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Hocniosiceno 6naug mexHonoiMHUX pedlcumie npoyecy OmpumMaHHs CUpHO20 3ePHA HA PeON02IUHI XapaKkmepucmuku pobo4o2o ce-
pedosuwya, wo ymeopioemucs 6 cupoguecomoguosadax mapku A5—-OCHK. Pobouum cepedosuwyem € 0IKoBO—CUBOPOMKOBA CYMILl, 8
KLU NOCMITHO NPOXOOUNMb 3MIHA PI3UKO—XIMIYHUX, CIMPYKMYPHO—MEXAHIYHUX MA MEeNnIoQI3UUHUX 1ACMUBOCMEN | KA MOJCe PO3-
waposysamucs, ma 3cioamu nio uac nposeoenHs excnepumenmis. Haubinow sHawyuyum eMnipuyHum peoiociunum napamempom, wo
Xapakmepusye npoyecu npu eupoOHUYmMEI cupHo20 3epHa € 8'a3Kicms pobouozo cepedosuwya cupogueomosuiosaya. Boua € cencop-
HOIO XapaKkmepucmukoio, Ky CUpoeap GU3HAYAE Gi3YaNbHO 30 GiOCOMKOBUM BMICHIOM KOMNOHEHMIG (CUPHO20 3epHA A CUPOBAMKU).
Memooom eusHaueHHs YMOBHO2O NOKA3HUKA 8 SI3KOCMI 3d OONOMO20K VHIBEPCANbHO20 8UMIpIO8anbHo20 npunada «Instron—1122y
0y1a 8U3HAYEHA eheKMUBHA 8 A3KICb POOOU020 cepedosUud CUPOBULOmMOBa8ayd. JocaioxicenHs nposoounucy 8 Olana3oni mem-
nepamyp 6io 10 °C 0o 60 °C ma 3mini macogoi uacmxu cuposamxu 6 dianazomi 6io 78% 0o 87%.

Ompumano emnipudHy 3a1ediCHiCMyb, KA ONUCYE 3MIHY PEON0IYHUX XAPAKMEPUCTIUK PODOH020 cepedoduiyd, Wo 003605€ NPo-
600UMU [HIICEHEPHI PO3PAXYHKU NPU PO3POOYI KOHCIMPYKYITL CUPOBUSOMOBTIOEAYIE.

Knrouosi cnosa: peonoziuni xapaxmepucmuxu, cupte 3epHo, CUpo8U20moeuiosat, eQeKmusna 6 A3Kicmo
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Hccnedosano enusmue mexHOI0SUHECKUX PEHCUMOS NPOYECcCa NOMYUEHUs. CoIPHO20 3epHA HA PeonocudecKue Xapakmepucmuxu
paboueil cpeovi, odpasyrowetica 8 cvipouseomogumenix mapxku A5—-OCIK. Paboueii cpedou sersiemcsa 6e€1K080—Cbl8OPOMOYHAS
cmecy, 20e NOCHOSHHO NPOUCXOOUM USMEHEHUEe PUBUKO—XUMUYECKUX, CHPYKIYPHO—MEXAHUYECKUX U MeNnI0QU3ULECKUX C8OUCIE U
KOMOpAsi MOJCEm pacciaueamvcsi u 0cedantb 60 8pemsi npogedeHus SKcnepumenmos. Haubonee 3Hauyuyum sSMIupudeckum peoioci-
YeCKUM NApaAMempom, XapaKmepusyiowum npoyeccyl npu npou3go0Cmee  CbIPHO20 3ePHA, AGISAEMCs BA3KOCMb paboueil cpedbl Col-
pouseomosumens. OObIUHO MO CEHCOPHASA XAPAKMEPUCTNUKA, KOMOPYIO CbIPO8Ap Onpedensiem 8U3YaibHO No NPOYeHMHOMY cooep-
JHCAHUIO KOMNOHEHMO8 (CHIPHO20 3epHA U CbIpO6OpOMKY). Memooom onpedenenus yCcilo8Ho20 NOKA3amens 6A3KOCHU C NOMOUbLIO
VHUBEPCANbHO20 UsMepumenvho2o npubopa «Instron—1122 6wina ycmanoenena spghexmugnas 6s3x0cmo paboueii cpeovl Colpous2o-
mosumens. Mccnedosanus npogoounucy 6 ouanazore memnepamyp om 10 °C 0o 60 °C u usmenenuu maccogou 00au ColOPOmMKU 8
ouanasone om 78% oo 87%.

Tlonyueno sSMIUPUYEcKyIo 3a8UCUMOCHTb, ONUCBIBAIOWYIO USMEHEHUE PEONOSUYECKUX XAPAKMeEPUCMUK paboyeti cpedbl, Ymo nos-
60J1A€NM NPOBOOUNIL UHIICEHEPHBIE PACHenbl NPU PA3PAOOMKe KOHCMPYKYUIL ColpOU32OMOBUMENEIl.

Knioueswie cnosa: peonocuyeckie xapakmepucmuKu, ColpHoe 3epHO, CblpOU320mMosumeinb, IhGeKmueHas 6s3K0Cmo
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Reological characteristics of whey protein mixture

N. Sychevskiy, Yu. Orlyuk
dnistranka@mail.ru

Institute of food resources of NAAS,
E. Sverstyuk Str. 4a, Kyiv 02660, Ukraine

Influence of technological modes of process of obtaining of the curd on rheological characteristics of whey protein mixture
which is formed in curd development equipment model YA5—-OSG is investigated. The working environment is whey protein mixture,
where constantly there is a change of physical and chemical, structural-mechanical and thermophysical properties, which can flake
and settle during the experiments. Most important empiric rheological parameter, characterizing processes at the curd production,
there is viscosity of working environment of curd development equipment. It is ordinary sensory description that a cheese—maker
determines by sight on the components percentage (curd and whey). The effective viscosity of working environment curd development
equipment by the method of viscosity conditional index on means of universal measuring device «Instron — 1122» was determined.
Viscosity conditional index by the Stokes formula was calculated. Graphic processing of experiments results yielded the dependence
of the magnitude of the effective viscosity of the working environment in curd development equipment on the temperature and the
percentage of whey. The studies in the temperature range from 10 °C to 60 °C and the change of the mass fraction whey in the range
from 78% to 87 % were conducted. Graph—analytical processing of the experiments results in logarithmic coordinates and their
generalization possible to obtain the empirical formula to calculate the effective viscosity of the working environment elliptic curd
development equipment YA5-0OSG.

The empirical dependence change rheological characteristics of the working environment in curd development equipment to car-
ry out engineering calculations by development of their designs are describing. The error in comparing the results of determining the
effective viscosity of the working environment from experimentally obtained and calculated according to the formula does not exceed
12.5%.

Key words: reological characteristics, curd, curd development equipment, effective viscosity

Beryn MOTOI0 TEHETPOMETPIB, MOCITIDKEHHS 3a JIOIIOMOTOI0
MiJBIIMIEHUX TUI, JOCIIKEHHS 32 JOIOMOIOI ONTHYHUX
[Ipu BU3HAYEHH] PEOJOTIYHMX BIACTHBOCTEH poOOY0O-  METOMIB, IOCITIKEHHS 3a JOTOMOTON YIBTPa3BYKOBHX
TO CepelOBHILA, SIKE YTBOPIOETHCS B CHPOBUTOTOBIIOBA-  BICKO3HMETPIB, NOCIIIKEHHS 32 JOIMOMOIOK0 MAaHOMETpPH-
Yax MpU OTPUMAaHHI CHPHOTO 3epHa MOTPIOHO BpaxoByBa-  YHHMX METOMIB, JOCIIDKEHHS 3a JIONOMOTOI KPYTHIBHHX
TH, 1[0 POOOYUM CEPEOBHUILEM € CYMIll B SIKii MOCTIHHO  JMHAMOMETDIB.
MPOXOJAUTh  3MiHa  (I3UKO—XIMIYHHX, CTPYKTYypHO— 3a xapakTepoM [Iii Ha CepeIOBHILE IX MOYKHA PO3ILIH-
MEXaHIYHUX Ta Tero(i3nyHux BiacTuBocTed. OCHOB-  TH Ha IBi rpynH. J{o mepriioi BiTHOCSTHCS METOAHM, SIKi
HUMH CKJIaJJOBUMH TaKoi CyMillli € cUpHe 3epHO (MoApi0-  IpU BUMIPIOBAHHSIX ITOBHICTIO 200 YaCTKOBO MOPYILYIOTh
HEHWIl 10 TIeBHUX PO3MIpIB MOJIOYHHI 3ryCTOK, YyTBOpPE-  CEpPElOBHUILE MPHU HOro yTBOPEHHI, JO APYroi — MeTonu
HUM CHUYYXXHHUM 3CiJaHHSIM MOJIOKQ) Ta CHpoBaTKa. Mo-  IIO JalOTh MOMIJIMBICTH OTPUMYBATH JaHi 0e3 MopylIeHHs
JIOYHUH 3ryCTOK € aMOP(HUM TLIOM, IIO 3aiiMae MpoMixK-  cepepoBuiia. CKIQIHICTh MPOLECY YTBOPEHHS MOJIOYHO-
HE TOJIOKEHHS MDK PIAKMM 1 TBEpPJUM CTAaHOM Ta Ma€ IO 3TyCTKY 1 TPy/AHOLII Ha HIISIXY IPOBEAEHHS PEOJIOTrid-
OITKOBY TOPHCTY, HENOCTAaTHHO BHBYEHY CTPYKTYpy. HHX BUMIPIOBAaHb IOSICHIOIOTH 0araTOYHCENBbHICTh €MITi-
OCHOBOIO MOJIOYHOTO 3TYCTKY € CiTKa OUIKOBHX JIAHITFO-  PHYHHAX METOIIIB, Ta EMITIPHYHUX PEOJIOTIYHHX IapameT-
JKKIB, II0 OXOIUTIOIOTH CHPOBATKY, sIKa i 3amo0irae 3'€q-  piB — TBEPIHICTb, OMip pi3aHHIO, B'A3KICTH i T. M. . AHaJI3
HAHHIO CITKH B KOMITAaKTHY Macy. METOIB JOCHIPKEHHS 3a JOIIOMOTOI0 iCHYIOUHX 3ac00iB
Peosioriyni BJIacTHMBOCTI MPOJYKTIB 3aJie)KaTh BiJl BU-  BUMIPIOBAHHS II0Ka3aB, IO BCi 3 BHIIE MepepaxOBaHUX
ny ix cTpykrypw, siki akagemik I1.A. PeGinnep knacudi- MeToniB MaroTh cBoi nmepeBaru i Hemounmiku. [lo ogHoro i3
Ky€ sIK KOaryJsliiiHi, KOHJEHCaliiHi 1 KpUCTali3aliifHi  HaWOUIbII 3HAYYIIUX EMIIPUYHHUX PEOJIOTIYHUX Mapamer-
(Rebinder, 1950). IIpu gocmimkeHH] peosOriYHUX Xapak-  piB, IO XapaKTepH3YIOTh NPOLECH IPU BUPOOHHIITBI
TEPUCTUK POOOYOro CEepellOBUINA CHPOBHIOTOBIIOBAYIB  CHPHOTO 3e€pHa MOXKHA BIHECTH B'A3KiCTh poOoYoro ce-
Mapku S5-OCXK cnixg po3rmsgaté HOro sK AWCIEPCHY — PEJOBHMINA CHPOBHIOTOBIIOBAadYa. BoHa € ceHCOpHOIO
CHCTEMY 1 BHUXOJMTH 3 TillOTE3 CYLUJIBHOCTI CEpeIOBUINA  XapaKTEepHUCTHKOIO, Ky CHPOBAap BH3HAJYa€ Bi3yalbHO 3a
Ta HETePEepPBHOCTI PO3MOAiNICHHS Aedopmarii i (Gi3HIHNX  BIICOTKOBHM BMICTOM KOMITOHEHTIB (CHPHOTO 3€pHa Ta
prnactuBoctedd (Dudkin, 1976). TeopeTndHi OCHOBH Me-  CHpPOBATKH).
TONIB PEOJIOTIYHUX JOCIHIIPKEHh BHKIAJCHI B IPAIX Mema pobomu — ROCTIAWTH BIUINB TEXHOJOTIYHHUX
BITUM3HSAHMX Ta 3aKOPAOHHHX BueHHX — [I.A. PeOinnmepa, peXHMIB Mpolecy OTpPHMaHHS CHPHOTO 3€pHa Ha Peosio-
M.IL. Bonaposuua Ta in. (Volarovich, 1954; Gorbatov, TiuHi XapaKTepHCTHKH POOOYOTO CEpeIOBHIIA B CHPOBH-
1979; Rebinder, 1985). [lns mociipkeHHs 3MiH, siki npo-  roToBimoBadax Mapku S15-OCK, orpumaru emmipuuHy
XOAATh B MOJIOYHOMY 3TYCTKY, BU€HI 0araTbOoX KpaiH B  3aJEXKHICTh 3MiHH PEOJIOTIYHHX XapaKTEPHCTHK pOOOYOro
pi3HI POKHM 3aCTOCOBYBaJIM Di3HI (i3MYHI METOJM, SKi  CepelOBHINA NPUAATHY Ul IHXKEHEPHHX pPO3paxyHKiB
MOXHa kiacugpikyBath HacTynHuM yuHOM (Rebinder, mpu po3poOlii HOBUX KOHCTPYKIiH CHPOBHIOTOBIIIOBAYIB.
1950; Izmailov and Rebinder, 1974; Dudkin, 1976;
Machikhin and Machikhin, 1981): gocnimxenHs 3a gono-
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Marepian Ta MeTOAM AOCJIIAKEHb

BpaxoBytouu, 1110 pob0UUM CepeoBHIIEM CHPOBUTO-
TOBJIFOBAYIB € CyMIlll, B sIKii IiJl 4ac MPOBEIEHHS eKCIie-
PUMEHTIB 3 BH3HAYEHHsS PEOJIOTIYHUX BIIACTHBOCTEH
CKJIATHO YHHUKHYTH 1i pO3IIapyBaHHS Ta 3CiJaHHA, CIiJ
po3mIsAaTH podboue cepeioBHIE CHPOBUTOTOBIIIOBAYIB K
«HE HBIOTOHIBCHKY» PIIIMHY 1 NPHITYCTHTH, 110 PEOJIOTId-
Hi BIACTHBOCTI pOoOOYOT0 CepeoBHINa HEKOPEKTHO Xapa-
KTEpH3YyBATH 3a JOIMOMOIOK BEIMYMHHN JHHAMIYHOI B'S3-
KOCTI, SIKy BU3HAYaIOTh 3arajbHONPUIHATAMU METOIAMH.
ToMy, MOHSTTIO B'A3KOCTI pOOOYOTO CeperoBHINa HEOO-
X1IHO HaJaTu OULIBII MIMPOKOrO PO3YyMIHHS 1 il B'SsI3Kic-
TIO poOOYOro cepeloBHIa CJIiJl MaTH Ha yBa3i 3arajbHy
PEeoJIOrivuHy BIACTUBICTD, SKY JOLUIBHO Ha3BaTH e(EKTH-
BHOIO B'SI3KICTIO 1 BUMIpIOBaTH 11 32 JJOIIOMOI'OI0 €MITipH-
YHOTO MapaMeTpa, BUPAXKEHOTO B JOBITbHUX OIUHHULISIX.
Jis BUBYCHHS e()eKTHBHOI B'I3KOCTI poOOYOro ceperno-
BHINIa CHPOBHIOTOBJIIOBAYIB y Bigaimi cupopodersa IITP
HAAH 0yB BUKOpPHCTaHHH METOM, IO TPYHTYETHCS Ha
MIPUHIUII BU3HAYCHHS YMOBHOTO ITOKa3HUKA B’S3KOCTI,
SIKUA BUMIPIOBAITM HA YHIBEPCATBHOMY BHMipIOBATEHOMY
npunani «Instron—1122» moisixoM 3aHypeHHS KyJIbKOBOTO
IHAMKAaTOpa B poOOYEe CEPEOOBHUIIE 3 3aMaHO0 IIBUIKIC-
TIO.

YMOBHUH TOKa3HUK B’SI3KOCTI po3paxoByBaiu 3a (o-
pmynoro Crokca:

P 67 - u , (D

ne: P — noGoewii omip, mo peecTpyeThes npunanom, H,
M — B's13KicTs, [1a-c;

= N VAR 4

V — MBHUIKICTH 3aHYpeHHS KYJIBKOBOTO iHAEHTOPA, M/C;

Lew 107 He/m?

¥ — pagiyc KyJpKOBOTO iHAEHTOPA, M.

®opmyna crpaBennuBa y BHNAIKY, KONU KyJIbKOBHI
IHIMKATOD MiJ] Yac pyxy y poOOuOMy CepeoBHILi BiTdy-
Ba€ TUIBKM JIOOOBHH OIIIp 1 OMip B TEPTs cepeAoBHIIa,
SIK€ PyXa€eThCsl B3/IOBXK HOI0 MMOBEPXHI, IPHYOMY CEpesio-
BUILE HE PYyHHYETHCS, a TUIBKH Ae(OPMY€EThCS SIK TUIAC-
THuHa Maca. CTOKC BCTaHOBUB, 110 (OpMyJia CIIpaBeIIH-
Ba y BHIIQJIKy, KOJH IIPHU PYCi KYJIBKOBOTO iHAMKATOpa
Kkputepiit PefiHonpaca menme 1, To6To:

Re=2" /1,

2
v

ne: 6@ — manpyxenns scyy, Ila;

VY BIANOBIZHOCTI 3 BHIICBKa3aHUM OyJ0 MiIiOpaHO
HEOoOXiTHMH AiaMeTp KyJbKOBOTO iHJIUKAaTopa Ta BCTaHO-
BJIEHO HEOOXiJHY HIBHIKICTH Horo 3aHypeHHs. Taka me-
TOJMKa BU3HAYEHHs €(EKTUBHOI B'I3KOCTI Mae psJ mepe-
Bar y IMOpIBHSAHHI 3 iHIMMU. BoHA M03BOJISE BH3HAYUTH
3Ha4eHHS e(DEeKTUBHOI B’SI3KOCTI pOoOOYOTO CcepelOBHIIA
HE MOPYIIYIOUH HOro CTPYKTYPH, LIO € OCOOJIMBO BaXIIH-
BHUM TOMY, IIIO JO3BOJISIE TIOBHICTIO IMITyBaTH BUPOOHWYI
YMOBH B TIpOI1IECi TaOOpaTOPHOTO TOCTiIKEHHSI.

Pe3yabTaTn T2 iX 00roBOpeHHst

I'padiune ompauroBaHHs pe3yJbTaTiB EKCIIEPUMEHTIB
JIO3BOJIMJIO OTPUMATH 3QJISKHICTh 3MiHHM BEJIMUMHU e(eK-
THUBHOI B'I3KOCTI POOOYOro CepeioBHINA CHPOBHIOTOB-

moBada M, BiJl TEMIECPATYpH Ta BiJICOTKOBOTO BMICTY

CHPOBATKH y B pobo4oMy cepenoBuiLi (puc. 1).

t,°C

0,30
T O Pobouye cepenosuLe Ha
T noYaTky MepLUoro HarpiBaHHs
0.25 1 O poboye cepeaoBuLLLE HA
L noyaTky Apyroro HarpisaHHs
1 A poboye cepefosuLLe nicrst
+ [pYroro HarpiBaHHsi
0,20
0,15 +
T D
0,10 +
0,05
0,00 + : : : ‘
0 10 20 30 40 50 60

70

Puc. 1. 3mina Betnyunn egeKTHBHOIL B'A3KOCTi po0040ro cepegoBHINA CHPOBHTIOTOBJIIOBAYA
B aiana3oni Temneparyp Bin 10 °C go 60 °C.

Otpumana rpadidHa 3aleXHICTh 3MIHM BEIMYMHU
e(eKTUBHOI B'SI3KOCTI poOOYOro CepelloBUINA HE 3aBXKAN
3pydYHa B KOPHCTYBaHHI IMiJ 9ac iHKEHEPHUX PO3PaXyHKIB
TIPH PO3pOOIIl HOBUX KOHCTPYKIIH CHPOBUTOTOBIIIOBAMIB.

I'paho—ananiTiuHe oIpaIfoBaHHS PE3YJIHTATIB €KCIEpH-
MEHTIB B JIOTapU(PMIYHUX KOOpAMHATAX 1 IX y3arajbHEeH-
Hs (Rumshilskii, 1971) mo3Bommio oTpumMaTt eMImipuaHy
hopMymy U po3paxyHKy e(peKTHBHOI B'SI3KOCTI pobodo-
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IO CepeIoBHIIA ENINTUYHIX CUPOBUTOTOBIIIOBAYIB MaPKH
SA5-0OCK. Us ¢dopmyna cnpaBemivBa [yisi BHU3HAYCHHS
e(eKTUBHOI B'SI3KOCTI poOOYOro CepeiOBHIIA B Jiana3oHi
temrnepatyp Big 10 °C no 60 °C:

foy = 0147 1y 3)
ne: u,, — e(eKTHUBHA B'S3KICTH poOOUYOTO CeperoBH-

H -
M 2

t — Temrieparypa pobodoro cepenosuina, °C;

W. — BIIICOTKOBUII BMICT CHPOBAaTKH B poO0oUOMy cepeno-
B, %

[ToxnOka rpu criBCTaBIIEHH] pe3yJIbTATIB 3 BU3HAYCHHS
BEIMYMHU S(PEKTUBHOI B'S3KOCTI POOOYOro ceperoBHINa
OTPUMaHHX EKCIEePUMEHTAIBHUM IIUIIXOM Ta PO3paxoBa-
HHX 3a GpopmyJioro (3) He mepeBuiryBana + 12,5%.

-0,57

ma,

>

BucnHoBku

B pesynberari mpoBeneHHX MOCITiIKeHb OyIIO BH3HA-
YEHO 3MIHY BEJIMYMHU e(EeKTHBHOI B'S3KOCTI poOOHOro
CEepeNOBHILA, 110 YTBOPIOETHCS B CHPOBHUTOTOBIIOBaYax
mapku SI5—-OCX mpu orpumaHnHi cupHOro 3epHa. Jlocmi-
JOKCHHS TIPOBOAMJIMCH B Jialla30Hi TeMIIeparyp pooo4oro
cepenosuina Big 10 °C mo 60 °C Ta 3MiHI MacOBOi YacTKH
cupoBaTku B jianazoni Bing 78% nmo 87%. Pesynbratn
JOCIII/DKEHb JIO3BOJIMJIM OTPUMAaTH EMIIpHYHY 3ajex-
HICTB JUI1 pO3paxyHKy e(eKTHBHOI B'S3KOCTi poOOYOro
CepellOBHINA TpPHIATHY MJIS TPOBENCHHS 1HXXKEHEPHUX
PpO3paxyHKiB Ipu po3poOIli HOBUX KOHCTPYKIIifi CHPOBH-
TOTOBITIOBAYIB.
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