OT3bIB O®UILIUAJTIBHOT'O OIIIIOHEHTA

Ha JUCCEPTALMOHHYIO paboTy
PACTYHOBOW MPUHBI JIEOHUJIOBHbI
«JleTpuTH3aLs ¥ IMMOOUITH3AIMS HU3KOAKTUBHBIX TPUTHHCOICPIKALIMX BOIHBIX
OTXOJI0BY, NIPEJICTABJIEHHYIO Ha COUCKAHHE YYEHOM CTENEeHH JIOKTOpa TEXHUYECKUX HayK 110
cnermanbHocTd 05.17.02— TEXHOIOTUS PEIKUX, PACCESIHHBIX U PaIMOAKTHBHBIX 2JICMEHTOB

Juccepramonnas padora W.JI. PacTyHOBO# NOCBsIIEHA aHATU3Y CYIIECTBYIOLIMX U
pa3pabOTKe HOBBIX METOJOB OOpaIleHUs ¢ TPUTHHCOJACPIKAIIMMH BOAHBIMH OTXOIaMHU.
PainoakTUBHEIN HM30TOIN BOJOpPOJAa — TPUTUA — UMEET NPUHLIMIHAIBHOE OTIHUYHME OT
PaMOHYKIIMIOB TSDKEJIBIX OSJIEMEHTOB, HAXOAAIMXCA B pacTBopax. s mocieaHux
CYINECTBYET MLEbI psiJl AOCTATOYHO LIMPOKO MCIONB3YEMBIX METOIOB (9KCTpPAKIus,
copO1Ms, UCTIapEHUE PACTBOPUTEIIS ), TO3BOJIAIOIIUX B HY)KHOM CTENIEHU CKOHLIEHTPHPOBAThH
PaZMOHYKIUIBl YMEHBUIUTh KOJIMYECTBO OCTAIOUIMXCSA PpaJMOAKTUBHBIX OTXOJ0B H
0e30MmacHO 3axXOpPOHUTh WX. YKa3aHHbIE BBIIIE METOIBI, OJHAKO, HE MPUMEHUMBI K
00palIeHNIO ¢ TPUTUPOBAHHOW BOJOM, T.K. TPUTHI BXOIHUT B €€ MOJICKYJISIPHBIH COCTaB, a
006pa3yIoNuecs MOJEKYJbl 0 CBOMM (U3MKO-XUMUYECKAM CBOHCTBAM OYEHb OJM3KH K
BOJIe, HEe coaepxkaiiei Tputus. HecMoTps Ha TO, 4TO TEXHOJIOTMH pa3/iesIeHHs HU30TOIOB
BOJIOPO/Ia NMPHMEHMTENBHO K TMOJTYYCHHMIO TSDKEIOH BOJABI NpuMeHstoTes ¢ 40-x roaos
IPOLLIOro BeKa, JAeHCTBYIOIIUE YCTAHOBKH, NPEJIHA3HAYCHHBIC Ul U3BJICUCHHUs TPUTHS U3
BOJBI, 1O TOCJIEJHEr0 BpPEeMEHH OBLIM BeCbMa HEMHOTrOYuciIeHHb. OJHAKO B CBS3H C
pa3sBUTHEM TI'PAKIAHCKOW ¥ BOCHHOW SIEPHOH NPOMBIILIEHHOCTH, SBISIOLICHCS B
HacTosIee BpeMs Haubosiee KPyITHBIM HCTOYHUKOM 00pa3oBaHMsi TPUTHUPOBAHHOM BOJBI, a
TAK)K€ YKECTOYEHHEM HOpPM, HAIPaBIECHHBIX Ha 3allUTy OKpYXKAIoLIeH Cpeabl OT
PaIMOAKTUBHBIX BEIOPOCOB, pa3paboTka TEXHOIOTHI oOpalleHus ¢ Takoi BOJO# npruodpera
ocoboe 3HaueHue. PaGora M.JI. PacryHoBO# sBisiercss nepBodi B Poccuu, B KOTOpOi
MOAPOGHO NPOAHATM3UPOBAHEI BO3MOKHOCTH DPa3IMYHBIX TEXHOJIOTMH Ul TepepaboTKu
TPUTHICOIEpIKAIIeH BOJABI C Pa3IMYHON KOHUEHTpAlMed TPUTHsA, a TaKXKe IPOBEICHO
JIETAJIbHOE DKCIIEPUMEHTAIbHOE HCCIIeloBaHle Haubojiee MEPCIEeKTUBHBIX M3  HUX.
[TosToMy Tema 3Toi paGoThl U MPHUBEIACHHBIE B HEH pe3ysbTaThl, O€3YCIOBHO, IBISIOTCS
aKTYaJIbHBIMH H CBO€BPEMEHHbIMH.

PaGora BbIMOJIHEHA B COOTBETCTBUH ¢ DenepanbHO 1I€I€BOM MPOrpaMMOii
«Hay4Hble ¥ HayYHO-TIEJarOrMYeCKne Kapbl HHHOBAIMOHHOH Poccun «na 2009—2013 rr.
(meponpustus 1.1. u 1.2.2), ®enepanbHoii neneBoi mporpammoit «McenenoBanus u
pa3paboTKM 1O TIPHOPUTETHBIM HANpABJICHUAM PpaA3BUTHS HAy4YHO-TEXHOJIOTHYECKOrO
xomiutekca Poccun Ha 2014-2020 roasi», poroopoB Ha BbimonHenne HUOKP ¢ OI'VII
«I10 «Masix»» u I'YIT MocHITO «Panon».



Hay4Hasi HOBH3HA pa0OThl COCTOUT B CJICAYIOLIEM:
1. ABTOpoM pa3paGoTaHO W MOAPOOHO HMCCIENOBAHO MPUHIMIIMAILHO HOBOE KOHTaKTHOM
ycrpoiictBo MemGpannoro Ttunma (KYMT), mo3Bossioniee OCYIIECTBIST XHUMHYECKHH
uzotonuelii 06men (XMO) Boaoposa ¢ BOJOW NPH MCIOJIB30BAHMM TI'MAPOGOOHBIX |
rUAPO(UIBHBIX KaTau3aTOPOB.
2. Ha OCHOBE MONYYEHHBIX JKCIEPUMEHTAIBHBIX AaHHBIX 10 dpdekruBHoctn XUO B
KYMT paspaboraHo u BepuGUIMPOBAHO MATEMaTHYECKOE OINMCAaHKWE Ipolecca,
O3BOJISAIONIEE TPOBOJAWTH PACUeThl MHOTOCTYIEHYATHIX Pa3/IC/IUTE/IbHBIX YCTaHOBOK Ha
ocHoBe KYMT B mIMpPOKOM JHara3oHe TEMIEpaTyp U JaBJICHU.
3. TlonyueHa  cucTeMaTH3WpoBaHHas ~ 0a3a  OKCIEPUMEHTAIbHBIX  3HAYCHHH
TUIPOJIMHAMUYECKIUX U MacCOOOMEHHBIX XapaKT€PUCTHK OTEUCCTBEHHBIX PETYJIAPHBIX U
HEPETYJIIPHBIX CIUPAJIbHO-NPU3MAaTHUECKUX HACaJ0K pa3lMvHOro pasMepa B KOJIOHHAX
pasjiesieHns M30TONOB BOAOPO/Ia METOAOM PEKTH(GUKALIMH BOJIBI IMAMETPOM /10 250 MM mpH
Pa3IUUHBIX CIIOCO0aX MX YNAKOBKU M YCIIOBHI 3aITyCKa.
4. Pa3pa6oTaH psiJl OPUTHHAIBHBIX METOIHK ONPE/IEICHNs LEJEBBIX IaPaMETPOB O0BEKTOB:
4.1. TIPOHMIIAEMOCTH IO BOJAE CyJIbpOKAaTHOHUTHON MemOpanbl Tuma Nafion ¢
UCIIOJIb30BAHUEM TPAHCMEMOPAHHOIO IIEPEHOCA BO/IbI C Pa3IMYHBIM U30TOIHBIM COCTABOM;
4.2. pacuera npodwis KOHLEHTPAlMM LEJIEBOr0 UW30TOMAa MpHU  Pa3]IC/ICHUH
TPEXM30TONHON CMECH TPOTHH-AEHTepHil-TPUTHI B  PEKTUPUKALMOHHON KOJIOHHE,
paboTaromieil 1o 3aKpheITOi CXeMe,
4.3. KMHETMYECKUX XapaKTEPUCTHK BBIJEICHHMS TPUTHS M3 MHHEPAIbHBIX MAaTpHIL,
TpeHa3HAYEHHBIX [UIS OTBEPIKICHHUS HU3KOAKTUBHON TPUTUPOBAHHOM BO/IBI.
IpakTHYecKas 3HAYHMOCTb pabOThI 3aKJIIOYACTCS B CJICIYIOIIEM:!
1. IpewiokeHa KOHLETINS KOMIUIEKCHOTO 00palleHus ¢ TPUTUICOICPKAIUMHU BOIHBIMU
OTXOJIaMH C YYE€TOM HX 00BEMOB U KOHLIEHTPAIIUH TPUTHSL.
2. TlokazaHa BO3MOXHOCTH MCIONb30BaHMsi HoBoro KYMT juis co3gaHus MOOMIIBHBIX
YCTaHOBOK JI€TPUTU3AIIUM MAJIBIX 00BEMOB BOIHBIX OTXO/I0B «HA MECTE» € Pa3JeIUTeIbHOM
KOJIOHHO# M30TOITHOro 0OMeHa BOJ0OPO/Ia C BOIOM FrOPU30HTAILHONW KOHCTPYKIUH.
3. C UCIOIB30BaHHEM PE3YJILTATOB JIAGOPATOPHBIX UCIIBITAHUN pa3pabOTaHO TEXHUYECKOEe
TpeIoKEHNe U MpoBeJeHa MojepHu3aims cymecTtBytomero Ha @IYIL «I10 «Masiom
peKTUOUKALMOHHOTO  KacKaja  JENpOTU3allMk  TSDKEJIOBOAHOIO  TEIUIOHOCHUTEIIS,
obecreunBaionias OYUCTKY OTBAJIBHOTO TMPOAYKTa 10 COPOCHBIX HOPM, YTO IO3BOJIMIIO
MPEKPATUTh HAKOILUIEHHE HU3KOKOHLEHTPUPOBAHHBIX TsHKEJTOBOJHBIX CJIMBOB.
4. PaspaboraHa TexHHWYECKas JOKyMEHTallus, Ha OCHOBE KOTOpOW IIOCTpOCHA U
anpoOupoBaHa PeKTU(GUKALMOHHAS KOJIOHHA C PETYJISPHOM PYJIOHHON JICHTOYHO-BUHTOBOH
HACaKOM /I CO3/IaHMsl yJacTKa IMOJIyUYEHHUs TSKEJION BOJIbI M3 HEKOH/IUIIMOHHOIO ChIPb
Ha OI'VII «I1O «Mask».



5. TToka3zaHa BO3MOYKHOCTh IMOBBILIEHUS HAAEKHOCTH MMMOOWIN3AIMA TPUTHHCOACPKAIICH
BOAGI B LEMEHTHBIX KOMIAyHJax 3a CYeT BBEJICHWUS MMHEPAIBHBIX JI00aBOK IpH
[TOBBIIIEHHOM BOJIOLIEMEHTHOM OTHOIICHUH.

JluccepranmonHas pabora COCTOMT W3 BBEJICHHWS, IATH IJIaB, BBIBOJIOB, CIHCKa
nuTepaTypsl U3 435 HaumMeHOBaHWii U npuiokeHus. PaGora msnoxena Ha 308 cTpaHuuax,
BKITIOYaOIMX 93 pucynka 46 Tabmui. O6umit 06beM pabotel cocrasisier 330 cTpaHHIl ¢
y4ETOM IPUIIOKESHUH Ha 22 CTpaHHULIAX.

Bo BBeseHHH CHOPMYIUPOBAHBI 1€ PaOOTHI, NOCTABICHHBIC 3a/1a4 U TMOJIOKEHUS,
BBIHOCUMBIX Ha 3alLUTY.

B nepBoii riase paGoThl COLEPIKUTCS OOBEMHBIN U COIEPIKATENbHBIA JIMTEPATyPHBIH
0630p. B ero Hauase npoBeJeH aHAIM3 COBPEMEHHOTO COCTOSHMS TPOOJIEMbl HAKOIUICHHS
kiaccuuKamy (KaTeropupoBaHys) TPUTHHCOAEPIKAIIMX BOJHBIX M Ia30BBIX OTXOJOB B
Poccun ¥ Mupe, a TakKe MeTofoB oOpaileHus ¢ HuMM. Ha OcHOBaHMM aHajiu3a OMNbITA
MCIIOJIb30BAHMSl PA3IMUHBIX MPOMBIIIJIEHHBIX METONOB Pa3/e/ICHUss W30TOMNOB BOAOpOJA C
AKIIEHTOM Ha oOpalleHHe ¢ TPUTUPOBAHHBIMU BOJHBIMU OTXOJIAMH, BBISIBJICHBI JIBa Hanboee
YacTO WCMOJB3YEMbIX /Ul pElIeHHs OJTOM 3aJadydl MeToJa: peKTH(UKal|s BOABI IpH
JaBJICHUM HIDKE aTMOC(EPHOro M XMMHYECKHH H30TONHBIM OOMEH MEXIy BOAOPOIOM H
Bofoil. JUIi KakJIOro M3 HUX IOAPOOHO PAacCMOTPEHBI TEXHOJOTMYECKHE OCOOCHHOCTH
OpraHu3allid [POTHBOTOYHOIO TIPOLECCAa pa3/ICICHHs: THUIIBI HACAJ0YHBIX YCTPOMCTB,
WCIIONB3YEMBIX B PEKTHU(OUKALMOHHBIX KOJOHHAX, M XapaKTEPUCTUKH  Pa3jIMYHBIX
KaTaJIM3aTopoB M crocoOoB MX ynakoBku B komonHax XMO B cucreme Boja-Bojgopoxa. B
0030pe TaKKe pAcCMOTPEHBI AaCMEKThl XPAHEHHsA, MMMOOWIM3ALMM M [EpepabOTKH,
MOJy4aeMbIX T[PU JETPUTU3ALMU BOJABI PAJMOAKTHBHBIX OTXOJIOB C MOBBIIIECHHBIM
coziepkaHueM TpuTus. B 3axmoueHnn o030pa clenaHbl BBIBO/bI, KOTOPbIE 00OCHOBBIBAIOT
1€/1b AUCCEPTALMOHHOM paboTH. B 11€710M, 110 MHEHHUIO ONIMOHEHTAa, KaueCTBO JTUTEPaTypHOIro
0030pa TO3BOJISET PEKOMEHIOBAThH €ro Uil OTAENBHOrO Wu3JaHus (BO3MOXHO, IIOC/Ie
HE3HAYUTEIHLHON 10pabOTKH, B BUjIe MOHOTpahuu), T.K. OH, 6€3yCIIOBHO, OyIeT MOIe3eH ULl
HIMPOKOTO Kpyra CreluaaucToB.

Bropasi riaBa auccepTalMy TOCBSILNEHA W3JIOKEHHUIO PE3yJIbTaTOB HCCIICI0BaHHsA
MacCOOOMEHHBIX IIPOLECCOB B pa3pabOTaHHBIX aBTOPOM KOHTAKTHBIX —YCTPOMCTBaX
mem6Opannoro tuna (KYMT), npexnasHadeHHbIX s ocymectsienus XMO B cucreMax
BO/1a-Bo0po1. OTiMunTeIbHAs 0COOEHHOCTh ITUX KOHTAKTHBIX YCTPOMCTB 3aKII0YAETCS B
TIIPOCTPAHCTBEHHOM pa3/Ie/IeHUH [1apora3oBOro M yKMIKOCTHOTO IOTOKOB MMPOHMIAEMON Jid
napoB Bojibl MemOpaHoWl (cynbpokaTHoHMTHas MeMmOpana Tuma Nafion). Drto  Jaet
BO3MOKHOCTh JUIS M30TONHOr0 OOMEHa BOAOPOAA C JKUAKOW BOJOM HCIOJIB30BaTh
KaTaIM3aTOPBl AKTUBAIMK BOJIOPO/IA JK000H MpUposisl (ruaApodoOHbIE Ml THAPOQUIBHBIC).

ABTOpOM pa3pa60TaHa OpHUI'MHaJIbHAas METOJMKa OIPEAC/ICHUS IIPOHUIIACMOCTH MCM6paHI>I
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nmo Boje (onHOIM W3 BaHeimmx craauii Bcero mporecca XMO) Ha OCHOBE H3MEpeHHUS
CKOPOCTH TPaHCMEMOpPAHHOIO IEPEHOCa BOJBI € pasIHYHbIM HM30TOIHBIM COCTaBOM I10
BOJIOPO/LY M KHMCIOPOJY ¥ HaiiJieH criocod 3HAYMTEIbHON MHTEHCH(UKALMH 3TOTO Ipolecca
3a cueT 06paboTKM MeMOpaHbl PACTBOPAMH COJIEH META/LIOB C MOCIIEIYIOLIEH ee KHCIOTHON
perenepaimeii. Jlanee mpoBeaeH OGONBIION KOMIUIEKC OSKCIEPMMEHTAIBHBIX padoT 110
OIIPEJIEJIEHHIO MACCOOOMEHHBIX XapaKkTepucTHK npouecca XMO B 9T0ii cicTeMe B IIHPOKOM
JWana3oHe TeMmIeparyp M JaBieHuid kak Ha oqHoM KYMT, Tak ¥ Ha MHOTrOCTYNEHYAThIX
pa3zieuTeNbHBIX YCTAHOBKAX, B TOM YHCIE M CO3JaHHOM Ha OCHOBE MHOrOTPYO4aToro
anmapara. I1oyueHHbIe SKCTIEPUMEHTATBHBIC ITAHHBIE MTOJI0JKEHBI B OCHOBY MaTeMaTHYCeCKOM
MOJEIH, AaJeKBAaTHO OIKMCHIBAIOIIMX TMPOIECC M MO3BOJSAIONICH TMPOBOAUTH pacyer
pa3ieUTeNbHBIX YCTAHOBOK, IPEIHA3HAYCHHBIX JUIS PELICHMsS PasjiddHbIX 3a71ad. ABTOP
BIOJHE OOOCHOBAaHHO oOOpalaeT BHUMAaHME Ha JOCTOMHCTBO JTHX  YCTAHOBOK,
3aKIIOYaloNeecs B BO3MOKHOCTM WX TOPU3OHTAJIBHOIO PACIOJIOXKEHHUS, YTO CO3/aeT
NPUHIMITHAIEHYIO BO3MOXKHOCTh CO3/[aHMsl MOOM/IBHBIX KOMILIEKCOB, NPEIHA3HAYCHHBIX JIIs
JIMKBHIAIIMH JIOKAJTBHBIX 3arPSI3HEHHBIX TPUTHEM IISATEH.

B rnaBe 3 mpuBeleHbl pe3yJbTaThl OOBEMHOIO KOMILIEKCA HCCIICOBaHUM,
HAIIPaBJIEHHOIO Ha CO3/aHNE BBICOKOI(M(EKTHBHBIX KOJIOHH PEKTU(PUKAIMKE BOJBI C LEIBIO
pasJie/ieHrs] M30TOIIOB BOJIOPO/IA, B KOTOPHIX MCIIOJIB3YIOTCS OTCYECTBEHHBIC PETYJIAPHBIE U
HeperyJsipHble Hacaiaku. Llemb O3TUX HMCCIEIOBaHW 3aKIIOYaeTCs B ONTHMH3AlMU
MaccorabGapuTHBIX XapaKTEPUCTUK pa3/e/UTEIbHON anmaparypbl, MpeJIHa3HAYeHHONW UIf
pellleHns 3a71a4, pa3HYaroluXcsi IPUPOIOI Pa3eisieMoil H30TOMHON CMECH U MacIITaboM.
W3n0KeHHble B HEW pe3yJabTaThl MOXKHO pas[eauTh Ha JIBE TPYIIbl: HCCICI0BaHUL,
TpOBE/ICHHBIE Ha J1aGOPaTOPHBIX IKCIIEPUMEHTATBHBIX CTEHIaX (MaMeTp KOJOHH oT 60 10
250 MM, BBICOTAa HACaAJ04YHOM YacTH B HUX 1 M), U pe3yibTaThl peajH3aliy IMOJy4YEeHHBIX
SKCIEPUMEHTAIBHBIX JIAHHBIX B YKPYIHEHHBIX OIBITHO-IIPOMBINLIEHHBIX ycTaHOBKaX. Ha
1abopaTOPHBIX CTEHJAaX ObLI MPOBEIEH KOMILUIEKC HCIBITAHUM IIECTH BHUJIOB CIMPAJIBLHO-
npusmatndeckoii nacaaku (CITH) ¢ pasmepom snementa ot 2x2x0,2 mm 10 10x10x0,5 mm 1
JBYX BHIOB PpEryJspHO# JIeHTOYHO-BUHTOBOM Hacaaku (PJIBH) w3  cranbHO#
ro)pupOBaHHOM CETKH ¢ BBICOTOH rodpa 5 u 2,5 mm. Jjis Bcex BUIOB HACaKH IOTYYECHBI
3aBUCUMOCTH TIPEIEIBHON TpOIyCcKHOM crmocobHocTH (L*) ¥ BBICOTBI, IKBHUBAJICHTHOM
TeopeTndeckoit crynenu paszaenenus (BOTC) or nasieHus U pazmepa 5JI€MEHTa, a TaKKe
JMamMeTpa KOJIOHHBL. BaXKHBIM pe3ysibTaToM paboTsl SBISETCSs TOT (DaKkT, 4To 3a CYer
pa3paboTKi KOMILUIEKCa Mep mpeaBaputenbHoii oopaborku CITH, criocoba ee ynmakoBku B
KOJIOHHY, pEeKHMa 3allycKa KOJIOHHBI, Ul 3TOM HACa/KW TOJyYeHO HU3KOE 3HAYECHHE
KoddduimenTa MacmTabHOrO Mepexosa, NPAKTUYECKH OJMHAKOBOE C IOJYYEHHBIM i

perynsipHoit Hacaaku PJIBH.



[Tockosnibky B 3ajadax JCTPUTH3ALMM BOJBI JIOCTATOYHO YacTO BO3HHUKAET
HEeOOXOMMMOCTh pa3/IeieHHsi TPEXKOMIIOHEHTHOW M30TOIHONW CMECH NPOTHii-IeHTepuii-
TPUTHIL, aBTOPOM paGoThl ObUT pa3paboTaH OCHOBAaHHBIA Ha OOLIEH TEOPHU TOHKOTO
paszieJieHisl CMeceil allfOpUTM pacuera Npoduiis KOHLEHTPAlUH HELEIEBOro TSIKEIOro
M30TONA NPH Pa3/IeieHMH TPEXKOMITOHEHTHON CMECH B YCTAHOBKE PEKTH(UKALUHM BOJIbI
«3aKPBITOrO» THIIA B OOJACTH HU3KUX KOHLEHTpALMi TSUKENbIX HM30TONoB. CyTh 3TOro
pacdyera CBOAWTCS K TOMY, YTO TPHU OIpPEICNCHHM YHUCIa TEOPETUYECKHX CTYICHEH
pazaenenus (UTCP) ans monydeHus B KadyeCTBE 3aJaHHOTO MPOIYKTa MOTOKA OJHOIO W3
TSOKEJIBIX M30TOIMOB, KOHIIEHTpaIsi Apyroro u3orona Ha yacty YTCP He u3meHsiercs, a B
TOYKE I0Ja4¥ B KOJIOHHY MUTaHUS OyJIeT MPOUCXOJUTh CMELICHWE KOHLEHTPAIMi 3TOro
U30TOIa.

BonpmmM  AOCTOMHCTBOM  paboThl  SABISETCS  NPAKTHYECKOE  HCIOJb30BaHUE
pesyiabTaroB saboparopusix uccienoBanuii. Ha ®I'YII «I10 «Mask»» Oblia mpoBeeHa
MOZICpHHM3AIIUsl Pa3/IeIUTEIbHOTO0 KacKaaa AENpOTH3alMU TSHKEITOBOAHOIO TEIIOHOCUTEIIS
IyTeM BKJIKOYEHHS B HErO JONOJHUTENBHON KOJOHHBI DPEKTH(UKAIMU C BBICOTOM
pazpenurensHoi wact 10 M, 3anonHenHoi CIIH. Drto mno3Bomwio wu3BieYb U3
TSOKEJIOBOJIHBIX  CIIMBOB  JIEHTEpUil 10 YpOBHS, TO3BOJSIOMETr0 cOpaceiBaTh HX B
CIIeLIKaHAIM3AIIMIO, M TEM CaMbIM IPEKPATUTh HAKOIUICHUE Ha IPEANPUITHH 3TUX CIMBOB.
Jlpyroit mpuMep HCIIOJIB30BaHUS IOJYYEHHBIX PE3YJIHTaTOB 3aK/IIOYaeTCs B TOM, YTO C
yyacTheM aBTopa Oblia paspaboTaHa TeXHMYECKas JOKYMEHTalWs, M3TOTOBICHA U
CMOHTUpOBaHa PeKTH()UKAIMOHHAS YCTAaHOBKA C KOJOHHOM nameTpoM 250 MM M BBICOTOM
6onee 37 ™, 3anoaneHHoi PJIBH. CornacHo mnpeuioXeHHI0 aBTOpa, 3TO KOJOHHA
npeHa3HaueHa JUIsl 3aMEHBI IBYX MasIod()(EKTUBHBIX TapEIbYaThIX KOJIOHH B YIIOMSHYTOM
BBIIIIE KACKaJeE.

Yerpepras riaBa paboThl MOCBSIIEHA MCCIEIOBAaHUIO CIOCO0a HAIEKHOM
UMMOOMIM3ALIMY HU3KOAKTMBHBIX TpHTHMcomepxammx BoAHbIX KPO s mocieayromero
3aXOpPOHEHUSI C  KCIOJb30BAHMEM  METOJOB  IIEMEHTHPOBAHMS M BKIIOYCHMS
TpuTHiicoaepKaiieil BOAbI B MaTpPHUIBI HU3KOTEMIIEpAaTypHOW (ocdaTHOM KepaMUKH.
ITOoCKOIBKY METOJMKH OMpE/IeIC€HUS] CKOPOCTH BBILIEIAUUBAHUs TKENIBIX PaJHOHYKIUI0B
JUISL TPUTHS HE TOAXOIAT, aBTOpOM ObUIM pa3paboTaHbl JBE COOCTBEHHBIC METOIMKH.
[lepBasi KX HUX OCHOBaHa Ha U3MEPEHMsI CKOPOCTH BBIJICJIEHUS TPUTHS U3 MATPHIIBI IIPH €€
KOHTaKTe ¢ JKHMJIKOW BOJION, a BTOpasi 3aK/IIOYAETCS B ONPENECICHUN CKOPOCTH BBIJICICHUS
TpUTHICOIEp)KAIEeH BOJBI NPU KOHTAKTE MaTpulbl C IIOTOKOM BJIQKHOTO BO3JyXa B
CTaHIapTU30BaHHBIX yCIOBUSX. [IpyM KOHTaKkTe ¢ JKUAKOH BOJOM LIEMEHTHON MaTpUIbI C
MacCOBBIM OTHOIIIEHHEM Boja/lieMeHT=0,7 3a 2 CyTOK KOHTaKTa IE€PEHOC TPUTHS B BOIY
coctaBua 50% OT UCXOAHOTO €ro cojepxkanus. O6paboTKa JaHHBIX 110 BBIJICICHUIO TPUTHS

U3 MaTpull IIpM KOHTAKTE C BJIAJKHBIM BO3JYXOM B IIOJYJIOT apI/I(l)MI/ILICCKI/IX KOOpAuHaTax
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BBISIBIJIA HAJIMUKME JBYX 00J1acTell — C BBICOKOH CKOPOCTHIO B IepBbie 1,5-2,5 yaca 1 HU3KOH
B nocieaytomee BpeMsi. C MCIOIb30BAaHUEM JINTEPATYPHBIX JaHHBIX, & TAKXKe COOCTBEHHBIX
MHCTpyMeHTanbHbIX uccinenoBanmii (JITA, P®A, 5neKTpoHHAs MMKPOCKOIMS) aBTOP
OOBACHSAET TNOJYYEHHBIE 3aBUCHMOCTH PA3JM4YHBIM COCTOSHMEM BOJBI B MaTpule.
CKOpOCTHOI y4acToK 00bsicHseTCs ()a30BBIM M3OTONHBIM OOMEHOM BOJIBI B BO3JyXe€ CO
¢1a00CBsA3aHHOM BOIOW HA TMOBEPXHOCTH OJI0KA WU TIPUITIOBEPXHOCTHBIX KPYITHBIX IIOpaXx, a
3aTeM OOMEH NPOMCXOIUT C BOMOW, IUGyHAMpYOmEH H3 Tejla MaTpullbl K e
noBepxHoct. Jlis  ¢ocdarHOW KepaMMKM 3aKOHOMEPHOCTU  BBIACICHHUS  TPUTHS
AHAJOTMYHBI, HO CKOPOCTH TPOLECCa HIDKE, YeM JIIs LIEMEHTHBIX MaTpHil. ABTOp MOKasall,
YTO BBEJEHHE IMYIIIOJAHOBBIX J00AaBOK B LIEMEHTHYIO MaTpHUIly IO3BOJISIET yMEHBUIMTH
CKOPOCTh BBIJICTICHUS] TPUTHSL, OJHAKO, K COXKAJEHHIO, IOJHOCTBIO HE YCTPaHSET 3TOro
SIBJICHUS.

B 3aKkI0unTeNbHON MATOM rjiaBe uUccepTaly, 0000IIaromeii BCe pe3ybTaThl,
ONMCAHHBIE BBIIIE, aBTOP NpeUiaraeT NMPUHIUITHATBHYI0 KOMIUIEKCHYIO CXeMy OOpalieHus
C HU3KOAKTUBHBIMU TPUTHHCOJEPIKAIIUMH BOJHBIMH OTXOJaMH, KIIFOUEBBIM 3JIEMCHTOM
KOTOpOM siBisiercss HarmoHanbHbIM —omeparop, IOA  OTUJIOW KOTOPOTrO  CO3/AK0TCA
MEKPErHOHAIBHBIE IEHTPBI oOpalieHus ¢ TputHiicoaepkammmu PAO, ocyiecTsisiomue ux
TPaHCIIOPTUPOBKY, cOOpP, COPTHPOBKY MO YPOBHSM aKTHBHOCTH, XPaHEHHE, NepepaboTKy H
nepeBo/ B Ge3onacHbie GOpMBI ISl X XpaHEHUs] WK 3axoponenus. [IpeaioxkenHas cxema
BKIIOUaeT B cebs npeasapurenbHyio ounctky JKPO or XuMuuecKuX mpumeceit ¢
TIOCIIE YOI W30TOIMHONW OYMCTKOW B YCTAHOBKaxX pasJIe/ieHHs M30TOIOB C IOIYYCHHUEM
JIETPUTHPOBAHHOIO /IO YPOBHSI BMEIIATEIbCTBA IOTOKA, COPAaChIBAEMOro B OKPYKAIOLIYIO
cpeny. KoHleHTpar TpuTHs HANpaBIsIeTCsl Ha JOJTOBPEMEHHOE XpaHEHHWE B BH/E JKUIKOHU
BOJABI B CTAaHAApPTHBIX TrepMeTHYecKux emkoctsax. llpemycmarpuBaercs, 4yTO B HEIIX
COKpaIIeHHs TIepeMeIIaeMbIX TPUTUPOBAHHBIX OTXO/I0B MPEANPHATHS OTPACIy, Ha KOTOPBIX
OHM O00OpasyroTCsl, MPOBOMAT HMX IPEIBAPUTEIBbHYIO IEpepaboTKy, B TOM 4YHCIEe U C
BO3MOJKHBIM HCIIOJIB30BAHUEM MOOWIBHBIX YCTaHOBOK. B KadecTBe mpumepa aBTOp
NPUBOIUT OIEHOYHBI pacyeT YCTAHOBKM JETPUTHU3AIMK TPUTHPOBAHHBIX OTXOJOB,
ob6pasyrommxcsi Ha ADC. C yuerom Hanmuuuss Ha ADC GOJBIIOrO KOJMUYECTBA JICIIEBOTO
HU3KOIOTEHIIHAIBHOTO Tlapa aBTOp Mpelaraer Ui 3TOTO HCIONb30BaTh PEKTHOHKALMIO
BOABI 1O BakyymMoM. [IpoBeeHHBI pacyeT YCTaHOBKHM C IPOW3BOJAUTEIBHOCTBIO I1O
ouniaeMomy notoky 100 Kr/4 mo3BoJniI OLEHUTh OPHEHTHPOBOYHYIO CTOMMOCTD yCTaHOBKHI
B 650 MiH. py6. IIpu 5TOM pacuer, MPOBEACHHBINH MO METOAMKE, M3IOKEHHON B TiaBe 3,
MOKa3aj, 4To B Ky0Oe KOJIOHHBI KOHIICHTpAIMs JeHTepHs JIOCTUTHET BEJIMYUHBI Oobiie 8,5
at%, T.e. oroupaemsbiii konuentpar Tputust ([T]= 0,1 Ku/kr) B konuuecrse okono 800 kr/rox

MOJKET CJIIY2KHUTH ChIPhEM JUIS IIPOU3BOICTBA TSKEJION BOJIbI P€aKTOpHOr0 Ka4deCTBa.



JluccepranmonHas pabora Xopouo opopMiIeHa, U3JI0KEHUE MaTepralia B HEH BIIOTHE
MOCJIE/IOBATEIBHO M JOCTATOYHO IOJHO OCBEIIAET IMO3UIIMI0 aBTOpa IO 00CYKIAEMOMY
Borpocy. OIHaKo 10 HEM MOKHO CJIeaTh CIACAYIOLIME 3aMEUaHus:

1. I'maBa paGotsl, mocBsimeHHas paccmorpeHnio KYMT, ocHoBana Ha aHanmuse
3aBHCUMOCTeN Ko duieHTa Macconepeaun OT pa3IudHbIX MapaMeTpPOB, HO HE CONEPIKUT
KaKMX-IM0O OLIEHOYHBIX pacy€TOB pa3/CIUTEIbHBIX YCTAaHOBOK JE€TPUTU3ALMUA BOJbI Ha
ocHoBe KYMT B cpaBHeHMM ¢ TpaJMLIMOHHO KCIIOIB3YEMBIMU HACaJOUYHBIMUA KOJIOHHAMU
XHNO B cucteme BoAa-Bo10poa. B ¢Bsi3u ¢ 3TUM 6 BBIBOJ MO pas3ieiy, I/i€ NOCTYIUpyeTcs
ucnosib3oBaHre KYMT B MOOUIIBHBIX YCTaHOBKAX, IPEACTABIISIETCS NIPEIKIEBPEMEHHBIM.

2. Ilo MHEHMIO OIINOHEHTA, IPEACTABICHUE JaHHBIX pacueTa KOHLIEHTPALMOHHOIO
npodwisi MO BHICOTE KOJOHHBI TPH Ppa3/IeIeHUH TPEXU3OTOIHBIX CMECEH METOI0M
pektudukamu B Buje Tadil. 3.11 (ctp. 204) coznaet HEKOTOpBIE MPOOIEMBI VI IOHUMAHUS.
Hanpumep, eciii rcuepribBarolas 4acTh KOJOHHBI U3BIICUECHUs JICHTEpHs NPU 3aaHHBIX B
tabamuie ycaoBusix Oynet umers 30 TCP, To koHleHTpauus Tputus B orBaje, paBHas 0,0344
ppm, B TO# K€ KOJIOHHE OBbITh JJOCTUTHYTON HE MOXKET.

3. AHaiu3 KUHETHKM BBIJICJICHUS TPUTUS U3 MHMHEPAJIbHBIX MAaTpHIl aBTOp
OrpaHUYMBAET OIpE/IeJICHHEM HaOMIOJaeMbIX CKOPOCTEH Ipolecca B pacyere Ha IEPBBI
MOPSIZIOK 10 KOHIeHTparmu TpuTHs. [Ipu sToM nomydyena 6osbiuas 6a3a JaHHBIX UL MaTPHIL
pa3HOTO XHMMHYECKOTO COCTaBa M BOJO-LIEMEHTHOro oOTHOmeHus. C TOYKH 3peHus
OIIOHEHTA, TOJIYYCHHBIC JIaHHBIE 3aclyKuUBaeT Oosee AeTalbHOM 00pabOTKH C LIENbIO
OIIpeJIeNICHHs IS HU3KOCKOPOCTHOM obsacT ko3 duiineHToB 1udpdy3uu BoIbl B MATPHULIE,
T.K. MCTIOJIb30BAHUE TPUTUEBOM METKH B BOJIE ONPEAEICHHO JAET TaKyl0 BO3MOKHOCTD.

4. TlpoBeIeHHBII B TISATON IJIaBe pacueT YCTAHOBKU JIETPUTH3ALMH COPOCHBIX BOJ
ADC, 6e3ycliOBHO, MPEACTABIISIET HHTEPEC, HO OJHOBPEMEHHO II0Ka3aJl, YTO €ro YKOHOMHUKA
CKOpee HeraTMBHas, T.K. JIOPOTOCTOsSINAsl YCTAHOBKA IpeJHa3HAY€Ha TOJBKO U OYMCTKH
BOJIBI M HE JIA€T KaKoro-aubo ToBapHOro npoaykra. C 3TON TOYKM 3pEHUs IIPEICTaB/IsSETC,
yro OBUIO OBI I1€7ecOo00pa3HO TMPOBECTU CPABHUTENBHBI pacueT IMOJAOOHON YCTaHOBKH,
paboraromieii mo TexHomorun XWMO B cucreme Boja-Boaopod. Takasg ycraHOBKa
COOTBETCTBYET  KOHIICTIIMM  ATOMHO-BOJIOPOJHON  JHEPreTMKM W  IpU  PaBHOM
MPOU3BOUTENIBHOCTH MO TiepepabaThiBAEMOMY CHIPbIO MOrJa Obl BbIJaBaThb B KauyecTBE

ToBapa Bojgopoa a0 150 M

B yac. [Ipu 3TOM BEpOSATHO, BO3MOKHO SKOHOMHUYECKU
1eJIeCO00Pa3HBIM OKAKETCS UCTIOIB30BAHNE KOMOMHALIMY ITHX JIBYX TEXHOJIOTHIA.

5. Hakowner, Takas o0beMHas paboTa Ipy BCEM XOPOIIEM KayecTBe €€ OPOpPMIICHUS HE
MOXKET OBITh CBOOOIHA OT MOTPEITHOCTEH. YKaXy JUIIb Ha HEKOTOpble: cTp. 12 — aBTOp
YIOTPeOISIET TEPMHUH «CJTa0bIX TSUKEIIOBOIAHBIX CIIMBOBY», KOPPEKTHEH ObLI10-0b IPUMEHHUTH
TEPMHH «HU3KOAKTHUBHBIX...»; CTP.15. aBTOp MPUBOIAMUT YCTapeBILIME JaHHBIE 110 CBOMCTBAM

TPUTHS, TaK, B Ka4eCTBe MpHMepa, Meproj rnoiypacnaga Tputus coctasiaser 4500,88+1,46
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nueit (12,23240,004 roma), a He 12,35 ner, kak npuBOAUT aBTop, B PD 1 neneit yuera u
KOHTpoIs mpuHATa nudpa 12,32 rona, B CIIIA - 12,33 roxa; crp. 19 — puc. 1.3, a He 1.2;
cTp.24 - B Tabimuue 1.1 He KOPPEKTHO yKa3aHbl €AMHMIIBI M3MEPEHHM — JIOIMyCTHMas
cpeaHerozoBasi oObeMHasi aKTUBHOCTh U IIpe/iesl TOJOBOrO IOCTYIUIEHHs NPUBOIATCS B
Bx/kr, a J10/KHO OBITH B Br/M° u bx/roa, cooTBeTCTBEHHO; cTp. 26-28 mpu 0OCYKICHUH
HOpPMaTUBHOM 6a3bl 110 OOPAIIEHUIO ¢ TPUTHICOAEPIKALMMU OTXO/IaMU aBTOP HE YIIOMHUHAET
OJTHOTO M3 OCHOBHBIX JOKYMEHTOB 110 pabote ¢ TputueM — «PanuaionHas 6€301acHOCTb 110
pa6ote ¢ Tputuem u ero coemuHeHusiMu (CITPB-PTC-04) CI12.6.1.05-04»; ctp. 165 — Tabu.
2.16,aHe 4.

CrenaHHple 3aMEYaHUsi HU B KOEH Mepe He BIMSIOT Ha OOLIYIO IOJIOKHUTEIbHYIO
OLIGHKY JaHHOM JIUCCEPTAIIMOHHON paboThl, BBIMOJHEHHOM Ha BBICOKOM HAYyYHOM H
IKCIEPUMEHTAILHOM ypoBHE. JlocTOBepHOCTH TMOJIYYEHHBIX aBTOPOM pE3YJIbTaTOB
MOATBEPIK/IAETCSI  MCIIOJIb30BAHMEM  METOJUMK  JKCIIEPUMEHTAa,  COOTBETCTBYIOLIUX
COBPEMEHHOMY HAyYHOMY YPOBHIO, B TOM 4YHCI€ HEOOXOAMMBIX JUId pELICHHS
MOCTaBJICHHOM Tpo0iaemMbl  (HUBHKO-XHMHUYECKUX MeTofoB aHamusa (POA, JITA,
IEKTPOHHASI ~ MHUKPOCKOMMS),  BOCIHPOM3BOAMMOCTBIO  PE3YyJIBTATOB, a  TaKKe
COIJIACOBAaHHOCTBIO PE3YJIbTATOB € OMYOJMKOBAHHBIMM [JaHHBIMU, IPEIACTABJICHHBIMU B
HE3aBUCUMBIX HCTOYHMKaX 1O Osn3koi Temaruke. OCHOBHBIE BBIBOJABI JMCCEPTALIMU
000CHOBaHbI U JIOTUYHO BBITEKAIOT U3 COJEpKaHUsl pabOTHI.

[IpakTuyeckass 3HAYUMOCTh ITOATBEPKIAETCS NPUBEACHHBIMU B IIPUIOKEHUU K
paboTe akTaMu HCIBITAaHWM YKPYMHEHHOW pekTudukanmonHoi ycraHoBku ¢ PJIBH Ha
OI'VII «II0 «Mask»» | COracoBaHHBIM C PYKOBOJICTBOM 3TOIO IPEANPUATHSA
TexHUYecKUM MPEUIOKEHUEM [0 CO3[JaHUIO0 YCTAHOBKM JETPUTU3ALMH TAKEIOBOIHOIO
TEIUIOHOCUTEISI PEaKTOPHOM YCTaHOBKU. Pe3ynbrarel paboThl MOTyT OBITH PEKOMEHIOBAHEI
JUISL U3YYEHHUs U BHEAPEHMS] B HAy4YHBIX U 00pa30BaTEIbHBIX OpraHM3allMsaX, a TaKKe Ha
npeanpustusix 'K «Pocarom», B wactHocTH, B HUAY MUDPU u ero 060cobIeHHBIX
noapaseneHusx B ropogax Ozepck, CHexunck, O6HuHCK, Iumurposrpas, B CIIGITU (r.
Cankr-Ilerepbypr), TITY (r. Tomck), Yp®Y wum. IlepBoro mnpesunenra Poccun b.H.
Enpmuaa (r. ExarepunOypr), BHUMHM wum. A.A. bouBapa u HHI[ «KypuaroBckuii
uHctuty™» (r. Mocksa), [ITMAD® wum. B.II. KoncrantunoBa HWI[ «KypuaroBckuii
uHCTUTYT» (r. ['arunna), I VI «I10 «Masik» (1. O3epek), POAL BHUND® (r. Capos).

ABTOpedepar MoJHOCTHIO OTPAKAET COAEpIKaHUE AuccepTaluu. Pe3yabraTsl paboThI
NpeJCTaBlIeHbl B MaTepuanax okoio 40 HaydyHbIX KOH(epeHIMH u omybiukoBaHsl B 17
CTaThsIX B JKYpHaJlaX, BKJIIOUEHHBIX B IE€PEUEHb PELCH3UPYEMBIX HAyUHBIX WM3JaHUN VIS

oIyOJIMKOBaHHSI OCHOBHBIX HAyUHBIX PE3YJIbTATOB AUCCEPTALIMNA.



[Io cBoemy coaepxkaHuio JaucceprauMoHHass pabora PactyHoBoii MpuHbl
JleoHIOBHBI COOTBETCTBYET MAcCIOpTy HayuyHoW cnenuaibHocTu 05.17.02 — TexHomorus
PEIKHX, PACCEeSHHBIX M PAAMOAKTHBHBIX JIEMEHTOB B 4YacTU (OPMYJbl CIELUATBHOCTU
«Co31aHue U COBEPIIIEHCTBOBAHME TEXHOJIOIHMUECKUX CXEM, PECYPCO-, JHEProcOepeKeHHeE,
OXpaHa OKpYXalolIei NpUpOJHON Cpelbl B TEXHOJOTHMH PEAKUX WU PaJuOaKTUBHBIX
3JIEMEHTOB» U 00JacTH ucciieoBaHuii «CHIKEHUE OTXOAHOCTH IMPOU3BOJCTB, UKcalus
OTXOJIOB B BUJIE MAJIOMO/IBUKHBIX, 0€30MaCHBIX /ISl OKPYIKAIOIIEH Cpe/ibl COCAMHEHUI WIN
TpaHchopMaIus UX B MOJIE3HBIE TPOLYKTHI.

Jluccepranus M.JI. PactyHOBOI# mpejcTaBiser coboi HayuyHO-KBaIU(UKALIMOHHYIO
paboTy, B KOTOpOM H3JIOKEHBI HAay4HO OOOCHOBAaHHBIE TEXHOJIOTHYECKUE PEIICHUs
npo0sieMbl KOMIUIEKCHOTO OOpallleHHs] ¢ HU3KOAKTUBHBIMM TPUTUPOBAHHBIMU BOJIHBIMHU
OTXOJIaMH, BHEJPEHHUE KOTOPHIX BHOCUT 3HAUYMUTEIIbHBIN BKJIaJl B pa3BUTHE CTPAHBI.

[lo akTyaJqbHOCTH, HOBHU3HE, [PAKTUYECKOHM  3HAYMMOCTH  JIMCCEpTaLs
cooTBeTcTBYEeT TpeboBanusM «llomokeHUsT O NPUCYKACHUM YUYEHBIX CTEICHEH»,
yrBepkaeHHoro [locranoBinenuem IlpaButenscrBa Poccuiickoit ®epepaumu ot 24
centsiops 2013 roma Ne 842 (¢ u3MEHEHHMSIMU M JONOJIHEHUSIMHU), NPEABABIAEMBIM K
JUCCEepTalMsIM Ha COMCKaHWE YYEHOM CTeNneHM JOKTOopa HayK, a ee aBrop, PacryHoBa
Hpuna JleoHua0BHA, 3aC/Ty’)KUBAEeT MPUCYK/ICHUS YUEHOMN CTENEHU JOKTOpA TEXHHYECKHUX
Hayk 1o crnenuaibHocTH 05.17.02 — TexHonorus peakux, pacCesHHBIX U PaJIHOAKTHBHBIX

3JICMCHTOB.

JIOKTOp TEXHUYECKUX HAYK, CHC,

3aMECTHUTENIh HauaJIbHUKA HaAYy4YHO- 1 /

uccieioBaTenbekoro oraeneHus no HUF

®OI'VII «POAL-BHUUDD» // L
T+

607188, Huxeropoackas o0i1., T. CapéB, np-T Mupa, 1.37, @enepaibHoe rocy1apcTBEHHOE

FOxumuyk Apkaauii ApkaaseBud

yHHTapHoe npennpustue «Poccuiickuii denepanbHblil aaepHbIi LeHTp — Beepoccuiickuii
HAy4YHO — WCCJICIOBATEILCKUM WHCTUTYT IKcrnepuMeHTaibHoi (usukuy» (OI'VII «PDAL]
BHUUD D),

KonrakThsliit Tenedon — 8 (83130) 2 34 73,

E-mail: arkad@triton.vniief.ru
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