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AHoTauisi. Y poGOTi pO3IJIsHYyTO MEPCHEKTHBH Ta HAYKOBO-TEXHIUHI MPOTHPIYYsl HU3bKOTEMIICPATYPHHUX TEXHOJIOTIN
BogormiaroroBku. Cepes HUX OCOONHBE Micle 3aiiMarOTh ONPICHIOKYI YCTAHOBKH OJIOKOBOIO THITy 3 BHMOPYIKYBaHHSM.
TpuHuun 6;104HOr0 BUMOPOXKYBAHHSI yCYBAa€e CHCTEMHI BTPATH XOJIOLY, SIKi XapaKTepHi s TPaJAULIHIX YCTaHOBOK KPiOKOH-
HeHTpyBaHHs. [Tofanbii TOCIPKEHHS [0 BIOCKOHAJICHHIO TEXHOJOTIH OJIOYHOr0 BUMOPOXKYBAaHHS CHPSIMOBaHI Ha iHTECHCH-
(hikariro mporeciB MacorepeHocy B mporeci popMmyBaHHs JTp0ay. CaMe KpHCTali3allis BU3HAYa€ TPHBATICTh MPOIECY BUMO-
PO’KYBaHHS, K B yCTaHOBKaX OJIOYHOTO THUITY, TaK i B TPAJAULIHHUX KpiOKOHIEHTpaTopax. J{is [BodasHuX CHCTEM «IiJ — po3-
YUH» y 3B'A3KY 3 PISHOMAHITTAM ITUHAMIYHUX CTPYKTYP, IX CKIaIHUM 1 HeBH3HAYEHUM XapaKTEPOM, MOKIHBICTh 3arajlbHOTO
MaTEMaTHYHOT'O OIUCY KPHUCTANi3alii 3 po3urHy B yMOBaX KOMOIHOBaHUX BIUIMBIB B JIJaHWH Yac CyMHiBHA. ToMy, pH Moje-
JIIOBaHHI IbOTO 3aBJaHHA JOIJIFHO MaKCHMAIbHO BUKOPHUCTOBYBATH Ti MIAXOIM, SIKI BiIOMI MPH aHaIi3i 1BO(a3HUX IMOTOKIB
MIPY BiJICYTHOCTI 30BHIIIHIX BIUIMBIB, a, TAKOX, TOCTIDKEHHS 3 IHTCHCH(iKalii TeII000MiHy 3a JOTIOMOTOI0 Pi3HUX MOJIB. Y
po6OTI PO3MIISIHYTI MEPCIEKTHBU Ta HAYKOBO-TEXHIUHI MPOTHPIYUsl HU3BKOTEMIIEpATypHUX TEXHOJIOTIi BojomiarotoBku. Ha-
BEJICHO MaTeMaTH4Hy (opMyJIFoBaHHA 3aBJaHHs GopmyBaHHs Os10Ky sbozy. [TokasaHo, 1110 yac, BUTpaueHHil Ha IPOLIEC BOIO-
MiArOTOBKH, 3MEHIIYETHCS [P BILIMBI HA CUCTEMY KPHCTAI-BOJAA aKyCTUYHHX IOJIB. PO3IIISIHYTO MaTeMaTHYHI MO/ KpUC-
Tastizauii B yMOBax yJIbTpa3ByKoBOro noss. [IpoBeseHo aHaii3 3a/1a4i METOIaMu TEOpii y3araabHEHUX 3MiHHHX.

KurouoBi ciioBa: BoJomiIroTOBKa, MOJICIIIOBAHHS, €HEProe(eKTHBHICTh, OJI0YHEe BUMOPOXKYBAaHHSI, aKyCTHYHI 1HTEHCHU-
Gixaropu.

AHHoTanus. B paboTre paccMOTpeHbI NEPCHEKTHBBI M HAYYHO-TEXHUYECKUE NPOTHBOPEUHs HU3KOTEMIIEPATyPHBIX TEX-
HOJIOTH BOONOAroToBKU. Cpey HUX 0c000€ MECTO 3aHMMAIOT BBIMOPAKMBAIOIIUE ONPECHUTE/IbHBIC YCTAHOBKU OJIOYHOrO
tuna. [TpuHImn 6,;109HOr0 BEIMOpPa)KMBAHUS YCTPAHSET CHCTEMHBIE TOTEPH XO0JI0/1a, KOTOPBIE XapaKTEePHBI U TPaJHIIOHHBIX
YCTaHOBOK KPHOKOHLICHTPUPOBaHUS. JlalbHeHIne necaeoBaHus 10 COBEPIICHCTBOBAHUIO TEXHOJIOTHI OJI0YHOr0 BBIMOpA-
JKMBAHMS HAINIPaBJICHBl HA HHTEHCH(UKALHUIO TIPOIIECCOB MacCOIepeHoca B mporecce GopMHUpoOBaHus Jbaa. VIMeHHO Kpucrai-
JHM3aIysl OTpeersieT NPOI0JDKUTENFHOCTE ITporecca BEIMOPAKUBAHHS, KaK B yCTAHOBKAX OJIOYHOTO THIIA, TaK M B TPAJUIIU-
OHHBIX KPHOKOHIIeHTpaTopax. IToka3zaHo, 4To BpeMsi, 3aTPaueHHOE Ha IPOLECC BOAONOATOTOBKH, YMEHBIIACTCS IIPU BO3AEH-
CTBHU Ha CHCTEMY KPUCTaUI-BOJIAa aKYyCTHUECKHX moureil. Jist Byx(da3HbIX CHCTEM «IeX — pacTBOP» B CBS3U C MHOT000pa3neM
JMHAMHYECKUX CTPYKTYP, MX CJIOKHBIM M HEOIPECICHHBIM XapaKTepoM, BO3MOXKHOCTh OOIIEr0 MATEMAaTHYECKOTO OMHCaHHs
KPUCTAJIM3ALMN U3 PACTBOPA B YCIOBUSIX KOMOMHHUPOBAHHBIX BO3/ICHCTBHI B HACTOSAIIEE BpeMs COMHHTEIbHA. [oaTOoMy, TIpn
MOJICJIMPOBAHUM STOH 3a7audl 1e1ecoo0pa3sHO0 MaKCHMAlIbHO MCIIOJIB30BaTh T€ MOJXOJbI, KOTOPbIE M3BECTHBI NPH aHAIHM3E
JBYX(a3HbIX OTOKOB MPH OTCYTCTBMHU BHEIIHMX BO3ACHCTBH, a, TakiKe, UCCIIEIOBAHMS 110 HHTCHCU(UKALIMU TEIII00OMeHa ¢
HOMOLIBIO PA3JINYHBIX T0Jeil. B paboTe paccMOTpEHBI NEPCIEKTHBBI U HAYYHO-TEXHUYECKUE MPOTUBOPEUUS HU3KOTEMIIEpa-
TYPHBIX TEXHOJIOTHH BOZOMOArOTOBKH. IIpuBeneHa MaremaTHueckas (HOpMyIHpOBKa 3ajaud  (OpPMHUPOBaHMS OJOKA JIbJa.
PaccMOTpeHBI MaTEMAaTHYECKUE MOJICIN KPUCTAUIN3ALUN B YCIOBUSX YJIBTPAa3BYKOBOro 1ojs. [IpoBeaeH aHain3 3a1auu Me-
TOZaMHU TEOPUH 00OOIIECHHBIX EPEMEHHBIX.

KiioueBble clIoBa: BOIOMOATOTOBKA, MOJCIMPOBaHHE, SHEProd()(HeKTUBHOCTD, OJIOYHOE BHIMOPAKMBAHHE, aKyCTHYEC-
KM€ MHTCHCU(UKATOPBI.

MIPECHON BOJBI, OKOJIO 2 MIIPJ. CTPajaloT OT HEro pe-

Berynaenue rymsapao. B 2030 r. 47 % mupoBoro HacesieHHst OyIyT

JKUTB TI0J] yrpo30i BojgHoro aepunmra. Takum oOpa-
30M, IIpoOJIeMa OYHUCTKH BOJIBI SIBIISIETCS] OJTHOM M3 Ba-
JKHEHIINX JUIsl COBPEMEHHOTO 4esoBeka. [l ee pemre-
Husi BcemupHOM opraHuzauueil  34paBOOXpaHEHUS
(BO3) 6puta mpWHSATA CTpaTeTUs U YIpPABICHUS Ka-
YECTBOM BOJBI B IIEJSIX OXPaHbl U YKPEIUIEHHs 3710pO-
Bbsl uenoBeka [1].

OO6muii 006beM BOIBI Ha 3eMJIe COCTABIISET OKOJIO
1400 muH Ky0. KM, M3 KOTOPBIX JHIIb 2,5 %, TO €CTh
0KOJI0 35 MJTH Ky0. KM, IPUXOIMUTCS Ha MPECHYIO BOIY.
Bonbmast yacTe ee 3amacoB COCpeAOTOYCHA B MHOTOJIC-
THUX JIbJJAX W CHerax AHTapKTUABI U [ peHmanauu, a
TaKXKe B MIYOOKUX BOJOHOCHBIX Topu3oHTax. [lo maH-
HeiM OOH nHa Hauwamo 2000 x romoB Gomee 1,2 mupa.
Jro/ieil KUBYT B YCJIOBHSX MOCTOSHHOTO Je(HIIUTA

XapuoBa HayKa i TEXHOJIOTis 75 1(30)*2015



Mpoyecu, 06a1adHaAHHA, aemomamu3ayis, ynpasaiHHA ma eKoHOMIKd

[IpobsieMbl KayecTBA W OYUCTKH BOIBI 3aTparu-
BalOTCS B OOJIBIIIOM KOJIMYECTBE CHEIUATU3UPOBAHHON
nutepatypbl. OCHOBHBIM COBPEMEHHBIM METOJIOM TO-
JIy4eHUsl Ka4YeCTBEHHOM BOJIbI OCTAeTCs €€ TUCTHILIS-
uus [2-6]. Bmecte ¢ TeM, Bce IKpe pacpOoCTPaHsIOTCS
HETPaJULIMOHHbBIE TEXHOJOTUN OYUCTKH BOJIBI.

IlepcnekTHBBI HU3KOTEMIIEPATYPHBIX
TEeXHOJIOTHIl BOJONOATOTOBKHU

B HacTosimiee Bpemsi pacTeT MHTEPEC K XOJOIH-
JIBHBIM TEXHOJIOTUSIM ONpecHeHust Bobl. Cpean Takux
TEXHOJIOTUI BOJIOMOJIOTOBKH 0CO00€ MECTO 3aHMMa-
0T BBIMOPQKUBAIOIIME OMPECHUTEIbHBIC YCTAHOBKU
6siounoro tumna [7-10]. Ux mpeumyIecTBOM sBISIOTCS
[IPOCTOTA U HA/IS)KHOCTh KOHCTPYKIMH, KOMIIAKTHOCTh
U, CBSI3aHHAS C 3TUM, dHepreTudeckas 3pPpeKTUBHOCTS.
[IpuHIUT OGJIOYHOTO BHIMOPAKHBAHUS YCTPAHSCT CHC-
TEMHBIC TOTEPH XOJIOJA, KOTOPHIC XapaKTEePHBI IS
TPAIUIMOHHBIX YCTAaHOBOK KPHOKOHIICHTPUPOBAHHS.
JanbHeille Ucciae0BaHus M0 COBEPIICHCTBOBAHUIO
TEXHOJIOTUI OJIOYHOr0 BHIMOPAKUBAHUSI HAMPABJICHBI
Ha WHTEHCU(HKALUIO TPOLECCOB MaccolepeHoca B
nporiecce opmupoBanus JbAa. IMEHHO KpuCTaiu-
3a1usl ONPEEIISIeT MPOIODKUTEIBHOCTh TIPOIlecca Bbl-
MOpaKMBaHUsI, KaK B YCTAHOBKAaX OJIOYHOTO THIIA, TaK
U B TPAJUIIUOHHBIX KPHOKOHIICHTPATOpaX.

[IpencrapnsieTcs, YTO MEPCIEKTUBHBIM METOJIOM
WHTCHCU(UKAIIMA MacCCOIMEepeHoca TPH KPUCTAIUIA3A-
WU SBIISIOTCS aKyCTHYCCKHE BOJHOBBIC TOJs. [loarT-

BEPIKJICHUEM SIBIISIFOTCSI MHOTOYHCIICHHBIE PE3yJIbTaThl
UCCJIE/IOBAaHNH, KOTOpbIE HE KacaloTCsl HEMOCPEJCT-
BEHHO IIPOILIECCOB KPUCTAIIM3AIMY, HO CBUACTEIHCT-
BYIOT O TIOJIOKHTEIFHOM BIHMSHUM YJIbTpPa3ByKa Ha
TEIUIONIEPEHOC.

[Tpumenenne yabpTPa3ByKOBBIX KoJeOaHWIl yBe-
JMYUBACT MEXK(a3Hyl0 ITOBEPXHOCTh pEarnpyrOIInX
9JIEMEHTOB, C IIOMOIIBIO CBEPXTOHKOI'O IHCHEPTHUPO-
BaHuda. [lox neiictBueM KoJeOaHWA B JKHUIKOCTH BO3-
HUKAaeT KaBHUTAllMs, 3BYKOBOE [aBJICHHE M 3BYKOBOH
BeTep. 3a CUET 3THX SIBICHUIN yCTPaHSETCS CONPOTHB-
JICHUE MEPEHOCY Pearupyroliux BeIlecTB, YTO MO3BO-
JISIeT MHTEHCU(HUIIUPOBATH TEXHOJIOTHUECKHUI MPOIiecC.

OtnenbHble  onbITH aBTOPOB [10] naroT ocHoBa-
HUE CUUTATh, YTO AKyCTHYECKUMH BOJIHOBBIMH MHTECH-
cuukatopamu (ABM) B TexHONOTHSIX OGJIOYHOTO BBHI-
MOPaXMBAHHSI CIIC/TyET CEPbE3HO 3aHNMATHCSL.

Bo3MoxxHOCTE  3(PEKTUBHOTO  HCITOJIB30BAHUSA
YIBTpa3ByKa Ul HHTCHCH(UKALIMH ITPOLECCOB OYUCT-
KH{ BO MHOTOM OIIPENEISIFOTCS IOCTOBEPHOCTBIO TPEa-
CTaBJICHHUH O TEIUIOPHU3NYECKUX MPOIIECCaX, UMEIOIIHX
MECTO, IOATOMY AaKTyaJbHOHN SABJISIETCS IMOCTPOCHUS
AZICKBATHbBIX MAaTEMAaTUYCCKUX MO[leHeﬁ.

OnpeesieHHe HAYYHO-TEXHHYECKOT0
TPOTHBOPeEYHsi

dusndeckasi cxema Ipolecca KpUCTaJUIN3alun
IIpH BO3/]€ICTBUU Ha nmorpaHuyHselil cioii ABUY npuse-
JieHa Ha puc. 1.

X

ABHU

5| ———— CTEHKa KpPHCTANJIN3aTopa

Puc.1. Cxema npomecca KpUCTATM3AMAN.

TenmoBoit GamaHc mporecca H3OTHIPHYECKON
KPUCTAJUIN3ALUK MOXKET OBITh 3aIIMCaH B BUIE PAaBEHC-
TBA HA OCHOBE CyMMBbI COOTBETCTBYIOLIHMX IJIOTHOCTEH
TEIUIOBBIX IOTOKOB. bysneM momarats, 4Tro pacTBOp
KBa3UTOMOTEHHBIH, a TEMJIOBBIM U3IYyYEHHUEM B CHUCTE-
M€ MOJKHO TIpeHeOpedb.

3amumeM ypaBHEHHE TEIUIOBOrO OajlaHca OTHO-
CHUTEJIFHO TIJIOTHOCTH TEIUIOBOTO MTOTOKA Yepe3 CTEHKY
Kpuctamumsatopa (¢cr):

dQe, = 4, T (pw YY) i,
- ( pwy)JllJll + qa
rae (pwy)p— IUIOTHOCTh IOTOKA Macchl CMECH
U3 pacTBOpa K TpaHHle paszfena ¢as; ipr — dHTAIb-

Iusi pacTBOpa Ha rpanuie pasuena ¢as; (pwy)g —
IJIOTHOCTB MOTOKA MacChl B pacTBOP OT MOBEPXHOC-

(M
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TH OJIOKa JIBJA; igr — DHTANBIHS JIbJIa HA TPAHULE
paznena das.

[TepBsiit unen cootHomenus (1) mpeacraBiser
TEIIO0T/Iayy 32 CYET KOHBEKTHBHOT'O TEII00OOMEHa
(C yuyeToM TemjaoNnpoBOIHOCTH, KOHBEKIIMU U MOJe-
KyJsipHOM nuddy3nn) OT MOrpaHUYHOTO CJOS, W3
KOTOPOTO OCYIIECTBIISICTCS KPUCTAJUTH3AIUS JIbIA.
BTopoil uimeH OmMHMCHIBaCT MOTOK TEILIOTHI, MPUXO-
e K TpaHWIe paszena OT pacTBOpa W 00yCIIOB-
JIEHHBI HEMOCPEICTBEHHO IPOIECCOM KPHUCTAIIIN-
3alUuu Jibaa. TpeTuil wieH npencTaBisieT TEIIOBOU
[IOTOK, TIEPEHOCHUMBIH OT MOBEPXHOCTH pasjeia
BHYTPb TIOTPaHUYHOTO CJIOSl, @ YETBEPTHIH — DHEp-
ruto ot ABU.

O4eBHUIHBI IPOTHBOPEYNS MIPH MTOCTAHOBKE 3a-
Jladd: 9eM BBIIIE MPOU3BOAUTEIHLHOCTh BBEIMOPaKHU-
BaroIIeil yCTAaHOBKH, TeM OoJIble y/eabHbIe IHEepre-
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TUYECKUE 3aTpaThl U HUXKe APPEKTUBHOCTH pasjie-
nenwust. JlelictBue ABU Ha morpannunsiii tuddysu-
OHHBIN CJIOM TOJIKHO NMPUBECTU, KAK K POCTY MPOU3-
BOJUTEIBHOCTH, TaK U POCTYy Kodddunnuenra sdde-
KTUBHOCTH paszzaeneHus. OJHAKO poCT MHTEHCHBHO-
CTH MaccooOMeHa INPONOPHUOHANIEH IOTOKY {4, HO
9TOT IOTOK SIBJISIETCS JOMOJHUTEIBLHOW Harpy3koi
XOJIOJMIIBHON CHCTEMBI, T.C. BIUSCT HAa SHEPreTHYE-
CKYI0 3P (EeKTUBHOCTh TEXHOJIOTHH. MOITHOCTH, KO-
Topas pacxoxyercs Ha ABU, umeer mnpoTuBOpeun-
Boe BimsaHue. [Ipuuem, ocoGeHHo 3TOT dakrop cy-
IIECTBEHEH B CHUCTeMaX BbIMOpaxuBaHus. Yem 0o-
JbIIE MOIIHOCTh, TeM OOJIbIIIE CKOPOCTh MPOAYKTa
Ha TpaHUIE «JIeJ - PacTBOP», HO TEM BBILIC JIUCCH-
MAaTUBHBIA TEIJIOBOM IOTOK, TEM HIKE CKOPOCTh
BBIMOpakMBaHus. Ha OCHOBE 3THX MOJIOXKEHUH MoO-
JKHO TIPEACTABUTH NapaMETPUUECKYI0 MOJEIb IpO-
necca. [lapamerpamu kadecTBa SIBISIIOTCS Macco-
BB MOTOK JIbJa M KOHLEHTpauus pactsopa. @akro-
paMH, KOTOpPBIE ONPEAEIAIOT WHTECHCHUBHOCTH IPO-
necca, SIBJISIOTCS F€OMETPUUYECKHE XapaKTePUCTHKH
amnmapara, CBOMCTBa MPOJYKTa, MapamMeTpbl X0JI0 -
npHON cucteMsl u reHeparopa ABU. CnenoBartens-
HO, 3a/la4a MMEET TEXHHKO-dKOHOMHUYECKHI OITH-
MyM. Ee pemenne B 3HaunMTENBHON Mepe CBSI3aHO C

yMEHHEM OLIEHUTh BIUsAHUE mapaMmeTpoB ABU Ha
KHMHETHUKY IIPOLecca KPUCTAIIU3aLUH.

Marematudeckasi GopMyTHPOBKA
3aa4i KPUCTAJLIM3ALUHA

Just iByX(a3HbIX CHUCTEM «IEJI - PACTBOP» B CBSI-
31 ¢ MHOrooOpasueM AMHAMHUYECKUX CTPYKTYp, HX
CIIO)KHBIM W HEOIIPENICICHHBIM XapaKTepOM BO3MOXK-
HOCTBH OOINEr0 MAaTEeMAaTHYCCKOTO OIMUCAHUS KPHCTAI-
JU3AIMA U3 PacTBOpPa B YCIOBUSX KOMOMHUPOBAHHBIX
BO3JICHCTBUI B HACTOsIILEE BpeMsl COMHUTENbHA. [103-
TOMY, TIPH MOZAETHPOBAHNH ITOH 3a/a4d Ierecoodpa-
3HO MAaKCHMAaJIbHO HKCIIOJb30BaTh T€ IOAXOMIBI, KOTO-
pbIC U3BECTHBI MPHU aHAIKM3E IBYX(a3HbIX IIOTOKOB IIPU
OTCYTCTBHUHU BHELIHUX BO3JCHCTBUM, a, TaKXKe, HCCIIe-
JIOBAaHMS TI0 MHTEHCH(UKAIUU TETI0O0OMEHa C MOMO-
b0 pa3inuuHbIX moyied. EcTtecTBeHHO, 4TO 3a7aya
YCIIO’)KHCHA (DAa30BBIMH TMEPEXOJaMH  C TIOIBIKHOU
rpaHUIleH pasnena ¢as.

OnpenensiomyuMiA B TPOIECCe HAMPaBICHHON
KPUCTAUTU3AIMH SBISFOTCS DHEPTEeTHUYCCKIE MpPOIIeCc-
cel. B obuiem ciyuae muddepenimansHoe ypaBHeHNE
Oypbe — Kupxroda umeer Bu:

dt , , , dpP -
cppﬁz dlv(ﬂVt+QprK0)+Zllek +E—(GIVV)+
k

+> e Vi+ D I, xF,
k k

JleBasi yacTb COOTHOIICHUs (2) OoTpaxkaeT MmoJ-
HOE W3MCHECHHE YHTAJBIINU MPOAYKTa B JAHHOW TOY-
Ke. B mpaBoil yactu mepBasi cOCTaBJAIOIIAs Xapak-
TEPU3yeT MHUKPOKHHETHYECKHH MEepeHOC TEMI0ThI
(TermnonpoBOHOCTEIO U AUPPY3HOHHOM TEIIONpPO-
BOJIHOCTBIO). BTOpas cocraBisionias — 3TO TEMIoTa
KpUCTa/UTH3alliU, OOYyCIIOBJICHHAs (ha30BBIM Iepe-
XOJI0M IIOTOKA MacCChI (Ivk)- Tpetbs
coctasistomas(dP/dt) orpaxkaer paboTy cui gaBiie-
Hust. Creayronias COCTABISIOIIAS SIBISCTCS HCTOY-
HUKOM TEIUIOTHI 332 CYET JUCCUIALUU DHEPTUH J(BU-
JKCHUs, T.C. 32 CUeT pabOThl CHJI BHYTPEHHEro Tpe-
HUsI, OOYCIIOBIICHHBIX TEH30POM BS3KHX HalpsiKe-
Hui ans xunkoctu (o). IlpexmocienHsist cocras-
Jsromas  0ToOpakaeT MEepeHOC TeIUIOTHl 3a CYeT
muhpy3MOHHOTO TIOTOKAa MAcCCHl, a TMOCIEIHAN YJIeH
ABJIACTCA HMCTOYHHUKOM TCIIJIOTHI, 06yCHOBHeHHbIM

dt

“rPac

[ocnenusist cocrapisiromass cooTHowmeHust (3)
CBsI3aHa C ﬂnccnnaTHBHoﬁl(pyHKuneﬁ Pones:
@ — (o :V V)
V!

= - v

4)
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paboToil BHEIIHUX CHJI B MpoOILecce BHELIHErO Iepe-
HOCA MAacCHl.
Jnst nanpHEMIIero aHaau3a IpuMeM CIEAYIOLue
JOTYICHUS:
1) meperocoM TemioTH TU(GY3HOHHOH TETIIONpo-
BOJIHOCTBIO MOYXHO mpere6peds (Q' = 0);
2) mepeHoC TeruIoThl 3a cyeT Muddy3run HUUTOKHO
MaJio ¥ UM MOYKHO ITpeHeOpeyb;
paboTy BHEMIHUX cuil TUPPY3UH MOXKHO HE Y4H-
THIBATh;
pabora cw naBienus orcyrcrByet (dP/dt = 0);
K03(h(HDUIMEHT TETUTONPOBOJHOCTH TPOAYKTa HE
n3Mmensercs (A = const).
[Ipu npUHATHIX TONYILEHUSX, KOTOPbIE KOPPEKT-
Hbl B YCIOBHUAX AHAIM3MPYEMOH 3aaay, ypaBHECHHE
®ypre — Kupxroda ympocrurcs:

3)

4)
5)

3)

KOTOpas B JICKAPTOBON CHCTEME KOOPJHWHAT
paBHa [11]:
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Pemenne (5) cBsi3aHO C ONPEAEICHHOCTHIO KOM-
MIOHEHT CKOPOCTH, KOTOPBbIE HAXOJATCA U3 ypaBHEHUS
newkennst HaBre — CTOKCAa.

MaTtemaTH4eckass MoeJb ¢ Y4eTOM BJIHMSHUS
BHEIIHUX MACCOBBIX CHJI. DJIEMEHTAMH CXEMBI SIBIIS-
FOTCSI: TOPU3OHTANIbHASL CTEHKAa KPUCTAIIN3aTOpPa, OI0K
JIbJ1a U IPOJYKT, B 00beMe KOTOPOT0O EPEMEIIAETCS CO
CKopocThio Wy MemOpana ABU (puc.l). Konkpetusu-
PyeM MacCOBbI€ BHEIIHHME CHIIbI, KOTOpPBIE BO3ACHUCT-
BYIOT Ha 00beM mpoxykTta. MemOpana ABU nepeme-
asch B 00bEME IMPOJIYKTa C YAaCTOTOW N M aMILIUTY-
Joi A BO3JeHCTBYeT Ha MOTPaHUYHBIN CIOH y TpaHu-
bl O10Ka abaa. [lpu aToM mpoxykry cooOmaercst om-

[Tpn 3THX NOMyIIEHHUSX MO TEMIIEpaTyp U CKO-
pocTelt MOXKHO omucath TuddepeHIHaNTbHBIMA ypaB-
HEHMSIMH B TIPHOJIMDKEHUN TIOTPAHUYHOTO CIIOS. YUTeM
JIONIOJTHUTENBHO TOJIbeMHYIO CHITy PgPAt, cunras ee
COM3MEPHMOH  C  BS3KOCTHBIM  KOMIUIEKCOM  (

tw, ). Bmusinue ABU BbIpazum 4epes nHepIu-
0y?
OHHOE YCKOPEHHE j, KOTOPOE OIPEAEISIETCS OTHOIIIe-
HHUEM Pa3HOCTH MaccoBbIX cHi (AF) K TuIoTHOCTH *KHA-
koctH (p). Beemem obo3HaueHus: v = t- t,. O4eBUIHO,
yto dt = dv, T. k. t, = const. Torna:
ypaBHEHHUE SHEPTHH:

pelesIeHHOE KOJIMYECTBO SHEPrun. YacTHIHO 3Ta SHEp- W 5_0 o ov — 4 0°v 6)
T'Hs PAacXOIyeTcsl Ha BO3MYILEHHE ITOTPAaHUYHOTO CIIOS * Ox Y oy dy 2
(4T0 MHTEHCH(UIMPYET MACCOMEPEHOC), a YaCTHYHO i
o YpaBHEHUE JABHKCHHS:
Ha HarpeB MPOJYKTa B CBSI3H C JUCCHUIIALIEH.
Jlist KpucTanIMsaTopa ¢ HPUHATHIM Pacooxke- W ow X W ow y _
HUEM ocell koopanHart (puc.l) cocTaBUM cucTeMy ypa- 0% y dy
BHEHUI, KOTOpasi OMMCBHIBAET CONPSIKEHHBIE MTPOIIECCHI , )
TEIUIOMACCOTIepeHOca U THIPOJUHAMUKH, TIPH CIEAy- 0 N
FOLIUX JIOMYIIEHUSAX: =V P + gBuv +j
1. XKuakocTp sIBISETCS HECKUMAEMOM. y
2. ®usnyeckue mapaMeTpsl )KAIKOCTH TOCTOSHHEL. YPaBHCHHE CILIOMHOCTH:
3. PaccmaTpmBaeMblil Tporecc SBISIETCS KBa3HCTa- ow . ow y
IIMOHAPHBIM. = (8)
4. TemaonpoBOIHOCTHIO KUAKOCTH BIOJb ITOTPAHHU- 0x 0 y
YHOTO CJI08 MOXKHO MPEeHeOpeyb. ypasrenue Oypbe — Kupxroda:
5. BenuuuHa rUAPOJMHAMUYECKOIO IOIPAHUYHOIO t 5 _
CJIOSI paBHA TOJIIIMHE NOTPAHUYHOTO TEIUIOBOTO 1 CpPp—/ = AVt + (O' . VV)
U Gy3HOHHOTO CIIOCB. dr ®

3amnuiieM rpaHUYHbBIC YCIOBUSL. A
1. Bpamm oT MOBEpXHOCTH TETNIOOOMEHA:
y —>s v=v, =0 w, =0
2.  Ha noBepXxHOCTH KPHCTaJLUIU3aTOpa:
y = 0; 0<x <1, >(10)
v =v, =1t,; t, = const w,=w,=0;
3. Ha noBepxHOCTH MOTPAaHUYHOTO CIIOSI:
dM
y=6,=5~=pFlcu,) -]
dr y
ot
-av , = A| —
ay y=0,

raec wx 1wy — IpOCKIMHU BCKTOpA CKOPOCTH Ha
COOTBETCTBYIOIIUE KOOPAMHATHLBIC OCH; t — TCKYIIHC
3HAUCHUA TCEMIIEPATYPbL B HeKOTOpOﬁ TOYKE IIpO-
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cTpaHcTBa; A, W, p, Cp — K0dbHUIHEHT TemIonpoBoa-
HOCTH, TMUHAMUYECKas BA3KOCTb, INIOTHOCTD, TEILIOEM-
KocTh TpojykTa; F=p g B At — noxbemHas cuna; g —
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TpaBUTAIIMOHHAS KOHCTaHTa; 3 — K03 duimenT o0be-
MHOTO PACIIMPECHHUS; O - TONIINHA TOTPAHUIHOTO CIIOS;
T — Bpems; F— momaas moBepXHOCTH (a30BOTO KOH-
takta; C— KOHIeHTparus; M — MacCOBBIH pacxon
ab1a; o — Ko unmeHT termooraaun; B — ko duim-
€HT MacCOOTIauH.

Takum 00pa3om, OCTaBIIEHA COMPSDKEHHAS 3a/1a-
Ya FHPOJMHAMHKH, TEIUIO-U MacCOOOMEeHa B KpUCTall-
nuzarope npu Hanuuuu ABU. Tlo cyTtu, 310 AByMep-
Hasl, HecTalMOHapHas, HeJWHeWHas 3ajada. BunHo,
YTO JaXe MPU CEPhE3HOM YIPOIIEHUH aHAIUTHUYECKOE
pelleHye 3aa4 CIUIIKOM TPOMO3JKO M B HACTOsIIEe
Bpems HerenecooOpazno. OCHOBHAs TPYIHOCTh B pac-
4eTe IMOJIs CKOPOCTEH, pacyeTe BOJHOBOTO MHEPIIHOH-
HOTO YCKOPEHHUS .

MeTtoabl MaTeMATHYeCKOTO MOAeJTNPOBAHUS
JeHCTBUA aKyCTHYeCKHX moJieil. Yucinennas Mo-
neinb [12] BriroyaeT B ceOst TBEpbIe U JKUAKHE 00Jac-
TH C TOHKHM CJIOEM OKpysKatomiel cpeasl. Kak rpanu-
YHOE YCJIOBHE JaBJICHHE Ha BHEILIHEH CTOPOHE OKpYy-
JKaroIlel cpeasl MPUHUMAETCS 32 HOJb. JJI KHJKOC-
Tell W3BECTHBIMH CBOWCTBAMH MaTepHaia SBISFOTCS
IUTOTHOCTH P M CKOPOCTH 3BYKa C. KOO PHUIMESHT 3aTy-
XaHUA o. B pesynprare pacmpenesicHHe 3BYKOBOTO
JTABJICHUS P PACCUUTHIBACTCS B KAXKIOH TOUYKE pacriia-
Ba U OKPY’KaIOIIEH Cpebl U CKOPOCTh Ha TPAHUIIE pa3-
Jiesia TBepA0E TeN0-KUAKOCTb:

10°p
¢ ot
, The t — BpeMsL.

1 (1. o - o 3. -
(AV)VA +vA(vAV)+5(vAV¢))vA ,(12)

20 (2

rae ¢ — cABHT (a3, ® — yriaoBas CKOPOCTb.

[TonyueHHasi CKOPOCTh B JajbHEHIIeM ObLIa MC-
M0JIb30BaHa JUIsl YUCICHHOTO MOJENMpOBaHus. B pa-
6ote [12] mokaszaio, 4To yJabTPa3ByK OKa3bIBACT MO3H-
THUBHOE BJIMSHHE Ha POCT KPUCTAIIIOB, OTHAKO HE OBLIO
MIPETI0KEHO METOANKH MPAKTHIECKOTO pacyeTa KnHe-
THKH TIporiecca. bomee Toro, oTcyTcTBYeT yUeT Benu-
YMHBI MOITHOCTH 3BYKOBOT'O T€HEpaTopa, a 3TOT (ak-
TOp WIHOPUPOBATH HENb3s HCXOMAs W3 HCCIENOoBa-
Hu [13].

B [14] meTomom aHanm3a pa3MepHOCTEH MOyde-
HO KpUTEpHAJIbHOE ypaBHEHUE, OMHUCHIBAIOIIEE TEIIo-
oOMeH Ha rpaHuile pa3zaena (a3 B IPUCYTCTBHH 3BYKO-
BBIX BOJIH:

-V’p=0 (11)

s

a

k
Vo Co

st onpeneneHust BeJMYUHBI KOAQQHUIIEHTA Te-

C=A-Pre. (13)

ImonepeHoca
TCSl ypaBHEHUE:

A, =pC, - 2.014-fr(MPPPr 5 (14

¢ gepes3 TpaHUIly pasjcia mpeajiarae-
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B mpuBenéHHOE BBIpaKEHNE HAPSTY CO 3HAYCHH-
ssMu 00bEMHON Teroémkoctu Cv, uncna [lpanatns Pr
W KHHEMAaTHYEeCKOH BA3KOCTH Y, XapaKTepU3YIOMINMHU
TEPMOJIMHAMHUYECKOE COCTOSIHUE CPEJbl, BXOAST Mapa-
METpPbl aKyCTHYECKOTO TOJISi: ¢y — CKOPOCTh 3BYKa B

BOIC,V, = po — aMIUIATyia KoJIe0aTEILHON CKO-
> V0 p C

POCTH 3ByKOBOM BOJHBI, BXOJSIIIME B yucio Maxa M, a
TakK K¢ f— 9acToTa aKyCTHIeCKnuX Koiebanmit. OqHaKo
(hakTOp MOIIHOCTH T€HEPATOPa 37ECh TAKXKE HE YUTEH.

IIpumenenue merona 06OOIIEHHBIX TMepeMeH-
HBIX /IS MO/IEJIMPOBAHHS MPOIecca KPHCTAIN3a-
uuu B ycuaosusix ABU. MoaenupoBaHuio MOIIEKNAT
CJIOJKHAsi CUCTEMHas 3ajiaua, MPH CONPSHKEHHOM IIPO-
TEKaHWU THIPABINYECKUX, TETJIOBBIX W MaccOOOMEH-
HBIX TIPOIECCOB, OCJIOKHEHHass KOMOWHHPOBAaHHBIMHU
BO3JICHCTBUSAMU Ha TpoaykT. IlosTomy mnepeiineMm K
aHAJIM3Yy 3aJaddl METOJAaMM TEOPHH OOOOILICHHBIX IIe-
PEMEHHBIX.

C pocTOM MOIIHOCTH, TOTPeOIsieMOl TeHepaTo-
poM konebanuit ABU, Gyzner pactu 00beMHBIN pacxos,
nepenaj JaBlIeHUH U CKOPOCTh HAOEraroIero MmoToka.
[Tpu mynbcanmy CKOPOCTH MPOMCXOAUT TEPEHOC Me-
XaHWYECKOW SHEepruu. BakHO opraHu3oBarh 3TOT Iie-
PEHOC Ha TPaHUIIE THAPOJMHAMHYECKOTO MOTPAaHUYHO-
rO CJIOsl, pe3yJIbTaTOM 3TOro OyAeT paspylleHHE MOr-
pannunoro cnost. [IpexcraBnsiercs, yto oOuIyI0 THI-
POIMHAMHUYECKYIO CHTYAIHIO B arliapaTe MOXKET Xapa-
KTEpU30BaTh CyMMapHasi OCPEJHEHHAs CKOPOCTh IIO-
TOKa, COOTBETCTBYIOIIee eif uncio Peitnompaca. On-
HAaKO B 3TOM Cily4ae 4nciao PeiHomnbaca 10JIKHO BMEC-
Te ¢ yuciaoM ['pacroda xapakrepru3oBaTh OOIIYIO THI-
POAMHAMUYECKYIO CUTYAIMIO B KPHOKOHIIEHTPATOPE.

EcTtecTBeHHO, 3anuck uucia PeitHonbaca cneayer
MOM(UIMPOBATh, MIPUBECTH €ro K XapaKTepHBIM Ia-
pameTpam armapara. OObBIYHO CKOPOCTh MOTOKA BBIpa-
JKAlOT OTHOIICHWEM OOBEMHOTO pacxoia >KHAKOCTH
(V) x turomaau xuBoro cedenns kanana (F). B mocra-
BJICHHOI 3ajaue B SIBHOM BHJE 3TH IapaMeTpbl BBIPa-
3UTh CIOXHO. [To3TOMy IpeacTaBUM HX Kak 3aBHCH-
MOCTb OT HM3BECTHBIX MapaMeTpOB, KOTOpBIE OIpere-
nsitot 3HaueHus (V) u (F).

[pexncraBnsiercs, 4T0 0OBEMHBIH PACXOJl KUIKO-
CTH MOKHO BBIPA3UTh Yepe3 X0 MEMOpaHbI S, 4acTo-
Ty myabcanuidi f u auamerp memOpanst ABU d mpu
TIOMOIIH Koppesmpyronux kodddunuentos k:

2
isf
4

v (15)

k,d’k,df = k,d’f
AHaJ'[OFI/I'-IHO BbIPpA3UM IJIOIIAAN )KUBOI'O CCUCHUA

KaK pa3HUIly Mexay ceueHueM ammapata (F,) u mio-
maapio Mmemopansl ABU (Fy):

F=F, - F, =

_omdy  omdy (16)

- = =

= k,d? — k.,d? = k,d’
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Takum 00pazoM, MCKOMasi CKOPOCTh MPOJYKTa B
anmapare OIpeeTUTCs KaK:
3

_ YV _kid S _

W= —= ————=
F kod

[TpuHsB B KauecTBE XapakTEpHOI'o pazMmepa Cuc-

TeMbl auameTp meMmOpansl ABU, ¢ yuerom (13) momy-

9UM MOJH(UIUPOBAHHOE BOJHOBOE YUCIO PeifHOIBI-

ca:

k.d f (7

2
ReB:M
y2i

Bnmsinue sHeprum, cooOmaeMoi MmpoayKTy MeM-
Opanoit ABU, Ha KHHETHKY IpoIiecca KPUCTAIUIA3AIIUI
y4TeM Ha OCHOBE IU(PEpeHINaIBHOTO YpPaBHCHHS
®ypoe — Kupxroda (9).

[TpuMeHUB M3BECTHBIC M3 TEOPHH TOA00MS Tpa-
BUJIA TIOJIy4eHUs] Oe3pa3MepHBIX OOOOIIEHHBIX YHCEN
nogo6us, ¢ yuerom (9 u 18), MOy M

dt dy 1
PP ——| — | —=1
dr \ dw Y7,

BbruepkuBanueM CHMBOJIOB JU(depeHIpoBa-
HUsI, BBIOpaB B Ka4eCTBE OMNPEACIAIONIEro napamerpa
BBICOTY TIpoaykTa B ammapare (h) nomyuum Ge3pazme-
pHoe ducno Diinepa BOJIHOBOI:

A th

(18)

¢ (19)

(20)

[TockoyibKy MpPOW3BEIECHUE TEIUIOEMKOCTH, IIOT-
HOCTH, Pa3HOCTH TEMIIEpPaTyp OTHECEHHOE KO BPEMEHH
ecTb y/ie/TbHas 06beMHas MOIHOCTH qy (BT/M?), TO:

h 2
Il 1)
Hw
C y4eToM 3aBHCHMOCTH CKOPOCTH OT MapaMeTpoB
BOJIHOBOI'O ICPECMCIIMBAHUA:

Eu , =

Cnucok auTepaTypsl:

1. Water Quality and Health Strategy

q
Euy=—"~
M
KOHBEeKTHBHBIC TIPOLIECCHI B arapaTe XapakTe-
pusyet uncio I'pacroda:

(22)

gBAth’

2
|4

a oTpeiesieMoe YUCIIO TOA00HS — MOAUDUITIPO-
BaHHO€ yncio CTaHTOHA BOJIHOBOIO:

St p = L
df
Torma uckomMoe ypaBHCHHE B OOOOINCHHBIX IIC-
PEMCHHBIX TIPUMET BUJI:

_ b n m k
St, = A(Gr) " (Re,)" (S¢) " (Bu )" (25)
OmnpeneneHne KOHCTAaHT A, b, n, m, k sBisercs
33,[[3‘{617[ OKCIICPUMCHTAJIbHOTO MOACTINPOBAHUS.

Gr = (23)

24
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Kpurnuecknii aHanmu3 METO10B MaTEMaTHIECKOTO
MO/JICITMPOBAHMS TIPOIIECca KPUCTAIIIM3ALNH B YCIIOBH-
SIX aKyCTHYECKOTO IOJIsI MOKasal, YTO B JOCTYITHOW
JIUTEPaType OTCYTCTBYIOT allpOOMPOBAHHbIE TTOAXOMBI.
CreneHp BIUSIHUS MOIIHOCTH aKyCTHYECKUX TIeHepa-
TOPOB B MAaTeMaTUYECKUX MOJIENISIX HE YUUTHIBAETCs, B
TO BpeMs KaK 3KCIIePUMEHTAJIbHbIE UCCIEOBAHUS T10-
Ka3bIBalOT CYIIECTBEHHOE BIIMSIHME HTOro (akropa.
[IpennoxkeHa Mojenb B OOOOIICHHBIX MEPEMEHHBIX,
KOTOpasi MO3BOJIICT Y4YECTh CIENU(UKY BIMSHHUS Ha
MIPOLECC aKyCTUYECKOTO IOJSl C MOMOINBI0 HOBBIX,
BOJTHOBBIX dmceln moxobus. Kunernka mpomecca onm-
CBIBAETCSl 3aBHCUMOCTBIO BOJIHOBOTO yncia CTaHTOHA
OT BOJHOBBIX 4rcen PeifHonbaca u Diinepa u oT Kiac-
cuyeckux uncen ['pacroga u [lImuara.

[Enextponnsiit  pecypc]./ — Pexum  pmocryma:

http://www.who.int/water_sanitation_health/publications/2013/water_quality _strategy.pdf
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