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1. IIEJII,I OCBOEHI{fl AIICq}IIJIIIHbI
Llemlau ocBDeHr4r ArrcuIinJII,IHbI <(Dugrra> tBJlf,erc.u o6ecneqeuue dyityuero

clleqlIaJrLIcTa $lrsuuecrofi 6a:oft, na rotopofi s sncrrreft texn.zqecxoi luroler
crpor.rrc.r o6 u cleurraJrrnajr rlo,qroroBKa. flocne,qosarerunoe utsyrerue t[u:uxn

[r,rpoKoe o6pasonanze, MoryT caMocro{TeJlbHo ocBdtlrrol'l IIoBbI€:

TEXHI4TIECKIiC ycnernuo pa6orarr B HLIx, Jrerro nepexoAl4Tb or pemeulrt oAHI'D{:

3aAaq K,qpynrM, IlqKarE HecraHAaprHble LI HerpaALrqlIoHHbIe n)'Tu, qro oco6esso BirfiHo Anrt

npo([eccuoua;Enoft uo6rEntsocrtr creq[aJrficroB B ycJroBr{rx ycKopeHHoro pa3Brr'rfr Te>'iIJuKtr.

3a,qaqrE AucqrlFrnaHu :

Teoperrrr{ecKar rroaroroBKa s o6racu (fuauru, no3BoJItIOrIIM 6y4yrquu l-IHi(e]lepaN[

op{euTr.rpoBarr,ps B roroKe uayrnoft ll texnuqecxofi uuQoplraqulr u o6ecnewtaamlqa-r rlvt

Bo3MoxHocrb llcnonb3oBanl4t noalx <fusuuecKl{x rrpltnlllrrroB atex o6lactxx, B .Ko'lfopbr]i

oHr.r cnequanlB+rplToTcr;
rpoprr.rrEponauue Hayquofo MbImJIeHut, B rlacrHocrr.r npaBlrJt'Horo nouuMatlu.f, rlpaul4tl

[pr4MeHr4Mocru pa3nlrqHbrx tptsrEuecrux nomruft, 3axouoB, reopuft u yl\leullt ot[eBI'IBarL

cTerreHb AocTo4epHocTra pe3ynbTaToB, nolIyrleHH6IX c noMorq6lo SKclleplrMeHTzulb.Hblx t4Jlll

MATEMATIqECKI4X METOAOB I'CCJIEAOBAIII4';

nupa6orrca npupMoB LI HaBrIKoB peureultft KoI{KperHErx 3aAaq u3 pa.sur,x o6lacreii (pnsnru,

rroMorarcuryfi cJryaenralr n 4amuefiueu peurarb IrHXeHepHbIe 3aaaql{,

o3Ha(oMJreurre cryAeHToB c conpeuennofi uayrsofi annaparypofi u nrrpa6orra ;/ urol

MECTO AI,ICUNTIJII{HbI B CTPYKTYPE OTIOII BO

,{ucqunrurna <@E3r,rKa) orHocllTct x 6asosofi qacrr4 ocuoBuofi npo$ecr:aouanluoii
o6pasonareruuofi rpaMMbr. I,[s).qeHr{e,4I.Icq}TIJTLIHBI fipoxoAlrr B TperleM ceMecrpe.

Alta ro ocBoeHrrt xlpca tprl:urcr,r cry.ueHTaM neobxo4nuo gHarb cnelptolrne

nupa6arrrnaet
oKa3bIBfuoTct

pa3AerBr srrcuefi
Alra,rlrruqecKar

TOTOBH

'3bIKOB 
II IAKETOB

if uuecxuft Mero4 MbIIIIJIenur, (f r.rsuvecryro I,IuT)'taqr,rro, rKolropll€i

rrnoAorBopHLrMr.r I.I B Apyrlx nayrax. CnequzIJII,IclbI, [0Jr)^rli.Bllru€)

nrarlr: ,{n(f Sepenrll4aJrbHoe I4cqLIcJIeHIre, I4urerpanruoe trcqucJlenlie.

ux u rru:aefi:ras a;rre6pa, P.r4m, Srerr.renrrr BeKTopHoI'o auiarlisa.

Oyuxquu ro rrepeMeunofo, .{r.rip(fepeuuuan6uLle ypaBHeHvx, Sleueuruteopuu.
BeposrHocreE r,r Kofi crar[cruK4.

Oceoegue neo6xo,qrarrao Arrs r4speHlrfl cJleAylorqux alacngnlran J^IebHorc,
nnana: <Teopur ocrrr I{ MareMarr{qecKa;{ crarl4crur<o, <Ypameruf, l\4areMa Ic.ec(oiil

$lrsrEra>, <Hayrn
pa6oru.

rrccJreAoBareJrbcrcar pa6oro, BIIIoJIHeHI{e rrruycrcuoft rnanuQlrxauu,ounoiit

3. KO OEYqAIOIIIE| OCq. @OPMI,IPYEMbIE B PE3ITJIb,TATE
o cB oEHr4s nr.rcuurIJII{HbI

B pesym ocBoegr,rr Ar,rcrlanJr[r{r'r o6yrarorquficx AoJIxeH oBnaAerr cre,qytorqr{Mljt

x pa:pa6orre uoAenl{pyloqfix anropLITMoB u peanu3aur4rr ux Ha 6ase

HKJraaHbrx nporprMM MoAenapoBauux (IIK-3).

KOMNETCHIIII'ME:

B pesymrare AucqrmJtraHll o6yraroultficg .qoJDKeH AeMoucrprrpoBarb cneA)7,rouIa]i)

3aKou6r flp]rpoAr,r r.r MareMarr{trecKlre 3aKoIroMeprHocrlI B o6nacru

pe3yIETaTbr

1) 3uarr:

. IIPHM MareMarriqecKrre MgToALr Als pe[reHut flpar(Tl{qecrax saaa.r (flK-3).
3) Braaerr:
. HABbIKAMI{ o QopMyJIIrpoBaTI' eCrecTBeHHoHa)AHbIe 3aAaqlt.
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4. CTPYKTYPA I4 COAEPXAHI4E AI{CIII4IIJTI,IHT'I
O6rqa.r rpy,qoeMKocrr, Arrcqr{nranrl cocraBnter 3 3aqerHbx eAIrHIrttbI, 108 '{acoB,

5. OEPA3OBATEJTbHbIE TEXHOJIOIIIII{
r JreKr-Ir.roHHo-ceMuHapcKas cucreMa o6y.reHnr (rpannuuonnue JIeKq.roIIHbIe vL

JIa6opaTopHbre :anxru.r);
. o6y-{eHue B MaJrbrx rpynnax (nsrnolneHue ra6oparopHrrx pa6or B rpynnax r43 llB)rx JII{

rpex qenoBeK);

. Macrep-K.rraccbr (AeMoHcrpaqr4s Ha flpaKTnr{ecKr.rx 3arrrrr{r]x nllLIHqII[oB pacrl€Ta 3a.uar:t

ro pa3ruqHblM TeMaM);
. npllMeHeHrre Mynbrr{Mealta TexHo.lrofufi (npoee4euue ne(qlroHHbrx Ii ceMlllrapcKH}:

3anflTLrfr c [paMeHeHr{eM KoMll[,Ioreplrbrx npe:eurauuit H aeMoHcrpau HoHtr 6Di 1],cJrr{Kor!}

c noMorubro flpoeKTopa Hnh KoMnbloTepa):
o uHq)opMauuoHHo-KoMMyHr.rKarIuoHHr,Ie rexHororllu (npurlenenue r HQoprnlarlgogrlr,l':

Texno.rror ii Ans Mounropr.rnra reK)'rqeii ycneBaeMocrrr cry,qeHlroB u Kc,Hl'poila :rIIaHIrii).

6. OIIEHOIIHbIE CPEICTBA AJI,'I TEKYIIIE|O KOHTPOI-g YCIIEIIA'IIIVIOCT A,
TIPOME}ITYTOTIHOfr ATTECTAUI4I,I IIO IITOT'AM OCBOIi,H t4t]'I

nI4CIIt4rInLIHbI I{ yqEEHO-METOII4TIECKOE OEEC nEqElE:l/t.E
CAMOCTOqTENbHOiI PAFOTT'I CTY,(EHTOB

Tenyuuii KoHTpoJr[, ycfleBaeMocru {Brlrerc.s pacnpereneHHrtM I{ oc noBal] rlil oqeH(e
HecKolrbKIrx cocTaBn.f, rclqux.

1. Pe:yrlraru peiiTr.iHr-KoHTpoJr{.

2. Br,rnorHeune r-r 3arqura na6oparopHr,rx pa6or.

Co e OB

I EM6I, PA3AENbI AIICUHTIJIIIHbI
Ko:r-so
rIacoB reKunt{

npamri-
qECKK€)

na6opir-
TOpHhre

cpc

Parae,'r l. Ksauroaafl trpHpoAa n]r'ryqeHlrg 54 2 2 5t,

Jlexqus 1. 3aKoHrl ren'Iogoro H3nyqeHllt. KsaHroslre
csoiicrga cgera. Bo,rHogr,re csoicrBa MHxDoqacrr.ru. 54 2 2 2

Paue,l 2, helrenrsr dlrrNxn reepaoro :.era 54 2 2 Itl
Ilex4'z.t 2. Ten:roervxoct rBepAbrx reJr. 3oHHat
TeopHr TBepnLIX TeJr.

54 2 2 50

3a'rer
tr4rolo 108 4 4 1010



npafi Tl,Iqecru.rx 3 a4a]luu,

1.7 a6coJfiorno qepHoro rena T:6000 K. Ecar,r reuneparypy rena

)rileHrllrl,Irr s 2 To gHeDrerr{qecKaJ{ cBeruMocrt, abcolrorno qepHoro re.[a
1)w n 4 pasa 3) ynelrEur.rrcr s 2 paza

4) lrrrenrmurcx n 16 pa:n 16 pa:

2, Ecttu p;ran$ BoJrHbr, coorBercrB)'rcqat MaxcIlMWy IEJIfreHIrt yMeubllruracb u 4 pa.:a.

To reMnepar)?a a6(omo'ruo rlepuoro reJla

1) yrenuvurapr n2 pasa
2)lnreurmur{crn4pa:a

3. Eclu save$neuHlro [JIacrItHKy, Ha Koropfo flaAaer cBer,3aMeHI4Tb Ha sepKanbuylo
roft Ne nnorqa4ra, TO cBeroBoe AaBJreHI.re

I ) ocranerc.f, fi erBMesHbnvr;
2) yuenuLnurqr s 2 paza;
3) yne:rlr.rarc$ s 2 paza.

4. 3ner<rpou q aroMe fiepexoAr,rr r.r3 ros6yNgeuuoro cocrotHllt c eneprrzefi tt B ooHoBHor:

cocrorHr,re c eueprr{efi 86. flpu srou r,rcnycxaercr Sorou. Macca ucnyurennorr: tfor,oneL panua
E tE

...

5. r{acrora na (for:oolelrenr r.r3nyqeurlr yr\lerrbrrraercr eAroe. Bo rlKoilbKo pa:t

HyxHo I,I3MeH[Tb

lrarepaana $oroen
3aAepxr,rnuuotrree HanprxeHrre, eclu pa6orofi nrxoAa gJIe(TpoHa LIr:l

eHTa MoxHo npeue6pe.r?

1) yrelnwrrr 2 pasa; 3) yoenuur.rrr 
" 
Jl p*t 5)ocrasurr 6es usuenenufi.

n}perra; 4) yrr,reuuuurr 
" 

Ji p*t
6. llpra e oAHoro MeraJura ApliffiM .qnlrHa BoJIHEI, coorBercrllFouiu I(pracHoii

fpaHr{qe yMeHbrxaercr. Pa6ora sbrxoAa AJrr BToporo MeraJIJIa rro cpaBntel {Io ri)

pa6oroft nrxo4a nepBofo
1) 2) ynenruuracr; 3) ue lrsrr,renuracr.

no r4ccJreAoBaHr.rro nsazlro4efi crnvs Lr3rrpenr4s c MeraJIJIaMIit:

1)n oflpeAenHrb pa3Mepbl tApa;
2)no

3) yneru.ruracr s4pasa
4) yrrrenruu:ract n 2 paza.

KBaETOByTO fiprrpoAy r,r3[yqeHr4r;

Ha;Ilrqrle BoJrHoBbx cBoficrB y 3reKTpoHoB;
frrnoTe3y o Ar{cKpeTHoM cne(Tpe SHepr[r{ gJreKTpoHoB ni aToM ax,

Er-Eo
hc

F _F"0 "l
h,4)

7. Onrrrr,r

3) no4rnep
4) no

1) nu6unaer
2) uepe4aer
3) nepe4ae:r

8. B aQQexre ounrona $orou
eKTpoH c rroBepxHocrlr BerrlecrBa;

Hy rracTr, 3Heprau IIpu yrrpyfoM oToJIKHoBeHI,ITI;

Hy qacTL gHepruu fiprr HeyflpyroM cToJr(HoBeHIr4.

1)

2)
3)
4)

9. Onurrr 14 I epqa fio uccJreaoBaHllro sreKTpurlecKoro pa3ptAa ]B Ilapax pTyru:
onpeAeJrrrTb psMepBI tApa;

KBaHTOByTO [pUpOAy U3Jrr{eHr4.f, ;
Halrrrqlre BoJrHoBbx ceoicrn y enexrpouor;
fnnoTe3y o Ar,rcKpeTHoM cneKrpe sHepfllE 3reKTpoHoB B aro^4tzl)..

Ha pucyme zso6paxeurr cralllaoHapfiLle op6u:nt aroua
BoAopoaa corJracHo vo4errr Eopa, a raK)Ke :/croBH':)

10.



I43o6paxeH6r nep$xoAbr gneKTpoHa c oAHofi cTarlrroHapHoft op6r,rTtr Hil Apyryo,
conpoBoxAaroqr4ecfi r,r3JryqeurieM KBaHTa 3Heprxu. B ynrrpa$uoneroBoft o6nacrr.r onexTpa 3Trl

nepexoAhr Aaror cepuro Jlaiuaaa, n su.ur,rMoft - cepurc Eamuepa, n un$panpacnofi -. cepnxl
flaurena. Hau6onu$eft vacrore KBaHTa B nu4rrrloft o6lacru cleKTpa coorBerc'rByer rrepexo.q

1) n:4 r-} n = 3
2) n= 3 r-+ n:2
3)n=5tn:2
4)n:5i-n:1

11. B reoprait Bopa pa4ltyc n-ofi KpyroBofi op6uru enercrporra B aroMe EoAopoAil

Bbrpa,*aercr qepe3 paArryc lepBofi opor,rrbr rpopnynoft: 
tn=fl' 

'-. {)rrp.o"orre, K.rI(

r,r3Menrercr r<raueru[ecxa-e 3Hepfl4r sJreKTpoHa rrplr [epexoAe c rperbeti op6z, .sr ua uepnpo.
1)yreluuuea$rcxr9pas
2)WeHbrraelcrB9pa3
3) yaeruuunaQrcx r 3 pa.ra

13. C

4)yueururaercra3pa:a
5) ne rr.reuaercx

12. Onrnu .{Sauccoua u ,{xeprraepa no 4utfparqrr.r Ha Kpr.rcranJrrx:
1) nosnonurnr o[peAeJrr4Tr, p&]Mepbr sApa;
2) no4rnep4I,rfu KBaxroByro npupoly r.r3JryrreHr4r;

3) no4reep4ufiu HrrJrrrrrr4e BoJrHoBrx cgoficrn y oneKrpoHoB;
4) no4rnep4nfu rurrore3y o ,4rrcKperr{oM cneKrpe 9uepn4r4 gJreKTpoHoB B aroMax.

Maccofi m= 1,67'1
r) 6,57.rc27 2) 8,35.rc-27 , 6:57.10-24 4) 9,3s.rc-24.

1. Craquo ypaBHeHHeM ITIFeAr,rHrepa,4rr oJreKTpoHa B BoAopoAonoAo6noll aroucr

'BJI'ETC' 
VDASHE

)"//z-
Agr,rHy BoJrHbr Ae Bpofiff / '-p Am ruapr4ra Maccoft m ='0,2 r'u poroHijl
- Kf, rrMeroqr4x oAuHaKoBbre cKopocTr.r.

t Ze2\
4nes r )'

t ?\m@;x- |- " lv=o)I

=0

-) 2nl -v-r./+ ., lc
2) n-\

d_w 2m

\ d'x

v'v*4
4) n-
2. Ecttu ,{ -

^(-) ZmlV-u.,+-l' rr2 l

rrMeer B[.q, yKa3aHHbrfi Ha pr,rc]'Hr(e, To Bepo.f ruocrr, o6nap;yxurl
3JI9KT!|OE IIa'yltaCTKC

LL
-<.x <-

2/
/J

1//2
1)

,)

?) / o

2 puun^



vq/3

3. B raxorrr cJry{ae 3HepfeTHvecrnfi cnerrp slerrpona cnnouftroft?
1) :nerrpon B floreHrluaJrbHofi m,re rnupunofi 10-'u rnr

2) srerrpou n alorrae

3) snercrpon r upneKyre BoAopoAa

4) cno6ogurfi egeKrpoH.

4. Marcr,rrr.ranrHpe 3narreHr.Ie npoeKul4l4 MoMeHTa [Mnynbca gJIeKTpoHa, nirxo.qslqerocq n f-
cocTotHI,II,I> Ha qa[p{lBJreHr.re BHemHelo MafHLITHoro norq paBHo

l)n; 2)2n;3)3n; 4)4n.

5, Crolrro pa3JIIIrrHbx cocrosr rfi Moxer IrMerb gJreKTpoH c rJraBHbrM KBarlTolrbltr rl]hcJloi\lt

n:4?
1) 15; 2)48: 3)32; $sa.

6. Onpe4err.rrr aroM, y Koroporo B ocHoBHoM cocro.rHltl 3arIoJrIreHbI K, 1,, M - clou u n lil
- cJroe pac[oJroxenpr 7 sner<rpouon.

1) Cl; 2) Ge; 3) Br; 4) Ti.

7. Cpe4a ua:rrnqercs arrranofi, ecJrr,r oHa

1) nonnocrrro frornorqaer na4arorqee Ha Hee r.r3Jrf{eHr.re;

2) uonuocrrro bacceusagr naAaro lee Ha Hee rsnyqeHr,re;
3) ycrurznaer n{4aroqee Ha Hee u3Jryqenl.re.

8. Cucrerr.ra JIA3EDA IIO3BOJ]'ET

HaceJ]eHHocrb B aKTHBHof cpele;
HHOe n3nyqeHrre EoToHoB;

3) o6ecnewrru KOfepeHTHOCTl, na3epHofo lr3Jrr{eH}It.

3l,ilepruaM,v Er Lr E
ABa KBaHToBbIx cOCTOtHIlt, B KOTOpbIX HaXOAI,ITCc CUCTeMa alOI[oB, li)

npuri:eu E2> E1, Cuctev,a 6yAer uaxoArnrcr B cocronrr4lr c uunepcuoi,i
HACEJIEHHOOTbIO, vucro arouon N1 c eueprrzeft E1 6y4er

l) panno wcry e -A/2 c sueprueft E2;

2) rraeurrue, Nzi
3) 6oruue, veu

10. flprzrqlrn cnpaBeAJrrrB

l) lu ncex qacTLIII KBaHTOBOMeXaHI,IqeCKOI4 CI4CTeM6I;

1) co:4am
2) nrrsnarr

o

2) xta cu
3) gnfl. cu

TOX,qeCTBeHH6D( O03OHOB;

Tox,{ecrBeHHbrx $epuuouon.

I 1 . .{enenue na 6ogonrr lr rfepunourr olpeAeJrrercs
1) romxo KBAHTOBbM TII4CJIOM II;

HIIM KBAHTOBbIM 'N,TCTTOIT /:2) rortrI<o op6
3) cuuuonr,nn TIIIICJIOM lns;

4) I V MAIHVITH''IM N' KBATTOBBIMI,I qIICIAMI4.

12. 3anu ruoir-fipHofi TelJroeMKocTr,r cM xLrMtvqecKur

TeMrrepaTypbr ua rpa$urce
[pocrbx rBeplFr]i Ten orl



Cy
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1)

z)

4)r)z)

""a3Rllr\r\
Cr,a

{hi

l3.Tennoeuroqn clrcreMbl, cocroqlqefi ug N = 1025 xraccrzqecxl,Ix lperKMepHblr'l

He3aBr4cr.rMbrx rapMpHlrrrecKzx ocur{JrJrrropoB [pr4 TeMneparype T = 300 K, panua
1) 414 !x</K; 2) 4,14 AN/K; 3) 124,2 xANft; a) 41,4 K,4IdK.

14. le6air [oF]nrrrJr reoperr4qecKyro 3a3r4cr,rMocrL norxpuoft re[JroeMKoorrr CM oll
TeMrrepaTyp6l, paccMaTpnBzur (pEcTann[qecKyo perrerKy KaK

1) cucrerrry npnranrlro4eficrByrourlx rracruu, coBepn?uorrlr{x refiJroBbre r<ore6auaq 0

pa3nr,rrrHbrMn qapToTaMr,r;

2) cucrerr,ry cBF3aHHbrx rracrlrl1 coBepffaK)rqfix rerrJroBrre rcore6anas c o.nlr4HaKoBr,rMrl
qACTOTAMI4;

3) cucrerray clr:alrHrrx qacrrlr1 coBeplnaro lrrx rerrJroBrre r<ore6anux c pa3Jr]rrrrHbrMrrr

4) cucrerrry crByrouux qacrr{rl coBeprrrarourrx renJroBlre rco:re6a+rr.rg o

OAIIHAKOBbIMIT
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5. Cronrro o- {t B- pacna4oB AoJrxHo npor.rsofirra, '{ro6rr Hecra6lrruurrft :agorou aMeprrqn;r
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Onrrr r.r fepraxa,
:anpera llay:ru. flepuo4u.recrax ctrcreMa gJreMeHron Meu4ener:na.
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