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TEXHIKA & TEXHOJOrI

VIIK 664.1.037
OnTumi3auia 3aranbHUX BUTPAT BanHa
Ha oYMl eHHA o y3INHOro COKy npu
0OOAaTKOBOMY BUKOPUCTAHHI aKTUBOBAHOI
KPpeMHIEBOI KUCJTIOTU Ta PinbTponepnity

JLIL. Pega, 0okmop mexuiuHux HayK, npogecop kagheopu mexnonozii yykpy i niocomoexu 600u, Hayionanbruti
VHIgepcumem Xap4o8ux mexHono2iu

C.A. Ilynvea, xanouoam mexHIUHUX HAVK, OOYeHm Kageopu mexHonozii yykpy i niocomoexku 600u,
Hayionanvnuii ynisepcumem xapuogux mexHono2it

Ilpu 8u3HaYeHH] ONMUMATLHUX BUMPAM 8ANHA HA OYUWEHHS OU@Y3iliHO20 COKYy 00paHO y3aeanbHeHUll
Kpumepitl onmumizayii, 8 AKUll 3aK1A0eH0 YMO8Y MIHIMI3ayii 3aeanvhux eumpam eanua. MamemamuyHy
00POOKY eKCnepUMeHmManbHUX OaHuX 30iUCHIO8ANU 3 BUKOPUCTNAHHAM Memooy XappiHemoHa, 6 pe3ynomami
Y020 GU3HAYEHO ONMUMAIbHI 3A2albHI GUMPAMU 6ANHA OISl OYUWEHHA OUQY3IlHO20 COKY 3a MUNOBUM
CnocoboM, a MaKoxtc 3 000AMKOBUM BUKOPUCMAHHAM AKMUBOBAHOI KPEMHIEGOI Kuciomu ma ginemponepnimy
8 npoyeci ouuwenHs OUQy3itiHo2o CoK).

Knrouosi cnosa: ouuwenns oughysiino2o coxy, onmumizayis 3a2albHUX eumpam 6anHd, mamemamuine
00pobnenns danux, akmueogana kpemuicea kucioma (AK), gpinomponepnim (®@II).

Ilpu onpedenenuu ONMUMATLHBIX PACXO008 U3BECMU HA OYUCMKY OUp@dy3uonHozo coka u3opam
0000UeHHbIll Kpumeputl OnMmUMU3ayuL, 6 KOMOPbILL 3ATI0HCEHO YCLo8Ue MUHUMUZAYUU OOWUX 3ampam
uzgecmu. Mamemamuyeckyro 06pabomky 3KCNEPUMEHMANbHBIX OAHHBIX OCYUeCMBIAIU ¢ UCNONb308AHUEM
Memooa Xappunemona, 6 pe3yibmame ye20 onpeoelenbl ONMUMANbHble 00wue pacxoovbl uzeecmu Ojis
ouuCmKU OUPPy3uUoHH020 cOKa NO MUNOBOMY CHOCOOOM, A MaKdHce ¢ OONOIHUMETbHLIM UCHONIb308AHUEM

AKMUBUPOBAHHOU KPEMHUEBOU KUCIOMbL U PUILIMPONEpaUm 6 npoyecce 04uUcmu Oupghy3uonHo2o coxa.
Kntouesvie crosa: ouucmra ough@hy3uonHo2o coxa, OnMumMu3ayis OOuWUx 3ampam u3eecmu, Mamemamuiecrkoe
00pabomku OaHHbIX, akmusuposannas kpemuuesas kucioma (AK), punemponeprum (®I1).

In determining the optimal costs lime juice purification elected general optimization criterion in which the
condition laid minimize total costs lime. Mathematical processing of experimental data was performed using
the method Harrington, resulting in optimum overall costs for the cleaning of lime juice on a typical way, and
with the additional use of activated silicic acid and filtroperlitu in the juice purification.

Keywords: cleaning diffusion juice, lime optimization

OCTaHHiM yacoM Ha (OH1 3MiH B TEXHOJIOT1SIX BUPO-
IIyBaHH:, 30MpaHHs Ta 30epiraHHs LyKpOBUX Oy-
PSIKIB Ma€ Miclie Aesike 301UTbIIICHHS BMICTY B HUX OKpe-
MHX HEIYKpIB Ta, K HACHTIJOK, MOTIPIIYETHCS SKICTh
OTpUMaHOrO 1(y31HHOIO Ta OUUILIEHOTO COKIB.

B cyuacHiit TexHomorii ounimeHHs audy31HHOTO
COKY BaITHOM Ta JIIOKCHIOM BYIVICIIIO 32 PaXyHOK Koa-
TYJIALIT, 0CaKeHHS Ta a/ICOPOIIiT BUTATSIOTHCS JIUIIIE
710 TPETUHU MPHUCYTHIX y COKy HenykpiB (BMC, anio-
HiB KHCJIOT, 0apBHUX CHOIYK TowIO). [y BUpimeHHS
poOIeMHU ITiIBUIICHHS €(EeKTUBHOCTI IPOLIECIB OUH-
mieHHsT Audy31HHOTO COKY HEOOXITHO YIOCKOHAIIO-
BaTH KJIACHYHI CIOCOOU BAaIHSHO-BYITIEKHCIOTHOTO
00poOKH, a TaKOXk BUKOPUCTOBYBATH HOBI HETPAIu-
LilHI peareHTH, po3po0ATH OLIBII TOCKOHAIII Me-
TOZM KOHTPOJIIO TPOIIECIB Ta MATPUMYBATH iX ONTH-
MallbHI pexumu [2].

TakuM 4YMHOM, mepe] COKOOYMCHUM BiJIIIEH-
HSIM IIyKPOBOT'O 3aBOJly ITOCTaBJI€HA 3aJaya MaKCH-
MaJIbHOTO CTYNEHsS BHJAJICHHS HEIYKpiB, HaJaHHSI
COKY TE€pMOCTaOITbHOCTI, @ TAKOXX OTPUMAHHS Tap-
HUX CEIUMEHTAlIHO-(IBTPYBAIbHUX IMOKAa3HUKIB
MIPHU paIlioOHAIPHOMY MIHIMYMI BUTpPAT BalTHA Ha OYH-
LIEHHS COKY [6].

OnHuM 3 HampsMIiB MO YJOCKOHAJEHHIO KJIaCcHy-
HUX CIIOCO0IB BalTHSHO-BYTJIEKUCIOTHOTO 00pOOIIeH-
Hsl Au]y31HHOTO COKY € CKOPOYECHHS HAJTUINKY BH-
KOPHUCTOBYBAaHOTO BarHa i3 3aMIHOI0 MOTO YacTHHU
OLTBIII JTEIEBUMH COPOCHTAMH, a TAaKOXX aKTHBHUM
BBEJICHHSAM B TEXHOJIOTII0 HETpaJuLINHUX peareH-
TiB (PI3HUX XIMIYHMX pEareHTiB, KOAryJlsHTIB, (io-
KYJISIHTIB Ta 1H.), 3aCTOCYBaHHS SIKMX YK€ IPH OfEp-
aHHI TU(y31IHHOTO COKY Ta HACTYITHOMY HOTO O4YH-
IIEHH] HAJa€ MOYJIMBICTH 3HAYHO ITIABUIIUATH AKICTH




TEXHIKA & TEXHOJOrI

COKIB, BUXIJl IIyKpO3H MPH BiMNOBITHOMY CKOPOYEHHI
Butpar BanHa [11, 10]. [Hmmii HampsM, 1m0 BiAMOBI-
na€ HaOLIbII e()eKTUBHOMY BUKOPHUCTAHHIO BHTpa-
YCHOTO BaITHA 32 YMOBH JOCSTHEHHS BHCOKHX €(eK-
TIB OYMILIEHHS COKY, MOJIATAE Y MOJEPHI3allii 1CHyIO-
YUX Ta PO3pOOIll HOBUX BIIHOCHO HECKJIAJHHX, aJie
HAyKOBO-OOTPYHTOBaHMX TEXHOJOTIYHHUX MPOIIECIB,
[0 Peai3yloThCs Y BUCOKOS()EKTHBHHX amaparax.
B tenepimniii yac B ranmy3eBiil BiTUM3HAHIN Ta 3apy-
ODKHIN JIiTepaTypi HapaxoByeTbes Oiumbine 70 pi3HUX
croco0iB ounIieHHs AUQY31HHOTO COKY [3], MIs TKUX
3aranbHUM eexT ounnieHHs He nepesuirye 40% [7].
OpHuM 13 peanbHUX HUISAXIB YIOCKOHAJIEHHS TEXHO-
Jorii ouMIeHHs TU(y31HHOTO COKY € MonepeHs Ko-
aryJsiiist HeIyKpiB, BIPOBAKEHHS y BUPOOHUIITBO
HOBUX €()EKTUBHUX PEAreHTIB, SIKi 3aTHI ITiIBUIIATH
€(EeKTUBHICTh OUUIIEHHS. 3 METOI0 YIOCKOHAJIEHHS
criocoOy ouuIieHHs Tu(dy31HHOTO COKY 3a THUITOBOIO
CXEMOI0 JIJIs1 3a0e3MeUeHHs O1IbII TOBHOTO BH/IaJICH-
Hs HenykpiB (BMC — 6inkiB, MeKTHUHIB, KaTiOHIB Jie-
SKHX METalliB), YTBOPEHHsS KOMIIAKTHOTO Ta CTiHKO-
r0o 0caJly B yMOBax OCHOBHOI Jedekallii Ta 3MCHIIICH-
Hs BUTpPAT BallHA HA OYMINCHHS IUQPY31HHOTO COKY
OyJIv 3aIPOTIOHOBAaHI CIIOCOOM JI0IaTKOBOTO OYMIIICH-
HS AUQY31HHOTO COKY 3 BUKOPHCTAHHSM aKTHBOBA-
Hoi kpemHieBoi kucinotu (AK) [9] Ta dinsrpomnepi-
Ty (OI) [8].

Crnocobu momarkoBoro o4MIeHHs audys3iitHo-
ro coky 3 Bukopuctanusam AK [9] ta ®II [8] no3Bo-
JISIFOTh TMOKPAIUTHU SKICHI MOKa3HUKH Tmepeiedeko-
BaHOTO COKY 3a PaxyHOK JOAATKOBOTO BHIIYYEHHS i3
pO3unHy OITKOBUX Ta MEKTHHOBUX PEYOBHH, ITiJBU-

IIUTH MIBUIKICTb OCAHKCHHS OCajy, MiJBUIIY€ETh-
Csl YUCTOTa OYMIIEHOTO COKY. Lle macTe MOXIHBICTH
3MEHIIUTH BUTPATH BallHA HAa OYMIIECHHS Au(y3iiiHO-
TO COKY.

Tomy MeTOr0 OJANBIIMX TOCTIHKEHD OYJI0 KUTb-
KICHE BU3HAYCHHsI 3arajlbHUX BUTpAT BallHa Ha OYU-
ieHHs [udy31iiHOrO COKY 32 TUIIOBUM CIIOCOOOM Ta
3a cocob0amu 3 BUKOPUCTAHHSIM aKTHBOBAaHOI KpeM-
HI€BOI KUCJIOTH 1 (PLIBTPOTIEPIIITY.

B pesynbrari mpoBeseHUX EKCIIEPUMEHTIB Oynu
OTPUMaHI1 3aJKHOCTI YHCTOTH OYHUIIIEHOTO COKY, a
TaKOXX BMICTY aHIOHIB KUCIIOT Ta 3a0apBICHOCTI COKY
BiJI 3arajbHUX BUTPAT BallHA HA OYHUIICHHS NU(Dy3iii-
HOTO COKYy (Tabm. 1) [4].

Yci pe3ynbraty IpoBEICHUX JOCIIHKEHb 110 BCTa-
HOBJICHHIO ONITHUMAJIbHUX BUTPAT BAITHA JJIsT OUHIICH-
Hs 1u(y31HOTO COKY 3a TUIIOBHM CIOCOOOM, a Ta-
kox mipu BuKopuctanHi AK [9] ta ®@II [8] omparrso-
BaHO 3a JIOTIOMOTOI0 TAKeTy MPHUKIAJHUX Mporpam
Mathcad Professional 2000.

SIk ocHOBHMIA (haKTOp, KUK BIUIMBAE HA TPOIIEC
OYMINCHHS AU(Y31HHOTO COKY 3a MMM TPhOMa CIIO-
co0amu, mpuiiMany 3arajbHI BUTpaTu BamHa. [Himn
(hakTOpH BIUTMBY NMPUHMAJIU TOCTIHHUMU.

MaremaTtuyHe 00poOJIEHHS €KCIIEPUMEHTAJIb-
HHX JIAHUX

HacTynmHuM BaKIIMBUM €TamoM € MaTeMaTH4He
00pOOJICHHST ONEp)KAaHUX EKCIEPUMEHTAIBHUX Jia-
HUX JIJI1 BCTAHOBJICHHST ONTUMAJIEHAX BUTpPAT BalTHa,
3 TOUKH 30pY MOKPAIICHHS SIKICHUX TOKa3HHUKIB OUYH-
IIICHOTO COKY.

Jlnst BU3HaYeHHs €()EeKTUBHOCTI OUMIIEHHS AU(y-

Taonuus 1

3aJ1eKHICTh YMCTOTH OYMIIIEHOTO COKY, 4 TAKO0K BMICTY aHiOHIB KMCJIOT Ta 0apBHUX CIOJIYK Bij
BUTPAT BAIIHA HA OYUIICHHS AUQY3iIiIHOrO COKY

Burparu o
BAINA Cnoco0u ouneHHs: AuQy3iiiHOIO0 COKY
TunoBuii crocio-KOHTPOJIbL IIpn Buxopucranni AK [9]  IIpu Buxopucranni ®II [8]

'E_ 'E TexH0JIOTiYHI NOKA3HUKH
- =5 25 =3
5 2 G S = =i ° S = = © S = =
s = e < 2 2@ ° = 2 2z S = 2 2 X
g > & g8 = & &8 = « =225 EZ
g[ N s Z o = = S Z o = = g Z o = =

@] [ e = 2 0 = S X 82 Q = S X a8 Q
@) < Q =0 = 2] Z 0 = 2] Cle) =)
g o = < 2 S = = = Q S = =2 &z
S| = 5o E° g §° §9 3°
S NS = X Z =

- - -]

50 0,996 86,0 0,55 1300 86,8 0,52 1100 86,9 0,485 750
60 1,195 = 86,77 0,469 1133 87,55 0,41 897 87,8 0,36 536
70 1,394 = 87,45 0,416 987 88,29 0,34 715 88,75 0,292 365
80 1,593 88,0 0,372 881 88,8 0,314 666 89,1 0,265 273,6
90 1,792 88,28 0,34 794 88,95 | 0,302 655 89,34 0,259 245
100 = 1,991 88,5 0,33 777 89,0 0,299 648 89,41 0,254 232
110 2,19 88,57 0,327 770 89,02 | 0,295 643 89,45 0,249 226
120 = 2,389 | 88,58 0,325 765 89,04 0,29 640 89,5 0,245 220
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31iHOTO COKY IpH pi3HUX BUTpaTax BamHa (50...120%
710 MacH HeuykpiB) Oys10 0OpaHO Taki JIOKaJIbHI KpH-
Tepii (B HaTypanbHil popmi) (ae: X — 3arajbHi BUTpa-
TH BamHa, % 10 Macu HEIyKpiB):

f (X) — uncToTa OYHUIIEHOTO COKY, %b;
f,(X)— BmicT anionis kucnort, % CaO no macu CP;
f,(X)— 3abapsnenicts, on. ICUMSA.

Po3poonenna mamemamuynoi mooeni 0na
po3e’azanna 3adaui onmumizayii. Po3p’sa3aHus 3a-
Jadi onTuUMIzallii nependadae po3poOIeHHS MaTeMa-
TUYHOT MOJIEJII I BUPAKCHHS 3JIKHOCTI BUX1THUX
napaMmeTpiB mporiecy Bia BxinHux ¢akropis [1]. Jus
pO3po0IIeHHsT MaTeMaTHYHOI MoJieli Oy0 BUPILIEHO
nigidpaTy MareMaTudHi PIBHSAHHS JUISI KOKHOTO KpH-
TEpif0 ONTHMAJIBHOCTI, 5IKi 0 3 HAMEHIIOK MOXHO-
KOIO OIMCYBaJIM HOTO 3MIHY 3 4acOM TE€XHOJIOTTYHO-
IO MpoLEecy.

3a aHUMM EeKCIIEPUMEHTY, 3aJIEeKHICTh KOXKHOTO
3 00paHMX JIOKaJbHUX KPHUTEPIiB ONTUMI3ALl MOXKe
OyTu npezacrasieHa y Bursmi (1):

_ %
y= (1
l+a -x/;+a2 ‘X

Po3paxyHok Ta yTouHeHHsI KOe(Dilli€HTIB UX PiB-
HSIHB 3JIHCHIOBAJIM 32 TOTIOMOTOIO MAKETy MPHUKIAJ-
Hux nporpam Mathcad Professional 2000, siki, Kpim
IIbOTO, BKJIOYAJIM PO3PaxXyHOK CEpeIHbOKBAIpATHY-
HOI MOXMOKH, NUISXOM MOPIBHSAHHS PO3PaXyHKOBUX
3HAu€Hb 3 EKCIIEPUMEHTAIIbHUMH.

B pesynbrati Oynu ofepraHi HACTYMHI PIBHSHHS
JIOKaJIbHUX KPHUTEPIiB onTuMizalii (B HaTypaldbHUX
3HaueHHsX ¢akTopis) (2), (3), (4), (5), (.6), (7), (8),
(9), (10).

TunoBuii cnoci0 oYMIIEHHS 11
(KOHTPOJIB).

3aNneXHICTh YUCTOTH OYMIIEHOTO COKY BiJX 3a-
rajJbHUX BUTPAT BalHa:

0.105-x

F, (x)=
4 =007 V00125 @

3aeXHICTh BMICTY aHIOHIB KHCJIOT BiJ 3arajib-
HUX BUTpAT BaIlHA:

F

31HOTO CO

. —283.163-x
An T 138047 Ax +2.002.x )

3asiexHICTh 3a0apBIEHOCTI B 3arajJbHUX BUTPAT
BaItHA!

—-0.123-x
1+0.017 -vx +8.441-107%4 -x

Cnocib o4yulIlleHHS a1

tanaaM AK [9].

3aeXHICTh YUCTOTH OYMIIEHOTO COKY Bij 3a-
raJIbHUX BUTPAT BaIlHA:

qu (x)=

(4)

31HOTO COKY 3 BUKODPUC-

F361 (x)=

0.136-x
1-0.026-vx +0.012-x

)

3asie)HICTh BMICTY aHIOHIB KHCJOT BiJ| 3aralb-
HUX BUTpAT BaIlHA!
—580.73-x

F X) =
Anz() 14104202-Vx —1242.x  ©

3aexHICTh 3a0apBIICHOCTI Bij 3araJIbHUX BHTpAT
BaIHa:

-0.323-x

F
140.062-vx -1.367-102-x (7

36, (x)=

Croci0 ouniieHas nudy31HHOTO COKY 3 BUKOPUC-
taggaMm DIT [8].
3alIeKHICTh YHCTOTH OYMIIEHOTO COKY BiJ 3a-

TaJIbHUX BI/ITpaT BaIlHA.
0.149-x

Fy x)=
4 s VR 002K @

3anexHICTh BMICTY aHIOHIB KHUCJIOT BiJl 3arajlbHUX
BUTpAT BarHa:

Fo (x)= ~767.102-x
Ang Y 137,996 Jx —2.148-x D)
3anexxHICTh 3a0apBIICHOCTI BiJl 3arajJbHUX BUTPAT

BaIlHa:

—0.668-x
F35, (%)= (10)

3 140.083-vx +2.567-1073 - x

BusnaueHnHs y3arajbHeHHX KpUTepiiB onTuMi-
3amii. /[ Toro, mo0 B mpolieci BU3HAUYCHHS ONTH-
MaJbHUX BUTpAT BallHa HA OUMIICHHS AUQY31HHOTO
COKY y3araJIHUTH 0OpaHi KpuTepii onTumizarii €1u-
HUM KUIBKICHUM TIOKa3HUKOM, HaMH OyB OOpaHMii
y3araJlbHeHUH Kputepiit omrrumizarii [S]. Cimin 3a3Ha-
YUTH, 110 B y3arajibHEHHH KpUTepill onTUMallbHOC-
Ti OyJ10 3aKJIaJIeHO YMOBY MiHIMi3aIlil 3arajlbHUX BH-
Tpar BamHa.

[lepeTBOpeHHs JTOKAJIBHUX KPUTEPiiB ONTUMAb-
HOCTI 3 HaTypalibHOI B 0e3po3mipHy ¢opmy Oyio
3I1HICHEHO 3a JIOTIOMOTOI0 MeToay XappiHrroHa [12]
yepe3 BU3HAYCHHs MPOMDKHUX MapaMeTpiB 3a J0M0-
Moroto ¢yHkIii 6axxanocrti. HoBi, 6e3po3mipHi 3Ha-
YEeHHsI JJOKaJbHUX KPUTEPIiB, 10 OTpUMaHi 3a JIOMO-
Moroto (yHkii 6axkanocTi, 3MiHO0TECS Big 0,01 110
0,99, Tomy, 110 B y3arajibHEHOMY KpUTepii ONTHUMI3a-
1ii BOHU OyAyTh HE YyTIIMBUMH NPH HAOIMKEHHI J10
0 a6o 1. [iamazon 0,01...0,99 minuthcs HA T ATH 1H-
tepBaiiB 6axxanocti. Bix 0,01 mo 0,2 BiH Biamosimae
MOHATTIO «TyXe moraHoy, Big 0,2 mo 0,37 — «mora-
HO», Big 0,37 no 0,63 — «3amoBibHOY, Bix 0,63 10 0,8
— «mo6pe» 1 Big 0,8 1o 0,99 — «ayxe nodpe». InTep-
BaJi Oa)kaHOCTEW BHOMPATUCH 3 ypaxyBaHHSIM PO3-
paxoBaHUX 3HAYCHD JIOKATbHUX KPUTEPIiB ONITUMAITb-
HOCTI.

3Ha4yeHHs JIOKaJbHUX KPHUTEPIiB ONTUMAaIbHOC-
Ti, BiAnoBiaHO a0 iHTepBany (0,01...0,99) naBeneni B
Tabm. 2.

VY3aranpHEeHI KpUTEpii onTuMmizamii Juist JOCIi-
JOKYBaHUX TporieciB MaroTh Bursifg (11), (12), (13):
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Tabnuua 2

InTepBanu 0a:xaHocTell JTOKAJbHUX KPUTEPIIB ONTHMAJIBLHOCTI JJIs1 IPoLecy 10AaTKOBOI0 04M-
1IeHHs 11 (]y3iiiHOT0 COKY i3 3aCTOCYBAHHAM AKTHBOBAHOI KPEMHI€BOI KHCJIOTH

JlokanbHi KpUTepiioNTHMATBHOCTI

3HaYeHHA 0aKaAHOCTEH

Tunoeuii cnocié — Konmpono

/,(X) 4ncTOTa OYUIIEHOTO COKY, %o

/(X) BMICT aHiOHIB KUCJIOT B O4UILEHOMY COKY, % CaO no macu CP

/(X) 3abapBieHicTh 04umeHoro coky, on.[ICUMSA
X1 3aranpHi BuTparu BanHa, % CaO 1o M.0.

Cnocio ouuwienna oughysitinozo coKy 3 6UKOPUCIMAHHAM GKMUE08AHOT KpemHiesoi kucaomu [9]

/(X)) 4nCTOTA OYUIIEHOTO COKY, %o

J(X) BMICT aHiOHIB KMCJIOT B OYMLIEHOMY COKY, % CaO no macu CP

J{(X) 3abapeienicTh oumieHoro coxky, on.[ICUMSA
X2 3aranbHi BuTpaTtu BanHa, % CaO 1o m.0.

Cnocio ouuwienns oughy3iitnozo coKy 3 uKopucmauuam pinemponepnimy [8]

X) YACTOTA OUUILIEHOTO COKY, %o
. 11 Ys

/(X) BMiCT aHiOHIB KMCJIOT B OYMLIEHOMY COKY, % CaO no macu CP

/o(X) 3abapBienicTh oumIeHoro coxy, on.ICUMSA
X3 3aranbHi BuTpaTH BanHa, % CaO 1o M.0.

FF11, =(YB1,)%-(YB2,)"" -(YB3,)* -(YB4 )% (11)
FF21, =(YB9,)**(YB10,)*15-(YB11,)*15-(YB12)** (12)
FF31, =(YBS5,)%*-(YB6,)*15-(YB7,)"15 .(YB8, )*3 (13)

Barosi xoedimieHTH 3 ypaxyBaHHSM BaKITUBOC-
Tell JTOKaJIbHUX KPUTEpiiB oNTHUMI3allii BUOpaHi Taki:
0,4; 0,15; 0,15; 0,3.

[lepmmii NOKa3HMK XapakTepu3ye 3arajibHUN
e(eKT OUUIIEHHS COKY, IKUH 31 301IBIIEHHSM BUTpAT
BallHA IMOKPAIIYeThCsA. TakoX MpH IIbOMY 3MEHIIIY-
€THCSI BMICT aHIOHIB KUCJIOT B OYHIICHOMY COKY Ta
3HMXKY€ETbCS HOTO 3a0apBIICHICTb.

ITporpama nepeBeneHHs HaTypajJbHUX 3HAYEHb

0,01 0,99
86,0 88,58
0,55 0,325
1300 765
120 50

86,8 89,04
0,52 0,29
1100 640
120 50

86,9 89,5
0,485 0,245
750 220
120 50

JIOKaJbHUX KPHUTEPIiB ONTHMAIBHOCTI B 0€3p0o3Mip-
Hy (hopMy MeTOI0M XappiHITOHA, a TAKOXK Mporpama
PO3paxyHKy ONTHMAaJbHHUX 3arajbHUX BUTpAT BallHa
B IIPOIIeCi OUnIIeHHS An(y31iHOTO COKY BUKOHAHI 3a
JIOTIOMOT 00 TaKeTy MpukiIaaHux nporpam Mathcad
Professional 2000.

OTpuMaHi 3aJI€KHOCTI y3araJbHEHOTO KPUTEPiI0
ONTUMAJIHOCTI IPE/ICTaBlIEHI Ha pUCYHKY 1 (a, O, B).

Bucnoexu. B pe3ynbrari MareMaTu4HO1 00pOOKH
EKCTIEPUMEHTAIBHAX JIaHUX BHM3HAYEHO ONTHMAaJIhb-
HI 3arajbHl BUTpaTH BallHa JJisi OYUIICHHS Tudy3iii-
HOTO COKY 3a THIIOBUM CIIOCOOOM, a TakoX 3 JJ0AaT-
KOBMM BUKOPUCTAHHSAM aKTHBOBAHOI KPEMHI€BOI KHC-
JIOTH Ta (QUIBTPONEPIIITY B IPOLEC OUUILEHHS TUudy-

a) @) )
i 1 1
'--‘\ _“‘_\1‘
04 08 0.8
0,6 08 - 0.5
FFl1 FF1 FFil
04 0,4 .]_4{ \
0,2+ —_ (1 d 0,2
0y 1] 1] L
U "50 61 70 80 9O 100 110 120 u!i:l & M S 100 10 1A
e ] ¥ 130 50 Wl i o v 120

Puc. 1. 3anexcricmo y3aeanbHeH020 KpUMepio onmumizayii 60 3HA4UeHHsL 3a2AbHUX GUMPAM 8anHA OJisL O4UUEHHS
ougysitinozo coky: a) 3a munosum cnocooom, 6) 3 euxopucmannim AK [9]; 8) 3 euxopucmanmnsm PI1 [§].
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31HOTO COKY. 3T'1/THO pO3PaxyHKiB, BPaXOBYIOUH YMO-
BH MiHIMI3allii, BCTAHOBJICHO, 1[0 NMPU OYHUIICHHI OJI-
HOTO 1 TOTO X AU(Y31HHOro COKy 3arajbHi BUTpaTH
BartHa ckiaim 93,7% CaO — g1 3BUYaiiHOI THITIOBOL
cxemu, 79,7% CaO — 3 BukopuctanasMm AK B miit ke
cxemi Ta 69,2% CaO 10 macu HeLykpiB JUQy3iHHOTO
coky — 3 Bukopuctanasm OI1 i Bigmosiano 1,9, 1,6 Ta
1,4% CaO o macu OypskiB. Takum yuHOM, TIpU BH-
kopuctandi AK ta ®II nis 707aTKOBOTO OYUIIICHHS
Tu(y31HHOTO COKY € MOXKIIMBICTh 3MEHIIIMTH 3arajib-
Hi BUTpaTH BartHa BianoBiaHo Ha 14 ta 24,5% CaO no
macu HenykpiB (0,5 ta 0,7% CaO no macu 6yp${1<1B)
pu 3a0€3MeYCHHI BUCOKUX SIKICHUX MOKA3HHUKIB OYH-
IIEHOTO COKY.

[lepcnieKTHBOIO TMONANBIINX TOCTiIKEHb Yy Ja-
HOMY HamnpsiMi € po3poOJIeHHS CIIOCOOIB JOIaTKOBO-
ro OYUIIECHHS TU(y31HHOTO COKY, SIKi O Aamu MOXKIIH-
BICTh MiHIMI3yBaTH 3arajbHi BUTPATH BallHa Ha HOTO
OYMIIICHHSI.

|
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IIIKABI HOBHHH

BupaTtHum ximik

Opnnoro pa3y MaitOyTHi# akagemik [lerepOyp3bkoi akazemii HayK - TIpo-
CIaBJICHHH pOCIHChKUN XiMmik-opraHik Omekcanap MuxaitnoBuu bytie-
poB (1828-1886 pp.) pa3om 3 npusTeENIeM roTyBaB CyMilll JUIsl OEHIaJIbChKO-
r'0 BOTHIO 1 HECTIO/IIBAaHO BOHA BUOYXHYJa, OONAIMBIIM BOJIOCCS FOHUX €KC-
MIEPUMEHTATOPIB.

Po3zntouenuit BuxoBareab TpU JHI MOCHUIb cTaBuB Canry B KyT 3 4Op-
HOIO JTONIKOIO Ha mui. Ha Hil 1715 G11bIIOr0 MPUHMKEHHS 0YJI0 BEJIMKUMU
JiTepaMu BUBEACHO Kpennoro: «BumarHuii ximik». HaBpsin um 3HaB TOMII
BHUXOBATellb, 1110 BUSBUBCS MPOPOKOM: B 23 poku, byTiiepoB Bxke 4nTaB JeK-
uii B KazancbkoMy yHiBepcHTETI, B 25 POKIB - CTaB IOKTOPOM XiMii Ta ¢i3u-
KM, a B 32 pOKH - pEKTOpPOM YHiBepcuTeTy. BiH 3anumms micis cede ity Ha-
YKOBY IIKOJTy XIMIKiB, 0araro 3 SIKuX CTajiu, siK 1 BIH caM, TOP/IICTIO HayKH.

HaykoBa nisiimbHICTB Byrneposa Oysa cripsiMOBaHa Ha CTBOPEHHS 1 yTBEp-
JDKEHHS Teopii OyZOBH OpraHIYHUX CTIONYK.

Teopis BytiiepoBa mosicHuIa ABHIIe 130Mepii, Jana MOKJIMBICTh BU3HA-
9uTH OyIOBY OpPraHIYHUX pedoBHH 1 mepen0avyuTH HOBI KJIACH OPTaHIYHHUX
cnonyk. bytinepoB mo0ys momimep dopmansaeriny (1859), cuatesyBaB ypoTporiH (1860) BIIEpIe J100yB
HITY4HY I[yKpUCTY peuoBHHY (1861).
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