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IVypeorcoenue o6pazosanus « Mesncoynapoouuii 20Cy0apcmeeHHblll HKOL0ULECKUTL
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Lenvro pabomwl s6unacs paspadbomra opueSuUHAIbHOU APXUMEKMypbl UHMEZPUPOBAHHOU UHDOPMAYUOHHOU CUCTe-
Mol 0151 AHAIU3A NOMEHYUANA 80300H08IsIeMbIX ucmounuxog suepeuu (MCAIIBUD). Tpebyemas @pyHkyuonanrbHocms
cucmemul 00yCI08UNA peuleHue Psod 3a0ay No pa3padomKe coomeemcmeyiouux NPOSPAMMHBIX MOOYIel, Peanusyio-
Wux Memoovl, MOOeU U AA2OPUMMbl OISl OYEHKU IHEP2eMUuieck020 NOMEHYUAIa U IKOHOMULECKOU d(hpekmusHocmu
UCNONB308AHUSL 80300HOBIAEMbIX UCMOYHUKOG dHepauu (BUD). Dmo nompebosano peutenus credyrouwux 3a0ay: vl-
NONHEeHbl A0anmayus Cyuecmeyiowux u pazpadbomra Hogblx Memooos ananuza nomenyuaia BUD na pazauunsix mep-
PUMOPUATILHBIX YPOBHAX C NPUMEHCHUEM COBPEMEHHLIX MEXHONO2Ull 2e02papuyeckux UHGOPMAYUOHHBIX cucmem
U KOMABIOMEPHLIX MeXHOI02Ul, paspabomansl mooenu OJisk OYeHKU U paciema NOMeHyuald 60300H0BIAEMbIX IHepee-
muyeckux pecypcog (BOP); adanmuposanvl memoouxu s OYeHKU IKOHOMUYECKOU 3PheKmuUeHoCmu NPUHUMAEMbIX
peutenuti no ucnoavzosanuio BUD; paspabomana apxumexmypa un@opMayuoHHOU Cucmemsl U 0CYujeCmenet 6bloop
MeXHONo2ULl U CPeOCms ee pearuzayuu; papabomansvl aieopummbl NPOSPAMMHBIX MOOYIEU U UX 83AUMOOetCImEus
6 cocmase ungpopmayuonnoi cucmemvt. OmauyumensHou 0COOEHHOCMbIO APXUMEKMYPbL ABUAUCH 2UOKOCHIb U OMKPbI-
mocmy 0115 pacuiuperus u peaiu3ayuy OONOIHUMENbHOU QYHKYUOHATbHOCIU, 8 YACTIHOCMU PA3padomKu Cneyuaib-
HBIX aI20pUmMOos U NRPOSPAMMHBIX MOOYell 63aumoodeticmeus ¢ bazou daunnvix (b)) u epaguueckoco Web-opuenmu-
POBANHOCO NONB308AMENLCKO2O UHMepelica, npedoCmasaaoweco 603MONCHOCMb pabomyvl ¢ Kapmozpaguueckou
ungopmayueu. Pazpabomra u eHedpeHue YKA3aHHOU CUCTNEMbL SABNAENC AKMYAIbHOU HAYYHOU U NPAKMUYEeCKOU 3a-
odauell, peweHue KOmopou co30acm YCiosus 05 pacuupenus ucnonvsoeanus BUD ¢ Pecnybnuxe bearapycw (PB) u no-
8blUEHUS IHepeemuyecKoll bezonacnocmu cmpanbl. Pe3yibmanmul nposedeHHbiX ucciedo8anull U bINOTHEHHbIX Pa3-
pabomok mocym Ovime UCNOAb306aNbL 8 cucmeme Munucmepcmea npupoOHbIX pecypcog i 0OXPansl OKpydicalouell cpe-
ovl PB, 6 uacmuocmu 0111 6edenus 2ocyoapcmeennozo kadacmpa BUD u npunsamus ynpasnenueckux peuieHuil.

Knrwuesvie cnosa: UHmMecpuposantas MH¢OPM&MMOHH&}I cucmema, b6aza OaHHbIX 060py008£1HM}1, aHAU3 SHepeemu4ecKko-
20 nomeHyuaia, anaius DKOHOMUYECKOTU ad)qbekmueHocmu, 60300H06/I5IeMble UCTOYHUKU OHepUU.

BBenenune

OrneHka ¥ BO3MOXXHOCTH UCIOJB30BAaHUS T0O-
TeHnuana MmectHeix B B Pb sBnsercs akTyais-
HOW Hay4YHOH M TEXHUYECKOH TpoOIeMO, BaXKHOM
TUTsT 00 CTICUCHIS DHEPTETHUCCKON 0€30TTacHOCTH
ctpanbsl. Pb He obmagaer B 1OCTaTOYHOM KOJTHYE-
CTBE COOCTBEHHBIMH YTJIEBOAOPOJHBIMH HCTOU-
HUKamu >Hepruu. [losToMy BakHBIM Hampapie-
HHUEM B DHEPreTUYECKON MOJUTUKE, B TOM YHUCIE
B 3HEProcOEpeIKEHUH JIJIsl HAIlleH CTPAHBI, SIBJIS-
eTcsi ucnois3oBanne BUD, koTophie MO3BOJSIOT
COKPATUTh UMITOPT TOPOTOCTOSIIINX YITICBOAOPOI-

HBIX PECYpCOB, OOCCIICYNTh M MMOBLICUTH DHEpIe-
THYECKYI0 0€30IIaCHOCTh TOCY/IapCTBa U YITy4IIHTh
SKOJIOTUYECKUE MTOKA3ATEIN SHEPIeTUKHU.

Opnnako 3¢ddexruBHOE Ucnonb3oBanue BUD
B 3HAQUUTEJIbHOW CTENEHU 3aBUCUT OT NPABUILHOMN
OIICHKH PECYpCHOTO TOTCHIIMaja peruoHa, Ha-
JIUYUS COOTBETCTBYIONIUX TEXHOJIOTHH M 000py-
JIOBaHUS U TpeOyeMol HHPPACTPYKTYPHI U 3aK0-
HOJIaTeNbHOWH U HOPMATUBHOW 0a3bl. YUHTHIBAs
TEPPUTOPUANIBHYIO U BPEMEHHYIO paclpeieicH-
HOCTh BOP 1 3aBHCHUMOCTB HX BO MHOTHX CITy4asix
OT MOTO/IHBIX YCIIOBUH 3(PEKTUBHOE PEIIICHNE ITOH
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MHOTOKPUTEPHUATIBHON 3a/1aui BO3MOXHO TOJIBKO
C MPUMEHEHUEM WH(POPMAIIMOHHBIX TEXHOJIOTHHA
[1].

Pazpabotke nH(pOPMAMOHHBIX CHCTEM B 00-
JacTH BO30OHOBIISIEMON DSHEPreTHKH YAEISIETCS
B HacTosiee BpeMs 00JiblIoe BHUMAHHE B CTpa-
Hax JajbHEro M OMMKHETo 3apyOexbs. B yacTHO-
cti, B CILIA MHOTO pa3paboTok B 3TOM HarmpasJie-
HUM BBINOJMHEHO HarmoHnanbHOU saboparopueit
BUD (National Renewable Energy Laboratory
(NREL) — ¢ mpuMeHeHHeM TEeXHOJIOTHIl reorpa-
¢uueckux napopmanuonusix cuctem (I'MC) cos-
JlaHbl 0a3bl JIAHHBIX BO30OHOBIISIEMBIX PECYPCOB
LITaTOB CTPaHbl M pa3paboTaHbl MOJEIU U TPO-
rpaMMHBIE CpeAcTBa JUIsl aHanu3a 3(QeKTuBHO-
ctu ucnonszoBanus BUD (HOMER, Interactive
mapping tools, REFlex u npyrue). Ananoruytsle
0a3bl TAaHHBIX C PA3IMYHBIMU 00bEMaMy HarloJIHe-
HUS CO3JaHbl U B Apyrux crpa”ax: danuu, Ano-
uuu, Kurae u JlarBun. Mimerorcs cooOieHus o Ha-
yajie Takux pa3pabotok B Poccuiickoit Deneparun
u Ykpaune [2, 3].

Hcxons u3 BBIMIEU3I0KEHHOTO, pa3paboTka
METO/IOB, MOJIeJIell U aIrOpUTMOB IS aHaln3a
BOP Pb u coznanue na ux ocnose MMCAIIBUD
SIBJIIETCS. AKTyaJIbHOM HAy4YHOM U IPAKTUYECKOU
3a71a4el, pelIeHne KOTOPOW CO3/4acT yCIOBUS IS
pacmupenus ucnonb3zoBanus BMD B Pb u mo-
BBIIICHHSI DHEPreTHYEeCKol Oe30MacHOCTH HalleH
CTpPAaHBI.

B pamkax penieHus oCTaBIECHHOM 3a1a4H aB-
TOpaMH BBITIOJHEHBI CIIEYIOIINE PaOOTHI:

1. IlpoBeneH aHanu3 M3BECTHBIX Pa3padoToOK,
CPE/ICTB U TEXHOJIOTHH B 00JaCTH aBTOMAaTHU3UPO-
BaHHOTO aHaiu3a noreHnuana BOP.

2. BolmonHeHsl ajanTanys CyIECTBYIONIUX,
1 pa3paboTKa HOBBIX METO/IOB aHaJN3a MOTCHIH-
ara BUD Ha pa3ianuHbIX TEppUTOPHATIBEHBIX YPOB-
HAX ¢ mpuMeHeHneM coBpeMmeHHbIX [MC-texHo-
JIOTUI U KOMITBIOTEPHBIX TEXHOJIOTHH.

3. PazpaboTaHbl MOsIEH JUI OLIEHKH U pacue-
Ta noreHnuana BOP.

4. BeimonHeHa ajanTanys METOIUK OLEHKU
9KOHOMHYECKOH S(PPEKTUBHOCTH MPHUHUMAEMBIX
peenuii no npumenenuo BUD.

5. Pa3paborana apxurektypa mH()OpMaLUOH-
HOW CHCTEMBbl U TPOU3BEJCH BHIOOP TEXHOJIOTHIMA
U CPE/ICTB €€ pean3alui.

6. PazpaboTaHbl alropuT™MbI IPOTPaMMHBIX MO-
JIyJiel ¥ X B3aMMOJICHCTBHS B COCTaBe UH(OpMa-
LIUOHHOW CUCTEMBI.

PaspaboTaHHbIe apXUTEKTypa U CICIHATN3U-
pOBaHHBIC ANTOPUTMBI MPOrPAMMHBIX MOJYJIEH
MO3BOJISIT PeajiM30BaTh COOTBETCTBYIOINIYIO (PYHK-
uunoHanpHOCTh MU CAIIBUD, 3akmrodaroniyrocs
B paboTe aganTupoBaHHBIX Jjis ycioBuil Pb me-
TONIOB M MOJIENeH Ay aHanuza norennuana BUD
¢ npumenenneM [ IC-texHonoruii.

TexHOJIOTMHU U CPeICTBA pean3auun
U APXUTEKTYPa MH(POPMALNOHHON CHCTEMBI

Jia mpoextupoBanus u pazpadorku MUCAII-
BUD, kak 1 1100010 IPyroro CI0XKHOTO MO CTPYK-
Type ¥ (pyHKIIMOHAIBHOCTH MPOTPAMMHOTO TIPO-
IyKTa Jjsi paboThl ¢ Kaprorpaduueckoit mHdOp-
Maluei, COOTBETCTBYOIIUE TEXHOIOTUH BBIOUpa-
JIUCh TaKUM 00pazoM, YTOOBI MaKCHMaJIbHO CHH-
3UTh BPEeMEHHBIE 3aTpaThl Ha pa3paboTKy, ClIeNaTh
COTIPOBOKJICHHE MTPOrPaMMHOT0 MPOAyKTa Oojee
MIPOCTHIM, & TaKXKe 00eCIEUUTh BBICOKYIO ITPOU3-
BOJIUTENIEHOCTD MTPHIIOKECHHUS.

B wactHOCTH, BEIOpaHHBIE TEXHOIOTHH JOJK-
HBI pelaTh ciaeayIomue 3a4a41 U IpoOIeMbl:

— paboTa ¢ TUHAMHYECKH MEHSIOIIUMCS CO-
JIep>)KUMBIM Ha KIHEeHTCKuX Web-cTpanunax 6e3
WX TIepe3arpysKu;

— peanuzanus MPOrpaMMHOTO TOJIH30BATENb-
ckoro uHTepdeiica Ha ctopone Web-cepBepa;

— CO3/]aHWE YPOBHS JIOCTYMa K HHPOPMAIIHH,
xpanseiica B bJI, 11 ucnonb30BaHus B IPOrpaM-
MHOM TI0JTb30BaTeILCKOM HHTEp(delice u Ipyrue.

ApxuTekTypa MOayas s paboThl ¢ KapTo-
rpaduueckoil nHpopMaIyen BKII0YaeT:

— N0b308aMeENbCKYIO 4ACMb, CONEPKAITYIO
rpadyIecKri MoNIb30BaTeNbCKHii nHTEpdeiic 1 ypo-
BEHB IS paboThl ¢ API cepBepa;

— cepsepHYI0 yacmb, COACPIKALIYI0 YPOBHU
B3aumoyeiicteus ¢ b/l u npencraBieHuss U B3au-
MOCBSI3U MEX]Yy YPOBHSIMH MPHIIOKEHHS.

Monynu asst paboThl ¢ KapTorpaguyecKkoi nH-
dopmarel SBISIOTCS MOIYIISIMH Jiisi Web-Tipu-
JIOXKEHUSI, pa3padaTbiBa€MOTO B COOTBETCTBUU
¢ texnosorueii Microsoft ASPNET MVC. Cuctema
UCTIoNb3yeT TexHonoruto Microsoft. NET Ha cto-
poHe cepBepa u TexHosoruto AJAX mist GoHOBOTO
oOMeHa TJaHHBIMU MEXIY KIIMEHTOM U CEPBEPOM.

[Mpu pazpadotke B cpene Microsoft Visual Stu-
dio mpunoxxeHue pazouTo Ha 2 MPOEKTa IJIsl MPo-
IPaMMHOH peaJIn3aluu:

— yposus docmyna K B/J;

— epaghuuecko2o NoIL308AMENLCKO20 UHMED-
Qetica.
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W nocTasLuKax)

Actor

Puc. 1. O6mas apxurextypa UMCAIIBUD

Taxoe pazOueHne ympoiaer pa3padoTKy, a Tak-
K€ TIO3BOJISIET COKPATHThH 3aTpaTrbl BPEMEHH TPH
3aMeHe UCTOYHHKA MaHHBIX (puc. 1).

ApPXUTEKTYpa HHTETPUPOBAHHON WH(POPMAIIN-
OHHOW CHCTEMBI BKITIOUaeT B ce0s CIEAyIOIIe CO-
CTaBIISAIONTHE:

1) obvexmnas mooenv B/] — IpenCTaBIAET CO-
001t HaboOp KIACCOB, COOTBETCTBYIOIMMNX TaOJH-
uam BJI. XpaHumbie npoueaypbl MpeacTaBIeHbI
hyHKIIAAMH;

2) penozumopuu — N30MAPYIOT APYT OT ApyTa
pa3HOPOIHBIE TAHHBIE W BKJIIOUAIOT B cebs Mexa-
HU3MBI YIIPaBJIeHHS STUMH TaHHBIMU. Hampumep,

PETIO3UTOPHIT BETPOreHEPaTOPOB BKIIFOUAET (PyHK-
MU TI0 BBIOOPKE, PEAAKTUPOBAHUIO, YIAICHUIO
1 TTOI00pPYy COOTBETCTBYIOIINX YCTAHOBOK JJIST 00B-
€KTOB, a TaKXe pacueTy dHeprodPpeKTHBHOCTH
yKa3aHHOTO 000PYIOBaHUS;

3) Web API-kommponnepslt — BO3BpaIaiOT
W TIPUHUMAIOT JIaHHBIE B «CBHIPOM» BHUjE (IIpUMe-
asetrcs JSON). O6paboTKoit 1 0TOOpakeHHEM JaH-
HBIX 3aHHUMAETCs KJIMEHTCKOE NpUIIoKeHue (Tpu-
MeHnsercs JavaScript). VICTOnb3yIOTCS KOHTPOI-
Jiephl YKa3aHHOTO THIIA, TaK Kak Kaprorpadude-
ckuii mHTEepdeiic TpedyeT paboTsl Oe3 mepesa-
rpy3ku Web-CTpaHUIIbI;

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA 4,2017
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4) MVC-koumponnepvt — GHOPMHUPYIOT TOTO-
Bbie Web-CcTpaHUIlbl M BO3BPAIIAIOT UX MOJIb30Ba-
TeJto.

Takum 00pa3om, MpoU3BEJEH BHIOOP COBpe-
MEHHBIX TEXHOJIOTUM U CPENICTB JIJIsl ONTUMAIILHOMN
texandeckoi peanmsaruun MACAITIBUD u npen-
JIO’)KEHA apXUTEKTypa YKa3aHHOW CHCTEMBI, KOTO-
past OTKpBITA JJIsl paCIIUPEHUs U peaiu3aluu Co-
OTBETCTBYIOIICH (PYHKIMOHATIHHOCTH, B YACTHO-
CTH pa3pabOTKH COOTBETCTBYIOIIMX aJTOPUTMOB
U IPOrpaMMHBIX MOJyJIEH B3auMonencTsus ¢ bJ[
U rpauIeCcKOro MoJIb30BaTeNIbCKOro HHTepQerica
B COCTaBE€ yKa3aHHON CUCTEMBI.

AJITOPUTMBI XPAHUMBIX NPOLELYP
U 10JIb30BaTeJbCKUX (pyHKIMil BJ]

J1g BBITIOTHEHMS KaK aHAJUTHYECKUX pacde-
TOB Ha OCHOBE MH(pOpMaIuu, xpausimieics B b/1,
TaK M MPeIOCTABICHHUS HETIOCPEICTBEHHO CaMHX
JIAHHBIX, IPOTPAMMHBIH KOJI, BBITTOJTHSIONIHN YKa-
3aHHBIE OTIEPAIIH, MOXET OBITh pa3MeIeH KaK Ha
CTOpOHE cepBepa, Tak U Ha cTopoHe Kiuenrta. Of-
HAKO, YYUTHIBas, 4TO co3/1aBaemas MH(OpMaIlu-
OHHasl CHCTeMa — CETeBOH Pecypc, TO MporpaMm-
HBIA KOJI, OTIEPUPYIONINI JaHHBIMH, HEOOXOINMO
pPa3MeCTHUTh KaK MOKHO «OJImKe» K caMuM obpa-
0aTeIBa€MbIM JaHHBIM, YTO TO3BOJISIET M30EKaTh
MEePECHUTKA 4Yepe3 CeTh MHOXKECTBAa KOMaH[ H,
B 0COOEHHOCTH, HEOOXOUMOCTH Tiepeadn 00ITb-
X 00BEMOB TAaHHBIX OT KJIMEHTA Ha cepBep. Ha-
npumep, Microsoft SQL Server mpemoctaBisieT
BO3MOXXHOCTh Pa3MECTUTh MPOTPAMMHBIN KO Ha
CTOpOHE CepBepa B BUIE XPAHUMbBIX NPOYeOyp,
NONb308AMENbCKUX PYHKYUU U npe0CcmasieHull,
conepxamuxcs B B/I.

Jns 3ammaHupOBAaHHBIX TOJB30BATENBCKHUX
(hyHKIIMII pa3paOOTaHbI alTOPUTMBI pacueTa, Ko-
TOpBIe OyyT peaan30BaHBblI MOCPEACTBOM JICKIIa-
paruBHOTO s3bIKa 7T-SQL. B kauecTBe mpumMepa Ha
pHcC. 2 IpeCcTaBiIeH aIrOPUTM paboThHI TIOIH30BA-
TETHCKOW (PYHKIINH, PACCUUTHIBAIONICH dHEPTETH-
4yecKyro 3(h(heKTHBHOCTH CONHEUHBIX OaTapei.

Odopmitenre Koma B BUIE MOJIE30BATEITHCKUAX
(YHKITHI CYIIECTBEHHO yTporaeT pa3padborky b1,
TaK KaK MO3BOJISIET BCTPANBAaTh BBI3OBBI ATHUX (PYHK-
U HETIOCPEJICTBEHHO B 3ampocax, a TakXe I10-
3BOJISIET M30€KaTh MOBTOPSIONIETOCS KOJa M Cy-
IIECTBEHHO YIPOIIAeT YTEHHE KOJa 3apOCOB.

XpaHuMBbIe TPOIETYPHI, KaK U TOJIH30BATENb-
ckre (DyHKITHH, TTPEICTABIISIOT co0oit Habop SQL-
WHCTPYKIMH, KoTopeiid xpanurcs B bJl. Omnaxo

XpaHHUMBIE MTPOLEAYPHI, OTIMYAIOTCS OT QYHKIHUI
TEM, YTO B HHX JIOITYCKAeTCS UCTIOJIb30BAHUE BBI-
XOJHBIX MapaMeTPOB TOJBKO IIEIOYHCICHHOTO
tuna. Mcnonp3oBaHue XpaHUMBIX MPOLETYp MO-
3BOJISICT [TOBBICHTH TIPOU3BOIUTEIBHOCTb, PACIIIHU-
PUTH BO3MOXKHOCTH TMPOTPAMMHUPOBAHUS U TIOJ-
JIep KUBaTh (PYHKIMH O€30TIaCHOCTH JITAaHHBIX.

Kak cepBepHbIe IpOrpaMMbl, XpaHUMBIE TIPO-
LeIypbl UMEIOT PsiJi PEUMYIICCTB!

— XpaHATCS B KOMIIMJIMPOBAHHOM BUJE — IO-
9TOMY BBITIOJHSIOTCSI ObICTpEE, YeM MaKeThl HIIH
3aIpoCHl;

— BBITIOJIHEHUE 00pabOTKU JaHHBIX Ha CepBe-
pe, a He Ha paboyeil CTaHIUU, YTO 3HAYMTEIHHO
yYMEHbIIAeT TpaduK U CHIXKACT HAIPY3Ky Ha BBI-
YHUCIIUTEILHYIO CETh;

— UMEIOT MOJYJIBHBINA BU, TOITOMY UX JIETKO
BHEJIPSTh M U3MEHsITh. Eciu kimneHTckoe mpuio-
JKCHUE BBI3BIBACT XPAHUMYIO IPOLICAYPY ISl BbI-
MOJTHEHUsI HEKOTOPOH orepanuy, To Moauduka-
Ul TPOILIETYPHI B OTHOM MECTE BIIHSIET Ha €€ BbI-
TIOJTHEHHE y BCEX IOJIb30BaTeNei;

— XpaHUMBbIe MPOLEIYPbl MOKHO paccMaTpu-
BaTh KaK Ba)KHBIH KOMIIOHEHT CHCTEMbI Oe3orac-
Hoctu BJI. Eciu Bce KIIMEHThI 0CyIIECTBIAIOT J10-
CTYH K JIaHHBIM C TOMOIIBI0 XPaHUMBIX MPOLe-
JIyp, TO TIPSIMOH JIOCTYII K TaOJIMI[aM MOXET ObITh
3ampelieH, ¥ Bce JISHCTBUS MoIb30Bareineil OyayT
HAaXOJUTHCS MO/ KOHTPOJIEM.

Bmecro peanuzanmuu ¥ XpaHEHUS 4acTO HC-
MOJIB3YEMOTO 3apoca, KIMEHThI MOTYT CChIJIATh-
Csl HA COOTBETCTBYIOIIYIO XPaHUMYIO MTPOLIEIYPY,
MIPU BBI30BE KOTOPOM €e COAepKMMOe cpasy Ke
oOpabarbiBaeTCs cepBepoM [4].

B co3paBaemoii B/l XpaHuUMbIE HpoLELypbI
COZIepIKar 3ampochl Ha MONTyYeHHE M U3MEHEHHE
JAHHBIX U WHKAICYJIUPYIOT BBI30B TOJIB30BATEIIb-
CKUX (QYHKIMH (BBUAY TOTO, YTO IIOJI30BATEIIb-
ckue (QYHKIMH HE MOTYT OBITh BBI3BaHBI Harpsi-
myto u3 ASP.NET-mpunoxenuns). [loaromy npu
BBI30BE I0JIb30BaTEIbCKON (PYHKIMH, HEOOXOH-
MO BBI3BaTh COOTBETCTBYIOUIYIO XPaHUMYIO IPO-
Heypy, MHKAICYIHPYIOILYIO BBI3bIBAEMYIO (YHK-
UIO.

B xayectBe mpumepa MOXKHO PaccMOTPETh
boiler function — XpaHuMy0 TpoOLENypy IO BbI-
30By ()YHKIHMU pacuera 3PPEKTUBHOCTH HCIIOJb-
30BaHUsI KOTENILHOTO 00opyaoBaHus. JaHHast QyHK-
sl ocyliecTBiIseT pazoop BxogHoro XML-napa-
MeTpa (hopMHpyeTcs KIMEHTOM IpH OIpeselie-
HUU TTIOPOTHOTO COCTaBa OMOMACCHI) C TTOCIEAYIO-
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Ha4ano

Beoa: Knw4ObbekTa
3aHumaemaq Nnowank
Yron HaknoHa
Azumyt

v BBE ARHBI

napameTphl

PesynbT A Maccus 0

Pe3Macc =[]

'

p TabnuLk!
1 TemnepaTypel No MecAuam PanTabn Ha ocHoBaHWW
00pAUHAT 06bEKTA, YrNa HAKNOHA 1 a3UMyTa

v

UuknoTi= 1pon
no conHeyHuIM HaTapeam(B)

v

KNA = B(i).HanpaxM

KnioulMpoussoautens = B(i).KnioulMpoussogutens
Mopens = B{i).Monens

B(i).Toxn| 7 i

*B6(i).nuHa)

KonudNakened = MNnowans (6(i).LnpuHa*6(i). AnnHa*1000)

MnowanbNaneny = B(i).LUnpuHa*6(i).AnuHa
TemnKoapTMM = B(i).TemnKoahTMM
Temnepatypa®oToan = b(i).TemnepaTypa®oToan
UeHa = B(i).LeHa
SHepruaOpHonBaTapes =0
MonHaaCToumocTs = LieHa * KonvyecTeoMaHenei

( Livkn oT j = 1 no n no PaaTabn(PT) ]

PT(i).Meca4HTemn + (TeMn®oTo3n - 20 )
* PT(i).Meca4nPan / PT(i).PanKoach <0

SHepruaOpHonBaTapen +=
1- TemnKo3hTMM * (25 - PT(i).MecauynTemn + (Temn®oToan - 20) * PT(i).MecayHPan / PT(i).PanKoadh )

SHeprusOpHonBaTapen +=
1- TemnKoapTMM * (PT(i).Meca4HTemn + (Temn®oToan - 20) * PT(i).MecaunPan / PT(i).PanKoad -25)

!

KoHey uukna J

L

| Fopdueprua = KNA * KonuiNaHened * NnowansMaxenu * SueprusOaHonBaTtapen |

)

[Llo6aBuTh B Pe3Macc 3anuck:
(Knio4Mpoun3sonuTens, Monens, MonHaslleda, Foa3ueprus KonuuMaHenei)

!

L KoHely uukna no ConHedHeIM 6aTapeam J

!

/ Buisog PesMacc /

Puc. 2. Aaroput™ paboTHI MOIB30BATENBCKON (PyHKITHH, PACCUUTHIBAIOIICH YHEPreTHUECKYI0 () (hEeKTHBHOCTH COTHEUHBIX

Oarapeit

LIMM 3aHECEHUEM pa300paHHbIX JaHHbIX B TAOIHUILY
Session_BiomassType. Jlanee mpon3BOAUTCS BbI-
30B TOJb30BaTeNIbcKOM (DyHKIMK blrs ¢ mepena-
4Yeil COOTBETCTBYIONIMX MapaMeTpoB. Bri30B co-
MIPOBOXKJACTCS IMOJYYCHUEM PE3yJIBTHUPYOIICH
TaOIUIBl U3 (QYHKIUU U yIAJICHUEM BPEMEHHBIX
JAaHHBIX U3 Ta0nuikl Session_BiomassType.
Taxxe Ha OCHOBE HAITUCAHHBIX PaHEE MOJIb30-
BaTeJIbCKUX (PYHKIUH CO3/]aHa XpaHUMasl Mpoiie-
nypa all_energy, BRINONHSIIONIASL OIICHKY 3 deK-
TUBHOCTH HUCIOJIb30BaHUsI BCETO XpaHUMOTO B B/]

o0opynoBaHus. DTa NpoLeIypa IPOU3BOAUT 1100-
YepeaHbI BBI3OB I0JH30BATEIBCKUX (YHKIUIHA
C mepegayeil B HUX YCpEIHEHHBIX MapaMeTpoB,
MOJTy4aeT pe3ysbTaT uX paOdOThl M MPEIOCTaBIISET
TMIOJIB30BATEIIO CpeiHee 3HaYeHne dPPEKTHBHOCTH
MCIIONIB30BAHMS KaXKIIOro BHIa 000pYI0BaHMs, Xpa-
Humoro B B/I.

Takum 00pa3oM, MCHONB30BaHUE XPAHUMBIX
NPOLIEAYP MO3BOJISIET HE TOJIBKO 00ECIIeUUTh MPo-
CTOTY AOCTYIa K AAHHBIM, HO W 3aIIUTUTh UX OT
HECaHKLMOHUPOBAHHOTO JOCTYTIA.

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA
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AJaroputmbl padoTsl Web-npuJsioxeHus
U ero B3anmoseiicreue ¢ bBJ{

MexaHu3M J0CTyIa K JaHHBIM B IPUJIOKEHUN
peann30BaH ¢ UCTIOIH30BAHUEM OMOINOTEKHU Entity
Framework. Vicnonb3oBate 00BEKTHYIO MOJIEIb,
CTEHEpHPOBAaHHYIO C MOMOIIbIO ATO OMOIMOTE-
K{, HalIPSIMYIO HE OYEeHb YIOOHO MO CIIEAYIOLIIM
OPUYHHAM:

1) kox monb30BaTeNIbCKOro MHTepderica cra-
HOBHUTCS TPYIHO YHTAEMBIM H3-32 OOJBIIOTO KO-
JMYEeCTBa KOja, HEOOXOIUMOTO JUIS TMOJTy4eHUs
JaHHbIX u3 B/I;

2) undopmarus 0 MexaHu3Me JOCTyNa K JaH-
HBIM PACKPBIBACTCSl B MOJB30BATEILCKOM HHTEP-
(eiice, 9TO MOXKET MOBIICYb MPOOIEMBI TIPH U3Me-
HEHWW MCTOYHUKA JJAHHBIX.

Pemmmte 3Ty mpoOneMy MOXHO € MOMOIIBIO
MCIIOJIb30BaHUs I11a0JIOHa TIPOEKTUPOBaHUS «Pe-
nozumoputi». 1log peno3uTopuemM MOKHO MOHH-
MaTh XpaHWINIIC JaHHBIX, COJIEPKAIIEe METOJbI
JUISL U3BJICUCHUS 1 00pabOTKM ITUX JaHHBIX. Pea-
JM3alusl TAKOTO 1abiIoHa Moapa3zyMeBaeT pasjie-
JICHWE TIPUIIOKEHUS Ha CIIOU:

— CIJIOM JOMEHHBIX JTaHHBIX;

— CJIOM, OTBEUAIOIIHIA 32 JIOTUKY paOOThI C 10-
MEHHBIMU JIAHHBIMHU.

Hcnonb3oBaHne JOMOTHUTENHFHOTO CIIOST MEX-
JIy CJIOEM JIOCTyIa K JJaHHBIM U CJIOEM TIpe/ICTaB-
JIeHus JjaeT Oonbliue npeumyniectsa. Hampumep,
MIPU U3MEHEHUH HCIOJIb3YeMOI CHCTEMBI YIpaB-
neHust 0a3aMy JaHHBIX, PEAAKTUPOBAHUIO TOJ-
BEPTHETCSl TOJNBKO KOJ B IPOMEXKYTOUHOM CIIO€
JAHHBIX, & KOJI MPEJCTaBICHUS 3aTPOHYT HE Oy-
ner. [TpuoxkeHre cTaHOBUTCsI 00Jiee THOKUM U Jier-
KO aJIalTUPyeTCs K U3MEHEHHsIM [5].

3a cioii JaHHBIX B pa3padaThIBAEMOM MPHUIIO-
KCHUHW OTBEYAET OOBEKTHAS MOJIENb, CTEHEPHPO-
BaHHas ¢ noMmoteto Entity Framework, a ciow,
OTBEYAIONIUI 3a JIOTUKY PabOTHl C JOMEHHBIMU
JTAHHBIMH, peaJIn30BaH C MOMOIIBIO I11a0JI0Ha MPo-
extupoBanus «Penozuropuiiy.

Jiis paboThl ¢ 00BEKTaMH Ha KapTe CO3JaH
kiacc EFLocationsRepository, KOTOpbIA peanuzy-
et unrep(etic [LocationsRepository. DToT UHTEp-
(belic comepKUT COOTBETCTBYIOIIMEN HAOOp ormpe-
JICJICHUH METOJIOB JUIsl paOOThI C O0BEKTaMH, Xpa-
HsiiuMucst B b1

Jiist pabOTBI € KaXKBIM THIIOM 000PYIOBaHHUS,
ucnonb3yronmm BUD, coznano cBoe xpanunuiie
naHHbeIX. Hampumep, xpanunuiie EFSunBatteries-
Repository peanusyer unrepdeiic ISunBatteryRe-

pository, KOTOPbI COAEPKUT OTPEAETICHHUSI METO-
JTOB Ui pabOThI ¢ TAaHHBIMHU O COJHEYHBIX OaTa-
pesix, B 4aCTHOCTH (OPMHUPOBaHUsI MHOpMAIIUU
JUISL TIOCTPOCHUSI JTMarpaMMbl BhIpaOOTKH JHEp-
THU ¥ rpaduKa OKyraeMocTH o0opynoBanus. J{ist
OCTAJIHBIX THIOB 00OPYIOBaHUS PEATUIOBAHBI
aHAJIOTUYHBIE HHTEP(EICHI.

Hcnonp3oBanne CO31aHHOTO XpaHWIXIIA T0-
3BOJISIET CYIIECTBEHHO OOJNErdYuTh paboTy C JaH-
HbIMH B BJl, a TakkKe yMEHBIINUTD CIOXKHOCTb aJl-
TOPUTMOB, KOTOpPBIE BKJIIOYAIOT B C€0s 3arpochl
K naHHbeIM B B/I.

AnroputMm mozi00pa 000pyI0BaHuUs sl 00b-
€KTa BBITOHACT KaKk MUHUMYM 3 oOpartenus k BJ1:

1) mpoBepka HaMUYHUs OOBEKTA;

2) mony4yeHue Kito4a 00beKTa;

3) BBI30B MPOLIEAYPHI T0100pa 000pyIOBAHHUS
(puc. 3).

Bce 3Tu BBI30BBI OYIyT OCYIIECTBIATHCS He-
pe3 Co3laHHOEe XPaHWINIIE, KOTOPOE MHKAIICYIIH-
pyer B cBouX (PyHKIUSIX CIOKHOE B3aUMOJICHCTBHE
¢ b/l (moaroroBka BXOAHBIX MapaMeTpoB, oOpa-
00TKa pe3ysbTara BBITIOJIHEHHUS 3arpoca M BCIO-
MOTaTeIbHBIC 3aMPOCHI).

AJNTOPUTM CO3aHHSI HOBOTO OOBEKTAa MPEIIo-
JlaraeT Kak MUHUMYM 3 oOparienus K bJ1:

1) nmpoBepka Hanmnuus B b/ o6nactu;

2) mpoBepka Hanuuus B b/ pernona;

3) coxpanenne oobekTa (puc. 4).

Bce ykazanuble neiicTBus OyyT MHKaICyIlu-
poOBaHbl B METO/I€ XpaHWiuua. B panbHelinem
JUUIS. TOTO, 4TOOBI I00aBUTHh 00BEKT B b/, MOXKHO
OyZeT MPOCTO BOCIHOJIB30BaThCSI CO3AaHHBIM Me-
TOJIOM, TIepe/iaB €My HeOOXOAMMEBIE MapaMeTphl,
Y MOJYYHTH OTBET B BUJIE KITFOUA CO3JIJAHHOTO 00b-
eKTa WM KoJla OIIMOKHM, €ClIi OHA BO3HHUKJIIA MPHU
CO3JITaHUU OOBEKTA.

Takum 006pa3om, UCIIONB30BaHME IIabIOHA
npoektupoBanus «Pemno3utopuii» mo3BoisieT ad-
CTparupoBarbecs OT CIOKHBIX 3arpocoB K B/, a Tak-
e JenaeT IpuiiokeHue Oojee TMOKHUM, TO €CTh
JIETKO aJIaTHPYEMBIM K U3MEHEHHUSM.

B3aumoneiicTBre KJINEHTCKOM
U cepBepHOil yactu Web-npuioxxenust

Jiist TOrO, 4TOOBI YIIOPSJIOUYUTH JOCTYII K JIaH-
HBIM B KJIMEHTCKOW YacTH KapTorpapuueckoro
MOJIYJIs, Pealli30BaHbl KIIMEHTCKHE CEPBUCHI JUIS
JIOCTYTIa K JAHHBIM Ha cepBepe dyepe3 uHrepdeic
Web API. B KIHEHTCKOH 9acTH MPHUIIOKCHHSI HIC-
mostb3oBaiicst JavaScript-bpeiimBopk  AngularJs,
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CylecTeyeT nu 06bekT,

ANA KOTOPOro ocyLecTeNseTCs nonbop Co3naTe 06beKT 1 coxpanuTh B B/

J1EY

MoAy4nuTsL KN 06bEKTa

<

y

BeecTu napameTpul Noabopa Ha OCHOBaHWK TUNa oBbeKTa
(conHeyHas 6aT., konnekTop, B3Y, I3C, Guoras. cTaHUuUa)

BhiBon, ownbrn

MpasunbHO NU BBE ASHLI napame'rphl?

BLi308 Npoleaypsl Noabopa Ha ocHOBaHWK
BBefeHHLIX NapaMeTpoB U KN4a obbekTa

A
/ Brisos nofo6paHHoro o6opynosaHns /

OTCOPTUPOBAHHOM 0 NO BO3PacTaHUKD LieHbt

Y

‘ KoHely ’

Puc. 3. Anroputm noadopa o60pyaoBaHus A 00bEeKTa

Ha4ano

Beon: UupoTta
1 flonroTa To4KK,
WUma u naeHTUdMKaTOp
TuNa obbekTa

Y

3anpoc k cepaucy Google Maps
Ha NoNy4eHUe AaHHLIX No
BBEAEHHLIM KOOPAWHATAM

O6paboTka oTeeTa:
nony4eHue obnacTu v paioHa

 NobasuTh obnacTs
B BA

NobasuTb pafioH
B BA

BulBOS, COOBLIEHNA
ob olmbke

Mony4uTe U3 B
ID peruoHa

I CoxpaHWTb 06BbeKT B B |

€ AaHHEM ID pervoHa

Y

BriBOA COOBLUEHNSA
06 yCrewHoM CoXpaHeHuu

KoHeL|

Puc. 4. Anroputm 106aBIeHNS HOBOTO 00BEKTA

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA
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KOTOPBI TO3BOJISIET JIETKO CO3/1aBaTh CEPBHCHI
JUIsL IOCTYTIa K IaHHBIM Ha cepBepe.

Cepsuchl Angular]S npencTapisiioT crenualib-
Hble O0BEKTHI WIH (DYHKIUH, BHITOTHSIONINE He-
KOTOpbIC OOIIME /ISl BCETO MPHIIOKEHUS 3a/1auul.
B Angular]S umerorcst psii BCTPOCHHBIX CEpBU-
coB, Takue Kak $http, $q n psn npyrux. Kpome
TOTO UMEETCS] BO3MOYKHOCTh CO3/[aBaTh CBOM Cep-
BUCBI JIJIsI BBITIOJTHEHUS CIIEHU(PUUECKUX 3aa4 10
peanu3anyu OnpeieieHHON Joruku (Ou3Hec Jo-
THKH) TPUIOKEHUS, 00ECIICYCHUIO0 KOMMYHHKa-
UM MEXKY BUJDKETAMH, TIOJICPIKKE YPOBHS J1aH-
HBIX 1 (DOPMHUPOBAHUIO 3aMPOCOB K CEPBEPY, Xpa-
HEHHIO COCTOSIHUS ¥ Tak Janee. B pazpabarsiBae-
MO KIIMEHTCKOHM YacTH Juisi paboThl C KapTorpa-
¢udeckolt wmHpoOpManueld OoJbIIOEC 3HAYCHHE
UMEET MOJYJb, B KOTOPOM OMPEACISIETCS CEPBHC
MarkersService, npeacTaBisIONIMNA YPOBEHb JaH-
HBIX ¥ BBITTOJHSIOIIU 3alIpOCHI K cepBepy. Mojy-
JH SIBIISIIOTCS OCHOBHOW (HhOpMOH oOpraHu3anyu
npuioxenui B AngularJS. Moaynb npeacrapisieT
XpaHWJIHIIE PA3TUYHON MH(POPMAIUH: JUPEKTHUB,
(bMIIBTPOB, KOHTPOJLICPOB | Tak nanee [6]. Takum
o0pa3oM, paspabaTbiBacMOe NPUIIOKCHUE pasJie-
JIEHO Ha 3 Moays:

1) OCHOBHOI1 MOJTYJTb;

2) MOJyJb, COZIEPIKAIIMI CEPBUCHI MPUIIOKE-
HUS,

3) MoyInb, COAEpIKAIINI KOHTPOJUIEPH! MpH-
JIOKEHHSI.

MarkersService ucnonb3yer B cBoeil pabote
craniaptaeiid cepsuc AngularJS $http, koropsrii
NpeHA3HAYCH JUIs B3aMMOJCHCTBUSI C YJIaJICH-
HbIM HTTP-cepsepom uepe3 o0bexT XMLHttpRe-
quest win uepe3 JSONP. Jlns wmcrmonb3oBaHUA
YKa3aHHOTO CEpBHUCA B MPHIIOKECHUH €r0 HYKHO
BKIIIOYUTD B TJIABHBIH MOJYIIb.

Kpome monyins ¢ cepBucamu 1 MOAYJS C KOH-
TpOJIJIEpaMH B TIIaBHBIA MOYIb BKIIFOUAIOTCSI eI
U CTOPOHHHE OMONMMOTEKH (MOJYIIN) JIIS:

— ngMap — pabotsl ¢ kapramu Google;

— ui.bootstrap — paboThl ¢ Bootstrap;

— ngAnimate — co3laHs] AHUMAITMOHHBIX (-
(eKTOB Ha CTpaHHIIE;

— blokUI — 610KMpOBaHUsl CTPAHUIBI MOJb-
30Barelisi B MOMEHTHI BBITTOJTHEHUS PA3TUUHBIX 3a-
IIPOCOB K CEPBEpY, KOrna COBEPILIEHUE JAEHCTBUI
Ha CTPaHUIIe HE KeJaTelbHO.

Cepsuc markersService conepxuT oObsIBIIC-
HUSI 2 KITIOUEBBIX KJIACCOB ISl Pa0OTHI MOJIB30Ba-
TEJIbCKOW YaCTU IPUIIOKECHMUSL:

— Marker — xpanuT Takyto uHGopManuo 00
00beKTax Ha KapTe Kak reorpapuueckue Koopu-
HaThl OO0BEKTA, THUI O0BEKTa, O0OPYIOBaHUE,
YCTaHOBJICHHOE HA OOBEKTEe M Tak jainee. Takxke
JUIsl YKa3aHHOTO Kiacca J00aBIeHbl METOJbI JJIs
paboTel ¢ 000pyAOBaHHEM, YCTAHOBICHHOM Ha
oTpezieJICHHOM 00beKTe (Mapkepe): getEquipment,
addEquipment, deleteEquipemnt w updateEqui-
pemnt. JIns 3aganus knaccoB JavaScript ucnonb-
30BaJICS IPOTOTHITHBIN TIOXO/, TO €CTh CO3/IABAJICS
KOHCTPYKTOP YKa3aHHOTO Kjacca. 3aTeM K IMpoTo-
TUIy 3TOrO Kjacca J00aBISUICh €r0 METOIbBI
u cBoiicTBa, Hanpumep mMeton addEquipment, B3a-
umonericteyromtii ¢ API cepsepa [7];

— Equipment — XpaHuT UHPOPMAIIHIO O KOH-
KpPETHOW MOJeNnu Oo0OpyIOBaHHS Ha OObEKTe.
OnuH 00BEKT, MPEACTABISIEMBI ITHM KIIACCOM,
MOYKET COJIEPIKaTh HECKOJIBKO IK3EMILISIPOB KJIac-
ca Equipment.

B cepBuc markersService kpome KiaccoB
Equipment u Marker Bxi1roueHbI METOJIBI 17151 pabo-
ThI ¢ KJ1accom Marker o no6asnenuto (6e3 ormpas-
KU Ha CcepBep), YIAICHUIO 1 OOHOBIICHHIO OOBEKTa,
oTrpaBke WH(OPMALIMH O HOBOM OOBEKTE CepBEpy
JUTSL COXPAHCHHUS ¥ I3MEHEHHMIO THIa 00beKTa [8].

Takum 00pazom, pa3paboTaHbl MPOrpaMMHBIE
MEeXaHM3MBI IS B3aMMOJIEMCTBHUS KIHNEHTCKOM
U cepBepHOH yacTn Web-IIpHIIOKeHHs C peann3a-
LIUEN COOTBETCTBYIOIINX CEPBUCOB.

3akjoueHue

B pesynbprare mpoBeAeHHBIX HCCIETOBAHUN
paspaborana apxurekrypa MCAIIBUD u ocy-
IIECTBIIEH BEIOOP TEXHOJIOTHH 1 CPEICTB €€ peau-
3alMM, a TaKKe MPENJIOKEHBI aJTOPUTMBI TIPO-
IPaMMHBIX MOJYJIE€H M UX B3aUMOJCHCTBHA B CO-
CTaBe yKa3aHHOW cucTeMbl. OTIMYUTENBHONW 0CO-
OEHHOCTBIO ApPXUTEKTYPBI SBUIUCH THOKOCTD U OT-
KPBITOCTH ISl PACHIMPEHUS ¥ PeaTn3alluy JTOTOI-
HUTEJBHON (PyHKIIMOHATBHOCTH, B YaCTHOCTH Pa3-
paboTKN CHEUATBFHBIX AITOPUTMOB U MPOTPaAMM-
HBIX Momyiel B3anmopeicTeusa ¢ b/l u rpadude-
ckoro Web-0pHeHTHPOBAHHOTO TOJIH30BATEIbCKO-
ro uaTepdeiica, MpeaoCTaBIAIONIETO BO3SMOKHOCTh
paboTel ¢ KapTorpadudeckoil nHpopmarmeit. Pe-
3yJBTaThl TPOBEICHHBIX MCCIEAOBAHUN W BBIMOI-
HEHHBIX pa3pabOTOK MOTYT OBITh HCTIOIH30BAHBI
B cucteMe MUHHCTEpPCTBA MPUPOIHBIX PECYPCOB
U OXpaHbl OKpy»arouieil cpenbl Pb, B vacTHOCTH
IUIST BEIICHUSI TOCYyIapCTBEHHOTO Kamactpa BUD
Y TIPUHATHS yIpaBlIeHuYecKux perrenuit [9, 10].
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Tonkonogov B. A., Kundas S. P., Moroz A. E.

ARCHITECTURE AND FUNCTIONALITY OF INTEGRATED INFORMATION
SYSTEM FOR ANALYSIS OF POTENTIAL OF RENEWABLE ENERGY SOURCES

The aim of the work was the development of the original architecture of an integrated information system for analysis of
the potential of renewable energy sources. The required functionality of system has led to the solution of a number of problems
in the development of appropriate software modules that implement methods, models and algorithms for assessing the energy
potential and economic efficiency of the use of renewable energy sources (RES). This required the solution of the following
problems: adaptation of existing and development of new methods for analyzing the potential of RES at various territorial
levels using modern technologies of geographic information systems and computer technologies were accomplished; models
Jfor the assessment and calculation of the potential of renewable energy resources were developed, techniques for assessing of
the economic effectiveness of decisions made for using of RES were adapted, architecture of the information system was devel-
oped and the choice of technologies and means for its implementation was made; algorithms of software modules and their
interaction as a parts of the information system were developed. A distinctive feature of the architecture were flexibility and
openness for the expansion and implementation of additional functionality, in particular the development of special algo-
rithms and sofiware modules for interacting with the database and a graphical Web-based user interface that provides the
ability to work with cartographic information. The development and implementation of this system is a modern up-to-date
scientific and practical task, the solution of which will create conditions for increased use of RES in RB and improving the
country’s energy security. The results of conducted researches and completed developments can be used in the system of the
Ministry of Natural Resources and Environmental Protection of RB, in particular for maintaining of the state cadastre of RES
and making of management decisions.

Keywords: integrated information system, equipment database, energy potential analysis, economic effectiveness
analysis, renewable energy sources.
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