 50% [1-6].

MwupoBOI OMbIT NOKa3bIBAET, YTO YAOBNETBOPEHNE CMPOCA Ha rOBAAMHY B LOCTAaTOMHOM 0Obeme
HEBO3MOXHO 6e3 pa3BuTUS CreLmanm3npoBaHHOrO MACHOMO CkoToBoACTBa. B Poccun fons nponssoactaa
rOBSIAMHbI OT pa3BefeHNs YUCTOMOPOSHOMO U MOMECHOMO CKOTa MSICHOTO HanpaBrieHuUst COCTaBSIET OKOSI0
20%, B T0 Bpems Kak B CLUA n KaHape aToT nokasatens gocturaet 70-75%, B Asctpanumn — 85%, B cTpa-
Hax EC - 40-50% [7-9].

BaxHbIM pe3epBOM B NPOW3BOACTBE FOBAAMHBLI ABMNSETCS UHTEHCU(MKALMSA CKOTOBOACTBA M Mo-
BblILUEHWE FeHEeTUYECKOro NoTeHLMana nPoayKTUBHOCTI MSACHBIX NOPO4 KPYMHOro poratoro ckota. o gax-
HbIM CBOAHbIX BOHUTMPOBOK, NpeacTaBneHHbix BHUW nnemenHoro gena, B Poccun anst npomsBoacTea
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roBsiAMHbl Ucnonb3yetcs 19 nopoa 1 TMNOB CMELMan13npOBaHHOTO MSICHOTO CKOTa, pa3BoauUMbIX B 57 pe-
rMoHax. [oMUHMpYioLlee NONOXeHWe B CTPYKTYpPe MOPOA MSCHOTO HanpaBneHWs 3aHuMatoT: abepauH-
aHrycckas nopoga — 41,8%, kanmblukas — 27,1, repecopackas — 15,8, kasaxckas benoronosas — 10,6%,
KoTOpble cpeam 0bLLero NoronoBbs MACHbLIX NopoA coctasnstoT 95,3% [10-14].

[ns yny4weHns MACHbIX POPM, MOBbILIEHNS MACHON NPOAYKTUBHOCTY 1 KayecTBa Msca KamnMbil-
kon nopogbl B 2010-2011 rr. 8 Camapckyto obnacts 13 ABCTpanum Bbini 3aBe3eHbl TENKW, HeTenu n Obiku-
NPOM3BOAUTENI MAHLONOHICKOM Nopoabl. Mopofa XOPOLWO aKKIMMaTU3NPYeTCs B YCOBUSX PE3KO KOHTK-
HeHTanbHoro knumata CpegHero MoBOMKbS, XUBOTHbIE KPYMHBIE, C KPENKOM KOHCTUTYLIMENR, HENPUXOTK-
Bbl€, YCTOMYMBbIE KO MHOTUM 3ab0neBaHNAM, MaTOYHOE MOrOMOBbE XapakTepu3yeTcs BbICOKUMM BOCMPO-
W3BOAMTENbHBIMU KayecTBamu, MOSIOAHSK — BbICOKOM QHEPrueit pocta Npu BbipalMBaHUM U OTKOPME.
EQMHCTBEHHbIN (DAKTOP, KOTOPbIA MOXET 3aTPyAHWUTL UCMOSb30BaHNE MaHLOMNOHICKOW NOPOAbl ANS CKpe-
LWMBAHMS C KanMbILKOM NOPOAOH, — 3TO 3HauMTENbHAsA PasHULA B PasMepe XMBOTHbIX, YTO MOXET CTaTb
NPWUYMHON KPYMHONNOAUS U TPYAHbIX oTeno. [15-18].

Lenb uccnedosaHuil — faTb OLEHKY BOCMPOU3BOAUTENBHOM CMOCOBHOCTM KOPOB 1 KayecTBa Ho-
BOPOXAEHHbIX TENAT NPV YCTOMOPOLHOM Pa3BEAEHUN W CKPELLMBAHUMA KanMbILKOW 1 MaHZAOMOHICKON no-
pOZ, MSICHOTO CKOTa.

3adayu uccnedosaHull — N3y4nTb BNMSHNE METOAA PA3BEAEHNS KANIMbILKOM W MaHZOMOHICKOM
nopog MSICHOTO CKOTa Ha BOCMPOM3BOAMUTENbHbIE CMOCOBHOCTM KOPOB, NETKOCTb OTENoB, (PU3NONor1ye-
CcKne 0CoBEeHHOCTN HOBOPOXAEHHbIX TENAT.

Mamepuan u memodb! uccnedogaHull. /13y4eHne BIUSHUS METOAA YMCTONOPOAHOMO pasBese-
HWS 1 CKPELLMBAHUS KanMbILKOA 1 MaHLOMOHICKON NMOPOA MSICHOMO CKOTa Ha BOCMPOU3BOAUTENbHbIE Cro-
COBHOCTM KOpPOB U KaYeCTBO HOBOPOXAEHHbIX TENAT MPOBOAMAM B YCMOBUSX (DepMEPCKOro X03sncTBa
«MN byraesa B.C.» Camapckoit obnactn. MaTtepuanom uccnefoBaHUM CryXunM KOPOBbI KanMbILKOW,
MaHJOMOHICKON NOPOZ W UX MOMECK NEPBOro NMOKOMEHWS, a Takke HOBOPOXAEHHbIE TENsTa B NepBble CyT-
KW nocne poxaeHus.

[ns n3yyeHus BOCMPON3BOAUTENBHBIX KaYeCTB KOPOB Bblnn CHOPMMPOBAHBI YeTbIpe rPYnMbl Ku-
BOTHbIX nocne 2-3 otena, no 40 ron. B kaxaown, 6e3 Npu3HakoB HapyLLEHWs 300pOBbA: | rp. — yncTonoposa-
Hble Kanmblukorn nopogpl (K), ocemeHsnu Bblkamu Kanmbiukon nopogbl, Il rp. — ynctonopoaHble MaHgo-
noHrckoi nopogdel (M), ocemeHsnu Bbikamm MaHAONOHTCKoN nopoabl, I rp. — yncTonopoaHble KanMbILKoM
nopogpl, 0ceMeHsnM bbikamn MaHAonoHrckon nopodsl, |V rp. — nomecu nepsoro nokoneHus (VaKx%zM),
oceMeHsnNM Oblkam MaHZOSOHICKOM nopoAbl. [Ans 0CeMeHeHMs NOLOMbITHLIX KOPOB UCMOMb30Banu Cro-
cob pyyHoit cryyku. BocnpounsBoauTenbHble kavyecTBa KOPOB OLEHMBANM no OBLLENPUHATLIM B 300TEXHUM
MeToaukam. TpyaHOCTb OTENOB OLeHMBanm no 5-6annsbHom wkarne.

A3 HOBOPOXAEHHbIX TENAT Oblv CPOPMUPOBAHBI YeTbIpe rpynnbl ObIYKOB, POXAEHHbIX NPU CTaH-
[apTHbIX (HOpManbHbIX) OTenax W YeTbipe rpynnbl, POXAEHHbIX MpU OTenax C OCMOXHeHusMu; | rp.
(KOHTPOSIbHAsA) — YUCTONOPOAHbIE KanMblukon nopodbl, |l rp. (KOHTpOMNbHAs) — YMCTONOPOAHbIE MaHZO-
noHrckom nopogel, Il rp. (onbiTHas) — nomecu nepsoro nokonexus (¥2Kx%aM), IV rp. (onbiTHas) — nomecy
BTOpOro nokoneHus (VaKx¥%M). dusnonornyeckne oCobeHHOCTH, CBA3aHHbIE C NPOSBNEHMEM NOBeLEeHYe-
CKUX peaKuui TENAT Nocre poXaeHWs, OLeHUBanu MeToaoM HabniogeHus B TedeHun 24 4 nocne poxae-
Hus. KonnyecTBo noTpebneHHOro Mono3svea onpeaensnm MeTOA0M B3BELUMBAHNS TENAT Ha 3NEKTPOHHbIX
Becax [0 ¥ Nocne cocaHus MaTepu.

Pesynbmamsi uccnedogaHutl. OPPEKTUBHOCTb Pa3BELEHNS KUBOTHbIX, HE3ABMCUMO OT UX MO-
POOHON MPWUHAANEXHOCTU U HanpaBfeHWUs NPOAYKTUBHOCTM, XapaKTepu3yeTCs BOCMPOWU3BOAUTENbHbIMM
CMOCOBHOCTAMM, OT KOTOPbIX 3aBUCAT BO3MOXHOCTM BOCMPOMU3BOACTBA cTaaa (Tabs. 1).

OcHoBHOM Npo6reMor, KOTOPYK MOXHO mpeanonaratb Npu CKPELLMBaHWW KamnMbILKOW 1 MaHZo-
TNOHICKOW Mopog, SIBNSETCA 3HAUUTENbHAS pasHULa B pasMepax XMUBOTHbIX 3TUX ABYX Nopod. MaHaonoHr-
ckas nopoga Goree KpynHas, MO CPaBHEHUIO C KanMbILKOW MOPOLON, XMBas macca Kopos 6onblue
Ha 261 kr (53,6%), 6bikoB-nponssoauTenen — Ha 468 kr (58,8%). B onbiTe pa3HuLa no xmBoit Macce 6bikoB
1 KOPOB KanMmbiLkoit nopogabl coctasuna 309 kr (63,4%), maHgonoHrckoit nopogbl — 516 kr (69,0%), 6bikoB
MaHZOMOHICKON NOpOZbl M KOPOB KanMblLKoW nopogdbl — 772 kr (156,9%). B ¢BSi3W ¢ 9TUM, BEPOSTHOCTb
NONYYEHUs OYEHb KPYMHOrO Mioga Npu CKpeLyyMBaHuy KOPOB KamnMbILKOM NOpoAbl C BblkamMit MaHOOMOHT-
CKOM Nopozbl OCTaTOYHO BENMKA.
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Tabnuua 1
Bocnpown3soanTenbHble kayecTBa KOPOB MK YMCTOMOPOAHOM Pa3BedeHUN U CKPELLMBAHUM

pynna
lNokasaTenb I i m v

[NoronoBsbe KOPOB, ron. 40 40 40 40
YKnBas macca KopoB, Kr 487+5,2 74879 492449 679+5,6
OnnogoteopsiemocTb, ron.%:

oT 1-ro ocemeHeHus 31/77,5 29/72,5 32/80,0 30/75,0

0T 2-r0 OCeMeHeHus 7/117,5 8/20,0 512,5 9/22,5

0T 3-r0 0CeMeHeHus 2/5,0 3/7,5 37,5 112,5
pOAOMKNTENBHOCTD CTENBHOCTY, AHEN 282,732 284,344 1 285,242 9 283,6+3,5
[MpofomknNTEeNBHOCTL OTena, 4 8,60,63 9,3+0,79 10,8+0,72 8,9+0,66
B T.4. OTAENEeHMe nocneaa, u 2,310,11 2,840,15 3,640,19 2,6+0,17
3agepxaHue nocneaa, ron.% - 4/10,0 10/25,0 3/7,5
Oten ¢ ocnoxHeHusMu, ron.% 12,5 6/15,0 8/20,0 4/10,0

ccnenoBaHus nokasanu, YTo 3HaYMTENbHbLIX Pa3nuyuiA o ONIOLOTBOPSEMOCTU KOPOB OT NEPBO-
r0 OCEMEHEHMS Y NOAONbITHBIX XWBOTHBIX He Bbino. Hanbonee Boicokas onnogoTteopsiemoctb (80,0%) oT-
MeYeHa Y KOpOB KarMbILKOW NOpoab! npy cnapueaHum ¢ BbikaMy MaHAOMNOHICKOM NOPOAbI, a caMas Hi13kas
onnogoTeopseMocTb (72,5%) y KOpoB MaHZOMOHICKoN nopogbl. MMpoJonMKMTENBHOCTL CTENBHOCTU KOPOB
KOHTPOSIbHBIX 1 OMbITHBIX rpynn 6bina B pamkax u3nonornyeckon HopMbl.

Bpems npogosmkuTensHOCTM OTena yYnTbIBamM ¢ MOMEHTa MOSIBIIEHUS NepPBbIX CXBATOK A0 OTAe-
nenms nocneaa. Camblil NPOAOMKUTENbHBIN PogoBon nepuog 6in y kopos Il rp. — 10,8 4, a camblit KopoT-
kuia (8,6 1) — y kopos | rp. Mpu aTom B 0Benx rpynnax Bblam KOPOBbI KanMbILKOW NOPOAbI. AHanormyHas
CUTYyaLus OTMeYeHa Mexay rpynnamu 1 no NpoAOIKMTENBHOCTI OTAENEHUs nocrneaa.

Takum 06pa3oM, YCTAHOBIIEHO, YTO YeM BosibLLe pasHuLa Mo XMBOW Macce MeXIy KOpoBOW 1 Bbl-
KOM, OCOBEHHO MpU MEXMOPOAHOM CKpeLLMBaHUM, TeM 60sblue BEPOSTHOCTb (POPMUPOBAHMS KPYMHOMO
nnoga. B pesynbtate B Ill rp. kopoB 0TMe4eHo 2,0% OTEeNoB C OCNOXHEHUAMM, @ B | rp. KOpoB KX 6bIro
2,5% W TO MO NpUYMHE HeNpaBUILHOTO NpeanexaHns Tenexka. OTenbl ¢ 0CNOXHEHUAMU B 6ONbLUNHCTBE
CnyyaeB CTanu OCHOBHON NPUYMHON 3adepxaHns nocnesa y Kopos.

B cooTBeTCTBUM C PU3MONOMNYECKON HOPMOI Macca HOBOPOXKAEHHbIX TENAT OTHOCUTENBHO XMBOM
Macchl MaTepy y KpynHoro poratoro ckota coctasnset 5,0-7,0%. Kak nokasbiBaeT npakTuka, yBenmyeHue
OTHOCMTENbHOM Macchbl nnoaa Gonee 6,5%, ABNAETCA OCHOBHOW NMPUYMHON OTENOB C OCOXHEHUSMU U
POXAeHUs Crabblx HEXU3HECTOCOBHbIX TENAT (Tabn. 2).

Tabnuua 2
dusnonornyeckne 0cobeHHOCTH HOBOPOXAEHHbIX OblykoB npwu CTaHgapTHbIX OTeNnax
lMokasaTenb pynna

I I Il W
Moronosbe GbIYKOB, rof. 16 17 12 16
YKuBas Macca HOBOPOXAEHHBIX, KT 28,3+0,31 48,5+0,49 34,940,35 41,4+0,43
OTHOCVITeJ'IbHaﬂOMacca TENSAT N0 OTHOLIEHWH) K XMBOWA 581+0,03 6.48+0,04 7.05£0,05 6.13£0,04
macce matepu, %
BcTan Ha Horu nocne poxaeHust, MuH 28,6+0,34 32,540,42 34,340,37 30,840,33
[NosiBNeHKe cocaTenbHOro pednekca, M1H 33,7+0,36 38,9+0,51 41,740,44 36,5+0,39
MoTpebneHne nepeoi NopLMY MOS031BA, MUH 42,4+0,48 49,1+0,56 52,8+0,59 47,3£0,51
OBbem NepBoM NOPLMK MONO3NBA, KN 1,48+0,04 2,88+0,07 1,79£0,05 2,32+0,08
O6bem nepsoi ngpumm MOMO031Ba OTHOCUTENBHO XMBON 5,23£0,02 5,04+0,04 512+0,03 561£0,03
Macchl Tenexka, %
KonnyecTBo rnoTkoB 3a BpeMs NepBoro nofcoca 528,644,31 738,545,79 577,4+4,68 703,045,24
BenunynHa 0gHOro rnoTka B CpegHeM, 1 2,840,05 3,940,08 3,110,06 3,31£0,07
MpoaoMKMTENBHOCTL NEPBOro NOACOCA, MUH 6,42+0,06 7,330,09 6,78+0,08 7,61+0,11
Konn4ecTtBo cocaHui B NepBbIe CYTKK 5 5 5 5
06bem noTpebneHHOro MONo3uea 3a CyTKM, Kr 5,48+,13 10,28+0,21 7,08+0,16 8,57+0,18

WHTepecHast TEHAEHUMS MPOCHEXVUBAETCH NMPW U3Y4EHUM KAnMBbILKOA M MAHAOMOHICKOM MOpoA.
YCTaHOBMEHO, YTO MPX YNCTOMOPOLHOM Pa3BeaeHUN OT KOPOB KarMbILKOM nopoabl Gorblie poxaaeTcs
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TENOK, a OT MaHZOMOHICKON nopogabl — ObliukoB. B gaHHOM onbiTe y kopoB | rp. 6blukoB poannocs 42,5%,
[I'rp. - 55,0, Il rp. = 50,0, IV rp. — 47,5%.

MMpu cTaHaapTHbIX oTenax bblukn BO BCEX rpynnax poxaanuchb Kpenkumu, SHeprdHbIMK, 6e3 Bu-
OUMbIX MOPCHONOTMYECKIX U (OU3MONOMNYECKNX OTKMOHEHW B pa3BuTuu. [pn 3TOM camasi Hu3Kast OTHOCH-
TenbHas XuBas macca Tenst 6bina y kanmbliukon nopofbl (5,81%). OTHocuTenbHas xuBas Macca TensT
MaHZonoHrckoi nopogel 6bina bonblue Ha 0,67% (P<0,001), nomecen nepsoro nokonexus — Ha 1,24%
(P<0,001), nomecei BToporo nokoneHus — Ha 0,32% (P<0,001).

3y4yeHne BpeMeHU NPOSIBEHNS Y TENAT NOCNE POXAEHUS OTAENbHbIX PU3NONOrNYECKUX (PYHK-
LW nokasaro, 4To YeM Bonblle OTHOCUTENbHAs XuBas Macca y Tendr, Tem Gonblue ee oTpuULaTensHoe
BNUSIHWE HA AaHHble (huanonornyeckme yHKUMM. BbicTpee Bcex BCTaBanu Ha HOM Mocre POXAEHWs,
NPOSIBAIANK cocaTenbHble pedriekcsl 1 NOTPebnsanu nepeytd NOPLMIO MOMO3WUBA METOAOM €CTECTBEHHOIO
noacoca TensTa KanMblUKoA nopogbl. bonblue Bcero BpeMeHn Ha nposiBNeHne AaHHbIX yHKUMIA noTpe-
Bosanoce Tenstam Il rp., Aaxe Npy HOPMaNbHOM NPOXOXAEHUM OTeNa.

B cBA3 C nopoaHbIMM OCOBEHHOCTAMU M MOPOAHOCTBI0 HOBOPOXAEHHBIE ObIYKM 3HAYUTENBHO
pasnnyan1chb no XMBOW Macce W, Kak cneacTeue, no obbemy coldyra. B pesynbrate, Tensta KanmblLKOM
nopoAbl, Kak camble Menkue, notpebunu npu nepsom nogcoce matepu 1,48 kr monoswea, y Tensr
[l rp. 0bbem nepsoit nopuun mornosmnsa 6bin Gonbwe Ha 1,40 kr (94,6%; P<0,001), Il rp. — Ha 0,31 «r
(20,9%; P<0,001), IV rp. — Ha 0,84 kr (56,8%; P<0,001). Tak kak pa3nuuns no obbemy nepson nopLum no-
TpebneHHoro mono3amea 06ycnoBneHbl NOPOAHLIMU 0COBEHHOCTAMM TENSAT, TO pasnuuus No obbemy nep-
BOM MOPLMM OTHOCUTENbHO XKMBOW MacChl HOBOPOXAEHHOrO OblMM HE3HAYUTENbHBIMKM M HAXO4UIUCh
B npefernax 300TeXHNYeCckon HopMbl (5-6%).

OTenbl C OCNOXHEHUSAMM OTPULATENBHO BAMSIOT Ha XWU3HECNOCOBHOCTb M aKTUBHOCTb HOBOPOX-
[EHHbIX, TENATa POXAAOTCA MHPAHTUMbHBIMKM, Y HUX cnabo u ¢ GonblKMM 3ano3aaHMEM NPOSBMSIOTCS
OCHOBHble (huanonornyeckne gyHkumm (tabn. 3).

Tabnuua 3
dusnonornyeckne 0cobeHHOCTH HOBOPOXJEHHbIX 6bl‘-IKOB, NnoJ1y4eHHbIX NPpU 0TENAX C OCNOXHEHUAMN
lMokasaTenb pynna
[ I 1l W

lNoronosbe ObI4KOB, rof. 1 5 8 3
JKnBas Mmacca HOBOPOXAEHHbIX, K 31,0 54,4+0,56 38,6+0,44 48,9+0,51
OTHocheanaﬂomacca TENSAT MO OTHOLUEHWIO K XWBON 6.39 737+0,06 7.94+0,08 721£0,05
macce matepu, %
BcTan Ha Horv nocne poxaeHus!, MuH 32,0 36,8+0,51 43,5+0,63 35,1+0,47
losiBneHne cocaTenbHoro pedpnekca, MuH 43,0 48,540,58 57,2+0,66 49,940,49
lMoTpebneHne nepeom NopLyUyM MOMo3nBa, MUH 59,0 67,8+0,65 75,4+0,72 69,3+0,57
OBbem nepBom NopLUmM MONo3uea, Kr 1,10 1,95+0,09 1,36+0,07 1,65+0,10
O6bem nepsoi n(())pumm MOMO31Ba OTHOCUTENBHO XMBOW 3.55 358+0,03 35240,02 3.37+0,04
Macchl Tenexka, %
KonuyecTBo rnoTkoB 3a Bpemst Nepeoro nogcoca 440 590,9+4,86 503,7+3,79 589,3+5,47
BenununHa ogHOro rnoTka B CpegHeM, I 2,5 3,3+0,03 2,7+0,05 2,8+0,03
[poAoMKMTENBHOCTL NEPBOro NOACOCa, MUH 6,38 7,35+0,12 6,83+0,09 7,79+0,13
KonunyecTtBo coCaHuMi B NEPBbIE CYTKM 6 4 4 5
OBbem noTpebneHHOro Mono3awBa 3a CyTku, Kr 512 8,34+0,30 6,10+0,27 7,4940,34

iccnepoBaHus nokasanu, YTO Npu OTenax C OCNOXHEHWSIMU XMBas Macca HOBOPOXAEHHbIX
ObiukoB Obina Gonblue, YemM Npu HopMarbHbIX oTenax, B | rp. — Ha 2,7 kr (9,5%), Bo Il rp. — Ha 5,9 kr
(12,2%; P<0,001), 8 Ill rp. — Ha 3,7 kr (10,6%; P<0,001), B IV rp. — Ha 7,5 kr (18,1%; P<0,001). OtHOCK-
TenbHas Macca TeNsT No OTHOLUEHMIO K XMBOW Macce MaTepu Obina 6onee 7%, 4To 1 NOCMYXMUNO NpUYK-
HOW TPYZHbIX OTENOB.

OtcraBaHue TensT oT U3NONOrMYECKON HOPMbI MO BPEMEHW BCTaBaHMsl Ha HOTW NOCne poxae-
HWS, NMPOSIBNIEHNIO COCaTENbHOMO pedonekca NpUBenu K TOMy, Y4TO MepBYK NOPLMIO MOMO3NBa OHM NOTPE-
Bunu Takke nosgHee YCTAHOBMEHHOW HOPMbI. [py 3TOM, HECMOTPSI Ha 6Gonee BbICOKYHO XUBYK Maccy,
00bem nepBoi Nopuui MONo3nBa Obi MeHbLUE, YeM Y TENST NPWU HOPMarbHOM OTENe B HaTypanbHbIX
eoMHMLax, CooTBETCTBEHHO, no rpynnam: Ha 0,38 kr (25,7%); 0,93 «kr (32,3%; P<0,001); 0,43 «r
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(24,0%; P<0,001); 0,67 kr (28,9%; P<0,001); oTHocuTenbHO cBOeW xmBoit Macchl — Ha 1,68%; 2,36%
(P<0,001); 1,60% (P<0,001); 1,66% (P<0,001).

B CBS3W C NOHWKXEHHOW aKTUBHOCTBIO TENATA, POXAEHHbLIE MPK OTEeflax C OCMOXHEHWUAMM, 3a nep-
Bble CYTKA XM3HM MOTPeOMNM MeHblue MONo3nBa, COOTBETCTBEHHO, Ha 0,36 kr (6,6%); 1,94 «r
(18,9%; P<0,001); 0,98 kr (13,8%; P<0,01); 1,08 kr (12,6%; P<0,01). Takum 06pa3om, npn HOpManbHbIX
otenax obbeM NOTPebNeHHOro MOMo3nBa 3a CyTKM, OTHOCUTENbHO )XMBOW MacChbl TEnsT, COCTaBWS
19,4-21,2%, 4TO COOTBETCTBYET (PU3MONOTUYECKON HOPME, MPK OTenax C OcrnoxHeHusammn — 15,3-16,5%,
4YTO HIKe HopMbl (18-20%).

3aknoyeHue. B cBA3n ¢ 6ONbLION pasHULEN B XKMBOWA Macce KOPOB M BbIKOB MU MEXMNOPOAHOM
CKpELLMBaHWW MOMECHbIE TeNiTa NePBOro MOKOMEHUS poXaanuch KpynHbiMu — 7,05-7,94% OTHOCMTENBHO
KMBOW Macchl MaTepu, B pesynbTate 4ofs 0TenoB ¢ ocrioxHeHuamu coctasuna 20,0%. TensTa, poaus-
LMecs Npu 0Tenax ¢ OCAOKHEHNAMU, MeaSIeHHee afanTUPYITCS K YCOBUSM OKPYXatoLLEN Cpeabl, Y HX
cnabee nposBNSAETCS (HU3NONOTMYecKkas akTMBHOCTb. MepByto MOPLMI0 MOMO3MBA NOMECHblE Bblyki W3
npobnemHoi rpynnbl NOTpebunu no3aHee uanonornyeckon Hopmbl Ha 9,3-15,4 MuH B 0bbeme, OTHOCK-
TEMbHO WX XMBOM Macchl, MeHblueM Ha 1,60-1,66% (P<0,001). MoaTtomy Ans cKpeLumBaHUs KanMbILKOR U
MaHZOIOHICKOM Nopog, 4Tobbl n3bexaTb TPyAHbIX 0TEenoB, HEOBX0ANMO 0TOMPaTb TOMLKO NOSTHOBO3PACT-
HbIX, XOPOLLIO Pa3BMTbIX C BbICOKOW XW1BOM MACCOM KOPOB KanMbILKOM MOPOAb!.
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Mudopmaumua gna aBTopoB

Camapcknit TocyAapCTBEHHbIN arpapHblii YHUBEPCUTET NpeanaraeT BCeM XEenarowwuMm acnupas-
Tam, npenogasatensm, Hay4HbIM paboTHMKaM onybnnkoBaTb pesynbTaTbl UCCNEA0BAHNA B HAY4YHOM XYyp-
Hane «M3gecmusi Camapckol 20Cy0apcmeeHHOU CefbCKoX03AUCmeeHHOU akademMuuy, KOTOPbI BKMKOYEH
B NepeyeHb PeLeH3NPYEMbIX Hay4HbIX W3LaHWA, B KOTOPbIX AOSMKHbI ObiTb ONyBAMKOBaHbI OCHOBHbIE
Hay4Hble pesynbTaTbl AUCCEPTaLMI Ha COMCKAHUE YYEHON CTENeHn kaHamuaaTa Hayk, Ha CoMCKaHue y4eHow
CTENeHN JOKTopa Hayk.
K nybnukaumv B XypHane npuHUMatoTcsl COGCTBEHHO HOBbIE, HE ONYyBIMKOBaHHbIE paHEe OCHOB-

Hble Hay4Hble pe3ynbTaTbl N0 CeayLWUM HayYHbIM CNeLnansHOCTAM U COOTBETCTBYIOLMM UM OTpacsm
HayK, M0 KOTOPbIM MPUCYXAAKTCA Y4YEHble CTENEHM:

4.1.1. Obwee 3emnegenue 1 pacTeHMEBOLCTBO (CENbCKOXO3AMCTBEHHbIE HayKK),

4.1.2. Cenekupns, CEMEHOBOACTBO 1 OBMOTEXHONOTUS (CENbCKOXO3ANCTBEHHbIE HayKM),

4.1.2. Cenekupns, ceMeHOBOACTBO M BroTexHonorus (bruonornyeckue Haykm),

4.1.3. Arpoxumusi, arponoyBoBefeHIE, 3alUMTa U KAapaHTUH PacTEHUi (CENbCKOXO3AMCTBEHHbIE HayKM),

4.1.3.Arpoxumms, arponoyBOBEAEHME, 3aLLMTa U KaPaHTWUH PacTEHMI (B1ONOTMYECKUE HayKK),

4.2.1. TaTonorus XuBOTHbIX, MOpONorus, uanonors, apMakoors u TOKCUKoNorms (BeTepuHap-
Hble HayKMm),

4.2.1. Tlatonorus X1BOTHbIX, MOPHONOris, usnonoms, apmakornorus n Tokeukonorus (uonoruye-
CKu1e Haykm),

4.2.4. YacTHas 300TeXHUs, KOPMIEHUE, TEXHOMOMM NPUrOTOBIIEHNS KOPMOB U NPOWU3BOACTBA NPOAYK-
LM XXMBOTHOBOZCTBA (CENbCKOXO3ANCTBEHHbIE HaYKK),

4.2.4. YacTHas 300TeXHUs, KOPMIIEHUE, TEXHOMOMM NPUrOTOBIIEHNS KOPMOB W NPOM3BOACTBA MPOAYK-
LM XXMBOTHOBOZCTBA (BK1ONOrMYecKk1e Hayku),

4.2.5. Pa3sefeHue, cenekums, reHeTika 1 BUoTeXHONOMS XUBOTHBIX (CESbCKOXO3SAMCTBEHHbIE HayKK),

4.3.1. TexHonor1, MalmHbl M 06OpyaOBaHWE ANs arponpOMbILSIEHHOTO KOMMMEKca (TEXHUYECKUe
Haykw)

MognucHomn nHaexc B O6beauHeHHom katanore «[pecca Poccumy — 84460.

lMepnoanyHoCTb Bbixoda — 4 pasa B rog.

Anpec pepakumu: 446442, Camapckas obnactb, r. KnHenb, n.r.1. YcTb-Knnenbckui, yn. Yuebras, 2.
Ten.: 8 939 754 04 86 (no6. 608), E-mail: ssaariz@mail.ru

TpeboBaHUs K 0hopMneHunto ctaTen

CrtaTbl NpefcTaBnsOTCA Ha PYCCKOM $3blke B 9MEKTPOHHOM BUAE B pefakuuio KypHana
(ssaariz@mail.ru) wnM Ha nnatopMy HayuHbIX KypHanoB «3ko-Bektop»  (https://journals.eco-
vector.com/1997-3225). Ctatbs HabupaeTcs B pegaktope Microsoft WORD co cnepyrowmmmn napameTpa-
MU CTpaHuUbl. ons: BepxHee — 2 CM, NIeBOE — 3 CM, HUXHee — 2,22 cM, npasoe — 1,5 cm. Pa3mep Bymaru
A4. Ctunb 06bl4HbIN. LpndT — Arial Narrow. Pasmep — 13, MEXCTPOYHBIA MHTEPBAN ANs TekcTa — nosny-
TOPHbIN, ANs Tabnuy — oaMHaPHbBIN, PEXUM BbIPaBHUBAHWS — MO LIMPUHE, pacCTaHOBKa NEPEHOCOB — aB-
ToMaTnyeckas. A63aLHbI OTCTYN AOMKEH ObiTb OQMHAKOBbLIM MO BCEMY TekCTy (1,27 cm).

[10 OCHOBHOrO TeKkcTa CTaTbi MPUBOLAT Credytline 3MemMeHTbl U3AaTenbCkoro 0gopMIIEHUS
(3aTEM MOBTOPSIOT HA aHIMUACKOM S3bIKe): TN cTaTbk; MHaekc YIK; 3arnaBume; OCHOBHbIE cBeAeHUs 06
aBTopax (MMs1, 0TYECTBO, (PamMunus, HaMeHOBaHWe OpraHu3auui, rae paboTaeT Unn yuuTcs aBTop, agpec
OpraHu3aLmmn, 9SNeKTPOHHbIN agpec aBTopa, OTKPbITbI uaeHTudukatop yyéHoro (ORCID); pedepart
(HeobXx0AMMO OCBETUTL Lienb, METOAbI, Pe3ynbTaThl C MPUBELEHNEM KOMMYECTBEHHbLIX LaHHbIX, YETKO
copmynuposaThb BbIBOALI, HE 4ONyckaeTcs pasbuBka Ha ab3aubl M UCNONb30BaHWE BBOAHBLIX CrIOB U
npeanoxexuit, cpeaHuin o6bem 200-250 cnos, wpudT 12 pasmepa, UHTEPBAN OANHAPHBIN), 5-7 KITOYEBbLIX
CNoB (CnoBocoYeTaHuit). iIMeHa NpuBOAAT B TPAHCAMTEPUPOBaHHOM opme Ha natuHuue no FOCT 7.79
UV B TOW (POpPMe, B KaKon e€ yCTaHOBUI aBTop.
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OcHoBHOM TekCT Nybnvnkyemoro matepuana LOmKeH BbiTb U3NOXEH NTAKOHUYHBIM, ACHBIM A3bIKOM
(pasmep wpundta — 13). B Havane ctaTbn cnepyet KpaTko copmynuposaThb npobnemaTtiky uccnenosa-
HWS (aKTyanbHOCTb), 3aTeM U3NOXMTb Uesb uccredosaHus, 3adaqu, Mamepuarsi U Memolds! uccriedosa-
HUU, B KOHUE CTaTblt — pe3ynbmambi uccredosaHull C ykasaHMeM UX NPUKIAHOrO xapakTepa, 3ak/oye-
Hue.

lNocne OCHOBHOrO TEKCTa CTaTbi pa3MeLLaroT (3aTeM NOBTOPSIOT HA aHIMMACKOM A3blKe) JOMOSHM-
TenbHble cBeAeHNs 06 aBTopax (y4éHble 3BaHus, y4éHble cTeneHu, apyrue (kpome ORCID) ngeHtudmka-
LIMOHHblE HOMepa aBTOPOB), CBELEHMS O BKaZe Kaxaoro aBTopa, ykasaHue 06 OTCYTCTBUAWN WK HanUyuu
KOH(NWKTa MHTEPECOB W AeTanu3alLms Takoro KOH(IUKTa B Cllyyae ero Hanmuus.

B TekcTe moryT BbiTb Tabnuubl 1 pucyHkn, Tabnuubl cosaasate B WORD. WnniocTpaTvBHbIA Ma-
Tepuan OOIKeH BbITb YEeTKUM, SACHBIM, Ka4eCTBEHHbIM. PopMynbl HabupaTb 6e3 NpomycKoB MO LEHTPY.
PUCyHKM W rpadpnku TOMBKO LUTPUXOBbIE 6€3 NOMYTOHOB W 3anMBKK LBETOM, NOAPUCYHOUHbIE HAANWUCK Bbl-
paBHMBaTb Mo LeHTpy. CTaTbs He JOMKHA 3aKkaHYMBATLCA POPMYNON, TabnnLen, pUCYHKOM.

Obbem pykonucn 7-10 cTaHOApTHBIX CTPaHWL, TEKCTa, BKMoYas Tabnuusl U pucyHku (He Gonee
Tpex), Tabnuubl 4OMKHbI UMETb TEMATUYECKUIA 3arofioBOK, PUCYHKM AOIKHbI BbITb CrpynnMpoBaHbl. 3aro-
NOBOK CTaTby HE JOIMKEH codepxaTb 6onee 70 3HaKOB.

B cnucok ucmoyHUKo8 BKMIOYAKOTCS 3anuCck TOMBKO TEX PECYPCOB, KOTOPbIE YNOMSIHYTbI UAN LUTK-
pYHOTCS B OCHOBHOM TeKCTe CTaTbu. He JonycKakTCs CCbInKkM Ha y4ebHukn 1 yyebHble nocobus! brubnuo-
rpacmyeckyto 3anucb coctanstor no FOCT P 7.0.5. Cnncok WCTOYHWMKOB HA aHIMMIACKOM S3blke
(References) odopmnsetcs cornacHo TpebosaHnsam APA (American Psychological Association). OTcbinku
B TEKCTe CTaTbM 3aKMOYaloT B KBagpaTHble ckobku. Bubnuorpaduyeckue 3anucy B CMCKe MCTOYHMKOB
HYMEPYIOT 1 pacnonaratoT B NOpsaKe LMTUPOBaHUS UCTOYHUKOB B TEKCTE CTaTbM.

Mo OKOH4YaHWM cTaTbM HEOOXOAMMO yKa3aTb, KaKOM Hay4yHOW CneuuanbHOCTU U OTpacnu
HayKu COOTBETCTBYHOT NpeACTaBIIeHHbIe B HEN HayYHble pe3ynbTaTthl.

CraTbs NpeAcTaBnseTcs B N3gaTenbCKo-6MONMOTEYHbIN LIEHTP B YCTaHOBIEHHbIe cpoku. pukna-
[bIBAETCS KCEPOKONMA aboOHeMeHTa Ha NonyroaoBy0 NOANWUCKY XypHana B COOTBETCTBUU C KONK-
YeCTBOM 3asiBIEHHbIX aBTOPOB. 3a coAepXaHue CTaTbU (TOYHOCTb MPUBOAWUMBIX B PYKOMWUCK LMTAT,
(haKTOB, CTATUCTMYECKMX AaHHbIX) OTBETCTBEHHOCTb HeceT aBTop (aBTopbl). MaTepuansl, ohopmneHue
KOTOpbIX HE COOTBETCTBYET M3NOXEHHbLIM BbilE TPEOOBaHWAM, PEAKONNEriei He pacCMaTpUBaKOTCS.

Tekcm cmambu nposepsiemcs Ha 0ybnuposaHue, 3auMcmeogaHue, yHUKabHOCMb 00mKHa bbimb
He Huxe 90%. B cnyyae obHapyXeHus HEKOPPEKTHbIX 3aMCTBOBAHUI M COMHUTENBHOIO aBTopCTBa OyaeT
npoBefeHa npoueaypa petparupoBaHus. [pu NOBTOPHOM BbISBAEHMM Takux cryyaeB OyaeTr oTkasaHo B
paccMoTpeHun paboT aBTOPOB B TeYeHWe 2 NeT 1 JOBEAEHO A0 CBEAEHWS PYKOBOAWUTENS OpraHu3aumuu,
roe pabotaet aBTop.

lMocTynuBLKE B pefakuumio MaTepuanbl MPOXOAAT SKCMEPTHYI0 OLEHKY. B cnyyae otpuuaTensHom
peLieH3nmn cTaTbs C peLieHanen BosspallaeTcs aBTopy. OTKNOHeHHas CTaTbs MOXeT ObiTb NOBTOPHO Npea-
CTaBneHa B pefakuuto nocrne gopaboTkv No 3ameyvaHmsm peLeH3eHToB. MpuHsaTbie K nybnukauu unm ot-
KMOHEHHble pefakumen pykonucy aBTopam He BO3BpaLLaKoTCs.

O6pasen opopM/IeHHUs CTATbU

CENbCKOE XO3AMCTBO
HayyHas cTatbs
YK 633.152.47

KAYECTBO 3EPHA APOBOIO TPUTUKAIE B 3ABUCUMOCTU
OT HOPMbI BbICEBA U OBPABOTKW rEPEULINAAMMU
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Llenb uccnedosaHull — yy4wums Ka4ecmso 3epHa poso20 mpumukasne. Onbim 3aknadbigancs no 0syx-
¢hakmopHoli cxeme 8 4-kpamHol no8MOopHOCMU. M3y4eHO Kayecmeo 3epHa po8o20 mpumukase 8 3asucumocmu
om Hopm 8bicesa u obpabomku 2epbuyudamu (MazHym + [ukamepoH paHd). MocesHol mamepuan — sposol
mpumukane copma YrbsiHa. Kayecmeo 3epHa 3epHO8bIX Kyrbmyp oueHusanu psidoM nokadamenel, Komopble
8 COBOKYNHOCMU Xapakmepuayrom e20 (hU3UKO-XUMUYECKUE, NULEsbIe U mexHomnoauyeckue cgoticmea. OCHOBHbIE
gusuyeckue nokasamesnu Kayecmea 3epHa Hamypa u cmeknosudHocms. MakcumManbHbIMU 3HaYeHUsSIMU Hamypb!
Xxapakmepu3oeanocb 3epHo, nosydeHHoe 8 2007 e. Hamypa 3epHa 6 ycrnosusix 0aHHO20 200a eapbupogana
om 715 0o 716 2/n Ha eapuaHmax 6e3 obpabomku u om 714 0o 716 2/n — Ha eapuaHmax ¢ obpabomkol 2epbuyu-
Oamu. Bo ece 200b! uccnedosaHull cmeknosudHOCMb 3epHa Sposo20 mpumukasne 8 gapuaHmax, obpabomaHHbIx
2epbuyudom, bbina ebie, OMHOCUMENbHO MakosbiX, HeobpabomaHHbix eepbuyudom. CodepxaHue bernka 8 3epHe
gapbupogano om 13,1 do 13,9% Ha eapuaHmax, HeobpabomarHbix 2epbuyudom, u om 13,7 do 14,7% — Ha eapu-
aHmax, obpabomarHbix 2epbuyudom. B cpedHem 3a 3 20da senuyuHa 8anosoz2o cbopa Ha eapuaHmax 6e3 eepbu-
yudos cocmasnsana 372,3-437,9 ka/2a, a Ha sapuaHmax ¢ obpabomkol nocegos 2epbutudamu — 505,1-553,5 ka/za.
MakcumanbHbil 8anosbili coop benka ¢ eekmapa bbin nonydeH 8 2008 2. Cambiv HUSKUM 8a5108biM cOopom berka
xapakmepu3zosarncs 2007 2. YcmaH08IeHo, Ymo Ka4yecmeo 3epHa Apo8o20o mpumukase 3agucesio om HopMb| 8bIce-
ga U 0bpabomku nocesos 2epbuyudamu.

KnioueBble cnoBa: TpuUTKKane, Hatypa, CTEKNOBUAHOCTb, 6enok, Fep6VILI|M,EI,bI.
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The purpose of the study — to improve the quality of grain of spring Triticale. The Experience was conducted within
two-factor scheme in 4 replicates. The quality of grain of spring Triticale has been studied depending on seeding
rates and herbicide treatment (Magnum + Dikameron Grand). Seed material — spring Triticale variety — Ulyana. The
quality of grain crops was estimated by a number of indicators that joinly characterize its physical-chemical, nutrition-
al and technological properties. The basic physical parameters of grain quality — nature and glassy. Grain obtained in
2007 has been characterized by Maximum values of nature. Grain nature of the current year ranged from 715 to
716 g/l for versions without herbicide treatment and from 714 to 716 g/l - for versions with herbicide treatment. In
every experiment year herbicide treated spring Triticale grain glassiness was higher relative to that of untreated herb-
icide. The protein content in grain (average for 3 years) ranged from 13.1 to 13.9% for trials untreated herbicide and
from 13.7 to 14.7% - by trials with herbicide treatment. The average 3-year value of total yield for treatments without
herbicides was 372.3-437.9 kg/ha, and on the options to the processing of crops with herbicides -
505.1-553.5 kg/ha. The maximum total yield of protein per hectare was obtained in 2008 The lowest gross protein
was characterized in 2007 found that the quality of grain of spring Triticale has been dependent on a seeding rate
and herbicides application on seeded crops.

Keywords: triticale, nature, vitreous, protein, herbicides.

ObPeKTMBHOCTL M0BOr0 arpOTEXHNYECKOTO NpUeMa MOMyYeHUs BbICOKUX YPOXaeB TpuUTUKane
NOATBEPXOAET HEODXOAMMOCTb MPUMEHEHWS OMTUMArbHbIX HOPM BbiCeBa, 06paboTku repbuumaamu, u
LENCTBNS Ha Ka4yecTBO NONyvaemoit npoaykumm [2].

Lenb uccnedosaHull — ynyyLunTh Ka4eCTBO 3epHa SPOBOrO TPUTHKATE.

3adayu uccnedoeaHull — onNpeaenuTb ONTUMarbHbIe HOPMbI BbICEBA U U3Y4NUTb 3aBUCUMMOCTb OT
0bpaboTku repbulmaamm.

Mamepuan u memodsbI uccnedosaHudl. MPOJOMKEHNE TEKCTA CTATbM. ...

Pe3ynbmambi uccnedoearud. MpogomkeHne TekcTa cTaTtbi. ...

3aknroveHue. MpofomKkeHMe TekcTa CTaTbh. ...
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