MUHUCTEPCTBO HAYKHU U BBICHIETO OBPA3OBAHU A
POCCHUIMCKOI ®EJIEPALINN
denepanbHOE TOCYIaPCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE YUPEKACHUE
BBICITIIETO OOpa30BaHUS
MOCKOBCKWI TOCYIAPCTBEHHbBI YHUBEPCUTET
I'EOAE3UN U KAPTOI' PAOUU
(MUUT'AuK)

dakynsTeT YIpaBICHUS TEPPUTOPHSIMHA
Kadenpa dpuzuknu

' % JTOKYMEHT MOJAMUCAH

%\; MIEKTPOHHOI NOANHUCHIO «YTBEPXIAIO»
Cepruduxar: 5387FD2AF5B17FED816FDE9A 1D4973B1 IIpopekrop
Brnanenen: Crenanuenko Anekceii Jleonnnosua A. JI. CternanuyeHKO

HeiictBurenen: ¢ 21.07.2025 mo 14.10.2026 15 mast 2026 T.

PABOYASI IPOTPAMMA JTMCHUTIJIMHBI (MOIYJIS)
ECTECTBEHHBIE HAYKH U HTHOOPMATHUKA

«B1.0.14.02 ®U3NYECKHUE OCHOBBI ITIPOBEJIEHUS U3MEPEHUI»
YpoBeHb BhICIIET0 00pa30oBaHUs: OakajJaBpuaT

Hanpasnenue noarorosku: 21.03.02 3emieycTpoicTBO M KaacTpbl

Hanpasnennocts (mpo¢uiib) MOArOTOBKY: YIpaBleHUE HEABKUMOCTBIO U Pa3BUTHEM TEPPUTOPHUIL

KBanudukanus (cTerneHb) BEITYCKHUKA: OaKaJaBp
®dopma oOyueHHUs: OUHAs
I'on Habopa (mpuema Ha oOydenue): 2026

Cpox nosrydeHus: 00pa3oBaHuUs: 4 rona

O0beM: B 3aUETHBIX €OUHUIAX: 4 3.€.
B aKaJIeMHUYeCKuX yacax: 144 ak.4.

Mocksa, 2026
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Pa3padoruukmu:
Houent xadeapsl Pusuky, k.H. Manuaaukosa E. B.

Pabouas mporpamMma ITUCHMILIMHBEI (MOIYJsI) COCTaBI€Ha B COOTBETCTBUH C TpeboBaHusmu OI'OC
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ComnacoBaHue U yTBEPKACHUE

OTBeTCTBEHHOE aTa, IPOTOKOJI
Ne | [Togpaznenenue DUO Busa Jlara, np
JIALIO (Ipu HaNMUYUN)
1 axymbrer IIpencenarens Boponmosa A. A. Paccmotpeno | 25.11.2025, Ne
YipasiieHus YUYEHOTO COBETA 8-2025
TEPPUTOPUSIMU tbakynsTeTa
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1. Heab 1 3a1a4um 0CBOEHMSI TUCUMUIIIMHBI (MOLYJIs1)

HCHL OCBOCHUSA NUCHHUIIINHBI - 3aKJIIOYACTCA B MOJTYUYCHUU O6y‘-IaIOIJ_II/IMI/IC5I TCOPCTUUCCKUX
3HAaHUM 1O OCHOBHBIM pasfenaM (HU3MKH MW HMX TNPAKTHUECKOM IMPUMEHEHUH IIPH pPELICHUU
MPUKJIAJHBIX 3a/1a4 TPOBEACHHUS U 00pabOTKH M3MEPEHUH Ul CO3JaHMs MPEANOCHIIOK YCIIEIIHOTO
OCBOCHUA CIICOIUAJbHbBIX JUCHUIINIMH H OGGCHC‘-IGHI/ISI BCQCTOpOHHCﬁ TEXHUYECKOU IIOATOTOBKH
OyIyIINX CIEIUATHUCTOB.

Baﬂa‘II/I HU3YUCHUA NUCHUILIINHBI:

- COACHCTBHE TOMYYCHHIO (PYHIAMEHTAJIBHOTO OOpa30BaHHUs, CIMOCOOCTBYIOIIETO AabHEHIIEMY
Pa3BUTHUIO JTUYHOCTH;;

- TIpeJoCTaBlIieHUEe aHOpaMbl HanboJiee YHUBEPCATbHBIX METO/IOB, 3aKOHOB M Mojelel (GU3NKU U
JPYTHUX €CTECTBEHHBIX HAYK;;

- COCPeOTOYCHHUE YCHIINA Ha (POPMHUPOBAHUU Y CTYJCHTOB 00IIero (pu3nueckoro MUPOBO33PECHUS U
Pa3BUTHUN HAYYHOTO MBIILICHUS. ;

- (GopMHpOBaHHE Yy CTYACHTOB HAaBBHIKOB IOHHUMAaHUS (DU3MYSCKUX TPUHIUIIOB TPOBEICHHUS
M3MEPEeHHI U UX 00pabOTKH..

2. IInanupyemble pe3yJbTaThbl 00y4eHHs M0 JUCHHUILINHE (MOIYJII0), COOTHECEHHBIE C
IUIAHMPYEeMBIMH pPe3y/1bTaTaMH 0CBOCHHS 00pa30BaTeIbHOM MPOrPaMMbl

Komnemenyuu, unouxamopul u pesynvmameol 00y4eHus

OIIK-1 Crocoben pemarb 3agadydl  NPO(PECCHOHATBHON AEATENbHOCTH TPHUMEHSS METOJbI
MOJICTTUPOBAHUS, MATEMATUUECKOTO aHAJIN3a, €CTECTBCHHOHAYYHBIE M OOIIIEMHKEHEPHbIC 3HAHUS

OIIK-1.1 JlemoHCTpUpyeT 3HAHHS MOJCIMPOBAHUS OTACIBHBIX (PParMEeHTOB IIpoliecca,
MaTeMaTU4YECKOr0 aHaJln3a, BbIOOpa ONTUMAIbHOIO BapHaHTA ISl KOHKPETHBIX YCJIOBHM MpHU
CO3/IaHUU 3eMJICYCTPOUTENILHOM 1 KalaCTPOBOIl IOKyMEHTallUU
3namo:
OIIK-1.1/382 ®usnuecknx OCHOB MOJEIMPOBAHMS OTACIBHBIX (PparMEeHTOB Mpoliecca,
MaTeMAaTHYEeCKOTO aHaJIN3a, BRIOOpa ONTHUMAILHOTO BapUaHTa JUIsi KOHKPETHBIX yCIOBUI
MPU CO3IaHUH 3EMJICYCTPOUTENILHON U KaJaCTPOBOM IOKyMEHTAIIUU
Ymemu:
OIIK-1.1/¥m1 Hcnonb3oBaTh €CTECTBEHHO-HAyYHbIE W HMHXXCHEPHBIC 3HAHUSA IS
ONTUMU3ALNH 3€MJICYCTPOUTEIBHBIX MPOLIECCOB
Braoems:
OIIK-1.1/HB2 HaBblkamu NpUMEHECHHsS] (PU3MUECKUX M €CTCCTBEHHOHAYYHBIX 3HAHHMA
JUIsL MOZAENMPOBAaHUS OTIENbHBIX (ParMEHTOB Ipoliecca, MaTEeMaTHYecKOro aHaju3a,
BbIOOpa ONTHMAaJIbHOTO BapuUaHTa M KOHKPETHBIX YCIOBUH TMpU  CO3JaHHUU
3eMJICYCTPOUTEIIBHOM M KaJJaCTPOBOM TOKYMEHTAIlUU

OIIK-1.2 HUcnone3yeT (dhyHIaMEHTaIbHBIC 3HAHUSA B MPO(ECCHOHAIBHON IEATEILHOCTH IJIS
pelIeHrs KOHKPETHBIX 3a71ad B 3eMJICYCTPOICTBE U KaJacTpax

Suame:

OIIK-1.2/301 ®ynpgameHTanbHbIE  KOHICTIIIMM W  TEOPUHM, TPUMCHHMBIC B
3eMJICyCTPONCTBE U KalacTpax HEABHKMMOCTH

Yuvemo:

OIIK-1.2/¥ml  HMHrerpupoBaTh Hay4Hble 3HAHMA JUISI  PELICHUS  pEaJIbHBIX
npodecCHOHANBHBIX 3a1a4d

Brnaoemw:

OIIK-1.2/HBl HaBbikoM 3¢ ¢hEKTHBHOTO NPUMEHEHHS HAy4YHOTO TIIOTEHIMada IS
YIAYYIICHHs Ka9eCTBa 3eMJICYCTPOUTEIBHBIX U KaJaCTPOBBIX MPOIICTYP
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OIIK-1.3 Ananu3upyeT IpPUYMHBI CHUXKEHMSI KauyecTBAa TEXHOJOTMYECKUX IPOLIECCOB U
npezyiaraeT QQEeKTUBHbIE CIOCOOBI MOBBIIICHUS KadyecTBAa MPOM3BOACTBA palboT mpH
BBINIOJTHEHUM PA3JIMYHBIX TEXHOJIOTMYECKHMX ONEpalUii B 3€MJIEYCTPOMCTBE M KaJacTpe C
Y4ETOM OTEYECTBEHHOTO U 3apyOeKHOTO OMNBITOB C NPUMEHEHHEM TI'eOMH(POPMALMOHHBIX
cucTteM, HH(POPMALMOHHO-TEIICKOMMYHUKAIIMOHHBIX ~ TEXHOJOTHH,  JENaeT  pacueTsl
MOCTPOCHUM

3nams:

OIIK-1.3/382 ®uvecknx 3aKOHOMEPHOCTEH NPOIECCOB ISl OMpPEAeNICHUsS TPUYIUHBI

CHIJKEHMS KaueCTBa TEXHOJIOTUYECKUX MPOLIECCOB

Ymemu:

OIIK-1.3/¥Mm1 [lnarHocTupoBaTh MPUYHHBI YXYAIICHUS TEXHOJOTHYECKOTO Tpolecca U

paccunThIBaTh BApUAHTHI UCIIPABICHUN

Braoemy:

OIIK-1.3/HB1 HaBwixom BHenpenusi coBpeMeHHbix [ MC-texnonoruit u UKT-pemennii

JUI aBTOMATH3allMM W TOBBIIIEHUS TOYHOCTH 3€MIICYCTPOUTEIBHBIX U KaJdaCTPOBBIX

onepanuin

OIIK-1.4 /leMOHCTpUpPYET HaBBIKM MCIOJIb30BaHHUS COBPEMEHHBIX MHCTPYMEHTOB U METOJOB
BBITOJIHEHHSI KOMIUIEKCAa paboT MO BHYTPUXO3SHCTBEHHOMY 3E€MJIEYCTPOHCTBY U KOHTPOIIIO
MIPOEKTOB, CBSI3aHHBIX C OCIOKHEHUSIMH, BO3HUKAIOLIUMH ITPU IPOU3BOJCTBE PabOT

3name:

OIIK-1.4/311 CoBpeMeHHBIE HMHCTPYMEHTHI W TEXHOJOTHH, TPUMEHSIEMBbIC B
3eMJICYCTPONCTBE M KOHTPOJIE KaJaCTPOBBIX IPOEKTOB

Ymems:

OIIK-1.4/¥YMm1 CrpaBisiTbCsl ¢ TEXHUYECKUMHU CIOKHOCTSIMU U YCTPAHATH MPETATCTBUSL
B IIPOM3BO/ICTBEHHOM JI€ATENBHOCTU

Braoems:

OIIK-1.4/HBl HaBbikoM OBICTPOTO pearupoBaHUs W OMNEPATUBHOTO YCTPAHCHUS
OCJIO)KHEHUH NP BHITOTHEHUH 3€MJICYCTPOUTEIbHBIX U KOHTPOJBHBIX 337124

OIIK-4 CnocobGeH mNpoBOAUTh H3MEPECHHS H HaOMIONEeHUs o0OpadaThiBaTh W MPEICTABIATH
MOJYYCHHBIC pE3yJabTaThl C NpPUMEHEHHEM HH()OPMAIIMOHHBIX TEXHOJIOTMHA ¥ MPHUKIAIHBIX
armapaTHO-TPOTPaAMMHBIX CPEICTB

OIIK-4.1 MlaeT omeHKYy HEOOXOMMMOCTH KOPPEKTUPOBKU WIIM YCTPAHEHHUS TPaJUIMOHHBIX
MOJXOJ0B MpPH NPOEKTUPOBAHWU TEXHOJIOTMUECKHX MPOIECCOB 3EMJIEYCTPOUTENbHBIX H
KaJIaCTPOBBIX paboT

3namo:

OIIK-4.1/311 TpaauuuoHHBIE U COBPEMEHHBIE METO/ABI M3MEPEHHH W HAOMIOCHUN B
3eMJICYCTPONCTBE U KaJacTpax HEABMKUMOCTHU

Ymemo:

OIIK-4.1/Ym1 AHanM3upoBaTh HEO0OXO0IUMOCTh BHECEHUS U3MEHEHUHN B
TEXHOJIOTMUYECKUE MPOLIECChl 3eMJIEyCTPOUTENIBHBIX U KaaCTPOBBIX paboT

Braoemy:

OIIK-4.1/HBl  HaBeikoM  mnpuMeHEHUS  WH(POPMALMOHHBIX  TEXHOJOTHH |
anmnapaTrHO-IPOTPaMMHBIX CPEACTB A O0OpaOOTKM M TPEACTABICHUS H3MEPEHHBIX
JTAHHBIX

OIIK-4.2 Omnpenensier Ha TPOo(ecCHOHATHPHOM YPOBHE OCOOCHHOCTH PalOOThI Pa3IUYHBIX
TUTIOB o0opymoBaHus, WH(POPMAITMOHHBIX TEXHOJIOTHIA " MPUKIIATHBIX
armapaTHO-TPOTPAMMHBIX CPEIICTB M BBISIBIISICT HEAOCTATKH UX B paboTe

Ne 000004430 Crpanura 5 u3 13



3namu:

OIIK-4.2/301 TexHu4eckue XapakTePUCTUKHM W  Ha3HAYEHHE  COBPEMEHHOTO
obopynoBanus u [1O B 3eMieycTpoiiCTBE U KaJacTpax HEJBIKUMOCTH

Ymems:

OIIK-4.2/YM] BbISBISATH HEHCIPABHOCTH M HECOOTBETCTBHS B paboTe MpuOOpPOB U
MPOTrPaMMHBIX MPOTYKTOB

Braoems:

OIIK-4.2/HBl HaBblkOM JIMarHOCTUKH HEIOCTaTKOB MW BbIOOpa ONTHUMAJILHOW
KOoH(pUrypanuu o00pyn0BaHus U MPOTPAMMHBIX CPEICTB JUIsl KOHKPETHBIX 3a]1au

OIIK-4.4 JlemoHCTpHpYeT 3HaHHUS TPOBEICHUS HM3MEPEHUW M HAOMIONCHHH, 00pabOTKH M
IIPEICTaBICHNs NOTYYEHHBIX PE3ybTaToOB ¢ NPUMEHEHHEM MH()OPMAIMOHHBIX TEXHOJIOTMH U
IPUKJIAJHBIX alllapaTHO-IPOTrPaMMHBIX CPEJICTB
3namo:
OIIK-4.4/311 MeTonbl U TEXHOJOTHH U3MEPEHUI U HAOIIONCHUN B 3eMJICYCTPOMCTBE U
KaJacTpax HEJIBMKUMOCTHU
OI1K-4.4/313 ®uznueckux 0CHOB IPOBEICHHS U3MEPEHUH 1 HAOIIoeHUi, 00paboTKH U
NPEACTABICHUS TMOJIYYECHHBIX pEe3yJbTaTOB C MNPUMEHEHHEM HH(OPMAIMOHHBIX
TEXHOJIOTHI U MPUKIATHBIX allllapaTHO-IIPOrPaMMHBIX CPEACTB
Ymemu:
OIIK-4.4/Ym1 IlpoBomuth 3amepsl, 00padaThlBaTh M AaHAIM3HPOBATH IOJyUYCHHBIE
JTAHHBIE C TIOMOIIbIO KOMITBIOTEPHBIX MPOTPAaMM M TEXHUYECKHUX YCTPOMICTB
OIIK-4.4/YM3 TIlpumensaTh (U3MYECKHE 3aKOHBI W TEXHOJOTHH Ui TIPOBEACHHUS
U3MEpeHUl U HaOIIoneHUH, 00pabOTKH U MPEACTABICHHUS TOITYYEHHBIX PE3YJIBTAaTOB C
NpUMEHEHHUEM MH(POPMALIMOHHBIX TEXHOJIOTHiA u HPUKIIAIHBIX
annapaTrHO-IPOTrPaAMMHBIX CPEIICTB
Braoemy:
OIIK-4.4/HB2 HaBeikamMu mNpoBeACHUS HM3MEPEHHH W HaOMIOneHud, oO0paboOTKH u
NPEACTABICHNS IMOIYYEHHBIX pe3yJabTaToB C IMPUMEHEHUEM HH(OPMAIMOHHBIX
TEXHOJIOTMH U MPUKIAJHBIX allllapaTHO-IIPOrPaMMHBIX CPEACTB

OIIK-4.5 JleMmoHCTpUpYET HaBBIKKA cOOpa U 00pabOTKKU MaTepHajoB MHKEHEPHBIX U3bICKaHUH,
Ha3eMHON M a3pPOKOCMUYECKOH MPOCTPaHCTBEHHON MH(POPMAIMH O COCTOSHUHM OKPY)KAIOLIEH
CPEIbI U 3€MEJIbHBIX PECYPCOB

3name:

OIIK-4.5/311 Metoasl u TexHONOTHH cOOpa W OOpabOTKH JaHHBIX WHKCHEPHBIX
W3BICKAaHUH ¥ MPOCTPAHCTBEHHON WH(MOpMAITIN

Ymems:

OIIK-4.5/¥Yml Ilomywars u oOpabareiBaTh Ha3eMHBIE M a3POKOCMHMUYECKUE TaHHBIE O
3eMJICTIONIb30BAaHUU U SKOJIOTHH TEPPUTOPHI

Braoems:

OIIK-4.5/HBl HaBblkOM KOMILJIEKCHOH OIIGHKH COCTOSIHHSI OKpY’KaroIled cpeasl |
3eMEJbHBIX ~ PECypcoB €  HCHOJB30BAHMEM  COBPEMEHHOM  ammapatypsl U
MH(GOPMAITMOHHBIX TEXHOJIOTUM

3. MecTo aucuMiuinHbl B cTpykrype OIl

Hucrunmaa (Moxyns) B1.0.14.02 «®Dusndeckre OCHOBBI MPOBEICHUSI M3MEPEHUI» OTHOCHUTCS K
00s13aTeNTbHON YacTH 00pa30BaTeIbHON IPOrPaMMBbI U U3Y4aeTCs B cemecTpe(ax): 3.

B nmpomecce wu3ydeHHs JOUCHMIUIMHBI CTYAEHT TOTOBUTCA K pEUICHHIO THUIIOB 3ajad
npodeccuoHaIbHON  AesTenbHOCTH, mnpeaycMmorpeHHbix @OI'OC BO wu  obOpasoBarenbHO
MPOTPaMMOii.
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4. O0beM TMCHUIIMHBI (MOXYJISAA) U BUAbI y4eOHOI padoThI
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5. Copep:xanue TUCUMILIMHBI (MOLYJIs1)
5.1. Pa3aenbl, TeMbl AUCHUILINHBI H BUAbI 3aHATHH
("9achl TPOMEKYTOUHOM aTTECTAIMH HE YKa3bIBAIOTCS)

-
< |4
w 5 CE % =
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S| 8|2 |228
HaumenoBanwue paszeina, TeMbl b 2 2 |2 § ;’
2| 5|2 |5°2z
= | 8|5 |e=E¢
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o = E SRR
s | Z| 5|8 |E255
3] 5 =% 8 B8 &
m | B |E |0 |BESdaE
Pasnen 1. OnTuka u 54| 17| 17| 20| OIIK-1.1
ONTHMECKHE MeTObI OIIK-1.2
NMpoBeleHUsI U3MepeHn i OIIK-1.3
Tema 1.1. BonHoBas ontuka 28| 9| 9| 10|OIlK-1.4
OIIK-4.1
OIIK-4.2
Tema 1.2. KBanToBas ontuka 26 8 8 10 OIIK-4 4
OIIK-4.5
Pa3gen 2. J1eMeHTbI aTOMHOM 54| 17| 17| 20| OIIK-1.1
AIICPHOI U KBAHTOBOM (pu3UKHU. OIIK-1.2
Jlazepsl u MX IpMeHeHHE B OIIK-1.3
COBPEMEHHBIX U3MEPHUTEIbHBIX OIIK-1.4
npuodopax. OIIK-4.1
Tema 2.1. DneMeHTEI 30| 10| 10| 10|OIIK-4.2
KBaHTOBO-MEXaHMYECKOH TEOPUH OIIK-4.4
Tema 2.2. OCHOBBI aTOMHOM U 24 7 7] 10] OLK-4.5
ACPHON (PUBHKH.
Hroro 108| 34| 34| 40

5.2. Conep:xkaHue pa3aesioB, TeM JMCHMIIMH U (JOPMBI TeKyIIero KOHTPOJIA

Pazoen 1. Onmuka u onmumeckue mMemoosvl NPOGEOeHUs UMEPEHUTL
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Tema 1.1. Bonnosas onmuxa

VYpaBHenue Oeryimieii BoiHBL. BomHOBoe ypaBHeHue. [lodydeHue BOJIHO-BOTO YpaBHEHHUS U3
ypaBHeHu MakcBeiia. CKOpOCTh paCIpOCTPAHEHUS AIEKTPOMArHUTHBIX BOJIH B cpene. [lokazarens
npenomiieHus: cpenbl. OObeMHash IUIOTHOCTh SHEPrUUM B AJIEKTPOMAarHUTHOM BojiHe. Bekrop
YmoBa—IloiiHTHHTa. OTpakeHUE SIEKTPOMArHUTHBIX BOJIH OT TPAaHUIBI paslena JBYyX
oudnIeKkTpukoB. HopmanbHas v aHoMmallbHasi JUCTIEPCUsl AJIEKTPOMArHUTHBIX BOJH. DJIeMEHTapHas
Teopus aucnepcud. OU3NUECKUN CMBICT CHEKTPaNbHO-TO pa3iokeHus. [pymnma BoiH, rpynmoBas
CKOPOCTb.

KBazumoHnoxpomarnueckass BosiHa. CBsA3b JUIMHBI BOJIHBI ¢ 4acTOTOM. CBeT. IHTEHCHBHOCTH CBETA.
Korepentnocts. Bpems korepentHoctu. HTEpdepeHins KBa3MMOHOXpOMATHYECKUX BOJIH. Pacuer
MHTEP(PEPEHITMOHHOM Kap-THHBI OT ABYX KOT€PEHTHBIX HCTOYHHUKOB. MIHTepdepeHys Ha TUIeHKAX.
[Mpunnun TroiireHca-Openens. Meron 300 Dpenens. Judpaknus BoIH Ha KPYIJIOM OTBEPCTHH,
IJIOCKOM 1mienu, pemetke. [lomsgpuszoBanHoe wu3imyuye-Hue. 3akoH Maimoca. 3akoH bprocrepa.
Jucnepcus BOJH.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

KonTpomnsHnas padota

Tema 1.2. Keanmosas onmuxa

XapaKTepUCTUKH U3TydaTeIbHOW U MOIVIOMATEIFHOM CIIOCOOHOCTH Tel. AOCOIIOTHO YEpHOE TEJO.
3akon Kupxroda. Pactipenenenue sHeprun B CIEKTPe U3TyUICHHsI aOCOTIOTHO YEPHOTO Telia. 3aKOHBI
Credana-bonpiimana u Buna. KBanTtoBast rumore3a u ¢opmyna Ilnanka. PaBHoBecHOE TemioBoe
nznyudenue. CBs3b pacnpefeNieHus] SHEPTruu B CIIEKTPE PaBHOBECHOTO TEIUIO-BOTO H3IYYEHHS CO
CHEKTPAJIbHON MIOTHOCTHIO IHEPreTUYECKONW CBETUMOCTH YEPHOTO Teja. OnTudeckas TMpoOMeTpusl.
®dotonHbl. DHEprus, Macca, UMIyibc ¢oroHa. Dotorddexrt. YpaBHeHrne DUHIITEHHA ISl BHEITHETO
dbotordpdexra. Idhdext Komnrona u ero treopusi. ETMHCTBO KOPIMYCKYJISIPHBIX W BOJTHOBBIX CBOMCTB
AIIEKTPOMArHUTHOTO U3JTy-4E€HHUS

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

KonTpomnsHas padota

Pa3zoen 2. Inemenmvl amomnoii A0epHoil u Keanmoeou uzuku. Jlazepel u ux npumenenue 6
COBPEMEHHBIX UIMEPUMENbHBIX NPUDOPAX.

Tema 2.1. Dnemenmoi KBAHMOBO-MEXAHUYECKOU MEOPUU

Jnuna BonHb! e bpoiinsa. OneiTHOE 000CHOBaHKE BOJHOBBIX CBOMCTB MUKpodacTull. COOTHOIIIEHHE
HeolpeaeneHHocTeil. BomHoBas QyHKIMS U ee cTaTUCTHYeCKui cMbica. YpaBHenue Llpenunrepa
JUIsL CTalMOHApHBIX coCTOsA-HUM. Pemenue ypasHenus Illpeaunrepa mid MHKPOYacTULBl B
«MOTEHIMaNb-HOH siMe». KBanToBanue ¢usmueckux BennyuH. Onepatopbl (U3NYECKUX BE-THUYHUH.
[IpuHUUI Cynepno3uuu.

KBanroBanne momeHTa umnynbca. CnuH. KBaHTOBBIE uuClIa, XapaKTe-pU3YIOLIUE COCTOSIHHUE
auiektpoHa B arome. Ilpunmun Ilaymu. PacnpeneneHune SJI€KTPOHOB IO COCTOSIHUSIM B
MHOT'03JIEKTPOHHOM atoMe. CxeMa sHepreTuye-CKUX YPOBHEH U CIIEKTp M3IyUYEHUs aToMa BOAOPOAA.
[Ipupona xuMudecKkon cBA3U. J[ByxaroMHasi MOJIEKYJIa.

CrioHTaHHO€ M BBIHY)KIEHHO€ H3JIyueHHE aToMOB UM ero cBoicta. I[lo-miomenue
ANIEKTPOMArHUTHOTO M3iyueHHst aroMoM. Koadduuumentsr Diin-mteitna. BoiBon dopmynsr [lnanka
MeTonoM OuHIITeHHA. OcnalleHue W yCHIEHHE OHICKTPOMArHUTHOTO W3JIyUYEHHsI BEIIECTBOM.
[Tpuniun paboThl KBAHTOBOTO FeHEPATOPA.
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Texymuii KOHTPOJIb

Bun (popma) konTpoms

KonTponbhas pabota

Tema 2.2. OcHosbl amomHOU U 10epHOU PUUKU.

AtoMm 1o bopy. KBantoBomMexanuueckasi MoJIeIb aroma

XapaKTepUCTUKU M COCTaB siJpa, 3apsAA0BOE W MACCOBOE YMCIO. DHEP-THs CBA3H, e(EeKT MacChl
anpa. CBolcTBa SAEPHBIX CWI. SINepHble peakuuu. 3aKOHbl COXPAHEHUS B SACPHBIX PEAKIMIX.
OHneprus sanepHoi peakuuu. Ilo-myueHue spepHoM dSHeprun. PaguMoakTHBHOCTB, 3aKOH
PaIMOaKTUBHOTO pac-maja. a, b pacmansl, g U3IydeHue saep. DneMeHTapHble yacTuibl. CTpoeHue
MaTepuu: KBapKH, JIENTOHBI M KBaHTHl (YyHIAMEHTANbHBIX mosneld. DyHIaMeH-TalbHbIe
B3aUMOJICUCTBUS. AJIPOHBI.

Texymuii KOHTPOJIb

Bun (hopma) konTpoOms

KonTponbhas pabota

6. Illopsi1oK NpoBeIeHUsT MPOMEKYTOYHOM aATTeCTALIUMN

[Topsimok  mpoBeACHHUS TMPOMEKYTOUHOM  aTTeCTalMM  pPEerIaMeHTUPYETCsS  JIOKaJbHBIMU
HOPMAaTUBHBIMU aKTaMU YHHBEPCUTETA!
- ITlonoxenuemM o Qopmax, MEPUOTUUYHOCTH, MOPSAKE TEKYIIEro KOHTPOJS YCIEBAEMOCTH U
MPOMEXKYTOYHON arrecTanud OOy4aroUIMXcsi MO OCHOBHBIM OOpa30BaTENIbHBIM MpOrpamMmam
BBICIIETO 00pa3oBaHWs — IporpamMmmam OakallaBpuara, mporpamMmam CIEeHUalIuTeTa, MporpaMmam
MarucTparypbl B (eaeparbHOM TOCYIapCTBEHHOM OIOIKETHOM OOpa30BaTEIbHOM YUPEKIACHUU
BbICIIEro 00pa3oBaHusl «MOCKOBCKHI TOCYIapCTBEHHBIH YHHUBEPCHUTET T'€0/Ie3UH U KapTorpadum»,
1.6 «Opranuzaius 1 NpoBeICHUE MTPOMEKYTOUHOM aTTECTALIUI.
- IlonoxeHneM O MOpPsSAKE OCYHIECTBIEHHS OOpa30BaTeIbHOTO MPOIECCa, MPOBEICHHS TEKYILEro
KOHTPOJISL YCIIEBAEMOCTHM M IPOMEXKYTOYHOW arrecraluu OOydyarolmuxcsi C MpUMEHEHUEM
AIIEKTPOHHOTO OOy4YeHUs M JHUCTAHIUMOHHBIX OOpPa30BaTENbHBIX TEXHOJOTUH B (QeneparbHOM
TOCYJapCTBEHHOM  OIODKETHOM  OOpa30BaTE€IbHOM  YUPEXKJACHHH  BBICIIETO  OOpa3oBaHUS
«MOCKOBCKHMI TOCYIapCTBEHHBIM YHUBEPCUTET Teofe3nuu M KapTtorpadum», m.8 «lIpoBenenue
MPOMEXYTOUHOM aTTectanuu ¢ npuMmeHeHuem S0 u JJOT».

IIpomescymounas ammecmayus: Ik3amen, 3 cemecmp.

Kaxxap1ii OnieT BKIIIOYAET:

1. Bompoc 115 OLleHMBaHKS pe3yasTatoB o0yuenns B Bune SHAHUIM;

2. TIpoctoe mpakTudeckoe KOHTPOJIbHOE 33JaHUE /IS OLEHUBAHUS PE3yabTaTOB OOY4YECHHUSI B BUJC
YMEHU;

3. KomriekcHOe mpakTH4ecKOoe KOHTPOJIBHOE 3aJlaHHe JJIsl OLIEHUBAHUS PE3YyNbTaToB OOy4eHHUsS B
suze BJIAJIEHU.

Meronuka OLEHUBAaHMS: IPU IPOBEACHUU AaTTECTAllMU, KaK IIPAaBWIO, IPUMEHSAETCA CpenaHee
apu(pMETHYECKOE 3HAUYEHUS OLIEHOK, MOMyYEHHBIX 3a KaKIbI AJIEMEHT OIICHWBAHU, YKa3aHHBIN B

ousere (TeOpeTHUECKUE BOIPOCH U MPAKTHUECKUE 3aTaHUA).

[Tpu mpoBeseHUH OLIEHUBAHUS MO BOIPOCAM M 33/1aHUSM, YKa3aHHBIM B OWJIETE, B XO/I€ UTOTOBOU
aTTeCcTaluu, IPENoAaBaTellb MOXKET YUUTBIBATH PE3YJIbTaThl TEKYILETO KOHTPOJIS.

7. OnleHOYHbIE MATEPUAJIbI TEKYLIEr0 KOHTPOJIA
Pa3zoen 1. Onmuxa u onmumeckue mMemoovl NPOBEOCHU USMEPECHUTL

Konmponupyemwvie HJ/K: OIIK-1.1 OIIK-1.2 OIIK-1.3 OIIK-1.4 OIIK-4.1 OIIK-4.2 OIIK-4.4
OIIK-4.5
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Tema 1.1. Boanosas onmuxa
®dopma KOHTPOJIS/OlIeHOYHOE cpeacTBO: KoHTponbHas pabora
Bomnpocsi/3ananus:

1. UYro Takoe ¢poHT BONHBI? B KakoM HampaBlIGHUW pPacHpOCTpPaHSICTCS BOJHA
Buga:E=EQcos(ttky). C kakoii CKOpPOCTBIO pacmpOCTpaHsSeTCS paJUOBOIHA B  BOJE,
IUBJIEKTPUUECKas IPOHULIAEMOCTh KOTOPOM B paguouana3one pasHa 817

2. PaccTostHEE OT BOJTHOBOW IMOBEPXHOCTH TUIOCKOW BOJHBI 10 TOYKHA HAOTIONECHUS paBHO 1M,
JUTMHA BOJIHBI paBHa 600HM. BeryucinuTh miomaas nepoii 30061 Openens.

Tema 1.2. Keanmosas onmuka
dopma KOHTpOIIsI/0TIeHOYHOE cpeAcTBO: KoHTponbHas pabota
Bonpocsi/3ananus:
1. Yro Takoe momiomareibHas, OTpa)kaTeibHas M HCITyCKaTelbHas CMOCOOHOCTH Tena?

HapucoBars KpuBYy10 CIIEKTpadbHOW MJIOTHOCTH U3JIYYEHHUs] YEPHOTO Teja At 1ByX Temmeparyp T1
u T2, npuuém T1 Gombmie T2.
2. Ecau temmneparypy Tela yMEHBIIMTh B 2 pasa, TO JJIMHA BOJHBI, COOTBETCTBYIOLIAs
MaKCUMYyMY H3JIy4YE€HHS YEPHOIO TeNa, ...
1. yBenuuutcs B 2 pasza
2. ymeHbIINTCS B 4 pasa
3. yBenuuures B 4 pasza
4. ymeHblINTCS B 2 pa3a

Pa3zoen 2. nemenmvl amomnoii a0epHou u Keanmoeou uzuku. Jlazepel u ux npumenenue 6
COBPEMEHHBIX UIMEPUMENbHBIX NPUDOPAX.

Konmponupyemwie HJK: OIIK-1.1 OIIK-1.2 OIIK-1.3 OIIK-1.4 OIIK-4.1 OIIK-4.2 OIIK-4.4
OIIK-4.5

Tema 2.1. Dnemenmoi KBAHMOBO-MEXAHUYECKOU MEOPUU
dopma KOHTpOIIsI/0TIeHOYHOE cpeacTBO: KoHTponbHas pabota
Bonpocsi/3ananus:
1. DnekTpoH B aToMe BOIOpOJAa HAXOAUTCS Ha SHepreTuueckoMm ypoBHe 4f. Ompenenutsb

OpOUTANIbHBIIT MOMEHT MMITYJbCa TOTO AJIEKTPOHA, a TAaK)K€ HAMMEHbBIIUH YTOJ, KOTOPBIM MOXET
COCTaBUTb C OCBIO .

2. Yto Takoe MHBEpPCHAas HACEJIEHHOCTb PHEpreTndeckux ypoBHel? Kakxumu cBoiicTBamMu
obmamaet nazepHoe uznydenue? [loscHuTe, 4TO MPEACTaBISIET COO0M KaXk10€ U3 3TUX CBOKUCTB?

Tema 2.2. Ocnogvl amomHoOU U s10epHOU hu3UKU.
®dopma KOHTPOJIS/OlleHOYHOE cpeacTBO: KoHTponbHas pabota
Bomnpocsi/3ananus:

1. PaccunTaiiTe KHHETUYECKYIO, IOTEHIIMAIbHYIO U MIOJHYIO SHEPTHUIO IEKTPOHA HA [IEPBOM
BO36y)KI[eHHOM YPOBHC aroMa TIcClIuns. Kakue uyacToTsl MOT'YyT 6BITI> B CICKTPC H3ITYYCHUS IOTOTO
aroma?

2. Ecnu mpoTOH 1 HEUTPOH BUTAIOTCS C OAMHAKOBBIMU CKOPOCTSIMH, TO OTHOIICHUS UX JUTHH
BOJIH Ji¢ bpolins paBHoO ...

1.2
2.172
3.1
4.4

8. OueHo4YHBIC MaTepHAJIbI IPOMEKYTOYHOM aTTeCTALMHA
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3 cemecmp, IK3amen
Konmponupyemwvie HJ/K: OIIK-1.1 OIIK-4.1 OIIK-1.2 OIIK-4.2 OIIK-1.3 OIIK-1.4 OIIK-4.4
OIIK-4.5
Bonpocsl/3ananus:
1. OnsiT FOHra.

2. Ha crexnsuupii kuH (n = 1, 5) ¢ MajgbiM yYIJIOM HOPMaJbHO K €ro TpaHM IajaaeT
MapajuieIbHbIN MyY0K JTy4el MOHOXPOMAaTHYECKOTO CBETa ¢ IJIUHOM BOMHBI A = 0, 6 MkM. Yncimo m
BO3ZHHKAIONIUX TPU ITOM HHTEP(PEPEHIIMOHHBIX IIOJIOC, Tpuxoisammxcs Ha 1 cMm, paBHo 10.
Habmionenue Benercs B oTpaxkeHHOM cBeTe. ONpeneiauTh Yol o KIUHA.

3. Audpakuus Ha pemeTke.

4. ToueuHslil (POHAPHUK YPOHWIU B Npyx DiryOuHOK | M. PaccunTarh pasmep CBETOBOTO MATHA
Ha noBepxHocTu. [loka3zarens npenomiieHus Boasl 1.5.

5. Ckopoctpb xenroro ceera B Bozme 225 000 km/c, a B crekie 198 000 km/c. Onpenenwure
MOKa3aTelb MPEJIOMJICHHS CTEKJIa OTHOCUTEIIHHO BOJIBI.

6. OrmpenenuTs BO3MOXHBIE 3HAYEHHUS MPOEKLUUU OPOUTATBFHOIO MOMEHTAa MMITYJIbCa
SNIEKTPOHA HA OCh Z U HAMMEHBIINNA YTOJI, KOTOPbI OpOUTAIBHBIN MOMEHT UMITYJIbCA MOXKET UMETh C
3TOH OCBIO, €CITU ITEKTPOH HAXOAUTCS B f - COCTOSIHUSAX.

7. BonHoBast ¢pyHkius. CMbicn BoaHOBoH ¢yHkuuu. Kak ee Haiitu? OT yero 3aBUCHUT?

8. JlnuHa BOJHBI A M3lTydyaemMoro aroMoMm ¢ortona cocrasiser 0, 6 mxm. Ilpunumas Bpems
KHU3HH BO30YyXKAeHHOTO cocTosiHUS At = 10-8c, onpenenuTs OTHOIICHNE IIHUPUHBI SGHEPTETHYECKOTO
YPOBHSI, HA KOTOPOM HaXOAMJICSI BO30OYKICHHBIH MIEKTPOH, K SHEPIHU U3TYy4aeMOM aTOMOM.

9. CKOJNBKO CHEKTPAIBbHBIX JTUHUI OyAeT B CIEKTPE aroMa BOIOpOa, BO30YXKIeHHOTO 10 4
ypoBHsA? Kak MO)XKHO HAWTH 4acTOTHI 3TUX JIMHUI?

10. Yemy paBHa s dexTruBHas Macca POTOHA PEHTTEHOBCKOTO U3JIYyUEHUS C JJIMHON BOJIHBI 2,
510-10 m?

9. MaTepuajibHO-TeXHHUYECKOE H Y4eOHO-MeTOAuYeCcKoe odecneyeHue QU CIUTIIUHbI
9.1. IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON Y4eOHOH JTUTEPaTypPbl

Ocnoenas rumepamypa

1. Tpodpumona T.M. Kypc ¢uzuku: Yue6. mocobue mist By3oB / T.M. Tpodumona. - 5-e uzn.
crepeotunt. - MW3parensctBo Beicmas mkonma, 1998, - 542 - 5-06-003520-4. - Tekcr:
HEIOCPEACTBECHHBIN.

2. CropoxBaroB H.A. Kypc nekmuit mo snekrpomaraerusmy: s crymentoB 2 kypeca. / H.A.
CxopoxsaroB. - MUUT'AuK, 2006. - 108 - TekcT: HEMOCPEACTBEHHBIMN.

3. ®eodumaktoBa T.B. BoiaHOBBIE M KBaHTOBBIE CBOMCTBA SJICKTPMATHUTHOTO H3TYyUCHUS:
YuebHoe mocobue. s cryneHToB 2 Kypca Bcex cnerumanbHocTed. / T.B. ®deodumakrtoBa. -
MUWUT'AuK, 2007. - TexcT: HENOCPEACTBEHHBIM.
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Hononnumenvnasn rumepamypa

1. CaBenweB U. B. Kypc obmieit ¢pusuku. B 5 romax. Tom 5. KBanToBas ontrka. AToMHas pU3MKa.
dusuka TBepaoro teiaa. Pusnka aTOMHOTO sijipa U AJIEMEHTAPHBIX YaCTHIL y4eOHOE MmocoOue s
By3oB / WM. B. CaBenmbeB. - 6-¢ m3m., crep. - Cankr-IlerepOypr: Jlamp, 2025. - 376 c. -
978-5-507-50512-8. - Tekct: osnekrponnblii // WspmarensctBo Jlaws: [caiit]. - URL:
https://e.lanbook.com/book/441677 - Pexum nocTyrma: 1o MoImUCcKe

2. Jlanacoepr I.C. Ontmka. Yue6H. mocooOme: s By3oB / [.C. Jlanacbepr. - 6-e u3m. -
NznarensctBo PU3IMATIINT, 2006. - 848 - 5-9221-0314-8. - TekcT: HENOCPEICTBEHHBIN.

9.2. [IpodeccuonanbHble 0a3bl JAHHBIX U pecypcbl «UHTEepHET», K KOTOPBIM 00ecneuynBaeTcs
AOCTYN 00YyYAKOIIMXCS

IIpogheccuonanvruvie 6azvi Oanubix
He ucnonb3yrores.

Pecypcor « Unmeprnem»
1. https://lms.miigaik.ru - CJ10 MUNT'AuK

9.3. IIporpamMHoe oGecnieyeHne U HH(POPMALIMOHHO-CIIPABOYHBIE CHCTEMbI, HCIIOJIb3yeMble
NPH OCYLIEeCTBJICHHH 00pa30BaTeIbHOIO NMpoLecca Mo JUCHUIIINHE

Ilepeuens npoepammHozo obecneyeHus
(0bHOBNIeHUe NPOU3BOOUMCS NO Mepe NOABNIeHUs HOBbIX 8EPCULL NPOSPAMMDbL)

He ucnonb3yercs.

Ilepeuens uHghopmayuoHHO-CRPABOUHBIX CUCEM
(0OHOBIeHUEe BLINONHAENICS €HCEHEDENbHO)

He ucnonb3yercsi.
9.4. O6opynoBaHue U TEXHHYECKHE CPeACTBA 00yUeHH s

Crienmanu3upoBaHHas J1abopaTopust
NHTepakTrBHAs MaHENb - 2 MIT.
MenoBas nocka - 5 1mr.

JInst mpaKTU4eCKUX 3aHSITUI
MenoBas nocka - 1 mr.

10. MeTonnuyeckue yKa3aHusi 10 OCBOEHMI0 TUCHHMILIMHBI (MOTYJIs1)

C wenpo yCHemHoro OCBOGHUS JAHHOTO MpeIMeTa CTyACHTY He0OXOAUMO BBIMTOJIHATH TOMAIIIHHE
paboThI O YKa3aHHBIM IPETOABaTEIsIM TeMaM U MPEICTABICHHBIM Ha 3aHATUAX Marepuaiam. s
Ooylee  YCHEIIHOTO  BBINOJIHEHUS  pabOTBl  CTYAEHTY  NpEAjaractcs  HCIOJIb30BaHHUE
y4eOHO-METOANYECKUX MaTepHuajoB, COOTBETCTBYIOIINX YKa3aHHON TeMe.

CamocrosTenbHas paboTa CTYIEHTOB OIMCHIBACTCS U PETYIUPYETCs:

- MeroaudyeckumMu peKOMEHAALUAMU 10 JUCLIUILINHE;
- MeronuyeckuMH pPEKOMEHIAIMSAMHM TI0 OpraHM3allid CaMOCTOSTEIbHON pPabOThl CTYIEHTOB
MUUT'AuK;

Onucanue 603modxcrnocmeit uzyuenusn oucyuniaunvl auyamu ¢ OB3 u uneanuoamu
HpI/I HCO6XOI[I/IMOCTI/I 06y‘-I€HI/IH CTy,Z[GHTOB-I/IHBaJII/IIIOB " JIUI C OFpaHI/I‘-ICHHLIMI/I BO3MOXKHOCTAMHU
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30pOBBSl  ayAMUTOPHBIE 3aHATUA MOTYT OBITh 3aMEHEHbl WJIM JIONOJHEHBl H3yYEeHUEM
MOJTHOTEKCTOBBIX  JIEKIMW, TMpPE3eHTalluidi, BHAECO- M aygAuoOMarepuajioB B  AJIECKTPOHHOU
nHpopmarmonHo-oopazoBarensHoii cpene (DUOC) yuuBepcutera. MHIMBUAYaTbHBIC 3aJaHHS
MOoAOUPAIOTCS B aallTUPOBAHHBIX K OTPaHUYEHUSIM 310pOBbs (hopMax (MUCBMEHHO WM YCTHO, B
dbopme mipeseHTarnuii). BeiOop MeTo0B 00ydYeHHUST 3aBUCHT OT WX JOCTYIMHOCTH JUIsl MHBAIUIIOB M
JIUI] C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMU 3710POBbSI.

PaGouas mporpamma AMCHMIUIMHBI U1 MUHBAJIUAOB U JIUI C OFPAaHUYCHHBIMU BO3MOXKHOCTSIMHU
30pOBBS pa3zpadaThiBaeTCs HHANBUAYAIBHO C YUETOM OCOOEHHOCTEH MCUX0()HU3NUIECKOTO pa3BUTHS,
WHAUBUAYATbHBIX BOBMOKHOCTEH U COCTOSHUS 30POBbS TAKUX 00YUYaIOLIUXCS.
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