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OBILIAS XAPAKTEPUCTHUKA PABOTbI

AKTYaJIbHOCTH TeMBbl. [emnrono3Ho-oymaxkHast POMBIIIJIEHHOCTh
BbIpa0aThIBACT BOJIOKHUCTYIO LEJUTIOJIO3Y [IJIsi TPOU3BOJCTBA PA3IUYHBIX BHJIOB
Oymaru v KapToHa, a TaKXKe CIelUaIbHbIe BUIAbl PACTBOPUMOMN LIEIUITIOIIO3bI CO CTPOrO
OTpEJICIICHHBIMU CIIEU(PUUECKUMU CBOMCTBAMU, IIPEeIHa3HAYEHHBIE JIJI1 XUMUYECKOU
nepepadboTKH.

Haunyuymum chipb€M AJI1 XUMHUUYECKON MepepadOTKU SBISETCS XJIOMKOBAas U
JpeBecHass pacTBOpHMasl Leutono3a. B Hacrosiee BpeMs IMpOU3BOAUTENH 3(UPOB
[EJUTION03bl  CTOJNKHYJIUCh C TPOOJIEMOM CHIPHEBOTO oOOecredeHus. XJIOMKOBas
LEJUTION03a SBISIETCS UMIIOPTUPYEMBIM JOPOTOCTOAIIUMU JACPUIUTHBIM CHIPbEM U
4acTO HEYAOBIETBOPUTEILHOTO KAa4yeCTRa.

Pacnag CCCP u moTepsi «y30€KCKOTO» XJIONKa 3aCTaBJISIET MCKaTh 3aMEHY
BBICOKOKQUECTBEHHOMY CBHIPbIO, HAIIPUMEP, XJIOMKOBOW IIEJIJIIOJIO3bI HA JIPEBECHYIO,
KOTOpas yCIIEUTHO UCIIOJIB3YETCs 3a pyOexoMm, Kak U panblie B Poccun. CmeHa chIpbs
IPUBOJUT K HEOOXOJUMOCTH MPOBEACHUS HAy4YHO-HCCIEAO0BATENbCKUX PAOOT IO
MOJIyYEHHUIO LEJUII0JI03bl, HE YCTyHAarolled MO0 CBOMM CBOWCTBAM IIEJUIIOJIO3€ U3
XJIONKA. 3a/1aya 3Ta UMEET BaKHOE 3HaYCHHUE B TPOU3BOJICTBE TIOPOXa JIJIsl 0OOPOHHOM
MIPOMBITIUIEHHOCTH.

Jina LBII BecpMa akTyaabHO 3aMe€Ha JOPOTOCTOSIIETO HWMIIOPTHOTO ChIPbS
(XJI0TKa) OTEYECTBEHHBIM JIEHIEBBIM BO30OHOBIISIEMBIM CHIPBEM (JIPEBECUHOMN).

B Hacrosimee Bpemsi HUTpaTbl UEJUTIONO3BI WMEIOT IMUPOKUN  CIIEKTP
MCIIOJIb30BaHMS — B KOCMETHKE, KpacKax, B MPOAYKIMU CIEIHATILHOTO Ha3HAYCHHSI Ha
OCHOBE LEJUIIOJIOBHOTO ChbIphsl  (OAJUTMCTUTHBIE TBEPHABIE pAKETHBIE TOIUIMBA,
apTUIIEPUIICKUE U JTAKOBHIE TIOPOXa).

TpeboBanus K mMoKa3aTeNsiM KauyeCTBa PACTBOPHUMOMN LIEIUTIONO3bI CYIIECTBEHHO
OTJIMYAIOTCS OT TMOKa3aTeNel IIeJITI0N03bI sl TPOM3BOACTBa Oymaru. PactBopumas
LEJUTI0N03a OTIIMYAETCS BHICOKUM COJIEP’KaHUEM Ol-LIEJUTIONI03b], BHICOKOM XMMHUYECKOM
YUCTOTOW, MOJICKYJIIPHOM  OMHOPOJHOCTBIO M  HEOOXOAMMOW  pPEaKIMOHHOM
cnocoOHOCThIO.  Tpebyemble  XapaKTEpUCTHUKHA  PACTBOPUMOWM  IICJLTIOIO3bBI
(hopMUPYIOTCS B IpoIeccax BapKu, OTOCIKH M 00IaropakuBaHuUs.

VYxecToueHne TpeOOBaHMM K KaueCTBY CTOKOB OTOEJIKM MPOMBIIUIEHHBIX
NPEANPUATANA  CTUMYJIUPYET TOWUCKH  allbTEPHATUBHBIX IMyTEH OTOCNKU W
oOaropa)KMBaHuUs 1EJUTIONIO03bI, O0JIee O€3BPEMHBIX JIJISl OKPYXKAIOIIEH CPEIbI.

K HacrosmiemMy BpeMeHH STUM TpeOOBaHUSIM B U3BECTHOU MEpE YIOBIETBOPSET
nosydenre OenéHor uemnono3bl no ECF-texnonmorun (6€3 3M€MEHTHOTO XJIOpa) U
TCF-texnonoruu (6€3 UCNOIb30BaHMS JIFOOBIX XJIOPCOAEPIKAIIMX COCTUHEHUN).

Ot6enka nemntono3bl Mo ECF u TCF-TexHOMOTHsAM OTBEYaeT COBPEMEHHBIM
TpeOOBaHUSAM PA3BUTHS TPOM3BOACTBA OCTIEHOM IIEIIITIOIO3HI B HAITPABICHUH TTOBHIIIIC-
HUS KadecTBa M CHIDKCHHsI HArpy3KH Ha OKpyxkaromryto cpemy. Obe TexHomoruu
MO3BOJISIIOT MOJYYUTh BRICOKOKAYECTBEHHYIO OelI€HyIO0 1etono3y. [I[pumenenue Ton
WM JPYTO TEXHOJIOTMH OIICHUBAIOT C TOUKHU 3PEHUSI SKOHOMHUKHU U 3KOJIOTHH.

BHenpenrne SKOHOMUYHBIX M SKOJOTHYECKH Oojiee 0Oe30MacHbIX CHOCOO0B
OTOENIKHM IEJUTION03bI SBISETCS B COBPEMEHHBIX YCIOBUSAX OJHUM M3 Ba)KHEHIIHX
TpeOOBaHMI K pa3pabaThIBAEMBIM CXEMaM M TEXHOJIOTHSM OTOCNKH CYIb(PUTHOU H

Cynb(l)aTHOﬁ HCJITHOJIO3bI, YTO B HACTOAIICC BPEMSA BECbMa aKTYaJIbHO.
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Jlis crtpaHbl OONBIION MHTEpEC MPENCTaBIsIeT MPOU3BOJACTBO PACTBOPUMOI
LEJUTI0NI03bI (BUCKO3HOM W JIJIi HUTPOBAHMS) U3 OTEUECTBEHHOTO BO30OHOBIISIEMOIO
CBIpbS — IPEBECUHBI B3aMEH JIOPOTOCTOSIIET0 UMIIOPTHOTO XJIOMKA, TPUMEHSEMOTO B
KaueCTBE ChIPbS MPU MOTYYEHUN HUTPOLIEIUTIOIO3bI JIsl TOpOoXa.

Takum 00pa3oM, akTyallbHOM W BecbMa 3HAUUMOMW SIBISIETCA pa3paboTKa
COBPEMEHHBIX TEXHOJIOTHI MPOU3BOJCTBA LEJUIIONO03bI I XUMUYECKOU repepaboTKu
U3 JIPEBECUHBI BMECTO UMIIOPTHOTO JOPOTOCTOSIIETO U TPYAHOIOCTYITHOTO ChIPbS —
XJIONKa M BO300HOBIEHHWE B Poccuu Npou3BOACTBA PACTBOPUMON LEJUTIOIO3BI
Pa3JIMYHOTO HAa3HAYEHUs MYTEM 3aMEHbl KaK ChIPbsi, TaK M TOTOBOTO MPOAYKTa
(nemmronosa g XI1 B HacTositee BpeMsi B CTpaHe — UMIIOPTHAs ).

JucceprammonHas paboTa BBIONHSUIACH B pamkax «CTpareruu pa3BUTHS
necHoro komiiekca Poccuiickoil ¢enepaunu 1o 2030 roga», yTBEpKAEHHOU
pacniopsikenueM [IpasurensctBa PO B 2018 1, paznen «V.3. llemtton03H0-0OymaxHas
[IPOMBIILJIEHHOCTbY.

Crenenb pa3pabdoTaHHOCTHM TeMbl. B HacTosiiee BpeMs B POCCHICKON M
MHUPOBOM TPAKTUKE UCTIONB3YETCSI MHOXKECTBO PA3JIMYHBIX TEXHOJOTHH OTOEIKU U
oOnaropakMBaHusi IEJUIIONIO3bl € HCIOJNB30BAaHUEM i  OTOENKH Pa3IMYHbIX
OTOEMBAIONTUX PEATCeHTOB, TAKKX KaK KUCIOPO/, 030H, IEPOKCHU/T BOJIOPOA, TUOKCH]L
XJIOpa, SH3UMBI (hepMeHTHI) U Jip. BONBITMHCTBO U3 HUX OYEHb JOPOTHE U CBSA3aHBI CO
CJIOKHBIM anmapaTypHbIM O(GOpPMIICHUEM M 3arpsi3HEHUEM OKpYKAIOMICH Cpelbl.
[TosTomy TpeOyroTcs JadbHEHIINE UCCIeI0BaHMS IO pa3pabOTKe HOBBIX TEXHOJIOTHIA.

HoBbiMH TeXHONOTHSIMA TIO OTOEJIKE U OO0JaropakMBaHUIO JIPEBECHOM
LeJUTI003bl  MHOTO JieT 3aHuMaercs kadenpa THBIT ITHUITY. Pazpaborano
MHOXECTBO CXE€M OTOeNKM U oOJaropakMBaHMs MEIUTIONO3bl I XUMHYECKON
nepepabotku u Oymaru. Haubosiee TEXHOJIOTMYHOM M DKOJOTMYHOW CUUTAETCS
MOCJEIHAS] TEXHOJIOTHsS, B OCHOBY KOTOPOM 3aJI0KEH OpUTHHAIBHBIA CIOCO0
JEMUTHADUKAIIUY TEIUTIONI03bI — TMEPOKCUTHO-IIETIOYHOM, OIMyOIMKOBAaHHBIA B KHUTE
«TexHonorus HeuToa03bl. DKOJOTHYECKU YUCTOE MPOU3BOICTBO» aBTopaMH [1omoToB
A.A., Tlen P3., beBuiee A.B. B kHure onucaHbl TEOpUsS U TEXHOJIOTHUA
nenurHuukanuu  IpeBEeCUHbl, a Ha Kadenpe O5TOT CHoco0d HCMHOIb30BaH TMpHU
pa3paboTKe cxeM OTOEIKY M 00JIaropakuBaHUU CYJIb(DUTHON U Cyb(PaTHON IEIUTION03
Pa3IMYHOTO HA3HAUEHUS — Ui TPOU3BOJACTBA OyMmMarm © JJiI XUMHYECKOU
nepepadoTKU.  YCIENTHO HWCIOJIb30BaH ATOT BAapUAHT MPHU OTOENKE CyIb(PUTHONU H
Cynb(}aTHON LEJTION03bI I OyMaru U CyJb(UTHON IEJUIIOI03bI I XUMHUUECKOM
nepepadOTKU — JIJIs HATPOBAHUSI U TTOTYYEHUSI BUCKO3HOM LEITIONO3BbI.

B pa3paGoTaHHOI TEXHONOTMH AJI AETUTHU(PUKALMK UCIOIb30BaH MEPOKCUT
BOJOpPO/a B KHCJIOW Ccpele ¢ TMOCIeayIolmel IIeJouHol o0paboTkol, a yis
MPOJOJKEHUS NETUTHU(PUKALMA U OTOEJIKM HCIONb30BaH XJIOPUT HATPHsI BMECTO
HIMPOKO IPUMEHSEMOTO Ha MPAKTUKE JUOKCcH A XJiopa. Ha 3Tol TexHOoMoruu 0CHOBaHa
nuccepranuonnas padora Cunsiea K.A. mo oTOenke 1euTioao3sl s TPOU3BOACTBA
Oymaru (Hay4HbIl pykoBoauTenb Xakumona @.X.).

B mpencraBnsemoit Ha 3amuTe paboTe YyKa3aHHBIM BapHaHT TEXHOJIOTHU
OTOENKM HCIIONIb30BaH TMpH pa3paboTKe CXeM OTOeTKM U OoONaropakuBaHus
CYTb(UTHOM HEIUTIONO03bI JJIS TOTYYSHHS PACTBOPUMOM IEIITIONI03bI, B YACTHOCTH JIJISI

HUTPOBAHUS U IOIYICHUSI BUCKO3EIL.
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B nuteparype ectb uHpopMaius 0 TOM, 4TO BOIIPOCAMU COBEPIICHCTBOBAHUS
0TOEJIKH IEJUTIONI03bI B CBOMX paboTax 3aHuManuchk Koneiikun J[.B., AkcénoB A.A.

Heab u 3agaun ucciaenoBanus. Leab — pa3padoTka HayyHO-000CHOBAHHBIX
nepcnekTuBHbIX 3Konornuecku OezomacHbix ECF- m TCF-texHonoruit or0enku u
oOnaropa)kuBaHusi JAPEBECHOW €JIOBOM IIEJUTIONIO3bl PA3IMYHOM CTENEHW IpoBapa C
MOJTyYEHHUEM LIeIJUTION03bI ISl XUMUYECKON NepepadoTKH.

B cooTBeTCTBUUM C 1I€NIbIO TUCCEPTAMOHHON PabOThl pelIaIncCh CIEAYIOIINe
3aJa4m:

— HCCIEIOBAaHUE BO3MOXKHOCTH U LEJIECO00pa3HOCTH JeNUTrHUGUKALUU U
OTOENKH JPEBECHOW CyIb()PUTHON NEIUTION03bl Pa3IMYHON CTENEeHU TMpoBapa C
MOJIyYEHHEM PAaCTBOPUMOM LIEIUTHOJIO3bI;

— pa3paboTka cxeMm OTOenkd U oOnaropa’kMBaHus CyAb(OUTHOW XBOWHOMU
LEJUTIONIO3b] [TyOOKOW CTENEeHW MpoBapa M OMNPEAEICHHE ONTHUMAIbHBIX YCIOBHM
00pabOTKHN Ha Ka)KIOW CTYIEHU C MOITYYEHHEM PAaCTBOPUMON LEIITIONO3bI;

— BIIEPBBIE HUCCIIEJOBaHUS BO3MOXKHOCTH WU I1€JIeCOO0OPa3HOCTH OTOENKH U
oOnaropakxuBaHusi OUCYIb(PUTHON (OKECTKOI» LEJUIIOI03bl, HCIOJIB3YEMOH B
HACTOsIIIee BpeMs B IPOU3BOJICTBE OyMaruy;

— pa3paboTka cxeM OTOEeNKM U OOJaropakuBaHUs OUCYIb(PUTHON XBOWHOM
L[EJUTFOJIO3b]  TIOBBIIIEHHOIO BBIXOJA C BBICOKOM MAacCOBOM [JOJIEl JIMTHMHA C
MOJyYEHUEM LEJUTION03bl ISl XUMUYECKOW mepepadOTKH; MPU 3TOM ONTHUMM3AIIMS
yC0BUM 00pabOTKH Ha BCEX CTYMEHSIX OTOSTKU IEJUTIONO3bI;

—  YCTaHOBJIEHME 3aKOHOMEpPHOCTEH HU3MEHEHUS  (PU3UKO-XUMUYECKUX,
CTPYKTYPHBIX U MOP(POJOTUYECKUX CBOMCTB BOJIOKOH II€JUTIONIO3bI B MPOIIECCE OTOEIKH
U 00JaropaXuBaHUsl W BIUAHMS ITHUX XapaKTEPUCTHK Ha IOKa3aTelld KayecTBa
MOJTy4EeHHOU OeIeHOM 0071aropoKeHHON LEIITI0I03bI;

— pa3paboTKa cXeMbl OTOEJIKM U 00Jaropa’kMBaHusi MPOMBIIIIIEHHON XBOWHON
CyTb()UTHOM IICJUTIOJIO3BI C BBICOKOM MAacCOBOM JOJieH JUTHHHA OTE€YCCTBEHHBIMHU
peareHTaMu C MOJIy4eHHUEM LEJUTION03bI AJIs1 XUMUYECKOU nepepaboTKy;

— OLIEHKA TEXHUKO-9KOHOMHMUYECKHX M HKOJIOTMUECKUX XapaKTEPUCTUK OTOENIKU
1 00JaropakuBaHus CyJIb(PUTHON M OUCYTb(PUTHON LEIUTIONIO3bI M0 pa3paboTaHHBIM
CXE€MaM C MOJIyYEHHEM PaCTBOPUMOM LIEIUTHOJIO3bIL;

— TIONyYEHUE OMBITHBIX MapTUi Oen€HOM W 00JAarOpOKEHHOW CYIh(UTHOM
IPEBECHOM €JI0BOM LEJUIIONIO3bl C IOKA3aTelsiMA KayecTBa, YIOBJIETBOPSIOLIMMHU
TpeOOBaHMAM MO LeToa03e A HuTpoBanus U HopMaMm ['OCT 5982 no BHUCKO3HOM
LEJUTION03E.

Hay4yHast HOBU3HA.

1. PazpaboTranbl 9Kkon02uuHbIe CXEMBI OTOCIIKH U 00JIaropakuBaHUs IPEBECHON
CYIb(PUTHON «MATKOM» M <GKECTKON» LEIJUTIONIO3bl JJIA TMOJIYYEHHUS PacTBOPUMOM
LEJUTIONIO3bI — BUCKO3HOM W IS HUTPOBAHUS — C IPUMEHEHUEM [IJIs1 OTOEIKU BCETro
ABYX OTOEIMBAIOIIMX OKHCIUTEIbHBIX PEareéHTOB — MEPOKCHAA BOJOPOJA U XJIOPHUTA
HaTpHsl.

2. U3 «MArkoi» JpeBECHOM LEJUTIONI03bl, TPAJAMLMOHHO NPHUMEHSEMON B
MIPOM3BOICTBE PACTBOPUMOI LIEIUTION03bI, TI0 pa3dpadoTranHbiM TCF-cxemam momyueHsl
OenéHple U 00JIaropoKEHHbIE BUbI PACTBOPUMOM ILIEIIIONIO3bI — BUCKO3HASA U IS
HUTPOBAHUS.



3. BnepBble moka3zaHa BO3MOXXHOCTb M II€JIeCOOOPA3HOCTh MOMYYEHHUS U3
JIPEBECHOM <«OKECTKOW» OUCYIb(MUTHOM IIEJUTIONIO3bI ¢ BBICOKOM MAacCOBOM Jojei
JUTHUHA (MCHOJB3YeMOM TPATUIIMOHHO IJisi MOJy4YeHUs: Oymarv) pacTBOPUMOI
LEJUTI0NI03bI (BUCKO3HOM W IS HUTPOBaHUS ), MO pa3paboTaHHON HaMU OeCXJIOpHOU
TEXHOJIOTUHU OTOEJIKHU U 00JIaropaskMuBaHus. DTO MO3BOJIUT PAIMOHAILHO UCIIOIb30BaTh
JIPEBECHOE CBhIPhE MYTEM TMONYYEHUST M3 JIPEBECHHbl HEOENEHOM IEeIUTI0NI03bI
MOBBIIIEHHOTO BBIXOJAa U JlajJie€ U3 ATOW IEJUTI0N03bl — OeNEHOW U 00JIarOpOKEHHOM
LEJUTIONO03bl  TAaKXKE ITOBBIIIEHHOIO BBIXOJA. Takoro BapuaHTa MOBBILICHUS
3(pGEeKTUBHOCTH UCMOJIB30BaHUS JPEBECHOTO Chiphsi B mpaktuke LIBII He
HaOJII0JaeTCsl.

4. B pa3paboTaHHBIX cXeMaX OTOENIKH IPUHAT HEOOBIYHBIN, HE UCTIOIB3yEMBIil B
MIPOMBIIVIEHHON MPaKTUKE, CIOCO0 AENUTHU(UKAIMU LEUTION03bl — MEPOKCHIIOM
BOJIOPOJIa B KUCJION cpejie. BhIABIEHBI OCHOBHBIE 3aKOHOMEPHOCTH JACIUTHU(PUKAITUU
LEJUTIONO03bl Pa3IMYHOM CTENEHU MpoBapa MO MPHUHATOMY CIIOCO0Y € MOCIeAyIoulei
ieJIouHoN o0paboTkoil. B Hamiem ciiydae oTOenuBaromuii pacTBOp, COAEPIKAIIHUIA
IIEPOKCHU]] BOAOPOJIA, KaTaInu3aTop — Moaubaar-uousl MoOs? U cepHyIO KUCIOTY (1J1st
perynmupoBanuss pH cpenbl), SBISETCS WHTEHCHUBHBIM OKHCIIMTENIEM JINTHUHA
BCJIEJICTBUE TOTO, YTO MpOsiBiIAeTCA 3P(PEKT CUHEPru3Ma B KaTaIUTUYECKOW CUCTEME
«MONUOIaT HATpUsl — CEepHasi KUCIOTa», T.K. CepHasl KUCJIOTa MPOSBISET BBICOKYIO
KaTaJIUTUYECKYyI0 AaKTUBHOCTh B OTHOLIEGHUU JEIUTHU(PUKALIMM U TPU 3TOM
CTaOWIU3UPYET TMEPOKCHAHBIA  pacTBOp. IDTO  moBbimaeT  3h(HEKTUBHOCTh
JNENUTHA(PUKAIUY  TEJUTI0JI030COAEPHKAIIETO ChIpbsi M MOBBIIIAET YCTONYHMBOCTD
YITIEBOAHBIX KOMIIOHEHTOB LIEJUTIOJIO3bI K OKHCIWTEIBHOW JIECTPYKLIUU IpU
nanbHeHmmx otdenke u obOnaropaxxuBanuu. Hamm ucciieqoBanusi MOATBEPAUIN 3TO
TMOJIO’KEHUE B MOJIHOW MEpeE.

5. YcTaHOBIEHBI 3aKOHOMEPHOCTH U3MEHEHUS (PU3UKO-XUMHUECKUX, CTPYKTYP-
HBIX U MOP(}OTOTHIECKUX CBOMCTB OUCYIB(MUTHOM IEIUTIONI03bI B MIPOIIECCE OTOCIKHU U
oONaropa)kviBaHusi W BIMSHHE 3THUX XapaKTEpUCTHUK Ha TIOKa3aTeld KayecTBa
MOJYYEHHOM LIEJUTFOJIO3BI.

Teopernueckasi M NpakTHYeCKasi 3HAYUMOCTb. (OCHOBHBIE CBIPHEBBIE
VMCTOYHUKH MPU MOJYUYEHUH LEUTIONO03bI 17151 XIT — XJI0MKOBbIE U JPEBECHBIE BOJIOKHA.
[lo XxuMuYeckoMy COCTaBy OHHU pPA3IMYalOTCS U C 3TUM CBsA3aHa Oosee mpocTas
TEXHOJIOTUS TOJIyY€HHs XJIONKOBOM 1eimono3bl. [lo  ¢u3nko-mexaHnuecKum
CBOMCTBAM XJIOMKOBBIE BOJIOKHA CYIIECTBEHHO IPEBOCXOIAT ApeBecHbIE. OQHAKO
XJIOMOK — MaTepHall IOPOTrOCTOSIIINM, UMIOPTHBINA U AeUUMTHBIN. J{J1s1 Hatel cTpaHsbl
BEChMA AaKTyaJIbHO M IPAKTUYECKH 3HAYUMO HCIIOJIb30BAHUE [JISl TOITYYEHHUS
LEJUTION03bl  APEBECHOTO ChIPbA. B MpakTHUKE LEIUTIONI0O3HOTO IMPOU3BOACTBA IIPU
MOJIyYEHUH JpeBecHOM nemmono3sl s XII B KaduecTBE ChIpbS HMCHOJIB3YETCS
«MSITKas» Cylb(QUTHAs LEJIJTI0I03a C HEBBICOKUM COJIEPKaHUEM JIMTHUHA, OCTATOYHOTO
nociie Bapku napeBecuHbl. B Hacrosmee Bpems LIBII B skoHOMHMuYECKMX wLENsIX
BBIIYCKAeT IIaBHBIM 00pa30M LEJII0I03Y BRICOKOTO BhIXOZA, MHOTIAa OMCYIb(UTHYIO,
C BBICOKMM COJIEpPKaHMEM OCTAaTOYHOI'O JIMTHUHA, T.€. <KECTKYIO», KOTOpas
UCIIONIb3yeTCs TONBKO B MPOM3BOJACTBE Oymaru. [IpumeHeHHne Takoil <«OKECTKON»
LEJUTION03bI B NPOU3BOJACTBE PACTBOPUMOM 1eurono3sl B npaktuke L[BII moka He

Ha6moz[an0013; B I[aHHOﬁ pa60Te TaKasd [ICJUIK0JI03a UCITOJIb30BaHa C LCJIbIO IMOJTYUYCHUA
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LEJUTI0I03bl BUCKO3HOW U isi HUTpoBaHUs. COOTBETCTBEHHO, JJISI PEIICHUS] TaKou
3alayd  HeoOXoAuMa TEXHOJIOTHs C BecbhbMa J(G(EKTUBHON U  CEJIEKTHUBHOM,
DKOHOMHUYHOM M OKOJIOTHYHOM naenurHudukanuvein u orbOenkoil 1memnonossl. Ha
kadenpe TLBII paspaborana Takas TexHonorus. C menbio 3PPEKTUBHOTO U
CEJICKTUBHOTO Y/IaJICHUSI U3 TEXHUYECKOH LEIUTI0I03bI OOJBIIIOT0 KOJIMYECTBA JTUTHUHA
C COXpaHEHHMEM YIJIEBOJHOM YacTH LEJUTIOJIO3bl MpH pa3pabOTKE TEXHOJOTHH
UCIIOJIb30BaHA JCIUTHU(MUKAIMS TEPOKCUIOM BOJOpPOAAa B KHUCIOW Cpele C
nocienyromiel menounoir oopaborkoit (IIk-11[) Bmecto Ttpagumumonnoro KIIIO.
[Iponecc KaranMTUYECKUI, HMCIOJIB30BAHHBIM KaTalu3aTop — MOJUOAAT HaTpUs.
Kucnas cpema co3maHa CcepHOM KHCIOTOM, KOTOpas MPOSBISIET  BBICOKYIO
KaTaJTUTUYCCKYI0 AaKTUBHOCTh B OTHOIICHWH JCTUTHU(PUKAIMK ¥ TIPA ITOM
CTaOUIU3UPYET TEPOKCUIHBIA PacTBOP, BCJIEACTBUE YETO YMEHBIIAIOTCS MOTEpPHU
MEPOKCHJIa BOJOpOAA HA TMOOOYHYIO pEaKIMIO pasziokeHus. TakuMm o00pa3om,
MIPOSIBIIACTCS] CUHEPTUYECKUM 2PPEKT B KATAIUTUUECKON CUCTEME «MOJIMOIAT HATPHUSI
— cepHas Kuciaotay. s npoaomKeHust AeMrHu(DUKAIIMT U OTOEITKH TaKOU «GKECTKOM»
1eJUTI0103b1 HaMu Obuta mpuHsaTa cxema Ik-111-/1;-1'O-/,-K. Onnako auokcun xjiopa
pEeareHT B3pBIBO-, MTOXKAPOOIACHBIN U HeTpaHcnopTabenbHbIi. C 1eNbl0 yCTpaHEeHUS
ATUX HEJIOCTATKOB BMECTO IIUPOKO MPUMEHSIEMOTO JUOKCH/IA XJIOpa HAMH MPUHST HE
UCIIOJIb3YEMbIl B HACTOSIIEE BpPEMsI XJIOPUT HATPHs, OTOCIMBAIONIMM areHTOM
kotoporo takxke sapisgercs ClO,. Takum oOpa3zom, 6a3oBasi TEXHOJIOTMUYECKAsT cXxema
npunsiia cienytouuii Bug [k-111-X1,-['O-X1,-K. PazpaboTanHas cxema He cBs3aHa cO
CJIOKHBIM anmapaTypHbIM O(GOpMIICHHEM, paOOTaIOIIUM TOJ JAaBICHUEM, KaK MpHU
KIIO; OecxnopHast (0e3 MCHOIB30BaHUS DJIEMEHTHOTO XJIOpa), C MCIOJb30BAHHEM
0€30MacHOro TPaHCIOPTAOEIBHOIO U JIETKO PAaCTBOPUMOTO B BOJIC XJIOPUTA HaATpPHS.
OTa TEXHOJOrus CHOCOOCTBYET NOBBIMIEHUIO 3(PQGEKTUBHOCTH HCHOIb30BaHUSA
JIPEBECHOTO CBHIPhSl MYTEM MOJYYEHUST PACTBOPUMOM IIEJUIIONO3bI MOBBIIIEHHOTO
BBIXO/IA.

[IpuBenéHHas cxema SBISETCS HKOJOTUYECKH O€301acHOM, SKOHOMHYECKHU
11eJ1ecoo00pa3Hoil 1 MOXKET ObITh BHEAPEHA Ha JIFOOOM JIEMCTBYIOIIEM IIEJUTIOJIO3HO-
OyMa)XHOM TPENNnpusiTid 0e3 3HAYMTENbHBIX KalmuTalbHBIX 3aTpar. B ciydae
BHEJIPCHUSI  MpEHJIaracMOil  TEXHOJIOTHH Ha  CYJIb(UTIEIUTIONO3HOM  3aBOJC
MCKITFOYAETCs HEOOXOJUMOCTh B W3MEHEHHH IJIaBHOM CTaauu MPOIecCa — BapKH
JPEBECUHBI C MOTYYCHUEM HEOCICHOH IEIUTIONO03HI.

Peanuzanus npeaiaraeMbIX TEXHOJIOTHNA, HECOMHEHHO, Oy/lIeT clOCOOCTBOBATh
JIBOMHOMY HMIIOPTO3aMEILICHHUIO: 10 Cbipbl0 — 3aME€HA UMIIOPTHOTO XJIOMKAa OTeue-
CTBEHHBIM JICHIEBBIM BO30OHOBJISIEMBIM CBHIPbEM — JIPEBECUHOMN; nO NpooyKyuu — B
HacTosIIIee BpeMs pacTBOpuMas 1ieutrono3a B Poccun ummnoprtHast.

st AO «l'03Hak» Obli1a pazpaboTaHa TEXHOJIOTUS OTYyYEHHUS CYIb(PUTHOM BUC-
KO3HOW IIEJUTIOJIO3BI U3 TIONYOCNIEHON IPEBECHOM <« KECTKOM» 1eutono3bl. OleHka
paboThI ipennpusiTueM: «Pe3ynbraTel, MOTy4deHHBIE IO UTOTaM BBITIOJIHEHUS pa0OTHI,
YCHENTHO TMPOIUTH SKCIIEPTHYIO BepU(PHUKAINIO U HANLIN 0€3yCIOBHOE MPAKTUIECKOE
MIPUMEHEHUE B paMKaXx MEePCIEeKTUBHON JieaTeNbHOCTH AO «l 03HAK»».

Ha AO «Typunckuii 1Ib3» mnpoBeaena ombiTHas BbIpaboTKa Oen€HON U
007aropo’)keHHON  CyNb(PUTHONW TEJUTIONO3bI  JUIsl  HUTPOBAHUS, KOTOpas IIO



KaueCTBEHHBIM I10Ka3aTeJsIM COOTBETCTBYET Cyab(puTHOM memmonoze LA mapku I1
(11 HUTPOBaHUA).

MeTtonoJiorust 1 MeToAbI MCCIeN0BaHuA. {115 penieHus NOCTaBICHHBIX 3a1a4
B XOJI€ MCCIIEIOBAaHUIN IPUMEHSJICSI CUCTEMHBIN MOXO0/I, OXBAaTHIBAIOIINI (HhU3HUECKOE
U MAaTeMaTHYE€CKOE MOJEIMPOBAHHUE, CTAHIAPTHBIE W OPUTHMHAJIBHBIE METOIUKH
aHaJIM3a, UCTI0JIb3yEeMbIE B UCCIIEIOBATENILCKOM MPAKTUKE 110 IEJUTI0I03HO-0yMasKHOMY
IPOU3BOACTBY, C IPUMEHEHUEM COBPEMEHHBIX H3MEPUTEIBHBIX CpPEICTB H
BBIYUCITUTEILHON TEXHUKH.

IToJ10:KeHNs1, BHIHOCUMbIE HA 3A1IMUTY:

— o00ocHOBaHME OTOENKM W OOJaropakuBaHHUS JIPEBECHOW LIEJUTIONIO3BI
pPa3IMYHON CTENEHU MpoBapa («MATKOW» - NIYOOKOM CTEIEHH MPOBapa; «GKECTKON» C
BBICOKMM COJICp’)KaHMEM JIMTHUHA) [0 TEXHOJIOTHH, pa3paboTaHHOM Ha kadenpe
THBII, c nosmydeHneM LHEITI0I03bI ISl XUMUYECKON epepaboTKU — BUCKO3HOU U JIJIst
HUTPOBAHMS;

— pa3paboTaHHbIE TEXHOJIOTHUYECKHE CXEMbI OTOECJNKH M OOJIarOpa’kuBaHus U
PEXKUMBI PAOOTHI KKIOW CTYIEHH CXEMbI MOJYYSHUS IEUITIOI03bI BUCKOZHOM U IS
HUTpoBaHus: u3 «MsArkoi» — mo TCF-rexnonorun, n3 «xéctkoi» — mo ECF-
TEXHOJIOTUU;

— pe3yAbTaThl MAaTEMAaTUUECKOTO MOJICITUPOBAHUS U pa3pabOTaHHbIE C IIOMOIIBIO
KOMITBPIOTEPHOTO pacuéTa ONTHUMAaJbHbIE YCJIOBHUSA OOpabOTKM OHCYIb(UTHON
LEJUTIONIO3bI Ha Pa3IMYHBIX CTYNEHSIX OTOETKH U 00JaropakuBaHus;

— 3aKOHOMEPHOCTH M3MEHEHUs (PU3UKO-XUMHUUYECKUX, CTPYKTYPHBIX U MOpPJO-
JIOTUYECKUX CBOWCTB OWUCYIb(OUTHOW LEJUTIOJIO3BI C BBICOKOM MacCOBOM A0jei
JUTHUHA B Mpolecce OTOENKH M OONaropa)kMiBaHus M BIMSHUE UX Ha MOKa3aTeIH
KadecTBa O0e€HON U 00JIarOPOKEHHOU 11EIJLTIONIO03bI;

— DKOJIOTMYECKAas] U IKOHOMHUYECKas OIIEHKAa OTOENKH M 00JaropakuBaHUs
cynbpuUTHOMN 1 OucyabhuTHOM 1esuTton03 1o npemanaraeMbiM ECF- u TCF-cxemawm;

— pa3paboTKa CXeMbl W YCIOBUW TIONyYEHHS JPEBECHOU CyIb(UTHON
L[EJUTFOJIO3bI JIJI1 HUTPOBAHMS C UCIOJIb30BAHNEM TOJIBKO OT€YECTBEHHBIX PEAareHTOB.

CreneHb [0CTOBEPHOCTH MOJYYEHHBIX Ppe3yJbTaTOB Oazupyercss Ha
WCIOJIb30BAHUM  CTAaHJAPTHBIX METOJMK  aHaliu3a; COBPEMEHHBIX  METOJIOB
MCCJIEIOBAaHUN, TPUOOPOB M OOOPYIOBaHUS; XOPOILIEH CXOAMMOCTU TEOPETHUECKHUX
MarepuagoB C  JKCIEPUMEHTAJIbHBIMH, TOJYYEHHBIMH C  HCIOJIb30BAHUEM
pa3pabOTaHHBIX MATEMAaTUYECKUX MOJIETICH.

Pesynbrarel  uccnenoBaHuii  00paOOTaHbl  METOAAMHM  MaTeMaTUYECKOM
CTaTUCTUKH C UCIIOJIh30BaHUEM MTPOTpaMMHOTO nakera Statgraphics.

CoorBercTBHE macnopry cneumagabHocTH. llpencraBnennas pabota
COOTBETCTBYET mnacnopry cneunaibHoctu 4.3.4 — «TexHonmoruu, MalvHLI H
o0opynoBaHuE [JIs JIECHOTO XO3SWCTBAa W MepepaOOTKU ApeBecHHbl» (M. 4 —
TexHonorus u IPOAYKIMS B IIPOU3BOJICTBAX: JIECOXO35ICTBEHHOM,
JI€CO3arOTOBUTENIBHOM, JIECOMMJIBHOM, JepeBooOpaldaThIBaOmIEM, —IIEJITIONIO03HO-
OyMa)KHOM, JIECOXMMHUYECKOM U COITYTCTBYIOIINX UM MPOU3BOJICTBAX).

Anpobanusi padorsl. PesynasraTel HcciaenoBaHUil OOCYXAEHBI M TOTYYHIN
MOJIOKUTENIBHYI0 OLEHKY Ha CIEAYIOMMX MEXIYHApOAHBIX U BCEPOCCHUCKHUX

KOH(pEepeHIMAX: (AKYIBTETCKUII ATanm BBICTABKU-KOHKYpPCAa HCCIIEAOBATEIBCKUX H
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ctynenueckux pabotr B pamkax tematuk CHUJI u CKb (Ilepmsb, HOs0ps 2021 1);
BHYTPHUBY30BCKas cTyneHueckas konpepenuus «lIpuponnsie noaumepsl. TexHomorus
nonydeHus u npuMenenue» (Ilepmb, 18 mas 2022 r1.); Bcepoccuiickas Hay4dHO-
TEXHUYECKass KOHGEpeHIHs (C MEXKIyHapOJHBbIM ydacTheM) «XUMHUSA. DKOJOTHS.
VYpb6anuctuka» (Ilepmb, 17-19 ampens 2024 r); XXV Bcepoccuiickas HaydHO-
TEXHUYECKass KOH(PEpEeHIHs «AIPOKOCMHYECKAash TEXHHUKA, BHICOKUE TEXHOJOTHUHU U
uHHoBanny (Ilepmb, 18-20 HOaAOps 2024 TI.); KOHKYpPC MHHOBAIMOHHBIX MPOCKTOB
«300perarenn Ilepmckoro kpas» B Tpeke «YdeHble» B HoMuHauuu «Tekymias
pa3pabotka» (Ilepmb, anpens 2023 1.); KOHKYpC MPOEKTOB « TeXHONMpPEATPUHUMATEIIN)
(ITepmb, maii 2023 1.). Bee BeicTyIUieHus: oTMeueHbl quriomamu [ u Il crenenu.

IMyonukanum. Pe3ynbrarel ncciaenoBaHuid o TeMe padoThl OMyOJIMKOBAHBI B
8-MU mevaTHbIX padoTax, B TOM ymucie 3 B u3nanusx nepeuns BAK PO, 2 u3 koTopsix
BXOIAT B u3naHus, uurtupyemele B MBL[ Scopus. [lomyden marent Poccuiickon
®deneparuu Ha uzooperenue Ne 2797173.

JInuHblii BKJIAQA aBTOpa 3aKIIOYaeTCs B COOpe M aHaNM3€ JIMTEPATyPHBIX
JAaHHBIX, BbIOOpe 0a30BOM CXeMbl OTOCJNKM IEJUIIONIO3bI UM pa3paboTKe
TEXHOJIOTUYECKUX CXeM OTOeIKM U OO0JIaropa)XMBaHUs IEJUIIONIO3bl  Pa3IMYHOU
CTEIIEHU MpOBapa, MPOBEACHUM HKCIEPUMEHTAIBHBIX HCCIEIOBaHUMN, 00pabOTKe U
0000111eHNN MTOTYYEHHBIX PE3YIbTaTOB, (OPMYIUPOBAHUU BHIBOJIOB.

O0bém wu crTpykTypa padorsl. [luccepranmonHas pa0oTra BKIIOYAECT
CIEIyIOIIME pa3lenbl: BBEACHHE, AHAIUTUYECKUH 0030p, METoauYecKas YacTb,
AKCIIEPUMEHTAJIbHAS YaCTh, OOIIME BHIBObI, CIIMCOK MCIOJIb30BAHHON JTUTEPATyPhl U3
99 nammenoBaHuit. OOmuUt 00BEM AUCCEpTAllMOHHON paboThl — 196 cTpanun, 35
PUCYHKOB, 45 Tabnuil ¥ 7 IpUIIOKEHUH.

Conep:xxanme qucceprauMoOHHON PadoThI

Bo BBeaeHum o00OCHOBaHA AaKTyaJIbHOCTh UCCIEAOBaHUS U TPUBEICHBI
OCHOBHBIE ITOJIOKEHUSI, BBIHOCUMBIEC Ha 3aILUTY.

B mepBom pasjgesnie (aHaJIUTHYECKOM 0030pe) NPOBEACH aHAW3 HAYyYHOUH
JUTEPaTypbl MO TEME HCCIENOBAHUS;, PACCMOTPEHBI MPOLECCHI, MPOTEKAIOIIUE MPU
oTOeNKe W O0JIaropakMBaHUU IIEJUTIONO3bI; COBPEMEHHBIC TEHJCHIIMU B PAa3BUTHUU
TEXHOJIOTUM OTOEIKM TEJUTIONIO3bI; HW3YYEeHBI MPOOJIeMBbl TMpollecca OTOCNKH W
BO3MOXXHBIC TTyTH WX pEIIeHUs; ChOpMyIHpOBaHbI 1I€Tb U 3a7a4u TUCCEPTAMOHHOM
paboTHI.

Bo BTOpOM pasgesne (Meroamyeckass 4YacTb) NPUBEICHA METOAOJIOTHS
MCCJIECIOBaHUS TPOIECCOB OTOEIKM U OOJaropakMBaHUsS LEJUTIONO3bI, a TaKXke
MPEICTABICHbl METOJ/Ibl aHallu3a, HMCMIOJb30BAaHHBIE ISl OIEHKU OCOOEHHOCTEH U
3aKOHOMEPHOCTEW MPOLIECCOB U MOJIYYEHHBIX pe3ylbTaToB. B aucceprauuu, kpome
MoKa3aTesell MO XapaKTEPUCTUKE CTOYHBIX BOJ, MPUBEACHBI TaKXe IOKa3aTeau
CTOYHBIX BOJI ITOCJIe OMOJIOTHYECKON OUUCTKHU, KOTOpas B JIAOOPATOPHBIX YCIOBUSIX HE
npoBoauiach. [loaToMy mokazarenu kauecTBa, XapaKTepU3YIOIIUE CTEIEHb OUUCTKU
CTOYHBIX BOJ Ha CTaJud OWOJIOTHUYECKOW OUYMCTKH, NPHUBEICHBI pacuETHBHIE,
BBITIOJIHEHHBIE TI0 METOJMKAM W peKoMeHmanusMm B paborax HeBommna B.®D. u
[IInakosa @.B.



B TpeTheM pa3aesie (3KCIePUMEHTAIbHAS YaCTh) 000CHOBAHBI HAIIPABJICHHUS
UCCIIEZIOBAaHUN MO MOJIYYEHHUIO JPEBECHOU CyNb(UTHON pacTBOPUMOM LIEIUIIOIO3BI
Pa3IMYHOrO Ha3HAYEHUS — BUCKO3HOM U JUIS1 HUTPOBAHMSI.

Jliia uccnenoBaHUil MCONBb30BAHBI B Ka4eCTBE ChIphs 4 oOpasia cyab(UTHOM
XBOWHOM WEIII0N03bl: 2 o0pasla «MArKOW» LEIUII0N03bl Jab0paTOpHBIX Bapok,
TPaJULIMOHHO UCIOJIb3yeMOI B MPOMU3BOJCTBE PACTBOPUMOI LIEIUIION03bI; 2 o0pa3ua
(OGKECTKOM»  NPOMBIIIIEHHON  LEJUIIONIO3bl, TPAaJAUIMOHHO  HCIIONb3yeMOH B
MIPOU3BOJICTBE OyMarw.

O0ocHOBaHHE HCCIACAOBAHUN MO IOJYYECHUIO JPEBECHON CYJIb(PUTHOH
PACTBOPMMOM LEJUIIJIO3bI PA3JTHYHOI0 HA3HAYCHUS.

PacTBoprMasi 1euTi0i03a OTIMYAETCS BBICOKOM MaccoBoil jgoneit anbda-
LEJUTIONIO3b], XWMHYECKOM YHCTOTOW, OMNpPEAEICHHBIMU 3HAYEHHUSIMU BSA3KOCTH H
HE00XOIUMON PEaKIMOHHON CIOCOOHOCTBIO.

Hannyumum CeIpbE€M IS NOJIyYEHHSI PACTBOPUMOM ILIEJUIIOIO3BI  SIBIISIETCS
XJIONOK M JApeBecrnHa. OIHAKO XJOMNOK — HMIIOPTHPYEMOE JOPOrOCTOSAIIEE H
neuIUTHOE ChIphE. [l Halel cTpaHbl akTyalbHOW M BEChbMa 3HAUMMOM SIBISETCS
pa3paboTKa COBPEMEHHBIX TEXHOJIOTUN MPOU3BOACTBA LIEJUIIOJIO3bI 11 XUMUYECKON
nepepabOTKU M3 JAPEBECHHBl  BMECTO  HUMIIOPTHOTO  JIOPOTOCTOSILEr0 U
TPYAHOJOCTYITHOTO ChIPbsi — XJIOTIKA M BO300HOBJIEeHHE B Poccum mpou3BojacTBa
JPEBECHONM paCTBOPUMOMN LIEIUTFOI03b] PA3IUYHOTO HA3HAYECHUS.

B nmanHOil pabore 0OOCHOBaH BBHIOOP HKOJOTMYHOTO, CEIEKTUBHOTO U
OTHOCHUTEIBLHO HEIOPOro Crocoda NeTUrHu(puKaluy MepoKCUI0M BOIOPOAA B KUCTIOM
cpele C Moclenyrouen IeiouHo oOpaboTkoit. I[Ipoiecc karanu3upyemsbiii, HO
3HauuTeNbHO npoiie, ueMm KO BeneacTsre Toro, 4To MpOBOUTCS MPU aTMOCHEPHOM
JaBJICHUHU.

Pa3paboTtanbl TEXHOJIOTMM OTOENKM U OONaropa’kMBaHus  LEJUTHOJIO3bI,
CHOCOOCTBYIOIIME CHUKEHHUIO CE0ECTOMMOCTH MPOAYKLUHMH M  YMEHbBIIEHUIO
3arpsA3HEHHOCTH OKPYXKAIOIIEH cpenbl. TEXHOJIOIMM pAacCYMTaHbl Ha CEJIEKTHBHOE
yAAJIECHUE JINTHUHA U3 TEXHUYECKON LEJUIIOI03bl C COXPAHEHUEM YIIIEBOAHOW YacCTH,
T.€. CHUKECHHE IOTEPH LIEIITIONO3BI.

Pa3paboransl cxemMbl OTOSTKH M OOJIaropakMBaHUsI «MSATKOH» IEIIIIOI03bI 10
TCF-texHonmornn u <«kECTKOW» wHemwtono3bl no ECF-TexHonorum ¢ mnoirydeHHem
PacTBOPUMOM LIEJUTFOJIO3BI.

Pa3pabaTtpiBaemMble  TEXHOJIOIMM  HalpaBl€Hbl HA  HE3aTPYIHUTEIbHYIO
peanu3alnio Ha JEHCTBYIONIMX MPEANPUATHSIX C HEBHICOKUMH KallUTATOBIOKECHUSIMU
1 HEOOJBITUMU U3MEHEHUSIMU B TEXHOJIOTHH MOTYYEHUS LEIUTIOIO3bI.

IMosyyenue HeGeqéHol cyJb(uTHON Her003bl. [lonyyeHa cynbuTHas
«MSITKas» LEJUTI0NI03a ¢ HU3KOM Maccoil JoJied JIMTHUHA BapKaMu B J1a0OpAaTOPHBIX
YCIOBUSIX C BapOYHON KHUCJIOTOM J1abOpaTOPHOTO MPUTOTOBJICHHS Ha HATPUEBOM
OCHOBaHMHU MO pexumy (rpaduky Bapku), paspaboTaHHOMY Ha Kadeape paHee.
[emrono3a UCMoONb30BaHa JUIsl MOTYYEHUSI PACTBOPUMON LIEJUTFOJIO3bI BUCKO3HOU M
JUTSl HUTPOBAHUSL.

Pa3paborka TexHosioruum u TexHogornyeckux TCF-cxem ot6enkn wun
0o01aropaskMBaHusl  «MATKOI» LEJUIKJIO03bl € TMOJYYeHHEeM pPacTBOPUMOM

LHEJLTHJI03bI. B pabore wucnonb3oBaH HEOOBIUHBIM, HE HCIOIb3YeMbId B
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MPOMBITIUICHHBIX ~MacITabax, Crmocod OKOJOTHMYHONM © BeChMa CEIICKTHBHOM
JNeNUTHA(DUKAIIMY  TEPOKCUAOM BOJOpOJla B KHUCIOH cpeae ¢ o00s3aTenbHOU
MOCJHEAYIOMIEH  MIEJIOYHOMN 00pabOTKOM. Hemuraudukanyss —  mpolecc,
KaTaJdu3upyeMbli C MCIOJNB30BaHUEM JBYX XUMHUKATOB — MoauOjara HaTpus
(xaTanu3zaTopa) U CEpHOM KUCIOTHI s perynupoBanusi pH cpensl. B Takom coctase
XUMHUKATOB TMPOSBIISETCS «CUHEPTUUYECKUI» AP(HEKT COBMECTHOTO KaTaIUTUYECKOTO
BozzeiicTBus «NaMoOy4 1 H>SO4» 1o noBeiennto 3pPeKTuBHOCTH AeTUTHU(DUKAIIUH
U MSTKOTO BO3JIECWCTBHS Ha JIECTPYKLUHUIO YIJIEBOJOB, T.€. MO COXPAHEHUIO BBIXOJa
LEJUTIOJIO3BI.

[Tpu otOenke cynb(hUTHON pacCTBOPUMOI LIETUTIONO3bI 00S3aTEIHLHO MTPOBOAUTCS
ropsiuee menoyHoe obmaaropaxuBanue. [10CKoIbKy 1eUTI003a «MSATKas», B MPOIEcce
UCCJIEIOBaHUN yXe Mociie oOnaropaxuBanus, T.e. Mo Tpéxcrynenyaron 1CF-cxeme
Hk-1]-I'O-K (cxema 1, Ttabmuna 1) modydeHa MeEIUTIO03a, COOTBETCTBYIOIIAS
JPEBECHOM 1eITt0n03¢e 012 Humposanus LJ[A mapxu K.

JanpHeliine UCcCcieI0BaHus TO3BOJIUIN OMYUYHUTh U3 3TOM KE LEIUTIOIO3bI 11IE
PaCTBOPUMYIO BHUCKO3HYIO IEJUIIONIO3y MYTEM J100aBKH MOcie 00Jaropa’kuBaHUs
JIBYXCTyIEHYaTOW OTOeNKU (100enku) AeTUrHU(GUIUPOBAHHOM M 00JIaropo>KeHHOM
[[EJUTIONIO3bI MEPOKCUAOM BOJOPO/a B TPAJUIIUOHHON (11eno4yHon) cpene, T.e. TCF-
cxema OoTOCNKY U obnaropakuBanus crana I x—I[I|[-1'O—I1,—K;—I1,-K, (cxema 2, Ta0i1.
1). Pesynmbrarsl 3TOM cepuu mnonoxkutenbHble. [lonydeHa 6uckosnas pacTBopuUMas
LEJUTI003a, COOTBETCTBYIOIIAS MO Moka3arensiM kadectBa Hopmam ['OCT 5982
«CynsduTHas BUCKO3Has 11eiUTt0n03a [ copray (Tabnuna 1, cxema 2).

Tabnuna 1 — M3MeHneHnue mokazarteseil KadyecTBa «MSTKOW» CYJIb(UTHOM LEJUTIOIO3bI B MPOIECcCe
oTOenku 1 001aropakxuBaHus Mo pa3paboTaHHBIM CXeMaM

Crynenu | Beixon| Cremnenb ITokaszaTenu HeyIroI03bl
oTOenKM | IeIo-| aenurau-| CreneHb MaccoBast 10715 B Jnnamuye- | benus-
70361, | pukanuu, npoBapa nemnonose, % CKas Bs3- Ha, %
% % (>k€CTKOCTb),| JIUT- | O-II€JI- | CMOJ H KOCTb,
1. efl. HUHA |JIFOJIO3bI| JKHUPOB mlla-c
cxema 1 — TCF xopotkas st numposanus ITk—111-T"O-K
Hcxomnas 1en-3a - 45,0 1,40 80,3 1,32 75,0 61,8
Tk-111 97,8 65,3 10,0 0,30 | 84,3 1,15 45,6 —
ITk-111-I'O | 83,5 80,0 8,0 0,28 | 94,8 0,33 50,8 73,9
cxema 2 — TCF nonnas mis suckosnou yeanonozwl IHk—11-T"O—T11—Ki1—T1>-K>
[k-111-T'O
*-I11-K1- 79,6 96,4 2,0 0,03 | 94,0 0,13 22,6 91,6
-IT>-K>

HopMbl 10 1peBecHON HEITI0J103€ 111 HUTPOBAHUS
— — <04|>920]| <0,60 30-55 —
Hopw™sl 1151 BUCKO3HOM cynbduTHON nemnronossl ['OCT 5982
TTepBEIii copT | — — [>920] <030 [ 24+25 [ >90,0
[Tpumeuanne: *[k-II-I'0 — nemuramdukamus uemmonosbr; [11-Ki-I1>-Ko — otbenka (mobemnka)
LEJITIOJIO3BI

Jlaiee, €CTECTBEHHO, BO3HMKIIO KEJAHHE TOJYYUTh AHAJOTUYHBIE BHJIbBI
PacTBOPUMOM LEIUTIOJIO3bI U3 LEJUTIOJIO3bI C MOBBIIIEHHOW MAaCCOBOW JIOJIEN JIUTHUHA
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(2,3 %), 1.e. u3 cpennexécrkor nemwnono3bl (75 n. en.). IHomyunnu ECF-cxemy
OTOEJKY U 00JaropaXMBaHuUsl LEJUTI0N03bI st HUTpoBauus [Ik-11[-X1-1' O-K u cxemy
C XJIOPCOECPKAIIMMH peareHTaMu JIJIsl TOMy4YeHUs BUCKO3HOM 1eItono3bl I1xk-11]-X1-
I'O-I-K.

Pa3paborka TeXHOJIOTMH TOJYy4YeHHSs PACTBOPHUMOM EJJIIOI03bI U3
«KECTKOID> WEJLII0JI03bl ¢ BBICOKOW MACCOBOM J0Jieii JIMTHUHA, TPAJAUMIHOHHO
HCI0JIb3YyeMOoii B IpOU3BOACTBe OyMaru. B HacTosiiee Bpems B CTpaHe LEUTI0I03HO-
OyMa)KHBIC PEAIPHUSITHS B IIEJISIX SKOHOMHH APEBECHOTO CHIPHS MOTYYArOT IEUTIONIO3Y
HETTyOOKOW CTETeHH MpoBapa («KECTKYIO») C JOBOJBLHO BBICOKOW MAacCOBOW JIOJICH
JUTHUHA (OCTABIIETOCA MOCJIE BapKH), IPEIHA3HAYCHHYIO JUIsl TOJIy4eHUs: OyMaru.

Jlns uccnenoBaHuii UCIOIB30BaHA «KECTKas» 1eutoiao3a Conukamckoro 1{BK
— 130 n. exn. u ¢ MaccoBoil nonerd aurHuHa ~ 6 %. B MUpOBOM mpakTHKE Takas
1[EJUTI0103a B POU3BOJICTBE PACTBOPUMOI 1IEILTI0I03bI HE puMeHsieTcs. [Toatomy aist
JAeMUrHuuKanuu HaM TOHAAO0OWICS HOBBIA A((EKTUBHBIN SKOJIOTHYHBINA CIOCO0
nenmuraudukamuu  (Ik-111), paspabotanubiii i AeTUrHUGUKAIMN  JPEBECHUHBI
npodeccopom Cubl'Y um. Pemernena Ilenom P.3. B ormume ot apyrux crmoco0oB
JNeNUTHA(DUKAIMKM 3TOT CMOCOO0 BechMa CEJIEKTUBEH, MSTKO BO3JEHCTBYeT Ha
YIJIEBOJHYIO YacTh JPEBECUHBI, TOITOMY CBSI3aH C HU3KHUMH MOTEPSIMU IIEJUIFOJIO3BI.
Henurauduranus «KECTKOW» LEUTI0NIO3b IO TAKOMY CIIOCO0Y JaET MOJMIOKUTEIbHBIC
PE3yABTAThl U MPHU MPUHATHIX HAMU YCIOBUAX 0OpPaOOTKH CTENEHb JEIUTHUDUKAIIUN
nocturaet ~ 50 % npu o4eHb HE3HAYUTENBHOM BO3ACHCTBUM HA YITIEBOAHYIO YACTh.
Panee Hamu »5TOT cnoco® aenurHudUKanuMu ObUT UCMOJIB30BAaH TMPHU  OTOEIKE
Cynb(haTHON LEJLTI0I03bI 1JIsl MPOU3BOICTBA OyMaru.

[Tockonbky HeOen€éHas 1eJUToNio3a Oblla <GKECTKOM» C BBICOKOM MaccoBOM
JI0JIeH JIMTHUHA, UCCIICAOBAHUS 10 OTOEJIKE MOTPEOOBAIM CYIIECTBEHHBIX U3MEHEHUM
B CXE€M€ M YCINOBUSIX OTOenku. [ nanpHeumied aenurHuuKaiuu U OTOCNIKU
(m006eNKM) TakoW IEJTION03bI BMECTO MIUPOKO MPUMEHSIEMOTO B MUPOBOW MPAKTHUKE
JMOKCHJIa XJIOpa B Ka4eCTBE OCHOBHOTO OTOEJIMBAIOIIETO PEareHTa HMCIOJIb30BAIN
XJIOPDUT HaTpus, OTOENMBAIOIIMM areHToM Kortoporo Ttakxke sBisierca ClO..
Texnomoruueckasi cxema OTOEIKHU U 00Jaropa)KuBaHUs EJUTIONIO3bI JIJIsT HUTPOBAHUS
npunsia Bua [k-1]-Xt,-1'O-X1,-K (cxema 3).

OTtbernka Mo TakoW cxeme C MOyYeHUEM PaCTBOPUMOM TEIUTIONO03bI (8UCKO3HOU
U 0151 HUMPOBAHUsL) €CTECTBEHHO TPpeOyeT ONTUMHU3AINH YCIOBUH 00paOOTKH Ha BCEX
CTymneHsX OoTOenku. [l STUX 1elied NPUMEHUIHM KOMITbIOTEPHBIE TEXHOJOTHH
COBMECTHO C HA/IC)KHBIM MaTeMaTHYECKUM armapaToM.

Jlns onTUMU3aMKM YCIOBHM OTOENKHM COCTaBJeHBbI IIaHbl bokca mo Bcem
OCHOBHBIM cTyneHsM o0paboTku: 1k, X1, u XT,. bpuin nocraBiaeHbl SKCIEPUMEHTHI
M0 BCEM YKAa3aHHBIM CTYINEHAM O0OpabOTKu misi TpPEX MEepeMEHHbIX (AKTOPOB B
COOTBETCTBHH C I1aHOM bokca. YcnoBust 00paboTku 1esmitono3sl Ha crynensax L u 'O
OBLITM TIOCTOSTHHBIMH.

[TocTtaBnensl Tpu Tpex(PakTOPHBIX OSKcHepuMeHTa (Mo T1IaHy bokca).
[Tepemennbie (HaKTOPBI: Pacxoj OCHOBHOTO OTOEIMBAOIIETO peareHTa — MEPOKCUIa
BOJOpOJa wiM  Xxjoputa Harpus (Xi), Temmeparypa mpouecca (X)) H
MPOAOJKUTENBHOCTH 00padOoTKH (X3). BrIXOaHbIE mapamMeTpsI:
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- Ha ctynenu [lk: creneHb mpoBapa (yi), BbIXOJA LEJUTIONO3bI (Y2); AaHHBIE
nokasarenu onpenensiu nocie crynen 11, T.e. mocie o6padorku o cxeme Ik-111;

- Ha CTyNEHU XT;: CTeTeHb npoBapa (Y1), BEIX0 (y2) U OeJIM3Ha [EIUTION036I (Y3);

- Ha CTYINIEHHU XT>: BA3KOCTH (Y1), BBIXOJ (Y2) LIEILTIOIO3HI.

[IpoBenena 00pabOTKa PE3yabTATOB peaAIU3aAIUN IKCTIEPUMEHTOB, BBITIOIHEH UX
cTaTUCTHYeCKUi aHanu3. [locTpoeHbl MareMaTrudecKhe MO, OTpaXKalollue
3aBUCUMOCTh M3MEHEHUN BBIXOJHBIX MapaMeTpPOB OT BapbuUpyeMbix (axtopoB. Ha
OCHOBE TMIOJIYYCHHBIX MOJI€JICl BBIUMCIICHBI ONTHUMAJbHBIE PEXUMBI 00pabOTKU
nesutono3sl Ha ctyneHsx [k, X1, u X1, B pabote mcnonp3oBaics mporpaMMHBIMA
MaKeT CTaTUCTUYECKOro aHanu3a Statgraphics 5.0.

Ha pucynke 1 mpeacraBnensl kapTbl [lapeTo s BBIXOJHBIX MapaMETPOB
SKCIEpUMEHTa Ha cTymeHu [Ik, KOTOpble TO3BOMWIM ONPEIACIUTh 3HAYUMOCTD
K03((ULUEHTOB YPAaBHEHHUI perpeccuu (MaTeMaTHUYeCKUX MOJEIIEH).

Xi [ X1 m-
X B X3 =
Xi1X3 X2
X3 X2Xo
X3X3 XiX3
X:X;3 A XoXs ([} b
XaXall XXz ([l
XiXall XiXi|]
X1 Xa| | XsXs (|
0 4 0 8 W0 120 0 wooow N o5
CrangaptuzupoBaHHbIi 3 dexT CrangapTuznpoBaHHbIi 2D dexT

A — crenens nipoBapa; b — BEIX0A LIETUTIONO3BI
Pucynok 1 — CrannaprusupoBannblie kapThl [lapero nis nokasareneit (ctynens I1k)

Bce oddexts, mnepecekaromme TpaHUIy CTAaTHCTHYECKOW 3HAYUMOCTH,
MIPUHUMAIOTCS KaK 3HAYUMBIE.

[TocTpoensl Takxke TpaduKyd AMATHOCTUKH OTKIOHEHHUS OIIMOOK MPOTHO3a
3HAYEHUH BBIXOJHBIX MApaMETPOB OT HOPMAIBHOTO pachpeneneHus (B AUCCEPTALINHN).

VYpaBHEHHs perpeccun, OMUCHIBAIONINE XOJ MPOIecca MEePOKCHTHO-TIETOYHOM
JeNUrHApUKauu:
Crenens poapa: y;=100,5-7,3'%;-1,7'X,-1,5'X3-1,75'X, X3+1,25:X,X3+1,6-x5;
BEIXO0J1 IEIUTIONO3HI: ¥,=95,2-0,31-x;-0,19-X,-0,19-X3-0,1125x;x3+0,31-X2.

3nech W Jnanee B yPaBHEHUSX PETPECCHHM HCTOIB3YIOTCS KOJIUPOBAHHBIC
3HAUYCHUS TIEPEeMEHHBIX. PaccumTaHbl Takke COOTBETCTBYIOIIHE KOI(PPHUIIUEHTHI
nerepmunanuu (R?). Bennumna ux coorBeTcTBeHHO: Ri%= 99,89 %, R,%=96,68 %.
bnuzocte paccuntanHHbIX KO3 duIMeHTOB nerepMmuHaiuu Kk 100 % roBopuT o
XOPOIITUX MPOTHOCTUYECKUX CBOWCTBAX MOJYYCHHBIX MOJCIICH TpoIiecca.
AHaJIOTUYHO MMOTYYEHBI MaTEMaTHIECCKHUE MOJICTH MPOIECCOB Ha CTYMEHIX XT| U XT.
Kapter [lapero u rpadvku THArHOCTUKYM OTKJIOHEHUS OMIMOOK 3HAYEHWN BBIXOIHBIX
napamMeTpoB OT HOPMAJIBHOTO pacipeeIeHUs] TPUBEICHbBI B AUCCEPTALIUH.

Maremarrueckue MOJEIN TMO3BOJWIM ONTUMU3UPOBATH YCIOBUS 0O0pabOTKHU
eJUTION03bI Ha ctyneHsx [k, X, u X, (Tabmurna 2).

[To cxeme (3, tabmuma 3) — IIk-II-XT,-'O-XT1,-K mpoBenens ordenka u
oOnaropaKMBaHue IEIUTIONO03bI MPU ONTUMAIBHBIX YCIOBHSIX C OTOOpOM 0OpasiioB
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Mociie KaXJ0H CTyNneHU. BBIMONHEHBl aHAINW3bl, KOTOPbIE MO3BOJUIU MPOCIEIUTh
XapakTep U3MEHEHUH, TPOUCXOIAIINX C IEJUTIOI0301 B IIPOIIECCEe OTOSTKH.

ITo Takoil KOPOTKOM CXeMe MoJaydeHa JPEeBECHAas LEJUII0I03a [ HAITPOBAHUS B
COOTBETCTBHMH C HOpMaMH Jis 11esu1to103bl [{A mapku I1 (cxema 3, Tabnuna 3).

OpHako cTosjia 3ajiada M3 ATOM «OKECTKOW» IIEJUIIONIO3bI ¢ BBICOKOM MacCOBOH
JIOJIEH JIMTHUHA MOJYYUTh Takke BUCKO3HYIO 1euttono3y o 'OCT 5982. B nanHoM
cinyuyae ynosieTBopstor ['OCT 5982 Bce mokaszaTenu KaduecTBa LEIUIIOIO03bI, KPOME
Ba3kocTu (cxema 3, Tabmuma 3). C 1enbto

Tabmuma 2 — OnTuMaiabHBIE YCIOBUSA
oGpaGoTkn  GrcymbduTHON oxécTkoiy PEUICHHA BOIPOCA M € ITHM MOKa3aTeNeM
[IEJUTIOIO3bI HA CTYIIEHSIX HK, XT]_ u XTZ KadgyeCTBa HaMH HCIIOJIb30BaHa
Venosust  06paboTku Crynenn JIONIOJIHUTENIbHAsT  00paboOTKa  IIEJUIIOJIO3bI
¥ PaCXO/Ibl PEareHToB, 00paboTKH TUMIOXJIOPUTOM HATPHUS JUIS PEryJIMPOBAHHS
o . v V)
/o ot abc. cyx. uen-3bl | Ik | Xm1 | X2 | pg3ocTn  OenéHOM M OGIArOPOKEHHON
Hzgio 45 | - - Hesuono3bl. B pesynprare cxema oTOENKH
a

2 nonyunnace [Ik-I1]-X1,-I' O-X1,-I-K (cxema
- €JI. aKT. XJIOpa - 43 | 2,1 4 6
- ex. ClO; - |16 08 ), W OTOelKa B JTOM Cllydae Jalia
Temmeparypa, °C 70 | 70 | 70 | TOJOXKHWTENbHBIE pE3yAbTaTbl IO  BCEM
[1pOIOJKUTENBLHOCT, MOKa3aTeJsiM KayecTBa B COOTBETCTBUU C

120 | 120 | 140

MHUH Hopmamu ['OCT 5982 (cxema 4, Tabnuna 3).

Tabnuma 3 — V3MeHEHHWE OCHOBHBIX XapaKTEPUCTHK OUCYITb(PHUTHOW <OKECTKON» IEIUTIONIO3BI B
npoliecce 0TOEIKU M 00J1aropaxBaHus Mo pa3pabOTaHHBIM CXeMaM

Cryne- | Brixon| Crenenb ITokaszaTenu HesTroI03bl
HU LEIUI0-| AeaurHu-  CTerneHb Maccosas ons B vnamu- | benus-
orOen- |03l % puxkauuu) mposapa LEeJI0I103¢, % yeckas Ha, %
KH % (>k€CTKOCTB), | TUTHHUHA | abda- CMOJII U | BSI3KOCTb,
m.en. [I€JUTIOJIO3B]|  KUPOB Mlla-c
Hcxomnas men-3a - 130 6,1 - 1,3 — 60,6
Cxema 3 — ECF TTk—I-X11-T'O-XT-K
ITx-1] 95,2 46,7 92,5 3,20 — — 40,2 60,3
X11 92,8 76,7 50,0 1,40 — — 60,9 83,0
o 77,8 85,0 20,0 0,90 92,3 0,24 75,5 —
X12-K 74,8 96,7 8,0 0,20 92,5 0,22 50,1 90,0
Cxema 4 [Ix—I-XT1:-T'O—XT1--K
-k | 743 | 974 | 3,0 | 016 | 922 | 004 | 251 | 912
Hopwmpl k 1iestono3e 1yist HUTpOBAaHUS
— | — | <040 | >920 | <06 | 3055 | -—
[TokazaTenu kadecTBa CyabpuTHON BUCKO3HOH 1emuto03bl (TOCT 5982-84)
TIepBElii copT \ — [ - ] >920 | <030 [ 24,0+2,5 [>90,0

[Mpumeuanune — YcnoBus oTOeKH Ha cTyneHu [: remneparypa 35 °C, mpogoKUTETFHOCTD
120 muH, koHIeHTpanus maccel 10 %, pH 8-9.

[IpencraBnsier MHTEpEC CTENEHb W3BICUECHUS JIMTHUHA B MPOLIECCE OTOCIKU 1O
cTyneHsM o0pabotku. Ha pucyHke 2 moka3zaHO KOJMYECTBO YAAIs€MOTO JIMTHUHA U3
LEJUTION03bl MO CTYNEHSIM OTOENKHU, U3 KOTOpPOro cienyet, uto ~ 48 % IurauHa
ynajsieTcs Ha CTaauu JeUTHA(DUKAIIH.
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Pucynok 2 — Pacnipenenenue
yAAJISIEMOro B MpoIiecce
OTOENKH JTUTHUHA TI0 e 3
CTyIEHAM 00paboTKH [Tocne [x-UI-XT1-I"O [Tocne Ix-II-XT1-I'O-XT12-K
Pucynok 3 — Mukpodororpaduu BoJIOKOH OUCYIb(PUTHON
<OKECTKOI» LEJUTIONO03BI MTOCIIe CTYNEHEH 00paboTKu

OOpaiaer Ha ceOsi BHUMaHHUE MPOJOIIKEHUE JETUTHA(DUKAIIMY 1IeJTION03bI Ha
cryniean ['O (ynansercs ~ 9 %). OObsCHAETCS 3TO TE€M, YTO OTOEIKE MOABEPraeTCs
Cylb(pUTHAs LEJUTI0N03a, TToJlydaeMasi BApKOH B KUCIIOH cpejie.

Ha pucynke 3 mnpencrtaBieHbl MUKpodOTOrpapuu BOJOKOH OUCYIbPUTHOM
XBOMHOM 1eJUT0N03bl npu  yBenuueHuu 200X, rae OTYETIMBO MPOCIIEKUBAKOTCS
KOHTPAKITUSI BOJIOKOH B KUCJION cpefie ¥ UX HaOyxaHue — B mieaouHoi. dpakimoHHbII
COCTaB B MpOLIECCE OTOENKU M 00JaropakxuBaHUs LEJUTI0JI03bl U3MEHSIETCS] HE3HAYH -
TEIbHO. AHamM3 M3MEHEHUd (PAKIMOHHOTO COCTaBa UEJUIIONO3bl MO CTYNEHSIM
00pabOTKM TMOKa3aJl, 4YTO HEKOTOpPhle W3MEHEHUs TMPOUCXOASIT Ha CTAAUU
NenurHuuKanyMy, a IOoclie TopsYero oOJlaropaKMBaHUsl, TJ€ OYEHb MEJIKHE
(parMeHTbl BOJIOKOH PacTBOPSIIOTCS, @ OCTAJIbHbIE BOJIOKHA HAOyXaroT, BOJIOKHA IO
pasMmepam cranu Ooisiee onHOpoaHbIe (ompeaeneHue Ha yctaHoBke Fiber Quality
Analyzer).

Msirkoe nenurHuGUIMpyIoliee U OTOSIUBAIOIICe BO3ACHCTBUE HA EIJUTIONIO3Y
nmpenjaraeMoii  cxeMbl oTOenku mnoarBepawioch u  MK-cmektpamm  00pasmos
LEJUTFOJIO3BI.

IHonyyenue apeBeCHOM CYJIbL(MUTHON ULEJIKHJIO3bI A1 HUTPOBAHHMA C
HCIOJb30BAHUEM OTE€YEeCTBEHHBIX peareHToB. B cTpane B HacTosilee Bpems
OoJbITasi 4acTh XUMHYECKHUX peareHToB — wuMmmopTHas. IIpemcraBnser OoJbIIoif
MPAKTUYECKUN UHTEPEC BBIICHEHUE BO3MOXXHOCTH U 11€JIECO00Pa3HOCTH OpraHu3aIluu
OTOENKM M O0JIaropakMBaHUSl ILEJUTIONO3bI JUISl XHMHUYECKOM mepepabdoTKu ¢
HCIIOJb30BAHUEM TOJIBKO JEHIEBBIX OTEUECTBEHHBIX PEAreHTOB C TMPUMEHEHHUEM
HeOeJIeHOM 0TeUeCTBEHHOM APEBECHOMN LEIITIONI03HI.

Jlnst uccnenoBaHUil UCIONIb30BaHA HeOenEHas Cynb(pUTHAs eIoBas LEeJUTI0I03a
Typunckoro [Ib3 co cTrenensto mpoBapa ~ 95 m.ex.

Jlnst  oTOENKM WMCHONB30BaHBl JIMIIh OTEUYECTBEHHBIE PEAareHTh, KOTOPHIE
MIPUMEHSIIOTCS TOJIBKO B YCJIOBHUSAX 3TOTO MPEANPUSITUSA. DTO 1IEJI0Yb HATPUEBAs, XJIOP
u xyopconepxauuii peareHT — NaClO, He oTBeuarome COBpeMEHHBIM TPEOOBaHUAM
sKkoioruu. OAHAKO OHU HE SIBISIOTCS SKOJOTHYECKU OMACHBIMU B CIIy4yae COOJIOACHNUS
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ONPENICNIEHHBIX CHEUUAIBHBIX YCIOBUWA HMX MPUMEHEHUs (€CJIH pacXoj] aKTUBHOTO
XJIOpa Ha CTylNeHH oOpabOTKM HE TMPEBHIIIACT T[OKa3aTessl eCTECTBEHHOM
MOTJIOTUTENIbHON CITOCOOHOCTH LEJUTIONO3bI K XJIOPY).

Hama 3amaya cocrosyia B TMOJY4YEHUH LEJUIIONO3bI i HUTpOBaHusA. B
pe3yabpTare MCCIEIOBAaHUN TOJIyYeHA CIEAYIONIasi ONTHUMAajbHas cXeMa OTOeNIKU U
obnmaropaxuBanus npomblnuieHHON 1emmonodsl  X-IU[-K-T'O-I'-K, 1tme X -
xJiopupoBanue (00padoTka xiaopHoi Bonoi); LI — menouenne (oo6padborka NaOH); 'O
— ropsiuee miesiouHoe obmaropaxuBanue; ' — orOenka runoxioputoM Hatpus; K —
KHCTOBKa (00paboTKa COMSTHON KUCTIOTOM).

[To pa3paGoTaHHO cxemMe U3 €JIOBOW CYIb(PUTHOW IEIIIONIO03bI JOBOJIHHO
BBICOKOU KECTKOCTH (C MaccoBou jaojei nurHuHa 3,4 %) ¢ UCIOJIb30BAaHUEM BCETO
TPEX OTEUECTBEHHBIX PEAr€HTOB MOJYUIIIM JPEBECHYIO LIEILTIONI03Y sl HUTPOBAHMUS,
[0 BCEM I[I0Ka3aTeliIM KauyecTBa COOTBETCTBYIOIIYIO HOpMaM [JIsl JApPEBECHOU
cynbpuTHOM 1emtono3bl LHA mapku I1 (Tabnuna 4).

Tabnuua 4 — 3MeHeHus mnokasareneil kadecTBa CyIb(OUTHOM APEBECHOM IEJUTI0IO3bI B MpoIecce
orOenku u obnmaropaxkusanus 1o cxeme X-1[-K-I'O-I'-K

3HaueHHs nokazarenen Hopwmsi o
KauecTBa LIEJUIIOJIO3bI LIEJUTIONI03€
ITokazaTenu MenmoI035l = o
HACXOIHON OenéHol u JUTSL
00J1aropoKeHHON | HUTPOBaHUSA
Brixon OeneHol HemT01035], % OT HCXOIHOM - 73,4
MaccoBas 10J1s B 1ieJI1r0J103¢€, %:
- ab(ha-TeIUTI0I03bI 82,30 93,34 >92.,0
- JIANTHUHA 3,40 0,30 <0,4
- CMOJI ¥ )KHPOB 1,15 0,19 <0,6
- 30JIBI 0,55 0,11 <0,3
Bszkocth 1 %-ro MeHO-aMMHUaYyHOTO pacTBOpa
- 34,75 30-55
nemr0a03e1, Mlla-c

IIpumeuanue — Pacxon akTuBHOrO XJjopa: Ha ctynenu X — 4,5 %; Ha crynenu I' — 1,5 % ot Maccel
a0cC. cyX. LIETUTIOJIO3BI.

Takum 00Opa3oM pelleHa MOCTABJICHHAs 3ajlada M IMOKa3aHa BO3MOXKHOCTH U
11eJIECO00PA3HOCTh OTOCIKM W OOJaropakMBaHMs <«OKECTKOW»  IEJUTIONIO3bI  C
MOJIYYEHUEM  UEJUIKOJNO3bl  JUIsl HUTPOBAaHMS 1O TPAJULIHUOHHOW CXEME C
MCIIOJIb30BAHMEM OTEUYECTBEHHBIX PEAreHTOB U OTEYECTBEHHOTO 000PYI0BAHMUSI.

B Hacrosiiiee Bpems 1eUTIONO3a I HUTPOBAHHS TIO pa3pabOTaHHOU CXeme
MOJIy4aeTCsl B IPOMBIIIJIEHHBIX MACIITa0aX B OTPaHUYEHHBIX KOJIMYECTBAX.

JKOJIOTHYECKAsE M IJKOHOMHYECKAS] OLEHKA OT0eJIKH CYJIb(PUTHOH U
Oucy1bQUTHON 1eVII0103 MO0 pPa3padoTaHHBIM cXeMaM. Pe3ynbrarbl OTOCNKH
«msirkovty  cynbutHOM 1emmono3bl 1Mo TCF-cxeme [IIk-III-I'O-I1;-K;-I1-K; u
«wkéctroit» oucynbputHor o ECF-cxeme [Tk-11[-X1;-I'O-XT,-K 110 xapakrepuctukam
ctounbix Boxa (BIIKs, XIIK, AOX) mnocie OMOJOTHUYECKOM OYUCTKH OTBEYAIOT
coBpeMeHHbIM TpeboBaHusAM EBpocoro3a, a mo pesysiabraraMm SJKOHOMUYECKHUX pacyETOB
— TEJIECO00PA3HBI.
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OO01mmue BHIBOIBI.

1. HccnemoBaHa TeXHOJOTUSI OTOENKM M OONAaropaxMBaHUsl JPEBECHOU
[EJUTIONI03bI PA3IMYHOM CTENEeHU MpoBapa U MOJy4yeHbl Hanboliee BOCTpEeOOBAHHbBIC
BU/IbI LIEJUTIONIO3BI JIJIsl XUMUYECKOM MepepadOTKU — BUCKO3HAS U [ HUITPOBAHUS — IO
TEXHOJIOTUH, pa3paboTaHHOM Ha Kadenpe paHee NpU OTOETKE LEJUTIONO03bl IS
npou3BozacTBa Oymaru — cxema [Ik-1-XT;-111-XT,-K.

2. Tlo aToit Oecxa0pHOM TexXHOIOTHH (0€3 UCIOIb30BaHUS SJIEMEHTHOTO XJI0pa)
WCIIOJIb30BaH BO BCEX CXeMax OTOEIKM HETPAIUIMOHHBIA YHHKAJIBHBIM CIOCO0
nemurandukarun (ITk-1I).

3. Llemttono3a 1t HUTPOBAHUS MOJTyUYEHA:

— U3 «MASKOU» Yenntono3vl (21y00Kol cmenenu nposapa discécmrkocmvio 40-
45 n.eo.) — no TCF-cxeme IIk-11I-I'O-K;

— U3 CPeOHeHCECMKOU Yenntonosvl (aHcécmxocmoio 735 n.ed.) — o ECF-cxeme [1k-
HI-XT1-I'O-K.

4. Bucko3Has LEJUII0I1032 MMOJTy4YeHa:

— n3 «markoi» nesutonossl — no TCF-cxeme Ik-1I-1"O-11;-K;-I1,-K>;

— U3 CPEIHEKECTKOM 1eT0103bl — 1Mo cxeMe [Ik-1I[-X1-1'O-T"-K.

5. BmepBble wHccnenoBaHa BO3MOXKHOCTD M 11€71€CO00PAa3HOCTh TOMYyUEHHUS
pPacTBOPUMOM IEJUTIONIO3bI  JJIE  XUMHUYECKOM TMepepaboTKu u3  OucyibghumHoti
OpPeBECHOT «AHCECMKOUY YEILTI0N03bl NOBLIUEHHO20 8b1X00a (dcécmrocmuio 130 n.ed.),
TPaJUIIMOHHO HUCTOJB3YyeMOW B MPOU3BOACTBE Oymaru. B pesynbrare ucciaeaoBaHuit
nesumono3y g HutpoBanusa noiayuunun no ECF-cxeme [IIk-II-XT1,-['0-XT5-K,
BUCKO3HYIO wemwono3y — no cxeme IIk-II[-Xt1-I'O-XT,-I'-K. B pa3zpaborannabix
cXeMax yCJIOBUA OO0paOOTKM IE/UTIOJIO3bI HAa BCEX CTYNEHSX OTOEIKU U
oOnaropaxuBaHusi <OKECTKOM» IEJUTIONIO3bl  ONTUMHU3UPOBAHBI C MNPUMEHEHUEM
KOMIIBIOTEPHBIX TEXHOJOTHIN COBMECTHO C HaJIEKHBIM MaTEMAaTUUECKUM alapaToM.

6. BbIgBIIEHBI OCHOBHBIE 3aKOHOMEPHOCTH TMPOIECCOB ACIUTHUDUKAIMHN U
OTOCNKN <GKECTKOI» IEJUTIONO3bI MO pa3paboTaHHON TEXHOJOTHUU; YCTaHOBIICHA
JUHAMUKA  U3MEHEHUW  (PUBMKO-XMMHYECKUX  CBOWCTB,  CTPYKTYPHBIX H
MOP(OJOTUYECKIUX CBOMCTB BOJIOKOH IEJUIIOJIO3BI B Tpollecce OTOCNKH U
oOnaropaKMBaHusi, ¥ BIMSHUE JTUX XapaKTEPUCTUK HA KAUCCTBEHHBIC MOKA3aTEJH
MoJIy4aeMoii 0eI€HON 1 001aropo’KeHHOM IEJUTIONO3bI.

7. BmepBble uccienoBaHa BO3MOXXHOCTh U II€JIECOOOPAa3HOCTh OTOCIKUA H
oOnaropa’kxMBaHusi JPEBECHOM €JOBOM «kECTKOM» (~ 95 m.ed.) cyinbpuTHOM
LEJUTION03bI ¢ TIPUMEHEHUEM 3JIEeMEHTHOTO Xjopa. C HCMOIb30BaHUEM TOJIBKO TPEX
OTEUECTBEHHBIX PEAreHTOB — AJIEMEHTHOTO XJI0pa, TUIPOKCU 1A HATPUS U TUIIOXJIOPUTA
Hatpusi — pazpaborana cxema X-III-K-I'O-T'-K, mo koropoil monydeHa apeBecHas
LeJUTI0103a I HUTpOoBaHMs. B HacTosiiee BpeMs HEJUII003a JjIsi HUTPOBAHUSI 110
ATOW TEXHOJOTMM TIOJy4aeTCsl B MPOMBIIUICHHBIX MaciiTadax B OTPaHHMYCHHBIX
KOJINYECTBAX.

8. Bce momydyeHHbie oO0pasibl OEMEHONM W OOJATOPOKEHHOW IIEJUTIOIO3BI
BHCKO3HOM W [IJIi HUTPOBAHUSI MO BCEM IOKAa3aTesiM KaueCTBAa COOTBETCTBYIOT
TpeOOBAaHMSIM HOPM K IIEJIEBBIM BHAAM PACTBOPHMOMN IEIUTI0N03bI. [lo mokazarensm
KayecTBa OenéHas W OOJaropoXeHHasi APEBECHAsh pPacTBOpUMAS IIEJUIIONO03a HE

YCTYIAEeT XJIONKOBOW pacCTBOPUMOM LIEJUTIOJIO3E.
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9. MccnenoBaHbl XapaKTEPUCTUKU IPOMBIBHBIX U CTOYHBIX BOJ, MTOTYYaOLIUXCS
npu oTOelKe MO pa3pabOTaHHBIM M HUCIIOJIB30BAHHBIM CXeMaM OTOEIKU H
oOnaropaxkuBanuu 1eUToNno3sl 1mo  OecxsopubiM  ECF- u  TCF-texHonorusim.
PesynbTaThl HccieqoBaHuM MOKa3aiK, 4YTO CTOYHBIE BOJIBI OT OTOEIKH XBOMHOM €J10BOM
LEJUTIONIO3BI 10 MPEIaraéMbIM CXeMaM Mociie OMOJIOTHYECKOM OUMCTKH 110 OCHOBHBIM
noka3zaressm (XIIK, BIIKs u AOX) coorBercTBytoT HOpMmaruBaMm EBpocoro3sa.

10. B pabGore npu MOIyYEHUU MLEIUTIONO3bI JIJIi XMMUYECKOM MepepadOoTKU
MIPEIyCMOTPEHA 3aMEHa IIMPOKO HCIOJIb3YyEMOIO B MHPOBOM MPAKTUKE CHIPbS —
XJIONIKa OTEYECTBEHHBIM BO300OHOBIISIEMBIM CBHIPEEM — JpeBecuHOM. Ilpu 3TOM 1EeHa
XJIOIIKOBOTO CHIPhs 00JI€€ YeM B 2 pa3a NPEBBIIAET HEHY NPEIaraéMoro ApeBeCcHOro
celpbd. C y4€TOM 3TOro, a TAaKXe BBIIOJHEHHBIX OPUEHTHPOBOYHBIX PACUYETOB IO
MaTepHaJIbHBIM 3aTparaM Ha XHUMHKaTbl JJii OTOENKM U 00Jaropa>kuBaHHs
CyTb()UTHOM 1EJUTIONO3bl (TaKXKe Uil XMMHUYECKON mepepaboTKH), SKOHOMUYECKas
3} PEeKTUBHOCTh TEepexoja Ha IOJIyYeHHUE JAPEBECHON pacTBOPUMOM LIEUIIOIO03BI IO
pa3paboTaHHON TEXHOJIOTUHU HE BbI3BIBAET COMHEHMH.

11. Bce pa3paboTranHbie HAMU CXEMbI OTOETKH U 0071aropa>kKuBaHusi «MATKOM» U
(OKECTKOW» CYNb(PUTHON IPEBECHOM LEIUIION03bl — OPUTHHAJIbHBIE, OCHOBAaHHBIC HA
pa3paboTaHHON HaMU paHee TEXHOJIOTMH MO OTOENKE LEJUTI0N03bI sl TPOU3BOACTBA
Oymaru. IlomydyeH mnaTreHT Ha H300peTeHHE MO pe3yjbTaraM HCCIeIOBaHUN (B
COaBTOPCTBE).

12. Peanuzanus mnpennaraeMoil TEXHOJIOTMM Ha JEUCTBYIOUIEM CyIb(QUT-
LEJUTIOJIO3HOM 3aBOZie He TpeOyeT OONbIIMX KamUTaldbHBIX 3aTpar U OOECHEedHT
IBOITHOE HMIIOPTO3aMEIIEHHE B MPOM3BOACTBE LEJUTIOJIIO3bl I  XUMHUYECKOU
nepepadoTKu:

— IO CBIPBIO — 3aMEHA UMIIOPTHOTO XJIOMKA Ha BO30OHOBIISIEMOE OT€YECTBEHHOE
CBIPBE — APEBECUHY;

— 110 TOTOBOM MPOAYKITUH — LIEJUTIONIO3A 111 XUMUUYECKOH repepadoTku B Poccun
B HaCTOSIILIEE BPEMS — UMIIOPTHASI.

13. B nuccepranmu B paszjene «IPUIOKEHUS» IPUBEICHBI OT3BIBBI psiaa
MPEANPUATANA TI0 aKTYaJIbHOCTH TEMBI, pa3pabOTaHHBIM TEXHOJIOTHSIM U KaueCTBY
noygaemoit poaykiuu: AO «lo3nak», AO «Typunckuii 11b3», AO «KapOGokamy,
«ITepmckuit mopoxoBoit 3aBoa», AO «ConukamMCcKuil 3aBoj| « Ypain».
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baaronapuocTu
ABTOp BbIpaXaeT DIYOOKYyI0 OnarogapHocTh coTpyaHuky KpacHokamckoin

oymaxuou (adbpuxku — punuana AO «['O3HAK», kanauaaTy TEXHUUECKUX HAYK
Cunsiesy KoHcTanTuHy AHIpeeBHYy 3a OKa3aHHYIO IOMOIIb B pabore ¢
KOMITBIOTEPHBIMHU TIPOTPaMMaMH TI0 ONITUMHU3AIMH TEXHOJIOTHYECKHUX TPOIIECCOB.
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MNEPEYEHb COKPAIIIEHUH U YCJIOBHBIX OBO3HAYEHUI

AOX — ancopOupyeMbie OpraHu4ecKue

COCTUHEHMSI XJI0Pa,
AGc. cyX. — abCOFOTHO CyXO€;

BIIK — Ouoxumuuaeckoe moTpediieHne
KHCIIOPOIa;

I' — or0enka runoxJIOpUTOM HATPUS;
I'O — ropsuee menounoe

o0JaropaxxMBaHue;
€lI. aKT. XJIOpa — €IMHULIBI AKTHBHOTO
XJIOpa;

en. ClO; — eqMHUIIBI JUOKCUAA XJI0Pa;
J1 — oTOenka AMOKCHIOM XJI0Pa;

K — xucnoBka (00paboTka KUCIOTOM);
KIIO — kucnopoaHo-meaouHas
OTOCKA;

[T — or0enka mepoKCUIOM BOIOPO/IA;

[Tk — nepokcuaHas AenurHupuKaius B

KHUCIION Cpene;
M. €1I. — IEPMAHTAHATHBIE €ANHULIBI,
[THUITY — IlepMckuii HAIMOHATBHBIN

UCCIEN0BATENbCKUN MOJIUTEXHUYECKUN

YHUBEPCHUTET;
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TIIIb — TexHONMOTHS LEJUTIOIO3HO-
OyMa)kKHOTO MTPOU3BOJICTBA;

X — xnopupoBanue (00paboTka
AIIEMEHTHBIM XJIOPOM);

XT — oTOEJIKAa XJIOPUTOM HATPHS;
XII — xumuueckas nepepadoTKa;
XIIK — xumMugeckoe moTpedbaeHne
KHUCJIOPOJIA;

HBIT — nemtrono3Ho-0yMakHOE
IPOU3BOJICTBO;

Llen-3a — nemnono3a;

I — menounas o6paboTka
(menoueHue);

ECF — elemental chlorine free (or6enka
0e3 MpUMEHEHUS DIIEMEHTHOTO XJIOpPa);
TCF — total chlorine free (orbenka 6e3
XJIOPCOMIEPIKAIIUX PEareHTOB;

X — HEe3aBUCUMAs TIEpEeMEHHAas B
iaHax bokca skcriepuMeHTOB.



