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ABTOMATHYHE YIIPABJIHHA PE;KNUMOM IIPOKATRKHA
3 HATATOM HA OCHOBI SMIHHU CTPYMY AKOPA
AIABUATYHIB IIPUBO/1Y BAJIKIB

AHomayis. 3anponoHOBaHO cxemy YNpasaiHHA WBUOKICHUM PEXUMOM NPOKAMKU 3
npo2pamHUM YnpasiHHAM Hamsazy npoKamy 8 YopHOBIl epyni krimedl.

OmpumaHo opueiHanbHe BUPAXeHHS, 0N 064UC/IEHHA HAMA2Y NPOKAMY, 3aCHOBAHE
Ha 3aKOHax NpyXHoto Oegopmayii cmyau. YacmuHa napamempig 4020 BUPA3Y BU-
3HAYAEMBCA 30 MAGUUAMU KANIOPYBAHHSA, YACMUHA - NPAMUM BUMIPOM. BUKOHaHHsA
cucmemu aBmMoOMAamMUYyHO20 YNpasiHHA HA OCHOBI 3aNPONOHOBAHOI MemoduKu 0o-
380/1A€ 301LiCHIOBAMU NPOKAMKY 3 KOHMPOLOBAHUM HAMSAZOM.

3a ocTaHHE CTOPiuYs BUPOOHHUIITBO COPTOBOI MPOAYKILil 3milicHIOBa-
JIocs Ha JiHINHMX, HaIliBOe3mepepBHUX i Oe3mepepBHUX CTaHAX.

BrockoHasieHHs CTaHiB CIIOUATKY Bi0OyBajsocs 3a PaXyHOK CTBOPEHHS
HOBOI'0 00JIaJHAHHS, PO3POOKY HOBUX TEeXHOJIOTiYHMX mnpoueciB. Ilounnaoun
3 80-tux pokiB XX CTOJITTs, 3 MOSBOI0 HOBUX MiKPOMIPOIIECOPHUX KeEPYIO-
YuX KOMILJIEKCIB, JOKOPIHHMM YMHOM 3MIiHHBCA IIiAXi D0 aBTOMaTH3aIlil
mpoliecy BUPOOHUIITBA APiOHOCOPTOBOTO IIPOKATy HA BCiX HOro mepemijax.
Xoua mepiIi MiKpPOIIPOIIECOPHI Kepyloui KOHTpOJepu i He Majaum BUCOKOIL
IIBUAKOLIl, BEJIMKOI'O O0CArY IaM SITi Ta MOKJIMBOCTL IporpaMHoOl peasisaiii
aJITOPUTMIB YHOpPaBJIiHHA, BOHU [O3BOJUJIU KOMILJIEKCHO BUPIIIIYyBAaTHA IIPO-
OsreMu yIpaBJiHHA Ta iH(GOPMAIITHOTO CYIIPOBOAY IIPOIleCy BUPOOHUIITBA
IPOKATHOI IIPOAYKITii.

[IIBuaxocTi MpoKaTKM Ha 0e3mepepBHUX APiOHOCOPTOBUX CTaHAX JMO-
carnim 20 M/c, a Ha APOTSHUX CTaHax 3 mpokaTHuMu OJsiokamu - 100 m/c.
Ile 3poOwI0 HEMOMKJIMBUM pPYyUYHE YHOPABIIHHA OIiJBIIICTIO TEXHOJOTIUHUX
omepartiii, HaIpuUKJala, TaKUX SAK PO3KpPill mpokary, yKJamaHHA Ha XOJOIU-
JLHUK, HAMOTYBaHHS B OYHT i 6arato iHIIUX.

CyuacHi cucTeMm yOpaBJIiHHS TEXHOJIOTIYHMM TIPOIIECOM MPOKATKU
00'eqHaHl B €IUHY PO3MOAiJIEHy CHCTEMY YIPAaBJIiHHA 3 oOMiHOM iH(opMmarri-

€10 Mi’K OKPEeMUMH IiJCHCTeMaMU II0 JOKAJIBHUX KOMII IOTEPHUX MeperKax.
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3 TOUKM 30py YIIPABJIHHSA IIi CUCTEMH SBJSIOTH COO0OI0 CKJIAOHY Oa-
raTosB A3HY CTPYKTYPY €JeKTPOMEXaHIUHHX arperariB 3 PO3AiJILHAMU KOH-
Typamu yupasiainaa. [Ipuyomy, aasa cTilikoi po60TH BCHOIO KOMILIEKCY, He-
00xigHO 3a0e3reunTy iHBapiaHTHICTh POOOTH OKPeMUX KOHTYPiB YIpPaBIiHHA
UMM arperaTamu.

IIpu cTBOpeHHiI i BOPOBaIKEHHI CUCTeM YIIPaBJIiHHA INMBUAKICHUM
pe:xuMoM IIpokKaTKu (puc.l) BupilmyBajiucs, B OCHOBHOMY, HaCTYIHi 3a-
BIOAHHSA.

e OOr'pyHTYBaHHS METOAIB YIIPABJIHHSA 0araTo3sB ASHUMHU e€JIEKTPO-
MeXaHiYHNMHN KOMILJIeKCAMM IPOKATHUX KJIiTe#, IIo 3a0e3neuyioTh iHBapia-
HTHIiCTb POOOTH OKPeMUX KOHTYPIiB YIIPaBJiHHA Ta OIiHKM POOOTH BCiel cuc-
TEMHU B I[LJIOMY.

e PospaxyHOK peXMMiB HaCTPOIOBAaHHS INBUIAKICHOTO PEXKUMY IIPO-
KaTK! 3 MiHiMaJbHUM, KOHTPOJHOBAHUM HATATOM IIPOKATy B UOPHOBil Ipy-
IIi KJIiTei i 3 meTyero a0 MPOTMHOM IIPOKATY B UMCTOBIM KJIITi.

e Po3pobka AaTuMKiB KOHTPOJIIO TEXHOJOTIUHMX IIapaMeTpiB; HATs-
Iy, IeTJji abo MpoTuHY IIPOKATY.

e Po3pobka cucrtemM y3roA:KeHOI I'PYIOBOiI 3MiHM dYacTOT obepTaHHs
IIPUBO/IiB BAJIKiB IPOKATHUX KJIiTeM.

e CTBOpPEHHsI CHUCTEMH YIIPABIIHHA TeOMETPUYHWME IlapaMeTpaMu
Iepepisy KiHIeBUX [IiJITHOK IIPOKATy 3a PaxXyHOK 3MiHM IIIBHAKICHOTO pe-
JKUMY IPOKATKU B OCTAHHBOMY ITPOMIMKKY UOPHOBOI I'PDYHU KJIITEH.
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Pucynox 1 - Cucrema ynpaBiaiHHA IMIBUAKICHUM PeXMMOM ITPOKATKU
CAPIII - cucrema aBTOMaTUYHOTO peryjioBaHHA mBuakocti; PH -
peryaarop HatAry; PII - peryaarop nmetai; [III - natTumnk moJio:keHHA
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PosrasimemMo MeToau yIpaBiHHS 6araTo3s SISHHMU eJIEKTpoMeXa-
HIiYHMMHK KOMILJIeKCAMU IPOKATHUX KJIiTel.

Ilnss Oe3mepepBHOI IIPOKATKU igealbHUM OyB Om peXKuM, KOJIU
MIBUAKICTL IIPOKATY HaA BHUXOJAi 3 IIOIEePeSHBbOI KJITI mopiBHioBasia 0
IIBUAKOCTI IIPOKATY Ha BXOAi B HACTYIIHY KJIiTh (pmc. 2).
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Pucynoxr 2 - [IIBuakicHMI pe:XuM IPOKATKH B Oe3lepepBHil rpyli KiaiTein

SKIMO IMBUAKICTL IIPOKATY Vll-_l Oyme OijbIlle IIBUIKOCTI Vo,.’ TO

peKUM TPOKATKM HA3MBAETBLCA: MPOKATKA 3 HmianmupaHHAM. SKIMo HaBIa-
KH - TO 3 HATATOM. ¥ UYHCTOBOI I'PYIi HPOKATHUX KJIiTell MOMKJHUBUN pe-
JKUM IIPOKATKHU 3 IeTJIel0, KOJU B MisKKJIITHOBOMY IIPOMIiKKY CTBOPIOETH-
cd 1 miATpUMYEThCA 3amac IPoKaTy, IO IepeBUIIy€e BifCTaHb MiK BaJIKa-
MU KJiTei.

Ha mBuakicTh IIpoOKaTy Ha BXOMi i BUXOHi 3 BaJKiB KJIiTeH BILJIU-
BalOTh MHOKWHHI YMHHWKU: BeJIMUMHA OOTHMCHEHHs, TeMIlepaTypa IIpoKa-
Ty, Koe(iIlleHT TepTd B ocepeaky aedopMailrii, Mesxa NJIMHHOCTL Ta 1HMII.

Y Teopil IpPOKATKM OTPUMAHI 3aJ€KHOCTi, IO 3B S3VIOTH IIi IIapa-
metpu. HaBememo geski 3 HuUX.

IIpu mpokartii BBasKarmoTh, IO O0CAT MeTajly M0 OOTHCKY MOPiBHIOE
obcAry MmeTasry micad obtucky [1]:

SOiI/‘)i - SliI/Ii ’ (1)
ne S,, S, BiAmoBigHO, IJIOILIa IOIIEPEYHOro Ilepepi3y NMpOKaTy A0 oOTHC-
Ky, Ta micas o0Tucky B Kuiti i, V,, V, - BiINOBiAHO IMIBUAKICTE IPOKATY

Ha BXOJi i BUX0Ji 3 ocepeaky aedopmarrii.
®dopmysna (1) mo3BOJisiE BU3HAYUUTU CIIiBBiHOIIEHHA IIIBUIKOCTEN
mepeaHbOTO Ta 3aJHBOT'O TOPILIB MPOKATY IIPU CTAJIOMY ITPOIEeci.

S
V=V, =AY, &)

1,

i

ne A - Koe(iIlieHT BUTATY B KJITi i.
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Takxum YMHOM, IIBUAKICTH MepeMillleHHA HPOKaATy B Ocepeinkry me-
dopwmarii He moctifima. Po3pisHAITH 30HY BifcTaBaHHA, 30HY BUIIEpe-
I'KEeHHA 1 HedTpaJbHUU nepeTuH (puc 3).

Pucysok 3 - 3oHU BullepeIKeHHS i BiAcTaBaHHS B ocepenKky medopmarrii
1- 3oHa BimcTaBaHHA, 2 — 30HA BUNEPEIKEeHHA, 3- HEUTPAJIbHUN IIePEeTUH

PosrissHeMo ymMOBUM BUHUKHEHHSA HATATY IPOKATy B MiKKJITHOBO-

My HOPOMIiKKY, YTBOPeHOMY KJitamm K.

..» Ha, (puc. 2). BignosigHo 1no
3akony I'yvka mas mpyskHOI medopmaillii 3paska g0 HOT'O HEOOXiJTHO IIpH-
kjactu cuny F, axa BusdHauaeTbcd 3a (OPMYJIOIO

F=E,S, (3)
ne E wmopyns npyxsocti IOHra, ,l - mpysxHe po3TATHeHHA 3paska, S -
IJIOIIIA IIOIIEPEYHOT0 IIepepisy.

Y MIMKIITBOBUI IPOMIKOK KJITh BHOCUTBH IIDOKAT JOBXHUHOWIO [

i-1

BUpPaKeHy uepes IBUIKICTh IPOKATKU
t
l]'i-l = J.I/li-ldt ’ (4)

Y Toii )XKe caMuil Yyac KJIiIThb BUHOCUTH 3 MPOMIKKY IIPOKAT AOBIKU-
HOIO, BUPDa)XEeHOI TaKOK uepes IIBUIKICTb, AKa JOPiBHIOE:

I, = j.Voidt, (5)

SIkmio moB:kuHa [, Oyde Oisbllle HiK [, , To BUHHKA€E PeXXUM HaTH-

ry npokary. Cuna, 1o posrarye F, . BusHauaeThcda 3aKoHOM I'yka. 3mina

i-1,i

cuau F

i-1,i

B yaci Bu3dHavaeThcA 3ajekHicTio ((popmysia Mopososa):
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d i-1,i ESoi
=T (V=) (6)

i-1,i

ne L.

.; MOBMKHMHA MIXKKJITHOBOTO IIPOMIiKKY.
ITpu mpokariii HATAT B MiKKJIThOBOMY IIPOMiKKY He 3MiHIOETHCA
10 HECKiHYEHHOCTi, a Ma€ KiHIIeBYy MeKYy, sSKa BU3HAUYAE€TbCA HOBUM CTa-

JUM CTaHOM, KOJU BUKOHYEThCA PiBHAHHSI:
v, -V, =0, (7)

R, (1+s,
a)i_leH (]_ + Si—1) — w =0 , (8)

15

e o, , @ - BiAIOBiJHO, KyTOBa YacTOTa BAJKiB momepenHboi Ku,  Ta mo-

I3

nanpmoi K, waiteir; R, , R, - Bignosimgwo, pagiyc kiiteir Ka,, i Ka,;

S, ,, 8, - Koe(inieHTH BUIIepeAKeHHs.

YucaenHi mocaimxenusa [1] cBiguarh, mio B OijbIIOCTi BUIIAAKiB
IPOKATKM BUIIEPEIKeHHs 3HaxXoauThbcesa B mexxkax 1-10%, ToOTo iioro umc-
JoBe 3HaueHHs HeBeamke. II[o 3K cTocyeThcsa BimcTaBaHHS, TO BOHO MOXKE
OyTu sHauHO Oinbiie, Hanpukaazx, 30% ta i O6inxbme. Tomy Oyamemo Bpa-
XOBYBaTU 3MiHY IIBUAKOCTI IIPOKATYy HiJA Ji€0 HATAry TiJIbKM Ha BXOHi B
KJiTh, HACTYIIHY 3a IIPOMIiKKOM.

Ak BuniuBae 3 opmyanu (8) MIBUIAKICTH IIPOKATY HA BXOZAi B KJITh
Oyne 3MiHIOBATHCS 3a PAaXYHOK 3MiHU KoedillieHTa BUTATY, a Iie B CBOIO
yepry BimOyBaeThbCsA I Ai€l0 HATATY B Il KJIITi.

s BU3HAUYeHHs PO3IIMPEHHs cKopumcraemocsa (opmyJoro Baxri-
soBa B.II. [1] i Bpaxyemo 3MiHY pPOSIIHPEHHS 3a PAaXYHOK HATAT'Y IIPOKAa-

TY:

h. h.
Abli =|1.15°- \/RkiAhi -2 Cq. = AbhiCq_ o (9)
2 ho,. 2f,
me b, - PO3IIMDEHHS TMPOKATy 3a PaxXyHOK #oro obrucky; C, - Koedirri-

€HT; ,h, - OOTHUCHEHHS B i - Tiff KJiTi; [, - Koe(imieHT TepTa B ocepenKy
nedgopmarrii i - oi KJiTi.
BrnimBoM mepesHBOTO HATATY HA POSIIUPEHHA MOYKHA 3HEXTYBaTH.

Toxi BenmumHa KoedilieHTa Cq HaOJIM)XeHO BU3HAUYAETHCSI 3a (POPMYJIOIO

[1]:

o (10)

i-1,0 0

1

cC =1-2

q
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Je ¢, - TMTOMUN 3aJHiMl HATAT IPOKaTy; O, — Hampyra IJIMHHOCTI IJd 3a-

IaHUX YMOB gedopmarrii.
Toxmi moxxkHa 3amucaTi:
q,

q, A
Abli = Abh, 1-2—1|= Abh, _2AbhA — = Abh- — Ab ’ (11)

i o. i i o. i

1 l

q,
e Abq_ =2 Abh_ = PO3LINPEHHA IIPOKATY 3a PaXyHOK HATArY.
' 'O,

L

Busumauumo S3MIHY IIBHUAKOCT1 IIPOKaATy Ha BXO0/Jl B KJIITb HJLL. Bl

HATATY SAK
AV, =K.F ;. (12)
Ilepenuinemo piBHsAHHA (6) B HACTYIHOMY BUTJISAII:
dF,, _ES,
i ST (V, ~KzF.. -V, ), (13)
abo
oy B g g 25 (v, -, )- (14)
d L, "™ L Vv
IlomanwImni mepeTBOpeHHS AaI0Th:
L., dF, 1
ms K, ar g ) (15)
IosHauumo " yepesd 7, i OTPHMAaeMoO pimeHHS mboro gude-
ES K, @
peHIliaJIbHOTO PiBHAHHA:
1 o
F =K—(Vq. —Vll._l) L-e" |. (16)

F

i

Tax aK mocriiina 7, Mae 3HaYeHHd MiJIbHAOHHIN YaCTKU CEeKYHIU TO

mepexiJHUM TPOIlECOM - 3MiHOIO HATATY MPOKATY IPU HEY3TOoAKeHOCTi Ho-
ro B MIKKJIThOBOMY HNPOMIKKY MOKHaA 3HEXTYBaTH 1 TP MaTeMaTUUYHOMY
OIMCi IILOTO IIPOIleCY BBasKaTU iioro Oe3iHepIlifiHuM.
BusHaunmo 3ajie)KHIiCTh MijK HEY3TOMMKEeHICTI0O MIBUIAKOCTe! ITpoKa-
Ty B Mi)KKJIITBOBOMY NIPOMIKKY 3 HATATYBAaHHAM MHOTO B CTAJIOMY PEXKUMI.
Y crajsomy pesKuUMi NPOKATKU MIBUAKICTH MeTaJly HAa BUXOMOL 3 KJIi-

Ti Vli_l PiBHAETHCA NIBUAKOCTI MeTajy Ha BXOAl B HACTYIHY KJIThb Vol_.

Ilmomra mpokaTy Ha BHXOAi 3 KJITi Slil TaKOK MTOPiBHIOE ILJIOIIi IIPOKATY
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Ha BXOJi B HacTymHy KJiTh S, . B npomy BUIanKy KoedillieHT BUTAKKU

qgepes H_IBI/I,I[KiCTI) IIPOKATY MOMHa BU3HAYUUNUTHU HACTYIIHMM YMHOM:

LS. W 7
Rl A (17
abo

S, =8, 3 (18)

Y cBowo uepry mJjoImia IIOIIEPEUYHOTr0 Iepepidy IIpOoKaTy Ha BUXOIi
i - 0l KJIiTI BUBHAUYUTHCA:

Sli = (boi + Abhi - Abqi)hli ’ (19)
Ae ,b, - pO3IMIMPEHHs IPOKATY 3a PAXYHOK HATATY.

IligcraBuBinu (19) B (18) oTrpumaemo:

(b, + 1B, = b, )1y, = S, M

q;

b =-8 " b b
by =S g () 20)

BpaxoByroun Bupas (11) sanumiemo:
2.b V
A hiqol- _ S 1,

o, Vb

L

+(b, +.b,) (21)

3 piBHAHHA (21) oTpMMaeMO HMUTOMHUI HATAT IIPOKATY B MIiXKKJIi-
ThOBOM IIPOMIiKKY:

v
(bo- + Abh-)_ S, e O;
A (22)

% 2Abh,.

Y maBenenomy Bupasi (22) Bci maHi ayis po3dpaxyHKY IIMUTOMOI'O Ha-
TATY TPOKATy MOYKHA OTPUMATH 3 TaOJUIl KariOpyBaHHA.

Hasenenuit Bupas (22) € opuriHaJbHUM, TaK AK B TeXHiuHiN JiTe-
paTypi 3 Teopil IpOKaTKU He 3ycTpiyaBCcsa paHilie.

Ilig wac HajamTyBaHHSA INBUAKICHOTO PEKUMY IPOKATKU IIPO Be-
JUYUHY HATATY CYAATH II0 Tepelany CTPyMy AKOpA ABUTYHA IO 3aXOIl-
JIeHHS IIPOKAaTy MOAAJIbIIOI0 KJITTIO i micjad 3aXOmJeHHs NpPOoKaTy. 3MeH-
IIeHHA 3HAYEHHS CTPYMY T'OBOPUTH ITPO HASABHICTH HATATY IPOKATY.

Js OIiHKM BeJWUYMHU HATATY NPOKATY 3i 3MiHM CTpyMy AKOpA
OTPUMAaEMO MaTeMaTUUYHYy MOJAeJb MOMEHTY MpPOKaTKu, 3riguo [1].

MoMeHT IPOKATKU IPU 3aJHBOMY HATATY BU3HAYAETHCA 3 BUPA3Y:
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D;

!
M, = (zg\yi i) +q,S,R, - (23)

12

ne P

12

- gycuaaa mporaTtku; VY. - KoedillieHT IOJIOKEeHHsS pPiBHOAiIIOUOI

1

TUCKY Ha BaJIKWU; [, - JOBXKUHA ocepeiky medopMarii p; - IepeiaBajbHe

YHCJIO PeAYKTOpPa IOJIOBHOTO IPUBOAY BAJIKiB;.

3a maHUMU KaJwiOpyBaHHA njd KJaiTi 7 gpidbmocoprHOro crany 250-1
[3] BuKOHaHUII PO3PAXYHOK BEJUUYMHU HATATY IIPOKATy i MOMEHTY Ha Ba-
JIy IBUTYHA 3 3aAHIM HaTAroMm i 6e3 mboro [3].

PospaxyeMo MOMEHT ITPOKATKU Ta IIOTYKHICTH MPOKATKM 0e3 HaTd-
ry.

Yacrora obepraHHa ABUryHa n, = 502 00/xB; o, = @, = 52.54 c-1.

l
MowmenT npoxarku M,, =2PY, < -1830 Hwm.
l H;

Ioryxxuicte npokatku N, = M, o, = 329 KBr.

TakuMm mapaMerpaM IPOKATKH BigmoBimae asuryu tuny 411-450-16-
630 ¥3: mory:xuictsk - 800 kBt, Hanpyra xusjaeHHa - 600 B, uucao obe-
priB Bajyia - 800 06/xB, MmomeHT iHepmii - 41 Krm2.

BcecraHOBHMO IIBHJAKOCTI IIPOKATy Ha BUXOAL 7-0i i 6-01 KiiTeir y
BigmoBimHOCTI 3 TabsuIleI0 KaaiOpyBaHHA [3], IIJIAXOM 3aBHAHHS BiAIoOBi-

JHIX YacToT obepTaHHs JABUTYHIB KJiTeil o, =52.57 1/c, 2} = 50.68

7
1/c.

IMum gyacTtoram oOepTaHHA BiANOBiZAIOTH HACTYIIHI 3HAYEeHHA
MIBUAKOCTE IIPOKATY: V17,1 =2.16 m/c, V16,1 =1.61 m/c.

Po3paxyeMo MOMEHT IpPOKATKU i CTPyM Yy JIAHIIO31 ABUTYHA IIpHU
IIPOKATIIL 3 HATATOM [AJId HaBeJAeHUX BUIIle BeJUUNH.

MomeHT TPOKAaTKU, OOYMOBJIEHUN HATATOM:

q,S,R, =1370 Hu.

MomeHT IIPOKaATKU 3 3aJHIM HATATOM:

i

!
M, = (ZPJK i} +q,S, R, =1830+1370 = 3200 Huw.

CTpyM AKOpS IPU MPOKATIi, O0YMOBJIEHUIN HATSATOM:

I, =43.9 A.
CtpyMm siKOpsA TIPU TPoKaTIli 6e3 HATATY:
I, =391 A.

IToBHU cTPyM AKOPA HIPU HTPOKATIIL 3 HATATOM:

ISSN 1562-9945 115



5(112) 2017 «CucreMHBIE TEeXHOJOTUH »
Inui =1, +1I, = 391+ 43.9=434.9 A.

Tax AK paziyc BaJIKiB i IOTYKHICTh ABUTYHIB T'OJOBHUX NPUBOIIB
KJiTeli YOPHOBOI rpynu OPUOJM3HO OMTHAKOBiI, TO Taka K 3MiHa CTPyMy
(TiTbKM B MEHIIY CTOPOHY) BimOyaeThbcss B KJiTi 6 ApiOHOCOPTHOTO cTaHy
250-1.

Buznaunmo KoedimieHT CHiBBiIHOMIEHHA JIIHIAHMX INIBUIKOCTEH

IPOKAaTy Ha BUXOJi 7-0i i 6-01 KJjiTeil (mepiiie 3HaueHHs n = 1):

k Vi,
= (24)
V].'l—l.n
Hnsa n =1 meit xoedimienT Oyme mopiBHIOBATH:
po_ Vi 216 o
Yoy el

Koedimnienty cuiBisnomenus Fk;, =1.34 siamosigaioTs q, = 6.92
H/mm?, I, = 43.9 A.

3MiHIOIOUM YacTOTy OOepTaHHs ABUIyHA KJiTi 7, BU3HAUMMO DAL
3HaUeHb KOoe(iIlieHTy CIIiBBiHONIIEHHA INBUAKOCTe! mpokrary. g KOoKHOTo

OTPUMMAHOTO 3HAYEeHHA Fk,, O0YMCIMMO NUTOMMHI HATAr IPOKATy i mepemap,

CTPYMY B JABHUI'VHiI I'OJIOBHOT'O IIPHBOAY BAJKiB KJIiTi 6 3a paxyHOK BMHUKAIO-
YOr'0 HATATY IPOKATY IIicJA 3aXOILIEHHAM HOro KJITTIO 7.

I'padixm mux s3ajeskHOCTEH mpencTaBjeHi Ha puc. 4.

Orpumani pesayabTaTy AO3BOJAKTH a00 Bi3yaJbHO OIiHIOBATH Ha-
CTPOMKY INBUJIKICHOIO PEeXMMY IIPOKATKH B YOPHOBiH rpymi KJiiteir, abo
BUKOHATH CHUCTEMY aBTOMATUYHOIO YHPABJJIHHA UM PEKUIMOM.

= . .
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Pucynox 4 - I'padiku 3MiHM cTPpyMy SKOpPS i HATATY IPOKATy BiJ CIiBBix-
HONIEeHHA NMIBUJIKOCTI IPOKATy HAa BUXO/i i Ha BXO/i B KJITh

Posrissmemo cuctemMy yIpaBiiHHA HIBUIKICHUM pPeKUMOM ITPOKAT-
KU, 300paskeHy Ha puc. 1. BeauunHa JOTyCTHMOTO Mi’KKJIiTHOBOTO HATATY
PO3PaxOBYETHCA B CUCTEMi HaJaIlITyBaHHSA HMIBUIKICHOTO pPeXUMY ITPOKAT-
ku. llepepaxoBaHe 3Ha4YeHHA MIMKKJITHOBOTO HATATY 3 ypaxyBaHHAM Ie-
penany CTpPyMiB B AKIpHUX JaHIIOrax ABUTYHIB Bix Hartary (y Biagmosin-
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HUX MiKKJITBOBUX NPOMIiKKax) MepemacThbCcs Yy BUTJIALL 3aBIaHHA OO pe-
rynaTopiB Hatary PH. Perynsaropu HaTAry KepyloTbh AKIpHUMHU CTpyMaMU
JIBUTYHIB IPUBOJIB BaJKiB CYMIKHUX KJiTell i KOPUT'YIOTH CIIiBBiTHOIIIEH-
HsS IMIBUAKOCTell MPUBOAIB BaJIKiB TaK, 100 Ipu 3allOBHEHHI CTaHy IpOKa-
TOM IIepenaay CTPYMiB BiJ HATATY NPOKAaTy BiANOBimaiu 3aJaHUM.

Ha puc. 5 3o0pakeHa 3MiHa CTPYMiB TOJIOBHUX €JIEKTPOIPUBOXLIB
CYCiAHIX KJiTell IIpU aBTOMATUUYHOMY YIPAaBJiHHI IMBUIKICHUM PEKUMOM
IPOKATKU B YOPHOBIi#l rpymi KiiTeii.

Ilicia 3axomyieHHA MeTaJy BajlkaMu KiiTi 1 (B MOMeHT uacy ),
Ha iHTepBayi Wacy 7, samaM ATOBYEThCA CTPYM BiJIbHOI IPOKATKU B JBU-

ryHi kaiti 1 (I, ). ¥ MoMeHT udacy ¢, BigOyBaeThbCa 3aXOIJIEHHS IIPOKATY

1.CB

BaJKaMmu KJitTi 2. fAKIimo € HaTAr mpokary Mixk KJiaitamu 1 i 2, To cTpym
nBuryHa kJaiti 1 smenmursca Ha Beanuuny ,I,. Ha iHTepBani r, sama-

M SATOBYETHCS CTPYM ABUTYHA KJiTi 1 mIpu HasgsBHOCTI HATArY.
Hia 3MeHIIIEHHA HATATY CHCTeMa YIIPaBJiHHA B3HUYKAE YacCTOTY

oGepraHHs BaJKiB KiirTi 2, Tak, mo6 ctpyMm B Kiaiti 1 spic (I ). Ilpum

1.CB

IBOMY CTPYM B KJITi 2 3HM)KyeThbcA Ha Bequuuny ,l,. PisHuna mixk npu-

pocramu ctpymis ,I, i ,I, BU3HAuUuUTh HOBe 3MeHIIeHe 3HAYEHHA HATALY
IIPOKATY.

Kpim nworo, BiAmoBigHO 10 3aIIPOIIOHOBAHOTO METONIY ITPOTPAMHOIO
YIpaBJiHHA HaATATOM NPOKATy 3i 3MiHuM Buxony peryJasaropa mnetii PII B
YUCTOBUU TpyIi [5], MOKHA MOBHICTIO BUKJIIOUNUTH PA3HOIIIPiHHICTH IPO-
(isnro, mOB'A3aHy 3 HATAIOM IIPOKATY.

Cumyayua npu eumipioeanni 1| Cumyayua npu euMipoeanii
cmpymie nepeo ix pezynroeannam || cmpymie nicaa ix pezynroeanHa
1

P P t
[ [ [
I

AT AT AT3
Pucysox 5 - I'padiku smin crpymiB I, Ta I, ABUT'yHIiB BaJKiB CyMi*KHUX

Kiaiteir 1 u 2 npu npoxarui 3 Hatarom: I ., I, . - CTpPyMHU IpU BiIbHIA

npokarii; I I, - ctpymu npu nmpokarini 3 HaTarom; , [

1.H? 2.H 12 A

I, — 306inb-

IIIeHHA BIANOBIAHUX CTPYMiB
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BucHoBku

1. OrpumaHa (opmysa po3paxyHKY HATATY MPOKaATy MTO3BOJISAE 3a
JaHUMHU KajaiOpyBaHHS OOUYUCJUTU YaCTOTH OOepPTaHHA BAJIKiB CYMiKHUX
KJIiTeil, 1o 3a0esreuye IMPOKATKY IIepPeIHbOI MiJTAHKM HPOKaTy 3 MiHiMma-
JIbHUM HATATOM.

2. 3ampomoHOBaHA METOAWKA PO3PAxXyYHKY HATATY IIPOKATY ITO3BO-
JIsie aBTOMaTUYHO HACTPOIOBATU INBUIKICHUHN PEKUM IIPOKATKU, BUKOPUC-
TOBYIOUM 3MiHY CTPYMY SAKOPA ABUTYHIB IIPUBOIY BaJIKiB.

3. Bukonanusa cucTeM aBTOMATHYHOTO YIIPaBJIeHHA Ha 0asi sampo-
TIOHOBAHOI METOAMKHU AO3BOJIUTH 3MiHMCHIOBATU IPOKATKY 3 KOHTPOJIHOBA-
HUM HATSATOM.
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