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1.

I{enxuu ocBoeHLrs
6y4yrqero cnerlrrulr{cra
rrrKoJre crpor4Tcr o6qeu
(pzsur<u nupa6arrrnaer cnequ(pz
oKa3blllaloTcs BecbMa rInoAoTBO
[rr{poKoe (pzsuxo-naareMaru
Texr{r{ItecKr4e HanpaBJreHr4r, ycue
3aIlAI{ K Apyrr4M, trcKaTb H

npoQeocuosalrnoft rrlo6zlr
3 a[arru Al{cur4rrnr.IHbl :

Te0peT[qecKa.[ rroAroToBKa
oplreHTr,rpoBaT6cr B IIOTOKe rr
BO:]MOXHOCTb IICIIOJIb3OBA

oH a clrerlr{ aJrlr3ldpwT C fli
$opuuponaHr4e HayqHoro M
IIpX.IM9HI{MOCTI,I pa3 JILI qHbrx

cTerreHb AOCTOBepHocTv pe3y
MATEMATI{qECKVX METONOB

BbrpaooTKa [pr4eMoB r{
rroMoraroqEx CTyAeHTaM B

o3lraKoMneHr4e cTyAeHTOB C

HAIITUIbHbIX HABbIKOB IIDO
pa3nuqHbx Qusv.recxHx .f,BJr

,{racqurluna <Ocnonu
Bapr{arr,rBHoft qacru ocuonuoft n
Ar{cil;r{rrJrr,rHbr npoxoAr.rT B

,{nx ycnelrHolo ocBoeHl4f,
pa3Aenbr sHcrreft MareMarr4Krr:
AHarrarprqecKa.f, reoMerpufl. u Ir
(DyHnqur KoMrrJreKcHoro lepeMe
Bepo.f,Tn:octeit u MareMarr.rqecxorft

OcsoeHue Ar4crlrrnJl[Hbr
[Jrana: <<Ocnonrr orrrr{Kr,r)). ((

crarl{crl{qecrax Srasrara>, ((

nrruycruofi xnalz(prrcaqraoHnofi

3. KOMIIETEHUI,IU

B pesynrrare ooBoeulrr Ar4c
pe3ynbrarbr o6paroraurax :

1) 3uars:
o Qyn4avreHTaJrrHbre 3aKC)

rsaurosoft, arounofi ra x4epnofi rpr,t

2) Vrraerr:
. rrpuMeHrm $rzszuecKr4e

UEJII4 B O EHlrfl Ar4c rII,IIIJIlrHbr (Mo/IyJrfl )

Ar4CrIU nrr <ocuoBbr KBaHTonofi $usuxt4) if,BJrserc.{ o6ecue.{eHze
1$urzuecr<oit 6woiq Ha Koropoff n srrcmeft rexuuqecxofi
r{ clleql{€ilbHar noAroroBKa. llocneAonareJrbHoe r.r3yqeHue

HayqHo

rrzf uerog Mbrrrlnenl]rr, Suszuecryr,o r.rHTyrrur{ro, Koropbre
brMr.r lr B lpyrux HayKax. Cnequanucrrr. rroJryqnrBrrrr4e
oopa3oBaHl,Ie, MOryT caMocTo.rITeJIbHO OCBaIABaTb HOBbre
o paooTaTb B Htr{X, JrerKo rrepexoAt{Tb OT perrreHr.r, oAHr.rx

I,I HerpaAvrlt4oHHbre rryrr{, .rro oco6eHHo BaxHo .rIJu
cToB B ycJroBlllsx ycKopeHHO]tO pa3BrrTr{fl TexHr,rKr4.

o6nacru Qaszrra, rro3BoJrrrotqas 6yayqr{M MHXeHepaM
14 TexHr.rqecrofi un(popMarlr{rr u o6ecne.r[Baror{a{ liM

HoBbrx Sr.rsuuecxrax npvHrlr{rroB B Tex o6lacr_ax, B Koropbx

eHlls,, B qacTHOClfU [paBI'rJIbHOrO [oHnMaHI4' rpaHvII
qecKr,rx ttouxlrit, 3aKoHoB, reopnft kr yMe]FILrs. orleErr,rBarb

braroB, [oryqeHHhlx c rloMorqblo gKcrIepI4MeHTaJIbHbrx r4Jrrz

BAHIJgj

a peruenzfi KoHKperHbx 3aAaq r{3 pa3rrhrx o6nacrefi Susnr<z,
rneft rueu pemarb 14 HXeHepH bre 3a[arrpr..

npeueHuofi uayvnofi alnraparypofi v nrrpa6orxa y Hr4xvs. gKcneprzMeurrurrrlbrx Haf{Hbrx nccneaonauuit
r,r 14 orleHKrr rrorperrrHocreft usuepeuuft.

2. MECTO IIIIIIJTIIHbI B CT'pyKTypE olotr Bo

Susulclr> orHocr4Tcr K o6.f,sarerbHrm Ar{crlr{nJu.rHaM
a;rruoft o6pasonarenuroft lporpaMMbr. Llsy.reHze

ceMecTpe.

Qzszru cryAeHraM Heo6xo4uvro 3Harb cneAyroqae
3P EHIII4 iUIbH O C 14 CTII4 C JIEHI{ C, I4rrrErP zurrH O E I{CIII4 C JIEHI,I C,
nas anre6pa, Pa4rr, 3neruenrrr BeKTopHofo aHanr43a.

oro, l{zQ$epeHrlr,ran 6Hbre ypaBH envrrs 3nerraenlrr Teoprrr4
TI4CTI,IKI4.

(oArrMo Anr r,r3freHr.rf, cJrelyrcrlIlx Arrcq[[nr4H yreduoro
Bbr KBaHTonofi enextpoHLIKI,I), <KeaHToBaf MexaHr4Ka v

BareJrBcKar pa6ora B ceMecrpe), Bb.rloJrHeulre

IOIIIETOCq, OOpMI4pyEMbrE B pE3yJrbTATE
OCBOEH ArrcuulJrr,rHbr (M oAyJrfl )

o6yrarolg.rfi cx 4olxeH AeMoHcrpr4poBarb cneAyroque

rlpr4poAbr r4 OcHoBHbre QusuvecKr4e 3aKOHrr nr o6racrz
rcta (OIIK-1 ; nK-1).

br Anr perreHr4r rpaKTr{rrecKr4x 3aAarr (OIIK_3).



3) Bua4err:
o HaBbIKaMr4[paKTI4qeC rrpvMeHeHr.rs 3aKoHor| (pusuru (OIIK-5 ; IIK_5).
Koiunerenqlr I4, \racrI4 qHo

OIIK-1. Cuoco6uocrr
LIpyeMbIe B paMKaX ocBoeHlrtr Ar4CUr4[Urr4Hbr :

Tb aAeKBarH\rro coBpeMeHHoMy ypoBHro znauuit
HayqHyro Kaprr4Hy Mr.rpa Ha ocHo

OnK-3. Cnoco6nocrr
3HaHrIt ocHoBHbrx rroJroxeHrrft, saronon 14 MeroAoB:

BO3I{r,IKaIOUI4X B XOne II
(f us rEnrr -rr,r areM arr,rqec xuit anta

OIIK-S. Cnoco6nocru 06 14 lrpeAcTaBJrflTb AaHHbre gKcnepuMeHTanbHbrx
rzccneAonaHuft;

IIK-1 Cnoco6uocrr K
upu6opocrpoeHr.rr;

ftK-5 Cnoco6nocrr K a

uocrannennofi 3aAaqu zccle4onauzfi s o6racrz

h3y, pacvdry, [poeKTr4poBaHrrro r4
COOTBETCTBI{I,I C TEXHI4qECK}IM I4eM TLIIIOBrTX Cr4C,IeM, upr.r6OpOn,
CXEMOT'EXHHqECKOM I,I

burBJrf,Tb ecTecTBeHHOHayqHyro ,cyrrlHocTb npo6lem,
onaluroft Ae-rrreJrbHocrrr, nprrBneKarb Arrs. r4x penxeHr4fl

KoHcTpyr,rpoBaHr{ro B

Aeranefi r{ y3noB Ha
ypoBHflx.

4. CTPYKTYPA c oAEpxAHr4E Ar4C rltnllJrr,rHhr (MolyJrfl )
O6rqas rpyloeMKocrb cocraBJrrer 7 ga.rerHrx eAr4Hr,rIL 2,52,aacon,

3AEJIOB AIICqI{NJI}IIIbI

Bu4rr yue6uoft pa6orrr, Br(Jrroqill
caMocroflTeJl6Hyro pa6ory c.ryAeHToB

r.r rpyAoeMKocrs (n uacax)

O6rerv
yve6Hoft
pa6orsr,

c tlp14MeHeHt,IeM

IjHTepaKTItBHbtx
MSTOAOB

(tuacaxlYo)

d)oprltrrexyulero
KOHTpOJIt

ycneBaeMocTr,t

(no uedeaau
ceuecmpa),

rfopr'la
npoMex(yroqHofr

uITegta\Av
(no ceuecmpan)

MexaHr4Krz z aroruHoi
18 / 47%

3reuenrrr Qnszxll
rBepAoro reJra

Peftruur-
xourpolr Jl1b2

Sreuentr rfusuru
flAparr
gJreMeHTapHbrx

qacTnu

461 5loA

Teurr, pa3Aenbr Alrcqu

1. Knanronaq n
Jlexqur l. 3anosu rerrnoBoro

.&tqal2. KsaHronue cnoficrsa cBEra
Paraen 2. S.neuerrrrr rearrronofi

.Ilerqux 3. CrpoeHue aroMa
Jlerqux 4. Boffroarre cnoficrea M
.Ilerqu.s 5. VpasHeHr.re rx
Jlenqux 6. Vpannenue lr



Teuu, pa3AeJrbr Aprcqu

noreHrluaJrbnofi sue
Jlerqvr 7. flpoxoxq4eHlre qacrr4qbr

Jlerqux 8. Jlunefinufi
Jlexqux 9. Arorr.r

Jlexqur I0. Op6uranrurd u uaruutnrrfi

Jlerqu.r I 1. flpznqar ravJrr4
Jlerqz.r 12. Cnonrauuoe n
Pasler 3. 9JreMeHTbt Surunu rne
Jlerqzr I 3. Snel,,reurrr xsaHrosofi

4g*q- 15. 3onnas reopu.fl TBeD.rrbrx
Parqel 4. S.lemenrr"l eurunu n4pa

16. Arorranoe

Jlexqux 18. Bu4u esauMoaeficrsut
gneMeHlapHbrx qacrr{rl. Meronrr
3JreMeHTapHbrx qacTHU

No nao,4ylr

Fas4e.n 1.
Knauronaq
rrtrrHpoAa

u/ ulu KparKoe coAepxzrHr4e la6oparopur,rx paOo,

Nb 6.lOn r4e rocrof,HHoft CreSa.ua - BolrquaHa

BHerrrHero $orosQrf erra u BaKyyMHrrx

pe3oHaHcHoro noreHrlr4ala nos6yx4euz.r

TeMrreparypuofi saszcuMocrrr conporlrBJreHv-a

BoJrbT-aMrrepHbrx xapaKTepucTHK
brx corport4sreHufi

Ns 6.8 ZsyueH BonbTaMnepHbrx xapaKTepHcrvK
HVI'.

JIeKTII{OHHO -CeMLr HapcKat
na6oparopnrre sanxrua);
obyuenrze B MaJrbx rpyrr[ax
Tpex rreroBeK);

Hbre 3aHgTr{fl

5. OEP BATEJIbHbIE T'EXHOJIOIIII4

o6yrenzx (rpa4zqnoHHbre JreKrlr,roHHbr e pr

BbrloJrHeHr4e na6oparopHrrx pa6or B rpylrax r.r3 AByx r4nr4



TOI4

MacTep-KJraccBr (AeMo fl Ha [paKTr,rqecKr,rx 3aHJ{T}I'X [ptIHIII,rrIOB pacrreTa 3anag
IIo pa3nuqHbrM TeMaM);

[p]rMeHeHr.re MyJrb
3AlJflTrrit c trpr4MeHeHr4eM

c rroMoxlbro [poeKTopa r4Jr

r.rHs opMarllroHHo -KOMMyH

TexuoJrofuft gnx MoHr4Top

6. OIIEHOTIHbTE CPEI
TIPOME}ItYTO

CAM

Tercyrquft KoHTpoJrb yc
HECKOJI.bKIIX COCTABN'IOIUI4 X.

yMeubrrrr,rrs n 2 paza, To sHeprerrz
1)ynaeHuuurcs. B4paza
2)ynerruuurcxn 16pas

2. Ectu p.nurHa BoJrHbr.
To reMneparypa a6coruorHo qep

l) ynenu.rzJracr, B 2paza
2) yrraeuulnrraeb n 4 paza

3. Ecnz 3aqepHenHyro
)I(e nJIOIqaAIiI, TO CBeTOBOe

I ) ocranercr Helr3MeHHbrM;
2) yrrrenrmvncfl B 2 paza;
3) ynenu.rztcxn2paza.

4. SuexrpoH B aroMe nepex ns nos6yx4eHHoro
cocrorHr{e c eHeprraefi Es.IIpLr rrcrrycKaercr (poron.

TexHoJroruft (npone4eHr,re JreKur.roHHhx r{ ceMr.rH€rpcl(ux
MrrbrorepHEx npe3en;raguilt u AeMoHcrparlr{oHHr,x ponraKoB
KoMnbrorepa);

A?rcqnIIJrvrH yqEBHO-METOAI,IqIICKOE OBECIIEqEHI,I]0

TexHoJrorlrr4 (npraueueu.ae nn(f opnaaqlroHHbx
KoHrpoJr{ suanuft).reryqefi ycleBaeMocrr,r cryAeHTorl t4

BA AJI^fl TEKyIIIEIO KOHTP OJrr{ yCIIEBAEMO CTr,r.
IOfr ATTECTAUI,I|4 IIO I,ITOTAM OCBOEHpIfl

cBerr.rMocrr a6conroruo qepnoro rena
3) ynenz.rrEtcxn2paza
4) yuenrmurcr B 16 pas

MaKcr4MyMy r.{3JryqeHr4r yMeHblxr4Jracb B 4 paza,

3) ynenr.r.rnJracb B 4 paza
4) yuenrruLrJracb n 2 pan.

HKy, Ha KOTOpyro [aAaeT cBeT, 3AMerrr4Tb Ha
HUe

3epKanbHyro

OTZ PANOTI,I CTYNEHTOB

flBIIseTCs. pao[peAeJrenUrnvr ]n OCHOBaH Ha OUeHKe

l, Pesynrrarrrpefttuur-
2, Brruolnenr4e rI 3arrlr{Ta paTopHbrx pa6or.
3, Brrnonnenrle lpaKTu axsanauuit.

1. Tenrneparypa a6comorn tlepHoro rena T =' 6000 K. Eclz reruleparypy reJra

l) c' 2) c' 3)

5. t{acrora rra4arorrlero Ha eHT r,r3JrrreHrrr yMeHr;rxaeTcr BABOe.
Ha[prxeHze, ecilv paOorofi Bbrxola

ue6pevr?

cocTorHr.rtr c sneprrzefi E1 B OCHOBHOe
Macca uclyrleHHoro Qoron a paBHa

Er-r E,

5)c

HyxHO r43MeHr.rTb 3aAepxr4Baro
Marepr4arra SoroenenreHTa MoxHo rr

1) ynenzuursn2paza; 3) wrrnrb" Ji p*, 5)ocranzrr 6es zgMeueHraft .

2) yrraenHur{rb B 2 paza; 4) eHbrrrrrrB 
" 

Ji pas;
6. llpu 3aMene oAHoro

rpaHrzrle Soroe(p<[eKr,a, yMenb
pa6orofi Bbrxo,qa Anr rrepBoro

Bo crolrxo pas
3neK'rpoHa lr3

e Apyrr.rM ArrLrrl,a BOrrHbr, cooTBeToTByroqa, rpacHoft
Pa6ora BbrxoAa Anq BTolpofo MeriurJra ,ro ,prrr"Hrlro c

1) ;ynenr.ruanacr; 2) yrut vnacb; 3) ne n:lueHLrracb,



7. Onuru Cronerosa no
1 ) uosnoluJrr4 onpeAenr{Tr,
2) no4rnepAr.rJrrz KBaHroByro

8. B sSSerre Kouurona
l) nu6raeaer eJreKrpoH c
2) tepe4aer erreKrpoHy
3) nepe4aer eJreKrpoHy

- cepurc flarrrena. Hav6onsureii
repexoA

1) ynenn.ruBaerc-f, n 9 pas
2) yrueururaercs,n 9 pas
3) ynenzuraBaer,cr n 3 pasa

13" Cpanuare AJrr{Hy BoJrHr;r
uaccoft m:1,67,I0-'' Kf, r4Meroru

t) 6,57.10-27 2) 8,35

HIo B3ar{Mo4eiicrnur u3nyqeHu.rr c MeranJraMr.r :

3 ) no4rnep 1uJx4 :ae.lrvrrr4e srrx cnoftcrB y oneKTpoHoB;
4) nogrnepAraJrr.r fr4rrore3y o

Mepbr flApai
pltpoly r,r3[yqeHr4r;

HOCTII

9Hepfr,rr4

3Heprr414

clreKTpe 3Heprllr4 gJreKTpoHoB B aTOMaX.

BEIIIECTBA;

IIpu ynpyroM oToJIKHoBeHLIII;
lpr4 HeynpyfoM c,roJrKHoBeHr4r4.

9. Onrrrur Opaurca z fepqa Lr ccJreAoB aHrzro SJreKTpr,rqeoKoro p 43p fllia B [apax pTyTr,r :

I ) nosnouunr4 orrpeAeJrr.rrb, br s.I,pa;
2') no4rnepALtJrrr KBaHToByro pl{poAy LI3IyqeHI,It;
3') uo4rnep 4z,ru :aaJ:llrrrne rroBbrx cnoficrn y 3JreKTpoHOB;
4') uo4rnepArrJrlr fr{rrore3y o M CrreKTpe gHeprr4.a SJreKTporroB B aTOMAX.

1(1. Ha prcyuKe uso6paxen crarlproHapurre op6urbr aroMa BoAopoAa conracHo MoAeJrn
Eopa, a raKlre ycJrorlHo lepexoAbr sneKTpoma c o4uofi crardr.rouapnoft op6urrr Ha
Apy|yrc" collpoBoxglarouuec.s qeHIleM KBaHTa oHeprut4. B ynrrpa(prone:rosofi o6nacrz

Irafrrrratta, n nz4ranaoii - cepr4ro Eamruepa, n znspanpa*roficrreKTpa 9Tr.r flepexoAbr laroT cepu

KBaHTa n nz4urraoft o6nacrra crreKTpa coorBercrByer

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

ll" B reopzz Bopa n-oft rpyronofi op6zrbr eJreKrpoH€t

BbrpaxaeTc.r{ qepe3 pa4Lryc IIe
)

op6utt Sopuynclfi; 
7, = lt'ft-

T,BMEH.'IETC' KI4HETI{qECKA.f, 3TI

B aTOMe BOAOpOAa

. Onpe4enzre, KaK
rpu repexoAe c rperbefi op6rrrr Ha repByro.

4) yuenrur aercs. n 3 pasa
5) ue NaeHsercs

12. Onuru,I[enuccoHa a Mepa ro 4u$paxqr,ru xra KpzcTaJrnax:
I ) nosnonuJrlr o[pe.qeJrr{Tb flIpa:'
2) uo4rnepAr,rJrLr KBaHroByro poAy r.r3fiy.reElrs,;
3) no4rnep 1r4rvr :nurv,.ryrc onrrx cnoftcrB y gJreKTpoHoB;
4) no4rnepAr4Jrr,r rr{rrore3y o HOM CrreKTpe gHeprr4r4 gJreKTpoHOB B aTOMax.

1. CraquonapHbrM ypaBHeH
f,BflreTc.fl ypaBHeHr.re

),/
Bpoftnr / lo 

4t ruapr,rKa uaccoft m: 0,2r rr lporoHa
oAr,rHaKoBbre cKopocTr,L
0-27 3) 6,57.10-24 4) 8,35.10-24

Tllpe4raHrepa 4rrfl. oJreKTpoHa B BoAopoAono4o6Hou aroMe



,ro'*.#('-# ?ll='

+.4rr=o
l) d'x h"

v'l,*#u*=o
4)

2. JEcnra y - $ynxqzx znaeer l!n4, yxa:aunrrfi Ha p:acyHKe, To Bepo.f,Tuocrr o6HapyNrarr

L.*.L
oJIeKTpoH ra yru"tn" 6 2

r)h: zyzh; !zh; 4)

5. Cxolsrco pa3nuqHbx cocrot
n:4?

r)

2)

3)

4)

MOX(eT r,rMeTb SJreKTpoH C rJIaBHbrM KBAHTOBbIM qI,ICJIOM

Ha Hee I43[yqeHkre;
Ha Hee rr3nrreHr,re;

2/
/J

t//2

7e
t//a
/J

V

L
.l

3. B xaxoru cJrfrae oHepferrr tlr crreKTp 9JreKTpoHa cnloruuofi?
e ruupzuoft 10-1orr,rl) enexrpoH B rroreHrlr{zurrnoft

2) enenrpoH B aroMe
3) elerrporr B MoJrexyJre
4) cno6o4urrft enempou.

4. MarccvnaaJrbHoe 3HaqeHlre
cocTosHLI[, Ha HarlpaBJreHr{e

KrILrlr MoMeHTa r4MnyJrbca sJreKTpoHa, HaxoAsqefocs s f-
rlero MarHr4THOrO rroJrt paBHO

fi

1) 15; \a8; 3)32; 4)

6. Ornpe4eru.rrb ar,oM, y Koro B ocHoBHoM cocrorHl4tr 3atloJIHeHbI K, L, M _ cJlou yr n N-- cJroe pacrronoxeurr 7 enelcrpoHoB.
1) Cl; 2) Ge; 3) Br; 4) Ti.

7 . Cpega Ha3brBaerc_f, axrzenofi .
l) rroJrHocrsro [ornoruaer n
2) rroJrHocrbro pacceLrBaer



3) ycununaer rragaroqee Ha H

8. Cucreua HaKarrKr.r rra3epa
l) cos4arr LrHBepcuyro
2) nrrsnam BbrHyxIeHHoe r.r3Jr

3) o6ecneur4Tb BbrcoKyro Kofe

9. Paccuorpr{M ABa
gHeprurrMr{ Et u Ez, npuueu E2
IraceJIelHHOCTbrO, ecnl4 qI,ICnO

l) panno qrcry aroMoB 1/z c s
2) rvreurure,uev, N2;
3) Sonuue, qeM i/2.

10. flpr.rnqzn llaynz crpaBeAJr
l) a,ns Bcex roxltecrBeHHbrx
2) p;m cprcreMbr roxAecrBeH
3) anx clrcreMbr roxAecrBeHH

I 1. ,{eneuue qac.rr4rl na 6ogo
l) rcnrxo rJraBHbrM KBaHTo
2) ronrxo op6uralruhrM KBa
3) cnuuonrnu KBaHToBbTM q

4) op6urarLrrrrnr / z

12. 3asucuMocrb uonrpHoft
TeMrjepaTypbr [peAcTaBJreHa
1)

l3.lleunoerraKocrb clrcreMbr,
He3aBr4cMMbIX rapMoHrlqecKr4x ocq

l) 414 ANdK; 2.) 4,14 [Nclt(;

14. fle1air roryrrun
TeMrrepaTyphr, pac cMaTp uBa[. K

l) clrcreMy HeB3ar4MoAeficre
pa3nlaqHbIMI,I qaCToTaMr{ ;
2) cucreuy cBr3aHHhrx
qACT()TAMI,I;

3) c.[rcreMy cBs3aHHbrx
qACTOTAMU;

4) cr{creMy HeB3a}rMo.4e
oAr,rHaKoBhrMu qacToTaMr,I.

I{3JIYIIEHI{E.

Hocrb n arrznuofr cpeAe;
uze (poronon;
rrocTb JriBepHoro H3nyqelHl{r.

cocTorHr.rfl, B KOTOpbrx HaxoAr,rTc.f clrcTeMa
.E1. Cucrenaa 6y4er HaxoAr4Tbcr B cocrornvrar c

ly'1 c eHeprneft E1 6y4er
Ezi

II KBaHToBoMexanr4qecrofi czcreurr:
6oaonon;

$epuuonon.

aToMoB, C

nunepcHofi

z $epuzoubr orrpeAeJr flercfl
qI4CJIOM n:

-rucnou /;
tlts)

M I(BAHT OBbIMI,I TII,ICJIAMI{.

Cy

3R

C1a XIaMuveCKI,I IIpocTbIX TBepAbrX TeJr oT

2) 4)

qefi vg N : l02s KJraccr{rrecKr4x TpexMepHbx
rrropoB rrpr,r reMreparype T:300 K, panna
3) 124,2 rcINdK; 4) 41,4 K,qdK.

3aBrrczMocrb rraonrpnofi TefrJroeMKocTI4 Cp1 or

TerrJtoBhre rone6anus c

I/ItrecKyro perreTKy ](aK
qacTr4II, COBepIXaIO.[Ir4X

COBEPMAIOIqTIX TEIJIOBbIE KOJIE'ANTUL C O/IPIHAKOBbIMI{

coBeprlarcqzx retflJroBbre xole6auns c pa3ju4qHbrMr,r

qacrr,rq, coBeprlarour4x relroBbre rone6anns c



15. BzurenrHa.rr 3oHa IIonyIIpoBoAHr,rKoB
l) vacruuno 3aHrra gJreKTpoH

2) nonnocrbro 3aHrra
3) ueperpuBaerctr co goHofi nos6yx4euur,x eHeprrafi .

16. C ynenuqeurzeM reMle
l) ynenr.ruzBaercs;
2) yuenrruaercfl:
ll) He nrensercr.

sJIeKTpOnpoBoAHocTb noJrynpoBoAHr.rKoB

I7,B o6nacrr4 Hlr3Kr,rx reM y [onylpoBoAu[KoB npeo6na4aer
I ) 26rpouuax rpoBoAr.rMocrb;
2) suerrpoHHa{ rr
3) co6crnenuar rrpoBo
4) npunaeurar rpoBoAr.rMocrb.

1. ,n[m HyKJroHoB BepHbrMr4 fl cJleAyrorrlkr e yTEep)r(AeHLrt

l) nporou o6na4aer 3aprAoM, ,""rt "*;2) cnuu neftrpoua Menbrrre cru a [poToHa;
3) nraccu HyKJroHoB [paKTr] O,IILIHAKOBbI,

2.Hev MeHbrrre gHeprLr-f, cBflsu
1) 6onrure y Hero 4e(pexr
2) rraenrmyro pa6ory HyxHo
HYK.IIOHbI;

3) 6onrrue sueprlrr{ BbrAelrrrct
4) lreurnre ero gHeprr{fl rroKor;

coBepmr.rrb, uro6rr lpa3AeJrr4Tb gro rApo Ha orAenr,Hbre

5) ruenture sueprr{tr
trApaMr4.

3. fIpH CI,-pacrraAe

I ) sapr4 fl4pa He r43Meur{Tctr, rApa yMeHbrrraercrr ya 4 a,e.tvt.;
2) sapxaslpa yMeHbrrraerc_f, lra
3) setptgrApa yMeHbrrraerc.f, Ha
4) sapxgrApa yMeHbrraerc_r Ha

5. Crolrr<o 0- r B- pacraAoB

'!!A*
1)8uz4B
2) 9 wu3B

74 nr
6.flapo a3ora -l " 3ax

gJreMeHTa o6pasor zurocr?

pu pacrraAe sTOrO flIlpa Ha oT,4enbHbre, HyKnoHbr;

B peaKrlr4r4 TepMorAepHoro cr.rHTe3a gTOrO s.Apa a,4pyfr4Mr4

Macca f,Apa yMeHbruaercr na 4 a.e.v.;
]|{ACCA rlpa He MeHfleTCr;
Macca sApa WeHbnraercrr ua2 a.e.v.

I43OTO[ aMepr4rlr.r.rr

4. Karcas AoJrs paAr,roaKTrrBH aroMoB ocraHercrr He pacrraBlreftc.f, qepe3 LIHTepBaJI
BpeMeHrr, panuufi AByM rreplroAaM nal,a

t) s0% 2)67% 3 3% 4)7s% s)2s%?

npornsofiru, .tto6u uecta6ulrur,rft
95 1L"' 

l[peBpar]Incs n cra6l,ulrH
209

I,I3oroIr BI{cMyra ,tBi ?

3)6ou5B
4)7 an3 B

(: o)\. / u0 -vacrzqy

I 
,rltr wqtJ n z1r[o z1lf 

n

lrclycrr4no rtporoH. -flapo KaKoro



7. flgpo 6epunnut'oB" ,no,
qacrur:a npr{ sroM nrrSpacsr

l)p 2)n 3) d

x)

2)

B.r'eaxuux F ->e +ve+
l) cnraHonoro MoMeHTa rrMrry
2) lenroHuoro 3ap.f,Aa;

3) snexrpraqecKofo sapflAa,

9. 3arouorra coxpaHeHzt

p- +e- +Ve+Vtt

n+Ble- tV"

10. Zs [pr,rBeAeHHhD( cxeM B3a

l)oo-+r+y 2)p-)
11. B roprAKe Bo3pacraH
pacnonararoTcr cJreAyroqr4M
1) r)neKTpoMarHrzTuoe,
2) ona6oe, clrnbrroe, rpa
3) gneKTpoMafur4THoe,

4) fpaBr4Tarlr4ounoe, cna6oe,

flpotrerryroqnraq arrecra
Boupocrr x srgaueuy
1" Tennonoe r,r3ryqeHue.

r{3JrrreHr,Itr.
2. A6comorno qepHoe

Buna.
3.

4.

5.

6.

7.

8.

9.
10,

11.

12,,

13,,

t4,,

15.

16,

t7.

Pacnpe4eleHr{e sHeprr4

flNunca. Vmrpa$uoJrero

3(p$err Konrurona lr ero

Bonnoeas $yur<qux, ee
HecraquouapHoe ypaBlre
Craqr.ronapHoe ypaBHeur{

llpoxoN4eHue qacrrubr
Knastonrrfi rapMoHt4

Knaurosanr,re gueprr{rz

llpanuno or6opa.

KeaHrona-f, fl{rrore3 a I4

Bneuruufi t[oroelexrp

MoAelr aroua Pege
funoresa 4e Epoftna.

Mr4KpoqacTkrrl.

Cooruoruerrve Heon

r{acruqa B rroreHuuaJrb

Vpannenue [lpe4uurepa
MAIHI4THOE KBAHTOBBIE qI4

18. Op6uranrnrrft r4 MarHr4rH MOMeHT SJIeKTpOHa.

n 4eftrpon ?' ,n 
"up'qaercr 

B r.Apo ooou 
tl B .*unu,

qe 5) ucnycraercs T -KBaHr

p ne uo)Ker r4ATurrc-3a HapyrueHur gaKoHa coxpaHeHru

qecKoro 3aps4a 3alperqeHa peaKrlr,rt

n+ve->p+et
vtt+n+ p+ p-

urft uacrzq aHHVrr4JrrqI{r{ coorBercrByer
rzo + - + -3)1l--)7T +7T 4\e +e +Y+y

3)

4)

e tv"

r{HTeHcr4BHocrr4 Qyn4anreHranbHbre ssazl4oAeftcrBr4,

rpaBl,rTarln oHHOe, CI{Jr bHo e :

SJIeKTpOMaTHI4THOe;

HHoe, cla6oe, cI4JIbHoe;

ATHOE. CIIJI]6HOE.

rrpoxoAr{r n (lopue sK3aMeHa.

PanuosecHoe v3nf{eHze" Xapaxrep[crr{Kz renJroBoro

3ar<on Kzpxro(pa. 3arou CreQaua-BoJrbrlMaHa 14 3aKoH

B crreKTpe a6comorHo qepHoro reJra. (Dopnry.na panes_
rcaracrpoSa.
ua flnauKa

rcuft eQ$err r,r ero 3aKoHbr. Oorourr.
pr4fl.

llocrynarlr Bopa. Aroru rloAopoAa.
KCTIEPIIMEHTIIIIbHOE IOATBEPXAEHI,IE BOJIHOBbIX. CNOfiCTN

nocreft.
crBa I4 crarkrcrraqecrcraft cnarrcn.

ne l[pe4zurepa.
IITpe4raHrepa.

_rIMe.

rroreHulraJrrurrfi 6aprep.
ft ocqnnnmop.

gJreKTpoHa B aroMe BoAopoAa. flaanoe, op6zranrnoe u

B aroMe BoAopola. Cner<rp aroMa BoAopola.



19. Co6crnennrrfi MoMeHT r.rMrryJrbca gJreKTpoHa (cnuH). Cnnnonuft
MarHlrrHbrft uovenr a. cnr'rnonoe rI MarHnrHoe crII{HoBoe KtsaHToBbre q}rcJla.
Onur Illrepna z fe
flpuuqran sanpera IIay llepzo4uvecKalr cr,rcreMa gJreMeuron Men.ueneeBa.
llornoulenue, crIoHTa 14 r,rHAyrlrdpoBaHHoe Lr3JrfreHr4e. KoeS$vrlr4eHrbr

Jra3epoB.

3fiuulreftna.

20.
21.

22.
23.
24.
25.
26.

@epuz-,{upaxa.
27 . Sueprerr.rqecKrre 3oHbr
2E. PacupeAeJreHr.re

TeJI Ha MeTaJIJIbI, flony vrKu vr Ar4 3neKTpr4Kr.t.
29. Co6crneHHa{ r4 npr4Mec
30. 3nerrporpoBoAHocrb

gJreKTpolpoBoAHOCTr4

31. P-n repexoA. llonyn
31),.. Xapaxrepr.rcrrl Kr,r

s.Apa.

3il. 3axourr paAr,roaKrlrBH
34. faepybre peaKrlr{r.r r4

.IIEJICHI4'.

Jla.:epn. flpunqiln
Knac czqe c Kas. T e opLrtr . 3arou Arononr-a ufhu.
Knanrosas reoput Kocrr4 3fiuurreriua,
Teopur rerrno er4Kocrn4 Oononrr.
BosoHnr u Qepnavronsr. flousrue o KBaHToBbrx crarr4crrrKar Bose-3ftsrureftua u

prrcTaJrJrax.

rro oHeprerrrqecrltM 3oHaM. KnaccnQzrauv, TBepAhrx

lpoBoAr{MOCTr,r [onylpoBoAHrrKoB.
TBepAbrx TeJr. Terraneparypuax 3aBucr.rMocrb

14 nonylpoBo.qHr{KoB. VponeHr rDepnapr.

r4KOBEre Ar4oAbr.
rApa. MoAeJrv aroMHoro .rrApa. Macca 14 oHeprlr, cBfr3vr

pacna4a. Anr(fa-, 6era- u faMMa-r43JryqeHr4e.

AeJreHr4-f, r4ep. I{ennas. peaKr\prflHbr coxpaHenzx. Peaxqzr

35. Peaxqvrfl cvrHTe3a pearqzfi.
3(i" Buau nsaurdo.ueft crrlluia
37" Meroabr perrzcrpaqrrr4
38. 9acrurlbr lr aHTr4qacrr4

bIX qacrr,tll. KocMz.recKr4e ryqu.
Hefirpr,ruo. KnapnrE.

CaprocrosreJrbHaq pa6ora AeHToB BKrroqaer s ce6s:
l. Ay4ur:opnaa af, paooTa cTyAeHTEr IIo Ar.rcqullJr]rHe Bbr.[oJrHreTc.,r

Ha naoopaTopHbrx r.r [paKTr4rrecKr4x npr4 perxeHr,ud 3aAaq.
2," Bneay4uropua.a ocrorreJrbHar pa6o,ra Bbrlorn.,rer()s cryAeHToM rrpu

yfJryoJreHHOM U3yqeH[kr !\vcJIIlrI br rro reue npofi4eHuoft JreKrlrrr4, rrpr4 [o.q]toroBKe K

$oprraofi caMocror:fersuofi pa6oru 
"iy4enru 

f,Br.rercf,
na6oparopnrru pa6orau"
t43yqeHtre KoHcrreKTa nexqufi, pexo osaHHoft Jrr,rrep arypbr.

CaMocrosreJrbH€ur pa6ora lraer 3aAaqr.r Bcex qpyrux BlrAoB yve6noro npoqecca pr
MOXeT OoyrqecTBnrTbcs Ha , ceMr4Hapax, [paKTLrqecKI4x 3anfltprflx, na6oparopHrx

K rAep " llpo6nenaa ylpaBJrreMbrx repMo.,rAepHbrx
xraccz(pzrarlrrr gneMeHTapHhx rracrvrl.

uo npzo6pereurrro :uanr.rft, ocy BHe ayAlrropr4r{.
Kc,nrponr BbrfIoJrHeHI{ g. caNr ruoft pa6or6r ocyqecrBr.f,ercr rr xoAe BbrrroJrHeur{, r4

3arrlr4'r6r na6oparopHrrx pa6or no
SK3aIvfeHe.

Ur4rIJrr{He, rlpll BhIlonHeHr,II4 npaKTVqecKrIX 3aAaHuti. tta

3arrflTvltr.K, KoucyJrbrztrlzgx. Kar
pa6ora cryreHroB npeAcraBn{er

Karoe v3JrfreHr,re
(uepe.rucnure rar<ux)

opraHr43arlnu yre6noro [poqecca caMocrorreJrbHrur
IIeIIeHaIIpaBJIeHHyro ct4cTeMaTUrIeCKyro AerTenbHocTb

TeIIJIOBbIM, VI IIeM OHO OTJrr.rqaeTcf, oT Apyftrx

TelJroBoro Lr3rryqenLrfl.. Kaxoe relo
zsnyrenr.rx?

2. laftre onpeAeJreHvrs. ocH hlx xapaKTepr4cTr{K
Hrl3brBaercs a6conroruo rtrra?
C(f oplaynupyftre saxou K pxroSa.
Karofi Br4A raMeer pacn gHeprr,rr4 B c[eKTpe a6conrrtro qepuofo
Hapzcyfire KplrBbre pac

rela?
BOJIHbI

Anr.{B}D( TeMlepaTyp
eHr.If, B 3aBI4CI4MOOTIZ OU AnlrHbI (um,r qacrorrr)



5.

6,

7.

8.

9.

10.

11.

t2.
13.

t4.
15.

16.

17.

1E.

19.

20.

C Qoprvrynupyfi re 3 aKorr
3anzrurare $opuyny

rcaracrpo(prr".
3aruruure Sopruyny lln
Karoe r{3 TeJr, qepHoe

oAuuaronrr?
B qeru cocror{T sBJIerl

CQoprrayrnpyfire
[peAcTaBneH]rrM KJracc
I(ax ra.recrBeHHo.
O6rqcnrare gaKoHbr

Yro raxoe KpacHa.rr

rpaHr.rvnofi qacrorrr?
rlro raxoe Sorosleir,le
llo.reuy 6rrra
B q€Na [porr4Bopeqr4q
B treM cyrqHocrb

rrocryJrarhr Bopa. Karon
Cnexrpu arorraon. Cue
Karue rr{rrbr coy

3[eKTpr4qecKr,rM rro JreM,

B q0M 3aKrroqaercs o

Ilenr o6ycnonnenrr
rrofJrorqaroutyro cpeay?
rlro npoucxoArrr npr{
KaKosrr oco6errrocrr,r

rracrl4rl r'r B-rsnyue loLrs, u

2'1.

2?^

2:t.
2zI.

25.
26.

c.4eJraTb Ha ocHoBaHr4Z
Kaxze KBaHToBbre

9eu onpe4eJrrerct
O6rscnrzre npoqecc
Or .rero 3aBI{c.rIT IxI{p
Karosa 3oHHat
O6tscHr.rle Mexarrr4

rroJryrrpoBoAHLIKOB.

Kaxon Suszuecxzfi cvr
rlerr o6rscnrerct

MeTaJTJTOB r,r [onyflpoBo
O6rscuzre saBvrcu

uocr.rreneft gaps.Ia B rroJry
3Cl, O6r.scume Sr,rsr.ruecxne
31. Hapzcyftre oHeprerLr

cocrol4T .qefi crrue Bnerrr
32.. 9ro Ha3brBaerot

pa4uoarTunurx?
33. Ha .rela ocHoBaH rrpuH

Kaxue upu6oprr rpvMe
O6tscnprre ycrpoftcrno
Onuruure [poqeccbr, r]
llepe.rucnure Szruvec

r43nr{eHr,r{ c BerrIecTBoM.
B rteM 3aKrloqarorot

sneKTpoHoB Ha gJreKTpOHa

27.
28.

29"

34.
35.
36.

a4Jt.

38.

39.
40.

Cre(paua - Eolrqvaua rr cMerrleHnxl)usa.
- .{Nranca v flo.f,clntrre c}Tr, "ylrrpa$uoneronofi

rrKa r{ flo.flcHr,rre cyrb ero rnanrosoft f[rrore3br.
r{ HeqepHoe, r4MeeT Bbrrue TeMnepaTypy, ecJrrr r4x ,pKocTr{

rril3brBaeMoe Soros$ $eKroM.
(poroe(f @exra. I] qel4 erlr 3ilKOHbI rlpoTr4BOpeqaT

rcoft (pusr.rru?

.fl norHonofi KaprrrHe u3ryqeHr4r, o 6recurzrr (f oros 1| $ err?
KTa, lrcxoAx rzs $oprr,rynrr 3fiHnlrefiHa.

qa (foros(f(fexta. r{eu onpe4eJrreror qrrcnoBoe 3uarreHrle
BJrr{f, er Ha rroJroxeHrze Kpacuofi rpauzqrr $ oros(f (f erra?
14 KaKOBa ef o BoJrbTaMlepHalr xapaKTepr4crrzr<a?

MoAenb aroMa Touncona?
nofi Pesep(fop4oru rnaHerapnoft uo4enu arowa?

v aroMa, upe4noxeHnofi Boponr? C(fopruynzpyfire
HeAocrarKr4 Teoprrr{ Bopa?

bre cepvu aToMa. BoAOpOAa.
HUVL BO3MOXHbT MexAy gJreKTpoHaMr{, ycKopreMbrMr{

lt?
(Dpanra z fepua, r.r KaKVe ocHouHhre BbrBo.rlrr MoxHo
?

OIIIICbIBaIOT COCTOIIHIIO Ml{KpOqaCrraqr,r?
oe cocTo.f,Hue r,I3OJrr{poBaHHOrO aronra?

r sHepfeTr,rqectKr4x 3oH B TBepAoM TeJre.
pa:|pelreHHoff soHrr rr qr4cJro yponHefi n nefi?
lpoBoAHt4 Ka, rroJrynlpoB oAHr.rKa r,r us onrropa?

co6creeunofi v npzuecuofi npoBolr4Mocrr4

tloHrrr.rr ypoBH{ Oepnaa?
qr{e reMrreparypuofi 3aBr4 ctlrMocrr{ gJreKTpolpoBoAHocrr4 y
rKos?

floJroxeHr.rr ypoBHr Oepnara r{ KoHrleHTpaquz cno6olHbrx
poBo,4Hr4KaX OT TeMneparypbr.

rleccbr, flporcxoAsrqIae nrpra o 6par on au krrr p_n repexoAa.
3oHbr B o6nacru p-n [epexola u o6rgcuvre, B qeM

3[eKTpuqecKoro roJrq Ha p-n [epexoA.
euocrrrc? Kaxrae npoqeccbr orHocrrc.fi K LII4CJIy

II perl4OTpaqlllu lI LI3M epeHl,Ifl paAr.rOaKTr.IBHOf O llgly,renus?
Arr.rr grr4x uenefi?

[pr4Hrlr4[ geftcrnun cqerqr.rKa fefirepa.
I4CXOASTqI1Ie B fa3opa3p.f,AHbrx cqeTqvKax,

[poqeccbr, rrpoucxoArrrltle flpu nsarauo4efi cr]fLrvr B-

rpoqeccbr yllpyrofo, pacceflHkrfl. 3|JIeKTPOHoB s.ApAMu,

14 9Heprrrr{ qacTr4rlbr npu npoxoxAeHr4rr qepe3

o)KAeHI,rU gJreKTpoHa qepe3 nouorrErelr?
xoxAeHr,I{ qepe3 lrofJroTrrTeJrb MoErogHepreTprrlecKr4x p-
rrlero Herrpeprrnnuii gHeprerr{qecruft cnexrp?
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HO.TEXIII4qECI(OE OBECIIEITIEHIIE
AI,ICqUlJrI,IrIhI
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naooparopurx gan.f,rzfi ocHarrlerrhr ycraHotsKaMu .rIJu

Eonrurrlaua.
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conpoTr4 B JreHr{r [ony[poBoltHr4 KOB.

I,ICTLIK TepMOqytsCTBt4'reJrbHbrX CroflpOTr{Blenrafi .

Sorocouporr.rB Jren[r.
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u noyr6yrou.
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