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l. lL[EJIb OCBOEHIII ilLAOI\T4IIJII,IHbI
JL(e'nHo ocBoeHl4t .ql4cl-uznnl4Hu <BneAeur{e B HaHorexHoJroft4rr) f,Br.rrercs npuo6pereuue

cryAeHTiIMu suaHLrft B TepMI'IHoJIofua, MarepI4anoBeAeHr.rr4 a [paKTuqecKr4x rrpr{MeHeHLr[ naHo-
MareplzalloB' Ilo3Bonsrcrll4x opl{eHTl'IpoBarbct B ocHoBHbIX npznoxeH]r.rrx HaHorexgoJro.
rufiluan<t]Hayr<vr' 3aga'ra yve6Horo Kypca - o3HaKoMJreHr4e c ocHoBHbrurz xraccu(fr,rKarlprrMr,r
HaHocrp'FI(TypI{poBaHHbIX MarepkruroB II nprIHuLIlattm pa6orbl ArrarHocrr.rqecKoro o6opy4ona-
HAfl,,

Pa:noo6pa:ue sBJIeHI'Ift na6nroraeMblx B HaHocrpyKTyplrpoBaHHbrx Marepr4arron rpe6yer
or I4ccneAoBareJlt zua[uit',I(aK crpyKTypbl I4ccJleAyeMbrx Marepr{ruoB, TaK 14 MeroAoB ArrarHo-
orLrKpr, Susu'recxzx ocHoB Lrx peaJru3aIJLrv v o6racru npr4MeHr4Mocru. B paMKax AaHHoro Kypca
<l6y'rarouluect Ilonyqar 3HaHvIfl u HaBbIKrI, no3Bonsrcque r4M n Aamnefiruervr eQSexu4BHo c[paB-
Jlsrbct c 3a.qar{aMu l43yrreHl'Ifl cnoftcrs v xapaKTepv3arJnrHaHocrpyKTypr{poBaHnrrx o6rerron.

2. MIECTO AI4CIIUIJII4HbI B CTPYKTYPE OTIOII BO
fl[racrluunuHa "Bne4eHI{e B HaHorexHorofr4ro" orHocl{Tcr x o6sgarerbr{brM Ar4crII4nnI4HaM

BapuarHlBHofi qacru' llporparunaa nperHa3HaqeHa An{ [oAforosxz 6aKanaBpoB no HanpaBJreHrzro
<HasorexuoJlorl'Iu t4 MI{KpoclIcreMHarI TexHr4KD). Kypc "BeeAeHHe B HaHorexHo-ron4ro,, grrraer-
ct Bo 2 celrecrpe u 6azupyerct Ha paHee noryrreHHbrx 3HaHr4.rrx cryAeHToB, npuo6pereHHbrx B
Kypcax ooueft $zsrzr<z' ou HanpanneH Ha o3HaKoMJreHrre pa3MepHrrx e$Ser<ToB r4 ceoftcrn HaHo-
o6texron, MeroAoB LIX IIoJIyqeuux, npuolpereHr4lo HaBbrKoB pa6oru c ycraHoBKaMr{ 11o noryqe-
HI4IO lI rHafHocrI'IKI{ HaHoMarepHaJIoB, ua o6uee pacmupeHl4e KoM[ereHrlrzr4 cryAeHToB B o6na-
crr4 HaHorexuolorufi.

3uaHIal, rIoJIyqeHHbIe B paMKax u3yqeHufl.qaHuofi At4crlrrnnr,rHbr, Moryr 6rrrr rpzl,reHeHbr
p'Jrs. Hailv.caHlr{ Bbrrrycxno fi xn alu $u rcaqu oHHoft pa6 oru.

3. KOMIIETEHIII4I{ OEYqAIOIIIE| OC.fl , OOPMIIPYEMbIE B PE3YJIbTATE
O C B OE HLIsl ilVUI,IIIJII,IHbI (M OAyJIfl )
B upoqecce ocBoeHr{r Aasuofi Ar4crllrrnr4Hbr cryAeHr soprrarzpyer 14 AeMOHCTpr4pyeT cne-

Ayrotrlile pe3yJrbrarbr obpasonauur :

3uarr: ocHoBF{bre Bu*br Lr csoftcrsa HaHoo6rexron,
ycrpoficrrr Ha ux ocHoBe, Tr4rroBbre rexHoJrorlrqecKrre [poqeccbr
6asy, a rar(xe rr.rrroBoe o6opy4onauze (OIIK_1,2).

Yuers: np'Merltrb coBpeMeHHbIe MeroAbi r4ccneAoBaHufl, rrrfl,cr4HTe3a n a*arrr43aMarepr.r-
AJIOB I4 KOI4IIOHCHTOB HAHO- 14 MI4KPOCUCTCTTAUOfi TCXHUKI4 (OIIK-1);

npliMeHsrb crpaBor{Hblit antapar no nu6opy rpe6yeurrx Marepr{anoB, KoMrroHeHToB Ha-
Ho- a MlzKpocl4crevHoft TexHI4KIz, rrpoqeccoB HaHorexHoloruft rz Mero.4oB HaHoAI4afH ocruKu nlrfl.
peIIIeHI4t IiioHKperHbrx 3aAarr (OIIK- 1,2).

BraAerr : croco6nocrbro npoBoAr4Tb HanaAKy, Hacrpofi xy, rocrupoBKy
BepKy JIa3epHbIX npu6opon rI cplcreM n la6oparopHbrx ycJroBlrrx z na o6rexrax

B pesynrrare r,r3yrreHrzr Ar4crlr4rrJrvHrr Qopnaupyrorcs cneryrcque o6qe
I{bIC KOMIICTEHIIT4H:

crocooHocrblo IXpeAcraBJItrb aAeKBarHyro coBpeMeHHOMy ypoBHro zsauuitHar{Hyro Kap-
TI'IHy Mlzpa Ha ocHoBe 3Hats'vfl, ocHoBHbIX noroNeuuft, 3aKoHoB I,I MeroAoB ecrecrBeHHbrx HayK I{
MareMarnx:z (OIIK-1);

HaHoMarepr4EIJroB, npu6opon rz

ux nonyqeHr4.rr, SJreMeHTapHyro

r4 orrbrTHyro npo-
(otIK-1,2).
npoSecczoHaJrb-



ollocooHooTbr() BburBJIrTb ecTecTBeHHOHayqHyIO
Ae rtpoc!eccrrouturbHoft lesrentHocrI4, rrprzBJleKarb nJu
MareMa'r'r4 qecxnft ailnapan (OilK_2).

cyulHocrb npo6nenr, Bo3Hr{KarorllrX B Xo.,
rIx peureHr{.f, coorBeTcrnyrorquft Qzsuro_

4" C]TPYKTYPA 14 COAEPXAHI4E AI4CIIUIJIT4H'I (MOAYJI')
J6,tIu TpyAoeMKocrb AI{cUI4ruTr4HT-r coo.r"AD rqar ? . -,,^-__ -- , , , -.^_\4HI,IU. 109

c oAE PXAHIIE Atrc rlr4rrJrr,t Hhr
Jlexqnu

lParge"rr 1. Knaccus Lr*ar\ufl, HaHoMarepraroB. p asuepn'ft s Q s err.
Jlexqzx I' KnaccrasLrKarJufl nauoo6"er<roB r{ r4x xapaKTepHbre oco6eHsocrr.r: Kpr4criurJrrrqecKar,I'eoMerp'4qecKat' gneKTpoHHa'I crpyKTyprt' Pa:uepuue 3aBlzcrzMocrr4 Szsraro-xrMrrqecKr4xcnoficre M,rrepr4anoB B KJraccr4qecKoM r4 KBaHTOBOTu rpzolaNeHr4rx.

I'arA el 2' l4," opu'_ pa3,,ur^rfl HaHoHay*rr 14 HaHorexHo Jro f r4r4.
Jlexqu's 1 ' {pennze III4BI{JIusau vu vI Ha*orexHoJrorr4rz. puvap4 <Deftuua' r{ HaHoMr4p. conpe-MeHHOe co.TorHr'le HaHoHayKr4 r,r npucyxreuze Ho6eJreBCKr{x npevrufi no Qzsvxe

Pa:lAel 3. l'exuolof Lrr4 noryr{eHr4, HaHoMarepr4anoB. HaHo6esoracHocrb,
Jlerqua I ' <DopnaupoBaHue MarepuilIoB rro MexaHu3My (cHr.r3y-BBepx) 14 (cBepxy-BHt43)).

Jlercqur 2' .i\leroarr MexaHrzqecKofo ,n drzsuvecroro rucnepr LrpoBa'nns.
JIeKqut 3' ]vletollr xl4Mlzqec*oro Al{c,,epr'opoBaHr4.rl Buororu.recKr.re Merorbr noryqeHv.f, Mare-paanoB

Jlerqux 4. )WcxycctBeHHoe HaHo$opnaoo6pa:onaHr4e: nyr{KoBbre u 3oHAoBbre MeroAbr nprrofpa_Quu' oc'6eHHocrr4 TexHr.rKr.r 6egonacuocrr.r npa pa6ore c saHoo6reKTaMr4
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Par4e.r '4. Mero4rr Ar'rafHocrr.rru u csorzcrBa HaHoMareprzanoB.
Jlexqus l' Merolu o''peAeJleHvfl rucilepcHocrrr HaHoMarepuaJroB lr onpeAereHrrr gJreMeHTHoro
cocTaBa

Jlexqzr 2' Metorrr aHurvsasasonoro cocraBa u uccJreAoBaHr,r noBepxHocrr4 Marepr.raJroB
PagAer li. flpulreHeHr.rfl HaHocrpyKryp B npor43BoAcrBe rz HayKe,
Jlexqul 1' rlpuveueHl'It HaHoMa'epuanoB B IrpoMbrrrrneHHbrx rexHoJrorrzrx, B Merr{rlnHe, n po6o.
TorexHI'IlKe' B crpolrreJlbHblx TexHoJIofI4rx; MarentarilqecKoe MoAenlzpoB aHHe B HaHorexHoJIorI4-
flx.

ilpanru.recKlre 3aHfl Trrfl
l' flonyqeul4e rOHKI'IX IIJIeHoK MeroAoM na:epHofi a6l,n1uu. cpanuure*ur,rfi aHanr.r3 KonbrleBbx
3oH B arr{ocSepe Bo3ryxa r{ B BaKyyMe
2' flpraHrtnl pa6orrr a'roMHo-ctrJloBoro Mr,rKpocKona. [zarHocrr.r*a 3epeH rourcofi rrJreHKn

3. llo.nyueHrze HaHoqacrr4rl MeroroM na3epHo fi altst\uuB xr.rn*ocrb
4' Merol .{uHaMl'IqecKoro pacceflHI4t cBera Anfl a*arrv*a Ar4cnepcHofo cocraBa
pacTBopa

5' zsyvenue BJrr4flHrrs' [orqpI43aIII4I'I na3epHoro nyqa Ha na3epHyro r'ro4zSuKarlruo noBepxHocrr{
TOHKI{X I]NCHOK

6' onpe4enesze 6lzNHero/Aalrsefo nop.f,AKa HaHocrpyKTyplrpoBaHr4r noBepxHocrr4 rro pe3ynb-
TaraM pacrponofr gneKTpoHHofi lauxpocKorrr4r.r
7' ct atucla qecKar o6pa6orxa pe3 ynbraroB oKctr eprzMeHToB

5. O]SPA3OBAT]OJIbHbIE TEXHOJIOIIII4
Axr:lrnuue rl rrHTepaKTuBHbre Sopurr o6yuenzn
c qelrrc @oprraapona'ufl' Lr pa3Burufl npo$ecczoHaJrbHbx HaBbrKoB cryAeHToB n yve6uona

npoqecce I4crlonb3ylorct aKTI4BHbIe I{ LIHTepaKTHBHbIe Sopvtr npoBeAeHr4s. zaustuit (r<orungo-
TepHbIX utxtyttxtluil pa:6op KoHKperHbIx curyaquit) e coqerau vn c Bleay4uropuofi pa6oroft.(lauocrogrerbHaq pa6ora cryA€HToB

ca^aocro-f,renbHa'f, (nueay4uropHat) pa6ora cryAeHroB BKJrroqaer 3aKpenJreHrze reoperr4rre-
cKoro Marepvana npII IxoAroroBKe K BbIIIOJIHeHITT0 r,rHAr.rBuryanbHofi Aouauruefi pa6orrr. Ocnosa
cttMocro'flTelruofi pa6oru - I'I3yrIeHue Jll4Teparypbr no peKoMeH,4oBaHHbrM r.rcror{Hr4KaM r.r Mero-
Aur{ecKI4M yKa3aHI4tM Anfl caMocro"qrerluoft pa6orrt, peuleHue BbrraHHbrx npenoAaBareJreM
IIpaKTpIKr4 3aAar{.

My.nnruue4nfi nr,re rexHoJrorr,ru o6y.renr.rn

KOJIJIOIINHOIO

B Br4Ie npereuraqufi n
KoMnbroTepHofo rrpo_

Heroropue r{3 JreKrlr{oHHbrx r4 [paKTr.rqecKr4x zausruil npoBorrrcf,
luyJrbrlrMeAuifiioir ay[Lrropvu (uarpzrrrep , ayr. 420-3) c [crroJrb3oBaHrreM
eKropa.

JJlexqnu rrprrrJrarueHHbrx crreqrraJrr{croB
flnanupyerc.rr [poBeAeH r,re neKrlr{ft npuualneH Hbrx cr eq14arrr4 cro B.

6, OI];EHOTIHbII] CPEACTBA AJIfl TEKYIIIEIO KOHTPOJI^fl YCTIEBAEMO-
CT[4, TIPOME)KYTOqHOTZ ATTNCTAIIUU tIO I4TOIAM OCBO E]HLIflAIIC.
ULI IIJII,IHbI I4 YqEBHO.ME TOAI,IIIE CK OE OBE CTIEqEHI,IE CAMO C T O,g.,IE.IIbHOir 

PANOTbN CTYNEHTOB
a) JBiolpocu pefirnHr-KoHTporq:
K pe,ilmuue-rcoumponro )



1' flafire onpeAeneHue rro'flTuflM HaHor{acrr4ua, HaHorpy6xa, rpasen;2. lafire onpeAerreHue pa3MepHouy a$@exry;
3. Oruecure Ha'onopouKr4 rro puBMepHocrr,r K HyxHofr rpynne:
o oAHOMepHbre;

o AByMepHbre;

o TpexMepHbre;

o MHOroMepHbre;

?r Ar{cnepcHocra K HyNuoft rpyfine:
o HynbMepHbre;

o oAHOMepHbre;

o AByMepHbre;
o TpexMepHbre.

K peilmuuz-rcoumponn 2
1' flpune4zre [pI4Mep AzcnepcHblx cpeA, B Koropbrx rLrcrepa*afl(la:a naxo4r.rrc.,r Bxr4IKOM COCTO.sHr4z, a cpelta_ B fa3oBoM;
2' B qerv 3aKJlloqaerct npI4HIIuu $opuzpo BaHLrfl.HaHoMarepr{anoB no MexaHr,r3My(cBepxy-'Hr,ts). KaKraMr4 MeroAaMI4 Mox'o gro ocy,,Iecrez*?
K peilmuuz-rcoumponn 3

1' zcnorusosaHr4eHaFroMa,Tepr,ranoBBApeBHr4xrllrBrlnlr3arlv{x:
KaKLIe MaTepI4aJIbI LIIJrr KirKr4x npnueuenzfi ;

2. Hasosure Merolbr onpeAeJreH Lrfl ArtcrrepcHocrrr
pbr HaHoMaTeprzanoB;

3, Texnuxa 6esonacuocrrr npr4 pa6ore c
6) aoupocu K gK3aMeHy rro ArrcqurrJrnHe:
l. Knaccu0rzrarlr{.f, .qucnepcHbrx crdcreM rro arperarHoMy cocro.,rHr.rro;2. KnaccrasraxarJLrfl AucnepcHbrx czcTeM no pa3MepaM;
3. Merolrr MexaHr{qecKoro Ar4cneprr4poBaHvr;
4. Mero4rr Susuvecroro Ar4cueprLrpoBalufl:
5. MeroAu xkrMr.rqecKoro ArrcreprtrpoBaHvfli
6. llpunqzn SopnrrzpoeaHrzfl Marepr{aJroB (cHrz3y_BBepx);
7. Crpyrrypa r{aHopa3MepHbrx MarepkranoB;
8, PasnrepHuff sS(|exr;
9. llccrelosaHr4e gneMeHTHore cocraBa HaHoMarepr4anoB;
1 0" IrlccneaoBaHr4e Qa^:onoro cograBa HaHoMarepr4anoB 

;
1 1. Meroabr usyrreHr4{ rroBepxHocrr.r;
I 2' rlpuueHeHr,.f, HaHoMarepr4aJroB B npoMbrrlJleHHbrx TexHoJrofl4.f,x;
I 3. llprzueHeHrzq HaHoMarepr4aJroB B MeAHTILTHe;
14. llpraveueHr4rr HaHoMarepururoB B HayKe;
I 5. llpnnaeHeHlrrt HaHoMarepuaJroB n po6ororexHr.rKe;
I 6' rlpuveHeHurr HaHoMarepr4aJroB B crpor4reJrbHbrx rexHoJrofrzrx;
I 7' Marerr'rarl4 r{ecKoe MOAenI4poE aHUe B H aHorexHoJrofr4rx.
I}) BOIIPOCbI AJIfl KOHTPOJIfl CAMOCTOqTEflbHOfi PAoOTU:L KnaccrzSraxarlr4fl HaHoo6texloe;
2. Onruqecrve xapaKTepucrarKlHaHocpeA;
3. oynnqzouaJrbHbre rz KoHcrpyKulroHHbre HaHoMarep LraJrbr;4. MexaunsA{br pocra rrJreHoK r4g napa;

r4 MeTOIa OnpeAeJreHr{r cTpyKTy_

HaHoMaTepuanaMv.



J;' oco6eunocrr4 MeroAoB KoucoJrrrAarlur,r HaHoMarepr4aJroB;6. JlasepHaa nauouo4rz$ uKapflnoBepxHocrlr;
1 ' Mero4u soHrosoft TexHoJ,ofa u rnfl co3raHufl,Ha'oMarep vanoB;8. Mero4rr u3yqeHnflcnoftcrs HaHoMarep vanoBi9. Jlazepuat alna.qunrBeplbrx Marepr4anoB.
r) reurr peQeparon:
I Prz.rap4 Oefinlrau r.r HaHoMr{p;
2' Ho6erescKar npeMr{.f, uo Qz:nxe sa2010 A. K, feftrua rz K. c. Honoc€rona;3. [pennze r{aBl{Jrr43arlurl rl rlaHorexHonofrrrz;
4. Pa:pa6orxa po6epra Oynna (Robert Full) rzs Bepxnu;5' oauracruqecKr4e npr4MeHeHr{r: HaHoKpy)KKa, HaHoJrz$.r, uaHon vrroJru;6. AHK- ra Pl{K-HauorexHoJrerr4kr;

Sapuaxonofuqecrrzx rrpenaparoB qer_

8" flpzlreHeulle HaHorex'oloruft B KoMrrbrorepHofi Tex'r.rKe: rleHTpaJrbHbre npoqecco-pbr;

9. Ilpzueueurre HaHorexuolorzfi
eQSerra);

B KoMrrbrorepuorZ rexHr4Ke: N€crxze ItucKu(GMR_

l0' frz6xpre rolrKr4e oKpaHbr (rz6rrze KoHTaKrbr Ha HaHoyfJrepoAe);

Marlrzr4; 

I I llpzn'reHeHl'e HaHorexHonoruft B rexHrzKe An.s fiepeAarrr4 orpoMHrrx o6r€uon uHsop-

12' KnauroBble KoMIIbIorepbI, HaHorexHoJlofr4r4 14 HaHorrJra3MoHI4Ka;
13, HauorexHoJroruz u po6oro.rexHr4Ka;
14. HaHopo6orur pennrrKaropbr r{ r4x co3AaHr{e;
1 5, Arovno-cr4JroBa, Mr4KpocKorrr4r;
I 6, MaruzrHo_cr,rJroBtur Mr4t{pocK orrufl.:
17. Cxauupyrcqa, gneKTpoHHa.,r MlrKpocK onufl;
18. MurpocKorrv, 6maNnero non{;
I 9 " IIpo cner{kr Baroqafl g JreKTpoHHafl Mr4Kpo cK otrufl ;20' ManoyrJroBoe pacce-f,Hrze u AnHaMvr'ecKoe paccef,Hr.re cBera;
2l ' Anatrw TpaeKTopzti uanoqacrlIll, rl4HaMr.rqecKoe cBeropacce flHLre,ceAr4MeHTarILroH-ustfi auwtu3, ynbrpa3ByKoBbre MeroAbI ;

22. P eurreHo,4ztfpaxqv oHHLre MeroAbr;
23. 3lexrpoHHa.fl cnexTpocK oTrLrfl;
24. Kone6arelbuajr Mt4KpocKorildr;
25, ONe-cneKrpocKonnr;

26. HefupoHHa, .uz$paxrona erpufl:
27. MarHzrua_s uefirpouorpaSut;
28. BosaerZcrnze Hauoo6rerroB Ha xr.rBbre opraHl43Mbr;
29. ToxcnqHocrb HaHoMarepuaJroB:

Ha xrrByro 14 Hexr4Byro [pr4poAy;
enponeftcrcofi nporparvrMbr no nauo6es_

7. flpouuuuennrrft cr4HTes Monexyn JreKapcrB r.r
Ko onpeAeneunoft Qoprurr (6zo_nenru.urr t:

30. Monzropr{Hr nos4eftcrnu, HaHoMarepr4anoB
31. .Pesyntrarbr HayqHoro rtpoeKra 7 paruo.trofi

olracHOCT}I,



7' I/qEEHO-M ETOAI4qECKOE I,I I4HOOPMAIIITOHHOE OEECTIETTEHI4E
lu4cu14 rrJrr4Hhr
A) ocHoBHa.r flureparypa:
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8. MA:IEPI4AJIbHO.TEXHT4 qE CK OE OEE CIIE T{EHI4 E AI,T CIII4IIJII,IHbI
Jlex qzouHbre ayAr{Topr4r4, ocHarrleusue 4ocrcofi AJu MeJra.
Aygutopux rnfl npoBeAeHl4t JIeKI{I4oHHbrx sau.srr4ft, oc'arrleHa coBpeMeHHbrM npoeKTo-poM 14 uoyr'6yxona, HayqHbre na6oparopnu (104-3,4rg-3, r07a_3, r07_3) rAe pa3Meqe''ACMSmena B a souAon as sanona6oparopl4t Ntegra Aura, Mr,rnuceKyH rHafl, LrfteuroceryHrHaf, na3ep-Hbre ycraHoBKrd, pacrposrrfi sneKrpoHHlrfi ruurpocxon Quanta 200 3D.7



I'a6oqas [porpaMMa rI4cuI4uII4HbI cocraBJreHa B coorBercrBuu c rpe6o BaHuflMLr ofoc
Bo no Hanpa'BJleHuro 28,03.01 <HauorexHoJrofr4r4 r4 Mr.IKpocr4creMHa, TexHr4Ka)

PaSouyro nporpaMMy cocraBr.rr AorI. KaO. OzIIM C.B. KyrpoBcKa,

I'eqeHsenr(tr): a,
(0ar"runnn l4.O)'fr//

llporparrarr'ra paccMorpeHa r4 0406pena Ha 3aceAaHrzrz ra{e4prr @zrIM

3aee21yroqafi rcafte4poft OralIM
C.M, ApaxemH

Pa6oqas rporpaMMa paccMorpeua u o4o6peHa a 3aceA uzz y.re6Ho_Meronuqecnofi
ct4l4 HanpaBIreHHs' 28'03'01 <HauorexuoJlofl4l4 r4 Mr{Kpocr4c'r.cMHa-5r rexHZKu,).

3anel,yroqrzft rca0e4poli OzIIM

KOMI,IC-

JIUT CT IIEPEYTB EP}I{NE tginfl
PAE OTIETZ UPOI-PANIMbI AI4CIII4IIJIITHbI

Pa6o.rar nporpaMMa o4o6peua ua /e_ yqe6Hbrfi ron
flporcrrcol 3ace1aHur r<a$e4prr N
3anelyrollzfi xa$e4pofi

Pa6csqan nporpaMMa o4o6peua Ha yve6nrrfi ro4
Iporoxol 3aceAar{r4a xaQe4prr N or ,, y'? rorc
3aee4yrorqrafi xaSe4pofi

Pa6o.reL:s rrporpaMMa o4o6peua ua

flpo'roxol 3aceAaHax xa$e4pu J\b

B. yve6urrft ro4

3aee,4yroqrzfi raSe4pofi

e*.


