MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpasienue noaroroBku/cnenuanbHocTh: 13.03.01 Tensio3HepreTuka v TeMJI0TeXHHKA
HaumenoBanue o6pa3oBaTe/ibHOM NPOrpaMMbl: JKOHOMHMKA M yIIPaBJieHHe HA JHEPronpeanpusiTuu
YpoBeHb 00pa3oBaHusi: BbiciIee 00pa3oBaHue - faKkajaBpuaT

®opma o0yuenusi: Ounas

PabGouyasi nporpaMmma IuCUUIIMHBI _
OCHOBBbI BOAOPOJHBIX TEXHOJIOI'MAU

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

Yacrsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTe/bHBIX OTHOIIEHUIi

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.01

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

6 cemectp - 3;

Yacos (Bcero) no yueoHomy
IJIAHY:

108 yacoB

Jexknun

6 cemectp - 28 yaca;

HpaKTuquKne 3aHATHA

He NMPeyCMOTPEeHO YUeOHbIM IJIAHOM

JlabopaTopHbie pa6oThI

6 cemecTp - 14 yacos;

KoncyabTanum

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

CamocrosiTesibHasi padoTa

6 cemecTp - 65,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYasi:
KontpoabsHnas padora
JdomalnnHee 3a1aHne

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEeHKOM

6 cemectp - 0,3 yaca;

MockBa 2025




NPOI'PAMMY COCTABMUJI:

MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»

CeesieHun o Bnagensue U3N M3aK

Bnageney, Kynewos H.B.
[IpenoaBaTenn [T — Redc42ded-KuleshovNV-bc390edd H.B. Kynemnios
COI'TACOBAHO:
MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»
P%,KOBO'HHTCHB o CeesieHun o Bnagensue U3N M3aK H B
00pa30BaTCIbHON = Bnageney HuknhopoBsa [.B. T
HpOFpaMMBI * Mol + WaeHTudHKaTop Redb9b109-KhitrovaDV-bd905102 HHKH(bOpOBa

3aBeyIOIIMI BBITYCKAIOIICH
kadenpoi

» Mol <

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3W»

Ceefenua o Bragensue L3N M3

Bnageney,

KpbineHko E.E.

Wpentndukatop

R753cd28c-GudkovaYY-c67582a9

E.E. Kpbuienko




1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI
Legb ocBOeHMS] TMCHUILIMHBI. M3y4yeHHE OOIIMX 3aKOHOB (PM3UKO-XMMHUYECKHX IIPOLIECCOB B
BOJIOPOJIHBIX TEXHOJIOTUSAX B 00IaCTH TEIIOPHEPTETHKHU U TETNIOTEXHUKH. .

3agaun AMCHMIIINHBI

- IpUOOpeTeHNE HABBIKOB MTPOBEACHUS PAacueTOB, aHATN3a (PU3UKO-XUMHUYECKUX IPOIIECCOB U
IPOBE/ICHUS BBIOOPA ONTUMAJIBHBIX TAPAMETPOB BOJOPOJHBIX TEXHOJIOTUH JUI TEINIOIHEPreTUYECKUX U
TEIUIOTEXHUYECKUX ITPOLIECCOB;

- OCBOEHME (PM3UKO-XUMHUYECKUX IPUHIUIOB ()YHKIIMOHUPOBAHUS CUCTEM IOJIyYEHUsI, XPAaHEHHUS,
MCII0JIb30BaHUs BOAOPO/A B TEIJIOPHEPTETUUECKHUX U TEINIOTEXHUYECKUX CUCTEMAX;

- OBJIQJICHUE OCHOBAaMU MPOEKTUPOBAHUS 3JEKTPOXUMHUUYECKHX SHEPTOYCTAaHOBOK BOJOPOIHOM

SHEPTeTUKHU.

dopmupyembie y 00yJaronerocs KOMNeTeHIUH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yUYeHHs TI0
JUCIUIIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIeTeHINIi

Koa n HaumMeHoBaHue
KOMIIETeHI{UH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTUKEHUSI
KOMIEeTeHINH

3amiaHNpOBaHHbIE Pe3yJbTAThI 00yUeHHus

TIK-1 Crnocoben
y4acTBOBaTh B
MPOEKTUPOBAHUH U
IKCIUTyaTalui 0ObEKTOB
TCHHO3HepF€TI/IKI/I nu
TEIUIOTEXHUKHU

N 1-5nk-1 Beimonasier
HKCIIEPUMEHTHI M PaCUeThI 110
(UBUKO-XUMHUYECKUM
napaMmerpam,
XapaKTEPUCTUKAM U YCIOBUSIM
AKCIUTyaTalui 0ObEKTOB
TETUIOPHEPTETUKH U
TEIIOTEXHUKHU

3HATh:
- OCHOBHBIE HCTOYHHKH HAY4HO-
TEXHUYECKON MH(OPMAIIMH 10 OCHOBHBIM
BOJIOPOJHON SHEPTETHKH,
TEIIOPHEPTeTHKU U TeIIOTEXHHUKH,
TEPMHUHOJIOTHIO TIpeIMETa [Tl YMEHUS
JIOTHYECKH BEPHO M SICHO CTPOUTH
apryMEHTAITUIO JUTS IEMOHCTPAIHH
0a30BBIX 3HAHMS B 00J1aCTH
€CTECTBCHHOHAYYHBIX JTUCIUTUIMH U
npodecCHOHANBEHOM NeSTEeNbHOCTH);

- pynaameHTaIBHBIC IPEICTABICHUS O
ANEKTPOXUMUYECKUX MpoIIeccax,
HCIIOJIb30BAaTh JTAHHBIE 3HAHMS B
TEPMOJUHAMHYECKHUX pacyeTax,
HAIPABJICHHBIX HAa BHIOOP ONMTUMAIBHBIX
XapaKTePUCTHK YHEPTETUYECKUX CUCTEM H
YCTaHOBOK.

YMETb:
- UCTOJIb30BATh MPOTrPaMMBbl 00PaOOTKH

OKCIICPUMCHTAJIBHBIX JJaHHBIX
MOJTy4EHHBIX Ha COBPEMEHHOM
1abopaTopHOM 000pYIOBAaHUH IS
OLIEHKH, IIPOTHO3UPOBAHUS U

OIITUMMH3 AL q)HSI/IKO-XI/IMI/I‘—IeCKI/IX
MPOIIECCOB BOAOPOAHBIX TEXHOJIOTHA;

- IPOBOANTH JTa0OPAaTOPHBIE UCCIIETOBAHUS
Y Ha UX OCHOBE BBITMIOJHATH PACUETHI;

- UCTIOJIH30BATh CIPABOYHYIO JINTEPATYPY
JUIS IPOBE/ICHUS SKCIIEPUMEHTAIBHBIX
HCCIIEJOBAaHUN B 00JIaCTH BOJOPOIHOMN 1
AIIEKTPOXUMUYECKON SHEPTeTUKH, Y3JI0B U
arperaTtoB TEIJIOPHEPTeTUIECKUX H
TEIIOTEXHUYECKHX CHCTEM,;




Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

3amiaHupoBaHHbIE Pe3YabTATHI 00yYeHUsI

- BBIIIOJHATH TCPMOXHUMUUYCCKHUE PACUCTEI
QJICKTPOXUMHYCCKUX ITPOLCCCOB
TCIIJIOOHEPTCTUKU U TCIIJIOTCXHUKH.

2. MECTO JJUCHUILIMHBI B CTPYKTYPE OBPA3OBATEJIbHOM NPOT'PAMMBI BO

JluciunianHa OTHOCHTCS K OCHOBHOM TNpOo(ecCHOHAIBHOHW —00pa3oBaTeNIbHONM —Hporpamme
OKOHOMUKA U yIpaBiieHue Ha 3Hepronpennpustuu (nanee — OIIOII), nanpasnenust noarorosku 13.03.01
TeruosHepreTrka v TEIUIOTEXHUKA, YPOBEHb 00pa30oBaHuUs: BbICIIee 00pa3oBaHue - OaKaiaBpuar.

TpeOGoBaHMsI K BXOAHBIM 3HAHUSM U YMEHUSIM:

- 3HaTh «XuMusy, «dusnkay, «Marematuka», «'uaporazonunamukay, « Texundyeckas
TEPMOJIMHAMHUKAY, «BhIcIIas MaTreMaTuka» B 00beMe IIePBOTO H BTOPOTO KypCOB

- YMETb JIeNaTh PacueThl XUMHUYECKHUX U (PU3NYECKUX MPOLIECCOB C MPUMEHEHUEM MaTeMaTHUYEeCKUX

MCTOJ0B

Pe3ynbpTaThl 00y4eHus, MoJrydeHHbIE P OCBOEHUM JUCLUIUIMHBI, HEOOXOIMMBI IIPU BBIITOJHEHUN
BBIIYCKHOM KBaJU(UKALMOHHON PabOTBHI.




3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0€MKOCTh JUCIUIUTMHBI COCTaBIISIET 3 3a4€THBIX euHHMIIbI, 108 Jacos.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl § = | & ™ S
Ne JTUCIUTUTAHBL/ (D OPMBI g % 3 OHTaKTHAA paboTa cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip A cemectpe | ATTECTALMH
o KITP 'K HKKIT | TK p /KOHTPOIH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Bgenenue B 24 6 8 4 - - - - - - 12 - Ilodzomogka K npaKmu4ecKum 3aHAMUAM:
BOJIOPOJIHYIO Wzyuenne maTepuana no pasgeny "®dusuko-
SHEPIreTUKY XMMHUYECKHE CBOMCTBA BOJOpOAa" MOArOTOBKA K
1.1 Baenenue B 24 8 4 - - - - - - 12 - BBITIOJTHEHUIO 3aJ]aHUI Ha IPAKTUUECKUX
BOJIOPOHYIO 3aHATHAX
9HEPreTUKY Ilo0z0mogKa K ayoumopHsim 3auamusam:

[IpopaboTka JIEKIINH, BHITOIHEHHE U
MOJTOTOBKA K 3aIIuTe J1a0. paboThI
Iloozomoeka K nabopamopnoii pavome: J1is
BEITIOJTHEHUS 3aJaHU TI0 JTAO0OpaTOpHOU paboTe
HEO0XOIUMO TIPEABAPUTEIHHO U3YyIUTh TEMY H
3aJ1a9 BBHITIOJTHEHHUS Ta00paTOpHOU paboTHI, a
TaK K€ U3y4UTh BOTIPOCH BAPHAHTOB
00paboTKU Pe3yabTATOB [0 U3yUYEHHOMY B
paznene "OU3NKO-XUMUIECKHE CBOWCTBA
BojiOpoJia" MaTepuany.

Ilo020moeKa K meKyuiemy KOHmpoJiio:
[ToBTOpEeHNe Marepuana no pasaeny "OU3uKo-
XUMHUUYECKHE CBOMCTBA Bojlopoaa”
Camocmoamenvnoe uzyuenue
meopemuuecko20 mamepuana: zyuenue
JIOTIOJHUTEILHOTO MaTepuana o pasaeny
"®du3UKO-XUMHYECKUE CBOICTBa Bojgopoaa"
H3yuenue mamepuanos nunmepamypHuvix
UCMOYHUKOB:

[1], 13-82
[3], 10-150
[5], 189-450




IIpoussoacTso
BOJIOpOJIA

24

12

2.1

DIIEKTPOJIN3 BOABI

14

SN

2.2

IIpoussoacTso
BOJIOPO/JIA U3
OpPraHUYECKOTO CHIPbS

10

Ilo0dz0mogKa K meKyuiemy KOHmpoio:
[ToBTOpeHUe MaTepHuaa Mo pasaety
"IIpousBoacTBO Bogopoaa"
CamocmoamensHnoe usyuenue
meopemuyeckozo mamepuana: VI3yaenue
JIOTIONTHUTEIHHOTO MaTepraa o pasaery
"[IpousBoacTBO Bomopoaa"

Ilo0zomoeka K npaKmu4ecKum 3aHAMUAM:
Wzyuenne maTepuana 1mo pa3ueiny
"IIpousBoACTBO BOJOpOAA" MOATOTOBKA K
BBIITIOJIHCHUIO 33}13HHI>1 Ha MPAaKTUYCCKUX
3aHATUAX

Ilo0z0mogKa K ayoumopHnsim 3auamusam:
[IpopaboTKa JICKITUH, BBITOJIHCHHE U
MOJIrOTOBKA K 3amure jJab. paboTh
Iloozomoeka K nabopamopnoii pavome: J1is
BEITIOJTHEHUS 3aJaHUH TI0 JTaOOpaToOpHOU paboTe
HEO0XOIUMO TPEABAPUTEIHFHO U3YIUTh TEMY H
3a[jau BBHITIOJHEHNUS Ta00paTOpHOU paboTHI, a
TaK ke U3yYUTh BOIIPOCHI BAPHAHTOB
00pabOTKU pe3yNIbTATOB 110 H3YICHHOMY B
paznene "lIpou3BoACTBO BojOpoaa" MaTepuaty.
H3yuenue mamepuanog iumepamypnolx
UCOYHUKOB:

[1], 84-352
[3], 371-386
[4], 1-44
[7], 5-64

XpaHeHue u
TPaHCIIOPTHPOBKA
BOJIOpOJIA.

22

12

3.1

XpaneHue u
TPaHCIOPTUPOBKA
BOJIOPOJA.

22

12

CamocmosamensbHoe usyuenue
meopemuyueckozo mamepuana: VI3yienue
JIOTIONTHUTEIHHOTO MaTepralia 1o pasaerry
"XpaHeHue U TPaHCIOPTUPOBKA BojopoJa."
Ilod20moeKa K npaKmuuyecKkum 3aHAMUAM:
N3ydenne matepuana no pasaeny "XpaHeHue u
TPaHCTIOPTHPOBKA BOJAOPOA." TIOATOTOBKA K
BBIIIOJIHCHUIO Sa}IaHI/Iﬁ Ha IMMPAKTUICCKUX
3aHATUAX

Iloozomoexa Kk ayOumopHoviM 3anAmMuAM:
ITpopaboTKa JEeKINH, BEIOJHEHUE U
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MOJITOTOBKA K 3aluTe J1a0. paboThI
Ilodzomoeka K nadopamopnoit padome: Jlns
BBITIOJTHEHHS 33/1aHUH 110 JTabopaTopHOW padore
HEOOXOIUMO TPEABAPUTEIHHO U3YyIUTh TEMY 1
3a[auH BBITIOJTHEHUS Tab0paTOpHOI paboTEHI, a
TaK ke U3yYUTh BOIIPOCHI BAPHAHTOB
00pabOTKU pe3yNIBTAaTOB 110 H3YICHHOMY B
pa3znene "XpaHeHHE U TPaHCTIOPTHPOBKA
BOJIOpOZa." MaTepuaty.

Ilo0dz0mogKa K meKyuiemy KOHmpoiio:
[ToBTOpeHue Matepuaa no pasaeny "XpaHeHue
Y TPaHCIIOPTUPOBKA Bojopoa."

H3yuenue mamepuanog iumepamypnolx
UCIOYHUKOB:

[1], 355-419
[7], 64-72

4 Hcnons3oBanue 20 12
BOJIOPOAA /ISt
MPOM3BOJICTBA YHEPTUU
4.1 Hcnons3oBanue 20 12

BOJIOpO/IA JIIS
MIPOU3BOJICTBA YHEPTHU

Ilo0zomoeKa K mexkyuiemy KOHmMpPo.iio:
[ToBTOpeHne MaTepHuana 1mo pa3naey
"HUcnonp30Banue BOAOpOAa sl MPOU3BOICTBA
3Hepruu”

Iloozomoeka K nabopamopnoii pavome: J1ist
BBITIOJTHEH U 33/IaHUH 10 TabopaTopHoi paboTe
HE00X0IMMO MIPEABAPUTENHHO U3YUUTh TEMY U
3aJ1a4y BBITIOJHEHUS 1abopaTopHOit paboThl, a
TaK K€ U3y4UTh BOTIPOCHI BAPHAHTOB
00paboTKU Pe3yabTATOB M0 H3yUYEHHOMY B
pazzgene "Mcnons3oBaHue BOJOPOA IS
MIPOU3BOJICTBA SYHEPTUU" MaTepHaly.
Iloozomoeka pacuemmnvix 3ad0anuii: 3aganus
OpHEHTHUPOBAHBI Ha PEIICHUS MIUHU3a1a4 110
pazneny "Hcnonb3oBanue Bogopoaa A
npou3BoJcTBa dHeprun". CTyIeHTEHI
HE00XOIUMO TOBTOPUTH TCOPETUICCKHUI
MaTepHal, pa3o0paTh MPUMEPHI PEIICHUS
aHAJIOTMYHBIX 3a]]a4. IPOBECTH PacyeThl 10
BapUAHTY 3aJ[aHMsI U CJIeNIaTh BHIBOJBL. B
KauecTBe 3aJaHMsI HCIIOJIb3YIOTCS CIIEIYIOIIHE
YIpaKHEHUS:

Camocmoamenvnoe uzyuenue




meopemuueckozo mamepuana: Vzyuenue
JIOTIOJTHUTEIHLHOTO MaTepuana o pa3aeny
"Ucnonb30BaHue BOAOPOIA sl MPOU3BOICTBA
sHeprun"

Iloozomoeka K npAKMUYUECKUM 3AHAMUIM.
Wzydenne maTepuana 1mo pa3ueiny
"Hcnonp30BaHie BOAOPOIA ST TPON3BOICTBA
SHepruu" MOATOTOBKA K BRIITOTHEHUIO 3aJaHUH
HAa MPAKTHYECKUX 3aHATHIX

Iloozomogka K ayOumopHbim 3aHAMUAM:
[IpopaboTKa JICKITUH, BBITOJHCHHE U
MOJIrOTOBKA K 3amuTe jJab. padoTh

H3yuenue mamepuanos iumepamypHslx
UCHOYHUKOG:

[1], 420-520
[2], 102-350
[4], 1-44
[6], 10-265
[7], 110-118
3adeT ¢ OLIEHKOM 18.0 - - - 0.3 - 17.7
Bcero 3a cemecTp 108.0 28 14 - 0.3 48 17.7
Hroro 3a cemecTp 108.0 28 14 - - - 0.3 65.7

IIpumeuanue: Jlex — nexunu; JIab — naboparopHsie padoTsl; [Ip — npaktuueckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU MO KYPCOBBIM
npoektam/padoram; MKKII — unanBu1yanpHble KOHCYABTAIMH 110 KYpCOBBIM ITpoekTaM/padoram; I'K- rpynnoBsie KOHCYIbTAIMK 110 pa3jienaam
mucuuruinHel; CP — camocrosrenbHas padorta crynenta; UKP — nnas konraktHas padora; TK — Texymmii KoHTposb; [TA — npomexxyrouHas

aTrTecranusa




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Bseoenue 6 6000po0nyio sHep2emuKy

1.1. BBenenue B BOJOPOIHYIO SHEPTETUKY

Pacnipoctpanenne Bomopona B npupone. DPU3MKO-XMMHUYECKHE CBOWCTBA  BOJOPOJA.
OprtoBomopon u mapoBojopoa. HM3zoromel Bomopoma. CoenuHenus Bojoponaa. Bomgopon B
HedTenepepaboTke. Bogopo B MUIEBOM MPOMBIIUIEHHOCTH. BoIopoa Ha TpaHCIOpTe, B aBUAIIUU
U pakeTocTpoeHuu. Boxopox B JIEKTPOHHOHM, CTEKOJNbHOW U (hapmalrieBTHUECKOH
MPOMBILIUIEHHOCTH. BO/IOpO/ B SHEPrEeTHUKE..

2. Ilpouzeoodcmeo 6o0opoda

2.1. DnekTposn3 BoAbI

OO0rmre BOIPOCHI AJIEKTPOXUMHUYECKUX IPOILECCOB. DNeKTpoaHbIi nmoteHnuan, DJC. 3aKoHbI
@apanes. TepmoanHamMuKa SJIEKTPOXMMHYECKUX CHUCTeM. KHHETHKA 3JIEKTPOJIHBIX IPOIECCOB.
DNEKTPONPOBOJHOCT PACTBOPOB O3JEKTPOIUTOB. ODIEKTPOIU3 BOJIBL. BHIBI 3IEKTPOIH3EPOB.
DHepreTuyeckre 3arpaThl Ha TMPOHM3BOJCTBO BOJOpoJa. TeruoBble 3(PQEKTH DIEKTPOIn3a.
[lenoyHOW SIEKTPOIMU3. DNEKTPOJUTHI M KATaU3aTOPbl KATOAHBIX U AHOJHBIX MPOLECCOB.
DNEKTPOIN3 BOABI C TBEPAbIM IMOJUMEPHBIM SJIEKTPOJUTOM. OCHOBHBIEC TOHSTHS M TPOIECCHI.
DONEeKTPOJIN3 BOJSHBIX MapoB. TepMOAMHAMUYECKHE TMapamMeTphl BBICOKOTEMIEPATYPHOTO
AJIEMEHTA..

2.2. IIpon3BOACTBO BOIOPOAA U3 OPTaHUUYECKOTO CHIPhS

[Ipon3BonCcTBO BOIOpOJAa KOHBEpCcHEH mpupomHoro rasza. llpowsBoacTBo — Bogopona
TEPMOXMMHYECKON NepepaboTKON KOHJIEHCHPOBAHHOTO ToIuiMBa. [Ipom3BOACTBO BoAopona mpu
MCIIOJIb30BaHNY BTOPUYHBIX MAaTEPHAILHBIX YJHEPTCTUYECKUX PECYPCOB..

3. XpaHeHue u mpaHcnopmuposexka SOOODOOCZ.

3.1. XpaHeHnue u TpaHCIIOPTHPOBKA BOJIOPO/IA.

CrocoObl XpaHeHUsT W TPAHCIOPTUPOBKH BOJOPOJA. TEXHHMKO-’KOHOMHUYECKOE CpaBHEHHE
PAa3INIHBIX Ccroco0oB XPaHCHUSA U TPaHCIIOPTUPOBKU: Fa306aJ'IJ'IOHHOFO, B JXUJIKOM BHUJC, XPAHCHUC
B TUIApHUIAX METAIOB U JAp. DPPEKTUBHOCTh XPaHEHUS CXKATOTO BOAOPOJA IMPH Pa3TUUYHBIX
JaBJICHUSIX. DHEepro3aTpaThl Ha KoMIpuMmupoBaHue. Pabora aanabaTHueckoro cxkatus BOAOPOAA.
Knaccudukanus KOHTEHHEPOB Al XpaHEHHUS BOAOPOAA MO JaBlEHHEM. XPaHEHHE >KUIKOTO
Bojopona. KpymHomacmTaOHoe, TIeojoruueckoe XpaHEHHE BOJOpoJa. XpaHEHUE KUIKOTO
BOJIOPO/1a, B BUJE TUAPUAOB U B HOCUTEISAX. TPaHCIIOPTUPOBKA BOAOPOA. .

4. Ucnoavzoseanue 6000pooa 015 npou3e00Cmea dIHep2uu

4.1. Mcnonps3oBaHue BOJOPOa AJIs IPOU3BOJCTBA SHEPTUN

Bopoponnsie HakonuTenu sHeprud. TorumBHbBIE 3JIeMeHTHI. TepMoAMHaMUYeCKue MoKa3aTelu
BOJOPOJHO-KUCIOPOJHBIX TOIUIMBHBIX DJJEMEHTOB. TOIUIMBHBIE DJIEMEHTHl C IOJUMEPHON
npoToHOOOMeHHOM MeMOpanoi. Illenounble TOMIMBHBIE 31€MEHTh. DOCPOPHOKUCIOTHBIE
TOIJIMBHBIE 3JIeMEHTHI. PacrutaBkapOOHATHBIE TOIJIMBHBIE 3JEMEHTHI. BblcokoTemmeparypHbie
TOIUIMBHBIE 3yieMeHThl. CriaxKuBaHHME NUKOBBIX HArpy3oKk B sHeprocucreMe. lcmonb3oBaHue
JPYTHUX IEKTPOXUMUYECKUX CUCTEM B HEIETBHOM U CE30HHOM ITPOLIECCE BBIPAaBHUBAHUS HAIPY3KH.
DHEProTexXHOJIOTMYECKNe KOMIUJIEKChHI Ha OCHOBE BOJOpoja. [IpuHIuNuanbHas cxemMa aTOMHO-
BOJIOPOJIHOTO »HEprodsioka. CpaBHuTenbHble Xapakrepuctuku ['TY mnpu wucnons3oBaHUU B
KayecTBe TOIUIMBA BOAOPOJA U CTaHAAPTHOrO yrieBojopoja. ['mbpuaHble (KOMOMHUPOBAHHBIE)
CXeMBbl Ha OCHOBE BO300HOBIIIEMBIX HCTOYHHUKOB. Bomopon Ha TtpaHcmopre. 3ampaBoyHbIe
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BOJIOpOJHBIE CcTaHIMU. OnacHOCTh oOpamieHuss ¢ BoxOpoaoM. BoszaeilicTBue BoJopoda Ha
KOHCTPYKIMOHHBIE MaTepuaibl. [IpuHIuner od0ecrnedeHns moxapoB3pbiIBOOE30MIaCHOCTH BOJOPO/IA.

3.3. TeMbl NPaKTHYECKUX 3aHATHH

HE MPEyCMOTPEHO

3.4. TeMbl 1a00paTOPHBIX padoT

1. Pacuer OCHOBHBIX AJIEKTPOXMMHUUYECKHUX NTAPAMETPOB U XapaKTEPUCTUK TOIUIMBHOTO
aneMeHTa; Pacuer TepMoanHamMuyeckoro u skceprerndaeckoro KII/[ TonamBHBIX 3J1EMEHTOB;
[TonGop TOMIMBHOTO 37I€MEHTA U OCHOBHBIX KOMIIOHEHTOB JJIsl aBTOHOMHOMN CHCTEMBbI
HSHEPrOCHAOKECHUS;

2. XpaHeHue Bojopoza. Pacdyer cuctemM BOJJOPOIHOTO aKKyMYJIUPOBAHUS SHEPTHH;
Cas13anHOe XxpaHeHue Bojgopoaa. Ilpenmyiiectsa u Henoctatku. Pacuer MetamioruipuaHoi
CUCTEMBI XpaHeHus Bojgopoaa; TpancopTupoBanue Bogopozaa. Pacuer 0CHOBHBIX
[IapaMeTPOB CUCTEM TPAHCIOPTUPOBKH BOJOPOA;

3. Pacuer napamMeTpoB 31E€KTPOXUMHUECKUX CUCTEM IPOU3BOJICTBA BoJopoaa. Pacuer
napamMeTpoB KOHBEPCHH OPraHUYECKUX TOILIMB. PacyeT mapameTpoB razudukanuu yriis;

4. OCHOBHBIE TEPMUHBI, ONPEACIICHUS U MOHATUS. PUUKO-XMMUYECKHE CBOMCTBA BOJOPOAA.
Pacuer notenimanos 3nekTpoaoB u DJC IeKTpOXUMUYECKUX cUCTeM; PacueT
TEPMOJIMHAMUYECKUX NapaMeTPOB IEKTPOXUMUUYECKUX CUCTEM pazau4Horo tuma. Pacuer
AJIEKTPOJIHBIX MOTEHIIMAJIOB, JIEKTPOAHBIX TOJIApU3AINi 1 HanpsokeHud. 3akoH Dapajes;
5. UccnenoBanue BOAHBIX pACTBOPOB CUIIBHBIX JIEKTPOIUTOB KOHAYKTOMETPUUECKUM
METO/IOM;

6. DIEKTPOIN3 BOJAHOTO pacTBOpa Cyiab(haTa HATPUSI.

3.5 KoncyabTanuu

el AN

Ipynnoevie koncyremauuu no paszoeaam oucyuniunsl (I°'K)

OO6cyxeHre MaTepuaioB Mo Keiicam pasaena "du3nko-XxuMUYecKue CBOWCTBa Bogopoaa"
OO6cyxxnenne MaTepualioB 1o keiicam pasjaena "[IpousBoacTBo Bogopoaa"

OO6cyxaeHne MaTepuasoB Mo Kelicam paszzena "XpaHeHHe U TpaHCIIOPTHUPOBKa Bogopoaa."
OO6cyxnenue MarepuajoB 10 Kedcam pasnena "Mcmonb3oBanue Bojopoaa s
IIPOU3BOJICTBA YHEPTUH"

3.6 TemaTuka KypcoOBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoek1/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena
JUCIUILINHBI (B

OueHo4HOE CPeCTBO
(TUII ¥ HAUMEHOBAHUE)

3aIIaHUPOBAaHHbBIE PE3yIbTaThl 00YUYEHUS 110 TUCLUIIMHE Konbl
(B COOTBETCTBHH C pa3aeioM 1) HMHJIMKaTOpPOB COOT];e?lT ;3 e
1]2]3]4
3HaTh:
(byHIaMeHTalIbHbIE IPEACTABICHUS O MIEKTPOXUMUYECKUX MPOLIECCaX, Homainee 3ananue/Ilonyuenue
HCI0JIb30BaTh JAHHbIE 3HAHUS B TEPMOJIMHAMUYECKHUX pacueTax, V-5 + BOJIOPOJIa B 3JIEKTPOXUMHUECKUX
HaNpaBJICHHBIX Ha BEIOOP ONTHUMAJIbHBIX XapaKTEPUCTUK SHEPIeTUUECKUX cucremMax
CHCTEM U YCTaHOBOK
OCHOBHBIE HCTOYHUKH HAyYHO-TEXHHUECKOW HH(POPMALIUU 110 OCHOBHBIM KontposnbHas pabora/TorimBHble
BOJIOPOJIHOM SHEPreTUKH, TEIIJIOIHEPTreTUKU U TEIJIOTEXHUKH, 3JIEMEHTBI
TEPMUHOJIOTHIO NpeIMeTa JUIsl YMEHUS JIOTHYECKU BEpHO U SICHO cTpouTh | MJ1-Snk-1 +
apryMeHTaluIo [l JEMOHCTpaly 0a30BbIX 3HAHUS B 00nacTu
€CTECTBEHHOHAYYHBIX AUCHUIUIMH U IPOPECCHOHATBHOMN 1S TEIbHOCTH)
YMmerb:
BBIIOJHATE TEPMOXMMUYECKHE PACUETDI IEKTPOXHMUUECKHX NPOLIECCOB | -5mca + KonTtponbHas pabota/DnexTponuns
TEIJIOPHEPTETUKU U TEMJIOTEXHUKHU BOJHOI'O pacTBOpa cysb(para HATpUs
MCIOJIb30BaTh CIPABOYHYIO JIUTEPATYypy Ui IPOBEIECHUS KonTponsnas padbora/HccnenoBanue
HKCIEPUMEHTAIbHBIX HCCIIEeI0OBaHUN B 00JIACTH BOJIOPOIHON U V-5 + BOJIHBIX PaCTBOPOB CHUJIbHBIX
ANEKTPOXUMUYECKON SHEPreTHKH, y3JI0B U arperaToB ANEKTPOIIUTOB KOHTYKTOMETPHUUECKUM
TEIJIOPHEPTETUYECKHUX U TEIJIOTEXHUYECKUX CUCTEM METOJOM
MIPOBOAUTH JAOOPATOPHBIE UCCIIETOBAHUS U HA UX OCHOBE BBIMOJIHATH KonTponsnas padbora/UccnenoBanue
pacueTsl V-5 + BOJIHBIX PaCTBOPOB CHUJIbHBIX
ANEKTPOIIUTOB KOHTYKTOMETPHUUECKUM
METOJIOM

UCIOJIb30BaTh MPOrpaMMbl 00paObOTKH SKCTIEPUMEHTAIIBHBIX JaHHBIX KonTponbnas padora/dnexTponu3
MOJTyYEHHBIX Ha COBPEMEHHOM JIa00paTOPHOM 000pYIOBaHUU ISt V-5 + BOJIHOTO pacTBOpa cynbdara HATpUS
OLIEHKH, TPOTHO3UPOBAHUS M ONTUMH3AIUS PUZNKO-XUMHUECKUX )
ITPOLIECCOB BOJOPOIHBIX TEXHOIOTHM

11




4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
6 cemecTp

dopma peanmuzanuu: [TuceMeHnHas padbota
1. UccnenoBanue BOJHBIX PACTBOPOB CHIILHBIX MJIEKTPOIUTOB KOHTYKTOMETPHIECCKUM
metoaoM (KonTponbhas pabora)
2. Ilony4yeHne BoJOpO/a B MEKTPOXUMHUYECKHX cucTeMax (/lomarinee 3axanue)
3. TorumBHBIE 2neMeHTH (KoHTpOBHAS paboTa)
4. DreKkTposiu3 BOJHOTO pacTBopa cynbdara Hatpus (KoHTponbHas paboTa)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 Ilpome:xyTOYHAS aTTeCTALUS 10 JUCHUIIMHE

3auem c oyenxou (Cemecmp Nob)
Ouenka ompenensieTcss B cOOTBETCTBUU ¢ [lonoxkeHneM o OaIbHO-PEUTHHTOBOM CHUCTEME ISt
crynentoB HUY «MOW» Ha 0oCHOBaHMHU CEMECTPOBOM U aTTECTALIMOHHON COCTABIISFOIIUX.

B numiom BeICTaBisieTCs O1leHKa 3a 6 cemecTp.

IIpumeuyanue: OLeHOYHBIE MaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIEe M JIEKTPOHHbIE U3AHUA:

1. BogopoaHas sHepreTuka : yueOHOe U3JJaHue 7S peain3alliid OCHOBHBIX 00pa30BaTeIbHBIX
porpaMmM Beiciiero oopa3osanus no HanpasieHuto 13.03.01 "TemnosHepreTruka U TEIIOTEXHUKA"
/ H. B. Kynemos, C. K. ITonos, C. B. 3axapos, [u ap.], Hau. uccnen. yu-tr "MOU" (HUY"MOU") ;
pea. H. B. Kynemos. — Mocksa : U3n-so MOU, 2021. — 548 c. — ABTOpBI yka3aHbl Ha 000pOTE THUT.
1. — Kuura-nobeautens KOHKypca pyKonucei yueOHoi, HaydHO-TeXHUYECKOU U CIPaBOYHOMN
JUTEPATyphI IO YHEpreTuke, nocesm. 90-nernto MOU u 100-neruto mmana FODJIPO. — ISBN 978-
5-7046-2438-7.

http://elib.mpei.ru/elib/view.php?id=11772;

2. b. H. Ky3nik, 0. B. SIxoBeu- "Poccusi: ctparerus nepexojia K BOJOPOJHOU dHEpreTuke",
WznatenscrBo: "MHCTUTYT SKOHOMHUYECKUX cTpaTteruit”, Mocksa, 2007 - (402 c.)
https://biblioclub.ru/index.php?page=book&id=63991;

3. Koposun H. B., Kynemos H. B., I'onuapyk O. H., Kambimona B. K., Jlanckas U. W., MsacaukoBa
H. B., Ocuna M. A., Yapuc E. ., Amrynos H. A.- "O6mas xumus. Teopus u 3anaun”, (6- uzm.,
ctep.), U3narenscrBo: "Jlanp", Canxt-IlerepOypr, 2022 - (492 c.)
https://e.lanbook.com/book/183692;

4. Bononienko, I'. H. Dnextponnseps! 1 TOIUIMBHBIE AJIEMEHTHI ¢ TBEPAOOKCHIHBIM JIEKTPOJIUTOM
Y HEProyCTaHOBKH Ha UX OCHOBE : yueOHoe mocodue 1o Kypcy "OCHOBBI MHXEHEPHOTO
MPOEKTUPOBAHUS BBICOKOTEMITEPATYPHBIX AMEKTPOXUMHUUYECKUX SHEPTOYCTaHOBOK" 1O
HarpaBieHuto "TermnosHepreruka, cnenuanu3amnus "IIeKTPOXUMUYECKAst U BOJIOPOIHAS
suepreruka" / I'. H. Bomomenko, H. B. Koposun, 0. A. CnaBHoB, Mock. suepr. ua-t (MOU TVY).
— M. : Uzparensckuii oM MOU, 2010. — 44 c¢. — ISBN 978-5383-00456-2.
http://elib.mpei.ru/elib/view.php?id=1486;
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5. Koposun, H. B. O0mmas xumus : y4eOHHK 7151 By30B 110 TEXHUYECKHM HAIPABJICHUSAM U
cnenuansHocTsM / H. B. KopoBun. — 13-e u3a. mepepad. u gomn. — M. : Akagemus, 2011. — 496 c. —
(Beicmee npodeccuonanbaoe oopasosanne. bakanaspuar). — ISBN 978-5-7695-8015-4.;

6. Koposun, H. B. TormuBHBIC 371€eMEHTHI U AJIEKTPOXUMHUUYECKHE dHeproycTtaHoBku / H. B.
KopoBun. — M. : M3a-Bo MOU, 2005. — 280 c. — ISBN 5-7046-1185-0.;

7. Kynemos, H. B. DiekTpoxuMuyeckre TEXHOJIOTHH B YHEPreTUKE : y4eOHOEe TocoOure 1Mo Kypcam
"BonopoaHas U 31eKTpoXuMHuueckas sHepreTuka”, "BonopoaHble HaKONUTeau 3Heprun’,
"DHeprocOepexeHne B ICKTPOXUMHUUSCKUX TexHoJoTHsX", "TernmomaccomnepeHoc B yCTaHOBKaxX
BOJIOPOJHON U AJIEKTPOXUMUUYECKON sHEpreTuku"”, "TemnoBbie mpoLecchl B AIEKTPOXUMUYECKHUX
cucreMax' 1o HampasieHuIo "TermosHepreTuka u TeIIoTeXHUKa" 110 MpoduiIsM ""ABTOHOMHBIS
SHEPreTUYecKre cUCTeMbI" U "ABTOHOMHBIE SHEpreTHYECKrEe cucTeMbl. BojopoiHas u
anexkTpoxumuueckas 3Hepretuka" / H. B. Kynemos, 10. A. Cnasnos, B. H. Kynemos, Harit. uccnen.
ya-T "MD" (HUY"MBDU"). — M. : U3n-B80 MOU, 2017. — 119 c. — ISBN 978-5-7046-1868-3.
http://elib.mpei.ru/elib/view.php?id=10076.

5.2 JIuueH3M0HHOE 1 CBOOO/IHO PacpoCTPaHsieMoe NPOrpaMMHoOe odecreyeHme:
1. Office / Poccuiickuii makeT 0(UCHBIX IPOTpamMMm;

2. Windows / OniepanrionHasi cucrema cemeiicta Linux;

3. Buneokondepennuu (Maiina, Coepmkas, BK u mp).

5.3 UnTepHeT-pecypchl, BKIKYas NpodeccuoHaJIbHble 0a3bl JAHHBIX H HH(POPMALTMOHHO-
CIPABOYHbIE CUCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 6u0JM0TEKA OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3siekTpoHHas oubauoreka - https://elibrary.ru/

4. HaunoHabHAasi JIeKTPOHHAs 0ubmoTeka - https://rusneb.ru/

5. Dnexrponnas oudmoreka MOU (36 MOMH) - http://elib.mpei.ru/login.php

6. IopTaa oTKpBITHIX TaHHBIX Poccuiickoii Mexepanuu - https://data.gov.ru

7. ba3a oTKpBITBHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMATbHOM 3a1IUTHI PO -
https://rosmintrud.ru/opendata

8. HanmoHabHbIH MopTaj oHJiaiin 00yyenus «OTKpbITOEe 00pa3zoBanue» - https://openedu.ru
9. OpuuuanbHblii caiT MUHHCTEpPCTBa HAYKH M BbIclIero oopazoBanus Poccuiickoii
®denepanuu - https://minobrnauki.gov.ru

10. ®enepaabublii moptas "Poccuiickoe odpasoBanume" - http://www.edu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHBI

Tun nomemeHus Homep aynuropun, OcHamenue
HAUMCHOBaHHE
VYueOHbIC ayAUTOPUH IS b-300, Yuebnas napTa, mapra co CKaMbeii, pabouee MecTo
MPOBEJCHUS JIEKIIMOHHBIX ayTuTOpUs COTPYIHUKA, CTOM, CTYJ, TPUOYHA, TOCKa
3aHATUN U TEKYLIETro MeJoBasi, KOJIOHKU 3BYKOBbIE, MUKPO(OH,
KOHTPOJIS MYyJIbTUMEAUHHBIN TPOEKTOP, dKpaH, ydeOHO-
HarsIIHOE Mocoone
VYueOubie ayauropun it | A-413/12, Yuebnas pabodee MeCTo COTpYAHHKA, CTOI
MIPOBEICHUS aynuTtopus Kag. npernojaBaTess, CTy, mKad g XpaHeHus
71a00paTOPHBIX 3aHATHH "Xud39" WHBEHTAaps, JOCKa MelloBast, 000pyJ0BaHUE JUIS
AKCIIEPEMEHTOB, Y4eOHO-HATJISTHOE TTOCO0ne
VYuebnsie ayautopuu st | A-413/12, YueOnast pabouee MeCTo COTPYTHUKA, CTOJ
IIPOBEJICHUS aymuTtopus kad. npernoaaBaTens, CTyI, Kad s XpaHeHus
MPOMEKYTOUHOMN "Xul9" WHBEHTapsI, TOCKa MeJIoBasi, 000pyA0BaHUE JJIS
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aTTecTaluu

AKCIIEPEMEHTOB, Y4eOHO-HATJISITHOE TTOcOo0re

ITomentenus mis
CaMOCTOSATEIILHON PabOThI

HTB-303,
JlexkiimonHas
ayIUTOpUS

CTOJI KOMITBIOTEPHBI, CTYJI, CTOJ IUCbMEHHBIN,
BEIIAJIKA ISl OJICK/Ibl, KOMIIBIOTEPHAS CETh C
BBIXOJ0M B UHTEpHET, KOMIIBIOTEP
MIEPCOHAJIbHBIN, IPUHTEP, KOHAUIIUOHED

ITomemnienus s

A-413/7, Kabuner

Kpecio paboyee, paboyee MECTO COTPYIHHKA,

KOHCYJIbTUPOBaHUS COTPYIHUKOB Kad. | ctom, cTyn, mkad, mkad st JOKyMEHTOB, CTOJ
"Xul9" IIACbMEHHBIA, KOMIIBIOTEPHAS CETh C BBIXOAO0M
B MIHTEpHET, KOMIIBIOTEP MEPCOHAIBHBIM,
MPUHTEP, KOHTUIIMOHEP
[Nomemmenus mist A-413/9, pabouee MeCTO COTPYIHHKA, CTOJI, CTOJI
XpaHeHus: 000pyI0BaHUS Meroanueckui NUCbMEHHBIN, HA0OP UHCTPYMEHTOB ISt
1 y4eOHOTO UHBEHTAPS KaOuHeT Kad. MPOPUITAKTHIECKOTO 00CTyKMBaAHUS
"Xul9" 000py10BaHUs, MHBEHTAaph y4eOHBIN
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BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

OCHOBBI BOJOPOJHBIX TEXHOJIOT UM

IIpunoxenne A

(Ha3BaHME AUCIMILIMHBI)

6 cemecTp

Hepeqenb KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:
I/ICCJ'IG,I[OBaHI/IC BOOHBIX paCTBOPOB CHUJIBHBIX JJICKTPOJIUTOB KOHAYKTOMECTPUYECCKUM METOJA0M

KM-1

KM-2
KM-3
KM-4

(KontpomnwsHas pabota)

DNeKTpoIN3 BOJAHOTO pacTBopa cynb(ara Hatpus (KonrponsHas padora)

[TosryueHnue Bo1oposa B 3IEKTPOXMMHUUECKUX cucTeMax (JloManiHee 3a1aHue)

TomumBHbIe 311eMeHTH (KOoHTpONIBHAS paboTa)

Buja npoMexyTouHOi aTTecTanMu — 3a4€T C OLICHKOM.

Wunekc KM-1 | KM-2 | KM-3 | KM-4
Howmep Pasnen mucuUIInHbI KM:
pasjena S en Henens 4 8 10 14
KM:
1 BBeneHre B BOJIOPOIHYIO SHEPTETUKY
1.1 BBezieHre B BOJOPOHYIO SHEPTETUKY +
2 [Tpou3BoACTBO BOAOPOIA
2.1 DIIEKTPOIN3 BOJBI +
2.2 [Tpou3BOACTBO BOAOPO/Ia U3 OPTAHUYECKOTO CHIPhSI +
3 XpaHeHHe U TPAHCIIOPTUPOBKA BOJOPOIA.
3.1 XpaHEHME U TPaHCIOPTUPOBKA BOJAOPOJIA. +
4 Hcnons30BaHre BOJIOPOIA TSI POU3BOJICTBA
DHEPTUU
41 Hcnons30BaHre BOIOPOIA SISl POU3BOJICTBA +
] SHEpPIruu
Bec KM, %: 25 25 25 25
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