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MHUHHCTEPCTBO HAYKH U BhIcHIero oopasoBanusi Poccuiickoii @enepannu
OI'bOY BO «MHrynickmii rocyiapcTBeHHbIH YHHBEPCUTET»
®U3UKO-MATEMATHYECKHUI daxkyabTer

AHHOTAIMA

paboueii nporpaMMbl y4eOHO AU CHUILTUHBI

b1.B.01 ®Pwu3uka TBEpAOro TeJia
Hanpasaenne noarorosku 6axkanaspuara 03.03.02 ®@usuka

b u3yyeHust AUCUMIIMHBI
Ileny Kypca «Pu3nka TBEPAOrO TENa» COCTOMT B CUCTEMATUYECKOM H3JIOKEHUU CIIOCO-
00B M METOJOB IPUMEHEHHS OCHOBHBIX IPUHIMIIOB KBAaHTOBOM TEOPUU K MCCIEIOBAHUIO
CBOMCTB KPUCTAJUIMYECKUX TBEPIBIX TEII.
CTy#eHT JOKEH ITO3HAKOMHUTBCS C HEKOTOPBIMH METOJAaMH, INPUMEHSEMBIMH K
ONUCaHUIO HaOIroaeMbIX (U3MYECKUX SBICHUH M NPUOOPECTHM HABBIKM CaMOCTOSITEIbHBIX
HAYYHBIX MCCJIEIOBAaHUH, BKIIIOUasi (POPMUPOBAHUE HABBIKOB M3yUCHHsI HAYYHOH (PH3HUECKON

JUTEPATYPHI.

Mecto mucuuminnsl B ctpykrype OIIOII BO 6akanaBpuara

Jucuumnnnna «®u3nka TBEpAOro Tenay OTHOCUTCS K 4acTH, (popMUpyeMoil ydacTHUKaMU
00pa3oBaTebHBIX OTHOIICHUH.

Jucuunnnza usydaercs Ha 4 Kypce B / ceMecTpe.

OcHoeHble HABbIKU, KOTOPBIMHU JIOJDKEH 00JajaTh CTYACHT: 3HATh OCHOBHBIE CBOWCTBA
HPOTSDKEHHBIX CUCTEM, O0YCIIOBJIEHHBIE KBAHTOBBIM XapaKTepOM B3auMMOAEHUCTBUI, 001a1aTh
HaBBIKAMU PaOOTHl C OOBEKTaMH, KOTOpPBIE XapakKTEpHBI JJISI PACCMAaTPUBAEMBIX CHCTEM,
BKJIIOYas MpsIMOE U OOpaTHOE MPOCTPAHCTBO, OMNEpAllMU CUMMETPUH, MHOTO3JIEKTPOHHBIE
BOJIHOBBIE (DYHKIIMH, UMETh TPEICTABICHUE O METOAAX PEIICHUS MHOTOAJIEKTPOHHBIX 3a/1ad,
TakuX, kak Mero Xaptpu, Xaprpu-Poka, Teopus Pynkunonana IlnorHocty, a Takke crienu-
JIBHBIX METOJAX PELICHUs 3aa4M O pacyeTe IEKTPOHHOM CTPYKTYpbI KPUCTAIIOB, BKIKOYas,
B TOM YHUCIIE, U UX NPUOJIMKEHHBIE BAPUAHTBI — METOJI CUJIBHOM CBS3M, METOJ] OYTH CBOOO/I-
HBIX 3JIEKTPOHOB, METOJ 3P(PEKTUBHON Macchl. YKa3aHHbIE HAaBbIKU JOJDKHBI CIIY>)KUTb OCHO-
BOM 111 MOHMMaHUS (PU3MYECKMX OCHOB TAKHX SBJICHHH, KaK 3JeKTPOH-()OHOHHOE B3aHUMO-
JIEHCTBHE, CBEPXITPOBOJIUMOCTD, a TAKXKE HIMPOKOr0 CIHEKTPAa ONTHYECKHUX ITPOLIECCOB B KOH-
JICHCUPOBAHHOM COCTOSIHHH.

3. Pe3yabTaThl 0OCBOEHHS TUCHHUIJIHHBI (MOTYJIfA)

Kon komnie-| HaummenoBanue koM-| MHIUKATOp TOCTUXKEHUS KOMIIE- B pesynbrare ocBogHUSA
TeH-ITUU TIeTCHITUN TEHIIUU JTUCIUTITUHBI 00yYatqIInicst
(3axpennienHuvlil 3a OUCYUNIUHOL) JOJIKEH:
YK-2. Crnocoben YK-2.1. Onpenensier Kpyr 3aay | 3HACT BHIEI PECYPCOB U OFpaHH-
OIPECTSITh KPyT B paMKax IMOCTaBJICH HEHMI 1A PemeRnA NpOQeceuo-
. HaJIbHBIX 33/1a4; OCHOBHBI§ METO-
3a/1a4 B paMKax HOU LIEJIH, OIPEAEISAET CBA3U L
= JIbl OLIEHKH Pa3HBIX CIIOCOPOB pe-
MOCTaBJICHHOU MEXAy HUMU; IIEHNs 3a/1a4; JIeHCTBYIOIEE 3aKO0-
1[eJTH U BEIOUPATh YK-2.2. Ilpeanaraer cnocoObl HOJIATENLCTBO U TIPABOBbIE HOPMBI,
OIITUMAJILHBIC pelIeHNA MOCTABICHHBIX 3a0a4 1 | Peryaupyroomue npoeccHoHab-
CIOCOOBI UX OXHJIaeMbI€ Pe3yJIbTAThI; OLEeHHU- | YO ACATCIPHOCTS.
VMeET MPOBOINTH AHAIIH3|IOCTAB-
perieHus1, UCXOs U3 | BaeT MPEIJIOKEHHBIC CITOCOOBI C N
. JICHHOH 11enn ¥ hopMyTupoBaTh
JEUCTBYIOIUX TOYKH 3PCHUSI COOTBETCTBUSA L€~ | s3a7aup, koTOpbIE HEOGXOMUMO
ITIpaBOBBIX JIK TIPOCKTA, pemuTh IS €€ JOCTHKEHHST; aHa-
HODM, VK-2.3. IInanupyer peanu3anuio| M3UpoBaTh aTbTEPHATHBHEIC Ba-
HMEIOLITIXCS 3a71a4 B 30HE CBOCH PHAHTBI TSl TOCTUXKEHHUS Hame-
YEHHBIX PE3YNIbTATOB; UCIIPIIB30-
PECYPCOB U OTPAHU- | OTBETCTBEHHOCTHU C YYETOM
2 BaTh HOPMATHBHO-NIPABOBYIO J10-
ICHUH HMEIOIMXCs peCypCcoB 1 orpa- KyMeHTauuio B cdepe npofheccro-
HUYECHUH, JEUCTBYIOLIUX MPABO- | HAIbHOI AEATENTHHOCTH
BBIX HOPM; Brageer MeTomukamu pa3paboTKu
VK-2.4. Beitonsser 3agaud B [N 1 33/1a1 IPOCKTa; MEroIaMH
OILICHKH MOTPEOHOCTH B PELYPCax,
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30HE CBOEH OTBETCTBEHHOCTH B
COOTBETCTBUHU C 3aIlJIAaHUPOBAH-
HBIMU PE3YyJIbTaTaMU U TOYKAMU
KOHTPOJISI, TP HEOOXOAUMOCTH
KOPPEKTUPYET CIIOCOOBI PEIICHHUS]
3azady;

VK-2.5. Ilpeacrasnsier pe3yib-
TaThl IPOEKTA, IPEJIaracT BO3-
MOKHOCTHU HUX UCIIOJIB30BaHUA
W/WIM COBEPILICHCTBOBAHUSI.

MPOAOJIZKUTCIIBHOCTHU U CTPUMOCTU

MPOEKTA; HAaBBIKAMH PadoT
HOPMaTUBHO-IIPaBOBO 110
Taluen

Bl C
KyMEH-

TPaHCIIALMHN, JJIeMeHTapHas siueiika, ssueiika Burnepa-3eiitia, obpaTHas perieTka, nepas 30-

Ha bpuutrosHa, cuctema enuHMIl (AaTOMHAsI, PEIITUBUCTCKAS)

2. OcHOBHBIE TOJOKEHUS (PUZUKU TBEPAOTO Tea.
pema bioxa, 30HHas CTPYKTYpa, JUCIIEPCUOHHAS 3aBUCUMOCTD, KJIacCU(UKALU TBEPABIX TEI.

DnemeHTapHbIe BO30YykaeHUs. KBasnuacTuiist

3. KBanToBas 3amaua muorux ten. O0mas GopMyaupoBKa KBAaHTOBOHM 3aadyd MHOTHX TeJl.

MmuoroanexkrponHoe ypaBaenue lllpenunrepa, ['amunberonnas.

4. AnnaGatuueckoe MpUuOIIKEHHE.
5. O1HO37EKTPOHHOE MPUOJINKEHHUE.

Pa3nencHue aTOMHBIX U DJIEKTPOHHBIX KOOPIUHAT.
BanentHoe npubmmkenue. BapuanmonHblii puH-

[lepuonnueckuii MOTEHUUAI, TEO-

OIIK-1.  |Cnoco6en mpumensth [OIIK-1.1. 3HaeT OCHOBHBIE MOHS-
0a30BbIC 3HAHUA B 00- [TUS U 3aKOHBI (DU3UKHU U IPYTHX
mactu pU3MKo- ECTECTBEHHBIX HayK, METObI Ma-

MaTEeMaTHYECKUX U [TeMaTHYeCKOIo aHaJInu3a, aareopbl
€CTECTBEHHBIX HAYK B |1 TEOMETPUHU.
cdepe cBoeit mpodec- |OIIK-1.2. Ymeer pemiats cTan-
CHOHAJILHOM JIesTellb- |[MapTHBIC MpodeccnoHaTbHEIC 3a-
HOCTH. ma4y ¢ IpUMeHeHueM (U3UKO-
MaTEeMaTUYECKUX U €CTECTBEHHO-
Hay4HbIX 3HaHWUI, METOJ0B HayyY-
HOTO aHAJIN3a U MOJICIIUPOBAHUSI.
OIIK-1.3. Bnageet HaBBIKAMHU
TEOPETUUECKUX U IKCTICPUMEH-
TaJbHBIX UCCIEeI0OBaHUil B cepe
npo¢eCCuOHAIBHON IeATETHHO-
CTH.

T1K-3. CriocoOHOCTH [1K-3.1. Bimageer BOo3MOKHOCTSIMH| Bramers: MeTomaMu HaXOX-
MCIIONIb30BAaTh CIEIHa- COBPEMEHHBIX HAay4HBIX METO/OB| AeHHs, 0TOOpa U 00beIrHe-
ITM3UPOBAHHBIE 3HAHUS [HA YPOBHE, HEOOXOAMMOM JIJIsl TIO-| HUS PA3IMYHBIX METOMOB
B 00nacTu (pU3MKMU AJIs CTAHOBKU U PEUICHHs 33]a4, UMe-| TMPOBEIACHHS (PU3NIECKUX
OCBOCHHS TPO(PIIIb-  [FOIIMX E€CTECTBEHHO-HAYYHOE CO-| MCCIIEIOBAHMIA.

HBIX (PU3UYECKUX JTUC- [TepKaHUE. YMeTh: OCMBICIIEHHO BBIOH-
ITATDIAH [MK-3.2. Ymeer BbIOMpaTh HAUOO-| paTh HAYYHBIN METO [TPO-
nee 3¢ dexTUBHBIE METONBI pelie-| BeaeHHus pU3NIECKHX UC-
HUAS OCHOBHBIX THIIOB 3aJ1a4,| CJI€IOBaHUIA.
BCTpEUaroNInXcs B (hU3HKe. 3HaTh: cIOCOOBI ompejIerne-
[TK-3.3. 3naet criocoObI onpesie- | HUsl BUAOB M TUITOB Tpodec-
JIEHUS BUJIOB U THIIOB MPO(ecCu- | CHOHAIBHBIX 3a/1a4, a TaKkKe
OHAJIBHBIX 33J1a4, CTPYKTYPUPO- | METOMBI UX PEUICHUs [IPH
BaHUS 33/1a4 Pa3IMYHbIX TPYMI. | MPOBEIECHUU PUINIECKUX
HUCCIEeIOBaHUN
4, 4.2. Conep:xanue TMCUMILINHBI (MOTYJIs1)
1. Beenenue. OCHOBHBIE NOHATHS. TpaHCIAIMOHHA CUMMETPHUS, OCHOBHBIE  BEKTOPBI
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nun Putna. YpaBuenus Xaptpu. CamocoriiacoBaHHblid NOTeHIMal. Pemenue «camocoriaaco-
BAaHHBIX» YPABHEHUM.

6. AHTHCHUMMETPHU30BaHHBIC BOJHOBBIC (PYHKITHH. Onpenenurens Cioiitepa. Beruuc-
JICHWE CpPEAHWX 3HAYCHWH C JCTePMHUHAHTHBIMH (YHKIUSAMH. BapHalnvoOHHBIA MPHHIIUIL
VYpasuenus Xaprpu-®oka. OOMeHHas YHEPTHSI.

7. Teopus @yHkuuonana IInornoctu ONEeKTpOHHasl IUIOTHOCTb, OIPEACIEHUE, OCHOB-
Hble cBoMcTBa. [lepBas Teopema Xosn6epra-Kona. Bropast Teopema Xoanb6epra-Kona, Bapua-
LIMOHHBIN IPUHLIAII [ 3JIEKTPOHHOM TNIOTHOCTH. DYyHKIIMOHAI IIOJIHOM SHEPTUU.

8. Meron Kona-IlIsma. [TocTpoenue ¢yHKIMOHATA PHEPTUHM C HCIOIB30BaHUEM (HUK-
TUBHOW CHCTEMBI HEB3aWMOJICHCTBYIOMMX dacTul. YpaBHeHus Kona-lllama. OOmenHo-
KOPPEJIALIMOHHAS SHEPTUSl.

9. Metobl pelieHus ypaBHeHUI 30HHOM Teopun O6mas GopmynupoBka 3anaun. basuchbie
¢byukun. CexynsapHoe ypaBHeHHE. MeTo MITOCKUX BOIH. MeTo IpUCOeINHEHHBIX TUIOCKUX
BOJIH. MeTO/] OpTOroHaaIM30BaHHbIX IJIOCKUX BOJH. [IceBnonorenuuarn.

10. JIuneitnpie Metoapl.  JIuneapuzauus. JIMHEHHBI METOA NPUCOEIUHEHHBIX IJIOCKUX

BosiH (JITITIB).

11. ITpuGnu>KeHHBIE METOIBI. DNeKTpOH B IMyCTOM pemieTke. MeToj CHIBHOHN CBS3U.
MeTto mouTH CBOOOIHBIX AJIeKTPoHOB. D dekTrBHas macca. Teopema Banbe.

11. DnexkTpoH-GOHOHHOE B3aUMOJICHCTBHE. OO01m1e CBOICTBA B3aUMOJEHCTBUS DJIEK-
TpOHA ¢ KoJieOaHusiMu pereTku. Ter3op aedopmamnmu, 10kambHOCTh. JledhopmannoHHbIii 10-
TEHLHA.

12. DnekTpoH-POHOHHOE B3aUMOIEHCTBHUE. lNapmonuueckuii ocuusuiarop. Bropuunoe

KBaHTOBaHUE, OIEPATOPbl POXKACHUA M yHUUTOKEeHMs. [loHsAThe moseBbIx omepaTtopos. l'a-
MUJIBTOHUAH JUISl YACTHIL ¢ 2-X U 4-X YaCTUUYHBIM B3aUMOJICHCTBUSAMU. [ aMHIIbTOHMAH HEB3a-
UMOJICHCTBYIOIUX (DOHOHOB. ['aMHIBTOHMAH B3aMMOJEHCTBHS JIEKTPOHOB C (poHOHaAMH B
IIPEJICTaBICHUN 4uceN 3amojHeHus. ['papuueckoe mpencraBieHue, nuarpammel deliHMaHa.
[Tpocreiimue TvnbI B3auMoAeHCTBHM. BupTyanbHble pOHOHBI.

13. DnexkTpoH-HOHOHHOE B3aUMOICUCTBUE B MOHHBIX KPUCTAJIIAX. B3aumogeiicTBue
3JIEKTPOHA C AedopmMariueil pererky B ciiydyae BUIbHOM CBA3U. DIEKTPOH-(POHOHHOE B3aUMO-
JIeiCTBME B HOHHBIX KpucTauiax. [Tonspon. Moaens @pennxa.

14. CeepxnpoBoaumocts Kpurtnueckas temnepatypa. Dddext Meiicuepa-OkceHdenbaa.
teopus JlIonnoHoB. YpaBHeHus JIoH10HOB. [I[pOHMKHOBEHNE MAarHUTHOTO TOJII BHYTPb CBEPX-
npoBogHuka. Teopusi ['mu3Oypra-Jlanmay. Ilapamerp mnopsnaka. YpaBHenus ['uH3Oypra-
Jlannay. JlnnHa korepeHTHOCTH. CBEpXNpPOBOJHUKHU 1-TO U 2-ro pona. KBaHToBaHME MarHuT-
HOTO 1OTOKa. DIIFOKCOH.

15. CBepXmIpoBOIMMOCTE MUKPOCKOIIMYECKAS] TEOPUA.  DJIEKTPOHHOE MpuTskeHune. Ky-
nepoBckue napsl. Mzotonuueckuit 3 dexr.

16. OnTuyeckue CBOMCTBA KPUCTAUIOB  BUAbI B3aUMOJIEMCTBUSI CBETA C TBEPIBIM TEJIOM;
ONTUYECKHE KOHCTAHTHI; MOTJIONIEHNE CBETa KPUCTAIIIAMU, COOCTBEHHOE TOTJIOIIECHHUE; IKCH-
TOHHOE MOTJIOLEHNE; MOMJIONIEHHE CBOOOJHBIMU HOCUTENISIMU; MPUMECHOE IMOTJIONIEHUE; pe-
LIETOYHOE MOIJIOLIEHNUE.

17. PekoMOMHAIIMOHHOE U3ITyYEHHE B TIOTYTPOBOIHUKAX. Mex30HHAasT peKOMOWHAITHS.
PexomOuHamus uepes JOKaIM30BaHHBIE HEHTPBl. DKCUTOHHas pexoMmOuHanus. TepaoTens-
HBIE JIa3€pBbI.

18. KBanToBast TeOpHsi ONTHYECKUX CBOMCTB KpUCTAIUIOBOOIIMKA ~ TEOPETUUECKUH — aHAIM3
MEX30HHBIX ONTHYECKHX MEPEXO0JI0B; AUMOJIbHOE MPUOIMKEHHE; BEpTUKAJIbHBIE MEPEXO/bI;
CBAA3b C ONTHYECKUMH KOHCTaHTaMU. ONTHYECKHUE CBOICTBA KPUCTAIJIA KPEMHHUS.

DneKkTpoMarHuTHbIe BOJIHBI: CylleCTBOBaHUE JIEKTPOMArHUTHBIX BOJIH. BoHOBOE ypaBHe-
HUE JJI TJIOCKOM 3JEKTPOMArHUTHOM BOJIHBI. CBOMCTBA IUIOCKOW TapMOHUYECKOM 3JIEKTPO-
MarHuTHOW BOJIHBI. CTOSTYME BOJIHBI. DHEPTrHUs 3JIEKTPOMAarHuTHOM BoJiHbL. Bektop IloiiTuHra.

5. Oo6pa3oBaTe/bHbIE TEXHOJOTHI

Ne .. Tema nporpammel qucuuIUIMHEL | [IpuMeHseMble TEXHOJIOTUU

1 OCHOBHBIE TIOJOXKEHUS PUIUKH KJIACCUYECKOE TPAJAUIIMOHHOE; JIEKIIMOH-
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TBEPJOTO Tela. HOE 00yuyeHHe
2 KBanTOBast 3aja4a MHOTHX TeJL. KJIaCCHYECKOE TPAAULIMOHHOE; JICKIIMOH-
HOE 00y4eHHe, HarJIsIHbIC, TPOTPAMMHPO-
BaHHBIC
3 Annabatryeckoe MpUOMIDKEHHE. | KJIIACCHYECKOE TPaJUIIMOHHOE; JIEKIIMOH-
HOe 00ydeHwne, BepOaapHbIe (ayaro)
4 OIIHOAJIEKTPOHHOE MPUOIMKEHUE | KIIACCHYECKOEe TPaIUIIMOHHOE; JICKIIHOH-
Hoe 00yUYeHHe, CaMOCTOsITeNIbHas paboTa
5 AHTHCHUMMETPH30BaHHbIE BOJI- KJIACCHYECKOE TPAAULUOHHOE; JICKIIMOH-
HOBBIC (DYHKITHH. Hoe 00yueHHe, caMOO0yUYeHHE
6 CBepXnpoBOIMMOCTEMUKPOCKO- | KJIACCHYECKOE TPaIUIIMOHHOE; JICKIIHOH-
IMUYCCKasg TCOpus. HOC OGy‘-ICHI/Ie, JUCTAaHIITMOHHBIC
7 Onrtuyeckue CBOWCTBA KPUCTAN- | KIACCHYECKOE TPAAUIIMOHHOE; JIEKIINOH-
J0B HOe 00yueHHE, KOMITBIOTEPHOE IPOrpam-
MHPOBaHHOE 00y4YeHHe
8 PexoMOMHAIIMOHHOE U3JTyYSHHE B | KIIACCHYECKOE TPAJAUIIMOHHOE; JICKIIMOH-
MOJTYIPOBOIHUKAX. HOe 00yueHHe, KOMITBIOTEPHOE MPOrpam-
MHUPOBaHHOE 00y4YEeHHE
9 KBaHTOBas TEOpHS ONTHYECKUX | KJIIACCHYECKOE TPAJAUIIMOHHOE; JIEKIIMOH-
CBOMCTB KPHCTAJLIOB HOe 00yueHHE, KOMITBIOTEPHOE MPOrpam-
MHPOBaHHOE 00yUYeHHE

6. Ilepeyenb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIMOHHOM ceTH « AHTEpHET», He-
00X0AMMBIX /115l 0CBOCHUS TMCHMUILINHBI (MOIYJIs1)
Ha3zBanue pecypca Ccblika/mocTyn
DJekTpoHHas OMOIMOTeKa OHJaH «EmnHoe okHO K http://window.edu.ru
00pa3oBaTeNIbHBIM pecypcamy
«O6pa3oBaTenbHbIi pecypc Poccum http://school-collection.edu.ru
®enepanbHbIi 00pa30BaTEIbHBIA MOPTAT: YUpekKe- http://www.edu.ru
HUs, Tporpammel, crannapTsl, BY3b1, tectol EID, THA
denepanbHbIA LEHTP nH(pOpMaIMOHHO- http://fcior.edu.ru
oOpazoBartenbHbIX pecypcoB (PLIMOP)
Pycckas BupTyanpHas OubInoTeKa http://rvb.ru
ExenenenpHuk Hayku W oOpasoBanus [Ora Poccuu http://old.rsue.ru/Academy/Archi
«AxamemMus» s/Index.htm
Hayunast anexktponHas Oubiamnoreka «e-Library» http://elibrary.ru/defaultx.asp
DnekTpoHHO-0ubnuoreuHas cucrema [PRbooks http://www.iprbookshop.ru
DNEKTPOHHO-CIIPAaBOYHAsl CHCTEMa JOKYMEHTOB B http://www.informio.ru
cthepe obpazoBanust «MHGOpMHOY
HNudopmanmonno-npaBoBasi cucrema «KoHcynbraHT- |CeTeBas Bepcusi, IOCTYIHA CO BJ
TUTIOCY KOMITBIOTEPOB B KOPIIOPATUBHOM Cf
Nurl'y
DNEeKTPOHHO-0MOIMoTeuHas cucteMa «FOpaiT) https://www.biblio-online.ru
DopMbI TEKYLIET0 KOHTPOJISI
7. Pabota y 1ocku; KOHTPOJIbHBIE, CAMOCTOSATEIbHBIE paboThL. JlomycK K jJabopaTOpHO paboTe U 3amuTa
oT4yeTa.
8 dopMa NPOMEKYTOUHOI0 KOHTPOJIS - DK3aMEH

Pa3pabGorumk: cr.mpenogasaresib kKadgeapol «@usuka» - barbvixes M. b.


http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
http://rvb.ru/
http://old.rsue.ru/Academy/Archives/Index.htm
http://old.rsue.ru/Academy/Archives/Index.htm
http://elibrary.ru/defaultx.asp
http://www.iprbookshop.ru/
http://www.informio.ru/
https://www.biblio-online.ru/

