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Hayuno-npaxmuueckui yenmp Hayuonanwroti akademuu nayx Berapycu
nO MeXanuzayuu ceabekozo xossiicmeda, Munck, Pecnybnuxa benapyce

TEXHOJIOTHYA U CPEJACTBA JIJISI BECKOHTAKTHOM UJEHTUOUKAIIUH
MACTHUTA KOPOB TEPMOI'PAOUYECKUM METOJOM B YCJIOBUAX
NOTOYHOI'O MNPOU3BOACTBA MOJIOKA

AnHoTanus. [IpeicTaBIeHO NEPCICKTUBHOC HAMPABJICHUE PA3BUTHUS ONTUKO-IJIEKTPOHHBIX METOIOB U CPEICTB IS
KOHTPOJISI 32 COCTOSTHHEM MOJIOUHOM JKeJe3bl TOWHOW KOpOBHL. Pa3zpaboTaHa cxema K ONPENE/ICHUI0 TEXHUYECKHUX Iapame-
TPOB CPEICTBAa OTHOCHTENBHO TEIJIOBOTO TMOJIS MOJIOYHOH jKeIe3bl KOPOBBI. TeOPETHUECKH U AKCIIEPIMEHTAIBHO ONpeeie-
HBI TEXHUYECKHUE MapaMeTphl CPEICTBA 17151 OECKOHTAKTHOW HACHTU(GUKALINN MACTUTAa KOPOB TepPMOTrpaduecKuM METOIO0M
B YCJIOBHSIX TIOTOYHOT'O TPOM3BOACTBA MOJIOKA. YT0J 0030pa 00BEKTHBA TEXHHUECKOTO CPE/ICTBA B TOPU30HTAIBHOM IJIOCKO-
CTH 0, = 33 rpaj, B BEPTUKAILHOM IIIOCKOCTH O, = 24 rpaj; ¢oxycnoe paccrosiaue f=0,0075 M; 30Ha 0030pa BEIMEHHI
B FOPU30HTAJILHON MIJIOCKOCTH Srop = 0,57 M, B BEpTUKAJILHON IJIOCKOCTH SBcpT = 0,42 M; MUHUMAJIBHBII DIIEMEHT Pa3pelICHUs
BBIMCHHU B FOPU30HTANBbHOM miockoctr A = 0,0037 M, B BepTukanbHOi mockoctn A, = 0,0047 M; paunoHanbHOe pac-
CTOSIHHE OT OOBEKTHBA TEXHUYECKOTO CPEICTBA 10 BBIMEHH L = 1 M; palMOHAIBbHOE PACCTOSHUE OT OOBEKTHBA TEXHUYECKOTO
cpezacTBa jio mona /=1 m. OnpeseneHsl UeTbIPE IPYTNbI )KUBOTHBIX B 33/IaHHBIX TEMIIEPATYPHBIX YCIOBUAX: 310poBasi —
JKUBOTHBIC C OTPULIATCIBHBIM TECTOM 110 KCHOTECTY (—) B nuamna3one temmeparyp [34,6 °C < T < 36,8 °C]; coMHUTEIbHAS —

max
C COMHUTEIBHBIM TECTOM IO KeHOTeCTY (+) B [uana3one remneparyp. [36,8 °C < T <38 °C]; cyOkimHIYecKas — ¢ CyOKIH-

max

HHUYECKOH CTaarell MacTUTa MO KeHoTecTy (++) B quama3one temmepatyp [38 °C <aTmaX < 39 °C] u xnuHUYecKas — ¢ BbIpa-
JKEHHOM CTajuel MacTuTa 1O dKcnpecc-TecTy (+++) B ananasone temnepatyp [39 °C < T < 40,5 °C]. Ilpencrasnena
KOHCTPYKTHBHO-TEXHOJIOIHYECKAs CXEMa BKJIIOYEHHs TePMOrpadhuIecKOro MeToa AMarHOCTHKH MaCTUTA B IOTOYHYIO JIH-
HUIO JIOCHHsSI KOPOB, JaHa CUCTEMHAsl OLIEHKA METO/I0B THarHOCTUKN MaCTHTA.
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TECHNOLOGY AND TOOLS FOR CONTACTLESS IDENTIFICATION OF COW MASTITIS BY
THERMOGRAPHIC METHOD UNDER CONDITIONS OF FLOW-LINE MILK PRODUCTION

Abstract. A promising trend for development of optical-electronic methods and technical means for monitoring the con-
dition of the mammary gland of a dairy cow is presented. A layout has been developed for determining the technical parame-
ters of the tool relative to the thermal field of the cow’s mammary gland. The technical parameters of the tool for contactless
identification of cow mastitis using the thermographic method in the conditions of continuous milk production were deter-
mined theoretically ‘and experimentally. The viewing angle of the lens of the technical tool in the horizontal plane is a, = 33
degrees, in the vertical plane o, = 24 degrees; focal length f'= 0.0075 m; udder viewing area in the horizontal plane
Sor = 0.57 m, in'the vertical plane S, = 0.42 m; minimum element of udder resolution in the horizontal plane A, = 0.0037 m,
in the vertical plane A, = 0.0047 m; the rational distance from the lens of the technical tool to the udder is L = 1 m; rational
distance from the lens of the technical tool to the floor is /=1 m; four groups of animals were identified under given tempera-
ture conditions: healthy — animals with a negative kenotest result (—) in the temperature range of [34.6 °C <T . < 36.8 °C];
intermediate — with an intermediate kenotest result (+) in the temperature range of [36.8 °C < T, < 38 °C]; subclinical — with
a subclinical stage of mastitis according to kenotest (++) in the temperature range of [38 °C < 7, <39 °C], and clinical — with
a pronounced stage of mastitis according to rapid test (+++) in the temperature range of [39°C < T, . <40.5 °C]. A design and
technological layout for incorporating the thermographic method for diagnosing mastitis into a production line for milking
cows is presented, and a systematic assessment of methods for diagnosing mastitis is given.
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BBenenue. 3HauuTENbHBIN BKJIaJ B pa3BUTHUE MOJIOYHOW OTpaciu, BKJIOYas MPUMEHEHUE OMNTHU-
KO-DJICKTPOHHBIX M TEXHUYECKUX CPEJCTB ISl JHATHOCTHKH MAacTUTa TEPMOTrpapUUeCKUM METO/IOM,
BHecIH cienytomtue yuaensie: B. B. Kupcanos, H. M. Mopo3os, 0. A. Llo#, 1O. I'. Usanos, C. C. IOpouka,
I1. IT. Kazakesuu, B. U. Ilepenus, M. B. bapanosckuii, I. ®. Mensenes, A. JI. JIax, B. H. Tumomenko,
A. B. Tumomienko, A. A. My3sika, /1. A. I'puropses u npyrue [1-4].

UccnenoBanuamu u pa3paboTkamMu B 3TOM HampaBieHuu 3anumaiorcsi B. PYII «HIIL HAH
benapycn mo mexanuzanmm cenbckoro xossiictBa» (. M. Kommau, H. I bakau, E. JI. Xunuy,
B. K. Knsi6uk u mp. [5]).

CrpaTternueckoil oTpacibpio CeIbCKOro xo3siiictBa PecriyOnuku benapyck TpaauIIMOHHO SBIISIETCS
MOJIOYHOE CKOTOBOJCTBO. PecryOnuka benapych BXOOUT B MSATEPKY MHUPOBBIX JHAEPOB IO MPOU3BOI-
CTBY MOJIOKa Ha Iymry HacejeHus 3a roj — 840 K. 3a70roM yCIENrHOTO YKOHOMHYECKOTO Pa3BUTHUA
MOJIOYHOT'O YKUBOTHOBOJICTBA SIBIIAETCS TOJTyYeHHE Ka9eCTBEHHOTO MOJIOKA OT 3J0POBOTO TEXHOJIOTH-
YyecKoro ctajaa. HecMoTpst Ha JOCTUTHYTHIE Pe3yJIbTaThl U TIOJIOKHUTENbHYIO TMHAMUKY B PA3BUTHH MO-
JIOYHOM OTpAaciii, B CEJIbCKOXO3UCTBEHHBIX OPraHMU3aLMsIX €Ie UMEIOTCS MPOOJIEeMBbl U BMECTE C TEM
3HAYUTEIBHBIE PE3EPBHI IS MMOBBIIICHIS SKOHOMUYEeCKOH 3(pEeKTHBHOCTH MPOU3BOACTBA MOJIOKA — OC-
HOBHOTO MCTOYHHKA MOCTYTUIEHUS (DMHAHCOBHIX cpencTB. OHO TakkKe ONpesesisieT YPOBEHb SKOHOMHU-
YECKOT0 Pa3BUTHUS CEIIbCKOXO3UCTBEHHBIX MpennpusaTuil. Ha mHTeHcHduKannio oTpaciu HampaBs-
ercsa 26 % maTtepuanibHO-ICHEKHBIX CPEICTB, BKJIAIBLIBAEMBIX B PA3BUTHE arpapHOTO CEKTOpPa, pacxo-
nyercst 43 % ckapMIIMBaeMbIX KOPMOB M HCHoOIb3yeTcs: 22 % TpPYIOBBIX pPECypcoOB, 3aHATBHIX
B CEIBCKOXO3SMCTBEHHOM MPOM3BOACTBE. OT peanus3alii MOJIOKAa CeNbX030praHUu3aliy PecyOmuKn
©XKETOTHO TONy4aroT mouTH 36 % Beipydku u 70 % obmiei i cyMMbI TpuObBLTH [6, 7].

[lomy4yeHne kauecCTBEHHOTO MOJIOKAa — aKTyaJlbHas 3aj1aua JJIs BCeX CEbCKOXO03SICTBEHHBIX Opra-
HU3alHH, 3aHUMAIOIKUXCSI MOJIOYHBIM CKOTOBOJICTBOM. OJTHOM U3 MPUYNH HU3KOr0 KauyecTBa MOJIOKA Ha
MOJIOYHO-TOBApHBIX (hepMax SBIseTCs 3a00JeBaHNe KOPOB MAaCTHUTOM (CHHIKAETCS MOJIOYHAS MPOIYK-
THBHOCTH, KAUE€CTBO MOJIOKA, IIPOTYKTUBHOE AOJITOJIETHE KOPOB), B HEKOTOPBIX CIIydasX MacTUT CTaHO-
BUTCS NMPUYMHON BHIOPAKOBKHM JKMBOTHBIX. B mociennue aecaTuyieTus mapajuielibHO C YBEeJIHYeHUEM
MOJIOYHOW TTPOIYKTUBHOCTH KMBOTHBIX YaCTOTa 3a00JI€BAEMOCTH MAaCTHTOM yBEIHYUIAC.

IIpu ogHOKpaTHOM HCCIIENOBAaHUU CTal B 12 KPyIHBIX CENbCKOXO3SHCTBEHHBIX OPTaHU3aIUsIX pe-
cyOIUKH OBLIIO 3apETUCTPUPOBAHO MPOSIBICHUE KIIMHUYECKOro MacTuTa y 3—25 %, a CyOKIIMHUYECKO-
ro —y 7-42 % noiHbIX KOpoB. CHIKCHIE MOJIOYHON MPOTYKTUBHOCTH 32 JIAKTAITHIO MOXKET TOCTUTATh
ot 10 10 25 % B 3aBUCHMMOCTH OT BO3pacTa, MPOAYKTUBHOCTH U JJIMTEIbHOCTH Oojne3Hu. [Ipuyem ot
OJTHOH KOPOBBI NOTEPU MOJIOKA MOTYT cocTaBisATh 10 300—400 kr 3a nakTanuoo. B MOI04HO-TOBapHBIX
xo3siicTBax PecnyOnuku benapych BbIOpakoBeIBacTCS €XKErOAHO IO IPUUMHE MacTuTa He MeHee 17 %
KopoB. Y 50 % u Ooyee AaKUPYIOMIIX )KUBOTHBIX BBISBIISCTCS CKphITas popma mactuta [8—10].

B BeTeprHapHOil MpaKTHKE B KauecTBE 30J0TOI0 CTaHAAPTa OOBIYHO HCIOIB3YIOT Kalu(pOpHUI-
CKHH METOJl OIpeesieHHsI MacTUTa (KEHOTECT), KOTOPBIi KOCBEHHO M3MEPSeT KOJIMYECTBO cOMaTHye-
CKHX KJIETOK B 00pasiiax Mosioka. OCHOBHBIM €T0 HEJJOCTATKOM SIBIII€TCS TO, YTO MHOT/[A TIOTyYeHHBIE
PE3YIBTaThl TPYAHO WHTEPIPETHPOBATH, @ METOJl OTINYAETCS OTHOCUTEIFHO HU3KOW TyBCTBUTEIHHO-
cteio [11, 12]:

Hcnonp3yemble B HacTOsIIIEE BpeMs XUMUYECKHE METOABI A1 HICHTH(OUKALUKA MAaCTUTa TPEOyIOT
OOJBIIMX 3aTPaT TPyJa U BPEMEHH CIEUATUCTOB. [lepCrieKTHBHBIM (U3NYECKUM METOJIOM JIHArHO-
CTHUKH!. COCTOSIHUSI OMOJIOTHYECKOTO OOBEKTa SBIISETCSH TEPMOMETpPHUSI — OECKOHTAKTHOE OIpeIelIeHHe
TeMIepaTypbl OTJCIBHBIX 00JIACTEeH Tea KHUBOTHOT'O MyTEM MOJTYUSHHS TEPMOTpadUIecKoro CHIMKA.
Kpome roro, repmomMeTpust MOKET cTaTh 3PPEKTUBHBIM CPEICTBOM (U3UOIOTHYECCKOH OLIEHKH PaOOTHI
JowiIbHOTO anmnapara. [Ipu Berdope 1onabHOro 000pyAoBaHus HEOOXOANMO YUUTHIBATH OMOJIOTHYECKHUE
XapaKTEPUCTHUKH )KUBOTHBIX, B TIEPBYIO OYepe/lb HHTEHCHBHOCTH M TIOTHOTY pediiexca MOIOKOOTAaYH,
a Takke apyrue (uznomornyeckne mapameTpsl. TepMorpadudeckuii METOA IMO3BOJISIET OMPEICIUTh
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(u3HoNOrnYecKre MoKa3aTeIy XKUBOTHOTO JI0 U TIOCIIe JOSHHS], & TAK)KE 1aTh OLICHKY M3MEHEHHSIM 3TUX
nokaszatesieil. C mOMOIIBbIO TEXHUUYECKOI'O CPEACTBA AUCTAHLIMOHHO U3MEPSIOT U GUKCUPYIOT TeMIepa-
TYPHBIE HOJIs,, KOHTPOJIbHbIE TOUKH HA BBIMEHH U COCKAaX [0 U I1OCJIE JOEHUS, a OLEHKY pabOThl HOUJIIb-
HOT'O arnmapara OCyIeCTBISIOT ITyTeM CPaBHEHHSI MTOJIyYeHHBIX U(POBBIX TaHHBIX. [Ipu 3TOM M3Mepe-
HHUSI TEMIIEpaTypbl MPOBOASAT ¢ TouHOCTHIO 110 0,02 °C [13].

Wnentudukanus MacTuTa KOPOB Ha paHHEH cTaauu 3a00JIEBaHUS B YCJIOBHUSIX OCCIPUBSI3HOIO CO-
Jep’KaHus KOPOB Ha MOJIOYHO-TOBAPHBIX (hepMax TpeOyeT pa3paboTKh OECCTPECCOBBIX METOA0B, pabo-
TAIONIMX B PEXKHME PEaJIbHOTO BpeMeHH. [lepCrieKTHBHBIM HAIPABICHUEM PEIICHUs ITOW aKTYalbHOM
3a/lau SBJSICTCS Pa3BUTHE ONTHUKO-3JICKTPOHHBIX METOAOB M TEXHUYECKHX CPEACTB, TI0 MPUYHHE UX
MHOTO()YHKIMOHAIBHOCTH U OECKOHTAKTHOCTH, YTO SIBJISIETCS BaXKHBIM KAaueCTBOM JJIsI KOHTPOJA 3a
COCTOSTHHEM MOJIOYHOM JKeJe3bl TOWHOH KOpoBeL. [lomyyenne u aHamu3 HHPpPaAKPaCHBIX N300pakeHUH
CHHUMKOB BBIMEHHU M COCKOB TO3BOJISIET OCYIIECTBIISITh MOHUTOPHHT TETIOBOTO IOJIS, & TAKXKE U3y4aTh
BO3/ICHCTBHE JTOMIBHOTO 000pY/IOBaHUS Ha MOJOYHYIO JKeJe3y B 3aBUCUMOCTH OT CTereHHu 3aboieBa-
HUS KOpOB MacTuToM [14-16].

WndpakpacHast TepMOMETpHS IPEACTaBIsAET co00i mpocToid, 3pPEeKTUBHBIN, HEMHBa3UBHBIH Me-
TOJ, KOTOPBIH OOHAPYKUBACT IOBEPXHOCTHOE TEILJI0, U3/IyyaeMoe Kak HHPpaKpacHOe U3JIyUeHHeE, U re-
HepupyeT Trpaduueckue n300pakeHus, He BBI3bIBAs paJHallMOHHOrO 00JyueHHs. MonovyHas jkenesa
SIBJISIETCSL IPKUM MHIMKATOPOM OTBETHOM peaklMy OpraHu3Ma Ha TATOJIOTHYeCKHE U3MEHEHU S, Xapak-
TEPU3YIOLINECs] MOBBIIICHHOW TeMmIepaTypold B 00JacTH BocHaieHMs. TemmepaTypa MOBEPXHOCTH
BBIMEHHU KOPOB SIBJISIETCS] BaXKHBIM IOKa3aTeJIeM ISl AMarHOCTUKN 0O0JIe3HEH KOPOBBIL, & TAKXKE OLICHKH
ux (usznoIorudeckoro craryca [17].

Tepmorpadust 0OHapyKUBAET TEIIOBBIE MO, U3TyYaeMble BBIMEHEM, UYTO MO3BOJISIET HICHTH(U-
LUpOBaTh 001aCTH, OpaskeHHbIE BocnajieHneM. [1o cpaBHEHUIO ¢ TPpaUIIHOHHBIMU METOAAMH, TAKIMH
KaK BU3YaJbHBIH OCMOTP M py4Has MajibHauus, SKCIPECC-TECThI, JJAOOPaTOPHBIE METObI, TEPMOIpa-
¢us nmeet psia npenmytiects. [lo3BomseT OpICTPO; 0e30051e3HEHHO, HE TPeOys GU3NUECKOT0 KOHTAKTa
C BBIMEHEM U CBOJISI K MUHIMYMY CTPECC JJIsi KOPOBBI, IMarHOCTHPOBATh MAacTHT. Tepmorpadudeckuii
METOJ BBISBJISICT HA paHHEW CTaluu CYyOKIMHHYECKUH MaCTUT, KOTOPBIM 4acTO OCTaeTcs He3amMedeH-
HBIM IIPH UCTIOJIb30BAaHUHU OOBIYHBIX METOAOB. UT0ObI 3((EeKTUBHO UCIIONB30BaTh TepMOrpaduio s
JUAarHOCTUKHM MAacTUTa U OLIEHKH BO3ACHCTBHS MAIIMHHOIO AOCHMS, HEOOXOIMMO IPUHUMATh palyo-
HaJbHBIC KOHCTPYKTHBHBIC PEICHUS. DTO BKJIIOYACT B ce0s Olpe/ielieHHe ONTUMAIBHOTO BPEMEHH JIJIsI
CKPMHHHTA, KeJaeMOro TeMIIEPaTypHOrO MOpora JUisl BBISIBICHUS BOCHAJICHHBIX yYaCTKOB, a TaKXkKe
MOAXOASIIEIO PACCTOSIHUS U yTJa JUlsl MOJy4YeHHUsl TOUYHBIX n300pakeHuil. HTerpauus repmorpaduu
B CYLIECTBYIOLIEE IIPOrPAMMHOE 00ECIIeUeHNE CUCTEMBbl YIIPABJICHHUS CTAJOM MOXET IOBBICUTH yI00-
CTBO €r0 UCIOJIb30BaHusl U 3PHEeKTUBHOCTS [18].

Takum 00pa3oM, pazpaboTka TEXHHUECKUX CPEACTB ISl HACHTU(UKALUN MAaCTUTA KOPOB TEPMO-
rpaduyeckuM METOJOM B YCIOBUSAX MOTOYHOTO MTPOM3BOJACTBA MOJIOKA IyTEM MOHUTOPUHTA TeMIlepa-
TYpbI HOBEPXHOCTH MOJIOUYHOH KeJIe3bl B PEKUME PEajIbHOTO BPEMEHH SIBIISIETCS aKTYyaJIbHOM 3aaadet,
AMEIoIIeH BaKHOE HapoaHOXO3sMHicTBeHHOEe 3HaueHne st AIIK Pecniybnuku bemapycs.

Leav pabomuvl — TEOPETHUECKUE U HKCIIEPUMEHTAIBHBIC UCCICAOBAHUS ISl pPa3pabOTKH TeXHUYE-
CKUX TpeOOBaHMI K CPEACTBY sl OECKOHTAKTHON MACHTU(DUKALIMU MACTUTA KOPOB B YCIOBHSIX TIOTOY-
HOT'O IPOM3BOACTBA MOJIOKA M MOJIYUYEHHS] KaUeCTBEHHBIX U JIOCTOBEPHBIX TEPMOIrpaMuecKuX CHUM-
KOB MOJIOYHOM K€JI€3bl B PEXKUME PEaIbHOTO BPEMEHHU.

Marepuadbl-H MeTOAbI HcciefoBaHuid. Jl1si mpoBeneHns MCCIeI0BaHUN NCTIOIb30BAJIOCh CPel-
cTBO ¢ ceHcopHbIM KK-3xpanom 3,5 (320 x 240 nukceneit). Ontuueckoe nomue 3penus — 33° x 24°, mu-
HuMalsibHOe BokycHoe pacctosiHue — 0,3 M. [IpocTpancTBeHHas pa3pemaiomas cnocooHocTs — 3,33 Mpa.
Hetextop (MK) — 160 x 120 nukceneit. Temneparypusiii auama3on — ot —20 go 150 °C. Ananu3 pe3yib-
TaTOB U3MEPEHUS — TPU 30HBI C MUHHUMAaJIbHBIM, MAKCUMAaJIbHBIM M CPETHUM 3HAYCHUEM TEMIIepaTyphl.
JuckpeTHocTh oTcueta — He Xyxke + 0,1 °C; TouHoCcTh n3MepeHust — =2 % OT BETWYUHBI MTOKa3aHU.
CpeacTBO yCTaHABIMBAJIOCH Ha TPHUIIOJE, KOTOPBIH MO3BOJISIT U3MEHSITh BBICOTY PACIIOJIOKECHUS 00BEK-
tuBa oT 0,63 10 1,65 M (1aHHYIO BBICOTY (DPMKCHPOBAIIM METPOBOH pyJieTKOH). PaccTosiHre OT 00bhEeKTHBA
CpeAcTBa 0 OHOJOrMYECKOro 00bEKTa — MOJIOUHOH JKeJe3bl JOWHONW KOPOBbI (PMKCHPOBAIN AUCTAHIIM-
OHHO C ITOMOIIBIO Ja3zepHoro aanbHoMepa Mapku SNDWAY SW-TGS50. [Tpubop no3Bosisiet onpenensith
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paccrostare 10 o0bekta oT 0,05 mo 50 M. TouHoCTh M3MEpEeHHsI PACCTOSHUS COCTABISIET +2 MM.
KoaddurmeHnT tennoBoro u3mydeHus 1t OnoJorudeckux oobpekTos — 0,98.

DopMupoBaHUE Py IPOUCXOANIIO HHANBUYaJIbHO: IPOBOJUIICS KIMHUUECKUI OCMOTP BBIMEHU
Ka)KJIOr'0 JKHBOTHOT'O ONIEpaTOPOM MAalIMHHOTO JOCHUSs (ITaJIbIaIs JT0Jiei BEIMEHH), a TaKXKe M0 BHElll-
HUM [IPU3HAKAM OCYIIECTBIISJICS aHAJU3 MEPBBIX CTPYEK MOJIOKA, CAAWBAEMOr0 B OTACIBHYI) MOCYTY
JU1s1 OOHApY>KeHHsI B MOJIOKE XJIONbEB, CI'YCTKOB KPOBH, IPUMECH THOS M APYTUX BKIOYeHUH. Ha mo-
JoYHO-TOBapHO# (hepme s BeisBieHus MacTuTa KPC ncnonb3yercs sxcnipecc-trect KMT. (kanudop-
HUUCKNHA MacTUTHEIN TecT). COBMECTHO C BETEPUHAPHBIMHU CICITUATUCTAME HCCIICAOBAHUE IPOBOIIITH
C TIOMOUIBIO TUIACTMHOK MOJOYHO-KOHTposbHBIX Tuna [IMK-1 u pearenta «Kenorect». B myHouky
BHOCHJIM | MJI TIIATENBHO MEPEMEIIaHHOIO MOJIOKa M K HeMy no0aBisuin 1 miu 2,5%-ro pacTBopa mpe-
napata «Kenorect» u3 ¢uiakoHa ¢ aBTOMaTOM-KJIIOBUKOM | Mi1. CMemuBain mpenapar ¢ MOJIOKOM B Te-
yenne 10 ¢ crekystHHOM manoukoi. @opMUpoOBaHUE TPYIIT U YUYET peakiliy IIPOBOJUIH 110 XapaKTepy
B3aMMOJICHCTBHUS CMECH:

— 1- rpynmna (—) oTpuuatenbHas (KMIKOCTb OJHOPOAHAS, BOASHUCTASI, KOMUYECTBO COMATUYECKIX
kJeToK MeHbie 200 ThIC/MIT); OTCYTCTBHE MaCcTUTA;

— 2-a Tpynma (+) COMHHUTENbHAS (CMECh OTHOPOHASI, OMHAKO TOSBIISETCS HE3HAUMTETbHAS BSI3-
KOCTb, KOTOpas ucuesaet yepes3 30 ¢, Komu4ecTBO comarnyeckux kieTok ot 200 no 500 Teic/Mi); prcK
HaJIMYUs MacTUTa, HEOOXOIMMO JICUCHHE;

— 3-s rpynmna (++) cmabononokuTeNbHas (Y€TKO MPOCMaTpUBaETesl 00pa3oBaHue XKele, Ho 0e3 Gop-
MHPOBaHUS KOHIICHTPHPOBAHHOTO CT'YCTKA, KOJIMUYECTBO coMaTHIeCkuX KiaeTok oT 400 mo 1500 Teic/mi);
HaJU9YHe BOCHAIUTEIBHOTO MPoIiecca, HeOOXOAMMO JICUCHHE;

— 4-g rpynmna (+++) monoxutenpHas (popMHpOBaHUE TWIOTHOTO CI'YCTKa, KOJHMYECTBO COMAaTHYe-
CKUX KJ1eToK 0osee 1500 Thic/MIT); HATMYHE OCTPOTO MACTUTA, HEOOXOAMMO JICUCHHE.

Pe3yabraThl M MX 00Cy:KIeHHE. DKCIIEPUMEHTAIbHbIC UCCIICIOBAHNSI IPOBOJUINCH Ha JEHCTBYIO-
mem npeanpustai — B YCII «Cosxo3 «Ilopozosckuiiy (I'poxaenckas 06:1., CBucimouckwii p-H). Ha dep-
Me copepxkutcs 520 Ton. JOHHOTO cTana. YTpeHHsa Aokka ocymectBisuiack ¢ 6:00 mo 13.00, BeuepHsis —
¢ 16:00 o 24:00. Ha dhepme ycraHOBIeHa JombHAasL ycTaHOBKa «[lapannens» 2 % 16 pupmbl «Bectdamus»
(I'epmanus), koTopas mo3BossieT 0ocmyxuBath A0 800 rox. goiHOTO cTaja.

Ha ocHoBanHMn MeTOna nMccienoBaHus pa3padoTaHa cxeMa K ONpeelIeHUI0 TEXHUYECKUX IapaMe-
TPOB CpPEACTBa OTHOCUTENHHO TEIJIOBOTO. IO MOJOYHOH jkeJe3bl KOpOoBEl. B 001iem BHuie cpeacTBo
JUTSL IICHTU(QHUKAIIME MacTUTa KOPOB TePMOrpapuyecKuM METOJIOM B YCIOBHUSX MIOTOYHOTO MPOU3BO/I-
CTBa MOJIOKA COCTOMT U3 TCIJIOBU3MOHHON KaMephl, 00beKTHBA, Tpumoaa (puc. 1).

TeopeTnuecku ornpenesieHbl TEXHUUECKUE TapaMeTpbl CPEACTBA 1151 OECKOHTAaKTHOW HICHTH(HUKA-
[IMY MacTUTa KOPOB TePMOrpapuyeckuM METO/IOM B YCIOBHSIX MOTOYHOTO IIPOM3BOICTBA MOJIOKA:

— yroi 0630pa 0GbEKTHBA CPEACTBA B TOPH3OHTAIIBHON ILIOCKOCTH O = 33 rpaj;

— yroia 0630pa 00bEKTHBA CPEICTBA B BEPTHKAIBHOM IUIOCKOCTH O = 24 rpan;

— ¢oxycHoe paccrosiaue /= 0,0075 m;

— 30Ha 0030pa BEIMCHH B TOPU30HTAIBHOM IIOCKOCTH Srop =0,57 m;

— 30Ha 0030pa BEIMEHH B BEPTHKAJIbHOMN IIJIOCKOCTH SBepT =0,42 m;

— MUHHMAJIbHBIN SIEMEHT pa3pelieHns BbIMCHH B TOPU30HTaIbHOI miockoctr A = 0,0037 m;

— MUHHUMAJIbHBI{ SIEMEHT pa3pelieHNs BEIMCHH B BEPTHKAIBHOM 1iockocTh A, = 0,0047 M.

Jnst monmy4yeHUst Ka4eCTBEHHBIX M JOCTOBEPHBIX MH(PaKpPacHbIX M300pa)KEHUH BBIMEHU KOPOB
CPEJICTBO 1eJIec000pPa3HO yCTaHABIMBATH HA BXOJIE B IOWJIBHBIN 3a]1 COBMECTHO C DJICKTPOHHOH HJIeH-
TuUKanue HoMepa KOpoBbl. B mporecce skcriepuMeHTa Ha BXOAE B JOWJIBHBIN 321 cOOKY OTHOCH-
TEJIBHO TEMJIOBOIO IOJISI MOJIOYHOM >KeJe3bl JOMHOW KOPOBBI yCTaHABJIMBAJIOCH CPEICTBO. B MOMeHT
JBUKEHUS KOPOBbI HAa JOMKY 4Yepe3 MECTO paclo3HaBaHHUS HOMEpa €ro 00BbEKTHUB (PMKCHPOBAJ BBIMS
Y COCKH KOPOBBI JIJIsl IOJTY4YeHHS] HHOPAKPACHBIX N300paKEHHH C PETHCTPUPYEMBIMU TEMITEPATYPHBIMH
MOKa3aTesIMU B CaMOU ropsiueii 00J1acTH, KOTOPbIe 0TOOpaXkaauch Ha MOHUTOpPE cpencTia (puc. 2) [19].

OKenepuMEeHTaNIbHO OIpeeNICHbl TEXHUYECKHE apaMeTphl CPEeACTBa JIJIsi OECKOHTAKTHOW UJCHTHU-
(dUKaMU MacTUTa KOPOB TEPMOrpapuuecKuM METOJOM B YCIOBHUSAX IIOTOUHOI'O IIPOM3BOACTBA MOJIOKA!

— palMOHAJIBHOE PACCTOSHUE OT 0OBEKTHUBA CPEACTBA 10 BbIMEHU L = 1 M;

— panMoHaJIBHOE PACCTOSIHUE OT 0OBEKTHBA CpeicTBa 1o ona H =1 M.

BEPT
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Puc. 1. Cxema K ONpPEACNCHNI0 TEXHHUECKUX ITapaMEeTPOB CPECTBAa OTHOCHTENILHO TEIIOBOTO MOJISI MOJIOUHOM JKeIIe3bl
KOPOBBI: BUJI CBEPXY (@); BUA cOOKY (b); TpexMepHast MOJeNb (¢); / — TeNI0BU3NOHHAA KaMepa; 2 — 00BEKTUB; 3 — MOJIOYHAS
Kenesa; 4 — Tpunoz; f— GOKyCHOE pacCTOSHUE, M; 0y, — YOI 0030pa 00BEKTHBA CPEICTBA B TOPU3OHTAIBHON TIIIOCKOCTH,

rpaj; o, = yroa 0630pa 06bEKTHBA CPEACTBA B BEPTHKAIBHOM IIIOCKOCTH, Ipaj; S, — 30Ha 0030pa BEIMEHH
B FOPH30HTaJIBHOI MIOCKOCTH, M; S, — 30Ha 0630pa BBIMCHH B BEPTHKAIBHON IIOCKOCTH, M; A — MHHHMAIBHBIA
JJICMECHT paspemeHHﬂ BBIMCHH B FOpHSOHTaJ’[bHOﬁ IJIOCKOCTH, M, ABepT - MPIHPIMaJ'lebIFI DJIEMEHT pa3pClICHUs BBIMCHU
B BEPTHUKAJIBHOIN INIOCKOCTH, M; L — pacCTOSIHHE OT 00BEKTHBA CPE/ICTBA JI0 BRIMEHHU, M; H — pacCTOsIHAE OT 00hEKTHBA
CpPeICTBa JI0 10N, M; /i — PACCTOSIHUS OT BEIMEHH 10 10JI1a, M

Fig. 1. Layout for determining the technical parameters of the tool relative to the thermal field of the cows mammary gland:
top view (a); side view (b); three-dimensional model (c); / — thermal imaging camera; 2 — lens; 3 — mammary gland,;

4 —tripod; /- focal length, m; a, . — viewing angle of the lens in the horizontal plane, degrees; ., — viewing angle of the
lens in the vertical plane, degrees; S, . — viewing area of the udder in the horizontal plane, m; S — viewing area of the
udder in the vertical plane, m; A, — minimum element of udder resolution in the horizontal plane, m; A, — minimum

element of udder resolution in the vertical plane, m; L — distance from the lens of the tool to the udder, m; A — distance from
the lens of the tool to the floor, m; /# — distance from the udder to the floor, m
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Puc. 2. Pazmemenue cpeacTsa 115 OECKOHTAKTHON HACHTH()UKAIIME MAaCTUTa KOPOB B YCIOBUSAX MOTOYHOTO MPOU3BOACTBA
MOJIOKA Ha JOMJIBHOM ycTaHoBke «[lapaniensy: npaBoe ABHKEHHE KOPOB B JOMIBHBII OOKC 11s JoeHus (a);
JICBOE JIBH)KCHUE KOPOB B JIOMJIBHBIN OOKC JJIsl OeHUs (D)

Fig. 2. Placement of a tool for contactless identification of cow mastitis in conditions of flow-line milk production on the
Parallel milking parlor: right movement of cows into the milking box for milking (a); left movement of cows into the milking
box for milking

OKCHEepUMEHTAIBHO 000CHOBAHO HCIIOIb30BAHME MAKCHMAJIbHOM TeMIepaTypbl OTAEIbHBIX 00Ja-
CTEH HEOAHOPOJHOI'O TEIJIOBOTO MOl BIMGHH KOPOBBI HAa TepMOrpa)uueckoM CHUMKE B Ka4eCTBE MH-
(hopMaIMOHHOTO TIapamMeTpa, KOPPEIUOHHAS B3aMMOCBSI3b U CTATUCTHUECKOE paciipeesieHie Bepo-
ATHOCTH MaKCHMaJIbHOHM TEMIepaTypbl OTACIBHBIX 00JIACTe HEOIHOPOAHOTO TETIOBOTO MOJIsl BHIMCHH
KOPOBBI 110 YETHIPEM I'pyTIaM >KHBOTHBIX — 37I0POBBIE (CpemHsisi MakcuMalibHasa TeMreparypa 36,2 °C,
6 = 0,650), comHHUTENBHBIE (CpeaHss MakcuManibHasg Temneparypa 37,3 °C, 6 = 0,217), cyOknnHAYecKas
(cpennsist MmakcuMaibHas Temuneparypa 38,5 °C, ¢ = 0,198) u knnHnveckas popma 3a0oeBaHMs MACTH-
TOM (CpeaHsisi MakcuMajbHas Temreparypa 39,6 °C, ¢ = 0,209).

Pa3paboTan anropuT™ UASHTUPUKALUKA PAHHETO MaCTHTA JOHHBIX KOPOB MO MaKCUMAaJIbHON TEeM-
repaType BbIMEHH C UCIOJIb30BaHUEM KpUTepUs balleca, MUHUMU3HPYOIUNA PUCKYU IPUHSATHS HElpa-
BUJIBHBIX pelieHui. Eciu mosryYeHHble 3HaueHUs IPUMEHUTD K SKCIEPUMEHTAJIbHBIM JaHHBIM, HUMEEM
CJICAYIOLINE PE3YIbTaThI:

— l-a rpynmna (3n0poBasi) = u3 30 KOpoB B rpyIine OTHECEHbI K 310pOBbIM 20, K COMHUTENBHBIM 10;
BEPOATHOCTh MPUHATHUSA MPABUIBHOIO peteHus — 66,67 %;

— 2-g rpynmna (coMmHUTenbHast) — u3 30 KOpoB B rpyIie OTHECEHBI K COMHUTEIBHBIM 27, K 3]I0pPOBBIM 3;
BEPOATHOCTH MPUHATHS TIPaBUIBHOTO pernenus — 90 %o;

— 3-a rpynna (CyOkauHuueckas) — u3 30 KOpoB B I'PYIIIC OTHECEHBI K CYOKJIMHUKE 28, K COMHU-
TEIBHBIM 2; BEPOSITHOCTb NPUHATHS MPaBUIBHOIO pemenus — 93,33 %;

— 4-s rpynma (knuHudeckas) — u3 30 KopoB B rpyiine oTHeceHb! K kiauHuKe 30, k cyOxnuauke 0,
BEPOATHOCTH IIPUHATHUS NpaBUiIbHOTO pettenus — 100 %.

OKCHIEPUMEHTAIBHO OMpPEeNIEHbl YeThIPE IPYIHBI )KUBOTHBIX B 33JJaHHBIX TeMIEepaTypHBIX yCIIO-
BUSIX: 3/I0pOBasi TPYIIa — 3TO KUBOTHBIE C OTPHUIATEIBHBIM TECTOM IO KEHOTECTY (—) B JAUamna3oHe
temueparyp [34,6 °C < T < 36,8 °C]; comHuTENIbHAS TPYIIIA — C COMHMTENILHBIM TECTOM I10 KEHOTE-
cry (+)B mmanasone temnepatyp [36,8 °C < T =< 38 °C]; cyOknMHUYeCKas rpynna — ¢ CyOKInHnYe-
CKOM CTaJiMel MacTHTa o KeHOTeCTy (++) B nuanasone remmeparyp [38 °C < T < 39 °C] u xnuHu4e-
CKasl TPyMIa — C BBIPAKEHHOM CTaJMeH MacTUTa MO KCIpPEcc-TecTy (+++) B 1uana3oHe TeMIeparyp
[39°C<T,, <40,5°C].
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Ha ocHOBaHHMH TEOPETHYECKUX U DKCIEPUMEHTANIBHBIX MCCIEIOBAaHUHN pa3pad0TaHbl TEXHUYECKUC
TpeOOBaHMSI K CPENICTBY IS OECKOHTAKTHON HICHTH(OUKALINY MACTHTA KOPOB TEPMOTrpahuIecKUM Me-
TOJIOM B YCJIOBHSIX TIOTOTHOT'O IPOU3BOACTBA MOJIOKA (TadI. 1).

Tadnuua 1. TexHuyeckne TpeGOBAHMSA K CPEACTBY A5l 6€CKOHTAKTHOI HICHTH(YUKAIIME MACTHTA KOPOB
TepMorpapuyecKuM MeTO0M B YCJIOBHSIX OTOYHOI0 NPOU3BOICTBA MOJIOKA

Table 1. Technical requirements for a tool for non-contact identification of cow mastitis using the thermographic

method in conditions of flow-line milk production

ITapameTp TexHu4eckas XapaKTepPUCTHKA
TemneparypHblil Juana3zox 34...41°C
DoKyCcHOE pacCcTOsIHUE 0,0075 m
OnTuyeckoe 1noJie 3peHus 33° x 24°
[IpoctpancrBennoe paspemenne (IFOV) 3,6 Mpan
Yron 0630pa (FOV) 570 (ropuzonTainp) x 420 (BepTUKAIIb)
30Ha 0030pa BEIMEHHU 110 TOPU30HTAIN 0,57 m
30Ha 0030pa BBIMEHH 110 BEPTUKAIN 0,42 M
PannonanbHOE pacCTOSTHHE 10 BBIMEHU IRYS
DNeMEHT BBIMEHHU M0 TOPU3OHTAIN 0,0037 m
DJIeMEHT BEIMEHH 110 BEPTHKATH 0,0047 m
PanmonanpHas BeIcOTa CpeicTBa 1M
Koa¢ppunnenT TenioBoro n3mydeHus 0,98
KonnuecTBo cpencrs 2

BpeMﬂ HU3MEPCHUS

B pexxnme peanbsHoro Bpemenu (online)

Jerexrop (UK)

160 %120 nukcenei

Bpewmst paboThl OT aKKyMyJIaTOpa >6u

TemmeparypHas qayBcTBUTENEHOCTS (NETD) <0,08 °C mpu +30 °C (+86 °F) /80 MK
YactoTa 0OHOBIICHUS KaAPOB 50 I'g

DokycupoBka ABTOMaTHYECKas
YBenudeHue 1-20-kpaTHOE HENIpEePBIBHOE, TU(PPOBOE
Bpamenue 0-360°, HenpepbIBHOE, ¢ marom 1°

Marpuna Buneonpeobpasosarens (FPA)

HeoxuaxxgaeMblit MUKPOOOIOMETD

CrieKTpaidbHBIN AUANa30H

8—14 MM

MouuTtop

Cencopubrii KK-akpaH, 3,5’

Pesxxum oToOpaxeHue

WK-o0acTh B BU3yaIbHOM H300pakeHUN

L{BeToBas manuTpa (BapHaHTHI)

GRAY/GRAYINV/IRON/IRONINV/RAINBOW

JluckpeTHOCTh OTCUeTa

+0,1 °C

TounocTh HU3MEPCHUSA

+2 % OT BEIMYMHBI IOKA3aHUI

O0acTh 30HbI

3 30HBI ¢ MUH. / MaKC. /CPETHUM 3HAYCHHEM TeMIIePaTyphl

KoppexrupoBka

KOC)(b(bI/IIII/IeHT TCIJIOBOI'O U3JIYUCHUs, pACCTOSIHUE 10 BBIMCHHU

[lepenaya nanHbIX

B pexnme peansHOro BpemeHu (online)

YeTpoicTBO XpaHeHUs CHUMKOB

32 I'out Micro SD kapra

3amuTa ot 3arpsi3HeHUI Koxyx n3 [IBX
BueoBbixon KommnosutHeiii (PAL 1 NTSC)
BxoaHoe HanpsikeHue 9-12 B

Cucrema 3apsKa

AKKyMyJSTOp /CETeBOH afgantep

['abaputnbie pazmepsl ([ x 11 x B)

0,243 x 0,103 x 0,16 m

Bec

0,92 kr

Peanuzamusi TepMorpaduueckoro MeToja JUarHOCTUKH MAacTHTa KOPOB B YCIOBHSX TOTOYHOTO
MIPOU3BOACTBA MOJIOKA MPEATOIaraeT yCTAaHOBKY CPEICTBA Ha BXOJE B JOHJIBHBIN 3all C ABYX CTOPOH
OTHOCHUTEIPHO BEIMEHU KOPOB TIOCJIE DIICKTPOHHON HIICHTU(DUKAIIMK KUBOTHOTO U MO3BOJISIET OCYIIe-
CTBUTH JTUATHOCTHUKY CTEICHH 3a00JCBAHUS MACTHTOM MyTEM aHAllM3a TEMIIEPATYPHBIX MOKA3aTeNsIX
TepMOTpaUIecKoro CHUMKA BBIMCHH.

B MOMEHT IpOXOK/IeHHUSI KOPOBBI Uepe3 MECTO PACIO3HABaHHUS HOMEpa €€ Ha HECKOIBKO CEKYH/]I
3aJICP)KUBAIOT ABTOMATHYECKUMU CEJICKIIMOHHBIMHU BOPOTaMH. B 3TOT MOMEHT JiBa OOBEKTHUBA CPEJICTB
HaTpaBJICHbI HA BBIMSI JJIS PETUCTPAIIMH TEMIIEPATyPHBIX MTOKA3aTelNiel B 30He 0030pa BEIMEHH U COCKOB.
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[ocne npeHTH(UKAIIMET MACTUTHOTO 3a00JICBaHMS )KMBOTHOE HAIIPABIISCTCS Ha CHEIHAbHbBIC Jie-
4yeOHBIE MPOLIEAYPhI, MUHYSI ITPOIIECC TOWKU. KomrmdecTBO CpeAcTB U MX PACIIONOKEHUE OyeT 3aBHCETh
OT THUTIA JOMIBHON ycTaHOBKH — «Ilapammensy, « Emoukay nimm «Kapycensy (puc. 3).

BriMg U cocky kopobsl Hanpabrerue Gbuxerus dbuxerus 0o/Hou kapobst
[ ——F

BemepurapHo-

300MexHUYecKuU

UeHmp

i

CEABKUYUOHHLIE ﬁopama

—

NounsHuIl Bokc
dns doeHus

Jbuxerus 30opobou kopobs

9y

—l—— CHC

Puc. 3. KOHCTpYyKTHBHO-TEXHOJIOIMUECKasA CXeMa BKJIIOUCHH S TEPMOTPAPUIECKOr0 METOIa TMaTHOCTUKY MacTUTa
B MOTOYHYIO JINHUIO J0eHus kopoB: M/J] — uaentudukanus kopossl; TC1, TC2 — TeXHUYECKOE CPEICTBO;
VYV —ycrpoiicto ynpasienus; CYC — cuctema ynpaBJIeHUS CTa10M

Fig. 3. Design and technological layout for incorporating the thermographic method for diagnosing mastitis into the
production line for milking cows: ID — cow identification; TC1, TC2 — technical tool; YV — control device;
CVYC — herd management system

Taxas OorcpaTuBHaA I/IIIGHTI/I(I)I/IKaHI/ISI NpeaAMACTUTHOI'O COCTOAHHNA B PEKUME PCAJIbHOTO BPEMEHU
MO3BOJISIET YCIEITHO KOHTPOJINPOBATH OECCTPECCOBO U OECKOHTAKTHO JKUBOTHBIX, 3200JEBIINX MACTH-
TOM, CBOEBPEMEHHO ITPOBOINTH 300TEXHUUECKHUE U BETEPUHAPHBIC MEPOITPHATHSL.

IIpu cpaBHUTENBHOM OIEHKE PAa3TUYHBIX CPENICTB IUArHOCTHKHU K HanmOoJiee 3HAYMMBIM (haKTopam
MOXHO OTHECTHU BCPOATHOCTH HpaBHJ’[BHOfI JAUAarHoCTUKMW MaCTUTa, OICPAaTUBHOCTH, KOTOpasd HaAIps-
MYIO BIUSIET Ha CBOGBPEMEHHOCTh Hadaja JICUSHHsI M MPEIOTBPAIICHUE HCIIOIb30BAHUS MOJIOKA 0OJb-
HBIX JKHBOTHBIX, a TAK)KE BCTPAUBAEMOCTh CPEACTB JUATHOCTUKH B TOTOYHO-MEXaHU3UPOBAHHYIO JTH-
HUIO MTPOU3BOJICTBA MOJIOKA.

Jns cHmokeHus 3a00J1eBaHN KOPOB MACTUTOM B OMOTEXHHMYECKOW CHCTEME MPOU3BOACTBA MOJIOKA
«UeNIOBEK — MallllHa — )XKUBOTHOE» HEOOXOAMMO COBEPIICHCTBOBAHUE MACTEPCTBA ONEPATOPOB MAIlH-
HOT'O JIOCHUSI, [ICJICHAIIPABICHHAS CEJICKIIMS KOPOB M OJTHOBPEMEHHOE YJIyUIIEHUE KOHCTPYKIIUU U IKC-
MTyaTaluy JOUILHOT0 000pyIoBaHus. J{JIsi TMarHOCTUKU MAacTHTa B POMBIIIIIICHHOM MOJIOYHOM ITPO-
M3BOZICTBE TUPOKO MPUMEHSAETCS KEHOTECT (BEPOATHOCTH BBIABIECHUS MacTruTa okono 94,4 %). Ha mipo-
BE/ICHUE OJTHOTO MCCICAOBAHUS CIICIUAIKCTY TpedyeTcsi OKOJIo 5—7 MUH Ha KOPOBY, YTO 3aTPYAHSET
Y 3aTATUBacT JUATHOCTHUKY. JJaHHBIH METOJ] HEIPUTOJICH JIJISI TOTOYHON JTUATHOCTUKHU MAacTUTa U TIpe-
JIOTBPAIICHHS] CMETIMBAHMS MOJIOKA 3JI0POBBIX U OOJBHBIX )KUBOTHBIX. B HacTosIiee Bpems JIs Tipe-
BapUTEIBHON HACHTH(DUKAIINK 3a00IeBaHNS JKUBOTHBIX MAaCTHUTOM pa3padaThIBAIOTCS (PU3MUICCKHUE
METO/BI.

Tak, IOCTATOYHO PACIPOCTPAHEHHBIM SIBIISIETCSI KOHIYKTOMETPUUYECKUI METOJI C YCTAHOBKOM B KOJI-
JIEKTOPE OMIIBHOTO ammapara JaT9ukoB. OIHAKO KUPHOCTh M AIIEKTPOIPOBOJHOCTh MOJIOYHOTO IIPO-
JyKTa CUIILHO MEHSIETCSI, U B PE3YJIbTaTe JOCTOBEPHOCTH PACIIO3HABAHUS MACTUTA C MIOMOIIBIO TAHHOTO
MeTofa BapbupyeT oT 50 10 85 % 1uist pa3nuYHBIX NPENNPHUATHI MPH OOIBIIOM YHCIIE JOXKHBIX cpaba-
THIBaHUU.

CucreMHas OIEHKA TIOKa3bIBaeT 3PPEKTUBHOCTh TPUMEHEHUS TePMOTPaPUIECKOTO METO/Ia C KOM-
OMHUPOBAHHBIMH CPEACTBAMH JIJISI OTIEPATUBHON THATHOCTHKH MacTHTa KOpoB (Tadir. 2) [20].
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Tabnuna 2. CucreMHasi OEHKA METOI0B THATHOCTHKH MACTHTA JIJIsl YCJIOBHUI MOTOYHOTO MPOU3BOICTBA MOJIOKA

Table 2. Systematic assessment of mastitis diagnostic methods in conditions of flow-line milk production

IMokasarenu 3G HEKTUBHOCTH IUATHOCTHKH
MeToa 1HarHoCTUKN
MacTuTa KOpoB BepOﬂTHOCTB BCTpaI/IBaeMOCTB BepOﬂTHOCTB
OrnepaTuBHOCTh
JUArHOCTUKH MAaCTUTa B IIOTOYHYIO TEXHOJIOTUI | CMEUIMBAHUA MOJIOKA

Kenorect 0,94 Huzkas Huskas >0,9
Konaykromerpuueckuit 0,5-0,85 Cpenusist Cpennsist 0,15...0,5
Tepmorpadugeckuit >0,9 Bricokas Bricokas <0,1
Tepmorpaduueckuii + KEHOTECT > 0,99 Beicokas Bricokast 0,1
Tepmorpadus + KOHTYKTOMETPHUS + KEHOTECT > 0,99 Bricokas Bricokast <0,05

Haubonee cooTBeTCTBYET TpeOOBAHMSIM IOTOYHOT'O TPOM3BOJICTBA MOJIOKA TEPMOrpapuuecKuil Me-
TOJ] C BO3MOKHOCTBIO €r0 KOMOMHUPOBAHHOTO HCIIOJIB30BAHUS C KEHOTECTOM M JaTYUKaMU DJIEKTPO-
MIPOBOHOCTH, YTO TIOKa3bIBAET HAUOOIBIITYIO BEPOSTHOCTH OMPEIEIICHUSI MACTHTA C HAUMEHBIIIECH CTe-
MIEHBIO BEPOSATHOCTH CMEIIMBAHUS MOJIOKa OOJIBHBIX U 37I0POBBIX KOPOB.

3akJouenue. B pesynbrare MpoBeeHHBIX TEOPETUUECKUX U IKCIIePHMEHTAJIbHBIX HCCIEIOBAHMIMI
IUTSl pa3paboTKU TEXHUYECKMX TPeOOBaHUN K CPEACTBY A OECKOHTAKTHON MACHTHU(PHUKALIMHA MAaCTUTa
KOPOB B YCJIOBHSIX IIOTOYHOT'O ITPOM3BOICTBA MOJIOKA U TIOJTYUYEHU I KAYECTBEHHBIX M JJOCTOBEPHBIX TEP-
MorpadUIecKuX CHIMKOB MOJIOYHOH JKeJIe3bI B PEKUME PEaIbHOTO BPEMEHH CIIeNIaHbl CIeTYIOIHE BbI-
BOJIBI.

1. TeopeTnyecku onpeAeIeHbl TEXHUYECKUE TTapaMeTPbl CPEeACTBaA JIJIsl OECKOHTAKTHOH HIeHTH(U-
KallMd MacTUTa KOPOB TEpPMOrpa(uyecKuM METOIOM B YCJIOBHAX MOTOYHOIO MPOM3BOJCTBA MOJIOKA:
yroi 0630pa 00BEKTHBA TEXHHYECKOTO CPEACTBA B TOPH3OHTANIBHOM MIIOCKOCTH 0 = 33 Tpaj, B Bep-
THKAJIBHOM MIIOCKOCTH O, = 24 rpan; doxycHoe paccrosaue f= 0,0075 M; 30Ha 0030pa BEIMEHH B T'0O-
PU30HTAJILHOM MJIOCKOCTH Smp = 0,57 M, B BepTHKAJIBHON TIJIOCKOCTH SBepT = 0,42 M; MUHUMAaJIHHBIH
SJEMEHT pa3pellieHUs] BBIMEHU B TOPU30HTAIBHON MIOCKOCTH Amp = 0,0037 M, B BepTUKAJIBHON IIJIO-
CKOCTH ABCPT =0,0047 m.

2. DKCHepuMEHTAIBHO OMpeeNieHbl TEXHUIECKUE TTapaMeTPhl CPEACTBA sl OECKOHTAKTHOM H/IeH-
TUPHUKAITUU MACTUTA KOPOB TEPMOTpaQUISCKIM METOIOM B YCIOBHSIX MIOTOYHOTO TPOM3BOJICTBA MOJIO-
Ka: palHroHallbHOE PACCTOSIHUE OT OOBEKTHBA TEXHHUYECKOrO CPEACTBa A0 BbIMEHH L = 1 M; panuo-
HaJbHOE PACCTOSHUE OT OOBEKTHUBA TEXHUUYECKOIro cpenacTna 1o nona H = 1 m. OnpeneneHsl yeTbIpe
TPYIIIBI )KUBOTHBIX B 3aJJaHHBIX TEMIEPATYPHBIX YCIOBUAX: 3/I0POBAs — )KUBOTHBIE C OTPUIIATEIHHBIM
TECTOM I10 KEHOTECTY (—) B Ananaszone remneparyp [34,6 °C <T . < 36,8 °C]; coMHUTENbHAS — C COM-
HUTENIBHBIM TECTOM II0 KEHOTEETY.(+) B nuanazone temneparyp [36,8 °C < T =< 38 °C]; cyOkaunuye-
CKasl — ¢ CyOKIIMHMYECKOH CTaAMeld MaCTUTa 10 KEHOTeCTy (++) B quanasone Temneparyp [38 °C <7, <
< 39 °C] u xIuHAYECKas — C BBIPAKEHHOW CTaJUe MacTHUTa IO dKCCIpec-TecTy (+++) B nmuama3oHe
Temmneparyp [39 °C < T, <40,5 °C].

3. PazpaboTaHHbIe TEXHUYECKHE TPEOOBAHUS K CPEACTBY JJIsl OCCKOHTAKTHOW UACHTH(DUKAIIMN Ma-
CTHUTa KOPOB TePMOTpahHuecKUM METOOM B YCIOBHUSX MOTOYHOTO MPOU3BOJICTBA MOJIOKA M MTPEICTAB-
JICHHAs! KOHCTPYKTHUBHO-TEXHOJIOTUYECKasi CXeMa BKIIFOUEHUS TEPMOTpahuIecKoro MeToia TUarHoCTH-
KU MacTHTa B IIOTOYHYIO JIMHUIO IOCHHS KOPOB B PEXKMME PEATTHHOTO BPEMEHH MO3BOJISIT YCIIEITHO KOH-
TPOIUPOBATH OECCTPECCOBO U OECKOHTAKTHO YKMBOTHBIX, 3a00JIEBIIMX MAaCTHTOM; CBOCBPEMEHHO, JIO
mpolecca JOSHHS, HAPaBIsATh OOJNBHOE KMBOTHOE HAa 300TEXHUYECKHE M BETEPHHAPHBIE MEPONPHS-
THUsI, TEM CaMbIM NPENOTBpAllas CMEIINBAHNE MOJIOKA 3a00JIEBILINX )KMBOTHBIX C MOJIOKOM 310POBBIX;
YMEHBIIHTH KOJTMYECTBO TPOBOIUMBIX IKCIIPECC-METOIOB TMATHOCTUKN MacTUTA, IIPUMEHSIEMbIX B Ha-
CTOsIIIIEe BpPEeMS; TIOBBICUTH 3(P(PEeKTUBHOCTh MHTEHCU(UKAIIMN MOJOYHOTO CKOTOBOJCTBA B YCIIOBHSIX
MOTOYHOIO MPOU3BOJCTBA MoJioka. Hanbonee cooTBETCTBYET TpeOOBaHUSIM MOTOYHOTO MPOM3BOJCTBA
MOJIOKa TepMOorpaduyecKuii METOJ C BO3SMOKHOCTBIO €0 KOMOMHUPOBAaHHOTO MCIIOJIb30BAHMS C KEHO-
TECTOM M JaTYUKAMU DIIEKTPOIPOBOJHOCTH, YTO ITOKA3bIBa€T HAWOOJBIIYIO BEPOSTHOCTH OMpE/e-
JIEHUS MAaCTHTa C HAMMEHBIIEH CTETeHBI0 BEPOSTHOCTH CMEIIMBAHHS MOJIOKA OONBHBIX U 3/TOPOBBIX
KOpOB.
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Hcnonp3oBanue TepMOFpa(i)H‘lCCKOI‘O METOAAa AUMArHOCTUKHN KIMHUYCCKOIro MaCTuTa BO3MOKHO B KOM-
IJICKCE C KIMHUYCCKHUM, IUTOJOT'HYCCKHUM U 6aKTCpI/IOJ'IOFI/I‘I€CKI/IM METOAaMU PICCJ'IE,I[OBaHHfI.
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