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meHn o0ecrieynBaeT aBTOHOMHBI HCTOYHUK CHaOXe-
HUSI BOASHBIM [TApOM, KOTOPBIH MOCPEACTBOM PELUp-
KYJSIIIMOHHOM yCTaHOBKH (7) MOXKET OBITH TIOHOCTBHIO
YTHIA3UPOBAH ISl CHAOKEHUSI BTOPOH CTYIEHHU Tpe-
OyeMBIM BOIISTHBIM TTApOM. DTO TTO3BOJISIET MTOICPKH-
BaTh 00JI€€ BHICOKYIO IOIIO BOSIHOTO Mapa BO BTOPOIi
CTYIICHH KaJIBIIUHAINN 0e3 HEOOXOIMMMOCTH OTIHCIb-
HOI naporeHepauuy. biarogaps 3ToMy aHTUIPUT BO3-
HUKAeT JINIIb B OYeHb HEOOIBIIOM KOJHMYECTBE JTHOO
BOBCE OTCYTCTBYET. Pe3ynbratom m300peTeHus sBIs-
€Tcs COYETaHHE COKPAIIECHHUS 3aTpaT C MOBBIILICHUEM
KauecTBa NPOAYKTa. Takxke onncaH MOJEPHU3NPOBAH-
HBIM PEAKTOpP AJI1 HEMOCPEICTBEHHON PELUPKYISILUU
BOZISTHOTO T1apa.
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JIBYXCTYIEHYATHIN CITIOCOB KAJIBIITUHAIIMU U YCTAHOBKA JUUIA ETO
OCVYIIECTBJIEHH A

00J1acTh TEXHUKHU, K KOTOPOU OTHOCUTCS U300pEeTEHUE

Hacrostmee n3o6peTeHne OTHOCUTCS K Croco0y KalbLMHALIMHU THIICA,
BKJIIOUAIOLIEMY NEPBYIO CTYNEHb, HA KOTOPOH MPOBOAAT (PI3MI-KATbLHHALHIO, 1
BTOPYIO CTYIE€Hb, HA KOTOPOH NPOBOAAT AOKAJbLMHALNUK B PEAKLIHOHHOM COCYAE, NPHU
5TOM THIIC OT NE€PBOM CTYNEHU KO BTOPOH MOABOAAT Yepe3 TPAHCHOPTUPYIOIUHI
TpybomnpoBo.

YpoBeHb TEXHUKHU

H3BecTHBI pasHOOOpa3HbIe cOCOOBI KATbUUHAIIUK AJIs TPOU3BOACTBA TUIICA.
IIpu KanbUMHALKY BIAKHBIA TUIC (MIPUPOIHBIA TUIC W/UIIU TUIC U3 YCTAHOBOK IS
obecceprBaHUs IBIMOBBIX ra30B) mpeoOpasyercs myTeM 00e3BOKUBAHUS, COCTOSIIETO
B DKCTPAaKL UM KPUCTAIIU3ALUOHHON BOABL. 110 cBOEH XMMHYECKON CYTH 3TO O3HAYAET
npeoOpaszoBanue auruapara (CaSO4 » 2H20) B monyruapar (CaSO4 + 1/2H20) npu
noMomu TermaoThl. [Ipu 3TOM B 3aBUCUMOCTH OT MapUUAbHOTO AaBJICHUS BOASHOTO
napa MOXeT BO3HUKaTh ajbda- unu 6eta-monudukauns noayrugpara. Kpome toro, B
3aBUCHUMOCTH OT YPOBHSI TeMIIEPaTyphl, BIOOABOK MOXET BO3HUKATH €I1e TaK
Ha3bIBaeMasi aHTHAPUTHAS Mogudukauus. (s TOCTHKEHHsST BBICOKOTO Ka4yecTBa
KaJIbLIHHUPOBAHHOTO TUIICA CIENYET BECTH TIIATEIbHBIH KOHTPOJIb TEMIIEPATYPHOTO
npod s U xona nporecca obe3BokuBanus. HenonycTumel kakue-nu0o rneperpessl, H,
KpOMe TOro, HeOOXOIUMO TaKK€ B MaKCHMaJIbHO BO3MOKHOM CTETIEHH UCKIIOUYHTD
BO3MOJKHOCTb BO3HUKHOBEHHUSI HEOAHOPOAHOCTEH B IJIaHE NMOAAYH BOASHOTO Mapa WUiu
TeMIlepaTypsl. B MpOTUBHOM cllydae 3TO MOXET NPUBECTU K HEXEIATEIbHbIM
MECTHBIM (pa30BBIM MPEBPAIIEHUSIM, BJIEKYIIUM 32 COOON yXyAIIEHUE KAa4eCTBa.
[IpakTHyeckoe 3HaYeHUE IPU NMPOU3BOICTBE MOJYTHAPATA, B HACTHOCTH, UMEET TO,
KaKO# Mcmosb3yercs: cnocod — npssMoit uinu HenpsiMoi. [lox mpssMeIM 31€Ch
MOHUMAETCS TO, YTO TOPSIYUH ra3, HCIOJIb3yEeMbIH U KaJbLIHHALIMHN, HAXOIUTCS B
HEMOCPEACTBEHHOM KOHTaKTe C AUruapatoM. I1lon HenmpsMBIM ke MOHUMAeTCs
UCIIOJIb30BAHNE TETIIOOOMEHHHKA IJIS1 KaJbIIUHALTNH.

U3 nokymenta WO 2009/135688 Al u3BecTeH cnoco0 KalbLHUHAIIUN
MOCPENCTBOM ABYXCTYNEHUATOrO npouecca. [Ipu ymomMuHaHUM NEePBOIl CTYNEHU pedb

UJEeT O TaK Ha3bIBaeMOHU (pIdII-KaTbLUMHALNH, 00ecTednBaromeil B mpeaenax OueHb
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KOPOTKOT'O BpeMEeHH (MCUHCIISIOIETroCs] TOJbKO HECKOJIBKIUMHU CEKYHIaAMH)
KaJbLMHALMIO A0 XeJaTelbHOW BeJIUYUHbl PEKPUCTANIN3ALHOHHON BOJIbI B KOHEYHOM
npoaykre. Ha mocnenyromen 3a 3TUM BTOPOH CTYNEHU NPEAYCMOTPEH PEAKTOP AJIs
OOTIOJHUTEIbHOM 00paboTKH, JOBOAAIIMI KadbLMHALKMIO 10 KOHOa. IIpu 3Tom
peaxTop IJis AOTIOJHUTEIbHOU 00pabOTKN He UMeeT COOCTBEHHOTO Harpena, a
BBIMOJIHEH TEPMUYECKU MACCUBHBIM U UMEET TOJBKO NMOABOJ (rOpsiuero) BIakKHOTO
raza. 9ToT cnocod NPUBOAUT K MOJYUYCHHUIO BECbMa BBICOKOKAYE€CTBEHHOI'O THIICA,
OZTHAKO Y HEro uMeeTcs HeIOCTAaTOK, COCTOSILUI B TOM, YTO MOJaya ropsiuero
BJIA)KHOTO ra3a MOXeT ObITh BECbMa HEAKOHOMHYHOH. Bo-mepBhIX, 15 3TOr0 HY>KHO
OTHOCHTEJIbHO MHOT'O YHEPTHH, & BO-BTOPBIX, NaHHBIN c1ocod TpedyeT BBICOKOTO
Ka4yecTBa pPeryJUpOBAaHMUS sl CO3/IaHUS KeJNaTeIbHOIO BBICOKOIO KauecTBa MPOAYyKTa.

PackpriTue uszobperenus

3amaya HACTOSIIEro U300PETEHHNsI COCTOUT B pa3paboTke
YCOBEPLUIEHCTBOBAHHOTO CNIOCO0a U COOTBETCTBYIOINEH YCTAHOBKH, 00ECIIeYNBAIOIUX
MOBBIIEHUE Y5KOHOMHYECKOU 3(h(PEeKTUBHOCTH.

ITocraBneHHas 3aa4a COTJIACHO H300PETEHUIO pPeIaeTcsi CIocoO0M U
YCTAHOBKOW C OTIMYUTEIbHBIMU MPU3HAKAMHU, U3JI0KEHHBIMHU B HE3aBUCUMBIX
nyHKTax Gopmynsl n3odpereHns. B 3aBHCUMBIX MyHKTaX GOPMYIIBI H300pETEHUS
NPUBEICHBI IPEANOYTUTEIbHBIC BAPUAHTBI OCYIIECTBIEHUS H300PETEeHUS.

B npennaraemom B n300peTeHnH crioco0e KalbIIUHALIMY THIICA, BKIKOYAOIIEM
NEPBYIO CTYMEHb, HA KOTOPOU MPOBOIAT (PISUI-KATbLHUHALINIO, 1 BTOPYIO CTYIEHb, Ha
KOTOPOH MPOBOAAT OKOHYATENbHYIO KaJlbLIMHAIIMIO B PEAKLIUOHHOM COCYyJe, NPU 3TOM
TUIC OT NEePBOU CTYNEHHU KO BTOPOH MOABOAAT UePe3 TPAHCIOPTUPYIOUN
TpyOONIPOBOA, HA BTOPOH CTYNEHHU MPEAyCMaTPUBAIOT KOCBEHHBII Harpes, MpUYeM Ha
BTOPOH CTyNEeHH 00ECTeYNBAIOT PELUPKYJISILUIO BOASHOTO mapa 0e3 moasojaa napa
u/unau Bonbl u3BHE. lIpennoururenbHo, 4TOOBI KaJbIIMHAIINIO Ha BTOPOH CTYNEHHU
OCYLIECTBJIANM B BUAE MEIJIEHHON KaJblMHALUY.

OcHoBomnonararomen Ay HaCTOALIEro N300peTEeHNs! CTaja ujaest CO3AaHus
KOMOWHAIUU GI31I-KaTbLIHHALMN Ha TIEPBOH CTYNEHU C HENPSIMOHN MOJHOM
KaJlbUHHAUHEeH Ha BTOpOH cTyneHn. KocBeHHBINH Harpes o0ecrneynBaeT BO3MOKHOCTD
NPOBEJIEHUS B 3HAUUTEJIbHON CTENEeHU 3aMKHYTOTO TEXHOJOTHYECKOro nmpolecca,
COTJIAaCHO M300PETEeHUIO PEANTM30BAHHOIO 32 CUET PELUPKYJSLUHN BOASIHOTO Mapa B

PEaKIMOHHOM cocyle BTOpOoH cTyneHu. M3-3a Hanuuus peuupKyJJsuu cTaja
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U3JIUIIHEH mojava JOMOJHUTENbHO Mapa BO BTOPYIO CTYNE€Hb, Kak TpeOOoBaloCh B
YIOMSIHYTBIX PELICHUSAX, OTHOCALUXCA K YPOBHIO TeXHUKH. COTIaCHO M300pETeHUIO
ee naxke ynanoch uzbexarh, BeAb 3a CUET PELUPKYJISILUN BO3HUKAET TAKOU
3aMKHYTBIH KOHTYP, KOTOPBIH HMEET CYIECTBEHHO OoJiee OJIaronpusTHbIA XapaKkTep
pPeryJIUpOBaHUS.

DdiI-KanbUUHALUA NPOUCXOAUT NPU TEMIEPATypax, 3HAUUTEIbHO
MpEeBbIIAKINX TEMIIEPATypy KajlblUHALUU, paBHYIO 90 °C, B 4aCTHOCTH NpHU
temrepatypax ceeime 130 °C. Cpok npeObIBaHHS HAXOAUTCS CEKYHAHOM AHAIa30He,
CcOCTaBJisisl, B 4aCTHOCTH, OT 1 10 30 c. IloBrIIeHHOE NaBieHHE, KaK MPaBUIo,
OTCYTCTBYET.

Ilon menneHHON KanbUUMHALMEH NOHUMAETCS KajlbLUHALMSA, JUISIIASACS 11O
MEHBIICH Mepe Ha MOPANOK NOJblIe, 4eM (PaII-KaabUHALNS, TPEANOUYTHTEIbHO MO
MEHBIIEH Mepe B COPOK pa3. B 4aCTHOCTH, XOPOIIO 3apeKOMEHI0BAIHN ceOst CPOKHU
npeObiBaHus oT 6 10 40 MuH, npeanoutuTeapbHo ot 10 go 25 MuH. DTOT Mpouece
MOK€T NPOUCXOAUTH NPH YCIOBUAX AABJIECHUS OKPYKAIOLIEH Cpeabl, ONHAKO, KaK OAUH
13 BO3MOJKHBIX BAPUAHTOB, U B YCJIOBUAX MOBBIIIEHHOIO AaBJIEHUS, B HACTHOCTH, MPU
U30BITOYHOM JaBJeHHUH OT 2 110 4,5 Oap, mpeaAnoYTUTENBHO OT 2,5 1o 3,5 Oap.
TeMnepaTypa HECKOJBKO MPEBHIIIAET TEMIEPATYPY KaJbLUHALMHU, B YACTHOCTH, PaBHA
Makcumym 160 °C.

OcHOBOM M300peTeHUsI CTAJNIO OCO3HAHUE TOro (PakTa, YTO B JIUIE BBIACICHHON
KPUCTAJUIN3ALMOHHON BOABI U3 BTOPOU CTYNIEHU UMEETCSI B PACTIOPSIKEHUH
ABTOHOMHBIH UCTOYHHUK CHAOKEHUS BOASHBIM IMApOM, KOTOPBIM, 34 CHET
PELHPKYISLIH, MOKHO BOCTIOJIB30BATHCS JJISI MOJHOTO CHAa0KEHUsI BTOPOH CTYIEHH
TpeOyIUMCs BOASHBIM apoOM. DTO MO3BOJIAET MOAACPKUBATE 00JIe€ BBICOKYIO OO
BOJISTHOTO TIapa BO BTOPOH CTyNEHH KaJbIMHAINU 03 HeOOXOAMMOCTH OTAEIbHOM
naporesepanuu. biaronapsi 35ToMy aHTHIPUT BO3HUKAET JUIIb B OYE€Hb HEOOJIbIIOM
KOJIM4ecTBe TUO0 BOBCE OTCYTCTBYET. TeXHUUECKHUI pe3yabTaT H300pEeTEHNs] COCTOUT
B TOM, YTO VAAJOCh YCTPAHUTh HEOOXOIMMOCTDb BHEIIHEN MapoTeHepauy WIH MOJauu
CTaBILEro JOCTYNHBIM BOASHOTO Napa HHOTO NPOUCXOXKAEHUsA. DTO O3Ha4aeT
COKpalleHHUEe 3aTPaT HAa MPOBEEHUE NPOLIECCa, PE3YJbTATOM YEro sABJISETCS
BO3MOJKHOCTb CHHKEHHS dHepro3arpar. TeM caMmbiM H300peTeHHE NaeT COUeTaHHUE

YMCHBIICHUA 3aTPaT ¢ OTHOBPEMECHHBIM MOBLIINCHUECM Ka4€CTBa MPOAYKTA.
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Jns npennaraemMoro B u3o0perennu crnocoda ocoOeHHO XOPOIIo
3apEeKOMEHAOBANO ce0sl YCTAaHOBJIEHUE YPE3MEPHOTrO CONEPIKaAHUS
KPHUCTAJNIM3aLHOHHON BOJBI B TpaHCHIOpTHpPYOIIeM Tpybonposoae. [Ton upesmepHbIM
MOHUMAaETCs COAepKaHUe KPUCTAJIJIN3aLMOHHON BOJbI, PEBbILIAIOLIEE L[eJIeBOe
COJepKaHUE KPUCTAJIM3ALMOHHON BOABI HA CIEAYIOIIEH, BTOPOU CTyneHu. Tem
CaMbIM COAEpKaHHWE KPUCTANIU3ALMOHHON BOABI IPU NEpPexXoae OT NepPBON KO BTOPOH
CTYNEHU 3aIIaHUPOBAHHO YCTAHABJIMBAETCS CAUIIKOM BBICOKHUM. DTO KaXXKeTCs
O€eCCMBICIEHHBIM, MTOCKOJBKY O CYTH Jiejia ¢ MOMOIIBI0 KaJIbIMHALMH JOJIKHO
JOCTUraThCsl YMEHbIIEHNE KPUCTAIIN3aLMOHHON BOoAbl. TeM He MeHee, aBTOPBI
n300peTeHnss OOHAPYKUIIH, YTO 3TO YCTAHOBIIEHHE YPE3MEPHOTO COAEPKAHMS
KPUCTANINU3allMOHHON BOJIbI 1a€T BO3MOXKHOCTb 3aMETHOTO YJIYUIIEHUS pe3ysibTaTa
KaJIbLIMHALINY HAa BTOPOU CTYNEHH C UCTIOJb30BAHUEM MpeIjiaraeMoi B H300peTeHN U
PEeLUPKYJISLUH.

HenecooOpa3Ho, 4TOOBI PELUHPKYISILHS OCYLIECTBISIIACH C BO3MOKHOCTBIO
BapbupoBaHus. [log BapbupoBaHUEM MOHUMAETCS, YTO PELUPKYISLUA NPOUCKOAUT C
Pa3IUYHON CTENEHBbIO PELUPKYISLUN. YMEHBIIEHUIO CTENEHU PELUPKYIALUU
COOTBETCTBYET YBEJIUYEHHUE AOJU OTXOAALIETO BO3AyXa, OTBOAMMOrO NpoYb U3
pPEaKLHOHHOTO cocyaa U OoJiee yke He aylero Ha penupkynsanuto. LlexecoobpasHo,
YTOOBI 3TO MPOUCXOIMIIO MYTEM OTBEIEHHUS OTXOIAIINX ra30B JJIsI NPUHOPABINBAHUS
COoIep KaHus BOABI BO BTOPOi crynenu. IIpu HeoOXoquMoCTH, HAarpeB
COOTBETCTBYIOIUM 00pa30M KOPPEKTUPYETCS, YTO KOMIIEHCUPYET TEIJIONOTEPH U3-3a
NOHM)KEHUS CTETIEHH PELUPKYJISIUH, U HA000pOT.

[IpennovYTUTENBHO, YTOOBI PEUHPKYJISILHOHHBINA BOASHOW Nap BO3BpAIIajcs
00paTHO B PEAKIIMOHHBINA COCYa MOCPENCTBOM YCTPOHCTBA MCEBAOOKMIKEHHS. 3a CUeT
BO3BPAIIEHUs MOCPEICTBOM YCTPOHCTBA MCEBAOOKMKEHUS MOydaeTCss 0COOCHHO
OnaronpusTHOE MepeMeINBAHNE PEIUPKYISIHOHHOTO BOASHOTO Mapa ¢ MOJIEKAIIM
KaJblIMHALIMU MaTepUaJoM. DTO rapaHTHPYeT PaBHOMEPHBIN MOBOJ BOASHOTO Napa,
YTO UCKJI0YAET BO3MOXKXHOCTb MOSBJIEHUSI MECTHBIX HEOJHOPOAHOCTENH. DTO OKa3blBAET
OYeHb OJATOMPUSATHOE BJIHMSHHE Ha COXPAHEHHE BBICOKOTO Ka4eCTBA.

LenecooOpa3Ho, 4TOOBI B CUCTEME PELUPKYIISILUH UMEJICS PETYIUPYEMbIi
BEHTHJIATOP. DTO Ja€T BO3MOKHOCTh NPOCTOTr0 U 3(PPEKTHBHOTO BHICTABIEHHUS
CTENEeHU PELUPKYJIALUHN TyTeM U3MEHEHHUs YIPaBIAKINX HACTPOEK BEHTHIATOpA.

OTtum obecreunBaeTcs MCTOJHKA, OTIIUYaIasaACa HAQCKHOCTBIO U HpOCTOTOfI
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peryiupoBaHus. ITo 0COOEHHO NMPEATIOUYTUTENBHO, KOT/Ia PEryJIHPOBaHUE
BEHTHJIATOPA CIYXKHUT JUJIS BBICTABJICHUS JKEJIATEIbHON CTETIEHN PELUPKYIISLUH U/ UIU
3HAYEHUS AJA LeJIeBOH AOJH BOASHOIO napa.

[IpennovTuTenbHO, 4TOOBI KAJbLIHUHAIMIO HA BTOPOH CTYNEHHU OCYIIECTBIISIH
npu temneparype Huke 160 °C, donee npeanoururenbao ot 120 no 150 °C. Oror
AWana3oH TeMIlepaTyp, BO-MEPBBIX, FAPAHTUPYET MOJHOTY KaJbLIMHALUY, BO-BTOPBIX
K€ HCKJIIOUEeHHE Ype3MepHON TeMIepaTyphl AaeT pelIUTeIbHOEe CHUXKEHNE ONTaCHOCTH
HEXKeJaTeNbHOTO 00pa3oBaHUs aHTUIPUTA.

IIpennovTuTenbHO, 4TOOBI CONEPIKaAHNE KPUCTAINIM3ALMOHHON BOBI B
TPAHCTIOPTHPYIOLIEM TPyOOTIpOBOAE YCTaHABIMBAIN HA 3HaYeHUU OT 8 10 20 %,
npeanoYTuTenbHo oT 10 1o 16 %. D10 ycTaHOBNEHUE rapaHTUPYET HAJIUUYUE BOASTHOTO
rnapa B JOCTATOYHOM JUISl PELIUPKYJISLIUU KOJIUYECTBE, YTO Aa€T BO3MOXKHOCTh
YAOBJIETBOPUTEIBHONU pabOThl BTOPON CTYNEHH KaIbLUHALUHN. BO-BTOPBIX, TEM CaMbIM
3aKjanpiBaeTcs GyHIAMEHT A1l OJNIaroNpUsITHOTO PEryJIHNPOBAaHUSA HAa BTOPOI CTYIEHH,
MOCKOJIbKY IIPU TaKOM IOJIOKEHUH BELIeH OHO CIYKUT UCKIIOUUTENbHO AJIs
YMEHbUIEHHUsI COMEPKaHU KPUCTAJIN3ALIMOHHON BOABL. DTO JaeT BO3MOXKHOCTb
yAy4IIeHUs] KOMIIEHCANU KOJeOaHui.

Ilenecoobpa3Ho, 4TOOBI HEJIeBOE COAEPIKAHUE KPUCTATIUIAIUOHHON BOJIbI
yCTaHaBJIUBAJU Ha 3HAYeHUH OT 5 110 7 %, OoJjee mpennoYTuTesabHo oT 5,5 10 6,5 %.
D10 obecrneyuBaeT MoJy4YeHHe BBICOKOKAUY€CTBEHHOT'O MOJYTHAPATa, HUMEIOIIEro
MaJlyl0 TOTPeOHOCTh B BOJIE B XOJI€ AabHeHmel o0paboTKU NMpoayKTa.

Hpyrum oObeKTOM M300pETEHUs ABIAETCSA YCTAHOBKA KAJIbLUHALIUH,
npeaHa3Ha4dYeHHas JJisl KaJblLMHALIMY TUIICA, COJeprKaliasl B KauecTBe NepBOH CTYyIeHHU
KaJIbLIHHATOP, BBINOJTHEHHBIH JUIsl PII3II-KanbIMHALIUH, U, B KAYECTBE BTOPOH
CTYNEHU, HAaXOAAIMUNCS O TEXHOJOTHYECKO LiernoyKke NPOU3BOACTBEHHOIO Mpolecca
3a HUM PeaKLUOHHbIH COCYJ, BBIMOJHEHHBIN AJIsl OKOHYATeNbHON KaJbLUHALUY, IPU
5TOM THIIC OT NE€PBOM CTYNEHHU KO BTOPOH MOJAETCS Yepe3 TPAHCHOPTUPYHO UM
TPpyOONIPOBOA, 3BAKYUPYETCS U3 BTOPOH CTYNEHU MOCPEACTBOM OTBOISIIETO
NPUCTIOCOONIEHHUS U, YTO SIBJISIETCS OTJIUYUTEIbHONW 0COOEHHOCTBIO H300peTeHHUs,
pPeaKLHOHHBIH COCYZl CHAOXKEH anmapaToM KOCBEHHOTO HarpeBa M BBINIOJHEH
aBTOHOMHBIM [0 Mapy MO OTHOIIEHUIO K PEUUPKYIALUOHHOMY YCTPOMCTBY 1S

BOJSAHOIO napa, HE UME€s1 C HUM HHUKAKOTO napoo6MeHa.
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Eme onauM 006beKTOM U300peTEHHS SBISIETCS MOJIEPHU3UPOBAHHBIN PEAKTOD,
YCTAaHOBJICHHBIH B TEXHOJOTUYECKOHN JTUHUU MOCe (JBII-KaJIbIIUHATOPA U
coo0marmuiicss ¢ HUM MOCPENCTBOM TPAHCHIOPTUPYIOIIEro TpyObonmpoBoaa, Kak
OMHCAHO BbIle. MONEPHU3UPOBAHHBIN PEAKTOP BKIIOYAET B ceOsl OTBOISIIEE
MPHUCIIOCOOIEHNE ISl KaJIbIIHHUPOBAHHOTO TUIICA U, TPEAMNOYTUTEIbHO, CTIeNAbHbIN
BBITSKHOM KaHaJ AJis 0TBOAA napa. Kpome Toro, MOAEpHU3UPOBAHHBINA PEAKTOP UMEET
B COCTaBe COOCTBEHHOE PELHUPKYJISAIUOHHOE YCTPOUCTBO, MPHU MOMOIIH KOTOPOTO
obecriedeHa peUUPKYJISILHS U3BJICYEHHOTO TAKUM 00pa3oM BOASHOTO mapa. 3a cuer
€ro BBEJEHUs 3aHOBO HAIPSIMYI0 B MOJEPHU3UPOBAHHBIN PEAKTOP MOKHO 00ECTIeUUTh
€ro HeNOCPEACTBEHHBIN BKJAJ B MPOAOJIKEHUE POTEKAKOIIEN B 3TOM peaKkTope
peakuu. bojee nenecooOpa3Ho, YTOOBI PEUPKYISAIUOHHOE YCTPOUCTBO CONEPKAIIO
BEHTUJISITOP AJIs1 BO3BpaTa 0OpaTHO BOASIHOTO mapa.

Jns nmonydenus 0ojiee MOJHOTO OTIUCAHUS U 34 NOTOJHUTENbHBIME OoJiee
noAPOOHBIMH CBEIEHUSIMH CJIEYeT OOPAaTUTHCS K U3JIOKEHHBIM BBIIIE Pa3bICHEHUIM
KacaTeJbHO crocoba.

Kpatkoe onuncanue ueprexken

Hwuxe npuBeneHo noapoObHoe onucaHne H300peTEeHs Ha IPUMeEpe BapHuaHTa €ro
OCYILIECTBJIEHUs], CAEIAHHOE CO CCBUIKAMU HA NMPUJIAraeMble YePTEXKHU, HA KOTOPBIX
MOKa3aHo:

Ha ¢ur. 1 — cxemaTndyeckui 00Kl BUA BapHaHTa OCYLIECTBIECHUS H300pEeTEHUS;

Ha ¢ur. 2 — B pa3pese NPeACTABICH PEaKIHOHHBIA COCYM, BXOISIIINN B COCTAB
YCTaHOBKH KaJbLIMHALIUY, MOKa3aHHOW Ha ¢ur. 1.

OcvyuiectBiaeHne u3odpereHus

Hwuxe co cepinkamu Ha ¢ur. | mpuBeaeHo noapoOHOE ONMMCaHNe BapUaHTA
OCYIIECTBJIEHHS YCTAHOBKHU JJISI KaJbLIMHALIMH THUIICA.

HcxonHoe chipbe A1 KAaNbIIUHUPYEMOTO THIICA BBOJST B YCTAHOBKY
KaJIbLIMHALMY B 3arpy304HOM y3se 1. [Tox HCXOOHBIM CBIPBEM MOJYKET UMETHCS B BUAY
CBIPOHl THUIIC UIN YTUIH3UPYEMbI€, BTOPUYHO UCTIOJIb3YEMbl€ THUIICOCOAEPIKAIINE
NPOAYKTHI, TAKHE KaK TMIICOBOJIOKHUCTBIE TUTUTHI, & TAK)KE THIIC U3 YCTAHOBOK JJIS
obecceprBaHUs ABIMOBBIX ra3oB (Tak Ha3piBaeMblii REA-rumnc). O6nacTh npuMeHeHHs
n300peTEeHNsI HE OTPAHUYUBAETCS TOJBKO TAKUM THIICOM, a MPOCTUPAETCS U HA APYyrue

TUIIBI CUHTECTHUYECKOTI'O I'urica.
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Ot 3arpy3ou4Horo y3ia 1 runcoBoe UCXOJHOE Chipbe Uepe3 y4acTok 12
TPAaHCIIOPTHPOBAHHS MPOXOIUT B (PIISII-KAIBIUHATOP, KOTOPBIH B paCCMaTPUBAEMOM
BapHAHTE OCYILIECTBJIECHUs BBINIOJHEH B BUE KAJIbLIUHALMOHHON MenbHULBI 3. Tam
MPOUCXOAUT U3MENbUEHNE U KalblMHALUS runca. KanpuuHanus oCymecTBIIsIeTCs Kak
b m-kanbIuHAIUA. JTO O3HAYaEeT KOPOTKOe BpeMs npebriBanus MeHee 30 ¢ mpu
BBIXOHOU TemmepaTtype oT 150 no 160 °C, 1. e. Bplle COOCTBEHHO TEMIIEPATyPHI
KaJbLUHAUWU. JJ18 3TOr0 K KaJbLIHHALMOHHON MeEJIbHULE 3 Yyepe3 MOABOASAI UM
TpybonpoBoa 32 npucoenuHeH reHeparop 31 ropsiaero rasa, odecneunBarOmMun
Mojavy ropsiuero raza ¢ Temmneparypoi okoso 620 °C.

ITocne nmpoBeneHHOM GIIAMI-KaIbIUHAIUYN (KOTOPasi, COTJIACHO U300PETEHHIO He
IOJKHA OBITH MOJIHOW) CO CPOKOM TMpebbhiBaHUs, HanpuMep, ToJbko 20 ¢, Bce elne
pasorpeTsiii 1o Temnepatypsl Beiie 150 °C rumnc HanpasisieTcst Mo CTOsAKy 33 OT
KaJIbLIHMHALMOHHON MeJIbHHUIBI 3 K punbTpoBanbHOil cucteme 34. OTryna
TPaHCIIOPTHPYIOIUH TpyOONpoBoa 4 BeNeT K mpeajaraeMoMy B H300peTeHIH
peakiuoHHOMY cocyay (peakTopy) 6, rae rumnc npedriBaeT B TeueHue 20 MUH U 32 3TO
BpEMsI IPOUCXOAUT €r0 OKOHYATENbHAs KaJbLIMHALHSA. DTO OCyIIeCTBIsAeTCs Oe3
MOABOJA U3BHE JOMOJHUTEIBHOTO BOJASHOIO Mapa, TOJbKO C UCIOJb30BAHUEM BJIATU
NOJBEAEHHOTO TUIICa, OCcTarInelics nocie Gidm-kanpuuHanun. bonee mogpodHoe
ONMCAaHME NPUHLUINA AEHCTBUS PEaKLUOHHOTO cocyaa 6 npuseneHo nanee. M3
PEaKLMOHHOIO cocyaa 6 BCe elle rOpsiuui rMIc 4epes3 OTBOAsALLEe YCTPOUCTBO 63, B
COCTaB KOTOPOTO BXOAUT LIJIIO30Bast kKaMmepa 64, OTBOAAT HA NMOCIeAYyIolIee
oxXJIakAeHHe (Ha depTexax He MOoKa3aHo). [[nsg oTBeneHus OTXOASIIEro BO3Ayxa
NPEeNyCMOTPEHO YCTPOMCTBO 8 JIsl OTXOAALIETO BO3Ayxa cucteMmbl. K Hemy
MPHUCOENMHEHBI KaJbIIMHALIMOHHAS MeJbHHIA 3, GUIbTp 34 U peaKUHOHHBIA cOCyn 6.

Kpowme Toro, npeaycMoTpeHa pelupKyJIsLUOHHAsA yCTaHOBKA 7. BrITAKKa
OTXOJAIIEr0 BO3AYXa U3 PEAKIMOHHOTO cocyna 6 oOecriedeHa BHITSIKHBIM KaHAJIOM 66
IJIs1 OTBOJAA OTXOJSILIETO BO3AYyXa, PACHOJOXKEHHBIM CBEPXY PEAKIIUOHHOTO COCYAa, U
Jajiee 3TOT BO3AYX BEHTIJISITOPOM 73 BO3BpamiaeTcs 00paTHO, MPOXOAs Yepe3 KiamnaH
71 peryaupoOBKY JABJEHHS U PEHUPKYJIALUOHHBIN TpyOompoBoa 76, O MOBTOPHOIO
HAarHeTaHUsl B PEAKLUOHHBIN COCy 6 Yepe3 pacrojOKEHHOE Ha ero JHUILE
YCTPOUCTBO 67 MCEBAOOKMIKEHUS, COAepKallee conyia 68 NCeBAOOKUIKEHUS U
yYaCTBYIOIEE B OXKMKEHUHU JHHINE 66a B HUXKHEH 00JacTH peakHOHHOTO cocyna 6.

JIns HarpeBa peakIMOHHOTO cocyaa 6 mpenyCcMOTpeH Termio0OMeHHUK 65,
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MOCPEACTBOM KOTOPOIro MPOU3BOAUTCS KOCBEHHBIN Harpes. M3-3a KOCBEHHOrO Harpesa
MPOUCXOOUT 3TO "BCyxyro", T. . 6e3 moaBona Biaru. KanpumHamnus BHyTpHU
PEaKLMOHHOIO cocyaa 6 OCYyLECTBIISAETCS TOJBKO C HCIOJb30BAHUEM KOCBEHHOI'O
MOABOJAA TEIUIOTHI U BJIard NOCTYNHUBIIErO TyAa TUIICA, HAIMYKUEe KOTOPOH B mpouecce
HEM3MEHHO 00ecTeunBaeTCs PeUUPKYIAIHOHHON YCTAHOBKOHN 7.

s pery1upoBaHus peUupPKyISIUUU npeaycMoTpeH 6sok 70 ynpasnenus. C
MOMOIIBIO CBOEH JIMHUU 75 BBIXOJHBIX CUTHAJIOB OH BO3JEHCTBYET Ha kjanaH 71
perynupoBKY AaBieHus U BeHTUaATOp 73. Kimanan 71 perynupoBkH AaBlIeHUS
pPeryIupyeT AaBJICHHUE B PEAKIIMOHHOM COCyAe 6 U MOCPEeACTBOM TPOUHUKA
NPUCOEANHEH K PELUPKYISILUOHHOMY TPyOOTIPOBOAY 76 U BBIMYCKHOMY Ia30NpPOBOAY
81 mys oTXOASAIKX Ta30B, BEAYIIEMY K AbIMOBOM Tpybe 8 mist orpaboTaHHOTO
Bo3ayxa. I[TocpeacTBom Gioka 70 ynpaBieHus, NyTeM NepeHACTPOHKH pabounx
napaMeTpoB BEHTUIATOPA 73 (BBICTABISAS HYKHYIO €ro MPOU3BOAUTEIBHOCTD) MOJKHO
BapbUPOBATH OOBEMBI PELUPKYJIHUPYEMOTO ra3a, a TEM CaMbIM U CTETIIEHb
PELUPKYJISLUN PEUUPKYIILUOHHON YCTAHOBKHU 7. B peuupKyIsUMOHHOM
TpyOomnpoBoAe 76 NOMOJHUTENBHO €l1e PACMONOKEeHa BEHTHIIIHOHHAs 3aCJIOHKa 78
3a0opa BO3/yXa M3BHE, CIy’Kallas JJIsl MOJYyUYeHHs] JOCTATOYHOTO KOJTUYECTBA
OXKMKAKINEro ra3a Aake NPU HU3KUX CTENEHSAX PELUPKYJSLUU 32 CUET NOAAYHU
Hapy»XHOTO BO31yXa.

BapuaHT BRINONTHEHHS] peaKIHOHHOTO cocyaa 6 6onee moapoOHO MOKAa3aH HA
¢ur. 2. B xauecTBe riaBHbIX KOMIIOHEHTOB PEAKLHOHHBIA COCYX 6 COAEPKUT KOPIYC
60, BHYTPH KOTOPOTO 3aKI0OUeHa padouas mojocTh 61, pacrnoyiokeHHOE Ha BEPXHEM
KOHIIE ToABOAsIee pucrnocobienrue 62, COCTBIKOBAHHOE C TPAHCIOPTHPYIOIIUM
TpyOompoBoaoM 4, U pacmoJIOKeHHOEe BHU3Y OTBOIsIIee npucnocobdienue 63,
OCYILIECTBJSAIIIEE OTTPY3KY TENEPh yKe MOJTHOCTHIO KAJIBLIMHUPOBAHHOTO rumnca. B
paccMaTpUBAE€MOM BapHAHTE BBINOJHEHUs KOpnyc 60 nMeeT HUINHAPUUECKYIO
dbopmy, Ipu 3TOM NOABOAIIEE MPUCTIOCOOTEeHNE 62 PACIOJIOKEHO HAa BEPXHEM TOPIIE,
a oTBoasiuiee mpucnocobnenue 63 — BOu3u qHUIa. BHyTpu padoueit monoctu 61,
TaKKe LUJINHIPUYECKON, PACIOJOXKEHO YUaCTBYIOIIEE B OXKMKEHUU THULLE 00a,
OPUEHTHPOBAHHOE B TOPU30HTAJIBbHOM HAIpaBJI€HUU. DTO YYACTBYIOLIEE B OKHKEHUU
JHUIE 66a COAEPKUT MO CYILIECTBY AHHUIIE C PACIOJIONKEHHBIMH MTOJ HUM MOJBIMH
KaMepaMu Uil IOJBOJA OXKMKAKINEro ra3a, KOTOPbIA 4epe3 OTBEPCTHs B AHUIIE 606a

MO2K€T BBIXOJUTb HaBEPX, IPU 3TOM NPOTEKas yepe3 NPUIIErarniluil K JTHUILY 66a
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cioii oOpabaTeiBaeMOTO MaTepHala u OXrkas ero. OKMIKAIOUUHA Ta3 HArHETaeTCs
yepes3 Ccoria yCTpoucTBa 67 NCEBAOOKMKECHUS, PACHOJIOKEHHbBIE HA HUXKHEM KOHLE
PEaKLUOHHOro cocyna 6.

Ha ocu nununnpudeckoit paboueii mosoctu 61 HUKE MOABOISIIETO
npucrnocobneHust 62 mpeaycMoTpeHa MpOXoasInasi CHU3Y BBEPX MOoAbeMHas TpyOa 69,
chopMupOBaHHAs U3 OTPE3Ka METAJUIMNYECKOH TPYyOBI, KOPIYC KOTOPOH UMEET
cBOOOIHOE MOMEPEUHOE CEUEHNE, COCTABIAIOIIEE MPUMEPHO MATYIO YacTh AJIUHBI
noabeMHOH TpyOrl. IIpoTekaromias B mogbeMHOM TpyOe 69 razoBasi CMeCh YBJIEKAET
qacTHUIB 00pabaTeIBAEMOTO MaTepHaja U3 OKPyKawIiel cpeapl, BCIEACTBUE YEro 3TH
yBJICYEHHBbIC YACTUIIBI MAaTepUaja CHOBA MEPEHOCSATCS B BEPXHIOW 00nacTh pabouei
nojoctu 61. Tem cambiM 0OpasyeTcst UHPKYISIMUOHHOE ABUIKEHUE, TTO3BOJISIOIIEE
noctudb 3G PEeKTUBHON MOCTKAIbIIMHAIINN C UCIIOJb30BAHUEM BJIATH Fa30BOH CMECH U
NPOU3BOIUMOTO TOCPEACTBOM TEMIOOOMEHHNKA 65 KOCBEHHOI'O HarpeBa MaTepuana,
MOCTYMHAIIIEro 4yepe3 NoABOAsIIee MPUCIocodnenue 62.

bnox 70 ynpaBieHus CBsi3aH C CUCTEMOHN 9 ynpaBieHHUs], TAK)Ke BBINOJIHEHHON C
BO3MOJKHOCTBIO YIIPaBJECHUS TEMIIEPATypOH U BpeMeHeM MpeObIBaHUs B PEAKLIHOHHOM
cocyae 6. B peakiiluOHHOM cocye 6 YCTaHOBJEHO HECKOJbKO NAaTYUKOB, B TOM YHCJIE
natyuk 90 temneparypel, faTUYUK 91 BIAKHOCTH U AaTUMK 92 ypOBHS, NOAKIOYEHHBIE
Kk cucreMe 9 ynpasnenus. Cucrema 9 ynpasieHHus: 00beIHHSIET U3MEPEHHbIE 3HAUCHUS
U, U peryJUpOBaHUS TEMIIEPATYPbl U BpeMeHH NpeObIBaHUA, BO3AEHCTBYET Ha
POU3BOIMMOE MMOCPEACTBOM TEIIOOOMEHHNKA 65 HarpeBaHUe U Ha ILJII030BYIO
kamepy 64 oreoasiero npucnocobnenusi. Kpome toro, 6mok 70 ynpasieHus
MOCPEACTBOM KJjlanaHa 71 perylupoOBKM JaBJIEHUS PEryJupyeT NaBJIEHUE B
peakLMOHHOM cocyze 6. [l MOBBIIEHNS BJIAXHOCTH MOBBIIIAETCS CTENEHb
PELUPKYJISLUHU, a AJIsl MOHUXKEHUS BJIA’KHOCTHU CTENEeHb PELUPKYIALUN YMEHbIIAETCS
U, IPU HEOOXOIUMOCTH, MOAAETCS OKPYKAIMUNA BO3AYX. Pe3ybTaTOM MOBBIMIECHUS
CTENEHU PEUUPKYISALHUH SBIAETCA YIy4YLIeHUEe TEMIEPATYPHOIO PeKUMa B
PEaKLIMOHHOM cOCyAe 6, MOCKOJbKY BO3HUKAKOT MEHBIINE MOTEPH 34 CUET OTXOASALIErO
BO3AyXa.

I'unc, TONbKO YaCTUYHO KaJbLUHUPOBAHHBINA KAJbIIMHALMOHHON MEJbHULIEH 3,
MOABEPraeTcs OKOHYATENbHON KaJbLUHALMH, T. €. IPOUCXOIUT MOJHOE NPEeBpaLIeHHE
AUTHApPATA B MOJYTHAPAT U, IPU HEoOXonUMOCTH, nMeBiierocs anrunpura (Alll) — B

MOJIyTUApPAT.
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DTO NO3BOJAET NOCTUYD KOHTPOJUPYEMOCTH OKOHYATEIbHON KalblUHALIMU
NpuUxXoaAmero mu3 KaHbI_IPIHaLIPIOHHOfI MCEJIBbHHUIIbI 3 rumnca ¢ UCHOJbB30BAHUEM €TI0
coOctBenHoi Bnaru. Takum obpazom, Onaromapst peaupKyIALHOHHON YCTAaHOBKE 7 U
TeNJI000MEHHUKY 65 CTajl0 BO3MOJKHBIM BBICTABJIATH XKEJATEJIbHOE IEJIEBOE
coliep:KaHue KPUCTAJNIM3ALMOHHON BOABI U 3a71aBaTh JKeJaTeJbHOE KauecTBO JJIs
KaJbIUIUHHUPOBAHHOI'O TUIICA.

9TO nMo3BOJsIET AOCTUYD TOMOT€CHU3AlIUU U YJIYYHICHUA Kau€CTBa
KaJbIUIUHHUPOBAHHOI'O TUIICA. BO-HepBbIX, yAa€TCda JOCTHYb TOMOTCHU3ALIUHA 3a CUCT
KOMIIEHCALIMN KPAaTKOBPEMEHHBIX KojebaHuii bnaronaps OydpepHOMY NEHCTBUIO,
MOJy4aKIIeMyCs 3a CUET 3aJepKKu B paboyeil momoctu 61. Kpome Toro, monydaercs
YMECHBIICHUEC HCKETATCIbHBIX PACTBOPUMBIX aHTUAPHUTHBIX I[OJIefI, a TaKxXxe
AUTUAPATHBIX AoJiei. Ciaenyroiiee 3HaYUTENIbHOE IPEUMYIIECTBO COCTOUT B
BO3MOKHOCTHU PETYJIUPOBAHUA BCJIINYHUH BOABI U TUIICA, BPEMCHU CXBATbIBAHUSA U
PEeKPUCTAJNIM3ALMOHHON BOJBI 32 CUET YIIPABJIEHUS CTENEHbIO PELUPKYIALUN U

BpeMeHeM npedbiBaHus B paboveit mosoctu 61.
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OOPMVIJIA U3OBPETEHUA

1. Cnoco0 KanbIMHAIIMY TUIICA, BKIIOYAOIIUN TEPBYIO CTYNEHb, HA KOTOPOH
NPOBOIST (PIISII-KANBIIUHAIINIO, U BTOPYIO CTYIE€Hb, HA KOTOPOH MPOBOAAT
OKOHYATEJIbHYIO KAJIbLUHALIUI B PEAKIIUOHHOM COCYJA€, IPHU 3TOM T'HIIC OT NEPBOU
CTYIEHHU KO BTOPOH MOABOIAT Yepe3 TPAHCTOPTUPYIOIHI TPyOOTIPOBOL,
OTJHYAKIHICA TeM, YTO 00ECIeYnBaIOT KOCBEHHBIN HArPeB, OCYIIECTBISAEMBII Ha
BTOPOH CTYNEHH, MPUYEM Ha BTOPOH CTYNMEHU 00ECTIEeYNBAIOT PELUPKYIISILIHUIO

BOASIHOTO napa 0e3 nmoaBoaa M3BHE Mapa W/ WM BOMBI.

2. Cnocob mo n. 1, oTan4yamuiicss HATMYNEM YCTAHOBJIEHUS YPE3MEPHOIO
COIEep KaHMUs KPUCTAJIU3ALMOHHON BOJIBI B TPAHCTIOPTUPYIOLIEM TpybompoBone,

MpPEeBbILIAIOLIETO [[eJIEBOE COJlepKaHNue KPUCTAINIM3aLlMOHHOM BOABI BTOPOH CTYyIE€HHU.

3. Cnocob mo . 1 unu 2, oTIMYAMHAICA TEPEMEHHON peUupPKYIsILHEH C
Pa3HOU CTENEeHbIO PELUUPKYJIALUH, IPU 3TOM NPEANOUYTUTENbHO NPOBOIST
peryJupoBaHue IO KeJaTeJIbHOMY LIEJIE€BOMY COAEPKAHUIO KPUCTAIIM3ALUOHHOM
BOJIBI B TUIICE, IPUYEM MPEANOUYTHTEIBHO CTENIEHb PELUPKYISILUA MOIUPULIHPYIOT 32
CUeT OTBEJIEHUS OTXOASIIEro rasa JUis alanTaluy coaep kaHus BOJASHOIO napa Ha

BTOPOH CTYIEHU.

4. Crioco0 mo ofHOMY U3 MPEeNbIAYIIUX MYHKTOB, OTJAHYAKMHHCH TeM, YTO IS
BTOPOH CTYNEHH PEUHPKYISILHOHHBIA BOASHOW Nap BO3BPAIIAOT OOPATHO B
PEaKLMOHHBIN COCYJ MOCPEACTBOM YCTPONUCTBA MCEBAOOKUKEHUS, IPU 3TOM

npeAnOYTUTCIbHO peaKL[PIOHHbeI COCYyad HArpyXKarT MNOBBIIICHHBIM JABJICHUCM.

5. Cnocob mo ogHOMY M3 MPEAbIAYLUINX MYHKTOB, OTJHYAIMIHACA TeM, 4TO B
CHUCTEME PELUPKYJSIIUN 00ECTIeYNBAIOT PETYIHPYEMbIH BEHTHIISITOP, IPH 3TOM
NPEeANOYTUTENBbHO MYTEM PEryJIUPOBAHUS BEHTUIISITOPA YCTAHABIMUBAIOT XKEJIATEIbHYIO

CTENEHb PELUPKYIALHH.

6. Crioco0 Mo oJHOMY W3 MPEABIAYIIUX MYHKTOB, OTJAHYAKIHICA TeM, YTO

OKOHYATCJIbHYIO KaJbIIUHALUIO B PCAKHUOHHOM COCYAC€ NMPOBOAAT B YCJIOBUAX
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MOBBIIEHHOTO JaBJICHUs, B YaCTHOCTHU, PU U3OBITOYHOM AaBjieHuu oT 2 1o 4,5 Oap,

NPeAnoUYTHTENBHO OT 2,5 1o 3,5 Gap.

7. Cnoco® 1mo 0JHOMY M3 NMPEbIAYLIINX MYHKTOB, OTJAHYAKIHACA TeM, 4TO
CpPOK mpeObIBaHUS THIICA HA BTOPOH CTYNEHU Ha3zHa4arT OoT 6 1o 40 MuH,

npeanouTuTesbHO OT 10 70 25 MuH, eme 0ojee MpeANOYTUTENBHO OT 15 10 20 MuH.

8. Crioco® mo ofHOMY M3 MPEABIAYIIUX MYHKTOB, OTJAHYAKIHICH TEM, YTO
KaJbLIMHALMIO HAa BTOPOH CTYMEHHU OCYHIECTBISIIOT NIpu Temmnepatype Huxe 160 °C,

npeanoyrutenabuo ot 120 o 150 °C.

9. Cnoco6 1mo 0JHOMY M3 NMPEbIAYLIINX MYHKTOB, OTJAHYAKIHHACA TeM, 4TO
coIepiKaHne KPUCTAJUTM3aLMOHHON BOJBI B TPAHCTIOPTHPYIOLIEM TpybompoBoae
yCTaHaBJIMBAIOT B Auamnaszone ot 8 go 20 %, npeanoururensHo ot 10 no 16 %, npu
5TOM NPEANOUYTUTENBHO LEeJeBOe COJepKaHNue KPUCTAIN3AUOHHON BOIbI

yCTAaHABJIMBAIOT HAa 3Ha4YeHue oT 5 10 7 %, OoJjiee mpeanmodTUTEbHO OT 5,5 no 6,5 %.

10. Cnoco6 mo oqHOMY M3 MPEAbIAYIIUX MYHKTOB, OTJAHYAKIHHACA TEM, 4TO

€ro OCYLECTBIIAKOT HEIIPECPBIBHO.

11. YcranoBKa KaJplIMHALMU, OPEeIHA3HAUYCHHAS AJs KaJbLMHALIMYU TUIICA,

coneprKamasi B KaueCTBe NMepBOH CTYNMEeHU KaIbUUHATOP (3), BBIMOJTHEHHBIH 115 (ratm-

KaJIbLIMHALIMY, U, B KAY€CTBE BTOPON CTYNEHHU, HAXOAAMHUICA IO TEXHOJOTHYECKON
[[ETTIOYKe MPON3BOACTBEHHOTO MPOIEcca 3a HUM peakLHOHHBIN cocyn (6),
BBIMTOJIHEHHBIN /11 OKOHYATENbHON KaJIbLHHALMH, IPU 3TOM THIIC OT NMEPBOH CTYNEHHU
KO BTOPOU mogaercs 4epe3 TpaHCIOpTUpyrmui Tpydonposoa (4) u 3BakKyupyercs u3
BTOPOH CTYNEHH MOCPEACTBOM OTBOIAIIETO MpHUcnocodneHus (63), oTanvyawmascs
TeM, YTO PEAKIUOHHBIN cocyn (6) cHabkeH anmapaTtoM (65) KOCBEHHOTO Harpesa u
BBIMOJIHEH aBTOHOMHBIM 10 M1apy MO OTHOLIEHUIO K PEHUPKYISALHOHHOMY YCTPOHCTBY

(7) nns BOASIHOTO Mapa, HE UMesl ¢ HUIM HHKaKOoro napooOMeHa.

12. YcranoBka o n. 11, oTanvyawmasic TeM, 4TO OPeAyCMOTpPEHA CUCTEMA

(70) perynupoBaHusl, BBIMIOJHEHHAs C BO3MOXKHOCTBIO 00€eCIeueHnst epeMeHHOM
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PELMPKYISILNN B PEAKLIHOHHOM cocyne (6) ¢ pa3JuuHON CTENEHbIO PeHUPKYJISALINH,
NPEeANOYTUTENBHO 34 CUET OTBEACHMS OTXOISAUIETO rasa JJis afanTaluu COAep KaHus

BOASHOTO Mapa Ha BTOPOU CTYNEHHU.

13. YcranoBka no m. 12, oranuaomasics Tem, uyto cucrema (70)
peryanpoBaHus JOMOJTHUTEIBHO HACTPOCHA MO YPE3MEPHOMY COMAEPKAHUIO
KPHUCTAJIN3ALMOHHON BOJBI B TPAHCIIOPTHPYIOIIEM TpyOomnposoae (4),

MpEeBbILIAIOIIEMY LieJIeBOe COAepKaHUe KPUCTAIIN3alMOHHON BOJbI BTOPOH CTYIIEHHU.

14. YcranoBka no ogHomy u3 nn. 11-13, ornnyamasicss TeM, 4TO
pPeakKIMOHHBIN cocyn (0) BRIMIOJHEH B BUAE COCyAa, paboTarIero noa u30bITOYHBIM

JaBJICHUCM.

15. MonepHU3UpOBaHHBIN KaJbLIUHALUOHHBIN PEAKTOP, COAEP KALIUN
coenuHuTeNb (62) Nysi TpaHCcTOpTUpYIOIEro Tpydomnposoaa (4), BRINIOJHEHHOTO IS
nojavuu rumnca u3 ¢asu-kaipuuHaTopa (3) B MOAEpHU3UPOBAHHBIN peakTop (6),
YCTaHOBJICHHBIH B TEXHOJIOTHYECKON JTMHUHM nocie (uam-kansiuaaTopa (3), B
KaueCTBE BTOPOU CTYNEHHU, OTJAHYAWIMHHCA TeM, YTO MOJAECPHU3UPOBAHHBIN PEAKTOP
(6) crabxeH anmapaTtoM (65) KOCBEHHOT'O HAarpeBa M BHINOJHEH aBTOHOMHBIM IO Tapy
10 OTHOIIECHUIO K PELUPKYISALUOHHOMY YCTPOHCTBY (7) I BOASHOTO Mapa, He UMest

C HUM HHKAaKOTO mapooOMeHa.

16. MonepHU3UPOBAHHBINA PEAKTOP MO M. 15, oTJAHYaAOHICA TE€M, YTO OH
UMeeT KOHCTPYKTHBHOE HCIIOJHEHUE B BUAE cOCyaa, paboTarmmmero noa n30bITOUHBIM

IaBJIEHUEM /WU MPEAYCMOTPEHA CUCTEMAa peryaupoBanus mo n. 12 umum 13.

17. MonepHU3UPOBAHHBIN peakTop Mo n. 15 unu 16, oTanvyarwmuics TeM, 4TO
Ha HEM pPaclnoJIOKeHbl OTBOAsIIEee mpHucrnocodnenne (63) nis KaJlb{UHAPOBAHHOTO

TUTCa U, KpOME TOTO, BBITSKHOUW KaHam (66) mist oTBOA mapa.

18. MonepHU3UPOBAHHBINA PEaKkTOp MO N. 17, OTJAHYAIHIACH TE€M, YTO

BBITSDKHOU KaHaJ (60) aiisi 0OTBOAA Mapa COeAUHEHA C PELUPKYISIIHOHHBIM
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ycrpoticTBoM (7) TakuMm 00pa3oM, 4TO map HEMOCPEACTBEHHO CHOBA BBOJAUTCS B

peakTop.

19. MoaepHU3UPOBAHHBIN peaKTOp MO OAHOMY U3 OIl. 15-18, oTauyawmuica
TeM, YTO PEHUPKYIALHOHHOE YCTPOHCTBO (7) conepkut BeHTUNATOp (73),

NPEeANOYTUTENBHO PETYIUPYEMBII.
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