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1. Ienu, 32124 U IVIAHUPYEMbIe Pe3yJIbTaThl 00y4eHHs 10 JUCHHUIINHE

K OCHOBHBIM eJsM OCBOCHUSA TV CHUTUIAHBI «Pa3paboTtka
ANEKTPUPHUITIPOBAHHBIX TPAHCTIOPTHBIX CPEJICTBY CICAYET OTHECTH:
peanu3anus OCHOBHOM oOpazoBarenbHOM mporpammbl (OOII) mo cnenuaibHOCTH
23.04.02 «HazeMHbI€ TpaHCIIOPTHO-TEXHOJIOTHUECKHNE KOMIUICKCHD», HAMPABICHHOCTh
23.04.02.01 «2nexkTpuduIMpoBaHHbIEC TPAHCTIOPTHBIE CPEICTBAY;

— ¢dopMupoBaHUE y OOYy4YalOIMXCS 3HAHUM O COBPEMEHHBIX MPHUHIIUMAX,
METOJIaX M CPEJCTBAX aHAJIW3a U MPOTHO3UPOBAHUS HKCILTyaTAllMOHHBIX CBOWCTB
Ha3eMHBIX JJICKTPUUECKUX TPAHCIIOPTHBIX CPEJICTB;

— TOATOTOBKA CTYJACHTOB K CAMOCTOSITEILHOM JEATEIbHOCTU B COOTBETCTBHUHU C
TpeboBaHusiMu DenepaibHOr0 TroCyJIapCTBEHHOIO 00pa30BaTENbHOIO CTaHAapTa
BbICIIET0 oOOpa3oBaHusi 1o crenuanbHocTH 23.04.02 «HazemHble TpaHCHOpPTHO-
TE€XHOJIOTUYECKUE KOMILIEKCHI», npod b MOATOTOBKHU 23.04.02.01
«InexTpudUIUPOBaHHBIE TPAHCIIOPTHHIE CPEJICTBAMY).

K OCHOBHBIM 3aza4yam OCBOCHHUSA JACUUATIIAHBI «Pa3pabotka
AAEKTPUPUIUPOBAHHBIX TPAHCIIOPTHBIX CPEACTBY» CIEAYET OTHECTHU:

— (opMUpoBaHHE TPEACTABICHUS O KOMILUIEKCE SKCIUTYyaTallMOHHBIX CBOMCTB,
OTIPENICNISIONUX OCOOCHHOCTH (PYHKIIMOHUPOBAHUS AJICKTPUUYECKUX TPAHCIOPTHBIX
CPEACTB, UX CUCTEM U arperaTos;

— OCBOEHHE OOLIUX MPHUHIIUIOB U OCOOCHHOCTEH METOJIUK MAaTEMaTHYECKOTO
ONMCAHUS YKa3aHHBIX CBOWCTB;

— (opMUpOBaHME HABBIKOB TOJIy4YeHHs] Ha 0a3e U3YYEHHBIX METOIMK
KOHKPETHBIX  JIaHHBIX 00  OSKCIUTyaTal[MOHHBIX  CBOMCTBaX  DJIEKTPUYECKUX
TPAHCIIOPTHBIX CPEJICTB, MX CHUCTEM, arperartoB W BIUSHHUE HA HUX PA3TUYHBIX
KOHCTPYKTHUBHBIX U BHEIIHUX (DAKTOPOB.

O6yuenne 1o  guciurmmHe — «Pa3paboTka  AneKTpUPUIIMPOBAHHBIX
TPAHCHIOPTHBIX CPEJCTB» HAMpaBlieHO Ha (OPMHUPOBAHHE Yy OOYYAIOIIUXCS
CIEAYIOIINX KOMIIETEHIIUH.

Ko n HaumeHoBaHNe KOMIIETEHIIUH NHaukaTopsl 10CTHKEHHS
KOMIIeTeHI[ UM
[TK-1 CniocobeH nmpoBOAUTH NIIK-1.1 3naTh MaTeMaTHYECKUH anmapar,
KOHCTPYKTOPCKOE COIIPOBOXKICHUE IIPUMEHSIEMBIN IIPU MOJIEITMPOBAHUU
npou3BoAcTBa U uctbitanuil ATC u nx JIBUKEHUS 2JIEKTPU(DUIIUPOBAHHBIX
KOMITOHEHTOB TPAHCHOPTHBIX CPEACTB U paboTy

AIEKTPUYECKUX KOMIIOHEHTOB
NIIK-1.2 YMeTb Npou3BOINUTE aHAIIN3
AKCIUTYyaTaIl[MOHHBIX CBOMCTB
ANIEKTPUPULIIMPOBAHHBIX TPAHCIIOPTHBIX
CPEJICTB IO CPEICTBOM MaTEMATHYECKOTO
MOJIEINPOBAHUS




UTIK-1.3. BrageTs npakTHYECKUMU
HaBbIKaMH HpOBCIIeHI/ISI BI/IpTyaJILHBIX
WCIIBITAaHUH JICKTPUPHUITUPOBAHHBIX
TpaHCHOpTHbIX 1 UX KOMIIOHCHTOB

2. MecTo TMCHMIJIMHBI B CTPYKTYpe 00pa30BaTeIbHOI MPOrpaMMblI

JlucoumiarHa OTHOCUTCS K 00s3aTeabHOM 4YacTH Ojoka bl «JlucourinHb
(MoymH)».

«Pa3paboTka 371eKTpuUIIMPOBAHHBIX TPAHCIIOPTHBIX CPEJICTBY B3aMMOCBS3aHa
JIOTUYECKU U COAEPKATEIbHO-METOAUYECKHN CO CIEAYIOIUMU JUCHUIUIMHAMU U
npaktukamu OOIL:

— IludpoBbie TEXHOJIOTHH B aBTOMOOUIIECTPOCHHH.

— DIJIEKTPUYECKHUE TPAHCIIOPTHBIEC CPENICTBA.

— Cucremsl ynpaBJIeHUS JBMKEHUEM JIEKTPUUECKUX TPAHCTIOPTHBIX CPEACTB.

3. CTpyKTYypa U coep:KaHue AUCHUTLIHHBI

OOmas TpyJa0eMKOCTh JHUCHHUIUIMHBI cocTaBisieT 4 3adeTHbIX enuuul (144
gaca).

3.1 Buabl yueOHO# paGoThl M TPY10€MKOCTh
(mo hbopmam oOyueHus)

3.1.1. Ounas ¢popma 0OydeHHUS

Ne Kosmmuecer | CeMecTpbI
/i Buj yyeOHoM padoThl o HaCOR 1
1 | AyauTtopHble 3aHATHS 48
B Tom uucne:
1.1 | Jlexkuuwn 16
1.2 | CemuHapckue/mpakTUUECKUE 3aHITHS 32
1.3 | JJaGoparopHbie 3aHATHS
2 | CamocrosiTeibHasi padoTa 96 96
3 | IIpome:kyTOUuHasi aTTecTanus
3auer 3auer
Hroro 144




3.2 TemaTuuyeckuii MJIaH U3y4YeHHU s TUCITUTNTIHHBI

(mo popmam oOyudeHwMs)

3.2.1. Ounas ¢popma 0OydeHHUS

n/n

TpynoemkocTth, yac

Pasznennl/TeMbl
JUCIUILTHHEI

Bcero

AyauTopHasi padora

Jlexmun

CeMuHapckue/ MpaKTHIECKHe
3aHATHS
JlaboparopHbie 3aHATHS

[IpakTrueckas nOArOTOBKA

CamocrosiTesibHast pabora

Paznen 1. [Ipobnemaruka Be1d6opa u
Pa3pabOTKH TSATOBBIX HAKOMUTEICH
SHepruu. BimsiHue XapakTepucTuk
nepesapskaeMoi CHCTEMbI
XPAaHEHUS DJIEKTPUYECKON SHEPIUU
Ha IKCIUTyaTallMOHHbIC TIOKA3aTeIH
TPAaHCHOPTHOTO CPEJICTBA

Paznen 2. MatemaTuueckoe
OIMCaHKUE MOJICITUPOBAHHMSI
TPAHCIIOPTHOT'O CPEJICTRA,
OCHAIIIEHHOTO ITepe3apskaeMoi
CUCTEMOM XpaHEHHUs
JIEKTPUUYECKON DHEPTUU

2.1

Tema 1. MeTopl MOJETHPOBAHUS
JIUTUN-UOHHBIX AKKYMYJISITOPOB

16

2.2

Tema 2. XapakrepucTuku
AKKyMYJISITOpOB. MeTobl
MTOJTYYEHUS XapaKTEPUCTHK

12

2.3

Tema 3. Temnosast MOAENb
nepe3apsoKaeMoi CHCTEMBbI
XPAHEHMS JIEKTPUYECKON YJHEPTHH.
BHemrnue u BHyTpeHHUE
BO3JICUCTBYIONIHE (DaKTOPHI

2.4

Tema 4. Maremarudeckast MOIEIb
JBUKEHUS TPAHCIIOPTHOTO
CpeACTBAa. Y pAaBHEHHE TATOBOTO
Oaianca

2.5

Tema 5. TeroBoit GanaHc canoHa
TPaHCIIOPTHOI'O CPEJCTBA.
Buemnve u BHyTpeHHUE
BO3/eHCTBYONINE (PaKTOPHI

Pasznen 3. Meroauka ucciiejoBaHus
XapaKTePUCTHK Tepe3apsKacMoit




CUCTEMBI XpaHEHUS AIEKTPUUECKOM
SHEPTUH B COCTABE TPAHCIIOPTHOIO
CpeAcTBa

3.1 | Tet+8+8+8ma 1. DopmupoBanue 4+ 8
TEXHUYECKUX TPeOOBAHUH K
nepe3apsKaeMoil cucteme
XpaHEeHHUS HJIEKTPUIECKON SHEPIUH.
Omnpenenenue TpeOOBaHUH ¢
MOMOIIII0 MATEMAaTHIECKOTO
MOJICJIMPOBAHUS

3.2 | Tema 2. OnpeaeneHue NCXOTHBIX 2 8
JAHHBIX JIJISI MOJICTTMPOBAHUS
BUPTYaJIbHBIX UCIBITAHUI

3.3 | Tema 3. MeToauka Uccieq0BaHUs 2 8 8
XapaKTEPUCTHK Mepe3apskacMoi
CHCTEMBI XpaHCHHS SJICKTPHUECKOM
SHEPI'UU B COCTABE TPAHCIIOPTHOIO
cpencTa

3.4 | Tema 4. MHOTOKpHTEpHATIbHAS 2 2 8
OLICHKA BJIMSIHUS XapaKTEPUCTHK
repe3apsKaeMonl CUCTEMBI
XPaHCHHUS AIICKTPUUECKOM SHEPTUH
Ha JKCIUTyaTallHOHHBIC CBOHCTBA
TPAHCIOPTHOTO CPEJICTBA

Hroro 144 16 32 - - 96

3.3  Conep:xaHue TUCHUNIUHBI

Pa3znen 1. IlpoGnemarnka BbIOOpa M pa3pabOTKU Tepe3apsHKaeMoi CHCTEMBbI
XPaHEHUS DJJIEKTPUYECKOU HHEPruM. BilMsHHE XapakTEpUCTUK Iepe3apsiKaeMOou
CHUCTEMBI XPAHEHHMS DJIEKTPUYECKOW SHEPrMM Ha SKCIUTyaTAlMOHHBIC IMOKa3aTeln
TPAHCIIOPTHOTO CPEJICTBA.

Pasgen 2. MaremaTuyeckoe ONUCAHUE MOJIEIUPOBAHUS TPAHCIOPTHOTO
CpPEIICTBA, OCHAIIICHHOTO IEPe3apsHKAEMON CUCTEMOW XPAHEHUS DICKTPUYECKON
SHEPIUM.

Tema 1. MeToasl MOAETMPOBAHUS TUTUNH-UOHHBIX aKKYMYJISITOPOB.

Quzuueckuii npoyecc pabomul akkymynamopos. (OcHoeHble MePMUHbL U
nouamus. AHanuz cxem sameweHuss akkymyaamopos. R-wooenv, 1RC-mooenv, 2RC-
Mooernb.

Tema 2. XapakTepUCTHKM  aKKyMyJATOpPOB. MeTOapl  NOJIy4EHHS

XapaKTEPUCTHK.



Memoovwl onpedenenus nanpsxcenus pazomxnymou yenu Open Circuit Voltage
(OCV). Memoouwl onpedenenus omuyecko2o conpomusnenus. Memoowvl onpedenenus
cocmasnsaowux RC mooenu 3amewenusi. Memoo ucnvimanus Hybrid Pulse Power
Characterization (HPPC).

Tema 3. TemoBas Molenb Mepe3apsHKAEMOM  CUCTEMBI  XpaHEHHS
AIIEKTPUYECKOM SHEpruu. BHenHre u BHYTpeHHHE BO3ACHCTBYIOMKE (HaKTOPHI.

OcHosHble cmpyKmMypbl KOHCMPYKYUU KOHMEUHEPO8 NePe3apaicaemvlx CUCmeM
XpaHeHusi I1eKmpuyeckol 3Hepeuu. Buewnue u eHympeHHue 6o030eticmsayoujue
¢axmopul. Ypasnenue menniogoco baianca KOHmMeUHepa nepe3aparicaemol CUcmembl
XPAaHeHUs JIeKMPUYECKOU IHePIUU.

Tema 4. Marematudeckass MOJCNb JBUXEHUS TPAHCIOPTHOIO CpPECTBA.
VYpaBHeHue TAroBOro OanaHca.

Pacuemnas cxema Oeticmeus cun Ha mMpancnopmuoe Ccpeocmeo npu
npAmMoIuHeunom  osudxceruu. Onpeodenenue Kodppuyuenma yuema uHepyuu
spawjarowuxcs macc. 1looxo0 Kk mamemamuueckomy MOOEIUPOBAHUIO MA208020
NEKMPONPUBOId.

Tema 5. TeruoBoil 0anaHc cajlioHa TPAHCHOPTHOrO cpelncTBa. BHemHue u
BHYTPEHHHE BO3ACUCTBYIONINE (PAKTOPBHI.

Pacuemnasn cxema Oevicmeusi HeWIHUX U GHYMPEHHUX MENI08bIX HA2PY30K.
Conneunas uMconsAyus, menjiogoe 6030elcmeue Om NACCaniCupos, 6030elcmeue
memnepamyp GHeulHel OKpyicarowel cpeobl, GeHMUIAYUS, MEeNI080€e 8030eUCmauUe
npu OMKpvLIMUY 08epel U Mmenio8as MOWHOCMb KIUMAMUYEeCKOU CUCHEMBL.

Pa3nen 3. MeToauka nuccie10BaHus XapaKTEPUCTHK Mepe3apsHKaeMOi CUCTEMBI
XPaHEHHUsI JIEKTPUIECKON IHEPTUU B COCTABE TPAHCIIOPTHOTO CPE/ICTRA.

Obwas cmpykmypa memoouxu. OnpeodeiieHue HeoOXO00UMbIX NAPAMEMpPOos
MPAHCNOPMHO20 Ccpeocmea Ol UMUMAYUOHHO20 Mooenuposanus. OnpedeneHue
mpeb08aHUll K 9KCNILYAmayuOHHbIM CE0UCMEAM MPAHCNOPMHO20 CPeOCmaa.

Tema 1. ®opMupoBaHre TEXHUYECKUX TPEOOBAHUM K Iepe3apsKaeMoi cucteMe
XpaHEeHHsI JJIEKTpHueckoil »sHepruu. OrmpeaeneHne TpeOOBAaHUNW C  TTOMOIIBIO

MAaTCMaTU4CCKOT0 MOJACIINPOBAHUAA.



llepeuenv ocHosnbix napamempos mexnuueckux mpebosanuti. Onpeoenenue
mpebosaHull K MAKCUMATLHOMY U MUHUMATbHOMY Hanpscenuto. Onpedenenue
mpeboBaHUll K IHEP2OEeMKOCMU, KPAMKOBPEMEHHOU MOWHOCMU 3apsaoa/paspaod,
ONUMENbHOU MOWHOCMU  3apsA0a/pa3paod, pecypcy, macce U memnepamypHomy
O0Uana3zoHy UCNOIb308AHUSL.

Tema 2. OnpezeneHre UCXOIHBIX JAHHBIX JIJISI MOJEIUPOBAHUS BUPTYAIbHBIX
VCIIBITAHUM.

Onpeoenenue eHympeHne2o conpomusieHus AaKKyMyasamopa 8 3a6UCUMoCmu Om
memnepamypbul u cmenenu 3apsiicennocmu. Onpeoenenue u KOPpeKmMupo8Ka MmoKo8blxX
02PAaHUYEHULI KPAMKOBPEMEHHBIX U OJIUMEbHbIX 02PAHUYeHUl 3apa0a/pa3paoa.

Tema 3. BupryanbHble UCHBITaHHS TPAHCIOPTHOTO CPEACTBA, OCHALIEHHOIO
nepe3apsKaeMor CUCTEMOM XPAHEHUSI JIEKTPUUECKOM SHEPTHH.

Cmpykmypa u nepeueHv GUPMYANbHbIX UCHbIMAHUU. AHAIU3 OUHAMUYECKUX
nokaszameiet mpaHcnopmuo2o cpeocmaa. Pacuem maxcumanvrnou ckopocmu. Ananus
DPEKYNepamusHvlx ~MOWHOCMeEU 3apaod, 6peMeHu 3apaod. Auanu3 OHesHOU
KCHIyamayuu 6 pazludHblx —memnepamypHuix ycaoeuax. Pacuem  epemenu
BBLIXONANCUBAHUS U 8bIXO0A HA PADOUUL PENHCUM.

Tema 4. MHorokputepuaidbHas OLICHKA  BIUSHHUS  XapaKTEPUCTUK
nepe3apsyKacMoOr CUCTEMBI XPaHEHHUsI DJIEKTPUUECKOM DJHEPTUHN Ha DKCILTyaTallOHHbIE
CBOKMCTBA TPAHCIIOPTHOTO CPEJICTBA.

Il00x00 K oyenke IKCNIYAMAYUOHHBIX CEOUCME MPAHCNOPMHO20 Cpedcmad,

OCHAWEHHO20 nepe3ap;19fcaeMOL7 cucmemol XPAHEHUA aﬂekmpuqecmﬁ IJHep2UuuU.

3.4 TemaTHKa KypCcOBBIX POEKTOB (KYPCOBBIX padoT)
OTCYTCTBYIOT KypCOBBIE ITPOCKTHI COTJIACHO YUYEOHOMY IIJIaHy
4. Y4eOHO-MeTOAMYECKOE U MH(OPMALIUOHHOE 00ecTIieueHue

41 HopmatusHblie 1o0kyMeHTbI 1 'OCThI
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1. TOCT 22576-90 ABtoTpaHcnopTHble cpeAcTBa. CKOpPOCTHBIE CBOMCTBA.
Metoasl ucnbeiTanuil. — M.: U3gaTenbcTBO cTanaapToB, 1991.

2. TOCT 41.13-2007 EgwHoOoOpa3Hble TpEeANHCAHWS, KacarolIuecs
TPaHCHIOPTHBIX cpenctB kareropud M, N u O B OTHOLIEHUH TOPMOXKEHHS. — M.:
Crannaptundopm, 2009.

3. TOCT P MDBK 61960-3 JlutueBble akKyMyJIaTOpbl uU Oarapew s
MOPTaTUBHBIX MpuMeHeHut. — M.: Ctangaptundopm, 2019.

4. TOCT P UCO 12405-2 TpancropT IOpOKHBI Ha SJIEKTPUUYECKON TATe.
TexHuyeckue TpeOOBaHMS K UCIIBITAHUSIM MOAYJICH U CUCTEM TATOBBIX JTUTUH-UOHHBIX
Oarapeit. — M.: Crannaptundopm, 2016.

5. TOCT P UCO 8996-2008 Dpronomuka TepManbHOU cpenbl. OnpeaeneHne
ckopocTtu oomeHa BemiecTB. — M.: Ctannaptundopm, 2009

6. TOCT 30593-2015 ABTOMOOWIbHBIE TPAHCHOPTHBIE cpeacTBa. CHUCTEMBbI
OTOIUJICHUS, BEHTWISIIUU U KOHAUIIMOHUpoBaHus. — M.: Crangaptuadopm, 2016

7. TOCT P 41.107-99 EnunooOpa3Hble MNpEANUCAHUS, Kacalolluecs
O(pUIIMATBHOTO YTBEPKIEHUS IBYXAITAKHBIX MACCAKUPCKUX TPAHCIIOPTHBIX CPENICTB
0ONbIION BMECTUMOCTM B OTHOLIEHMH oOmed koHcrpykuuu. — M.: HUIIK

N3parenscTBO cranaaptos, 2001.

4.2  OcHoBHasi TUTEpaTypa

1. Kunetikun, M.M. MoenrpoBaHue CUCTEM TPAHCIIOPTHBIX CPEACTB: yueOHOE
nocobue / M.M. Kunetikun. - MI'TY um. H.O. baymana: Mocksa, 2020. - 241 c.

2. I'pumkeBud, A. ABTOMOOMIIN: TeopHsl: yueOHHK Jyis By30B / A. ['puIkeBuY -
Munck: Breiciras mkoia, 1986. - 208 c.

3. CtporanoB, B.M.  Marematudeckoe  MOACIUPOBAHUE  OCHOBHBIX
KOMITOHEHTOB CHJIOBBIX YCTAHOBOK 3JIeKTpoMoOuIieil u aromoouseit ¢ KOVY: yuebHoe
nocobue / B.. Ctporanos, K.M. Cunopos. - MAJIN: Mocksa, 2015. - 101 c.

4. Falconi, A. Electrochemical Li-lon battery modeling for electric / HAL open
science. - 2018. - P.215.



11

5. David, S. Pulse power characterisation for lithiumion cells in automotive
applications / Chalmers University of Technology. - Gothenburg., 2016. - 66 p.

6. Xycaunos, A.lll. DkcmmyaTalimoHHBIE CBOMCTBA aBTOMOOWIS: y4yeOHOE
nocob6ue / A.Ill. Xycannos - YassHoBck: Yl TV, 2011. - 110 c.
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1. CrenanoBckux, E.M. DneKkTponpoBOHOCTh MOHHBIX CUCTEM: MOCOOHME MJis
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Beckman, - New York: Wiley, 1991. - 762 p.

4. Wang Shan, K. Handbook of air conditioning and refrigeration / K. Wang
Shan. - McGraw-Hill Education: New York, 2000. - 1424 p.

5. OBunHHMKOB, C.B. KoHBEeKTHUBHBIN TEMI000MEeH. METOUKN MUHKEHEPHOTO
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4.4  DuekTpoHHBIE 00pa3oBaTeibHbIE Pecypchl

1. BbC «YHUBEPCUTETCKA BUBJIMOTEKA OHJIAVH»
www.biblioclub.ru

2. DBC «BOOK.ru» https://www.book.ru

3. DBC «ZNANIUM.COM» www.znanium.com

45 JIuneH3WOHHOE W CBOOOTHO PacnpoCTpaHsieMoe MPorpaMMHoOe
odecreueHue

1. Office / Poccuiickuii makeT 0(hpHCHBIX IPOrpamMm


http://www.biblioclub.ru/
https://www.book.ru/
http://www.znanium.com/
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4.6 CoBpeMeHHbIe NPpo(eccHOHATbHBbIE 0a3bl TaHHBIX U HHGOPMALHOHHBIE
CIIPABOYHBbIE CHCTEMBI

1. http://rushim.ru/books/electrochemistry/electrochemistry.htm - »snexkrponHas
OononMoTeKa

2. http://www.ise-online.org International Society of Electrochemistry

3. Koncynprant [Intoc - cipaBouHas mpaBoBas cuctema (I0CTYI MO JIOKaJTbHOU
CETH C KOMIIBIOTEPOB OMOIMOTEKN)

4. CIO Mockosckoro Ilomurexa

5. MarepuajibHO-TEXHHYeCKOe O0ecneyeHne

CHGI_[I/IaHI/IBI/IpOBaHHBIe AYIUTOPHUHA ((HGpGIIOBa}I HH)XCHCPpHAA IHKOJIa»:

AB4701 nu AB4710 ocHameHHbIE TPOEKTOPOM, IKpaHoMm, [I9BM.

6. MeToanuyeckue peKOMeHAAIUN

6.1 MeToanueckue peKOMeHIAIUM 1JIA MPenoAaBaTeis N0 OPraHu3auuu
o0yueHust

OCHOBHBIM TpeOOBaHUEM K MPENOAABAHUIO TUCHUTIINHBI SBIIIETCS TBOPUECKUI
MPOOJIEMHO-INAJIOTOBBIM MOAXO0M, MO3BOJSIOIIMN MOBBICUTh MHTEPEC CTYACHTOB K
COJIEp)KaHMI0 y4eOHOro MaTepuaa.

OcHoBHast (popma HU3ydeHHs] U 3aKpEIJICHUs] 3HAHUM MO 3TON IUCUUIUIMHE —
Jekuuu U JadopartopHble 3aHATHS. llpenomaBaTenb OOJDKEH MOCIEI0BATEIBHO
BBIYMTATH CTYJEHTaM PsiJl KLU, B X0JI€ KOTOPBIX CIEAYET COCPEIOTOUNTH BHUMAHUE
Ha KJIOYEBBIX MOMEHTaX KOHKPETHOIO TEOPETHYECKOro Marepuana, a TaKxkKe
OpraHu30BaTh MPOBEJCHHUE JIA0OPATOPHBIX 3aHATHN TakuM o0O0pa3oM, YTOOBI
AKTHUBU3MPOBATh  MBILUIEHUE  CTYACHTOB, CTUMYJHMPOBAaTH  CaMOCTOSATEIBHOE
U3BJICYCHHE MMM HEoOXOAUMOW HH(OpMAlMM M3 Pa3IUYHbIX HCTOYHMKOB,
CPaBHUTENbHBIA  AHAJUW3 METOAOB PEUIEHUH, COINOCTaBICHUE  MOJYyYEHHBIX
pe3ynbTaToB, (HOPMYJIUPOBKY M apryMEHTALMI0 COOCTBEHHBIX B3IJIAJI0B HA MHOTHE
CIIOPHBIE MPOOJIEMBI.

OcHOBY y4€OHBIX 3aHATUN MO IUCUUIIIMHE COCTABISIOT JICKIIMOHHBIC 3aHSATHUS.
Ha nmepBom 3aHsATHM MO JaHHOW y4yeOHOM NHMCUUIUIMHE HEOOXOAMMO O3HAKOMHTH
CTYJIEHTOB C ITOPSAKOM €€ U3YUYEHUS, PACKPBITH MECTO U POJIb JUCLUUIIIMHBI B CUCTEME
HayK, €€ MPAKTUYECKOE 3HAYEHUE, OTBETUTH HA BOIIPOCHI.

Teopernyeckoe U3yuyeHHe OCHOBHBIX BOIPOCOB Pa3/I€IOB JUCHHUILIMHBI JOJIKHO
3aBeplIaThcs JadopatopHoil paboToil. Temsbl 3amad, mpeasiaraeéMblX CTYJIEHTaM JJis
pelIeHus Ha MPAaKTUYECKUX 3aHATUAX, TOJDKHBI ObITh MAKCUMAJIBLHO MPUOIMKEHBI K


http://rushim.ru/books/electrochemistry/electrochemistry.htm
http://www.ise-online.org/
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TeMaM NOCJIEAHUX JIEKIUHA MO JaHHOM JHCUMIUIMHE. B CBA3M C YyKa3aHHBIM,
1enecooOpa3eH TECHBI KOHTAaKT JIEKTOpa C MPENoJaBaTesisiMU, BEIyIIUMHU
nabopaTOpPHBIE 3aHATHS.

N3ydenne paucuuIuiiHbl 3aBepiaeTcs 3adeToM. OIlEHKa BBICTABIISIETCS
npernojaBareyieM M OObBsABIsETCS moclie oTBera. [IpemonaBarens, MPUHUMAIOIIHMA
3a4eT, IMYHO HECET OTBETCTBEHHOCTH 3a MPABUILHOCTD BHICTABICHUS OLICHKH.

[IporpamMmma cocrtaBiieHa B COOTBETCTBUU C DenepalibHbIM TOCYIAPCTBEHHBIM
00pa3oBaTeNbHBIM CTAaHIAPTOM BBICIIIETO 00pa3oBaHUs 10 crienraabHOCTH 23.04.02
«HazemHbIe TPaHCIIOPTHO-TEXHOJIOTHUECKUE CPENICTBAY.

6.2 Meroanueckue yKa3aHus AJIs1 00YYAKIIHXCS M0 OCBOEHH IO U CHUTLTHHBI

CamocTosiTenbHas padoTa CTYJEHTOB MPEACTaBIseT cO00M BakHEHIIEe 3BEHO
y4eOHOro mpolecca, 0€3 MpaBWIbHOW OpraHu3allid KOTOPOTO OOYy4Yaroluics He
MOJKET OBITh BHICOKOKBATH(HUIIMPOBAHHBIM BBITYCKHUKOM. CaMocTosTebHAs paboTa
ABIIIETCS OJHUM W3 BUIOB yueOHBIX 3aHsTuid. Llenb camocTosTtensHONW paboThl —
IPAaKTHYECKOE YCBOEHUE CTYIEHTaMU BOIIPOCOB YCTPOWCTBA TPAHCIIOPTHBIX CPEICTB,
paccMaTpuBaeMbIX B IPOLECCE M3Y4YEHMs AUCUUIUIMHBL CamocTosiTenpHas padbora
CTYJCHTOB HAallpaBjeHa Ha HM3yYE€HUE TEOPETUYECKOro MaTepuasa, MOATOTOBKY K
JEKUMOHHBIM,  JaOOpaTOpHBIM, CEMUHApPCKUM  (IPAaKTUYECKUM)  3aHATHIM;
BBITIOJTHEHHE KOHTPOJIBHBIX 3a/1aHUH.

AynutopHasi camocTOsiITeNllbHas paboTa MO OWUCHMUIUIMHE BBHITIOMHSIETCS Ha
y4eOHBIX 3aHATUSAX IOl HETIOCPEICTBEHHBIM PYKOBOJCTBOM MPEIOAaBATENS U IO €T
3ajaHuio. BHeaynuTopHas camocTosiTelibHas paboTa BBIMOJHAETCS CTYIEHTOM IO
3aJJaHUIO MIPEroAaBaTes, Ho 6€3 ero HemoCPEACTBEHHOTO y4acTusl.

3aayaMu CaMOCTOSITENIbHOM pabOThI CTYJICHTA SBJISFOTCSL:

— Ppa3BUTHUE HABBIKOB CAMOCTOSTENIBHON yueOHOU paboThI;

— OCBOCHHE COJIEP>KaHUS TUCIUILTHHBL;

— yrayOieHue coJep:KaHusi U OCO3HAHNWE OCHOBHBIX MOHATHH AUCUUIUINHBL;

— WCIIONIb30BaHHWE  Marepuaia, COOpPaHHOTO W  TMOJYYeHHOTO B XOJIe
CaMOCTOSITENIBHBIX ~ 3aHsATHMH 111 3(P(GEeKTUBHOM  MOATOTOBKH K
nudpepeHInpOBaHHOMY 3a4€Ty U/UIIH SK3aMEHY.

CTyneHT I0JIKEeH MOMHUTb, YTO HAUMHATh CAMOCTOSITEIIbHBIC 3aHATUS CIIEIYET
C MEPBOr0 CeMecTpa M MPOBOAUTH MX peryssapHo. KaXnablil CTyIeHT AOKEH caM
TUTAHUPOBATh CBOIO CAMOCTOSITENFHYIO pabOTy, MCXOMAsl U3 CBOMX BO3MOXKHOCTEH U
OPUOPUTETOB. DTO CTUMYJIMPYET BHIMIOJIHEHHE PadOThI, co3/1aeT 00Jiee CIOKOWHYIO
00CTaHOBKY, YTO B UTOT€ MOJOKHUTEIHHO CKa3bIBACTCS HA YCBOCHUHU MaTepHaa.

CryneHT NoHKeH MIOMHUTD, 4TO B MIPOLEcce O0YUEHHSI BaXKHEHIITYIO POJIb UTPAET
caMoCTosTeNIbHasg paboTa ¢ TexHUuyeckou muteparypoil. Hayuuthcs pabortath ¢
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TEXHUYECKOM TUTEepaTypoi — BaxkHeilas 3a1aya cTyaeHTa. be3 atoro HaBbika Oyzer
Ype3BBIYAITHO TPYAHO M3y4aTh MPOTPAMMHBIN MaTepuai, U MHOTO BpEMEHHU OyeT
IIOTPA4EeHO HEPALMOHAIBHO. PaboTa ¢ TEXHUYECKOM JINTEPATYPO CKIIAABIBACTCS U3
yMEHHs 10100paTh HEOOXOIUMBbIE KHUTH, pa300paThCsi B HUX, 3aKOHCIIEKTHUPOBATH,
BbIOpaTh I1ABHOE YCBOUTH U IPUMEHUTH HA IIPAKTHKE.

7. ®OH/I OLIEHOUYHBIX CPe/ICTB

7.1  MeToabl KOHTPOJIA U OLleHMBAHUS Pe3yJIbTATOB 00y4YeHUsI

B npouecce oO0yueHHs MCHOJB3YIOTCS CICAYIOIIUE OLIEHOYHBbIE (OPMBI
CaMOCTOSITENIbHOM pabOThl CTYAEHTOB, OLICHOYHBIE CPEJICTBA TEKYILIErO KOHTPOJIS
YCIIEBAEMOCTH U IPOMEKYTOUHBIX aTTECTAIU:

-IIOJrOTOBKA K JJAOOPATOPHBIM 3aHATUSIM U BBIIIOJIHEHUE U 3alUTA UX;

- BBIIIOJIHEHHE MTPOEKTA.

7.2 lkana u KpUTEPUHU OLIEHUBAHNS Pe3yIbTATOB 00y4eHUs

Ixanaa
Onucanue
OLICHUBAHUSA
BrimonHens! Bce BUbI yueOHOM paboThl, MPenyCMOTPEHHbIE YU4EOHBIM IIITAHOM.
CTygeHT JeMOHCTPUPYET COOTBETCTBME 3HAHUW, YMEHUW, HaBBIKOB
IPUBEIECHHBIM B TabMuIax moKa3aTelel, ONepupyer NpUOoOpeTeHHBIMU
3a‘lTCHO 3HaHUAMHU, YMCHI/ISIMI/I, HaBbIKaMH, HpI/IMCHﬂCT HUX B chyauHs{x HOBBIHICHHOI71

cnoxHocTu. [Ipu 3TOM MOTyT OBITH JOMNYIIEHbl HE3HAUUTENIbHbIE OIIMOKH,
HETOYHOCTH, 3aTPYAHEHUS PH aHAIUTHYECKUX OINEpalUsX, IEPEHOCE 3HAHUN
Y YMEHUH Ha IpyTue KOHCTPYKLHH.

He BbimosiHeH onuH miM Oosiee BUAOB y4eOHON paOOThI, MPEAYCMOTPEHHBIX
y4eOHbIM MmIaHoM. CTYZeHT JEMOHCTPUPYET HEMOJIHOE COOTBETCTBHE 3HAHUH,
YMEHUH, HABBIKOB TPUBEACHHBIM B TAOJMIAX TOKa3aTesied, JOMYCKAIOTCs
He 3aureno | 3HauuTenbHbIE OMIMOKH, MPOSBISETCS OTCYTCTBUE 3HAHUN, YMEHUH, HABBIKOB
IO psAy MOKa3areel, CTyIeHT UCIBITHIBAET 3HAYNTEIbHbIE 3aTPYIHEHHS IIPU
ONEPUPOBAHWM 3HAHUSAMH M YMEHHSIMH IIpM HMX IIEPEHOCE Ha Jpyrue
KOHCTPYKLHUU.

7.3  OueHoYHBbIE CPeCTBA

7.3.1. Texymuii KOHTPOJIb

Bormpoc DTanoHHBIN OTBET
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Ha KaKue JKCIUTyaTalMoHHble | KpaTkoBpeMeHHBIE TOKM paspsia OKa3blBalOT

XapaKTePUCTUKU TPAHCIIOPTHOI'O | BIMSIHME HAa JMHAMHUKY pa3roHa TPaHCIOPTHOIO

CpeacTBa OKa3bIBAeT BIIUSIHUE | CPE/ICTBA.

KpaTKOBPEMEHHBIE TOKM pa3psana, | JIuTenpHbI TOK 3apsiia OKa3blBaeT BIMSHUE Ha

JUTATEIbHbBIE TOKHU 3apsifa, | BpeMs BOCHOJHEHHUS 3JIEKTPUYECKON  SHEpruu

SHEProéMKOCTh u pecypc | mepesapsiKaeMol CUCTEMbl XpaHEHUS SHEPTUU

aKKymyssitopa? DHEproeMKoCTb nepesapsikaeMoi CUCTEMBI
XpaHeHHsT DJHEpPruu BIUSET Ha 3amac  Xoja
TPAHCIIOPTHOI'O CPEZCTBA HA IIOJIHOM 3aps/ie.
Pecypc akkymynaTropa oka3blBaeT BIMSHHE Ha
KOJIMYECTBO JIET 3KCIUIyaTallUM Iepe3apsiKacMon
CUCTEMbl XpAaHEHUS JJIEKTPUUYECKOW BSHEpruu a0
Jerpajanuy, 3amnpenjamomeid e€  JanbpHeilliee
UCTIOJIb30BaHUE.

Ha KaKue SKCIUTyaTalMoHHble | /lnanazoH pabodero HaOpsDKEHUS  OKa3bIBAET

XapaKTePUCTUKU TPAHCIIOPTHOT'O | BIMSIHHUE Ha paboty BBICOKOBOJIbTHOT'O

CpencTBa OKa3bIBaeT BIuUsiHUE | oOopynoBanus, cHmxenue KI1JI.

nuamna3oH pabodero HampspkeHus, | JnuTenpHble  TOKM — paspsjia  BIMAIOT — Ha

JUTATEbHbBIE TOKHU pa3psija, | mojaepKaHue TPaHCIOPTHBIM CPEACTBOM BBICOKUX

KpPaTKOBPEMEHHBIC TOKH 3apsga H
Irana3oH pabodeil TeMneparyphl?

CKOPOCTEU B TEUEHUHU JUIUTEIIbHOIO BPEMEHH.
KpaTkoBpemMeHHBIN TOK 3apsia OKa3bIBACT BIMSHUE
Ha 3(PEKTUBHOCTH PEKyTNepariu Mpxu TOPMOKEHUN
TPaHCIOPTHOI'O CPEACTBA.
TEeMIIepaTyp

[wnamna3on OKa3bIBACT

BIIMSIHUE HAa CKOPOCTh BBIXO/a HA pabOuyuil pexum

paboueit

IpU OTPHUILATENBHBIX TEMIIEpaTypax OKpYyKarolien
Cpelbl.

OCV u Metoas! onpenencaus OCV

Hampsokenune pasomkaytoit nemu (Open Circuit
Voltage OCV) — 3T0 pa3HOCTh JICKTPHYCCKUX
MEXIy  TOJIOKHTEIBHBIM  H

TOKOBBIBOJIOM EA 0e3

NIOTEHLINAJIOB
OTpULIATENIbHBIM
MTOAKJIIOUYEHHON HArpy3KH.

MeTtopl onpeeIeHus:

WNHKpEeMEeHTHBIN TECT — MOCIIEI0BATEIbHBIN pa3psia
akkymyisatopa ¢ maroM SOC 10% u menee c
nocneAyrolei penakcanueit 6onee 2 4acoB, 3aTeM
nocnenosarenbHblii 3apsaa ¢ marom SOC 10% u
MeHee C IMOCIICAYIONICH perakcariel 0onee 2 9acos;
Tect pazpsn
akkymyasatopa TokoM 0,05C um MeHee, 3arem

MaJIBIM  TOKOM  —  TOJIHBIA
MOJIHBIA  3apsan  akkymynsTopa Tokom 0,05C w

MCHCEC.
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Tect mo ompeaeneHu0 eMKOCTH — MOJIHBIA pa3psi
tokoM 0,3C u meHee, 3aTeM MOJIHBIN 3apsii TOKOM
0,3C u meHee.

HPPC Tect u MeToinka mpoBeieHusI.

HPPC tect - Hybrid Pulse Power Characterization

(xapakTepHucTHKa MOITHOCTH THOPHITHOTO
HUMITYJIbCA).
Lenb TecTa OIpeJieNieHuE: OMHYECKOTO

COINIPOTHUBIICHUS, CONPOTUBJICHUS M  EMKOCTHU
NOJISIPA3ALNN, EMKOCTH aKKyMYJISITOpa, U IPOBEpKa
KpPaTKOBPEMEHHBIX TOKOB 3apsiia/pa3psa.

1) IMomHbIA pa3psa aKKyMYJISITOpa;

2) IonHbIit 3apsi aKKyMyJISITOpa;

3) Penakcarus 60 muH;

4) Pa3psii KpaTKOBPEMEHHBIM TOKOM B TCUCHHUHU
JOITyCTUMOTO BPEMEHH;

5) Penakcarus 30 muH;

6) 3apsa KpaTKOBPEMEHHBIM TOKOM B TCUCHHUH
JOITYCTUMOTO BPEMEHU;

7) Penakcarus 30 muH;

8) Paspsin miurensHbIM TOKOM ¢ miarom 10% SOC
9) Penakcarus 60 muH;

10) IMoBTop maroB ¢ 4 mo 9 10 MONHOTO pa3psiia
aKKyMYJISITOpA.

R-monens.  YpaBHeHue — mageHHs
HaNpsHKEHU MMOJT Harpy3Kou.

CxeMa 3aMelleHHs, BKIIO4Yammas B  cels:
UCTOYHUK TOCTOSTHHOTO HampspkeHuss Uocv U
BHYTPEHHEE  CONPOTHUBJICHHE  sUeHku  RDCIR
COCIMHEHHOE TIOCJIeIOBATEIbHO, 3aMKHYThIE Ha
HarpysKy.

VYpaBHenne mnaneHus HanpsbkeHus Upyn  1mof
Harpy3KOMu:

UDyn = Upcv — IRpcir

rae Uocv — HampshkeHHWE pa3OMKHYTOM IIeNu B
3aBucuMocTti ot SOC u temneparypsl, B; I — Tok
paspsiga wnu 3apsnga, A; RpciR — BHYTPEHHEE
COMpoTHUBIIeHUE s4eliku 3aBucumoctu oT SOC u

TeMneparypsl, Om.

1RC-monenb. YpaBHEHUE MaJleHUS
HanpsHKEHU MMOJT Harpy3Kou.

Cxema 3ameleHus, BKJIOHaromas B  ceOs:
HUCTOYHUK  MOCTOSHHOro  HampsbkeHust  Uocv,
BHYTPEHHEE CONpOTHUBJIEHUE siueku Rpcir 1 RC-
LIENIY, COEIMHEHHBIE NTOCIIEA0BATENBHO, 3aMKHYThIE
Ha Harpysky.
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VYpaBHenune maneHus HanpsbkeHus Upyn 1ox
Harpy3Koi:
UDyn = Ugcy = IRpcir — U

rae Uocv — HampspKeHUE pa3sOMKHYTOW LENU B
3aBucumoctd oT SOC u temneparypsl, B; [ — Tok
paspsga wnM 3apana, A; RpciR — BHYTpEHHeEE
CONpoTHUBIICHHE siYeiiku 3aBucuMoctd oT SOC u
temneparyppl, OMm; €1 U R1i — €MKOCTb U
conpotusienrue RC-uenmu.

2RC-monenp. YpaBHEHHE MaJleHUS
HAIpPSOKEHHS 01 HAarpy3KOu.

CxeMa 3aMeEIICHMS, BKIIOUAlOMas B  ccOs:
UCTOYHHMK  HANPSOKCHHS Uocv, OMHYECKOE
conpotuBiienue Rpcir, R1 u C1 uisl onucaHus
KpPaTKOCPOUHBIX XapaKTEPUCTUK pellakcaiuu, R2 u
C2 uIsl OMHMCAHMS JOJTOCPOYHBIX XapaKTEPHUCTHK
TUCTEpE3UCca, COEAMHEHHBIC IOCJIEIOBATEIBHO,
3aMKHYThIE Ha HATPY3KY.

VYpaBHenue mnaaeHus HanpspkeHus Upyn 1o

Harpy3Koi:
Upyn = Ugcy —IRpcir — Uy — Uy,
I U1
T TRG
I U2
T TRG
rne Uocv — HampspkeHWE pPa3OMKHYTOW IenH B

3aBucuMoctu ot SOC u temneparypsl, B; I — Tok
paspsga wiM 3apsaa, A; RpciR — BHYTpEHHee
conpoTuBieHue sueiiku 3aBucuMoctu ot SOC u
temneparypsl, Om; €1 m R1i — eMKOCTb H
conpotusnenue RC-memnu.

Omnpenenenue OMHYECKOTO
CONPOTUBIIEHUS RpCIr

Omuueckoe compoTuBieHHe RpciR — 3TO cymma
JIEKTPUUECKUX COIMPOTHBIIEHUI TOKOCHEMHHUKOB,
aKTHUBHBIX MaTE€PHAJIOB JIEKTPOIOB, DIIEKTPOIHUTOB
U JPYTUX COCNWHEHH (HAIpuMep: CBapHBIX IIBOB,
KOHTAKTHBIX COTIPOTHUBIICHHI "
MPEOXPAHUTEITBHBIX JIIEMEHTOB).
Omnpenensiercss, Kak JUHEWHas COCTaBIISIOLIAs
NpOCaJKu HANpsHKEHHWs TOJ  Harpy3skoil 1o
bopmyme:
Upyn — Uocy

Rpcir = T
rne Uocv — HampsbkeHHE pa3oOMKHYTOM Ienu B
3apucumoctd ot SOC u Temnepatypsl, B; I — Tox
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paspsana ninu 3apana, A; Upyn — Hanpsbxkenune non
Harpyskoi, B.

VYpaBHeHue  TemyoBoro  6OamaHca
KOHTEHepa nepe3apsKaeMon
CUCTEMBbl XPaHEHUsS 3JIEKTPUUYECKOM

SHEepruu

TCIIJIOBOI'O COCTOAHUA

Jlost
AKKyMYJISITOPHOM
ypaBHEHHUE TEIUIOBOTo OajaHca:

Npat = N gmp + Nyear + Nrus,

MOIIHOCTB

OIIPpECACIICHUA

Oatapeu UCIIOJIB3YETCS

rne Nar — BO3JCHCTBUS  Ha
TEIJIOEMKOCTh aKKyMYJISITOpHOU cOopkH, BT; Namb
— BO3JECUCTBUE OKpy)arowen cpenpl, BT; NHear —
TEIIOBass MOIHOCTh TEHEpHpyeMas 3apsijoM WU
paspsaoM HakonuTens OdHepruu, Br; Nrms —
TEIUIOBAsI MOIITHOCTb

yepes

pa6OTBI CHUCTCMBbI

TCPMOCTAaTUPOBAHUA TCIUIOOTBOAAIIYHO

IJ1aCTUHY, BT.

10.

VYpaBHeHue OIpeIeICHUS
TEIJIONPOU3BOAUTEIIEHOCTH
aKKyMYyJIsITOpa

TCHJIOHpOI/I?,BOI[I/ITeJII)HOCTI) NHeat CAUMHUYHOI'O

AKKYMYJIATOPA IIPHU 3apsaac WIIN pa3psAaac:

N =prR  — (T,
Heat DCIR dT

r7e TmepBas 4acTb ypaBHEHHs [2Rpcir  sIBISETCS
HeoOpaTUMONW  MOIIMHOCTBIO  TEIUIOBBLACICHUS
(opdexr [xoymst), a BTOpas 4YacTh ypaBHEHUSA

1(T ey
dT

Ha3bIBA€MO€

obpartumoe TEIUTOBBIICIICHUE,

3HTpOHI/II\/JIHBIM HU3MCHCHUEM,

CBSI3aHHBIM C DJIEKTPOXUMHUYECKON peakInuen.

11.

OHTponuiiHbI K03 dUIMEHT U

MCTO OIIPEACIICHUSA

N3menenue
OTHOILIIEHUE MEXy HAIPsSHKEHUEM PAa3OMKHYTOU

OHTPOIINU BBIPAXKACTCA, KakK

nerm  Uocv u  Temmeparypod dJeMEHTa, u

OIIPENIEIACTCS c IPUMEHEHHEM
MOTEHIIMOMETPUYECKOTO 100%
3apshxeHHbI EA momeniaeTcsi B TepMokamepy npu
15 °C. TIlocne

AOCTHIKCHUSA TCIUIOBOI'O PABHOBCCHUSA, U3MCPACTCA

METOoJa:

ABYXYAaCOBOI'O  OTAbIXaA, MOJId

HanpspkeHne Uocv. YToObl MOJYyYUTH OTHOILIEHHUE
dUgcy
dr
MPOBOJAT TpU pa3iMuHBIX TeMmmeparypax. Bech

, TOT K€ caMbIi mponecc MmocCjaca0BaTCIbHO

OTIMCAHHBIH BHIIIE TECT MOBTOPSIICS C UHTEPBaIaMu
10% SOC mo Tex mop, moka 3apsia OaTaped He
ymanet 1o 0% SOC

12.

OaaHca
TIBUKEHUS

YpaBHEHHE  TATOBOIO
MIPSIMOJIMHENHOTO
TPAHCIIOPTHOT'O CPEACTBA

JIB>xeHue cpelcTBa
XapaKkTepu3yeTcs ypaBHEHHEM TATOBOTO OanaHca:
Fr=Fy +Fa+ Fq,

Fr - okpyxHas cujia Ha BeAyIIUX Koljiecax (cuia

TPAHCIOPTHOTO

TATH); Fy - cuia compoTHBICHUS TOPOrH (Cymma
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CUJIBl  CONPOTUBJICHUS  KAUEHHI0 U CHJIbI
CONPOTUBIICHUSI  moawbeMmy);  Fa - cuila
COIIPOTHUBIIEHUS BO31lyXY; Fd - cCHila cCOnpOTUBIEHUS
pasroHy  BpallalOIUXCSl U IOCTYNATENIBHO
JBUKYIIUXCSA Macc.

13.

@akTopsl,  BO3ACHCTBYIOIIME  HA
TEIIOBOM OanaHc caJIoHa
TPAHCIIOPTHOT'O CPEACTBA

TemnepaTypa Bo31yXa B CaJIOHE TPAaHCIOPTHOIO
CpeACTBa 3aBHCUT OT MHOTHX (DAKTOPOB, TAKMX KaK:
- IPSIMOE U PaCCESTHHOE COJIHEYHOE U3IIyUEHHUE;

- BBIAEIIIEMOE TEIUIO IaCCa)KUpPaMHU B CAJIOHE;

- paboTa KIMMaTHYECKOW CHCTEMBI;

- BEHTWJIALMS CalloHa BO3JyXOM U3 OKPY)KarolleH
cpenpl;

- CMEIIMBaHKUE CAJIOHHOTO BO3/lyXa C YJIUYHbBIM IIPU
OTKPBITUH JIBEPEH;

- Temomepenaya 4yepe3 Ky30B U CTeKia
TPaHCIIOPTHOT'O CPE/CTBA.

14.

YPaBHeHI/Ie TCINIOBOI'O  COCTOAHUA
CajJiIoOHa TPAHCIIOPTHOI'O CpCaACTBA

CyMMa MOIIHOCTM  BO3ACHCTBUSA  PAa3IMYHBIX
(bakTOpoB paBHAa MOIIHOCTU TEIJIOBOW HAarpy3Ku
BO3/yXa B casioHe NTot:
N7ot = Nsor + Nyer + N gmp +NVen+N0pd+
N Clims

rine Nsoi — MOIIHOCTH BO3JEUCTBHUS COJIHEYHBIX
nyueid, BT; NMet — cyMMapHBIN METa00IU3M JItOIeH
HaxoJsIuxcs B caloHe, BT; Namb — MOIIHOCTH
TEIJIOBBIX MOTEPh B OKPYXAIOLLYIO cpeny, BT; Nven
— MOIIHOCTh TEIUIOBBIX TIOTEPh CBS3AHHBIX C
BeHTHIIsIei, BT; Nopda — MOITHOCTH BO3/ICHCTBHS
TEMIIEpaTypbl OKPYKAIOIIEH Cpesibl TP OTKPBITUH
nsepu, BT; Nciim — MOIIHOCTh OT KJIMMAaTHYECKOU
YCTaHOBKH, BT.

15.

ypaBHeHI/IC ONpCACIICHU TCIJIOBOTO
BO3ACHUCTBHUS OT ImacCaxupoB

Mera6omuueckyro  Harpy3ky  NMer  MOKHO
paccumTaTh 10 (POpPMyIIE:

Npet = 20 1\/IADukopS;

Pass
rie M — ckopocTs oOMeHa BemiecTs, Br/m?; Apu —

TUTOIIA/b TTIOBEPXHOCTH YEJIOBEKA, PACCUMTHIBACTCS
no dopmyne drobya, M?, kops — Kod(UIHEHT
OTKPBITOM MOBEPXHOCTH UYEJIOBEKA, B 3aBUCUMOCTH
OT BPEMEHH rojia

ITmomane MTOBEPXHOCTH YyeJI0BeKa Apu,
ompeensercs cleayomen GopMyIoi:
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rae W — macca yenoBeka, Kr; H — pocT uenoBeka, M.

16.

YpaBHeHHE OnpeAEeHUs MOIHOCTH
BO3JECHUCTBUS OKPYKAIOIIECH Cpebl

BospeiictBue  okpykarouiei 9TO

KOJMYCCTBO TCILIA, MEPCAABACMOC BO3AYXY CaJlOHA

cpeapl  —

M3-3a Pa3HUIIBI TEMIEPATyp MEXAY OKpYKarouiei
BO3IyXOM YpaBHeHue
MOIITHOCTH BO3CUCTBUS

cpenoi  wu cajioHa.
OTIpe/ICIICHUS

OKPYKaroIEeH Cpeibl:
Namb = ¥ SU(Tamb-Tsa1),

Surf

rac S— [omanab MOBEPXHOCTHU TCILIONICPCaAAYH, MZ;

U — oOuuii k03 GuIMeHT Teruionepeaaun depe3
Br/(M*-K);
TeMIieparypa okpyxkatorien cpeabl, K.

MHOT'OCJIOHHYIO0 ~ CTEHKY, Tamp —

17.

CTpyKkTypa METOAMKH HCCIIEI0BaHMS
XapaKTEPUCTUK nepe3apsKacMon
CUCTCMbI XPAHCHUA SHCKTqueCKOfI
SHEPrud B COCTaBE TPAHCIIOPTHOTO

cpencTaa

1. Ompenenenusi XapakTepUCTHK TPAHCHOPTHOTO
cpelncTBa M TpPeOOBaHUS K IKCIUTyaTallHOHHBIM
CBOICTBaM;

2. Pacu€rHOC MOICIMpOBAHWE IS ONPEIAUICHUS
TpeOOBaHUI K mepe3apsikaeMoi CHCTEMbI XpaHEHUS
AIIEKTPHYECKON YHEPTHUH;
3. CpaBHHUTETBHBIN

aHaJInu3 I10 OCHOBHBIM

XapaKTepUCTUKAM  Iepe3apsKacMoil  CHUCTEMBI
XPpaHEeHHUs HIIEKTPUUYECKON SHEPTUH;
4. BupryanbHble

HCIIBITAHUSA  TPaHCIOPTHOTO

CPEJICTBA, nepesapsKaeMou
CHUCTEMOM XPaHEHHUsI DJIEKTPUUECKON YHEPTUH;

5. MHorokpurepuaibHas OLIEHKa XapaKTepUCTUK
CPEICTBa, OCHAILIEHHOTO

CUCTEMOU XpaHEeHUs

OCHAILIEHHOTO

TPAHCIIOPTHOI'O
nepe3apsKaeMou
AIEKTPUYECKON SHEPTUH.

18.

[lepeyeHb OCHOBHBIX NAPaMETPOB,
BXOOAIIIUX B Tpe6OBaHI/I${ K
repe3apsKaeMonl CUCTEMBI XpaHEHUS

BHCKTqueCKOﬁ OHEPIUun

1. /lnana3zoH pa®ouux HanpsoKeHUR

2. HomuHanbHast JOCTYIHAs SHEPTUst

3. KpaTtkoBpeMeHHast MUKOBasi MOLITHOCTh pa3psia
4. KpaTkoBpeMeHHas IMKOBasi MOIITHOCTH 3apsia
5. JlnutenbHas MOIIHOCTD pa3psaa

6. JlmuTenbHass MOIITHOCTH 3apsijia

7. IlponryckHas crioco6HocTh TAB

8. Cyxas macca, He Oostee

9. lnana3oH TeMmneparyp

19.

BupryanbHoe wucnbITaHMe —aHAIN3

TUHAMHIYECKUX oKa3aTeJieH.
Ommcanne. Vcxomnple TaHHBIE I

pacucra. PCSyJ’ILTaTBI

Onucanue.

Kpurepnii OTpaXkaer BO3/ICIICTBUE

KpPaTKOBPEMCHHBIX TOKOBBIX  OI paHI/I‘-ICHI/Iﬁ Ha
Pa3roHHYIO TUHAMUKY Ha POBHOM YYaCTKC JOPOTH U
TATOBYIO IUHAMUKY IIPpU JIBUKCHHUU B HpOI[O.IILHBIfI

ykJioH TC.
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HcxoaHble JaHHBIE [ pacueTa:

- Pacuets npoBomsTes nist SOC 50 %, 35 % u 20 %
(1nama3oH mpUBEIECH ISl TPOBEPKHU JUHAMUYECKUX
nokazatesier TC mnpu  CHIDKEHMH  TOKOBBIX
orpaanuenuit mpu SOC menee 50 %);

- [Tonnas 3arpyska TC;

- [IponoapHBII YKIIOH JOPOTH;

- MakcuMasbHble COOCTBEHHBIE HYXK/IBI.
Pe3ynbrars!.

Bpemss pasroHa 10 Ha3Ha4eHHOW CKOPOCTH
ompenensiercss U3 pe3yibraroB ckopoctu TC B
3aBHCHUMOCTH OT BpeMEeHHU. BO3MOKHOCTbH JIBHIKEHUS
B TpeOyeMbIil YKIOH M CKOPOCTh JBUKCHUS
OTIPEENAIOT TAKXKe M3 3aBUCUMOCTU CKOPOCTH OT

BpPEMEHU.

20. | BupryampHOe ucnsiTanue | Onucanue.
MaKCHMAJIbHOU ckopoctu | Kpurepuil  oTpakaer  BIMSHUE  JUIMTEIBHBIX
TPaHCIOPTHOrO cpencTBa. OnucaHue. | TOKOBBIX ~ OrpaHMYEHUH  HA  JIBUJKEHUE  C
HcxonHble nmaHHBIE Ui pacyeTa. | MAKCUMaJIbHOM  CKOPOCTBIO  IPOJOJKUTEIBHOE
Pesynbrars! BpeMs.
Hcxonuble jaHHbIe JUIs pacyera:
- Pacuersr mpoBomstcs mist SOC 50% wu nms
MUHHMAJILHO JOITYCTUMBIX SOC pu
JKCIUTyaTaluy;
- [lonnas 3arpyska TC;
- MakcumasnbHble COOCTBEHHBIE HYK/IbI.
Pesynbratsl.
Orpannuenue MaKCUMaJIbHOU CKOPOCTH
OLIEHUBAETCA HUCXOAS M3 Tpaduka CKOPOCTH OT
BPEMEHH.
21. | BupryanbHoe ucneiranue | Onucanue.
pEKyHEPATUBHBIX MourHocTen | [laHHbIi KpUTEpUI OTpaXXaer CBOMCTBO
3apsja. Ornucanue. Ucxonnsie | apdexTuBHOrO WCIIOJIb30BaHUS SHEPIUun

AaHHBIC JIA pacyeTa. PGSYJ'II)TaTI)I

TOPMOJKEHHS, 3a CUET peKyneparuu TokoB B TAD.
VYuuThIBatOTCS 2 pacCUETHBIX CIIydasi:

a) TopMmoxeHHMe ¢ MaKCHUMaJbHOH CKOPOCTBIO WU
pean3anyel MOJHOrO0 PEKYNEpaTHBHOIO MOMEHTA
AIIEKTPOABUraTEINEM, 6e3 IIPUMEHEHMSI
BCIIOMOTaTeNIbHOM CHCTEMbI TOPMOXKEHHUS;

0) JnuTtenbHoe TNOJAEpKAHME CKOPOCTH TNpHU
JBUKEHUM B CIIYCK C PAa3JIMYHBIM  YKIOHOM
ONpEeAECICHHON MPOTIKEHHOCTH.

Hcxonuble ganHble U181 pacyera:
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- Pacuersl mpoBomsarcs mns SOC 50% wu s

MAaKCUMAaJbHO JOITYCTUMBIX SOC pu
AKCIUTyaTaluy;

- [Tonnas 3arpyska TC;

- MuHuMasbHbIE COOCTBEHHBIC HYX/IBI.
Pe3ynbrars!.

BenuunHa ~— KpaTKOBpeMEHHOM  MaKCHMAaJIbHOM

MOIITHOCTH PEKYyNepaluy onpeaensercs u3 rpaduxa
MomiHoctu 3apsina TAB, B 3aBucHUMOCTH  OT
BpeMeHU. IIpu 3TOM TakXke OLEHUBAECTCS IIYTh
TOPMOKEHHS.
BenmvuuHa ~— anuTenpHOM  MOIIHOCTH — 3apsia
olrieHnBaeTcs u3 rpaduka mourHoctu 3apsiaa TADB, B

3aBHUCUMOCTHU OT BpCMCHHU.

22. | BupryanbHoe wucnbiTanue BpeMmeHu | OnmcaHue.
3apsna. Onucanue. Hcxonuwie | Bpems 3apsna TADB onpenenser, HacKOJIbKO
JaHHbIE 1JIs pacyeTa. Pe3ynbrarsl obictpo  OTC MOXET MOIOJHUTh JHEPIUI0 OT
3apsAHOM CTaHLIMH.
Hcxonnele nanHble 1718 pacyera:
- MOIIHOCTB U TOK 3apsAHON CTaHIUHU;
- Hampsxenue 3apsiHON cTaHINN;
- MakcumanbHoe Hanpskenue 3apsga TAD;
- Orpanunuenus TokoB 3apsajaa TAD.
Pesynbratsl.
Bpems 3apsina onenuBaercst ucxols U3 rpaduka
3HayeHuit SOC B 3aBUCHMOCTH OT BPEMEHH.
23. | BupryanpHOoe wucnblTanue aHeBHOU | Ommcanue.
JKCILTyaTaluu TpaHCHOPTHOrO | JlaHHBIN BH/]T BUPTYaJIbHOTO UCIBITaHUS
CpeacTBa IpH Pa3UUHBIX | OINpeneNnseT MpoOer TPaHCIOPTHOIO CPEACTBAa B
TeMIieparypax. Onucanue. | 3aBUCUMOCTH  OT TEMIIEPATYpbl  OKpY’Karolen

Hcxonnele naHHBIE A pacyera.
Pesynbrarsl

Cpelpl, pacxoja DHEPIUH, a TaKKe OICHKa
CHW)KEHHSI MOILHOCTH ITPH IBUYKEHUH 110 LIUKITY.
HcxonHele naHHble 1715 pacyeTa:

- Pacuetsl npoBoasTCs npu temneparypax ot -40°C
1o +40°C, ¢ marom 10°C;

- C HavanbHoi1 Temnieparypoit TAB +20°C;

- CpenHrie 3Ha4€HHS] COOCTBEHHBIX HYX]I.

- 3a1aHHbIe 3HaUEHUS KOJI-Ba PEliCcOB;

- Cpennue 3HayeHUsT COOCTBEHHBIX HYXKI Ha
KaXJOM pelice;

- IIpoTssKEeHHOCTB KaXI0ro peiica;

- Koappuuument 3arpysku TC Ha kaxaoMm peiice;

- Bpewmsi 3apsiaa nociie kaxaoro peica;

- MoIIHOCTh COOCTBEHHBIX HYXK IPU 3apsie.

Pesynbratsl.
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[Ipober, ynenpHBIA pacxoa SHEPrUM U OIICHKA
MOIIHOCTH IIPU JBM>KCHHUHU I10 LUKy OLIEHUBACTCS
10 Pe3yJbTaTaM PacyeToB.

24.

BupryansHoe HCIIBITAaHUE

ornpeaeNeHus BpEMEHU
BBIXOJIQXKUBAHUS  Iepe3apsuKacMoun
CUCTEMBl XPaHEHUsS 3JIEKTPUUYECKOU
Ucxonurnie

sHepruu.  OmnucaHue.

JaHHBIC IJIA pacyeTa. Pe3y.]'IbTaTBI

Ormmcanmue.

Jannbii KpUTEpUI OTpaXkaeT

BbIxosaxxuBanust TAbB mpu HU3KKUX TeMIiepaTypax.

BpEMs

Hcxonnble qanHble 15 pacyera:

- Hauanbnas remneparypa TAD;

- TemmnepaTypa OKpyX arolieil Cpeibl;

- MOIIHOCTh TEII0BOTO HArpeBa;

- TemmnepaTypa OTKIIIOUEHUS TOAOIPEBA.
Pesynbratsl.

Ornpenenenue BBIXOJIQXKUBAHUS 110
rpaduxy TAB.
OCTAHABJIMBAETCS MPU JOCTUKEHUU TEMIIEPATypbl
TADB paBHOIl TemmepaType OKpYKaroIlel cpeabl
WJIM 10 TeMIiepaTyp, npu kotopbix TAD He 3amkHeT

BPEMEHHU

TEeMIEPaTyphl Pacuer

KOHTAKTOPGI.

25.

BupryansHoe HCIIBITAaHUE
OIIpeeICHUS

nepe3apﬂ>KaeM0171 CUCTCMbI XpaHCHHA

BPEMEHH MpOrpeBa
3NEeKTpUUeCcKoil 3Hepruu. OnucaHue.
Ucxonnble paHHBIE AN pacuera.
Pesynbrarsr

Onwucanue.

Jlanublit KpuTepuil oTpaxkaeT BpeMs nporpesa TAb
710 TeMIEpaTyp, AOMycKaromux skcryaranuio TC,
0e3 orpaHuuYeHUs] TArOBOM IMHAMUKUA U PaObOTHI
arperaToB COOCTBEHHBIX HYXI.

Hcxonuble JaHHbIE JUIs pacyera:

- Hauanbnas remneparypa TAb

- Temneparypa OKpy>Karolen cpesl

- MOIIHOCTB TEMI0BOrO HarpeBa

- TemmepaTypa OTKIIFOUYEHHSI TOI0TPEBa
Pesynbratsl.

OmnpeneneHue BpeMeHM IporpeBa Oaraped 110
rpadpuxy Ttemnepatypsl TAB. Bpems mnporpesa
O6arapen [OJDKHO CUUTATbCA IIOKa JOMyCTHUMast
pa3psHas MOLIHOCTb HE JOCTHTHET TpeOyeMoro
3HAYECHUS.

26.

[IponyckHas CHOCOOHOCTh
nepe3apspkaeMoi CUCTEMBI XpaHEHUS

BHCKTqueCKOﬁ OHEPIUun

[TponyckHast cnoCOOHOCTH Enpon ONpeneseTcs Kak:

Enpon = LCp.AH yA.Ipon JH
rae Lnpos — cpemuuii aHeBHOUM mpober DTC, xwm;

S n . nj]e']‘!

Syn.npon - YACIbHAA OHEPIHUA HpOHYCKHOﬁ

cnocoonoctu TADB; nNan — KOIMYECTBO HHEH
DKCIUTYyaTallii B TONY;, MNaer — KOJHYECTBO JIET

sKcIuTyaTauu 10 3amensl TAB.

27.

VnenpHas  SHeprus  IMPOITYCKHOM

CIIOCOOHOCTH nepesapspKaeMon

Y aenwHas sHEprus MPomyckHo# ciocoonoct TAB
— 9TO JHeprusi paspsga 0e3 ydera 3apsjaa Mpu

pekynepauuu.  PaccuuTbiBaeTcs € IIOMOILIBIO
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CUCTEMBl XPAaHEHHUs AIIEKTPUUYECKOU
SHEpIrun

MMUTALMOHHOM MOJENH, IyTEM HHTEIPUPOBAHUS
TOJIBKO Pa3psiiHON 3HEPIrun Epasp:

Syp,.npon =
) Epaspdt

L )

r1e Lnpos — cpequuit nHeBHOM npoder DTC, kM.

po6

[Ipy  OTCYTCTBMHM  BO3MOXXHOCTH  OIPEICITUTH
YAETBHYIO MPOIMYCKHYIO CIOCOOHOCTH C IIOMOIIBIO
MMUTAIIMOHHON MOJICNIH, JTAaHHYIO XapaKTEPUCTUKY
MOYXHO pacCUYuTaTh, KakK:

sya.npon = yy;[.pacx ' kpe}cyr['
rae Kpexyn — KOO(PQHUIIMEHT yBEIHUCHHUS pacxoja
sHepruu 6e3 yueta pexkynepauu, st TC kpexyn =
1,2..1,3; Yyapacx — YHENbHBIM pacxoj 3SHEPruu
OTC, kBt u/km.




