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L{enxuv ocBoeHrrr ArzcrlzlJllrHbr
6y4yrqero crerlr{aJrkrcra HayqHofr. Quzu
rrrKoJre cTporrTcfl oorqer4Hx(eHepHa[ r4

Szsuxz errpa6artrnaer cnequ(prE.recKr.rfi

oKil3brBaroTc.rr BecbMa rrJroAoTBopHbrMr{

IUI4poKoe Qusvro-uareMar[qecKoro 06
TeXHI4qeCKVe HaIIpaB IIQHI{fl, yCIIOIIIHO

3AIAY K Apyfr4M, r4cKaTb HecTaHAa

npo (p eccuonalrnoft uo6unrnocrr,r
3 aAaqa rr4crlulJrr4Hbr :

TeopeTr.IqecKar IIoAfoToBKa I]
opr{eHTr.,rpoBaTbc.s B noToKe Ha

BO3MO}KHOCTb IICIIOJIb3OBAHI,I' HO

oHLr cfleq[aJrr,r3r4pyroTcr ;

QopMr..rpoBaHr4e }Jayl{.Horo MbrrrrJreH

[praMeHr{Mocrv pa3nr4vHrrx Sllsu
cTerreHb AocToBepHocTr4 pe3ynb
MaTeMaTr4rrecKlrx MeToAoB rzccJIeAo

nrrpa6orna [pveMoB r{ HaBbrKoB pe
IroMofarcrll{x cTyAeHTaM B Aan:bHe
o3HaKOMJreHrre cTyAeHTOB C 0OB

HarIalbHbIX HaBbrKoB npoBeAeHr4
pa3nr4qHbx $rzsuuecrzx ssreu[fi u

2. MECTO ATT

,{ucqunlzna <Ocuonlr Ksau'rosoft
Bapr{arr4Bnofi .{acru ocnonnofi npoSecc
Al,r0q[[nrirHbr rrpoxoAr4T B r{eTBep,roM ceM

[ru ycueruHofo ocBoeHr4{ rcypca
pa3AeJrbr errcttrefi MareMarzKu: [uS@e
Auail'rrllrecKarr feoMerpufl u stuweit
(DyHrcqura KoMrrJreKcHoro [epeMenrrofo,
B eposrHoc't eft u MareMarrrqecroft

Ocnoenue Ar4crlr{[nr,rHrr neo6xo.uz
nJIaHa: <Ocuosbr orrrr,rKrD). <Ocrr,cebr
crarrzcrt4rrecxar Szsrzlca>, <Hayurro-
nrrnycrnoft r<nalzQunaqzonnofi pa{Sorrr.

3. KOMIIETEHUIIU OEYIIA

B pesynrrare ocBoeur{fl
p*yJrbrarbr o 6pason auux :

1) 3nam:
o (pyn4aveHTaJrbHbre 3aKoHE,r rrpr4

reaHroeofr, arouuofi u xpepuofr $zszru 1

2) Yrraerr:
. rlpLrMeHxrr QrzsrauecKlle 3ar(oHbr

1. UEJII,I EHLrfl Ar4 CUI4trJrr4Hbr

oBbr KBaHTonoff (frzsuxvr>

6azoir., Ha roropofi e
tBJIteTCt OOeCleqeHI{e
nrrcrueft rexuuqecrcofi

aJrr,Has. [oAI-oroBKa. IIo cle.uoB aT]eJIbHo I pr3 yqeHrle

M bIIIrJreHVfl , Qzsavecr<yro r.rH:tyt4rlr{ro, Koropbre
lI B Allyrrrx HayKax. Cnequalrrcrbr, nolyunninue
]oBaHI4e, MOfyT CaMOCTO_f,TeJIbHO OCBaUBaTb HOBbre

lr Hr.Ix, JrerKo rrepexoAr,rTb oT perrreHr{s oAHrrx
14 HeTpa4urlproHHbre fry'tv, rrTo ocooeHHo BaIKHO A[_s

B B ycJronr{flx ycKopeHHofo pa3Brzlllg rexnukz.

Szsurz, [o3Boflsroqax 6yaywJr4M r4H)r(eHepaM
a rexH?rqecrofi un(popMaur{r4 rz o6ecne.ruBaroulafl rzM

Quszuecr<zx [pr,rHrlzloB B Tex o6lacr.ax, B Koropbx

B qacTHocTr4. npaBl.InbHofo IIO.HI4MaHVS fpaHr4II
cux rroHf,Tr,rft, saronon, reopuit kr 1:vreuufl. oqeuudat
, [olyrreHHbrx c rroMotqbro SKcrrepvMeHTaJrbHbrx I,rJrLr

LIfl;

nuft xourperHbrx 3a.4arr rr3 piuHbrx o6nacrefi $uszru,
eM perlraTb rrHxeHepHbre 3a\aqu.
ennoft nay.ruo.ft anraparypofi u nrrpa6orxa y Hrzx

oKcrreprzMeHTaJrbHErx HayqHbrx uccle4onaHufr
Kr4 rrofpenno creft zsrvrepeuzfi .

TII,I B CTP,YKTYPE OIIOII BO

I,IKr4 cryAesrarra ueo6xoAr,rMo 3Harb cneAyro
qrlilrbHoe vcqvcrenne, ZnrerpalbHoe Lrcrrl4 cJre

AJI-{ u3fIeHIuIt cJIeAyIoUI{X AI,IC{uulr.IIr yre6
nronofi gJreKTpoHr4KrI)), <KsaHToBat MexaHI4

eAoBareJlbcxax pa6ora B ceMecrpe)), BbrrrorrH

tfl".
Hva,

atlre6pa, Pxp;u, 3revrenrrr BeKTopuofo auatfisa,
rQ OepeHrlzaJrbrrbre ypaBHeHr4s, 3.neueur6r reopr4r,r

HOIO

KAU
wnrlw

OOPMIIPYEMbIE B PE3YJIbTAT
OCB]OEH AI{CIII4IIJIUHbI

o6yrarorquftcx 4olNeH leMoHcrpr4poBarb cneAyroqge

u
rrK-1).

ocHoBHbre $usuvecrze 3aKoHbr n o6lagrz

fl. peuter.vs. rpaxruqecKzx 3aAarr (OIIK-3 ).



3) Bna4ert:
O HABbIKAMI,I IPAKTI,IqCCKOfCI [PI4 eHr4f, 3iaKoHoe (pzszr<z (OnK-5).

bre B paMKaX OOBOeHr.rf, Ar{crlr{rrnr4rrbr:Kolruerenq Lrv, ,uacrr uuo S opu
OIIK-1. Cnoco6uocrr aAeKBarHyro coBpeMeHHoMy ypoBHro sHaHufi

HayqHyro KapTr4Hy Mr{pa Ha ocHoBe 3HaH ocuoBrrbrx no Jlox(eHr4ft , s axouon l{ MeroAoB ;OIIK-3. Cuoco6nocrr nbur ecrecrBeHHoHayqHyro cyrrlHocrb upo6qrerrl,
Bo3Hr,rKaroqr4x B xoAe npo(feccuonal
Q tzsl.r xo -rr,r areM arr.rqe cK uft annap ar,

OIIK-5. Cnoco6nocrr o6pil6aru
nccnelonaHraft.

4. CTPYKTYPA

O6rqas rpyAoeMKocrb Ar4cur{nJrr{Hbr

ofr AerrreJrbHocrtr, [pr.rBneKarb Anr r{x pemeHr,rt

u rrpeAcrarrrrf,Tb AaHHbre gKcnepr4Meuraltirtx

c OAEPXAHT4E At4cUr4Urrrrrbr

BJUrer 6 sa.{qrHrx eArlHr4u. 216,racos.

TIJII{HbI

yqe6Hoft pa6orrr, BKrloqat
rnyrc padory cryAeHroB

14 TpyAoeMKocrb (r uacax)

O6rervr
yve6Hoft
na6orrr

c flptrMsHeHI,teM

hHTepaKTr4BHbIX

METOAOB

(uwcur /%o)

<Doprrrsr rexyuero
xoHTpo{t

ycneBaeM9crH
(no uedehnu

3leueuru Ksauronofi
MexaHI4KI,I Z arOrrlnOfi 18 / 47%

SleueHrrr $nzurcu
rBepAoro reJra 10 I 55%

3reneHrrr Quslrru
sAPau
3JreMeHTapHbrx
I{ACTIZII

6/42%

46 / 510,/" oK3aMexr (45

TeMrr, pa3AeJrbr Arzcrlr4rrJrr{Hbr

1. Ksauroeafl rrp[poAa r{3JryrreHrrq
Jlexqzr 1. 3arosrr rerrJroBoro u3ryqeH,a.s

Jlexqux 2. KeaHronrre csoficrea csera
Pa:aer 2. Sleuernrr rsarrronoft uexauurcn u

IIerclus 4. Boruosrre cnoficrea Mr4Kpoqacrllq
J]ercuas 5. VparHeHue
Jlexqax 6. Yparueuue urpeAuHrepa AJrrr
noreHrllraJrBnofi .sue
JIeKuHq 7. llpoxox4eHze qacruqbr qepe3

noreuuza-rrsnrrfi
Jlexqux 8. Jftzuefintrfi rapnaoHu.recxuft
Jlercqax 9. AroNl eoao



Teurr, pa3Aenbr Ar,rcrlr{n:Jr}rHbr

Ilexqur 1 0. Op6rlmlr,nrrfi uexauu\ecnui4 u

1L flpunqrzn
JIexqHq 12. CnouranHoe r{ r4HAyrrupor}aHHoe

3. Srenlenrrr dusnrrl
Jlexqrz.f, 13. 3neuenrbr KBaHToBoft crarucru
Jlenqul 14. TennoeMKocrb rBepAbrx reJr
Jlerqu.u 15. 3onHas reopr4s rBepAbrx ren
PasAer 4. 9.neuenru Qusurcu sApa rr gJre
qacTnu

Ilerqus 16. Arorvruoe
Jlexq[s 7'7 . Pa4uoaxrrrBHocrb
Jlexqnr 18. Buau sganroreficrsufiu
gneMeHTapHbrx qacrurl, Mero4r,r perr4orpaqu

J,'lb uoAylx
AI,ICqPINJIAHbI

HauNreuosasu<t ulun KparKoe coAepxaHr4e la6oparopulx pa 6or

J,{! 6. 1 Oupe4eJreHr.re uuofi Cre$ana - Eolrquaua

I{b6.2 ZsyveHu,o n $oros$$enra r4 BaKn/MHbrx

J',1b6,3 OnpeAereHve cHoro noreHrlr{ana nos6yxgeuux

Pasler 3.
3leuesru
Qusurz

Nb 6.6 Zsyuenu:e renr
IIOJry[pOBOAHr4]KOB

pHofi sanucaMocrr{ cotrporrzBJreHr4_rr

J\b 6.7 l4:yveuae noll IlepHbrx xapaKTepzcTrzK

Ns 6.8 ZsvqeHze sorr, x xapaKTepr,rcTr4K

5. OEPA3O

IeKTII4OHHO-CeMI,rHapcKat rsrrcTe

na6oparopnrre sanxrzx) ;

o6yrenue B MaJrbrx rpyunax (nrru
rpOx.renoner);
Macrep-Knaccbr (AeMoHcrparlnr{
tro pa3nnqHuu reuau);

bIE 3AHflTItq

TEJIbHbIE T]DXHO JIOTKT I,I

o6y.reuzx (rpa4uqzoHHbre JreKr1r,roHHbre

HeHr4e la6oparopurx pa6or B rpynrax r43 AByx 4n

npaKTr,rqecKr4x 3aH.rrTr,r.sx npr.rHrlr4fro,B p&crl€T a 3aAA

pl

u

q



npr4MeHeHr4e MynbTr4MeArza Tex
3AHflTLrfi C [pr,rMeHeHr4eM r(r3141

c noMorrlbro rrpoeKTopa r4Jrr4 KoM

rrHQ opMaulroHHo -KoMMyHr.rKaUr{

TexHo Jrofr{ it p.ns Monr4Topr,nlf a

6. OIIEHOTIHbTE CPEICUBA
TIPOME}ITYTOIIHOfr

Ar4CUr4rrJ[rHbr rr yq

Tenyqufi KoHTpoJrb ycre
HECKONbKT4X COCTABJI'IOIIUX.

1. Pesynsrarrrpefirzur-
2. Brrnolnenvre 14 3al\ura ta6o
3. Brruonuenr4e [paKTr4qecrcr4x

B onpocu pefinranr-rconrpors J\b 1

1. Teuneparypa a6colrorHo rre

yMeHbrrrkrrb n 2 pasa, To gHepferr4qr3cKa.f,

1) yueururvrc . B4pasa
2)ynenuuurcrn 16pas

2" Ecnu rnurna BoJrHbr. coorBorcrBv
ro reMrreparypa a6colrorHo qepHor.o

1) ynenzuuracb B 2paza
2) yrraeuunLrilacb y 4 pasa

3. Ecnu 3aqepHenHyro rrJracrrdHr(y,
rofi Ne rlJrorqanz, To cBeroBoe AaBneHr4e

1) ocrauerc{ Her43MeHHbrM;

2) yrvreururvrcfl. B 2 pasa;
3) ynenuuzrcxn2paza.

4. 3nexrpoH B aroMe rrepexo,4r,rr r,r3

cocrof,Hr,re c eueprzefi Es.[Ipu gro]\,r rrc
Er- E, Eo- E,

1)c2Dc23)

5. I{acrora [aAaroruero ua $oroele
HyxHo LrsMeHr{Tb 3aAep)rs4Baroqee H

Marepr.rana (f oroeneueHTa Mo)KHo rr peH

1) ynenuuursn2pasa; 3) i'
2) ynaeHlrur{rb B 2 paza; 4) yrrt
6. llpu 3aMeue oAHofo MetaJrJra

rpaHkr rle $ oroe$ Q exra, yMeHbrrr ael cs.
pa6oroft Bbrxo,qa Anfl repBoro

l) ynenu.runacr;

7. Onurrr Cronerosa no r4ccJrt3.rlo

I) nosnonuntz olpeAenr.rrb pa3Mepr,r

(rrpoBeAeHlre
brx npe3eHrarlufi
pa)t

rrbre TexHoJrorvz ([pI{MeHeHr4e
y0neBaeMocTt4 cTyAeHTOB r.r

JreKrIr4oHHbx r4 ceMr{HapqKr4x

14 AeMOHCTparIr{OHHbrX pOn4KOB

rrn@opnraquonHrx
KOHrpoJrr suau4ft).

TEKyrUErO KOHTPOJLfl yCIIEBAEMOCTI4.
TTE C TAUI1III rro IITOTAM O CB OEHI4q

HO-METOA]AqECKOE OEE CTIEqEHI,IE
CAMOCTO bHOIZ PAFOTbI CTYNEHTOB

flBrrfle"rcs. pacnpeAeJr0uurru z ocrroBaH Ha orIgHKe

nux pa6o:r.
uir,.

ofo reJra T : 6000 K. Eclu reureparypy TCJIA
MOCTb aOCOITOTHO qepHoro Tela

3) yeenuunrcxs2pasa
4) yrr,reulurr4rc . B 16 pas

MaKCrZMyl\4y r.r3lyrreHr4f, yMeHbrrrr{racr s 4

3)ynenuvuJracbB 4pasa
4) yrraenrlruJracb n 2 paza.

KOTOpyrc rraAaeT cBeT, 3aMeHr.rT6 Ha 3epKanbHyro

)KAeHHOTO COCTOTHTZg c oueprzefi E1 B OCHOBHOe

cx (porou. Macca uclyrrleHHoro Qorona paBHa

hc 4)

Eo- E, E,+ Eo

t^-
, tv .).) (,

I,r3nf{eurrr yMeHbrrraercs BABoe. Bo cr<olrr<o pa":
p.f,xeHr,re, ecJrpr pa6orofi BbrxoAa gneKTpoHa
qr?

s N z pa3; 5)oclanurr 6es zgl,reHeHufi.
t;\ " pas;
g;firua EOJrHbr, cooTBeTcTByroqa{ rpacuofi

BT,IXOAa AJrt BTOpOTO MeTilJrJIa rro cpaBHeHI4rO C

2) ylrenrsnru 3) He rasnaeHr4Jracb.

I,IIo B3 au.M o geitcl yu x LB ny:reHurs c M eranJlaMrz :



2) uo4rnep4unz
3) rro4rnep4znrz
4) rro4rnep4unH

KBaHTOByTO lrrpt4po

HAJ]IIqLIE BOJIII

fr{rroTe3y o

8. B sQSexre Korrrurona (foron
1) nu6znaer eJreKrpou c rroBepx
2) uepe4aer oJIeKTpoHy rracrr, gHe

3) nepe4aer gJIeKTpoHy rracrr, gHe

9. Onuru (DpaHxa z fepqa no
I ) uosnonzJrr{ orpe4eJrr4Tb
2) uo4rnepArrJrr{ KBaHroByro lrpupo
3 ) no4rnep Aunr4 HaJrr4rrve BorrH
4) uo4rnep rLrilLr rurrore3y o ltu

10. Ha prcyHKe zso6paNeHbr crarl
Bopa, a raKxe ycJroBHo raso6paxerrbr rrel

Apyryro, conpoBox(Aarorlkrecr u3myqeH
clreKTpa 9Tr4 [epexoAbr AaroT cepvrrc

- cepmo llarrena. Haz6olsuefi
nepexoA

I 1. B reoplrr4 Bopa pa4rayo n-o

BbrpalKaercr rrepe3 pap.uyc nepnofi o
kl3MeH,reTcg KI4HeTI{qeCKa.f, gHepfr{fl

1)ynenzuuBaercsn9pa:
2) ynreHrruaercs. n 9 pas
3) ynenuurzBaercfl n 3 pasa

12. Ouurrr,{enraccona u,{Ne
1 ) nosnonuJrrl orrpeAeJrr.rrb pa:rMepbr

2) no4rnepArrJrr4 KBauroByro npu
3 ) no4rnep ALrnLr :nurzrsrre BoJr

4) no4rnep IVru ttrrrore3y o Ar{

13. CpanHure lgr,rHy BoJrHbr 21e Ep
rraaccofi m: I,67.I0-"'Kt, rrMeroul4:K oArz

r) 6,57.70-27

1. CraquouapHbrM ypanneuuerra ILI
flBrrfreTc[ ypaBHeHr{e

cnoft crn y gJrer(TpoHoB ;

crreKTpe gHepfr{rr 9JIeKTpoHoB r} aToMax.

Lr npr4 yrrpyroM cTonKHOBeHr4r.r;

v npv HeyrrpyfoM cTonKHoBeHr4Lr.

1)

2)
3)
4)

rpyronoft op6uru gJreKTpoHa B aroMe BoAopoAa
)

$opnrynofi : 
T, = Tt'h- . C)npe4erzre, I(aK

nplE repexoAe c rperreft op6urr;l Ha rrepByro.
4) yrueuturaerc .n 3 paza
5) ue rraeH.aerc.f,

no 4u$par<qraz HA Kpr,rcTaIrJrax:

!r3rryqf)Hufli
csoftcre y oJreKTpoHoB;

oM cneKTpe slreprr4rr 9JIeKTpOHOB B aTOMax.

oBaHrrro 9reKTpr,rqecKofo pa3pfl.Ia B rrapax pTyTtr:

x/
/1_/ 'p 

4rrfl Irrapr{Ka naaccofi m:0,2 r rz lporoua

2) 9,35.10-27

flAPa;

v3[yrle}Jufl;
cnoficrn y sJreKTpoHoB;
HOM CrreKTpe sHepruu gneKTpoHoB B aTOMaX.

HapHbre opor.rTr,r aToMa BoAOpOAa COTJTaCHO MOAenr.r
)xoAbr sneKrpoHa c o4uofi crarlrroHapnoft op6urri na
M KBanra oHeprrrrl. B ynrrpa$vo.neronofi o6n{cru
tr:,a,B nz4rauoft - ceparc Balruepa, n rzn(fparpacfuoit
KBaHTa n nrz4ravroft o6naoru crreKTpa coorBercrBver

- 4 ---+ n:3
-3---+n-2
- J ---s y1- )
:J---+1:l

Bbre oKopocTrar.

3) 6,57.1A-24 4) g,35.ro-24



d2v 2m -
"]-+]Ey=67) d'x ft"

v'v* 4( u* 1 .4), =,
2) h'[ 4nee r )'

( z z\
vrv* 4l u-ma-ox- lr=o

3) h'l 2 )

V'V*4t*=o
4) rx'

2. Ecnu,1l - $y";uvs. LrMeer BrrI'

-<x<_-
sJreKrpoH 

"u 
yru.tn" 6 2 1ruun,

V

3. B rar<orr,r cnyqae r"rn.ar""'"cxrafi c
1) sner<rpoH B rroreHrlzalrnoft rrMe rrr
2) enenrpou B aroMe
3) euer<rpoH B MoJreKyJro BoAopoAa
4) cno6o4urrfi elexrpou.

4. MarcuvraJrbHoe 3uaqeHue rrpoeKrl
cocTorHl{kr, Ha Ha[paBJIeHr,re BHe

l)h; D2fi; ,3h. q4h.

5. Cxonrro pa3nlrrrHbx cocro.sunft
n:4?
1) 15; 2) 48; 3) 32; 4) s4..

6. Onpe4eru.rrb aroM, y Koropolto B

- cJroe pacrroJroxeHrr 7 sner<rpoHoB,
1) Cl; 2) Ge; 3) Br; 4) Ti.

7. Cpe1a Ha3brBaerc-s axrznuofi, ecJrz
1) floJrHocrbro [ornonlaer naAapr]lee
2) rroJrHocrbro paccer.rBaer [aAaroulee

L

Hbrr,r Ha pr4cyHKe, TO BepOTTHOCTb

1)

2)

1l

4)

o6napyXrart

HaxoAsrrlerocr 
1 

f-

2/

v/2
5/
7e
1/^
/5

eKTp gneKTpoua ctnorunofi ?
pusoff 10-1onr

MOMeHTa rrMrry.rrbca SJreKTpoHa,

MarHr,rT'Horo IIoJt_tr paBHo

xeT I4MeTb SneKTpoH C rJraBHbIM KBAHTOBbIM III4CIOM

cocrosHur4 3afroJrHeHbr K. L" M - clrorr u

a Hee r43nyrleHr4e;

HEE I{3IVqEHI,IE:

eN



3) ycuurznaer rraAaroqee Ha Hee r4

8. Cucreua HaKarrKrz nffiepa [o:3BoJr
1) cos4arr r.rHBepcHyro HaceJrerr
2) nusnarr BbrHylKAsHHoe rir3nyrreu
3) o6ecueur{Tb BbrcoKyro KorepioHTH

9. PaccuorpnM ABa KBaHToBlbrx

3Hepil4.f,Mrr E1 u E2, rlpur{eM Ez> Et.
HaceneuHocrbro, ecrr{ qr4crro arouon N1

1) panno ql{cry aroMoB 1y'2 c snepru
2) nreurrue, ueu N2;
3) 6ourure, .rela ,l/2.

I0. flpranqun llaylz crpaBeArrrrB
l) 4nx Bcex roln.qecrBeHHbrx qacrr,ru

2) uw cr4creMbr rolr(AecrBeHHbtx

11. ,{eneurze qacrurl Ha 6osoHn rz

1) ronrxo rJraBHbrM KBaHToBbTM q
2) romro op6uranrubrM KBaHTOBrTM

3) cnzuonuM KBaHToB brM rruciloM ms;
4) op6uranbnbrM I u tv:miruurnbr\l m K

12. 3anwcuMocrb uouxpHoft :ren
reMneparypbr rrpeAcraBleua Ha rpa@
1)

Cv

3R

l3.TeuloetlKocrb cr.rcreMbr. cocro
He3aBr4Cr{MbIX rapMoHrrqecKrrx ocqrz:Jr
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