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CIIOCOB 1 PEAKTOP JJIAA U3BJAEYEHUA XJIOPUJIA HATPHUSA N
XJOPHUJA KAJIUA N3 TOJIUMMHUHEPAJIBHBIX HCTOYHHUKOB

Onucanue

Ob6aacTb nzodperenust

Hacrosimee mn3o0OpereHne oTHOCHTCS K 00JIACTH mepepaldOTKHU CHIIbBUHUTOBBIX PYI B
no0BIBarOIEH NPOMBIIIJICHHOCTH U 00ecreunBaeT pecypcodPpPpekTHBHbIN criocod n3-
BJICUHCHUA XJIOPpHUAA Kallud U XJIOpHUAA HAaTPUsd W3 NOJUMHHEPAJIBbHBIX HUCTOYHUKOB, CO-
JEepKALIIX XJIOPHU Kalus U XJOPUJ HaTpHs, a TAKKE BEPTUKAJIBbHBINA TPEX30HHBIN pe-
AKTOP AJid U3BJICHCHHA XJIOpUOa KaJlud U XJIOpHUAa HATPHUA U3 TNOJUMHUHEPAJIBHBIX HC-

TOYHHUKOB, COACPNKAIIUX XJIOPUA KAJIUA U XJIOPHUA HAaTPHA.

YpoBeHb TeXHUKH

Ha npotsokeHun necsTHIeTH! U3BECTHBI IBA OCHOBHBIX CIOco0a oOoraieHust Kaiuii-

HOH PYyIbl: XUMUYECKHH (Talnyprudeckuii) v (IoTalMOHHBIH.

lanyprudeckuii cnoco® camblii CTapbll, HCIIOIb3YETCS CO BPEMEHH 3apOXKIEHUs Ka-
JTuiHON mpoMbinuieHHOCTH B XIX Beke. [amyprudeckuii crioco® BIOENEHUs XJIOPHAA
KaJ¥s M3 CHJIbBUHHUTA WJIHM CIOCOO M30MPaTEeNbHOTO PACTBOPEHHS M PA3[ENbHOW KpH-
CTAJUIM3AaLIMU OCHOBAH Ha PA3JINYUM TEMIIEPATYPHBIX KO3(P(PUIHNEHTOB PaCTBOPUMOCTH
XJIOPUIOB KaJiisi U HATPHSI MPH UX COBMECTHOM MPUCYTCTBUH, TO ecTh B cucTeme «KCl
— NaCl — H,O0». B pacTtBopax, HachILIEHHbIX 00EMMHU COJISIMU, TIPH TOBBIIEHUH TEMITe-
parypsl ot 20°C no 100°C conepskaHue XJopuaa Kajlus BO3pacTaeT IMPUMEPHO B ABa
pasa, a XJopua HaTpusl HECKOJbKO yMeHblIaeTcs. [Ipyu oxiakaeHuu Takoro ropsiaero
pacTBOpa OH CTAHOBUTCS MEPECHIIIIEHHBIM OTHOCUTEIBHO XJIOPUAA KIS, KOTOPBIHA O Y-
AeT KPUCTAITIM30BaThCs, a XJIOPU HAaTpUsl OcTaHeTcsl B pacTtsope. Ilpu mocaenyromem
HarpeBaHUM 3TOrO pacTBOpPa OH OCTAHETCsl HACBILIEHHBIM OTHOCUTENBHO XJIOpHUJA Ha-
TPHSI U CTAHOBUTCSI HEHACBHIIEHHBIM OTHOCUTENIBHO Xyiopuaa kamus. [losromy npu o6-

paboTke MogoOHBIM PACTBOPOM HOBOTO KOJIMUECTBA CHIIbBUHUTA U3 HEro OyAeT u3Biie-



KaThCsl TOJBKO XJIOPU KaJIvsi, IEPEeXOISIINI B PaCTBOP, a XJIOPUA HATPUS PACTBOPSIThH-
cs1 He Oynet. Oto cBoiictBo cucreMbl «KCl — NaCl — HyO» u ucnonssyercst B ranypru-
YECKOM METOZE M3BJICUSHHS XJIOPHIA KaIHs U3 CHJIbBBHHUTOBBIX PYI IJIsl OpraHU3aluu
ukaeckoro nporecca (cm. [Tosun MLE., "TexHonorust MUHEpabHBIX cojieit (ymo0-
PEHMUIA, IECTULIU/IOB, MPOMBILIICHHBIX COJIeH, OKHCIIOB U Kucior), U.1, usn. 4, JleHun-

rpan, m3a. "Xumus", 1974, crp. 146 — 161).

JIOCTOMHCTBOM 3TOr0 croco0a sIBJIIETCSl TO, YTO OH MO3BOJIIET MOJYYUTh HauOojee
YUCTBHIN XJIOPUCTBIM Kaluil ¢ copep:kaHHeM MOJe3HOro kommnoHeHTa ao 98%. Henoc-
TATKOM TJTYPrUUecKOro croco0a SIBJSIETCS HEMOJHOE U3BIIEYEHHE XJIOPUCTOTO KaJIHst
u3 pyapl coctasisironiee 86 — 88%. ConeprkaHue Kanus B TAJIMTOBBIX OTXOJAax COCTaB-
nsier 2 — 3%. Kpome Toro, maHHbIi criocod XapakTepu3yeTcs CYIIeCTBeHHBIMU YHEPTO-

3aTparTaMi Ha HArp€BaHUE U OXJIAXKIACHHUE PACTBOPOB.

EH.Ie OJHUM HEOOCTATKOM JaHHOI'O criocoba SIBJISIETCS BBICOKASI SanﬂSHéHHOCTb raju-
TOBBIX OTXOOOB MOCTOPOHHUMU MPUMECAMU, HE NMO3BOJAOIMIUMHA UCTIOJIB30BATh T'aJIUT

B KaUE€CTBE TOBAPHOI'O XJIOPUAA HATPHA.

C ¢u3HKO-XUMHUECKONW TOUKH 3PEHUs, TallyprudecKuil crocod obecreunBaeT pacTBO-
peHHe U MOBTOPHYIO KPUCTAJUIM3ALIUIO JIUIIb OHOHW W3 ABYX TBEPABIX (a3, MpHCyTCT-
BYIOIIUX B CUJIbBHUHUTE, & UMEHHO, XJopuaa kanus. OCHOBHOM KOMIIOHEHT — TajluT —
OCTaéTCsl B HATUBHOM COCTOSIHUH, BCJIEACTBHE YErO YaCTHULbI XJIOPUAA Kaus, 3a0pOHH-
pPOBaHHBIE B IAJIUTOBBIX KPUCTAJUIMYECKHUX CPOCTKAX, HE BBIIIEIAUYUBAIOTCS B PacTBOp,
YaCTHLBl HEPACTBOPHUMBIX MHUHEPAJIOB (aHTHIAPUL CYJb(aTa KaJbIHs, TOJOMUT, TJIMHA)
TaK>e OCTAKTCs CBSI3aHHBIMU C TaJUTOBOM COCTaBJOLIEH pyabl. IMEHHO ¢ 3TuUM n
CBsI3aHBI OTEPHU KaJIKsl B JAHHOM CIIOcOO€ 00OTraIeHus, a TAakXKe BBICOKasl CTEIeHb 3a-

pr[SHéHHOCTI/I TaJIMTOBBIX OTXOJOB.

OnoTanMoHHBINH coco0 cTai UCHoNb30BaThest ¢ 00-x rr. XX Beka AJis MPOU3BONCTBA
KaJIMHAHBIX YOOOpEHUH ¢ copep:kaHueM TOJIe3HOro KoMIoHeHTa 110 95 %. B Hacrosimee
BpeMsi (pJIOTAIMOHHBIN CrOCOO MMeeT HanboJee MMUPOKOE PACIPOCTPAHEHHUE B KaJTHi-
HOH mpoMmbIieHHOCTH. CyIIHOCTh (DJIOTALIMOHHOTO crocoba COCTOUT B pa3ieleHHU
KCI u NaCl, conepxamuxcs B pyne, ¢ NPeABAPUTEIbHBIM BbIICICHHEM TIIMHUCTOTO

mtama. PIoTauuoHHOE pa3/ieseHue MIUHEPAIOB OCHOBAHO Ha Pa3JIMUuHON CIIOCOOHOCTH



UX MOBEPXHOCTU CMauuBaTbcsl BOAON. IIpenBapuTenbHO M3MENbUEHHYIO PYy CYyCIEH-
nupyroT B HaceimeHHoM mo KCl u NaCl pactBope u depe3 CyCHEH3UIO MPOMYCKAKOT
BO3AYX, PACIPENENAIOUINICA B HEH B BUAE MEJKUX My3bIpbKOB. I mapodoOHble MuHE-
pajibl MPUIIMMAOT K My3bIpbKaM BO3AyXa U BBIHOCITCS Ha MOBEPXHOCTb CYCIIEH3UH B
BUJE MEHbI, KOTOPYIO 3aTEM yAAJSIIOT U (PUIBTPYIOT I BBIAEJNEHHS TBEPABIX YACTHULI.
I'npod unbHbIE MUHEPATIBI OCENA0T Ha AHE (DJIOTAITMOHHONW MAIIWHBI M BBIBOISATCS Ye-
pe3 cimuHOe oTBepcTHe. OMHAKO MONABISIOIIEE OONBIIMHCTBO MHHEPAJIOB XOPOLIO
CMa4YUBAIOTCSI BOAOH, IMO3TOMY NMPH OOOTAIEHUH TMPUPOAHBIX PYI MPUXOIUTHCS TOJb-
30BaThCs (PIIOTALMOHHBIMU peareHTamu. [lox BO3necCTBHEM 3THX PEAreHTOB MOXKHO
HaMpaBIeHHO U3MEHSITh CMauMBAE€MOCTb NTOBEPXHOCTH TOTO WJIM HHOTO MUHEpala U Ta-
KM 00pa3oM peryJaupoBath mporuecc (piaotanuu. B 3aBUCUMOCTH OT Ha3HAYeHHs pas-
JUYAOT CIEAYIOIIHE TPYNbl (GIOTAIMOHHBIX PEareHTOB. coOupaTeny, meHooOpa3oBa-
TEJH, IENPECCOPBI, AKTUBATOPHI, PEryJIATOPBI cpenbl. TexHonmornyeckue cxemsl (uora-
LIMOHHOI'O MPOM3BOACTBA XJIOPUJA KaJHsl 3aBUCAT OT MUHEPAJIBHOIO U IPaHyJIOMETpU-
YeCKOro cocraBa (pIOTHPYEMOro CHIIBBHHUTA, COIAEPXKAHUS B HEM IpHMeced (TJIHHU-
CTBIX LIUIAMOB), Pa3MepPOB 3€PEeH KOMIIOHEHTOB M PAa3IMYAIOTCS METOAaMH 00paboTKH
rUHUCTHIX 11aMoB (cM. TToszur MLE., "Texronorust MuHepanbHbIX conell (ynoOpeHni,
MECTULNIOB, TIPOMBILIUIEHHBIX COJIeH, OKHCIOB U Kucnot), U.1, w3n. 4, Jlenunrpan, usz.

"Xumus", 1974, ctp. 164 — 170).

@dnoTaioHHOE 00OTAIEHHE CHJIbBUHUTOBBIX PYA BKIIOYAET CIENYIOIIHE OCHOBHBIE
OnepaLnu:

- npobneHne U U3MeNIbYeHUE CHIIBBHHUTOBOH PYIbI 1O pa3MEpOB 4acTHI OT 1 10 3 MM ¢
MOCJEAYOLIUM MOKPBIM pa3MoJioM A0 pasmepa 0,5 mwm;

- IPEABAPUTEILHOE YIaJI€HUE MIIMHUCTOIO 1IJIAMA U3 PYAbI WIH €r0 MOAABJICHUE B NP O-
1iecce OCHOBHOM (hioTarnmu;

- ocHoBHas Quortanus ¢ BbigesneHrneM KCl B meHHbII MPOAYKT U MOCAEYIOLIeH Tepeyun-
CTKOM MOJIy4eHHOr0 KOHLIEHTPATA,

- IePEYHCTKA MIIMHUCTOTO IIJIaMa ¢ Lelbio cHkerus noreps KCl;

- 00e3BO’KMBAaHHE XBOCTOB, IIUIAMA M KOHLIEHTPAaTa C BO3BPATOM B LHKJI OOOPOTHOTrO

pacTBopa.

@dnoTtanroHHbIH criocod 3QQeKkTHBEH NPH U3BJICUCHUH XJIOPUAA KU U3 BBICOKOKaUe-

CTBCHHBIX CHWJIBBUHUTOBBIX PYA, COACPKAIMUX HE3HAUYUTCIIBHOC KOJIWYECTBO IljaMa.



Crenenp u3BiEeUeHUs XJopHuAa Kamust gocturaer 86%, a rOTOBBIM MPOAYKT (KOHIEH-
Tpart) comepkut ot 93 no 95% xnopuna kanus. JIOCTOMHCTBAMU 3TOTO criocoda siBis-
HOTCA HU3KHE KaIlUTAJIbHBIC 3aTPaThl U ONCPALIMOHHBIC PaCXOAbl MO CPABHCHUIO C ra-
ayprudeckum crnocodom. HemocraTkoM (hIOTAIMOHHOTO Crioco0a sIBISIETCS] TTOHMKEH-

HOE CofiepKaHue XJIOpHUAa Kajvsl B KOHLEHTpaTe — He Oonee 95%.

C (u3HKO-XMMHUYECKOW TOYKH 3peHHs, BO (DJIOTAIIIOHHOM CIIOCO0E€ OTCYTCTBYET pac-
TBOpPEHHE U TMOBTOPHAs KPUCTALIM3AIUs o0eux TBEPABIX (a3, MPUCYTCTBYIOUINX B
CUJIbBUHUTE, KaK XJIOPUAA Kaiws, Tak U xjopuna Hatpus. O0a KOMIOHEHTa, T.€. TAJIUT
U CUJIbBUH, OCTAIOTCSI B HATUBHOM COCTOSIHUM, BCJIEACTBUE HETO YACTHULbI XJOPHUAA Ka-
Just, 3a0pOHUPOBAHHBIE B TAJMTOBBIX KPUCTAIUTMYECKUX CPOCTKAX, MOMANAT B OTXON,
YaCTHUIbI HEPACTBOPUMBIX MUHEPAJIOB (aHTHAPU CYJb(daTa KalblUs, TOJOMHT, TJINHA)
TaK)K€ OCTAIOTCS CBSI3aHHBIMHU C TAJIUTOBOM COCTABISIOLIEH pyabl. UMEHHO ¢ 3TUM U
CBSI3aHbBI MOTEPH KAJIMsSI B JAHHOM criocobe odoratnenns. BMecte ¢ Tem, 4acTHIIBI XJI0-
puna HaTpusi, 3a0pOHUPOBAHHBIC B CHJIBBUHOBBIX KPUCTAIMUECKUX CPOCTKAX, & TAKIKE
YaCTHUIIbI HEPACTBOPUMBIX MUHEPAJIOB, CBSI3aHHBIE C CHUIBBUHOM, MOMAJA0T B KOHLICH-
TPaT — OTCIO]a TOHIKEHHOE CONEePKAaHNE XJIOPUAA KAl B KOHLEHTpPATE.

Emé ogHuM HEmoCTaTKOM AaHHOTO Crocoda sIBISIETCS BBICOKAs 3arps3HEHHOCTh Tajiu-
TOBBIX OTXOAOB MOCTOPOHHUMU MPUMECSIMH, HE TO3BOJIIOIIMMHI HUCIIONIb30BaTh TAJTUT

B KaUECTBE TOBAPHOI'O XJIOPUAA HATPUA.

Taxkum oOpazom, 151 000UX METOOB XapaKTEPHO HEMOJHOE U3BJICYEHUE U3 PYIbI XJIO-
puctoro kanus, 10 3% KOTOPOrO YXOIWT B TaJMTOBbIE OTXOABI. Takxe HEOOXOOMMO
OTMETHTb OOJIBIIOE KOJIMYECTBO TaJUTOBBIX OTX0A0B: 3 — 4 ToHHbI Ha ToHHY KCl. He-
CMOTpSI Ha BBICOKOE COAeprKaHue xjopuaa Hatpus (1o 95% npu GpIoTaMOHHOM METO-
ne u 10 97% mpu raJypruieckoM), TaKOH MaTepual HeMPUTOAESH B KAueCTBE UCTOYHHUKA
MOBAaPEHHON COJM BCJIECTBUE 3arPA3HEHHOCTH rAJINTAa HEPACTBOPHUMBIMU IPUMECIMH U
XJIOPUIOM KaJiusl, a pH (PIOTALMOHHOM criocoOe M3BJIeUeHUs — ellé U (PIoTalOHHBI-

MU p€arcHraMu.

Emé onnum, MeHee pacnpoCTpaHEHHbIM, CITOCOOOM OOOTaIeHNsT CHIIBBUHUTOBOH PYIIbI
ABIISIETCA dNeKTpocTaTndeckas cenapauus. C (QU3NKO-XUMUUECKOW TOYKH 3PEHHs, OH
NOXOX HA TATYPrHYecKuil crocol (rajurT M CHIIbBHH, BXOZSINHE B COCTAaB PYABI, HE

MPETEPIICBAIOT U3MEHEHHU ), UMeeT OJIM3KHE MOKA3aTe I M0 U3BJICYSHHIO KaJlus B KOH-



LeHTpaT U OJU3KOoe K (PIIOTAIOHHOMY CIIOCO0Y ConepKaHNe MPUMECHBIX KOMIIOHEHTOB
B KOHLIEHTpPAaTE U TAJIUTOBBIX OTXoxax. K ero JOCTOMHCTBAM CieayeT OTHECTH Oolee
HI3KHE ONEPaliOHHbIE M3AEPKKH 10 CPABHEHHIO C (DIIOTAIIMOHHBIM CIOCOOOM, a ero
HEJOCTAaTKH TaKUE K€, KaK U HEeJOCTaTKH (IIOTALMOHHOTO CIocoda, 3a UCKII0YEHHEM
TOrO, YTO B COCTaBE€ OPraHUMYECKHX 3arpsi3HEHUIl OTBAaJbHOIO rajlnuTa OTCYTCTBYIOT
(boTaMOHHBIE peareHThl, 3aTO TyAa MOMAJalT APYyTHe OPraHUYECKHE PEareHThl, He-

O6XOI[I/IMI:»I€ AJIsL OCYy I ECTBIICHUA BHGKTpOCTaTH‘{eCKOfI cernapaun CUJIbBUHA.

B US 2,329,149 packpbiBaeTcsi Crocod U3BJIEYEHUs XJIOPUAA KAJIHs U3 MYJIbIIbL, COIEP-
JKaIeW XJIOPUI KaJlusg U XJIOPUI HATPHsI, IOCPENCTBOM (DJIOTAIUU C HUCIIOJIb30BAHUEM
(bIOTAIMOHHBIX peareHTOB. MaKkcUMalibHasl CTENIeHb W3BJICYSHHSI XJIOPUAA KaJIbIUsI CO-

crasiisier He Oonee 85%, UTo SIBISAETCS CYIECTBEHHBIM HEAOCTATKOM JAHHOTO CrIocoda.

B US 2,604,988 packpbiBaer crioco0 OTHeNeHUs XJIOpUaa Kajausl OT XJIOPUAa HATPHs U3
PYABL, B YACTHOCTH U3 CHJIBBHHUTOBOW PYIbl, MOCPEACTBOM IO MEHBLIEH Mepe OJHON
craguu (JIOTALMU C UCTIONb30BAaHUEM (DIIOTALIHOHHOTO peareHTa, OOeCTIeYHBAIOIIErO
BBIJIEJICHUE XJIOPUAA KAIUS B MIEHHBIN MPOAYKT. JlaHHBIH cOCO0 HE BKIIIOYAET CTaTuU
OTAENEHNUs XJIOPUAA Kalus U XJIOpUJa HATPHsI OT APYTMX KOMIIOHEHTOB CHUJIbBUHUTOBOU
PYABL, 4TO HE MO3BOJSET MOJYYUTh KOHLEHTPAT XJOPHUAA Kallns C BBICOKMM COAEPKa-
HUEM XJIOpUA KAJINs, a TAKXKE HE MO3BOJISIET MONYYUTh XJIOPU HATPUS C TOCTATOYHON
CTeneHblo YCcTOThl. KpoMe Toro, B TaHHOM crioco0e He 00eCreunBarTCsl YCIOBHUS, MMO-
3BOJISIFOLIIME [TOJIHOE PACTBOPEHHUE TaJINTA, YTO TAKXKE MPUBOAUT K HEMIOJIHOMY U3BJIECYe-

HUIO XJIOpHUOa KaJaus.

B US 8,888,867 packpbiBaercss Croco0 MONYYEHUs XJOPHUAA HATPUS, BKIFOYAIOMNN
CTaAUH MOJY4YE€HHUs] COJIEBOTO PacTBOpa C KOHLEHTpALUEH XJIOpPUAA HATPUs BBILIE,
4eM KOHLEHTpaLMs XJIOpUJAa HAaTpUs B TOUKE 3BTEKTHUKH, HO HUXKE, 4Y€M KOHILIEH-
Tpauusl XJOpHUAA HATPUS B HACBILIEHHOM COJIEBOM pPacTBOpE, MYTE€M PaCTBOPEHHUS
HUCTOYHUKA XJIOPUAA HATPUA B BOJE, OXJIAXKAEHUS NOJIYYEHHOIO COJIEBOr0 PacTBOpa
NyTEeM OXJAXXAECHUs C NMPOMEXKYTOUYHBIM XOJOJOHOCUTEIEM B CAMOOYHIIAKINEMCS
TEIIOOOMEHHUKE C IICEBAOOXKIDKEHHBIM CII0EeM/KPUCTAIIM3ATOPE A0 TEMIIEPATypPbl
Huke 0°C, HO BbIIIE TEMIIEPATYPbl 3BTEKTUKH MOJIYUEHHOIO COJIEBOTO PacTBOpa, C
MOJy4YeHUEeM CYCIEeH3UH, BKJIIOYaIoIleil QUruapar XJopHujaa HaTpuss U MaTOUYHBIN

pacTBOp, NoAa4uYu AUruapara Xjaopuaa HaAaTpusd B YCTAHOBKY IJisd PEKPUCTAJIIN3allUN



¢ oOpazoBaHuEM XJIOpHJAA HATPUS U MATOYHOI'O PAcTBOPA, U PELUPKYJSILUU TIO
MEHbIIEH Mepe YaCTH MAaTOYHOro pacteopa. [laHHbIN criocod HampaBieH Ha MONY-
YeHHE TOJBKO XJIOpUAA HaTPUs U HE BKJIIOYAeT CTaJUH BbIAENEHUS XJIOpUAA Kalus
U3 UCIOJIB3YEMOTr0 B KaueCTBE ChIpbsl COJIEBOTO PAacTBOpa, OTHENIeHUE XJIOpUaa Ka-
JUsl IPOUCXOAUT JIUIIb B BUJE IIPUMeECcel, UTO He MO3BOJIAET MOJYyYUTh XJIOPUA Ka-
7, TOAXOAAIMN JJisi IPOMBIIIJIEHHOro pacTtBopa. KpoMe Toro, cyuiecTBeHHBIM
HEOCTATKOM IaHHOTrO crocofa sBISIETCS OTAEeJeHHE NMpUMeceil B OCHOBHOM IIO-
CPEeACTBOM pa3fesieHUs] KPUCTAJIJIOB 10 pa3Mepy, 4TO He MO3BOJSIET H30aBUTHCS OT

OKKJTFOTUPOBAHHOH JKUAKOH (pasebl, a Takke OT MENIKOAUCIIEPCHBIX IPUMECEH.

B US 6267789 packpsiBaercst cnocod oboramenns HeoOpadboTaHHOH COJH, B KOTO-
poM HeoOpaOOTaHHYIO COJIb OXJIAKAAIOT B CPele HACBIEHHOIO BOAHOTO PacTBOpa
XJIOpUAA HATPUS A0 TeMIEpaTyphbl HIXKE TEMIIEPaTyphl IpeBpalleHuss 0€3BOIHOTO
XJIOpHUJla HaTpUsl B JBYBOJHBIN XJOPUA HATpPUs, B pe3yJbTaTe OXJAXAEHUs IMOJY-
YalOT NOPOIIKOBYIO MYJbIy, COAEPXKALIYI KPUCTAJUIbl XJOpHAA HATpHs, OTIHU-
YJAOIUNACA TeM, 4TO HeoOpabOTaHHYIO CONb Mepe]] OXJIAKASHUEM MOABEPTaoT U3-
MEJbYEHHIO U TOCJE OXJAXACHUS MPOBOMAST IPAHYJIOMETpUYECKOe (PPaKLHOHUPO-
BaHME MOPOLIKA, COAEPKAIIEro XJOPU HATPUs, B PE3yJbTaTe KOTOPOTO MOJY4YatT
TOHKYIO TPaHYJOMETPUUYECKYIO (pakuuio U rpyOyro IpaHyJOMETPHUYECKYI (pak-
M0, COAEP KAyl 00OralleHHy0 Cosb. B pesynbrare mpoBeaeHUs JaHHOTO CHO-
coba MPOUCXOANUT 3HAYUTENIbHOE OOOralieHne COJH, B KOTOPOH COAEpXKAHUE XJIO-
puna Harpus cocrtasisieT 99,8%. OpHako ans cnenuanucTa B JAHHOH oOjactu
TEeXHUKU OYEBUAHO, YTO TaKas CTENEeHb OYUCTKU SBJISAETCS HE JOCTAaTOYHOM s
NpUMEHEHUs, HanmpuMmep, B MUINEBOH MNPOMBIMIJIEHHOCTH. Takas HemocTaTO4Has
CTENeHb OYMCTKU CBA3aHA C OTAEJICHHEM NIpUMecell B OCHOBHOM MOCPENCTBOM pas-
AeJeHUs KPUCTAJUIOB IO pa3Mepy, YTO He MO3BOJIsAeT M30aBUTHCS OT OKKIIIOAUPO-
BaHHOM JKHIKOH (pasbl, a TAaK¥Ke OT MEJIKOIUCIIEPCHbIN npuMecel. Kpome Toro, naHHbIH
croco0 He MO3BOJISIET BBIIEINTD XJIOPHI KaJIMsl B KQUeCTBE NMPOAYKTA, YTO MPHUBOAUT K

€TI0 MOTEPE B BUAC OTACTIACMbBIX HpHMeCGfI.

B US 8771380 packpeiBaeTcsi Cmoco0 MOJIyYeHHUs] XJOPUAA HATPHUs, BKIHOYAOIIUN
CTaINH MOJYYEHHS COJISTHOTO PacTBOPA, COAEPIKAIIEro, Mo MeHbined mepe, 150 r/n
XJIOPUAA HATpHUs, NyTeM pPAacCTBOPEHUs HCTOYHUKA XJOPHAA HATpus B BOJIE,

NOABCPTraHUs MOJYUUBHICTOCSA COJIAHOI'O PaCTBOpa BOSI[GI\/'ICTBI/II'O CTaaduHu 3BTCKTH-



4eCKON KpUCTAaJUIM3allud BBIMOPaXKMBAHUEM IyTEM HENpsIMOro OXJaXXAEHHs yKa-
3aHHOTO COJITHOTO PacTBOPa, MPUBOIALIECH K 00Pa30BaHMIO JIbAA, AUTHAPATA XJIO-
puma HaTpUs U MATOYHOTO PacCTBOpa, OTAENCHHs O0pa3oBaBIIErOCs IHTHAPATa
XJIOpUAA HATPHUsS OT JIba U, HEOOSA3aTENbHO, OT MAaTOYHOIO PAaCTBOPA, MPU TEMIIE-
parype 3BTEKTHKH, TaK, 4TO 0Opa3yercsi MOTOK, OOOTaleHHbIH AUTHIPATOM XJIO-
puaa HaTpHsl, U NMOJAYHM YKa3aHHOTO MOTOKA, 000raleHHOTO AUTHIPATOM XJIOPUIa
HATPUs, B PEKPUCTAILTU3ATOP 111 00pa30BaHUS XJIOPHUIAA HATPUS U MATOUYHOIO pac-
tBopa. OOpazoBaHue JbJa MO3BOJSAET JIETKO OTACIUTh OOpa3yIOIMMICS TUTHAPAT
XJIOpUAA HATPHs, ONHAKO MPUBOIUT K PAAY MpobdsieM, CBSI3aHHBIX € 00JeaeHEeHuEM
000pYyIOBaHMS, YTO SIBISETCS HEJOCTATKOM TEXHOJIOTHHU TOJYUYEHHS XJOpPHAA Ha-

Tpus, BK.]'II-OLIaI-OH_Ieﬁ CTaaHIO 3BTEKTHYECKOM KpucTtajjindaiuu BbIMOPa>KMBAHHUEM.

B US 3,655,333 packpbiBaercst criocod mony4ueHus: 0e3BOAHOTO XJIOpHIA HATPHSI, KOTO-
PBIN BKJIFOUAET BBEIECHHE TBEPAOTrO XJIOPHUIA HATPUS B COJNIEBOM PaCTBOP, HACHILECHHBIN
10 XJIOPUAY HATPHs, COAEPIKAIIHMA pAaCTBOPEHHbIE OPTaHUYECKNE UM HEOPTaHUUECKHe
3arps3HUTENH, IJIsI KOHLIEHTPUPOBAHUS MO OTHOIIEHUIO K BOIHOH (asze, monaepuBast
CYCTIEH3HUIO TBEPAOTO XJIOPUIA HATPHS TIPU TEMIIEpAType B npenenax ot npumepro 0°C
no mpumepro -21°C, OOHOBPEMEHHO NOCTATOMHO TNEPEMEMINBAS CYCIIEH3HUIO, YTOOBI
NPEAOTBPATUTH YIUIOTHEHHE TBEPABIX KPUCTAJUIOB B TEUEHHE NTEPHO/A BPEMEHH, TOCTa-
TOYHOTO It 00pa30BaHUsl IUTHIpPATA XJIOPHUIA HATPUS, OTAENICHHE AUTHIPATa XJIOPHIA
HATPHsI OT COJIEBOTO PAacTBOPa B BUJE TBEPAOrO BEINECTBA, TEM CAMBIM IONydas JKe-
JAEMYI0 OTHOCHUTENIbHYIO KOHLIEHTPALUIO PACTBOPEHHBIX OPTAHUYECKHUX MJIH HEOpraHH-
YeCKHX IIPUMECEH B COJIEBOM PACTBOPE, PA3JIOKEHUE TUTHAPATA XJOPHIA HATPHUS C TO-
JyueHueM Oe3BOIHOrO TBEPIAOTO XJIOPUAA HATPHS U OYHMIIEHHOTO HACBHIEHHOIO COJIe-
BOT'O PacTBOpA, OTAENIEHHE TBEPAOro XJOPUAa HATPHUsS OT COJIEBOIO PacTBOpPa M pPeuup-
KYJSILMIO HEKOTOPOH €ro 4acTH Ha MEPBYIO CTaAMI0 Croco0a, MPU KOTOPOM TBEPIBIN
XJIOPU/I HATPUsl BBOAMUTCS B HEOUHMIIEHHBIN coNeBOH pacTBop. JanHbIi cmocod He Mo-
XKeT 00eCreunTh JOCTATOUHYIO CTENEeHb YUCTOTY MOJYYaeMOro XJOpHIa HATPHs, B CBSI-
3H C T€M, YTO OTCYTCTBYET CTausl OTAEICHHUS TBEPABIX MPUMeECEH PasIMuHOrO pa3Mepa
TIOCPEACTBOM pasfiesieHus mo pasmepy. Kpome toro, naHablil ciocod He MO3BOJISET BbI-
JENUTh XJIOPUJ KajHs B KA4eCTBE MPOAYKTA, YTO MPUBOAUT K €€ TOTepe B BHIE OTHE-

JISIEMBIX IPUMECEH.



Taxum obpazom, Bce erme cyiecTsyer NoTpedOHOCTh B 3 (HEeKTHBHOM CrocoOe U3Bieue-
HUA XJIOpHUAA KaJvud U XJIOpuAa HATPpUA U3 TNOJIMMHUHEPAJIbHOIO MCTOYHUKA, COOACPIKA-
IETO UX, € MOJYUYCHUEM XJIOpHUAa Kajausd U XJopuaa HaTpuda C BBICOKOU CTENEHBI) YHC-

TOTBI, 4 TAKKEC C YMCHBIICHUECM OTXOJOB TAKOI'O criocoba MOJIYUCHHA.

CymHocTb n3o0perenus

BbILHGYKaSaHHbIe HEAOCTATKHU YPOBHA TECXHUKU ObLIH YCTPAHEHBI aBTOpaAMU HACTOALIC-

ro M300peTeHNsT OCPENCTBOM pa3pabOTKU Coco0a OMUCAHHOTO B HACTOSIIIEH 3asiBKeE.

[TepBbIM OOBEKTOM HACTOSIIETO M300PETEHUS SIBIIIETCS] CIIOCOO M3BIICUEHUS XJIOPHIA
HAaTpUs U XJOpPUAA Kalus U3 NOJMMHUHEPaJbHOTO MCTOYHMKA, COAEPIKAILEro XJIOPUAbI

HaTpHs U KaJiud, conepmamnﬁ CICOYIOMUE CTaAUN.

(1) mogava pa3MoJIOTOrO MOJIMMHUHEPATBHOIO UCTOYHHUKA B BEPXHIOK 30HY BEPTHUKAJIb-
HOT'O TPEX30HHOTO PEAKTOPA, 3aMOJHEHHYIO PACTBOPOM, HACBILIEHHBIM M0 XJIOPUAY Ha-
TpUS U MO XJIOPUAY Kajius, B KOTOPOH Mojjaep:kuBaercs Temreparypa ot -2,5°C 1o -

20°C,

(11) mepexpucTaIM3aMs XJIOPUAA HATPUA B AMTHAPAT XJOPUIA HATPHS M OTAEICHHE
o0pasyomuxcs KPUCTAJIOB AUTHAPATa XJIOPHAA HATPUS OT KPHCTAJUIOB XJIOpUAA Ka-
JMsl IOCPEACTBOM (PJIOTAlMK, B PE3yJIbTaTe uero o0pasyercs MeHHbIN NMPOAYKT, COnep-
KA KPUCTAJUTBI XJIOPUIA KaJHsl, & KPUCTAJUIbI AUTHAPATA XJIOPUAA HATPUsI OIyCKa-

HOTCA B CPEAHIOK0 30HY YKA3aHHOI'O BEPTUKAJIBHOI'O TPEX30HHOI'O PCAKTOPA,

(111) MHOTOCTYNEeHYaTasi KiacCu(pUKaums KPUCTAJUIOB AUTHApATa XJOpHOA HATPHS IO
pasMepy C MOMOIIBI0 BOCXOSILIEro MOTOKA KUAKOW (pasbl M OJHOBPEMEHHAs] MHOIO-
CTyIeHYaTas MPOTHBOTOYHAS TPOMBIBKA OMYCKAKOLINXCS KPUCTAIOB AUTHUApPATA XJIO-
pHaa HATPUs TEM K€ CaMbIM BOCXOISIIMM MOTOKOM KUAKOH (Pasbl, CO CKOPOCTHIO BOC-
XOZSALIEro MOTOKA, PABHOH CKOPOCTH BUTAHMUS YACTHL C THAPOANHAMUYECKUM JHAMET-
POM, KOTOpBIH MPEBbIIIAET MAKCUMAJbHBIN THIPOJMHAMUYECKUI THAMETP YacTHI] MO-
JMMUHEPAJIbHOTO UCTOYHHKA HE MeHee YeM Ha 20 MUKPOH, TOCJIE Yero MPOMBIThIE KPH-
CTaJUTbl AUTHApATA XJOPUAA HATPHUs, MOCTYNAIOT B HIKHIOIO 30HY YKa3aHHOTO BEpPTH-

KaJIbHOT'O TPEX30HHOI'0 pE€aKTOpa, NMpUuicMm FI/II[pOI[I/IHaMI/ILIeCKI/Iﬁ AUAMETP KPHUCTAJIIIOB



OUTUpaTa XJOpHIa HaTpUs, KOTOPbIE MOCTYMAIOT B HIDKHIOK 30HY YKa3aHHOTO BEPTH-
KaJbHOIO TPEX30HHOTO PEAKTOPA, MPEBBIIAET MAaKCUMAJIbHBIA THAPOAUHAMUYECKUN

JUaMEeTP 4acTULl NOJUMHUHEPATBbHOIO HCTOYHHKA M0 MEHbLIEH Mepe Ha 20 MUKPOH,;

(1Iv) mepekpucTaTU3alys IPOMBITBIX KPUCTAJIOB IUTHIpATa XJIOpUAA HATpus B Oe3-
BOJIHBIN XJIOPUI HATPHsl B HW)KHEH 30HE YKAa3aHHOTO BEPTHKAJIBHOIO TPEX30HHOTO pe-
aKTOpa, 3arOJHEHHON PacTBOPOM, HACBHIIEHHBIM I10 XJIOPUAY HATPHs, B KOTOPOH MOA-
nep:xkuBaercs temmeparypa ot 0,5°C mo 15°C, ¢ mony4deHHeM CycCreH3uH O€3BOIHOTO

XJIOpHUJA HaTpusl.

B OAHOM BapUAHTE BbIMIOJTHEHHUA HACTOALLCTO I/1306peTeHI/I$I NMOJIMMHUHEPAJIBbHBIM UCTOY-

HUKOM SABJISACTCA CUJIBBUHUTOBAA pyda.

B APYroM BapUAaHTE BbIMIOJTHCHHUA HACTOALICTO I/1306peTeHI/I$I NMOJIMMUHEPAJIBHBIM HC-
TOYHUKOM SIBJISTFOTCS TAJIMTOBBIE OTXOJBI Mporiecca (GIoTaMOHHOTO 00OTallleH s XJI0-

pUCTOrO KajluA.

B oxgHOM BapuaHTe BBIMOJHEHUS HACTOSIIErO M300pEeTEeHUs MOJMMUHEPATbHBIA HCTOY-
HUK TPEANOYTUTENBbHO Pa3MajblBalOT A0 YaCTHUL C TMAPOJAUHAMUYECKUM IUAMETPOM
MeHee 90 MHKpPOH, MPEANOYTUTENbHO MeHee 70 MHUKpPOH, 0Oojee MPEeArovTUTENIbHO B
nuarnasose ot 70 no 90 MUKpPOH, MPU 3TOM MUHHUMAaJIbHAsA BEIUYMHA THAPOJAHMHAMUYE-
CKOro AuaMeTpa KpPUCTAJJIOB AUTHApaTa XJOPUAA HATPUsA, KOTOPbIE MONAJAl0T B HUXK-
HIOIO 30HY TPEX30HHOTO PEAKTOpPA, JIe:KUT B Auana3zoHe oT 110 no 90 mukpoH, npuuém
OoJpiee 3HAYEHNE BEpXHEW T'PaHUIIbI pa3Mepa YacTHIl MOJTUMHUHEPATbHOTO UCTOYHUKA
COOTBETCTBYET OOJIbIIEMY 3HAYEHHIO HUKHEH TPaHULIBI TUAPOAMHAMUYECKOTO TUaAMET-

pa KpUCTAJUIOB AUTUIpaTa XJIOPUIA HATPHSI.

B onHOM BapmaHTe BBIMOJHEHHUS CHOCO0A COTJIACHO HACTOAIIEMY H300PETEHUIO B
BEPXHEM 30HE YKa3aHHOTO BEPTHUKAILHOTO TPEX30HHOTO PEAKTOPa MOAAEPKUBAIOT TEM-

nepatypy ot -3°C no -5°C.

B onHOM BapuwaHTe BBITIOJNHEHUsS] crioco0a COTJIACHO HACTOSIIIEMY H300pPETeHHIO pac-
TBOD, HaCbIH_[eHHbII\/'I Mo XJIOPUAY HaTpUs U MO XJIOPUAY Kalud pacTBOpP, UMECT KOHLICH-

tpauuro NaCl ot 20,5 no 23 mac.% u konuentpauuo KCI ot 6 no 7 mac.%.
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B omHOM BapuaHTe BBINOJTHEHHS CIOC00a COTJIACHO HACTOSAILIEMY H300pPETEHHIO B Cpell-
Hell 30He BEPTUKAJBbHOIO TPEX30HHOTO PEaKTOpa TEMIepaTypy BOCXOISILEro MOTOKA

xunko# (aszer nognepskusaroT HIbke 0°C, npennoururenbro, Huxke -3°C.

B opHOM BapuaHTe BBINOIHEHUs CTIOCO0A COTJIACHO HACTOSIIEMY M300PETEHUIO JINHEH-
Hast CKOPOCTB ITOTOKA BOCXOMSIIIETO MOTOKA XKUAKOH (ha3bl B CpeHEH 30HE BEPTUKAIIb-

HOT'O TPEX30HHOTO PEaKTOpa HaXOAUTCS B nuamna3oHe ot 2 1o 10 mm/c.

B onHOM BapuaHTe BBINOJTHEHHSI CIOCO0a COTJIACHO HACTOSIEMY M300pETEHHIO B Kave-
CTBE JKUIKOW (ha3bl B CpPemHEl 30HE BEPTHKAIBHOTO TPEX30HHOTO PEAKTOPa CIIYKHT
pPacTBOp XJIOpPHUAA HATPUS, MOJYUYEHHBIN M3 BOIBI, BHICBOOOKIAEMON B pe3yJjbrare Ie-

PEKPUCTAJUTN3ALIMH Ha cTaauH (1v).

B oxgHOM BapmaHTe BBINOJIHEHHS CIIOCO0A COTJIACHO HACTOSIIIEMY H300PETEHUIO KHI-
Kyto a3y B cpemHeil 30He BEPpTHKAIbHOI'O TPEX30HHOTO PEaKTOpa JOIOJHUTENBHO Typ-
Oynu3HpYIOT ¢ obecreyeHrneM KOJUYECTBEHHOM OYMCTKU KPUCTAJUIOB TUTHApATA XJIO-

puaa HaTpus.

B ogHOM BapuaHTe BBINIOJHEHHS CMOCOOA COTJIACHO HACTOSIIIEMY H300pPETCHHIO IS

ocyuiecTBIeHHs poTanuy Ha cTagu (1) MPUMEHSFOTCS (IOTALMOHHbIE PEareHTHI.

B onHOM BapuwaHTe BBITIOJNHEHUsS] crioco0a COTJIACHO HACTOSIIIEMY H300pPETeHHIO pac-
TBOP, HACBILIEHHBIN 110 XJOPUAY HATPHs, 3ANOJHAIOLINI HIKHIOIO 30HY BEPTUKAJIBHO-

ro TPEX30HHOTO PEeaKTopa, UMeeT KOHIeHTpaLw 26-26.6 mac.%.
2 b

B ogHOM BapuaHTe BBITIOJHEHHS CIIOCO0A COTJIACHO HACTOSIIEMY HM300PETEHUIO yKa-
3aHHBIH CMIOCO0 JOMOJHUTEIBHO CONEPIKUT CTAIHIO MPOMBIBKH KPUCTAIOB O€3BOJHOTO

XJIOpU/A HATPHs Tocse cTanud (1v).

B ogHOM BapuaHTe BBITIOJHEHHS CIIOCO0A COTJIACHO HACTOSIIEMY HM300pETEHHUIO yKa-
3aHHBIH CIIOCOO MOMOJHUTEIBHO COMEPIKUT CTAAUI0 (DUIBTPAIIMU U CTATUIO CYIIIKHU CyC-
neH3uy Oe3BONHOTO XJIOPUAA HATPHUsl mocie cranuu (1V) ¢ TOJy4eHHEeM KPHUCTAJIOB

0e3BOAHOrO XJIOPHUAA HATPHSI.
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B onHoM BapuaHTe BBIMOJHEHUS HACTOSIIETO H300PETeHHs O0pa3yIOLIHeCs: KPUCTAJLIbI
OUTHpATa XJIOPHIa HATPUS OTAEISIIOTCS OT KPUCTAJUIOB XJIOpHUIa Kaius Ha craguu (11)
COBMECTHO C HEPAaCTBOPHMBIM OCTATKOM TMOCPEACTBOM (DJIOTALIMH, B PE3yJIbTATE YEro
oOpasyeTcsi MeHHbIN TPOAYKT, CONeP AN KPUCTAIIIBI XJIOPUIA KaIusl U HEPACTBOP U-

MBI OCTaTOK.

B ogHOM BapuwaHTe BBITIOJHEHUS! CIIOCO0A COTJIACHO HACTOSIIEMY HM300PETEHUIO yKa-
3aHHBIN CIOCOO MOMOJHUTEIBFHO COAEPKUT TOCie cTanuu (11) CTaHI0 OTBOJA MEHHOTO
NpOAYKTa U CTAAUI0 OT’)KUMa INEHHOI0 MPOAYKTa € MOJYYEHUEM KOHLCHTpPATA XJopuaa

KaJIus.

B KOHKpETHOM BapuaHTE BBITIOJHEHHUS CrOco0a COTJIACHO HACTOSIIEMY H300pETEeHHIO
YKa3aHHBIH CHOCOO JIOMONHUTENBHO COAEPIKHUT CTaIvio MepepaboTKu KOHLEHTpaTa
XJIopyuaa Kajius rajypruiceCKumM Uin q)HOTaI_II/IOHHbIM CII0co0oM ¢ MOJIYYCHUEM YUCTBIX

KPHUCTAJIJIOB XJIOpHUAA KaJIus.

YkazaHHbIN cOCOO COTJIACHO HACTOSIIEMY U300pETEeHHI0 00eCrieunBaeT U3BJICYCHHEM
bosee 98% xnopuaa Kajaust B KOHIEHTpaT 4rcToTol Oonee 98% mo KCl, 6naroxaps to-
My, 4TO C (PH3UKO-XUMHYECKOW TOYKH 3PEHUs], B COCOOE COrJIaCHO HACTOSIIEMY H30-
OpeTeHHIO OCYIIECTBIISIETCS] MOJHOE PACTBOPEHHE M MOBTOPHAS KPUCTAJUIM3ALMS XJIO-
puna Hatpusi. [anut, Oyay4u OCHOBHOW COCTABJISFOIIEH MOJIMMHHEPATLHOTO UCTOYH U-
Ka, CONepKUT B ceOe BKJIIOYEHUs] CUJIbBHHA, KOTOpPbIe BBICBOOOXKIAIOTCS MPHU Apodiie-
Huu pyabl. OMHAKO, 4aCTh CHJIbBHHA OCTAETCSl BHYTPU KPUCTAIMYECKUX CPOCTKOB ra-
JIMTA, U HE OTAENSIeTCs HU (uioTaleli, HU ralyprudeckuM CrocoOOM, BBHAY OTCYTCT-
BUs JOCTYIMa BBIIIENAYHBAIOIIEr0 PAacTBOPAa K MOBEPXHOCTH KPHCTAJUIOB XJIOPUAA Ka-
. B cocobe cornacHo HacTosieMy H300peTeHHI0, 00pa3oBaHNe KPUCTAIIIOTHAPATA
OCYILECTBJISIETCS. U3 MPECHIIEHHOrO PacTBOPA, MPUYEM AUTHIPAT XJIOPUAA HATPUS HE
oOpasyeT TBEPABIX PACTBOPOB HU C OE3BOAHON CONBIO, HU C JIFOOBIMH IPYTUMU KOMITO-
HEHTaMU MOJMMHHEPATbHOI0 UCTOUHUKA. J{aHHbBIH (haKT, B CBOKO OYepelb, FApaHTHPYET
TMOJIHOE PACTBOPEHUE UCXOIHOIO rajura 0e3 OmacHOCTH BTOPHYHOIO «OPOHHUPOBAHUS
HOBOOOPa30BAHHBIM KPHUCTAJUIOTHIPATOM HACTHL MOJMMHUHEPATbHOTO MCTOYHHKA, YTO
U obecrieynBaeT JOCTHKEHHE TEXHUYECKOTO Pe3ysibTaTa, a MMEHHO, MPAKTUYeCKH KO-

JIMYECTBCHHOC U3BJICUCHUE XJIOPUIA KaJIHA.
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Kpowme Toro, aBTopamMu HacTOSIIIEr0 U300PETEHUS HEOKHIAHHO ObUTO OOHAPYKEHO, YTO
YKa3aHHBIN cTIOCO0 COTJIACHO HACTOSIEMY U300PETEHUI0 TaKke 00eCIeYnBaeT M3BJie-
yeHne Oosee 99% xyopuaa HaTpusi B KOHIEHTpAT yucTotol Oojnee 99,9% mo NaCl ¢
OCTaTOYHOW KOHLIEHTpauueil OpraHM4ecKux MmpuMeced (B YaCTHOCTH, aMMHOB), HE 00-
HAPY>KUMOH CTaHIAPTHBIMH METOAAMH AHAJUTHYECKOTO KOHTPOJS, MPUMEHSeMbIMU

JUTsl AaHAJIN3A [HIIEBBIX MPOAYKTOB.

Kpome Toro, cmoco® COMIacHO HACTOSIEMY H300PETEHHIO Takke O0ecreunBaeT
YMEHBIICHHE OTXOAOB Mporecca odoramieHns CHIbBUHUTOBOH pyabl. OTXomamu B Cy-
IIECTBYIOLIUX CrIoco0ax oOorameHust IBISOTCS TBEPABINA TaIUT U KUIKUE IIJIAMBI, KO-
JIM4ECTBO KOTOPBIX COCTaBJseT 2 — 3 TOHHBI U 0,1 — 0,2 TOHHBI HA TOHHY KOHLIEHTpPATa,
COOTBETCTBEHHO. B HacrosimeM H300peTeHHH B KadecTBE OTXONa OCTAIOTCS TOJBKO
nuiamMbl, B koudectse 0,1 — 0,2 TOHHBI Ha TOHHY KOHIIEHTPATA, TO €CTh O0IIee KOJrude-

CTBO OTXOZOB YMeHbIuaeTcst Oonee, yem B 10 pas.

BTopbiM 00BEKTOM HACTOAIIETO H300PETEHHs SIBIIIETCS BEPTHKAJIBHBIA TPEX30HHBIN
peakTop A U3BJEYEHUs XJIOpUIA HAaTpUs U XJOpUAA Kaiusd U3 MOJIUMUHEPaIbHOro
HCTOYHMKA, COAEPIKAILEr0 XJIOPU bl HATPUSI U KaJIHsl, COAEP KAl Ui

- TIEPBYIO €MKOCTb, OIpPENEeJIIOLIYI0 BEPXHIOI 30HY PEaKkTopa U CoAep Kallyro
YCTPONCTBO ISl a3pUPOBAHHMSI, TEMIIOOOMEHHHUK JJIsl OTBOJA TEIUIA U MEPBYIO0 MELIAJKY,
IPU 3TOM B €MKOCTU MPEAyCMOTPEHbI CPEACTBO AJ BBOJAA Pa3MOJIOTOTO MOJMMUHE-
pPaTBHOTO UCTOYHHMKA, CPEACTBA U BBOAA U BBIBOAA BO3AYXA IUIA (PIIOTALINH, CPENCTBO
BBOZIa (DJIOTALIMOHHBIX PEAreHTOB, CPEACTBO ISl BBOJA UHBIX PEAreHTOB, CPENCTBO IS
OTBOZIa MIEHHOT'O MPOAYKTA, COJAEPIKALIEero XJIOPUJ Kallus, U CPEeCTBO AJ BBOJA HACHI-
IIIEHHOT'O PacTBOPa XJIOPUAOB HATPUS U KaJus,

- MPOMBIBOYHYIO MPOTHBOTOYHYIO MHOIOCTYNEHYATyI0 KOJOHHY, OINpeaeNsto-
LIYI0 CPEHIOI0 30HY PEaKkTopa;

- BTOPYIO €MKOCTb, OINpeeNSIOIIyI0 HUKHIOIO 30HY PEaKkTopa U COJAEpPIKaLIyHo
TEMJIO00OMEHHHUK JJISl TIOABOAA TEIUIa M BTOPYIO MEINAJIKY, IIPH 3TOM BO BTOPOH €MKOCTH
NPEAYCMOTPEHBI CPENCTBO U BBIBOAA CYCIEH3UMHM OE€3BOJHOrO XJIOpUIA HATPUs U

CpE€ACTBO 4JId BBOJA HACBIIICHHOI'O paCTBOPA XJIOpUAa HATPUS.
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B onHOM BapuaHTe BBINOJNHEHUS BEPTUKAJIBHOTO TPEX30HHOIO PEAKTOpa COIVIAaCHO Ha-
CTOSILIIEMY M300PETEHHIO MepBast EMKOCTh COAEPIKUT KPBILIKY, B KOTOPOH yCTaHOBJICHBI
CPEICTBO sl BBOJIa pa3MOJIOTOr0 NOJMMHUHEPATIbHOIO HCTOYHUKA, CPEICTBA /Il BBOJA
U BbIBOZAA BO3AyXa sl (JIOTAllMU, CPEACTBO BBOAA (PIIOTALIMOHHBIX PEAreHTOB M CPE-
CTBO JUJIs1 BBOJIa MHBIX PEAareHTOB, a CPENCTBO JJIsl OTBOJA MEHHOrO MPOAYKTa, COAep-
JKalllero XJOPUA Kalusl U CPeACTBO JJi BBOJA HACBIIIEHHOI'O pacTBOpa XJIOPUIOB Ha-

TPHSI U KAJIUS HAXOIATCA B BEpXHell yacTn OOKOBON CTEHKU NEPBO EMKOCTH.

B onHom BapuaHTe BBITIOJIHEHHS] BEPTHKAJIBHOTO TPEX30HHOIO PEAKTOpa COTJIACHO Ha-
CTOSIIIEMY M300PETEHHIO CPEACTBO UIA BBIBOAA CYCHEH3UH OE3BOIHOrO XJOpHaa Ha-
TPUSI HAXOAUTCS B HIDKHEH 4acTH BTOPOH €MKOCTH, a CPEJICTBO JJIs BBOAA HACBIIEHHO-

ro pacTBOpPA XJIOPHIA HATPUS HAXOAUTCS B OOKOBOW CTEHKE BTOPOU €MKOCTH.

B onHOM BapuaHTe BBITIOJHEHHs BEPTUKAJIBHOIO TPEX30HHOTO PEAKTOpa COrIacHO Ha-
CTOSAIIEMY U300PETEHHIO TEMIO0OMEHHUKOM JJisl OTBOAA TEIlIa W/UJIU TeTIOOOMEHHU-

KOM IJId IoABOAA TCILJIA ABJIACTCA BHy’[‘peHHI/Iﬁ TEIIO0OMEHHUK.

B onHOM BapuaHTe BBITIOJHEHHs BEPTUKAJIBHOIO TPEX30HHOTO PEAKTOpa COrIacHO Ha-
CTOSAIIEMY U300PETEHHIO TEMIO0OMEHHHUKOM JIJisi OTBOJAA TeIjia W/ MU TeTIOO0OMEHHU-

KOM IJId IMoaABOAA TCIJIa BHEIIHUN TEIMIOOOMEHHHK.

B onHOM BapuaHTe BBINOJHEHUS] BEPTUKAJIBHOIO TPEX30HHOIO PEAKTOpa COMIACHO Ha-
CTOsIeMy M300peTeHHI0 TEIUIOOOMEHHUK JJIsl TTOZIBOZA TeIlla U TeITIOOOMEHHUK ISt
OTBOJIA TeTIa OOBEANHEHBI B €AMHBIN 3aMKHYTBIH TETUIOBOH KOHTYP, MPEACTABIISIOIIHIA

co00i1 TenI0BOI HACOC.

B KOHKPETHOM BApPUAHTE BBINIOJIHCHUA BEPTHUKAJIIBHOTO TPEX30HHOI'O pCaKTOpa Corjac-
HO HaCTOALIEMY 1/1306pereH1/1}0 YKa3daHHas MpPOMBIBOYHASA MPOTUBOTOYHASA MHOIOCTY-

NeHYaTas KOJIOHHA MPECTaBIIsIeT COOOM POTOPHO — IUCKOBYIO KOJIOHHY.

B xoHKpeTHOM BapuaHTE BBINOJHEHUsI BEPTUKAIBHOIO TPEX30HHOIO peakropa corjiac-
HO HACTOAIIEMY H300pPETEHHIO YKa3aHHAs MPOMBIBOYHAS MPOTHUBOTOYHAST MHOTOCTY-

IeHYaTast KOJIOHHA TIPECTaBIIseT COOOH My IbCAllMOHHYIO KOJIOHHY.
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B xoHKpeTHOM BapuaHTEe BBITIOJIHEHUS] BEPTHKAJIBHOTO TPEX30HHOTO PEaKTOpa COrjiac-
HO HACTOSIIIIEMY HU300PETeHHUIO YKa3aHHBIN PEaKTOP COAEPIKHUT JIOMOJHUTEIBHYIO MPO-
MBIBOUHYIO MTPOTUBOTOYHYIO MHOTOCTYIIEHYATYIO KOJIOHHY, Pa3MELIEHHYIO O]l BTOPOi

CMKOCTBIO.

B KOHKPETHOM BAPHUAHTE BBINIOJHCHHA BEPTUKAJIBHOI'O TPEX30HHOIO pEaKTOpa Corjac-
HO HaCTOALIEMY 1/1306peTeH1/1}0 YKa3daHHass AOMOJHHUTECIbHAsA MPOMbBIBOYHAA TMPOTHUBO-

TOYHasd MHOIroCTyrneH4YaTas KOJJIOHHA IPEACTABIACT coboii NyJbCAllTMUOHHYIO KOJIOHHY.

B kOHKpeTHOM BapuaHTE BBITIOJHEHUS BEPTHKAIBHOTO TPEX30HHOTO PEaKTOpa Corjac-
HO HACTOSIIEMY HM300pETeHUI0 yKa3aHHasl JOMOJHHUTENbHAs] MPOMBIBOYHASI MPOTUBO-
TOYHAs MHOTOCTYIIEHUYATass KOJOHHA MPEACTaBIAeT COOOH POTOPHO — JIHUCKOBYHO KO-

JIOHHY.

B KOHKpeTHOM BapHaHTe BBIIOJHEHHs HACTOSILIEro H300pETeHUsl CPEACTBO Uil BBOAA
W/WITH CPECTBO ISl BBIBOJA MPENCTABIIsAET cOOOH maTpyOoK st BBOAA /K MaTPyOOK

JJId BBIBOAA.

B KOHKpEeTHOM BapHWaHTE BBINIOJHEHHS HACTOSIIETO H300pPETEHUs BbIIICOMHCAHHBINA
BEPTUKAJIbHBIN TPEX30HHBIA PEAKTOP COTNIACHO HACTOSIIEMY HM300pETEHUIO NpeaHa3Ha-
YeH IS OCYINECTBJICHHS BBILIEOMUCAHHOTO CHOCO0a M3BJICUEHHUS XJIOPUAA Kaius U
XJIOPU/Ia HATPHS COTJIACHO HACTOSIIEMY H300pPETEHUIO M MO3BOJISIET OCYLIECTBIISITh yKa-
3aHHBIH CITOCOO COTIACHO HACTOSIIEMY M300PETeHUIO HETPEPBIBHBIM 00Pa3oM B OTHOM

peaxTope.

Kpatkoe onucanue ueprexei

Ha ®ur. 1 nokazaHa npyuHUUMNHAIbHAS CX€Ma BEPTUKAJIBHOIO TPEX30HHOIO peakTopa
AJI U3BJICUCHUA XJIOPUAA HATPUA U XJIOPUAA KAJbLUA U3 TOJUMHUHEPAJTIbHOI'O UCTOUYHU-

Ka,

2
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Ha ®ur. 2 nokazaHa NpUHUMNIHAIbHASA CX€Ma BEPTHUKAJIBHOIO TPEX30HHOTO PEaKTOpa
AJI U3BJICUCHUA XJIOPUAA HATPUA U XJIOPUAA KAJbLUA U3 TOJUMHUHEPAJIBbHOI'O UCTOYH U-

Ka C JOIOJIHUTEILHON KOJIOHHOM.

@ur.3 u3odpaxkaer cxeMy OpraHM3alHU TOTOKOB B BEPTUKAIBHOM TPEX30HHOM PEaKTO-

pe, nokasaHHOM Ha Pur.2.

IToapoOHoe onncanue uzodpereHust

Hacrosimee nzobperenne obecrieunBaer cnocod U3BIeUEHNE XJIOPHAA KT U XJIOpUaa
HaTpusd M3 MOJIUMHUHEPAJIBHOIO HMCTOYHHKA, COACPIKALICTO XJIOPUA HATPUA U XJIOPpUI

KaJIusi, COAep KAl CleAyoIne CTaluu:

(1) mogava pa3MoJIOTOrO MOJIMMHUHEPAIBHOIO UCTOYHHUKA B BEPXHIOK 30HY BEPTHUKAJb-
HOT'O TPEX30HHOTO PEAKTOPA, 3aMOJHEHHYIO PACTBOPOM, HACBILIEHHBIM M0 XJIOPUAY Ha-
TpUS U MO XJIOPUAY Kajius, B KOTOPOH Mojjaep:kuBaercs Temieparypa ot -2,5°C no -

20°C,

(11) mepexkpucTaNIM3anMs XJIOPHAA HATPHUS B AUTHIAPAT XJIOPUAA HATPUS U OTHEJICHUE
o0pasyomuxcs KPUCTAJUIOB AUTHAPATa XJIOPUAA HATPHUs OT KPUCTAJUIOB XJIOpHAA Ka-
JMsl TIOCPEACTBOM (IIOTALMHU, B PE3YyJIbTaTe Yero o0pa3yercst MeHHbIH MPOAYKT, COAEp-
KA KPUCTAJUTBI XJIOPHUIA KaJHsl, & KPUCTAJUIbI AUTHPATa XJIOPUAA HATPHs OMyCKa-

HOTCA B CPEAHIOK0 30HY YKA3aHHOI'O BEPTUKAJIIBHOI'O TPEX30HHOI'O pEAKTOPA,

(111) MHOTOCTYIEHYaTasl KJIACCHU(PHUKALMs KPUCTAJUIOB JWUTHApPATA XJIOPUIA HATPHUS MO
pa3Mepy € MOMOIIBK BOCXOJSIIETO MOTOKA JKUAKON a3kl U OJHOBPEMEHHAs MHOTO-
CTyINeH4aTass MPOTUBOTOYHAS MPOMBIBKA OMYCKAIOIIUXCS KPUCTAJUIOB AMTHIAPATA XJIO-
pyIa HaTPHs TEM K€ CAMBIM BOCXOISIIMM ITOTOKOM JKHUAKOH (hasbl, CO CKOPOCTBIO BOC-
XOJSIIEro NMOTOKA, PAaBHOH CKOPOCTU BUTAHHS YACTHI C THIPOAMHAMHUYECKUM JHAMET-
POM, KOTOPBIH MPEBBIIIAET MAKCUMAJIBHBIA THAPOANHAMHUYECKHUH THAMETP YacCTHLl I10-
JVMUHEPATbHOTO HCTOYHHKA HE MeHee 4eM Ha 20 MUKpPOH, TOCJIE Yero MPOMBIThIE KPH-
CTaJUTbI TUTHIpPATA XJIOPUAA HATPHs, IOCTYNAOT B HUKHIOK 30HY YKa3aHHOTO BEPTH-
KaJIbHOTO TPEX30HHOTO PEaKTOpa, MPUYEeM THAPOAMHAMUYECKUNH AUAMETP KPUCTAJUIOB

JUTHAPATA XJIOPUJA HATPHUsl, KOTOPBIE MOCTYNAIOT B HIXKHIOK 30HY YKa3aHHOI'O BEPTH-
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KaJIBHOIO TPEX30HHOI'O PEAaKTOpa, MPEBBINAET MAKCUMAJIBHBIA THAPOAMHAMHYECKUN

JUaMEeTP 4acTULl NOJUMHUHEPATbHOIO HCTOYHHKA [0 MEHbLIEH Mepe Ha 20 MUKPOH,;

(iv) mepekpucTaTU3alisd TPOMBITBIX KPHCTAJUIOB JUTHApATa XJIOPHUIA HATPHUs B Oe3-
BOJIHBIN XJIOPUI HATPHsl B HW)KHEH 30HE YKAa3aHHOTO BEPTHKAJIBHOIO TPEX30HHOTO pe-
aKTOpa, 3arOJHEHHON PacTBOPOM, HACBHIIEHHBIM I10 XJIOPUAY HATPHs, B KOTOPOH MOA-
nep:xuBaercs temmeparypa ot 0,5°C mo 15°C, ¢ mony4yeHHeM CycCrneH3uH O€3BOIHOrO

XJIOpHUJA HaTpus.

B koHTekcTe HacTosmero M300peTeHUs] TEPMUH «IMOJUMHHEPATbHBIH UCTOYHHK, CO-
AepKaIlui XJIOPUA HATPUS M XJIOPUJ KaJIUs» MMOHMUMAETCS, KaK O0O3HAYAIOILINHA CHJTb-
BHHHUTOBYIO Py, @ TAKXKe OTXOABI Iporecca (IOTAMOHHOTO 000TaleHNs] XJIOPUCTO-

I'0 KaJius.

Ilon cunbBUHUTOBOW pPyAOH MOHHUMAETCA CMEChb, COCTOSINAs MPEUMYILHECTBEHHO W3
XJIOpHUa Kajius U XJopuaa HaTpus B cooTHoweHuu ot 1:1000 go 1000:1, ¢ cymmapHbIM
comepxanueM B cMecu Oosee 80%, a TakKe APYrHX MPUMECEH, COMYTCTBYIOLINX CHJTb-
BUHY U TAIUTY B NPUPOAHBIX MECTOPOXKIECHUSIX KATUHHBIX COJIEH, TAKUX KaK JOJIOMMUT,
KapHAJIJINT, aHTUAPUA, KU3E€PUT, TJIMHA U JIp., C CYMMapHbIM cojepxkaHueM MeHee 20%,
B mepecuére Ha Oe3BoAHYIO cMech. CMech XJIopuaa Kajus M XJIOPUIA HATPHUS TaKKe
MOYKET UMETh UCKYCCTBEHHOE NIPOUCXOXKIEHUE, B YACTHOCTH, 3TO MOXET OBITh KOHIIEH-
TPAT 3JEKTPOCTATUUECKOTO MeTona OOOTalleHUs], TATUTOBbIE OTBAJIBI (PIIOTALIMOHHOTO
WIN TayprHYeCKOro MPOUCXOXKIACHUS, LUKJIOHHAS MMbUIh PA3JIMYHBIX IPOLIECCOB 000-

ralcHUsA.

ITon oTxomamu nporecca (pIOTAIHOHHOTO 00OTAIEHHs XJIOPUCTOTO KaInsl MOHUMAETCS
cMech, NOJY4YeHHas B pe3yJbTaTe (IoTalnOHHOTo oboramenus cuibBuHuTa. Llpn dio-
TALMOHHOM OOOTAIlleHNH CHJIbBUHUTA NMPOUCXOIHUT HETOJHOE U3BJICYEHHE XJIOPHUCTOTO
Kanusi U3 pyabl, a umMeHHo 84 — 86%, ocTanbHOE MepexonuT B ranuTosble oTxoabl. Co-
JiepkaHue Kajus B aJIMTOBBIX OTXOAax cocTaBiseT 2,5 -3%. DTUX OTXOAOB MoJyydaeT-
cs1 1oBOJIbHO MHOTO: 3-4 ToHHBI HA ToHHY KCl, 1 OHM, HECMOTpPST Ha BBICOKOE COAEpIKa-
Hue xJjopunaa HaTpus (93-95%), 3anpereHsl K UCIONb30BAHMIO B KAY€CTBE HCTOUYHUKA

NaCl, BcnencTerue 3arps3HEHHOCTH TaluTa aMUHAMU ((PIOTALIMOHHBIA pPEareHT, Hc-
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MOJIL3YIOLIUICS B JAHHOM METOJe), OONIafaloIUMK KaHLIEPOTeHHBIMI CBOHCTBAMU, U

BO BTOPYIO O4epelb, HEPACTBOPUMBIMU MIPUMECSIMU U XJIOPUAOM KaJIHs.

ITockONBKY CYLIECTBYIOIINE CIIOCOOBI OUMUCTKH XJIOPUIA HATPHS, C YIETOM MPHUPOABI U

COCTaBa MPUMECEH, MPUCYTCTBYIOIIUX B OTXOMAX, HE SIBIIOTCS SKOHOMUYECKU 3 dek-

THUBHBIMH C TOYKH 3PEHHUS NaJbHEHIINX C(ep MCIIONb30BAHMS TOJYUYEHHONW CONHY, B Ha-

CTOAICE BPpEM TAKHUEC OTXOAbI HAIIPABJIAKOTCA Ha COJICOTBAJIbl, KOTOPBIC ABJIAKOTCA UC-

TOYHHUKOM psifa CYMECTBCHHDBIX SKOJOTUYCCKHUX U TEXHOJIOTMYCCKUX PUCKOB.

OTtxonpl mporecca GIOTAMOHHOTO O0OTAIIEHUs] XJIOPUCTOrO KajHs UMEIT CIEAyIO-

LU XapaKTePHBINA COCTAB MO0 HEOPTaHUYECKUM COEAUHEHUEM:

Tabmuna 1
NaCl KCl H.O. (rmea) | CaSO, | Br CaCo,, Mg™" Ca™

MgCO;
MaccoBas 10, %
95-975 [05-15 [05-15 | 1-2 ‘ <0,02 | <0,5 <0,5 <0,5
U CIIeNYIOIUN XapaKTePHBIH COCTAB IO OPTaHUYECKUM COSTUHEHHEM:
Tabnuua 2
Cobuparenb (epBUYHBINA aMUH) 50-80r/T
Hucneprarop amuHoB (criupThl Cs - Cy) <5r1/T
AmnosnsipHbie 1o6aBku k codupaTento (kuakue HeTIHbIE apad MHbI) <15r/T
BcenenuBatenu (I3, cocHOBOE Macio) <5r/T
Koarynsaut (ITAA) <8r/T
Henpeccop (kpaxma) 30-200 r/T

TepMHUH «KOHLEHTpPAT XJIOPHIA KaJHs» O3HAYaeT OTKATHIN (O OCTATOUHON BIAKHOCTH

7 - 10%) neHHbIi MPOAYKT mpouecca (GIoTalyu, KOTOPBIH COAEPKUT (B mepecuyére Ha

6e3BoaHBII MPoaykT) 93 - 95% xnopuna xkanwms, 2 - 3% xnopuaa Hatpus u 3 - 4% He-

pactBopuMoro ocratka. CocTaB MOCTEIHEro 3aBUCUT OT OCOOEHHOCTEH MeCTOpOKae-

HUSI CUJIbBUHUTA, U KaK TPABUJIO, BKJIFOYAET B ceOst Oe3BOMHBIN CyIb(aT Kamblus, Kap-
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OOHATHI KaJbIMsl M MarHusi, aIFOMOCUJTUKATHI (TJIMHY), OKCUABI U CyNb(UabI jkejesa, a
TaK)Ke OPTaHUYECKYI0 COCTaBISIONMYI0. KOHIIEHTpaT mocjie CYIIKH MOXKET ObITh Ha-
MPaBJIEH Ha TPAHYJISILUIO, UJTH TIEPEKPUCTALITN30BAH B UUCThIN (Oosee 98% mo xiopuny

KaJI¥sl) IPOAYKT raJlyprudeckKoro KauecTna.

TepMUH «HEpaCTBOPUMBIN OCTATOK» B KOHTEKCTE HACTOSIIETO M300pETeHUsT O3HAYaeT
TBEPAYIO a3y, OCTAIOIIYIOCS MOCIEe PACTBOPEHHS HABECKH MOJUMHHEPAIBHOIO HCTOY-
HUKa (WK XJIOpHIa HATPUS, WJIM KOHIIEHTpAaTa XJIOPUAA KaJIusi) MSITHKPATHBIM (110 Mac-
Ce) KOJIMYECTBOM IUCTULTMPOBAHHON BOABI mpu 90 OC, a 3aTeM KOJIUYECTBEHHO OTMBI-
TOM OT XJIOPUJ - HOHA U BbICYIIeHHOU. OnpeneneHne MacCOBOM 10U HEPACTBOPUMOTO
B BOJE OCTaTKa OCYLIECTBJSIIOT rpaBuMeTpudeckuMm meronom coriacHo ['OCTy P

54345-2011.

TepMUH «THIPOJUHAMUYECKUN TUAMETP YaCTHUIbl» B KOHTEKCTE HACTOSINEro M300pe-
TEeHHsI O3HAYAET AHaMeTp cheprudecKol YaCTUIIbl U3BECTHOU MJIOTHOCTH, UMEIOIICH Ty
JK€ CKOPOCTb CMELIEHUs] OTHOCUTENBHO JKUIKON Cpeabl MO BO3AEHCTBUEM TOU K€ CHU-
JIbI, KaKyI0 HCIBbIThIBaeT uaMepsiemast yacrtuua (cmorpure ['OCT P 8.712-2010: T'ocy-
JapCTBEHHAsl cucTeMa oOecreyeHus] eqUHCTBA M3MepeHul. JlucrmepcHbie Xapakrepu-

CTHKH a3p030Jiei 1 B3BeCcel HAHOMETPOBOTO TUANa3oHa. MeTonbl H3MEPEeHHUH).

TepMUH «MakCHUMaJbHbIA THAPOAMHAMUYECKUN OUAMETP» B KOHTEKCTE HACTOSLIErO
n300peTeHns O3HAYAET CPETHUN MHAPOIUHAMHYECKUI THAMETP TIOCISTHETO TTPOLIEHTHIIS

Ha KpuBOH audepeHIMaIbHOrO pacipeneneHus] YacTHII [0 pa3Mepam.

Crioco0 u3BieYeHNs XJIOpHUAA KaJHs U XJIOPUAA HATPUS U3 TOJIMMUHEPAIbHOTO UCTOY-
HHKa, COZEPKALIEero XJIOPHUA HATPHUs WIN XJOPUA Kanus, Oojiee NOApOOHO OmHCaH Aa-

Jiee.

IlonuMuHepanpHBI HCTOYHUK MPEABAPUTENBHO Pa3MaiblBatOT. PazmMonoTas cMech He-
NPEPHIBHO MOCTYIIAET B BEPXHIOK 30HY BEPTHUKAJIBHOI'O TPEX30HHOTO peakropa. Kun-
KOl (ha3oii (MaTOUHBIN PAcTBOP) BEPXHEH 30HBI SIBJISETCS PACTBOP, HACBHIIIEHHBIH, MO
MeHbIIEH Mepe, TI0 ABYM COJIIM OJHOBpeMeHHO, a nMeHHo, o NaCl u KCl. Xapakrep-
Hasi KOHLeHTpauus coneil B pacTBope coctasisier: NaCl or 20,5 no 23 mac.%, KCI ot 6

o 7 mac.% .
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TemmiepaTypa B BepxHell 30HE MONAECP)KUBAETCS] B TAKOM JTHAINIa30HE, YTOOBI B PABHOBE-
CHH C >KUAKOH (pa3oii ogHON u3 TBEPABIX (a3 ObuT OBl AUTHAPAT XJIOpHUIa HAaTpHs. YKa-
3aHHBIH TeMIepaTypHbIN Auana3oH JeXUT B npeaenax ot -20°C no -2,5°C. Ilpennou-
TUTENIbHO, TEMIIEPATypa B BEPXHEH 30HE MOANEPKUBAETCS ONMKe K BEpXHEW rpaHULe

yKa3aHHOTO AMana3oHa, a uMeHHo ot -5°C no -3°C.

IIpu mocTymjeHUH B BEPXHIOKO 30HY PEAKTOpa CMECU COJIeH, TOJIbKO OfHAa U3 HUX —
NaCl — noasepraercsi nepeKpUCTAIUIN3ALINY, T.€. UCIBIThIBAET ABOHHOMN (Ha30BBIN nepe-
x0#: O€3BOAHBIN XJIOPUA HATPHS, CONEPKALIMNACST B CMECH PACTBOPSETCS, 38 CUET UETO B
XKHUIKOH (aze GpopMupyeTcs MpechleHue 1Mo AUTHAPATy XJjaopuaa Hatpus. Ilpeceie-
HHE PacTBOPA, B CBOK O4Yepeb, sIBJIAETCS ABIDKYLIEH CUIION MpoLecca KpUCTalIN3aluu
HoBo# TBEépHol (azel — NaCl*2H,0. Bee ocranbpHbIe COCTaBISIIOINE CMECH JIMOO HE
UCTIBITBIBAIOT (pa30BOro nepexona (BCe HEPACTBOPUMBIE PUMECH U XJIOPHI KaJlus, 110
KOTOPOMY PacTBOP SIBJISIETCS HACHIIEHHBIM), JINOO MUCTIBITHIBAIOT ONUH (Pa30OBbIi mepe-

XOJl — PaCTBOPEHHUE (XJIOPUIbI KATBLIUSA U MATHUA).

B pesynbpTraTte nepexpucTaninzaliy Bce paCTBOPUMBIE U HEPACTBOPUMBIE NTPUMECH, 3a-
OpPOHHPOBAHHBIE B KPUCTAIUTMIECKUX CPOCTKAX TAJIMTA, BHICBOOOKIAIOTCS U MEPEXOAAT
B 00BEM BepXHEH 30HBI B BUAE CYCIIEH3UH, WM B pacTBop. Takum oOpasom, ¢ Gpusuko-
XUMHYECKOH TOUKH 3PEHUs, B CITOCOOE COTTIACHO HACTOSIIEMY H300PETEHHUIO MPOHCX O-
JUT TOJIHOE PacTBOPEHUE rajiuTa, 3a KOTOPOHl ClieAyeT ero MnoyiHas NepeKpucTain3a-
1A, OJaroapro YeMy CTETeHb U3BJICUEHHsI XJIOPHIA KAIHs 3HAYUTENbHO MOBBIIIAETCS

Mo CPAaBHCHUIO C U3BCCTHBIM YPOBHEM TCXHHUKU.

Oco0eHHOCTb KPUCTAJUINUECKON PEIETKH AUTUAPATa XJIOPUIA HATPUS 3aKIFOYAETCS B
TOM, 4TO KO3(Q(ULHEHT pacrpeneieHus nmpuMeceld MeXIy MaTOYHBIM PacTBOPOM HU
TBEPIOH (asoil cocrasmser Beuunny Gomee wem 10*, mHbIME croBaMu, mpouece mepe-
KpHUcTajun3anun odecrneunsaeT 3(p¢GEKTUBHYIO OUUCTKY JUTHAPATa OT BCEX MpUMeECeH,

B TOM YHUCJIE U PACTBOPUMBIX.

Bo u3bekaHue momaBiieHUs] MPOIECca MEePEKPUCTAJUTH3AINK B JKUAKOU (a3e BepxHeH
30HbI HGO6XOI[I/IMO NoAACp>KNBaTb HA MHUHHUMAJIbHOM YPOBHE KOHUCHTPALIUIO MOHOB,

+ 2+ 2+
UMerInX 0oJiee BBICOKOE CPOACTBO K BOne, 4eM MOHbI Na ', a umenHo, Mg™ u Ca™".
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HakoruieHne yka3aHHBIX KaTHOHOB CMeIIaeT BHU3 TeMmIeparypy (a3oBoro mepexona
NaCl — NaCl*2H,0, a npu cymMMapHO# KOHLEHTpPAallUU JaHHBIX HOHOB Oonee 1,5 mo-
7t/ 00NacTh CYINECTBOBAHUS TUTHApATAa XJIOPHIA HATPUS TOJHOCTHIO HcuezaeT. B
CBSI3H C OTHM, CYMMapHasi KOHLICHTpPALHs ABYXBAJECHTHbIX KaTHOHOB B JKUAKOH (hase
MONIEPKUBAETCS. HA YPOBHE MeHee 2 Mac.%, mpennoyTuTenbHo MeHee 1 mac.%, nyrem
HETPEPHIBHOTO JTO3UPOBAHMS B BEPXHIOI 30HY PEAKTOPa COOTBETCTBYIOINETO KOJIUYE-
CTBA PeareHTa, OCYLIECTBISIONIEro mepesox karnonos Mg®™ u Ca>™ B moxo pacrsopu-
Mbl€ COEIMHEHHUS KalbLis U Maruusi. B kauecTBe peareHTa MOTYT ObITh HCIOJIb30BAHbI
COJIM HATPHsI WM KaJiMsl, M TAKMX aHUOHOB, Kak kapOoHar, ocdar, okcanar, cynpdun,

NPEANIOYTUTENbHO, KapOOHAT HATPHSI.

CraunoHapHBI MUHEPAIBHBIN COCTaB TBEPAOH (pasbl, CyCIEHIUPOBAHHOH B MATOYHOM
pacTBOpe BEPXHEU 30HBI, COCTOUT, MPEKAE BCEro, U3 PACTYIIUX KPUCTAJUIOB «YUCTOTO»
OUTUApaTa XJOPHAA HATPHsS, PACTBOPSIOMIMXCS «TPSI3HBIX» KPHCTAIIOB OE3BOAHOIO
XJIOpUAA HATPHsl, KPUCTAJUIOB HATUBHOIO XJIOPHUJA Kajusi, HEPACTBOPUMBIX HATHBHBIX
npumeceii (CaS0,4, CaCO3, MgCO;, ruHbI), a Takke KapOOHATOB KaJbIUS U MarHus
BTOPUYHOIO MPOUCXOKAEHUs, T.€. IIOJYUYEHHBIX B BEPXHEH 30HE PEAKTOpa B PE3yJIbTaTe

KOHBEPCHUU XJIOPHUAOB KaJIbLIUA U MarHusa Kap6OHaTOM HaTpus.

[IpeanoYTUTENBHBIN PEXUM MEPEKPUCTAILNTU3ALNH 0Ka3aJcs B O0NACTH TEPMOIUHAMH-
4ecKHX napameTpoB BOMm3M uHuM ¢azosoro nepexona NaCl — NaCl*2H,0, a umenHo
B TeMIepaTypHOM nuamna3oHe ot -5°C o -3°C. FiMeHHO npu Takux mapaMeTpax (CocTaB
XKHUIKOH (Dasbl U TEMIEpaTypHBIA IHUANa30H B BEPXHEH 30HE) B XONE SKCIIEPHMEHTOB
OOHAPYKUIIOCh HEXAPAKTEPHOE TEUCHHE KPHUCTALIH3ALMH JUTHAPATa — OHA HE COIpPO-
BOJKAAETCS, KaK OOBIYHO, TIOSIBJICHHEM MEJIKUX YaCTHIl U UX JAIbHEHITHM POCTOM; BME-
CTO 3TOrO MOCJ]E HEMPOAOKUTEIBbHOTO MepuoAa MHAYKLUMM M IOJHOTO OTCYTCTBHUS
KPUCTAJUTHIECKOH (pa3bl, B pacTBOpPE MOSIBIISFOTCS CPa3y OTHOCUTEIBHO KPYIHBIE KPH-
CTaJUTbI ¢ TUAPOIUHAMUYECKHM AUaMeTpoM Oonee 70 MUKPOH, KOTOpBIE OBICTPO AOpa-
CTalOT IO pa3Mepa, COOTBETCTBYIOIIETO IpaHULE KiacCu(UKALHUK, TO eCTh, >90 Muk-

POH, MPEANOYTHTENBHO, >110 MUKPOH.

CooTHOLIEHHE pa3MEPOB YaCTHIL TTOJTUMHUHEPATLHOTO HCTOYHUKA U KPUCTAIJIOB JUTH JI-
para XJiopuaa HaTpHUs 3aJal0T TaKUM O0pa3oM, YTOOBI B BEPXHEW 30HE CTAllHOHAPHBIN

(paKLMOHHBII COCTaB KPUCTAUIOB AUTHAPATA XJIOPUIA HATPUS BKIFOUAN B ceds KpyI-
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HYIO (ppakuuio KpUCTAJUIOB, THAPOAMHAMUYECKUN AMAMETP KOTOPBIX MPEBBIIIA] MaK-
CHUMAJIbHBIN THAPOAUHAMUYECKUN TUAMETP 4acTUL] MOJIUMHHEPATIbHOIO UCTOYHUKA HE
meHee yeM Ha 20 MukpoH. Hammume ¢pakimm ¢ GONBIINM THAPOIUHAMUYECKUM THA-
METPOM KPHUCTAJUIOB AUTHAPATA XJIOPHIA HATPHS 00ECIIeYNBAETCS] CHIDKEHHUEM CTETIeHU
MPECHILEHUS] PACTBOPA, YTO B CBOK OY€peAb, AOCTUIaeTCs U3BECTHBIMU B X UMUYECKON
TEXHOJIOTUH CIIOCO0aMH, HAITPUMED, CHIDKEHHEM PacXojia ChIPbEBOH CMECH, B YCIIOBHUSIX
WHTEHCHBHOTO TepeMeIIuBaHusA. TakuM o0pa3oM, MpH COOJMIOACHUH YKa3aHHOTO pe-
KMMa TIePEKPUCTAIUIN3ALMKI B CYCIIEHOUPOBAHHON TBEPHON  (ase cranMOHapHBIA
(paKLMOHHBII COCTAB YaCTULl UCXOAHON CMECH OKa3bIBAETCS YK€, UEM CTALIOHAPHBIN
(paKLMOHHBII COCTaB KPUCTALUIOB AMTHIpATa XJIOPUAA HATPHUSI CO CTOPOHBI BEpXHEH
IPaHMIBI; B COCTaBE HOBOOOPA30BAHHBIX KPUCTAIUIOB IUTHIpPATA NMPUCYTCTBYET (Ppak-
Usl ¢ THAPOAMHAMUYECKUM TUAMETPOM KPHUCTAJIOB AUTUAPATA XJIOPUAA HATPHUs, KO-
TOpasi MPEBBIIACT MAKCUMAJIBHBIA MMAPOAMHAMUYECKUN AUAMETP 4YacTULl MOJMMUHE-

PaIbHOrO UCTOYHHUKA 1O MeHbLIEH Mepe Ha 20 MUKPOH.

Hanmuune ¢pakumu KpuCTAUIOB AWTUApPATA XJOPUAA HATPHS, THAPOIAHAMHYECKHIA
IUaAMETP KOTOPBIX FApPaHTUPOBAHHO MPEBBIIAECT TUAPOAUHAMUYECKUN AUaMETP YaCTHULL
NOJMMUHEPAIbHOTO UCTOUHHKA, OOeCreunBaeT YETKYIO IMOCIENyIIYI0 Kiaccupuka-
LHI0 YaCTUL UCXOJHOW CMECH OT KPUCTAJIOB YHUCTOrO AUTHApATA XJIOpPUAA HATpPHs,

OCYILECTBJIIEMYIO B CpelHel 30He peakTopa.

Kpucramnmmsamus nuruaparta XJjIopuaa HaTPUsl COTMPOBOXKAAETCS BBIAEIEHHUEM CKPBITON
TEIJIOTHl KPUCTAIM3ALNH, B CBSA3H C UeM JUISl MTOAAEPIKaHUS TEMIIEPaTyphl B BEPXHEH
30HE B 33JJaHHOM [HANa3oHe O00ecreunBaeTcsl TeIUIOOTBO, Hampumep, Oe3 orpaHude-
HUsT OOLITHOCTH, Yepe3 CTEHKY TEeIIOOOMEHHHKA, JIMOO BHEIIHEro, JTHOO0 MOrpyKEHHOTO

HEMOCPEACTBCHHO B CYCIICH3UIO B BerHefI 30HC.

Otnenenne KPUCTAJUIOB XJIOPUJA KaJus M HEPACTBOPHUMBIX MPUMECEH OT IUTHApATa
XJIOpUIA HATPUSl U3 BEPXHEH 30HBbI OCYIIECTBIISETCS M3BECTHBIMU B TEXHUKE CIOCO0a-
MU, TIPEANOUTUTENBHO, criocodoM ¢iotanmu. BeIBOX XJiopuaa Kajus ¢ COMYTCTBYIO-
LIIMMH MPUMECSIMH OCYLIECTBJIACTCS Yepe3 BEPXHUM CIWB B BUAE MEHHOIO MPOAYKTA,
KOTOPBIN CONEPIKUT XJIOPUL Kajvsl, & TAK)KE HEPaCTBOPUMBIN OCTaToK. Jjisi YyaCTUYHOMN
ruipododu3aMK MOBEPXHOCTH XJIOPUIA KaJIHsl HCIONb3YIOTCS H3BECTHBIE COCTaBbBI

(I)J'IOTaLII/IOHHbIX PE€Ar€HTOB, IPUMCHACMBIX B MPOMBIINIJICHHBIX MPOLECCaX (I)J'IOTaLII/IOH-
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HOro oOorareHus, HanpuMep, B KadecTBe coOUparesst — MepBUYHbBIN aMHH, B KAY€CTBE
aucriepraropa aMiuHOB — criupThl Cs-Cg, B KauecTBe anoJSsIpHBIX 100aBOK K COOMPATEIIO
— xuakue HeTsaHble mapaduHbl, B KA4eCTBE BCIIEHUBATENSI — COCHOBOE MAcllo, B Kade-

CTBC KOaryJissHTa — MOJIMAaKPpUIaMUA, B KAYECTBE ACTIPECCOPA — KpaxMall.

YETKOCTE OTAENEeHUs XJOPUJA Kajlus U HEPACTBOPUMBIX NMPUMECEH OT AUTHAPATA XJIO-
puna Hatpusi obecrneunBaeTcss MeronoM Quiotarmu. OObMHO mpoiece (IOTAIIMOHHOMI
cemapanuy XJOPUCTOrO Kajus MPOBOAUTCS MPU TEMIIEPATypax, UCKIIFOYAIOIUX HaJHU-
yre kpuctauo aurunpara NaCl B pacteope. OnHako B BbIOPaHHBIX TEMIIEPATYPHO-
KOHUCHTPAINOHHBIX YCJIOBUAX KPUCTAJIM3AaUU HCOXKUIAHHO OKa3aJioCh, YTO CMa4du-
BAEMOCTh KPHUCTAJUIOB TUTHAPATA KUIKOU (Ha30l CYIIECTBEHHO BBIIIE, YeM Oe3BOTHOTO
XJIOpUA HATPUsl, YTO UCKIIIOYAET NMPUKPEIIEHUE K PACTYLIUM KPUCTaJIaM Iy3bIPbKOB
BO3ayXa OAXKE NPpU OTPHULATCIIbHBIX TEMIICPATYPAaX U MO3BOJISACT I/136e}KaTb TIonagaHus

JUTUAPATA XJIOPUAA HATPUS B IEHHBINA NPOAYKT.

Jlnst obecrnieuenust mpouecca (oTaluy B BEepXHEIl 30HE YKa3aHHOTO PEaKTopa pasMe-
LIA€TCs1 YCTPONCTBO BBOJA BO3AyXa, IPHU 3TOM B YKAa3aHHYH) BEPXHIOI 30HY HENpPEPhIB-
HO JTO3UpPYIOTCs (pIOTalMOHHBIE peareHThl. Kak pesynbrat, B JKHUIKOH (pase BepxHEH
30HBI MPUCYTCTBYET CTALMOHAPHAS KOHLEHTPALUs OPraHMYeCKHX MpHuMeceil - ¢uoTa-

LHUOHHBIX PCArcHTOB, B TOM YUCJIC, ICPBUYIHBIX aMHUHOB.

HuxHsAs yacTh BepxHEW 30HBI peakTOpa MEPEeXOAUT B KOAKCHAIBHO PaclOJIOKEHHYIO
CPEIHIOI0 30HY peakTopa. B cpenHell 30He OCylecTBisIeTCsl MHOTOCTYIIeHUYaTas KJac-
cu(UKaIMs KPUCTAJIIOB MO pa3Mepy € MOMOIIBI0 BOCXOJSIIETO TOTOKA JKUAKOH (hasbl,
a TaK)ke MHOTIOCTYyINeH4aTas MPOTUBOTOYHAS IMPOMBIBKA OIYCKAIOLIMXCSA KPHUCTAJIOB

TEM K€ CaMbIM BOCXOIAIUM ITIOTOKOM )I(HI[KOfl (1)213]:;1.

B BepxHell 30He KpUCTAUIBI AUTHAPATA XJIOPUAA HATPUS UMEIOT LIMPOKOE CTaLMOHAP-
HOE pacmpeaesieHre Mo pasMepy, BKIIIOYAKOIIYIO B cebsi, B 4aCTHOCTH, (Ppakuuio Kpu-
CTaJlJIOB, FI/II[pOI[I/IHaMI/ILIeCKI/Iﬁ AUAMETP KOTOPBIX MPEBBIIIACT MaKCUMAJIbHBIN ruapo-

OMHAMUYECKUN JUaMeTp MOJUMHUHEPATBbHOTO HCTOYHUKA HA 20 MUKPOH.

I'parnna kmaccuduxanmy ONpeAeNsieTcss CKOPOCTBIO BOCXOSIIETO IOTOKA, KOTOpast

3a71aéTcd TakuM 00pa3oM, 4TOOBI B HIDKHIOI 30HY, CKBO3b CPEIHIOI 30HY, MOTIJIH
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NPONTH JUIIb BbILIEyKa3aHHbIE KPYMHbIE KPUCTAIBI, & YACTHULbI MOJIMMHUHEPAIBHOIO
HCTOYHHMKA TapaHTHPOBAHHO OCTaBajHCh B BepxHell 30He. HecMoTps Ha HenpepbIiBHOE
yIOaJeHue KPYMHOHW (ppakiu AUTHAPATa, AJIi KOTOPOH pasMep KPHCTAJIOB OKa3bIBaeT-
cs1 OoJblIe, YeM IpaHuNa KiIacCH(pHUKALMK, B TEPBON 30HE MONAEPKUBACTCS HAINYNE
BBIIIEYKA3aHHON KPyNMHOH (Ppakium, 3a CYET HEMPEPBIBHOTO pocTa Oojiee METKUX KpH-
CTaJIJIOB AUTMIpPATa XJOPUAA HATpUs, pa3Mep KOTOPBIX MEHbLIE, YeM yCTaHOBJIEHHAas

rpaHula Kjaaccuukamu.

C 1enbo MOJHOTO UCKITFOYEHUS MPOCKOKA MEJIKUX YaCTHULl YePe3 CPEAHIO 30HY, B Hel
OCYIIECTBIISIETCSI MHOTOCTYIIeHYaTas Kiiaccu(UKaIusl 4acTUI] IO pa3Mepy, 3a CUeT Ha-
TM4IUst HeOOXOIMMOTO KOJIMUECTBA BHYTPEHHHX CEKLHUOHUPYIOIIUX YCTPOHUCTB (Tape-
.]'IOK), HpeHHTCTBYI-OH_II/IX HpOI[OJ'IbHOMy HepeMeLHI/IBaHI/II-O BCTpeLIHbIX IIOTOKOB X(HHKOﬁ
u TBEPION (pa3. CeKUMOHUPYIOIHE YCTPOUCTBA 00pa3yIOT MOCIENOBATEbHBIN KacKa
CTYIEHEH, OCYIIECTBIISIIOUIMN KOJMYECTBEHHOE Pa3[eeHUe KPUCTAUIOB MO 3aJaHHON

IpaHHULE pa3Mepa.

COBOKYIHOCTh TaKHX MapaMeTpoB, Kak pasMep (TUOpOAMHAMHYECKUN AWaMeTp) U
TUIOTHOCTb KPUCTAJUIOB, TUIOTHOCTh M BSI3KOCTb KUAKON (ha3bl, MPEAONPEACISIOT HI3-
KYIO JMHEHHYIO CKOPOCTh BOCXOZSINETO IMOTOKA MPOMBIBOUYHOM KUIKOCTH, HEOOXOMH-
MOH Ut KJTacCU(pUKALIMK YaCTHIL 110 rpaHuLe Oosiee 90 MUKPOH, MPEATIOYTUTENBHO 00-
nee 110 mukpoH, u Ooyiee mpeanoUTHTENHHO B nuamnazoHe or 90 go 110 mukpoH, co-
crasysrontyro 2 — 10 mm/c. CTonb HU3KHE CKOPOCTH 00ECTIEUNBAIOT OTAEICHUE IUTH -
para XJopuaa HaTpUs OT HEPACTBOPUMBIX B MATOYHOM PacTBOpE NMPUMECEH, HO HE IMO-
3BOJISIFOT OCYIECTBUTH OTMBIBKY OT PACTBOPUMBIX MPHUMECEH U MEJIKOAUCIEPCHON II1H-
HbI, HAXOJSIIUXCS B OKKJIFOAUPOBAHHOM KUAKOHW (pase, 3aXBa4eHHOH KPUCTAJUIAMHU U3
«TPSA3HOI» BEpXHEH 30HBL 3axBar XUIKOH (ha3bl MPOUCXOANUT 33 CUET KIIPHJIAMIIETO»
MOTPAaHUYHOTO CJIOS JKUAKOCTH, B YCJIOBUSX JJAMHHAPHOTO OOTEKAHUs] KPUCTAJUIOB JTH-

ruapara.

C nenpro KOJMYECTBEHHOW OTMBIBKH KPHCTAJIOB OT OKKJIFOJIUPOBAHHOM KU IKOH (hasbl,
KQKIbIA MaKeT XKUIKOCTH, HAXOMALIUNCS MEXAY COOTBETCTBYIOLIUMU CEKLMOHUPYIO-
IUMH YCTPOHCTBAMH, TypOyJIU3UPYETCs 3a CYET MPUAAHUSA €My TAHT€HL[UAJIbHON CKO-

pOCTH, T. €. B IUIOCKOCTH, MEPIICHINKYJIIPHOI OCU peakTopa.
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TypOyam3auus OCyINECTBIAETCS 3a CUET IMOIBO/AA BHEIIHEH MEXaHWYECKOW 3HEPTHUH,
HampuMep, 3a CYET Bpall€HUS POTOPOB, PACIOJOKEHHBIX MEKAY CEKLIMOHUPYIOLIUMU
ycrporictBamu. [IpennourutensHo, TypOynn3alusi OCYIIECTBISIETCS C IOMOINBIO Tie-
PHOANYECKOH MyJIbCALIMU BBICOTHI CTON0A JKUAKOCTH B peakrope. Ilymbcanus obecre-
YHIBAET BEJIMYMHY MIHOBEHHOH CKOPOCTH JKUAKOH (pas3pl, JOCTATOYHOMN IS pa3pyIueHHs
TIPHTUIILLIET0» MOTPAHUYHOTO CJIOSI, YTO B COBOKYMHOCTH C HEOOXOIUMBIM KOJHYECT-
BOM CTyIleHeH oOecreynBaeT KOJWYECTBEHHYIO OYHCTKY KPUCTAJUIOB AWTHApara OT

PacTBOPUMBIX MMPUMECEN U TJIMHBL

[Ipotiast MHOTOCTYTIEHYATYIO KJIACCHU(PHUKAIMIO U MPOTUBOTOYHYIO OTMBIBKY B CpEIHEH
30HE, KPUCTAJUIbI JUTUAPATA XJIOPUA HATPHUsL, THAPOANHAMUYECKUN TUAMETP KOTOPBIX
MPEBBIIAECT MAKCUMAJIBHBINA THAPOAUHAMUYECKUN AUAMETP YaCTHLl TOJTUMUHEPATIbHOTO
HUCTOYHHKA MO MeHbIIeN Mepe Ha 20 MUKPOH, MOMAfar0T B HIDKHIOK «YUCTYIO» 30HY
peaktopa. HmwkHss 30Ha 3amofiHEHA CYCHEH3HeH, rae xunakas ¢aza (MaTO4HbIN pac-
TBOp) SIBIsieTCsl pacTBOpoM, HackimeHHbIM 1o NaCl. XapakrepHass KOHLEHTpaLUs CO-

Jeli B pacTBope coctasisieT: 26-26,6 mac.% NaCl.

TemmiepaTypa B HIKHEH 30He MOAACPKUBAETCS B TAKOM JIMANa3oHe, YTOObI B PaBHOBE-
cuu ¢ skunkor ¢azoi TBEpmoN (a3oil ObLT OE3BOAHBIA XJIOPHI HATPUSA. YKa3aHHBIN
TEeMIIEpaTypPHBIN Auanas3oH jexur B npeaenax or +0,15°C u soie. IlpennoururensHo,
TEMIepaTypa B HIDKHEH 30HE MOIAEP KUBAETCs ONMKe K HUKHEH IpaHHLe YKa3aHHOTO

JuanasoHa, a uMeHHo ot +1°C go +2°C.

IIpu mocTynneHnuy B HUXKHIOKO 30HY peakTopa JUrHApaTa XJIOpUAa HaTpHs, MOCIEIHUN
NOABEPraeTcsl MEePeKpPUCTALIM3ALMH, T.€. HCIBITBIBAET ABOHHON (ha30oBBIH MEPEXOX:
IBYXBOIHBIA XJIOPH] HATPHUS PACTBOPSETCSI, 32 CUET YEro B JKUAKOHU (aze popMupyercs
npechIlieHne o 0e3BOJHOMY XJiopuny Hatpus. IIpechlmeHne pacTBopa, B CBOKO Oue-
penb, sSBISETCS] ABMKYIIEH CHIION mpolecca KPUCTAUTU3alud HOBOH TBEPIOW (a3bl —

oessoguoro NaCl.

PactBOpeHue nurunapara XJjgopuaa HaTpUs COMPOBOXKAAETCS MOTJOLICHUEM CKPBITOMN
TEMJIOThl KPUCTAJUIM3ALIMH, B CBSI3H C YeM, AJIs1 MOAAEPKAHUS TEMIIEPATYPbl B BEPXHEN

30HE B 33/JaHHOM JIMaIa30He 00ecreunBaeTcsl MOAOrPeB, HapuMep, 0e3 OrpaHnYeHHs
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OOIIHOCTH, Yepe3 CTeHKY TEIUIOOOMEHHUKA, MO0 BHELIHETro, JIN0O MOrpyKEHHOTO He-

NOCPEACTBEHHO B CYCIIEH3UIO B HIXKHEH 30HE.

HOCKOJ’Ibe KOJUYCCTBO TECIJIA, BBIACIAOIICCCA B MPOUCCCC NMEPEKPUCTATIIU3ALIUA oe3-
BOJHOI'O XJIOpUAA HATPUA B AUTHAPAT B BerHefI 30HE, PABHO KOJIMYCCTBY TEILJId, KOTO-
po¢€ HeO6XOI[I/IMO NOABOAUTD IJIA MPOTUBOIOJIOKHOIO MpOoLecca B HIDKHE 30HE, 1IOJ-
BOJ TCIUIa U OTBOJ TCILJIa B COOTBCTCTBYROLIHUE 30HBI MPEATIOYTUTEIIBHO OCYIIECTBIACT-

Cs TCIIJIOBBIM HACOCOM.

CraunoHapHbIli cocTaB TBepHoOH (haspl, CYCIEHIUPOBAHHOH B MAaTOYHOM pPacTBOpE
HIDKHEH 30HBI, COCTOUT M3 PACTYLINX KPUCTAJUIOB O€3BOIHOTO XJIOPUAA HATPUS U pac-

TBOPAOLUXCA KPUCTAJIJIOB JUTUApPATA XJIOpUaa HATPUA.

[Iponecc mepexkpuCTAJUTH3ANK COMTPOBOKAAETCS TAKIKE BBIICICHUEM JKUIKOU (as3hbl —
JBYX MOJIEH BOAbI HA MOJIb AUTHAPATA, IEPEHECEHHBIX B TBEPAOM BUIE U3 BEPXHEH 30-
Hbl. HecMOTpst Ha TO, YTO BoAa Oblla 3aXBaueHa B «TPSI3HOI» 30HE, B COCTaB KPHUCTAJ-
JIOTUIpaTa NPUMECH MPAKTUYECKHU HE MEPEXOIAT, CIE0BATENbHO, HUKHSISA 30HA MOAMNU-
TBIBAETCS] YHCTON BONOHN M3 BepxHEH 30HBI Oe3 BHEIHero ucToyHuka. OUucTKa BOIBI
OCyIIeCTBIIsAETCS (PPAKIMOHHON KPHCTAJUM3alUel B BEPXHEW 30HE W MPOTHBOTOYHOU

OTMBIBKOH BO CpEeIHEN 30HE pEeaKTopa.

BHoBb 0Opa3zoBaHHas skuakasi (aza BBITECHSIETCS HUCXOMSIIUM TOTOKOM KPHCTAJUIOB
OUTHUIpaTa BBEPX, B CPEIOHIOI0 30HY, CO3/1aBasi, TAKUM OOpa30OM, BOCXOJSIIIHI MMOTOK
YUCTOrO pacTBopa xJyopuaa Harpus. IlocnenHuil U SBIAETCS NPOMBIBOYHONU JKUIKO-
CTBIO, C NMOMOIIBI KOTOPOH B CpeAHEN 30HE OCYIUECTBJISIIOTCA NMPOTUBOTOYHBIE KJlac-

CI/I(I)I/IKaLII/Iﬂ " OTMBIBKA KPUCTAJIJIOB AUTUApaTa.

JIBrKyIIen CUJION BOCXOSLIEr0 MOTOKA MPOMBIBOYHON >KMJIKOCTH SIBJIIETCS Pa3HOCTb
IUIOTHOCTEH KPUCTAJUIOB AUTHMApATa XJOPUAA HATPUS U HACBILIEHHOIO PAacTBOpa XJO-
puna Hatpus. B manHOM mM300peTeHuN OpraHu3alys MPOTUBOTOYHOTO ABYKEHHS MKH -
KOl u TBEpHmOW (a3 ocymecTmisieTcss 0e3 BHEIIHUX MEXaHHYECKUX MOOYAUTENbHBIX
YCTPOWCTB, BHYTPHU OJHOTO PEAKTOPa, KPUCTAJUIM3ALUs OUTHAPATA, €r0 OTMBIBKA OT
npuMecel U MepeKkpUCTAUIN3ays B O€3BOIHYIO COJIb IIPOUCXOAUT Oe3 Ipolecca OTae-

JeHus TBEPROH (as3pl IUrHIpaTa OT JKUAKON (ha3bl MATOUHOTO PACcTBOPA.
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Bo u3bexaHue nepekpucTauIM3aluy TUTHAPATa XJIOPUIa HATPHs B O€3BOAHBIN XJIOPUA
HAaTpHs BO BpeMs IPOMBIBKH B CPEAHEN 30HE PEAKTOPa, TEMIIEPaTypa BOCXOASIIErO Mo-
TOKa MPOMBIBOYHOMN JKUAKOCTH noaaep:kusaercs MmeHee 0°C, npeAnoyTUTENbHO, MEHee
-3°C, nns 4ero MOXKET NMPUMEHSTHCS TEeIIOOOMEHHHK, 4epe3 KOTOPBIH LHUPKYJIHPYET

XJIagOHOCUTECIIb.

BrOBb 00pa3oBaHHBIE KpUCTAIUIBI OE3BOIHOTO XJIOPHAA HATPUS BBIBOISTCS M3 HIKHEH
30HBI B BUJE CYCIICH3UH, Jajiee OTACIAIOTCS U3BECTHBIMH METOAMU OT JKUIKOH (hasbl,

cymarcs, 1 MOTyT OBITb UCITOJL30BAHbI B KAUECTBE HCTOUYHHKA BHICOKOUHCTOM COJIH.

IlenHblii NPOAYKT U3 BEPXHEH 30HBI, COCTOSIIIMMI U3 KPUCTAIUIOB XJIOPUA Kajlus U He-
pPacTBOPUMOIO OCTATKa, nepepadaThiBaeTCsl M3BECTHBIMH CIOCOOAMH, Hamnpumep, ra-
JypTUYECKUM CIIOCOOOM, & UMEHHO, MOCe JeKaHTALUH OCYIIECTBIISIETCS BbILIEIadBa-
HHE XJIOpUAa KaJusi OOOPOTHBIM TOPSIMUM MaTOYHBIM PACTBOPOM M AaJIbHEHIIEH KpH-

cTajau3aiyei XJiopruaa KaJiusg € MOJMYYCHHUEM TIPOAYKTA TraJIlypru4€CKOro KaueCraea.

EnuHCTBEHHBIM OTXOZOM ONMHCHIBAEMOTO MPOLIECCa MePepadoTKH CUIIbBUHUTOBON PYAbI
SIBJIIETCSI KOHIIGHTPAT HEPAaCTBOPHMOIO OCTaTKa, COCTOSIIUI U3 Cysbdara KaibLius,
KapOOHATOB MArHWs M KaJbLUs, TIIMHBI U OKKJIFOJUPOBAHHOTO PACTBOPA, HACHIIEHHOTO

Mo XJIOpUAaM HaTpPUsd U KaJIus.

HeoOxognmo Tak:ke€ OTMETHTbh, YTO CYLIECTBEHHBIM OTJIMYUTENIbHBIM MPU3HAKOM CIIO-
coba COryIacHO HACTOSIIEMY HM300pPETEHHUIO SIBIISIETCS MHOTOCTYIeHYaTas Kiaccuduka-
L[Sl KPUCTAJUIOB AWUTUApaTa XJOpHUIa HaTpus MO pa3sMepy C MOMOILIBI0 BOCXOASIIErO
NOTOKA KHUIKOH (a3bl U OMHOBPEMEHHAss MHOTOCTYIIEHUaTast IPOTUBOTOUHAS TPOMBIB-
Ka OIyCKAaOIINXCA KPUCTAJIOB AUTHUApATAa XJIOPUJA HATPUsA TEM K€ CaMbIM BOCXO[sI-
UM TTOTOKOM JKUAKOH (ha3bl, TaK KaK B pacCCMaTPHUBAEMOM HCXOIHOM MaTepuaie, mo-
MHMO HEpacTBOPUMBIX MPUMeECEH, MPUCYTCTBYIOT PACTBOPUMBIE 3arps3HEHHs], KOTOpbIE
B IIpOLIECCE MEePEKPUCTANIIIM3ALIUY [TEPEXOAST B MATOUHBII pacTBOp:

—  XJIOpPHUABI KaJIbLUS U MarHus, Cyiab(ar HaTpus,

—  XJIOpUA Kajusi, B OTHOLUIEHUH KOTOPOr'O OTCYTCTBYIOT METOAbI XUMUUECKONH OUHCT-

ku u3 pactBopa NaCl;
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— auruapart cysbdara KaubIHs, pacCTBOPUMOCTb KOTOPOTO CYIIECTBEHHO TMOBBIIIAET-
cs1 B pactBope NaCl mo cpaBHEHUIO C YHUCTOM BOMAOH;, JaxKe €CNIA JaHHAs MPUMECh
OTCYTCTBYET B COCTABE MCXOIHOTO TaJINTa, OHA MOXKET MOSIBUTHCS] B PACTBOPE B pe-
3yJbTaTe XUMUYECKOW OUUCTKHU KUIKOU (hasbl OT CyJb(haTa HATPHUS,

— Opomunbl, HOTUIBL,

— pacTBOpUMBIe opraHuyeckue coequHenus u [TABbI, B uacTHOCTH aMuHBI ((ioTa-
LIIOHHBIE PEareHThl);

— TOHO0HO UCTHHHO PACTBOPHUMBIM BEILIECTBAM BeAyT CeOsl YaCTHILIBI TOHKOAUCTIEPC-
HOW TJIMHBL. B BBICOKOMHUHEPAIM30BAHHBIX PAaCTBOPAX UX pasMep He MpeBbIlaeT -
2 MUKPOHA, BCJICACTBHE YEr0 OHH JABUTAIOTCS CIyTHO TYPOYJICHTHBIM MyJIbCALIMSM
KUAKOHN (hasbl, © HE MOTYT OBITh MOJTHOCTHIO OTAENIEHbI OT MAaTOYHOT'O PacTBOpA

rPaHyJIOMETPUIECKON Kiaccuukanmell B COCTaBe TOHKON (hpaKIvu.

B cnyuae oTCyTCTBUSI CTaquy MHOTOCTYIIEHYATON KjacCU(PUKAIMM KPUCTAJIIOB JUTHI-
para XJopuaa HaTpusl MO pa3Mepy U MHOTOCTYNEHYATON MPOTUBOTOYHON MPOMBIBKH
ONyCKAIIIUXCA KPUCTALIOB IUTWIpATa XJIOPUAA HATPHsl, BbILICYKA3aHHbIE MPUMECH
HeN30e)KHO TOMAJal0T B OJIUH M3 MPOAYKTOB — XJIOPUI HATPUSI - B COCTABE OKKITIOIU-

POBaHHOT'O MaTOYHOTO PaCcTBOPA.

JU1st ocyinecTBiIeHHs CrIoco0a U3BJIEYEHUS XJIOPUIA KaJIUs ¥ XJIOpUAA HATPHS U3 MOJH-
MUHEPATBHOI'O UCTOYHHUKA, no;:[po6Hoe OMUCAHUEC KOTOPOr'0 NMPUBEACHO BBILIC, aBTOpaA-
MH HACTOSIILEro M300pereHus Obl1 pa3paboTaH BEPTHUKAJIbHBIN TPEX30HHBIH PEAKTOP
(mokazan Ha @ur. 1 u Pur.2), KOTOPBIHA MO3BOJMI MTPOBECTH CHOCOO M3BJICUEHUS XJIO-

pyIa Kaius ¥ XJIOpUAA HATPHSI HEMPEPBIBHBIM 00Pa30M B OTHOM PEaKTOpE.

BepTukanbHbIi TPEX30HHBIH PEAKTOP COTJIACHO HACTOSIIEMY M300PETEHUIO, CMOTPUTE
@ur.1, npencrasisier cOOOI KOJOHHBIN ammapaT 1, COCTOSIIMIA U3 BEPXHEH LUITHHIPO
— KOHMYECKONH €MKOCTH 2, H>KHEW LMJIMHAPO — KOHUYECKOW €MKOCTH 3 U KOJIOHHBI 4,

HaxXOAALIENCs B CPpeAHeN yacTu annaparta | mexay éMkocTsaMu 2 u 3.

BepxHsist éMKOCTB 2, COOTBETCTBYIOIIAsI BepXHEH 30HE | peakTropa, ocHameHa merna-
KOH 5, BHYTPEHHUM YCTPOICTBOM 6 IUIs a3pHPOBAHMSI MYJIbIIBL, BCTPOCHHBIM TEII000-

MEHHUKOM 7 AJI OXJIAKACHUA ITYJIbITBL.
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BepxHIOI LUIMHAPO — KOHUYECKYIO €MKOCTb 2 Kak MPaBHJIO 3aKPbIBAIOT BEPXHEU
KPBIIKON 8, B KOTOPOH BBINIOJIHEHBI Pa3IMYHbIE MATPyOKH AJIST BBOJA U BBIBOAA MOTO-
KOB, KPOME 3TOTO B BepXHEH 4acTu OOKOBOH CTEHKH 3TOH EMKOCTH 2 BBITIOJNIHEH MATPY-

00K 2a asist BBIBOJA TIOTOKA IEHHOTO P ONYKTA.

B Bepxneii 30He | peakTopa OCyIIECTBIAIOTCS CIEAYIOLTNE TPOLIECCHI:

- MepeKkpucTaun3anys Oe3BOJHOTIO XJIOPHAA HATPUs, COCTABISIOIIETO OCHOBHYIO
4acTb Pa3MOJIOTON CHUJIBBUHUTOBOHN PYABL B KPYIHBbIE KPUCTAJIbI JUTUAPATA XJIOPUAA
HATPHSI C THAPOANHAMUYECKIM AHAMETpoM Oosiee 90 MUKPOH, PENNOYTHTEIBHO Ooee

110 mukpoH, 1 OoJiee MPeANnOYTHTENBLHO B nuanaszoHe oT 90 1o 110 MUKpOH;

- (roTanusi KPUCTAIUIOB XJIOPUIA KaJIUsl U HEPACTBOPUMBIX MPHUMECEH B IMEHHBIN P O-
OYKT, KOTOPBIA TMOCHE OTXKUMa SKUAKOHW (ha3bl MpencTaBisieT coOOH 1eIeBOH KOHLEH-

TpaT XJIOpUAA KaJus,

o 2+ 2+
- peareHTHas OYMCTKA KUIKOH (ha3bl oT pacTBopuMbIXx karnoHoB Ca” u Mg, a mpu

2

HEOOXOIMMOCTH, OT APYTUX MOHOB, OCPEACTBOM NOAAYN KapOOHATA HATPHA.

Huxnss KOHyCHAst 4acTh BEPXHEHW €MKOCTH 2 COEAUHSETCA C KOJOHHOM 4, COOTBETCT-
Byrowiei cpenneii 30He 1l peakropa 1. BHyTpu KOJOHHBI 4 pacrionokeHo HeoOX OmuMoe
KOJIMYECTBO BHYTPEHHUX CEKLMOHHUPYIOLIUX YCTPOMUCTB 9, MpensaTCTBYIOIIUX MPOIOIb-
HOMY MEPEMEIINBAHUIO BCTPEYHBIX MMOTOKOB KMAKOH M TBEpHOH (a3. CexnuoHupyro-
e yCTpoiicTBa 9 00pa3yroT MOCIeOBATENbHBIN KacKaa CTYIMEeHeH, OCY IECTBIISIFOIIHN

paszeneHne KPUCTAJIOB MO 33IaHHOM MPAHULIE pa3Mepa.

Kak BapmanT cpennsis 30Ha I peakropa 1 MokeT ObITh BBINONHEHA B BUIIE POTOPHO —
IFICKOBOHM KOJIOHHBI, B KOTOPOH KaXKIbIH KacKal MpencraBisieT coOOH COBOKYIHOCTh
BpAIAIOIIErocs qUcKa (poTopa) U KOJbLEBOH auadparMel (CTaTopa), WK, KaKk OIUH U3
MPEANOUYTUTENBHBIX BAPUAHTOB, B BUJl€ MyJIbCAL[MOHHON KOJOHHBL. B mocienHem ciy-
4yae CeKLIMOHMPYIOLINE YCTPOHCTBA 9 MPEenCTaBIsAOT COO0M TapenKu ¢ KUBBIM CEUYEH -

eM 20 — 50%, a B HUKHEH YacTH KOJIOHHBI IPEAyCMaTPUBACTCS MAaTpyOOK, COSOMHEH-
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HBIH ¢ BHELITHUM MOOYAUTENIEM MYJbCAIIHOHHOTO JIBIDKEHHS CTOJIOA JKUAKOCTH B TPEX-

30HHOM PEaKTope.

B cpenneti 30ne Il peaktopa 1 OCyIIECTBIAIOTCA CAEAYIOLIHE TPOLECCHI:

- MHOTOCTYIEeHYaTasl KJIacCU(pUKALMs KPUCTAIOB MO KPYIMHOCTH BOCXOISIIIUM TOTO-
KOM JKUAKOH (ha3bl, 32 CYET Yero KOJOHHA MPOIYCKAET BHU3 (B HIKHIOIO 30HY) TOJBKO
Oonpine (Hanmpumep, cebitie 90 MUKPOH) KPUCTAIUIBI AUTUAPATA XJIOPUAA HATPHUS, U HE
NPOIMYCKAEeT MENKHE KPHUCTAJUIbl AWTHAPATa U YaCTHUIbI MCXONHOH CMecH, mpeaBapH-

TEJIbHO Pa3MOJIOTOMN 0 THAPOAMHAMUYECKOTO THaMeTpa 4yacTUll MeHee 70 MUKpOH;

- MHOTOCTYN€H4YaTasi MPOTUBOTOYHAsI OTMbIBKA KPHUCTAJJIOB AWTHApATa XJOpUIA Ha-
TPHsI OT OKKJIFOAWPOBAHHOHN KHUIKOH (pa3pl, 3aXBaue€HHON W3 BEPXHEH 30HBI, M COHIEp-
JKalled pasjudYHble OpraHu4YecKue W OpraHu4ecKue MPUMECH, B YaCTHOCTH, KaTHOHBI
KaJIvsA, KaJbLUs, MarHusi, Cyjb(ar- aHUOHBI, (IOTalNOHHbIE peareHThl. OTMBIBKA OCY-
IIECTBJISIETCS BOCX OASIINM TTOTOKOM JKUAKOH (has3bl, MOCTYMAKOIIEH U3 HIKHEH 30HBI

peakTopa, MPEenCTaBIIAIOLIEeH COOOH YNCTBIN HACBHIIEHHBIN PAaCTBOP XJIOPHIAA HATPHUS.

HuxHss uunuHApo — KOHUYEeCKass EMKOCTh 3, onpenessamomas HuxkHiow 30Hy [II peak-
topa 1, ocHameHa Mermankoi 10 U BCTPOEHHBIM TeriooOMeHHUKOM 11 s mogorpesa
nyJbnbl. BepxHss kpelka 12 naHHON €MKOCTH 3 NMPUCOENMHEHA K HU)KHEMY KOHLY
KOJIOHHBI 4. B HIDKHEN, KOHUYECKONW 4aCcTH AAHHON €MKOCTH 3, MPenNyCMOTPEH naTpy-
0ok 14 nns BbIBOIA CYCHEH3WHM YHUCTOrO OE3BONHOrO xjopuaa Hatpus. B OokoBoii
CTEHKE MOXKET OBITb pacroyiokeH natpyOok 13 nanst BBOmAa HACHIIEHHOIO PacTBOpa
XJIOpU/Ia HATPUSI, TIOJYYEHHOTO TI0CJIE OTAENEHNUs TBEPAOH (ha3bl U3 CyCHEH3MH YHCTOTO

0e3BOAHOrO XJIOpHIA HATPHUS.

B HukHEN 30HE OCYLIECTBISAOTCS CICAYIOIINE TP OLECCHI:

-  HEPEKpUCTAJUIN3alNN AUTruapara XJIOpuAaa HaTpHs, MNOCTYyNArOIIEro M3 KOJOHHBbI

(cpenHeli 30HbI) B KPUCTAIUTBI O€3BOTHOTO XJIOPUIA HATPUS,
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- opMHpOBaHKE MOTOKA KUAKOH (pa3bl B KOJIOHHYIO YacTh peakTopa (CpemHIon 30HY),
HEoOXOIMMOr0O I MHOTOCTYTIeHUaTast KjacCu(UKaus KPUCTAJIOB MO pa3Mepy M UX
MHOFOCTyrIeH‘laTOfI HpOTI/IBOTOLIHOI\/'I OTMBIBKHU 3a CUET BI:;ICBO60}KI[6HI/I$I BOObBI U3 KpPU-

CTaJUIOTUpATa B MPOLIECCE €ro MePeKpUCTaITU3ALMH.

Ha ®ur.2 uzobpakeH ele OJMH BapHAHT BBIMOJHEHHOT'O COTJIACHO M300PETEHHIO Bep-
THKAJIbHOTO TPEX30HHOIO peakropa. IIpyHIMNManbHO OH HE OTIMYAETCA OT PEaKTopa,
u3o0pakeHHoro Ha @ur. 1, ogHako Ay oOecredeHns] KOJIMIECTBEHHONH OYMCTKH XJIO-
pua HaTPUsl OT TOKCHYHBIX (DIOTALIMOHHBIX PEAreHTOB B €r0 HIDKHEH YacTH Mperdy-
CMOTpPEHA JOMOJIHUTENbHAS KOJOHHA 15 KOHTPOABbHONW MPOMBIBKH, OMPEAEISIOmas 10-
MOJIHUTENBbHYIO 30HY [V peakTopa 1. YCTpoiicTBO NOMONMHUTENBHONM KOJOHHBI 15 aHa-
JIOTUYHO YCTPOWCTBY KOJIOHHBI 4, pacnoyiokeHHOUW B cpenneil 30mHe II peakrtopa 1, u
MPEANOYTHTENBHO, MPEACTABIISIeT COOOM MyIbCALIMOHHYIO KOJIOHHY. B HInkHEN yactu
JOTIOHUTENBbHON KONOHHBI 15 pacrnonoskeH matpyOok 16 amst BBIBOJA CYCTIEH3UU YHC-
TOro OE3BOIHOIO XJIOPUAA HATPHsL, ¥ MaTpyOOK 17 BBOZIA BHEUIHETO MOTOKA HACHIIIEH-
HOT'O PacTBOpPa XJIOPUAA HATPHs, HEOOXOAUMOTO AJIi MHOTOCTYIIEHYaTOH MPOTHBOTOY-
HOU OTMBIBKHU. B ciiydae MCHOIb30BaHusl AOMOJHUTENBHONW KOJOHHBI 15, B €€ HUKHEN
YaCTH TOJKJIOYAETCs] BHEMIHHUHA moOyauTenb 18 mynbCalioOHHOrO ABMKEHUS! CTOJOA
KUJIKOCTH, obecrieunBasi myJbcalmio B cpexHeil 3oue Il m momomnutenvHOMN 30He IV

peakTopa 1.

B nononHuTenbHON KOJOHHE 15 OCyIECTBIAETCA CAEAYIOLHN POLECC:

- MHOTOCTYTI€HYaTasl MPOTUBOTOYHAS OTMBIBKA KPUCTAJJIOB OE3BOAHOIO XJIOpUAA Ha-
TPHsI OT OKKJIIOJUPOBAHHOHN JKMAKOH (hasbl, 3aXBaUEHHOW M3 HUKHEH 30HbL. OTMBIBKA
OCYIIECTBIIIETCS BOCXOASIINM ITIOTOKOM SKUAKOHW (pas3pl, MOCTyMaroIleld B HUKHIOKO
YacTh JAOTIOJHHUTENbHOW KOJIOHHBI, IPEACTABIAIOMEH COOOH YNCThIN HACBIIEHHBIN pac-

TBOP XJIOPUA HATPUS.

ITockonbky B BepxHel u HkHel 30Hax I u II peaktopa 1 mporekaroT mporeccel, Tpe-
OyrolMe ONMHAKOBOI'O KOJIWYECTBA OTBENEHHOTO (BEpXHss 30HA [) M moaBenéHHOTO
(amxHss 30Ha [I) Teruta, To TeroBOH OanaHC MOAAEPKUBAETCS C IOMOIIBIO TETLIOBOTO

Hacoca, B COCTAB KOTOPOrO BXOAST JBa TeruiooOMeHHuKa 7 U 11, T.e. KOHAEHCATOp B
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HwkHel 30He Il u ucmapurens B BepxHeti 30He I peakropa 1, kommpeccop 19 u npocce-
Jupyroiee ycrpoictso 20, B COBOKYIMTHOCTH OOpa3yrOIINe 3aMKHYTHIN TEIIOBOW KOH-
TYp, MPENCTABJISIOLINNA COOOH, C TOUKH 3PEHUST TEXHUUECKOH TEPMOIUHAMUKH, TETLIO-

BOH HACOC, KaK dTO MoKazaHo Ha dur. 1 u 2.

Kpome storo Ha Pur.3 m3obpakeHa cxeMa OpPTaHU3ALMH IOTOKOB B BEPTHKAJIBHOM

TPEX30HHOM PEaKTOpe, MOKa3aHHOM Ha Pur.2, Ha KOTOpPOH:

(1) obo3HauaeT BXOAAMMNN NOTOK (IOTAIIMOHHOTO PEAreHTa;

(11) obo3HauaeT BXOAAMNN MOTOK KapOOHATA HATPHSL,

(111) obo3HauaeT BXOMAMINI MOTOK Pa3MOJIOTOrO OJIMMHUHEPATBHOTO HCTOUYHHUKA,

(iv) obo3HauaeT BHIXOAIIHMN MOTOK OTPAOOTAHHOTO BO3YXa,

(v) obo3HauaeT BXOASAIMNN MOTOK BO3AYXa AJs (iioTanuy,

(vi) obo3HauaeT BXOASIIMK MOTOK PACTBOPA HACHIIIEHHOTO IO XJIOPUAY HATPUSA U
XJIOPUAY KaJIus;

(vi1) obo3HaUaeT BHIXOALIMHA MOTOK MIEHHOTO MPOAYKTA;

(vii1)obo3HauaeT BOCXOALIMHA TOTOK YUCTOTO PACTBOPA XJIOPHIA HATPHS,

(1ix) obo3HauaeT HUCXOAALINH MOTOK KPUCTAJUIOB TUTHApPATA XJIOPUIA HATPHS,

(x) obo3HavaeT BOCXOMSAIINI MOTOK YUCTOrO PACTBOPA XJIOPHUAA HATPUS,

(x1) obo3HAYAET HUCXOMSALINH MOTOK KPUCTAJIOB XJIOPUAA HATPHUSI,

(x11) obo3HaUaeT BXOASAIMNN OTOK YHCTOTO PacTBOPA XJIOPUIA HATPUS, U

(x111)0003HAYAET BHIXOAIINN TOTOK CYCTIEH3UU XJIOPUAA HATPHSI.

Janee Hacrosiee u300peTeHHe MPOULIIOCTPUPOBAHO MOCPENCTBOM CISAYIOIIMX TP U-

MEpOB.

IIpumep 1.

st sxcniepuMenTa Opanoch 1,6 kr HaBecku pyabpl CTapoOMHCKOrO MECTOPOKACHUS Ka-

JUHHBIX cojiel crenyromero cocrasa (B Mac.%):
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= KCl-282%
= NaCl-69,1%
= MgCl, - 0,34%
»  CaSO,; - 1,46%

* ['nuHa, cuukatel, kapooHatel — 0,9%

Hagecka cyuiunace, a 3aTeM pa3MaliblBanach Ha yAapHOW MeNbHUIE, IT0CJIe Yero OTCeu-

BaJIach (ppakUus C THAPOAMHAMUYECKHM AUaMeTpoM < 70 MUKpPOH.

OTnenbHBIM 3KCIIEPUMEHTOM OBbUIO YCTAHOBJIEHO, YTO THAPOAMHAMUYECKUH AHAMETP
Pa3MOJIOTHIX YACTHL, MEHBIIUN WM paBHbIN 70 MUKPOH, COOTBETCTBYET (paKLHH, MMO-
ayueHHoH MeronoMm cyxoro npoceuanus (I'OCT 18318-94), koropast mpoxonuT uepes
CHUTO C KBaJpaTHOM stueiikoii pasmepom 80x80 mukpoH. Macca (paxiun 4acTur ¢ THA-
ponuHaMuueckuM nuaMerpoM <70 MUKpOH coctaBuia 1384 r. B BepTUKaIbHBIN TpEX-
30HHBIN PEAKTOP U3 OPraHMYECKOro CTeKIa, o0mmM obbéMoM 15 11, 3anuBancs npensa-
puTenbHO oxJaxAEHHBIN 10 0°C HachIIeHHBIH pacTBOp XJIOpUAA HATPHsl, MPUTOTOB-
JIEHHBIA U3 JBaXKIbl AUCTHJUIMPOBAHHONW BOABI U OE3BOAHOIO XJIOPUAA HATPHUS MapKU
«XUMHYECKU YUCTBIY. [1ocie BKIIOUeHNs MOAaYy BHELIHETO PacxoAa YMCTOro pacTBo-
pa NaCl B HIDKHIOIO 30HY peakTopa, B BEPXHIOK 30HY PEaKTOpa MUTATENEeM MOAaBaioCh
pacuéTHoe KOJau4ecTBO (345 r.) rajyprudeckoro XJOpUAa Kajiws, HeOOXOIUMOe st

HaCbIICHUA MaTOYHOT'O pacTBOpa B BerHefI 30HE IO XJIOPUAY KaJIus.

IMocne mogauu XJIaJOHOCUTENSI B MOTPYKHOM TEIJIOOOMEHHUK, HAXOASIIUNCS B BEPX-
Hell 30He, U JOCTHKEHUS TEMIIEPATYPhI pPacTBOpa B BepxHeH 30He -5°C, B BEPXHIOKO 30-
HY HauWHaJla NoAgaBaTbCsa Pa3MOJIoTasa @paxum CUJILBUHUTOBOH pPyAbL, OHHOBPEMECHHO

C 3TUM YBEJINYUBAJICS PACXO] BHEIIHEH MPOMBIBOYHOH KUAKOCTH A0 2 J1/4.

Uepes HEKOTOpPOE BpeMsl B BepxHEH 30HE (OPMHUPOBAIICS B3BEILCHHBIN CJIOH KPUCTaJI-
JIOB TUTHApPATA XJIOPUAA HATPUSL, MyTHOCTb *Kuakou (azel Bozpocia ¢ 3 FEU mo 1700
FEU B TeueHue skcnepumenta. IIpu mocTkeHMHM THAPOAMHAMHYECKOTO AHAMETPA
KpucTaioB > 90 MHKpPOH, TO €CThb TOW BEJWYMHBI, IPH KOTOPOH CKOPOCTh BUTAHUS
YaCTHULBl CTAHOBUTCS OOJIbIIE CKOPOCTH BOCXOASINErO MOTOKA MPOMBIBOUYHON KUK O-
CTH, JUTUAPAT HAYMHAJ OMYyCKAThCS B CPEAHIOI0 30HY, MPENCTABISAIOMIYIO COOOH yua-

CTOK MyJIbCALlHOHHOM KOJIOHHBI, PacIojIOKEHHON B CpeHel yacTu peakTopa. Kpucran-
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JIbI TUTUAPATA, MPOHISI CPEIHIOK0 30HY, MOMAaJajd B HIKHIOK 30HY, II€ C IMOMOIIBIO
MOTPYKHOTO TEMIO0OMEHHMKA noaneps:kuBaiack Temneparypa +3°C. Ilocne nosiBieHust
MEPBbIX KPUCTAJUIOB AUTHAPATA B CPEAHEHN 30HE, pacX0J BHEIIHEN MPOMBIBOYHOMN KUJ-

koctu ymeHbwaics 10 0,5 11/4 10 KOHIA SKCIIepIMeHTa.

B HuxHel 30He MpoONCXOoauia MepeKPUCTATH3AIUS TUTHApaTa B O€3BOIHBIN XJIOPUI
HaTpust. HIKHASI 30Ha NCTIOIB30BAJIACh B KAUECTBE HAKOMHTEIS KPUCTAIUIOB OE€3BOIHO-
ro NaCl, nmonyueHHBIX B T€YEHHE SKCIEpUMEHTa. MYTHOCTD KUIKOH (pa3bl B HUKHEH
30He He npesbinaja S PEU B teuenue Bcero skcnepumenTta. [locne 3aBepiuenus nona-
YU pa3MOJIOTOM PYJbl HUXKHSS 30HA OTCEKAJNach KJIAAHOM OT OCTAJIBHOIO PEeaKTopa,
KpHUCTaJUIbl 0€3BOAHOTO XJIOPHAA HATPUS OTACJSUINCH HAa HYTY-(QUIbTpE, CYLIMINCH B

Tedenue 2 4 npu 120°C u oTAaBaIuCh Ha aHAJIUS.

IMony4yenHsii mpoaykT maccoir 920 r. uMen CIenyRINid XUMHUYECKUd cocTaB (B

Mac.%):

= NaCl-99,92%

» KCI-0,02%

* CaSO4-0,02%

* HepactBopumsiii octatok — 0,01%

* (Cymma pactBopumbix npumeceii (Mg, Ca, Rb, Br, I) - 0,03%

[IpakTHUeCKH TOJHOE OTCYTCTBHE B COCTaBe (pakiuy OE3BOAHOTO XJIOPUAA HATPHUS
KPHUCTAJUIOB XJIOPUAA Kalusl AOKA3bIBAET KOJIUYECTBEHHOE U3BJICYEHUE IOCJIEAHErO B

KOHLCHTPAT XJIOpUAa KaJlvA.

IIpumep 2.

DKCMEPUMEHT MPOBOAWICS B COOTBETCTBUU ¢ mpumepoM 1. Ilocne okoHuaHust nmogadu
Pa3MOJIOTON PYyIbl PACcXO]l BHEIIHEH MPOMBIBOYHOHN KUAKOCTH YBETUIUBANICS 10 S5 /4,
MIOCJIE Yero ClIeNOBasia BbIIEPIKKA B TEUEHNE BPEMEHH, HEOOXOIUMOro sl OIIOPOKHE-
HUSI BepXHEW 30HBI OT KPUCTAJJIOB AUTUIpPATa (KOHTPOJb OMOPOKHEHUS MPOBOIUIICS

anyaano). Ilocne storo BEPXHAA 30HA OTCEKAJIACh KJIAIIAHOM OT OCTAJIbHOI'O PCaKTO-
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pa, CyCneH3us U3 BEPXHEHW 30HbI NIEPEINBAIACh B TEPMOCTAT, T/I€ HATPEBANIACh 10 TEM-
nepatypsl 112°C, ¢ 1enblo pacTBOPEHMsI HATUBHBIX KPUCTAJJIOB XJIOpUAA Kalusi, HAKO-

IJICHHBIX B BerHefI 30HE B TCUCHUEC DKCIIEPUMEHTA.

3arem cycrnieHsusi pubTpoBanack B odorpeBaemomM (unbTpe nipu Temneparype 110°C.
[Tonyuennsiit punpTpaT uMen MyTHOcTh 35 FEU. @unbTpar oxnaxnaics B TEpMOCTaTE
CO CKOPOCTBIO 7 rpaj/dac B YCJIOBHUSIX HHTEHCUBHOIO MEPEMEIINBAHUS 10 TEMITEPATYPhI
25°C, B pesyJibTaTe 4ero NpoMCXoauiia Kpucrauinzanus xjaopuaa kanus. Ilo 3aBepiue-
HHIO TIPOLIEcCa OXJIKIACHHS CYCIIEH3Ms pa3felisuiach Ha HyTd-QuiIbTpe, TBEpHas ¢asza
OJTHOKPATHO MPOMBbIBAIACh HACBIIIEHHBIM PAaCTBOPOM XJIOpHMIA Kajus, CyLIMIach 2 4.

npu Temnepatype 130°C u otaaBanuch Ha aHaIU3.

IMony4yenHbléi mpoaykT Maccod 272 . WMeNn CIeQyIOIUi XUMHYEeCKHH COCTaB (B

Mac.%):

* KCI-99,1%
* NaCl-0,14%
* (CaSO04-0,02%

* HepacrBopumsiii ocraTtok — 0,74%.

IIpumep 3.

Jlnst sxcriepuMenTa Opanoch 1,5 Kr HaBECKU TaJUTOBBIX OTXOIOB (hJIOTAIIMOHHOTO MpPO-
UCXOKIIEHUS CIEAYIOIEero coctara (B Mac.%):

NaCl —95,2%

KCI-1,6%

MgCl; — 0,24%

CaS04 - 1,3%

I'muna, cunukatsl, kapooHaTel — 0,8%

ITepBuuneie amunsl C18 — 0,02%

Bona— 0,84 %
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Hagecka cyuiunace, a 3aTeM pa3MaliblBaiach Ha ylapHOW MeJbHUIIE, ITOCIe Yero OTCeU-

Basach ppakuust <90 MUKPOH.

OTnenbHBIM 3KCIIEPUMEHTOM OBbUIO YCTAHOBJIEHO, YTO THAPOAMHAMUYECKUH AHAMETP
Pa3MOJIOTHIX YACTHL, MEHBIIUN WM paBHbIH 90 MUKPOH, COOTBETCTBYET (PpakLuy, MO-
ayueHHoH MeronoMm cyxoro npocenBanus (TOCT 18318-94), koropasi mpoxonuT uepes

CUTO C KBaJPAaTHOH stueiikoi pasmepoM 105x105 mMuxpon.

Macca (pakiun ¢ rHAPOAMHAMUYECKIM TUAMETPOM YacThl <90 MUKpOH cocTaBmia
1155 r. DkCnepuUMEHT MPOBOMUIICS B COOTBETCTBUU C mpuMepoM 1. Jluruapar HaunHaI
OIyCKATbCSl B CPEIOHIOK 30HY, MPEACTABIBIOIIYI0 COOOH Y4aCcTOK IMyJIbCALIOHHON KO-
JIOHHBI, PACIOJIOXKEHHON B CPEAHEN 4acTH peakTopa MpU AOCTHXKEHUW TUAPOAUHAMHU-
YECKOro JAMaMeTpa KpUCTauioB > 110 MUKpPOH, TO €CTb TOH BEIMYUHBI, MPU KOTOPOH
CKOPOCTb BUTAHHUS YaCTHULIbI CTAHOBUTCS OOJIbINE CKOPOCTU BOCXOISILETO IMMOTOKA MPO-
MBIBOUHOM KHUAKOCTH. K KOHITY 3arpy3ku pa3MoJIOTOrO TajiiTa MyTHOCTb SKUIKOH (a3bl

B BepxHel 30He cocrasuna 1220 FEU, B HukHEN «4ucToit» 30He — MeHee 5 FEU.

IMony4yeHHbIli TPOAYKT Maccoil 762 T. UMeN CIenyIIINA XUMHUYECKUH cocTaB (B
Mac.%):

NaCl - 99,95%

KC1-0,01%

CaS04 -0,01%

Hepactsopumelii ocratok — 0,03%

ITepeuunblie amuHbl C18 — He 0OHapYKEHBI

IIpumep 4.

Hns skecnepumenTta Opanoce 1,75 kr HaBecku pyabl CTapoOUHCKOrO MECTOPOKACHUS
KaJTUIHBIX COJIel clienyromero cocrasa (B Mac.%):

KCl-28,1%

NaCl - 69,2%

MgCl; - 0,3%

CaS04 - 1,42%

I'nuna, cumakatsl, kapoonatsl — 0,98%
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Hagecka cymmumiach, a 3aTéM pa3MaIbIBAJIACh HA yIapHOU MEJIbHULE, ITOCIIE YErO OTCEHU-
Basnach (pakuus < 70 mMukpoH. Macca ¢ppakiuuu ¢ rUIpOJUHAMUYECKUM THAMETPOM
gactuy < 70 mMukpoH coctrasuna 1504 r. DkcnepuMeHT MPOBOAMIICS B COOTBETCTBUU C
npuMepoM 1. JIOMOaHUTENBHO, Nepes] 3arpy3KOi Pa3MOJIOTON PYABL, B BEPXHIOK 30HY

OIHOKPATHO BHOCHJIUCH (PIIOTALIMOHHBIEC PEAreHThl, U3 pacuéra Ha 1 Kr pyasl:

* (Cwmech nepsuusbix aMmuHoB C18 — C20 - 45 mr

*  ATNOJSIpHBIN peareHT (KepOCHH) - 12 mr
* BcnennBartenb (COCHOBOE Maciio) - 35mr
*  @DIOoKyJAHT (MTOJHAKPUIAMUL) -15wmr

Ilocne nHavana nmojgadu pa3MOJOTOM PyAbl B BEPXHIOI 4YacTb MEPBOM 30HBI AOMOJHHU-
TEJIBbHO MOAABAICS BO3AYX 4Uepe3 AUCIEPrupyromyro Hacanaky. K koHuy 3arpy3ku pas-
MOJIOTOT'O TaJIuTa MyTHOCTb JKHAKOH (a3el B mepBoii 30He coctasmna 430 FEU, B HUX-
Hell «uucrtoit» 30He — MeHee 3 FEU. IleHHblil mponykT ciauBaicss Ha HYTY-QHIBTP,
TBEPABbIA OCANOK JBAXKIbl MPOMBIBAJICS HACBHILEHHBIM PAacTBOPOM XJIOPHAA HATPHUs C
LIEJIBIO CEJIEKTUBHOTO PACTBOPEHMS KPUCTAUIOB Xyiopuaa kanus. Ilocne nannon npoune-
Iy pbl MUKPOCKOIIMYECKOE MCCIIENI0BAHUE OCAZIKA MOKA3AJI0 OTCYTCTBUE KPUCTAJLIOB KYy-
OMYEeCKON OrpaHKH, XapaKTepHOH JIsl XJIOpUAA HATPHs], YTO CBHAETEIBCTBYET O BBICO-
KOH CEeJNIEKTUBHOCTH (PIIOTALINH, & UMEHHO, OTCYTCTBHH 3aXBaTa KPUCTAJLIOB TUTHAPATA

XJIOpUJIA HATPHsI B IEHHBIN MPOAYKT.
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dopmyJia u300peTeHu

1. Ciocob m3BieUeHUs XJIOpHIA HATPHS U XJIOPHIA KaJIHs U3 MOJHMMUHEPAJIbHOTO HC-

TOYHHKA, COACPKALICTO XJIOPUABI HATPHUA U KaJIHA, co;:[epncamm‘/'l CICAYOIUE CTAAUN!.

(1) mogava pa3MoJIOTOrO MOJMMHUHEPAIBHOIO UCTOYHUKA B BEPXHIOK 30HY BEPTHUKAJIb-
HOT'O TPEX30HHOTO PEAKTOPA, 3aMOJHEHHYIO PACTBOPOM, HACBILIEHHBIM M0 XJIOPUAY Ha-
TpUs U MO XJIOPHAY Kajus, B KOTOPOW MOAJAepKHBaeTcs Temneparypa ot -2,5°C no -

20°C,

(11) mepexpucTaIUIM3aLMs XJIOPUAA HATPUS B AUTHAPAT XJIOPUAA HATPUS U OTHEJCHUE
o0pasyromuxcs KPUCTAJUIOB AUTHAPATa XJIOPUAA HATPHUs OT KPUCTAJUIOB XJIOpHAA Ka-
JMsl TIOCPEACTBOM (IIOTALMHU, B PE3YyJIbTaTe Yero o0pa3yercst MeHHbIH MPOAYKT, COAEp-
KA KPUCTAJUTBI XJIOPUIA KaJHsl, & KPUCTAJUIBI AUTHIPATA XJIOPUA HATPHUS OITyCKa-

HOTCA B CPEAHIOK0 30HY YKA3aHHOI'O BEPTUKAJIIBHOI'O TPEX30HHOI'O pEAKTOPA,

(111) MHOTOCTYIEHYaTas! KJIAcCH(PHUKALMs KPUCTAJUIOB JUTHApPATA XJIOPUIA HATPHUS MO
pa3Mepy € MOMOIIBK BOCXOJSIIETO MOTOKA JKUAKON a3kl U OJHOBPEMEHHAs MHOTO-
CTymneH4arasi MPOTUBOTOYHAS] NTPOMBIBKA OMNMYCKAIOIINXCS KPUCTAJUIOB TUTHIPATA XJIO-
pyIa HaTPHs TEM K€ CAMBIM BOCXOISIIMM ITOTOKOM JKHUAKOH (hasbl, CO CKOPOCTBIO BOC-
XOJSIIIEro NMOTOKA, PAaBHOH CKOPOCTH BUTAHHS YACTHI C THAPOAMHAMHYECKUM JTHAMET-
POM, KOTOPBIH MPEBBIIIAET MAKCUMAJIBHBIA THAPOJUHAMUYECKUNA AUAMETP YacTHILl IO~
JVMUHEPATbHOTO HCTOYHHKA HEe MeHee 4yeM Ha 20 MHUKPOH, TOCJIE Yero MPOMBIThIE KPH-
CTaJUTbI TUTHIpPATA XJIOPUAA HATPHs, IOCTYNAOT B HUKHIOK 30HY YKa3aHHOTO BEPTH-
KaJIbHOTO TPEX30HHOIO PEaKTOpa, MPUYEM THIPOAMHAMHUYECKUN AHAMETP KPUCTAIIOB
OUTUApaTa XJIOPUAa HATPHsl, KOTOPBIE MOCTYNAKOT B HIDKHIOK 30HY YKa3aHHOTO BEPTH-
KaJbHOTO TPEX30HHOTO PEAaKTOpa, MPEBBbIIAET MAKCUMAJIbHBIA THAPOAMHAMUYECKUN

JUaMEeTP 4acTULl NOJUMHUHEPATIBbHOIO HCTOYHHKA M0 MEHbLIEH Mepe Ha 20 MUKPOH,;

(iv) mepekpHCTaAIM3aLHUs MPOMBITHIX KPUCTAJUIOB JUTHApATA XJOpUAa HATpusi B Oe3-
BOJHBII XJIOPHI HATPHUs B HIDKHEW 30HE YKA3aHHOTO BEPTHUKAJIBHOIO TPEX30HHOTO pe-
aKTOpa, 3aMOJHEHHON PacTBOPOM, HACBILIEHHBIM IO XJIOPUAY HATPHs, B KOTOPOH MOJ-
nep:xkuBaercs temmeparypa ot 0,5°C mo 15°C, ¢ mony4deHHeM CycCreH3uH O€3BOIHOTO

XJIOpUJa HaTpus.



38

2. Cniocob no 1. 1, B KOTOPOM MOJIMMUHEPATbHBIM UCTOYHUKOM SIBJISIETCSI CUIIbBHHUT O-

Bas pyza.

3. Cnocob no 1. 1, B KOTOPOM MOJMMHUHEPATbHBIM UCTOYHUKOM SIBJISTFOTCSI TAJIUTOBBIE

OTXOfBI IpoLuecca (GIOTATHOHHOTO O0OTALIEHHS XJIOPUCTOTO KaJTHsI.

4. Criocob mo 1.1, B KOTOPOM B BepXHEH 30HE YKa3aHHOT'O BEPTHKAIBHOTO TPEX30HHOTO

peaxTopa noAnepKuBaroT Temreparypy ot -3°C go -5°C.

5. Criocob no 1.1, B KOTOPOM pacTBOpP, HACBIIEHHBIH 110 XJIOPUAY HATPUSI U 11O XJIOPH-
ay kamusi pactBop, umeet konuenTpannto NaCl ot 20,5 no 23 mac.% U KOHIEHTpaIuio

KCl or 6 1o 7 mac.%.

6. Criocob mo 1.1, B KOTOPOM B CpeHell 30He BEPTHKAIBHOIO TPEX30HHOTO PEaKkTopa
TEMIepaTypy BOCXOISINEro MOTOKa KHUAKOH (assl moanepskusaroT Hinke 0°C, mpen-

MOYTUTENBHO, HIke -3°C.

7. Cniocob mo 1.1, B KOTOPOM CKOPOCTh IMOTOKA BOCXOJISIIIIETO MOTOKA KUAKOW (has3bl B
CpemHel 30He BEPTUKAJIBHOTO TPEX30HHOIO PEaKTOpa HAXOAMTCS B JUANa30HE OT 2 10

10 mm/c.

8. Croco0 mo 1.1, B KOTOPOM B Ka4uecTBe JKUIKOH (pa3bl B cpenHell 30He BEPTHKAIBHOTO
TPEX30HHOTO PEAKTOpa CIYKUT PACTBOP XJOPUAA HATPUS, MOJYUYECHHBIH U3 BOJBIL, Bbl-

cBOOOXKIaeMOI B pe3yJIbTaTe MEePEeKPUCTAUTU3ANN Ha CTaauH (1V).

9. Criocob mo m.1, B KOTOpoM KUAKyio a3y B cpeaHeil 30He BEPTUKAIBHOTO TPEX30H-
HOTO peakTopa JAOMOJIHUTENbHO TYpOYJIM3HPYIOT C OOecrnedeHneM KOJUYeCTBEHHOMH

OYUCTKH KPUCTAJUIOB JUTHUAPATA XJIOpUAa HATPHS.

10. Crioco6 no 1.1, B KOTOpOM [uist OcyIecTBieHust GyioTanuu Ha ctaauu (11) mpume-

HAKOTCA (I)J'IOTaLII/IOHHbIe p€arc¢HThI.
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11. Crocob no m.1, B KOTOPOM PacTBOP, HACBILIEHHBIH MO XJOPHAY HATPHS, 3aI0JI-
HSFOIIWH HIDKHIOK 30HY BEPTUKAIBHOTO TPEX30HHOTO PEAKTOPA, MMEET KOHLIEHTPALIHIO

26-26,6 mac.%.

12. Crioco® mno m.1, KOTOpBIN AOMOJHUTEIHHO COIEPIKUT CTAIUIO0 MMPOMBIBKH KPUCTAJI-

J0B O€3BOAHOTO XJIOPUAA HATPHS MOCe cTanuu (1v).

13. Cnocob mo 1.1, KOTOPBI JOTOJHUTENBHO CONEPKUT CTAAHNIO (PMIIBTPALIMU U CTa-
IO CYIIKH CYCIEH3MH O€3BOJHOTO XJIOpUAA HATPUS TOCe cTanuu (1V) ¢ MoJy4YeHneM

YUCTBIX KPUCTAJIOB O€3BOAHOTO XJIOPHIA HATPHSI.

14. Criocob 1o 1.1, KOTOpBIH ITOMONHUTEIBHO COAEPKUT Tocie ctaaud (i1) CTaaHo OT-
BOJIa IEHHOTO MPOIYKTA M CTAAHIO OTXKMMa IIEHHOTO MPOAYKTA C TOJTy4YeHUEM KOHLIEH-

TpaTa XJOpHUaa Kalus.

15. Cnocob mo m.14, KOTOPBIH JOMOJHUTENBHO CONEPKHUT CTAIHIO MepepadOTKH KOH-
LIEHTpAaTa XJIOPUAA KaJIHs ralyprudeCKuM WIH (PIOTAIIHOHHBIM CIOCOOOM € TIONTy4YeHH-

€M KPHUCTAJIJIOB XJIOPpU A KaJIHs.

16. BepTukanbHblil TPEX30HHBIA PEaKTOP ISl U3BJIEYEHUs XJIOPUAA HATPUs U XJIOpUAa
KaJiud U3 IOJIMMUHEPAJIbHOTIO UCTOUYHUKA, COACPIKALIETO XJIOPUAbI HATPUA U KalUA, CO-
JEepIKaInn:

- IEPBYIO €MKOCTb, ONPENEISIOIIYI) BEPXHIOK 30HY PEAKTOPa U COAEPKALIYIO
YCTPONCTBO ISl a3pUPOBAHHMSI, TEMIIOOOMEHHHUK JJIsl OTBOJA TEIUIA U MEPBYIO0 MELIAJKY,
IIPU 3TOM B €MKOCTH MPEAYCMOTPEHBbI CPEACTBO AJiA BBOAA Pa3MOJOTOrO MOJUMHUHE-
PaTbHOTO UCTOYHUKA, CPENCTBA I BBOJA U BBIBOJA BO3MyXa Uit (hJIOTAIUH, CPENCTBO
JJIs1 BBOJA (1)J'IOTaLII/IOHHbIX PE€ArcHTOB, CPEACTBO IJId BBOJA HUHBIX PCAr€HTOB, CPCACTBO
JUIsl OTBOJIa MIEHHOIO MPOAYKTA, COAEPKALLEro XJIOPUA Kaius, U CPenCTBO IJisl BBOAA
HACBILIEHHOTO PacTBOPA XJIOPUAOB HATPUS U KaJusl,

- NPOMBIBOYHYIO MPOTHBOTOYHYK) MHOTOCTYHEHYATYH) KOJOHHY, ONPEAEIsIO-
LIYI0 CPEAHIOI0 30HY PEaKTopa,;

- BTOPYIO €MKOCTb, ONpPEIESIOIYI0 HMXXHIOIO 30HY PEAKTOpa U COAEPKALIYHO

TEMJIO00OMEHHUK IJIS ITOJIBO/IA TEIJIa U BTOPYIO MEIIAJIKY, IPH 3TOM BO BTOPOH €MKO-
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CTHU MPEAYCMOTPEHBI CPECACTBO IJIA BbIBOAA CYCIICH3UN 663BOI[HOFO XJIopyuaa HATPpUA U

CpEACTBO 4JId BBOAA HACBIIICHHOI'O paCTBOPA XJIOpUAa HATPHA.

17. BepTukanbHblil TPEX30HHBIN peakTop no 1. 16, B KOTOpOM mepBasi €MKOCTb COJEp-
JKUT KPBILIKY, B KOTOPOH YCTaHOBJIEHBI CPEACTBO JUIsl BBOAA Pa3MOJIOTOrO MOJUMUHE-
pPaTBHOTO UCTOYHHMKA, CPEACTBA U BBOAA U BBIBOJA BO3MyXa AJS (DJIOTALMH, CPENCTBO
BBOZa (pIIOTALIMOHHBIX PEAreHTOB U CPEACTBO U BBOAA WHBIX PEAreHTOB, & CPEACTBO
IJI OTBOZAA MEHHOIO MPOAYKTA, COAEPKALEro XJOPUA Kajlus, U CPEACTBO AJs BBOAA
HACBIIEHHOT'O PacTBOPA XJIOPUIOB HATPUS M KaJIUs HAXOISATCS B BEPXHEH 4acTH OOKO-

BOHI CTEHKH NIEPBON €MKOCTH.

18. BepTukanbpHbIl TPEX30HHBIA peakTop Mo M. 16, B KOTOPOM CPEACTBO JJIsl BBIBOZA
CycreH3uH 0€3BOAHOIO XJIOPHIA HATPUS HAXOAUTCS B HUKHEH 4acTH BTOPOH €MKOCTH,
a CPencTBO Uil BBOJA HACBHIIIEHHOIO PAcTBOPA XJIOPUAA HATPUS HAXOMUTCS B ODOKOBOM

CTE€HKE BTOPOH €MKOCTH.

19. BepTukanbHbIi TPEX30HHBIA peakTop 1o m. 16, B KOTOPOM TEIUIOOOMEHHUKOM IS
OTBOJA TEIUTA W/WIH TEIUIOOOMEHHUKOM IUIS TIOABOAA TeILIa SIBJISIETCS BHYTPEHHUH Te-

IUIOOOMEHHHUK.

20. BepTukanbHbIA TPEX30HHBIH peakTop mo 1. 16, B KOTOPOM TETIOOOMEHHUKOM ISt

OTBOJA TEIlJIa W/WIH TEIUI00O MEHHUKOM JJIA moaABOAA TEIlIa BHEIIHUN TEMIO0OOMEHHUK.

21. BepTUKaNbHBIA TPEX30HHBIA peakTop Mo M. 16, B KOTOPOM TEIUIOOOMEHHUK IS
NOABOJA TEIJIa U TEIIOOOMEHHUK JJIsl OTBOJA TeIla OOBEIUHEHBI B €AUHBIN 3aMKHY-

TBIH TETUIOBON KOHTYP, MPEICTABISIOLINI COOOH TEIJIOBOH HACOC.

22. BepTukanbHbIi TPEX30HHBII peakTop MO M. 16, B KOTOpOM NMPOMBIBOYHAsI TPOTHUBO-
TOYHAsi MHOTOCTyIIEHYaTasi KOJIOHHA MPENCTaBisieT cO00i POTOPHO — JAHCKOBYIO KO-

JIOHHY.

23. BepTukanbpHbIi TPEX30HHBII peakTop MO M. 16, B KOTOpOM NMpPOMBIBOYHAsI TPOTHUBO-

TOYHasA MHOIrOCTyn€H4aTasd KOJIOHHA IPEACTABIACT coboii NyJIbCAHUOHHYIO KOJIOHHY.
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24. BepTukanbHbIl TPEX30HHBII peakTop Mo M. 16, KOTOpbIi COAEPKUT JOMOJHUTENb-
HYIO TPOMBIBOUHYIO MPOTHBOTOYHYIO MHOTOCTYNEHYATYI0 KOJIOHHY, Pa3MEIlEeHHYIO

MOJl BTOPOH €MKOCTBIO.

25. BepTukanbHblil TPEX30HHBII peakTop No M. 24, B KOTOPOM KOJIOHHA TPECTaBJIsAET

co0OH MyJIbCAIIHOHHYIO KOJIOHHY.

26. BepTuxanbHbII TPEX30HHBIN peakTop Mo M. 24, B KOTOPOM KOJIOHHA NPEACTABIISIET

co00i POTOPHO — IUCKOBYIO KOJIOHHY.
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