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B. I1. Ilo6eanucknii

Hucemumym cucmemnvix uccaedosanuii ¢ AIIK Hayuonanvhoti akademuu Hayk beaapycu,
Mumnck, Pecnyonuxa berapyce

CTPATETUYECKHWE HATIPABJIEHU SI TOBBIIIEHU A THHOBAIIMOHHOM
AKTHUBHOCTHU CYBBEKTOB TPOMBIINJIEHHOI'O KOPMOIIPOU3BOJACTBA

AnHotanusi. COBpeMEHHOE Pa3BUTHEC MHPOBOW MHIYCTPUHU MPOM3BOJICTBA KOPMOB ISl CEIBCKOXO3SHCTBCHHBIX JKH-
BOTHBIX OIPENENSCTCS HE TOJBKO POCTOM MPOU3BOJICTBEHHBIX MOKa3aTesiel, HO M YCIOBHSMHU YCTOMYHMBOIO Pa3BUTHS.
DKoyornyeckas 6€30MacHOCTh, SKOHOMHYECKast 3G PEKTUBHOCTh U COIHATbHASI OTBETCTBCHHOCTD SIBJISIFOTCS BaXXHCHITUMHU
acHeKTaMu s oOecredeHus JOArOCPOYHO CTaOMIBHOCTH OTpacii. B pamkax MccienoBaHHS PacCMOTPEHBI KIIIOUEBBIC
HANpPaBJICHUS MPOMBIIICHHOTO KOPMOIPOU3BOACTBA, BKIIOUas o0ecrnedeHrne 0e30MacHOCTH KOPMOB, MUTAHNUE JKUBOTHBIX,
BHE/IpEHNE HHHOBALIUN, YCTOWYMBOE Pa3BUTHE, PHIHKH U TOPTOBII0. VI3y4eHbI MPHOPUTETHBIC 00IaCTH UCCICIOBAHUN U HH-
HOBAaIlMiA, B TOM YHCJe ONTUMH3AIHS () (HEKTHBHOCTH MCIIOJIIB30BAHMS MUTATEIBHBIX BEIIECTB, 3I0pPOBbE M OJIaronoiaydne
JKUBOTHBIX, & TaK)KE COIIMAJIEHO OTBETCTBEHHOE YKHBOTHOBOACTBO. [10 pe3yibprataM CpaBHUTEIBHOTO aHAJIN3a HAYYHO-UH-
HOBAIIMOHHOW JEATEIPHOCTH KOMIAHWI — JIMJIEPOB MHPOBOTO PHIHKA I'OTOBBIX KOPMOB M OTCUCCTBCHHBIX MPEANPHUSATHN
MPEJIOKEHBI OCHOBHBIC HAIIPABIICHH S OBBIIIICHUSI HHHOBAIIMOHHON aKTHBHOCTHU CyOBEKTOB MPOMBIIIJICHHOTO KOPMOITPOU3-
BoncTBa PecnyOnuku benapych. OHUM BKITIOYAIOT OPraHU3AIUI0 CHCTEMbI IOCTOSHHOT'O B3aUMOJICHCTBHUS MEKY HAY YHBIMU
OpraHu3aIUsAMU, MEePEIOBBIMH JTAOOPATOPUSAMHU U MPOU3BOAUTEIIMUA KOPMOB. CliesiaH BBIBOJ O HEOOXOIUMOCTH KOMIIICKC-
HOTO MMO/IX0/Ia K 00ECIeYeHHI0 KOHKYPEHTOCIIOCOOHOCTH OTEUECTBEHHON OTPACIH IPOMBIIUIEHHOTO KOPMOIIPOU3BOJICTBA,
KJIFOYEBBIMU COCTABIIAIOIIMMHU KOTOPOT'O SBISIOTCA: IPOBEJACHNE HA CHCTEMHON OCHOBE HAayUHBIX HCCIICIOBaHUI B 00sacTH
KOPMJICHHSI CENTbCKOX03AHCTBEHHBIX KUBOTHBIX M BHEIPCHUE MOTYUYCHHBIX PE3YIbTaTOB B MPAKTUKY; (GOpMUpPOBAaHUE Oa3bl
JAHHBIX MMHUTATEIBHBIX BEUICCTB B MHIPEAMCHTAX KOPMOB; pa3padoTKa W MPEAOCTaBICHUE MH(POBBIX PELUICHUN M UHCTPY-
MEHTOB B 00JIaCTH KOPMJICHHSL.

KuaroueBbie cjioBa: cyOBEKTHI MPOMBIIIJICHHOTO KOPMOIIPOU3BOACTBA, d3PPEKTUBHOCTH MCIIOIB30BAHUS MTUTATEIBHBIX
BEIICCTB, HHTPEIUCHTHI KOPMOB, HAYUHBIC MCCIICIOBAHNS U HHHOBAIIMH B 00JIACTH KOPMIICHHS, TEXHOJIOTUS OJVDKHEU HH-
(hpakpacHOii CIIEKTPOCKOINH, IU(HPOBBIC CEPBUCHI B 00JIACTH KOPMJIICHHUSI dKUBOTHBIX U MPOU3BOJCTBA KOPMOB

Just umTupoBanust: [lo6enuuckuii, B. I1. Ctparerndyeckue HampaBlieHUs MOBBIIICHUS WHHOBAIIMOHHOW aKTHBHOCTH
CcyOBEKTOB MPOMBIILIIEHHOTO KopMmomnpoussonactsa / B. I1. Tlobenuuckuii / Bectii HarpissnanbHait akaasmii HaByk benapyci.
Cepslist arpapubix HaByk. —2026. — T. 64, Ne 4. — C. 271-285. https://doi.org/10.29235/1817-7204-2026-64-4-271-285

Vadim P. Pobedinskiy

Institute of System Researches in the Agro-Industrial Complex of the National Academy of Sciences of Belarus,
Minsk, Republic of Belarus

STRATEGIC DIRECTIONS FOR IMPROVING THE INNOVATIVE ACTIVITY
OF INDUSTRIAL FEED PRODUCTION ENTITIES

Abstract. The current development of the global livestock feed industry is determined not only by improved production
performance but also by sustainable development. Environmental safety, economic efficiency, and social responsibility are
crucial aspects for ensuring the long-term stability of the industry. This study examines key areas of industrial feed production
development, including feed safety, animal nutrition, innovation, sustainable development, markets, and trade. Priority areas
for research and innovation are explored, including optimizing nutrient efficiency, animal health and welfare, and socially
responsible livestock farming. Based on a comparative analysis of the research and innovation efforts of leading global feed
market companies and domestic companies, key areas for enhancing the innovative activity of industrial feed producers in
the Republic of Belarus are proposed, including the establishment of a system of continuous interaction between scientific
organizations, leading laboratories, and feed manufacturers. A conclusion is drawn regarding the need for a comprehensive

© INobenuuckwmii B. I1., 2026



272 Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 271-285

approach to ensuring the competitiveness of the domestic industrial feed production sector. The key components of this approach
include: systematic scientific research in the field of livestock nutrition and the practical implementation of the findings; the crea-
tion of a database of nutrients in feed ingredients; and the development and provision of digital feeding solutions and tools.

Keywords: industrial feed production entities, nutrient efficiency, feed ingredients, scientific research and innovation in
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Bgenenue. [IpoMbIieHHOE TPOU3BOJCTBO FOTOBBIX KOPMOB SIBIISIETCS ONIPEACIS oMM (pakTopom
MIPOYKTHUBHOCTH CEIIbCKOXO35SUCTBEHHBIX KUBOTHBIX, CEOECTOMMOCTH MPOYKIIMH KHUBOTHOBOJICTBA,
KOHKprHTOCHOCO6HOCTI/I IMPOU3BOJAUMEBIX M3 HEC MPOAOBOJILCTBCHHLIX TOBAapOB. Ananus IIpaKTH-
KU TOKa3bIBAET, UYTO IMEpel MPEANPUATHIMI KOPMOBOW MTPOMBIIINIEHHOCTH CTOUT 3a]1a4a TIOBBIIIICHHUS
3(1)(1)CKTI/IBHOCTI/I HCIIOJIb30BaHUA MUTATCIIBHBIX BCIICCTB IJId ONITUMAJIBHOI'O POCTA, Pa3BUTUA U MO~
JepKaHUS JKU3HEICSTEIIPHOCTH KUBOTHBIX 334 CUET ONTHUMHU3AIMK OallaHCa NMUTATENBHBIX BEIIECTB
B pafuoHax U BO3MOXKXHOCTH OOMOJTHCHUS UX KOPMOBBIMU I[O6aBKaMI/I.

YcTaHOBIIEHO, YTO KJIFOUEBBIM HAIIPaBJICHUEM PEIICHHS TaHHOW 3a/1au SBIIETCS BHEIPEHUE HHHO-
BaHI/II‘/‘I I10 pe3yJjibTaTaM IMPOBCACHHBIX I/ICCHCI{OB&HI/II\/'I MUTAHUSA )KUBOTHBIX B HaCTHU YAOBJICTBOPCHUA UX
MoTpeOHOCTEH B MUTATEIBHBIX BENIECTBAX ISl 00Jiee MHTEHCHBHOTO POCTa U 00OECIIEYCHHSI 3I0OPOBbSL.
B 2T0l1 cBsI3M BBIsIBIIEHA aKTYaJIbHOCTD TITyOOKOT0 M BCECTOPOHHETO N3YyYeHU s PUOPUTETHBIX HAIpaB-
JICHUH pa3BUTHUS MHPOBOT'O KOPMOIIPOU3BOJICTBA, JYYIINX MUPOBBIX MPAKTHK, KOMITAHUHI — JIHIEPOB
B IIPOM3BOJICTBE KOPMOB ¥ BBIPAOOTKH MPEJIOKEHHUH MO COBEPLICHCTBOBAHUIO (TpaHc(hopManuu) cy-
IIECTBYIOIIEH MOJIETN Pa3BUTHS OTEUYECTBEHHOTO KOPMOIIPOM3BOJICTBA B YACTH MPOBENEHUS MCCIENO-
BaHWI U BHEJIPEHUS MHHOBAIIUH JUJIsE 00€CIIeUYeHU S €r0 KOHKYPEHTOCIIOCOOHOCTH.

IIpuopuTeTHl MEUPOBOr0 MPOMBIILIJIEHHOT0 MPOU3BOACTBA TOTOBBIX KOPMOB /IJIsl CeJIbCKOXO03sii-
CTBEHHBIX KUBOTHBIX. Ha ocHOBaHWY aHamM3a MaTepuanoB MexIyHaponHOH eaepauyi KOpMOBOH MPo-
mermteHHoCcTH (IFIF) [1], EBponetickoii deneparimu mpoussonuteneii kopmoB (FEFAC) [2], EBpomnetickoit
accolMalNM CIEATU3UPOBAaHHBIX KOPMOBBIX HHTpeueHToB 1 ux cmeceil (FEFANA) [3], AmepukaHckoi
accoranuy KopMoBoi mpomeiiieHHocTH (AFTA) [4] m KuTaiickoit accoruanuym KOPMOBOM TTPOMBIIITICH-
Hoctu (CFIA)! HaMu cHCTeMaTH3MPOBAHBI IPHOPUTETHI PA3BUTHS JAHHONW MHIYCTPUM Ha CPEIHECPOUHYIO
TIEPCTICKTUBY (Ta0II. 1).

Ta6nuna 1. [IpuopuTeThl pa3BHTHS MPOMBIIIIEHHOT0 KOPMONPOU3BOACTBA B MUpe

Table 1. Priorities for the development of industrial feed production worldwide

Hpnopm‘eTHoe HarpaBJICHUC KutoueBsie cocrapisione

BesonacHocTh KOpMOB | YIIpaBiieHHE pUCKaMH Ha BCEX dTalax LENOYKH I0CTaBOK KOPMOB;

NIPUBIICUYCHNE HOBBIX M HEIOCTATOYHO UCIIOIB3YyEMBIX KOPMOBBIX pecypcoB (OBIBIINE ITHIIEBEIC
MIPOYKTHI, HACEKOMBIE, BOJOPOCIH, NTepepadOTaHHbIE XUBOTHBIC OENKH, MOOOYHBIE TPOTYKTHI
Pa3JIMYHBIX OTpacieii MUIIEBON MPOMBIIIIIICHHOCTH);

HOBBIEC HAIIPABJICHUSI IPUMEHEHUSI KOPMOBBIX J100aBOK, BKJIIOYAs EPCICKTHBHBIE ()YHKIIHOHAIIb-
HBIE BO3MO)KHOCTH, KOTOPBIE MOAICPKUBAIOT (PH3HOJIOIHYECKOE COCTOSTHIE )KUBOTHBIX;
obecrieueHre COOTBETCTBUS TPEOOBAaHHUSIM K O€30MacCHOCTH KOPMOB, YCTAHOBIEHHBIM HOPMaTHB-
HBIMH ITPAaBOBBIMHU aKTaMHU

ITuTanue >KUBOTHBIX VYiydieHue 310poBbs U O1aronoayyus >KUBOTHBIX 32 cUeT cOalaHCHPOBAHHOIO MO MUTATEIbHBIM
W WHHOBAILIMHU BEIIIECTBaM KOPMa, CHHYKAIOIIETO HEOOXOMMOCTh BETCPHUHAPHOTO JICUCHHSI aHTHOMOTHKAMU;
MOBBINICHUE dPPEKTUBHOCTH IMUTAHHS 332 CUCT ONTHMH3AIUU OajlaHCa MUTATEIBHBIX BEIICCTB
B pPaIMOHAX KUBOTHBIX H JOTIOJTHEHUS PAlHOHAa KOPMOBBIMH J00aBKaMU;

MOJTHAS MTPO3PAYHOCTH B OTHOILICHIH COCTaBa KOPMOB M MX MUTATEIBHON IEHHOCTH ISl TOTPEOH-
TeJel;

HCCIICIOBAHMS B PA3JIMYHBIX 00JacCTIX (310POBbE KUBOTHBIX, TCHETHKA, COJCPKAHNE, TTUTAHHCE),
00BEAMHSIONINE HAYYHO-HUCCIICAOBATEIECKHE NHCTUTYTHI U OPraHU3aIl[id MPOMBIIIJICHHOTO CEK-
TOpa, CBA3aHHBIE C )KUBOTHOBOJICTBOM

'CFIA: Aiming to Cultivate 3 Fortune Global 500 Companies and 10 Feed Industry Leaders with Market Capitalization
Exceeding RMB 100 Billion by 2030 // Linkedin. URL: https:/www.linkedin.com/pulse/cfia-aiming-cultivate-3-fortune-
global-500-companies-10-doris-zhang-gcfbc (date of access: 17.02.2026).
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Oxonuanue maon. 1

HpHOpHTCTHOC HamnpaBJICHUC Knrouebie COCTaBJIAKOIINE

VYeroitunBoe pazsutne | ONTUMH3UPOBAHHOE W3BICUCHHE MMTUTATEIBHBIX BEIIECTB U3 MOOOYHBIX MPOIYKTOB 110 pe3yibTa-
TaM HayJHBIX HCCIIEZI0BAHNH B 00JIACTH MUTAHUS KUBOTHBIX;

pa3paboTKa ¥ NPUMEHEHHE METOJOJIOTHHU JUIsl OLEHKH 3KOJOTHYECKHUX MOKa3aTeseil mponu3Boa-
CTBa KOPMOB

Peinku Ob6ecrieueHne O0MOOE30MACHOCTH — KOHTPOJIb LEMOYKH MMOCTABOK KOPMOBBIX HMHTPEIHECHTOB Ha
1 TOPTOBIIS mpeaIMeT MUKPOOHOIOTHYECKOTO PHCKa;

CHH)KEHUE YSI3BUMOCTH B OTHOUICHHWH JOCTYIA K CHIPbIO — 3aBHCUMOCTH OT UMIIOPTa COEBOTO
HIPOTa U OCHOBHBIX KOPMOBBIX 100ABOK (BUTAMHHBI 1 aMHUHOKHCJIOTHI);

obecrieueHre MPOIOBOIILCTBCHHON 0E30MACHOCTH W IJIAHUPOBAHUE HA CIIydYail 4pe3BbIYATHBIX
CUTYyalui;

OMOTEXHOJOTUSl — TEHOMHBIE METO/IbI, TPUMEHSIEMBbIC ISl OOJIETYCHUs CEICKIINH HOBBIX U YIyd-
HIEHHBIX COPTOB CEJIbCKOXO3SIIICTBEHHBIX KYJIBTYP

be3ycioBHBIM PUOPUTETOM SIBIISIETCS 00OecIieueHrue 0S30MaCHOCTH KOPMOB T10 CJICAYIOIUM KITHO-
YEeBBIM HAIPABJICHUSM:

TECHOE COTPYJHHUYECTBO MEXK]y OlepaTopaMd KOPMOBOTrO OM3HECa W CHUCTEMaMu oOecredeHus
0e30MmacHOCTH KOPMOB, BKJTIOYAst TUAJIOT U 0OMeH nH(popMaIneil ¢ KOMIETeHTHBIMHA KOHTPOIHPYIOITH-
MU OpraHaMH;

MPUBJICYCHUE KOPMOBBIX PECYPCOB, UCIIOIH30BAaHUE KOTOPBIX TPEOYyeT BCECTOPOHHEH OLIEHKH pPH-
CKOB JIJIsI 3/I0OPOBBSI KUBOTHBIX, YEJIOBEKA U OKPY KAIOIIEH Cpebl, YTOOBI 00EeCIIeYUTh MX 0e30MacHoe
IIPUMEHEHHE B KOPMOBOH LIEMIOYKE;

HOBBIC HAIPABJICHUS MPUMECHEHUsI KOPMOBBIX JI00aBOK C YUYETOM JIOCTHKCHHI B OOJIACTH HAyKH
0 MUTaHUU XUBOTHBIX, BKJIFOUasl (PyHKIIMOHAJIBHBIC BO3MOKHOCTH, KOTOPBIE MOJJICPKUBAIOT (HU3HO-
JIOTUYECKOE COCTOSHUE )KUBOTHBIX U TTOMOTAIOT UM CIIPABIATHCS C IMATOT€HAMH, B PE3yJbTaTe CHUKAS
MOTPeOHOCTh B UCIOJIH30BAHUU aHTUOUOTHKOB;

OIIEHKA BEPOSTHOCTHU TOTO, YTO MPH HATMYHMK 3arPSA3HSIOIIETO BEIIECTBA B KOPME €r0 KOHIIEHTpa-
s 0e30macHa JiIst )KUBOTHBIX U HE OKa3bIBAET HETaTHMBHOTO BIUSHUS HA WX MPOAYKTUBHOCTbH, a TaK-
)K€ PUCKOB TIOMAaJaHMs TAKUX OMACHBIX BEHIECTB B MPOIYKTHI JKHBOTHOTO ITPOUCXOXK/ICHNS B KOHIICH-
Tpanusix, He6e30MacCHBIX IS OTpeOUTENeH.

B o06nacTy nuTaHus )KUBOTHBIX U BHEJPCHHS MHHOBAIIUN TTPEyCMaTPUBACTCS:

MIPOBE/ICHIE KOMIUICKCHBIX UCCIIE0BAHUM, OPUEHTHPOBAHHBIX HE TOJIBKO Ha MPOyKTHBHOCTb CKO-
Ta, HO W HAIPABJICHHBIX Ha MOAJEP KAHHE 3/I0POBHS JKMBOTHBIX, a TAK)Ke CHHIKCHHE BO3JICHCTBHS Ha
OKPY>KaIOIIyI0 CPemy;

ONTHMU3aINKs 0aaHCca MUTATEIbHBIX BEIISCTB B PAIMOHAX KUBOTHBIX C YYETOM PE3yJIETATOB Ha-
YYHBIX UCCIIEJIOBAHUH, CIIOCOOCTBYIONINX 3HAYMTEIFHOMY YIYUYIIEHUIO 3TOTO COOTHOIICHUS U OoJjee
3¢ (eKTHBHOMY HCIIOIB30BaHUIO KOPMOB. JlampHeimmemMy mporpeccy B JaHHOM HampaBJIeHWH OyaeT
CHocoOCTBOBATh BHEJIPEHUE IU(MPOBBIX TEXHOJIOTUNM HAa BCEX YPOBHSX arporpoI0BOJILCTBEHHOW Iie-
MOYKH, TIO3BOJISIONIUX CTUMYJIMPOBATH BHEAPEHUE CHCTEM TOYHOT'O KOPMJIICHHUS;

JIOCTYITHOCTH JIISI TOTpeOuTeneld nHpopMaIuu 0 KOPMOBOW IIEHHOCTH U COCTaBe KOPMOB TTO3BOJIHT
(dhopMupOBaTH O0JIEEe TOUHBIE PAIIHOHEI (pelenTh) U Oosiee 3(HEKTUBHO YIPABIATH HMECIOIITIMUCS KOP-
MOBBIMHU PECypcamu;

peanu3anus CTPaTErH4ecKOl MPOrpaMMbl UCCICAOBAHUN U MHHOBALUNA — MEXJIUCIUILIMHAPHON
HAYYHOU IIIaT(OPMBI, TIPElyCMaTPUBAIOIIEH UCCIEIOBAHMS B PA3JIMYHBIX 00JACTAX (3IOPOBHE KUBOT-
HBIX, TEHETHKA, UX COAEpKaHNe U MUTAaHNE) U O0BENNHSIONIEH HAyYHO-NCCIIEAOBATENHCKNE HHCTUTY-
ThI, & TAK)KE OPraHU3aI[UHU IIPOMBIIIJICHHOIO CEKTOPA, CBSI3aHHBIC C )KUBOTHOBOJICTBOM.

B pamkax ycTOMYHMBOTrO pa3BUTHUSI IPEAYCMATPUBACTCSL:

peanmn3anusi KOHIETIHH UPKYJISIPHOTO KOPMOIIPOU3BOJICTBA, BKIIOYAIONICH ONTHMH3HUPOBAHHOE
W3BJICYCHHE MMUTATEIbHBIX BEIIECCTB U3 MOOOYHBIX MPOIYKTOB, KOTOPBIC, KaK MPABUIIO, CUUTAIOTCS HE-
ChEIOOHBIMU JIJIsl UCJIOBEKA M3-3a BBICOKOTO COJICPYKAHUS KJICTYATKH M aHTHUIUTATCIIBHBIX BEIICCTB.
HayuHnble uccienoBanus B 00JACTH MUTaHUS )KUBOTHBIX HAIPABIICHBI HA PEIICHUE BOMPOCOB AP QeK-
THBHOTO MCIIOJIB30BAHUS TAHHBIX PECYPCOB B KOPMOIIPOU3BOJICTBE;
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JUTSl COKPAILEHHsI BEIOPOCOB MAapHUKOBBIX I'a30B, CBSI3aHHBIX C YKUBOTHOBOACTBOM, KITFOUEBHIM (hak-
TOPOM SIBIISIETCSI pa3paboOTKa pernenTyp KopMoB, oOecrneunBaromux 3G(ekTuBHbIC U U3MEPUMEIC pe-
IICHUS IS CHUDKEHHS BO3ACUCTBUS OTPACIIH HA OKPYXKAIoIIyto cpexny. st pa3paboTKu TOCTYITHOH BO
BCEM MHpPE U MOCTOSHHO pa3BUBAOIICHCS 0a3bl JAHHBIX aHATN3a KU3HEHHOTO IIMKJIa KOPMOB JIJIs KH-
BoTHBIX FEFAC, AFIA (CLIA), ANAC (Kanana), NSF (Hopserus) u IFIF BoicTynunm yupegutensimu
HexomMmepueckoii opranuzanuu GFLI (Global Feed LCA Institute) [5], nesb KOTOpoii — cliocoOCTBOBATh
9KOJIOTHYECKOMY aHAJIN3Y 3THX MPONYKTOB M CTUMYIHPOBATH IOCTOSTHHOE YITYUIIEeHHE IKOJIOT TIECKIX
IoKa3aTeiel B OTPaCIH IMUTAHWS )KHBOTHBIX. PacueT 3KOIOTMYecKoro ciiena OpraHu3anusiMi MOXKET
OCYIIECTBJISITHCSI HA OCHOBE YKa3aHHOM 0a3bl JaHHBIX.

[IpuopuTeTHHIMU HAMIPaBICHUSIMH PaOOTHI HA PHIHKE KOPMOB ¥ KOPMOBBIX MaTepHAJIOB OIPE/ICIICHbI:

obecrieueHre OMOOE30TTACHOCTH — YTOOBI ACSATEIHLHOCTE (IIPOU3BOICTBO, XpaHEHUE, TPAHCIIOPTH-
POBKa) HE CITOCOOCTBOBAIIA PACIIPOCTPAHEHUIO MTATOTEHOB;

peanuzanus Mep MO YBEIHMUYEHHUIO MPOU3BOJICTBA PACTUTEIBHBIX U MHBIX OCIKOB M KOPMOBBIX JI0-
0aBOK, a TaKk)Ke JUBEPCU(PHUKAIIMH WX IOCTABOK B IENISIX CHIKCHHS 3aBUCHMOCTH OT UMITOPTa BBICOKO-
OCITKOBBIX KOPMOBBIX PECYPCOB (COEBOTO IIPOTA) U OCHOBHBIX KOPMOBBIX T0OABOK (BUTAMHHBI M aMU-
HOKHCIIOTBI);

paspaboTka MexaHW3Ma pearupoBaHMs Ha KPHU3HUCHI MPOJOBOJILCTBEHHON Oe30macHOCTH (IKCTpe-
MaJIbHbBIC TIOTOJHBIC SIBIICHHS, SMTU300THYECKHIE MPOOJIEMBI B )KHBOTHOBOJICTBE, HEXBATKa KIIFOUCBBIX
pecypcoB, TakKuX Kak yJIoOpeHus, SHeprus u kopma). OMHOM U3 Mep SBISETCS eXKeMECSIHBIN cOOp JTaH-
HBIX O 3aacax 3€pPHOBBIX M MACIMYHBIX KYJIBTYP Y COOTBETCTBYIOLIMX IPOU3BOAMUTEICH, ONTOBUKOB
U OIIEpaToOpOB, UTO MO3BOJISET UMETH CBOCBPEMEHHY 0 HH()OPMAIIMIO O HAJTMYHHA OCHOBHBIX BUJIOB IIPO-
JIOBOJILCTBUSI 1 KOPMOBOTO CBIPbSI;

CEJICKITUSI HOBBIX W YIYUYIIEHHBIX COPTOB CEIBCKOXO3SICTBEHHBIX KYJIBTYp C 00Jee BBICOKOH ypo-
KAMHOCTBIO, YCTOHYMBOCTBIO K OOJIE3HSIM M APYTUM CTPECCOBBIM (DaKTOpaM OKpY Karoleil cpe/bl.

Ha ocHOBaHMM M3JI0’KEHHOTO MOYKHO KOHCTAaTHPOBATh, YTO OOECeueHIe KOHKYPEHTOCIOCOOHOCTH
0Tpaciii KOPMOIIPOHU3BOJICTBA CBSI3aHO C MPOBEIEHIEM MEXIUCIUTUTHHAPHBIX HAYYHBIX UCCIICIOBAHUN
Y BHEIpEHUEM WHHOBAIMH B chepax MpON3BOICTBA KOPMOB U KUBOTHOBOJICTBA.

B oT01i cBSI3M HAMU BBIJCTICH Psil KIIIOUEBBIX HAIIPaBJICHUH MCCICAOBAaHUI 1 MHHOBALIMNA: ONITUMU-
3anust 3PPEKTUBHOCTH UCTIONb30BAHUS TUTATEIBHBIX BEIIECTB; 3JJ0POBE U OJIaronoiayyune )KUBOTHBIX;
COLIMAJIBHO OTBETCTBEHHOE >KMBOTHOBOJACTBO [6]. B Tabm. 2 mpuBeneHa cucremMarusaius MPHOPUTET-
HBIX 00JacTeil Hay4YHO-HCCIIE0BATEIhCKUX, OMBITHO-KOHCTPYKTOPCKUX ¥ TEXHOJIOTHYECKHX padoT
(HUOKTP).

Tabnuna 2. Cucremaruzanus npuoputeroB HUOKTP B npoMbIieHHOM KOPMONIPOU3BOACTBE

Table 2. Classification of R&D priorities in industrial feed production

IIpnopurernas obmacth

- o Tembl ncciie0BaHNN 1 MHHOBAIIHI
HCCICIOBAHUH U UHHOBALIUHU

Ontumuzanus dpdex- | HoBble HHCTPYMEHTHI KOHTPOJIS M MOJEIH aHAIN3a KOPMOB, OCHOBaHHbIE Ha 00JIee TOUHOIT OleH-
THBHOCTH UCIIOJIb30BAa- | Ke MOCTYIUICHHS SHEPIHH U MUTATEIBHBIX BEIIECTB U3 KOPMOB JKUBOTHBIM, C Y4ETOM IOTPeOHO-
HUSI TATATEIbHBIX CTH OpTaHU3Ma;

BEIIECTB MOJIEJTH )KHUBOTHBIX M UX PEaKI[UU Ha COCTaB PAllHOHOB;

HOBBIE MHIUKATOPHI 3()(HhEKTUBHOCTH HCHONB30BAHHS MUTATENBHBIX BEIIECTB U pa3paboTKa MH-
HOBAI[HOHHBIX AATYMKOB M HHTEIIEKTYaIbHBIX MOZIENEH UIsl MOHUTOPUHTA U YIIPABICHUS MTUTA-
HUEM Ha YPOBHE OTAEIBHBIX 0CO0€H, a TaK)Ke OOJIBIINX CTa;

obecrieueHre WHINBUAYAIBHOTO H «TOYHOT0» KOPMIICHHS — M3y4YeHHE BO3MOXXHOCTH aJipeCHON
JOCTaBKH HY KHBIX ITUTATEIEHBIX BEIIECTB B OIITHMAIBHBIH MOMEHT KOHKPETHBIM )KHBOTHBIM B 3a-
BHCHMOCTH OT UX (PU3MOTOTHIECKNX XapaKTEPUCTUK, CTATUHN Pa3BUTHS, IPOTYKTHBHOCTH, T€HE-
THUYECKOT0 NMOTEHITHaIa

3nopoBbe u 6marono- | PazpaboTka WHHOBAIIMOHHBIX METO/IOB U3MEPEHHS B OTHOLICHUH OLEHKH 30POBbSI KHIIEYHHKA
JTy9ne KUBOTHBIX 1 UMMYHHTETA, a TAK)Ke IIPUMEHECHNS HHHOBAI[MOHHEIX MIPOJYKTOB M COCTaBa KOPMOB (PacKphI-
THE CIOKHBIX B3aHMOCBSI3eH MEXK/Y ITHTATEIbHBIMU BEIICCTBAMH, CTPECCOBBIMH (paKTOpaMH,
MHKPOOHOTON U MMMYHHOH CHCTEMOH);

CO3JaHNEC NHAUKATOPOB U JATYUKOB IJIs1 OTCICIKUBAHUSA COCTOAHUSA 310POBbS OTACIBHBIX oco0eit
1 TPYIII )KUBOTHBIX C LEJIBI0 (OPMUPOBAHNS HHINBHAYaJIBHBIX CTPATET Ui KOPMIICHHS;

BIIUSTHUE KOPMa HA 3/[0POBBE MOJIOTHSIKA;

BJIMSIHUE TEXHOJOTHUECKOil 00paboTKM (M3MENbUCHUE, TPAHYJIHPOBAHKE) Ha 30POBBE KHIIICYHHKA
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Oxonuanue maon. 2

IpuopurteTHas 061acTh

. . Tembl uccie10BaHUH U MHHOBALMI
HUCCICAOBAHUHU U HHHOBAIIMH

ConnanabHO OTBET- Pa3paboTka HOBBIX CTpaTEruil KOPMIICHUS AJIs TIOBBIIICHNS YPOBHS OJIarOMoaydns >KHBOTHBIX;
CTBEHHOE KUBOTHO- CHHMJKEHHE PKOJIOTMUECKOTO BO3JEHCTBHS Ha OKPY KaIOIIyI0 cpeny (pa3paboTka MPaKTUYECKUX
BOJICTBO U NPUMEHUMBIX IOKa3aTeseil yriaepogHOro M BOJHOTO Cliefja B LENOYKEe MOCTABOK KOPMOBOI

Y JKUBOTHOBOJYECKOM IPOTYKIUH);

pa3paboTKa albTepPHATHBHBIX MCTOYHHKOB OeiKka (HACEKOMbIE, BOJOPOCIIN) M HOBBIX OEIKOBBIX
KYJBTYD, BKJIIOYAs aJallTHPOBAHHBIC CEMEHA COM MJIM HOBBIC TEXHOJIOI'MH U3BJICUYCHHUS OelKa;
HCCIIE/IOBaHUS JIOCTYIHBIX PECYPCOB CBHIPbs, TPEOYIOMIMX MOMOJTHUTEIBHON TEXHOIOTHYECKOH
00paboTKH JIJIsl COOTBETCTBHUS TPeOOBaHUSIM 0€30I1aCHOCTH KOPMOB (HAarpuMep, MPOAYKThI ITHTa-
HUsI, KOTOpBIE OOJIBIIE HE MpeJHa3HAYEeHbI IS TUIIEBOTO HCIIOJIb30BAHHS)

M cTodHUK: COCTaBICHO aBTOPOM Ha OCHOBE COOCTBEHHBIX HCCIIEOBAHUN M UCTOYHHKOB [6—13].

S ource: compiled by the author based on their own research and sources [6—13].

Buenpenne nudpoBbIX TEXHOJIOTHI B KOPMOIIPOU3BOJICTBO M KHUBOTHOBOJICTBO TPHOOPETAET OCO-
0oe 3HaueHME B KOHTEKCTE TOYHOI'O KOPMJICHUSI, BBICTYMAIOMIECTO KITFOUEBBIM (PAaKTOPOM ONTHMH3AINH
UCTIONIb30BaHUS IUTATENBHBIX BEIIECTB.

Ilpogedenue uccnedoganuii, pazpadomox u eHeopenue UHHOBAUUN KOMRAHUAMU — MUPOBLIMU
audepamu no npou3eoocmey kopmoe. Vsyuennas namu npaktuka nposeaenuss HUOKTP u Buenpe-
Hus uHHoBanuii komnanusimMu u3z CLIA, EC, KHP u Poccuiickoit ®eaepannu, sIBASIOMIMMUCS BEIY U~
MU MHPOBBIMH ITPOU3BOIUTEISIMI KOPMOB, TT03BOJIMIIA BBISIBUTH KJIIOUEBbIE OTPACIIEBbIC TPEHIBIL.

Kommnanus Cargill (CIIIA) napaboTrana MacmTabHbIe KOMIIETEHIIMN B Pa3IMYHBIX cepax muiie-
BOH, CEIIbCKOX03SHCTBEHHON, (DMHAHCOBOM M IMTPOMBIIIICHHOH IESATCIIPHOCTH, a TAK)KE SBIISCTCS OJHUM
13 MUPOBBIX JIUIEPOB IO MPOU3BOACTBY KopMmoB. Ha 211 3aBomax xommanuu B 2024 T. Mpom3BeneHO
17,5 MITH T KOPMOB.

Kommanus mmeer 17 HEHTPOB MHHOBAallMK W TPUMEHEHUS TEXHOJOTWH, rie paboraioT Oosee
500 crenuanucToB B 00JACTH UCCIENOBaHUN U pa3padoTok. OHU M3Yy4ar0T B3aMMOJICHCTBUE pa3iny-
HBIX TUTATEIBHBIX BEIIECTB C MUIIEBAPCHUEM U 37I0POBHEM KHUBOTHBIX, BIHSIHIE (PAaKTOPOB OKPYIKAIO-
mieit cpenbl Ha 3(h(heKTUBHOCTH TPeoOpa3oBaHus KOpMa.

BbimonHenHasi HaMHM OIEHKa IOKa3aja 3HAYMTENBbHBIM KOHKYPEHTHBIM TOTEHIMANl CO3JaHHON
B KOMIIAHUHW KpYyIHEHell B Mupe 0a3bl JaHHBIX KOPMOB, KOTOpasi cTajla OCHOBOW uIst OOJbILeH ya-
cTH ee padoTsl. Ha 6a3e coOpaHHBIX JaHHBIX CO3JAIOTCSI TOYHBIE PELENTHl KOPMOB, aJallTUPOBAHHbIC
K YHHUKaJIbHBIM OCOOCHHOCTSM IPOM3BOJCTBA, C YUETOM BHJA KUBOTHBIX, UX NOTpeOHOCTEH B muTa-
TEJIbHBIX BEIECTBaX, KJIUMaTa, Ou3Hec-1esell 1 MECTHBIX 3aTpaT Ha HHIPEAUEHTHI.

D710 Takxke mo3Boauio Cargill BRIMTOTHATE TOUHOE OMOJIOTHYECKOE MOIECTHPOBAHNE C YUETOM (haK-
THYECKOTO COJICPIKaHMS MUTATEIBHBIX BEIIECTB B TEKYIIMX 3aracax HHIPeIMeHToB. B pesynbrare co-
CTaBJISIIOTCS PEleNIThl KOMOMKOPMOB, 00eCIIeunBaoNIie MaKCUMaIbHO d()(EKTHBHOE UCIIONL30BAaHUEC
MMEIOIIUXCS 3a11aCOB ChIPhs. JlaHHasi cucTeMa MCIoIb3yeTCsl B MOJIOYHOM CKOTOBOJICTBE, IIPU BBIPAIIH-
Banuu KPC, cBuHEH U ITULIBI.

Takum 00pa3oM, MOKHO KOHCTaTHpoBaTh, yTo Cargill akTHBHO BHEnpsieT HUPPOBBIE TEXHOJIOTHH
JUTSL YKPETUICHH ST 3[J0POBbS )KUBOTHBIX M TIOBBILICHUS MX MPOAYKTUBHOCTH. OOBEIUHSAS KOMOUKOpMA,
n00aBKM U UH(POBBIC PELICHUsI, KOMIIAHUS CTUMYJIUPYET POCT OM3HECA U yKpeIUIseT cBO nopTdeib
IPONYKTOB, AieJiasi yIop Ha aHaJU3 JaHHBIX U UCKYCCTBEHHBIH MHTEIUICKT.

Baxmno, uro mudposeie mHCTpyMeHTHI Cargill obecneunBaroT 115 pepmMepoB U MPOU3BOIUTEICH
KOPMOB II€PEX0 K AMHAMUUYECKOMY MOAEIMPOBAHMIO, YUNUTHIBAIOLIEMY peajbHbIC JaHHBIE O COCTABE
UHI'PEAMEHTOB, YCIOBUAX COIEPKAHUS U IIPOLYKTUBHOCTH )KMBOTHBIX.

[Ipu TOM 3HAYMTENHHO BO3pPACTAET MPO3PAUYHOCTh JaHHBIX U 3()()EKTUBHOCTD MPOTHOZUPOBAHUS
9KOHOMHUYECKHX MapaMeTPOB: POU3BOAUTEIN OTCICKHUBAIOT KIIIOYEBBIC MIOKA3aTENIN B pEabHOM Bpe-
MEHH, MOJICJIUPYIOT CIICHAPUU W TPUHUMAIOT PELICHHSI [0 ONTUMHU3ALUHU 3aTpaT HA KOPM M yJydIle-
HUIO MPOJyKTUBHOCTH KMBOTHBIX [7].

Baxkneimuii pe3ynprar Takoil paboThl 3aKII0YaeTCsl B TOUHON OLEHKE 3JJ0POBBS JKUBOTHBIX — OT
aHanM3a MUKpoOHMoMa 10 MOHUTOPUHTA (PU3MOJIOTHYECKUX MTapaMETPOB C MOMOIIBI0 CEHCOPOB U aJIro-
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PUTMOB Ha 0a3¢ UCKYCCTBEHHOTO MHTEINJICKTa. DTH TEXHOJIOTUHU BBISBISIOT OTKJIOHEHHS B COCTOSTHUU
KUBOTHBIX 3HAUYUTEJIBHO PAHBIIE, YeM TPAJAULMOHHBIE METObI, U MO3BOJISIIOT ONEPATUBHO KOPPEKTHU-
poBarh panuoHsl U yxoa. CienoBaTenpHO, Y)Ke B HACTOAIIEE BPEeMs MHTETparus uppoOBbIX HHCTPY-
MEHTOB M aHAJUTUKH CTAHOBUTCS KOHKYPEHTHBIM NMPEHMYIIECTBOM, MOBBIIIAIOIIMM YCTOHYHUBOCTD
U peHTa0eNbHOCTD B T100aIbHOM KHBOTHOBOACTBE.

Kopnopauus Nutreco (Hunepnanabl), corimacHo pe3yiabrataM aHalIu3a, SIBISETCS MUPOBBIM JIMJIE-
pOM B 00J1aCTH KOPMOB JIJIsl aKBaKyJIbTYPhl M MUTaHUA KMBOTHBIX. Ha 105 3aBomax maHHOTO mpowms-
Bonutenst B 2024 1. mpousseneHo 9 miiH T kKopMoB. [Ipoduns aestensHocTn Nutreco pasienieH Ha aBa
KJIIOYEBBIX HAIPABJICHMS: MUTAHUE XUBOTHBIX (ouepHss kommanus Trouw Nutrition, Hunepnanmbn)
1 aKBaKkyIbTypa (modepHss kommnanus Skretting, Hopserus) [8].

Tax, Trouw Nutrition TpoM3BOAUT IIMPOKHI ACCOPTUMEHT CIEIUATU3UPOBAHHBIX KOPMOB,
KOPMOBBIX J100aBOK, MMPEMHUKCOB, a TakKe HHU(POBBIX MOJIENIEH M CEPBUCOB B 00NACTH KOPMIICHHSI.
YcTaHOBIIEHO, YTO MHHOBALMOHHBIE pa3pab0OTKU JaHHOTO MOAPA3esIeHUs] CKOHLEHTPUPOBAHEI B cde-
pax IUTaHMsI, 370POBbs KUBOTHBIX U YIPABJICHHUS (pepMaMu C aKIIEHTOM HAa MaKCHUMM3aLMM UX IIPO-
TYKTUBHOCTH [9].

BbisiBiIeHO HanMuue B CTPYKTYpPE KOMIIAHUHU CIIEAYIOMIMX HAayYHO-HUCCIIEI0BATEIbCKIX LICHTPOB!

1o pa3paboTKe KOPMOBBIX MHI'PEAMEHTOB — CICLUAJIU3UPYETCSl Ha CO3aHUHU PELENTyp, IPEMUK-
COB, a Tak)ke U3ydeHuu d(H(HeKTUBHOCTH HEPMEHTOB, BATAMUHOB U MUHEPAJIOB, UCIIOJIB3YEMBIX B ITPO-
M3BOJICTBE KOPMOB;

0 MPOBEACHUIO (PYHIAMEHTAJIbHBIX U MPUKIAIHBIX UCCIIENIOBAHMM, pa3pab0oTKe HHHOBALIMOHHBIX
peleHui B 00JIaCTH KOPMIICHHUSI CBUHEH, XKBAUHbIX KUBOTHBIX M ITHILBI 1JIsI TIOBBILICHUS UX MPOAYK-
THUBHOCTH, BKJIIOYas MUTaHKE (COCTABJIEHNE PALIMOHOB), YCIOBUS CONEPIKAHUS U 3/I0POBbE KUBOTHBIX.

B umcie kit04eBbIX TPEUMYIIECTB KOMIAaHUH HAMH BBIACICHO HATMYUE CETH SKCIIEPUMEHTAIBHBIX
(hepM 1o BceMy MUPY, TA€ IPOBEPSIOTCS Ha IPAKTHKE 3 (PEKTUBHOCTh M KOMMEpUecKasi >KU3HECTIOCO0-
HOCTb MHHOBAILMOHHBIX IPOAYKTOB, IPOI'PaMM M CEPBHCOB B Pa3INYHBIX KIMMATUYECKUX YCIOBHSX
U TIPOM3BOJCTBEHHBIX Cpelax. B coOTBETCTBUU C JIyYIIMMU MUPOBBIMU MPAKTHKAMU UMEHHO TaKOH
noaxoxa obecreynBaeT MPaKTUIECKYI0 alpoOaluio U CHUKAET 3aTPpaThl Ha UCIIBITAHUS.

AHanu3 NOATBEPKAACT: KaKk U Apyrue jauaepsl, Trouw Nutrition mpoaBHUraeT Ha peIHKE COOCTBEH-
Hbl€ MHTEIPUPOBaHHbBIC LU(POBHIE PEIICHUS U CEPBHCHI, IIPENOCTaBIAA (pepMepaM U CHelHaIUCTaM
M0 KOpMaM MPaKTHYECKUE 3HAHMS O MUTAHUH, YITYUYIICHUU PAllMOHOB KUBOTHBIX M 00ECIICUCHUH CTa-
OMITPHO ONTUMAaJIbHOW MPOAYKTUBHOCTH — OT PELICHUH, CBA3aHHBIX C MPOBEICHUEM HCCIICIOBAHUH
KOPMOB U ChIpbsl Ha OCHOBE OnmxHel nadpaxpacHoi cnektpockonuu (BHK-cnexkTpockonus), mpu 3ToM
BO3MOXKHO TIOJIKJTFOUEHHE K IMOPTaTy KOMIIAHHUH, JI0 MOACTUPOBAHUS TIOBEICHUS KUBOTHBIX U CHEIHa-
JU3UPOBAHHBIX MPOrpaMM KopmiieHHs. KpuTHYeckn Ba)KHO, TI0 HAllleMy MHEHHIO, TO, YTO HU(PPOBbHIE
PELICHHS] U CEPBHUCHI JOCTYIHBI HE TOJIBKO (hepMepaM, HO U B 3HAUYUTEIBHONW Mepe KOMOMKOPMOBBIM
3aBOJIaM, HHTEIPaTOpaM U KOHCYJIBTAHTaM II0 BCEMY MHUPY.

Bropoe nmogpaznenenue — 6peny Skretting — sBisieTcst OJHUM U3 MUPOBBIX JIHIEPOB B MPOU3BOI-
CTBE U MOCTaBKe KOPMOB 7151 aKkBaKyJIbTypsl [10].

Kitr04eBbIM IpenMyIIECTBOM CIEAYyeT MPU3HATH CO3/AaHHBIM B KOMIIAHUU Hay4YHO-HCCIIEI0BATEIb-
CKUH LEHTP aKBaKyJbTYPhl, B KOTOPOM, IIOMHMO I'OJIOBHOr0 o(uca, opranu3oBaHo 11 uccienosaremnb-
CKUX CTaHIIMH ¥ TECTOBBIX IJIOMIAJOK. BaskHO, YTO MCIIBITAHNE HOBBIX PEIICHHUH JJIsi OObEKTOB aKBa-
KYJBTYPbI IPOBOAUTCS HEMOCPEACTBEHHO B PETMOHAX WX MPOMBIIIJICHHOT'O Pa3BEeICHHMSL.

Hanpasnenus uccnenoBaHuii 00beKTUBHO 0OOCHOBAHbBI U MIPAKTUKO-OpUEHTHPOBaHbl. OHU BKIIIO-
YaloT 37J0POBLE PBHIOBI (MCIOIB30BAaHNE HOBBIX (PYHKIIMOHAJIBHBIX WHTPEIUCHTOB), KOpMIIEHHE (OTIpe-
JIeTICHHE MUIIEBBIX MOTPEOHOCTEH pa3HbIX BUAOB PHIO JJIs co3laHusi Haubosee 3PPEKTUBHBIX KOPMO-
BBIX pEIICHHH) U MPOU3BOICTBO KOPMOB (TTOBBIIIEHUE THOKOCTH B BEIOOPE CHIPBS M (PyHKIIMOHATIBHOCTH
peuentyp). Best uccnenoBarenbsckas cucteMa co3JaHa TaKMM 00pa3oM, YTO Pe3yJIbTaThl ONEPaTHBHO
BOILIONIAFOTCS B MHHOBAIIMOHHBIE PEIICHHUS JUISI UHYCTPHH aKBAKYIbTYPbI.

AHaJOrMYHO APYTMM BeIyIIMM KOMIIAHHUSIM pa3paboTaHbl cOOCTBEHHBIE YHUKalbHbIE HH(PO-
Bble MHHOBAIIMOHHBIE MHCTPYMEHTBI U KOMIUIEKCHBIE CEPBHUCHI 11 ONTUMHU3ALUN KOPMJICHHS, BbIpa-
LIMBAHUS M YIPABJICHUS 30POBbEM OOBEKTOB aKBAKYJIbTYpPhbl. 3HAUUMbIM NPEUMYILIECTBOM CIIEIYET
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NPHU3HATH OPUTHHAJIBHBIC OOJIAUHbIC PEICHMsI I YIPaBICHUS MPYIOBBIMH XO3SHCTBAMHU, BKIIOYAS
HETNPEePBIBHBI MOHUTOPUHT TTOKa3aTeliell pocTa U paboThl (pepMbl B peaIbHOM BPEMEHH U HHTEILIEKTY-
aJbHbIe KOPMYIITKH.

B xommannm pa3paboTaH He WMEIONIUH aHAJOroB MHU(POBON MaKeT, KOTOPBIH MPOrHO3UPYET JU-
HAMUKY pPOCTa PBI0 M KPEBETOK W MPEIOCTABISAET pepMepaM MepenoBble MOAETH, ONTUMUZHPYIOIIIE
CTpaTeruu KOPMJICHHUSI U MOBBITIatoNIue d3(HhPEeKTHBHOCTH pabOTH PepM B pa3IUIHBIX YCIOBUSX OKPY-
JKarolen cpesbl.

Hapsiny ¢ eBponelickuMu pOU3BOAUTEISIMU, BEYIIIUE MTO3UIHH HA TII00aIbHOM PBIHKE 3aHUMAIOT
asuarckue komnanuu. Tak, xopnopauus Haid Group (KHP), cormacHo pesynsratam uccienoBaHus,
ABJISIETCSl KPYTTHEHIIMM B MUPE TPOM3BOAUTENIEM KOPMOB (IJIsl aKBAKYJIBTY Pbl, CBUHEH, ITUIIBI, dKBaU-
HBIX )KUBOTHBIX) U npeMukcos [11]. B 2024 r. 3aBogaMu KOMIaHUU TPOU3BEACHO 26,52 MIIH T JaHHOMI
OPOAYKIMH. AHAJOIMYHO APYTUM KPYIHBIM TpaHCHAIIMOHAJIBHBIM KOpHopanusM JestensHocTs Haid
Group auBepcuUIMpPOBAHA — KOMIIAHUS 3aHUMAETCS IIEMEHHBIM YXUBOTHOBOJICTBOM U NTHUIEBOJI-
CTBOM (CBHHBH U KYPBI), pa3BelIEHUEM PBIO, KpaOOB U KPEBETOK, MSCOIIEPEPadOTKOH.

KnrodeBbIM akTHBOM KOMITAaHWH SBIISIETCS CIIEIMATU3MPOBAHHBIA HAYYHO-HCCIIEI0BATEIhCKHMA
1eHTp u Oonee 10 MUIOTHBIX HAYYHO-HCCIEOBATENHCKUX 0a3. HamMu ycTaHOBIEHO, UTO MTPOBOIUMBIE
KOMTIaHUEH HCCIIeIOBAHMS HOCSIT MEKOTPACICBON XapaKTep M BKIOYAIOT CIECAYIOIINE HATIPABICHUS:
TeHETHKA U CEJICKIIHS )KHBOTHBIX, TUTAaHUE U KOPMOITPOU3BOJICTBO, BETepHHAPHSI U OnodapMaleBTHKa,
MUKpOOHasi, OMoOXuMHUYecKast U OeITKOBasi MHKEHEPHUs. DTO CBHICTEIBCTBYET O TOM, YTO KOMITAHHMSI Jie-
JaeT CTaBKY Ha TEXHOJIOTHHU KaK Ha CBOIO TJIABHYIO KOHKYPEHTHYIO CHITY.

B pesynbrare xopnopanust Haid Group pacnonaraeT oOIIMPHOM cHCTEMOH McclieoBaHUl B o0a-
CTH MTUTAHUS U 370POBbs )KMBOTHBIX U KpyITHEHIIel 62301 JaHHBIX 10 MHTPEIUEHTaM KOPMOB U UX MH-
TaTeNIbHON LIeHHOCTH. Pemaromum ¢akTopoM B 00eCeYeHNHN JTHAEPCTBa KOMIAHUH HA PIHKE KOPMOB
SIBJISICTCS] HAIMYWE WHTEPHET-TUIAT()OPMBI 1T MOACPKKH YMHBIX CBUHO(PEPM, ITUIIEPEPM U PHIOHBIX
thepm, Trie 00beTuHSIeTCS HHPOPMAIUS O TPOYKTHBHOCTH, 3/I0POBBE H YCIOBUSIX COJCPKAHUS )KUBOT-
HBIX, @ TAK)K€ COCTaBE KOPMOB B €MHYI0 KOMIUIEKCHYIO CHCTEMY, TTO3BOJISIONTYI0 TPUHUMAThH TOYHBIE
pemeHus B chepe KOPMIICHUS U MEHEKMEHTA.

B cBoro ouepenpb, aMepuUKaHCKHII PBIHOK KOPMOIIPOM3BOJICTBA TaK)Ke IPEACTABIIECH BBICOKOTEX-
HOJIOTHYHBIMHU UTpokamu. Ha 77 3aBomax Alltech (CILIA) B 2024 r. mpousBeaeHO 6,5 MIH T KOPMOB.
HccnenoBanne MOKa3bIBAET, YTO KOHKYPEHTHBIM MPEHMYIIECCTBOM KOMIAHHWH SIBJISICTCS HCIIOJIb30Ba-
HUE TEXHOJOTHH JIPOKKeBOH (epMEHTAIIMU M HYTPUTCHOMHKH TPH MTPOU3BOJICTBE KOPMOB U KOPMO-
BBIX J100aBOK [12].

[IpumMeneHnne JaHHBIX THHOBAIIMOHHBIX TEXHOJIOTUH MTO3BOJISET KOMIIAHUU 3aHUMATh JTUAUPYIOIINE
MO3ULIMK B MUPE O MPEJOCTABICHUIO HU(PPOBBIX CEPBUCOB AJIsSI IPOU3BOAUTENEH KIUBOTHOBOIUECKOM
MPOAYKIIMHA U KOMMEPUYECKUX KOMOMKOPMOBBIX 3aBOJIOB, BKJIFOUAsi KOHCYJIBTAIIMH 110 COCTABICHUIO pa-
IMOHOB, TPOTPAMM KOPMJICHHUSI U BHEIPEHUIO OMOOE30IaCHOCTH.

CrparernueckuM akTuBOM Alltech SBISIOTCS MSITH OMOTEXHOJIOTHYESCKUX IEHTPOB U JACCITKHU HC-
CIIEZIOBATEIBCKUX MAPTHEPCTB. 3a CUET OOBENWHEHUS MEPENOBBIX HAYUYHBIX JOCTHIKEHUH C OITBITOM
paboThl Ha (hepmMax KOMIAHUS MPENOCTABISAET MPAKTHIECKHE HHCTPYMEHTHI, TIOBBIMIAIONINE TPOTYK-
THUBHOCTH M MPUOBUIHLHOCTB, a TAK)KE CIIOCOOCTBYIONINE PA3BUTHIO YCTOMYHUBOTO CEIBCKOTO XO3HCTBA.

Crenyet oTMeTHTB, uTo Alltech siBrisieTCS OHUM U3 MUPOBBIX JIMJIEPOB B IPUMEHEHU U TEXHOJIOTHH
in vitro, KOTOpasi UMUTUPYET Ipoliecc pepMEHTAMU B PyOlle U OLCHUBACT YCBOSIEMOCTh KOPMOBBIX
HWHT'PEAMEHTOB U 00pa3loB MOJTHOPALMOHHBIX cMecel. Pe3ynbraThl JaHHOM OLIEHKHM MOMOTal0T CHelna-
JUCTaM N0 MUTAHUIO KOPPEKTUPOBATH PAIIMOHBI JJIs1 HOBBIIECHUS (P (EKTUBHOCTH KOPMJICHHS U O THU-
MU3aLUHU 3aTPaT.

KuroueBbim pecypcom Alltech siBisiroTcst iudpoBbie pelieHn s, TO3BOISIONINE yIAJICHHO YIIPABIATh
CTpaTerusiMi KOPMJICHUSI U KOHTPOJIUPOBATh UX C MMOMOIIBIO MOOMIIBHBIX YCTPOHCTB. /laHHBIC Mat-
(hopMbI codeTaroT B cebe MOOMIIBFHOE MPOTrpaMMHOE OOECTIeUeHHEe IS YIPaBISHUS KOPMaMH M IKC-
MIEPTHYIO TIOAIEPIKKY B 00JIACTH TUTAHUS.

B eBpormeiickom cerMeHTe Takyke BbIensieTcs kommanus Adisseo (Dpanius), KoTopas UMeEeT
17 mpousBoncTBeHHBIX Tomanok B EBpore, CIIIA, Kutae n Tannanne u mpeaiaraet IMPOKUN accop-
TUMEHT WHHOBAIMOHHBIX KOPMOBBIX JO0OABOK ¥ IU(PPOBBIX CEPBUCOB B 00JIACTH nuTaHus [13].
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@yHIaMEHTABHOW IIEHHOCTBIO KOMIIAHUHU SIBISIOTCS 5 HAy4YHO-HCCIEOBAaTEIbCKUX ILIEHTPOB.
Ha ocHOBe M3y4eHHBIX JaHHBIX MOYXHO CAENATh BBIBOA, 4TO Adisseo sIBISETCS OAHUM U3 MUPOBBIX JH-
JIEPOB TI0 MPEAOCTABICHUIO ITU(PPOBBIX CEPBUCOB, OCHOBAaHHBIX Ha TexHonornun bUK-cnekTpockommm.
Jsi OIeHKH XapaKTEePUCTUK KOPMOBBIX WHTPENHEHTOB pa3paboTaHbl OpUTHHAIBHBIC 3alaTEHTOBAH-
HbIe KaTMOPOBKHU Ha OCHOBE JTAHHBIX, TTOTYYEHHBIX C UCTIOIb30BaHUEM TOUYHBIX METOJIOB BIIAYKHOTO XH-
MMYECKOI'0 aHajau3a U HKCIEPUMEHTOB i Vivo, YTO TapaHTUPYET BBICOKUM YPOBEHb TOUHOCTH IIPOTHO-
30B yCBAaWBAaeMbIX aMHHOKHCIOT U METAa0OIM3UPYEMON IHEPTHH. TeXHOIOTHs aJanTHPOBaHA KO BCEM
OCHOBHBIM KOPMOBBIM UHTPEUCHTAM.

CrnenyeT OTMETUTb, YTO HUCHOJIB30BAHUE CEPBHCA MO3BOJISAET MIPOTHO3UPOBATH MHOKECTBO Xapak-
TEPUCTHUK, BIUSIONINX HA MUTATEIbHYIO LIEHHOCTh, TAKMX KaK CHIPOH MPOTEHH, 0o0IIee U yCBauBaeMoe
KOJINYECTBO aMHHOKHCIIOT, MeTaOOIu3upyeMas SHEPTUs U JpyTHe.

Takske Ba)KHO, 4TO 3Ta MIaTopMa CIy)KUT UHCTPYMEHTOM HE TOJBKO JUISl IPUHSATHS PEIICHUH Clie-
[UAJTUCTAMU T10 IUTAHUIO U Pa3padOTYUKaMU PEleNTy P, HO U JIJIs BBIOOPA JTYUIIMX TIOCTABITUKOB ChHIPhSI
(bmaromapsi cpaBHHTEIBHBIM TAOTUI[AM Ka4eCTBEHHBIX MTApaMETPOB MOCTABIISIEMbIX HHTPETUEHTOB).

Kax n nnble muneps! peiaka, Adisseo mpeniiaraeT MHUPOKUN CIIEKTP MUPPOBBIX MPOITYKTOB, B YUC-
JIe KOTOPBIX MMPOTPaMMHBIN MOYITh, TPeo0pa3yoNIiil pe3yIbTaThl JaOOPaTOPHOTO aHAIN3a B TOTOBEIC
K MCIIOJIB30BAaHUIO 3HAYCHHUS MMUINEBOI IEHHOCTH IS cO(PTa MO pacueTy perentyp KOMOMKOPMOB.

B xoHTekcTe pa3BuThs peiHka COI3HOT0 rocyJapcTBa Moka3areeH onbIT Poccutickoit denepanmm,
I7ie BeayIIHe TIO3UIHMK B OTPACi 3aHUMAIOT BEPTHKAJIBbHO HHTETPUPOBAHHBIE XOJIHHTH.

HHAO «I'pynna Yepkmu3zoBo» SBIsSETCS KpyHMHEWIINM TIpou3BOAHUTENeM Msca B Poccuiickoil
Odenepanuu, a TAKKE 3aHUMACT BEIYILIUE TO3UIINU B TIPOU3BOACTBE KOpMOBOU mpoaykiuu. B 2024 r. Ha
13 3aBoJax KOMIIaHWHU MPOU3BEACHO 3 MJIH T KOMOUKOPMOB.

KiroueBbIM akTHBOM KOMIIAaHUU sIBJIsieTcs Hay4dHO-ucbITaTenbHbli EeHTP «YepKknu30B0» (MHHOBA-
[IUOHHBIN JTA0OPATOPHBIN KOMILIEKC), B KOTOPBIH BXOAUT LIeHTp MCIBITaHUS KauecTBa KOPMOB U IIPO-
IYKTOB JKMBOTHOTO TMPOHMCXOXKJICHUS. BaKHEHIIMMU dIeMEHTAMU JaHHOTO IEHTpa SIBISIOTCA J1a0o-
paTopHsl TMOJTHOTO XUMUYECKOT0 M (PU3MUECKOro aHaiIu3a (UCClieIoBaHNE dHEPreTHIECKON U ONOIOTH-
YEeCKOW IIeHHOCTH, OPTaHOJNENTHYECKUX, (PU3MKO-XMMHUYECKUX IOKa3aTelieil, a Takke 0e30MacHOCTH
KOPMOB) 1 J1ab0paTOopus aMUHOKHCIOTHOTO aHanm3a [14].

Bbicokasi TOYHOCTH MPOBOJIMMBIX UCCIIEOBAHUN OOecrieunBaeTcsi 3a CUET BKIIOUYCHUs J1adoparo-
puii KOMOMKOPMOBBIX 3aBOJIOB TPYIIIBI B €IMHYIO C Hay4HO-HCHBITarenbHbIM HeHTpoMm (HULI) cets
W HanpasJieHus nHpopMmanuu o pesynsrarax b K-ananusa, a Takske 00pa3ioB ChIpbsi 1 KOMOMKOPMOB
1151 Ooniee yriTyOJIEHHOTO aHAN3a UX MUTATEIbHON [IEGHHOCTH M 0€30MIaCHOCTH.

[IpyHUMTHATBEHBEIM OTAWYUEM OT JUACPOB MUPOBOM KOPMOBON MPOMBIIIICHHOCTH SIBISETCS OT-
CYTCTBHE y POCCHUICKON KOMIaHUM COOCTBEHHOH 0a3bl JaHHBIX MUTATEIbHBIX BEILECTB B CHIPHEBBIX
KOMTIOHEHTaX. B cBsI3u ¢ 3TUM /TS osTyueHu st HH(GOPMAIIUU O COIeP )KaHHUH TTepeBaPUBAEMBIX AMUHO-
KHUCIIOT B MHTpenueHTax kopmoB HUL] moakitodeH K COOTBETCTBYIOIIMM cepBUcaM KoMmaHuid Adisseo
u Evonik (I'epmanus). B pesynbrare ananmsa noixydeHHOW WH(DOpMAIIUKA TPUHUMAETCS PElIeHHe O CO-
cTaBe KOMOMKOPMOB ¥ BKJTIOUEHHUH B HUX COOTBETCTBYIOIINX KOPMOBBIX I00aBOK.

Ilo pesynpraTamM paccMOTpPEHHUS ONBITa PabOTHI KPYMHBIX MHUPOBBIX KOMIIAHUH O MPOU3BOACTBY
KOPMOB MOXKHO KOHCTAaTHPOBATh, YTO OHM MMEIOT B CBOEM COCTaBE HAay4HO-HCCIIENOBATENbCKHUE 1IEH-
TPBI, YKOMILICKTOBaHHbIE KBAIH(DUIIUPOBAHHBIMU KaJpaMU M OCHAIIGHHBIE COBPEMEHHBIM JIabopaTop-
HBIM 000pY/IOBaHUEM, I'JI€ TOCTOSTHHO MPOBOASATCS UCCIIEAOBAHUS U pa3padaTbIBalOTCsl HOBbIE HHHOBA-
LUOHHBIC pEeleNnThl KOMOMKOPMOB, IPEMHUKCOB, OEJIKOBO-BUTAMHUHHO-MHHEPAJIBHBIX 1 KOPMOBBIX /100a-
BOK, a TAKX€ U3y4aeTCs UX BJIMSHHUE Ha TPOLYKTHUBHOCTD U 3710pPOBbE )KMUBOTHBIX (Ta0II. 3).

PaspaboTannble B X0/1¢ MCCIECOBAHUSI HHHOBALIMOHHBIE PELICHUS TPOXOAST UCIBITAHUS U BHEIPS-
FOTCSl B IPOMBILIJIEHHOE MMPOU3BOACTBO.

KiroueBbIM METOAOM, KOTOPBIM MPUMEHSIETCS MPU UCCICIOBAHUU KOPMOB, SIBJISIETCS CHEKTPAJIb-
HBIN aHAJIN3 ¢ TIOMOIIIBIO TeXHOMOrur bUK-cniekrpockonnu. JlaHHBIN MEeTOM MTO3BOISAET TPOBOAUTE ObI-
CTPBIN ¥ TOYHBIN aHATU3 TUTATSIIFHON IICHHOCTH KOPMOB, CHIPhS 1 TOTOBOM MPOMYKITHH (KOMOHKOpMA,
3epHOBOE CHIPhE, MIPOTHI, )KMBIXH U JPYTHE) MO TAaKUM TTOKa3aTessiM, KaKk Kpaxmal, MPOTeHH, caxap,
KJIeTYaTKa, )KUp, OOMEHHAas SHEeprus, epeBapuMoCTh U Apyrue. PazpaboTanbl KaJInOPOBKH C UCTIONb-
30BaHUEM TOYHBIX METOJOB BJIAJKHOIO XMMHUYECKOI0 aHAJIN3a, DKCIIEPUMEHTOB i1 VIVo U in Vitro.
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Komnanusmu chopmupoBansl 6a3bl JaHHBIX WHIPEAUEHTOB KOPMOB, KOTOPBIC SIBIISIIOTCS KJIIOUe-
BBIM 3JIEMEHTOM, MCIIOJIB3yEMbIM JIJI51 OPraHU3aIH TPOU3BOJCTBA KOPMOB U ITU(PPOBBIX CEPBUCOB B 00-
JIACTH MUTAHUS JKUBOTHBIX.

[NomumoO peanu3anuu NpoAYKIUU U IKCIIEPTHOTO COITPOBOXKICHHUS, TAKKE Mpe/iaracTcs IIMPOKHUH
CHEKTP HHU(POBBIX PELICHUI U MHCTPYMEHTOB, MPEIOCTABISIOUINX TOTPEOUTENIM BO3MOKHOCTH KakK
B YIPaBJICHWH ONTHMH3AIMEH KOPMIICHUS KUBOTHBIX, TaK ¥ B 3()()EKTHBHOM YTIpaBICHUH OM3HECOM
B LIEJIOM.

Tak>ke KOMIIAHUU COTPYAHHYAIOT B OOJIACTH MCCICAOBaHUH U pa3pabOTOK ¢ pa3IMYHBIMU MapTHE-
paMu 1o BCeMY MUPY — OT TOCYJJapPCTBEHHBIX YUPEKICHUH 10 BEAYIINX YHUBEPCUTETOB. J[aHHOE B3au-
MOJICHICTBHE pacCIIMpseT TOPHU3OHTHI HAYYHBIX M3BICKAHWHM M MPUBOAWUT K TOSBIEHUIO HOBBIX 3HAHWUN
JUTs1 pa3paboTKU BBICOKOA()(DEKTUBHBIX PEIICHUM U MPEAOCTABICHUS CEPBUCOB B 001aCTH MUTAHUS KH-
BOTHBIX U KOPMOTIPOM3BOACTBA.

Hamu mpoBeneH aHanmu3 paOOThl KPYMHEHIIMX IMPOU3BOIUTENCH KOMOMKOPMOBOW MPOIYKIIHH
Pecrry6mmuku benapycs: C3AO «Cepsomioke» (3AO «Dxomon Arpow, dunnan «KpacHo3HaMEHCKHI
koMmOuKopmoBbIi 3aBoa» OAO «Cwmoneuun bpoiinep», OO0 «buokom») [15]; OAO «ArpokomOuHaT
«zepxxunckuit» (punnansr «Heropenabckuii KOMOMHAT XJICOOTIPOTYKTOBY, « Bumnelickuii KoMOHMKOpMO-
BBl 3aBOM», «Cirylkuit KoMOuHaT X1e60npoaykToBy)'; OAO «ArpokomGuHar «CKUIENBCKUID (po-
M3BOJCTBO Ha TOJOBHOM MpeAnpusaTHH, unnansl CIOHUMCKHIA TPOU3BOICTBEHHO-TOPTOBBINA (hHITHAIT
(CIIT®) u pununan «Arpoxomiuiekc «IInnosuun»)’. Komnanuu mpeactaBiasiorT co60il BEPTUKAILHO
HWHTETPUPOBAHHBIE XOJIIUHTH MOTHOTO LIUKIIA.

[IpoBeneHHBIN aHAN3 MO3BOJSET KOHCTATHPOBATH, YTO 3aBOJAMHU JAaHHBIX arpOXOJAMHTOB IPO-
n3BoauTcs 6omee 20 % BeImyckaembix B PecmyOmmke bemapyce xomOmkopmoB. IIpomsBoncTBeHHO-
TEXHOJIOTHYECKHe Tab0opaTOpuu MPEANPUATHH OCHAILICHBI COBPEMEHHBIM 000pyJ0BaHHEM, HA KOTOPOM
MPOBOJUTCS aHAJIM3 UHTPEJUCHTOB U TOTOBBIX KOPMOB. J(P(PEKTUBHOCTH KOMOMKOPMOB OLIEHUBAETCS
10 pe3yJIbTaTaM MPOU3BOJICTBEHHBIX HCITBITAHUHN Ha )KHBOTHOBOAYECKHUX M MTHUIEBOJYECKUX 00BEKTaX
caMHX MHTETPAIIMOHHBIX CTPYKTYP, & TAKIKE CEIHCKOX03IHCTBEHHBIX OpraHU3alHii-NapTHEPOB.

Cnenyet BoIenuTh paboty C3A0O «CepBOiIOKCY», KOTOPOE SIBISETCS JIUAECPOM IO MPOU3BOJICTBY
koMOuKopMoB B PecniyOnnke benapych n BHeApeHHI0 MHHOBALMH B TaHHOH oTpaciu. Tpems 3aBogamu
KOMIIaHUH TIPOU3BOAUTCS OoJiee 635 ThIC. T KOMOMKOPMOBO#i mponykiuu B rox (6onee 10 % ot obmiero
00beMa ee BEITTYCKa B CTPAHE).

AHanu3 NOKa3bIBAET, YTO KOHKYPEHTHBIX MPEUMYIIECTB KOMIAHHS JIOCTUTAET 3a CUET IMPUMEHE-
HUSI COBPEMEHHBIX WHHOBAIIMOHHBIX MPAKTHUK B YaCTH KOHTPOJISI Ka4eCTBa MHTPEIUEHTOB (Ompeerne-
HUSI UX TUTATENBHOW IEHHOCTH) W COCTaBIIEHUS PEIENTOB KOMOMKOPMOB. DKCIPECC-aHAIN3 CHIPHS
nabopaTopusiMU TaHHOW KOMIAHUU ocyIiecTBsieTcs: MetogoM bUK-cnexktpockonuu. s monydenus
BBICOKOTOYHBIX JaHHBIX O XUMHYECKOM COCTaBE CHIPhSl U KOHTPOJISl Ka4eCcTBa FOTOBOW MPOAYKIIMH Ha
MPEANPUATHSAX XOJJIUHTa BRICTPOCHA CHCTEMa YTIIYOJIEHHOTO Jab0paTOpHOr0 aHAIN3a, BKIFOYAIOIIast
WHTETPAINI0 ¢ MEXAYHAPOIHBIMHU IUGPOBEIMH TuTaThopMaMu 1 MPOPUILHBIMA HAYYHO-HUCCIIET0BA-
TEIHCKUMH LIEHTPAMHU:

3A0 «DkxoMoa ATpo» MPOBOIUT aHAJIN3 HHI'PEAUEHTOB HA COIEpKaHUE OOIIMX M YCBOSIEMbBIX aMU-
HOKHCJIOT ITyTeM TIOAKITIOYeHHS K cepBUCY KommnaHuu Adisseo;

¢umman «KpacHo3HAMEHCKUH KOMOMKOPMOBBII 3aBO» MPOBOIUT HCCIENOBAHUSA B COTPYIHUYE-
ctBe ¢ naboparopueii APBET (Poccuiickas @eneparnust), NCTIONB3Ysl METOAUKH KaJTHOPOBKH J1abOpaTo-
puu Rock River Lab (CILIA).

[lo uToram cpaBHUTENHHOTO aHAN3a HAMH OTMEYEHO OTCYTCTBHE Y KPYyTHEHIINX OTEUECTBEHHBIX
MIPOU3BOAUTENEH KOMOMKOPMOB COOCTBEHHBIX HAYyYHO-MCCIIEIOBATEILCKUX IEHTPOB, H3yYaIONNX KOP-
Ma, 3/10pOBbE U MPOIYKTUBHOCTD KUBOTHBIX,  TAKXKe 0a3 JaHHBIX MUTATEIbHBIX BEIICCTB B HHTPEIU-
€HTaX KOPMOB H ITU(POBEIX CEPBUCOB TI0 YIIPABICHUIO KOPMIICHUEM.

JlanHas cuTyanus XxapakTepHa B IEJIOM TSl OTPACIX TPOMU3BOICTBA TOTOBBIX KOPMOB ISl CETTBCKO-
XO35IHCTBEHHBIX )KUBOTHBIX PecryOmmku benapych.

! ®©unuanel / ArpoxomOunar Jizepxunckuii. URL: https://akd.by/filialy/ (nata o6pamenus: 17.02.2026).
2Hamu ¢unuansl / Arpokombunar Ckugensckuii. URL: https:/ghp.by/nashi-filialy (nara o6pamenus: 17.02.2026).
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B nensix obecrneueHns: KOHKYPEHTOCIIOCOOHOTO Pa3BUTHsI MPOMBIIIJICHHOTO KOPMOIPOU3BOICTBA
U KUBOTHOBOZCTBA TpeOyeTcst pazpaboTKa COOTBETCTBYIOLIEH MPOrPaMMBbl IO Pa3BUTHIO JJAaHHBIX Ha-
MIPABJICHUM.

Hanpaenenua nogvluienus UHHOGAUUOHHOU AKMUGHOCMU CYOBEKMO8 NPOMBLUIIEHHOZ0 KOPMO-
npouszeoocmea Pecnyonuxu benapycs. IIpoMbiliIeHHOE TPOU3BOJICTBO FOTOBBIX KOPMOB UT'PaeT KO-
YEeBYIO POJIb B Pa3BUTHUHU KMBOTHOBOJCTBA M, COOTBETCTBEHHO, B 00ECIIEUEHUH ITPOIOBOJIBCTBEHHOM
oesonacnoctu Pecniyonuku benapyce.

CymecTBeHHBIMA HeIOoCTaTKaMH (pe3epBaMu MOBHITIICHUS 3(h(PEKTUBHOCTH) pa3BUTHS OTCUSCTBCH-
HOW OTpaciii KOPMOIIPOW3BOACTBA SABIISIIOTCS HU3Kas MHHOBAIMOHHASI aKTMBHOCTh M HEJOCTATOYHOE
UCIIOJIb30BaHUE COBPEMEHHBIX LH(POBBIX TEXHOIOTUH.

B T0 BpemMst kak MUPOBBIE TUAEPHI UHAYCTPUH CO3IA0T KPyIHEeHne 0a3bl JAHHBIX 110 TUTATEILHON
LHEHHOCTU MHTPEIMEHTOB KOPMOB U MPH TOMOIIU HU(MPOBBIX TEXHOJIOTUH MOBBIIAIOT dPPEKTHBHOCTD
UX UCTIONb30BaHus, B PeciyOnuke benapych nannas padoTa qoJKHBIM 00pa3oM HE OpraHU30BaHa.

OTeuecTBEHHbIE NPOU3BOAUTENM PEAIM3YIOT, KaK IPAaBHJIO, TOTOBbIE KOPMa B ACCOPTHUMEHTE.
BMmecTe ¢ TeM OTCYTCTBYIOT MPEJIOKEHHS 10 pean3alui HUPPOBBIX PEIICHUN (B TOM YHUCIIE TLIAT-
(OpPMEHHBIX), MO3BOJISIIOIIUX MOTPeOUTENSIM 3(P(PEKTUBHO yHPaBIATH IPOrpaMMaMH KOPMIICHUS KH-
BOTHBIX, OIITUMHU3UPOBATH 3aTPAThl HA KOPMA C YUETOM HX IUTATEJIbHON LIEHHOCTH, HAJIU4Ms 3aI1aCOB,
KOHBIOHKTYPBI IIeH U MHBIX TTapaMeTPOB.

OueBUIHO, YTO JajibHEHIIEe YCTOWIMBOE Pa3BUTHE U 0OecIeueHNEe KOHKYPEHTOCIOCOOHOCTH OTe-
YECTBEHHOW OTPAcCiIW MPOMBIIIIEHHOTO KOPMOIPOU3BOACTBA HEBO3MOXKHBI 0€3 afamnTaliyl JIyUIIuX
MHUPOBBIX IPAKTHK, UCIIOIB3YEMbIX KOMIAHUSIMHU-IHEPaMU. DTO, B CBOIO OUepeib, TpeOyeT HHBECTH-
LU B UCCIICIOBAHUS M BHEAPEHUE HHHOBALIUH.

C ydetrom MacmTaOOB MPOU3BOJACTBA M PHIHKA TOTOBBIX KOPMOB B HAIllel CTpaHe, a TaK)Ke OTCYT-
CTBUSL Y MPOU3BOJUTENICH KOPMOB 3HAUHMTEIBHBIX PECYpcoB ((PMHAHCOBBIX, MaTepHaIbHO-TEXHHUYE-
CKHX, KaJPOBBIX, HH()OPMAIMOHHBIX) JIsI IPOBEACHHS MacIITaOHBIX MCCIIEIOBAHUN U BHEAPEHUS HUH-
HOBAIlMil HAMU TIPEJIaraeTcss OPraHn30BaTh JaHHYIO PadOTy IEHTPATN30BAaHHO HA TOCYAAPCTBEHHOM
YPOBHE B paMKax CHEeIIMaJIbHOM MpOrpaMMBI.

Huxe npencrasieH pa3paboTaHHBIA HaMH HOPOEKT TPaHC(HOPMALMU CHCTEMbl MHHOBAL[MOHHOTO
B3aMMOJICHCTBHS MPOMBIIIIJIEHHOTO KOPMOIIpon3BoAcTBa B Pecriydnuke benapych (pucyHOK).

KunroueBbiMu cyObeKTaMu TaHHOM CUCTEMBI BBIACTICHBI CIIEAYOLIHE.

1. PYII «<HayuyHo-npakTnuyeckuii uentp HanuonasibHoii akagemuu Hayk besnapycu no ;kuBot-
HOBOJACTBY». OJIHUM M3 OCHOBHBIX HAIpPaBJICHUH JESATEIBHOCTH YUPEKICHHsS SBISETCS pa3padoTKa
HOBBIX PELENTYp KOMOMKOPMOB M KOPMOBBIX J00OaBOK, W3bICKaHWE MyTel MoBblmeHus 3¢dexkTuBHO-
CTH TpaHc(hOpMaLMK SHEPIUU KOPMa B )KUBOTHOBOJUECKYIO MIPOAYKLHUIO, & TAK)KE COBEPIICHCTBOBAHHUE
TEXHOJIOTMH KOPMJICHHUS U COACPKAHUS )KHUBOTHBIX, IITHIIBI U PbIO [16].

B cocraBe meHTpa naHHBIC HANPaBJICHUS M3YYarOT COOTBETCTBYIOLIUE J1a0OPaTOPUH: KOPMOBBIX
100aBOK 1 OMOIIPOAYKTOB; KOPMJICHHSI MOJIOUHOI'O CKOTa; KOPMJICHHS CBUHEH; KOPMJIEHHsI U (PU3HOJI0-
ruu nutanus KPC; TexHOI0ruu KopMOIIponU3BOACTBA U OMOXMMHUUYECKUX aHAJIM30B, a TaK)Ke J0UEpHHE
npennpusatus — PAYII «uctutyT peionoro xozsiictBa» U PAYII «OnbiTHas HaydHas CTaHUUS IO
HTULEBOICTBY».

2. Pecny0ankanckoe yupeskaeHue «l'ocynapcTBeHHas XJyeOHasih MHcneKnusa» (puamag
«lleHTpajibHas HAY4YHO-HMCCJEJOBATE/BCKASI JIA00PATOPHA»). 31eCh MPOBOAAT HCIBITAaHUS KOp-
MOB, KOMOMKOPMOB U KOPMOBBIX J00ABOK: HAa COOTBETCTBHE TPEOOBAaHUSAM TEXHMUYECKHUX HOPMAaTHB-
HbIX npaBoBbiX akToB (THITA), pernaMmeHTHPYIONMX Ka4eCTBO U 0€30MaCHOCTh MPOAYKIIHH, & TaKKe
C LIETBI0 TIOATBEPIKICHHS COOTBETCTBHUS (ACKJIApUPOBaHUE U cepTU(UKauus). Pe3yapraTsl HCTIBITAHUH
UCTIONB3YIOTCS 1i1sl BHEceHUs B KimaccuduxaTtop Chpbsi U MPOLYyKLINH KOMOMKOPMOBOM MPOMBILIIEH-
HOCTH, BBICTYNAIOIUK HH)OPMAITHOHHBIM CIIPABOYHHKOM JIJIsl IIPEANPUSTHN U OPraHU3alui OTpaciH.
Jannblit knaccupukatop conepxkut TpedoBanus THIIA k kauecTBy KOMOMKOPMOBOW MPOAYKIIMH; HH-
dbopmanuio U1 pacueTa pelentyp 1 odecnedeHus coasaHCHPOBAHHOIO KOPMIICHUS )KMBOTHBIX; Hayd-
HO 000CHOBaHHBIE HOPMBI BBOJIa KOPMOB U KOPMOBBIX J100aBOK B KOMOWKOpMa. McTibITaHUS TIPOBOAST-
Csl 1O CJICAYIOLIUM IOKa3aTeNIsIM: OPraHOJICITUYECKUM, (PU3NKO-XUMHUYECKUM, OaKTePHUOIOTHYECKUM,
TOKCHKOJIOTHYECKHUM, PaJHOJIOrMUECKUM, a TAK)Ke Ha COAEp)KaHNUEe TeHETHYECKH MOAU(BUIMPOBAHHBIX
o0bvekToB (I'MO) [17].
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The system of innovative interaction in industrial feed production

3. T'ocynapcTBeHHOe yupexaeHue «besiopyccknii rocyfapcTBeHHbIN BeTePHUHAPHBIA LEHTP».
VYupexaeHue oCyIIeCTBISCT: TUAarHOCTHUECKUE HCCICIOBAaHUS B JKUBOTHOBOACTBE; UCIIBITAHHS KOP-
MOB, KOPMOBBIX 00aBOK IO MOKAa3aTesM KauecTBa M 0€30MacHOCTH; cepTHU(PUKALNIO, ACKJIapupOBa-
HME KOPMOB M TIHIIEBON IPOMAYKIMH, & TAKIKE HHBIE TPO(QUIBHBIE U3BICKAHUS' .

HonomautensHo ['Y «benrocBeTeHTpy» OpraHnu3yeT U MPOBOIUT paObOTHI TSl TOCYAapCTBEHHOM pe-
TUCTpAIli KOPMOBBIX J00ABOK, B TOM YHCJIE 0OCIIEIOBaHUE ITPOM3BOICTB HAa CIIOCOOHOCTH CTAOMIIBHO
BBITTYCKATh X B COOTBETCTBUU ¢ TpeboBanusiMu THITA. LleHTp mpOBOIUT UCTIBITAHUS KOPMOB, CBHIPHS
1 00ABOK 10 TIOKa3aTelsIM BEeTEPUHAPHO-CAaHUTAPHON 0€30MaCHOCTH, YTBEPIK/ICHHBIM TIOCTAHOBIICHUEM
Muncenbxosnpona Pecniyonuku Benapyce ot 10 geBpaist 2011 1. Ne 10, a Takke 1o 3asBICHUSM 3aKa3-
YHUKOB Ha COOTBCTCTBUEC HOPMATHBHBIM JOKYMCHTaM (TCXHI/I‘ICCKI/IM YCJIOBUAM, PEUCIITYpaM U T. H.).

4. T'ocynapcTBeHHOe HayuHoe yupexaeHue «MuecTuryT Mukpoduosorun HanmonaabHoi aka-
nemuu Hayk Besapycw». MHcTuTyT paspabaThiBaeT M peainzyeT KOPMOBBIE TOOABKH, MPOOHOTHKH
1 CHHOMOTHUKH JIJIs1 HOPMaJIM3aluy HUIIEBapPEHH S, HOBBIICHHS POy KTUBHOCTH KUBOTHBIX M yCTONYH-
BOCTH MX K HEOJIaronpusTHBIM (pakTopaMm BHELIHEH Cpelbl, yIyUlIeHHs yCBOSEMOCTH KOPMOB, a TaKKe
JUTS TPO(MITAKTHKY U JISUSHHS KEIyTOYHO-KUIIISYHBIX 3a00IeBaHUH CETbCKOX03IHCTBEHHBIX KUBOTHBIX
W TITUIBI U T. 0. [18].

5. Ilpou3BOAUTEH TOTOBBIX KOPMOB M KOPMOBBIX /I00aBOK 715 CEITECKOXO3IHCTBEHHBIX KHBOTHBIX.

B kauecTBe 01HOI U3 KITIOYEBBIX 3a/1a4 yKa3aHHBIX CyOBEKTOB IeJIecO00pa3HO YCTAaHOBUTH (hOpMHU-
poBaHue 0a3bl JAHHBIX MUTATEIBHBIX BEIICCTB B MHTPEAUCHTAX KOPMOB, ISl UET0 MOTpedyeTes pa3pa-
00TaTh COOTBETCTBYIONUN MEXaHU3M U U(POBYIO mIardopmy.

! Hanpapnenus peatensHoctu / T'Y «Benopycckuii rocynapcTBeHHbIH BeTepunapHblii nenTp». URL: https:/bgve.by/
(mata obpamenus: 17.02.2026).
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®dopmupoBaHHe 3TOro HHGOPMAIMOHHOTO pecypca npeiaraercs ooecneduts HayuHo-nmpakTude-
ckomy 1eHTpy HanuonanbHoil akanemMun Hayk benapycu mo »KHMBOTHOBOJACTBY Ha OCHOBAHUU IIPOBE-
JIEHUS1 SKCTIEPUMEHTOB in Vivo, in situ W in vitro (IaHHas TEXHOJIOTHS B CTPaHE B HACTOSIIEE BpEeMs
HE TIPUMEHSETCs), a TAK)KE C HCIIOJIb30BAHMEM METOJIOB BJIIAKHOTO XWMHYECKOTO aHanm3a. s mpo-
BeZIcHHsT J1a00paTOPHBIX WCCIENOBAaHUHN IpEeIycMaTpUBaeTCS JOTOTHUTENBHO TMpHUBJeUeHHE (uIna-
na «lleHTpanbHas Hay4YHO-MCCIEAOBATENbCKAS JTAOOPATOPHS» PECITyOINKaHCKOTO yupexaeHus «lo-
cymapcTBeHHas xJeOHass nHCneKIus» u I'Y «benrocBeTnenTpy», KOTOpble UMEIOT HEOOXOMMMYI0 MaTe-
pUATEHO-TEXHUYECKYIO 0a3y, ONBIT U KaPHI.

Ha ocHOBaHMU yKa3aHHBIX PE3yJIbTATOB MOI'YT ObITh OTKanuOpoBanbl mpubopsl BUK-crekrpo-
METPUU MJIsI U3MEPEHUS COIEpPKaHUS TMUTATEIbHBIX BEIISCTB M IOKa3aTesiel MepeBapuBacMOCTH.
JlocTyI K TOYHBIM KaJTuOPOBOYHBIM JaHHBIM JIJISI [IOJIb30BaTENCH OyIeT MPe0CTaBIIeH Yepe3 00IauHoe
MporpaMMHoe o0ecrieueHue JIJIsl yIpaBJICHUs KaTHOpPOBKaMHU.

B manpHeiineM mpou3BOAUTENH MOTYT MTOIKJIFOUATHCS K YKa3aHHOM 0a3e JaHHBIX M HA OCHOBAHHH
pe3yabpTaToOB IKCHpecc-aHanu3za mMertonoM BUK monydars TOuHbIE JaHHBIE O MUTATEIBHON LEHHOCTHU
WHTPEIMEHTOB ¥ TOTOBOW MPOAYKIINH, a TAKKe 00 UX IMepeBapUMOCTH.

s mpoBeZieHN s Ha3BaHHBIX BBIIIIE SKCTIEPIMEHTOB 1 aHAJIM30B IOTpeOyeTCs TooCHaIIeHne 1abo-
paropuit HayuHo-npaktuueckoro nentpa HanuonanbHoOW akajieMuu Hayk benapycu 1o >KMBOTHOBO/I-
cTBY, punmana «lleHTpanbHas HayYHO-HCCIEI0BATENbCKAs 1a00paTOpUs» pecyOIMKAaHCKOTO YUpeK-
nenus «locymapcTBeHHast XJieOHAs] MHCICKIIUS U MPOU3BOUTENCH KOPMOB HEOOXOAUMBIM 000Dy 10-
BaHUEM M METOIUKAMHU.

Kputnueckn BaxxHO, 4TOOBI Takas paboTa B cTpaHe Oblja OpraHM30BaHa Ha MOCTOSHHON OCHOBE
C 1IeJICBbIM (DMHAHCUPOBAaHUEM.

C y4eToM MUPOBOTO W OTEYECTBEHHOTO OIBITA [0 CHUXCHHIO HCIOIb30BAaHUS aHTUOUOTHKOB,
a TaKXe 1Mo 00ECIIeYSHHIO 370POBbs KUBOTHBIX 3HAUHTENbHAS POJb B MPEIJIOKEHHONW CHCTEMEe B3au-
MOJICHCTBHSI OTBOJUTCS TOCYIapCTBEHHOMY HAyYHOMY YUPEKIeHUI0 «MHCTUTYT MHUKPOOHONOTHH
HanwnonanpHoit akanemuu Hayk bemapycmy. [Ipenmonaraercs, 9to cepa ero oTBEeTCTBEHHOCTH OyAeT
OXBAaTHIBaTh CO3/JaHUE KOPMOBBIX MOOABOK [JII HOPMAJIM3AIUU THINEBAPEHUS, TMOBBIIICHUS MPOIYK-
TUBHOCTH KMBOTHBIX ¥ YCTOMYMBOCTH WX K HEONArompusATHBIM (hakTopaMm BHEUTHEH CPebl, yIydIle-
HHUSI YCBOSEMOCTH KOPMOB, a Tak)ke MPO(UIAKTUKN U JICYCHHS HKEyI0UYHO-KUIICUHbIX 3a00JICBaHUIM
CeITbCKOXO3IMCTBEHHBIX JKUBOTHBIX U IITHIIHI.

DTO MO3BOJUT MPOUZBOJUTEISIM KOPMOB B MIEPCIICKTUBE MOCTABISITH arpapHOMY CEKTOPY HE TOJIb-
KO BBICOKOKQYECTBEHHYO MPOAYKIIHIO B IIIMPOKOM aCCOPTUMEHTE, HO U Mpe/jiaraTh KOMIUIEKC udpo-
BBIX pelieHul 11 3((HEeKTHBHOTO YIPABICHUS TPOrpaMMaMU KOPMIICHHUSI U B 1IEJIOM OU3HECOM.

KoopnuHanuto paboThI 10 OpraHU3ali 1 Pa3BUTUIO CUCTEMbI HTHHOBAIIMOHHOTO B3aMMOICHCTBUS
YKa3aHHBIX BBINIE CyOBEKTOB Ie1eco00pa3HO BO3JIOKHTH Ha MUHHUCTEPCTBO CEIBCKOTO XO3SMCTBA
U IpoJoBOAbCTBUSA M HannoHanpHy0 akagemMuio Hayk benapycu.

3akurouenue. [1o pe3ynbraTaM aHanau3a OPUOPUTETOB PA3BUTUS MUPOBOIO IPOMBILIIIEHHOTO KOP-
MOIIPOU3BOJICTBA, KJIFOUEBBIX TEM HCCIECIOBAaHUN U MHHOBALMN B JTAHHOM OTPACIM YCTAHOBJICHO, YTO
KOMITaHUU-TUJEPBIL:

AMEIOT HAayTHO-HCCIIeIOBATEIhCKIE IICHTPHI U 0a3bl, TAe pa3pabaThiBalOT HHHOBAIITMOHHBIC BHUIBI
MPOMYKIIUH, U3yYalOT UX BIUSHUE HA 3I0POBbE M MPOAYKTUBHOCTH CEIBCKOXO3SHCTBEHHBIX JKHBOT-
HBIX, ITUIBI U 00BEKTOB aKBAKYJIBTYPbI, a TAKKE BO3JICHCTBHUE HA OKPYIKAIOIIYIO CPEIY;

o0ecreurBaroT CUCTEMaTHIECKOE BHEAPEHUE Hanboee 3PPEeKTUBHBIX PEIICHUH B IPOMBIIILIICHHOE
IIPOU3BOJICTBO;

(hopMupyIOT 0a3bl NaHHBIX MUTATEIBHOW IEHHOCTH WHTPEIUCHTOB, UCIIONIbH3yEeMbIE JUISI BBITYCKa
BBICOKO3(DPEKTUBHBIX KOPMOB H MTPEIOCTABICHHS IIU(PPOBBIX CEPBUCOB B 00JIACTH KOPMIICHUS,

NpeaiaratoT WHUPOKUI CIEKTP OPOrpaMMHBIX MPOAYKTOB U UHCTPYMEHTOB 15l ONTUMHU3ALUHU pa-
LIMOHOB KaK ’KUBOTHOBOJIUECKHUM XO03MCTBAM U NPEANPUATUSAM aKBAKYJIBTYPbI, TAK U TPOMBIIIJICHHBIM
MTPOU3BOIUTEISIM KOMOUKOPMOB.

AHanmu3 AeSITEILHOCTH OTEYSCTBEHHON OTPACIH TPOW3BOJCTBA TOTOBBIX KOPMOB JJISI CEIIBCKO-
XO3SICTBECHHBIX JKMBOTHBIX CBHJCTEIBCTBYET O (hparMEHTAPHOM HCIIOJIb30BAHUM CyOBEKTaMH IPO-
MBIIIUIEHHOTO KOPMOIPOW3BOACTBa PecriyOnuku benapych nydimnx MUPOBBIX NMPAaKTHK U PECYPCOB
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(6a3 maHHBIX) 7151 ONTHMHU3ALMK MIPOrPaMM KOPMJICHHUS U pPelenTyp KOMOMKOPMOB, a Takxe 00 OT-
CYTCTBUU COOCTBEHHBIX 0a3 JaHHBIX WHTPEAMEHTOB KOPMOB M HU(PPOBBIX CEPBUCOB (AHAJOTHYHBIX
MIPEeIOCTaBIAAEMBbIM KOMIIAHUAMHU — JINJIEPAMH B JAHHOW OTpaCiy).

Jist aganTanuy JTy4YInX MUPOBBIX MMPAKTUK M 00ECTIEYCHU ST KOHKYPEHTOCIIOCOOHOCTH OTEYECTBEH-
HOI'0 KOPMOIIPOM3BOJICTBA C YYETOM MAcIITa0OB OTEYECTBEHHOTO PhIHKA Mpejiaraercs co3aTh KOM-
IJIEKCHYI0 CHCTEMY HMHHOBAallMOHHOTO B3aMMOJEHCTBUSA CO CIEAYIOUIUMHU KIFOYEBBIMH CyOBEKTaMM:
Hayuno-npakTudyeckum neHTpoM HanmonansHoi akanemun Hayk bemapycu mo »KHBOTHOBOJACTBY, (hu-
nuanom «LleHTpanbHass HaydHO-HMCCIIEOBATENbCKas Jab0paTopuss» pecnyOInKaHCKOTO YUPEeKICHUS
«l'ocymapcTBeHHas xieOHasi HHCIIEKIHS», bellopycCKUM rocy1apCTBEHHBIM BETEPHHAPHBIM IIEHTPOM,
WNucTtuTyTOM MUuKpoOnonornn HanmonaneHo akafeMun HayK bemapycu, mpon3BouTe IMHA TOTOBBIX
KOPMOB M KOPMOBBIX JI00ABOK JJISI CENIbCKOXO035HCTBEHHBIX dKUBOTHBIX.

BaxxHelmum pe3ynbTaToM TaKod CUCTeMbl OyaeT opMupoBaHue 0a3bl JAaHHBIX MMUTATEIbHBIX Be-
LIECTB ¢ Hcnoib3oBanneM bUK-anannTuku, KOTOpas MO3BOJIMT CyOBEKTaM MPOMBIIUIEHHOTO KOPMO-
MIPOU3BOCTBA!

MOBBICUTH TOYHOCTH OLEHKH KaueCTBa KOPMOB — JIOCTOBEPHEE OIPENEIATh COlepPKaHNEe MUTATEb-
HBIX BEIIECTB B KOPMOBBIX HHI'PEIUEHTAX, a TAKXKE NepeBapUMOCTh;

COKPAaTHUTh BpPEeMsI MIPOBEICHUS UCCIETOBAHNI — OT HECKOIBKUX JHEW MPH UCTIOJIb30BAHUH KIIACCH-
YEeCKOr0 XMMHUYECKOT0 METOa IO HECKOIBKNX MUHYT pu npuMmeneHnn bUK-cnekTpockonnm;

ONTHUMHU3UPOBATH 3aTPAThl HA KOPMa — CHU3UTH PacXoj] KOPMOB Ha €AWHHITY MPOTYKIIUHU 32 CUET
co3naHus Ooyiee cOaTaHCUPOBAHHBIX PAIIMOHOB;

OTIEPaTHBHO aJIalITUPOBATh PEUENTYPhl KOPMOB IOJ] Pa3HbIe IOTPEOHOCTH U YCIOBHS COJAEPKAHUS
JKUBOTHBIX 33 CYET aBTOMATH3AIMU U IU(PPOBHU3AIMY JAHHBIX, HAKATUTMBAEMBIX B 0a3e;

pa3paboTarh KOMIUIEKC H(POBBIX CEPBUCOB, HOBHIX s pbhiHKAa PecryOnmuku bemapycsk, croco6-
CTBYIOIIUX MOBBIIICHUIO d(()EKTUBHOCTH YIIPABIEHUS MPOrPaMMaMi KOPMJICHUS ISl CeITbCKOXO03sTH-
CTBEHHBIX TPOU3BOJUTENEH;

HapacTUTh 3KCIIOPTHBIN MOTEHIIMAI 3a CUYET MPOU3BOACTBA MPOAYKIIMH ¢ KaYeCTBEHHBIMH ITapaMe-
Tpamu, COOTBETCTBYIOLIUMH TPeOOBaHHUSIM MUPOBOT'O PHIHKA;

YMCHBIINTh HETaTHBHOE BO3JICHCTBHE Ha OKPYKAIOUIYIO CpeAy (COKpPaTUTh OOBEMBI BBHIOPOCOB
U OTXOJIOB) 3a cyeT OoJiee TOYHOrO pacdeTa PallMOHOB U CHIKEHUS N30BITOYHOTO MCIIONIb30BAHUS ITH-
TaTeJIbHBIX BEIIECTB;

o0ecneunTh AabHEHIIIee HePEPHIBHOE MPOBEICHIE HAYYHBIX MCCIEIOBAaHUN U BHEJPECHHE MHHO-
Bauii B 4acTu pa3paboTku Oonee 3PGHEKTUBHBIX PEIENTYp W MPUMEHEHHUS TEPEIOBBIX TEXHOJIOTHI
B OTpAaciy.

Peanuzanms mpeiokeHHBIX Mep TMOCITYKAT OCHOBOW Ka4eCTBEHHOT'O POCTa OTPACIH KOPMOITPOH3-
BOJICTBA W )KHBOTHOBOJICTBA PecryOnnku benapyck Ha TONTOCPOYHYIO TIEPCIIEKTHBY.
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OIEHKA UTH®OPMATUBHOCTHU METOAOB MOHUTOPHUHTA
YEIIYEKPBIJIBIX (LEPIDOPTERA) U ’KECTKOKPBIJIBIX (COLEOPTERA)
BPEJIUTEJIEN 3AITACOB ITPU XPAHEHUM 3EPHA KYKYPY3bI

Annoranms. Kykypysa — BakHelas 3epHOQYpa)kHasi KyJIbTypa, KOTOpasi UCIOIb3YeTCs KaK JJIsi KOPMIICHHS BCEX
BHJIOB JKHBOTHBIX, TaK W Ha IIPOJOBOJIBCTBCHHBIC I CEMEHHBIC IIENH. B mocineqHue Tofbl pocT MOCEBHBIX IIIOMAACH mpH
BO3JICJIBIBAHUN KYKYPY3bl Ha 3€pPHO, YPOXKaHOCTH U BasioBoro cbopa B Pecniybiuke Benapych akTyanusuposain npobiemy
3aIUTHl 3¢PHA OT WICHUCTOHOTUX B MOCICYOOpOUHBIH mepuoa. Brepsreie B 2024—2025 rT. m3yueH BUIOBOW COCTAB YelIye-
kpbutbiX (Lepidoptera) u xectkokpsiibix (Coleoptera) HACEKOMBIX, CTPYKTYpa JOMHHHPOBAHUS, JTUHAMUKA YHCICHHOCTH
BpeIUTENeH 3a11acoB IIOCPEICTBOM CTaHJapPTHOTO MeTo/a (0TOOp cpeHUX MPOo0) ¥ METO/a JIOBYIIIEK B TEXHOIICHO3aX CEMEH-
HBIX 1 (ypakKHBIX 36 PHOXPAHHIIHII B IEPUOJ] XPAHCHU 3epHA KYKYPY3bl. BBISBICHO, YTO TAKCOHOMHYECKHUT COCTAB BpeH-
Teneil Bxirrodan 19 BUIOB, OTHOCAIINXCS K 2 oTpsiiaM u 9 ceMeiicTBaM, puueM Haubombliee KOIHIecTBO BUI0B (16) ObLI0
00Hapy’KEHO TPH MPUMEHEHHH (HEPOMOHHO-KIICEBBIX JIOBYIIEK, YTO B 3,2 pa3a OOJbllIe 10 CPAaBHEHHMIO CO CTAHIAPTHBIM
METO/IOM. YCTAaHOBJIEHO, YTO CTPYKTypa ZOMHHHUPOBAHHS ONpPEAEsIach ClIOCOOOM XpaHCHHS M Ha3HAYEHHEM 3EpHa: eCIIH
B CEMEHHBIX (D)OH/aX NPU UCIIOIb30BAHNH OUT-03T0B 3aduKCHPOBAHO abCcOMOTHOE Mpeobiananne yenryekpolibix (100,0 %),
TO B (hypakHBIX CKJIaJaX IIPU XPAHCHHH HACHINBIO BUIOBOH CHEKTP PACIIMPSETCS 3a CUET JKEeCTKOKPBUIBIX (20,4 %) mpu
COXpaHEHHH JOMMHHUpYIOIIEH ponu npencrasuteneil orpsaa Lepidoptera (79,6 %). IToBceMeCTHBIM 3y JOMMHAHTOM BbISIB-
neHa roxHast ambapHast orueBka (Plodia interpunctella Hbn.) ¢ BeicokuM mHJIeKcoM goMuHupoBanus (78,7-99,7 %), torna
kak Oapxaructslit rpudoen (Typhaea stercorea L.) nocturan ypoBus noMuHanTta (19,8 %) numb npu XxpaHneHuH (ypaxHo-
ro 3epHa. AHAJIH3 METOIOB ydeTa BPEIUTENICH 3amacoB MOATBEPIIII BBHICOKYIO 3(P(EeKTHBHOCTH (HEePOMOHOMOHUTOPUHTA
(12,7-100,0 %) B cpaBHEeHUU ¢ MeToA0M 0T60pa cpeauux mpod (0,01-0,20 %), KOTOpPHIH OKa3aics MPaKTHUECKU HEPE3YIThb-
TATUBHBIM ST OOHAPY KEHHS WICHHCTOHOTHX. JlaHHBIC MCCIIEIOBAHUS MO3BOJIAT IOBBICHTE IOCTOBEPHOCTH MOHHTOPHHTA
1 CTaHYT OCHOBOM 111 pa3paboTKH HAyYHO 0OOCHOBAHHOM CTpATErHHy MO 3alIUTE 3€PHAa KyKYpy3bl OT BpEIUTENEH 3aacoB.

KuroueBble cji0Ba: XpaHeHHE, 36PHO KYKYPY3bl, 3epHOXpaHHIININA, BPEIUTEIH 3aI1acoB, METOJ] 0TOOpa cpeJHIX Ipoo,
METOJ JIOBYIIIEK, (PEPOMOHOMOHHTOPHHT

Jas mutupoBanusi: bpeuko, E. B. Onenka nHpopMaTuBHOCTH METOZOB MOHUTOpHHTA demryekpslislx (Lepidoptera)
1 kecTKOKpBLUIBIX (Coleoptera) BpenuTeneii 3amacoB Mpy XpaHeHHH 3epHa KyKypy3bl / E. B. bpeuko // Becui Haupissnansnaait
akanpMii HaByK Bemapyci. Cepsist arpapubix HaByk. — 2026. — T. 64, Ne 4. — C. 286-299. https://doi.org/10.29235/1817-7204-
2026-64-4-286-299

Elena V. Brechko

Institute of Plant Protection, National Academy of Sciences of Belarus, Priluki, Republic of Belarus

ASSESSMENT OF THE INFORMATIVE VALUE OF MONITORING METHODS FOR LEPIDOPTERA
AND COLEOPTERA STORED-PRODUCT PESTS DURING MAIZE GRAIN STORAGE

Abstract. Maize is the most important grain and forage crop which is used to feed of all species of animals as well as
for food and seed purposes. In recent years the expansion of the area sown to maize for grain, the growth in yield, and gross
harvest in the Republic of Belarus has prioritized the problem of protecting grain from arthropods during the post-harvest
period. In 2024-2025 the species composition of Lepidoptera and Coleoptera insects as well as the dominance structure and
population dynamics of stored-product pests were studied for the first time using the standard method (average sampling) and
the trap method in technocenoses of seed and forage granaries during maize grain storage. It was found that the taxonomic
composition of the pests included 19 species from 2 orders and 9 families, the largest number of species (16) being detected
with the use of pheromone-glue traps, which was 3.2 times as many as in comparison with the standard method. It was es-
tablished that the dominance structure was determined by the storage method and the intended use of the grain: the absolute

© bpeuxo E. B., 2026



Becui HanpissnansHaii akagamii HaByk benapyci. Cepbist arpapHbix HaByk. 2026. T. 64, Ne 4, C. 286299 287

predominance of Lepidoptera was recorded in seed stocks when using big bags (100.0 %), whereas in forage warchouses
with bulk storage the species spectrum expanded due to Coleoptera (20.4 %) with the dominant role of Lepidoptera (79.6 %).
The ubiquitous eudominant was the Indian meal moth (Plodia interpunctella Hbn.) with a high dominance index (78.7—
99.7 %), while the hairy fungus beetle (Typhaea stercorea L.) reached the dominant level (19.8 %) only when forage grain was
stored. The analysis of the pests recording methods confirmed the high efficiency of pheromone monitoring (12.7-100.0 %)
in comparison with the average sampling method (0.01-0.20 %), which turned out to be practically ineffective for detecting
arthropods. The conducted research will improve the reliability of monitoring and become the basis for the development of
a study-supported strategy to protect maize grain from stored-product pests.

Keywords: storage, maize grain, granaries, stored-product pests, average sampling method, trap method, pheromone
monitoring

For citation: Brechko E. V. Assessment of the informative value of monitoring methods for Lepidoptera and Coleoptera
stored-product pests during maize grain storage. Vestsi Natsyyanal nai akademii navuk Belarusi. Seryya agrarnykh navuk =
Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 286—299 (in Russian).
https://doi.org/10.29235/1817-7204-2026-64-4-286-299

BBenenne. B coBpeMeHHOH CTPyKType MHUPOBOT'O U OTE€UECTBEHHOT'O PACTEHUEBOACTBA KyKypy3a 3a-
HUMAeT MO3UIINH OHON 13 BeAyIIHX 3epHO(YpakHBIX KyIbTyp [1]. B ocimennne rombl, corlacHO JTaHHBIM
HanmonansHoro cratuctuueckoro komureTa, B Pecniyonuke benapycs HaOmonaetcst yctoiunBas TeHICH-
1M K yBETMYEHHUIO MOCEBHBIX TIOIIA/IEH KyKYPy3bl Ha 3€pHO, yPOXkKaMHOCTH 1 BasioBoro cbopa' (puc. 1).

LlenHoCTH BO3/IENBIBAHMS KYKYPY3bl Ha 3€pHO B YCIOBHSX pECHyOIMKH Ompenensercs ee Onoo-
THYECKMUMH OCOOCHHOCTSMH M BBICOKOW dHEepreTuyeckoil agpdexkruBHocThIO [2]. BakHpiM 3Tanom pas-
BUTHS OTpaciu B benapycu cranio co3aanue coBpeMeHHOH 0a3bl ceMeHOBOACTBA. DYHKIIMOHUPOBAHUE
OTEYECTBEHHBIX KYKYPY30KaIHMOPOBOYHBIX 3aBOJIOB MO3BOJIMJIO CYHIECTBEHHO HAPACTUTh 00BEM MPO-
M3BOJICTBA CEMSIH COOCTBEHHOW CEJEKIIMHU, 9TO CIOCOOCTBYET pealM3aliy CTPaTerui HMIOpPTO3aMe-
IICHUS U YKOHOMUHU BATIOTHBIX CPEeNCTB [3].

B nepuon Beretannu pacTeHus KyKypy3bl Ha pa3HbIX (a3zax pa3BUTHS MOBPEKIAIOTCS KOMILIEKCOM
BpEIUTEIICH, KOTOPBIE MOTYT CHU3UTh ypoxaitHocTh Ha 15,0-20,0 % u Gonee [4, 5]. B nocieyOoopouHbIii
TIEPUOJT 3€PHOBBIC MACChl KYKYPY3bI IIPH XPaHEHUHW OCTAIOTCS ySI3BUMBIMU JITSI 3apaKeHH S crierupude-
CKMM KOMIIJIEKCOM CKJIaJICKMX BPEIUTENEH, CHOCOOHBIX HAHOCUTH CYIIECTBEHHBIN yIIepO KOJTUYECTBY
Y KauecTBY MPOLYKLUH.

O0600meHNe TUTEPATYPHBIX HCTOYHUKOB MTOKA3aJI0, 9TO B peruonax Poccun, Ykpaunsl, BocTouHoi
EBpomnbl, CIIIA u3 XECTKOKPBUIBIX HACEKOMBIX HAWOOJBIIMN BpeA XpaHsLIEMYcs 3E€pHY KyKypy-
361 HAHOCSIT: PUCOBBIN (Sitophilus oryzae L.) u amOapubiil (S. granarius L.) monroHocuku, OymaBo-
yebiit (Tribolium castaneum Herbst), manbrit myunoit (7. confusum Duv.), 6onbmiont myunoit (Tenebrio
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Fig. 1. Gross harvest of maize grain in Belarus

! Cenbckoe xo3siicTBo Pecny6nuku Benapycs, [2017-2021]: crar. 6yxner / Han. crar. kom. Pecn. Benapych; peaKodL.:
W. B. Mengenesa [u np.]. Mu.: Ham. ctar. kom. Pecm. benapycs, 2022. 35 c.
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molitor L.) xpymaku, cypuHamckuii mykoen (Oryzaephilus surinamensis L.), 3epHOBOH TOUMJIBILUK
(Rhyzopertha dominica F.), maBputanckas xo3sBka (Ienebroides mauritanicus L.); 13 9eNTyeKpBUIBIX:
roKHas amOapHas orHeBka (Plodia interpunctella Hbn.), ambapHuas monw (Nemapogon granella L.), 3ep-
HOBast MOJb (Sitotroga cerealella Oliv.), menbHIYHas oTHEBKA (Ephestia kuehniella Zell.), cyxodppyk-
toBas orneska (Cadra cautella W1kr.)! [6, 7]. 3epHO KyKypy3bl CTAHOBUTCS HEMPUTOIHBIM IS TIPOJIO-
BOJILCTBEHHBIX, CEMEHHBIX M (DypakHBIX 1eneil. BcxoxkecTs ceMsH MoxkeT cHukaThest Ha 30,0-65,0 %°.

BwMmecTe ¢ Tem B Halel pecrmyOnuKe McCieoBaHUS M0 M3YUYCHHIO 3apa)KeHHOCTH 3€pHa KyKypy-
3Bl BPEIUTEISIMH 3aI1aCOB OTCYTCTBYIOT. B TO Bpemsi Kak Halu4He TE€X WJIM WHBIX BHJIOB BPEIUTEINCH
B [IAPTHSX 3€pHA KYKYPY3bl pErIAMEHTHPYETCS HOpMATUBHBIMU oKyMeHTamMu — 'OCT P 53903-2010°,
CTBb 1073-97, moctanoBinenreM MHUHHCTEPCTBA CEIBCKOTO XO35HCTBA M MPOJOBOIBCTBHS PecmyOmmkn
Benapycs ot 29 okTa6ps 2015 1. Ne 374, corytacHO KOTOPBIM 3apa’kKEHHOCTh BPEIUTEISIMH HE IOy CKAET-
csl, KpOMe 3apakeHHOCTH KiemoM He Bbite I crermenu, wiu 20,0 oc/kr.

Takum 0Opa3zoM, KOHTPOIIb 32 COCTOSTHUEM 3€PHOXPaHMIINLL B OCICyOOPOYHBIN MEPUO SBISETCS
HEOTHEMJIEMOH YaCTBhIO CUCTEMBI 3aIUThI KYKYPY3bl, COIIOCTABUMON 1O 3HAYUMOCTH C MOHUTOPHHTOM
¢uTo(haroB B TeUEHNE BETETALIMOHHOTO CE30HA.

B nuTepaTypHBIX UCTOUHHUKAX OMUCAHBI PAa3JINYHBIE METO/IbI MOHUTOPUHTA YJIEHUCTOHOTHX B 3€p-
HOXpaHWJIHIIAX MPU XPAaHEHNUHU CEIbCKOXO3STMCTBEHHON MPOAYKIMH. BBIIETAIOT «JIOBYILIKU-TIPOCUETHI
(4JICHUCTOHOTHE TIONA/IAI0T CIYYalHO M YACPKUBAIOTCS KOHCTPYKIUEH), IOBYIIKH-ITPUMAHKH: TTHIIC-
Bble (CyXH€ M MaclsHbIC) U C CHHTETHYECKUMHU (PepOMOHAMH (0OBEKTHI IPUBIEKAIOTCS (pepoMOHOM).
Juist oOHapy»KeHUs W yJIaBIUBaHUsSI BpeauTesell pa3paboTaHbl CIEAYIONUEe MOIUPUKAIUN JIOBYIICK:
30H/[, 3aMaaHs, ACIBTOBUIHAS TUIIA « ATpaKOH-A», « KHUXKKay, KOHTEHHEpHAs U )1p.5 [8].

Wzydenune ceHCOpPUKH HACEKOMBIX MPHBENO K CO3JJAHUIO NIMPOKO HCIOIB3yEMBIX B IMPOU3BOJICTBE
(hepOMOHOB AJ1s1 KOHTPOJISI YUCIICHHOCTH YJICHUCTOHOTMX B CKJIAJICKUX MoMerieHus1x Poccun, Mo ioBel,
[onkim, Ykpaunsl M3Becren xumudeckuii coctaB hepoMoHoB 0osiee 30 BUIOB BpeAUTEIICH 3a11acoB.
[onoBble GepOMOHBI JIydIlle BCETO M3BECTHBI Y YEHIYEKPBUIBIX BPEAMTEICH, TAKUX KaK MEJIbHUYHAS
(E. kuehniella Zell.), voxxnast ambapnas (P. interpunctella Hbn.), 3epHoBasi/kakaosas (E. elutella Hbn.)
OTHEBKH, 3epHOBasi MoJb (S. cerealella Oliv.); arperailuoHHBIC — y KECTKOKPBUIBIX: PUCOBOTO (S. ory-
zae L.) u ambGapHoro (S. granarius L.) nonronocukos, OynaBoycoro (7. castaneum Herbst) u manoro
myuHoro (7. confusum Duv.) xpymiakoB, Majoro tabauHoro xyka (Lasioderma serricorne F.), 3ep-
HOBOroO ToumJibluKka (R. dominica F.), kopotkoycoro (Cryptolestes ferrugineus St.) ¥ CypuHAMCKOTO
(Oryzaephilus surinamensis L.) MykoenoB, karpoBoro xyka (Trogoderma granarium Everts) [9-20].

B PecniyOmnuke Benapych Obliia pa3paboTaHa TEXHOJOTHSI CHHTE3a MOJIOBOI0 aTTPaKTaHTa MEJIbHUY-
Hoii orHeBKU (E. kuehniella Zell.). Ha ocHOBaHWY pe3yIbTaTOB UCCIENOBAaHUHN, IIPOBEACHHBIX B IIEPHOJT
¢ 2007 mo 2012 r., ¢pepoMoHHBIH mpenapar « MUPpPOH» MpoLIEN TPOLEAYpPY rOCyIapCTBEHHON peru-
CTpaLlMu ¥ ObLT PEKOMEHI0BAH JJIsl IPUMEHEHUS Ha NPEANPUATHIX XJIeOonpoaykTos [21].

Takum 00pa3oMm, aHaln3 JTUTEPATypPHBIX MCTOYHUKOB IMOKa3al, 4To B benapycu mo-npexxHemy
0CTaeTCsl HEM3yYEHHBIM BOIIPOC O 3apPaKEHHOCTH 3€PHA KYKYPY3bl BpEIUTEISIMU 3a1aCOB, UX BUIOBOM
cocraBe, IMHAMHUKE YHCICHHOCTH; HE MPOBOJIUIICS CPABHUTEIbHBIN aHATH3 METOJIOB y4eTa, (PepOMOH-
HBI MOHUTOPUHT WICHUCTOHOTMX. B CBSI3M ¢ 3TUM aKTyaJbHBIM SIBJISETCS M3YUYCHHE 3aPAKEHHOCTH
3epHa KyKypy3bl, OlleHKa HHPOPMATUBHOCTH METOIOB MOHUTOPUHTA MIyTEM OIPEICIICHUS YIOBHCTO-
CTH JIOBYILICK Pa3JINYHOIO THIIA JJI OTIOBA HACEKOMBIX U3 OTpsi0oB Yerryekpbuible U JKeCTKOKPBLIbIE.

' Bpenutenu kykypy3Horo 3epHa B ckiaaax / PTAY-MCXA. 3oounskenepubiii paxyisrer. URL: https:/www.activestudy.
info/vrediteli-kukuruznogo-zerna-v-skladax/ (nata o6pamenus: 11.01.2024).

2Yto Takoe amGapHbIE BPEAUTEIM KYKypy3bl. Kakoii Bpes HaHOCAT 3epHY U Kak 60poThes B 2024 // Arpoekcnepr-Tpeiin.
URL: https://agroexp.com.ua/chto-takoe-ambarnye-vrediteli-kukuruzy (zata ob6parenus: 11.01.2024).

3 Kykypy3sa kopmoBas. Texuudeckue ycnosus: TOCT P 53903-2010 (UYC P® Ne 7-2011); Beean. 01.07.2011. M.: Cran-
naptuadopm, 2011. 11, 7 c.

4006 ycraHoBieHHM TPeOOBAHUN K COPTOBBIM M MOCEBHBIM KAYECTBAM CEMSH CEJLCKOXO3AMCTBEHHBIX PACTEHUM: MO-
cTaHOBJIeHHe M-Ba cell. X03-Ba M NMpopoBosbcTBUS Pect. Bemapycs ot 29 okt. 2015 1. Ne 37 // HaunoHanbHBIH TIpaBOBOH
Wnrepner-nopran Pecy6onmukn bemapycs. URL: https:/pravo.by/document/?guid=12551&p0=W21530417 (nara obGparue-
Hust: 21.01.2025).

33epHOBbIE 1 600OBBIE 3arOTOBIECHHBIE. PyKOBOJICTBO 110 BHISBICHUIO 3apPasKEHUS! OECIIO3BOHOYHBIMHU [APA3UTAMH C I0-
MOIIBIO JIOBYIIEK = 300K kaBbls 1 0a00BHIs 3araraBanbls. KipayHinTBa 1a BRISYICHHI 3apaskoHHS Oeclia3BaHOYHBIMI IMapa-
3itami 3 gamamoraii mactak: [OCT ISO 16002-2013. Beexn. Pb 01.04.2018. M#u.: T'occranmapt, 2017. 111, 13 c.
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[TonyueHHbIe pe3yabTaThl HOBBICSAT JOCTOBEPHOCTH MOHUTOPHHTA U OYJyT CIIOCOOCTBOBATH MPUHSATUIO
Hay4YHO 00OOCHOBAaHHBIX PEUICHUH 10 3aIIUTE 3epHA KYKYPY3bl B IEPHUOJ] XPaHEHHS OT YJICHUCTOHOTHX.

Llenv pabomei — U3y4nTh BUAOBON COCTAB YCHIYEKPBUIBIX U KECTKOKPBUIBIX HACEKOMBIX, CTPYKTY-
Py AOMUHUPOBAHUS, THHAMHUKY YMCIEHHOCTH JOMHUHAHTHBIX BPEAHUTENIEH 3aMacoB MOCPEACTBOM pas-
HBIX METOJIOB MOHHTOPHHTA B TEXHOIIEHO3aX CEMEHHBIX U ()YPa’KHbIX 36pPHOXPAHMIIUII ITPH XPAHECHUH
3epHa KyKypy3bl.

MarepuaJjabl 1 MeTOAbI UccaenoBanus. VccnenoBanust mpoBoguiauck B 2024-2025 rr. B 11 3ep-
HOXPaHWINILIAX B IEPHOJ XPAaHCHMs 3€pHA KYKYypy3bl Pa3jJNYHOTO LEJIEBOI0 HA3HAYEHUS: CEMEHHO-
ro (xpaneHue B OWr-03rax HOMHHAIBHOW Maccoit 3arpy3ku 1 000 kr) m dypakHOTO (XpaHCHHE Ha-
CBITTBI0). OOCIIEIOBAHHUIO TTOIJIEXKANH CKIIAJICKHAE TIOMEIICHUSI B IBYX 001acTsIX peciyOmukn: MUHCKOH
u I'omenbckolt. [TapTun 3epHa Kykypy3bl ypoxkast 2022—2024 rr. XpaHUJIUCh B HAIIOJIBHBIX 3€pHOXPaHU-
numax. Beero 3a 2 roga npoananu3upoBaHo 27 napTui 3epHa KyKypy3bl Maccoi okoso 4 800 T.

[Ipu crangapTHOM METOJE yueTa BpeJUTelICH 3a11acoB B IEPUOA XPaHEHUS 3€pHA IPOBOIUIN OTOOP
CpeaHuX MpoO 3epHOBOM MacChl KyKypy3bl ¢ IOMOIIBIO TPOOOOTOOPHUKA MHOTOYPOBHEBOI'O COTJIAC-
no NOCT 13586.3-2015'. apaxennocts 3epHa onpenensan no FOCT 13586.6-93%. IIpocenBanue mpod
3epHa OCYIIECTBIISUIH C TIOMOIIBIO JIabopaTopHOro paccesa PJI-3 Tarmnep.

st BeIOOpa HanOoee MOAXO/ISIIEr0 THIA JIOBYIIEK YYUTHIBAIH CIIOCO0 XpaHEHHs 3epHa (HACHIIIb,
Our-0sru), JOCTYI K IOBEPXHOCTH ¥ TOHHAXK 3€PHOBOM HACKIIH, UM TEIILHOCTD MPEJIONIAraeéMoro nepro-
Jla XpaHEeHHUs 3epHa KyKypy3bl, 00beM CKJIaJICKOTO MOMeIIeHus1. Pa3MelieHue JIOByIIeK U y4eThl MPOBO-
JINITA COTJIACHO METOIMYECKUM YKa3aHusAM’. BIepBble JUIs MOHHTOPUHTA HCIIONB30BAIIH JIOBY IIKH-TIPH-
MaHKH (C (hepoMOHOM), «JTOBYIIKH-TIPOCYETHI» (0€3 (hepoMOHa) M CBETOIMOAHBIE JIOBYIIKH (pHC. 2).

Jl1st KOHTPOJISL YEIIyEeKPbUIBIX MPUMEHSUIM (EPOMOHHBIC AEIBTOBUAHBIC JIOBYLIKH THNA «ATpa-
KOH-A» U (hepoMOHHBIE (KJICEBbIC M OECKIIEeBbIC) KOHTCHHEPHBIC JJOBYIIKH THITA «beTay, KoTophlie pas-
MeIlajIi PABHOMEPHO 0 BCEl TEPPUTOPUHM CKJlaja u3 pacdeta 1 osymka Ha 500 n 700 m>. B kauecTse
UCCIICIOBAaHUM BBIOPAHBI CHHTETHYECKHUE TI0JIOBbIE (DEPOMOHBI JI OTJIOBA LEJIEBbIX 00BEKTOB, TAKUX
KaK 3epHOBasi MOJIb, I0XKHAsl aMOapHasi 1 3epHOBas/KakaoBasi OTHEBKH. [Ipy XpaHEHUH ceMSH KyKypy3bl
B OMT-03rax JIOBYIIKM yCTaHaBIMBAaJIM Ha CTOMKaxX Ha BbicoTe 2,5-3,0 M. Jluist OTIIOBA 5KECTKOKPBUIBIX
HACEKOMBIX MCIHOJIb30BaIH (EPOMOHHO-KJICEBbIC JIOBYIIKH THNAa «KHMXKa» pa3nuuHOd KOHQHUTY-
pauuu (BepTUKalbHasl U TOPU30HTAIbHAS), KOTOPbIE YCTAHABIMBAJIN Ha HACBINU 3€pHA KyKYpPY3bl U3
pacueta 1 Ha 25 M? CKJIaJICKOTO MOMEIEHNs. B OBy IIKax-pUMaHKax MCIOIb30BaIH (EPOMOHBI IS
OTJIOBa MPEAToIaraeMbIX BpeauTese (1ieJaeBbIX 00bEeKTOB) — PUCOBOT0O M aMOapHOTO JI0JITOHOCHKOB.

[Tpu ucrionszoBanmu (HEepOMOHHBIX JIOBYIIEK BKJIAABIIIA MEHSUTH [0 MEPE 3aMOTHEHUS QUKCHPYIO-
meit (kaeeBoil) moBepxHocTH nx 6adoukamu (170—200 oc.), nucriencepsl — gepe3 4—6 Hemenb. Kopmyc
JIOBYIIEK MEHSJIN M0 Mepe ero m3Hoca. B ombiTax mcmonb3oBaiu (pepoMOHBI (CHHTETHYECKHE IT0JIO-
BbI€ M arperanuoHHbIE) U JIOBYIIKH IPOM3BOACTBA BCEpoCCHHCKOro LEHTpa KapaHTHHA PacTEHUH
u MHCTHTYTA OOITEeH 1 HeopraHuIecKol XUMUH AKaneMnu Hayk PecrryOnnku Y30eKucTaH.

B kagectBe «ioBymIeKk-ipocueToB» (0e3 (epoMOHa) MPUMEHSIIN OTKPHITYIO JIOBYIIKY-3aITaIHIO
U KOHTEHHepHYI0 JIoByLIKY THmna «berta» (0eckieeBast). Takke B cXeMy OINbITa sl IPOBEACHUS MPOO-
HOHM 3KCIUTyaTallMM ObUIM BKJIFOYEHBI CBETOJUOAHBIC JOBYIIKHM MPOM3BOACTBa LleHTpa cBeTOIMOAHBIX
U onToueKTpoHHBIX TexHonoruit HAH benapycu n Becepoccuiickoro HHCTUTYTa 3alllUTHl PACTEHHUH
(BH3P). Beero 3a nmepuon uccinenqoBaHuii ObUIO SKCIIOHUPOBAHO 243 1oBYmKH. CPOK YCTaHOBKH — IIPH
JOCTHKEHUU TeMIIEpaTyphl BO3Ayxa B ckiaackoM nomeniennu +10 °C u Bbiie cnycTsi 6—8 mec. XpaHe-
HUs 3epHa. B roabl nccnenoBaHuii yueThl OCYIIECTBIISIIM C alpests o OKTSIOPb.

1 3epHo. [TpaBuia npueMKy 1 MeTObI 0T60pa pod = 3epue. [Tpasinsl npeéMKi i MeTaab an60py mpod: TOCT 13586.3-2015.
Bsamen 'OCT 13586.3-83; BBea. Pb 01.06.2017. Mu.: I'occtanpapt, 2017. 111, 11 c.

2 3epHo. Metoabl onpenenenus 3apaxennoctd Bpeautensmu: TOCT 13586.6-93. Bzamen I'OCT 13586.4-93; BBen.
02.06.1994. Mu.: 'occrannapt, 2010. 8 c.

3 TexHosorus npuMeHeH s pEPOMOHHBIX JIOBYILEK HA IPEANpUsTHsX xaebonpoaykros/ A. IT. Cazonos, U. B. lllamuies,
O. I. Cenunkas [u ap.] / COOpHUK METONUYECKUX PEKOMEHIaNnii 1o 3amuTe pacteHuii / Bcepoc. HUU 3anmuTsl pacteHunit;
. pea. K. B. HoBoxwuios. CII6., 1998. C. 93-104 ; UucTpykuus mo 6opsde ¢ BpeIuTeIsiMU XJICOHBIX 3anmacoB: yTB. Kowm.
no xyebonpoxykram npu Muncensxo3npoae Pecn. benapycs; mox obm. pen. A. . Berxosma. Mu.: [6. n.], 2000. 414 c. ;
3epHOBBIE U 00OOBBIC 3aTOTOBJICHHBIE. PYKOBOICTBO 1O BEBISBICHHUIO 3apakeHHsI OECIIO3BOHOYHBIMH MApa3UTaMH C IIOMO-
LIBIO JIOBYIIEK = 300KaBbIs 1 0a00BbIs 3araTaBaHbls. KipayHilTBa Ta BRISYJICHHI 3apayKdHHS Oecria3BaHOYHBIMI Mapa3itami
3 manamoraii mactak: [OCT ISO 16002-2013. Been. Pb 01.04.2018. Mn.: ['occtangapt, 2017. 111, 13 c.
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JloBymku-npumanku (pepOMOHHO-KIIEEBbIC)

Kownreitnepnas goBymka JenbroBuHas J0ByLIKA JloBymika Tuna «KuHnxka» JloBymika Tuna « KHmxka»

tuna «beray THIa «ATPAKOH-A» BEPTHKAJIbHAS TOPH30HTAJIbHAS
«JloBymku-pocyeTs» (03 pepomMona) CBeTONOHBIC IOBY KU

OTKpbITast Konreiinepnas noBymka  KieeBas nmoBymika «/lempra» ABTOHOMHAs JIOBYIITKa
JIOBYIIKA-3ala Hs tuna «beta» KoHCcTpyKuuu BU3P C IUTaHHUEM OT COJIHEUHOH
(GeckneeBas) (mpousBoxcTBa PD) Garapeu (TPOM3BOACTBA

Pecniy6nuka Benapyce)

Puc. 2. Tumnsl JTOBYIIEK, HCIOIb3yeMbIe /I MOHUTOPHHIA BPEUTENCH 3aI1aCOB B 36PHOXPAHMIIUILAX
B IIEPUOJ XpaHEHUS 3epHa KyKypy3bl, 20242025 rr.

Fig. 2. Types of traps used to monitor stored-product pests in granaries during maize grain storage, 2024-2025

AHanu3 CTPYKTYpbI 3HTOMOLIEHO32 U BBISIBICHHE JOMUHHUPYIOIUX TPy BpEeAUTEICH TPOBOAMIIH,
OCHOBBIBASICh Ha UCCIICIOBAHNUHU MTPOO, OTOOpaHHBIX B CKJIAACKUX NoMeneHusX. Maaeke JoMuHUpOBa-
Hus (D, %) onpenensiu ¢ UCIOIb30BaHUEM (HOPMYJIbI

D="2100 %,
N

IJIe 71 — KOJINYECTBO 0CO0e TaHHOrO BU/1A, OC/KT; N — KOJIMYECTBO 0cO0el BceX COOPaHHBIX BUJOB, OC/KT.

C uenbio aHAJIM3a CTPYKTY Pl AOMUHUPOBAHUS HcTiob30Banu mwkainy X. . Ourensmana (H. D. En-
gelmann) [22], toe sBaomunupyromue (E) Bunsr cocrasmsimm 40,0-100,0 %; nomunupyromue (D) —
12,5-39,9 %; cyomomuaupyronue (SD) — 4,0-12.4 %; peuenentasie (R) — 1,3-3.9 %; cyOpeneneHTHbIC
(SR) — <1,3 %.

OmnpenesneHue BUJOBOW IPUHAMJICKHOCTH BPEAMTENEH 3alacoB NPOBOJUIM C HCIIOJIB30BAaHUEM
oTpefieNTuTeNeN U CelanbHOM muTepaTypsl [23—29]. BiaxkxHOCTB 3epHa KyKYypy3bl H3MEPSIIN C TIOMO-
IIBI0 AJIEKTPOHHOTO Biaromepa 3epHa Wile-55, Temmneparypy HAChIIU W OKPY’KAIOIIETO BO3yXa — IO-
CPEACTBOM TEPMOIUTAHTH C HU(PPOBBIM IEKTPOHHBIM O10KoM TLID-2-3,5.

Bce monydeHnHble 1aHHBIE CTATUCTHYECKH 00pabOTaHbI ¢ IOMOIIBIO TPOrPAMMHOT0 00eCIeUeHH S
MS Excel.

PesyabTaTsl M ux o0cy:xaeHue. B pesynbraTe nccieqoBaHHM, TPOBEAECHHBIX € MOMOIIBIO KOM-
JeKca MeTo1oB (0TOOp cpeAHHuX Mpod U METO[I JIOBYIIEK), ONPEACTICHO, YTO TAKCOHOMUYECKUI COCTaB
WICHUCTOHOTUX B CEMEHHBIX U (YPaKHBIX 36pHOXPAHMININAX B MEPHOJ XPAHEHUS 3€pHA KYKypY3bl
BKJtoUall 19 BUIOB, OTHOCAIIMXCS K 2 OTpsiiaM U 9 ceMelcTBaM. YCTaHOBJICHO, OTHAKO, YTO BUAOBOM
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COCTaB BpeJUTEIICH 3a11acoB, OOUTAIONIUX B CKJIAJICKUX TIOMEIIEHUSIX, IIPU HCIIOJIb30BAHUH Pa3IMYHbIX
METOZ0B MOHUTOPUHTA OTIAWYajcs. Tak, Mpu MPUMEHEHUH CTAaHIAAPTHOTO METOAa BCTPEYAIOCh 5 BU-
JIOB, MPU UCIOJb30BAHUH «JIOBYLIEK-IIPOCYETOBY: KOHTCHHEPHOM JOByIKH THHNa «beta» — 4, OTKpbI-
TOH JIOBYIIKU-3aMaIHA — 7, CBETOJUOAHBIX — 8 BUIOB. HanbomnbIee koaudecTBo BUJIOB — 16 (TiesieBbie
U HelleJieBble 00BEKTHI) ObIIIO O0OHAPYIKEHO MPU MPUMEHEHUU (PEPOMOHHBIX JIOBYIICK-IPUMAHOK, YTO
B 3,2 pa3a 0oJIbIIe TI0 CPAaBHEHUIO CO CTAHIAPTHBIM METOAOM (Taodur. 1).

YCTaHOBIIEHO, YTO MPHU yYETe METOAOM OTOOpa CPEIHUX MPOO 3epHA KYKYpy3bl B OCHOBHOM OOHa-
PYXUBATUCH IPEACTABUTEIHN KECTKOKPBUIBIX BPEIUTENCH, 32 HCKIIOUYCHUEM I0)KHOM aMOapHOi OTHEB-
KM, AIMaro ¥ TyCEeHHIIHl KOTOPOH TOTaaj i B TPOOBI MTPH OYE€Hb BBHICOKOM YHCICHHOCTH; IIPH yUETe JIO-
BYIIKaMHU, KPOME KECTKOKPBLIBIX, OTIABIMBAIIUCH U YENTYeKPbLIbIe BpeauTend. [lonydeHHbIe naHHbIe
MOXHO OOBSICHUTB, BO-TIEPBBIX, T€M, YTO 0a00YKH BEAYT CyMepedHbId 00pa3 >KU3HU, a TaKKe SBIS-
IOTCS CKPBITOXXMBYIIMMH (CO3/Iaf0T MEpPEIJIETeHHBIE TAY THHON TPYOOUYKH, B KOTOPHIX PAa3BUBAIOTCS JI0
OKYKIJIUBaHUs). BO-BTOPHIX, OKyKJIMBaHUE MTPOMUCXOAUT HA CTEHAX CKJIAJICKOTO TIOMEIICHUS U/HITA Tape
Y YeNIyEKPbUIBIC BPESAUTEIIH HE MMOMAa0T B TOUCUHBIE MPOOBI MPU 0TOOPE M3 3€PHOBOI MACCHI.

Ta6numna 1. Bugosoii cocTaB BpeauTe el 3anacoB B CEMEHHBIX M (pypaskKHBIX 3epHOXPaHHIMIIAX
B MEPHOJ XPAaHEHHsI 3ePHA KYKYPY3bl IPH HCNO/Ib30BAHHH PA3JTHYHBIX METO/I0B yUeTa
(110 JaHHBIM MapLIPYTHBIX 00ciaenoBannii), 20242025 rr.

Table 1. Species composition of stored-product pests in seed
and forage granaries during maize grain storage with the use of various recording methods
(according to route surveys), 2024-2025

CraHaapTHbII

Meton noBy1Iek
METOJ

CewmeiicTBO,
BpEIUTEIb 3aM1ACOB OT16op DepoMoHHBIE
CPEHUX MPo6 |  JMOBYymIKH*

Orpsin Otxpsitas | Konrelinepnas
JIOByLIKa- JIOBYLIKa TUIIA

3anagHs «bera»

CBeTonOHBIC
JIOBYILIKH

CewmeiicTBo Tineidae
AwmbapHasi/3epHOBast MOJIb - + - - -
(Nemapogon granella L.)

XieOHast MOJIb

(Haplotinea ditella Pierce et Metcalfe)
JloxHast xjeOHast MOJIb

(Haplotinea insectella F.)

I'pubHas / pxanas MoJIb

(Nemapogon variatella Clemens)
Hoposas moib

(Niditinea fuscella L.)

[lyOHas Mob

(Tinea pellionella L.)

CewmeiicTBo Pyralidae

Myunas orneska (Pyralis farinalis L.)

Yemryekpsunsie (Lepidoptera)
|
+
[
[
+

OxHas ambapHasi orHeBKa
(Plodia interpunctella Hbn.)
3epHoBasi/KakaoBasi OrHEBKa
(Ephestia elutella Hbn.)
JlomoBast orHeBKa

(Aglossa pinguinalis L.)
CemeiicTBo Curculionidae
AMOapHBIN 10JITOHOCUK + - + — —
(Sitophilus granarius L.)
PucoBbIil JOJTOHOCHK
(Sitophilus oryzae L.)
CemerictBo Mycetophagidae
BbapxarucTslii rpudoen + + + + +
(Typhaea stercorea L.)
CemeiicTBo Dermestidae
BeTuuHHEIH KOXKEET - + — — —
(Dermestes lardarius L.)

XKectrokpeuisie (Coleoptera)
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Oxonuanue maon. 1

CraHaapTHbIIT

Mertoj j0By1IEK
METOJ

CewmeiicTBo,
BPEAUTE/Ib 3aM1acoB OTt60p DepoMOHHBIE
CpeaHuX npod JOBYIIKH*

Orpsin Otkpsitas | Konreiinepnas
JIOByIIKa- JIOBYIIKa TUIlA

3ananHs «bera»

CBeToanonHsIe
JIOBYIIKHA

CemeiicTBo Silvanidae
MacnuuHas I0CKOTeNKa - + + - +
(Ahasverus advena Waltl)
CypHHaMCKHH MyKkoe]
(Oryzaephilus surinamensis L.)
CemeiicTBo Cryptophagidae
CKpBITHOE] OCTPOYTOJIbHBIN - + - - -
(Cryptophagus acutangulus Gyll.)
CemeiicTo Ptinidae

XKecrrokpsuisie (Coleoptera)

[IputBopsiiika-op (Ptinus fur L.) B * B B B
CewmeiicTBo Nitidulidae
Brectsnka cyxodpykToBas - + - - -
(Carpophilus hemipterus L.)
KonudecTBO BHIOB, IIT. 5 16 7 4 8
[Ipumeuanus: 1. +— BuJ BcTpeyascs; — — BUJ HEe BCTpevascs.

2. * — OTJIOB IENIEBBIX M HELIEJIEBBIX 00BEKTOB B (PePOMOHHO-KIIEEBEIC H ()epOMOHHO-0ECKIICEBBIC JTOBYITKH.

Note s. 1. + — species occurred; — — species didn’t occur.
2. * —trapping of targeted and non-targeted objects in pheromone-glue and glue-free pheromone traps.

BbIsiBICHO, YTO CTPYKTypa AOMMHHMPOBAHUS HACEKOMBIX-BPEAMTEJICH 3alacoB M3MEHSETCS B 3a-
BHUCHMOCTH OT CII0OcO0a XpaHEHHs 3epHa KyKypy3bl U €ro IeJeBOro HazHaueHHs. B ceMeHHBIX CKJial-
CKHX TOMENICHHIX (XpaHeHHe CeMSH B OWTr-03rax) OOHAPYKHBAIUCHh TONBKO MPEACTABUTENN OTPANA
Yemryexpoutbix (100,0 %), B QypakHbIX (XpaHEHHE 3epHA HACKHINBIO), KPOME YelTyeKpbUIbX (79,6 %),
OTJIABJIMBANINCH U KecTKOKpbuIble (20,4 %) Bpenutenu. FOxnas amOapHasi OrHEBKa sIBISJIACH 3YIO-
MUHAHTOM B XpaHWJIHUINAX KaK (ypa’kHOTrO, TaK M CEMEHHOT'O HazHaueHHs (MHACKC JOMUHUPOBAHUS —
78,7-99,7 % coOoTBETCTBEHHO), 0aAPXaTUCTHIN TPHUOOENT XapaKTepHU30BaJICs KaK JOMUHAHT TOJIBKO B Xpa-
Hunnax gypaxnoro HazuaueHus (19,8 %). OcranbHble BUABI BCTPEUATHCH B HE3HAUNTEIBHOM KOJIU-
YecTBe, XapakTepusysich kak cyopenenentsl (0,01-0,78 %) (tabm. 2).

Ta6nuua 2. CTpyKTypa JOMHUHHPOBAHHUS YJIEHHCTOHOIMX (MMAro) NPH XpaHEHUH 3epHA KYKYPY3bl
(3epHOXpaHHJIUINA, IPOOBI 3epHA, JOBYIKH), 2024-2025 rT.

Table 2. Dominance structure of arthropods (imago) in stored maize grain (granaries, grain samples, traps),

2024-2025
OTpsin | Bpenurens | Konuuectso, oc. | Wnpexc noMuuupoBanus, % | Knaccupuxamus 1oMuHaHTHOCTH
Cemennoe 3epro (XpaHeHnue B Our-6srax), 'omensckas o0,

OsxHas ambapHas orHeBka 23440 99,70 DyIOMUHAHT
2 3epHoBasi/KakaoBasi OrHEBKa 2,0 0,09 CyOpeneneHt
E MyuHasi OrHEBKa 1,0 0,04 CyOpeneneHt
% AmbapHasi MOJIb 1,0 0,04 CyOpeneneHt
E‘ XnebHas MOJTb 2,0 0,09 CybpeneneHt
5 Hoposas monb 2,0 0,09 Cybpenenent

Bcero, oc. 2352,0 - -

Dypadicnoe 3epro (XpaHEHUE HACKINBIO), MUHCKas 00J1.

IOxHas amOapHast OoTHEBKa 14 505,0 78,70 DyIOMUHAHT
2 |Myunas orueska 6,0 0,03 CyOpeneneHt
E 3epHOoBasi/KakaoBas OTHEBKa 2,0 0,01 CyOpenenest
% JlomoBast orueBka 1,0 0,01 Cybpenenest
E’ XnebHas MoIb 143,0 0,78 CyOperneneHt
o I'pubHas/p>xaHast MOJIb 11,0 0,06 CyOpeneneHr

AmbapHasi MOJIb 3,0 0,02 CyOpernenent
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Oxonuanue maon. 2

Otpsin Bpennrens Konuuectso, oc. Wnpexe foMmuHupoBanus, % Knaccudukauns roMmuHanTHOCTH®
Hoposast MoIb 5,0 0,03 Cy0OpeueneHt
[ly6nas Moib 1,0 0,01 CyOpeueneHr
BapxartucTsiii rpudoen 3 647,0 19,8 JlomuHaHT
CypHHaMCKHIl MyKoe[ 88,3 0,48 CyOpeneneHnr

E MacnuyHas mI0CKOTeNKa 7,0 0,04 CyOpeneneHt
E. CKpBITHOET OCTPOYTOJIBHBIN 3,0 0,02 Cy0peneneHt
é PHCOBBI OJTOHOCHK 1,0 0,01 CyGpereieHT
5 BeTuuHHBIH KOXKEET 2,0 0,01 CybpeneneHt
%’ brecrsinka cyxodpykrosas 2,0 0,01 CyOpeneneHt
[IpurBopsmka-Bop 2,0 0,01 CyOpeneneHt
Bcero, oc. 18 429,3 — —

* Kunaccudukanust romuHantHoctd no mkane X. JI. Durensmana (H. D. Engelmann, 1978): synomunantsr — 40,0—
100,0 %; nomuHaHTBI — 12,5-39.9 %; cyonomunanTs! — 4,0—12,4 %; penenentsl — 1,3-3,9 %; cyopeneneutsl — <1,3 %.

* Dominance classification according to the H. D. Engelmann scale (1978): eudominants — 40.0-100.0 %; dominants —
12.5-39.9 %; subdominants — 4.0-12.4 %; recedents — 1.3-3.9 %; subrecedents — <1.3 %.

[lockobKy B TONBI MICCTENOBAaHUN TOMUHAHTHBIMH BHJIaMHU SBIISUTHCH FO)KHAS aMOapHas OrHEBKa
u OapxatucTslii rpuboen (puc. 3), HaMu OblIa H3yUeHa JMHAMUKA UX YHCICHHOCTH C TOMOUIBIO METOAA
oTOOpa cpeqHUX MPod 1 METO/Ia JOBYIIEK B TIEPHO XpaHEHUS 3epHA KYKYPY3bl B (ypakHOM 3epHOXpa-
Husuie MUHCKOM 00J1acTy.

YcTaHOBIIGHO, YTO JUHAMUKA YUCICHHOCTH JOMUHAHTHBIX BPEIUTENICH 3a11acoOB C UCIIOJIH30BAaHUEM
pa3HBIX METOJIOB CYIIECTBEHHO OoTiIm4anach. Tak, B 2024—2025 TIT. mpy UCIIOIH30BAHUHN CTAHIAPTHOTO
MeTOoJa B OTOOpPaHHBIX MPO0axX 3epHA KYKYPY3bl OOHAPYKEHBI JTUIIh SAUHUIHBIC IK3EMILISIPhl UMaro
I0OKHON amOapHOW OrHeBKW M Oapxarumctoro rpuboena B 11l mekane utonms — I nexame aBrycra — 2,0
1 4,0 oc. COOTBETCTBEHHO (pHC. 4, 5).

MOoHO KOHCTaTHpPOBaTh, YTO C MCIIOJIB30BAHUEM CTAaHJAPTHOTO METO/a JOCTOBEPHO MPOCIEINUTh
JIMHAMUKY YUCJICHHOCTH BPEIMTEJICH 3amacoB HE MPEJCTABIISCTCS BO3MOXKHBIM BCJICICTBUE HU3KOM
CTENeHN OOHAPYKEHMST HACEKOMBIX-BPEIUTENEH 3a1acoB.

Bwmecte ¢ TeM ¢ moMoIb0 (HepOMOHHBIX JEIBTOBUIHBIX JOBYIIEK THUMA «ATPaKOH-A» ¢ JUCIICH-
CepoM ISl OTIIOBA FOXKHOW aMOapHOU orHeBKH B 2024 T. yCTaHOBJICHO, YTO YHUCICHHOCTh UMAro MmocTe-
neHHo HapacTana co Il aexaasl uroiist, yBennuuBasch k | nekaze aBrycra 1o 146,0 oc/mopyiiky. Beero
3a TIepuoJ] ucciienoBaHuii 0b110 oTioBIeHO 4 496,0 oc. (1 124,3 oc/nmoByiiky). B 2025 r. nepBbie ocodu

OsxHas Kneesoii Bkiiagpim GpepoMOHHOM Bapxaructsrii DepomMoHHO-KIIeeBast

am0apHasi OTHEBKa JIeTbTOBH THOI JIOBYIIKH THIIA rpudoen noBymika tuna «Kanxkay
«ATpakoH-A» TOpU30HTaJIbHAS

Puc 3. JloMrHAHTHBIC BUIBI BPETUTEIICH 3a11acOB IIPU XPaHEHUH 3epHA KYKYPY3bI
(3epHOXpanmIuIe), MuHckas 06:., 2025 r.

Fig. 3. Dominant species of stored-product pests in stored maize grain (granary), Minsk region, 2025
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Fig. 4. Dynamics of the number of indian meal moth (the target object)
using various monitoring methods (forage granary), Minsk region

UMaro rokHoW amOapHOW OrHeBKH 3aUKcHpoBaHBI 23 Mas. MakcuMallbHasi YUCIEHHOCTh B CPEIHEM
cocraBmia 131,8 oc/moBy1uky, uro npuuuiocsk Ha Il nekany urons. Beero 3a nepuon uccnenoBanuii Obl-
1o oriossieHo 1 872,0 oc. (468,3 oc/moBymiky), 4To B 2,4 pa3a MEHbIIE 110 CPABHEHHIO C MPEIbIAY M
rozIoM (cM. puc. 4).

[lonyueHHble TaHHBIC MOKHO OOBSCHUTH CIOKHMBIIUMUCS YCIOBHSIMU AJIS Pa3BUTHUS I0KHOH aM-
OapHO#l OTHEBKH B 30HE XpaHeHUs 3epHA. B 2024 1. B Ieproa mpoBeIcHUS YIETOB MaKCUMaJIbHAs TEM-
neparypa Bo3ayXa B XpaHuiuiie nocturana +28,9 °C, oTHOCHTeNbHAs BIAKHOCTH BO3ayXxa — 68,0—
77,0 %, BIaXXHOCTH 3epHA KYKYpY3bl — 14,7-15,8 %, 9T0O COOTBETCTBOBAJIO ONTHMATIBLHBIM KPUTEPHUSIM
JUTSL pPa3BUTHS U OBICTPOTO pa3MHOKeHHsI BpeauTels. CornacHo JaHHBIM MOJBCKUX yueHbIX 5. HaBpoTta
(J. Nawrot), T. Kneitapima (T. Klejdysz), B onTuManbHbIX ycnoBusx (Temmeparypa Bo3ayxa +30,0 °C
U OTHOCHUTEJIbHASI BIaXHOCTh Bo3ayxa 75,0 %) MOMHBIA LMKJ pa3BUTHUSA FOKHOW aMOapHOW OTHEBKH
B HEOTAIUIMBAEMbIX XPaHHJIMIIAX 3aBEPLIACTCS B TEUSHUE OJTHOTO Mecsiua [26].

[Ipn n3ydeHnn TMHAMUKH YUCICHHOCTH KECTKOKPBUIBIX HACEKOMBIX C TOMOLIBIO ()ePOMOHOMOHU-
TOPHUHTA MPEII0IaraeMoro LHejleBoro 00beKTa — aMm0OapHOro IOJITOHOCHKA — B CKJIAJICKOM ITOMEIICHUH
He oOHapyskeHo. OHaKo ocpecTBOM (PepOMOHHO-KIIEEBBIX JOBYIICK THIA « KHIKKa» OTIIOBIICH Oap-
XaTHUCTBIN rprboe]: epBbie 0cOOH BpeauTens Oblin oOHapyskeHsb! B | nexazae urons 2024 r. u B 111 nexa-
ne mas 2025 r. Beero 3a nepuon uccienoannii B 2024 r. HacuuteiBasioch 112,0 oc. (28,3 oc/noBymiky),
B 2025-M 3TOT mOKa3aTeslb BEIPOC B 5,7 pa3a u coctaBuia 636,0 oc. (159,2 oc/moBymiky) (cM. puc. 5).

[onyuennsle gaHHBIE OOYCIOBJICHBI CIOKHUBIIMMHUCS YCIOBHSIMHU: B MEPHUO] MPOBEACHUS yUETOB
MaKCHMaJIbHasi TeMIepaTypa BO3Ayxa B XpaHuiuile gocturana +23,5 °C, oTHOCUTeNbHAs BIaXKHOCTb
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Fig. 5. Dynamics of the number of hairy fungus beetle (non-target object) using various monitoring methods
(forage granary), Minsk region

Bo3ayxa — 71,0—86,0 %, BmaxHOCTb 3epHA KyKypy3bl — 14,2—15,6 %, 4TO COOTBETCTBOBAIO ONTHMAJIb-
HBIM TIOKa3aTeJsIM AJis pa3BUTUA BpeauTens. 11obckuMM yYeHbIMH YIIOMMHAETCS], UTO IIPU TeMIepa-
type +25,0 °C u Bnaxxnoctu Bo3zayxa 80,0-90,0 % mepuoa pa3BUTHS OTHOTO TTOKOJICHHS COCTABIIAET OT
3 o 5 memens [26].

[IpoBoasi cpaBHUTENBHBIA aHAIU3 METOI0OB MOHUTOPHHTA BpeIUTENeH 3anacoB B QypakHOM 3ep-
HoXpaHunume cnycts 8—10 Mec. XpaHeHHS 3epHa KyKypy3bl ompeseneHo, 94To B 2024 T. BEICOKO3(]-
(heKTHBHBIM SIBIISLIIOCH MCIIONB30BaHNE (PEPOMOHHBIX JIOBYIIEK-TpUMaHOK — 12,7-50,6 %. «JloBymku-
npocueThl» (0e3 GpepomMoHa) odecreurBaIu yIOBUCTOCTh B Tipeaenax 3,3-3,6 %. HuzkoaddekruBHbIM
MeTOIOM ObLIT 0TOOp cpeaHUX MpoO ¢ JanbHEHIINM ITpocenBaHueM Ha cuTax — aumb 0,2 % ot olue-
ro konmdecTBa Bpeauteneil (tadn. 3). B ycmoBusax 2025 1. coxpaHsAIack TCHACHIIHS, YCTAaHOBJICHHAS
B 2024 1.: B ypakHOM 3€pHOXpAHWIIMIIE CTAHAPTHBIM METOAOM ObLIO 0OHapyxeHo nuib 0,01 % ot
00I1Iero KOJIM4ecTBa BpeIuTeNei, B TO BpeMsl Kak ¢ MOMOIIbI0 (hepOMOHHBIX JIOBYLICK JIJIsi OTIIOBA Iie-
JIeBOT0 00bEKTa I0XKHOW ambapHoi orueBkH — 10 32,7 % oT o0miero xoixuuecTsa (Tadi. 4).

CpaBHUTENBHBIA aHaNu3 3QPEKTUBHOCTH (PEPOMOHHBIX M CBETOJUOAHBIX JOBYILIEK IUJISi OTIOBA
I0KHOI aMOapHOH OIHEBKH, YCTAHOBIICHHBIX B (D)YypaKHOM 3epHOXPAHHIINIIE, TIOKA3aJl IPEHMYIIeCTBa
Bugocnenupuanoro pepomona (37,5 oc/moBymKy B cyT, uiu 46,8 %). B To Bpemsi Kak IpH UCTIONb30Ba-
HUU aBTOHOMHOH CBETOJIMOIHOM JIOBYIIIKH C TTUTAHUEM OT COJIHEUHBIX Oarapeil ObLIO OTIIOBIICHO B JIBa
pasza Menbiue (22,9 %), yto TpedyeT najdbHEHIIEro H3yUYeHUs C OA00POM KOJIMWYECTBA U JJIMHBI BOJIH
CBETOAMOJIOB. YJIOBUCTOCTh CBETOJMOIHBIX KJICEBHIX JIOBYIICK «/lenmpray koncTpykunu BU3P (PD) co-
crasisina 30,3 %, a Takke Oblja TPyAOEMKa B OKCILTyaTal[MH B CBS3U C HEOOXOAMMOCTBIO IOCTOSIHHOTO
3apsiia akKyMYJISITOPHBIX Oarapei.
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Tab6nuna 3. MOHNTOPHHT YJIEHHCTOHOTHX B TeXHOIeHO3e (hypasKHOT0 3epHOXPAHHIHINA
B MePHOJ XpaHeHHs 3epHa KyKypy3bl (MuHckas 00.1.), 2024 1.
Table 3. Monitoring of arthropods during maize grain storage in the technocenosis
of the forage granary (Minsk region), 2024

KonuuectBo 06Hapy)KCHHI>IX numaro 35
Merton yuera Tun noBymxu (GpepomMoH 11 LeneBoro 00beKTa) BpEIMTEIICH, OC., HIOHb — aBIyCT r?o?;:];ﬂ:/&
5 /0
LEJICBBIC | HCIICJIEBBIC BCETO
Ot60p cpenHux npod [IpocenBaHue Ha cUTax — — 14,0%* 0,2
«JToBymiku-nipocuets» | Konreiinepnas nosymka Tuna «bera» — — 3217 3,6
(6e3 pepomona) OTKpbITast JIOBYIIKA-3aI1a [HS — - 285,0 33
JloBymIKU-TTpIMAaHKH JloBymika tnna « KHMKKay (pPUCOBBIN JOITOHOCHK) 0 1134,0 | 1134,0 12,7
(bepomonHo-KIEEBbIE) JloBymika tumna « KHrxka» (aMOapHbIil JOJITOHOCHK) 0 1309,0 | 1309,0 14,7
CJIETOBH/IHAS JIOBYIIIKA THUIA K ATPAKOH-A»
A A Y P 0 | 1328313283 149
(3epHOBast MOJIB)
€JIbTOBM/IHAS JIOBYLIIKA THIIA K ATPaKOH-A»
A 9 Y P 4496,0| 6100 | 45060 | 50,6
(to)xHast aMbapHasi OrHEBKA)
Bcero, oc. - - - 8 898.0 -

* CyMMapHOe KOJIMYECTBO ()KUBBIC U MEPTBbIC) UMaro M I'yCEHHII, OC.

* The total number (alive and dead) of imagos and larvae, individuals.

Tab6numa 4. MOHUTOPHHT YJEHHCTOHOTUX B TeXHOLEHO3e ypaKHOT0 3ePHOXPAHUIHIIA
B MepHOJl XpaHeHHs 3epHa KYKYpy3bl (MuHcKkas 00.1.), 2025 r.
Table 4. Monitoring of arthropods during maize grain storage in the technocenosis
of the forage granary (Minsk region), 2025

KonmdaecTBo 06HApyKEHHBIX HMaro

Meron yuera Tun noBywKH (epPOMOH 1151 LIENEBOro 00beKTa) BpeaUTElNEH, 0cobei, MIOHb — aBryCT 3}??;2??/3_
5 /0
LEJICBBIC HELECJICBBIC BCETO
Ot60p cpennux npo6 | I[IpocenBanue Ha cutax - — 1,0 0,01
JloBymku-npumanku | JloBymika Tuna « KHnxka» (aMOGapHbIil JOJITOHOCHK) 0 1298,0 | 1298,0 18,6

(bepomMOHHO-KIIEEBBIE) | [lenpTOBUIHAS JTOBYIIKA THIIA K ATPAKOH-A»

1872,0| 415,0 22870 32,7
(roxxHast amOapHas OrHEBKa)

Konreiinepnas noBynika tumna «bera»

836,0 66,0 902,0 12,9
(to)xHast aMbapHasl OrHEBKa)

JlenbTOBUIHAS JIOBYIIKA THIA K ATPAKOH-A

1,0 1699,0 | 1700,0 24,3
(3epHOBas/KakaoBasi OTHEBKA)

Konreiinepnas noBynika tumna «bera»
(3epHOBasi/KakaoBasi OrHEBKA)
Bcero, oc. - - — 6995,0 -

0 807,0 807,0 11,5

Taxxe BoIcOKast 3G pexTrBHOCTH pepomonomonutopunra (100,0 %) ormedeHa 1 B cCeMEHHBIX 3ep-
HOXpaHWJIHIIAX MPU XPaHEeHUH 3e€pHA KYKYPY3bl B OMT-03rax 1Mo CpaBHEHHIO CO CTaHIAPTHBIM METOIOM
(tabm. 5).

Tab6numa 5 CpaBHUTENbHBII aHAJIU3 METO0B MOHHTOPHHIA K:KHOH aMOAPHOH OTHEBKH
B TEXHOLIEHO3aX 3¢PHOXPAHHJINIL B IePUO/ XPaHEeHHs ceMsH KyKypy3bl (I'omenbckast 00.1.)

Table 5. Comparative analysis of monitoring methods of Indian meal moth during maize grain storage
in the technocenoses of granaries (seed granaries, Gomel region)

CraHgapTHBII METO: 0TOOP CpeTHHX TTPOd Meron noBymek®
Ton, mepuon yuera OO6ce10BaHO XPaHUIIUI / T 3epHA oGHapli(;iIe];f;iBgco(ieﬁ 06Hapl§(>)[cnelill:3?§c06eﬁ DddexTuBHOCTD, Y%
2024 1., ¢ 05.08 o 22.08 5/1 829,4 0 163,0 100,0
2025 r., ¢ 05.05 no 03.10 5/1 692,0 0 1 573,0 100,0

* Mcnonp3oBain (PepoOMOH /IS OTIOBA LIEJIEBOr0 00BbEKTa — I0KHOM aMOapHO OTHEBKH.

* A pheromone was used to capture the target object, the indian meal moth.

BbiBoabl. BriepBble MOHUTOPHUHT BpEAWTENEH 3amacoB B TEXHOIEHO3aX HEOTAIUTMBAaEMBIX 3ep-
HOXPAHWJIAI PECIyONWKH B TEPHOJA XpaHEHUs 3epHa KyKYpy3bl, IMPOBEIEHHBIN KOMIIJIEKCOM Me-
TOJIOB, ITOKAa3aJ, YTO TAKCOHOMHYECKHHA COCTaB BKJIIOYAN 19 BUIOB, OTHOCSIIMXCA K 2 OTpsaaM
u 9 cemeiictBaM. Otpsig Yemyekpsiisie (Lepidoptera) mpeacraBnen cemeiictBamu Hactosimue Monu
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(Tineidae), Hactosmume orneBku (Pyralidae), orpsinm XKectkokpswiasie (Coleoptera) — cemeiicTBamu
Honronocuku (Curculionidae), I'puGoeast (Mycetophagidae), Koxeenbr (Dermestidae), CunbBaHuUIbI
(Silvanidae), CxpertHoens (Cryptophagidae), IlputBopsimku (Ptinidae), baectsauku (Nitidulidae). de-
POMOHOMOHUTOPHHI o0ecreunsl HauOoJee IMOJTHOE BBISBICHHE BUIOBOI'O COCTAaBA YJICHHUCTOHOTHX
(16 BUIOB), MPOJEMOHCTPUPOBAB B 3,2 pa3a Ooisiee BHICOKYIO 3()()EKTUBHOCTH B CPaBHEHUHU CO CTaH-
JapTHBIM METOIOM 0TOOpa CpeTHUX MPOoo.

YcTaHoBi€HO, YTO (OPMUPOBAHUE CTPYKTYPbl JIOMHHHPOBAHUS SHTOMO(AYHBI OIpenesercs
TEXHOJIOTHEH CKJIaIupOBaHUs M (YHKIMOHAJIBHBIM Ha3HAUYEHHEM 3€pHA KyKypy3bl. B xpaHumumax
ceMeHHOro ¢oHIa (XpaHeHHe B OHMT-09rax) 3a)MKCHPOBAHO a0OCONIOTHOE MpeoONafaHue MpeacTa-
Buteneit orpsina Lepidoptera (100,0 %). B To e BpeMst B QypakHBIX CKJIaJax MpH XpaHCHHH 3epHa
HACBITIBIO CTIEKTP BPEAUTENEH pacIIupseTcs: IPH TOMHUHUPOBAHWH 4elryeKpsuibix (79,6 %) ormede-
HO 3HAYUTEJIbHOE NpUcyTcTBUE *)ecTKOKpbUIbIX (Coleoptera) — 20,4 %. IOxxnas amOapHasi orueBka
(Plodia interpunctella Hbn.) knaccuduuupoBaHa Kak 3yJOMHHAHT BO BCEX THIAaX OOCIICIOBAaHHBIX
00BEKTOB ¢ UHJEKCOM JoMHHUpPOBaHuUst oT 78,7 10 99,7 %. [Ipu a3Tom Gapxaructeiii rpudoes (Typhaea
stercorea L.) BeicTyman B ponu qoMuHaHTa (19,8 %) MCKIIOYNTENBHO B YCIOBHAX (PypaskHBIX 3€pHO-
xpanwinil. HabmoneHus 3a JMHAMHUKON YUCICHHOCTH JOMUHAHTHBIX BPEAUTENCH C MOMOIIBI0 METOa
JIOBYIIEK MoKa3aiu ux obHapysxenue B I nexame mas, cmycts 6 Mec. XxpaHeHHs 3epHa. B ceMeHHBIX
3epHOXPAaHUIIUINAX JIET I0KHOH aMOapHOW OTHEBKH MPOOIIKAJICS 10 KOHIIA OKTSIOPS.

CpaBHUTEIBHBIN aHAJIN3 METOJOB MOHUTOPHHIA YELIYEKPbUIBIX U KECTKOKPBUIBIX BpeiUTENeH 3a-
[acoOB BBISIBUII UX pa3ianuHylo 3gdekTuBHOCTb. [Ipn Xpanenun ¢ypa>xHOro 3epHa HACBIIIBIO BBICOKO-
3¢ (GEKTUBHBIM SIBIISIIOCH UCIIONB30BaHKE (DEPOMOHHBIX JIOBYIIEK-IpUMaHOK — 12,7-50,6 %. B To xe
BpEMSI «JIOBYIIKH-TIPOCUYETHI» (0e3 GepomMoHa) oGecrieunBalid yIOBUCTOCT B Tipenenax 3,3-3,6 % ot
o01mIero Koim4ecTBa OOHapY)eHHBIX ocobel. Hu3kodpPpeKkTHBHBIM SBIAJCS CTaHIAPTHBIA METOJ —
0,01-0,20 %. [Ipu xpaHeHHH ceMSIH KyKypy3bl B OUr-03rax oTMeueHa BbICOKasi 3PPEeKTUBHOCTH Qepo-
MoHomoHuTopuHra (100,0 %) 1o cpaBHEHHUIO CO CTaHJAPTHBIM METOIOM.
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EFFECTS OF DWARFING GENE RHT5 ON COLEOPTILE LENGTH,
SOME AGRONOMIC AND SEED TRAITS IN BREAD WHEAT

Abstract. Rht5 is a gibberellin-sensitive dwarfing gene and reduces plant height without affecting early growth. In this
study, the effects of dwarfing gene RAt5 on coleoptile length, some agronomic and seed traits were revealed in an F, population
obtained from a cross between Marjl12 (semi-dwarf, RAt5) and Scholar (tall). The genotypes of F, individuals were screened
using SSR marker BARC102 linked with the RAt5 gene and the dwarf, tall and heterozygous individuals were identified.
Analysis of variance in the F, population indicated highly significant differences among the lines for all traits studied,
suggesting genetic differences existed for all traits among these lines. In general, the RAt5 dwarfing gene was associated with
plant height and peduncle length reduction of 25.44 and 22.28 %, respectively, as well as decreases in spike length, number
of spikelets, and kernels per spike. Higher values of kernel weight, seed width and seed length could be observed in the tall
lines when compared to the dwarf lines. The dwarfing gene RA¢5 increased coleoptile length by 6.03 % in dwarf lines and also
increased primary root number and first leaf length. The results of the study could contribute to the proper use of dwarfing
gene RAt5 in breeding programs aimed at modifying plant height and coleoptile length in wheat.
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BJIMSAHUE 'EHA KAPJIUKOBOCTU RHTS5S HA JJIMHY KOJIEOIITUJIS, HEKOTOPBIE
ATPOHOMUWYECKHWE U CEMEHHBIE NPU3HAKHY XJIEBHOM MIIEHUIbI

AnHoTtanus. ['eH kapnukoBocTH Rht5, 9yBCTBUTEIBHBIH K THOOCPEITUHY, CHIYKAET BBICOTY PAcTeHUH, HE BIUSAS Ha
paHHHH pocT. B 1aHHOM HCCIen0BaHNN H3Yy9aJIOCh BIUSHUE TeHa KapINKOBOCTH R/At5 Ha HEKOTOPHIE arpOHOMUYECKUE MPH-
3HAKH, AJIUHY KOJICONTHIIA U XapaKTEPUCTUKU CEMsH B monynsuun F,, momydeHHoll B pe3yibrare CKpellMBaHHs COPTOB
Marjl2 (momyxapnukosslii, Rht5) u Scholar (Beicokopociblif). [enorunsl rudpuaos F, ObLM MPOBEPEHBI ¢ HCIIONIE30BAHUEM
SSR-mapkepa BARC102, cueruieHHOro ¢ TeHOM RAtS5, 1 MIeHTH(UIHPOBAHBI KapJINKOBEIE, BBICOKOPOCIIBIE H TeTePO3UTOT-
Hble 0cO0M. JIUCTIEpCHOHHBIH aHaIU3 B HOMyIauK F, moka3ana BEICOKO3HAYMMbIE PAa3/IMUMs MEXKY JTHHUSAMU [0 BCEM H3Y-
YEHHBIM [IPU3HAKaM, YTO CBHAETEIbCTBYET O HAJIMYMH FeHETUUECKUX PAa3IM4Mi 10 BCeM IpU3HaKaM Mex1y Humu. B nienom
I'eH KapJIMKOBOCTH R/t5 ObLI CBsI3aH C YMEHBIICHHEM BBICOTHI PACTEHUS M JUIMHBI TOJKOJIOCOBOI0 MEXA0y3ius Ha 25,44
n 22,28 % COOTBETCTBEHHO, a TAK)KE C YMEHBIIEHHEM AJHHBI KOJI0OCA, KOJHUECTBA KOJIOCKOB U 3€PEH B KOJIOCE. Y BBICOKHX
TUHUN HaOmiomanmuck Goree BBICOKME 3HAUEHHS! MACCHl 3€PHA, UIUPUHBI U JIHHBI CEMSH IO CPAaBHEHHUIO C KapIHKOBBIMH
nuHUSAMH. ['eH kapaukoBocTn RAt5 yBenndun JIHHY KoneonTuus Ha 6,03 % y KapaIuKOBBIX JTHHHM, a TaKKe KOIUYECTBO
TIEPBUYHBIX KOPHEH U ITHHY NEPBOTO JINCTA. Pe3ynbTaThl HCCIEJOBAHHS MOTYT ITIOMOYb B ITPABUIBLHOM HCIIOJIE30BAaHUH T€HA
KapJIMKOBOCTH RAt5 B CENEKIIMOHHBIX TPOrpaMMax JUIsl U3MEHCHH S BBICOTHI PACTCHUS U JTTMHBI KOJICONTHIIS Y MIISHUIIBI.

KuroueBble c10Ba: NIICHNUIA, TSH KApIUKOBOCTH, RAtS, arpOHOMHUYECKHE IPU3HAKH, JITHHA KOJICOI THIIS

Jas mutupoBaHusi: YrypOamrandek, [omka. BiausHue rena xapnukoBocTH RAt5 Ha JUTMHY KOJIEONTHIIS, HEKOTO-
pble arpOHOMUYECKHEe M CeMEHHBbIe NMPH3HAKH XJIeOHOM mmeHunns! / [omka Yrypoamrunyek, ®arma Alikyt Tonk / Becmi
HaupisinanbHail akagamii HaByk bemapyci. Cepbisi arpapubix HaByk. — 2026. — T. 64, Ne 4. — C. 300-306. https://doi.
org/10.29235/1817-7204-2026-64-4-300-306

Introduction. Various plant genetic resources were discovered in the 1900s and have been used, de-
veloped, and preserved to the present day. In the 20th century, scientists developed the Norin 10 variety
by crossing Turkish Red Winter wheat with Daruma wheat [1]. The dwarf Norin 10 variety was crossed
with Brevor, a local American variety, and high-yielding varieties were obtained from these lines,
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which were investigated by Dr. Borlaug and his colleagues [2]. Transferring dwarfing genes to existing
high-yielding varieties has resulted in a net increase in harvest index of over 50 % [3]. Cultivation of
these high-yielding varieties began to spread rapidly worldwide in the 1950s, and they have also found
widespread cultivation in Tiirkiye.

After the Green Revolution, semi-dwarf wheat varieties played an important role in wheat
breeding [4]. Genes that eliminated lodging problems and shortened plant height in high-yielding varie-
ties known as Mexican wheat were designated as RAt (Reduced height) genes. The development of semi-
dwarf wheat genotypes resulted in increased grain yield [5]. Coleoptile length and plant height were
independent traits in varieties lacking the RAt¢ gene, while in varieties carrying the RAt gene, a positive
correlation was observed between plant height and coleoptile length, and a positive correlation was also
observed between grain yield and plant height [6].

To date, 21 Rht genes have been identified [7], the most widely known and used genes worldwide
being Rht-B1b (Rhtl) and Rht-DIb (Rht2) [8, 9]. The RAt2 gene has been shown to have a more dominant
effect on plant height than the RAt/ gene [10, 11]. Other dwarfing genes, RAt3, Rht4, Rht5, Rht6, Rht7,
Rht8, Rht12 and Rhtl3, have also been reported to reduce plant height (7-55 %) and grain yield [8, 12—-15].

Rht genes are divided into two groups, depending on their response to gibberellic acid, as gibberellic
acid sensitive or insensitive genes [16]. It is known that RAt¢l, Rht2, Rht3 and Rhtl(0 genes are insensitive
to gibberellic acid, while other dwarfing genes are sensitive. The gibberellin-sensitive dwarfing genes
decrease plant height while having small or negligible effects on coleoptile length [17-19]. Similarly,
RAt5 is a gibberellin-sensitive dwarfing gene that reduces plant height without affecting early growth
[19]. Significant relationships have been identified between the RAz5 gene and plant height [13, 15]. One
study reported that the RAz5 gene causes a 55 % reduction in plant height [13]. Although some researchers
have observed dwarfing genes in the F, generation, dwarfism is generally observed in the F, generation
and subsequent generations [20-22].

In order to further increase yield in wheat and to create a broader genetic base for dwarfing genes, it
is essential to search for additional dwarfism sources. In this study, the SSR marker for the RAt5 gene was
used in the F, generation of a cross between the Marjl2 genotype carrying the RAt5 gene and the Scholar
bread wheat variety to identify plants carrying the gene. The effects of the RAt5 dwarfing gene on seed
characteristics, coleoptile lengths, plant heights and some other agronomic traits of the plants in the F,
generation lines were investigated.

Materials and Methods. The material for this study consisted of the F, generation of a cross
between Marjl2 and Scholar bread wheat varieties. The Marjl2 genotype possesses the RAtS gene, while
Scholar lacks this gene and carries no dwarfing genes [23]. The crossing and F,, F,, F, generations
were acquired in a wheat breeding program of the Soil and Crop Sciences Department of Colorado
State University. The 65 F, lines were grown under rainfed conditions at Ege University, Faculty of
Agriculture, Department of Field Crops experimental fields in the 2014-2015 wheat growing season.
The trial was conducted using an augmented design with 5 blocks. Four regional standard varieties
(Cumhuriyet, Ziyabey, Basribey and Sagittario) were repeated in each block as controls. The 65 F, lines,
their parents and control genotypes were planted in two rows of 1 m length with a spacing of 20 cm
between rows and 5 cm between plants. The soil of the experimental area has a heavy soil structure;
silty clay soil at 0-20 cm depth and clay-loam soil at 20—40 cm depth. Fertilizer was applied in equal
amounts at planting time and stem elongation period, totaling 160 kg N ha™! and 60 kg P ha™".

The precipitation and temperature averages of the growing seasons and long-term average in the ex-
perimental area are presented in Table 1. The average temperatures and rainfall of the growing season
did not differ significantly from the long-term average values.

The plant height, peduncle length, spike length, spikelet number and kernel number per spike were
measured on ten plants of each F, line, the control genotypes and the parents at maturity. Also, kernel
weight, seed width, seed length, coleoptile length, primary root number and first leaf length were evalu-
ated in ten seeds each from each genotype. Coleoptile length, primary root number, and the first leaf
length were measured following Jamali and Arain [24]. The seeds were soaked in a 2.5 % sodium hy-
pochlorite (NaClO) solution for 2-3 minutes for sterilization, then rinsed in double-distilled pure water
for 2-3 minutes. The sterilized seeds were placed in a PVC and paper towel-lined container and rolled
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up. The rolls were then placed in a germination chamber and kept in a container filled with sufficient
water in complete darkness for 13 days under observation. Coleoptile length, primary root number, and
the first leaf length were measured at the end of the observation period.

Table 1. Climate data for Izmir province in the 2014-2015 wheat growing season

Month, year Average temperature (°C) Long years avg. (°C) Rain distribution (mm) Long years avg. (mm)
November 2014 13.2 13.6 15.2 73.0
December 2014 11.1 10.0 206.8 161.9
January 2015 8.9 9.0 125.1 123.7
February 2015 9.5 9.1 101.9 82.4
March 2015 11.7 11.6 75.6 88.9
April 2015 15.9 15.6 46.4 56.0
May 2015 20.8 20.3 30.9 19.5
June 2015 25.6 25.1 9.8 30.0
Average / Total 14.5 14.2 611.7 635.4

DNA isolation from young leaves of the 65 F, lines was performed using DNA mini-extraction from
fresh leaf tissue [25]. The purity of the DNA template was investigated using A260 : A280 absorbance
ratio. DNA of all samples was diluted to 25 ng/ul using the absorbance value measured at 260 nm.
The presence of the Rht5 gene was confirmed at the molecular level using SSR marker Barcl02 pub-
lished by Ellis et al. [26] (Table 2). The polymerase chain reaction (PCR) was performed in a total volu-
me of 10 pl according to Tonk et al. [27]. Amplification was performed in an Eppendorf thermocycler
(Eppendorf, Germany) using the protocol described by Tonk et al. [27]. After PCR, the samples were
separated on 8 % non-denatured polyacrylamide gel at 90 V for 16 h with 0.5x TBE buffer using a Bio-
Rad Protean II xi Cell electrophoresis system (Bio-Rad, Hercules, CA, USA). The gels were stained
with ethidium bromide and visualized using a UV transilluminator (Vilber Lourmat, Marne-la-Vallee,
France).

Table 2. Base sequence and chromosome location of Barc102 SSR primer

Marker Base sequence Primer type Chromosome Location
Xbarcl02 GGAGAGGACCTGCTAAAATCGAAGACA Forward Primer 1B
arc
GCGTTTACGGATCAGTGTTGGAGA Reverse Primer

To determine significant differences among the genotypes, all data were subjected to analysis of
variance (ANOVA) according to Steel and Torrie [28], using JMP 7.0 statistical software from SAS. SSR
marker bands of F, lines were scored as the presence of maternal band (A), paternal band (B) or both
maternal and paternal bands i.e., heterozygous (H) [27, 29]. The results were analyzed for conformity
with the expected 7A : 2H : 7B genotypic segregation ratio for a codominant marker in an F, population
using chi-square (%) goodness-of-fit test:

Observed — Expected)?
X2 :z( p ) ‘
Expected

The chi-square values found were compared with the chi-square table values and the hypothesis was
accepted or rejected according to these values. The relative effect of RAt5 gene was compared as a per-
cent change between the tall and the dwarf groups [22]:

Mean ¢,; — Mean
tall dwarf 100.

%change Rth5gene = Mean 1
tal

Results and Discussion. The estimation of the mean squares for the investigated traits in the F, lines
from Marjl2 (Rht5) x Scholar cross are shown in Table 3. As seen in the Table, the differences among
the lines for all traits were statistically significant (p < 0.01), suggesting genetic differences existed for
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all traits among the F, lines. Similar to our results, Daoura et al. [14] reported highly significant dif-
ferences among all the F, ; lines of NingchunlO (#4¢5) x Marfed M (RAt5) for all the traits investigated
except for biomass, grain yield and harvest index using ANOVA.

Table 3. Analysis of variance (Mean Squares) of investigated traits
in F, lines of Marj12 (Rht5) % Scholar cross

Peduncle Spike Spikelet Kernel Kernel Seed Seed Coleoptile | Primary First leaf

length length number | number per | weight width length length root num- length

(PL),cm | (SpL), cm (SN) spike (KN) [ (KW), g | (SW), mm (::;1)’ (CL),cm | ber (PRN) | (FL),cm

Source of Plant height
variation (SV) (PH), cm

Block 1.82 7.10 2.20 8.75 1.83 1.04 0.00 0.00 5.56 5.70 0.02
Genotype | 31207.80* | 4298.01* | 234.54* | 365.78% | 9646.79* | 0.01* | 36.31* | 28.39* | 114.06* | 141.92* | 425.43*

* Significant at a = 0.01.

The presence of Rht5 gene was confirmed at the DNA level using SSR marker Barcl02 in the F,
lines; the mother parent Marjl2 was used as a positive control and the father parent Scholar as a negative
control. Barc102 marker produced a band approximately 150 bp long in Scholar. Marjl2 parent, which
possesses the RAt5 gene, had a smaller band of 140 bp. Ellis et al. [26] mapped RAt5 on chromosome
3BS and they amplified a 200 bp band in Marfed M (R/¢5) and a 165 bp band in the Vigour 18 parent of
mapping population using Barcl102 marker. Most of the lines in the Marjl12 x Scholar population could
be readily classified as tall (#4t5), short (RAt5) or heterozygous. According to the Barc102 marker results,
19 individuals from the 65 F, lines carried the RAt5 gene, while 34 lines carried the 7At5 gene and 12 in-
dividuals were observed to be heterozygous (Table 4). The chi-square test showed the significant dif-
ferences between the expected and the observed ratios of RAt5 gene segregation (y~ = 6.067 > y= = 5.99,
p = 0.05, df = 2). This means that the observed values do not match the expected values of the segrega-
tion of a single gene in the F, generation.

Table 4. Distribution of F, population individuals in terms of RAz5 gene according to Xbarc102 marker

Number of individuals i
Genotype class Chi-square values
Observed Expected
Maternal band pattern 19 28.438 3.132
Paternal band pattern 34 28.438 1.087
Heterozygous band pattern 12 8.125 1.848
Total 65 65.000 6.067"

N o te. ™ — Non-significant of x* (p = 0.05, df = 2 for F,) = 5.99.

The mean values for the tall, dwarf and heterozygous F, plants and the mean differences between
the tall and dwarf group, and the effects of RAt5 on the investigated traits were calculated and shown
in Table 5. The mean values of all traits except coleoptile length, primary root number and first leaf
length were higher in tall lines than in dwarf lines. Notably, the heterozygous lines had higher values for
peduncle length and the seed characteristics such as kernel weight, seed width, seed length. The plant
height and peduncle length of the tall lines were higher than those of the dwarf F, lines by 25.44 % and
22.28 %, respectively. This means that the dwarfing gene RA¢5 has a high effect on plant height and pe-
duncle length of the lines. In a study investigating the genetic effects of the RAt5 gene, plant height and
peduncle length of the F, , lines from the Marfed M (Rht5) cross were found to be 22.4 % and 20.4 %
lower, respectively [14]. In another study by the same researchers, an average of 25.84 % reduction in
plant height could be associated with RAz5 [15]. However, Rebetzke et al. [13] reported the largest reduc-
tion (—55 %) in plant height associated with RA¢5. Cui et al. [30] emphasized that the plant height of RAtS5
dwarf lines was reduced by 32.67 % and 27.84 % in the Jinmai47 and Ningchun45 population, respec-
tively. As can be seen from these comparisons, the results obtained from this study were more consistent
with those of both Daoura et al. studies [14, 15].



304  Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 300-306

Table 5. The effects of Rht5 gene on the investigated traits in the F, lines of Marj12 (Rht5) x Scholar cross

. Tall Dwarf Heterozygous Difference Effect
Traits (htS) Range (Rht3) Range (RhtSrhis) Range | li-dwarf) | (%)
Plant height (PH), cm 100.45 + 59.00— 74.89 + 44.50—- 95.46 + 81.80— 2556 2544
14.11 127.75 21.96 117.16 8.52 108.12 ’ ’
Peduncle length (PL), cm 37.88 £ 22.12— 29.44 + 20.37— 39.77 + 33.10— ] 44 2098
5.21 48.18 8.99 51.05 5.62 4775 ’ ’
Spike length (SpL), cm 8.45+ 5.41- 7.00 £ 5.60—
146 1225 157 4.35-9.20 | 8.08 = 1.72 10.50 1.45 17.16
Spikelet number (SN) 1864= | 1520- | 1670= | 1140- | 1790= | 1480- | o0 | o
1.93 23.40 2.89 22.80 1.66 19.40 ’ ’
Kernel number per spike (KN) 40.07 + 23.20— 30.23 £ 12.40—- 36.30 + 23.20— 0.84 24,56
9.11 71.00 15.16 64.80 10.37 54.00 ’ ’
Kernel weight (KW), g 0.0423 £ | 0.0201—- | 0.0363 + | 0.0306— 0.0429 + 0.0464— 0.006 1418
0.0084 0.0579 0.0100 0.0390 0.0070 0.0520 ’ :
Seed width (SW), mm 362§1i 2.54-3.81 2(')931i 2.60-3.34|3.28+0.31 |3.52-3.57| 029 | 9.00
Sced length (Sel.), mm 6(.)032; 6.75-5.14 5(.)1211 485-681|612+029|575-650| 084 | 13.95
Coleoptile length (CL), cm 7.46 £ 5.50— 791 +
0.98 10.25 0.98 5.83-9.50 | 717 +£1.37 [ 5.25-9.50 | -0.45 -6.03
Primary root number (PRN) 4(')676; 3.00-6.00 4(')7;; 3.50-6.00 | 4.69 % 0.75 |3.30-6.00| —0.07 | —1.50
First leaf length (FL), cm 13.00 + 7.70— 13.87 9.58— 13.44 + 10.00— _0.87 _6.69
2.39 18.75 2.10 16.83 2.64 17.00 ’ ’

N o te. The data represented as the mean + standard deviation (SD).

The spike length of the tall F, lines was 1.45 cm (17.16 %) greater than that of the dwarf F4 lines.
The effect of the RAt5 gene on the number of spikelets per spike was observed to be lower compared to
spike length, and 10 % more spikelets were observed in tall lines than in dwarf F, lines. Higher spike
length caused a significant increase in the number of kernels per spike. The kernel number per spike of
the tall lines was 9.84 kernels (24.56 %) greater than that of the dwarf F, lines. The effect of the Rht5
gene on spike traits has been previously reported, with similar trends: spike length, spikelet number, and
grain number were reported as higher values in tall groups than in the dwarf groups by 16.35 %, 7.53 %,
and 13.84 % [14] and 21.16 %, 11.51 %, and 38.1 % [15], respectively.

Although the seed traits such as kernel weight, seed width and seed length had the highest values in
heterozygotes, the tall lines had higher values than the dwarf lines by 14.18 %, 9 % and 13.95 %, respec-
tively. Similar findings were reported by Cui et al. [30] that the grains of dwarf lines had significantly
lower grain length, grain width and thickness in all progenies of the two populations.

In the study, one of the features for which higher values were measured in dwarf lines was the co-
leoptile length and it was obtained as 6.03 % higher in dwarf lines. Coleoptile length is an important
factor determining sowing depth in wheat. A long coleoptile is a desirable trait in wheat, but as coleop-
tile length increases, there is a parallel increase in plant height [31-33] and this is undesirable. From this
perspective, in our study dwarf lines carrying the RAt5 gene had longer coleoptile lengths. The dwarfing
genes Rhtl and Rht2, which are commonly found in wheat varieties, are the gibberellin-insensitive genes
and cause reductions in coleoptile length and seedling vigor [22, 26, 34]. Although the GA-responsive
Rht5 gene caused a decrease in plant height, it caused an increase in coleoptile length in this study.
Similar results were observed for primary root number and first leaf length. The primary root number
and first leaf length of the dwarf lines had higher values than those of the tall lines by 1.5 % and 6.69 %.
This shows that the lines carrying the Rht5 gene may show improved seedling vigor.

Conclusion. The present study revealed the association of the GA-responsive RAt5 gene with re-
ductions in plant height, peduncle length, spike length, number of spikelets, kernels per spike, kernel
weight, seed width, and seed length. However, in contrast to these reductions, the RAt5 gene had an
enhancing effect on coleoptile length, primary root number, and first leaf length. Coleoptile length is an
important factor determining sowing depth in wheat. The high-yielding modern wheat varieties widely
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used today have short coleoptile lengths. Therefore, they will not be able to meet expectations in a world
that is becoming increasingly arid and where deep seeding is becoming increasingly important. For this
reason, it is recommended that the dwarfing gene R/At5 be taken into consideration in the development of
new wheat varieties suitable for changing climatic and environmental conditions.
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C. B. Bropuniii, B. B. I'opaees, C. B. Koajés, A. /I. Komoenos

Hnemumym aepoundiceHepHbiX U IKON02UHECKUX NPOOTIeM CelbCKOXO3AUCMEEHHO20 NPOUIBOOCHISA —
Qunuan Dedepanvroco 20cy0apcmeeHHo20 6100HCEMHO20
HayuHoeo yupestcoenus «Dedepanbhuill HAYYHbBIU a2poundCceHepHblll yenmp BUMy,
Cankm-Ilemepoype, noc. Tapneso, Poccuiickas @edepayus

MOJIEJTUPOBAHME BBIBPOCOB KIMMATHUYECKUA AKTUBHBIX F'A30B
W3 NOMEIEHUIA 1151 BHIPAIIUBAHU ST MOJIOAHSIKA
KPYIHOI'O POTATOI'O CKOTA

AnHotauusi. OJMH U3 CAMBIX OTBETCTBEHHBIX U CIOKHBIX ITPOLECCOB B TEXHOJIOTUH COJCPIKAHUS MOJIOYHBIX KOPOB —
3TO BOCHPOHM3BOJCTBO CTaja, MOAPa3yMeBaolIee BhIpallMBaHUE 30POBOI0 MOJNOIHAKA KpymHoro poraroro ckora (KPC),
KOTOPBIH, B CBOIO OUEPEIb, SIBJISIETCS] HCTOYHUKOM KIMMaTH4eck akTUBHBIX ra3oB (KAT). IIpexcraBiieHHbIE B OTEUECTBEH-
HO#T 1 3apyOeKHOM Hay4HOI INTepaType MOJIEIH HAIIPaBJICHBI HA OLICHKY BbIJCICHHS Pa3IMYHbIX [a30B IPEHMYIECTBEHHO
0T B3pociioro noronoses. I[loaTomy paspaboTka monenu pacuera BeIOpocoB KAI' mpu BeIpaminBaHUK MOJIOIHSAKA KPYITHO-
T'0 POraToro CKOTa B YCIOBUSIX HEOINPEAeIeHHOCTH, BO3HUKAIONIEH IPpH ()OPMUPOBAaHHH BO3AYIIHON CPEIbl B )KHBOTHOBOI-
YECKOM MOMEIICHHH, SBISCTCS aKTyanbHOW. ITo pesysibTaTaM MPOBEICHHBIX TEOPETHUCCKUX MCCICAOBAHHH IMPEIIOKEeHa
CTPYKTYpHast CXeMa OLEHKH YPOBHS BHIOPOCOB KJIMMATHYECKH aKTUBHBIX ra30B M3 MOMEIICHUI U1 COIepIKaHUs MOJIOTH -
Ka, KJIFOYEBBIM DJIEMEHTOM KOTOPOIl BBICTYNAeT MareMarnyeckas MOJelb pacyeTa dTUX SMHUCCHI. B ee 0CHOBY MOJIOKEHBI
pa3paboTaHHBIE 3aBUCUMOCTH JUld pacdeTa 00beMoB BriOpocos CO,, CH,, NH; u H,S ¢ yueToM pe3ynbTaToB MOHUTOPUH-
ra ¥ TeXHOJIOTMYECKHUX TapaMeTpoB. DKcIepuMeHTalbHas nHpopManus GopMUpoBaiachk Ha OCHOBE JJAaHHBIX O MapaMeTpax
BO3/1yIIIHON Cpebl IOMENIeHNsI AJis BhIpamuBanus MojonHsika KPC u BHenIHel cpebl ¢ IPUMEHEHHEM CIELHAIBHO CIPO-
CKTHPOBAHHOI MOOHIIBHOM MI1aT()OPMBI MHOTOYPOBHEBOT'O KOHTPOJISI KOHLIEHTPALIMH KIIMMAaTHYECKU aKTHBHBIX Ta30B. bputn
M3yYEHBI MTapaMeTphl BO3AYIIHOW Cpeabl B MOMEIeHHH 15 copepkanus 518 ron. monoansika KPC B Bospacte ot 3,2 mo
9,4 mec. [TonyuyeHHble JaHHBIE TO3BOJIMIM MPOBECTH MOJCIUPOBAHNE U pacyeT 00bEMOB BHIOPOCOB KIMMATHYECKH aKTHB-
HBIX Ta30B B 3aBUCHMOCTH OT BO3PacTa *XHBOTHBIX. BBIOpOCHI B Lies0M 110 HccineayeMoMy nomerenuto cocrasunu: CO, —
781,0 xr/cyT; CH, — 24,9 xr/cyT; NH, — 1,1 kr/cyT; H,S — 0,003 kr/cyT. IlonyueHHBIe pe3yabTaThl OyayT UCIOIb30BAHBI IPH
pa3paboTke PEeKOMEHJIAINH K TEXHUKO-TEXHOJOTHUECKUM PEIICHUSIM [0 CHI)KEHHIO YMHCCHH B OKPYIKAIOIIYIO CPEay KIIHU-
MaTH4YeCKH aKTHBHBIX Ta30B U3 )KHBOTHOBOIYECKHUX MOMEIIEHUH 11 conepxanus Mononusaka KPC.

KuroueBbie cioBa: monogask KPC, MEKpOKIMMAT, TEXHUYECKOE CPEICTBO, MOOMIIbHAS TTaT()OpMa, MOHUTOPUHT, KJIU-
MaTHYeCKH aKTUBHBII ra3, HHAMKATOPHBIII ra3, MOJIeIMPOBaHHE, MOJICIIb

Jns nuTHpoBaHus: MozjenupoBaHUe BHIOPOCOB KIMMAaTHYECKN aKTHBHBIX Ia30B U3 ITOMEIICHUH ISl BEIPAIIUBAHUS
MOJIOHSIKa KpynHoro poraroro ckora/ C. B. Bropsii, B. B. ['opnees, C. B. Koanés, A. /1. Komoenos // Becui HanpistnansHait
akajpMii HaByk benapyci. Cepbist arpapubix HaByK. — 2026. — T. 64, Ne 4. — C. 307-318. https://doi.org/10.29235/1817-7204-
2026-64-4-307-318
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Institute for Engineering and Environmental Problems in Agricultural Production —
branch of the Federal State Budgetary Scientific Institution “Federal Scientific Agroengineering Center VIM”,
Saint Petersburg, Tiarlevo Settl., Russian Federation

MODELING OF CLIMATE-ACTIVE GAS EMISSIONS FROM FACILITIES
FOR YOUNG CATTLE REARING

Abstract. One of the most significant and complex processes in dairy farming is herd reproduction. This process involves
rearing healthy calves and heifers, which, in turn, are a source of climate-active gases. The models from existing national and
foreign scientific literature aim at assessing the release of various gases mainly from adult livestock. Therefore, it is important
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to create a model for calculating emissions of climate-active gases in young cattle rearing under variable indoor air environ-
ment conditions. This theoretical research resulted in a structural scheme for estimating emission levels from young animal
housing that is centered on a predictive mathematical model. The model incorporated previously developed relationships for
calculating CO,, CH,, NH, and H,S emissions and integrated real-time data and operational parameters. A custom-designed
mobile platform for multi-level concentration monitoring of climate-active gases recorded the indoor and outdoor air param-
eters of a young cattle rearing facility. The facility housed 518 young animals aged from 3.2 to 9.4 months. The data obtained
were used to model and calculate the quantity of climate-active gas emissions depending on the age of the animals. Overall,
the emissions in the studied facility were 781.0 kg/day for CO,; 24.9 kg/day for CH,; 1.1 kg/day for NH,; and 0.003 kg/day for
H,S. These findings will be included in recommendations for engineering and technological solutions to mitigate gas emis-
sions from young cattle housing systems.

Keywords: young cattle, indoor air quality, monitoring equipment, mobile platform, monitoring, climate-active gases,
tracer gas, modeling, model

For citation: Vtoryi S. V., Gordeev V. V., Kovalev S. V., Komoedov A. D. Modeling of climate-active gas emissions from
facilities for young cattle rearing. Vestsi Natsyyanal'nai akademii navuk Belarusi. Seryya agrarnykh navuk = Proceedings
of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 307-318 (in Russian). https://doi.
org/10.29235/1817-7204-2026-64-4-307-318

BBenenue. B Hacrosiee BpemMsi B CBSI3M C aKTHBHBIM POCTOM HACENIEHUS IJIAHETHI W MPH CYyIIe-
CTBEHHOM YJy4YIICHUN KauecTBa KU3HHU PACTET U CIIPOC HA MPOIYKIUIO ) KUBOTHOBOJICTBA, B OCOOCHHO-
CTH Ha MOJIOYHBIE MPOAYKTHI. JlJIsl yTIOBIETBOPEHUS ATOTO CIIPOCca Ha IOJHKHOM yPOBHE TpeOyeTcs yBe-
JIMYEHHNE WX TIPOU3BOJICTBA 32 CUET BHEJPEHUS TIePEIOBbIX MHTEHCHBHBIX TEXHOJIOTHI, KOTOPHIE MOT'YT
MOBJIeYb 332 COOON 3HAYMTEIIBHOE YBEIIMYCHNE BHIOPOCOB KIMMATHYCCKH aKTHBHBIX ra3oB (KAT) — me-
tana (CH,), yrnekucnoro rasa (CO,), ammuaka (NH,) u cepoBonopona (H,S), okaspiBaromux Heratus-
HYIO 3KOJIOTHUYECKYIO HAarpy3Ky Ha OKpyXKaromyro cpeny [1, 2].

Cokpamenne xoiudecTBa BoIOpocoB KAI siBisiercss mpobiemoit MUpOBOro Macmirada, Haja Ko-
TOpOIi pabOTa0T MHOTOYHMCIICHHBIE TPYIIIBI HCCIeaoBaTeel. 3a1auu, KOTOpbIE CTaBAT mepes coOoit
OOJBIIMHCTBO W3 HUX, — ATO OIpeneieHne (PaKTOpOB, BIHIIONINX Ha YPOBEHb KOHIIGHTPAIIUU Ta30B
B TIOMEIICHUH, U CO3JIaHUE TIPOTHO3HBIX M OLEHOUHBIX MOJICNIeH BHIOPOCOB, HEOOXOIUMBIX ISl pa3pa-
OOTKHU METOJIOB M CTPATEruii MOBHIIICHUs TPou3BoicTBa Mpoaykiuu KPC mpy 3HAYUTETHPHOM CHUXE-
HHH HKOJIOTUYECKO Harpy3Kku [3—5].

HeobxonumMocTh pa3paboTku 3pGEeKTUBHBIX METOMOB U CTPATErHil, HAIIPABJICHHBIX HA CHUIKCHHUE
BbIOpocoB KA, ¢ kaxxaeiM rogom npuobperaer Bce OOJNBIIYIO aKTyanbHOCTh U B Poccun. 3a mocnen-
HUE TOJIbl Ha TOCYAaPCTBEHHOM YPOBHE MPHHST PsiJ] 3aKOHOJIATEIBHBIX 1 HOPMAaTHBHBIX JOKYMEHTOB,
perTaMeHTHPYIOIUX U OrPaHUYMBAIOIINX BEIOPOCHI ATHX Ta30B JJIsl PA3JIMYHBIX CEKTOPOB YKOHOMHU-
ku. [Ipu 3TOM pacder BRIOPOCOB KIIMMATHYECKH aKTHBHBIX ra3oB oT KPC, B 4aCTHOCTHU MapHUKOBBIX,
OCYIIECTBIISIETCS B COOTBETCTBUHU C PEKOMEHJAIIUsIMI MeKIpaBUTEIbCTBEHHOU I'PYIIITBI SKCIIEPTOB IO
usmenennto kmumara (MIDOUK)!. Oxnako 5TH peKOMEHIAIMU HE 0OECTIEYMBAKOT B TIOJHONH MEPE BO3-
MOKHOCTB OIpeJieieHrst KO UITUEHTOB BEIOPOCOB C YYETOM PETHOHAIBHBIX 0COOCHHOCTEH [6].

B nacrosiiee BpeMs 1mpu pa3zpaboTKe HOBBIX MOJICNICH pacdera U MPOrHO3WPOBAHUS BEIOPOCOB Ta-
30B OT JKUBOTHBIX YUYCHBIC BO BCEM MHPE BKJIIOYAIOT B HUX WHIUBUAYAJbHbIE TIApAMETPhl, YTO TO3BO-
JI€T yTOYHATH PETHOHANIbHBIE 3HaYEeHU s, yKa3aHHbIe B pekoMeHaanusax MI'OUK [7].

Tax, B [8] mpemsoxkeH psia MOAENeH 11 IPOTHO3UPOBAHUS KOAPGUIIMEHTOB CYTOTHOT'O BRIOpOCa
MeTaHa ¥ CyMMapHBIX BBIOPOCOB METaHa JJIsi MOJOIHSKA TOJIITHHCKOH MOPOABI Pa3HOro BO3pacTa
C HCIIOJB30BaHNEM B KaYeCTBE ITapaMeTPOB MAaCChl dKUBOTHOT'O M MOTPEOJICHUSI CyXOT0 BellecTBa KopMa
(THTIIHBIA paruoH s KoMMepdecknX depMm Bemmkobpuranmm). OTMedaeTess TeCHas 3aBHCHMOCTD
MeXy Kod(h(dUIueHTaMu BHIOPOCOB METaHa M Maccoil KMBOTHOTO. CpenHue 3HAUCHHS] CyMMapHBIX
BBEIOPOCOB ME€TaHa COCTABHIIN: OT pOKJIeHUs 10 12 mec. — 36,2 kr; B Bo3pacte ot 13 10 24 mec. — 64,3 kT.

Lensro pabOTHI ATTOHCKUX YUEHBIX [9] ObLTa pa3paboTka MOMIETICH I MPOTHO3UPOBAHMS BEIOPOCOB
MeTaHa, YYUTHIBAIOMINX (PU3U0IOTHYECKHIE TPU3HAKU MSICHOTO CKOTa, TaKHe KaK MOTpeOIeHre CyXoro
BeIIeCTBA KOPMa, KOJIMYECTBO YCBAMBAEMBIX IMUTATEIBHBIX BEIIECTB U 00heM KOPMOB. OTMEUYEHO, YTO
N00aBIeHNE dTUX APAMETPOB HEMHOI'O yBEIUYNIIO 3HaueHus Kodddunuentos Beiopocos CH,, a mo-
JyYeHHbIE MOACTH MPOrHO3MPOBAHHMS, UCIIONB3YIONIHE (PU3HOIOTHUECKUe TIepEMEHHbIEe, Hanboee ak-

! PykoBopsilue NpUHIKITBI HALMOHAILHBIX HHBEHTAPU3aMi NapHUKOBbIX ra308 MI'DUK, 2006 / MeKnpaBuTeIbCTB.
IpyTIa SKCIEePTOB 0 M3MeHeHuto knuMara; pen.: C. Urrnecron [u ap.]; nep. ¢ anrn. Xasma: IGES, 2006. T. 4: Cenbckoe
XO3SHCTBO, JIECHOE XO3SUCTBO WM Jpyrue BUIBI 3emiienionb3oBanms. URL: https://www.ipce-nggip.iges.or.jp/public/2006gl/
russian/vol4.html (nara o6pamenus: 04.05.2026).
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TyaJbHBI ISl pacueTa KodQPHUIHEHTOB BEIOPOCOB MeTaHa pu KopmiileHHH KPC BBICOKOKOHIIEHTpHPO-
BaHHBIMM PALIMOHAMU, Il COACPKAHNE KOHLEHTPATOB npesbimaet 70 %.

VYuensie u3 CHIA [10] craBunu niepes; co0oit 3aaun pa3padoTaTh 0a3y JaHHBIX )KMBOTHBIX, B pa-
[MOHE KOTOPBIX MPUMEHSIOTCS MUIIEBBIC J00aBKH, U SMIIUPUUECKYIO MOJENb MPOrHO3UPOBAHMS BbI-
OpOCOB MeTaHa y MOJIOYHOTO CKOTa. B KauecTBe OCHOBHBIX MapaMeTPOB B MOAEIb ObLIN BKJIIOYEHBI
noTpebIeHne CyXoro BelecTBa KopMa 1 COCTaB pallioHa, KOTOpble, KaK OTMEUYEHO, 00CCIICUnITH YIyd-
IIEHHOE NPOTHO3UPOBAHHE.

Hccnenosanwme [11], BeImorHeHHOE YUeHBIMU W3 [lopTyranun mis pa3paboTKU MOIESITH BHIOPOCOB
MeTaHa OT OBIYKOB, BKJIIOYAJIO OLEHKY BIMWSHHUS 3aMEHBI TPAJIUIIMOHHOTO palMoOHa Ha PallMoH, B OC-
HOBY KOTOPOI'O BXOJMJIM KYKYPY3HBIH CHJIOC U IMBHAsI JpoOKHA. 3aMeHa OTpa3uiach Ha MOTPEOICHUH
CYXOro BEILECTBA U CPEIHECY TOUYHOM IIPUPOCTE MACChl JKUBOTHBIX — CHUKeHME Ha 13 u 15 % cooTseT-
CTBEHHO, a TaK)Ke Ha BBIOpoce MeTaHa — 3a()UKCUPOBAH POCT Ha 59 % B CyTKH.

BriOpocsl aMmmMuaka M cepoBOAOPOJA TaKKe MPEACTABISAIOT COOOW 3HAUYUTENBbHYIO MPOoOIeMy, 1o-
CKOJIbKY OHM HAHOCAT BPEI 3[I0POBBIO JIIOJCH M KUBOTHBIX, a TAK)KE BBICTYNAIOT OJHUM U3 KIIIOUe-
BBIX (PAKTOPOB 0Opa30BaHMs MEJIKOIUCIEPCHBIX YaCTHUI] U 3arpsA3HEHHS UMW BO3JYIIHOW M BOJHOM
cpen [12]. JIns KOHTpOJIS M CHUIKEHHS BRIOpOCa aMMuaka B JlaTBuM pa3paboTaHa MMUTAIMOHHASI MO-
JIeJIb OLIEHKU U IIPOTHO3UPOBAHUS €r0 BBIOPOCOB B LIEIIOYKE YIIPABJIEHUSI HABO30M Y MOJIOUHOI'O CKOTAa,
KOTOpasi pacCYUTHIBACT (HA OCHOBE MMEIOMINXCS KO3((QUIIMEHTOB) 1 OlleHMBaeT 00bEMBI ra3a Ha Ka-
JKIOM dTare padoThl ¢ HABO30M, HaUMHAs C TEXHOJOIMH COAepKaHus XUBOTHBIX [13]. Mozens no3u-
[IMOHHUPYETCS KaK MHCTPYMEHT JUISl CPAaBHEHUS BIHUSHUS PA3JIMYHBIX BAPHAHTOB CHU)KEHUS BHIOPOCOB
aMMMaKa 1 BO3MOKHOCTH UX BHEJIPEHHS Ha Hal[MOHAJbHOM ypoBHe. [logjo6HOE MojennpoBaHue ¢ pas-
paboTKOI MeTOAONIOTHH OIEHKH BHIOpOCOB ammuaka mu3 HaBo3a KPC mposeneno u B Kopee [14]. Ha
OCHOBE TTOJTYYCHHBIX PE3yJIBTAaTOB pa3padaThIBAIOTCS KaAacTpPhl, yYUTHIBAIONINE TOIOBBIE U PETHOHAb-
HbIC KOJIeOaHUsl BLIOPOCOB aMMUaKa.

KonTponp nmapaMeTpoB MUKPOKJIMMATA B IIOMELICHUH SIBJISETCS BaKHOM COCTABIISIOUICH B yIpaB-
JICHUH BBIOPOCAMHM Ta30B, TaK KakK 3TOT MPOILECC TECHO CBS3aH C APYTUMHU TEXHOJOTMYECKUMH OTepa-
HUSAMU. YdeHble U3 JINTBBI, HCTIONB3YsI METO MAacCOBOTO pPacxo/ia BO3yXa, MPOBOAMIM HCCIIEIOBAaHHUE
B aspoauHamMuyeckor TpyOe Haj HaBo3oM KPC ¢ pasmuanbiM conepkanuem Biaru [15]. B pesynbrare
OBLIO YCTaHOBIIEHO, YTO BBIJEJIEHHE aMMHUAaKa M3 XKHIKOrO HaBo3a cocTaBmio (404 + 13) mr/(m>-u), u3
oy KUAKOro — (223 £ 11) mr/(m?4), u3 TBepnoro — (103 £ 7) Mr/(M?-4), 4TO CBS3aHO C HHTEHCUBHOCTHIO
UCTIapeHus BJIaru u3 HaBo3a. [1o uToraM BEIMONHEHHOM pabOTHI MOJIydYeHa 3aBUCHMOCTb BEIOPOCOB aM-
MHaKa OT COJIEP)KaHMsI CyXOro BEIIEeCTBa B HABO3E.

B CIIA Oba pa3paboTana Mojenb JJsi MPOrHO3UPOBaHMS BIHMsSHUS mpenapata Lubabegron na
CHWXEHHE BRIOPOCOB aMMHaKa y KPYITHOTO poraToro ckota [16]. BEIOpoCH! onpeaensiinch Ha OCHOBE H3-
MEpEeHHUsI KOHLIEHTPAIlMM aMMHaKka U CKOPOCTH BO3/YIIHOTO TIOTOKAa B HEITOCPEICTBEHHON 30HE HAXOXK-
JeHUS )KUBOTHBIX. CorylacHo pacueTam oxuaaeMblid 3h(EKT OT UCTIONB30BaHUS IIpenapara B JO3UPOBKE
5,5 Mr B pacueTe Ha | KI CyXOro BellecTBa KOpMa COCTaBsAET OKONO 12 % CHM)KEHHS SMUCCUU aMMHUaKa.

st pacueTa KOOQQHUIMEHTOB IMUCCUH M ITPOTHO3UPOBAHUS PACTIPOCTPAHCHHS KIIMMATHYECKH aK-
THUBHBIX ra30B B )KUBOTHOBOIYECKOM IOMELICHUN MOXKET MPUMEHATHCS TpexMepHoe Hu(poBoe Moze-
nupoBanue. Tak, B pabote [17] mpemcTaBiieHbl TapaMeTpHIecKre MoAeIH (GOPMUPOBAHHUS U TIEpEMETIIe-
HUSI Ta30B C yUETOM MEHSIOIUXCS YCIOBUH. OTMEUaeTCs, 9TO TAKOW CIIOCO0 MOACTHUPOBAHHMS ITO3BOJS-
€T OIpeeNIUTh ONTHUMaJIbHbIE TOYKH MOHUTOpUHTA KoHIeHTpaunii KAI' u HampaBieHue BO31yIIHOTO
MMOTOKa C(hOPMHUPOBABIIETOCS O0IaKa rasa.

B paccMoTpeHHBIX paboTax ObLIM OXapaKTePU30BaHbI TEXHOJOTHUU COIEPIKAHUS U 00CTYKUBAHUS
KPC, ouenensl BEIOPOCHI OTJEIBHO O KakA0My ra3y U oomue BeIOpockl B CO,-9KB. OT KPYIHOIO po-
raToro CKoTa, IPEAJIOKEHbI CTPAaTernu CHIDKEHUS yuiepOa okpyskatomeil cpezae. Ilpu atom omy6inko-
BaHHOE MX pa3HOOOpa3ue, MoJyYeHHOE IPU Pa3INYHbIX YCIOBHUSAX U MPU OTCYTCTBHH CTaHAAPTUINPO-
BaHHBIX METOJIOB U3MepeHus BIOpocoB KAI' ciocoOCTBYeT HETOYHOCTH MIPH CPABHUTEIBHOM aHAIN3E
OTMEYEHHBIX pe3yiabraToB [3, 18], a TakXKe CHUXKAeT UX NPUMEHUMOCTD JUIsl OLEHKU U IIPOrHO3UPOBa-
HUS B KOHKPETHBIX pErHOHATBHBIX U KIIMMaTH4Yeckux ycnoBusx Poccuiickoit @enepannn. Takxe HE0O-
XOIMMO OTMETHUTh, YTO OONBIIMHCTBO pa3pabOTaHHBIX MOJIEJICH, IPEACTABICHHBIX B JIUTEpaType, Ha-
MIPaBJICHO HA U3YUYCHHE CBSI3€H BBIIEICHUS PA3INYHBIX Fa30B OT B3POCIOr0 CKOTa, XpAaHEHHUs U Iepepa-
0OTKM HaBO3a U HE MOT'YT OBITH HCIIOJIb30BaHbI IPH OLIEHKE BHIOPOCOB M3 MOMELICHUS 15l COACPIKAHUS
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monogHsAka KPC, koTopsle, B CBOIO O4epeb, TAKKE SBISAIOTCS HCTOYHUKOM KJIMMAaTUYECKH aKTUBHBIX
razoB. Mojieniu, o3BoJIsitolue paccuuTarh BeiOpockl KA u3 nomenienuii st mononusika KPC, npak-
THYECKU OTCYTCTBYIOT.

Lenv uccnedosanus — pa3paboratb Monuenb pacueta BeIOpocoB KAI mpu BeIpamuBaHuy MOJO-
Haka KPC B yciioBusX HeompeaeiaeHHOCTH POPMHUPOBAHUS BO3AYLIHON Cpelbl B )KUBOTHOBOIYECKOM
nomMereHny. B 3a1aum BXoasiT pazpaboTka Mojenu pacueta BeiopocoB KAI mpu BbIpamuBaHuu Mo-
nonusika KPC, mo3Bostsitomieii mpoBOAUTE aHATN3 HETaTUBHOTO BO3JCHCTBHUSI Ha OKPYIKAIONIIYIO CPEIY
B 3aBUCHUMOCTH OT MPUMEHSIEMbIX TEXHOJIOTHH M BBITIONHEHUS TEXHOJOTMYECKUX ONepaInii, ¢ Jajb-
Hele ee anpoOaiyell B MPOU3BOICTBEHHBIX YCIOBUSX.

Martepuanabl 1 MeTOABI. J[BIKEHNE TIOTOKOB BO3/TyXa B IOMEIIEHHUSIX C €CTECTBEHHON BEHTHIISAIU-
ell 17151 comep KaHus )KUBOTHBIX XapaKTepru3yeTcs Kak TypOyJIeHTHOE, U ISl HEMOCPEICTBEHHOTO H3Me-
pEeHUS TaKMX IMOTOKOB HET COBPEMEHHBIX TEXHUYECKUX CPEICTB. B 3TOM ciiydae Ha MpakTHUKE pacdeThl
WHTEHCHBHOCTHU BO3yX000OMEHA BBITIONHSIOTCS C UCIIOIB30BAaHHEM METO/la MHIMKaTOPHOTO rasa, B Ka-
yecTBe KoToporo ucnonssyeres CO, [19-21].

MeToauka MCCleOBaHUN COCTOMT M3 JABYX ATAlOB: MEPBBIM — SKCHEPUMEHTAJbHBIE HCCIIEI0BA-
HUS 10 u3MepeHuto koHueHTpauuii KAI' B mocrynaromem u ynajisieMoM BO3[yXe; BTOPOM — ompe-
JICJICHUE WHTEHCHUBHOCTH BO3JyXOOOMEHa B MOMemeHUH [22]. MeTonuuecKoi OCHOBOM SIBISIOTCS
T'OCT P 54857-2011! u nonoxenus, uznoxenusie B narente Ne 2477886%, KOTOpbIE yCTAHABIMBAKOT
METO/IbI ONIPEJIENIEHH s 00BEMHOI0 pacxojia BO3/lyXa, KpaTHOCTH BO3/lyXoo0MeHa 1 ucnonb3osanus CO,
B KauecTBE MHAMKATOPHOTO Ta3a.

DKcriepuMeHTaIbHas HHGopManus GopMUpOBaiach Ha OCHOBE JJAHHBIX MOHUTOPUHTA ITapaMeTPOB
BO3JYIIHOHN Cpelbl MOMeIeHus 15 BbIpamuBanus MojofaHsika KPC u BHemnel cpenbl. [{ns atux ne-
Jiel OBLIO M3TOTOBJIGHO HOBOE TEXHUYECKOE CPEJICTBO — MOOHIIbHAS TIAT(OPMa MHOTOYPOBHEBOTO MO-
HATOPUHTA KOHIEHTPAIIMN KIMMATHYECKH aKTHBHBIX Ta30B B KHBOTHOBOAYECKHX MOMemeHusx [1],
KOTOpOE YCIIOBHO MOXKHO pa3/IelIuTh Ha TPU cocTaBistomue (puc. 1):

1. MoOunpHas miatdopma — KonecHast Tenexkka (1) ¥ ycTaHOBICHHBIH Ha HEH OJOK perucrpa-
1nu (2), OCHOBHBIMH 2JIEMEHTAMU KOTOPOT'O SBIISIFOTCS JIBa AIEKTPOHHBIX PETUCTPATOPA U IBE aKKyMY-
JATOpHBIE OaTapen ¢ CyMMapHBIM BBIXOJHBIM HarpshkeHueM 24 B.

Puc. 1. O6umii Bua MOOMITBHOH MIaT(OPMBI MHOTOY POBHEBOI'O MOHHTOPHHTA KOHLIIEHTPAIIMH KIMMaTHISCKI
AKTHUBHBIX I'a30B B )XUBOTHOBOAYECKOM IIOMEIIEHHUH: / — KOJIECHAs TelIexkKa; 2 — OJIOK perucrpanu; 3 — CTOHKa;
4 — cTpena; 5 — yCTpOMCTBO PEryIHPOBKH HAKJIOHA CTPENHI; 6 — OJIOK TaTUYMKOB; 7/ — BEPTHKAJIbHAS KyJIHCa

Fig. 1. General view of the mobile platform for multi-level monitoring of climate-active gas concentration
in livestock premises: / — trolley; 2 — recording unit; 3 — stand; 4 — boom; 5 — boom tilt adjustment device;
6 — sensor unit; 7 — vertical boom link

'3nanus u coopyxenus. OnpeeneHie KpaTHOCTH BO3AyX000MeHa MeTONOM uHauKatopHoro raza: TOCT P 54857-2011.
M.: Crangaptundopm, 2019. 19 c.

2 Tlatent RU 2477886, MITK GO6F 17/40 (2006.01). Crioco6 ompesiesieHus 1 MOHUTOPUHTA BETMYHUHBI MACCOBBIX BBI-
OpOCOB 3arps3HSIONINX BEIIECTB B OKPYIKAIOIIYIO CPEy U3 XKHBOTHOBOAUECKOTO MOMENICHHUS U CHCTEMA JUISl €r0 OCYIIEeCT-
Brenus: Ne 2011134177/08: 3asBneno 12.08.2011: omy6um. 20.03.2013 / Bproxanos A. 0., Ko3nosa H. I1., Makcumos H. B
nateHToobmanarenp Ces.-3an. HUU mMexanusauuu u anekTpupukanuu cein. xo3-sa PACXH. 11 c.
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2. CuoBasi KOHCTpYKIUS — cToiiKa (3), cTpesna (4) 1 yCTPOICTBO peryInpoBKH HAKJIOHA CTPEHI (5),
KOTOpBIE 00eCIIeTnBarOT (GyHKITHIO BRIOOpA BEICOTHI M3MepeHm B nranasone ot 0,3 M 10 2,0 m.

3. MsmeputensHelii 610k — 0ok gardnkos (CO,, CH,, NH,, H,S, remneparypsl 1 OTHOCHTEJIBHOM
BIIAXXHOCTH) (6), 3aKpeIJICHHBI Ha BepTUKAIBHOHN Kynuce (7). Onpoc NaT4uKoB HACTPOEH HA PEKUM
LUKJIA 5 ¢; BpeMs HEIIPEPhIBHBIX U3MEPEHUH JIJIs KaXK/I0M TOYKH cOCcTaBisfeT He MeHee 10 MUH.

l'abapuTHbBIE pa3Mepbl TEXHUYECKOTO CPEACTBa B pabodyeM cocTosHWU (miauHa — oT 4 450 mo
7 420 mm, mmpuHa — 1 060 MM, Beicota — oT 1 550 10 3 100 MM) MO3BOJISIFOT YAOOHO €ro pa3MmelaTh
B KOPMOBOM IIPOE3/I€ U TPOBOAUTH U3MEPEHUS B CEKIIUAX C KUBOTHBIMH.

O06paboTKa 9KCIIEPUMEHTAIBHBIX JAHHBIX BBITTOIHIACH METOJIOM OITUCATENBHON CTATUCTUKH C UC-
NOJIb30BaHKUEM MporpaMMHoro naketa Microsoft Excel.

Pe3yabraThl U HX 00cys;kaeHue. Hamu paspaboraHa CTpyKTypHasi CXeMa OLEHKH yPOBHS BBIOPO-
coB KAT (puc. 2), B KoTOpO# MOJIEIb pacueTa BEIOPOCOB (4) 3THX Ta30B U3 MOMEIICHUI JJIsl BRIpallliBa-
gus moionusaka KPC saBisercs oCHOBO.
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Fig. 2. Block diagram for estimating the level of climate-active gas emissions
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Jns momHOLIEHHOTO (DYHKIIMOHUPOBaHUsI Mojienin pacuera BoIOpocoB KAI (4) BaxxHOe 3HaueHUE
rnMeeT 6a3a JaHHbBIX (3), KOTOpasi COCTOUT U3 YeThIpeX HH(POPMAITMOHHO YBI3aHHBIX MACCHBOB JIAHHBIX
B TaOnnuHOM popme. [TepBblit MacCHB TAaHHBIX COJACPKUT TEXHOJIOTHUECKYIO HH(POPMAIIHIO, BBOAUMYIO
cnenuaircToM (7): Tuiomanb ¥ 00bEM MOMEIICHUS, KOJIUYECTBO TOJIOB, CPEIHsISI Macca OJHOTO XKH-
BOTHOTO, CHCTEMBI YJaJICHHs HaABO3a W KOPMJICHUS, PAIIMOH U MMUTATEIbHBIE XapaKTEPUCTUKH, CUCTEMA
BEHTHJISIIIUY U €€ TPOU3BOAUTEILHOCTb.

Bropoii maccuB gopmupyeTcst oT cucteMbl MOHUTOpHHTA (1) B pexKuMe peasbHOro BpEMEHH U CO-
JIEPXKUT TEKYIHe apaMeTpbl MUKPOKJIMMAaTa MIOMEIIEHNS U BHEITHEH Cpebl: TeMIepaTypy, CKOPOCTh
JIBHYKCHUS BO3JIyXa ¥ KOHIICHTPAIIHIO I'a30B.

Tperuit MaccuB JaHHBIX (GOPMUPYETCS 1O pe3yabTaTaM MOJCIUPOBAHUS (4) M CONEPKUT pacyeT-
HBIE 3HAYEHHUS BO3yX000MEHa, IEPEBAPUMOCTH KOPMOB, BBIX0/1a HaB03a, a Tak:xke BeiOpocos CO,, NH,,
H,S, CH, B okpy»aromniyro cpeny.

UeTBepThlii MacCCHB JaHHBIX COCTOMT M3 HOPMATHBHO-CIPABOYHOW MH(POpPMAIUU, KOTOPYIO pery-
JSIpHO 00HOBIsIET crieruanuct (7). B 6a3e maHHBIX WHQOpPMAIHAS CTPYKTYPHPYETCS W CHCTEMATH3H-
pyeTCs ¢ MPUBSI3KON K paliOHy, XO3MCTBY U KOHKPETHOMY *KUBOTHOBOJUECKOMY MOMEILEHUIO JJIsI CO-
nepxanus mononHska KPC. OcHoBy 6a3bl TaHHBIX COCTaBISIOT OOBEKTHI JaHHBIX, UMEIOIINE B CBOCH
CTpyKType popmMy BBOIA U TAOJIUITY, B KOTOPOH 0OBETUHICSTCS TPYIINA MOKa3aTemei.

OTH TOKa3aTEeNN C TEXHOJOTMYECKONH TOYKU 3PEHUS TO3BOJSIT MPOU3BECTH pacueT (4) HA OCHOBE
MoJIeJiel BBIOPOCOB KJIMMAaTUYECKU aKTUBHBIX Ta30B Ha YPOBHE OT/ICIIBHOTO MOMEIICHHUS, OLIEHUTh MX
ypoBeHb (5) u chopMHUPOBATH MACCUB MaHHBIX B TaOmuaHOU opme (6). CrienmanucT (7) myTeM 3ampo-
COB MOJXKET MOJydYaTh HEOOXOIMMYI0 HH(OpMALHIO B BHJIE TAOIHUI] U IPpadUKOB C BHIBOJOM Ha Te4YaTh
HHTEPECYIOIUX pe3yabTaTos (8).

Jns ompeneneHuss BEIOPOCOB YTIIEKUCIIOTO Ta3a B MPOIECCe ABIXaHUSA KHBOTHOTO HA OCHOBAaHHWH
naHubIX, ykaszanueix B PJI-ATIK 1.10.01.01-18!, monyuena mMatemMarnueckas 3aBUCUMOCTD, YUUThIBAIO-
mas ero maccy u remmneparypusie kodduunentsr CO,:

qc02 :(0,172XM+10,79)thXtT5 (1)

rae 9co; —macca Beiopocos CO,, r/(romu); M — macca sKMBOTHOTO, K.
PaccuuteiBaercs ¢, — kO3 QUINEHT, yUUThIBAOIUI n3MeHeHne m1oTHOcTH CO, B 3aBUCHMOCTH OT
TeMIepaTypsl Bozayxa B nomemenu (7, °C), no popmyie

tn =—0,0065x T, +1,9608. )

Koaddunnent, yuntsiBaromuil MHTeHCUBHOCTD BbifeneHus CO, )KUBOTHBIMU B 3aBHCHMOCTH OT
TEMIEpaTyphbl BO3yXa B IOMEIIEHUH (Z,), OPeIeNsAeTCs CIeyI0IUM 00pa3oM:

t: =0,025xT; +0,747. 3

= p .
Beruncienue yacoBeix BeiOpocos CO, rpymnmnoi ;KMBOTHBIX (qc02, r/(r'p.*4)) BBITIOJIHSIETCS 110 BBIPa-
KEHHIO

dlo, =9c0, X1, )

IJIe 71 — MOTOJIOBBE )KUBOTHBIX B IPYIIIE, TOI.
o cyr .
Cytounsle BeIOpockl CO, rpynmoi ;kMBOTHBIX (qcoz> KT/(Tp.'CyT)) BEIYUCIISIIOTCS 110 (hopMyIie

p
o 9C0, % 24' )

9cor =000

OmnpejiesieHue BO3JyX000MeHa MOXKET MPOBOJAMTHCS KaK 10 OTICIIBHOW T'PYIINNE YKUBOTHBIX, TaK
1 B LIEJIOM TI0 TTIOMEIIeHUI0. PacueT Bo3yx000MeHa [0 OTAEIBHON TPYIITIE ) KUBOTHBIX OCIOXKHSIECTCS TEM,
YTO CEKIUU, TJC CONEPIKATCA KUBOTHBIC PA3HBIX BO3PACTOB, HE U30JUPOBAHEI IPYT OT APYra, U ATO CO3-
JIACT HEKOHTPOJIMPYEMBIH BO3yXO00OMEH MEXKy HUMH, KOTOPBI HEBO3MOXKHO OIICHUTH. [IpearaeTcs
3aMepbl KOHIICHTPAIIMH I'a30B MPOBOJANTH BHYTPH CEKIIHH, 2 00EM BO3/TyXa paCCYUTHIBATH TTPOIOPIIHO-
HaJIFHO TUJIONIA Y TI0JIa CEKIIHH, 3aHIMAaeMOM JKUBOTHBIMH. B 11e710M /1J1s MOMeIeH:s pacyeThl Mpejiia-

! MeTomuueckue peKOMEHJAUK 0 TEXHOIOIMYECKOMY NPOECKTHPOBAHHMIO (EPM U KOMILIEKCOB KPYHHOIO POraroro
ckota: PII-ATIK 1.10.01.01-18: [B3amen P/I-ATIK 1.10.01.02-10; BBea. 01.09.2018]. M.: [6. u.], 2018. 166 c.
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raeTcsi MPOBOJIUTH HA OCHOBE YCPETHEHHBIX MoKa3aTenei. IHTeHCHBHOCTE BO3AYX000MEeHa OIpeaens-
eTcst KO3()(HUIUEHTOM KPaTHOCTH BO3IyX000MEHa M PaCCUUTHIBACTCS 10 CIeAyomel popmye:

p
R 0
o=— 02 ©)
(Pco, ~Pco,)
CO»p CO»p
e k,, — K03HUUNEHT KPaTHOCTH BO3yX000MeHa, pas/u; V — BHYTpEeHHHiT 00beM MOMCILCHUS, M’;
pBC02 — xonuenTpauus CO, B BO3yXe IOMELICHHS, T/M; ngz — konuenTpanua CO, B HaApyKHOM BO3-
yXxe, I/m°.
Hmes mannele o koHUEeHTpauu B Bo3ayxe NH,, CH,, H,S, M0kHO IpOH3BECTH pacyeT MacChl BbI-
y 3 4 Hy
OpOCOB 33/IaHHOM IPYTINON )KUBOTHBIX 32 Yac ¢;° (Mr/(rp. 1)):

Q?:(P?*P?)XVXkBo, (7)

B . H .
i€ P; — KOHIEHTPAIUS i-T0 ra3a B BO3/yXe HOMEILEHHMs, MI/M>; P; — KOHIIEHTPALKs i-T0 Ta3a B Hapyx-
HOM BO3JLyX€, MI/M>.
Beruncienne BEIOPOCOB i-ro ra3a OJHMM KHMBOTHBIM 32 9ac ¢; (MI/(TOJL. H)) TPOU3BOAUTCA 1O (hopMyJie

q;"
i
qi =——. ®)
n
CyTOuHbIE BHIOPOCHI i-TO ra3a TPYNION KUBOTHBIX 3 CyTKH ¢;° (T/(Tp.-CyT)) ONMpPENENnsoTCs Co-
TJIACHO BBIPAYKCHHIO

4 = q;" x24
! 1000

OnHUM U3 OCHOBHBIX KPUTEPUEB HKOIOTNYECKO 3()(EKTUBHOCTU TEXHOJIOIMH C MUHUMU3ALUCH
yiep0a oOKpyKarollel cpese MOXXHO IPUHSITh Maccy BbIOPOCOB KaX0I'0o ra3a 10 OTHOILCHHIO K IPOU3-
BEJICHHOM NPOMYKIMHU. PacyeT yeabHbIX MoKa3areleil 3Koornyeckoit sadpdexrusaoctu ¢;” (r/kr npu-
POCTa) TEXHOJIOTMH IIPOU3BOJUTCS 110 (hopMyJIie

A _ (g9 %24/ p)
' 1000
I p — CyTOYHBIA PUPOCT KUBOM MaccChl, KI.
OTpunarensHoe Bo3elicTBre napHUKoBbIX ra30B (CO, u CH,) Ha oKkpy Karollyo cpely OLeHUBAET-
cs1 uepes norenuuan raodansaoro noremwtenus (I, s CO, = 1 u CH, = 23)' ¢ pacuetom CO,-3KB.
(r CO,-3kB/cyT) 1 CO¥*-3kB. (I CO,-9KB/CYT/KTI IPUPOCTA) O CIETYIOMUM BbIPAKEHUAM:

24x(qco, +23%qcmy)

©)

; (10)

CO,-3kB. = , 11
27KE 1000 (h
COY oocp, = CO2KE: (12)

p

Brenpenue npennaraeMoii MOIeTH B TIEPBYIO O4Yepe/b aKTyajbHO B PETHOHAX, TJe MOTEHIIHAI CO-
kpameHus BeioOpocoB KAI sBnsercss HanOompmuM. TakuM perHoHOM siBisieTcs JIeHWHTpanackas o0-
JIaCTh, B KOTOPOH MPOU3BOJICTBO MOJIOKAa MMEET HAUBBICIITHH ITOKa3aTeNb B PO, mocturaromuii 15 ThIC. KT
MOJIOKa Ha TOJIOBY B T'0jl. MOJIOTHSK, ITOJIy4aeMbIi OT BBICOKOIPOMYKTHUBHBIX KOPOB, 00JIagacT 3HAYH-
TEIbHBIM TeHETHYECKIM ITOTEHITUAIOM 1 XapaKTePU3yeTCsl OONBIIMMHI CYyTOUHBIMH TPHUPOCTAMHE KHUBOK
MAacchl, 4TO, HECOMHEHHO, CKa3bIBaeTcsi Ha BhiOpocax KAI mipu ero BelpaiinBaHum.

Amnpobanus mozenu pacueta BeiopocoB KAI (cMm. puc. 2, 6510k 4) TpOBOIMIIACH B TOMEIICHUH JIJIS
MOJIOJHSIKA, PACIIOIOKEHHOM B OJTHOM M3 IJIEMEHHBIX MOJIOUHBIX XO35UCTB JICHUHTpaickoil 001acTH,
o0mum 06bemMoM 14 400 M3, mauHoi 90 M, mMpUHON 25 M, BHICOTOM B KOHBKE 8,8 M. B HeM comepskarcs
518 ron. MononHsAKa BO3pacToM ot 2,5 1o 9,7 Mec., KoTopsle pa3MerieHsl B 15 ceknusax (o 34-35 roix).

' Tasel mapaukoBeie. Y. 1. TpeGoBaHus U pyKOBOJCTBO MO KOJMYECTBEHHOMY ONPENETEHNIO U OTIETHOCTH O BHIOpOCax

U TIOTJIOIICHIH TApHUKOBBIX Ta30B Ha ypoBHe opranuzanun: ['OCT P UCO 14064-1-2021. M.: Poc. HH-T cTaHIapTU3ALHH.
2021.43 c.
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B »TOoM momemieHun ObLT MpoOBelieH MOHUTOPUHT KoHIeHTparuii KA B msaTu Toukax Ha 4eThl-
pex yposasx (0,3; 0,7; 1,5 u 2,0 M) u Bo BHemHel cpene. B kax ol Touke W3MepeHUs BBITIOTHSIIUCH
B TeueHne 10 MuH, a WHGOpPMAIUS 3aIMUCHIBANIACh HA AJIEKTPOHHBIN HOCHTENh C MHTEPBAJIOM OIpOCa
maTaukoB 5 ¢. CpeqHue 3HAYEHUs TeMIlepaTypbl HA MOMEHT TPOBEACHHS MCCIEIOBAaHUN COCTABHIIH:
B momerennu +0,3 °C, na ynume —8,1 °C.

[Ipn MoHHMTOpHHTE TapaMeTPOB MUKPOKJIMMATa B TIOMEIIEHUHN Il conepkanust Monogasaka KPC
pasHBIX BO3PACTHBHIX IPYNIN KMBOTHBIX OBLIO YCTaHOBJEHO, 4TO KOHUEeHTpauuu CO, COCTaBISAIOT
(3 100 + 330) mr/m*, CH, — (88,5 + 1,25) mr/m®, NH; — (3,58 + 0,83) mr/m®, H,S — (0,037 + 0,013) mr/m>.
ITpu 3TOM HabIIOAAMNCH U3MEHEHHs KPaTHOCTH Bo3nyxoobOmeHa k,, = (0,86 + 0,17), cBa3aHHbIE C He-
PaBHOMEPHOCTHIO ABUKEHUS BO3AYIIHBIX TOTOKOB BHYTPU MTOMEIIICHUS.

[onmy4eHHBIN MacCHB JIaHHBIX TAPAMETPOB MUKPOKJIMMATA MTO3BOJIUI IIPOBECTU PacyeT MaCChl BbI-
opocoB KAI o monenu (cM. puc. 2, 610k 4) B 3aBUcHMOCTH 0T Bo3pacTa mononuska KPC. PesynbraTs
pacdera mpencTaBieHbl Ha puc. 3.

AHanu3 puc. 3 MoKa3bIBaeT, 4YTO C YBEIWYSHHEM BO3pacTa XKUBOTHBIX OT 3,2 10 9.4 mMec. BEIOPOCHI
CO, Bripocau B 1,86 pasa, NH, — B 2,07 pasza u CH, - B 1,64 pa3a. BeiOpockl cepoBoopozia, He yKa3aH-
HBIC Ha MaHHOW auarpamme, coctaBmiu 0,057-0,65 mr/(ror-4).
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Fig. 3. Mass of climate-active gas emissions depending on the young cattle age
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Fig. 4. Dependence of specific CO, emissions on the daily live weight gain in young cattle, g/kg of gain/day
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Fig. 5. Dependence of specific NH, emissions on the daily live weight gain in young cattle, g/kg of gain/day
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Fig. 6. Dependence of specific CH, emissions on the daily live weight gain in young cattle, g/kg of gain/day

B xauecTBe mokazarensi 3KOJIOrn4eckoi 3()(heKTHBHOCTH TEXHOJOTHH BBIPAIIMBAHUS MOJIOAHSIKA
MOXHO NPUHATH KOJIM4ecTBO BbIOpocoB KA, mpuxonsmuxcss Ha eIMHULY NPOAYKLUH, T. €. Ha | KT
MPUPOCTA )KUBOU Macchl. YeM HM)KE 3TOT MOKa3aTellb, TEM MEHbIIE BPel, HAHOCUMBIA OKpY Karomei
cpene mpu 00eCIIeYeHNN 3aJaHHBIX TEXHOJIOTHYESCKUX TlapamMeTpoB. Ha puc. 4—6 mpencraBieHsl pac-
YETHBIE 3aBUCUMOCTH yJeNbHbIX BEIOpocoB CO,, NH; u CH, Ha KT mpupocTa )KMBOM MacChl MOJIOAHSKA.

U3 rpadukoB BUIHO, YTO C YBEIMYCHUEM MPHUPOCTA KUBOW MacChl MOJIOJHSIKA, CBSI3aHHOTO C MH-
TEHCHBHOCTBIO HCIIOJIb3yeMOW TEXHOJIOTHH, yhelbHble BbIOpockl KAI' Ha KT mpupocTa CHHKaloTCs.
DTO CBHJIETENIBCTBYET O HEOOXOIUMOCTH MPUMEHEHHs HanOosee 9Q(PEKTUBHBIX HMHTEHCUBHBIX TEXHO-
JIOTHiA, TIO3BOJIIOIIUX MTPH BBIPAIIMBAHUH MOJOIHSIKAa MUHUMHU3UPOBAThH SKOJIOTHYECKHUH yIepO oKkpy-
JKaroILeH cpele Mpyu NPOU3BOACTBE €ANHULIBI TPOAYKIUH.

BeiBoabl. AHanu3 HAy4YHOU JIMTEPATYpbl IOKa3ajd, 4TO MOJEIU, METOJBI U CTpPaTEruu, CBS3aH-
Hele ¢ BoiOpocamu KAID mpu comepxanun KPC, aktuBHO pa3pabaThiBaloTCs BO MHOTHX CTpaHax.
HccnenoBarenn oTMevaroT UX 3HAUMTENBHBINA MOTEHIMAJ JUJIsS MPOTHO3UPOBAHUS U CHUKEHHS Bpell-
HOT'O BO3JICHCTBUS HA OKpYyXarolylo cpeny. Hanbomnbiee pacnpocTpaneHne B paboTax 3a MocjaeJHue
5 JeT moy4HJIM MOJIeNIH, HallpaBJIeHHbIE Ha pacyeT U MPOTrHO3MPOBAaHNE YPOBHEH BRIOPOCOB METaHa OT
B3POCIJIOr0 CKOTAa U aMMHUaKa OT HaBO3a.

[lo pe3ynbraraM HpPOBEOCHHBIX TEOPETHUYECKUX HCCIEJOBAaHMHN Oblla pa3zpaboTaHa CTPYKTypHas
cXeMma OIeHKHM ypoBHS BBIOpocoB KAI, B KOTOpOI TJIaBHBIM 3JIEMEHTOM SIBISETCS MOJAEIb pacdeTa
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BBIOPOCOB 3THX ra30B U3 NOMEIEHH pH BbIpamuBanuu Mojonuaka KPC. Ha ocHoBe pazpaboTaHHbBIX
MaTeMaTH4YeCKUX 3aBUCUMOCTEH npousBoauTcs pacuet Boiopocos CO,, CH,, NH, n H,S ¢ yyerom nan-
HBIX MOHUTOPHHTA U TEXHOJIOTUYECKUX ITapaMeTPOB.

C nucnonp3oBaHUEM pa3paboTaHHONH MOOMIBHOM TUTaT(OPMBI MHOTOYPOBHEBOTO MOHHUTOPHHTA KOH-
HEHTPANHA KIUMATHIEeCKH aKTHBHBIX Ta30B ObLIH MPOBENIEHBI UCCIEI0BAHNS TTapaMeTPOB BO3YIITHON
CpeIBI B TOMEIIeHNH [ coneprkanus monogasaka KPC. VMccnenoBanus mpoBOAMIIHCE IPH TEMIIEpaType
Bo3ayxa B nnometenuu 0,3 °C, mpu 3ToM pacdeTHble BeIOpockl CO, B cpefiHeM coctaBuiu 62,8 r/(roi. u).
C nmpumeHeHueM pa3paboTaHHOI MOJIENH MTPOU3BECHBI CIENYIOLIHE PACUEThI: IPU POCTE TEMIIePaTyphl
Bo3ayxa 10 +10 °C BeiOpocsl CO, yBenuuarcs Ha 29 %, npu Temneparype +20 °C poct coctaBurt 55,9 %,
YTO CBSI3aHO C BO3pacTaHWEM MHTEHCHBHOCTH JBIXaHUS KUBOTHBIX, H3MEHEHUEM IJIOTHOCTH YTIIEKHC-
JIOTO ra3a U YUYUTHIBAETCSI COOTBETCTBYIOIIMMU KO3 puimentamu.

AHanoruuHbIe 3aBUCUMOCTH CyIIEecTBYIOT U st apyrux KAIL, Ho 3TOT Bompoc TpedyeT JOnoiTHH-
TEJIBHBIX UCCIIEIOBAaHUN.

MogenvupoBaHue TOKa3ajo, 9YTO PaCUeTHBIE BRIOPOCHI B IEJIOM JIJISI UCCIENYEMOTO IOMEIIEHUS CO-
crasuu: CO, — 781,0 kr/cyt; CH, — 24,9 xr/cyt; NH, — 1,1 kr/cyT; H,S — 0,003 kr/cyT.

PazpaboTtanHas MOAENb MO3BOISIET MPOU3BOUTD PACUETHI IS PA3IMIHBIX 00BEMHO-TIITAHIPOBOY-
HBIX pEIICHUH MOMENMEHNH W MIMPOKHUX JMAIa30HOB TEMIIEPATYpPHO-BIAKHOCTHBIX PEXHMOB B HHX
C YYETOM pa3Ho00pa3us GopMUPYEMBIX TPYIII 10 BO3PACTY M KUBOK Macce MoJiofHsika KPC.

[lomy4yennsle pe3yapraThl OyAyT HCHOJIB30BaHbI MPU pa3pabOTKe PEKOMEHIAIMN K TeXHHUKO-TeX-
HOJIOTHYECKUM DPELICHUSAM MO CHUKEHHIO SMHCCUU KJIMMAaTHUYECKH aKTHUBHBIX T'a30B B OKPY KAIOIIYIO
Cpeay M3 JKMBOTHOBOAYECKHUX MOMEUIEHUH 7151 coaepkanus MosioaHska KPC.
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COBPEMEHHBIE MOJEJIN PABBUTHUSA ATPOCEPBUCA B BEJIAPYCH:
CEPBUCHAS CIEHAAJMU3ALINA U PUHAHCOBASI YCTOMUYHUBOCTD

AnHorauus. [IpencraBieH CHCTEMHBIH aHAIN3 BONIOLHMK U COBPEMEHHOTO COCTOSIHHS arpocepBuca B Pecry0inke
benapyce. OTpakeHa ero 3HaunMas poJib B pa3BUTHH KPYyITHOTOBAPHOI'O CEJIbCKOX034HCTBEHHOI0 Ipon3BoacTBa. Ha ocHoBe
ombITa NpeaIpUsATHIl [ pOJHEHCKOI 00J1aCTH OMTUCAHBI TPU MOJIENIN (DYHKIHOHUPOBAHUS: KJIACCHYECKasi CEPBUCHO-OPUCHTH-
poBannas (100 % BeIpyYKH OT YCIIyT), CeIbCKOX03sICTBEHHAs (arpocepBuc ¢ coocTBeHHBIM 3emuteienueM Ha 200—1 000 ra)
U IPOMBINIUICHHAS (THOpuAHAs, Tie 0koao 90 % BBIPYUKH OpraHU3aIMs MOTydaeT OT MPOU3BOACTBA TEXHUKH U 000py/10Ba-
HUs1). YCTAHOBJICHO, YTO HU3Kasl IJIATCIKECIIOCOOHOCTh CEIbX030pTaHM3alliil U citabas TmiaTexHas aucuuminHa (1o 60 %
IIaTeXeH ¢ 3a1epKKoit 0T 2 10 6 Mec.) 0OBEKTHBHO BBIHYKAAIOT CEPBUCHBIC TPEIIPHATHS TUBEPCUPUIIPOBATE JOXO/IbI
4yepe3 yxo[ B HenpoduibHble cdhepbl. Takoe perieHue JoKalbHbIX (UHAHCOBBIX MPOOJIEM BEET K yTPaTe TEXHOJIOTHUECKOM
CreMaIN3aINK ¥ Je(DHIUTY CEPBUCHBIX MOIIHOCTEH. BriepBble MpoBe/ieHa OlIeHKA IKOHOMHUYECKOI 3 PEeKTHBHOCTH MO/e-
Jell ¢ y4eTOM peasbHbIX JACHE)KHBIX IOTOKOB U PUCKOB HEILIATEXkEil, 4TO MO3BOJIMIIO 0003HAUUTh CKPBITHII MapaioKc: Kiac-
cHYecKast MOZIeNb IpU (POpMAIIbHO BEICOKHX ITOKA3aTeIsAX PEHTa0CIEHOCTH TeHepHPyeT MaKCHMAaJIbHBIE KAaCCOBBIC PAa3PhIBEI,
yrpoxatouue ee puHaHCOBOH yCTOHYMBOCTH. PaccMOTpeHbI MEpbI TOCYJAPCTBEHHOTO PEryIMPOBAHMUS, BKIIIOYAs LICHOBBIC
OrpaHUYEHUS], TOBAPOOOMECHHEIE OIIEPALNH U CO3JJaHHE MEKPAHOHHBIX MEXaHU3UPOBAHHBIX OTPAI0B. [IpeiioskeH KoMILIeKe
Mep 110 HOBBILIIEHHIO (pUHAHCOBOH JUCHUIIIMHBI CEJIbX030praHU3aMKi U COXPAHEHUIO NPOQHUIBHON CIELHAIN3AUK arpo-
CEPBUCHBIX NPEIIPUSATHIL.

KuroueBble cj10Ba: arpocepBuc, CEPBUCHAS ClieLUANIN3alns, (PUHAHCOBAS YCTOHYNBOCTD, AMBEPCU(UKALINS, CEIbCKO-
XO3sHCTBEHHBIC OpPraHU3alHlU, pecypcocOeperaonne TeXHOIOTHH, YPPEKTHBHOCTh arpOCEPBUCHON AEATSIEHOCTH, KOHKY-
PEHTOCHOCOOHOCTD

Jas nurupoBanus: Kazakesuu, [1. I1. CoBpemeHHbIe Mozienn pa3BUTHs arpocepsuca B bemapycu: cepBucHas crerua-
nu3anust U puHaHcoBas ycroinunBocts / I1. T1. Kasakesuu, A. B. ITununyxk, H. B. Apriomesckuii / Becui HaupisiHanbHai
akazpMii HaByK bemapyci. Cepsist arpapHbix HaByK. — 2026. — T. 64, Ne 4. — C. 319-330. https://doi.org/10.29235/1817-7204-
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MODERN MODELS OF AGRICULTURAL SERVICE DEVELOPMENT IN BELARUS:
SERVICE SPECIALIZATION AND FINANCIAL SUSTAINABILITY

Abstract. The paper examines the evolution and current configuration of agri-service enterprises in the Republic of
Belarus and their role in supporting large-scale agricultural production. Using evidence from several service companies in
Grodno region, the authors identify three distinct business models — a classical service-centred operator (100 % revenue from
services), a mixed agri-service with own farming on 200—1,000 ha, and an industrial-agri-service hybrid (~90 % revenue
from equipment production) — and quantify their financial performance under conditions of persistent payment delays by
farm clients. The results show that illiquidity and weak payment discipline in the primary agricultural sector (up to 60 % of
payments delayed 2—6 months) systematically push agri-service firms to diversify into non-core activities, which helps to
close short-term cash gaps but erodes technological specialization and leads to a structural shortage of service capacity. For
the first time, the models’ economic efficiency was assessed using actual cash flows and non-payment risks, revealing a hid-
den paradox: despite formally high profitability indicators, the classical model generates the largest cash gaps, threatening its

© Ka3zaxkesuu I1. I[1., [Tumumyk A. B., Aptromesckuii H. B., 2026



320  Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 319-330

own financial sustainability. The article analyses recent policy instruments, including price regulation, targeted exemptions
for barter operations and the establishment of inter-district mechanized units, and argues that these tools can only be effec-
tive if combined with measures to strengthen financial discipline of agricultural producers and to explicitly prioritise service
revenues in support schemes for agri-service enterprises.

Keywords: agri-service, service specialization, financial sustainability, diversification, agricultural organizations,
resource-saving technologies, efficiency of agri-service activity, competitiveness

For citation: Kazakevich P. P, Pilipuk A. V., Artyushevskiy N. V. Modern models of agricultural service development
in Belarus: service specialization and financial sustainability. Vestsi Natsyyanal nai akademii navuk Belarusi. Seryya agrar-
nykh navuk = Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 319-330
(in Russian). https://doi.org/10.29235/1817-7204-2026-64-4-319-330

Beenenue. BaxxHoe 3B€HO COBPEMEHHOT'0 OEJIOPYCCKOI0 KPYITHOTOBAPHOI'O CEJILCKOTIO XO35IHCTBA —
arpocepBuc. DTO MHOTO(QYHKIIMOHAJIBHOE OOCIYKHBAIOIIEEe MPEIIPHIATHE, KOTOPOE O0eCIeunBacT
HCIIOJIb30BAaHUE IPOMBILIUICHHBIX TEXHOJOIHH, pecypcocOepekeHre U, KaK CIEACTBHUE, KOHKYPEHTO-
CHOCOOHOCTh CEJIbCKOXO35UCTBEHHOr0 MPou3BocTBa. OQHAKO, HECMOTPSI Ha BaXKHOCTH JIAaHHOW cde-
PBI, IPAKTHYECKAs HBOJIIOLMS arPOCEPBUCHBIX CTPYKTYP B PsJie CTPaH C IEPEXOAHON SKOHOMHUKOM Jie-
MOHCTPUPYET YCTOHUMBYIO TEHACHIIMIO K Pa3MBbIBaHUIO WX MPOQHUILHOHN crienuann3anui. B ycioBusix
YKPYIIHEHHS CEeIbCKOXO3SUCTBEHHBIX MPEINPUITHH UM, HAIPOTUB, IPU HOMNBITKAX CAMHUX arpocep-
BUCHBIX CTPYKTYP AMBEPCUPHUIMPOBATH TOXOABI, HAOIIOAACTCS MOCTENEHHBIH YXOI U3 cephbl ycIuyT
B chepy HEPBUYHOTO IPOU3BOACTBA MJIM MPOMBIILIJICHHOTO U3rOTOBJICHUS MPOAYKIMH. DTOT MPOLECC
yCyTryOJIsieTCss HU3KOM TIaTeKEeCIOCOOHOCTRIO U ¢1a00# IMIaTeKHOM JUCIMIUIMHON OCHOBHBIX TOTpE-
outenell yciyr, 4To (OPMHUPYET CUCTEMHBIC KACCOBBIC Pa3pbIBbl M BBIHYKAAET CEPBHCHBIC KOMIAHUH
HCKaTh allbTEepHATHUBHBIC, 324aCTYI0 HEMPOPHIbHBIC, UCTOYHUKH BBIPYYKH.

Pe3yabraThl Mcciie10BaHUN U UX 00cyxKAeHHe. DBOIONMS TEOPETHUYECKUX M NMPAKTUYECKUX MOJI-
XOJIOB K OpraHW3allM arpocepBrca OTpa)kaeT MOMCK OanaHca MEXKJIY TOoCyIapCTBEHHBIM peryiupoBa-
HUEM M PIHOYHON CaMOCTOSATENBbHOCTHIO. Ha HauamsHOM aTamne pedopmupoBanus (1993 r.) paspymienue
LEHTPATN30BAaHHOW CHCTEMBI CHaOXeHHs TpeOOBaJIO MOITAIMHOIO MEPEXoia K PIHOYHBIM OTHOIICHHSIM
C COXPAaHEHUEM 3JIEMEHTOB FOCYAAPCTBEHHOM MOAAEPIKKH ISl TPEAOTBPAILEHHUS KOJUIAIICA CeJIbCKOX0351H-
CTBEHHOTO MPOU3BOACTBA [1, C. 6]. B ycloBusix cTraHOBICHUS PHIHOYHBIX OTHOICHM (1996 T.) ObLITa 000-
CHOBaHa HEOOXOAMMOCThH TpaHC(HOPMALMN CUCTEMBI CHAOXKEHHSI IIyTeM CO3JaHUSI CTPYKTYP, aHAJIOIHY-
HBIX 3aMaHbIM JUIEPCKUM CETSIM, KOMUCCHOHHBIM NpeanpuatusM. [Ipu 3Tom nmoguepkuBaiock, 4To je-
MOHOTIONH3AITHS C(hepbl ABISETCS KIFOYEBBIM YCIOBHEM ee d(h(heKTUBHOTO (pyHKIIMOHUpOBaHUS [2, . 25].

K nauamy 2000-x rr. goKyc cMECTHJICS B CTOPOHY HHTETPALMOHHBIX MPOLECCOB. ApryMEHTHU-
poBaHa 11e1eco00pa3HOCTh CO3AaHMsI XOJIJUHTOBBIX CTPYKTYP (Ha npumepe KoHuenuuu «berxarpomar-
TEXCEePBUCAy), 00bEANHSIONINX MAITUHOCTPOCHHE, TEXHUIECKOE 00CTy)KUBaHNE U CHaO)KeHHE Ha Oase
rocyJapCTBEHHON COOCTBEHHOCTH C 3JIEMEHTAMHU IPUBATU3ALMH, YTO [I03BOJISIO POBOIUTE CIUHYIO
TEXHUYECKYI0 MONUTHKY [3, c. 4-5]. B nanpHelimeM Hay4dHas MBICIbH pa3BUBajach B HaIlpaBJICHHUU
aJanTHBHOIO YIPABJICHUS M MHHOBALMNA: HEOOXOAMMOCTb BHEIPEHMS] HOPMAaTHBHO-3KOHOMHUYECKUX
MeXxaHu3MOoB [4, c. 215], BaXHOCTh KOHCTPYKTUBHOW, MHHOBAIITMOHHON aJlalTalliy MPEANPUATHHI K pbI-
HOYHOW KOHBIOHKTYDE [5, c. 89; 6, c. 264] (Tadmn. 1).

Tab6numa 1. DBoIONUs TeopeTHYECKHX MOAXOI0B K opranu3anuu arpocepsuca B AIIK

Table 1. Evolution of theoretical approaches to the organization of agri-service in the agro-industrial complex

[epuon/McTounnk Kurouesoii moaxon OcHoBHOH (hoKycC nccae 0BaHUS

1990-e rr. [1, 2] Tpanchopmarus u remono- | Ilepexo oT HEHTPaTU30BaHHOTO (POHIUPOBAHUS K PHIHOUYHBIM

HOJIN3aLUS CTPYKTypam, CO3J[aHue JTHIICPCKUX CeTel, TU3HHTOBBIX
1 KOOIIEPaTHBHEIX (hopm

2000-e . [3] BeprukanbHas 1 TOPH30H- Co3znanuie XONIUHTOB, 00bEAMHIIOMINX MAITHHOCTPOCHUE, PEMOHT
TaJgbHAS MHTETPAIHs 1 cHaOKeHHe TS TPOBEICHNS €IMHON TEXHUUECKOH MONUTUKH

2010-err. [5,7,8] |CoBepiienctBoBanue B3au- | HarypanbHas omiata, nuddepeHnnpoBaHHas 110 ypoxKaiHoCTH,
MOpPAc4eTOB M HHHOBANH KOOTepaTHBHBIE MOAETH, MaTeMaTHIECKasi ONITUMU3AIIVS MHHOBAIIH-

OHHBIX nopTdeneit

CoBpeMeHHbI# 3Tan | AjanTuBHOE 1 HOPMAaTHBHOE | BHenpeHne MexaHM3MOB B3aMMHOIO IPOHMKHOBEHU S KallUTAJIOB,
[4, 6] yIpaBJIeHUE LICHOBOE€ HOPMUPOBAHKE, KOHCTPYKTHUBHAS afaNTallUsl
K KPU3UCHBIM SIBJIICHHSIM
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Hanpueiimee yrimy0ieHne TeOpeTHYECKUX MPEACTaBICHUN 0 QyHKIMOHUPOBAHUH OTPACIH OIUpa-
€TCsl Ha aHallu3 PETMOHANIBHBIX M 3apyOeKHBIX MPAKTHK, & TAKXKe MPOOJIEMATHKY aJanTallud K pbl-
HOYHBIM YCJOBHUSIM. B wacTHOCTH, B [9] 110 TaHHOMY MOBOAY YTBEpIKAAETCA, YTO, «KaK ITPABUIIO, TIPE-
MIPUSATHS arPOCEPBHCA — DTO TAKUE OPraHU3aINH, KOTOPbIE M3HAYAJIBHO (DOPMHUPOBATICH U3 MAJIEHBKUX
¢bup™M ¢ HEOONBIITNM IITATOM, TA€ KX COTPYAHUK COBMEIIAN HECKOIBKO JTOKHOCTEH, OTBEYas 3a
BEITIOJTHEHHE Pa3HbBIX BUIOB paboT. 3aTeM, IO Mepe pocTa, GUPMBI CTAHOBIITHCH OoJiee TpodheCcCHOHATh-
HBIMHU OpPTaHM3AIUAMH, YKPEIUJIAsS CBOM MO3WLHNH HA PBIHKE, MpHoOpeTas H3BECTHOCTh, 00pa30BhIBaL
000CO0JICHHBIC CTPYKTYPHBIC MOApPa3ACicHUs — (DUIMaibl, PEICTABUTEIBLCTBA». BOMpPOCk pa3BUTHs
TOPTOBJIM CEPBUCHBIMU OPraHU3ALMSAMU MPH MOCTaBKax arpoxuMuu paccmarpuaroTcs T. Turienko,
O. Koponenko [10], koTopbie TOTYEPKUBAIOT BAXKHOCTH JAHHOTO HAMPABJICHUS B XO3IMCTBEHHOM esi-
TEIBHOCTH arpoCepBHUCOB.

OyHnamMeHTaJdbHbIe MPOOIEeMbl CE0ECTOMMOCTH M JEMOHOIIOJIU3ALMU BTOPUYHOTO PBIHKA pac-
kpbIThl [ S, Kazaxosoit B [11, c. 124]. Jloka3aHo, UTO «C yBEJIUUYCHUEM UMCIA MPOU3BOAUTENCH pe-
MOHTHO-TEXHHYECKHX U TOPTOBO-TEXHUYECKUX YCIYT CO3/IAFOTCS MPEATIOCBUIKU K 3apOXKICHHUIO MX
KOHKYPEHITNH, OTHAKO WX CHI)KCHHE OT'PaHMYHMBAETCS CpPeIHEl ceOeCTOMMOCTBIO YCIYT, OKa3bIBae-
MBIX MEJIKUMHU TPEANPUITUIMUY. POCCUUCKUN OMBIT OpraHu3alii CEPBUCHBIX CETEW MOJATBEPKIaeT
3 PEeKTHBHOCTH MOITHBIX AMJIEPCKUX CTPYKTYP, CUCTEMBI trade-in  BEICOKUX CTAHIApPTOB MOCIIEIIPO-
JTAYKHOTO 00CITyKUBAHUSI, TOCKOIBKY «(PUPMBI — TPOU3BOAUTENN CEIHCKOXO3IHCTBEHHBIX MAIINH pea-
JIU3YIOT MPUHIUIIBI ayTCOPCUHTA U (ppaHuaiizuHray [12, ¢. 30]. AHAIOrHYHBIC BBIBOABI O KPUTHUCCKOM
Ba)XHOCTH Pa3BUTHSI BTOPUYHOTO PHIHKA U (PUPMEHHBIX TUJIEPCKUX HEHTPOB Ha (OHE CHYIKEHHS TeX-
HHUYECKON OCHAIIEHHOCTHU X03sicTB caenansl . Knumunsim [13, c. 164]. [lokazaHo, 9TO «TeXHUYECKAS
OCHAIIIEHHOCTh CEJIbCKOXO3UCTBEHHBIX OPraHU3alui Pa3IMYHBIMH BHAAMHU CPEICTB MEXaHHM3aIHH
MOCTOSIHHO CHUYKAETCSI.

B ycroBusix puHaHCOBOM HECTAOMIBHOCTH O0COOYIO POJIb UTPAIOT MEXaHU3MbI MHTETPAIH U B3au-
MopacueToB. A. [. CuHiokoBbIM [8, ¢. 171] ortucan ombiT CHOMpPH, TI€ MUPOKOE PACIIPOCTPAHEHUE TIO-
TyquIT OapTep, MOCKOIBKY «OTIaTa MPON3BOICTBEHHO-TEXHOJIOTHIECKUX YCIYT OCYIIECTBIISIETCS B OC-
HOBHOM B HAaTypaJbHOM BBIpaXXeHHUI». [[pr 3TOM aBTOp OTMEYaeT, 9TO «MOJIENh KOOTIEPATHBHOTO THTIA
Oojee TPeANOYTUTENbHA, HOO TMPHUOBLTN3AINS arpPOCEPBUCHBIX MPENNPUATHHA 1I0 BTOPOMY BapHaHTY
MpUBeJa K YIIEMJICHIIO SKOHOMHUYECKUX HHTEPECOB CEIbX03TOBapompon3BoauTeneit» [7]. Ha moctco-
BETCKOM TMPOCTPAHCTBE, B YaCTHOCTU B Tamxukuctane [14, c¢. 46], Mpou30IIIO pEe3KOe COKpaIcHUE
MaTepHaJbHO-TeXHUYEeCKOi 0a3bl mocie pedopM U BO3HHKIA HEOOXOAMMOCTH 3aKOHOJATEIBHOTO 3a-
KpETUICHUST HAJOTOBBIX JIBI'OT, TAK KaK «IIPEJOCTaBICHHBIC JILIOThI CIOCOOCTBOBAJIN YBEIHUCHHUIO KO-
JMYECTBA PEPMEPCKUX XO3SUCTB U UX PA3BUTHION.

Hecmotps Ha Goratelif TeopeTHuecKuil 0a3uc, MpakTHUECcKas pealu3amus CTalIKUBaeTcs ¢ mpooie-
MOH yTpaThl arpocepBUCOM CBOeH ocHOBHOM (pyHKIMH. Ha mpumepe ['opogokckoro pafiona yoeauTensHO
JIOKa3aHO, YTO MPUCOSAMHEHNE YOBITOUHBIX CEIThCKOXO3SHCTBEHHBIX PEAPUITHI K paliarpormpoMcHa-
Oy TpeBpaIaeT CepBUCHYIO OPTaHHU3aAIUIO MPEHUMYIIECTBEHHO B ITPOU3BOAUTENS CEITHCKOXO3SHCTBEH-
HOM TIPOMYKITUU. DTO MPUBOAUT K COKPAMECHUIO 00BEMOB pabOT M0 arpOCEPBUCHOMY OOCITYKHUBAHUIO
IPYTHX XO3SMCTB paiioHa M HE TIOBHITIACT O0MIY0 3P PeKTHBHOCTH cekTopa [15, c. 48—49].

AHanmu3 JesITeIPHOCTH KOHKPETHBIX arpOCEPBHCHBIX OpraHm3anuil ['pomHeHCKONW 00JacTh IMom-
TBepkaeT 3ToT TpeHAd. Tak, manusle nmo KIIVII «HoBorpyackas ceiabXo3TeXHUKa» (THIUYHOE arpo-
CEpBHCHOE MpEIIPHUATHE) MOKa3bIBAIOT, YTO, HECMOTPS Ha YMEPEHHBIH POCT BBIPYUKH, MPEINpUITHE
CTaJIKHUBAETCS C KPUTHUYECKMM POCTOM KPATKOCPOUHOM KPETUTOPCKOM 3aJ0JKEHHOCTH, KOTOopas NpH-
ONMKaeTcs K YPOBHIO TOJOBOM BBIPYUYKH, YTO CBHJIETEIBCTBYET O BBICOKOM 3aBHCHMMOCTH OT BHEIIHUX
HMCTOYHUKOB MOKPBITHS TEKYIIUX pacxoqoB. OAO «BopoHOBCKasl CETbX03TEXHUKa» IEMOHCTPUPYET IO-
JIOXKUTENBHYI0 THHAMUKY, HO OCHOBHOH 00heM BRIpYUYKH (0K0JI0 90 %) GpopMupyeTcs 3a cYeT Mpor3BOI-
CTBa TPUIIETIOB, TO €CTh TPOMBIIIUICHHON JAEATEIHHOCTH, TOT]a KaK MEXaHU3UPOBAaHHBIC Pa0OTHI U aBTO-
TPaHCIIOPT 3aHUMAIOT He3HauuTeNnbHyI0 0. OAO «lVIBbeBCKast CENbXO3TEXHHUKA» (TAaKiKe THITUYHOE
arpoCepBUCHOE MIPEAIPUSITHE) XapaKTePHU3yeTCs BOJATUIFHOCTHIO BRIPYYKH U OTPaHUYEHHBIM PE3EPBOM
WHBeCTUITNH B oOHOBIIeHNE Tapka TeXHUKU. OAO «/IATI0BCKas CENMBbXO3TEXHUKAy IMPOIIIa paTuKaib-
HYIO TpaHC(OPMAIIHIO, CMECTUB (POKYC € CEPBUCHBIX YCIYT Ha MPOU3BOACTBO JIOUIBHOTO 000PYJOBAHHS,
JIOJIS1 KOTOPOTO B BBIpYUKe ocTUraeT 91 %, 4To Mo3BoJsSeT OOHOBIATH MAIIMHHO-TPAKTOPHBIH MapK.
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BaXHBIM MHCTPYMEHTOM TOCYAapCTBEHHOI'O BO3ACHCTBHUS Ha (PMHAHCOBBIC MOTOKU B arpompo-
MBIIIJICHHOM KOMIIJIEKCE BBICTYIMAET LeHOBoe peryiupoBanue. [loctanoBiaenune CoBeta MUHHCTPOB
Pecnyonuku benapych ot 19 okTsa0ps 2022 1. Ne 713 «O cucteme perynupoBaHUs [EH» periiaMeHTH-
pYeT cucTeMy OrpaHMYEHHs! POCTa IIEH M 3allpelacT TOBapOOOMEHHBbIE olepaluu 0e3 MOCTYIJICHUS
JEHEXXHBIX cpeacTs. [ mpennpusiTuii arpocepBuca, (yHKIHOHUPYIOUINX B yCIOBUAX Aeduinrta 060-
POTHBIX CPEICTB Y CEIbCKOXO3SICTBEHHBIX OPraHn3alni-3aKa3uuKoB, II0100HbIE OIPAHUYEHUS CO3/1a-
10T JIOTIOJTHUTENbHBIE Oaphepbl. OIHAKO HOpMATHUBHAS 0a3a ImpeaycMaTpruBaeT UCKITFOUSHHSI, TI03BOIsI-
IOIIME TIPUMEHATH TaKUe MOIXO/IBI.

[lokazarenpHBIM MPUMEPOM aJANTAlMH FOCYAAPCTBEHHOTO PEryJMPOBAHUS K peajusM arpapHo-
ro CeKTopa SIBJseTCs pelieHue ['pogHEeHCKOro 06IacTHOrO UCIOJIHUTENBHOTO KOMUTETa OT 22 ampe-
ns 2025 1. Ne 224, JlaHHBIM HOPMATHBHBIH aKT yTBEPAMJ MEPEYCHb TOBAapOOOMEHHBIX OINEpalui,
B KOTOPBIX CyOBEKTBI arpocepBHca, TAKUE KaK paHOHHBIC TMPEATNPUATHS CEIbXO3TEXHUKH, MOTYUNIH
[PaBO OCYILECTBIIATH OapTep, MEHY M 3a4eT B3aWMHBIX O0s3aTeNbCTB 0€3 JBMKEHUS HAJIUYHOCTH.
[IpeanpusaTrs TEXHUYECKOTO CEPBHCA CMOITIN «OOMEHUBATHY BBIIOJHEHHbIE PEMOHTHBIE PaOOTHI, 3a-
[IACHBIE YaCTH U CEJIbCKOXO35HCTBEHHbIC MALIMHBI HAa MPOAYKIMIO PACTCHUEBOIACTBA U KUBOTHOBOJI-
CTBa, BKJIIOYas 3€pPHO, MOJIOKO, CKOT M KOpPMa, HE Hapyllas IPU 3TOM PeCIyOJIMKaHCKUX OrpaHUYCHUH
T10 TICHOOOPa30BaHHUIO.

Huzkast ninarexecnocoOHOCTh CETbCKOXO3SIMCTBEHHBIX OpraHW3alliii, 3ampeT OONBIIMHCTBA TOBA-
POOOMEHHBIX ONEpaNHii U UX YACTHYHAS JICTAIN3alNs Yepe3 PerHoHalIbHbIC HCKITIOYCHUST (POPMHUPYIOT
JUISl arpocepBrca HHCTUTYIIMOHANIbHYO JIOBYIIKY. Kiaccuueckast cepBrcHas crienuanin3amnus B TaKUX
YCITIOBUSIX OKa3bIBACTCS IKOHOMHYECKH HEBBITOJHOH: YTOOBI KOMIICHCHPOBATH KaCCOBBIC Pa3pBIBHI,
MPEANPUITHS BBIHYKACHBI YXOAUTh B IPOU3BOJICTBO MJIM TOPTOBIIO. ITO BEIET K CUCTEMHOMY Aedu-
LUTY NPO(UIBHBIX CEPBUCHBIX MOLTHOCTEH.

[lapannenbHO ¢ MepaMH MO TOYEYHOH aJanTalMd SKOHOMHYECKOTO PEryJIMPOBaHHS K peausiM
arpapHoro CEeKTopa rocyapcTBO NPEANPUHUMACT LIary M0 HEeHTPaJIU30BaHHO PETYIUPYEMOMY COXpa-
HEHMIO CHELHUATU3ALUHU U TEXHOJIOTHIECKOMY OOHOBIICHUIO MaTepHaIbHO-TEXHUUECKOI 0a3bl arpocep-
BHUCHBIX Tipeanpusatuil. [loctanoBiaenne Coera MunnctpoB oT 10 mexadps 2024 . Ne 938 «O mex-
paliOHHBIX MEXaHH3UPOBAHHBIX OTpsmax» (maiee — mocrtaHoBieHne Ne 938) memMoHCTpHUpYET Kypc Ha
LEHTPAITH30BAHHYIO MOIAEPKKY TPO(UIBHBIX CEPBUCHBIX Opranu3amnuii. JJokyMeHT mpenycMaTpuBaeT
MIpsIMbIE TOCYAaPCTBEHHBIE 3aKYIKH BBICOKOIIPONU3BOAUTEIBHON TEXHUKH, BKIIOYasi SHEPrOHACHIIIEH-
HBIC TPAKTOPBI U COBPEMEHHBIE KOMOAHBI, HCKJIIOUUTEIBHO ISl 0230BBIX MPEANPUATHN arpocepBuca
B OTJIEJIBHBIX pernoHax. KoHueHTpamnus 10porocToseil TeXHUKH B CIIEUATIN3UPOBAHHBIX CEPBUCHBIX
CTPYKTYpax, a He €€ pacHblJeHHe M0 (PUHAHCOBO HEYCTOMUYHMBBIM CEIbCKOXO3SHCTBEHHBIM OpraHHu3a-
LUSM, TTO3BOJISIET arpoCepBUCY COXPaHSATh CBOHM mpoduib. [ocyaapcTBo (GakTHUECKH CTUMYIUPYET
CEpBUCHBIC KOMIIAHUH BBIMOJIHATH POJIb IJIABHBIX ONEPATOPOB KPUTHUECKH BaXKHBIX IOJIEBBIX PaldoT,
YTO CHM)KAeT TEHJCHIIMH UX TPAaHC(HOPMALMU B MHOTOIPOQHIIbHBIC OPraHNU3alUuu C JOMUHUPOBAHUEM
CeJIbCKOXO035HCTBEHHOI0 MPOMU3BOICTBA U CIIOCOOCTBYET 3arpy3Ke MOLIHOCTEH HMEHHO B cepe oKasa-
HUS TEXHOJOTMUYECKUX YCIIYT.

Takum 00pa3oM, COBpEMEHHOE roCy1apCTBEHHOE PETyINpOBaHUE B chepe arpocepBuca 110cie 0Ba-
TEIFHO HAapalIUBaeT MHCTPYMEHTAPUN CENEKTUBHON MOANEPKKH MPO(UIBHBIX CEPBUCHBIX OpTaHM3a-
nuil. B 1aHHOH CBSI3U MEXpallOHHbIE MEXAHU3UPOBAHHBIE OTPSIbI BHICTYIIAKOT HHCTUTYTOM, KOTOPBII
3aKperuIsieT 3a arpoCepBUCOM CTATyC CIEUaTN3MPOBAHHOIO OllepaTopa TEXHUYECKUX YCIyT U TEM ca-
MBIM HaNpPsAMYIO BIMSET Ha COXPaHEHUE CEPBUCHOM CIEIIMaIN3alINH.

JleranbHplii aHaJIM3 BUIOB AEATEIBHOCTH arpOCEPBUCHBIX NpeAnpusTuil I'ponHeHckoi obmacTu
TaK)Ke MOKa3bIBaeT AUBEPCUPUKAIIMIO X BUIOB JAesATeNbHOCTU. Hapsay ¢ KIacCHYeCKMMH YCIyramMu
(peMOHT TEXHMKH, U3BECTKOBAHUE, TPAHCIIOPTUPOBKA), MHOTHE opranu3anuu (Hanpumep, OAO «Illy-
YUHCKUW PEMOHTHBIH 3aBo/», OAO « MUHOWTOBCKHI PEMOHTHBIN 3aBO») 3HAUUTEIBLHBIC PECYPCHI Ha-
MPABJISIIOT Ha IPOU3BOJACTBO HECTAHAAPTHBIX METAJIJION3CIUI, IUTYTOB, arPEraToB U O TOBYI0 TOPIOB-
JIIO 3allaCHBIMU YacTAMM. DTO CBUAETEJIBCTBYET O TOM, UTO AJIs MOAACP)KAHUS YCTOMUYHUBOCTH B yCIIO-
BUSX AedunnTa 000POTHBIX CPEICTB arpOCEPBHUCHBIE CTPYKTYPhI 3aMEIIAl0T HEAOCTAIONINI CIIpOC Ha
YCIIyTH COOCTBEHHBIM IPOM3BOACTBOM HJIM TOPTOBOW JESITENBHOCTHIO. [IpoBeieHHBIN aHATU3 MTO3BO-
11 000CHOBATH TPU MOJIENIA COBPEMEHHOTO Pa3BUTHSI arpocepBrca (PUCYHOK).
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o IIpodnian: 100 % Bripyuxu —
KOMIUICKCHBIC YCIYTH (PEMOHT
MTII, mexaHu3amus,
Tpancnoprt, TO dpepm, CTO,
poyee)

o duHAHCHI: KPUTHICCKAs
3aBHCHMOCTB OT IUIaTEIKHOU
JUICIUIUIIHEI KITUCHTOB (10
60 % ruraTesxel ¢ 3a1epIKKOHN
2—6 mec., ~10 % mpocpoukn)

o ILnroc/Puck: MakcuManbHas
CIICIMAII3AIIMS X BEICOKHUIH
MTOTCHITHAI POCTa ITPU
YIIyYLICHUH PACUETOB /
BBICOKHE KaCCOBBIC Pa3phIBEI,
TpeOyeT MeXaHU3MOB
o0eCcIIeYCHIUS TUKBHTHOCTH
(IpenoILIaThl, rapaHTHH,
KPEIUTHI)

Moneas 2:
CeJIbCKOXO03siiicTBeHHAs (€ c00-
CTBEHHBIM arpOIPOU3BOICTBOM)

Mopenan 3: NpOMBINLIEHHAS
(ruGpuxHas)

o IIpo¢uin: arpoceppuc +
cOOCTBEHHOE 3eMIIEIETIHE
(200-1 000 ra, xax mpaBwUIO
MOHOKYJIBTYPBI)

o OUHAHCHI: JOIOIHUTCIBHAS
BBIPYYKa OT PEATH3AIIHU YPOXKAS,
HO JUTHHHBIE KaCCOBBIC Pa3phIBEI
(6—12 mec.) 1 3aBHCUMOCTH OT
LeH/ypOKaHHOCTH

® ILmoc/Puck: yacTHuHast
JuBepCcH(UKAIS J0OX0I0B /
TIOCTETICHHBIH yXO0.1
B CEJIbXO3MPOU3BOCTBO
¥ CHIDKCHHS JOJTH CEPBUCHBIX
YCIIyT, OTepst PO(UIBHOI
CIICIHAJII3AIIUH, PA3MBIBAHHC
KOMIIETEHIUH, CHIDKEHHE
KayecTBa CepBHCA JUISl BHEITHUX
3aKa34MKOB

Ipodunas: ~90 % BeIpyuKH
OT IIPOU3BOJICTBA C/X TEXHUKH
# 000pyTOBaHHUS,

~10 % — cepBUCHBIE yCIYyTH
DuHAHCHI: CTAOHITBHBIH
JICHE)KHBIH TOTOK OT
IIPOMBIIIUICHHOCTH
KOMIICHCHPYET
HECTaOMIIBHOCTh
arpoCepBHCHOTO CETMEHTA
ILnroc/Puck: Bricokas
(buHaHCOBAs YCTOHYHBOCTh

U TUBEPCH(UKAIS PUCKOB /
CCPBUCHBIH TOTCHIHAT
HEJIOTPY>KEeH, PUCK CMEIIICHUSI
¢dokyca ¢ ycayr Ha
IIPOU3BOJICTBO

Mopenu paboThl arpOCEPBUCHOTO MPEATPUATHUS

Agricultural Service Enterprise Operating Models

Mopaeasb 1: Kj1accuyeckoe arpocepBUCHOe NpeanpusiTue (CepBUCHO-OPUEHTHPOBAHHAS MO/IeJIb).
ArpocepBHUCHOE MpenpusiTue, GyHKIMOHUPYIOIIEe 110 MOJIeN 1, mpeacTaBisieT co00i MHOTO(YHKITHO-
HaJIBHYIO OPTaHU3aLUIO MTPOU3BOACTBEHHO-TEXHHUYECKOTO MPOQHIIs, OPUEHTUPOBAHHYIO HA OKa3aHHUE
KOMIUIEKCHBIX YCIYT CEJIbCKOXO3SMICTBEHHBIM TOBAapOINPOU3BOIUTENSIM. MoOJEnb COOTBETCTBYET CH-
CTEMEe arpoTeXHUYECKOTO COMPOBOXKACHUS CETbCKOX03AMCTBEHHOTO ITPOU3BOJICTBA, CIIOKUBIICHCS eIe
B coBeTcKHit nepuon B Peciyonuke benapych u Ipyrux cTpanax ¢ pa3BUTON arpapHOW CTPYKTYpOU.

[IpeanpusitTue XxapakTepu3yercs: AMBEPCU(PULINPOBAHHON MPOU3BOACTBEHHON CTPYKTYPOH, BKIIIO-
YaIOUICH CJIEAYIOIIHE OCHOBHBIE IONPA3IEICHHUSL.

Pemonmmuvie macmepckue u 3a600b1 — OCYIIECTBIISAIOT TEKYLIUH U KallUTaJIbHBIA PEMOHT CEJIbCKO-
XO3HCTBEHHOH TEXHUKH, Y3JIOB U arperaToB, o0ecreunBasi BOCCTAHOBJICHHE PadOTOCIIOCOOHOCTH Ma-
ITMHHO-TPAKTOPHOTO TMapKa CelIbX030pranu3anuii. JleaTenpHOCTh BeIeTCS B paMKax yTBEP)KIEHHBIX
HOPMAaTHUBOB TPYAOEMKOCTH M CMeTHOW cTouMocTH pemoHTa. (ITo I'pomnenckoit obmactu B 2024 T.
CPEIHErof0BOi 00bEM OKa3aHHBIX YCIYT OJHOW OpraHU3alUel I TaKOH MOJEIH COCTaBIISIET OKOJIO
600 TBIC. p., peHTA0ETHFHOCTH 3aTpaT — OKOJIO 8 %.)

Iloopa3zoenenus mexanu3uposanHvlx padoom — BBIIOIHSIIOT MOIHBIM LUK arpOTEXHUYECKUX OIepa-
LU, BKJIIOYAsl MOATOTOBKY IOYBBI, IIOCEB, YXOI 32 IIOCEBaMH, BHECEHUE YIOOPEHHMH M CPEICTB 3alllu-
ThI pacTeHui, yOopKy ypoxas. O0beMbl paboT ONMpeesiiOTCs JOTOBOPHBIMH 00513aTENILCTBAMU C CEJlb-
XO3MPENIPUATUSIMH U CE30HHBIM I'paKOM IIpoBeAeHH s osieBbIX onepauuni. (ITo ['poxnenckoii odnactu
00beM OKa3aHHBIX YCIIyT Kojiebascs B cpereM ooiiee 650 ThIc. p., peHTa0eIbHOCTD 3aTpat — okoiio 10 %.)

Asmompancnopmnoe xo03aticmeo — o0ecleunBaeT TPAHCIOPTUPOBKY CEIbCKOXO35ICTBEHHON Mpo-
JIYKIIMH, TPYy30B U MaTepHasioB, BKIIOUas BHYTPUXO3SHCTBEHHBIE U MEXXO3HCTBEHHbBIE MEPEBO3KHU.
JlesTenbHOCTD peryaupyeTcs MoKa3aTeasiMu Ipy30000poTa (ThIC. T'KM) M IKCILTyaTallnOHHON 3¢ dek-
THBHOCTBIO TIOABHXKHOTO cocTaBa. (Ilo I'pomHeHcKkol 067acTH 00BEM OKa3aHHBIX YCIYT 10 JaHHOMY
BUJY ACATEIbHOCTH 3HAUUTEIBHO OTIAMYACTCS Y MPEANPHUATHH, padoTalOMMX 110 IEPBOM MOJEIH. )

Jlunetino-monmaoicuvie yuacmxuy — CIEHAIN3UPYIOTCS HA YCTAHOBKE, HaJaJKe U BBOZAE B OKCILTya-
Tanuio 000pyIOBaHUS HA )KMBOTHOBOJYECKUX (epMax (IOMIbHBIE YCTAHOBKH, KOPMOPa3AaTIHKH, CH-
CTeMbl BEHTWJISINUU U MuKpokiaumara u 1p.). (Ilo I'poqHenckoi obnactu 6 opraHu3aiiii BBITOIHSIOT
Takue padoThl, 00BEM OKAa3aHHBIX YCIYT TAK)KE 3HAYMTEIBHO OTIMYAECTCS, PEHTa0eIbHOCTh 3aTpar —
oxoJo 3 %.)
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Cryorco6a mexHu1ecko2o 00CayAICuUBanusi 0060py008aHUsL HCUBOMHOBOOUECKUX (hepm — 00ECTICTBACT
[IJIAHOBOE U aBapuifHOE 00CITYKUBAHUE TEXHOJIOTHYECKOT0 000pyI0BaHUs, TOAAEPKUBas ero padboTo-
crocoOHOCTh B KpyrioroaundanoMm pexkume. (ITo I'ponnHenckoli obnactu 7 opraHu3aiiuii Oka3biBaJid Ta-
KHE YCIYTH C OTHOCUTEIFHO BBICOKOW peHTa0eIBbHOCTRIO 3aTpat — 0koyio 14 %.)

Cmanyus mexuuueckozo oocayacusanus (CTO) — IpeqocTaBiIseT yCIyTH TI0 TEXHUIECKOMY 00CITy-
JKUBaHWIO, TUATHOCTHUKE U TEKYIIEMYy PEMOHTY aBTOMOOMIICH, TPAKTOPOB M IPYTOH TEXHUKH, IIPUHA/I-
JIKAIIEH KaK CenbX03MpennpusaTusim, Tak u puzuueckum iunam. (Ilo I'pomnenckoit obmactu 4 opra-
HU3AIUU OKa3bIBAIHM TaKUE YCIyTHU. [lesTeIbHOCTh B CpeIHEM YOBITOUHASL.)

Ipouue npouzsodcmea — BKIOYAIOT BCIOMOTaTeIbHBIE U ITOJICOOHBIE TPOM3BOJICTBA, 00eCIIeUnBat0-
1I¥ie BHyTPEHHUE MOTPEOHOCTH MPEANPHUATHS KT Peau3yoNue MPOAYyKIHIO Ha CTOPOHY (Harmpumep,
MOTPy30-pasrpy30uHbie paboThl, SKCKABATOPHBIC YCIYTH, IMHHOMOHTAX, METAIII000paboTKa, IepeBo-
00paboTka, XpaHeHHE TEXHUKH U Jp.). CpeqHuil ypoBeHb peHTA0CIBHOCTH BBICOKHI — 26 %.

JIONIOTHUTETBHO 0nmMosotl mop2osiieli 3aHUMAIHCh 15 opraHu3aiuii ¢ peHTadeIbHOCTRI0 000poTa —
okozo 10 %.

AHanu3 Tabi. 2 MO3BOJSAET OLUEHUTH CTPYKTYPY M MaciuTad JesTeIbHOCTH arpoCepBUCHOTO MPEa-
NPHUATHS, OPUCHTHPOBAHHOTO HA OKa3aHHE YCIYT CElbXO3MPOM3BOAMTENSIM. [IpUBeCHHbBIC TaHHbBIC
COZIepIKaT TP YPOBHS 00bEMOB — MUHUMAIIBHBIH, CPEHUI U ONTUMANBHBIN — 10 Pa3JTMYHBIM HAIPaB-
JICHUSIM JIeATEeNbHOCTH. [Ipr 3TOM cpemHue 3HaYeHHS 10 BHJIAM YCIYT MOTYT CYIIECTBEHHO BapbHUpO-
BaTbCAd B 3aBHCHMOCTH OT PETHOHA, CHEIHAIHU3AIUN CEIbXO3MPEANPUATAN U HAIUYUS TEXHUUECKON
0a3bl y arpocepBrca. HekoTopble BUIBI JeSITEIBHOCTH MOTYT UMETh HYJIEBOW 00BEM, YTO TOBOPUT 00
WX OTCYTCTBUU KaK CUCTEMHOW COCTABJISIONICH B KOHKPETHOM IPEITPUSTUH.

Tab6numa 2. O0beM ycJIyr arpocepBUCHOr0 NpeanpusaTus (Moxen 1):
MHHHMAJIBHBIH, CPeIHUI M ONTHMAJIbHBIH YPOBHH € Y4eTOM IJIATEKHOI JMCIHILINHBI, ThIC. P.

Table 2. Volume of services provided by the agri-service enterprise (Model 1):
minimum, average, and optimal levels accounting for payment discipline, thousand rubles

O0ObeM 0Ka3bIBaeMBIX yCIYT (B CpeIHEM)
Haumenosanue ycayr ¥ BUAOB ACATEIbHOCTH [ — Cpeﬂﬂnﬁ OnTHMaNbHbI
PeMOHTHBIE 3aBOJIbI U MACTEPCKHE 147,9 433,8 611,2
B TOM YHUCIIC

MIPOU3BOJICTBO 0,0 0,0 0,0

PEMOHT 147,9 433,8 611,2
MexaHn3upoBaHHbIE paOOTHI U YCIYTH 169,6 497,5 701,0
ABTOTPaHCIIOPTHBIE XO35HCTBA 186,3 546.,6 770,2
JInHeltHO-MOHTa)KHbIE YYaCTKH 110 MEXaHU3aLIH JXHBOTHOBOIUECKUX (hepM 161,1 472,6 665,9
TexHuveckoe 00CITy)KUBaHUE 000PYAOBAHUS )KHBOTHOBOIYECKUX (hepM 385,2 11299 1592,1
CraHnus TEXHHYECKOT0 00CITYKUBAHU aBTOMOOUIIEH TPaKTOPOB M Ma- 712 208.8 2043
IIMHHO-TPaKTOPHOI'O MapKa
MennopaTiHBHOE 00CITYKHBAHUE CEIBCKOTO X03siiCTBA 0,0 0,0 0,0
CenbCKOX031CTBEHHOE TPON3BOICTBO 0,0 0,0 0,0
JIpHOMIEpEepabaThiBaroLiee MPOU3BOICTBO 0,0 0,0 0,0
[Ipoune npousBozcTBa 378.,7 1110,8 1565,2
OnToBasi TOProBiIs - 1279,3 18027
BCEI'O ycnyr (6e3 ToproBim) 1 500,0 4400,0 6200,0

OnTuManbHBI 00bEM YCIyT A MOozenu 1 onmpeaeneH pacueTHBIM CIIOCOOOM € YUETOM YCJIOBHS,
YTO AOCTYIMHBIE CPENCTBA JIs1 GUHAHCUPOBAHUS U PAa3BUTHS JOJDKHBI 00ECIeunBaTh MUHUMAJIBHO He-
00XOAMMBIH YpOBEHb OOHOBJIEHHUSI OCHOBHBIX CPEACTB MpennpusaTHs. OH YCTAaHOBJIECH C YUYETOM peaib-
HOW NMPAKTHKH PacdyeToOB B CEIbCKOM XO3SUCTBE, rae okono 60 % mmarexeil oCyIIeCTBISIIOTCS € 3a-
JIEepKKoil oT 2 10 6 mec., a mpumepHOo 10 % 006s3aTeNnbCTB MEPEXOAAT B IPOCPOUCHHYIO AEOUTOPCKYIO
3aJJ0JDKEHHOCTh. ONTHMAJIBHBIH 00BEM YCIyT — 3TO HE NMOTEHIHMAIBHBII MAaKCUMYM CIIpOCa, a peaju-
CTHYHAsI OIIEHKA JI0XOJ0B C Y4EeTOM HH3KOH IJIaTeXecrocoOHOCTH M cabol JAMCIMITIIMHBI PacyeToB
CO CTOPOHBI celbXo30opranu3anuid. Eciam Obl Bce 00s3aTebCTBA MOTAIIATICH BOBPEMS, ONITUMAIIBHBII
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YPOBEHb MPAKTUUYECKU COBIAJT ObI CO CPEHUM, UTO YKa3bIBACT HA 3HAUUTEIBHBIN MOTEHIIMAN HEJIOU-
CIIOJIB30BAHHUS — KaK B IUIAHE BHIPYUKHU, TAK U B OTHOIICHUU 3arPy3KH MPOU3BOACTBEHHBIX MOLIHOCTEH.

®daktruecku MoJeNb | GYHKIIMOHUPYET B YCIOBHUSAX CHCTEMHOTO KACCOBOTO Pa3phIBa: YCIYTH OKa-
3BIBAFOTCS, HO ICHBT M TIOCTYTIAIOT C 3aJIEPXKKOH (B psijie CIIydaeB 3aJ0JDKEHHOCTh HE TacuTCs). DTO CO3-
JTAeT TTOCTOSTHHOE HaNpsykeHHe B (MHAHCHPOBAHUH TEKYIIEH NeATeIbHOCTH, TPeOyeT BRICOKOW YCTOM-
YUBOCTH MPEANPUATHS K KOJICOAHUSIM JICHEKHBIX TIOTOKOB M ()OPMUPOBAHHIO Pe3epBOB. B TO ke Bpe-
M3l €CITA yacTCsl YIIYUIIUTh TUCIHUIUTUHY PacueToOB — HAIPUMEP, 32 CUET MPEIOIUIAT, TOJTOCPOIHBIX
KOHTPAKTOB HJIM TOCYIapCTBEHHBIX TapaHTUH, — 00BEM peajbHO Pealn3yeMOl AeSITEIBHOCTH MOXKET
BbIpacT Ha 20-25 % 0e3 yBennueHus] TEeXHUUECKON 0as3bl.

Takum 00pa3om, JaHHAs MOJEIb MPEACTABIISCT COOOM KJIACCHYECKOE arpOCEPBHCHOE MPEIIIPHS-
THe, 4bs A(P(OEKTUBHOCTh HANPIMYI 3aBHUCHT OT ILIATEKECIIOCOOHOCTH CEIbXO3MPOU3BOAUTEIICH.
PeanbHbIi OTEHIIMA 00BEMa YCITYT 3HAUUTEIHHO BBIIIE TEKYIIETO CPEIHETO YPOBHS, OJTHAKO OH CHIeP-
JKUBAETCA HU3KOW NUCHUIIMHON pacueToB. B maHHOU CBsI3U yiydllleHHE NIaTeKHOW NUCUUILIMHBI CO
CTOPOHBI KJIMEHTOB CIIOCOOHO 00€CIeUnTh CYIECTBEHHBIN POCT JOXO/IOB 0€3 JOMOTHUTEIBHBIX HHBE-
CTULIMHI B TEXHUKY WJIM [IEPCOHA.

Mojeub 2: ceJibCKOX03HCTBEHHO-arpocepBUcHOe MpeanpusTue. /[anHas Mojellb MpeacTaBIIseT
co00i1 OpraHm3aIrio, COYETAIONIYI0 OKAa3aHUE YCIYT CEIbXO3MPONU3BOAUTENSIM C COOCTBEHHON Celb-
CKOXO3SMCTBEHHOM NEATENBHOCTHIO. [Ipr 9TOM peub He umeT o TpaHchOopManuu B KPYITHOE CEITBCKO-
XO3SIICTBEHHOE MPEIIPUATHE, TIOCKOJIbKY TaKasi IEPEOPUEHTALIMSI CONPSKEHA C MOTepel MpoQHIIbHOM
CHeIMAJIN3AI[UU U CHIKEHUEM JIOJIM CEPBUCHOM JISTEIIBHOCTH, YTO SKOHOMUYECKHU HEIeIECO00pa3HO.
Bmecrto 3TOrO mpeanpusTHe BJIAJCET MM apEHAYET OTHOCHUTEIBHO HEOOJBIION 3eMEIbHBIH Y4acTOK
mwiomaaeio 200—1 000 ra, ucmonb3yemblil 1Jis BEACHUS CEIbCKOXO3SUCTBEHHOTO MPOM3BOACTBA, KaK
npaBuio, B (hopMe MOHOKYIJIBTYPHOTO 3eMJiie/ienusi (HallpuMep, BhIpallliBaHUE IIICHUIIBI, parica WIIH
kapTodens). OCHOBHBIE ITOKA3aTEH JISATEIHHOCTH OpraHU3alliy 110 MOJIETH 2 MPEICTABICHBI B Ta0II. 3.

Tabnuma 3. O6beM 0ka3bIBaeMbIX YCJIYT arPOCEPBHCHOIO NMpPeANPUSITUS
€ COOCTBEHHBIM CeJIbCKOX0351/iCTBEHHBIM NMPOU3BOICTBOM (MO/€JIb 2):
MHHHMMAJbHBIH, CPeIHUI M ONTUMAJILHBIH YPOBHU C Y4eTOM IJIATEKHOM AUCHUILIUHBI, ThHIC. P.

Table 3. Volume of services provided by the agri-service enterprise with its own agricultural production (Model 2):
minimum, average, and optimal levels accounting for payment discipline, thousand rubles

HaumeHoBaHMe yci1yT ¥ BUJIOB JICATEIBHOCTH O6T>eMNOKa3HBaeMHX ytﬂyr (& cpenrien) =
MuHUMaTbHbIH Cpeaumnii OnTuManbHbIH
PeMoHTHBIE 3aBOJIBI U MacTEpCKUE 147,9 404,2 483,1
B TOM YHCIIE
MPOU3BOJICTBO 0,0 0,0 0,0
PEMOHT 147,9 404,2 483,1
MexaHU3UPOBaHHBIE PA0OTHI U YCIYTH 169,6 463,6 554,1
ABTOTpaHCIIOPTHBIE XO35IHCTBA 186,3 509,3 608,7
JInHetHO-MOHTAXXHBIC YYACTKH 110 MEXaHH3aI[H1 YKHBOTHOBOIAYECKHX (hepM 161,1 440.,4 526,3
Texanueckoe 00CIyKUBaHUE 000PYIOBAHHS KUBOTHOBOJYECKHIX (hepM 385,2 1052,8 1 258,3
CraHIMs TEXHUYECKOTro 00CIIy)KMBaHUsI aBTOMOOHIICH TPaKTOPOB U Ma-
mI/IHHuo-TpaKTopHoro rnapka ' ’ b 71,2 194,6 2326
MennopaTuBHOE 00CTy)KHBaHHE CEIBCKOTO X03S1CTBA 0,0 0,0 0,0
CellbCKOX03SIHCTBEHHOE MPOU3BOACTBO 0,0 502,9 1746,3
JIpHONIEpepabaThiBaroIIee TPOU3BOICTBO 0,0 0,0 0,0
[Ipoune npousBoacTBa 378,7 1035,1 1237,0
OrntoBast TOProBJist — 11921 14247
BCEI'O 1500,0 4 602.,9 6 646,3

Hanuuue coOCTBEHHBIX 3eMeNb MTO3BOIISICT MPEAIPHATHIO YACTUYHO AUBEpCcU(PUIIMPOBAThH (DMHAH-
COBBIE PHCKH, CBSI3aHHBIE C HECBOEBPEMEHHBIMHU pacuyeTaMHt 3a OKa3aHHBIC yCIyrd. Peanuzanus cenb-
XO3MPOIYKIIMH 00€CTIeINBAET OTIOTHUTEIBHBIHN MMOTOK BEIPYYKH, CHIKAs 3aBUCHIMOCTD OT TIJIATEKHOM
TUCITUTUTIHBI KJIUeHTOB. OTHAKO CTENeHb 3TOH AMBepCcH(PUKAIINN OTpaHUYEHA, TOCKOIBKY 005S3aTelb-
HOCTB PacueTOB CO CTOPOHBI TIepepadaTHIBAIOIINX U COBITOBBIX OpraHWU3AIUi HE BCEraa MPEBOCXOTUT
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YPOBEHb OTBETCTBEHHOCTHU CEIBXO3MPONU3BOIUTENEH, YTO CHUXKAET HPPEKTUBHOCTH TAKOTO MEXaHU3Ma
CTPaxoBaHUs PUCKOB.

Kpome Toro, cenbckoXo3sHCTBEHHOE TTPOM3BOACTBO XapaKTepU3yeTcs 3HAYUTEIbHBIMU KaCCOBBI-
MW pa3pbIBAMH MEXKITY MOMEHTOM OCYIIeCTBICHUA 3aTpaT (3akymka cemsiH, C3P, 'CM, omrara paboT)
1 TIOJTYYSHUEM BRIPYUIKH OT PEATH3ANH MPOAyKIuH (6—12 mMec.). DT BpeMEHHBIC JTaTll OTPaHNIHUBAIOT
MacIiTadbl 00padaThIBAGMbIX IUIONIAJICH M MPEMATCTBYIOT PACHIMPEHHIIO TPOU3BOJCTBCHHON JESITEIb-
HOCTH 3a CUET COOCTBEHHBIX 00OPOTHBIX CPEACTB. B pesysbsraTe 00beM 3eMelb, KOTOPbIH MOXKET OBbITh
3¢ (HEeKTUBHO OCBOEH B paMKax JIAHHOW MOJEIH, OCTASTCS OrPaHUYEHHBIM, a JalibHElIee HapaniuBa-
HHE Hnomaneﬁ Tpe6yeT IMPUBJICYCHUA BHCUIHCTO q)HHaHCI/IpOBaHI/IH W CyIIECTBCHHOI'O YBCIIMYCHUA
JIMKBUJHOCTH.

Taxum oOpa3zom, MoeNb 2 00ecTIeYnBaeT ONMPEAETICHHYI0 YCTOMUYUBOCTD 3a CYET TUBEPCUPUKALINH
JIOXOJIOB, HO CTAJKWBAETCSl ¢ BHYTPEHHUMH OIPAaHUYCHUSIMHU, OOYCIOBJICHHBIMH KaK OCOOCHHOCTSIMH
PBIHKA CENBXO3MPOAYKIIMH, TaK W IHKIMYECKONH MPUPOION CEIbCKOXO3IUCTBEHHOTO MPOU3BOJICTBA.
DT0 AenaeT ee yA3BUMOU K KOJIEOaHUSIM IIeH, YPOKANHOCTH U CPOKOB OILIIATHI, & TAK)KEe OTPAaHUYUBACT
MOTEHIINAJ MACIITA0UPOBAHUS CEPBUCHOM NI TEITLHOCTH.

Mopeapb 3: MpoOMBINIIIEHHO-arpoCePBUCHOE MpeaNnpusiTHE. DTa MOJACTb (YHKIIHOHHPOBAHMS
arpoCCpBUCHOTO NPCAIIPUATHA COUYETACT B CCGC OJICMCHTBI IPOMBIIIJICHHOT'O IMTPONU3BO/ICTBA U CEPBUC-
HOTO OOCITy»XMBaHHS CEIbCKOXO3SHCTBEHHBIX opraHu3anuii. C TOYKHM 3PEHHS] CTPYKTYPHI BBIPYUKH
HNpEeANpUITHE KJIACCH(PUIUPYETCS KaK MPOMBINUICHHOE, TTOCKOIBKY JIONsT MPOMBINUIEHHOW MPOIYK-
LU — CEITHCKOX031CTBEHHON TEXHUKH, MAIlIH U 000PYI0BaHUS — cocTaBigeT okoio 90 % ot obriero
o0bemMa BBIpYYKH. B TO e BpeMsi B KOHTEKCTE JIOKAJIbHOW SKOHOMUYECKON CPE/Ibl U B3aHMMOJICHCTBUS
C CeIBbXO3MPEINPHUATUSIMHI paiioHa JaHHAS OpraHU3allys BBIMONHSICT (PYHKIIMH TUIUYHOI'O arpocep-
BUCHOI'O IIpeANpUATU, OKa3biBast COIIOCTaBUMBIH 10 O6'BeMy KOMILJICKC YCJIYT, aHaJIOTUYHBIN ITOKa3a-
TEJISM OpraHu3aluii nepBoi Mozeiu (Tadm. 4).

Tab6numa 4. O0beM oka3pIBaeMBbIX YCJIYT NPOMBILIJIEHHOT0 arPOCEPBUCHOr0 NpeANpuATHA (Moeb 3):
MHHHMAJIbHBIH, CPeJHHII M ONTHMAJbHBII YPOBHH C y4€TOM ILI1AaTe:KHOM AUCHUIINHBI, THIC. P.

Table 4. Volume of services provided by the industrial agri-service enterprise (Model 3):
minimum, average, and optimal levels accounting for payment discipline, thousand rubles

HaumenoBanue yciyr U BUIOB J€ATEIbHOCTH OGEeMuOKaBHBaeMHX ycvnyr (& cpearten) ~
MuHUMaJIbHBIH CpCI[Hl/lI/I OnTuManbHBIH
PeMOHTHBIE 3aBOJIBI U MACTEPCKUE 23 147,9 23 236,6 233943
B TOM YHCJIC
TIPOM3BOJICTBO 23 000,0 23 000,0 23 000,0
PEMOHT 147,9 236,6 3943
MexaHU3UPOBaHHBIE PA0OTHI U YCIIYTH 169,6 271,4 4523
ABTOTpPaHCIIOPTHBIC X0O3sHCTBA 186,3 298,2 496,9
JInHeltHO-MOHTaKHBIC YYaCTKH 110 MEXaHH3ALUU JKUBOTHOBOAUCCKIX (pepM 161,1 257,8 429,6
TexHnveckoe 00cIy)KUBaHHE 000PYAOBAHMS )KUBOTHOBOIUESCKHUX (hepM 385,2 616,3 1027,1
CraHIMs TEXHUYECKOT0 00CITyKMBaHNS aBTOMOOMIIEH TPAaKTOPOB U Ma-
IHI/IHI;IO-TpaKTopHOFO rnapka ! b b 1.2 1139 1898
MenuopaTuBHOE 00CTy)KHBaHUE CEIBCKOTO X035 CTBa 0,0 0,0 0,0
CebCKOX035IHCTBEHHOE TTPOU3BOJICTBO 0,0 0,0 0,0
JIsHOTIEpEepabaThIBaroIIee TPOU3BOICTBO 0,0 0,0 0,0
IIpouune npousBoacTBa 378,7 605,9 1 009,8
OnroBasi TOPTroBJIs — 697,8 1163,0
BCEI'O 24 500,0 25 400,0 27 000,0

Takas ﬂBOﬁCTBeHHaﬂ ACATCIIBHOCTD MO3BOJIACT NPCANPUATHIO OCYLICCTBIATH I[I/IBepCI/I(i)I/IKa]_[I/IIO
(PMHAHCOBBIX PUCKOB, CBSI3aHHBIX C HU3KOH IJIATEKECIOCOOHOCTHIO U HECBOCBPEMEHHOCTBIO PacueTOB
CO CTOPOHBI CEILCKOX035IUCTBEHHBIX opraHnu3anuid. HajaexxHbIi IeHeKHBIN OTOK OT MPOMBIIIJIEHHOT'O
CEKTOpa, XapaKTePU3YIOIIErocs: 0oJiee BRICOKOW TUCITUTIIINHON OTUIAThl M YyCTOHYHBBIM CIIPOCOM, KOM-
MIEHCHPYET HeCTaOMIBFHOCTh MOCTYIJICHUI OT CEPBUCHOM AesaTenbHOoCTH. OHAKO, HECMOTPS Ha YIIyd-
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HICHHYIO (PMHAHCOBYIO YCTOMYHMBOCTB, 00BEM OKa3bIBAEMBIX YCIYT CENbXO3MPEAIPUITHIM OCTACTCS
OrpaHMYCHHBIM BHEUTHUMH (PAKTOpPaMH, B IEPBYIO OUYEPeb — BOCTPEOOBAHHOCTHIO U IIATEKECTIOCO0-
HOCTBIO KJUEHTOB. [Ipu 5TOM CyIiecTByeT MOTeHIHAJ ISl PAaCHIMPEHUS] CEPBUCHOM IeATEIbHOCTH, KO-
TOPBIH B TEKYIIHX YCIOBHUSAX peajin3yeTcsl He B TIOJTHON Mepe.

Takum 00pa3om, MOzEIb 3 AEMOHCTPUPYET HHTETPUPOBAHHBIN OAXOA K YIIPaBICHUIO PUCKAMH, HO
U B Hell Ha0JIIojaeTcsl He03arpy3Ka CEpBUCHOIO MIOTEHILIMANa, 00yCIOBICHHAS CTPYKTYPHBIMH OCOOEH-
HOCTSIMM arpapHoOro CEKTOpa U HU3KOW IJIATEKHOU JUCUUIUIMHON €ro y4YaCTHHUKOB.

Bce Tpu Mozenu cTankuBaroTCs ¢ MPoOIEMO HETOUCTIONB30BaHU S TPOU3BOACTBEHHOTO TOTEHIINA-
7a, 0coO0eHHO B chepe oKazaHUs YCIYT, YTO OOYCIIOBJICHO HE CTOJIBKO OTCYTCTBHEM CIIPOCA, CKOJIBKO
HU3KOH IJIaTeXECIOCOOHOCThIO I HECBOEBPEMEHHOCTBIO PACUY€TOB CO CTOPOHBI CENIbX030praHU3aLui.

JuBepcuduranus J0X010B (Yepe3 MPOMBIIIIEHHOCTh WM COOCTBEHHOE IIPOU3BOICTBO) MOBHIIIAET
(MHAHCOBYIO YCTOMYHBOCTD, HO HE YCTPAHSET MOJTHOCTHIO 3aBUCUMOCTD OT BHELTHUX (PaKTOPOB.

Crenunanuzanus Ha arpocepBuce (Momenb 1) mo3BoiseT 3PQPEKTHUBHO HCIIOIb30BATH TEXHHUKY
U [IEPCOHAJI, HO TPEOYET AOMOIHUTENbHBIX MEXaHU3MOB 00€CIICUECHHU 1 JIMKBUAHOCTH (TOCYJapCTBCHHAS
MO ACPIKKA, TIPEONIIAThl, KPEIUTOBAHHE).

WnrerpupoBanusie Moaenu (2 u 3) 6osiee yCTOWYUBBI, HO PUCKYIOT HOTEPATH (OKYC Ha OCHOBHOH
JIESITENBHOCTH, €CIIU MPOU3BOJICTBEHHAS COCTABIISIONIAS HAYHET TOMUHUPOBATE.

J1s KoMnYecTBEHHON OLIEHKH BBISBIEHHBIX MPOTHBOPEUYHH MEXIy (PMHAHCOBOW yCTOMYHMBOCTHIO
U COXpaHEHHEM NPOQHIBHON CHeNHaTN3alii IPOBEICH CPABHUTEIbHBIN aHaN3 YKOHOMUYECKHUX I10-
KaszaTeJiel TpexX pacCMOTPEHHBIX MoJeNel (GyHKIMOHUpOBaHMs. Pe3ynbraTsl pacyeTa, yUUTHIBAIOLIUE
peayibHbIE JIard TJIATeKEeW W PUCKU HEIJIATEeKEW CO CTOPOHBI CEeILCKOXO35MCTBEHHBIX OpraHu3alui,
MpencTaBiIeHBI B TA0M. 5.

AHanN3 TaHHBIX, TPUBEACHHBIX B HEl, BRIABISCT (PyHAaMEHTaIbHOE POTHBOPEYHE COBPEMEHHOTO
arpocepsuca. Monenu 2 1 3 1eMOHCTPUPYIOT BBICOKYIO (PMHAHCOBYIO YCTOWYMBOCTD, PEHTA0EIbHOCTD
3arpar Ha ypoBHe 14—19 % u HU3KHIT PUCK KaCCOBBIX pa3pbIBOB. OTHAKO 3Ta yCTOMYUBOCTH JOCTUTAET-
Csl IEHOH pa3MbIBaHUSI OCHOBHOM JIESITENILHOCTH: yIEIbHBIN BEC MPOQUIBHBIX YCIYT B 0OILEH BBIPYUYKe
nagaeT g0 6—15 %. Kmnaccuueckas cepsucHas mojens (Moaeib 1), coxpansis 100%-10 cnenuanu3aiuto
Ha yCIJlyrax, OKa3blBaeTCsl B 30HE KPUTHUECKOro (PMHAHCOBOTO PUCKA M3-3a HU3KOH IJIATEKHON AMCILHU-
IIJIMHBI 3aKa39MKOB, YTO BBIPAXKACTCS B BBICOKMX KACCOBBIX Pa3pblBaxX M OTPHLATEIBHBIX 3HAYCHHSIX
JIOCTYTIHBIX CPEJCTB JJIsl Pa3BUTHS HA MUHUMAJIBHOM U CPEJHEM YPOBHSX Harpy3ku. TakuM obpasom,
JuBepcuUKanus B MPOU3BOIACTBO MM COOCTBEHHOE CEIbCKOE XO3SHUCTBO SIBISICTCS JJIsl arpocepBHC-
HBIX MPEANPUATHI BBIHYKICHHOM CTpaTeruell BBIKMBAHUA, a HE CTpAaTETHel pPa3BUTHs, TaK KaK OHa
BEJIET K CHCTEMHOMY JIe(D)MIIUTY CEPBUCHBIX MOITHOCTEH B PETrHOHE.

IIpenyoxkeHuss Mo COBEPIIEHCTBOBAHMIO (YHKIMOHHUPOBAHUSI ArPOCEPBHCHBIX CTPYKTYP.
B nmensx yctpaHeHMS BBISIBICHHBIX 3KOHOMHUUYECKUX AUCIPONOPLUI, CHH)KEHUS Pa3BUTHS HETAaTUBHBIX
TeHAEHLUH B cepe arpocepBrca U COXPaHEHUs €10 NPOQHIIbHON ClIeUaIN3aluK CIEAYET Peasin3o-
BATh CJIEAYIOUMN KOMILJIEKC Mep.

Bo-niepBbix, HEOOXOAMMO BHEIPECHUE LENEBBIX MEXaHM3MOB IOCYIapCTBEHHOH (MHAHCOBOH TOJ-
JEPKKHU, IPUBSI3aHHBIX HE TOJIBKO K OOLIMM IMOKA3aTeIsIM IPEANPUATHS, HO U K 00beMaM OKa3aHHbBIX
CEPBUCHBIX YCIYT. DTO MOXKET BKJIIOYAaTh CyOCHIUPOBAHHE YACTH IIPOLEHTHBIX CTABOK 110 KPEAUTAM Ha
0OHOBJICHHUE MapKa TEXHUKH MIPH YCIOBHUH, 4TO He MeHee 70 % BeIpyuku (OpMHUpPYyeTCs 32 CUET CEPBUC-
HOMW JESTEebHOCTH.

Bo-BTOpBIX, TpEOyeTCS HOPMATUBHOE 3aKPEIJICHHE MEXaHM3MOB B3aUMHON 3KOHOMHYECKOH OTBET-
cTBeHHOCTH. LlenecooOpa3Ho macTabupoBaTh NPAKTUKY BKJIFOUEHMSI B IOTOBOPBI HA OKa3aHUE YCIyT
HOPMAaTUBHBIX MTPadoB 32 MPOCPOUYKY IJIATEKEW, UCTIOJIHEHNE KOTOPBIX rapaHTUPYeTCs uepe3 Mexa-
HU3MBI MEKOIOJIKETHBIX PACYETOB HJIM OPYUUTEIBCTBA PAHOHHBIX HCIIOTHUTEIBHBIX KOMUTETOB, YTO
CHU3HT PUCK HEIIATEKEH.

B-Tperpux, HEOOXOAMMO CTUMYIUPOBATH CO3JaHUE MEXKPAHOHHBIX MEXaHU3WPOBAHHBIX OTPSJIOB
Ha 0asze MPO(QUIBHBIX arpoOCEpBUCHBIX Mpeanpustuii (mocraHoBiaeHue Ne 938), 4To MO3BONUT coXpa-
HUTB TEXHOJIOTHYECKYIO IUCIUIUIMHY U 3arPy3UTh MOLTHOCTH UMEHHO B chepe OKa3aHMsI yCIYT, OBbI-
CHB HX PEHTAOCIBHOCTH 3a cueT d(hexra Macmrada.
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3akJirouenue. [IpoBeneHHoe HccaeI0BaHNE SBONIOINU U COBPEMEHHOIO COCTOSIHMS arpocepBHca
B arpOMpOMBIIIIEHHOM KOMILIEKCE TIO3BOJISAET CAENATh CIEAYIOIINE BEIBOIBL.

ArpocepBHc ocTaeTcs 0e3aJIbTePHATHBHBIM YCJIOBHEM TEXHOJIOTMYECKON MOJICPHH3ALUHN U PECYPCO-
cOepekeHns B CEIIbCKOM X03stiicTBe. OIHAKO MPaKTHYECKas pean3alus CepBUCHBIX (DYHKIIMHA CTaIKUBa-
€TCsl ¢ CHCTEMHBIM KPU3HCOM, 00YCIIOBJICHHBIM HU3KOH MIaTEKECIOCOOHOCTBIO M CI1a00H MIaTeKHOM AHC-
UTUTMHOW OTAEIBHBIX MOoTpeduTeneld ycimyr. Ha 5T BBI3OBBI arpocepBUCHBIE CTPYKTYPbI BHIHYKJICHHO
TpaHcHOpMUPYIOTCS, yX01is U3 chepsl yCIyT B chepy CenbCKOX03IHCTBEHHOIO WITH MTPOMBIIIIIEHHOTO MPO-
M3BOJCTBA. AHAJIN3 JIEITEIBHOCTH MPEANPHUATHI | poJHEHCKON 00JacTH M MOZIGNHPOBAHUE TPEX BBISB-
JICHHBIX 0a30BBIX CXeM (PyHKIIMOHUPOBAHUS MOATBEPKAAIOT, YTO TAKOE YKPYITHEHUE U TUBEpCUHKALINS,
peliast JoKaJIbHble (PUHAHCOBBIE MPOOJIEMBI OTIACIBHBIX TPEIIPUSITHIA, TIPUBOIAT K MOTEPE Y3KOH TEXHO-
JIOTMYECKOM KOMIIETCHIMH U ACPULIUTY CEPBUCHBIX MOIIHOCTEH. MexaHnueckoe 0ObeJUHEHHE arpocep-
BHCA M CEITbCKOXO3AWCTBEHHOTO IIPON3BO/ICTBA HE PEIIAaeT CHCTEMHBIX IPOOJIEM OTPACIi, a8 MACKHPYET HX.

KiroueBoii 3anaueil Ha COBpEMEHHOM 3Tarle SIBISETCS HE AalibHeWInas TpaHcopMalus arpocep-
BHUCa B arpapHoe MpeanpHsThe, a pa3padboTKa U BHEAPEHUE IEHCTBEHHBIX (PHHAHCOBO-YKOHOMHUECKUX
Y HOPMaTHBHBIX MEXaHHU3MOB, IMOBBILIAIONINX IJIATEKECIOCOOHOCTh CEIBCKOXO3SIICTBEHHBIX OpPraHu-
3aIUil ¥ JIeJA0MKX KJIACCHYECKYI0 CEPBUCHYIO MOJIEIh SKOHOMHUYECKH KHU3HECMOCOOHOH. B nanHoi
CBSI3M KOHCOJIUAALMS MHTEPECOB CEPBUCHBIX U CEJILCKOXO3SUCTBEHHBIX CTPYKTYP UEPE3 IIEJIEBOE IrOCy-
JTAPCTBEHHOE PEryJIMpOBaHME U B3aNMHYIO SKOHOMHUYECKYIO OTBETCTBEHHOCTH CIIOCOOHA 00ECHeunTh
YCTOMUYNBOE pa3BUTHE IPOU3BOACTBEHHO-TEXHUUECKOro oocmyxxuanus AIIK.
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IOPEKTUBHOCTDHb CBETOAUOJAHOI'O YIABTPA®UOJETOBOI'O
OBE33APAKUBAHUSA MOJIOKA

AHHoTanus. PazpaboTana sKCriepuMeHTalIbHAsl YCTAHOBKA JIJI CBETOAMOAHOrO ynbTpaduosnerooro (Yd) obeszapa-
JKUBaHHSI MOJIOKA-CHIPhs B peakTope Tuna KystTta — Telinopa. [IpeacraBieHs! pe3ybTaThl MOACITHPOBAHUS PACTIPEICICHUS
SHEePreTUYECKOI OCBEIIEHHOCTH Ha BHYTPEHHEH MOBEPXHOCTH KBapIEBOil TPyObl B 3aBUCHMOCTH OT PACCTOSHUS MEX]Ty Iie-
YaTHOM m1aToil ¢ YP-cBeToanonaMu 1 KBapieBoi Tpy0Ooil. BaxusiM mapamerpom cuctemsl YP-00paboTKH MOJIOKA ABIISET-
sl BpeMsI HaXOXKJICHH S DJIEMEHTAPHBIX YAaCTHIl MOJIOKA B IIPHIIOBEPXHOCTHOM CJIO€ peakTopa. J{Jis ero OneHKH IpOBOANIOCH
MOJICITMPOBAHNE TPACKTOPHIl IepEeMENIeHN s OTSIbHBIX YaCTHIl MOJIOKA C BEIYHMCICHHEM MX paguyc-BeKTopa (ryOHHBI 3a-
JIeraHus) B UMJINHIPUYECKON cucteme koopauHat Y®-peakTopa. B xozxe nccnenoBanuii mpoBeaeHa cepusi 3KCIEPUMEHTOB
C IENbI0 U3YUCHHUS BIUSHUS CKOPOCTH BPAIICHUS pPOTOpA BHYTPH PeakTOpa U MHTCHCUBHOCTH cBeueHHsS YD-CBETOINOIO0B
Ha 3(PeKTUBHOCTH 00e33apa)KMBaHMs MOJIOKA. AHAJIH3 MOJYUYSHHBIX PE3yJIbTaTOB MOKA3bIBAET, YTO CKOPOCTH BPAICHHUS
poTOopa M MOLTHOCTh Y®D-CBETOAMOA0B OKA3bIBAIOT CYIECTBEHHOE BIHSIHUE Ha 3(Q()EKTHBHOCTH CHIKEHHS KOJIMYECTBA Me-
30(pUIBHBIX adpOOHBIX U (PaKyIBTaTHBHO-aHAdPOOHBIX MHUKpoopranudMoB (KMA®AHM). BeisiBieHo, 4to mpu obe33apa-
JKUBaHHM MOJIOKA Yepe3 YCTaHOBKY IIPH ONITHMAJIBHOM pexxuMe o0pabotku coxepkanne KMA®DAHM B 00pasiie KOpOBLETO
MOJIOKa YMEHBIIMIIOCH B 21 pas, a KonuuecTBO OakTepuii rpymnns! kumeuHoi nanouku (BI'KIT) — B 16 pa3, 4To COOTBETCTBY-
eT TpeOOBaHUM, IPEIBSIBIIEMBIM K MOJIOKY TUTheBOMY. [losrydeHHBIE pe3yIbTaThl MOTYT HCIIOIB30BATHCS IPU POSKTHPO-
BaHUM YHEProd(PPEeKTUBHBIX IPOMBIIIJICHHBIX YyCTaHOBOK Y®d-00e33apakuBaHUs MOJIOKA.

KuroueBble ci10oBa: ynbTpadroeToBoe U3ydeHue, cBeToano, redenue Kysrra — Teiinopa, o6e33apaxuBaHie MOJIOKA,
TacTepH3anusi, MUKpOOHOIOTHUeCKHe TIOKa3aTeln
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EFFICIENCY OF LED ULTRAVIOLET DISINFECTION OF MILK

Abstract. An experimental installation for LED ultraviolet (UV) disinfection of raw milk in a Couette — Taylor reactor
has been developed. The results of modeling the distribution of irradiance on the inner surface of a quartz tube as a function
of the distance between a printed circuit board with UV LEDs and a quartz tube are presented. An important parameter of
the UV milk treatment system is the residence time of the elementary milk particles in the surface layer of the reactor. To
evaluate it, the trajectories of individual milk particles were modeled and their radius vector (depth of immersion) was calcu-
lated in the cylindrical coordinate system of the UV reactor. In the course of the research, a series of experiments was con-
ducted to study the effect of the rotor rotation speed inside the reactor and the intensity of the UV LEDs on the effectiveness of
milk disinfection. An analysis of the results shows that both rotor speed and UV LED power have a strong effect on the effec-
tiveness of reducing the number of mesophilic aerobic and facultative anaerobic microorganisms (NMAFAnM). It was shown
that when milk was disinfected using the installation under an optimal treatment regime, the content of NMAFAnM in a cow’s
milk sample decreased 21-fold, and the coliform bacteria (BECG) count decreased 16-fold, which meets the requirements for
drinking milk. The results obtained can be used in the design of energy-efficient industrial installations for UV disinfection
of milk.

Keywords: ultraviolet radiation, LED, Couette — Taylor flow, milk disinfection, pasteurization, microbiological indicators
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BBenenue. MeTo/1bl TEpPMUUESCKON 00PAOOTKHU SIBISIOTCS HEOTHEMJICMOMN YacThO TEXHOJIOTHI MPH
MIPOU3BOJICTBE MOJIOKA M MOJIOYHBIX MPOAYKTOB. B HacTosmee BpeMs TeruioBas oOpaboTka MOJIOKa
MIPUMEHSETCS B TEPBYIO OYepenb Il MHAKTHUBAIIMH MMAaTOTEHHBIX MUKPOOPTaHWU3MOB U (EPMEHTOB,
YTOOBI MMOBBICUTH CTAOMJIBHOCTH MPOJYKTOB BO BpeMs XpaHeHus. OJIHAKO B MOCTICIHEE BpeMsi 3a pyoe-
JKOM 3HAUUTEIHHO BBIPOC HHTEPEC K HETEPMHYECKHUM IIpoIeccaM 00padOTKH MOJIOKA, TAKUM KaK UM-
ITyJIBCHBIE AIEKTPUUECKHE TIONS, BEICOKOE JaBJIeHHE U YIBTPapHOoIeTOBOE 00TydeHre, TOTOMY YTO OHH
OKa3bIBAIOT BBICOKUH OaKTEpHIMIHBIN AP PEKT, COXpaHsisi UCXOIHOE Ka4eCTBO ChIphs. B yacTHOCTH, BO
MHOTHX OTPACIIsIX MHUIIEBON MPOMBIIILIEHHOCTH BCE OOJIBINIE MOBBIMIASTCS HHTEPEC K yIbTpaduosero-
BoMy (YD) 00mydeHHIO Kak K OoJree MmaasIieil HeTepMuIecKoi TexHomornw [1, 2].

Haubonee spdexkTrBHbIi OaKTepUIUAHBINA dPPEKT, CHOCOOCTBYIONUN YHHUTOKCHUIO MHOKECTBA
MaTOT€HHBIX MUKPOOPTraHU3MOB (0aKTepuu, TPUOKH, TIJIECEHb, IPOXKIKU H BUPYCHI), HAXOIUTCS B TUaTIa-
30He YO-C (KOPOTKOBOJIHOBOE M3 TydeHHE ¢ JurrHOU BOTHBI 200—-280 HM) [3—-5]. [Ipu 3TOM Gosiee BrIpa-
JKCHHBIM OaKTEPHUIIMIHBIM JACUCTBUEM 00sagacT YD-u3nyueHue B quana3oHe JUIMH BOJIH 254...265 HM,
KOTOpBIE TIOTJIONIAFOTCS HYKJIEMHOBBIMH KHCIOTaMH, OekaMu U B iepByto odepens JJHK. Hanbonpmee
pa3pymaromee Biusiaue Ha JIHK okaspiBaeT Y® mpu mimuae BomHB! 253,7 HM [6]. [Tprawmnamu rubenu
BO30YAUTEIICH SIBJISIIOTCS JIeTalbHbIe MyTaluu, yTpara monekyiamu JIHK crocoOHOcTH K peruinka-
LIWH, HapylIeHUE Tpoliecca TPaHCKpUMINU. YD-u3iaydeHue pa3pyliaeT TakKe TOKCHHBI, HAIpUMEp
T TEPUITHBIN, CTOTOHSIYHBIN, TH3EHTCPUIHBINA, OPIOITHOTO TH()A, 30JI0THCTOT0 CTaPUIOKOKKA [7].

OO0sy4yeHre KOPOTKOBOJIHOBBIM Y®D-u3jydeHueM 00JaaeT OTIMYHBIMH OaKTCPULIMIHBIMU CBOM-
CTBaMH, CIIOCOOCTBYIOIIMMH YHUYTOKCHHIO MHOXKECTBA MMAaTOTEHHBIX MHUKPOOPTraHU3MOB, TAKHX KaK
OaxTepuu, TpUOKH, TIIIECEHb, APOXIKHA U BUPYCH [8—13]. DddexkTuBHOCTE YD-00pabOTKH 3aBUCUT OT
CIIOCOOHOCTH N3TYyUCHUSA MMPOHUKATH YC€PE3 KJICTOUYHYIO CTCHKY MATOTCHHLIX MUKPOOPraHM3MOB, 3aTEM
OmokupoBath TpaHckpumnuu 1 pervtukanuu JJHK 3a cuet oOpa3oBaHus TUMMEPOB TUMUHA, MPEIIST-
CTBYIOIINX POCTY M Pa3MHOXKEHHUIO KieTku [14—18].

TpaguimonHas macTepU3aIysl MOJIOKa — MPOIECC TOCTATOUYHO DdHEProeMKuid. B To ke Bpems 3a
cYeT Hcroib3oBanusi YD-00paboTkH MOJIOKA JTaHHBIN MMOKA3aTellb MOXKET ObITh YMEHBIIIEH OoJice YeM
B TpH pasa. Takum 00pa3om, IpoBeneHNE HCCIIeoBaHU B 00acTi Y®-00pab0OTKH MOJIOKA SIBIISICTCS
AKTyaJIbHOW HAayYHO-TEXHHUYECKOH 3ajadeid, KOTOpast MOKET JaTh 3HAYUTEIbHBI SKOHOMUYECKHH 3(-
(ekr. B benapycu uccienoBanus mo cBeTognoaHol YD-00paboTke MOJIOKa paHee He MPOBOIUIHUC.

1. DxkcnepumenTaabHasi YP-ycTaHOBKA 11 00€33apaskMBaHUsI MOJIOKA. YCTAaHOBKA COCTOUT M3
Kapkaca, Y®O-Monysneil U peaktopa, IIaroBoro JABUTraress s MNepeMelInBaHUus MOJIOKA U MEepUCTaib-
TUYECKOr0 HAcOca JIJIsl TOJJauu €ro B 30HY PEaKTOpa, CUCTEM 3JICKTPUUYESCKOr0 MUTAHUS M OXJIAXKICHUS
YO-momyneit, 611oka yrpasieHus 1 00paboTKn WH(POPMAIIMH B COTY TCTBYIOMIEro 000opyaoBanus (puc. 1).

Puc. 1. DxciepumenTanpHas Y®-ycTaHOBKa 1151 00€33apaKMBAaHUS MOJIOKA

Fig. 1. Experimental UV milk disinfection installation
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PeakTop mpezacraBisieT coOOH BEpPTHKAIBHO OPUEHTHPOBAHHYIO KBapIeBYH TpyOy, repMerwd-
HO 3aKPBITYIO C TOPLIOB KpbIMIKamMHu. BHYTpu KBapliieBoil TpyObl pacronaraeTtcs poTop, IPUBOAUMBIH
BO BpAIl[eHHE IIarOBBIM JBUTATENIEM, YCTAHOBJICHHBIM Ha BEpXHEW KPHIIIKe. B BEpXHIOI W HUKHIOKO
KPBIIIIKHA BCTPOCHBI BXOJHOM M BBIXOAHOHN MITYIIEPHI, CKBO3bh KOTOPBIE YepPE3 PeakTop MpoTeKaeT obpa-
OaTeIBaeMoe MOJI0KO. CKOPOCTH ITOTOKA MOJIOKA peryimupyeTcs B uaTepBaie 0—20 /4.

TexHuuueckue mapameTpsl YD-yCTaHOBKH MPEACTABICHEI B Ta0M. 1.

Taobonuma 1. TexHnYecKHe XapaKTEPUCTHKH IKCIEPUMEHTAIbHON Y®-ycTAaHOBKY 1JIs1 00€33apaKUBAHUS MOJIOKA

Table 1. Technical characteristics of an experimental UV milk disinfection installation

ITapameTp 3HaueHue napameTpa
Hanpsokenne nutanus, B/T' 230/50
Tlorpebusiemast MmomHOCTH, BT <700
O06beM Mosioka B YD-peakTope, 1 0,25
[TukoBas nuuHa BOIHBI Y®-U311yUyeHUs], HM 278
T'aGapuTtsr (J] x 1L x B) 1 000 x 600 x 750
Macca, xkr 30

brnok ynpasienus u o0paboTku HHOOPMAIIMH COCTOMT U3 KOHTPOJLIEPA, TATYMKOB TEMIIEPATYPhI
MOJIOKa Ha BXOJI€ M BBIXO/IE U3 PEaKTopa, IIaroBOro JABUTATeNs C UCTOYHUKOM NMHUTAHUS, PEryisTopa
MOIITHOCTH (InMMepa) YD-cBeTOINOI0B. YIIpaBlieHHE IIarOBbIM JABUTaTeNeM, AMMMUpoBaHue Yd-cBe-
TOJIMOJIOB, MOHUTOPUHT TeMIIEpaTyp CBETOUOJIOB U 00padaThBa€MOT0 MOJIOKA, a TAKKE OTOOpaKeHHE
9TON WHPOPMAIIHN OCYIIECTBIISICTCS MOCPEICTBOM CCHCOPHOU MaHEIH yIIpaBICHUS Ha OCHOBE 7-IIOM-
mosoro JKK-nucmies.

Jst GyHKIIMOHMPOBAHHUSI SKCIIEPUMEHTAIBbHON YD-yCTaHOBKM OYE€Hb Ba)KHO 00ECIEUUTh HHTCHCUB-
HYIO ¥ paBHOMEPHYIO 3aCBETKY 00pabaTeiBaeMoro Moioka. Ha prc. 2 mpencTaBiieHbl pe3yIbTaThl MOJEITH-
poBaHUs pacIpEeIICHUs] SHEPreTUYECKON OCBEIIEHHOCTH HAa BHYTPEHHEHN TOBEPXHOCTH KBApLIEBOU TPY-
OBl B 3aBUCHMOCTH OT PACCTOSHUS MEXK/Ty IeYaTHOH I1aToi ¢ YD-cBeTouoaMu 1 KBapieBoil TpyOoi.

OnTryeckoe MOJETMPOBAHUE BBITIONHSIOCH C MCTONMB30BaHUEM criennatm3upoBarHoro [10 TracePro.
W3 ananm3a nory4eHHbIX JaHHBIX (CM. pHC. 2) CIeAyeT, 4To IpHu NpuoImkeHnn Y®-cBeTOINOI0B K KBaplie-
BOH TpyOe sHEepreTHvecKas OCBELICHHOCTh Ha BHYTPEHHEH MOBEPXHOCTH KBApIIEBOH TpyOBl BO3pACTaET CO
130 10 240 B1/M?, HO TIpH 5TOM TaKkKe yXyAMIAETCS PABHOMEPHOCT OCBEIEHHOCTH. AHaIN3 000MX STUX Ia-
PpaMeTpOB MO3BOJISIET ONPEAETUTH ONTUMAIBHOE PACCTOSHUE MEXK Y IIeYaTHOM 11atoil ¢ YD-cBeToguogamMmu
Y KBapleBod TpyOo. JIOMONMHUTENBHO ISl YBENWMYSHUS WHTEHCUBHOCTH W PAaBHOMEPHOCTH OCBEICHUS
KBapIIeBOW TPyOBI HICMIOIH30BAINCH PeIIEKTOPHI, yCTAaHABINBAEMbBIE Ha/l CBETOIMOAHBIMHU TIJIaTaMHU.
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Puc. 2. Pacnipenienienne SHEpPreTHUSCKOH OCBEIICHHOCTH HA BHYTPEHHEH [TOBEPXHOCTH 00JIydaeMOl KBapIeBOi TPyOb!
(pa3BepTKa MOJIOBHHEI TPYOBI) HAa pacCTOSTHHH 6 MM (a), 8 MM (b), 10 MM (¢), 12 MM (d)

Fig. 2. Distribution of irradiance on the inner surface of the irradiated quartz tube (unrolled view of half of the tube)
at a distance of 6 mm (@), 8 mm (b), 10 mm (c¢), 12 mm (d)
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CrnenyeT OTMETHTb, UTO MOJIOKO SIBIAETCSA NMPAKTHYECKH Henpo3pauHoi cpemoit ans YD-C-us-
Jy4eHUsl, B YaCTHOCTHU CJIOW MOJIOKA TOMIIMHON Beero 100 MKM moriomaet okojao 85 % IpoxXonsiwero
yepe3 Hero YO-uznyuenus [19]. Takum o6pazom, YP-00paboTka MOIOKa, paBHO KaK U APYTUX HEMPO-
3PAYHBIX CPEJ, SABISAETCA AOCTATOYHO CJIIOKHOW HAyYHO-TEXHUUYECKOH 3ajadei. [yt ee peleHus BHy-
TpHU peakTopa (OpMHUPOBAIOCH TaK Ha3biBaeMoe TeueHune Kyarra — Teitnopa, Bo3HUKaromee B 0011eM
ClIydae MEXIy ABYMS BPAILAIOIIUMUCS C Pa3HBIMH CKOPOCTSIMH COOCHBIMH HuIuHApaMH. ITpn sTom
IIpU OIpPENETIEHHON CKOPOCTH BpAIIEHHS B KUAKOCTH BO3HMKAIOT MPABUIIBHO YEPEAYIOIIHUECS BUXPH
B BH/JIE TOPOB C MPABHIM U JIEBBIM Bpalll€HHUEM.

Jlns onleHKM cTaOMIBHOCTH MPOQHIIS TOTOKA KUIAKOCTH MEXKIY ABYMS BPAIIAIONIAMUCS ITUITUH-
JIpaMu UCIOJIb3yeTcs uucio Teinopa:

2 3
Ri(Ry — R
Ta=2 1(22 )" (1)
A%

riae Ta —uncno Teinopa; ® — yrioBas CKOPOCTh BpaIllEeHUs poTopa; R,, R, — paguyc poTopa ¥ BHyTPEH-
HUH paanyc KBapleBOl TPpyObl COOTBETCTBEHHO; V — KHHEMaTH4eCKas BA3KOCTh (V = |1 /p; |\ — IWHAMU-
YEeCKasl BA3KOCThH, P — INIOTHOCTH MOJIOKA).
Jlunamudeckasi BSI3KOCTh U IUIOTHOCTh MOJIOKA 3aBUCST OT Temnepatypsl (1) u xupHocta (F) Mo-
noka [11]:
In(w) =2721,5/T +0,1F -8,9, 2

p=0,37-0,037>-0,7F —0,01F > +1034,5. ?3)

Teuenune Kystra — Teitnopa obpasyercs npu 3HaueHnn uyncia Teinopa Ta > Ta, = 1 700, uro cooT-
BETCTBYET KPUTHYECKOHN YITIOBOK CKOPOCTH BPAILEHHUS M, :

2

Tayv
Ri(Ry — Ry)’

Taxum o6paszom, npu 7'=313 K, R, = 32,15 mm, R,= 35, 15 mm u v(T') = w(T) / p(T) = 0,0014/1021,83
KPUTHYECKasi CKOPOCTh BPaIlEHUs POTOPaA COCTABISAET ®, <~ 60 06/MUH.

CremyeT OTMETHTH, 9TO (hopmyna (4) He mpuMeHUMA JJIsI TPOTOYHOM cucTeMBl. [Ipu HaTuInun BXO-
JAIIETO TTOTOKAa BUXPH Teliopa He SBISIOTCS YCTOWYUBBIMU M MOTYT pa3pymiatbes. J{is momydeHus
OoJiee TOYHOTO MPENCTABICHUS O THAPOJUHAMUKE ITPoIiecca HEOOXOANMO MTPOBEICHUE YUCIEHHOTO MO-
JeTMPOBAHUS.

B Tabn. 2 mpenacTaBiaeHsl pe3yabTaThl THAPOIWNHAMHYECKOTO MOACTHUPOBAHHS C MCIIOIB30BAHUEM
I1O SolidWorks. U3 ananmn3a momydeHHBIX pe3yIbTaTOB CIEAYyeT, YTO NpH (GUKCHPOBAHHOM 3HAYCHUH
[IOTOKAa MOJIOKA YBEJIMUYEHHE CKOPOCTH BpAIIEHMS POTOpa MPHUBOAMUT BHAdajle K MOSBICHHUIO BUXpeEH
Teitopa ¢ 4eTKO BhIpaKEHHON JJOMEHHOW CTPYKTYPOM, a 3aTeM — K 0oJiee XaOTUYHOMY M TYpOYJICHT-
HOoMYy TeueHuto. C Apyrol CTOPOHBI, MPH (UKCHPOBAHHON CKOPOCTH BpAaIlleHUS POTOpa YBEIWUEHHUE
ITOTOKA MOJIOKAa TIPUBOJIMT BHaYase K pa3pylICHUI0 IOMEHHOW CTPYKTYpBhI TeueHus Telnmopa u oOpa-
30BaHHIO MPOTOYHOTO TEUEHMS] MEXAY JIOMEHAMH, a 3aTe€M — K IOJHOCTBIO JIJAMHUHAPHOMY TEYEHUIO
MOJIOKa BHYTpPHU peaktopa. [Ipn 3ToM dacTh MOJIOKa MPOTEKAET BAAJIH OT 00IydaeMol MOBEPXHOCTH
U, CIIeZIOBaTeNbHO, He moaBepraeTrcsa YD-o0padoTke. [ mpakTHYeCKOro UCIOIb30BAHMS METO/Ia CBe-
TonuoHOT0 YD-00€33apaKuBaHMs MOJIOKA BaXKHBIM SIBJISIETCS 00ECIIEYCHUE BBICOKOH IMTPOU3BOIUTEIb-
HOCTU 00paOOTKH MOJIOUHOTO CBIPBSL.

Ha puc. 3 npexacrasiiens Gpororpaduu Buxpeit Teitsiopa B peakTope, 3al0JIHCHHOM T€CTOBOW KU /I-
KOCTBIO TIPH Pa3JIMYHBIX CKOPOCTSX BpaIleHHs poTopa. B KauecTBe TeCTOBOW KUAKOCTH UCIOIB30Ball-
Csl PacTBOP AMCTHIIIIMPOBAHHOMN BOJBI U MIMLIEPHHA, UMUTUPYIOLIUI MO BI3KOCTH MOJIOKO. s BU3ya-
JU3alUU TEYEHUS! B TECTOBYIO JKHJIKOCTH J00aBIIsJICS MOPOIIOK CIOABI KpacHoro nsera. 13 puc. 3, a
BHJIHO, YTO MPH HU3KOH CKOPOCTH BPAIEHUS POTOPA B TECTOBOM JKHUJIKOCTH HAOIIOAAETCS TOPOUIaTh-
Hasl CTPYKTYypa, COOTBETCTBYIOIIAS IOMEHaM TeueHus Telsopa. AHanu3 puc. 3, a MO3BOJSET Oonpee-
JIUTH CPETHHI pa3Mep IOMEHOB — OKOJIO 5 MM, YTO KOPPETUPYET C pe3ydbTaTaMH THAPOIUHAMUYE-
CKOTO MoaenupoBaHus (cM. Tabi. 2). [Ipu yBemnueHUH CKOPOCTH BPAIICHUS POTOPA TOPHI CTAHOBSTCS
BOJHUCTBIMH (pHC. 3, b), T. . CTpyKTypa TeueHus Teimopa paszpymraeTcs.

0 =

@
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Taonuma 2. [larrepnsl Teuenns Kysrra — Teiinopa B 3aBucuMocTH
OT CKOPOCTH BpallleHUsI POTOPA U MOTOKA MOJIOKA Yepe3 Yd-peakTop*

Table 2. Couette-Taylor flow patterns depending on the speed of rotation
of the rotor and the flow of milk through the UV reactor*

TToTox MonoKa CKOpOCTh BpalIeHHs POTOPA ®, 06/MHH
0, /4 120

10

20

30

50

100

* CrpenkaMu TIOKa3aHO HalpaBlIeHHE MPOJOIBHOM, a IIBETOM — TAHTEHIIMATBHOI COCTAaBISAIONIEH BEKTOpa CKOPOCTH
Te4YeHUsI MOJIOKa. KpacHBIi 1IBET COOTBETCTBYET HAMPABJICHUIO IBHKCHHUS K HAOIIOIATEITI0, & CHHII — OT HaOII0IaTeNsl.

* The arrows indicate the direction of the longitudinal component of the milk flow velocity vector, while the color in-
dicates its tangential component. The red color corresponds to the direction of movement towards the observer, and the blue
color corresponds to the direction of movement away from the observer.

Puc. 3. dotorpadun Buxpeii Teitnopa, BO3HUKAIOMKX BHYTpH YP-peakTopa IMpu CKOPOCTH BPAIIEHUS pOTOpa
100 06/muH (a) u 140 06/muH (b)

Fig. 3. Photographs of Taylor vortices generated inside a UV reactor at rotor speeds of 100 rpm (a) and 140 rpm (b)
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Moayns 0.035
paauyc-BexTo| 0.035
yacTuubl, Mi 0:035

Puc. 4. Tuninunblie TpaeKTOpUHU ABMKeHUs rpynnbl u3 20 yactun (a) u 1 yactuusl (b) Monoka B YO-peakrope

Fig. 4. Typical trajectories of a group of 20 milk particles («) and single particle (b) in a UV reactor

Baxxapim mapameTpom cucteMbl YP-00paboTKH MOJIOKA SIBISIETCS BPeMsl HAXO0XKICHHSI 3JIeMEHTap-
HBIX MUKPOOOBEMOB (J1aJiee — 4aCTHUL) MOJIOKA B IPUIIOBEPXHOCTHOM clioe peakTopa. it ero oneHku
MIPOBOJMIIOCH MOJCIMPOBAHUE TPACKTOPHUH MEPEMEIICHHS OTACIbHBIX YaCTHULl MOJOKA C BBIYHMCIICHU-
€M UX paanyc-BeKTopa (IIIyOMHBI 3aJleraHus) B LMJIMHIPUUYECKOH cucTeMe KoopauHat YP-peakTopa.
Pe3ynpraTel MOAEIMpPOBaHUS IPEICTABIEHBI Ha PUC. 4.

Kax BugHO U3 puc. 4, 4aCTHUIBI MOJIOKA HEPEMELIAIOTCS 10 CJIOXKHBIM TPACKTOPHSIM € IUIABHO M3-
MeHsoIeics rTyOnHON 3aneranus. B mpomecce IBM)KEHHS YaCTUIBI MOJIOKa MHOTOKPATHO MOIHUMA-
I0TCSl B IPUITIOBEPXHOCTHBIN CJIOM, IepeMeIaroTcs BIOJIb Hero Ha 1/3—1/2 BUTKa criMpatu, Mocje 4ero
BHOBb YXOJSIT Ha T1yOuHY. VcXo/st U3 MONYyUYEeHHBIX TaHHBIX (puc. 4, b), JUTMHBI U paJuyca KBapleBOH
TpyOBI, MOKHO OLIEHUTH CPEAHEE BPEMsI HaXOXKACHUsS YACTHI] MOJIOKA B MPHUIIOBEPXHOCTHOM CIJIOE —
oKoJI0 2 ¢ (Ipu ckopocTH Bpamenus poropa 110 06/Mun u remnepatype moisoka 45 °C).

Takum oOpasom, pazpaboTaHHas SKCIEPUMEHTalIbHas ycTaHoBKa Y®-o0e33apakuBanus odecrie-
YUBACT PAaBHOMEPHOE MEPEMEIINBAHNE MOJIOKA, IIPUYEM YaCTHUIIBl MOJIOKA, ABUTasACh 1O BUXpeoOpas-
HBIM TPaeKTOPUSM, TIPOXOASIT BJOJIb IPUIIOBEPXHOCTHOTO CJIOSL, T U moaBepratoTcs YP-o0paboTke.

2. UccnenoBanue MUKpPOOHOJIOrH4ecKoi 3(ppeKTHBHOCTH IKCIIEPUMEHTAIbHOI Yd®-ycTaHOB-
KH s 00e33apaKuBaHUsI MOJIOYHOTO chIpbsi. Omnpenenenne (QU3NKO-XMMHUYECKUX MOKa3aTeeH
00BEKTOB HCCIICIOBAHHUI OCYIIECTBISIIOCH B NabopaTopHbix ycnoBusix PYIT «MHcTHTYT Msico-Mo-
JIOYHOM IPOMBILUIEHHOCTHY, [P 3TOM HCIIOJIb30BaHbl CTAHJAPTHBIE U CIIELUAJIbHbIE METO/bl aHa-
nu3a. Cratuctuueckass oOpa0oTKa IAaHHBIX OCYILECTBIISUIACH C MCHOJIb30BAHMEM KOMIIBIOTEPHBIX
MpOrpaMMHBIX MpuiIokeHni Excel.

Cornacno CTB 1598-2006', MOJIOKO KOPOBBE CHIPOE MOAPA3AEIIETCS HA COPTA: TEPBBIM, BBICIIUI
u 3kcTpa. I1o MUKpOOHOIOrnuecKUM MoKa3aTeNlsiM U KOJIMYECTBY COMATUYECKUX KIJIETOK MOJIOKO JIOJIK-
HO COOTBETCTBOBATh TPEOOBAaHMM, YKa3aHHBIM B TabII. 3.

Tabnunma 3. MukpoOuosoruyeckue moKa3areii MOJIOKa-ChIPbs

Table 3. Microbiological parameters of raw milk

Hopwma mu1st mosioka copra

HanmeHoBaHue nokasatess - —
SKCTpa BBICIIUH TIEPBBIA

KonuvecTBo Me30(pUIBHBIX a3pOOHBIX M (aKyJIbTaTHBHO-aHA3POOHBIX MUKPOOPIaHU3-

. 10° 105 105
moB (KMA®ABM), KOE/cM?, He Gornee 110 310 510

Ob1mree KOINIECTBO MHKPOOPTaHU3MOB (0aKkTepHraabHas 00CEMEHEHHOCTh METOJI0M He nmomy- 3105 5. 10°
npo6sl Ha peaykrasy), KOE/cm?, e Gonee cKaeTcs

KonnuecTBO coMaTHUECKUX KJIEeTOK B 1 cM?, He Gosee 3-10° 4-10° 5-10°
I[TaToreHHbIE MUKPOOPTaHM3MBI, B TOM YHCIIE CATTbMOHENIBI B 25 cm® He nonyckaercst

! Texnuueckue ycrnosus = Manako kaposina ceipoe. Toxuiunbis ymoBer: CTB 1598-2006. Bzamen na Tepputopuu P
TI'OCT 13264-88; Been. 01.08.2006. Mu.: I'occTanmapt, 2015. 13 c.
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Hnst uccnenoBanusi paboTocnocoOHOCTH M 3((EKTUBHOCTH 3KCIIEPUMEHTAIBHOIO 00pasia cBe-
TonuoaHoro Y®-peaktopa ObIJIO OTOOPAHO KOPOBBE CHIPOE MOJIOKO BBICIIETO COpTa C MAacCOBOM J10-
neii sxupa 3,8 %. CKopocTb BpallleHUsI poTopa BHYTpHU peakTopa coctapisiia 100 00/MUH, MOIIHOCTD
Y®-creronuonos — 100 %. Crneayer OTMETHTh, YTO BO BCEX HIXKCOIMMCAHHBIX MHUKPOOUOJIOTMYSCKUX
9KCMEPUMEHTaX CKOPOCTh MOJIOKa, TpoTeKaroero uepe3 YP-peaktop, coctasisuia 20 n/4. [Tocne kax-
JIOTO TIPOrOHA Yepe3 CBETOANOIHbIN YD-peakTop 00e33apakeHHOE MOJIOKO COOMPAJIOCh B CTEPUIIBHYIO
Tapy, 4TOObI HE JOMYCTUTh CMEIIMBAHUE C MOJIOKOM, KOTOPOE €IIe He IPOIIIO 00padoTKYy.

Muxkpobuonornueckne nokazarenn KMADAHM (konndecTBO Me30(DUITEHBIX a9POOHBIX U (haKyITb-
TaTUBHO-aHa’3pOOHBIX MUKpoopraHuzMoB) U BI'KII (GakTepun rpynmnbl KMIIEYHOH MalOYKH) MOJIO-
Ka-ChIpbs U 00€33apa)KeHHOT0 MOJIOKa MTPUBEIEHBI B TA0I. 4.

Tab6nuna 4. Mukpoounosorndeckne noxkasarean (KMADPAnM, BI'KII) kopoBbero Mo1oka-chIpbst
1 00e33apakeHHOr0 MOJI0KA BBICIIEro COPTa ¢ MAaccoBOoii Joeii :xupa 3,8 %

Table 4. Microbiological indicators (NMAFAnM, BECG) of raw cow’s milk and disinfected milk
of the highest grade with a mass fraction of 3.8 % fat

KonnyecTBO n1poroHoB yepes cBeTOAMOAHbBIH YD-peakTop
Tokaszarens
Mornoko-cheIpse 1 mporox 3 nporoHa 5 mporoHos 7 nporoHoB
KMA®ABM, KOE/cm? 2,6 - 10° 1,3-10° 5,6 - 10° 4,9 -10? 4,5 - 10?
BI'KII, KOE/cMm? 1,6 - 10? <10 <10 <10 <10

I'padukn n3mMeHEHNTT MUKPOOHNOJIOTHIECKHX TIOKa3aTeNIel IpeACcTaBIeHBI Ha PHC. 5.

Ha ocHoBannM MUKPOOHOJIOTHYECKIX MTOKa3aTeNIeit MOYKHO CIeNIaTh BBIBOJ, UYTO MOCIE 5-TO IIPOro-
Ha Yepe3 CBETOUOAHBIN YD-peakTop couepikanue Me30(PHIbHBIX a3pOOHBIX U aHAPPOOHBIX MHUKPOOP-
raHu3MoB B 00pasie MoIoka yMenbmmiaochk B 200 pas (¢ 2,6 -+ 10° go 1,3 - 10* KOE/cm?), uto cooTser-
CTBYeT TpeOOBaHUAM, IPEABSIBISIEMBIM K MOJIOKY uTheBoMy. Conepsxanne BI'KII mocne 5-ro nmporona
gepe3 CBETOMUONHBIN YD-peakTop YMEHBIIHIOCH OoJiee ueM B 16 pa3 1o CpaBHEHUIO C UCXOIHBIM 00-
pasnoM Mosoka-ceipbs (¢ 1,6 - 107 go < 10 KOE/cm?).
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b
Puc. 5. Usmenenue mukpoouonorundeckux nokaszarenaeit KMADAHM (a) u BI'KII (b) Monoka-ChIphs BEICILIETO COPTa

¢ MaccoBoit goneit xupa 3,8 % B 3aBUCUMOCTH OT KOJIMYECTBA IPOrOHOB Yepe3 IKCIIEPUMEHTaNbHY0 YD-yCTaHOBKY
(o =100 06/muH, I} . = 100 %)

Fig. 5. Change in microbiological parameters of NMAFAnM (a) and BECG (b) premium-grade raw milk with a mass fraction
of 3.8 % fat, depending on the number of runs through the experimental UV installation (w = 100 rpm, I, ., = 100 %)
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Puc. 6. 3aBucumoctu konnuectBa KMAD®AHM (a) u BI'KII (b) monoka-ceipbs
€ MaccoBo# nonei xupa 3,8 % 0T ckopocTH BpalleHus potopa o npu P .= 50 %

Fig. 6. Effect of rotor speed @ on NMAFAnM (a) and BECG (b) raw milk with a mass fraction of 3.8 % fat (P, ;,= 50 %)
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Puc. 7. 3aBucumoctu xonuuectBa KMA®DAHM (a) u BI'KII (b) Monoka-ceipss ¢ MaccoBoi poselt xupa 3,8 %
OT MOLIHOCTHU CBETOAHOAO0B P .y MpH CKOPOCTAX BpamieHus poropa ® = 100 06/Mun

Fig. 7. Effect of UV LED power on NMAFAnM (a) and BECG (b) raw milk with a mass fraction of 3.8 % fat
(P, p at rotor speeds of @ = 100 rpm)

B xone uccrienoBanuii npopeneHa cepusi IKCIIEPUMEHTOB C IIEIbI0 M3YyYEHUs BIHMSHUS CKOPOCTH
BpAaIlIeHHs pOTOPa BHYTPHU peaKTOpa U MHTEHCHUBHOCTHU CBeUeHUs YD-cBeTo100B Ha d(h(PEeKTUBHOCTH
o0e33apakuBaHUs MOJIOKa. MccnemoBanus MpOBOIUIIUCH TIPH TPEX CKOPOCTSIX BpaimieHus poropa: 80,
100 n 120 06/mMuH. Ha kaxmoit n3 yKa3aHHBIX CKOPOCTEH OBIIN MPOBEIEHBI OTIACIHHBIC OMBITHI C MC-
MTOJIb30BAHHUEM TPEX YPOBHEW MouTHOCTH cBeToanoa0B: 50, 75 u 100 %.

Jutst uccnenoBanuii oToOpaHbl 00pa3ilbl CHIPOr0 KOPOBHETO MOJIOKA BBICIIETO COPTAa C MacCOBOM
noneit sxxupa 3,8 %. st ycpenHeHus JaHHBIX SKCIEPUMEHThI OBTOPSJIUCE 10 5 pa3. [locne kaxoro
IPOTOHA Yepe3 CBETOANONHBIH YD-peakTop 00e33apakeHHOE MOJIOKO COOMPAJIOCh B CTEPUIIBHYIO Tapy,
YTOOBI HE JOMYCTUTh CMEUIMBAHMS C HEOOpaboTaHHBIM MOJOKOM. ['padku u3MeHeHUs MUKPOOHOIIO0-
rudeckux mnokazareneii (KMAD®AuM, BI'KII) mMonoka-ceipbst U 00pa3ioB 00e33apakeHHOTO MOJIOKA
MpeacTaBJIeHbl HA puc. 6 U 7.

AHanmM3 TMONYYEHHBIX Pe3yJbTATOB IOKa3bIBAET, UTO CKOPOCTH BpAIleHUS pOTOpa W MOII-
HOCTh Y®-CBETOIHO/IOB OKAa3hIBAIOT CHIIPHOE BIIMSHHE Ha 3(PPEKTHBHOCTh CHHIKEHHS KOJUYECTBA
KMA®AHBM. Tak, xonnyectBo KMA®AHM npu momHocTu cBetoguonoB 50 % u CKOpoCTH Bpa-
menus poropa 80 06/MHH cHU3UIOCH B 2,3 pa3za (1o 82 000 KOE/cm?), mpu 100 06/MuH — B 6,1 pasza
(mo 31 000 KOE/cm?), mpu 120 06/mMun — B 25 pas (1o 7 600 KOE/cM?) o cpaBHEHHIO ¢ MOJIOKOM-
ceipbeM (puc. 6, a). [locne Bcex pexuMoB 00paboTku koanuectBO KMAD®AHM coOTBETCTBOBAJIO
TpeOOBaHUIO, MPEABSIBISIEMOMY K MOJOKY MUTheBOMY. [IpH CKOPOCTH BpallleHUsI pOTOpa peakTopa
100 o6/mMun konmmyectBo KMA®DAHM mo cpaBHEHHIO C MOJIOKOM-CHIphEM yMeHbInaeTcs B 6, 21
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u 42 pasa nipu mourHoctu cBetoauonos 50, 75 u 100 % cooTBercTBeHHO (puc. 7, a). OleHKa MoIyyYeH-
HBIX I'paduKoB (puc. 6, b 1 7, b) CBUIETENBCTBYET O TOM, UTO YBEIHUYEHUE CKOPOCTH BpPAIIEHHUS POTO-
pa B peakTope U MOIIHOCTH YM-CBETOAMOIOB HE OKAa3bIBACT CYIIECTBEHHOTO BIUSHUS Ha KOIUYECTBO
BI'KIIL. ITpu Bo3aeiicTBum ynbTpaduoneroBoro uainydeHus konudectBo bI'KII monmxaercs mo morry-
CTHUMOTO TTPH BCEX BHIOPaHHBIX MTapaMeTpax.

Takum 00pa3om, 4eM BBIIIIE CKOPOCTH BPAIICHHS POTOPA B PEAKTOPE W MOITHOCTH Y®D-CBETOAMOMOB,
TEeM HWXe YpoBeHb OakTepuanbHoil o0cemeHeHHOCTH (KMAD®AHM) o6paboTanHoro momnoka. [Ipu atom
JUTSL JAHHOTO BapHaHTa UCTIOIHEHUS SKCIIEPUMEHTAIFHON YCTAHOBKH MTPU BEIOPAHHOM MOJIOKE-ChIPhE BBIC-
IIIeT0 COpTa C MAacCOBOM noJieit xupa 3,8 % ONTUMAaTBHBIM SIBISETCS PEKUM CO CKOPOCTHIO BPAILICHUS PO-
topa 100 06/MHUH ¥ MOIITHOCTBIO CBETOAMOOB 75 %. OH o0ecrneyrBaeT BICOKYHO d(PPEKTHBHOCTH 00e33a-
paKUBaHMUA ¥ SKOHOMHUYECKYIO LIeNIeCO00Pa3HOCTh, TIO3BOJISISI TOBBICUTH COPTHOCTBH MOJIOKA JIO COPTa DKC-
Tpa. JlanbHeillee NoBbIIEHHE MOLTHOCTH CBETOIMOA0B SKOHOMUYECKH HEOIPABJAHHO, TAK KaK IIPUBOJUT
K pOCTY TIOTpeONIeHHs 3JIEKTPO3HEPT Y, a YBEIMYECHUE YUCIIa 000POTOB — K YCKOPEHHOMY HU3HOCY AeTaseH
YCTAHOBKH, WX 4YacTOMY OOCTY)KHBaHUIO M 3aMeHe. KOHCTPYKITUS SKCIIEPUMEHTAILHON CBETOMUOIHOM
Y®-ycTaHOBKH MMO3BOIISIET IIPOBECTH ONITUMAJIBHBIHN MOAO0P PEKUMOB 00PaOOTKH JTHOOOT0 MOJIOKA-CHIPHSI.

BoiBoabl. PazpaboTaHa skcriepiMeHTaNbHAS YCTAHOBKA IS CBETOANOAHOTO YD-00€e33apaknBaHN
MOJIOKa-ChIphs B peaktope Tuna Kysrra — Teitnopa. [laHa olieHKa CpeHEro BpEMEeHU HaXO0XKJACHHU s Ya-
CTHUIl MOJIOKa B TipunoBepxHocTHOM 100-MkM cioe Y®-peakTopa. VccrenoBano BIUSAHIE CBETOINOI-
HOU Y®-00pabOTKH MOJOYHOI'O ChIPbsi HA MHUKPOOUOJOTHYECKYI 00CEMEHECHHOCTh IPU Pa3HbIX pe-
JKUMax OOJy4YeHHs] M CKOPOCTH BpaileHHsi poropa. [lomoOpaHbl onTHMalbHBIE PEXUMBI Ipolecca.
[Nokasano, 4To Ipu 00e33apakMBaHUH MOJIOKA Yepe3 YCTAaHOBKY IPH ONTUMAIBHOM peKuMe 00padoT-
ku KMA®AHM B 00pasiie KopoBbero Mojioka ymenblmioch B 21 pas, a BI'’KII — B 16 pa3, uto coot-
BETCTBYET TPEOOBAHUSM, [IPEIBSIBISEMBIM K MOJIOKY MUTHEBOMY 10 COJACPKAHUIO OAKTEPUH TPYIIIIBI
KHUIIeYHOH majiouku. llomydeHHbIe pe3ysbTaThl MIaHUPYETCSl MCIOJb30BaTh MPHU MPOCKTUPOBAHHUH
5Heprod(h(HEeKTHBHBIX TPOMBIILICHHBIX YCTAHOBOK 00€33apakiMBaHUS MOJIOKA.
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STUDY OF QUALITY INDICATORS OF SOFT CHEESE DURING STORAGE
AND JUSTIFICATION OF ITS SHELF LIFE

Abstract. In connection with the emerging trend towards healthy eating, the development of soft cheeses with a probiotic
focus, produced using biocompatible consortia of microorganisms and possessing increased nutritional and biological value
due to the inclusion of plant-based ingredients, is relevant. The scientific significance of the study lies in the theoretical and
experimental substantiation of the synergistic interaction of probiotic bacterial strains and non-traditional plant raw materials
in the dairy product matrix. The results of a study substantiating the shelf life of soft cheeses with probiotic cultures enriched
with a plant filler are presented. A consortium of microorganisms consisting of S. salivarius sp. thermophilus, L. delbruec-
kii sp. bulgaricus, P. freudenreichii subsp. P. shermanii KM-186 is used as the probiotic component. A plant component
used to enrich soft cheese is tiger nut (Cyperus esculentus L.). To comprehensively evaluate quality indicators, the produced
soft cheese samples were subjected to refrigeration storage (at a temperature of (4 + 2) °C) using polymer packaging and
a modified atmosphere (MAP). During refrigeration storage of trial batches of soft cheeses, changes in their organoleptic
and physico-chemical characteristics were assessed. Microbiological indicators of the samples, including spoilage indicators,
as well as the dynamics of probiotic microflora development (lactic acid and propionic acid microorganisms) during storage
in two packaging options were determined. Based on the data obtained, the shelf life of the trial batches of soft cheeses
was established: 10 days for polymer packaging and 15 days when using a modified atmosphere. The obtained results can
be applied in the dairy industry to expand the range of functional food products, as well as in the development of technical
documentation for the production of new types of fortified cheeses.
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3anadusiii punuan Poccuiickoti akademuu HapoOHO20 XO3AUCMEA U 20CYOAPCIMEEHHOL CLYHCObL
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HCCJIEJOBAHUE IMOKA3ATEJENA KAYECTBA MSIT'KOI'O ChIPA B IIPOLIECCE XPAHEHU
U OBOCHOBAHMUE EI'O CPOKA I'OAHOCTH

AHHoOTanus. B cBs3u ¢ TeHACHIMEH K 3M0POBOMY IMUTAHUIO aKTyalbHOW SBISETCS pa3pabOTKa MATKHUX CBHIPOB IPO-
OMOTHYECKON HAMPABICHHOCTH, IPOU3BEACHHBIX C IIOMOIIBIO OMOCOBMECTHMBIX KOHCOPLUYMOB MHKPOOPTAaHU3MOB U 00-
NaAf0IUX TTOBBIIICHHON MUIIEBON U OMOIOTHYECKON IIEHHOCTHIO 3@ CUET BKIIOUCHUS B COCTAB PACTUTENBHBIX KOMIOHEH-
ToB. HayuyHas 3HAYMMOCTH pabOTHI 3aKII0YAETCS B TEOPETHUECKOM U IKCTIEPUMEHTATBHOM 000CHOBAaHUH CHHEPTETHUECKOTO
B3aUMOJEHCTBYS MPOOMOTHYECKUX IITAMMOB OAKTEPHH U HETPAJAULMOHHOTO PACTUTEIBHOTO ChIPbSl B MATPHULIE MOJIOYHOI'O
IpoAyKTa. HpI/IBO)IﬂTCH pE3YyIbTAThl UCCIIEAOBAHHUA 110 O6OCHOBaHl/I}O CpOKa roAHOCTH MATKHUX CBIPOB C HpOGI/IOTI/I‘leCKHMI/I
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KYJIETYpaMH, 000TallleHHbIX PACTUTELHBIM HAIOJIHUTENIeM. B kauecTBe MpoOHOTHYECKOH COCTABIISIONIEH PaCCMOTPEH KOH-
COpLUYM MHKPOOPraHU3MOB, cocTostuuid u3 S. salivarius sp. thermophilus, L. delbrueckii sp. bulgaricus, P. freudenreichii
subsp. P. shermanii KM-186. PacTutenpHbIl KOMIOHEHT, HCTIOIB3yEMBIH TSI 000TaIleHI s MATKOTO ChIpa, — CBHITh Cheno0Has
nyroBas (Cyperus esculentus L.). JIJs1 KOMILJICKCHO# OIEHKH MOKa3aTesel KauecTBa MPOU3BEICHHbBIC 00pa3Ilbl MITKUX ChI-
POB ObUIN MOBEPTHY THI XOJIOAMIBHOMY XpaHeHHIo (Ipu Temueparype (4 +2) °C) ¢ ucrnonb30BaHUEM MOJIHMEPHOH YITaKOBKH
u MoauduIpoBanHoi razosoii cpenst (MI'C). B mpomecce X0I0ANIBPHOTO XPAaHESHHSI ONBITHBIX MAPTHH MATKHX CHIPOB OIe-
HUBAJIMCh U3MEHEHHSI X OPTaHOJICITHIECKUX U PU3UKO-XMMHUYECKHX XapaKTEPHCTUK. YCTaHOBJIEHBI MHKPOOHOIOTI HUECKHUE
Hokasaresnn 00pasloB, BKJIIOYAs IOKA3aTeNN IOPYH, a TAK)KE JMHAMUKA PA3BUTHA NPOOHOTHYECKOH MUKPOQIOPHI (MOIOY-
HOKHCJIBIX ¥ TPONHOHOBOKHCIIBIX MUKPOOPTaHU3MOB) B MPOIECCE XPAHEHUS B JBYX BapHaHTaX YHMaKOBOYHBIX PELICHUIL.
Ha ocHOBaHNY MOTyYSHHBIX aHHBIX YCTAHOBJIEHBI CPOKH T'OHOCTH ONBITHBIX MAPTHH MSATKUX CHIPOB, KOTOPBIE COCTABUIIH
10 cyT asist monuMepHOM ynakoBku U 15 cyT npu ucnons3oBanuu MI'C. IlomydeHHbIe pe3yabTaTbl MOTYT OBITH HPUMEHEHBI
Ha TPEANPUATHAX MOJOYHOH IMPOMBIIUICHHOCTH JUIsl PACIINPEHUS] aCCOPTUMEHTA (DYHKIIMOHAIBHBIX MPOTYyKTOB MUTaHHUS,
a TakKe IpU pa3paboTke TEXHUYECKOH JOKYMEHTAIMH Ha IIPOU3BOJICTBO HOBBIX BH/IOB 00OOTAIEHHBIX CHIPOB.

KiroueBble cjioBa: MATKUil ChIp, CPOK IOJAHOCTH, XPAHEHHE, OPraHOJICITHYECKUE MOKA3aTelH, (PU3NKO-XUMHUSCKUES
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Introduction. Currently, the government is paying close attention to healthy nutrition for the popu-
lation. This can be achieved through improving both traditional food production technologies and
creating new fortified products, including probiotic ones.

The modern cheese-making market is undergoing significant changes. Changes are observed in mar-
ket segmentation, particularly in the growth of soft cheese production, which requires lower raw mate-
rial and energy costs and is in high demand among various population groups [1]. Soft cheeses available
on the Russian and Belarusian markets are mainly produced industrially using the rennet and acid-ren-
net methods. The production of soft cheeses using the fermented milk (lactic acid) method is limited
and is used mainly in small cheese factories, which is associated with the technological features of their
production, organoleptic and physico-chemical characteristics (high moisture content, absence or low
salt content) [2].

The development of technology for soft acid cheeses enriched with biocompatible microbial
consortia, including propionibacteria, is promising for expanding the range of dairy products [3, 4].
Propionibacteria strengthen the human immune system, possess antimutagenic properties, and form
a number of compounds important for the body during their vital activity, including vitamin B, [5, 6].

Research conducted by scientists is aimed at developing functional food products using domestic
plant-based raw materials with therapeutic and prophylactic properties and a rich vitamin and mineral
composition [7, 8].

Scientists from Moscow State University of Food Sciences and Technology (MGUPP) have pre-
sented a technology for producing soft cream cheese with fish collagen hydrolysates [9]. To regulate
the biological value, namely the amino acid, lipid, carbohydrate, mineral and vitamin compositions,
recipes for soft cheeses with a dietary and therapeutic-prophylactic focus have been developed [10—14].
Cheeses enriched with probiotics have been presented: Bifidobacterium longum MS-42, Lactobacillus
plantarum 8PA-3 and dietary fiber “Citri-Fi” [11]. A functional cheese with the addition of rose hips,
honeysuckle, and black currant has been developed. The feasibility of their use in the technology of soft
cheese production has been substantiated [10, 12]. At the Altai State Technical University named after
L. 1. Polzunov, a patent was developed describing a method for the production of soft cheese using pure
cultures of lactic acid and bifidobacteria BB-12S [13]. At the Omsk State Agrarian University named
after P. A. Stolypin, in the production of soft cheeses, researchers substantiated the method of introduc-
ing a starter culture consisting of lactic acid microorganisms and buckwheat or oat bran in an amount
of 4.0 % of the mass of the normalized mixture [14]. The Institute of Meat and Dairy Industry (part of
the National Academy of Sciences of Belarus) and related organizations are also conducting research
on technologies for soft and functional cheeses, including the use of new strains of starter cultures and
various functional ingredients [15, 16].
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The analysis conducted within the framework of patent research and scientific literature revealed
that the primary research conducted by scientists aimed at producing functional products enriched with
probiotic cultures is based on the use of monocultures of lactic acid bacteria, bifidobacteria, propionic
acid bacteria, or their consortia.

Various methods for producing these cheeses, such as rennet, acid-rennet, and melting, are also
being explored. However, despite the wide range of technological solutions presented, the technology
for producing probiotic soft cheeses obtained by the acid method requires further study and detailed
development.

A crucial aspect is not only the production of enriched and functional dairy products but also the re-
duction of losses during logistics, maintaining quality and safety throughout the entire shelf life under
specified conditions, using modern technological packaging solutions [17].

Research Objectives and Tasks. The aim of the study was to experimentally determine and scien-
tifically substantiate the shelf life of soft cheeses containing probiotic cultures (Streptococcus salivarius
sp. thermophilus, Lactobacillus delbrueckii sp. bulgaricus, Propionibacterium freudenreichii subsp.
shermanii KM-186) and a plant-based filler (Cyperus esculentus L.).

To achieve this goal, the following tasks have been set:

1) to study the organoleptic and physico-chemical properties of soft cheeses during storage;

2) to study the microbiological properties of soft cheeses during storage in aerobic and anaerobic
environments;

3) to substantiate the shelf life of soft cheeses using various packaging solutions.

Materials and Methods. The raw materials and auxiliary components used for the experiment are
presented in Table 1. All raw materials used complied with regulatory requirements.

Table 1. Raw materials and auxiliary components

Component Name Manufacturer Regulatory Documentation

Raw cow’s milk Gusevmoloko LLC, Russian Federation |National state standard R 52054-2023,
TR CU 033/2013

Direct inoculation starter Genesis Laboratories, Bulgaria TR CU 033/2013

Concentrated liquid Propionics LLC, Russian Federation Technical specifications 9229-007-02069473-2005,

inoculation starter TR CU 033/2013

Edible tiger nut tubers IP Rynkovoy A. P., Russian Federation | Organization standard 2044340097-001-2021,
TR CU 021/2011

Pilot batches of soft cheeses were produced according to the process flow chart shown in Figure 1.

During the acceptance and preparation of raw materials, milk is accepted based on its weight and
quality, as determined by the company’s quality control department (laboratory). If necessary, milk may
be stored until use at a temperature of (4 + 2) °C, but for no more than 12 hours.

The milk is normalized by adding skim milk to whole milk until the mass fraction of fat in the mix-
ture reaches 2.5 %. The milk is cleaned using centrifugal milk cleaners, then the normalized mixture is
heated in a heat exchanger to a temperature of 60—65 °C and sent for homogenization. Homogenization
is carried out at a pressure of (6.0 = 0.5) MPa. The normalized mixture is pasteurized at a temperature
of (95 + 2) °C with a holding time of 3—5 seconds. After holding, the mixture is cooled to a fermentation
temperature of (37 £2) °C.

The mixture is fermented using an activated consortium of starter microorganisms consisting of
(Streptococcus salivarius sp. thermophilus, Lactobacillus delbrueckii sp. bulgaricus) and two parts
of propionic acid microorganisms (Propionibacterium freudenreichii subsp. shermanii KM-186) in
tanks with a cooling jacket equipped with special agitators that ensure uniform and thorough mixing
of the mixture with the starter. To ensure better mixing of the mixture with the starter, the tank is filled
with the mixture while the agitator is running. Mixing is completed 20 minutes after the tank is filled.
Fermentation is carried out at a temperature of (37 + 2) °C. The end of fermentation is determined by
the formation of a milk curd with an acidity of 75—80 °T. The fermentation duration is 4—6 hours.
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Figure 1. Production scheme for experimental samples

After the curdling process is complete, the resulting curd is cooled to a temperature of (18 = 2) °C,
poured into lavsan bags, and sent to a unit for separating the whey from the curd and cooling (Mitrofanov
cooler). The temperature of the finished cheese after cooling is 8—10 °C; the process duration is 1.5—
2.0 hours, until the moisture content in the product reaches (75.0 + 1.9) %.

When producing soft cheese with a filler, the pressed mass is mixed with a filler from aseptic
packaging (cleaned, dried tiger nut, particle size 3—5 mm) in a paddle mixer for 3—5 minutes (shaft rota-
tion speed 12—15 rpm) to ensure even distribution of the components.

The resulting product is packaged in airtight consumer packaging, placed in transport packaging,
and sent to a refrigeration chamber. In the refrigeration chamber, the finished product is cooled to a tem-
perature of (4 £ 2) °C.

According to the developed program for setting the shelf life of soft cheeses “Probiotic” and
“Probiotic with tiger nut”, the produced batches were stored in refrigerated storage at a temperature of
(4 £ 2) °C: the cheeses were stored in hermetically sealed polystyrene cups and studied on days 0, 5,
10, and 13; the second experimental batch was stored in bags made of polypropylene (60 microns) with
a modified atmosphere (MAP 70 % N, + 30 % CO,) and tested on the Oth, 5th, 10th, 13th, 15th, and
20th days of cold storage.
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During the storage process, the organoleptic, physico-chemical, and microbiological characteristics
of the soft cheese samples were evaluated.

The produced batches of soft cheeses had the characteristics presented in Table 2.

Table 2. Characteristics of cheese samples [18]

Indicator Name . Product Name T
“Probiotic” “Probiotic with tiger nuts”

La}ct‘ic acid microorganism count at end of expiration date, CFU/g, 1-107 1-107
minimum
Propionibacterium count at end of expiration date, CFU/g, minimum 1-10° 1-10°
Moisture content, maximum, % 75.00 £0.20 70.00 + 0.20
Protein content, minimum, % 13.00 £ 0.50 11.00 £+ 0.50
Fat content, maximum, % 10.00 = 0.80 12.00 £ 0.80
Fat content in dry matter, maximum, % 40.00 £ 1.1 40.00 £ 1.1
Total ash content, % 1.059 + 0.009 1.064 + 0.009
Carbohydrate content, % 2.00 +0.50 7.00 +0.50
Calcium content, mg/100 g 680.32 + 75.49 668.56 + 75.49
Phosphorus content, mg/100 g 182.00 + 11.00 181.00 + 11.00
Vitamin B,, content, pug/100 g 1.88 £0.16 1.62 +0.16
Vitamin B, content, ug/100 g 40.00 +4.00 36.40 £+ 3.64
Total tocopherol content, mg/100 g 0.20 + 0.04 3.01 +0.11

The sample scores were distributed as follows: taste and aroma — 20 points, texture — 15 points, co-

lour — 5 points, appearance — 5 points, packaging and labeling — 5 points.

A 50-point scale developed by the authors was used to evaluate the organoleptic characteris-
tics. The physico-chemical and microbiological properties of the samples were assessed according to

the methods presented in Table 3.

Table 3. Methods for determining the indicators of soft cheeses during storage

Name of the indicator to be determined

Regulatory documentation for the test procedure

Titratable acidity
Active acidity (pH)

National state standard R 54669
National state standard 32892

Water activity

National state standard 21807

Microbiological indicators:

Probiotic microorganisms

Lactic acid microorganisms

Coliforms

Pathogenic bacteria, including Salmonella
Staphylococcus aureus

Listeria monocytogenes

Yeasts, molds

National state standard R 56139
National state standard 33951
National state standard 9225
National state standard ISO 6785
National state standard 30347
National state standard 32031
National state standard 33566

During refrigerated storage of the samples in polymer packaging with a modified atmosphere,
the composition of the packaging was assessed using a Gaspace Advance analyzer.

The studies were conducted at the Department of Food Technology of the Federal State Budgetary
Educational Institution of Higher Education KSTU, in the Atlantic branch of the All-Russian Research
Institute of Fisheries and Oceanography (AtlantNIRO) in the Russian Federation in 35 replicates in ac-
cordance with the methods presented in Table 3. Data processing was carried out using Microsoft Office
2024 software.

Results and Discussion. Fresh soft cheeses without salt or maturation are characterized by a delicate
texture and high moisture content, but they have a limited shelf life. For this group of products, the shelf
life is established by the manufacturer, taking into account its safety, which has been confirmed by
laboratory tests. According to regulatory documentation, the shelf life for this group of products is 5 to
10 days at a storage temperature of (4 = 2) °C.
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Figure 2. Changes in organoleptic characteristics of cheeses during storage:
a — in polymer packaging; b — in polymer packaging with MAP

Due to the emerging trend towards resource conservation, as well as the not always rapid “producer
to customer” supply chain, there is a need to extend the shelf life of soft cheeses. This can be achieved
in various ways: by changing the parameters of the refrigeration chain, by using preservatives (which
contradicts the concept of healthy eating), and also by using new-generation packaging materials and
storing products in a modified atmosphere.

The tasting committee conducted an organoleptic evaluation of the samples based on the following
criteria: appearance, color, aroma, taste, consistency, packaging, and labeling. The change in the overall
score of the samples depending on storage time and packaging method is shown in Figure 2.

At the initial stage of the research, the experimental batches of cheese had a homogeneous, uni-
form mass with a plastic, spreadable consistency; the colour was white with a uniform creamy hue. In
the samples of soft cheese with tiger nut, the filler particles were evenly distributed throughout the mass.
The taste of the cheeses was clean and characteristic of fermented milk products; in the samples with
a vegetable filler, tasters noted slightly sweet notes.

Figure 2, a shows the changes in the overall organoleptic assessment of both cheese samples in
polymer packaging over a period of 13 days for samples with and without a filler. The appearance of
the studied samples of soft cheese without a plant-based filler (“Probiotic”) was that of a homogeneous
mass with a smooth surface; on the 10th day of storage, a single instance of surface cracking was ob-
served, which led to a decrease in the value of this indicator to 4.6 points. The colour of the cheese was
white and uniform throughout the mass; it did not change during the shelf life. The packaging and label-
ing of all samples were correct, complete, and clear throughout the storage period. The taste of the sam-
ples was clean, delicate, and fermented, but on the 10th day, slightly perceptible foreign sour notes ap-
peared, which led to a rating reduction to 13.9 points. The consistency of the samples was uniform, soft,
and slightly spreadable; only by the 13th day was there a slight thickening of the consistency (14.7 points).

The “Probiotic with tiger nut” cheese was a uniform mass with a smooth surface. The cheese had
a white color with grey-beige inclusions of the tiger nut filler, evenly distributed throughout the mass;
this color did not change during the storage period. The packaging and labeling of all samples were
correct, complete, and clear throughout the storage period. The appearance of the studied samples was
a homogeneous mass with a smooth surface; on the 10th day of storage, isolated cracking of the surface
around the filler inclusions was observed, and the appearance score was 4.7 points. The taste of the sam-
ples was clean, delicate, and slightly sweet; however, on the 10th day, slightly perceptible foreign sour
notes appeared, which led to a decrease in the score to 14.6 points by the 13th day. The consistency of
the samples was uniform, soft, and slightly spreadable; only by the 13th day did the consistency became
less spreadable, and swelling of the plant component particles was observed (14.6 points).

According to the tasting panel’s assessment, by the 5th day of storage, the overall organoleptic eval-
uation of the samples deteriorated only slightly. At the third monitoring point (10th day), the total score
decreased to 48.0 for “Probiotic” cheese and 48.9 for “Probiotic with tiger nut” cheese; by the end of
the storage period, the scores were 48.0 and 48.6, respectively.
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Figure 2, b shows the change in the total score of the samples stored in MAP.

The “Probiotic” cheese was a homogeneous mass with a smooth surface. The cheese’s color was
white, uniform throughout the mass, and did not change during the shelf life. The packaging and la-
beling of all samples were correct, complete, and clear throughout the storage period. The appearance
of the studied samples was a homogeneous mass with a smooth surface; on the 15th day of storage,
a process of isolated surface cracking was observed, which led to a decrease in the indicator value to
4.8 points. The taste of the samples was clean, delicate, and fermented, but on the 10th day, slightly per-
ceptible foreign sour notes appeared, which resulted in a reduction of the score to 14.8 points. The con-
sistency of the samples was uniform, soft, and slightly spreadable; only by the 15th day was a slight
thickening of the consistency observed (14.6 points).

The “Probiotic with tiger nut” cheese was a uniform mass with a smooth surface. The cheese had
a white color with grey-beige specks of tiger nut, uniform throughout the mass, and this did not change
during the shelf life. The packaging and labeling of all samples were correct, complete, and clear
throughout the storage period. The appearance of the samples under study was a homogeneous mass
with a smooth surface; on the 10th day of storage, isolated cracking of the surface around the filler inclu-
sions was observed, and the appearance score was 4.9 points; by the 20th day of storage, the appearance
score was 4.8 points.

The taste of the samples was clean, delicate, and slightly sweet; however, on the 10th day, slightly no-
ticeable foreign sour notes appeared, which led to a decrease in the score to 14.8 points by the 20th day.
The consistency of the samples was uniform, soft, and slightly spreadable; only by the 15th day did
the consistency become less spreadable and slightly firm, with swelling of the plant component particles
observed (14.6 points).

According to the tasting panel’s assessment, by the 5th day of storage, the organoleptic characteristics
of the samples generally remained stable. At the third control point (day 10), the total score for the organo-
leptic assessment decreased and amounted to 49.2 for the “Probiotic” cheese and 49.5 for the “Probiotic
with tiger nut” cheese. By the end of the storage period, the final score was 48.7 and 48.9, respectively.

As physico-chemical indicator reflecting the changes in cheese samples during storage in various
packaging options, the active acidity was selected (Figure 3).

During storage, a slight decrease in this indicator was observed in the samples, which can be ex-
plained by the fact that slight lactic acid fermentation occurs in the cheese, resulting in a decrease in
active acidity, which reflects the dynamics of changes in the total scores of organoleptic indicators.

During the study, the changes in gas composition inside the packaging were determined during
storage of the cheese samples (Table 4).

Oxygen is a key factor for the growth of molds and yeasts, as well as for the oxidation of fats. CO,
suppresses part of the microflora (aerobic) and slows down spoilage; N, is an inert gas that helps prevent
the packaging from collapsing. Table 4 shows the composition of the gaseous environment in experi-
mental batches of soft cheese.
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Figure 3. Changes in active acidity of soft cheese samples: a — in polymer packaging;
b —in polymer packaging with modified atmosphere
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Table 4. Changes in the gas composition of the packaging

. . Storage life
Gas content in packaging, %
Background (Day 0) (Day 5) (Day 10) (Day 15) (Day 20)
0, 0.23 0.34 0.34 1.06 1.45
CO, 27.8 22.8 21.5 22.90 21.5
N, 71.9 76.9 78.2 76.0 77.0

Changes in the gas composition inside the packaging of a product with a modified atmosphere indicate
the rate of microbiological spoilage, the integrity of the packaging, and serve as an indicator of spoilage.
Inside the packaging, gases change due to the activity of microflora (including yeasts, molds, and bacteria)
and the biochemical processes of the product itself. Monitoring O, helps to understand when conditions
become conducive to mold growth and deterioration of taste. The rise in CO, is often correlated with
the onset of undesirable processes before off-odours and flavour defects become clearly perceptible.

The data presented in Table 4 reflect the following changes by the end of the 20th day of storage:
a slight increase in the volume fraction of oxygen from 0.23 % to 1.45 %, indicating the permeability of
the polymer film; the accumulation of nitrogen-containing substances, which led to a slight increase in
the nitrogen content by 7.1 % and a decrease in the carbon dioxide content by 22.6 %.

The air modification inside the packaging material is probably due to biochemical reactions, namely
the conversion of carbohydrates to form carbon dioxide and the parallel process of its partial disso-
lution in water to form carbonic acid. The latter is confirmed by the results of organoleptic assess-
ment on the 20th day of storage, which indicate the appearance of acidic notes that were previously not
characteristic of the samples, as well as a decrease in active acidity by the end of storage.

To determine the shelf life of food products, microbiological studies are carried out, covering both
probiotic microflora and spoilage microflora, as well as pathogenic microflora, the absence of which
indicates the safety of cheeses throughout the entire storage period. The change in the number of lactic
acid and propionic acid microorganisms in soft cheeses is shown in Figure 4.

Figure 4, a, b show the change in the number of microorganisms in the samples stored in polymer
packaging. For these samples, the maximum number of lactic acid bacteria cells was reached by day
10 and, decreasing thereafter, reached 7.2 x 10° CFU/g for soft cheese without a filler (“Probiotic”) and
6.9 x 10° CFU/g for cheese with a plant-based filler (“Probiotic with tiger nut”) (Figure 4, a), respective-
ly, at the final storage point (day 13). The number of propionic acid bacteria was recorded at its maxi-
mum on the 5th day of storage and then decreased slightly, within the same order of magnitude, in all
samples by the end of the storage period (Figure 4, b).

Figure 4, ¢, d show the changes in the microflora in samples packaged with MAP. Thus, the number
of lactic acid microorganisms decreased from the beginning of storage due to the lack of oxygen and by
the 20th day reached 5.6 x 10° CFU/g for soft cheese without a filler (“Probiotic™) and 5.2 x 10° CFU/g
for cheese with a plant-based filler (“Probiotic with tiger nut”) (Figure 4, ¢). The number of propioni-
bacteria in these samples was maximum on the 5th day of storage, subsequently decreasing to 1.1 x 10°
CFU/g (Probiotic cheese) and 1.2 x 10? CFU/g (“Probiotic with tiger nut”) by the 20th day of refrigerated
storage (Figure 4, d).

During refrigerated storage, no pathogenic or conditionally pathogenic microflora (Salmonella,
Staphylococcus aureus, L. monocytogenes, Coliform bacteria) were detected in the experimental batches
of soft cheeses.

Colonies of molds were not identified in the tested batches of soft cheeses. The number of yeast cells
in soft cheeses is not governed by applicable regulatory standards; however, their twofold increase in
the product can be used to assess the degree of its spoilage.

In the studied batches of cheese stored both in polymer packaging and in modified atmosphere
packaging, isolated yeast cells were detected at the end of the storage period; no increase exceeding two-
fold compared to the initially detected level was observed.

Summarizing the above experimental data, it can be concluded that soft cheeses stored in polymer
packaging for 13 days, as well as samples stored in MAP for up to 20 days, showed no signs of spoilage
and maintained high organoleptic, physico-chemical, and microbiological quality and safety indicators.
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Figure 4. Changes in the number of microorganisms in soft cheeses during storage under different storage conditions:
a — lactic acid microorganisms in polymer packaging; b — propionic acid microorganisms in polymer packaging;
¢ — lactic acid microorganisms in polymer packaging with modified atmosphere;
d — propionic acid microorganisms in polymer packaging with modified atmosphere

Taking into account the specified reserve factor, the shelf life of “Probiotic” and “Probiotic with tiger
nut” soft cheeses was 10 days in sealed polymer packaging and 15 days in a modified atmosphere.

Conclusions. Modern packaging solutions enhance the efficiency and safety of storing dairy
products, including soft cheeses. Regulating the gas composition inside the packaging helps slow down
oxidation processes and the development of pathogenic microflora, yeast, and molds.

The studies conducted revealed that the organoleptic characteristics of soft cheeses stored in poly-
mer packaging deteriorated by the 10th day of refrigerated storage. At the end of the studies, this indica-
tor for samples in polymer packaging was 45.3 and 45.4 points, respectively. When storing the samples
in a modified atmosphere, the final score for organoleptic characteristics reached 48.5 and 48.7 points,
respectively. The changes in the organoleptic characteristics of soft cheeses during storage are primarily
associated with the appearance of a sour taste and a denser texture. For the cheese with added filler,
swelling of plant particles was observed.

A slight change in the active acidity index of all samples during storage under various conditions
was noted. In samples without a filler, this indicator by the end of storage amounted to (3.90 £ 0.08)
units, while in samples of soft cheese with a vegetable filler it was (4.34 £ 0.08) units and (4.28 + 0.08)
units, respectively.

It was established that by the end of the storage period (13 days), the number of lactic acid
and propionic acid microorganisms in soft cheeses in polymer packaging was 7.2 CFU/g - 10° and
1.3 CFU/g - 10° (“Probiotic”); 6.9 CFU/g - 10° and 1.2 CFU/g - 10° (“Probiotic with tiger nut”).
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In the samples stored under MAP conditions: 5.6 CFU/g - 10° and 1.1 CFU/g - 10° (“Probiotic™),
and 5.2 CFU/g - 10° and 1.2 CFU/g - 10° (“Probiotic with tiger nut”) respectively. Storing prod-
ucts containing probiotic microorganisms in modified atmosphere does not affect their viability and
does not change the order of magnitude of their count. Throughout the entire period of refrigerated
storage, the number of pathogenic or opportunistic microflora in all experimental samples of soft
cheese did not exceed the standard values.

Thus, taking into account the reserve factor of 1.3, the shelf life of soft cheeses was 10 days in sealed
polymer packaging and 15 days in polymer packaging with modified atmosphere.
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