1 EjieMeHTH aBTOMATHKH-TIEPeTBOPIOBayvi iHpopMmauii

1.1 3araaeni BitoMocTi.

VY3araibHEeHy CTPYKTYpHY CXeMy OYIb-sIKOT CHCTEMHU KEepyBaHHS TEXHOJOTIYHHM
00'ekTOM 300paXkeHO Ha pUCYHKY 1.1.
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Puc. 1.1 - Y3aranpHeHa cTpyKTypa CUCTEMH KEPYBaHHS

OO0 - 00'eKT KepyBaHHS;

A - BIUIMB 30BHIIIHBOTO CEPEOBHUINA HAa 00'€KT, BHACIIIOK YOr0 MOPYIIYETHCS 3a-
JTaHuM nepedir TEXHOJIOTTYHOTro npoiiecy (“30yproBajabHUM BIUITUB”);

P - posnopsnua nanka;

I11 - noBigomHa iH(opMaillis mpo cTad 00'ekTa (32 3BOPOTHUM 3B'SI3KOM);

KI - kepyroua iHopmaiiisi, o Mae Ha MeT1 3a0€3MEUNTH 3alaHUM Mepedir TEXHOJIO-
TIYHOTO TPOoILIECy (3a MPSIMUM 3B'SI3KOM).

MarepianbHUM HOCiEM 1HQOpMAIlli € CUTHAN - MeBHE (I3UYHE SIBUINE, 3B'sI3aHE 3
KOHKPETHUM (PakToM abo mojiiero (MpUKIaId CUTHANIB Y TEXHIYHUX CUCTEMAaX KEPyBaHHS:
HasBHICTH 200 BIJICYTHICTh €JIEKTPUYHOIO CTPYMY B KOJIi, 3MiHa TUCKY MOBITPs y TpyOOII-
POBOJI1, MEXaHIYHE TIepeMillleHHs (I3UYHUX TUT Ta 1H.).

VY posnopsiayiii JaHii 3A1HCHIOETHCS TIEPETBOPEHHS 1H(POpPMaIlii, CUTHAIU TEPETBO-
PIOIOTHCA 3 OJHOTO BUJY B 1HIIUHN 3a JOTMOMOIOK THX YM IHIIUX MPUCTPOIB, HA3BAHUX 1H-
dhopmaliitHIMU IEpETBOPIOBAYAMU.

Po3nopsimua nanka ckiaagaeTbes 3 40TUpbox enemeHTiB (Puc. 1.2):

Puc. 1.2 CtpykrypHa chMa KEPYBAHHS TEXHOJIOTTYHUM 00'€KTOM
PYKTYPp Py

EC - enemenrt, sxuii cipuitmae iHpopmMaIliro mpo cTaH 00'ekta 1 nepepoOIsie i1 y cu-
THaI @ ;

E3 — enemenr, mo 3aaae ingopmariiito ¥ mpo te, sKkuM mMae OyTH CTaH 00'€KTa;

JIE - noriyHui eneMeHT, 0 MOpiBHIOE curHamu ¢ ta ¥ 1 BUpoOIsie po3nopsaunii
CUTHAN [\, IKUW BKa3ye, sIK TpeOa BIUIMHYTHU HA 00'€KT Uil 3a0€3MeUeHHs 3a1aHOTO aJlro-
pUTMY oro poOoTH;

BE - BukoHaBYMH €JIEMEHT, SIKUi Ha OCHOBI CUTHATY |l 0€3MO0CEpPEeHbO BIUIMBAE HA
perymorounii oprad (PO), BcTaHOBIIOI0YM 32 HOTO JI0MTOMOTO0 HEOOX1THUI MOTIK eHeprii
a00 peYOBWHH, 110 HAAXOAUTH A0 00'ekTa Bia mkepena (/x). 3aBganns B E3 BBoauThCs 3a
JIOTIOMOTOI0 YCTaBKH 7.



VY KOXXHOMY 3 BHUILI€3a3HAUYEHUX E€JIEMEHTIB 3/I1IMCHIOETHCS MEPETBOPEHHS 1H(hOpMa-
11, CUTHAJIM MEPETBOPIOIOTHCS 3 OJHOTO BUAY B 1HIIMN 3a JAOMOMOIOI0 1H(QOpMAIiHHUX
MEPETBOPIOBAUIB.

Ha puc. 1.3 noka3aHo y3arajibHEHY CTPYKTYPHY CXE€MY TaKOro MepeTBOpIoBaya:

X - BXIIHUH CUTHAII;

VY - curnan Ha BUXO/I1 IEPETBOPIOBAYA;
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Puc. 1.3 - TlepetrBoproBau iHpopmairii

PosrnsiHemo fesiki Ppi3uydH1 NPUCTPOI, SIKI BUKOPUCTOBYIOTHCSI Y TEXHIYHUX CHUCTE-
Max KepyBaHHS 3 METOI0 mepeTBOpeHHs iHpopmarllii. 1[I mepeTBoproBayi MpUNUHATO MOII-
JISITU Ha TPYIH 3aJI€KHO BIJl XapaKTepy CUTHAIIB Ha iX BUXO/I.

1.2 IleperBOoproBayvi, B IKMX BHUXiIHUM CHIHAJIOM € MeXaHi4yHe NepeMillleHHs
(niniiiHe, 00epTaJibHE).

BinuenTtpoBuit nepetBoptoBau (puc. 1.4) BUKOPUCTOBYETHCS I OACPKAHHS JITHIMN-
HOTO MepeMillleHHsl y = [ 3aJ€KHO BiJl YaCTOTU 00€pTiB Bajia MamuHu X = n. [Ipu o06ep-
TaHH1 Bana 1 Tarapi 2 mig Al€r0 BIILEHTPOBHUX CHJI, IPUKIAJEHUX IO BaXKENiB 3, PO3XO-
ISThCS BPI3HOO1Y, 1 KUThIE 4, TEepeOOopIOIoYU OMip MPYKUHU 5, IEPEMILITYETHCS BIOPY, 1 11€
nepeMileHHs / 0yne TuM OUTbIIUM, YuM O1Jibllla YacToTa 00EepTiB n Baja.

[TonnaBkoBuii nepeTBoproBau (puc. 1.5) 3abe3neuye nepemMilieHHs MTOKa y = /, 110
BIIMOBIAa€ 3MiHI piBHA pianHU X = h. [ToriaBok BUrOTOBISETHCA 3 MaTepiany, 00'eMHa
TryCTHHA SIKOTO MEHIIA, HiX 00'eMHa piiMHU. Y 1[bOMY HepeTBOproBayi / = h.

ByiikoBuii neperBoproBau (puc. 1.6) BiIpI3HAETHCS BiJl MOIIABKOBOTO HASBHICTIO
MPYKUHU, KA OOMEKY€E BUXIHE TIEPEMIIIEHHS, TOMY B IIbOMY MEPETBOPIOBaYi / mpomop-
miige h, aime / < h.
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Puc. 1.4 - BinueHIpOBHﬁ I Puc. 1.5 - lorwaskosuii IL. Puc. 1.6 - byiikosui I1.

ManoMetpuunuii TpyOuactuii neperBoproBau (puc. 1.7). Konu Tuck X = p 3pocrtae,
TpyOKa PO3TUHAETHCS, 1 PyX 11 BUIBHOTO KIHIA € BUXIJHUM MapaMeTpoM y = [ . Ko TUCK
3MEHILYETHCS, TPyOKa 3aBISKH CBOIM MPY>KHOCTI MOBEPTAETHCS Y MOYATKOBE MOJOKEHHS.
[Ipu TomMy % THUCKY X = p nepeMilieHHs y = / Oyne OulbIInM, SIKIIO TpyOKa Mae IEeK1JIbKa
BUTKIB (puc. 1.8, 1.9); neperBoproBau Ha puc. 1.9 Bigpi3HIETHCA 1€ U TUM, 1[0 BUXITHE
MepeMIILICHHS 1or0 MPsMOITiHIMHE.

MemOpannuii neperBoproBau (puc. 1.10, 1.11). Sxuro trck x = p razy ado piiuHU



3pocTae, MeMOpaHa MPOrMHAETHCS, 1 MITOK NMepeMilyeTbes Y = L. MemOpaHu BUTOTOBJIS-
IOThCS 3 €TACTUYHOIO JUCTOBOTO MaTepiany (puc. 1.10) abo 3 TOHKOTO METaIeBOro JIMCTa
(Puc. 1.11); 3 MeTOr0 30UIbIIEHHS MPOTMHAHHS METaJeBl MEMOpaHu MOXKHA TopyBaTH.

MemOpaHHMil IepeTBOPIOBaY MOKHA MPUETHATH 10 IBOX PI3HUX JKEPeN TUCKY P 1
P2, TOA1 MPOTUHAHHS MEMOpaHH 3aJIeKaTHUME Bl PI3HUII TUCKIB p; - Po. Takuii MemOpaH-
HUU MepeTBOpIOBayY AICTaB Ha3By audepeniiansHoro (puc. 1.11).

Cunbponnuit neperBoptoBau (puc. 1.12) sBnse coboro rodpoBanuii MeraneBuil
CTaKaHYMK; EPEMILIEHHS HOTO IHA y = [ 3aJIeXKUTh BiJl TUCKY ra3zy abo piiMHU X = p yce-
peIrHI CTaKaHYHKA.
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Puc. 1.7 - Manomerpuunnii Puc. 1.8 - Manomerpuunuii Puc. 1.9 - ManomeTpuuHuii

Pinuanuit tepmomerp (puc. 1.13): mpu migBUIIEHHI TeMmepaTypu X=t piauHa
(pryTh, iAdapOOBaHUIl CIUPT) POMIMUPIOETHCSA, 1 CTOBIUUK PIAUHU B TPYOIll JOBIIAE, Y=L.
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Puc. 1.10 - MewmOpaunuii Puc. 1. 11 — Mudepenuiansauit mem6panuuit I1. Puc. 1.12 - Cu-
nbdounnii I1.

bimeraneBuit nepetBoproBau (puc. 1.14) BUKOHaHUN 3 JBOX METAJIEBUX CMYXKOK,
3'€lHaHUX MK CO0O0I0, MPUUOMY TEeMMEpPaTypHI KOCQILIEHTH iX JIHIMHOTO PO3IMIMPECHHS
HEOJHAKOBI: OJIUH OUIbIINHN (0g), APYTHM - MEHIIHH (0,). MeTasl 3 BeTMKUM TeMIepaTyp-
HUM KO€(ILIEHTOM JIIHITHOTO PO3MIMPEHHSI HAa3UBaIOTh TEPMOAKTUBHUM (JIATYHb, XPOMO-
HIKeJIeBa CTallb), METAJl 3 MEHIITUM KOE(DII[IEHTOM - TEPMOMACUBHUM (CIUIaB 1HBap, 64% Fe
+ 36% Ni). [Ipu nigBuilieHH] TeMiiepaTypu X = t BUIbHUN KiHEllb I[bOTO MEepPEeTBOpPIOBaYa
3TUHAETHCA, y = .

JunatomeTpuunuil nepeTBoptoBau (puc. 1.15) Texx BUTOTOBISETHCS 3 TEPMOAKTUB-
HOTO 1 TEPMONACHUBHOTO METAaNIB; MPU MiABUIIEHHI TeMIEpaTypu X = t TEPMOAKTUBHUU
CTaKaH JOBIIA€, a BHYTPIIIHIN TEPMONACUBHUN CTPUIKEHB 3aJIUIIAETHCSI HE3MIHHUM, TOMY
BEpPXHIN KiHELb MOTO MEPEMINTYEThCS BHU3, ¥ = L.

Porametp (puc. 1.16) cknagaerbest 3 TpyOKu 1, 10 pO3MIUPIOETHCSA TOTOPH, 1 MOII-
JaBKa 2, skl Ma€e ocoOIMBYy (GOPMY: 3HU3Y - KOHYC, YIOpl - HEBEIMKUN 00I0K 3 KOCUMU
nazamu. [luToma maca moruiaBka MOBHUHHA TPOXU MEPEBUILYBATH MUTOMY Macy Cepelo-
BUIlIA (Ta3, piAMHA), 0 MPOXOJUTH uepe3 nepeTBoproBad. [loTik razy abo piluHU MiTii-
Mae€ MOIJIaBOK Ha MEBHY BUCOTY; YMM OLIBIIUN MOTIK Q PEUOBUHU, TUM BUIIE MiTIMMAETh-



csl moryiaBok, y = /. Koci mas3u TyT AJist TOro, 1mo6 noruiaBok o0epTaBcs MPU MPOXOKEHH1
PEYOBUHHU M0 TPYOIIll 1 HE TOPKABCS CTIHOK.
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Puc. 1.13 Puc. 1.14 Puc. 1.15 Puc. 1.16
Puc. 1.13 - Pinunnuit Tepmometp Puc. 1.15 - Junatomerpuunuii I1.

Puc. 1.14 - bimeranesuii I1. Puc. 1.16 - PorameTtp

MarsiToeneKTpUuYHUN ePETBOPIOBaY 300pakeH0 Ha pUCYHKY 1.17: Mk monrocamu
MOCTIHOrO MarHiTy 1 po3ramroBaHa Jierka KOTylmKa 2, CTpyM JI0 SIKO1 I1JBOAUTHCS Yepe3
cripajibHI IpyXUHU 3. B3aeMoaist CTpyMy KOTYIIKH 3 MarHiTHUM MOJIEM MOCTIHHOTO Mar-
HITY CTBOpIOE€ 00E€pTOBUM MOMEHT, BHACIIJOK YOr0 KOTYIIKA MOBEPTAETHCS 3a TOJAUHHU-
KOBOIO CTPLIKOIO, MEepe0OpIOIoUrd MPOTHII0 NPYKUHOK. KyT oOepTaHHS KOTYHIKH y = o

nponopuiHuil ctpyMy B Hiil X = 1. [lepeTBoproBau (yHKIIIOHY€E TUIBKH Ha MOCTIHHOMY
ctpymi (abo BunpsimieHomy, puc. 1.18).
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. Puc. 1.18—BI/IHP$IMJI$I‘-I Puc. 1. 19 HOFOMeTp

Puc. 1.17 - Marniroenexktpuunuii 11

Pi3HOBH]T MarHiTOENIEKTPUYHOTO MEPETBOPIOBAaYa - HA pUCYHKY 1.19: y HbOMY Hema
MPOTUAIIOYUX MPYKUHOK, aJie AB1 KOTYIIIKU: OJ]HA CTBOPIOE 00epTatounii MOMEHT, Apyra -
nporuairounii. Kyt odepTaHHS pyXoMoOi BU3HAYA€ThCS BIIHOIIEHHSM CTPYMIB y KOTYII-
Kax, TOMY LIe¥l mpuiaj 3BeThes ""nmoromeTpom" (rpeibK. BiHOIICHHS).

EnextpomaruitHi nepeTBoproBadl IPyHTYIOThCS HA BUKOPUCTAHHI MarHiTHOTO TOJIS
CTPYMY; MOKJIUBI1 pi3H1 KOHCTPYKIIIi.

Ha pucynky 1.20 300pakeHO €JIeKTpOMAarHiTHUI MepeTBOPIOBaY JJisl BUMIPIOBAHHS
CTpYMY: IIPH IPOXOJKEHH1 CTPyMy MO KOTymi 1 ¢pepomartiTHUil Kip 2 yTATryeThcs Bee-
peauHy KOTYIIKHU, Mepe0OopIoroYr NPOTUIIIO CITipaibHOI NpyXuHU 3. KyT 00epTanHs y = o



3QJIKUTH B1Jl BEIUYUHU CTpyMy X = 1. [lepeTBoproBay Moxke MpairoBaTH sSIK Ha MOCTIHHO-
My, TakK 1 Ha 3MiHHOMY cTpyMi. Ha pucynky 1.21 - enekTpoMarHiTHUI NepeTBOpIOBay Co-
JICHOIIHOTO TUIY: CTPYM X = 1 (y JAHOMY BHIIAJKY - IOCTIHHUI) NPOXOAUTH MO KOTYIIIII
1, cTBOpPIOE MarHiTHUN MOTIK, [0 BTATYE SKIp 2 yCEpeAUHY KOTYIIKH, IepedopIorodn Horo
Bary (a iHOJ1 — 1 MPOTHUIIO MPYKUHN).

x =1

Puc. 1.20 — Enextpomarnituuii II.  Puc. 1.21 - Conenoinuuii enexrpomaruitaui I1.

Ha pucynky 1.22 - enekTpoOMarHiTHUN NEPETBOPIOBAY 3 IMOBOPOTHUM SIKOPEM:
CTPYM X = 1, MPOXOJAYU MO KOTYHIII 1, CTBOPIOE y MarHiTONpOBOJ1 MarHiTHUW MOTIK,
AKUW OpUTATYE sikip 3 10 ocepnst 2. Takuil mepeTBOprOBaY MOXKE MpaIlOBaTHU TUIBKU Ha
MOCTITHOMY CTpyMI; Ha 3MIHHOMY CTPyMl Y MOMEHT MPOXO/JK€HHS MAarHiTHOTO MOTOKY
4yepes3 HyJb €JIEKTPOMArHiTHE 3yCHILIS 3HUKAE, 1 sIKIp BIOpyBaTUMe.
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Puc. 1.22 - Enextpomarnitauii [1. moctiitHOoro ctpymy
Puc. 1.23 - Enextpomarnitauii [1. 3MiHHOrO CTpymy
Puc. 1.24 - [TonsipuzoBanuii enexrpomarnitauii I1.

BapiaHT enekTpoMarHiTHOro nepeTBoproBaya (3 MOBOPOTHUM SIKOPEM) JIJisi 3MIHHO-
ro cTpymy - Ha pucyHky 1;23: xorymka 1, ocepas 2, axip 3. [Tomtoc ocepast po3uiemnito-
€TBCS, 1 HA OJJHY MOT0 YaCTUHY HAaHU3YEThCA MiJHE Kuiblie 4; yacTuHa P, 3araibHOr0 Ma-
THITHOTO MOTOKY @D, sika MPOXOAUTH Yepe3 KUIbIle, 3a 3akoHOM JleHla, BicTaBaTUME BiJl
npyroi yactuau @, Tomy @; 1 @, NpoXOAUTUMYThH Yepe3 HYJb HEOJAHOUYACHO 1 BiOparii
SAKOpsI HE Oyie.

EnextpomaruitHi neperBoproBayi, po0oTa SIKMX 3aJIeKUTh BiJl HANpPSIMYy CTPyMYy B
KOTYIIIl, HA3UBAIOTHCS MOJAPU30BaHUMHU. MOKIUBHM BapiaHT OyJJ0OBU MOJISIPU30BAHHOTO
€JIEKTPOMArHiTHOTO MepeTBopioBaua — Ha puc. 1.24. CTpym X = 1, IPOXOJAYHU MO KOTYIIIII
1, cTBOpPIOE B SIKOP1 2 MarHiTHUM MOTIK; SIKIp HAMATHIUYETHCS, 1 BEpXHIN HOro KiHElb BiJI-
IITOBXY€ETHCS BiJI OAHOMMEHHOIO MOJIIOca OCeplsi 3 1 MPUTATYETHCS 0 MPOTUIEHKHOTO.
Tak, sSKIIO Ha BEpXHINA 3aTUCKA4Y KOTYIIKU mojaTu "+", TO BepXHiN KIHEUb SAKOPS CTaHE
nontocoM "N" 1 mepeMICTUTHCS MpaBopyd Mpu moAadi "-", Ha BepXHIN 3aTUCKAY KOTYIIKU
BEpPXHIN KIHEIb SIKOPSI IEPEMICTUTHCS J1BOPYY.



1.3 IleperBoproBayi, B IKUX BUXIITHUM CHUTHAJIOM € THCK ra3zy a0o piauHu.

JlpocenbHi TEpeTBOPIOBaYl BUKOPHUCTOBYIOTHCS ISl BUMIPIOBaHHSI BUTpAaTH Ta3y
a0o piauHU, 110 NMPOXOJATH TpyOompoBoaoM. [IpuHIMn nii TakUX NMEPETBOPIOBAYIB IPYH-
TY€ThCA Ha 3aKOHI BepHysuIi: SIKI0 3MEHIIUTU Hepepi3 TpyOu, TO MIBUAKICTh Taay abo pi-
JIMHU B IIbOMY MICII1 3pOCTa€, a TUCK 3MEHIIyeThes (puc. 1.25), mpudoMy pi3HUIIS TUCKIB
710 3BY’KEHHS P 1 MICIS HBOTO P, MOXKE OyTH MOKA3HUKOM BUTPATU PEYOBUHU Y TPYOOII-
POBOJI1, OCKUIbKM UMM OUbIlIa BUTpATa, TUM OUIbINA 1 PI3HULA P; - pp. [licas 3ByXeHHs
CTPYMIHb PEYOBUHU 3HOBY PO3LIUPIOETHCS, MBUAKICTh HOTO 3MEHIITYETHCS, & TUCK TOHOB-
JIIOETHCS, aJie BHACHIIOK BTPAT HA TEPTA - HE JI0 MONEPEAHbOI BETUUMHU (1€ SIBUIIE 3BETh-
csi "HeoOOpoTHOIO BTpaToro TUCKY', Ap Ha puc. 1.25). Ha puc. 1.26 300paxxeHo O0yn0oBy
HaWMPOCTIIIOTO JIPOCEIBHOTO MEePETBOPIOBaYa BUTPATH - HOpMaNbHOT Aladparmu. bimbin
JIOCKOHAJIUM JIPOCEJIbHUM MepeTBOproBauam € Tpyda Bentypi (puc. 1.27): y uboMy mneper-
BOpIOBaul HEOOOPOTHI BTPATH TUCKY 3HAYHO MEHIIIl, HIXK Y HOpMalbHIN qiadparmi.

30JI0THUKOBUH MEepEeTBOPIOBaY - Ha puc. 1.28. SKio Horo nopuieHb NepeMilly€eTbes
Bropy, pobouya pedoBUHa I1J] THCKOM NOTPAILISE Y BEPXHIO BUXIIHY TPYOKY, a HUKHS BH-
XiHa TpyOKa 3'€ THYETHCS 3 ATMOCPEPHUM TUCKOM (P1 = Prcnn, P2 = Po): AKIIO K MOPIIEHB
30JI0THUKA MEPEMIILIYETHCA JOHHU3Y, TO BCE BIOYBAETHCA HABMAKU: Py = Prusn P1 = Po- 30-
JIOTHUKOBI MepeTBOpIOBadl 0yBarOTh rijipaBiiuHi (poOoda peyoBUHA - piIMHA 1]l THCKOM )
1 mTHeBMaTU4H1 (poOova peyoBHUHA - CTUCHEHE TTOBITPS).

y=P1-P2
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Puc. 1.25 - Ipocenbuuii I1.Puc. 1.26 - Hopmansna niadpparmaPuc. 1.27 - Tpy6a Benrtypi

CtpyMuHHMI niepeTBOproBay - Ha puc. 1.29. Skimo ctpymuHHa TpyOka po3TamioBa-
Ha BEPTUKAIBHO, TO poOOYa PEYOBMHA 1]l TUCKOM PO3MOAUISETHCS PIBHOMIPHO MIXK Jii-
BOIO 1 IPABOIO0 BUXIJTHUMH TPYOKaMH, TOMY P; = pp. SKIIIO K TPOXU MOBEPHYTH CTPYMUH-
HYy TpyOKy HaBK0JIO TOYKH O y HanpsIMKy TOAMHHUKOBOI CTPUIKH, TO THCK P CTaHE OUIb-
IIUM, HIK Py; IpU 00epTaHH1 TPYOKU MPOTHU TOJMHHUKOBOI CTPUIKU OyzAe p, > p;. Pi3HuLA
MIDXK P; 1 P CTa€ BIIUYTHOIO MPH JIyKE MAIUX MEPEMIIICHHSAX X = /[ BUIBHOTO KIHLS CTPY-
MUHHOI TPYOKHU.

CtpyMUHHI IepeTBOPIOBAUi 37€0IBIIOrO T1IpaBIiiuHi, ajie OyBarOTh 1 MHEBMATHUYHI.
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Puc. 1.28 — 3onoraukosuii I1.Puc. 1.29 — Crpymunnmuii I1.Puc. 1.30 - Como - 3aciinka
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ITepeTBOproBay 3 comaoM 1 3aciiHkor 300pakeHo Ha puc. 1.30. CkiamaeTbes BiH 3
JIBOX 3BYXKYBaJbHHUX MPUCTPOIB: OJHOTO (1) 3 MOCTIHHUM MepepizoM 1 APYroro - 31 3MiH-



HUM: YUM OJIM>K4Y€ 3aclliHKa 3 710 coria 2, TUM Nepepi3 UbOro 3BYKYBAIBHOTO MPUCTPOIO
MEHIIIUM, 1 TUM TUCK y=p Ha BUXOJ1 OUTBIIMM (SIKIIO 3acCiIIHKA 3aKpPHE COIUIO MOBHICTIO,
TUCK JOPIBHIOBATUME Y=Pycysy; SIKIO BOHA MEPEMICTUTHCS JOCUTH JANEKO, TO TUCK 3PiBHS-
€ThCSL 3 aTMOC(hepHUM, y=po). Lli mepeTBOproBaui TakoX MOXYTh OYTH TiIPaBIIYHUMU 1
MMHEBMATUYHUMH.

TepmomanomeTpuuHi epeTBoproBadi - Ha pucynkax 1.31 1 1.32. ¥V razoBomy Tep-
MOMaHOMETPUYHOMY TiepeTBopioBaui (puc. 1.31) Oanon 3amoBHEHUI razoM (a3o0T, redii);
MIpU MIJBUILIEHH] TeMIEpaTypu X=t TUCK ra3y 3a 3akoHoMm [llapmns BIATOBITHO 30UTBIIYETh-
csl, y=p. Y MapoBUX TEPMOMAHOMETPUYHUX MepeTBoproBayax (puc. 1.32) pobouoro peuo-
BUHOIO € PIAWHY, 1110 MaIOTh HU3bKY TEMIIEpaTypy KUIiHHS (aieTtoH, 6en3on). [Ipu poOoTi
[[bOT'0 TIEPETBOPIOBaYA YaCTUHA PIIMHU BUIAPOBYETHCS MPUUOMY TUCK Mapu y=p npu 30i1-
JBIIEHHI TEMIIEpATypH X = t 3pOCTa€ 3HAYHO MIBHIIE, HIXK Y ra3oBux. OHAK IJis TpaBU-
JBHOT POOOTH MApoOBOr0 MEpPETBOPIOBadYa HEOOXITHO, 00 mapa pobouoi piguHu Oyia
TUIbKHU B 0aJlOH1, a Y BUXITHOMY Kamuigpi piiuHa. 3 I[1€}0 METOK BUXIAHUHN Kanuisp 3aKiH-
Yy€eThCsl BCEpe/IMHI OaloHa TPyOKOI0, sSIka Ma€ 3aHYyPIOBATUCS B po0OOUYy PIIUHY - SK IS
BEPTUKAIBHOT yCcTaHOBKHM (puc. 1.32,a), Tak 1 assg ropu3oHTanbHoi (puc. 1.32,0).
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Prc. 1.31 Prc. 132
Puc. 1.31 — I'azoBanuii fepmoManomeTpuyunumii I1.
Puc. 1.32 — Pinunnuii Tepmomanomerpuynuit I1.

1.4 IlepeTBOproBayi, 1e BUXiTHUM CUTHAJIOM € €JIEKTPUYHA BeJIMYUHA.

KonTtakTHuUi1 iepeTBOpIOBaY 3/11MICHIOE IEPETBOPEHHS MEXaHIYHOTO TIEPEMIIIIEHHS Y
3amukaHHs (puc. 1.33,a) abo po3mukanus (puc. 1.33,6) eIeKTPUIHOTO KOJIa; MOKJIHUBE Ta-
KO OJTHOYACHE 3aMUKaHHS OJHOTO Kojia 1 po3MukaHHs iHmoro (puc. 1.33,8). Konrakt-
HUMH T1JJaMU 3BUYAMHO CIIYXKaTh METaJIW: IPU HEBEJIIMKUX KOHTAKTHUX 3YCUIIISX - TJIaTH-
Ha, y MEHIII BIAMOBIJAIbHUX BUIAJKAX - CP10JIO, IPU 3HAUYHUX CTPyMax - BoJb(dpam, MO-
ni6aeH. YMOBHI rpadiuHi MO3HAYEHHS KOHTAKTIB - HA TOMY K pUCYHKY 1.33.
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Puc. 1.33 - KonrakTHi nepeTrBoproBaui Ta ix rpadiyHi MO3HAYCHHS



[Ipu po3MHKaHHI KOHTaKTiB, OCOOJMBO HAa MOCTIMHOMY CTPYyMi, BUHUKAIOTh €JIEKT-
pUYHI ICKpH, AKI PYWHYIOTh MOBEPXHIO KOHTAKTHUX Til. 1100 3MeHmuTH iX pyHHIBHUN
BILJIMB, 3aCTOCOBYIOTH IIIYHTYBaHHSI KOHTAKTY KOHAeHcaTopoM (puc. 1.35) abo mryHTyBaH-
HS IHIYKTUBHOCTI, SIKa PO3MHUKAETHCA KOHTAKTOM, 3a JOMOMOroro aioaa (puc. 1.36).
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Puc. 1.34 Puc. 1.35 Puc. 1.36 Puc. 1.37

Puc. 1.34 — lllyHTyBaHHS KOHTaKTy

Puc. 1.35 — [llyHTyBaHHS KOTYIIKH

Puc. 1.36 - Peocrarnnii 11. Ta cxemu 1oro 3'e1HaHHs

Puc. 1.37 — Tenzopesucrop ta ioro rpadiuHe mo3HAYEHHs

Peocratnuii nepetBoproBay (puc. 1.36) siByisie co0010 peryabOBaHUI APOTSHUHN OMIp
3 IEPECYBHUM KOHTAKTOM, MEPEMIILICHHS SIKOTO X=/ BIUIMBA€ HA €ICKTPUYHUN BUXITHUU
napaMeTp NepeTBOproBada y=r (SKIIO MEePETBOPIOBAY BBIMKHYTO B €JIEKTPUYHE KOJIO IMOC-
nig0BHO) a00 y=Uyuy (AKIIO MepeTBOpPIOBaY BUKOPUCTOBYETHCS SK MOJUIBHUK HAIMPYTH).
Haii0inpm momuMpeHi KapKacHl peocTaTHI MEpeTBOpIOBadYl, 1€ MaHTaHIHOBUM (CIuiaB
Cut+Mn+Ni) abo koHcTantaHoBuil (cmiaB Cu+Ni) apiT HAMOTaHUM Ha 13OJALIINHUNA Kap-
Kac (€OOHIT, TeTUHAKC, TEKCTOJMIT), IK Y 3BUYAHHUX PEOCTaTax 3MIHHOTO CTPyMy, ajie 3Ha-
YHO MEHIIUX rabapuTiB.

Tenzope3ucTop apotsuuii (puc. 1.37,a) BUTOTOBISIETHCS 3 TOHKOTO KOHCTAHTAHOBO-
ro apoty. Takuif mepeTBOpIOBay CIii HAKJIEITH Ha JIeTalb, Aedopmallisi X = / sIKOi BUMIpS-
eTbcs. [Ipu po3TaryBaHHi AeTani omip MEpeTBOpPrOBada 30UIBIIYETHCS, MPU CTUCHEHHI -
3MEHIIY€eThCsl. Taki ) BJIACTUBOCTI Y TEH30PE3UCTOPY, BUTOTOBJIEHO 3 KOHCTAHTAHOBOI
¢donwru (puc. 1.37,06). YMoBHe rpadiyHe MO3HAYEHHS IUX TEH30PE3UCTOPIB - HA PUCYHKY
1.37,B.

InayxTuBHI nepeTBoproBayi - Ha pucyHkax 1.38 ... 1.40. Sk BiZoMO 1HIYKTUBHICTh
L xotymiku 3 ¢pepoMarHiTHUM OCEPASIM JTIOPIBHIOE
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7€ ( - YACIIO BUTKIB KOTYIIKHU;
Ry, - MaruitHuit omnip ocepas;

[Tpu nedopmartiii ocepas (po3TAryBaHHi, CTUCHEHH1) 3MIHIOEThCS MarHiTHa MPOHUK-
HICTh L MaTepialy ocepjis, 1110 BIUIMBAE HA MarHiTHUM omip Ry, oTXke, 1 HA IHAYKTUBHICTh
L xorymku. Takuil 1HAYKTUBHUN MEPETBOPIOBAY JICTAB HA3BY MArHITONPYXHOro (pHc.
1.38). B inaykTuBHOMY TiepeTBOproBaui Ha puc. 1.39 ocepas 2 Hepyxome, a Akip 3 Moxe
nepecyBaTucs, 3MIHIOIOUM TOBITPSHUM MPOMIXKOK; 1€ MPU3BOJUTH 10 301UIblIEHHS a00
3MEHILEHHS MarHiTHOro onopy R,,, BIAMOBIAHO 3MIHIOIOYH IHIYKTUBHICTh L KOoTymIkH 1.



Ha pucynky 1.40 - iHQyKTUBHUHN MEPETBOPIOBAY COJICHOINHOrO TUMY, nudepeHiia-
TbHUM. SIKIIO SIKIp MICTUTBCSI TOCEPEANHI MK JBOMA KOTYIIKAMH, IX IHIYKTUBHOCTI L 1
L, onnaxogi. [Ipu nepemilieHHi SIKOps Bropy IHAYKTUBHICTH L 301mbinyerses, L, 3MeH-
IIY€ThCS; IPU NIEPEMIILICHH] SIKOPS BHU3 - HaBnaku, L, > L.
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Puc. 1.38 Puc. 1.39

Puc. 1.38 - Marnitonpy:xuuii L.I1.
Puc. 1.39 — Ipocenpunii L.I1.
Puc. 1.40 — Mudepenmianbauii 1.11.

VY BUMIpIOBAIbHUX CHUCTEMax MOIIUPEH1 TpaHC()opMaTopHI NEepeTBOproBadl (puc.
1.41...1.47). Sk Bimomo, BTopuHHa Hampyra U TpaHcdopMaropa 3aiexuTh BijJ HApyru
KUBICHHSA Uy, TEPBUHHOI OOMOTKH, KIJIBKOCTI BUTKIB MepBHHHOT W, 1 BTOpuHHOT W,
KOTYILIOK, MarHiTHOro notoky @ B MarHitonpoBoJi i onopy R, Ha skuii 3aMKHEHa BTO-
pUHHA 00OMOTKA.

Sxmo Ugwr, Wi, W2 Ta R He3MIHHI, MOKHA BBaxkaTH, 1110 U OJHO3HAYHO 3aJIEKUTH
TUIbKYU B1Jl BEIUMYMHU Mar"iTHOro notoky @, axuii ajig KOTymku 3 (pepoMarHiTHUM ocep-
JSIM 00€pHEHO MPOMOPIIHHUAN MAaTHITHOMY O1Opy Ry,

VY MaruitonpyxHoMy TpaHcpopMaTopHOMy TnepeTBoproBaui (puc. 1.41) nedpopmairis
ocepAs NPU3BOAUTH 10 3MIHM MarHiTHOI MPOHUKHOCTI [L HOTO MaTtepiaiy, 3MIHU BETUYUHU
MarHiTHOTro nMoToky @, oTxke, 1 10 3MiHU BTOPUHHOI Hanpyru y = U.

TpanchopmaTopHuil iepeTBOpPIOBaY, 110 Ha pUCYHKY 1.42, ckilagaeTbes 3 ¢pepomar-
HITHOTO Oceps, Ha aKomy 1Bl oOMoTk W, 1 W), Ta dhepomarnitHoro sxopsi. MarHiTHui
noTik @ y TakoMy mepeTBOproBayl 3aJICKUTh Bijl BEIUYUHU MOBITPSIHOTO MPOMIKKY MIXK
ocepasM 1 AKOpPEM: UMM MEHIIHUNA MPOMDKOK, TUM MarHiTHUM MOTIK OUTBIITNM, 1 HaBIaKH.
[lepemiiieHHs sikopsi X = [ B IKOMY MEpPETBOPIOBAYl CIPUYUHIOE 3MIHY BUX1JHOT HANpyru
y = U : Ko sKip NepeMillyeThCsd BHHU3, MTPOMIXKOK 3MEHIIYEThCS, MAarHiTHUM MmoTik @
30uIBLIy€EThCS, 1 U 3pocTae.
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Puc. 1.41 Puc. 1.42 Puc. 1.43

Puc. 1.41 — Marnitonpyxuuid T.I1.
Puc. 1.42 — Tpaunchopmaropuuii T.I1.
Puc. 1.43 - Nudepenmiansauit T.I1.



VY mudepenuiansHoMy TpanchopmatopHomy neperBoproBadi (Puc. 1.43) mepemi-
IIEHHS SIKOPSI Bropy MpU3BOAUTH A0 30utbieHHs U; 1 3MeHmienHs: Uy; npu nepeMilieHH1
SKOPsI BHU3 - HaBMaku, 3poctae U, 1 3MeHmyeTbest Uj.

TpanchopmaTopHHil IEpeTBOPIOBAY COJICHOIIHOTO TUIY - Ha pUCYHKY 1.43: akmio
SKIp 3aiiMae BKa3aHE IMOJ0KEHHS, MarHITHUM MOTIK @ MK oomoTkamu Wi 1 W, HaitO11b-
i) 1 3HaueHHa y = U Takox mMakcumainbhe. [lepeMilieHHs! IKOpsS. BTOPY YU BHU3 MPU3-
BEJIE /10 3MEHILECHHS BUXIIHOI HAPYTH, IPUYOMY KOKHOMY 3HAUEHHIO X = / BIANOBIAATH-
Me mneBHe 3HaueHHs y = U. YMOBHe rpadiuHe Mo3HAYEHHS TaKoro MepeTBoproBaya - Ha
TOMY X pUCYHKY 1.44 mpaBopyd. ¥ audepeHuiaibHOMY TpaHC(HOPMATOPHOMY MEPETBO-
proBaui cosieHoinHoro tuny (Puc. 1.44) npu nepemimieHH1 skopst Bropy 30uibinyetbest U i
3MmeH1yeTbesi U,, IpU MEepeMillieHH] sIKOps BHU3 - HABMaKU. Y MOBHE IpadiyHe MO3HAYECH-

HS - Ha TOMY K pUCYHKY 1.44.
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Puc. 1.44 Puc. 1.45 Puc. 1.46

Puc. 1.44 — Conenoignuii T.I1.
Puc. 1.45 - Mudepenmiansauit T.I1.
Puc. 1.46 - T.I1. 3 TOBOPOTHOIO KOTYIIKOIO

Ha pucynky 1.46 - TpanchopMaTtopHuii nepeTBoproBay 3 MOBOPOTHOIO KOTYIIKOIO.
Buxigna nanpyra y = U 3a1eXuTh BiJ NOJOKEHHS BTOPUHHOIT KOTYIIKU X =@: YUM OLIb-
1M MarHiTHUI NOTIK MPOHU3Y€E BTOPUHHY KOTYIIKY, TUM Outblue 3HaueHHs U. Skmo po-
3TalllyBaTH IUIOMIMHY KOTYIIKH FOPU30HTANIBHO (K Ha puc. 1.46), To MarHiTHUM MOTIK HE
npoHusyBarume KoTyiiky, Tomy U = (0. HaiiOinbie 3nauennst U BiIMOBIAa€ BEPTUKATIBHO
pPO3MillleH1H TIOMmKHI KOTYyImKH. K0XXHOMY 3HAaY€HHIO X = ¢ BIANOBIAA€ IIJIKOM IEBHE
3HaueHHd y = U.

TpanchopmaTopHuil nepeTBoproBay Ha PUCYHKY 1.47 BiApI3HSAETHCS Bij momnepen-
HBOTO TPbOMa BTOPUHHUMH KOTYIIKAMHU, TUIOIIMHU SIKMX 3HAXOASThCA miag KyTtom 120°
OJlHa 10 OJHOI. B KOXHIN 3 IMX KOTYIIOK BUHUKAIOTh BIJANOBIAHI 3HAYEHHS BTOPUHHOI
HaIpyTH 3aJIEKHO BiJ KyTa MOBOPOTY AKOPS X = (. YMOBHE TpaiuHe MO3HAUCHHS TaKOTO
nepeTBoproBaya (SIKUl Ma€e Ha3BYy ,,CeNbCUH") - HA pUCYHKY 1.47 mpaBopyHu.
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Puc. 1.47 — Censcun Puc. 1.48 - Inayxuiitawmii I1.

InaykuiitHuil nepeTBoproBay, 300pakeHuil Ha pucyHky 1.48,a, MOxe 3aCTOCOBYBa-
TUCH JJISI BUMIPIOBaHHS MIBUAKOCTI oOepTanHs. CKIIaJaeThCs BiH 3 OCep/is, HA AKOMY 3Ha-



XOJIUThCSI OOMOTKA, 1 IKOps, HACaP)KEHOTO Ha Bajl eKCUeHTpuyHO. [Ipu koxxkHOMY 00epTi
BaJla IPOMIKOK MDK OCEPJSIM 1 IKOPEM 3MIHIOETHCS Bl MIHIMyMy 10 MaKCUMYMY, TOMY
3MIHIOETBCS BIANOBIIHO BiJI MAKCUMyMY J10 MIHIMyMYy 1 Mar"iTHUil NOTIK, 30yDKyrouu
IIpH [[bOMY B OOMOTIII €JIEKTPOPYIIIIHY CHIIy €JIeKTPOMAarHiTHO1 IHAYKI1i. YacToTa BUXia-
HOo1 Hanpyru y = U n0OpiBHIOE unclly 00epTiB Bajia 3a CeKyHy; (opMa HApPyru B TAKOMY
MepeTBOPIOBadl OJIM3bKa JI0 CHUHYCOIJalbHOI. SIKIIO BUKOHATH SIKIp TakK, sIK MOKa3aHO Ha
pucyHKy 1.48,0, 3MIHM MarfiTHOro NOTOKY OyJyTbh Pi3KIIIUMH, TOMY (popMa Hanpyru Oy-
e, sIK Ha pUCYHKY 1.48,0, mpaBopyHu.
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Puc. 1.49 Puc. 1.50 Puc. 1.51

Puc. 1.49 - Tepmope3uctop ApOTIHUN
Puc. 1.50 — Tepmictop
Puc. 1.51 — CtaTuuni XxapakTepUCTUKHU

Tepmopesuctopu - 1€ MepeTBOPIOBayl, y SAKUX 3MIHAa TEMIIEpaTypu X = t MPU3BO-
JUTH 710 3MI1HU €JIEKTPUYHOTO OMOPY Y = I : TEPMOPE3UCTOpU OyBarOTh ApoTsHi (puc. 1.49)
1 HammiBMpoBiAHUKOBI (puc. 1.50).

HpoTsHi TepMOpe3UcTopu (TEPMOMETPU OIOPY) BUTOTOBIISIIOTHCS 3 MITHOTO YU
IUIATUHOBOIO APOTY, SIKM HAMOTY€EThCS Ha CIIOASHHUNA KapKac; MpH 30UIbIIEHH] TeMIepa-
TYypH OIip JPOTSHOTrO TepMopesucTopa 3poctae (puc. 1.51. rpadik 1). YMoBHe rpadiune
MO3HAYEHHS APOTSHOTO TEPMOPEZUCTOPA - HA PUCYHKY 1.49.

VY HamiBNpoOBITHUKOBUX TEPMOPE3UCTOpPAX (TepMICTOpax) 3MIHU OMOPY 3HAYHO 1H-
TEHCHBHIII, aJie¢ MPOTUJIEKHI 3a 3HAKOM: 30UIbIICHHS TeMIEpaTypu CHPUUYUHIOE 3MEH-
IeHHA onopy Tepmictopa (puc. 1.51, rpadik 2). YMoBHe rpadiune no3HayaHHs TEPMICTO-
pa - Ha pucyHKy 1.50 BHuU3Y.

TepmoenekTpuuHUi nepeTBOproBay. KO 1B1 APOTUHU, BUTOTOBJIEHI 3 PI3HUX Me-
TajiB, 3BaputH (puc. 1.52,a), a mOTIM HArpiTH Miciie iX 3'€JHaHHS, TO Y APOTUHKAX BUHHK-
He enekTpopyuiiiHa cuna. el npuctpiit (puc. 1.52,6) nicraB Ha3By Tepmornapa. Tepmo-

mapa IMepeTBOPIOE TeMIepaTypy X =t. YMOBHE MO3HAYCHHS TEPMOIIAPU - HA PHUCYHKY
1.53.B.
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Puc. 1.52 — Tepmomnapa Puc. 1.53 - ®ortopesuctop

VY doropesuctopi (puc. 1.53) npu ocBiTienHi x = @ omip y = ry HaliBIPOBIIHUKO-
BOT'O IIapy MDXK JIBOMAa rpe0iHYaCTUMHU €JIEKTPOJAaMU 3MEHITYEThCS. Y MOBHE TpadiyHe Mo-
3HAUYECHHS — HA TOMY K PUCYHKY 3I1iBa.

VY dotonioni (puc. 1.54) npu OCBITIIEHHI 3MEHIIYETHCA 3BOPOTHUN omip (cxema
31iBa) a0o 30uIbIIyeThCa (poTocTpyM (cxema crpaBa). Ha pucynky 1.55 300paxkeHo npu-
naj, TPOTHICKHUM (HOTO J10AYy 3a CBOIMU BJIACTUBOCTSIMHU: BIH BUIIPOMIHIOE CBITJIO NpU
MPOXO/KEHHI €JIEKTPUYHOIO CTPyMYy B IPSIMOMY HampsiMKy. Takuid mpumiaj aicTaB Ha3By
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Puc. 1.54 - Pexxumu po6otu oto miona Puc. 1.55 - Csitnomion

MosxnuBe 00'eTHaHHSI PO3TJISTHYTUX MPOCTHX MEPETBOPIOBAUiB 1H(OpMaIil y CKIia-
JHIII TPUCTPOI.

Ha pucynky 1.56 - 00'enHaHHsI MOIJIABKOBOI'O MEPETBOPIOBavYa 3 KOHTAKTHUM (1 -
MOIJIABOK, 2 - BaX1b, 3 - mpotuBara, SQ1 ta SQ2 koHTakTH). SIKIO pIBEHb PIAMHU HU3b-
KHii, TO 3aMKHYTO SQ1; y pa3i miaBHILEHHS pIBHS 3aMUKaeThest SQ2.

Ha puc 1.57 - KOHTaKTHUN TEPMOMETP, L0 NOEHYE PIAMHHUN PTYTHUN TEPMOMETD,
3 KOHTaKTHUM MEPETBOPIOBAYEM: NPU MEBHOMY 3HAUYE€HHI TEMIIEPATypU CTOBIMYUK PTYTI
BUJIOBXKYETHCS TaK, 110 3aMHUKA€E KOJIO MK KOHTakTamu 1 Ta 2.
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Puc. 1.56 Puc. 1.57 Puc. 1 58 Puc. 1.59

Puc. 1.56 - [laTuuk piBHS piAMHU
Puc. 1.57 - KontaktHuii T€pMOMETP
Puc. 1.58 — lunmatomerpudne peie
Puc. 1.59 - Enexrpomaruitue pene

Ha pucynky 1.58 — nunatomeTpuune pene: npu MiIBUILIEHH] TeMIepaTypu TepMoa-
KTUBHUM CTakaH | MOJOBKYETHCA, TEPMOMACUBHI IJIACTUHU 2 Ta 3 BUTATYIOTHCS, 1 KOHTA-
KTU 4 Ta 5 pO3MHKAIOTHCS.

Ha pucynky 1.59 - enexTpomartitHe peiie IOCTIHHOTO CTPyMYy, SIKE € CIIOJIYUYEHHSIM
€JIEKTPOMArHiTHOTO MEpPeTBOPIOBaya (3 MOBOPOTHUM SIKOPEM) 1 KOHTAKTHOTO IPUCTPOIO.
[Ipu npoXomKeHH1 CTpyMY MO KOTYIILI | y MarHiTOnpoBO/l, IO CKJIAIAEThCA 3 ocepas 2
Ta SIKOps 3, BUHUKAE MAarHiTHUH TMOTIK, SKIp NPUTITYETHCS JO OCEep/is, KOHTAKTHA rpyma 4

PO3MHUKAETHCS (PO3MUKAIOUMN KOHTAKT), & KOHTAKTHA Tpymna 5 3aMHUKA€ThCS (3aMUKArOUni
KOHTAKT).

1.5 IleperBoproBaui iHpopmauii - BUKOHABYI PHUCTPOI.

Jlesiki mepeTBOpIOBadl MOXKYTh OyTH BHUKOpPUCTaHI O€3MOCepeaHBbO SIK BUKOHABY1
€JIEMEHTH.

Ha pucynkax 1.60, 1.61 300paxxeH0 cTaTopu IBOX HANOUIBII MOMKUPEHUX OJTHO(DA3-
HUX €JIEKTPOJABUTYHIB 3MIHHOTO CTPYMY.

VY nepmiomy 3 HUX 00€pTOBE MArHITHE MOJIE€ CTBOPIOETHCS 3a JIOMIOMOTOIO JIBOX KO-
Tymok Wi 1 W, (KoHa 3 HUX CKJIAJIA€ThCS 3 JIBOX HAIMIBKOTYIIOK), 3MIILIEHUX Y TPOCTOPI



Ha 90°; ogHa 3 HMX KOTYWOK (Ha pucyHKy 1.60, a - mepiia) BBIMKHYTa 4epe3 KOHJIEHCa-
TOp, TOMY CTPYM Yy HIl BHIIEpEDKAE CTPYM JPYroi KOTYIIKM Ha YBEpTh nepiony. Braci-
JIOK 1IbOTO MarHiTHUM noTik @, Bunepemkae @, Ha 90° eneKTpUYHUX IpaayciB. Y TakoMy
cTaTopl cyMapHUW MarHiTHUM noTik @ 3MiHIOe cBiil Hanpsam (Puc. 1.60,0,8), mo yep3i 3a-
Maroun nosuiii @y — @y - Oy - Gy, ToOTO OOepTarourcy HaBkoJao oci O; y T1aHOMY BU-
najgKky o0epTaHHs BiI0yBa€TbCs 3a TOJAMHHUKOBOIO CTPUIKOIO (SIK MPaBUIIO, Bij HAMpsMy
MarHiTHOTO MOJIs, 10 BUIIEPEKAE, JO HANPSIMY TOJIs, IKE BIJCTAE).
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Puc. 1.60
Puc. 1.60 - KonaeHncaropHuii CepBOEIEKTPOABUTYH
Puc. 1.61 - EnekTpoaBuryH 3 po3menieHuMH MOJT0CaMU

Jlist 3MiHM HampsiMy oOepTaHHSI B TAKOMY €JIEKTPOJABUTYHI (Tak 3BAHOMY ‘“KOHJICH-
caTopHOMY”) TpeOa BBIMKHYTHU 4epe3 KOHAEHCATOP 1HIIY KOTYIIKY.

VY cratopi nBUryHa Ha pUCYHKY 1.61 TUIbKM OHa KOTYHIKa (T€X 3 JABOX HaIlIBKO-
TYIIOK), aJié MarHiTH1 MOJIFOCH PO3IIEIUICH], MPUYOMY Ha OJHIA YaCTUHI KOKHOTO TMOJI0Ca
pO3MillleHe MiJIHE KUIbIlE (TaK CaMo, SIK 1 B €JIEKTPOMAarHiTHOMY MEePEeTBOPIOBAUl 3MIHHOTO
cTpymy, puc. 1.23). BHacmigok 11p0r0, 3aralbHUNA MarHiTHUNA MNOTIK KOTYIIKU MOALISETHCS
Ha /1Bl yactuHu @; ta @,, npuuomy D, Bizcrae Bix O, Ha 90 enEeKTPUYHUX TPaayCiB. 3Mi-
IIEHHS BOX MArHiTHUX mojiB Ha 90° K y MpOCTOpi, TaK 1 B Yyaci MPU3BOAUTH 10 BUHHK-
HeHHs1 o0epToBoro noiis (y AAaHOMY BUIAJKy TEX 3a FOJAMHHHKOBOK CTPLIKOIO, BiJl Ha-
npsimy nosist @, 110 BUmnepekae, 10 Hanpsamy nois @,, sike BifcTae).

Pi3H1 BapiaHTU POTOPIB 10 TAKUX JOMOMDKHUX €NEKTPOJABUTYHIB (BOHHU JICTAIH Ha-
3BU CEPBOETIEKTPOJABUTYHIB, BIJl aHTJI. S€TVE - CIY>KUTH) 300paK€HO Ha pUCYHKY 1.62. ¥V
ACMHXPOHHHUX CEPBOEJIEKTPOJIBUTYHAX 3MIHHOTO CTPYMY BUKOPHCTOBYIOTHCS pOTOpH “Oi-
nsiue koseco” (puc. 1.62, a); HeIOIIKOM TaKOro poTOpa € BeIuKa 1HepUiiHICTh. s 3Me-
HIIEHHS 1HEPUIHHOCTI 3aMICTh “O11s40ro Kojieca” Moxe OyTH BUKOPUCTAHUM POTOpP Y BU-
TJISI/11 aMtoMiHIEBOTO cTakaHa (puc. 1.62, 6); mpu TakoMy pOTOp1 €IEKTPOJABUTYH TEXK Oyjie

aCI/IHXpOHHI/IM.
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Puc. 1.62 - Bapiantu poTopiB cepBOEIEKTPOIBUTYHIB

SIKi110 poTOp BUKOHATH 3 MOCTIHHOTO MarHiTy (puc. 1.62, B) 1 pO3KpyTUTH HOTO 10
TaKo1 K IIBUAKOCTI 00epTaHHs, 3 SIKOIO 00epTaeThCsl MarHiTHE ToJie, TO Hajali BiH OyJe
oOeprartucs 3 MOCTIMHOIO MIBUAKICTIO, TAKOKO K, 3 SIKOK 00epTaeThCcs Mar”iTHe moiie (1e
OyJle CHHXpOHHUHN CEpPBOETEKTPOJABUTYH 3 AKTUBHUM POTOPOM). AJjie CaMOCTIHHO MoYaTH
oOepTaHHs B 00€pTOBOMY MarHiTHOMY IOJI1 TAKUI pOTOp HE 3JaTHUM.



JIJist yCyHEHHSI 1IbOTO HEJ0JIIKY MOKHA BUKOHATH POTOP Y BUIJISIAI CYLUIBHOTO IU-
niaapa (puc. 1.62, r) 3 MarHiTOTBEpAOro Matepiaily, 3 BEJIUKUM ricrepe3ucom. Takuii po-
TOP, SIKIIO MOro MOMICTUTU B 00EPTOBE MOJIE, CIIOYATKY MOYHE 00E€pTATUCh 3 ACUHXPOH-
HOIO HIBUJKICTIO, IOTIM OyJe “BTATHYTHH y CHHXPOHI3M™: 00EpTOBE MOJI€ 3aXOMUTh PO-
TOp, 1 Ha/IaJll BiH MpalOBaTUME K aKTUBHUU. [{ell CHHXpOHHUI CepBOENEKTPOIBUTYH Jii-
CTaB Ha3BY “TICTEPE3UCHOTO” .

Mo:kHa BUTOTOBUTH POTOP 3 MArHiTOM SIKOTO MaTtepiany, sSKII0 3a0e3MeYnTH MarHi-
THY acuMeTpito (puc. 1.62, 1): y MarHiTHOMY MOJIi LIE pOTOp MparHyTUME 3alHATH TakKe
MOJIOKEHHSI, TIPU IKOMY MOr0 MarHiTHUM omip Oyjae HaWMEHIINM; 11€ MOKJIMBE TO/1, KOJIU
MarHiTHUM TOTIK OPOXOJAUTUME B3JJOBXK MOTr0 TOJIOBHOT OCl cUMETpil (A1 pucyHky 1.62. 11
- BepTuKaibHO). CroyaTky poTop 00epTaEThCS 3 AaCHHXPOHHOKO MIBUJIKICTIO, TOTIM BTATY-
€THCSL B CHHXPOHI3M. Takuil CHHXpOHHHUI CEpBOEIEKTPOJBUTYH JIICTaB Ha3BY "pEaKTUBHO-
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Puc. 1.63 — [lopmHeBnii cepBOIABUTYH
Puc. 1.64 - Onno614H1 (MeMOpaHHUHN Ta MOPITHEBUI ) CEPBOJIBUTYHU

Ha puc. 1.63 - mopiuiHeBuii CepBOABUTYH. SKIIIO poOOYOI0 PEYOBUHOIO (CTUCHEHUM
MOBITPSIM, PIAMHOO MiJ TUCKOM) 3alIOBHUTU OOUJIBI KaMepH JIIBOPYY 1 IpaBOPYY Bif MOp-
IITHS, TO 3aJIE’KHO BiJ CIIBBIAHOLICHHSI MIXK Pi 1 P2 PYXaTUMEThCSl TIOPILIEHb: MIPU Py > P; -
paBopyd, IpH p; < p, - JIBOPyY (a - 1BOOIYHUIN O€3 caMOINOBEpHEHHS, O - 3 caMOIOBEp-
HEHHSIM).

MemMOpaHHUI1 BUKOHABYMI CEPBOABUTYH - Ha PUCYHKY 1.64,a: K10 B Kamepy HaJ
MeMOpaHOW 2 MOJaTH CTUCHEHE MOBITPSA (X = p), TO poOouuit mrok 1, mepedoproroyu
MPOTHUIIIO IPYKUHU 3, MEPEeMICTUThCS BHU3 (Y =[). AHANOTI4HO i€ 1 OAHOOTYHUIN MOpIII-
HEBUI1 cepBOABUTYH (puc. 1.64,0).

VY IesKuxX CUCTEMax-aBTOMATHKHU 3aCTOCOBYETBHCS CHELIaIbHUN JOMOMDLKHHUUA MpH-
cTpiil - gemndep (puc. 1.65,a): Ha TpyOI11, 1110 330BHI 3’ €AHY€E BEPXHIO 1 HIXKHIO MIOPOKHU-
HU Aemiipepa, BCTAHOBICHO PETYJIIOIOUMM KiamaH, SIKUH rajlbMy€e TMepeTikaHHd poOouoi
PIAVHY 3 OJIHI€1 MOPOKHUHU B 1HIILY.
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Puc. 1.65 — BapianTtu Bukopuctanss gemmdepa
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Skmo kopryc aeMidepa 3aKpiUTH, TO e TPUCTPI MOXKHA BXHUTH JJISI TAIbMY-
BaHHS MPU MEpeMillleHH] OKpeMHux aeTaneil. OJHak MOXHA BUKOpUCTaTU aemndep i iH-
akiie. Skio xopmyc aemidepa nepeMiiryBaTH IO0CUTh IMIBHAKO, Pa3oM 3 KOpPIycoM Oye
3MYILIEHUI Tak caMO MepeMilllyBaTUCS 1 MOPIIEHb, - HaBITh MPU JEAKIA NpOTUAli (puc.
1.66,0). SAxmio x kopryc aemidepa nepeMillyeTbcs TOBUIBHO, MOPIIEHb MPU HASBHOCTI
MPOTHUIT 3aNUIIAeThC HepyXxoMuM (puc. 1.65,8).

2 CucreMHu aBTOMAaTH30BAHOT0 BUMIPIOBAHHSA I KOHTPOJIIO.

CuctemMy CHHXPOHHOIO 3B'I3Ky Ha JBOX MHU(EpEeHIIaJbHUX IHAYKTUBHUX MEPETBO-
proBauax 300pakeHO Ha pucyHKy 2.1. k1o sxopu 000X MepeTBOproBayiB 3aiMaroTh ce-
peaHe noyioxkeHHs (puc. 2.1, a), To CTpyMH y BCiX YOTHPbOX KoTymikax Wi... W, 0JTHaKOBI.
[Tpu nepemimienHi X = L; sskops J1iBOro nepeTBoproBava Bropy ctpymu I, 1 Iy y koTymkax
W, ta W4 cratots 6utbiumu, Hixk (I; 1 I3 y korymkax W, ta W3 (puc. 2.1, 6); ockinibku Iy
> 13, To ¥ enekTpomartiTHe 3ycuist Fy > Fs3, ToMy sikip mpaBoro nepeTBoproBaya rnepemic-
TUTHCSI BIOPY 1 JOCSITHE TAKOTO X MOJOXKEHHS, sIK 1 sIKip JiBoro. [Ipu nepemiiieHH1 JiBOro
nepeTBoproBava BHU3 (puc. 2.1, B) - HaBnaku, I; 1 I3 3pocTatots, I, 1 Iy 3MeHIIyIOThCS ;) K
Hacnigok — F3 > Fy, 1 sikip nmpaBoro nepeTBoproBaya nepeMicTuThes BHU3. OTxe, SIKIp mpa-
BOT'0 MEPETBOPIOBAYa CUHXPOHHO MOBTOPIOE BCl MEPEMIIIEHHS SIKOPS J1BOTO MEPETBOPIO-
Baua.
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Puc. 2.1 - CuHXpOHHHMI 3B’SI30K HA 1HAYKTUBHHUX MEPETBOPIOBaYaX

CucremMa CHHXpPOHHOI'O 3B’SI3Ky Ha JABOX TpaHC(OPMATOPHUX MEpPETBOPIOBAYax, 3
ITIOBOPOTHOIO KOTYILIKOIO - HA PUCYHKY 2.2.

x = o

Puc. 2.2 — CuHxpoHHHUI 3B 130K HA TpaHC(POPMATOPHUX NIEPETBOPIOBAYAX

[Ipu moBOpOTI X = 0; KOTYIIKH JIIBOTO NIepeTBOproBava /| (gaTumka) BiJi BKa3aHOTO
Ha PUCYHKY 2.2 TOJIOKEHHS Ha ii BUXO/l1 3’ BJIsSIEThCSl BTOpUHHA Hanpyra U;. Skiio Ha Bu-
X0/l KOTYIIKH TpaBoro nepeTBoproBaua I1 (mpuitmaua) Bropunna Hanpyra U, # U, B ko1
000X KOTYIIOK BUHUKAE CTPYM, B3aEMO/I1Sl IKOTO 3 MarHiTHUM IOJIEM MEPBUHHOT KOTYIIKH
I1 mpuMycUTh MOBEPHYTUCS OTO BTOPUHHY KOTYIIKY Y = 0; CTPYM 3HUKHE TUTBKU B TOMY
BUMAJIKY, KOJU 0 JOpiBHIOBaTUME o). KOoTymika mpuiiMaya CUHXPOHHO MOBTOPIOBATUME
BC1 IOBOPOTHU KOTYIIKH JIaTUUKA.



CucreMa CHHXPOHHOTO 3B’SI3Ky Ha ABOX CEJIBCUHAX — HA PUCYHKY 2.3. Ko o=y,
TO BTOPUHHI HAMPYTH BIAMOBIAHO B KOTYIIKaX ;" 1 ®;"°, ;" 1 ®;"°, ®3° 1 3’ OJHAKOBI,
TOMY B 3’ €JHYBaJIbHUX MPOBOAAX CTPyMy He Oyze. KMo %K 0,70, TO BIANOBIAHI BTOPHH-
HI Hammpyru HEOJHAKOBi, B CUCTEM1 BTOPUHHUX KOTYIIOK BUHUKAIOTh CTPYMHU HEPIBHOBA-
TU; B3a€EMOJISl IUX CTPYMIB 3 MAarHiTHUM IOJIEM MEPBUHHOI KOTYIIKU IpuiiMaya g’
CTBOPIOE O0EPTOBUM MOMEHT, iKMW oOepTae sikip npuiiMaua. Lleit MOMEHT 3HUKA€E TOI,
KOJIK OyJie TOCSATHYTO YMOBHU 0p,=0;. OOepTaHHs 0 SIKOPS AaTYMKA MPU3BOAUTH 10 CUHX-
POHHOTO OOEpTaHHS 0 IKOPS TpUitMaya.
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Puc. 2.3 — CHHXpOH

HUU 3B’ S30K HA CEJILCUHAX.

Bropunnuii neperoproBau JICII (epxaBuoi Cucrtemu [lpunaxais). Lleit neperBo-
proBau (puc. 2.4) 3a0e3neuye NOoCTIHHUN CTPYM Iy, AKUM 3MiHIOETBCS B Mexkax 0...20 MA
IIpU 3MiH1 BX1IHOI BeIM4MHU (3ycwiuid F) B Hyssl 10 HOMIHAJIbHOTO 3HAYEHHS. 3yCUILIA
F uepe3 Baxinp 1 npumytye skip 2 qudepeHIiiaibHOro TpaHcPOPMATOPHOTO EPETBOPIO-
Baua BIAINTHU BiJl CEPEIHHOTO MOJIOKEHHS; HA BUXOJI BTOPUHHUX KOTYIIOK IILOTO MEPET-
BOpIOBaYa 3’SIBIISIETHCSl HANpyra HEPIBHOBArW, siKa MiJICHIIIOETHCA 3a JIOMOMOTOK0 MiJCH-
J0Bava 3, BUNPSAMIISETHCS MEPETBOPIOBaUeM 4 3MIHHOTO CTpyMy Ha nocTiitHuil. [ligcume-
HUN TOCTIMHHUI CTPYM MPOXOAUTH Yepe3 KOTYIIKY CIELIaJIbHOIO MAarHiTOEIEKTPHUYHOTO
nepeTBoproBava 4; B3a€MOJIs LbOIO CTPyMYy 3 MAar”HiTHUM MOJEM IOCTIHHOTO MAarHiTy
CTBOPIOE 3YCHJLISI, CIIPSIMOBAHE HAa3ycTpidu 3ycWJUI0 F, mepemkomkarodu AalbIIOMY IIe-
pemimeHHto Baxens 1. Ilpu npomy unM Ouibiie 3HaueHHs F, TUM OUTbIIUM OyJ1e 3HAYE€HHS
1 cTpyMY Ik, TOOTO CTpyM lyyx 3pOCTaE TIPOIIO

PR,

Puc. 2.4 — TlepeTrBoproBay MexaH14YHOTO 3ycwiuisa F Ha mocTitHuM cTpyMm Iy,
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