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AHHOTANMA

MammuHHOe (TeXHHYECKOe) 3peHHE — ITO TeXHHYECKass BO3MOKHOCTh BHJICHHUS B PA3IMYHBIX CIIEKTPATbHBIX
JMana3oHax JEKTPOMarHUTHOTO M3JIY4EHUs], KOTOpasi HHTEIPUPYETCs C CYIIECTBYIOIINMH TEXHOIOTHSIMHU BO
MHOTHX OOJIacTSIX JKU3HEICSITEIbHOCTH 4YeJOBEKAa HOBBIMH CIIOCOOAaMH W NPUMEHSETCS IS PEUICHUS
peaNbHBIX TpoOIIeM.

MammuHHOe (TeXHMYEeCKOe) 3peHHe — TNPHUKIAJAHAS WHHOBALMOHHAS (HU3MKO-TEXHUYECKas ITUCLUIUINHA,
OOBeNMHSIOMAsT JOCTWKCHUSI ONTHKH, KIACCHYECKOM W KBAaHTOBOM OICKTPOAMHAMHKH, (DOTOHUKH,
OIITOYIEKTPOHUKH, OMOMM3MKH ¥ OMOXUMHH TIPOIIECCOB 3PEHHS JKMUBBIX OHOJOTMYECKHX OPraHU3MOB H
KOMITBIOTEPHOTO 3PEHHsI, U MMEIONIas HEOrPAaHWYCHHBIN MOTEHIMANT Pa3BUTHS U NPUMEHEHHS B OOBIYHOM
’KM3HHU, TPOMBIIUIEHHOCTH, MEULIMHE, 000pOHE 1 6€30I1aCHOCTH, CEpBUCE, KOMMEPLIMH, Ha TPAHCIIOPTE U TIp.

Bunenue (3peHue) — ouH U3 IaBHBIX KaHAJIOB BOCIIPUATHS HHPOpMAIUU 00 OKpYKAIOIIEM MUPE.

1. lean u 3apa4n

Henp AucoMnInHBI
- u3y4deHue (PU3NKO-TEXHHYECKUX OCHOB U TPHHIUIIOB KOHCTPYHPOBAHUS CHUCTEM MAIIMHHOTO
(TexHnyeckoro) 3peHus. BaxxHocTh JaHHOTO Kypca MPOAMKTOBaHA HEOOXOAUMOCTBIO B TIOATOTOBKE IS
BBICHICH IIKOJBI, HAYYHBIX YUYPEXKICHHH W HPOMBIIUICHHOCTH BbICOKOKBAJIU(HINPOBAHHBIX
CHEUHaINCTOB B 001aCTH HHHOBALIMOHHBIX CUCTEM MAIIMHHOTO 3PEHUSI.

33]13‘[1/[ JAUCHUIIINHBI

— ¢opmupoBaHue 0a30BBIX 3HAHMH B O00JACTH CHCTEM MAIIMHHOTO (TEXHHMYECKOrO) 3peHUs,
UHTETPUPYIOLIUX JOCTIDKEHMsI TaKUX JUCLMIUIMH, KakK OITHKa, KJIacCHUYeckass M KBaHTOBas
3NIEKTPOAMHAMUKA, (POTOHHKA, ONTOAIEKTPOHUKA, OMOPU3NKAa U OMOXUMHUSI ITPOLIECCOB 3PEHUS KUBBIX
OMOJIOrMYECKUX OPraHU3MOB M KOMIIBIOTEPHOE 3pEHHE Ul MOATOTOBKH CTYACHTOB K 3((EKTUBHOI
paboTe B MHHOBAILIMOHHOH cdepe AeATeNbHOCTH — MAIMHHOE (TEXHUYECKOE) 3pEHUE;

— T[OHMMAaHUE TPHUHLMIIOB CO3AAaHUS CHCTEM MALIMHHOTO 3peHHS U  0coOeHHOCcTel
(YHKIIMOHATIBHBIX XapaKTEPUCTHK JUIA PA3IMYHbIX 33/1a4 U yCIOBUI IPUMEHEHHUS.

nux

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETCHIINH

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,

YK-1 CriocoGeH ocynecTBIsATh KpUTHIECKUN
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BhIpabaThIBaTh
CTpaTeruro AecTBui

YK-1.2  OcymiecTBisieT TMOUCK BapHAHTOB
MOCTAaBICHHONH  TpoOJIeMHOW  CUTyallud  Ha
JIOCTYITHBIX UCTOYHUKOB MHGOPMAITUU

peleHust
OCHOBE

VK-2.4 Ilpeacrapnsier myOIMYHO PE3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMH Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

OIIK-1.1 3HaeT ©W  CcOOCOOCH  HUCIOJB30BaTh B
npoeCCUOHANBHON  JesATeNbHOCTH  (yHIaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHATLHOM ESTENbHOCTH

OIIK-1.3 [lonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHun 3a1a4 NpoQeccCuOHaNbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTD




Ha HAYYHOM sI3bIKe ()OPMYITUPOBATh
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUH HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara U IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUI Ul TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HayK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)

B pesynbrare ocBOeHUS JTUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.

- (hU3MKO-TEXHUYECKNE OCHOBBI U MPHHLUIBI KOHCTPYMPOBAHUS CHCTEM MAIIMHHOTO (TEXHHUYECKOIO)

3peHusl.
YMETh!

- AHAJIM3UPOBATH 3aa4y CO3JaHUA CUCTEMblI MAIIMHHOI'O 3PpCHUA,

- IJIaHUPOBATH ITYTHU PCHICHUSA,

- TIpeJyIarath 1 KOMOMHHPOBATH CIIOCOOBI PEIICHUSI.

BJIAJIETD:

- CUCTCMHBIM HAY4YHBIM ITOAXO0A0OM CO3JaHUA CUCTEM MAllIMHHOI'O (TCXHI/I‘ICCKOFO) 3pCHUA.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
MammunaHOe (TeXHUYecKoe) 3peHue. Uto
1 910? TeXHWKO-DKOHOMHYECKHE ACTICKThHI ) 4
MPUKIAHON JTUCIUIUIMHBI — MaIllTiHHOE
(TexHU4ECKOE) 3peHue.
2 3peHue yenoBeka. 2 3




[MpuHIIMT MOCTPOCHUS CUCTEM
MaIIMHHOTO  (TEXHUYECKOTO)  3PCHHS.
JIByMepHOE U TpeXMEpHOE H300paKeHue.

HelictBue 3JIEKTPOMArHUTHOTO
M3IIy4eHHs Ha BEIIeCTBa.

UcTounnkn w3mydeHHs JUIS OCBEIICHUS
00BeKTOB. MeTOoabI OCBELEHUSI OOBEKTOB
B CUCTEMaxX MalIMHHOTO 3PCHHUS.

CoOcTBEeHHOE (TemnoBoe WIH
TEMIIEPaTyPHOE) PaBHOBECHOE u
HepaBHOBeCHOe u3nydeHue. CIOHTaHHOE
1 BBIHY)KJICHHOE H3JTyYCHHUE.

Jlazepsl 1 1a3epHOE N3ITyUYEHHE.

OnTuyeckue KOMITIOHCHTBI CUCTEM
MAalIMHHOI'O 3pCHUA.

Crpyktypa SHEPreTUUCCKHUX 30H
KOHJ/ICHCHPOBaHHBIX cpen.
MOHOKpPHUCTAITHYECKHUE,
MOJUKPUCTAIIMYECKHE W aMOpGHbIC
BeniecTBa. B3anMoseiicTBre U3IydYeHUs C
KOH/ICHCHPOBAaHHBIMU cpenamu.
dortorpdexr.

10

OcHOBHEIE (hoTo3IeKTpUIECKHE
3¢ (}EKTHI, HCIONB3yEeMbIE TSI CO3JaHUS
BBICOKOUYBCTBUTEIHHBIX JIETEKTOPOB
AIEKTPOMATHUTHOTO M3ITy9CHUS U
Marpul] (HOKaIBHOW IUIOCKOCTH Ha HX
OCHOBE.

11

[Mukcens. Marpuia (hoxabHOM
IUIOCKOCTH. Marpudaoe (OTONPUEMHOE
YCTPOMNCTBO. Cucrema
(OTOPNEKTPHUECKUX napameTpoB
MPUEMHUKOB H3ITyYCHUSI.

12

[punIUns! (dhopmupoBaHUs
ANIEKTPOHHOTO H300paKEHUS KaMepou ¢
MaTpPUYHBIM (oTonprEeMHBIM
YCTPOMCTBOM. MuHumanbHOE
KOJIMYECTBO DJIEMEHTOB pa3NIOKEHUS —
MUKCENei. T'paganuu OTTEHKOB
n300pakeHUs] W WX  PETUCTpaIusl.
[lonsatue 00 anroputme 00pabOTKU
3NEKTPOHHOTO U300paXKeHHsI.

13

KoHcrpykuust  kaMepsl Ha  OCHOBE
KPEMHUEBOI KMOII MaTpULbI
(oKambHOW  TMJIOCKOCTH -  IHKCEJNb,
Marpuiia U (OTOIPHEMHOE YCTPOWMCTBO.
HecenexktuBHbINt (OTTEHKH CEpoOro) W
LBETHOW BapUaHTEHI.

14

Koncrpykuust  kaMepsl Ha  OCHOBE
Marpuibl  (OKaJbHOW IJIOCKOCTH U3
HEOXJIaX/IaeMbIX MHKPOOOJIOMETPOB -
MUKCEeJb, MaTpula # (HOTONpPUEMHOE
YCTPOMCTBO.

15

KoHCcTpykimst  kaMepbl Ha  OCHOBE
KPHOTEHHO  OXJIAKJIACMBIX  MaTpHII
¢doKanbHOW  IUIOCKOCTM Ha  OCHOBE
dboromuonoB m3 InSb, HgCdTe u QWIP
¢doTOpEe3uCTOpOB  Ha  CBEpXpelIeTKax
AIIIBV - nukcenb, MaTpuma H
(hoTonpreMHOE YCTPOMCTBO.




Hroro wacos 30 60
[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. MammnHoe (TexHuueckoe) 3peHue. Uto 310? TeXHUKO-IKOHOMHUYECKHE aCIMEeKThl MPUKIIaTHON
JTUCUUTUTMHBI — MalIMHHOE (TEXHUYECKOE) 3pCHUE.

MammHHOe (TexHuueckoe) 3peHue. UYto 3710? TeXHHKO-IKOHOMHUYECKHE AacleKThl HPUKIIaJIHOM
JTUCITUIUIMHBI — MAIIMHHOE (TEXHUYECKOE) 3peHHE
Bunenwve (3peHne) — oluH U3 IVIaBHBIX KaHAJIOB BOCIPHUATHS MHPOPMAIUN 00 OKpY’KaIOIIeM MHpE.
o 80 % nnopmanmu 06 OKpyKaroIieM MUPE YeIIOBEK MOTYJaeT C IIOMOIIBIO 3PEHUS.
MamvHHOe (TeXHHYEeCKOe) 3peHHe — OJTO TMOoJlydeHHe (3aXBaT) HW300pakeHHs] W3 pealbHOU
OKpy>Kalolleld cpelnpl TEXHHMYECKUMH CPEICTBAMU BHICHHS M €ro aHajlu3 C HCIOJb30BaHHEM
COOTBETCTBYIOIIMX AJITOPUTMOB JIJIsl M3BJICUCHUS JAHHBIX, TPEOYEeMBIX JUIsl MPUHATHS PEUICHUN U
BBITNIOJIHEHUS AelcTBUil. Paboune nuanazoHbl AJMH BOJH 3JIEKTPOMArHUTHOTO HM3JIyYEHHUS! CHCTEM
MAaIIMHHOTO (TEXHUYECKOTr0) 3peHus: ynbrpaduoieroBsiii 0,1-0,4 Mkm; Buanmeiid 0,4—0,78 MKM u
uH¢paxpacHbiii 0,78—14 mxMm. OnHa U3 ONpEAESIOUMX YepT MAIIMHHOTO 3PEHUS — 3TO TO, YTO OHO
paboraeT IMEHHO ¢ U300paKEHUSIMU 00BEKTA, & HE C OT/CILHBIMU XapaKTEPUCTUKAMH OOBEKTA.
MammHHOe (TeXHHYECKOE) 3peHHe — MPHUKIAagHAas HHHOBALMOHHAS (DM3HUKO-TEXHUYECKas
TUCIATUTHHA, 00bETUHSIONIAs IOCTHKCHUS ONITHKH, KIIACCHYECKOM U KBAHTOBOH DIICKTPOIMHAMUKH,
(hOTOHMKH, ONTOAIEKTPOHUKH, OMO(U3UKH U OMOXMMHUM MPOLECCOB 3PEHUS KHUBBIX OHMOIOTHYECKUX
OpPraHW3MOB ¥ KOMITBIOTEPHOTO 3PEHUS, M HMMeEIoIas HEOrpaHWMUYCHHBIH TOTEHIMAT Pa3BUTHS U
MpUMEHEHHs B OOBIYHOMN KHU3HH, IPOMBILUIEHHOCTH, METUIIHE, 000pOHE U 0E30MacHOCTH, CEPBHUCE,
KOMMEPIINH, Ha TPAHCIIOPTE U TIp.
Cucrema MaIIMHHOTO 3pEHHS — 3TO CUHEPIHs almapaTHOW 4acTH (Kejie3a) U aHATMTHYECKOW 4acTH
(anropuTMa), K KOTOpPOH B HacTosilIiee BpeMsl HAauYMHAET aKTUBHO J00aBISTHCS HCKYCCTBEHHBIN
unTeriekt (M), To ecth, BTopas yactb — 310 anroput™ + M. MammHHOE 3peHue U KOMITBIOTEPHOE
3peHHE.
OcHOBHBIE 33J]a4H, KOTOPBIE pelIaeT MAIIMHHOE 3PEHUE:

O6HapyxeHre o0beKTa Ha POHE OKPYKAFOIIEeH 00CTaHOBKH.

Pacno3naBanue oObexTa.

Wnentudukanus oobexTa.
MaivHHOe ¥ KOMIBIOTEPHOE 3pEHUE - OCHOBA HOBOTO TEXHOJOTHYECKOTO YKJIaJa B WHAYCTPUH C

IIUPOYANIITIM TPUMEHEHUEM aBTOMATH3AINK U POOOTH3AINH, TONyYnBIINN Ha3zBaHue «HIycTpus
4.0».

2. 3peHue yenoBeka.

Bocnpusarue 3penmem. Ctpoenue, cTpykTypa W (QyHKOuM Diaza. llpomecc BocmpusTHA Il1a3om
BU3yanbHOro o0pasa. CrekrpaibHas XapakKTepUCTHKA YyBCTBUTEIBHOCTH I1a3za. CTpoeHHe ceT4aTKu
m1a3a, poropenentopsl. POTOANIEKTpUUECKUE CBOHCTBA (HOTOPELEHTOPOB.

3. [IpuHIMI MOCTPOEHHS CHCTEM MAIIMHHOTO (TEXHHYECKOTO) 3peHUs. J[BymMepHOEe M TpexMepHoe
n300pakeHue.

Kakue cBoiicTBa cHCTEM MAaIIUHHOTO 3pCHUA ABJIAIOTCA INPHUBJICKATCIIBHBIMU U IOJIC3HBIMU IJIs
yeoBeKa? TO‘-IHOCTB, JOCTOBCPHOCTb, BBICOKOC PAa3pCHICHUC, BOCHPOU3BOAUMOCTH, BBICOKAs
MPOU3BOAUTCIIBHOCTD, IMOCTOAHHAA I'OTOBHOCTL K pa60Te, BBICOKaA CTCIICHb aBTOMaTu3alluu. OI[HO
H3 I''TaBHBIX Tpe6OBaHHﬁ K CUCTCMaM MAIIMHHOTO 3pCHUSA — OTCYTCTBUC CY6’L€KTI/IBHOCTI/I,




bazoBble 3aKOHBI (U3UKH, ONTHUKM W 3JIEKTPOAMHAMUKH, IO3BOJIAIONIME CO3/1aTh DPEJIECBAHTHYIO
TpeOOBaHMAM YEJIOBEKAa CHUCTEMY MAIIMHHOTO 3peHus. UYTo saBnsercs miaBHbIM? [eomerpuueckas
ontuka uiau KkeaHToBasg? CoOCTaBHbIE YacTH CHCTEM MAIIMHHOIO 3PEHUs. OJIEKTPOMarHUTHOE
U3Iy4YeHHE KaK HOCUTENIb HHpopMannuu 00 0ObeKTe.

4. I[el\/’ICTBI/Ie QJICKTPOMArHuTHOTO U3JIYUCHHUSA HAa BCIICCTBA.

DNeMEeHTBI, U3 KOTOPHIX COCTOUT MaTepusi 00BEKTOB (Cpen), NPeACTaBisieT KOMOMHAIMIO TPEX TUIIOB
OCHOBHBIX 3JIEMEHTAapPHBIX YaCTUILl — IPOTOHOB, HEUTPOHOB U IEKTPOHOB.

OTH YacTHUIBI CBA3aHBI MEKAY COOOM ONMpeneeHHbIM CHJIaMH, B YaCTHOCTH, 3TO CBSI3b 3JIEKTPOHOB B
aroMax, XUMHUYECKasi CBS3b B MOJCKYJIAX M CHJIbl, COCOUHSIONIME MOJEKYJBl B TBEPABIX M >KUAKHX
TE€Nax, BCE 3TU CUJIbL SIBJIIIOTCS NPOSBICHUSMU JIEKTPOMArHUTHOIO B3aMMOJEHCTBHS JJIEKTPOHOB C
SIpaMH, TAKXKe JIEKTPOHOB U siiep MexAy coOoil. [nst pe3ynabrata CyIIEeCTBEHHO, YTO 3JIEKTPOHBI
MOAUYMHSOTCA KBAHTOBOM MexaHuke, npuHuuny [laynu u cratuctuke @epmu-/lupaka.

Teopusi 3neKTpoMarHeTusMa MPUBOAMT K BBIBOLY, YTO Hapsly CO CTaTUYECKUM IIEKTPHUUECKUM
MOJIeM, OKPY)KAIOIIUM 3apsiibl, CYIIECTBYIOT CHEHU(HUUECKUE pEleHUs — T1oJie, CBOOOIHO
pacnpocTpaHsIolIeecss B IPOCTPAHCTBE U OINUCHIBAIOLIEE IEKTPOMArHUTHBIE BOJHBI (PaflOBOJIHBI,
CBET, PEHTTEHOBCKHUE JIy4d, TaMMa-ITy4yH). DUHITEeHH B 1905 1. mpuIien K BEIBOAY, YTO CBET CIEAYET
paccMarpuBarh Kak MOTOK (POTOHOB, T. €., 0COOBIX YAaCTHIl. DTOT BHIBOX OB C/AETaH HA OCHOBAaHUU
aHalu3a OIBITHBIX JaHHBIX, €My HPEALIECTBOBAJIO NOCTpoeHue [ImaHKoM TeopuH TEIIOBOTO
nsnyuenns. B pabore Ilnanka Bnepseie B 1900 romy Obla BbhICKa3aHa MBICIB O CYIIECTBOBAHWUHU
(oTOHOB (KBaHTOB) U B ()M3MKE MOSBUIIACH KBAHTOBAasI MOCTOSIHHAS h. Bckope MHOXKECTBO OMBITOB 1O
XUMHYECKOMY JIEHCTBHIO CBeTa, (HOTOAI(D(HEKTY M MO PACCESIHUIO CBETA IEKTPOHAMU TOITBEPIHIIO
¢oronnyo teoputo. s pe3yabraTa CyleCTBEHHO, 4TO (POTOHBI UMEIOT 3HAYE€HUE CHHA |, MOTYT
HaXOIUTbCA B HEOTPAHUYEHHOM KOJMYECTBE B OJIHOM HHEPIeTUHECKOM COCTOSIHMM U MOJUUHSIOTCS
craructuke boze-DiHmTeiHa.

Uro0bl 3aperucTpupoBarbh (OTOHBI BIIEKTPOMATHUTHOTO W3IYYECHHS OT OOBEKTa HYXKHO, YTOOBI
(OTOHBI JOCTHIVIM TPAHUIIBI BEIISCTBA, C MOMOIIBIO KOTOPOTO MBI XOTHM HX OOHApYXUTh, H,
COOTBETCTBEHHO, MPOU3OIILIO B3aUMO/ieiicTBAE (POTOHOB C BEIIECTBOM, BhI3bIBarolice HeKui 3 deKT:
OTpakeHHe, MOTIONICHUE, TIPEIIOMIICHHE, TPOITyCKaHHe, BO30YKIEHHE IEKTPOHHOH Wi (POHOHHOIM
WIH MOJIEKYISIPHOW ToAcUCTEM H T. A. D(p(dEeKT B3auMOJCHCTBUS MOXKET OBITh CENEKTHBHBIM (TO
€CTh, B HEKOTOPBIX Y3KHX HWHTEpBaJaxX JJIMH BOJH) WM HECEIICKTHBHBIM (TO €CTh, B IIMPOKHX
MHTEepBaJax UIMH BOJIH).

5. McTouHukn M3MydeHus A OCBEIICHHS OOBEKTOB. MeToabl OcBelleHHUs OOBEKTOB B CHCTEMax
MAILIMHHOTO 3PCHHUSL.

Ecin ot o6bekTa He ucxodsaT HOTOHBI (M3JIyUYeHHE), TO €ro H300paKEHNE HE MOXKET OBITh MOIY4YEHO
CHCTEeMOM MamuHHOTO 3peHus. Kamepsl He BHAAT OOBEKTBI, OHM TOJBKO PETHCTPUPYIOT
MPOCTPAHCTBEHHOE pacHpeieiCHUE H3IyUYCHUS, OTPAKEHHOIO OT 00BbEKTa WM MPOIIEAIIETO CKBO3b
OOBEKT, WM UCIYIIEHHOTO 00bekTOM. OCBELIEHNEe B CHUCTEME MAIIMHHOTO 3PEHHS YNpPAaBIseT TeM,
Kak 00BEKT BBINJISLAMUT AJIs1 KAMEPHI.

DNEeKTPOMarHuTHOE M3JIy4YeHHUE, MOCPEACTBOM KOTOPOTO OCYILECTBISIETCS BUACHUE OOBEKTa — 3TO
CTalMOHAPHBII, MOTYIMPOBAHHBII MM UMITYJIbCHBIN TIOTOK ()OTOHOB PAaBHOBECHOTO (COOCTBEHHOTO)
W3IYyYEHUS WIM BHEIIHETO HEKOTEePEHTHOr0, WJIM KOIePEHTHOro (MHOTOMOIOBOIO  HJIU
OZIHOMOJIOBOT0) U3JTy4EHHS.

KorepeHnTHOE 1 HEKOTepeHTHOE H3iyyeHne. MOHOXpOMaTHYHOE U HEMOHOXPOMATHYHOE U3ITyYeHHUE.
UcTtounnku n3nydeHus. MeToibl 0CBEIICHUsT 0ObEKTOB.

He cymectByer mporpaMMHOrO ajiroputma, CIHOCOOHOTO BBISIBUTH OCOOCHHOCTH WM Je(EKTHI
00BEeKTa, €CIM OHU JOJDKHBIM OOpa3oM HE OCBEIIEHBI, TO €CTh OT HUX HET M3IY4YEeHUS WIH
WHTCHCUBHOCTH U3JTyYEHHS HEIOCTAaTOYHA JUIs KOPPEKTHOW BU3YyaIH3allHH.

6. CoOcTtBeHHOE (TEIUIOBOE MJIM TEMIIEPaTYpHOE) PaBHOBECHOE U HEPABHOBECHOE H3IIyueHHE.
CrioHTaHHOE U BBIHYKAECHHOE U3JIyUCHHUE.



CobcTBeHHOE (TEmIOBOE WM TeMIlepaTrypHoe) Hu3inydeHue Ten (cpen) umeeT (yHIaMeHTaIbHOE
3HAUCHHE JUIS BU3yalIM3allMM KaK CaMHMX H3JIyYaloUIMX TeJ, TaK U OOBEKTOB, Ha KOTOPHIE OHO
MOTAaaeT.

duznueckne 3aKOHOMEPHOCTH (OPMHUPOBAaHUSI COOCTBEHHOTO (TEMJIOBOTO WIIM TEMIIEPaTypHOTO)
U3My4YeHHus Tesl (cpen) MO3BOJSIOT OOBSCHUTH NPUHLUI JOCHCTBHS HCTOYHHKOB HM3JIYUEHHUS BCEX
THUIIOB, BKJIIOYAst Ja3ephl.

[TpuHIMI HEONIPENENeHHOCTH U HyJIeBbIE KOJIeOaHUs OIS

CymecTByeT COOTHOIIEHUE HeonpeaeneHHocTH [ eizenbepra, racsiee, 4to: AXAp_x =h, AyAp y
=h, AzAp_z =h.

[IpuMeHUTENPHO K 3JEKTPOMAarHUTHOMY IIOJI0O HE MOTYT OJHOBPEMEHHO oOpamarbcs B HYJb
MarHUTHOE U 3JeKTprudeckoe nossd. KBaHTOBas MexaHHKa MPEeICKA3bIBACT, YTO BO3MOKHBIC 3HAUCHHS
MOJTHON 3HEpruM ocumiuiaTopa ectsh \scriptE n = (n+1/2)hv ¢ mpomsBonbHBIM 1eNBIM N, TAC h —
nocrossHHass Ilmanka, v — wacrora ocmwuatopa. «[lomoBunka» 1/2hv - sHeprust HMXKHEro
(OCHOBHOT0) YPOBHSI OCLIMIUISTOpA (HYyJIEBbIE KOJICOaHUS TOJIS).

Ecin ocumsuisTop MokeT 0OMEHHMBATHCS SHEPTUEH ¢ KAKUMU-TO APYTUMH TEIaMHU, TO OH OTJAET WIIH
MOJTy4aeT YHEPTHUIO TOJIBKO ONPENeICHHBIM OPLUUSIMH, KpaTHBIMU hv.

beckoneyHoe 4mciio koieOaHWil MO MPUXOIUTCS HA €IUHUIYy oObeMa Bakyyma. To ecTs, Bcerma
CYIIECTBYIOT KoJieOaHusl OIS ¢ JIF000H 4acTOTOH V. ITO, C OHOM CTOPOHBI, PEaTbHOCTh, TIOTOMY YTO
BCEra MPOMCXOAUT TEPEXOl aTOMHOW WIIM MOHHOH CHCTEMBbI M3 BO30YKICHHOTO COCTOSIHHS B
CTAllMOHApHOE 3a KOHEYHOE BPEMS, 4YTO HEBO3MOXKHO 0e3 B3aMMOACHUCTBHA C KaKHUM-IHOO
ANIEKTPOMArHUTHBIM TOJieM. TOo ecTh, Jake B OTCYTCTBHE IIETBIX (DOTOHOB, BCErna HaIUYECTBYET
AIIEKTPOMArHUTHOE TIOJe MOJNIOBHHOK 1/2hv, KoTOpoe CcHocoOCTByeT Tepexoly CHUCTEMBI W3
BO30YXJICHHOTO COCTOSIHHSI B HU3IIEE DHEPreTHUECKOE COCTOSIHUE CO CIIOHTAHHBIM HCITyCKaHHEM
¢dorona. Ho, ¢ apyroii CTOpOHBI, B TAKOM CIIy4ae 3JIEKTPOMAarHUTHAsI SHEpIus BaKyyMa J0JIKHA ObITh
OECKOHEYHOI1, 4ero HeT B peajbHOCTH. TeopeTndeckas karactpoda, HazpiBaeMas KOPOTKOBOJIHOBOM
WIH yABTPaQHOIIETOBOM KaTacTpodoll KBaHTOBOU INMEKTPOAMHAMUKU €CTh, peallbHOW (hHU3MYecKon
KaTacTpodbl HET.

3aKOH COXpaHEeHHUs SHEPTHHU TPH CHOHTAHHOM HCITYCKaHHU (OTOHA.

DJIeKTpOMAarHUTHAasl JHEPrHs BaKyymMa OECKOHEYHa, HO TNpPU PACCMOTPEHHMH JIOOOro Iporecca,
HalpHuMep UCITyCKaHus (POTOHA BO30YKICHHBIM aTOMOM IIpH 0053aTeIbHOM y4acTUH HYJIEBOTO MOJS,
A" =A+emission(hv), 3Ta GeckoHEUHOCTH cokpamiaercs. Ecnu nponecc nporucxoaut B ooseme V u
TUIOTHOCThH DHEPTUHU BakyyMma obo3HadeHa \scriptE V , To ypaBHeHHMe coxpaHeHus (TIOJHOW) SHEPTHH
\scriptE_(tot) umeer Bux:

\scriptE_(tot) =const=\scriptE_V V+\scriptE (A"*) =\scriptE_V V+\scriptE_A +hv
HeszaBucumo oT TOrO, paBHa HYJIO MJIM KOHEYHA, MM OeckoHeuHa BennumHa \scriptE V , momyuum
3aKOH COXPaHECHHUsI SHEPTHH B 0OBIYHON opme:

\scriptE_(A"* ) =\scriptE_ A +hv.

CornacHo OOIIENPUHATHEIM B HACTOSIEE BPeMs B HAayKe M NPAKTHKE HPEICTABICHUSAM (TPETbeMy
Havyally TEpMOAMHAMUKHM) TEMIIepaTypa paBHas HYyJI0 10 aOCOJIOTHOW IIKaje TeMIIepaTyp
Henoctwkuma. Ipu remneparype T>0 Bce 4acTHIIBI — aTOMBI, MOJIEKYJIbI, HOHBI U IpyTUe aTOMHBIE U
MOHHBIE CHCTEMBI, COCTABIISIOIINE pa3InYHbIe (POPMBI MAaTEpPUU B JTFOOOM MECTE M B JIFOOOH MOMEHT
BpEMEHH OO0NaaloT OINpPEIEICHHOW O3HEpruel TEeIUIOBOTO JABWKEHUS. B SBICHMAX TEmIoBOro
U3Ty4eHHUs TIepeXo]] B BO30YXKIECHHOE COCTOSHHE OCYIICCTBISICTCS B pE3YyJbTare TeIIOBOTO
JBWKCHUSI aTOMOB, MOJIEKYJ WJIM HOHOB, TO €CTh 3a CUET BHYTPEHHEH 3Heprum Teina (cpemsl).
W3nydeHne (pOTOHOB TEIUIOBOTO U3ITYYEHUS MIPOMCXOIMT B PE3YJIbTaTe IEPEX00B aTOMOB, MOJICKYIT 1
JPYTHX aTOMHBIX M MOHHBIX CHCTEM M3 COCTOSIHUS C OOJbILEH SHeprueil B COCTOSIHME C MEHBIIEH
sHeprueil. TemioBoe n3Iy4eHne OTIINYASTCS OT APYTUX BUAOB H3ITy4SHUS (JFOMUHECIICHIIHH) TOIBKO
CIoco0OM Tmepexojia H3IydYalolluX CHCTEM B BO30YXKICHHOE COCTOSIHHE, a HMEHHO, 3a CYeT
BHYTPEHHEW YHEpruH Tema (Cpersl).

PaBHOBecHOE 1 HepaBHOBeCHOE n3inydeHHe. BeiBoa hopmynsl [Inanka. CrioHTaHHOE M BBIHYKIICHHOE
U3JTy4eHHe.

7. JIazepsl U nazepHOE U3JyUYCHUE.



MamvHHOe (TeXHUYeCKOe) 3pPEHUE C HCIOJIh30BAHUEM HCTOYHUKOB JIA3EPHOTO HU3IYYCHHS HMEET
0OJbIIME TIEPCIICKTUBBI MPUMEHEHUS ISl TIOTYYEHHUS JCTAIbHBIX M300paKeHUH C CYIEeCTBEHHOM
nHpopmainuer 00 o0beKTax. ITO KacaeTcs MONYyYEeHUS! BHICOKOTOYHBIX JBYMEPHBIX W TPEXMEPHBIX
TEOMETPUUECKIX H300paKeHUH OOBEKTOB, CHEKTPOCKOITMYECKHX OOpa3oB, CO3/MaBa€MBIX ITyTEM
pETUCTpAIMU pacnpeelieH sl creluUIecKoro MOTIOMEHMs JIA3EPHOTO M3IYYEeHUsI Ha TIOBEPXHOCTH
WM BHYTpH 00BEKTAa, M300paKECHUI B MOJSPU3OBAHHOM JIA3€PHOM HM3IYUEHUH, N300paXKCHUN TPH
OCBEIIEHNH OOBEKTOB KOJUIMMHUPOBAHHBIM ITyYKOM H3JIyYCHHUS, B TOM YHUCIIE HAXOISANIMXCS Ha
3HAYUTEILHOM YIAICHUH, N300paxennii ¢ mpuMenenneM nanpbHomMeTpun (LIDAR) u mp.

OCHOBHEBIE THITBI JIa3€poB AJis1 CUCTEM MAIIMHHOTO 3PCHUsA: TBEPAOTCIIbHBIC, BOJIOKOHHBIC, I'a30BLIC,
OKCUMCPHBIC, Ha KpaCuTedax, MMOJIYIIPOBOJHUKOBBIC MHXKXCKIIMOHHBIC (,Z[I/IOZ[HLIG),
KBAaHTOBOKAaCKaJIHBIC.

[Tpunnun paGotel nazepa. Cos3gaHue YCIOBHH IPEBAIMPOBAHUS BBIHYXKJICHHBIX IEPEXOJOB Haj
CHIOHTaHHBIMH

dusnka JIa3€pOB PA3HBIX THUIIOB U XapPAKTCPUCTUKU JIA3CPHOT'O U3TTYYCHUA
8. OnTHyeckre KOMIOHEHTBI CHCTEM MAIIHHHOIO 3pCHHUA.

JIunsel, 3epkaiia, IMH30BbIE 00BEKTUBBI, 3epKaIbHble OOBEKTUBBI, )KUKUE JIMH3bI, ONTHKA Ha OCHOBE
METaIOBEPXHOCTEN.

9. Crpykrypa »SHEpPreTHUYECKMX 30H KOHACHCHUPOBAaHHBIX cpen. MOHOKpUCTAIIMYECKUE,
NOJMMKpPUCTAIIMYECKHe ¥ amopdHbele  BemiecTBa.  BzammopneiicTBue — u3imydeHHs — C
KOHJCHCUPOBaHHBIMU cpenaMu. PotodddexT.

OcoOeHHOCTH  aTOMHOW  CTPYKTYpbhl ~ KOHJCHCHPOBAaHHBIX  Cpel B  KPHCTAJLUIMYECKOM,
HNOJIMKPUCTAIUIMYECKOM M aMOpP(HOM COCTOSHUH. TpaHCISIIIMOHHAs CUMMETpHs, ONWKHHHA U
TambHUN TOPANOK. Omnmpudeckoe mnpaBwio Hodge-Perens. dopmupoBaHne KBa3u-CIUIOIIHBIX
JHEPreTHYECKUX 30H IPH 00pa30BaHMM KOH/ICHCUPOBAHHOTO COCTOSIHUS BellecTBa. PaspenieHHble 1
3anpelleHHbIe dHEPreTHUeCKue 30HbL [IIOTHOCTH cOoCTOSHMIA. «XBOCTB) IIOTHOCTH COCTOSIHUM,
JHEPreTHYECKUEe YPOBHU IIPUMECHBIX aTOMOB, «IIPUMECHBIC 30HBD» B 3alpELICHHON 30HE.
Tepmuueckue (COOCTBEHHBIC) IMEPEXOAbI ICKTPOHOB B BO30YKICHHOE COCTOSHHUE U IIEPEXOIbI
ANIEKTPOHOB Ipu noromeHn:u (HotoHoB. Doroaddextr. MexaHU3Mbl pEKOMOUHAIMH BO30YKJICHHBIX
AIIEKTPOHOB B TBEPIIBIX TEJIaX.

10. OcHOBHBIE (hoToaneKTpUIEeCcKUe 3hPEKTHI, UCTIONIb3yEeMBbIE TSt CO3JIaHHUS
BBICOKOYYBCTBHUTEIIFHBIX JIETEKTOPOB JJIEKTPOMAarHUTHOTO M3IYYCHUS W Marpull  (oKalbHON
IUIOCKOCTH Ha UX OCHOBE.

doroBonbrandeckuii apdexr — doromuoa. PDoTompoBoAUMOCTE COOCTBEHHAas M TpUMECHAs —
COOCTBEHHBIN U NpUMECHBIH (hoTope3ucTop. PoTONPOBOIUMOCTh B CBEpPXpEIIETKaX ¢ KBAHTOBBIMH
smamMu — Qotopesucrop QWIP (Quantum Well Infrared Photoconductor). TepmopesucTuBHBIN
(GonmomeTpuueckuii) 3¢pHeKT — MEKpOOOIOMETD.

MexaHu3mbl (JOPMHUPOBAHUS CUTHANA MPH TOTIOMICHUN (POTOHOB JIEKTPOMATHUTHOTO H3ITy4YCHUSI.
HcToyHnKH COOCTBEHHBIX U BHELIHUX LIyMOB.

11. Tukcenb. Marpuna ¢okansHOU MIockocTd. MarpuuHoe ¢oTonpueMHoe ycTpoiictBo. Cucrema
(hOTO3IEKTPUUECKHX TAPAaMETPOB IPUEMHHUKOB U3TYUCHHUS.

[Tukcenp — anemeHTapHas (HOTOUYBCTBUTEIbHAS SUCHKA, JCTEKTHPYIOIIAs N3Ty4YeHHe OT (parMeHTa
o0bekTa 1 (HOpMHUPYIOIIAs INMEKTPUUECKHUN CHTHANI (parMeHTa n3odpakeHus. Marpuma (Mo3anka)
(OKaNbHOW TUIOCKOCTH TMPEACTABISET COOOH MHOKECTBO IHMKCEINCH, paCIONOKEHHBIX B BHUJEC
OIPEJICNICHHOTO TOIOJIOTHYECKOTO PUCYHKA, Ha MIOBEPXHOCTh KOTOPOM ONTHYECKasi CHCTeMa KaMephbl
NPOCHUPYET ONTHYECKOe H300pakeHHe 0oO0beKTa. TOImoJOrus MaTpHIlbl, KOJIWYECTBO IHKCENEH U
COOTHOLIICHHE IIara MUKCeNeil (PacCTOSHHUS MEXIy LEHTPAMH) U JUIMHBI BOJHBI PETHCTPUPYEMOTO
M3JTyYeHHs B 3HAUUTEIBHOW Mepe ONpeelsieT KaueCTBO M JOCTOBEPHOCTh M300pakeHHsT 00BEKTA -
COOTBETCTBUE MOJIyYSHHOTO IIM(PPOBOTO H300pAKEHHUS ONITHYECKOMY.

OOmenpunsTas cucteMa GOTOANIEKTPHUECKUX MTAPAMETPOB IIPUEMHHUKOB U3ITyUCHHS.



12. IlpunHumnsl  (GOpMHPOBAaHHS  DJICKTPOHHOIO  W300paXKEHHs KaMepol C  MaTpUyYHBIM
(OTONPUEMHBIM YCTPOUCTBOM. MUHHMAIBHOE KOJMYECTBO JJIEMEHTOB DPA3JIOKEHHS — ITHKCEINCH.
I'panaimu oTTeHKOB w300paxeHuss W ux perucrpanus. [lonsTie 00 anroputMe 00pabOTKH
AIIEKTPOHHOTO N300paKEeHHUSL.

Ocobennoctn  (GopMHpOBaHHS H300paKCHUS W3 CUTHAJIOB OTAECNBHBIX TTHKCEICH MaTpHUIbL.
MuHHMalIbHOE KOJMYECTBO MHUKCENeH Uit (GOpMUPOBaHUS KOM(OPTHOTO BH3yaIbHOTO M LU(GPOBOTO
n3o0paxenus. [lepemaua orTeHKOB oOpa3a oObekra. UTO Takoe OOHapyKeHHE, paclio3HaBaHUE H
uaeHTUUKas o0bekTa 1o uzoOpakeHuto. [loHsTHE 00 anropuTMe OOpPaOOTKU 3IEKTPOHHOTO
n3o0paxenus. [IpuHIMTIBI GOPMUPOBAHUS JJOCTOBEPHOTO U300PAKESHUS KAMEPOH.

13. Kouctpykmusi kamepsl Ha ocHoBe kpemHHeBoH KMOII marpuipl (HOKaIBHOW TIIOCKOCTH -
MUKCENb, MaTpula u QoTonprueMHoe ycTpoicTBO. HecenekTHBHBIN (OTTEHKH CEporo) W LBETHOU
BapUaHTHI.

KMOII TexHOJOTHSI — OCHOBHAS TEXHOJOTHS IPOW3BOJICTBA MATPHIl (DOKANBHON TIIOCKOCTH
COBPEMEHHBIX KaMep BHIMMOTO Juana3oHa crekrpa. OIHO U3 OCHOBHBIX MPEUMYIIECTB KPEMHUS —
Marpuia GoKaIbHOU MIOCKOCTH M MHTETpajbHas CXeMa MEePBUYHOW 00paOOTKH CUTHAJIOB THKCETeH
(oToanonOB) - MYNBTHUIIEKCOP HM3TOTABIMBAIOTCS HA €IWHOW MOUIOKKE. J[pyrMM BaKHEULINM
MPEUMYIIECTBOM HCIOJIb30BAHUA KPEMHMS JUIl M3TOTOBICHHMS MAaTpHLl (OKAIBHOW IUIOCKOCTH
BUIMMOIO JAMana3oHa CIEKTpa — O5TO BO3MOXHOCTh TMOJYYEHHS MPENEibHbIX (IOPOTOBBIX)
XapaKTEePUCTUK THMKCENeH IpH HOPMAJIbHBIX YCJIOBHAX U TEMIIEpaType OKpPY)KaloIled Cpembl.
U3006pakeHusi, moixy4aeMble COBPEMEHHBIMH KamMepaMH, UMEIOT OYEHb BBICOKOE I'€OMETPHUYECKOE
pasperienre Ha ypoBHE 1,5—2 MKM.

KoncTpykTHBHBIE 0COOCHHOCTH NHKCeNns. HecenekTHBHBIN 1 IBETHOM BapHaHTHI MaTPHIL.
[Ipumeps! MaTpun u kamep. TeXHUUECKUE XapaKTEPUCTUKHU IIEPEIOBBIX KaMep.

14. KoHcTpykiMsi Kamepbl Ha OCHOBE MarpHibl (OKaJIbHON IJIOCKOCTH W3 HEOXJIaKIaeMbIX
MHUKPOOOJIOMETPOB - UKCEIb, MAaTpULa U (POTOIPUEMHOE YCTPOMCTBO.

Heoxnaxmaemble MUKPOOOJIOMETPBI — OCHOBHOW THUI MaTpHIl (POKATBHOM TIIOCKOCTH JIJISl MAaCCOBOTO
MPOU3BOJCTBA COBPEMEHHBIX Kamep TEIJIOBH30POB, palOoTaloUMX B  UIMHHOBOJHOBOM
uHppakpacHOM juana3oHe cmekrpa 8—14 MkM. OCHOBHBIE TPEUMYIIECTBA MAaTPUYHBIX
(OTONPHEMHBIX yCTPOWCTB Ha OCHOBE MHUKPOOOJIOMETPOB — MOXKET 3(PQPEeKTHBHO padOTaTh MpH
TEMIIepaType OKpYy)Karomiel cpenbl (HeT HEOOXOAUMOCTH B KPUOTEHHOM OXJIaXIE€HHH), YCTPOHCTBO
OYCHb KOMIIAKTHO, MMEET MAaJICHBKYI0 Maccy M HH3Koe sHepromorpelienue. Crneunduyeckoi
0C00EHHOCTHIO A((HEKTUBHON PAOOTHI MUKPOOOJIOMETpA SBIISIETCS paboyvast cpefia — BBICOKUI BaKyyM
(~10-5 mbap) B pabodeil MOJIOCTH YCTPOMCTBA, B KOTOPOW CMOHTHpOBaHAa Marpuua. Paboumii
JUTMHHOBOJIHOBBIM ~ MH(paKpacHbI JAMama3oH CHEKTpaJbHON YyBCTBUTENBHOCTH 8—14 MKM
o0ecrieyrBaeT BUACHHUE B YCIOBUAX IUIOXOH OCBEIICHHOCTH (B TEMHOE BpeMsI CYTOK), TyMaHa, JbIMa
U JPYrUX METEOpOJOTMYEeCKHX IoMeX i BuaeHus. Kamepbl Ha OCHOBE MHKPOOOIOMETpPOB
o0yafaroT paspelieHneM nu300pakeHusi 00beKTa M0 TeMIepaType (TEIIOBOro KOHTpAcTa) HMOpsiiKa
30-50 MK u reomerpudeckuM pasperieHneM Ha ypoBHE AiIuHBI BOiHBI 10—12 Mxm. Hemocrtatok —
Huskoe ovicTponeicraue 10-1-10-2 ¢, mockoabKy MpUHLIUI PabOTHI TEIIOBOM — HArPEB-OXJIAKICHHE
qyBCTBUTEIILHOI MEMOpPaHBI.

KoHCTpyKTHBHBIE OCOOEHHOCTH THKCENs, MaTPUIbl M THOPUIHOM COOPKH C MYJIBTHILIEKCOPOM.
IIpumeps! kamep. TexHUUECKNE XapaKTEPUCTHUKH ITEPENOBBIX KaMep.

15. KoHCTpyKIMsE KaMepbl Ha OCHOBE KPHOTEHHO OXJaXIaeMbIX MaTpHIl (POKAIBHOH IIOCKOCTH Ha
ocHoBe Qortoanonos u3 InSb, HgCdTe u QWIP ¢otopesucropos Ha cepxpemerkax AIIIBV -
MHUKCEIb, MaTPHULA U (POTONPUEMHOE YCTPOICTBO.



Kpurorenno oxmaxmaemple Marpuilel Ha ocHOBe (otommomnoB u3 InSb, HgCdTe m QWIP
¢doropesuctopoB Ha cBepxpemeTkax AIIIBV — ocHoBHOU TN Marpuil (OKaIbHOH MIOCKOCTH IS
MPOU3BOJCTBA  CIEUHAIBHBIX COBPEMEHHBIX  TEIUIOBU3MOHHBIX  KaMep, paboTamomux B
WHpaKpacHbIX auana3zoHax crnektpa 3—5 m 8—14 mxMm. OCHOBHBIE TPEUMYIIECTBA KPHOTEHHO
OXJIQXKJTAEMBIX MATPUYHBIX (POTONMPHUEMHBIX YCTPOMCTB — BO3MOXHOCTH JTOCTHXKEHHS MOPOTOBBIX
TEOPETUUECKUX 3HAUEHUM UYyBCTBUTEIBHOCTH IIMKCEJIEH M, Kak CIEACTBHE, MaKCUMAJIbHO
BO3MOXXHBIX JANbHOCTEH OOHapy)KEHHUS, paclo3HaBaHUS W HACHTUHUKAIMKM caabo Harperhix
00beKTOB. JIOCTUTHYTHIN YPOBEHb TEMIIEPAaTypPHOTO KOHTpacTa n3odpaxkeHus mopsaka 10 MK, MmokeT
ObITh, B JasibHeleM yimyumieH 10 1 MK u menee. [lpyrue cymecTBeHHbIE MPEUMYIIECTBA — BHICOKOE
obicTpoaeiicTBue TuKcened ¢oroauonHoro thma 10-7—10-9 ¢, reomerpuyeckoe paspeiieHre Ha
YPOBHE JUIMHBI BOJHBI, BO3MOXXHOCTb MYJBTUCHEKTPAIbHON perucTpanuu. Marpuubl (HOKaIbHOM
miockoctr Ha ocHoBe QWIP doropesuctopoB Ha cBepxpenierkax AIIIBV o0nagarot oueHb BHICOKOM
OJHOPOIHOCTHIO, HO CYHIECTBEHHO YCTYNAIOT MO UyBCTBUTEIBHOCTH M OBICTPOACHCTBHUIO Marpuliam
Ha ocHOBe (HOTOMOIOB.

KoHCTpyKTHBHBIE OCOOEHHOCTH THKCENs, MaTPUIbl M THOPUIHOM COOPKH C MYJIBTHILIEKCOPOM.
[Tpumepsl kamep. TexHUUECcKHe XapaKTEPUCTUKH NEPEAOBBIX Kamep.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayIuTopusl, OCHAIEHHAs] KOMITBIOTEPOM U IIPOEKTOPOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. 3penue yenoBeka u 31ekTpoHHOE 3penue [Tekct]/A. Poys , -M., Mup, 1977

2. O6mwmit kype ¢usukn. Onruka [Tekcr] : yue6. mocobue st By3oB / JI. B. CuByxun .— M. : Hayka,
1980 .— 752 c.

3. OnTo3NeKTPOHUKA BUAUMOTO U HH(pPaKpacHOro nuamna3oHoB crektpa [Tekcr] : yue6. mocobue as
By30B / JI. H. KypbaroB .— 2-e u3n., ucrp. u nomn. — M. : ®usmarknwura, 2013 .— 400 c.

4. Onruka [Tekct] : yue6. mocobue ans ¢us. crerl. By3os / I. C. Jlanacoepr .— 6-e u31., CTEPEOTHII.
— M. : ®usmatiut, 2003 , 2006, 2010 .— 848 c.

5. Teopernueckas ¢uzuka [Texer] : B 10 T. T. 8 / JI. 1. Jlannay, E. M. JIndmunidnekrpoarnHaMuka
CIUIOIIHBIX cpenieyued. mocodue s By30B - M.Hayka, 1982

6. Atom B cunmbHOM cBetoBoM mioiie [ Texet]/H. b. lenone, B. I1. Kpaiinos, -M., DHeproaroMusar,
1984

7. ®uznka nmorynpoBoaHUKoB [ TekcT] : yueb. mocobue mis By30B / B. JI. bornu-bpyesuy, C. I.
KanamnnkoB .— M. : Hayka, 1990 .— 688 c.

8. [Monmynposoxuuku [Texct] = Semiconductors : [y4e6. mocobue mis By3oB] / P. Cmur ; miep. ¢ aHTI.
mon pex. H. A. Ileanna .— 2-e uzn., mepepad. u mon. — M. : Mup, 1982 .— 560 c.

9. ®otosnexTpuyeckue siBieHus B nonynposonHukax [Texcr]/C. M. PeiBkuH, -M, @usmaraut, 1963

10. Handbook of Machine and Computer Vision. Editor Alexander Hornberg. Wiley-VCH Verlag,
2017, 862 p.

11. B. I'. Bonkos, I1. JI. 'maaun. Texaudeckoe 3penue. ManoBanuu. Texnochepa. Mocksa. 2014, 840
c.

12. L. Allen, J. H. Eberly. Optical resonance and two-level atoms. Wiley. 1975, 233 p.

JomnonHutensHas auTeparypa

1. KeanToBas anekrponuka [Tekcr]. U. 1 / A. M. IIpoxopos, JI. C. Kopauenko ; Mock. roc. yH-T UM.
M. B. Jlomonocosa ; Hayu.-uccnen. un-t saepaoit ¢pusuku ; Ota-aue snepHor pusuku ¢us. hak. MI'Y
; Kadenpa aromuoit pusuku 1 3neKTpoHHBIX siBieHni - M.MI'Y,1973

2. OcHOBHI TeopuH MonynpoBoaHUKOBEIX TipruoopoB [Tekcr|/T. E. IMukyc, -M., Hayxka, 1965
3. UndpakpacHoe uznydenue HarpeTsix Ten [Texct]/M. A. bpamcon , -M., Hayka, 1964



4. 5. B. 3enpnoBuy. Teopust Bakyyma, OBITh MOXKET, pelliaeT 3arajiky kocmosorun. YOH, 1976, T. 120,
BbIM. 4, ¢. 479-503

5. H.T. Bacos. [TonynpoBogHUKOBBIE KBAaHTOBBIE TeHepaTopbl. HoOeneBckas neknus. YOH, 1965, 1.
85, BHIIIL 4, ¢c. 585-598

6. Mikhail Nikitin, Albina Drugova, Viacheslav Kholodnov and Galina Chekanova. Simulation of
Small-pitch High-density Photovoltaic Infrared Focal Plane Arrays. Intech. In book: Advances in
Photodiodes, Prof. Gian Franco Dalla Betta (Ed.), 2011, pp. 95-120, ISBN: 978-953-307-163-3

7. M. A. Bpamcon. CnipaBo4Hble TaOnuUIIbl IO HHPPAKPACHOMY H3IIy4eHHUIO HarpeThix Tein. Hayka.
Mocksa, 1964, 318 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://www.edu.ru — ¢penepanpubiii mopran «Poccuiickoe oOpazoBaHue.
http://www.exponenta.ru — 00pa3oBaTeIbHBI MaTEMaTUIECKHUIA CaAHT.
http://mathnet.ru — obmepoccuiickuii MaTeMaTHYeCKUH MOPTal.

http://benran.ru —6ubnmnoTEeKa MO €CTECTBEHHBIM HaykaM Poccuiickoil akajemMun Hayk.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryzneHt, nzy4aromui Kypc «MeTobl BEIMUCIUTEIBHON AIEKTPOIUHAMUKNY, TOJIKEH YMETh aKTUBHO U
IIeJICHANPABICHHO MTPUMEHSITh B PA3JIMYHBIX COYCTAHUIX 3HAHMS, ITOJIYICHHBIE B 00IaCTH MaTeMaTHKH,
ANEKTPOIMHAMUKH U YHCIEHHBIX METOOB.

B mpomecce m3ydeHns kKypca CTYICHT JNOJDKEH HM3YYUTh MPUEMBI OLICHKH PACcCEHBAIOIINX CBOWMCTB
00BEKTOB M3 TEOMETPHUYECKUX COOOPaKCHHH W METOIOM (PH3MUECKOW ONTHKH, a TaKkKe H3YyYUTh
MOMIXOBI K PEIICHUI0 MPHUKIATHBIX 3a7ad AJIEKTPOIUHAMUKH METOAOM COOCTBEHHBIX (DyHKITWH,
METO/IaMH KOHEYHBIX DJIEMEHTOB M KOHEUHBIX Pa3HOCTEH, METOJaMU MOBEPXHOCTHBIX W OOBEMHBIX
WHTETPaJbHBIX YPaBHEHHWH, C HCIIONB30BAHUEM JCKOMITO3UIIMOHHOTO ITOXO/a M «CpPa3y», METOIIOM
KOHEYHBIX Pa3HOCTEH BO BPEMEHHOW OOJACTH, METOJAaMH T'eOMETpPHUYECKOW M (DU3UYECKOH TeopuH
mudpakiuu. KoHKpeTHass peanu3anus SIEKTPOAMHAMUYECKOTO METOIa OMpPEeNsieTcs] CIocoOoM
anmpoKCUMAIIH PEUICHHS, TPUMEHSIEMBIMH MPUEMaMU HHTETPUPOBaHUA U U dEpPEeHIIUPOBAHHUS,
pemennst CJIAY u npyrumu. B CBs3UM CO CIIOKHOCTBIO QJITOPUTMOB BBIUMCICHHUHA M 3a9aCTYI0 BHICOKOH
pa3MepHOCTBIO 3ajlay, B XOe M3Y4YEHHsS Kypca CTYIEHT MOJy4yaeT MPEACTABICHHE O PAIMOHAIBHBIX
nmpuéMax TPOrpaMMHUPOBAaHHSA, B TOM YHCJIE O pacnapajuleIiBaHWW BBIUMCICHWA. HakoHem, mpu
M3yYEHUHN Kypca CTYIEHT OCBaWBacT HABBIKM pPabOTHl C MyONHKANMSMHU TIO0 TEMAaTHKE YUCICHHBIX
METOJIOB MPUKJIAJHON SIEKTPOAUNHAMUKY B PA3IMYHBIX MCTOUYHUKAX: OTECUECTBEHHBIX U 3apyOeKHBIX
MOHOTpadusIX W ydyeOHHMKax, B HAyYHOH NEPUOJMYECKOW JIMTEpaType, B  IJIEKTPOHHBIX pecypcax
HNurepHer.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PaboTHI CTY/IEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

- npopa60TKy yqe6Horo Marcpuajia, MmOArOTOBKY OTBCTOB Ha BOIPOCHI, NPCAHA3HAYCHHBIX JJI
CaMOCTOATEJIIbHOI'O U3YUCHUS



— pelleHue 3a/1a4, IpeiIaracMblx CTyIEHTaM Ha 3aHATHSAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

ITokazareneM BiaJeHUs MaTEpPHAIOM CIIyKHT yMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI 110 TEMaM
JUCIUTUINHEIL.

BaxHo 100UTHCS MOHMMAHUS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPyJHEHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
[IPENoJaBaTeo.

Bo3MoxeH npoMeKyTOUHbIM KOHTPOJb 3HAHUM CTyAEHTOB B BUJE PELICHUS 3aJad B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa MEKTPOAUHAMUKY CIIOKHBIX CUCTEM U HAHO(OTOHUKU
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: M.C. HukutuH, kanj. pus.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBUi

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-1.2  OcymecTBisieT TMOUCK BapHAHTOB
MOCTAaBIICHHONH  TpoOJIeMHOW  CUTyallud  Ha
JIOCTYITHBIX UCTOYHUKOB MHGOPMAITUU

peLeHust
OCHOBE

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.4 Ilpeacrapnsier myOIMYHO Pe3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMI Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W CcOOCOOCH  HUCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHIAaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANBHOM ESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 NpoQeccCuOHaTBHON AEeATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHUKH B 001acTH cBOeH
po¢eCcCUOHANBHOM IeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3a]ad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIEeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare nzyueHus AUCIMIUIMHB « MalIMHHOE (TEXHMUYECKOE) 3pEHUE» 00yUarOLHiCs TOIKEeH:

3HATb:




- ()M3MKO-TEXHMYECKUE OCHOBBI M IPHHIMIIBI KOHCTPYUPOBAHUSI CUCTEM MAIIMHHOTO (TEXHHYECKOTO)
3pEHHS.
yMeThb:
- QHAJIM3UPOBATH 3a]a4y CO3AaHHs CUCTEMbl MAIITHHOTO 3PEHHS;
- IUIAHUPOBATh IYTH PELICHUS;
- TIpeJIarath 1 KOMOMHHPOBATH CIIOCOOBI PEIICHUSI.
BJIaJIeTh:
- CHCTEMHBIM HAay4HBIM IO/IXOZ0M CO3JIaHUSI CUCTEM MAIIMHHOTO (TEXHUYECKOT0) 3PEHHUSI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHBIM OMpPOC B
HayaJie 3aHsTHs WIN B KOHLE 3aHATUS 110 IPOUIEHHOM TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. Yrto Takoe MalMHHOE (TeXHI/I‘IeCKOG) 3peHHe? Kakwne ocHOBHBIC 3aa4y OHO MPU3BAHO pemaTL?

2. OCHOBHBIE COCTaBHBIE YAaCTH CHCTEMBl MAIIUHHOTO (TEXHUYECKOro) 3peHus. Paboumne
CIIEKTPaJIbHBIE JMANA30Hbl U3IYyYEHUS CUCTEM MAIIMHHOTO 3PEHHS W IOYeMy BEIOOD cliejlaH MMEHHO
Ha HUX?

3. Tuns! ¢poTopenienTopoB ra3a yesnoBeka. CKoIbKO (POTOPELENTOPOB B CETYATKE IV1a3a, UX TUIIUYHBIE
pa3Mepsbl U CIIeKTpaIbHbIC XapaKTePUCTUKHU?

4. UYto Takoe KOTEpEHTHOE U HEKOTePEeHTHOE JSJIEKTPOMarHuTHoe wu3nydeHue? CymmapHas
WHTCHCUBHOCTh OCBELICHHS OOBEKTa NPH OJHOBPEMEHHOM JEHCTBHM JABYX M 0o0Jiee HMCTOUYHUKOB
KOT€PEHTHOTO WJIM HEKOT'€PEHTHOTO OCBEIIECHHS.

5. Yro Takoe pe3oHaHCHOE MOMIoIIeHnEe (POTOHA aTOMOM (JIByXYPOBHEBOW CUCTEMOIT)?
6. Urto Takoe CIIOHTaHHOE U BBIHYXIeHHOE n3nyderne? YTo Takoe HyJaeBble KOJIeOaHus oS ?
7. Urto Takoe coOCTBEHHOE (TEIUIOBOE, TEMIIEPATYPHOE) H3TyueHHE?

8. Urto Takoe mukcenb n3oOpakeHus? Marpuna (Mo3anka) (OKaTbHOW TUIOCKOCTH Kak 0azoBas
(hoTouyBCTBUTENBHAS CTPYKTYpa Il HOPMHUPOBAHHS SIIEKTPOHHOTO H300paKeHUsI.

9. 3penue uenoBeka. CTpoeHue, CTpykTypa v (PyHKIHH T1a3a

10. BbazoBnie NPUHOUIBI IMOCTPOCHUA CUCTCM MAIIWMHHOIO 3PCHMUA. FeOMeTpI/ILIeCKaH W KBaHTOBasd
onTtuka. Kimaccuueckast 1 KBaHTOBas QJICKTPOAUHAMUKA.

11. MexanusMm nomolieHus: poToHa B ABYXypoBHEBOH cucteme. Mcmyckanne gortona. CrioHTaHHOE U
BBIHYKJICHHOE H3JIy4YCHHE.

12. PaBHOBecHOE U HepaBHOBeCHOE M3ny4yeHue. Beion dopmyner [Inanka.

13. Kak obecrieunTh MpeBaJMpOBaHUE BEIHYKICHHOTO M3IYYCHUS HaJl CIOHTaHHBIM. [IprHINI paboTh
nasepa.

14. Crpykrypa DSHEpPreTHYECKHX 30H KOHACHCHUPOBAaHHBIX cped. MOHOKpUCTAILIMYECKUE,
MOJMKPHCTAIIIMYECKHE U aMop(HbIe BenlecTBa. B3anMonelcTBue M3iyueHHs ¢ KOHICHCUPOBAHHBIMU
cpenamu.

15. ®otod¢hdexT 1 ero UCNoNb30BaHUE ISl PETUCTPALUH U3TydeHHs. Du3ndecKkass MOJIEIb OCHOBHBIX
tunoB oroaddexra.

16. TTpuanumne: nonydyerns 2D u 3D nzo0paxkeHnii 00bEKTOB.
[Mpumeps! OUIETOB:

buner 1.

1. Mexanusm nonomeHus: poToHa B JBYXypoBHEBOH cucteme. Mcmyckanue dhorona. CioHTaHHOE U
BBIHYKJIEHHOE U3ITyYCHHE.

2. PaBHOBecHOE M HEpaBHOBeCHOE n3nydeHue. BoiBog Gpopmynst [lnanka.

buier 2.
1. Yro Takoe pe30HaHCHOE MOTJIONIeHHE POTOHA aTOMOM (IBYXYPOBHEBOH CHUCTEMOH )?
2. UYro Takoe CIOHTAHHOE ¥ BBIHYXKJIeHHOE n3iryueHne? UTo Takoe HyleBble KojaeOaHus mos?



Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYeOHOHM MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHHUE YBEPEHHO
IPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJIy4YEHHbIC 3HAHUS HA IPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKazaBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEeHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIEero oOydeHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLllH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeJ0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHON CUTYalHH.
OneHka HeyIOBIETBOPUTENIBHO 2 0ajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0ajim - BBICTABISAETCS CTYNEHTY, KOTOPHIH HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX TMOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

HuddepenuupoBanuplii 3au€T npoBoxsATcs B yCTHOH ¢opme mo Owieram. B kaxaom Ounere
MPE/CTaBICHO JBa TEOPETHUECKUX Bompoca. IIpu mpoBepeHnu 3auéra M 3K3aMeHa 0O0ydaromemycs
npenocrasisiercs 30 MUHYT Ha IOATOTOBKY.

OHpOC 06yan01ueroca HC JOJIKCH NPCBbIIIATh OAHOTO aCTPOHOMHUYCCKOIO Jaca.



