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A.JI. CimaHeHKOB
CTATUCTUYHUN AHAJII3 TENIJOBUX PEXHUMIB
CYAHOBOTI'O IBUTYHA BHYTPIINIHBOTO 3TOPAHHA

AHomauis. AHaniz pobomu cucmeMm 0X0N00XeHHs CyOHO0B020 O0BU2YHA
BHYmMpiWHb020 320pAHHA (C4B3), 3a donomozolo nokasHuka Xepcma, 0o380-
JIUB BCMAHOBUMU 38'A30K MIX NIOCUCMeMamu KepyBaHHA memnepamypolo ma
muckom. 3a MampuysmMu napamempis memnepamypu ma mucky y cucmemax
0X0/NI00)KeHHA ma nideomosKku nanusa. Y nodanewil nepcnekmusi ye
003B80/1€ BUKOpUCMAMU OMPUMAHT pe3ysbmamu y BU3HAYEHHT HeobXiOH020
3aB0GHHA yNPaBATHHA a2pe2amHuM eHepaemuyHUM KOMNJIeKCOM.

Knw4vosi cnosa: cyoHosuli []B3, memnepamypHul pexum, KopenayitdHul
GHANI3, NOKAXYUK Xepcma, ppakmanbHUl aHani3.

Ananxiz mpo6aemu. OZHUM 3 OCHOBHUX HANPAMKIB HOiIBUIIeHHSA
e(peKTUBHOCTI POOOTH CymHA € eKCIJIyaTallisi Moro eHepreTUYHOl yCTaHOB-
km (CEY) Ha onTmManbHUX peXkmmMax podortu. Mera omrumisariii — gocsr-
HEHHS eKCTpeMaJIbHOTO (MaKcUMaJbHOTO abo0 MiHiMaibHOrO) 3HAYEHHA
onHiel ab0 MeKiJIbKOX BeIWUYMH, SKi HA3WBAIOTHCA KPUTEPIAMH OINTHMAJIb-
HOCTI.

IIig uac BuOGOpy KpuTEPiiB onTUMAJILHOr0 KepyBaHHA Ha piBHi CEY
I0BOJII epeKTUBHUM € 3aCTOCYBAaHHSA NPUHIIMIIY MOCJiZOBHOI NTEKOMIIO3H-
il HMKHBOT'O PiBHS JABOPiBHEBOI JiHiliHOI iepapxiunoi cTpykTypm. CyT-
HiCTh MeTony IIOJIATA€E B TOMY, IIIO0 OyIb-sgKa CKJAJHa CHCTeMa Mo:Ke OyTu
BUpaKeHa y BUIJIAAI THUIOBUX JaHOK. KokHa JaHKa y AKOCTI BXigHOTO
mapaMeTpy Mae KpuUTepiil, a y AKocTi BuximHoro — mety. IIpu mbomy 3a
MeTy MAaKTb — MaKCHUMAaJbHUN JOOYTOK y €KOHOMIYHOMY, TeXHidYHOMY,
comialbHOMY ab0 iHIMMX acmeKTaxX PO3YMiHHA, a IIiJi KPpUTepieM pPo3yMi-
IOTh — MiHiMaJbHe BiAXMJIEHHS BiJ MeTH JIaHKU BUIIOTO piBHA. HaliBak-
JUBIMIMMU IIapaMeTpaMM IIPOIlecy 3TOPAHHA IajJuBa y CYJHOBUX IBUTY-
Hax BHYyTpimuboro sropAuHA (CIAB3) €: KoeditieHT HAAIUIIIKY TTOBiTPA O,
Koe()iIlieHT HAIOBHEHHS I\, CePeNHiN IHAUKATOPHUYN TUCK p;. 1[I mapamer-
pu 3ajJesKaTh BiJl TeMIlepaTypu HOBITPA HAAAYBY, THUCKY IOBITpdA, BigHOC-
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HOI BOJIOTOCTi, TeMIepaTypu OXOJOMKYIOUOoi piAnHM ABUTYHA Ta B’ A3KOCTIL
maJiuBa.

Anamiz ocraHHiIX nyOJgikamii. YHKI[IOHYBAaHHA CHUCTEM OXOJIO-
M)KEeHHA CYAHOBUX [AM3€eJiB MOIIJIBHO XapaKTepu3yBaTH ABOMAa TI'pPymaMu
MOKA3HUKIB: PEKUMHUMU, TAKUMHU K TeMIepaTypa OXOJOMKYIHUOol pimu-
HU, 1i BUTpAaTa, mepelaj TeMIlepaTyp B KOHTYpPaX OXOJOIKEHHs, TUCK B
CUCTEeMi OXOJIOMKEHHSA, 1 BOAHO-XIiMiUHUMMU, II0 XapaKTepusymTh GisuuHi
1 xiMiuH]I BJIACTUBOCTI OXOJOAKYI0UOl piamHu. Bnawme (Qpisuko-ximMiuHHX i
TeIJIO(piBMUYHNUX BJIACTUBOCTEM OXOJIOMKYIOUMX PiAMH HA PEeCypCcHi, eKOHO-
MiuHi Ta eKOJIOTiUHi IIOKasHUKMN POOOTH AM3eJiB € BKpall Ba)KJIUBUM (ak-
TOPOM. ¥ 3B SI3KY 3 IIMM CyYacHA KOHIIEIIis PeryJIoBaHHA OXOJIOIKEHHS
IIOBUHHA IIepeadavaTy K aBTOMATHYHE PeryJIOBAaHHSA PEKHNMHUX IIOKas3-
HUKiB, TaK 1 peryJjiioBaHHs BOJHO-XIMiUHMX IIapaMeTPiB OXOJOIKeHHS
puc. 1[1, 2].

IlepeBaru, AkKi MOKyTb OyTH OTPHUMAaHi BiJ BIPOBAAKEHHSA CUCTEM
aBTOMATHUYHOTO PEryJIOBAaHHA OXOJIOMKEHHSA B CYJHOBUX IM3E€JIbHUX yCTa-
HOBKAax, 3BOJATHCA 10 HACTYIIHOIO:

- 00CayroByOUMii HepcoHAaJ 3BLIABHIAETHLCA Big OesmocepesHBOTO
CIIOCTEPEKEeHHA 3a PEeKMMHHMHU 1 BOAHO-XIMIUHMMHM IapaMeTpaMu B CHUC-
TeMax JU3eJis i BiJg mparli, moB A3aHOI 3 PYYHUM YIPABJIIHHAM;

- aBTOMATH30BaHe YIPABJIiHHA 3JaTHe 3a0e3MeuuTu PoOOTYy CYIHO-
BOT'O IM3eJA IIPU ONTUMAJbHUX IIapaMeTpax OXOJOMKEHHS.

TakuM YMHOM, HpoOJeMaMM aBTOMATHUYHOTO PeryJIOBaHHSA TeMIIe-
parypaoro crany CIIB3 € 3aBmaHHAM OifBUIIIeHHA TOYHOCTI i AKOCTI mpo-
1ecy peryJjaioBaHHA. [Ipu 1pomMy caia Big3sHauUMTH, IO IIPU CUHTE31 cHUCTEM
MMOTPiOHO MOMOTTHCSA HEe IIPOCTO 3aJaHUX IIOKA3HUKIB AKOCTi, TaKUX SK
TOYHICTH, 3aIac CTiMKOCTi, IIBUAKOAlISA, NPUMHATHNN XapaKTep HNepexifHuX
mpolieciB Ta iH., aje @ BiAIOBIAHOCTI ImapaMeTpiB CHCTEMIM aBTOMATHUYHOI'O
perynoBanHs (CAP) oxosomKeHHAM pe:XuMy poboTu aBuryua [3, 4].

IIuTarHA PO KiJBbKiCHY OI[iHKY OJIM3BKOCTI ONMTMMAJBbHOI CUCTEMU
Bigmosimarouiii ifi «imeasbHili» € HeJerkuM, HEIOCTATHLO PO3POOJIEHIM
TeopeTuyHO. IIpakTUYHO Taka OIliHKa MOKe OyTu IIpoBeleHa MIJIAXOM II0-
PiBHAHHA IOKAa3HUKIB BUKOHAHOI peaJibHOI CHUCTeMU 3 IOKa3HUKaMU,
OTPUMAHMMHU IIPU PO3PAXYHKY MaTeMaTHuHOI mMozesai. OgHaAK IpH IIbOMY
HEMUHYYEe OOBOAUTHCA CTUKATHUCA 3 IMUTAHHAM IIPO Te, fAKa KiJbKicHa
OIliHKa OJM3BKOCTI MaTeMaTHUYHOI MojeJii i peasbHOI cucrtemu [5, 6].
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Pucynor 1 - ®daxrTopu, 1110 BUBHAUAIOThH

TeMIIEpaTypPHUH i TeIJOHATPYKEHUN CTaH TU3eJsd

YMOBHI IMO3HAUEHHA:
0 - KyT BUIlepeI KeHHA BIIOPCKYBAaHHSA IIAJINBa;
H, - BogeHb y BUTIIAAI IPUCATKH;
0 - Koe(iIlieHT HAIJIUIIKY IIOBITPS;
PBI - penmprynsaiisa BI;
BI' - BignpanroBaHi rasu;
C¥YT - cucrema yrmaisaiii TemaoTu;
ABXM - abcopOIifina xoJoauabHa MaIlIiHAa;
CAPT - cuctema aBTOMaTHYHOI'O peryJarOBaHHsA TemnyoBoro crany CIB3;
CO - cucremMa OXOJIOIKEHHS;
C3 - cucrema 3Ma3sKHu;
CH - cucrema HaagyBy;
CA3]l - cucrema aBapiiHOI 3yTUHKU N13€JIs;
PITP - peneliHO-iMIIyJIbCHUUN TEePMOPETYJIATOP;
TPT'EH - TepMoperyaaTop 3 eJeKTpoHarpiBauem;
TPI'TM - TepMOperyasaTop 3 TEPMOEJEKTPUUHUM MOJYJIEM.
Y BaraapHOMY BUHOAJIKy CHCTEeMa PeryJIOBaHHSA OXOJIOMKEHHS Iu3e-
JIs CKJaZaeThcA 3 mporpamaropa-sagatuuka (I1) 1, axumit BupoOJise 3amato-
yuii BIIMB (Iporpamy, IporpamMHmuii pyx); peryiasropa (P) 2 ta o0'ekra y
npaBiainua (OY) 3 — puc. 2.
B rakux cucremax, 3a3Buuaii, y AKOCTi 3aJaTUMKa BUKOPUCTOBYIOTH

koHBeHIiiHUY IIII] KOHTpOJED, PEryJasaATOPOM BUCTYIIa€ MeXaHIYHUUN KJia-
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IMaH TTepepOos3IOoAiJy ITOTOKIB OXOJOAMKYIOUOl PIAVUHU 3 eJIEKTPUUYHUM IIPUBO-
nom, a OY — roJIoBHUM CyJHOBUI IBUTYH BHYTPillIHBOTO 3ropAaHHA [6, 8].

1 2 a

Pucynor 2 - dyHKIioHaIbHA CXeMa CHCTEeMU PeryJOBaHHI:

1 - mporpamarop; 2 - TepMOPEryasaTop; 3 - 00 €KT yIpaBJIiHHA

Ha cxemi cumBosa M mo3Havae CyKYIIHiCTh 30BHIITHBOI iH(opMaIliii,
fAKa HaAXOAUTH Ha IIporpaMaTop. 3aBAaHHA CUHTE3y OINTHMMAaJbHOI CHCTeMU
[IOJIATAE B TOMY, I[00 AJIsI 3aJaHOTO 00 €KTa CUHTE3yBATHU PEryJsiTop i mpo-
rpaMaTop, fKi, B IeBHOMY CeHCi, HallKpalliM YMHOM BHUPIIIYyIOTHL IIOCTaB-
JIeHe 3aBIaHHA peryJjlBaHHA. MareMaTHWYHO IIi 3aBJaHHA MOMKYTh OyTHU
chopMyJsIbOBaHi OJHOMAHITHO 1 BUpPIIIyBaTUCA OJHUMU i THMHU K MeTOHa-
MU, ajie B TOH »Ke Yac BOHM MAaIOTh crneru@iuHi ocobJamBOCTi, AKi poOJIATH
JOIIJIbHMUM Ha NeBHOMY erTami ixX poagijbHuit posrian. Ili ocobiamBocTi
00yMOBJIIOIOTHCS THM, II[0 PIIlIeHHS IEePIIOro 3aBJAaHHs OB A3aHO, AK IIpa-
BUJIO, 3 BH3HAYEHHAM IIPOTPAMHOTO PeryJIOBaHHSA, a pillleHHA IPYroro - 3
BU3HAUEHHAM PeryJIOBaHHsS 31 3BOPOTHUM 3B A3KOM. TaKMM UYMHOM, IIPO-
rpaMHe peryJIIOBaHHSA - Ile YIpPaBJiHHA y BUriaAnl ¢GyHkiii Bixg yacy, a pe-
I'yJIOBAHHS 31 3BOPOTHUM 3B S3KOM - PeryJIIOBaHHA y BUIVIAMI QYHKIII Bix
¢a30BUX KOOpPAUWHAT.

CucreMy aBTOMAaTUUYHOTO PeryJIIOBaHHA TeMIepaTypHOrO CTaHY [U-
3eJId MOKHA CTPYKTYPHO PO3IJIAAATH SK OJHO KOHTYPHY, V BUIJIAMLL YMOB-
HUX 300paskeHb JIAHOK 1 3B sI3KiB MiK HuMHU. ¥ 3arajbHOMY BUTJIAML CHC-
TeMa CKJIAJAEThCA 3 NBOX YKPYIIHEHMX CTPYKTYPHUX JIAHOK: 00 €KTa i pe-
ryjasTopa puc. 3.
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Pucyunok 3 - CTpyKTypHa cXeMa CHUCTeMU aBTOMATHUYHOT'O PEryJalBaHHS TeMIIe-
parypHoro crarny CI[B3

ISSN 1562-9945 49



5(112) 2017 «CucreMHbIe TeXHOJOTHUH »

O0'eKT 3 peryJasaTopoM BHM3HAYAE TOJOBHHUII 3BOPOTHUI 3B A30K.
Bupgmo, 110 cucreMa aBTOMAaTHUYHOIO PEeryJOBaHHSA TeMIEepaTypu SABJIAETh-
cAd 3aMKHYTOIO CHCTEMOIO JIJAHOK cIpsaMoBaHOI mii [9].

O0'eKT XapaKTepU3yEThCA KOOPAMHATAMU: TEMIIEPATYPOI BXOIY
T.x, Temmeparypoio Buxony T, (Tp) i KoopamHaTOIO HABAHTAMKEHHS A,
AKa CIYMKHUTh APYroi0 BXiTHOIO KOOPAMHATOIO B auseti. Perymrarop xapak-
TepusyeTbea TeMmieparyporo Bxoay T, .z, Temmeparyporo Buxony T, . 1
TeMeparypoio saBmaHHa Tzn. Ha miniax 8B A8Ky BKasyoTh IepefaBabHi
KoedimienTn 3B'a3kiB K., K.2, Kcs.

3a JOIIOMOIOI0 CIeIiaJhbHUX HACTPOIOBAJLHMX OPraHiB 3aBIaHHH,
arumMu obaamHyioThesa Tepmoperyasatopu (TPI'), moskHa BCcTaHOBUTU Te UM
inIle 3HaYEHHA TeMIepaTypu 3aBgaHHa Tzp. BiamosigHo mo mporo mapa-
MeTPpy BUB3HAUAIOTHCA i 3HAYEHHS PeryJbOBAaHOIO IlapaMeTpa, sfKe O0yae
migrpumyBatucss TPI'. 3a gomomororm 30yprodYoro BILIMBY A 00 €KT 3Mi-
HIOE 3aJaHuili peXuM. 30ypHOOUYMMM BILJIMBAMH IPUKMHATO HAa3WBATU
BILIMBH, IO IPArHyTh IOPYIINTH HEOOXiZHMI (PYHKIIOHAJILHUI 3B A30K
MiK 3aJIaHOIO Ji€l0 1 peryjaboBaHol Temneparypoio. IIpu mpomy mim 3anma-
IOYNM BILIMBOM PO3YMI€ThCS BIJWB Ha CHUCTEMY, IIO BHU3HAYae HeOOXin-
HUII 3aKOH 3MiHM peryjboBanol temmeparypu. lito TPI' mHa 06'ekT, BHa-
CJIiIOK AKOT0 OCTAaHHill MOBEPTAEThCA B PIiBHOBAKHUU PEXUM IIpU 3a0e3-
meuyeHHi HeoOXigHOro 3HAUEHHS HapaMeTpa, Ha3BeMO PeryJiiolounuM BILIN-
BoMm . TPT' sxificHioe BOuB Ha ausesb dyeped peryamiouuil opran (PO),
SIKWI IIepeTBOpIoe 3MiHy oAep:kyBaHol Ha Buxonai 3 TPI' remmeparypu Bo-
1, IIT0 HAaJAXOAUTh HA BXiJl B AU3eJb.

Bumoru mo ToyHOCTI HMiATPMMKM peryJjbOBaHOI TeMIepaTypu B CTa-
TUMI 1 AUHaAMII MOMIyCKAaOTh TYT 3aCTOCYBaHHS HAWIIPOCTIMINX KOHCTPY-
ki cratmuyaux TPI' i peryiaioBaHHA TiJbKU IIO BiAXUJIEHHIO peryJjboBa-
HOi Temnepatypu. TPI', a Takoxx nusesb 3 MOro CUCTEMOIO OXOJIOMKEHHSA
ABJAIOTHCSA CKJIAJOBUMM UYACTHHAMU CHCTEMH PeryJIIOBaHHSA TeMIlepaTypu
oxXoJIoM»KyIouol piauHU. BigxumiaeHHsa peryJboBaHOI TeMHOepaTypu OXOJIO-
I)KYIoUuol pigwmHM Bif 3aJaHOTO 3HAUEHHS 3aJI€KUTh, 3 OJHOTO OOKY, Bif
BaactuBoctel TPI', a 3 iHIIOro - Bif BJACTHBOCTEM CaMOTO AM3eJsd 3 HMOTOo
CHUCTEMOIO OXOJIOMKeHHA. TakumM UYMHOM, oIllepallis peryJjJloBaHHSA TeMIIe-
paTypu Am3esis BKJIKUYAE I ATH OCHOBHUX €TalliB:

- BUMipIOBaHHSA PEryJibOBaHOI TeMIepaTypu;

- TOPiBHAHHA BUMIpPIOBAHOI BeJIWYMHU 3i 3HAUE-HHAM, 3aJaHUM

YCTaBKOIO;
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- 00poOKYy 1iei pisuuili (momuaxku) B TPT;

- TIepepoOKy Kepyouoro CUTHAJY B PeTryJIUYNA BIJIUB;

- IIOBEPHEHHs DPeryJIbOBaHOI TeMIlepaTypu OO0 3aJaHOTO0 3HAYEHHSA
PETyJIIOIOUNM BILJIUBOM.

B icayroumx cumcremMax aBTOMATHYHOTO PETyJIOBAaHHSA TeMIlepaTyp-
Horo cramy CJIIB3 ma Bcix pexmmax poOOTu mamsead aaropuTMm (yHKITio-
HYBAHHS MICTUTh HPUIHNC NPO IMIATPUMAaHHA MHOCTiAHOTO 3HAUEHHSA pery-
JBOBAHOI TeMIIEpPaTypPH OXOJIOMMKYIOUOl PiAMHU, AKUN € CHCTeMOIO0 CTabiJai-
3arii. BukopucToByoouu KpiMm cucrtemMu cradijgizaifii, eJeKTpuuHi egeMeH-
T y BUKOHaABUOMY peryiaiolouomy npuctpoi TPI', nmepexbauaerscsa cTBopu-
TA CHCTEMY IIPOTPAMHOIO PeryJIOBaHHSA, KA MIiCTHUTh ajropuTm (pyHKIIio-
HYBaHHSA CHCTEMH aBTOMAaTU4YHOTro peryaioBaHHA Temneparypu (CAPT),
TOOTO IPUIOHNC IIPO 3MiHY PeryJbOBaHOI TeMIlepaTypH BiAIIOBiZHO 10 3a-
gnanerigb samanoi pynkmii. HeoOxigHa 3mMiHa peryJyiboBaHOI TeMmeparypu
II0 HAaBAHTAKEHHIO OU3eJisd 3a0e3ledyyeThbCcsa B IIili CHCTEMi 3a CTPOTO IIeB-
HOIO mporpamor. Ha Bxim 06'€KTa HAAXOZWUTH PEryJlOIOUWIN BILIUB L Bij
TPT. fAxmio Takux BIauBiB Aekinbra: pl, p2, ..., W, TO iX MOXKHA 00 €1-
HaTH B BEKTOD | 3 KoopaumHaramu W; (J =1, ..., n); p = (ul, ..., w,).

Ha Bxixg TPI' nogmaersca samarouunii BOIUB by, IO IPEACTABJIE CO-
0010 iHCTPYKIIil0O IIPO Te, IKOIO Mae OyTHM BUXimHa TeMmIieparypa (peryJbo-
BaHa Temueparypa) Ty.x (Tp) oxosmomkytouol pigzuau. Ila iHCTPYKILiA 1mO-
BUHHA KOHKPETHU3YBATU METY PeryJioBaHHA. [HCTPYKIiA MoOXKe ABIATU
cobo10 mesKy KinabkicTh n BequumH T +1, ..., T+n, Aki BBaKaTUMEMO KO-
opsuHaramu BexTopa T+: Ti (T+1, ..., T-n). Hanpukaan, MosKHA IIpHU-
HUHATH, 100 B ileaIbHOMY BUIIAAKY 3a40BOJIbHAMMCA yMoBU Ti = T+i (i =
1, ..., n), ne T +i - 3agani pyHKIIii yacy.

BinxuieHHA BeJUUYUHU BUXiMHOI (peryJsiboBaHoi) TemmnepaTypu Tgux
(Tp) Big BcTaHOBJIEHUX 3HAUEHb MOXKE CTATHCA 3 HACTYNHUX NMPUYMNH:

- HeIIpaBUJIbHEe, HeTOuHe a0o 3amizHije Bukopucrauusa TPI ixdgop-
MaIlii mpo xXapakTepHUCTHKM 00 €KTa i Impo IiJIi peryjaoBaHHsA, el HeIo-
JiK, B IIPUHIIUIN, MOXXe OyTU BUIIPABJEHUI YIOCKOHAJEHHAM B3aKOHY mii
(amroputmy) TPT'.

- O0MesKeHHsI PecypciB peryJioBaHHSA, TOOTO HEMOJKJMBICTH 3a THUX
uM iHIMUX TIPUYMUH MOJAaBATH Ha 06 €KT Taki peryimomooui mii g, ki MOXKYTh
sabesmeunTy HeoOXimHy moBemiHKy | o6'exra. (B ymoBax excmyararii
IU3eJiB pecypcu YIpPaBJiHHA 3aBKIM OOMe)KeHi, i 1o obcTaBuHY HEOO-
XiTHO BpaxoByBaTu). OeAKHUUN 3as3faJierigp HemepenO0aueHUU i He KOHTPO-
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JIbOBaHUII 30yPIOIOUNI BILIUB A, IO BILIMBA€ HA MOro BUXIAHY BEJUUYUNHY,
HAIIpUKJAal, pPisKka 3MiHa TeMIlepaTypu OXOJOAKyHuoi 3a0opTHOI Boau,
110 HAAXOIUTHL HA 00 €KT.

Mera poootu. MeToo mociigKeHHS € BUABJIEHHA IPUXOBAHUX 3a-
KOHOMipHOCTEe! MiX oCHOBHUMU mapamerpamu podootu CI[B3.

3a ocuoBHi mapamerpu poboru CIIB3 mpuitHATO: THUCK i TemIepa-
Typy oxosom:Kyiouoi pizumau CIIB3 Ta Tumck i Temmeparypy majamBa y ma-
JUBHiN MaricTpasi Bucoxoro tucky CIIB3.

Ina aHanisy BUKOPHCTOBYBaJIMCA AaHi 3i0paHi Ha mporasi 24 ro-
auH crajoro pexumy poboru CIB3, tunmy Wartsilg — Sulcer 6 RT-
flex 50b [10], (MopcbKuUii mepexin) 3 inTepBajgomM y 9 XBUJINH.

OcHoBHa uyactuHa. [lpu migBuIlleHHI TeMmIepaTypu OXOJIOAMKYIOUOI
pinmau edpexkruBHA moTy:KHicTh CIIB3 migBuIimyeThes, y TOW Yac SIK IIATO-
Ma Burpara wnaauBa ge=Ge/Ne 3MeHIIyeTbcA. SHAYHEe 3MEHIIIEHHS
IUTOMOI BUTpPaATH IIaJWMBa Ma€ Miclle [OpU POCTI TeMmeparypu
oxouomkyrouoi pigmuau go 85-95 oC (mnsa cepeagHBO-000POTHUX IBUTYHIB).
Y abcorroTHUX 3HAUYEHHSAX 3MEHINeHHA BUTpaTu najgmBa Ha KoxKHI 10 oC
OiIBUIMEHHA TeMIIePaTyPH OXOJIOAKYIOUOl PiIMHN BUPAXKAETHCA BEJIUUU-
HOWO Bim 2 mo 7 r/kBrt/ron (y imTepBasax temmnepatyp Bixm 40 mo 80 oC).
Cnim BigsmaumTwm, 1m0 B IIed Yac He 3HiHCHIOIOTHL BILUIMBY He
KOHCTPYKTUBHI 0COGJIMBOCTI nu3essa, He AKicTh maJuBa.

Ha pwmc. 4 mpexacraBieHi KpuBi 3MiHM B3HaueHHA TeMIlEpaTypu
oxosomxkytouoi pigmuau CIIB3 mo okpemMux IUJIIHApPaxX, a TaKOK HaHI Ipo
3MiHYy 3HaUeHHSA TeMIlepaTypu Ta THUCKY majuBa. JlaHi maioTh 3amory moba-
yuTu HeeeKTUBHICTH poboTm KoHBeHIiiiHoro IIIJl peryasrtopa, 3a paxy-
HOK He3aTyXaluuX KOJUBaHb.

SHATTA TapaMeTpiB BUKOHYBaJIOCA 3a MOIIOMOT'OI CHUCTEMU KOH-
TPOJII0O Ta MOHITOPMHTY OCHOBHUX ImapamerpiB po6otu CIIB3 Tumy
KONGSBERG ACC20. Mani 3 BKasaHoi MOHITOPMHTOBOI cucteMu OyJiu
OoTpUMAaHi 3a Jomomoroio BOymoBaHoi @yHKIiI «Shorttrend», sika mae amo-
Ty OOCJIyroByHOUOMY IIepCOHAJy OTPHMMYBATH iH{MoOpMaIllilo Ipo cTaH oc-
HOBHUX mapameTpiB poboru CIB3 y Bursani tTpeHaiB. BumipioBanHa mpo-
BOAMJIMCS IIiJi Yac CTajJoro pPeXumMy poOoTu (MOPCHKHUU mepexim) Ha
mpoTasi 24 roguH 3 iHTepBaJoM V 9 XBUJIUH.
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Pucynoxk 4 - KpusBi sMiHu 3HaueHHA:

a - reMmmepaTrypu oxoJsom:Kyouol pigzuau CIIB3 mo okpeMux muiaiHgpax;
0 - Tucky i Temneparypu naauBa CIIB3

Bu3HaueHHs 3aKOHY pPO3MOMiJICHHS Ta IMPUXOBAHUX IEePiogUYIHOC-
Te# y cratTucTuuyHux maHux. [Ipm BusHaueHHi 3aKOHY PO3MOMAiJIEeHHS BU-
HUKAae 3a7auva 3TJIaJ»KyBaHHA CTAaTUCTUUYHUX MaHUX 3a MOMOMOTOI0 TIpOC-
TUX AHAJTITUUYHUX 3aJIe:KHOCTeH AJIS 1X HaBeJleHHA B OiJIbIII KOMIIAKTHOMY
BUraAmi. A 11boro 3aCTOCOBYETHCA BiAJHOBJIEHUM CTAaTHUCTUUYHUUN PAI, 3a
JaHUMM AKOTO MOKHA TPOBECTH aHaji3 PO3IMOALIY BUIMAAKOBOI BeJIMUMHU
KiJIBKOCTI BifxXuJjieHb mapameTpy. BuKopmcTOByIOUM [TaHi CTATUCTUYHOTO
pAany moO0ymoBaHO TicTorpaMu IMiJIBHOCTI POSIOAINY MaHUX OJIA BKa3aHUX
BUINEe ITapaMeTpPiB Ta BU3HAYEHO TUIIU PO3MOALNY 3a KPUTEPIiEM y3TOMIKeH-
Hsa Ilipcona [11].
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Pucynox 5 - I'icrorpama sminu:
a - TUCKY OXOJIOMKYIOUOi pigmHM; 6 - TeMOoepaTypu OXOJIOAMKYIOU0ol pigmHu
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Pucynox 6 - I'icrorpama amiHmn:
a - TeMIIepaTypHu majuBa; 0 - THCKY IajJuBa

BigmoBigHicTh IEeBHOMY 3aKOHY PO3MOJiJEeHHS CTATHCTHYHUX Oa-
HUX IIPO BiIXWJIEHHA J03BOJIA€ BUKOPUCTOBYBATU IiX MJA TIOMAJBIIIOTO
aHamuisy. g BUABJIIEHHSA NPUXOBAHUX II€PIOAUYHOCTEN y CTAaTUCTUUYHUX
JTaHUX BiAXMJIEHHA IIapaMeTPiB BUKOPHUCTAEMO KOPeJAIiMHUN aHasis.

Hocaimxkennsa KopeasamivHo @yHKIil o0’exkra. [Ina moBeneHHA
3B’A3KY Mi)K JaHUMHU 3a BiAXUJIEHHAMHN Pi3HUX ITapaMeTpiB DOCJimTmMO
KOpeadaniitny (GpyHKI[iI0, III0 BiZTHOCUTLCSA A0 Pi3HUX UYAaCOBMX MOMEHTIB t i

3HaXOAUThCA 3a (POPMYJIOIO:

K, (@tt')= M[x(t) y(t')} ) (1)
e x(?) ,7 @) — IIeHTPOBAaH1 BUIIAAKOBI BeJMUNHU OKPEMUX YaCOBUX ITPOIIECiB.

s pospaxyHKY KOpPeJAIiiHux (GyHKIifI BBaKaemo, IO ITPOIlecu
cTaIlioHapHi Ta KOJMBAHHSA BiA0OyBaIOThCS BiTHOCHO IEAKOTO CEePeIHBOTO
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sHaueHHA [12]. CratucTuyHi XapaKTePUCTUKN BUNALKOBUX (QYHKIiN Ha-
BeJeHo B Taba. 1.

Tabauia 1
CraTucTuuHi XapaKTepUCTUKN BUIATKOBUX (DYHKIIM
TemmepaTrypa Tuck oxouJio- Temmepa- Tuex
Bupg pospaxyuky 0XO0JIO K YI0UO01 IKy0Uol Typa .
piguHNI piguHMN maJamnBa
MaremaTuute oui- 93,56 3.4 134,7 613,9
KYBaHHS
Hucnepcis 0,16 15814 0,561 40,36
CepennpoxBanpary- 62,23 1,371 68,22 292,43
YHEe BiIXUJIEHHS

Ha ocHOBI oOTpuMaHUX pe3yJIbTATiB pPO3PaxXyHKY KoedillieHTiB
KOpeJadaIii Misk JacoBUMHU PAZaMHU JaHUX 3a Ta0J. 2 MOKHA 3pOOMTU BHCHO-

BOK, II[0 HaWOiJbII B3aeMO3aJe:KHHMH € TeMIlepaTypa Ta THUCK IIajJuBa:
koedinienT kopenanii R, (¢) = 0,39, a Tako:x TeMnepaTypa IaauBa Ta TUCK
OXOJIOJKyIouol piguHu: Koe(imieHT Kopenanii R,(t) = 0,37. PesynsraTu

PO3PaxXyHKIB KOpeaAmiinuanx (PYHKIIN IIpeacTaBJIeHo Ha puc. 7.

Tabauima 2
Marpunsa xoedimieHTiB KopeaaIii
ol TeMHepaTypa" Tucx 0XO0JI0- TemmepaTypa Tuck
apaMeTp 0XO0JIOIKYIOUOiL IR YIOUO0i1
. . maJjnBa majuBa
pinuHM pimuun
TemnepaTypa
O0XOJIOIKYIOUOL 1,00 0,103 0,11 0,3
pigzvHM
Tuck oxoJo-
JKYI0Uoi pimu- 0,103 1,00 0,22 0,37
HU
Temneparypa 0,11 0,22 1,00 0,39
maJjrBa
Tuck maamuBa 0,3 0.37 0,39 1,00

3o0paskenHs Koe(dillieHTiB HOPMOBAHOI KOPEJAIil OIS TOCIiIKY-
BAHOTO CTATHUCTUYHOTO DALY CIIOCTepPeKeHb CBIIUUTH IPO PO3IOMiJIEHHS
KOPeJAMiHNX BJIACTUBOCTEIl 3a MicAmaMu. AHamiad rpadikiB mT03BoJsE
BUABUTH II€PiOJUUYHICTh KOJUBAHD JaHUX.

AnpoxcumMyeMo JaHHI 3a AJOIIOMOTOI0 pAxy Pyp’e HACTYITHOTO BUIY:
&(t) = A, + A, cos(wt + o) + A, cosCwt + a,) + A; cos(3wt + ;) +

» 2
+o.= Ay + A, cos(not + a,), ()

n=1

ne w=2x /T — ocHOBHA YacTora.
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rr(t)

trom

Pucynor 7 - KoedilienT HopMOBaHOI KopeaArii ajasd 3HaUYeHb mapaMeTpiB:
TeMIepaTrypa oXoJIoAKyuol pizuau (1), THCK 0xo0a0MKyiouoi piguam (2), TeMIiepa-
Typa najguBa (3) ta Tuck manusa (4) 1 — gasa 1 i 2 mapamerpiB; 2 — ama 11 3
napameTpiB; 3 — aaa 1 i 4 mapamerpiB; 4 — gaa 2 i 3 mapamerpiB; 5 — aaa 21 4
mapameTpiB; 6 — n1a 3 i 4 mapamerpiB

B pesyibTaTi poskJaajaHHA PAAY Ha OKPEMi KOJMBAHHA OTPUMYEMO
rpagik puc. 8 s 3HAUEHHs IIapaMeTPiB TeMmOepaTypu Ta THUCKY HaJIiBa.

ry(t)

N

F

i ) s

1

troo

Pucynor 8 - Anpokcumailiia rpagiky HOpMOBaHOI KOpeaAllil aaa 3HaueHHS
ImapaMeTpiB TeMIepaTypHu Ta THUCKY HmajmBa: 1 — BUXIimHI gami Kopeasaiii; 2 — 3a 3-
Ma rapMoHikamMu; 3 — 3a 5-Ma rapMoHikamm; 4 — 3a 7-Ma rapMoHiKaMu

B pesynbTraTi po3paxyHKiB anipokcuMyoda (GyHKIIiA IIpUiiMae BUTJIAL:
P (t) =0.035-0,018 cos(m,t + 2,963) — 0,022 cos(m,t + 3,073) — 0,022 cos(w,t + 3,056) —
— 0,024 cos(w,t + 3,097) — 0,022 cos(w,t + 3,072) — 0,024 cos(w,t + 3,167) - 0,022 cos(w,t + 3,113) ,
3
e w, =271 /T =iw,., T =240i0,i=1...n-1
B pesysbraTi mepeBipku 3HaummocTi KoedimieHTiB 3a kpurepiem Crt'ro-
IeHTa BUpas (3) mpuiiMae HACTYITHUM BUTJIALI:
P (t) =0,085-0,022 cos(w,t +3,073) — 0,022 cos(a,t + 3,056) — 0,024 cos(w,t + 3,097) —
—-0,022 cos(ayt + 3,072) — 0,024 cos(w,t + 3,167) - 0,022 cos(w,t + 3,113) .
4)
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IlepeBipka amexBaTHOcTi Mojmeni (4) 3a Kpurepiem Pirrepa migTBep-
IKye 11 BiATIOBiAHICTE 00’€KTY.

Ha Bigminy BiA TpaauIliiHUX METOMIB CTATUCTUYHOIO aHAaJIi3y BUMOAI-
KOBUX BeJIUUYNH, HOBI METOAM 3aCHOBaHI HA JOCJIAMKEHHi (ppaKTaabHOI IIPUPO-
IV IIPOIIECIB Ta BEMBJIET-IIEPETBOPEHHI MOPAMA 3 IVIOOAJBPHUMM XapaKTepPUCTHU-
KaMH CTOXACTUYHUX IIPOIECIiB JO3BOJIAIOTH PO3KPUTH OCOOJMBOCTL iX JIOKAJIb-
HOI cTpyKTypu. Bimomo [6], 110 my1s 3acTocyBaHHA (PpaKTAIBLHOTO aHAIIZy He-
00XimHO moBecTH, IO 3aJaHi UACOBi pPAAM HAHWX MHPO BiAXMJIEHHS BOJIOTiIOTH
OCHOBHUMHU (PPaKTaJIbHUMU BJIACTUBOCTAMM: CaMO-IIOHIOHICTIO Ta APOOOBOIO
PO3MipHiCTIO.

3arajibHe BU3HAUEHHS CAMO-IIOAIOHOCTI CTOXaCTHYHOTO IIpolecy 0asy-
€ThCSA HA NIPAMOMY MacIiTaOyBaumHi OesmnepepBHOI 3MiHHOI uyacy. Camo-
MomiOHiCTh ITPOITeciB BUHMKHEHHS BinxuieHb mapaMmerpiB podoru CIB3 moike
OyTH BU3HaAUeHa 3a JOIOMOTo0 rmapamerpy Xepcra[l3].

Jnsa BUNAAKY CTOXACTUYHOTO IIPOIleCy, BU3HAUEHOTO B IUCKPETHI MO-

X (t) {x,t=0,1,2,..}

MEeHTHu 4acy, CTOXaCTUYHUN IIponec BHU3HAYAETHCA AK .

Ilnsa craiioHapHUX 4YacoBUX cepiii ¥ asmaiimemo M —arperoBaHi uacoBi cepii

x(m) = {xk(m)ak = Oa 1a 2’ “'} . . . .
, CRJIQIAaI04YM IIOYaTKOBl1 4YaCOBl1 C€PIll II0O CYCIOHIX

0JI0Kax poamipom M | 1110 He IIEPEKPUBAIOTHCS, 32 BIPA3OM:

(m) 1 km
m [e—
x," =— E x;.

12

m i pm—(m-1 (5)

ArperoBaHi yacoBi cepii SBJISIOTH CO00I0 METOH CTHCHEHHS IITKAJM Ya-

cy. SKmio crarucTHMUYHI XapaKTEePUCTHKM IIporecy (cepemHe 3HAUYEHHS,
Iuciepcis) 30epiraioTbcad NIPH CTHUCHEHHi, TOAI MOMKHA CTBEePAKYBaTH IIPO
caMmorofiOHicTe mporecy. Takum umHOM mporec X SBJISETbCSI B TOUYHOCTI

caMOIIOiOHUM 3 ITapaMeTPOM p 0<p<]) , KU OB A3aHUIl 3 MapaMeTPOM
Xepcera Ak H=1-(/2) AKINO A1 Beix M = L2,... icHye mucmepcis:
m D(x
D(x"™) = —(b .
m (6)
Axio mmposiorapudmyBaTH nem BHUPas, TO OTPUMAEMO:

log[ D(x"™)] = log [D(x)] - Blogm) 5.0

_ log| D(x) / D(x'™)]
- log(m) . (7

IIpu anamisi camo-TIogi0OHOCTI YacoBUX PSAMIB BiIXWJIEHHS KOKHOTO IIa-

paMeTpy 3 KiJIbKIiCTIO CTATHUCTUYHUX TOUOK ! IJIA arperoBaHMX 3a YacoOM cepiit

(m) . .
X" gHalineno mapamerp Xepcra H , mapamerp B , IUCIIEPCil0 He arperoBaHo-
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D(x) D(x™) M

TO TIPOoIlecy Ta AUCIIePCiio IJIs IIpoIeciB pisHOI arperarrii an-
’Ke B ycix Bumagkax mapamerp Xepcra H smaxomutbea B Mesxax Bix 0,5 mo 1,
10 CBLAUNTHL HPO HAABHICTL JOBTOCTPOKOBOI 3aJIEKHOCTI Ta (ppaKTaIbHUX BJIa-
cruBocreii. Ha puc. 9 306paskenHo rpadik samesxHOcTi mapamerpa Xepcra H
Big cTymeHs arperarrii M .

H

Pucynox 9 - I'padik sanesxnocri napamerpa Xepcra 1 Bixm crymenio arperamii
M nna mapaMeTpiB: 1 — TeMIepaTypa OXOJIOIMKYIOUOl pigmum; 2 — THUCK
OXOJIOMKYI0UOI pinmHM; 3 — TeMIepaTypa majamBa; 4 — THCK IIajamBa

TaxkuM YMHOM, IIOZAJBLINNII aHAJi3 Ha OCHOBI ()paKkTaJIbHUX BJIACTH-
BOCTEHN MOJKJIMBUI JIUIIEe 3 BUKOPUCTAHHAM MoOJejell 3 OiJIbIIINM CTylIeHeM
arperaiii.

Pe3yabTaTil mociiaskeHHA Ta OOTOBOPEHHS BILIMBY OOpPaHHUX Xapak-
TePUCTUYHHUX IapaMeTpiB Ha e(eKTUBHICTh POOOTH arperaTHoro KOMILIEK-
cy. 3 MeTOI0 BUABJIEHHS 3B’A3KY Mi)K arperoBaHmMU JaHUMHU 3a AOIIOMOTOIO
KOpEeJIAIIIMHOrO aHaJ i3y AOCIiAMMO OoTpuMaHi (PYHKIii, Je po3paXyHOK BU-
KOHYIOTH AaHaJIOTiYHO HaBeJeHOMY BUINle IJA CTATUCTUYHUX HJaHUX.
KoedimieaTu Kopenasirii mpeacraBiaeHo B Taba. 3.

IIpu mocaimskeHHiI BUOIpOK CTATMCTUYHUX NAHUX POOOTH IIifcucTeM
peryloBaHHA TeMIepaTypu Ta TUCKY OXOJOMKYIOUOi PiIuHU, a TaKOMXK Te-
MIOepaTypu Ta THCKY IajaumBa y cucrtemi miaroroBku mnasma CI[B3, Haii-
OiJIBIIT 3PYUYHUM METOJOM BU3HAUEHO 3aCTOCYBAaHHSA BiJHOBJIEHOTO CTATHC-
TUYHOTO PALY.

BukopucranHa Kpurepito yaromkeHocti IlipcoHa M03BOJMJIO ITPOBECTHU
POBIIOAiJ CTATUCTUUYHUX BUOIPOK HPO BiAXMJIEHHSA IMapaMeTpiB, IO HOCJIi-
IXKYIOThCSI, 3a O0paHUM 3aKOoHOM. llomanbIIuil KOPeJAIiiHUUA aHaJi3 I10-
Ka3aB B3a€MO3aJIeXKHICTh MiK THCKOM i TeMIepaTypoio OXOJIOAKYI0Uol pi-

IUHW Ta THUCKOM i Temmeparypoio nmaguBa. IIlo € mizkom cy0’€KTUBHUM
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TBEPIKEHHAM, aJl’Ke AK MoKasaHo aBTopamu y [2], migcucremu aBTOMAaTH-
YHOTO peryjioBaHHA oxojaomkeHHA CIIB3 mitoTh HMLIAXOM Mepepo3momisy
IIOTOKIB OXOJIOAKYIOUOl pimmHM abo uepe3 TemIOOOMiHHUK abo B 00Xifg
OCTaHHBOTO, i TAKMM YMHOM IIapajieJibHO A0 TeMIOepaTypu 3MiHIOIOTH THUCK
pinuHEM y Mmaricrpasi. 'oBopsauu mpo migcucreMu MiATOTOBKU HajnBa, OI-
HO3HAYHO BCTAHOBJIEHO [2] cHiBBiZHONIIEHHA MilK TeMIIepaTypoiO0 Ta THC-
KOM y 3aMKHYTOMY KOHTYPi HUPKYJAAIil maauBa.

Tabaumnsa 3

Marpuiia xKoedimieHTiB KopedAlii arperoBaHuX JaHUX H5—T0 CTYIIEHIO

o Temmeparypa . Tucx . Temnepatypa Tuck
apaMmeTp 0XO0JIOIKYI0UOT OXOJIOMMKYIOUOL
. X aJnBa maJnBa
pigunu pigunum

Temnepatypa
OXOJIOIKYIOUOTL
pigmHM 1,00 0,2 0,21 0,49
THCK 0XOJIOKYIOUOi
pizuaEN 0,2 1,00 0,38 0,52
Temmeparypa Iaiu-
Ba 0,21 0,38 1,00 0,73
Tuck nmamusa 0,49 0,52 0,73 1,00

Ilig gyac omiHOBaHHA Koe(iIliEHTIB HOPMOBaHOI KOpPEJIAIlil, 3acBigueHO
POSIIONL KOPEeJAIIMHNX BJIACTUBOCTEM 3a MIiCI[SIMHU, IO JO3BOJIMUJIO BUABUTHU
eplOAUYHICTL KOJMBaHb IIapaMeTpiB y KOHTYpax MIOCIiIKyBaHUX ITiICHICTEM
aBTOMATUYHOTO PeryJIlOBaHHA. PO3KJanm psamy Ha OKpeMi KOJWBAHHS Ta Ilepe-
Bipka MogeJi 3a kpurepiem Pirmepa miaTBepAsKye 11 BIATIOBIAHICTD peayibHOMY
00’eKTy. 3 YOoro MOXKHA BHU3HAUUTH TBEPMKEHHS IIPO ieHTHYHICTH PO3pPod.Ie-
HOI Mozeni Ta il mpuxoBaHMX 3B SA3KIB MiK HIapaMeTrpamMu, OO ITiICHOT'O
00’eKTYy.

BukoprcToByOUrM HOBI METOAM CTATHUCTUYHOIO AaHAaJ3y IIPU TOCJIi-
JKeHHI ()paKkTaJIbHOI IPHUPOAM IIPOIECiB, IO BUBYAIOTHCHA, OYJIO POSKPUTO OCO-
O0MBOCTi (hpaKTaTBHOI CTPYKTYPH BHOIPOK CTATHCTUUHHUX NAHUX O0’€KTY mIO-
CIiI»KeHHsI. 3 METOI0 BUSBJIEHHS 3B’S3KYy Mi)K arperoBaHMMM TAaHWUMU 3a JI0-
IIOMOT'OI0 KOPEJISIIIIHOTO aHajidy OyJI0 BCTAHOBJIEHO, ITI0 OCHOBHI ITapaMeTpu
poboru CJIIB3 maioTh 3HauHe BiAXWJIEHHA CBOIX 3HAUYEHbL BiJi BCTAaHOBJIEHUX,
IT0 B CBOIO YEPr'y BKasye Ha HEJOJIIKHU MiACHCTeM aBTOMATUYHOTO PEryJIIOBaH-
HA TeMIepaTypu Ta TUCKY OXOJIOAKYIOUOl PIAUHU Ta MajanBa, a caMe:

- HEeJOCTATHS HMIBUIKO/iSI CHCTEM aBTOMATHUYHOTO PeryJioBaHHSI;

- HeNOJIKU NPUUHATUX MaTeMaTUYHUX MOJEJIeN BKa3aHUX CHUCTEM;

- HEe3JIaTrO[»KeHIiCTh MiK ITiICCTeMaMU PeryJIIOBaHHS Ta CHCTEMOIO M-
CTaHITifHOrO aBTOMaTHMuHOro yrnpasainua [JAY CIB3.
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BucnoBku. Ilix uvac anamisy (axTopiB, NII0 BIJIMBAIOTh HA TEIJIOBUM
pexxkum CIIB3, BuABIE€HO Ipyly TOJIOBHUX (aKTOpPiB, AKi BU3HAUAIOTH TeMIIe-
paTypHUii Ta Temio-Hanpy:xenuii cran CIIB3.

ITokarxunk XepcTa IIiATBEPIKYE CAMO-IIOAIOHICTE IIPOIIECiB TEIIO00Mi-
HY Ta BKa3ye Ha HAaABHICTb (PpaKTaJIbHUX BJIACTUBOCTEM. BLJIBLIIT BUCOKUM CTY-
OiHb arperairii CUCTeM 03BOJISIE TTPOBECTU ITOCTIMOBHUMN aHaJi3 (ppaKTaabHUX
BJIACTHUBOCTEM.

g BupimieHHA 3a4aui KepyBaHHSA y aBTOMAaTUYHUX CHCTeMaX yIIpaB-
JiaHa oxonomKeHHAM (ACY) moBurHA OyTH c(hopMoOBaHA OLJIBIII JOIiJIbHA MO-
JIeJIb KepyBaHHSA, IO JO3BOJUTHL 3a0€3MeUnTH HAHONTHMAJBLHIIIINKN 3aKOH Ke-
pyBaHH.
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