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1. IIEJIII OCBOEHI4fl AIICUIII.,]II4HbI

Ide,nrrc ocBoeHrzff Ar4crlanJrrznhr <trIu@opuaqnonuue

$oplrraponanrae y cryIeHToB HaBBTKoB npoBe4eHlr.r Hayqnbrx lrccre,qoBauufr c

KOMtrbroTepHbIX cpeAcTB,

3aAaqu altcuun.nunu:

o Ialyrenlae ocHoBrIrD( coBpeMeHHBIX cnoco6on Mo

HaHoo66eKToB, ocHoBalrHbrx Ha I,IcnoJIb3oBarrrII4 gMrlt4plqecKr4x cLIJIoBbD( rloJr

. ocBoeHue nporpaMMHLrX CpOAC'rB I4 MeTOAOB

paspa6oraHHbrx MoAeJreft .

2. MECTO IT.ICIII4IIJII{HbT B CTpyKTypE olr0il

AaHHar AuctJrrruraHa ornocr,rrcs K 6a3onoft qacra ocuosuofi
o6pa:onarenlnofi nporpauurr.

I4zpesue Ar4cqv n.ltau6r [pe.qfloJrafaer HalJrr{wre y cryIeHToB

KoMrrerenrlr.rfi, [oJrfreHHrre o6yvarorqrairaucr e cpeAHeft o6pa3oBarerbHofi

nepnr,rft ro4 o6y.reuur B By3e ArzcqnrrJrriH ecl€crBennouavqHoro 6rora:
xrrMu , a rar xe AncurrnJrun za(popuaqzornoro 6lror<a: ran([opuarura,

colrpoBox4eHr,re HarrHbIX r,IccJre.uonasuft .

lrzcqrznlrana o6ecne.rusaer fiocJreAyloulee v3yrreHr.re AlrcqunJrrrH:

$uslrxa, MeroABr MareMarr.rqecKoro MoleJrr.rpoBaHur, MoAeJllrpoBanhe u
MIrKpo- r4 HaHocLIcreM. 3uanz.r, ror).4rsHHlble B paMKax u3freHa, .qaHHofi ,{u
6rnr nprzrrrenenbr AJUI HalucaHr4r nunycruofi rna,urslrraquorluoft pa6orn,

3. KOMIIETEHIII4I OByTIAIOIIIE|OC', oopMIIpyEMhIE B
O CBOEHI4.fl /II4CIIIITIJII,IHI,I

B pe3y:nrare l:cy.te*nr AucrIr4rrJrr.rubr o6yrarorqraftc.r 4olNen
KOMTICTCHUIZrc:

ocnoco6trocrlto rpe,4craBrsr6 a,qeKBarHyro coBpeMeHHoMy ypoBHIo

KaprnHy Mx.pa Ha ocHoBe 3Haaur ocHoBHl,rx noloNeurafi, 3aKoHoB rr Me:ro

HayK n MareMarr.rrv (OIIK-l);

r cnoco6uocmto BbIJ{BJItrb ecrecrBe}tnoHayqH},ro

xo4e npo@eccrona-nsnoft AetTeJrbHocTIz, IpriBJreKaTr

$usuro-lrarerr,raruuecrr.rft annapar (OnK-2);
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. roToBHocTBIO npI4Me.[ItTb coBpeMeHHbre cpeAcTBa BbInOJTHeHIL Il
L3o6pa)K9Hr{il rz qeprexeft rr norroroBK.a r{oHcrpyKropcKo-TexHoJror[qecKo

(onK-4);

o cnoco6nocrlro ocyqelcllJrrrb rror4cK, xparreHr4e, o6pa6orny u aHaJTw3

pa3rl.Iqnhrx I4croqula(oB rz 6a: 4annr,rx. flpercraBJrtrb ee B

IICIIOJIBOBAHIIEM IZH(POPMAIII,J:OHH6D(, KOMIII,IOTEPHbIX IZ CETEBbIX TEXrrOrrOrrAfi (

ocnoco6troctrto yqlrtblBarb coBpeMeHHlIe reHgeHrluli

u3Mepr4Terbuofr u Bblrrr4cr[Temuofi rexnura, un$opltaquounrx

npo$ecclrona:rluofi 4elrelruocru (OIIK-7);

o cnoco6nocruo [crroJ]tb3oBarb nanrxu pa6orr,r c KoMn6lorepoM;

uu$oprr.raqroHnrx rexuo:rorufi, co6lNr,uarl ocHoBHbre rpe6osaur4s

6esonacHocru (OnK-9).

B pesynsrare ocBoeulrr ArrcUm[Jrr{Hbr o6yrarorqzftca AotrrxeH

cJleA)'rouue pe3ynrraru o6pasoaanux:

3narr: rexnonorr.rro pa6ortr na fLK n coBpeMeHHbrx olepar{r4oHubrx

ueto4u paspa6orKrr alrroprirrMoB r4 rrporpaMM, crpymypbr AarrHErx,

rrpeAcraBJrer zr rlrnoBbx ratrqpoplraqrzollnrx o6tercon, TrrnoBbre aJrro

aanurx (OIIK-l, OIIK-2, O,IIK-4, OIIK-6); unQopuaqaoanue,

TexuoJrofvu (OnK-6); coBpeMernbre reHAenr{rl4 pa3Br,rrr4, 3JreKTpoHrzKr4,

BlFIr.rcJrI4TeJrrHofi TexHzKI-l, ran$opuaquonurx texuoltotufi u csoefi

AerreJrbfiocrr{ (OnK-7); ocuonnue rpe6onauux zasopuaquonnoft 6esouacH

Vuerr,: nplrlrerltrb [porpaMMgoe o6ecneqenue ,qJrr perlreHr4, Tr4rIoBbIX

aHaJII.I3a MaTepr.railoB I4 KOMIrOHeHTOB Uauocncreuuoft

ecrecrBeuHoHayqHyro c1'rrlnocrr npo6nevr (OnK-2); [peAcraBJrrrb Ha]rqH]To

(OnK-l); flprzBnerarb AJrr r4x perrenr.ra coornercrnyrorqrai $
(OIIK-2); ucnoJrb3oBarr, coBpeMeHnbre cpe,4crBa B;rrroJr Helul. ,r peAaKTr4

a vepreNefi. (OnK-4); ocytqeorBnrrb rrotror, xpauenrze, o6pa6orrcy u anarfi3
pa3Jrr.rqHbx rzcrorrHrzKoB u 6a-: ,qauurx (OilK_6); yqr,rrrrBarb

pa3Br{Trrr 3JreKTpoHt4Kr,r (OIIK-7); ucrroJrb3oBal'b HaBbrKr.r Da6orbr c

B;ra4err: cnoco6ttoc'rrro npencraBrtrr aAeKBarHyIo coBpeMeHHoMy

Haf{H}ro Kaprr.rHy uupa (OILK-l); cnocoCinocrlro BburBrrrrb

npo6nelr, Bo3urrKarorqr{x B xoge flpo$ecclrona:muofi .qerreJrBnocrr4 (OnK_2);

cpeAcrBaMr-r BbrnorHeHr4s n peAaXTripoBaur.ra raso6paNeuzil lr rreprerxeii

KoHcrp)'KropcKo-TexHoJrorr4rrecKofi 4orqrr.renraqzn (OIIK_4); cnoco6nocG:ro

nouctr, xpanenr{e, o6pa6orr<y rr all'aurtl3 r.rH{ropnaaquu r,r3 pa3Jrr4qHbrx r,

npeAoTaBJrrrb ee n rpe6yeuon $oprr.rare c v crroJr630Baunena r.firlpopuaquonnrx, MrIbIOTepHblx

.{oKyM€rHTaqr.r}r
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Ir cereBbrx rexHoJrorufi (OnK-6); cnocodnocruo yqr4TbrBar6

pa3Brrrufr gJrerTpoHrrKr{, usuepurenrnofi a BbFrr4cttlrreJrbnoft rexur.rrur,

rexHorouzd r cnoefi npo$ecouonarirnofi ,4elrerr6uocrr.r (OIIK-7); Mero,{aMr4

rexnonorufi , co6moAarr ocnonuue rpe6onaHna un$opuaqzonnoft 6egonaur

4. CTP,YKTYPAI4 COIEPXAHI{ENII

O6rqax rpygoerr.rKocrb lucqulJruurr crlcrasrrer 5 gaqsrurx eAraHaq, 1g0

COAEPXAHI4E PA3IEJIOB EA3OBOIO OE{3ATEJIbHOI"O
Ar4CUr4trJrr4Hhr

rcH,4eHUr.Ilr

OHIIbIX

Qopruaryrouurx

(orrK.e).
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Te:na JYir 1, Ourosrr padoru c MATLAE.

Benlecrneuutre 'urrcrra v rr4rrbr Aarlrbrx double. gncnonue

Maccr4BaMr.r. flocrpoeHue rpa$vron $yuxqrafi. Cqeuapuu u m-qpafinn.

Tenra Il! 2" Penrenue rlrnoBr,rx 3aAaq a.nre6pu rr anaJrrr3a cpegcrBaMu

Haxoxq4enue nyneft $yrucquu. floucn MfiHr4MyMa $ynrqrau. B

LIHTerpaJIoB. Pelreniae cucreM o6rrrnonerrtlrrx

CuMnorlnrre sHqI,IcJreglrt.

onpeAe,[eHHbrx

ypanuquuft.

Teua.ll! 3. Optimization toolbox e MATLAB.

Optimization toolbox r MATI-AB.

Terua .l& 4. Moge.nuponaHue aroMHo-MoJrenyJrflpur,tx crpyr(ryp.

Mogem.rponarlue aroMHo-MoJreKynrpnbtx crpyKTyp. O6qas

Mero.4oB, Ocnonstre HanpanJrouru.

Terua J\b 5. Meroqr,r MoAeJrnponanrrs MHoroaroMHbrx crrcreM.

Meto4rr rrtogerupoBaHlrr MHoroaroMHbrx 0ucreM, ocHoBaxHbre Ha zclroJrb3o

3M[tzpr4qecKrrx cr.uonr,x nonefi. Mero4rr rr,rauaMr.I3aqr4r,r gHepr]ru. Mero4 Mo

Terua Nb 6. Y.rer rrusHr.tn nnerunefi cpe,qrr.

Yqer srxsrrus nneltrefi cpe4:,r. Teplrocranu u 6apocrarur.

Terua M 7. 3naxolrcrso c flporpaMMaMr{, peaJru3yrolqltMr{ 3Mrrupaqec4r{e

MorreKyrrflpHr,rx crrcreM Ha upnMepe Avogadro lr GROMACS

JHaKOMCTBO C npOrpaMMaMI4, peajrr.t3yrour.rMl4 3Mn[plfiecKrie pacr{eTbr MojreKyrrpHblx cncTeM

Avogadro n GROMACS

Ourosu pa6oru g MATLAB

PerueHrie rtanogrrx sa4au alre6pu v aHarrr43a

Jla6oparopHaa pa6ora Ne4 floucr pannorrecnux cocto.sHl,rfi noJrui\4epos
MCXAHhKH. MHHI4MU3AUHJ| SHEDTHH B

Jfa6oparopnan pa6ora J\b5 I4syuenue uaHo- u 6uoloruqecnux lpoueccoB
c urnor b3oBaHHeM naKera CROMA

5. OEPA3OBATITJIbHbIE TEXHOJIOTIIII

B npoqecce usyqenrr{ Ar{cqu[Jrr.rHEr rrcflonE,3yrorcr:



. JreKqr4oHno-ceMr4napcralr cr,rcreMa o6f{eHr.rr (rpa.uurluounue

na6oparopnrre s all.atu x) ;

o case-study (no:ryveHue ua :ra6opa:ropnux pa6orax yre6uux refico

sa4avu u rny6orcofi npopa6orr<oii npo6lelru paspa6orxu unrermexryanrnofi

. o6y.{en[e B MaJrbrx rpyrtnax (nrrnonuenue la6oparopurx pa6or n

unu rpdx .relonex);

. rrpr{MeHeHrre MyJrblr,rMe.qua re><no:roruft (npore4eHrae lerquo
rlpraMenerr{eM KoMlbrorepnbrx npe:enraqaii r{ AeMoncrpaqfionulD(

npoerropa ruu 3BM).

6. OI]IEHOIIH6IE CPI}ACTEA AJI'I TEKYIUETO KOHTPOJI'I Y
IIPOMEXyTOTTHOfr A,TTECTAIIT{I4 nO LITOTAM

AI4CrIIIilrI4tHbr r4 yqEEHO-METOILIqECKOE O
CAMOCTOflTII,JIbHOIZ PAEOTbI CTYNEHTO

a) Bonpocsr pefturnr-rconrpolr:

Pefr rrur-ronrpo.nr J\tl
1. OcHonn pa6orrr n crrcreMe M.ATLAB. pa6ora c lraccragavn. lI

<f yurqufi . Cpe4crna nporpaMMrrpoBaHrzr.

2, Peurenr.re rrrnoBbrx :a4au anle6pr,r v alurrta, Haxoxleuue
BrrqucleHrae onpe4eJleHHbx r{HTerpajroB.

3. Penreirue crcreu o6trr<noreur+rx 4urp$epeHrlfialrbnbx

BEITII,ICJIEHi{f,.

4. Cpe4crna onrr.rv r4sarJnn B MATLAB.

Peft runr-rconrporu .Ils2

1. Mo4enzponaaue aroMHo-MoJreryrurpnr,rx crpyKryp. O6rqa,[

nporpaMM rz MeTo.qoB.

2. Oco6eHsocru gMnrrpuqecKr4x p{tcqeroB. {ocrozncrna u HeAocrarrn

3. Mero4r,r MLruuur4garfrrx gneprr4l{ B 3MnupuqgcKrzx pacrrerax

MEXAHI,IKII.

4, Mero4rr MoHre-Kaplo n sunrEprzqecKr4x pacqerax MoJreKyJrrpHofi

Pefi rnnr-rconrpo.nr Ne3

1. Sunupr,ruecKrzft MeroAMorenynrpHoft 4rlnanaur<u.

2. TeprraocrarFepen4cena.

3. Teprr.rocrarHose-fyrepa.

4, Fpoyuoncr<argnuar\lrrKa.

5. flporpaurr.rurrft narer Avogadro , BosraoNuocru rraKera.

nocranonnoft
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6. .Iporpzunuuft rarer GRCTMACS. Bosi\.roNHocrr4 fiaKera.

nporpaMMlroe o6ecneqeuue

6) Bonpocrr K sK3aMeHy rro ArrcqfinJruue:

1 Ocuosrr pa6oru n crrcreMe MATLAB. pa6ora c Maccr4BaMrr.

Sy.nrqufi . Cpe.qcrna uporpaMMrrpoBaHr.rr.

2. Peureuue rznoBbx sagau alre6pu u alaJfir3a. HaxoNgeHrze

Brr.rucnenue onpeAeJleHnbrx rIHTefpaJIoB.

3. Pelrenue cucrerra o6rrrnoBeHHrtx 4r.r@(fepenqraanrnrx

BbIqI,ICJICHI4',

4. Cpe4crra onrnnusaqrzu a MATLAB.

5. Mo4enzpoaanne aroMHo-MoJreKyJurpubrx crpyrryp. O6qaa

14 MeTO.qOB.

6. Oco6ennocru gMnllpr4qecrlrx pacqeron.,{ocroltucrna u HeAocrarKr,r

7. MeroArr uilurlMr,r3allurz 3Heprr4r4 B gMrrr{przqecrlrx pacqerax Mon

8. MeroAu Morne-Kaplo B sMflupr4qecrlrx pacqerax uonerynrpnoft

9. Srvrnlrpzuecruft uero4 uolerylxprrofi guuavrznr.i.

1 0. Tepuocrar EepeHAcena.

1 1. Tepuocrar Hose-fyaepa.

1 2. Bpoyuoncraa Ar4HaMriKa.

13, flporpauunufi naxer Avogadro, Bosl4oxHocru naKera.

14. flporparrruuufi uar<er GROM/\CS. Boguoxuocru [axera.

nporpaMMHoe o6ecneqeuue.

a) 3agauna 4.rn caMocrosrerbuoft padore cryAeHToB:

l. Oclrorr,r pa6or6r n Matlab

Ja,qarb ABe [pon3BoJrlHbre HeHyJreBbre Marpr.rqn A n B pasuepon 3x3. B

A.B, A,BT

Hairu onpe4eazreJru rroJrfreHHbrx Marpuq.

2. Pe'renue ue,nuuefturrx a.nre6pauuecrnx ypaeneuufi cpegcrnaiun Maflab
Penrurr uerogalrlr AeJreHrzr rorroJraM, vreparJnfi u Htrorona ypanuenrx (no

7. x2 +lw-2=o

2. x3 +lry':0

Z. r" :L

4. cosx -.u6: 0

5. tarw : (x - l)'z

rpaQuron

Qyurqufi,

Cr,n"raomHrre

IIporpar\4M

MexaltlzKr4.

r)"rc rB).roruee

geftcr:nur:



. \ ^- 7
O. .x +1.)X-+lX+):U

1/.l, -:-1Jx+l2

8. e' = e-' -l
9. cosr : lru
10, e' -3.,G =0

Amopunu peueHr.rr peaJrr.r3oBarb o rorrHocrbro e:10-6 , ficnoJrb3yr t3brK npo

MATLAB (nanracart m-(fain). llponepr.rrr, perreHrre, ucnomsyx rpa$r4qecKr4e

MATLAB (peurum rpa(przvecnrz c noMorqbro $ynrqza plot), a raK xe
3. Moge,ruponauue r[n:uuecrux npoqecooB cpeAcrBaMu Matlab na

MEXAHI,IKI{

I4s nyrurcn Belerc{ crpe:n6a no qenlr, Cropocrr cHapr.qa npr,r BbrJrere rr3

ero uacca m=2 nr. Crzla conporraBJreHr.rr Bo3.qyxa nBr4xeHltru ouaprAa rtpott

KBa,qpary cr(opocrt4 F" : kSpS 
2 

, rae k=0.2 - r<os$QrzuneHt, sanrzcmqlrft or

S=20 crra2 - nnorqaAb ero rronepeqnoro ceqeHr.{r, p - nnorHocr6 nos4yxa, g=9.E

ycropeHl{e cao6o4lroro ttaAenldt. Onpe4ena:m MaKcrrMa:rbHyro .qaJrbHocrb

ropu3oHTanr,Ho pac[oroxeHHofi qenu, Bpei\.{.f, fiorera cnaps4a rr ero cKopocrE

qe:n. flocqror,rm rpa$zn rpaer<ropuu.

4. Ourorrr Mo,'reryJrflpHoro luoAeJrlrpoBaunfl cpeAcrBaMrr naxera Avogadrro

flocrpourr cpelcrBaMrz nanera Avogadro uoner<ynrr qpyJrJrepeHa.

MoJreKyJrbr aroMoM KrrcJropo.qa (rona,renruo cBr3aHHbrM c noBepxuocrbro).

noJD reHHyro crpyrTypy. lo6anurr aroM MeArr, csggasurrfi o aroMaMrz Klrclr

Ourruu:upoaarr noJry{eHHyro crpyrTypy. Onpegenurr gnuurr cnsgefi Cu-O,

BeJrr{q?rny BarreurHoro yrla C-O-Cu. CSopvrr.rpoBa.rb crpyxrypHui (farln n .xyil

5, flpunrenenue MeroAa MoJrenylnpnot gnuatrr.rKn Ars MoAelfipoBaHllq

rrpoqeccoB. Ilporpanlltrr,rft narcer Gromlrcs.

Paccqzrarr cKopocrl fiorepa ]r,raccbr MoJreKyrbr noffznpolaJreHa rrpr{ o

cogepxanlefi 7 5o/o asora u 25Yo xwctropopa, npn reMleparypax 300 K, 500 K,

,{anrerlrze nocto.rHno r{ paBHo arrrloc1|epnolay.

7. yTIEEHO-METO.LUTIECKOE I,I I{HOOPMAUIIOHHOE O

Ar4crlrrrrJrnHbr (MoAyJt_fl )
a) ocuonnaa,rr.rreparypa:

1. I{ur}opuaquonHbre roxHoJrorHn: parpa6orra uueopvaquonnrrx
Vqe6. noc. / A.B.3aroncrnft - M.: I{! PZOp: I{ltrl UHOPA-M, 2014 - 344c.: 60x88

znarium.com) - (Bucuee o6pa:ooanue: Bara,ranpuar)(o) ISBN 97g-5-369-01 1g3-6, 9I(3.

Vo=100(r v/c,

oHarIt,Ha

cHilprrAa,

,, t^2

hI IIO

no[4,(i*ir4r4 B

rroBep)(HocTb

u yrrepo,qa.

e aTrr0cc[spe,

rq 900]K.
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2. I{n$opmaqnonnbre lexHoJlor[H lt cficreMbr: Vqe6uoe noco6rze / E.JL

@OPVM: HI4II Ifi{OPA-M,2014. - 352 o.: uir.; 60x90 1/16. - (Bucuree o6pasoaauue

978-5-8199..0376-6.

3, Easonrre ll [prrrJraAubre tnrfopuaqnonnue rexHoflor[[: Vqe6nur< / B
lI! @OPVM: I{Itr-l I4HOPA-M,2014. - 384 c.: 60x90 1/16. - (Bucruee o6pasosauue

97 8-5 -8199 -057 2-2, 500 ere.

6) gono;luure,rbHa.fl Jr[Teparypa:
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