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HauionanbHuii TeXHIYHAN yHIBEpCUTET Y KpaiHu
"KuiBcbkuii mostiTexHivHui iHCTUTYT iMeHi Iropst Cikopcebkoro”

CYYACHI METO/I1 EKCIIEPTHU3U COHAILIIHUKOBOI OJIII B
TEXHOJIOT'TYHOMY ITPOIIECI BIHTEPU3AIIIL

Memoto 0anozo 00CniOJHCeHHs € aHANi3 ICHYIOUUX Memooie ma 3aco0ié KOHMpOo
PO3MIDHUX (PpaKkyiti 60CKONOOIOHUX CNOJYK COHAUWHUKOBOIL OJlii 8 MEeXHOI02IYHOM)Y Npoyeci
giHmMmepu3ayii 3 3aCmMoCcy8anHIM Memoouku ougpaxyitinoi gomomempii. Memoo nazepnoi
ougpaxyii, abo eioxunenHs sunpominosanns nio maium xymom (Low Angle Laser Light
Scattering — LALLS), suxopucmogyemucs 015l BUBHAUEHHs PO3NOOLTY YACMUHOK 34 POZMIPOM
ma 3aCHOBAHUL HA AHANI3I NpOoQinio pO3Cil08AHHA CIMIA, WO BUHUKAE NPU OCBIMJIeHHI
YACMKU 1A3ePHUM ONPOMIHEHHAM. Y memodi nazepnoi ouppaxyii (Particle size analysis, PSD
— Laser diffraction methods) euxopucmosyemocsa anpoxcumayis @Ppayneopepa, a maxooic
obepnene poscitoeanus ceimua. Jlanuii memoo € ¢papmaxonetinum (USP24, EPh 6.0).

Knrouosi cnosa: sinmepuzayis, COHAWHUKOBA ONis, B0CKU, B0CKONOOIOHI CHONYKU,
BUMOPOINCYBAHHA, — MANOKYmose  po3scilosanHa  ceimaa, memod LALLS, ougpaxyia
@payneopepa, meopis Mi, pisuanns Ppeoconvma.
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COBPEMEHHBIE METO/bI SKCIIEPTHU3bI IIOACOJTHEYHOI'O MACJIA
B TEXHOJIOTHYECKOM INPOIECCE BUHTEPU3ALINN

Llenvto 0anHo20 uccied08anus AGNAEMCA AHANU3Z CYUECMBYIOUUX MeMOO08 U CPeOCmE
KOHMPOAsL PASMEPHbIX Ppakyuti 80CKONOOOOHBIX COCOUHEHUN HNOOCOIHEYHO20 MACAd 8
MEeXHOI02UYECKOM npoyecce SUHMEPU3AYUU C NPUMEHEeHUeM MemoOUKU OuGpaKyuoHHOol
gdomomempuu. Memoo nazeproii ougppaxkyuu, uiu OMKIOHEHUS USTYYEHUSL NOO MATbIM Yeal0M
(Low Angle Laser Light Scattering — LALLS), ucnonv3yemcsa 0 onpedenenust
pacnpeoeneHus 4acmuy no pasmepy U OCHOBAH HA AHANIU3e Npouis paccesauus ceéema
B03HUKAIOWE20 NpU OCBEWeHUU YACTUYbl NA3ePHbIM U3TyYeHueM. B memooe nazephoii
ougppaxyuu (Particle size analysis, PSD — Laser diffraction methods) ucnonvzyemcs
annpoxkcumayus Ppayneogepa, a maxdce obpamuoe paccesanue ceema. [[aHHbill Memoo
saensemcs papmaxonetinvim (USP24, EPh 6.0).

Kniouesvie cnosa: eunmepusayus, noocoiHeuHoe MaAcio, B60CKU, B0CKOOOPA3Hble
COCOUHEHUSI, BLIMOPANCUBAHUE, MAN0Yell080e paccesnue ceema, memod LALLS, oupparxyus
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MODERN TECHNIQUES OF SUNFLOWER OIL EXPERTISE IN THE
TECHNOLOGICAL PROCESS OF WINTERIZATION

The purpose of this study is to controls for the inclusion of waxes in sunflower oil and
to develop a method for controlling the size fractions of waxy compounds in sunflower oil in
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the process of vintrization using the method of diffraction photometry. In most cases, the
residual content of waxy substances in the process of vitration is determined by the subjective
method, analyzing the transparency of the product. Quantitative analysis of the content of
phospholipids by gravimetric method, that is, the method of "wet chemistry"”, is carried out
only at the beginning and at the end of the periods specified in the technological map that
regulates the process of freezing.

The method of laser diffraction or Low Angle Laser Light Scattering (LALLS) is used
to determine the size distribution of particles, and is based on the analysis of the light
scattering profile that occurs when illuminating the particle by laser irradiation. To obtain
data on the size spectra, concentration, specific surface area of particles of the dispersed
phase, we use the solution of the inverse problem of constructing dimensional spectra based
on the scattering indicatrix. Since for a sufficiently large particle the deviation of light occurs
mainly due to diffraction, the Fraunhofer theory of particle size measurement can be used up
to the micron range.

The proposed methodology has qualitative advantages in speed and automation of
measurements while preserving the accuracy and reliability of the standard results in the field
of techniques of relative gravimetry or gas chromatography with preliminary purification of
oil per column. In the framework of the research the model of the measuring instrument was
tested, the mathematical model and method of application of the optical measuring device of
small-angle light scattering (by the LALLS method) in the diffraction photometry of the fine-
particle spectra of the fine particles were confirmed, and its economic practicality and
efficiency were proved. The method and instrumental measuring instrument described in this
study allows the method of express diagnosis in real-time mode or with discrete intervals
close to it to conduct absolute and relative measurements of granulometric indices of fine
particles of waxy nature in sunflower oil.

Keywords: vinterization, sunflower oil, waxes, waxy freezing compounds, low angle
laser light scattering. LALLS method, Fraunhofer diffraction, Mi theory, Fredholm equation.

ITocTanoBka nmpoodJiemMu

PocnunHi omii Ta IpoAYKTH Ha iX OCHOBI € He3aMiHHUMH KOMIIOHEHTAMHU Xap4yBaHHS,
K1 320€31eyI0Th HEOOX1HUHN PIBEHb CHEPreTUYHOI Ta (Pi31070TIYHOT IIIHHOCTI HOPMAJIBLHOTO
1000BOTO palioHy JoAuHU. Ilpn BUPOOHMLITBI POCIMHHOI OJii BaXJIUBY pOJb BiJirpae
SAKICHUA Ta KIUIbKICHHHM CKJIaJ] KIHIIEBOTO, TOTOBOTO IO CIOXKHMBaHHS, MPOJIYKTY Ta HOTro
BianoBigHicTh unHHUM B Ykpaini JACTY. ACOPTHMEHT COPTIB COHSIIHUKOBOI OJii, SKi
JOCTYITHI JUIsl TTIOOYTOBHUX Ta MPOMHCIIOBHX CIOXKHMBadiB B YKpaiHi, JOCHTh IMUPOKHUH, Ta
ICTOTHO BIAPI3HSAETHCA y BHUKOPUCTaHHI oOOJagHAHHS B TEXHOJOTIYHHUX TIpOIecax
BUPOOHHUIITBA.

CyuacHi omienepepoOHi MiAMPUEMCTBA HA PI3HHUX €Tanax MepepoOKH BUKOPHUCTOBYIOTh
MIOCJTIIOBHI IIPEeCyBaHHs, EKCTPAaryBaHHs OJIii 3 MaKkyXu, 110 3ajluIuiacs micis npecy. Ilicms
MPECOBOi Ta EKCTPAKIiHHOT OOpOOKM OTpUMaHHWM MPOAYKT BIANPABIAIOTh Ha IOJATBIITY
padiHalifo Ta OWYMINEHHS OJii Bil CYNYTHIX OpTaHIYHUX JOMIIIOK (BiJCTOIOBAHHSI,
neHTpUuyTryBaHHs, BAMOPOXKYBaHHS, (PiIbTpalliro, BiAOUTIOBAHHS, I€30I0PAIlii0 TOIIO). AJe
B OUIBLIOCTI BUNAJAKIB JOCSTTH aOCOJIOTHOI YMCTOTH MNPOAYKTY HE BAAEThCS. Tak, mpu
30epiraHHi, B pe3yibTaTi BIACTOIOBAaHHS a00 B yMOBaX HU3BKUX TEMIIEPATYp OJIisl MMOYMHAE
MYTHITH 3 YTBOPEHHSM B CTPYKTYpl NpOAYKTy 3aBuceil Ta "IuiacTiBIiB" BOCKOBOI a0o
crepuHOBOi Tipupoau. [1030aBIAIOTECSA BiJ IBOTO NUIIXOM BUBEIEHHS 3 padiHoBaHOT abo
71€30/I0POBAHOI 011 BOCKOBHX 1 BUCOKOIUIABKHX PEYOBUH BUMOPOXKYBaHHSM — BIHTEpi3alli€lo,
3 OTPUMaHHSAM OJIii MPUIAATHOI JJIT BUPOOHUIITBA (PPHUTIOPY, TOOTO OLIbINE OUYUIIEHOT i
TOTOBOI JI0 peaizalii Sk BUMOpOXeHa ToBapHa ofis [1].
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TakuM YWHOM, B TEXHOJIOTIYHOMY TpOIleCi BIHTEpU3aIlli € BaKJIMBUM BHU3HAYCHHS
KOHIICHTpaLii 3aBUCEe BOCKOBOI MPUPOAM, SIK IiJ 4aCc CaMOro TEXHOJOTrIYHOro mporecy (y
JWHAMIIIi), TaK 1 BUMIPH BIJIHOCHUX KOHIICHTpAIlii BOCKOBHUX YaCTHHOK TOTOBOTO MPOJYKTY
HA BUXOJI TEXHOJOTIYHOTO TIPOIIECY.

AHaJIi3 OCTAHHIX JT0CTiIAKeHb i myOaikaii

SIKICTh COHSIIIHUKOBOI OJii, IO peami3yeTbcs KIHIEBUM CIOXHBayaM B YKpaiHi,
BianoBigHO 10 JICTY 4492:2017 "Omnist consimiaukoBa. TexHiuHi yMoBU" [3], 3aI€KUTH Bif
[IJIOTO STy TMOKA3HMKIB: 3amax; KOJIpHE YMCiIOo, MI Hopay; kKuciotHe uucio, mr KOH/T;
NEepPOKCUIHE YHUCIOo, Y2 O MMOJB/KT Ta 1H. Bu3HaueHHs BKa3zaHUX BUILE MapaMeETPiB J03BOJISE
pOOUTH KOMIUIEKCHHI BHCHOBOK MPO SKICHMN Ta KUTBbKICHUW CKIIAJ COHSIIHHKOBOI OJIii.
BigmoBimno gm0 JICTY KOHTpOJIb TOKAa3HUKIB MPOBOJMUTHCS 3a CTaHIAPTH30BAHUMH
METOAMKAMU 3 BHUKOPHUCTaHHSM BiJIOBITHUX 1HCTPYMEHTAJIbHHX 3acO0iB Ta MOINEpeIHbOI
npoOomiaroToBKH. B TO# ke yac OUTBIIICTh METOAMK, IO 3aCTOCOBYIOTHCS JJISI KOHTPOJIIO
NOKAa3HHUKIB SIKOCTI COHSILIHMKOBOI OJNii, € TPYJOMICTKUMH, TPHUBAJIUMH, MNOTPeOyIOThH
CKJIaJHOT Ta 0araToCTyIiHYaTOl MPOOOMATOTOBKY Ta 0OPOOKH pe3yabTaTiB aHAII3Y.

Y ACTY 4602:2006 "Omnii. MeToau BU3HAYEHHS BOCKOMIOAIOHUX PEYOBUH" HABEJCHO
rpaBIMETPUYHUI METOJ BHU3HAUYCHHS BOCKIB (II0 BPaxOBYE IIBHUIKICTh OCITaHHS BOCKOBHX
¢pakuiii B TepMOCTaOLIbHOMY pO3UMHI) Ta MeETOJ, SKUNH 0a3zyeTbcs Ha KOJOHKOBIH
xpomarorpadii 3 3aCTOCYBaHHSIM CyMIIlll YACTOTO CHJIIKAreaio Ta CHUJIiKareiatn, o0podIeHoro
HiTpatroM cpibna [3, 6]. [lepmmii merox HE TPUAATHUN [UIsl BU3HAYEHHS CIiIOBUX
KOHIICHTpAIlill BOCKY, a IPYTUi — BUMAarae 3HaYHUX BUTPAT Ha MaTepiaiy Ta OOJaIHAHHS IS
NpUTOTYBaHHS copOeHTy. B  poGori [4] 3ampomoHOBaHO METOIMKY BH3HAYECHHS
BOCKOIIOAIOHMX PEYOBMH B POCIMHHMX OJIsIX METOAOM Ta30Boi Xpomartorpadii 3
MOTIEPETHHOI0 OYHMCTKOI0 Ha KOJIOHIN, SIKa 3allOBHEHa cuilikareneMm. ABTopamu podotu [7]
OTMMCAaHO METOJWKY BHU3HAYECHHS BOCKY 1 BOCKOMOJIOHWUX CIOJYK B COHSIITHHUKOBIM Ol
HEBIZIOMOT0 CKJIaJly METOJIOM BHCOKOTEeMIepaTypHOi xpomaTorpadii. Bocku 1 BockonosioHi
CIIOJIYKM BWJIYYaJIM 3 COHSIIHHUKOBOI OJIii 3a JOIMOMOTOK KOJIOHKOBOI Xpomartorpadii.
Busnauanu BOCKOMOMIOHI CIONYKM METOAOM KamisipHOi Tra30oBoi Xpomarorpadii 3
BHYTPIIIHIM CTaHJIAPTOM (T€KCATPUOKTAHOM), SIKUW 3aBYACHO J0JIaBaJid JI0 POCIWHHOI OJIii.
CkJtaz miAroToBIeHUX Mpo0 AOCHIIHKYBaIU METOI0M razopianaHoi xpomarorpadii (I'PX).

[TpoanasnizyBaBIIy 3ampoONnOHOBaHI METOJAMKHA BU3HAYCHHS BOCKIB 1 BOCKOBHUX CITOJIYK
B COHSIIIHHUKOBIM OJIii, MOXXHAa KOHCTAaTyBaTU TOW (DakT, M0 OUIBIIICTH METOAWK € JOCUTHh
CKJIaTHUMH 332 BUKOPUCTAHHSM IHCTPYMEHTAJIBHOTO 3a0€3MEUYCHHs, TPHUBAJIOK W CKIIATHOIO
MpOOOIIITOTOBKOI0 Ta MOTPEOYIOTh HAsABHOCTI (axiBIiB 3 BY3bKOCIEIIaTi30BAHUMU
HaBUYKaMU Ta BMiHHSAMHU. TOMYy MEpPCIIEKTUBHUM € 3aMiHa KIACHYHUX (DI3UKO-XIMIYHUX
METOJIB aHaJi3y Ha IHCTPYMEHTAJIbHI MPUHOMHM, SIKI BH3HAYAIOTh JIOCTIHY KOHIIEHTPAIIiIO
BOCKOBUX CHOJYK SK (DYHKIIIO NEPETBOPEHHS 1HINOI (i3UYHOI BENWYMHHU, O3 BTpy4aHHS B
JOCIIIJDKYBAHY CHCTEMY CTOPOHHIX M00ABOK Ta peakTUBIB. TakuM YHMHOM, IOCIHIKyBaHa
KOHIICHTpALlii KOMIIOHEHTIB BOCKOBOI TNPHUPOIM cTa€ (PYHKIEI0 KaliOpyBajJbHOI MoJeni
obnmamHanusa. Jlns peamizarii BiIHOCHWUX BHUMIPIOBaHb KOHIICHTPAIl CIIOJIYK BOCKOBOI
IPUPOIM B COHSAIIHUKOBIN 0J1i1, 0yJI0 3aIIPOMIOHOBAHO METO/] BU3HAUCHHS PO3MIPHUX (paKiii
BOCKOBMX YAaCTMHOK 13 BHUKOPHUCTAHHSIM SBHUINA AUPPaKIii eJIEeKTPOMArHITHUX XBHJIb
ONITUYHOTO Jiana3oHy B mapaieiabHuX npoMeHsx (audpaxuis @paynrodepa) [9].

TpamumitHUMU ~ OUISIXaMH ~ BUPIMIEHHS  NpoOJeMH  YIOCKOHAJICHHS  IPOIECy
BIHTEpHU3allii € 3aCTOCYBaHHS HOBUX KOHCTPYKIIMHMX, TEXHOJOTIYHHUX 1 TEXHIYHHUX DillICHb,
po3poOka HOBHX THIIB OOJaJHAHHS 1 3aCTOCYBaHHS HOBUX pearcHTiB Ta iH. lle Bumarae
BEJIMKMX KalliTAIbHUX BKJIAZICHb 1 3HAYHOro yacy. B Toi ke 4vac, epeKTUBHHI KOHTpPOJIb
MMOKa3HUKIB BOCKOTMO/IIOHUX PEYOBHH B COHSITHUKOBOI OJIii B PEXKHUMI peaabHOTO Yacy, ado 3
4acoM JUCKpeTH3alii OJIM3bKUM 10 PeabHOrO, J03BOJISIE TPOBOJUTH KOPEKIIIO0 MMapaMeTpiB
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B)K€ 1CHYIOUOT'O TEXHOJIOTIYHOTO O0JIaIHAHHS Ta YMOB MPOBEACHHS TEXHOJIOTIYHOTO TIPOIIECY
3 BUKOPHUCTaHHIM BUMIPIOBAJILHOTO KaHAIy KOHTpoJIto [5].
Meta pocJainkenHs

MeTo10 0CTiIZKEHHS € pO3poOKa METOLy Ta 3ac00y KOHTPOJIIO PO3MIPHHUX (Ppakiiit
BOCKOIIOJIOHMX CIIOJYK COHSIIHMUKOBOI OJIii B TEXHOJOTIYHOMY TMpOIeci BiHTepu3aIii 3
3acTOoCyBaHHAM JudpakuiiHoi ¢oromerpii. s TOCATHEHHS TMOCTaBiIeHOI MeTH Oyio
chopMyIpOBaHO Ta BUPIIIICHO HACTYITHI 3a/1a4i:

— OIJISAJ] Ta XapaKTepUCTHKA ICHYIOUMX B JaHUH yac XIMIYHMX, (Pi3UYHUX Ta (i3UKO-
XIMIYHUX METOJIB BU3HAYCHHS BIJHOCHHMX Ta aOCOJIOTHUX KOHIICHTpAIlI CIOJYK BOCKOBOI
IPUPOM B COHSLTHUKOBIN OJIiT;

— BHOIp METOIIB Ta 3acO0IB KOHTPOJIO HASBHOCTI BKJIIOUYEHb BOCKOBOI NMPUPOIU B
COHSIIIHUKOBIA OMii MIIAXOM BHMIPIOBAaHHA PO3MIPHHUX CHEKTPIB BOCKOBUX YaCTHHOK
JUCIIepCHOT (ha3y COHAIIHUKOBOT OJIi1 B TEXHOJOTIYHOMY MPOIIECi BIHTEPHU3AIIil;

—TepeBipKa BiMOBIIHOCTI 3alIPONOHOBAHOTO METOJly BUMOTaM EKCIPEC-11arHOCTUKU
Ta 3a0€3MeYeHHSIM JOCTaTHHOI YyTIUBOCTI, TOBTOPIOBAHOCTI Ta TOYHOCTI1 BUMIpIB.

BukianeHHs 0CHOBHOIO MaTepiary J0CTizKeHHS

BockoBi peuoBuHU SABIAIOTH COOOIO CKIIATHI CYMIllI, IO CKJIaay SIKUX BXOIATH edipu
BHUCOKOMOJICKYJISIPHUX JKUPHUX KHCIOT 1 CHHUPTIB. 3HAUHAa YacTHHA BOCKIB — L€ TBEpi,
NPYKHOIJIACTUYHI, 1HOJI 3a KIMHATHOI TeMIIepaTypd HaBiTh KPHUXKi pedoBUHH. Jlyxe
Hebarato BOCKIB MalOTh 3a KIMHATHOI TeMIEpaTypu PiAKy KOHCHCTEHIIil0. Y BOCKOBY
(pakuiro JimiaiB BXOJAATh TAKOX BiNIbHI KHUPHI KUCIOTH, CIIUPTH, CTEPOJIH, BYTJIEBOIU Ta 1H
[12]. B omito Bocku mepexosiTh 3 000JIOHKH HACIHHS B TIPOIIECi TpecyBaHHs ab0 €KCTpaKIlii.
Kinekicte BockiB B omii konmBaetbes Big 0,01 mo 0,3% 3a macoro. HasiBHI B 01l BOCKH
BU3HAYAIOTh CTYIIHB ii MPO30pocTi. TemMrepaTypa MIaBIeHHS BOCKIB KOJMBAETHCI B MEXKax
32-98°C [1]. Ilpn HM3BKHX TeMIIepaTypax BOCKH yTBOPIOIOTH B OJIii CITKY 3 KpPHCTaliB, IO
HEraTHBHO BIUIMBA€ HAa TOBapHUM BUTJAA oiii. KpiM TOro, BOCKM HEraTWBHO BIUIMBAIOTh Ha
npoliec MOMipyBaJbHOrO (PiIBTPYBaHHS 1 HA BIACTUBOCTI KaTalli3aTOpiB MpPH TiIporeHizamii
[13].

[Iporlec ~ BUIy4yeHHS  BOCKOBMX  PEUOBMH  HA3MBAETbCA  BIHTEPH3ALI€IO
(BUMOpOXyBaHHSM). JI7s BUIydYeHHS BOCKOIOAIOHMX PEYOBHH 3 OJII, 3a3BUYAH,
KOPHCTYIOThCSI HH3BKOTEMIIEpaTypHOIO Kpucramizamieto (puc. 1). TexHomoris BUBEICHHS
BOCKOBHMX PEYOBHMH BUMOPOXKYBAHHSM TIOJIATAE B MOBUIBHOMY OXOJIO/DKCHHI OJIIM, BUTPUMIIL
X P HU3BKIHM TeMIepaTypi Ta HACTYITHOMY BiJiIiJIeHH] ocany QimbTpyBaHHAM [2].
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Puc. 1. Kineruka BUBeJeHHSI BOCKOBHUX PEYOBHH 3 COHSIMIHUKOBOI 01ii: 1 — 3a TpaauuiiiHoo
TEXHOJIOTi€I0; 2 — TEXHOJIOTis i3 MOPOIMIKOBUMU 100aBKaMU NMPH BUMOPOKYBAHHI.

st iHTeHcudikamii BIAAUICHHS BOCKOBHX PEUYOBHMH B MPOIECI BUMOPOKYBAaHHS
COHSIIIIHUKOBOI OJii YacTo BHKOPHCTOBYIOTH JOMOMDKHI (UIBTpYBaJbHI HOPOLIKH, IO
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TMOJTIMIIYIOTh JPEHAXHi BIACTUBOCTI ocamy (KHM3elbryp, (GinsTpHeprmiT Ta iH.). Ix 3a3Buuait
HAHOCATh HAa TMOBEPXHIO (IIBTPYBAIbHUX MEPETOPOAOK KPIOKOJIOHOK, IO JIO3BOJISIE
MPUILIBUIIINTY TPOLEC BUMOPOKYBaHHS.

Po3unHHICTP BOCKIB B COHSIIHUKOBIA Oii 3aJeXuTh BiI Temmneparypu. Yac
€KCIIO3HIIii B I[bOMY BHUITaJIKy TTPOBOJUTHCS MPOTATOM JIEKiIBKOX roauH (puc. 1), mpudaomy B
nepuri 1Bl TOJUHH BiI0OYBAa€ThCS YTBOPEHHS «3apOJAKiB» BOCKOBHX KPHCTANIB, a B HACTYIHI
TOJIMHHM 1X 3POCTaHHS 1 aryiomeparlisi. 3aJIeKHICTh IMIBUAKOCTI YTBOPEHHSI BOCKOBHUX BKJIIOUEHB
BiJl TeMIiepaTypH mpoliecy nokaszasa ua puc. 1 [10].

B sxocTi BHCOKOIUIaBKMX /100aBOK BHUKOPHUCTOBYIOTHCSI TPUCTEAPUH, TPUIAIbMITHH,
CTeapomalbMITUH 13 TemmepaTyporo TuiaBneHHs 50-70°C. Lli rminepuau BBOASTH B
COHSIIIHUKOBY OJIif0 Harpity go temmeparypu 70—100°C B kimbkocti 0,1-0,5% mo wmaci,
MOTIM CyMIII OXOJIOKYIOTh 10 12—20°C 1 po3auisatoTh dinpTpariieto. Taka 00poOKa 103BOJIsIE
30UTBIIUTH CTYIMHB OYUIIEHHS OJIii Bl BOCKOMOoAiOHUX peuoBuH [11]. Edipu skupHUX KHCIIOT
Cs—Cs0, caxaposu, THilepuHy, copOiTy, IPOMIIEHTIIKOIIO Ta IHIIUX PEYOBUH BBOASTH B OJIIIO
B PpO3IUIABICHOMY BHUIJIAIl Iepea BUMOpPOXyBaHHAM B kuibkocti 0,01-1,0% mo wmaci.
BBeneHHST TUX CHHTETUYHUX IMOBEPXHEBO akTUBHUX peuoBUH (ITAP) mosBosse mosermuTi
npoiiec GpiabTpalii BAMOPOKEHOI COHSIIHUKOBOT 01ii [6].

TakuM YWHOM, TpOLIECH BHUMOPOXXYBaHHS OJII 3aJUIIAIOTHCA  CKIAIHUMH,
HE3BAXKAIOUM HA YHCICHHI PO3POOKHM IMIOAO X BAOCKOHaIeHHs. lle sk i paHimie BUMarae
BENUKUX (DUIBTPYIOUHMX MOBEPXOHB ISl BIIIIEHHS BUMOPOXKEHOI 0caay, 10 MPU3BOAUTH 110
3HAYHMX BTPAT OJii 1 MOB'sI3aHi 3 TPYLOMICTKMMHU pobOoTamMu ouuIeHHs ¢piuibTpis. o Toro x,
BIJIZIIJIEH] P HU3BKOTEMITEpATypHIM KpUCTaTi3allii BOCKOBI 0CaId MICTATh 3HAYHY KIJTBKICTh
HelTpanpHOTO XUPY (64-65%) [7], MO TPU3BOAMTH 0 3HAYHUX BTPAT OJii 3 BUAAICHUM
BOCKOBHM oOcajioM. KpiM Toro, B mporieci BUMOPOXKYBaHHSI BiOYBarOThCA JEsIKI BTpaTH
(1310JI0TIYHO IHHUX PEUOBHH, 1110 3HMXKYE XapUyOBY IIHHICTh OJIiM.

VY BupoOHHYOMY TpoIecy 0ararbox OJi€nepepoOHUX MiAMPHEMCTB KOHTPOJIb SKOCTI
oJIii Ha eTani BUMOPOXKYBAaHHS MPOBOAMTHCS 3TIHO TEXHOJIOTIYHHUX KapT, B SKHUX BKA3aHO
yac, BiJIBEJICHUN Ha IPOBEICHHS IILOTO IMPOIECY, 3 CYBOPHUM JOTPUMAHHSAM TEMIEPaTypH,
MIBUJKOCTI (DiJIbTpallii Ta BHECEHHS TOMOMDKHUX KaTali3aTopiB OpraHiyHoi abo HeOpraHiyHOi
npupoau. OpieHTOBHY AMHAMIKY 3MiH BMICTY 3aJIMIIKOBUX BKJIIOUEHb BOCKOBOI MPUPOIX Ha
OKpEMUX eTarax Mporecy BUMOPOXKyBaHHs 300pakeHo Ha puc. 2 (Tabm. 1).

Baxin sockis, % mo Maci Baxix Bocis, % mo Maci

100| | 100}
: 80—
‘ 60

40- | 40—
20¢ ‘ {1 | 2 K

| | | |
-10.+5 0.5 -10-15.20 t°C 0 4 8 12 16 20 24Tron

Puc. 2. 3mina iHTeHCMBHOCTI BUX0/1y BK/IIOYEeHb BOCKOBOI IPUPOIH B COHAIIHUKOBII 0JIii npu
HHU3LKOTEMIIePATYPHiii kpucTajizamii B 3aJ1e)KHOCTI Bi TemMnepaTypu (a) Ta BIUIMB TPUBAJOCTI
eKcno3uLii Ha BUXiJA BOCKOBHX KOMIIOHEHTIB 3a Macolo, y %(6) [10].

Y OUIBIIOCTI BWIMAJKIB, 3aJIMITKOBHN BMICT BOCKOMOMIOHMX PEUYOBHH Yy Ipoleci
BIHTEepHU3aIlii BU3HAYAIOTh CyO €KTUBHUM METOJIOM, aHAII3YIOYH MPO30PICTh MPOAYKTY Ta
BIZICYTHICTb B HbOMY BOCKOBOI «CITKM» a00 TIOMYTHIHHS, IPUYOMY KUTbKICHUH aHaJIi3 BMICTY
dbocdommigiB TPOBOJATE TUTPYBAHHIM, TOOTO METOJAOM «MOKpPOi XiMmii», abo nuiie Ha
NoYyaTKy Ta BKIHII TNEpioAiB, BKAa3aHUX B TEXHOJOTIYHIN KapTi, IO periaMeHTye MpoIlec
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BUMOPOXKYBaHHsI, a00 Yepe3 BITHOCHO 3HA4YHI MPOMDKKHU 4Yacy (2-3 ToIWHM), OPIEHTYIOUHCH
IpY LbOMY B IEpIIy Yepry Ha cyO’€KTHMBHMU aHali3 MOKAa3HHUKIB MPO30POCTi Ta CTPYKTYpHU
po0 COHSTITHUKOBOI OJIii.

Tabmuns 1
Kineruka yTBOpeHHs KpUCTAIIB Ta arperaiiii BOCKiB
MIPU BKa3aHOMY 4aci eKkcro3uilii [4]

Yac excrno3uilii, SaIUIIKOBHUHA BMICT Yac excrno3milii, SaTUIIIKOBHHA BMICT
TOJI. BOCKIB, MI/KT TOJI. BOCKIB, MI/KT
1 485 6 160
2 475 7 120
3 420 8 80
4 195 9 75
5 210 10 65

ToMy, € nmominpHOIO pPO3poOKa METOAUKH Ta IHCTPYMEHTAIbHOTO 3a0e3NeueHHS
KOHTPOJIFO BMICTy BKIIIOYEHb BOCKOBOI MPHUPOIM B COHSIIHUKOBIH OJii MPOTATOM YCHOTO
npoliecy BiHTEpU3allii, 3 MOXJIMBICTIO €KCIpec-MeTpii depe3 MOBUIbHI, TUCKPETHO Malli
MPOMIXKKH 4acy. Lle 103Bossie BU3HAYUTH MAacOB1 Ta pO3MIpPHI MOKA3HUKH JTAHUX KOMITOHEHTIB
1 BuUpaxyBaTH iX aOCOJIOTHI Ta BIJHOCHI KOHIIEHTpalii B 3pa3KaxX, BUKOPUCTOBYIOUH
00’€KTHBHI 1HCTPYMEHTaJIbHI METOAW Ta 3aco0W, IO JI03BOJISE BHKIIOYUTH TTOMUIIKY
oreparopa Ta 3a0lIaJUTH MaTepialibHI pecypcH 1 yac, KM HeOOXiTHHH Ui MpOBEIACHHS
JAHUX BUMIpIOBaHb. TakoXk, y BHIIAJKy 3aCTOCYBaHHS KOMILUICKCHHX aBTOMATH30BaHUX
iH(pOpMaliifHO-BUMIPIOBAJILHUX CHUCTEM, IO MICTATh 3aCO0M 00’€KTHBHOTO KOHTPOIIO, €
MOYJIMBUMHU pO3p0o0Ka Ta BIPOBA/KEHHS TEXHOJOTIYHHUX KapT JUIS IIBHIKOTO BU3HAYCHHS
MacoBOT'O BMICTY BOCKOIIOJIOHMX PEUYOBHMH B COHSAILIHMKOBOI OJNii OKpPEMHUX COpPTIB, IO
JIO3BOJIUTH aBTOMATHU3yBaTH TMPOIEC aHaji3y Ta HaAacTh MOJMIIMBICTE IPOBOJIUTH
BUMIPIOBaHHSA KOpHCTyBayaM Oe3 creriaJbHOi TEeXHIYHOi MiJrOTOBKH, IO € EKOHOMIYHO
OIIEHUM.

Jlns BU3HAUEHHS pO3MIpHUX (pPaKiiii YacCTUHOK BOCKOBHMX KpPHUCTalliB B PO3UMHI
COHSIIITHUKOBOI OJii OyJ0 3acTOCOBAHO TOPTATUBHUN ONTHYHHHN EKCIpec-aHaIi3aTop
aBTOPCHKOi PO3pPOOKH, 110 BUKOPUCTOBYE METOJ MAJIOKYyTOBOTO PO3CilOBaHHSA CBiTNa. [lanuii
METO/1 3aCHOBaHMM Ha MudpaKIlii Ja3epHOTO BUMPOMIHIOBAHHS YaCTHHKAMU MaJIOTO PO3MIpY,
10 BiIXWISIOTH MPOMIHb CBIiTIIa HAa BEIUKHHA KYT, TOAI SIK YAacTKH BEIUKOTO PO3MIpY
BIIXWJISIOTh MOT0 Ha Manuil KyT. Po3cisiHe BUIIPOMIHIOBaHHS PEECTPYBAIOCs i KyTom 45°
70 HOpMaJii 30yIKylouoro BUIPOMiHIOBaHHA. Takuil KyT po3CilOBaHHS OOHMpaBCs 3 METOIO
MiHIMI3amii  MOMWJIOK Yy  TOKa3aHHSIX  JIYWIbHUKIB. PaxyHKoBa  KOHIICHTpAIIis
po3paxoByBajacs sK KiJIbKICTh IMITYJIbCIB (TIOA1H) # IPH MPOXOHKEHHI YaCTHHOK B pOO0OYOMY
00cs131 3a meBHUM TIepion yacy 7.

VY wmeroni nazepHoi audpaxuii (Particle size analysis, PSA — Laser diffraction
methods) BUKOPUCTOBY€EThCs anpokcumarniis Opaynrodepa, a Takok 00EpHEHE PO3CIFOBAHHS
cBiTiHa. B ocTaHHIX po3poOKax 3acTOCOBYEThCS TMOBHaA Teopis Mi (Mie Scattering), sxa
BUpIITY€E PIBHSIHHS B3a€MOJIl CBIT/Ia 3 pedoBHHOKO [9]. 3acTocyBaHHS i€l TeOpii M03BOJISE
OTpUMAaTH OUIBII TOYHI pe3yJbTaTH B BEIMKOMY po3MipHOMY niama3oHi. Ha mpotuBary
anpokcuMarnii ®dpaynrodepa, Teopis Mi omepye 00'eMOM YaCTHHOK, a HE MPOTHO3YE
NPOEKIiiiHy 001acTh po3citoBaHHSA. B 1bOMy BHIAAKy HEOOXiIHO 3HATU aboO MPHITYCKaTH
BEITMYMHY MMOKA3HUKIB 3AJIOMJICHHS JOCIIKYBaHUX MaTepialliB Ta CEPEAOBHIIA.

Jlazepna audpaxiis € MeToaoM, SKUH YacTO BUKOPHCTOBYETHbCA U BH3HAYCHHS
XapaKTePUCTUK TPAHYJIOMETPUYHOTO CKJIATy JOCHIDKYBAaHUX CHCTEM B pinkiid abo
rasononiOHii ¢aszi. [Hpopmalis mpo YACTHMHKH 30MPAETHCS LUIAXOM OI[IHKH PO3CISIHOTO
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CBiTJIA. SIKIIO YAaCTWHKH PO3MOMAUIICHI BUITAJIKOBUM YWHOM 1 iXHS OINTHYHA IIUJIBHICTH €
JOCTaTHbO MaJol0, TOAl pO3CisiHa I1HTEHCUBHICTh [ (d), TpuU KyTi pO3CiIOBaHHA h, €
HEKOTEPEHTHOIO CYTEPIIO3UITIEI0 KapTUHU po3citoBaHHA B Bcix N vactuHok (n = 1 ... N) B
Mexax 00'eMy BHMipIOBaHHS. B naHoMy BuUmNanky oTpuMaHa KapTUHA € NMPUOIM3HOIO IS
peanbHUX (I3UYHUX CHCTEM 4Yepe3 B3aEMHY B3a€EMOJIII0, sSKa BHUKJIWKAaHA Oararopa3oBUM
PO3CiIOBaHHSM IIPOMEHIB BiJl YACTUHOK Ta HASBHICTIO IIYMY, KU BUKJIMKaHUI €JIeKTPOHHUM
BUMIPIOBAJILHUM 3aco00M [14].

TakuM 4WHOM, J0 MOJENi CHUCTEMH, TOOTO J0 3HAUYEHb IHTEHCHBHOCTEH pO3CITHHX
MOTOKIB BUIPOMIHIOBaHHS, Oy/e TOJaHO IIyM, IO BKIIOYA€E HEBiJOMI (pi3WuHI MmapaMeTpu
BUMIpIOBaJIbHOI cucteMu. KyTOBY pO3AiUIbHY 3[0aTHICTh BHMIpIOBaua B IIO€IHAHHI 13
KUIBKICTIO PI3HUX TOYOK BHUMIPIOBaHHS MOTPIOHO 3HATH JUIsl BU3HAYECHHS MPaBUILHOTO
PO3MOILTY YACTHHOK 3a PO3MipoM (particle size distribution — PSD).

Ha puc. 3 nHaBegeHa ¢yHKIIOHaTbHA cXeMa METOAY peecTparii audpakiiinHol
KapTUHH JOCIIKYBAaHOTO PIAKOTO CEpeIOBHUIIA, SIKE MICTUTh BKIIFOUEHHS APIOHOIUCIIEPCHUX
YaCTUHOK BOCKOBOI NPHUPOJH, Ta 3arajbHa CTPYKTypHA cxema mpuiany. B ocHOBY meromy
MOKJIQJICHA PEECTpaLlis KyTa pO3CIIOBaHHsS BUIIPOMIHIOBAHHS Ha BUMIPIOBaHE CEpEIOBUILE Ta
KOHTPOJIb 1HTEHCUBHOCTI. HasiBHICTh OyJb-sSKMX IHIIUX 3'€THAHb, SKI BIIMIHHI Bl THX, IO
Oynu mpucCyTHI B (OHOBOMY CEpENOBHIII, sKE 30epiraeTbcsi B MaM'sTi KOMI'IOTEpa,
MIPU3BOJIUTH JI0 1HIIOT KAPTHUHI PO3CIFOBAaHHS.

Mertoa, skuii 3acHOBaHMM Ha AU(pPaKIii Ja3epHOro BUIIPOMIHIOBAHHS, J03BOJISE
KOHTPOJIIOBAaTH (IIyKTyallii MieeKTPUYHOI MPOHUKHOCTI CEPEIOBUINA, BUKOPUCTOBYIOUH
pi3HUIIEB] MeToaM aHalizy 300pakeHHs [8]. i oTpuMaHHS JaHUX MPO PO3MIpPHI CHEKTPH,
KOHIICHTpAIlif0, MUTOMY IIJIOIIY TOBEPXHI YaCTHHOK JucriepcHoi (a3m (cycriensii, mui,
emynbcii abo aepo30iii) BUKOPUCTOBYETHCS pO3B’sI3aHHS OOCEpHEHOi 3aaadi 1moOyJ0BU
PO3MIpHHX CIEKTPIB HA OCHOBI 1HIUKATPUCH PO3CIFOBAHHS.

Posciropamms caitaa
MUTKOTHCTIEPCHEMH

HA MATHH KyT

g N

a) 6)

Puc. 3. Cxema peecrpaunii Api0HOAMCIIepCHAX YACTHHOK B piAkiii (pa3i MeTogoM MaJIOKyTOBOIO
po3ciloBaHHS (2) Ta CTPYKTYpPHA cXeMa MaKeTy JiasepHoro iugpaxkuiiinoro sumiprosaua (6): 1 — 1asep;
2 — doTogion; 3 — TIIBHUK JIa3ePHOI0 My4Ka; 4 — A3ePKAJIO; 5 — MyJIbTHe1eMEHTHHI ceHCOp; 6 — eKpaH;

7 — cepelloBHIIE PO3CilOBaHHSI CBiTJA.

OCKinbKH 711 JOCUThH BEITMKUX YaCTOK BIIIXWJICHHS CBITIIa BiIOYBA€ThCS MEPEBAKHO
3a paxyHOK mudpakiiii, Tomy Teopito DpayHrodepa isi BUMIPIOBAHHS PO3MIPYy YacTOK
MO>KHa BUKOPHCTOBYBATH J0 MIKPOHHOTO Jiana3oHy. Benuka mepesara teopii @payHrodepa
MOJISITa€ B TOMY, 110 HE MOTPiOH1 3HAHHS ONTUYHUX BJIACTUBOCTEH JTOCIIKYBaHUX 3pa3KiB.

YacTUHKH TpU3BOIATH JO PpO3CIIOBAaHHS CBITJIA Yy BCIX HampsMKax, aje,
BUKOPUCTOBYIOUH JIIH3Y 3 TepeTBOpeHHIM Dyp'e, MOKHA KOHIIEHTPYBATH CBITJIO, SIKE OYJI0
pO3CisiHE B TOMY ) KYTOBOMY HAaIpsIMKY, SIK TOKa3aHo Ha puc. 4, 6. KonimoBanuii na3zepHuit
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MIPOMiHBb CTBOPIOE KYTOB1 3MiHHM 1HTEHCHUBHOCTI B JAJICKOMY TIOJI, SIK TTOKa3aHO Ha puc. 4, a.
KoskeH 3 aTymkiB Mae MOJSIPHUMA KyT 3MIILEHHS @) Ta @2, Ta KYT po3citoBanHs O [15].

Puc. 4. 'eomeTpisi 300U peecTpaiii pomoaiogqnoro nerexropy (iniiikm) nist meroxy LALLS (a) Ta
cXeMaTHYHe PO3TallyBaHHsA (POTONIONHNX eeMEHTIB B IJIONIUHI peecTpanii BuMiproBaya (0).

dopma OGararoereMeHTHOTO (OTOMMIOJHOTO JETEKTOPY MAa€ KOHIICHTPHYHY KIJIBIIEBY
CTPYKTYPY, OCKIJIbKM (hOopMa YAaCTHHOK BBAXKAETHCSA CHEPUYHOIO, IO PO3PAXOBYETHCS 32
teopiero Mi. KokeH eneMeHT Mae KIHIIEBY PO3MIPHICTh, 110 OXOIUTIOE KYTOBHH Jiarna3oH Af
ta Ap . 3HaueHHs A Ta A 3aneXHUTh Bl paliaJlbHOTO PO3TAIIYBAaHHS i-TO EJIEMEHTY
dotonerektopy. [IOBHY IHTEHCHBHICTH pO3CIIOBAaHHS, BHSBIEHY TMPU CEpPEAHIX KyTax
po3citoBaHHs 6 Ta ¢ BiJ YaCTHHOK B 00Cs31 PO3CIIOBaHHS Ha OJUHUINIO IUIONIL JETEKTOPY,
MO>XHa BUPA3UTHU IHTETPAIbHUM PiBHSHHAM Dpearonpma nepuoro poay 3a dpopmysioro (1):

5(6.6,0)=[ ™ K(0.4,D) /(D) dD. 0

VY nmanomy Bupasi K(6, ¢, D) Ha3zuBaeTbcs (QYHKLIEIO s/pa, IO € IHTEHCHBHICTIO
OJIMHUYHOTO PO3CIFOBaHHS OOCSITY BHIPOMIHIOBAHHS BiJl YacTKH jJiamerpa D, BHUSBIEHOI
IUIOILEIO OJIMHUYHOTO €JIeMEHTa JIETEKTOpa MiJ KyTamMu @ Ta ¢. Y MpaKTUIHHUX JOCIIKEHHIX
Bupa3 (1) MoXHa MPEACTAaBUTH Y BUTJAMI JUCKPETHOTO MaTpudHoro dopmary (2) aus
BU3HAUCHHS PO3MOALTY PO3MIpiB YaCTHHOK 3a (yHkuiero f(D)):

g =2 Ki(D;)£i(D;)aD; . @
j=1

1€ g; — BUXIJ i-TO eJleMeHTa (DOTOI0THOTO JIETEKTOPa;
i — KUTBKICTh €JIEMEHTIB JIETEKTOpPa;
Ki(Dj) — dyHK1is a1pa i-eo pO3CilOBaHHS IHTEHCUBHOCTI;
D; — TunoBuii po3Mip YaCTHHOK IEBHOI (hPaKIIi;
J — KUIBKICTB PAJIiB IIEBHOTO JliaMeTpa;
ADj) —4acToTa po3MnoAldy YaCTUHOK 3a pO3MIpOM IIpH DD; Ha OCHOB1 00cATY;
AD; — iHTepBan MiXk pPO3MOAiIaMHA YACTUHOK 33 PO3MIPaMH;
M — KITBKICTB PSI/IIB YaCTUHOK IIEBHOTO PO3MIpY.

Jlorapudmiuai  poznoniu 3 pI3HUMH CTaHIApPTHUMH BIIXUJICHHSIMU
BUKOPUCTOBYIOThCS JIJIsl BU3HAYCHHS TPAHYJIOMETPUYHOTO CKIIaay JOCHIHKYBAaHOI CHCTEMH.
[Ipu bOMy 3HAYEHHS, IKE MH MOXXEMO OTPUMATH €KCIIEPUMEHTAIBHO, € JIMIIE CUTHAIOM Ha
BUXOJ1 AETEKTOpa, TOMY € HEOOXITHICTh MPOBECTU OOEPHEHI NEPETBOPEHHS /ISl BU3HAYCHHS
PO3MOiTY pO3MIpY YAaCTHHOK 3a PO3MIpHUMH (DPaKIisIMU 13 €KCIIEPUMEHTATBLHO OTPUMAHOI
3TOPTKH CUTHAJTY Ha BUXOJ1 IETEKTOPA.

https://doi.org/10.32782/2618-0340-2019-3-4
60



ITPUKIIAJTHI THNTAHHA MATEMATHYHOI' O MOJEJIFOBAHHA T. 2, e 1, 2019 p.

Jst uporo y meromi LALLS BUKOPHCTOBYETHCS QITOPUTM 3BHYAHHOTO METOIY
OTPUMAaHHS PO3MOJUIIB 32 PO3MipaMHM YAaCTUHOK. 3arajJbHONPHUHATHH METOJ] OTPUMYIOThH
IUISIXOM MiHIMIi3arii piBHSHB (3) Ta (4) 13 BUKOPUCTAHHSM aJITOPUTMY HAaMEHIIIUX KBaJpaTiB
[14—15], npuyomy, OOMEXKEHHsS MOJArae B TOMY, LIO PO3MOMAIT TMPEICTABICHUH TILIbKH
HEBiI’€MHUMHU YHCIaMH. Y pe3yiabTaTi MOXKHA OTpPUMATH IIIaaKy (YHKIIO, sKa BiAMOBiIae
HYJIbOBUM 3HAYECHHSIM Ha KIHI[IX BHOPAHOTO Jiarma30Hy pO3MipiB YaCTHHOK B JOCTIHKYBaHIN
TUCTIepCHiN (asi:

J=(Kf-g)' (Kf —g)+yfHf : 3)
Y _o. 4

ol )
r=(KTkp) ke ®)

Je BepxHiil iHAeKkc 7 TMO3Haudae TPAHCIO3MINI0, ¥ — TMapaMeTp PEryssiii, SKui BHU3HAYA€E
CTYIiHb 3TJ1aJKYBaHHS, a F MICTUTh IHCTPYKIIIT 3714/ KyBaHHS.

OTxe, TakMM YHHOM MOXXHa e€(EKTUBHO 3B'si3aTH eleMeHTH J 3a IXHIMH
BIZIMIHHOCTSIMH ~ JIPyroro TMOPSAAKY a00 1HIHMMH OOMEXEHHSMH, QIUIBTPYIOUH 5K
eKCIepUMEHTAIbHI, TaK 1 aIPOKCUMAliiHI MOMUIKH. 3aCTOCYBABIIM METOJl HEBH3HAUEHUX
MHOXHUKIB  Jlarpamka [8, 15], orpumaemo Habip piBHAHb JUIsi  BU3HAYCHHS
IPaHyJIOMETPUYHOTO CKJIay JOCHiKyBaHOi pigkoi abo razomoxmiOnoi ¢asu. Ksaapar
3aIMIIKy R® BUMIPIOBaHHX YaCTHHOK 0GUHCIIOITE 38 GopMyI0k0 (6):

2
n m

R* =Y gi- Y[ Ki(D;)£(D;)]| - (6)

i=1 j=1

3acTOCYBaHHS METOJly MAaJIOKYTOBOTO PO3CIIOBaHHS CBITJAa Y BHUMIPIOBaJILHOMY
oOajHaHHI, MI0 MICTHTh B SKOCTI METOAWYHHMX OCHOB Teopito dpayHrodepa Ta MOBHY
Teopito Mi, 103BOJIsIE aHATI3YBAaTH PO3MIPHI CIIEKTPH Ta PO3MOALT YACTHHOK B JOCIIKyBaHI 1
cucTteMi KoeQillieHT po3CitoBaHHS OCHOBHOI (pa3u sikoi HeBimomuil PosrmsHyTtmii meron €
dbapmakoneiinum  (USP24, EPh  6.0) 1 BUKOPUCTOBYETHCS  JJIi  BHU3HAYCHHS
IPaHyJIOMETPUYHOTO CKJIAAY (apMaleBTUYHHX JIKapCHbKUX (HOPM y BUTIISAL CYyCIIEH31M, TeiB,
30J1iB, TOOTO PEUYOBHH IO MICTATh MIJTKOAUCIIEPCHI YaCTKH B AUCTIEPHIiH ¢a3i.

3acTocyBaHHS PO3IJISIHYTOI BHUINE METOAMKH B KOHTPOJI PO3MIPHHX BKIIOYEHB
OpraHiyHOl MPHPOIU Y HEMOJSIPHUX PO3UYMHHHKAX IOKa3ye JOCTOBIPHI PE3yNbTaTH MpU
BUMIPIOBaHHI  ApiOHOAMCIEPCHUX  BKIIOYEHb BOCKOBOI Ta  CTEPHUHOBOI  MPHUPOIH
COHSIIITHUKOBOT OJii 110 MPOHIIIa MONEepeaHi MPOLECH BiJICTOIOBAHHS Ta LEHTPU(]YTyBaHHS,
BHACIIIJIOK YOTO 3 OJHHOI AucnepcHoi ¢azu Oyino monepeaHbo BUIAICHO KPYITHOAMCIIEPCHI
MeXaH14Hi po3MipHi (paxiii.

Jlsi mpoBeieHHs TIEePIIMX JOCIIAIB OyJ0 3aCTOCOBAHO 3pPa3KH OJii COHSIITHUKOBOI
IPSMOTO BiPKUMY BiJOMOTO YKPaiHCHKOTO BUPOOHHKA. 3pa3KH, Y KIIbKOCTI 12 repMeTHYHUX
TEPMOCTATOBAaHUX €MHOCTEH 00’emoM 50 mul., Oy HamaHi KOJEKTHBY Kadeapu HayKOBHX
aHamiTuyHUX 1 ekojoriuamx npunamiB 1 cucreM (HAEIIC) HamioHanhbHOro TEXHIYHOTO
yHIBepcuTeTy YKpaiHM B paMKax IOTOBOpPY Hpo cmiBmpaip. OTpuMaHa B SKOCTI 3pa3KiB
COHSIIIITHUKOBA OJIisl IPSMOTO BiPKUMY 3HAXOAWJIACSA B KOJOHII Ul BiJICTOIOBaHHS MPOTATOM
72 ronuH. Bincrosina oist Oyma mijana neHTpudyryBanHio Ha OapabaHHOMY cemapaTopi ais
BIJ/IIJICHHS MIKPOYAaCTHHOK JIY3T'M COHSIIHUKOBOTO HACiHHS, CTOPOHHBOTO CMITTS Ta 1HIIMX
MaKpOJUCIIEPCHUX BIIIOUYEHb, SKI JOCHUTH J00pe CemapylTbcs MEHTpUudyryBaHHsS Ta
IpaBIMETPUYHUMHU METOJIAMH.
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Hacrymaum eramom Oysio mpoBedeHHS TIpoIeCcy BIHTEpHU3alii 3pa3KiB  3TiTHO
TEXHOJIOTIYHUX KapT BUpoOHUKa. [y nporo Oynu paHaoMi3oBaHO BUOpaHO 8 eMHOCTEH 13
BIJICTOSTHOIO COHSIIITHMKOBOI OJi€r0. [3 koxHOI eMHOCTI Oyno BimiOpano 10 3paskiB omii
00’eMoM 4 MJI Ta MOMIIIIeHO B TepMmocTat. Oumisd, siKa 3ajJuIuiacs, 30epiranacs npu KiMHaTHIN
TEeMIIepaTypi Ta CKJiaja KOHTPOJBHY TpyIy 3pa3kiB. Byno mpoBeneHO MOpiBHSIBHI BUMIpH
PO3MIpHUX CHEKTpPIB YaCTOK BOCKOBOI MPHUPOAM 3pa3kiB oiii y KinbkocTi 40 oaMHUIL
00’eMoM 4 MJ1, Ha SIK1 HE CIPUYMHSABCS BILUTUB HU3bKUMH 200 MOHMKEHUMHU TeMIlepaTypamHu.

Jlo6pe BugHO (puc. 5), MO y AUcCHepcHii (a3l 3HAXOASIThCS HAWOUIBII YHUCICHHI 3
IpyIH 4YaCTUHOK BOCKOBOI npupou (y % 3a Macoro) po3MipHUX J1iara3oHiB i3 giameTpom (D)
BignosigHo 14+1, 5+1 ta 0,1-1,0 MmxMm.

Y mnojanbmuX BUMIPIOBAHHSAX, B METPOJIOTIYHO TIOBIpEHMH TepMocTar Oyio
nomimieHo 80 3pa3kiB COHSIIHUKOBOI Oii, 3 sSkux 40 3pa3kiB 3HAXOMUIUCS B TEPMOCTATI
npotsirom 8 roauH, Ta 40 3pa3kiB — mporsarom 16 roauH. IlouaTkoBa Temmeparypa
tepmocTary ckianana 25°C. [IporpamaumMu 3acobamu 0yJ10 3a/1aHO 3HIKEHHS TEMIIEPATyPH B
tepmoctaTi 1°C 3a KoXHI 3 XBHJIMHH 3 HAcTyMHOI cTaliii3alieto Temneparypu Ha piBHi 5°C,
MpH KM TpOOM 3HAXOAMIIMCS TPOTATOM, BiAmoBiaHO, 7 Tox Ta 15 rox. Cepist 3 nmeprmmx 40
npo® Oyna BHIydyeHa 3 TEpMOCTAaTy Ta IOMillleHa MpH KiMHATHIA Temmeparypi (1=25°C).
Yepes 3 roguHu Oymnu MpoBEACHI BUMIPIOBAHHS PO3MIpHUX (Ppakiliii BOCKOBUX KOMIIOHCHTIB
y MepIii naprii 3pa3kiB BUMOPOXKEHOT COHALTHUKOBOI oJ1ii. BoHM moka3anu maiibke 2-kpaTHe
3MEHIIEHHS YacTMHOK BOCKOBOi MPUPOAM MPAaKTUYHO B YChOMY 3aJaHOMY Jiama3oHi
PO3MIpHUX 3HAu€Hb, 32 BHUHATKOM IMpoMikky 0,1-1,0 MKM, B SKOMYy KUIbKICTh YaCTHHOK
30uThImMIacsa. Xo4a B JaHOMY Jiarna3oHl MOKYTh ICHYBaTH HE TLTBKHA BOCKOBI KPHUCTaJIH, aje
I pEYOBMHHM 3 MEHIIOI0 MOJEKYISIPHOIO Macolo (B TMepury depry, HEOpraHiuHOTrO
MOXO/KEHHS) 3arajJoM MOKHA KOHCTaTyBaTH, 110 KIIBKICTh YaCTOK Y BUMOPOXKEHIN O TTpH
8-roIMHHOMY BHMOPOKYBaHHI 3HAUYHO 3MEHIIMIACS (IMB. pUC. 5), B MEpUIy Yepry THX, IO
BIJIMOB1/Iaf0Th TUTIOBUM PO3MIPHUM TapaMeTpaM YaCTOK BOCKOBOI IPUPOIH.

Puc. 5. 3mina po3MipHHX CIeKTPiB BKJII0YeHb BOCKOBOI MPUPOAN B COHANIHUKOBIN 0JIii MpsIMOro BixxkuMy
(BizcTosHOI Npu T = 72 rop., m10 NpoinLIa Npouec HeHTPH(PYryBaHHs), OTPHMAHOI B TEXHOJIOTiYHOMY
npoueci BUMopoxxyBaHHus (f = 6-4°C, T = 8-16 ron).
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Hactynaum etamom Oyio mpoBeACHHS BUMIPIOBaHb PO3MIPHUX CIIEKTPIB BKIIOYCHD
BOCKOBOI MPUPOAM B 3pa3Kax COHSIIHUKOBOI OJii, IO 3HAXOIMIACS B TEPMOCTATI 3arajioM
npotsroM 16 roauH (BpaxoByroud 4yac Ha mouaTkoBe oxoyiomkeHHs mo 5°C). pyra cepis
npo® Oyna BHIydyeHa 3 TEpMOCTAaTy Ta IOMillleHa MpH KiMHaATHIA Temmeparypi (1=25°C).
Yepes 3 roauHu Oylio mpoBeAeHI BUMIPIOBaHHS po3MipHUX (dpakmiii. PesynbraTn
BUMIpIOBaHb TOKAa3ald, MI0 KUIBKICTh Ta PO3MIpPHI XapaKTEPUCTHKH YaCTUHOK 3MIHUJIMCS
HE3HA4HO, B Mexkax 70 10% Bij aHaIOTiYHUX MOKA3HHUKIB 3pa3KiB OJii, 10 mepedyBana mif
JI€I0 HU3BKUX TEMIIEpaTyp MpOTAroM & TOoAMH. Y JaHOMY BHIIAJKy JOCTOBIPHICTbH
ekcriepuMeHTy craHoBmia P=0,95 npu »n=40. [liama3oH 3Ha4YeHb PO3MIPHUX ITOKa3HUKIB
NpiOHOMCIIEPCHUX YaCTUHOK Y COHALIHUKOBIH 011l ckinagaB 1-25 MKM.

BucHoBkH

[TpoanaiizyBaBIIM JOCTYIHI JIITEpaTypHI JDKEpea Ta pe3yabTaTH BHINCHABEICHOTO
EKCIepUMEHTY, MOXXHAa KOHCTaTyBaTH TOM ()akT, II0 IHTEHCHBHICTh BHMXOJY BOCKOBHX
BKJIIOUEHB 13 JUCTIEPCHOI CUCTEMHU, SIKOIO MPECTABIIEHA COHALUIHIUKOBA OJIisl, € MAKCUMaIbHUM
B TEpIIi TOJWHM MPOIeCy BiHTepU3alii, mo 100pe KOpemroe 31 CTATUCTUYHUMH JTaHUMU
(puc 2. 6, Tabi.1).

Onucana B TaHOMY JOCTI/PKEHHI METOJUKA Ta IHCTPYMEHTAIbHUI BHUMIipIOBAIbHUI
3aci0 JIO3BOJIIE METOJOM EKCIpeC [IarHOCTUKM B pexumi "peanpHoro dacy', abo 3
OMU3BKUMU [0 HBOTO JUCKPETHHUMH TPOMDKKAMH, MPOBOAMTH aOCONIOTHI Ta BiJHOCHI
BUMIPIOBAHHS TPAHYJIOMETPUYHHX MMOKA3HUKIB IPIOHOIUCIIEPCHUX YaCTOK BOCKOBOI IPUPOIH
B COHSIIHMKOBIA ofii. 3acToCyBaHHS METOJYy MAJIOKyTOBOI'O pO3CIIOBaHHS CBITIA Y
BUMIPIOBaJILHOMY OOJIaHAHHI, 1[0 MICTUTh B OCHOBI Teopito dpayHrodepa Ta moBHY TEOpito
Mi, no3BOJsie aHANi3yBaTH PO3MIPHI CHEKTPU Ta PO3MOJLT YACTHHOK B JIOCIHIKYBaHIN
cucreMi, Koe(iIieHT po3CiroBaHHS OCHOBHOI (Da3u sSIKOi HEB1TOMUIA.

Y mpoueci jgochipkeHb Oyno  po3poOJEHO TMOBHOPO3MIPHHM MakeT 3acoly
BUMIPIOBaHb, MiATBEP/KEHA JAOLIBHICTh BUKOPUCTAHHS 3aC00iB 00’ €KTUBHOTO KOHTPOJIO B
npoleci BHMIPIOBaHHS BKJIIOYEHb BOCKOBOI MHPUPOJAM Yy COHSALIHMKOBIA omii mix dYac
TEXHOJIOTIYHOTO Tporecy BiHTepu3arii. [lin gac ampobarii BUMiprOBaIbHOTO 3aco0y Oyio
HiATBEPKEHO MAaTeMaTHYHY MOJETb Ta METOAMKY 3aCTOCYBaHHS ONTHYHOI'O BHMipIOBaya
MaJIOKyTOBOT'O CBITJIOpO3citoBaHHS (3a wmetomom LALLS) B mudpakmiitHiii  poromerpii
PO3MIpPHHX CIEKTPIB APIOHOJUCTIEPCHUX YACTOK, JOBEIEHA HOT0 €KOHOMIYHA MPAKTUYHICTh
Ta e()eKTUBHICTbD.
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