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HaN2 OT 

HOBaIUUIM, 

OT3hIB 

Be,UYIlI.eH OpraHInaUJIH cpe,UepaJIhHoro rocy,UapCTBeHHoro aBTOHOMHoro 

06pa30BaTeJIhHoro )"Ipe)K,UeHIUI Bblcrnero 06pa30BaHIDI «IIepMcKHH HaU;HOHaJIhHblH 

HCCJIe,UOBaTeJIhCKHH rrOJIHTeXHIrqeCKHH YHHBepCHTeT» Ha ,UHccepTaU;HOHH)'lO pa60Ty 

AJIeKceeBoH MapHHbI IOpheBHbI Ha TeMY «IIOBhIrneHHe 3KOJIOrWleCKOH 6e30rraCHOCTH 

HecpTe,U06hIBaIOIlI.lIX rrpe,UrrpIDITHH 3a C1:JeT 01:JHCTKH rrJIaCTOBblX BO,U 

KOPOHoo6pa6oTaHHblMH rrOJIHcYJIhcpoHaMI1,[(HblMH MeM6paHaMH», rrpe,UcTaBJIeHH)'lO Ha 

COHCKaHHe )"IeHoH CTerreHH KaH,UH,UaTa TeXHHl:JeCKlIX HayK rro CrreU;HaJIhHOCTH 2.l 0.2. 

3KOJIOrHl:JeCKa5.! 6e30rracHocTh (TeXHH1:JeCKHe HaYKH) 

AInyaJIhHOCTh TeMhI UCCJIe)1.0BaHUSI: 

Pa3BHTHe HecpT5.!HoH oTPaCJIH TeXHOJIOrH1:JeCKH CB5.!3aHO C rrp06JIeMOH 3arp5.!3HeHIDI 

BO,UHblX 06'beKToB. ,I:(JI5.! 60Ph6b1 C 3arp5.!3HeHIDIMH yrJIeBo,Uopo,UaMH HecpTH rrpHMeH5.!eTC5.! 

u;eJIhIH KOMI1.TleKC MeTO,UOB, KOTophIe HarrpaBJIeHhI Ha C03,UaHHe KOM6HHHpoBaHHhIx 

perneHHH. K TaKHM perneHIDIM OTHOCHTC5.! MeM6paHHhIH MeTO,U, 5.!BJI5.!IOIlI.HHC5.! O,UHHM H3 
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caMbIX rrepCrreKTHBHbIX H 6bICTpOpa3BHBaIOm.HXC5I HarrpaBJIeHHH B 01lHCTKe BO.ubI OT 

HeqJTH H HecpTerrpO.uYKTOB. 

C ueJIhIO HarrpaBJIeHHoro H3MeHeHIDI CBOHCTB rrOJIHMepHhIX MeM6paH rrpHMeHJIIOTC5I 

KaK XHMHlleCKa5I, TaK H cpH3WIeCKa5I MO.uHcpHKaUIDI. <PH3HlleCKa51 o6pa6oTKa B rrOJIe 

KopOHHoro pa3p5l.ua 60JIee rrpe.urrOllTHTeJIbHa, rro cpaBHemiiO C XHMHlleCKOH 

Mo.uHcpHKaUHeH, TaK KaK, HMeeT p5l.u rrpeHMymeCTB: 3KOJIOrHllHOCTb, 6e30rraCHOCTh, 

HH3Ka51 CTOHMOCTb, BhICOKHe 3Hepr03cpcpeKTHBHOCTb H CKOpOCTb. 

ITpHMeHeHHe MeM6paHHhIX TeXHOJIOrHH C rrpe.uBapHTeJIhHOH Mo.uHcpHKaUHeH B rrOJIe 

KopOHHoro pa3p5l.ua 5IBJI5IeTC5I O.uHHM H3 HaH60JIee 3cpcpeKTIiBHbIX crroco6oB rrOBbIllieHIDI 

3KOJIOrHlleCKOH 6e30rraCHOCTH HecpTe.uo6bIBalOmeH H HecpTerrepepa6aTbIBalOmeH 

rrpOMbIlIIJIeHHOCTH. 

HayqHaH HOBU3Ha: 

ITpe.uCTaBJIeHbI HOBbIe .uaHHble o6pa6oTKH ITCA MeM6paH B rrOJIe KopOHHoro 

pa3p5l.ua C BapbHpOBaHHeM rrapaMeTpOB rrpouecca. Orrpe.ueJIeHbI rrapaMeTpbI KOPOHHOH 

o6pa6oTKH MeM6paH, rrpH KOTOPbIX .uOCTHraeTC5I MaKCHMaJIbHa5I 3cpcpeKTHBHOCTb 

YJIbTpacpHJIbTpaUHOHHOH 01lHCTKH, crrOC06CTBYIOma51 rrOBbIlIIeHHlO 3KOJIOrWIeCKOH 

6e30rraCHOCTH rrpoueCCOB .u06bIllH HecpTH. 

ITOJIYlleHbI pe3YJIbTaTbI HCCJIe.uOBaHHH BH)'TpeHHeH H rrOBepXHOCTHOH CTpYKTYPbI 

KOPOHoo6pa6oTaHHbIX ITCA MeM6paH HHCTpYMeHTaJIbHbIMH MeTo.uaMH. 06pa6oTKa ITCA 

MeM6paH KOPOHHbIM pa3p5l.uOM crroco6cTByeT YBeJIWIeHH:lO lIIepOXOBaTOCTH, 

rH.uPOCPHJIbHOCTH H YMeHblIIeHIllO KpaeBoro yma CMallHBaHIDI, llTO crroco6cTByeT 

rrOBbIlIIeHH:lO 3cpcpeKTHBHOCTH rrpouecca. 

TeOpeTHqeCKaH H rrpaKTHqeCKaH 3HaQUMOCTh pa60ThI 3aKJIlOllaeTC5I B 

YCOBeplIIeHCTBOBaHHH rrpHHUHrrHaJIbHOH TeXHOJIOrWIeCKOH cxeMbI 01lHCTKH rrJIaCTOBOH 

BO.ubI B BH.ue BH3, 06pa3YIOm.eHC5I B pe3YJIbTaTe rrpOH3Bo.uCTBeHHoH .ue5ITeJIbHOCTH 000 

«TaTHecpTeCepBHC», MeTo.uOM yJIbTpacpHJIbTpaUHH C rrOCJIe.uYlOmeH .uOOllHCTKOH 

MeTo.uOM 06paTHoro OCMoca, llTO rrpHBo.uHT K CHH:>KeHH:lO aHTporroreHHOH HarpY3KH Ha 

OKPY:>KalOm.ylO cpe.uy. ,n:aHa oueHKa rrpe.uOTBpameHHoro 3KOJIOrHlleCKOrO ymep6a rrpH 

BHe,npeHHH pa3pa60TaHHoro crroco6a MeM6paHHOH 01lHCTKH. 

CTerreHh AOCTOBepHOCTU 06eCrrellHBaeTC5I rrpHMeHeHHeM cepTHcpHUHpOBaHHoro 

o6opy,nOBaHH5I H cpe,nCTB H3MepeHHH, CTaTHCTHlleCKOH o6pa6oTKOH pe3YJIbTaTOB 
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3KCrrepl1MeHTaJIbHbIX l1CCJIe,UOBaHl1H:, l1CrrOJIb30BaHl1eM CTaH,napTHbIX MeTO,Ul1K 

orrpe,neJIemrn. 

CTpYKTYpa ~HCCepTaU:HOHHOii pa60TbI. .D:l1CCepTal(HOHHa5I pa60Ta AJIeKceeBoH 

M.lD., BbIIIOJIHeHHa5I B <pe,UepaJIbHOM rocy,UapCTBeHHOM 6IO,n)KeTHOM 06pa30BaTeJIbHOM 

Y'lpe)K,Uemm Bblciliero 06pa30BaHl15I «Ka3aHCKI1H Hal(I10HaJIbHbIH l1CCJIe,ll;OBaTeJIbCKI1H 

TeXHOJIOrl1'leCKl1H YHl1BepCl1TeT», rro CO,ll;ep)Kamno 11 CTpyKType rrOJIHOCTbIO OTBe'laeT 

Tpe60BaHl15IM HaYLJHO-KBaJIl1<pl1Kal(110HHOH: pa60TbI Ha COI1CKaHl1e CTerreHl1 KaH,Ul1,ll;aTa 

TeXHlflIecKlIX HaYK. .D:l1CCepTal(l15I 113JIO)KeHa Ha 132 cTpaHl1l(aX, CO,ll;ep)Kl1T 32 pl1CYHKa, 

21 Ta6JIl1U:Y. CrrI1COK JIl1TepaTypbI BKJIIO'laeT 179 HaI1MeHOBaHl1H l1CTO'lHl1KOB Hay-qHo­

TeXHl1'leCKOH: l1H<popMal(I1l1. 

Bo BBe.n:eHHH 060CHOBaHa aKTYaJIbHOCTb ,ll;l1CCepTal(110HHOH pa60TbI, 

C<P0PMYJIl1pOBaHa l(eJIb l1CCJIe,ll;OBaHl15I, I13JIO)KeHbI Hay-qHa5I HOB113Ha, TeopeTlflIeCKa5I 11 

rrpaKTl1'leCKa5I 3Ha'll1MOCTb rrOJIY'leHHbIX pe3YJIbTaToB. C<p0PMYJIl1pOBaHbI rrOJIO)KeHl15I, 

BblHOCl1Mble Ha 3aIUl1ry. Orrpe,ll;eJIeHbI 3a,na'lI1 pa60TbI, Ol(eHeHa CTerreHb Hay-qHoH 

HOBI13HbI, 113JIO)KeHbI MeTO,ll;bI l1CCJIe,ll;OBaHl15I, rrOKa3aHO JIlflIHOe y-qaCTl1e aBTopa, CTerreHb 

,ll;OCTOBepHOCTl1, arrpo6al(111111 rry6JII1Kal(I1I1 pe3YJIbTaTOB l1CCJIe,ll;OBaHl15I. 

B rrepBoH rJlaBe npoBe,neH aHCUlI13 rrp06JIeMbI O'll1CTKl1 BO,ll;HOH cpe,nbI OT He<pTl1 11 

He<pTerrp0,ll;YKTOB. Ilpe,ncTaBJIeH aHaJII1Tl1'leCKl1H 0630p MeXaHl1'leCKl1X, <p113 l1KO­

Xl1MlflIeCKHX, 6110JIOrl1'leCKl1X MeTo,noB OLJl1CTKl1 CTOLJHbIX BO,ll;, co,nep)KaIUl1x 

ymeBO,ll;Opo,nbI He<pTI1. .D:eTaJIbHO I13y-qeHo rrpl1MeHeHl1e MeM6paHHblx TeXHOJIOrI1H, 

06eCrreLJl1BaIOIUl1X BbICOK)'1O 3<p<peKTl1BHOCTb OLJl1CTKI1. Ilpl1Be,neHbI xapaKTepl1CTl1Kl1 

rrOJIl1MepHblx MeM6paH, a TaIOKe crroc06bI XIIMlflIecKoH 11 <p113lfl1eCKOH o6pa6oTKl1, 

BKJIIO'laIOIUl1e MO,ll;I1<pI1Kal(I1IO B rrOJIe KopoHHoro pa3p5I,ll;a. 

Bo BTOPOH rJlaBe ,naHbI xapaKTepl1CTl1Kl1, rrpl1MeH5IeMblX B pa60Te peareHTOB, 

Orrl1CaHbI YCTaHOBKI1 MO,nI1<pl1Kal(l1l1 MeM6paH B rrOJIe KOPOHHOro pa3p5I,na, 

YJIbTpa<pI1JIbTpaUI10HHOrO pa3,neJIeHl15I, a TaIOKe MeM6paHHa5I YCTaHoBKa 06paTHoro 

OCMoca. Ilpe,ll;CTaBJIeHbI l1HCTpYMeHTaJIbHble MeTo,nbI aHaJII13a, rrorrytleH aKT 

MeTpOJIOrlflleCKOH npopa60TKl1 pe3YJIbTaTOB 113MepeHl1H. 

TpeTbSl r JlaBa ,ll;I1CCepTal(110HHOH: pa60TbI rrOCB5IlI(eHa l1CCJIe,ll;OBaHl15IM O'lI1CTKI1 

3MYJIbCl1H: OT He<pTI1 11 He<pTerrp0,ll;YKTOB rrOJIl1cYJIb<pOHaMl1,UHbIMl1 (IlCA) MeM6paHaMI1, 

o6pa6oTaHHbIMI1 B nOJIe KopoHHoro pa3p5I,ll;a. IlpOBe,ll;eH aHaJI113 onpe,ll;eJIeHl15I 
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.LJ:HCrrepCHoro COCTaBa HCX0.LJ:HhIX BO.LJ:OMaCJI5mOH: (BM3) H BO.LJ:OHeqH5IHOH: (BH3) 

3MYJIbCHit fIpH pa3.LJ:eJIeHHH BM3 C rrOMOIU:hlO MO.LJ:H<pHU;HpoBaHHoH fICA MeM6paHbI C 

pa3MepOM nop 0,004 MKM CTeneHb O"tIHCTKH ,IJ;OCTHrrra 97 %, a npH pa3,IJ;erreHHH BH3 C 

rrOMOII(blO, MO.LJ:H<pHU;HpoBaHHoH fICA MeM6paHbI C pa3MepOM rrop 0,02 MKM 

3<p<peKTHBHoCTb 04HCTKH COCTaBHJIa 89,3 %. 

ITpe.LJ:CTaBJIeHbI .LJ:aHHbIe rrpe.LJ:BapHTeJIbHOH CTa.LJ:HH .LJ:e3MYJIbrHpOBaHH5I, 4TO 

crroco6cTByeT YKpyrrHeHHIO 4aCTHU; BH3 H, COOTBeTCTBeHHO, rrOBhIIIIeHIDO 

CeJIeKTHBHOCTH MeM6paHHoro pa3.LJ:eJIeHH5I. 

Ha OCHOBaHHH HCCJIe.LJ:OBaHHH: rroBepxHocTHO-CTPYKTypHbIX xapaKTepHcTHK 

KOpoHoo6pa6oTaHHbIx fICA MeM6paH BbI5IBJIeHO YMeHbIlIeHHe KpaeBoro yrJIa 

CMa4HBaHH5I, 4TO CBH.LJ:eTeJIbCTByeT 0 rH.LJ:p0<pHJIH3aU;HH rroBepxHocTH, YBeJIH4eHHH 

KOJIH4eCTBa H BbICOThI BhIcTyrroB Ha rroBepxHocTH. CTerreHb KPHCTaJIJIlflIHOCTH COCTaBHJIa 

y=0,17. 

B qeTBepTou: rJIaBe rrpe.LJ:CTaBJIeHhI .LJ:aHHbIe rro 04HCTKe rrJIaCTOBOH: BO.LJ:bI OT 

He<pTerrp°.LJ:YKTOB C rrpe.LJ:BapHTeJIbHOH: CTa.LJ:HeH: .LJ:e3MYJIbrHpOBaHH5I 

KOPOHoo6pa6oTaHHbIMH fICA MeM6paHaMH, C pa3MepaMH rrop 0,02 MKM. 3<p<peKTHBHoCTb 

rrpou;ecca YJIbrpa<pHJIbrpaU;HH COCTaBHJIa 93,3 %. 

C u;eJIblO rrO.LJ:TBep)!(,UeHH5I rrOJIyrIeHHhIx pe3YJIbTaTOB HCrrblTaHHH: rro ou;eHKe 

3<p<peKTHBHoCTH 04HCTKH rrJIaCTOBOH BO.LJ:bI, rrpOBe.LJ:eHO 6HoTecTHpoBaHHe 06Pa3U;OB 

rrOCJIe.LJ:HeH: C HCrrOJIb30BaHHeM CTaH.LJ:apTHbIx TeCT-06'beKTOB Daphnia magna Straus H 

Paramecium caudatum. 

fIpe.LJ:JIO)l(eHa rrpHHU;HrrHaJIbHa51 TeXHOJIOrlflIeCKa51 cxeMa 04HCTKH rrJIaCTOBOH: BO.LJ:bI 

OT 3MYJIbrHpOBaHHbIx He<pTerrpO.LJ:YKTOB, oueHeH rrpe.LJ:OTBpaII(eHHbIH: 3KOJIOrlflIeCKHH: 

yII(ep6, KOTOPbIH: COCTaBHJI 346882,03 TbIC. py6. 

ITo TeMe .LJ:HCCepTaUHoHHoH pa60TbI orry6JIHKOBaHo 23 HayrIHhIx rry6JIHKaU;HH. 1'13 

HHX - 3 B Me)!('uYHapO.LJ:HOH: 6a3e UHTHpOBaHH5I « Scopus» , 5 - B peueH3HpyeMbIx )l(ypHaJIaX 

H3 rrepe4H51 BAK MHHo6pHaYKH P<I> H Chemical Abstracts, B T.4. 2 CTaTbH B )l(ypHaJIaX rro 

CrreUHaJIbHOCTH 2.10.2. 

ABTope<pepaT .LJ:HCCepTaUHH rrOJIHOCTblO OTpa)l(aeT cO.LJ:ep)l(aHHe .LJ:HCCepTaUHoHHoH 

pa60TbI. 

fIPH o6cy)!(,UeHHH .LJ:HCCepTaUHH B03HHKJIH HeKoTopbIe BorrpocbI H 3aMe4aHH5I: 
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l. B Ta6JI. 3.8 Ha c.82 ,rUiccepTaUluf nplfBe,I(eHbI ,I(aHHble 06 3cpcpeKTHBHoCTH 

OqHCTIill BO,I(OHecpT5.!HOM 3MYJIbCHM no 3HaqeHIUlM XIIK nepMeaTa H OCTaTOqHoro 

co.n.ep)KaHIUI B HeM HecpTenpo.n.YKTOB. lJeM MO)KHO 061,5ICHHTb He3HalII-lTeJIbHOe CHH)KeHHe 

CO,I(ep)KaHIUI HecpTenpo.uyKTOB rrpH pa3HhlX BpeMeHH H Hanp5I)I(eHHH KOPOHo06pa60TKH 

rrpH 3aMeTHOM CHH)I(eHHH XIIK? 

2. KaKoB COCTaB KOHueHTpaTa nOCJIe CTa,I(HM YJIbTPacpHJIbTPaUHH H 06paTHoro 

OCMoca, OTnpaBJI5IeMbIM Ha peKyrrepaumo? 

3. I1HTepecHbIM rrpe,I(cTaBJI5IeTC5I Bonpoc 0 3aTPaTax Ha peaJIH3aumO 

npe,I(JIO)l(eHHOM TeXHOJIOrHH, oc06eHHo B cpaBHeHHH C Tpa,I(HUHOHHbIMH TeXHOJIOrIUlMH 

OqHCTKH CTOqHbIX BO,I( OT HecpTH 11 HecpTenpo.uyKToB. 

IIpHBe,I(eHHble BbIllie 3aMeqaHIUI He CHH)I(aIOT HayqHoH 3HaQHMOCTH 11 npaKTl1QeCKOM 

ueHHOCTH pa60TbI, a HMeIOrn:HeC5I He,I(OQeTbI HOC5IT lIaCTHbIM xapaKTep. 

3aKJII{PleHHe. 

,llHccepTaUHOHHa5I pa60Ta AJIeKCeeBOM MapHHbI IOpbeBHbI «IIOBbIllIeHHe 

3KOJIOrHlIeCKOM 6e30naCHOCTH HecpTe,I(06bIBaIOrn:l1X rrpe,I(npIUlTHM 3a CQeT OQHCTKH 

nJIaCTOBbIX BO,I( KOPOHoo6pa6oTaHHbIMH rrOJIHCYJIbcpOHaMl1,I(HbIMH MeM6paHaMH» 

npe,I(CTaBJI5IeT C060H 3aBepllIeHHYIO HayqHo-KBaJIHcpl1KaUHOHHYIO pa60ry, pe3YJIbTaTbI 

KOTOPOM rrOCB5Irn:eHbI pellIeHHIO Ba)l(HOH H aKTYaJIbHOM HaYlIHOM np06JIeMe OlIHCTKe 

BO,I(HbIX 06'beKTOB OT HecpTH H HecpTerrpO,I(YKTOB, lITO HMeeT cyrn:eCTBeHHoe 3HalIeHHe ,I(JI5I 

CHH)I(eHIUI aHTPorroreHHoro B03,I(eMCTBIUI Ha OKpY)I(aIOrn:yIO cpe,I(y. 

MaTepHaJIbI, rrpe,I(CTaBJIeHHble B pa60Te AJIeKCeeBOH M.IO. , COOTBeTCTByIOT 

nacrropTY CrreUHaJIbHOCTH 2.10.2. 3KOJIOrHlIeCKa5I 6e30rracHocTb (no nyHKTY 10 

«Pa3pa60TKa H cOBepllIeHcTBoBaHHe MeTO,I(OB, TeXHOJIOrHM H cpe,I(CTB CHH)I(eHIUI 

HeraTHBHoro B03,I(eMCTBIUI aHTPOnoreHHoM X0351McTBeHHoM H HHOM ,I(e5lTeJIbHOCTH Ha 

oKpY)I(aIOrn:yIO cpe,I(Y» ). 

,llHccepTauIUI OTBelIaeT TPe60BaHIUlM rr.rr. 9-11, 13, 14 «IIoJIo)l(eHIUI 0 

rrpHcY)I(,I(eHHH yqeHblx cTerreHeM» , YTBep)l(,I(eHHOrO rrOCTaHOBJIeHHeM IIpaBHTeJIbcTBa P<P 

OT 24.09.2013, N2842, rrpe,I('b5lBJUIeMbIM K KaH,I(H,I(aTCKHM ,I(HCCepTaUIUlM, a ee aBTop -

AJIeKCeeBa MapHHa IOpbeBHa - 3aCJIY)I(HBaeT CTerreHH KaH,I(H,I(aTa TeXHHlIeCIillX HaYK rro 

CrreUHaJIbHOCTH 2.10.2. 3KOJIOrHlIeCKa5I 6e30rracHocTb. 
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.lJ;HccepTaU;IDI 06CY)I(,lJ,eHa, OT3bIB Ha .IJ:HCCepTaU;HOHH)'lO pa60TY AJIeKCeeBOH: M.IO. 

paCCMOTPeH H O.IJ:06peH Ha 3aCe.IJ:aHHH Kacpe.IJ:pbI «OXpaHa OKpY)KaJOIl(eH: Cpe.IJ:bI» <prAOY 

BO «ITepMcKHH HaU:HOHMbHbIH HCCJIe.ll:OBaTeJIbCKHH IIOJIHTeXHHqeCKHH YHHBepCHTeT» 

rrpOTOKOJI N2 27, OT 18 MapTa 2026 r . 

.IJ:OKTOP TeXHHqeCKHX HaYK, 

(25.00.36 - re03KOJIOrIDI), 


rrpocpeccop, 3aBe.IJ:YIOIl(HH: 


Kaq,ellPoli OXpaHbI oKpYlKalOIIleli C.~P/~bI 


~ BaCHJIbeBHa<prAOY BO «ITHHITY» /1rY!c PY.IJ:aKOBa J1apHca 

«/1' » ~ 2026 r. 

5£, PY.IJ:aKOBa J1apHca BaCHJIbeBHa, .IJ:aIO COrJIaCHe Ha BKJIIOqeHHe CBOHX 

rrepCOHaJIbHbIX .IJ:aHHbIX B .IJ:OKYMeHTbI, CB513aHHble C 3aIl(HTOH .IJ:HCCepTaU;HH AJIeKCeeBoH 

MapHHbI IOpbeBHbI, H HX l1aJIbHeliIII)'lO O~T:£(, 
~ PY.IJ:aKOBa J1apHca BaCHJIbeBHa 
(rrO,Llfl Cb) 

3aBep5lIO»: 
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