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Summary

The purpose of the research is to evaluate the efficiency of winter sprinkling for desalination of seawater. The
ice fraction in an individual drop and in a stream of drops in a free fall is estimated. At the air tempera-
tures of —10 and —40 °C, the percentage of ice in a stream of water drops with a mineralization of 35 g/l may
amount to 12 and 39%, respectively. Calculations showed that when producing porous ice from water with a
mineralization of 35 g/l by means of sprinkling at the same air temperatures, the productivity of the DDN-70
sprinkler system will be equal to 670 (-10 °C) and 2190 (—40 °C) tons of ice per day. When the fraction of
ice in the drops of stream increases, the salinity of unfrozen water grows too, and this results in increasing of
the porous ice salinity. Experiments did show that at mineralization of the source water of 10 g/l, the mois-
ture content of porous ice amounts 12%, while in the ice frozen from seawater it is 23%. The humidity of a
salt porous ice makes influence on the desalination efficiency. At a moisture content of porous ice of 12% and
melting of 30% of its volume, the mineralization of the remaining part is 4 times less than that at the a mois-
ture content of 23%, but if the melting reaches 50% of the volume it is 16 times. It was found that with growth
of salinity of frozen water the performance of sprinkling and efliciency of desalinization decrease. However,
it should be noted that when using sea water with a salinity of 35 g/l after melting of 50% of the porous ice
volume, the salinity of the remaining part of water will amount approximately 1 g/l, and after appropriate
sanitary and hygienic treatment, it can be used for drinking water supply. It is important also that such water
will contain in sufficient amounts the necessary microelements.
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Ha ocHOBaHWM MaTeMaTUUYeCKOro MOZENVPOBAHUA OMpefesneHa AUHAMMKA 3amep3aHus OTAeNbHOM
Kansv BoAbl ¥ JaHa OLeHKa LONM fibAa B KaneibHOM ¢akene. PaccunTaHa Npou3BOAMTENIbHOCTb HAaMO-
paXrBaHWs MOPUCTOrO NibAa B 3aBUCUMOCTY OT CONMEHOCTU HaMOPaXKMBaeMOW BOAbI U pa3mepa Kanesb
Bogbl. OnpefeneHa AMHAMMKA OMPeCHEHWA MacCMBOB MOPUCTOrO fibAa Pa3HoW CONEHOCTU. Brniepsble
oueHeHa 3GdeKTVBHOCTb NPUMEHEHWS 3UMHETO [OXKAEBaHNUA As ONPECHEHNS MOPCKOW BOAbl.

doi: 10.31857/52076673420030053

Bsenenmne

IIpoGnema 3arpsa3HeHMs] BOOHBIX PECYPCOB U
HEIOCTaTOK IPECHOM BOAbI aKTYaIbHBI JUISI MHOTUX
PErOHOB, B TOM YHCJIE JIJI1 apKTUIECKUX PaiioHOB
Poccuu, rie yacTo aist MMTheBOTO BOJOCHAOXKEHUSI
HUCIonb3yeTcsl cHer. B pabote [1] paccMoOTpeHBI
npo0byieMbl BogocHaOXeHusT B ApkTuke. OT™Meya-

eTCsI, YTO B IOCJIeIHUE TOAbl UCCIeq0BaTEN 00-
paTuiu BHUMAaHUE Ha CYLIECTBEHHbIE HAPYLIEHUS
BOJIHOIO OOMeHa Y HaceJIeHUsI apKTUYECKHUX peru-
OHOB, CBSI3aHHBIC C MPUMEHEHUEM TaJlOro cHera
C HEJOCTAaTOUHBIM COllepKaHMeM KM3HEHHO BaX-
HBIX MUKPO3JIEeMeHTOB. JIJ1s pereHus npooieMbl
BOJOCHAOKEHUST BCE Yallle UCITOJIb3YIOT OIpecHe-
HUE COJIEHBIX, B YaCTHOCTHU, MOPCKUX Boa. OmHaKO
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M3BECTHBIC B HACTOSIIEE BPEMSI CIIOCOOBI OUMCT-
KM 1 OIIPECHEHUSI IIPUPOIHBIX U TEXHOTCHHBIX BOII
He 3(p(PeKTUBHEI IJI1 AeMUHEpaTN3alud 1 O9UCT-
KM 00JIbIIMX 0O0BEMOB IMPOMBIIIIEHHBIX, CETbCKO-
XO3SI1ICTBEHHBIX U OBITOBBIX CTOUYHBIX BOJ M3-3a
BBICOKO#1 Ce0eCTOMMOCTH ONPECHEHHON BOMHI,
OOJIBIINX KAITUTAJIBHBIX M SHEPreTUIeCKUX 3aTpar,
HEOO0XOIMMOCTH IIPeIBapUTEIbHON OUYMCTKH BOIBI
OT HepaCTBOPUMBIX IpuMeceii. Ha 6ombireit yactu
Tepputopun Poccun 3t Ipo0baeMbl, a TAKKe Ipy-
rve IIpUPOIOOXpaHHBIC 3aJa4l MOTYT YCIEIIHO pe-
IIAThCSI C TIOMOIIBIO HETPAIUIIMOHHBIX BO30OHOB-
JISIEMBIX BUIOB IIPUPOTHON SHEPIUM, K KOTOPHIM
OTHOCHUTCSI ¥ IPUPOIHBINA XOJIO.

OnuH U3 U3BECTHBIX CIIOCOOOB OIPECHEHMST —
BBIMOpPaXXMBaHNUE BOIBI C MCIIOJIb30BAaHUEM €CTe-
CTBEHHOI'O WJIM MCKYCCTBeHHOro xoiopa. Ompec-
HEHNeE BOAbI BEIMOPaXKMBAaHMEM M3BECTHO C JaBHUX
mop. B ero ocHOBe JIeXXUT NPUPOIHBINA IPOILIECC
pasmesieHusI COJEHOM BONBI IIPU 3aMOpaxKuBa-
HUM Ha IIPpeCHbIe KPUCTAJIIbI M KOHIICHTPUPOBaH-
HEI paccos. 3aMep3aHue COJIEHOI BOIBI COIIPO-
BOXIAaeTCsI M30MpaTEeIbHBIM POCTOM BETBUCTHIX
KPHCTAJIJIOB JIbJa, OTTOPTAIOIINM B OKPYKAIOIIYIO
KUIKOCTb KPUCTAJJIBL COJM, IOBBIIIAS €€ COME-
HOCTbh. B uTOore HezaMép31mii pacTBOp COJIeii BbI-
COKOI KOHIIEHTpallMd MEeXaHWYEeCKM 3axXBaThIBa-
eTCsl pacTyllei JieAssHoi Maccoii. anbHeilliee e€
ImpoMep3aHue IMPUBOANUT K BRIMEP3aHUIO IIPECHOM
BOIBI M3 3THUX IIOJIOCTEH 1 00pa30BaHMUIO CKEJIeT-
HOM CTPYKTYpPBHI JIbIa, comepxKalleil KamuIIsphl 1
3aMKHYTBIC STYEHKU ¢ KOHIIEHTPUPOBAHHBIM pac-
cosioM. [loBrIIIeHNE TeMIIEpaTyphl JIbIa COIIPOBO-
KIaeTcss OOpaTHBIM IIPOLIECCOM — TastTHHUEM JbIa
Ha TpaHUIIe C PacCcojoM, pOCTOM 00BbEMA KU -
Kot (pa3el M 00pa30BaHMEM CKBO3HBIX KaITWJLISI-
poOB, 4epe3 KOTOphIe CTeKaeT paccoi. B pesynbra-
Te IepBhIe IMOPIINHU TAJIOTO CTOKA MMEIOT BEICOKYIO
KOHLeHTpauuio cojieii. ITocne BbIxoga OCHOBHOM
MAacCCHI COJIEH Tajblii CTOK HAET IIPECHYIO BOIY.
AHaJIOTMYHBIE TIPOLECCHI IIPUBOMISAT K pacIIpecHe-
HUIO MHOTOJIETHMX MOPCKHUX JIbAOB, YTO M3daBHA
HCITOJIB30BaIoCh xkutensiMu Kpaitnero CeBepa st
MOJIy4eHUSI IIPeCHOM Bombl. Tak MUrpamus paccoia
B JICASTHOM IIOKPOBE MOpEil, 00yCIOBIEHHAS B OC-
HOBHOM TeMIIepaTypHBIM TPailieHTOM, IIPUBOIUT
K eTo pacmpecHeHUIO [2]. MuHepanm3amnnsa pac-
coja cHmxaercs oT 10—15 r/i B Havane oOpa3oBa-
HUS JIEASTHOTO MOKpoBa 10 4—7 1/1 BecHoil. OgHO-
TOOWYHBIA MOPCKOM JIEN UMEeT MUHEepaIU3aIuIo

MeHee | 1/1. DTOT mpouecc MOXXHO MHOTOKPATHO
YCKOPUTD, cOo3aaBas JeAsgaHO MacCuB ¢ HEOOIb-
IO MUHEepau3alueil U TeMIIepaTypo.

B npupoaHbIX YCIOBUSIX METOI BHIMOPAXKMBa-
HUSI He TpeOyeT OOIbIINX KAaIIUTAJIOBIOXCHUNA 1
DHEPreTUYECKUX 3aTPaT, MOCKOJIbKY 3aMOPaKM-
BaHUE BOIBI ITPOTEKAET MO BO3AEICTBUEM €CTe-
CTBEHHOM OTPUIATEILHOM TeMIepaTypbl BO3IY-
Xa, a TasiHUE JibJa O0YCJIOBJIEHO TMOJOXUTEIbHOMI
TeMIIepaTypoil BO3ayxa U COJTHECUYHOM pagualiy-
eit. OQHaKO M3BECTHBIE METOIbl €CTECTBEHHOIO
BBIMOPAKMBaHMSI UMEJIN HEOOIBIIYIO TTPOU3BOIM -
TEeJIbHOCTh HAMOPaXKMBaHMS JIbJAa U HU3KYIO 3¢-
¢exTuBHOCTL onpecHeHud [3]. s ycTpaHeHUs
yKa3aHHBIX HEJOCTaTKOB ITOTPeOOBaIOCh 3HAYU -
TE€JIbHO MOBBICUTH IIPOU3BOIUTEIBHOCTh HAMO-
paxkuBaHMUS Jiblla, HAYIUTHCS CO3IaBaTh JIeAsIHbIC
MAacCCUBBI C TIOPUCTOI CTPYKTYpOIi, JIETKO (PUIBT-
pylolieil Boay, 3HAUYUTEJIbHO CHU3UTh COJIEHOCTD
HaMopaxkuBaeMoro Jibaa. [IpexBapuresibHbIe KC-
IMepUMEHTaIbHbIC UCCICAOBAaHUS ITOKAa3aJlu, 4TO
K OJHOMY M3 Hanuboyiee 5KOHOMUYHBIX CITOCOOOB
OIMPECHEHUS U OUUCTKU OOJbIINX OOBEMOB MUHE-
paJM30BaHHOM BOIBI OTHOCUTCS METOJ KalleJIbHO-
ro BBIMOpaXXMBaHUSI, KOTOPHI pealu3yeTcst Ipu
3MMHEM JoXaeBaHuu [4—6].

711 mOBBIIIEHUS] TPOU3BOIUTEIBHOCTH HAMO-
paxXyMBaHUS MOPUCTOrO Jibla MIOTHOCTbIO 500—
600 kr/m3 mpuMeHseTcsa UCKYCCTBEHHBII JIEASHOM
IOXb, CO30aBAEMbII TaJTbHECTPYHUHBIMU HOXKIE-
BaJIbHBIMM ycTaHOBKaMu. [lpu 3amep3aHum Ka-
mneyib COJIEHOM BOJbI, MaJalolluX B BO3AYyXe C OT-
pULIATEILHOM TeMITepaTypoii, Ha MX ITOBEPXHOCTHU
obpa3zyeTcs JeasiHast 000J04YKa, a COJIU BBITECHSI -
I0TCSl B LIEHTpaJbHOE, He3aMeép3llee AP0 Karu.
Korna xaruis mamaet Ha 3eMJTi0, pa3pyliaercs Je-
nsHas o0oio4ka (rmpu 3ameps3anun 10 50—60%
00BbEMa Karin), a He3aMEp3IIUI pacco BbITEKaeT
W3 KaIJiid U QUIIBTPYETCs 3a IpeAeiibl MacCHUBa IO-
PUCTOTO JIbAa. DTO 3HAYNUTEIBHO CHMUKAET MUHEpa-
JIM3aLUI0 MAacCUBa MTOPUCTOTO JibAa €lIE Ha CTaaAuu
HaMmopaxkuBaHusi. OCTaBIINICS PacCcoJI yaaJsieTCst
B IIpoliecce TassHUS JIbJa.

CyToyHast IIpOu3BOANUTEIHBHOCTh HAMOPaXK1Ba -
HUS MTOPUCTOIO JibAa U3 IMPECHOM BOIBI CEPUNHONM
noxnaeBanbHoOM yctaHoBKou JIJIH—70 cocTtaBisiet
75 M3 BOZBI B IIepECUETe HA OIUH IPaLyC CpeaHeil
CYTOYHOM OTPUILIATEIBHOUN TeMIIEpaTyphl BO3AyXa.
ITpu Temnieparype Bo3ayxa —20 °C 3a cyTku popMu-
PYIOTCS MACCUBBI TTIOPUCTOIO Jibaa O0BEMOM MOPSI-
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ka 3000 M3 u BbIcOTO Gostee 7 M. Ha Teppuropun
Poccum 3a XorogHBI ITeproI IIPOMU3BOAUTEILHOCTh
HaMOpaxXHUBaHMSI IIOPHUCTOTO JIbAa U3 IIPECHOM BOIBI
IIpu paboTe OMHOI TOXIEBaIbHOI YCTAHOBKM MU3Me-
Hsetcs ot 20 o 500 TeIc. T [4]. B HacTosIee Bpems
3UMHEeE TOXAeBaHMWE IMMPOKO MCIIOIb3YETCS IS
CTPOMTEIbCTBA JICASHBIX IIepeIpaB 1 aBTO3MMHU-
KOB [7]. 3apy0exXHbBIit ONBIT CO3TaHN NCKYCCTBEH-
HBIX JISASHBIX OCTPOBOB ITOKAa3bIBACT, YTO HAMITYU-
i 3dexT 1a€T HaMopaxKMBaHUE JIbJa METOJOM
noxaeBaHud [8]. DTOT MeTod mMeeT OOTbIITOe TIpe-
MMYIIECTBO IIepel OCTAJbHBIMU B CKOPOCTH CO31a-
HUsI OOJIBIIMX MAaCC HAMOPOKEHHOTO JIbIA Y IIPUHST
B KaueCTBE OCHOBHOTO METOIa CO3MaHMUS MCKYC-
CTBEHHBIX JICASIHBIX OCTPOBOB B MexXIyHapOIHOM
crangapre ISO 19906.

DKCIepUMEHTHl C BOOOII HEOOJIbIION MUHE-
pamu3auuu (o 10 r/i1) mokasanau, 9TO METOI Ka-
MEeJbHOTO BRIMOPAaXKMBAHMS IO3BOJISIET €€ Ha
CTaaIuyd HaMOpaXXMBaHUS CHU3UTH MUHEpaIn3a-
U0 MaccuBa mmopuctoro nbaa B 10—12 pa3s. Ilpnu
AKCIIEPUMEHTAIbHBIX UCCIEeIOBAHUIX HAa apXM-
nenare [nudepreH ycTaHOBJICHO, YTO B ClIydae
HMCIIOJIb30BaHUSI MOPCKOM BOIBI MUHEPAIN3ALINS
He3aMEp3lIell YacTU KaIlId pacTET, MOHMUXKAeTCs
TeMIlepaTypa 3aMep3aHMs U, KaK CJICICTBUE, CHU-
JKAIOTCS IMMPOU3BOIUTEIBHOCTh HAMOPaKMBaHUS
U BBIXOJ IIpecHOI Boabl. lleap mcciaemoBaHuit —
oneHKa 3(Pp(GEeKTUBHOCTU NPUMEHEHUSI 3UMHET0
MOXOEBaHUS IJIsI OTIPECHEHUSI MOPCKOI BOIIBI.

HpOI/I3B0,IlI/ITeJIbHOCTB HaMOpazKuBaHusd U
COJIEHOCTb MOPUCTOTO JIbJA

ConéHOCTh MaccuBa ITOPUCTOTO JIbIa 3aBU-
CUT OT COJIEHOCTH He3aMEép3Ieil BOOBI B Kamellb-
HOM (hakesie 1 BJIaXKHOCTH ITOPUCTOTO JIbIa B Mac-
cuse. [lpu HemosrHOM 3aMep3aHUU KaTlJu BOJBI
COJIW OCTAIOTCS B XXUIKOI He3aMEp3Ieit e€ yacTu.
Yewm OoJibllle Jibga B KallJie U COJEHOCTb 3aMOpa-
JKMBAaeMOW BOABI, TEM BBIIIE COJIEHOCTL HE3aMEP3-
IIeil BOIBI, KOTOPAs MOXET IIPEICTaBISATh COOO0it
KOHIIEHTpUPOBAHHBIHN paccoin. OeHuM MUHepa-
JM3aLMI0 He3aMEp3IIei BOAbl B KaIlie S, KOTo-
pasi B 3HAUUTEIbHOMN CTETEHU OyIeT OnpeacisiTh
MUHEpaIn3alio MacCuBa MOpUCTOTO Jbaa. [1pu
3aMep3aHUM KamjJu COJEHOM BOIBI MPOUCXOAUT
JEeHAPUTHBINA POCT KPUCTAIIOB Jbjla, U B clydyae
HeOOJIBIIMX pa3MepOB KaIlIM 3TU KPUCTAJIbI OyIyT

3axXBaThIBaTh BeCh €€ 00BEM (ITpU HEOONBIION MU-
Hepaau3aiy BOObI BO3MOXHO (hOPMUPOBAHUE JIe-
ISTHOM 00O0JIOYKM KaIUIM), II0O3TOMY IJISI PacuETOB
OymeM NPMMEHSTh 3aBUCUMOCTH, MOJyICHHBIC B
pabote [3] npu MOaEIMPOBAHUU OOBEMHOIO MPO-
Mep3aHusl KAl COJIEHON BOIHI.

PacuéTtel Oynem BBIMOJHSITD A8 KaneJabHOTO
¢dakena, odpazoBaHHOIO MPU padoTe N0KIeBab-
Hoit yctanoBkoi JJIH—70 npu Hacagke nuaMet-
poM 55 MM. DTa ycTaHOBKa HauboJiee pacrnpo-
cTtpaHeHa B Poccuu. Ha e€ ocHoBe pa3paboTaH
noxneBatesib «I'pag—1» miss paGoThl B 3UMHUX
ycaoBusX. JaqbHOCTD MOJIETA CTPYU JOXKIEeBaTe-
ns JAH—70 coctasnsier 70 M IIpu pacxoae BOJIbI
65 51/c n BeIcOTE KarenbHoro ¢dakena 15—20 m. Oc-
HOBHasI YaCTh 9KCIIEPUMEHTaJbHbBIX HUCCIeN0BaHUI
BBHITTOJTHEHA Ha 0a3e 3Toro goxaeBartensa. CpegHuit
JUaMeTp Kamelb IJIs 9TOM HacaaKu, YKa3aHHBI B
ONMCaHUM K JoxaeBarento, — 1,5 mMm. Hamm us-
MEpEeHUs B 3MMHUX YCIOBUSX NaJIM TaKOE XK€ 3Ha-
YeHHe CpeIHero paauyca Kameiab Boabl. CKOpPOCTb
MajeHMs KaIluIi BOJIBI B BO3AYXe V MOXXHO OLIEHUTD
o dopmyie v = 6,42R%%3 rne R — panuyc Kariu
BOIbI, MM. BpeMs mageHus Karid BOJAbl paauy-
com 0,75 MM ¢ BeIcOTHI 18 M cocTaBaseT 3,33 ¢ mpu
CKOpOCTHU IaneHusI Karau 5,4 m/c.

Ilpu mageHMM KaIjid B KalleJIbHOM (ake-
Jie IPOMCXOAUT HarpeBaHUEe BO3ayxa B pe3ysbTa-
T€ TEIUIOOOMEHAa KaIlJIh C BO3MYXOM M BBIACICHUS
TEIJIOTHI JIbH0o0o0Opa3zoBaHus. MHTEHCUBHOCTD Te-
TUTOBBIAEJICHUS] 3aBUCHUT OT IIepenanga TeMIiepaTy-
PBI MeXXOy 3aMEép3alolieii Karieil BOObl ¥ BO3IYXOM
B ¢akene. C pocToM 3aMep3aHUS KAIUIM U COJIE-
HOCTU MCXOMHOI BOIBI CHUXKXAIOTCS TeMIlepaTypa
KaIlJId 1 THTEHCUBHOCTD TerioooMeHa. B pe3yib-
TaTe HarpeBaHUe BO3ayXa B pakeae yMeHbIIAeT-
cs. Tak, cpenHss 3a BpeMs IaJleHUSI TeMIIepaTy-
pa Karumi IIpu MUHEpaJn3aluid HaMOpakKiuBaeMot
Boxawl 5 1/1 coctaBut —0,29 1 —0,41 °C mipu TeM-
nepatype atMmocgepHoro Bo3ayxa —10 u —40 °C
cooTrBeTcTBeHHO U —2,03 u —2,74 °C npu MuHe-
panus3auuy HaMopaxuBaemoi Bonbl 35 r/n. Jdns
OLIEHKM pOCTa TeMITepaTyphl BO3/1yXa B KalleJIbHOM
¢akene aBTopaMu padoTHl [3] MosyueHa clenyo-
111251 3aBUCUMOCTb;

AT=(T,— T,)/(1 + 0,0121v,R"53LG™), (1)

rae T; — temneparypa karu, °C; T, — Temneparypa
atMocdepHoro Bosayxa, ‘C; v; — CKOPOCTb BEHTH -
nauuun dakemna BeTpoMm, M/c; R — pammyc Ka-
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Puc. 1. Jons npaa (%) B otnenbHol Karute (1, 2) 1 B Ka-
neabHoM akene (3, 4) nJisi Boabl MUHEpaau3aluein
St/n(1,3)mu35r/1(2,4)

Fig. 1. The percentage of ice in a separate drop (/, 2) and
in a stream of drops (3, 4) for water with a mineralization
of 5g/l(1,3)and 35g/[ (2, 4)

neab, MM; L — nnuHa ¢akena, M; G — pacxon BoIbl
JOXIEBAIBHOI YCTAHOBKOI, M3/C.

CKOpOCTb BEHTUJISILIMU V| KaIlJlid AUAMETPOM
d = 1,5 MM TIp1 CKOPOCTHU BeTpa 5 M/C COCTaBJISIET
okono 1,3 m/c. Tlpu G/L = 18:107* m%/c o ¢opmy-
ne (1) momyuuM TemIiepatypy Bo3ayxa B hakese 1is
Kare/ib BOJIbI AMaMEeTpoM 1,5 MM 1 MUHepanIu3alyei
5r/n —8,4 1 —33,6 °C npu TemnepaType arMmochep-
Horo Bo3ayxa —10 u —40 °C coorBercTBeHHO. [Ipn
MUWHEepaIN3al1y BOAbI 35 I'/J1 9TW 3HAUCHUS COCTABST
—8,7 1 —33,9 °C. B pe3sysbraTe Kariyd BOIbl IagaoT
B BO3[yXe C TEMIIEPATypOii BHIIIE, YeM TeMIIepaTy-
pa atMochepHOro Bo3ayxa, W MPOLEHT HaMOpaXKu-
BaeMoOro Jibaa OyaeT Huke. PacyéThl MoKa3bIBaloT,
YTO MPU TeMIiepaType aTMochepHoro Bo3nyxa —10 u
—40 °C B OTHENBHOI Karjie BOabl MUHEpaIu3aluein
S, = 5 1/1 3amep3aet 16 u 51% o6bvEMa Karuim coot-
BETCTBEHHO (puc. 1); B ciyvae S,, = 35 r/n nons 3a-
Mep3aHUs B OTACJIbHOI KaIljie BOAbI OyAeT MEHBIIIEC
u coctaBut 14 u 47%. I1pu 3TOM MUHEpAINU3ALIMIO
He3aMEép31Ieil BOJbl MOXHO OLEHUTH MO (opMyJe
S, =S,/(1 = £, roe f, — nons He3aMEP3LIei BOIbI B
Karute. MuHepanu3alus He3aMEp3Iliei BOAbI B Karljie
S, K KOHI1ly naneHust nosbicutest 10 6,0 u 10,2 r/n
npu S,, = 5 r/n (puc. 2, a) u 1o 40,7 u 66,0 r/1 npu
S, = 35 /1 (cM. puc. 2, 6) u TemnepaTtype atMmocdep-
Horo Bo3ayxa —10 1 —40 °C cooTBETCTBEHHO.

I1pu yuére pocTta TemmepaTyphl BO3ayxa B Ka-
neJibHOM ¢hakesie A0S JIbIa HECKOJIbKO YMEHBIIUT-

-
-
-
-
e

g_

-n=
-

»
|
1
|}
!
\
\

w
|

o

®

MwuHepanusauus, r/n

[2]
o
|

.-
-
-
-
____
-
-
-

)]
o
Il

N w B
T 22
|

N
o
|

o

5 15 25 35 45
Temnepatypa Bo3gyxa, °C

Puc. 2. MuHepanu3zauus He3aMEp3Ileil BOIbl B Karlie
Boawl (1), B KaneabHOM (akene (2) U MUHepaau3aLus
nopucTtoro abga (3) A BOoAbl MUHepaau3alueit
St/n(a)u35r1/n(6)

Fig. 2. The mineralization of unfrozen water in a drop of
water (), in a stream of drops (2) and mineralization of
porous ice (3) for water with a mineralization of 5 g// (a)
and 35 g/ (b)

cqa. IIpu Tremmnepatype atmocdepHoro Bosayxa —10
1 —40 °C B kanenbHOM dakene 3aMmep3aer 13 1 43%
BOJIbI MUHEpanu3auueit S,, = 5 r/J1 COOTBETCTBEHHO
u 12 u 39% npu MuHepanuszauuu Boasl S, = 35 r/n
(cM. puc. 1). Ilpu 3TOM MUHepanu3auus He3a-
MEp3IIeii BOIBI B KaIljle K KOHIY e€ IaaecHusI B Ka-
neabHOM hakese moBbicuTes 10 5,8 u 8,8 r/n npu
S, = 5r1/1 (cm. puc. 2, a) u 1o 39,8 u 57,8 r/n npu
S, = 35 /1 (cM. puc. 2, 6) 1 TemIiepatype aTMO-
cepHoro Bozayxa —10 1 —40 °C coOTBETCTBEHHO.
[t Karenb MEHBIIIEro pa3Mepa 3ToT 3G deKT OyneT
el€ 0oJiee 3HAUMMBIM. Pacxon Boabl 10XIeBalb-
Holt ycraHoBko#t IJIH—70 ¢ Hacagkoii nuameTpom
55 MM cocTtasiseT okojo 5600 m3/cyt. [Toatomy,
YUUTBIBasS JOJIIO JibJa B KareJIbHOM (haKesie 13 BOIbI
MUHepanu3auuein 35 r/a, moaydymm mMaccy Mmopu-
cToro Jibaa paBHyto 670 1 2190 T 1baa 3a CyTKU TIpU
Temrepartype atMmocpepHoro Boznyxa —10 u —40 °C
COOTBETCTBEHHO.
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SKCIIepI/IMeHTaJIbHlee UCCICI0BaAHMA 11O
OMPECHECHUIO MOPUCTOrO JibJAAa

IlepBble OMBITHI IO ONPECHEHUIO HEOOIbIIINX
00pa3loB MOPUCTOrO JibJa, HAMOPOXKEHHOI'O U3
MUHEpaJM30BaHHOU BOJbBI, TaJIU MOJOXUTEIbHbIE
pesyabtaThl [3]. JIén monyyanu pa3opbI3TUBaHUEM
pactBopa NaCl ¢ muHepanuzauei 30 r/J1 ¢ BbICO-
1ol 42 M. TeMniepatypa Bo3ayxa BO BpeMsI 9KCIIepr-
MeHTOB u3MeHsnach oT —10 mo —15 °C. Jlonda ibaa
B KaIlUIgX guameTpoM 3—4 MM He nipeBbiinana 14%.
ITpu MemieHHOM TasgHUU (CeMb CYTOK) 55% Macchl
o0Opa3slia JbJa MUHEpaInU3alysl €ro BEpXHETro CJI0sI
YMEHBIIIACH Ha IBA MOPSIIKA.

Jutst U3y9eHrs TMHAMUKY OIIPECHEHMS TOPH-
CTOTIO JIbJAa W OLIEHKM BBHIXOHA IIPECHOI BOIBI IIPO-
BelleHa cepus J1a00OpaTOPHBIX AKCIIEPUMEHTAIBHBIX
HUCCIeOBAaHN. DTO BBI3BAHO TEM, UTO B ITOJIEBBIX
YCIIOBUSIX HE BCeTda MOXHO MCCIeA0BaTh JTUHAMM--
Ky BBIXOJIa Pa3INYHBIX MUKPO3JEMEHTOB, a TaKXKe
BJIMSTHHE TTapaMeTpPOB IIpoIiecca TassHUSI Ha OIpec-
HeHMe. [ToaTomMy B 1abOpaTOPHBIX YCIOBUSIX I10-
PUCTBIN JIEN, 0O0pa30BaHHBIN M3 OCKOJIKOB JICASTHBIX
000JI04eK Kalledb, 3aMEHSIJICSI MEJKOAPOOIEHBIM
JIBIIOM. YCJIOBUS MOJIYYeHUs TaAKOTO JIba OTIdYa-
JOTCSI OT MOPUCTOTO Jiba MO0 CKOPOCTH JIbI000pa3o-
BaHMSI U KPYITHOCTH JIEASTHBIX KPUCTAILJIOB, OMHAKO
3aKOHOMEPHOCTHY (DUIbTPALIMM TaJOl BOJbI, KOTO-
pasi mepeMelaeTcs 1o MOBEPXHOCTHU JIEISIHBIX I'pa-
HyJ, a TaKXKe Ipoliecca cojieoOMeHa Tajaoi BOMIbI C
IIEHKOM «paccona» coxpaHstoTcs. [Tpu aTom onpe-
NeJIEHHBIM MHTEPEC BBI3BIBAIOT 3a1a4i OUMCTKU U
3HAYUTEIBLHOTO OMPECHEHMUS 3aTPsSI3HEHHBIX MUHE-
pal30BaHHBIX BOM B OBITOBBIX YCIOBHUSIX.

JIEn mony4yanu 3aMopakKMBaHUEM COJIEHOM BOAbI
CJIOSIMU TOJIIMHON 10 3 MM C ITOCIEAYIOIINM €ro
IpO0JICHNEeM U pa3MelIeHUEeM B IOJIUATUICHOBEIS
HUInHApUYecKre €MKocTu. [locmenHue n30amupo-
BaJi C OOKOBBIX CTOPOH U CHU3Y IJISI CHUKCHUS
WHTEHCUBHOCTH TastHUsI. MuUTrpalus paccojia B co-
JIEHOM JIbAY ITPOMCXOAUT KaK MO JSUCTBUEM CHIIbI
TSDKECTH 110 MEXKKPUCTAJUTMIECKOMY ITIPOCTPAHCTBY,
TakK U B pe3yibrare nuddy3uun ssueeK paccoya Mo
JIeiCTBUEM TeMIIepaTypHOTIo rpaaueHTa. B usorep-
MHWYECKUX YCIOBUSX STYCUKM paccojia HaXomsITCS B
TepMOJIMHAMIWYCCKOM PaBHOBECUM C OKPY>KAIOIIUM
npaoM. Ilpu pocTe TemIiepaTypsl Jibia 3TO paBHO-
Becue Hapyiaetrcs. 1 ero BOCCTaHOBJIEHUS YacTh
OKPY>KalOIIEeTo Jibla TaeT, TOHMXAEeTCs COJIEHOCTh
paccoJjia u yBeJIMYMBAIOTCSI pa3Mephl STUeeK pacco-

Jna. B panbHeiemM 3To NpuBOAUT K 00Opa30BaHUIO
CKBO3HBIX KallMJUISIPOB, Yepe3 KOTOphbIe HAUMHAET
MHTEHCUBHO MUTPHPOBATDH PacCojl. DKCIEPpUMEH-
TaJIbHBIC MCCIICAOBAHMS MUTPALIMK Paccojia B CO-
JIEHOM JibAy [2] moKa3ajiu, 4YTO OCHOBHOI CITOCO0
yIaJIeHUSI COJIU M3 CBEXKEro MOPCKOTO Jibla — Ipa-
BUTAIIMOHHBII CTOK paccojia Mo KaHajlaM MeXIy
3épHaMu Jbaa. B HeOoJbIIOM cTeneHu pacnpecHe-
HUe Jibaa 00yCIOBIEHO MUTpAIIUEll Kareb paccoa.

[Tpu HaMopakMBaAaHUU MPUMEHSJICS PacCTBOP
NaCl ¢ muHepanu3sanueit Boasl oT 0,4 1o 30 r/m u
Maccoit M, = 500900 r. Beicota 06pa3LioB nopu-
CTOro Jbaa He TpeBbilana 25 cMm. Ero temMneparypa
cocrasisiia t; = —4 + —9 °C. HavanbHas BJIaXXHOCTb
MTOPUCTOTO JIbIA fj; 3ABUCUT OT €TI0 TEMIIEPATYPHI 7;
Y MUHEPaJIU3aLMU UCXOLHOW BOABI S, B COOTBET-
CTBUU C (POPMYJIO

Jio = S/Sins )

e S, — MUHEPATU3aIMU UCXOIHOM BOMBI, KI/M?;
S}, = Of; — MUHepaau3aLus paccoja B IOPUCTOM
abay, Kr/M3; 6 = —16,5 kr/(M3-°C) — koappunmeHT
nponopunoHaabHocT 1ig pacrsopa NaCl; 1, —
TeMmIiepaTypa nopucroro janaa, ‘C.

PacuéTtel mo popmyse (2) moka3blBalOT, UTO
MpY MUHEPATNU3ALUU UCXOIHOM BoAbl S, = 5 1/1
MU TeMmIepaType nopuctoro jbaa oT —1 go —10 °C
J0JIs He3aMEp3ileit Boabl udmeHsiercs ot 30 no 3%;
npu S, = 30 r/n u usmeHenuu t; or —3 go —10 °C
BJIaXHOCTb f;, u3mMeHsiercs: oT 60 1o 18%. Ipobie-
HUE TOHKHUX CJI0E€B HAMOPOXKEHHOTO JibAa U (hop-
MUPOBaHUE MTOPUCTOTO JIbJIa TTO3BOJISIIOT YCKOPUTD
CTOK paccoJjia. B akcrnepuMeHTax ¢ BOIOIPOBO/I -
HOM Bojoil ¢ MuHepanu3auueit 0,24 r/a nmocnen-
HUe€ IMOPIIM TAJIOTO CTOKA UMEJIM MUHEepaaIn3alliio
meHee 0,001 r/n. [IpuMeHeHHUEe paccMOTpPEeHHON
TEXHOJIOTMH TOJIYYSHUsI TIOPUCTOTO JIbIa 1aéT BO3-
MOXHOCTh UCCJIEA0BATh OCOOEHHOCTH OIIPECHEHUS
MUHEPaIN30BaHHBIX BOI U MOXET OBITh UCIIOIb30-
BaHO IJIsI YIYYIICHMs KaueCcTBa IIMTheBOIl BOIHI B
OBITOBBIX YCIIOBUSIX.

TeopeTuueckue ucciaegoBaHUS ITO3BOJIUIN
YCTAaHOBUTH TMHAMUKY OIPECHEHUS ITOPUCTOTO
nbaa [3]:

3)

rne m,= M;/M,, — otHocuTenbHasa Macea; n = (1 — 1) /f;
S, = S,;/S;, — oTHOCUTENbHAs MUHEpaIU3aLus; Sy,
My — HauaJIbHbIE 3HAYEHNSI MUHEPAIN3ALIMY U MACChI
JIb[Ia COOTBETCTBEHHO; S, M; — TeKylLMe 3HAYEHUS MU~

— n
S, =m/,
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MpuknaoHvle npobremol

HepaJl3alKi U MACCHI JIbIAa B IIPOLIECCE TasTHUS COOT-
BETCTBEHHO; f; — BJI&XXKHOCTb [IOPUCTOTO JIBIA, IOJH €11,

Pacuéter mo popmyre (3) moka3wIBaIOT BIUSHIE
BJIAXKHOCTHY TIOPHCTOTO JibAa Ha 3(P(HEeKTUBHOCTD €ro
onpecHeHus. [1pu BiaxXHOCTU MOPUCTOro Jbaa 12%
u TastHuK 30% o0bEMa MUHEpaIU3aLus OCTaBLICHCS
YacTH MacCHBa B 4 pa3a MEHBIIIE, YeM IIPU BIAXKHO-
ctu 23%, a ipu TassHun 50% o06bEMa Jibna — B 16 pas.
[Ipon3BoaCTBEeHHBIE CTOUHBIE BOIbI, HAPSIMY C COJIS-
MM, COIEPKAT paCTBOPHMbIC OpraHUYECKHe IIprUMe-
CH 1 MUKPO3JIEMEHTEHI, TI03TOMY PsIl SKCIIEPMMEHTOB
OBbLII MPOBEJAEH C paCTBOPEHHOM OPraHUKON U MU-
KpoajieMeHTamu. MccnegoBanus no 3(ppeKTUBHO-
CTH OYMCTKHU BOIBI OT PaCTBOPEHHOM OpraHUKY ObUII
MPOBeIeHBI Ha 00pa3lax CTOYHBIX BOJI LEJUTIOIO3HO-
OyMaKHOTO KOMOMHATA ¢ IIOMOIIIBIO aHaJIoTa MeToaa
(pakeTbHOrO BEIMOpAXKMBAHMSI B JTA0OPATOPHBIX yC-
noBusix [3]. CyMMapHOe cofep:KaHie OpraHMIeCKIX
BEILIECTB B ITOPIMSIX TAJIOTO CTOKA OIPEIEISUIH 10 00-
IeMy coaep:kaHMIo yriepona. HamopoxeHHBI €N ¢
comepxXaHreM yriiepona okono 150 mr/im npu Harpe-
BaHMU IO HEOOJBIINX OTPUIIATCIBHBIX TEMIIEPaTyp
JIETKO APOOMIICS B MEJIKYIO KPOIIKY U II0 CTPYKTYpe
HaIIOMUHAJI pa3pbIXJIEHHBIN JIEN C COIeconepKaHueM
cBbiie 15 r/m. McxomHast Boga mMena cepoBaThIil OT-
TEHOK, a ITIePBbIE TOPLINH TaJIO BOILI OBLUIM KOPUIHE-
Boro 1BeTa. IIpu cToke TpeTu 00béMa MOPUCTOTrO JIbIa
BBITEKAIOIIasl Tajlasl BOda CTAHOBWJIACH yKe IIPOo3pad-
HO 1 TI0 IIBETY COOTBETCTBOBAJIa BOIOIIPOBOIHOIA.

DKCIIepUMEHTHI TOKa3aJIi, YTO BBIXOJ OpraHM-
KU IIPOUCXOIUT IPUOIM3UTEIHHO C TAKOM XK€ MHTEH-
CUBHOCTBIO, KaK M MOHOB Na™ niu SO%’. Hx conep-
JKaHME B MOPUCTOM JIbAY YMEHBIIIAEeTCS Ha TOPSIIOK
npu Tastiuu 1/3 yactu ero oobéma u B 20—60 pa3z —
MpU TasTHUU MOJOBUHBIL. Ps1 aKCIepuMeHTOB ObLIT
nposeneH ¢ Cru Cu. Ux conepkaHue B TaJJOM CTOKE
OIpeNeIsIOCh aTOMHO-a0COPOLIMOHHBIM METOJ0M.
YcraHoBneHo, uto AuHaMuKa Bbixoga Cr u Cu ¢ Ha-
yajibHOM KoHIeHTpanueil xpoma 0,2 u 0,59 mr/n u
Meau 16 Mr/i mpakTUYECKU OJUHAKOBA U OIMCHIBA-
eTcs 3aBUCUMOCTBIO (3) ripu n = 4,3. OTMETUM, YTO
O0OBIUHOE BEIMOpPAXKMBAHUE C MOJyYEHUEM MOHOIUT-
HOTO JIbJAa He Ja€T TaKOro pe3yJsibTaTa. DKCIePUMEHT
C HaMOpaXXMBaHUEM JIEASTHOTO MOHOJIUTA C MOoce-
JYIOLIMM ero TasiHUEM IoKa3ajl 3HauYUTeIbHbIe KO-
JlebaHus coaepxkaHus yriiepoaa U XUMUUYECKUX dJie-
MEHTOB B TaJIO BoJie ¢ HeOOIbIION TEHACHIIMEH K X
CHVIKEHUIO B MOCEIHUX €€ TTOPLIMSIX.

Hapsny ¢ nabopaTopHbIMU UCCIEIOBAHUSIMU,
MPOBEAEHBI MOJIeBbIe PAOOTHI C TIPUMEHEHUEM MOp-

CKOIt, peUHOM M 03E€pHOI BOAbI, a TAKXKE TEXHOTEH-
HBIX CTOYHBIX BOM. [losesvle sKchepumenmanvhbie
uccaedosaruss ¢ MOpCKoil 6000i BHITIOMHSIN Ha 0a3e
numdepreHckoit akcnenuunu MHcTUTYyTa reorpa-
¢uu PAH npu coneiicTBUM COTPYIHUKOB PyIHMKA
Bapenuoypr [3]. Iyt HaMopaxkuBaHUS UCITOIL30Ba-
JI1 MOPCKy1o Bony 13 3anuBa I'péHdropn ¢ MuHepa-
Juzanyeit 34 r/1. OdheKTUBHOCTD JIbI000pa30BaHM
B (bakeie BoicoToii 10 M cocrasisuia 12%. Cpennuit
pa3mep Karreab n3MeHsics ot 1 1o 3 mum. Ilocne croka
M30BITKA BOABI M IIPOMEpP3aHUsI HAMOPOXKEHHBII Ma-
TepHrall MPencTaBIsl COO0I HEMPO3pauyHyIO ITy3bIp-
YyaTyl0 Maccy, HaIlOMMHABIIIYIO CHEXXHBIN JIE 1 CO-
CTOSIIIYI0 U3 OCKOJIKOB JIEASIHBIX 000J104€K Kalle/lb
pazmepom 0,3—0,5 mm. Uepes 20 yacoB mociie OKOH-
YaHUs HaMOPaKMBaHUs IJIOTHOCTb JibJa COCTaBMJIA
470—550 kr/m3. CpenHas MUHepanIu3aLus MacCuBa
noHusuiaack 10 6—10 r/n1 B TeueHUe OOHUX CYTOK, a
3aTeM ITocTenieHHO 110 3,3 u 0,4 /11 yepe3 4eTBepo U
JIEBATH CYTOK COOTBETCTBEHHO.

I uccnemoBaHuUs pexkMa OIIPeCHEHMS JIba,
HaMOPOXKEHHOI'0 13 MOPCKOI BOJIbI, OTOMPAIUCh 00-
pasLbl Maccoit 10 5 Kr, ToamuHoi 25—30 cMm u nua-
metpoM jo 20 cM. B momMeleHuU ¢ TeMIiepaTypoi
Bozayxa okoJjio 20 °C oHU nmoaBeprajuch eCTeCTBEH-
HOMY IUIaBJICHUIO BILIOTH O ITOJIHOIO pacTalljiiBa-
HUS. DTOT MPOLECC IMPOIOJIKAICS OT HECKOIbKUX
4acoB A0 cyToK. [Ipu TasgHMuM 3arpsI3HEHHBIX 00pa3-
LIOB IIPOMCXOIMIIO HE TOJIBKO UX PacIipecHEHME, HO 1
OUYMCTKA CTEKAIOIIE TaJIOl BOIBI OT HEPACTBOPHMBIX
npumeceii. Tak, KaMeHHOYTOJIbHASI IBLJIb HAaKall-
JINBAJIach B TTIOBEPXHOCTHOM CJIO€ TAIOIIEro JIbaa, B
pe3ylIbTaTe 4ero Tajasl BoAa, 3a UCKJIIOUYCHUEM ¢€
nocJeAHUX MOpLMii, Obuta mpo3pauHoii. ITpu Gomnee
MeIUIEHHOM TassHUM — B TeUEHHUE CYTOK — JUHAMUKA
OITPECHEHUsI COOTBETCTBOBAJIA pacuéTaM 1o hopMmy-
nie (3) mpu BIaXKHOCTH Tarolero Jibaa 23%.

B despane—mapre 1991 1. ObUIM nposedersr no-
Aesvle NOAYNPOU3BOOCMEEHHbIE IKCHEPUMEHMbL NO
ONPeCcHeHU NOPUCMoeo Ab0a co COPOCHBIMU BOJA-
mu banakoBckoit ADC, 3aaya KOTOPbIX 3aKJIt04a-
JIach B pa3pabOTKe TEXHOJOTMHU IIPUMEHEHMST METO-
Jla KaIleJIbHOTO BEIMOPaKMBAHUS IS OIPECHEHMSI
¥ OYMCTKM 3arpsI3HEHHBIX MUHEPATM30BaHHBIX BOJI,
a TakKe B MCCIIENOBAaHUY IMHAMUKY JeMUHEpaIn-
3allMd HAMOPOKEHHOTO ITOPUCTOIO JIbIa U BBIXOIA
MOHOB pa3INYHBIX cojieil. J1JIs1 HaMopakBaHUS UC-
TOJIb30BAJICS OOVH 13 0ACCETHOB-HAKOIIUTEIEH CTOY-
HBIX BoAd. Hois nbaa, o6pas3yomerocst B mpoiecce
JoxaeBaHus B 12-MeTpoBoM (akesie ¢ y4ETOM TeTI0-
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00MeHa Ha HaMOpaxKMBaeMOM ITOBEPXHOCTH, COCTa-
Buia 0Kosio 12%. Hesamép3iias B mpoiecce goxKe-
BaHUsI BoAa CTeKaJla IO YKJIIOHY OOpaTHO B OacCeifH.
MuHepan3aiys UCXOOHOM BOObl — 5,75 1/71, TeMIie-
parypa eé€ 3amep3anust okono —0,3 °C. Ilpu goxme-
BaHUU HAa HAMOPAXKMBAaeMOI ITOBEPXHOCTH ITIOCIIE ObI-
CTPOTO CTOKa He3aMEp3alleil Boabl (OpMUPOBAJIaCh
TOJIIIIA BJIAXKHOTO TOPHCTOTO JIbAA TUIOTHOCTHIO 400—
600 kr/M3, cocTosBLIad U3 OOIOMKOB JIEASHBIX 000-
JIOUEK KaIle/Ib ¥ X KOHIJIOMEPATOB C HEOOJIBILIM CO-
Jep>KaHMeM paccosia B BUIIE INIEHOYHOI BJIaTH.

OO1ast MUHepaanu3ausl UCXOTHOM BOIBI M Ta-
JIOTO CTOKA OMpeaelIsijiach IO 3JIEKTPOIPOBOIHO-
CTU KOHIYKTOMETPOM M KOHTPOJUPOBAIACH IIO
CyMMe MOHOB. Pe3ynbTaThl U3MepeHU XUMUYIE-
CKOT0 COCTaBa MCXOQHOI BOABI U 00Pa3IOB IMOPH-
CTOTO JIbJa ITOKa3aJi, YTO MUHEpaIN3alus IIOpPH-
CTOTO JIbIa YMEHBIIMJIACh B 12 pa3 OTHOCHUTEIBHO
MUHepaJn3alny HaMopaXXuBaeMoit Bogbl. J1irst uc-
clieJOBaHUSI TUHAMUKM OIIPECHEHUS IIOPHCTOIO
JIbIIa TIPY TaSHUU KMCIIOJIb30BaJICSI 00pa3ell B BUIC
KOJIOHKM nuamMeTpoM okoJjio 0,2 M, BeICOTOM 1,2 M
U Maccoii 17,4 Kr, BbIpe3aHHbIIA U3 peaBapUTeIb-
HO 3a4YMIIEHHON BepTUKAJIBbHOM CTEHKH IIPOMOPO-
JKEHHOTO JIeASTHOTO MaccuBa. KoJloHKa ITOpHUCTOro
JibIa ObLIa TEeIJIOM30JMpOoBaHa ¢ OOKOB M CHU3Y.
TassHue npoucxoauyo cBepxy. Takum obpazom
MMUTHUPOBAJIN IPOLIECC TasTHUS JICASTHOTO MacCHBa
B BeceHHMH nepuon. Tamasg Boma, oOpa3yiomascs
B BEpPXHEM CJIO€ IIOPUCTOIO Jbaa, (UIBTPOBaach
yepe3 BCIO TOJIIYy oOpa3lla M HaKaIlJIMBaJach B
cnenuaibHOM noamoHe. Yepes Kaxabie 4—5 yacoB
U3MepsSIU 00bEM M OOIIYI0 MUHEpaJIM3alUIo Ta-
JIOTO CTOKa M OTOMpaau IPpOOBI AJIs JeTaabHBIX
HCCIIeNOBAaHUI B XMMUUECKOI 1abopaTtopuu UH-
crutyta reorpadun PAH. Mounsl Na*, Cl- u SOF~
BBIMBIBAJINCH UHTEHCUBHEE, yeM MoHbl Mg?t, K™ u
Ca?". HauMeHbIIasg MHTEHCUBHOCTD BBIXO/IA ObLIa
y TMAPOKapOOHATHOTO MOHA, KOHIEHTPALIUS KO-
TOPOTO IpU TassHUU CHMU3UJIACh BCEro B 2 pasa.
DTO 00BSICHSAETCS Pa3HOU MOABUXKHOCTHIO MOHOB
cojieit [9]. PesyabTaTsl U3BMepeHU KOHIIEHTpaLIUKU
HMOHOB COJIEHl B TaJIOM CTOKE IMOCIYXXUJIU OCHOBOM
IJIS OLIEHKU CHMXKEHUS UX KOHILIEHTpallMM B Mac-
CHBe MOPUCTOTO JibJa npu TastHUM 25 u 50% o06bE-
Ma MaccuBa (Tabnuia). DKcrnepuMeHTalbHble 3Ha-
YeHUS KOHIIEHTPAllMM MOHOB COJIell B TOPUCTOM
JIbIY TIPU TasTHUU U Pe3yabTaThl pacuy€ToB Mo op-
MyJie (3) pu BJIaXXHOCTU OPUCTOrO Jbaa f; = 0,12
MOKa3aju XOpolllee COOTBETCTBUE.

Tabnuya. CHYKeHVie KOHIIEHTPAIMH VIOHOB COTIeit B TOpPUC-
TOM /by (B pasbl) IpM TaSsHUM OTHOCUTETBHO MX KOHIIEHT-
panyy B HaMOPaXIBaeMoii Bofie

. Jona Tagaud ibaa, %
Honsl coneit
25 50
HCO;™ 8 9
ClI- 86 733
SO;~ 103 1302
Ca* 35 61
Mg+ 48 75
Na* 103 900
K* 43 308
Cymma uonog 79 284

PesynbTarel nccnenoBaHuii U pac4y€Thl Mo ¢Gop-
myne (3) mokasanu, 4To K HadaJy TaJloTo CTOKa
BJIAKHOCTH ITOPUCTOTO JIbla, HAMOPOXXEHHOI'0 U3
pactBopa NaCl ¢ muHepanuzaiueit 30 r/ja, MopcKoit
BOIBI 1 3 CTOYHBIX Box ADC, cocrasisuia 26, 23 u
12% cooTBeTcTBeHHO. B mociaenHeM ciiydyae MUHE-
paju3aLyst ITOPUCTOrO JIbJA K HaYajy TasHUSI OblIa
Ha MOPSA0K HUXE, YEM B MEPBBIX ABYX CAydasix.
DKCHEepUMEHTHI TT0Ka3ajlu, YTO METOIO0M 3MMHETro
MOXKIEeBaHMS M3 BOOBI ¢ MUHepanu3anueit 1o 10 1/
MOZKHO ITOJTy4aTh MacCUBBI ITPAKTUUECKU IIPECHOTO
TMOPUCTOrO JibJa YKe Ha CTaauu ux (popMrUpOBaHUSI.
HanpHeiias neMruHepaaru3ays IIpoUCXOauT B IIPO-
1ecce TassHUS TAKOTo MaccuBa. bivskue pe3ynbTaTel
MOJIYYEHBI ¥ IPY HaMOpPaKMBaHUM TTOPUCTOTO JIbIA
Ha 03. Capma B Bosirorpanckoii obiaactu [9].

Bricokast 3¢ (heKTUBHOCTD OIIPECHEHUSI METO-
JIOM 3MMHETO IOXIeBaHMS MOJIyYeHa U aBTOpaMU
paboTHl [6], B KOTOPOIi IpelCcTaBIeHbl pe3yIbTa-
Thl MACIITAOHOIO AKCIIEPUMEHTa B YHUBEPCUTETE
AnbOepThl 1181 oLeHKU 3((EKTUBHOCTU YAATCHUS
PacTBOPEHHBIX XMMUYECKNX BEIIECTB M3 IIAXT-
HBIX CTOYHBIX BoJ, pynHuka Konomak. I1pu sumHem
JOXAeBaHUU 3aMep3ayio TpuMepHo 30% 1axTHBIX
CTOYHBIX BOI. VccemoBaHus moKa3aiu, YTo ITOCe
tagHus 39% maccuBa MOPUCTOrO JibAa MPOU3O0LLIO0
yaajleHlue pacTBOPEHHOTO XMMUUECKOIO BeIlleCTBa
Ha 87—99% (B 3aBUCUMOCTH OT XUMUYECKOTO CO-
ctaBa). KoHleHTpalLMs MblIIbsiKa Oblla CHUKE-
Ha NMpUOJIM3UTENbHO B 4 pa3a, LIMaAaHUI yaaIsacs
Ha 99,2%. I1pu sTOM Bona, MOJy4YeHHas IOCe Ta-
SHUsS ocTaBIIMXCS 61% MaccuBa IMMOPUCTOTO JIbIA,
TpeboBaja JIUIIb HE3HAUUTEIbHON nanbHelei 00-
paboOTKM, YTO CUJILHO CHMXKAIO OOIIMe 3aTpaThl Ha
npuBeaeHue e€ B HopMy [6].
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Onenka 3¢¢eKTHBHOCTH
OmnpecHeHUs MOPUCTOrO JibAa

Pacuérbl mokaszanum, 4to A1 Kareib BOAbI ThaMe-
TpoM 1, 1,5 1 2 MM 1 MUHEpanu3auue 5 r/i, nagao-
ILIMX C BBICOTHI 18 M Mpu TeMriepatype aTMochepHOro
Bosnyxa —20 °C, moJis ibJa B Karuie cocrasisieT 58, 29
u 18% cootBeTcTBeHHO (pHC. 3, a). [1pu 3TOM MUHE-
panu3anys He3amEpailel B Karuie Boabl paBHa 12, 7
u 6 I/71 COOTBeTCTBeHHO. [1py MUHepanu3aluy Ha-
MOpaXkuBaeMOI BOIbI 35 T/J1 ISl KaresIb 9TUX pa3Me-
POB 10Jis1 J1bJa B Karuie OyneT paBeH 52, 27 u 17% (cM.
puc. 3, 6), a MUHepaIn3ausg He3aMep3IIeil BOIbI —
73, 48 1 42 r/n1 cooTBeTCcTBeHHO. [IpiMeHeHre OTHO-
CUTEIbHBIX (HOPMUPOBAHHbBIX) 3HAYCHUI BEIMUNH
MO3BOJISIET CPAaBHUBATH PE3YIbTaThl PAa3HBIX DKCIIE-
PUMEHTOB U B TO 3K BPeMsI JIETKO paCcCUMTATh abCo-
JIIOTHBIC 3HAYCHUSI 3TUX BeJIMUMH. JlaHHBIE O comep-

80— @
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[onsa nbaa n MMHepanusaums paccona

w
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T T T 1
-5 -15 25 -35 -45
Temnepatypa Bo3gyxa, °C

Puc. 3. Munepanuzaius paccoja /[—3 (r/a1) U A0S Jbla
4—6 (%), obpa3yrollerocs: B KarnejabHOM (pakelie U3 BOMIbI
MMHepanu3aiueit S (@) u 35 (6) T/ 17151 Karnejab 1MaMeTPOM:
1LOMmm—1,41,5Mm—2,520Mm— 3,6

Fig. 3. The mineralization of brine /—3 (g//) and the
percentage of ice 4—6 (%) formed in a stream of drops
from water with a mineralization of 5 (a) and 35 (0) g/!/
for droplets with a diameter of:

1.0mm-— 17,4 1.5mm-—2,5;2.0mm-—3, 6

JKaHUM MOHOB COJICH B IIOPUCTOM JIbIY IIPY TasTHUU
JIAI0T BO3MOXKHOCTh OLICHUTh IUHAMUKY MX YIAICHUST
B LIEJISIX onpenesieHus 3G OeKTUBHOCTH KaK OIIpecHe-
HUsI, TaK ¥ ME€TOJa KOHIICHTPUPOBAHUS pa3IMIHBIX
BEIIECTB BEIMOPAKBAHUEM.

YCTaHOBIEHO, YTO COJIEHOCTh HAMOPAXKBAeMOit
BOJIBI BJIMSIET HA CTPYKTYPY JIbIa, KOTOpast IIpA MUHE-
panm3anuy BoIbl 35 /11 cTAaHOBUTCS 0oJiee PhIXIIOi, C
OOJIBIIICH TIOIIAIBIO TOBEPXHOCTH KPUCTAIIOB. DTO
BJIMSIET Ha BIAXKHOCTb MacCHBa ITOPUCTOrO JIbAa KakK B
HM30TePMUYIECKOM COCTOSTHUM, TaK U 1pH TassHur. Co
CHIDKCHIIEM MHTEHCUBHOCTH TasTHUS BJIAXKHOCTh Mac-
CH1Ba TTIOPYICTOTO JIbIa MOXKET YMEHBIIAThes. 11py Birax-
HOCTH MaccuBa f; = 12 (23)% MuHepanu3aLusi Maccu-
Ba rpu ctauBanuu 20 u 50% ero Macchbl YMEHBILIUTCS
B cootBeTcTBUU ¢ hopmysioit (3) B 5 (2) u 161 (10) pa3

-
J

nbaa B fonsax

OTHocuTenbHas MWHepannsauuns

AbcontoTHas
MUHepanuaauus nbaa, rin

I I I
0,6 0,4 0,2 0
OTHocuTenbHasa macca, B onsx

Puc. 4. OtHocutenbHas (a) 1 abcooTHas (6) MUHEpa-
JIN3a1s TIOPUCTOrO JibAa B 3aBUCUMOCTH OT MUHEPaIM-
3aLIMU BOJIBI:

1—-35r/m;2—5r1/n

Fig. 4. Relative (a) and absolute (6) mineralization of

porous ice depending on the mineralization of water:
1-35g/l;2—5g/I
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COOTBETCTBEHHO (puc. 4, a). I1py 3TOM B aOCOMIOTHBIX
eIMHUIIAX MAHepaIn3alis MacCHBa IIOPUCTOIO JIbIa,
HaMOPOKEHHOTO M3 BOIBI ¢ MUHEpaIu3auei S5 /7,
BJIAXHOCTBIO MaccuBa f; = 12% u crauBanuem 20 u
50% ero maccel, coctaBut 0,165 1 0,005 T/71 COOTBETCT-
BEeHHO (cM. puc. 4, 6). [Ipu MuHepamm3aLmuy NCXOTHOI
BOJibl 35 1/J1, BlIaXKHOCTU MaccuBa f; = 23% u cTauBa-
Huu 20 1 50% MaccuBa MOPUCTOTO JibIa €ro MUHEpa-
y3anust coctaBut 5,211 1 1,080 /71 (M. puc. 4, 6).

PacueTnl 1ipu TeMmepaType aTMOC(hEepHOTO BO3-
nyxa —20 °C mokasajau, 4TO IIpU MPUMEHEHUHU 10-
KaeBasibHOM yctaHoBKM JIJIH-70 (mpu Hacanke nua-
METPOM 55 MM U cpeaHeM nuaMeTpe Kanesib 1,5 Mm)
MUHepaJn3alus MacCuBa IMOPUCTOTO JIbAa, HAMO-
POKEHHOTO M3 MOPCKOI1 BOIBI, COCTABUT ITOPSIAKA
11 r/a (cm. puc. 4, 6). D10 00YCIOBIEHO BHICOKOM
MUHepalM3alreil paccoja BO Jbay, paBHOM 48 I/
[1pu TasTHUY TTOJIOBUHBI 00BEMa MOPHCTOTO JIbIa MU~
HepaJi3alysl OCTABIIEIICS YacTH COCTaBUT MOPSIIKA
1 /1 (cMm. puc. 4, 6). I1lpu O6oee HU3KMUX 3HAYCHUSIX
TeMIepaTypbl aTMOC(EPHOTO BO3IyXa CIeayeT MpU-
MEHSITh HacaaKy OOJIbIIErO TMaMeTpa, YTOOBI He T10-
BbILIATh 3(P(MEKTUBHOCTD JIbAOOOPA30BAHUSI U MUHE-
pajmM3alrio MaccruBa IIOPUCTOTO JIba.

3akioueHune

KanenabHOe BEIMOpaXXMBaHUE IIPU 3UMHEM J0-
KaeBaHUM — 3 (GEKTUBHBIN METOI OIPECHEHUST MU-
HEepaJIN30BaHHBIX BOI. DKCIIEpUMEHTAIbHBIE M TEO-
peTUYeCcKHre MCCIeIOBAHUS IT0Ka3add BBICOKYIO
MIPOU3BOAUTEIBHOCTh HAMOPAXKUBAHUS TTIOPHUCTOTO
JIbIA W3 BOIbI pa3HOU COJIEHOCTH. [l0sI Ihaa B Ka-
neabHOM (paKelie MEHbIIE, YeM B OTIASIbHOM Karule
BOIBI M3-3a HarpeBaHMsI KalleJIbHOro (hakesia B pe-
3yJIbTaTe TeIUIOOOMEHA ITAIaroIINX KalleIb BOMIBI C aT-
mocdepHbIM Bo3ayxoM. [Ipu Temmiepatype armocdep-
Horo Bo3ayxa —10 1 —40 °C Temmieparypa Bo3myxa B
KareJbHOM (bakes U3 Kareab Boabl AMaMeTpom 1,5 MM
¥ MUHEpajm3alueii 5 r/n HarpeBaetcs Ha 1,6 u 6,4 °C
cooTBeTcTBeHHO. [Ipu TeMmepaType aTMochepHOTO
Bo3myxa —10 1 —40 °C mosist 1bIa B OTICIBHOM Karuie
BOIBI MUHepaiu3auuei 35 r/a coctapnseT 14 u 47%,
TOTIa KaK B KaIleIbHOM (pakeJie 3Ta H0Jsl OyIeT MeHb-
me — 12 u 39% cootBeTcTBeHHO. [1pK 3TOM MUHEpAa-
J3anys He3aMEp3Iell BOAbl B KalleJbHOM (aKee
noBeicutcst 10 40 u 58 r/n. I1pu mpuMeHeHnr ToXIae-
BaJIbHOM ycTaHoBKo# JIJTH—70 moiaydyrm Maccy nmopu-
CTOTO JIbJa 13 BOIBI MUHEepai3amueii 35 /71, paBHYIO

670 1 2190 T TbIA 3a CYTKM, MPU TEMITEPAType aTMO-
cdepHoro Bozayxa —10 u —40 °C cooTBETCTBEHHO.

[1pu pocte monu Jibaa B KarneiabHOM hakesie yBe-
JIMYMBACTCS] MUHEPAIM3AIUs He3aMEP3IIIeid BOJIbI, UTO
BEJIET K POCTY COJIEHOCTU MOPUCTOTO JibAa. DKCIepU-
MEHTBI TI0Ka3aJI1, YTO MpH HEOOJbIION MUHEpaIu-
3alMK UCXOAHOU Boabl — 10 10 1/ — BIaXKHOCTH IT0-
PUCTOTO JibJa MOCJie CTOKA M30BITKA BOABI COCTABIISIET
nopanka 12%, Torma Kak Ul IOPUCTOTO JIbaa, HaMO-
POKEHHOTO 13 MOPCKOI BOJIbI, 3Ta BeJIMYMHA HAMHO-
ro Bbilie — 23%. U3 TeopeTnyeckrx 1 3KCIEepUMEH-
TaJIbHBIX MCCIEIOBAHUI CTAIO SICHO, YTO BIaXKHOCTD
COJIEHOTO TMOPHMCTOTO JibJa 3HAYUTEJIbHO BIUSET Ha
3¢ heKTUBHOCTD onpecHeHus. [1pu BIaxkHOCTH TMo-
pucroro Jbaa 12% u tastiun 30% 06bEMa MUHEpaJIK-
3a11sl OCTaBIIEHCS YacTU MaccuBa B 4 pa3za MeHbIIIe,
gyeM Mpu BiaxxHocT 23%, a ipu TastHun 50% oobEMa
Jabaa — B 16 pas. [1pu aToM MUHEpaIU3aLus MacChBa
TOPUCTOTO Jiba, HAMOPOKEHHOTO M3 BOJIbI C MUHEPA-
Ju3anyeit 35 /1 npu BaaxHocTu Maccusa 23%, co-
craBuT 5 u 1 r/n npu crauBanuu 20 u 50% ero mMacchbl
COOTBETCTBEHHO. Pe3yibTaThl MCClienoBaHUIA TTOKa-
3BIBAIOT, YTO C POCTOM MUHEpaIM3alUX HAMOPaKH -
BaeMOI1 BOJIbI CHMIKAETCS KaK JI0JIs1 JibJa B Karuie BOJbI
(TTpOU3BOAUTETHLHOCTE HAMOPAKUBAHUS ), TaK U (-
(bexTUBHOCTH ornpecHeHus1. OgHaKO Aaxe MPU dKC-
NepUMEHTaX ¢ MOPCKOUW BOIOW ¢ MUHEpaIU3alue
35 r/n nocne crauBaHus 6osee 50% o0O6BEMa TOPUCTO-
TO JibJla MUHEPaJIU3all1s OCTABILIEHCS YaCTU COCTABUT
0KoJIO 1 I'/J1, 1 mocJie COOTBETCTBYIOIIEH caHUTap-
HO-TUTMEHNYECKO 00pabOTKU 3Ty BOAY MOXKHO HC-
TOJIb30BaTh 7151 MUTHEBOTO BogocHa0KeHus . [Tpruem
Takasl Boja Oy/ieT coaepkarhb B JOCTATOYHOM KOJIMYe-
CTBE HEOOXOAMMbIE MUKPO3JIEMEHTHI.
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