BEJIOPYCCKHUM I'OCYJIAPCTBEHHBIA YHUBEPCUTET

VTBEPX/JIAIO

Pekrtop benopycckoro

IMMPOI'PAMMA I'OCYJAPCTBEHHOI'O 9K3AMEHA
JUIsl CIIELUAIBHOCTH

1-31 04 01 ®u3uKa (110 HANPABJIEHHUSIM)
HAIpaBJIeHUE CIEeLUATBHOCTH
1-31 04 01-02 ®usuka (MPOU3BOACTBEHHAS 1EATEIBHOCTD)

20251,



[Iporpamma rocymapcTBEHHOTO SK3aMeHa s crienuanbHocT 1-31 04 01 dusuka (1o
HANpaBJICHUSAM)  HANpaBICHUS  CIELHATBHOCTH 1-31 04 01-02  Pusuka
(TPOM3BOACTBEHHAsT JIEATENBHOCTh) pa3paboTaHa Ha OCHOBE 00pa30BaTEbHOIO
craniapra Beicmero obOpasosanus OCBO 1-31 04 01-2021, yTBepkIEHHOTO H
BBEJICHHOI'0 B JICHCTBHE MOCTAHOBIEHHEM MuHuUCTepeTBa oOpasoBanus PecryOuku
benapycp ot 25.04.2022 Ne 98; y4eOHBIX MpOrpamMm IO y4E€OHBIM IMCIUIUIMHAM
«MounekynsipHas ¢usukan Ne Y]I-10856/yu. or 06.01.2022, «DnekTpuuecTBO ©
marHetusm» Y/I-10853/yu. or 01.07.2022, «Ontuka» Ne V]-11128/y4. or
08.07.2022, «®u3nka aroma 1 aTOMHbBIX sIBI€HUN» No-12165/y4. o 05.07.2023.

COCTABUTEJIA:

H.U.I'op6auyk —3amecTurens AekaHa GU3HIeCKoro pakyprera 1o yuebHoit padore
1 00pa3oBaTelbHBIM MHHOBALMAM Benopycckoro rocyapcTBEHHOTO YHUBEPCHUTETA,
KaHAuAaT GPU3MKO-MATEeMaTHUYECKUX HayK, JOLICHT;

A.M.Cnoboasiniok — 3aBejyrommii kadenpoit obmeit ¢usuku benopycckoro
rocy1apCTBEHHOTO YHUBEPCUTETA, KaHAUIAT PU3UKO-MATEMAaTHIECKUX HAYK, JIOLEHT;
AJLToseTuk — 3aBenyrouuid kadenpod JsazepHOH (QU3MKH M CIEKTPOCKOTHHU
benopycckoro rocyiapcTBEHHOrO yHUBEPCHTETA, JOKTOP (DU3UKO-MATEMATHYECKUX
Hayk, rpodeccop;

B.B.YruioB — 3aBemyroumii kageapoil GU3MKH TBEPIAOro Tejia U HAHOTEXHOJIOTHi
benopycckoro rocyaapCcTBEHHOIO YHHUBEPCHTETA, JOKTOP (DHU3MKO-MAaTEeMAaTHYEeCKUX
Hayk, npodeccop.

PEKOMEH/IOBAHA K YTBEPKJIEHHUIO:
CoBeroM ¢usnyeckoro hakyabrera
{ripotokon Ne 5 ot 28.12.2024);

oz

IIpencenarens Coeta M.C.TuBaHoB
&

HayuHo-meTonnueckum coetom BI'Y

(mporokon Ne 6 ot 16.01.2025)




HOACHUTEJBHASA 3AIINCKA

['ocynapcTBeHHBIN SK3aMEH SIBIIETCS OAHOU U3 00s3aTENIbHBIX COCTABIISIONINX
WUTOTOBOM aTrTecTanuud CTyAeHTOB. I[IporpamMMma rocymapcTBEHHOTO 3K3aMEHa I10
cneuanbHoctd  1-3104 01  dusuka (o  HampaBiCHHUSIM)  HaNpaBICHUS
cnenpanbHocT  1-31 04 01-02  ®duswka (IpOU3BOJCTBEHHAs  JACSATEIHLHOCTD)
pa3paboTaHa B COOTBETCTBHU C TPEOOBAHMSIMU TOCYIAPCTBEHHOTO 00pa30BaTEILHOTO
cranaapra | crynenu Beiciiero oopazoBanus U [IpaBunamu npoBeieHUs: aTTecTaluu
CTYJIEHTOB, KYpCaHTOB, CIIyIIaTeled PU OCBOCHHUM COJIEpKaHUsI 00pa30oBaTEIbHBIX
MPOTrpaMM BBICIIETO 00pa30BaHUS.

[IporpammMa TOCYAapCTBEHHOIO SK3aMEHa ONpEeNesieT U perjaMeHTHPYEeT
CTPYKTYpPY U COJEpKaHHE TOCYJapCTBEHHOTO 3JK3aMeHa IO CIeNUaIbHOCTH |-
3104 01 dwusuka (1Mo HampaBieHUsAM), HampaBiaeHue crenuansHocTr 1-31 04 01-02
®dwu3zurka (MpON3BOJCTBEHHAS JIEATEIBHOCTD).

B mporpammy rocyaapcTBEHHOTO SK3aMeHa BKITFOUAIOTCS CIASAYIOIINE yIeOHbIC
JTUCHUTUINHBI, MOIyNu: «MouekymsipHas Gusuka», « ANEKTPUIECTBO U MATHETU3MY,
«Onrtukay, «Pu3nKa aToMa U aTOMHBIX SBIICHUN.

['ocynapcTBeHHBIM SK3aMEH MPOBOJUTCS HA 3acellaHuU TOCYAapCTBEHHOU
DK3aMEHAIIMOHHON KOMHUCCHH.

Ilenb mpoBeaeHus rocyIapCTBEHHOTO dK3aMeHa 1o crnenuainbHoctu 31 04 01
®uzrka (MO HAMpaBlIEHUSM) — BBIABICHHE KOMIETCHIIMN CIElUaanucTa, T. .
TEOPETUUECKUX 3HAHWN M TMPAKTUYCCKUX YMCHHHA, HEOOXOAMMBIX I PEIICHUS
TEOPETUUYECKHUX U MPAKTUYECKUX 3a]1a4 CIICIIHAIMCTA C BBICIIMM 00pa30BaHUEM.

[Tporpamma rOCyAapCTBEHHOTO pK3aMeHa HOCHUT CUCTEMHBIH,
MEXIUCITUTUTMHAPHBIN XapakTep W OPUEHTHUPOBAHA HAa BBISBICHHE y BBITYCKHUKA
oOmenpodeccHoHanbHbIX U CIIENUATbHBIX 3HAHUN U YMEHUN. BBITTYCKHUK TOKEH:

3HATh.

— o0mue MeToabpl U3MEpPEeHWH (PHU3WYECKUX BEIWMYHMH, CTATHCTHYCCKUN W
TEPMOIUHAMHYECKUH MOAXO0IbI K OTIMCAHUIO TEPMOAMHAMUYECKUX CUCTEM; OCHOBHBIC
3aKOHBI M METOABl TEPMOJAWHAMHUKH, OCHOBHBIC TPHUHIIUAIIBI CTATUCTUYCCKON
MEXaHUKH, MHKPOKAHOHMYECKOE€ W KAHOHWYECKOE paCIpeeieHus; CBOMCTBa
pEaNIbHBIX I'a30B U KUIKOCTEM;

— OCHOBHBIC 3aKOHBI JIEKTPOMArHUTHBIX B3aUMOJCUCTBHI; 3aKOHBI TTOCTOSSHHOTO H
MEePEeMEHHOTO0 TOKa; ypaBHeHWs: MakcBemia Juisi Tojied B BaKyymMe€ M CIUIONTHBIX
cpelmax; CBOWMCTBAa JHMAJCKTPUKOB M MAarHETHUKOB, TEH30p OSHEPTHU-UMITYJIbCA,
MOTCHITHAIIBI JICKTPOMArHUTHOTO TTOJIS;

— OCHOBBHI DJIEKTPOMArHUTHOW TEOPUHU CBETA; SBJICHUS UHTEphEpeHITNHU U Tudpakium;
MIPUHITUIIBI TEHEPAITNH CBETa; (DU3UICCKUN MEXaHU3M M3TYUCHHUS DJICKTPOMArHUTHBIX
BOJIH;



— OCHOBBI HCTOPHH Pa3BUTHS (U3UKU MHUKPOSIBICHHH (IKCIIEPUMEHTAa U TEOPHH);
OCHOBHBIC TIOJIOKCHHS ¥ TIPUHIIAIIBI KBAHTOBOW MEXaHUKU; ONEPATOPhl (PU3NIECKUX
BenuunH; ypaBHeHue lllpenunrepa; Meroabl KBaHTOBO-MEXaHUYECKOTO OMUCAHUSA
aTOMOB, MOJICKYJI U KPUCTAJLIOB;

yMeTh:
—  BBIIOJHATH  pacyeTbl  TEPMOJUHAMUYECKUX  TMPOIECCOB;  HUCIOJIb30BATh
CTATUCTHUYECKUE PACTIPEACIICHHUsI TPU PEIICHUH 3a/1ad; OOOCHOBBIBATH 3aKOHBI
TEPMOJIMHAMHUKNA METOJaMU CTaTUCTUYECKOM MEXaHUKH; pellaThb MPaKTUYECKU
Ba)KHBIE 337]a4l TEPMOJIUHAMUKU U (PU3UUECKON KUHETUKH;
— pacCUMTHIBATh DJIEKTPUYECKHE W MarHUTHBIC TIOJII B BaKyyMe M BEIICCTBE;
BBITIOJIHATh pacyeT ILeTei KBa3HCTAIlMOHAPHBIX MEPEMEHHBIX TOKOB; MCIOJIb30BaTh
3aKOHBI AIEKTPOMAarHeTU3Ma P PEIICHUH 3a]1a4; MPUMEHSTh ypaBHEeHUsT MakcBeia
JUTS pacueTa 3JIEKTPOMAarHUTHBIX MOJICH;
— pemarh 3aJa4d TEOMETPUYECKOM U (U3WYECKON ONTHUKH; aHaJIU3UPOBATH
MPAKTUICCKUA BXKHBIE CXEMbl HHTEPPEPECHINH U TUDPaKIIHH;
— IPUMEHSITh TEOPHIO bopa /It OIIEeHKW OCHOBHBIX ITapaMEeTPOB aTOMOB; MPUMECHSITh
KBaHTOBO-MEXaHWYECKUN MOAXOJ JUIsl OOBSICHEHUSI aTOMHO-MOJICKYJIIPHBIX SIBIICHUN
W pacyueTa XapaKTEPUCTHK AaTOMOB, MOJICKYJ ¥ KpPHCTAJJIOB;, CBS3BIBATh
XapaKTEPUCTUKU AaTOMOB M MOJEKYJI C HMX ONTHYECKUMU U PEHTTE€HOBCKUMU
CIEKTPaMH; HAaxOJIUTh COOCTBEHHBIC 3HAYCHHUS M COOCTBEHHbIE (DYHKIIMHM Pa3HBIX
OTIepaToOpoB (PU3UICCKUX BEITUYHH IS IPAKTHICCKU BAXKHBIX CITyJacB;

BJIA/IETh:
— METOJaMH DKCIEPUMEHTAIBHBIX HCCIIEIOBAHUN TEPMOJAMHAMUYECKUX CHCTEM;
MeToJaMu  OOpabOTKU  pe3yJbTaTOB  AKCIEPUMEHTAIBHBIX  HMCCJIEIOBaHUM;
MaTEeMaTUYECKUMH METOJIaMH PEILCHUs 3a7a4 TEPMOJUHAMUKH U CTATUCTUYECKOMN
busuKy;
— METOJaMHU DKCIEPUMEHTAIBHBIX HCCIICIOBAHUNA DJIEKTPUUECKUX W MAarHUTHBIX
CBOMCTB BEIIECTB; METOJAAMHU OSKCIEPUMEHTAILHOTO MCCICIOBAHUS DICKTPUUECKUX
nernel; MaTeMaTHYeCKMMH METOJaMH peIIeHUs 3aJad 10 JJIGKTPUYECTBY U
MarHeTU3My; MaTeMaTHYeCKUMHU METOJaMH JJICKTPOJUHAMUKH; METOAaMH pacuéra
AIIEKTPOMATHUTHBIX TOJICH
— METOJaMH DKCIIEPUMCHTAJIbHBIX HWCCJICIOBAHMA ONTHYCCKUX SBICHHUHA, —
MaTeMaTHYECKUMH METOJaMU PEIICHUS 3a/1a4 1O OTNTHKE.
—  TepMHHOJOTHMEH  (U3MKKA  MUKPOSBICHWH;  HaBbIKAMH  IPOBCICHHS
AKCIIEPUMEHTATBLHBIX WCCIICI0OBAHMM aTOMHO-MOJICKYJISIPHBIX SIBJICHH;
MaTEeMaTUYECKUMH METOJaMHU PEIICHUs 3a/lad aTOMHOU (DU3WKH; MPUOIMKEHHBIMU
METO/IaMH OITMCAaHUS KBAaHTOBOMEXAHHUECKHX CHCTEM.

OcBoenue oOpazoBaTeabHON MporpaMmsl 1o cnenuanbioctu 31 04 01 dusuka
(mo HampaBieHusiM) HampasieHus —crnemuanbHocTH  1-31 04 01-02  Dwusuka
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(MpoU3BOICTBEHHAS IEATEIBHOCTH) JOHKHO 00eCcTIeuynTh ((OPMUPOBAHUE CIIECAYIOIINX
KOMITCTCHIIUI:
YHUBEPCAIbHbIE KOMNEMEHUUU.

YK. Brnagetre OCHOBaMH HCCIIEIOBATEIILCKON JESATEIBHOCTH, OCYIIECTBIIATH
MIOWCK, aHAJIN3 ¥ CUHTE3 WH(OPMAITIH;

VK. Pemate craHgapTHbIe 3a7a4u IpodecCHoHaIbHON AeATEILHOCTH Ha OCHOBE
npUMeHEHUS HHOOPMAITMOHHO-KOMMYHHUKAITMOHHBIX TEXHOJIOTHH;

0azoevimu npogheccuoHanbHLIMU KOMNEMEHYUAMU.

BIIK. IIpuMeHST, OCHOBHBIC TOHSATUS W TPEACTABICHUS KJIACCUUYECKOM
TEPMOJMHAMHUKA W MOJIEKYJAPHO-KUHETUYECKON TEOPUU B MCCIEIOBAHUU Ta30B,
JKUJIKOCTEH, TBEPJbIX TeJ, TEINIOBBIX U AUG(PY3HOHHBIX IPOIECCOB, padOTaTh C
puOOpaMH I U3MEPEHUSI MAaKPOCKOITMUECKUX XapaKTEPUCTHK BEIIECTB;

BIIK. IlpumeHATH 3aKOHBI ANEKTPOMArHETM3Ma [UJI pacyera JBJIEKTPHUYECKUX
HeTe, Ipu aHaIM3e 3JIeKTPOPU3HMUECKUX CBOMCTB BEIIECTBA U IMPUHIUITHAIBHBIX
ANEKTPUUYECKUX CXEM, MPU MPAKTUUECKOU paboTe C AIEKTPUUECKUMH MPUOOpaMu U
YCTPOMCTBAMU;

BIIK. ITprMeHsTh 3aKOHBI BOJIHOBOM U TEOMETPUUECKOMN ONTUKH, 3aKOHOMEPHOCTH
B3aUMOJICHUCTBUSA ONTHUYECKOTO M3JIYyYCHUS C BEHIECTBOM JUISl PEHICHHUS 3aaad
AKCIEPUMEHTAIIBHOTO U TEOPETUYECKOT0 MCCIEAOBAHUS MaTepUaTIbHBIX OOBEKTOB U
ONTHUYCCKUX CUCTEM;

BIIK. IIpuMeHSTh KBAaHTOBO-MEXaHUYECKHUUM MOJXOJ] I OOBSICHEHUS] aTOMHO-
MOJICKYJIAPHBIX SIBJICHUHN U OLIEHKH XapaKTEPUCTUK aTOMOB, MOJIEKYJI U KPUCTAJLJIOB.

HOPAJOK NPOBEJAEHUA 'OCYIJAPCTBEHHOI'O DK3AMEHA

Dk3aMeH (OTBETHI CTYICHTOB U 0ece/ia ¢ 9K3aMEHYIOIUMHUCS) MPOBOJIUTCS Ha
PYCCKOM HJIA OEIOPYCCKOM SI3bIKE.

B Xxoxe moAroToBKHM 3K3aMEHYIOUIMECS HMMEIOT MPaBO MCIOJIb30BaTh y4eOHbIE
IporpamMMbl COOTBETCTBYIOIIMX TUCIMIUIMH, HAYYHYIO U CIIPABOYHYIO JINTEPATYpYy.
Taxoke B mpoiiecce MOATOTOBKA MOXET OBITh MCIOJIB30BAH IBPUCTHUCCKUI TMOIXO,
KOTOpBIM  TMpPENIoJiaraeT: OCYIIECTBIEHUE CTYJACHTaMU JIMYHOCTHO-3HAYUMBIX
OTKPBITUM  OKpPY)KAIOLIEr0  MHpa; JEMOHCTpAIMI0 MHOrooOpasusi  perieHui
OOJBIIMHCTBA MPO(PECCHOHATBHBIX 33a4 M MU3HEHHBIX MPOOJEM; TBOPUYECKYIO
caMopeaIn3alnio 00yJaromuXcs B IpoIiecce Co3/1aHusi 00pa30BaTeNIbHBIX MPOAYKTOB;
WHIMBUyaIU3alli0 00y4eHUsl yepe3 BO3MOXKHOCTh CaMOCTOSTENBHO CTaBUTh LIEJH,
OCYIIIECTBJISTH PeIICKCHIO COOCTBEHHOM 00pa30BaTeIbHOM JACSTEIIbHOCTH.

Ha noarotoBky k oTBeTy oOyuatorieMycst oTBoAuTCs He MeHee 30 MUHYT U He OoJiee
OJTHOTO aCTPOHOMHMYECKOro 4aca. B ciiyduae HEOOXOJUMOCTH TOJArOTOBKA K
MPAaKTUYECKON YacCTH MPOXOIUT JAOMOJHUTEIHHO B KOMITBIOTEPHOM KJIACCE B TEUCHHE

30-60 MmunyT. Bpems, KoTopoe OTBOAHUTCS Ha OTBET OAHOTO dK3aMeHyrorerocs - 10 30
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MUHYT.
CTPYKTYPA DK3AMEHAIIMOHHOTI'O BUJIETA

Bompocel  3K3aMEHAIMOHHOTO  OmieTa 1O  Y4eOHBIM  JHCHUTIIMHAM:
«MonekynsipHast Qusnka», «INEKTPUUYECTBO U MarHeTusm», «Onrtukay, «dusuka
aTOMa U aTOMHBIX SIBICHUI» OTPakKaroT COJIEp)KaHUe 00pa30BaTEIIbHONU MPOTPAMMBI
no cnenuaidbHocTd 1-3104 01 @usuka (Mo HampaBiIeHUSIM), HaMpaBJICHUS
cneruanbHocTH 1-31 04 01-02 ®usuka (mpou3BOICTBEHHAS EATCILHOCTS).

DK3aMEHAIlMOHHBIA OWJIET COCTOMT W3 JBYX 4YacTel: Teoperndeckon (3
BOTIpOca) M MpakTudeckoi (1 3amanue B BUae MUHHU-KeHCa), MO3BOJSIONINX OLIEHUTH
MIOJIYYCHHBIC B MPOIIEcCe O0yUCHUS TEOPETHUCCKIE 3HAHUS U TTPAKTUICCKUE HABBIKH.

XapakTepucTruKa TEOPETUUECKON YaCTH:
B Teopernueckoil 4acTH MpeCTaBIEHBI BOMPOCHI, OTHOCAIINECS K OCHOBHBIM

MOJIOKEHUSAM  (DU3MYECKHX  TEOpHM,  OMKCHIBAIOIIMX  TEPMOJMHAMUYECKHE,
IEKTPOPUZNIECKIE, ONTHUYCCKHEC M KBAaHTOBOMEXHAMUYECKHUE SBJICHHS W CBOWCTBA
busnueckux 00bEeKTOB U cucTeM. [IpuMepsl BOIPOCOB MPEICTaBICHBI B pa3jenax 1-4
TeopeTudeckoii yactu «Coiep>kaHue MPOrpaMMbl TOCYJAPCTBEHHOTO K3aMEHa.

XapakTepucTrKa MPAaKTHIECKOW YacCTH:

CopepxaHue TMPaKTUYECKOW YacTH IK3aMEHAIMOHHOTO Ouiera OTBEYaeT
y4eOHBIM MporpamMmaM JUCHUIUIMH “‘MoiiekynsipHas ¢usuka”, “OIEKTpUYEeCTBO U
MarHetusm”’, “Ontuka”, “@u3MKa aroMa M AaTOMHBIX SIBJIICHHM B YacTH HX
MPAKTUYECKOr0 HMCHoib30BaHus 1o crnenuanu3amusm 1-31 04 01-02 05 Jlazepnas
¢usuka u cnexkrpockonus, 1-31 04 01-02 11 ®dusuka 3amMTHBIX TOKPBITHH, 1-31 04
01-02 13 PammonaneHas sHepretuka. [[pumepsl 3aianuii mpeacTaBieHbl B pazaenax 1-
3 MPaKTUYECKOM YaCTH.

Pacnipenenenrie TEOpETHYECKMX BOMPOCOB W TMPAKTHYECKUX 3aJaHUAN TIO
owneram s cnenmanu3anuii 1-31 04 01-02 05 Jlazepnast pusuka u CHEKTPOCKOTIHS,
1-31 04 01-02 11 ®usuka 3ammTHBIX MOKpeITHi, 1-31 04 01-02 13 PamumonansHas
AHEPreTUKa U3MEPEHUM MPE/ICTABICHBI B TAOJIHIIE:

Cnenmnamuzarust | Borrpoc Nel Bompoc Ne2 Bormpoc Ne3 [IpakTuueckoe 3ananue
1-31 04 01-02 05 | Pasnmen 1 Pasnen 2 Paznen 4 Pa3zpnen 3 Teop-it. yactu,
Jlazepnas TE€Op-M 4yacTu | Teop-u yacTtu | Teop-ui yactu | Pasnen 1 mpakr-i. yactu
¢uzuka u

CHEKTPOCKOTHUS

1-3104 01-02 11 | Pa3nmen 2 Pasnen 3 Pasnen 4 Pazpnen 1 Teop-ii. uactu,
®dusuka TEOp- YaCTU | Teop-U 4acTu | Teop-u yactu | Pasznmen 2 mpakrt-id. yacTu
3aIUTHBIX

MTOKPBITUI




1-31 04 01-02 13 | Paznen 1 Pasznen 3 Pasnen 4 Paznen 2 Teop-ii. yacru,
PannonaneHas Teop-il yacTh | Teop-il vactu | Teop-il wactu | Pasgen 3 mpakt-il. yactu
JHEpPreTHKa

JUist yTOuHeHHus 3K3aMeHauMoHHOW oTMmeTku uieHbl ['OK Moryr 3amaBath
oOyuaroliemMycss JONOJIHUTEIbHbBIE BOIPOCHl B COOTBETCTBUM C MPOTrpamMMOin
rOCyAapCTBEHHOI0 dK3amMeHa. KoIu4ecTBO JOMOIHUTENBHBIX BOIIPOCOB HE JOJDKHO
IIPEBBIIATH TPEX.



COILEPKAHHUE ITPOI'PAMMBLI 'OCYJAPCTBEHHOI'O 9K3AMEHA

TEOPETUYECKAS YACTDb
Paznea 1. YueOonas gucuuiuinia “Modiexkyisipaas ¢pusuka”

Tema 1. MakpoCKONIMYE€CKOE U MUKPOCKOITMYECKOE COCTOSIHUS BEUIECTBA.

MuUKpoKaHOHUYECKUH aHcamOJib, pa3iauure MukpococtosiHui. Iloctymar
PaBHOBEPOSTHOCTH MUKPOCOCTOSIHHUM, CpeHee 10 aHCaMOJIIO M CpeJIHEE TI0O BPEMEHH,
aproauyeckas rumnoresa. Pacyer BEpOSITHOCTH MAaKpOCOCTOSIHUS MIEAJIBbHOIO Trasa.
dopMmyiia BEpOsITHOCTH MakpococTosiHus, hopmyrna CTUpIIMHTA.

Tema 2 CraTUCTHYECKHUE pacCTIPEICIICHHUS.

Pacripenenenne MakcBenna - bonsumana. Teopema 0 paBHOpacHpenelieHUU
HEpruM Mo creneHsM cBoboxabl. Pacnpenenenune ['mbOca. Pacnpenenenus bose-
OuiHmTeHa n Pepmu-/lupaxa.

Tema 3. OCHOBHOE ypaBHEHUE KHHETHYECKON TEOPUH T'a30B.

Temnepatypa. TepMoauHamMuyeckoe paBHOBECHUE, IOHATHUE TEMIIEPATYPBI,
OMIIMPHUYECKUE WIKaJIbl TeMreparyp. OCHOBHOE ypaBHEHHE KHHETUYECKOU TEOPUHU
ra3os.

Tema 4. ITlepBoe Hauano TEPMOJUHAMUKH.

BHyTpeHHssT »Heprus Ten, KaJOpUYECKOE W TEPMHUYECKOE YpPaBHEHHUE
COCTOSIHUS, KOJIMYECTBO TEIUIOTHI, paboTra. PaBHOBECHbIE U HEPABHOBECHBIC
npouecchl. OOpaTtumbple U HeEOOpaTHUMbIE MpoLEcChl. TepMHUYECKUE U TEIUIOBbIE
CBOMCTBA TeJ. TennoeMKOCTh M30TPOMHBIX U OTHOPOIHBIX TE. BHYTpEeHHSIs1 SHEprus
UICAIBHOTO Tra3a. TemIoeMKOCTh HJIEAJIbHOIO0 Ta3a, pPACXOXKICHUE TEOPUH
TEIUIOEMKOCTEN UAECATBHOTO r'a3a ¢ SKCIIEPUMEHTOM.

Tema 5. IIpoueccel B uacanbHOM rase.

VYpaBHeHue moIUTPOIHOTo nporiecca. Pabora mpu uzonporieccax.

Tema 6. Bropoe HauaJ10 TEPMOANHAMHUKHU.

TeroBass mammua, uuki Kapuo. ®@opmynupoBka Knaysmyca m Tomcona
(KenpBrHA) BTOpOro Hayajga TepMOAMHAMHUKUA. AOCOJIOTHAas TepMOIUHAMUYECKas
HIKaJla TEMIIEpaTyp. OHTPOIHWs, OHHTPONMS HACAIBHOrO rasza. HepaBeHCTBO
Knaysuyca, 3akoH HeyObIBaHMsI DHTPONHMHM B 3aMKHYTOM cucteme. H3meHeHue
SHTPOIUHU TP HeoOpaTUMBIX Tporieccax. CTaTUCTHUECKUI XapaKTep BTOPOro Havaia
TEPMOJIMHAMUKH.

Tema 7. TepmoanHaMuyecKue MOTEHIMAIIBL.

[IpeoOpa3zoBanne MPOU3BOAHBIX TEPMOAMHAMUYECKUX BeIUYWH. CHUCTEMBI C
IIEPEMEHHBIM YHUCJIOM YacTULl. XUMHUYECKHM TOTEHUHAN. TepMOIMHAMHUYECKHUE
HEpPaBEHCTBA

Tema 8. CHiibl MEKaTOMHOIO M MEKMOJIEKYJISIPHOTO B3aUMOAECHCTBHS.
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Nonnas cBs3b, KoBajeHTHas cBs3b. Cuibl Ban-nep-Baanbca. [lotennman
Jlenapna — JI>xoHca.

Tema 9. da3oBbie TEPEXOABI

@da30BbIe MEPEXOAbI MEPBOrO M BTOPOro poaa. YpasHenue Knanenpona —
Knaysuyca. YpaBuenune Ban-gep-Baanbca. 3aBUCMMOCTb JaBJI€HUS HACBIIICHHBIX
napoB oT Temneparypsl. Kunenue, koneHcanus, ¢pazopas AuarpaMmma >KuJIKOCTb-T1ap.
Kpucrammsamus u miaBieHue, cyoiuManus, (a3oBble TuarpamMMmbl. AHOMAaIbHBIC
BemectBa. l[lonmumopdusm. Kunkue kpucramisl. MeTacTaOUIIBHBIE COCTOSTHUS.
[Ty3bipproBast kamepa. Kamepa Bunbcona. Dddexr xoynsa-Tomcona. Cxuxenue
rasos.

Tema 10. XXunakoctu.

CroiicTBa ©  CTpPyKTypa KHAKOCTeW.  TermmoéMKOCTh  KUIKOCTEH.
[ToBepxHocTHOE HaTskeHue. KanumsipHele saBieHHs. [IOBEpXHOCTHO-aKTHUBHBIE
BelecTBa. JlaBjaeHUE HACHIIEHHBIX IMAapOB BOJIM3M HCKPUBICHHONW MOBEPXHOCTH
KUJIKOCTH.

Tema 11. PacTBOpBL.

WneanvHble pacTBOpsl, 3ak0oH Payis, 3akoH ['enpu. PactBopuMoOCTb, TeIuiora
pPacTBOPEHUS, 3aBUCUMOCTh PACTBOPUMOCTH OT TEMIIEPATYpbl. JlnarpamMma COCTOSTHHS
pactBopa. Kumnenue »uakux pacTBOPOB, JUarpaMMa COCTOSTHUSI OMHAPHBIX CMECEH.
OcMOC 1 OCMOTHUYECKOE JTaBJICHUE.

Tema 12. CrimaBsl, TBEpABIE PACTBOPBL, ITOJIUMEPHI.

TBepable Teila, CUMMETPHUS TBEPIABIX TEJI, TPAHCISAUMOHHAS CHUMMETPUS,
TOYEYHBIE TPYIIbI CHMMETPUU. KprcTammnyeckne peieTku, HpUMATUBHAS PELIETKA,
HEOJHO3HAYHOCTh BbIOOpa 0a3uca MPUMUTUBHON PEIICTKU. DJIEMEHThl CUMMETPUU
pemeTky, OO0O03HAYCeHWS aTOMHBIX IUIOCKOCTEH W  HampaBlIeHHH. MeToapl
MCCIIEIOBAHUS CTPYKTYPBI TBEPBIX TEIL.

Tema 13. PeanbHble KpUCTAILIIBI.

Hucnokaruu. Ou3ndeckue mporecchl B KpUCTauiax npu aedopmariusx.

Tema 14. IIpoueccel nepeHoca.

Kunematnueckne XapakTEPUCTUKHA MOJIEKYJISIPHOTO IBHXKEHUS, MOMEPEYHOE
CEUeHHe, CpeAHss JJIMHAa CBOOOmHOrOo mpobera monekyn. Jdudbdysus, nuddysus B
razax v TBEpJbIX Teax, 3aKkoHbl Puka. YpaBHeHue bepHysu.

[IpuMepHBI NTepeYeHb BOMPOCOB M0 pa3aeny | 17 MOArOTOBKY K
rOCyJIapCTBEHHOMY 3K3aMEHY

1. MuKpOKaHOHUYECKUN aHCaMOJIb, pa3IMule MUKPOCOCTOSTHUH.
2. Pacuer BepoOSTHOCTH MaKpOCOCTOSHUSI HAeanbHOro raza. dopmyia
BEPOSITHOCTH MAKpPOCOCTOsIHUS, (hopmysia CTUPIMHTA.

9



Pacnpenenenne Makcsera - boinbnmana.

Teopema o paBHOpacnpeneIeHuH YHEPTUHN TIO CTETICHSIM CBOOO/IBI.
Pacnpenenenne I'n60ca.

Pacnpenenenus bo3ze-Oiinireiina u ®epmu-Jlupaka.

No O bk ow

Temneparypa. TepmoanHaMU4yecKoe paBHOBECHE, TIOHATHE
TEeMIIepaTyphl, SMIIMPUYECKUE LIKATBI TEMIIEPATYP.

oo

OcHOBHOE YpaBHCHHE KUHETUIECKON TEOPHH Ta30B.

9. BHyTpeHHss SHEprus Tej, KaATOPUYECKOE M TEPMUUYECKOE YpPaBHCHHUE
COCTOSIHUSL, KOJTMYECTBO TEIUIOTHI, paboTa.

10.BHyTpeHHSS SHEPTHS UeaThLHOTO Ta3a.

11.YpaBHeHue MoAUTPOIHOTO npoltiecca. Pabota mpu uzomnpoiieccax.

12. TemioBas mamuHa, 1uka Kapho.

13.®opmynupoBka Kmaysuyca u Tomcona (KenpBuHa) BTOporo Haudaia
TEPMOTMHAMUKH.

14. AGconoTHas TepMOAMHAMUYECKAs [IIKaJla TEMIIEpaTyp.

15.9utponms. HepasenctBo Kitaysmyca, 3akoH HEyObIBaHUS SHTPOIHH B
3aMKHYTOM CHCTEME.

16.Cuctembl ¢ IEpeMEHHBIM YUCIIOM YaCTUI. XUMUYECKUMA MOTEHIUA.

17.lonnas cBsI3b, KOBAJICHTHAS CBS3b.

18.Cuibl Ban-nep-Baanbca. [Torenuan Jlenapaa — JIkoHca.

19.®a30BbIe IEPEXO/IBI IEPBOTO U BTOPOTO poOJa.

20.Ypasuenue Kmamnetipona — Kitaysuyca.

21.YpaBuenue Ban-nep-Baannca.

22 .Kunenue, KoHaeHcalus, ¢azoBas Auarpamma >KHJIKOCTb-TIap, (pa3oBbie
JTUarpaMMBbl

23.Kpucrannuszaius v riaBjieHue, cyonumarus, Ga3oBbie JUarpaMMbl.

24 MetacTaOuiIbHBIE COCTOSTHUSI.

25.CBOWCTBa U CTPYKTYpa KUIKOCTEH.

26.TenmoéMKOCTh KUIKOCTEH.

27 .IToBepXHOCTHOE HATsHKCHHE.

28.KanusuispHbie SIBICHUSI.

29.Uneanpubie pacTBOPHI, 3akoH Payrs, 3akon ['enpwu.

30.PacTBOpUMOCTB, TETJIOTA PACTBOPEHHUS, 3aBUCUMOCTh PACTBOPUMOCTH OT
TEeMITepaTyphl.

31./lnarpamma coctostHUS pacTBopa. KwumeHwe IKUIKUX pacTBOPOB,
JUarpaMMa COCTOSIHUSI OMHAPHBIX CMECCH.

32.0cMOC U OCMOTHUYECKOE JABIIEHUE.

33.TBepapie Tena, CAMMETPHS TBEPABIX TEJl, TPAHCISAIIMOHHAS CUMMETPHSL.
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34 Kpuctaimudyeckre penieTk, IPUMHTHBHAS PEIIeTKa, HEOJTHO3HAYHOCTh
BBIOOpa 0a3nca MPUMUTUBHOMN PEIICTKH.

35.0nmeMeHThl CHMMETPHUH PEIIEeTKH, 0003HAUEHUSI aTOMHBIX TUIOCKOCTEH U
HaIlpaBJICHUM.

36.Metozb! nccaea0BaHNS CTPYKTYPBI TBEPABIX TEIL.

37. Aucnokaruu. Gu3nyecKre IpoIecchl B KPUCTAIUIAX MpU AePopMaIiusX.
38.Kunematnyeckne  XapakTEPUCTHKHA  MOJICKYJSIPHOTO  JIBIDKCHWS,
MOTIEPEYHOE CEUCHUE, CPEAHSIS ITTMHA CBOOOTHOTO MPOoOera MOJIEKYII.
39.Iuddy3us, nuddys3us B razax u TBEpABIX TeaaX, 3aKOHbI DuUKa.

40.Ypapuaenne beprysmmm.

Paznen 2. YyeOHasi AMCHMIIMHA “DJIEKTPUYECTBO M MATHETU3M”

Tema 1. DyeKTpocTaTHYECKOE MOJIE B BAKYyME.

3akoH Kysona, 3yeKkTpHuyeckoe —IoJIe,  HAIpsHDKEHHOCTb,  ITPUHLMI
cynepno3utiuu. Teopema Octporpajackoro-I'aycca. PaboTa cui 3JeKTpOCTaTuueCKOTo
I0JIs, TEOpEMA O LUPKYJIALMY BEKTOPA HAIIPSKEHHOCTH 3JIEKTPOCTATUYECKOTO ITOJIS,
pPa3HOCTh MOTEHUHANIOB. [loTeHIMAN MOJIsA: TOUEYHOrO 3apsifia, CUCTEMBI TOYEUHBIX
3apsAI0B U HEMPEPBIBHOTO pachpeaesieHus 3apsaoB. [lone 351eKTpuyeckoro IUIos.
OcHoBHas 3a/1a4a IEKTPOCTATUKH.

Tema 2. DneKTpOCTaTHUECKOE MOJIE PU HAJTMYUU ITPOBOJHUKOB.

[lone 3aps’KeHHOro NPOBOJHMKA MPOU3BOJIIBHOM (DOpPMBI, pacrpeneseHue
3apsI0B 110 NOBEPXHOCTH MPOBOAHUKA. [I[pOBONHMKM B AJIEKTPOCTATUYECKOM IIOJIE,
ANEKTPOCTAaTUYECKas 3aluTa. EMKOCTh YEIMHEHHOTO0 NPOBOJHUKA U CHCTEMBI
IIPOBOJIHUKOB, KOHJIEHCATOPHI U UX COEIMHEHHUE.

Tema 3. DneKTpocTaTHUECKOE MOJIE MPU HATTMYUU JUIJIEKTPUKOB.

Knaccudukauus IudRNIEKTPUKOB, MOJIEKYJIsIpHAas KapTHHA MOJSpU3aLUdU
TUANIEKTPUKOB.  [lOJSIpU30BAHHOCTh JHMANEKTPUKOB (BEKTOp TMOJSIpU3ALNU) U
CBs3aHHbIE 3apsAbl. ONucaHue AIEKTPOCTATUYECKOTO MOJS B IUAIEKTPUKAX, BEKTOP
AIEKTPUYECKOTO CMeUIeHus, JTURJIEKTpUYECKas BOCITPUMMYHBOCTb u
JUAJIEKTpUYECKask IPOHUIAEMOCTh. TemneparypHas 3aBUCUMOCTb BOCIIPUMMYUBOCTH
MOJISIPHBIX U HEMOJIAPHBIX AUAJIEKTPUKOB. [ paHUUHBIE YCIOBUS, NPETOMIICHHE TUHUN
BEKTOPOB HAIIPSOKEHHOCTH M CMEIIEHMsS Ha TPAHULE paslena JAUDIEKTPUKOB
OCHOBHBIE CBEIIEHHS O CErHETORJIEKTPUKAX, JOMEHHAs CTPYKTypa, THCTEpE3HC.
[1b€3027EKTPUKH U UX TPAKTUUECKOE UCTOIb30BAHKE, TUPOIIEKTPUKH.

Tema 4. DHeprus 37EKTPOCTATUUECKOTO OIS,

DOHeprusi B3aUMOJCHCTBUS JAUCKPETHBIX 3apsiioB. DHEPTUsl B3aUMOJACUCTBUS
IPU HEMPEPHIBHOM paCIpe/IeNICHUN 3apsiioB. DHEPTUsl 3apsyKEHHOTO IMPOBOJIHUKA,
KOHJEHCATOpa. OHEPrusl 3JIEKTPUYECKOrO IMOJIsl, IUIOTHOCTh JHepruu. Cuubl,
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JEUCTBYIOIIME B  JJIGKTPUYECKOM TMOJE€ HA: JUCKPETHO M  HENPEPHIBHO
pacrpeielIeHHbIE 3aps/ibl, TPOBOHUKHU, TUIIECKTPUKH.

Tema 5. DneKTpUUeCKU TOK.

VYpaBHEHUE HENPEPHIBHOCTH, CHJIA M IUIOTHOCTh TOKA. 3aKOHBI MOCTOSIHHOI'O
TOKa. Y CIIOBUS CYIIECTBOBaHUS AyieKkTpuyeckoro Toka, J.J1.C. Ilagenue HanpsixeHus,
3akoH OMa Ji1st 3aMKHYTOM 1enu. PaboTa W MOIIHOCTH B II€MU MOCTOSIHHOTO TOKA.
Jluneitnple wenu, npaswia Kupxroda. KsasuctanmmoHapHble TOKH, YCIOBHS
KBa3UCTAallMOHAPHOCTH.

Tema 6.CrarinoHapHOE€ MarHUTHOE TOJIE B BAKYyME.

3aKkoH B3aUMOJICHMCTBUS JIEMEHTOB ToKa (3akoH Jlammaca — buo - CaBapa —
Awmrnepa). Cuna Jlopenua. JIunuu BeKTopa MarHUTHOM MHAYKITUN, MATHUTHBIHN MOTOK,
TEOpPEMa O MOJHOM ITOTOKE, TEOpEMa O LIUPKYJIAILMU BEKTOPA MArHUTHON MHIYKIUU.
BuxpeBoil xapakTep MAarHWTHOIO IOJSl, MarHUTHBIM INOTOK, TEOPEMA O IOJIHOM
noToke. KOHTYp ¢ TOKOM B MarHUTHOM MoJie, paboTa Mo MepeMEIIeHUI0 KOHTYypa ¢
TOKOM.

Tema 7. MarHuTHOE 1IOJIE B BEILIECTBE.

Kitaccuueckast Teopusi HAMarHM4YMBaHUs, BEKTOP HaMarHuunBanus. Onrcanue
MarHUTHOTO TIOJIsl B MAarHETUKAaX, HAMIPSKEHHOCTh MarHuTHOTO noJig. Knaccudukarus
MAarHeTUKOB, MarHUTHAsi BOCIIPUUMYHBOCTh U MPOHUIAEMOCTb. VICTOUHUKN JTUHUN
HaIpPsSKEHHOCTH, TPAHUYHbBIEC YCIIOBUS JJISI BEKTOPOB MHIYKIMHU U HANPSIKEHHOCTH,
MPEJIOMIICHUE JIMHUI, MarHUTHAsL SKPAaHUPOBKA.

Tema 8. DnekTpoMarHuTHAsE UHAYKIIUS.

SBneHHEe W 3aKOH SJEKTPOMATHUTHOW HWHIYKIMH, €r0 BBIBOJ W3 3aKOHA
coxpaHeHusi sHepruu. [Ipupoma CTOPOHHHUX CHJI MPU SIBICHUM JJIEKTPOMArHUTHOM
UHAYKIuY, 1auddepeHnmranbias  GOpMyIUpOBKAa  3aKOHA  AJIEKTPOMArHUTHOM
UHIYKIUU. V3MepeHne MarHuTHOW TPOHUIIAEMOCTU, WHIYKIIMH, HAMpPsKEHHOCTH.
SIBreHre CaMOMHAYKIIMU, UHIYKTUBHOCTh. B3auMHasi UHIYKIUSI KOHTYPOB C TOKOM,
B3aMMHAasi UHJIYKTUBHOCTh. TpaHchopmaTop, SHEPTrUs MarHUTHOTO TOJS KOHTYpa H
COJICHOH/IA C TOKOM.

Tema 9. DnextpomarnuTHbie koseOanusa. KomebaTenbHbIE — KOHTYP,
COOCTBEHHBIC  HE3aTyXarollue JJCKTpOMarHuTHbIe  KosieOanus. CBOOOHBIC
AJIEKTPOMArHUTHhIE KOJeOaHWs B KOHTYpe C AaKTHUBHBIM COINPOTHUBJICHUEM.
BoiHy)X/IeHHBIE ~ DJIGKTPOMAarHUTHBIE  KoJieOaHUsi. AKTHBHOE, €MKOCTHOE U
WHIYKTUBHOE COINPOTHUBIICHHE B IIETHM MEPEMEHHOTO TOKa, UMIEIAAHC. DHEpPrus u
MOIIIHOCTh B IIEMU NEPEMEHHOro TOKa. Pe3oHaHc HampsikeHud. Pe3oHaHC TOKOB.
Tpexda3upiii TOK U €ro MpUMEHEHUE B TEXHHKE U TMepeaade JICKTPOIHEPTUU Ha
paccrosiHue.

Tema 10. MaraeTuku.
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JuamaruetnsM, mnapmoppoBa mnpeueccus. Ilapamarnerukn, 3axkoH Kropn.
Oco0OeHHOCTM  HaMarHUYMBaHUs  (PEPPOMArHETHKOB, JOMEHBL.  THUCTEPE3HC,
3aBUCUMOCTh (PEPPOMATHUTHBIX CBOMCTB OT TeMIlepaTyphl. AHTU(EppOMAarHeTUsMm,
beppuMarHeTusm.

Tema 11. YpaBuennsa Maxkcseia.

[Tonnasa cucrema ypaBHeHud Makcseiuia. Teopuss MakcBeiuia U rpaHulbl €€
IPUMEHUMOCTH, 3JEKTPOMATHUTHBIE BOJIHBI M HMX CBOMCTBA. 3aKOH COXpPaHEHHUS
SHEPIUM JIEKTPOMArHUTHOTO MOJISA, TOTOK SHEPTUH, U3ITyUYCHHUE SJIEKTPOMArHUTHBIX
BOJIH.

Tema 12. DnexkTpruueckuil TOK B peaJibHbIX Cpeaax.

OJIEKTPUYECKU  TOK B BAaKyyMe,  TEPMOJJIEKTPOHHAs  SMHCCHS,
AIIEKTPOBAKYYMHBIE MTPUOOPHI. DIEKTPUUECKHUM TOK B ra3ax, HECAaMOCTOSATEIbHBIN U
CaMOCTOSITENBbHBIN pa3psAabl. OCHOBHBIE THIIBI Fa30BBIX pa3pAnoB. Ilma3ma, ycioBus
IIOJIyYEHHsI U CYILIECTBOBAHMUA IulasMbl. [Ipupona HocuTenen 3apsga B MeTaulax,
KJlaccuueckasi teopusi npooaumoctu ([pyne-Jlopenua). OcHOBHbIE CBEIECHHUS O
30HHOU TEOPHUH MTPOBOJUMOCTH, SJHEPTETUYECKUE 30HBI METAJJIOB, MOJYIIPOBOIHUKOB,
u3onsaTopoB.  CoOcCTBEHHass MPOBOJUMOCTb  IOJYNPOBOJHUKOB. [IpumecHas
(37IeKTpOHHAasT W JbIpOYHas) MPOBOAUMOCTb. PaboTa BbIXOJA AJIEKTPOHA C
IIOBEPXHOCTH  MeTajula.  MexaHu3sM  DIEKTPONPOBOAHOCTH  DIIEKTPOJIUTOB.
3aBUCUMOCTB JIEKTPOIPOBOJHOCTH 3JIEKTPOJIIUTOB OT TEMIIEPATYPHI.

Tewma 13. KoHTakTHBIE SIBIEHUS U OJIYIPOBOJHUKOBBIE TPUOOPBHI.

KoHTakTHBIE SIBJICHMS B METAUIAX, KOHTAaKTHAas PAa3HOCTb IOTEHIUAJIOB,
TepMornapel. KOHTakT moJyNpOBOJHUKOB € Pa3jIMYHBIM THIIOM MPOBOJUMOCTH, P-N
Iepexo] M €ro cBoucTBa. [loMynpOBOOHUKOBBIE IHMOABI M HMX HCIIOJIB30BAHHE.
bunossipHble  TPaH3UCTOPBI HMX HCNOJb30BaHUE. [IOHATHA O MMKPOIJIEKTPOHHBIX
AJIIEMEHTaX, CUCTEMaxX M TEXHOJOTHUSAX. TepMO3JIeKTpoABMKYyWas cuia, 3PdeKT
[leapThe u 3¢ dext Tomcona.

[IpuMepHBIi ITepeyeHb BOMPOCOB MO pa3eny 2 i MOATOTOBKH K
rOCyJIapCTBEHHOMY 3K3aMEHY

1. 3akon Kynona, »2JeKTpUYECKOE TIOJIe, HAMPSHKEHHOCTh, IPUHIIUII
CYTICPITO3HIIHH.

2. Teopema Octporpasackoro-I"aycca.

3. Pabora cui 37eKTpOCTaTUUECKOro TOJIsA, TeopeMa O IUPKYJIAINN BEKTOpa
HANPSHKCHHOCTH 3JICKTPOCTATUYECKOTO TTOJISI, Pa3HOCTh NMOTCHITHAJIOB.

4. TloTeHnMam TOJISI: TOYCYHOIO 3apsija, CHCTEMbl TOYCYHBIX 3apsJIOB U
HEMPEPBIBHOTO pacIpeieeHUs 3apsI0B.

5. Tlone 31meKTpUYeCcKOoro JUTIOJIA.
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6. EMKOCTb yeIWHEHHOTO TPOBOJAHMKA U  CHCTEMBl  IPOBOJHHUKOB,
KOHJIEHCATOPbI U KX COETMHEHHUE.

/. Knaccupukanusi AUAIEKTPUKOB, MOJEKYJspHas KapTHHA IOJISIPU3ALNN
TUAIIEKTPUKOB. [101sIprU30BaHHOCTD TUANEKTPUKOB (BEKTOP NOJIAPU3ALINM) U
CBS3aHHBIE 3apsI/Ibl.

8. OmucaHue HJIEKTPOCTATUYECKOTO TOJII B JUDJIEKTPUKAX, BEKTOP
ANEKTPUYECKOr0 CMEIICHUS, JUAIEKTpUYECKass BOCIPUUMYUBOCTD U
IUBJIEKTPUUECKAs IPOHULIAEMOCTb.

9. OcHOBHBIE CBEIEHUSI O CETHETORJEKTPHUKAaX, JOMEHHas CTPYKTypa,
TUCTEPE3HC.

10.11p€30371€KTPUKU U UX IPAKTUUECKOE UCIIOIb30BAHKUE, TUPOIIEKTPUKH.

11.OHeprus JIeKTPUYECKOTO M0JIsA, INIOTHOCTh SHEPTHH.

12.YpaBHeHue HEMPEPHIBHOCTH, CHJIA U TUIOTHOCTH TOKA.

13.3aKkOHBI MOCTOSIHHOTO TOKa. YCJOBHS CYIIECTBOBAHUS 3JIEKTPHUUECKOIO
toka, J./1.C. ITanenue HanpspkeHus, 3akoH Oma U1 3aMKHYTOM LIETIH.

14.PaGoTa 1 MOITHOCTD B ILIENH MOCTOSHHOTO TOKA.

15.JIunelinbie nenu, npasuna Kupxrogda. KBazucranmonapHsie TOKU, yCIOBUS
KBa3HCTALIMOHAPHOCTH.

16.3ak0oH B3aMMOICHCTBHS JIEMEHTOB ToKa (3akoH Jlammaca — buo - CaBapa —
Awmriepa). Cuna Jlopeniia.

17.JluHuM BEKTOpa MAarHUTHOW WHAYKIIMM, MarHUTHBIM MOTOK, TEOpeMa O
MIOJIHOM MTOTOKE, T€OpeMa O HUPKYJISIIIUU BEKTOpa MAarHUTHOM MHAYKIUH.

18.BuxpeBoii xapakTep MarHUTHOTO IOJIsl, MarHUTHBIM HOTOK, T€OpeMa O
MTOJIHOM TTOTOKE.

19.KoHTYp ¢ TOKOM B MarHUTHOM I10Jie, paboTa 1Mo MEPEMEIICHUIO KOHTYpa ¢
TOKOM.

20.Knaccuueckast Teopusi HaMarHWYMBaHUS, BEKTOp HaMarHUYHWBAaHUA.
OnucaHre MarHUTHOTO MOJISI B MAarHETUKAax, HAIPSKEHHOCTh MAarHUTHOTO
HOJIS.

21 Knaccudukanuss  MarHeTHKOB,  MarHUTHas  BOCHPUUMYHBOCTb U
IPOHULIAEMOCTb.

22.5IBneHne W 3aKOH DJEKTPOMArHUTHON WHIYKIIMH, €r0 BBIBOJ W3 3aKOHA
COXpaHEHUs SHEPruu. SIBjIeHne CaMOUHIYKIUH, THAYKTUBHOCTh. B3anMHas
MHIYKIUS KOHTYPOB C TOKOM, HHIYKTHBHOCTb.

23.Tpanchopmatop, SHEPTUsE MArHUTHOTO TIOJIs1 KOHTYPa U COJIEHOU1a C TOKOM.

24 KonebaTenbHbI KOHTYP, COOCTBEHHBIE HE3aTyXaOIIHNE dJIEKTPOMArHUTHbIE
Kose0aHusl.

25.CBOOOJHBIE DJIEKTPOMArHUTHBIE KOJEOAHUS B KOHTYpE C AaKTUBHBIM
CONPOTUBJIEHUEM.
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26.AKTHBHOE, €MKOCTHOE€ M HWHAYKTHBHOE CONPOTHBICHHWE B LEMU
MEPEMEHHOTO TOKAa, UMIIEIAHC.

27.OHeprus U MOIITHOCTH B I[ENU MIEPEMEHHOTO TOKA.

28.Pe3onanc HanpsikeHuid. PesonaHc TOKOB.

29.TpexdazHblil TOK U €ro IPUMEHEHHE B TEXHUKE U Mepeiade AIEKTPOIHEPTUU
Ha PacCTOSTHHE.

30./InamaraeTusM.

31.[1apamarneruku, 3akoH Kropwu.

32.0co0eHHOCTH HaMarHWYWBaHUs (heppOMarHeTUKOB, JTOMEHBI. THCTEPE3UC,
3aBHCHUMOCTH ()epPOMArHUTHBIX CBOMCTB OT TEMIIEPATYPHI.

33.IlonHas cuctema ypaBHeHH MakcBeria.

34.PaboTa BBIX0OJ1a DJIEKTPOHA C TIOBEPXHOCTH MeTallIa. DINEKTPUISCKUN TOK B
BaKyyMe, TEPMOIJICKTPOHHAS SMUCCHS, IIEKTPOBAKYYMHBIEC TPHUOOPEHI.

35.05eKTpUUeCcKUil TOK B ra3ax, HECaMOCTOSITEJIIbHBIH U CaMOCTOSITEIbHBIN
pa3psiabl. OCHOBHBIE TUIIBI TA30BBIX Pa3PsI0B.

36.Ilpupoma HOcuTened 3apsma B MeTaUlax, KIacCH4yecKas TeopHs
npoBoaumMocTH (Upyne-Jlopenua).

37.0OCHOBHBIE CBEIEHUS O 30HHON TEOPUU MPOBOAUMOCTH, IHEPreTHUECKUE
30HBI METAJJIOB, MOJTYIPOBOJIHUKOB, H30JISITOPOB.

38.CobcTBeHHast MPOBOAMMOCTD IMOJTYIPOBOJHUKOB.

39.1IpumecHast (371€KTPOHHAS U ILIPOYHAS ) POBOJAUMOCTb.

40.KoHTakTHBIE SBIEHUS B MeTallaX, KOHTaKTHas Pa3HOCTh TMOTEHIHAJIOB,
TEPMOIIapBhI.

41 . KOHTaKkT MOJXYIPOBOAHUKOB C PA3MMYHBIM THUIIOM MPOBOAMMOCTH, P-N
IIEPEXO0JI U €T0 CBOMCTBA.

42 .TlonynpoBOAHUKOBBIE TUOBI U UX MCTOJIB30BAHHUE.

43.bunonspHble TPAaH3UCTOPHI X UCIIOJIH30BAHMUE.

44 TToHATHS O MUKPODJIEKTPOHHBIX dJIEMEHTaX, CUCTEMAaX M TEXHOJIOTHUSX.

45.TepmonnexTpoasrkyias cuina, 3ddext [lensrbe u a3pPext TomcoHa.

Pazneua 3. Yueonas nucuumianiaa “Onruka”
Tema 1. BosHbI.

[Inockass MOHOXpoMaTuWyeckas BOJHA, C(HEepUYecKhue MOHOXPOMATUYECKUE

CXOoAImMrECCsa U pacxodAmHreCsa BOJIHBI, IINIOTHOCTHL IIOTOKAa SHCPIUM W HMITYJIbCA
SJICKTPOMAarduTHBIX BOJIH. Cynepnomuml QJICKTPOMAardHuTHBIX BOJIH,

npeodpazoBanue Oypre, HEMOHOXPOMATHUYECKUE BOJIHBI U UX MPEICTABICHUE.

Tewma 2. N3imydyeHne 3JeKTpUYECKOro JUIOJIA.
NHpukatpuca uCHyCcKaHUsl AJIEKTPUYECKOrO JMIOJA, €CTECTBEHHAs MIMPUHA

CHEKTPAJIBHOW JIMHUW, YIIMPEHUE CHEKTPAIbHOW JIMHWUW, OJHOPOAHOE U
HEOJHOPOJIHOE.
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Tema 3. [Tonstpu3zanust 3JIeKTPOMArHUTHBIX BOJIH.

Bunel nmonspusannu, 4ncia0 HE3aBUCUMBIX MOJSPU3ALNM, BOJHA C KPYrOBOM
WIM DJUIMNTAYECKOW TNOJISIpU3alMel KaK CYNEeprno3ulus BOJMH C JIMHEHHBIMU
NOJIIPU3AlMSAMU M JIMHEWMHO MOJSPU30BaHHAs BOJIHA KAaK CYyNEpHO3ULHsS BOJH C
KpyroBo# nosisipuzanueii. CTeneHs Nojaspu3alnm, 3aKkoH Maioca.

Tema 4. dotomeTpusi.

DOTOMETPUYECKUE HSHEPreTUYECKUE U BHU3yaJIbHbIE XapAaKTEPUCTUKU U
eAuHULbl n3nydeHus. OyHKIUsA BUOHOCTH, LBETOBOE 3peHue. Komopumerpuueckue
cuctembl RGB u CMYK.

Tema 5. Untepdepennus cBera.

WNurepdepeniuss BoJIH, UWHTEpPEpEeHIIMOHHAS KApTHUHA, BpEMEHHas U
MIPOCTPAHCTBEHHAs! KOTEPEHTHOCTh. BiMsHHE pa3MepOB HCTOYHHMKA CBETa Ha
BUJIUMOCTh UHTEep(PEepEeHITMOHHOI KapTHUHBI. Nutepdepeniius
HEMOHOXpomMaTtuueckoro cBera. Ctosiune BoJiHbL. UHTEepdepeHIus B TOHKUX IJICHKAX,
MOJIOCHI PAaBHOM TOJIIIMHBI U PAaBHOTO HAKJIOHA, KoJiblia HproTOHA.

Tema 6. UntepdepoMeTphl.

JIByxiyueBble M1 MHOTOJTydeBble HHTEpPepomeTprl. uTepdepomerp Kamena.
Nurepdepomerp Maiikenwcona. Mateppepomerp Panes. Untepdhepomerp dabpu-
I[Tepo.

Tema 7. Ilpumenenne uaTEpGEPEHIIUN.

[IpocBeTiieHHE ONTHUKK, KOHTPOJb KAauecTBAa ONTHUYECKUX IMOBEPXHOCTEH,
U3MEPEHUE C BBICOKOW TOYHOCTBIO IIOKAa3aTeliel MpEIOMJIEHUS  BEIIECTB.
Hurepdepeniimonnsie GunbTpbl. UHTEphEpEHIIMOHHAS] CIIEKTPOCKOTIHSL.

Tema 8. Iudpakuus cera.

[Tpunnun I'oitrenca-@penens, Mmto 30H @penens. Crniupans OpeHens, 30HHas
wiactuHka. J(udpaxus Openens Ha TPOCTEHITUX MPErpagax: KpyrjioM OTBEPCTHH,
Kpyriom aucke, nsaTHo [lyaccona. J{udpaknus Ha kparo mosry0OeCKOHEYHOr0 IKpaHa,
cupasib  Kophro. Ilpubmmkenne Kupxroda, dopmyna mgudpakuuu Dpenens-
Kupxroda. dudpakuus @paynrodepa Ha onHoi menu. JudpaknuonHas peuierka,
dazoBbic U aMIUTyAHO-(a3oBbie pemieTku. Judpakius cBeTa Ha HEMPEPHIBHBIX
MEePUOIMYECKUX U HEMEPUOANIECKUX CTPpYKTypax. Judpakius cBeta Ha JBYMEPHBIX
U TPEXMEPHBIX CTPYKTypax. Judpakius peHTreHOBCKOTO U3Iy4eHUs, (HOpMYyJibl
Jlay»n, ycnoBue Bynnga-bparros.

Tema 9. CiexTpasbHbIC TPHOOPHI.

XapaKTEepUCTUKHU CIEKTPAIbHBIX MPUOOPOB: yriioBasi U JUHEWHAs JUCIIEPCUU,
pasperaroniasi CriocoOHOCTh, AUCTIEPCUOHHAsE 007acTh, Pa3pemarorniasi criocoOHOCTh
ONTUYECKUX MPUOOPOB. nudpakiimonHast Teopusi ONTUYECKUX TPUOOPOB.

Tema 10. ®usuyeckre OCHOBBI MeTOAa ToJiorpaduyecKor  3amucu
MU300PaKEHUM.
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Cxempbl 3alKiCHu U BOCCTAHOBJIEHUS TOHKOCIOWHBIX rojiorpamM. CXeMbl 3alUCU
¥ BOCCTAaHOBJICHHS TOJICTOCIOMHBIX TojorpamMM. [lomydeHue mBETHBIX OOBEMHBIX
n300pakennit. OCOOEHHOCTH roJIoTpaMM Kak HocuTenel nndopmaiuu. [lpumenenue
rOJIOTPaMM.

Tema 11. I'eomerpuueckas onTuka.

['eoMerprueckass ONTHKAa KakK IIPEIENbHBIM CIydyall BOJHOBOM ONITHKHU.
OcHoBHbI€ 3aKOHBI reoMeTpruueckoit ontuku. [ Ipunnun depma, ypaBHEHUE SIKOHANA.
[Ipenomnenue cBera cdepuyeckod MOBEpXHOCThIO. YcnoBue Jlarpanka-
['enbmromnbia. ToHKKME JIMH3BI, TOCTPOCHUE U300PAKEHU B ONTUYECKUX CUCTEMAaX.
[{enTpupoBaHHAsI ONITUYECKAs] CUCTEMA U €€ KapJAWHAIbHBIC dJIEMEHTHI. AbOeppamnuu
ONTUYECKUX cHUCTeM (cepuueckas, XpomMaTHyecKkas, KOMa, aCTUTMaTu3M,
JTUCTOPCHS).

Tema 12. PactipocTpanenue cBeTa B U30TPOIIHOM CpeEJE.

3akoHbl npesnomiieHuss U otpaxenus. opmynsl Openens, 3akoH bprocrepa,
($ha30BbIE COOTHOIIICHUS TIPU OTPAKEHUU U MPEIIOMJICHUM CBETa Ha TPAHUIE JBYX
JTIASJICKTPUKOB.

Tema 13. PactipocTpaneHue cBeTa B aHU30TPOITHOM CpeEIE.

Onucanve aHU3O0TPOIHBIX CPEN, TEH30p AUBIECKTPUYECKON MPOHUIAEMOCTH,
3aBUCUMOCTB JIy4€BOW CKOPOCTH OT HAIpaBJICHUs pacrpoctpaHeHus. lloctpoeHue
['roiirenca 118 OAHOOCHBIX  KpuctawioB. [lnockocty monspuzauuu  BOJH,
PacpOCTPAHSIONIMXCA B AHU30TPONHOW CpPEAE, ONTHYECKAass OChb, OJHOOCHBIE M
JIBYOCHBIE KPUCTaJUUIbl, JABOWHOE JydenperaomieHue. JIuxpousm MOIrJIOLIEHUs,
MOJISIPOUJIHBIC TICHKU. HTepdepeHIus Moaspu30BaHHbBIX BOJIH MPU MPOXOXKICHUU
yepe3 KPUCTAIUIbI, KPUCTAJUIMYECKas IUIACTUHKA B YETBEPTh, MOJIOBUHY U LETYIO
BOJIHY. BpallieHne mI0CKOCTH TOJNSPU3ANMA B KPUCTALTUYECKUX U aMOP(PHBIX
BelIeCTBaX. BpallleHue miocKoCcTu nojasipru3ali B MArHUTHOM MOJIE.

Tema 14. UckyccrBennas anuzorponus. Iddext Keppa. Ipdexkr Korrona-
Mytona. Oddekr [Tokkennca. Ipdext Dapanes.

Tema 15. BzaumoznencTBue cBeTa ¢ BEMmEeCTBOM. J(ucnepcus cBeTa, HOpMaJIbHas
1 aHoMayibHas nucriepcusi. Paccesnue Penes u paccessune Mu. Ilorsnomenue ceera,
3akoH byrepa. Cnektpbl mnoriounieHus. PacrpocTpaHeHue cBeTa B MNPOBOJISAIIMX
cpenax, KOMIUIEKCHBIN MOKa3aTenb npesoMiieHus. uszndeckas CyInHOCTh PaCcCesiHUS
Mannenpirama-bpuirosHa 1 KOMOMHAITMOHHOTO PaCCEsSTHHMS.

Tema 16. TenoBoe u3ydeHUE.

3akon Kupxroda, abcoatoTHO YepHOE TeJo, MOTJIoaTeIbHas U U3 TydaTesbHas
crocoOHOCTh Harperoro tena. @opmyna Buna, popmyna Penes-Jlxunca, popmymna
[Inanka miist TernoBoro u3nydeHus. [[pueMHUKH TEMTIOBOroO U3IIy4YeHUs, IUPOMETPHI,
TETIOBU30PBL.
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Tema 17. ChoekTpsl aTOMOB W MOJIEKYJ. BHIbI JTIOMUHECUEHIIMM U €€
KJIaccupukanus. XapakTepUCTUKU JTIOMUHECICHIIMU: CIIEKTP MOTJIOMICHUS, CHEKTP
JIOMHUHECLICHIINY, KBAHTOBBIN BBIXOJI, NIUTEIBHOCTD, IO PU3ALUs JIFOMUHECLECHLINH.
JIuneityaTele, OJOCATHIE U CIUIOIIHBIE CIEKTPBI MOJIEKYJI. DHEPreTUYECKUN CIEKTP
CJIOXKHBIX MOJIEKYII.

Tema 18. Ycunenue u reHepanusi CBeTa.

CrioHTaHHOE ¥ BBIHY)XJIEHHOE W3JIy4YeHHe, KOd(h(UIIMEHTH OWHINTEHHA.
3aBUCUMOCTb HACEJICHHOCTH JHEPreTHYECKUX YPOBHEH OT IUIOTHOCTH H3IIy4YE€HUS,
WHBEPCHAsl HACEJIEHHOCTh YPOBHEM.

Tema 19. Jlazepsl.

[IpuHuunuaneHas cxema jgasepa. [lopor renepanuu, ycioBHs CTallOHAPHOW
reHepanny. CBOMCTBA JIA3€PHOr0 M3JIYUYEHUs, YIPABICHUE ITapaMeTpaMu JIA3€pPHOIO
u3iydeHusl. OCHOBHBIE THUIIBI JIa3€pOB: TBEPAOTEIbHBIE, XKUIAKOCTHBIEC, Ta30BbIE,
IOJIYIPOBOJHUKOBBIE.  HempepblBHBIE W HMIYJbCHBIE  Jasepsl.  Meron
MOAYJIMPOBAHHON J100poTHOCTH. CBOMCTBa JlazepHOro u3nyyeHus. llpumeHeHue
Ja3epoB.

Tema 20. Henunelinbie sBiIeHAs B onTUKE U ONTHKA ABHKYLIUX CPEL

M cTouHrKN HENMMHENHOMN MOIAPU30BaHHOCTU. KBanpaTndHass HEMMHEWHOCTD U
HEJIMHEWHOCTH 0oJjiee BBICOKMX YpOBHEW. ['eHepanus TrapMOHHUK, YCJIOBHS
IIPOCTPAHCTBEHHOI'O CHHXPOHM3MA JUIS YABOEHUS 4acTOThl. CaMOBO3/ECICTBUE CBETA
B HEJMHEWHOU cpene, camoPokycupoBka u camoaedokycupoBka. MHorooToHHOE
noriouienue ceeta. Jpdext lomnepa, nonepeunsiii r3¢pdekr Homnepa. Uznyuenue
BasunoBa-Yepenkona.

[IpuMepHBIi ITepeyeHb BOMPOCOB M0 pa3eny 3 s MOATOTOBKH K
roCyJIapCTBEHHOMY 3K3aMEHY

1. Ilnockas MOHOXpoMaTHuecKas BOJIHA, CepHUUECKHEe MOHOXPOMATHUUYECKUE
CXOJSIIIMECS M PaCXOJAIIMEcs BOJHBI, IUIOTHOCTh IOTOKAa JHEPTUU H
MMITyJIbCa 3JEKTPOMArHUTHBIX BOJH. CyNeprno3uius 3JeKTPOMarHUTHBIX
BOJIH, mpeoOpa3zoBaHue Dypbe, HEMOHOXPOMATHUYECKHE BOJHBI M HX
IIpEJICTaBICHHUE.

2. MnaukaTprca UCIYCKaHHUs JIEKTPUUECKOTO JUMOJIs, €CTECTBEHHAs IIUPUHA
CHEKTPAJIbHOW JIMHHUH, YIIMPEHHE CIEKTPAIBHON JMHUHU, OJHOPOJHOE H
HEOJHOPOJIHOE.

3. Ionapuzauus cBera, BUIBI MOJIAPU3ALNHU, CTENEHb MOJSPHU3AINH, 3aKOH
Mairroca.

4. DHepreTuyeckue U CBETOBbIE (BU3yalIbHbIE) (POTOMETPUUECKUE BEIIMUNHBI U
€AVHUILIBI UX U3MEPEHUS.
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5. Unrtepdepennuss BoaH, uHTEp(EpEHIIMOHHAS KapTWHA, BpEMEHHas U
MIPOCTPAHCTBEHHAs KOTEPEHTHOCTb.

6. Untepdepenius B TOHKUX IJIEHKAX, MOJIOCHl paBHOM TOJIIIUHBI U PABHOTO
HaKJIOHa, Kojblla HproToHA.

7. Uurtepdepomerp Kamena. HuTepdepomerp MaiikenbcoHa.
HNurepdepometp Panes. Uatephepomerp Dadpu-Ilepo.

8. IlpocBerneHne ONTHKH, KOHTPOJh KAa4€CTBA ONTHYECKUX MOBEPXHOCTEH,
U3MEpPEHUE C BBICOKOW TOYHOCTBIO MTOKA3aTeel MPeIOMIICHHS BEIIECTB.

9. Unrepdepennmonnsie Gpuibtpel. UHTEphEpeHIIMOHHAS CIIEKTPOCKOMUS.

10.Iudpakuus DpenHens Ha MPOCTEHIINX Nperpagax: KpyrioM OTBEPCTHUH,
KpyTrioMm nucke, nsatHo [lyaccona.

11. Iudpaxiys Ha Kparo MoJyO0ecKOHEUHOT0 dKpaHa, ciupaiib KopHro.

12. Tludpakuus @paynrodepa Ha omgHOW menu. JudpaknuoHHaAs pelieTKa,
(a3oBbIE ¥ aMIIUTYIHO-(A30BbIE PEILIECTKH.

13. Indpakuus peHTTeHOBCKOT0 u3ny4deHus, popmyiel Jlays, ycinoBue Bynbda-
bpoarros.

14.XapakTepuCTUKU CHEKTPAIbHBIX M ONTUYECKUX NpUOOpPOB: yrioBas u
JUHEHHas  JWCIEepCHUH, JHCIEpCUOHHAas  o0JacTh,  pa3peliaromas
CIIOCOOHOCTb.

15.Cxemsbl 3anncu ¥ BOCCTaHOBJIEHHUS TOJIOTPaMM.

16.0OcHOBHBIE 3aKOHBI TEOMETPUYECKON ONTHKH.

17. ToHkue JMH3BI, MOCTPOCHHUE HN300paKEHUH B ONTHYECKUX CHUCTEMAX.
LlenTpHUpoBaHHAas ONTHYECKAsI CUCTEMA U €€ KapAUHAJIbHbIE JIIEMEHTHI.

18.Abeppanuu onTuyeckux cucteM (cdepuueckas, XxpoMaTHUecKas, KoMa,
aCTUTMaTU3M, JUCTOPCHS).

19.3akonsb1 pesiomieHus U orpaxenus. Dopmynsr Openens, 3akoH bprocrepa,
(ba30BbIE COOTHOLIEHUS MIPU OTPAKEHUU U MPEJIOMIICHUU CBETa Ha TPaHULIE
IBYX AUAJIEKTPUKOB.

20.0Onucanue aHU30TPOIHBIX CPEJl, TEH30P AUDIEKTPUUECKON MPOHUIIAEMOCTH,
3aBUCUMOCTb JIyY€BOW CKOPOCTH OT HaIlpaBJIEHUS! pACIPOCTPAHECHHUS.

21.I110CKOCTH TOJNISIpU3aLlK BOJIH, PACHpPOCTPAHSIOLIUXCS B aHU30TPOMHOMN
cpene, ONTUYECKas OCb, OJTHOOCHBIE M JIBYOCHBIE KpHCTAJUIbI, JBOHHOE
JTy4ernpenoMIIeHuE.

22.]luxpou3M  TIOTJIOIICHUS, TOJSPOMIHBIE IUIeHKU. HHTepdepeHus
NOJISIPU30BAHHBIX ~ BOJIH  TPU  TPOXOKICHHH  4Yepe3  KPUCTaJUIBI,
KpUCTAJNINYECKasl MIIACTUHKA B YETBEPTh, MTOJIOBUHY U 1IEJIYIO BOJIHY.

23.Bpaiiienue miocKoCTy Mosipu3alim.

24. Jlucniepcusi cBeTa, HOpMajabHasi U aHOMaJIbHAs TUCTIEPCHUS.

25.Paccesuue Mu. Paccesnust Pones u Tunnans.
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26.ITornomienue cBera, 3akoH byrepa. CrieKTpbl MOTIOMIEHUS.

27.®u3nyeckas CyHIHOCTh paccesHuss Mannensiitama-bpunniosna  u
KOMOWHAIIMOHHOTO PACCESHHUS.

28.3akon  Kwupxroda, abcomoTHO depHOEe Telo, TOrJomareabHas |
U3y4yaTeslbHas CIIOCOOHOCTh HArPeTOro Tea.

29.Dopmyna Buna, popmyna Penes-/[xunca, hopmyina [1nanka i1 TEIOBOTO
U3ITyYEHUS.

30.1IprueMHHKY TETIOBOTO U3ITy4eHUs, TUPOMETPHI, TEIIOBU30PHI.

31.Bujibl TIOMUHECIIEHIIUM U €€ KJIacCHuPuKaIus.

32.XapaKTepUCTUKU JIOMUHECIICHIIMN: CIIEKTP MOTJIOMICHNS JTFOMUHECIICHITUH,
CHEKTpP JIIOMUHECIEHIIUU, KBAHTOBBII BBIXOJI, IJTUTEIBHOCTb, TOJISIPU3ALIHS
JIOMHUHECIICHITUH.

33.JIuneituaTeie, MOJI0CATHIC U CIUIOIIHBIE CIIEKTPHI MOJIEKYJ. DHEPTreTUIECKHIA
CHEKTp CIOXKHBIX MOJIEKYJI.

34.CrioHTaHHOE ¥ BBIHYXKJEHHOE U3NyuyeHHe, KodPIUIMEHTh DWHIITEHHA.
3aBUCHMOCTh HACEJICHHOCTH JHEPreTHUYECKUX YpPOBHEH OT IUJIOTHOCTHU
U3JTy4YEeHUs], THBEPCHAs HACEJIEHHOCTh YPOBHEH.

35.[IpuanmmuansHas cxema naszepa. [lopor reneparum, ycioBUs CTallnOHAPHOM
reHepaIu.

36.CBoiicTBa JIa3epHOT0 HW3JIyYy€HUs, YIpPABJIEHUE IapamMeTpaMu JIa3epHOro
U3ITyYEHUS.

37.0cHOBHBIC THIIBI J1a3€pOB: TBEPAOTENbHBIC, >KHIKOCTHBIC, Ta30BBIC,
HOJTyTIPOBOTHUKOBBIE.

38.HempepbiBHBIC U UIMITYJIHCHBIC JIa3€PHI.

39.MeTtoa Moy THPOBAHHOM TOOPOTHOCTH.

40.CpolicTBa 1a3epHOTO U3ITyUCHHUS.

41.TlpumeHeHue 1a3epoB.

42.KBanpaTuvHasi HSIMHEWHOCTh U HETMHEHHOCTH 00JIee BRICOKUX YPOBHEH.

43.T'eneparusi TapMOHUK, YCJIOBHS TPOCTPAHCTBEHHOTO CHUHXPOHU3MA JJIs
YABOEHUS YaCTOTHI.

44.CaMOBO3/ICHICTBHE CBE€Ta B HEJIMHEWHOW cpene, camMoPpOKyCHUpOBKA U
caMo1e(hOKyCHPOBKA.

45.MHOro(poTOHHOE MOTJIOLIEHUE CBETA.

Pa3znen 4. YueOHas 1ucHUILINHA “PU3HKa aTOMAa U ATOMHBIX ABJICHUI”

Tema 1. KopnyCkyJspHO-BOJTHOBOM JTyaau3M.
[Toctynmarel bopa 0 cTanMOHApHBIX COCTOSHUSAX M 4YaCTOTAX WU3IYUYEHHUS IPU
KBAaHTOBBIX II€PEXOJaxX, AUarpaMMbl yYpPOBHEW JIHEPIMM U ONTHUYECKUE CIEKTPBI.
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BopoBckue kpyroBbeie OpOUTHI, YIIPYTHE U HEYIIPYTUE CTOTKHOBEHHUS, ONBIT DPpaHKa U
I'epua. KoprycKyJIsIpHO-BOJHOBOW Jyalnu3M BEIIECTBA, BOJHBI 1€ bpoiis,
HKCIIEPUMEHTHI MO AUPPAKIUU MHUKPOUYACTHUIl (IJIEKTPOHOB, HEUTPOHOB, ATOMOB,
Moutekys1). CocTostHUS U HAOJII01aeMble B KBAaHTOBOM MEXaHUKE, BIUSHUE U3MEPCHUS
Ha COCTOSIHUE (PU3NYECKOM CHCTEMBI.

Tema 2. OCHOBHBIE MOJI0KEHUSI KBAHTOBOW MEXaHHKHU.

KBaHTOBOE COCTOSIHME W €r0 ONMHCAaHWE TPU MOMOINMA BOJHOBOW (DYHKIIHUH,
BEPOSITHOCTHASI UHTEPIPETALIMSI BOJTHOBOU (DYHKIIMU, TPUHIIMI Cyneprno3uiuu. CBs3b
(bu3MYEeCKUX BEJIMYMH U ONEPATOPOB, PUINYECKUIA CMBICT COOCTBEHHBIX BEIMYMH U
COOCTBEHHBIX 3HAYEHUM, OINEpaTopbl KOOPAMHATHI, UMIIyJIbCa U HHEPIUMU.
OpHoBpeMeHHasi U3MEPUMOCTh (Pu3nyeckux BelnyuH. COBMECTHbIE HAOII0JaeMbIe,
COOTHOILIEHHE HEONpeNeIeHHOCTeN sl (u3nyeckux BeauunH CTanroHapHOE
ypaBHeHue lllpenunrepa, kBaHToBaHue »Heprurd. OAHOMEpPHBIC 3a/1a4d KBAHTOBOU
MEXaHHUKH, CKaYOK MOTEHIMaja, MPAMOYIroJibHas MOTEHIMaNbHasA siMa. JIMHEHHBIN
FapMOHMYECKUN  OCHWUIATOP, Y4Y€T  aHrFapMOHMYHOCTH. BnusHue  Buaa
IOTCHIIMAJIbHOW KPUBOW Ha pACIOJIOKEHUE YpOBHEW sHepruu. lloTeHiumanbHbie
Oapbepsbl, TyHHENIbHBINA 3 (PEeKT. 3aKOHBI COXpaHEHUS! B KBAHTOBOM MEXaHUKE.

Tema 3. MexaHW4€CKHA U1 MAarHUTHBI MOMEHTBI aTOMHBIX CHCTEM.

Oneparopsl MOMEHTAa MMITYJIbCA U MX CBOWCTBA, KBAHTOBAaHUE MNPOCKUUN U
KBaJjpaTa MOMEHTa uMItyibca. Knaccudukaius cOCTOSSHUN 1O MOMEHTY UMITYJIbCa,
BEKTOPHASI MOJIENIb CJIOKEHUS YTJIOBBIX MOMEHTOB. MAarHUTHBIA MOMEHT aTOMHOWU
CUCTEMBI, THPOMArHUTHOE OTHOIUeHUe, MarHeTtoH bopa. IIpoctpancTBeHHOE
kBaHTOBaHue, onbIT LlITepHa u 'epmaxa. CrnivH 37€KTpOHA U IPYTUX MUKPOYACTHII.
[TonHbIi YrinoBOoW W MarHUTHBIA MOMEHTHI. CHHUH-OpOUTAIbHOE B3aMMOJCHCTBHE.
MarauTHslii pe3oHaHC U MeTo bl ero Habmonenus (D11P u SAMP).

Tema 4. KBanToBas nprupoja cBeTa.

3akonbl ¢doTodddexra W UX 0OOCHOBAHHME, YpaBHCHHE OWHINTEHHA.
DOTOANEKTPUUECKIE TMPUEMHUKH cBeTa ((OTOdIEeMEHTHI, (POTOYMHOKUTEIH,
(GhOTOANOIBI U ANEKTPOHHO-ONTHUYECKHE MPEe0Opa3oBaTeIin).

Tema 5. 3nmyyeHne aTOMHBIX CUCTEM.

OcuuuisTOpsl 3JIEKTPOMArHUTHOTO 1o U (GoToHbl. [IpaBuna orbopa u ux
CBSI3b C 3aKOHAMHU COXPAHEHHS MOMEHTA HUMITYyJIbCa W YETHOCTU. Bpems xu3Hu
BO30YKJICHHBIX COCTOSTHUM, €CTECTBEHHASI IIMPUHA YPOBHS SHEPTUU U CTIEKTPATIbHOMN
JIMHUM.

Tema 6. CTpoeHHe U CBOWCTBA aTOMOB.

ATOM BOJOpO/Ma, YPOBHH DJHEPTUM M BOJHOBBIC (YHKIIMH DJIEKTPOHA B
BOJIOPOJIONIOIO0HOM aToOM€, paclpeesieHue SJIeKTPOHHOW TIUIOTHOCTU. ToOHKas
CTPYKTYpa YPOBHEMN 3HEPIUU U CIIEKTPAIBHBIX JIMHUK Bopopona. Popmyna Jupaka,
CBEPXTOHKAsI CTPYKTypa. MHOT03JIEKTPOHHBIE aTOMBI. Hepa3znmuuMocTs OJIMHAKOBBIX
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MUKpoyacTul, 0030Hbl u  Qepmuonnl, npunuun [laymu.  [lonsTHe
CaMOCOTJIaCOBAaHHOTO o, s dexTuBHaAS MOTEHIIUANIbHAS SHEPrusl.
O/HORJIEKTPOHHBIE COCTOSIHUS, KBAaHTOBBbIE YHCIIA, CIOM U 000J0ukH. BekrtopHas
MOJEJIb aTroOMa, THUMbl CBSI3U. YPOBHM DSHEPrMM M CHEKTP aToMa Tejusl.
[TocnenoBaTenbHOCTh 3allOJIHEHUS MJIEKTPOHHBIX 0005104€eK, npaBuiio KieukoBckoro,
npaBuia XyHJIa. YPOBHM DJHEPIMM M CHEKTPHl aTOMOB IIEJIOYHBIX METAJIOB.
PeHTreHoBCKHE YpPOBHU 3HEPIMM M XapaKTepUCTHUecKue crekTpbl. [loriomienue
PEHTIeHOBCKUX JIydyel. JleficTBHE MarHUTHOTO MOJsI Ha aTtoM, 3gdekt 3eemaHa B
CJ1a0bIX U CUJIBHBIX MOJISIX.

Tema 7. CTpoeHue U CBOMCTBA MOJIEKYI.

KBaHTOBBIE CBOWCTBAa TBEpABIX TeEJI. Buubl ABMKEHUH B  MOJEKYJIE,
aanabaTuyecKoe MpUOTUKEHUE, MOPSIKU BEIUYUH AJIEKTPOHHOM, KoJaeOaTeIbHON 1
BpamarenpHor 3Hepruil. KBaHTOBas mpupona XMMHYECKOW CBA3M B MOJIEKYJIAX.
Konebanus u BpamieHus AByXaTOMHBIX MoJieKyJsl. KBaHTOBbIE CBOMCTBA TBEPABIX TEN.
KBanToBO-pa3mepHbie 3PQEKTbl, 3JIEKTPO(YU3UUECKHUE W ONTHYECKHE CBOICTBA
HAHOCTPYKTYP U BO3MOKHOCTH UX HUCIIOJIb30BAHUS B COBPEMEHHBIX TEXHOJIOTUSX.

[IpuMepHBI ITepeYeHb BONPOCOB M0 pa3aeny 4 1y MOATOTOBKH K
rOCyJJapCTBEHHOMY 3K3aMEHY

1. Tloctrynatel bopa 0 cTallMOHAPHBIX COCTOSIHUSAX W YAaCTOTaX M3JIy4EHUS MpPU
KBAaHTOBBIX TIE€PEXOJAaX, AUArPAMMBI YpPOBHEH HHEPIMM U ONTUYECKHUE
CIIEKTPBHI.

2. bBopoBckue kpyroBeie OpOUTHI, YIIPYTHE W HEYNPYTHE CTOJKHOBEHHMS, OTIBIT
O®panka u ['epua.

3. KopryckymsipHO-BOTHOBOW Jyald3M BEIIECTBA, BOJHBI J¢ bpoiins,
AKCIEPUMEHTHI MO IUPPAKIUM MHUKPOYACTHUI] (DJIEKTPOHOB, HEUTPOHOB,
aTOMOB, MOJICKYJ).

4. CoctosHus U HaOJII0/1aeMble B KBAHTOBOM MEXaHHKE, BIIUSIHUE U3MEPEHUS
Ha COCTOSIHUE (DU3UYECKOM CHCTEMBI.

5. KBaHTOBOE COCTOSIHME W €ro OMMCaHUE MPU IMOMOIIM BOJHOBOM ()yHKIIUH,
BEPOSATHOCTHAS ~ MHTEpOpeTalus  BOJHOBOM  (DYHKIUMW,  TPUHIUII
CyIEPIIO3ULINH.

6. CBs3p (Qu3NUECKHX BEIMYMH U ONEpPaTopoB, (PUIWYECKUN CMBICI
COOCTBEHHBIX BEJIMYMH U COOCTBEHHBIX 3HAUYCHUM, ONIEpaTOPhl KOOPIUHATHI,
uMITysbca u sHeprun. O THOBpEMEHHAsI U3BMEPUMOCTD (PU3NYECKUX BEITMUKH.

7. CoBmecTHble HaOJOAaEMble, COOTHOIICHHUE HEOMPEACIICHHOCTeH st
(bU3UYECKUX BEIMUUH

8. Crammonapuoe ypaBaenue llIpenunrepa, KBaHTOBaHNE YHEPTHUU.
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10.

11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21,
22,
23.
24,
25,
26.
217,
28.
29.
30.
31.
32.
33.

34,
35.

OnHoMepHbIe 33/1aui KBAaHTOBOW MEXaHHMKHU, CKAYOK MOTEHIMAa.
OnHomepHbIe 3a1a4n KBaHTOBOM MEXAHUKHU MPSIMOYTOJIbHAS
NOTEHIUAJIbHAS sIMA.

JInHEeWHBI TapMOHUYECKUM OCLIMILIATOP.

Yyer aHrapMOHUYHOCTH OCLIUJUIATOPA.

BnusHue Buaa mNOTEHUMATIbHOM KPHUBOM HA PACIIOJNIOKEHUE YPOBHEH
DHEPIUMu.

[TorenuuanpHbie Oapbepbl, TYHHEIBHBIN YPPEKT.

3aKOHBI COXPAaHEHHS B KBAHTOBOW MEXaHHKE.

Oneparopsl MOMEHTAa UMITYJIbCA U UX CBOMCTBA, KBAHTOBAHUE MPOCKIUNA U
KBaJ[paTa MOMEHTA UMITYJIbCA.

Knaccudukanus coCTOSIHHI 1O MOMEHTY HMITYJIbCa, BEKTOPHAsl MOJENb
CJI0KEHMS YTIIOBBIX MOMEHTOB.

MarHuTHbld MOMEHT aTOMHOM CHCTE€MbI, TMPOMArHHUTHOE OTHOUIEHUE,
Mar"HeToH bopa.

IIpocTpancTBeHHOE KBaHTOBaHue, onbIT LlTepHa u ['epaxa.

CnuH 3JeKTpOHA U APYTUX MUKPOYACTHIL.

[lonublit  yrmoBol W MarHUTHBIA ~ MOMEHTHL.  CHuH-OpOHUTaIbHOE
B3aMMO/ICHCTBHE.

MarHuTHbBIN pe30oHaHC ¥ MeToAbl ero HaOmoaeHus (DI1P u SIMP).

3akoHbl poTodPdekTa u ux 000CHOBaHUE, YpaBHEHUE DUHIITEHHA.
DOTORNEKTPUIECKHUE MIPUEMHUKHU CBETa (dboTO37IEMEHTHI,
(bOTOYMHOXKUTENN).

OcuuIsITOpsI 2JIEKTPOMAarHUTHOTO T0Jis U ¢hoToHbI. [IpaBuia orbopa u ux
CBSI3b C 3aKOHAMM COXPAaHEHHUSI MOMEHTA UMITYJIbCA U YETHOCTH.

Bpemst xu3Hu BO30YKJIEHHBIX COCTOSHUN, €CTECTBEHHAs IIMPUHA YPOBHS
SHEPTUM U CIIEKTPAJIbHOW JINHUMU.

ATOM BOAOpOJAA, YPOBHM SHEPIMU U BOJHOBBIC (DYHKIIMU DJEKTPOHA B
BOJIOPOOIIOI00HOM aTOMeE, pacipeieIeHUe AEKTPOHHON TUIOTHOCTH.
ToHKast CTpyKTypa ypOBHEN SHEPTUM U CHEKTPAIBHBIX JIUHUN BOJOPOJA.
®opmyna Jlupaka, CBEpXTOHKAsI CTPYKTYpa.

MHOro371€KTpPOHHBIE ATOMBI.

Hepa3nuuumocTh OJMHAKOBBIX MHUKpPOYACTHUIl, OO30HBI M (DEPMHUOHBI,
npuHiu [laymnm.

[Tonsitue camocormacoBaHHOTO 1O, 2G(EKTUBHAS TOTCHIIMAIbHAS
DHEPIusl.

OnHO2NIEKTPOHHBIC COCTOSIHHS, KBAHTOBBIE YHCIIA, CJIOU U O00JIOUKH.
BektopHas Mojienp aToMa, TUIIBI CBSI3U.

YPpOBHU SHEPTUU U CIEKTP aTOMA IEIus.
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36. IlocrnenoBaTenbHOCTh 3aMOIHEHHUS 3JCKTPOHHBIX O000JIOYEK, MPaBUIIO
KneukoBckoro, npaBuna XyHza.

37. YpOBHU DHEPTUU U CIEKTPHI ATOMOB IIETIOYHBIX METAIIJIOB.

38. PeHTreHoOBCKHE YPOBHU YHEPTHH U XaPAKTEPUCTUUECKUE CIIEKTPHI.

39. IlormnoieHne peHTreHOBCKUX JTyUeH.

40. JleiicTBre MarHUTHOTO MOJIS HA aToM, 3¢ (PekT 3eemaHna B c1a0bIX U CUITBHBIX
MOJISIX.

41. Buasl ABMXKEHHUM B MOJEKyJe, aauadatudeckoe MpUOIMKEHHUE, TOPSIAKU
BEJIMYMH 3JIEKTPOHHOM, KOJie0aTeIpHON U BpallaTeIbHON SHEPTHil.

42. KBaHTOBas MpUpOIa XUMHUECKOH CBSI3U B MOJICKYJIaX.

43. KonebaHus 1 BpalieHUs AByXaTOMHBIX MOJICKYJI.

44. KBaHTOBbBIE CBOMCTBA TBEPABIX TEIL.

45. KBaHTOBO-pazMepHble 3(PPEKThI, >SIEKTPOPU3HUUYECKUE U ONTUYECKHE
CBOWMCTBA HAHOCTPYKTYP M BO3MOXHOCTM HX HCIOJIb30BaHHS B
COBPEMEHHBIX TEXHOJIOTUAX

IHPAKTUYECKAS YACTD

[TpuMepsl MPaKTUIECKHUX 3aJaHUH [T CTICIIHATN3aIluN
1-31 04 01-02 05 «JlazepHast (pu3uka U CIIEKTPOCKOITHS

3apanne 1. HeoOXomuMo NpPOBECTH H3MEPEHHE HEIMHEHWHOI'O IIOTJIONIEHUS B
3aBUCUMOCTH OT JUIMTEIIBHOCTH JIA3€PHOr0 uMItyJibca B auana3zone ot 10 mo 100 He.
[Ipennoxure METO1 MJIABHOTO U3MEHEHUS ITTUTEIbHOCTHU JIA3E€PHOTO UMITYJIbCA.

Bo3moorcnoe pewrenue:

Nmmyneesr ¢ poutenpHOCTRIO 10 — 100 HC TeHepupyercs B ja3epax C
MOIyJAuer 100poTHOCTU. [IpW HCMmOaB30BaHMM METOAa AaKTUBHOW MOMYJISIIUH
JTOOPOTHOCTH JTUTEILHOCTh UMITYJIbCA 3aBUCUT OT IPEBBIIIICHNS MOIIIHOCTH HAKauKH
noporoBoro 3HaueHus. [lpu OOJBIION MOIIHOCTH HAKAauyKd dTa JJIUTEIBHOCTD
CTPEMUTBHCS K BpeMEHH KU3HU ()OTOHA B PE30HATOPE, OINpeeasieMoro GopMyJIoi:

Tq) :]/ CKnom !
I€ ¢ — CKOPOCTb CBeTa, K, . — KOd()(OUIMEHT MOTEPE.

B nazepax ¢ momynsiiueid 100pOTHOCTH OJHO U3 3€pKajl UMEET, KaK MPaBuJo,
HU3KUN K03 dunmreHnt otpaxenus. I[lostomy kodpdumment mnorepsr Oyxaer
OMPENCNATLCSA, TaK HA3bIBAEMBIMH, IIOJIC3HBIMH IOTEPSAMH, OINPEACIIICMBIMU
bopmyIioii:

1 1

Knom n—
2L R xR,’
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rae L — 6a3a pe3onaropa, R, » R, — KOYhOQHUIUEHTHl OTPaKEHHUS 3€pKall

pe3oHaTopa.
Ecnu Mb1 BeIOepem 0a3zy pesonatopa L=100 cMm u koahumeHTs OTpakeHHs
3epkan R;=100 % u R,=20 %, To noixy4aem ko3duuuent noreps K, =0,008 cm.

Torna Bpems xku3HU (POTOHA B PE3OHATOPE T4, =4 HC. DTO IPENENBHOE BPEMSI, KOTOPOE

AOCTUTACTCA IIPU MOIITHOCTHU HAKAYKH, CTpCMSIHICfICH K 0eckoHeunoctH. Ecim BI)I6paTB
MOITHOCTb HAKa4YKH B HCCKOJILKO pas, HpeBHmanmeﬁ IIOPOroBoC 3Ha4CHUEC, TO MOIKHO
IMOJIy4UTb HMITYJIBCbl C IJIMTCIBHOCTBIO B HECKOJIBKO BPEMCH JXHU3HHU Tg, . HpI/I

HpI/I6J'II/DKCHI/II/I K IIOPOroBOMY 3HAYCHUIO HAKAYKW MJIMTCIBbHOCTD IIJIABHO U3MCHACTCA
N MOXCT JOCTUI'aTh HCCKOJIBKO ACCATKOB BPCMCH KU3HU (1)0TOH8, B pC30HATOPC.

3aganue 2. PaccunmrtaTth reoMeTpPHIO CXEMBI 3alMCH OOBEMHOW TMPOIYCKAIOIIEH
¢a3oBoii TosIorpaMMbl Ha (oTodMynbcuu ToimmHoM cios d=10 mxm Nd:YAG
Ja3epOM C JUOJTHOM HAKauKoOi, padOTaIOIIEM B PEKUME F€HEPALIMH BTOPO FapMOHUKH
Ha anuHe BoJIHbI /=532 HM. [lokazarens npenomiieHust (OTOUYBCTBUTEIBHON CPEIbI
n=1,5.

Bo3moocnoe peuwenue:

[IpyuHaJIe)KHOCTh TOJIOTPAMMBl K OOBEMHOU AMPPAKIMOHHOU CTPYKTYpe
omnpenensercs u3 mapamerpa Kieitna Q ucxons u3 yciaoBus:

Q= ZMS >10,

n A

T1e A- JJTMHA BOJIHBI JIA3ePHOTO M3ITydeHus1, d-TommHa (hOTOUYBCTBUTEIBHOTO CIIOS,
N- mokaszaTtenb mpeaomyieHuss ¢GoTodMylbeu, A -mepuoa  uHTEpdEPEeHIIMOHHOM
CTPYKTYPBHI.

3unauenne mnapamerpa Kieitna Q=10 ompegenser makcumanbHbIi mepuon A

uHTEepPEPEHIIMOHHON KapTUHBI, 00ECIICYNBAIOIINN 3aMTUCh OOBEMHOM TOJIOTPaMMBI B

cnoe ¢doroamynbcuu. M3 ycnoBus =10 HaxomuM HaWOOJIbIIIEE TPEACITHHOEC

n A?

. 2 27-0510
3HaUE€HUE mepuofa HUHTEePPEPEHIMOHHOW KapTUHBL: A :Wzkam :
A=14mkm | coorsercTByIOmEE (OPMUPOBAHMIO OOBEMHON IU(PPAKIMOHHOM
CTPYKTYPBHI.

[loacraBnsist modydyeHHOE 3HaYeHue nepuojga A B GopMyily, CBA3BIBAIOUIYIO YTOJ ()
MEXJly OIMOPHBIM W TPEAMETHBIM Iy4YKaMH, 3alHUCHIBAIOIIUMH Tojorpaduyeckoe
M300pKEHNE U ITTUHY BOJHBI U3TyUYEHUS C IEPUOAOM UHTEPPEPEHITMOHHON KapTHHBI
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A , HOquaeM 3HAUCHUC ITIOJIOBUHHOTI'O erIa MC)KIIy quKaMI/I
A_L:ﬂ:izﬂzo,ﬂzg,e"_

25in§ 2 2 2-14

CrnenoBaTellbHO, MUHUMAJIBHBIN YTOJ MEX1y NPEIMETHBIM U OIOPHBIM ITy4YKamMu @,

o0ecreunBaOIUN  3aUCh 0OBEMHOM MPOMYyCKaromeld (a3zoBoil roorpaMMbl MpU

3aJIAaHHBIX B 33/1a4€ YCIOBHSX 3AIMCH TOJIOTPAMMBI cocTaBisieT @ ~ 20°.

[Ipumepsl NpakTUYECKUX 3aIaHUMN IS CIEHUATN3AUN
1-31 04 01-02 11 «Pu3uka 3aUUTHBIX TOKPHITHUI

3apanme 1. [Ipeqoxure 1 000CHYHTE CIOCOO U METOUKY ONPEACIICHUS YIIPYTUX
Y MPOYHOCTHBIX XapPAKTEPUCTHK raibBaHUYeCKOTO MOKphITUs Ni Tonmuuo#i 20 MKM
Ha CTaJIH.

Bosmoowcnoe peuenue:

Haubonee  pacnpoCTpaHEHHBIM  METOJOM  MEXAHMYECKUX  MCIBITaHWMH,

MO3BOJISIOIINM ONPENEIUTh YIPYTHE U MPOYHOCTHBIE XapaKTEPUCTUKH MATEPUAJIOB,
ABJIAETCSl MCHObITaHWE Ha pacTsokeHue. OpHako, B JAaHHOM CIydae HEO0OXOAMMO
OIIPEIENNTH TOJIBKO XapaKTEPUCTUKU MaTepuaia NOKPBITHS, YTO 3aTPYAHUTENBHO IPU
JAHHOM  BHJIE€  HWCIBITAHUM, T.K. TOJYYEHHBIE  XAPAKTEPUCTUKU  OyIyT
MPEUMYILECTBEHHO ONPEEIATHCS BIUSHUEM CTaJIbHON OCHOBBI.
MO>KHO OLIEHUTHh HEKOTOPBIE U3 XapaKTEPUCTUK MOKPBITHS METOJAOM KHHETHYECKOIO
WHJECHTUPOBAHUS U U3MEPEHUEM MHUKPOTBEPAOCTH. B 000Mx MeTomax HEoOX0auMo
BBIOMPATh HArpy3Ky TaKUM 00pa3oM, 4TOObI ITyOMHA MPOHUKHOBEHUS! MHJEHTOpPA HE
npeBbimana 1/10 ToMuHBI TOKPBITUSA, T.€. 2 MKM. B 3TOM ciyyae MOXXHO M30€KaTh
BJIMSIHUA MaTepuaa MoJJI0kKKH Ha ONpelesieMble XapaKTepUCTUKH.

B MeTo/ie KHHETUYECKOTO MHICHTUPOBAHUS 10 KpuBoi Harpyska (F) - riryOuna
pOHUKHOBeHUs nHaeHTopa (h) onpexaernsiercs mpuBeACHHBINA MOy b yripyroctu (Ey).
JInst nupaMuIambHBIX OTIEYATKOB UCHONb3yeTcs (hopmyia:

A
95:2& Lﬁ
dh T

)

riae Ap - IIomaas NPOEKIMK OTIIeYaTKa, 3aBUCSIIAs OT BUJIa UHAEHTOPA.
[IpuBeneHHbI MONyNb ynpyroctu siBigercs ¢ynkuumend monyis IOura (E) u

moayds Ilyaccona (v), onpenenseMbIx pyu KUHETHYECKOM UHJIEHTUPOBAHUU:

1 1-v? 1-v}

+
E E E,

r 1

rae Ei v vi—monyns FOHra u mogyns [lyaccona fuist aiMazHOro MHAEHTOpA (M3BECTHBIE
BEJIUYUHBI).
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Takum oOpa3om, momyuuB KpuBble F-h s nByX pasnmuuHBIX Harpy3oKk H
UCTIONB3YSl JTaHHBIE (HOPMYJBI MOXHO OINpPEACTUTh JIBa MOIYJA YNPYrocTH, T.€.
yIpyrue XapakKTepUCTUKH.
[Ipu omnpenenenun MmukporBepaoctu no Bukkepcy H; (ITa) umcnosb3yercs
cienyromas Gopmyna:
H=1 854d—F)2

rne P — narpyska (H), d — quaronans ormevyarka (m).

Jlj11 MeTasIoB MOYKHO CJI€JIaTh OLIEHKY IIpejiena TeKy4eCTH (Or) Kak:
o; ~0.3H,

[Tlepen wu3MepeHneM MOXET OBITh CJ€llaHA IpeJBapUTEIbHasl OLEHKa
MaKCHMaJIbHOW MCIIOJIb3YEMOM Harpy3Ku JUIsl ONPEAENICHUs MUKPOTBEPIOCTH (UYTOOBI
IyOMHA TPOHUKHOBEHUS! MHAEHTOpPA HE MpEBbIIIaia 2 MKM) UCXOAS U3 TaOIMYHBIX
JAHHBIX O TBEPJOCTH HUKEJS U YUUTHIBAS, UTO INyOWHA MPOHUKHOBEHMSI MHACHTOPA

h=d/7.

3aganue 2. Ilpemnoxure METOAMKY OOHapyXeHUS TpEIIMH C IIMPUHOU
packpeITHs nopsiika 1.5-2 MKM Ha MOBEPXHOCTU TPyOONpPOBOAA M3 HEP>KABEIOLIEH,
HEMAarHWTHOM CTaJu.

Bosmooicnoe pewienue:

JInsi KOHTpOJIE MOBEPXHOCTHBIX JAE(PEKTOB MPHUMEHSIOTCA METOJbI: BU3YyaJIbHO-
WU3MEPUTEIIBHBIM,  MarHUTOIOPOIIKOBBIM,  BUXPETOKOBBIM W KalWJUIAPHBIN.
Hcrnonb3oBaHue KalWUIIPHOIO W BHU3YaJbHO-U3MEPUTEIBHOIO KOHTPOJISI B
IpeajlaraeMoM CJiydae HEBO3MOXXHO, T.K. IO YCJOBHUSIM IOBEPXHOCTb W3AENUA
3alMIIEHa TOKpPbITUEM. lCnosib30BaHME MarHUTOIIOPOIIKOBOIO KOHTPOJIS TaKKe
HEBO3MOXKHO, T.K. OOBEKT KOHTpOJII HEMarHUTHbIM. EJAMHCTBEHHBIM METOAOM
OoOHapy>KeHHUsI TPEIIHH B JTAHHOM CIIy4ae SIBJISIETCS] BAXPETOKOBBIN KOHTPOJIb. JlaHHBIN
METOJl TO3BOJIIET OOHApyXUBaTh TPEUIMHBI HA KOHTPOJIUPYEMOM H3JEIUU B
OECKOHTAaKTHOM BapuWaHTe W MpPU HAJIMYUMU  3AIIMTHOTO MOKpeITHA. s
"Ka4yeCTBEHHOT 0" KOHTPOJIA UCIIOJIb3YIOTCS CTaHIApTHBIE HaKJaJaHble
npeoOpazoBarenu. s "KomudecTBEHHOTO" KOHTPOJS (OMpENeNeHUs IIHPUHBI |
TIIyOWHBI TPEITUHBI) HEOOXOIUMO TPEIBAPUTEITHLHO TTPOBECTH KAaTUOPOBKY Mpubopa
Ha CIEUUAJIbHO TOJTOTOBJIEHHBIX KalMOpPOBOUHBIX 00pa3uax ¢ aHaJOTHYHBIM
MOKPBITHEM U U3BECTHBIMH pa3Mepamu 1e(heKToB.

3ananme 3. /{5 Bemonnenuss HUP Tpebyercs M3roToBUTH MUPOIIEKTPUUECKHIMA
MPUEMHHK, COCTOSIIIUMN W3 TYpMAJIMHOBOM IUIACTUHKHM (KJacC CHUMMETpUU 3m)
TONIIMHONA 1 MM ¥ MHMJUIMBOIBTMETpa 9yBCTBUTEIBbHOCTEIO 107 B/nenenne. Kakyro
OPMEHTALMIO MO OTHOILIECHUIO K MOJISIPHOM OCH JIOJKHA UMETh TUIACTHHKA JJISl TOTO,
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. AV
YTOOBI TUPOITEKTPUUECKUN MPUEMHUK UMET MAKCUMAIbHYIO YyBCTBUTEIBHOCTD (E)?

Onpenenure Kakoe U3MEHEHUE TEMIIEpaTypbl MOKHO U3MEPUTDH C MOMOIIbIO TAKOTO
npueMHUKa. [ITOTHOCTH CBSI3aHHBIX 3aps0B Ha MPOTHUBOMOJOKHBIX CTOPOHAX
IUTACTUHKH, BBIPE3aHHOW M3 MUPOATEKTPUUECKOT0 KpUCTAIIa 3a7aeTcsl CIEIyIOIIeH
bopMmyIIoi:

o=P,-n=Pn =|P|cosa (1)

IJI€ N — €AMHUYHBIA BEKTOP HOPMAJIM K TPAHU IUIACTUHKH, 0L — YTOJI MEXy BEKTOpaMu
P, u n . Tuposnektpuueckuii kodhduuueHT TypmamuHa Ys= 1,3-107> (Bmois
MOJIIPHOM OCH), AUDJIEKTPUYECKas MPOHUIAEMOCTb €33=1,5.

Bo3moscnoe pewenue:

BcenenctBue cuMMETpUM OUPOSJIECKTPUUECKUN KOI(POUIMEHT TypMajdHA 73
CBS3aH C TIOJIIPHBIM HAIpaBJICHUEM KpHUCTallla, HAIMpPAaBICHHBIM BIOJIb OCH
cumMmeTpur 3-ro mopsaka. OueBWAHO, IUIOTHOCTh 3apsjia Ha TrpaHsx OyaeT
MaKCHUMAJIbHOW, €CJIU BBIPE3aTh €€ NEPIEHAUKYJIAPHO OCH CUMMETPUU 3-T0 MOpsAJIKa
(Z-cpe3). M3ameHeHre TeMIlepaTyphl ONMPEICIIUM U3 YPaBHCHHS THPOIJICKTPUUIESCKOTO

s dekra:

APS = ygAT

U3 (1) cnenyer, uro |APg| = |Aa|. Ilpu usmenenuu Temmeparypsl Ha AT 3apsi

Ha rpaHax KpucTtamia u3meHurcst Ha AQ = AoS, riae S — momaap miacTUHbL, EMKOCTh
&GS

KOHJIeHCaTopa (KpUCTAUTMYECKOMN MIIAaCTUHKK) C = , T7ie d — TONIIMHA TUIACTUHKH.

[TockoNMbKY YyBCTBUTEIBHOCTh MUWJUIMBOJBTMETPA, M3MEHEHHUE 3apsAla U €MKOCThb
cBsi3aHbl cooTHOomeHneM AV = AQ/C ~107 B/nenenue, To U3MEHEHUE TEMIIEPATYPBI,
KOTOPO€ MOXKET M3MEPUTh MUPOIJIECKTPUUECKUA TPUEMHUK, OIPEACIUTCS U3

COOTHOIIIEHUS
£3260AV  7,5-8,85-10712.1073 _
AT =332 = — ~5-107° K.
ysd 1,3:1075-1073
AV 1073
MaxkcumMalibHast YYBCTBUTEIbHOCTD — = = 2-10%, B/nenenne/K
AT 5-10~6

[Ipumepsl NpakKTUYECKUX 3aJaHUMN IS CIEHUAIN3AUN
1-31 04 01-02 13 «ParmonanbHasi SHEPreTUKaY

3aganue 1. Ilpennoxxute METOAMKY OINpEAENEHUs NOTEPh pPabOTOCIOCOOHOCTH
KQ)KJIOTO U3 AJIEMEHTOB YHEPreTUYECKON yCTaHOBKHU, paboTaroliei no ukiny PeHkuna,
Ha OCHOBaHMU DKCEPreTUYECKOro aHaIn3a.

28



Bo3mooicnoe peuienue:
T

T}J o ’jj

P= const

X= const

S,
3
Puc. 1 — [ukn Penkuna
1) Kornoarperar. DkcepreTudeckuii 6anaHc KOTIOarperara: e, +e, —d,, =e, , TI€

SKceprusi ToToka mnurarenasHoit Boawel e, =(h, —h,)-T,(s,—S,) , dKceprus mnoToka

T o BQ?
TCIUIOTEI B pacdy€TeC Ha 1 xr rnapa: eq =0 (1—_]_—0} TCIUIOBOU IIOTOK: (; = g“ , pacxonq
D(hl — he)
QM
. HOTepH pa6OTOCHOCO6HOCTI/I B KOTJIoarperare: dw1 =e,+e,—€,.

TommBa: B = . DKCeprus BBIXOAAMIEro u3 KoTia napa: €, = (h, —hy)-T,(s, —s,)

Tak, nanpumep, 0151 YCMAHOBKU C U38ECMHBIMU NAPAMEMPAMU:
o onexmpuueckou mowrnocmoro. N =50 MBr;

T
® naponpouszgooumenvrocmvio. D =230—;
9

o napamempamu napa: p,=10MIla, t, =510°C, p, =0,004 MIIa;
o KII[J] komnoazpecama no moniugHo-sHepeemuieckomy oanancy: m, =092;

® memnepamypou oxaadxcoarowel 600bi 8 Konoencamope: t,, =10°C;

®  MONAUBOM — NPUPOOHBIM 2a3oMm: QF =35,5%K, p= 0,79K—1; , t =2020°C;
M M

® napamempamu oKpyicaroujei cpeost. p,=01MIla, t, =10°C

noayuum d,, =e, +e, —e, =1606,34 il :
KI

2)  TypboreHneparop. OkcepreTudyeckuii ~ OamaHc — TypOoreHeparopa:
I, =(er. —e..)—d,, ., Te dKCeprus mapa Ha BXoae B TypOoreHeparop (mpeHeGperast

BbIX

norepeil pabOTOCOCOOHOCTU B TAPOMPOBOJIE) pPaBHA OSKCEPrUM Ha BBIXOJIEC U3
KoTJoarperara: e’ —e  , OKCeprus  mapa, TMOKUIAIOMIETO  TypOHWHY:

N
e’ =(h,—hy)-T,(s, —s,), Mose3Has pabora B TypOoreHeparope: |, = 36(;)0 . [oTeps

BbIX ]

paboTocnocoOHOCTH B TypOOreHeparope: d. = (eT —e" )—IB.
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TCZK, Hanpumep, aﬂ}l YCMAaHOBKU C U3BECMHbIMU napamempamu  nojirydum
v KJDx
d, =(e} —e, )1, =6254 2%
KT

3) KonpeHcatop. DkcepreTrueckuii OalaHC KOHIEHcAaTtopa: d_=e* —e* , TIE

BBIX

9KCCPru«d 1mapa Ha BXOAC B KOHACHCATOP paBHA SKCCPIrUU I1apa HAa BBIXOAC U3 Typ6HHI>I:
e =e , 9KCCPrus KOHACHCATa, BBIXOOAIICTO u3 KOHACHCATOpA:

BBIX

e =(h,—h,)-T,(s, —s,)- [loTeps paboTocnocoOHOCTH B KOHJEHCAaTOpE: d, =e¥ —e*

BBIX

Tax, Hanpumep, O YCMAHOBKU C U3BECMHLIMU NAPAMEMPAMU NOLYYUM

d =e® —ef =116KI[>K

K 6x BBIX
KT

4) O6mme xapakTepucTuku. OOmas moTeps paboTOCIOCOOHOCTH B TTAPOCUIIOBOMA

yCTaHOBKe, paboTa el o nukiny Penkuna: d =d_ +d_+d,.

Tax, Hanpumep, O YCMAHOBKU C U3BECMHLIMU NAPAMEMPAMU NOTYHUUM

d=d_+d_+d,_=2347,74 4%
KT

e +e,—d
Dkcepreruueckuii KITJI ycraHOBKH: 1, = ————— .
e, +¢e,
Tax, Hanpumep, O YCMAHOBKU C U3BECMHBIMU HAPAMEMPAMU NOJYYUM
e, +e,—d
n,=————=025.
e, +€,

W3 nmpoBeieHHOro aHalin3a BUIHO, TO HAaUOOJIbIIas MoTepsi paboTOCIOCOOHOCTH
MIPOUCXOIUT B TTAPOBOM KOTJIE, YTO OOYCIIOBIICHO TIEpeIaueii TEIUIOTHI YHEPTeTHICCKU
BBICOKOTIOTCHIIMAJIbHBIMU JILIMOBBIMH Ta3aMU CPABHUTEIHHO HU3KOMOTEHIIMATILHOMY
napy B KoTJoarperare, XOTsS TpPaJUWIUOHHO KOTEJN CYHUTaeTcss Haubosee
OJIaromoyYyHbIM DJIEMEHTOM CHCTEMBI. Takke CTOMT OTMETHTh, YTO HaWMCHEe
3 PEKTUBHBIM 3BEHOM YCTAaHOBKH SBJISICTCS KOHJIGHCATOp, OH 00JiajaeT CcaMbIM
HU3KUM 3KcepretuueckuM KIIJ[. B To ke BpeMs B CHIly OTHOCHUTEIBHO HEOOIBIION
BEJTMYMHBI SKCEPTUU BXOAIIETO B KOHIACHCATOP Mapa abCOFOTHAS BEIMYMHA MTOTEPh
PaboTOCIIOCOOHOCTH B JAHHOM JJIEMEHTE CHCTEMBI MaJa.

Ommemum, umo ducieHHvie paciemsl, NPUGEOEHHble KYPCUBOM, SAGISIIOMCS He
0053ameNbHLIMU, M.K. 8eCb AHAIU3 MOdcem Oblmb NPOU3Be0eH, OCHOBLIBASCL HA
meopemuyeckux 3HAHUAX O MePMOOUHAMUUECKUX  CBOUCMBAx  YCMAHOBKU,
pabomaroweti no yukay Penkuna.

3amanue 2. Ilpemioxxkure METONUKY OINPEAEICHUS KacaTeIbHOM CHUJIBI,
JEeUCTBYIOIIEH Ha €AMHUILY TIIOIIAN CTEHKH KaHasa, 10 U3BECTHOMY IOJII0 CKOPOCTEH
B CTAallMOHApPHOM  CJIOMCTOM TEUYEHHMHM B IUIOCKOM KaHaie. Hampuwmep,

2
v, =3y, 1—(l)
2 d
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Bo3smoscnoe peuwrenue:

KacarenpHasd cuna, OEWCTBYIOLAs Ha €IMHULY IUIOIIAAM CTEHKM KaHaa, IO
M3BECTHOMY IIOJIK0 CKOPOCTEW B CTALIMOHAPHOM OJHOMEPHOM TEYEHHMH BJOJb OCH X B
IUIOCKOM KaHaJIe OIpPENENseTCsl KaK COOTBETICTBYIOIAs KOMIIOHEHTa TEH30pa
HanpspkeHuit 7. CormacHO uW3BeCTHOM (opmyne ansi TeH30pa HamnpsKeHUH B

. OV,
ACKApTOBBIX KOOpaAuHaTax Tij =— p8ij + % +—L IMOJIy4YHM:
OX;  OX;
ov
T, :Txy :Ti=1j=2:_p812+“ %4_% :[812:0]:“ %4—% =U %—F—y . T.K. 110
’ oX, OX, oX, OX, oy OX

YCIIOBHUIO TCUCHUC ABJIACTCA OJHOMCPHBIM, T.C. IPUCYTCTBYCT TOJIBKO 1 xoMITOHEHTa

3 y) oV,
CKOPOCTH V, :EUO 1- 4 , OKOHYATCJIbHO ONpEICINM T, =U . Ha rpanune

3 2y U,
__Sy &Y _ 3%,
g gz My

ov
KaHaJia IMoJay4YnM t, = —

y=d
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