MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBaHus Poccuiickoit denepannn
DenepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00Pa30BaTENIbHOE YUPEXKIEHUE BBICILIETO
o0Opa3oBaHUs
«Ypanbsckuii GpeaepanbHbIii yHUBepcUTEeT UMeHH niepBoro [Ipesuaenta Poccun b.H. Enbrpnay
HuxHeTarniabckuii TEXHOJIOTHYeCKH HHCTUTYT ((puiauali)

CepTtudmkar:
Bnapeneu: MupoHosa Mapus BnagumvposHa

.

LewvcteuteneH: ¢ 18.02.2026 oo 18.05.2027

LOKYMEHT MOAMUCAH
SNEKTPOHHOK MBHMEKHA IO

N.o. nupexropa
| M.B. MupoHoBa

11 uronst 2026 r.
J

3022A2210F7BBA93458A5513019C70B2

PABOYASA ITPOT'PAMMA
ECTECTBEHHOHAYYHOI'O MOAYJIA

Ilepeuyennb cBeneHuii 0 padoyeil mporpamMmme

Y4yerHbIE JaHHBIE

MOAYJIfAA

Moayab Konx monyans
EcrecTBeHHOHay4HBIN MOYJIb M.1.9
Oo0pa3oBarte/ibHasi nporpaMmma Kox OII
ITpomsbliieHHOE M IpakaaHckoe crpoutenbeTso | 08.03.01/44.02
DNEKTPOIHEPTeTUKA U DJICKTPOTEXHUKA 13.03.02/44.04

HanpagsJjieHne moaroToBKu
CrpourenbcTBo
DIEKTPOIHEPreTUKA U IJIEKTPOTEXHUKA

Kox HanmpaBJ/ieHHsI H YPOBHSI NOATOTOBKH
08.03.01
13.03.02

Huxuauit Tarnia, 2026




HpOF pPaMMa MOAYIA U IIPOrpaMMbl JUCHUILIINH COCTABJICHBI aBTOPaMU.

o Yuenas
I /;1 dOHUO CTeneHb, JoaxkHocTh JdenaprameHT
YUYeHoe 3BaHHe
1 Horosuneina Enena K. XUM. HayK, JIOLIEHT Hemnaprament EcTecTBeHHO-
Bukroposna JTOLICHT HAy4YHOTO 00pa3oBaHUs
2 IIpoxopoBa Okcana cTapuInn Hemnaprament EcTecTBeHHO-
Bukroposna Her MIPENo/1aBaTellb HAy4YHOTO 00pa3oBaHUs
3 XonasipeB AJleKCaHap HET . Kadenpa
AHaToIbeBUY CTaprii MH()OPMAITMOHHBIX
MIpEno/1aBaTelib .
TEXHOJIOTHIA

PykoBoaurenb MoayJist

«COTJ1aCOBAHO B 3JICKTPOHHOM BHIC»

A.A. Xoabipes

PexomengoBano yueono-merogudeckum coetom HTU (puiman) Yp®@Y

[Tporoxon Ne 5 ot 11.06.2026 r.

Hpez[cezlaTeJIL y‘{e6HO-MeT0)II/I‘ICCKOFO COB€Ta
«COTJIaCOBAHO B 3JICKTPOHHOM BHJIC»

CoriacoBaHo:

PyxoBoautens OII [IpomeblinenHoe

U T'paXXJaHCKOC CTPOUTECIIBCTBO

«COTJIaCOBAHO B 3JICKTPOHHOM BHJIC»

PykoBonutens OIl DnexTposnepreTuka

H JJICKTPOTCXHHKA

H. o. navanpanka OO0/

Wnxenep (Bexymmii) PUOLL

«COrJIaCOBAHO B 3JICKTPOHHOM BHUC»

«COTJIaCOBAHO B 3JICKTPOHHOM BHJIC»

«COTJIaCOBAHO B 3JICKTPOHHOM BHJIC»

M.B. MupoHoBa

B.I'. 1lyOununa

J1.B. UcakoB

JL.YO. JIynbkoBa

A.B. KaraeBa




Paznea 1. OBIIIASA XAPAKTEPUCTUKA MOIYJIA

EcTecTBeHHOHAYYHBIA MOAYJIb
1.1. AHHOTAIIUA COAePKAHUS MOTYJIsI

Monynb oTHOCHTCS K 0a30BOM 4acT 00pa30BaTEIbHBIX NMPOTrPAMM BCEX MHKEHEPHO-TEXHUYECKUX
HaNpaBJICHUH MMOATOTOBKH U SBISETCS 005S3aTEbHBIM JIJISl BCEX CTYACHTOB, 00YUYAIOIIMUXCS MO JaHHBIM
HanpasieHusM. Jucuuruinael «@u3uka» U «XuUMUS», BXOIALIME B MOAYJb, COCTaBISIOT OCHOBY
HOJTOTOBKHU CIICIUATMCTOB WHKXEHEPHO-TEXHUYECKUX HAIPABJICHUH, ABISSICH (PyHAaMEHTaIbHOU Oa3oi
UX YCIEIIHOM JesTeNIbHOCTH. B mpouecce oOydeHHs 3TUM TUCHUIUIMHAM (DOPMHUPYIOTCS HAydyHOE
MHUPOBO33pEHHUE, BIAZCHUE (PU3MKO-MATEeMAaTHUYECKUM alllapaToM M METOJaMH eCTeCTBEHHOHAYYHBIX
MCCJIEIOBAHUM C I11€JIbI0 YCIEIIHOTO OCBOCHUS CHELMATbHBIX AUCHMILIUH. VHTerpupoBaHue 3HaHUH O
npUpozie MaTepuu, GU3NIECKUX 3aKOHOB U BJIaJIeHHE (PU3HKO-MAaTEeMAaTHUYECKUM alapaToM B CMEXKHbIE
HAYyKH MTO3BOJISIET CTYACHTY palloHajIbHee U 3 PeKTUBHEE UCIIONIb30BATh MOTYYEHHbIE B X0/1€ 00yUeHUS
KOMITETEHIIMH JJIs1 pelIeHuUs TPO(eCcCHOHANBHBIX 3a/1a4.

Huctumnuna «®uzuka» (opmupyer y o0ydarolmuxcs CHOCOOHOCTH KOMIUIEKCHO M TI'PaMOTHO
aHATM3UPOBATh (PU3UUECKUE MPOIECCHI; UCTIOIB30BAaTh COBPEMEHHbBIE TEPMHUHBI U MOHATHUS B 00JIaCTH
ecTecTBeHHbIX HayK. Llenp oOydenus — chopmupoBaTh HEOOXOaUMbIEe (DyHIAMEHTATbHBIC 3HAHUS IS
M3YYEHHUS CHEUAIbHBIX JUCLMILINH.

Huctunnuua «XuMus» HaleleHa Ha oOecnedeHne (QyHIAaMEHTAaNbHOM MOATOTOBKUA IO
TEOPETUYECKUM BOIPOCAaM XHMHM Ha OCHOBE YCBOECHMSI OCHOBHBIX 3aKOHOB, 3aKOHOMEPHOCTEH
MPOTEKAHUS XUMUYECKHX MTPOLIECCOB, IKCIIEPUMEHTATBHBIX METO0B HAYKH, HEOOXOIUMBIX JIJISl PeIICHUS
npodeCCHOHATBHBIX 33a/a4, a TAK)Ke CO3IaHMs 0a3bl I MOCIEYIOMET0 U3YIEeHUS IPYTHX AUCIUIUINH.

1.2 CTtpykTrypa u 00beM MOAYJIst

O6bem AHCHHIINHE ®opma HTOroBOi
Ne o/ epeuenn AHCHHIUIHE MOXVIIS MOZYJIsl M BCETO NPOMEKYTOYHOM aTTecTauuu 1no
- p Auch Ay MOAYJIsl B 3a4€THBIX JUCHHUILIMHAM MOAYJIA U B
¢AUHUIAaxX U yacax 1eJIOM 110 MOJYJII0
dusuka 12/432 DK3aMeH,
1. HK3aMEH,
SK3aMEH
2. Xunms 3/108 3auer
NTOT'O mo mMoayiio: 15/540 HE MPETYyCMOTPEHO

1.3 MoceqoBaTe IbHOCTH OCBOCHHSI MOAYJIsI B 00pa30BaTe/IbHON NporpamMme

IIpepexkBU3UTHI MOAYJISI Jlnst ocBoeHUs yueOHOTO Kypca TpeOyIOTCs 3HaHUS
(U3HKYM M XUMHH B paMKax IKOJIbHOW TPOTPaMMBI

IMocTpeKBU3UTHI M KOPPEKBU3UTHI MatemaTtuyeckuit MOTyb, MOy

MOy st «O0menpodeccCuoHATBHBIA MOAYIIb)» U MOJTYJIH,
dbopMupyeMbIe yIaCTHUKaMU 00pa30BaTEIbHbIX
OTHOUIIECHUI




1.4. PacnpenejieHre KOMIIETEHIUH 110 AUCHHUIIMHAM MOAYJIS, IVIAHUPYeMbIe Pe3yabTAThI

00y4eHusi (MHAMKATOPBbI) 10 MOAYJIIO

N3yuenue

TUCLUILINH

MOTYJISI

peycMaTpuBaeT

dhopmupoBaHue

KOMITIETEHIIUN

IMOCPEACTBOM IIOCIEAOBATCIBHOI'O OCBOCHHSA PEC3YIbTATOB O6y‘IeHI/I${ Ha OIPECACICHHOM YPOBHE

CJIO)KHOCTH COACPKAHUA.
Pe3y.]'IBTaTI)I 06y‘IeHI/Iﬂ 10 JUCHUIINIMHE — 3TO KOHKPETHBIC 3HAHUA, YMCHUS, OIIBIT U APYTrUc

PE3YIIbTaThl (COZ[ep)KaTeJIBHBIe KOMITIOHCHTAI KOMHGTCHHHﬁ), KOTOPBIX IUNIAHUPYCTCA AOCTHUYDb Ha

9Tanc MU3YUCHUA OUCHUIUIMHBI MOAYJISA, W KOTOPLIC IOOJIKHBI GYI[YT MMPpOACMOHCTPHUPOBAHBI

00y4YalOIUMHUCS M  OLIEHEHBI

BKJIIOUEHHBIM B (DOPMYITUPOBKY PE3yJIbTAaTOB O0yUCHHS.

IpernojaBaresieM IO HWHAWKATOPaM/U3MEPSIEMBIM  KPUTEPUSIM,

Wupukatop — 3TO mpu3HAK / CUTHAN/ Mapkep, KOTOPBIA MOKA3bIBAET, Ha KaKOM YpPOBHE

06y11a101u1/117lc;{ JOOJIDKEH OCBOUTH PE3YJIbTAThI 06y‘IeHI/IH " UX OPEABABICHUEC OOJIKHO IIOATBEPANUTH

(baKT OCBOCHUA IPECAMETHOI'0 COACPIKAHUA HaHHOfI JAUCHUITIIMHBI.

I/IHI[I/IKaTOpLI YUYUTBIBAKOTCA IIPpU BbI60pe U COCTaBJICHUM 3aJaHUM KOHTPOJIbHO-OICHOYHBIX

MEPONPUITHIA (OLIEHOUHBIX CPEICTB) TEKYILEH U MPOMEKYTOUHOM aTTeCTaIlH.

Ymemn:

aHaIM3MUPOBATh
Hay4HO-
TEXHUUYECKYIO
HUH(pOpMAIIHIO,
CBSI3aHHYIO C

Iliianupyemblie Ili1anupyembie
Ilepeyensn Kon n py Py
pe3yJabTaThl 00y4eHus pe3yabTaThl 00y4eHHs
AUCHUILINH HAUMEHOBaHMe
(MHAUKATOPBbI) (MHAUKATOPBbI)
MOYJIA KOMIIETeHIINH . .
0a30BbIil YPOBEHb NOBBIICHHBIH YPOBEHb
| 2 3 4
3namo: 3namo:
® OCHOBHbIE ® OCHOBHbBIC MOHSTHS,
¢duznueckue 3aKOHBI U MOJIENH
SBJICHUS u MEXaHUKH,
OCHOBHBIE  3aKOHBI JJIeKTpUYECTBA U
bu3MKM;  TpaHUIIBI MarHeTusma,
UX IPUMEHUMOCTH KojeOaHuil M BOJH,
OIIK 1. Crocoben ® OCHOBHBIC ITOHATUA CTaTUCTUYECKOMN
W3UKHU "
IPHMCHATS U 3aKOHBI (PH3UKH, )
IIPUMEHHUTEIBHO K TEPMOANHAMUKHY;
(byHI1aMeHTaJIbHbIE
BO3HUKAIOIIUM ® OCHOBHBIE
SHaHWS 13 TEXHUYECKUM usnueckue
Dsika COOTBCTCTBYIOIIMNX 3a7a4am; BEJINYHNHBI Hu
OCHOBHOMY IPOQHIIIO ® COBPEMEHHYIO ¢buznyeckue
oOnacreil mpu HAay4YHYI0 KapTHUHY KOHCTAHTHI, ux
peleHny 3a1a4 MHpa Ha OCHOBE onpeaciicHue,
. CMBICJ, CIIOCOOBI U
npodeccuoHaIbHON OCHOBHBIX | ’
MOJIOXKEHUH, €IUHULBI 170'¢
€ATEIbHOCTH.
A 3aKOHOB U METOJ0B HU3MEpeHus;
buznyecKuX HayK e (ynnameHTaIbHBIE

(u3HYeCKre OTBITHI,
nux pOJ'IB B pa3BI/ITI/II/I
HayKW;

HazHa4YeHHE H
HpI/IHHI/IHBI

e CTBUS




(busnuecKuMu
METOJJaMH PEIICHHUS
POoQeCCHOHATBHBIX
3314,
WCIIOJIb30BATh
3HAHUSA O
(busnyecknx
SIBJICHHSIX U
nporeccax st
obecrieueHus CBoeit
poheCCHOHATTLHOM
JEATETLHOCTH

Braoems.:

METOJIaMH aHaJlu3a
(buznuecKux
SIBJICHUH B
TEXHUYECKUX
YCTPOMCTBAX U
CUCTEMAX;
METO/IaMU
00paboTKHu 1
aHaJIM3a OMBITHBIX
JAHHBIX C
MIPUMCHCHHEM
COBpPEMEHHBIX
MH(OPMAITMOHHBIX
TEXHOJIOTUN

BaXXHEHIITNX
(buzmyecKkux
pubOpOB.

Ymemn:

OOBSCHUTH
OCHOBHBIE
HAOJIFOTaeEMBbIE
MIPUPOJTHBIE U
TEXHOT'€HHbIE
sBJIEeHHS U 3(PPEKTHI
C HO3ULINH
(yHIaMEeHTATLHBIX
(busznyecknx
B3aMMOJICICTBHUIM,
UCTOJIKOBBIBATh
CMBICIT (PU3UIECKUX
BEJIMYMH U ITOHATHI;
3aChIBATh
YpaBHEHWUSI IS
(u3IIeCKUX
BEJIMYHH,
3aChIBaTh
ypaBHEHUsI Iporiecca
Y HaXOJIUTb €TO
pelieHue;

pabotath ¢
npubdopamMu u
000pyI0BaHNEM
COBPEMEHHOM
¢buznyeckoit
Jaboparopuuy;
UCTIONTb30BaTh
pazIMYHBIE
METOJIUKU
(busznyecKux
U3MEPEHUN U
00paboTku
AKCTIEPUMEHTAITBHBIX
JTAHHBIX, B TOM YHUCTIC
C IPUMEHEHHEM
KOMITBIOTEPHOU
TEXHUKH U
WH(GOPMAIIMOHHBIX
TEXHOJIOTUH IIpU
pEIIIeHHH 33/1a4;
UCITOJTb30BATh
METO/IBI
(bu3nIecKoro u
MaTeMaTU4eCcKOro
MOJICITMPOBAHMS, &
TaKKe MPUMEHSITh
METO/IbI (PU3HUKO-
MaTeMaTHIECKOTO




aHAITN3a K PEIICHHIO
KOHKPETHBIX
CCTCCTBCHHOHAYYHbI
X M TEXHUYECKUX
npobiemM

Brnaoemy:

HaBbIKAMU
MCII0JIb30BaHUs
METOJIOB
¢du3nveckoro
MOJIETTUPOBaHUS B
WUHKEHEPHOU
MIPAKTHKE;
MPUMEHEHUS
OCHOBHBIX METOJIOB
(buzuKo-
MaTeMaTU4eCKOro
aHaimza JUIst
pelieHus
€CTECTBEHHOHAYYH
BIX 33]1a4;
IIPaBUIILHON
HKCILTYaTaluu
OCHOBHBIX
pUOOPOB U
000opynoBaHus
COBPEMEHHOU
buzndecKot
nabopaTopuu;

00paboTku u
MHTEPIIPETALINU
pe3ynbTaToB
HKCIEPUMEHTA, B TOM
quClie C IPUMEHEHUEM
KOMITBIOTEPHOU TEXHUKH
1 UHPOPMAIIMOHHBIX

TEXHOJIOTHH.
3uams: 3uams:
OIIK 4. Cnocoben
e (pusMUecKre OCHOBBI e (yHIaMeHTaJbHbIE
CTaBUTDL 1 PCIIATH CPENCTB  TIEpeNadn (usnueckue
HACCIICIOBATC/IbCKUC nHpopmanuu " MOHATHA U TEOPHUH
3a/1a4M B 0COOEHHOCTH KJIACCUYECKOMN u
HpO(i)CCCHOHaHBHOﬁ (1)I/ISI/I‘~ICCKI/IX COBpeMCHHOfI
0BIACTH: 3(p(peKT§>B " bu3uKu.
SBJIICHUU Ymemn:
(dbopMynupoBaTh 1EIH,
Ymemn: ®  JCIIOJIB30BaTh
BBIOMPATh METOJIBI,
® BBIIBUTH 3HaHUA O
TIPOBOZUTE puszIIECKyIO COBPEMEHHOI

HaOJIFOEHUS 1
DKCIIEPUMEHTH],
HMHTEPIPETUPOBATH
pe3yIbTaThI.

CYIIIHOCTB ITpOOIIEM,
BO3HUKAIOIIIUX B
xozie
poheCCHOHATTLHOM
JeATENbHOCTH U

bu3nUecKoil KapTHHE
MUPa ¥ IBOJFOIIH
Bceenennoit,
MIPOCTPAHCTBEHHO-
BPEMEHHBIX




MIPUBJIEKATb ISl KX
peLeHust
COOTBETCTBYIOLIMN
(uzuko-
MaTeMaTHYECKUI
anmnapar;
IUIAHUPOBATh U
IIPOBOANTH
SKCHEPUMEHT Ha
OCHOBE (PH3UYECKHX
METOZIOB

3aKOHOMEPHOCTSIX,
CTPOCHHU BELIECTBA
JUIsl IOHUMaHUs
OKPYXKAroILEro MUpa
U SIBJICHUM TIPUPOJIBI;
NPUMEHSTH (PU3HKO-
MaTeMaTUYECKHE
METOABI UL
CO3JJaHNUS HOBBIX
CPEACTB U3MEPEHMUS,
METOJIOB U3MEPEHUS

WCCIIEI0OBaHM, Y METOJIMK
00paboTKy, aHAIH3 U H3MEPEHUIA,
Mpe/ICTaBIICHUE pazpabaTbIBaTh U
PE3yabTaToB C npeJylaraTh IUlaH
MIPUBJICYCHUEM MPOBE/ICHUS
COOTBETCTBYHOILIETO bu3ngyecKoro
MaTeMaTHIECKOTo MCCIIE/IOBaHMS,
anmnapara dbopMynupoBaTh
Bnaoemy: BBIBO/IbI, OIICHUBATh
® METOAAaMH aHau3a COOTBETCTBHUE
¢buznyeckux BBIBOJIOB
SIBJICHUM B IOJIy4E€HHBIM
TEXHUYECKUX JTAHHBIM, OLICHUBATh
YCTPOMCTBAX U HAy4HYIO U
CUCTEMAX. IIPUKIAAHYIO
3HAYMMOCTb CBOEH
pa3paboTKu.
Brnaoemu:
MeTOoJIaMu (PU3HUKO-
MaTeMaTH4eCKOTo
OTIHCaHUS U
MO/JICJINPOBAHUS
IIMPOKOTO KJ1acca
bu3nueckux SBICHUNA U
MIPOIIECCOB,
OTIpeIeISIOINX
MPUHIIMIIBI paOOThI
Pa3INYHBIX TEXHUUECKUX
YCTPOMCTB.
OIIK 5. Criocoben Sramo: 3uam:
CO3/1aBATH ® OCHOBHBIE ® TEOpPETUYECKHE
HpOdUITEHBI TIPUHITUTTBI OCHOBBI, OCHOBHBIE
MIPOBEACHUS MIOHATHUS, 3aKOHBI U
pesylbTat (bu3nIecKoro MOJIENIN  MEXaHUKH,
MpOecCHOHANbHOI IKCIIEPUMEHTA U MOJIEKYJISIPHOMN
NesITeTbHOCTH — METOIBl MU3MEPEHUH ¢bu3uKwy,
IPOAYKT, YCIYTY, pa3IUYHbBIX JIIEKTPHUYECTBA U
u3Ienme, busznIecKux MarHeTu3Ma, TeOpuu
MepOTIpHSTHE, BEJIMYMH; KOJICOaHWH W BOJH,
MOJIEIb, IIPOIPAMMY ® OCHOBHBIE METOJIBI TEPMOJIMHAMUKH 1
(buznueckux CTaTHUCTUYECKOI
— B COOTBCICTBMI € UCCIICIOBAaHUH. bu3uky;




XUMUS

HOpMaMu 1 Ymemy: ® METOJOB
CTaHJapTaMH ® TIPOBOJUTH TEOPETUYECKUX U
oTpac. KOMITBIOTEpHOE OKCIIEPUMEHTAIbHbI
MOJIEIMPOBaHHE X HCCIIEJOBaHUHN B
(busnyeckux buzuke.
IIPOLIECCOB U Ymemn:
00BEKTOB ® [IOHUMATh, U3J1araTh
HCCIIEI0OBaHM, Y KPUTHYCCKU
HCIIOJIb30BaTh AQHAM3UPOBATH
MH(OPMAIOHHBIE 0a30ByO
TEXHOJIOTUH B CBOEH obuiehu3nIecKyo
IIPEIMETHOU MH(pOpMAIIHIO;
obnacty; ®  [I0JIb30BAThCA
Bnaoemy: TEOPETUYECKUMHU
e (usuko- OCHOBaMH,
MaTeMaTH4YeCKUMHU OCHOBHBIMHU
METOAaMHU JIJIst MOHSTUSIMH,
KOMITBIOTEPHOTO 3aKOHAMH U
MO/JICIIMPOBAHUS B MOJICIISIMH (DH3HKH.
npodecCUOHANBHON |  Bradems:
NEITEIbHOCTH. (U3UYECKUMU U
MaTeMaTHYECKUMH
MeTOaMH 00pabOTKH U
aHayn3a nHpopMaluu B
obsacty obmel UK.
OIIK 1. Cmnocoben | 3nameo:
TIPHMEHSTh ® TEOPETUYECKHE OCHOBBI XUMHUYECKOM
yHIaMEHTAIbHbIC TEPMOJUHAMHUKHU ¥ KHHETHKHU;
3HaHHUA us ® CTPOCHMC aTOMa M MOJICKYJIBI, IpUpOaa
COOTBETCTBYIOIINX XUMHUYECKOH CBSI3M U €€ BIIMSHUC HA CBOWCTBA
OCHOBHOMY TMpoduito BEIIIECTB;
obxacreit pn e KiaccH(pMKALUIO ¥ HOMEHKIATYPY
PCICHUN 3amat OpPTraHMYECKUX U HEOPTaHMUYECKUX COCAMHEHUH.
PO eCcCHOHANBHOI ® OCHOBHBIE THUIIbl PEAKIMOHHBIX MEXaHU3MOB H
ACATCIIBHOCTH. METOJIbI UACHTU(UKAIINN BEIIECTB.

Ymems:

KJIacCU(PUITUPOBATh XUMUUECKHE OOBEKTHI IO
CTPOEHHUIO U CBOICTBAM, IPOTHO3UPOBATh X
PEaKIMOHHYIO CIOCOOHOCTH M MOBEJICHUE B
Pa3IMYHBIX YCIIOBUSIX;

000CHOBBIBATh BHIOOP ONTUMAIIBHBIX YCIOBHM
IIPOBEACHUS PEAKIUHN I TOCTHKEHUS
MaKCUMaJIbHOU CEJIEKTUBHOCTH U BBIXOJA
L[EJIEBOTO MTPOJIYKTA.

WHTEPIPETUPOBATh  PE3yNbTaThl XUMHUYECKHX
AQHAJIM30B W  CIEKTPAJIBHBIX  JaHHBIX IS
YCTaHOBJIEHUS CTPOEHUS U COCTaBa BELIECTB.

Braoemow

IJIAaHUPOBAHUC U TTPOBCACHUC XUMUYICCKOTO
OKCIICPUMCHTA C UCITOJIB30BAHHUEM




1ab0paTopHOTro 000PYIOBAHUS U COOIOICHUEM
npaBuJI 0€30TMaCHOCTH.

® [pUMEHEHHE AHAJTUTHUYECKUX METOAOB IS
KOJIMYECTBEHHOTO ¥ KaYE€CTBEHHOI'O aHAJIN34;

® TIOCTPOCHUE KMHETHMUYECKHX KPUBBIX U PACUETOM
TEPMOJUHAMUYECKHUX (QYHKIHI.

1.5 dopma o0yueHus
Peanu3zanus Moayns npeycMoTpeHa Ais 00ydaromuxcs o o4Hoi ¢opme.




PA3JIEJI 2. TIPOI'PAMMBI MO YJIA

PabGouas nporpamma JUCHOUINIMHBI COCTABJICHA aBTOPAMMU:

2.1. PABOYAS NTPOI'PAMMA JUCHHUIIJIMHBI
«DODU3UKA»

Ne ni/m | ®amuausa Ums OTyecTBO Yuenas creneus, HosxHOCTH Monpasnenenue
y4yeHoe 3BaHue
XoapIpeB AneKcaHIp Crapummii Kadenpa
1 AHaTOIBEBUY npernojaBaTe | MHPOPMALUOHHBIX
b TEXHOJIOTHI1

2.1.1. COAEP’ KAHUE U OCOBEHHOCTH PEAJIM3ALIMU JUCHUITJIMHBI

«DOUUKA»

2.1.1.1. TexHosiornu 00y4eHus, UCIOJIb3yeMble IPH U3Yy4YeHHH JUCHUIIIMHBI MOLYJISI

-TpanuunoHHas(pENpOAYKTUBHAS ) TEXHOJIOTHSL.

- CMenranHoe 00y4YeHHE C MCIIOJIb30BaHUEM OHJIAH-Kypca.
- PaznoypoBHeBoe (nud dhepermnupoBanHoe) oOyueHue:

ba3oBblil ypoBeHb
I1oBbIIEHHBIN YPOBEHB

*ba3zoeviii | yposens — coXpaHseT JOTUKY CaMOM HAyKH W MO3BOJIAET MOJYYUTh YHPOLICHHOE, HO
IIOJTHOE M BEPHOE IPEJCTABICHHE O MpEeAMETe MUCLUUILIUHBI, TpeOyeT 3HaHUE CHUCTEMBI MOHSATHM,
yYMEHHE pemarth npodsieMubie cutyanui. OCBOGHUE TaHHOTO YPOBHSI PE3yJIbTATOB 00YUEHUS JOIKHO
obecrieunTh (OPMUPOBAHUE 3ATUIAHMPOBAHHBIX KOMIICTEHIMH M IMO3BOJMUT oOydaromiemycs Ha
MUHHMAaJIbHOM YPOBHE CAMOCTOSATEIBHOCTH U OTBETCTBEHHOCTH BBITIONHSTD 3aaHUS.
Tosviuennwiii | yposens — yriy6nser u odoramaer 6a30Bblii YpOBEHb KakK 10 COJIEPKAHHIO, TaK U
no riIyOWHe TpOpadOTKH MaTepuana IUCHUILIMHBI. JTO TPOUCXOAMT 3a CUET BKIIOYCHUS
JIOTIOJTHUTENbHON MHpopManuu. J[aHHBIN ypoBeHb TpeOyeT yMeHHUs pemaTh NpoOjaeMbl B pamKax
Kypca U CMEKHBIX KYPCOB ITOCPEJICTBOM CaMOCTOSTEIBHOM MOCTAHOBKH IE]TM M BEIOOpA MPOTpaMMBbl
neiictBuii. OcBOeHME JAHHOTO YPOBHS Pe3y/IbTaTOB 00YUYEHUs MO3BOJIUT 00yUaroIeMycsl HOBBICUTh
YPOBEHb CaMOCTOSITEIIbHOCTH M OTBETCTBEHHOCTH /IO TBOPYECKOTO MPUMEHEHUS 3HAHUN 1 YMEHUH.

2.1.1.2. IInanupyemMsble pe3yJbTaThl 00y4eHHs (MHAUKATOPHI) N0 JUCHUAIIIHHE

Kon n
HAaMMEHOBaHHe IInanupyemblie pe3yabTaTbl 00y4eHHs (MHANKATOPBHI)
KOMIIETCHIIUH
OIIK 1. Cniocoben ba3oBblii ypoBeHb IloBbIIEHHBI YPOBEHb
IIPUMEHSATH 3namy:
3uamo:
(I)YH,Z[aMCHTaJIBHBIC ® (OCHOBHBIC (1)I/ISI/I'~IeCKI/Ie
GBICHUS  H  OCHOBHEIC ® OCHOBHBIEC IOHSATHS, 3aKOHBI U
SHaHHA U3 MOIEITH MEXaHHKH,
3aKOHBI (PU3UKHU; TPaHUIIBI
COOTBETCTByIOIIHX JJIEKTPUYECTBA U MarHeTusMa,
UX IPUMEHUMOCTH 9
OCHOBHOMY Kosie0aHui u BOJIH,
6 i ® OCHOBHRIC  HOHATHA U CTaTUCTHUYECKOW  (u3uku
npopuio odnacrei 3AKOHEL F— S—
IIpH pECIICHUH IIPUMEHUTEIILHO K ’




3a1a4
npohecCHOHABLHOM
JCATCIIbHOCTH.

BO3HUKAIOIIUM
TEXHUYECKHM 33J1auam;
COBPEMECHHYIO  HAYYHYIO
KapTUHY MHUpa Ha OCHOBE
OCHOBHBIX TIOJIOXKCHHUH,
3aKOHOB " METOJIOB
(hUBHUYECKUX HAyK

Ymemn:

AHAJIM3UPOBATH HAYYHO-
TEXHUYECKYIO HH(POPMAIIHIO,
CBSI3aHHYIO C (PH3MYECKIMHU
METO/IaMH PEIICHHS
POoQeCCHOHATBHBIX 33/1a4;
UCTIONIb30BATh 3HAHUS O
(bU3NUECKUX SBICHUSIX U
rporeccax Jyist 0oecreueHust
cBoel npodeccuoHaILHON
JEATEeITbHOCTH

Braoemy:

METOJIaMH aHallu3a
(u3HYECKUX SIBJICHU B
TEXHUUYECKUX YCTPONCTBAX
Y CUCTEMaX;

MeToAaMHu 00paboTKU U
aHaJIM3a OMBITHBIX JAHHBIX
C IPUMEHEHUEM
COBpPEMEHHBIX
MH(OPMAITMOHHBIX
TEXHOJIOTUH

OCHOBHBIC buznveckue
BCIIMYNHBI )41 (bmnqecmle
KOHCTaHTBI, HX OIpeaelICHHE,

CMBICJI, CITOCOOBI M €UHUIIBI UX
H3MEpEHHUS;
dbyHIaMeHTaNbHBIE (PU3NIECKUE

ONBITHI, WX POJb B Pa3BUTUHU
HayKH;

Ha3HauYeHHE u MPUHLIMITBI
JCUCTBUS BaXHEHIITNX

(bU3UIECKUX TPUOOPOB.

Ymemn:

OOBSICHUTH OCHOBHEIC
HaOJII0/1TaeMble IPUPOAHBIE U
TEXHOTCHHBIC SBJICHUS 1

3¢ HEKTHI C TO3UIUN
(byHIaMEHTATBHBIX (PH3UMISCKUX
B3aNMOJICHCTBUH,
HCTOJIKOBBIBATH CMBICIT
(bu3NMUECKUX BEIMYUH U
IIOHSITHIA;

3aIUCHIBATH YPABHEHHUSI IS
(bu3NUECKUX BEIUYMH,
3aIUCHIBATh YPaBHEHHUSI TIPOIIecca
Y HAXOJIUTh €T0 PEIICHUE;
pabotaTh ¢ mpudbopamu 1
000pyI0BaHEM COBPEMEHHOI
¢busryeckoi 1aboparopuu;
UCIIOJTb30BaTh Pa3JINIHbIC
METOJUKH (PU3NUECKUX
M3MepeHni 1 00pabOTKH
SKCIIEPUMEHTAITBHBIX JIAHHBIX, B
TOM YHCJIE C IPUMCHEHHEM
KOMITBIOTEPHOUM TEXHUKH U
MHQPOPMAITHOHHBIX TEXHOJIOTHIA
NpU pEIlIeHUH 3a71aY;
UCTIONIH30BaTh METO/IbI
(uznueckoro u
MaTeMaTU4eCcKOro
MOJICITUPOBAHMS, & TAKKE
MPUMEHSATh METOJIbI (PU3UKO-
MaTeMaTHIeCKOTrO aHAN3a K
PEIIEHUI0 KOHKPETHBIX
€CTECTBEHHOHAYYHBIX
TEXHHUYECKUX TPOOIIEM

Bnaoemo:

HaBBIKAMHU UCTIOIb30BaHUS
METO0B (PU3NYECKOTO
MO/JICIIUPOBAHUS B HHKCHEPHOM
MIPAKTHKE;

MPUMEHEHHSI OCHOBHBIX
METO/I0B (pr3HKO-
MareMaTu4ecKoro aHaJin3a JJjist




peIIeHHs €CTECTBEHHOHAYYHBIX
3ajay;
® IIPaBUJIBHOH dKCIUTyaTalluu
OCHOBHBIX ITPUOOPOB U
000py10BaHUs COBPEMEHHOM
¢busnyeckoii 1aboparopu;
00pabOTKH ¥ MHTEPIIPETAIIUN
PE3yNIbTaToB SKCIEPUMEHTA, B TOM
qucie ¢ IPUMEHEHUEM
KOMIIBIOTEPHOM TEXHUKH U
UH(POPMALIMOHHBIX TEXHOJOTHA.

OIIK 4. Cnocoben
CTaBUTH M PEIIATh
HCCIIEIOBATENIbCKHIE
3a7a4H B
poQeCcCHOHAIbHON
obnacrtu:
dbopMynupoBath
11eJT1, BEIOUpATH
METO/IBI,
MIPOBOJIUTH
HAOJIIOJICHUS U
OKCIIEPUMEHTHI,
UHTEPIPETHPOBATH
pe3yNIbTaThI.

3uamo:
e (usnyeckue OCHOBBI
CpeACTB nepeaavn
uHpOpMaIN u

0Cc00EHHOCTH  (PUBUIECKUX
3¢ deKxToB U ABIECHUN
Ymemn:

®  BBIIBUTH (PU3HUECKYIO
CYIIHOCTb IIpo0JIeM,
BO3HHUKAIOLIMX B X0/1€
podeCcCHOHATBHON
NEATENBHOCTH U IIPUBJIEKATD
JUTSL MIX pEeLICHHS
COOTBETCTBYIOILINHA (PU3UKO-
MaTeMaTUYECKUH aIapar;

® IUIAHMPOBATb U MIPOBOJIUTH
HKCIIEPUMEHT Ha OCHOBE
(U3NUECKUX METOJIOB
uccreioBaHus, 00paboTKy,
aHAIIN3 U MIPE/ICTABICHNE
PE3yabTaToB C
TIPUBIICYCHUEM
COOTBETCTBYIOILIETO
MaTeMaTHIeCKOTo armapara

Bnaoemu:

® METOAAaMH aHaIu3a
(bU3UYECKUX SBICHUN B
TEXHUYECKUX YCTPOHUCTBaX
U CHCTEMaXx.

3namy:
e (yHIaMeHTaNbHbIC (U3NIECKUE

HOHATUSA u TEOpHUH
KJIACCHYECKOW U COBPEMEHHOU
(buzukm.

Ymemn:

®  WCIIOJB30BaTh 3HAHUS O
COBPEMEHHOU (PU3UIECKON
KapTHUHE MUPA ¥ BOJTIOITUH
Bcenennoii, mpocTpaHcTBEHHO-
BPCMCHHBIX 3aKOHOMCPHOCTSX,
CTPOEHUH BEIIECTBA JIIS
MOHUMAaHUSI OKPY’KAOIIET0 MUpa
U SIBJICHUH TIPUPO/IBL;

® [PUMEHSTH (PU3NKO-
MAaTEMaTHYCCKHUEC MECTOABI JIA
CO3/TAHUS HOBBIX CPEJICTB
U3MEPCHUS], METOJIOB H3MEPEHHS
Y METO/IMK U3MEPEHUIA,
pa3pabarbIBaTh U Mpe/yiaraTh
TUIaH TIPOBEACHUS (PU3MUECKOTO
WCCIIeIOBaHMS, (OPMYIIMPOBATH
BBIBO/IBI, OIICHUBATh
COOTBETCTBUC BHIBOAOB
MOTY4EHHBIM JIaHHBIM,
OLICHUBATH HAYYHYIO U
NPUKITAIHYIO 3HAUUMOCTb CBOEH
pa3paboTKu.

Braoemy:

METOJaMN @HBHKO-M&TCM&TI/I‘IGCKOFO

OTMCAHUS U MOJICTTUPOBAHUS

LIMPOKOTO Kiacca (pU3NIecKux

SIBJIEHUM U TIPOLIECCOB,

OTIpEeACIISAIONIUX MPUHIUIIBI PA0OTHI

Pa3TUYHBIX TEXHUYECKUX YCTPOMCTB.

OIIK 5. Cniocoben
CO3/1aBaTh
pOoUITBHBIN
pe3yibTaT
npodeccuoHaNBHOM
eI TENIbHOCTH —

3namo:

® OCHOBHEBIE TIPHHITAITHI
mpoBeeHus:  (PU3NIECKOro
OKCIIEPUMEHTa H METOMbBI
U3MepeHuit Pa3IMYHBIX
(hbU3UIECKUX BEITUYHH,

3name:

® TECOpPETHUYECKHUE OCHOBBEI,
OCHOBHBIE ITOHSITHS, 3aKOHBI M
MOJIENIN MEXAaHUKH,
MOJIEKYJISIPHOM buzukwy,
JJIEKTPUYECTBA W MarHeTHu3Ma,
TEOpUU KonebaHWi U BOIH,




IPOAYKT, YCIyTY,
U3JIeNnne,
MEPONPUSTHE,
MOJIENIb,
nporpammy — B
COOTBETCTBUU C
HOPMAaMH U
CTaHJapTaMH
OTpacIIH.

® OCHOBHBIE METO/Ibl TEPMOJIUHAMHUKHI u
¢bu3nyecKux CTaTUCTHUYECKON (U3UKU;
UCCIIEIOBAaHU. ® METOAOB  TEOPETHYECKHX U

Ymemy: JKCIEPUMEHTAIBHBIX

MIPOBOJIUTH KOMIIBIOTEPHOE
MOJICITUPOBAHHE
(U3MYECKHX MPOLIECCOB U
00BEKTOB HCCIICIOBAHUS,
HCIIOJIb30BaTh
“H(GOPMAITMOHHBIC
TEXHOJIOTMH B CBOEH
MIPEIMETHOM 00JIaCTH;

WCCJICIOBAaHMH B (hH3HKE.

Ymemn:

MOHMMATh, U3J1araTh U
KPUTHYIECKH aHAII3UPOBATh
0a30ByI0 001Ie(HU3NICCKYIO
uHOPMAIIHIO,

IIOJIB30BATHCA TCOPETUIYECKNMU

OCHOBaMH, OCHOBHBIMH

Bnaoems.:

¢ (UBHMKO-MaTEeMaTUYECKUMU
METONAMH JUIS
KOMIIBIOTEPHOTO
MO/JICTTUPOBAHMUS B
npodeccnoHaTBLHOM
JEATEILHOCTH.

ITOHATHSIMH, 3aKOHAMH U
MOJICTISIMU (DH3HKH.

Bnaoemn:

(bU3HYECKUMU U MAaTEeMaTUYECKUMU

METO1aMH 00pabOTKH U aHAIU3a

UHpOpMaLKHU B 00JacTh 00IIei

(bu3uKH.

2.1.1.3. Conepxxanune TucUMNINHBI «PU3HK2»

Kox
pa3nena,
TeMbI

Pa3nen, tema
AU CIUATLINHBI

Conep:xanue

P1

Kunematuka
MaTepHaIbHON TOUKH

MexaHnuecKoe JBIKEHHE Kak MpocTeimas opma ABHKEHHUS
matepun. IlpencraBiaeHne o0 CBONCTBaX MNPOCTPaHCTBA U
BPEMCHHM, JIEKAIIUE B OCHOBE KIACCMYECKOM MEXaHHUKHU.
@usznueckrue MOJENIM: MaTepualbHas TOYKa, CHCTEMa
MaTepHalbHBIX TOUEK, a0COIIOTHO TBEPAOE TEJO.

Cucrembl otcuera. llepememenne u nyth. Tpaekropus
JaBrkeHus. CKOpOCTh M yCKOPEHUE MaTEpUaIbHOW TOUYKHU, KaK
IIPOM3BOJHBIE paJuyca-BeKTopa Mo BpeMeHu. CKOpocTb U
YCKOPEHHME IIPU KPHUBOJMHEWHOM JBWXKEeHMHM. HopManpHOE U
TaHI€HIIMAJIbHOE YCKOPEHHUS.

P2

JlnHaMyKka MaTepHaTbHON
Touku. Pabota u sHeprus

WuepunanbHblie cucteMbl oTcuera. Macca tena. Cuna. [lepBsiii
3akoH Herorona. Muepuus. Bropoii 3akoH Herotona. MMmmyssc
Te€Ja W HUMITYIbC Cwibl. Tpetuil 3akoH HproTtoHa. Ympyrue
CHWJIBI, CUJIBI TATOTEHUS, CUIIbI TPEHHUS.

Buemnue w BHyTpeHHHE cuibl. LleHTp Macc MeXaHWYEeCKO
CHCTEMBI U 3aKOH €T0 JIBWKEHUS. 3aKOH COXPAaHEHUS UMITYJIbCa.
PaboTa mocTostHHON U TIepeMEeHHOW chibl. MOIIHOCTh CHITBI.
Kunernyeckas 3Heprus MEXaHMUECKON CUCTEMBI U €€ CBS3b C
paboToif CHJI, TNPHIOKEHHBIX K CHCTeMEe. OHeprus Kak
YHHUBEpCaJbHas Mepa pasinyHbIX (OpM JBWXKEHHUS U
B3aUMOJICHCTBUMU.

[Tone xak Qopma Marepuu, OCYIIECTBISIONIAS CHIIOBOE
B3aUMOJICHCTBUE MEXIY YaCTULIAMHU BEILECTBA.
KoHcepBaTuBHBIE M JHCCHNATHBHBIE CWiIbl. Jluccumanus
sHeprud. lloTeHumanbHas >HEpPrus MaTepUaJIbHONW TOYKH BO
BHEIIHEM CWJIOBOM Tnosie. CéA3b nOmeHyuanibHol Hepuu ¢
KOHCep8amuHoU Cuiou, Oeucmsyrwel Ha MamepualbHyo




mouky. Ilonamue o 2cpaduenme cKanApHOU  PYHKYUU
KOOpOUHam.

[TorennuanbHas SHEprust ynpyro aehopMHUPOBAaHHOTO Tena,
JIBYX B3aUMO/ICHCTBYIOIIMX MAaccC, TIOAHATOrO Haja 3eMIIei Tena
u 3emuu. ['paduueckoe mnpeacraBieHHE NOTEHIHMAIBHOM
sHeprud. [loTeHIaIbHbIC «IMBD) 1 «0apbepbD».

3aKoH coXpaHeHHsI MexaHn4yecko sHeprun. Odmedusnueckuit
3aKOH COXpPaHEHHsS OJHEPIHMH. 3aKOHBl COXPAaHEHHS Kak
nposiBiieHne (yHIAMEHTAIbHBIX CBOMCTB TPOCTPAHCTBA U
Bpemenu. CoynapeHne adCOoIIOTHO YIPYTHX M HEYNIPYTHX TEll.

P3

MexaHuKka TBEPAOTO TCIa

YrinoBble CKOPOCTh M YCKOPEHHME, MX CBS3b C JIMHEUHBIMHU
CKOPOCTSIMH M YCKOPEHMSIMHM TOYEK BpAILAIOLIErocs Tea.
MoOMEHT CHJIBI I MOMEHT HMITYJIbCa MEXaHHYECKOM CHCTEMBI.
MoMeHT wuHepuMM Tela OTHOCHTENBHO oOcH. Teopema
[lIreiinepa. MoMeHT HMIylIbCa Tella  OTHOCHUTEIBHO
HENOJABWKHOM ocu  BpameHus. (OCHOBHOE  ypaBHEHHE
JUHAMHWKU BPalaTCJIbHOTO ABUXKCHU. Kunernueckas OHCpPIruAa
Bpalaroerocs reia. Pabora npu BpamaTeabHOM JIBUKEHUU.
3akoH COXpaHCHUA MOMCHTA UMITYJIbCA.

Tupockonuueckuii s¢hgpexm. Ilousmue o npeyeccuu.

P4

DJIEMEHTHI CIIEHATBHON
TEOPUH OTHOCUTEILHOCTH

MexaHu4ecKkuid MPUHIUI OTHOCUTENbHOCTU. [IpeodpazoBanue
lanunes.

[ToctynaTel  cneUMaJIbHOM  TEOPUUM  OTHOCUTEIBHOCTH.
[IpeoOpazoBanue Jlopenma. CrnenctBusi U3 mpeoOpa3zoBaHUi
JlopeHnia (OTHOCHUTEIBHOCTh OJHOBPEMEHHOCTH COOBITUH,
OTHOCUTENIBHOCTh  JUIMH W TPOMEXKYTKOB  BPEMEHH).
[IpocTpaHCTBEHHO-BPEMEHHOM HHTEpPBAl. PeIATUBUCTCKHI
3aKOH CIJIOKEHUSI CKOPOCTEH.

OCHOBHOH 3aKOH PENIATUBUCTCKON JAMHAMUKH MaTepHalbHOU
TOYKU. PeNsSTUBUCTCKOE BBIpAXXEHHE [JIsl KHUHETHUYECKOU
SHEpPrun. DHEpPrus cBsi3u CcUCTeMbl. COOTHOIIEHHWE MEXIY
IOJJHOM DHEPrHEM M UMIYJbCOM 4YacTULbL. [ 'paHHIbI
MPUMEHUMOCTH KJIACCUYECKON MEXaHUKH.

PS5

ONeMEHTHI KJIacCUYeCKOM
CTaTUCTHKH MakcBeia-
bonbnmana. SBneHus
MEepeHoca B razax

CratuctTuueckuit u TEPMOJIUHAMUYECKU I METO/bI
HCCIIEIOBAHMS MaKpPOCKOITUYECKUX CHUCTEM.
TepmonnHamuueckue napaMmerpsl. PABHOBECHBIE COCTOSIHUS U
npoueccsl. MaeansHslii ras.

Pacnpenenennie MakcBenna. Pacnpenenenue dactuil 1o
CKOPOCTSIM U DJHEpPrusiM TemjaoBoro JBuxkeHUs. CKOpoCTH
TEII0BOro ABMkeHUs1 Mosiekyi. Onbit LlTepHa.

OcCHOBHOE YpaBHEHHME MOJEKYJIIPHO-KMHETUYECKON Teopuu
UJeaNbHBIX Ta30B. MOJEKYJIIPHO-KUHETUUECKHI  CMBICIT
Temneparypbl. OCHOBHOE ypaBHEHHUE COCTOSIHUS HUJEalIbHBIX
ra3oB. M3omporiieccsl B uieainbHbIX ra3ax. ['a30Bble 3aKOHBI.
Yucno creneHeil cBOOOABI MOJEKYJI. 3aKOH pPaBHOMEPHOTO
pacripesielieHus] PHEPruu 1O CTENeHsSM CBOOOJBI MOJIEKYII.
Cpennsisi KWHETHYECKast SHEPTUS MOJIEKYIL.

NneanbHblii r1a3 B 1nosie TAroTeHUs. bapomerpuueckas
dbopmyna. 3akoH bombinmana nist pacmpeneneHus 4acTHI[ BO
BHEIIIHEM MOTeHIMaabHOM nojie. OnwiThl [leppena.

CpenHee 4MCIIO CTOJKHOBEHUH M CPEIHSS IJTHHA CBOOOTHOTO
npobera Mousiekyn. Bpewms penakcanuu. Bakyywm. SBrnenus
nepeHoca B TEPMOJAMHAMHYECKH HEPAaBHOBECHBIX CHCTEMaX.




OnbiTHBIE  3aKOHBI  aUGQY3UH, TEIUIONPOBOJHOCTH U
BHYTpEHHEro TpeHHus. MomekynsapHO-KUHETHYECKass TEOpHs
ATUX SIBJIICHUH. 3aBHCUMOCTh KOX(PQPHUIIMEHTOB IMEpeHoca OT
JABJICHUS U TEMIIEPATYPHI.

Mexanusm nuddys3un B razax, >KUIKOCTSIX U TBEPIX TENAX.
Bs13K0CTh ra30B M )KHUJIKOCTEH.

Pé6

OCHOBHBIE 3aKOHBI
TEPMOJIUHAMUKH.
PeanbHrble ra3sl

OOparuMble ¥ HeoOpaTHMble, KPYrOBble U HEKPYI'OBbIC
npouecchl. PaboTa rasza mpu ero pacumpeHum.

KonmuecTtBo TeminoTel. BHYTpEHHSSE SHEprusi CHCTEMEI.
BHyTpeHnHss sHeprus uaeaibHoro ra3a. TernaoeMKoCTb.
[lepBoe Hawano TepMonuHamMuKH. [IpuMeHeHHe TEPBOTO
Hayaja TePMOJUMHAMHUKU K HM30MpoIleccaM HeaJbHOro rasa.
AnuabaTHEI mporiecc.

3aBUCHUMOCTh TEIUIOEMKOCTH HJAEaJbHOrO0 Traza OT BHUA
nporecca U3MEHeHus ero cocrosHus. Kiaccuueckas Teopust
TEIIOEMKOCTEH HJIeabHBIX Ta30B U €€ OTPAaHUYEHHOCTb.
Bropoe wHawano TtepmoaumHamukud. HeoOGpatumocts U
HAIPaBIEHHOCTb CAaMOIIPOU3BOJILHBIX MPOIECCOB B 3aMKHYTHIX
cucTeMax. TepmomuHamMuyeckast BEPOSTHOCTH
MaKpOCOCTOSIHUA. DHTponus. PacdueT u3MEHEHHs] SHTPOIHHU C
MTOMOIIBI0 UHTETPaJIa IPUBEICHHBIX TEILIOT.

Huxn Kapuo. KIIJI uaeanbHO TermoBodl mamuHbl. Tperbe
HAYaJI0 TEPMOTUHAMUKH.

Omcmynienuss om 3aKoH08 udednvHvlx 2a3z08. Cunvl U
NOMEHYUATbHASL 9Hepaus MEAHCMONEKYIAPHO2O
g3aumooeticmsus.  IppekmusHvlll  ouamemp  MONEKYIL.
Ypasnenue Ban-oep-Baanvca. Cpasnenue uzomepm Ban-oep-
Baanvca c sxcnepumenmanvrvimu.

Buympennusaa  osmepeus  peanvnoco  2asza. Kpumuueckoe
cocmosinue. Pazosvie nepexoovl. Tennogoe osudiceHue yacmuy
8 Jrcuokocmsax u meepovix menax. OcobeHnocmu HuoKo20 u
meepdoco  cocmosHuti  eewecmea.  Kpucmaniuveckas
peuiemxka.

P7

DIeKTpOoCTaTUKA

Onextpuuecknil  3apan. JuckpetHocTs  3apana.  3akoH
coxpaHeHus 3apsia. Bsaumoneiictsue 3apsaos. 3akoH Kynona.
OnexkTpoctatnueckoe  mone. [IpuHmuMn  cynepnosuiuu.
HampsxkeHHOCT  2nexkTpocratndeckoro — nons.  Pacuer
IIEKTPOCTATUYECKUX TOJEH MeTroaoM cynepnosuuuu. Ilone
ANEeKTpUYecKoro aumnosst. IIoTok BekTopa HanpsHKEHHOCTH.
Teopema 'aycca nist 371€KTPOCTATUUECKOTO OJISL B BAKyyMe U
ee IpUMEHEHWe K pacuery nosned. PabGora cun
AIIEKTPOCTATUYECKOTO OJIS. Mupxynsanus BEKTOpa
HaIpsDKEHHOCTH. lloTeHmmManm 31eKTpoCTaTHYeCKOro IMoJs.
[ToTeHIManbHBIA ~ XapakTep  AJIEKTPOCTATHUYECKOTO  IOJIS.
HanpsikeHHOCTh  3JI€KTPOCTAaTHUECKOTO TOJS KakK T'paJueHT
MOTEHLIMANA.

CBoOonHBIE M CBSI3aHHbIE 3apsiibl B JUDJIEKTPUKAX.
JIMBNEeKTPUKHY. Tunel JHDIIEKTPUKOB. [onspusanus
JIUAIIEKTPUKOB. Bektop mnonspuzanuu. Judnexktpuyeckas
BOCIIPUMMYHMBOCTh  BEIECTBA. BEKTOp  3JIEKTpUYECKOro
cMemenus. Teopema ["aycca st 3I€KTPOCTaTHUECKOTO OIS B
JUDIIEKTPUKAX. OTtHOCUTENBHAS JUDIIEKTPUYECKAs]
ITPOHUIIAEMOCTh CPEJIBL.




Venosus na epanuye paszoena 08yx OUsIeKmMpuyeckux cpeo.
Husnexmpuku ¢ ocobvimu ceoucmeamu. CecHemodieKmpuru.
Ilvezoanexmpuyeckuii 3¢ghghpexm.

[loe BHYTpM TIPOBOJHHKA W y €ro IOBEPXHOCTH.
PacripeneneHue 3apsiga B TMPOBOIHHUKE. JICKTPOSMKOCTB
YEIMHEHHOTO MPOBOJIHUKA. B3aMHas 3JIEKTPOEMKOCTh JBYX
npoBOMHUKOB.  KoHJeHcaTOpbl.  DHEprus — 3apsbKEHHbBIX
[POBOJIHUKOB: YSIUHEHHOTO MPOBOJIHUKA, KOHICHCATOpA U
CHUCTEMbI ITPOBOIHUKOB. DHEPTHUS HIEKTPOCTATUYCCKOTO TIOJISL.
OO0BbeMHast IIOTHOCTh SHEPTHH.
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IlocTossHHBII
AJICKTPUUICCKUN TOK

[TocrosiHubIN 3nexkTpuueckuil Tok. Cuna Toka. I[lnmoTrHocTb
TOKa. YCIIOBUSL CYIIECTBOBAaHHUS AJIGKTPUYECKOTO  TOKA.
CropoHHue cuiabl B DJJIEKTPUYECKOM menu. Pa3zHoCTb
MOTEHLMAJOB,  AJCKTPOABWKYIIAs  CHJIA,  HaIpsDKEHUE.
O06006mennbIi 3akoH Oma B uHTerpanbHoi popme. 3akon Oma
B JIoKaibHOM (opme. Pabota um MomHOCTH TOKa. 3aKOH
Jxoyns-Jlenna. 3akon J[xoyns-Jlenna B nokansHOUM (opme.
PasserBnennas  nemnb. [IpaBmma  Kupxroda.  Pacuer
Pa3BETBIICHHBIX LIETIEH.

Knaccuueckas snekmponnas meopus 31eKmponpo8ooOHOCmU
Memannos u ee onvimuvle 0b60cHosanusl. Bvieoo s3axonos Oma u
Iicoyna-Jlenya u3 31eKMPOHHBIX NpPeOCmMAagieHull. 3aKoH
Buoemana-®panya. 3ampyounenus Kuaccuueckou meopuu
91eKmponposooHocmu memaiios. Paboma évixooa snekmpona
U3 Memanna. IMUCCUOHHbIE A6NeHUe U UX NPUMEHEHUe.
Dnekmpuueckuti mok 6 eazax. Monuzayus u pexomoOuHayus
monekyn 6 eaze. Iloosuxcnocme Hocumeneti  3apsoa.
Hecamocmosmenvhvlti U camocmosmenvhvili  2a308ble
paspsaovl. Ilnasma. Tepmor1eKmpoHHAs IMUCCUS.
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9HeKTpOMarHeTI/I3M

MarnuTtHoe nojue. Bektop MarHuTHOM MHAYKIMH. MarHuTHbII
MOMEHT KOHTYpa C TOKOM. MarHuTHOE MOJI€ 3JIEMEHTa TOKa.
3akoH buo-CaBapa-Jlamnaca U ero mpuMEHEHHE K pacyery
MAarHUTHOTO TMOJiA. MarduTHoe T1oJjie MPSIMOJIMHEHHOTO
MIPOBOJIHUKA C TOKOM. MarHuTHOE MoJie KPyroBOTO TOKA.
[Hupkymsiiust BEKTOpa MarHUTHOW MHAYKIIMH. 3aKOH TOJHOTO
TOKA JJI1 MarHUTHOTO TOJS B BAKyyM€ M €ro NPUMEHEHHUE K
pacdeTy moJisd COJICHOMJAa M Topouja. BuxpeBoil xapakrep
MarHUTHOTO TOJIA.

3aKkoH Awmrepa. BsaumoneiictBue napajuIeIbHbIX
MPOBOAHUKOB ¢ TokoM. OmpeneneHue eAWHUIBI Toka — 1
amriep. KoHTYp C TOKOM B MAarHMTHOM TIOJie. DHEPTHs
B3aUMOJICMCTBUSL KOHTYpa € TOKOM B MAarHUTHOM TIOJIE.
Teopema I'aycca nnst MarautHoOTO TIoJ1s1. PaGoTa nepemenienus
MIPOBOJIHUKA M KOHTYpa C TOKOM B MarHUTHOM TI0JI€.

Cwita Jlopenna. J[Brm>keHUE 3apsyKEHHBIX YaCTHUI] B MATHUTHOM
none. IlpuHoMO AEUCTBUS UUMKIMYECKUX  YCKOPUTEIEH
3apspKkeHHBIX acTll. D¢ dekt Xomna. [Ipunmmn padoter MI'/I-

reHeparopa.
MarseTukH. XapaKTepI/ICTI/IKI/I MAardsuTHOTI'O II0JIsI B BEOICCTBE.
Hamaran4yeHHOCTb. MarxautHas BOCIIPUUMYNBOCTD.

HampshokeHHOCTP ~ MarHUTHOTO ~ MOJsT B BEIIECTBE.
OTHOcuTEeNbHAsT ~ MarHuTHas  MPOHUIAEMOCTb  CPEJbl.
OpoumanvHulll  MACHUMHBIL U MEXAHUYeCKUl MOMEHMbl




anekmpona 6 amome. Opbumanvhoe  2UPOMACHUMHOE
omnowenue. Onvim ODunwmetina-oe 1aasza. Cnunogvle
MASHUMHbLIE MOMEHMBL.

AToM B MarHuTHOM Tmoje. Jlua- W mapamMarHeTHKH.
DJieMeHTapHasi TEOPUsl IMaMarHeTu3ma. DJIeMeHTapHask TEOpUs
rapaMarHeTusma. deppoMarHeTuKH. Kpusas
HAMarHM4YMBaHUSA. MarHuTHbIA THUCTEpE3UC. Msrkue u
J)KECTKME MarHuTHbele Mmatepuanbl. Touka Kropu. JlomeHsl.
[TonsiTrie 0 cCIMHOBO¥ MpuUpoAe GeppoMaraeTusma.

SBenue 3JIEKTPOMATrHUTHOMN WHTYKIIVH. 3akoH
aNeKTpoMarHuTHOM wuHAyKuun @Dapanes. 3axoH Jlenna.
Bosnuknosenue 9J1C UHAYKIIMY B TPOBOJAHUKE, IBUKYIIIEMCS
B MAarHUTHOM II0JIE U B PaMKe, paBHOMEPHO BpAIAOIICHCS B
OJIHOPOJTHOM MAarHUTHOM TI0JI€.

Camounnykuusi. THIYKTUBHOCTh KOHTYpa. 3aKOH W3MEHEHUs
TOKAa MPU 3aMbIKAHUU M pa3MbIKaHUU enu. CKuH-dPEEeKT.
B3anmuas nnaykuusa. BzauMHast ”HIyKTUBHOCTb.

DHeprusi CHCTEMbl TIPOBOJHUKOB ¢ TOKOM. OObeMHas
MJIOTHOCTh SHEPTUHM MATHUTHOTO TOJISI.

O060011eH1e 3aK0Ha ANIEKTPOMAarHUTHONW MHIAYKIMH. Buxpesoe
anexkrpuueckoe nose. berarpon. Tok cmemeHus. YpaBHEHHs
MakcBemia i1 3J€KTPOMarHUTHOTO TOJISI B MHTErPAIbHOM
dbopMe 1 X QU3HIECKUN CMBICI.
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Mexanuueckue n
3J€KTPOMAarHUTHbHIE
KOJIeOaHUs

[Tonsatne o KoznebaTenbHBIX Hpoleccax. lapMoHHUYECKHe
Konebanus. KuHematnka  TapMOHMUYECKHMX  KoOJeOaHUH.
JuddepenunanbHoe ypaBHEHHE TapMOHHUECKUX KOJIeOaHUH.
[TpyxuHHBINA, MaTeMaTUYECKUH U (QUINYECKUI MasTHUKU.
OHeprusi rapMOHUYECKHUX KojeOaHui. Merox BEKTOPHBIX
muarpamMm. KommekcHast ¢popma mpeacTaBieHus] KoieOaHuu.
CrnoxeHue rapMOHMYECKMX KOJIeOaHUHM OJTHOI0 HAIIPABICHUS U
OIMHAKOBOM d4acToThl. buenus. CraokeHne  B3aUMHO
NEepIEHINKYIApHbIX KoneOaHuil. CB0oOOAHBIE 3aTyXarollue
koneOanus. [luddepeHunanbHoe ypaBHEHHE 3aTyXaroLUX
KosnebaHuit u ero pemenue. Jlorapupmuueckuii 1eKpeMeHT
3atyxaHus. Jugghepenyuanvroe ypasnenue GblHYICOEHHLIX
Konebanuu. Amnaumyoa u @haza 6viHYHCOEHHBIX KOeOAHUIL.
Pezonanc.

OnexkTpuueckuit  kosjeOaTenbHbIH  KOHTYp.  CBOOOAHBIE
AIIEKTPOMAarHUTHBIE KOJIEOAaHUSI B 3aKPBITOM HJCATbHOM
Kosie0aTenbHOM KOHTYype. 3aTyXarolllde 3JIEKTpOMarHUTHbIE
Kosie0aHusl. 3aBUCUMOCTD YaCTOThI 3aTyXalOIUX KoleOaHul OT
CONPOTHUBIICHUS. AINEPUOJUYECKUI paspsi KOHIEHCATOpa.
Buinyoicoennvie snekmpuueckue konebanus. Pesonanc moxa u
HAaNPANCEHUSL.
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BoHbl

BonnoBeie mporeccel. OOpa3oBaHue BOJH B YIPYroul cpene.
[TpononbHble M TONEpeyHble Oerymue BOJIHBL. BoJHOBbIE
noBepxHocTh. DpoHT BOnHBL dazoBas ckopocTh. JlnmHa
BOJIHBI. BosiHOoBOE YHUCIIO. [Tpuanun ['roiirenca.
CunycoupanpHbpie (TapMOHUYECKHUE) BOJIHBL. YpaBHEHHUE
Oerymeil BonmHbl. BomHOBoe ypaBHenue. Jlucmepcusi BOJH.
Oueprus BosHbl. [lpunHnun cyneprosuuuu BojH. BomHoBOi
naket. [ 'pynnoBas ckopocts. Korepentnocts. UnTepdepenims




BosiH. Crosilune BOJHBL. YpaBHEHHE CTOSYEH  BOJIHBI.
W3meHeHue ¢a3pl pu oTpakeHUuH BosIHbL. KosebaHus cTpyHsI.
BonHOBOE ypaBHEHHE HJIEKTPOMATHUTHOM BOJIHBI. Y paBHEHUE
IUIOCKOM MOHOXPOMATHYECKOW 3JIEKTPOMArHUTHOM BOJIHBI.
OcCHOBHBIE CBOMCTBA 3JIEKTPOMAarHUTHBIX BOJH. DHEprus H
MHTCHCUBHOCTb 3JIEKTPOMarHUTHOM BOJIHBL. [IoTOK 3Heprum.
Bekrop IloiiHTHHra. J[laBieHHe 3JIE€KTPOMArHUTHBIX BOJIH.
W3nmyuenue numnoss.
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BonnoBas onTuka

IIpencraBnenue o npupoje ceera. CBeToBask BOJIHA.
KorepeHTHOCTP M MOHOXpPOMATHYHOCTH CBETOBBIX BOJIH.
[IpocTpancTBeHHass ¥ BpEeMEHHAs KOrepeHTHOCTh. CrocoObl
MOJIy4YeHUs KOT€PEHTHBIX HMCTOYHUKOB cBeTa. Pacuer
UHTEPPEPEHIIMOHHON  KapTHHBI OT JBYX KOTE€PEHTHBIX
MCTOYHMKOB. OnTuyeckas JyIMHa MyTHU U ONTHYECKask Pa3HOCTh
xofa BoiH. MHTepdepeHIMs B TOHKUX IUIeHKaxX. [lomockl
paBHOI TOMIIMHBI (KJIUH, KOJblla HpI0TOHA) ¥ 1TOJIOCH! paBHOTO
HaKJIOHA. [Ipakmuyeckoe npumeneHue unmepgpepenyuu ceema:
npoceeniieHue OnmuKu, KOHMpoJib 00pAbOMKU NOBePXHOCIeE,
mouHoe usmepenue ONuH ompeskos. HMumepgepomempuoi.
[Ipunmun  Ttoiirenca-®penens. Meron 30H  DpeHens.
[IpssmonuneitHoe  pacnpocTpaHeHue cBeta. Judpakius
®peHens Ha KPyIJIoM OTBEPCTUM U TUCKE. 30HHAS TUIACTHHKA.
Hudpakuuss  Dpaynropepa Ha  OXHOW  MIETH, Ha
mubpakmoHHON — pemietke. JudpakuuoHHBIE — CHEKTPHI.
Judpaknuss Ha OPOCTPaHCTBEHHON pewerke. Popmyna
bparra-Bynea. HccnenoBanue CTPYKTYpbl —KPHCTaJUIOB.
Ilonamue o eonoepagpuu.

EcrecTBeHHbII u MOJISIPU30BAHHBII CBET. Bunst
MOJIIPU30BAHHOTO CBETa (JIMHEMHO-TIOJISIPU30BAHHBIMH,
MOJIIPU30BAaHHBIA MO KPYry W 1o amuicy). [lomspusamms
cBeTa Mpu  oTpaxeHuu. 3akoH bprocrepa. Ananus
NOJIIPU30BAaHHOIO  cBeTa. 3akoH  Maimoca.  J[BoliHOe
nydenpenomiieHue. 11omsaponas! 1 Noaspu3alMOHHBIE IPU3MBI.
HckyccTBeHHass onTudeckas aHU30Tponus. Mumepgepenyus
noaapuzoeannozo ceema. Illpumenenue nOAAPUIOBAHHO20
ceema.

Onmuuecku oonopoouas cpeoa. [ucnepcus ceema. Obracmu
HOPMANbHOU U AHOMATbHOU Oucnepcuu. 1eKmpOHHASE Meopusl
oucnepcuu ceema. Uznyuenue Basunosa-Yepenkosa.
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KBanroBag ontuka

PaBHOBECHOCTh  TEIJIOBOIO  M3JIY4YEHMs. DHEPreTHYecKas
cBetuMocTh. CrHekTpajipHas IJIOTHOCTb JHEPreTUYECKOU
cBETUMOCTU. AOcCoNoTHO uepHoe Teno. 3akoH Kupxroda.
Pacnipenienenue sHepruu B CieKTpe abCOIOTHO YEPHOTO TENa.
3akonsl Credana-bonbiimana u Buna.

KBanToBas runoresa uznyuyenusa. @opmyna [lmanka. 3akoHBI
Credana-bonbuimana xak cieacrsue Qopmynsl  Ilnanka.
Onrnueckass TMPOMETPUSL.

dotosnexkrpuueckuii 3pPexr. OCHOBHBIE 3aKOHBI BHEUIHETO
dbotoapdexra. dDotonrl. Macca u wumnyiabc (oToHa.
VYpaBHenue DiHITeiHA 1151 hoTodPPexTa. MHOrOHOTOHHBIH
dororddexr. Buyrpennuit poroapdexr.

PaccesHue (OTOHOB Ha »3JEKTpOHAaxX BellecTBa. TeopHs
abdexra Komnrona. JlaBneHume cBera, €ro KBAaHTOBOE U




BOJIHOBOE 00BsICHEHHE. [unanektuueckoe €IMHCTBO
KOPITYCKYJIIPHO-BOJTHOBBIX ~ CBOMCTB  3JI€KTPOMAarHUTHOTO
W3JIy4CHHUSI.
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DJIeMEHTEI KBAHTOBOK
MEXaHUKHA U aTOMHOMI
¢buzuku

OmnwiTel Pe3epdopaa mo paccesHUIO 0-4acTHUI[ BEIIECTBOM.
[InanerapHas Mozaenbp aroMa M €€ KPUTHKA C IO3ULUI
kiaccuueckor ¢usuku. [locrymarel bopa. bopoBckas Teopust
aromMa Bojopona. JIuHeWdyarslid CHEKTp aTroMa BOJIOPOJA.
[Torenuuansl noHU3aUKU U Bo30yxaeHus. Teopus bopa s
BojlopoAonoaoOHbix cucteM. Omnbir ®panka u [epua.
JIMCKpETHOCTP ~ SHEPreTHYECKUX  YpPOBHEH B aTOME.
3arpynHenus Teopuu bopa.

KopnyckynsipHO-BOJIHOBOM ~ Jyajdu3M  CBOMCTB  YaCTHI]
BeulectBa. Bomnbsl ge  bpoinsg. Onbitel  J[3BUCCOHA U
xepmepa. CpoiicTBa BOJH Jie bpoiiis U UX BEpOSTHOCTHBIN
cMmblca. COOTHOILIEHHE HEONpEAEIEHHOCTEN KaK IPOsBICHUE
KOPIYCKYJIIPHO-BOJIHOBOI'O ~ Jyajlu3Ma CBOWCTB MAaTEpHUH.
BonHoBast GyHKIUS, €€ CTATUCTUYCCKUI CMBICI, CBOWCTBA H
HOpMHpPOBKa. [ [pMHIIMI NPUYMHHOCTH B KBAHTOBOM MEXAHUKE.
Cranunonapueie coctostHusi. YpasHenue Illpenunrepa st
CTallMOHAPHBIX COCTOSIHUM.

CBoOonHas vactuma. MukpodyacThiia B OJHOMEPHOH
MPSIMOYTOJIBHOM MOTEHIIUATIBLHON sIME ¢ 0ECKOHEUHO BHICOKHMHU
crenkamu. KBaHTOBaHME »HEPrUM W HMMIYJIbCAa YACTHUIIBL.
TynuenbHbil 3G dekT. ['apMoHUYECKU OCHUIIIATOP.
KBaHTOBO-MEXaHMUecKass 3ajaya Il aTromMa BOAOPOJA.
DJeKTpoH B cepudyeckd CUMMETPHUYHOM Mose. KBaHTOBbIE
qHcia: TIaBHOE, OpOUTAIEHOE ¥ MAarHUTHOE. DHEPTreTHUECKHI
CIIEKTp 3JIEKTPOHOB B aroMe. KBaHTOBaHME MEXaHUYECKOTO U
MarHUTHOTO OpOUTAIBHOTO MOMEHTOB AJIEKTPOHA.
Hopmanbuslit 23gdext 3eemana.

Onpir Illtepna u I'epmaxa. CnuH 3nekrpoHa. CnuHOBOE
KBaHTOBOE 4K CIIO. [IpuHIIMIT HEPA3IMUMMOCTH TOXK/IECTBEHHBIX
gactull. ®epmuonsl u  06030HBL [lpunmun  [laymum.
PacnipenienieHne 3JIEKTPOHOB B MHOTO2JIEKTPOHHOM aTOME IO
cocrossHusiM.  [lepuonnueckass cucrtema snemeHTtoB  J[.U.
Menneneesa.

TopMO3HOE pEHTIeHOBCKOE u3iydeHue. KopoTkoBOIHOBas
rpaHuIa CIUIOLIHOTO PEHTI€HOBCKOTO CIIEKTpA.
XapakTepuCTUYECKUN pEHTI€HOBCKHUM CIIEKTp. 3akoH Mo3iu.
CrHoHTaHHOE€ W BBIHYXKJIEHHOE u3lydeHue. IHBepcHas
3aCEJIeHHOCTh HHEPreTMUECKUX YpPOBHEM M crmocoObl ee
ocyumectBieHusa.  [lpuHuunuaneHas  cxema  JIEUCTBUS
KBaHTOBOTO TreHeparopa. [a3oBblii U pyOWHOBBIA Ja3epshl.
[IpuMeHeHrne ONTUYECKUX KBAHTOBBIX T€HEPATOPOB.
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OneMEHTHI KBAHTOBOU
CTaTUCTUKU U (PU3UKHU
TBEPJOrO Tela

CBoOIICTBa KPUCTAIIIMYECKUX TeJ. THIBI CBA3EH B KpHUCTAJLIAX.
W neanpHble U peaabHble KPUCTAILIBL.

Cmamucmuyeckuti cnocod oOnucauusi KoOJIeKmuea uacmuy.
dDazoseoe npocmpancmeo. Inemenmapuas aveika. Ilnomnocmo
cocmosiHutl 8 hazoeom npocmpancmee.

Tlosepxnocmv @epmu. [lonamue o K6AHMOBLIX CIMAMUCMUKAX
bosze-Oinwmetina u  @epmu-upaxa.  Pacnpeoenenue
9NEKMPOHOE NPOBOOUMOCIU 6 Memaiie HO IHepIUAM Npu
abconomuom  Hyne  memnepamyp.  OHepausi  Pepmu.




BuipooicOennviti. U HeBbIPONCOEHHBIUL  INIeKMPOHHBIN  2a3.
Bausnue memnepamypol na pacnpedenenue 21eKmMpOHOS8.
Temnepamypa @epmu.

Onepeemuueckue VposHU €80000HbIX amomos.
Obobwecmenenue 21eKmporHo8 8 Kpucmaiie. IHepeemudecKue
30ubl 6 Kpucmanne. Pacnpedenenue snekmponos  no
oHepeemuueckumM  30HaM.  Banemmmnasa  3onma.  3ona
nposooumocmu. 30HaA  3aNPeujeHHbIX  dHepeull.  DHepeus
akmusayuu. Memannvl, OUINEKMPUKU,  NOTYNPOBOOHUKHU.
Ddexmusnas macca sanekmpona  Kpucmaie.

Tonynpoeoonuxu. Cobcmeennas nPOBOOUMOCHTb
NOLYNPOBOOHUKOS. Ksazuuacmuywi - NEeKMPOHbI
npogooumocmu u Ovlpku. Yposenv Depmu 8 coOCMEEHHBIX
NOYNPOBOOHUKAX. Ipumecnasn npo8OOUMOCTb
HOJYAPOBOOHUKOS. OnexmpornHubll u ObIPOUHbIL
NOLYNPOBOOHUKU. Temnepamyphas 3a8UCUMOCTb

INEKMPONPOBOOHOCIU NOTYNPOBOOHUKOS. Tepmucmopbi.
Konmaxmnvle  senrenuss 6  noaynposoonuxax. Kowmaxm
9NIEKMPOHHO20 U ObLPOUHO20 NOJIYNPOBOOHUKOS (D-N nepexoo) u
€20 601bm-amnepHas xapakmepucmuxa. [1onynpoeoonuxosvle
O0U00bl U MPAHZUCTIOPDI.

Domosnexkmpuneckue  s6IeHUs 8  NOJIYAPOBOOHUKAX:
gomonpogooumocme, BHYMPEHHUIL Gdomosgppexm,
domosppexm 6 3anuparowem cioe.

Ilonamue o ¢ononax. Pacnpedenenue ¢hoHonos no sHepeusm.
Tennoemkocms — Kpucmaiia npu — HUSKUX U BbICOKUX
memnepamypax.  Ilonsmue o  KéaHmoeou  meopuu
MeNnIonpoBOOHOCMU MBEPObIX Mel U INeKMPONpO8OOHOCU
memannos. Xapakxmepucmuueckass memnepamypa Jlebas.
3axonwt /ledbasa. Ceepxnposooumocms. Macnumuvle ceolicmea
CBEPXNPOBOOHUKOS. Bvicokomemnepamypnas
CBEPXNPOBOOUMOCTD.
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OneMeHTs! GU3NKU
aTOMHOTO Si/Ipa U
3JIEMEHTAPHBIX YaCTHUI]

XapakTepucTuka aTOMHOTO sjpa: 3apsj, Mmacca, pasMep,
IUIOTHOCTb. MaccoBoe u 3apsnoBoe uucia. Cocrtas sjpa.
Hyxnonsl. U3oronsl. M306apel. BzaumoneiicTBue HYKIOHOB.
[TonsiTHE O CBOMCTBAX U MPUPO/IE AAEPHBIX cuil. [ledekT macchl
Y DHEPTHH CBSI3U S7EP.

PannoaktuBHOCTh. PannoaktuBHblE psansl. KuHeTtnueckuii
3aKOH PaZvoaKTUBHOTO pacnaja. [TocrosinHas
paZiMoOaKTUBHOIO pacnana. AKTHBHOCTb paJAMOaKTUBHOTO
BEIECTBA. 3aKOHOMEPHOCTH U TIPOMCXOXKJIeHHEe anbda-, Oera-
Y TaMMa - U3JIy4E€HHUsl aTOMHBIX sJIEP.

SnepHble peaklMM U 3aKOHBI cOXpaHeHus. Peakuus neneHus
anpa. llennas peakumss npenenud. IloHatne o sAaepHOU
sHepreTuke. Peakuuu cuHTe3a aToMHBIX snep. [IpoGiema
YIPaBISEMBIX TEPMOSACPHBIX PEAKIIHA.

OOume cBoicTBa 3JeMeHTapHbIX yacTull. Kiaccudukarus
AIIEMEHTApHbIX 4YacTWll, HMX B3aUMHas MPEBPAIIAEMOCTb.
Jlentonsl. Anponsl. KBapku.

2.1.1.4. SI3bIK peanu3anuu NPOrpaMMbl
[IporpaMMa AUCHMILIMHBI peAIM3yeTCsl Ha FOCyAapCcTBEHHOM sA3bIke Poccuiickoit denepannn.




2.1.2. YYEBHO-METOAUYECKOE U HWH®OPMAIIMOHHOE OBECIHEYEHMUE

JUCIHUIIVIMHBI «PU3UKA»

JJIeKTPOHHBbIE pecypchbl (U31aHMs)

1.

Craponyonesa, ['.Il. Kypc nexkumii 1mo ¢usmke: MeXaHHWKa, MOJEKyJsIpHas (u3uka,
TepMouHaMuKa. JnekrpuaectBo U MaruetusMm / I.I1. CraponyOneBa, A.A. XaieHko ;
®DenepalibHOE TOCYJApPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEXKJICHUE BBICIIETO
npodeccuoHanbHOro 0o0pazoBaHus CTaBPOIOIBCKUI TOCYNAapCTBEHHBIH —arpapHbIi
yHuBepcuteT. — CraBpononas : CTaBpomoOJbCKUN TOCYJAapCTBEHHBIN —arpapHbIi
yauBepcuter, 2017. — 169 c. : uwn. — Pexum pgocryma: mo moammcke. — URL:
http://biblioclub.ru/index.php?page=book&id=485008.

Hukepos, B.A. ®u3uka 11 By30B: MEXaHHUKa U MOJIeKyJisipHas ¢usuka / B.A. Hukepos.
— Mocksa : JlamkoB u K°, 2021. — 136 c. : tabn., rpad., cxem. — Pexxum mocryma: mo
noxnucke. — URL: https://biblioclub.ru/index.php?page=book&id=684326.
AbGnpaxmanoBa, A.X. @u3uka. DIEKTPHUUECTBO: TEKCTHI Jekiuii / A.X. AOapaxmMaHoBa ;
MunucrtepctBo  oOpa3zoBanusi u  Hayku P®, KazaHckuiéi  HalmoHaJIBHBIN
HCCIIEA0BATENIbCKUN TEXHOJIOTMYeCKui yHuBepcuteT. — Kaszanp : Ka3zanckuii Hay4HO-
HCCIIeIOBATEeNLCKUIM TeXHOIOTHueckuii yauuepeuteT, 2018. — 120 c. : cxem., Tab1., ui. —
Pexxum JIOCTyMa: o MOJIITHACKE. - URL:
http://biblioclub.ru/index.php?page=book&id=500426.

OU3UKA : mpaktukym. B 3 4. U. 1. Mexanuka. MouekynsapHas (u3uka
TepMmoarHamuka / aBT.-cocT. A. A. Xoasipes, K. . Kopuucuk ; M-Bo 00pa3oBaHus u
Hayku PO ; ®I'AOY BO «Yp®VY um. nepsoro Ilpesunenta Poccun b.H.Enbuunay,
Hwxnerarun. rexuon. un-1 (¢ui.). — Hwkuuii Ta-run : HTU (unuan) YpdV, 2018. —
134 c. http://elib.ntiustu.ru/97#target-1649

OU3UKA : npaktukym. B 3 4. Y. 2. Dnexrpoaunamuka. Kojgebanus 1 BOIHBI / aBT.-COCT.
A. A. Xonsipes, K. N. Kopaucuk ; M-Bo o6pazoBanus u Hayku P® ; DI'AOY BO «YpdY
uM. nieporo IIpesunenta Poccun b.H.Enpumnay, HwkHeTarnn. texHon. uH-T (Gpui.). —
Hwxkuuii Tarwn : HTU (dunman) YpdVY, 2018. — 170 c. http://elib.ntiustu.ru/97#target-
1650

«Yp®Y um. niepBoro Ilpesunenra Poccun b.H.Enpuunay, HuxHeraruin. TeXHOJI. HH-T
(pun.). — Hwxamit Tarun : HTU (dumman) VYpdVY, 2018. - 80 c.
http://elib.ntiustu.ru/97#target-1651

ITeyaTHble U31aHUA

Tpodumona, Taucus iBanoBHa. duznka : yaebHuk ais By3o0B / T. 1. TpopumoBa .— MockBa
: Akagemus, 2012 .— 320 c.

Huxepos, Bukrop AnekceeBnu. ®u3nka : yaeOHUK U MPakTUKYM JUIst By30B / B. A. Hukepos
— Mockaga : HOpaiit, 2020 .— 415, [1] c. : u.

YeproB, A.I. 3amaunuk no ¢usuke : yuebHoe nocobue ais BTy30B / A. I'. Uepros, A. A.
Bopobses. — M. : U3n-Bo ®usnuko-maremaruueckoit mureparypsl, 2003. — 7-e uza., nepepao.
u goi. — 640 c.

Boabkenmreiin, B. C. CoopHuk 3amad mo oOmiemy Kypcy Qu3nku : ydeOHOe mocobue
/ B. C. Bonbkenmreiin. — CI16. : CnerJIut, 2002. — M3a. non. u nepepad. — 327 c.

®uzuka: npaktukyMm. B 3 4. U. 3. Ontuka. DneMeHTbl KBaHTOBOW MEXaHUKH, (PU3UKU aToMa
u sipa / coct. K. U. Kopnucuk ; @enep. areHTCTBO 10 00pa30BaHUIO, Y paj. roc. TEXH. YH-T.
Huxnerarun. Texnoin. ue-T (guit.). — Huxanit Tarun.: HTU (¢) YI'TY-VIIN, 2008. — 108 c.
®Ousnyecknii npakTukym: B 3 u. Y. 2. DnexTpuyecTBO M MarHeTUs3M /aBT.-cOCT. A.A.
Xoapipes, K.M. Kopuucuk; ®denep. areHTCTBO MO 00pa3oBaHHIO, Ypal. roc. TEXH. YH-T.
Hwxuerarun. texuon. uH-T (¢un.). — Huwxauit Tarun : HTU (¢) YITY-VIIN, 2008. — 62 c.
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IIpodeccnonanbubie 0a3bl TAHHBIX, HHPOPMALUOHHO-CIIPABOYHbIE H MIOMCKOBbIE CUCTEMbI

N

o oA~

3onanpHas HaydHas oubaunoreka YpdY (http://lib.urfu.ru)
DnektpoHHbIid HayuHbli apxuB Yp®dVY (https:/elar.urfu.ru)

DIIeKTPOHHO-OMOINOTEUHAS
http://biblioclub.ru/

cucrema

((yHI/IBepCI/ITCTCKaﬂ

9BC IPR books http://www.iprbookshop.ru

bubnnoreka

Onnaiigy»

http://school-collection.edu.ru — eauHas KoyeKIHs MU(PPOBBIX 0OPAa30BATEIBHBIX PECYPCOB
http://fcior.edu.ru - denepanbHbIi HEHTP HHPOPMAITHOHHO-00PA30BaTEIILHBIX PECYPCOB

(OLIHIOP)

Hayunas anekrponnas oudnnorexka eLIBRARY.RU (http://elibrary.ru)

Iepuoauyeckue u3aaHus

1.

2.

©oN R

Bectnuk MockoBckoro ynusepcureta. Cepust 3: @usuka. AcTpoHOMUS -

https://ezproxy.urfu.ru:4169/title about new.asp?id=8508

BeCTHI/IK CaHKT-HeTep6prCKOFO yHI/IBepCI/ITeTa. (DI/I3I/IK8. U XUMUsSI -
https://ezproxy.urfu.ru:4169/title about.asp?id=9468

NnxenepHo-pu3nveckuii )KypHai -

https://ezproxy.urfu.ru:4169/title about new.asp?id=25251

VYenexu ¢pusnyeckux Hayk — https://ezproxy.urfu.ru:4169/title_about_new.asp?id=7325

Hay4no-nonynsipHblii puznko-maremarudeckuii xypaan «Ksant» - https://kvant.ras.ru
Kypnan rexuuueckoii ¢pusuku - http://journals.ioffe.ru/journals/3

JXypHai skcriepuMeHTalIbHON M TeopeTryeckoit ¢husuku - http://jetp.ac.ru/cgi-bin/r/index

Yuebnas ¢usuka - https://ezproxy.urfu.ru:4169/title_about.asp?id=9870

dusnyeckoe oOpazoBanue B By3ax - http://pinhe.lebedev.ru

Marepunansl pis jun ¢ OB3
Becy kontentr OBC mpencraBneH B Buje (QaiioB cnenuaibHOro (Qopmara s
BOCIIPOM3BEJEHUS CUHTE3aTOPOM PEUH, & TAKKE€ B TECTOBOM BHJE, MPUTOAHOM JUIsl IPOUYTEHUSI C
HCITOJIb30BAaHUEM SKPAHHOM JIYIIBI M1 HACTPOMKOW KOHTPACTHOCTH.

2.1.3. MATEPUAJIBHO-TEXHNYECKOE OBECIIEYEHHUE JUCHUITJINHBI
«DPU3SUKA»

Caeennsi 00 OCHAIICHHOCTH AMCHMIUIMHBI CHENUAJIM3MPOBAHHBIM M JIA0OPaTOPHBIM
000py/10BaHNEM U MPOTPAMMHBIM o0ecrneyeHneM

HanmenoBanue IIepeuenn
CIIEI[AAJIbHBIX OCHAILIEHHOCTD CIIEIMaIbHBIX MPOTrPaMMHOTO
Ne Bux sansuii THOMEICHUN 1 TOMEIICHUH U ITOMEIICHNUH IS obecreyeHus.
1\t MIOMEIICHUH JIs CaMOCTOSITETLHOU PabOThI PekBu3uthl
CaMOCTOSTEIbLHOU MTOATBEPIKIAIOIIETO
paboThI JIOKyMEHTa
1 Jlexuun YueOnas aymutopus | MeGenb ayIUTOPHAS ¢ | OnepanroHHas cucTeMa
TUTS MPOBEJCHMS | KOJMUecTBOM pabounx wmecT B | Windows, oducHbIi
JIEKIIMOHHBIX COOTBETCTBUHM C KoiauuyecTBOM | makeT Microsoft Office
3aHATUN CTy#eHTOB,  pabouee  Mmecrto | Cucrema
MpenoiaBarers, JIOCKa | BHJICOKOH(EpEeHIIUI
ayJuTOpHAsL. Konryp.Tonk
Komnbrotepnas texHuka: | Cucrema



http://lib.urfu.ru/
file:///D:/РП/(https:/elar.urfu.ru)
http://biblioclub.ru/
http://www.iprbookshop.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/
http://elibrary.ru/
https://ezproxy.urfu.ru:4169/title_about_new.asp?id=8508
https://ezproxy.urfu.ru:4169/title_about.asp?id=9468
https://ezproxy.urfu.ru:4169/title_about_new.asp?id=25251
https://ezproxy.urfu.ru:4169/title_about_new.asp?id=7325
https://kvant.ras.ru/
http://journals.ioffe.ru/journals/3
http://jetp.ac.ru/cgi-bin/r/index
https://ezproxy.urfu.ru:4169/title_about.asp?id=9870
http://pinhe.lebedev.ru/

KOMILICKT (HepeHOCHOFO — €CJIn

yhpaBiieHHs y4eOHBIM

aynuropusi  He  o0OOpyZoBaHa | KOHTEHTOM U
CTaIlMOHAPHBIM 00OPYIOBaHHEM) | OOyUCHUEM LCMS
MPOCKIMOHHOTO  obopynoBanus: | Moodle
HOYTOYK/KOMITBIOTEP, TPOEKTOP,
MIPOCKITHOHHBIN dKpaH/IocKa.
[Mpaktuueckue | YueOHas ayautopusi | Mebenb ayauTopHas ¢ | OnepanuoHHas cucTemMa
3aHATHS JUTs NpOBeleHHs | KOMUUecTBOM pabounx wmect B | Windows, opucHbIi
MIPaKTUIECKUAX COOTBETCTBHM C KoJW4decTBOM | makeT Microsoft Office
3aHATAN CTyneHToB,  pabouee  mecto | Cucrema
npenojaBares, JOCKa | BUIICOKOH(EepEHINH
ayIUTOpHAsl. Kontyp.Tonk
KommerorepHas tTexHuka: | Cucrema
KOMITIEKT (IIEPEHOCHOTO — €CJH | YIpaBIeHUs YIeOHBIM
ayoutopusi  He  oOOpyZoBaHa | KOHTEHTOM U
CTaIliOHAPHBIM 000pyAOBaHUEM) | 0OydeHuEM LCMS
MPOCKIMOHHOTO  obopynoBanus: | Moodle
HOYTOYK/KOMITBIOTEP, TPOCKTOP,
MPOCKIIMOHHBIA SKPaH/T0OCKa.
Mebens ayauTopHas ¢ Cucrema
VucGHas ayuropis KOJINYECTBOM pabodnx MecT B BUICOKOH(pEpEHIHI
KOHCY/IBTAIHE | 711 MPOBEICHHS COOTBETCTBUU C KOJIUYECTBOM Kontyp.Tonk
KoHCy bl CTYJEHTOB, pabodyee MecTo CBoboHO
npenojaBartesns, 10cKa pacmpoctpansiemoe [10
ayauTopHasa C OTKPBITBIM KOJJOM
Texymumit YueOnass aymutopus | MeGenb ayIUTOPHAS ¢ | OnepanroHHas cucteMa
KOHTPOJIb, JUTS MpOBeJeHNs | KoamdecTBOM pabounx wmect B | Windows, ohucHBIH
MPOMEXYTOYHAsl |TEKYIETO KOHTPOJIS U | COOTBETCTBUM C  KonmuduecTBoM | maket Microsoft Office
aTTecTanus MPOMEXYTOYHOM CTYAEHTOB,  pabouyee  Mecro | Cucrema
aTTecTaluu npenoaBaTes, JIOCKa | YIpaBJICHUS YUCOHBIM
ayJIATOpHAs KOHTEHTOM U
o0ydeHuemM LCMS
Moodle
CamocrosrensH | YueOnas ayxutopus/ | Mebenb ayJuTopHAas ¢ | OnepanoHHas cucTeMa
as pabora ITomereHus JUTA | KoomuecTBOM pabounx wmect B | Windows, ouCHbIH
CTYJICHTOB CaMOCTOATENBHOMN cooTBeTcTBMA ¢ kommyectBoM | maker Microsoft Office,
paboTHI CTYJCHTOB,  pabodyee  Mecto | Jlorosop Ha
00yJaroImuxcs npenoaBartes, JIOCKa | MPeI0CTaBICHUE
ayJUToOpHAs. MOCTOSIHHOTO JIOCTYMa K
KommnerotepHas TexHUKa: | ceTn HTepHET
MEePCOHANBHBIC KOMITBIOTEPHI,
nepudepuitHbie YCTpPOMNCTBA,

YCTPOMCTBA MOJKIIOYEHUSI K CETH
WHTepHeT, JOCTYH B 3JIEKTPOHHYIO
WHPOPMaIMOHHO-
obOpaszoBarenbHyro cpeny HTU
(punmana) VYpdY, KOMIUIEKT
JIMLIEH3UOHHOTO  MPOrpaMMHOIO
obecreyeHuns




2.2. PABOYAS ITPOT'PAMMA U CHUITIJIMHBI

«XHUMUSA»

PabGouas ImporpamMma I1MCHUIINIMHBEI COCTaBJICHA aBTOpaMu:

Y4eHnas creneHb IHoapa3nenenue
Ne ni/m | ®amuausa Ums OTyecTBO > | JIOJMKHOCTD Apasi
yUYeHoe 3BaHHe

1 Horosuneina Enena K. XUM. HayK, JOLICHT JemaprameHT
Buxkroposna JOLEHT EcrecTtBeHHO-

HAy4YHOTO
o0Opa3oBaHwMs
2 . JenaprameHT

CTapIuii
[IpoxopoBa Oxcana EcrectBenHo-
HET npernojaBare

BukTopoBHa i HAy4YHOTO

o0Opa3oBaHwMs

2.2.1. COAEP’ KAHUE U OCOBEHHOCTMU PEAJ/IN3ALIMU JUCHUIIJINHBbI

«XHUMMUS»

2.2.1.1. Texunosoruun Oﬁy‘-lel-ll/lﬂ, HUCII0JIB3YyEMBbIC IPA U3YYCHUU TUCHUIIMHBI MOAYJIH

-TpapuunonHas(penpoayKTUBHAS) TEXHOIOTHSL.

- CMmelanHOe 00y4eHHE ¢ UCIOIb30BaHUEM OHJIAH-Kypca.

2.2.1.2. [Inanupyemsble pe3yJabTaThl 00y4YeHHsl (MHIMKATOPHI) MO AUCUHHUILINHE

Koa m HauMeHOBaHHE
KOMIICTCHII UM

I[lnanupyembie pe3yabTaTbl 00y4eHUs (MHAMKATOPHI)

OIIK 1. CnocoOeH npuMeHsTh
(byHaaMeHTallbHbIE 3HAaHUS U3
COOTBETCTBYIOIINX
OCHOBHOMY npoduito
oOacTeil mpu peleHnu 3aaay
npodeccuoHaIbHON
NEeSITETTHHOCTH.

3name:

TCOPCTUUICCKHUEC OCHOBBI XUMHYECKOMN TCPMOAUHAMHUKU U
KHMHCTHUKU,

CTPOEHHE aTOMa U MOJIEKYJIbI, IPUPOJIa XUMUYECKON
CBSI3U U €€ BIUSHUE HA CBOMCTBA BEILECTB;

Knaccmbm{aumo U HOMCHKJIATYPYy OPraHUYCCKUX U
HCOPTaHUYCCKUX COGHHHGHHﬁ.

OCHOBHBIC THIIBI PCAKIMOHHBIX MCXAaHU3MOB W MCTOIBI
I/II[eHTI/I(i)I/IKaI_[I/II/I BCIIICCTB.

Ymems:

KJIacCCU(DUITUPOBATh XUMUUYECKHE OOBEKTHI IO CTPOCHUIO
Y CBOMCTBaM, MMPOTHO3UPOBATH UX PEAKIIMOHHYIO
CIOCOOHOCTH M TIOBEICHUE B PA3IMYHBIX YCIOBUSX;

000CHOBBIBATh BHIOOP ONTUMAIIBHBIX YCIOBHMA
IIPOBEACHUS PEAKIUN U1 JOCTHKEHUS MaKCUMAJIbHOU
CEJICKTMBHOCTH M BBIXOJIa IIEJIEBOTO IPOAYKTA.
MHTEPIPETUPOBATh PE3YNIBTATHI XUMUYECKUX AHAIN30B U
CIIEKTPAJIbHBIX JAHHBIX I YCTAHOBJIIEHHUsS CTPOCHUS U
COCTaBa BEIIECTB.

Braoemow




TUTAHUPOBAHKE U TPOBEJICHUE XUMUYECKOTO
HKCIIEPUMEHTA C MCTOIh30BaHUEM JTa00OPATOPHOTO
000pyTI0BaHUS U COOJTFOICHUEM TIPABUII 0€30MTaCHOCTH.

MPUMEHEHHUE aHAITUTUYECKUX METOJIOB JJIsi
KOJIMYECTBEHHOTO U KaYE€CTBEHHOI'O aHAJIN34;
MOCTPOCHHWE KUHETMYECKUX KPUBBIX U  pacuéToMm
TEPMOJUHAMUYECKHUX (QYHKIHI.

2.2.1.3. ConepskaHue JUCHUILINHBI « XUMHS

Koxa
pa3neda,
TeMbI

Pa3nen, tema
JUCIUILINHBI

Conep:xkanue

P1

XuMmus 1 nepuoan4veckast
cucTemMa 3JICMCHTOB

OcHOBHBIE XMMUYECKHE NOHATUA. MaTepus 1 BEIEecTBO. ATOM,
MOJIEKYJIa, XMMHUYECKUN 3JIEMEHT. BalleHTHOCTP U CTENECHBb
OKHUCJICHHs DJJIEMEHTAa. ATOMHAass M MOJIEKYJSpHas Macchl.
KonuuectBo BemectBa — Mojb. OCHOBHBIE IOJIOKEHUS U
GbopMynUpOBKH (QYyHIaMEHTAIbHBIX XUMHUYECKUX TEOpPHH U
3aKOHOB: aTOMHO-MOJIEKYJISIpHAsl TEOPHs, 3aKOH COXPaHEHUs
Maccel M  DHEPIMM, I[EPUOJMYECKUH  3aKOH, TEOPHs
XUMHUYECKOI0 CTpoeHHUs BemiecTBa. OCHOBHbBIE TOJOKEHUS U
(GOpMYIHPOBKH ra30BbIX 3aKOHOB XUMHH: ITPOCTBIX 0OBEMHBIX
OTHOLIEHUH, ABoraapo, ypaBHeHue Menieneena-Knanelipona.
OcCHOBHBIE NOJIOKEHUS U (POPMYITUPOBKU CTEXUOMETPUUECKUX
3aKOHOB XMMHH: IIOCTOSIHCTBA COCTABOB, JKBHUBAJICHTOB,
KpaTHBIX OTHOWICHWM. [IoHATHME XMMHYECKOro 3KBHUBAJIEHTA
JJIEMEHTa U CoelMHEeHUs. MoisipHas macca JKBUBAJICHTa M
MOJISIPHBIN SKBUBaJICHTHBIH 00beM. OO1iee npeacTaBieHue oo
aToMe. OJIeMEHTapHble YacTUIBl aTOMa, aTOMHOE S/po,
U30TOIBI, U300apbl, H30ToMbl. [loBeieHNe 2TIEKTPOHA B aTOMe.
KBaHTOBBIN XapakTep H3MEHEHWH SHepruu. J[BolcTBEeHHas
pUpoJa IeKTpoHa. YpasHeHue Jlyn ne bpoiuns. Ipunnun
HeomnpeneneHHocTH [eiizenOepra. IloHsTHe O BOJIHOBOU
¢ynkuuu. Ypasaenue lpenunrepa. I'maBHoe u opoutanbHoe
KBaHTOBblE uunciaa. MarHuTHoe KBaHTOBoe uwucio. ChnuH
AJIEKTPOHA U CIIMHOBOE KBAaHTOBOE 4MCi0. CXeMa CTPOCHHS
AIIEKTPOHHOM OOOJIOYKM aToMa IO YEThIPEM KBAHTOBBIM
gyucnaaM. [Tpunuun Ilaynu u cnenctBus n3 Hero. Onucanue
AIIEKTPOHHON 000JIOUKH aToMa 3JEKTPOHHBIMH (QOopMysIamMH U
anekTpoHorpapudeckum Meto oM. [Ipasusno I'ynaa. CinHoBas
TEOpUs BAJICHTHOCTH. 3anonHeHue AIEKTPOHAMU
DHEPreTUYECKUX COCTOSHHMM aToMa COIVIACHO IPHUHLHUILY
MuHMMyMa J3Hepruu. IIpaBuma KieukoBckoro. Ilopsaok
3allOJIHEHUS  JJIEKTPOHAMM  JHEPreTUYECKHMX YpPOBHEH W
noaypoBHel. WneanpHass w peanbHas cxe- Mbl. OOmas
aNeKTpoHHas (opMmyna aTomoB, s-, P-, O-, f- smemeHTHI
DJIEKTpOHHAsA CTPYKTypa aTOMOB M INEPUOJINYECKAsl CHUCTEMA
aneMeHToB. 3akoH Mosmu. Ilepuoguueckuii 3akon /I, MU.
MenneneeBa. CoBpemeHHasi popMynupoBka 3akoHa. [Ipuunna
NEPUOANYHOCTH M3MEHEHMSI CBOWCTB DJJEMEHTOB U HX
coequHeHn. CTPYKTypa MEPUOINYECKON CUCTEMBI DJIEMEHTOB.
ITepuogsl, rpynnsl, noarpynnsl. Ilepuoanueckoe u3MeHeHHE




CBOMCTB XUMHYECKHUX DJIEMEHTOB. PaIII/IyCBI aTOMOB U HMOHOB.
OHeprusi HMOHM3AIMU. OHEPrusi CpOJCTBA K DIIEKTPOHY.

P2

DNEeKTPOOTPULIATENBHOCTD. KucnorHo-ocHOBHBIE u
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA BEIIECTB.
KucnorHo-ocHoBHble 1 | I3MEHEHHE  KHCIIOTHO-OCHOBHBIX U OKHCIIUTENBHO-

OKHUCIIUTENLHO-
BOCCTAaHOBUTEIILHEIE
CBOMCTBA BEIIECTB

BOCCTAHOBUTEJIBHBIX CBOWCTB BEIIECTB B 3aBUCUMOCTH OT
CTEIICHU OKUCJICHUS DJIEMEHTA, OT MoJioxkeHus B Tadmuue . 1.
Meuneneesna.

P3

XuMH4eckas CBA3b

Xumuueckasi CBsi3b. YCIOBUS €€ 00pa3oBaHusA, NpHUpoaa U
napameTpbl CBA3HU. OHepreTu4ecKue KpUBbIE
B3aUMOJICHCTBYIOIIMX aTOMOB  Bojoponaa. KoBaneHTHas
XUMUYecKass  CBsA3b. OJHOZJIEKTPOHHBIM  MEXAaHU3M €€
obpazoBanus. [IoHsTHE KOBAJIGHTHOCTH 3JIeMEHTOB. KpaTHOCTh
cBs3U. J{OHOpHO-aKIENTOPHBI MeXaHu3M 00Opa3oBaHUs
KOBAJIEHTHOW CBA3U. HacelmaeMocTe W HanmpaBJIE€HHOCTH
KOBaJICHTHOH cBsA3U. CTPyKTypa MOJEKYJ, G-, -, O-CBSI3H, Sp-,
Sp2-,  Sp3-rubpuam3amys  AJNEKTPOHHBIX  OOJAKOB U
MPOCTpaHCTBEHHAass KoH(urypauus wmojiekyn. [lomsphas wu
HETOJISIpHAsI KOBAJICHTHAs CBsI3b. J{UIOIBHBIM MOMEHT CBSI3U U
MoJIeKyJibl. ['eomeTpuueckas CTpykrypa moJiekyi. Onucanue
XUMUYECKOM CBSI3M METOJOM MOJICKYJISIPHBIX OpOUTANICH.
Cxempr oOpazoBanuss H2, H+2, Het+2 mo wmerogy MO.
DHepreTudyeckrue cxembl oOpazoBanus mojiekyl N2 u O2 1o
MeToy MoJieKyisipHbix opoutaneii (MO). MonHas cBsi3b U ee
cBoiicTBa. [loHATHE 3JIEKTPOBAJEHTHOCTH. Merauinueckas
CBsI3b, €€ 0COOCHHOCTH. BomopoaHas cBs3b U €€ BIUSHUE Ha
¢duznueckue 51 XUMUYECKHE CBOMCTBA MOJIEKYIL.
MexMOJIeKyIIpHOE B3aUMOJICHCTBHE.

P4

3HCpF€TI/IKa XUMHNYCCKUX
MponeccoB

OCHOBHBIE TTOHATHS XUMHYECKOHN TCPMOANHAMHKHU.
BHyTpeHHS SHEPTrHsl U SHTAIBINSA CUCTEMBI. [1epBblii 3aKoH
TepMoauHaMUKU. TernnoBbie 3PPEKTh XUMUUECKUX PEAKIIHIA.
Tennora (3HTaIBNMS) 00pa30BaHUS XUMHUUECKUX COEAMHEHUI.
3axoH JlaBya3be-Jlamiaca. OCHOBHOM 3aKOH TEPMOXUMUU —
3akoH ['ecca u ciencTBus U3 Hero. DHTponus. Hanpasnenue
XUMHYCCKUX IMPOLECCOB B U30JIMPOBAHHBIX CUCTEMAX. BTOpOﬁ
3aKOH TepMoAMHaMUKHU. DHeprus I u60ca. Hanpasnenue u
npeacii CaMOIMPOU3BOJIbHOI'O TCYHCHHUA XUMHNYCCKUX peaKuHﬁ.

PS5

CkopocTb peakuuii 1
METO/BI €€
peryarpoBaHus

CKOpOCTh T'OMOT€HHBIX peakUui. 3aBUCUMOCTb CKOPOCTH OT
KOHLEHTPALUU pearupyorx BeIecTB. 3aKOH JEHCTBHS Macc.
KoHcTanTa ckopocTH peakuuu. 3aBHCHUMOCTb CKOPOCTH
peaxkuyu OT TEMIIEPaTyphl U MPUPOAbI pEarupyroIIUX BEIIECTB.
[TpaBuno Baut-I'opda. IlonsTHe 00 >sHEpruM axkTUBALUU.
VpaBuenne Appennyca. CKOpOCTh T€TEPOr€HHBIX XUMUUYECKHUX
peakumii. Mx ocobennoctu. [loHatue o Kkaraamze U
KaTaJan3aTopax.

P6

Xumuueckoe u (ha3zoBoe
paBHOBECHE.
KonebaTenbHble peakuuu

OOpatumbie W HeoOpaTHMbIE  peakluud. XHUMHYECKOE
paBHOBecue. KoHcranTa paBHoBecHs. CMEIIEHUE paBHOBECHS,
npuHuun Jle- Ilarenbe. da3oBoe paBHOBECHE, OCHOBHBIE
noHATHS.  OJHOKOMIIOHEHTHBIE  CHUCTEMBI,  Juarpamma
cocTossHUS BOJBI, (pasoBble mepexoapl. KomebaTenbHbIE
peakiu (mepuoauveckue peaKIum). Kone6anus
KOHIIEHTPALU HEKOTOPBIX MPOMEKYTOUHBIX COEAUHEHUHN H,
COOTBETCTBEHHO, CKOPOCTEW PEaKIUd.




PactBopsl. CriocoObl BhIpa)KEHUSI KOHLIEHTPALMM PacTBOPOB
(%, MonspHasi, HopManibHasi, TUTP). PactBopumocTs. CBoiicTBa
UCTUHHBIX pacTBOpoB. 3akoHbl Payns u Banrt-I'oddoda.
PactBopel  anekTponuToB.  Teopus  IIEKTPOIUTHUYECKOM
quccounanuu. CunbHble M cialble ayeKTposnThl. CreneHb
muccounanuu. Koncranta aucconuanuu. ManopacTBOpUMbIe
P7 PactBopsI anektposnutel.  Ilpomssenenme  pactBopumoctu  (IIP).
HNonooOmennble peakuuu. [IpaBuna HamucaHusi HOHHBIX
ypaBHEHUH peakuuil. Kuciaorsl, OCHOBaHHS U COJIM C TIO3ULIMHU
TEeopuu ANEKTPOIUTUYECKON JCCOIUAITIH.
DNEeKTPOIUTHYECKAS JUccoLanus BOJIBI. Honnoe
npousBeneHue Bojbl. Bomoponanbiii moxasarens. ['maponus
coJiel (Bce cayyau).

Bo3HUKHOBEHHE TBOMHOIO 3JIEKTPUUYECKOTO CIJIOS HA TPAHHIIE
METaUI—BOJa, METANI—PACTBOP. DJIEKTPOJHBIC MOTEHIUAIBL.
CraHgapTHbIA  BOAOPOJHBIN d3JEKTpoA. Psan craHmapTHBIX
AJIEKTPOIHBIX IIOTEHIAJIOB. YpaBHeHHe HepHncra.
OKHCIIHTEIbHO-BOCCTAHOBUTEIIHHBIC PEAKIIHH.

Merton nonypeaxkuuii.

Teopuss raapbBaHUYECKHX JJIEMEHTOB. MeIHO-IIMHKOBBIN
anemeHT Jaawmansa- Skoou. DJIC raapBaHUYECKOTO AJIEMEHTA.
SIBnenus MTOJISIPU3AIIN u JIETIOJISIPU3AIIH.
KoHlleHTpaninoHHbIil rajgbBaHUuecKUui 3yieMeHT. CyIHOCTh
anekTpoiu3za. KaromHple M aHOJIHBIE TPOLIECCHl  IPHU
AJIEKTPOJIN3€ BOJHBIX PACTBOPOB BJIEKTPOJIUTOB. DIEKTPOIIH3
pacmiaBoB. 3akonel Dapanes. Beixom mo toky. Kopposus
MerauioB.  Krnaccudukanuss KOPpO3MOHHBIX — MPOIECCOB.
CyIIHOCTh XUMHUYECKOW M 3IEKTPOXUMUUYECKON KOPPO3UHU.
dakTopbl, ONPEACNSIONIME CKOPOCTh KOPpPO3UU. MeTo b
3aIUTHl METaUIOB OT KOPPO3WU. XHMHYECKHE HCTOYHHUKH
anektpuyeckoil sHeprun (XUDD). Ilpunuun aeictBus
CBHUHIIOBOTO KHMCJIIOTHOTO akkyMmyssitopa. [IpuHiun nerctBus
IIEJIOYHOTO KEJIE3HO-HUKEJIEBOTO akkymysstopa. [lpuHnumn
JIEMCTBHUSI 5KEJIE3HO-MAPTraHII€BOIO ralbBAHUYECKOTO 3JIEMEHTA
(Onement Jleknanmie). TorummBHBIE 3eMeHTHL. [IpunHImn
JIEMCTBUSI KUCIOPOAHO- BOAOPOJIHOIO TOIUIMBHOTO 3JIEMEHTA.

DNEeKTPOXUMHUYECKUE
CHCTEMBI

P8

2.2.1.4. 5SI3b1k peajiM3aluM MPOrPaMMBbl
[Iporpamma qUCHUIIIIMHBI pEAIM3yeTCs Ha TOCYIapCTBEHHOM s13bike Poccuiickoit deneparun.

2.2.2. YYEBHO-METOAUYECKOE N MHWH®OPMALINOHHOE OBECIIEYEHHUE
JUCHUIIVIMHBI «XUMUSA»

DJIeKTPOHHBIE pecypchbl (M31aHUs)

1. Xumusa. MeTtoauueckue ykazaHHs K BBIIOJHEHUIO pacyeTHbIX padboT Hwkuuii Tarum:
HTU (dp) YpdV, 2018. — 25 c. Peructpaunonnsiii yuetnsiii Homep 15-02/18089-17.
http://elib.ntiustu.rU/105#target-1888

2. Xumus. Metoandeckue yka3aHus K BBITOJHEHUIO 1abopaTopHbIx padoT Hikuuit Tarum:
HTU () YpdVY, 2018. — 49 c. Perucrtpanmonnsiii ydetHsiii Homep 15-02/18108-17
http://elib.ntiustu.rU/105#target-2700

3. BacwieBckas, E. 1. Heopranwdeckas xumms : ydeOHOe mocodme : [16+] / E. WN.
Bacunesckas, O. . Ceuxo, T. JI. llleBnioBa. — Munck : PUIIO, 2019. — 247 c. : un., Tadn.,



http://elib.ntiustu.ru/105#target-l888
http://elib.ntiustu.ru/105#target-2700

CXEM. - Pexum JoCTyma: o MOJITHUCKE. - URL:
https://biblioclub.ru/index.php?page=book&id=600065

4. Kpamenunnukosa, H. I'. Xumus metayioB : naGopaTopHblil mpaktukym : [16+] / H. T.
KpamenunnukoBa, A. W. BunokypoB ; IloBOJDKCKHI  TOCyJIapCTBEHHBII
TEXHOIOTHYECKHil yHuBepcuteT. — Momkap-Ona : IToBOKCKHII TrOCYIapCTBEHHBIM
TEXHOJIOTHYECKU yHUBEpCcHUTET, 2016. — 96 c. : Tabi1. — Pexkum poctyna: mo mojanucke. —

URL: https://biblioclub.ru/index.php?page=book&id=459487

ITeyaTHbIe H3TaHUA

1. I'muaka H.JL. O6mas xumust: ya.mocodue st By3oB. M.: Kuopyc, 2009. 746 c.

2. I'muaka H.JI. O0mas xumust: yaeOHuK i 6akanaBpoB. M.: FOpaiit, 2012. 898 c.

3. I'munka H.JI. 3agauu u ynpaxsnenus o o6meit xumuu. M.: Muarerpan [Ipecc, 2006. 288c.

4. I'muaka H.JI. 3agaun u ynpakHeHus 110 0011ei XuMuu: yd.1oc. i1 By30B M.: Kaopye, 2012.
240 c.

5. XUMMUSI: meTonuueckue yKa3aHus 1 KOHTPOJIbHBIC 3aaaHus 11 ctynentos /C.J1. Bamenko,
E.A. Hukonenko, M.I1. KonecaukoBa, H.M. Tutos. ExarepunOypr: ®I'AOY BIIO YPDYV,
2010. 49 c. (mecro xpanenus — JIEHO).

IIpodeccuonanbubie 0a3bl JaHHBIX, HHGOPMALHOHHO-CIIPABOYHbIE H TOMCKOBbIE CHCTEMbI

1. OBC «YHuBepcureTckas oudaunoTexka onmait» (http:/biblioclub.ru)
2. Ob «Dnexrponnas 6ubmorexka HTU» (http:/nti.urfu.ru ).

Matrepuansl gis aun ¢ OB3
Becy konrent OBC mpencraBieH B Buzae (¢aiuioB crneuuanbHoro (Qopmarta  Juis
BOCITPOMU3BCACHUA CHHTC3aTOPOM pPC€UYM, a4 TAKIKEC B TCCTOBOM BHUJC, IPUIOJHOM IJIA IMPOYTCHUA C

HCIIOJIB30BaHHECM 3KpaHHOﬁ JIylbl 1 HaCTpOﬁKOﬁ KOHTPACTHOCTH.

2.2.3.

«XHUMMUSA»

MATEPUAJNBHO-TEXHUYECKOE OBECIHEYEHHUE JUCHUIIJIMHBI

Cgenennsi 00 OCHALIEHHOCTH IMCHUILUIMHBI CHENUAJM3HMPOBAHHBIM H J1a0OpaTOPHLIM
00opyaoBaHNeM M IPOrPaMMHBIM O0ecnedYeHneM

Haunmenosanue [Iepeuenn
Ne CTICHHATILHBIX OCHaIIEeHHOCTh CTEUATBHBIX MPOTPAMMHOTO
. MIOMEIIEHUH U . . o0ecreyeHusl.
o\ Bun 3anaruit . MOMEIICHUH 1 MOMELIeHUH] AT
MTOMEIICHUH /IS - PexBu3uTHI
| CaMOCTOSITEIIbHON PabOThI
CaMOCTOSITEITLHO MOJTBEPKIAIOIIETO
11 paboTHI JIOKYMEHTA
1 | Jlexum VYueOHas MeGenb ayuTopHas ¢ Microsoft Windows,
ayJUTOpUS A | KOJTMYECTBOM pabOYHMX MECT B oucHbIH naKkeT
MPOBEICHUS COOTBETCTBUH C KOJHMYECTBOM Microsoft Office
JIEKIIMOHHBIX CTYJEHTOB, pabouee MeCTo
3aHATHH npernojiaBaTess, Jocka
ayJIUTOpHASI.
KoMIuiekT nepeHocHOro
MPOEKITMOHHOTO 000PYAOBAHHUS:
HOYTOYK, TPOEKTOp, IKpaH Ha
IITATHBE.
2 | Ilpaktuueckue VYuebHas MeGenb ayauTopHas ¢ Microsoft Windows,
3aHATHUSA ayJUTOpUS A1 | KOJTMYECTBOM pabOYHMX MECT B o(ucHBIN akeT
POBEICHUS COOTBETCTBUH C KOJHMYECTBOM Microsoft Office



https://biblioclub.ru/index.php?page=book&id=600065
https://biblioclub.ru/index.php?page=book&id=459487
http://biblioclub.ru/
http://nti.urfu.ru/

NPAaKTUYECKUX | CTYIEHTOB, pabouee MecTo
3aHATUN npenoaaBaTens, 10cKa
ayJIMTOpHAsL.
JlaGopaTopHbIie VYuebHas o [lIxad BHITSOKHOM, 2 T He tpeGyercs
3aHATHS ayJUuTOpHUS JUIst e MaruutHas Memanka [19-6100,
MIPOBECHUS 4
11aDOPATOPHBIX ¢ JIAB-TBH-01/19 ¢ kpslkoi
sansATHiA (331 BOZIsiHasi OaHsA-TEPMOCTAT
w335 ayn). +15°...100°C, Toun. +-0,1°C,
1911, nepemenmmBanue paboyeit
KHUJKOCTHU, OXJIXKIAOIIAN
KOHTYp, pabodee IpOoCTPaHCTBO
295x370x150
e [IIxad cymunbHBIIA
naboparopubrii CHOJI 35.35./3
e Becbl TEXHUYECKUE
anekrponnsie Ohaus SPU 2001
(npenen B3BemmBanus 2000 r,
ueHa aenenus 0,1 r)
e Konbonarpesarens JIAB-KH-
500-3, Ha 3 xo165I 10 500 Ma
o XuMuueckas nocyaa
e Mepnas nocyzna
¢ 24 TabypeTku
e Jlocka ¢ IOACBETKOM, CTOJI U
CTYJ JJIs1 TIPenoiaBaTess
e TaOnuuel Menaeneena,
pPacTBOPUMOCTH
Koncynpranuu YueOHas Mebens aymuTopHas ¢
aAyJIUTOPHS I | KOJMYECTBOM pabOYnX MECT B
MIPOBEICHUS COOTBETCTBUU C KOJTUYECTBOM
. He tpebyercs
KOHCYJIBTAIIMH | CTYJIEHTOB, pabovee MECTO
npenoaaBaTens, 10cKa
ayJIMTOpHAsI.
Texymuit VYuebHas MeGenb ayuTopHas ¢
KOHTPOJIb, AyJIUTOPHS I | KOJTMYIECTBOM pabOYnX MECT B
MPOMEXYTOUHAsl | IPOBEJCHUS COOTBETCTBUU C KOJTUYECTBOM
aTTecTaIus TEKYIIEro CTYJICHTOB, paboyee MeCTo He tpebyercs
KOHTPOJIS U npenoaaBaTens, 10cKa
MIPOMEXKYTOYHO | ayIUTOpPHAS.
Y aTTecTanuu
CamocrositenbHas | [lomemenus st | MeOenb ayautopHast ¢
paboTa CTYICHTOB | CAMOCTOSITENIBHO | KOTMYECTBOM pabOYuX MECT B OnepanronHas
i paboTHI COOTBETCTBUH C KOJTUIESCTBOM cucrema Windows,
oOyJaromuxcst | CTyJIeHTOB, pabodee MecTo O(UCHBIN MaKeT

IpenoaaBaress, 10CKa
ayJIUTOpHAs.

KoMnberorepHas TeXHHKA:
IIEPCOHAILHBIE KOMITBIOTEPHI,
nepudepuitHple yCTpONUCTBA,
MOJIKJIOUeHUs K ceTh MIHTepHeT,
JIOCTYTI B 3JIEKTPOHHYIO

Microsoft Office
Jorosop Ha
MIpe/I0CTaBIICHUE
IIOCTOSTHHOTO
J0CTyTa K CeTu
HNurepHer




UH(POPMAIMOHHO-
obpazoBarenbhyto cpeny HTU
(punmana) Yp®@VY, koMIIeKT
JIMIIEH3UOHHOTO MPOTPaMMHOTO
o0ecreyeHusl.
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