YKPAIHA o UA 1127441 3 C2
D [I (51) MI'K (2023.01)
KO G08B 17/06 (2006.01)
N~ G08B 29/00
HALIOHANBLHWUN OPIrAH
IHTENEKTYAINBbHOI BNACHOCTI
NEPXABHA OPTAHI3ALIS
"YKPAIHCbKWMW HALIOHANbHUHA
O®IC IHTENEKTYANbHOI
BNACHOCTI TA IHHOBAL|IW"
(12) ONMUC A0 NATEHTY HA BUHAXIA
(21) Homep 3asBku: a 2021 03640 (72) BwHaxigHuk(n):
{22] [aTta nopaHHs 3asekn:  24.06.2021 AEPEMUE lﬂplﬁ OnekcinoBuvy (UA},

CobuHa Bitanin Onekcangposuy (UA),
Kosak Apocnae Apocnasosuy (UA),
Naweecbka Onexa IeadieHa (UA),

(24) Dara, 3 aKkoi € YuHHUMK 24,08.2023

npaea IHTENEKTYanbHOI

BNACHOCTI:
(41) My6nikauis sigomoctei 01.12.2021, Bron.Ne 48 Hyuaul Bnnn,quuup EE.TIEHTHHIJEH'—I (UA)
Npo 3asBKy: (73) Bonopineup (BonoainbLi):
(46) My6nikauis sigomocTeii 23.08.2023, Bron.Ne 34 HALUIOHAINIbHWUWX YHIBEPCUTET
Npo AepXaeHy UMBINMBHOINO 3AXUCTY YKPAIHMA,
peECTpauiio: Byn. YepHuweeckka, 94, m. XapkiB,
61023 (UA)
(56) [epenik gOKyMeEHTIB, B3ATUX 40 yBaru
EKCNEPTU30ID.

UA 115933 C2, 10.01.2018
UA 110086 C2, 10.11.2015
UA 146965 U, 31.03.2021

JP 3254565 B2, 12.02.2002
US 3999079 A, 21.12.1976

JP 2524829 B2, 14.08.1996
KR 101357869 B1, 06.02.2014

(54) CnocCie BUSHAYEHHA YACY CINPAULOBYBAHHA TEMNOBUX NOXEXHWUX CMOBIWYBAYIB 13
TEPMOPE3UCTUBHUM YYTIMBMM ENEMEHTOM

UA 127441 C2

(57) Pedepar:

BuHaxig Hanexute A0 obnacTti noxexHoi aBTOMaTtuku i MoXe DyTWM BMKOPUCTAHO NpWU NPOBEAEHI
BUNpoDyBaHb TENnOBUX MNOXEXKHUX CMNOBILlyBa4iB, a caMe [0 BU3HAYEHHA 4Yacy CrnpalbOBYBaHHS
TENMnoBUX NOXEXHWUX CMNOBILyBa4iB i3 TEPMOPE3UCTUBHUM YyTnMBUM enemeHToM. Cnocib nonsrae B
TOMY, WO 4Yepe3 TEPMOPE3UCTUBHUWA YYTNMBUKA ENEMEHT MNOXEXKHOro CcnosillyBaya NponyckakTb
IMNYNbC €NeKTPUYHOro CTpyMmy y BUrMA4l NPAMOKYTHOrO TPUKYTHWKA I3 cnagakw4dvm no BeNUNYUHI
CTPYMOM, BWUMIPKOKOTE peakuilo TepMOPE3UCTUBHOIO YYTNMBOrNQ €rieMeHTa Ha TennoBsy Al
EeNeKTpU4YHOro CTpymMy B MOMEHTW Yacy, WO AOPIBHKKTbL MNOMNOBWUHI Ta TPbOM 4YBEpPTAM TPWBanoCTI
IMNYNbCY EneKTPU4YHOoro CTpyMy, BM3HA4YaKWTb BIJHOLWEHHA pe3ynbTaTiB uUMX BMMIpPIB, a 4ac
CNpaubOBYBaHHA TEMNMOBOro MOXEXHOrNO CnosillyBaya Bu3Ha4awTb Mo qopmyni. [exHIYHUA
pe3yneTaT: nNIABULLEHHA TOYHOCTI BM3HA4YE€HHA 4acy CnpaubOBYBaHHA TENMOBUX MOXEXKHUX
CMNoBILLyBaYiB 13 TEpPMOPE3UCTUBHUM YYTNIUBUM €NEMEHTOM.
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BuHaxig HaneXunTb 40 00NacTi NOXeXHOT aBTOMaTUKK | MOXe DYTU BUKOPUCTaHUIA NPpU NPOBEAEHHI
BUNpoOyBaHb TENNOBUX MOXEXHUX COBILLyBaYiB.

Bigomuii cnoci® BM3HA4YeHHs Yacy cnpaubOBYBaHHA TEMMOBUX MOXEXHWUX CMOBIiLyBadiB, AKWUNA
nonarae B TOMy, WO TENNOBUIA MOXEXHWA CNOBILLYBa4Y PO3MILLYKOTE B TENNOBIA KaMepi, POpMYyKOTh
TENMNOBUA BNMNUB Ha YYTNUBUW E€NEMEHT CnosillyBa4ya, TEMNepaTypy AKOro 3aMiHKKTbL 33 MNIHIMHUM Y
4acl 3aKOHOM, | BUMMIPKOKTL 4Yac [AOCArHEHHA TeMmnepaTtypu 4YyTrnMBOro enemeHTa TennoBoro
MOXEXHOro cnosillysada pikcoBaHoro pisHa [1).

Heaonikom LUbOro cnocody € HasiBHICTE PyYHUX onepalii npu woro peanisauil.

Hanbinsw 6nu3ekum g0 cnocoby, Wo 3aaBnAeTbCs, € Cnocid BU3Ha4YeHHS Yacy cnpaubOoBYyBaHHS
TENNOBUX MOXEXHUX CMoBIWYyBayis i3 TEPMOPE3UCTUBHUM YYTNUBUM E€NEMEHTOM, SKWWA Mnonarac B
TOMY, LU0 Yepe3 TeEpPMOPE3IUCTUBHUIA YYTNMBUIA ENEMEHT NPONYCKaKTb IMNYNbLC eNeKTPUYHOro CTpymy
y BUrMA41 4YBEPTI KOCUHYCOIAW, B MOMEHTW 4acy, WO AOPIBHIOKTE MNOMOBUHI TPUBanNocT! IMNynNbCy
eneKTpU4YHoOro CTpymy | TpbOM YBEPTAM WOro TpMBanocTi, BUMIPKKTE peakuild TEPMOPE3UCTUBHOrO
YyTNMBOro enemMeHTa Ha TennoBsy Ail0 eneKTpUYHOro CTpymMy, BU3HaA4yaKTe BIAHOLWEHHA pe3ynbTaTy
NEPLLOro BUMIPY A0 pe3ynbTaTy ApPYyroro BMMIpPY, a 4Yac cnpaubOBYBaHHA TEMNMOBOrQ MNOXEXHOro
cnosillysaya BU3Ha4yaKwTb 3a popmMmynow [2].

Hegonikom Takoro cnocoby € HM3bKa TOYHICTL BU3HAYEHHS 4Yacy cnpaub0BYBaHHA TEMNOBMX
NOXEXHUX CNOBILLYBAYIB I3 TEPMOPE3UCTUBHUM YYTNIMBUM ENEMEHTOM,

B OCHOBY BMHaxoAy NOCTaBneHa 3agada CTOCOBHO MNIABWLUEHHA TOYHOCTI BM3HA4YEHHA 4acy
CnpaubOoByBaHHA TEMNOBUX MOXEXHUX CNOBILLYBaYIB i3 TEpPMOPE3UCTUBHUM YYTNUBUM €NEMEHTOM.

[locTaBneHa 3agada BMWPIWYETbCS TWUM, WO B crnocobi BM3HA4YeHHA 4acy cnpaubOBYBaHHSA
TENNOBUX MOXEXHUX CNOBILWYBaYIB 13 TEPMOPE3IUCTUBHUM YYTNUBUM ENnemMeHTOM, SKUWA Nonarac B
TOMY, L0 Yepe3 TEPMOPE3UCTUBHUN YYTNUBUIA ENEMEHT NPONYCKaKTh iIMNYNbC €NeKTPUYHOIo CTPyMYy,
B MOMEHTW 4acy, WO AOPIBHKTE MNONOBUHI TPUBANOCTI IMNYNbCY €NeKTPUYHOro CTpymy | TPEOM
YBEPTAM WOro TPWUBANoOCTI, BUMIPKKTL Ppeakuild TEPMOPE3UCTUBHOINO YyTNMBOrO enemMeHTa Ha
TENNOBY A0 E€NeKTPUYHOro CTpymy | BU3HA4YawTb BIAHOLWIEHHA pe3ynbTaTty NepLlioro BuMmMIpy Ao
pe3yneTaty ApPYyroro BMMIpY, 3rigHO 13 BMHaxoAOM Yepe3 TEPMOPE3UCTUBHUWA YYTINUBUA ENEMEHT
NPONYCKaKwTh IMNYNbC €NEeKTPUYHOro CTpyMy Y BUrnagl NPAMOKYTHOrNO TPUKYTHMKA 13 cnagarwyMm no
BENWYMUHI CTPYMOM, a Yac cnpalboByBaHHSA TENMOBOro CrnoBillysaya BU3Ha4aKTe 338 BUPa3oOM

tc= (Tc-To)b '+to[8(a-1)]'[2-a + (Ba-a2-4)%5], (1)

ae T To - Temnepartypa cnpaubOBYBaHHA TENMOBON0 MOXEXHOrO CnosilyeBa4a | no4yaTtkosea
TeMnepartypa BIiANOBIAHO; D WBMUAKICTb 3MIHKW TemMnepaTtypu; to - TpMBanICTb IMNYNbCY €NEKTPUYHOro
CTPyMY, O - BIQHOLWUEHHSA pe3ynbTaTy MNEepwworo BUMIpY peakull TEpMOPEe3uCTUBHOIO YyTNMBOrQ
eNneMeHTa Ha TENNOoBY AiK0 eneKkTPpUYHOro CTpymy A0 pesyneTaTty Apyroro BUMIpy Takol peakuil.

Ha ¢ir. 1 HasegeHun iImnynec I(t) enekTpu4HOro CTpymy y BUrnaal NpAMOKYTHOro TPUKYTHUKA, ae
300paxeHo: | - amnnityga imnynecy; to - TpuBanicte iMnynbcy. Ha dir. 2 HaBegeHa peakuis 6(1)
TEPMOPE3UCTUBHOIO YyTNMBOrQ enemMeHTa MOXEXHOro CnosillyBa4vya Ha TennoBy Al €NeKTPUYHOoro
CTpyMy, Ae 300paxeHo: to - TpMBaniCTe IMNyNbCY €NEeKTPUYHOro CTpymy; 81 Ta B2 3Ha4YeHHA peakuii
TEPMOPE3UCTUBHOrQ YYTNMBOINrO enNemMeHTa NoXeXxHoro cnoeiwyeada B momeHTn 4Yacy 0,5t0 ta 0,751
BignosigHo. Ha dir. 3 HaBeaeHi 3aneXHocTi AnA noxuboK NpM BM3HAYEHHI Yacy cnpaubOBYBaHHSA
TEnnoBMx CnoBillyBayis i3 TEpMOPE3IUCTUBHUM YYTNUBUM ENeMEHTOM, Ae 300paxeHo: B - BigHOCHA
noxmbka, wo obymoBneHa noxuMbKow BHMIpHOBAHHA peakuil TepMOpe3UCTUMBHOINoO YyTNMBOro
eNeMeHTa nMOXEeXHOro Crnosilysaya; a - BIAHOWEHHA pe3ynbTaTieB BUMIPKOBAHHA peakuin
TEPMOPE3UCTUBHOIQ YyTINMBOro efeMeHTa NOXEXHOro cnoeiwlyeaya; 1 Ta 2 3anexHocTi Ans NoxXmMbok
BIAMNOBIAHO NPW BUKOPUCTAHHI IMNYNbCIB €NEKTPUYHOrO CTPyMYy Y BUrNAAI NPAMOKYTHOIO TPUKYTHUKA
Tay BUrNsaal YBepTi KOCUHYCOIgW.

Cnocid BM3HA4YeHHs 4Yacy cnpaub0BYBaHHA  TEMNOBUX  MNOXEXHWUX  CMOBIilyBadiB i3
TEPMOPEIUCTUBHUM YYTNIMBUM E€NEMEHTOM 34INCHIETECA HACTYNHUM YUHOM.

Yepe3 TepMOpPEe3UCTUBHUWA YyTNMBUWA ENEMEHT MNOXEXXHOro CnosilyBava nponyckawTb IMNynsC
eNeKTPUYHOro CTpymy y BUrnagi npaMOKYTHOrO TPUKYTHMKA I3 cnajakw4dyuMm no BENWMYUHI CTPYMOM
(cpir. 1), AKMM ONUCYETLCHA BUPA3OM:

i(t) = I(I-t to"")[I(t) - I(t-t0)], (2)

ae |, to - amnniTyga ta TpuUBanicTb iIMNyNbCy enekTpuyHoro cTtpymy BignosigHo; I(t),I(t-to) - doyHKuii
XesBicanaa.

TepMopesncTMBHUKA YYTNMBUWA ENEMEHT MNOXEXHOro cnoeilyBada 3rigHo 13 3akoHom [hxoyns-
JleHua pearye Ha TeCT-BNNUB, AKUA ONMUCYETLCA BUPA3OM:

i2(t) = (Ito™")?(to-t)? [I(t) - I(t-t0)]. (3)

Peakuia TepMOpPE3VUCTUBHOIO YyTNMBOrN0 €reMeHTa MNOXXEXHOro CnoeillyBava Ha Tennosy Al
eneKTpU4YHoro cTpymy byae matu Burnsg

B(t) = 2Kr(lto")2 [[(0,5t0?+toT + T12) [l-exp(- t1°1)]- tot+0,5t2 - TH]I(t) —
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- [[0,5(t-t0)? - T(t-to) + 12][l-exp(-(t — to)T-")]] I(t-t0), (4)

ae K, 1 - KoeQuiUieHT nepepadl | nNocTinHa 4Yacy TEPMOPE3UCTUBHOrNO YyTNMBOrQ €nemMeHTa
BIAMNOBIQHO.

Ha IHTepeani Yacy, Ans sKoro

w <0

5 dt , (5)

13 (4) BUTIKaE, WO

B(t) = Kr(lto")? [(t-to)2-21(t-t0) + 212]. (6)

B momeHT 4vacy t1=0,5t0 (hir. 2) BUMIPKOKOTE peakuilo TEPMOPE3UCTUBHOINO YyTNMBOro enemMeHTa
MOXEXHOro cnosillysaya, Ansa 9Koi Mae Micue Bupas:

10 8= B(t1) = Kr(lto")?[(t1-to)2-21(t2-t0) + 272]. (7)

B mMomeHT 4yacy t2=0,75t0 (chir. 2) TakoX BUMIPKKOTE peaKkUio TEPMOPE3IUCTUBHOINO YyTIMBOrO
enemeHTa, Ans skol Oyae matu micue Bupas.

B2 = B(t2) = K1(lto1)?[(t2-to)?-27(t2-t0) + 272]. (8)

BiAHOWEHHA MNEepwworo BMMIPY peakull TepMOpPe3uUCTUBHOINQ 4YyTNUMBOIO EefeMeHTa MNOXEXKHOro

15 CnosillyBaya Ha TENnoBy A0 eNeKTpUYHOoro CTpymMy A0 pesynbTaTty Apyroro BUMIpy 3rigHo (7) 1a (8)
ONUCYETLCA HACTYNHUM YUHOM:

810271 = [(t1-to)2-21(t1-to) + 212] [(t2-to)2-21(t2-t0) + 272] = @. (9)

13 (9) BuTiKae anrebpaiyHe piBHAHHA NS BU3HAYEHHS NOCTIAHOT Yacy T

2(a - )1%-2[a(te-to) - (t1-to)] T + a(t2-to)? -(t1-to)?=0. (10)

20 KopeHeMm uboro anrebpaiyHoro piBHSAHHSA €

T = [2(a-1)]"[a(tz-to) - (ti-to) + [2a[(t1-t0)? + (t2-t0)?] -

-[a(tz-to) + (t1-t0)]2] ©5]. (11)

wo npu t1=0,5t0 Ta t2=0, 75t TpaHCOpPMYETLCA A0 BUrNAAyY

T=1[8(a-1)]"[2-a+ (6a-0%-4)%5]. (12)

25 Yac cnpausoByBaHHSA tc TENNOBUX NOXEXHMX cnoeiwlysadie signosigaHo go ACTY EN 54-5:2003
OMNUCYETLCH BMPA3OM:

te= (Te-To)b! + 1, (13)

ne Te To - Temnepartypa cnpaubOBYBaHHA TENMOBON0 MOXEXHOr0 CnoeilyeBa4ya | no4yaTtkoea
Temrnepartypa BignoBigHo; b - WBKMAKICTb 3aMiHKM TemnepaTtypu. [Npu ob'eagHaHHi (12) Ta (13) byae maTu

30 mMicue

te= (Te-To)b'+t0[8(a - 1)]' [2 - a + (Ba - a2-4)05]. (14)

AKWO npyu  BMMIPKOBAHHI peakull TEPMOPE3UCTUBHOING YyTNMBOrQ enemMeHTa noXeMXHoro
crnosillyBaya Ha TENNOBY A0 eNeKTpUYHoro cTpymy dyae matu noxmbka A, T0 Ue npuesege 40 TOro,
LL|O NPV BM3HA4YEHHI BiAHOLWEHHA 8182 = a byae matn micue

35 (81 + A)(B2+ A)1= 0182 (1 + A8+ -AB2T)=a (I1-B). (15)

ae B=A(02"-817). (16)

HasBHICTE NOXUDOKKM NpY BUM3HAYEHHI BENUYUHU O NPUBOAUTL A0 NOSBU NOXUOKW NpW BU3HAYEHHI
napameTpa T, SKMA € CKNaaoOBOK Yacy crnpaubOByBaHHA tc NoXexHoro cnosiwysada. Lls noxubka
BM3HA4YaeTbCA BUPA3OM.

40 o =1(a, B)[r(a)]'-1, (17)

ae t1(a) - onucyeTbcs Bupasom (12), a 1(a+, B) onucyeTbCA BUpa3om (12), B SKOMY 3aMiCTb
napameTpa o BUKOPUCTOBYETLCA BUpas (19).

[nsa cnocoBby-npoToTUNY MNOCTIMHA 4Yacy TEPMOPE3UCTUBHOIO YyTIMBOrO ernemMeHTa OnMUCYETLCS
BUpPAa30M:

45 T = to[2m(ax - 1)] [I-0,7a + (3,8a - 0,7a2-3)%5). (18)

Ha duir. 3 HaBeaeHi 3aneXHicTe aAns noxubok &+ = 0+ (a, B) - 3anexHicte 1, Ta 02 = 02 (a, B) -
3anexHicTb 2, W0 BU3Ha4eHI BIANOBIAHO ANA IMNYIbLCY eNeKTPUYHOro CTpyMmy y BUrnai NpAMOKYTHOrO
TPUKYTHUKA Ta ¥ BUrNS41 YBEPTI KOCUMHYCOTAM BIANOBIAHO. |3 UKMX 3aNeXHOCTEN BUTIKAE, WO B NEPLUOMY
BUNAAKy Nnoxubka MeHLa, HiXK y ApyroMy Bunagky B gekineka pasie. 3okpema, npu = 2,0 %, a = 3.0

50 LIS po3DiKHICTL gocsArae AeB'aTu pasis.

TakmMm YMHOM, nNPONYCKaHHA 4Yepe3 TepMOPE3UCTUBHUMA YYTNUBUMA ENEMEHT MNOXEXHOro
cnosillysaya IMNynbCcy eneKTpUYHOro CTpymy y BUrnaai NnpAMOKYTHONO TPUKYTHUKA 13 cnagakymm no
BENUYMHI cTpyMmom 3abesneyye NigBULLIEHHS TOYHOCTI BU3HAYEHHS Or0 Crnpaub0oBYBaHHS.

KEPENA IHOOPMALII:

55 1. MaTeHT YKpaiHn Ne 110590, MINK G 08 B 29/00, 2016

2. MNateHT YKpaiHm Ne 115933, MINK G 08 B 17/06, 2018
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®OPMYIA BUHAXOLY

Cnocib BM3Ha4YeHHs 4Yacy cnpaubOBYBaHHA TEMMOBUX MOXEXHMX CMOBILlyBa4iB i3 TEpMOPE3NCTUBHUM
YYyTNIUBUM E€NEeMEHTOM, AKUW nonarae B TOMY, WO 4YeEpe3 TEPMOPE3UCTUBHUA YYTNUBUN ErEMEHT
NponyckawTb IMMYyNbC ENEKTPUYHOrNO CTPYMy, B MOMEHTHU Yacy, W0 ACPIBHOKTbL NONOBUHI TPUBAIOCTI
IMNYyNbCY EneKTPpU4HOro CTpyMy | TPpbOM YBEPTAM WOro TPWUBANOCTI, BUMIPKOKTL peakyik
TEPMOPE3UCTUBHOIC YyTNMUBOro €nemMeHTa Ha Tennosy A enekKTPUYHOro CTpymy | BU3Ha4aKThb
BIAHOLLUEHHSA pe3ynbTaTy NepLUoro BUMIpY A0 pe3yneTaTy APYrorc BUMIPY, AKUA BIOAPISHAETLCA TUM,
Wo 4Yepe3 TEPMOPE3UCTUBHUA YYTNMBUKA ENEMEHT MNPOMNYCKakwTh IMNyNbC €NEKTPUYHOro CTpymy Yy
BUrNA4l NPAMOKYTHOrO TPUKYTHMKa 13 cnajgakw4yMm no Benu4YuHi CTpyMOM, a 4Yac cnpaubOBYyBaHHA
TEnnoBOro crnosillysa4ya BU3Ha4aKwTb 32 BUpPA3OoM:

te=(Te-To)b ' +to[8(ax-1)] ' [2-a+(Ba-ce?-4) 0],

ne Tc To - TemnepaTypa cnpaubOByBaHHA TENMNOBOr0 MNOXEXHOrNO cnosillyBaya | no4yaTKoBa
TeMnepartypa BiANoBIAHO; b - WBUAKICTL 3MIHW TeMmnepaTypu; to - TpUBanICTb IMNYNbCY €NeKTPU4YHOro
CTpyMy;, o - BIHOLWEHHA pe3ynbTaTy MNepLioro BUMIPY peakuil TepMOpe3UCTUBHOrNO YyTnKMBOIo
efieMeHTa Ha TennoBy Al ENEKTPUYHOro CTpyMy A0 pe3ynbTaTy ApYyroro BUMIpY Takol peakuil.

1(t)
I |
j
)
.,I
]
ﬂ ] I | t‘lo L ] E
@ir. 1
O(t)
6 1
0; |
{} ] L] 1 1 T = 1
05tc 0,75tc to t
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