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HccnenoBanue npouecca HeMTPAJIU3aUUKM OPOMCOAEPKANIUX CUCTEM
(¢brasaTHOrO THIA

Panca H. ITnotHukoBa ' yy@vsuet.ru ‘' 0000-0001-9559-4443

1 BopoHEKCKH TOCYAapCTBEHHBI YHUBEPCUTET MHXKCHEPHBIX TEXHOJIOTHH, p-T PeBomonmu, 19, r. Boporex, 394036, Poccust
AHHOTanms1. PaccMOTpeHbl 0COOCHHOCTH 3aKITIOYHUTEIBHBIX CTaJuil Hpoliecca MOMy4YeHHs OpOMCOJEpKAIMX CHCTEM (TanaTHOTO
THIa. BhIABICHB! (DaKTOPBI, OKA3bIBAIOIIME BIMSHHE HAa KAUECTBO IIEJICBOTO MPOAYKTA, IO KOTOPHIM COCTABJICH U PEAIM30BaH ILIaH
JKCIlepuMeHTa. B kadecTBe (hakTOpOB, BIMSAIOIIMX Ha Hpoliecc, BHIOpaHel: A — Temmeparypa, K; B — mpomomkxutensHOCTH
HeiTpanuzanuy, 4; C — MaccoBast 10y HEHTpalIM3yoIero arenra, %; D — oTHoIIeHNe HCIIONIb30BAHHON MacChl HEHTPAIIH3YOIIETO
areHTa K ero pacyeTHO Macce IO KMCIOTHOMY YMCIY pEeakIHMOHHOI Macchl. C HOMOMIBIO IpaM4ecKoro peqakTopa HMpoBeAeHA
00paboTKa KPUBBIX, XapaKTEPH3YIONINX 3aBHCHMOCTD (DYHKIMH OTKJIMKA OT Pa3IMYHBIX (akTopoB. [IpoBeneH aHaIM3 MOIyIEeHHBIX
KPHBBIX, CBUACTEIBbCTBYIOLINI O HATMYMN YKCTPEMYMOB U TOYEK Mepernda, COOTBETCTBYIOINX MUHUMAIBHOMY KHCIOTHOMY YHCIY.
CpaBHECHHE PACUETHBIX M SKCIICPHMEHTANIbHBIX IaHHBIX II0KAa3alo0, 4YTO OLMOKa pe3yJibTaTa, MOJYYEHHOTO II0 PErpecCHOHHOMY
ypaBHEHHIO, cocTaBisieT He 6ornee 10%. C momMomnbio 6alaHCOBBIX pacieTOB YCTAHOBIICHO, YTO Pealli3aliys porecca HeHTpain3aluu
OpoMcoepKalMX CHCTeM (TanaTHOro Tuma 0e3 PacTBOPHUTENs MO3BOJIMUT CHHU3UTH MOTepH B 3—5 pa3. BEIABIEHBI onTHMaIbHBIE
YCIIOBHS, 00ECTICUMBAIOIIMX HU3KOE KHCIOTHOE YMCIO LIENEBOr0 MPOAYKTA MOCIE HEHTpalIuM3aluu: TeMmreparypa HedTpaau3anun
315 K, nmpomomxkurensHOCcTh HeWTpanusanuu 0,5 9, KOHIEHTpanus THAPOKCHIA Kamus B BOJHOM pactBope 11 mac. %, m30BITOK
HEHTPaJIM3YIOIEero areHTa Ha MoJib pacueTHoro 2,44 Monb/Moib. JJoka3aHo, 4TO BeAEHHUE Ipolecca 0e3 pacTBOPUTENCH OKa3bIBacT
HOJIOKUTEIBHOE BIMSIHHUE KaK HA TEXHOJOTHYECKHE, TaK U Ha SKOHOMUYCCKHUE ITOKA3aTEIIH.

Knrwuesbie cioBa: q)TaJ'IaTBI, 6pOMI/Ip0BaHI/Ie, 6p0Mcoz[ep>KaLm/Ie CUCTEMBI, HeﬁTpaJ'IPBaHHS{, MJIaHUPOBAHUE SKCIICPUMEHTA
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Abstract. The features of the final stages of the process of obtaining bromine-containing phthalate-type systems are considered. The
factors that influence the quality of the target product were identified and the experiment plan was developed and implemented. As
factors affecting the process, the following are selected: a — temperature, K; B — duration of neutralization, h; C — mass fraction of the
neutralizing agent, %; D-the ratio of the used mass of the neutralizing agent to its calculated mass by the acid number of the reaction
mass. The curves describing the dependence of the response function on various factors are processed using a graphical editor. The
obtained curves are analyzed, indicating the presence of extremes and inflection points corresponding to the minimum acid number.
Comparison of calculated and experimental data showed that the error of the result obtained by the regression equation is no more than
10%. Using balance calculations, it is established that the implementation of the process of neutralization of bromine-containing
phthalate-type systems without a solvent will reduce losses by 3-5 times. Optimal conditions were found to ensure a low acid number
of the target product after neutralization: the neutralization temperature is 315 K, the duration of neutralization is 0.5 h, the
concentration of potassium hydroxide in an aqueous solution is 11 wt.%, the excess of the neutralizing agent per mol of the calculated
2.44 mol/mol. It is proved that conducting the process without solvents has a positive impact on both technological and economic
indicators.the ralizing agent per mol is estimated at 2.44 mol/mol.

Keywords: phthalates, bromination, bromine-containing systems, neutralization, experiment planning

Beegenne Metoasl
Ussectro [1], 4ro mpu OpoMHUpOBAHHUU Hs ucenesoBanust mporecca HeHTpannsa-
OpraHWYEeCKUX COEIWHEHW W30BITOK Opoma, LMK ¥ BBIOOPA ONTHMATTBHBIX YCIIOBHIA €€ IIPOBe/Ie-

HUS BBITIOJTHEHBI 3KCIIEPUMEHTHI 110 IJIaHy T'PeKo-
JaTUHCKOIO KBajapara 3 X 3.

B kauectBe (hakTOpOB, BIMSIONIMX HA MPO-
1iecc, BRIOpaHbl: A — remrieparypa, K; B — mpomo:n-
JKUTENPHOCTh HelTpanuzanmu, 4; C — Maccoas
J0J1s1 HeTpanusytoutero arenra, %; D — oTHome-
HUE HCIIOJIb30BAaHHOW Macchl HEUTPATU3YIOIIErO
areHTa K ero pacyeTHOM Macce IO KUCIOTHOMY
YHUCIly PEaKkUMOHHOM Macchl. IlnaH u pe3ynbrarsl
9KCIIEPUMEHTOB, BBIPA)KEHHBIE KHCIIOTHBIM YHUCIIOM,
mr KOH/r, npusezens! B Tabnuie 1.

TIOBBITIICHUE CKOPOCTH BBEIICHHSI OpoMa B PEAKITHOH-
HYI0 MAaccCy, IMOBBIIICHUE TEMIEPaTyphl MPUBOIST
K YBEJIMYCHUIO KHUCIOTHOTO YHCIA MOJYy4aeMOro
MPOMYKTa, YTO HEKEIATCIbHO C TOYKH 3PCHUS
€ro KavecTna.

OCHOBHBIM TPOIIECCOM, TO3BOJIAIONIUM IO~
JTy4duTh OpoMcojaepxkammii ramaTt, OTBeYaromnuid
TPeOOBAHUSIM TEXHUYECKUX YCIOBHH K IIACTU(DHKA-
TOpaM JIJIs TIOJIMMEPHBIX MaTepuaiioB [2], seisercs
€ro HeWTpamu3aIus.
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P C3yJIbTAThI SKCIICPUMCHTA

The results of the experiment

post@vestniR-vsuet.ru
Tabnuna 1.

Table 1.

3navyenue akropa | 3HaueHHe HeneBor QYHKIUK | 3HaueHHe GakTopa 3HaveHue 1eNeBoi (YyHKINU
Homep yposust | Factors value Target functions value Factors value Target functions value
Level number A — temnieparypa, K B — Bpems, u
A-temperature, K B-time, h
1 293 1,048 0,08 0,853
2 313 0,348 0,4 0,519
3 333 0,711 0,72 0,585
C — KOHIIEHTpalMs HeWTpaau3ytomiero areHra, % | D — u30bITOK HEHTPATU3YOIIEro areHTa, MOJIb / MOJIb
C-neutralizing agents concentration , % D-excess neutralizing agent, mol / mol
1 5 0,569 1:1 0,569
2 15 0,531 2:1 0,531
3 25 0,857 31 0,875
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Figure 1. Dependence of the objective function f1 (A)

on the neutralization temperature
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Figure 2. Dependence of the objective function f 2 (B) on
the duration of neutralization
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Pucynok 3. 3aBucumoctb meneBoit Qynkimu  f3(C)

OT KOHIIEHTPAIMH HEHTPaIN3yIOIero areHra

Figure 3. Dependence of the objective function f 3 (C) on

the concentration of the neutralizing agent

C y4eToM TMOJNYYEHHBIX PE3YJIbTATOB
perpeccuonnoe ypasuenue [10], omuceiBaroree
HPOLIECC HEHUTpPAIU3ALMK 110 YKA3aHHBIM (haKTopam,
NPUHUMACT BUJI:
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U30bITOK HENTPaIU3YIOIIEro areHTa, MoJjib/MOJIb
Neutralizing agents excess, mol/mol

Pucynok 4. 3asucumoctb 1eneBoit ¢yukiwn fi(D)
OT M30bITKA HEHTPAIU3YIOIIEro areHTa

Figure 4. Dependence of the objective function f4 (D) on
the excess of the neutralizing agent

f =(0,00134% —0,84024+133,16)x
x(1,9531B% ~1,98128+0,999)x (1)
x(0,0018C? —0,0402C +0,7245) x
x(0,191C* ~0,611C +0,989)
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XapakTep 3aBUCHMOCTEH, MpPUBEACHHBIX
Ha pUCyHKax 1-4, CBHIETEIbCTBYET, UTO YBEINUCHUE
3HAUEHUH Kakgoro (akropa J0 OMNpeneneHHOro
TpejieNia BeleT K YMEHBIIEHUIO (PyHKIINU OTKIIAKA,
BBIPKEHHOM KUCIIOTHBIM YHCIIOM, YTO CBHCTENb-
CTBYET 0 0oJiee MOTHON HeHTpamu3anun OpoMupo-
BaHHOW (TamaTHON cuctembl. [Ipu nanbHeleMm
YBEIMYEHUH TEMIIEPATyPhl, MPOJOKHTEITHHOCTH
HENTpaIU3alu, MacCOBOM JIOJIM HEUTPAIIM3YIOLLETO
arelTa 3Ha4eHHs1 KUCIIOTHBIX YHCIIe TIPOAYKTOB BO3-
pacratot. [TonoOHOe sIBIEHHE CBS3aHO C Pa3BUTHEM
TpoIIecca TUAPOIIN3a CIOKHBIX A(PHPOB, BXOISIIHX
B COCTaB HCCIIEAYeMOH (PH3UKO-XUMUYECKON CHCTEMBI,
KaTallM3UPyeMOro MIEeJ0Ybl0, KOTOPOU SIBIIETCA
HEHTpaTM3YIOIIHNI areHT — TUAPOKCH Kams [3].

W3BecTHO [4], YTO IOBHIIIEHHE TeMIIEpa-
TYpBI, IPOAOCJKUTEIEHOCTH HEUTpaIH3anu, JOIH
HEUTpANM3YIOMET0 areHTa BeleT K yBETUYECHHUIO
KOHCTaHTBl CKOPOCTH THAPOJIH3a CIOXKHBIX 3(u-
pos. CieoBaTenbHO, TIPU BEIOOPE ONTHMATBHBIX
YCIIOBUI HEWTpanu3aui OpOMHPOBAaHHBIX S(PHPOB
(dTaneBoil KUCIOTHI HEOOXOIUMO YUYHUTHIBATH 00a
npoliecca: HelTpanuzanuio 1 ruapoiaus. CKopocTb
BTOpPOTO OyJeT MpeBajIrpoBaTh HaJ MEPBHIM IpHU
TIOBBIILIEHUH TEMIIEPaTypbl, BpeMEHN HEUTpaTU3alii
Y KOHIIEHTPALNN HEUTPATM3YIOIIETO areHTa.

Cyns mo rpagyikaM KHCJIOTHOE YHCIIO Tpo-
JyKTa MOCIIe HeWTpaM3aliy Win 1ienieBast GyHkiwst
OyZer MeHbLIE MpPU COOTBETCTBEHHO MEHBLIMX
snaueHusx Qynkuuit fi(A); f2(B); f3(C); f4(D), 3a-
naBaeMbix (akropamu A, B, CuD. Munumym
YKa3aHHBIX (YHKIIMHA COOTBETCTBYET TEMIIEpaType
315,12 K, mpoAo/DKATEIbHOCTH  HEHTpaIU3auy
0,502 4, koHneHTparmy ruapokcuaa kamms 11,044%
Y MOJIBHOTO COOTHOIIIEHUS HEHUTPaJIN3yIOIIEro
areHTa W KUCJIOTHOTO 4YHciaa OpoMHpOBaHHON
(ranaTHON cHUCTEMBI, paBHOTO 2,44:1.

CrienoBatebHO, ONITUMAIBHBIMU 3HAYCHHSIMH,
00ecreunBaloNMMH HA3KOE KHUCIIOTHOE YHICIIO TIeNe-
BOT'0 MPOAYKTA MOCIIE HEUTPaIN3aLH, SIBIISAIOTCS ClIe-
JIYIOIIME TIOKa3aTelli: TeMITepaTypa HerTpanv3alii
315 K, mpopomxutensHocTs Hefirpammzauun 0,5 4,
KOHIICHTpAIMS TUJIPOKCHAA Kallusl B BOJHOM

post@vestniR-vsuet.ri
pactBope 11 mac. %, U30BITOK HEUTPATU3YIOLIETO
areHTa Ha MOJIb PacueTHOTO 2,44 MOJIB/MOJIb.

[lpu cobnroneHNH yKa3aHHBIX ONTHMAJb-
HBIX YCJIOBHW pacyeTHOE 3HAYEHHE KHCIOTHOTO
qycia LENeBOro MpoAyKTa, MOIY4YEeHHOE IO pe-
rpeccuonHoMy ypaBHeHwmIo (1), cocraBut 0,125 Mr
KOH/r, 4T0 COOTBETCTBYET MUHUMYMY KHCJIOTHOTO
YuciIa, Kak IeIeBOW (YHKIIMH B HCCIIEIOBAHHON
obmacTtu (aKTOpOB.

[TpoBepouHas HeUTpaIM3alKs B ONITUMAIbHbBIX
YCJIOBUSIX MO3BOJIMIIA TIOIYYHUThH LIEJIEBONH MPOIYKT
¢ kucnoTHeIM ynciioMm 0,138 mr KOH/T, uto cocras-
ssier 91% OT pacyeTHOTO M HE BBIXOAUT 3a TPE/ICIbI
JIOBEPHUTENIFHOTO MHTEPBANIA, YCTAHOBJICHHOTO IS FH-
CTPYMEHTATBHOIO ¥ BEIYUCIIUTEIBLHOTO SKCIIEPUMEHTA.

Cornacho [5] wucmone3oBaHue IOIAPHBIX
Cpel MpH IMONYYCHUH OpOoMCOAepKaIluX CHUCTEM
(TamaTHOTO THIA PEKOMEH/TYETCsI C LIETIBI0 N3MEHEHUS
CKOPOCTH CTaOIIM3alMA TIePEXOHBIX KOMILIEKCOB.
IockonbKy 1O OKOHYaHHMM TIporiecca OpPOMHPOBAHUS
IIPOBOJUTCS HEUTpaNU3aLusl peaKIIMOHHON MacChl
BOJHBIM PAacTBOPOM IIEIOYH, TO UCIOJIH30BAHHE
B KaU€CTBE PACTBOPUTENIEH JIEASHON YKCYCHOH
KHCJIOTHI ¥ U30MPONHIIOBOTO CIIUPTa 0OOCHOBAHO
C DKOHOMHMYECKOM TOUYKH 3peHHs, B Ipoliecce
HeHTpanu3anuyd pacTBOPUMBIE B BOAE YKCyCHas
KHCJIOTa W M3O0MPONMIIOBBIN CIUPT OTHENSAI0TCS
OT HEpacCTBOPUMOH B Boze 3(pHpHOI dYacTH, UYTO
CHIDKAeT PacXo/ibl Ha OTTOHKY pacTBOpuTess [6].

OnHako WCIIONB30BaHUE PacTBOpHUTENEH
MOJKET OTPHIIATENbHO BIMATH HA CTETIEHb KOHBEP-
cun oneduHa TO OpOMY H3-3a TIPUCOCTUHEHUS
pacTBOpHUTENS IO ABOWHBIM YTIIEPOA-YTIEPOTHBIM
cBs3siM [7]. B BomHO#T cpene MoxkeT 00Opa3oBbI-
BaThCS OPOMHOBATHCTAs KHCIOTA, KOTOpast HapsALy
C MOJIEKYJISIDHBIM OpOMOM, HE PaCTBOPHUBLIMMCS
B BOJI€, yYacTBYET B mporiecce OpomupoBanus [8].

[t oueHKM 3P PEKTUBHOCTH U 3aTPATHOCTH
MIPOIIECCOB HEUTpaTH3alliy IPH TIOJTyICHUH OPOM-
coJiep)KalluX cHUcTeM (TaJaTHOrO THIIA MIPOBEACH
aHAIM3 MaTepHabHBIX OamaHcoB [9-15] ykazaHHBIX
MIPOLIECCOB C MCIIOJIb30BAHUEM PA3IHUYHBIX CpE.
Pesynbrarel npencTaBieHbl B Tabuunax 2—5.

Tabnuua 2.

BanancoBble pacyeTsl 3aBepIIAIOIINX CTa il MOTy4eHHs: OpOMCOEpKAIIUX CHCTEM (pTajaTHOTo THUIa B BOAHOM cpene

Table 2.

Balance calculations of the final stages of receipt bromine-containing phthalate-type systems in the aquatic environment

Ipuxox | Income

| Pacxon | Expenditure

Heiirpaymsarws | Neutralization

PeakmmonHast macca | Reaction mass

BonHast sMyJIbcHst OpOMHPOBAaHHBIX (hTaaToH

0,
224 1193,7% Water emulsion of brominated phthalates

126 1152, 7%

Boanblit pacTBOp rApOKCHIA Kalus ¢ M.JI. OCHOBHOTO BertiecTa 10%
IAn aqueous solution of potassium hydroxide with a 10% of the main substance

151|6,3%

Bakyymnas otronka | Vacuum distillation

Bonnast smMyibcust OpOMUPOBAHHBIX (PTAATOB

Bpomupoanusie dranatel, npumecu

Brominated phthalates, impurities

0, 0,
Water emulsion of brominated phthalates 126 11100% Brominated phthalates, impurities 1131189,6%
Owistpanms | Filtration
bpomMupoBaHHBIe (TanaThl, IpHIMECH 113 11100% BbpomupoBaHHbIe (ranaTs 107 194.7%

Brominated phthalates

Torepw, 1/% | Losses, g/% — 14,15/10,95
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TaOnuma 3.
BanancoBbie pacyeThl 3aBepIIAIONIUX CTA U MOydeHUS OPOMCOICPKAIIUX CUCTEM (TATATHOTO THIIA
B cpeJie JEASHON YKCYCHOW KUCTOTHI
Table 3.
Balance sheet calculations of the final stages of obtaining bromine-containing phthalate-type systems
in glacial acetic acid

Tpuxox | Income | Pacxon | Expenditure
Heiirpaymsarwst | Neutralization
. IBoxHast sMyJbCHst OpOMUPOBAHHBIX ()TATIATOB|
0, 0,
PeakronHast macca | Reaction mass 224 1(80,4% Water emulsion of brominated phthalates 120 n38,9%
BonHblit pacTBOp rupokcHaa Kaaus ¢ M.JI. OCHOBHOTO Berectsa 10% 60.4 1119.6%
An aqueous solution of potassium hydroxide with a 10% of the substance | '
Bakyymnas otroska | Vacuum distillation
BojHast sMysibcusi OpOMHUPOBaHHBIX (TanaToB o BpomupoBaHHbIe (TanaThl, IpUMecH o
Water emulsion of brominated phthalates 120r/100% Brominated phthalates, impurities 106 188,3%
Owisrpanus | Filtration
BbpomMupoBaHHbIe (TaaThl, IPHIMECH 0 BbpomupoBaHHbIe (ranaTst 0
Brominated phthalates, impurities 106 r|100% Brominated phthalates 100 1194,4%
Iotepu, /% | Losses, g/% — 20,04/16,7
TabOnuua 4.

BanancoBbie pacyeThl 3aBepIIAONIUX CTAIUH MOydeHUS OPOMCOJIEpKAIIUX CUCTEM (PTAJIATHOTO THIIA
B CIIUPTOBOH cpesie
Table 4.
Balance sheet calculations of the final stages of obtaining bromine-containing phthalate-type systems
in an alcoholic medium

Tpuxox | Income | Pacxon | Expenditure
Heiirpamzarms | Neutralization
- Boanast sMysbcHst OpOMUPOBaHHBIX (TaNaToB

0, 0,

PeakronHast macca | Reaction mass 248 1194,6% Water emulsion of brominated phthalates 128 r(48,8%
BonHblii pacTBOp ruApOKCHIA Kasus € M.JI. OCHOBHOrO Berecta 10% 141|54%
An aqueous solution of potassium hydroxide with a 10% of the substance '
Bakyymnas otroska | Vacuum distillation

Bonnast sMynbcrst OpOMHPOBAHHBIX (hTaIaTOB o BpomupoBanHble (hranatel, MPIMECH o

Water emulsion of brominated phthalates 128 11100% Brominated phthalates, impurities 1071(83,5%
@mprpauws | Filtration

BpomupoBaHHbIe (hTaTaThI, IPHUMECH 0 BpomupoanHble dranarst 0

Brominated phthalates, impurities 10711100% Brominated phthalates 99,91183,0%
Iotepu, /% | Losses, g/% — 22,35/18,6
TaOnuma 5.

BanancoBbie pacueThl 3aBepIAIONIUX CTaIUH MOIydYeHUs] OPOMCOIepKAIIUX CUCTEM (TaTaTHOTO
Tuna 6e3 pacTBOPUTENS

Table 5.
Balance sheet calculations of the final stages of obtaining bromine-containing phthalate-type systems without solvent
Tpuxox | Coming | Pacxon | Expenditure
Hetirpammzars | Neutralization
PeakuponHast Macca | Reaction mass 1201|95,2% Bonras suymmcu 6p0MHp(.)BaHm’m ranaros 124 1|98,4%
Water emulsion of brominated phthalates
BoHslit pacTBOp rHIpoOKCHAA KaIHs C M., OCHOBHOTO BetectBa 10% 141! 5.4%
An aqueous solution of potassium hydroxide with a 10% of the main substance '
Baxyymsas orronka | Vacuum distillation
Bognas smMynbenst GpOMHpOBaHHBIX (pTanaToB 0 BpoMupoBaHHbIe (yranaThl, IPHMECH 0
Water emulsion of brominated phthalates 12411100% Brominated phthalates, impurities 1201196,7%
Ousrpanws | Filtration
BpomupoBanHbIe (ranaTel, nprmMecu o BpomupoBaHHbBIE (yranaTsi o
Brominated phthalates, impurities 12011100% Brominated phthalates 1161196,6%
orepw, 1/% | Losses, g/% —4,1/3,3

AHam3 MaTepHaIbHOTO OayaHca IOTydeHHS

OpoMcojepKamux CcHcTeM (DTajmaTHOro THIA

B Pa3JIMYHBIX CPEllaX CBUJICTEILCTBYET O IMOJIb3E

MPOBENICHHS Mpoliecca 0e3 pacTBOpUTENeH (IMYITb-

ratopoB). [loTepu 11eNeBOro NpPoIyKTa B 3TOM CITydac
239

coctaBisiioT 3,3%. Kpome Toro, mpomomKUTeNhb-
HOCTH mporiecca cokpariaercs ¢ 2,0 mo 0,5 gaca.
YcTaHOBICHO, 4TO OOJIBIIAs YaCTh OTEPh MPUXO-
JTUTCSI HA CTaIUI0 HEUTpalln3aliu.
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3akia0ueHue MPOJAOIIKUTEILHOCTh HeUTpanuzanuu 0,5 4, KoH-

BanaHcoBbie pacdeTsl mpolecca OYHUCTKH HeHTpalus ruIpOKCUIA KaJlus B BOLHOM pacTBOpe
OpoMcoaepKalIuX CUCTEM (PTaJaTHOTO THIIA B OII- 11 mac. %, M30BITOK HEHTPAIM3YIOLIEro arcHTa
TUMAJIbHBIX YCJIOBHSX, 00€CIEUMBAIOIINX HH3KOE Ha MOJIb PacyeTHOro 2,44 MOJIb/MOIIb, JJOKa3aiH,
KHCIOTHOE HHCIO LEJIEBOro IPOAYKTA IOCIE YTO BeJICHHUE Mpoliecca 03 pacTBOPHUTENICH OKa3bIBaeT
HelTpaM3aLmy; Temreparypa Heiftpamsaumn 315 K, MOJIOKUTENIPHOE BIMSHHE KaK HA TEXHOJIOTHYECKHE,

TaK 1 Ha SKOHOMHUYCCKHUEC ITOKa3aTCIIN.
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