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nooayu pacniagienHol CMecu U OABIeHUs. CIHCAMO20 8030YXA PACNLLIUMENbHOL 20-
JIOBKU COOMBEMCMBYIOM paHee onyoauKosannvim mamepuanam. Ilpeocmaegnennsvie
OaHHble CEUOCMENbCIEYION 0 3A8UCUMOCIU PA3MEPA MUKPOSPAHYL U CIeNneHU 3d-
WUWEHHOCTU AKMUBHO20 UHESPEOUEHMA OM OABIEHUS CHCAMO20 8030yXa. B pesynb-
mame u3MeHeHUs1 OABAEHUSL CHCAMO20 8030VYXA MOIHCEM USMEHAMbCSL NOBEPXHOCHI-
HOe HamsdiceHue pacnulisieMblX Kaneib. Bajcno ommemumo, umo 6s13Kkocmv pac-
meopa dwvina nHeooxooumoti konyenmpayuu (0,021 Ila/c), nockonvky 3nauumenvhoix
OMKJIOHEeHUL OM PACYEMHOU KOHYEHMPAyuu X10puo X0JuHa e HabIiooaniocs, da cie-
008aMeNbHO PACNBLIAEMASL CMECh ObLIA 00CMAMOYHO 0OHOPOOHOU. Bce nposedén-
Hble IKCHePUMEHMbL NOKA3AIU, YMO NOJTYYeHHble 2PaHyabl pazmepom menee 140 mxm
061a0aom HU3KOU KOHYeHmpayuel Xa0puo XONUuHd, d makice HU3KUM noKazamenem
3AUUUEHHOCTIU, IMO MONCEM 0OBACHAMBCI MeM, YUMo 8 COCMABe OAHHbIX MUKDO-
epamyn npeobradaem 2uopoeHUUPOBAHHOE COeB0e MACIO, A AKMUBHOE BeUeCEO
pacnpeoeneno 8 6oibulell Cmeneny Ha NO8EPXHOCU.

Pe3ynomamul npo6edénnbix HayuHO-UCCAE008AMENLCKUX U ONbIMHO-KOHCMPYKIMOP-
CKUX pabom NAAHUPYIOMCcs K 6HeOPEeHUI0 HA MEXHOI02UYECKUX YYACKAX 8blCOKO-
mexHonocuyHo2o npouzeoocmea “‘Kopmouocunmesz” ¢ TOP “Haoescounckuii™
000 “Apnuxa’.

Spray Cooling Technology for The Production
of Protected Choline Chloride 30%

Yury V. Koltsov, Pavel A. Shinkaruk, Mikhail N. Kalin,
Oksana M. Son, Tamara A. Senotrusova

Abstract

This paper examines the technological processes and factors influencing the quality
formation of microgranules for a protected commercial form of vitamin B4 (choline
chloride) with a concentration of 30%. Through experimental analysis, the optimal
size range for choline chloride microgranules was determined which fell between
250-800 um. Microgranules within this range demonstrated superior protection lev-
els (67%) and an active ingredient concentration of 30%. The production process
consistently yielded microgranules with a uniform size distribution, with minimal
instances of microgranules exceeding 800 um or falling below 140 um.

To produce microgranules of the protected choline chloride form at a 30% concen-
tration, a series of experiments was conducted using a pilot experimental line em-
ploying spray cooling. Through these experiments, optimal technological parame-
ters were determined, including a feed pump frequency of 15 Hz, a mixture feed rate
of 3.15 I/min, an air pressure of 5 kPa, a mixture temperature of 80 °C, and a vis-
cosity of 0.021 Pa/s.

The obtained data on the correlation between the size distribution of microgranules
and the feed rate of the molten mixture, as well as the pressure of the compressed
air from the spray head, align with previously published research findings. This in-
dicates that changes in compressed air pressure can alter the surface tension of the
sprayed droplets.

Notably, the viscosity of the solution remained at the required concentration
(0.021 Pa/s) with minimal deviations from the calculated choline chloride concen-
tration, resulting in a homogeneous distribution of the sprayed mixture. It is im-
portant to note that the viscosity of the solution was the required concentration
(0.021 Pals), since no significant deviations from the calculated concentration of

58



10.B. Konbuos, MN.A. LUMHKapVK, ... // U3sectna ABDY. IkoHOMUKaA U ynpasaeHue. 2. 2023. 57-70

choline chloride were observed, and therefore the sprayed mixture was quite homo-
geneous.

All performed experiments demonstrated that microgranules with sizes smaller than
140 um showed lower concentrations of choline chloride and exhibited reduced pro-
tection. This can be attributed to the higher presence of hydrogenated soybean oil in
these microgranules, leading to a greater distribution of the active substance on the
surface.

The results of the conducted research and development endeavors are intended for
deployment at the technological facilities of the high-tech production entity known
as “Kormbiosintez” within the “Nadezhdinskiy” Priority Development Territory,
operated by “Arnika” LLC.

BBenenue

Buramun B4 nnn xonuH siBisieTcs: HE0OOXOIMMBIM KOMITIOHEHTOM B pa-
[IMOHE MJICKOIIUTAIOLINX, B TOM YHCJIE CEIIbCKOXO35MCTBEHHBIX KUBOTHBIX,
MOCKOJIBKY ~IOJAJIEP’)KUBAET HOPMAJIbHOE (PYHKIIMOHUPOBAHUE KIETOK,
a TaKkKe MOKET CIIOCOOCTBOBATH MOBBIIICHUIO MOJIOYHOM MPOTYKTUBHOCTH.
[To naHHBIM HAYYHBIX UCCIEIOBAHUMN B PAllMOHE KPYITHOTO POraToro cCKoTa,
B YaCTHOCTHU Y BBICOKOIPOAYKTUBHBIX MOJOYHBIX KOPOB, HaOIIO/aeTcs Jie-
¢uuut xonuHa [1], B pe3ynbTare 4ero MOKeT CHU3UTHCSA MOJIOYHAS IPOAYK-
TUBHOCTb. B CBsI3U ¢ 3TUM OHUM U3 HanboJiee 3HAaUUMbIX (PaKTOPOB JIsI TIOI-
JIep>KaHus 3I0POBbsSI U MPOTyKTUBHOCTH CEIIbCKOXO03SHCTBEHHBIX KUBOTHBIX
ABJIAE€TCA COATAHCUPOBAHHBIN pallMOH KOpMJIeHUs. B Hacrosiiee Bpems cy-
IIECTBYIOIIME TOBAapHbIE (POPMBI KOPMOBBIX J00ABOK ISl CEIBCKOXO3sIi-
CTBEHHBIX >KMBOTHBIX MOTYT HE YCBAaMBAThCSl B YCIOBHSX KEITYJOYHO-KHU-
IIEYHOTO TpakTa. Mukpodaopa pyOiia KpyImHOTO poraroro ckora crocooHa
paspylaTh HE3alUIIEHHbIE I[EHHbIE OWOJIOTMYECKH AaKTUBHBIC BEIIECTBA
(bPAB), B TOM 4mCiie BUTAMHUHBI, TOCTYTAIOIIME B OpraHu3M ¢ kopmamu. [1o
9TOM MpHUYUHE, A7 MOBBIIICHUS 3()(PEKTUBHOCTH YCBOCHHSI XJIOPHU XOJIHUHA
B TOHKOM KHILIEYHUKE CEJIbCKOXO035UCTBEHHBIX )KMUBOTHBIX HE00X0a11uMa 000-
JI0YKa, KOTOpasi CnocoOHa 00eCIeunThb 3alUTy KOPMOBOM J0OOABKU OT arpec-
CHBHOTI'O BO3/ICHCTBUS YCIOBUN pyOl1a KPYITHOTO pOraToro CKoTa.

JUi1st mpoM3BOACTBRA 3AIUIIIEHHON (POPMBI XJIOPHU XOJIMHA (J1aj1ee 3a1u-
mEéHHbIM XX) OT ycnoBUil pyOlla NOTEHLUAIBLHO MOXKET MPUMEHSTHCS Psij
TEXHOJIOTUI: HAaHECEHHUE 3alUTHOW 000J0YKH Ha OapabaHHBIX YCTaHOBKAX
JIPKAPOBAHMSI, METOJ TOpSYEH JKCTPY3UU C JATBHEHIINM HANBUICHHEM
o0osiouku. Kpome 3T0ro, mpeanonaraercsi, YT0 TEXHOJIOTUSl PACIbLIUTEIb-
HOT'O OXJIAKJEHUS TakKe IPUMEHHUMA JUUIsl IPOM3BOCTBA 3aIUIIEHHOr0 XX
Y MOKET OBITh IEPCIIEKTUBHOM IO MOKa3aTeNIIM SKOHOMUYECKON 3P (HeKTHUB-
HOCTH U IPOU3BOJIUTEIBHOCTH.

PacnipuinTenbHOE 0XJ1aXI€HUE SBISETCS OJJHUM U3 CIIOCOOOB, UCIIOJIb-
3yeMBbIX ISl MHKAICYJSILUKM JEUCTBYIOLIErO BEIeCTBa B 000JIOUKY-HOCH-
TE€Jb, TEXHOJOTUYECKUN MPOLIECC MOKET OBbITh HEMPEPHIBHBIM M MPOTEKACT
C HU3KUMH 3aTpaTaMy dYHEPTHH, a TAKXKe JIeTKo MacmTabupyercs [2]. Koneu-
HBIM NIPOTYKTOM ITPOU3BOCTBA SIBIAIOTCSA TBEPABIC YACTUIIBI (TpaHyJIbl) ce-
puueckoil popmel, AuameTpom ot 50 Mkm 10 2 MMm. [lockonbky mporecc He
BKJIIOYaeT B ce0s HCIapeHue pacTBOPUTENEH, oOpasyromuecs MHKpoYa-
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CTHIIbI XapaKTEPU3YIOTCS IIJIOTHOW M HETIOPUCTOM CTPYKTYPOM M KaK CIIEH-
CTBHE, MOBBIINICHHON MEXaHUYECKOM CTOMKOCTBIO [3].

TexHoorus: pacbUIMTENILHOTO OXJIAXACHUSI MpUMeHsieTcs B (papma-
LIEBTUYECKOM, KOCMETHYECKON U CEJIbCKOXO3SIMCTBEHHOM oTpacisax. JlanHas
TEXHOJIOTHS TI03BOJISIET IPH HEOOXOIMMOCTH MacCKUPOBaTh BKYC U 3amax [4],
oOecreynBaTh 3alIUTy aKTHBHOTO MHTPEIUEHTA OT HEOIArOMpUATHBIX BO3-
NeNCTBUH, K TpUMepy, Bo3aeicTBre pH cpenbl, cBeTa, akTUBHOCTU (hepMeH-
TOB, BIQXKHOCTH, OKUCJIEHUS U JIp. JlaHHas TEXHOJIOT Ul TAKKE [TO3BOJISIET TO-
BBICUTh CTEIEHb PACTBOPEHUS TPYAHOPACTBOPUMBIX JIEKAPCTBEHHBIX
CPEICTB, B TOM YHCIIE MOIYJUPYET KHHETHUKY BBICBOOOKICHUS aKTHUBHBIX
KOMIIOHEHTOB, YJIYyYIlIaeT CBOMCTBA TEKy4€CTH, BHEIIHUN BUJ M IIPOYHUE Xa-
pakrepuctuku [5]. KpoMe 3TOro, yMeHbIIaeTcsi TMTPOCKONIMYHOCTD, TOBBI-
maeTcst pu3ndecKasi 1 XuMuueckasi CTabOuILHOCTh [6].

[Iporiecc pacbUTMTETFHOTO OXJIAXKACHHS MTOPOOHO OMKCAH B TUTEPa-
TYPHBIX UCTOUHHKAX [7] ¥ COCTOUT U3 CIIEIYIOLIUX 3TAMOB:

1. PactuiaBienyre HOCUTENS M CMELIMBAHNUE C OCHOBHBIM KOMIIOHEHTOM
(aKTUBHBIM MHTPEAMEHTOM), KOTOPBIA MOKET OBITh JINOO pacTBOPEH, JTUOO
MEXaHWYECKH JAUCIEPTUPOBAH B HOCUTENb. B KauecTBe HOCUTENSI MOTYT HC-
MOJIb30BATHCS Maca, BOCKH, JIMIHIbI, @ TAKXKE KETUPYIOIINE areHThI [&].

2. Tlopaya paciiaBJIEeHHOIO Marepuajga OT HarpeBaeMod EMKOCTH
K pacIlbUIMTEIBHOMY COILTY, YEPE3 KOTOPOE MOMAJAET B OXJIAKIAIONIYIO Ka-
Mepy.

3. TennmooOMeH XOJI0IHOTO BO3/lyXa U Kallejb PacIulaBI€HHOW cMecH,
IIOCJIE YETrO OHU JOJIKHBI 3aTBEPAETH 0 KOHTAKTA CO CTEHKOM OXJIaXKJAr0LLEen
KaMEpBL.

4. CO60p U cCOpTUPOBKA MPOCEUBAHUEM TOTOBOTO MPOAYKTA.

QOyHKIMOHATIbHASA CXEMa MPOIEcCa PACIBUIMTEIBHOTO OXJIAXKICHUS
IpeAcTaBiIeHa Ha puc. 1.

Bak pPacnbplIeHHA
¢ NoJorpeBomM

|

Hacoc nogaun
pacTeopa

O

Dopeynka h Carbrii BOYTYX
Xosouetii P““”"““,'iﬂi‘_

BO3IYX

Tembni DuasTp
BOMIYX BOJIYIHBIH

BrITHAHOM

Ynuiep| ) Duantp BeHTHIATOD
Muknon ! BO3YIIHBIH
- o
Lenrpobemunbiii O
BeHTH.IATOP
E

ToroBsrii
HPOIYKT

Puc. 1. (DYHKI_IHOHaHLHaH CXEMa YCTAaHOBKH PACHBUIMTCIBHOI'O OXJIAXKICHUA
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Ha ¢usuyeckne ¥ XWMHUYECKHE CBOWCTBA KOHEYHOTO TMPOJIYKTA
HanOOJIbIIICEe BIUSHUE OKA3BIBAIOT CIICAYIONINE IMapaMeTPhl TEXHOJIOTHYE-
CKOI0 Iporiecca:

— TeMnepaTtypa IUIaBJICHHUS U KPUCTAJUIM3AIMU HOCUTEIISI — BJIMSIET HA
CKOpPOCTb MPUTOTOBJICHUS] PACTBOPA, HA CBOMCTBA HEKOTOPHIX AKTUBHBIX HMH-
I'PEIMEHTOB, KOTOPBIC HE CTAOMIIBHBI IPY BEICOKON TeMITepaType, U Ha ycTa-
HAaBJIMBAEMbIE MMAPAMETPBI TEMIIEPATYPHI OXJIAKIAIOIIETO BO31yXa B KAMEpe
pacCMbUIUTENIBHOTO OXJIAXKIeHUS [7];

— TeMmIeparypa roToBOro pacTBOpa — BIUSIET Ha BSI3KOCTb TOTOBOIO
pacTBopa, KOTOpasi, B CBOIO OUepe/ib, BIMSIET Ha KOHEYHBIN pa3Mep MPOU3BO-
JUMBIX MUKPOTPaHyJl, Ye€M BbIIIE BA3KOCTb, TEM OOJbIIE pa3mep. [9] Brico-
Kasi BSI3KOCTh IMPUBOJUT K HEPABHOMEPHOMY PaCIpPEIEICHUI0 B PacTBOpPE,
KPOME 3TOT0, CIIMIIIKOM BBICOKAsI BA3KOCTh MOYKET IMTPUBECTH K HEBO3MOKHO-
CTH TpoIIecca paclbUICHUS, a 3TO, B CBOIO OU€pe/lb, OTPAHUYNBAET MaCCOBYIO
JIOJTI0 COJIEpKaHMs TBEPABIX YACTHI] aKTUBHOI'O BEIIIECTBA B PACTBOpE, Kak
npaBuiio, He 6omee 30% [10], Tak kak OoJiee BhICOKAsi KOHIICHTPAIUS HEMHU-
HYEMO IIPUBEIET K HEJOMYCTUMO BBICOKOM BSI3KOCTH CMECH;

— CKOPOCTb I0JIauy HAacOoca Ha paclbUICHUE — BIMSET Ha pa3Mmep rpa-
HYJI, YEM BBIIIE CKOPOCTH, TeM Ooiblie pazmep [5];

— JIaBJIGHUE CKAaTOro Bo3jyxa (B cllydae UCIOJIb30BAHUU THEBMATHYe-
CKHX pacHbUIATENIeH) — BIUSET HA pa3Mep, O0JIbIIe 1aBIICHUE, MEHBIIIE Pa3-
Mmep [5].

[Ipon3BOAUTENBHOCT YCTAHOBKM PACIBUIATEIBHOTO  OXJIAKICHUS
HaIpPsIMYIO 3aBUCHUT OT 3(D(PEKTUBHOCTH MPOIECcCa PACIIbUICHUS PACTUIABIICH-
HOM CMecH, 4TO, B CBOIO OuYepeilb, CBSI3aHO C BBIOOPOM PACHBUIUTEIHLHOTO
ycTpoiicta [7]. B Tabn. 1 mpeacTaBiaeHbl XapaKTEPUCTUKU PA3IMYHBIX pac-
MBUTUTEIBHBIX YCTPOMCTB, MPUMEHSEMBIX JIJI PACTIBUIATEIIBHOTO OXJIAXK Ie-
Hus [11, 12].

Tabnuya 1
Pacnpeoenenue pazmepos u ckopocms MUKpocpanyi
6 3a6UCUMOCMU OM MUNA PACHBLIUMENbHO20 yempoiicmea [11, 12]

Pazmep Pazmep CKODOCTE
Tun pacnbuinTens MUKPOTPaHyJl | MUKPOTPaHyJI Kanegb /e
Min, um Max, um ’
JByx(da3Hblii MTHEBMATHUYECKHUM PaCIIbI- 10 650 150
JTUTENb
PoranmonHas rosioBka ¢ npope3siMu 20 200 150
Bparmaromuiicss AIMCKOBBIN pacTIbLIH- 40 2000 100
Teb
PacnbimuTens BBICOKOTO JTaBJICHUS 65 850 50
P -
OTAIIMOHHAS TOJIOBKA C OOJIBIIUMHU OT 150 950 30
BEPCTUSIMU
P -
OTallMOHHAs TOJIOBKA C MaJILIMH OTBEP 275 2000 5
CTHSIMU
JyuieBoi pacnbuInTeIb 600 6000 5
YapTpa3ByKoBas roJIOBKa 20 70 0,2
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Iesab10 uccne0BaHus SIBISETCS ONTUMU3AIUSA TEXHOJIOTUN PACTIBLIN-
TEJIBHOTO OXJIAKJEHHUS JJI1 MPOU3BOJACTBA 3AIIMUILIEHHOTO XJIOPHUJ XOJIMHA
¢ koHueHTpauueit 30% B MUKpOTpaHyJIax.

MaTepHaJIbI 1 MeTOoAbI MCCJICAOBaAaHUSA

B xadecTBe ChIphs 1 MaTEepHAIOB OBLIN UCIIOJIB30BAHBI XOJIMH XJIOPHU/T
U TUIPOTEHU3UPOBAHHOE coeBoe macio (nanee I'M) (taba. 2).

Tabnuya 2
Colpbé u mamepuasl, npumensaemvle ¢ pabome
" IToka3areib, 00sI3aTeNbHbBIN
ANUMCHOBAHUC TUTSE HpOBepKI/l
CBIPbsI IIpoussoaureins o Hasnauenue
U MaTcpHuajia HaunmenoBaumue opMa
B IIpeaciiax
SHANDONG | MaccoBas gois
H 809
XonuHa FY FEED XX, % © veree S0 AKTHBHOE
XJIOPUI TECHNOLOGY M BEIIECTBO
P CO., LTD., AcCOBB MO He Gonee 5%
Kuraii Biaru, %
ntan
Temnepatypa He menee
I'mpporenunsu- Hangzhou P y;z o
. miaBieHus, °C 60 °C Kommonent
pOBaHHOE Keying Chem T Y —
coesoe Macio | Co., Ltd., Kuraii eMnepaTypoa 3640 °C P
3acteiBanus, °C

B kadecTBe ycTpolcTBa pacHbLICHHUS HCIOJIb30Bajiach ABYX(Da3Has
MTHEeBMaTUYeCKast pacbLUINTEIbHAS TOJI0BKA (puc. 2). J[aBieHue cxxaToro Bo3-
JyXa B PACMbUIMTEILHOMN rOJIOBKE PEryJIUPYETCs C MOMOIIBIO THEBMOPETYK-

Topa.

Coxkarblii
BO3IYyX

Kunk

Kast  Cokarbrii
cMecCh

BO3AYX

Puc. 2. JIByxda3Hblii THEBMAaTUYECKUH PACTIBUIUTEIh
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Jljis pacruiaBiieHus HOCUTEIIA, TTOI0TPeBa U CMEUITUBaHUs ObLIT BEIOpaH
0aK Cc MapoBBIM TEIIIOOOMEHHHKOM, JIOTIACTHOM MEIIaIKON U TOMOTE€HU3aTO-
poM, 00béM Oaka — 500 s1. KoHTposib Temneparypsl B 0ake OCYIECTBISETCS
C IIOMOIIBIO PETYJIMPYIOIIETo MapoBOro KianaHa ¢ anekTponpusogom BOII-
125-3000/63-20-220B co Bctpoennbim [IM]/I-perynsaropoMm TemmepaTyphl,
aKTUBALMS U MMAPAMETPhI 33J1al0TCS TOCPEJICTBOM OIEPATOPCKOM MaHEeIH ve-
pe3 untepdeiic RS-485, mporokon Modbus RTU. C nomolipto jaHHOTro 000-
PYJIOBaHUS MMOJIYYHIINA BBICOKYIO TOYHOCTh TeMIIepaTypbl cMecu B 6ake +1 °C,
4TO, B CBOIO OuYepe/b, 00ECIEeUnBACT MOJACPKAHUE KETAaeMOU BS3KOCTH
CMECH JIs pacTblIICHUS.

[Tomaua cMecu Ha pacHbUINTENBHYIO (DOPCYHKY OCYILIECTBISETCS] BUH-
ToBBIM HacocoM BYD G20-1-SS316L s BA3KUX KUIKOCTEN TEMIIEpATypOil
1o 150 °C, npousBoauTenbHOCTS 1,28 M>/4ac, MOIIIHOCTH aBuTaTens 2,2 KBT.
KoHcTpyKkTHBHON 0COOEHHOCTHIO HAacOcCa SIBISIETCS] HATMYHE PyOaIky mo10-
I'peBa ¢ MOMOIIBIO MPOKaYMBaeMon ropsiueii Bosibl. TpyObl mogaun cMecu OT
0aka 10 Hacoca W OT Hacoca 0 PACHbUIMTENbHON T'OJOBKU TaKXKe MMEIOT
BOJSIHYIO pyOamiky nogorpena. JlaHHOe peleHue Mmo3BOJIMWIO U30eXaTh He-
JKEJaTeJIbHOTO 3aTBEP/IEBAHUSI CMECH HA IyTH B PACHBUIUTEIBHYIO TOJIOBKY,
a TaKXe BA3KOCTh IIEPEKAUYMBAEMON CMECH HE YBEJIMYMBAIACH, UYTO SIBIISIETCS
BaXXHBIM (PaKTOPOM IpPH paclbuleHUU [2]. YrpaBieHHe MpOU3BOIUTEIBHO-
CThIO HAacocCa BBITIOJHSIETCS C IMOMOIIBI0O YAaCTOTHOTO MpeoOpazoBaTeis ¢
BeKTOpHBIM peskuMoM Veichi AC70-T3-2R2G/004P, n3amenenue mapamer-
poB peann3oBaHo uepe3 uHtepdeiic RS-485 no nmporokosnry Modbus RTU c
nomouipto [IJIK u onepatopckoit nanenu.

Bo3nyx, moctymnarmomuii B Kamepy paclbUIMTENBHOTO OXJIaXICHUS,
HarHeTaeTcsl IEHTPOOCIKHBIM BEHTUIIITOPOM MOIITHOCTBIO 7,5 kBT, npenBa-
PUTEIIBHO OXJIAXKAACTCS, IPOXOIS Uepe3 TETI00OMEHHUK YHIITIEpa, TeMIIepa-
Typa KOHTPOJIUPYETCS BCTPOCHHOW aBTOMATUKOW. CKOPOCTh BO3/YIIHOIO
MOTOKA PEryJHPYeTCsl ¢ MOMOIIBI0 YaCTOTHOTO mpeodOpaszoBarens Veichi
AC70-T3-7R5G. I'0TOBBII POAYKT IPOXOJUT YEPE3 UUKIIOH U BBITPYIKAETCS
C MOMOIIIBIO HITF030BOr0 nurtaress. Cenapanus OCylECTBISAETCS C TOMOIIbIO
BHOpOCHUTA.

OcHoBHbIe TexHONOrHUeckue npoueccsl (nanee TII) npousBoacTsa 3a-
numéHHOro XX 30% Ha sKCIepUMEHTAIbHOW MUJIOTHOM YCTAaHOBKE PacIibl-
JUTENBHOTO OXJIKIEHUS, 11 KOTOPBIX HEOOXOANM MOAO0P ONTHUMAIBHBIX
TEXHOJIOTHYECKUX PEKMUMOB M apaMETPOB, MPEACTABIEHBI Ha puUc. 3.

Ha craguu TII1 ¢ moMonipro onepaTopcKoi MaHeln 3amyCKaeTCsl TeX-
HOJIOTUYECKU MPOIIECC, Aaliee YCTaHABIMBACTCS MUHUMAJIbHAS 10Ty CTUMAsI
temnepatypa yniiepa — 15 °C, 3arem BKJIIOYAIOT BEHTWIATOP MOAa4YH XO-
JIOJTHOTO BO3/yXa, Ul IPEBAPUTEIBHOI0 OXJIaXICHUS KaMEPbl PaCbLICHUS
1o 19 °C.

Ha craguu TII2 ocymectBisieTcs MOJy4YeHUE PAcCTBOpPA B CIECAYIOIIEM
cootHomieHuu: 100 xr 80% xonuHa xynopuga v 155 Kr ruiporeHu3upoBaH-
HOTO coeBoro macia. ['M 3arpyskaercst B 0ak Juisl IJIaBJIEHUSA, C 33aJlaHHON
temnepatypoii 80 °C. [lanee B paCcTOIIIEHHOE MACIO BHOCUTCS XOJIUH XJIOPUL
koHI1eHTpauueit 80%, 3aremM OCyIIECTBISAECTCS NMEPEMEIIMBAHUE B TEUCHHUE
30 muH, yepe3 20 MUH IEpEMENIMBAHUS BKIIIOUYAIOT TOMOI'€HU3ATOP TPOI0JI-
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KUTEIBHOCTHI0 10 MUH JJI1 paBHOMEPHOT'O paclpeiesieHus] aKTUBHOTO HMH-
IpeMEHTa U MOJIy4YeHHUs! pacTBOpa HEOOXOIUMOMN BA3KOCTH.

e 3

TII1. TTogroroBka
PacCIbUINTEIBHON KaMepbl

\. J

TII2. IIpuroroBnenue
cMmecu

TII3. PactibuiurenbHOE
OXJIAXKJICHUE

TII4. Cenapanus
IIPOAYKTA IO pa3smMepy

Puc. 3. OcHOBHBIE TEXHOJIOTHUYECKUE TTPOIIECCHI MTOTyUSHUS
XJIOpUJ X0JuHa KoHleHTpanueit 30%

Ha craguu TII3 ycranaBnuBaeTcsi 1aBi€HUE CHKATOTO BO3JyXa U MO-
CPEACTBOM ONEPATOPCKON MaHENM 3a1a€TCSI CKOPOCTh MOJAa4Yl CMECH, 3aTEM
3aIyCcKaeTcs MOJAIIINM HACOC — HAYMHAETCS MPOLECC PaCHbUIMTEIBHOTO
OXJIAXKICHUSI.

Ha craguu TII3 B TeueHne Bcero npoecca rpaHyJibl, OJIyYEHHbIE IIPU
paclbUIEHUU B aBTOMAaTHUYECKOM PEXKHUME BBITPYKAIOTCS YEPE3 IILTI030BBII
nuTaTellb, COOMPAIOTCS B MENIKM M Jajiee TMPOCEHBAIOTCS Yepe3 CHTa
(140 mxm; 250 mxm; 450 mxm; 630 Mxm; 800 mxm; 1000 MMm).

B cooTBeTcTBMM C XapaKTepUCTHKaMHU JaHHOIO TEXHOJOTMYECKOTO
npolecca NpoOBEAEH PsA IKCIEPUMEHTOB C Pa3JIMYHBIMHU IapaMeTpamMu
(Tabm. 3) CKOpOCTH MOAAUM PACTBOPA M JABJICHHS CKATOTO BO3yXa PacIibl-
JUTEIIBHOM TOJIOBKU. TeMiepaTrypa paciuiaBI€HHONW CMECHU MTOAAEPKUBAIACH
Ha 3agaHHOM ypoBHe 80 °C, nmpu KOTOpOI 3HaUYEHHE BA3KOCTH CMECH COCTa-
Buwio 0,0021 Ila/c. TemmepaTypa OXJIaXKJAOIIETO BO3yXa, MOCTYMAIOIIETO
B PacCIbUIMTENIbHYIO KaMepy, HE U3MEHIACh.

[TonyueHnHble 00pa3ibl MUKPOTPAHYJ XJIOPHUJT XOJIMHA U3YYWIIM CTaH-
JapTHeIMU MeToaamu. OrnpeneneHue qeHCTBYIOIIETO BEelecTBa B KOPMOBOU
nob6aBke (MaccoBas 1051 XX) IpoBoauiIu 1o Metoauke M 04-82-2014 [13]
METOJIOM KaIllWJUIIPHOTO 3JIEKTpodope3a C HMCIOIH30BAHUEM CHUCTEMBI Ka-
nwuspHoro anektpodopesa “Kanemp—105M” (mpomsBoautens Jlromekc,
Poccust); auanazon uszmepenuii ot 0,01 no 100% BKIIOUUTENTHEHO, OTHOCH-
TeJIbHAas PACIIMPEHHAs] HEONPEAEIEHHOCTh n3MepeHnii — 15%, nokasarens
noBTopsieMoct — 14%.

PacTBOpHMOCTB OMBITHBIX 00PA3IlOB B pyOIle OCYIIECTBISIN C TTOMO-
1IbI0 BHECEHUs1 HaBecku oOpa3ua 1 r B 100 ma pacTtBopa OnopeneBaHTHOM
cpenabl, UMUTUpPYIOIIeH cpeny pyoua pH 6,5, ¢ mocnenyronuM BelaepKrUBa-
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HUEM TNPOOMPOK B OpOMTAIBHOM Ileilikepe-unkyoatope Biosan Orbital
Shaker-incubator ES-20 npu remnieparype 40 °C, CKOpOCTh IepeMennBaHus
120 06/muH B Teuenue 18 uac [14]. [1o ucteueHnto 3a1aHHOTO BPEMEHU IKC-
MO3UIIMU PACTBOP OTPHIBTPOBBIBAIHN Yepe3 GuibTp “benas nenrta” mis ot-
JICJICHUS] HEePAaCTBOPEHHBIX T'PAHYJI U WM3MEPSUIM KOHICHTPAIMIO BEIIEeCTBA
B PacTBOpE CTaHIAPTHBIM METOJIOM.

Tabruya 3
Ilapamemput IKCnepuUMeHNO6 PACHBLIUMENbHOZ0 OXIANCOCHUS
HanmenoBanue mokazarers, Howmep skcniepumenTta
€IMHULIBI U3MEPEHUS 1 2 3 4

YacToTa nmogaromiero Hacoca, I'1g 5 10 10 15
CKOpOCTb MOJa4M CMECH, JI/MUH 1,05 2,1 2,1 3,15
JaBnenue Bo3ayxa, klla 3 3 4 5
Temneparypa cmecu, °C 80 80 80 80
Bsskocts, I1a/c 0,021 0,021 0,021 0,021

PactBopumocTs 3ammménHoro xaopua xoauHa 30% B pyoue (P, %)
paccuuThIBaIM 110 GopMyIIe:

C;
P=—%x100%,
Cy
rae C; — KoHIeHTpaus 3amuiEéHHoro XX B HCXOAHOM Npoaykre, a C, — mpo-

LIEHT BBICBOOOKIAECHHOIO XOJMHA XJIopuaa B Ouopenesarnyto cpeny (Ca, %)
paccUYMUTHIBAIM N0 hopMyIIe:

C _ V * CI/ISM * Q
2 - )
m 10 000
rae CI/I3M — HU3MCPCHHOC 3HAUCHUC MacCOBOH KOHIOCHTpalUu XOJIMHA XJIOpuaa

B IMOJITOTOBJICHHOW Tpo0e, Mr/z[M3; V — 00béM TUCTHUIUTMPOBAHHOU BOJIBI,
B3ATBIN [JIS TIOMydeHHs BOJHOM BBITSIKKH, CM°; M — Macca HaBECKH TIPOOHI,
r; 10 000 — xo3ddunmenT corimacoBaHUs Pa3MEPHOCTH €IUHUII 00BEMA,
Macchl 1 MaccoBo oy, Q — ko3 duimenT pazdaBieHuUs TPOOHI.

3amuImEéHHOCTh MPOAYKTA B pyOIie (Z) paccunuThiBaiu 1o Gpopmyrie
Z =100% —P.

Pasmep wactun onpenensiinu B coorerctBun ¢ 'OCT 13496.8-72 [15].
Bszkocts cmecu onpeaensuin o 'OCT 25276-82 [16] ¢ momotibio
BHUCKO3UMETpa VISCO C TEPMOKOHTPOIIEPOM.

Pe3yabTaThl Hcciie0BaHUA U UX 00CYKIEHUE

B cooTtBercTBHM ¢ Tabn. 3 ObLIM MOJyYEHBI SKCIIEPUMEHTAIbHBIE 00-
pasnbl MUKPOTpaHyJl 3alIUIIEHHOrO XJIOPUJ XOJIuMHA KoHueHTpauuei 30%,
KOTOPBIE U3YYHIIU IO CIEAYIOIIMM I0Ka3aTeNsIM: pa3Mep 4acTUll, KOHLEH-
Tpaimus JASHCTBYIOIIETO BEIIECTBA, PACTBOPUMOCTh B yCIIOBUAX pyOua. Pe-
3yJIbTaThl U3YUEHUS TaHHBIX ITOKa3aTesel MpeCTaBIeHbl B Ta0. 4.
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Tabnuya 4
Pesynomamol uccie0o6anus Qu3uKo-XumMuueckKux XapaKmepucmux
IKCHEPUMEHMATILHBIX 00PA3U06

Pasmep MHUKpOrpaHy1, MKM
800— | 630— | 450- | 250- | 140- | _ 140 Cpen-
1000 800 630 450 250 Hee
5 "
% OT o0mIei 3 11 24 29 24 9
— | maccnr
. Ko?ueHTpauHﬂ, 25 29 30,1 | 30,05| 30 29,1 | 29,70
z C, %
=
g PaCTBopI/IM(:)CTI) R0 50 40 43 40 59 44 88
o |B pyore, P, %
5 "
E BaTnmeHHOCTB, 20 50 60 57 60 41 55,12
Z,%
5 .
o % OT 00IIeH ) 4 12 31 35 16
o | Macchl
% Ko?ueHTpaHI/IH, 24 29 30,1 | 30,2 | 29,95| 28,15 | 29,60
2 C, %
S
g PaCTBOpI/IMOOCTL 78 55 38 33 36 55 39,95
E |B py6ue, P, %
x ..
o) BaI;I)H/IH_IGHHOCTB, 2 45 62 67 64 45 60,05
Z,%
5 .
- % 0T 001men 4 16 31 27 19 3
o | Macchbl
% KoilueHTpaHHﬂ’ 26 29 30,1 | 30,05| 29,9 | 29,4 | 29,69
2 C, %
=
g, PaCTBOpI/IM(;CTL 79 59 40 37 36 56 43,51
£ | B pybue, P, %
M ..
¢ | 3aMIEHHOCTD, | 5, 41 60 63 64 +4 56,49
Z,%
5 "
- Y0 OT 001IEH 3 8 35 37 15 2
ol MacCChI
g [Kommempamins. | 57 | 30,05 | 30,15 | 302 | 30 | 297 | 30,03
2 C, %
S
g, PaCTBopI/IM(:)CTB 7 41 31 29 32 38 32,58
E B py6rue, P, %
M ..
A %alijI/IIHGHHOCTB, 28 59 69 71 68 62 67,42
s /0

N3 tabn. 4 MOXHO cienaTh BBIBOJ, YTO pa3Mep YacCTHL] yBEIUYUBAJICS
C YBEJIMYEHHEM CKOPOCTH NOJIaYX PACIUIABIECHHOTO PACTBOPA U YMEHbILIAJICS
IIPH YBETUYCHUN JIABJICHUS C)KATOTroO BO3ayXa. bonbiias yacTsk rpaHys o0ia-
JIAeT MPaBWIBHOU (GOPMON — CPHEepUIECKOM, 3a UCKITFOUCHUEM YaCTHII, pa3-
MepoM npesbimatonm 800 MKM, KOTOpbIE ObUIH BBITSIHYTOM (POPMBI 3a CUET
CJIMITAHMSI YACTULl MKy COOOM, MOCKOJIbKY HE KPUCTAUIU30BAIUCH JI0 MO-
MEHTa CTOJKHOBEHHUS CO CTEHKaMU OOOPYIIOBaHUS, MIPHU CONMPUKOCHOBEHHUH
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C KaMepou pacibuieHus 00J1a1au MPUTUTIOCHYTON (OPMOIL, 4TO MOKET 00b-
SCHATh HEY/IOBJIETBOPUTENIbHYIO KOHILIEHTPALMIO XJIOPHJ XOJIMHA B 00pas-
1ax, B TOM YHMCJIE MOKAa3aTeNb 3allUIIEHHOCTA ObLI HU3KUM. BakHo oTMme-
TUTh, YTO B TIEPBOM M BTOPOM IKCHEPUMEHTAX MUKPOTPAHYJ C UCKPUBIEH-
HOM (popmoii oTMedaeTcs: OOJbIle, YeM B TPETheM U 4eTBEPTOM. B mepBom
HKCIEPUMEHTE JaBleHHE ObUIO HEAOCTATOYHBIM IIPU 33JaHHOM CKOPOCTH TO-
Jlauu, IPU BTOPOM IKCIIEPUMEHTE CKOPOCTD MOAaYH ObLIA CITUIIIKOM BBICOKON
1pU 33JJaHHOM JaBiieHUH. [Ipy BRIOTHEHUH SKCIIEPUMEHTOB KOHIIEHTPAIUS
XJIOpPUJ] XOJIMHA B COCTaBe MUKPOTPaHyJI HAXOWJIACh B IIpeiesax pacu&THOM
U MEHSJIaCh HE3HAYUTEIBHO.

I'panyibl pazmepom ot 250—-800 MkM 001aiany HAMJTydIIUMH TOKa3a-
TENSAMH 3alIMIIEHHOCTH W KOHIIEHTpAIlMel aKTUBHOTO WHTpeaneHTa. Ya-
ctuilsl pazmepom MeHee 140 mxm u 6ostee 800 MkM 0018714711 HU3KUM TTOKa-
3aTesieM 3alUIIEHHOCTH B pyOlle M HU3KOM KOHIIEHTPALUN aKTUBHOTO WH-
rpeNeHTA.

Ha puc. 5 npencraBieHo pacnpeneiaeHie pazmepa MUKPOrpaHyJl B IPo-
1[ecce MPOU3BOJICTRA.

—&— Oxcnepumenm | =®=xcnepumenm?2

Oxcnepumenm3 Oxcnepumenm4
50
40
30 A
20 // N

10 ”
~/0/
<140 140-250 250-450 450-630 630-800 800-1000

Pazmep, mxm

(=)

% Pacnpedennue no macce

Puc. 5. I'paduk pacnpenescHus pa3Mepa MUKPOTpaHyJT

Ha puc. 5 nabirogaeTcsi paBHOMEpHasi KpUBasi pacrpeieieHUs: pa3mepa
YaCTHUI[ C MUHUMAJILHBIM KOJIMYECTBOM MHUKpOTpaHyi pazmepom Oosee 800
u MeHee 140 MxM. MOXXHO clienaTh BBIBOJI, UTO HAWJIYYIIHE PE3YyJIbTaThl
OBLITU MOJTYYEHBI B YETBEPTOM IKCIIEPUMEHTE, TTOCKOJIBKY MUKPOTPaHYJIbI 00-
Ja7aI He0OXOUMOM KOHIIEHTPAIIUU XJIOPHU/] XOJIMHA, a TAaK)Ke TTOKa3aTellb
3aIMUIIEHHOCTH B YCIOBHUSAX pyOIia OBIJT CAMBIM BBHICOKHM.

BriBoaLI

[TonyuenHble qaHHBIE 00 U3MEHEHHUH paCTIpE/ICTICHUS pa3Mepa MUKPO-
rpaHyJl B 3aBUCUMOCTH OT CKOPOCTH MOJa4M PacIIaBJICHHONW CMECH U JIaBJie-
HUS C)KaTOrO0 BO3JyXa PaCHbUIMTENIbHOW TOJOBKHM COOTBETCTBYIOT paHee
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onyOIuKOBaHHBIM Matepuaiam [5, 7]. [IpencraBieHHbie JaHHBIC CBUACTEIb-
CTBYIOT O 3aBUCUMOCTH pa3Mepa MUKPOTIPAHYJ U CTENEHU 3allUIIEHHOCTH
aKTUBHOTO MHTPEAUEHTA OT JIABJICHUSI CKATOTO Bo3ayXa. B pesynbrare nzme-
HEHUS JaBJICHUS CKATOTO BO3/yXa MOXKET U3MEHSIThCS TOBEPXHOCTHOE HATSI-
JKEHUE PACTBUIIEMBIX Kameidb. Ba)kHO OTMETHTB, YTO BSI3KOCTh pacTBOpa
ob1a HeoOxoaumoi kormeHTpanuu (0,021 I1a/c), MOCKOIBbKY 3HAYUTEIBHBIX
OTKJIOHEHUH OT pacu€THON KOHIIEHTPAIIMHU XJIOPHU/JI XOJIMHA HE HA0II01a10Ch,
a cIeZ0BaTeNIbHO pachblisieMasl CMech Oblila JOCTATOYHO OJHOPOJHON. Bee
MPOBEAEHHBIE SKCIIEPUMEHTHI TIOKA3aJId, YTO IMOJTYYEHHBIE TPaHYJIbl pa3Me-
pom meHee 140 MKM 00Jamar0T HM3KOW KOHIICHTPAIMEH XJIOPH XOJIMHA,
a Tak)Ke HU3KUM MOKa3aTesieM 3allUIIEHHOCTH, 3TO MOXKET OOBSICHATHCS TEM,
YTO B COCTaBE JIAHHBIX MHUKPOTpaHyJ MpeoliafacT TUAPOreHU3UPOBAHHOE
COEBOE MAacCJI0, a aKTUBHOE BEIIECTBO paCIpe/ie]ICHO B OOJIbIICH CTETIEHN Ha
MOBEPXHOCTH.

3akiroueHue

B pesynbprare npoBeIEHHBIX UCCIEA0BAHUN BaXKHO OTMETUTh, YTO OIl-
TUMaJbHBIC MapaMeTphl MpoIecca PaclblUIeHUs ObLTH JOCTUTHYTHI Ojaro-
JIapsi UCIIOJIb30BAHHBIM KOHCTPYKTOPCKMM M TEXHOJIOTUYECKUM PELICHHUSIM.
B pesynbraTe BBINOJHEHUST 4YETBEPTOrO HKCHEPUMEHTA OBUIM IOJYYEHBI
HaWJIy4lllye 3Ha4Y€HUs KOHLUEHTPAalUUU aKTUBHOTO MHrpeauenta — 30%, 3a-
MUIIEHHOCTH B yCIOBUAX pyomna — 67%, pasmepa MuKporpanyn — 250—
800 MKkM. TexHOJIOTHs PaCIBUIMTEIBHOIO OXJIAXKICHUS MOXHO IPUMEHSTh
JUTSL TPOU3BOJICTBA 3AIIMILEHHON (HOPMBI XJIOPUA XOJIMHA C KOHLIEHTpaIeu
30% wu oOnagaeT MOTEHIMAIOM YBEIWYECHUS MPOU3BOIUTEIHLHOCTH. Jlaib-
HEHIIMEe UCCIIeI0BaHUs MOTYT ObITh HAPaBIICHBI HA YIyUIIEHUE PELENTYPhI
Y TEXHOJIOTMYECKOTO MPOIECCA, a TAKKE HA MPOU3BOJICTBO JIPYTUX 3allHILIEH-
HBIX ()OPM KOPMOBBIX JOOABOK.
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