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DToT OTYET GBI MOATOTORIEH 3Kkcrepramu OO0 "UI' "MHOOMAMH" uckmounTensHo B nensx nadopMaryn. Conepikaiasics B HACTOSIIEM OTUeTe
uHpopmanys OblIa MOMy4eHa U3 UCTOYHUKOB, KOTOPBIE, IO MHEHHUIO KCIIEPTOB NH®OMAVH, sensotes HagexHbvu, ogaako MTHOOMAWH ne
rapaHTHPYeT TOYHOCTH H HOJIHOTH HH(pOpMaIUH It MoObIX neneil. Mudopmanus, npeacTaBieHHas B 3TOM OTYETe, He JODKHA ObITh HCTONKOBAHA,
IpsIMO WJIM KOCBEHHO, Kak MH(OpMaIHs, Cofeprkamiasi peKOMEHIAU 10 HHBECTULMSIM. Bce MHEHHS M OLEHKH, COAEp)KalIHecs B HACTOSIIEM
MaTepuale, OTPaKaloT MHEHHE aBTOPOB HA JEHb NyOIMKAMM M TONIEKAT H3MEHEHHIo Oe3 mpemympexaenns. MHOOMAMH me Hecer
OTBETCTBEHHOCTh 3a KakKWe-TMOO YOBITKM WM yniepO, BO3HHUKIIHE B pE3yJbTaTe HCIOJb30BaHUS IIO0OH TpeTheil CTOpOHOW HH(pOpManuu,
coziepkamieiicss B HACTOSIIIEM OT4eTe, BKIIOYas OIMyOJIMKOBAaHHBIE MHEHMsS WM 3aKJIIOYEHHMS, a TAKKe IOCIEICTBHS, BBI3BAHHBIC HEMOIHOTOMN
npencraBieHHod uHGopManuu. Mudopmarus, npeAcTaBIeHHAs B HACTOSIIEM OTYETe, MONydYeHa U3 OTKPBITBIX HCTOYHHMKOB MO0 MPEIOoCTaBIeHA
YIOMSIHYTBHIMH B OTYeTe KOMIaHUSIMH. JlomonHuTenbHas HH(OpMAIHs MPeJoCTaBIsIeTCsl IO 3alpocy. DTOT JOKYMEHT WIIH Jifo0as ero 4acTh He
MOJKET PacIpOCTPaHsIThCs 63 MMCEMEHHOTO pa3penICHUs NH®OMAMH mu6o TUPAXUPOBATHCS JIFOOBIMH CITOCOOAMIL.

Copyright © 000 "UT" "HHOOMAH".
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AHHOTALIMSA

Hacrosimmii  otuer  ABAsieTcs  BTOPbIM ~ M3JAHUEM  HCCIICIOBAHUS
CYILIECTBYIOIIMX TEXHOJIOTUM, METOJOB U MIPAKTUKU YTUIU3AIMU cepbl B Poccuu.

Hear wucciaegoBaHMss — aHaIW3 TEXHOJOTUM, METOAOB U MPAKTUKHU
yTunus3anuu cepel B Poccun.

O0beKT nccjieI0BaHUA — TEXHOJIOTUH YTUIIU3AIUU CEPBI.

[IpencraBiennass paboTa BbIMOJHAJIAch B 2 d3Tana — ''kaOuHeTHbIe'
ucciaenoBanuss W ''mojeBasi'" esTeqbHOCTHL. Ha mepBoM 9rame  ObuH
MPOAHAM3UPOBAHBI MHOTOYHUCIICHHbIE MCTOYHUKA HH(POPMALUU, TPEXKIE BCEro
JAHHBIE TOCYJApPCTBEHHBIX OpraHoB. Takke OBbUIM TPHUBJICUECHBI MaTEpUAIIBI
npeanpustuii, CMU u WuTepHera, ncnons3oBana 0aza gaHHbix "MHbowmaitn". Ha
BTOPOM OJTare OOOOIICHHBIC aHHBIE TOATBEPKAAUINCh W YTOYHSUIUCH ITyTEM
TeIeOHHBIX  OMPOCOB  CIEIUATUCTOB pacCMaTPHUBAEMBIX B 3TOM  OTYETE
NPEAIPHUATHN.

Otuer coctout u3 6 yacreid, conepxut 100 cTpanur, B ToM uncne 8 puCyHKOB,
16 TabGmuIr 1 2 TPIIIOKCHUS.

B nepgoii riiaBe otyeta npuBeACHBI CBEICHHSI O MUPOBOM OIIBITE YTUIIU3ALMH
CEPBL.

Bropas riaBa IMOCBAIIEHAa CYLIECTBYIOLIMM TEXHOJIOTHSM, METOAAM U
cnocobaM yrunuzauuu cepsl B Poccun.

B Tperbeii riiaBe npuBOAsTCS JaHHBIE O METO/IAaX U CIIOCO0AX XpaHEHUS CEephl.

B d4erBeproii riaBe oOT4YeTa MPEICTABICHBI CBEACHUS O POCCHUICKUX
OpraHu3alysX, 3aHIMAIOIINXCS BOIIPOCAMH YTUIU3ALUH CEPBI.

B naToM riaBe  pacCMarpuBAOTCA — NPEANPUATHS,  PEATU3YIOIINE
(mpeamnonararonie BHEAPATH) METOJIbI YTUIIU3ALMH CEPBI.

IlecTasi ri1aBa MocBAIleHa MPOrHO3y BHEAPEHUS pa3pabOTaHHbBIX TEXHOJIOTHIA
¥ METOJI0B yTHiIM3auuu cepsl B Poccum Ha niepuog no 2030 r.

B npunoxeHusx TNpuUBEIEHbI aapeca W KOHTaKTHas  uHdoOpmaius
NPEeANPUATUANA, 3aHUMAIOIIMXCSI BOMPOCAMU YTUIIM3AlMK cepbl B Poccuu.

LeneBasi aynuropusi Mccjae0BAHUSA:

- YYaCTHHMKHU PBIHKA CEpPbl U MPOJIYKIIMU HA OCHOBE CEpPhl — MPOU3BOJIUTEIH,
NOTpeOUTENH, TPEHACPHI;

- IOTEHI[MATbHBIC UHBECTOPBI.

[Ipennaraemoe uccienoBaHue NPETEHAYET Ha POJIb CIIPABOYHOTO TOCOOUS AJIst
CIIy’k0 MapKeTMHra W CHEUHATMCTOB, MPUHUMAIOIIMX YIPABJICHYECKUE pEIICHUS,
paboTaroMMX HA PHIHKE CEPhI U CEPONPOIYKTOB.
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BBEJAEHHUE

Cepa mnpencraBisieT co0OM OCTAaTOYHO PACHPOCTPAHECHHBIM B MPHUPOJIE
XUMHYECKHH AJIEMEHT, CpeJHee COoJep)KaHhe KOTOPOTOo B 3€MHON KOpE COCTaBJIsIeT
0,05% mo wmacce, B Boge mopedt u okxeanoB — 0,09%. Cepa u ee coemuHECHUS
CYIIECTBYIOT B TBEPJOM, >KHIKOM H Ta3000pa3HOM coctossHur. Hawmbosee mmpoko
NpeICTaBJIeHa TBep/Ias (caMOpo/IHAast) cepa U €€ MUHEPaITbl — CYIb(PUIbl METAJIOB, TAKHE
kak ruputr (FeS,), xampkommput (CuFeS,), ranenur (PbS), chanepur (ZnS), a Taxke
cynbgaThbie opoisl — 6aput (BaSO,) u rurnc (CaSO42H,0). ['a3000pa3Hbie coenuHeHust
Cephl, MpeiAcTaBlieHHbIE  cepoBojiopogoM  (H,S), Heckombko — ycTymaroT 1o
pacpocTpaHEeHHOCTH TBEPIbIM coenMHeHusIM. HanMeHee BcTpedaeMbl B PUPOE KUIKHIE
COCITMHEHUSI CePbl, PEJICTABIISAIONIE COOOM CepOOPTaHUUECKUE COSIMHEHNS HE(DTH.

[To d¢wusmueckum CBOMCTBAaM cepa MPEACTaBISET COO0OM  TBepmoe
KPUCTAJUIMYECKOE BEIIECTBO, YCTOMUMBOE B BUJE ABYX MOJU(DUKAIIUN: pOMOUYECKOIM
0-S JTHMOHHO-XKENTOr0 IBeTa MIOTHOCTRI0 2,07 r/cM® (TeMmepaTypa IUIaBICHHS
112,8°C), U MOHOKIMHHOII S-S MEIOBO-KEITOro IBeTa IMIOTHOCTBI0 1,97 r/em®
(remmeparypa mnasnerus 119,3°C). O6Ge 3Ttu (GOpPMBI IOCTPOEHBI U3 HEILIOCKUX
BOCBMUYICHHBIX ITUKIUYECKUX MOJIEKYJT Sg B BUJE KOPOHBI, MPUYEM pa3Indue
MEXIy HUMH 3aKJIIOYaeTCs B Pa3IUYHOW B3aUMHOW OpPHEHTAIIMM MOJICKYJ B
KpPUCTAJUIMYECKON PEIIeTKE.

Cepa sBnseTCS IUIOXMM TIPOBOJHMKOM TeIUIa W DJJIEKTpUuecTBa. B Boxe
BEII[ECTBO MPAKTUYECKH HEPACTBOPUMO; IUIOXO PACTBOPSIETCS OHO M B ITaHOIJE,
reKCaHe W TenTaHe, HECKOJbKO Jydlle — B Toiyolde W OeHnzone. Jlyummmm
PaCTBOPUTEIIIMU CEPbI CIYXKAT KUJKUM amMMHuak (IOJ JAaBJICHHEM), CEpOYTIepO
(CS,) u monoxmopu cepsl (S,Cl,).

XVMHUUYECKHE CBOMCTBA Cephbl O0YCIOBJIEHBI €€ MEPEMEHHON BAJICHTHOCTHIO, B
CBS3M C YeM B 3aBHCHMOCTH OT YCJOBHUH COCIWHEHHE BBICTYIAET TO B KadeCTBE
OKHUCJIUTEIISI, TO BOCCTAHOBUTEJIS.

Cepa — [10CTaTOYHO AaKTHUBHBIM HEMETAJJI, CIOCOOHBIM COECIUHSTHCS
MPAKTUYECKUA CO BCEMU XUMUYECKUMHU dJIEMEHTaMU, 32 UCKITtoueHueM Ny, |, Au, Pt u
UHEPTHBIX Ta30B. B mpucyrcreun CO, Ha Bosmyxe mpu temmeparype Boime 300°C
cepa obpasyer okucibl: SO, — cepHUCTHIN aHTUAPUI U SO3 — CEpHBIN aHTUIAPHUI, U3
KOTOPBIX TOJIy9ar0T, COOTBETCTBEHHO, CEPHHUCTYIO U CEPHYIO KHCJIOTHI, a TaKKe UX
colii — cynbduTh U cynbdarsl. B 0OBIUHBIX yCIOBHSIX cepa coenuHsieTcs ¢ Fp, npu
HarpeBanuu B3anmoeicTByeT u ¢ Cl,. C 6poMom S oOpasyert Tonbko S,Br,, noaumsr
Cepbl HEYCTOUYHBBI.

C Bomopoxom npu HarpeBanuu (150-200°C) cepa oGpasyer ceposogopon H,S
U B HEOOJBIIOM KoIW4yecTBE cyibbanbl obmen (opmynont H,S,. W3BecTHsl u
MHOTOYHUCIICHHBIC CEPOOPTAHUYECKHIE COSTUHEHUS.

[Ipy mNOBBIIEHHOW TEMIIEpaType cepa B3aMMOACHUCTBYET C METAJUIAMH,
o0pa3ysl COOTBETCTBYIOIINE CEPHUCTBIE COEAUHEHUS (CYTb(UIBI) © MHOTOCEPHUCTHIC
metausl (mosmcynbduabl). IIpu Temmeparype 800-900°C mapel S pearupyror ¢
yriepoaom, oopasys cepoyriepon CS..

bonee nmomoBuHBI MoaydyaeMoi B MHUpE Cepbl IPUMEHSETCS 71l TIPOU3BOJICTBA
CEpHOI KHCIIOTHI, OKOJIO 25% BBITyCKAEMOTO BEIIECTBA MCIOJIL3YETCS MPHU BBHITYCKE
CEpHBIX coJiel (TJIaBHBIM 00pa3oM, cyib(utoB). OcTaBmiascs *e 4acTh MPOIYKTa
HaxXOJUT TPUMEHCHHE B PE3WHOTCXHUYECKOW MPOMBIIUICHHOCTH (B KadecTBe
INFOMINE Research Group www.infomine.ru; e-mail: info@infomine.ru; ren. +7 (495) 988-1123 8
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BYJIKAHU3YIOILIETO areHTa), B CEJIbCKOM XO034icTBE (s OOpbOBI C OONE3HAMU
pacTeHui, TMpexjae BCero, BUHOTPaJa U XJIOMYATHHUKA), TPU MPOU3BOJCTBE
KpacuTenel, MUTMEHTOB U JIIOMMHO(GOPOB, MCKYCCTBEHHOTO BOJIOKHA, CIOUYEK U
B3pbIBUATHIX BemlecTB. I[IpuMeHsieTcss cepa WM B MeOUIMHE, €€ J00aBISIOT B
HEKOTOpBIE Ma3u, KOTOPBHIMU JieyaT 3a00IeBaHMsI KOXKHU.

CoenuHeHus cephl MO OTPUILIATEILHOMY BO3JIEHCTBUIO HA OKPYKAIOILYIO CPEy
3aHUMAIOT OJIHO U3 MEPBBIX MECT Cpeau 3arpsi3Hstomux BemectB. Okono 96% cepol
noctymnaer B armocepy B Buae SO;, OCTaIbHOE KOJIMYECTBO MPUXOAUTCS Ha JOJIO
cynearoB, H,S, CS,, COS wu npyrux coeauHenuii. [lomMuMO HeraTUBHOTO
HKOJIOTUYECKOTO BO3JIEHCTBHSI, JIEMEHTAapHAs cepa B BUJIE MBUIA pa3/ipakacT OpraHbl
JbIXaHUs, CIM3UCThIE O0OJIOUKH, a Takke BbI3bIBaeT sk3eMbl. [IJIK B BO3myxe
cocrasisier 0,07 mr/m’,

MHorue cBONCTBa cephbl, a, CIeA0BaTEeIbHO, U 00JACTH MPUMEHEHHUS 3aBHUCST
OoT crnocoba moiayyeHus, ¢GOpMbl Cepbl, OT COACpXKAHUS NpUMEce U YCIOBUH
XpaHeHHs. YcCIoBHas Kiaccu(UKaAuUs pPa3jIUdHbIX (QOpPM DIIEMEHTHOW Cepbl
otoOpaxeHa B Tabmuiie 1.

Ta6auna 1: YeaoBHas kiaaccuukanus pasjnyHbix Gpopm
3JIEMEHTAPHOM Cepbl

ToBapHbIe (BbIILYCKHbIE) Creunann3upoBanHbie HOPMbI

¢dopmbI IIpenaparuBHbie (popMBbI IIpenapupoBaHHbie (pOPMbI
KOMOBas KOJUJIOWTHAs CEPHODHTOMOJIOTHYECKUE
I'PaHyJIUPOBAHHAS KOJUIOMIHAs IIacTa 00paTHbIE HIMYJIbCUU
KUK CMaYMBAIOIIHICS OPOIIOK CEpHBIC Ma3u

MOJIOTas IMOPOIUIKOBAsL

"M3BECTKOBO-CEPHBIN OTBap"

OoCaXaACHHas

NOJUCYNIb(U KAJIBLUS U €ro
MoaUpUIIMPOBaHHBIE (POPMBI

KOMITO3UIUH
cepa — MOJMATHIICH

CEpHBIN LBET

MCXAaHO-aKTHUBUPOBAHHAA

MeEIUIMHCKAs

yJIbTpa-cepa

YCHIYUPOBAHHAsA

cepo-OEHTOHUT

riacTUHYaTast (TIUTOYHAS)

cepa AJId BYJIKaHU3YIOIUX CUCTEM

KOMITO3HUITUH cepa —
cepocoiepKaIlne MoJTUMeph

B OTJIMBKax (U€pEeHKOBast)

NOJIMMEpHAasA KOMIIO3UITUOHHAA

IOJIMMCpHas COTTIOJIMMECpHaAst MOHH(bHHHpOBaHHaH
0Cc000l YUCTOTHI KOHIOCHTPAT SMYJIbCUU
JICTUPpOBAHHAsA ad9pP030JIbHAA

MOJUGUIMPOBAHHBIE
CBA3YIOLIME /17151 cepoOeToHa

Hcemounuk: Unnosayuonnsiii yenmp "Xummox™

N3BectHBIE (DOPMBI CEpbl MOXKHO pPa3leIuTh HAa TPH OCHOBHBIX (OPMBI —
moeapuyto (MPOU3BOJANMBIE TOBAapHBIE MPOAYKTHI) U CHEUUATU3UPOBAHHBIC, T.C.
OPUEHTHUPOBAaHHBIE HAa KOHKPETHBIE O00JIACTU TPUMEHCHHUS, HPEnaApamueHyr) u
npenapuposanuylo.

Toeapnuie (vinycknwie) hopmul cepol

CrnenyeT OTMETUTHh HUCKIIOUMTENIBHOE pa3sHoOOpa3ue TOBApHBIX (OPM CEphI.
CTonp MIMPOKUMA CHEKTP OTpakaeT Pa3IuyHOE MPOUCXOXKIEHUE cepbl (IpUpPOIHAs,
MOonyTHastE M T.J.), OCOOCHHOCTH TEXHOJIOTUU BBIJICJICHUS] WU OYHUCTKH, 00JIACTH
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npuMeHeHus. B HacTosiee  BpeMs  OCHOBHBIMM  CUMTAKOTCA  KOMOBas,
IpaHyJMPOBaHHAs U )KUJKast (POPMBI CEPBI.

JIOCTOMHCTBA KOMOGOU cepbl — TMPOCTOTA TEXHOJOIMU IPUTOTOBIICHUS,
COCTOSIIEM W3 pasziuBa U 3aTBEPACBaHMS JKUIKOM cepbl Ha OETOHMPOBAHHOMN
IUIOIAJIKE C MOCJIEAYIOLUM B3JIaMbIBAHUEM OJIOKOB CEpbI BBICOTON 10 3 M, YKJIaJIKON
B IITA0Es U MOrpy3Koi Ha TpaHcnopT. OCHOBHOM HeAOCTaTOK — notepu 10 3% npu
Olepaly  3KCKAaBaTOPHOTO  PBHIXJEHUS OJIOKOB  CEpPbI, COIMPOBOXKAAIOIIEHCS
oOpa3oBaHMEM MBUICBUAHBIX Qpakiuii. [Ipyu oTKpeITOM XpaHeHHH OJIOKOB BO3MOKHO
TAaK)K€ 3arps3HEHUE MPOAYKTa (YBEIUUYEHHE 30JbHOCTH) M YBIAXHEHHE, 4YTO
YMEHBIIAET COPTHOCTH Ce€pbl. TEXHOJIOrHs MOJy4YeHHs KOMOBOH cepbl Hauboiee
OpUroJlHa B TPAKTHKE JOJTOBPEMEHHOTO XPaHEHHUs cepbl B OJOKax pa3MepoM
100x50%8+10 M (mpakTukyercsa B Kanazne) B coueTaHuu ¢ 3alUTON OT aTMOC(HEPHBIX
3arpsI3HEHUN.

I'panynuposannas cepa, X0Tsi U TpeOyeT CIEUUAIBHON TEXHUKU MOJy4YEHUS,
OTHOCHUTCS K pa3psy Oojee mpeanodTturenabHbix (popm. Cpean ee ITOCTOMHCTB —
ynoOCTBO M 0€30MacHOCTh MPU XPAaHEHUH W TPAHCHOPTUPOBKE (IHOOBIM BUIOM
TPAHCIIOPTa), HU3KHE MOTEPH, YIYUIIEHUE CAHUTAPHO-TUTMEHUYECKUX YCIOBHM
TpyJa W KYJIbTYpbl IPOM3BOACTBA. BapbupOBaHHME TEXHOJOTMYECKUX NPHUEMOB
rpaHyJupOBaHus (BO3AYILIHOE, B KUIISILEM CJIO€, BOJISHOE) MO3BOJISIOT PETYJINPOBATh
pa3zmepsl oT 0,5 10 6 MM U popmy rpaHyn (3€pHa, OKaThIIIN, KAMCYJbl, HIAPUKUA U
ap.). Cuuraercs, 4To Jydlled reoMeTpudeckord (OpMOM XPYINKOW TBEPAOH CEphI
ABIIAETCS cpepruyeckas, OTIMYarolasics Hanbosee OJaronpusaTHbIM COOTHOIIEHHEM
Macchl M O00beMa M HauOOJbIIEH NPOYHOCTHIO (HAMMEHbIIAs BO3MOXXHOCTH
cpabatbiBanus d(PpdekTa prluara, yBeJIMUUBAIONIETO pa3pyliatoniye cuiibl). OcoOeHHO
CTOUT BBIJEIUTh NPOLECC TPAHYIUPOBAHHUS MO MPUHUUITY MOCIEAOBATEIbHON
HAJICTPOMKM CII0EB Ha 3aTpaBiiMBaroiieM sjpe. TpeOyemblit pazmep rpanyin (3-4 mm)
JIOCTUIaeTCs MHOIOKPATHBIM ITPOXO0KIEHUEM PACTYILHX YACTHI] YEPE3 PACIIBUIIEMYIO
KUJAKYIO Cpely, MpUYeM TEeMIIEpaTypHO-BPEMEHHON KOHTpOJb oOecrneynBaer
3¢ (EeKTUBHOE CIIaBJICHUE HAHOCUMBIX CJIOEB C MPEABLAYIIMMH, T.€. MOHOJIUTH3ALUIO
IpaHyl.

PacTtymum cripocom nonb3yercs ocuokas cepa Kak nepsuuHas Gpopma, umes B
BUay 0Oa3oBoe mpou3BoACTBO (cmocoO Kiayca) u mpuroroBieHHE U3 HeEe IPYrHx
dbopm. OcoOEHHO 3TO KacaeTcs KPYMHOTOHHAKHBIX MOTpeOUTeNnel W MepeBO3KH Ha
CpaBHUTENBbHO HeOombiue pacctostHus (1o 800-1000 km), Korma 3atpaThl SHEPrUU
Ha MOJJEp’KaHWE CEpbl B pACIJIABJIEHHOM COCTOSIHUM MEHbILE, 4YeM Ipu €€
IUIaBJICHUM Ha MECTe MOTpeOJieHHus. 3HAYUTENIbHbIE KAMUTAJIOBIOXKEHUS U
HHEPreTUYECKUE 3aTpaThl, CBA3AHHBIE C XPAHEHHEM, TPAHCIIOPTUPOBKOM, pa3rpy3Kon
KUIKON Cepbl, a TaKKe C MPOOJIEMON HAKOIUIEHHUS] CTAaTUYECKOIO AJIEKTPUYECTBA B
Ipoliecce TPAHCIOPTUPOBKH, KOMIIEHCHUPYIOTCS BBICOKOM YHCTOTOM MPOAYKTA,
HEBO3MOKHOCTBIO €r0 3arpsA3HEHUs], OTCYTCTBHEM IOTEPh U BBICOKON KYJIBTYpOU
IIPOU3BOJICTBA.

[Tomumo Tpex BbIIEyKa3aHHBIX (OPM Cepbl CYIIECTBYIOT M Jpyrue
BBIMMYCKHbIE (POPMBI, UMEIOIINE WJIM OTPAaHMYEHHOE MPHUMEHEHUE, WU HUIParoline
BAXHYIO pOJIb B IOJYYEHUHU CHEIHAIbHBIX BHIOB cepbl. Pazmonom (apoOieHuem)
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KOMOBOH CEphbl B Cpelle MHEPTHOTO Tasza MOJIYYaroT MOJIOMYI0 cepy OMPEIETICHHOTO
IPaHyJIOMETPUYECKOTO  cocTaBa  JJIi  IIMHHOM U PE3MHOTEXHUYECKOM
MPOMBIIIUIEHHOCTH, CEJIbCKOT0 XO03siiicTBa. D(G()EKTUBHOCT, NMPUMEHEHHUS MOJIOTOU
Cepbl BO MHOTOM OIPEAEIISIETCS] CTENEHbIO €€ JAUCIEPCHOCTH WM TOHUHBI ITOMOJIA,
KOTOpasi, B CBOIO O4YEpelb, 3aBUCUT OT CTPYKTYPHBIX OCOOCHHOCTEH HCXOIHOU
KOMOBOU CEpbl — HAIMYUS MOJTMMEPHOH (M3-32 OBICTPOTO OXJIAXKACHUS KHUIAKOU CEphI)
M MOHOKJIMHHOW aJUIOTPOIHBIX MOJU(UKAIMK, YXYIIIAIOMUX CIOCOOHOCTD
HMCXOJHOM CEpbl K U3MEIBYCHHUIO U BBI3BIBAIOIINX KOMKOBAaHME MOJOTOM cepbl. Ha
MIPAKTUKE IS YIYUIICHUS CIIOCOOHOCTH K M3MENIbUYCHUI0 PEKOMEHIYETCSl BBOAUTH B
KUIKYIO Cpemy Tepell €€ 3acThIBAHUEM M TOJTYyYEeHHEM KOMOBOH CEphI JIETKO
paznararomuecss npu 20-120°C comm, mHanpumep, (NH),CO; B xommuecte 0,005-
0,01%. J[pyro#t HeOGmarompusaTHBIA (AKTOp — KOMKOBAaHHE TMOPOIIKA CEPhl B
MIPOIIeCcCe pa3MoJia — TaKKE OMPEACNIICTCS MPEIbICTOPHUEH KOMOBOM CEPhl M MOXKET
ObITh 3HAYUTENIbHO CHIDKEH BBEJCHHEM HEKOTOPhIX MHHEPANbHBIX J100aBOK —
aspocuia uin kaonuHa (0,1-0,2% ot Macchl cepbl).

YBenuyeHne TOHUHBI TIOMOJIA JI0 5 MKM YBEJIMYMBAET CMAYMBAEMOCTH CEpHI
BOJIOM W MpeBpaIiaeT MOJIOTYIO Cepy M3 TOBapHOU (OPMBI B MPOMEKYTOUHYIO JJIS
MOJIYYCHHS] TperapaTUuBHON (HOPMBI — cuMayugarowe2ocsi NOpPowKa OJisl CelbCKO20
X03A1cme8a U MOHKOOUCHNEPCHO20 NOPOWIKA 8 CPAHYIUPOBAHHOM 6Ude O/l WUHHOU
NPOMBIULTIEHHOCTU.

[ToBbIIIEHWE AWCIEPCHOCTH TIPHU BBICOKOM KadeCTBE CEPhl MOXKET OBIThH
TOCTHUTHYTO TIPH TIOJYYCHUHU OCANCOEHHOU Ccepbl — METbYalIIero aMopgHOTro
mopoIKa OJeaHO-KeNToro IBera. J[as 3Toro cepocomepkammii MaTepuasl WA
KOMOBasg cepa o00palaThIBAalOTCSI HU3BECTKOBBIM MOJIOKOM C  OOpa3oBaHUEM
noJIMCynbpuaa Kadbllds, KOTOPBIA TMOCie (QUIBTpAUA TOAKUCISETCS COJISTHOU
KUCJIOTOM. BrimaBmmas cepa (O6m3kasi K KOJUIOUTHOMY COCTOSIHUIO) 00€3BOKUBACTCS
Ha 1eHTpudyre u cymmrcs. Crocod HE TMONYYHJI Pa3BUTHS U3-32 BBICOKOM
CTOMMOCTH TIOJIy4aeMOro TPOAYyKTa, OJHAKO OTpaHUYCHHE €ro TMEepBOM cTaauei
(0OpaboTka M3BECTKOBBIM MOJIOKOM) TMO3BOJISIET MOIy4aTh MHOTO(YHKIIMOHATIBHYIO
pernapaTuBHYIO GOPMY CEpHI.

bnu3kumu K ocakJ€HHOM cepe CBOMCTBAMU XapaKTEPU3YIOTCS CepHblll ysem —
MPOJIYKT BO3TOHKH CEPbl B BHJAEC MEIbYANIIMX YaCTUUYEK, MPEACTABIISIIONINX
HepacTBOpuMyto B CS; cMech MUKIUYECKUX U JIMHEWHBIX MOJICKYJ, U MeOUYUHCKAsA
cepa — TIPOJYKT TOHKOTO TOMOJIA CEPhl BHICOKOW YHCTOTHI B TOKE WHEPTHOTO Tas3a
WJIM MOKPOTO M3MENIbYEHUS B IPUCYTCTBHHM CMAYMBAIOIINX TTOBEPXHOCTHO-AKTHBHBIX
BeIeCTB. MeTuIMHCKas cepa B BHUJAE NPEMapaTUBHBIX (OPM HCIOIL3YETCS B
MIPOU3BOICTBE (hapMaIleBTUICCKUX U KOCMETHICCKUX TIPEIIapaToB.

Psn cioco6oB hopMupoBaHHS Cephbl MPEACTABIISIOT UHTEPEC C TOYKHU 3PCHUS
MPOCTOTHI M BO3MOKHOCTH BapbHpOBaHWs (OpPMBI dYacTHIl TpoaykTa. K HuM
OTHOCATCA uewlyuposannas cepa (denryiiku tommuuon 0,5-2 MM, oOpasyromiuecs
IpU Cpe3aHWU 3aCTHIBIIEH Ccephl C TMOBEPXHOCTH OapabaHa-KpUCTALIN3AaTOPA,
YAaCTUYHO TOTPY>KEHHOTO B KHUAKYIO CPEIy M BPAIIAIOIIETOCS C OMpPENeIeHHOM
CKOPOCTBIO), AMIACMUHYAMAs UAU NAUMOYHAs ¢opma (KpUCTAIUIA3AIMUS CEepbl Ha
OXJIQK/IaeMOW TIOBEPXHOCTH JIBIDKYIIIEHCS CTaJIbHOW JIGHTHI C OOpa3oBaHUEM
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MOHOJIUTHOTO CJO5, JOMAKOUIErocs MoJ JACUCTBUEM TSKECTH Ha IUIACTHHBI 0 5 MM
TOJIILIMHBI) U cepa 8 OMIUBKAX UMY 4YepeHKO08as, TIodydaeMas MpU Pa3iuBe KUIAKOM
cCepbl B CHelUalbHbIe OXJaxkaaeMble (opmbl. Bo Bcex mnepeuncieHHBIX clydasx
MPOSIBIISIETCS] XPYIKOCTh Cephl (00pa3zoBaHUE MEJIOYU U TIbLIN), yCTpaHsieMas B Ooiiee
COBEPILIEHHBIX MTPENapaTUBHBIX U MPEMapupOBaHHBIX (hopmax.

K u4ucny cpaBHUTENBHO HOBBIX U CIOXKHBIX (OPM Cepbl OTHOCUTCS €€
nonumepras Mooudurayus, oydaeMasi Ipyd HarpeBe oObI9HOM cepbl Boire 160°C.
M3BecTHBI TOProBele MapKu MoJMMEpPHON cepbl — Manox u Krystex npousBojicTBa
CIHIA u I'epmanuu. B oTiinune oT OOJBIIMHCTBA U3BECTHBIX MOJIUMEPOB, UMEIOLIUX
TOJIBKO BEPXHIO NPEJIETbHYI0 TEMIIEPATYPy MOJIUMEPHU3ALUH, T.€. PacHadarouIuXcs
Ha HU3KOMOJIEKYJIIPHBIE COCAUHEHUS MPU MOBBIILICHUHA TEMIEPATyphl, NOJUMEpPHAs
cepa XapakTepH3yeTCs TaKKe HIDKHEHW mnpeneiapHoi Temmeparypoit (159°C). Ilpu
OXJIQXKJICHUH HHKE 3TOM TeMIEpaTyphl MOJIUMEP MOCTENEHHO, CO CKOPOCTHIO OKOJIO
7% B Mecsl, MEPeXoIUT B PacTBOPUMBIE aJIOTponbl. CTaOunu3anus MoIuMEpHON
Cepbl OCYILECTBIISIETCS BBEIEHUEM PA3INYHBIX XUMUYECKUX JOOABOK.

ITockOonBbKY MOJYyYEHHE pPa3IU4HbIX BHUAOB CEpPBl OCYIIECTBISIETCA 4Yepe3
KUJAKYI0 cepy, MOJUMepHas MOAU(UKalUsi B TOM WM HHOM KOJUYECTBE
OPUCYTCTBYET B JIIOOBIX Jpyrux ajmioTponax. ClieoBaTeiabHO, BCE TBEPAbIC
MoIM(UKAIIMU CEpbl TPEACTABIAIOT COOOM KOMIO3UIMOHHBIE MaTepuajbl U3
CTaOMJIBHON KPUCTAUIMUECKOM 4YacTh (ILIMKJIOOKTacepa), aKTUBHBIX aJJIOTPOIIOB U
HEPACTBOPUMOU MMOJIUMEPHOM CEPBI.

Ocobo uucmasn cepa. Kak mnpaBuio, cepa, HE3aBUCHUMO OT BHUJIA ChIpbs,
TEXHOJIOTUH TepepadoTKH, a Takke oOled KyJlbTyphl NMPOU3BOJCTBA, 3arpsi3HEHA
BpEAHBIMU U OayslaCTHBIMU npuMecsaMu. [ OonbIIMHCTBA MOTpeOUTENE cepa He
npurogHa 0Oe3 CIEeUUaTbHOM OYHCTKM. B 3aBUCMMOCTH OT Ha3HA4e€HHsS CEpbl
OTrOBapUBAETCS COJEPKAHUE PA3NIMUHBIX MpPUMEcEl: OUTYMOB — MpPHU MPOU3BOJICTBE
CS,, Bmarm — JisI IIMHHOW M PE3MHOTEXHUYECKOW MPOMBILIUIEHHOCTH, CEJIeHa
(oTcyTcTBHE) — M LEJUTIOJI03HO-OYMa)XHOW MPOMBIIUIEHHOCTH, XJiopa — JUif
CEPHOKHCIIOTHOTO MPOU3BOJICTBA, MBIIIbSIKA (OTCYTCTBUE) — I (DapMalieBTHUECKUX
mpou3BOJACTB. B TexHuueckoil ra3oBoil cepe (cojiep’kaHWe OCHOBHOTO BEIECTBA
99,90-99,98%) wnopmupyercs coaepxkanue 3o0ibel  (0,02-0,05%), opranmueckux
Bemect (0,01-0,06%) u Boawl (0,2%). K cepe, momywgaemoit merogom Kiayca,
OPEIBSABISIOTCS KECTKUE, AUKTYEMble O3KOJIOTHEH TpeOOBaHUS K OCTaTOYHOMY
COJIEPKaHUIO0 CEPHUCTBIX coenuHeHui — H,S u nonucynedanos (ve 6osiee 10 ppm).
HauBbiciime TpeOOBaHMSI MO YHMCTOTE MPEABSBISIOTCA K CEpe, UCIOJIb3yeMOW s
MOJIyYeHUs] CYJIb(QUAOB KaaMHUs, Tajuids U APYTHX, NPUMEHSEMbIX B 3JEKTPOHHOU
TEXHUKE Il U3TOTOBJICHUSI ONTUYECKUX MPUOOpOB U JroMuHOopopoB. HecmoTpst Ha
TPYJHOCTH TOJNYyYEHHUsS] Cepbl OCOOOW YHUCTOTHI, CBSI3aHHBIE CO CIIOHBIM
MOJIEKYJIIPHBIM COCTaBOM CEpbI, HATMYUEM MPUMECEH, BO3MOKHBIMU XUMUYECKUMU
NpEeBpalICHUSIMH B CHCTEME, KOMOWHAIMS COBPEMEHHBIX METOOB (XHMHUYECKHUX,
IPOTUBOTOYHOM KPUCTALIM3ALMM, AUCTWUISLMN) II03BOJISIET MOJYYUTh CEPy C
comepaHMeM mpuMmeceii Ha ypoBHe 1070 wmacc., uTO BHONHE YHOBIETBOPSET
TpeOOBaHUSIM COBPEMEHHON TEXHUKH.
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Ilpenapamuenvie ¢hopmul cepoi

CBoiicTBa, peanu3yemMble B BBITYCKHBIX (hopMax cepbl, BO MHOI'OM OIPEACIISIOT
HaIpaBJIeHUs ee mpuMeHeHus. Hampumep, MosoTasi, ocakJieHHasl cepa, CEpHBIN 1[BET
u Apyrue (GopMbl 00JaAarOT MOBBIIIEHHON CTemneHblo aucnepcHoctu. [lo cytu,
BBICOKO/IMCIIEPCHBIE TMOPOIIKH (IyCThI), JETKO HAaHOCUMbIE Ha PACTEHUs, SBISIOTCS
MpoCTeHIel mpenapaTuBHON (HOpPMOI cephl, XOTsA K yJA00OHOH €€ HEb3sl OTHECTH.
Jpyroe moje3Hoe CBOMCTBO — yMEHBIIEHHE IJIOTHOCTH o0OpasuoB cepbl. Tak, s
qenIynpOBaHHOI (OPMBI cepbl oHa coctasmser 950-1000 kr/m®, a st poMOHUecKoit
~2070 kr/m’.

OnHako MpW CO3JaHMM MaTEpUAIOB M MPU JPYTrUX ONEPALMIX C CEepoi
HanOoJiee BaXXHBIM (DAKTOPOM SIBISIETCS BO3MOKHOCTH COBMEIICHHUS CEpPHI ¢
pa3nIuuHbIMU BenlecTBamMu. K cokalieHuto, cepa, HE3aBUCUMO OT €€ BHJa, TPYIHO
COBMEIIIAETCSI C JPYrMMH BellecTBaMH. Tak, MO TapaMeTpy pacTBOPUMOCTH
(TJIOTHOCTH JHEPTrUU KOTE3MHM) Cepa CHIIBHO OTJIMYAETCS OT YIIEBOAOPOIHBIX
coeanHeHni — 26 MII)I(O'S/Ml'S npotuB 14,3 - 18,4 Mz[>KO’5/M1’5. ITo aTOMYy mOKa3aTeNIO
cepa Oouibllle TOXOXKa Ha BBICOKOIOJISIPHBIE HHU3KO- W BBICOKOMOJICKYJISIPHBIC
COCJIMHEHHUS, OJIHAKO, B OTJIMYHUE OT HHUX, OTHOCUTCA K TUAPO(OOHBIM BEIIECTBAM.
Cepa moxo pacTBOpseTcsl B OOJIBIIMHCTBE OOBIYHBIX pacTBOpUTENEH (MCKIIOUEHUE
COCTaBJISIET BHICOKOTOKCHYHBIN CS;), TpyJAHO CMaYMBAETCSl BOJOM, UMEET BBICOKYIO
IUIOTHOCTh W KPUCTAJUIMYHOCTh — BCE 3TO HAKIIAJbIBA€T OTPAHUYCHHUS IPU €€
WCIIOJIb30BaHUM.

B sroil cBs3M, OoJibllIOe 3HAYEHUE MNPUOOPETAIOT MpernapaTUBHbIE (POPMBI
cephl, O0OECNEUYMBAIONIUE pallMOHAJIbHBIE MPHUEMbl  pabOThl, MAKCUMAJIbHO
BO3MOXXHYIO aJIallTallMI0 K KOHKPETHBIM OOBEKTaM, paBHOMEPHOE pacIpejieiicHue B
KOMIO3UIUSIX U CMECSX W OTBEYAIOUIUE JIPYTMM TPEOOBAaHUSIM B 3aBUCUMOCTH OT
KOHKPETHOTO Ha3HadyeHusa. Cpeau mnpenapaTUBHBIX (OPM MOXKHO BBIJICIUTH [IBE
OCHOBHBIC TPYMIIBL: cMecU (KOMRO3UYUL) Cepbl C Veae8000POOHbIMU COCOUHEHUAMU
JUIsl COBMEIIEHUSI ¢ THAPOPOOHBIMU MaTepHAlaMU U CMAdusarowuecs: 000U Uil
800Hble npenapamol, MPeTHA3HAYCHHBIE JJI TPUPOTHBIX 00BEKTOB.

N3 ¢opm mocienHero Tuma, NMPUMEHSEMBIX B KAaueCTBE CPEICTB 3aIlUTHI
pacTeHUl B CETbCKOM U JIECHOM XO3SMCTBE, HanboJiee JOCTyIHA KOJLIOUOHAS cepa —
TOHYAWIIMN TMOPOILIOK, II0Jy4aeMbli IIOMOJIOM B KOJUIOMJHBIX MEJIBHULIAX U
CMENIMBAaEeMbIil Tiepen  yNoTpeOJieHneM ¢ MbUIbHOM Bojoil. bonee ymnoOHa
KOJUIOMJHAsT cepa B BHUJE MacTbl, MNPEACTaBISAOWAs CcO0OM  BIaXHBIN
HECJIC)KUBAIOIIUICS TOPOIIOK WJIM JIETKO pPa3/laBJIMBA€Mble B TMOPOIIOK PBIXJIbIC
KOMOYKHM CEpO-)KENTOro IBeTa, coaepxkamue oT 88% 1o 96% cepwl. Pabouyto
KUJKOCTh B BUJIE CYCIICH3UU TOTOBST A00ABJICHUEM BOJbI K KOJUIOMIHOU cepe MpHu
HEMPEepPhIBHOM TepeMeninBaHui. B kadecTBe aucnepratopa HCIHOJB3YIOT OTXO/IbI
HEJUTIOJI03HO-0yMaKHOTO TPOU3BOJACTBA — KOMILIEKC KaJlbI[UH-HATPUEBBIX COJICH
JIUTHOCYJIb(OHOBBIX KUCIIOT U JIP.

BrimmyckaroTcst Takxke macTooOpa3Hbie KOJUIOMIHBIE TMpenaparbl ¢ MEHBIITUM
comepxkanueM cepel — 70% u 35% (cynmedapun), s Gosiee OMEpaTUBHOTO
MPUMEHEHUS (B MEJIKOM YITaKOBKE).
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[Ipu BBeneHun B oueHb HEOONBIINX KonuuecTBax (2-4% B pacueTe Ha cepy U
BBIIIE) CMAyMBAIONIETOCS TOpPOIIKA Cepbl, 3Ta NpemnapatuBHas QopMa MOXKET
MPOSIBJISITH BSKYIIIUE CBOWCTBA IO OTHOIIEHUIO K CAMBIM Pa3JIMYHBIM HAIOJHUTEISM:
MEeCoK, MeJl, JApeBecHass myka, docdorunc. Heo6xoquMo OTMETUTH, YTO B CEPHOM
OceToHE cojaepkaHue cepol coctaBisgeTr oT 15% mo 60%, B cpemnem 30-35%.
[logo6GHoe cyiiecTBeHHOE u3MeHeHHe dS(PPEeKTUBHOCTH ACHCTBUS [100aBOK B
KOMITO3UIIMOHHBIX MaTepuajgax OTMeYaeTcsl JJig clydyaeB, Korja OJUH uiu o0a
KOMIIOHEHTa HaxoJsATcs B "HaHO-popme", T.e. uMeroT paszmepsl yactuil 10-100 HM.
[To-BuammMoMy, BOAHBIA TIpemapar MONMUCYIbGUIAa Kalblldsg CIOCOOCH B
KOMITO3UIIMSIX ~ (DOPMHPOBATh CTPYKTYPHBIE DJIEMEHTBHI CEpbl HaHO-Pa3MEpOB,
KOTOPBIM U TIPUCYIIH BSOKYIIIUE CBOWCTBA.

Eme ogna dhopma cepbl — MexaHO-aKTUBUPOBAHHAS, KOTOPYIO TTO XapaKTEPHBIM
TOJIBKO JUIsl Hee TpHU3HAKaM CJEAyeT OTHECTH K mpernapaTuBHON (opme. Takoe
COCTOSIHUE CEphl peaju3yeTcss IMpU MEXaHUYECKOM BO3JEHCTBUM Ha Hee B
JIE3UHTETPATOPHOM YCTPOMCTBE, B KOTOPOM OCYIIECTBIISAECTCS PEKUM CBOOOJIHOTO
ylapa — KpaTKOBPEMEHHBIE M BBICOKOYACTOTHBIE CTOJIKHOBEHHSI YACTHUI[ B TOJIETE C
yIapHBIMU DJIEeMEHTaMH amnmnapara. HauOonee xapakTepHble M3MEHEHHs 00pa3lloB
Cepbl, KpOME YBEIMYECHUS CTENEeHH AUCIEPCHOCTH Ha 1-2 mOpsijKa BEJIUYUHBI,
COCTOSIT B U3MEHEHUU IIUPUHBI U TOJOKEHUS TUKOB HA PEHTIC€HOIpaMMaXxX UCXOTHON
OPTOPOMOMYECKON Ccephl MPHU OTCYTCTBUM TOSBICHUS HOBBIX NMUKOB (TPU OTKUTE
MUKW BO3BPAIAIOTCS B TIEPBOHAYAILHOE IIOJIOKEHHE). IJTO O3HAYaeT, 4YTO B
pe3ynbTaTe yAApHBIX BO3JICUCTBHM, cepa IEPEXOJUT B aKTUBHOE COCTOSHHUE C
3aMaceHHOM PHEPTUEH, U MOCIEACTBUS 00paOOTKH 3aKIIIOYAIOTCS HE B HEOOPATUMBIX
W3MCHCHUSIX Pa3pyIIMTEILHOTO XapaKTepa, a B 00paTUMOM TIEPEX0/ie U3 OCHOBHOTO
B BO30YXJEHHOE COCTOSIHHE C AC(EKTHON CTPYKTypoil KpuctaiuioB. Oxumaemoe
XUMHUYECKOE MOCIEACTBHE OOpaOOTKM — MOBBIIIEHHE PEaKUUOHHOW CIOCOOHOCTH
CEphbl, YTO BEIET K CHWKEHUIO TEMIEpaTypbl U BPEMEHH CHHTE3a MOJHCYIbhuIa
Kanbliug B pactBope. [1o Bceil BUAMMOCTH, MOBBIIIEHHAS PEAKIIMOHHOCTIOCOOHOCTh
cepbl OyJIeT UMETh MECTO U B JIPYTUX PEAKITUSAX, PACHIUPSIST U yIydIllas BO3MOKHOCTH
B 00JIaCTH CHHTE3a CEPOOPTAaHNYECKUX U JPYTUX COSAMHEHUH.

Cpenun mnpemnapaTUBHBIX (OpM  Cepbl, HCIOIB3YEMBIX JUISI TMPUPOJHBIX
O00BEKTOB, B YACTHOCTH B Ka4€CTBE yJOOpEHUN, MOKHO OTMETUTH yJbTpa-cepy (Wi
OCHTOHUT-CEPY).

OCHOBHBIM HA3HAUECHHWEM TpPEMapaTUBHON (OPMBI SIBISETCS OOJICTUCHHE
JTUCTIEPTUPOBAHUS PA3IMYHBIX (POPM cephl B KaydyKe W, TEM CaMbIM, yJIydIlICHUC
yclioBUi ByJkaHuzauuu. IIpenapatuBHbie (opmbl cepbl s THAPOPOOHBIX
(YTJIEBOJIOPOHBIX) MATEPHAIIOB TIPEACTABIICHBI CMECSIMHU CEPhI U TTOJTMMEPHON CEPhI
C Pa3IMYHBIMU TEXHOJIOTHYCCKUMU J00aBKaMu. {151 3IeMEHTHOM Cephbl ATO T0OaBKH,
BBOJMMBIC B KaueCTBE ByJIKaHW3ywOIMX cucteM. Hampumep, cepa ¢ 1% caxu
(TEeMHO-KOPUYHEBBIM mopomiok), ¢ 25% wmu 35% mnomumzoOytunena (auis
yBEIMYCHHST TBepAocTH TuiacTuHbl), ¢ 2% MQgCO; (mis mnpemoTBpalieHus
KOMKOBAHHS).

Pazpaborana xomnosuyus evicokooucnepcHou MooOupuUUUPOBAHHOU 2A30801l
cepul, conepxkarmieit 25-50% macc. okMcH HUHKA WA OSHTOHUTA, YTO ITO3BOJISICT
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CYILECTBEHHO (Ha 3-4 NECATHUYHBIX MOPSAAKA) YMEHBUIUTh YJIEIbHOE OBEPXHOCTHOE
AIEKTPUUECKOE COIMPOTHUBIICHHE MOPOIIKA M CHU3UTh HAKOIJIEHHE CTAaTUYECKOIO
AJIEKTPUYECTBA TPH pa3MoJie, a CJEIOBaTEIbHO TO0XKAapO- U B3PHIBOONACHOCTD
npoiiecca.

B cnyuae noaumepnoti cepvr "Kpucrexkc" s ByJKaHHU3alMM KAaydyyKOB
HCIIOJIB3YIOT MAcCJIOHANOJIHEHHbIE KOMIIO3UIIMHU, a TAKXKE CMECHU C aTaKTUYECKUM U
BBICOKOMH/ICKCHBIM  TIOJIMIIPONMJIEHOM, THOKOJOM, TEPMOIPEHOM, KaydyyKaMH,
IpUYeM BTOPOl KOMIIOHEHT COCTaBISICT MPUONMU3UTENHHO OAHY TPETh OT MAacChl
cepbl. AJIbTEpHATUBHBIM BapUaHTOM MOJUMEpPHON cepbl "Kpucrekc" sBisercs
OTEYECTBEHHAsI COMOJMMEpHasi MOAUUIIMPOBAaHHAS Cepa, MoJydaeMas U3 KHJIKON
cCeppl W OpPraHUYECcKOl  comojauMepusymwmieicas  100aBku  (pa3paboTka
[TMHIBETMET, Mockga). [To aktuBHOCTH OHa He yctymnaet cepe "Kpucrtekc".

Cpenn  mpenapatuBHbIX  (GOpM  OHMOJIOTMYECKU-AKTUBHBIX  BEIIECTB
NOMYJISIPHBIM SIBJISIETCS KOHYEHMpam 3MynbCUul, TIOTy4aeMbIi JUCTIEPTUPOBAHUEM B
BOJIE JACUCTBYIOIIETO KOMIIOHEHTA, PACTBOPEHHOI'O B MOJAXOJSIIEM PacTBOPUTEIE, C
OJTHOBPEMEHHOM cTa0miIM3aluel 5MyJIbCUM BOJOPACTBOPUMBIMHU MOBEPXHOCTHO-
aKTUBHBIMM BeulecTBaMH. st cepbl 310 (hopMa TPyIHO peanuszyema M3-3a IJI0XOU
pPacTBOPUMOCTH B OPraHMYECKHX pacTBOpUTEIsX. To ke caMoe MOXKHO cKa3aTh 00
A3pO30JIbHOM ~ 8apuawme NpenapamueHou @opmbl, OCHOBAHHOM HAa TOHKOM
pacnbUieHMH pabodero pactBopa IOA JCHCTBHEM H30BITOYHOTO  JaBJICHHUS
BBITECHSIIOIETO Ta3a — nporneneHTa (nponan-oyrad, CO, u ap.). OnHako, 3aMeTHOE
(B 5 u Ooiyiee pa3) yBEJIMYECHUE PACTBOPUMOCTH B OPraHUYECKUX PACTBOPUTEISIX
aKTUBHPOBAHHOM MEXaHWYECKUM BO3JECHCTBUEM CEpPbI IO3BOJISIET MOJy4YaTb 00€
yKa3aHHbIE NpernapaTuBHble (popmbl. EcTecTBEHHO, OHU MpeAHa3HayYeHbl OOJbIIE IS
JOKAJIBHOTO  TPUMEHEHUS TpH  pEHIeHHH 33Ja4  TOJy4YeHHUS  MOKPBITHHA
BBICOKOJUCIIEPCHOM CEPHI.

IIpenapupoBanHbie (popMbI cepbl

Bropyto rpynnmy — cneuManu3upoBaHHBIX — (OpPM  cepbl  COCTaBISIOT
npenapupoBaHHbie popMbl (cM. Tabiuiy 1). B oTimuume ot mpenapatuBHBIX (Hopm
Cepbl, OHHU XapaKTepHu3yloTcss Ooyiee CJIOXKHBIM COCTaBOM, BO3MOXHOCTBIO
OPOTEKaHUsT HE TONbKO (PU3UYECKMX, HO W XMMHUYECKUX B3aUMOJIEHCTBUI
KOMIIOHEHTOB, B PE3yJIbTaT€ YEro pealu3ylOTCsi HOBbIE CBOWCTBA (BO3MOKHOCTH)
CEpbl U €€ MapTHEPOB.

Tak, ecnu mnpenapatuBHble (OPMBI CEpbl OJHOHAIPABICHHOIO JEUCTBUS
OPUEHTHPOBAHbI TOJHKO HA BOAHBIE WM TOJBKO HAa OPraHUYECKUE CpPEeibl, TO HOBas
(dopMa CMELIaHHOTO THUIA — 0OpaTHAs AMYJIBCHS CEpPbl B BOJIE — MOMU(PYHKIIMOHATIbHA
no HazHadeHuto. OnHa mpexacraBisgeT coOOW  paciylaB  cepbl B CMecU
HU3KOMOJIEKYJISIPHBIX ~ TOJUM300yTWI€Ha W MOJIMATWIEHAa ¢ J00aBKOM
MaJIOPACTBOPUMOTO IMYJIbraTopa — CIOXKHBIX 3(pupoB mpenensubix C16-C18 kucmor.
[locne BBeneHus ropsyeld BOJbl, MHTEHCUBHOIO NEPEMEIIMBAHUS M OXJIAKICHHS
oOpasyetcsi Masenono0Hbi mpenapar. CooTHomeHUe opranuyeckas (aszalcepa/Bona
cocraBsiet npumepro 50/20/30. B pe3ynbrate HaHECEHHMS TIperapaTa TOHKUM CIIOeM Ha
pabouyl0 TOBEPXHOCTb W MCIApeHUs BOAbI, 0Opa3yeTcs KJIEeBOE€ IMOKPBHITHE C
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PaBHOMEPHO paclpeelieHHONW JHUCIIEPCHOW CEpoH, codeTaroiiee OaKTepUITUIHbIC
CBOMCTBA CEPbI U SIHTOMOJIOTUYECKYIO JIMITKOCTh YTIJIEBOAOPOIHOTO MOIUMEPHOTO CIIOSL.

VYkazanHas opMma mpeacTaBiIsieT pa3BUTHE U3BECTHBIX B (hapMalleBTUYECKON U
BETEPUHAPHOU MPAKTUKE CPEACTB. Tak, KOMIO3UIMA MEAULMHCKON CEphl, Ba3eIMHA
¥ BOJBl M3BECTHA KakK CepHasi Mas3b MpOCTas A JICUCHHs] YECOTKU, C J00aBKOMU
CAIMIIMJIOBOM  KHUCJIOTBI — CEpHO-CAIMLIMIIOBAs Ma3b C aHTHCEOOpEeHHBIMU
CBOMCTBaMH, B COYETAHUHU C PE3OPLUMUHOM, UXTHOJIOM M JIAHOJMHOM — CEpHAasl Ma3b
CJIOHAs ¢ MPOTUBOMUKPOOHBIMU cBoWcTBamMH. KomOmHaImsi cepsl ¢ Oepe30BBIM
JIETTEM U TPUBUTAMUHOM HCIIOJIB3YETCS B Kaue€CTBE CEPHO-ACTTSIPHOrO JIMHUMEHTA
JUIS JISYSHHsI IeMO/ieKo3a y cobak u Ap. JloGaBkH K cepe HE TONbKO OOJIET4aloT ee
HAaHECEHHWE — TMPHU3HAK NPErmapaTHBHONW (OPMBI, HO W OKAa3bIBAIOT B COYCTAHUHU C
Cepoii KOMITJIEKCHOE JIeueOHOE IeHCTBHE.

HoBble BO3MOXXHOCTH NPUMEHEHHUS CEpbl OTKPHIBAET MPEMapUpPOBAHUE €€
noJinoe(puHaMu, B YaCTHOCTU MOJIUATUICHOM. B MPOTHBOMOI0XHOCTH Ipolieccam
BYJIKAHM3AIIMM HEHACBIIICHHBIX KAay4yKOB, XMMHUYECKOE OCepHEHUE ((aKTucaius)
HACBHIIIEHHBIX MOJUMEPOB HE MOJYYWIO Pa3BUTHS M3-3a CIOXKHOCTU IIpoliecca.
Hanpumep, B ciaydyae HU3KOMOJIEKYJISIPHOTO MOJUATUIIEHA WU MOJUIIPONUIEHA OHO
BKJIIOYAET MPUCOEAUHEHUE Cepbl, STUMHUHUpoBaHuE H,S, peakunn OCepHEHHBIX
COEIMHEHUI, CONPOBOKIAIOIINECS YBEIUUECHUEM MOJIEKYJISIPHON MaccChl, CIIMBKOMN U
IpyruMu mponeccamu. K Tomy ke coliepkaHue cepbl B MPOIYKTaX HEBEIUKO U HE
MOJAACTCsl PETyJIMPOBaHUIO0. B UTOre HE ynaercs: MmojgyduTh COBMECTUMBIX C CEPOM
MPOJYKTOB, MPEACTABISIOMINX MPAKTUIECKUN HHTEPEC.

bonee OnarompusitHas cuTyanusi HaOJMIOAAETCS B MPOLECCE COBMECTHOIO
JACTIEPTUPOBAHUS TOJUATUIEHA M CEPbl B YCIOBUSX YNPYro-aehopMaiuoHHOTO
BO3JICUCTBHASI B POTOPHOM JIHCIEPraTope CIENUAIbHOM KOHCTPYKUMHU. bblun
MOJTyYeHbI OHOPOIHBIE BEICOKOIUCTIEPCHBIEC MOPOIIKH (pazmep yactull 30-90 Mxm) ¢
coziepkanreM cepbl 40 35%, KOTOpbIE OTIIMYAIOTCS OT MOJMATHIICHA YIy4YlIEHHBIMU
CBOWCTBAMU — YBEJIMYEHHOW TEKYYECTHIO pPaCIUIaBa U NOBBIIICHHBIMU aJrE3UEH,
MPOYHOCTHIO, DJIACTUYHOCTBHIO (B mepepaboranHOM Buie). llpeamonaraercs
XMMHUUYECKOE B3aMMOJICHCTBUE KOMIIOHEHTOB B cucreme. IIpenapupoBaHHas
MOJIUATUIICHOM Cepa HaXOIUTCS B aMOP(PHOM COCTOSSHHM B TE€UEHHUE JITUTEIHHOTO
BpeMeHU. CIIeICTBUEM 3TOTO SIBJISIETCSl OBICTPOE U MOJIHOE PACTBOPEHUE Mperapara B
XJIOpOEH30JIe MPU KOMHATHOM TemmepaType (0ObIYHasi cepa pacTBOPSIETCS B HTOM
pacTBOpUTENIE B OTPAHUYEHHOM KOJIUYECTBE).

Pazpabotannas opmMa cepbl MOXKET OBITh UCIIOIB30BaHA:

- B KayeCTBE TEXHOJOTHYECKOW [00aBKU IS YIYUYIIEHUS] SJIACTUYHOCTH
PE3MHOBOTO KPOBEJIBLHOTO MaTepHalia Ha OCHOBE MOJIMU30IPEHOBOI0 KayuyKa,

- B KauecTBe OaKTEpUIIUAHON JOOABKHU B COCTaBE MPOIMUTHIBAIOIINX PACTBOPOB
Ha OCHOBE TsDKENbIX (pakiuii nepepaboTku HEDTU JIsi KOMIUICKCHOW 3allUThI
JIPEBECHBIX MAaTEPHAIOB OT aTMOC(EPHBIX BO3ACHUCTBUI

- 7151 THAPOoOH3aIMY IPEBECHO-TIONMMEPHBIX KOMITO3UTOB Ha 0a3e APEBECHHBI.

Eme omna mpemapupoBaHHasi (opma cephl CBs3aHa C HCIOIB30BAHUEM S-
colepKammx coeAuHeHud. M3BecTHO, 4YTO OOBIYHAS W TOJUMEpHass cepa u
COCIMHEHUS C TOJUCYIb(PUAHON TPYNIUPOBKON OTrPAaHUYEHHO PACTBOPSIIOTCA B
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OOBIYHBIX PACTBOPHUTENAX (BKJIAJ BBHICOKOW KOTE€3HMOHHOM cocTaBiisitomieit). OaHako,
OHM XOPOILIO COBMECTUMBI MEXKy COOOM M, KaK CJIEACTBUE, MOTYT MOAU(GULIUPOBAThH
cBoiicTBa apyr apyra. Tak, snmeMeHTHas cepa S8 sBIsSETCS IUIACTUPUKATOPOM
HOJIMMEPHOM Cepbl, MOHIKas ee Temmeparypy crekinoBanus ¢ 75°C mo -30°C u
npuaaBasi MPOAYKTY dJIaCTU4YHBbIE cBOMCTBA. Ha crmocOOHOCTH HU3KOMOJIEKYJISIPHBIX
NOJIUCYNIb(PUIHBIX TOJUMEPOB (THOKOJIOB) MPENOTBpAIllaTh KpUCTAIUIM3ALUI0 S8,
OCHOBAHO TOJIYYEHHE MATEpPUAJIOB THUIA YIUIOTHUTEIBHBIX 3aMa30K. AHAJIOTMYHBIM
ahdexTom obmamaroT m OoJiee BBICOKOMOJICKYJISPHBIE THOKOJIBI, IMOTy4aeMbIe W3
cMeceil MOHO- M MOJMXJIOPAJIKaHOB (aJIKEHOB) M TeTpacyib(puaa HaTpHsL.

bonee nmpuBnekarenbHble yCIOBUS AJIA MOJYYEHHsS] KOMIIO3HIMA Takoro poxaa
peanu3yroTcs Tpu WX (OPMUPOBAHWUU B TMPOIECCE CHHTE3a S-COMEpKaIIero
nojJuMepa ¢ MOJTUCYIbGUIAHON TPYNIUPOBKON B paciiiaBe cepbl. TakuM MmyTeM Ha
OCHOBE JUTUIPOKCUOPTaHMITETpacyIb(puia, KUCIOTHOTO KaTaau3aTopa U cepbl S8,
B3ATBIX B pasHbIX COOTHONICHWSX, moiay4deHsl npu 140°C  koMmo3uImun
3JIACTOMEPHOTO MOJUATHIOBOrO 3¢upa TeTpacyibpuia ¢ Cepoidl B HHTEpBaJe
cooTHomeHu ot 25:75 nmo 75:25. OHu xapakTepusyloTcs Haauuuem amopdHon
Cepbl, a s KOMIIO3UIIMM COCTaBa moiumep/cepa = 75/25 — mnomHOU ee
amopduzanueit. [IpenapupoBaHHas TaKUM IyTEM Cepa OTIUYACTCS IJIACTUYECKUMU
CBOMCTBAaMHU M BBICOKOM ajre3meii k merayuiam — oonee 0,01 Mlla, yto Oim3ko k
NOJUMU300yTHIEHOBBIM repMmeTukaMm. [lpunaHue eil TEeXHOJOTrM4ecKH YAOOHOU
BBITYCKHOM (OpMBI — TMyTh TIOJYYEHHS XEMOCTOMKOTO T€pMETHU3UPYIOLIErO
MaTepHuaia Kak ajJbTepPHATUBbI THOKOJIOBBIM U MOJIUNU300yTHICHOBBIM T'€pMETHUKAM.

Kak crienyeTr W3 NpuUBENEHHBIX JaHHBIX, MPAKTHUYECKOE HCIIOJIb30BAHUE CEPbI
OCYULIECTBJISIETCS. 4Yepe3 CO3AaHHe LEeJIoro psaa padouux (op™m, YUHUTHIBAIOIIMX
IIPOUCXO0XKJIEHHUE CEPbl, MHOTOOOpa3ue ee CBOMCTB, a Takke 00JacTH MPUMEHEHHUS], B
TOM YHCJE TaKUE€ KPYNHOTOHHAKHBIE KaK CTPOUTEIbCTBO, CEIbCKOE M JIECHOE
XO034MCTBO, TEXHUKA U JIPyTHE.

Ecniu naGop TOBapHbIX (OpM MOXKHO CUUTaTh CHOPMUPOBABIIUMCS, U
OpeBaiupyeT OpHUEHTAalMs Ha HauOolee SKOHOMHMYECKM U HKOJIOTMYECKH
ONarompusATHBIE B TIPOU3BOJCTBE, TPAHCIOPTUPOBKE W MPUMEHEHHH (DOpPMBI
(koMOBasi, TpaHyJIMPOBAHHAS, KUJKAas, MOJIUMEPHAs Cepa), TO KPYT MpenapaTuBHBIX
dbopM pacmupsieTcss Kak MO JHHUH COBEPIICHCTBOBAHHUS CYIICCTBYIOIIMX, TaK U
CO3JaHMs HOBBIX.

MarepuanoBenyeckasd, a HE  TOJBKO  CbIpbEBas,  HAMPABIECHHOCTh
WCIIOJIb30BaHUsI CEphbl BBICTyHaeT (haKTOPOM, CTHUMYJIMPYIOIIUM 3TU padoThl. YtO
KacaeTrcsi MNpenapupoBaHHbIX (OPM CEpbl, TO OHU MPEACTABISAIOT COOOM
BCIIOMOTAaTEJIbHbIE MPOAYKThI UM MOJYIPOIYKThI C LIEHHBIMU JKCILTyaTal[AOHHBIMU
CBOMCTBaMH, a B Psijie CIy4aeB U TOTOBBIC TPOYKTHI U MpEnapaThl.

Takum oOpa3oM, B pamMKaXx pPacCMOTPEHHBIX padouux ¢GopM CO3aar0TCA
IPEANOCHUIKM I NEPEXoAa OT MCXOAHOTO ChIPhS — TOBAPHOM CEpbl K KOHEYHBIM
MPOAYKTaM — CIeMATIbHBIM MaTepruaiaM. MOKHO 0KWJaTh JAJIbHEHIIEro nmporpecca
B 3TOM HaIlpaBJICHUHU.

INFOMINE Research Group www.infomine.ru; e-mail: info@infomine.ru; ren. +7 (495) 988-1123 17



mailto:info@infomine.ru

