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OBIIASI XAPAKTEPUCTUKA PABOTHI!

AKTyaqabHOCTH padoThl. TepMmuueckne CTpyHHO-0apOOTaXKHBIE Iea’dpaTophI
aTMOC()EepHOTO JaBJICHHUS NPUMEHSIOTCS IPH MOATOTOBKE N00aBOYHOHN BOABI TETI-
noBeIX 3nekTpuueckux craHmuii (TOC), B kadecTBe Aea’paTOpPOB MHUTATEIHHOMH
BOJIBI KOTJIIOB HU3KOTO M CPEIHETO JaBJICHHWH, MOAIMUTOYHON BOZBI TEIUIOBBIX CE-
Teil. D HeKTUBHOCTE €a’paTopoB MO YIAICHUIO W3 BOABI KOPPO3HOHHO AKTHB-
HBIX TA30B OKa3bIBACT CYLIECTBEHHOE BIHMSHUE HAa HAJCKHOCTH TEIUIOIHEPTETHIC-
ckoro obopynoBanusi TOC, KOTENbHBIX U TPYOOIIPOBOJIOB TEIUIOBBIX CETEH.

Teopernueckye TaHHBIC U ONBIT SKCIUTyaTallMM YKa3bIBalOT Ha TO, 4TO dddek-
THUBHOCTb JI€adpaTopa 110 YIICHHIO U3 BOJBI Pa3IMYHBIX (OpM YrojJbHOW KUCIOTHI
SBJISIETCS YacTO ONPENEISIONIE: CKOPOCTh KUCIOPOAHOW KOPPO3UH MeTajuia Cy-
IIECTBEHHO YBEJIMUMBAETCS NPH HAJIMYUH B BOJIE CBOOOIHOTO TMOKCHIA YIIIEPOAa.
BaxHo, 4yTo CBOOOIHBIN AMOKCHA Yyriepoaa, 00pa3oBaBLIMICS B MpOLECCE TEPMHU-
YECKOTO PAa3IoKEHHsT T'MAPOKapOOHATOB INpHM AajbHeHmieM (mocie aea’paropa)
HarpeBe BObI, HAIIPUMEP, B MapOBBIX KOTJIAX, YIaCTBYET B KOPPO3HOHHBIX IPO-
neccax. Ilostomy, Hapsiny ¢ 3QQEeKTHBHOCTBIO yIalCHHS M3 BOIBI B Jiea’spaTope
CBOOOIHOTO IMOKCHAA YIJIIEpPOAa, 3HAYMMOHN sBIsAeTCS 3((EKTHBHOCTh PabOTHI
JeaspaTopa 1o yJaleHNUI0 XUMUYECKH CBI3aHHBIX (DOPM yrOJIbHON KHCIOTHI.

Omny0OnrKoBaHBl Pe3yNbTaThl HCCIEIOBAHUN OTIENBHBIX CTPYHHBIX M 0apOo-
Ta)XHBIX JJIEMEHTOB JIMOO [1€a’paTopoB B LIEJIOM, MPOBEICHHBIX COTPYAHUKAMHU
IOKTHU, BTU, MOU, YaI'TY, UI'DY u apyrux HaydHbIX U HPOU3BOACTBEHHBIX
opraHuzanuii. BOJBIIMHCTBO MONYYEHHBIX MaTeMaTHYECKHX MoJielieil obecneyu-
BAIOT PAacyeT XapaKTEPUCTHK MPOLIECCOB TEINIO0OMEHa U AeCOPOIMH PaCTBOPEHHO-
ro KHCJIOPOAa, HO HE MO3BOJISIOT KOJMUECTBEHHO MPOTHO3UPOBATh PaboTy aea’pa-
TOpa MO yJaJeHUIO JUOKCHIa yriepona. MMeroTcss mpoTHBOpedust B OIyOJIMKO-
BaHHBIX JJAHHBIX 00 3 QEKTUBHOCTH JIeKapOOHN3AIMN BOABI JIeaspaTopamMH.

3HaueHMs OCTaTOYHBIX KOHIEHTPALWH B J€a3pHPOBAaHHON BOJIE Ta30B, BKIIO-
Yast TUOKCH]| yTrIIepo/ia, a TaKkKe XUMHUYECKH CBSI3AHHBIX ()OPM YTOJIbHOW KHUCIIOTHI
OTIPEEIAIOTCSI KOHCTPYKTUBHBIMHA M PEKUMHBIMHU TTapaMeTpamu. Uucno codera-
HHUH MX 3HAYCHUH HACTOJIBKO BEJIHMKO, YTO Ha NMPAKTHKE PEXHUM paboTHI easpaTopa
¢ TpeOyeMbIM XHUMHYECKHM KaueCTBOM JI€a3pHPOBAHHON BOJBI MOXKET OBITH yCTa-
HOBJICH TOJIBKO B XOJI€ HATYPHBIX HCHLITaHHﬁ, COIPSAXKCHHBIX ¢ MAaTEPpHUAIBHBIMU U
TPYAOBBIMU 3aTpaTaMU. DKOHOMUHU ITUX 3aTpar IMpHu IKCITyaTaluu UMEIOINUXCS
YCTaHOBOK, a TAK)Xe TMOBBIIICHHI0O 000CHOBAaHHOCTH ITPOEKTHBIX PELICHHUH IIPU CO3-
JTAHUH HOBBIX OOBEKTOB CIOCOOCTBYET pa3paboTka Moeliei, 00eCneunBaroIInX
pacueT mokasarenen paboTsl gea’paTopa ¢ TpedyeMoil TOYHOCTHIO.

Takum 00pa3oM, aKTyaJbHBIMU JIJISI SHEPTETHKH SIBIISIOTCS MCCIEA0BaHUS TPO-
IIECCOB Jleadpalliy, pa3padoTKa MaTeMaTHYECKUX MOJeNed aTMOC(EpHBIX CTpYyH-
HO-0apOOTaXHBIX J1€a9PaTOpOB, OOECIICUMBAIONINX PACUET XapaKTEPUCTHK MpO-
IIECCOB JIECOPOLMHU MOKCHAA YIIEepoAa C Y4E€TOM COITyTCTBYIOUIMX XMMHUYECKHX
peakuuii, ¥ COBEpIICHCTBOBAHHS HA OCHOBE YMCIICHHBIX 3KCIIEPUMEHTOB JKCILITya-
TaIlMOHHBIX PEXKUMOB JI€adpallMOHHBIX YCTaHOBOK.

"o 9KCHEPHMEHTATBHOM YacTH paboThI AMCCEpTaHTa KOHCYIBTHPOBAIM KaH/. TEXH. HayK, J01I. Kad.
TOC UI'DY I'.B. JlexyxoBcKkuii M KaH. TeXH. HayK, pom. kad. XXTD UI'DY B.H. Bunorpanos
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Heabio nccnenoBanuii sBisieTcs NOBBILICHHE () (PEKTUBHOCTH PabOTHI CTPYyH-
HO-0apOOTaXHBIX Jea’paTOPOB aTMOC(EPHOTO NABICHUS IO YAAJICHHIO M3 BOJIBI
CBOOOJHOTO W XMMHYECKH CBS3aHHOTO AMOKCHIA yriepona 0e3 yXyALIeHHs Kade-
CTBa JICadpUPOBAHHOI BOJBI II0 PACTBOPEHHOMY KHCIOPOAY HAa OCHOBE COBEPILICH-
CTBOBAHHS MX IKCIUTyaTallHOHHBIX PEKUMOB.

Jst ZoCTIKEHHS TOCTABICHHOMN LETH PeIaloTCs CISAYIOIUe 3a0aYu:

— IPOBEICHUE HKCICPUMEHTAIBHBIX HCCIICIOBAHMI IPOLECCOB yIaleHHs
U3 BOABI CBOOOJHOTO W XUMHYECKH CBSI3aHHOTO JHMOKCHJAA YIIepoa B CTPYHHBIX
1 6apOOTaXKHBIX DIIEMEHTaX aTMOC(EPHBIX JIea’spaTopoB Pa3INUYHBIX KOHCTPYKINUH;

— YTOUYHEHHWE CYLIECTBYIOIIUX WJIH, IPH HEOOXOIUMOCTH, pa3pabOTKH HOBBIX
MaTeMaTHYECKUX MOJIeJiel, 00eCIeYrBalOIINX pacueT MPOLECCOB JIeKapOOHN3aIMN
B OT/ICJIBHBIX JI€adPALMOHHBIX JJIEMEHTaX;

— TPOBEJICHUE UCCIICIOBAaHHUIN BIHAHHS HapOBOTro 6apOOTaxa B 1eadspaTopHOM
Oaxe Ha 5(h(heKTUBHOCTH pabOTHI Iea’paTopa Kak AeKapOOHU3ATOPA;

— pa3paboTka PeKUMHBIX ¥ KOHCTPYKTUBHBIX MEPONPHATHII MO MOBBILICHHIO
3 (eKTUBHOCTH yIaJeHHs U3 BOABI CBOOOJHOTO W XHMHYECKH CBSI3aHHOIO JUOK-
CHIIa yIiepoJa B CTpYHHO-0apOOTaXHBIX JeadpaTtopax aTMOC()EpHOro TaBICHUSL.

CooTBeTCTBHE MACIOPTY CHEHHAIBHOCTH. PaboTa COOTBETCTBYET MAacHoOpTy
CIEUUAIBHOCTH: 8 YACHU hopmynbl CREYUANbHOCHU — TIPOOIEMBI COBEPIICHCT-
BOBAHMS JCUCTBYIONUX U 000CHOBAHUS HOBBIX ... CHCTEM ... BOJAOIOJTOTOBKHY,; ...
BOIIPOCHI ... BOJHBIX PEKHMOBY; 6 HACMU OOIACHMU UCCIE008AHUA — TIYHKTY
1: «Pa3paboTka Hay4HBIX OCHOB METOJIOB pacyera, BbIOOpa U ONTHMHU3AIMHU Mapa-
METpOB, IOKa3aTeJel KadyecTBa M PEKUMOB pabOTBHl arperatoB ...»; MYHKTY
2: «MccnenoBaHue ... MPOLECCOB, MPOTEKAIOIINX B arperarax ...»; NyHKTY 3: «...
UCCIIeIOBAHUE, COBEPIICHCTBOBAHUE NEHCTBYIOIIUX ... TEXHOJOTHH ... HCIOJIB30-
BaHUS ... BOAHBIX M XMMHYECKUX PEXKHUMOB...»; MyHKTY 4: «Pa3paboTka KOHCT-
PYKUUI TEIJIOBOTO M BCIIOMOTATEIBHOTO 000PYIOBAaHUS 1 KOMITBEOTEPHBIX TEXHO-
JIOTHI MX MPOSKTHPOBAHUS U AUArHOCTUPOBAHU»; MyHKTY 6: «Pa3paboTka Bompo-
COB 9KCIUTyaTallii CUCTEM U 000PYIOBAHHS TEIIOBBIX JIEKTPOCTAHLIMI.

HayuHasi HOBH3HA PaGoTbI COCTOUT B CIICAYIOIIEM:

1. HOJ’Iy‘IeHBI HOBBIC OKCIICPUMCHTAJIIbHBIEC U PACUCTHBIC JaHHBIC, JTOKa3bIBarO-
IIKE, YTO BBIXOIHBIC MO APy CTPYHHBIE OTCEKH aTMOC(EPHBIX J€aspaTopoB pado-
TAIOT NPEHMYLIECTBEHHO B YCJIOBHSX (DU3UUECKON abcopOLuu CBOOOIHOIO JHUOK-
cHja yriiepoja BoJIOi, 4TO 0OyCJIOBIMBAET HECTAOMIBHOCTh COJICPIKaHUsI CBOOO/I-
HOTO JIMOKCHJA YIJIepo/ia B BOJIE 33 CTPYWHBIMH OTCEKaMH, a NPH OTCYTCTBUU HH-
XKecTodame 6apOoTaKHON CTyIIeHH — U 3a JI€adPaTOPOM.

2. YTOUHEHBl 3HAYCHHS KWHETHUECKHX XapaKTEPHCTHK IPOLECCOB TepMUYe-
CKOT'O pa3JIOXEHUsI THAPOKapOOHATOB B aTMOC(EPHBIX JieadpaTopax MpH HAIHIUN
Y OTCYTCTBHH NApOBOT0 OapOoTaka B BOASHOM 00BEME JieaspaTopHOro Oaka.

3. Inst atMocdepHBIX J1easpaTopoB C 3aTOIUIEHHBIM 0apOOTaXKHBIM YCTPOHCT-
BOM B BHJI€ TOPH30HTAJBHOI'O 1Eep(GOPHUPOBAHHOTO KOJUIEKTOPa B JI€adpPaTOPHOM
0ake MpeUIoXKeHa PerpecCHOHHAs 3aBUCUMOCTD CTEIIEHH TEPMHYECKOT0 pas3ioikKe-
HUSL THAPOKapOOHATOB OT BPEMEHH NpeObIBaHWA BOIBI B JIeadpaToOpHOM Oaxe
1 yIIeNBHOTO pacxojia mapa Ha 6apOoTax.



IIpakTHYecKkast HEHHOCTH Pe3yJIbTATOB 3aKIIIOYACTCS B CJICTYIOLIEM:

1. Pa3zpaboTaHbl anrOpUTMBI U IPOTPaMMHOE 00ECIIEYEHHUE 10 pacyeTy MoKa3a-
Tenel paboTel aTMOC(HEPHBIX CTPYHHO-0apOOTaXKHBIX A€adpaTOPOB B YACTH XapaK-
TEPUCTHK NPOIIECCOB AeKapOOHU3AIHH.

2. CchopMynupoBaHbl PEKOMEHIAIMN MO BEACHHUIO KCIUIYaTAMOHHBIX PEXH-
MOB aTMOC(QEPHBIX CTPYHHO-0apOOTaXHBIX [1€a’paTopoB, OOECIICYMBAOIINE II0-
BhIIIeHHE 3()(HEKTUBHOCTH AeKapOOHM3aIMK BOABI 0e3 yXyameHus 3PQPeKTHBHO-
CTH €€ 00ECKUCIOPOKUBAHHSI.

3. PazpaboTaH MpoOEeKT MOJEPHHU3ALUKN CEPUHHO BBITyCKaeMbIX aTMOC(EpHBIX
JeaspaTopoB mMozeneit JIA ¢ opranusanuei mapoBoro 6ap6oTaxa B ieadpaTopHOM
0ake Uil YBEIMUCHMS CTENEHH TEPMHUYECKOrO pas3JIOKEHUS T'MIAPOKapOOHATOB
B JleadpaTope M CTaOMIM3alMK XUMUYECKUX IOKa3aTelNieil KauecTBa JieadpupoBaH-
HOMU BOJBL.

JlocTOBepHOCTh MOJIyYeHHBIX Pe3yJbTaToB 00yCIIOBICHA MTPOBEJCHUEM 3KC-
NEPUMEHTANBHBIX HCCICAOBAHUI B YCIIOBHSAX TPOMBIIUIEHHON 3KCIUTyaTallnu
C MCTIOJIb30BAHUEM CTaHIAPTH30BaHHBIX METOZOB U CPEICTB M3MEPEHUS IapaMeT-
pOB; BEIOOPOM B KadyeCTBE OOBEKTOB 3KCIICPUMEHTAIBHBIX HCCICHOBAHUI He-
CKOJIBKHMX Pa3IMYAIOINXCS 110 KOHCTPYKIMH J€a3paTopoB; HCIIOIb30BaHUEM all-
pPOOHPOBAHHBIX METOA0B MATEMAaTHYECKOTO MOJICIIMPOBAHMS; COBIIAJICHUEM B TIpe-
JAcIaX OOCTUTHYTBIX XapaKTECPHUCTUK TOUYHOCTH PE3YyJIbTATOB pacye€Ta U q)aKTI/I‘Ie-
CKHUX TNOKa3aTesel paboThl 000pyI0BaHHS; COIIOCTABICHHEM NOIYYSHHBIX Pe3yJib-
TaToB C OHy6HI/IKOBaHHLIMI/I pe3yabTaTaMu I/ICCJ'ICI[OB&HI/IFI APYTUX aBTOPOB.

ABTOp 3a1IU1Ia€T:

— DOKCIEePUMEHTAJIbHBIC JaHHbIC, XapaKTEePU3YIOUIHE IPOLECChl YAaJICHUs
U3 BOAbI CBOOOJHOTO M XMMHUYECKH CBA3aHHOTO IHOKCHJA YIJIIEpOAa pas3/ielbHO
B CTPYWHBIX W 0OapOOTakKHBIX 3JeMeHTax nea’sparopoB JJA-300m u JICA-300,
a Takke B neadparopax JA-50;

— pe3ynbTaThl PaCUeTHO-IKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUN CTaTHYECKUX YC-
JIOBUH paboThl CTPYHHBIX OTCEKOB aTMOC(EPHBIX [1€a9paTOPOB 110 yIaJICHUIO CBO-
00/HOTO AMOKCHAA yriiepoja W BIMSHHS 3THX YCJIOBHH Ha CTaOMIBLHOCTH COAEp-
JKaHUsI JMOKCHA yTrIiepo/ia B 1ea3pHPOBAHHON BOJIE;

— DKCIIEpUMEHTAJIbHBIE 3HAYEHUS] KMHETHYECKUX XapaKTEePUCTHUK IPOLECCOB
TEPMHYECKOT0 Pa3jioKeHHsl THAPOKApOOHATOB B JieaspaTopax MpH HATMYUH U OT-
CYTCTBHHM IapoBoro 6apboTaxa B BOASHOM 00BEMe AeadpaTOPHOTO Oaka;

— pe3ynbTaThl aHaIW3a BIUSHHS MapoBoro OapboTaxa B Jea’paTOpHOM Oaxe
Ha 3()(HeKTUBHOCTH JIeKapOOHU3AINH BOIBI aTMOC(HEPHBIMH I€adpaTOPaMU;

— pa3paboTaHHBIE aJITOPUTMBI, 00ECIIEYMBAIOIINE pacyeT MoKa3aTenei paboTsl
JIea’spaTopoB aTMOC(EpHOTo JaBIEHH KakK JIeKapOOHM3aTOPOB, M MX IIPOTpaMM-
HYIO peajM3aluio;

— PEKOMEH/AIMU TI0 BEICHHIO SKCIUTyaTAllMOHHBIX PEXHMOB U KOHCTPYKTHB-
HOMY MCIOJIHEHHIO TEPMUUYECKHX J1€a9paTOpOB aTMOC(HEPHOTo JaBJIEeHUs C LENbI0
NOBBIIEHNS 3()(EKTUBHOCTH yAaJIE€HHS M3 BOABI CBOOOIHOTO W XMMHYECKH CBsI-
3aHHOTO JIMOKCH/IA yriepoja 0e3 yxXyALIeHHs KauecTBa Jea’dpUpOBaHHOM BOJbBI MO
COZIEPIKAHUIO PACTBOPEHHOTO KHCIOPO/A.



Peanuzanus pe3yabTaToB padoThl. Pe3ynbraTel paboTh! UCIIOIB30BaHbI B XO-
JIe pSKUMHO-HaJIaI09HbIX ucnbiTanuit neasparopos JCA-300 u JJA-300M Temo-
cunosoro 1exa OAO «Cesepcranby (r. Uepenoser Bomoroackoit 06:1.), ea’paTo-
poB J1A-50 maporazoBoit TOI[ 3AO «PogHHUKOBCKas 3HEpreTHYECKass KOMIAHMU»
(r. Pogruku MBanoBckoit 00:1.), mepenansl B 3AO «Permon-busnec» (r. Mocksa),
TZie UCTONB3YIOTCS P TIPOBEICHUH MCIIBITAHUI M B XO/I€ TIPEANPOEKTHBIX popa-
0GO0TOK BapHaHTOB PEKOHCTPYKLIUH /€a’3pALMOHHBIX YCTaHOBOK. Pe3ynbpTarsr pado-
Tl BHEJPEHBI TaK)ke B Y4eOHBIH mporecc MBaHOBCKOIO TOCyIapCTBEHHOTO HEP-
TeTUYECKOr0 yHUBepcHuTeTa 1o Kadenpe «TerioBble 31eKTpUYeCKHe CTaHIIUH
B BHJIE JIEKTPOHHOTO y4eOHOr0 MOCOOMS M pacyeTHOH KOMITBIOTEPHOW Mporpam-
Mbl. Peanuzanus pe3ynbTatoB paOOThI MOATBEPKACHA TPEMsl aKTaMU BHEIPEHMS,
BKJII0Yas aKT O MPOBEJCHHOM MOIepPHU3AINH JEHCTBYIOLUX A€a3PaTOPOB.

JluuHoe y4yacTHe aBTOpa B IOJYYEHUH PE3YJIbTaTOB PabOTHI COCTOMT B paz-
paboTKe METPOJIOTHYECKOro obecrnedeHust, 00paboTKe M aHaM3€ Pe3yIbTaTOB HC-
neiTanid geaspatopoB JJCA-300, JA-300Mm, JJA-50 B wacTi XapaKTepUCTHK IIPO-
IIECCOB AECOPOIMU TUOKCHA YTIIEPOa ¢ COMYTCTBYIOIINMHI XHMHUECKHMH peak-
IIUSIMH; B 00pabOTKe M aHAIN3€ HKCIIEPUMEHTAIBHBIX JAHHBIX W IIPOBEICHUN pac-
YETHBIX NCCIICOBAaHNH, KACAIOIIMXCS ONPEACICHISI KHHETHIECKUX XapaKTePUCTHK
MPOLIECCOB TEPMHUUECKOTO Pa3JIOKEHUS THAPOKapOOHATOB B Jica’paTopax; B paspa-
60TKe aNrOpUTMOB NPOrPaMMHBIX MOJYJEH IO pacdeTy Aea’paTopoB; B MPOBEaE-
HHUM YHCJICHHBIX HCCIIEJOBAaHUI U pa3paboTke peKOMEHAALUil 110 BEJCHUIO PEkKU-
MOB pa0OThI 1ea3paTopoB aTMOCHEPHOTO JaBICHHUS.

Anpodanust pa6orbl. OCHOBHBIE pe3yJIbTaThl OMyOINKOBaHBI M 00CYXIAJIUCh
Ha 10 mexxnyHaponHbix KoHpepeHuusx: IV MoonexxHoit MexxayHapoIHOH Hay4-
Ho koH(epeHmn «TuHayprHCKHEe YreHUs» (Kazans, 2009 r.); MexayHapoIHBIX
HayYHO-TEXHHUECKHX KOH(pepeHIMsIX «COCTOSIHHE W MEepPCIEKTHUBBI Pa3BUTHS
anekrporexuoiorum» — XV, XVI benapnocosckue urenus (MBanoso, 2009, 2011
r.); XXIl MexnyrapomgHoii HaygHOU KOoH(pepeHInu «MaTteMaTHIeCKIe METONBI B
TexHuKe U TexHonorusx MMTT-22y ([Ickos, 2009); XV, XVI u XIX MexnyHa-
POAHBIX HAYYHO—TEXHUYECKHX KOH(PEPEHIHIX CTYJICHTOB U acnupaHToB «Paano-
AJIEKTPOHMKA, IIEKTPOTEXHUKA U dHepreTrka» (Mocksa, 2009, 2010, 2013 r.); VII
Mek1yHapOoIHOH Hay4YHO-TEXHHYECKOH KOH(EPEHIMH CTYJEHTOB U aCHHPAaHTOB
«VHpopMalOHHBIE TEXHOJOTHH, JHEPreTHKa U 3KOHOMUKa», (CMmoneHck, 2010);
V MexayHapoaHOW Hay4qHO-IIpakTHyeckoil KoHpepenunu «lloBbimenue sddex-
TUBHOCTH 3HepreTndyeckoro obopymoBanus» (MBanoso, 2011 r.); VI Mexnyna-
POJIHOW HAyYHO-TEXHHUYECKON KOH(pepeHIHH «DHeprocOepekeHue B TOPOJCKOM
XO3SICTBE, YHEPreTHKE, IPOMBIIUICHHOCTH» (YIIbsHOBCK, 2013 T.).

IMy6ankanuu. MaTepuansl JuccepTalliy HAILIM OoTpaxkeHHe B 21 omyOumko-
BaHHOW paboTe, B TOM YHCIIE B CEMHU CTaThsIX B BEAYIIUX PELEH3UPYEMBIX )KypHa-
nax (mo crucky BAK), nByX crarhsix B COOpHHMKE HAyYHBIX TPYAOB; HOIYYEHO Of-
HO CBHETENBCTBO O FOCY/IapPCTBEHHON perucTpaIiiy nporpaMMsl aist 9BM.

CrpykTypa u 00beM auccepTanuu. Juccepranus COCTOUT U3 BBEACHUS, TS TH
[JIaB, 3aKIIOYCHUS 10 PaboOTe, CIHMCKA HMCIOJh30BAHHBIX MCTOYHHUKOB u3 153 Ha-
MMEHOBaHH W NpuiioxkeHus. PaboTa nzioxkeHa Ha 156 cTp. MaIIMHONMKUCHOTO TEK-
CTa, KPOME TOTO, MPUIOKEHUE Ha 5 cTp., BKiouaeT 49 prcyHkoB u 25 Tadiiwmir.
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COJEPKAHUE PABOTBI

Bo BBegeHuu 000OCHOBaHa aKTyaJbHOCTh TEMBI PAaOOTHI, CHOPMYIHPOBAHBI
LEeTb U 3371241 JUCCEPTALNH, HAyYHAs] HOBU3HA, IPAKTHYECKAs 3HAYUMOCTD IIOJTY-
YEHHBIX PE3yJIbTaTOB, OCHOBHBIC ITOJIOXKEHUS, BRBIHOCUMBIE HA 3aIIUTY, 000CHOBaHA
NPUHAJIEKHOCTD JUCCEPTALNH 3asBICHHOIN HAayYHOH CIENNalbHOCTH, JOCTOBEP-
HOCTb PE3yJbTATOB U JaHa 00IIasi XapaKTEPUCTHKA CTPYKTYPBI PaOOTHI.

B nepBoii riaBe BHINOIHEH aHAIHW3 ONMYOJMKOBAaHHBIX ITAHHBIX O IPOIECCAX
TerioMaccooOMeHa B YCIOBHSIX CTPYHHO-0apOOTa)XHOH Aea’paniy BOJbI IIPH aT-
MocepHOM naBieHuu. Haunbonee 3HauMMBble pe3yiabTaThl B paccMaTpUBaeMoOU
npeaMeTHOW obmacti 0000mensl B padorax M.K. I'pumyka, B.A. [lepmskosa,
N.N. Omuxepa, C.C. Kyrarenanze, B.1. Illapanosa u ap. McciaenqoBaHuio TeXHO-
JIOTUYECKUX TPOLECCOB TEPMHUYECKOMN JIeadpaliiy BOJIbI OCBSIIEHBI TaKKe pabOThI
cotpyanukoB UT'DY — B.H. Bunorpanosa, I'.B. Jlenyxosckoro, E.B. bapoukuHa,
B.I1. XXykoBa. BrIsBiIeHO, YTO OOJBIIMHCTBO HCCIEIOBAHHUI IOCBSIIECHO MPOIIEC-
caM TeII000MeHa M IecOpOLMH PACTBOPEHHOTO KHCJIOPOA; CBEICHHS O MpOIeC-
cax yJaJeHHs CBOOOIHOTO M XMMHYECKH CBSI3aHHOTO JMOKCHAA YIIepoaa B Jie-
a’paropax He CHCTEMAaTHU3MPOBaHBI H OTYACTH MPOTHBOPECUHBHI.

[IpoBeneHHBIN aHAMHM3 3KCIUTyaTallMOHHBIX JAHHBIX M OITyOJIMKOBAaHHBIX pe-
3yJIbTaTOB MCCIJICIOBAHUN IMTOKa3al, 4TO 3(PPEKTUBHOCTH pabOTHI JeaspaTopa Kak
JiekapOOHHU3aTopa SIBJISIETCS. BO MHOTHX CIIydasX KpUTHYHOM 110 YCIOBHSIM obecrie-
YeHHS 3alIUThl 000pYAOBaHUS U TPYOOIPOBOIOB OT Koppo3uu. IIpu 3ToM raHHBIE
PEKUMHO-HAJIAIOYHBIX UCTIBITAHUH JOKA3bIBAIOT, YTO YAAJIUTh U3 BOJBI B IIpOIEC-
ce TepPMUYECKOH Jearpaliuil pacTBOPEHHBIN KUCIOPOM, HCIONIb3Ys PEKUMHEBIE Me-
POIIPUATHS, MPOILE, YeM T0OUThCS HOPMATUBHOTO KadecTBa AEa’dpUPOBAHHON BO-
JIbI TIO COAEP>KaHUIO COCAMHEHUH yroNbHON KHCIIOTHI: MEXaHU3M (pru3ndeckoi Je-
cOpOIMM PACTBOPEHHOTO KHCIIOPOJa CYIIECTBEHHO OTIMYACTCS OT MEXaHH3Ma
XEMOCOPOLMH-1eCOPOIINU ANOKCHAA YIIIEPOia — 3TO HEOOXOJUMO YUHTHIBATh MPH
BBIOOPE KOHCTPYKTHBHOT'O UCHIOJIHEHHMS M HaJlaJIKe PeXMMa paboThI 1ea3paTopos.

YunTeiBass OOJIBIIOE YHCIIO MApaMETPOB, BIMAIOMIMX HA IMOKa3aTeIH paboOTHI
Jiea’paTopa, HEOOXOAMMO BBISICHUTD, KaKHE M3 3THX NMapaMeTPOB SBISIIOTCS OIIpe-
JISSTFOIIMMH ¢ TOYKH 3PEHUS MPOIECCOB JAeKapOOHU3aIMu. AHAIU3 MOKa3al, 4To
OITyOJMKOBAaHHBIX JAHHBIX JUIS 3TOTO HEJOCTATOYHO; 3TO MOTpeOOBalo B paMKax
HacTosmell paboThl 3alIaHUPOBATh dTal IKCHEPUMEHTAIBHBIX HCCIEIOBAaHUH, B
TOM 4YHCII€, IO3BOJISIIOIIMX ONPENeNUTh MoKazaTean 3(h(GeKTUBHOCTH paboThl OT-
JIENBHBIX CTPYHHBIX M 6apOOTaKHBIX JIeadpallMOHHbBIX YCTPOICTB.

OKcIIepUMEeHTaJIbHbBIC TaHHBIE HEOOXOIUMBI TaKoKe IS WACHTU(DHUKAIINA CyTIe-
CTBYIOIIMX JMOO pa3pabOTKM HOBBIX MaTeMaTHUECKHX MOAENEH I pacdyera Impo-
IIECCOB JIeKapOOHM3aIlMM B OT/EJBHBIX J€a’pallMOHHBIX 3JEMEHTaX, Ha OCHOBE
KOTOPBIX BO3MOXKEH CUHTE3 MOJIENIU Jeadparopa B LEeIoM. AJeKBaTHas MaTeMaTH-
yeckasi MOJIeNb Jieasparopa Kak JeKapOOHHM3aTOpa MOJKET HCIIOIb30BAaThCS IS
NPOBEICHUS] YHCIIEHHBIX SKCHEPHUMEHTOB NpU aHayu3e 3(QEKTUBHOCTU TeX HWIIH
MHBIX KOHCTPYKTHBHBIX WJIN PEKUMHBIX MEPOIIPUSITHH.

Ilo pesynpraTam pabOTHl MOJKHBI OBITH CGHOPMYIMPOBAHBI PEKOMEHIAIMH
M0 KOHCTPYKTUBHOMY HCIOJTHEHHUIO M BEICHHIO HKCIUTyaTAI[IOHHBIX PEXHMOB JIe-
a’paToOpoB aTMOC(HEPHOTO JABJICHHS, BKIIOYAs BAKHBIC JUIS SKCIUTyaTallud PEKO-
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MEHJIalMK 110 UCII0JIb30BAHHUIO NapoBOro GapboTaxka B jea’paTopHoM Oake, obec-
MEYNBAIOIINE MOBBIMICHNE 3((EKTUBHOCTH YAAJICHUS U3 BOJABI CBOOOJHOTO U XH-
MHYECKHU CBSI3aHHOTO JHOKCHA yTIIEpOIa.

C yd4eToM pe3ysbTaTOB MPOBEACHHOTO AaHAIN3a OIyOIMKOBAHHBIX JaHHBIX
c(hopMyIHpOBaHHI 33124 PabOTHI.

Bropas rjaBa mocBsmeHa 3KCHEPUMEHTAIBHBIM HCCIECIOBAHHUSAM IIPOIECCOB
IeKapOOHU3AIMH BOIBI CTPYHHO-0apOOTaXHBIMH J€a’spaTopaMu aTMOC(HEPHOTO
JIaBJICHUS TUIIOBBIX KOHCTPYKLMH. MccrenoBanust NpOBOMIINCH B YCIIOBHSIX TPO-
MBIIIIEHHOM SKCIUTyaTalluy J1eadpaTopoB 110 JBYM HallpaBJiIeHUsM: | — UCTIBITaHMS
METOJIOM aKTHBHOT'O 3KCIIEPUMEHTA JUIS TOJIyYeHUs JaHHBIX O MOKa3aTesix 3¢-
(eKTHBHOCTH PabOTHI OTAEIBHBIX CTPYHHBIX OTCEKOB U 0apOOTaXKHBIX YCTPOMCTB;
2 — cOOp 9KCIUTyaTallMOHHBIX JIAaHHBIX, T10JIy4aeMbIX B PEXHUME IMAaCCHBHOIO Ha-
6mronienust, 00 3 dexTHBHOCTH AeKapOOHU3AIMH BOJIBI B 1€adpaTopax B LEJIOM.

IepBrIit SKCIEpUMEHTANBHBINA 3Tal padoOTH! BRITIOTHEH B yenoBusax OAO «Ce-
Bepcranb» (r. Yepemosenm) Ha npeaspatopax wmozeneir JICA-300 u JJA-300m
(puc. 1%). leasparopsl pabotaror Ha Na-KaTHOHHpOBaHHO# Boje. OGBEKTH HCCTIe-
JIOBaHUI 00OPYAOBaHBI CHCTEMaMHU OTOOpa IMpod, pa3paOOTaHHBEIMH TaKUM 00pa-
30M, YTOOBI 00ECTICUUTD MOTYICHHE TEIMIOPU3NICCKUX U XUMHUECKUX XapaKTepH-
CTHK ITOTOKOB BOJBI 33 Ka)XKJBIM OTAEJIBHBIM JIEMEHTOM: CTPYHHBIM OTCEKOM, Oap-
00Ta)XHBIM JINCTOM, 3aTOIUICHHBIM 0apOOTaXKHBIM YCTPOWCTBOM H T.II.

Touxu oTOopa nMpod BOJBI C TUIIOBBIM 00BEMOM KOHTPOJIS TOKa3aHbl Ha pHC. 1.
B TumoBoii 00beM KOHTPOJIS BXOAWIN M3MEPEHHs TeMIlepaTypbl HEOXJIaXICHHON
MpoObl U XUMHUECKUX TOKa3aTesell KauecTBa: KOHIIEHTPAllUH PaCTBOPEHHOIO KHU-
CJI0pOoJIa, MICTOYHOCTH 00mIeH U 1o (eHonpTaneHHy, YASIbHONU 3JICKTPOIPOBOI-
HOCTH, BOZOPOJIHOTO Moka3aressi pH, MaccoBOi KOHIIEHTpaIK CBOOOIHOTO JTHOK-
cuna yriepona. Kpome Toro, Ui BXOAHBIX IIOTOKOB BOJBI, 11apa, a TaKkKe BbIIapa
neasparopa JCA-300 usmepsuicst pacxol U JAaBJIEHUE, KOHTPOJIUPOBAJICS YPOBEHb
BOJIEI B JICadpaTOPHOM Oake; mapamMeTpsl Bhlapa aeadpaTtopa JA-300m ompenerns-
JMCh 1O OanaHCy OXJIaJUTeNs Bbinapa. MeTpojorniyeckoe oOecreueHne HCITbITa-
HUH COCTaBIISUIM NPEUMYIIECTBEHHO O0pa3lOBbIE CPEACTBA U3MEPEHUs, TPOIIE-
IIME MOBEPKY B COOTBETCTBUH C TPEOOBAHUSIMHU HOPMATHUBHBIX JIOKYMEHTOB.

Merto/iMKa NPOBEACHUSI U PE3yJbTaThl HCIBITAHUI PacCMaTpUBACMBIX Jieadpa-
TOPOB B YaCTH XapaKTEPHCTUK TEIJIOMaccOOOMEHa B CHCTEME «BOAA — BOJSHOMN
map» M MaccooOMeHa B CHUCTEME «PACTBOPEHHBIA KHCIOPOA — BOJa — BOJSHOMN
nap» 3amuiiessl I.B. JlenyxoBCkUM B paMKax KaHIuIaTCKOW aucceprauuu. JInu-
HOE ydJacTHe aBTOpa HACTOSIIeH pabOTHI B MPOBEACHUH ITAHHOTO dTala HMCCIE0-
BaHMH COCTOSUIO B pa3pabdOTKEe METOJHMKH, METPOJIOTHUECKOro olecrieueHwus, a
TaKKe peann3anuu 0O0pabOTKH pe3yJbTaTOB UCIBITAHWH B YacTH XapaKTEPUCTHK
nporeccoB MaccoobMeHa B cucreMe «CBOOOAHBIN JTHOKCH yrilepojia — XUMHYe-
CKH CBSI3aHHBIE ()OPMBI YTOJILHON KHCIIOTHI — BOJIa — BOJISTHOM Iap.

B o0meii cnoxxHoCTH peann3oBaH 31 OmBIT Mpu U3MEHEHWH NTapaMeTpoB B pe-
TYJIMPOBOYHBIX JMana3oHax. Kaskaplil ONBIT JUTHIICS HE MEHEe IOJyTOpa 4acoB ¢

2 Ha puc. 1 BHM3y moka3aH neaspatopHblii Oak naeaspatopa JIA-300Mm; ornmumst Oaka jaeaspaTtopa
JICA-300 3axoyaroTcesi B OTCYTCTBHH deMeHToB 18, 19 u 22
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MIPEABAPUTEIBHBIM KOHTPOJIEM CTAOMIIM3ALMU TEIUIOXUMHYECKOTO COCTOSHHMS Jie-
a’paTopa; B XOIE OINBITa TEIUIOMU3HUYECKHE XapaKTEPHCTHKU IOTOKOB, a TaKKe
XHMHYECKHE IIapaMeTphl, ONpenenseMble NPHOOpaMH XHUMHYECKOTO KOHTPOJIA
(MaccoBasi KOHLEHTpaLUs PacTBOPSHHOTO KUCIOPOIa, yIelbHas 3JIEKTPOIPOBOJ-
HOCTh, pH), m3mepsumcs oT 9 mo 15 pa3, a XuMHU4IecKne mapaMeTphl, OTpeersie-
MbI€ TUTPOMETPUIECKHMHU METoaMH (IIeJIO0YHOCTh 00mmas u 1mo GeHondTanienny,
MaccoBasi KOHIIEHTpAIHs CBOOOIHOTO AUOKCHIA YTIIepoia), — He MeHee 3 pas.

!'l

l"vll

fffffff

23 * 24 18
—PW tt o

o
/’j/, = =2
187 orB. 212 135
137 ore. @12 |
oo b &ld o
,e—o--e-J;—e
26

Puc. 1. KoHCTPpYKTHBHBIE CXeMBbI 1€a3PANMOHHBIX KOJIOHOK AeadpaTtopoB JIA-300m (cieBa BBep-
xy) u JICA-300 (cnpaBa BBepXxy), 1ea’paTOPHbIX 6aKOB BMeCTHMOCTLI0 75 M* (BHm3y): 1, 2 — mTy-
LepHI IO/IBOa OCHOBHOTO IOTOKA BOJIBI M BOJIBI U3 OXJIAJUTEINS BEINIApa; 3 — CMECHTEIIBHEBIH Kooel; 4
— Tapenka CTpyeofOpasyromias; 5 — CeKIHOHUPYIOLIHii mopor; 6, 9, 17 — orpaHHYUTENbHBII TTOpOT; 7 —
TaporeperyckHas Tpyoa; 8 — meperyckHas Tapenka; 10 — mepenuBHas monka; 11 — 6apboTaxHBII KO-
nomer;; 12 — mapormepenyckHoe ycTpoicTBo; 13 — 6apOoTaKHBII KOJIEKTOP AeadPAlMOHHON KOIOHKH
(#e wcnome3yercs, orriymeH); 14 u 15 — meperopoixu KaHajga IOABEMHOTO JABIDKEHHs, 16 —
6apOoTaxkHsIit ucT; 18 — cimBHO# Konoznel; 19 — omyckHol Tpy6onpoBos; 20 — mTyLep OTBOAA BbINa-
pa; 21 — GpsI3rooTpaxatens; 22 — crakaH; 23 1 24 — WTyIEPbI MOABO/A COOTBETCTBEHHO OCHOBHOTO U
6apOoTaxkHoro mapa; 25 — 6apOOTaXHEIN KOJUIEKTOp Oaka; 26 — IITyep OTBOAA JI€adpUPOBAHHON BO-
161, TuTepoit «K» 0003Ha4eHbI TOUKH 0TO0pa IPod BOJBI C THIOBBIM 00B5EMOM KOHTPOIIS

ITo mony4eHHBIM TakUM O0pa30M HEPBUYHBIM pe3yjbTaTaM H3MEpPEHHS Iapa-
METPOB, XapakTepusyroumx 3PQGEeKTUBHOCTh JeKapOOHU3alUK BOJBI, TOCIE HC-
KJIFOYCHUS] M3BECTHBIX CHCTEMATHYECKHX MOTPEIIHOCTEeH OIpe/eeHbl OKOHYa-
TENbHBIC PE3YJIbTaThl UX M3MEPEHHs B OINbITAX M JOBEPUTEJIbHBbIE TPAHHIIBI I0-
IPEIIHOCTH OKOHYATENIbHBIX PEe3yJbTAaTOB U3MEPEHUH (MCIOJIb30BAHBI M3BECTHBIC
3HAYEHHs MPHUITUCAHHON XapaKTePUCTHKH IMOTPEIIHOCTH METOJAMK KOJIMYECTBEH-
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HBIX XUMHYECKUX aHaIN30B). 3HAYCHUs [TapaMeTPOB B TOUYKaX, HE 0OeCIeYeHHbIX
NpUOOPHBIM KOHTPOJIEM, OIpelesieHbl B Xoze OaraHCOBHIX pacdeToB. HeoOxomu-
MBbI€ TEIUIOTEXHUYECKHE XAPAKTEPUCTHKU MOTOKOB HA BXOJE M BBIXOJE KaXIOTO
OTAETBHOTO 3JIEMEHTA NIPHUHSATHI 110 JaHHBIM, ToxydeHHbIM ['.B. JlemryxoBckum.

Taxkum o0pa3om, B X0J€ MEPBOTO 3Tana SKCHEPHUMEHTAIBHBIX HCCIEIOBaHMI
chopMHUpOBaH OJOK OIBITHBIX NAHHBIX IO PEKAMaM PabOTHI CTPYHHBIX OTCEKOB
1 6apOOTaXXKHBIX YCTPOMCTB Pa3MYHOTO KOHCTPYKTHBHOTO HCIOIHEHHS, BKJIIO-
YaouMi Terogu3nyecKue XapaKTepUCTHKU BOZIBI M Ilapa Ha BXOJE M BBIXOJE
9THX YCTPOMNCTB, a TaKke XMMHUUYECKHE MapaMeTphbl KauyecTBa ITUX IIOTOKOB, HEOO-
XOAUMBIE JJIs aHANN3a d(PPEKTUBHOCTU yJIAJICHUs! U3 BOJIBI CBOOOTHOTO JNOKCH/IA
yIiepoia ¥ XMMHYECKHU CBS3aHHBIX (POPM YroJIbHOM KHUCIIOTHI.

Jlnist mpoBeieHHst BTOPOTO SKCHEPHUMEHTAIBLHOTO 3Tara padoThl ObIIIM BEIOPaHBI
Jlea’paTophl pasIMYHbIX TUNOBBIX KOHCTpyKumii: JICA-300 (OAO «CeBepcraiby,
r. Uepenosen), KOHCTPYKTUBHO OTJIMYAFOLIMNCS OT UCTIBITAHHOTO HA MEPBOM JTaIe
Jea’paTopa HAIMYHUEM TOJIBKO OJHOTO CTPYHHOTO OTCEKa B JI€adpalMOHHOW KO-
noHke; nBa neadparopa JA-50 (maporazoBas TOL[ 3AO «PoaHHUKOBCKasi dHEpre-
THYEeCKas KOMMaHus», T. Ponuuku MBaHOBckoH 0011.). LleHHOCTH 3TOrO0 0OBEKTa
00yCIIOBIIEHA TEM, YTO JI€a’paTopbl SKCIUTyaTHPYIOTCS NIPH CYIIECTBEHHOM CE30H-
HOM HM3MEHEHNH OOIIeH MeTOYHOCTH BOAbI — OT 0,5 1m0 4,5 Mr-sKkB/KT, @ 110 HEKO-
TOPBIM OIYOJMKOBAaHHBIM JaHHBIM IIEJIOYHOCTh BOJBI CYLIECTBEHHO BJIMSET Ha
3(h(GeKTHBHOCTH Mpoliecca AeKapOoHU3auH.

[Ipu npoBenenuu uccnenoBanuii Ha aeasparopax JA-50 peanuzoBana cuctema
MOHHUTOPHHI'A TEINIOPU3MYECKUX U XMMHUYECKHX XapaKTEePUCTUK IIOTOKOB BOJIBI Ha
BXOJI€ U BBIXOJE amnmnapaToB. VICIBITAHUS [UIMIUCH OKOJIO TOJIYTO/Ia, 32 9TOT HepHU-
0]l HaKOIUIEHa CTaTHCTHKa 1o Oosee uem 600 ombITaM, NMpH 3TOM U KaXKIOTO
OIIBITa M3BECTHO CIEYIOIEE: pacXo/ U TeMIIepaTypa BoJbl Ha BXO/E B /1ea’parop;
JIaBJICHHE B ITapOBOM IIPOCTPAHCTBE; YPOBEHb BOJBI B Oake; TeMIeparypa JeaspH-
POBaHHOW BOJIbI; BOAOPOIHBIN MOKazaTenb pH, MaccoBasi KOHIEHTpaLHs CBOOOI-
HOTO JIMOKCHZA YTJIepoAa, MIEIOYHOCTh 00mias u o (peHonpTaIenHy HCXOAHON 1
JIea’dpUPOBAHHOM BOJIBI, a TAKXKe OO0IIast IEJIOYHOCTh Iperolero napa. B xoxe nc-
IBITAHUH HMCIOJIB30BAHBI CPEACTBA M3MEPEHHUS JIaOOPAaTOPHOTO KJlacca TOYHOCTH,
JUIA psJia MapaMeTpoB OPraHU30BaHO TyOIMpOBaHUE U3MEPEHHH.

B Tperseii ri1aBe BBINOJIHEH aHAIN3 HKCIIEPUMEHTAIBHBIX JIAHHBIX I10 Jieadpa-
topam JICA-300 u JJA-300Mm, xapakTepusyommx 3ddekTuBHOCTs TekapOoHM3a-
L[MM BOABI B Ia3PallMOHHBIX KOJIOHKAX.

Ha puc. 2 mpexncraBieHO M3MEHEHHE MacCOBOW KOHIICHTPAaMU CBOOOIHOTO
JIMOKCHIa yTJIepoJia B BOJIE IO JIEMEHTaM JIeadpallMOHHBIX KOJIOHOK B YCIIOBHSIX
OmbITOB’. BHIHO, UTO BEpXHHE CTPYIHBIE OTCEKH IPEHMYIIECTBEHHO PabOTAIOT
Kak abcopOepsl, a cojiepkaHre CBOOOIHOTO AMOKCH/IA YIIIepoJia B BOJIE 3a Jieadpa-
IIMOHHOW KOJIOHKOHM MaJI0 OTJIMYAETCS OT €ro COJep)KaHMs B HCXOIHOM BoJe.

3
JloBEpHUTENLHBIE TPAHHIIBI TIOTPENTHOCTH OKOHYATENBHBIX PE3YJILTATOB U3MEPEHHs (A, %) ONHCHIBa-
—4 ~
176107 Ccoy 3
10TCS BHIPAKEHHEM: 64,8¢ npuCep, <10° mxe / ke

! .. -5 v
27,4e735010 Ccoz Ceosr 2 10° mkz / ke

10



25000
C('()Z’
MKI/KT

20000

15000

10000

/A

1 2 3 4
Toukn KonTpoas

Puc. 2. H3menenme
MacCOBOHl KOHIIEHTpa-
IIMH CBOOOTHOIO JHOK-
cHAa yriepoaa B Boje
Mo JJeMeHTaM [eadpa-
IMOHHBIX KOJIOHOK
neaspatopos  J1A-300m

(BBepxy) um JICA-300 23000 C,

Co2

(BHH3Y) B  YCJIOBHSX MKT/KT
onbITOB: 1-7 — TOYKH 20000
otdopa npod Boabl; Ceon
— MaccoBas KOHIIEHTpa- 15000

U CBOOOTHOTO JTHOK- L
o | i

cula yriepoja B BOJE, 10000

MKF/KF; OTCJIBHBIC JIMHUN '!!!"Jul".lml"""l 6 \
5000 \\
5 6 7

COOTBETCTBYIOT ~OTAEIb- mml 7
Toukn KOHTPOJI

HBIM OIIbITaM

Nmerorcst ommy0nrKOBaHHBIE TaHHBIE, COAEPIKAIME aHAIOTHYHBIE PE3YJIbTATHI.
B xauectBe 00BsICHEHHS 1MOJJOOHOW KapTHHBI UX aBTOPAaMH BBIABUTANACh TUIIOTE3
0 HaJIMYUM MEXaHWYECKOTO 3axBaTa (JMCIICPCHOTO IMOTJIONIEHHS) ANOKCHAA YTIie-
pona m3 mapoBoil (azbl TypOONM30BAaHHBIM ITOTOKOM BOABI. Takoe 0oOBSICHEHHE
MpCACTABIACTCA HEIOJHBIM: €CJIN 6BI Ipu4YrHa COCTOsAJIa TOJBKO B HAJIWYWUU JUC-
MEPCHOTO MOTJIOMIEHHs JIMOKCHIA yIilepoJia BOJOH B CTPYHHBIX OTCEKax, TO aHa-
JOru4HbIN 3 deKT HomKeH HaOI0AaeTC sl U TI0 KUCIOPO/AY, OIHAKO OH HE OTMeYa-
ercsi. OTO MOXKET ObITh 00YCIJIOBJICHO JIMIIb OTIMYMEM CTATUYECKHX YCIIOBHUH 00-
PaTUMBIX IIPOLECCOB aOCOPOLMHN U 1eCOPOIIMU PaCCMAaTPUBAEMBIX Ta30B.

HpI/I aHaJIN3€ CTAaTHYCCKUX yCHOBI/Iﬁ — ONpE€ACICHUN COOTHOIICHUS paBHOBEC-
HOTO ¥ (paKTHUYECKOTO CO/EpKaHMs ra3a B BOAE B Pa3IMYHBIX TOUKaX Jea’paTopoB
— B KauecTBe 3aKOHa (pa30BOTro paBHOBECHS MCIIOJIL30BaH 3akoH ['enpu. Pesynbra-
TBHl aHAJM3a B OTHOLIEHHH JHOKCHIA YIJepoja Uil YCIOBHH BEPXHUX CTPYHHBIX
OTCEKOB IpuBe/ieHb! Ha puc. 3. [lomydeHHbIE TaHHBIC ITO3BOJIMIIN 3aKIIOYHUTh, YTO
paBHOBECHasi MaccoBas KOHIIEHTpalusi CBOOOIHOTO JMOKCHJAA yriiepoja B BOJE
CPaBHHUTEIHHO MaJO0 OTIMYAETCS OT ero (haKTHYEeCKOW MacCOBOW KOHIEHTpaluu
(aHaJIOrMYHbIE KOHIEHTpPAIIMKM PACTBOPEHHOTO KHCIOPOJa OTIMYAIOTCS JpYr
OT Apyra B cTO U Oojee pa3). B anccepramuu mokasaHo Takxke, 9TO COACPIKALLUICS
B Mape IUOKCHUJ yriepoja, OyIydd IJI0XO PacCTBOPHUMBIM B BOJIE B JAHHBIX YCIIO-
BUSIX ra30M, JIOJDKEH KOHICHTPUPOBAThCS BONM3M rpaHuipl paznena a3, 4ro eie
6o0JbIIe OTKIIOHAET CHCTEMY OT PaBHOBECHS B 30HY aOCOPOIIHH.

—
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HO0000 Puc. 3. Pe3yabTaThl aHA/IM3Aa CTATH-
Al Coop MKI/KT | YeCcKuX ycJI0BHIA a0copOuuu-

A Jaecopouuu  CBOGOJHOrO JHOKCHAA
30000 A yriepoga B BepPXHHX CTpPYHHBIX
orcekax jaeadparopoB JICA-300
u JA-300m: Ccon* u Ceor — COOTBET-
A CTBCHHO PaBHOBECHAas M (haKTHUECKast
MaccoBasi KOHLIEHTPALUsi CBOOOIHOTO
A A A JIMOKCHJIa YTIIEpoJa B BOJAE, MKI/KT;
A CIUIOIIHAs. JIMHHS — PAaBHOBECHBIC
10000 Z5lo 3 ik YCIJIOBHSI; TOUKH — PE3y/IbTaThl pacyeTa
oA o ® 2 4 IpH ycaoBusx onbitos; @ — JICA-300,
B0, BepxHsis yacTh oTceka; A — JICA-300,
HUKHSISL 4acTh oTceka; o — JIA-300m,

0 10000 20000 30000 40000 BEPXHAA 4ACTH OTCEKa; A — 1A-300m,
HYOKHSISL 9aCTh OTCEKa

20000

[Ceor™, MKr/KT]

ITo pesynmpraTaM aHamu3a CHellaH BBIBOJ, YTO CHUCTEMa «KHUCIOPOJA — BOJa»
B YCJIOBUSIX pa0bOTBl BEPXHHMX CTPYHHBIX OTCEKOB J€a’paTopoB BCeraa Jaliexa
OT paBHOBECHsI M HAXOJHTCS B 30HE ecOpPOLUY, a CTATHYECKUE YCIOBHS IS CHC-
TEMBI «IJHOKCH]I yTrIeposa — BOJa», HAIPOTHUB, OJM3KK K PABHOBECHBIM C BO3MOXK-
HOCTBIO TIepexo/a U3 30HBI JecopOuun B 30Hy abcopOuuu. [Ipn Hamm4uu OTHOCH-
TEJIPHO Malloil 1o BEeMMYMHE Pa3HOCTH PAaBHOBECHOHW M (haKTHUECKOW KOHIEHTpa-
U (OBIKYLIEH CHIIBI Ipolecca NeKapOOHHM3AlMU) He CIEAyeT OXKHIATh MHTCH-
CHBHOTO Ta3000MEHa [0 PAcTBOPEHHOMY IHOKCHIY YIJIepola, He TOBOpS yxke
0 ero XMMHYECKHX CBSI3aHHBIX (popMax, 4To U HaOII0JaTIOCh B IKCIIEPUMEHTAX.

Takum obpasom, mpu pabore aTMOCHEPHBIX A€adpaTOPOB OCHOBHAsI HArpy3Ka
MO yIAJICHHUIO CBOOOJHOTO U 0OCOOEHHO XMMHUUECKH CBS3aHHOTO JMOKCHJIA YIJIepo-
Jla IPUXOAMTCS Ha Jlea’paTopHBIA 0ak. B 3THX yCIOBHSX JUIS pEIIeHHs MOCTaB-
JICHHBIX 3aJaa4 BO3HUKIIA HCO6XO}II/IMOCTL B U3YUCHHU BJIMAHUA PECKHUMHBIX IMapa-
METPOB JI€adpaTOpHbIX 0akoB Ha AP(PEKTUBHOCT YIAJICHUS U3 BOJBI CBOOOJHOTO
JHOKCHUJIA YTIIePoia U XUMIYECKH CBSI3aHHBIX ()OPM YrOJIBHOM KUCIOTHI.

YeTBEPTYIO I1aBY COCTABIISIOT PE3YJIbTAThl UCCIIEIOBAHMI IPOLIECCOB JIeKap-
OOHM3aLMK BOIBI B JIadpPAaTOPHBIX Oakax MpU HAJHYMH M OTCYTCTBHU HAapOBOTO
OapboTaxka B BOASHOM 00BEME.

VYuuTeiBasi, 4TO JaBJICHHE B HAPOBOM MPOCTPAHCTBE aTMOC(EPHOro Jeadparopa
MOYET W3MEHATHCS JIMIIb B OYEHb Y3KOM JMara3oHe, a TaAKKe TO, YTO IOIaJaHue
B JI€a’PaTOPHBIN O6aK BOJBI C OONBIIMM HEJOTPEBOM JI0 TEMIIEPATyphl HACHIIICHUS
3aBEIOMO NPHBOANT K yXYIIIEHHIO 3()()EKTUBHOCTH [ea’panry, K mapaMmeTpam,
KOTOPBIMH MOKHO PCAJIbHO YIIPABJIATH C LEJIBIO IMMOBBIIICHUA a(b(peKTI/IBHOCTI/I ae-
KapOOHHM3allMK BOJBI, CIIEAYET OTHECTH TOJBKO CIEAYIOIHe: T'HIPABINYECKYIO
Harpy3ky Oaka, pacxon OapOOTa)XHOTO TMapa depe3 3aTOIUICHHOE OapOoTakHOe
YCTPOMCTBO (KOTOPBIH ONpeJIeNsieT U COOTHOLIEHHE MEXIY PacXoJlaMi OCHOBHOTO
1 6apO0TaXKHOTO 1apa), ypoBeHb BOJBI B I€a3paTOpHOM OaKe.

PaccmarpuBaroTcst geasparopsl, paboTatomie Ha Na-KaTHOHHPOBaHHOH BoOJE.
Jnst aTOrO Cciydas mpenrosiaraeTcsl cieylollnii MeXaHH3M HeoOpaTMMOro Mpo-
1ecca TepMHYECKOTO Pa3I0KEHHs THAPOKApOOHATOB:
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® B MOJIEKYJISIpHOH (opme: ® B HOHHOI1 (hopme:
2NaHCO; — Na,CO, +H,0+C0%, 2HCO; —»CO; +H,0+CO%,

NaHCO; + NaOH — Na,CO; + H,0, HCO; +OH™ - CO;™ +H,0,

Ccod —»co, T, coy —»co, T.

CBOOOAHBIN THOKCH] YTIIepoa, 0Opa3yIoNIHiics B pe3yNbTaTe IIPOLECCOB TeP-
MHYECKOTO Pa3I0KEHHs THIPOKapOOHATOB, MEPBOE BPEMs MPHCYTCTBYET B BOAE
B PaCTBOPEHHOH (hopMe, a MOocye MEPECHIIIEHUS PacTBOPA HAYMHACTCS €T0 JIHC-
MepCHOE BBIJENICHUE B BU/IE Ta30BbIX ITy3bIpeil. Takum o0Opa3oM, pe3ylibTHPYIOIINit
npolecc BKIIOYAET IOCIeI0BaTENbHO MPOTEKAIOIINE CTaJul XMMHUYECKOTO Ipe-
BpaIlleHHs, MOJICKYJIAPHOH Au(p(Py3uu M AUCIEPCHOTO BBIICICHHS Ta3a, MpUYEM
BTOpasi U TPEThsI CTAUM SIBISIOTCS 3aBUCUMBIMH OT T'MIPOJMHAMHYECKOW oOcTa-
HOBKH B CUCTEME. Y UHTHIBAs, YTO TEMIIEpATypa B BOJISHOM 00bEME J1€adpaTOPHOTO
6aka B peryaMpoBOYHOM AMAIa30HE HArpy3o0K JeadpaTopa Majo OTIHYaeTCs OT
TEMIICPATYPhbl HACBIICHUA TIPU JABJICHHUU B HAABOJAHOM HPOCTPAHCTBE 6aKa, CKO-
POCTb IIEpBOH CTaANM — MpOIecca TeHepauy MOJICKYJIIPHOTO JHOKCHIA YIiIepoaa
— JIOJDKHA OIIPEAEIATHCS TOJIBKO MOPSAKOM XUMHUYECKOH peaKIuy.

B obmem cmywae Oyaem mpenmosiaraTb HPOTEKaHWE MpoLecca M0 PEakIHuu
TIEPBOTO MIJIM BTOPOTO Topsiaka. KiuHeTnyeckoe ypaBHEHNE 3aITUIIETCS B BUAE!

dC/dT =-KC", 2)
rae C — MaccoBas KOHIIEHTpaIys THAPOKapOOHATOB B Boje, K — koHcTaHTa ckopo-
ctu peakuuu; T — Bpems; N — MOPAIOK peakLnu, paBHbIi 1 umn 2.

[Tpuuem nopsiok N = 2 cuuTaeTcs 3/1eCh 00Jiee BEPOSTHBIM: 3TO MOJTBEPIKAA-
eTcs JaHHBIMU JIPYTHX aBTOPOB, Hanpumep, M.E. Opnosa u B.A. Ilepmskosa.

Ha mpaxtuke 3¢ dexTrBHOCTS HekapOOHM3AIMN BOJBI B 1ea’paTopax XapakTe-
pH3yeTcsl pa3eNbHO AJsl CBOOOJHOTO U XUMUYECKH CBSI3aHHO JTUOKCHA YIiIepoa.
B nepBoM cirydae ucosap3yeTcst KOHIIEHTpanusi CBOOOIHOTO TMOKCHAA YIilepoa B
Jlea’spupoBaHHOM Bose. DPPeKTUBHOCTL ynaleHus: U3 BOABI B J1€adpaTope XUMHU-
YEeCKHU CBSI3aHHBIX ()OPM YTIIEKHUCIIOTHI MPHUHSATO OLCHUBATD 110 3HAYCHUIO CTEHCHN
pa3noXeHust THAPOKApOOHATOB G, KOTOPAsk MOKET OBITh MOJCYMTAHA I10 3HAUYCHH-
M menounocty obmmeit 11, u no denondranenny I, neaspuposanHoii Boasl:

o =211y, [ 15’ . ®

B pabore, kpoMe yKa3aHHBIX TPAAWIMOHHBIX XapaKTEPUCTHUK 3PPEeKTUBHOCTH
JekapOOHU3aNH, M3ydallach 11€1ecO00pa3HOCTh HMCIOJIB30BaHUS WHTErPabHOTO
KpHUTEpHs, KOTOPHIH ObI yuuTHIBaNI 3(p(PEeKTHBHOCTE yHajdeHHS W3 BOIBI KaK CBO-

0O0HOTO, TaM W XMMHYECKU CBS3aHHOTO IMOKCHAA yriiepoja. B kauecTBe Takoro
KpUTEpHsI BBEJICHA MHTETPATbHAS CTENICHD yAICHUS YTIICKUCIOTHI B IeadpaTope L.

@)

G, A 0 0

Ces 0 Duex (ygq. 20119, —C,

pacm c6a3 CO CO,

s= Geo, +Cco, __ 2 G P ( " ? ) 4)
Gggzm.ucx 4 Gé@gjucx (44MZCX T ngz )
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pacm C643 ~
rIe GCO2 u Gc02 , KI/d4 — MacCOBBI BBIXOJ] THOKCHJA YTIIEpoJa M3 BOJIBI B Je-

a’parope B pe3yJbTaTe COOTBETCTBEHHO JECOPOLMH Ta3a, KOTOPbIA HAXOIHICS B
HCXOJIHOM BOJIC B PACTBOPEHHOM COCTOSIHHM, U B PE3yJIbTare TEPMUUECKOrO pas-

JIOXKEHHUS! TUIPOKAPOOHATOB; Gggzm'"cx u Ggg, ", Kr/d — pacxo/ipl OCTYNAIOLIEro

B ZIeadpaTop ¢ BOJOH JUOKCHIA YIJIepoaa, HaXOMIIEerocs, COOTBETCTBEHHO B pac-
TBOPCHHOM COCTOSHHM H B BHJC I'Mapokapbonaros; Cco, , MKT/IM® — MaccoBas

KOHIICHTpAIMsl CBOOOMHOTO THOKCHAA yriiepojaa B Bome; G, T/4 — pacxom BOJEI,
p, T/M® — miotHOCTH Boxsn; 111, U g4, MKI-9KB/IM° — I[EJTOYHOCTh COOTBETCTBEH-
HO o0mas u no QeHonpTanenny; HHIEKCH «HCX» H «IB» YKa3bIBAIOT COOTBETCT-
BEHHO Ha UCXOJIHYIO U JIeadpUPOBAHHYIO BOAY.

[TpoBeneHHbIl aHamM3 MOKa3al, YTO KCHOJIB30BAHUE B KayeCTBE XapaKTepH-
CTUKU 3(QPEKTUBHOCTH AeKapOOHH3AaLMHU BOJBI B Jiea’paTope MHTErPalbHON CTe-
MCHU YAAJICHUA YTJICKHUCIIOTBI U HE AACT 3aMETHBLIX NPEUMYIIECTB B CPABHCHHUU C
TPaAUIHOHHBIM IOJIX0JIOM K pa3/ieIbHOMY YyueTy 3((EeKTUBHOCTH YAaJIeHHs CBO-
0OIHOTO W XUMHYECKH CBA3aHHOTO JHOKCHIA YTiepona. DTO OOYCIOBICHO TEM,
YTO MPOIECCH TEPMUUECKOTO Pa3NIOKCHUS THAPOKAPOOHATOB HHTCHCU(PUIIHPYIOT-
sl TOJBKO ITOCTIe TOTO, KaK U3 BOABI yAalieHa OoJbIast 4acTh CBOOOTHOTO JHOKCH-
na yriepona. Kpome Toro, mokasaHo, 9TO OJHUM U TEM K€ YCIOBUSAM pabOTHI jae-
a’paTopa MOTYT COOTBETCTBOBATH PA3HBIC 3HAYCHUS |l, UTO CO3/IaeT CYIIECTBEHHOE
HEYIOOCTBO TIPH MOJB30BAHNN TaKOH XapaKTepUCTHKOH 3¢ peKkTHBHOCTH.

B paMKax JaHHOI'O JTaria paGOTLI IpyU UCIIOJB30BAHNU JSKCIECPHUMCHTAJIBHBIX
JIAHHBIX onpenessuinch 3HaueHus K B ypaBHenuu (2) mpu N =1 wnmm N = 2 u 6 no
ypaBaenuto (3). Ilpu stom TpeOyemoe IUisl pacueToB IOCIIE HHTETPUPOBAHHS
ypaBHEeHHU (2) Bpems IpeObIBaHUS BOABI B JeadpaTOpHOM Oake ONpenemsuioch my-
TEM JIeJICHUsI 00beMa BOJIbI B 0ake Ha 00BEMHBIN pacXo.1 BOIBI Yepe3 Oax.

Ha puc. 4 npuBeseHbl dKcHiepUMEHTaNIbHbIE 3HAUYEHHs NapaMeTpa G B Jieadpa-
TOpaxX pa3InYHbIX KOHCTPYKIUH MpPU HAIMYHHA U OTCYTCTBHH B BOISHOM OOBEME
Jlea’paTopHOro 0aka 3aTOINICHHOTO 0apOOTaKHOTO YCTPOWCTBA. AHAU3 MTOTyUYCH-
HBIX PE3yJIbTATOB ITOKA3bIBACT, YTO OIMyOJIMKOBAHHEIC TAHHBIC IPYTUX aBTOPOB IS
Jea’spatopoB ¢ 0apOOTakoM B BOISTHOM oOBeMe Oaka MOATBEpKOaroTcs. JlaHHBIC
o jea’paTopam 0e3 6apOoTaxka OTIMYAIOTCS OT paHee OMyOIMKOBAaHHBIX B MEHB-
HIYI0 CTOPOHY, MpUYeM HaOJII0AaeTcsl CYLIECTBEHHBIH pa3dpoc 3KCHEepHUMEHTaNb-
HBIX 3HA4YeHUI ¢ (OTMETHM, YTO OIyOJIMKOBaHHBIE JAaHHBIE B ATOH YacTH TaKxke
CYIIECTBEHHO PA3JINYAIOTCs, HA pUC. 4 TTOKa3aHa MaKCHUMallbHAs OIEHKa). 3aBUCH-
MOCTH TIapaMeTpa ¢ OT JPYTHX PEKXHUMHBIX MApaMeTPOB Jea’paTopHOro Oaka s
9TOrO Cilydasi TakXke He ycTaHoBieHO. CliesiaHo MPe/IIoIoKeHHE, YTO MOTyIeHHbIe
JTaHHBIE 00YCIIOBJICHBI CIIEAYIONMM: OOJIbINAas YacTh Ta30BBIX My3bIpE, 00pasyro-
IIMXCS B TIPOLIECCe TEPMUIECKOTO Pas3IOKEHHs THIPOKapOOHATOB U TOCIIEyIOoNIe-
TO MEPECHIICHUS PACTBOPA 110 TUOKCUAY yIIIepoa, OKa3bIBAIOTCS BBUIY MaJIOCTH
pa3Mepa HeCImOCOOHBIMU K CAMOCTOSITEIBHOMY BCIUTBITHIO B IIOTOKE BOJIBL.

Jannbie puc. 4 noka3pBarOT 3()(OEKTHBHOCTh MCIIONB30BAHHS OaphEpHOTO Ma-
poBoro 6apboTaka B BOJSIHOM 00beMe JIea’spaTOpHOro 0aka, KOTOPBIH MO3BOJISET
CYIIECTBEHHO MOBBICUTH 3(P(PEKTHBHOCTE YIaICHUS XUMUYCCKH CBSI3aHHOTO JUOK-
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CHJIa YIJepoaa U, TeM CaMbIM, YMEHBIIUTh BBIXO] CBOOOTHOTO AMOKCHAA YIiIepoaa
B IIpOLIeCCE TEPMHUUYECKOTO Pa3loKeHHUs THAPOKApOOHATOB B KOTJIAX, PACHOJIOKEH-
HBIX B TEXHOJIOTMYECKOI CXeMe 3a IeadpaTopoM.

0,7 :
G, ed.

0,6 o
Puc. 4. DxcnepuMeHTAIbHBIE 3HAYEHHS 0,5 ,ﬁ/,’
CTeNmeHH Pa3JIoiKeHUs] THAPOKAPOOHATOB -
B aTMOC(epHBIX [Jea’paTopax pasiHy- 0.4 S
HbIX KOHCTPYKIHUii B 3aBHCHMOCTH 0,3 -
OT BpeMeHH MpeOLIBAHHS BOAbI B [e- 9 ol
ajpaTope NpPH HAJAMYHMA  (BBEpXY) 0,2 £
H OTCYTCTBUM (BHHU3Y) mapoBoro 6apoo- 01
Ta’ka B BOASHOM o0beMe 1ea3paToOpHOro T, MuH.
6aKa: G — CTelEeHb Pa3loKEHHs THAPOKAp- 0,0 T f
OonatoB, ex.; T, MUH — BpeMs IpeObIBaHUS 0 10 20 30 40 50 60
BOJIBI B [I€a5PaTOPE; TOYKH — SKCHEPHMEH- g 49 .
TaJbHBIC JAHHbBIE; CIUIOIIHAS JMHUS — all- o, en. -
MIPOKCHMALHs OKCIEPUMEHTANbHBIX JaH- 035 g
HBIX (METOJ HAaWMEHBIINX KBaJpaToB; 0,30 - =
JIMHEHHAs 3aBUCUMOCTh BBIOpaHa B COOT- 0,25 r .1
BETCTBHH C OIyOJIMKOBaHHBIMH JJAHHBIMH : {%/T % I
JPyTUX aBTOPOB); IYHKTHPHBIE JIMHHUHM — 0,20 4 ,%
OITyOIMKOBaHHEIE JaHHbIE Ipyrux aBropos; 0,15 P
A — TA-300m; A — JICA-300 (uBa crpyii- 0,10 £lr 5
HBIX OTCEKa B JICadpaIlHOHHON KOJIOHKE); 473 ;tﬁ g
o — JICA-300 (omuH CTpyHHBIH OTCEK 0.05 s e o <& 2 T, MuH.
B JIeadpaliMOHHON KoJoHke); 0 — JIA-50 0,00 <1 e

0 10 20 30 40 50 60

Ha puc. 5 npuBeneHs! pe3ynbTaThl pacyeTa KOHCTaHTBI K CKOpOCTH pe3ynbTH-
pyIOIIEro mpoiecca B ypaBHEHUH (2) MpU MOPSAIKE peakiuu N = 2 Ans yCIOBUH
OTIBITOB B 3aBHCHMOCTH OT IIEJIOUHOCTH 0OIIel MCXoIHON BOIBL. B pacuerax yu-
TEHO KaK MOCTYIUICHHE CBOOOIHOTO U XMMHUYECKH CBA3aHHOTO THOKCHAA yriepoaa
B JI€a’paTop, TaK U €ro OTBOJ C BBIIAPOM U J1eadpUpOBaHHOM BoJoU. IIpu nopsnke
peakuuu N = 1 pazdpoc 3HadeHnit K okaspiBaeTcst 3aMeTHO OOJIbIIIE.

Pa36poc monydenHbsix 3HaueHu K MokeT ObITh 0OYCIIOBJIEH HE TOJILKO MET-
POJIOTHUECKHMH  XapaKTEPUCTUKAMH METOJIOB KOJIMYECTBEHHOTO XHMHYECKOTO
aHaJIM3a ¥ M3MEPEHMs BIMSIONIMX Ha PacXoAbl BOIBI M Mapa TEIUIOTEXHUYECKHX
napaMeTpoB, HO M HETIOJIHOTOH NPHHATON paHee THUIIOTE3bl 0 MEXaHH3Me Ipolecca
TEPMHYECKOTO Pa3I0KeHHs THIpOKapOOHaTOB B JieaspaTope. TeM He MeHee, MoITy-
YEeHHbIE KWHETHYECKHE XapaKTEPUCTHUKU IIPOLECCOB TEPMHUYECKOTO Pa3JIOKECHUS
THIPOKapOOHATOB B Jlea’paTropax Mpy HAJHMIUH U OTCYTCTBUH MapoBoro 6apbora-
a B BOJSTHOM O0BeMe Jea’paTopHoro Oaka 0OecredrBaloT BO3MOKHOCTh MPOBE-
JIEHUS] KOJIMYECTBEHHON OIIEHKH TOKa3aTened 3 QEeKTUBHOCTH YAaJCHUS U3 BOIBI
CBOOOJTHOTO ¥ XUMHUYECKH CBA3aHHOTO AUOKCHUA YTIIEPOa.

[IpencraBnennsie B paboTe AaHHBIE 1O JieadpaTopam ¢ 6apOOTaKHBIM yCTPOH-
CTBOM B BHJI€ NIep(hOpHPOBAHHOTO KOJUIEKTOpA Ha JHE Jlea3paToOpHOro Oaka M0o3BO-
JIMJIM COCTAaBUTH YpaBHEHHE JBYXNApaMETPUUECKONH pErpecCHOHHON 3aBHCUMOCTH
CTENIeHN TEPMHUUYECKOTO PA3JI0OKEHHs THAPOKApPOOHATOB G, /1., OT YAEIBHOTO pac-
xoza napa Ha 6ap6otax dp, KI/T, 1 BpeMeHH peObIBaHus BOABI B Oake T, HopMmu-
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POBAHHOTO MO OTHOLIEHHWIO K HOMUHAJIBHOMY 3Ha4deHHI0 T, A JaHHOTO Jea’pa-
TopHOTrO Oaka (T, ompenmensercs Kak OTHONICHWE HOMHHAJIBHOH IIOJIE3HOW BMe-
CTHMOCTH 0aka K HOMHHAJIbHON THIPABINIECKON Harpy3Ke Aea’paropa):

o =0,0657(T/T,)*°" dj;*%®. )

CpeaHeKBaIpaTHUeCKOe OTKJIOHEHUE 10 MPOTHO3UPOBAHHIO 3HAYCHUH G C HC-
MOJIb30BAaHUEM BBIpOKEHHsSI (5) MO COBOKYIMHOCTH JKCIIEPUMEHTAJIBHBIX JaHHBIX
coctaBuio 4,8 %. Jlnst cpaBHEHUS, IS OJHOIIAPAMETPUIECKON 3aBHCUMOCTH, I0-
Ka3aHHOW Ha puc. 4 (BBepXy), 3TOT Nokazareib cocraniusieT 18,0 %. 3HaueHus xo-
s¢pdunmenTo mapwHoit koppewsimn: r(o;T/T,) = 097; r(o;dsn) = 0,92;
r(T/T;dsn) = 0,42. MHOKECTBEHHOE KOPPENSAIMOHHOE OTHOIIEHHWE TIPH 3TOM CO-
crasmwio R = 0,99. 3HaunMocTh KOA(QPHUIUESHTOB MAPHOW KOPPEIALUN 1 MHOXKECT-
BEHHOT'O KOPPEJIAIMOHHOTO OTHOIIECHUS JJOKa3aHa 1o Kputepuio CThIOJICHTA.

3,0107
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Puc. 5. DxcnepuMeHTAIBHBIE 3HAYEHHSI KOHCTAHTHI CKOPOCTH Pe3yJLTHPYIOIETro Mpomecca Tep-
MHMY€eCKOro pa3JiosKeHHs THAPOKAPOOHATOB B aTMOC(EPHBIX Jea’paTopax Pa3IMYHbIX KOHCTPYK-
ll]([ﬁ B 3aBUCHMOCTH OT IIEJOYHOCTH 06[116171 MCXOAHOM BOJBI NPH OTCYTCTBUU M HAJIUYHUH NMAPOBO-
ro 6ap6oTaxa B BOASHOM 00beMe Aea3paTopHOro daka: K — KOHCTaHTa CKOPOCTHU IpoIecca TepMHU-
YECKOro PaslioKeHHsl TUIPOKapOOHATOB, KI/(MKI-3KB C) (mopsiaoK peakuuu N = 2); 1,"™ — menounocTs
o0mIast BOABI IIepe] 1ea’spaTopoM, Mr-3KB/KT; poune 0003HaUeHNS Te XKe, YTO Ha puc. 4; JIMHUEH 1oKa-
3aHBI IaHHBIC U3 Auccepranun B.A. Tlepmskosa

BrIsiBIIEHO, YTO MHHHUMAIFHO HEOOXOIUMOE IO TEXHOJOTHYECKUM YCIIOBHSIM
JeKapOOHU3AINH BOJIBI 3HAUCHUE YAEIHHOTO pacxojia rnapa Ha 6apOoTaxk IpHu HC-
MOJIb30BaHNUN paccMaTpruBaeMoro 0apOOoTaKHOTO YCTPOWCTBA cocTaBiseT oT 15 1o
20 Kr/T; IpW 3HAYEHUAX YAETHHOTO pacxoia mapa Ha OapboTax menee 15 xr/t agh-
(heKTHBHOCTh JeKapOOHHU3AIMU 3aMETHO YXYIIIAETCS, a YBEIHUYCHHE YACITHHOTO
pacxopna mapa Ha OapOortax 6omee 20 Kr/T He IPUBOIUT K CYIIECTBEHHOMY IOBBI-
IeHUI0 APPEKTUBHOCTU. DTH JTaHHBIE COTIACYIOTCS C JAHHBIMH JIPYTHX aBTOPOB B
YacTH LEJIecO00pa3HOro YIEIBHOTO pacxona mapa Ha 0apOoTax Uil paccMaTpH-
BAeMOT0 YCTPONCTBA 10 YCIOBUIO 00eCKHUCIOpOXKUBaHHS BOJIbI (15 Kr/T).
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Takum 00pa3oM, Ha JAHHOM 3Tare NOIYyYeHbI 3aBUCUMOCTH ITI0Ka3zarteneil 3¢-
(heKTUBHOCTH AeKapOOHM3AIMK BOIBI B [I€adPaTOPHBIX 0akaX OT BPEMEHH IMPeOBI-
BaHWs BOIBI B Oake (T.e. OT THAPABINYCCKONW HATPY3KH M YPOBHS BOJBI B 0Oaxe),
YAETBHOTO pacxofa mapa Ha 6apOoTax (T.e. OT THAPABIMYECKONW HArpy3KH U pac-
xo07a 6apOoTa)KHOTO Tapa yepes 3aTOIUIeHHOe 6apOoTaXKkHOEe YCTPOUCTBO).

B nsATON ryiaBe NpHUBENEHO ONMCAHME CIEAYIOLIMX HAIPAaBICHUN MpPAaKTHYe-
CKOH peann3aiy pe3yabTaToB pabOTHI:

— pexuMHOU Hamaaku AByX neadpatopoB JIA-300M u yeThIpex Jea’paTopoB
JCA-300 TemnocunoBoro nexa OAO «CeBepcTaiby, B X0 KOTOPOU C UCIOIB30-
BaHMEM IOJyYEHHBIX Ha MPEIbLAYIINX 3Tarnax paboThl JaHHBIX pa3paboTaHbl pe-
KOMEH/IAIIMU TI0 BEICHHUIO PEKMMOB pabOThI JIeadpallMOHHON yCTAHOBKH, BKIIFOYAst
PEKOMEHIalluK TI0 MCIOJIb30BAHUIO MTApOBOTO O0apOoTaXka B JIeadpaTOpHBIX Oakax,
odopmIIeHHBIE B BU/IE PEKUMHBIX KapT 110 9KCIUTyaTalliH 1€a’paTopoB;

— pa3pabOTKN pacUETHHIX aJITOPUTMOB U PEATH3YIOIINX UX IPOrPaMMHBIX MO-
JyJei IS 3alIMIIEHHOTO CBUAETEIBCTBOM O TOCYIapCTBEHHOW PETHCTPAIMU TP O-
rpamMm i OBM mpukiagHoro nporpammaoro komruiekca (I1IK) «Texnomorndae-
CKHH pacdeT aTMOC(EpHBIX CTPYHHO-0apOOTaKHBIX Aea’paTopoB BoisDy. IIK
obecrieuynBaeT ONpeesieHHe TeIUIO(PU3NIECKUX TapaMeTpoB OTOKOB TETIIIOHOCH-
TeNe 1 MacCOBBIX KOHIEHTPAIIMH B HUX PACTBOPEHHOTO KHCIIOPO/A H CBOOOIHOTO
JMOKCHJIa yIiiepoJia MPH 33/IaHHBIX KOHCTPYKTHBHBIX XapaKTEPUCTUKAX BHYTpPEH-
HHX JIeadpalMOHHBIX JIEMEHTOB, CTPYKTYpE CBA3el MEXIY HUMH IO TIOTOKaM Te-
IUTOHOCHUTEJECH M 3HAUYEHHUSIX peryiaupyeMbx mapamerpoB. IIK obGecneunBaer Bo3-
MOKHOCTh aBTOMAaTH3HUPOBAHHOTO CHHTE3a MaTeMaTHYeCKOW MOENH Jea’paropa
U3 MOJIENIei OTAEIBHBIX CTPYHHBIX M 0apOOTaKHBIX JI€a’dpalIOHHBIX JJIEMEHTOB
npu u3MeHeHuu koHcTpykuuu anmnapara. [1K nepegan 3AO «Peruon-buznecy, rae
UCTIONIb3YeTCs B MPAKTHIECKOH paboTe 1 o0ecreunBaeT SKOHOMHIO MaTepUalIbHBIX
Y TPYJIOBBIX 3aTpaT MPH NPOBEACHUN MCIBITAHUN U TOBBIIIEHHE 000CHOBAHHOCTH
pELIeHHH, TPUHIMAEMBbIX IPH NPOESKTHPOBAHNH JI€adPAIHOHHBIX YCTAaHOBOK;

— pa3paboTKH peKOMEHAINI 1T0 MOICPHHU3ANNHU ABYX aea’paTopoB [JA-50 ma-
porazoBoil TOLl 3A0 «PoanukoBckas 3Heprernyeckas komnanus». [1o pesynpra-
TaM MOHHMTOPHMHTa pabOThl aNnapaToB B MPOEKTHOM BapHaHTE KOHCTPYKTHBHOTO
HCTIOJIHEHHSI COCTABJICH MIPOEKT MOJIEPHU3AINH C YCTAHOBKON 6apOOTaKHOTO YCT-
poiicTBa B BOJSHOM OOBEME Jlea’paToOpHOTO Oaka Jjsi obecreueHus: Tpedyemoro
XUMHYECKOTO KayecTBa J1ea3pUPOBAHHOM BOJBI, B YACTHOCTH, 110 3HAYEHUIO BOJO-
poxHoro mokazatens pHps. IIpoeKkT momydmn HpakTHUECKyI0 peanu3aldio, 4YTo
obecrieuniio yBenanueHue 3HaueHuit pHys geaspupoBanHoii Bojbl B cpeanem ¢ 8,10
(c SmM30qMYECKUMY HAPYIICHUSIMA BIUIOTH 10 3HaYeHui 6,78) o 9,10;

— HCIIONIb30BaHMS PE3yNIbTaToOB B yueOHOM mnporecce MIBaHOBCKOTro rocynaper-
BEHHOT'O HEPreTHYEeCKOro YHHBEpCUTETa MO Kadeape TEeTuIoBBIX 3JIEKTPUUECKUX
CTaHIMH B pamkax kKypca «TeruiomexaHndeckoe W BCIIOMOTaTelbHOE 000py10Ba-
Hre TOC» B BHJE IEKTPOHHOTO Y4eOHOT0 MOCOOHS M pacyeTHON MPOrpaMMBbI ISt
NpOBEEHUs 1a00paTOpHON paboTHI.

[IpakTHdyeckoe NCTOIB30BaHUE PE3YIBTATOB PAOOTHI MOATBEPKICHO TPEMs aK-
TaMH BHEIPEHUSI.
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OCHOBHBIE BBIBO/JIbI 1 PE3YJIBTATHI

1. TIpoBeneH KOMIUIEKC AKCIIEPUMEHTAIbHBIX M PAcUETHBIX HCCIIEAOBaHUI
MPOLIECCOB yIalIeHUs] U3 BOABI CBOOOJHOTO M XMMHYECKH CBSI3aHHOTO JTUOKCHJIA
yrieposa B YCJIOBHSX aTMOC(EpHOH CTpylHHO-0apOOTaKHOW Iea’pauuu, Mo pe-
3yJIbTaTaM KOTOPBIX pa3pabOTaHbl PEKOMEHAAIMH IO COBEPIICHCTBOBAHMIO JKC-
IUTyaTallMOHHBIX PEXHMOB J€a’paTopoB, oOeclieunBalolINe MOBBINIEHHE dPdek-
THUBHOCTH JIeKapOOHU3AINHU BOJBL.

2. IlpuMeHHTENbHO K CTPYHHO-0apOOTaXKHBIM Jea’paTopaM aTMOC(HEpHOTrO
JaBJICHUS PA3IMYHBIX KOHCTPYKIHMH ITOJIy4YeHBI HOBBIE HKCIIEPUMEHTAIIbHbIC JaH-
HBIC, JIOKa3bIBAIOIINE, YTO BHIXOJHBIC MO Mapy CTPYHHbBIE OTCEKH pabOTaroT Ipe-
UMYIIECTBEHHO B yCIOBUAX (PU3MIECKOH abcopOunu cBOOOIHOTO AMOKCHIA yTiie-
poxa BOJOH, YTO COBMECTHO C HAIMYHEM IUCIICPCHOTO IOTJIONMICHUS IMOKCHIA
yIiIeposia CTpyHHBIM HOTOKOM BOJIBI OOYCIIOBIMBAET HECTAOMIBHOCTH €ro COnIep-
JKaHUs B BOJIC 33 CTPYHHBIMH OTCEKaMH, a IPU OTCYTCTBUU HIDKecTosIIel 6ap0o-
Ta)KHOHM CTyIeHH — U 3a Aea’dparopoM. [lokazaHo, 4TO OCHOBHasi Harpys3Ka 1o ysia-
JICHUIO CBOOOJTHOTO M OCOOGHHO XUMHUYECKH CBSI3aHHOT'O TMOKCHUIA Yriiepoa Mpu-
XOJIUTCS Ha JIea’paToOpHbIi Oak.

3. BrInonHEH aHaNMM3 BIMAHUS PEKUMHBIX MapaMeTPOB JeadpaTOpHBIX OaKoB
Ha 3 (eKTUBHOCTh JeKapOOHU3ALUH BOJBI, 10 Pe3yIbTaTaM KOTOPOTO BBISBIICHO,
YTO IUIA Jea’paTopoB Oe3 0apOOTakKHOW CTYNEHH B Aea’paTOPHOM Oake 3Ta 3¢-
(heKTHBHOCTD HE3HAUNTEIbHA, & 3HAYEHHUS OCTATOYHBIX KOHLEHTPAIMH CBOOOTHO-
rO IMOKCH/IA YTIIepoa U THIPOKapOOHATOB B I€a3pUPOBAHHON BOJE MaJlo 3aBUCAT
OT 3HAUCHMWH PEKMMHBIX MapaMEeTPOB; HAJIMYKME B JI€adpaTOPHOM Oake 3aTOIUICH-
HOro 6apOOTa’KHOTO YCTPOMCTBA CYIIECTBEHHO MOBBINIAET 3()(HEeKTUBHOCTH eKap-
6OHI/I3aL[I/II/I BO/JIbI, IIPYU OTOM HanOOJIbIIIEE BIUSIHUE OKA3LIBAIOT BpEMs Hp66I)IBaHI/I$[
BOJIBI B JIEadPATOPHOM Oake U yAeTbHBINA pacxo]l mapa Ha 6apOooTax.

4. Tlony4yeHsl HOBbIE U O0OOIIEHBI paHee ONMyOJIMKOBaHHbBIE JaHHBIE 110 3HAYE-
HHUSIM KMHETHUYECKHX XapaKTEPHUCTHK MPOLIECCOB TEPMUUECKOTO PA3JIOKEHUS THU-
pokapOoOHaTOB B aTMOC(EPHBIX JIeadspaTopax MpH HAIWYHUU U OTCYTCTBUH MapOBO-
ro OapboTaka B BOASHOM 00BbEME JIeadpaTOPHOTO 0aka, MO3BOJIIFOIINE KOJTHYECT-
BEHHO OIICHUBATh 3(P(PEKTUBHOCTH yJaJeHNs] U3 BOJBI CBOOOJHOTO M XUMHYECKH
CBSI3aHHOT'O TMOKCHJIA YTIIEPO/ia B Pa3IMUHBIX PEKUMAX PabOTHI JIeaspaTopoB.

5. inst atMOCEepHBIX Aea’paTopoB, 000PYIOBAaHHBIX 3aTOINICHHBIM 0apOoTaXx-
HBIM YCTPOWCTBOM B BH/I€ TOPH3OHTAJIHHOTO MEp(OPHUPOBAHHOTO MAPOBOTO KOJI-
JIEKTOpa Ha JTHE JIeadpaTopHOro Oaka, MpeaolkeHa perpecCHOoHHasi 3aBUCHMOCTD
CTENeHN TEPMHYECKOTO Pas3lIOKEHHsI THAPOKapOOHATOB OT BPEeMEHH NpeObIBaHUS
BOJBI B JIeadpaTOpHOM Oake W YAEIHLHOTO pacxojia mapa Ha 6apboTax. TouHOCTD
MOJIETIH XapaKTepHU3yeTCsl 3HAUEHUEM CPETHEKBAIPATUIECKOTO OTKIOHEeHMS 4,8 %o,
YTO 3HAYMMO MCHBIIE CPECAHCKBAAPATUICCKOIO0 OTKIIOHCHUSA JIA OHy6HHKOBaHHOﬁ
paHee oJHONapaMeTPHYECKON 3aBUCIMOCTH, paBHOTO 18,0 %.

6. PazpaboTaHbl alrOpUTMBI U IPOrPaMMHOE 00ECIIEYSHHUE 110 pacyeTy rmokasa-
TeJel paboThl aTMOC(hEpPHBIX CTPYHHO-0apOOTaKHBIX Jea’paToOpOB B YACTH Xapak-
TEpUCTUK TpoleccoB nekapOoHm3anuu. [lokaszaHa BO3MOXKHOCTb M TIPHBEACHBI
HPUMEpHI UCTIONB30BAaHMS Pa3padOTaHHBIX aJTOPUTMOB U IPOrPaMMHBIX MOAYJIEH
IPU MOJICJIMPOBAHUH CYIIECTBYIOIIMX M MPOEKTUPYEMBIX KOHCTPYKLMH armapa-
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ToB. [Iporpammusiii kommiaekc nepenad 3AO «Peruon-busnecy, rae ucnonab3yercs
IpU MIPOBEJCHUH HUCIIBITAHUN M B XOJI€ MPENNPOEKTHBIX NMPOPAOOTOK BapHaHTOB
PEKOHCTPYKINH JEHCTBYIOIINX A€a3PALMOHHBIX YCTAHOBOK.

7. PexoMeHAaIMK 110 KOHCTPYKTHBHOMY HCIIOJTHEHHIO M COBEPIIEHCTBOBAHHIO
9KCIUIYaTAllOHHBIX PEXUMOB J€a3paTOPOB HCIIOIB30BAaHBI B PaMKax PEXHMHO-
HallaZOYHBIX ucnbiTanuil geaspatopoB JICA-300 u JA-300M TEIIOCHIOBOTO IIeXa
OAO «Cesepcraiby» ¢ pa3padOTKONW PEKUMHBIX KapT MO 3KCIDTyaTalluy Jeadpariu-
OHHOHM YCTaHOBKH, peaJIi30BaHbl IPU MojepHU3anuu aeasparopos J{A-50 mapora-
30Bod TOL] 3A0 «PoaHMKOBCKasi sHEpreTHYecKasi KOMIIAaHUSD), 8 TAK)KE BHEPEHBI
B yueOHBIN nporecc MIBaHOBCKOTO rOCYAapCTBEHHOT'O SHEPTEeTHYECKOTO YHHBEP-
cHUTeTa.
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