
 



I . IIEJII{ OCBOEIJVIfl AI{CIUIIJII,IHbI
I{enauu ocBoeH}rr Ar.rcur4rrnr{Hbr <@usraKa)) flBrfleres, o6ecueqeHrle 6yayruero

cnerluanucra Hay.ruofi Su:uvecxofi Sazoir, Ha xoropoft B srrcruefi TexHutlecrofi ITIKoJIe

crpor{rcq o6ueuHxeHepHafl, kr c[eunaJrbnafl. noArorosxa. flocneAoBarerlbHoe LI3yqeHHe $usnxu
nrrpa6arbrBaer cneqzSuqecxufi MeroA MbrrrrJreHr.rfl. $rnsuuecKyro HHTyI4IIHIo, Koropble

oKa3brBalorcfl BecbMa [rroAorBopHbrMu u B Apyrr4x HayKax. Cnequarncrbr, rtonyql4Brrll4e

[rr{poKoe Susuxo-MareMarr{qecKoe o6pasonaHkre) Mofyr caMocro.f,TerbHo ocBal4Barb HoBbIe

TexHHqecKHe HanpaBneHr4fl,, ycnerxHo pa6orarb B Hr{x, JrerKo nepexoAl,ITb or pelxeHl{q oAHIax

3aAarr K Apyrr,rM, racKarb HecraHAaprgbre H HerpaAr,rqproHHbre rryrr{. qro oco6eHuo BaxHo Ant
npoSeccuoHzlrrbHofi rvro6uJrbHocrr{ cileuuanr4croB B ycnoBuqx ycKopeHHoro pa3Br{Tr{fl TexHr{Kr{.

3ala'ru Ar.r c qu n nrr H br :

. TeoperuqecKa-s noAroroBKa B o6racrn Qusu xu, rro3BoJrflIoulas 6yayrurau HHXeHepaM

opr,reHTupoBarbc.f, B roroKe HayrrHoit u rexHr{qecxofi uuQopua\vv u o6ecner{HBa}o[rafl, vrl.r'

Bo3MoxHocrb Hcnorlb3oBaHn.fl HoBbx Sra:u.recKr4x rrpHHrIHrroB B Tex o6racrgx, B Koropbx
oHLr cileuvurlr3ldpyroTcf, ;

o SopuupoBaHue HayqHoro MbrrrrJreHnq, B rracrHocrr{ npaBr,rnbHoro roHr4MaHriq rpaHkr rI

npr4MeHHMOCTr.r pa3nr4r{Hux $u:uqecKlrx noHqrr.{fi, 3aKoHoB, Teop}rfi u yrraeHr{s oqeHr.rBaTb

CTeIIeHb AOCTOBepHOcTI4 pe3yxbTaToB, nonyqeHHblx c nOMoUIbIO 3KCIIepHMeHT€IJIbHbIX HIILI

MaTeM aTHTIeCKI{ X MeTOAOB I{CCJIeAOBAHVTfl.;

o arrpa6orKa npHeMoB H HaBbrKoB perueuufi KoHKperHbrx 3aAaq r{3 pa3Hbrx o6racrefi $usHKH,
rroMorarouux cryAeHTaM B AamHefrrrreM perxarb r4HxeHepHbre 3atra.uv.

o o3HaKoMrreHr{e cryAeHroB c coBpeMeuuofi uayuuofi annaparypofi u nrrpa6orra y HHX

HaqaJrbHbrx HaBbrKoB npoBeAeHr,rfl 3KcnepuMeHTurJrbHbx HayqHbrx r4ccneAosaHuir
pa3xl,rr{Hrrx $ u:uqecKr4x .f, ereHrafi u orIeHKr4 n orperxuocrefi u:rrrepeunfi .

2. MECTO Ar{CUn[rr4Hbr B CTPyKTyPE Orrorr BO
AHcuunJ.rHHa <@usuKa)) orHocr4rcr K Sagoeofi qacru 6nora B.l ocuosuofi

o6pasonareJrbHofr nporpaMMbr. Vlzyueuue Ar.rcrlurrrrr{Hbr rpoxoAur Bo 2 ceuecrpe.

Ans ycnerrrHoro ocBoeHr4q Kypca Qu:urcu cryAeHTaM ueo6xoArdMo 3Harb cneAylouue
pznAenbr Bbrcuefi nrarenr arvKu: Au$SepeHur{a-rrbHoe HcqucneHr4e, I4HrerpaJrbHoe rdcrrncJreHr4e,

AsaluruqecKar reoMerpl{s Lt ll.ulueiruas arre6pa, Pr4trr, 3reuesrrr BeKTopHoro aHaJrkr3a.

@ynxqrir.r KoMrrrreKcHoro rrepeMeHHoro. An$QepeHrlr.ra^rrbHbre ypaBHeHHq, 3reuesrbr reopun
Bepof,THocrefi H MareMaruqecKofi crarucrnKrl.

OcsoeHue Ar4cuurrrruHbr neo6xoAuMo Arq H3yqeHuq crreAyrcuux Ar4cur{rrr,rH yue6Horo
rIJraHa: <<MoAerlrpoBaHlie MHKpo- v HaHocucreM)), <@HsHKo-xHMHr{ecKHe ocHoBbr

HaHorexuonorufi>, <BeeAeHIae B HaHoHHXeHepI{Io)), BbIIIoJIHeHI{e nsrnycxuofi
xeanra S raKarru oHHofr paSorsr.

3. KOMTIETEHUVIIL OEYTIAIO IUE| O C^f, , OOPMITPYE MbIE B PE 3YJIbTATE
o c B o E Hvrfl trrlcrlrlfrJr 14 Hbr

B pe:ynbrare ocBoeHHfl Ar4cr\urrJrr4Hbr o6yuaroruuitcs Aox)KeH oBnaAerb cJreAylounMr4

KOMIIeTeHTIHSMLI:

Cnoco6nocrb plclloJrb3oBarb ocHoBHbre 3aKoHbr ecrecrBeHHoHaf{Hbrx Ar4cur,r[nr4H B

npo$eccl4oHaJlbHofi AegrenbHocru, rrprlMeHqrb MeroAbr MareMaruqecKoro aHaIrkr3a. crarllcrvrr<kr vr

3Kcnepr{MeHrarrbHoro r4 ccrreAoBaHur (O IIK- 1 ) "

B pe:ynrrare ocBoeHHfl rrtctfvrrrJruHbr o6yrarouluitcs, AoJrlr(eH AeMoHcrpr.rpoBarb cneAlroulue
pe3yJrbraru o6pasoBaHrds :

3Harr: SyraareHTaJrbHbre 3aKoHbr nplrpoAbr B o6:racru xnaHronofi, aronruofi v q.qepuofi

QH:raxn (OIIK- 1).

Yueru: rpuMeHqrr SrasuqecKrle 3aKoHbr Anr petuonufl npaKTr.rqecKr.rx 3ap.aq (OnK-1).
B.naAeru: HaBbrKaMr4 rrpaKruqecKoro npHMeHeHHq 3aKoHoB $ra:uxu (OilK-1).

4. CTPYKTYPA I4 COtrEP}KAHIIE NI{CUITIIJIIIHbI
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5. OEPA3OBATEJIbHbIE TEXHOJIO|I,IH

o TIeKUHoHHo-ceMI4HapcKa.fl cHcreMa o6yveuur (rpa4uUproHHbre neKrlrdoHHbre v
:ra6oparopH bre zaunur) ;

o o6yveuue B MzLIIIIX rpyn[ax (nrtnoJrHeHr4e na6oparopHbrx pa6or B rpyfl[ax r.r3 AByx HnH
rpex uenonex);

o Macrep-KJlaccbl (AerrloHcrpallus Ha npaKTr4rrecKr4x 3aHsrurx nplrHrlranoB pacqera 3aAaq
tro pa3nl4 r{HbIM reVrarr,r) ;

o rIpI4MeHeHHe MynbrI4M etrva rexsolorufi (npone4eHr,re neKrrr.roHHbx gausruir c
rIpHMeHeHrIeM KoM[brorepHbrx npe3eHTa\uit h AeMoHcrparlproHHbrx ponHKoB c
rroMoulblo npoeKTopa HJrH KoMnrrcrepa);

o nH$oprrlaIIHoHHo-KoMMyHHKauI{oHHbre rexHoJrorr.rr4 (npurrleneHHe uHSopnrarlHoHHbrx
TexHonoruit !.tts MoHLITopI4Hra rexyUefr ycrreBaeMocru cryAeHToB H KoHTpon x zuauui,t)"

6. OIIEHOTIHbIE CPEACTBA Arrfl TEKyITIE|O KOHTP OilflI/CTIEBAEMOCTW,
fI P O M E )KYT O TI H O I;I A T T E C T A II I4 IT tt O II T O f A M O C B O E HKIfl

AI4C IIHIIJII4HbI I{ YTIE E HO.ME TOXNqE C KOE OEE CTIEIIEHI{E
CAMOCTOfl TETbHOIZ PABOTbI CTYTEHTOB

Tercyqufi KoHTpoJIb ycneBaeMocru flBJlrerc.rl pacnpeAereHuuu x ocHoBaH Ha oueHKe
HecKoJrbKr4x cocTaBIqrouIHX.

1. Peryltrarrr pefirrdHr-KoHrponq.
2. BrrnolseHr{e r.r 3arrlr4ra na6oparopHbrx pa6or.
3. BunolHeHr4e npaKTur{ecKr4x zailauuil.
Bonpocu pefirrasr-xoHrpols J\b I
1. Terraneparypa a6comorso qepHoro rerra T : 6000 K. Ecrtra reMrreparypy reJra

yMeHbIIIHTb B 2 pat:,a, To 3Heprerl4qecKaf, cBerr4Mocrb a6colrorHo r{epHoro rena
1) ynreHurrurcs n 4 paza 3) yneruqr.rrcq a 2 paza
2) yr,er'uqlurcfl. n 16 pas 4) yrrreurulrrcq n 1 6 pas

2. Ecnu [IruHa BorIHbI, coorBercrBy]olJrat MaKcHMyMy r,r3nyqeHr.rr yMeHbrrrnJracb n 4 pasa.
ro reM[eparypa a6colrorHo qepHoro reJra

l) ynenrErruracb n 2 paza 3) ynenuqurracb n 4 paza
2) yveHrrrrurracb v 4 pasa 4) yrraeHurrzracb n 2 pasa.

3. Ecner 3ar{epHeHHyro IIJIacrI4HKy, Ha Koropyrc naAaer cBer, 3aMeHr{Tb Ha 3epKaJrbHyro
rofr Ne rrnotr1alr{, To cBeroBoe AaBxeHr4e

I ) ocrauercq HeH3MeHHbrM;



2) ynaenurr.rrcfl Y 2 paza;
3) ynenuqurcq Y2paza.

4. SnexrpoH B aroMe rrepexoAkrr Lr3 nos6yNAeHHoro cocrosHufl, c sHeprr4eia Et B ocHoBHoe
cocroflHue c oHepruefr Eo.lIpH 3roM HcrrycKaercq Sorou. Macca r4cnyueHHoro Sorona paBHa

E,-Eo Eo-E, E,-E, Eo-E, Er+Eo
)^

1)c'2)c'3)hcqhc5)c

5. tlacrora naAaroulero Ha Qoro3JreMeHT r.r3ryrreHrlq yMeHbrrraercfl BABoe. Bo cxorbKo pir3

HyxHo I{3MeHr4Tb 3aAep)KuBarouee Hanp{xeHue, ecJru pa6orofi BbrxoAa sneKTpoHa pr3

Marepr4ana SoroeJreMeHTa Mo)KHo upene6pe.n?

1) ynenuql4rb n2 paza; 3) yBerur{ut" u V2 p*t 5)ocraeurr 6eg ugNaeHeHufi.

2) ynreHurrr4rb u 2 paza; 4) yMeHbrx 
^ro " "12 pa3;

6. llp, 3aMeHe oAHoro MeraJrna ApyrHM AnuHa BoJrHbr, coorBercrByroua.s xpacuofi
rpaHl4ue SorosSSeKTa, yMeHbrxaercq. Pa6ora BbrxoAa Arrs BToporo Meranrra no cpaBHeHr4lo c

pa6orofi BbrxoAa Axs nepBoro
l) yneru-uvnacb; 2) ynreHrrxprJracb; 3) He r{3MeHurracb.

7. Onrrru Cro.neroBa rro HccneAoBaHulo B3ar{MoAei4,ctsuq I,r3nyr{eHufl c Mer€LrrJraMr.r:

I ) noseo rvrllkr onpeAenr4rb pa3Mepbr flApa;
2) no4rnep!.unw KBaHroBy]o npupoAy u3nyseHnfl;
3) noernepAr{nu HaJrvrtil4e BoJrHoBbrx csoficrB y oneKTpoHoB;
4) no4rneprvnu rullore3y o AI4cKperHoM crreKTpe 3Heprnr{ 3neKTpoHoB B aroMax.

B. B eS$eKre KonanroHa Soron
I ) nsr6unaer 3JreKTpoH c rroBepxHocrr.r BerrlecrBa,
2) uepeaaer 3rleKrpoHy qacrb 3Heprur.r rpu ynpyroM crorrKHoBettru;
3) nepeaaer 3JIeKrpoHy qacrb 3Heprr4r.r rpu HeynpyroM crorrKHoBeHHH.

9. Onuru OpaHxa u fepua ro HccneAoBaHr,rlo ?neKTpr4qecKoro pa3pr,raB rrapax pryrr4:
l) nosno rrr4rrvr onpeAenr4rb pa3Mepbr flApa;
2) no4rnepArrnu KBaHroByro rpupoAy r43nyqetvrfl,;
3) noersepg.nnv Hzurur{ue BoJrHoBbrx csofrcrB y 3rreKTpoHoB;

4) no4rnepAl4na runore3y o AHcKperHoM cneKTpe 3HeprHH 3neKrpoHoB B aroMax.

10. Ha pHcyHKe u:o6paxeHbr craur4oHapHbre op6uru aroMa BoAopoAa corJracHo MoAenH

Eopa, a raK)Ke ycxoBHo u:o6paNeHbr nepexoAbr 3JreKrpoHa c oAHofi craur4oHapHofi op6uru ua
.{pyrylo, cotlpoBo)KAa}o[Inecq r43nyr{eHr.reM KBaHra ouepruu. B ynrrpa$Horeroeofi o6lacru
cneKTpa 3TLI nepexoAbl raror cepurc llafinraH a, B BvrLnnaofi - cepulo Eanrrr,repa, n uu$parpacHofi

- cepurc flarueua. Hau6o,'Iruefi qacrore KBaHTa B Br4Ar4Mofi o6.rracrr.r cneKTpa coorBercrByer
ilepexoA

1)n:4+ n:J
2) n: J ----+ n: 2

3)n:5-+n:2
4) n: J ---+ n: 1



1 1. B reopl4u Bopa paALIyc n-ofi rpyronofi op6uru oneKrpoHa B aroMe BoAopoAa

Bblpaxaercq qepe3 paAr{yc nepnofi op6ursr Qopnrynofr: 
Tn = lt ' h' . onpe4errr4re, KaK

I43MeHflercfl KZHerI4qecKas 3Heprr4r oJreKTpoHa [pr4 flepexoAe c rperbefi op6urbr Ha nepB]'ro.
I) ynenuqr4Baerct u9 paz
2) ynreHurraerc.f, n 9 pa:
3) yneruqr{Baercx s 3 pa3a

2. Ecttu V - QynKurr.fl r4Meer Bprtr, yxaraHuufr

LL
3neKrpoH Ha r{acrKe 6 2 paBHa

4)yueHurraercsn3pa:a
5) ne MeHflercq

12. Onrrru flenuccoHa H [Neprvrepa no euSpaxqvr Ha Kpr{cranJrax:
1) no:no ilLrrv orpeAenr{rb pa3Mepbr qApa;

2 ) no4rn ep Aurrr4 KBaHroBylo ilpupoAy H3rryqeH r4fl ;

3) nolrseprvrrrr Hulrrur{rle BorrHoBbrx csofrcrB y 3neKTpoHoB;
4) no4rnepLkrnkr rl4nore3y o AHcKperHoM cneKTpe 3Heprr,rn oneKTpoHoB B aroMax.

Bonpocrr pefiruHr-xonrporq J\b2

1 . CraquoHapHblM ypaBHeHueu [UpeAr{Hrep a ilnfl sneKrpoHa B BoAopoAonoro6HoM aroMe
qBrseTcfl ypaBHeHHe

,)
d -v /,m-, --+EV=0

l\ d'x fi'

1/"
I 3. CpanHHTe AnI,rHy BorrHbr le Epofi,rr ,/ A, 

AJrr rxappma uaccofi
uaccofi m : 1 ,67'70-27 r<r, r4Melorunx oAHHaKoBbre cKopocrr4.

1) 6,57.7027 2)9,35.1027 
'6,57.70-24 

4)

(
v2v *?!l u* I

2) fr' [ 4ne11

v,,,, *+l ,-y4"1*=o
3) fr'|. 2 

)

v'v *z+Ev - o
4) fi'

m : 0,2 r r4 nporoHa

g,35 .10-24.
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3. B rarcoM cxyqae oHeprerr4qecKufi cnerrp 3neKrpoHa clloruuofi?
1) sner<rpoH B noreHur{amuofi sMe rxuprEuofi 10-10 rvr

2) ererrpoH B aroMe
3) :rexrpoH B MoneKyne BoAopoAa
4) cno6oAurrfi 3neKrpoH.
4. MarcHMaJIbHoe 3HaqeHLIe npoeKrIHH MoMeHTa r4MrryJrbca 3neKTpoHa, HaxoAflrrlerocs e f-
cocrotHkrkr, Ha HanpaBneHue BHeIxHefo MarHHTHofo IIoJIt paBHo

I)h; D 2fi; 3) ttt; q 4fi .

5. CrontKo pa3nHqHbIX cocro-flHufr tvtoNer HMerb 3neKTpoH c rJraBHbrM KBaHToBbTM r{r4cJroM

n: 4?

1 ) 1 s; 2) 48; 3) 32; 4) s4.
6. Onpeaerll4Tb aroM, y Koroporo B ocHoBHoM cocrosHr4r4 3arrorHeHbr K, L, M - crora ra e N

- croe pacnoJro)r(eHbr 7 elexrpoHoB.
1) Cl; 2) Ge; 3) Br; 4) Ti.

7 , Cpega Ha3brBaercr aKrunuofi, ecJrn oHa
1) [oJlHocrbro rrorJroilIaer naAarouee Ha Hee rr3nyr{eHne;
2) IIoJIHocrbIo paccerrBaer flaAarouee Ha Hee H3rryrreHne;
3) ycunuBaer naAarouee Ha Hee r.r3nyrreHue.

B. CucreMa HaKaqKr,r ira3epa no3Borrqer
I ) coslarb HHBepcHyro HaceJreHHocrb B aKrr4BHofi cpe4e;
2) nu:narb BbrHyxAeHHoe H3ryqeHrle SoroHoB;
3 ) o6ecn equTb BbrcoKyro KorepeHrHocrb rra3epHoro r43rryq eHr4fl,.

9. PaccruorprrM ABa KBaHToBbrx cocrof,Hr4r, B Koropbrx HaxoArrrcr cucreMa aroMoB, c
3Hepfuqwu Et v Ez, npnr{eM Ez> Et. CucreMa 6yler HaxoAuTbcq B cocrosHvrv c uunepcuofi
HacexeHHocrblo, ecrrw r{HcJro aroMoB //r c 3Heprr.reit Et 6yeer

1) panuo qr4cny aroMoB I,{z c 3Heprrleit Ez,
2) vreurure, ueu y'y'2;

3) 6onrrue, qeu A/2.

I0. flpunuun flayrrr4 crrpaBennuB

1) lrr Bcex rolxAecrBeHHbrx qacrr4rl KBaHToBoMexaHuqecxofi crrcreMbr;
2) lls crrcreMbr ro)KAecrBeHHbrx 6osouon;
3) .rins cprcreMbr roxAecrBeHHbrx SepnruoHon.
1 1. lereHr{e qacrnu Ha 6osoHrr ra $epnnuoHbr orrpeAenfl.ercfl.
I) ronrxo fJIaBHbrM KBaHToBEIM .ur4cnoM n;
2) romxo op6uraJrbHbrM KBaHToBbTM rrr4cronr /,
3) cnranoBbrM KBaHToBbTM r{r4cJroM ms;

4) op6uraJIbHbIM / ra nrarHHTHbrM m KBaHToBrTMH rrr,rcxaMr4.

12.3aszcuNaocrb uorrpuoft TenrroeMxocru Cu xr4Mr{r{ecKrr rrpocrbrx rBepAbrx reJr or
reMrreparypbr rpe4craBrreHa Ha rpa$uxe
1) 2) 3) 4)

3R

Cv CH,r

JR

l 3.TennoeMKocrb clrcreMbr, cocroqueft v3 N : 1025 KJraccHqecKHX TpexMepHbrx
He3aBHcrrMbIX rapMoHHr{ecKHX ocrlurnqropoB rrpr4 reMileparype T : 300 K, paBHa

I ) 41 4 AxlK: 2) 4,14 !x/K; 3) 124.2 rAx/K; 4) 41,4 xlx/K.

Cv

3R



14. /]e6afi nonyqan reoperurlecKyro 3aBncnMocrb r,rorxpuofi rerrroeMKocrr4 C u or
reM rr ep aTyp br, p ac cM aTpHBafl KpH cTannr4rrec Kyro p erx eTKy KaK

1) cHcreMy He83aHMoAeficrnyrcxrux qacrurr, coBeprlalorrlux TenrroBbre xore6aHHq c
pa3nr4qHbrMH qacToTaMH ;

2) cucreMy cBfl3aHHbIX qacrlru, coBeprxarcrrrux TelJroBbre xore6aHuq c oAHHaKoBbrMr{
qACTOTAMH;

3) cl4creMy cBs3aHHbIX qacrI4II, coBeprxarcur4x relJroBbre xore6auus c pa3nur{HbrMr{
qACTOTAMI4;

4) cucreMy HeB3auMoAeficrsyrcqllx qacrr{rl, coBepna}ouprx rerrJroBbre xore6aHuq c
OXI{HAKOBbIMI,I qACTOTAMH.

1 5. BaleHTHafl 3oHa co6creeHHbrx nonynpoBoAHr.rKoB
1) uacruqHo 3aH{Ta sJreKTpoHaMr4;

2) norHocrbro 3aHflTa 3neKrpoHaMr4;
3) nepercpbrBaerc-fl co cso6oAuofi goHofi no:6yx4eHHbrx :neprufi.

1 6. C yBenuqeHueM TeMneparypbr 3JreKrporrpoBoAHocrb rrorynpoBoAHprKoB
1 ) yae-rrr.rqrlBaercq ;

2) yueHuxaercq;
3) ne MeHrercfl.

17 . B o6lacru HH3KHX reMneparyp y ronyrpoBoAHr.rKon npeo6naAaer
I ) 4rrpouHar npoBoAuMocrb;
2) anercrpoHHaq rpoBoAr4Mocrb;
3) co6crBeHHas npoBoArrMocrb;
4) npunaecHafl npoBoAr{Mocrb.

Bonpocrr pefi ruHr-xoHrporq J\b3

l. llr HyKnoHoB BepHbrMH qBrflIorcq cJreAyloqne yrBepxAeHr4s

1) nporou o6raAaer 3apqAoM, pseuuy €- '

2) cnuu uefirpoHa MeHbrrre cnr4Ha ilporoHa;
3 ) nraccrr HyKJroHoB npaKrr4qecKr.r oAr4HaKoBbr.

2. 9eru MeHbrrre 3Hepfuf, cBfl3w.rrApa, TeM

1) 6onrure y Hero 4e$exr Macc;
2) MeHblxylo pa6ory HyxHo coBeprxr4rb, .{ro6rr pa3Aenurb 3ro qApo Ha orAenbHbre
HyKXOHbT;

3) 5o:rture 3HeprHI4 BbIAeJrurcfl npu pacnaAe 3roro flApa Ha orAenbHbre HyKnoHbr;
4) uenuue ero 3Heprr4.q noKoq;
5) naenrrue 3HeprI4rI BblAenvrrcs, B peaKur4r,r repMoqAepHoro cr4HTe3a 3Toro s[pa c Apyrr{Mr4
flAPavu'

3. llpu o,-pacilane
1) rapre sl.pa He rr3MeHHTer, Macca flxpa yMeHbrxaercs na 4 a.e.M.;
2) zapnl, slpa yMeHblrlaercq ua2e, Macca qlpa yMeHbruaercfl sa 4 a.e.M.;
3) zapxg slpa yMeHbrxaercfl tta2e, Macca s4;pa He MeHqercr;
4) zaptg srpa yMeHbIIr aercr, sa 4e, Macca sapa yMeHbrx aercfl, ua 2 a.e.M.

4. Karas Aonq paApIoaKTHBHbIX aroMoB ocraHercr He pac[aBlrefi,cs, qepe3 r4HTepBan
BpeMeHr{, panuufi AByM neplroAaM rronyp acnana

1) s0% 2) 67% 3) 33% 4) 7s% s) 2s% ?



5. Cr<onrKo o- ra B- pacnaAoB AonxHo npou:ofiru, uro6br Hecra6rElruufi H3ororr aMepr4ur4t
241 .l'ii'q* ilpeBpar Hrrcfl.e craou*Hrrfi r.r3ororr BHcMyra 'llBi z

l)8av4p 3)6oH5B
2)9 a u 39 4)7 avr3 9

6. jotpoa3ora 'l * 3axBarr{rro s -uacruqy 
(: ut) 

^ 
t"ncrr.rro nporoH. -f,Apo KaKoro

oJreMeHTa o6pa:oeanocr?
t7p ltn t6p t6n tTxr

1)9' D 8" 3) 9' 4)8" 5)7"

'poH I u, 
npeBpauraercq B nApo 6opa 

t3'. 
Kaxaq

rracrurla npu oroM nrr6pacusaercq?

l)p 2)n ,a qe 5)ncnycKaerc.sT-xsaHr

il +e *Vr*v,
S. Peaxqus = v ' ' e ' /' He Moxer vrrzr u3-3aHapylxeHllt 3aKoHa coxpaH eHuA
1) cnuuoBoro MoMeHTa HMnyJrbca;
2) renroHHoro 3apflra:
3) onercrpuqecKoro 3apflAa.

9. 3axoHoM coxpaHeHufi 3neKTpr4qecKoro 3apr,[a 3arrpeueHa peaKrlr4t

,n*vn+p+e*
v,,+n+p+p

4)tt'.4n+p-+e *v"

10. 14: npLIBeAeHHbIX cxeM B3auMolrpeBpaueuuit'facruu aHHkrrvrrrflrrkrr{ coorBercrByer

Dno-+y+y 2)p+n+e *v, ,K
I 1. B nopf,xKe Bo3pacraHl,It LIHreHcr{BHocrr4 SyraureHTaJrbHbre B3auMoAeficrsus
pacrroJraralorcr cxeAyrotuuv oSpa:onr
I ) 3neKTpoMarHrrrHoe, cla6oe, rpaBr,rraur{oHHoe, cr4rbHoe;
2) cra6oe, cuJrbHoe. fpaBr{TarluoHHoe, 3rreKTpoMaf Hr,rrHoe,
3) gneKTpoMarHHTHoe, rpaBr{Tarlr4oHHoe, cla6oe, cr4nbHoe;
4) rpaBr,rrarlnoHHoe, cla6oe, 3rreKTpoMarHHTHoe, cr{rrbHo e.

flpouexyrorrHaq arrecraunfl rrpoxoAlrr n $oplre 3K3aMeHa.

Bonpocrl rc oxgaNaeHy

1. Tenrosoe H3nyr{eHue. PaeuoeecHoe H3n}iqeHue. Xaparrepkrcrr4Kr4 TerrJToBoro
r.r3nyqeH14fl.

2. A6colrorso qepHoe reJlo. 3arou KupxroSa. 3aros Cresana-Bolrurr,raua u 3aKoH
Bprua.

3. Pacnpe4eJleHl4e 3HeprLrH B cneKrpe a6coruoruo qepHoro rena. @opvryna Pgreq-
lNuuca. Vlrrpa$Honero Bafl Karacrpo$a.

4. KsaHroear rnrrore3a 14 $opnayna fllanxa
5. Bueruuufi SorooxeKrput{ecxufi a$$ercr H ero 3aKoHbr. OoroHtr.
6. 3$Serr Kovnro Ha Lr ero reopr{f,.
7 . MoAelr aroMa Pesep$opAa. flocrylaru Eopa. Arona BoAopoAa.
8. funoresa Ae Epofinr.3xcnepuMeHranbHoe rroArBepxAeHr,re BoJrHoBbrx cnoficrn

MHKpOqacTr4rI.



9. CooruorueHne HeonpeAeneHHocrefi.
1 0. BorHoear @ynxq Lrfl, ee ceoficrs a kr crarucrrlr{ecxufi cuucl.
1 1. HecrauuoHapHoe ypaBHeHue [lpe4uHrepa.
12. CraquouapHoe ypaBHeHHe [Upe4r4Hrepa.
13. tlacruua B noreHrlualruofi flMe.
14. flpoxoNAeHr4e qacrurlbr qepe3 noreHurdalrurrfi 6aprep.
15. KnaHroerrfi rapvoHnqecKufi ocqunr.srop.
16. Vpanueuue [UpeAl4Hrepa Ant srleKrpoHa B aroMe BoAopoAa. fraeuoe, op6uraJrbHoe r{

MAfHI4THOC KBAHTOBbIC qPICJIA.

17 . Ksauros aHvre 3HeprHIl 3neKrpoHa B aroMe BoAopoAa. Cnexrp aroMa BoAopoAa.
flpanulo or6opa.

18. Op6uralrHufi H MarHr.rrurrfi MoMeHr 3neKrpoHa.
19. Co6crseuurtfi MexaHur{ecxufi MoMeHr r4Mnynbca oneKrpoHa (cnuH). Cnuuoetrfi

MarHpITHslfi uonaeHT 3rIeKTpoHa. CnuHosoe H MarHurHoe ctruHoBoe KBaHToBbre qucJra.

Onur [UrepHa u fepnaxa.
20. llpunqun 3anperallaytu. flepuo4nqecKafl cucreMa 3rreMeHroB MesAereeBa.
21. llorrouleHl4e, cIIoHraHHoe v uHAyrIZpoBaHHoe r43nyrreHr4e. KooS$uuueHrbr

3fiurureitma.
22. Jla:epu. llpunquu 4eficreuf, na3epoB.
23. KlaccnqecKa.fl Teopl4q re[noeMKocrr4. 3axoH lroloura u fIru.
21. KeaHroea{ Teopuq rerroeMKocru 3ftururefiua.
25. Teopur rerrJroeMKocru [e6ax. @ososu.
26. Bo:oHrt v Seprrlzourr. flou.srHe o KBaHroBbrx crarucruKax Eoge-3fisurefiua v

Oepuu-lprpaKa.
27. 3HeprernqecKrre 3oHbr B Kpr4craJrrrax.

28. Pacupe4eJleHlre 3neKTpoHoB IIo 3HepferrarrecKr4M 3oHaM. Knaccu$uKarJr4fl TBepAbrx
Ten Ha MeTaJrrrbr, noJryrpoBoAHr4Kr u Ar4SneKTpVKU.

29 . Co6crseHH a.f, H ilpI,IMe cHafl npoBoArlMocrr{ nonynpoBoAHr.rKoB.
30. 3nexrporpoBoAHocrb rBepAbrx reJr. TenrneparypHafl 3aBr4cnMocrb

3JreKTponpoBoAHocTH M eTaJIIIo B I4 tloxynpoBotrHl,I Ko B. Vpo neur @epruu.
31. P-n nepexoA. llolyupoBoAHuKoBbre Ar4oAbr.
32. XapaxrepucruKl4 aroMHoro rApa. Mole:ru aroMHoro fl[pa. Macca H 3HeprLrfl cBfl3r

slPa.
33. 3axouu paAI4oaKTLIBHoro pacnara. AmSa-, 6era- r{ raMMa-u3nyr{eHge.
34. .Fl4epuue peaKuLIH I4 3aKoHbI coxpa*eHvrfl. PeaKuuq AeneHr.rs qlep. IJenHaa peaKur.rq

XCIEHI,I.q.

35. Peaxrluq cuHre3a aroMHbIX sAep. llpo6nerraa ynpaBn.rreMbrx repMoflAepHbrx pear<qufi.
36. BNAu B3al{MoAeficreufi rI Krraccusr.rxaqux 3.,reMeHTapHbrx qacrurl.
37 . MeroAu perl4cr paq:av 3JreMeHTapHbrx qacrurl. KocuuqecKr4e .,'ryrrr4.

38. t{acruurr 14 aHrvqacrnrlbl. HefirplrHo. Knapxu.
carrrocrorreJrbHan pa6ora cryAeHToB BKrloqaer e ce6s:
1. AyluropHaq caMocroflTerbHa.f, pa6ora cryAeHTa rro Ancrrunnr4He BbrrroJrHrerctr

ua laooparopHbrx r4 [paKTHqecKr.rx 3aHflTVflX rrpu pemeHHH 3aAaq.
2. BueayluropHaq caMocrorreJ'rbHa.s pa6ora BbrrorH.sercq cryreHToM npu

yrnySneHHoM H3yqeHr4H Ar.rcuunnr4Hbr rro reMe npofrlennofi JreKuHr4, rrpu rroAroroBKe K

na6oparopHblM pa6orau. OcHosuofr Sopnaofi caMocroqremHofi pa6orrr cryAeHra flBr.rrercs
u3yrreHue KoH cneKTa neKuufr , peroMeHAoBaHHofi nr4Teparypbr.

CattocroflrerlbHan pa6ota 3aBepruaer 3araqu Bcex ApyrHX Br.rAoB yue6noro npouecca u
Moxer ocyUecrBJlflTbc.s Ha neKIIIdtx, ceMkIHapax, npaKTr4qecKr{x 3aHflTvrsx, na6oparopHbrx
3aHflTLrflx, KoHcyxbraul4qx. Kax $oprtra opraHr43aL\r4pr yue6uoro ilpouecca caMocroflTenbHaq
paSora cryAeHToB npeAcraBrter co6ofi ueneHarrpaBrreHHylo cucreMarnqecKlro AeqrenbHocrb
no rrpuo6pereHuro 3HaHr{fi , ocyruecrBrrfleMy}o BHe ay AHTopHvr.



Kourponb BbIIIoJIHeHI4x caMocrotrerrbHofi pa6oru ocyuecrBrqercr B xoAe BbrrroJrHeHvrfl. kr

3ailIIlTbI la6oparopHblx pa6or no AI4crIr4rrJrHHe, [pr{ BbrnonHeHlrr4 [paKTurrecKrrx za1Lauwit, Ho

3K3aMeHe.

Bonpocrl Arq KoHrpors caNaocrosrertHofi pa6ortl
1. Kaxoe H3nyr{eHlie Ha3blBaercfl TerrrroBbrM, H rreM oHo orruqaercq or ApyrHX

(nepeuHcnrrre r<axux) Br4AoB uzlyteuux?
2. lafire o[peAeneHufl. ocHoBHbIX xapaKTepucrr{K TerrJroBoro r43nyrreHr,rq. Kaxoe reno

Ha3brBaercq a6corrorHo uepuuv?
3. C$opr',lyrrEpyfire 3aKoH Knpxro$a.
4. Kaxoft Br4r, I{Meer pacnpeAeJreHrre 3Heprr{H B cneKTpe a6comorso qepHoro reta?

HapncyfiTe KpHBbre pacnpeAexeH:afl, B 3aBr.rcr4Mocru or AJrriHrr (ulu qacrorbr) sorHrr
Anr AByx reMrreparyp (T2>Tl).

5. CQopruyrupyfire 3aKoHbr Cre$aHa - BomuMaHa r{ cMeureuusBuua.
6. 3annruure Sopvryry Peres - lNrauca v rorcHr4Te cyrb "ylrrpaQHoneronofi

Karacrpo$sr".
7 . 3auuruure $opnryny fhaHKa H rroflcHuTe cyrb ero KBaHrosofi rrrrrore3br.
8. Kaxoe H3 TeJI, qepHoe HIIH HeqepHoe, HMeer Bbrrrre reMneparypy, ecrrr4 r4x rpKocrr4

oluHaxoert?
9. B .{eN{ cocrozT rBJreHr{e. H€r3brBaeMoe Soroe$QeKToM.
10. C$opuynupyfire 3aKoHbI $orooSSeKra. B qeM orr{ 3aKoHbr nporr.rBopeqar

rrpeAcraBJreH Hfl M KrraccHr{ecxofi $ u:zxr.r ?

1 l. Kax xaqecrBeHHo, cneAys BorlHonofi xaprnHe lr3nyqelkrfl, o6ts,csum QorooSsercr?
12, O6rscHrEre 3aKoHrr Qoroe$$exra, ucxoAq us Soprr,rynbr 3finunefi:na.
13. t{ro raxoe KpacHafl rpaHnqa SoroeS$exra. Herra onpeAeJrs,ercfl qncJroBoe 3HaqeHrle

rpaHl4r{Hofi qacrorrt? tlro Brrr4ser Ha rroJroxeHne xpacHoft rpaHr{Ubr SorooS$exra?
14. tlro raxoe SorooJIeMeHr r4 KaKoBa ero BoJrbraMrrepHafl xapaKrepzcruxa?
15" flouevry 6sta orBeprHyra MoAenb aroMa TonalcoHa?
16. B q€v ilporplBoper{Ht npeAno)Keunofi PesepSopAonr nnaHerapsoft uoAelu arona?
17 . B qeM cyrllHocrb reopHLI aroMa, rrpeAxoxessofi Bopou? C$opnrylupyfire

nocrynarrr Fopa. Kaxoesr HeAocrarKr.r reoppru Bopa?
18. Cnexrpu aroMoB. CnexrpirJrbHbre cepprkr aroMa BoAopoAa.
19. Kaxne THIIrI coyAapenr.rfr Bo3MoxHbr MexAy 3JreKTpoHaMH, ycKopf,eMbrMr4

3neKTpHr{ecKHM tIOrreM, u aronravu?
20. B qeM 3aKJlloqaercq oIIbIr @paura u fepua, u KaKr,re ocHoBHbre BbrBoAbr MoxHo

cnenaTb Ha ocHoB aHukr olrna?
21. KarHe KBaHToBbIe rIucJIa o[I{cbrBaror cocroqHl{e Mr4KpoqacrHurr?
22. r{enr oflpeAenfl.ercfl. 3xeKTpoHHoe cocroqHpre v3oJrupoBaHHoro aroua?
23. O6tscuure [pouecc o6paroBaHr4r 3HepreruqecKux 3oH B TBepAoM reJre.
24. Or qero 3aBr4eflT IxHpHHa pa3peueusofr 3oHbr rr r{r.rcJro yponnefr n Hefi?
25. Kaxosa 3oHHafl crpyKrypa npoBoAHr4Ka, noJryrrpoBoAHuKa H v3orrflropa?
26. O6tqcHure MexaHH3M co6creeuuofi H npunrecuofi npoBoAr4Mocru

nonynpoBoAHr4KoB.

27 . Kaxos $u:uuecxufi cnrucJr rroHflrr4s ypoBHr @eprnrz?

28. t{enl o6rscHqercq pa3xuqne reMrreparypHoit zasucnMocrr4 oneKTporrpoBoAHocrr4 y
MeTaJrroB r.r iloryrrpo BonHraxoe?

29. O6rscuure 3aBlrcuMocrb rtoroxeHrlq ypoBHs (Deprr,rlr r{ KoHrIeHTpauHr4 cso6oAHrrx
Hocurerefi zapxga B nonyilpoBoAHuKax or reMneparypbr.

30. O6rqcHure $u:uqecKr.re ilpoueccbr, rrpor4cxoAqurr4e rpu o6pa:onaHnvr p-n nepexona.
31 . Hapracyfrre oHeprerl{r{ecKr{e 3oHbr B o6racrH p-n nepexoAa u o6ucnure,, B qeM

cocrol{T,uefi crsue BHeIrIHero 3JreKTpr.rqecKoro rroJrs Ha p-n nepexoA.
32. tlro Ha3blBaercf, paAHoaKTI{BHocrsro? Kaxue [poqeccbr orHocqrcr K r{ucry

paAr4oaKrHeHrtx?



33. Ha qett ocHoBaH npLIHuI4n perucrparJvrv r4 r43MepeH:afl, panr4oaKruBHoro uztryueuux?
Kaxue upu6opu npr{MeHr}orcr Arrr 3r}rx uenefi?

34. O6rqcHI.Ire ycrpoficreo I4 npl{Hrlur AeficrBprfl, cqerrrr{Ka fefirepa.
35. Onuurure npoqeccbl, npoHcxo rflxrne B ra3opa3psAHbrx crrerrruKax.
36. flepeuHcrlllre Su:uuecKue npoqeccbr, npoacxoAflrrlue npr.r B3auuoAeficrBzrr B-

H3nyr{eHufl. c BerrIecTBoM.

37 . B r{eM 3aKtlroqalorcfl rlpoueccbr yrrpyroro pacceflHvrfl. 3neKTpoHoB flrpawu,
3JTeKTpOHOB Ha 3neKTpOUaX?

38. t{er'r o6ycnoerleHbl rlorepr{ 3Heprur,r qacrr4rlbr npu rpoxoxAeHr{r4 qepe3

rofrrorqarouyrc cpeAy?
39. tlro uponcxoAuT Irpu rpoxoxAeHr,ru 3neKrpoHa qepe3 rrorJrornrern?
40. Kaxoerr oco6esHocrlr ilpoxox xenkrfl rrepe3 rrorJroruTeJrb MoHogHeprerl,rqecKux B-

qacrl4u u B-uztyr{eHl{r, r4Me}ourero HerrpeprrnHrrfi 3Heprerr.rqecrcufi cnerrp?

7 . yIIEEHO-METOAI,ITIECKOE I4 HHOOPMAIIIIOHHOE OEECTIETIEHI{E

Ar{cqnnrr4Hbr (MoAyJrfl )
a) ocuonHaq rureparypa:
1. @uguKa. BorHosaq orraKa. KsaHroeaq ilpr4poAa H3nyr{eHuq. SlenleHrbr aroMH oit u

sAepHofi Susut<u: Yqe6" noc. I C.VI.Ky3HeuoB,, A.M.IIr4Aep - 3-e v3r,., nepepa6. H Aon. - M.:
Byson. yue6.: HI,II I4HOPA-M,2015 - 212 c.: 60x90 l/16.(n) ISBN 978-5-9558-0350-0.

2. Tarulrtrona-EyruKeBl{r{ W.V. @uguxa. gacrr 2. Onruxa. KsaHroBar Sr.rsuxa. Crpoeuue
u $usuuecKl4e ceoficrsa Beluecrna [3neKrpoHHrrfi pecypc]: yue6uux I Tamtsrxoea-ByuKeBur{
I4.V.- ?lercrpoH.reKcroBbre AaHHbre.- Muucx : Btrursfi ruaq tuKor a, 201 4.- 232 c

3. fa;rxun A.O. Jlexquu uo $u:Hxe [3.nexrpoHuufi pecypc] : [n v.] / A. O. falxuu, H. C.
flpoxoureaa; BlaAunaupcxufi rocyAapcreeuHrrfi yHr4Bepcurer HMeHrr Alexcau4pa
fpuropreBur{a u Huxoraa fpnropbeBurra CroreroBbrx (BlfV).- Bnaluunp : BlaAuuupcxufi
rocyrapcrBeHHbtir yuunepclrrer HMeHrr ArexcauApa fpuropbeBuqa v Huxorar fpuropbeBr,rqa
CroleroBblx (BnfY), -.q. 5: KeaHroeaq kr flrepHafl Su:uxa.- 3nexrpoHHbre reKcroBbre
4annue (1 Qafil: 4,16 M6) .- 2015 .- 94 c. '" vn., ra6r. - 3auaBr4e c rr4ryrra 3KpaHa.-
Eu6nHorp.: c. 92

6) aononHr{TeJrbHafl Jrureparypa :

1.-EecuHa E.M. Onruxa. OcHosrt KBaHroBoit u r4epHofi SusHxz [3nerrpouurrfi pecypc]:
yue6Ho-MeroAlrqecKoe roco6ue l.ts, ta6oparopHrrx pa6or rro Su:ur<e/ EecuHa E.M., Co6oresa
B.B.- 3nexrpoH.reKcroBble AaHHbIe.- AcrpaxaHr: AcrpaxaHcKr.rfi uuNeuepHo-crpourelruufi
r4Hcrr4ryr. 3BC ACB, 2011.- I 07 c.

2. A,'Inaroe A.B. @Hguxa. ArouHax $uzura [3,reKrpoHHbrfi pecypc]: yue6Hoe noco6uel
Arraros A.B.- 3;rexrpoH.reKcroBbre AaHHbre.- Borrorpa4: Borrorp arcxuit r.rHcrr.rryr
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8. MATEPI,IAJIbHO.TEXHNTIE C KOE OEE CTIETIEHI4E

Ar4Crlr4rrJrr4Hbr
IIerunoHHbIe ay[vrropr4vr ocuaq€uHu 4ocxofi (ans Merra krrrr4 rraapr<epa), 3KpaHoM Anfl

npoeKqr{oHHbrx cr4creM, npoeKTopoM r,r noyr6yxonr.
Ayluropnu rrrfl npoBeAeHLIt na6oparopHbrx saustwir ocuaueuuu ycraHoBKaMr4 [nfl

BbrrroJrHe nus ta6oparopHux pa6or :

6. 1. OnpeAeneHr4e rrocrorHHofi Cre$aua-Eolrquasa.
6.2. I4zyr{eHne BHerrrHero $orosS$exra.
6.3. OnpeAerIeHI{e pe3oHaHcHoro noreHur4ara sog6yxiAeHuf, aroMa MeroAoM OpaHxa - fepua.
6.6. VzyqeHl{e reMneparypHofi 3aBncr4Mocru coilpornBreHuq nonynpoBoAHr4KoB.
6.7 . VzyqeHple Bonbr-aMnepHblx xapaKrepr4crr.rK repMoqycrBureJrbHbrx colporr.rsreHufi.
6 .8 . I4zyr{e H H e B oJlbraMn epH brx x apaKTep prcrr4K $ oro c o uporr4 Bne :atrfl,.

IlexuuosHble ayl.rrropvrr ocHarrleHbr Aocxofi (ers Merra vrrvr rraapxepa), 3KpaHoM r;rfl
npoeKuuoHHbrx cr{creM, rrpoeKTopoM H Hoyr6yxol,r.

AyAuroprau rnfl npoBeAeHus za:nsruit ocHaureHbr coBpeMeHHbrMr{ nepcoHanbHbrMu
KOMIrbIOTepaMI4, O6IeAUHeHHbIMI4 B rIOK€tJrbHylO BbIr{UCJ'rUTenbHyrO CeTb I4 yKOMIJTeKTOBaHHbTMII

u eo6xoAHM bIM cI,IcreM H bIM r.r rrpu KnaAHbrM rrpofpaMM H brM o6ecneqeH r.reM.



 


