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3MICT JIeKL

Tema 1. PerpocnekTHBa PO3BHTKY €JI€eKTPHYHOI0 ABTOMOOIIBHOI0 TPAHCHOPTY
Jexuisi 1,2 (4 roa.)

1. OcoOnuBOCTI PO3BUTKY CICKTPHYHOI'O AaBTOMOOLTBHOT'O TPAHCIOPTY

2. OcHOBHI eTamy PO3BUTKY CICKTPOMODLITIB

3. AHani3 JaHHUX PETPOCICKTUBU PO3BUTKY €ICKTPOMOOLITIB

Jexuist 3 (2 roa.)
1. TlepeBaru Ta HEAOMIKA BUKOPHUCTAHHS CIICKTPUYHOT'O ABTOMOOLIBHOIO TPAHCTIOPTY
2. QcraHHI TpH €TAIK PO3BUTKY CICKTPOMOOLITIB
3. Amani3 CBITOBUX TCHACHIIH B LIAPHHI SICKTPOMODLITIB

Tema 2 Knacudikauis esiekTpoMo0ijiiB Ta riopuais.
Jexuist Ne 4 (2 ron)

1. Knacudikarisg enektpomMoOiiiB Ta riOpuais

2. BoaneBuii aBTOMOOUTBHUN TPAHCTIOPT

Jexuist Ne 5 (2 ron)
1. BuzHaucHHS aBTOOYCHOT'O TPAHCHOPTY
2. Knacudikanis aBToOYCHOTO TPAHCIOPTY

Jlexuist Ne 6 (2 ron)
1. Enextpobycu Ta ribpuaHi aBTo0yCH
2. Enextpo0yc Ha MATUBHUX CIEMEHTAX
3. Enextpolyc 3 CyNepKOHACHCATOPHUM HAKOMMMYIYBAYCM SHEPTril

Tema 3 ExoHoMiuHHI Ta eKOJIOTIYHHIT BIUIUB eleKTpUH4HUuX AT3
Jexuist Ne 7 (2 ron)
1. Bruus aBTOMOOITBHOrO TPAHCHOPTY HA HABKOIHUIIHE CEPEIOBHIIC
2. Bukuau eneKTpUYHOTO aBTOMOOLILI
3. EdexTHBHICTh Ta EKOHOMIYHI TOKA3HUKHU CICKTPOMOOLIS
4. Vrtunizamig akyMyISTOpHUX Oatapeit

Jexuist Ne 8 (2 ron)
1. EnextpomoOini — MalOyTHE, sIKE BIKE HACTAIIO
2. Enextpomo0ini Ta eHeprosdepirardi TeXHOIOTi

Jexuist Ne 9 (2 ron)
1. Emnepros6epirarodi TEXHOIOTI HA TPAHCTIOPTI
2. TudpactpykrypHi CHEProeheKTUBHI TEXHOJIOTT sl TPAHCTIOPTY
3. EnektpoTtexHOnorii Ha aBTOMOOITBHOT'O TPAHCTIOPTY
4. TlopiBHSHHS Pi3HUX THIIIB aBTOOYCIB
5. Mogaens enekrpoOyca Ha YIbTPAKOHASCHCATOPAX

Tema 4 Tarosuii eneKTpoABUIYH As ejeKTpuuHux AT3
Jexuist Ne 10 (2 roa)

1. EmextpoasuryH-reHEpaTOp

2. AcCHHXPOHHI JBUTYHH B €IEKTPOMOOLTI

3. CuHXpOHHI ABUT'YHH B €ICKTPOMOOLTI

4. MoTOp-KOJIECO B €ICKTPOMODLIT

Jexuist Ne 11 (2 roa.)
1. AcHHXpPOHHI ABHT'YHH 13 30BHIIIHIM POTOPOM
2. JliHiiHI aCHHXPOHHI ABUT'YHH

Jexuist Ne 12 (2roa.)
1. Motop-koneco.



2. MarounHui aCHHXPOHHUH TSATOBHHA JBUTYH 13 30BHILIHIM POTOPOM ISl MPHUBOAY MOTOP-KOJIECA.
3. CHHXPOHHHI TATOBUH ABUTYH 31 30Y>KCHHSM Bl MOCTIMHUX MATHITIB.
4. be3KkOHTaKTHUH JBUTYH NOCTIHHOTO CTPYMY.

Tema S BucokoBojibTHA TSAroBa 0aTapesi AJisl €JIEKTPUYHOI0 ABTOTPAHCIOPTY Ta CHCTEM
HAKONHYEeHHs eJIeKTPoeHeprii
Jexuist Ne 13 (2 roa.)
1. BuCOKOBOIBTHA TATOBa aKYMYJISITOPHA Oatapest
OcuosHi napamerpu s Tsrosoi AKb
Tunu akyMysITOpHUX Gatapei
TBepaoTEabHBIC AKKYMYIATOPHBIC OaTapen
CynepkoHaeHcaTOpH

bl ol

Jexuist Ne 14 (2 roa.)
1. BuznauenHs Ta kmacudikamis XIMIYHUX JKEPET CTPYMY
2. Tlapamerpu Xac, peXXUMH 3apAay XIAC
3. BHUKOpHCTaHHS KHCIOTHUX Ta TY>KHUX aKYMYJIATOPHHUX OaTaped Ha TPaHCHOPTI

Jexuist Ne 15 (2 roa.)
1. HaxonmuyBay eHeprii Ans aBTOMOOIIBHOTO TPAHCIIOPTY HA 10HICTOPAx
2. Po3paxyHOK CHEPreTUYHHX MMOKA3ZHHUKIB MICHKOTO TPAHCIOPTY 3 OIOKOM HAKOMHMYCHHS CHEPrii Ha
10HICTOpax

Tema 6. lleperBoproBadi CTPyMy AJIsl €JIEKTPUYHOI0 ABTOTPAHCIOPTY TA CHCTEM HAKOMHYEHHSI
eJIeKTpoeHeprii
Jexuist Ne 16 (2 roa.)

1. TleperBoproBadi CTPyMY AJIS CACKTPUYHOTO ABTOTPAHCIIOPTY

2. Ismeeprop DC-DC amst eneKTprHIHOro aBTOTPaHCIOPTY

3. Imeeprop DC -AC mns eneKTpuvHOro aBTOTPAHCHIOPTY

4. Bunpsmnsaa AC- DC

Jexuist Ne 17 (2 roa.)
1. OcHoBHU mEpeTBOPEHHSI 3MIHHOT'O CTPYMY B HOCTIHHHI, OCHOBHI PO3-PaXyHKOBI CHIBBIJHOIICHHS
2. JHioxHi nmepeTBoproBadi 0qHO(GA3HOTO 3MIHHOI'O CTPYMY, €ICKTPOMATr-HITHI MPOLECH, IO B HUX
BIIOYBAKOTHCS
HioxHi neperBoproBadi Tpuda3HOro 3MiHHOTO CTPYMY
TupucTopHi nepeTBoproBayl 3MIHHOTO CTPYMY B MOCTIHHHN
[Ipuaupny perynroBaHHs A1 0qHO(A3HHUX 1 TPU(PA3HUX THPHUCTOPHUX BHUITPSMIISIIIB
3raamkyrodi GUIbTPU: aKTHBHI 1 TACHBHI

A

Jexuist Ne 18 (2 roa.)
1. OcHoBH nEepeTBOPEHHS MOCTIHHOTO CTPYMY y 3MIHHUH. Ki1acu(i-Kawis HamiBIPOBIIHHUKOBHX
IHBEpPTOPiB
CTpyKTYpHI CXEMH HaNBIPOBIJHUKOBHX 1HBEPTOPIB
TpaH3uCTOpPHI aBTOHOMHI 1HBEPTOPHU
TpaH3ucTOpHI BeACHI iIHBEPTOPH
Meroau nepeTBOPEHHS MPSIMOKYTHOI HANPYTH B CHHYCOIAHY. PE30HAHCHI BLTbTpU

bl

Tema 7. CoHsuHi 3apsiiHi eJIeKTPOCTaHLIT AJs IHPPACTPYKTYPH aBTOMOOLIHLHOIO
€JIEKTPOTPAHCIIOPTY
Jexuist Ne 19 (2 roa.)
1. Metoau nepeTBOPEHHS COHAYHOI CHEPTii B CICKTPUIHY
2. Ilpsive mepeTBOPEHHS COHSYHOI CHEPTii B CICKTPHIHY
3. Henpsme nepeTBOPEHHS COHSAYHOI CHEPrii B CACKTPHUHY
4. OCHOBHI THIIH COHSAYHUX CICKTPOCTAHLIN
Jexuist Ne 20 (2 roa.)
1. ABTOHOMHA COHSYHA CICKTPOCTAHIIS mocTiiiHOTO cTpymy DC



ABTOHOMHA COHSYHA CJCKTPOCTAHLIsS 3MIHHOTO cTpymy AC
MeperkeBa COHSYHA €NEKTPOCTaHLIsI 3MiHHOTO cTpymy AC
l'Opuana consuHa enekrpocTanLis 3MiHHOrO cTpymMy AC
CxeMu 3 BUALICHUX TPYI CIIOXKHBAYIB

bl ol

Jexuist Ne 21 (2 roa.)
1. TlpoekTu Ta MOAEI COHSIYHUX 3APSTHUX CTAHLIN AJIS1 CACKTPOMOOLTIB
2. TlpoekT COHSIHOI 3apsAHOI CTAHIIT /IS CICKTPOMOOLTIB
3. KoHCTpyKist COHSYHOI 3apsiTHOI CTAHIT JUTs SICKTPOMOOLIIB HA MOTYKHICTh COHSTIHUX
eaemeHnTiB 10 kBt

Tema 8. 3apsiani cucTeMH JJ1s1 ABTOMOOUIBLHOIO €J1EKTPOTPAHCHOPTY
Jexuist Ne 22 (2 roa.)

1. 3apsnka enekrpomoOins Bix moOyToBoi mepexi 220 B

2. Pexumu Ta THIH 3apsAAKH €IEKTPOMOOLTIB

3. Crangaptu [0 3apsJHUX CTAHIIH

Jexuist Ne 23 (2 roa.)
1. TampmiBHA cHCTEMA CACKTPOMOOLIS
2. IlpuHimn poOOTH raiabMiBHOI CHCTEMH €ICKTPOMOOLITSI
3. EdexTHBHICTh pEKYNEPATUBHOI CHCTEMH CICKTPOMOOLIA

Jexuist Ne 24 (2 roa.)
1. OcHoBHI AecTa01Mi3yIO4l YHHHUKY, IO BILTUBAIOTh HA BETUUHUHY HAPYTH
[Ipuaupmnm crabimizamnii Hampyru
[Napametpu crabinizaTopis HAIPyru
[NapameTpuuHi cTabimizaTopy HAIPYTH
[prHUMIHN MOGYAOBH KOMICHCAIWHUX CTA0LTI3aTOPIB HAMIPYTH
BbesynuuHI koMIIeHCAITIHI CTa01Ti3aTOPH HAIPYTH
IMmynecHI KOMIICHCALIHHI CTab1mi3aTOpH HAMIPYTH

Nk WN















JEKLS 3 (2 roa.)

TEMA 1. PerpocnekTHBA PO3BHTKY €JIEKTPHYHOI0 ABTOMOOJILHOI0 TPAHCIIOPTY
YacTuHa 2

1. IlepeBaru Ta HexOJIKH BUKOPHCTAHHS €JIEKTPHYHOI0 ABTOMOOIIBHOr0 TPAHCHIOPTY

Ilin TepMiHOM €NEKTPOMODITE CIiA PO3YMITH aBTOMOOIIb, IO HABOAMTECSI B PyX OAHUM abo
JICKITbKOMA €ICKTPOABUTYHAMH 3 JKUBJICHHAM BiJ aKyMyISITOPIB, EMHICHUX HAKOMMYYBadiB cHeprii ado
MajJuBHUX ciaeMeHTiB. llepeBaramu enekTpoMoOiNiB € BIACYTHICTh IIKIATHBHUX BHXJIOMIB, MPOCTOTA
KOHCTPYKIII 1 yIPaB/IiHHS, BUCOKA HAAIWHICTh 1 JOBrOBIYHICTh, MOKJIMBICTD 3apsKaHHS BiJ MOOYTOBOI
CNCKTPUYHOI MEpexki. TakoK EKCIEePTH BIJ3HAYAKOTh, IO MAaCOBS BHUKOPHUCTAHHS CICKTPOMOOLTIB
CIOPUSATHME Y BUPIIICHHI MPOOIEMH SHEPTETHYHOIO MEPCHABAHTAXKCHHS V JCHHUH Yac Ta HIBETIOBAHHIO
HAUIMIOKY CICKTPUYHOI CHEPrii y HiuHMMA uac. A came, 10 npoOIeMy MOXKHA YACTKOBO BHUPILIHTH 33
PaxyHOK 3apsiKaHHS aKyMyJLITOPIB B HIYHHH 4yac. ADKC HE BHUKOPHUCTOBYBAaHA BHOYI CIICKTPOCHEPTis
Yyepe3 BIACYTHICTh HIYHOTO CIIOXKUBAaHHS, B cHeprocuctemi Y kpainu cknagae 30 %. Llro enekrpoeneprio
MPOCTO HIKYAW JiBaTH, Y aTOMHUX cTaHUii (63,5 % Bix 3arambHOro BHPODITKY) V TAPOECICKTPOCTAHLIL
(18 % Bix 3arampHOrO BHPOOITKY). ICHYIOUI mepenaay B CIIOXKHBAHHI € PEaTbHOK TEXHOT'CHHOI 3arpo3010
Oyap-sxoi eHeprocucremd [1].

JloBoni 4acTto MpOTH EIEKTPOMOOLTIB BHCIOBIIOIOTh TAKUH apPryMEHT, SIK MOXKJIHMBA HECTadya
SIEKTPOCHEPTIi A1 iX 3apsiay (mpu ix MACOBOMY BUKOPUCTAaHHI). AJIC JOBOJII MPOCTHIA aHATI3 TIOKA3YE, L0
HOBI I'CHEPYIOUl MOTYKHOCTI HEe 3Han00sThes [2]. Hampuknan, B CLIA, 3a migpaxyHKaM# HE3JICKHOTO
areHtcTBa EIA, sximo Bech aBromapk 3 250 MITH MalIvH ChOTOJHI MEPEBECTH HA ENEKTPOTATY, TO BHOUI (B
MEpioJ TaK 3BAHOIO MPOBATY HABAHTAXKCHHS) CHEPrii BUCTAUMTh, MO0 3apagutd 79 % TpaHCIOPTHUX
3aco0iB. JleHHHI criaj eHEProCcnOKUBAHHS TEXX ICHYE: CYMapHO «BUIbHOI €HEprii» BUCTaYHUTb HA Ti kK 79 %
JICTKOBHKIB, OJHAK BKIHMBO, OO MANIMHU MPHDKIKATH HA 3apsIKy HE KOIH 3aMaHEThCA, a B MOTPIOH1
roguHHUK. Lle muTaHHsS BUpIMIyeThCS MOOLIBPHHUM JOJATKOM, SIKHH MIAKAKE ONTUMAIBHHEA Yac IS
«3ampaBKWy CICKTPUKOK. Taki CepBicH BKE JOCTYIHI B Y KpaiHi [3].

B €spomi - inma npobrnema. Y [anii, Hopeerii Ta Oarateox iHIINX KpaiHax, A¢ PO3BHHCHA
aTbTCPHATHBHA CHEPIreTHKA, MPOOIEMOI0 € 30BCIM HE AediuuT, a HaImUIoK ii reHepaii. OTke iCTOTHY
YaCTHHY €BPOMNCHCHKOrO aBTOMAPKY BXKE 3apa3 BUTIIHO MEPEBECTH HA €NEKTpoTAry. bimein toro, uepes
BIPOBAPKCHHS CHEPro30epirarounx TEXHONIOTIH CIOXKUBAHHS CICKTPUKU B YChOMY CBITI IOCTIHHO MAJae,
a TMOTY)KHOCTI 3aHMIIAKOTRCS — B MaHOyTHROMY LI «BUIbHI KioBaTw» 1 OyAyTh 3apsmkartu Oatapei
enekrpomobimis[ 1-3].

Ha weii yac npakTiyHO BCi BiJOMi aBTOBHPOOHHKH PO3POOISIOTh CBIM BIAaCHUN ab0 MPUHMAIOTh
y4acTh Yy CHOUIBHIH PO3POOLI EICKTPOMOOLIS, iX CKIAJOBHX CJICMCHTIB YH CHUCTEM 3apsiay OJIOKiB
Hakonmu4eHH: eHeprii. OcobIuBOro mporpecy B LbOMY HAIMPSIMKY JOCSTIIH aBTOMOOLTbHI MAMPHEMCTBA 3
Kuraro. Jle mpakTHYHO KOKEH aBTOBUPOOHHK Ma€ CBIH BJIACHHUH €ICKTPOMOOLTh a00 HOro MPOTOTHIL.
Amxe, kUTalChKUH ypaa 30upaethes ke 3 2018 poky 3060B'13aTH BCIX aBTOBUPOOHUKIB, IO MPALIIOIOTh
B Kurai, BUnyckaru sixk MiHIMyM BiCIM BIACOTKIB €IeKTpoMOoOLTiB — abo mnatutu mwrpadu [4].

OTxe, Ha LEH Yac BXXE HE CTOITh NUTAHHS OyAc ud He OyJe MaTH MalOYTHE €IEKTPOMOOLIb, K
TPAHCIOPTHUH 3aci0 MacoBoro BHpOOHHUITBA. BigmoBiap Ha HBPOrO OJHO3HAYHA Ta BCIM OYCBHIHA —
€IIEKTPOMOD1TE BXKE € MACOBHM TPAHCIIOPTHUM 3aCO00M.

Po3BuTOK enekTpoKkapiB B KOHKPETHIH KpaiHi HANpsIMy 3aJICKUTh BiA ACPKABHOI MONITHKH L€l
KpaiHH CTOCOBHO eKonoriuHoro Buay tpaHcmopty. Hampuknax, B Kurai, ne cama aepkaBHa momiTHka
CTUMYJIIOE PO3BUTOK CICKTPOMOOLTIB, a HOro puUHOK HapaxoBye Outpmne 60 mozaenci, 3 mux 13 Oymu
npozaHi B kinbkocti Oinpme 10 000 B 2016 p. s nopisHsauHA, B CIIIA TaknMu mokazHHKaMH MOXKYTh
noxsanutcsa aume m'ate moxeneii: Tesla Model S, Tesla Model X, Chevy Volt, Ford Fusion Energi i
Nissan LEAF [5].

3 KOXKHHM POKOM CIIOCTEPIraeThCs MOCTIHHE 3POCTAaHHS KUTBKOCTI €IEKTPOMOOLITIB Malbke y BCIX
kpainax Csitry. | Ykpaina B upomy 3aiiMae ogHe 3 mepmux MicCip. 3a macymkamu 2016 p. KiibKiCTh
aBTOMOO1ITIB Ha €ICKTPOTI31 301mbmunacs B 4 pasu y nopisasaaHi 3 2015 p. Cranom Ha 31 rpyaus 2016 p.
yKpaiHii 3apeectpyBaiu 2593 «3enenux» mamud: 1709 aBToMOOLTIB HA MTOBHICTIO CIICKTPUYHIHN Ts131 1 884
- 3 riOpUIHOK CHIOBOIO YcTaHOBKOKO [6]. Ha kineup 2016 p. xinpkicts enekrpomobiniB y CBiTi Bxke
HapaxoByBana Oinpme 2 MaH [7]. OTke, WIIKOM NPHUPOAHBO BUHHUKAE Oa)KaAHHS PO3YMITH BCl €Tamu
PO3BHTKY Ta CTAHOBICHHS €NCKTPOMOOLTIB, 00 Il 3HAHHS JAIOTh BCEOIYHY VABY, MIOAO iX MOXKIHBOCTEH,
MPU3HAYCHHS Ta OCOOJUBOCTEH KOHCTPYKIIII.


















2. BoaHeBuii aBTOMOOLIBHUIT TPAHCOPT

BonneBwii TpaHCTIOPT - 1€ PI3HI TPAHCIOPTHI 3aCO0H, SKI BHKOPHUCTOBYIOTH B
AKOCTI TanwBa BOJeHb. lle MoxyTh OyTH TpaHCHOPTHI 3aco0M SK 3 JBATYHAMH
BHYTPINIHHOTO 3TOPSIHHS, 3 TA30TYpPOIHHAMHY JIBUTYHAMH, TaK 1 3 BOJJHEBAMH TTAJTABHAMH
€IIeMEHTaMHU.

[lepmmit nBUTYH BHYTPIMIHBOTO 3TOPSHHA, IO TPAIIOE HA BOJHI, CTBOPHUB
®pancya Icaak ne PiBa3 (amrn.) Poc. (1752-1828) B 1806 pori. Boaens BuHaXiTHHUK
BHPOOJISAB €JIEKTPOIII30M BOJIH.

VY Gnokagrnomy Jleninrpam OeH3wH OyB y Ae(IIUTI, aje BOJACHDb OYB Y BEHKIN
KutbkocTi. BiicekoBuit TexHik bopuc Illenmumy 3ampomoHyBaB BHUKOPHUCTOBYBATH
MOBITPSTHO-BOJTHEBY CYMIIT Tl pOOOTH 3aropoJDKYBAJIbHUX aepoctariB. Ha BoaeHb
MePEBENIM JBUTYHH BHYTPIITHBOTO 3ropsSsHHA Je0110K aepocrtaris. [lig yac Gnokamu B
MICTI Ha BOJH1 TipaioBajio 0mu3bko 600 aBToMOO1UTIB.

[IpuyuHu iHTEpECy 10 BOAHEBOT0 TPAHCTIOPTY

Bukopucrands BOMHIO SK €HEPrOHOCIA JO3BOJIMTH SK ICTOTHO CKOPOTHTH
CTIO’KMBAHHS BUKOITHUX BYTJICBOJHEBUX TAJIMB, TaK 1 3HAYHO MPOCYHYTHCS Y BUPIMICHHI
€KOJIOTTYHOI mpobyieMu 3a0pyAHEHHS aTMOochepu MICT IKIUTMBUMHA IS 30POB'SA
JIIOJTMHU CKJIAJIOBUMH BUXJIOITHUX Ta31B aBTOMOOUTIB 1 TETUTOBO31B.

Y 2009 pomi npubnuzHOo 25% BUKHIB BYTJICKHCIIOrO rasy B arMocdepy 3emil
BHPOOJIAIIOCS B PE3YIbTaTl POOOTH PI3HOI0 POy TPpaHCHOPTY. 3a omiakoo MEA, Bxke 10
2050 poxky 11€ 9MCIIO TTOABOITHCS 1 IPOJOBKHUTH POCTH B MIpy TOTO, SIK B KpaiHaX, IO
PO3BHBAIOThCA Oyae 30UIBIIYBATHCSA KUIBKICTH OCOOMCTHX aBTOMOOLTIB. Kpim
BYIVICKHACIIOTO Ta3y B arMocdepy BUKHAAIOTHCS OKCHAM a30TY, BIAMOBLIAIBHI 3a
30UIBIIICHHS 3aXBOPIOBAHOCTI HA aCTMY, OKCHIU CIPKH, BIAMOBIIAIbHI 32 KHCIIOTHI JIOITI
TOTIIO.

Y MOpCHKOMY TPaHCHOPTI HAMUYACTIIIE BUKOPHUCTOBYIOTHCS HHU3BKOSKICHI JCIICB1
coptu maymBa. MOpChKUH TPAHCTIOPT BUKWAAE OKcHaiB cipku B 700 pasiB OuTbIe, HiX
aBTOMOOUTRHUM TpaHCTIOPT. 3a faHuMu International Maritime Organization Bukuau CO;
MOPCHKUM TOPTOoBUM (hjroToM mocsriu 1,12 mupa TOHH Ha pik.

[H1I0T0 MPUYWHOTO TABUINEHHS IHTEPECY 10 BOAHEBOTO TPAHCIIOPTY € 3pOCTAHHS
IIH Ha €HEPTrOHOCIi (B JaHWH Yac mepeBakHa ixX OUTBIIICTS - BYTULIA, HadTa 1 1X MOXI1/IHI ),
nedInuT manuBa, IParHeHHA PI3HUX KPaiH 3HAUTH CHEPTETHUYHY HE3AICIKHICTS.

Bonens Moke BUKOPHUCTOBYBATHCS B SIKOCTI TMajiiBa B 3BHYAHHOMY JIBHTYHI
BHYTPINIHBOTO 3rOPSHHSA. B IbOMY BUTNIAAKY 3HUKYETHCA MOTYKHICTh IBATYHA 10 82% -
65% B MOpIBHAHHI 3 OCH3MHOBMM BaplaHTOM. AJI€ SKIIO BHECTH HEBEJIWKI 3MIHU B
CHUCTEMY 3aMaJliOBaHHSA, MOTYXHICTh ABUTYHA 30UTbITyeThes 10 117% B mMOpIBHSHHI 3
OCH3WHOBUM BapIaHTOM, aji¢ TOJ1 30UTHPIIMTHCA BUXIJ OKHCIIB a30Ty dYepe3 OUThI
BHCOKOi TEMIIEPATYPH B KaMepl 3rOPsSHHA 1 3p0CTa€ KMOBIPHICTH TPOTOPAHHS KJTAIaHIB 1
MOPINHIB TIPH TPUBAJIIKA POOOTI HA BeMWKOi MOTYXHOCTI. KpiM Toro, BOACHD mpH
TEMIIepaTypax 1 TUCKAX, Kl CTBOPIOIOTHCS B JABUTYHI, 3AaTHHA BCTYMATH B PEAKIIIIO 3
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KOHCTPYKIIIHHAMHA MaTepiajlaMy JIBUTYHA 1 MACTHJIOM, TIPUBOJISIYA IO IBUIKOTO 3HOCY .
Tako BOJICHD Ty’Ke JIETIOUNH, Uepe3 M0 MPHU BUKOPUCTAHHI 3BUUaHOT KapOrOpaTopHOi
CHUCTEMH XapUyBaHHS MOXXE TIPOHUKATH B BUIYCKHHUN KOJIEKTOP, A€ TAKOXK 3aMaIOETHCS
yepe3 BHCOKY Temmeparypy. Tpamumiitai moprrHeBi /B3 morano mpucTtocoBani A0
poboTH HA BOIHI. 3a3BUYait ;u1a poOOTH Ha BOJHI BUKOPUCTOBYETHCS poTopHuit /IB3, Tak
SIK B HbOMY BHITYCKHHUH KOJIEKTOP 3HAUHO BIAAICHAN B1JI BITyCKHOTO.

CyuacHe 3aCTOCYBaHHS

ABTOMOOUTI HA BOJHEBOMY TaHBl BKe BHPOOJAIOThCS. Cepen KOMIaHIH, sKi
BUPOOJIAIOTH Takl aBToM0oOUT - Toyota, Honda 1 Hyundai. Po3po6koro aBromo6uTiB Ha
BOJIHEBOMY ITaJIMBI1 3aiiMaroThcs Takok Daimler, Audi, BMW, Ford, Nissan Ta iH.

¥ 2016 pori B HiMmeuuun1 OyB npeACTaBICHUI epiuii BoaHeBHi moiza - Coradia
iLint kommanii Alstom, moi3x mouHe KypcyBatu 3a MapmpyToM bykcrexyne - Kykcxaden
B Hwxniit Cakconii 3 rpymaas 2017 poky. [lepenbagaeTncs, mo B pe3ysbTaTi BOHU
3amiHATh 4 THC. JlM3enpbHUX PETIOHATBHUX MOI3/IB, MO Mif0Th B HiMeuuwHi Ha HE
enexTpoimipoBaHHNX MIISHKAX 3a1i3HUIG. Y Alstom moOBiIOMIISIOTH, 1O 1HTEPEC 0
TaKUX MOTATIB Takok BHCIoBwIH Hinepmanam, Jlanis 1 Hoperis.

B o0mexncenin KinbKoCmi 6UNYyCKamyca:

BMW Hydrogen 7 1 Mazda RX-8 Hydrogen RE - npomanusaumMm (O6eH3UH /
BOJICHB) JIETKOBI aBTOMOO1LTI. BUKOPHUCTOBYIOTH PIIKHIA BOJICHb.

Audi A7 h-tron quattro - TPOTOTHIT €IEKTPO-BOJHEBOTO TIOPUIHOTO JIETKOBOTO
aBTOMOO1IIA.

ABto0yc Ford E-450 y BapianTi 3 BOAHEBUM JBUTYHOM.

Michki1 HU3BKOIO TTJIOT0I0 aBTOOYCH Ha BogHeBOMY naymBi kommanii MAN Truck
& Bus .

TpaHncnopTHi 3ac00M HA MAJTUBHUX eJIeMeHTax

Ocranniii T aBTOoMOOUTIB B Hammi kimacudikamii me Fuel cell battery electric
vehicles (FCBEV).

FCBEYV. TpancnoptHi 3aco0M Ha TaJWBHUX €JIEMEHTaX BHKOPHUCTOBYIOTH
ra3onoAi0HUH BOJEHD JJIA KMBJICHHS €JICKTPOABHUTYHIB. Ha BiaMiHy BiJ 3BHYAHUX
TPAHCIIOPTHUX 3ac001B, IO MPAIOIOTh Ha OCH3WHI a00 JU3El, JITKOBI 1 BaHTaXKHI
aBTOMOOLJT1 3 TAJIMBHUMH €JIIEMEHTaMH 00'€ THYIOTh BOJEHb 1 KHCEHb I BUPOOHMIITBA
€ICKTPOCHEPTi.

Tak sk BOHH MPAMIOIOTh BUKIIIOYHO HA CJICKTPHIN, TPAHCHIOPTHI 3aco0M Ha
MAJMBHUX €JIEMEHTAX BBAXKAIOTHCA EIEKTPOMOOUTAIMH («EICKTPOMOOUIAMIY), alie Ha
BIIMIHY BIJ] THIIIMX €JIEKTPOMOOUTIB 1X JAIBHICTH 1 MPOTICCH 3aITPaBKH MOXHA TTOPIBHATH
31 3BUYAHUMH JIETKOBUMH Ta BaHTAXXHUMH aBToMoOusMH 3 J[BC.

Ha ix 3ampasky ine menme 10 xsumua. [licns 3amoBHEHHA aBTOMOOLTH Ha
MaJMBHUX elleMeHTax Moxe mpoixaru Bix 200 qo 300 mums (322-483 km).

Ane aBTOMOOT1 3 TAJTMBHAMH €JIEMEHTAMW MAIOTh PSAJT HEJIOJIKIB:

1. Bucoka mina.



2. Bubyxonebe3neuna cymiIi BOJHIO 1 TIOBITPSL.

3. Bonens 36epiraeThes B pe3epByapax BUCOKOTO THCKY (35 MIla 1 70 MIla).

4. JIns 3ampaBKu BOJAHEM MOTPiOHA Mepeka cnermanbaux A3C.

5. Bojenp BaXKO yTpUMyBaTH B piakii ¢opmi (BIH Mae HAWOUTBITY JIETIOUICTh
cepen rasis). Hampukiaz, Bchoro 3a 9 aaiB monoBrHA majmuBHOTO 6aka BMW Hydrogen
7 BUIAPOBYETHCS.

6. IIporiec BUpOOHUIITBA BOJHIO € EHEPTOEMHHM.

7. ABTOMOOUTI 3 BOJHEBOIO YCTAHOBKOIO MOTAH1 TIPH HU3BKUX TEMIIEPATypax.



Jlekuiss Ne 5 (2 roa)
Tema 2 Knacudikauisi eilekTpoMo0OLTiB Ta riopuais

ABTOBYCHUI TPAHCIIOPT. 3ATAJIBHI IOHSTTS TA BUSHAUEHHS
1. BuzHaueHHs1 aBTOOYCHOT0 TPAHCTIOPTY

ABTOOYC (CKOpPOUYEHHS BIJl aBTOMOOUTH-OHIOYC) — O€3pPEHKOBUN MEXaHIUHHMA
TPAHCIIOPTHHUI 3aci0, MPU3HAUCHHH I TICPEBE3CHHS 8-MH 1 OUTBINE MACaXHPIB, 1
MPUBOJMUTHCS B PyX CHEPri€ro, 3amaceHoi, ado BUpoOJeHOI 3 manWBa, IO
30epiraeThest Ha 0OpTy, a00 3 Oyab-SKUM IHIIIAM BHJIOM aBTOHOMHOI TATH (aBTOOYC
B TPAgUIIHHOMY PpO3yMIHHI). Y OUIBII TIUPOKOMY CE€HCl aBTOOyc — Oyab
0e3peiikoBUil CaMOXITHWM TPAHCIIOPTHHUM 3aci0, TEXHIYHO TNPHU3HAUCHHUH I
MIEPEBE3CHHS TACAXMPIB 1 3/JaTHE MaHEBPYBaTH Ha A0po3l. [Ipu mpboMy HEBaXKIHBO
BHKOPHCTOBYE aBTOOYC OOPTOBE JKEPENIO €HEPTii, a00 KUBIATHCS CHEPTi€l0 330BHI
yepe3 KOHTAKTHY MepPexy (TpolieiiOycH), a0 BHKOPHCTOBYIOTh TOPHIHY CHCTEMY
xapuyBaHHA (Tponeidycn 3 cucTeMaMW aBTOHOMHOTO XOay, Ayobyc). 3okpema
TPOJIEHOYC KUBUTHCS €JICKTPOCHEPTIEI0 Uepe3 KOHTAKTHY MEPEKY THM HE MEHIIE
BOJNIOMIE OaraThMa SKOCTAMH aBTOOyca: CaMOXIIHICTb, O€3pEHKOBUN X1,
MaHEBPEHICTH (y TOMY YHCII: 3JaTHICTh TePeOyIOBYBATUCS 3 OJTHOTO PAAY PyXy B
IHIOHA 1, oTKe, OO0'DXKmKaTu mepemkonun). Tpojaerdyc MUIKOM MOKHA BBaXKaTH
OCOOJIMBHM PI3HOBHJIOM aBTOOYyCa. 3BHYAIHO, TPOJICHOYCH BOJOAIIOTH MEHIIIOK HIXK
3BUYAHHWM, TIOBHICTIO aBTOHOMHHH, aBTOOyc MaHEBpeHICTIO. OOMEKyBaJIbHUM
YUHHUKOM Y JIaHOMY BHWIIAQJIKy € JOBXHHA CTPYMO3HIMaIbHWX mmTaHr. OOpwus
MMPOBOIB KOHTAaKTHOI MEpeXl 3JaTHHM OJOKyBaTH pPyX Ha IUIOMY CETMEHTI
TponeiOycHOI Mepexi. AJie CydacHI TPOJICHOYCH, IO OCHAIIYIOTHCSI CHCTEMaMH
aBTOHOMHOI'O XOJy 1 CHCTEMaMH aBTOMATHYHOrO ITIHOMY INTAHT, IO 3HIMAKOTh
cTpyM, 30epiraloTh IepeBarn Tpojicidyca Ta MNPaKTHYHO BXKE HI B 4YOMY HE
MMOCTYHAIOThCS 3BHUAMHOMY aBTOOYCY B MAHEBPEHOCTI 1 3/IaTHI IPOMTH 10 1-3 KM
HAa aBTOHOMHOMY XOAy. 30KpeMa II¢ J03BOJISIE TaKOMY TPOJEHOyCYy YCIHIITHO
00T K/KaTh TIEPEIIKOAW 3 ONYIICHWMH INTaHTaMHu. TakoX Takuil Tposienoyc
HCUYTJIMBUK 10 OOPHBIB MNPOBOJIB KOHTAKTHOI MEpeXki, 1 3AaTHHH TOAIOHO
3BHYAWHOMY aBTOOYCY 3IIMCHIOBATH KOPOTKI 00'I3IM MUISHOK JIHIN, IO SKHUX PYyX 3
AKOICh TIPUYMHH (HANPHWKIAA Yepe3 PEMOHT JAOPOTH) HEMOXINBO. OTxe, A
MOBHOTH PO3TJISALY HEOOX1THO TMPHUBECTH KITAaCH(IKAIIO aBTOOYCIB Ta PO3KPHUTH iX
MPU3HAYCHHS.

2 Knacudikaiiss aBT00yCHOr0 TPaAaHCIIOPTY

3a pU3HAYEHHIM

— MIChKI — aBTOOYCH, TIPU3HAYECH!1 TSI BUKOPHCTAHHA B SIKOCTI MICHKOTO
TPOMAJCHKOTO  JIHIAHOTO  (MapIIPYTHOTO)  TACAaXHPCHKOTO  TPAHCIIOPTY,
pucysnok 1.1. Micekmii aBTOOYC pOOWTH dYacTI 3yNMWHKHA, HA SKAX BHCAKYE 1

















































































































































































































































































































































































































































































4
XapaKTEPUCTUKH 3BHYAMHOTO 10714, 4 TIPH 3CYBl B 3BOPOTHOMY HANpPSAMKY B1IOYBA€ETHCS 00OPOTHHMA
enekTpuuHud npodou (puc. 7). Ilpu 1poMy mamiHHS HATPYTH HA TIPUIIAl 3aTHINAETHCA TPAKTHYHO
HE3MIHHMM Y JAiana3oHi 3MiHH CTPyMy , IO MPOTIKAE€ Yepe3 HbOTO , Bif/ § min A0/ ¢ max -

Hatimpocrima cxema mapameTpu4HOTo cradumsartopa (puc. 8) sBise coO0r0 MITPHUK HAMpPYTH,
o nepedyBae 3 pe3ucTopa R; 1 KpeMHIEBOro cTadimiTpona V.
Bigxunenns BxigHoi Hanpyru (/ NPUBOAATH JO 3MIHHM CTPYMy 4€pe3 CTaOIMTPOH [ ., NMpH LBOMY
Hampyra Ha cradbumurpone [/ ¢, a 3HaYMTh 1 Ha HABaHTaXeHH1 {/,, 3MIHIOEThCSA HE3Ha4YHO. Posrimanemo
LEH Tmporec.
Bxinna Hanpyra Uy ainmuThes Mixk 0anacToBuM onopoM K i ctabuautpoHOoM VS

U 0= U R6 T U S >

ne
Uprs = Rps ([ ct1 H) - TIaIiHHA HANpPYTH Ha 0aJacToBOMY OMOpi Ry ;
Ug ~ const - nafiHHs HaNpyTH Ha cTaOMAUTpone VS (nuB. Man.8);

U
I, = RS - CTPYM HABAHTAKEHH:, MPAKTUYHO HE3MIHHMK, ToMy mo U ¢ ~ const .
H

Tomy mpu 3MiHI BXITHOI HANIPYTH B CXEMI1 MAPAMETPUIHOTO CTAOLTI3aTOPA 3MIHIOETECA B OCHOBHOMY

A
1

Rs 1

U | -
S min ¥ > | | J/ Ic J/IH
Us Ts v U VD R, | Us
IS max O
Puc. 8 Puc. 9

CTpyM uepe3 cTalimiTpoH /.. BianmoBigHO 10 BOIBTAMIIEPHON XapaKTEPHUCTHUKH (PHC. 7), HAIPYTa Ha
CTAOMIHUTPOHE NPH LbOMY 3MiHIOEThCA B Mekax U g =U ¢min U g max » TOOTO B 3HAUHO MEHIIOMY
CTYIICHI, YHUM MEKi 3MIHH CTPyMy 4Yepe3 CTAaOMIUTPOH /..
[Ipu 30imbIIeHHI CTPYMY HaBaHTaXeHHS [, BiIOYBAa€ThCS 3MEHIIEHHSA CTPyMy 4epe3 CTaOHIHTPOH
[ ., ToMy 1m0 TIpW He3MiHHIH BXimHIH Hanpy3i U cymapHuil cTpyM [ 3aTHIIATHCSA HE3MIHHUM.
Hapamempu cmabinizamopa
AUg _ USmax ~ U Smin
Alg IS max = 1S min
KoediuieHnT cradinizauii:
Kcm:AUO:AUS:A]cR6:A]cReb1x:US Rg :}VR_6‘
Ugp Ug Ug Ug Ug Repx Repix

Taxum yuHOM, KoedirieHT cTabim3anii 30iapnryeTses npu 30inpmenHi R . OpHak, npu 3aganux U,

Buxianuii onip: Ry = (ouB. Man.g).

Ug, 1, I, BemmunHy 6anacToBOro onopy R; OJHO3HAYHO BU3HAYAETHCA CIIiBBITHOMIECHHIM:
Ug—-Ug

leep 1y

30inpmeHHs ;5 MOMIIMBO JHIIe mpH 30utbmieHHi [ (), ane mpu oMY 3MEHIIY€ThCA BEMHMUHHY K ) .

Tomy koedimieHT cTadim3amnli HANNPOCTIIMNX MAPAMETPUYHUX CTAOLTI3aTOPiB HE TIepeBunIye S0.
s migsumennsa K ., 3aCTOCOBYIOTH!






6
HABAHTAKEHHSA TIEPEIAETHCA YEpPe3 PETyIIOI0UMi eleMeHT PD, Ha SKOMy pO3CIFOE€THCS 3HAYHA
MOTY>KHICTb.
Cmabinizamopu 3 napaneivoHUM BMUKAHHAM pe2yiiouo2o eilemenmd OUTbIn e(pEeKTHBHI TpH
BEITMKUX TMOTYKHOCTSAX HABAHTA)KEHHSA, TOMY OIO0 OCHOBHA YaCTHHA TOTYKHOCTI TIEPEJAETHCA B
HABAHTAXKEHHS, MUHAIOUK perymorounii enemeHT PE. Taki cTabimsaropu muPOKO 3aCTOCOBYIOTHCS
MPH HU3BKHUX BHUXITHUX HANPYyTaX 1 BEMUKUAX CTPyMaxX HABAHTAKEHHS 1, HA BIAMIHY B1J cTalO1Ii3aTOPIB
13 TIOCTIIOBHAM YMHUKAHHIM PETYIIOI0YOTO €JIeMEHTa, HEKPUTHYHI J0 TIEPEBAHTAKEHB 10 CTPyMY 1
KOPOTKHX 3aMHKAHHAX HAa BUXOJI CTa0Lm3aropa.

6. BESYIIMHHI KOMIIEHCAIIIHHI CTABLII3BATOPU HAIIPYTH

PosrngremMo HalmpocTimuii 0e3yMMHHNN KOMIICHCAIWHUE cTa01/I113aTop HAIPYTH 3 TIOCITI JOBHAM
BMHKAHHAM PETYJFOIOYOTO EIEMEHTA .

VTI1
+ 2 A A

. e

-3

Takwuit craOimizatop mepeOyBae 3 ABOX YaCTHH: MapaMeTpuuHoro cradimsaropa Rz, VD1, mo

VTI1
Ty
A
Ir l/ Isy T R2
R1

?
R4
1
K2
— |
Uon 8 VD RS
4
e Y o I —y

cTBOpIOE omopHa Hanpyry U ,,, 1 perymwordoro tpansuctopa V71, mo cmonayyae B co0i (yHKLii

perymorouoro ememeHta PE (mepexin KOIeKTOp—3MiTEp), BHUMIPIOBAIBHOTO 1 TIACHIIOBAIBHOTO
eneMenra (tiepexin 6aza—smitep).

[Ipy HOpManbHOMY pEXHMI, KOJIHM BIACYTHA JeCTaOUI3aIisA, PEKAM POOOTH PETryIFOI0Y0TO
tpausuctopa J71 BuOMpaeTbcs TakuM YHHOM, 100 BiH OYB IMJIKOM BiIKPUTHH HAMPYTOH 3CYBY
sMiTep—0a3a, M0 3BHYANHO CKIIAJa€ BETUIHUHY TTOPAIKY

0,3 B. Buxigna Hampyra npu npoMy HpuHOmu3HO H0piBHIOE U/ ,,. SKImO 3a SKUMHCH NPHYMHAMH

BX1JTHA HATIPyTa 3MIHIOETHCS, BIAMOBITHO 3MIHIOETHCS 1 HATIPYTY 3CYBY AMITEp-0a3a, 10 MPUBOIUTH 0
3MIHHM OTIOPY TIEPEXOY AMITEP-KOJUIEKTOP PETYJIIOI0UOTO TPAH3UCTOPA TAKUM YWHOM, MO0 BUXITHA
HATIPyTa 3aTUIITHAJIACS HE3MIHHHM.,



5
JUTst T ABMINEHHS 9y TIIMBOCTI CTa01M13aTOPa IO 3MIH BX1AHOI HAPYTH BUKOPHCTOBYIOTH OLTBIII

cknamHy cxemy (puc 11).
Jlo ckiamy crabimizaTopa BXOAATS:

— Perynroroumii efieMeHT - TpaHsuctop V71'1;
— BHMIPIOBAJIbHHN €JIEMEHT - HEJTIHIMHUN BUMIPIOBATbHUH MICT Ha pesucTopax R2 + RS,
ctadimTponi VD
—  TIACHIFOIOYHI €JIEMEHT - MiACHITIOBAaY MOCTIHHOTO CTpyMy Ha Tpausuctopi V12, pesuctope Rl.
Ha BigMiHy BijJ MOmepeHbOT CXEMH, Y JaHIH CXEMi PEKHUM POOOTH perymordoro tpaHsuctopa V7'l
BH3HAYAETHCA HE TIJIHKH 3MIHOIO HAITPYTH HA HOTO 3MITEpe, aje 1 3MIHOKO HaMpPyTH HA HOTO 0asi.
I1pu 3011bIIEHH] BETHYMHH BX1THOI KHBJA4Y01 HANpyTu [/ () B MEpIIUH MOMEHT 3017BLIYEThCA HaNpyTa

U, KXomekropa perymorwouoro Ttpansuctopa V711, Buxigua Hanpyra cra6imizaropa (g, 1m0

NPHUBOAUTH A0 3OUTBIICHHS HANPYTH HEY3TO/LKEHOCTI HeNiHIHHOTO Mocrta. Tpamsucrop V712
BiIKDUBAETbCA, IO NPHBOJWTH A0 3MeHIIeHHA Hanpyru (/5 Ha ©Oasi Tpamsuctopa J7'1:

Usl =Uon +Ugn2-
IIpu 1poMy 301IbIIy€ETHCA CTPYM [ ,.» KOJIEKTOpa TpaH3ucTopa }1'2 i 3MeHIIyeThes cTpyM [ 51 Oasw,
a 3Ha4YUTh 1 KoJIeKTopa [/, perymordoro Tpansuctopa }7'1. TpaH3HCTOp MPU3AKPUBAETHCA.

AHAJIOTIYHUM CTIOCOOOM TIPAIFOE CXEMA 1 TTPH BIUIHBI 1HIMHX JeCTa01M3yI0unX (PaKTOpiB.
[Torenmmometp R4 3abes3mneuye miaBHE PEryIOBaHHA BHUXITHOI HAMPYTH cTaliai3aTOpa B HEOOXITHUX
MEXKaX.

besymuHHI cTab1T113aTOPH MOCTIHHOI HATIPYTH MAKOTh HACTYITHI MepeBaru, Mo BU3HAYMIM iXHE
OIMPOKE 3aCTOCYBAHHS:

— BHCOKA TOYHICThH CTAOMI3AIN] BUX1AHOT HATIPYTH;

—  CHPOMOXKHICTP 3TJa/KyBaTH MyJIbCAIli BUTIPSAMIIEHOI HATIPYTH;

—  MaJWd JHHAMIYHHNA BHYTPILIHIHA OTIIp;

—  BIJCYTHICTh €IEKTPOMATHITHUX TEPEIIKO Y TPOLECi pOOOTH; BETUKUHN J1aMa30H

OUHAMIYHOI 3M1HU CTpyMy HaBaHTaxkeHH: (0,8 - 0,9).
HenomikamMu Takux cTadim3aTopis €:
— mnopiBasHO HU3bKUH KK/ (0,5 - 0,7), 00yMOBIEHHI BEIUKOIO TTOTYKHICTIO, IO PO3CIFOETHCS
B PETYIIIOI0YOMY TPAH3UCTOPI;

— HEBHUCOKI MIUTOMI XapaKTEPUCTHKH Yepe3 HEOOX1THICTh 3aCTOCOBYBATH TA0APUTHI 1 MACHBHI

pamiaTopu OXOJOPKEHHS PETYIIOI0YNX TPAH3HCTOPIB.

7. IMITYJIbCHI KOMIIEHCAIIMHI CTABLIIBATOPH HATIPYTH

IMITy TbCHI KOMTIEHCAINIMHI CcTa01M3aTOPH HANPYTH BIAPISHAIOTHECA BiA OC3yNMHUHHHUX TEM, IO
PETYIIOIOYNH €IIEMEHT TIPALFOE B KAI0U080MY PEIHCUMI.
CTpykTypHa CcXeMa BIJIPI3HAETHCA HASBHICTIO MPHUCTPOIO, MO TEPETBOPUTH OC3YNMUHHUM CHTHAI
HEY3TO/PKEHOCT] B IMIYJIbCHAM CUTHAJ KEPYBaHHS PETYIIOIOYNAM €JIEMEHTOM (MOAYJISITOP) 1 IPUCTPOT,
0 3OIMCHIOE TIEPETBOPEHHSA IMIYJIBCHOI BHXIZHOI HAmpyTH cTallmi3aTopa B TOCTIHHY HAmpyry
(nemoxynsiTop).
AnHanoriyHo O€3yNmMHHHM, IMITyJIbCHI CTAOlTI3aTOPH HAMPYTH MOKYTh BHKOHYBATHCA 32 CXEMOKO 3
nocigoBHUM (Maj. 13) 1 mapanenbHUM BMUKAHHAM PETYJIOI0YOTO eneMeHTa PO.

o | PO M







