ITporpaMMa-MUHUMYM KaHIUAATCKOTO K3aMeHa 1o crnennanbHocty 02.00.21 "Xumus tBepaoro
Tena”
10 (PU3UKO-MAaTEMATUYECKUM, XMMUYECKUM U TEXHUYECKHM HayKaM

BBenenune

HaCTOHH_[aSI ImporpamMma OXBaTbIBA€T OCHOBOIIOJIAraromue pasacibl XUMHUH TBEPAOI'o TCIa,
OCHOBBI KPUCTAJNIMYCCKOI'O U 3JICKTPOHHOT'O CTPOCHUA TBCPAbIX BCUICCTB, UX PCAKIITMOHHYIO
CHOCO6HOCTI), METOJAbI CUHTE3a U UCCIICAOBaHUA.

[Tporpamma pazpaboTaHa 3KCIEPTHBIM COBETOM BbICIel aTTecTalluOHHON KOMUCCUU
MunuctepcrBa oOpazoBanus Poccuiickoit denepauny no XuMuu (110 HEOPraHUYECKONH XUMHH)
pU ydacTUd MOCKOBCKOI'O TOCY1apCTBEHHOro yHUBepcuTeTa uM. M.B.JJomoHocOBa.

1. O0mmue mojaoKeHus

Criermuduka XMMHH TBEPOTO COCTOSHUS KaK pas/iesia XUMUIecKoil Hayku. O0mie oTiuauns
CTPOEHUS M CBOICTB TBEP/bIX BELIECTB OT I'a30B U kuakocTei. Kinaccudukanus tBepabix
BeniecTB. Kpucrannudeckue TBepasle Tena. MOHOKPHUCTANIMYECKOE, TOJUKPUCTAIIMYECKOE U
HaHOKPHUCTAJNINYECKOE COCTOSIHUA TBEpbIX BeuiecTB. OiHoda3Hble U rerepodasHble
KpucTajuindeckue tena. AMopgdHsie TBepasle BeniecTBa. Crexia. Hekpucrammmueckue
HAHOYAaCTHULIBI. MUKPO ¥ ME30IIOPUCTHIE TBEpAbIE Tena. JKuIK1e KpUCTallbl. 3HAYCHUE XUMUHU
TBEPJOTO COCTOSHHUS U1l MAaTEPUAIIOBEICHNS U XUMUYECKON TEXHOJIOTHH.

2. CTpoeHune TBepaAbIX BEIIECTB

CtpoeHre KpUCTAJUTMUECKUX TBEP/bIX BemiecTB. [loHsTHE 0 CHMMETpUH KpUCTAINTNYECKON
pewerku. Kpucramnorpaduyeckre npocTpaHCTBEHHBIE TPYIIBI CHMMETpUU. BIOOD 1 THIIBI
3JIEMEHTApHBIX sueeK. MoseKyspHble KpucTaylibl. KprcTamibl ¢ HOHHBIMU U KOBAJIEHTHBIMU
pemerkamu. [Ipasuna [Tonuara. Metamis! u ciiaBel. MHTEpMETaNIMYECKUE COEAMHEHMS.
Kpucransl ¢ yqactueM BOAOPOIHBIX M BaH-JI€P-BaaabCOBbIX CBsI3ei. CynpamMoeKyspHble
oOpa3oBanus. Pazmeps! aroMOB Wi HOHOB. KoopimHalMoOHHbIE YKcCTa.

Crioco6b! opranu3zanuu cTpykTyp. CTpyKTYpbI ¢ T€KCaroHalIbHOM U KyOM4ecKO# MIoTHEeHITNMHU
ynakoBkaMu. TerparoHaibHas ynakoBka. /ledextsl ynakoBok, noautunusm. [lonusagpuueckoe
OTNKCaHUE KPUCTATUYECKUX CTPYKTYp. 3oMopdusm.

Hexotopsie Hanbosiee BaskHbIe CTPYKTYpHBIE THIBI. CTpyKTyphl kKameHHOH conu (NaCl) u
xnopuna ne3us (CsCl), chanepura u Bropiuta (ZnS), dparooputa (CaF2) u antuduroopura
(Na20). CrpykrypHble Tunbl apcenua Hukemst (NiAs), nonuna kagmus (CdI2) u pyruna
(Ti02). Crpyxrypnsie Tunbl nepockurta (CaTiO3) u mnunenu (MgAI204). Coenunenus co
CJIOMCTOM CTPYKTYpoi. O01ne cBeIeHHs O CTPYKTypax CHJIMKATOB U aIFOMOCUIIMKATOB.
CoenuHeHHs BHEAPEHHS U KiIaTpaThl. OpraHndeckue KPUCTANTHIECKAE CTPYKTYPHI.

TBCpI[LIe PAaCTBOPLI 3aMCIICHU S, BHCAPCHUSA U BBIYUTAHU. H3o0BaneHTHOE N reTCPOBAJICHTHOC
3aMCIICHHUC. HeCTeXI/IOMeTpI/I‘IHI)Ie COCOAUHECHUS.

Ctpykrypa amopdHBIX TBepAbIX Ted. DYyHKIUS paJuabHOTO pactpeneiaeHus. Heperynspasie
IUIOTHEH e ynakoBKU. Onucanue aMop(HbIX CTPYKTYp B o3 apax. KimacrepHas Mozens.
Crekiioo0pa3Hoe cocTosiHue BeliecTBa. DakTophl, BIMSIONIME HA CTEKIO00pa30oBaHUe.



Kunernueckast npuposa crekiaooOpasoBanusi. biwkuuit mopsaok. CTpyKTypHbIE €TUHHIIBI.
Tomnonorust cousieHeHUs CTPYKTYPHBIX €IMHUL] Ha IPUMEPE KBAPLIEBOTO CTEKIIA.

Crpykrypa kBazukpucramioB. Hecopasmepubie cTpykTypbl. CTpYKTypa )KHIKHUX KPUCTAIIIOB.

3. XuMHn4eckasi CBI3b M 3JICKTPOHHOE CTPOEHHUE TBEPAbIX
BeLIECTB

THuIbI XUMUYECKOU CBSI3U B TBEPJOM Telle. BaH-1ep-BaanbCoBO B3aUMOICHCTBUE B
MOJIEKYJISIPHBIX KpUCTaJlIaxX, KiaarpaTel. IOHHas Mozenb CTPOCHMsI KPUCTAJIOB, KOHCTAHTa
Monenynra, sHeprus nonnoi pemerku. Llukn bopra-I"abepa n TepMOXUMHYECKHE PACUETHI.

OCHOBBI TCOPHIT KPUCTATUTMICCKOTO ITOJISI U TIOJIS JIMTAHAO0B MTPUMEHHTEIHLHO K TBEPBIM TEJIaM.
Bnusinue d-anekTpoHoB. DHeprus cTabuan3anuu KpUCTaUIMYECKUM TI0JIEM B KATHOHHOE
pacnpenenenue. Dddext SAna-Temrepa. CpaBHEHHE TETPAIAPUIECKOTO U OKTAIAPUIECKOTO
OKpYyX)eHHI. DPPEKT HEMOeIeHHBIX IEKTPOHHBIX Map.

30HHAas CTPYKTypa KprcTauioB. OOpazoBaHue 30H B pe3ylibTaTe MepEeKPhIBAHMS OpOUTaICH.
VYposenb Oepmu. XUMUYECKUN MTOTEHIIMAN. 3aCEJICHHOCTh 30H, €€ BIUSAHUE HA
3eKTpou3NUECKre CBOMCTBA KpUCTAIIOB. BaneHTHas 30Ha, 3anpelieHHas 30Ha, 30Ha
MPOBOIUMOCTH. MeTauiel v u3aeKTpuku. COOCTBEHHBIEC U TPUMECHBIE MOTYITPOBOTHUKH.
DNEKTPOHHAS U IBIPOYHAs MPOBOAMMOCTh. OOIIME MpeACTaBIeHUS O METO/IaX pacuyeTa 30HHOM
CTPYKTYPBI KPUCTAIJIOB. [ paHUIIbl HPUMEHUMOCTH 30HHOW MOJIETIH.

Ilermo4yeuHble CTPYKTYPBI U OAHOMEPHAs IPOBOAUMOCTD. JIByMEpHBIE IPOBOIHUKHU U
MHTEpKAIATHL. [laliepacoBCKkOe NCKaKEHHE.

Crnabble HEBaJICHTHBIE B3aMOJICICTBHS B TBEP/BIX CYIIPAMOJIEKYJISPHBIX 00pa30BaHMSIX.
HanocTpyKTypbl, 00beMHBIE KJIACTEPHI.

4. PeanbHas CTPYKTYypa KPUCTAJLIIOB

CoBepllieHHbIE U HECOBEPIIEHHbIE KPUCTAUIbL. TUIBI 1e(eKTOB. DNEKTPOHHbBIE 1€(PEKTHI.
CoOcTBeHHbIE TOUCUHBIE JePeKThl. TepMoIMHaMUUYeCKIe TPUUMHBI 00pa30BaHUs TOUEUHBIX
nedexroB. JlepexrooOpazoBanue u HectexuomeTpust KpuctaiioB. Jledexts mo LloTTku u
Openkemo. [IpumecHsie Toueunsie AedexTsl. HeliTpanbHble U 3apsyKeHHbIE TOYSUHBIE 1e(DEKTHI.
KBazuxumuueckas MoJieb ONKMCAaHUSI paBHOBECHUS TOUEUHBIX JedeKkToB. B3anmonelictBue
TOYCUHBIX J1e(eKTOB. Accoruarsl qedekToB. LleHTpsl okpacku. B3auMoCBs3b KOHIIEHTPALIUH
npuMecel 1 COOCTBEHHBIX TOUEUHBIX Je(eKkToB. BiusHue ToueuHsix A1eQeKToB Ha CBOICTBa
HEOPraHMUYECKUX BEIIECTB. MeTOABI CO3/1aHNsI HEPABHOBECHBIX KOHIIEHTPALIUI TOYEUHBIX
neeKToB: 3aKallka, MEXaHUYECKOe U paJIialliOHHOE BO3/ICHCTBUE.

[ToasuxHOCTH TOUeuHBIX nedekToB. Anddysus u camoauddysus B TBepAbIX Tesnax. OCHOBHbIE
MexaHu3Mbl camoiuppyszun. Koapounuent nuddysuu, sueprus akrupauuu 1udpdysuu.
Juddyzus, o0ycnoBneHHas rpaJueHTOM KOHIEHTpaluui, 3akoHbl Puka. Juddy3us ToueuHbix
ne(eKTOB B JIEKTpHUECKOM 1ojie. YpaBHeHue HepHcTa-DitHmTeitHa. MeToapl nccineioBaHus
muddy3un. Monnast mpoBoaumocts. [1oaBHKHOCT, yncia nepeHoca. TemnepaTypHas
3aBUCUMOCTh MOHHOH NpoBoaANMOcTH. COOCTBEHHAs! U IPUMECHAsI TPOBOIUMOCTb.
CyrnepuoHHbIE TPOBOJAHUKH (TBEPABIE DJIEKTPOIUTHI).



TBepaple Tena co CTPYKTYPHOI pa3ynopsaodeHHOCThI0. [IpoTsokennbie nedexTsl. CTpyKTYpHI
Kpuctayorpaduueckoro casura. Jledekrs! ynakoBku. ['panuiisl 610k0B U aHTH(A3HBIE JOMEHBI
(rpanunsl). ['ereporennsie BriroueHus. HelitpanbHbie U 3apsKeHHbBIE TPOTSHKEHHBIE IE(EKTHI.
Jucnokanuu B KpucTapiax, OCHOBHbIE BUIbL. | [pMunHBI BOSBHUKHOBEHUS JUCIOKAIU.
JBwxenue quciokanuii. BiausiHue quciokanuil Ha CBOMCTBA KPUCTAIOB. DKCIIEPUMEHTAIbHBIC
METO/1bl UCCIIEOBAHUS JUCIOKALINM.

[ToBepxHOCTB Kak AedeKT cTpoeHus TBepAoro Tena. [loBepXxHocTHAs 3HEprus KpucTauia.
HckaxxeHue CTpyKTypbI U SJIEKTPOHHOI'O CTPOCHUS B IIPUIIOBEPXHOCTHBIX CII0AX. Poub
IOBEPXHOCTH B XMMHUECKUX PEAKLUAX TBEPIBIX Tel. Poib cOOTHOIIEHHSI 00BEM-TIOBEPXHOCTD B
cBOMCTBaX TBEpAbIX Tei. OOmre 0co0eHHOCTH XUMHUH TBEPIBIX HAHOPA3MEPHBIX YACTHII.
OKCIEpUMEHTAJIBHBIE METO/BI U3Y4EHUS IOBEPXHOCTH.

S. ®a3oBblIe nepexoabl B TBEPAbIX BellecTBAX

TepmoanHaMudeckas kiaccupukanus ¢pa3zoBbix nepexonoB. CTaOMIbHBIE U METACTA0MIIbHBIC
¢a3sl. [Ipeacrasnenue Gpa3oBbIX NEPEeXxoa0B HA AUarpamMmax cocTossHus. CTpyKTypHBbIe
U3MeHeHHs npu (a3oBBIX Mepexoax. MI3MeHeHUs! CTPYKTYpBI C pOCTOM TEMIIEpaTyphl U
naByieHus. MapTeHcUTHBIE peBpalieHus. MexaHu3mbl (a30BbIX nepexonoB. Kunernka
¢dazoBbix iepexoa0B. CKOPOCTh 3aposiiieodpazoBanusi. O0IIast CKOPOCTh PEBPAILICHHUS,
ypaBHeHHe ABpaMu. PakTOpBI, BIUAIOLINE HA KHHETUKY (Da30BbIX Mepexo10B. MapTeHCUTHBIE
npespauienus. [lepexoapl THIa MOPsI0K-0€CIOPSIOK.

Hecopasmepnbie dazbl. JKuaKoKpucTaIUIMYECKOe COCTOsTHUE. HeKpHCTaIITMUeCKoe COCTOSIHUE
(ha3oBbIe IEPEXO/IbI B CTEKIIAX.

6. XumMnyeckue peakmu TBEePAbIX BelleCTB

TepMoaMHaMHUUYECKHE OLIEHKH BO3MOXXHOCTHU IIPOXO0XKICHUS XMMUYECKUX PEAKIIMN ¢ yJaCTHEM
TBepAbIX Ted. O0IIMe 3aKOHOMEPHOCTH CKOPOCTH T€TEPOreHHBIX XUMUYECKUX MTPOLIECCOB C
y4acTUEM TBEPJBIX TeJl. DIEMEHTApHbIE KHHETUYECKHE CTaAuM IpoleccoB. Poib
MaccornepeHnoca. [Iponeccsl, TuMuTupyembie AMPGY3NOHHBIMU U KHHETUUECKUMU CTAIUSMHU.
Ponb 3apoabiieo0pa3oBaHus B IPOLECCAX, COMPOBOXKIAOIINXCS 00pa30BaHUEM TBEPIBIX
npoaykToB. TepMmonnHaMuka popmupoBaHus HOBOM ¢a3bl. Kputndeckoe nepeceliieHue,
KpUTHYECKHUH pa3mep 3apobiia. Knnernka o6pa3oBaHus U pocTa 3apo/bIiei.

Knaccudukanus XuMHUECKUX TeTEPOTCHHBIX MPOILIECCOB C YUaCTUEM TBEPJBIX (a3.
Tepmudeckoe pazyioxeHue TBEpAbIX $a3 ¢ 00pa3oBaHUEM MPOTYKTOB B PA3TUUHBIX (Da30BBIX
coctossHUSX. Pacnag TBepABIX paCTBOPOB MO CIMHOJAILHOMY MEXaHH3MY U MEXaHU3MY POCTa
3apoapiiei. Peakiuu TBepaas dasa - TBepnas dasza, TBepaas dasa - ra3, TBepaas ¢asza -
*KuAKocThb. [Ipumepsl. Kunerndeckue 0coOEHHOCTH MPOIECCOB B KAKIOM CIydae.

OcHoBHbIE (aKTOPBHI, BIUSIONINE HA PEAKIIMOHHYIO CTOCOOHOCTh TBEPIbIX Tell. Ponb mpumeceit
U 1e(peKTOB. XMMHUECKUE PEAKIIMU Ha MTOBEPXHOCTU. METO bl yIIpaBlIeHHUs pa3BUTHEM
IIPOLIECCOB C y4acTUEM TBep/bIX Tell. Herepmuueckue crocoObl MOBBIIEHUS pEaKIIMOHHON
CIOCOOHOCTH TBEP/BIX Te: POTOXMMHUYECKHE, PAIHALIMOHHO-XUMHUECKUE, MEXaHUUECKUE U JIp.

7. MeToabl CHHTE3a TBEPAbIX BelIECTB

TepmoarHaMuueckre OCHOBBI CHHTE3a TBEp/IbIX BemecTB. P-T-X ¢azoBbie quarpaMMbl
JABYXKOMITIOHCHTHBIX CUCTEM KaK 'COMETPUUCCKOC MPCACTABICHUC TCPMOJUHAMUYICCKHUX



nansbIx. [IpaBuiio ¢a3 ['m66ca. Pabora ¢ npoekuusimu u ceuenusimu P-T-x nuarpamm.
OCHOBHBIC THITBI KOHACHCUPOBAHHBIX (Da30BBIX TUArPAMM JIByXKOMIIOHEHTHBIX CUCTEM: C
IPOCTON 3BTEKTHKOM, C 00pa30BaHHEM KOHTPYIHTHO H MHKOHTPYIHTHO ILIaBSIIHXCSI
POMEKYTOUYHBIX COCIMHEHHIA, C pacCiIanBaHUEM B KUJIKOHU (a3e, ¢ HEOrpaHHYCHHBIMH U
OrpaHMYCHHBIMU TBEPJIBIMH PACTBOPAMH, C MOTUMOP(PU3MOM KOMIIOHCHTOB U COCTMHEHHIA.
KoneHcrpoBaHHbIC AHAarpaMMbl TPEXKOMIIOHEHTHBIX crcTeM. Da3oBbie paBHOBECHS B
cyOconmuaycHoi obnactu. Mcnonb3oBanue (pa3oBBIX quarpamm Jjisi BBIOOpa yCIOBHM CHHTE3A.

Cunte3 mytem TBepa0(da3HbIX peakunii. OCHOBHbBIE TEPMOJIMHAMUYECKIE U KHHETUYECKHE
3aKOHOMEPHOCTH. DKCIIEPUMEHTAIbHOE OCYILECTBICHHE, POJIb TEMIIEPATypbl. MeToab!
UHTEHCU(UKAIIMH TBEPA0(a3HBIX POIECCOB: TUCTIEPTUPOBAHIE NCXOHBIX BEIIECTB, METOBI
XUMHUYECKON romorennsanuu. COBMECTHOE COOCAKICHUE KOMIIOHEHTOB U3 PaCTBOPOB.
Kpuoxumudeckuil cuHTe3 1 pacnbulnTeabHas cymika. Kpucramimsanuus u3 reseil. 3051b-relib-
nporecc. MexaHOXUMHUYECKOe CTUMYJIMPOBaHUE TBEPLO(a3HbIX MporeccoB. OCHOBHbIE
3aKOHOMEPHOCTH U BO3MOKHOCTH MEXaHOXUMHUYECKHUX IpoueccoB. CaMmopa3BUBAIOIIUICS
BBICOKOTEMIIEpaTypHbIil cuHTe3. TBepaoda3HbIil CHHTE3 PH BHICOKUX JIAaBICHUSX.

Kpucrannuzamnus u3 pacTBOpoB U paciuiaBoB. Mcnons3oBanue ¢azoBbix guarpamMm. Kpuseie
pactBopuMocTu. OCHOBHBIE KHHETHYECKHE 3aKOHOMEPHOCTH. OCOOCHHOCTH
3apojbieoOpa3oBanus. Bo3smoxxHocTh 00pa3zoBaHus MetacTabmiIbHbIX (ha3. [lonurepmuueckue
U U30TEPMUYECKHE MPOLIECCHl CUHTE3a. DKCIIepUMEHTalIbHOE ohopmiieHue. MeTo bl
ANEKTPOXUMHUUYECKOTO CHHTE3A.

Kpucrannu3zamus u3 napoBoit ¢a3el. OCHOBHBIE TEPMOAMHAMUYECKHE 1 KHHETHYECKUE
3akOHOMepHOCTH. [Iporeccsl cybmumManun-KoHIeHcaluu. Y IIpaBiIeHUe COCTaBOM BHYTPHU
00JaCTH TOMOT€HHOCTH OT>)KUI'OM B ITape KOMIOHEHTOB. CHHTE3 U OUMCTKA BEIIECTB C IOMOIIbIO
XMMHUYECKHX TPAHCTIOPTHBIX peakiuii B mapoBoii (ase. TeopeTnueckue OCHOBBI, OCHOBHBIE
3aKOHOMEPHOCTH U BO3MOKHOCTH.

['unporepmanbHble METO/IbI CUHTE3a TBEPAbIX BellecTB. [IpumMeHeHne pa3anuHbIX GU3HUECKUX
(YIBTpa3ByKOBOTO, MUKPOBOJIHOBOTO M JIp.) BO3JEHCTBUI NPHU CUHTE3€ TBEP10(a3HBIX BEIIECTB.

BeipamuBanue MoHOKpHcTaioB. O0mIe KHHETHUECKUEe 0COOCHHOCTU. MeXaHU3Mbl pocTa
KpHUCTAJNIOB. BeIpamyBanue u3 paciuiaBoB U pacTBOpoB. Metoasl Hoxpasibckoro u bpumxmena-
Crok0Oaprepa. 3onHas 1aBka. Poct 3 <pactBopa B pacmuiaBe™>. BrIpaluBanue u3 ra3oBoi
¢a3bl. ["a3omiazmenHblil Metoa BepHeitns.

ITonyuenue TBEpAbIX BELIECTB B BUJIE TOHKUX CJIOEB U IUIEHOK. [lonMkpucramnnyeckue u
AMUTAaKCHAIbHBIC TUICHKUA. DU3NUECKUE METOIBI: JIa3epHast abJsInsi, MarHETPOHHOE
pacmbUIeHHE, DIIEKTPOHHO-IIY4YeBOE UCTapeHne. XUMHUECKOe OCaXKIeHHE U3 TapoBOil (assl,
WCTIOJIb30BaHKUE THIPUJIOB, TAJIOTEHHUI0B, METAJUIOPraHUYECKUX COeAUHEHH. MeTon
MOJIEKYJISIPHOTO HacnanuBaHus. [lomydeHne mIeHoK U3 pacTBOPOB M paciuiaBoB. JKuakodazHas
SIUTAKCHS. DJIEKTPOXUMHUYECKAs KPUCTAIIU3AIUS NIEHOK U TOKPBITUH.

Kepamuka. OCHOBHbIE 3aKOHOMEPHOCTH M CIIOCOOBI criekanus. CriocoObl MOTy4eHUs TBEPABIX
aMOp(HBIX BEMIECTB M CTEKOJ. MeTo/ bl OTY4YeHHUs TBEpAbIX (a3 B HAHOPA3MEPHOM COCTOSTHHH.

8. MeToabl ucciie10BaHUS TBEPAbIX BelIeCTB

MeToapl U3y4eHUsT KPUCTAUTMUECKOTO CTPOSHUS TBEPABIX Tei. Jludpakimsi peHTTeHOBCKHUX
ny4eil. 3akoH bparra, pacueT MEeXIUIOCKOCTHBIX pacCTOSHUNA. MeTos mopolika, Hay4Hble
OCHOBBI U ipuMeHeHnue. Meton ['mase. MaauupoBanne pentreHorpamm. MaenTudukarus



BEIIECTB 10 PEHTIC€HOrpaMMaM, peHTreHo(ha3oBbIil ananu3. O01ue mpeacTaBIeHUs O
CTPYKTYPHOM aHaJIM3¢ I10 MOPOIIKOBBIM JaHHBIM. MeTton PutBesbaa. Pentrenorpadpuueckoe
MCCJICIOBAaHNE MOHOKPHUCTAIIIIOB, OOIIKE IPECTABICHUS O X0/Ie CTPYKTYPHOTO aHAU3a.
[ToydeHne CTPYKTYPHBIX JAHHBIX C TIOMOIIBIO 3JICKTPOHHOM U HEHTPOHHOU TUPPAKITUH.
OCc00EHHOCTH ¥ BO3MOKHOCTH METOJIOB.

Jpyrue MeTopl U3y4eHUs CTPOEHUsS TBEPABIX BEIECTB. KpUCTAIIIOONTHYECKUN aHATIN3.
DJIEKTPOHHAss MUKPOCKOIIHS: IPUHIIMIIBI U BO3MOYKHOCTH CKaHUPYIOIIEH 3JIEKTPOHHOMN
MUKPOCKOIINH, TYHHEJIIBHON 3JIEKTPOHHOW MUKPOCKOIIMH, 3JIEKTPOHHOM MUKPOCKOIIMU BBICOKOTO
paspemieHus. CrieKTpaJibHbIe METOIbI: KojiebaTenbHas cnekrpockonusi, MK- u KP- ciektpsr;
CHEKTPOCKOIHUS BUAMMOrO U3yueHuss U Y O-CreKTpOCKONUs; CIIEKTPOCKOIUS SAEPHOTO
MarHuTHoro pe3onanca (IMP), saepHoro kBaapymnosbHOro pesonanca (SIKP) u snexTpoHHOro
napamMarHuTHOro pezonanca (JI1P); simepnas g -pesoHancHas (MeccOayIpoBCKasi)
CIIEKTPOCKOIIHUS.

MeTtoap! onpeniesieHnss XMMUUYECKOT0 COCTaBa. XUMHUYECKUN JJIEMEHTHBIA aHaAJIN3.
PentrenodmyopectientHbiil ananu3. JIokaabHBINH pEHTTEHOCTIEKTPAIBHBINA aHATTN3, MaCcC-
CIEKTPOMETPUUYECKHUE METO/IbI, aTOMHO-3MHCCUOHHAs! CIIEKTPOCKOIIHS.

Mertoas! uccnenoBanusi moBepxHocTu. Oxe-3neKkTpoHHas crektpockonus, POIC, obpaTtHoe
pe3epdopaoBckoe paccessHue. MeToIbl HCCIIeI0BaHUs OJMKHETO OKPYKCHUS aTOMOB.
PentrenoBckas abcopOionnas crniekrpockonus (EXAFS, XANES).

HcenenoBanus TEPMUYECKUX CBOMCTB BEUIECTB. TepMOrpaBUMETPUYECKUI aHAJINS.
JuddepenumanbHo-TepMUUECKI aHAIN3 U 1 depeHaTbHas CKaHUPYIOIIas KaJlopUMEeTpusl.

MeToapl ucclieJOBaHUS QJICKTPUYICCKUX U MAI'HUTHBIX CBOMCTB.

9. TBepaogasHbie MATEPHUAJIBI

Knaccugukarus 1BepodaszHbIx MaTepUalIoB 10 (PYHKIIMOHAIBHBIM CBOMCTBaM.

Honnas MMpOBOAUMOCTDL U TBEPABIC JICKTPOJIUTHI. Cyr[epI/IOHHBIe IMPOBOJHUKH. Karnonnsie
IMPOBOJHUKMU. KI/ICJ'IOPOI[-I/IOHHI)IC IMPOBOJHUKH. raﬂOFCHI/IJI-I/IOHHI)Ie IMPOBOJJHUKH. HpI/IMeHeHI/IC
TBCPABIX JJICKTPOJIUTOB (I/ICTO‘-IHI/IKI/I TOKa, TOIINIMBHBIC 5JICMCHTBI, XUMHWYCCKHUC ,Z[aT‘II/IKI/I).

[TonynpoBonuuku. Kiaccudukanus noaynpoBOJHUKOBBIX MaTepHaIOB. JlIeMeHTapHbIe
MTOJIyIIPOBOJIHUKH: TepMaHuil 1 KpeMmHMi. [lomynpoBoannkoBeie coequnenns A3B5 n A2B6.
Kpucrannoxumuueckue ocobeHHocTH. Apcenu rajums. Hutpun ramnmus. XuMHU4ecKkrue OCHOBBI
JIETUPOBAHMUSI MOIYIIPOBOAHUKOB. ['eTepocTpykTyphl 1 cBepxperieTki. OCHOBHBIE 00JaCTH
IIPUMEHEHUS ITOIYITPOBOJIHUKOB.

Jusnexktpuku. Xumudeckas U puznueckas npupoaa JudaeKTpukoB. HaBeneHHas U crioHTaHHAs
nossipuzanusi. CerHeTOAIEKTPUKH, TUPOITEKTPUKHU U NTbe303eKTpuKU. [Ipumepsl. O0nactu
IIPUMEHEHHUS CETHETOXJIEKTPUKOB, IIMPOIEKTPUKOB U MbE30IIEKTPUKOB.

MarnutHbsle MaTepuaisl. OyHKITMOHATBHEIE TapaMeTphl. Kitaccugukarysi MarHUTHBIX
MaTepHajoB, OCHOBHbIE CTPYKTYPBI M CBOIMCTBA (METAJJIbI M CILIABbBI, OKCH/IbI IEPEXOTHBIX
METAaJUIOB, LIMUHENN, TPaHaThl, IEPOBCKUTHI, rekcadepputsl). O61acTH NPUMEHEHHUS,
B3aMMOCBSI3b CTPYKTYpPHI U cBOMCTB. Martepuassl ¢ a¢dpexrom ruranrckoro (IMC) u
kosoccanbHOro (KMC) MarHUTHOTO CONTPOTHBIICHHUS.



Ontuueckre MaTepuaibl. JIIOMUHECIIEHTHBIE MaTEPUAIIBI U JTFOMHUHO(OPHI.
docdopecuupyronie Matepuainsl. TBepAOTENbHbIE HCTOUHUKY JIA3EPHOTO U3ITyUCHUS
(pyOuHOBBIN 1 HEOAUMOBBIH J1a3epbl). Hennuelinble onTuueckue Matepuainbsl. OCHOBHbIE
00J1aCTH IPUMEHEHHUS.

CaepxnpoBoadiue MaTepraibl. TpalulnoHHbIE (METAUIbl U HHTEPMETAIUTUIbI) U
BBICOKOTEMIIEPATYPHBIE (OKCUbI) CBEPXIIPOBOJAHUKH. B3auMOCBsI3b COCTaB - CTPYKTYpa -
CBOMCTBO JJI11 BHICOKOTEMIIEPATYPHBIX CBEPXIIPOBOJHUKOB Ha OCHOBE KyrpaTtoB. O6macTu u
NEPCIEKTUBBI TPUMEHEHUS.

TyromnaBkue MaTepuaibl. MeTauibl ¥ CIIIaBbI, OKCUIBI, KAPOUIbI, OOPHIBI, HUTPUIBI,
cuuiUabsl. KOMITO3HIIMOHHBIE MaTEpHAIIbl, X KIaCCU(PUKALIMS ¥ METOIOJIOTHS CO3aHMS.
Meraicoaepxanue KOMIO3UIIMOHHBIE MAaTEPUAJIbI.

AMOp(bHBIe MaTCpHraJbl 1 CTCKIIA. CDaKTOpLI, BIIMAIOIIHMEC HA CTGKJ'IOO6p3.30BaHI/Ie. OKCI/II[HBIG nu
XaJIbKOI'CHUAHBIC CTCKJIA. 3JICKTpOHpOBOII9[HII/I€ cTeKiIa. MeTamm4ecKne CTeKIa.
CTCKHOKepaMI/IKa. Cutamisl. Paznnynsie o0nactu IMPUMCHCHHA CTCKOJI. >KI/II[KI/IC KpucCTaJlllbI.

Oprannueckue QyHKIHMOHAIbHbIE MaTepHuasbl. OCHOBHbBIE TUIIBI M 00JIACTH IPUMEHEHHUS.
buomarepuansl.
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