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AHHOTAaUsl. METHOHUH BXOJMUT B cOCTaB OenkoB W rmentuaoB. KopMmoBas noOaBka HA
OCHOBE METHOHWHA IMpeJHa3HaueHa [UIs YIYYIIEHUS pPOCTa W MPOAYKTUBHOCTH KPYITHOTO
poratoro ckora, B TOM uyucie KkopoB. Coin METHOHMHA OO0JIaJalOT 3HAYUTEIbHBIMU
MPEeUMYIIECTBAMU TIEpe]] CAMUM METHOHHUHOM, W MO3TOMY SIBJISIOTCS O0Jiee MPHUBJIEKATEIbHBIMU
JUISL IIAPOKOTO TpuMeHeHus. Ha maHHBII MOMEHT CyIIeCTBYET OOIIasi METOIUKA IMOJyYeHUs
XEJIaTHBIX KOMIUIEKCOB METHOHWHA, HO KaXKIbIH MeTall 00alaeT CBOMMH OCOOCHHOCTSIMH,
MOCKOJIBKY MMEIOTCS pa3Hble MPOU3BEACHHUS pacTBOpUMOCTH. Hacrosimasi paGoTta mocBsimeHa
ONTUMM3AIMKA YCIOBUH CHHTE3a METHOHATa KallbliMs, IIEHHONO KOPMOBOIO HWHIPEAMEHTa U
numeBo go0aBku. I[lpouecc momydeHuss METHOHATa KallblMsl, Kak IPABHIJIO, BKIIIOYAET
B3aMMOJICIICTBIE METHOHHMHA C HCTOYHUKOM KalbIMsl B MICIOYHOM cpene M Mocleayroliee
BBIJICJICHHE 1I€JICBOTO MPOJYKTa KpucTayuinzanued. OnTUMuU3aius HarpapjieHa Ha MOBBIIICHUE
BBIXO/Ia, YIyUYLIEHWE YUCTOTHI MPOJAYKTa U CHI)KEHHE 3aTpaT Ha MpoU3BOACTBO. [IpeanoxenHas
CTpaTerus ONTUMHU3AIMKM BKJIIOYAET TMPOBEICHUE CEPUH DKCIEPUMEHTOB C BapbHPOBAHUEM
KITFOYEBBIX TApaMeTPOB, CTATHUCTUYECKUN aHalU3 TMOJNYyYEHHBIX MAaHHBIX [UIS OMNpeesIeHuUs
ONTUMAIBHBIX YCIOBUW W TOATBEPXKICHUE PE3yJbTaTOB MpPH TMOBTOPHBIX OMbITaX. Takum
o0pa3oM, IeNnpl0 HCCIENOBaHUSl SBISETCS pa3padoTka MeTojga moiyudeHus 3(h(EeKTUBHOTO
METHOHATA KaJbIUsl C BBICOKUM BBIXOJIOM M YHCTOTOM, OTBEUAIOIIETO TPEOOBAHUSIM TPOMBIIII-
JICHHOCTU ¥ HOPMATHUBHBIM CTaHJapTaM.
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BBE/IEHHE

Metuonar KaJlblus MPEACTABIIACT cO00H XenaTHoe COCANMHCHUC KAJIbIINsI C MCTUOHHUHOM.
JlaHHOE CoeIMHEHNE U3YYaeTCsl B PA3TUYHBIX 00JIACTAX, BKIIOYast KOPMOBYIO TPOMBIIUIEHHOCTD,
MOCKOJIPKY METHOHAT KaJbIUs SBJSICTCS I[IEHHOW KOPMOBOW J00aBKOW It CEJIbCKO-
XO3SUCTBEHHBIX >KMBOTHBIX U NTHIBI [1-3]. OH oOecreunBaeT MOCTYIJIEHUE B OPraHU3M Kak
KaJIbIUsl, HEOOXOAMMOro Jisi GOpMUPOBAHUS KOCTEN U 3yOOB, TaK 1 METHOHHWHA — HE3aMEHUMOM
AMUHOKUCIIOTBI, UTPAIOIICH BAXXHYIO POJIb B OEIKOBOM CHHTE3€, POCTE€ M PAa3BUTUH. XelaTHas
dopma obecrieurBaeT YUyl YCBOSIEMOCTh THX JJIEMEHTOB 10 CPABHEHHUIO C HEOPTaHUUSCKIMU
colsiMU. B muIeBoil MPOMBIIIIEHHOCTH METHOHAT KaJblIMsl PaCCMATPUBACTCS KaK MOTEHIMATbHAS
nuieBass Jgo0aBka, oOoramaromas MpPOAYKTbl TMHTaHHUA KalblMeM W METHOHMHOM. B
(dapmareBTHUECKON MPOMBIIICHHOCTH HCCIEAYeTCs TOTSHIIMATbHOE HCIOIb30BAaHUE METHOHATA
KaIBIMS B Ka4eCTBE JICKAPCTBEHHOTO CpPEACTBA JUIS MPOQWIAKTUKK W JICUYCHHUS OCTEOINopo3a H
JPYrux 3a00JIeBaHUM, CBA3aHHBIX C JE(PUIIMTOM KaJIBIMs U METHOHMHA, TaK KaK OH UMEET BHICOKYIO
OMOIOCTYITHOCTh U CHHEPTeTUIEeCKUN (PPEKT.
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Ha cerogusimuii 1eHb MPOU3BOJCTBO METHOHATA KAJIBLIMS OTPAHUYEHO CYIIECCTBYIOUIUMU
MIPOM3BOJICTBEHHBIMU MOIIHOCTSIMU, @ TAKKE T'€OTOJUTHYCCKUMH (PaKTOpaMH, BIUSIOIMIMMH Ha
JIOTUCTUKY U JIOCTYITHOCTh UMIOPTHBIX MOCTABOK. B CBS3M ¢ pacTyluM CIIPOCOM Ha METHOHAT
Kanblus pa3paboTka 3(P(EKTUBHBIX M AKOHOMHYECKH BBITOJHBIX METOJOB €ro IMOJyYeHUS
SBJISICTCS] aKTyaJIbHOM 3a1aueit [4].

TpamuMoOHHBIE METOIbI TOJYYCHHS METHOHATa KajbllMs, KaK IPaBUIO, BKIHOYAOT
CJIEIYIOIINE ITAIbI:

1. PacTBOpeHHe METHOHHUHA B BOJHOM Cpejie.

2. BaumopeiicTBe METHOHWHA C HUCTOYHUKOM KajibIUs (HAmpuMmep, THUAPOKCUIAOM
KaJIbIIHS, KapOOHATOM KaJIbIlns).

3. Boigenenue MeTuoHaTa KaibIUsl U3 PACTBOPA IMyTEM KPUCTAIUIU3AIUH.

4. Cywky npoaykra [5].

Cy1iecTBYIOT METOBI C UCTIOIB30BAHUEM TUIPOKCUIA Kanbliug u L- unu DL-meTtnonuna;
kapOonara xkampius (CaCOs3); oxcuma xampuusi (CaQO); OpraHMYeCKHMX pPacTBOPHUTENCH;
MUKPOBOJHOBOTO U3NTyYEHUS; yAbTPa3ByKa; HOHOOOMEHHBIX cMOJ [6].

OnHako AaHHBIE METOABI YaCTO XapaKTEPHU3YIOTCS HEJOCTATOYHBIM BBIXOJIOM IIEJIEBOTO
MNPOJYKTa, HU3KOW YHCTOTOW U BBICOKMMH 3aTpaTaMd Ha MPOU3BOACTBO. JTO 0O0YCIOB-TIEHO
BIIMSIHUEM MHOXKECTBa (DaKTOPOB Ha MpPOLIECC CHMHTE3a (HAampuMep, COOTHOIICHUSI PEarcHTOB,
temneparypbl, pH, Bpemenu peakuuu, 3PpQPEKTUBHOCTH NEpEeMEIIMBAHUS, MPUPOIBI HCIOIb-
3yEMbIX PACTBOPUTEIICH M METO/IOB BBIICIICHUS M OUUCTKHU MPOIYKTA).

B nacrosmeld pabore ykazaHbl pe3yabTaThl MPOBEACHHUS CHHTE3a METHOHATa KalbIUA C
UCTIONIb30BaHUEM TUAPOKCUIA HATPUS U XJIOPHUIA KaJblIUs, a TAK)KEe OCOOCHHOCTH €r0 MPOBEICHHUS.

MATEPHAJIBI U METO/IbI
Memoouka cunme3a MEMUOHAMA KAIbYUA C UCNOJIb308AHUEM 2UOPOKCUOA HAMPUS
U XJ10puda Kaabyus
Crnioco0 nosyyeHus: METHOHATa KaJIbLIMsI MOXKET OBITh IIPEJICTaBlIeH cxemol (puc. 1).

NaOH Boga
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PaspeneHue X1aKon 1 TBEpAOH MaTouHelt pacTeop
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| Mpoaykt  Ca(Met): ] KoHueHTpar

Kpucrannvsauva

Puc. 1. CxeMma cuHTE3a METHOHATA KaJlbus

CuHTe3 CoeIMHEHMS TPOBOAMIICS 1O CIEAYIOIIEH METOAUKE:
1) TOTOBMIM CYCTICH3UIO METHOHWHA B Bojle ¢ KoHmeHTpanuei 10 %: 100 r MeTnoHnHA
(0,68 monb) pactBopsuin B 1 000 M1 BOJIbI;
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2) K IpUTrOTOBIEHHOH cycnen3uu npubdasnsuim 13,6 T (0,68 Mosb) rHIpOKCHAAa HATPHS,
nepememuBai B TedeHue 10 muH, 3atrem HarpeBanmu 10 55-60 °C  (pH romorenHoro
pactBopa 9-10);

3) k pactBopy nopumsmu npuckmanu 37,74 r (0,34 Monb) XJjopuaa KajabIUs IpU
MHTEHCUBHOM IlepeMelInBaHuu B TeueHue 30-35 MuH;

4) peakIIMOHHYIO CMECh YIIapuBaiu B 2 pasa;

5) peakuuoHHyrO cMmech oxdaxiaanu 1o 10 °C, BbIMaBmIMKA KPUCTAUIMYECKUI MPOAYKT
OT(QUWIBTPOBBIBAIM, IMPOMBIBAIA BOJOW OT XJOPUA-UOHOB, MapajljIeIbHO MPOBOIS PEAKIUIO
MPOMBIBHBIX BOJ Ha Hamuume xjiopua-uoHoB ¢ 0,1 M pactBopoMm HHTpaTa cepedpa, 3areM
MIPOMBIBAJIA CIUPTOM U 3aMOPaKUBAJIH;

6) MOJTyYeHHBI NPOAYKT CYHIMIN JHOQUIBHO B CBS3HM C TEM, YTO JAHHBIN BUJ CYIIKH
COXpaHsIeT CTPYKTYPHYIO IIEJIOCTHOCTh M OMOJIOTUYECKYIO aKTUBHOCTD MPOJYKTA.

YcranoBKa [Tl TPOBEACHUS CHHTE3a METHOHATA KAJIBIUS MPE/ICTaBIIeHa Ha pucC. 2.

Tepmonapa

MAWUTKa C MeLwanKkom

x=a nn.ns‘;’

{
Puc. 2. YcranoBka JJI TIPOBCACHUA CUHTC3a MCTHUOHATA KaJIbIUsA

CuHTe3 METHOHATa KaJIbLIMsl B BOJHOM cpejie XJIOpU/ia Kaablys MPOBOJMIM 10 TaKOH ke
METO/IMKe, KOTOpast OblIa ONMCaHa BhIMIE, HO 0€3 CTaauu J00aBICHUS THAPOKCH 1A HATPHSI.

PE3YJIbTATHI
B otnnune ot O6H1€I71 METOJHUKHU CHHTEC3a XCJIIATHBIX KOMIIJICKCOB METHOHATAa, B CHMHTE3C
METHOHATa KaJIbI[USI UMEETCS CTaJIMsl YIIApUBAHUS, YTO SIBJISIETCS €r0 OCOOCHHOCTHIO. [IpuunHon
N00aBJICHUS eIlle OJHOM CTajJuu SBISETCS BBICOKOE MPOM3BENCHHE pacTBOpUMOCTH. Eciu
o0pa3syromiascsi coJib METHOHHHA UMEET BHICOKOE 3HAUCHHE MPOU3BEICHHS PACTBOPUMOCTH, OHA
OyzeT XOpoIlo pacTBOPHMOH B HCIOJIB3YEMOM pACTBOPHUTENE. DTO O3HAYAET, YTO JaXe NpPHU
BBICOKHUX KOHICHTpALUAX MOHOB MCTAJUIa 1 MCTUOHHUHA COJIb MOKET OCTABATLCA B paCTBOPC, HC
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BhITIIagas B OCaaoK. B stom ClIydac pCakuus MOXET HC UATH JO KOHIA, BbBIXOJ IIPOAYKTa 6y,HCT

HU3KHUM.

B pesynbrare mccnenoBaHus OBUIO MPOBEICHO CPAaBHEHHWE METOJOB IMOTYYCHHS METH-

OHaTa KaJbIUs B IEJIOYHON M BOJHOM Cpeiax.

Teopernueckuii BbIXOA B LIENOYHON cpene ObUT MOCYMTAH IO pPEAKUUsM Ipolecca,

MPEJCTaBICHHBIM Ha puc. 3 u 4.

Teopernueckuii BbIXOJA B BOJHOW Cpele MOXHO IOCYUTATh IO peakuuu Ha puc. 5. OH

OyJIeT paBeH BBIXOY PEAKIMH B IIEJIIOYHON CpEJIe.

0 0
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Puc. 3. IlepBas cTaausi CHHTE3a METUOHATA KAJIBIIHS
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Puc. 4. Bropas ctagus cHHTe3a METUOHATA KaJIbIUA
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Puc. 5. Peakuus cuHTE3a METHOHATA KaJbIIMS B BOJHOU Cpefie
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Teopernueckuil BHIX0A COCTaBUI 72,83 T; MPAaKTUUYECKUN BBIXOJI IO METOJUKE B BOJIHOM
cpene — 74 %, B menounor — 85 %. Mcxoas U3 MOJMyYEeHHBIX JAaHHBIX, MOXXHO TOBOPHUTH O
CUHTE3e B IEJIOYHOM cpejie Kak 0onee 3P PEeKTUBHON METOIMKE.

[To wroram mnpoBeneHHUS PEHTTEHOMIYOPECICHTHOTO aHaau3a ObUI TOJy4YeH KOJIU-

YECTBCHHBIN JJIEMEHTHBIN aHanu3. Pe3ynbTaThl KOJIHMYECTBEHHOTO COJACPIKAHHS KalbLUS B
XeJIaTHOM KOMIUIEKCE TpeIcTaBlIeHbl B Ta0. 1, 2.

Tabnuya 1
Pe3ynbTarhl peHTreHO(IyOpecieHTHOTO aHaIi3a METHOHATA KAJIbIIMs B BOJHOU Cpefe
Kommonenr Konuenrpanus
CsH1oNO,S 96,92
Ca 3,05
Cu 0,03

Tabnuya 2
PesynbTarsl peHTreHo(1yopecieHTHOrO aHalu3a METUOHATA KaJlbLIMs B LIEJIOYHON cpefie

KommnoneHt Konuenrpanus
CsH11NO,S 86,31

Ca 13,31

Ti 0,063

Br 0,15

Sn 0,17

[Mociie MpOBEACHHOTO aHAIN3a MOYKHO YTBEPXKIaTh, YTO MICJIOYHAS Cpela CloCOOCTBYET
6onee 3(G(HEKTUBHOMY CBS3BIBAHHIO HOHOB KaJbIMsl C METHOHHMHOM. B IenouHol cpene

ruapokcuibHble Tpymnibl (OH-) nenpoToHHUPYIOT MOJNEKYJIbl METUOHMHA, YTO JiejaeT ero Ooiee
CHOCOOHBIM K KOMITJIEKCOOOPAa30BaHUIO C KAJIbIIHEM.

3AK/TIOYEHHUE

Ilo mroram I/ICCJ'ICJIOB&HI/Iﬁ, IIOCBSIICHHBIX OIITHUMH3allUNU yCJ'IOBI/Iﬁ CHHTC3a MCTHOHATa
KaJIbIIYsl, MOXKHO CH€JIaTh CICAYIOIINE BbIBOBI:

1. Cpenu yka3aHHBIX METOA0B Hanbosee 3pheKTHBEH CHHTE3 B MIEJIOYHOM Cpeie.
2. Oco0eHHOCTh CHHTE3a METHOHATa KallbllMs 3aKII0YaeTCsl B €r0 BBICOKOM MPOHU3Be-
JICHUH PACTBOPUMOCTH, YTO HE JIaeT XEJIIATHOMY KOMILIEKCY BBIITACTh B OCAJIOK Cpa3y.
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3. CuHTe3 B WICJIIOYHOU Cpesie MPOXOIUT C BBIXOAOM 85 % MeThoHaTa Kajbllusi, a B
BOJHOM — 74 % MeTHOHaTa KalblHsl OT TEOPETUYECKU PACCUYUTAHHOTO KOJIUYECTBA.

4. bonee ycTOWUYMBBIE KOMILIEKCHl OOpa3yloTCsl IpPU CHUHTE3€ B IIEJIOYHOM Cpele
(13,31 %).
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OPTIMIZATION OF CONDITIONS FOR OBTAINING CALCIUM METHIONATE

A.l. Petrova, D.Yu. Tsvetkov, N.V. Lakina, V.Yu. Doluda, A.l. Sidorov
Tver State Technical University (Tver)

Abstract. Methionine is a part of proteins and peptides. The methionine-based feed
additive is designed to improve the growth and productivity of cattle, including cows. Methionine
salts have significant advantages over methionine itself, making them more attractive for a wide
range of applications. At the moment, there is a general method for obtaining chelated
methionine complexes. But each metal has its own characteristics, meaning different products of
solubility. This work is devoted to optimizing the conditions for the synthesis of calcium
methionate, a valuable feed ingredient and food additive. The process of obtaining calcium
methionate, as a rule, involves the interaction of methionine with a calcium source in an alkaline
medium, followed by the release of the target product by crystallization.

Keywords: methionine, calcium methionate, crystallization.
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