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EKCHHEPUMEHTAJIBHE TOC/IIIZKEHHSI BIVIUBY YACTOTH MOAY JIAII
IEPETBOPIOBAYA YACTOTH HA TAPMOHINHUU CKJIAL CTPYMY CUCTEMU

Ha croroaHilHi#i AeHb TiSUTBHICTD JTIOMUHN Y Oyab—sKuX cdepax MoB’s3aHa 3 BUKOPUCTAHHSAM Cy4acHHUX
MPUCTPOiB 200 cHcTeM, mo iX 00’ €aHYIOTh. J[o FOTO KJacy HaJeKaTh i PI3HOMAHITHI €JIeKTPHYHI Ta eJICKTPO-
MeXaHi4HI CHCTEMH, IO 3HAXOAATH CBOE 3aCTOCYBAHHS y Pi3HUX raily3sSX IPOMHUCIOBOCTI. UUM CKITaIHiIIA CHC-
TeMa, TUM OiJbLI HIMPOKHM € CIIEKTp 3aBJaHb, SKi BOHa BUKOHYE, i TUM OiJbIIEe CYKYITHHX €JIEMEHTIB BXOAUTH
JI0 11 ckiany.

OpHUM 3 TIPEICTABHUKIB CHCTEM TaKOTO KJIACy € CYJacHi eNIeKTPUYHI Ta eJIeKTpoMexaHiuHi cucteMu. Has-
BHICTB y iX CKJIaJli eNEeKTPUYHHX Ta EICKTPOMEXaHIYHHUX NEPETBOPIOBAYIB CIPUUUHSIE TIOSIBY PI3HOMAHITHHUX Ie-
PELIKO eIEeKTPOMAarHiTHOTO XapakTepy, O BIUIMBAIOTh Ha HOpMalibHe (DYHKIIOHYBAaHHSI CYMDKHHX KOMIUIEKCIB
Ta CUCTEM. 3arajioM TaKHil BIFIUB 00 €IHYIOTh MOHATTSAM €JIEKTPOMArHiTHOI CyMiCHOCTI.

[Tix enexTpOMarHiTHOI CYMICHICTIO PO3YMI€ThCS 3[aTHICTh €IEKTPOTEXHIYHOTO 00JaJHaHHS MpaIfoBaTH
3aJJOBUILHO B €JIEKTPOMArHiTHOMY CEPEIOBHII, HE 3/IHCHIOIOYN HEJOMyCTUMOTO BIUIMBY Ha IHIIE €NEKTPOTEX-
HiuHe a00 He eNeKTPOTeXHIuHe 00MaqHaHHA [1].

OpHi€I0 3 KIIIOYOBHX OCOOJIMBOCTEH PO3IIITHYTHX CHCTEM, IO CIIPUSE IiIBUIICHOMY €JIEKTPOMAarHiTHOMY
BILUIUBY, € HasBHICTB y 11 CKJIa/li €JIEMEHTIB 3 HEJIIHIHHUMH CTAaTUYHUMHU XapakTepuctukamu. Jlo Takux ejxemeH-
TiB BiTHOCSTBhCS PI3HOMaHITHI IIEPETBOPIOBAYi HATIPYTH Ta CTPYMY, POOOTA SIKMX MPU3BOANUTE 10 MOSBU B KOJIAX
JKUBJICHHS TApMOHIK CTpyMY Ta HalpyTH, IO € JPKEpPEIaMH eeKTPOMArHiTHOTO BIUIMBY HAa CYMDKHI KOJa Ta CH-
CTEMH B IIUPOKOMY Jliara3oHi 4acTot [2].

Ha cydacHoMy eTarti po3BUTKY Bce OUIBIIOTO 3aCTOCYBaHHS y CKJIa[i Pi3HOMaHITHUX €JIEKTPOMEXaHIYHUX
CHCTEM, y TOMY YHCIIi Ha 3aNi3HHYHOMY TPAHCIIOPTi, HAOYIN aCHHXPOHHI MPHUBOAX. 3eOITBIIOTO 1€ TTOB’ SI3aHO
3 BUKOPHCTAHHSIM y MOTO CKJIaJli CTATHYHUX MEPETBOPIOBAYIB YACTOTH, II0 3HAYHO PO3IIUPIOIOTH MOMIIMBOCTI
NPUBOAY 3 MOMIIsAAY (QYHKLIIOHYBaHHS Ta KOHTPOJIIO HOTO IIapaMeTpiB.

B ocHOBI (pyHKITIOHYBaHHS TaKOTO OOJaIHAHHS JICKUTH 3aCTOCYBAaHHS HAIliBIPOBIAHUX €JIEMEHTIB (TIepe-
BakHO IGBT—TpaH3ucTopiB), 1110 MarOTh HEJIHIWHI CTATUYHI XapaKTEPUCTHKH, a OTXKe € "TeHeparopamu’ eJeKT-
pomarHiTHUX nepeukoa. OJHUM 3 KIIOYOBUX MApaMeTpiB, M0 CYNPOBOKYIOTh (DYHKI[IOHYBAaHHSI TAKMX HEPET-
BOPIOBaYiB, € TaK 3BaHa YacToTa Moxayisii. BoHa BiM3Ha4Yae mepioAndHICTE BBIMKHEHHS CHJIOBHX MOJIYJIB Ta
YHHUTB O0e3110cepeIHii BIUIMB HA CIIEKTP FapMOHIK BXiJTHOT'O CTPyMY CHCTEMHU.

Mertoto aHoi poOOTH € BU3HAUCHHS y3arajbHEHOT KApTHHHU CIIEKTPa FapMOHIK BXIJHOTO CTPYMY Ta IX MO-
JKIIMBUH BIUIMB Ha CUCTEMY CUTHAi3amii, meHTpamizamii Ta 6mokyBanHs (CLIB) enekTpudikoBaHUX 3aTi3HALE 3
ypaxyBaHHSM YacTOTH MOJYJISILIT TATOBOTO IIEPETBOPIOBAYA YACTOTH.

CBoro 4acy JOCTaTHs KUIbKICTh BYSHUX NPUCBSIYYBaJia CBOT poOoTH moxioHoMy nuTanHio [1, 3, 4]. 3okpe-
Ma, y CBOii poOoTi [4] aBTOp BiJ3HAa4Yae BaXKIMBICTh BpaXyBaHHS YacTOTH MOJIYJIALIT MEPETBOPIOBAaYa 3 TOUKU
30py ii Oe3mocepeIHFOTO BIUIMBY HA CIIEKTP FApMOHIK BXIZHOTO CTPYyMY Ta IOKa3HUKH €IEKTPOMArHiTHOI CyMi-
CHOCTI.

Hes3Bakarouu Ha MIMPOKHN 00’€M JOCIHIKeHb OlIblla YacTUHA POOIT HOCUTh CYTO MaTeMaTHYHUHA Xapak-
Tep, MalO4H B CBOil OCHOBI BUKJIIOYHO MaTeMaTH4Hi Mojieli. be3yMOoBHO, BUKOpHCTaHHS MaTeMaTHYHOTO MOJE-
JIFOBAHHSI JI03BOJISIE TIPOBECTH TTOBHOLIIHHE JIOCIIPKEHHS, aJie TIOBHICTIO BpaXyBaTH BC1 OCOOJIMBOCTI PeaibHOTO
00’eKxTa 3 HOTO BUKOPUCTAHHSIM € HEMOKIIBHUM.

3 ypaxyBaHHSM OCTAHHBOTO JUIS JOCTIJUKEHHS BIUIMBY YacTOTH MOJYJIALIT HA CIEKTP FapMOHIK BXiJTHOTO
cTpyMy Oyio po3pobiieHo (izndHy Mozenb [5], mo iMiTye poOOTY TATOBOIO aCHHXPOHHOTO €JIEKTPONpPHBOJIA i
MIpHU3HAYEHA JJIs TOCHI/KCHHS BIUIMBY TApMOHIK TATOBOTO CTPYMY Ha CHCTEMH CHTHAJII3aIlil, eHTpaizalii Ta
OnokyBaHHs 3aii3HUL. O4YEeBUAHO, 10 (Bi3NYHE MOJICIIOBAHHS TEK HE MOXE IapaHTyBaTH MOBHOI BiAIOBIIHOC-
Ti pe3yNbTaTiB, aje y MOPIBHIHHI 3 MaTeMaTHYHUM € OLTbII iHPOPMATHUBHUM, a/IKE JJO3BOJISE TOBHOLIIHHO BiIT-
BOPUTH Tiepediry mporiecis y gaci [6].

BuxopucranHs $i3ndHOT MOJIENi JO3BOJIIE OTPUMATH 3arajibHi OCHWIOTPAMH 3MIHH CTPYMY CHCTEMH 3a pi-
3HUX 3HaYE€Hb YaCTOT MOJYJIALII mepeTBoproBava. Tak, Ha puc. 1 HaBelEHO OCIMIIOTPaMy, 110 XapaKTepU3YE T10-
BEIIHKY CTpyMY IIpH 9acToTi Moayswsimii | kI'm.
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Yac, c

Puc.1. Y3arajnbHeHna ocuuiorpamMa 3MiHHM BXiJHOTO cTPyMYy NIPH 4acTOTi Mmoayasnii curaanay 1 xI'n

JeTanizalis OTpUMaHOT OCLHIIOrPAaMHU J03BOJISIE BKAa3aTH HA HASBHICTH 3MiHHOI CKJIAIOBOI BXiJHOTO CTPY-
My (puc. 2). Ockinbku (QYHKIIiS 3MiHA CTPYMY Ma€ NEepiOIUIHUIN XapaKTep, TO IS MOJANBIIOT0 aHANI3Y MOX-

JMBUM € 3acTOCYBaHHA piany Pyp’e. V3arambHeHI pe3yiabTaTH NMpoBeAcHOro aHanizy Pyp’e momaHi y BUTIAAL
puc. 3.
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Puc. 2. [leranizauisi ocuuiorpaMu cTpymy nepeTBoproBaya 3 4acTtoTor MoayJsimii curaaay 1 kI'y
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Puc. 3. FapMoHiiiHUI CKJIaJ CHTHAIY CTPYMY CHCTEMH 3 YaCTOTOI0 Moay.asuii curnamy 1 k'
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[Nomanpimii aHami3 CreKTpa TAPMOHIMHHUX CKIAIOBHUX 3[IACHIOEMO MUITXOM JIETaJi3allil [iarna30HiB OTpH-
MaHuX 4acToT (puc. 3) Ta NOPIBHAHHA 3HAYE€Hb aMIUIITY]] BiJITOBITHUX BUIIMX rapMOHIK 3 HOpMaTUBHUMH. [lo-
IYCTHMI 3HA4YCHHS aMIUNTYZ CTPyMY HEPEIIKOJ BHU3HAYAIOTHCS BiNOBITHUMH HOPMATHBHHMH JIOKyMEHTaMH.
[Ipu npoMy, B IpakTHI OIIHKY BIUINBY mepemko Ha cucreMu CLIb 3ami3Hump YkpaiHu KOpHCTYIOTECS HOpMa-
MU 3ani3HUIG Pociiicekoi @eneparii [7], 110 MOSCHIOETHCS BIICYTHICTIO y TIepemiKy YKpaiHH BiAMIOBIIHUX JO-
KYMEHTIB. Y 3araJbHOMY BHTJISAI Iepelik pooounx yacToT curHanbHuX Kin CIb Ta momyctumi 3Ha4eHHS CTPY-
My [epenIKo HaBeJeHo y Tabur. 1.

Tabuuus 1
JonycTuMi piBHi rapMoHiiiHUX CKJIa0BHX MepeKeBOro CTPyMY e1eKTPOPYXOMOro CKJIALY
JlonmycTumi napamMeTpu CTpyMy eJIEKTPOB03a
Yacrora curna- |Cmyra 4a- ﬂpﬂ(g:;:ffeeggﬂcl;d a NpH iMIyJabcHii aii
JbHOI0 croT, I'np
crpymy, I'u Jonycrumuii pi- XapakTep Jonyctumuii pi- | TpuBamicTsb im- Tepion npoxo-
BeHb MePeLIKOo BeHb IepelKo/ MyJbCy,
BILIUBY JIKEHHSI, ¢
Acpi Ao c
19-31 11,6 Menme 0,3 0,3...0,9
19-31 26,6 Mese 0,3 Binemre 0,9
25 21-29 1,0 He6e3neune
19-21 11,6 I1lo 3aBaxkae
29-31 11,6 I1{o 3aBaxkae
40-60 5.0 Mente 0,1 1,0...6,0
40-60 9,6 Mesnme 0,1 Binbre 6.0
50 46-54 1.3 He0e3neune
40-46 5,0 1o 3aBaxkae
54-60 5,0 1o 3aBaxae
167-184 0,4 0,4 Meme 0,25 Menie 0,25
175 145-167 40,0 [Ilo 3aBaxkae 33 Menme 0,25 Binpure 0,25
184-205 40,0
Jianazon TPII-3
408-
420 432
480 468-492
0.3 Menmie 0,2 0,25...1,5
580 568-592 0,3 I1lo 3aBaxae 12 Merme 0.2 Binsme 1.5
720 708-732
780 768-792
Jianaszon TPI[-4
4545 4508- 4583
0,18 Meniue 0,2 0,25...1,5
5000 4963- 5038 0,18 1o 3aBaxkae 0.8 Mermre 0.2 Binsme 1,5
5555 5518- 5593

Sk mpuKIa] BU3HAYMMO FApMOHIHUIA pO3MOALT BXiJHOTO CTPYMY Ul YaCTOT CHIHAJIBHOTO CTPYMY Jiara-
30Ha 25 'm. OTprMaHi pe3ynbTaTd po3MOALUTY 3 BU3HAUCHHIM aMILUTITYA KOXKHOI 3 TApPMOHIK, TOJaHi Y BUTIISII

puc. 4.
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OueBuHO, IO OTPUMAHUK Jiarna3oH 3HAYCHb aMILUITYJ CKJIQJOBHX 3arajlbHOTO CIEKTpa CTPyMY € JeII0o
3aHIKCHUM, 110 OOYMOBJICHO BiJIIOBIHMMH OCOOJHMBOCTSIMHM MOJENIOBaHHS. J{JIsl OTpUMaHHs a/JleKBaTHUX 3Ha-
YeHb aMIUTITYZ CKOPHUCTAEMOCS BiAIIOBITHUM MacIITaOHUM Koe(ili€eHTOM, 3HaYeHHS SKOTO B IEePIIOMY HaOIH-
JKEeHHI BU3HAYHMO 5K

Tgpc
.= N 1
1 ey

mod

ne Jppe — HOMIHaJIbHHH CTPYM IICKTPOPYXOMOTO CKIany; [ — HOMIHAIBHHIT CTPYM (isndHOi MOJeri.

Sk 6a30BHI €NEKTPOPYXOMHUH CKIIAJ, MOJIOHO JI0 SIKOro CTBOpeHa (izudyHa MoJesb, BUOpaHUi MaricTpa-
JbHUI enexTpoBo3 cepii JJC3 — exekTpoBO3 3MIHHOTI'O CTPYMY 3 aCHHXPOHHHM TSATOBHM IPHBOJIOM.

[MpuitHsaBIIM 32 HOMIHAJIBHUN CTPYM CTpyMONpHiiMaua elekTpoBo3y [8] Ta 3 ypaxyBaHHSM HapaMeTpiB
MoJieli [5] BU3HAYMMO MAacIITaOHUN KOe(DilliEHT 3a TAKOK (HOPMYIIOHO:

_Tepe 500 _ g6 o)
Lod 5.2

CKOpHCTAaBIINCH BU3HAYCHUM KOE(]ili€eHTOM Ta MepepaxyBaBIIH BiAIOBITHI aMIUTITyIHd TapMOHIK CTPyMy
IUTsL CHTHAJIBHOTO CTPYMY 4acToToro 25 'l oTpuMaeMo Taki 3Ha4eHHs (Tabi.2):

Tabmuus 2
AMILTITYAH TapMOHIK CTPYMY /151 YACTOTH CHTHAJILHOTO CTPYMY 4acToTolo 25 I'n
Yactora, I'n 19 20 21 22 23 24 25 26 27 28 29 30 31

Ammiityaa 18 17 1.4 1.4 2.1 1,9 2 2 2,3 2,2 1,9 26 | 24
cTpymMy, A

Baunmo, mo aMrutiTyga cTpyMmy Iiama3oHy 9acToT 21-29 Moske mepeBHIyBaTH HOPMOBAaHE 3HAYEHHS, TO-
My 3a JIaHOi 9acTOTH MOJIYJIAIII IIePETBOPIOBAY MOKE BHOCHUTH 3HAYHI MEPEIIKOAN Y (QYHKIIOHYBaHHS amapary-
pu kin CLIb.

AHAIOTIYHUM YHMHOM OYB NPOBEICHUH aHAlli3 CHTHAJIBFHOTO CTpyMmy dactoToro 175, 420, 480, 580, 720,
780, 4545, 5000, Ta 5555 I't. Y3aranpHEHi pe3ynbTaTH JOCITIHKSHHS HaBeeHi y Tabm. 3.

Tabmums 3
AHaJi3 CTYyneHI0 BIVIMBY YaCTOTH MOAYJIsiLii HA CUTHAJBHI yacTtoTH Kin CLIb
Curnaiab- CTyniHb BILUIUBY TATOBOIO CTPYMY
HA 4YacTo-

Ta, ['n 500
YacToTa Mo- 25 175 420 480 580 720 780 4545 0 5555
ayasiuii, kI'n

1 Heb 3asa- 3aBa- 3aBa- 3

ede3nmeyHa Ba- Kae - - Kae aBa)kae - - —
JKae

2 _ll_ _ll_ _ll_ _ _ _ll_ _ll_ _ _ _

3 " n " 3aBa' _ L L _ _ _
J)Kae

4 " n " 3aBa' _ mll N _ _ _
Kae

5 _n_ e o 3aBa' _ o o _ _ _
Kae

6 " " ", _ _ n n _ _ _

'7 L e o 3aBa' _ L L _ _ _
)Kae

8 _n n "_ _ _ _n _n _ _ _

9 L e o 3aBa' 3aBa' L L _ _ _
)Kae )Kae

10 . " " _ _ " " 3aBa- _ _

J)Kae
11 o n o _ _ L L 33-33-‘ _ _
)Kae

12 . e . _ _ n. _ _ _ _

13 KIN KN e _ _ . _ _ _ _

14 KIN KN e _ _ . _ _ _ _

15 o e L 3aBa' _ L _ _ _ _
)Kae

16 _ll_ _ll_ _l'_ _ll_ _ _ll_ 3aBa)I<a€ _ _ _
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VY pe3ynbTati, IPOBEACHI JOCTIHKSHHS TO3BOJISIOTH 3pOOUTH HACTYITHI BUCHOBKH:

- 3MiHa YacTOTH MOAYJILIT TATOBOrO CTaTHYHOTO MEPETBOPIOBAYA MPU3BOIUTE IO 3MiHH CIIEKTPAJILHOTO
CKJIQJly TSATOBOTO CTPYMY €JIEKTPOPYXOMOTO CKIIaIy, a OTXKeE, 10 3MiHH XapakTepy Horo BrumBy Ha koia CLIb;

- HaiOuIpII HeOe3MeYHNMH YaCTOTaAMH MOYJIAIII MepeTBOpIOBada 3 TOUKH 30pYy TEHEPOBAHWX HUM IIe-
pemKos € yacToTH Aiana3onis 3—5 ta 9—11 kl'm.

-y HIepCHeKTHBI PO3BUTKY NEPETBOPIOBAIBFHOI TEXHIKN HaOS3MEUHIIIMMHI YaCTOTAMH MOMIYIIALI] IepeT-
BOpIOBaYa 3 TOYKHU 30py TEHEPOBAaHUX HUM IIepenIkos € 9actotu 12—13 Ta 6 x['m.
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KOHTAKTHBIE KOMITIO3UIINU UISI HU3KOBOJIBbTHBIX
DJIEKTPUYECKUX ANIITAPATOB

Bgenenue. B Hacrosimee BpeMst HET HA OJJHOHM OTpaciH, rae Obl HM NCIIOJIb30BAINCH 3JIEKTPUIECKHUE amlia-
patbl, BEIMOJIHAOMNE (GYHKIIUHU 3aIUTHI, YIIPABJICHUS U KOMMYTALIUHU 3JEKTPUUECKUX IereH [1].

KoHCTpyKInu 37eKTpUYECKUX allapaToB YCIOBHO JENATCS Ha 1Ba
6oipImIMX Kiacca: KOHTAaKTHBIE M OecKOHTakTHBIE. CaMBIMU pacIpocTpa-
HEHHBIMM KaK y Hac B YKpawHe, TaKk U 3a pyOeKOM SIBIISIFOTCS KOHTAKT- Kgggggg\{gﬂ
HbIE HU3KOBOJBTHBIE KOMMYTAI[OHHBIE 3JICKTPUYECKHE allapaThl, Takue
KaK aBTOMAaTHYECKHE BBIKIIOYATENH, JJIEKTPOMArHUTHbIE KOHTAKTOPHI, &
KOMaHJ0anmnapaTsl 1 Jp., KOTOpbIE, B OCHOBHOM, IIPUHHUMAIOT U paclpe- = '
JIEIISIOT BCIO CHJIOBYIO HArPy3Ky SHEPTOCHCTEM. @*/

KonrakTHas cuctema (puc. 1) 3JIeKTpUYECKUX amIapaToB, COCTOUT
W3 KOHTAaKTOJEpKaTelsl M KOHTAaKTHOM Hakiaiaku. st HagexHol paboTh KonrakTogep:xaTens
JIEKTPUUYECKUX allllapaToB B COCTaB KOMIIO3UIMHA KOHTAKTHBIX HAKJIAJOK
(manee KOHTAKTBI) BXOAAT AOPOTOCTOSIIHUE, Ne(QUIMTHBIE, TOKCHYHBIE
3JIEMEHTH U coequHeHus. Hanbonee mupoko UCHOIB3YIOTCA Takue dJie-
MEeHTHl KaKk Haliajuii, miaTthHa, cepebpo, Meib, HUKENb, BOIbhpam, %
OKHCH KaaMUs, PTYTh U Ap. VICTOUHMKOM MOCTaBKH TaKHUX DJIEMEHTOB, B
OCHOBHOM, sBisgeTcs Poccusa u apyrue 3apy0exHbie rocymapcTsa. [1os- Putc.1. KoHCTpYKINH KOHTAKTHBIX
TOMY B YKpaHHE O4CHb OCTPO CTOUT BONPOC 00 SKOHOMHOM HX Paclpe- ... - PHYECKHY ANMAPATOR
JIENIEHUH U HCIOJIb30BAHUU.

B snexTpryeckux anmapartax, B OCHOBHOM, IIPUMEHSIOTCS KOHTAKTbI, H3TOTOBJICHHBIE CITIOCOOOM IOPOIIKO-
BOW MeTalrypruu. JJaHHBIH CIIOCOO M3rOTOBJICHHS KOHTaKTOB CIIOCOOCTBYET CO3JaHHIO KOMIIO3MIMHA, COCTOS-
MUX U3 METAJUIMYECKHX IMOPOIIKOB, KOTOPHIE COBMEIIAIOT HEOOXOJIUMbIE CBOMCTBA HEBO3MOJKHBIE MOIYYHUTH
npu ux cruiaBaeHud. CaMbIMH PaclpOCTPAHEHHBIMU KOMIIO3HLMSAMHU JIEKTPUUYECKHX KOHTAKTOB, KOTOPHIE
ompezenstorest [OCT-19725, asnsrorest, Hanpumep: cepedpo—Hukens (KMK A30Mm), cepeOpo—okuch Kaamus
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