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Ha ,ll,HcceprnuttoHHYJO pa6ory MttxaH:JieHKO MaKCHMa BacttJibes11qa «06MeHHhle 

B33HMO)J,CHCTBHH B KOMUJICKCax 3d-MeTaJIJIOB c BOCCT3HOBJICHHblMH npOH3BO)J,HblMH 

reKcaa3aTpu4>eHHJieHa», npe,n:cTaBJieHHYJO Ha COHCKaHHe yqeHOH CTeneHH KaH)J,H,n:aTa 

XHMHqecKHX HayK no cneu11aJibHOCTH 1.4.4. <l>11311qecKaR XHMHR . 

.D:11cceprnu110HHaR pa6orn MaKCHMa BacHJihes11qa nocBRLUeHa 11ccJie,n:osaHHIO cTpoeHHR 

H CBOHCTB KOMnJieKCOB npOH3BO.D:HbIX reKCaa3aTp11cpeHHJieHa c nepexo,n:HbIMH MeTaJIJiaMH B 

KOHTeKCTe C03,n:aHHR HOBbIX MOJieKYJIRpHbIX MarHHTHbIX MaTepHaJIOB. TaKHe MaTepHaJibl 

BKJIJOqaJOT O.D:HOMOJieKyJIRpHbie H o,n:HouenoqeqHbie MarHHTbI, MarHHTbI, HH,n:yu11pyeMbie noJieM, 

ceHCOpbl Ha MarHHTHbIX nepexo,n:ax, MarHHTHbie nepeKJIJOqaTeJIH, cnHHTpOHHbie MaTepHaJibl H 

MOJieKyJIRpHbie Ky6HTbI. MoJieKYJIRpHbie MarHHTHbie MaTepttaJibl He TOJlbKO o6Jia,n:aIOT 

HCKOMbIMH MarHHTHbIMH CBOHCTBaMH, HO H coqeTaIOT HX c ,n:pyrnMH npHBJieKaTeJibHbIMH 

CBOHCTBaMH, He,n:ocTynHblMH .D:JIR KJiacc11qeCKHX MarHHTHbIX MaTepHaJIOB Ha OCHOBe MeTaJIJIOB H 

HX OKCH.D:OB, TaKHMH KaK onTttqecKHe (cneKTpbl nornorn;eHHR H JllOMHHecu,eHI..J,HH), CHH)l(eHHaR 

nJIOTHOCTh 11 np. TaKHM o6pa3oM np11MeHeH11e MOJieKYJIRpHbIX MarHeTHKOB MO)l(eT OTKpbITh 

,n:opory K c03,n:aHHIO np11Hu,11n11aJibHO HOBhIX ycTpOHCTB. Csoi1cTBa MOJieKyJIRpHbIX MarHHTHhIX 

MaTepHaJIOB HanpRMYIO CBR3aHbl c MOJieKyJIRpHbIM H KpHCTaJIJIHqecKHM CTpoeHHeM 

coe,n:HHeHHH, Il03TOMY Ba)l(HO noHHMaTb 3aKOHOMepHOCTH cynpaMOJieKyJIRpHOH opraHH3aI..J,HH 

KpHCTaJIJIHqecKHX napaMarHHTHblX MaTepHaJIOB. ITo3TOMY HaCTORLUM pa6orn o6Jia,n:aeT RBHO 

TeopeT11qecKoH » npaKT11qecKoH: 3Haq11MOCThIO. KoHu,emyaJibHO npe,n:crnBJieHHaR pa6orn 

3aKJIJOqaeTCR B KOM6HHaTOpHOM nocTpOeHHH 6116JIHOTeKH KOMnJieKCOB, coqeTaIOLUHX 

pa3JIJ1qHbie CTpOHTeJibHbie 6JIOKH: opraH11qecKHe JIHraH.D:bl CeMeHCTBa reKCaa3aTpHcpeHHJieHa B 

pa3JIHqHbIX pe,n:OKC cpopMaX (HeHTpaJibHbie MOJieKyJihl, aHHOHbI-pa,n:HKaJibI, ,n:HaHHOHbI, 

TpHaHHOH-pa,n:HKaJibl) c 3d- H 4f-MeTaJIJiaMH H pa3JrnqHbIMH ,n:onoJIHHTeJibHbIMH JIHraH,n:aMH 
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(raJioremi:)J.hI, )J.H3THJI)J.HTHOKap6aMaT, TeTpaMeTHJirenTaH)J.HOHaT). Ha ocHose nonyqeHHOH 

6H6JIHOTeKH npoBO)J.HTCH aHaJIH3 peaKI.J;HOHHOH cnoco6HOCTH H IlOHCK 3aKOHOMepHOCTeH 

CTpyKTypa-CBOHCTBO. 

HarrnaH HOBH3Ha pa60Tbl 3aKJIIOlJaeTCH B TOM, qTo snepBbie H3yqeHbl MarHHTHhie 

CBOHCTBa KOMnJieKCOB pH)J.a npOH3BO)J.HhlX reKCaa3aTpH<l>eHHJieHa B pa3JI~HhlX pe)J.OKC 

COCTOHHHHX (aHHOH-pa)J.HKaJlhl, )J.HaHHOHhl, TpHaHHOH-pa)J.HKaJibI). BnepBbie nonyqeHhl pattee 

HeH3BeCTHhie KOMnJieKChl reKCaa3aTpHaHTPau;eHa H reKCaa3aTpHHa<l>THJieHreKCaKap6oHHTpHJia c 

3d-MeTaJIJiaMH. ITonyqeHbI KOMnJieKChI pa3JIHqHoi1 H)J.epHOCTH H npose)J.eHo cpasttemi:e 11x 

MarHHTHhlX CBOHCTB. ITOKa3aHO, lJTO B HeHTpaJibHOM COCTOHHHH JIHraH)J. o6pa3yeT KOMnJieKChl 

COCTaBa 1 : 1, TOr)J.a KaK np11 yseJI11qeH1111 3apH)J.a Ha Jil1raH)J,e yseJI11q11saeTCH H)J.epHOCTh 

KOMnJieKCOB 113-3a CTpeMJieHl1H C11CTeMhl K )J,eJIOKaJI113au;1111 60JihHOro OTP11U:aTeJibHOro 3apH)J.a 

n11raH)l.a. Ysen11qeH11e 3ap».ll.a n11raH)J.a, a TaIOKe nepexo)J. s p».ll.Y Mn(II) - Fe(II) - Co(II) 

np11BO)J.11T K COKparn,eHl1IO )J.Jll1H CBH3eH MeTaJIJI - a30T, lJTO B CBOIO oqepe)J.h np11B0,[(11T K 

yc11JieHl1IO o6MeHHhlX B3al1MO)J.eHCTBl1H B KOMnJieKcax. B pH)J.e cnyqaes )J.JIH KOMnJieKCOB 

Ko6aJihTa 3aperncTp11posaHhI peKop)J.Hhie sen11q11HbI aHT11<l>eppoMarn11Tttoro o6Metta MeTaJIJI

n11ratt.n (nopH)J.Ka -600 CM-
1
). ITonyqeHHhie pe3yJihTaThl BHOCHT op11rnHaJihHhlH HOBhIH BKJia,[( B 

IlOHHMatt11e 3aKOHOMepHOCTeH CTpyKTypa - MarHl1THhie CBOHCTBa MeTaJIJIOpraH11qecKl1X 

coe)J.11HeHl1H. 

06'heM H CTPYKTYpa .11.uccepTaUHH. Pa6orn nocTpoetta no TPa.n11u;HOHHOMY np11ttu;11ny 

11 COCTOl1T 113 CJie)l.YJOill,HX pa3.L(eJIOB: BBe,[(eHHe, JIHTepaTypHbIH o63op, 3KCnepHMeHTaJibHaH 

qaCTh, o6cy)l{.L(eHHe pe3yJihTaTOB, 3aKJIJOqeH11e, OCHOBHbie pe3yJihTaThl H BhIBO.L(hl, CilHCOK 

JIHTepaTyphl, npHJIO)KeHHe. Pa6orn H3JIO)KeHa Ha 150 CTpaHHu;ax, co.nep)l{11T 77 pHCYHKOB H 2 
Ta6Jil1l.J;hl, CilHCOK JIHTeparypbl CO)J.ep)l{HT 165 CChlJIOK. 

Bo sse.11.euuu asTop o6ocHoBhIBaeT aKTyaJihHOCTH TeMhI Hccne.nosatt11H, xapaKTepH3yeT 

CTeneHb pa3pa6oTaHHOCTH, <l>opMyn11pyeT u;eJih H 3a)J.aqH HCCJie)J.OBaHl1H, OilHCbIBaeT ttayqttyIO 

HOBH3Hy, TeopeTHlJeCKYIO H npaKTHqecKyIO 3HaqHMOCTh, MeTO.L(OJIOrl1IO 11CCJie.L(OBaHmJ, 

<l>opMyJIHpyeT IlOJIO)KeHHH BhIHOCHMbie Ha 3all.lHTy, np.HBO)J,.HT CBe)J,eHHH 0 JIHqHoM BKJia)J.e, 

ny6JIHKaI.J;11HX H anpo6au;HH pa60ThI Ha HayqHhlX KOH<l>epeHI.J;HHX H CTeneHH )J,OCTOBepHOCTH 

pe3yJibTaTos HCCJie)J,oBaHHH. CTOHT OTMeTHTh, qTo asTop JIHqHo BhinOJIHHJI KaK CHHTeTHqecKyIO 

qacTb pa6oTbI, BKJ110qa51 nonyqeHHe MOHOKpHcTannos )J.JIH PCA 11 attaJI.H3 KpHcTaJIJI.11qecK11x 

ynaKOBOK, TaK 11 H3MepeHHe HK .11 onT.11qecK.11x cneKTpos, o6pa6oTKY )J.aHHhIX 3ITP

cneKTpocKonHH H SQUID-MarHHTOMeTp.1111, tJTO noJIO)K.HTeJibHO xapaKTep.113yeT HaBhIKH 

COHCKaTeJIH, KaK HCCJie)J.OBaTeJIH, cnoco6Horo BhinOJIHHTh Me)l{)J..HCI.J;.HilJil1HapHbie HCCJie)J.OBaH.HH. 

B pa6oTe COHCKaTeJih TaIOKe HHTepnpeT.HposaJI H HCilOJih30BaJI )J,aHHhie, nonyqeHHbie 

coasTopaM.11, 3TO s nepsy10 oqepe.ll.b KacaeTcH )J.aHHhIX KBaHTOBO-XHMHqecK.HX pacqeTos. CTOHT 

OTMeTHTh, lJTO B IlO)J.pa3)J.eJie BBe)J,eHHR «MeTO)J.OJIOrHH .H MeTO)J.hl 11CCJie)J.OBaH.HH» np.HBe)J,eHhl 

.H3JI.HIIIH.He )J,eTaJIH, yMeCTHhie .H npHBe)J.eHHhie B pa3)J.eJie «3Kcnep11MeHTaJihHaH qaCTh». 

BnpoqeM, 3TO .ll.Y6JIHposaHHe He MeIIIaeT qTeH.HIO )J..11ccepTau;.11H. 
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JluTeparypnMii o63op Ha 43 cTpamm,ax .nocrnToqHo o6urnpHbIH 11 nornqecKH ,neJIHTCH 

Ha 3 qacTH: pa,nHKaJibHbie JIHraH,nbI H BbICOKOCIIHHOBbie KOMIIJieKCbI Ha HX OCHOBe; CHHTe3 H 

CBOHCTBa rrpOH3BO,nHbIX reKCaa3aTpmpeHHJieHa (HAT); CHHTe3, CTpOeHHe H CBOHCTBa 

Koop.n11Hau,110HHbIX KOMIIJieKcos rrpoH3BO)J.HbIX HAT. JI11TepaTypHb1e ofoop Herrocpe.ncTBeHHO 

CBH3aH c TeMOH )J,HCcepTaU,HH H )J,OCTaToqeH )J,JIH BBe)J,eHHH B rrpo6neMaTHKY HCCJie)J,OBaHHH. I-fa 
JlHTepaTypHoro ofoopa CTaHOBHTCH IIOHHTHO JIOrnKa BbI6opa o6oeKTOB HCCJie)J,OBaHHH: 

npoH3BO)J.Hbie HAT o6na.naIOT np11sneKaTeJibHbIM Ha6opoM oco6eHHOCTeii cTpoeHHH 11 csoiicTB 

)J,JIH C03)J,aHHH BbICOKOCIIHHOBbIX coe.nirneHHH: cnoco6HOCTb KOOp)J.HHHposaTb )J,0 TpeX aTOMOB 

MeTaJIJIOB, HpKO Bbipa)l(eHHbIH n-aKu,errTOpHbIH xapaKTep, 6naro.napH KOTOpOMY 3TH 

npOH3BO)J,Hbie MOfYT 6b!Tb npespall.l,eHbI B pa3JIJ1qHbie, B TOM q11cne rrapaMarHHTHbie, 

BOCCTaHOBJieHHbie <l>opMbI: aHHOH-pa)J,HKaJlbI, )J,HaHHOHbI, TpHaHHOH-pa)J,HKaJibI, IlJIOCKOe 

CTpOeHHe, 6naro.napH KOTOpOMY Ha6JIIO)J,aeTCH CKJIOHHOCTb K o6pa30BaHHIO CTorroqHbIX 

yrraKOBOK, T.e. B onpe.neneHHbIX rrpe.nenax eCTb B03MO)l(HOCTb ynpaBJIHTb KpHCTaJIJIHqeCKOH 

ynaKOBKOH. TaK)l(e npHBO)J.HTCH msecTHbie rrpHMepbI KOMrrneKcos rrpOH3BO)J.HbIX HAT c 

nepeXO)J,HbIMH MeTaJIJiaMH H o6cy)l()J,aIOTCH HX CTpoeHHe H MarHHTHbie CBOHCTBa. JlHTeparypHbIH 

ofoop 3asepwaeTCH KpaTKHM 3aKJIIOqeHHeM, B KOTOpOM aBTOp YKa3bIBaeT Ha rrpo6eJibl B 

06cy:>1<.naeMOH o6JiaCTH HCCJie)J,OBaHHH H 060CHOBb1BaeTCH IlOCTaHOBKa 3a.naq HCCJie)J,OBaHHH. 

3KcnepHMCHTaJibHaH qacTb BKJIJOqaeT OIIHCaHHe HCIIOJlb30BaHHbIX MaTepHaJIOB H 

peareHTOB, 3KCrrepHMeHTaJibHbIX TeXHHK, <l>H3HKO-XHMHqecKHX MeTO)J,08 aHaJIH3a, 

CHHTeT11qecKHe npoTOKOJlbl H )J,aHHbie <l>H3HKO-XHMHqecKHX MeTO)J,OB aHaJIH3a )J,JIH 

CHHTe3HposaHHbIX coe.n11HeHHH. TaK)l(e np11so,n11Tc» Heo6xo,nHMbIH MaTeMaT11qecKHH arrnapaT 

.nn» o6pa6oTKH .naHHbIX SQUID-MarHHTOMeTp1111. llp11 3TOM oTcyTcTByeT on11caH11e KBaHToso

x11M11qecK11x MeTO)J,OB, HCIIOJlb30BaHHbIX coasTopaMH COHCKaTeJIH. ,n:a)l(e npH TOM, qTo eCTb 

rrpHMOe YKa3aHHe Ha TO, qTo pacqeTbl BbIIIOJIHeHbl He caMOM COHCKareJieM, OIIHCaHHe 

nporpaMMHoro o6ecneqeHHH, MeTO.nos 11 6a311cos .nn» pacqeTos cTOHJio rrp11secT11. Cne.nyeT 

OTMeTHTb, qTo aBTOpOM npo.nenaHa )J,OCTaTOqHo Tpy.noeMKaH 3KCnepHMeHTaJibHaH pa6oTa: see 

CHHTe3bl KOMIIJieKCOB BbIIIOJIHeHbl B aprOHOBOM nepqaToqHoM 6oKce. On11caHHe CHHTeT11qecKH 

MeTO)J,HK, no cyll.l,ecTBy, CBO)J,HTCH K IlOJiyqeHHIO MOHOKpHCTaJIJIOB u,eJieBbIX coe)J,HHeHHH. 

CHHTeT11qecKHe rrpOTOKOJlbl B u,eJIOM socnpOH3BO)J,HMbI KOMIIeTeHTHbIM XHMHKOM, 0)1,HaKO 

OIIHCaHbl HeCKOJlbKO nan11.napHo: qacTO OTCYTCTBYIOT HBHO He06XO)J,HMbie CTa)J,HH, HarrpHMep 

<l>HJibTposaHHH OT rpa<l>11Ta nocne soccTaHOBJieHHH HHTepKaJIJIHTOM KC8• BbIXO)J.bI sapbMPYJOTCH 

OT HH3KHX (HeCKOJibKO %) .no orn11qHbIX (.no 80 %). B p».ne cJiyqaes nonyqeHHbie npo.nyKTbI 

oxapaKTepH30BaHbl 3Hepro.n11cnepCHOHHbIM aHaJIH30M )J,JlH IlO)J,TBep)l()J,eHHH COOTHOlIIeHml 

TH)l(eJiblX 3JieMeHTOB B COCTaBe coe)J,HHeHHH. 

fnasa pe3ym.TaTbI u o6c~enue pa3.neJieHa Ha 7 no.nrnas: 1) KpaTKoe sse.neHHe s 

rnasy co CIIHCKOM scex noJiyqeHHbIX coe)J,HHeHHH H orrncaHHeM MeTO)J,OJIOfHH; 2) HCCJie)J,OBaHHe 

aHHOH-pa)J,HKaJibHbIX COJieH reKcau,HaHoreKCaa3aTp11<l>eHHJieHa (HAT(CN)6); 3) HCCJie)J,OBaHHe 

HeHTpaJibHbIX KOOp)J.HHaU,HOHHbIX KOMIIJieKCOB reKCaa3aTpHHa<l>THJieHa (HATNA); 4) 
11ccne.nosaH11e .n11aHHOHHbIX MapraHu,eBbIX Koop.n11Hau,110HHbIX KOMnJieKcos Ha ocHose HATNA 
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H reKCaa.3aTpHaHTpaueHa (HATA); 5) HCCJie,LJ.OBaHHe ,LJ.HaHHOHHblX KOOp,LJ.HaHUHOHHbIX 

KOMTIJieKCOB Ha OCHOBe reKCaa.3aTpHaHa<PrnneHreKCaKap6oHHTpHJia (HATNA(CH)6) c 

naHTaHOH.LJ.aMH (Gd, Tb, Dy); 6) Hccne,LJ.oBaHHe aHHOH-pa.ziHKaJibHbIX H TpHaHHOH-pa.LJ.HKaJihHbIX 

Koop.LJ.HHau110HHbIX KoMnneKcoB Ha ocHose HATNA H HATA c Mn(II), Fe(II) H Co(II); 7) 

Hccne,LJ.oBaHHe TpttaHHOH-pa.LJ.HKaJibHbIX Koop.LJ.HHaUHOHHbIX KOMnJieKcoB Ha ocHose HAT(CN)6 

H HATNA(CN)6 c Fe(II) H Co(II). 

c CHHTeTH'IeCKOH TO'IKH 3peHml TIO)l.XO.LJ. HCCJie,LJ.OBaHID! 3aKJIJOqaeTCHB KOM6HHaUHH 

xeJiaTHOH KOOp,Ll.HHaUHH nepexO,LJ.HbIX MeTaJIJIOB K ,LJ.HTIHPH.LJ.HJibHbIM <PparMeHTaM npOH3BO)l.HbIX 

HAT H soccTaHOBJieHHH 3THX npoH3BO.LJ.HhIX no,LJ.XO.LJ.HinHM BoccTaHOBHTeJieM. B KaIIeCTBe 

BOCCTaHOBHTem1 KaK npaBHJIO BbICTynaeT HHTepKaJIJIHT KaJIIDI B rpa<PttTe KC8• TaIOKe B 

npouecce CHHTe3a s cTpyKTypy BXO.LJ.HT O.LJ.HH H3 KaTHOHOB: npH ,LJ.o6aBJieHHH KpHTITaH.LJ.a[2,2,2] 

COOTBeCTByIOinHH cynpaMOJieKyJIHpHbIH KaTHOH, a npH .LJ.06aBJieHHH KpHCTaJIJIH'IeCKOro 

<PttoJieTOBOrO (CVCI) COOTBeTCTBeHHO KaTHOH CV+. ITepBbIH KaTHOH o6oeMHbIH H 3aHHMaeT 

nycTOTbI B CTpyKType, cnoco6cTByIO o6pa.30BaHHIO CTOTIOK KOMTIJieKCHbIX aHHOHOB, BO BTOpOM 

cnyqae KaTHOH TIJIOCKHH H BCTPaHBaeTCH B CTPYKTyPY CTOTIKH Me)l(.LJ.Y aHHOHaMH. 

CooTBeTCTBeHHO B 3aBHCHMOCTH OT npttpO.LJ.bI KaTHOHa MeHHeTCH MarHHTHOe noBe,LJ.eHHe 

BeinecTBa. B pH.LJ.e cnyqaes soccTaHOBHTeJieM BhicTynaeT caM 3JieMeHTHhIH MeTaJIJI. Ka)l(.LJ.bIH 

TIO.LJ.pa.3,Ll.eJI TIOCTpOeH O,LJ.HHaKOBbIM o6pa.30M: KpaTKO 06cy)l(,LJ.aeTCH cnoco6 CHHTe3a KOHKpeTHOH 

rpynnhI coe,LJ.HHeHHH, 3aTeM MOJieKyJIHpHoe H KpHCTaJIJIH'IeCKOe CTpoeHHe, OTITH'IeCKOe 

CBOHCTBa H HaKoHeu MarHHTHhie csoi1:cTBa. 

IToKa.3aHo, 'ITO soccTaHOBJieHHe HAT(CN)6 pa.3JIH'IHbIMH BoccTaHOBHTeJIHMH npHBO.LJ.HT K 

o6pa.3oBaHHIO aHHOH-pa.LJ.HKaJihHbIX conei1:. Bo scex cnyqaHx o6pa.3yIOTCH n-cTonoIIHbie 

KpHCTaJIJIH'IeCKHe ynaKOBKH. c KaTHOHaMH [Na(KpHTITaH.LJ.)t H [K(KpHTITaH.LJ.)t CTOTIKH 

o6pa.30BaHbl aHHOHa-pa,LJ.HKaJiaMH, B TO BpeMH KaK KaTHOHa CV+ BCTpaHBaeTCH B 7t-CTOTIKY 

Me)l(.LJ.Y aHHOH-pa,LJ.HKaJiaMH. B OTITH'IeCKHX cneKTpax TBep,LJ.bIX o6pa.3UOB aHHOH-pa,LJ.HKaJibHbIX 

conei1: c MeTaJIJIH'IeCKHMH KaTHOHaMH np11cyTCTBYIOT nonochI nepeHoca 3apH.LJ.a B 6JIH)l(Hei1: HK 

o6JiaCTH, npH 3TOM B cneKTpax COJieH C KaTHOHOM Cv+ 3TH TIOJIOCbl OTCYTCTBYIOT H3-3a 

H30JIHUHH aHHOH-pa.LJ.HKaJIOB KaTHOHaMH. MarttHTHhie cBottcTBa conei1: c KaTHOHaMH inenoIIHbIX 

MeTaJIJIOB, HHKancynttpOBaHHbIMH B KpHnTaH,LJ., xapaKTepmyIOTCR 3Ha'IITTeJibHbIMH aHTH

<PeppoMarHHTHbIMH 06MeHOM, B TO BpeMH KaK COJIH C KaTHOHOM Cv+ OTIHCaTb KaK napaMarHeTHK 

c CHCTeMOH H30JIHpOBaHHbIX CTIHHOB, 6naro,LJ.apH H30JIHUHH aHHOH-pa,LJ.HKaJIOB KaTHOHaMH. 

06Hapy)l(eHo, 'ITO B3aHMO,LJ.ei1:cTBHe HATNA c coe,LJ.HHeHHRMH MeTaJIJIOB 6e3 

BOCCTaHOBJieHHR npHBO,LJ.HT TOJlbKO K MOHOH.LJ.epHbIM KOMTIJieKCaM. ITpH 3TOM TaKaH 

CTeXHOMeTpID! TI03BOJIHeT JIHraH,LJ.aM o6pa.30BaTb 7t-CTOTIO'IHyIO ynaKOBKy. .Il:JIH K06aJibTOBOro 

KOMnJieKca HATNA TaKaH ynaKOBKa npHBO.LJ.HT K B03HHKHOBeHHIO aHTtt<PeppoMarHHTHbIX 

B3aHMO,LJ.eHCTBHH Me)l(.LJ.Y HOHaMH K06aJibTa Ha ypmrne -1.3 CM-
1
• B npttcyTCTBHH H36bITKa 

BoccTaHOBHTeJIH, TaKoro KaK KC8 npttBO.LJ.HT K nonyIIeH1110 KOMnneKCOB c BoccTaHOBJieHHbIMH 

<PopMaMH npoH3BO.LJ.HbIX HAT, nptt 3TOM cTeneHh soccTaHOBJieHHH onpe,LJ.eJIHeTCH cpo.LJ.CTBOM K 

3JieKTpOHy HeHTPaJibHOro JIHraH,LJ.a H CTex110MeTp11ei1: ,LJ.o6aBJieHHOro KpHTITaH,LJ.a. TaK 
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B3aHMoaeiicTBHe HATNA H HATA B np11cyTCTBHH H36bITKa soccTaHOBHTeJUI H 

CTeXHOMeTpHqeCKOro KOJrnqecTBa KpHnTaH,l{a, JIH60 KpHCTaJIJrnqecKOfO qmoJieTOBOro aaeT 

a11aHHOHHI>1e )KeJie3Hbie, Mapram.1,esb1e H Ko6aJihTOBbie 6m1aepHI>1e HJIH TpexnnaepHI>Ie 

KOMnJieKChl. I10Ka3aHO, qTo ,l{HaHHOHhl HaXO,l{HTCH B ,l{HaMarHHTHOM CHHrJieTHOM COCTOHHHH, B 

pe3yJihTaTe 11ero B KOMnJieKcax peaJIH3YIOTCH CJia6bie o6MeHHhie B3aHMO.l{eHCTBHH Me)Kay 

aTOMaMH MeTaJIJIOB no npHHl.J,Hny csepxo6MeHa. I1pH '.HOM BeJIHqHHa aHTHcpeppoMarHHTHOro 

o6MeHHOro B3aHMO,l{eHCTBHH KOppeJIHpyeT c llJIHHHOH CBH3H MeTaJIJI-a30T. AHaJiorHqHo, npH 

B3aHMoaeiicTBHH HATNA(CN)6 c TeTpaMeTHJirenTaHAHOHaTaMH naHTaHOHllOB s npHCYTCTBHH 

BOCCTaHOBHTeJIH o6pa3yIOTCH TpeX'bH.l{epHbie ,l{HaHHOHHhie KOMnJieKChl. I1pHCYTCTBHe o6T:.eMHhlX 

JIHraHaos 3Haq11TeJihHO HCKa)KaeT nnocKyIO reoMeTpHIO HATNA(CN)6. JlHraHa TaK)Ke 

HaXOllHTCH B CHHrJieTHOM llHaMarHHTHOM COCTOHHHH H no MarHHTHhlM CBOHCTBaM KOMnJieKChl 

xapaKTepH3YIOTCH KaK CHCTeMhl CJia6o aHTHcpeppoMarHHTHO B3aHMO,l{eHCTBYJOII.1,HX cnHHOB 

JiaHTaHOHllOB. 

BoccTaHOBJieHHe HATNA H HATA s npHCYTCTBHH HeaocTaTKa KpHnTaHaa no3sorrneT 

nonyqaTh aHHOH-paa11KaJibHb1e cpopMbI KOMnJieKcos, a B cnyqae HATNA, HAT(CN)6 H 

HATNA(CN)6 B np11cyTCTBHH H36hITKa KpHnrnHaa JIH6o KpHCTaJIJIHqecKoro cpHoJieTOsoro 

06pa3y10Tcn TpHaHHOH-paa11KaJII>Hhie cpopMbI. KoMnJieKChI TaK)Ke MoryT 6I>ITh 611naepHhIMH HJIH 

TpexnnaepHbIMH llJIH HATNA H HATA H HCKJIJOqHTeJibHO TpexnnaepHbIMH llllil HAT(CN)6 H 

HATNA(CN)6. Han11qtte nnocKHX nonttconpn)KeHHhIX n-cttcTeM s cnyqae aHHOH-paattKaJihHhIX 

cpopM H KaTHOHOB [K(KpHnTaHa)t npHBOllHT K noHBJieHHIO 1t-1t B3aHMO,l{eHCTBHH, 0,l{HaKO B 

CTpyKTypax TpHaHHo-paAHKaJihHhIX KOMnJieKCOB aHHOHhl noJIHOCThlO H30JIHposaHhl apyr OT 

apyra KaTHOHaMH, qTo BepOHTHO MO)KHO o6'bHCHHTh 60JihIIIHM KOJIHqecTBOM npOTHBOHOHOB 

KOMneHCHpYJOII.1,HX 3apna TpHaHHOHa H 3aHHMaIOII.J,HX 3HaqHTeJibHhlH o6T:.eM. B CTpyKTypax 

TPHaHHOHHhIX KOMnJieKCOB c KaTHOHOM cv+ o6pa3yIOTCH CTOnKH qepeayIOII.J,HXCH KaTHOHOB H 

aHHOHOB. ITptt 3TOM aHHOH-paa11KaJihI H TpttaHHOH-paattKaJibI napaMarHHTHhIH, qTo 

o6ecneqttsaeT CHJihHhie o6MeHHhie B3aHMO.l{eHCTBHH Me)Kay cnHHaMH Ha aTOMaX MeTaJIJIOB H 

JittraHaaax. B HeKoTopbIX cnyqanx Ko6aJibTOBhIX KOMnJieKcos aocTHraIOTCH peKOPllHhie 

3HaqeHHH aHTHcpeppoMarHHTHoro o6MeHa MeTaJIJI - JIHraHa nopnaKa -600 cM-
1
. Mo)KHO 

3aKJIJOqHTh, qTo TaKaH opraHH3al.J,HH cnHHOBOH CHCTeMhl no3BOJIHeT nonyqaTh KOMnJieKChl B 

BhICOKOCnHHOBOM COCTOHHHH, Koraa cnHHhl Ha aTOMax MeTaJIJIOB optteHTHpOBaHhl napaJIJieJibHO 

apyr apyry H aHTHnapanJieJihHO cnHHY Ha JittraHae. 

I1ocne 3KcnepttMeHTaJibHOH qacTH TaK)Ke npttBOllHTCH KpaTKOe JaKJIIO'"lenue, KOTopoe 

pe3IOMttpyeT o6cy)KlleHHe pe3yJihTaTOB, H noMoraeT qHTaTeJIIO COCTaBHTh qeTKYIO KapTHHY 

nposeaeHHoro ttccneaosaHHH. B pa6oTe ycTaHoBJieHhI HeKOTOpbie 3aKOHOMepHOCTH 

peaKl.J,HOHHOH cnoco6HocTH npoH3BOllHhIX HAT s peaKl.J,HHX o6pa3osaHHH KoopattHal.J,HOHHhIX 

coeattHeHHH B HeHTpaJihHhlX H BOCCTaHOBJieHHhIX cpopMax. l-fayqeHa BJIHHHHe npttpOllhl 

l.J,eHTpaJihHOro JIHraHaa H ero 3apnaosoro COCTOHHHH, npttpOllhl aonoJIHHTeJihHhlX JIHraH,l{OB, 

npttpOllhI MeTaJIJia Ha MOJieKynnpHI>Ie H KpttcTaJIJmqecKtte CTPYKTYPI>I KOMnJieKcos, HX 
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onn1qecKHe H MarHHTHhie C80MCT8a. 3KcnepHMeHTaJihHbie )l.aHHbie no)l.KpemunoTcH 

pe3yJibTaTaMH K8aHT080-XHMHqecKHX pacqeT08. 

IlocJie 3aKmoqeHHH cpopMyJIHPYIOTCH BblBO)J,bl. .1J:ocT08epHOCTb pe3yJibTaT08 

)l.HCCepTaUHOHHOM pa60Tbl H o6ocH08aHHOCTb C)l.eJiaHHbIX 8blBO)l.08 He 8bl3bIBalOT COMHeHHM H 

no)l.T8ep)l()l.aIOTCH 8HYTpeHHeM cornaco8aHHocThIO, a TaK)l(e 8bICOKHM ypo8HeM )l(ypttaJio8, 8 

KOTOpbIX OHH oITy6JIHK08aHbl. Bcero ITO MaTepHaJiaM )l.HCCepTaUHH OITy6JIHK08aHO 7 CTaTeM 8 

Me)l()l.yHapO)l.HbIX peueH3HpyeMbIX )l(ypttaJiax. 

Pe3yJihTaTbI )l.HccepTaUHOHHOM pa6oTbI MOrYT 6b1Tb peKoMeH)l.08aHbI )l.JIH HCITOJib308aHHH 

8 TaKHX ttayqttbIX opraHH3aUHHX KaK HttcTHTYT o6meu H tteopraHHqecKon XHMHH HM. H.C. 

KypHaK08a PAH, HHCTHTYT MeTaJIJiopraHHqecKOM XHMHH HM. r.A. Pa3y8ae8a PAH, HHCTHTYT 

3JieMeHTopraHHqecKHX coe)l.HHeHHM HM. A.H. HecMeHH08a PAH, HHCTHTYT opraHHqecKon 

XHMHH HM. H.,n:. 3eJIHHCKoro PAH, HHCTHTYT tteopraHHqecKon XHMHH HM. A.B. HttKonae8a 

COPAH, Me)l()l.yttapo)l.HbIM TOMorpacp11qecKHM uettTp CO PAH, MocK08CKHM rocy)l.apcrneHHbIM 

yttH8epcHTeT, CaHKT-IleTep6yprcKHM rocy)l.apcrneHHbIM yHH8epcHTeT, Ka3aHCKHM 

rocy)l.apcT8eHHbIM yttH8epcHTeT, Ho80CH6HpCKHM rocy)l.apcrneHHbIM yHH8epcHTeT, PoccHMCKHM 

XHMHKO-TexHonorHqecKHM yttH8epcHTeT HM. ,n:.H. Mett)l.enee8a. 

Pe3yJibTaTbl pa60Tbl ITpe)l.CTa8JieHbl Ha 13 OTeiJecrneHHblX H Me)l()l.yHapO)l.HbIX KOHKypcax 

H KOHcpepeHUHHX, T.e. ITpOIIIJia )l.OCTOMHYIO aITpo6aUHIO. 

B uenoM )l.HccepTaUHOHHaH pa6oTa npoH380)l.HT ITOJIO)l(HTeJibHOe 8neqaTJieHHe KaK ITO 

o6oeMy, TaK H H08H3He ITOJiyqeHHbIX pe3yJII>TaT08. 0)1.HaKO npH 03HaKOMJieHHH c TeKCTOM 

)l.HCCepTaUHH 803HHKJIH CJie)l.yIOW.He eonpocbl H 3aMeqauusr: 

1) MeTO)l.HKH CHHTe308 H08bIX coe)l.HHeHHM OITHCaHbI )l.080JibHO IT08epxHOCTHO. Bo MHOrHx 

cnyqaHX He ITpH80)l.HTCH 3JieMeHTHbIM aHaJIJf3, H HHqero He f080pHTCH 0 cpa3080M 

qHCTOTe ITOJiyqeHHbIX ITpO)l.YKT08, xorn H3MepeHHH MarHHTHbIX C80MCT8 c ITOMOllJ.blO 

SQUID-MarHHTOMeTPHH H CITeKTpOCKOITHH 311P np080)l.HJIHCb ITO sceii BH)l.HMOCTH Ha 

ITOJIHKpHcTann11qecKHX o6pa3uax. Co8peMeHHI>Ie 3KCITepHMeHTaJibHbie MeTO)l.HKH 

npo60ITO)l.fOT08KH B ITepqaToqHoM 6oKce IT0380JIHIOT ITp080)l.HTb KaK 3JieMeHTHbIH 

aHaJIH3, TaK H 3KCITepHMeHTbl ITO ITOpOlllKOBOH )l.HcppaKUHH )l.JIH HecTa6HJibHbIX Ha 

803)1.yxe COe)l.HHeHHH. 

2) c qeM C8H3aH BbI6op 3JieMeHTHbIX JiaHTaHOH)l.08 8 KaqecT8e BOCCTaH08HTeJieH )l.JIH 

ITOJiyqeHHH aHHOH-pa)l.HKaJibHblX COJieH C KaTHOHOM Cv+? IlpH )l.OCTaTOqHo 8bICOKOM 

cpo)l.CT8e K 3JieKTpotty ITpOH380)l.HbIX HAT, 8epoHTHO, MO)l(HO 6I>IJIO 6I>1 8ocnoJib308aTbCH 

Mettee 3K30THqecKHMH 80CCTaH08HTeJIHMH. 

3) Ha cTpaHHUe 71 H )l.anee 06cy)l()l.a10TCH )l.JIHHH080JIH08b1e nonocbI ITornomeHHH 8 

6JIH)l(Hen HK o6nacTH 8 cITeKTpax aHHOH-pa)l.HKaJII>HbIX coneii c KaTttottaMH menoqHbIX 

MeTaJIJI08, KOTOpbie a8TOp 060.R:CHHeT Me)l(MOJieKyJIHpHbIM nepeHOCOM 3apH)l.a Me)l()l.y 

aHHOH-pa)l.HKaJiaMH. IlO)l.T8ep)l()l.alOT JIH K8aHT080-XHMHqecKHe pacqeTbl TaKoe H8JieHHe? 
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IloqeMy B TaKOM cJiyqae HeB03MO)l(eH nepeHOC 3ap}l,D,a c aHl10H-pa,D,11KaJia Ha KaTl10H 

cv+? 
4) Ha cTpaH11u.e 99 YKa3aHo, l.JTO «HeCMOTp}I Ha 3Haq11TeJibHbIH aHTmpeppoMarHl1THbIH 

o6MeH MeTaJIJI-Jil1raH,ZJ,, napaJIJieJii.Horo ynop}l,D,oqeHl1}1 cn11Hos MeTaJIJia s 

MOJieKyJI}lpHOM KOMnJieKce He np011CXO,ZJ,11T 113-3a oqeHb Cl1JlbHOro aHTmpeppoMarHl1THOro 

o6MeHa MeTaJIJI-MeTaJIJI .•. KOTOpbIH Be,ZJ,eT K aHTl1napaJIJieJibHOMY ynop}l,Z1,0qeH11IO scex 

cn11Hos s c11cTeMe». He cosceM nOH}ITHO, KaK11M o6pa3oM ece cn11Hi.1 ynop}l,D,Oq11sa10TC}I 

aHT11napaJIJieJibHO. ,[(JI}! HarJI}l)J,HOCTl1 CJie,ZJ,OBaJio np11BeCTl1 cxeMy 11Jil1 p11cyHOK c 

H306pa)l(eH11eM op11eHTau.1111 cnl1HOB. 

5) B pa6oTe peryJI}lpHo ynoM11Ha10TC}I pe3yJII.TaTbI KBaHToso-x11M11qecK11x pacqerns 

cpo,D,cTsa K 3JieKTpoHy npo113BO,ZJ,Hi.1x HAT, cneKTpos nornomeH.11}1, o6MeHHbIX 

B3al1MO,ZJ,eHCTBl1H B cn11HOBbIX Cl1CTeMax KOMnJieKCOB, O,ZJ,HaKO He YKa3aHbI MeTO,ZJ,bl, 

6a311Cbl, 11 np11Hu.11ni.1 11X BbI6opa )J,JI}I npoBe,ZJ,eH.11}1 3Tl1X pacqeTOB. 

6) Pa6orn CO,D,ep)l(11T HeKOTOpoe KOJI11qecrno oneqaTOK 11 HeTOqHbIX Bbipa)l(eH11i1:: 

«npOMl1Jil1)) BMeCTO npOMl1JIJie (cTp. 9, 47, 65), «pacrnop 1,2-,ZJ,11XJIOp6eH30Jia 11Jil1 

TOJIYOJia c u.eJieBbIM npo,D,yKTOM ••. » BMeCTO «pacrnop npo,D,yKTa B 1,2-,ZJ,11XJIOp6eH30Jie 

11Jil1 TOJIYOJie» (cTp. 9); «raMl1JlbTOHl1aH ... on11caHHbIH .EiOHHepoM 11 <l>mnepOM» - ,[()1(11JIJI 

.EiOHHep 6i.rna 6pMTaHCKOH )l(eHI1{11HOH-<l>11311KOM (cTp. 72); cneKTpbI «CH}ITbI» BMeCTO 

113MepeHbl 11Jil1 3aperHCTp11pOBaHbl ( CTp. 11 11 ,ZJ,aJiee ); «dppf* 1, 1 ' -

611c(,ZJ,11<l>eH11JI<l>oc<l>11Ho )OeKaMeT11JI<l>eppou.eH» BMeCTO ... OKTaMeT11JI<l>eppou.eH, 11 T.,ZJ,. 

Ilp11Be,ZJ,eHHbie 3aMeqaHl1}1 HOC}IT TexH11qecKl1H xapaKTep 11 He 3aTparnsaIOT cyT11 pa60TbI, 

ee BbIBO,ZJ,OB 11 noJIO)l(eHl1H, BbIHOCl1MblX Ha 3all{MTy, 11 He CHl1)1(aJOT 06my10 noJIO)l(l1TeJibHYIO 

ou.eHKY pa60Ti.1. .[(11cceprnu.110HH0e 11ccJie,ZJ,0BaH11e MaKC11Ma Bac11Jii.esJ1qa M11xai1:JieHKO 

}IBJI}leTC}I 3aKOHqeHHOH HayqHO-KBaJI11<l>11Kau.110HHOH pa60TOH, B KOTOpOH CO,D,ep)l(11TC}I perneH11e 

HayqHOH 3a,ZJ,aq11 no 11CCJ1e,ZJ,OBaHl1IO CTpOeHl1}1, onTHqecKHX 11 MarHHTHbIX CBOHCTB HOBbIX 

KOMnJieKCOB HeHTpaJibHblX H BOCCTaHOBJleHHblX <l>opM npOH3BO,ZJ,HbIX reKCaa3aTpH<l>eH11JieHa c 

nepeXO,ZJ,HbIMl1 MeTaJIJiaM11, qTo HMeeT Ba)l(HOe 3HaqeHHe )J,JI}I <l>H3HqecKOH XHMl1H, 

KOOp,D,HHaU.HOHHOH Xl1MH11 11 HayKH 0 MaTepHanax. L(HccepTaI.J.H}I no CBOHM aKTyaJibHOCTH, 

HOBH3He H 3Haq11MOCTH nonyqeHHbIX pe3yJII.TaTOB COOTBeTCTByeT Kp11Tepl1}1M, npe,D,'b}IBJUieMbIM 

K ,ZJ,HCCepTaI.J.H}IM Ha COl1CKaHHe yqeHOH CTeneHH KaH,ZJ,11,ZJ,aTa Xl1MHqeCKHX HayK B COOTBeTCTBHl1 c 

nyHKTaMH 9-11, 13, 14 IloJIO)l(eHH}I 0 npHCY)l(,ZJ,eHHH yqeHbIX CTeneHeH, yrnep)l(,D,eHHOro 

IlocrnHosneHHeM IlpasHTeni.crna P<l> OT 24.09.2013 r. N2 842 s pe,D,aKu.1111 OT 20.03.2021 r., a ee 

asrnp, MHxai1:neHKO MaKCHM Bac11Jii.es11q ,ZJ,OCTOHH npHCY)l(,ZJ,eH.11}1 yqeHOH cTeneHH KaH,ZJ,11,ZJ,aTa 

XHMHqecKHX HayK no cneu.11aJibHOCTH 1.4.4. <l>H311qecKa}I Xl1MH}I. 

0T3bIB paCCMOTpeH 11 yrnep)l(,D,eH Ha ceMHHape Jla6opaTOpHH reTepOU.HKJIJ1qeCK11X 

coe,ZJ,HHeHHH HHOX CO PAH, npornKOJI N24 OT 25.04.2025 r. 

0T3bIB no,ZJ,roTOBHJI KaH,ZJ,H,ZJ,aT X11MHl.JeCKHX HayK (cneu.11aJibHOCTb 02.00.03 - opraH11qecKa}I 

XHMH}I), 3aBe,ZJ,yIOII{HH Jia6opaTOpHeH reTepOU.11KJIHqecKHX coe,ZJ,HHeHHH <l>e,D,epaJibHOro 
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