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HasiBHICTD XiMIYHHX MKEpEN CTPyMYy y CKIai TPAaHCIOPTHHX 3aC00iB, 6araThboX BHIB JITATPHUX alapariB
Ta CTalliOHAPHUX EHEPreTUYHHX CHUCTEM € XapaKTEPHOI Ta pealbHO0 HeoOXimHicTio. CyyacHHH CTaH XiMi4HHX
IDKEpeJI CTPYMY OXOILIIOE LIMPOKE KOJIO MpobIieM, BUPILICHHS sSIKUX 0a3yeTbCs Ha 6ararhox raiyssix 3HaHb. IIpu
[IbOMY BKpai TPyJOMICTKUMH 3aJIUIIAIOTECS eKCIIEPUMEHTAIBHI JOCII/UKEHHS. Pi3HOMaHITHICTS amapartiB i cydac-
HHX TEXHOJIOTH BUMarae aJieKBaTHHX KBasli(ikoBaHUX pimieHb. OJHUM i3 HAYKOBHX HAIPsIMIB, 10 32a0e3MeuyoTh
PO3BUTOK 1 KOHTPOJb POOOTH aKyMyJISITOpiB, € MOOY/IOBa €KBIBAICHTHUX ENEKTPUYHHUX CXEM, SIKI JO3BOJISIOTH
OTpUMATH JOCTaTHbO TOYHI BiIMOBiAl. [HIIMM € KIacM4YHWIl MiJXij, 3aCHOBAaHWI Ha €JICKTPOXIMIYHUX 3aKOHAX
MOBE/IIHKHM T'€TEPOreHHNUX CUCTEM B aKTHUBHIHM 10HI30BaHIH ceperi.

V wiit po6OTi Ha OCHOBI BiJOMHUX Y JITepaTypi piBHIHb I0HOOOMIHY B €JICKTPONITAaX 32 HASBHOCTI EJIEKTPO-
XIMIYHUX peaKiliii Ha MOBEPXHAX EJNEKTPOAIB IPOBOJUTHCS MAaTEMAaTHYHE MOJICTFOBAHHS MPOLIECY PO3PSLY TATOBO-
ro akymyisaropa tamy AGM (Absorbent Glass Mat).

Y MaTeMaTH4HiN MOJENi BPaXOBYIOThCSI OCHOBHI KOHCTPYKTHBHI Ta (i3MKO-XiMiuHI 0COOIMUBOCTI LBOTO TH-
Iy akyMyJsiTopiB. J{yist BUIMCAaHUX PIBHSHb BUKOPHCTOBYETHCS SIBHA KiHI[EBO-pi3HHUIIEBA cxeMa. Po3paxyHKH mpo-
BOJISITHCS B paMKax JBOBHUMIPHOI MOzei. Y pe3yibTaTi YUCEIbHOIO PO3B'sI3aHHS OTPUMAHO PO3PSIHI 3aJIEKHOCTI,
1[0 XapaKTEePU3y0Th MPOLEC PO3PSIAY 3a PI3HUX BENHYNH CTPyMY Ta TOBIIMH IUIACTHH ceraparopa. Binsnagaerscs
CWJIBHHMII BIUIUB BEIMYMHH CTPyMy Ha XapakTep po3psiiHoi 3aiexHocTi. Ha 6a3i BITOMHX eKCIIepHMEHTAIBHUX
JIAHUX 1 TECOPETUYHHX 3aJIEKHOCTEH MPOBOJNTHCS OL[IHKA OTPUMAHMX BelnuuH. [TokasaHo, 1110 3a MOPIBHAHO HEBe-
JIMKMX CTPYMIB JUTs 3HAHACHHUX 3HAYCHb Yacy MPOIECY PO3PsLY Ta BEIHYUH CTPYMY BHKOHYETBCS BiIoMa 3allex-
HicTs. CydacHa TeOpis eKBIBAJICHTHHX CXEM J03BOJISE OTPUMATH KPHBY O3PSIy 3 TAPHUM CTYIICHEM TOYHOCTI,
BHACIIIJIOK YOTO TTOPIBHSHHS 3 TAKOIO 3aJISKHICTIO BUIAETHCS LIIKOM KOPEKTHHM.

TakuM yMHOM, OLIHKA Yacy pO3psly, OTPHMMaHA YMCEIbHHM PO3B'S3aHHSM IOBHOI CHCTEMHU PiBHSHB, IO
onucye MacooOMIH B €NEKTPOXiMiuHIi KOMIpLi aKyMyJsTOpa, € A0BOJII OIM3BbKOI O TEOPETUYHOI 3aJIEKHOCTI.
Kpim Toro, B meBHill 001acTi 3HaUCHb BOHA ONM3bKA i IO OIMyOIIKOBAaHMX JAHUX IHIHMX aBTOPIB, AT PEaNbHUX
aKyMyJIATOPIB bOTO THILY, IO IPAIOIOTh. Lle Bka3ye Ha MePCIeKTUBHICTD MOAAIBIIOrO MOTIHOICHHS Ta PO3BUT-
Ky MaTeMaTH4YHOI MOJIeNi Ha OCHOBI (i3UKO-XIMIYHHX 3aKOHIB, OCKLIBKH 1€ J1a€ MMOBHILIIE YSIBJICHHS PO MPOLeC i
PO MOBEIIHKY THX YH IHIIMX NapaMeTpiB Ta KOMIIOHEHTIB, MOB'S3aHUX 13 HUM.

Orke, HayKOBa HOBU3HA IIi€] poOOTH HOSArae B MATEMaTHYHOMY O(QOPMIICHHI pOOOTH CKJIaJHOI eIeKTPOXi-
MIYHOT CHCTEMH 3 IEBHUMH TEXHOJIOTIYHIUMH Ta KOHCTPYKTHBHUMH OCOOJIMBOCTSIMH.

IpakTiyHa LiHHICTH MOJAra€ B MOXIMBOCTI MOJICTIOBAHHS Ta PO3PAaXyHKY MapaMeTpiB Cy4acHHX JKepes
cTpyMy. Lle BaXkIMBO SIK JJIs1 HOBUX THUIIIB XIMIYHHX JDKEpPEN CTPYMY, IO CTBOPIOIOTHCS, TakK 1 JJIsi KOHTPOJIO PO-
60TH Ta BU3HAYCHHS CTaHy aKyMyJISITOPIB, VIS aKyMYJISITOPIB [IbOTO THILY, LIO epedyBarTh B EKCILTyaTarlii.

Kntouogi cnosa: enekmpoximiunuil ocepedok, eleKmpudHuti cCmpym, NOMeHyial, nopucmi enrekmpoou, pos-
PAOHI 37eACHOCMI, KOHYEHMPAYIsl, NOPIZHICMb.

Chemical current sources are an integral part of vehicles, many types of aircraft, and stationary power sys-
tems. The current state of chemical current sources encompasses a wide range of problems, whose solution is
based on many fields of knowledge. At the same time, experimental studies remain extremely labor-intensive. The
diversity of devices and modern technologies requires adequate, qualified solutions. One of the research lines
ensuring the development and performance control of batteries is the construction of equivalent electrical circuits,
which make it possible to obtain sufficiently accurate answers. Another, classical, approach is based on the elec-
trochemical laws governing the behavior of heterogeneous systems in an active ionized medium.

In this work, based on familiar equations of ion exchange in electrolytes in the presence of electrochemical
reactions on the electrode surfaces, the AGM-type traction battery discharge process is simulated mathematically.

The mathematical model takes into account the main design and physicochemical features of this battery
type. The equations are solved numerically using an explicit 2D finite-difference scheme. As a result, discharge
characteristics are obtained at various current values and separator plate thicknesses. A strong effect of the current
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magnitude on the behavior of the discharge characteristic is noted. The obtained values are evaluated based on
known experimental data and theoretical relationships. It is shown that at relatively small currents, the found val-
ues of the discharge process time and the current magnitudes obey the known relationship. The modern equivalent
circuit theory allows a discharge curve to be obtained to a good of accuracy, thus making a comparison with it
quite correct.

Thus, the estimated discharge time obtained by numerically solving the complete system of equations de-
scribing mass transfer in an electrochemical cell of the battery is quite close to the theoretical relationship. Fur-
thermore, in a certain range of values, it is also close to the published data of other authors for real operating bat-
teries of this type. This indicates the promisingness of further deepening and developing the mathematical model
based on physicochemical laws to provide a deeper insight into the process and the behavior of various parameters
and components associated with it.

Hence, the scientific novelty of this work lies in the mathematical formalization of the operation of a com-
plex electrochemical system with certain technological and design features.

Its practical value lies in the possibility of simulating and calculating the parameters of modern current
sources. This is important both for newly created types of chemical current sources and for controlling the opera-
tion and determining the state of batteries of this type currently in operation.

Keywords: electrochemical cell, electric current, potential, porous electrodes, discharge curves, concentra-
tion, porosity.

Beryn. CyuacHuii aBTOTPAHCIIOPT 13 CUCTEMOIO «CTapT — CTOI, PO3TalykKe-
HOIO0 OOpPTOBOIO E€JIEKTPOHIKOIO, 8 TAKOXK TiOpHIM Ta eNeKTpoMoOili Bce dacTilie
KOMIUICKTYIOThCS CBUHIICBO-KUCTIOTHUME AGM-akymyssitopamu (Absorbent Glass
Mat). OcobnuBicTIO Takux Oarapeil € MoBHE MOTIMHAHHA €JIEKTPOJIITY CKJIOBOJIO-
KOHHUM cenapatopoM. Lle 3abe3meuye CTIHKICTh A0 BiOpaIliid, 3aXUCT BiJl BUTIKaH-
HS W KOpO3ii MIAaCTHH, a TaKOXX MiHIMaJIbHUNA BHYTPIIIHINA OMIp i repMETHYHICTh
KOpITyCy 3 Maike HyJIbOBHM Ta30BHIIICHHSM [1].

KoHCTpYKTHBHO cenmapaTop y TaKuX €JIEMEHTaX IIUTBHO MPHIIATAE SIK JI0 MTO3U-
THBHOTO, TaK 1 JI0 HETATUBHOTO eNeKTpoiB. [lompu meBHiI HIOAHCH, II51 OCOOJIUBICTH
HE 3MIHIO€ 0a30BUX MPHUHIMIIIB MaTeMaTHIHOI MO, onucaHoi B [2, 3], mpote
noTpeOye ii meBHOT aganTariii Ta TOOMpaIfoBaHHS.

CrOrosiHi JiarHOCTUKA M JTOCHIKEHHS aKyMYJISITOPIB PO3BHUBAIOTHCS Y JBOX
rojOBHUX HampsiMax. [lepiuii cnivpaeTsesi Ha MOOYIOBY €KBIBAJICHTHHUX €JICKTPH-
YHUX cxeM [4 — 6], 110 J03BOJISIE ONEPATUBHO KOHTPOJIOBATH MapaMeTpH 1 cTaH
npuctporo [7]. Xoua el MmeTon ayxe eheKTHBHUH, JesIKi BHYTPIlIHI TPOIIECH MPH
LBOMY 3aJIMIIAITECS «B TiH» [8]. Jpyruit HanpsMok 0a3yeThCsl Ha MPSIMOMY MO-
JIETIOBAaHHI €NIEKTPOXIMIYHUX TIPOIIECIB: BiH JMETANbHIIIE BiT0OpaXkae BCIO CYTHICTh
SIBUIIIA, )¢ HA0araTto CKIaIHIMNANA y MATEMAaTUIHOMY IIIaHi.

Crnmparounch Ha pO3IMIMPEHY MOJENb 13 Tpanb [2, 3], y mocmimkenHi [9]
BJK€ BHKOHYBAJIUCSA PO3PAXyHKU PO3PANHUX XapPaKTEPUCTUK IJId CTapTep-
HUX aKyMYJISITODIB.

Merta podotn. [IpoBeaeHHS] MAaTEMaTHYHOTO MOAECTIOBAHHS MPOLIECY PO3PAAY
TArOBOro akymyistopa tumy AGM (Absorbent Glass Mat) mpu HasBHOCTI €leKT-
POXIMIYHHX peaKiliii Ha MOBEPXHSIX €NEKTPO/IiB Ha OCHOBI PiBHSHB 10HOOOMIHY.

MartemaTHyHa MoOJeJib i rpaHHYHI yMOBH. Bunuiiemo OCHOBHI PIBHSHHS
MacoOOMiHY B MOPUCTHX eleKTpoaax [2, 3, 9]. JIns HEeraTMBHOTO €NEeKTPOoJia MOXK-
Ha 3amKcaru:
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VY nux piBHSHHAX: X, Y — KOOPJIAWHATH, M; @f — TIOTEHIIAJ eNeKTpoaa, B; pre -
MTOTCHITIAT ENEKTPONITY, B, o — KOSQIIlI€HT eNeKTPOIPOBITHOCTI enekTpoaa, C/m;
ore — KOSDIIMEHT eNEeKTPONPOBiTHOCTI po3unHy, C/M; s — TUTOMa BHYTPIIITHS TI0-
BEPXHS CIEKTPO/Ia, M°/M°; j — BHYTpIIIHI CTPYMH Ha MOBEPXHI eIeKTpoma, A/M; j,
— TycTHHA CTpyMy 00MiHy, A/M?; 7 — mepenanpyra, B; U — crangapTHuii piBHOBa-
JKHUH TTOTEHITia]T MiXK €JIEKTPOJIOM Ta PO3YWHOM (IUTISI HETAaTHBHOTO €JIEKTPOIa BiH
OyB mpuitHATHI piBHUM — 0,3 B); Cre Crep — TOTOYHA Ta TTOYATKOBA KOHIICHTPAITLS
KHCIIOTH; Vgr — MacoBa IMBHIKICTh €IEKTPOJIITY B IIOPOBOMY IPOCTOPi €IEKTPOa,
M/c; &g — TIOPI3HICTH eNeKTpona; R — yHiBepcaibHa ra3oBa craia, x/moms K; 7' —
temneparypa, K; F' — anucio ®@apanes, Kyn/mMonb; pg pps, preso+— TYCTHHH, BiIOBII-
HO, PO3YMHY, CBUHIIIO, OCaIy, KF/M3; ME2504, Mpp, Mppsos— MOIIBHI MaCH CIpUaHOi KHIC-

JIOTH, CBUHILIO Ta 0Cafy, KI/MOJb; Drger— epexTuBHUI KoedimieHT nudysii, M/c.
Iameke “—” 3BepXy BKaszye Ha HEraTHMBHUH enekTpod. HacTymHa cucteMa piBHSIHB

BiTHOCHTBCS JIO TTIO3UTUBHOTO €JIEKTPO/Ia (3BEpXy BUKOPHUCTOBYETHCS 1HICKC “+ ):
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1€ Pprro2, Mppo2 — BIATIOBITHO TYCTHHA Ta MOJIbHa Maca PbO;, myyo — MOJIbHA Maca
BoAH; 04 = a¢c = 0,5 — KoedilieHTH IepeHeCeHHSI.

Cranpaptauii notenuian U AJsl O3UTHBHOTO €IEKTpoAa Oyso B3STO PiBHUM
1,7 B [10]. ¥ nmopoBomy mpocTopi cenmapaTopa HeMae BHYTPILIHIX CTPYyMiB Mix
MTOBEPXHEI0 CemapaTopa Ta €JEKTPOJITOM 1 MOPI3HICTh MOCTiIHHA, TOMY PiBHSHHS
TYT 3HaYHO CIPOILYIOTHCS 1 MaroTh BUMIIAA (Y MapaMeTpiB 3a0MpaEeThCsl BEPXHIH
iHZeKC 1 JoaeThest BHU3Y iHAEKE "s"):

0’ Pus N 0” s _ RT 0% Incg N 0% Incy
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I'parnuni ymoBu TyT aHanoriudi [11], To0TO, 1€ pIBHICTH MAaCOBHUX Ta €IEKT-
PUYHUX MOTOKIB Ha Mexax obOjactedl. MaTeMaTHYHOIO OCOOJUBICTIO 1€l 3a1a4i B
nopiBHAHHI 3 [9, 11] € Te, mo cenapaTop IIIIFHO MPUTUCHYTHUH A0 €NEKTPOJIIB, 1
eJIEKTPOIIT BBAXKAETHCA HEPYXOMHM. BHACTIZOK 11bOrO MPUIMEMO, IO Vg i Vrg
JIOPIBHIOIOTH HYJIIO. 3 1HIIOTO OOKY, OCKIIBKH 3aBJIaHHs y HAC IUIOCKE, TO, BHACII-
JIOK JIBOMIPHOCTI HalllMX PIBHSHB, VIS Cs NPUAMEMO JBa TpaHWYHI BapiaHTH. Y
MepuIoMy — Ha HIDKHIH Ta BEpXHIA Mexax cemaparopa cs = ¢y (¢p — mo4aTkoBa
KOHIICHTpAIIiS €JIEKTPOIITY), 1 Y APYyroMy — MUQy3iliHi MOTOKKM MacH €IeKTPOJITY
Ha [IUX MeXax JOPiBHIOIOTH HyJI0. [lepimii BUmagok BKa3zye Ha Te, IO 32 MEeKaMHU
€JIEKTPOXIMIYHOTO OCEPENKY € JOCTaTHS KUIBKICTh €NEKTPONITY, IPYTHI BKazye Ha
TTOBHY HOTO BiJICYTHICTB 32 MEXaMH OCEPEIKY.

Pe3yabTaTu po3paxyHkiB. st po3paxyHKiB MPOIECY PO3PSALY CIEKTPOXiMi-
YHOTO ocepeaKy (i3udHi mapaMeTpu Oyiu B34Ti 3 poOiT [2, 3, 10], mo9aTKoBy KOH-
IIEHTpAIIiI0 CipYaHOi KUCIIOTH ¢y mpuiiMemo 0,4. Y mepriii cepii po3paxyHKiB Oyi10
PO3TIIIHYTO BIUIMB IMHPUHU cerapaTopa (hs) Ha po3psAaHi KPUBI MPH 3aTaHUAX
CTpyMax po3psay i MOCTIHHOI KOHIIEHTpAIlil eJEKTPOJITy Ha BEPXHiH 1 HIDKHIN
Mexax cemaparopa. Ha puc. 1 mius meprmoro BapiaHTy moka3aHO 3aiiexHocTi AU
(pi3HUI y Hampyrax Ha CTPYMO30ipHHKAX TBOX EJIEKTPOXIB) Bix 0e3p0o3MipHOTO
yacy 7 = #/T Ipu TpbOX Pi3HHUX 3HaueHHsIX cTpymy ([ = 9; 18; 27 A) Ta TpHOX pi3-
HUX 3HAYCHHSAX TOBIIWHU INIACTHHHU cemapaTtopa (hs = 2; 3; 4 mM). Benwunna

T = hEz / D — macurrab 4acy, TyT i Jaii JOpiBHIOE 10° ¢ (hz = 0,001 M — HarmiB-
LIMpMHA HEraTHBHOro enekrtpopa; Dg = 107 — wmacmTabuuii  koedirieHT
madysii, M7/c).
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Puc. 1 — 3anexsocTi po3psiiy eIeKTPOXiMITHOTO OCEPEaKY

Ha puc. 2 HaBeneHo pe3yibTaTH PO3paxyHKIB AJIsL APYroro BapiaHTY, KOIH
nmudy3iiiHI MOTOKH HAa 3a3HAYEHUX BHIIE MEXaX JOPIBHIOIOThH HYIIIO.

B 9A h=2mm @® 9A h=3mm A 9A h~=4mm

v I8Ah=2mm 4 I8A h=3mm < I18A h~=4mm

P 27Ahg=2mm ® 27A h=3mm * 27A h=4mm
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Puc. 2 — 3anexxHOCT] pO3psiy eNeKTPOXIMIYHOTO OCEPEIKY
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3 mux pUcyHKIB 1 i 2 BUIIIMBaE, IO HAmpyra Ha eIeKTpoAax MOCTYIOBO 3HH-
KyeTbes. [Ipy 1boMy 31 3poCTaHHIM BEIMYMHU CTPYMY LIBHIKICTH MAAiHHS KPUBOI
po3psiaKaHHs 30UIBIIYETHCS. SIK Ha TepIIOMY, TaK 1 Ha JPYyroMy PUCYHKaX BHIHO,
IO TOBUIMHHU TUIaCTUH CeMapaTopiB Majo BIUIMBAIOTh Ha XapakTtep KpuBux. lle
BKa3ye Ha Te, 1[0 eJIEKTPOIIITY BUCTaYa€e Ha BECh Yac POOOTH AJIS BCiX PO3IIIAHYTUX
mwiactuH. [1opiBHIOIOUHM BiAMOBiAHI KpHBI 000X PUCYHKIB, BUAHO, IO Yy APYTOMY
BapiaHTI 3aJE€KHOCTI PO3pALY MAYTh TPOXW HHXKYE, HDK Ha MEPIIOMY PUCYHKY.
[Tpu upomy 3i 30UTBLICHHSIM CHIIM CTPYMY Pi3HHIS MoMiTHima. OfHaK HA MOMEHT
KpPYTOTO 3MEHIICHHS BEIWYHH BiJINOBIIHI 3aJIe)KHOCTI 30IMXKYIOThCs. st po3psia-
HOTO CTPYMY 3aJIS)KHOCTI MPH CHIIL CTPYMY Y 9 A B paifoHi TOUKH T ~ 2 OGJIM3BKO
MiXOASTh OJMH JI0 ojiHOTO. [{)s 3anexHocTed npu cumi ctpymy y 18 A ta 27 A —
ue Touku 1,2 10,8, BianmosiaHo. HaBeneHi 3a1€:KHOCTI SKICHO BiAOBIAAIOTH PO3PS-
Iy akyMyJIATOpiB, IOKa3aHUM, Hanpukiaz, B [8, 12 — 15]. [IpoBeaemo temnep owiH-
Ky OJCpIKaHOTO pe3yibrary. ¥ pobortax [5, 8, 12] Ha ocHOBI migOOpy eleMEHTIB
EKBIBAICHTHUX EJEKTPUYHUX CXEM IMPOMOHYEThCS (OpMyIa U PO3paxyHKy Ha-
MPYTU aKyMyJISITOpa TIpH pO3psifii HOCTIHHUM CTPYMOM:

AUerxp(—t/t*)-l-g—(RS+RC)1, (15)

ne: A — koedilieHT; ¢+ — mocriliHa yacy cucremu; C — BEIMYWHA, IO XapaKTEePU3ye
EMHICTb aKyMyJISATOpa; Rs — aKTUBHHM O11ip; R — OMIp, 10 € CKIIAI0BOIO YaCTHHOIO
RC-KkoHTYpa eNneKTPUYHOI CXEMHU.

B [8] moka3aHo, 110 Ha OCHOBI €KCIIEPUMEHTAIBHUX JAaHUX KOHKPETHOTO aKy-
MyJIATOpa Ta Miai0OpaHuX mapaMeTpiB MoKHa 3a Gopmyioro (15) orpumaru Teope-
TUYHY KPHBY, IO 100pe 30ira€Tbcs 3 €KCIEPUMEHTATBFHOI 3aJIeXKHICTIO PO3PSAY.
Tpy ManuX BeNMYHHAX OMOPIB mopiBHsAHO 3 C' i 3a rMGOKOro po3psay 3 opMy-
nu (15) BumIMBae MpocTU BUCHOBOK, IO TPW HEXTYBaHHI MEPIINUM 1 TPETIM 4iie-
HAMH Yac IIMGOKOr0 PO3psLy MPOMOpLiitHHMil I, Mo MeBHOI MipoOIo MiATBEpIKY-
€Tbca pucyHKamu 25, 27 pobotu [8]. Ha mux pucyHkax BHIHO, 1m0 Kpusi AU ma-
naroth 3 13 B 1o 10,5 B. Ilpu ctpymi 18,25 A e 3aitmae 14500 c, a mpu ctpymi 9,8
A —31000 c.

BiamoBinHI BiMHOIICHHS NAlOTh BEIWYMHU: IS CTpyMiB — 1,86, mius gacy —
2,14. Y HamoMy BHMNAJAKY i3 pHC. 2 oTpuMyeMo: st ctpyMiB (27 A u 18 A) — 1,5,
st 9acy (~14 u ~9) — 1,56.

[Migkpecnumo, Mo CTYHiHb PO3PSITy B IUX BUIAKaX MPUOIM3HO OJHAKOBHIA: B
[8] — 0,808, B mamomy Bumaaky — 0,8. Taki >k CHiBBIIHOIICHHS BHUILTUBAIOTH 13
kpuBHX [13] anst moOpiBHAHO HeBeNMKuX cTpymiB 9,5 A u 5,25 A (rmmbuna po3ps-
mxeHHs Takox 0,808): mis crpymiB — 1,809, ams gacy — 2, a TakoX 13 3aJI€KHOCTEH,
HaBeneHux B [14] (5,9 A u 3 A), Bimnosigao misa ctpymiB — 1,97, ang gacy — 2. 3i
30UTBIIICHHSAM CTPYMY PO3PSAY BIIHOIICHHS B Yaci Jalli 3pOCTA€E MIBU/IIIIE.

HaBegemo mie kinbka 3Ha4eHb, B3ATHX 13 [15] g peanbHUX aKyMyJsATOpIB.
J1d HU3BKUX BENWYHH CTPYMIB PO3PSAAY 3 HABEACHOI B il CTATTI TaOIUII BUTLIH-
Bae, mo Ha 10 i 20 roguHHOMY pO3psAi (BiAHOIIEHHS YaciB 2), 3HAYEHHS BiTHO-
IIEHHS CTPYMIB CTAHOBJIITH (3ropu MOHHM3Y 3a Tabmnuiero) — 1,86; 1,87; 1,84; 1,85;
1,86. [lai yacoBi BiJHOIICHHS 31 3pOCTaHHSM CTPYMIB, SIK 1 B IHIIHX poOOTax, 3po-
CTaroTh. Bcei 11l 3HAYEHHS CBiAUaTh, IO MPOBEACHI PO3pPaxXyHKH OJM3BKI JO pealb-
HUX MPOIIECIB.

31 30UTBITICHHSM CTPYMIB PO3PSTY 3pOCTAa€ BHECOK pelaKCalliiHUX CKIIAOBHX,
0 poOWTH Take MOPIBHSIHHA PO3PAXYHKIB 1 MOAIOHNX €KCIEpUMEHTATbHUX KPH-
BHUX CKPYTHHUM (TOTPiOHI TOUHIII 3HaUYeHHs O6araTpox mapamerpiB). Takum guHOM,
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HaBeJIeHI pe3yJbTaTH PO3PaxyHKIB MOKa3yIOTh, IO (i3UKO-XIMi4YHI ySBICHHS Ta
MaTeMaTH4YHa MOZEJb, 10 PO3BUBAETHCS, IKICHO MPABHIILHO BiZOOpaXKaroTh eneK-
TpOXiMi4Hi pouecH B akymyssitopax AGM, 110 po3risgaroThcs.

Bucnosku. [IpoBeneHi po3paxyHKH TO3BOJIMIM OTPUMATH 3aJISKHOCTI PO3psi-
Iy i akymysstopiB Tuiy AGM, siki 3aCTOCOBYIOTHCSl Y HOBITHIX TPaHCIOPTHHUX
3acobax B 0COONMBUX pexuMax poOoTH. Pesynbratn po3paxyHKiB mokaszaiu ciad-
Ky 3aJIe)KHICTh BiJl TOBIIWH IUTACTHH CEMapaTopiB, ajie SICKPaBO BUPAXKCHY 3aJiekK-
HICTb MaJiHHsI HATIPYTH BiJ BEIMUYUHH CTPYMY PO3PALY, IO J0OpPE CIIOCTEPiraeThes
B PEIbHUX aKyMYJISITOpax.

Bynu mpoBeseHi OLiHKK BEJIMYHH YaciB po3psAy Ta BEIMYHH CTPYMIB AJISI pO-
3paxOBaHUX BapiaHTIB Ta Ui BIIOMHUX OMyOJIIKOBaHUX JAHUX IHIIMX aBTOpiB. Lli
OLIIHKHU JJIsl TOPiBHSAHO HEBENHUKUX CTPYMIB PO3PSITy MOKa3adu OJNU3bKI BEIMYUHH
JI0 BIIOMHX TEOPETHYHHUX 3aJIC)KHOCTEH Ta €KCIIEPUMEHTAIBHO BUMIPSHHX Mapa-
METPIB pealbHUX aKyMYyJISTOPIB.
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