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wnwuduwhwwynigniuubpp L Fubipquihnfuwybpuydwt  wpryniwwybinngjwu
gnigwuhoubipp:  dbpnwdytp B wwppbp  wbluuninghwubiph  gnpdwnwljwu
wnwybnieyniuutipp b uwhdwuwhwynwubipp: Uwutwynpuwtiu, MdbredS-tpu
wnwuduwund  Gu woluwwnwuph  gwdp  sbpdwuwnpéwuny, pwpap
wpryntuwybunneywdp (40-60%), Yndwwln Yunngdwdpny b wipwg gnpdwnpljdwdp
(dhug 1 pnwh), phusp npwug  nwpdund £ glpwnwubih - huptwdun
Lubpgquhwdwywpabph hwdwp: Wunwdbuwiuhy, unyuhuly wpwag gnpdwnldwu
wju US-tipp sbu Yupnn wudhgwwbu wpdwqwupl] Yupndy b Jupwnle pbinh
wwwwunwutipht:  Wu  hwuquwdwupp  uwhdwiwthwynd £ npwig
wpryniwwybitnieniup - wpwa  thnthnfugdnn nhuwdhly  pbnubiph nGwpnwd: Wn
uwhdwuwthwynieniup Yupnn § wpryniuwybnnpbu hwnpwhwnyt] hhpphnwihu
Lubpguynunwlyhs hwdwlwpgbtiph dhongny:

Gppnpn qufund Ubphuwywgdws b huptwdwp  wplwht-opwduwhu
Eubpgquwhwdwywpgh Ywhuwgddw depnnwpwunyegniup’ uuws Yunnigwdpwihu
uubdwih b Yunwdwpdwt  wpwdwpwunywt  dwynwhg  dhusle  wpluwght
ntunipuh  hwlwpwagpdwu wpryniuwybunniginiup pup&pwgunn Uplhtu hGnlinn
hwdwlwpgh uwntindnudp:

Uowlyt) Gu 4<LUDYUEY-h punhwupwgywsd Yunngwsdpp U twiuwgddwu
dbipnnwpwunteniup, npnup wwwhnynid Gu Yuptwdwdybn b Gplupwdwdybn
Lubipgbitnhy hwywuwpwyonnip)niu:

LY I-nd wuwwlbipdqws bu Q4<4LUDUEY-h hhduwlwt  pwnwnphsubinp,
npwug  wpwdwpwiwlwu  Yuwp UL Lubpquhnupbiph  ninnnggniutbpn:
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pbinuwdnipntup Ypyhu wdpnnentgjuwidp dwwnwlywpwpynud § dwpunynghg, huy
hwenpn opp dUd-ubtiph wybigniwiht hgnpniggniup Ypyhtu oguwgnpdynid
dwpuiyngh (hgpwynpdwu b MPraE-h dhongny opwdtup wpwwnpnigyuu hwdwp:

Wuwhuny, wwpbywu  owhwagnpddwu  gnpdpupwgh  dnnbjwynpdwu
wpryntuputipp  hwunwwnd - 6o hwdwlgywd  hwdwlwpgh  wnbuuhlulwu
ytuuniwwynigyniup: <wdwlhwpqu wwwhnynd £ EGYunpwbubpghwih jhwndtp
hwwuwpwlyondwsd  dwunwluwpwpnd' wdwnwihu wdhuubphu wplwhu
wybigniywihu - Lubpghwu  thnfuwybpwbing - opwdth,  huly  &dnwut  wju
ognwgnpdtiiny YS-nwd: Lhhnwi-hnuwht dwpwlyngp gpwynid £ Yuptwdwdytin
tubpqwiwwmwlwpwpndp  ghobipwihy dwdbphu U wugndwihu nbdhdubpnid’
pwpapwgubiny wdpnng hwdwlwpagh Lutipgudwwnwywpwpdwu hnwwhniegniun:

QULLUDUEY-h nunbuwlywt quwhwwndwt hwdwp npybu hhduwlwu
gnigwuh? nhunwnpyyb) § ECU-u, npu oguiwgnpdyt b hwdwlwpgh W dhwutwlywu
LiGywpwywu  gwugh  punuyudwu  huwpwynpniiniuubiph hwdbdwwnnyejwu
nbwpnud: QULLUDUEY-h nunbuwlwl quwhwwndwl pupwgpnd hwoyh Gu
wnuybi| hwdwywngh pninp pwnwnphsubph Yuwhuw b owhwagnpddwu Swiuubinp:
Lwyjwpyubph wpryniupnud RQULLUDYEY-h uygpuwlywu ubpnpnwwihtu wpdtipp
Yuqub £ 143,121 UUL nnjwin:

huptwdwp L4LLUDUEY-h  ELUsuccusur—p  hwodwplyyty £ hbGnlyuwy
pwuwdaluny.

Zn (Cszu«umtu,y +Ogussuparuy )
=0 1+7) )
Eiuszn«um&u = ( I3 ) >

Z" _my
= (1r)
npuntin Couccugurny —p RULLUDUEY-h Yuwhww dwiuubint G nyjwp «y» tnwpnud,
Oruccusuruy - QULLUDUEY- h owhwgnpddwl Swiuubipp wnjwg «y» tnwpnud, n-p'
QULLUDUEY-h punhwunip owhwgnpddwy wnlinnnuyeynitup (25 wwiph), r-p* gtingh
wnynuwnpnypp, By’ ndiup «y»  twpnd nwinwduwuhpngjwy - opgiynh
biiyinpwtutinghwh wwhwugwnlyp:

ElGyunpwlwt guugh punjwjudwu wunbuwwu quwhwndwu pupwgpnud
hwoyh Gu wnuyb hGunwgnnynn oplijinh vwpwdpnid pwsgtups LiGYwnpwlwu
guiugh punujudwu hwdwp wwhwgynn pninp punwnphsutinh Yuwhnw U
owhwagnpddwu Swiuubipp:

EGyunpwywu gwugh punujudwu  nbwpnd  E<QUguue—p  hwpdwpyybp &

hbunlyw| pwuwaluny.
n s
E{Ugmﬁg _ Zy:() (Cgmﬁg,yn+ Ogmﬁg,y + Eiy ) (1 + 7') i (2)
ZFIEW (1+7)

npwnbin Cguugy—n ElGYunpwljwiu guugh punwjudwu Yuwwhww) dwiuubpu Gu wndjw)
«y» tnwpntd, Oguigy—n' pUnuyuywd biGYwmpwlwu gwugh swhwgnpddwu dwiuubipp
nyjwy «y» nwpnud, EC—p' ndjwp «y» nwpyw pupwgpndd biEGunpwlwy guughg
uwwnywsd EGYwpwtubpghwih wnpdbpp:

huptwdwp QYLLUDYEY-h ECU-U Ywqub) £ 1.48 UUL nnuwp/ydin-d:
Cwpupyubiph wiprynitupubipny’ uwhdwuwiht Yawnp nhuwplynn nbwpnd Jugdby
E 3 yd, npp wwjdwuubpnd fiGhwnpwlwu guugh purgwjudwu ECU-U Yuqdb) b
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ognwgnpdnwip  4S-h  dphongny wuwwhnynd U hwdwlwpgh  wufuwhwu
woluwwnwupp  wwpuw  gwuugwsd  dwdwuwlwopowund®  thnfuhwwmgbing
wplwjht gbubpwghwih wulwntunyeniup b pbnutipnh opwlwt wwwnwunwiubpp:

2. <pduwdnpdby £ jhphnwd-hnuwiht dwpunyngubph bW MdradS-h
dhwutwlywy  Yhpwndwu  uywwnwwhwpdwpnigniup'  wmwppbp Fubipgbnpy
ntdhdutipnid  Lubpghwh  Ynwnwldwu  hnwwpniggwt W Ghpwndwu
wpryntuwybunnygwi inbuwulyniuhg: LUWU hhpphnwihtu dnnbignwp pwp&pwgunad £
hwdwlwpgh  punhwunp  Fubipquwpuwnpnnuywunigniup,  ujwgbgunid
Lubipgbtitnhy Ynpnwuwnubipp b dGdwgunud owhwagnpddwt Yuyniunteyniup:

3. Uowlyyly bGu Ru<LUDYEY-h  punhwipwgywd  Yunngwdpp U
whuwagddwu dbpnnwpwunyenitup, npnup wwwhnynd Gu Yupbwdwdlbn W
Gpywpwdwdybin Lutipgbnpl hwjwuwpwyznnieyniu: Uwhdwuyb) Gu hwdwlwpagh
pwnuwnphsutiph thnfuwgnbignugjw uligpniupttinp,  hgnpnugniuitinh - owwnhdwy
punpniejwu  swihwuphgubipp,  huswbu  wwl  fubpghwih  wpuwnpnyjwu,
Yninwlydwu W uwywndwu gnhpdpupwgubph Yunwywpdwtu b hwdwlwpgdwu
dbjuwuhquutipp:

4. Unwowpyybp £ ©Sd-h hphdwu Jpw gnpdnn  Junwywpdwu L
dnuppnphugh  wignphpd, npp ppwywtu  dJwdwlwynd  YGpwhulynd W
owwhdwiuwgnw £ 2ULLUDYEHU-h Fubipgwhnupbpp: Ujgnphpdp wwwhnynud £
dY Yuwywuh, Eaywpnhgh, &4-h, 4S-h UL dwpwyngubph  wgyluwwnmwuph
hwdwlwpgywsd Yuwnwwpnwd, fubpghwih hwagwnnid, nygjwubph Ynnwynpnud W
wbntyuwwwywu thnjuwuwynd:  Eubipgbnpy  ppwypbwlwihu  Ybpindnygu
hpdwu Jpw uvwhdwuyb] GU pwnwnphsubph  gnpdwplydwu W wugwindwu
wnwetwhbippnipntuutinp, husp pwpdpwgunud £ hwdwwpgh wofuwnwupw)hu
wpryniuwytitnnieniup W gwhwanpddwu hnwwhnipyniun:

5. Unwownyytby £ Uplh gwpddwup tplwnwugpwuh htiwmbdwu hhpphnwhtu
ulgpniup, npu wwwhnynd £ Upluht hGinbnn (nuuwpunniups dwytipunyeh owunpdug
Ynnudunpnond opyw guwuyugwd wwhht U inutwlught gwuljugwsd wwdwuubpnid:
Wu  ndnudp  huwpwydnpngintt B wwihu wnwybjugnyup hwugub
Fubpgquuwpunwnpnigniup uwhdwuwthwy  dJwybpbu niubignn - nbnwdwubipnud,
husp hwnluwwbu bywwnwwhwpdwnp £ <wjwuwnwuh pwpdp dwnwqujpwihlu
ntuntpuubipny |Gnuwihtu 2pswuubipnd hpwwuwgubnt hwdwp:

6. <hdp punniubiny «ptinuduwdpp Ynpgutiine: hwdwuwlwunyesywt»  puuguwndwt
wwhwuep' dowlyly b QULLUDUEY-h wwpblwu  Eubpqudwnwlupwpdwu
Swywih quwhwwdwu dnnbl pun hwdwipnn  pwnwnphsubph  wudwuwlwu
(npywdpwyht) hgnpnigywu wpdtiputipp: Unnbind hwodh Gu wnuybip npwug
wpryniwwybitnnipjw  gnigwuhgubipp, Lubtipgbivnhly Ynpnwunubipp, gbiubipwgywsd
Lubpghwh  wybigntyp b wwlwunpnp, huswybu twl  wwpjw  pupwgpnd
owhwagnpddwt  wbnnnieniup: Unwuduwgywsd  opiywh  dnnbjuwynpdwu
wpryntuputipny hwunwwnyb) Gu hwdwlwpgh wnbfuupywywu YEuuniuwynipntup
W npw Yupnnniggniup' wwwhnybine Bubipghwih jhwpdtp hwjwuwpwlyonywsd
dwwnwwpwpnd twpyw Yupdwsdpny:

7. Npybu L4ULLUDUEY-h  nunmbuwlwu  quwhwwndwu  hphduwlwu
gnigwuh? nhunwnyyb) § ECU-u, npu oguiwgnpdyt § hwdwlwpgh W dhwutwlywu
LiGywpwywu  gwugh  punujudwu  huwpwynpniggniuubiph hwdbdwwnnyejwu
nbwpnd:  Unnbwiht - opwh  wwpblywu  owhwagnpddwtu  wpryniuputipny
hwuwmwwndt) £, np huptwdup QULLUDUEY-h nbnwlwjndp  nunbuwwbu
uywwwlwhwpdwp £ wu nbiwpnd, tpp optiwnp quuynd § dhwutwlywu
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LiGywpwywu gwughg wnujwqu 3 Yd hbnwynpnipyuu Jpw: Wu nbwpnud
hwdwlwpgh £E<U-U (1. 48 UUL nnpwp/ydn-d) hwdwnpbh § gwugh punwjudwu
hwoJwpyuwjhu wpdbph (1. 51 UWUL nnjwp/y4dn-d) htin:

8. Uswyyty L jwpnpwwnp wwjdwuubpnud  thnpdwplyty £ wynudpub
fupwuhgny wofuwwnn ynipwlhp gpwduwht glutipwwnph bwfuwwhw, npp
hpduwd £ oph dniGynyubph Lygnebpdwiht  wpnhdwtu  gnpdpupwgh  Ypw
hpduwjhtu  [ndnypnwd:  Pnpdwpwpwlwi  wpryniuptbpny  uwhdwudbp  Gu
gbiuGpwwnnpph Yunngwdpwiht b wouwwnwupwiht owwhdw] wwpwdtiwpbpp:
Ldwu gbubpwwnph  hunbgpnudp QULLUDUEY-h  Ywqdnd  punjwjiund |
dbpohuhu Yhpwnwlwu huwpwynpniegniuubpp’  pwpdpwgubing  ubpnpnidwhu
gpwysnipintun:

Cunhwunip wndwdp, wunbwfununigywu wpryniupubpny duwynpybi Gu
dd U 9pwduwyhu  wbuuninghwubiph  hwdwlgdwu unp  ghunwdbpnnulwu
hhdptp'  wwwhnybingd  huptwdwp  Fubipqudwnwyuwpwpdwy - hwdwlwpgbph
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Uppwnwlwu gnpdhpwlwqd: Ugfluwwmwupu hp wnbuwlwu W Yhpwnwlwu
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ABOSIH POMUK OTAHHECOBUY

PASPABOTKA U HCCJIEJOBAHHE COJIHEYHOM C TAHITAH C
KOMBHUHUPOBAHHOU CUCTEMOMU BOAOPOJHOI'O HAKOIIUTEJIA

PE3IOME

COBpEMEHHBIE SHEPreTMYECKUE CHCTEMBI CTOST IIepe] JBYyMS DIIOOATbHBIMA
BBI30BaMU: OTCYTCTBHEM JOCTYIIA K SIEKTPUUECKAM CETSIM B DA€ PETMOHOB M PacTyIAM
SKOJIOTUYECKMM  YIIEpOOM OT MWCIIONB30BAaHMSI HCKOIAaeMoro TolumBa. KIIFOueBBIM
PpEIlEHUEM 3THUX IIPOOIIEM SIBIISIETCS ITPUMEHEHUE BO300HOBISIEMBIX HCTOUHUKOB SHEPIUH, B
YACTHOCTH, KOMOWHAIMS CONHEUHBIX (oroBonpTamdecknx (®B) U BOJOPOIHBIX
TeXHOJIOIUH. VX MHTerpaims Io3BOISET CO3JaBaTh aBTOHOMHBIE SHEPTOCHUCTEMEI HOBOT'O
TIOKOIIEHMS], CIIOCOOHBIE TIONTHOCTBIO OOECIICUMBATh Yy JATIEHHBIE OOBEKTHL, U30IHUPOBAHHBIE
OT IIEHTPAIN30BAaHHBIX CETEH.

Ienro paGorel sBIsieTcs pa3paCoTKa M HCCIEAOBAHHE aBTOHOMHOW COJNHEYUHOH
(OTOBOIBETANUECKOH 3IIEKTPOCTAHIMYM, KOMOMHUPOBAHHON ¢ BOJOPOHON HAKOIMTEIHLHON
cucreMoit (COBDOK-BHC), xoropas ofecrieudT HeNpephlBHOE, COATaHCUPOBAaHHOE U
sddexTrBHOE SHEProcHabKeHHE 00BEKTOB, H30IMPOBAHHBIX OT JJIEKTPUUECKUX CETEH.

Hayuynast HoBu3HA.

- PazpaGoTaHbl CTpyKTypHas U QYHKITMOHATHbHas Mojenb aBToHoMHOW COBOK-
BHC, anropurm yIpaBieHusI 1 MOHUTOPHHIA CUCTEMEI, 0OECIICUABAIONHE HEIIPEPEIBHOE U
cOaNaHCUPOBAaHHOE SHEPIOCHAGKEHNE B PA3IMUHBIX BPEMEHHBIX PEXKUMAX.

- PaspaGoraHa ruGpuHas cHcTeMa JBYXOCEBOTO CIIEXKEHMUS 3a JBIKeHUEM COITHIIA
C HCIIONB30BaHUEM MUKpOKOHTposriepa Arduino UNO u ruCpuHOTO anropurMa, KoTopast
IIO3BOIIET B JIIOOOM MOMEHT BpPEMEHM OIIPEJEINTh YIOJI HAKIOHA CHCTEMEL
obecIeunBaroMii MAKCUMAIIBHYIO MOIITHOCTD, HE3aBUCUMO OT ITIOTOJHBIX YCIIOBUH.

- Ha npuMepe ApMEHHM BBIIONHEHO TEXHHUKO-3KOHOMUYECKOE HCCIIEIOBAHNE
aproHoMHOH COBOK-BHC, koTopas mo3BoJBsieT A paccMaTpuBacMoro o0heKTa OIIEHUTh
ToJI0BOM 0OBEM SHEPrOCHAOKEHHUS ABTOHOMHOM CHCTEMEI ITy TeM 00€CIICUEHHST SHEPT €TUUECKOTO
OaJlaHca M MCKIIFOYEHHUS “‘BEPOSITHOCTH IIOTEPH HAIPY3KU , 4 TAKKE OIICHHUTh SKOHOMUYECKYIO
3¢ PEKTUBHOCTE 110 CPABHEHUIO C PACIIUPEHUEM €UHON SIEKTPUYECKOM CeTH Ha OCHOBE
cpeJHel HOPMUPOBaHHON cToMMOCTH BIekTposHeprun (CHCDD) aBTOHOMHON cHUCTEMBI U
PpacilMpeHyst €MHOHN EKTPUUECKON CETU B TPAaHUYHON TOUKE.

- PaspaCotaH u ucIbITaH TaCOPATOPHBIA IIPOTOTHUII IIOPTATUBHOTO BOJOPOJIHOIO
TeHepaTopa ¢ AFOMUHUEBEIM aKTHBAaTOPOM, OCHOBAHHBIM Ha IIPOIECce SK30TEPMUYECKOTO
Ppa3nokeHUsT MOJIEKYTI BOJIBI B INETIOUHOM PacTBOpE. DKCIIEPUMEHTAIEHBIMA HCCIIEJOBAHISIMA
olpesierieHs! Hanbonee 3G ek THBHBIE peKUMBI TeHEPaIH BOJIOPO/IA.

OcHOBHBIC BBIBO/IBL

B pamxax jguccepralioHHOM palOTBI IIPOBEJEHO KOMIDIEKCHOE HAy4HOE
HCCIIE/I0BAHNE, HAIIPaBIIEHHOE Ha 00ecIIeUeHUE aBTOHOMHOTO SHEPIOCHAGKEHNS 0OBEKTOB,
H30JIMPOBAHHBIX OT €AUHON SIEKTPUUECKON CETH, Ha OCHOBE COBMECTHOIO IIpuMeHeHs OB
M BOJOPOJHBIX TexHolormil. PaspaGoTaHa LENOCTHas CHCTEMa  ABTOHOMHOIO
SHEProcHa0KEHMS, CTPYKTYpa, IIPUHITUITEL (yHKITMOHUPOBAHUS U MEXAHW3MBI YIIPaBICHUS
KOTOpOI 00OCHOBAHBI pe3yIbTaTaMH MOJEIUPOBAHNS, SKCIIEPUMEHTAIIBHEIX HCCIIE0OBAHIHT
U TEXHUKO-3KOHOMHUYECKOTO aHamu3a. llolydeHHBIE pe3ylbTaThl IO3BOIBIOT OOECIIEUNTH
HeTIpephIBHOE, cOallaHCHpOBaHHOE U 3GQeKTUBHOE 5BHEprocHaOXKeHHe OOBEKTOB,
H30JIMPOBAHHBIX OT €IMHOMN 3IIEKTPUIECKOMN CETH.

- VYcranoBieHa >¢dekTuBHOCT, KoMOmHMpoBaHus OB U BOJOPOIHBIX TEXHOIOTHH
JUIL  YCTOMYMBOIO SHEPropasBUTIH. JONrocpodyHOE aKKyMyIHpOBaHHE W30BITOUHON
COJIHEYHOM SHEprMU B BHJE BOJOPOJA M €ro IOCIEYIOMas KOHBEPCUS B TOIUIMBHEIX
3eMeHTax olecleunBaroT OecliepeCoiHyI0 padoTy CHCTEMBI B I00O€ BpeMs ToJIa,
KOMITEHCUDYS HECTaOMIIBHOCTh T€HEPALMH U Cy TOUHBIE KOJIEOaHUsI Harpy 3KH.

- OCocHoBaHa IIelecOO0Pa3HOCTh  COBMECTHOTO — IIPUMEHEHMS  JIMTHH-MOHHBIX
aKKyMYJITOPOB M TOIIIMBHOTO 3JIEMEHTA C IIPOTOH-OOMEHHON MEMOPAHOH! ¢ TOUKU 3PEHMUS
Ha/IEKHOCTH HAKOIUIEHHS SHEpruM U 3(QHEKTUBHOCTH €€ HCIONB30BAHUS B Pa3IMUHBIX
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SHEPreTUUECKUX pexkuMax. Takoil ruOpUIHBIN IT0/1X01 IIOBBITIAET OOIIYIO SHEPIeTHUECKYIO
[IPOU3BOIUTENFHOCT  CUCTEMBI, CHIDKAeT SHEPreTHYECKHE IIOT€PH M IIOBBITIAET
SKCIUTyaTaIlMOHHYIO YCTOHUMBOCTD.

- PazpaGortansl 0000MEHHAS CTPYKTypa U MeTo Iosorus mpoekrupoBanust COBOK-BHC,
obecrieunBarone  KpaTKOCPOUHBI W JIONTOCPOUHBIM  SHEpreTHdeckuit  OCanaHc.
YCTaHOBIEHEI  IIPUHIMMIIEL  B3aUMOJEHCTBHSI  KOMIIOHEHTOB  CHCTEMBI,  KPUTEPHUA
OIITUMAIIBHOTO BBIOOpA MOIIHOCTEH, a Takke MEXaHW3MBl YIIPaBIECHUS U KOOD/MHAIN
IIPOLIECCOB IIPOM3BO/ICTBA, HAKOIUIEHUS U IIOTPEOIICHIUSI SHEPIHH.

- IIpetosxken anropuT™ yIIpaBlIeHUS U MOHHTOPHHTA HA OCHOBE IIPOrPaMMUPYEMOTO
JIOTHYECKOTO KOHTPOJIIEPa, KOTOPBIH B pealbHOM BPEMEHH KOHTPOIUPYET U OIITUMU3HPYET
sHepronoToku COBOK-BHC. Anropurm obecrieurBaeT CKOOPIUHUPOBAHHOE YIIPABIICHUE
pabotoit OB cTaHIMY, 3IEKTPOIH3a, BOJOPOHOTO HAKOIIMTENS, TOIUIMBHOTO 3JIEMEHTAa U
aKKyMyJBITOPOB, YUET SHEPTrUU, KOJUPOBaHKE JaHHBIX U 0OMeH uHpopMarmei. Ha ocHoBe
aHaJl3a SHEPreTHYECKOM CHUTyalMy OIIpEeJeleHBl IPUOPHTETHI 3allycka M OTKIIOUEHUS
KOMIIOHEHTOB, 4TO IIOBBIIAeT 3(PQHEeKTUBHOCTh pabOTBl CHUCTEMBI U HAJEKHOCTh €€
SKCIUTyaTalIlyH.

- IIpetosxken THOPUIHBIA IIPUHIMII JABYXOCHOTO cliekeHus 3a COJHIIEM, KOTODBIH
obecIieurBaeT ONTUMAIPHOE OPUEHTUPOBAHUE CBETOIIPHEMHOI NIoBepxHOCTH Ha CONHIIE B
moboe BpeMs CYTOK M IIPU JIOOBIX IIOTOJHBIX YCIOBHSX. OTO DEIIeHHE II03BOILIET
MAaKCHUMAaJIbHO ITOBBICUTE BEIPaOOTKY SHEPrUY Ha YHacTKax ¢ OPaHIMYEHHOM IUIOIIA/IbI0, UTO
0cO0eHHO IIenecoo0pasHo U1l peal3allid B TOPHBIX paioHaX ApPMEHHHM € BBICOKUM
COJIHEUHBIM 3Ty YSHHUEM.

- Ha ocHOBe TpeGoBaHMS UCKITIOUEHHS! «BEPOSITHOCTH IIOTEPH HArpy3Km» paspaboTaHa
MOJIENIL OLIEHKU Trojioporo o0néma sHeprocHaOxkeHuss COBOK-BHC 1mo HOMHUHAIBHBIM
3HAYEHUSIM MOIITHOCTH KOMIIOHEHTOB. B MoJIeu yuTeHbI IoKa3aTend uX 3(GQdeKTHBHOCTH,
SHEpreTUYecKue II0TepH, M30BITOK U JeQUIMT TeHepupyeMOW OSHEPIHH, a Takxke
IIPOJIOJDKUTEILHOCTh  BKCIDTyaTallul B TEUEHHE ToJa. Pe3yibTrarhl MOJETHPOBAHMUS
BBIJIEIEHHOTO OOBEKTa IIOJTBEP/RUIN TEXHUUYECKYIO KM3HECTIOCOOHOCTh CHUCTEMBI M €€
CII0cOOHOCTh  O0ecTIeurBaTh II0JIHOE COATAHCHPOBAaHHOE SHEProcHabKeHHE B TOJOBOM
paspese.

- B kadecTBe OCHOBHOIO TOKazaTelsl »KoHommdeckoi oleHkn COBOK-BHC
paccmorpeHa CHCDOD, wucnonb3oBaHHas IIPU CPaBHEHUHM BO3MOXKHOCTEH CHUCTEMBI U
paclmMpeHus] €IMHOH DJIEeKTPUYEcKOH ceTH. PesyibraTel TOJI0BOM  BKCIUIyaTald
MOJICIIGHOTO 00BeKTa IOJATBEPMIM, UTO pasMernieHue aproHoMHOM COBOK-BHC
SKOHOMHYECKH I1eNlecoo0pa3Ho B cilydae, Korja oOBEKT HAXOJUTCS Ha PAacCTOSHUU HE
MeHee 3 KM 0T eJIMHOU sliekTpuieckoi cet. B stoMm ciryuae CHCOD cucremsl (1,48 mom.
CHIA/xkB1'4) comocTtaBuMa ¢ pacu&éTHOW CTOMMOCTBIO pacmmpenwst cetwr (1,51 momi.
CHIA/xBt ).

- CHpoekTUpOBaH U UCIIBITaH JIaA0OPATOPHBIM IPOTOTHII IIOPTATUBHOTO BOJOPO/HOTO
reHepaTopa Ha OCHOBE DK30TEPMUYECKOTO DACITCINICHHS BOJBI B INENOYHOM cpejie ¢
aIIOMUHHUEBBIM KaTalu3aTopoM. Ha OCHOBe pe3yJbTaTOB 3KCIIEPHMEHTa OIIPe/IeTICHBI
OIITUMAIIPHBIE ~ KOHCTPYKTHBHBIE U  OKCIUIyaTalMOHHBIE —I1apaMeTphl  I'eHepaTopa.
Wurerparmst Takoro reHepaTtopa pacmmpseT (QyHKIOHATbHBIE BozMoxHocTH COBOK-
BHC, noBbIiast ”HBECTHIIMOHHY IO IIPHBIIEKATEIBHOCTb.

Tlo pe3ympraram JAUCCEPTAIMOHHOIO UCCIIEI0BaHMs ¢(HOPMUPOBAHBI HOBBIE HayYHO-
MeTomueckre OcHOBB MHTerparmu OB U BOJTOPOJIHBIX TEXHOIOIUH, 00ecIIeurBaOIIe
TEOPETHYECKUI U IIPUKIAIHON HHCTPY MEHTAPUIA JUIS [IPOEKTUPOBAHMS, MOJICITMPOBAHUS U
5 PEeKTUBHOTO yIpaBIeHUS aBTOHOMHBIMHM CHCTEMaMM 5SHeprocHaOxkeHus. PaGora c
TEOPETHMYECKOH M IIPAKTUYECKOH 3HAUMMOCTBIO MOKET CIIOCOOCTBOBATH YKPEIUIEHUIO
CTpaTEerMUeCKUX HallpaBICHUH SHEPreTHYecKod Oe30IIaCHOCTH, YCTOHUMBOTO Pa3BUTHS U
BHE/IPEHUS «3€JIEHBIXY» TEXHOJIOTUH B APMEHUU U aHATOTUYHBIX CTPaHaX.
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AVOYAN ROMIK HOVHANNES

DEVELOPMENT AND ANALYSIS OF A SOLAR POWER PLANT INTEGRATED
WITH A HYDROGEN STORAGE SYSTEM

SUMMARY

Contemporary energy systems face two major global challenges: limited access to
electricity grids in certain regions and the increasing environmental impact of fossil fuel use.
A key solution to these challenges is the deployment of renewable energy sources,
particularly through the combination of solar photovoltaic (PV) and hydrogen technologies.
The integration of these technologies enables the development of next-generation
autonomous energy systems capable of fully supplying remote facilities isolated from
centralized grids.

The purpose of the work is the development and investigation of an autonomous
solar photovoltaic power plant combined with a hydrogen storage system (SPVPP-HSS) that
will ensure continuous, balanced, and efficient energy supply to objects isolated from
electrical networks.

The scientific novelty.

- A Structural and functional model of the autonomous SPVPP-HSS has been
developed, along with a system control and monitoring algorithm that ensures continuous
and balanced energy supply under various operating time regimes.

- A hybrid dual-axis solar tracking system has been developed using an Arduino
UNO microcontroller and a hybrid algorithm, which makes it possible to determine, at any
time of the day, the tilt angle of the system that ensures maximum power output, regardless
of weather conditions.

- A techno-economic study of an autonomous SPVPP-HSS has been carried out
using Armenia as a case study, enabling the evaluation of the amount of annual energy
supply of the autonomous system for the considered object while ensuring the energy
balance and excluding the “loss of load probability,” as well as assessing the economic
efficiency in comparison with the expansion of the centralized electrical grid based on the
levelized cost of electricity (LCOE) of the autonomous system and the grid expansion at the
boundary point.

- A laboratory prototype of a portable hydrogen generator operating with an
aluminum activator has been developed and tested based on the exothermic decomposition
of water molecules in an alkaline solution. Experimental studies have identified the most
efficient hydrogen generation regimes.

The main conclusions.

Within the framework of this dissertation, a comprehensive scientific study was
conducted to ensure autonomous energy supply for facilities isolated from the centralized
electrical grid through the combined application of PV and hydrogen technologies. A
complete autonomous energy supply system was developed, with its structure, operating
principles, and control mechanisms validated through modeling, experimental studies, and
techno-economic analysis. The results demonstrate the system’s capability to provide
continuous, balanced, and efficient energy supply to facilities isolated from the centralized
electrical grid.

- The effectiveness of combining PV and hydrogen technologies for sustainable
energy development has been established. Long-term accumulation of excess solar energy in
the form of hydrogen and its subsequent conversion in fuel cells ensures uninterrupted
system operation throughout the year, compensating for generation variability and daily load
fluctuations.

- The feasibility of the combined use of lithium-ion batteries and a proton-exchange
membrane fuel cell has been substantiated from the standpoint of energy storage reliability
and utilization efficiency in various operating modes. This hybrid approach enhances the
OV%r_?_ll energy performance of the system, reduces energy losses, and improves operational
stability.

21



- A generalized structure and design methodology for the SPVPP-HSS have been
developed, ensuring short-term and long-term energy balance. The principles of component
interaction, criteria for optimal capacity selection, as well as mechanisms for managing and
coordinating energy production, storage, and consumption processes have been established.

- A control and monitoring algorithm based on a programmable logic controller
(PLC) has been developed to monitor and optimize the energy flows of the SPVPP-HSS in
real time. The algorithm enables coordinated management of the PV plant, electrolysis unit,
hydrogen storage, fuel cell, and batteries, as well as energy accounting, data encoding, and
information exchange. Based on the analysis of the energy situation, priorities for
component startup and shutdown have been established, enhancing the system’s efficiency
and operational reliability.

- A hybrid two-axis solar tracking principle has been proposed, which ensures
optimal orientation of the light-receiving surface toward the Sun at any time of day and
under any weather conditions. This solution allows for maximizing energy output on sites
with limited area, which is particularly suitable for implementation in the mountainous
regions of Armenia with high solar radiation.

- A model for estimating the annual energy supply volume of the SPVPP-HSS has
been developed, based on the requirement to eliminate the "loss of load probability” and
using the nominal capacity values of the components. The model accounts for their
efficiency indicators, energy losses, surplus and deficit of generated energy, as well as
annual operating duration. Modeling results for the selected object confirmed the technical
viability of the system and its ability to provide complete, balanced energy supply on an
annual basis.

- LCOE is used as the main indicator for the economic assessment of the SPVPP-
HSS applied in comparing the system's potential with grid extension. The results from
annual operation of a model object confirmed that deploying an autonomous SPVPP-HSS is
economically feasible when the object is located at least 3 km from the centralized electrical
grid. In this case, the system's LCOE (1.48 USD/kWh) is comparable to the estimated cost
of grid extension (1.51 USD/kWh).

- A laboratory prototype of a portable hydrogen generator based on the exothermic
splitting of water in an alkaline environment with an aluminum catalyst has been designed
and tested. Based on the experimental results, the optimal structural and operational
parameters of the generator have been determined. The integration of such a generator
expands the functionality of the SPVPP-HSS by enhancing its investment attractiveness.

Overall, the results of the dissertation have established new scientific and
methodological foundations for the integration of PV and hydrogen technologies, providing
a theoretical and practical toolkit for the design, modeling, and efficient management of
autonomous energy supply systems. Owing to its theoretical and applied significance, the
work can contribute to strengthening the strategic directions of energy security, sustainable
development, and the implementation of green technologies in Armenia and similar
countries.
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