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1. ljEJ114 OCBOEHI451 j1111C1j1411.1114H131

ULCJISIMH OCIROCHHH JAHCIIHILTIMIbl HBASHOTCH: o3HaKomneHHe CTyaeHT013 C xumwiecimmu 0C-

HOBaMH HaHoTexHoJIolull, cnoco6amH cHHTe3a HaHocTpyKTyp, BO3M0)KH0CT5IMI4 yripaBneHHH HX pa3-

mepamm H ()opmoil, CBOACTBaMI4 HaHomaTepHanoB, onpegensHoum MI4 14X KOHKypeHTOCHOCO6HOCTII B

cpaBHemm C Tpag1411140HHbIMI4 maTepHanamH; (1)opmnpoBaHme HaBbIKOB npHmelleHHR TeopeTwiecKux

3HaHni HpH penieHHH HpaKTHiiecKm

2. MECTO 14 C LtI4 MIN 1-1 bl B CTPYKTYPE 011011 130

glicuHniuma (AHMH ,tecime OCHOBbI HaII0TeXII0J101'Hil>> OTHOCHTCH K BapHaTHBHoii gacrll

011017.

gaimbdi Kypc ornwaeTem Ha 3HaHH5I, nonytieHHme crygewramH HpH 113rieHHH (1)H3HKH, XHMHH

H maTemaTHKH.

flonygeHHbie cTygeHTamll 3Hafl VIM Heo6xogHmbi JIflH H3rie1IHH TaKmx )UmcwinnHH KaK «Ilsege-

Line 13 HaHOTeXH0510F14H>), oMaTepHanoBe,geHHe HaHocTpyKTypHpoBaHHmx maTepHanoB», <AHmHtie-
cKast TexHonorum HaHoKepampum>.

3.	 KOMTIETEHIRM OBY LIA10111EF0051, (1)0PMHPYEMME B PE3YJIhTATE
0C130E1-11151 i111CIAIMJ11/1111,1

B pe3ynbTaTe ocBoe111454 ,11HCIAHHJIHHbI eTygeHT ocBanBaeT cnegylotHHe KomneTeHitHH:
011K-2 cHoco6eH BbISIBJISITb ecTecTBeHHoHarmylo CyLHHOCTb npo6nem. B03HHKaIDIIIHX B xog,e 1 tpo-
(1)eccHoHan1,Holl gesiTenbllocm, nmineKaTb gnsi FIX pemeHith 04311Ko-maTemaTH gecKH11 annapaT.

B pe3ynbTaTe ocBoeHH51 ,Ill4C1HITTIHHbI cTyaeHT gon)KeH AemoHcTpupoBaTb enegytomme pe-
3y.abTaTb1 o6rieHmi:

3HaTh: OCHOBHble 3aKoHomepHocTH HpoTeKaHmi npoueccoB, meToght orwcauHm
(Pa3oBbix H XHM14 1-leCKVIX paHHoBecHil, ocHoBbi eTpywrypHoti opraHH3aH4H BewecTB 14 maTepHanoB
(011K-2 cnoco6eH BbISIB.1151Tb ecTecTBeHHoHarmyR) cruHocTb ripo6nem, BO3HHKa1OMAI4X 13 xoge npo-
(j)eccHoHanbitort gesiTenbHocm, npHBneKaTb AAA 14X pemefflim (1m3HKo-maTemaTw1ecKHR aimapaT);

HaBbiKamll npaKTFP-lecKoro HpHmeHenHst 3aKOHOB XHM14 11 HpH nocTaHoBKe H peant4-
3aLltHH 3KcnepHmeHTanbHbix HCCJIesEPF3aIinti 14 pemeHHH ripaKTH LiecKax 3anAH (01 II<-2 CHOCO6CH Bbl-

SIBJISITb eCTeCTBeHHOHarThyl0 CyLIAHOCTb npo6nem, B0'3HHKaK)111,HX B xoge npo(keccHonam,Hori gem-
TenbHocTH, HpFmneKaTb Ansi HX pememisi (Im3HKo-maTemani geciair4 ai ii tapaT);

Ymerb: npumensub nonyveHnbie 3Haf1H51 13 oCinacTH XVIMHH XIS{ OCHOeHl451 o6ntenpo(j)eccuo-
HailbliblX ,LI,HCHHHJIHH H pCHICHHM Hpo(1)eccHoHanbllbix 3aga q (0FIK-2 CHOCO6CH Bb151BJ151 I b ecTecTBeH-
HOHar1HY10 CYLHHOC fb npoCinem, BO3HHKaK)1114X B xo,ge npocheccHonanbuoii )1C5ITeJ1bHOCTH, 111/14 BAC-

KaTb )1.1151 MX peuieHmsi (1)13HKo-maTemaTHmecK1411 annapar).



4. CTPYKTYPA H (:0)1EPACAHHE JHCHHHAHHI-31

XHMH LIECKHE OCHOBbl HAHOTEXHOTIOTHO

06m1m Tpy;_toemKocTb AHCL114HJ114Hbl COCTaKISICT 3 3a4emble CA4H1411b1, 108 qacoB.

.N19 13a73Tleil Aucuun- 1314A rie6uoil pa6oTbi, BKJ110 11a51 CPC 14 061,eM (Dopmbi KOH-

11/11 .T1141-1bI TpysEkoemKOCTb, gac. yii.pa6. c
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1. HauoTexii0JI0F14M. 3 1 ') 8 2 (100)
OCHOBHble 1101151-

T1151. Hepapxum
cTpyKTypHblX
ypomell MaTe-

pmaJi()B.

_
. Bentecmo, cha3a,

,Lle(1)eKT, cTpyKTy-
pa. °CI-10131161e

3 3-5 4 16 4 (100) Pe1T1411r-

KouTpoilb .N9,

I

1-101151T1451.

3. MaTepuaribi. 14x 3 7-9 4 16 4(100)
Knaccuci)mxallum.
1-lauomaTeppuu11)I.

. CTa6umbubie, me- 3 11 2 8 2(100) PeriTHur-
TacTa6umblibie 14

na6mbubte cue-
KOHTp0J11, K2

')

Tembi. B3aumo-
AeriCT131451 B

C.110)1(14bIX cucTe-
max.



-

. Xnmu LiecKne me-
T0,1b1 CHHTe3a

HaHogacTnu H

I taHomaTepHanoB.

3 13-
17

6 18 24 24(100) PefiTHH1 -
K011 Twit, .M2

3

Bcero, qac 108 18 18 72 36(100) 3atieT

Tema'mica llpliKTIPIeCKIIX 3a11a1nii no Kypcy

1. MOIleKyJIMIDHO-KHHCTIPleCKIIC CBOACTBa HaHo,rmcnepcHbix CHCTM C WHAKOri H ra3oo6pa3Holi

gmcnepcHomioil cpeAor4 (4L).
2. OrmplecKHe cBoficTBa HaHonmenepcubix cHcTem

3. AmenepcHoHmari aHan113 nonHAHcHepcHmx cHcTem (4.).

4. (1)H314Ko-xHmH liecKHe 3aKoHomepHocTH HpoueccoB, npoTeKamumx B HaHOFIORICMIX cucTemax

(44).
(1314311K0-XIIMPP-ICCKI4e 3aKoliomepHocTH o6pa3oBau14m HaHoKnacTepoB (4,1).

5. 016PA3OBATIEJ1bHblE TEXHOJIMUM

I Ipeno,rtHecenue TeopemtlecKoro maTepana ocyutecTBnmeTcx c HpHmelleHHem 3neKTpollimix

cpeAcTB 06y ,ieffli51 rpm HenocpeacTBeHHom npoirreHHH 4a11Horo maTepHana neKTopom.

HeKoTopme pa3)-tenbl TeopemtiecKoro ypea paccmaTpnBatoTcsi C 14C110J11)30BaH14em

onepoKalomer4 camocTowrenbuoA pa6oTBI: cTynewrbi nonriamT 3aAaH14e Ha H3rieume HoBoro

maTepHana n,o ero 143J10)Kel-114M iia ReK1114H.

A.1151 OLW11104 ocBoeHmiTeopenttiecKoro maTepHana cTy,aeHTam14 HcHonb3yiarcsi Komponblibie

pa6oThi.



6. OHEHOMMIE CPEXTBA j.TIM TEKYHAEFO KOHTPOJ1M YCHEBAEMO-
CTH, HPOMEACYTO LIHOCI ATTECTAHHH HO HTOFAM OCBOEHHM Auc-
1j1411.111/1H hi H P-IEBHO-METOWIECKOE OBECHE IIEHHE CAMOC1'O1-

TEJIbH0ii PABOTb1 CTYJEHTOB

Bonpochi A.usi npoBertemisi KonTpoas• camocrosiTeabHort pa6oTm:

1. HaHOTeXHOJIOEHR. IlaHomaTepHaAm. Hepapxrui crpyKTypumx ypoBnell maTepHanoB.
2. GrpyKTypHo- q yBcTBHTembHme xapax-repHeTHKH HaHocTpyKTypHpoBaHHmx marepHamm. 0C-

H0BIlbIe (1)awropm 14X onpeoLiensnonme.
3. Kriaccmlnixanum nanomaTepHanoB no HX pa3mcpHocTH.
4. 3Barnourist HaHocHcTem. TonoxHmuttecxam namscrb.
5. MCTOjIbl allamH3a HHOCHCTM 14 HaHOMaTepHaJI0B.

6. Bentecmo. cDa3a. KpucTammilecKasi c-rpyKTypa. 1/1"leanbrnmil, coBepuieunbal H pembHbiii xpn-
cram.

7. 41,e(1)exTbi B KpucTarmax. Mx KnaccH04Kaum5I.
8. PamoBecHme Ae(1)cKTm. YpaBHeHme 3aBHC14MOCT14	 pamoBecHmx ,II4eKTOB OT

H3MeHeli SI 1Hepriln 1-1466ca H TemnepaTypm.
9. TO'LICIIHble (Hy.nmeprible) Ae(j)ex-rbi.
10. IIHHer1Hble (o,anomepHme) "14exTm.
11. gHcitoKaumn.
12. )BymepHme ,214eKTm. ABofifuncoBaHHe.
13. TpexmepHme "14ex-rm.
14. BJ1H511114e 44exToB Ha CBOACTBa naHomarepHanoB.
15. 06rHag x.riaccrulHficaumm maTepHanoB. AJIF0pHTM HX co3,aa111451.
16. KnaccmdmKauHm maTepHanon no cocTaBy. (Da3oBbnl COCTaB maTepHanoB.
17. KnaccH(IniKaHum maTepHailoB no cTpyKType. KpmcTa.rum gecKHe H HcKpmeTamumecnte maTe-

pHaJlbl.

18. KnaccHdmKanum maTernimoB no (1)0pmam cyruecTBoBaHmi. Komno3HT61,110KIMITHM, TOHK14e

n.geHKH.
19. KnaccH(In4KauHst maTepHanoB 110 (1)yHKIIHOHaTIbHbIM CBOACTBaM. linomaTepHanm. OnTumecKHe

maTepHa.am. CeHcopm.
20. CTa6H.Timime, meTacTa6mbHme H J1116HJIbHbIe CHCTeMbl.

21. TepmommamwiecKHA 14 KHHeTH4eCKI4r1 KOHTp0J1b (1)opmripoBaH451 meTacTa6wribribix cocTo5I-

22. ITT- H CCT- Anarpammbi.
23. HCHOJIb3013aIII4e TTT- gllarpamm Hpri co3RaHHH maTepHaloB C K0wrp0nHpyemb1MH CBOriCTBa-

M14

24. ITT- "warpammm reneo6pa3yioumx cHcTem.
25. HepaBHoBecHme HporteccEd B 1130JIHPOBaHHbIX, 3aKpbITIAX H oTxpbrrmx cHcTemax.
26. B3aHMOAefICTBH51 B C110)KHbIX cHcTemax. Cnoco6m o6pa3oBaHrn4 nepHoiimmecKHx cTpyKTyp.

06wHe HpHiniHnbi camoc6opm4 H camoopramnaHHH.
27. CamoopraHH3aurim. YCJI0BH51 camoopraHH3aumu B oTKpbrrmx cHcTemax c o6pa3oBaHHem

CHIlaTliBH1)1X cwyKTyp. Buct)ypxaurim.
28. Camoc6opKa B marieKyJimpHmx cHcTemax.
29. 1Knacc414KaHHH MeT0,10B nomytiennm nanomaTepnanoB HO THIly (1)opmnpoBaHH51 HanocTpyK-

Typ.

30. K.flaccminixarwm me-roaoB	 nanomaTepnanoB no cnoco6y nany genliM H CTa6HJIH3a-

IIIIH HallOLlaCTI411.

31 . 30.1143-FeJlb meTo,it. OCHOBHbIC pCaKIWOHHble napameTpm.
32. 301Ib-reJlb MeT0).4. BO3M0)KHOCTb IICH0J1b30BaH14SI B Ka IIECTBC npexypcopoB aJIKOF0J154TO 13 me-

TaJITIOB. FHAPOJI 143 aJ1K0f0J15IT0B MeTaJIJI0B no MeXaHH3My nymeolimmbnoro 3amemennsi.



33. 30.11b-leJlb meToit. B03M0>KHOCTb He110J1b30BaHH51 B KamecTBe rtpeKypcopoB aJ1K010.1151TOB me-

TarmoB. COHOJIHKOHJICHCaU,1451 a.11K0f01151TOB meTartmoB no mexammy aJ1K0KCOJI5111HH.

34. 3am-resn, meTo,Et. BO3M0)KHOCTb 14C110.11b30BaHH51 B Ka'-ICCTBC npeKypcopoB arnwronsrroB me-

TaJIJI0B. COTIOJI1KOHACHCaL1H51anKoronwroil meTarthoB no mexaHH3my 0KC011511L1H14.

35. 3am-remb MeT0,111. BO3M0>KHOCTb HC11011b30BaH451 B Kageme npeKypcopoB artKoroilwroB me-

TaJIMOB. COHOJIHKOHACHCaI1H51 anKOMJIATOB meTamoB HO mexaHH3my 011511114H.

36. COOTHOWeHHe rwapoima KaK KOJ114 14eCTBeHHa51 XapaKTepHCTHKa, oTpa)Katotnast 1303M0)KHOCTb

HanpameitHoro crutTe3a 114,L11,p0KCH,TI0B H OKCH,JOB meTarmoB c 3aEtarfflort mop()omorHeit
37. F putpoTepmanbliblii H C0JIbB11TOTepMaJ1bHbIri CHHTe3 HaHoqacTlln. CyTb MeTOXI. YCJI0BH51 lipo-

BeAeliktm nponecca. BO3M0)KHOCTb nonygefutst tiaCT141.1, C KOHIPOJIHPYeMa cwyKTyport.
38. K0.11.110H,T1HbIe HallOpeaKTOpbI. OCHOBHble 814)lb'. FlpHIHJ11411bI (PopmvipoBaHmm. 11pertmyntecTBa.
39. MI4I1CJIJIbl. THHbl mmleximpubtx cHcrem.
40. I lopmainmme H o6pameHuble mlluemrthi. CHHTe3 B o6painentibtx mtuu,enmax.
41. MIIKpOWyJIbCHH. CHHTe3 B MHKpO3MyJIbC1451X.

42. MHKpo- H MHHH- 3MyllbCHH. CHHTe3 B MHHH3My.11bC1451X. flonyi-teHHe rH6pH,LtHbtx marepHaJtoB.
43. CHHTe3 B 110JIHMeP1430BaHHbIX MHUCJIJ151pHbIX cTpyKTypax. flonyirteHHe 6J10K-00110JIHMep0B.

44. CHHTe3 B nitettKax JleHrmtopa-B.floA>Ke yr. flpHmiHnHaabHast cxema meToua.
45. CHHTe3 B Hi-let-wax JleHrmlopa-listo,rt)KeTT. XapaKTep 311BlICHMOCTH c-rpyKTypbt ruteHKH oT cre-

ileum mantst H TemnepaTypm.
46. CHHTe3 B nmeHKax JleHrmtopa-BmoipKeTT. MeTO,L1bI HalleceHrts4rmenoK Ha TBeRaytoitoBepx-

HOCTb. 1-10.11y4eHHe MyJMTHC.110eB.

PaITIThr-IC0111p0J1b .N1?

1. PacciirrratiTe KoA)4)rntHeurr Ar111.4y31414 K0.11110H1kHOF0 30JI0Ta nprt 20°C B

ecru' paurtyc ero iiacTHIA paBeH tu M, B513KOCTb paBHa 0,001 H C/M
2

.

2. Ottpeilem prre K03(1)(1)HuHeHT C0IM0THRTIeHH51npH )1B14)KeHH14 LiaCTI4Ltb1KB11put11 B Box, ecini
KoA)(1)HuHeHTAHOy3HH paBeH 2,1 10 12 m-/c, Temneparypa paBHa 25°C.
3. OnpeAernTre y,Ttenbnyto noBepxHocTb c.neArownx qacTun: a) Ky6 C ,E1JI4HOrl pe6pa 1 MKM

(10 6 M). 6) map c miameTpom 1 MKM, B) 11,HJI1411,2113 C BbICOTOR H AHameTpom ocnoBaHvoi no 1
MKM.

4. Ottpegenrrre K03(1)(1)HitHeHT inufrt)y3Hrt 4aCTH1111313onoTa, ecsm npH H3r-lel1H14

6poyHoBcKoro il,B14)KeH1451 3T0rl IlaCTHH,b1 B).10J1b OCH Ilepe3 Ka)K,Etme 2c onpe,rtensuntch

cmeineHrm, KoTopbte OKa3aJIHCb paBHb1M14 (B MKM): 1, 2, 2, 3, 1, 1, 2, 2, 1, 2, 3, 2, 1, 2, 3.
5. K034)(1)141.114eHT AH(j)(1)y311H ubepwitecKofi nacTrtubt paBeH 2,1 10 - ' ' m2/c, a paArtyc
ee paBeH 1,4 10-x M. PaCC 1114TaiiTe Ko3(1)(1)HrtHeHT BpaulaTenbHoil ,4144)4))/31414.
6. BbI LIHC.1114Te 114I1COMeTp14 14eCKy10 BbtcoTy 30J151 30110Ta (IIJIOTHOCTb 30J10Ta panna 19300 Kr/m

1 0-9paallyc qacTrtit paBeH 4	 m) npH 25°C.
7. BbI LIHCJIHTe Beimin4Hy epemiero c,ntBrtra K0mi10wn-n=4x tiacTHu rHAp030J1st rwitpaTa ()MICH )1(e-

me3a upti 293° 3a upemsi 4 c, ecru! pa,EtHyc ttacTlln 10 -8 M, B513KOCTb Boght 10-3 II c/m2 .
8. 11artarrre oTHouteHHe BeJIHIIHH cpeAHero cABHra LiacTHIL c paAHycamm 2 10 -9 m 14 2 10 -7 M.
9. C KaK011 CK0p0CTI310 6y4T oceaaTb KaHJIH B0A511-10F0 TymaHa c pa,rmycamll LtacTrut 10 4 M. 1()
6 nnM0: 513KOCT	 3,ab Boyxa 1,8 10-3 H C/M 2 . Be.TIWIHHO	 vi4 FIJIOTHOCTH Boyxa npeHe6yeim.

1 0. CpaBlirrre OCMOTH LIeCK0e itawneHHe 301151 C itacTuttamli paArtyca nopsytKa 10 - M

C OCMOTHIleCKHM /taarteH ytem moneKrimpHoro pacTsopa (paartyc marteKyn HmeeT nopstaoK 10 - II)
M). FITIOTHOCTb 30.1151 paBHa 11.110THOCTH pacTBopa.
11. PacctunaliTe BeffiviHtly OCMOTWIeCK0F0 ThaBJICHH51 30J151cepw4cTor0 MbIL1I351Ka KoHuerripantnt

7 Kr/m 3 . Cpeiwurt paArtyc LtacTmi 10 HM, 11.110THOCTb 3011512,8 103 Kr/m 3 , T = 293 K.
12. Hrme npuBe,EteHbt pe3yabTarb1 H3y LieHmst paBHoBecHoro pacnpegeneHmt qacTrin 11411p030nst
cenetia 1-10 bbicoTe noit ilerICTBHeM CHJIM T51)KeCTH (npit 293 K):

IL mKm 50 850 1050 1250

V. Limit° gamin
B einittrnte oftema 595 271 165 90



Plcnonb3ym 3T14 Liannble, pacci.n4TailTe K0:)(1)(1)14nnenT sunctq1)y31414 qacTmu cenena B Bone. 1-1noT-
nocTb cemena npnmuTe paBno sti 4,81 1'/CM 3 , 11.110THOCM BOTIbI 1 r/CM, BSI3KOCTb B04131 1 1 0 -3 Fla c.
13. OnpenennTe pamlyc qacTnit innp030n51 3onoTa, CCJIH nocne ycTanomennst in4(1)(1)y3nonno-
ceitnmenTannottnoro paBHOBCCHA npn 293 K tia 13131C0Te 8,56 cm KonuenTpattnst iiacTnn 143MCHS1-

eTcm B «e» pa3.11nomnocTb 3onoTa 19,3 r/cm 3 , ILIOTHOCTb B0,T1b1 1,0 r/CM3.

14. Pe3ynbTamilKcitepnmenToB CBe oViepra no ottpe,aenemno cpeAnero cnaktra itacTnit 30515! Luta-
THHbl B pa3nbtx cpe,nax npu 293 K cnenrontme:

ti 104 , Ha t,C L, MKM

AiteToFI 3,2 1,60 6,9

Bona 10,0 0,65 2,1

HponnnoBbdi crtnpT 22,6 0,45 1,3

Ha OCHOBall1414 3THX 4aHHbIX onpe,EtennTe ,1111C11CpCHOCTI, tiacTutt 30JI31, a Tame
KoxiAlniunenTbi ,n1444y31414 iiacTnni B yKa3antibtx cpe,Ltax.

15. OnpeaennTe BbicoTy, ita KoToport Hoene yCTaHOBJICHH5I )114(1)(1)y3H0HH0- CCIIHMCJITLIIITI-

OHHOr0 paB11013eCH5I KonnenTpannst qacTnit 1114030M5l AnoKettna Kpemunst yMCHIA11HTC31 BABOe.

Llacmubt 305I5I upepnitecKne. AncnepcnocTb qacTun, 0,2 nm - '. IttoTnocTb Si02 2,7 1/cm 3 , n.noT-
tiocTb BOLITA 1 1/CM 3 , TemnepaTypa 298 K.
16. B onbiTax BecTrpena 6bino nonymeno cne,aytoinge ycTanommueecst noa jiteficTBnem C1/1111)1

Tsmecm pacnpexnenne qacTnn FM1)030.1151 30JI0Ta no BbicoTe:

11, MKM 0 50 100 200 300 400
1114CJ10 'IaCTI411 B e)114HH1IC o6Lema 1431 1053 779 408 254 148
OnpeRennTe cpeRtatrt pa3mep HacTnu rn,Ltpo3ons1, ecnn FIJIOTHOCTb AVICEICpCHOA (1)a3b1 paBna 19,6
r/cm3 , Temnepalypa 292 K.
17. Yaenbnast noBepxnocTb c(1)epwiecKnx HacTnn 1ni_tp03o2ist Kpemtie3ema cocTaBnmeT 1,1 106

M 2/Kr. FLTIOTHOCTb Kpemne3ema 2,7 r/CM3 , 11513KOCTb ,LTHCIlePCHOHHOCI CM-1bl 10 -3 Hac, Temitepa-
Typa 293 K. OnpenennTe npoeKunto cpegnero cutinra LlaCTHII 30.3151 3a Bpemn 4 c.
18. Ho ,Etatinhim CBen,6epra, Kol(1)041414enT itm4yby3m4 KOJITIOHATIbIX tlaCTI411 30J10Ta B Bone tipt4
298 K paBen 2,7 10 -6 m 2/cyT. OnpeAennTe nmenepcnocTb iiacTnu rmAp03onst 3onoTa. %wool,
Bogm npn 298 K paBna 8,94 10 -3 Ha c.

19. OnpeaennTe qacTkp inyto KonuenTpannto .305151 Al 2 03, HCX0,E151 H3 cneuytouttlx itannbtx: mac-
coBax Konnarrpattum 0,3 r/n; KoNfrintunenT n44)4)y31414 c(j)eputtecKnx macTnit 30J1512 10 -6 M2/CYT,

MOTT-10CM Al203 4 11cm 3 ; 13513KOCM cpe,01 1 ()-3 Ha C. Temileparypa 293 K.

20. Ansi mtpo3onst Al 203 paccwrailTe BmcoTy, na KoTopor4 KonnenTpaunst LlaCTHITymenbmaelcst

B 2,7 pa3a. (Dopma tiacTnu c(keptimecKast, yrienbnast noBepxnocTb akicnepcHoil (1)a3b1 11/1)W0301151

109 m -1 . FInoTnocTB Al 203 4 r/cm3 ; nnomocTb Ancnepcnonnort cpegbt 1 r/cm3 , TemitepaTypa 293
K.

21. OcmoTnitectwe AaBnettne rnnpo3on51 3anoTa ((J)opma macTkut cti)epnvecKast) c KonnenTpannefi
2 r/a npn 293 K paBHO 3,74 Ha. Pacc ,n4TartTe K03(1)(1)14unenT n444)14)y3t4n tiacTnu 1144030A51 npn
Tex )KC ycJloBllsix,eCJ1H TIJIOTHOCM 30.110Ta 19,3 r/cm , a BSI3KOCTb ,ancnepcnonnort cpe,abi 10- ' ha
C.

22. OnpeilennTe y,r_tenBnyto noBepxnocTB nopoinKa cynmPaTa 6apust (B pactieTe ua emit-limy mac-
cm), CJ111 MaCTIIIIblero oce,.latoT B BOAH0r1 cpene Ha BMCOTy 0,226 m 3a 1350 c ( LtacTnitm nmefoT
c(j)cpwlecKyto tpmy). FIJIOTHOCM cynmkaTa 6apum H B01,b1 COOTBeTCTBCHHO 4,5 H 1 r/CM3,

KOCTb B0,11bI 1 0 Ila c.

23. Bb1 11HCJIHTe KonuenTpannto qacTHII Amma tta BbICOTC 1 M. eCJIH Eta nexo,nnom yporifie HX K011-
n 3nenTpaunst 6buta 1,5 ill Kr/M3 1--

n
.	 partityc HacTitu 10 -8 M; ITHOTHOCTb 1,2 103 Kr/m3,

T-290 K; MOTHOCTMO Bowtyxa mo)Kno npenc6peqb.



24. Pacc LarrartTe Bpcmsi occuammm B Boue gamut necKa pa3mepamm 10 -5 ' 14 1 0 -8 M C Bb1COTIA 0,1
M. 11510THOCTb necKa 2 11CM 3 , 11510THOCTb gmcnepcmommoil cpeub, 1 11CM 3 , 13113KOCTb umcmepcmon-
noii cpeubi npm TemnepaType 293 K 10 - 3 Ha-c. Onewre ceAmmenTatimonnym ycrrongmBocrb
umcnepcnbix CHCTCM.

PetirrEIHU-KOHTp0.111, NI! 2

1. Pacciurrati-re 14 nocTpokre minserpanbmyro H umckkepemumarmylo KpmBble pacupeue.lemmm
cycnem31411 oKcmua aJ1 10MHH14S1 B me-ramage no cneupoulmm riKcnepmmemTa.rihnbim Aamimm:

t, M14H...2 35 10 20 30 50 80 120 150

m, mr...19 31 46 57 65 69 74 78 80 80

I Ino-rnoc-rb umcnepcnoti (1)a3bi COCTaBASICT 3,9 103 Kilm3 ; TIJIOTHOCTb umcmcpcmommoil cpeabi 0,79

103 Kr/M3 ; 13513KOCTb 1,2 1 0-3 Hac; BbICOTa oceRammsi 0,08 M. 14C110J1b3yriTe meTou noc-rpoemrmi
KacaTenbmbix K Kpm130ii ceummenTaumn.

2. PaccmurrariTe 14 nocrpoilTe mmTerparibmpo n Atml(l)epemumambnyto KpmBble pacnpeuemenmm
Trm Al 203 B Boue no c.rieuroumm 3KCI1epHMellTa5Iblib1M AaHHbIM, 110.114CHHIAM B pe3ymb-ra-re
rpagm,mecimil o6pa6oTKH ce,anmenTaumommort KpmBort (t - Bpemm oce)anrim 4J15I TO LIKH, B KoTopoii
npoBeuema Kaca-rembmam K ceammenTatimorma KpmBort):

t, c 	  60 150 300 360 450 1000 2400

Q,% 	 4 7 29 11 32 12	 5

IlhicoTa oceuannsi 0,08 m; 1013KOCTb CIVLIbI 10-3 Ha c; IITIOTHOCTb Al 203 cocTaBitmeT 4 10 3 Kr/m3;
115101110CTb B0)113I 1 1 0 3 Kr/m3.

3. Hoc-moil-re ceummewrammommo KpmByto, paccAmTailTe nocTpofi-re mmTerpammyto H urmfrj)e-
pemumaJmyto KpuBbie pacnpeuememmm macTmu Ta.mKaB Boite, HCH051b3y5I rpacimmecKral meTou
o6pa6oTKm KpmBort ceummerrraurm:

t, c 	  15 30 60 120 240 360 480 600

Mr 	 3 6.0 8,0 9,0 12,0 13,0 13,5 13,5

Bbicara oceuamas 0,1 M; B5I3KOCTb CC)CJIbI 10-3 Ha C; 11.30THOCTb umcnepcnoil (1)a3B1 C0CTaBJ1 51C.T

2,74 10 3 K1'/M 3 ; IIJIOTHOCTb B0,2:IbI 1 1 0' Kr/m3.

4. PaccAmTarrre H nocTpoilTe mifrerpagbnylo H u1(14)epenumanbnylo KpuBble pacmpeuemenms1
qacTmu rpaqmi rra B amrumme HO cneuyiontmm )aHHbIM, 11051rIefflibIM B pe3ymbTaTe rpacjmgecKoii
o6pa6o-rKm ceummemTammomma KpmBoil (t - Bpemm oceuatirmi )Imi TO4K14, B KoTopo g mpoBeuema
KacaTembnam IC ceummenTammomnofi KpmBort):

t, c 	  60 300 600 1200 1800 3000 4200

	 12,9 42,3 23,7 8,0	 5,8	 5,3	 2

BbicoTa oceuammm 0,12 M; B5113KOCTb cpeum 4,4 10 -3 1Ia c; nnoTmocTb rpacilliTa C0CTaB5I5IeT 2,1 103
Kr/M 3 ; 11.110THOCTb BO,LIbl 1 103 Kr/m3.

5. PaccLmTatiTe 14 cpaEmmTe cKopoc-rm oceitammA qacTmu FTIHHbI B 13021e B rpaBwrammonnom
itemTpo6mmom nonmx npm cneuytornmx T CTIOBHSIX: paumyc qacTun 2 MKM; Bbicorra oceuammx 0,2
M; IMOTHOCTI, JI,HCIlepeHOA (1)a3b1 2,7 10- Kr1M 3 ; 11.110THOCTb AHCflepCHOHHOil cpe)tbi 1 103 Kr/M3;

13513KOCTb 1 10 -3 1Ia c; qacToTa spaniel-um neturpmcPyrn 1000 o6/mmn.
6. KaKoc nem erpo6ewmoe ycKoperme )10J1)KHa HMeTb nemTpmcbyra, 14T06b1 BbriBa'11) oce,aamme KOJI-

JIOHAHIAX 4aCTI414 AgC1 B Boumoil cpeae mint c.neuporumx yCJI0B145IX: IIMOTHOCTb umcnepcnoil (1)a-
3b1 5,6 103 Kr/M 3 , 11510THOCTb AHCI1pC110HHOti cpcum 103 KF/M 3 ; B513KOCTb 1 10 -3 lla C; Temnepa-
Typa 300 K.

7. Pacci-m-ranTe pa3mep qac-rmu AgC1 B aueTome, ec.rm Bpemsi 14X OCC)JaHH51 B nemTp4yre coc-ra-
1414510 8 MH11 npm cneuytommx yCJI0B14SIX: 14CX0AH131fi ypoBemb 0,05 M; ypOBelib 0,10 M.,

11J1OTHOCTb /111CLICpC11011 (1)a3b1 5,6 103 Kr/m3 ; ILTIOTHOCTb umcnepcmommoil cpeum 0,79 10 3 Kr/m3;
8513KOCTb 0,33 10 Ha c; qacToTa Bpauteurni nem-rpr4yrm 1800 o6/mmn.

8. llocTponTe (PymKilmm pacupeAenemm g macTmu no pa3mepam	 3KcneprimeirrailbunAm uannum
ceummenTaumm B uemTpo6e)Kmom Home: macToTa Bpantemmst nenTp4y1m 2500 06/MHH; 11513KOCTb



cpeubi 1 0 - 3 Fla c; TIJIOTHOCTb uHcncpcHoii (i)a3b1 1600 Kr/m 3 ; H.TIOTHOCTb uHcnepcHoHHoti cpe-
Abl 1000 Kr/M 3 ; Bpemm nefurp p (l)yrHpoBaHHA 15 mi4Hyr; maKcHmanbnam BbICOTa oceuanHn 5 cm;
maKcHma.abHasi macca BbmaBmero ocan,Ka (nocne nonHoro oce)lam4H) 40 10 -6 Kr; paccTomitne Of
OCH BpauteHnu lleHTpnckyrn ,Lto nnocKocm Ha6mouemts1 12 cm. Macca ceunmeurratmoHHoro
ocauKa, IIOJIrleHHOr0 B npo6HpKax c pamoil BbICOTOCI cTon6a cycneH3HH (x), npm3euena B Ta6-
mule:

X 102 , m 	 1	 2	 3	 4	 5

m106,10' 	 9,5 18,6 24,3 30,5 36,0

9. HocTpofiTc (1)ymaum pacnpeueneHHA qacTnn no pa3mepam no 3KcnepumeHTanbilbim Aamimm

ceunmeHTaum4 B ueHTpo6e)Knom none: qacToTa BpameHHH ueHTpuckyrn 7 80n /___„ 0-, MHH; B513KOCTb

CpeabI ln 11..a C; IITIOTHOCTb umcnepcHat 4)a3b1 1600 Kr/M 3 ; WIOTHOCTb AHCIlepCHOHHOil CpCabl

1000 Kr/N4 3 ; Bpemm uenTpmbyrupoBaHmt 10 MI4HyT, maKcHmanbHam BblcoTa oceuumm 6 cm; maK-

cHmanbnam macca RbmaBmero ocauKa (nocne110.11H0r0 oceuaHHA) 48 10 -6 Kr; paccTosnme OT OCH

BpameHnsi uenTpuckyrH uo FITIOCKOCTH Ha6snoueHH5I 14 cm. Macca ceimmeirrauHonHoro ocauKa,
110J7 tICHHOr0 B 11p061lpKax c pa3H0ti BbICOT0171cTon6a cycneH3m4 (x), npuseuella B Ta6nHue:

x 10-, m 	  1	 2 3	 4	 5	 6

m-106 , Kr 	 5,7 8,7 10,7 12,3 13,3 15,0

10. HocTpoliTe (1)yunalmi pacnpeuenenHst qacmu no pa3mepam no 3KcnepHmeHTanbnbim AaHlibIM

ceuHmeHTausu B ueHTpo6e)KH0m none: qacToTa BpaineHnsi ueHTptuDyrH 2000 06/mHH; BsmocTb
cpeubi 10 -3 Ha c; nnomocTb ullenepcHoil (1)a3bi 1900 KIIN43 ; TISIOTHOCTb AVICTIepCHOHHOCI cpeubi
1000 Kr/m3 ; Bpemst neHTpwl)yrHpoBaHHA 10 mHulyT; maKcHmanbHam BbICOTa oceitaHHH 6 cm; maK-
cHmanbnam macca Bbmaffinero ocanKa (nocne HOIIHOFO oceuanust) 48 10 -6 KI'; paccTosnme OT OCH

BpanieHHA ueurrpH(1)yril JO ILTIOCKOCTH Haamouemm 15 cm. Macca Ceal4MeHTaLIHOHHOr0 °emu,
HOIT-IeHHOr0 B Hpo6HpKax c pa3H0ti BbICOTOti cTon6a cycneH3HH (x), npHseueHa B Ta6Jmue.

x 10-, m 	 1	 2	 3	 4	 5	 6

m 106 . Kr 	 9,2 12,2 15,3 17.8 19,0 2 1,1

PerITHI1F-1:011Tp0J116 .]12 3
1.HariumTe napameTpbi ypafiHemisi )13/6HHHHa-Pauy1nKerin qa no H3oTepme aucop6uHn 6eir.3o-
na Ha yrne npm T=298 K.

0 „ 10-6
Vm=ov	 N4

3
 /1\10.TIb

P/Ps 0,5 0,6 0,7 0,8 0,9 1

A I 61, monb/Kr 24,0 28,3 31,0 36,0 46,0 55,0
CIIHTaTh yrOJIb mHKponopHcTbim aAcop6eHTom.

14CHOJIb3y51 ypaBlleHHe gy6HHHHa-PauyinKet3H qa, paccquTarrre npeuenbnbai au-

cop6uHomibni o6bem ca)KH no H3OTM aucop6uHH:

P/Ps 0,3 0,4 0,5 0,6 0,7 0,8

A 103-, MORIIKF 3,7 4,8 7,1 14,1 18,7 21,0

MORI3H141 oftem aucop6aTa 88,8 cm 3 /monb.

3. Hcnonb3yA ypaBHenHe ily6HHHHa-PauynnceBn qa, paccqwrartTe oftem Flop yrnm no H3oTepme
aucop6uHH 3TaHa:



P/Ps 0,003 0.004 0,005 0,008
A, 1n40.11b/Kr

2,37 2,53 2,63 2,77

MOJIbilblfi o6bem nana 64 cm 3 /manb.

4. flocrpoe nurrerpanbHpo 14 AHOepeminanblipo KpHBbie pacnpeneJletutm nop aucop6e11ra
110 pan,nycam no Aannbim KoHgencaulln napoB aacop6a-ra np14 T=293K (V,„=18 cm- /manb.

a=72,5	 i1AdM2).

P/Ps
0,1 0,2 0,4 0,6 0,8 T0.9 0,98

aa, 10 3 , MOJII)/Kr 0,25 0,5 1,5 8,5 20,0 24,0 26,0

ailec T)3 ,m0JIb/Kr 0,25 0,7 1,8 13,0 27,0 28,0 28,5

5. Paccqm-rail're y4tembHpo noBepxnocrb amop6ewra no gaHHIAM Kowiencannn napoB reii-

Ta n	 ['=293Kpu =293K (V,„- 147cm 3 /manb, a=22,0 10 -3 AW/N12):

P/Ps 0,50 0,60 0,70 0,75 0,80 0.85

aalc	 103 , 4,8 7,9 10,8 15,1 21,8 27,0

MOJIb/KI-

kec 103 ,1\40Mb/1(r 4,8 7,7 12,6 21,0 26,6 27,0

6. flocrporrre mfrrerpanbnpo H ,En44)epen14anbnyTo Kp14131,1C pm-Tex-mem/Tx nop aRcop6en-ra
no paiwycam [10 ,LjaHHIAM kowlencanum napoB aucop6aTa npll T-293K (V=18 cm3/monb,
-72,5 10-3 )11w/m2):

P/Ps
0.12 0,25 0,5 0,74 0,86 1,0

aa„c 10 3 , monb/Kr

kee 1 OT,manb/Kr

1,0 1,4 1,7 7,3 3,0 5,0

1.0 1,7 2,3 2,9 3,8 5,0

7. IlocrponTe nwrerpalibuyto u An(j)(j)epeniti4aJlbHyK) KpnBbre pacupc ilestexmm Hop

aAcop6etaa no paitllycam no IaHTIMM Kongexcannll napoB aAcop6a-ra npm	 (V1=18
cm3/manb, a =72,5 10-3 AW/M2):



0,2 0,3 0,4 0,5	 1 0,6 0,7 0,8
P/Ps

aa 1 -103 , monb/Kr 2.86 4,29 5,85 7,4 8,7 10,0 11,0

a11 c-103 ,monb/Kr 3,38 5,2 8,58 10,0 10,8 11,0 11,44

8. PaccinfraiiTe ygenbnylo noBepxnocTb mcop6enTa 1-10 aaHHIAM Kon,aencaunn na

p013 B0,3,b1npm T=293K (V ,„= 18 cm 3/monb,	 a =72,5 iO 3 j1)K/m2):

P/Ps
0.1 0,2 0,4 0,6 0,8 0,9 1,0

aaile 10 3 ,

monb/Kr

7,0 9,0 11,5 14,0 22,5 26,5 30,0

a, ,cc 103 ,monb/Kr 7,0 10,3 13,5 16,5 25,0 27,6 30,0

9. •FlocTpoATe HIrrerpanbripo 14 A4(j)(1)epenu4anbnyto KpnBble pacupen,enennst I top

axop6enTa no pa,11,ncam no ,r1aHHbIM Kowiencaunn napoB aA,copCiara tipn T=293K (V=40,6
cm 3/monb, c =22,6 10' ,,TK/m2):

P/Ps
0,1 0,2 0,3 0,4 0,5 0,6 0,7

a.

MOY113/Kr

5,6 6,44 7,21 7,91 8,75 9,81 11,26-

ance.
103,monb/Kr

5,6 7,2 8.26 9,1 9,94 10,56 1 1 ,30

10. Hoc-Toil-re nufferpanbnpo 14 A4(1)()epennnanbnylo KpnBble pacnpeacnen1451 nop aacop6enTa
no pagnyeam 110 ,TlaHHb1M KOI-1,aeliCall1414 napoB MeT14110B01 -0 cnnpra npn T=293K (V111=40,6
cm 3/manb, o =22,6-10"3)imem2):

P/Ps 0,5 0,6 0,7 0,8 0,9 1
aa,ic 103 ,

monrb/Kr
24,0 28,3 31,0 36,0 46,0 55,0

adtec10 3
srs/farlb/Kr

24.0 32,0 37,0 44,0 50,0, 55,0

11. Hocyparre wiTerpmbnyio u ,an44epenu4anbnyio KpHBhie pacnpenenennm

Hop aAcop6enTa 110 paanycam , no AaHHbIIVI KOHACHCaII1414 napoB axop6a-ra npn 1=293K
(V111=40 ,6 cm 3/monb, a =22,6 10 



1)/1's
0,125 0,250 0,5 0,62 0,75 0,86 1,0

a a iic 10 3 ,

mo.m/Kr

2,5 3,5 4,8 6,3 13,0 19,0 22,5

a,acc 10 3

,MOJIb/KI"

2,5 3,9 5,2 6,7 17,5 21,0 22,5

1 2. 1-3acc L1r1afiTe yaern,,Hym noBepxxocm cuntware.rist no )1ammim Kongencauvni

napoB Bosttbi uppi T=293K (V„,= 18 CMj/M0.11b, 1 =72,5 10	 A)K/mz):

0,12 0,25 0,50 0,74 0,86 0,95
P/Ps 
atute, 163 ,

m0.11b/K1

1,0 1,4 1,7 2,3 3,0 5,0

a itec 1 0 3 1,0 1,6 2,2 2,7 3,7 5,0
JMOJIbila

13. liouporrre unTerpanbnyto 14 An(1)(1)epenunanbnyto KpllBbie pacnpeiiemennsi imp

aacop6enTa TIO paiwycam 110 aantimm Komencamm napoB meTanoma 11p14 T=293K(V11=40.6
-3

cm
3/mom), a =22,6 10 Amdm 2):

1)/13s
0,1 0,2 0,3 0,4 0,5 0,6 0,7

ailitc	 103,

M0.11b/Kr

6,7 7,2 7,5 7,7 8,5 9,2 10,3

axe-103 ,140n b/Kr 6,75 7,5 8.1 8,64 9,2 9,9 10,53

14. Paccqn .rafiTe y,aembnyio 111013CpXH0CTI, ax)p6ewra	 ,L1aH1-11)1M Kon,Etencaunn napoB BOAIIT
iipi T=293K (V,„= 18 cm 3/monb, a =72,5 10 3 Axdm2):

13/Ps
0,10 0,20 0,40 0,60 0,80 0,90 0,98

awl,: 103 ,

MOJ1b/Kr

3,7 5,3 6,2 8,7 10,4 12,5 13,4

aitec 103

,MO.T1b/KF

3,7 7,0 7,9 10,0 11,5 13,0 13,4

KOIITp0J1bHble Bonpocia	 npoBeaemisi ripomoicyToitmoli aTTCCTaL11111 (3ageTa):
1. HaxoTexHanornm. 1 laHomaTepnami. Hepapxnsi crpyloypnbix ypoBnefi mairepna.n0B.

CTpyKryp11otiy1cIiiwreJm1mIe XapaKTeINICTI4K14 nallocirpyKTypnpoBaummx ma rrepHamoB. Oc-
HOBHble (1)alcrophi 14X 011peae.0110111He.

2. 1(.11aCC11(1)14KaIT1451nanomaTepnanos no 14X pa3mepnocTH. 3B0J-noun5i nanocncrem. 170110X14M14-

gems' nammib. MeTo,abi mama nanocHcrem Ii HaHomaTeppianoB.



3. BentecTBo. 433a3a. KpncTannH gecKam cTpyKTypa. ,114eKTb1 B KpHcTannax. MX KnaCCH4M4Ka11HR.

PamoBecHme Ae(1)eKTbi. YpaBHeHHe 3a1314CHM0CTI4 KomieHTpatam paBHOBeCHbIX ned)eKToB OT

143MeHe1114513Hep1HH FH66ca H TemnepaTypm.

4. Tomei-111131e, J114HCHHb1C nytymepHble H TpexmepHme	 BJ1H51H14e n,e(keKToB Ha cBoficTBa

HaHomaTepHaRoB.

5. KnaccOHKawm maTepHanoB 110 COCTaBy, cTpyKTypc, (kopmam cyntecTBoBanHA H (kytnamo-

HaJibHbIM CBOCICTBaM.

6. XHmH gecKoe pamoBecHe. CTa6HJIbHbIe, MeTaCTa6HJIblIble H J1a6HJIbHbIe CHCTeMbI.

7. Tepmom4HaMPItleCKHA H KI4HeTW-IeCKHil K0HTp0J1b (1)0pMHp013aHHSI meTacTa6HnbHmx COCTOSI-

H14ii. TTT- H CCT- Anarpammm.

8. MCII0J1b30BaHHe TIT- AHarpamm npn CO3)1a111414 maTepHanoB c KoHTponmpyembimm cBoticTBa-

Tom. TTT- nfflarpammbi reneo6pa3yionmx cHcTem.

9. PaBHOBeCHbIe H HepaBHoBecHme npotteccbt. HepaBHoBecHbie npoueccbi B H30J1HpoBatiliblX,

3aKpb1TbIX H OTKpbITbIX cucTemax.

10. B3aHMO)lefiCTBI4S1 B C.T10)KHbIX cHcTemax. Cnoco6m o6pa3oBaHHA nepHogwiecKux cTpyKTyp.

06uwe npuHuHubi camoc6opKH H camoopraHmaumn.

11. KnaccOHKanum meToAoB nonyiieHHA HaHomaTepHanoB 00 TM-1y (j)opmupoBaniim HaHocTpyK-

Typ H cnoco6y nonymenHA H CTa6HJIH3a104H HaHotiacnni.

12. XnmwiecKHe MeTO,E1b1 CHHTC3a HaHO LlaCTH11. 30J1b-FeJIb meTo,a. CHHTe3 Hali0 11aCTHI1 OKCHAOB

IHMOKCH110B meTannoB.

13. 30J1b-E .C.T1b meTon. CHH1e3 HaH0 14aCTHII OKCH,T1OB H F14)1p0KCH,E10B meTannoB meTon,om IHMOJI14-

3a COOTBeTCTBy101114X aJIKOT0J151TOB. MeXa11143M 1.14,2W0J1143a.

14. 3onh-renb me-con,. CHHTe3 HHO4CTMU OKCI4,710B H 1-14,VOKCHAOB meTannoB cononmKoHneuca-
uHeii COOTBeTCTBy1011114X aJIK01 .0J151TOB. BO3MMKHbIe mexaHH3mbi peaKIAHH.

15. (13m3HKo-xmmw-lecKHe meTonm CHHTe3a HaHo gacTHH. FHApoTepmanBHbai COJIbBaTOTepMaJ1b-

HbIi4 CHHTe3. CyTb meroAa. YcnoBvisi npoBeJleunim upoitecca. Bo3mowHocTb nonymeHHA

THU, C KomponHpyemort upyKTypoil.

16. KOJIJI014,E111bIe HaHopeaKTopm. M1411eJIJIbl. THIIb1 MHIJeJ15151PHbIX cHcTem, o6pa3yemmx MOTEeKy-

Jiamu IIAR.
17. 1<annoHAHme HaHopeaKTopm. MHIIeJ1J1bI. CTpyKTypa mifitenn, onpeaeneHHasi 143 reomeTpH4e-

CKHX (kaKTopoB. IlopmaabHme H o6panteHHme MHIleJIJIbI.

1 8. Kolum pumbie HaHopeaKTopm. Miluemihi. CHHTe3 B o6panicHHBix mmlennax.

19. MHIleafibl H mnKpowynbcHH. XHmtviecKoe oca)KgeHHe KaK 04H11 113 meToAoB CHHTC3a Halto-

'4aCTMI1. OCHOBIlbIe (j)aKTopm, BJI1451K)111He iia lipoTeKaHHe peaKuHrt.

20. MI4Kp0- H MHHH- 3My.TIbCHH.

21 . CHHTe3 B MI4HHWyJIbCHSIX. 1-10J1rIelille FH6p14)111131X maTepHanoB.

22. CHIlTe3 B 110.11HMep1430BaHHbIX mmlennmpublX cTpyKTypax. FIony geHme 6n0K-c000immepoB.
23. MI4I1CJIIIM, 6Hcnom, Be3HKyl1b1.

24. CHHTe3 B nnenKax IleHumfopa-Bn0,ipKeTT.11pHHunnHanbllasi cxema meToAa.
25. CHHTe3 B nneHEax iiCHINIOpa-FiJ1OX1CTT. XapaKTCp 3aBHCI4M0CTI4 cwyKTypm 11J1eHKH OT cTe-

nen H C)KaT1451 H TemnepaTypm.

26. CHHTe3 B nneHKax Jlefirmiopa-BnoilweTT
27. CHHTe3 B nneHKax ..ileHrmiopa-Bnof_men s . MeTo,LN HaHeceHHA nneHoK Ha TBepaylo noBepx-

HOCTb. TionygeHHe MYJIbTHCJIOCB. MYJIbTHCJI0H X-, Z-, Y- TH110B.

8. YMEBHO-METO)IFI LIECKOE H HWDOPMARHOHHOE
OhECCIE LIEHHE JHCH,HH.JIHH161

X1/1M1,1 1-1ECKHE OCH013b1 HAHOTEXHOJIOFH1%1

OcitoBliail AwrepaTypa:



1. MHHhKo	 CTpoKoHa B.B., )1(epHoHcK14 rt H.B., HaptieH B.M. MeT0Ab1 110114eHH5! H CBOrl-

CTBa IlaH00613eKTOB. M.: (1).1114HTA, 2013, 165 c. (aocTyn gepe3 6146.4mo-reKy B.IFY)
2. CTapOCTHH B.13. MaTepHartm H meToitha naHoTexHartormii. M.: WHOM, 2015, 450 c. (Roc-Fyn
mepe3 6146.1-mowKy BAN)
3. Mmuuma E.A. MeToabi nony geHnsi H Hccme,itoBaHust HaHomaTepHanoH H HaHocTpyKTyp. M.:
B1/1110M, 2013, 192 c. (itocryn gepe3 6H6smoTeKy
4. 111a6aTmta T.H.. 1 'ony6eB A.M. HaHoxHrvnist H HanomaTcpHamm. M.: MITY um. H.D.
Ha, 2014, 168 c. (Roc-Fyn 4epe3 6H6smoTeKy BniY)

,110110JIIIIITCJImian ainsepaTypa:

1. CHI'OBa A.C. floaymeHHe H Hccmosmaime HaHocTpyKTyp. J1a6opaTopub1i rtpaKTHKym Ho Ha-
HOTCXHOJI0F1451M. M.: BVIII0M, 2011, 148 C. (.-locTyn gepe3 61'i6JIHOTCKy B.TIFY)

2. FyCCB A.H. HaHomaTepHanbt, HaHocTpyKTypht, HaHOWX1-10J1011114. M.: C1) 1/13MATJIHT, 2009,
416 C. (rtocTyn itepe3 6146JmoTeKy 11-11-Y)
3. PE.DKOHKOB )i.H., Amnia B.B., ,L13H)1,3HrypH 3.Ji. 11aHomaTepHanbt. Y qe6Hoe noco6He. M.:
WHOM, 2014. 368 c. (Aocryn mepe3 6146.rmoTeKy REY)
4. AllApHeBCKHrl P.A. OcHoBbt Ha1-mum/crypt-tor° maTepHartoBeAeHHA. M.: E1/11-10M. 2014. 255
c. (jweTyr' mepe3 6146.1HoTeKy Bi1 N)
5. Ceprees F.B. Hatioxiimmst M.: mry , 2007, 150 c. (gocTyn mepe3 6116.11HoTeKy BitrY)
6. 03e1151HCKHri B.A. 11031Iaem HaHomnp: HpocTbie :Hccriepumeirrbt. M.: EHHOM, 2012, 112 c.
(JtocTyn gepe3 6146.rmoTeKy BniY)
7. 1-0.110BHH 10.1/1. OCHOBbI HaHoTexHonorMA. M.: MatmmocTpoeHHe, 2002, 280 c. (iocryn e te-
pc3 6146.rmoTeKy 13.111'Y)

nporpammtwe o6ecriegemie H tiffrepireir-pecypcm.

1. httpi//www.scirus.com/

2. hilz//wwyv.ilitiuib.ru/

3. littp..1./wNyy,v_19kJu/booki

4. http://www.itt_p_ac.org/

5. h ttp://194.67.119.21:89/CietCon ten tForm.aw

6. httpi//www.abc.chemistry.bsu.bv/current/fulltext.htm

7. http://www.anchem.ru/literature/

8. bttp.://www.sciencedirect.com 

9. http://chernteg.rull ib/book

1 0. http://www.chem.msu.suirtis

1 I . http://clj vu-ini.narod.ru/ncli

12. hap://www.elsevicr.coml

13. http://www.uspkhim.ru/

14. htip://www.strEru/database.aso



8. MATEPHAJIbH0-TEXHWIECKOE 01;ECHEtIEHHE
)114C1111411J114HIA

XVIM1411ECKHE OCII0Bbl HAHOTEXI10.110114t1

flpH triTern414 SICK1040HH010 Kypca HCIlarlb3yeTCSI Hifil)opmaumm, npeAcTaBneuniam Ha cmailitax.
3ailaHHA "um Hposeitemoi KOHTpO.T113HbIX pa6oT MCI10.11133y1OTC51, B TOM queme, B 311eKTp0HHOM

HapHaHTe.



Pa6o Liasi nporpamma il,HCIAHH.Tinfiblcoc -rameHa B COOTBeTCTBHH C Tpe6oHam45{mH (131 -0C 110 no

Hanpamann° 28.03.01 HaHoTexHonorHH H mnkpocucTemHasi TeXHHKa.

Pa6ogyto Hporpammy cocTaBH.a 	  K.X.H. O CHT CmHpHoHa H.H.

PeueH3eHT

drg21   	  K.X.11. CT.H.C. Tra6opaTopHH xHmwiecKoro aHarnna (DI . 1-iY <ozDeTiepain,Hblii ueurrp
oxpaubi 3/10p0Bb51 WHBOTI1b1X)) E0.11bIllaKOB

Flporpamma paccmoTpeHa 14 oao6peHa Ha 3acegaHHH Kacke,apia XVIMHH

IlpoToKoJi	 (yr e45-7 C7 (7.'7 	 20/f-roua

3aBeityloatHil Kackapoii /1<yxTHH B.A./

Pa6o Liasi Hporpamma paccmoTpei 	 oao6pcHa Ha 3aceAam4H rle6110-MeTO,LHI LIeCK011 KOMHCCHH

liaupaHmeHusi 28.03.01 11aHoTexHoitoi NH H mHxpocHeTemHan TexHHKa.

flpoToKon .Nf2//'  OT	 e"-�-1 	  20/'I3

FlpegceAaTenb KOMHCCHH

	

	 /Apakensm C.M./

(OHO, no,amich)
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