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AOC/IIKEHHS POBOTH PEMKOBOI'O KOJIA B YMOBAX
HACUYEHHSA KOJIMHUX JPOCEJb-TPAHC®OPMATOPIB

Beryn

MopepHizaliisi CUCTeM 1 TPUCTPOIB 3ali3-
HUYHOI aBTOMAaTHKH Ta TeJIEMEXaHIKU OCTaH-
HIM YacoMm Bce Oinblie HaOyBae €BpOiHTErpa-
1iHO1 crpsiMmoBaHoCTi. BuHukae motpeba y
CTBOPEHHI HEOOXITHUX YMOB /s 3a0e31edeH-
Hs Oe3nepebiitHoi poOOTH HOBOI amapaTypH Ta
3HIDKCHHSI KIUTBKOCTI BiZIMOB 3actapinoi. Ha
bOMY IUISXY JOCUTH BaroMor mpoOjaemMoro €
BiIMOBH Apocenb-Tpanchopmaropis (AT), a
camMe HacuueHHs ix MarHitonpoBoxiB. lLle
SBHIE Ma€ JOCHTHh KOMIUIEKCHUH Xapakrtep,
a/I’ke MOYKe BUHUKATHU 32 HACTYITHUX MPUYHKH.

[To-neprire, Ha AUITHKAX CTUKYBAaHHS JOPIT
3 EJEKTPUYHOIO TATOI0 MOCTIHHOTO Ta 3MiHHO-
ro CTPYMiB MOPYHIYETHCS POOOTa pPEHKOBUX
kin (PK) BHacIigoK MpoCTOPOBOTO PO3TiKAHHS
3BOPOTHOT'O MOCTIMHOTO TATOBOTO CTPYMY BiJ
CTaHILIi CTUKYBaHHs I10 IMOJIIFOHY, 110 MPUMHU-
Ka€ JI0 CTaHIIii 3 eJIeKTPUIHOIO TATOI0 3MIHHO-
ro ctpymy. B pe3ynbraTi BinOyBaeTbes miama-
THIYEHHS! TIOCTIMHUM TIOTEHINIAJIOM «pehka —
3emiisi» (Oi1st 60 B) marnitonposoais AT, mo
Mpu3BOAUTH 110 BiiMoB PK Ta mepexkputts cBi-
Tiodopis [1, 2].

[To-npyre, Ha mpoBOJAaX KOHTAaKTHOI Me-
pexi 3a OXxeneauli B KOJi 3BOPOTHOIO 3MiH-
HOTO TATOBOIO CTPYMY IpPHUCYTHI Oararouwc-
JICHHI TapMOHIYHI CKJIaJIOBi, Cepes SIKUX 1 Moc-
TifHA CKJIa/I0Ba, KA, SK BIJOMO, HaMarHidye
ocepas IT.

[To-Tpete, Ha TMpoOIEMATHUYHUX TIPCHKUX
TUISTHKaX JOpIT BHACIITOK HAsBHOCTI KPYTHX
MiIHOMIB 3BOPOTHUN TATOBHM CTPYM JIOCSTAE
KOJIOCAJIbHUX 3HaueHb. J[JIs mpukiaxy Mo)kHa
po3rsiHyTH  AUTIHKY JlaBoune — beckum —
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Ckotapcbke JIBBIBCBKOI 3alli3HUIN, Ha SKii
migiiomu gocsararotb 30,4 %o, a MOCTIHHMI TH-
rosuii ctpym — 7000 A [3], B pe3ynbrari yoro
HaBiTh Tpu HoOpMaTuBHIA acumetpii 0,12
cTpyM acumetpii gocsirae 400 A 1 Ginbiue. Le
CYIIPOBOJDKYETHCSI HACUYCHHSIM MAarHITOIPO-
BoaiB komiitaux [T tumy JIT-0,6-1000 Ta AT-
0,2-1000 (Ha pO3TAAHYTIA TIPCHKIA IISHII
3actocoByroThesl kKoaoBi PK 50 I'm), 3HmxkeH-
HSIM BXIJHHX OIOPIB 1O KIHIIIM pEeUKOBOI JTiHIT
(PJI) 1 mopymieHHsAM 0051acTi CTIKOCTI poOOTH
PK aBto0s0kyBanus (AB).

Meta Ta 3aBaaHHA

OTxe MeTOr0 poOOTH € JOCITIKEHHS KOe-
¢biuieHTiB cxem 3amimeHHs komiHux AT y
peKHMI TiIMarHideHHs iX KiT MOCTIHHUM TS-
TOBUM CTPYMOM ISl TIPOBEJIEHHS OLIIHKH PO-
6otu kogosoro PK B yMoBax BIUIMBY CTpyMy
acuMeTpii.

AHaJIi3 0CTaHHIX J0CTi/IZKeHb
i myOJikanii

V¥ Teopii PK nocnimxeHHst Ta po3paxyHKH
NpEeACTaBISAI0Th CO00I0 pOOOTY MarHiTHUX CH-
CTEM JIPOCEIIIB 31 CXeMaMHM 3aMIIIeHHS, BU3HA-
YeHUMH Ha JIiHIWHIA AUISHII OCHOBHOI KPUBOI
HaMarHiueHHs 0pHU IHAYKWOI He Oliblie
0,25...0,5 Tx [3].

Jlo cux mip maibke He mpuaLIsIacd yBara
po3paxyHkam 1ux By3iniB PK y HemiHiliHil mo-
CTaHOBIII 33724 JAOCIIPKEHb, 32 BUKIIOYCHHSIM
HebaraTouncIeHHUX po0IT, OMyOJiKOBaHUX B
octanHi poku B Ykpaini [1, 3, 4]. Li npami €
Jy’Ke 3MICTOBHUMH, ajie 3allpOIOHOBaHI B HUX
METOAM Ta MOJET € JIOBOJI CKJIaTHUMH Ta
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rpoMizakumu. [[s mpoBeneHHsS po3paxyHKIB
pob6oru PK mpu migmarHidyBaHHI JIpOcCeliB
MOTPiIOHO MaTH BIAIMOBIIHI €KCIIEPUMEHTAIBHI
3aJIeKHOCTI MArHiTHUX XapaKTEPUCTHK IpH-
CTpOiB Bix cTpymy migmarHideHus [5, 6]. s
MPOBEICHHS MOAIOHMX E€KCIIEPUMEHTIB IOIIY-
Ky PO3paxyHKOBHX IapaMeTpiB CXEM 3aMi-
menns (C3) apocemniB moTpiOHI MOTYXHI JIKe-
pena TOCTiHHOrO CcTpymy [7], 1m0 3HA4YHO
YCKJIAHIOE Tiporiec. ToMy y poOOTi 3amporo-
HOBAaHO HETIPSIMHI METO]] 3HAXO/KCHHS €JICK-
TPUYHUX  TApaMETPiB  YOTHUPUIIOIIOCHUKIB
cxeM 3amimeHHs Kojaiiaux J[T.

JocaixxenHs
Koe(pii€HTIB YOTUPUIIOJIIOCHUKIB
PeiKOBOro KoJ1a

CyTb 3alpOIIOHOBAHOTO CHPOIIEHOTO Me-
TOJly TOJISITa€ B OTPUMaHHI Koe(illieHTIB cxe-
mu 3amimienHs AT s pisHUX BeIMYHH MOJY-
JiB ONOPIB KOJAa HAMArHiuyyBaHHS Z;, IO 3Mi-

HIOIOTBCSI Yy TPOIeCi MiAMAarHi9YeHHs] MarHiTo-
nposoxis T mocriliaum ctpymom (puc. 1 a).
Z2

| —
 S—

Zi

| —
T

a) Hmp

VA]

PIT

Puc. 1. Cxema 3amimenns anaparypu CLIb:
a) apocenb-Tpancopmaropy; 6) komoBoro PK 50 I'iy

MeTtoa po3paxyHKy Ma€ HACTYIHI IPUITY-
IICHHS:

— ekBiBajeHTHa cxema 3amimieHHs T
npenacraBieHa T-moaiOHOIO Ta  17€albHOIO
cxemMamMH TpaHchOopMaTopy 3 BIAMOBIIHUMHU
KoedirieHTamu;

OIopH Z; Ta Z,, 10 BPaXOBYIOTb BTpa-

™1 y AT, BBakaeMO HenepepBHUMH, TOJI CXe-
Ma 3aMillIeHHs] BUXOJUTh CUMETPUYHOIO, BHA-
CJIIJIOK YOT'O CIIPOLIYIOTHCS PO3PAXYHKH.
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VY [8] npuBencHi 3HaYEeHHS OIMOPIB, IO
BXOJATh 10 ckiaxy cumerpuunoi C3 J[T-0,2-
1000 Ta JIT-0,6-1000, sika 3acTOCOBYETHCS Y
cxemi kogoBoro PK wacrotor (puc. 1 6), mo
HiUIAra€e po3paxyHKy.

[IpuBeneni gaHi oTpuMaHi 3 BUKOPUCTaH-
HSIM JIOBIIKOBUX BEJIMYMH KOE(DIIIEHTIB cCXeM
3aminienns komniitHux [T, mo BUKOpUCTOBY-
IOThCS 1)1 po3paxyHKiB kogoBoro PK. 3rimno
T-noxi6Hoi cxemu 3amimenus AT Bimomi Ko-
edimieaTn yoTUpunoatocHukiB JT.

n 0
Aﬂ BH 1 . ATH BTH (1)
Cn Dn 0 n CTH DTH
I
An:nn Am’ BH_nH'BTIT’
1 1
Cn :E'CTH’ Dn :E'DTH’

ae Ay, By, Ciy, Dpy — xoedinientu vo-
tupunofociuka C3  JKHBJISYOTO  KIHIIA,
Ng =15 — koediuient Tpanchopmarnii AT xu-
Bistyoro Kinns (ATm).

3naroun koedimientn JTn, 3Haxoaumo
xoedimientu (1).

AHAJIOTIYHO 3amUIIeMO MaTPUYHI PiBHSH-
HS JUIsl BU3HAYCHHS KOCQIIIEHTIB YOTHUPHIIO-
JIOCHUKA PEeNeHHOr0 KiHIIS:

n 0O

A By

— X ATP BTP
C, D, [0

c ol @
TP TP

ne Ay, By, Crp, Dpp — KOedinmienTH votn-

punomtocarka C3 peneltHoro KiHng; N, =23 —

koedimient Tpancopmaiii AT peneitHoro xi-

aus (ATp).
I3 C3 (puc. 1 6) 3HaxoAMMO 3HAYEHHS KO-
ediuientis J{T-0,6-1000:

Q310 I
Ay :i:&:Logg.e—ﬁ 10
Ny 15
B, 1815.¢ /™
BTH == =
Ny 15
=0,1134.¢ 17 (3)
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Cpy =Cyy -1y =0,135-¢718 .15 =
=2,025.¢7 1%
D, =Dy -n; =0,08-e1**.15=1,2.¢*",

Amnanoriuno koedimientn J[T-0,2-1000
3HAXOIAThCS HACTYITHUM YHHOM:

App = Ay -1, =0,152-¢7%.23=0,529.¢7 1%,
B, 0,842.¢/

Brp =— =0,0366-¢/%"", (4
TP n, 23 ( )
Crp =Cp N, =0,244.¢71%°.23=5612.¢71%,
e i 5
DTP :&:&:1.e711 .
Np 23

V [8] mpuBeneHi Koe(dillieHTH CXEeMH 3a-
MIIIIEHHS OCHOBHOI OOMOTKH, Ha OCHOBI SIKHMX
MOXHa 3HAWTH 3Ha4YeHHs omopiB T-momiOHOI
C3, mpuBeneHoi 1o ocHoBHOI oomotku [IT.
Koedimientn dotupunomtocHukiB T-momaiOHOT
C3 (puc. 1 6) 3HaX0aATHCS 32 BUPA3AMH:

Ag=1+2; B, =22, +3 %2 (5
ZS Zl
1 yA
Cop=—; Copy =142,
TI1 ZS TIT Z3

[TincTaBisroun CIOIU 3HAYCHHS Koedillie-
HriB C3, 3HaigeMo 3HaueHHs ckiagoBux C3
ocHoBHOi 0OMoTKH JIT.

JocaigkeHHss po00TH peiikoBOro
KO0JIa B yMOBAaX MiIMarHidyeHHs
MarHironposoais AT

[Tepeiinemo o po3paxyHky komoBoro PK
vacrororo 50 I'i [8, 9]. Ins po3paxyHKy BH-
KOPHCTOBYIOTHCS] HACTYITHI BUX1/IHI JaHi:

— KoedilieHTH dYoTupunoiarocHuka PJI
npu f. =50 I'm;

JIOBXKHUHA
2600 m;

omip 3omaii PJI 3 ypaxyBanHsam onop
KOHTAKTHOI Mepexi JJIs JIITHROTO Mepioy po-
Ky [, 0 =0,90M KM ;

PENKOBOTO KOJIa

IPK

— KoedilieHTH dYoTUpunoiarocHuka PJI
BIITKY:
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A=D=39-¢""; B=34.e"%;
C=4,722-e'%%,

omip i3omsaii PJI qs 3umoBoro mepio-

ay poky I, ... =500M-km;

— KoediieHTH dYoTupunoigrocHuka PJI
B3HMKY:

A=D=1024-¢%: B=21.¢/%;

B=0,052-e'"".
— omip Omop KOHTAaKTHOI  Mepexi
Iy min =2 OM-KM ;
— JUId  KONiHHOrO  mpuiiMava  pele

NMBIII-110 3 xoediunientom 3amacy Ky =12
Harpyra cipaitoBanss U, = 3,84 B;

pobounii ctpym pene |, =0,0233 A;

oIip penok Z, = 0,8-¢'% Om;

KoedinieHT noBepHeHHs Ky =0,75;
— KkoedirmieHT
Kgy =0,625;
— €MHICTh OOMEXYI0UOro KOHJEHCATOpY
Cp =24 Mk,
Koedimientn yornpumnontocauka JITm (6e3
i IMarHi9yBaHHs):
Ay, =15,5-¢ 317 B, =1,815-¢!";
C,=0,135-¢ 1%; D, =0,08-¢!**,
Koeginientn yotupunomocuuka ATp (6e3
i MarHiyyBaHHs):
A4, =0,052-¢71%; B, =0,842.¢'%";
C, =0,244.¢77%; D, =23.
BukopucToByroun po3paxyHKOBI Hapame-
TPH, pO3PaXyeEMO HOPMAIBHUN PEXUM poOOTH
(Oe3 migmarniuyBanHs). Koedirientu 3aranb-
HOI CXEMHM 3aMIIIEHHS JKUBJISYOro Ta penei-
Horo kiHUiB PK 3HaiifeHi 3 100yTKy MaTpuIlb
KOe(il1€HTIB YOTUPUIIOTIOCHHUKIB:
A, =16,424e""; B, =4,81e"*"
C, =0,031e*"; D,, =0,067¢'*
A =0,051e7'*; B, =6,65¢/3>
Cy =0,243¢71%; D, =40e!*"*

Ha/IHHOTO TTOBEPHEHHS

© K. I. Slmyx, [I. C. Kypwuno, 2017



Pe3ynbTaTu po3paxyHky:
— Hampyra Ta CTPyMH B KiHII Ta Ha MO-
yaTtky PJI

U, =0,354 B; I, =1,78¢ /%" A;
U, =7,25¢1*" B; I,, =8,363"® A;

Hampyra Ta CTPYM JKHBJITYOTO TPaHC-
dhopmaropa U, =149- 1% B;
| ;r =0,793-¢1% A,
Kyc =11, otpumaemo U, =164,9-¢% B;
| ;r =0,872-¢1%° A;

— ormip nepeaayi jis 3MMOBOTO MEPIOy:

Zymin = KoK (Zpoe +21+2,,,) =3220-€1%

— omip mepeaadvi Uit JITHHOTO MEPioAy:

Z,max = KunKo (A2, + B+

+(C+2,,+D) 7, ) =6416,6¢);

z

1 min

z

I max

NEPEMHOXKYIOUM  Ha

— MAakCUMaJlbHE 3HA4YeHHsS Hamnpyrd Ha
KOJIHHOMY TNpHIMadYi 3TiTHO PEryIOBaIbHUX
Tabauup popisHioe: U, =2-3,84=7,65 B.

Ili po3paxyHKOBI 3Ha4eHHS € 0a30BUMHU
JUISL OLIHKK pe3ynbTaTiB miaMarnigayBanus J[T.

3IMITYeEMO «I1iIMarHiuyBaHHSA» MAarHiToI-
posoaiB /IT-0,6-1000 ta AT-0,2-1000. YmoB-
HO BB2)KAEMO, 1110 BOHU HACHYYIOTHCS OJTHOYA-
CHO. Hnst JT-0,6-1000 MpURMEMO
2,=0,35-e!® | immi omopw z;, z, sammImIMO
TaKUMHU XK.

BuxopuctoBytoun (3), 3Haiinemo xoediri-
eHTu Tpancdopmaropy JAT-0,6-1000:

0,045¢1% o
Am =175 ggerr ~H 0%
Z3-7, j8ae
B =27, + . =0,096e’* Owm;
1
S 1
C.. =286e 8" — -
TII CM

D, =112¢ %,
Jlami BUKOPHCTOBYEMO BHIIEC 3HANACHI KO-
edinientun JIT-0,6-1000 nus
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Z3 .06 =0, 35-¢/% Om;
A, =16,8¢1"""; B, =1,44e’® Om
1

M
AHaJIOTIYHUM YMHOM OTpUMAEMO Koedirri-
et yotupunomtocauka C3 JIT-0,2-1000 mst

Z3 0 = 0,12¢"*" Owm:
A, =0,0488¢™"; B, =0,75% " Om

C, =0,362¢ 1% L
CmMm

C,=0,191e 8" —: D, =0,075¢ ",

. D, =25,83¢ 117,

bynu orpumani mapamerpu PJI mpu HOp-
MaJbHOMY PEXHMI pOOOTH:

— Hampyra i ctpyMm B ki1 PJI:

U, =0,332 B; [, =2,52¢ /%" A;
— Hampyra i ctpyM Ha oyatky PJI:
U, =9,92¢1% B; I, =11,1!"¥" A,

— Hampyra Ta CTpyM y JOAAaTKOBiil 00MO-
tui J[T-0,2-1000:

U, im0z =167 B | 0, =2,37 A

Hafpyra Ta CTpyM Ha XXHUBJITUOMY Tpa-
HchopmaTopi:

Uy =217e/% B; 1, =1,37¢ 7% A,

B pesynbraTi po3paxyHKiB OTpUMaHa 3a-
JISKHICTh HANPYrd Ha KOJIHHOMY mpuiimMaul
U BiJ BETHYHUHHU CTPYMY acHUMeTpii (puc. 2)

KIT
npu onopax izouswii [10, 11] y 3umoBuii (Bep-
XHsI KpUBA) Ta JITHIM nepioa (HUKHS KpPUBA).

UIJ[AB
7,5—1
45 \
; __"':'_"_]Eo__“'\
| _ ] Poboma | N 1 _
s obnactb Hepoﬁom
’ obmacth ~
5 '
120 240 360 Dlac,A

Puc. 2. 3anexHicTh HaIpyru Ha KOJiHHOMY
npuiiMadi Biji CTpyMy acCUMETpIi JIJIsl OTIOPiB
1300151111 y 3MMOBHH Ta JITHIH mepioj
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Bucnosxu

3 oTpUMaHUX 3ale)KHOCTEH (pUC. 2) MOXK-
Ha 3pOOMTH BUCHOBKHM, IO B3UMKY BIpOTif-
HicTh BiIMOBHU PK 3HauHO 3MeHIIyeTHCS, aIKe
HE JMBIISTYMCH HA T€, IO HANpyra Ha KOJiHHO-
My npuiiMadi Ma€ TEHICHII0 IO 3HUKEHHS
(BepXHsI KpHBa), MPUCYTHIN JNESIKUN 3amac Io
Hanpys3i. HaiGinbmn BiporiHi BiIMOBHU BIIITKY,
aJuKe, K BUAHO 3 OTpuMaHoro rpadiky, U .
3HWKYETHCS HIKYE MOPOTY CIPALIOBAHHSA, 110
€ He0a)KaHUM HETaTUBHUM SIBUILIEM.

Konmose PK 50 I'i mpartoe y Bkpail Bax-
KHX YMOBaX, 10 OYJIO BCTAHOBJICHO B PE3YJb-
TaTi MPOBEICHOTO JOCTIIKEHHS 3 3aCTOCYBaH-
HSIM 3alpPOIIOHOBAHOTO CIIPOLICHOTO METOMY
PO3PaXyHKY KOE(IIiEHTIB YOTUPUIOIIOCHUKA
AT 1 PK i po3paxyHKy HOPMaiabHOTO PEXKUMY
poGotu. Y 1poMy BHIAAKy HOTpiOHO IMPOBO-
JTUTH MPO(UIaKTHYHI POOOTH 31 3HMIKEHHS KO-
edillieHTy aCUMETpii Ta 3aCTOCOBYBATH BiIO-
BiJIHI TEXHIYHI pillICHHSI.

3anponoHOBaHU HEMPSMHUII METOA MOXKe
BUKOPHUCTOBYBATHCS JJISi KOPETYBaHHS PO3pa-
XYHKIB PEeKUMIB poOOTH PEHKOBUX Kil 3 ypa-
XyBaHHAM HacuueHHs komitaux J(T.

Biouiorpadgiunmii cnucox

3ammTa penbCOBBIX 1T B 30HE CTHIKOBAHHS
cucteM anekrporsrd /A, Il. PasroHos,
B. A. JIpsKoB, A. 10. XKypasines,
C. A. PazroHoB // ABToMaTHKa, CBA3b HHDOP-
maTuka. — Mocksa, 2009. — Ne 9, — C.19-22.
ITaT. 84968 VYkpaina, MIIK B61L 1/00. ITpu-
CTpill 3axHMCTy PEUKOBUX KN MAUISHKH TATH
3MIHHOT'O CTPYMY BiJ BIUIMBY 3BOPOTHOTO I10-
CTiitHOTO crpymy /  A. Il PasroHos,
A. 10. Kypasnwop, A. lO. JleOeneB; 3asiBHUK
Ta TATEHTOBJIACHUK JIHINPONETPOBCHKUH Ha-
IOHAJILHUH YHIBEPCUTET 3alli3HUYHOTO TpaH-
cnopty iMeHi akagemika B. JlazapsHa. — Ne U
2013 04391; 3asen. 08.04.2013; omy0m.
11.11.2013, bron. Ne 21. -6 c.

PasronoB A. 1. locnimkenHs: podoTu perko-
BUX KiJI Ta CHCTEMH aBTOOJIOKYBaHHS Ha mepe-
BaJbHUX JAUISHKaxX 3 KpPyTUM npodinem /
A.TI1. Pazronos, K.I. Amyk // Bicauk JIHin-
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PaszronoB A. I1. O MaTeMaTU4eCKOM OMUCAHUH
NETIHN TUCTepe3uca PeppoOMarHUTHBIX Cepey-
mukoB / A. Il Pasronos, A.IO. Xypasnes,
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