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Ilenxnrr,r ocBoeHu.s rac;tru
sBrf,rorcr: npuo6pereuue 3

HayqHble I,r TexHr,rqecKue 3a,qagr4 B

ToqKra speHr{s, yrlfeH]re c$opnay
(rsnre au$Qeperulr4urnblrbrx ypaB
TI,ITIOB MATEMATI4qECIfl4 X UO,UErrEft

MareMaruqecKr4x ruoAeriefi 6
MareMarlrqecroft Qr.r:unn, yMeHr4.rr

c lpaKTr4qecroft ro.Ixu 3peHr,rt.

3adaqu usyqeHatr

l) o3HaKoMJreHLre c
[por.r3BoAHbrx, Tr{IIaMI1I rpaHr4 qH
p.nfl Trrflr.rqHbrx $zsuvecxvtx
gneKTpoMarHlrTHhre .f,BJreHr{s,

2) oBJraAeHr4e Knacc
KOHKpel.Hbrx 3aAarl MaTeMaT

3) o3HaKoMJreHr,re u
coBpeMeHHbIMr,r tII4CJIeHHbIMI4

rporpaMM MATLAB
AucqrzulrEna rBJr.r{erct

Ar4CrtrrIrIJrr{H, onpe.4enflIolqvx
crreqrrarrt4cra s o6racrra H

l{ucqunnzna <lvlero.utr
OilOil HanpaBJreHr4.rr [oAForoBKr4
[porpaMMe "Irluxeuepno-Sz

E! npoqecce ee r.r3yqeHr,rfl

nrrcruefi MareMarrzKt4. KaK BeKTo
lonr{er{Hbre I,j'MId [p]r r,r3r{eHr{rz
HayqHbD( rrccJreAoBaHrrrx>. B
MoAenr{poB aHufl>> o 6ecuequnaer
HAHOCLICTEMbI B TEXHI,IKE lI TEX

<Jla^aepnrre Mr{Kpo- rr Har{orex
paMKax rl3freur.r.f, 4anuofi 4zc
rnannQtrrcaqyr onnoft paSorbr.

3. KOMIIETEHUTIII OE

III(-3 cnoco6nocrbro K rr
sa,4ausofi Mero.rlr{Ke.

B pesynrrare ocBoeHzs
pe3yJrbr€rrbr o6pa^:onanux :

1). 3uarn: aAeKBarnbre
prccJleAollaHr,r{ AIII MO,TIeJI

rur.rKpocu creruuoft rexHuKrt" (nK-3).
2). Yuerr: [pr{MeH{Tb 3Han

HayK vr MareMaruKrr B o6n
Mr4Kpocr4 creunofi rexHuKr4. (IIK-3).

1. [I OCBOEHUfl .IIICUI4IIJIIIHbI

poBeHb upolpeccr,ronalsuofi rroAroroBKr{
MATEMATAqECKI,IX

coBpeMeHHOrO

2, MECTO

tuit u Mr4 Kpoclrcrenanoft TexHI{Kr.I.

B CTPYKTYPE OTITOII BO
qecKoro MoAeJrr{poBauufl>> orHocr.rrcf, r 6arsonoft qacrr4

8.04.01 <HanorexnoJrofrrr4 r{ Mr{Kpoo[creMH€ur rexHr{KD) rro
I{e rexHoJlofvtn B HaHoI4HAycrpI,Iu" 

"

Jrb3yrorcr 6asonrre 3HaHr.rr cryAetuToB B TaKr.rx o6lacrsx
aHurvr3, ara ft S ep eu rlr4 €rnb H o e r.r r{H.re rp aJrb Ho e r4 cqra cJreHrre,

nrr <MateMarl{Ka)), <KorunuorepHble rexHoJrorrlld B
BoIo oqepeAb, Atrcqulnr.rHa <Merorrr MareMarr{rrecxoro

nrrft ypoeeHb r,r3yqeur{fi Marepr4ana ,ur4cutrrrJrrrH: <Murpo- u
)>, <<TexHonorr4r,r [po]r3BolcrBa Mr.rKpo- u r{aHocr{creM)),

u> v <Hano(forouzra>. 3uanus vr wrelr4s., [oJrf{eHHbre B
Hhr, Moryr 6um npnueHeHbr ,qng Hanl{calr49;. Bbrnycrnofi

AIOITIET O C fl' O OpMI4pyEMhrE B PE3yJIbTATE
OCB EH'Vrfl Arr CqI,InJrr,rHhr (M oAyJr.fl )

lIrc r,r3Mepesuit tt t4ccJreAoBaHqrfl. pt43n:ytqnrrx o6rexroB rro

unrr o6yuarorguircx AoJrx(eH AeMoHrlrpr4poBarb cJreAyroqre

HHoMy ypoBHro gnaunft MeroAr4Kr4 rzsuepeuuft r{ MeroAbr
pa3nHqHbrx MaTepr.raJroB lt KOMrroHeHTotB HaHO_ Vr

ocHoBHbIX rloJrolKeHl4ff, 3aKoHoB r.I Mero.uoB ecrecrBeHHbtx
MoAeJrr.rpoBaHr.r.{ MaTep}raJroB r,r K:oMrroHeHToB Harro_ vr

nn (uo.qynr) Merorrr .MareMarr.rqecKoro MoAeJrrdpoBaHr{t
v HaBbIKOB, rro3Bonrrorrlr{x aHaJlr.I3r,rpoBaTb ecTecTBeHHO
acrll MuIKpo lI HaHo clacreunofi TexHrIKr,I c MareMarLI.recrcoft

BaTb rrpor43BoAcTBeHHyrO 3aAaqy Ha MaTeMaTr{qecKoM r3brKe
euuit unu r.rHTerpaJrbHbrx ypaBHe:nvtit unn Ha ,BbrKe Apyrlrx
npHo6pereHr,re 3HaHI{ft z HasrrroB perrreHufl vr LrccreroBalyrfl
qecKoro ultvl TexHlrqecKoro Ilponlecca, pelreHrzr 3a4a'q

14 r{HTep[pe r]rpoBaTb rronyqeHHbre pe3yJrbTaTbraHurnr{3r4poBaTb

w$uxaqueit MeroAoB 4ra(pQepenquarrbHbx ypannenrzft
ycnonrft, yl![eHr4e cocraBr,rrb KpaeBbre gaAarryr Lr gaAarilr Kouru
lpoqeccoB, TaKI,IX KaK teunoo6rrlen, Irlaccoo6naeHHbre,

r,r KoJreoaTeJrbHhre npoqeccbr;
v rrpIIeMaMI4 Vr MeToAaMr,r aHaJlvTr,rqecKoro pe[reH[t

lpuszxz u3 prrrr{rrHrx o6lacreft (fzsuru r4 TexHr,rKr4;

ue HaBhrKaMv perueHlrr azQSepeuq[aJrbHbrx ypanneuuft
I.Al'lkr C r,rcrroJrb3oBaHr{eM KOMlbrOTepa v KoM[broTepHbrx

ofi vB Teoperr4qecKr,rx vr [pr.rKJraqHbx



3)" B;ragerb: 3HaHrtrMrl
MareMar[Kv n a6lacrr,I Mo,rleJr]r

rexHr,rKr,r. (IIK-3).

bx noJroxeuufr,,3aKoHorl rI MgroAoB ecrecrBenHbrx Hayr( LI

vfl MaTepr4tlJIoB lI KOMIOHeHTOB HAHO- Lr Mr.rmpoc]rcrerrauofi

4. C]IPYKTYPA coAEpxAHr,rE ArrcqurrJrr4Hbr (MolyJrfl)
O6rlafi rpyAoeMKocrb rrbr cocraBJrfler L 3aqerHbx eArlnr4u;, 180_ qacoB.

Jlercqnn 1. BseleHrae n

COIEPX{AHI4E KyPC:A
JIEKUI4TI

KoMrrbroTepHoro MoAeJrr{poBaHr{r.
Jfercuns 2. Tun:';r uo.uelefi . Hocrr.r uo.qeneft Manopil|MepHbrx crrcreM.
Jlercquq 3. Henoropbre KJracc Kr{e 3aAaqu. llpruax u o6patuaa 3aAaqa Kouu.

Ar.rHaMr,rrr{. Kauonrrecxzft ancaubnr.Jlercqlrr 4. Meroa MoJreKyJrt

Jlercqnr 5. Moneryrflpnafl I,IKa rrpu IIocTofHHbIX TeMrrepaType r,r AaBJreHr.tu
Jlercqnq 6. Bpoynoncr<ax
Jlercqun 7" Meto,utr Moure o AJrr MtrKpoKaHoHr{qecKofo ancarra6lr.
Jlercuus 8" llorlgrue n AerepMr.rHt4poBaHHofo xaoca. MoAeln Cr.rnepreraxn.
Jler<qlrr 9" @opuupoBaHne . @partanrr. Conuronrr.

PAKTI4qE C KI,IE 3 AIJfl'T II'T
rlparcr. 1. Kraccu.recKalr rapMOHLIqeCKorO u aHTapMOHLIqeCKOIO OcIII4II.trTopa.

Kpre MoAeJrr.r sneKTpoHa B lKOHAeHCr4pOBaHHbrx cpeAax.ll1larcr. 2. Knanroso-MexaH
Ilparcr. 3" Mo4ennpoBaHze t ft nepeuoca. Helzsefinoe ypaBHerrue rerrJronpoBoAHocrrr.
llparcr. 4. Mo4enr.rpoBaHr4e repexoAoB.
lltrlamr. 5. Mo,qenn arouuofi
flparcr. 6. MareuaryrqecKr.re

xHocrlr. Crpymypnbre MoAenr4 KJracrepoB.
nu rpaHcrropruo-4uQ$y3r,roHHoro repeHoca.

llpaxr. 7. IlprErvreprr bIX r,r HenpepbrBHbrx xaoTzqecKr4x cr{cTeM.
rlparcr. 8. Mero4u pacu€ra
Ilparcr. 9. MolenupoBaHr.re

KTepr4crr.rK xaorvqecKr{x ctrcreM. Brzr$ypriaqzu.
4rEc cunarvB HLrx crpyKTyp . C au o o pran vB ar\v $..

JIAEOPATO PAFOTbT (KoMrrbroTEpHbrfr rIpAKTr4KyM)
JIa6" pa6. 1. Bne4eune n

PagAen (reua)
.{I,I ICIII{IIJII,IHbI

yve6nofi pa6oru,
rcqa{ caMocTorTeJrbnyro
pa6ory ory,4eHroB

AOeMKOCTb (B qacax

O6reu
yue6noii
pa6omr,

c npr,rMeHeHueM

I,IHTepaKTI'rBHbIX

MeTOAOTT

(nuacax lYo)

Oopnau reKyrrlero
KOHTpOJTt

ycrreBaeMocTr,I

(no uedennu
ceuecmpa),

Sopua
nponaexyrounofi

a'YrecTaI\Lru
(no ceuecmpau)

.{ererpuunucruu
ecKr] e MeTo,ubI

Cro>racruqecxue
MeTCIAbI Pefirranr'ronrpotn 2

JIa6. pa6.2" KsaHtosas b oAHoSJreKTpoHHOrO aTOMa.



Jla6, pa6.3. Mno
JIa6. pa6. 4. floreuqraalu
JIa6" pa6. 5. Mo4enupoBarl
JIa6 " pa6. 6. Mo4erurponau
JIa6, pa6, 7 . LlccnegoBaHlre

Peanugauus KoM

[poqecoe aKTr4BHbD( r4 HHTepaKTr,rB

pa6oroii c rleJrbro Qopmzponauzx
YAenrnrd Bec 3aHf,Tr{ft, upo

ayArrropH br x s ausruia,
B yre6nona trpoqecce

M OAen[p o B alJlrfl>> ]r crro JIb3 yroTct
JIEKUHI,I C LI3JIOXEHI{C

MOAeJIT4pOB AIJVIflI MaTeMaTI{qec
oI[caHIreM r,r AoK€BaTeJrbcTBoM
B3ar{MocBrseft 4pyr c ApyroM;

lpaKT[qecKl4e 3A}lfl"tLtfl
MareMarr{qecKLrx nongtraft. ug

Apyf c LpyroM Ha rrpr{Mepax }r

- uHAr4BnIyaJILHbIe r4
tro narzOolee cJIo)KHbIM tlacrgM
rroBbrrrreHHoft cnoxnocrz;

caMocTogTeJIbHat
MaTeMaltuqecKI,IX nouxttzft,
caMocTosTeJIbHOfO yMelrujl
o6cyx4euue rpoAerraHuoft pa6oru

- caMocrorreJlbHar pa6o.ra
pa3AenalM Ar,rcrlvllJrrIHbr;

- car\4ocro.rrreJrbHar pa6ora
JraoopaTopHbrM 3aHsTrrf,M rro

I4ty'rcHue Kypca (
I{CIrOJIb3OBaHrIe KOMIIbIOTepOB C

ocylrlecTBJrfleTc . AoCTy[ K pec
bHoro saJra 6z6luorenrz.
b3oBaHrre KoMLbIoTepHbrx

rrca 3al.aq c I4cloJIb3OBaHUeM

I4ryreuue Kypca <Mero4rr
x c BeAyrrlr.rMrr cllequ

Kll.aouaJrbHrrft auarrus I{ ero

6" OuEHOrIHbrE CPEA

pefirunr'-rcou'Tpors:
I

r) EHTOM CI4CT'EMbI HA3bI

uMat rlacTr cucreusr; n)

a)

ft
zena; r) rroAcrrcreMa, B roropoft He BXoAqr Apyrre floAcr.rcre]ilbr.

HbIE ATOMbI.

naogefi crnur M[Kpoqacrur].
clrcreM MeroAoM MoneKyrspnofi Aranenazxu.
upoqecca $opuuponauus nauoKJracrepoB
(f yprcaqraouHbrx repexoAoB B Akt cKperHbD( clrcreMax.

s" oE A.3 OBATEJIbHbIE TEXIIOJIOIUII
oro rroAxoAa flpeAycMarp]lrBaer ]rcn:oJrb3oBaHrre B yue6uou

$opu [poBeAeHr.rxsanstuir B coqeraHvr.r c BHeayruropnofi
pa3Burrr4fr npo(peccnoHaJrbHl;rx HaBbrKoB o6y.raroquxcr.

MrIX B r,rHTepaKTr4BHbrx ifopuax, cocraBrser ne rrlenee 300%

Lr3yqeHr{rl Ar4crlr{rrJrr4Hbr <Mero.qrr MareMar}rqecKofo
(popnarr rpoBeAeH 14 x sanxtuia:

ocHoBHbrx nonoxenzfi fi Mero,uoB MareMarl,IgecKoro
nourrzft, rrnfraeMbrx B paMKax Ar.Icrlr4nJrr,rHrr, no4po6urna

BaxHbx cnoftcrs gTtrx MareMarrlqecKr.rx nousrrafi u ux

c Sonee no,4po6nrm r.r3yqeuraeM ocHoBHbrx csoftcrs
x B paMKax AucIIr4[nr4HbI, BbuIcHeHI,IeM rIX rl3aldMocsgseir

BHbre KoHcynbTarlprr4 c ar(Tr4BHbrM yqacTHeM
TeopeT[qecKofo MaTepvaJra Ar4crlu[Jrr,rHbr r4

o6yuaroquxcx
IIo 3a.uaqaM

fIPOME}KYTO

rro AoKa3areJrbcrBy r{eKoropbx csoftcrn HeKoropbrx
bIX B paMKax .4I{clrIt4IIJrr{HbI, c qenbro pa3BkrT:/rfl

brBaTb MaTeMaT[rrecKr{e yTBepxAe)Hr.rs n nocneAyroqee
B O Bp eMr LrH Ar4Blap'y aurb Hbrx r{ Ko JrJr eKTlrBH brx ro n r:ylrraqu fi ;
rlo BhrnoJrueHzro rru4uBtr4yanbHbrx sap.auuir fro ocHoBHbrM

no BbrnoJrHeHrlro AoMaTrrHr4x 3aAaHuft r< [paKTr.rqecKnM kr

bIM pruAenaM ALr cqlrlJrr.rHbr.
MaTeMaTr,rqecKoro MoAenr4poBalJr4fl>> rrpeAycMaTprrBaeT

rroM B Irlurepner. IIpu novroqrr KoMrrbrorepoB, B qacrHocrr.r,
gJreKTpoHHoft 6u6nuorexu BnfY, K€rraJrora r,r oJrerrpoHHoro
Brrnolneuze rpaKrr{qecKr4x pa6or rpeAycMarpvBaer

c naKeroM Mathlab, n:rr.fl [onyqeHrrr olbrra. qucJreHHoro
BM.

KOrO MoAenIdpoBaIJLrfl> rrpeAycMaTplrBaeT BcTpeqI,I
vrcraMvr xa(fe4p <<Or.rsr,rra u rrpLrwraAuarr MareMarvrna>> Lr

XEHI,ID).

rA AJrfl TEKyIIIETO K OHTP O Jrtr yCITEBAEMO CTI,I,
or4 ATTECTAIIIIT4 IIO I,ITOIAM OCBOF-HI,/'T

: a) qacrb cLrcreMbr, rrMeroqar JIoKiInbHyro rleJrb; 6)
clrcTeMbr, orrl{cbrBaeMa.f, gneMeHTapHbrM MaTeMaTI{qecKuM

AI4CUU IIJII,IHbI yTIEEHO-METOAI,IqE CKOE OEIE CIIEqEHI,IE
CAM o^fl TEIbHOfr PAEOTbI CTyAEHTTOB.



2) O6nr:xr-3aMecrrrreJrb
opurlruaJre, HuBbrBaercx: a) MoAen
3) AnzuroroBbre MoAenLr ocHoBaHbr
6) ogzuaronofi (fnszuecmoft upN
aHaJroroBblx r4HTefpalbHbx Mrz

BpeMeHi4.

4) Cnoiicrno MoAeJrr4,

rrapaMeTpoB, HzBbrBaercx: a)
ycroftvlmocrbro.
5) Mo4enrrc c cocpe,qoroqeH
cocpeloToqeHbr BHylpu qepHofo t
cocrorr{r4s; n) uogenb, rrapzrM

MO,{eJrb, LrMeloIqas ogun nxoguofi
Boupoc 2.
1) Cyuqecrnyer MHo)KecrBo
Karas r{3 Hr.Ix 6lrENe Bcero K

a) B uepnou npz6lzNenura
rrerroABr{xHoro gneKTpoua; 6)
gJreKTpoHos 6ecroueuuo uanrr; n)
sneKTpoHOB [pr4 ]BMeHeHVr,r Koo
fAep MoxHo cqHTaTb rroc,rorHHbrM
BoJrHoBr,rx Synrqufi gJreKTpoHoB.

2. Mun;v' rapaMerpoM
coceAHr4MH gJreKTpOHHbrMt4

sauSom,nreft qacrorbr
ypoBHrMr{; n) OrnoureHr.re Macchr
gHeprurr4 ns ararrro4eft crBlrt
3. rlro Ha3brBaerc.a op6uranrro n
MoJreKyJre; 6) PacnpeAeneHue
BorHoBa"s Qyurcqru; r,) O
4. Ha6op cnnu-op6zrwrcft us
OproronalbHbrM; n) Mzuula
5. Cxom;ro pa3nvqHbrx clrrHoBbrx
25 -1; n) 25; r) S.
Pe[tmuae-xoumponu 2
1. -f,srsercs rv npu6lzxeuue
upra6nzxenus. rlro r,aKoe
pa3Hbre rrpoqeccbr MofyT HEL3br

npoqecciax?

Mero4 Xaprpu-Ooxa, B orJrpl
:rJreKTporrHoft eorHonoft SyHxrI[Lr
N,rexsnexrponHbrx nsauuo4eftcr
oTHOCr,rTeJrbHo rrepecTaHoBoK
12. Karcue cnoftctna MoJreKyJr on
IIC[OJrB:rroTc.f, Ha [paKTr.rKe npu
B uoleryne BoAopoAa sJreKTpoHrr
6) HenyneBoe, lr rpr4 oroM
uoxaltrurfi MaKcr,rMyr!{; r) Heny
l). Brrpa:ure ycnoBlre [pr4MeHr4M
Maccbr gJreKTpoHa r4 .sAepHofo
Cralxpuoe [por.r3BeAeHue AByx
orrfiqarcil{Lrxcr rpeMr op6zranxrr,ru,

rrrnaJra, npeAHa3Haqennurft Ars uoJryrreuux zu(poprraaqrEr.r o6
6) uaxerou; n) aualorona; r) sauyurrofi.

ua: a) cxoAcrBe MareMarl{rrecKrrx onzcanufi o6rercra r,r Mo,rleJrr4l
npoqeccoB s o6reKre r{ B Mo,nteJrr{; B) rrcrroJrb3oBaHr4}r

; r) lao4enLrpoBauvu Al{HaMvrr,r uporeKaHlrfl npoqecca Bo

n cna6ofi qyBcrB[TeJrbrrocrr,r pe3ynbrara K ]rcMeueHr{rM ee
Bocrbro; 6) peasmcrr{trHocrbro; n) ro.ruocrrro; r)

rrapaMerpaMr.r Ha3blBaetcx: a) Mo.qeJrb, rrapaMerpbr r<oropofi
:ra; 6) Mo.qeJrb, rrocrpoeHH; as. 6es r{cnroJrb3oB al:afr rrapaMerpoB
roropoft He 3aBlrc.f,T or [pocrpaHcrBeuHbrx KoopAr,rHar; r)

oAr.ru Bbxoguoft napalaerp.

Hbrx (popnaynnpoBoK rpr4Hquna Eopua-Ouuesrefivrepa.
atenrnocru?

ABr4XeTCr B [OJre HeIIoABI4XHO|O rApa, a s,npo _ B rrone
)TI,IqECKA' SHEPTU' g.TEP V }IX IIOTEHIIMAJTbHAfl. sHEPTfi' B IIOJIE
Ecnu cropocrb r.BMeHeur.rr gJreKrpornnoft eorHosoft Qyuxquu
:IlHar tAep M€ura, To B rroJltHoM raMuJlbroHl{arle KoopALIHarbr
; r) zsrraeneHrae KoopApr*ar flrep npaKTr4r{ecKu He 3arparr4Baer

ueHrefiuepa HanbrBaercx: a) Oruourenrae paccrosHt4s MexAy
u K 9Heprrru ocHoBHofo cocrorHur; 6) O:urorueuze

tAep K paccTorHprro MexAy coceAHr.rMr4 gJreKTpOHHbrMr,r

HoB K Macce rAepHoro ocroBa MoJreKyJrbr; r) Oruomeuue
oB Apyr c ApyfoM K gHeprzt4 SJTeKTpOHA B rrone rApa.

nrexanr.lrce? a) KlaccrauecKzur rpaeKTopu.f, sneKTpoHa B
uofi uloruocrt4 B MoneKyne; n) MnorogJrerTpoHHas

Has BorHoBa-r (pynrrlzx.
nft y4o6crna nrr6zparor: a) OproHopMr,rpoBaHnrna; 6)

gJreKTpoHHyro rrJrorHocm ; r) He opronopMt4lpoBaHHbrM.
uuft uoNer 6urr y tracrrrlbr co crlrnoM S? a) 2S+l; 6)

Bopua-Onueureftuepa puu3uoBr{AHocrbro a1iua6ar:u,aecKoro
npu6luNeHue? flo.reMy B pa3Hrx o6racr.f,x (fusur<z

anua1aturrecxzrrapr? r{ro o6rqero Bo r,cex anr4a6arz.recrhx

e or MeroAa Xaprpu, frr{TbrBaer: a) cuMMerpurrHocrr
BCe BO3MOXHbI9 BIZAbT

nonuosoft Synrqzu

rroclrreJrbuo nepecraHonox vacrvq; 6)
; B) aHTr4cr{MMerpr,rrc euenrponHoil
; r) 4nr.rxeHue fl.Aep B [oJre gJreKTpoHoB.

ABVXeHT4eM ee x4ep'/ Kan erpr c;noftcrna
r,ru nerqectna?

rrJrorHocrb MexAy flApaMr4 rrpt4Hr.rMaer 3HaqeHue: a) Hynenoe;
noralrurrft Mr4Hr{MyM; n) HeuyneBoe, rzr rrpr4 groM r.rMeer
unpv groM r.rMeer rno6anurrrft uarcnrrayu.

npu6luxenux BopHa-Ouneureftuepa qepes orHorrreHlre
MoneKyJrbr. (flpuro4uoe Ars MoAeJrufloB auux).

HoBbrx (f ynxqr,rft , orrr{cbrBaeMbx AerepMr.rHaHTaMx.r Cnerepa u
paBHo: a) 1; 6) ll31. n) 1/9; r) 0.



4. O6ouryftTe Bo3MoxHocrb n
npor43B eAe nux op6u:rateft . B cer4a
Ypanueuue Xaprpu-Ooxa
B 3aIIUCU |aMIIJIbTOHLIaHA

rroreurllraJrurofi eneprprefi gJre

Bar.xMoAeficrBr4eM; r) o6naeunrnr
5. Kar rlbrpaxarorcs Mr{o
cocrofl [rl{e, 3arr}rcaHHoe Banau. on
@usu.recKoft ocnosoft MeroAa
a4ua6 u:u,recKoe upz6ruxenue ;n)
IIpr4 Onr4 )KeHne p a3 ilvrrr4Mhlx qacu.I
Peilmunz-xoumpont 3.
1. Hasonrare ocHoBnoe
oneKTpoHHoft nnornocrra.
flo.reuy, B orrt4rrr,Ie ot uonnofi
Bbrql,rcJrlf,Tb ToJrbKo o4rzu pas?
OurosHsrM Sarroporra,
SHepIeT[qeCKLIX CfIeI(TpOB B K
6) ualz'rze cno6oAurx ele
Pacqer i)JreKTpoHHoft n.nornocrra
Aaer Helpasr.urrurrft pe3yJrbrar
pe3ynbTaTbl IzCKJIIOTTT,ITeJIBHO .IIJI'
gJreKTpor{Hoft unornocrr.r A[s
LIOHOB.

2. Karonrr Kpr,rrepprr4 rrplr
aToMHO|O .rrApa gJreKTpoHHar n
nenpanr't nruoft?
Oyurcqru Banure B [epBoM rrpu
BoJrHoBbre [aKerbr; n) 6roxoncxue
aToMax.
B KaKr,lx cJrf{uurx rro 3Ha
BoccraHoBrzrb BoJrHoByro (pyuxqra
cnyqae kraruqvs. ngaanaoleftctnn
esaurvro4eftctnuft, onr4cbrBaeMblx C

rrpr.rTsfr.r B arorlr4M rIeHTpoM.
,3. Cfr oprraynupyfire reopeMbr
SrerrpoHntui cnexrp 4nr rpa(f
6) rulueeu s6rzsu Mr4Hr{MyMoB
Epuumoeua; r) conna4aer co
lFlapr6om,u[e cJroxHocrr.r ilprl
orrLrcaHvrv: a) Muoroqacruqnbrx
ugauuoAeft crBrz.f, npeo6na4aror HaA
4. B rarux cnfrturx rro 3HaHrrK)
tfyHrqraro? B ce-sgz c 3rr4M,
paMKax leopr{r.r (pynxqzona^na
ilanpeulenuas 3oHa n 4nyxcloft
tpa(frre; 6) r<ax cJreAcrBrre HaJrr.r

rrpr4noxeHr,rs cna6oro npoAoJrbHo
pa3rurrr4st eneprzfi gneKTpoHoB Ha
OcuosuEr I MeroAoM pe[reHr.rs
rrporoHKrr; n) rrrero4 uo46opa; r)
5" B qerra cocrolrr npra6lrxeHrze
Ilau ragnecrnrr?

I,It MuorosneKTpor{Hofi nonnonofi OyHrrlIar.r B Br4Ae
TaKOe pa3AeJreHr.re nosMoxHo?

r,rHTerpo-ArzoQepenqr.raJrblrbrM, upuqeM r.rHTerpaJrbHbre qreHbr
sr: a) c Kr.rHerlrrrecrofi snepruefi gJroKTpouon; 6) c uoluofi

; B) gJreKTpocrarvqecKr,IM orrilJIKr,rBaHlIeM ra o6rr.leHurnvr
,IIEUCTBI,IEM.

rrbre BoJrHonrre SynrcqLII{ qepe3 cnzn-op6zratu? Olnaftaer tu
nofi upoexquefi uoluoro cunna?

pu-@oxa rBrsercr: a) rrae.ro4 caMocornacoBaHFroro nonr; 6)
npu6lzxeHue nazulofi cKopocrra ABlrxeHvfi slexrpouon; r)

rrpeAloJroxeHlre, nexarqele B ocHoBe reopuu (pyHrqzonana

:oncroft Marpurlbr, MoneKynspHbre aHTerpaarr ueo6xoAr4Mo

rrlrdM HaxoxAeHr4e oneKTpoHubrx uoJrHoBbx (fynxqraft u
, flBrflercgJ a) nomrar HefloABrrxlrocrb aroM]rbx ocroBoB:

n) upo crpaucrBeHHiur nepploAr,rrrHo crr ; r) Harr,rque rpaHr,ru.
QyHrcqr,rn paccrorHlrr or sApa B Mo,qeJrv Tovaca-OepMr,r: a)

Ars paccroxuuir,6nrasrux K rApy; 6) aaer rpaBrJrbubre
rreprHbrx ra30B; n) 4aer uo406urre Kaprr.rHbr paclpeAeJreHr,r,
aroMoB; r) npunqranrlarrbEro He Moxer 6rrrr uponeAeH An

MeroAa Touaca-(Depnnra? Ha xaxux paccrorHr.rsx or
Bblqr4cJreHHat c ero rIoMoIIIbICr, cTaHoBI{T,C.f, 3aBeAOMO

rr.rxeHr4r.r BbrpoxAarorcr B: a) ulocxlre BonHbr; 6) raycconu
yHKrlr4r'r; r) noruonrre syuxrlzu sneKTpoHoB B t43oJr}tpoBaHHbx

SNCTTPOUTTOft TIJIOTHOCTII IIPI4HIII4NLIAJIbHO HEBO3MOXHO
? a) y cr4creMax c cznruoft eJreKrpoHuoft roppenxqzefi; 6) n
olrrdcbrBaeMbx BeKTop-rroreHrllrrrJrorra; n) B cJryr{ae HaJrrqvrfl

brM rroreHrlr,rilnoM; r) n cHctenaax 6onee qeM c o.rHrzM

]OIO MOHOCJIO': NVHEEH BO BCEM .4KIAIIA3OHE KBA3I,II4MIIYJIbCOB;
uu BpunlrooHa; n) rna4parfiqeu s6ilzsu uunuMyuoB 3oHbr

Qorona.
rro reopulr SyurqrEorraJra rrJrorHocrra Bo3r{r4Karor rrptr

crrcreM; 6) rroHoB; n) crrcreM, rAe Ar4crrepcrroHHhre
bHbrMr,r; r) nraHerur<u xr.rMr4rrecrzx pearqufi .

er<rpounoft IJIOTHOCT]I Ueaobruoxuo BbIrrI{cJrI,ITb BOJTHOByTo
(pnszuecrze csoftcrna aroMoB HeBo:3MolKHo rrpeAcKa3arb B

ofi nnornocrr,r?

n) xar cleAcrBrze
r) rarc cJreAcrB[e

rpa(feue rrosBflsercr: a) r<ax cJreAcrBr{e yqera o -cnqgefi n
ur 4e(ferroB B peaJrbHbrx crpyKryf'ax;
sneKTpr4qecKoro [oJrr K cJroro rpa(peua;

:ueit u nzxueft rpa(fzronr,x [JrocKoorrx.
us Koua-L[eMa rBJr.rercx: a) r,rropauroHHufi; 6) MeroA
us KoHa-L[oMa Moryr 6rrm perue]rrbr aHaJrrrrr.rqecKu.

gJreKTpoHHoft nnoruocrvr v KaKr.re ero uo4zskrKar\r4Lr



Hasonnre aHaflr{Tuqecrufi rraeroA,
rera: a) BTopr,rqHo-Irour{as
cocrosHr,rft; B) oneKTpocKorur
c[eKTpOCKOIIIzf, C yIJIOBbrr\d pa3
MeroAr,r ceMeftcrsa o6o6ruennofi
Jrlrrrrb cxeuofi peueHr{t
yqeToM gJreKTpOHHbrX KoppeJrs4ra
sanuctr (p yu rquonarra Kr,rHerLl

Bonpoctt K eKsuiileHy:
1 Ocuosgsre rroH.rrrrzr MareMarr.r
naoAelejl v MeroAbr ux pacv€ra. 14

2 llpuureneHlre aHanorzft upu
Iuolereif . HenuuefiHocrr
3 flonyrenr.re uo4enefi r.rs

4 Yuunr:pcaJrbHocrb MareMarr,rqec
o6rexron.
5. Ocuonnbre rrourrr,rfl Teopr4r.r

Mo4enurpoBaHrze KaK rro3Ha
6. Kraccu$r.rr<aqzx BLTAoB

Cprcrerra.nrrft no.uxol. Boguox
7.,{ereprravrnupoBaHHoe,
Ar{cKpeTHo-He[pepbrl]Hoe, M

r3brKoBoe u cllMBoJr\IqecKoe
8. AualnrzqecKoe vr vrMvrr arJvro*
9" MlarenaarzqecKar Mo.rleJrb

aBToMaT',r4qecKoro ylpaBneHr4r.
10. /]r.rcxperuo-croxacrr{qecxu
BepoxrnocrHbre aBToMarbr.
I 1. Meloabr reopr4r{ nJraHzpoBaHrz
Crpyrrypuar MoAeJrb. Oyunqno
Blr6op npaBr.{n ocraHoBKr,r
12. Anarurs n rdHTepilperarlut
KoppeJrrrlrrz. O6lacrr npraMeHeH
flocrpoeuze ruaHeftuoft
MOAenr4poBaHvrfl'

13. Ocnonurre [peAenbHbre
cTaTr{cTrrqecKoM MoAenrIpoBaHr{r4
[porleAypbr ux uaruzsnoft
14. Oqeuxa roqHoclr.r r{ .rlocro.Be
rlocJreAoBarelrnocreft rrceB,rlocJr

AJILIHa [l]pIIOAa, AJIIIHa OTpe3Ka a
I 5. IJlpr.rrurepbr npr.rMeHeHlrs
I 6. EmmcneHr.re orpe4en€nurrx
auQ ([ epeurlz aJrbHbrx ypanHenraft .

17 . T eopux cnyrafiHsrx 6nyN4anuf,
1 8. Mo4,enupoBaHr,re [poqecca
19. PerynrpHbre Sparcranu z
ABTOMATOB.

20. MogrlrurpoBaHr.re 4uspaxqr.ru rz'.2I. Brrqr.rclesrae gHTpolr{r4
r\,Il,IKpoKarloHr4qecKoro aHcala6ns.
22.Moxltr llszura.

flo3Bonrrculufi noccranoBr4Tb gJreKTprcHuufi cuerrp rBepAoro
[eKTpocKonux; 6) crreKTpocKolus rurorHocrr.r gJreKTpoHHbx

rou6rEnarluonuoro paccefl:atrfl; r) $orosnenrpoHHat
I,IEM.

rpaAr{errrHoft annporcnMarl}ru orrr4qarorcr Apyr or 4pyra: a)
IaHrerpo-AlrQ$epeHrluarrbHofo ypaBHeHlrr; 6) yueronr lrJrlr He

; n) Qopuoit ganucu o6uennoro nsarauogeftcrBvrs,; r) Qoprrlofi
sHeprlrr4.

MoAenr,rpoB aHvrs. Kuaccu(puKarlur MareMarr,rqecKux
zs naonelefi.

LII{ MoAeneit. Llepapxraqecxzft rroAXoA K noJrfrenrlro
rr,rx uo.ueneft.

bHbrx 3aKoHoB npupogu (ras [epBr,rx upuHqr.rnon).
npoctefi ruux uerr,rHefi Hrrxnx MoAenefi Heroroplre MoAerr,r

poBaHr,rr. Mero4ouorrrqecKiu{ oc}roBa MoAenr.rpoB alils'
rrft upoqecc.
poBaHr..rfl cr,rcreM. Knaccv.recxuft (un4yr<runnrrfi:) rroAXoI.
ra s(p(percrraBHocrb MoAenupoBalvrs. cuarervr na OBM.
IIqeCKOe, CTaTI{rIeCKOe, ALIHaMI,IqeCKOe, AI,ICKpeTHOe,

, HafJItAHOe, tl{rloTeTl{rrecKoe, aHaJIOtOBOe, 3HaKOBOe,
poBaHr.re.

MOAeJIVpOBaHT{e.

Herpeprrnno - AerepMr,rur.rpoBaHHlsre MoAenra. Cucreua
KperHo - AerepMr.rnr{poBauHlbre MoAeJrH. Teopur aBToMaroB.

MoAeJrr{. HenpeprrnHo-croxacrLtqecKue MoAeJrr,r.

gKcnepr.rMenToB. Sranrr qfparen{qeoKoro
bHar MoAerrc " OurrauaJrbHoe rrJraHr{polBaHr,re

IlnaHr.rpoBaHr4r"

SKCrrepr,rMeHTa.
HO|O gKCnepr{MeHTa c MoAenbro.

pe3ynbraroB MoAeJrr.rpoBaHr.rs Ha 3BM. Koe$(pzquenr
perpecclrouHoro aHaJrkrsa. Mero4 HavMeHbrrrrrx KBaAparoB.
ouuofi MoAeJrrr. r{racnepcuouHrrfi &HaJrr43 pe3yJrbraroB

Mbr reopulr nepoarHocr:eft v ux llcrroJrb3oBaHr{e B
3arou 6ounruux qucefl. flcen4oc.ny.raftHrre .qucfia u

W"

pe3ynbraroB MoAenr{poBaHu.[. llponepra KaqecrBa
finrrx rruceJr. Xapaxrepucrr.rKr/r KarrecrBa reHeparopoB:

. Mo4enupoBar{[e clyraftHrrx BeJrr,rqr.rH.
qecKoro MoAenr{poB aHufl.

p errreHz e crr creMbr alre6pau .re cKr,rx yp anuenuit u

Teopva rrepKorrsrlr4tl.
ff peryrspHbrx culMorroAo6urx crpyKryp.

Ao6ue. Opaxranruaf, pturMepHocrb. Teopza KJreroqHbrx

urep([epeHrlpr]r eJreKTpoMarrrrrrHbx BoJrH.
B MaKpocKonrrqecKr4x cr,rcreMax. Mo4enzpoBaHr.re



23 . fivrcrcperHbre MolleJr]r HeJrr4He

24. [erepnazuzponaHnuft xaoc
6ra(f ypxarlzft " Pasruepuocrb u
25 " MotenupoBaur4e (f moxryaqufi
25. Kouuuorepnoe MoAeJrr,rpoBarr

e) eonpacu K cuJtilocmonmentnort
1. Karure MareMarvqecKr{e
IrepBbrx upzuqzuor>?
2. B qeM cyrb KBaHToBo-Teoperr4
3. B .rel{ cxoAcrBo 14 pa3rrwrarfl
nnotnocrr,r?
4. flepe.lucnu.re uau5oJree rrru
5. Ouunuure MeroAbr Mo.4eJrr,r

6. Kaxze MHoroqacrlrrrHbre rrore
7. Karze [oJryeMrrr4pvqecK[e
8. B qeld orrIaque MeroAa MoJreKy
rrepBbx nprznquuon>>?
9. B qeNr cyrb MeroAa MoneKynt
10. [ls KaKVx 3aAarr Moxer
gunav'u.rcu?

11. Onuurrare ocnoBHbre granbr
12, Haz<>strre ocHoBnbre vr
13. l{oxaxure, rrro ecJrr4 E MoJreKy
gJreKTpOHHar IJTOTHOCTb MexAy
s(f SexrlmnoMy rrpt4r.{xeHr4}o sAep
14. Onr.rmprre KparKo rexnr,rKy
AerepMr4HaHTaMr{ Clerepa (ua npz
15. Meroa Xaprpn-OoKa t
CJIO}KHEI.K CIICTEMAX.

16. Haitlure gHeprvro ocHoBHoro
(fyuxqru 1) srcnouenry c
SKCnOHeHTy c Her.r3Becuroft
17" lloqeMy ypaBHeur.le Xaprprz
3HaqeHr,r[ oneparopa?
I 8. llpzne4r.rre rrpuMeprr uo4eleft
I 9. 9ro :raKoe <(pparlalumre
20. Karcyro uu(foprraaquro Aaror HaM
21. Kaxu:e MoAeJrr4 Tpancrropruo-
22. flepr>uucJrr{Te roKr{, Bo3HvKa
efo [oBepxHocTr4 gJreI(TpoHHbrM

lZ3. Karcr't e rpoqeccbr oorpoBo
'24. O6sscuure SrzsuuecKyro MoAeJr
25. HasonIare oco6ennocrr.r HaHo
3 ap.,rAa B MaTepr{ruax.

7. YqEEHO.METO

a) ocuonuax nureparypa:
1. Anep.reuxon B,I,I.
[SnerrpoHuuft pecypc]:
Snerrporr. TeKcroBbre
yHr.rBepcr.rr er, 2012.- 27 I

rx xone6anufi u nolu.
v ero xapaKTepl{cTr4Kr,r. Oagoerre roprperhr. flepeno

Ocnonrr
yue6uoe

IaHHbre
c"

r.rHAyrllrpoBaHHbx rrrwoM nepexoAor].
Mr,rKpo lr HaHocTpyKTyp"

cmydeuma:
MOXHO OTHeCTU K KBaHTOTIO-MexaHr.IqecKr.rM pacqeTaM (r,I3

rroAxoAa pacqeToB (trr rrepBbrx nrpuuqunon>?
eroAa caMocorJracoBaHHofo rror.f, r4 Teop]rpr (fyrxqraonana

Idc[oJrnyeMbre [oreHrlr4anb]: nsarEuo4eft crnr,rfi qacrr,ru.
r MoJreKynrpHbrx crrcTeM.

bI BttM zgeecrHrr?
grr gHaere?

puoft uexaru,IKr{ or KBaHToBo-MexaHyr{qecKr{x pactreroB ((I,I3

nuld.atvtnrc]1r?

lplaMeH.[Tbct MoAeJrr4pOBa,Hr,re MeTOAoM nrOlerynxpuOfi

lrecKoro MeroAa Moute Kapno.
rrpeArrocbrJrKrr MeroAa Xaprpu-(Doxa.

BoAopoAa sneKTpoHbr r4Melor nporr{BolonoNurrft crrr,rH, To
flApaMu r,rMeeT HeHyJreBoe 3HarleHr,re, rrTo npr4BoAr4T K
cBr3hrBarorlax op6raranr).

f, MaTpurrHbrx gJreMerrToB olepaTopoB MeXAy ABWg
oAHogJreKTpoHHoro oneparopa).

Baplrarlr{oHHbrM MeroAoM AJrr Bbrq}rcJreHr.rt op1urwrcit n

COCTO'HH,fl B ATOME BoAopoAa, B3rB B KaqecrBe npo6uoft
pa4r.rycou": exp(-rlril 2) rayccoBy"6oponcxrau

eft: exp(-(r/o)2).
HEJIb3' CBECTII K KJraccruecxoft saAa.{e na co6crneHnbre

acTepHbrx clrcTeM.
pbD r{ KaKr.re MoAeJryr nx (poprraupoBaHrr.f, srr guaere?

MoAeJrlr arounoft no4nrzNHocrn?
HOrO [epeHoca Bbr gnaere?

B [prlrroBepxHocrHoM ctoe oOpasqa rrocJre o6lyrenua

TpaHclopr Hocvrenefi sapflAa n o6nyrreunhrx Mareplrarrrax?
TpaHc[opTa 9JTeKTpOHOB B MaTepuilre 

"

oro cocTorlJprfl., Blrvrflrorrlue Ha rrpoqeccbr IlepeHoca

KOE II I4HOOPMAIII4OHHOE OBECTIEqEHI,IE
cqurrJrr,rHbl (M oAyJI fl )

aTr4qecKofo MoAenr4poBaHV{ TeXHIAqeCKrzx cIIcTeM
r6uel AnepqenKoB B.I4., @eAopon l3.fl., Xefi$eq M.JL-
Bp.aucx: Bpancrufi rocyAapcrBerrurrft rexuuqecxzft



2. Ocra.rurcon, B.H. Ilpaxrurym n
[3rexrponnufi pecypc]:
Jla6oparopus suanutr,2013. - 200
99$-2n14-8.
3. Czcleunoe MoAeJrr4poBaHlre u
B.M. - M.: KYPC, HI4II I4I-IOPA-
6) 4ouonnnrenbHar nrzreparypa:
1. Anepveurcon B, U. Ocnonn
[snertpouuuft pecypc] : y.re6.
2-enzy., crepeorr{rr. - M. : O
2" flloxorru,rKoB, K, 3. Mero.u u
pecypc]: Kypc rreKrltrft / K. 3.
9765-154t-3.
3. -flrola, A.f. O6paruue sa a
[3nerrpounuft pecypc] / A. f.
zs4. (err"). - M. : EI,IHOM.
MoAenr4poBanue). - ISBN 978-5
n) nepurr4r,rqecKue vB Aart:afl:
L Ycnexu Quar,ruecrrax HayK.
2. XypHan rexHr4trecKofi (pzsuxr,r.
3. KonanrrcTepubre r,rocneAoBaHrrt
4.u np.
n) unrepuer-pecypcbr:
1. www-,*expqnga$aJu
2 " P accurftcKar Koplop a\Lrfl. Ha
3. FlanorexunqecKoe
http : //www.nanometer.m/
4. Hauo:rexHoJrofr{r{ ltJrf, Bcex,
5. HaHo:rexHoJror[rr lr HaHoMare
6. HanorexHoJrorrn e Poccuu (Ha

8. MATEP

llpeno4ananze Ar4crlrrnJraH
flpeseHTi]Uufi u rorvrnbror,epubrx
ooopyAoBaHHbrx MyJrr;Tr4naeAzftH

ayz' 43Ct-3). Am o6ecneqeuzrr
KoMrrbrorepHbre KJraccbr xa(f e4pu

Ay4uropuz Anf, npoBeAeH
KoMnbrorepanau, o6re4zndnnrruz
neo6xoAanlhrM crlcreMubrM I{ rI
Matlab v. opurunanrrnsrfi fiaKer
xapaKrepr{cTrrK r,r peKoHcrpyKrlr4r4
rro BpeMeHHbrM prAaM (Cnn4erel
Lab 432 Ns201 1615233 or 4 rarons

peltreHr4lo UH}KeHepHbrx 3a!.aq MaTeMa.Tr.rrrecKrIMIr MeTOAitMlr
noco6ue / B.H. Octaruron. - On" u3I. - M.: BZHOM.

c.: r4rr. - (MarerrrarriqecKoe MoAeJrrrponaure). - ISBN 979-5-

r.rccJreAoBaHr,rs MareMarr{qecKzx rrao,qelefi / Moposon
2016. - 243 c.: 60x90 1/16 ISBN 97ti-5-9068 IB-32-4.

MaTeMaTl{qecKoro MoAenupoBaHl,rt TeXHLrqecKr4x c}IcTeM
6ue lB. Z. AnepueHKoB, B. II. Oe4opon, M. JI. Xeft@eq. -
4,2011. -27|c. - ISBN 978-5-9765-1278-9.

MareMarrrqecKofo MoAenr{poBauux [Olerrpounrrfi
orHzKoB. - M. : OJII4HTA, 2012" - 519 c. - ISBN 979-5-

u MeroAbr ux pe[reHr.rfl. Ipunoxeuzr K reo(pzszxe
, Bau flu$efi, VI. 3, Crenauona, B. H. Tzrapenro.- 2-e

3uanufi, 2014. - 216 c. : r{Jr. - (MarenrarzqecKoe
3-2343-2.

MoAeJrr.rpoBauue.hitp://.g_rm,ics..or&ru/.

nonorzfi : http ://wrlrnr*'. Srsnanp. cor4.
(Honocrn, ny6turcatp;tu, 6a6nuorexa).

nopran). http://www.rsci.rulnanote_ch/.

bHO.TEXHT4qE CKOE OBE CNEIIEHI4E
cqrrrrJrrrHhr (MoAyJrfl )

lpeAycMarpr{Baer npvMeHenr{e MyJrbrr.rue4uftnrx
ttxqufi, qro o6ecneqr.rBa.erc.f, rrporleAeHrreM gansrufi n

o6opy4onanv eM ayAprropltsx xaSegpu OuIIM (ay t. 420 -3,
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