peaynsimopoe pocma
U MUHepaJsbHbIXx y0ob6peHul

AHanus
aneMeHmMoe numaHusi
8 MaxomHbIx noYyeax
Kemepoeckol o6nacmu

BnusiHue 2zeHomuna
MOJI0OHSIKa oeey Ha copmoseoli
cocmae MsICHoU npodyKyuu

Paspabomka u o6ocHogaHue
KOHCMPYKUUU cesiniku
OJ151 MOYHO20 8bicesa

KPYMHOMI0OHbLIX CeMSIH

lMpumeHeHue npozpaMMHO20
komnnekca MODDE
onss onmumu3ayuu
napamempoe
anekmpoghu3zu4yecko20
YHUYMOXXEeHUSI COPHbIX
pacmeHuli Memooom
pez2peccuoHHO20 aHanu3a



HanmenoBanue
HU3IaHUS

ISSN

HaquLIe CIIEIUaJIbHOCTU U
COOTBETCTBYOIHE UM OTPACIN HAyKH, 110
KOTOPBIM IMPUCYKAAKOTCA YUCHBIC CTCIICHU

Jlara
BKITIOUCHUS
U3JaHUS B
ITepeuens

83. | Bectnuk AIIK
BepxHeBomKbs

1998-
1635

4.1.1. OOmiee 3emiiezienue U pacTeHUEBOACTBO
(cenbCKOX03HCTBEHHBIC HAYKH )

¢ 01.02.2022

1.5.20. Bronoruyeckue pecypcsl (0HOIOrHIeCKre HAyKH)
4.2.2. CanuTapusi, THTHEHA, SKOJIOTHSI, BETEPUHAPHO-
CaHMTApHAs SKCIePTU3a 1 ON00E30aCHOCTh
(6nonmormueckre HayKH)

4.2.2. CanuTapusi, THTHEHA, SKOJIOTHSI, BETEPUHAPHO-
CaHMUTApHAs SKCIEePTU3a U ON00E30MaCHOCTh
(BeTepuHApHBIE HAYKH)

4.2.4. YactHas 300TeXHUS, KOPMIICHHE, TEXHOJIIOTHI
MIPUTOTOBJICHHS KOPMOB M IIPOM3BOJCTBA IIPOLYKIHU
JKUBOTHOBO/ICTBA (CEIHCKOX03HCTBEHHBIC HAYKH)

4.2.5. Pa3Benenue, CeNeKIns, TEHETHKA U OMOTEXHOIOTHS
JKHBOTHBIX (OMOJIOTHYECKHIE HAYKH )

4.2.5. Pa3Benenue, CeNeKns, TEHETHKA U OMOTEXHOIOTHS
JKUBOTHBIX (CEITBCKOXO3AHCTBCHHBIC HAYKH)

4.3.1. TexHOMOTHHN, MAIIIMHBI X 00OPYIOBAHHE IS
arpoIPOMBIIIIICHHOTO KOMIUIEKCA (TEXHIYECKHE HAYKH)
4.3.2. DeKTPOTEXHOJIOTHH, IIEKTPOOOOPYIOBAHIE U
9HEprocHabKeHHEe arpoIPOMBIIIIIEHHOTO KOMILIEKCa
(TeXHUYECKUE HAyKH)

¢29.03.2023

4.2.4. YactHast 300TeXHHSI, KOPMJICHUE, TEXHOJIOTUU
MIPUTOTOBJICHHSI KOPMOB ¥ ITPOM3BOJICTBA MTPOIYKIIUH
JKMBOTHOBOJICTBA (OMOIOTHYECKIE HAYKN)

c11.12.2023

Ccoinka Ha [lepeuenr BAK (o cocrostauio Ha 17.02.2026 rona)
https://vak.gisnauka.ru/s3-files/01cc80c69fae4988a0246a8f5e2774¢e7:fisgna/public/media/uploaded/
news_files/2094e02c-d851-48cd-9d57-fe7ebd34a039/ed50e916-e9ad-42be-b3£5-8f1c63259d26.pdf

«Bectuuk AIIK BepxHeBomKbsh» BKIIIOUEH B «besblil CIMCOK» Hay4HBIX KYpPHAJIOB.




HAYYHbIN XXYPHAS

NO1 (73) MAPT 2026 r.

Yupeaurtesnb:

depepanbHOe rocyfapCTBeHHOE GloMKeTHOe 06pa3oBaTebHOE YUpeXaeHe
BbICLLIEro 06pa30BaHuMs «SpoCnaBCKuiA rocyAapCTBEHHbIN arpapHbIi YHUBEPCUTET»

ISSN 1998-1635

[1aBHblii peaaKkTop

F'YCAP CBETJIAHA AJIEKCAHAPOBHA — pextop ®rB0Y BO "SipocnaBckuii
FAY", kaHaMAAT SKOHOMMYECKUX HayK, AoueHT (Sipocnaenb, Poccust)
3amecTuTeslb r/1aBHOroO pefaKkTopa

MOPO30B BAAUM BJIAAVMMUPOBMUY — nepBbiii NPOpekTop — NpopexkTop
o Hay4Hol paboTe 1 uncdpoBoit TpaHchopMaumnm ®re0Y BO "SApocnaBckuii
FAY", kaHangaT hu3nKo-MaTeMaTMHeCKMX HayK, AOLUEHT (Sipocnasnb, Poccus)

YIEHB PEJAKUHMOHHON KONIEIMMN :

AkuypuH Cepreii BnaguMnpoBu4 — JOKTOp BETEPUHAPHbIX
Hayk, aoueHT (MockBa, Poccus)

AnTtunoBa TaTbsiHa AniekceeBHa — OKTOpP OMOMOrMYeckux Hayk,
poueHT (Mctpa, Poccus)

BapaHoBa Hapexxaa CepreeBHa — JOKTOP CEMbCKOX035MCTBEH-
HbIX HayK, npodeccop (noc. KapaBaeBo, Koctpomckas obnacTb,
Poccust)

BaunHckas BaneHTuHa MuxaiinioBHa - JOKTOpP 6UMONOrnyYecKmx
Hayk, aoueHT (MockBa, Poccus)

BeneHkoB Anekceii IBaHOBUY — JOKTOP CE/IbCKOXO3SMCTBEHHDBIX
Hayk, npodeccop (Mocksa, Poccus)

BnacoBa Onbra MlBaHOBHa — OKTOP CE/TbCKOXO3SNCTBEHHBIX
Hayk, npodeccop (Craspornonb, Poccus)

raéuaynux Bauecnas MuxainoBuy — JOKTOP CEMbCKOXO3SIACT-
BEHHbIX Hayk (OpeHbypr, Poccust)

FaBpuueHko Hukonaii UBaHOBUY — [JOKTOP CEMbCKOXO3SACTBEH-
HbIX HayK, AoueHT (Butebck, Pecnybnvka Benapycb)

FonosaHoBa MpuHa JleoHnaoBHa — AOKTOP 6MONOrMyecknx
HayK, CTapLUMi1 Hay4YHbIl COTpYAHMK (noc. bopok, ipocnaBckast
obnactb, Poccus)

Fony6eBa AHHa MBaHOBHA — JOKTOP 3KOHOMWUYECKUX HayK, Mpo-
deccop (Apocnaenb, Poccus)

FotoBckuii AMuTpUii FeHHaAbEBUY — JOKTOP BETEPUHAPHbIX
Hayk, npoceccop (Butebck, Pecnybnuka benapychb)

XXurux Anekceit BacunbeBuY — [JOKTOP CEMbCKOXO3SNCTBEHHbIX
Hayk, npodeccop (Mocksa, Poccus)

3aruHaiinos Bnagumup Unbuy — JOKTOP TEXHUYECKMX HaYK,
npoceccop (Mocksa, Poccus)

MBeHuH BaneHTUH BacunbeBUY — JOKTOP CE/TbCKOXO3SMCTBEH-
HbIX Hayk, npodeccop (HwxHuii HoBropog, Poccust)
KanawHukoBa JTio60Bb AniekcaHApPOBHA — A0KTOp 61ono-
rmyeckux Hayk, npodeccop (noc. JlecHole MonsiHbl, MockoBckas
obnactb, Poccus)

KanuHuH AHapeit BopucoBUY — JOKTOP TEXHUYECKUX HayK, A0-
ueHT (CankT-Tetepbypr, Poccus)

KapaBaeBa UpuHa CepreeBHa — kaHaAMAAT BMONOrMYECKMX HayK
(MockBa, Poccus)

KapneHs Muxann MnxainoBu4 — JOKTOP CEbCKOXO3SACTBEH-
HbIX Hayk, npodeccop (Butebck, Pecnybnuka benapych)
KonppatbeBa Hapexxaa lNeTpoBHa — JOKTOP TEXHUYECKUX HAYK,
npoceccop (MxeBck, Poccus)

KoHoBanos AnekcaHap BnaaMMmMpoBHY — JOKTOP CE/IbCKOXO-
35CTBEHHBIX Hayk, AoueHT (Apocnasnb, Poccus)

KocunoB Bnagummnp MBaHOBUY — JOKTOP CE/TbCKOXO3SNCTBEH-
HbIX HayK, npodeccop (OpeHbypr, Poccus)

KocTronuHa Onbra BacunbeBHa — JOKTOp 6MON0rMYeckux Hayk
(noc. Ay6posuubl, MockoBckas obnactb, Poccust)

JleoHTbeB Jleounpa BoprcoBuY — JOKTOp BMONOrMYECKUX HayK,
poueHT (MockBa, Poccust)

MaHHanoB Anbcup NabaynnoBuy — JOKTOp 6MONOrMYECKMX
Hayk, npodeccop (Mocksa, Poccus)

ManHanosa Pam3us TumepraneesHa — JOKTOpP 61MONOrMYecKmX
Hayk, npodeccop (Mocksa, Poccus)

MupoHoBa MpuHa BanepbeBHa — JOKTOpP 61MONOrMYecKkmx Hayk,
npodeccop (Yda, Poccus)

MoconoB AnekcaHap AHaTONbeBUY — JOKTOP 6MON0rnyeckmx
Hayk (Bonrorpaa, Poccust)

Ha6ueBa Nynuexpa MupapraweBHa — AOKTOp 6MONOrMYeckux
Hayk, goueHT (TawkeHT, Pecnybnuka Y36ekncraH)

Hukonaes BnaguMup AHaTo/IbeBUY — [JOKTOP TEXHUYECKMX
HayK, aoueHT (Slpocnaenb, Poccus)

HoBukoBa TaTbsiHa BasleHTUHOBHA — JOKTOP BETEPUHAPHBIX
Hayk, npoceccop (Bonoraa, Poccusi)

Opnos MaBen CepreeBry — JOKTOP TEXHUYECKMX HayK, AOLIEHT
(Apocnaenb, Poccus)

MpoxHunHa NannHa Mo3enoBHa — AOKTOP 6MONOrMYECKMX Hayk,
poueHT (MockBa, Poccust)

CacdpoHoB Cepreii JIeOHNAOBUY — JOKTOP CENbCKOXO35IMCTBEH-
HbIX Hayk, aoueHT (CaHkT-lNeTepbypr, Poccus)

CkBopuoBa EneHa N'amepoBHa — kaHavaaT 6MoNormyeckmx
HayK, aoueHT (Spocnaenb, Poccus)

CkoBopoauH EBrenmii HukonaeBuy — JOKTOp BETEPUHAPHBIX
Hayk, npodeccop (Yda, Poccus)

Cno)xeHknHa MapuHa UBaHOBHa — OKTOp 61onormyeckmx
HayK, npodeccop, YneH-koppecnoHaeHT PAH

(Bonrorpag, Poccusi)

CnbiHbko EneHa EBreHbeBHa — kaHAMAAT 6MONOrMYecKunx Hayk,
noueHT (noc. bopok, ipocnaeckas obnactb, Poccust)

Cmenuk Buktop AnekcaHapoBMWY — JOKTOP TEXHUYECKMX HaYK,
npoceccop (CaHkT-MNeTepbypr, Poccus)

CnupupoHoB leHHaauit HuUkonaeBuy — 0KTOp 6MONOrNYECKmX
Hayk (KasaHb, Poccus)

CrenaHoBa MapuHa BsiuecnaBoBHa — JOKTOp 610n0rnMyecknx
Hayk (Mocksa, Poccus)

TamapoBa Pauca BacunbeBHa — JOKTOP CEe/IbCKOXO3ANCTBEHHBIX
Hayk, npodeccop (Slpocnasnb, Poccus)

TuwaHuHoB Hukonaii NMeTpoBUY — JOKTOP TEXHUYECKUX HaYK,
npodeccop (Tambos, Poccust)

®depoceeBa HaTtanbs AHaToONbeBHa — JOKTOP CENbCKOXO35MCT-
BEHHbIX HayK, poueHT (banawwmxa, MockoBckasi 0bnactb,

Poccust)

XakumoB Pamunb TarmpoBuy — JOKTOP TEXHUYECKUX HayK, [0-
ueHT (CaHkT-MeTepbypr, Poccust)

YyrpeeB Mnxann KOHCTaHTMHOBUY — JOKTOP 61MONOrMyecknx
Hayk, goueHT (MockBa, Poccus)

LMurens BnaanmMmup BUKTOPOBUY — JOKTOP TEXHUYECKUX HaYK,
npodeccop (Apocnasnb, Poccus)

LLlykuH Cepreii BnaguMmpoBuy — KaHAMAAT CEbCKOXO3AMCT-
BEHHbIX HayK, AoueHT (Spocnasnb, Poccus)

Pedakuyus xypHana:

B. . [lopoxoBa — KaHA. 9KOH. HayK, [OLEHT, OTBETCTBEHHbIN CekpeTapb
E. A. BorocrnoBckas — BefyLumnii cekpeTapb

A. B. Kucenesa — pegaktop-ausariHep, peaakTop-koppecnoHAeHT

0. [1. KoHoHOBa — aHrnuinckuii nepeeos

Adpec yypedumensi, pedakyuu u uzdamernsi:

Poccus, 150042, r. Apocnasnb, TyTaeBckoe wocce, A.58.
TeneghoHni: (4852) 552-883 — rmaBHbIN pegakTop,
(4852) 943-746 — OTBETCTBEHHbIN CEKpETapb

E-mail: vestnik@yarcx.ru, e.bogoslovskaya@yarcx.ru

OTneyartaHo B TMNOrpadum pegakLMoHHO-U30aTenbCKoro otaena
SIre0OY BO "Apocnasckuii TAY"

Adpec munoepacgpuu:
Poccus, 150042, Apocnaenb, TyTaeBckoe wwocce, 4. 58

IModnucaHo e nedams: 30 mapTta 2026 r.

Lata Bbixoaa B cBeT 09.04.2026 r.,

Bpems no rpadmky: 15-00, Bpems daktuyeckoe: 15-00
Tupax: 1000 3k3. LieHa ceobogHas.

16+

XypHan ekntodeH e lMepedeHb peyeH3upyeMbiX HayYHbIX u3daHull, 8 KOMopbix OO/HKHbI 6bIMb Ony6/IUKO8aHbl OCHOBHbIE Hay4YHble pe3yibmambl
duccepmayuli Ha couckaHue y4eHol cmeneHu kaHOudama Hayk, Ha couckaHue y4YeHol cmeneHu 0oKmopa Hayk.

XKypHan ekrmodeH 8 6a3y daHHbIX Mex0yHapoOHOU uHghopmayuoHHol cucmembl AGRIS, a makxe e PUHL.

H30aHue 3apecucmpuposaHo: B GesepanbHoii cnyx6e no Hagaopy 3a cobniogeHnem 3akoHoaaTenbCcTea B cchepe MaccoBbix KOMMYHUKaLWIA U OXpaHe
KynbTypHoro Hacneausi. Ceudemenibcmeo o pecucmpayuu: M NedC77-89404 ot 15 anpens 2025 .




ISSN 1998-1635

No1 (73) MARCH 2026

The Founder:

Federal State Budgetary Educational Institution of Higher Education "Yaroslavl
State Agrarian University"

The Editor-in-chief

GUSAR SVETLANA ALEKSANDROVNA - Rector of the FSBEI HE "Yaroslavl
SAU", Candidate of Economic Sciences, Docent (Yaroslavl, Russia)

The Deputy Editor-in-chief

MOROZOV VADIM VLADIMIROVICH - First Vice-Rector — Vice-Rector for
Scientific Work and Digital Transformation of the FSBEI HE "Yaroslavl SAU",
Candidate of Physical and Mathematical Sciences, Docent (Yaroslavl, Russia)

THE MEMBERS OF THE EDITORIAL BOARD

Akchurin Sergey Vladimirovich — Doctor of Veterinary Sciences,
Docent (Moscow, Russia)

Antipova Tatyana Alekseevna — Doctor of Biological Sciences,
Docent (Istra, Russia)

Baranova Nadezhda Sergeevna — Doctor of Agricultural
Sciences, Full Professor (Karavaevo, Kostroma Region, Russia)
Bachinskaya Valentina Mikhailovna — Doctor of Biological
Sciences, Docent (Moscow, Russia)

Belenkov Aleksey Ivanovich — Doctor of Agricultural Sciences,
Full Professor (Moscow, Russia)

Vlasova Olga Ivanovna — Doctor of Agricultural Sciences, Full
Professor (Stavropol, Russia)

Gabidulin Vyacheslav Mikhailovich — Doctor of Agricultural
Sciences (Orenburg, Russia)

Gavrichenko Nikolay Ivanovich — Doctor

of Agricultural Sciences, Docent (Vitebsk, Republic of Belarus)
Golovanova Irina Leonidovna — Doctor of Biological Sciences,
Senior Research Officer (Borok, Yaroslavl Region, Russia)
Golubeva Anna Ivanovna — Doctor of Economic Sciences,

Full Professor (Yaroslavl, Russia)

Gotovskiy Dmitriy Gennadyevich — Doctor of Veterinary
Sciences, Full Professor (Vitebsk, Republic of Belarus)

Zhigin Aleksey Vasilyevich — Doctor of Agricultural Sciences,
Full Professor (Moscow, Russia)

Zaginailov Vladimir Ilyich — Doctor of Technical Sciences, Full
Professor (Moscow, Russia)

Ivenin Valentin Vasilyevich — Doctor of Agricultural Sciences,
Full Professor (Nizhniy Novgorod, Russia)

Kalashnikova Lyubov Aleksandrovna — Doctor of Biological
Sciences, Full Professor (Lesnye Polyany, Moscow Region, Russia)
Kalinin Andrey Borisovich — Doctor of Technical Sciences,
Docent (St. Petersburg, Russia)

Karavaeva Irina Sergeevna — Candidate of Biological Sciences
(Moscow, Russia)

Karpenya Mikhail Mikhailovich — Doctor of Agricultural
Sciences, Full Professor (Vitebsk, Republic of Belarus)
Kondrateva Nadezhda Petrovna — Doctor of Technical Sciences,
Full Professor (Izhevsk, Russia)

Konovalov Aleksandr Vladimirovich — Doctor of Agricultural
Sciences, Docent (Yaroslavl, Russia)

Kosilov Vladimir Ivanovich — Doctor of Agricultural Sciences,
Full Professor (Orenburg, Russia)

Kostyunina Olga Vasilyevna — Doctor of Biological Sciences
(Dubrovitsy, Moscow Region, Russia)

Leontyev Leonid Borisovich — Doctor of Biological Sciences,
Docent (Moscow, Russia)

Mannapov Alfir Gabdullovich — Doctor of Biological Sciences,
Full Professor (Moscow, Russia)

Mannapova Ramziya Timergaleevna — Doctor of Biological
Sciences, Full Professor (Moscow, Russia)

Mironova Irina Valeryevna — Doctor of Biological Sciences,
Full Professor (Ufa, Russia)

Mosolov Aleksandr Anatolyevich — Doctor of Biological Sciences
(Volgograd, Russia)

Nabieva Gulchekhra Mirergashevna — Doctor of Biological
Sciences, Docent (Tashkent, Republic of Uzbekistan)

Nikolaev Vladimir Anatolyevich — Doctor of Technical Sciences,
Docent (Yaroslavl, Russia)

Novikova Tatyana Valentinovna — Doctor of Veterinary
Sciences, Full Professor (Vologda, Russia)

Orlov Pavel Sergeevich — Doctor of Technical Sciences,
Docent (Yaroslavl, Russia)

Pronina Galina Iozepovna — Doctor of Biological Sciences,
Docent (Moscow, Russia)

Safronov Sergey Leonidovich — Doctor of Agricultural Sciences,
Docent (St. Petersburg, Russia)

Skvortsova Elena Gamerovna — Candidate of Biological
Sciences, Docent (Yaroslavl, Russia)

Skovorodin Evgeniy Nikolaevich — Doctor of Veterinary
Sciences, Full Professor (Ufa, Russia)

Slozhenkina Marina Ivanovna — Doctor of Biological
Sciences, Professor, Corresponding Member of RAS

(Volgograd, Russia)

Slynko Elena Evgenyevna — Candidate of Biological Sciences,
Docent (Borok, Yaroslavl Region, Russia)

Smelik Viktor Aleksandrovich — Doctor of Technical Sciences,
Full Professor (St. Petersburg, Russia)

Spiridonov Gennadiy Nikolaevich — Doctor of Biological
Sciences (Kazan, Russia)

Stepanova Marina Vyacheslavovna — Doctor of Biological
Sciences (Moscow, Russia)

Tamarova Raisa Vasilyevna — Doctor of Agricultural Sciences,
Full Professor (Yaroslavl, Russia)

Tishaninov Nikolay Petrovich — Doctor of Technical Sciences,
Full Professor (Tambov, Russia)

Fedoseeva Natalya Anatolyevna — Doctor of Agricultural
Sciences, Docent (Balashikha, Moscow Region,

Russia)

Khakimov Ramil Tagirovich — Doctor of Technical Sciences,
Docent (St. Petersburg, Russia)

Chugreev Mikhail Konstantinovich — Doctor of Biological
Sciences, Docent (Moscow, Russia)

Shmigel Vladimir Viktorovich — Doctor of Technical Sciences,
Full Professor (Yaroslavl, Russia)

Shchukin Sergey Vladimirovich — Candidate of Agricultural
Sciences, Docent (Yaroslavl, Russia)

Journal editorial stuff:

V. |. Dorokhova — Candidate of Economic Sciences,

Docent, the executive editor

E. A. Bogoslovskaya — the leading secretary

A. V. Kiseleva — the editor-designer, the editor correspondent
Yu. D. Kononova - English translation

Address of the founder, editorial office, printing office:
Russia, 150042, Yaroslavl, Tutaevskoe Shosse, 58
Phones number:

+7 (4852) 552-883 — the editor-in-chief,

+7 (4852) 943-746 — the executive secretary

E-mail: vestnik@yarcx.ru, e.bogoslovskaya@yarcx.ru

Printed in printing house of publishing department

of FSBEI HE "Yaroslavl SAU".

Printing house address: Russia, 150042,

Yaroslavl, Tutaevskoe Shosse, 58

Passed for printing: 30.03.2026. Printed: 09.04.2026
Time planned: 15-00. Actual time: 15-00
Circulation: 1000 copies

Price is uncontrolled

16+

The journal is included into the List of peer-reviewed scientific publications, in which the main scientific results of dissertations
for the degrees of Candidate of Sciences and Doctor of Sciences should published.
The journal is included in the database of the international information system AGRIS, as well as in the RSCI.

The edition is registered in Federal Agency of supervision of a compliance with law in sphere of mass communications and cultural heritage protection

The registration certificate: [ ®C77-89404 from April, 15th, 2025




HAYYHbIN XXYPHAJ
Ne1 (73) MAPT 2026 .

ISSN 1998-1635

CONEPKAHHUE

3EMIIEQEJINE U PACTEHUMEBO/LCTBO
A. A. Akumos, A. WU. BeneHkoB, I A. TpyasieB ®opmypoBaHMe CTPYKTYpbl ypoxas U ypOXXanHOCTU O3UMOWN
nweHunupbl copta CuHeBa B 3aBUCUMOCTU OT MPUMEHEHMWS PErYNATOPOB POCTa Y MUHEpParbHbIX YyA0OOpEHUN ........... 5
A. 10. OxepepnoBa, B. H. CutHukos, A. H. Ecaynko, B. A. BopoauH, M. l0. AsapoBa PaunoHansHoe nuTaHve —
3aror 310poBOro arpoMTOLLEHO3a, BbICOKON MPOAYKTUBHOCTY M KAYeCTBa 3epHa O3UMOWN MLIEHWLbI, BO3eNbiBaeMOM
B 30HE HEYCTONUMBOTO YBITAMKHEHWIS ...uveietiieeeautteeaatteeeaateeeeasseeeaasee e e asee e e o ke e e e as e e e ea kbt e e ea b e e e eanb et e ambe e e anbe e e e bbeeeanbeeeennnes 14
E. B. PoTbkuHa, E. H. XapueHko AHanu3 anemMeHTOB NUTaHWs B NaxoTHbIX noyBax Kemeposckon obnactu ........ 21

PA3BEJEHUE, CEJIEKUWNSA, TEHETUKA U BUOTEXHOJIOI NS XKWBOTHbIX
B. U. Kocunos, U. B. MupoHoBa, C. I. UcnamoBa, 0. H. YepHbiweHko, H0. J1. AkpamoBa BnvsHune reHoTtvna

MOJTOHSIKA OBEL, HA COPTOBON COCTAB MACHOM MPOLYKLINM .......eeeeeeeaieeieeeesaauueeeeaeesanteeeeesasanseeeeeesannnseeeeeasanseneeeeannnes 27
M.O. Werones, A. A. Yanukun, K. [. Yamukas, B. A. lypkuHa eHbl-Mapkepbl MACHOW 1 MOFIOYHOMW NPOAYKTUBHOCTH
KpynHOro poratoro CKOTA: GH Y MSTN (0B30D) ...uueeiiuriieiiiiieiiieeeitee sttt e ettt e e sstee e ettt e e st e e snneeeeaseeesasaeessaeeeansaeeennees 33
M. O. Werones, A. A. Yanukun, K. . Yanukas, B. A. [lypkuHa ['eHeTn4Yeckme MapKepbl MACHOW M MOMOYHON
NpoAyKTUBHOCTU: TE€HBI CAPNT U CAST (O030P) ...vveeiieieeiuiiieeitiieeeiieeaiiteeestteesasteessnneeesseeeessseaeasseeeanseeesseeesaseeesns 42
M. C. baxBankuH, E. I. CkBopuoBa, P. B. TamapoBa CpaBHUTENbHLIA aHanM3 KOMOJIOrO M poraToro ckota
SIPOCITaBCKOM Nopoabl N0 BCTPEYaeMOCTU annenen NONMMMOPMHBIX BEIKOB ............veeiiiurieeeeeeeiiieeeeeeeriieee e e 50

TEXHOJIO A, MALLIMHbI U OBOPYJOBAHWE AJ151 ATPOIMPOMbBILUJIIEHHOIO KOMITIIEKCA
0. C. Ky3bmuHa, E. I. KotnsipoBa, A. A. MypaBbeB, [1. A. JlykuHoB PaspaboTka 1 060CHOBaHWE KOHCTPYKLMK

CesAnKM ANt TOYHOTO BLICEBA KPYMHOMMOAHBIX CEMSIH .....c.veeiuieeiuieereeeuteeeteeaeteeeseeeeseeeseesaeeeesesaseeeseeesaeeenseeesesenseeasens 56
B. B. Xonygesa, E. B. lewyHoBa ONTUMM3aLus MalLMHHO-TPAKTOPHOIO Napka arpapHoro npeanpusitusi MeTo-
AaMN MaTEMATUYECKOTO MOLEIIMPOBAHMST .......c.vveeureeineeeetieeeteeeteeeeseeesteeeseeesteesaeeaateesseeesseeeseesnseeaseeeeseeasesaseeasseeaseeans 63

QJIEKTPOTEXHOJIOM MU, SJIEKTPOOBOPYJOBAHUE
N SHEPIOCHABXEHUE ArPOTPOMBbILLIJIEHHOIO KOMITJIEKCA
A. C. YrnoBckum NprmeHeHune nporpammHoro komnnekca MODDE ans ontummnsanmm napaMmeTpoB anekTponsm-

YECKOro YHUYTOXEHMS COPHbIX PACTEHWUN METOAOM PErPECCUOHHOTO AHAMMBA ..eeeivveieeeeeaaiiieeeeeeaaneeeaaessannneeeeeens 68
B. B. Mopo3oB, H. 0. MaxaeBa, I M. 3t03uH, [I. A. BacukoB, M. B. KHbiw, A. B. BensieB Bo3aMOXXHOCTW An3ernb-
HbIX 3MEKTPOCTaHLUMI, NCNONb3YIOLWNX MaLUMHBLI ABOMHOMO NUTAHUS MPWU NapannenbHON PaboTe .........cccccveeennee.. 78

TPUBYHA MOJ104bIX YYEHbIX
A. A. NlaHcGepr AHanu3 3arpyskv U pacnpeneneHvs notepb 3MEKTPOSHEPrMM B CUMOBbLIX TpaHcdopmaTopax

HanpsikeHeM 35/10 KB OPTOBCKOM OBIACTU ........eiiiieieiiieeeeetiiieeeeeeiitee e e e e et e e e e e e ettt e e e e e eeasaaeeeeeseasneeesaassaeeeeeeannns 84
E. A. MopTHOBa PaspaboTka ycTpoicTBa nepemeLunBaHms xumyca ansa cuctembl uMmtaumm XKKT CBUHBM .......... 94
TTPEAMETHBIM YKABATEITD ....ceeutiiiiieieeitteeaaiteeeasteeeaatbeeeaataeeeasbeeeaaseeeaaseee e s ee e e aab e e e e s beeeembb e e e nbeeeeanseeeanneeesaneeeesnneeannee 101

© BecmHuk AllK BepxHegormkbsi, 2026




HAYYHbIN XXYPHAJ
N1 (73) MARCH 2026

ISSN 1998-1635

CONTENTS

FARMING AND CROP PRODUCTION
A. A. Akimoy, A. . Belenkov, G. A. Grudyaev Formation of Yield Structure and Crop Yield of Winter Wheat of the
Sineva Variety depending on the Use of Growth Regulators and Mineral Fertilizers ............ccccccoiiiiiiiiiieiiiiiieeeees 5
A. Yu. Ozheredova, V. N. Sitnikov, A. N. Esaulko, V. A. Borodin, M. Yu. Azarova Rational Nutrition is the Key to
a Healthy Agrophytocenosis, High Productivity and Grain Quality of Winter Wheat Cultivated in the Zone of Unstable
1Y 0TS} (U = PP PP UUUTRRR 14
E. B. Rot’kina, E. N. Kharchenko Analysis of Nutrients in Arable Soils of the Kemerovo Region 21

BREEDING, SELECTION, GENETICS AND BIOTECHNOLOGY OF ANIMALS
V. I. Kosiloy, I. V. Mironova, S. G. Islamova, Yu. N. Chernyshenko, Yu. L. Akramova The Influence of the

Genotype of Young Sheep on the Variety Assortment of Meat Products ...........ccccceeeiiiiiiii e 27
P. O. Schiogolev, A. A. Chaitskiy, K. D. Chaitskaya, V. A. Durkina The Marker Genes of Cattle Meat and Dairy
Productivity: GH and MSTN (REVIEW) ....ceeiiiiiiiie ettt e e et e e e et e e e e e e nabe e e e e e antaee e e e e ennneeeeas 33
P. O. Schiogolev, A. A. Chaitskiy, K. D. Chaitskaya, V. A. Durkina Genetic Markers of Meat and Dairy Productivity:
CAPNT and CAST GENES (REVIEW) ...uviiieiiiieiiit ettt ettt e ekt e e ettt e e st e e e st e e e aaae e e s seeeessteeesbeeeanbeeeeaneeeeaneeeas 42
M. S. Bakhvalkin, E. G. Skvortsova, R. V. Tamarova Comparative Analysis of Polled and Horned Cattle of the
Yaroslavl Breed by the of Polymorphic Protein Allele FreQUENCY ........c..ooiiiiiiiiiieiiiie e e 50

TECHNOLOGIES, MACHINERY AND EQUIPMENT FOR AGRO-INDUSTRIAL COMPLEX
0. S. Kuzmina, E. G. Kotlyarova, A. A. Muravyov, D. A. Lukinov Development and Justification of the Design of

a Seed Dirill for Precision Seeding of Large-Fruited SEedS ...........cccuiiiiiiiiiiiiiiiie e 56
V. V. Zholudeva, E. V. Sheshunova Optimization of an Agricultural Enterprise’s Machine and Tractor Fleet Using
Mathematical Modeling METNOAS ..........eiiiiii et e e e e e et e e e e e et e e e s sn e e e e e e aansaeeeeeeenns 63

ELECTRICAL TECHNOLOGIES, ELECTRICAL EQUIPMENT AND POWER SUPPLY
OF THE AGRO-INDUSTRIAL COMPLEX
A. S. Uglovskiy Application of the MODDE Software Package for Optimizing the Parameters of Electrophysical

Weed Control Using RegreSSion ANAIYSIS ........ooiiiiiiiiiii ettt e e e ettt e e s et e e e s ennneeeas 68
V. V. Morozov, N. Yu. Makhaeva, G. M. Zyuzin, D. A. Vasikov, M. V. Knysh, A. V. Belyaev The Possibilities of Diesel
Power Plants Using Dual-Power Machines in Parallel Operation ............ccooiiiiiiiiieiiiecsee e 78

TRIBUNE OF YOUNG SCIENTISTS
A. A. Lansberg Analysis of Load and Distribution of Electric Power Losses in 35/10 kV Power Transformers in the

(O3] I (=T | (o] o K OO PPRR 84
E. A. Portnova Development of a Chyme Mixing Device for a Pig Gastrointestinal Tract Simulation System ........ 94
85T 0] o =Y o2 T T (=) SR 101

© Herald of Agroindustrial complex
of Upper Volga region, 2026




Hayunas ctates
YK 633.11+631.8
doi:10.35694/Y ARCX.2026.73.1.001

®OPMHUPOBAHUE CTPYKTYPHI YPOXKAS U YPOKAMHOCTH O3UMOM
INIIEHALBI COPTA CHHEBA B 3ABUCHUMOCTH OT NIPUMEHEHUWSI
PEI'YJIAATOPOB POCTA U MUHEPAJIBHBIX YIOBPEHUU

Auekceii Anexceenu AKuMoB', Asexceii UBanosnu Besenkos?, I'1e6 Anexceesud I'pyasies’
I 3TBepckas rocyjapcTBeHHas celbCKOX03giicTBeHHas akaaemus, Tseps, Poccus
2MenepanbHblil HAYYHbIH LEHTP KOPMOMPOU3BOJCTBA U ArPOIKOJIOTHH
nmend B. P. Bunesamca, JIo6ust, Poccus

ABTOp, OTBETCTBEHHBIN 3a niepenucky: Anekcen ViBanoBu4 beneHkos,
belenokaleksis@mail.ru, ORCID 0000-0003-0422-4936

Pedepat. Llens uccrnenoBanuii — M3y4uTh BIUSHUE PETYIATOPOB POCTA PacTeHUN AJBOUT U
Arar-25 Cynep u pa3HbiX ()OHOB MHUHEPAIBHOTO MUTAHHUA HAa POCT, pa3BUTHE, (HOPMUpPOBAHHE
CTPYKTYpPBI YPOKast U YPOKalHOCTb 03UMOM NueHulbl copra Cunesa. [loneBoii onbIT MpoBOAUIIN B
2022-2025 rr. B ycnoBusix TBepckoit 001acTi Ha AEPHOBO-CPEIHETIO30UCTON JIETKOCYTIIMHUCTOMN
nouse. Pa3MmenieHue BapuaHTOB — PEHAOMH3UPOBAHHOE, NOBTOPHOCTh B ONBITE — TPEXKpaTHasl.
OIBIT 3a10KEH METOIOM PACIIENIEHHBIX IeIHOK. Ilnomans oneita 1800 M2, miuomans aensuku I
nopsinka 300 M2, nemsHku 11 nopsinka 60 M?, IUIOLIA/b y4€THOU JenstHku 12 M2,
[IpeamecTBEHHUKOM 03WMOM MIIIEHUIIBI BO BCE TOBI MCCIEAOBaHUI ObUT YUCTHIN map. B cpeanem
3a 3 roja uccienoBaHui 0oJbIIyI0 ypoxkaiHOCTh obecnieunBan Arat-25 Cymnep — 30,5 w/ra, uto
Obu10 BhIIE Ha 3,4 1/ra, wim Ha 12,5%, yem npu npumenennn Ansout (27,1 w/ra). [IpoBenénnsie
UCCIIEIOBaHM MOKAa3alli, YTO HanboJiee BHICOKYIO YPOXKAHHOCTh 03UMOM MIeHulbl copta CuHeBa
obecnieunBan perynsaTop pocra Arar-25 Cymnep B OCHOBHOM 3a CYET YBEIUYCHHS KOJUYECTBA
pactenuii mepen yoopkoii (314 mr./m?), uucna 3épen B komoce (24,9 wmrt.), maccel 1000 38pen
(42,71 1) u, B uenom, maccol 3epHa c¢ kosnoca (1,02 r). [Ipumensembie ynoOpeHHs] B CpeaHEM
IPUBOJMIM K BO3paCTaHUIO BCEX IIOKA3aTeled CTPYKTYpbl YPOKaWHOCTH, HE3aBHUCHUMO OT
perynsitopa pocta. [lomydenne 6ombIieit ypoxkaitHocTu o3uMoi mimeHuIlbl Ha poHax NogPrsKos +
Neo+30 1 N24P24Ko4 + Neo+60 00BsICHSITOCH HanOOIbIIEH BETUYMHON MPOJYKTUBHOTO CTEOIECTOS U
MAaCChI 3€pHa C KOJIOCa, B MIEPBYIO O4YEpeib, MPHU IBHOM npeumytiecTBe NoaP24Kos + Neo-+60.

Knrouesvie cnosa: osumas nwenuya, pecynsimopwi pocma, Aeam-25 Cynep, Anrvoum,
MUHepaibHule YOOOPEeHUs, YPOICAUHOCHb, CIMPYKMYPA YPOHCAUHOCTIU

FORMATION OF YIELD STRUCTURE AND CROP YIELD OF WINTER WHEAT
OF THE SINEVA VARIETY DEPENDING ON THE USE OF GROWTH REGULATORS
AND MINERAL FERTILIZERS

Aleksey A. Akimov!, Aleksey I. BelenkovZ, Gleb A. Grudyaev?
L. 3Tver State Agricultural Academy, Tver, Russia
2Federal Williams Research Center of Forage Production and Agroecology, Lobnya, Russia

Author responsible for the correspondence: Aleksey 1. Belenkov,
belenokaleksis@mail.ru, ORCID 0000-0003-0422-4936

Abstract. The purpose of the research was to study the effect of plant growth regulators
Albit and Agat-25 Super and different mineral nutrition backgrounds on the growth, development,
formation of yield structure and crop yield of winter wheat of the Sineva variety. The field


https://www.vniikormov.ru/

experiment was carried out in 2022-2025 in the conditions of the Tver region on soddy-medium
podzolic light loamy soil. The placement of variants was randomized, the experiment was replicated
three times. The experiment was started on the method of split plots. The area of the experiment
was 1800 m?, the area of plot I was about 300 m?, plot II was about 60 m?, the area of the
registration plot was 12 m?. The predecessor of winter wheat in all years of research was dead
fallow. On average, over 3 years of researches, Agat-25 Super provided a high crop yield — 30.5
c/ha, which was higher by 3.4 c/ha or 12.5% than when using Albit (27.1 c/ha). The conducted
researches have shown that the highest crop yield of winter wheat of the Sineva variety was
provided by the Agat-25 Super growth regulator mainly due to an increase in the number of plants
before harvesting (314 pcs/m?), the number of grains in the ear (24.9 pcs), the weight of 1000 grains
(42.71 g) and, in general, the weight of grain per ear (1.02 g). The applied fertilizers, on average,
led to an increase in all indicators of crop yield structure, regardless of the growth regulator.
Obtaining a higher yield of winter wheat on the background of N24P24K24 + Neo+30 and N24P24Ko4 +
Neo+60 Was explained by the largest value of productive plant stand and grain weight per ear,
primarily with a clear advantage of N24P24K24 + Neo-+60.

Keywords: winter wheat, growth regulators, Agat-25 Super, Albit, mineral fertilizers, crop
yield, crop yield structure
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PAIIMOHAJIBHOE ITUTAHMUE - 3AJIOT" 3/IO0POBOTI'O ATPO®PUTOILEHO3A,
BBICOKOH INPOAYKTUBHOCTH U KAYECTBA 3EPHA O3UMO¥ MIIIEHUIIBI,
BO3JAEJIBIBAEMOMU B 30HE HEYCTONMYUBOI'O YBJIA’KHEHU A

. 10. nosa!, B. H. Curnuxos?, A. H. a LA man, M. 1O. B
A. O. Oxepenona', B. H. C KxoB?, A. H. Ecayaxko?, B. A. Bopoaun*, M. 10. A3aposa®
1.2.3.4.3CraBpononsckuii Tocy1apcTBEHHbIH arpapHblii yausepcutet, CTapornons, Poccus

ABTOp, OTBETCTBEHHBIH 3a nepenucky: AjeHa FOpreBHa Oxepesona,
alena.gurueva@mail.ru, ORCID 0000-0001-6038-6409

Pedepar. DxcniepumeHT Obi1 3amoxkeH B 2023-2025 rr. ¢ 1enpio moadopa OnTUMaIbHOTO
MUTaHUS, CIIOCOOCTBYIOIIETO YBEJIMYEHUIO MPOAYKTUBHOCTH, KaueCcTBa 3€pHA O3MMOM MILIEHUIBI,
BO3/ICTIbIBAEMON B  30HE HEYCTOMUMBOrO  YBI&KHEHHS, M  (OPMHPOBAHUSA  3/10pPOBOIO
arpoduroreHo3a. MecTo NpoBeNeHUS HCCIEIOBAaHUM — TEPPUTOPUS CEIbCKOXO3SIIICTBEHHOIO
npeanpusatust KouybeeBckoro MyHununanbHoro okpyra CraBpomnojibckoro kpas. B xoze
HCCIIeIOBaHMs ObUIO M3YYEHO BIMSIHHE HOPM MMHEpaIbHBIX yAoOpeHuil (Paxtop A): KOHTpPOJS
(6e3 ynoOpeHnuit), pekomen1oBaHHOM (N215Pes) 1 pacu€THO#l Ha TulaHUpyeMmyto ypoxaiiHocts 10,5
1/ra (N257P135K75), Ha mopak€HHOCTh MYUYHHUCTON POCOM, YPOKAWHOCTh U KA4ECTBO 3€pHA COPTOB
o3umoii nmenunsl (Dakrop B): llkona (cpeanepannuit) u lana (cpeanepannuii). bouio BeIsBIECHO,
YTO Ha BapuaHTE C PEKOMEHJI0BaHHOW HOpMoM ynoOpenuit (N215Pess) cHIDKaeTcs, MO CpaBHEHHUIO C
KOHTpOJIEM, pacnpocTpaHEéHHOCTh (6—7%) u crenenb pazButus (0,6%) MyuyHHCTOH pochl B 00a
nepuona yuéra. C mpumeHeHueM pacuétHort HopMbl (N257P135K75) pacpocTpan€anocTs Bo3pacTaet
Ha 5-6%, a crenenpb pasButus yobiBaeT Ha 0,1-0,2%. Copr llama nposiBUI MEHBIIYIO
BOCIPUMMYHUBOCTh K ©OO0J€3HM BO Bcex BapuaHTax. ONTUMaJIbHONH HOPMON yIOOpeHus,
copMHpOBaBIIIEH MaKCUMaJIbHBIE YPOXKAMHOCTD U KQUeCTBO 3€pHA 03UMOH MieHHIbI copToB Lama
u [komna, moxkHo cuntath Ns7P135K7s, e cpemusst nmpoayktuBHOCTH cocTaBuina 9,87 u 8,75 T/ra,
Konn4ecTBO KieikoBuHbl 24,0 u 23,2%, 6enka 18,4 u 17,8% cootBerctBeHHO copty. Copt Llana B
JBYXTOJUYHBIX MCCIIEAOBAHUAX MMOKa3ajl OOJBIIYI0 OT3bIBUMBOCTD Ha BHICOKHE HOPMBI YIOOPEHUH,
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o cpaBHeHuio ¢ coptoM lllkona, kak Mo ypoxkaifHOCTH, TaK ¥ MO OMOXUMHYECKUM IOKa3aTessiM.
Takum 00pazom, A1 30HBI HEYCTOMYMBOTO YBIXXHEHHUS MOKHO MOPEKOMEHAOBATh PACUETHYIO
HOpMY MHHEpalbHbIX yaoOpenui (N2s7P135K75) u Hanbonee OT3hIBUMBBIA COPT O3MMOM TIIIEHUIIBI
Ha JIaHHBIN YpOBeHb nuTaHus — Llairy, HO P yBEJIIMYCHUU HOPM a30THBIX yJI00pEHUH HEOOXOIMMO
ocoboe BHUMaHHUE YJICJIUTh KOHTPOIIO OoJie3Hei, B HalleM cllydae MYUYHUCTOW poce, U
CBOEBPEMEHHO MPUMEHUTH (DYHTUIH/IBL, YTO CHU3UT BO3MOXKHBIE IOTEPU ypOXKasl.

Kniouesvie cnosa: ozumas nwenuya, MyuHucmas poca, HOPpMbl MUHEPATbHBIX YOOOpeHUl,
copm, pacnpoCmpanéHHOCmMyb, CMeneHb pa3eumus, YyPOICauHoOCmMyb, Ka4ecmao

RATIONAL NUTRITION IS THE KEY TO A HEALTHY AGROPHYTOCENOSIS, HIGH
PRODUCTIVITY AND GRAIN QUALITY OF WINTER WHEAT CULTIVATED IN
THEZONE OF UNSTABLE MOISTURE

A. Yu. Ozheredova', V. N. Sitnikov?, A. N. Esaulko?, V. A. Borodin®*, M. Yu. Azarova’®
1.2.3.4.58tavropol State Agrarian University, Stavropol, Russia

Author responsible for the correspondence: Alena Yu. Ozheredova,
alena.gurueva@mail.ru, ORCID 0000-0001-6038-6409

Abstract. The experiment was conducted in 2023-2025with the aim of selecting the optimal
nutrition that contributes to an increase in productivity, quality of winter wheat grains cultivated in
the zone of unstable moisture, and the formation of healthy agrophytocenosis. The place of research
is the territory of the agricultural enterprise of the Kochubeevskiy municipal district of the
Stavropol Territory. In the course of the study, the effect of mineral fertilizer rates (Factor A):
control (without fertilizers), recommended (N215Pss) and calculatedon the planned yield of 10.5
tons/ha (N257P135K75), on powdery mildew, yield and grain quality of winter wheat varieties (Factor
B): Shkola (middle-early) and Tsatsa (middle-early) has been studied. It was found that on the
variant with the recommended fertilizer rate (N215P¢s), the prevalence (6—7%) and the degree of
development (0.6%) of powdery mildew in both accounting periods are reduced compared to the
control. With the application of the calculated norm (N257P135K75), the prevalence increases by 5—
6%, and the degree of development decreases by 0.1-0.2%. The Tsatsa variety showed less
susceptibility to the disease in all variants. The optimal fertilizer rate, which formed the maximum
yield and quality of winter wheat grains of the Tsatsa and Shkola varieties, can be considered
N257P135K7s, where the average productivity was 9.87 and 8.75 t/ha, the amount of gluten was 24.0
and 23.2%, protein 18.4 and 17.8%, respectively of the variety. In two-year studies the Tsatsa
variety showed greater responsiveness to high fertilizer rates compared to the Shkola variety, both
in terms of yield and biochemical indicators. Thus, for the zone of unstable moisture we can
recommend the calculated rate of mineral fertilizers (N257P135K75) and the most responsive variety
of winter wheat for this level of nutrition — Tsatsa, but with an increase in nitrogen fertilizer rates,
special attention should be paid to disease control, in our case powdery mildew, and timely
application of fungicides, which will reduce possible yield losses.

Keywords: winter wheat, powdery mildew, mineral fertilizerrates, variety, prevalence,
degree of development, yield, quality
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AHAJIN3 DJIEMEHTOB [IUTAHUS B ITAXOTHBIX ITIOYBAX
KEMEPOBCKOM OBJIACTH

Exarepuna Bopucona Porbkuna', Enena Huxonaesna Xapuenko?
I-2Ky36acckuii rocynapcTBeHHbIH arpapHslii yauBepcuteT umenn B. H. ITonenkosa,
Kemeposo, Poccus
k.rot@mail.ru, ORCID 0000-0002-6437-0292
harchenko-en@mail.ru

Pedepar. [10uBbI ABISIOTCS OCHOBHBIM PECYPCOM ULl CEIBCKOIO XO35MCTBA U 9KOCHUCTEMBI
B LiejoM, o0ecrneuuBas pPAaCTECHHs HEOOXOIUMBIMHM IHUTATEJbHBIMU BeELIECTBAaMH U BOAOH. B
KemepoBckoii 00macT, Kak U B IpyTuX peruoHax Poccuu, cOCTOSHUE MaxOTHBIX MOYB HAXOIUTCS
[I0J1 BIMSHUEM pa3IMYHbIX (DAaKTOPOB, BKJIOYAsi aHTPOIIOTEHHbIE H3MEHEHHMsI, KOTOPbIE B I1OCIIEAHNE
NECSITUJIETUS] CTaHOBATCA Bc€ Oonee akryanbHbIMU. Kys3bacc — KemepoBckas o0nacts,
pacrioyio’keHHast Ha rpaHuile 3anagHo-CuOMpPCKOi paBHUHBI M TOPHBIX MACCUBOB, XapaKTepU3yeTcs
CIIO)KHBIM JIAHAA(QTHO-KIIMMATHYECKUM Pa3HOOOpa3ueM. DKOCHCTeMa pEeTrMoHa IIO/BEep)KeHa
3HAYUTENIBHBIM BO3JECHCTBUSAM CO CTOPOHBI IPOMBIIIJIEHHOCTH, IPEXKIE BCEr0 PacTUTEIbHBIN
MOKPOB U TMOYBEHHBIN cioid. Hamboee BayKHBIM IMapaMeTpoM IpH OLIEHKE COCTOSHHSI TUIOI0POIUS
[IOYB TPAJUIMOHHO CUUTAeTCs colepKaHue B HMX Kaiausg U Qocdopa. Hecmorps Ha TO, uTO
HAOIIOAAI0TCA TEHIEHIMH K CHIIKCHHIO TMOJIBWXHON (pakuuu ¢ocdopa B MaXOTHBIX 3eMILIX,
IUIOZIOPO/IME B 1LIE€JIOM MOJJIEPKUBAETCS Ha BBICOKOM YpOBHE OJylarofapsi IOBBILIEHHOMY
COJIEP’KaHUIO TyMyca U 3HauuTelbHOMY YpoBHIO P20s. B craThe aHamm3upyroTcsl mokazaTesu
cojiepkaHus Kanus, Gocdopa, a TakKe OPraHUYECKOro BEIIECTBA B MAXOTHBIX IMOYBAX OT/ENbHBIX
MYHUIMIAIBHBIX OKpyroB KemepoBckoil obOnactu. Llenb uccienoBaHus — U3ydeHHE 3JIEMEHTOB
nuTaHus (copepkanue (ocdopa, Kanus, OpraHMUECKOro BEIIeCTBA) B MAXOTHBIX MOYBAX PErHoHa,
oxBaThIBatomiero teppuroputo Kysbacca. [IpoBeiénnble rccneaoBanus MOKa3all, YTO B MaXOTHBIX
[IOYBaX peruoHa mpeoOiagaeT CpeiHUN ypoBeHb MOABIXKHOro ¢ochopa, a KOHIEHTpauus
OOMEHHOro Kanusi OCTa€Tcsi BBICOKOM, M JIONOJHUTENbHbIE MEphl IO €ro YyBEJIWYEHHIO He
TpeOyrorcs. HameTuBiasics MONOXUTENbHAS TEHAECHIMS 3(PQPEKTUBHOTO HCIOJIb30BaHUS CUCTEM
BHECEHHS YJ0OpEHUN JOKHA MOJKPEIUIAThCA pa3padbaTbiBaeMbIMU CliIoco0aMu 00pabOTKHU TMOYBHI,
HamnpaBJICHHBIMU Ha TOBBIIEHUE IUIOAOPOAUS IOYBBI, KOTOpblE OyAyT YYMTHIBATh CHELM(UKY
MaTEpUHCKUX TOPHBIX MOPOJ, NOYB U KIMMaTudeckue ocobeHHocT KemepoBckoit obOmactu —
Ky3sbacca.

Knroueswie cnosa: nousa, nawns, ocgop, xanuii, opeanuieckoe eewecmeso, niodopooue,
Kemeposckas obnacmo

ANALYSIS OF NUTRIENTS IN ARABLE SOILS OF THE KEMEROVO REGION

Ekaterina B. Rot'kina!, Elena N. Kharchenko?
I.2Kuzbass State Agrarian University named after V. N. Poletskov, Kemerovo, Russia
k.rot@mail.ru, ORCID 0000-0002-6437-0292
*harchenko-en@mail.ru

Abstract. Soils are a major resource for agriculture and the ecosystem as a whole, providing
plants with essential nutrients and water. In the Kemerovo region, as in other regions of Russia, the
state of arable soils is influenced by various factors, including anthropogenic changes, which have
become increasingly relevant in recent decades. Kuzbass — Kemerovo region, located on the border
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of the West Siberian Plain and mountain ranges, is characterized by a complex landscape and
climatic diversity. The ecosystem of the region is subject to significant industrial impacts, primarily
vegetation cover and soil layer. The most important parameter in assessing the state of soil fertility
is traditionally considered to be the content of potassium and phosphorus in them. Although there
are trends towards a decrease in mobile phosphorus fraction in arable lands, fertility is generally
maintained at a high level due to the increased humus content and a significant level of P,Os. The
article analyzes the indicators of the potassium and phosphorus content as well as organic matter in
arable soils of certain municipal districts of the Kemerovo region. The purpose of the research is to
study the nutrients (phosphorus, potassium, organic matter content) in the arable soils of the region
covering the territory of Kuzbass. The conducted researches have shown that the average level of
mobile phosphorus prevails in the arable soils of the region, and the concentration of exchangeable
potassium remains high, and additional measures to increase it are not required. The emerging
positive trend in the effective use of fertilizer application systems should be supported by the
methods of tillage under development aimed at increasing soil fertility, which will take into account
the specifics of parent rocks, soils and climatic features of the Kemerovo region — Kuzbass.

Keywords: soil, arable land, phosphorus, potassium, fertility, organic matter, Kemerovo
region
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ABTOp, OTBETCTBEHHBI 3a niepenucky: Mpuna BanepseBHa MupoHoBa,
mironova_irina-V@mail.ru, ORCID 0000-0002-5948-9563

Pedepar. KayectBo MsicHOI mponykuuu (GopMHpYeTCsl NMpH CIOXKHOM B3aUMOEHCTBUU
pasznuuHbiX (QakTopoB. CylllecTBEHHOE BIMSHHME HA 3TOT IPHU3HAK OKAa3bIBAIOT TE€HETHYECKHE
0CcOOEHHOCTH KMBOTHBIX. Llenb mcciaenoBaHus — OllEHKa BIMSHUS M€HOTHMIIA MOJIOJIHSKA OBEI| Ha
COpPTOBOM cocTaB TyIlIU. M3yueHo BIusHUE reHoTUIa OapaHYMKOB Luraiickoil nmopoast (I rpynmna),
MOMECHBIX OapaH4MKOB — 1/2 nuraiickas x 1/2 sguns6aeBckas (Il rpymnmna), BalyImkoB IUraickoin
nopoas! (III rpynmna), momecHbIx BanymkoB — 1/2 muraiickast X 1/2 sguns6aeBckas (IV rpymnma) Ha
COPTOBOW COCTaB TYIIH. YCTaHOBJIEHO, YTO MpHU yboe B 8 MecslleB Macca TyIId Y MOJOAHsAKa [
rpymmsl coctaBisuia 19,12 kr, Il rpynmsr — 23,31 xr, III rpynnsr — 17,31 kr, IV rpynmsr — 21,28 kr.
ITpu 3TOM momecHbI MOOAHSK I rpynmbl MpeBOCXOAMI YMCTONOPOAHBIX CBEPCTHUKOB | Tpymmb
1o abcomoTHOM Macce oTpyOoB Tymmu I copta Ha 3,85 kr (23,07%), oTHOCUTENBHOM — Ha 0,79%. B
CBOIO OY€pelb, MOMECHBIE BaMyIIKH [V TIpynmbsl OpEeBOCXOAWIM UYUCTONOPOAHBIX IIMTaiCKUX
cBepcTHUKOB I rpymmel Mo BenmnunHe aHATM3UPYEMbIX Tokasareneit Ha 3,55 kxr (23,57%) u 0,42%
COOTBETCTBEHHO. [Ipu 3TOM "ncTOnOpoiHbIe GapaHUYUKU | rpynmbl MPeBOCXOMIN BATYIIKOB 3TOIO
xe redHoruna III rpynnel mo abcomoTHON Macce oTpy0OoB Tymu I copra Ha 1,63 kr (10,82%) u



oTHocuTenbHOM Macce — Ha 0,29%. [lo momecsm mpeumyiiectBo OapanHumkoB Il rpynmber Han
Baitymikamu [V rpynmnsl ObU10 MeHee cymecTBeHHbIM U coctanisuio 1,93 kr (10,37%) u 0,66%. Uto
KacaeTcsl BeIxoJla oTpyOoB Tymu Il copTa, TO MEXIpyIInoBble pa3inyus ObUIM HECYIIECTBEHHBIE U
CTaTUCTHYECKH HEIOCTOBEPHBI. Y CTaHOBIICHO, YTO MOMECHBIE OapaHYMKH W BAJTyIIKH, BCICACTBUE
nposiBiieHus 3¢ (heKTa CKpeuuBaHus, UMENIN MPEUMYIIECTBO HAJl YUCTOMOPOJAHBIMU CBEPCTHUKAMH.
IIpu 3TOM KacTpanus OapaHYMKOB OKa3bIBajla HETaTUBHOE BIIMSIHME Ha COPTOBOM COCTaB TYLIU
BCJIE/ICTBHE YMEHbILIEHUS BbIx0/1a oTpy0oB I copra.

Knrouesvie cnosa: osyesoocmeso, yueaickas nopooda, nomecu ¢ 30uibbaedckoli nopooot,
OapanyuKu, 8anyuKu, MACHAs Myuid, COpmosol COCMag

THE INFLUENCE OF THE GENOTYPE OF YOUNG SHEEP ON THE VARIETY
ASSORTMENT OF MEAT PRODUCTS

V. 1. Kosilov!, I. V. Mironova?, S. G. Islamova’, Yu. N. Chernyshenko*, Yu. L. Akramova®
'Orenburg State Agrarian University, Orenburg, Russia
2.3.4Bashkir State Agrarian University, Ufa, Russia
2.4Ufa State Petroleum Technological University, Ufa, Russia
*Moscow State Academy of Veterinary Medicine and Biotechnology — MBA named after
K. I. Skryabin, Moscow, Russia

Author responsible for the correspondence: Irina V. Mironova,
mironova_irina-v@mail.ru, ORCID 0000-0002-5948-9563

Abstract. The quality of meat products is formed by a complex interaction of various
factors. The genetic characteristics of animals have a significant impact on this trait. The purpose of
the study was to assess the effect of the genotype of young sheep on the variety assortment of the
carcass. The influence of the genotype of ram hogs of the Tsigai breed (group I), crossbred ram
hogs — 1/2 Tsigai x 1/2 Edilbaev (group II), wethers of the Tsigai breed (group III), crossbred
wethers — 1/2 Tsigai x 1/2 Edilbaev (group IV) on the variety assortment of the carcass was studied.
It was established that during slaughter at 8 months, the carcass weight in young animals of group I
was 19.12 kg, group II — 23.31 kg, group III — 17.31 kg, group IV — 21.28 kg. At the same time
crossbreed young animals of group II exceeded purebred herdmates of group I in the absolute
weight of carcass cut of Grade I by 3.85 kg (23.07%), and in relative weight — by 0.79%. In turn,
crossbreed wethers of group IV exceeded purebred Tsigai herdmates of group III in terms of the
analyzed indicators by 3.55 kg (23.57%) and 0.42%, respectively. At the same time purebred
wethers of group I exceeded wethers of the same genotype of group III in the absolute weight of
carcass cuts of Grade I by 1.63 kg (10.82%) and relative weight — by 0.29%. In terms of
crossbreeds, the advantage of group II ram hogs over group IV wethers was less significant and
amounted to 1.93 kg (10.37%) and 0.66%. As for the yield of carcass cuts of Grade II, the between-
group differences were insignificant and statistically unreliable. It was established that crossbreed
ram hogs and wethers due to the manifestation of the crossing effect, had an advantage over
purebred herdmates. At the same time, the castration of ram hogs had a negative effect on the
variety assortment of the carcass due to a decrease in the yield of cuts of Grade I.

Keywords: sheep breeding, Tsigai breed, crossbreeds with Edilbaev breed, ram hogs,
wethers, meat carcass, variety assortment
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T'EHBI-MAPKEPBI MSICHOH 1 MOJIOYHOM NPOJYKTUBHOCTH
KPYIIHOI'O POI'ATOI'O CKOTA: GH 1 MSTN (OB30P)

IL. O. Illeroaen', A. A. Yanuxuii?, K. JI. Yaunkasn?, B. A. Typkuna*
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ABTOp, OTBETCTBEHHBIN 3a MEpPENUCKy: Allekcen AllekcanapoBud Yauukui,
leha.chaittskiy@mail.ru, ORCID 0000-0002-5853-3809

Pedepar. PaccMoTpeHBl TUTEpaTypHBIE JaHHBIE O MOIUMOPQHU3MaX, JIOKATU30BAHHBIX B
reHax ropmona pocra u muoctatuHa. [Tomumopdusm Alul rena ropmona pocra (GH) oka3swiBaeT
CYILLECTBEHHOE BJIMSHUE Ha POCT OPraHOB M TKAHEW, B TOM YHUCIIE CKEJIETHOM MYCKYJIaTyphl,
dbopMUpys MPU3HAKU KaK MSCHOM, TaK U MOJIOYHOM MPOTYKTUBHOCTU. B OOJIBIIMHCTBE MOMYIAIUN
KpYIHOI'O pOraToro ckora (TOJILITHHCKas, YEpHO-NECTpasi, KOCTPOMCKas, XOJIMOIOpcKas U Jpyrue
nmopoael) mnpeobmamaer amwrenbr Lo (0,624...1,000), accomuupoBaHHBIM, COTJIACHO JdaHHBIM
OOJIBIITMHCTBA UCCIIEIOBAHHM, C TIOBBIIIEHHON CKOPOCTBIO POCTa KHBOK MacChl M yI0eM Y KOpoB. B
TO K€ BpeMsl psAJl aBTOPOB YKa3bIBAET HA MIMPOKOE PACHPOCTPAHEHUE T€TEPO3UTOTHBIX T€HOTHUIIOB, a
B psiJie CJIy4aeB — U TOMO3HUTIOT ¢ TeHoTunoM VV. JlutepaTypHble 1aHHbIE CBUIETENbCTBYIOT TAKXKE
O CYUIECTBEHHOM BIHMsSHUU mnoimumoppuzMa F94L rena muoctaTMHa Ha MNapaMeTpbl MSICHON
MPOJYKTUBHOCTU KPYIHOI'O POraToro CKOTa, B TOM YHCJI€ HAa KOJIMYECTBO MBIIIEUYHBIX BOJIOKOH U
coJiepKaHue KHpa B MsACE, TOJUIMHY MOAKOKHOIO UpPa U MHTEHCUBHOCTh POCTa KUBOM MAacCCHhl.
HccnenoBatenu Takxke coobmaroT o BiausHuH noiauMopdusma MSTNF94L na sddexruBHOCTH
MOTpeOsIeHNs KOPMOB U MHTEHCUBHOCTH JBIXaTENbHBIX MPOIECCOB Y PEMOHTHBIX TEIOK MOJIOYHBIX
IIOPOJ,, a TAKXKE Ha I0Ka3aTead HX IOCIEAYIOIIEH MOJOYHOW NpONyKTUBHOCTH. IIpm sToM B
OOJIBIIMHCTBE MPOTECTUPOBAHHBIX MOPOA (TONIUTUHCKAsA, abepAMH-aHTYCCKas, CUMMEHTAIbCKas,
Oenpruiickasi roiyOast W TrepedopiacKas) MPEeBaTUpPOBAN «IWKH» aenbHbld Bapuant C
(0,920...1,000), acconurpoBaHHbIN ¢ OONBIIEH KUBOM MacCOH, yI0eM, BBIXOJIOM MOJIOUHOTO KHpa
1 OeJiKa y KOpOB.

Knrouesvie cnosa: xpynnviil pocamulii CKOM, 2€H, COPMOH pOCMA, MUOCMAMUH, MACHAA
NPOOYKMUBHOCHb, MOJOYHAS NPOOYKIMUBHOCb

THE MARKER GENES OF CATTLE MEAT AND DAIRY PRODUCTIVITY: GH AND
MSTN (REVIEW)

P. O. Schiogolev!, A. A. Chaitskiy?, K. D. Chaickaya?, V. A. Durkina*
1.2.3.4K ostroma State Agricultural Academy, Karavaevo, Russia

Author responsible for correspondence: Aleksey A. Chaitskiy,
leha.chaittskiy@mail.ru, ORCID 0000-0002-5853-3809

Abstract. Literature data on polymorphisms localized in growth hormone and myostatin
genes were considered. The Alul polymorphism of the growth hormone (GH) gene has a significant
effect on the growth of organs and tissues, including skeletal muscles, forming signs of both meat
and dairy productivity. In most cattle populations (Holstein, Black-and-White, Kostroma,
Kholmogory and other breeds), the L allele (0.624...1.000) is prevalent, associated, according to
most studies, with an increased growth rate of live weight and milk yield in cows. At the same time,
a number of authors point the widespread occurrence of heterozygous genotypes, and in some cases,
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homozygotes with the VV genotype. Literature data also indicate a significant effect of F94L
myostatin gene polymorphism on the parameters of meat productivity in cattle, including the
amount of muscle fibers and fat content in meat, subcutaneous fat thickness and intensity of live
weight growth. Researchers also report on the effect of MSTN F94L polymorphism on the
efficiency of feed consumption and the intensity of respiratory processes in replacement heifers of
dairy breeds, as well as on the indicators of their subsequent dairy productivity. At the same time, in
most of the tested breeds (Holstein, Aberdeen Angus, Simmental, Belgian blue and Hereford), the
"wild" allelic variant C (0.920...1.000) prevailed, associated with a greater live weight, milk yield,
yield of milk fat and protein in cows.

Keywords: cattle, gene, growth hormone, myostatin, meat productivity, dairy productivity
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TEHETUYECKHUE MAPKEPBI MSICHOM 1 MOJIOYHOM MMPOJAYKTUBHOCTM:
I'EHbBI CAPN1 U CAST (OB30OP)

IL. O. Ileroaen', A. A. Yanuxnii?, K. JI. Yauukas?, B. A. Typkuna*
1.2.3.9KocTpomckas rocyapcTBeHHas celbcKoXo3giicTBeHHas akanemus, Kapasaeso, Poccus

ABTOp, OTBETCTBEHHBIH 3a nepenucky: Anekceil AnekcanipoBuy Yaunkui,
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Pedepar. l3yuyenbl nureparypHble IaHHbIE O CTPOEHHMH, OMONIOrMYecKodl ¢yHKUIMH,
accolMalMy C XO3SMCTBEHHO IOJE3HBIMHM NMPU3HAKAMU M YacTOTAaX BCTPEYAEMOCTH F€HOTUIIOB U
annenbHbIX ¢popM renoB kanbnanHa (CAPN1) u kansnacratuna (CAST). 'en CAPNI y kpynHOro
poraToro CkoTa KOAMpYyeT OeJOK KajpnauH |, yyacTBYIOIIMHA BO BHYTPUKIIETOUYHBIX IpoLieccax
nepeaaydl CUTHAJIOB M PEryJILUU HKCIPECCUN T'€HOB, HO HaHOOJBIINN UHTEpPEC OH MPEACTaBIISET
KaK YYaCTHMK MEXaHU3Ma MOocaeyOOMHOro paspylleHHs MBIIIEYHON TKaHU, BIIUSAS HA HEKHOCTb,
COYHOCTb U «MPaMOPHOCTb» MsAca. XOTs JUTEepaTypHble JaHHBIE O MPSIMOM CBS3U MoiuMopduzMa
g.6545C>T (rs17872050) rena CAPNI c¢ mnapamerpaMu MOJIOYHOW TMPOAYKTUBHOCTH HE
oOHapy>KeHbI, OJTHAKO MOJTBEPXkAEHHAS CBS3b JAHHOTO JIOKYyca ¢ KoHLeHTpauei ropmona IGF1, B
CBOIO OU€pe/lb, ACCOLIMUPOBAHHOTO € MTOKA3aTEISIMH MOJIOYHOM MPOTYKTUBHOCTH KOPOB, MO3BOJISIET
paccMaTpuBaTh I'eéH KalbllalHa KaK IMOTEHUHUAIbHBIH MapKep Kak MSCHOM, Tak M MOJIOUHOU
MPOAYKTUBHOCTU. B cBOO ouepenp, reH kanbnacratuia (CAST) urpaer BaxHyI0 poJib B peryJisilun
JeWCTBUS T€Ha KaibllanHa, UHTHOUpYsS ero JnedcTBHe Ha OeJKM MbIIIeYHOW TKaHU. B kauecTBe
nepcrnexktuBHoro JIHK-mapkepa psnom uccrnenosareneil mpeminaraercss jgokyc CAST cl155C>T
(rs137601357), accouMUpOBAaHHBIM C TOJLIMHOW MOJKOXHOTO  JKHUpPA, HEXKHOCTBIO U
«MPaMOPHOCTBIO» Msca. DTOT K€ MOJIUMOP(PHU3M, IO HEKOTOPHIM JIaHHBIM, OKa3bIBA€T BIUSHUE U
Ha MPU3HAKU MOJIOYHOM MPOAYKTUBHOCTH KOPOB — YOH, BBIXO/1 MOJIOUYHOT'O JKHpa U OeJKa, a TaKkxKe
Ha [IOKa3aTead BOCIPOM3BOAMUTEIBHONW CIIOCOOHOCTH (B YAacTHOCTH, Ha JUIUTEIbHOCTh
MEXOTEIBHOTO MEepPHOAa M KOJINYECTBO OCEMEHEHUH, HEOOXOAUMBIX Ul OCYILIECTBICHHUS OJHOTO
OTUIOZIOTBOPEHUS ).

Knrouesvie cnosa: cen, xanbnauH, KaibnacmamuH, MACHAS NPOOYKMUBHOCMb, MOIOYHAS
NPOOYKMUBHOCHb, KPYNHbIU PO2AMbLU CKOM
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GENETIC MARKERS OF MEAT AND DAIRY PRODUCTIVITY: CAPN1 AND CAST
GENES (REVIEW)

P. O. Schiogolev!, A. A. Chaitskiy?, K. D. Chaickaya?, V. A. Durkina*
1.2.3.9K ostroma State Agricultural Academy, Karavaevo, Russia

Author responsible for correspondence: Aleksey A. Chaitskiy,
leha.chaittskiy@mail.ru, ORCID 0000-0002-5853-3809

Abstract. Literature data on the structure, biological function, association with
economically useful signs and frequencies of occurrence of genotypes and allelic forms of the
calpaine (CAPN1) and calpastatin (CAST) genes were studied. The CAPN1 gene in cattle encodes
the calpain 1 protein, which is involved in intracellular signaling and gene expression regulation,
but is of greatest interest as a participant in the mechanism of post-slaughter destruction of muscle
tissue, affecting the tenderness, succulence and "marbleness" of meat. Although literature data on
the direct relationship of the g.6545C>T (rs17872050) polymorphism of the CAPN1 gene with the
parameters of dairy productivity have not been found, however, the confirmed relationship of this
locus with the concentration of the hormone IGF1, in turn, associated with the indicators of dairy
productivity of cows, allows us to consider the calpain gene as a potential marker of both meat and
dairy productivity. In turn, the calpastatin gene (CAST) plays an important role in regulating the
action of the calpain gene by inhibiting its action on muscle tissue proteins. As a promising DNA
marker, a number of researchers have proposed the CAST cl155C>T locus (rs137601357),
associated with the thickness of subcutaneous fat, tenderness and "marbleness" of meat. The same
polymorphism, according to some data, affects the signs of dairy productivity of cows — milk yield,
milk fat and protein yield, as well as on the indicators of reproductive ability (in particular, the
duration of the calving interval and the number of inseminations necessary for one fertilization).

Keywords: gene, calpain, calpastatin, meat productivity, dairy productivity, cattle
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CPABHUTEJIbHBIA AHAJIN3 KOMOJIOT'O U POTATOIO CKOTA SIPOCJIABCKOM
IOPOJIBI ITO BCTPEYAEMOCTH AJUIEJIE TOJIMMOP®HBIX BEJIKOB

Muxauna Cepreesnu baxsaakun', Exena Fameposna CkBopuosa?,
Pauca BacuibeBua Tamaposa’
1.2:3 IpocnaBckuii rocyjapcTBEHHBIN arpapHblii yHuBepcuteT, Spocnasib, Poccus
'bahvalkin@yarcx.ru
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3r.tamarova@yarcx.ru

Pedepart. SpocnaBckas noposaa KpyrnHoro poraToro ckotra o0jaiaeT eHHBIMA MOJIOYHBIMHU
Ka4ecTBaMH U SBISIETCS 0ObEKTOM MHTEHCHBHOH CENEKIIMU. B COBPEMEHHBIX YCIOBHSIX KOMOJIOCTh
npuoOpeTaeT 3HaueHHE KaK XO3SHCTBEHHO TIOJIE3HBIM MpHU3HAK, MOBBIIIAIOMUN 0e30IMacHOCTb
KUBOTHBIX M O0JIETYAIONINI yX0o/ 32 HUMH. Llenb nccnemoBaHmsi — CpaBHUTENBHBIA aHAIH3 YacTOT
ajuieneil monuMopQHBIX OenKoB (Kamma-ka3zenHa, Oera-maktornoOynuHa, DGATI, GH1 u np.) y
pOraThiX ¥ KOMOJIBIX KOPOB SIPOCIABCKOM IMOPOJIBI B CTa/I€ OJHOTO M3 KPYIHBIX KHBOTHOBOIYECKIX
npeanpusaTiii Sipocnasckoit o6mactu. B BEIOOPKY BoLLIN 64 TONOBBI, CEMb U3 KOTOPBIX — KOMOJIBIE.
['eHOoTHIIPOBaHKE TIPOBOIIIIOCH IO JIOKYCaM, aCCOIIMMPOBAHHBIM C MOJIOYHOHW MPOAYKTUBHOCTHIO
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U TEXHOJIOIMYECKHMMH CBOWCTBAMM MOJIOKA. YCTAHOBJICHBI Pa3iMuus B F€HETUYECKOH CTPYKType
CpPaBHUBAEMbIX TPyNN. Y poOraTblX >XHBOTHBIX BBIABICHA OoJjiee BBICOKAS IOJS JKEIAaTEIbHOTO
renotuna BB no xanna-kazeuny (28,6% npotus 14,3%) u romosuror BB no reny DGAT1 (47,9%
1poTuB 28,6%), 4TO onpeaenseT UX FreHETUYECKYI0 [IEHHOCTh AJIsl CEJIEKIIMM Ha KUPHOMOJIOYHOCTb.
PoraTtele KOpOBBI XapakTepu3yrTcsi 0ojiee BBICOKMM YpPOBHEM I'€HETHYECKOro pa3HooOpasus U
ABJIAIOTCSL pE3epBOM pelakux ayeneid. Komoible JKMBOTHBIE, HANpPOTUB, JAEMOHCTPUPYIOT
KOHCOJIMJALIMIO 110 Py JOKYCOB: y HUX BbIIIE yacToTa ajuiens B 6era-nakrornodynuna (71,4%) u
auens B rena GHI1 (mytanus 2141), oqnako Habmonaercs 1e(UIUT TeTePO3UTOT, YKa3bIBAIOIIUI
Ha MHOPUIMHT. Y IISTH POraThiX KOPOB BBISBIEHO HOCHUTENBLCTBO ramioruna ¢gepruiasnocty HH3.
[TonmyyeHHble JaHHbIE MOTYT OBITh MCIOJB30BAHBI I ONTUMHU3AIMH CEJIEKIMOHHBIX MPOTPaMM,
HalpaBICHHBIX HA 3aKpEIUIEHUE JKEJaTelbHbIX auleled M COXpaHEHHE T'eHETHYECKOIro
pa3Hoo0Opas3us sIpoCIaBCKON TOPOIBI.

Kniouesvte cnosa: spociasckas nopooa, KpPYHHbIUL —poeamulii  CKOM, KOMOJIOCHIb,
noaumopguvle  benxku, kanna-kazeud, oema-raxkmoznodoyiun, DGATI, 2opmon  pocma,
2emepo3uUc0mHOCIb, 2eHemuYecKoe pazHoobpasue, ceiekyus

COMPARATIVE ANALYSIS OF POLLED AND HORNED CATTLE OF THE
YAROSLAVL BREED BY THE OF POLYMORPHIC PROTEIN ALLELE FREQUENCY

Mikhail S. Bakhvalkin!, Elena G. Skvortsova?, Raisa V. Tamarova®
1.2.3yaroslavl State Agrarian University, Yaroslavl, Russia
bahvalkin@yarcx.ru
2e.skvorcova@yarcx.ru, ORCID0000-0003-0699-7959
3r.tamarova@yarcx.ru

Abstract. The Yaroslavl cattle breed has valuable dairy qualities and is the object of intensive
breeding. In modern conditions, polledness acquires significance as an economic character increasing
the animal safety and facilitating animal care. The purpose of the study was to compare the allele
frequencies of polymorphic proteins (kappa-casein, beta-lactoglobulin, DGAT1, GHI, etc.) in horned
and polled cows of the Yaroslavl breed in a herd of one of the large livestock enterprises in the
Yaroslavl region. The sample included 64 heads, seven of which were polled. Genotyping was carried
out at loci associated with milk productivity and technological properties of milk. Differences in the
genetic structure of the compared groups were identified. In horned animals, a higher proportion of
the desired BB genotype for kappa-casein (28.6% versus 14.3%) and BB homozygotes for the
DGAT]I gene (47.9% versus 28.6%) was revealed, which determines their genetic value for selection
for butterfat percentage of milk. Horned cows are characterized by a higher level of genetic diversity
and are a reserve of rare alleles. Polled animals, in contrast, show consolidation at a number of loci:
they have a higher frequency of the B allele of beta-lactoglobulin (71.4%) and the B allele of the
GHI1 gene (mutation 2141), but there is a deficiency of heterozygotes indicating inbreeding. Five
horned cows were found to be carries of the fertility haplotype HH3. The obtained data can be used to
optimize breeding programs aimed at fixing the desired alleles and preserving the genetic diversity of
the Yaroslavl breed.

Keywords: Yaroslavl breed, cattle, polledness, polymorphic proteins, kappa-casein, beta-
lactoglobulin, DGATI, growth hormone, heterozygosity, genetic diversity, breeding
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PASPABOTKA U OBOCHOBAHHUE KOHCTPYKIIUU CEAJIKHA AJIAA TOYHOI'O
BBICEBA KPYITHOIUUIOJAHBIX CEMAH
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Pedepar. BoccraHoBieHHE JeCOHACaXIEHUH IO3BOJISET OOECHEYUTh HKOJIOTHYECKYIO
0€30MacHOCTh U CIIOCOOCTBYET yCTOMYMBOMY Pa3BUTHIO CEIBCKOTO XO3siicTBa. llonesamurHble
JIECHBIE TI0JOCHI (POPMUPYIOT SKOJOTHMUECKUI Kapkac arpoianamadra. [loaroroBka caxxeHUeB s
JIECOHACAXX/IEHUN OCYLIECTBIIIETCS B NHUTOMHHUKAX, C MCIOJIb30BAaHUEM CIIELUAIBHBIX CESIIOK.
OOBeKT ucciaenoBaHUA — KOHCTPYKLUS JIGCHOW CEsUIKM JUIl BbICEBA KPYMHOIUIOJHBIX CEMSH
npeBecHbIX mopoa (xkEmyau nyOa, kamransl). Llens paGoTel — pa3paboTka U 00OCHOBaHHE
KOHCTPYKLIMU CESAJIKU JUIsI KPYNHOIUIOAHBIX ceMsH. VccienoBaHue HampaBiIeHO Ha pa3paboTKy
KOHCTPYKLIMHU JUIsl ONTUMHU3ALUU HOPMBI BBICEBA CESUIKM, YTO MO3BOJIMT CHU3UTH PacXoj] LIEHHOIO
CEMEHHOI'0 Marepuana. BbICOKHe IOTepu IOPOTOCTOSLIET0 CEMEHHOIO MarepHuala IpU BBICEBE C
HCIOJIb30BAHUEM CYLIECTBYIOLIMX CESJIOK OOIIEro Ha3HaueHUs WM PYYHOM BBICEBE JIElacT
UCCIIeIOBaHUE aKTyaldbHbIM. B paboTe mnpoBenéH CpaBHUTENbHBIM aHAIM3 CYIIECTBYIOLIMX
KOHCTPYKLIMH BBICEBAIOILIUX allapaToB: KaTyIIEYHO-IYEUCThIX U YePIaKOBBIX. BhIsSBIEH OCHOBHOM
HE/I0CTAaTOK, 3aKJIoYaroluiics 100 B OTCYTCTBMM IOLITYYHOTO BBICEBA, JIMOO B CIOXKHOCTU
ruOKOl peryJMpoBKM Iara BbiceBa. B KkadecTBe pelleHMs] Mpeaiaraercs cesjaka ¢
MOJIEPHU3UPOBAHHBIM YEPIIAKOBBIM BBICEBAIOLIUM ammnaparoM. HOBH3HA KOHCTPYKLMU COCTOUT B
MIPUMEHEHUN CHEMHBIX SYEEK, KOTOpbIE MPH MOMOIIU (hUKcaTOpa MOTYT 3aKpEIUISAThCS Ha IeNH B
Pa3IMYHBIX NMONOKEHUSIX. OTIENBHBIE SYEUKH AJI CEMSH MOXKHO ITOJIHOCTBIO CHUMATh C LENU. JTO
MO3BOJINT JHUCKPETHO MEHATh MHTEpPBal MEXAY AaKTUBHBIMHU ceMs3axBaTaMH. TeXHHYeCKui
pe3yabTaT 3aKI0YaeTcss B 00eCeYeHNH TOYHOTO, MOIITYYHOI'O BBICEBA C YIPABISEMbIM IIIaroM 3a
C4E€T MPOCTOrO0 MEXaHWU3Ma pEryJupOBKH. BHenpeHue NpennoKeHHOW KOHCTPYKLHUHU IO3BOJIAT
MOBBICUTh 3KOHOMUYECKYIO 3(P(QEeKTHBHOCTh pabOTHl B JIECHBIX NMUTOMHHKAaX 3a CUET NpsAMON
SKOHOMMHU CEMEHHOT'0 MaTepHaja 1 CO3JaHus ONITUMAIbHON T'YCTOThI CTOSIHUS CESIHIIEB.

Knwoueswie cnosa: necnas cesanxa, KpynHonioOHble cemMend, mMouHblll 8blCes, ulaz nocaoku,
gblCesalOWUll annapam, HCENYOou, Kaumansl, HOpMUpPOBAHUe pacxood cemsH

DEVELOPMENT AND JUSTIFICATION OF THE DESIGN OF A SEED DRILL FOR
PRECISION SEEDING OF LARGE-FRUITED SEEDS

Olga S. Kuzmina!, Ekaterina G. Kotlyarova?, Aleksandr A. Muravyov?,
Dmitriy A. Lukinov*
1.2.3.4Belgorod State Agrarian University named after V. Gorin, Belgorod, Russia
kuzmina_os@belgau.ru
Zkotljarova_eg@belgau.ru
Smuravev_aa@belgau.ru
*lukinov_da@belgau.ru
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Abstract. The restoration of forest plantations ensures environmental safety and contributes
to sustainable agricultural development. Forest shelter belt forms the ecological framework of the
agrolandscape. The preparation of seedlings for forest plantations is carried out in nurseries using
special seeders. The object of research is the design of a forestry seeder for sowing large-fruited
seeds of tree species (oak acorns, chestnuts). The purpose of the work is to develop and justify the
design of a seeder for large-fruited seeds. The research is aimed at developing a design to optimize
the seeding rate of the seeder, which will reduce the consumption of valuable seed material. High
losses of expensive seed material when seeding using existing general-purpose seeders or manual
seeding makes the study relevant. A comparative analysis of the existing designs of seeding
mechanism is carried out in the work: roller-cellular and bucket. The main disadvantage has been
identified, which is either in the absence of piece seeding or in the difficulty of flexible adjustment
of the seed spacing. As a solution, a seeder with a modernized bucket seeding mechanism is
proposed. The novelty of the design lies in the use of removable cells, which can be fixed to the
chain in various positions with the help of a retainer. The individual seed cells can be completely
removed from the chain. This will allow discretely changing the interval between active seed
pickup. The technical result is to ensure precise, piece-by-piece seeding with a controlled spacing
due to a simple adjustment mechanism. The introduction of the proposed design will increase the
economic efficiency of work in forest nurseries due to direct saving of seed material and the
creation of optimal density of seedlings.

Keywords: forestry seeder, large-fruited seeds, precision seeding, plant spacing, seeding
mechanism, acorns, chestnuts, rationing of seed consumption
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ONITUMM3ALIUA MAIIMHHO-TPAKTOPHOI'O ITAPKA AI'PAPHOI'O
MNPEANPUATUA METOJAMU MATEMATHYECKOI'O MOJAEJINPOBAHUA

Bepa Buraiabesna JKoayaesa!, Enena Baagumuposna llemynosa?
12 SIpocnaBckuii Tocy1apcTBEHHBII arpapHbIil yHUBEpCHUTET, SIpociaib, Poccus
'zholudeva@yaragrovuz.ru, ORCID 0000-0001-9194-6659
%e.sheshunova@yarcx.ru, ORCID 0000-0002-7805-5656

Pedepar. Yiyuiienue ucnoiab30BaHus MalIMHHO-TpakTopHoro napka (MTII) B HacTosee
BpeMs SIBJISIETCSl OJTHUM W3 Ba)KHBIX HANpaBiICHUM MOBbIMIEHUS 3()(PEKTUBHOCTU NESATEIBHOCTH
CEJIbCKOXO35IICTBEHHOIO NpeANpUATHs. B TaHHON cTaThe MPUBEACHO HUCIOIb30BAHUE YKOHOMMKO-
MaTe€MaTHYeCKOro MOJCIUPOBAHUA M METOAOB JUISI ONTHUMHU3AIMM CTPYKTYpbl MAaIllMHHO-
TPAKTOPHOI'O MapKa arpapHOro MPEeANpUATHS C YY4ETOM HMCIOJb3yeMbIX Iomanei. Ha nmpumepe
KOHKPETHOTO  CEJIbCKOXO3SICTBEHHOro mpennpustus SpocimaBckoil  o0macTH, Ha OCHOBE
IIPOBEACHHOIO MOJCIUPOBAHUS, OIPEHCIICHbl JKCIUTyaTallMOHHBIE 3aTpaThl IPU ONTHUMAalIbHOU
ctpyktype MTIIL. B pe3ynbTrare mpoBen€HHOro HMCCeIOBaHUS IO psALy arperaToB HaOromaercs
HEJOCTATOK, BCIEIACTBUE YEr0 HMEIOIIUICA MAIIMHHO-TPAKTOPHBIM IIapK IIEPErpy’kKeH, a
koiuuectBO TpaktopoB JT-75 u OGopon 24-B3CC mnpeBblliaeT HOpPMY, U IO3TOMY OHHU
npocTtauBaloT. Takum 00pa3oM, cienaHbl BBIBOJBI O HEI(P(HEKTUBHOW CTPYKType MAIIMHHO-
TPAKTOPHOTO MapKa M IaHbl PEKOMEHAAIMY 10 onTuMaibHoMy coctaBy MTII.

Knwuesvie ciuoea: MGWMHHO—mpaKWIOprZIZ napk, mamemamudecKka Moaeflb,
Bde)eKmMSHOCWlb, onmumuzayust, CeNbCKOX035UCMBEeHHOe npouseoc)cmeo



OPTIMIZATION OF AN AGRICULTURAL ENTERPRISE'S MACHINE AND TRACTOR
FLEET USING MATHEMATICAL MODELING METHODS

Vera V. Zholudeva!, Elena V. Sheshunova?
12y aroslavl State Agrarian University, Yaroslavl, Russia
Izholudeva@yaragrovuz.ru, ORCID 0000-0001-9194-6659
2e.sheshunova@yarcx.ru, ORCID 0000-0002-7805-5656

Abstract. Improving the use of the machine and tractor fleet (MTF) is currently one of the
important ways for increasing the efficiency of the agricultural enterprise. This article described the
use of economic and mathematical modeling and methods to optimize the structure of the machine
and tractor fleet of an agricultural enterprise, taking into account the areas used. Using the example
of a specific agricultural enterprise in the Yaroslavl region, with the help of modeling carried out,
the operating costs were determined with the optimal structure of the MTF. The research results
showed that there is a shortage of a number of units, as a result of which the existing machine and
tractor fleet is overloaded, and the number of DT-75 tractors and 24-BZSS harrows exceeds the
norm, and therefore they stand idle. It was concluded that the current structure of the machine and
tractor fleet was inefficient and recommendations were made on the optimal composition of the
MTF.

Keywords: machine and tractor fleet, mathematical model, efficiency, optimization,
agricultural production
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INPUMEHEHME ITPOI'PAMMHOI'O KOMIIVIEKCA MODDE JJIs1 OIITUMHU3ALIUN
MMAPAMETPOB JIEKTPO®U3NYECKOI'O YHUUTOKEHUS COPHBIX PACTEHUI
METOAOM PEI'PECCHUOHHOI'O AHAJIM3A

Aptem CepreeBud Yria10BCKHUi
SpocnaBckuil rOCYyIapCTBEHHBIN arpapHbIil YHUBEPCUTET, Spocnasib, Poccns
a.uglovskii@yarcx.ru, ORCID 0000-0002-5678-4786

Pedepar. B pabore mnpencTaBieHbl pe3ylbTaThl HCCIEAOBAHUS 10 ONTHUMU3ALUHU
MapaMeTpoB ANIEKTPOPU3NYECKOTO BO3JEUCTBUS Ha COPHBIE PACTEHUS C LEJIbI TOBBIIIEHUS
3G HEKTUBHOCTH UX YHUUYTOXKEHUSA. AKTYaIbHOCTbh HCCIEIOBAHUS TPOAUKTOBAHA HEOOXOIUMOCTHIO
pa3paboOTKHU  DKOJOTMYECKHM O€30MacHBIX AarpoTeXHMYECKHX METO/OB, CIIOCOOHBIX  CTaTh
aJIbTepHATUBON XMMHUYECKOH repOuiuaHoi o0paboTke. B kauecTBe OCHOBHOIO aHAIUTHUYECKOTO
MHCTpYMEHTa JJIs IUJJaHUPOBAHUS HKCIHEPUMEHTOB W MaTeMaTH4ecKOM 0OpabOTKHM JTaHHBIX
npuMeHEH nporpaMmMHublii komiuiekc MODDE. B crathe moapobHo paccmaTpuBaroTcs jABa 3Tamna
MHOro(akTOpHOTO 3KcnepuMeHTa. Ha mepBom sTame Oblia MOCTpOEHA PErpecCHOHHAs MOJAENb
BTOPOTO TOPsI/IKa, ONKCHIBAIOIIASl 3aBUCUMOCTb CTEIIEHU YHUYTOXXEHMs OT HaNpsDKEHUS paspsaa,
SHEpPruM M BpeMeHH Bo3jeiicTsus. IlomydenHoe ypasHenue perpeccuu (R? = 0,97) mo3Bommio
BBISIBUTH 3HAYMMble HEIMHEHHBbIE 3(QeKThl, B 4yacTHOCTH, 3((EeKT HachIIIEHUs MO SHEPIHuH,
MOATBEPKIEHHBIM OTPUIIATENIbHBIM KBaJpPaTUYHBIM 4IEHOM. BTopoil sTam wuccienoBaHus ObLI
COCPENOTOYEH HA M3YYEHUM BIUSHUSA pa3psAAHOIO TOKA M BPEMEHU BO3JEHCTBUSA IIpU
¢ukcupoBanHoM HanpspkeHuu 24 kB. TloctpoenHast Moaenb noka3ana BHICOKYIO MPOTHOCTHYECKYIO
cnioco6Hocth (Q? = 0,964). C mOMONIBIO aHANM3a MOBEPXHOCTEH OTKIMKA M KOHTYPHBIX KapT
nzonuHuii B cpene MODDE onpenenenst o0i1actu napameTpoB, o0ecreunBaroife MaKkCUMaIbHYIO
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s dexkTuBHOCTL mpouecca. B pesynpraTte pabOThl YCTaHOBJIEHBI KOHKPETHBIE pallOHATbHbBIE
pexuMbl  00padoTku. OnTUMU3anus MOKaszajda, 4YTO JAOMUHHUPYIONIEE BIHMSHHE HA pPe3yibTar
OKa3bIBaIOT JHEPreTHYECKHE MapaMeTpbl (3HEPrus U TOK), B TO BpeMsl KaK BpeMsl BO3JCHCTBHUS
BBIMIOJIHSAET  BCIIOMOTareibHyl0 (¢yHkuuioo. IlodydeHHble pe3yibTaThl HMEIOT — BBICOKYIO
MPAKTUYECKYI0 3HAYUMOCTh ISl KOHCTPYUPOBAHUSI MOOHMIIBHBIX AJIEKTPOPU3NYECKUX YCTAHOBOK,
obecrieunBast BEICOKYIO HH(POPMAaTUBHOCTh M BOCTIPOU3BOAMMOCTD TEXHOJOTHUECKUX PEKUMOB.

Knwouesvie cnosa: snekmpoghusuueckoe 6o3oeiicmsue, YHUUMONCEHUE COPHBIX PACHEHUL,
MHO20(AKMOPHBIU IKCNEePUMEHN, Pe2PecCUOHHbIU AHAIU3, NOBEPXHOCMb OMKIUKA, ONMUMUSAYUS
napamempos, MODDE, nanpsoicenue pa3psaoa, pa3psaoHblil MoK

APPLICATION OF THE MODDE SOFTWARE PACKAGE FOR OPTIMIZING
THE PARAMETERS OF ELECTROPHYSICAL WEED CONTROL USING REGRESSION
ANALYSIS

Artem S. Uglovskiy
Yaroslavl State Agrarian University, Yaroslavl, Russia
a.uglovskii@yarcx.ru, ORCID 0000-0002-5678-4786

Abstract. The paper presents the results of a study on optimizing the parameters of
electrophysical effect on weeds in order to increase the efficiency of their destruction. The
relevance of the research is dictated by the need to develop environmentally friendly agrotechnical
methods that can become an alternative to chemical herbicide treatment. The MODDE software
package was used as the main analytical tool for planning experiments and mathematical data
processing. The article discusses in detail two stages of a multifactorial experiment. At the first
stage, a second-order regression model was constructed, describing the dependence of the degree of
destruction on the discharge voltage, energy and exposure time. The resulting regression equation
(R? = 0.97) made it possible to identify significant nonlinear effects, in particular, the energy
saturation effect confirmed by the negative quadratic term. The second phase of the study focused
on the effect of discharge current and exposure time at a fixed voltage of 24 kV. The constructed
model showed a high predictive ability (Q? = 0.964). Using response surface analysis and contour
line maps of isolines in the MODDE environment the parameter areas providing maximum process
efficiency were determined. As a result of the work, specific rational operating modes have been
established. The optimization showed that energy parameters (energy and current) have a dominant
effect on the result, while exposure time performs an auxiliary function. The obtained results are of
high practical importance for the design of mobile electrophysical installations, providing high
information content and reproducibility of technological modes.

Keywords: electrophysical action, weed control, multivariate experiment, regression
analysis, response surface, parameter optimization, MODDE, discharge voltage, discharge current
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BO3MOXKHOCTH JJU3EJBHBIX DJEKTPOCTAHIIAN, HCIIOJIB3YIOIIHAX
MAIIMHBI IBOMHOTI' O MATAHUA ITPU MAPAJJIEJIBHOM PABOTE

B. B. Moposos!, H. FO. Maxaesa?, I'. M. 31w3un?, /I. A. Bacuxos*, M. B. Knsir®, A. B.
Beasies®
1.2:3gIpocnaBckuit rocyIapcTBEHHBIH arpapHblii yHuBepcuTeT, SIpocnasis, Poccus
4585 pocnaBckoe BhICIIEe BOGHHOE YUMITHILE IPOTUBOBO3IYITHONH 000pOHEI HMEHH Mapiuaa
Cogserckoro Coro3a JI. A. I'oBopoBa, SIpocnasib, Poccust

ABTOp, OTBETCTBEHHBIH 3a nepenucky: Jmurpuii Anekcanaposud Bacukos, zooomd@yandex.ru

Pegepar. IlpoBenéH aHaiu3 HCIOJIB30BAHUS JIBYX BO3MOXKHBIX PpEXHMOB pabOThI
SHEPrOCUJIOBOIO 000pYyNOBaHMS 3JEKTpOCTaHIMM. PaccMoTpeH pexuM paboThl JTU3EIbHBIX
ANEKTPOCTAHLIMN B Mapajuiesib MPU KCIOJIb30BAHUN CUHXPOHHBIX '€HEpAaTOPOB M I€HEPaTOPOB Ha
OCHOBE  MalIMH  JBoHHOro  mnuraHus. Iloka3aHbl  BO3MOXKHOCTM O  IOBBIIIEHHIO
9HEProdPPEeKTUBHOCTH JU3EIBHBIX 3JIEKTPOCTAHIMN MPU UCIIOIB30BAHUN T€HEPATOPOB HA OCHOBE
MallliH JABOMHOro mnuraHus. Iloka3aHa BO3MOXHOCTH paboThl Oosee JABYX JIM3EIbHBIX
AJIEKTPOCTAHLIUN NTApAJUIETIBbHO HAa OJIMH UCTOYHUK HArpy3KHu.

Knwueswvie cnosa: mawuna 0601H020 numauus, 06u2amenb GHYMPEHHE20 C20PAHUs,
3a0amuuK Yacmomul, NapailelbHas paboma, Ou3envHas ANeKmpuideckas Cmanyus

THE POSSIBILITIES OF DIESEL POWER PLANTS USING DUAL-POWER MACHINES
IN PARALLEL OPERATION

V. V. Morozov!, N. Yu. Makhaeva?, G. M. Zyuzin?,
D. A. Vasikov4, M. V. Knysh®, A. V. Belyaev®
1.2 3yaroslavl State Agrarian University, Yaroslavl, Russia
456y aroslavl Higher Military Institute of the Air Defense, Yaroslavl, Russia

Author responsible for correspondence: Dmitriy A. Vasikov, zooomd@yandex.ru

Abstract. The analysis of the use of two possible modes of operation of power equipment of
power plants was carried out. The mode of operation of diesel power plants in parallel when using
synchronous generators and generators based on dual-power machines was considered. The
possibilities for improving the energy efficiency of diesel power plants when using generators based
on dual-power machines were shown. The possibility of operation more than two diesel power
plants in parallel per on one load source was shown.

Keywords: dual-power machine, internal combustion engine, frequency setter, parallel
operation, diesel power plant
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AHAJIN3 3ATPY3KHN U PACITPEJEJIEHUA IIOTEPH DJIEKTPOOHEPI'MU
B CUJIOBBIX TPAHC®OPMATOPAX HATIPS’)KEHUEM 35/10 kB
OPJIOBCKOM OBJIACTH

Anekcanap Ajekcanaposuy Jlancoepr
®denepanbHbII Hay4HbIN arpouHkeHepHbiid eHTp BUM, Mocksa, Poccus
lansbergaa@vk.com, ORCID 0000-0002-2834-6092

Pedepar. B HacTosiiee BpeMs MHOKECTBO paOOT HAIPaBJICHO Ha OIEHKY TEXHHUYECKOIO
COCTOSIHUSI CHUJIOBBIX TpaHchopmaTopoB 35/10 kB, pa3paboTKy cCHUCTEeM HX MOHUTOPHUHTA U
TEXHUUYECKHUX CPEJCTB, 00ECTIEYMBAIOLINX MOBBIIICHUE X 3alIUIIEHHOCTH OT aBAPUIHBIX PEKHMOB.
ITpu 5TOM B GONBIIMHCTBE pabOT OTCYTCTBYIOT CBEICHUS O 3arpy3Ke CHIIOBBIX TPaHC(HOPMATOPOB
35/10 xB u pacnpenenenuu morepp B HuUX. Llenb ucciemoBaHusi — aHanM3 3arpy3kd CHIIOBBIX
tparcopmatopoB 35/10 kB OpiioBCko# 00J1acTH, MHUTAIOIMIUX CEILCKUE JJICKTPUYCCKUE CETH, H
pacmpezienieHus MoTepb B HUX. AHAIIN3 3arpy3KU CUJIOBBIX TpaHchopmaTopoB 35/10 kB OpnoBckoii
00racTy OB BBITIOIHEH 1O JaHHBIM OTIEPATUBHBIX 3aMEPOB HArpy3KH JIEKTPOCETEBON KOMITAHUH —
¢unmmnana «Poccetn Lentp» — «Opémdnepro» 3a 2022-2025 roapl, KOTOPHIE OCYIIECTBISIIOTCS B
uioHe u jaekabpe. B xome anHanmm3a ObUIM WMCIIONB30BaHBI JaHHBIE O 3arpy3ke 152 cHIIOBBIX
tpanchopmatopoB 35/10 kB ¢ HoMuHambHBIMH MomHOCTIMH oT | MBA nmo 6,3 MBA,
YCTAaHOBJICHHBIX Ha 95 TpaHcPOpMATOPHBIX MOJCTAHIMAX. bBIIO BBIABICHO, YTO CpEAH
paccmoTpeHHbIX 152 cusoBbix TpanchopmatopoB 35/10 kB 3arpyska 137 enuHuIll He MpeBBIIIACT
40%, arto cocrtasisier 90% ot obmiero konmuecTBa Tpanchopmaropos 35/10 kB B pernone. [lorepu
XOJIOCTOTO XOJia JJIsi paCCMOTPEHHBIX THIIOB CHJIOBBIX TpaHchopmaropoB 35/10 kB mpeBblmator
MOTEpH KOPOTKOTO 3aMblkaHus B 4,8—8,7 paza. YcraHoBieHO, 4To TpaHchopmaropsl Tuma TMH-
2,5/35/10 kB sBnstorcss Haunbonee HIMPOKO PACIPOCTPAHEHHBIMU Cpeld JIPYTHUX THUIIOB, U HX
KOJIMYECTBO OT o0Omiero mapka TpancpopmaropoB coctaBisieT 20%. [lomyueHHbie pe3ysiabTaThl
uccienoBanus Kod(hGUIIMEHTOB 3arpy3Ku ISl pa3HbIX PaCCMOTPEHHBIX HOMHHAIBHBIX MOITHOCTEH
cuioBbix TpaHchopmatopoB 35/10 kB mpenmomaraercs WMCHONIB30BaTh [Jisi  pa3pabOTKu
KOMITbIOTepHOU Mozenu anekrpudeckorr cetu 35/10 kB B MATLAB Simulink u uccrnenoanus
PEXUMOB €€ pabOoTHI.

Knrwoueevie cnoea: cunosvie mpancopmamopwor 35/10 B, nomepu xonocmoeo xooa,
nomepu KOpoOmKo20 3aMblKanusl, KOIp@uyuenm 3aepy3xu, Kodgouyuenm mowHocmu

ANALYSIS OF LOAD AND DISTRIBUTION OF ELECTRIC POWER LOSSES
IN 35/10 KV POWER TRANSFORMERS IN THE ORYOL REGION

Aleksandr A. Lansberg
Federal Scientific Agroengineering Center VIM, Moscow, Russia
lansbergaa@vk.com, ORCID 0000-0002-2834-6092

Abstract. Currently, a lot of work is at assessing the technical condition of 35/10 kV power
transformers, developing their monitoring systems and technical means to increase their protection
from emergency modes. At the same time, in most of the works there is no information on the
loading of 35/10 kV power transformers and the distribution of losses in them. The purpose of the
research is to analyze the load of 35/10 kV power transformers in the Oryol region supplying rural
electric networks and the distribution of losses in them. The analysis of the load of 35/10 kV power
transformers in the Oryol region was carried out according to the data of operational load



measurements of the power grid company — the branch of "Rosseti Centr" — "Oryolenergo" for
2022-2025, which are carried out in June and December. The analysis used data on the load of 152
35/10 kV power transformers with rated capacities from 1 MVA to 6.3 MVA installed at 95
transformer substations. It was revealed that among the 152 35/10 kV power transformers
examined, the load of 137 units does not exceed 40%, which is 90% of the total number of 35/10
kV transformers in the region. The no-load losses for the considered types of 35/10 kV power
transformers exceed short-circuit losses by 4.8—8.7 times. It has been established that transformers
of the TMN-2.5/35/10 kV type are the most widespread among other types, and their number from
the total transformer fleet is 20%. The obtained results of the study of load factors for different
considered nominal capacities of 35/10 kV power transformers are supposed to be used to develop a
computer model of a 35/10 kV electrical network in MATLAB Simulink and study its operating
modes.

Keywords: 35/10 kV power transformers, no-load losses, short-circuit losses, load factor,
power factor
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PA3PABOTKA YCTPOMCTBA NIEPEMEIIUBAHUSI XUMYCA JIJISI CACTEMBI
NUMUTAIUU KKT CBUHbA

Enena Anexkcanaposna [lopTtHoBa
JIOHCKOM TOCYyIapCTBEHHBINM TEXHUYECKUN YHUBEPCUTET, PocToB-Ha-Jlony, Poccus
e.a.portnova@yandex.ru, ORCID 0009-0008-2990-1714

Pegepat. Cucrembl umutanuu JKKT >KUBOTHBIX SBISIOTCS NEPCIIEKTUBHBIM HHCTPYMEHTOM
pa3pa60TKH, HN3YYCHUA U OLCHKU Ka4YCCTBa CEJIbCKOXO03SIMCTBEHHEIX KOpPMOB. Or1mbIT IMPAKTUYCCKOI'0o
WCIOJIb30BAaHUS TOJOOHOW CHUCTEMBI B JKCIIEPUMEHTAIbHBIX YCIOBUSAX IMOKa3adl HEOOXOIUMOCTh
pa3pabOTKKM HOBOTO YCTpoicTBa sl 3(MPEKTUBHOTO TEpEeMENIMBAaHUA XHMYCa B PEaKIIMOHHON
€MKOCTH, CHOCOOHOTrO paboTaTh C BBICOKOBS3KOW HH3KOJIMCIEPCHON cpenoil u obecrneunBaTh
BBICOKYIO CTENEHb (PU3MOJIOTHYECKOr0 MOAOOUS MpPU COXPAHEHHUH T€PMETHMUYHOCTH OMOpeakTopa.
Pa3paboTtka ycTpoiicTBa mpOBOAMIACH C UCIOIB30BAHUEM KOMILIEKCHOTO MHXKEHEPHOTO MOAXO0/a
Ha ocHOBe 3D-MoJenupoBaHusi B CUCTEME aBTOMATH3MPOBAaHHOTO mpoekTupoBanus Kommac-3D ¢
nocnenytomeit 3D-nevateio. B pesynbrare mpoBeAEHHBIX HCCIeNOBaHUM ObUIO pa3paboTaHO U
anpoOMpPOBAaHO HOBOE YCTPOWCTBO Ui TICPEMEIIMBAHHS XUMyca B OHOpPEaKTOpE YCTaHOBKHU
uckycctBeHHoro XKKT cBuHBH ¢ cucTeMoil yrpaBieHus Ha 6a3ze MUKpOKoHTpoJsuiepa. [IpoBenénnas
ampoOanys yOeIuTensHO MPOJAEMOHCTPUPOBANIa HAJICKAIIYI0 pabOTOCIOCOOHOCTh YCTpOMCTBA
pU TEpeMEelIMBAaHUM BS3KOH HEOJHOPOAHOW KHIIEYHOW cpedpl. Pa3zpaboTaHHOE yCTpPOICTBO
MO3BOJISIET OCYMIECTBISITh 3PPEKTUBHOE TEPEeMENTMBAaHUE XMMyCa B YCTAaHOBIICHHOM PEXHUME, B
TOM YHCJIE Ha MaJIbIX CKOPOCTSX, HE Hapyllas TePMETHYHOCTH PEAKIIMOHHON EMKOCTU U MO PALy
MapaMeTPOB MPEBOCXO/IS CYIIECTBYIOIINAE aHATIOTH.

Knrwoueewvie cnosa: cucmema umumayuu KKT ceunvu, ycmpoicmeo 01 nepemeuiueanus,
MA2HUMHbLL TONACMHOU nepemMeuusamend, 65a3Kue UCKYCCMEeHHble Cpeobl, UCCIe008aHUs iN Vitro
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Abstract. Animal gastrointestinal simulation systems are a promising tool for development,
study and quality evaluation of agricultural feeds. The experience of practical use of such a system
under experimental conditions has shown the need to develop a new device for effective mixing of
the chyme in the reaction vessel, capable of working with a highly viscous low-dispersed medium
and providing a high degree of physiological similarity while maintaining the tightness of the
bioreactor. The device was developed using an integrated engineering approach based on 3D
modeling in the Kompas-3D computer-aided design system with subsequent 3D printing. As a
result of the research, a new device was developed and tested for mixing chyme in the bioreactor of
an artificial gastrointestinal tract of a pig with a microcontroller-based control system. The testing
performed convincingly demonstrated the proper performance of the device when mixing a viscous
heterogeneous intestinal condition. The developed device allows effective mixing of the chyme in
the established mode, including at low speeds, without disturbing the tightness of the reaction
vessel and surpassing existing analogues in a number of parameters.

Keywords: pig gastrointestinal tract simulation system, mixing device, magnetic paddle
stirrer, viscous artificial environment, in vitro studies



2. Ecnm crarthks COOTBETCTBYET TEMATHKE JXKypHajla M TpeOOBaHUSM K OG(OpPMIICHHUIO, OHA
HalpaBJIAE€TCsl Ha PELEH3UPOBAHME CIIELUAINUCTY C LEIbI0 SKCIEPTHON OLEHKH. Bce pereH3eHTh
SBJISIIOTCSI IPU3HAHHBIMU CHELMAIMCTaMU 110 TEMaTHKE PELEH3UPYEeMbIX MaTepuajoB U MMEIOT B
TEUEHHE MOCIEAHUX 3 JIeT MyOIUKAIMH [0 TEMATUKE PEIIEH3UPYEMOM CTAThH.

3. Cpoku peleH3UpoBaHMs B Ka)XJOM OT/IEIbHOM Cllydae OINpPENEessIOTCS C y4eTOM CO3JIaHus
YCIIOBHH 11 MAKCUMAJIbHO ONEPAaTUBHOM IMyOIUKaI[MK CTaTel.

4. B pereH3un 0CBEIIAIOTCS CIEAYIONINE BOIPOCHL:

*  COOTBETCTBHE COJEP)KAHUS CTAThbU 3asBJICHHON B HA3BaHUU TEME;

*  AKTYaJbHOCTb U COOTBETCTBHE COBPEMEHHBIM JOCTHKECHUSAM HAYKH;

* JIOCTYNIHOCTb YHUTATENsIM C TOYKM 3pPCHMS sI3bIKA, CTHJIS, DPACHOJIOKEHHUS Marepuania,
HATJSITHOCTH TaOJIHII, TMarpaMM, PUCYHKOB U (hOPMYT;

*  1eJIeCO00Pa3HOCTh MyOMUKAIIMM CTaThU C YUYETOM paHee BBILIEANIINX B CBET MMyOIMKaLUH;

* B 4YéM KOHKPETHO 3aKJIIOYAIOTCS IMOJOKHUTEIbHBIE CTOPOHBI, & TAKXKE HEAOCTAaTKH CTaTbH,
KaKHe UCIIPaBJICHUS U TONOJHEHHUSI TOJIKHBI OBbITH BHECEHBI aBTOPOM.

PerieH3eHT peKoMeHyeT, peKOMEHIYeT ¢ Y4€TOM HCHPABICHUS OTMEUYEHHBIX HEJOCTATKOB MM
HE PEKOMEH/IyeT CTaThIO K ITyOIHUKaIUH.

5. PeueH3uu 3aBepsOTCs B MOPSIJIKE, YCTAHOBIEHHOM B YUPEXKJIEHUH, I11e pa00TAET PELICH3EHT.

6. PenensupoBanue npoBOAUTCS KOH(UIEHIMANbHO. Penakius U3gaHusl HampaBiseT aBTOpaM
MPEACTABICHHBIX MaTepUAJIOB KOMWHU PEICH3WH MM MOTHBHPOBAHHBIN OTKa3, a Takke 00sM3yeTcs
HaIpaBJIsATh KOMUU pelieH3uil B MUHHCTEpCTBO 00pa3oBanus M Hayku Poccuiickort deneparnuu npu
NOCTYIJICHUH B PEAAKIMIO U3JaHUS COOTBETCTBYIOIIETO 3arpoca.

7. Hanuyue moioXuTeITbHONH/OTPULIATEIbHON PEIIEH3UN HE SBIISETCS I0CTATOYHBIM OCHOBAaHUEM
JUIsT TyOJIMKAIMu/0TKa3a B MyOauKamuu crtarbu. OKOHYATEIBHOE pEeIIeHHE O IeJIeCO00pa3HOCTH
nyOnuKalMy NPUHUMAETCS pENKOUIerHel JKypHasla M (UKCHUpPYeTCs B MPOTOKOJIE 3acelaHus
penkomeruu. [Topsok u ouepEéTHOCT MyOIMKAIIMK CTaThU ONIPEICIISIOTCS B 3aBUCUMOCTH OT 00bEMa
myOJIMKyeMBIX MaTepHalioB U MEepeuHs pyOpUK B Ka)KJJOM KOHKPETHOM HOMEpE JKypHala.

8. Tlocne mpuHATHS pPEOKOJJIETHEM pEeIIeHUs O JOIMyCKe CTaThM K IyOIMKALMU peaakKius
uHpOpMHUPYET 00 ATOM aBTOpa M YKa3bIBa€T CPOKH MyOMuKamuu. TEeKCT peleH3uu Io 3ampocy
HAIpaBJISeTCs aBTOPY MO AJIEKTPOHHOI MmouTe.

9. OpuruHaibl peLeH3uil XpaHATCs B pelaKLUU B TEUEHHE ISATH JIET.

10. He momyckarorcs K ImyOnrKaIim:

*  cTaThy, He 0(OPMIICHHbIE JOJIKHBIM 00pa30M, aBTOPBI KOTOPBIX OTKA3bIBAIOTCS OT TEXHUYECKOM
JIOpabOTKH CTaTei;

*  CTarbH, aBTOPHI KOTOPHIX HE OTBEYAIOT HA 3aMEUAHUS PEICH3CHTA.
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