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TekceT JeKil:

1. IlepeTBOpeHHs1 XiMi4HOI eHeprii Ha ejekTpu4Hy. EjJekTpoaHi noreHuiaam ik
XiMiYHI  XapaKTepUCTHMKH  eJeKTPOAHMX  HamiBmpoueciB. EHeprermka
€JICKTPOXiMiYHUX IPOLECIB.

SAxumo MeraneBy IUIACTMHKY 3aHYPUTH y BOAY, TO KaTIOHM MeETaly Ha ii
MOBEPXHI T1IPATyIOTHCS MOJSIPHUMHU MOJIEKYJIaMHU BOJU 1 MEPEXOISATh O PIIUHHU.
[Ipu 1bOMy €NeKTPOHU y HAJIMIIKY, IO 3IMIIAIOTHCS B METajl, 3apsaKatoTh HOro
MOBEPXHEBUI Iap HETaTUBHO. BWHWKAae e€NeKTPOCTaTHMYHE TMPHUTITAHHS MK
riIpaTOBaHUMHU KaTiOHaMH, 10 MEpEeHIIN A0 PiJWHU, ¥ TOBEPXHEI0 MeTany. Y
pe3ybTaTl IIbOTO B CUCTEMI BCTAHOBJIIOETHCS pyXJIMBa PiIBHOBAra:

Me + mH,0 = Me (H,O)",, +ne,
y PO34HHI Ha MeTai

JIe N — YHUCIIO €IEKTPOHIB, 10 OepyTh y4acTh y mporeci. Ha mexi meran — piguHa
BUHUKAE NOOBGIUHUL eleKMPUYHUL wap, SIKUU XapaKTepU3yeThCS NMEBHUM CTPUOKOM
MOTEHUIALY — e1eKmpoOHUM nomeHyiaiom. AOCOTIOTHI 3HAYEHHS EJIEKTPOJHUX
MOTEHIIAJIIB BUMIPATA HE BHAETHhCS. EJEKTpOIHI MOTEHINANM 3aJIeKaTh BiJ HU3KHU
dakTopiB (MpUpOAM MeETaly, KOHILEHTpallii, TemnepaTrypu # i1H.). Tomy 3BHYalHO
BU3HAYAIOTh BIJHOCHI €NEKTPOJHI MOTEHI1aJd 3a BU3HAUYEHMX YMOB — TakK 3BaHl
craHmapTHi enektpoani morenmiau (E°).

Cmanoapmuum  enleKmpoOHUM NOMEHYIaioM Memany Ha3uBalTh HOro
SIEKTPOIHUHN MOTEHIIIaJ, 0 BUHUKAE MPU 3aHYPEHHI METATy 10 PO3YMHY BJIACHOTO
10Ha 3 KOHIIEHTpalli€lo, sKa JOpIBHOE 1 MOJb/A, BUMIPSHUA TOPIBHSIHO 31
CTAHZAPTHHM BOJHEBHM CIEKTPOLOM, IOTeHIian sikoro mpu 25 °C  yMOBHO
npuitMaeThest pisanM Hymo (E°=0; AG’=0).

Posmawogytouu memanu 6 psio 3a 3p0CmManHAM ix CMAHOAPMHUX eNeKMPOOHUX
nomenyianis (E°), o0epacyemo max 36anuti psio Hanpye.

[TonokeHHsT TOro YW IHIIOTO METANy B Psijii HAMpyr XapakTepuszye HOro
BIJIHOBHY 3/IaTHICTh, a TAKOX OKHCHI BJIACTUBOCT1 MO0 10HIB Y BOJHUX PO3YMHAX 3a
CTaHIAPTHUX YMOB. UuM MEHIIE 3HAYEHHS E°, THM CHUIBHINI BiZHOBHI BIACTHBOCTI
Ma€ JaHWi MeTan y BUTJISIAI MPOCTOi PEYOBUHM, 1 TUM MEHII OKHUCHI BJIACTUBOCTI
BUSIBJISIIOTH MOTO 10HM, 1 HaBIMaKu. EJEKTPO/IHI MOTEHIIaIM BUMIPIOIOTh TIPUIaIaMH,
SKI Ha3WBalOTh TajlbBaHIYHUMM elleMeHTaMu. OKHCHO-BIJIHOBHA pEaKIisi, IO
XapakTepu3ye poOOTy TralbBaHIYHOIO €JIEMEHTa, Mepedirae B HAMPSAMKY, y SIKOMY
EPC enemenTta mae noaatHe 3HaueHHsS. Y 1boMy Bunaaky AG°® <0, tomy 1o

AG® = -nFE’.



2. TloHATTA TrajJbBaHIYHOro ejeMenta. HalBaxauBimii THOM rajJdbBaHIYHHUX
eJIEMEHTIB.

["aibBaHIYHUI €IEMEHT — XIMIYHE JKEPENOo CTPyMY 3@ PaxXyHOK 31HCHEHHS
OKHCHO-BIIHOBHOT peakifli. (XiMiuHa eHepris CHUCTEMU T[EePETBOPIOETHCS Ha
CIICKTPUYHY).

Jlisl raJbBaHIYHOTO €JIE€MEHTa IPYHTYEThCA Ha MPOCTOPOBOMY MO MPOIECIB
OKMCHEHHS 1 BIJIHOBJICHHS MIX JBOMa KOMIIOHEHTaMHM, Kl HE TOPKAIOTHCS OIUH
OJTHOTO, — METAJIOM 1 PO3YMHOM COJIi 1HIIIOTO METally.

Enextpoanuit nmoreniian Merany (E) 3anexXuTh BiJ KOHUEHTpalii HOro i0HIB y
po3uuHi. Ll 3anexHICTh BUpakaeTbesi piBHsSIHHAM HepHcra (H.y.):

E=E° + (0,059/n)lg C,

ne E° — cranmapTHHil eleKTpOJHUN MOTEHIIal; N — YUCIO EJIEKTPOHIB, 10 OepyTh
yuyacTh y nporieci; C — KOHIEHTpallis T1ApaTOBaHUX 10HIB METaJly B PO3YHH1, MOJIb/JI.

Ilpuxnao. CknafaiTh cXeMy TaJbBaHIYHOTO €JIEMEHTA, Y SKOMY €NEKTPOJaMH €
MarHi€Ba 1 IIMHKOBA IUTACTUHKH, 3aHYPEHI B PO3YMHHU IXHIX 10HIB 3 aKTHUBHOIO
KOHIIeHTpaiiero 1 Monw/n. SIkuii meran € aHomoMm, skuil karogom? HamumiiTe
PIBHSIHHS OKHCHO-BIJTHOBHOI pe€akxiiii, 110 BiJOYBA€TbCs B LbOMY TajbBaHIYHOMY
eJIeMenTI, i 06unciiTh ioro EPC.

Cxema JaHoro raibBaHIYHOTO €JIEMEHTA

(-) Mg/Mg* 1l Zn* | Zn (+).

BeprukanbHa jiHisS MO3HAYa€ MOBEPXHIO PO3AUTY MK METAJIOM 1 PO3YMHOM, a
IBl JIHIT — MEXY MOAUTY ABOX PIAKUX (a3 — MOPHUCTY NEPETHHKY (UM CIOIYyYHY
TpyOKy, 3allOBHEHY PO3UYMHOM €JIEKTPOJIITY). MarHiii Mae MEHIIUH MOTEHIlial
(—2,37B) 1 € aHOZIOM, Ha IKOMY BiJIOYyBA€THCSI OKUCITIOBATIHLHUIN TTPOIIEC:

Mg® —2e” = Mg** . (1)

[unk, noreHmian sikoro —0,763 B, — kaTtoa, TOOTO eNEKTPOJ, Ha SKOMY
NPOTIKae BiJHOBIIOBATHLHUMN MPOIIEC:

Zn*" +2e "=7n°. )

PiBHSHHS OKHCITIOBAIBLHO-BITHOBHOI pEaKIlii, 110 XapaKTepu3ye poOOTy JTaHOTO
TralbBaHIYHOTO €JIEMEHTa, MOXKHA OJCp)KaTH, CKJIABIIM CJISKTPOHHI PIBHIHHS
anonHoro (1) 1 katogHoro (2) mpoiiecis:

Mg + Zn* = Mg* +Zn.



st Bu3HauerHs EPC ranpBaHIYHOTO €IeMEHTa BiJl IOTEHITATY KaTo/la BapTo
BIJIHATH TIOTeHIIan aHoda. OCKIJIbKM KOHIIGHTpAIlls 10HIB y PO3YMHI JOpPiBHIOE 1
mouib/11, To EPC enemenTa AOpiBHIOE PI3HUIN CTaHIAPTHUX MOTEHINANIB JIBOX HOTO
€JICKTPO/IIB:

EPC =E "1 70 E°\g" g = —0,763 — (—2,37) = 1,607 B.
VY 3am130-MiTHOMY TaJIbBaHIYHOMY €JIEMEHTI1 3/IIMCHIOETHCS PEAKIis

2Cu2+(p) + Fe(r) = Cu(Tr) + Fe2+(p)

[Ipu 3aMuKaHH1 €JIEKTPOJIIB 30BHIIIHIM KOJOM Ha aHOM1 BiAOYBAa€ThCs MPOILIEC
OKHCHEHHS:

Fe(t) — 2¢ = Fe’'(p); E° = —0,44 B.
Ha katoni BimOyBaeThCs MpoIec BiTHOBJICHHS:

Cu®'(p) + 2¢” = Cu(r); E° = +0.34 B.

EPC ranpBaniyHOIO €J1eMeHTa

gnemewra = E:a'ro;x >4 Eguoa;
ES., ... = 0,34 - (~0,44 B) = 0,78 B.

EnekTpoHn 1mo 30BHINIHBOMY KOJIy TaJbBaHIYHOTO €JIEMEHTa MEpPEeXOliTh Bij
MeTajly 3 HEraTUBHUM €JIEKTPOJHUM TMOTEHIIAJIOM (3a1i3a) 10 MeTaly 3 MO3UTUBHUM
EJIEKTPOJHUM TMOTEHIlaoM (Miji). 3alli3Ha TUIACTUHKA PYHHYETHCS, a Ha MITHIN
TUTACTUHIN 3’ IBTISIETHCS OCAJT MiJIi.

3. AKyMYJISITOPH SIK XiMi4Hi JxKepeJia cTpyMmy.

AKYMyJISTOp — TajbBaHIYHUM €JIEMEHT, Yy SKOMY €JIEKTpUYHA EHepris
MEPETBOPIOETHCA B XIMIUHY, @ B Mipy HEOOXIJHOCTI aKyMyJbOBaHa XIMI4HA €HEpris
MEPETBOPIOETHCA B €JICKTPUUHY.

[cHYIOTh aKyMyJSITOPU TaKUX THUIIIB:

« HikeneBo-kaamieni (Ni-Cd);

« HikeaeBo-meTanoriapuani (Ni-MH);

o miTieBO-ioHHI (Li-lon);

e TEPMETUYHI CBUHIIEBO-KUCIIOTHI (SLA);
o miTieBO-mtomimMepHi (Li-polymer).

VY CBUHIIEBOMY aKyMYJIITOP1 €JIEKTPOJAaMU € CBUHELD 1 OKcHI ImoMOymy (IV);
EJIEKTPOJIT — CyJb(aTHa KUCIIOTA.

Ha xaroai okcua mmromoymy (IV) BiTHOBITIOETHCS:
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Y mpotieci 3apAaKd aKyMYyJISITOpa 30BHIIIHIM JHKEPEIOM CTPYMY BiIOYBarOThCS
3BOPOTHI MPOIIECH, SIKI BIATOBIJIaI0Th CyMaPHOMY PIBHSHHIO

VY pesynbtati PbSO,4 nieperBoproeThbest B Pb Ha ogHOMYy enektpoai i y PbO, Ha
JIPYroMy eJeKTpo/l. BHAcIiI0K HbOTro YyTBOPIOETHCA Cylb(aTHa KUCIOTA.

4. IloHATTH NPO NAJIMBHI eJIeMEHTH.

[lanuBHI €1€MEHTH € MPUCTPOSIMHU JIJISl IPSIMOTO MEPETBOPEHHS XIMIYHOT €Heprii
najguBa B enekTpuyHy. Ha BimMiny Bim temmoBux enekTpuunux craniii (TEC), saxi
XIMIYHY €HEpriio MajuBa CIIOYaTKy MEPEeTBOPIOIOTH y TEIJIOTY — MEperpiTy BOISHY
napy IiJi BACOKMM THCKOM, a TIOTIM 3 ii JJOMOMOI'0I0 IPUBOJSITH Y PyX POTOPH TypOiH
Ta OJEPKYIOTh EJICKTPUYHY EHEprito, B MAJIMBHUX €JEeMEHTaX XIMidyHa EHepris
peareHTiB 6€3 MPOMIXHUX MEPETBOPEHb KOHBEPTYETHCS B €NEKTpUUHy. EHepreTnyHi
YCTAaHOBKM HA OCHOBI TMAJUBHUX €JIEMEHTIB € KOMIAKTHUMHU 1 3pYYHUMHU Y
BUKOpUCTaHHI. MacmtabHi JOCTIKEHHS 100 MPOoOJIeM eIeKTPOXiMil MaTuBHUX
CJIEMEHTIB PO3MOYAINCH y NPYTid MOJIOBHHI XX CTONITTS Yy 3B’SI3KY 3 OCBOEHHSIM
KOCMOCY Ta CTBOPEHHSAM HOBOI BOEHHOI TEXHIKH.

[lanuBHUN eNeMEHT — TrajbBaHIYHUN EJIEMEHT, y SIKOMY OKHCHO-BIJTHOBHA
peaxiisi HiATPUMYETHCS O€3MEPEPBHOIO TIO/IaYEI0 PeareHTiB (OKMCHUKA 1 BITHOBHHUKA)
Ta BUJAJICHHSIM MIPOJIYKTIB PeaKiiii.

[TamuBHMIT €IEMEHT CKIIAJIA€ThCS 3 IBOX CICKTPOIIB, PO3AUICHUX CICKTPOJITOM, 1

CHCTEM TiABEJCHHS MaJrBa Ha OJIMH EJICKTPO] Ta OKHCHIOBaYa - Ha JAPYTUH, a TAKOXK
CUCTEMHU JJI BUIAJICHHS MTPOJIYKTIB peakiiii (cxema).

Aroq ()

Karanisarop

Enexrpoiin

Karanisarop
> H,O
Karag (+)

2.

0.

Pucynok 1 — CxeMa najquBHOIO €J1eMeHTa

VY nanuBHOMY enemeHTi ['poBa, BOACHh OKUCHIOETHCS KUCHEM, ajie BiI0yBa€eThCsA
el Mpolec po3aUIbHO, Yepe3 MPOBIIHUK €IEKTPUYHOro cTpyMy. B mipomy mporeci



HEMae MoJIyM’si, XIMIUHA PeaKilisi HIOU pO3TATYEThCSA B Yacl 1 TETJIOBUH ePeKT Maiixke
HE MpOABISETbCA. Besl eHepris XIMIYHOI peakiii NEepeTBOPIOETHCS B EHEPIiI0
BIOPSAKOBAHOTO PYXY €JIEKTPOHIB IO IIPOBITHUKY.

Boanem Ta kucHeM 00AyBalOTh MeETaleBl €IEKTPOAM 3’€JHAHI MPOBIAHUKOM
EIIEKTPUYHOTO cTpyMy. [Ipu 11bOMYy, €NeKTpo[, SIKUil 00/TyBa€ThCSI BOJHEM, OTPUMYE
BiJI aTOMIB T1JIPOT€HY €JIEKTPOHU. ATOMH T1IPOreHy EPETBOPIOIOTHCS HA MpoToHu H+.
Jlani, Mo MeTaliYHOMY MPOBIIHUKY, €JIEKTPOHU PYXAIOThCS JI0 JIPYroro eieKTpomy,
AKAN 00/1yBAa€TbCA KUCHEM. 3 JIPYroro €JIeKTPONay, €IEKTPOHU MEPENaloThCsl HA aTOMU
OKCHTeHy. ATOMH OKCHTeHy HabyBaioTh HeraTuBHOIo 3apsity O

Ry

—{
2¢ _JWKOH
. A SEL
o Ko
//j>§ f:;l..ﬂox— )>( ’/
== 1 ;9 —
3 M__/ 4 §;/_———’4
L g | -6
5 /’7 \'_ //

KOH-H:0

Pucynok 2 — Cxema KOMIpKH BOJHEBO-KMCHEBOI0 MAJIMBHOTO €JIEMEHTA 13
JTY)KHUM €JIEKTpoJiiToM: 1,2 — BoJHEBa Ta KUCHEBA KaMmepH; 3,4 — HIKEJIeBl aHO/I Ta
Katoj; 5,6 — a30ecToBl MeMOpaHu

.. .o . . . 2-
SIkmo B XiMiyHil peakuii ropiHHs BOAHIO B KucHi, npoTonu H' Ta iomu O
00’ €IHYIOTBCSI MOJIEKYJTY BOAM 0€3110CEPEaHBO

2H"+ 0” = H,0

TO B IMaJUBHOMY €JE€MEHTI Il YaCTUHKHU PO3JAUICHI 1 100 3B’sA3yBaTH iX, MOTpIOCH
CNIEKTPONIT. B SKOCTI eNeKTpONiTy BHUKOPHCTOBYIOTH BOJHUN PO3YMH Kallii
TiapoKCuay, SKui mictuth ionu OH™ 1 K.

OTxe cucTema CKIIaaeTbes 3 TPhOX (as:

1. MeraneBuii enektpon (TBepaa daza);

2. N'a3omo16H1 BOeHH Ta KUCEHB (Ta3oBa (aza);

3. Enexrpomit (pigka ¢asza).

Ha mexi1 nux Tppox (a3 1 BigOyBarOThCS €IEKTPOXIMIUHI MPOIIECH B TAJIMBHOMY
€JIEMEHTI.
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Ha aHOAl BOAHEBO-KMCHEBOTO NAJIMBHOIO €JEMEHTY OKHCHIOETHCSI BOJICHD,
IIPOTOHH, SIKI YTBOPIOIOThCS, 3’ €AHYIOThCS 3 rpynamu OH
2H, + 40H =4H,0 + 4e"
Ha xaToni BOJHEBO-KMCHEBOI'O MAJUBHOIO €JIEMEHTY, BIJHOBJIIOETHCS KHCEHb
BIJIMIOBIAHO JI0 PEAKIIIi:
O, +4e +2H,0 =40H"
Peak1ito OKMCHEHHS B TAJIMBHOMY €JIEMEHTI1 1HO/1 HA3UBAIOTh XOJIOHE TOPIHHS.

(v
H, I —e=| o,
;L—\\N ///—?Pt
anode | T cathode

UnlJ
o_ |

S

PI/ICYHOK 3 — Cxema BOJHEBO-KHMCHCBOI'O ITIAJIMBHOI'O €JICMCHTA

['onoBHa mepeBara NaJMBHOTO EJIEMEHTY Tepel ABUTYHAMH BHYTPIITHBOTO
3TOPSIHHS TIOJISITa€ B TOMY, IO EHEpris XIMIYHUX IMPOIECIB Maike IOBHICTIO
NIEPETBOPIOEThCA Ha eneKTpuuHy eHeprito. Koedinient kopucnoi aii (KK/[) neuryna
BHYTPIIIHBOTO 3TOpPsSIHHS, B HaWTexHoJoriyHimux Mmozaenax JIB3 nease notsarye mo
30%. KK]I namuBHoro enementy 50-95 %.

[TanuBHUI eeMEHT MOXXHAa CTBOPUTHU HE TUIbKM HA OCHOBI BOJHIO 1 KHCHIO.
CnamoBatu MOXKHa 0arato pe4yoBHH, MEPETBOPIOIOYM €HEPril0 XIMIYHOI peakilii Ha
€JIEKTPUYHY €HEPTIIO.

B 1897 pori Binbsim YKako CTBOpYB MaMMBHUYN €EMEHT 3 IPSIMUM OKHUCHEHHSIM
Byriento. I[loryxHicts nanmBHOro enemeHty XKako cranoBuina 1,5 kBt. [lanuBHuit
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enemeHT JKako MaB TaKy KOHCTPYKIIiIO: 3a113HUM Ta BYT'JIbHUN CTPUKHI (€JIECKTPOIH)
3aHYPIOBAIM B €JEKTPOIIT — posruiasneHuit myr (NaOH) temmepatyporo 400-500 °C.
3anmi3HU KaToJ 00JYyBalld KHCHEM TOBITPS, B PE3yJIbTaTl 4Oro, €JIEKTPOHU BIJ
BYTUJIbHOTO €JIEKTPOAY pyXalucs [0 3alli3HOIO €JIEKTPOJy 4epe3 IPOBIIHUK.
[ManuBauit enement Kaxo maB KKJ[ 82%, miinpHicTh enektpudHoro crpymy 0,1
AMrIiep 3 KOKHOTO KBaIpaTHOI'O CAHTUMETPY IJIOLI €JIEKTPOY.

Byrneup-noBiTpsiHuii nanuBHUi eneMeHT JKako OyB HACTUIBKM BIAJIMM, IO B
tomy kK 1897 poui, XKako omyOiikyBaB B )xypHani “Harper’s Magazine” ceHcauiiiny
CTaTTIO TPO BCiM maymBHUM eneMmeHT. B crarti XKako meranpbHO OmucaB MPOEKT
OKECaHIYHOTO JaifHepa 3 EHEPreTUYHOI0 YCTAaHOBKOK Ha TMAaJMBHHUX €JIEMEHTAaXx.
TonimHi kKopabmi Manau mapoBi TypOiHH, SKi MPAIIOBAJIM Ha CHATIOBaHHI BYruuis (ix
KK]I 6yB Omu3bko 10 %). Kako po3paxyBaB, HACKUIbKM MEHIIE MOTpiOHO Oyio O
BYT1JIISA, SIKIO BUKOPUCTOBYBATH MAJMBHI €JI€MEHTH HOTr0 KOHCTPYKIII].

Ane nmanuBHu eneMeHT JKako MaB CYTT€BUH HEAOMIK. Y MPoOLEeci OKUCHEHHS
BYTUILHOTO €JIEKTPOJlY YTBOPIOETHCS KapOOH MIOKCHUJ, SIKUM MOTJIMHAETHCS JIY)KHUM
EJIEKTPOIITOM 1 MBUAKO Horo 1cye. CTPOK eKcIuTyaTarlii maJuBHOTO eneMeHTy JKako
OyB 3aHA/ITO MaJIUM.

[IpoTssirom Maii’ke MIBCTOMITTS, IIOOJMHOKI BHUHAXIAHUKH Hamarajiucs
CTBOpIOBaTH €(DEKTUBHI MAJMUBHI €JIEMEHTH, SIKI MOKHA O OyJI0 BUKOPUCTOBYBAaTU B
IPOMHUCTIOBUX MaciiTadbax. Aje iX poOoTH He OyJIu yCHIIIHUMH.

Hanpuknan, y 1911 porii, nanuBauii enemeHT XKako 0y10 BJOCKOHAIEHO, HOBUM
namuBHUN  enemeHT baypa-EpenOepra, Tak camo OyB 3acHOBaHUN Ha
€JIEKTPOXIMIYHOMY crnantoBaHHi Byruuist, BiH MaB KKJ[ 90 %, ane mpakTudHOro
3actocyBaHHsl He 3HaWmoB. Y 1933 pomi bayp myOmikye ormisig poOIT 3 BUBUCHHS
NaJMBHUX eneMeHTiB. [ B miacymky, bayep KoHCTarye HEMOXIHUBICTb
BUKOPHCTOBYBATH MAJIMBHI €JIEMEHTH B MPOMUCIIOBOCTI Ta MOOYTI.

AJie MoIyKH B LIAPUHI MAJIMBHUX €JIEMEHTIB He MpUNUHUINCh. B 40x pokax XX
ct. Oranec KapaneroBuu [laBTSIH CKOHCTPYIOBaB MPUCTPIM A €NEKTPOXIMIYHOIO
CHAJIIOBAHHA T'€HEPAaTOPHOro raszy (ra3 sKdd OTPUMYIOTh UUIAXOM ra3uikarii
TBepaoro mnamusa). [IpucTpiii mpeacTaBisB co00K0 KOXYX, B AKHH IMOAaBajiocs, 3
0JIHOr0 OOKY TOBITps, a 3 1HIIOr0 OOKY — TeHepaTopHuil Ta3. CTpyMeHi rasiB Oyiu
PO3MLICH] IIapOM TBEPIOTO CIEKTPOIITY. 3 KOKHOTO KyOOMETPY TaKOTo MajJTuBHOTO
eIeMEHTy OTpuMYyBalid 10 5 KBT enexkrpuunoi moryxHocTi. Ieit moka3Huk B 5 pasiB
nepeBuilye e()eKTUBHICTh CYy4acHOI TEIJIOBOI €JIEKTPOCTAHIIII.

[ikaBumu € podotn @pencica bekoHa, M0 CTBOPEHHIO MAJIUBHOIO €JIEMEHTY. Y
1939 pori, bexkon (JIoHI0H) CTBOPIOE BOJAHEBO-KHMCHEBHUM IMATMBHUN CIEMEHT SKUM
BUuJae 13 mumamnep 3 KBaJApaTHOIO CAHTHUMETPY 30BHIIIHBOI €IEKTPOJHOI IUION,
npamoe mpu 100 °C i mix tuckom 200 armocdep. el mnanwBHUN eleMEHT
nponpaitoBas juile 48 roguH. bekon npaioaB 10 pokis 1 10 1950 poky cTBOpHUB
MaJMBHUHN eleMenT, sikuii tparroe mpu 200 °C, mix tuckom 27 armocdep i Bugae 230
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MUJTiIaMIep Ha KBaJpaTHUN CaHTHUMETP 30BHINIHBOI €IEKTpoAHOI tutonti. Llel 3pa3ok
NAJMBHOTO €JIEMEHTY MIT MPaLOBaTH TUCSY1 TOAUH.

e gepes 10 pokis, B 1969 porii, @pencic bekon ckonctpyroBas 6atapero 3 40
KOMIPOK TMaJMBHUX €JIEMEHTIB, 3araabHoro noTyxHictio 6 kBT 1 KK 80 %. Po3mipu
Oatapei bexona 76 x 38 x 30 cM. Lli€i mOTY)XHOCTI B’K€ BUCTA4aso, 100 MPUBECTH /10
pyXy eleKTpoMoOiib. Alle Maca TPUCTPOIO, pa3oM 3 OaoHamMu Oyna 3aHAATO
BUCOKOI0, 01113bK0 300 Kinorpamis.

bymu 1 iHmm "Hemomiku B manmBHEHX enemeHTax 50-70-x pokiB XX cr. Okpim
Macu KOHCTPYKIIii, eheKTHBHI MAJIMBHI €JIEMEHTH MPAIIOBAIM HA OYUIIICHOMY BOJIHI,
KWW KOIITYBaB B Ti yacu 3aHaAToO joporo. Karamizaropu, siki BUKOPUCTOBYBAJIU B
NAJIMBHOMY €JIEMEHTI, Ha eJEeKTpoJAax, AyKe YyTIUBI J0 3a0pyqHEHb, 1 IIBHUIKO
MICYIOTBCHA.

Hactynuuit  eram  po3BUTKY  MaJMBHUX  €JIEMEHTIB  CYNPOBOIKYBAaB
aepoKocMiuHy chepy.

Konu BupimyBanu MWUTaHHS €HEPreTUYHOI YCTAHOBKU JUISL  YKUBJICHHS
KOCMIYHHMX amapariB, npoBeau mopiBHAHHA. [1lo0 3agoBOABHUTH mOTpeOH B
SJICKTPOCHEPrii KOCMIYHOTO anmapary MpOoTAroM JIBOX THXKHIB, HEOOX1/THA MOTY>KHICTh
200 xkBt-ron enekrpoeneprii (1 kBr-rog — e podora npucTporo noryxHictio 1 kBt
npotsroM rogunu; 1 Br =1 [{x/c ereprii, omke 1 kBt = 1 x/[>x/c, mpoTAromMm roguHu
Takuil npuctpii cnoxkuBae 3600 xJlx eneprii). Taky MOTYXHICTh 3aJJOBOJIbHSE
Cy4acHUM CpiOHO-IIMHKOBUN aKyMyJSITOp Macoro 1.5 ToHHH, sikuii 3aiimae 00’em 0,5
M°, 10 aKyMYJSITOpY, 106 HOTrO 3apsipKaTH, MOTPiOHI COHSMUHI mamenmi, Macow 335
Kimorpam i o6’emom 1,12 M°. 3arampHa Maca CIEMEHTIB JKMBICHHS KOCMi4HOTO
amapary 1835 kri o6’em 1,62 m°.

EneproycranoBka Takoi camoi MOTY>KHOCTI Ha BOJHEBO-KHCHEBHX MAJTMBHUX
elleMEHTax Mae Macy 225 Kr i 3aiimae 06’em 0,45 M°. PisHuIs HAOUHa.

KpiM KOMMakTHUX pO3MipiB, BOJHEBO-KMCHEB] MaJIUBHI €1EMEHTH MAlOTh 1 1HIII
nepeBard. llalMBHI €JEeMEHTH TE€HEPYIOTh EJIEKTPUYHY EHEPTil0 HE3AIEHKHO BIJ
OCBITJIEHOCT1 (COHsIuHI Oartapei — JuIIe mija BIUIMBOM cBiTia). [lanuBHi eneMeHTH
MOXYThb MaTH OyJb-Ky T€OMETpHUUHY (POpMY; BOHM HE UYTIIMBI J0 yAapiB, BiOparlii
paaialii, BATPUMYIOTh KOPOTKOYacH1 nepeBanTtaxkeHHa 10 100 % Bijg HOMIHAJIBHOT
noTyXHOCTi. [lanvBHI €leMEHTH HE MaloTh IIKIIJIUBUAX BHUKHUIIB 1 HEOE3MEUHUX
KOMITOHEHTIB (Ha BIAMIHY BiJl CpIOHO-IITMHKOBOTO aKyMYJISITOPY), BOHU O€3IIyMHI1, HE
CTBOPIOIOTh  paJIONEpeIIKo]] 1 MIKIJJIMBUX BUIPOMIHIOBaHb, MPALIOOTh MpU
Temmeparypax omusbpkux 10 20 °C.

OcHosHi npobaemu nanusnux enremenmis. SIK 1 Oyab-sike XIMIUHE JKEpPEJIo
ctpymy, IIE xapakTepu3yeTrbcsi Halpyrorw, MOTYKHICTIO 1 TEPMIHOM CITYKOU.
Hanpyra (U) manuBHoro enemenTy Hmwk4da EPC uepe3 HasBHICTH OMIYHOTO OIOPY
enekTpoiity i enexktpoAaiB (R), a Takox nomnsipuzartito karoga AEk it anoma AEa:

U= (EPC)— IR - (4Ek + AEa), ne 1 — cuna ctpymy.
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Bigomo, 1110 mosnsipuzariis €IeKTPOIIB 3pOCTA€ 1 301IbIIIEHHSIM TYCTUHH CTPYMY
(1), ToOTO CTpyMy, BIJTHECEHOIO 10 OJMHMII IUIOUII TOBEpPXH1 enekTpona (S):
I = (1/S). Omxke, 3a Takoro camoro CTpyMy MOXXHA 3HU3UTH HOro TYCTHHY Ta
MOJISIPU3allil0,  3aCTOCOBYIOUM  BHCOKOIOPUCTI  €JEKTPOJIH, IO  MAaloTh
BHUCOKOPO3BUHEHY MoBepxHIO (10 100-150 M/r). s MPUCKOPEHHS peaKiiil 10
MOPUCTUX E€JICKTPOJIB JONAI0Th KaTali3aTOpu. 3a3HayuMo, [0 HalmmpIine
BUKOPUCTOBYIOTHCSl KaTali3aTOpXW HA OCHOBI TUIATWHH, TAJIflit0, HIKEII0, 30JI0Ta Ta
NESKUX METaJIOBMICHHX HAITIBIIPOBITHUKOBUX MaTepialliB.

BiamoBimHO 70 BUINE 3a3HAYEHOTO PIBHSHHSA HAMpyra MaJIUBHOTO €JIEMEHTa
3HMKYETHCS 31 30UIbIICHHSIM CTpyMYy. BiJ Hanpyru 3a1eXuTh 1 MOTYKHICTh TATMBHOTO
enementy (P = ['U), a Takox muTOMa MOTYKHICTh Ha OAMHUIIO Macu M i 00’emy V
NaJIMBHOIO €JIEMEHTA.

Y mporeci po0OTH  XapaKTEPUCTUKH TAIWBHOTO  €JIEMEHTY IOCTYIIOBO
MOTIPIIYIOTHCS, IO 3YMOBJICHO JE3aKTHBAIEI0 Ta JErpajallicld KaTalli3aTopiB,
KOPO3I€10 OCHOB €JIEKTPO/IIB, 3MIHOIO IXHBOT CTPYKTYPH TOILO.

Y cepenuni 60-x pokiB XX CT. HaJg CTBOPEHHSM €()EKTHUBHUX MaTUBHUX
elleMeHTIB (1HIIA Ha3Ba MPHTAMaHHA I[bOMY IEPIONY eIeKmpOXIMIYHULL 2eHepamop)
MpaIfoBaTH JCCATKA THUCSY HAYKOBIIIB MO BCHOMY CBITY. YpSIW BHTpadaid Ha
OIUIaTy HAYKOBO-TEXHIYHOI POOOTHM 31 CTBOPEHHS MMAJMBHUX €JIEMEHTIB COTHI
MUIBHOHIB J0OJIapiB IIOPOKY.

VY BUKOpUCTaHHI MAJIMBHUX E€JIEMEHTIB B KOCMIuHi cdepi € Hemomk. [lamuBo
Tpeba jgocTaBiATH B KocMoc. HecknaaHi po3paxyHKH T[OKa3ylOTh, IO IS
3a0e3neyeHHss moTykHOCTi 200 kBT-roa mpoTsSroM ABOX THXKHIB, JJII KOCMIYHOTO
anapary, HeooxigHo 100 kr BogHIO 1 KuCHIO. OKpIM IIbOTO, 1HXXEHEPU-PO3POOHUKH
3IMTOBXHYJIUCS 3 OararbMa TEXHOJOTIYHUMH CKJIQJHOIIAMU  BHUKOPUCTAHHS
NaJMBHUX €JIEMEHTIB B KocMocl — Tak 3BaHi T, P, g-Hym (HyJIbOBI TeMmIiieparypa,
TUCK, TpaBiTamis). He3Bakaroum Ha TEXHOJOTIYHI CKiagHOomI, B 1968 porii,
BJIOCKOHAJICHI TaJMBHI ejeMeHTH bekoHa 3abe3nedyBaiud poOOTY €JIEeKTPOHHHX
KOMIIOHEHTIB KOCMIYHUX amapariB “Anomion” 1 moOyBanu Ha Mmicsul. Boaneso-
KHCHEBI MAJIMBHI €JIEMEHTH € JKEPEJIOM MUTHOI BOAM 1T KOCMOHABTIB Y IMpPOIIECi
KOCMIYHO1 MOJIOPOXKI.

EdexTuBHICTP ManMBHUX €JIEMEHTIB B TMporpami «ATOJIOH» CTaHOBUJA
40,4 xr/xBt. B mporieci miroToBKy Ta 3a pe3yJbTaTaMH KOCMIYHOI €KCIIeAnIIli, Oyau
BUSBIICHI T4 YCYHYTI CYTT€BI TEXHIYHI HEJOJIKHM NAJIMBHUX €JIEMEHTIB bekoHa.

B HOBOMYy kocmiuHOMYy mipoekTi “Orbiter” BUKOPHUCTOBYBAJIM BIOCKOHAJIEHI
NAJIMBHI €JIeMEHTH, 3 KamUILIpHUMH MeMOpaHamu (apiOHomopuctuii acOect), 1
OararbMa I1HIIMMH YJIOCKOHAJICHHSIMHU, 3aBASKH SKUM €(PEKTUBHICTh MaJTUBHUX
eneMeHTiB y mpoekTi “Orbiter” Oyma 3,63 kr/kBt. ¥V 80-x pokax XX cr. Oyna
JOCSITHYTA €PEKTUBHICTh NAJIMBHUX €JIeMEHTIB Ha piBHI 1,80 kr/kBT.
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Cuiia cTpymy NajJiMBHHUX €JIEMEHTIB

OpHi€ero 3 XapaKTePUCTHUK MAJTUBHUX €JIEMEHTIB € Chjla CTPYMY, SIKY TaTHBHUN
€JIEMEHT 3JaTHUW reHepyBatu. llepmmi nanuBHuK eneMeHT bekoHa MaB CHIly
crpymy 13 mimiammep 3 1 cM” 30BHIIIHBOT TOBEPXHi €IEKTPOY.

Cuia ctpymy BUMIpIO€eThCS B Amniepax. 1 AMmriep 1e mBUAKICTh pyXy 3apsany 1
KyJIOH/CeKyHy. 1 MOJIb eNeKTpOHIB Mae 3apsig 96484,56 kynoH.

Hanpukian, mo0 npu enekTposizi po3duHy apreHtyMm HitpaTy (AgNOs)
MPOTSATOM TOAWHHM, Ha €JEKTPOAl BigHOBHWIAcs Maca cpibna B 4,0247 rpamu,
HEOOX1HO TOKJIACTH CTPYM criiolo B 1 Amriep (nuBiThes 3akonu Dapanes).

k10 manTuBHUM €JIeMEHT reHepye cuity crpymy 13 mimammnep, a6o 0,013 A 3
1 eM?, To 1e o3Hauae, mo 3a | ¢ yepes mwromy 1 cm® mpoxomuts 0,013 Kit 3apsiny, a6o
0,013 Kn/96484,56 K-l MOJIb = 1,3474e-7  MoIb  €NEKTPOHIB.
3 ypaxyBaHHSM KOE]IIlI€HTIB

Awnox: 2H, + 40H =4H,0 + 4e”
Karon: O, + 4 + 2H,0 = 40H"

BHXOJHTB, 110 KOKHY CEKYH/IY, Ha TIOBEPXHi €IeKTPOy IIomero 1 cM” BifOyBaeThes
Ha aHOJ1 OKMcHEeHHS 6,7368e-8 monbs BogHio Hy; Ha katomi BigHOBIeHHS 3,3684¢-8
MOJb KHUCHIO O,.

Cua crpymy B 13 MIA/cM® i3 30BHIMIHBOI IUIOMII EIEKTPONY 3aHAATO HU3bKA,
00 KUBUTU E€JIEKTPOHHE OOJaJHAHHS, MPUBOJUTU JI0 PyXY €JEKTPUYHI JBUTYHHU.
ToMy mepea HOCHIIHMKAMU CTOsUIa 3ajadya MIABUIIUMTH CHIy CTPYMY HaJIUBHOTO
EIIEMEHTY /10 COTeHb Mimiammep 3 1 v,

SIK MiIBUILIUTH CUITY CTPYMY HNAJIMBHOTO €JIEMEHTY?

~ MABUIIUTH TEMIIEPATyPy CUCTEMH, aje MaTepiaid MaJuBHOTO €JIEMEHTY 1 3a
KIMHATHOI TeMIepaTyp He HAATO JOBTOBIYHI;

—301IBIIUTH KIUJIBKICTh aKTIB €JEKTPOXIMIYHUX PEaKIid, MIITXOM 301IbIICHHS
KOHIIEHTpAIIi] T'a3iB, TOOTO 301IbIIYIOUYH TUCK B CUCTEMI;

— 301IBIITUTH BHYTPIIIHIO IUIONTY ITOBEPXHI €JIEKTPOTY.

Tabnerka aktuBoBaHoro Byriuwisi mae aiamerp 1,10 cm 1 Bucory 0,40 cm,
3OBHIINHS IUIOmMA TaOleTKH AKTHBOBAHOTO BYTLLII OPIBHIOE 3,28 cM’, aie
BHYTPIIIHS IUIOMIA [OBEPXHI TaGCTKH AKTHBOBAHOIO BYTLULIS csArac 4 MIH cM-
(400 m%). 1le B 1,2 MinbitoHa pasiB Giblie 3a 30BHIIIHIO ILIONLY ITOBEPXHI.

JlocTiTHUKH B CBOIX JOCIIIaX MIIUIM IMUIIXOM 301IbIIIEHHS BHYTPIIIHBOI IO
MOBEPXHI €JEKTPOAIB NAJIMBHOIO €JIEMEHTY. BHYTpIIHIO IUIONIYy MOBEpPXHI
30LIBIIYBAJIM LUISIXOM CTBOPEHHSI TMOPHCTHX enekTponiB. Ilpobnema mnopuctux
CJICKTPOIB JIJIsl MAJIMBHUX €JIEMEHTIB MOJISITAE B TOMY, IO €JIEKTPOXIMIYHI peaKxiii
MPOTIKAIOTh Ha MEX1 TpboxX (ha3, TOOTO MOPUCTUH EIEKTPOJ MOTPIOHO HE MPOCTO
3alIOBHUTH €JICKTPOJITOM, a II€ JOJaTh ra3, 3a0e3MeuuTH MPUHOM 1 Tepenady
€JIEKTPOHIB 10 TMPOBIJHUKA, BIABOJUTH MPOAYKTH EJIEKTPOXIMIYHHUX pEaKIii
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(Hanpukiag Boay). Po3p’s3aHHa mpoOsieMu 1MOOAYMIM B CTBOPEHHI MEpexi Iop,
KaHaJIB pI3HUX THUIIB. B Marepiami enekrpoay norpiOHo Oysi0 CTBOPUTH TiIpodoOHI (He
3MOUYIOTBCSI BOJIOIO) Ta TiAPOQPUIBbHI (3MOUYIOTHCS BOJOI0) KaHAM, a TaKOX, caM
Marepiajl €JeKTpoay TOBHHEH OyTh eJeKTponpoBiiHUM. [iapodoOHI KaHaIU
NPOIYCKAlOTh ra3u (BOJEHb Ta KUCEHb), aje€ HE MPOIYCKAaIOThb BOAY (EJIEKTPOJIT),
ripodiIbHI KaHAIM HABIAKH — 3allOBHIOIOTHCS EJIEKTPOJIITOM, ajieé HEJOCTYITHI JUIs
rasis.

BunpoboByBanu pi3HI BapiaHTH CTBOPEHHS TOPHCTHX EJIEKTPOMPOBIIHUX
matepianiB. Hanmpukinazn, Opanu 3aii3Hy CITKY 1 3ali3HY IUIACTUHY 3 OTBOpaMH, SIKI
yTBOPIOBAJIM OCHOBY eJIeKTpoay. Ha 110 OCHOBY HalpecoByBalll aKTUBHY Macy —
cyMim Byruwis (TiapodiibHUN KOMIOHEHT) 1 KaydyKy (TiapodoOHMIT KOMIIOHEHT),
JUISL TIOKpalieHHs Tiapo@oOHUX BIACTUBOCTEM 10 cyminnl gonaBaiu mapadin. Takuit
€JIEKTPOJT HE MICTUB JOPOTOILIHHUX METaJiB 1 KaTaji3aTopiB, 1 BUAABAB JIOCTaTHHO
MOTYKHUM CTPYM, aJIE €IEKTPOA AYXKE IIBUJIKO PYHMHYBaBCH.

Bysno npoBeneHo 6araTo eKCIepruMEHTIB 1 1OCTIKEHb, OTPUMAHO JT0BOJI1 BUCOKI
MOKa3HUKWA IO CWJIi CTPYMYy 3 KBaJpaTHOTO CAaHTUMETPY, ajie¢ HEIOBTOBIYHICTH
CTBOPEHUX 3pa3KiB TMOPUCTUX EJIEKTPOAIB HE JI03BOJMJIA BUKOPUCTOBYBATH
TEXHOJIOT1I0 MAJIMBHUX €JIEMEHTIB B IPOMHKCIOBOCTI Ta MOOYTI.

[ToTpibeH OyB i1HEPTHUMN, CTIMKMM JO arpeCUBHHMX CEPEIOBHUIN Ta BHUCOKHUX
TeMIiepaTyp riipogoOHu MaTepia.

B 70-x pokax XX cT. Takuii MmaTepiasl 0yso 3HaiiieHo — Te(IoH.

dropomnact-4, abo momiterpaduayoperen, ado Tteduion, —(CF,—CF,)—.
TednoH Hag3BUYANHO CTIMKUI A0 arpeCUBHUX CEPENOBUIL, KUCIOTH (HABITh LIapChKa
BOJIKA), JIYTM Ta OKHMCHUKH Ha TeymoH He AitoTh. J[iama3zoH pobouyux Temmeparyp
tedaony Bix —250 °C mo +250 °C. Tediion He TLIBKM HaI3BUYaWHO TiApodhoOHMIA
MaTtepiajl, BIH TaKOXX HE 3MOYYEThCA aHl KUpaMH, aHi OUIBIIICTIO OPraHIYHHUX
PO3UYMHHHUKIB.

Came @QropormacT moyYaad BUKOPUCTOBYBAaTH TIPU CTBOPEHHI TMOPHUCTHX
€JIEKTPOJIIB JIJIsl MAJMBHUX EJIEMEHTIB, 3MIIIYIOUH MOPOIIOK T€(PIOHY 3 MOPOIIKAMHU
MeTaliB. 3aBJISKH BIACTUBOCTSM (PTOPOILIACTY, MAIUBHI €JIEMEHTH OTPUMAJId HOBHIA
IIAHC HA 3arajbHe 3aCTOCYBaHHS B IPOMKCIIOBOCTI Ta MOOYTI.

BrockoHaneHHs MalWBHUX €JIEMEHTIB J03BOJIMJIO CTBOPUTH JEMOHCTpAlliifHi
IPOTOTUIN HPUCTPOIB, A1 POOOTH SKUX JIKEPETIOM €Heprii OyiM MajJuBHI €IEMEHTH.

Tak, B 1965 poui, HiMenpka ¢ipma «CiMEHC» CTBOpUIIA MPOTOTUII MOTOPHOIO
YOBHA, 3 MAJIMBHUM €JeMEHTOM MOTyXHicTio 0,5 kBT. YoBeH Oyno po3paxoBaHO Ha
I’ SITh 0C10 1 pyxaBcs BiH 31 MIBUIKICTIO 7 KM/TOJIUHY.

Y 60-x pokax XX crT., amepukaHchbka kommaHis «FOHiIOH KapOaia» Ha
3amoBlieHHA “‘J[)keHepan MOTOpPC” po3poOuiIa €HEpProcUcTeMy JUIsi HEBEJIHMKOIO
€KCIIEPUMEHTAIBHOIO  €JeKTpoMOOUII0  TiJ Ha3Bow  «EnektpoBan». PoOoua
HNOTYXKHICTh OaTapei Ha BOJHEBO-KMCHEBUX MaJMBHUX eJleMeHTax craHoBmiIa 32 kBT,
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MaKCUMaJIbHO MOXJIHBa TOTYxHICTh 160 kBT. Bomens 1 kuceHb 30epiramucs B
3pIIpKEHOMY cTaHl B OayioHax. Ilpu moryxHocTi nanuBHHX eneMeHTiB 90 kBt
“EnexTpoBan” po3BHBaB MIBUAKICTh 80 KM/TOAUHY (MakCUMajbHa MIBUIKICTH Oyna
114 xm/roauHy). 3ae)XHO BiJ HaBaHTaKEHHS «EIeKTpoBaH» MIr HmpoiXaTH BiJCTaHb
BiJ 160 10 240 kimoMeTpiB HA 5,5 KT pIAKOro BOAHIO 145 KT PiAKOr0 KHCHIO.

Y 11 % poku B CHIA Oyno po3poOieHO MiABOJHUN YOBEH (JIOCIHITHUIIBKO-
MOIIYKOBOT'O TUITY), HA YOTUPU OCOOM, IKUH MIT 3aHYPIOBAaTHCA Ha INIMOUHY 10 6 KM.
UYoBeHn Oyno ocHameHO OaTapeero MaJuBHUX eyeMeHTIB ¢ipmu «FOHiIOH KapbOaiiny,
notyxHicTio 25-50 kBT, KK][ eneprernunoi yctanoBku 58 %.

[IpoTe, Ha NUISIXY 10 3araIbHOTO MacOBOT'O BUKOPHCTAHHS TAJIMBHUX EJIEMEHTIB
Oyno Oararo mpobiem.

AJIbTepHATUBHI NAJUBHI €JIEMEHTH.

Haiikpamii pesynapTaTél 1m0 €(QEKTUBHOCTI Ma€ MAJMBHHUM €JIEMEHT Ha YUCTHUX
BOJIHI Ta KUCHI. AJjie 111 Ta3u (0co0JIMBO BOACHB) OTPUMATH 1 OYUCTUTH HEJIETKO, 110
CYITEBO 30UIbINye iX IiHy. [[711 MacoBoro BUKOPHUCTAHHS MOTPIOHO CTBOPHUTH
e(peKTUBHI 1 HAaJIAHI TMaJMBHI E€JIEMEHTH, SKI MPalIOBAaTUMyTh Ha JCIICBOMY 1
JOCTYITHOMY TaiuBl (IPUPOJHUM Ta3, CHOUPTH, OCH3WH, 1 1HIINI), a B SKOCTI
OKHCHIOBaua HEOOX1JJHO BUKOPHUCTOBYBATH KUCEHb MOBITPSL.

B sikocTi anbTepHAaTUBU BOJICHBH-KHUCHEBOMY MAJIMBHOMY €JieMeHTY, B 1964 pori
y wmicti I'poron (CIIIA) Oymno cTBOpeHO OJHOMICHHHM TMIABOAHWUNA YoBeH ‘‘Start”
(moBxkuHOIO 3 M 1 Macorw | TOHHA) OCHAUIEHUH T1APa3WH-KUCHEBUM MaIMBHUM
esleMeHTOM ToTyxHicTio 0,750 kBT.

N2H4 + 02 = N2 + 2H20
NoH; + 40H =N, + 2H,0 + 4e”

Bbarapes 3a6e3neuyBana poOOTy YOBHA MPOTITOM 12 TOAWH: pyX, 3aHYPECHHS Ha
rmOuHy 710 90 M, OCBITIICHHS, Paji03B’ 30K, 3aCO0M HaBIraiii.

[ina rigpazuny B 15-20 pa3iB Oiiblua 3a 1iHY BOAHIO. ['iIpa3vH TOKCHYHUM.
ToMy ¥Oro BUKOpPUCTaHHS B TAJUBHUX €JIEMEHTaX OOMEXHIIOCS JIMIIe
JIEMOHCTPALIMHUMH 3pa3KaMH.

AMOHIaK TEX MOXHA BHUKOPHUCTOBYBAaTH B SKOCTI IMaJiiBa B TMAJMBHHUX
esieMeHTax. [{ina aMoHiaky Taka caMa K 1 BOJHIO, aJle aMOHIaK MOCTYMA€ThCS BOJIHIO
3a peakIiiHOW 37aTHICTIO. Hu3bKy peakiiiiHy 31aTHICTh Mae€, METaHOJ 1 1HIII
CIUPTH.

VY 1962 porii amepukanchkuii enekrpoximik Higpax BusBus, 1o npu 25 °C Ha
CJIEKTPO/IaX, BUTOTOBJICHUX 3  ApIOHOAUCIEPCHOI TJIATUHHM,  BiIOYBAETHCA
CJIICKTPOXIMIYHE OKHUCHEHHsSI eTaHy. EIeKTpoXIMIYHUN TMpolec JJaBaB JIUIIIE
5 Miniamrep Ha CAHTUMETP KBAJpaTHUM MOBEPXHI €JIEKTPOAY.

[Tomanemri gociiau 3 KapOOTiAPOreHaMu MOKa3aiu, 0 B MaJUBHUX €IIEMEHTaX
MOHa CITAJIFOBATH BC1 ra30Mo/10H1 KapOOoriIporeHu, MOBHICTIO, 10 KapOOH J10KCUTY
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1 BoJU. AJle peanizyBaTH CHaJieHHS Ta30MoII0HNX KapOOTiaporeHiB B MPOMHCIOBUX
MacmTabax He BHHWNLIO. OCHOBHOK MpPOOJEMOIO MPU BUKOPUCTaHHI MNAJMBHHUX
€JIeMEHTIB B IIPOMMCIIOBHX MaciTa0ax Ha Ta30moaiOHuX KapOorigporeHax OyIo
BUKOPUCTaHHS IJIATUHOBUX KaTali3aTOpiB B e€NeKTpoAax. Tomy JIOCHIIHUKU
OpalioBaly HaJ MOLIYKOM HOBUX €(EKTHBHHMX KaTalli3aTOpiB, SIKI O HE MICTHIH
TUTATUHH, a00 3HUKYBAJIM O 1i BUKOPUCTAHHS.

YucneHHl eKCIEpUMEHTH 3 TMOIIYKY HOBUX €JEKTPOKATATITUYHUX MaTepialliB
1HOM1 MaBasii OOHAIMIINBI pe3yIbTaTH.

Y 1965 pomi Oyno BIAKPUTO HEBIAOMI paHIIIE €NEKTPOKATAIITUYHI e(EeKTH.
Hanpuknan, okuCHEHHSI METaHOTYy Ha IUIATUHO-PYTEHIEBOMY €JIEKTPO1 BiIOYBaIOCs
B TUCSY1 pa3iB MIBUIIIE, HIXK HA IJITATHHOBOMY €JIEKTPO/II.

VY X0l eKCIepuMEHTIB BUSABHWIIM, 10 KapOia Bodb(PpamMy IMpEeKpacHO aacopoye
BOJICHD, BIH 1HEPTHHI MO BiTHOIICHHIO 10 KUCIIOT.

Himenpkuii ¢izuxo-ximik E. KOCTi 3aMiHMB IJIaTHHOBUI €IEKTPOJ B BOJTHEBO-
KHUCHEBOMY IMaJIMBHOMY €JIEMEHTI Ha CKEJeTHHM KaranmizaTop (CIUIaB MeTaily-
KarajizaTopa 3 aJIOMIHIEM 3 TOJAJBLIINM PO3UYMHECHHSIM aIIOMIHII0O B JIyrax;
YTBOPIOETHCS KaTATITUYHO aKTUBHA MMOPHCTA METaJIeBa Maca).

VY mporeci nomnrykiB eheKTUBHUX KaTali3aTOPIB Ji1 BUKOPUCTAHHS B MAJTUBHUX
€JIEMEHTAX, yBary €JEKTPOXIMIKIB MPUBEPHYJIU OPraHiyHI CIOJYKH MPHUPOIHOTO
MOXOJIKEHHS MOp(IpUHH.

[TopdipyuHu yTBOPIOIOTH 3 METajJaMU X€JaTHI CHOJIYKH 1 HaOyBalOTh MEBHUX
KaTamTUYHUX BiacTuBocTei. llITydHo Oylio oOTpuUMaHO CTPYKTYypy CXOXY Ha
OpUpOIHI MOPPipuHU — Pramonranid. OTaronuaHIH OUIbII CTIMKUI 10 TeMIepaTyp
Ta CBITJIA, OUTBIN IHEPTHUM O KUCIIOT Ta JIYTiB, HIX pupoAHi nopdipuHu. ChoroHi
nabopatopii pi3HUX KpaiH aKTUBHO JOCIIHKYIOTh 111 CIIOTYKH.

a §)

Pucynok 4 — Karamizaropu /7151 TalMBHUX €JIEMEHTIB: a — MOPQipUHY;
0 — ¢ranomianin
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Takox yBary JOCTIHUKIB MPUBEPHYJIN MPUPOIH] KaTali3aTopu — GEPMEHTH —
OKCUJIOPENIYKTa31, SKI KaTadi3yloTh OKHCHO-BIJTHOBHI peaklii B O010JOrYHUX
cuctemax. depmeHTH 3a OYJ0BOIO 1 CKJIAOM — 11 OIKu. B monekynax gepmeHTiB
MpoCTHX OUNKIB € CBOEpiAHA ‘“KMUINEHS TMOJIIMENTHJIHOrO JaHIora, B SKiH 1
BIIOYBAalOThCA KaTaJIITU4HI TEpEeTBOPEHHs cyOcTpary. binbmiicte (epMeHTiB —
CKJaaH1 OuTkH (mpoteian). Y ckiaaaHux pepMeHTax O1IKOBHM KOMIIOHEHT HA3UBAIOTh
anopepMeHT, HeOLIKOBUM — KodakTop. KodakTopum mnoauidioTe Ha: KOPEpMEHTH,
aKTHUBATOPH 1 MPOCTETHYHI TPYITH.

HebinkoBa dactunHa ckimagHoro (epMeHTy Moke OyTu 3B’si3aHa 3 OUIKOBOIO
(amopepMeHTOM) HE EKBIBAJICHTHUM XIMIYHMM 3B’SI3KOM (T1JIpOT€HHHUI 3B’SI30K,
rizpodineHa abo rimpodobHa B3aeMomis). Y IbOMY BHUIAIKY HEOIIKOBY YaCTHHY
dbepmeHTy Ha3uBawTh KopepmenT. KodhepMmeHTH 3/1aTHI JIETKO BiIIEIIOBATUCS BiJl
O11koBOi yacTUHU (pepMmeHTy. [IpocTeTnuHi rpynu 3B’si3aHi 3 OUIKOBOI YaCTUHOIO
CKJIQTHOTO (DEPMEHTY KOBAJICHTHUM 3B’ SI3KOM, SIKHI BaKKO PO3IpBAaTH.

AKTHBaTOpH — 11€ Takl KopakTopu (PepMEeHTIB, 110 EPEBOJATH MOr0 B AKTUBHUM
CTaH, a caml NpH IbOMY HE OepyTh ydacThb B KaTaJNITHUHIM peakiii, A0 HHUX
BIJIHOCATHCS 0araTo HEOPraHiYHUX 10HIB, HAMNpUKIaJ 10HH MeETaJIiB METaliB.
VY Gararbox cKJIaJHUX (EPMEHTAX, AKTUBHUM IIEHTPOM € METAIONOP(IpUHU.

Tak, y 80-x pokax mpoBelW YCHIMIHUNA EKCIEPUMEHT 3 BUKOPHUCTAHHIM
dbepmenTy nakrtaza. epMeHT JakTaza, IMOOLTI30BaHUM (IUITYYHO TMPUB’SI3aHUN 10
cyOcTpaTy) Ha €JEKTpOAl 3 caxl, BIJHOBIIOBAB KuceHb. Cuna CTpyMy, SKui
OTpUMAJIU IOCIIITHUKY OyJia HEBEJIMKa, ajie cucTeMa nporpauoBaia 50 roaus.

YucneHH1 eKCIEPUMEHTH 1 JOCHTIIKEHHSI PU3BENH 10 CTBOPEHHS KUIBKOX THIT1B
MaJTMBHUX €JIEMEHTIB.

Tunu naTuBHUX eJIeMEHTIB

IHanuenuii enemenm 3 Memopanor oOMiny npomonie

[lanuBHUN eneMEHT 3 MPOTOHOOOMIHHOIO MEMOPaHOK  BHUKOPHUCTOBYE
noMepHui enekTpoit. Lle TUM MaJWBHOTO €JIEMEHTY € OAHIE 3 HaWOUIbII
PO3BHHEHHX 1 YaCTO BUKOPUCTOBYBAHUX CHUCTEM MaJIMBHHUX €JIEMEHTIB; 001acTi HOro
3aCTOCYBaHHSI TOIIHUPIOIOTECA HA TPAHCIOPT, MOPTATUBHI JKepena >XUBJICHHS 1
IPUCTPOi 3a0e3MeUEHHsI PE3EPBHOTO KUBJICHHS. [laquMBHUN eneMeHT 3 MeMOpaHOIO
0OMiHYy POTOHIB Ma€ KOMIAKTHY KOHCTPYKIIiIO 1 3a0e3neuye BUCOKY €(heKTUBHICTD
no Macu. llle ofHi€l0 MepeBaror € MOMIMBICTh WIBUJKOTO 3allyCKy MaJMBHOIO
eaeMeHTy B pobory. IlanuBHuil enemenT mpairoe npu temrmeparypi B 80 °C, iioro
KKJI ctanoButs 50 %.

J10 HeIOITIKIB CUCTEM 3 MPOTOHOOOMIHHOIO MEMOPAHOIO MOKHA BITHECTH BUCOKI
BUPOOHWYl BUTpPaTH Ta CKJIAJHY CHCTEMY VYIOPABIIHHSA POOOTOK MaIMBHOIO
eIEMEHTY. SlApo NanMBHOrO €NeMEHTY He MoXe OyTHh 3amyleHO HpPOCTHM
PO yBaHHSM BOJHIO 1 KHCHIO, HEOOX1/JHA TIEBHA CTapTOBA KIJIbKICTh BOJU B HHOMY.
[TanuBo nns eneMeHTa, BOACHb, MOBUHEH OYyTH HAA3BUYAMHO OYMILEHUM, 1HAKILIE
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IPOTOHOOOMIHHA MeMOpaHa MIBUAKO NCyeThes. HamaromxeHHs Ta 00CIyroByBaHHS
CHUCTEM TaKMX TMaJUBHHUX EJIEMEHTIB BKpall CKJaJHi; Hanpukiaa, 150-BonbToBa
Oarapest Hamiuye 250 OKpeMHUX €JIEMEHTIB, K1 HEOOX1HO MPaBUILHO HAJIAIITYBATH.

[lanuBHUI €JEMEHT 4YYTIMBUN A0 HU3BKUX TEMIEparyp, ajKe L€ MOXKe
IPU3BECTH J0 YTBOPEHHA Jbony. Lle 3Myllye nogaBaTu B KOHCTPYKIIIIO HarpiBajibH1
€JIEMEHTH, SIK1 30UIbIIYIOTh KIHIIEBY BApTICTh MPHUCTPOIO. 3aIMyCK B XOJOJHY MOTOAY
MOXKE€ TpUBATH JOBIIE, a MPOAYKTUBHICTH TMOMITHO Hik4ye. HaamipHe
TEIUIOYTBOPEHHS TaKOXX MOK€ TMPHU3BECTH 10 MOIIKOKEHHS NAJIMBHOI KOMIPKH.
CucremMu KOHTPOJIIO TeMIEpaTypu 1 Mojadi KHUCHIO CHOXKWBarOTh Omm3bko 30 %
€JIEKTPOCHEPTi, SIKY TeHEPYE MaTUBHUHN €JIEMEHT.

[Ipu BCTaHOBNEHHI B TPAHCHOPTHHM 3acid, MaIMBHUA €NEMEHT 3
MPOTOHOOOMIHHOIO MEMOpaHOI Mae pPo3paxyHKoOBHM TepMmiH ciyxou 2000-4000
roguH. BHAcTiJ0K HEPIBHOMIPHOTO HABAaHTAXEHHS BiIOYBAETHCS 3aliBE 3BOJIOKEHHS
a0o, HaBMaKW, BUCHXAHHS MaJMBHOI KOMIPKH, IO CIpHsie 3HOCY MemOpanu. [lpu
YCTAHOBIII B IPUCTPIi 3 O€3MEPEPBHUM IIUKIIOM pPOOOTH, TATUBHUN €JIEeMEHT 3aTHUI
HopManbHO (yHKIioHYBatH TIpoTsiroM 40000 romuH. 3HMWKEHHS (PYHKITIOHATLHOCTI
BIOYBa€TbCsS IUJIAaBHO, IO POOUTH HOTO CXOKHUM Ha €JICKTPOXIMIUHY Oarapero.
3amiHa sapa (CTeka) MAJIUBHOTO €JIEMEHTa € OCHOBHOIO BUTPATHOIO YaCTHHOIO
00CITyroByBaHHS.

JlyscHuii nanueHuil eiemenm

JIy)KHI NajavBHI €J1EMEHTH OTpUMalM HalOUIbIIEe 3aCTOCYBaHHS B KOCMIYHIM
raiy3i (B TOMY YHCII, JJII KOCMIYHHMX KOpaOiB 0araTopa3oBOr0 BHUKOPUCTAHHS).
Bapricte BUpoOHUIITBA 1 00CTYTrOBYBaHHS, 0COOJIMBO AJIS sA/Ipa MAIUBHOTO €JIEMEHTA,
€ TOPIBHSHO JOCTyNMHUMHU. Hampuknazn, cemaparop uid MajJuBHOTO €JIeMEHTa 3
IPOTOHOOOMiIHHOIO MeMOpanoro komrye Big $800 mo $1100 3a kBagpaTHUii MeTp, a
JUTSL JTY>KHOT'O TTAJIMBHOT'O €JIEMEHTY MOro BapTICTh HaBITh HE O€peThCs B pO3PaXyHOK
(Bona craHoBuTh 3$5). KoedimieHT KOpuCHOI Mdii Takoro MNAaJIWBHOTO EJIEMEHTa
3HaXoUThCs B paiioni 60 %. Ase y HbOTO € 1 HeONIKU, HalpUKIaa, oro (izuyHi
pPO3MipH KOHCTPYKTHUBHO Oijbllie, HIX y Bepcii 3 MPOTOHOOOMIHHOIO MEeMOpaHOIo,
TaKOXX MOMY HEOOXiTHUN BKpail YMCTUN BOACHb 1 KUCEHb. BUKOpUCTaHHS KHCHIO 3
HABKOJIMIIIHHOTO CEPEIOBUIIA, B CKJIa/ll SIKOro € KapOOH JHMOKCH, MOXKE BUBECTH
TaKW{ eJIeMEeHT 3 Jany. JaHi HeodiKu 00MEeXYyIOTh 3aCTOCYBaHHS JIY>KHUX MAJIMBHUAX
€JIEMEHTIB.

TeéepoookcuoHuili nanueHuUil e1emenm

TBEepAOOKCUIHNI TATMBHUN €JIEMEHT € HAlMEHIIl MOIIMPEHUM, aje€ OCTaHHIM
4acoM 4Yepe3 MPOPUB B JOCIIIDKEHHAX MaTepialiiB 1 yCTaTKyBaHHS siJjpa €JIeMEHTa, Ha
III0 TEXHOJIOTII0 3BEpHYNM YyBary. 3aBASKA HOBOMY TIIOKOJIHHIO KepaMidHHUX
MarepiajiB BAaIOCsS 3HU3UTH pobouy Temmeparypy 3 800-1000 °C xo 500-600 °C.

Bucoka temmeparypa A03BOJsIE 3[IHCHIOBATA OKHCHEHHS MPUPOJHOTO ra3y 3a
JIOTIOMOTOI0  TIpoliecy KatamiTuaHoro pudopminry. Came 3MaTHICTh CIIOXKUBATH
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KapOOTiIporeHHe MajauBo 0e3 HeoOX1THOCTI MOMePeHbOr0 pUGOPMIHTY 3a0e3neuye
BUCOKY €()EKTHBHICTh 1 CTBOPIOE 3HAYHI MEpeBard M1 LbOTO THUMIY MaJTMBHHUX
€JIEMEHTIB.

[ToO1yHUM TNPOAYKTOM pOOOTH TBEPAOOKCUIHOTO NAJIMBHOIO EJIEMEHTY €
TEIUIOYTBOPEHHS, SK€ MOXKHAa BHKOPUCTOBYBATH [UIsi TEeHEpallii eNeKTpUKUA 3a
JIOTIOMOTOF0 TYPOiH.

KKJ]I TBepmOOKCHMAHMX IMaJUBHUX €JIeMEHTIB Moxke mocsratu 90 %, mo €
HaWBUIIIMM ITOKa3HUKOM CepeJl BCIX BUIIB MAJIMBHUX eneMeHTiB. Cepen HEMOIIKIB —
HEOOXIHICTh BHUKOPUCTAHHS TEPMOCTIMKMX 1 JOPOTHMX MaTepiamiB s sjpa
NAJIMBHOTO €JIEMEHTA, SIKl MalOTh OOMEXKEHUI TEPMIH CITYKOHU.

Ilanuenuii enemenm 3 npAMUM OKUCHEHHAM MEMAHOJIY

[TopratuBHI MaJMBHI €JIEMEHTH € BKpai IIKaBUMU JJIi PO3POOHUKIB MATMBHUX
€JIEMEHTIB, 1 HAWOIIBII MEPCIIEKTUBHA TEXHOJOTIS I iX CTBOPEHHS — 1€ TMpsiMe
OKHCHEHHA MeTaHomy. [lanuBHI eneMeHTH 3 IPSIMHUM OKHUCICHHSIM METAHOY MAalOTh
HEBEJIMKUW pPO3MIp, HEIOpPOri y BUIOTOBJIEHHI, 3pY4HI y BHUKOPUCTAHHI 1 HE
BUMAaraloTh CTHUCHEHOTO Ta3omoAiOHOro BOAHIO. [lanMBHI €IEeMEHTH NPSAMOro
OKHCHEHHSI METAHOJYy MAalOoTh TapHl €JEeKTPOXIMIYHI XapaKTepUCTHKH, iX 3ampaBKa
IIPOBOAMTHCS IIAXOM YIPUCKYBAHHS PIIMHHU a00 3aMIHHM KapTpUKa, IO J03BOJISIE
IPOIOBXKYBAaTH poOOTY O€3 MPOCTOIB.

3arajgoM, Cy4acHUM MaJMBHUM €JEMEHTaM IMpUTaMaHHI Taki OOMEXEHHsS SIK
MOBUILHUM 3aMycK, HU3bKa BHUXIJIHA MOTYXHICTh, MOBLJIBHA peakiiisi Ha NMOTpely B
CJIGKTPOEHEPrii, TMOoraHi XapaKTepUCTUKH HaBAaHTAXCHb, HU3BKUW  Jllana3oH
MOTYXHOCTI, KOPOTKUI TEpMiH CIy:kOU 1 BUCOKa BapTicTh. [1ogi0HO eneKTpuyHuM
OarapesM, MPOAYKTHBHICTh BCIX NAJMBHUX €JIEMEHTIB 3HUXKYETHCS 3 BIKOM, II€
BIIOYBA€THCS uepe3 MOCTYMOBY JAErpasiallilo KOMIIOHEHTIB siJpa (CTeKa) MaJMBHOTO
eJIEMEHTA.

[TanuBHUM enemMeHTaM TOTYXXHICTIO MeHme 1 kBT, sk mpaBuio, He moTpiOeH
THUCK MpH poOOTI, 1 To/1a4a KUCHIO B11I0YBAETHCS TIILKHU 3a JOMIOMOT'OK) BEHTHIISTOPA,
CHCTEMHU JKUBICHHS 3 TOTYXKHICTIO mToHan | kBT repmernuni Tta o6nagHaHi
KOMIIPECOpOM, SKUH 3HW)XKYE 3araibHy e(dekTuBHICTb. BigHOCHO BHCOKHI
BHYTPIIIHIN omip sABjIsi€ co00I0 IIe 0JIHY MpobiieMy. KoxkHa majgnBHaA KOMIpKa CTEKY
BUpOOIsie Omm3bko | B, miakiioueHHs BEIMKOTO HABAHTAXKEHHS MPU3BOAUTH 0
MOMITHOTO NaAiHHs Hanpyru. [logioHo enexkTpuuHii 6aTapei, MOTYKHICTh TAJTMBHOTO
€JIEMEHTa 3MEHIIYEThCS 3 BIKOM. OKpeMi KOMIPDKH MOXKYTh BUXOJUTH 3 Jany 1
BUKJIUKaTH 3001 B poOOTI, IO NPHU3BOAATH A0 HEBIPHOrO (PYHKLIOHYBAHHS BCi€l
cucTeMHU ab0 3a0pyIHEHHS HaBKOJIMIIHBOIO CEPEIOBHUIIIA.



