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METOIWYHI PEKOMEH/IALII IO TPOBEJIEHHS POBIT

JlabopaTopHi poOOTH BapTO BUKOHYBATHU MICHSI IPOXOJKEHHSI TEOPETHY-
HOTO MaTepialy 1o JaHii TeMi Ha JICKIIMHUX 1 MPAKTUYHUX 3aHATTAX.

Psan naGoparopHux poOIT MPOBOJUTH OJHOYACHO BCiMa CTYAEHTaAMH BaXK-
KO 4epe3 BIACYTHICTh JOCTAaTHBOI KUIBKOCTI OJHOTUITHOTO YCTaTKYBaHHS, TOMY
HaBYAJIBHY TPYIy Kpale TITUTH Ha ABl MATPYIH, SIKi, y CBOIO 4epry, po3OuBa-
I0Th Ha OpUrajy Mo JABa-4OTHUPHU CTYACHTA. [3 X MIpKyBaHb MOKHA MPAKTUKY-
BaTH OJIHOYACHE MPOBEACHHS JIEKIIbKOX PI3HUX JIabopaTopHUX poOit. Jleski po-
00TH, 3aJIE’)KHO Bl HASIBHOTO YCTAaTKyBaHHS W MPWIAAiB, 32 PO3CYJIOM BUKIada-
4a MO>XKHa IPOBOJIUTH B IEMOHCTPAIIMHOMY MOPSIAKY JJIs BCI€ET MIATPYTH.

binbmiicte 1abopaTopHUX pOOIT CKIAAAETHCS 3 JEKUIBKOX YacCTHH, BUKO-
HyBaHUX okpemo. lle KOHKpeTH3ye MoCTaBiieHl Mepel CTyJACHTaMH 3aBJIaHHS i
JI03BOJIsI€ BUKJIAJady MPOBOJUTH POOOTH 3a YaCTHHAMH 3aJICKHO BiJ HASBHOTO
YCTaTKyBaHHs, IPUCTOCYBAHb 1 MaTepIaiB.

VYci nabopatopHi poOOTH CKIIaJIeH] 3a €UHUM I1aHOM. Ha modyaTky KO-
HO1 poOOTH JTaHI KOPOTKI TEOPETHYHI BIJOMOCTI, IIO JIONOMAararTh CTYACHTY
MPaBUJIBLHO 1 OCMUCIIEHO BUKOHYBATH ii; ONMHUCAaHI YyCTAaTKyBaHHS Ta IHCTPYMEHT,
SKUMHU HEOOX1IHO KOPUCTYBATUCS MPU BUKOHAHHI pOOOTH, 1 PO3'sICHEHI Iim |
3aBJaHHS KOXHOI poOoTu. Ilicas nporo BUKIIaJeHI KOHKPETHI 3aBJIaHHS, METO-
JUYIHI peKOMEHIallii ITPo MOPSJIOK IXHROTO BUKOHAHHS M BKa31BKH J0 CKJIaJaHHS
3BiTY. J[7151 3aKpiTUIeHHs 3HAaHb 1 HABUYOK, OTPUMAHUX y PE3yJIbTaTl MPOBEICHHS
7ab0paTOpHUX POOIT, HAMMPUKIHII KOXKHOT pOOOTH HaBEIeHI KOHTPOJIbHI MUTAHHS.

Kopuctyrounch M NoCiOHMKOM, CTYAEHT MOYKE CaMOCTIMHO BUKOHYBa-
TH BC1 JJaOopaToOpHi poOOTH, BCTyHHA Oecifia BUKJIajada Moxke OyTH 3BeJeHa J10
MIHIMYyMY.

3a KOXHOIO JIaDOpaTOPHOIO POOOTOIO0 CTYJIEHT MOBHHEH CKJIACTH IHCh-
MOBHH 3BIT, UIFOCTPOBAHMM €CKi3aMH, MaJTlOHKaMH, TaOMUISIMU U Tpadikamu.
Hanpukinii koxHOi poOOTH HaBeqeHa 3pa3koBa ¢opma 3BiTy. Ll ¢popma He
MPETEH/Iy€ Ha BUYEPITHY MOBHOTY W B OKPEMHX HAaBYAJIBHHX 3aKJIajax, 3aje-
’KHO B1J] HasIBHOTO YCTAaTKyBaHHS ¥ BUKOHYBAaHUX YaCTUH POOOTH, MOXKE OyTH
3MiHeHa. @opMy 3BITY MOKHA BIAJPYKYBaTHU TUMOTPa()CHbKUM a0O IHIIIKUM CIIO-
coOOM 1 BUJIaBaTH CTYJ€HTaM OJIHOYACHO 13 3aBJaHHSIM Ha 4eproBy poOoTy. 3Bi-
TH MOBUHHI OyTH oOopMIIeH] M 3/1aHl BUKJIAAa4yeBl IPOTATOM THKHSI MICIJIsI BU-
KOHAHHS poOOTH.

OO0k BUKOHAHHS JIA0OPATOPHUX POOIT BEJETHCS B CIELIATBHOMY KypHAJII,
y SIKOMY TIiCJIsl IEPEBIPKU 3BITIB 1 CIIBOECI]] 3 YUHSIMH BUKJIaJ a4 BUCTABIISE OLIIHKY
npo 3amik. CTyAeHT, 10 3/4aB 3BIT MPO MOMEPETHIO POOOTY, TOMYCKAETHCS
710 BUKOHAHHS HACTYMHOT pOOOTH.



TEXHIKA BE3IIEKH ITPU TIPOBEJAEHHI POBIT

KoskeH CTyAeHT, 1110 BUKOHY€ Ja00paTOpHO-MPAKTUYHI pOOOTH 3 KOHTAKTHO-
IO eJIEKTPO3BAPIOBAHHSI, TIOBUHEH 3HATH BIJNOBIHI BUMOTH TeXHiKM Oe3mneku. [Ipu-
CTYTIAIOYH JI0 YepProBoi JJabopaTopHOT poOOTH, BUKIA/Iad Y BCTYITHOMY 1HCTPYK-
Takl TOBUHEH MOIEPEIUTH CTYIECHTIB PO MOKJIMBI HEOE3NEKN i O3HAMOMUTH iX
13 IpaBWJIaMy O€3MEYHOr0 BUKOHAHHS poO0iT. Oco0iMBY yBary mpu IbOMY BapTo
3BEpHYTH Ha €JICKTPOOC3MEUHICTb.

3axucT Bix MOPa3Ku eJIEKTPUYHUM CTPYMOM

BB enekTpuYHOro CTpyMy Ha OpraHi3M MOKE BUKJIIMKATH CEpHO3HI Hac-
JIAKY JUISL 3I0POB'sl JIFOJWHU 1 HAaBITh MPUBECTH JI0 MHUMOI CMEPTI, TIPH K1 3HU-
KalOTh BUJMMI O3HaKU XKUTTA. L[ei BIJIMB MOke MPOSBIATUCSA B Pi3HUX (opMax
(omiku, yapu i T.1.), OJIHaK HailHEOE3MEeUHIIUN eNeKTPUIHUN ylap, y pe3yib-
TaTl SIKOTO TPABMYIOTHCS MO3KOBI LEHTPH, 110 YIPABISIOTh GYHKIISIMU cepus U
noauxy. Yum BuIIa Hanpyra eJIeKTPUYHOTO CTPYyMYy ¥ YMM MEHIIUN Omip Op-
raHi3My HOTo MPOXOKEHHIO, TUM OUIBIINN CTPYyM 1 TUM CUJIbHIIIA TTOpa3Ka.
Haituacrimie nopaska eIeKTpUYHUM CTPYMOM B1IOYBA€THCS B PE3YJbTATI JOTUKY
710 HEI30JIbOBAaHUX CTPYMOMNPOBITHUX YACTHUH EJEKTPUYHOTO JIAHINIOTA, IO Tepe-
OyBae miJ Hampyrok. Y CTaTKyBaHHS Ui KOHTAKTHOTO 3BapIOBAHHSI 32 TEXHIKOO
Oe3mneKku MOBUHHE BIAMOBINATH BUMoram «lIpaBui excrutyaTarlii eJI1eKTpoycTaHo-
Bok» (IIEE), «IlpaBun TexHiuHOI eKcIuTyarallii eJIeKTPOyCTaHOBOK CIIOKHBAYIB)
(IITE), TOCT 12.3.003-86, T'OCT 12.2.003-74, T'OCT 12.2.049-80, T'OCT
12.2.007.8-75, «IIpaBui TexHiKM Oe3MeKH MpU EKCIUTyaTallii eJIeKTPOYyCTaHOBOK
cnoxxuBadiBy (I1TH).

Bumorn 6e3mnexu, mpormoHOBaHi 10 KOHCTPYKIII MamIvuH 1 BX1THAX 10 KOM-
IUIEKTY MalvH BUpo0OiB, Bu3Havae 'OCT 12.2.007.8-75.

J111s momepeKeHHS TOPa3Ky eNEKTPUYHIM CTPYMOM HEOOX1THO TOTpUMY-
BaTHUCS TAKUX MPABUIT;

1 Kopmycu Bcix MalimH, MeTalieBl KOKyXH PyOMJIbHUKIB 1 MarHiTHUX ITyC-
KaJiB, J0 SKUX TIJABEICHUN ENEKTPUYHUN CTPyM, TMOBUHHI OyTH 3a3eMJICHI.
[Ipu BiaCyTHOCTI 3a3eMileHHs NpoOiil mepBUHHOI OOMOTKM TpaHchopMaropa Ha
KOPITYC MOK€ MTPUBECTHU J0 CEPHO3HUX HACIIIKIB.

VYeci enextpuyni kabei, 0 WIYTh BiJl PO3NOAUIHBHUX IUTKIB 10 pOOOYUX
MICIIb, IOBUHHI OyTH HaJIWHO 130JIbOBAaHI W 3aXMINEHI BiJ] MEXaHIYHUX YIIKO-
JOKCHBD.

2 Tlepemukatu miabenb TMOTYKHOCTI TpaHchopmaTopa MOXKHA TIIbKU
MIPU BUMKHEHOMY PYOWIIbHUKY .

3 Ilpu poOoOTI Ha MamMHAaxX 1] HOraMH MOBUHHI OyTH TYMOB1 KOBPUKH
abo cyxi iepeB'sHi IpaTH.



4 MoHTaX, PEMOHT E€IEKTPOYCTATKYBAaHHS W CIIOCTEPEKEHHS 32 HUM IO-
BUHHI 3/IIMCHIOBAaTH KBaTi(ikoBaHi elleKTpoMoHTepHU. CTyeHTaM KaTeropu4HoO 3a-
OOpOHSETHCS pOOUTU OY/b-5IKI BUIIPABJICHHS B CUJIOBHX €JIEKTPUYHMX JIAHITIOTAX.

5 Ilpu BKIIOYEHH] pyOMIIbBHUKA HE MOXKHA JOTOPKATUCS TOJMMH PYKaMH He
TUIBKM JIO HEI130JbOBAHUX METAJIEBUX YaCTUH EJIEKTPUYHUX JIAHLIOTIB, aje M
JI0 130JIbOBAHMX, TOMY IO YIIIKOJKEHHS 130JIA1111 1HO/11 MOYKE OYTH HE TIOMIYCHHM.

6 Ilpu 3akiHueHHI poOOTH HAa KOHJEHCATOPHUX MalllMHax ado MpU TpUBaA-
JHUX Tlay3ax BapTo OOOB'SI3KOBO PO3PSIUTH KOHICHCATOPH IIISIXOM KOPOTKOTO
3aMUKaHHS IXHIX BUBOJIB. PO3psIKy KOHJIEHCATOPIB MOTPIOHO MOBTOPUTH KiJIbKA
pa3iB. BiicyTHICTh HalpyIr'y Ha KOHAEHCATOPax MEPEBIPSIOTH 32 BOJIBTMETPOM.

7 Ilpu BUSIBIEHHI YIIKOJKEHHS €JICKTPUYHOTO JIAHIIIOTa HEOOXITHO MpH-
MUHUTH POOOTY, BUKIIOYUTH PYOMIHHUK 1 HETAWHO CHOBICTUTH PO 1€ BHUKJIA-
nada abo yabopaHTa.

[Ipu mopasii eNeKTPUYHUM CTPYMOM HEOOX1THO 3BUILHUTH MOTEPIIIOTO
BiJl BIUIUBY cTpyMy. [IO0TpiOHO BUKIIIOUNMTH PyOMIIBHHMK, BUBEPHYTH 3aMO01KHI
npoOKH, Tepepydatu cTpyMoBeaydl kadenl 1 T.A. SKiio morepniivii He mojae
O3HAK JKUTTS, HOMY pOOJIATh IITy4YHE AUXaHHS 10 mpuxony jikaps. Ctan more-
PIIOro MOXE BU3HAUYMUTH TUIBKH JIIKAp.

CnocoOu nonepea:KeHHs ONMIKIB

VY mporeci CTUKOBOTO 3BaprOBaHHS OIUIABJICHHSIM, a TaKOX TOYKOBOTO
3BaprOBaHHs JeTaneil 13 OpyaHOIO i ip)KaBOKO MOBEPXHEIO YTBOPIOETHCS BEJIUKA
KUIBKICTh 1CKOp 1 OpHU3KIB PpO3IJIABIECHOTO METaly, SIKI MOXYTh MHOTpPanuTH
Ha HE3aXUIIICHY MOBEPXHIO TiJa ¥ BUKJIMKATH OMiKU. [ 3aXUCTy Bija OIIKIB
HEOOX1THO TOTPUMYBATHCS TAKUX TPABHLIL:

1 3BaproBaHHs POOUTH B OKYJsipax mo¢GepChKOro THITY 3 IPOCTUM CKIIOM,
y GapTyxy 3 MIIbHOT TKAHWHU, TOJIOBHOMY YOOP1 i pyKaBHUIISX.

2 [Ipu cTUKOBOMY 3BaplOBaHHI OIUIABIIEHHAM IPOCTIP 3aTHCKHOTO MEXa-
HI3MY 3aKPUTH METAJICBUM IIIUTKOM.

3 [Ipu TOuKOBOMY 3BaplOBaHHI THUTaHA, AJIFOMIHIEBUX CIUIABIB M 1HIIHMX
MeETaliB, IO JIal0Th BEIUKY KUIBKICTh OpU3KIB, MICIIE 3BapIOBAHHS 3aKpUTHU Bij-
KHJTHUM TPO30PHUM IITUTKOM.

4 He mpamroBaty 0€3 BOJSIHOTO OXOJIO/DKCHHS, TOMY IO KPIM TICYBaHHS
MAaIIuHY 1€ MOKE TPUBECTH 0 OTMIKIB Ha pyKax.

IIporunosxesxkui 3axoau

[TpyunHaMu MoXxex Mpu 3BaprOBaJIbHUX pPOOOTAX MOXKYTh OyTH 3aropsiH-
HSl TOPIOYMX MartepiajiB, 10 nepeOyBaoTh MOOAU3Y BiJg poOOUYMX MICLb, a Ta-
KOX HECIpPaBHUN CTaH €JIEKTPUYHHUX NPOBOAIB. BapTo mam'staTu, mio ickpu i
OpHU3KHU pO3ILIABIECHOI0 METally, 110 MOTPANWIA Ha TOPIOYUN MaTepiaj, MOXYTh
BUKJIMKATH MOT0 TJIIHHSA, a MOTIM U 3arOpsSIHHSL.



Jlns monepeKeHHs MoXkKeK He0OX1THO B)KMBATH TaKl 3aXO0U:

1 He 36epiratu mo6au3y Bij MiCIg 3BaplOBaHHS JIETKO 3aMUCTI a0 BOT-
HeHeOe3meuH1 MaTepianu (KJIo4ds, rac, OSH3UH i 1H.).

2 HeoOxigHO MOCTIMHO CTEXUTHU 3a HASBHICTIO M CIIPAaBHUM CTaHOM MPO-
TUTOXEXKHUX 3ac001B (BOTHETaCHUKIB, SIIMKIB 3 TICKOM 1 JIonart, 004YOK 3 BOJIOIO
it 1ebep, MOKEeKHUX PYKaBiB).

3 Ilicng 3aKkiHYEHHSI 3BApPIOBAIBHUX POOIT HEOOXIJHO BHUKIIOUUTH BCi
CJIEKTPUYHI YCTAHOBKHU M BOJISIHE OXOJIOJPKEHHS, & TAKOX MEPEKOHATHUCS y BiJ-
CYTHOCTI TapsA4uX 1 TJIIIOYHUX IPEIMETIB.

Bapro mam'sitatu, mo npu racinHi HadTH, Tacy, OCH3MHY, a TAaKOX IMaJia-
IOYMX CICKTPUYHHUX MPOBOJIIB HE MOKHA BUKOPHUCTOBYBATH BOJY ¥ MiHHI BOTHE-
TaCHUKHU. Y IHMX BUMAJAKaX HEOOXITHO 3aCTOCOBYBATH BYIJIEKHCIIOTHI abo cyxi
BOTHETACHHKH.

¥Yci mabopatopHi poOOTH MOBUHHI TPOBOJUTHUCS B MPUCYTHOCTI BUKJIAJa-
ga abo jabopaHTa.



JIABOPATOPHA POBOTA Ne 1

BUBUEHHS KOHCTPYKIIN CTUKOBUX KOHTAKTHUX MAILIUH
I 3HATTSA 30BHIIIHIX XAPAKTEPUCTHUK

1.1 3araasHi BizomMocTi

OCHOBHI BY3/IHM CTUKOBUX MAIIUH JUIsi KOHTAKTHOTO 3BaprOBaHHS
(puc. 1.1): cranumHa (Kopmyc) 3 HampsSIMHUMH, 3BapIOBAIBHUN TpaHchopma-
TOp, NepeMHKay 11a0J1iB MOTYXHOCTI, 3aTUCKHUN MPUCTPIN 31 CTPYMOBIJIBI-
HUMHU eJIeKTpojaMu (ryOKaMM), MEXaHI3M Mojadl ¥ ocaKeHHS, MEXaHi3M
YBIMKHEHHSI 1 BUMHKaHHS CTPYMY, CUCTEMa BOJSTHOTO OXOJIOKEHHSI.

JUis Kpamoro BUBUEHHSI KOHCTPYKLII CTUKOBUX MalllMH po30epeMo Mmpu-
CTPiil KO’KHOTO 3 LIUX BY3JIIB.

CranuHa, 3BapHa ab0 JuTa, MpU3HAYCHA JJII KPITUICHHS Ha HIA YCIX OC-
HOBHMX BY3JIIB. YCEpeIMHI CTaHWHU BCTAHOBJIEHUM 3BaproBaJibHUN TpaHchop-
MaTop, a 3BepXy — 3aTUCKHUYN MPUCTPIN 1 MEXaH13M MOJ1adl Ta OCaHKCHHS.

3BaproBalibHUN TpaHCHOPMATOP CIYKUTh JJI OJIEPKAHHS y 3BaprOBajlb-
HOMY JIaHI[}031 BEJIMKOIO0 CTPYyMYy IPHU BIIHOCHO HM3bKIiil iloro Hampy3i. TpaHc-
dbopmartop cKIIalaeThCs 13 cepaeuHrKa 4, CEeKI[IOHOBaHOI MEPBUHHOT OOMOTKHU 2
3 B1IBOJIaMU 6, BTOPUHHOT'O BUTKa 1 3 KOHTAKTHUMH KOJOJAKAMH 3 1 TpyOKamu
BOJISTHOT'O OXOJIOJUKEHHS 5 (puc. 1.2).
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1 — cmanuna; 2 —unanpaenaioui, 3 — nepyxoma nauma, 4 — pyxoma niuma,
5 — nooarouuii npucmpiii; 6 — zamucknuti npucmpii; 1 — ynopu,
8 — 36aprosanvruli mpancgopmamop, 9 — eHyuKi cmpymoniosioni wiuHu

Pucynok 1.1 — Posmawiysanus 8y31i6 Cmuko8oi Mauunu
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Pucynox 1.2 — 3saprosanvhuii mparncgopmamop

CeplieyHUKH BUTOTOBJISIOTH 13 JIMCTOBOI €JIEKTPOTEXHIYHOI CTami, 3a
KOHCTPYKITI€I0O BOHH MOXYTh OyTH cTprkHeBuMHU (puc. 1.3, a), OpoHbOBUMH
(puc. 1.3, 0) 1 kinbieBuMH (puc. 1.3, ).

BropunHi BUTKH TpaHCHOpPMATOPIB KOHTAKTHUX 3BapIOBAJIbHUX MAIIWH
3BHYAHO BUTOTOBIIAIOTH 13 TOHKOI MinHOI (ombru (puc. 1.4, a), 3BapeHUMH 3
MigHuX TpyO (puc. 1.4, 6), nutumu 3 anmominito (puc. 1.4, ¢) abo BUPIZYIOTH 13
TOBCTOJIUCTOBOI Miai (puc. 1.4, r). Butku 3 MigHOT HOIBIH OXONOHKYIOTH TTOBI-
TPSIM, a BC1 1HIII BUTKU — XOJIOJHOIO TPOTOYHOIO BOJIOKO.

a o} B
Pucynox 1.3 — Tunu cepoeunuxis Pucynox 1.4 — Tunu emopunnux
36apIOBAILHUX MPAHCHOPMAmMOpie BUMKIB

[lepBuHHY 00pOOKY TpaHchopMaTopa BUKOHYIOTh y BUTIISAI HUIIHAPUY-
HOT a00 MMCKOBOi KOTYIIKH, BiJl SIKOi BIIBOJSATH KaOemi I MiIKIIOYEHHS ii 110
Mepexi 1 repeMukaya 1madiiiB MOTYKHOCTI.

OnHi€ro 3 XapaKTepUCTUK 3BAPIOBAIBHOIO TpaHChopMaTopa € TPUBATICTh
roro yBiMkHeHHsI TB, 110 BU3Ha4a€ThCs BIHOIICHHSM TPUBAJIOCTI YBIMKHEHHS
CTpyMy TPOTATOM OJHOTO 3BAPIOBAIBHOTO IUKIY t,, 10 TPUBAJIOCTI MOBHOTO
LUKITY t,, PIBHOIO CyM1 TPUBAJIOCTEN 3BapIOBAHHS i May3H:

TB=ttﬁ-100%.

Y



[Tepemukad mabi1iB MOTYKHOCTI CIIY>KUTb JJISl CX114aCTOTO PEryIrOBaHHS
3BapIOBAJIBLHOTO CTpyMy. 30UIbIIYIOYM a00 3MEHILYIOYM KUIbKICTh BUTKIB IEp-
BUHHOI OOMOTKH, BKJIIOYEHUX Y MEPEXKY, BIAMOBIAHO 3MIHIOIOTh HANpyry Ha Ki-
HIIX BTOPUHHOTO BHUTKA. 3aJ€KHO BiJ MOTYXHOCTI MallMHH 3aCTOCOBYIOTH
mrencensHi (puc. 1.5, a), mnactunyacti (puc. 1.5, 6), Brruni (puc. 1.5, B) nepe-
MHUKadi i IepeMrKadi 3 KOB3HUMHU KOHTakTaMu (puc. 1.5, T).

a — wmencenvHi,; 0 — NaaCMuH4Yacmi, 8 — 8MUYHI,; & — 3 KOBZHUMU KOHMAKMAaMU

Pucynox 1.5 — Ilepemukaui wabnie nomyscnocmi

3aTUCKHUI NPUCTPIN MPU3HAYEHUH JUIs 3aKPIIUICHHS U LIEHTPYBAaHHS J€-
TaJiei, 10 3BapIOIOTh, B €leKTpoAax (rybkax) MalimHU, a TaKOX MiJBEICHHS
JI0 HUX 3BapIOBaJIbHOTO CTPyMY. 3aTHCKHI IPUCTPOI MOXKYTh OyTH pyd4Hi a0o
MexaHi3oBaH1. [lo pydHUX BIAHOCSATHh €KCIEHTPUKOBI, TBUHTOBI i BaXK1JIbHI 3a-
TUCKadi. BoHU 3BUYailHO 3aCTOCOBYIOTHCSA B MalllMHAX MAJIOi M CEPEeHBOT MOTY-
’KHOCTI. Y MallIMHax CepelHbOl I BEJIIMKOI MOTY>KHOCTI BUKOPUCTOBYIOTh MeXa-
HI30BaHI 3aTHCKadi: MHEBMATUYHI, TiAPaBIiyHi, €ICKTPUYHI i ITHEBMOT1IPaBIIiU-
Hi nipuctpoi (puc. 1.6). [l monepemKeHHs] TPOKOB3YBAHHS JIETANCH B €JIEKT-
poJiax 3aTHUCKHI MPUCTPOI NIEIKHX CTUKOBUX MAILIMH MAlOTh YIIOPH.

Py

B r A

a — eKCYeHMpUKosull, 6 — 28UHMOBUIL, 8 — BAINCIIbHO-NPYHCUHHULL,
2 — BAICIIbHO-NHEEMAMUYHULL, O — NHEBMAMUYHUL

Pucynox 1.6 — 3amuckui npucmpoi cmukosux MauiuH



Mexani3M nogadi ¥ OCa[PKEHHsI CIIY>)KUTb JJisl 30JMOKEHHs AeTajiel, 1110
3BapIOIOTh, 1 CTBOPEHHSI HEOOXITHOTO TUCKY B MOMEHT 3BapIOBaHHS W OCaJKEH-
Hs. 3aJIe)KHO BiJl METOIY 3BaproBaHHs (OMOpoM abo OTJIABJICHHSIM), CTYTIEHS
aBTOMaTH3allli i HeOOX1THOTO 3yCHIIIS OCAIKESHHS CTHUKOBI MAaIlIMHU MAalOTh
NPYXKUHHI, BaX1JIbH1, TBUHTOBI1, €JIEKTPOMEXaH14H1, TipaBJIiuHi, THEBMATH-
9H1 i KOMOIHOBaHI NMPUBOJIU MEXaH13MIB MOJaul i OCaJ>KECHHS.

[Ipu npyxxunHomy npuBoji (puc. 1.7, a) mra 1 nepecyBaeTbes npy-
KUHOIO 2, IONEPEHBO CTUCHYTOI eKCIeHTpUKOM 4. CTymiHb CTUCKY NpY-
KWHA MOXXHA peryiaoBaTd TBUHTOM 3. Ilpm TBUHTOBOMY MpHBOII
(puc. 1.7, 6) muura 1 pa3om 13 TBUHTOM 4 MEpEeMIIYEThHCS Bl OOepTaHHS raii-
KM 2, 3B'13aHOiI KOHIYHUMH 3y04acTHMHU KojecaMu 3 ¥ 6 31 mTypBajom 5.
Y Bumaaky BaxinbHOTO npuBoay (puc. 1.7, B) mnurta 1 mepecyBaeThecs npu
MTOBOPOTI BaXKeJIsl 2 1 BUIIPSAMIICHHI KOJIiHa 3.

Pucynox 1.7 — I[Ipusoou mexarnizmie nooaui il 0Ca0H*CeHHs: CMUKOBUX MAULUH

[Tpu enexrpomexaHiyHoMy npuBoi (puc. 1.7, r) enexTpoaBuryH | yepes
BapiaTop IIBUAKOCTEH, KIMHOPEMIHHY Ilepenauy 6 i uepB'suHui peaykrop 9
obepTae Kynadok mnojayi 7. OcTraHHId, HATUCKAIOUM HA POJIUK &, mepecyBae
muty 11. Ilicns 3BaproBanHs npyxuHa 10 moBepTae MIUTy y BUXIJHE MOJIO-
YKEHHS.



[IIBUKICT OIJIABJICHHS ¥ OCAJKEHHS 3MIHIOIOTh BapiaTOPOM ILIBUJKOC-
Teil. Bapiatop siBiase co00r0 pO3CYBHMI IIKIB, 110 CKJIAJAETHCS 3 JABOX KOHIY-
HUX JUCKIB 3 ¥ 4, CTATHYTUX MPY>XUHOIO 5. 'BUHTOM 2 3BOJSITH a00 PO3BOAATH
KOHIYHI JAUCKH, 3MIHIOIOYM POOOYMN JiaMeTp WIKIBa ¥ TUM CaMUM ILIABHO
pPEeryJoioun MBUAKICTh PYXY IUIUTH.

[Ipu rigpasmiuaoMy nipuBoi (puc. 1.7, a) maurta 1 mepecyBaeThes 3a 10-
IIOMOT'OX0 MacJja, 1[0 HaAXOAUTh 11 TUCKOM 13 HacocHOI ctaHmii 5. [Tomaroun
MacJjo B IMpaBi KaMepH TiApaBIIvyHUX MINHAPIB 3, TUTUTY MEPECyBaIOTh YIIIBO
i ctuckaroth neram. [logaroun macio micis 3aKiHYEHHs 3BaplOBaHHS B JIiBi
KaMepH LIIHAPIB, TUIMTY MOBEPTAIOTh y BUXIJHE MOJOKEHHs. [[ns perymto-
BaHHS IIBUIKOCTI MOJa4yl CTOJIa CIAY>KHUTh T1IPaBIIYHUN Jpocenb 6, BaKiuIelb
SKOT'0 TIOBEPTAEThCS MiJ J1€r0 Kyiadka 2. ['iapaBiaiyaumM apoceneM 4 peryniro-
I0Th IIBHJIKICTh TOBEPHEHHS IJIUTH. MeXaHi3M YBIMKHCHHS i BUMHUKaHHS TIep-
BUHHOI OOMOTKH 3BapIOBajibHOTO TpaHcPopMaTopa Mae MEXaHIdHI BUMHUKAYl i
KOHTaKTOPH.

OcTanHl MOXYTh OyTH €JIEKTPOMATHITHI ¥ ITHITPOHHI (3acTapini). Enek-
TPOMAarHiTHUN KoHTakTOp (puc. 1.8) ckiamaeTbes 13 3aMi3HOTO cepAcdyHUKA 1,
KOTYIIKU 2 1 PYXJMBOTO SAKOPs 3, HAa AKOMY YKPIIUICHH pyXOMHUH KOHTAaKT 4.
[Ipy yBIMKHEHH1 KOTYIIKH €JIEKTPOMArHITa SIKIp NPUTATHETHCS O CEPACUHHKA
 KOHTAaKT 4 3aMKHETHCS 3 HEPYXOMHUM KOHTAKTOM 6, y NMEpPBUHHY OOMOTKY
TpaHcpopmaTopa mnorede cTpyMm. KoTyiika enekTpomarHita BMHKA€TbCS i
BUMUKAETHCS 32 JOTTOMOTO0 KiHIIEBUX BUMHUKAaUiB.

5

Pucynok 1.8 — Enexmpomaenimuuii Konmaxmop

Ha mammnax BenuKoi MOTYHOCTI 3aCTOCOBYIOTHCSI ITHITPOHHI (3acTapi-
1) abo TUpPUCTOPHI KOHTaKTOpH (puC. 1.9).

Cucrema BOJSHOTO OXOJIOMKCHHS 3a0€3Meuye OXOJIOKEHHS BCIX CTPY-
MOIIIBITHUX YAaCTUH MAlIWHH, IO CUJIBHO HArpiBalOThCS B MPOIECI 3Baplo-
BaHHA. Y CTMKOBHUX MAallMHAX 3BUYAHO OXOJIOJKYIOTh BTOPUHHUK BUTOK Tpa-
HcopmaTopa i CTPYMOITIABIIHI €1EKTPOIU (TyOKH).



a—KT-07; 6 —-KT-11E; ¢—KT-12C

Pucynok 1.9 — Koumaxkmopu mupucmopHi

Mawiuna 3 npyscuHHuM nPpuU00OM

Y kopmyci 1 (puc. 1.10) ycTtaHoBieHU 3BapioBajbHUI TpaHCchoOpMa-
TOp 3 MepeMHUKayeM MadIIiB MOTY>XKHOCTI 15, 3a TOMOMOT010 SKOTO BHIKOIO 16
MOYKHa MIHATH 3BaproBajbHUM CTpyM. Ha xopmyci 3MOHTOBaHi1 3aTUCKHI MpH-
CTpPO1 €KCIICHTPUKOBOIO THUIY W MPY>XUHHUU MPUBOJ MEXaHI3My mojadi i
OCa/I>KCHHS.
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Pucynox 1.10 — Enexmpoxkinemamuuna cxema cmurxogoi mawunu ACUD-5 3
APYHCUHHUM NPUBOOOM MEXAHIZMY OCAOIHCEHHS.



[Tomaua i ocamKeHHs JeTajieil, 1O 3BAPIOIOTh, 3/1HMCHIOIOTHCS JBOMA
npyxuHamu 3, monepeaHb0 CTUCHEHUMHU BaxkesneM /7. IIpu moBOpoTi Bakes
eKCIEHTPUK 14, HaTUCKal4M Ha YHNOPHUU TBUHT 13, pO3BOAUTH 3aTUCKHI
NPUCTPOI W CTBOPIOE HATAT MPYXKHUH, Kl BTPUMYIOThCs 3acyBkoto 11. Xin py-
XJINBOTO 3aTHCKaya PeryJorTh TBUHTOM 12. JleTani, 10 3BaprolOTh, 3aTHC-
Kal0Th MK CTPYMOIIIBITHUMH TyOKaMu 4 BaKeJIsIMU 5, €KCIIEHTPUKOM 6 MpH
MOBOPOTI pyuku 7 yHu3. IIpu moBopoTi pydku 7 HAropy mpy>KUHU & TiJHI-
MarOTh Baxesl 5 y MepBiCHE MOJIOKEHHS.

[Ticnsa 3aTrcCHEHHA AeTaneil 3BUIbHSIIOTh 3aCYBKY, TOPIIEBI MOBEPXHI JeTa-
Jel cTukarThesa miA Aiero npyxkuH 3. Knonkowo 18 BMHKaOTh y MEpexy Mep-
BUHHY OOMOTKY TpaHcdopmaropa. Topii aeTtaneil moOYMHAIOTh HarpiBaTucs i
OcaJKyBaTUCS. Y MOMEHT oca/keHHsl ITU(T 10 HaTHCKae HA KOHTAKT KIHIIEBO-
ro BUMHKava 9 1 3BaplOBAJIbHUNA CTPYM BHUMHKAETHCA. 3YCUIUISL CTUCKY JeTanei
PEryJIOI0Th MONEPEIHIM HATATOM MPY>KUH ralkamu 2.

Mawuna 3 eaxcitbHUM RPUBOOOM

Mamuna MCP-50 (puc. 1.11) no3Bomnsie poOUTH CTUKOBE 3BapIOBAHHS
OTUTABJICHHSIM U OTJIABJICHHSM 3 MOMEPEIHIM MiITPIBOM CTaJE€BUX CTPHKHIB
KOMITAKTHOT'O TIEPETUHY  TPYO.
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Pucynox 1.11 — Cmuxosa mawurna MCP-50 3 sasxcinonum npugooom
MEXAHI3MY 0CAOIHCEHHS



VY kopmyci 9 MammHM po3MillIEHUI 3BaproBajbHUNA TpaHcPopmarop 8 Ta
BMUKarO4Ynii KoHTakTop 7. Ha kopmyci po3raioBaHi 3aTUCKHI npucTpoi 1 1 npu-
BOJI MEXaHI3My CTHCKY W ocajkeHHs. [1o BUCOTI ryOKH peryiroroTh TBUHTOM 2,
CTUCK M OCaJKEHHs 31MCHIOIOTh BaxkeseM 3, 1o yepe3 taipen 11 nepemiiiae
MpaBUi 3aTUCKHUHN MPUCTPIiid. 3a JOMOMOTOI0 TaJpena MOKHA PEryJtoBaTH BiJC-
TaHb MK TyOkamu. JIJisi 0OMEeXEHHs BEJIMUMHU OCAJ[KEHHSI Ha BaXKEJI1 CIY>KUTh
ynop 12. 3BaproBaJibHUI CTPYM BMHUKAIOTh ITyCKOBOIO KHOMNKOIO 4. BUMUKaHHS
CTPyMy B MOMEHT OCA/)KEHHsI B1I0YBA€THCS MPU HATHCKAHHI YIIOPOM 5 Ha KHO-
Ky, 110 Bukitoyae, 10. 3 giBoro 00Ky MalimHu yKpITIeHUH nepeMuKay maois
MOTYKHOCTI 6.

Enextpuuna cxema Mammnu (puc. 1.12) mpairoe B Takuit crioci6. [lpu na-
THUCKaHHI Ha KHOMIKY [I, po3ramoBany Ha pyKOSTIIl BayKeJs, CTPYM BijJ BTOPHUH-
HOT OOMOTKM MOHMXYyIUoro tpanchopmaropa TII mpoiige uyepe3 3aMKHEHY
KkHOTIKY [I, HOpMaIbHO 3aMKHEHHMI KOHTAKT KiHIIeBOTO BuMukadya KB 1 koTymiky
npomixuoro pene K;.
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Pucynox 1.12 — Enexmpuuna cxema cmukosoi mawunu MCP-50

Pene cropaitoe i 3aMkHe cBifi HOpMaiabHO BIAKpUTUM KOHTakT K. Ilpu
BOMY CTPYM 3 MEPEKi MPONJE uepe3 KOHTAKT, 110 3aMKHYB, pese K; 1 koTymky
esniekTpoMarHiTHOro kontaktopa K. Konrakrop cnpaitoe i yBiMKHE JIBa HOpMa-
JbHO BiAKpUTUX KOHTakTopu K. TakuM unHOM, mepBUHHA OOMOTKA 3BapIOBasIb-
HOro TpaHcdopmaropa T3 BusiBUTHCS MiJ Hanpyrowo mepexi. [louHeTscs mpo-
1IEC 3BAPIOBAHHS. Y MOMEHT OCa/KEHHSI pyXJIMBa IJINTa HATUCHE HA KHOIIKY Ki-
HueBoro Bumukaua KB, cTpyMm y JaH11031 KOTYIIKH pesie nepepBeThesi. KonTak-
TOp PO3IMKHETbCS W 3HECTPYMUTh KOTYWIKY KoHTakropa K. Po3iMKHYBHIUCE,
KoHTakTH K BiAKIIOYAaTh MEPBUHHY OOMOTKY 3BaprOBajbHOIO TpaHchopmaTtopa
B1JI MEPEXK1 ¥ cHCTeMa MPUIAJIE y BUX1THE TTOJOKCHHS.



3BaproBanbHUN TpaHCHOPMATOP MA€E CEKI[IOHOBAHY NMEPBHHHY OOMOTKY,
110 JI03BOJISIE OJCPXKYBATH 3a TOTIOMOTOI0 nepemukada madmiB 1] Bicim 3Ha-
YeHb BTOPUHHOI HAIIPYTH.

Mawuna 3 enekKmpomexaHiuHumM RPUCOOOM

[{s mamuHa CIyXUTh JUIsi aBTOMAaTUYHOTO 3BapIOBaHHS Oe3MepepBHUM
OIUIABJICHHSIM 1 3BAPIOBAHHS OIUIABJICHHSM 3 MOMEPEIHIM MiIIrpiBOM AeTaneit
KOMIIAaKTHOTO ¥ PO3BMHEHOTO mepeTuHy. Jletani, 10 3BaproloTh, 3aTUCKAIOTh
MTHEBMATHYHUM MPUCTPOEM pajaiasibHOro TUiy (puc. 1.13).

JliBmit 3aTrckad 1 1307150BaHM Bl KOpIyca MAIIMHU ¥ 3aKPIIICHUN He-
pyxomo. [IpaBuii 3aTrickay 2 BCTaHOBJIEHUH HA JABOX HAMPAMHHX 15 1 MOXe me-
peMIIaTUCs M0 HUX Y MEXax, HeoOX1qHUX s 3BaproBaHHs. KoxkeH 3aTtuckad
Mae 10 J1Ba MHEBMATUYHUX UUIIHAPA, 310paHuX y 3aranbHui 6ok 17.

Pucynox 1.13 — Kinemamuuna cxema cmukogoi mawunu MCMY-150-1

CtucHeHe MoBITps A0 MUIIHAPIB HAAXOAUTH 13 MEpPEXkKi uepe3 BeHTHIb 10,
noBiTpsiHUM ineTp 11, moBiTpsiHuit peaykrop 12, mybpukarop 13 i enektpoma-
THITHAM KinanaH 14.

JlyOpukarop mpu3HaA4CHHUI 71 3MAIICHHS MaHXET MHEBMAaTUYHUX IIHITi-
HJIPIB, & EICKTPOMATHITHUM KJIAMaH CIY>KHUTh JJIS BITyCKY W BUITYCKY CTUCHEHO-
ro TOBITPS 3 KaMep MHEBMATHYHUX IWTHAPIB. Ha Muisixy CTUCHEHOTO MOBITPS
JI0 IWUTIHAPIB BCTAHOBJICHI APOCETIOYI KanaHu 16, mpu3HAYeHI IJIs TOM'SIK-
IICHHS YyJapiB, sIKI MOKYTh BUHUKHYTH TiJ 4ac 3aTHCHEHHA JETajlei, 10 3Ba-
protoTh. [Ipuctpiii n1yOpukaropa, eIeKTpOMarHiTHOrO i JAPOCET00Y0ro Kiamna-
HIB JIOKJIaJTHO OMKMCcaHo B jJabopaTopHiid poooti Ne 3. /[ nepeminieHHs: OAHOTO
13 3aTHCKayiB MPHU 3BAPIOBAaHHI B MAIlMHI BUKOPUCTAHHUM €JIEKTPOMEXaHIYHHMA
npuBoja. OOepTaHHs BiJl €JEKTPOJABUTYHA 8 Yepe3 Peryisarop MBUAKOCTEH 9 i
IIKIB 6 TIepeacThCs Ha MWIHAPUYHY Hapy 3MIHHUX 3yO04acTHX KoOJjdic 7, a 1mo-



TIM — Ha 4epB'styHuil peaykTop 5. Ha oaHiil oci 3 4epB'sUHMM KOJECOM Haca-
JUKEHUW KyJIadOK 4, 110 4epe3 poJMK 3 Hajae pyxy 3aTuckady 2. MammuHa npu
HpOMy pobuTh poOoumii xij. Ilicis po3THCHEHHs 3aThcKad 2 3a JOMOMOIOIO
MHEBMATHUYHUX IWIIHAPIB 18 MOBEPTAETHCSA JO BUXIJTHOTO MOJIOKEHHS.

3HAmMMmMA 308HIUHLOT XAPAKMEPUCMUKU CHUKOBOT MAUIUHU

30BHIIIHBOK) XapPaKTEPUCTUKOIO HA3UBAETHCSA TpadiuHa 3aJIE€XKHICTh MIXK
poOOYHM CTPYMOM 1 HANPYTOXO.

KpaliHi TOYKH 30BHIIIHBOT XapaKTEPUCTUKN MAIIUHU — 1€ XapaKTePUCTH-
K Xoyoctoro xoxy, komu E,=U,; 1,=0, i KOpoTKOro 3aMukaHHs, KOJIA
U,=0; I,=1I
KpPYTONaal0uiMHU. IXHS KPYyTICTh 3al€KHTh BiJl MOBHOIO OMNOPY JAHIIOra Ma-
IIIMHY TIPU KOPOTKOMY 3amMukaHHi. Ha puc. 1.14 HaBeneH1 30BHIINIHI XapaKTepH-
CTHKH JJI YOTUPHOX CTHUKOBHX MAallIMH, 3HATI HA HOMIHaJbHOMY (TIepeocTaH-
HBOMY) 11a0J11 TOTY>KHOCTI.
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Pucynox 1.14 — 306Hiwni xapakmepucmuxu 36apiosaibHo20 mpancgopmamopa
o piznux wabnie nomyosicnocmi (1 — 4)

Jlnst moOy0oBH 30BHINIHBOT XapaKTEPUCTUKH, a TaKOX JJIsi BU3HAYCHHS
pSy €NEeKTPUYHUX TapamMeTpiB MAaIUHU MPOBOISTH JOCIIIKEHHS XOJIOCTOTO
X0/y, KOPOTKOT'O 3aMUKAHHS 1 3aMIpSIOTh JIESK1 €ISKTPUYHI TapaMeTpu MpH pi-
3HUX HaBaHTaXeHHsX (puc. 1.15).



BurnpoOyBaHHS X0JIOCTOr0 X0y MPOBOJAATH IS BCIX 1abiiB TpaHcdop-
MaTopa MpH PO3IMKHYTOMY BTOPMHHOMY JIAHI[I031. 3a TOTIOMOTOK0 aMIlepMeTpa,
JIBOX BOJIBTMETPIB 1 BaTMETpPa BU3HAYAIOTH CTPYM XOJOCTOro xoay lo, Hampyry
»uBwibHOI Mepexi Uy, E.P.C. BropunHoi oomMoTKku TpaHnchopmaropa E, 1 BTpa-
TH X0J0cToro xoay Py. L1 maH1 103BOJIAIOTH BUSHAYUTH KPailHIO TOUYKY 30BHIII-
HbO1 xapaktepuctuku 1pu I, = 0; U, = E; 1 koedimienT Tpancopmariii s BCix
a6t Tpancdopmaropa:

U
n = 1
E2m

ne n, ¥ B, — BignoBigHo koedimieHt Tpancdopmartii i E.P.C. BropunHoi
00OMOTKH M-T0 11a0JIs.
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a — X010cmo20 x00y,; 6 — KOpOMKO20 3AMUKAHHS
Pucynok 1.15 — Cxema sunpobysans

BunpoOyBaHHS X0JIOCTOTO XOAY J03BOJISIE BUSHAYUTH YUCIIO BUTKIB TEp-
BUHHOI 0OMOTKH TpaHc(hopMaTopa Ha Pi3HUX IMA0ISIX YBIMKHEHHS:

Wm :WZ nm’

JIE W,, — YMCJIO BUTKIB M-T0 Ia0JIs;

W, — YUCJIO BUTKIB BTOPUHHOT OOMOTKH 2-10 1maduis (3BuyaitHo w; = 1).

BunpoOyBaHHS KOPOTKOTO 3aMHUKaHHS MPOBOASTH MPH 3aMKHYTHX HAaKO-
poTKo enekTponax (ryokax). [Ipu HEMOXKIMBOCTI OE3MOCEPETHBOTO KOHTAKTY
CJIEKTPOJU 3aMHUKAIOTh Y€pPEe3 MACUBHUN MITHUN CTPHXKEHb MPU MIHIMAJIbHOMY
PO3KPUTTI 3aTUCKHUX MPHUCTPOiB. [Ipy KOpOTKOMY 3aMUKaHHI JIJIs 11a0is m 3a-
MIpSIFOTh TIEPBUHHUN CTPYM KOPOTKOTO 3aMUKaHHS [, n,, HAIPYTYy KUBUIBHOL
Mepexi U; i crokuBaHy TOTYXHICTh MamuHu Px. ,,, 1li BUMipu 103BOJSIOTH
BU3HAYMTH IHINY KPAaWHIO TOYKY 30BHINIHBOT Xapakrtepuctuku (npu I, = [, 1, #
U, = 0) 1 Koe]iieHT MOTY>KHOCTI MaIMHU (A1 A0t m) y pekuMi KOPOTKOTO
3aMHKaHHS:

P
CoS @, = — 20—

1 IK.3.m



[lepBuHHUI CTpyM MOXXHa 3aMipATH NpUIaJaMy MPSMOIO0 BMUKAHHS U
npuiagaMu 13 TpaHcpopMaTopamu CTpyMy abo 3a JOTMOMOTOI0 BUMIPIOBaIbHUX
KJIIIB, Hanpukiag tumy 1{-30. BapTo nam'statu, njo npu KOpoTKOMY 3aMHUKaH-
HI CTPYM Y NEpPBHUHHIN 0OMOTLI TpaHchopmaTropa U MOTY>KHICTh, CIIOKUBaHA 3
Mepexi, 3HAYHO 30UTBIIYIOTHCS, @ TOMY aMIEPMETP 1 BaTMETP HEOOXITHO BMU-
KaTHU 4Yepe3 BUMIPIOBAIbHUI TpaHCchOpMATOp CTPyMY 3 BEITUKUM KOE(ilIEHTOM
TpaHcdopmarii.

JIst BU3HAYEHHS 1HIIMX TOYOK 30BHIIIHBOI XapaKTEPUCTHKU Ha LIbOMY K
mad 3aMipsAOTh yCl TapaMeTpy MpH PI3HUX OMOopax BTOPUHHOTO JIAHIIOTA.
s BUMIpY CTpyMy MiX enekTpoiamu (ryOkaMu) MalllMHU 3aTUCKAIOTh MITHY
abo crasieBy TpyOy, OXO0JIOJKYBaHY MPOTOYHOIO BO/IOK. MOKIIMBE 3aCTOCYBaH-
HS JIeTaii 3 1HII0I (GOPMOI0 MEPETUHY. 3MIHIOIYHM TIEPETHHU M MaTepian, Mi-
HSIOTH OITIp, & OTKE, 1 CTPyM Y BTOPUHHOMY JiaHIt031 [,. Benuunny BTOpuHHOTO
cTpyMy |, po3paxoByroTh 3a KoedirieHTOM TpaHchopMarlii AJi bOTo MadIs:

W,
L,=(,-1,)—=2
= (=T

ne I; — cTpyM nepBHUHHOI 0OOMOTKH IPHU KOPOTKOMY 3aMUKAHHI;

Iy — CTpyM NepBUHHOT OOMOTKH IIPH XOJIOCTOMY XO/I1;

W; W, — YHCJIO BHUTKIB BiJTIOBITHO B IEPBUHHIM 1 BTOPUHHIA 0OMOTKax
3BapIOBAILHOTO TpaHChOopMaTopa.

OTpuMaHni J1aHl XOJIOCTOTO XOAY JUIsl KOXKHOTO 11adJis i KOPOTKOTO 3aMu-
KaHHS JJIs JEKUIbKOX MIa0iiiB, a TAKOX PO3PaXyHKOBI JaHi JIal0Th MOXKJIUBICTb
rpadigHo moOyayBaTH 30BHINIHIO XapaKTEPUCTUKY MAIIIUHU.

1.2 IIpoBenennst podoTn
Ycemamkyeanna it mamepianu

1 Mamuan 119 CTUKOBOTO 3BapIOBAHHS 3 PI3HUMHU MPUBOJIAMH MEXaHi3-
My ocamkeHHs (ACUD-5, MCP-50, MCMVY-150 a6o iM moioHi). TexniuHa Xa-
paKkTepucTUKa MallvH, 1uB. Taom. 1.1

2 Boaber™etp Ha 220 a6o 380 V.

3 BoasT™merp Ha 5, 10 abo 15 V.

4 Ammnepmerp Ha 5 A 3 Tpancopmaropom ctpymy 600/5 abo cTpymo-
BUMIproBajibHI Kiing 1{-30.

5 Barmerp 13 TpancopmaTopom cTpymy.

6 CraisieBi i MiiHI TPyOKH, OXOJIOJKYBaH1 IPOTOYHOKO BOAOKO.

7 TlepecyBHuii J1abopaTOpHHI CTUT 13 HAOOpPOM HEOOXITHUX IMPOBOJIIB,
IHCTPYMEHTOM 1 CELOSITOM.

8 Omnucu, KpecaeHHs, CXeMH ¥ HeoOX1/THI IOB1IKOBI MaTepiaJid.






Tabnuysa 1.1 — Texniyna xapakmepucmuxa Mawut 0Jisk CMUKOB020 36API0BAHHS

ITapameTpu ACII-1 ACHUD-5M MCP-50 CM-50 MCMYV-150

HowminanbHa MOTYKHICTB, i 5 50 50 150

KB'A

TpuBamnicTh yBIMKHEHHS

TB. % 15 25 20 45 20

Uucno mabmiB perymto- 20 4 2 2 16

BaHHsI TpaHc(hopmaTopa

Meiia peryMmoBatiia B1o-| ¢ 4 1,1-2,2 2,7-5,1 2,6-5,2 4,04-8,1

puHHOI Hanpyru, B

[TpuBoa mogaui [TpyxuHHMI BaxinbHuii Enexrpomexaniunuii

Haiibinbie 3ycmmis oca-

oxerms, H (xr) — 1200 (120) 30 000 (3000) 30 000 (3000) 65 000 (6500)

Xig mogadi, MM — 14 30 35 20

Tunm 3aTUCKHOTO Ipu- . . BaxinbHo- . . .
[IpyxkuHHnii | EKCueHTpuKOBUI . Bax1inpHuii [TneBMaTnuHMUM

CTpPOIO TBUHTOBHU

HajiGlmpinie sycmii sa- — 5000 (500) 20 000 (2000) | 20000 (2000) | 100 000 (10000)

tucHeHHs1, H (kr)

Homimabrmii nieperit ae- 1,3 60 400 600 2000

TaJIel, 1110 3BAPIOIOTh, MM

[TpomyKTHUBHICTE 3Bapio- 180 100 90 180 20

BaHb, U

Butpara xomnomHoi BOAM, o o o

. 0,089 (300) 0,056 (200)

BHTpaTa3 CTHCHEHOT'O TIO- - o - - 0,004

BITpSI, M/C

["abaputhi po3mipu, MM | 1090 x 450 x 400| 660 x 670 x 400 |1100 x 1570 x 1115]1050 x 750 x 2060|1300 x 1580 x 2000

Bara mammam, xr 61 100 335 550 2000




A O3HalioMAeHHA 3 KOHCMPYKUIEI CMUKOBOT MAWIUHU

3a 3aBaHHSAM BUKJIaJaya TOBUHHA OyTH 10Ope BUBYEHA OJIHA 3 MAIIUH 13
MPY>KUHHUAM, BOKIJTBHUM a00 €JeKTPOMEXaHIYHUM MPUBOJOM MEXaHI3My U TO-
Jadi oca/pKeHHs. 3 MalllMHAMHM 1HIIUX THIIIB BapTO TIILKU 0O3HAMOMMTHCS.

1 YBaxHO NMpOYUTATH OMKMC CTUKOBOI MAIIMHU, 3HAUTH ii OCHOBHI BY3JIH,
YCBIJOMUTH iXHE MPU3HAYCHHS i CXEMAaTHYHO 3aMaJFOBATH 3arajibHE KOMITOHY-
BaHHS MaIllMHHU.

2 JlaTu XapaKTepUCTUKY 3aTHCKHOTO IPUCTPOIO M CXEeMAaTHUYHO 300pa3uTu
HOTr0 KOHCTPYKIIIIO.

3 Omumcatu TN TpaHchopmaropa W BUKPECITUTH CXEMY PO3TaIlyBaHHS
MEPBUHHOT i1 BTOPUHHOT OOMOTOK.

4 HaBecTu cxemy i MOSICHUTH poOOTy IepemMuKayva 1mabJiiB MOTYKHOCTI.

5 Jlatu xapakTepHCTHKY MEXaHi3My Iojadl ¥ OCa/KEHHS W CXeMaTUYHO
300pa3uTu HOro NpucTpiu.

6 Hakpecnutu cxemy OJIOKYBaHHS BHUMHKada CTPyMy 3 MEXaHI3MOM IIO-
Jayl i ocayKeHHSI.

7 3amantoBaTd eneKkTpoau (ryOKH), BU3HAUUTH, 3 SKOIO Marepiaay BOHH
BUTOTOBJICHI, 1 OTIMCATH CMOCIO iIXHBOTO KPITJICHHS.

8 HakpecnuTtu cxemy BOJSHOTO OXOJIO/KCHHS.

9 CkJacTu TEXHIYHY XapaKTePUCTUKY MAITUHU.

b Jlochioscennsa xonocmozo xooy

1 HakpecauTu TPUHIMIOBY €IEKTPUYHY CXEMY MAIIUHU 13 BKJIIOYCH-
HSIM HEOOXITHUX €JIEKTPOBUMIPIOBAIHLHUX MPUIIA/IIB.

2 IligrotyBatu TaOJHUIO JJIs 3alIMCIB JJAHUX BUMIPIB i OOYUCIICHD (ITUB.
Tabsn. 1.2).

3 3i0paTu eneKkTpUUHY cXeMy ¥ MOKas3aTH il sl IepeBipKH BUKIIAa-
4yeBi a00 Ja0opaHTy.

4 Ilpu po3IMKHYTOMY BTOPUHHOMY JIaHI}031 Ha BCiX Ia0JsAX YBIMKHEH-
HS 3aMIpSATU CTPYM XoJocTtoro xoxay ly, Hampyry xuBuibHO1 Mepexi U;, DJ1C
BTOpHHHOI 00MOTKH Tpanchopmartopa E, 1 BTpatu xomoctoro xoxay Py.

5 OO6uucnuty KoedirieHT Tpanchopmarii s BCiX mabiiB yBIMKHEHHS.
PesynpTaTi BUMIpiB i 00UKCIeHb 3anucaT B Ta0auiio 1.2.

6 PosiOpaTu cxemy.

B /locnioycennsa Kopomkoz2o 3aMuKanHs

1 HakpecnuTy NpUHIMIIOBY €JIEKTPUYHY CXEMY MAIIUHU 13 BKIIOUYCHHSIM
HEOOX1THUX €NIEKTPOBUMIPIOBAIBHUX MTPUIIA/IIB.

2 TligrotyBaTtu TaOIMITO IS 3aIUCIB JAHUX BUMIPIB i OOYUCIICHD (TUB.
tabmn. 1.3).



3 3i0partu cxemy i npea'sIBUTH ii JIsl IEPEBIPKHU.

4 3aMKHYTH HaKOPOTKO BTOPWHHHUI JIAHITIOT 1 HA OJHOMY 31 11a0JiB yBi-
MKHEHHS 3aMIpSITH CTPyM KOPOTKOTO 3aMHUKaHHS B MEPBUHHIN 0OMOTIN Iy 5 m,
HaIpPYTy KUBWIBHOI Mepexi U 1 CIIOXKUBAHY MOTYXHICTb Py 5 m.

5 OOGuucnutu KOedImieHT MOTY>KHOCTI COS @y, I I[HOTO A0S PeKUMY
KOPOTKOTO 3aMUKaHHSI.

6 Kopuctyrounch JaHUMH JOCBIAY XOJIOCTOTO XOJY, OOYHCIUTH CTPYM
KOPOTKOTO 3aMHUKaHHS I ; ,, Y BTOPHHHOMY JIaHIIO31. Pe3yiapTaTi BUMIPIB i
oOYuCIIeHb 3anmucaTy B Tabmmio 1.3.

7 Po3zibpatu cxemy.

JlocmimpKeHHS PpOpOOHUTH TPH pa3H — Ha MEPIIIOMY, CEPEIHBOMY I TIepe10C-
TaHHHOMY IIA0JSIX YBIMKHEHHS. [Ipu HEOOX1AHOCTI BapTO 3aMIHSATH €IEKTPOBHMI-
prOBasIbHI IpuUiIaid 00 BUMIPIOBaIbHI TpaHC(HOPMATOPH CTPYMY 1 HAIIPYTH.

I’ 3uamms 308HIWIHBLOT XapaKkmepucmuku

1 Haxkpecnutu cxeMy BBIMKHEHHS MPUIAIIB, 310patH ii i mpea'iBUTH TSI
MIEPEBIPKHU.

2 IlizroryBaTy TaOJMINIO IS 3alMCIB JaHUX BUMIPIB U OOYHCIICHD (IUB.
Tabmn. 1.4).

3 Tlpu HaWOIIBIIIOMY PO3KPHUTTI €IEKTPOIB (TyOOK) 3aTHCHYTH CTaJeBY
(a motiM MigHY) TpyOY, OXOJOIKYyBaHy BOJOI0, 1 3pOOUTH BUMIpU CTPyMY B Tie-
pBuHHIM oOMoTIi [;, Hampyru mepexi U,, Hanmpyru Ha enekTponax (TyOkax)
MamuHaH U, 1 CIOKUBAHOT 3 MEPEXKi MOTYKHOCTI P.

4 307u3WUTH €NEeKTPOAN Ha 3-6 MM 1 3HOBY 3HSTH TOKa3aHHS TPHIAIIB.
JlocmimkeHHsT IPOBOAUTH TPU Pa3H Ha TEPIIOMY, CEPEeIHbOMY W TIEPEeIOCTaH-
HBOMY IA0JISIX YBIMKHEHHS.

5 Kopucrtyrounch mTaHUMH JOCTIIKEHHS XOJOCTOTO XOHIy, OOYMCIUTH
3BaprOBaJIbHUMN CTpyM |, y BTOpuHHOMY JaHI031. Pe3ynpratu BUMipiB i oOuuc-
JIeHb 3anucarty B Tabnuiio 1.4.

6 Po3zibpatu cxemy.

7 Ha miacTaBi TaOIMYHKUX JTAHUX MOOYyBaTH 30BHIIIHI XapaKTEPUCTUKH
U, = f,(1,) ¥ 3aeXHICTh CIIOKUBAHOI 3 MEPEXkKI MOTY>KHOCTI BIJl CTPyMY Y BTO-

puHHOMY jaHIo31 P, = f,(1,). ns moOy1oBM KpalHIX TOYOK 30BHINIHIX Xapak-

TEPUCTUK BapTO BUKOPUCTATH JaHl JTOCHIIKEHb XOJOCTOrO XOAY M KOPOTKOIro
3aMHKaHHS.

Konumponwvni numannsn

1 Ha3BiTh OCHOBHI BY3JIM CTUKOBUX MAILIMH JJIsl KOHTAKTHOTO 3BAPIOBAHHSL.
2 OnuuriTe NPUCTPI 3BapIOBATILHOIO TpaHCcPopmaTopa.
3 Sk ynamToBaHUM Ta NpALIOE NepPEeMUKaY 11a0J1B NOTYXHOCTI?



4 1o Take TpuBamicth yBiMkHeHHs (TY) TpancdopmaTopa 1 Sk BOHA BU-
3HA4Ya€eThCA?

5 Onuiite podOTYy CTUKOBUX MAlIWH 13 NPYKUHHUMU, BaKIJIbHUMH, €Jie-
KTPOMEXAHIYHUMHM U T1paBIIYHUMH IPUBOJAMHU.

6 Lo Ha3MBaeThCs 30BHIMIHBOIO XAPAKTEPUCTUKOI MAIIMHU 1 SK BOHA
3HIMA€ETHCS?

7 Sk 3M1ACHIOIOTH JOCIIIKEHHS XOJOCTOr0 X0y W JOCIHIIKEHHS KOPOT-
KOI'O 3aMUKaHHA?

1.3 3BiT npo JadopaTopuy podoty Nel

Bueuenna koncmpykyii cmukosux KOHMAKMHUX MAWIUH | 3HAMMA
308HIWIHIX XAPAKMeEPUCMUK

[Ipi3BuiLEe cTyAeHTa
['pyna JlaTta BUKOHAHHS pOOOTH

A O3naiiomnenns 3 KOHCMPYKUIEID CMUKOBOT MAWMUHU

(3araibHa cxeMa CTUKOBOI MAIlIMHU 3 O3HAYEHHSAM OKPEMHUX BY3JIiB)
(Cxema 3aTHCKHOT'O IPUCTPOIO)
(Cxema 3BaproBaJIbHOTO TpaHCchOpMaATOPA)
(Cxema mepemukada maodIiB MOTYKHOCTI)
(CxeMa MexaH13My Toj1auil i OCaIKEHHS)
(Cxema BOASTHOTO OXOJIOIKEHHS)
(TexHiuHa XapakTEpUCTUKA MAILIMHU, TUB. Ta0I. 1.1)

Tabnuys 1.2 — J[nsa 3anucieé 0anux eumipie i 064ucietdb
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Tabnuys 1.3 — [[na 3anucieé oanux eumipie i 064UCIeHb
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b /locnioscenna xonocmozo xooy

(Cxema BKIIIOYEHHS €JIEKTPOBUMIPIOBAIBHUX MPHUIIA[IIB)
Oo6uncnenHs koediieHTiB TpaHchopmarlii

Tabnuys 1.4 — /{na 3anucieé danux sumipis ti 004ucieHdb
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B Jlocnioycenna kopomko2o 3aMUKAHHA

OO6uuncnenHs: Koe(ilieHTa MOTYKHOCTI W CTPyMYy KOPOTKOT'O 3aMHUKaHHS
y BTOPUHHOMY JIAHL}031
(Cxema BKIIFOUEHHS €JIEKTPOBUMIPIOBATIBHUX TPUIIAIIB)




I’ 3uamms 308HIWIHBLOT XapaKkmepucmuku

(Cxema BKIIFOUEHHS €JIEKTPOBUMIPIOBAIBHUX MTPUIIA/IIB)
OOuucieHHs CTpyMy Y BTOPUHHOMY JIAHI[IO31
30BHIILIHA XapaKTEPUCTHKA 3BapIOBAJILHOIO Tpancdopmaropa

Uz = f1(l2)
['padik 3a51€KHOCTI CIIOKUBAHOT 3 MEPEKI MOTYKHOCTI BiJl 3BapPIOBAIILHO-
ro ctpymy P = f2(12)
BucHoBku 3a po60TO10
[Tigmuc ctynenrta
BucHoBOK Bukiiagaya

JIABOPATOPHA POBOTA Ne 2

O3HAMOMJIEHHS 3 TEXHOJIOT'IEIO CTUKOBOI'O 3BAPIOBAHHS
1 BUSHAYEHHSI BILIUBY TAPAMETPIB PEXKUMY 3BAPIOBAHHSI
HA MIIHICTb 3'€IHAHHASA

2.1 3araabHi BizoMocTi
3eaproeanns onopom

[le#t coci0 3BUYaliHO 3aCTOCOBYIOTH MPHU 3BAPIOBAHHI CTaJIel HEBEIMKUX
nomepedHux mepepisis (zo 100 MM°), KOTBOPOBHUX METAIB i IXHIX CILIABIB: Mi-
Jli, TIaTyHi, OpOH3HU, ATFOMIHIIO 1 T. iH.

[TinroToBKa TOPIiB ASTaCH I 3BaApPIOBAHHS OIOPOM CKJIATAETHCS 3 PiB-
HOT OOPI3KM iX Ta PETENIbHOIO 3aYUIIEHHS 10 MeTajneBoro ommcky. [linrotoBky
MO>KHA 3IHCHIOBATH Ha TOKAPCHKUX BEPCTATaX, TUCKOBHUMH IMUJIKAMH, HAXKa-
KOBHMHM KoJIaMH 1 T. iH. OCHOBHA yMOBa SIKICHOT'O 3BapIOBaHHS — IIUIBHE ITPUJIS-
TaHHS TOPIIIB, IO 3BApPIOIOTh, 10 BCHOMY IEpETUHY. 3 OrJIsAAy Ha IIe, CTUKOBE
3BapIOBaHHS OMOPOM HE 3aCTOCOBYIOTH JJIA JIeTajel CKiaaHoi KoHirypaiii, a
TaKOX 3 BEJIMKOIO IUIONICI0 MOTIEPEYHOTO Mepepi3y, TOMY 110 HaBITh MPU rapHii
00poOI1i TOPIIB HEMOXKIIUBO JOMOTTHUCSI PIBHOMIPHOTO PO3ITPiBY MO BCHOMY Tie-
pPETUHY, Y pe3YyIbTaTi 4OT0, K MPABWIO, Y CTUKY YTBOPIOIOTHCS HEIIPOBAPH.

[ToBepxHs AeTane 1 Kpanoro eIeKTPUIHOTO KOHTAKTY 31 CTPYMOIIPO-
BIJIHUMU €JIEKTPOJaMHU MOBUHHA OyTH 3auyulilieHa Bij ipxi, Macia, Opyay Ta iH.
10 BCIW JIOBXUHI, 10 3aTUCKAETHCS B €NeKTpoau (ryoku). JpiOHi netani (JlaHKU



JIAHIIOT1B, 3arOTOBKU 1HCTPYMEHTA i T.I1.) 3a4MINAIOTh Y FaITOBOYHUX Oapalda-
Hax 13 KBapIIOBUM IICKOM 1 CYXOI0 THpcOr0. Benuki getani B MicUAX CTPYMOIII-
BEJICHHS 3a4UILIAI0Th IEPEHOCHUMHU HAXIAKOBUMHU KOJaMHU.

Y mMacoBoMy BUPOOHMIITBI IIMPOKO 3aCTOCOBYETHCSI TPABJICHHS B KUCIIOTI
3 HACTYMHOI HEUTpai3alli€ro B JIy3i.

[Tpouiec 3BaproBaHHs OMOPOM BUKOHYIOTh Y TaKiil MOCIJOBHOCTI:

1) nerani 3 piBHO 00pi3aHUMHU, 100pE 3aUUILIEHUMHU TOPISIMU 3aTUCKAIOTh
B €JIEKTpoJiax (TyOKax) MallluHU ¥ 3/IaBIIOIOTh;

2) BMUKAIOTh 3BapIOBAILHUN CTPYM, M TOPIIEBI MOBEPXHI JIeTalel po3ir-
PIBaOTHCS IO BUCOKO1 TeMIieparypu (sl HU3bKOBYTIIeNeBoi craii e 1200 -
1250 °C);

3) 3A1HCHIOIOTH OCAJIKEHHS PO3ITPITUX TOPIIIB;

4) BUMHKAIOTh 3BAPIOBAJILHUIA CTPYM 1 JIeTajal BUMMAaIOTh 13 3aTHCKAYiB.

JIo OCHOBHUX MapaMeTpiB CTHUKOBOIO 3BAPIOBAHHS ONOPOM BIJTHOCSTH:
3BapIOBAJIbHUN CTPyM; TPUBAIICTh HArpiBaHHs (Yac 3BAapIOBaHH:); BEJIWYMHA
TUCKY OCaJKEHHS; YCTAaHOBOYHA JOBXKMHA, TOOTO TIOBXKWHA KIHIIIB JeTaJIeH, 110
BUCTYNAIOTh 13 €JIEKTPOIB; BEJIMYMHA OCAKEHHS. PO3rIITHEMO naii BIUIMB
OKpEeMHX MapaMeTpiB PeKUMY Ha SIKICTh 3BapEHOT0 CTUKY (puc. 2.1).

Pucynox 2.1 — Cmuxu, 36apeni memooom onopy

3BaproBajibHUN CTPYM YK€ BIUIMBAE Ha SIKICTh 3BaproBaHHs. [Ipu mano-
MYy CTPYMI MOXXYTb 3'SIBUTHCSI HEIPOBApU U BKJIFOUEHHSI OKUCIIB, 3aHAJITO BEJIU-
KW CTPYM MO’KE TIPUBECTH JI0 TIEPETPIBY U mepemnany Merany. Benuuuny cTpy-
My TiAPaxOBYIOTh K TOOYTOK HEOOXIMHOT MUIBHOCTI CTPyMYy Ha TUIONIY IOTIe-
pedHoro nepepizy 3arotiBenb. LUTbHICTE CTPyMy 3HAXOAUTHCS Y TOCUTH HIUPO-
kux Mexax 10 — 200 A/mm”. 3i 36LIBIICHHSM TUIOMI] OEPEYHOTO IIepepisy Je-
Tajel MITBHICTh CTPYMY BapTo 3MeHIyBaTH. KobopoBi MeTanu Ta iXHi CIJIaBU
3BapIOIOTh HA CTpyMax OUIBIIMX IIUIBHOCTEH. 3BapIOBAIbHUN CTPYM peEryJito-
I0Th NepEMUKaYeM 1A0IIIB MOTYKHOCTI.

TpuBanicTe HarpiBaHHs a00 Yac MPOXOKEHHSI CTPYMY 4epe3 JieTalli 3a-
JICKUTh B OCHOBHOMY B1Jl 00paHO1 HIIILHOCTI CTPYMY i IUIOIII1 MONEPEYHOro Me-
pepi3y Jeranei, 1o 3Baprol0Th, 1 CTAHOBUTH 3BUYAMHO JECATI YaCTKU CEKYyHIU



abo KijgbKa CeKyH/. 31 30UTBIICHHSIM IJIONII TOMEPEYHOTO Mepepi3y TPUBATIICTh
HarpiBaHHs 30UTbIIyeThea. [lpu 3aHanTo TpHBAJIOMY HArpiBaHHI MOXKIIMBE
YTBOPEHHS B CTHKY OKHCJIIB Ta MaJOIUIACTUYHOI IEPErpiToi CTPYKTypU METay.
Yac npoxoKEHHSI CTPyMY PEryJjioloTh ab0 BpyYHY HATHCKaHHSIM Ha IIyCKOBY
KHOTIKY, 200 CIeIialbHUMHU MPUCTPOSIMH Y BUTJISA/II KYJIAUKiB CTPyMy | 1H.

Tuck ocamkeHHs OOMPArOTh 3aJIEKHO BiJ IUIOINI MOMEPEUYHOTo Tepepizy,
TEMIEepaTypu HarpiBaHHS ¥ Mapku Metany. [Ipu HEIOCTaTHbOMY THCKY MOXKE
3'SBUTHCS] HENPOBApP, a MPU HAJIMIIKOBOMY THCKY MOXIIMBE YTBOPEHHS TPIIIHH.
Tuck ocamxeHHs MiAPaxOBYIOTh SIK JOOYTOK MUTOMOIO THCKY Ha IUIOILY Iomnepe-
YHOTO Tepepidy 3aroTiBenb. [IuTomuii THCK, 3aCTOCOBYBAHMA MPHU 3BapIOBAHHI
KOJBOPOBHX METAIB i ciuasis, cranoButh 10-15 MH/M* (1-1,5 kr/mm®), a pu
3BaproBaHHi craneil — 20-50 MH/M> (2-5 kr/mm?). {1 IPUCKOPEHHS HArpiBaHHS
B MMOYAaTKOBUII MOMEHT 3BapIOBAaHHS JA€THCSl HEBEIMKHIA THCK, a HAPUKIHII 3Ba-
pIOBaHHS, TOOTO B MOMEHT OCaJKEHHs, MOro 30UIbIIYI0Th. MexaHI3M perysto-
BaHHS BEJIMYMHU THUCKY OCA/UKCHHSI y MAaIllMH PI3HUX THUIIIB PI3HUN: HATATOM
MPYKUHU, KyJIAYKOM I10/1a4i, 3MIHOIO THCKY IOBITpS a00 Macnia i T. 1. Y CTaHOBO-
YHa JOBKMHA JYXKE BIUIMBA€ HA HArpiBaHHs Jl€TaJIeH, 1110 3BapiooTh. [Ipu HeBe-
JIMKIA YCTAaHOBOYHIM JOBKWUHI CTHK HarpiBa€ThCs MOTAHO BHACIIOK MOCHIICHOTO
BIJIBO/Iy TEIUIa B MiJIHI €JeKTpoau (TyOKH), 0X0J0KyBaH1 Boor0. [Ipu Benukiii
YCTAaHOBOYHINA JOBXKHWHI B CTHKY, II0 HarpiBaeTbcs A00pE, YTBOPUTHCSA 3aHAATO
BEJIMKE CTOBILEHHS, KPIM TOr0, MO>KJIMBAa BTpaTa CTIMKOCTI M CKPUBJIEHHS JI€Ta-
JIe, 1110 3Bapro0Th. 3BUYAHO YCTAHOBOYHA JIOBXKHHA IPUUMAETHCS piBHOIO 0,5-
2 nmiametrpa ctpuxkHs. [Ipu 3BaproBaHHI pI3HOPIAHUX METANIB IXHS YCTaHOBOYHA
JIOBXKWHA pi3HA. BenmuunHy ocamkeHHs 00MparoTh 3aJIe)KHO BiJl MTOMIEPEYHOTO TIe-
pepizy JAerane, 1o 3BaproioTh, Y Mexax 2-10 mMm. 3arampHe 0capKeHHS PO3I0-
JUTSIETHCS HA OCAPKEHHS TT1J] CTPYMOM ¥ 0ca/pKeHHs 0e3 cTpymy (Tab. 2.1).

Tabauysa 2.1 — OpiecnmogHni pedxcumu 36apro8aAHHs ONOPOM NPYMKIE
3 gyeneyegoi cmaini

2y [Tpumyck Ha 0ca/pPKEHHS, MM .
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7 7 2,2 1,6 0,6 — 0,2-0,3
25 12 2,5 1,7 0,8 200 0,6-0,8
50 16 2,7 1,8 0,9 160 0,8-1,0
100 20 3,0 2,0 1,0 140 1,0-1,5
Ipumimxa. Tlpummyck Ha OCa/KEHHSI, 3a3HAUYCHUM NJIs1 3arOTIBEJb 13 HIIJIBHO MiAIT-

HAaHUMH TOpUsSIMH. THCK ocakeHHs 13 MH/M> (1,3 KF/MMZ).




[Tpu HEmocTaTHLOMY OCA/PKEHHI B CTUKY MO>KJIMBI HETIPOBAPH, OKUCIU 1
KYKUTbHI BKJTIOUeHHS. [Ipy 3aBHINEHIi BEIMUYMHI OCA/PKEHHS MOMKIIUBE CKPUB-
JICHHS BOJIOKOH W yTBOPEHHSI TPIIIUH.

3eaploeaunﬂ ONnJiae6J/1eHHAM

[e#t cmoci® 3acTOCOBYETHCS MPU 3BApIOBAHHI JETAJC 3 BYIJICIICBUX Ta
JITOBAHUX CTaJeH 3 OUIBIIMM MOTIEPEYHUM NIEPEPi30M, TOHKOCTIHHUX JICTAJICH 3
PO3BUHEHUM TIEPETHHOM TIPU 3BAPIOBAHHI PI3HOPITHUX METANIB (CTalb 13 Mi-
JII0, MiIb 13 amoMiHieM) 1 T. 1. [Ipu 3BaproBaHHI OIJIABJIEHHSM JIO IMiJITOTOBKHU
TOPIIIB JeTaJIe 0COOIMBUX BUMOT HE TP ABIISAIOTh, y TIPOIIECI OIJIaBJICHHS BCi
HEPIBHOCTI Ha TTOBEPXHI CTUKY OILIABJISIOTHCS U BUPIBHIOIOThCA. Ha 3BaproBan-
HS MOXKYTh HAJXOIUTH JieTaji O6e3nmocepesHbo micist pybanHs abo razoBoro pi-
3aHHS 3 OKQJIMHOIO W HaBiTh 1p)KEI0 Ha MOBEPXHI TOPIB. €auHa BUMOTA JI0 3a-
TOTIBEJIb — II€ TapHE 3aYUIICHHS IXHIX MOBEPXOHB y MICIIX CTPYMOIIIBOY.

CyTHICTh 3BapIOBaHHS OIUIABJIICHHSM TOJIATA€ B TOMY, IO MiX TOPIISIMH
JIeTaNe MpHU MOBIILHOMY TXHBOMY 30JIFDKEHHI MiJ CTPYMOM B OJIHINA a0 JeKi-
JHKOX TOYKAX BUHUKAE CIICKTPUYHUN KOHTAKT. Y pe3yibTaTi HE3HAYHOTO THCKY
B KOHTAaKTi1 MOTO MEPEeXiTHUIA OMip Ty’)Ke BUCOKUHN. Y KOHTAKTI BUIUTSETHCS Be-
JIMKa KUTBKICTh TETUIa i MK TOPIIIMU JIeTallell yTBOPIOETHCS IMEPEMHUYIKA PiIKO-
ro metany. L{g nepemuyka mij €0 po3leueHux ras3iB BUOyxae i piakui MeTal
BUKHWJIA€THCS 31 CTUKY y BUTJIAI icKop, Opu3KiB Ta napy. IIpu nmogagsimomy mo-
BUTbHOMY 30JIMKEHH1 JIeTaliell y 31ITKHEHHS BXOJIATh HACTYIHI YaCTUHU METaly,
K1 TaKOX PO3IUIABJISAIOTHCS W BHOyXaroTh. Koam BCsS MOBEpXHS TOPIIIB OIjia-
BUTHCS M TOKPUETHCSI TOHKUM IIAPOM PIKOTO METaIly, IE€Tall Pi3KO 37aBIIOIOTh
1 BUMUKaTh cTpyM. [lpu 37aBINIOBaHHI PIAKUANA METal BUTICHSETHCS Pa3oM
3 OKUCJIAMH 31 CTHKY, YTBOPIOIOYH TaK 3BAaHUU Ipar, a PO3TAIIOBAHUM I HUM
TBEpIUN MeTall 3BapIOEThCA. SIK BKa3zyBajocs paHillie, 3BaplOBaHHS OIJIABJICH-
HSIM MO>KHA 371CHIOBaTH O€3MepepBHUM OIJIaBJICHHSM a00 OIUIaBJICHHSM 3 TO-
nepenniM migairpisom. I[poiec 3BaproBanHs Oe3nepepBHUM OIUJIABICHHSIM IMPO-
TIKa€ B Takii OCJITOBHOCTI:

1) merani, 1m0 3BapIOIOTh, 3aTUCKAIOTh B €JIEKTPOAU (TYOKH) MalIuHU
3 HEBEJIUKUM 3a30POM;

2) BMHKAIOTh 3BapIOBAIILHUM CTPYyM Ta 30JMKYIOTh JI€Taji, IPHU IbOMY
30y IKYETHCS TIPOLIEC OTUTABJICHHS;

3) narTh OCAKEHHS 1T CTPYMOM;

4) cTpyM BUMHUKAIOTh 1 IaI0Th OCTaTOYHE OCAHKEHHS 0€3 CTpyMYy;

5) netani 3BUIBHSIOTH 13 3aTUCKAYiB.

[Ipotiec 3BaproBaHHS OIIABJICHHSM 3 TMOMEPEAHIM MiIIrPIBOM MPOTIKAE
aHAJIOTIYHO, TUIBKHU TEpe]] MOYaTKOM OIUIABJICHHS JeTall MiIIrpiBaloTh Oe3mo-
cepenHbo B MarmuHi. [ligirpiBatu MokHa MeToAaMu Omopy abo MmepepruBYACTOrO
OTLIABJICHHS.



[Tpu nigirpiBli METOAOM OIOPY JeTanl 30JMXKYIOTh TP YBIMKHEHOMY 3Ba-
PIOBAJIBHOMY CTPyM1 i BUTPUMYIOTh y 3IMKHyTOMY cTaHl 0,2-5 ¢ (3aJIeKHO BIJ
nepetuny). IloTiM iX po3MUKalOTh 1 3HOBY 3MHUKalOTh, 3arajlbHe YHMCIO TaKHUX
3muKaHb Moxe Oyt 3-30. Ilicas narpiBanus TopiiB 1o Temmnepatypu 800-1100
°C 30yKyeThCs TIporiec 0e3nepepBHOTO orutaBieHHs. [Ipu miairpiBi MeTooM
NEPEPUBYACTOIO OIUIABJIEHHS JETalll MEPIOJUYHO CTYJISAIOTh 1 PO3MHMKAIOTh 1]
ctpyMoM. Topii npu 1bOMY pO3IrpiBalOThCS 3 PACHUM BUKHAAHHSIM ICKOp 3i
cTuKy. [licns ocTaHHBROTO PO3MUKaHHS MOYMHAETHCS Mpoliec oriaBieHHs. Ha-
Jnan B 000X BUIAJKax NPOLEC MPOTIKAE TaK caMo, K 1 Npu Oe3nepepBHOMY
oriaBiieHH1 (puc. 2.2). J{ns 30yKeHHS i MIATPUMKHU CTIMKOTO MpOUECy OIUIaB-
JIeHHs1 HeoOXi{Ha MIABUIICHA, Y TIOPIBHIHHI 31 3BapIOBAHHAM OIMOPOM, Hampyra
Ha eJICKTPOJax MamuHu (Tabi. 2.2).

Tabauys 2.2 — Minimanvui 3HaueHHs HANpyau X0a0cmozo xooy, B

T110111a IEpPETHHY, MM°
o
o o | S
: o | S S | S
Crocib CTUKOBOTO 3BaprOBaHHS o 2181818 S |2
IS |92 3|2 |2 |2
o | o |lo|lo | S S | S
o | S || 3S |3 R R=
N | @ - || | = N e
Onopom 1,512 2513 |— |— |— |—
be3nepepBHUM OTJIaBICHHSIM 4 145 |5 6,58 10 |— |—
OmnnaBieHHs M 3 monepenHim | 3,5 | 4 4515 |55 6,5 |7
M1JIIrPiBOM
r BricamKkeHwia meTan

o
=
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Pucynox 2.2 — Cmuxu, 36apeni oniasieHHam

Po3rnsiHeMo, ik 0OMPArOTHCS MapaMeTpH PEXKUMY TSI 3BApIOBAHHSI OTLIa-
BJICHHSIM.

3BaproBaJIbHUN CTPYM BCTAaHOBIIIOIOTH 3aJIEKHO B1Jl HEOOX1AHOI HIUIBHOC-
Ti ctpymy. lllinpHICTE CTpyMy TIpH 3BapioBaHHI Oe3MepEepPBHUM OTLIABICHHSIM
BYIJICTICBUX CTaJIe MOBMHHA OyTH MEHIIOIO, HIXXK MPHU 3BAPIOBAHHI OMOPOM
(10-50 A/mm?). TIpu 3BaproBaHHi OIUIABICHHSM 3 [OMEPEAHIM MM AIrPiBOM IIIiIb-
HICTB CTpyMy MoxKe 6yTH 3MeHIIeHa 10 3-10 A/mm’. ITpy 3BapioBaHHi KOJILOPO-
BUX METAJIiB i CIUIABIB IIIBHICTD CTPYMY 3611bIIYIOTH 70 100-150 A/MM’.

VYcraHoBoYHA JOBXKHHA MPU 3BAPIOBAHHI OIUIABICHHSIM POOUTH TaKHil Ke
BILJIMB HAa SIKICTh 3'€JHAHHS, 5K 1 [IPU 3BapIOBaHH1 onopoM (Tadin. 2.3).



Tabnuys 2.3 — Yemanosouna 008x#cuna npymiie i mpyo 3 pisHoOpiOHUX
Memanie npu 36apro8aHHi ONJIAGIEHHAM

OpienToBHA
Mera yCTaHOBOYHA
JIOBXKUHA, Y4CTKA | Binnomenns
A1aMCTpa ACTAM | yeTaHOBOYHMX
Ilepma | [pyra AOBKHH
ITepma neranp Hpyra neranb
JIeTaab | JeTallb
HusbkoByrienena
yHIeH Byrieuesa crans | 1,0 0,5 1,5-2,0
cTajb
HwusbskoByrienesa AVeTeHiTHA
a60 HH3BKOIEroBaHa | = 1,2 0,5 2,0-2,5
cTajb
CTaJb
[IBrakopizanpHa
Byrnenesa cranp FKOP 0,75 0,5 1,3-1,5
CTajlb
Cranb JlaTyHb 1,5 1,5 1,0-1,2°
Craim Minp 2,5 1,0 2,0 -2,05
" Onnaensnemovcs 20106HUM YUHOM CMAlb

[IIBuAKICTH OTUIABJICHHS Iy>K€ BIUTUBAE Ha HarpiBaHHs aeraneul. [Ipu nese-
JIMKINA IBUJKOCTI OTUIABJICHHS 30UIBIIYETHCS TIMOMHA MPOTPiBY. 3BUUANHO HA TIO-
YaTKy MPOLECY IIBHUIKICTh OIJIABICHHS HEBEJIMKA, OCOOIUBO NP 3BAPIOBAHHI JIE-
Tasiei 3 OuUlbIIMM monepedHuM nepepizoM. Ilepen ocamxeHHsIM, 00 YHUKHYTH
OKUCJIFOBAHHS TOPIIIB JI€TaleH, BUAKICTh OTUIABJICHHS 30UIBIIYIOTh (Ta0d. 2.4).

[IBUAKICTH OCaIKEHHS B KIJIbKA pa3iB NEPEBULIY€E MIBUAKICTb OIJIABIICH-
Hs 1 3pocTae 31 30UIbIIEHHSIM CXHJIBHOCTI METaly A0 OKUCITIOBAHHS.

Tabnuys 2.4 — Illlsuoxkocmi onnasienHs it 0CAONCEHHS NPU CIMUKOBOMY

36apPIOBAHHI DIZHUX MEMAIE

[IBMOKICTH OIJIABJICHHS, MM/C [IIBuaKicTE
Meran Iepen OCaKCHHS, MM/C
Cepens OCaJKEHHSIM (He MeHmIe)
HuspkoByrnenesa ctans | 0,5—-1,5 2-5 15-20
HusbskojieroBana craib 1,5-2 4-5 20 - 30
AyCTeHITHa CTaJlb 2,5-3,5 5-17 30-50
Jlerki cniaBu 3-7 8—15 100 — 200

[Ipn HeBeNMKIA MIBUAKOCTI OCAJKEHHS YaCTKH OKHCIIB 1 3a0pyHEHb HE
BCTUTAIOTh BHJIABUTHCS 31 CTHKY, a OT)KE, MIIHICTh HOTO 3HFMIKYETHCS (JIMB.

Tadm. 2.4).



Tuck ocamxeHHs 0OMpParOTh 3a IUIOIICK MOMEPEUHOro Mepepizy 3aroTo-
BOK 1 HEOOXI1JHUM MUTOMHUM THUCKOM, IO 3aJI€XKUTh Bl CrIOCOOy 3BaplOBaHHS i
Metaiy (tabi. 2.5).

Tabnuys 2.5 — OpieHmosHutl NUMOMULE MUCK OCAONCEHHS NPU CIUKOBOMY
. 2 2
38apioeanti onaasieHuiam, MH/m" (ke/mm”)

3BapIOBaHHA
3BaproBaHHs Oe3MepepPBHUM
Meran OTUTABJICHHSM
OTUTABJICHHSM .

3 MAIrpiBOM
HusbkoByTIeneBa craib 80-100 (8-10) 40-60 (4-6)
CpenHboBYyTJIEIEBa CTAIb 100-120 (10-12) 40-60 (4-6)
BucokoByruenesa cranb 120-140 (12-14) 40-60 (4-6)
Hwusbkosnerosana crajib 100-120 (10-12) 40-60 (4-6)

AycCTeHITHa CTalb

160-250 (16-25)

100-180 (10-18)

Minb

250-400 (25-40)

AfOMIHII

120-150 (12-15)

AJTFOMIHI€BI CIJIAaBUA

130-200 (13-20)

JlatyHp 140-180 (14-18) — —
bponza 140-180 (14-18) — —
Tutan 30-60 (3-6) 30-40 (3-4)
YaByH 80-100 (8-10) 40-60 (4-6)

VY pe3ynbTaTi OIIaBIEHHS W OCaHKEHHS PO3MIp JeTalled 3MEHIIYEThCS.
[le HeoOX1JHO BpaxOBYBaTH IPH PO3MITIL i Pi3aHHI 3arOTIBEIIb.

Jlnst ogepkaHHs TOTOBUX BUPOOIB HEOOX1AHOI JOBXUHHU MPU 3BapIOBaHHI
OIIABJIEHHSIM 3arOTOBKHM MOBHUHHI OyTH BUTOTOBJICHI 3 MEBHUM IPHUITYCKOM Ha
OTUIaBIIEHHS ¥ ocakeHHd (puc. 2.3, Tadin. 2.6).
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a — NPUNYCK HA ONAAGNIEHHS U OCAONCEHHS,; O — NPUNYCK HA ONJIAGNEeHHS,
8 — NPUNYCK HA 0CAONCEHHS NIO CIMPYMOM,
2 — NPUNYCK HAa 0CAONCeHHs 6e3 CmpPyMy

Pucynok 2.3 — Po3nodin 3azanbHo2o npunycky npu CImuko8oMmy 36apio8aHHi




Tabnruys 2.6 — [lpunycku cmpudicHis 3 HU3bKO8y2leyesux ma
HU3bKOJIe208AHUX KOHCMPYKYIUHUX cmanel

(Ha 06U08a CMpuUICHI)

s )y TIpHITyCK IPH 3BAPIOBAHEI 3 [Ipumnyck npu 3BaproBaHH1
= S o Oe3nepepBHUM
) - mairpiBoM, MM
s E\ OIINIaBJICHHSAM, MM
t | E : =N -
= s
% 2, = o = = = i =
) = ‘s = () = S (5}
s < § a I~ = § < =
E e 3 < :: <
= i = Q = = Q
8 = R = E S o - S
= = = © - = =
5 20 — — — 6 4 2,0
10 78 7,3 5 2,3 8 5,7 2,3
14 154 9,3 6,5 2,8 12 9,5 2,5
18 254 11,2 8,0 3,2 16 13 3,0
22 280 12,6 9,0 3,6 18 14,8 3,2
26 530 15 11,2 3,8 22 18,5 3,5
30 707 16 12,0 4,0 25 21,5 3,5
36 1018 18 15,0 5,0 30 26 4,0
40 1257 20 14,5 5,5 33 28,5 4,5
Ipumimxu: 1 CymapHa ycTaHOBOYHA JIOBXKHMHA JOPIBHIOE 1,5 miamerpa CTpHKHS
IIpY 3BapIOBaHHI HU3BKOBYTJIEIEBUX CTaje i 2-2,4 miaMeTpu CTPUXKHS MPH 3BApIOBaHHI
HU3bKOJIETOBAHMUX CTaJEH.
2 Ilpu HasBHOCTI 3a30piB MK HEPIBHO 3pi3aHUMHU TOPISIMH BapTO BiAMOBIIHO 30i-
JBIIMTY 3araJIbHUN MPUITYCK Ha 3BapIOBaHHS (32 paxXyHOK MPUITYCKY Ha OIUIABIICHHS).
3 Ilpumyck Ha ocapKeHHs i cTpyMoM cTaHOBUTH 40-50 % 3aranbHOro NMpUITyCKy
Ha 0CaJPKEHHS.

[TpaBuIbHO BCTAaHOBIEHUM pPEXUM 3ale3reuye rapHy SIKICTb 3BapeHOTrO
CTUKY. MoxJuBi Je(eKTH, MOB'3aHl 3 MOPYLIEHHSM PEXUMY 3BapIOBAHHS,
a TaKOXX MPUYMHU IXHI BAHUKHEHHSI HaBe/ieH1 B Ta0m. 2.7.

2.2 IIpoBeaennst podoTu

Yemamxysanna i mamepianu

1 MamuHa 175 CTUKOBOI'O 3BaprOBAHHS.
2 Ilpec nns BUnpoOyBaHb HA KYT 3arvHy.
3 Jlemara.

4 MinimeTpoBa JiHINKa.

5 lITaHreHuupKyib.

6 Monorok.

7

3yowuro.



8 Hanumnoxk.

9 Habip pi3HUX CTPUIKHIB 31 CTaN, KOJIHOPOBUX METAJIIB 1 IXHIX CIIJIaBiB.

10 IlepecyBHuit 1abopaTOpHUIA CTiIEHb 13 HAOOPOM HEOOXiTHOTO 1HCTPY-
MEHTA ¥ CIIEIOJATY.

Tabnuys 2.7 — Jleghexmu npu cmuxosomy 36apro8anHi

Bun nedexry Mo>kIMB1 IPUYMHU YTBOPEHHS AE(DEKTIB
KyxineHi  Bkiro- | Hecriiike oruraBnenHs. Mana BenumduHa ocajpkeHHs. [le-
YEHHS B CTUKY peayacHe BUMUKAHHS CTPYMY
Henposap Mana noTyxHicTh MallMHU. HU3BKUI THCK OCaJKEHHS.

[Torana miaroroBka TopiiB. Manuii NpHUIyCK Ha OILIAB-
JICHHS ¥ OCaJKCHHS

IleperpiB metany | Benukuil 3BaproBanbHuil cTpyM. Benukuil mpunyck Ha
OIUIABJICHHS ¥ OCAJKEHHS. 3aBUILEHO yCTAaHOBOYHY JOB-

KUHY
Tpimau B 30H1 | Benukuilt tuck ocamkenHs. HenoctaTHe monepenHe Ha-
3BapIOBaHHSI rpiBaHHsa. Maiia ycraHoBouHa 1oBxkuHa. [leperpis metainy
3cyB TopiiB 3aro- | HegocratHs TBepaicTh 3armckadiB. Ilorana migroroBka
TOBOK TOp1IiB. bijbIIa ycTaHOBOYHA JIOBXKUHA
[Mignanuam moBe- | [lorane 3auyuiieHHs MOBEPXHI 3aroToBOK. 3a0py/HEHi
PXHI 3aTOTOBOK enexktpoau. Mane 3ycmiuis 3aTucHeHHA. llorane oxosto-
y MICISIX CTPYMO- | JUKEHHS €JIEKTPO/IiB

M BEICHHS

A Ilpaxmuune 03HATLOMIEHHS 3 MEXHOI02IE€10 CHUKO0GO20 36aPI0BAHHA
onopom

1 ITigroryBaTu TaOMWIIO [Jis 3aMKCIB JAaHUX BUMIPIB 1 CIIOCTEPEKEHb
(muB. Tab. 2.8).

2 Jlist naHoi MIIoNIi MOMEePEYHOro nepepizy, A KOXKHOI mapu 3ar0TOBOK
(ctanmp, Miab, TaTyHb, ATIOMIHIN) MIIOpaTH 3a TAOJULSMHU PEKUM 3BapIOBAHHS
1 HaCTpPOITH MAILIAHY.

3 3arucHyTH JeTall B eJieKTpoiax (ryOKkax) 1 3aMIpsiITH BiICTaHb M1 HUMH.

4 3BapuTv CTUKH METOJOM OIOPY.

5 TIoBTOpHO 3aMIpSATH BIACTaHb MIXK €JIEKTPOJIAMHU.

6 IligpaxyBaTu CyMapHy BEJIMYMHY OCAJI)KEHHS 000X 3arOTOBOK.

7 IlimiOpaTu pexxuM 1 3BapuUTHU BCTHK PI3HOPIAHI MeTanu (cTaip + Ja-
TyHb, JIATYHb + MIJb).

8 3BapuTu KUIbKa CTHUKIB 3 HHU3BKOBYIJIELEBOI CTalll, 3MIHIOIOYH
IIPU LIbOMY iXHIO YCTAaHOBOYHY JIOBKMHY ¥ BU3HAYAIOUW BEJTUUYUHY OCAPKEHHS.

9 OuIHUTH SKICTh 3BAPEHUX CTHKIB 3@ 30BHIIIHIM BUIJISIAOM i BUMPOOY-
BaTH 3BapeHi CTHKHU Ha KyT 3aruHYy.




b Hpalcmutme O3HAUOMJICHHA 3 MEXHOJ102IEI0 CIMUKO08020 364pIO6AHHA
ONnJla6J/1eHHAM

1 OnanyBaTu MpPaKTHKY OIUIABJICHHS, IO CYMPOBOJKYETHCS 1HTCHCHB-
HUM ICKPIHHSIM.

2 IligrotyBatu TaOaUIIO JJIsI 3alKCIB JAHUX BUMIPIB 1 CIIOCTEPEKEHD
(muB. Tab. 2.9).

3 it naHoi IJI01II MOTIEPEYHOTro Mepepi3y 3aroTOBOK 3 BYTJIEIEBOI 1 Jie-
roBaHO1 CTayii Mmaiopatu 3a TaOJUISIMU PEXKHM 3BapIOBaHHS M HACTPOITH Ma-
HIVHY.

4 3BapuTH METOJIOM OIUIABJICHHS 3 HOPMAaJbHUM BHUMHKAHHSM CTPYMY
(micist moYaTKy OCaJKEHH).

5 TloBropuTH 3BaproBaHHS 3 IEpPeIYaCHHUM BHUMHUKAHHIM CTpymy (Tme-
pe TOYaTKOM OCaKCHHS).

6 OLIHUTH AKICTh 3BAPEHUX CTHKIB 3a 30BHILIHIM BUTJISAOM W BUNPOOY-
BaTH 3BapeHI CTUKH Ha KyT 3arvHY.

B Busgnenna eniugy okpemux napamempie pexcumy cmuKko6020
36apPI0GAHHA HA MIYHICMb 36APEHO20 3'€OHaANNA

1 ITinroryBat TaOMUIIO JUIS 3alMCIB JAaHWUX BHMIPIB 1 CIIOCTEpEkKEHb
(mmB. Tabm. 2.10).

2 Jlist maHoi IUIONIi TOTEPEYHOro Mepepi3y 3aroToBOK mimibpaTu 3a Tab-
JUIIMA PEXXHUM 3BapIOBaHHS 1 HACTPOITH MaITUHY.

3 3BapuTH BCTUK METOJIOM OIUIABJICHHS TPH ITApH 3arOTOBOK.

4 BusHauMTH SKICTh 3BAPEHUX CTHUKIB 32 30BHIIIHIM BUTJISIOM i Ha 3aruH
1 IEPEKOHATHCS B PABUIIBHOCTI BCTAHOBJIEHOTO PEXHUMY.

5 TloBTOpUTH 3BapIOBaHHS IHIIUX 3arOoTOBOK, 3MIHIOYH TPU IBOMY
B OJIMH ¥ 1HIIMHN O1K OAMH 3 MapaMeTpiB PEKUMY: a) 3BaprOBajbHUN CTpyM (3a
JIOTIOMOTOI0  TIepeMHKaya MI1albJiB MOTYKHOCT1); 0) IIBUAKICTH OIUIABJICHHS;
B) IIBUJIKICTh OCAJ[»KE€HHSI; T') TUCK OCQ/KCHHSI.

6 OWIHUTH SKICTh 3BaPEHUX CTHKIB 3a 30BHINIHIM BHTJIAJIOM, Ha 3arWH 1
BUSIBUTH BIUTMB KOKHOTO TTapaMeTpa PeKUMY 3BapIOBAaHHS HA MIIHICTh CTHKY.

Konumponvni numannsn

1 Ha3BiTh OCHOBHI CIIOCOOM CTHUKOBOTO 3BapIOBAHHS.

2 OnuuiiTe TEXHIKY BEJCHHS 3BapIOBaHHS OMOPOM Ta Oe3NMepepBHUM
OTLJIABJICHHSIM.

3 SIx BUKOHY€TbCS MIAIrPIB AeTajell IPU 3BapIOBAHHI OIUIABJIEHHSM 3 I0-
nepeaHiM miairpiBom?



2.3 3BiT npo 1a6opaTopHy podorty Ne2

O3HalloMIeHHA 3 MEXHO102I€10 CMUKO08020 36aPI0BAHHA Ul 6U3HAYEHHA
6NJIUGY NAPAMEmpie PeHcuUMy 36apPIO6AHHA HA MIYHICMb 3'€OHaAHHA

[Ipi3Buie cryaeHTa

['pyna

JlaTa BUKOHAHHS poOOTH

A Hpakmutme O3HAILOM/ICHHSA 3 MEXHOI02ZIEI0 CIMUKOBO20 364pPIOGAHHA

onopom

(3aranpHuUil BUJ CTUKY, 3BAPEHOTO OIIOPOM)

Tabnuys 2.8 — /{na 3anucieé 0anux 8umMipie i cnocmepexicets

MerTtan
3arOTOBKH

JliBoi
ITpaBoi

Bixcraus Mix
CJICKTPOIAMU, MM

YcTraHOBOYHA JOB-
’KHWHa 3arOTOBKH, MM

2

[Tnoma momnepeyHoro
nepepizy, MM
JliBum

I11a0es1b MOTYKHOCTI

[TIpaBum

J1o 3BaproBaHHs
ITicns 3BaproBaHHs

Benuuuna ocamkeHHS, MM
Pe3ynpraTn BUIIpOoOYBaHb

BucHoBku 1o po6oTi

b IlpakTuyHe 03HAHOMJICHHS 3 TEXHOJIOTI€I0 CTUKOBOI'0
3BapIOBaHHA OILIABJICHHAM

(3aranbpHUI BUJ CTUKY, 3BAPEHOTO OTJIABJICHHSIM)
BucHoBku 1o po6oTi

Tabauys 2.9 — J{na 3anucieé 0anux 8umipie i cnocmepedicets

MeTtan
3arOTOBKH

[Lnomra monepey-
HOTO TIepepizy,
MM’

[1laGenn

MOTYXHOCTI

VBIMKHEHHS
CTpyMy

Pesynpratn
BUINIPOOYBaHb

[Ticns movarky
0CaJPKEHHS

Jlo  mouartky
OCaJKEHHS




B Busenenns eniugy okpemux napamempie pescumy cmuKko6020

36APIOGAHHA HA MIYHICMb 36APEHO20 3'€OHAHNA

(Ecki3u 3BapeHux 3'€/lHaHb 13 BKa31BKOIO MiCIlb A€(EKTIB)

BucHoBku 1o po6oTi
[Tigmuc cryneHTa

BucHoBOK BukiIagaua

Tabauys 2.10 — J[nsa 3anucieé 0anux UMIpI8 i cnocmepeicetsb

I momra
MIOIIEPEYHOTO

nepepizy

XapakTtep pexxumy

[IlaGenp mOTy)HOCTI

IIBUAKICTH OIIABJIEHHS,

MM/C

IBrAKICTE OCaKEHHS,

MM/C

3ycuis ocampkenns, H (kr)

PesynbpraTn BUnpoOyBaHb

Hopwmanbhauii

31 3MEHIIIEHHSIM OJIHOTO
3 mapameTpiB

31 301IBIIIEHHSAM OHOTO
3 mapameTpiB




JIABOPATOPHA POBOTA Ne 3

BUBYEHHSI KOHCTPYKIINA KOHTAKTHUX TOUKOBUX MAIIIVH
I BUBHAYEHHS AKTUBHOTI'O OITOPY BTOPUHHOI'O KOHTYPY

3.1 3arajabHi BizoMocTi

OCHOBHI By37M TOYKOBHUX MAIIMH JIJIi KOHTAaKTHOTO 3BaplOBAaHHS: CTa-
HUHA (KOPIYC), 3BaplOBAIbHUMN TpaHCPOpMATOp 3 NEPEMUKAUEM 1A0IIB NOTY-
YKHOCTI; €JIEMEHTH BTOPUHHOTO KOHTYpPY (XO0OTH, €IeKTpOAOTpUMayl, €JIeKT-
pPOJIN); MEXaHI3M CTUCKY; €EKTPUUYHUNA MPUCTPIil; 10 BMUKAE I BUMHUKAE NP U-
CTpOi; MHEBMATUYHA CXe€Ma 3 €JIEMEHTaMH MHeBMoamnapaTypu; CucTeMa BOJs-
HOT'O OXOJIOJ)KECHHSI.

JUis 3py4HOCTI BUBYEHHS TOYKOBHUX MAIIUH PO3IJISIHEMO JOKJIAIHIIIE
HOPUCTPIN KOKHOTO BY3JIa, 3 KX KOMIUIEKTY€ThCS MalinHa. CTaHMHA BUKOHY-
€THCS JIUTOIO 200 3BapeHOI0. Y MalllMHAX 13 THEBMATUYHUM MPUBOJIOM MEXaHi-
3My CTHUCKY CTaHHMHY 3BaplOlOTh 13 TpyO, SKI OJHOYACHO CIyXaTb pPeCUBEpaMu
(pe3epByapaMu) AJi1 CTUCHEHOI'O TMOBITPS. 3BaprOBALHUN TpaHC(hOpMaTOp I
TOYKOBOI MAIlIMHU HIYMM HE BIJIPI3HAETHCS Bl TpaHchopmaTopa sl CTUKOBUX
MalIuH, MPUCTPIN SIKOTO pO3rISHYTO B abopatopHiit poboti Nel. Xobotu (py-
KaBa, KOHCOJI1 a0o IJjiedi) ciy>aTh JJs MIJABEJEHHS CTPYMY BiJl BTOPUHHOI 00-
MOTKHU TpaHchopmaTopa i nepeadi 3yCUsuisl BiJl MEXaHI3My CTUCKY Oe3mnocepe-
JTHBO 110 eneKTpoiB (puc. 3.1). Xo00TH BUTOTOBISIOTH 13 Mijl 200 OpPOH3H.

a — xobom i3 2Hi300M ni0 eleKmpooompumMay;
O — x0060m 3i 3 €EMHOI KONOOKOI, 8 —X000M 3 e1eKmpoooM

Pucynox 3.1 — Koncmpykyii xobomie mouxo8ux mauiut



EnexkTpogorpumMadl — 1€ MPOMDKHA JaHKa MK XO0OTOM M €JIEKTPOIOM.
3asie’kHO Bl CIOCOOY 3aKpIMJIEHHS €JIEKTPO/IIB BOHM OYBalOTh ABOX OCHOBHHUX
THUIIIB: 13 KPITUICHHSIM €JIEKTPOo/ia Ha KOoHYc1 (puc. 3.2, a); 13 KPIMJICHHSIM EJIeKT-
poja Ha pi3p0ieHHi (puc. 3.2, 6).

Pucynoxk 3.2 — Tunu enexmpooompumauie mouKoeux MauiuH

KOHCTPYKTUBHO €lEeKTPOJOTpUMAay € MIJHOKO a0o0 JIaTyHHOIO TpyOKoro 1
niamerpom 20-40 MM 13 BHYTPIIIHIM KaHaAIOM fiameTpoM 14-18 mm. Ycepeauni
KaHaJy MPOXOAWUTH BOJOMIJBIIHA TpyOKa 2, MOB'I3aHa 3 BOAOIMPOBOAOM Uepe3
Hirenb 3. BianpanboBaHa (Harpita) Boja MOBEPTAETHCA IO 3a30py MIXK BOJIOMI-
JIBIJTHOIO TPYOKOIO i KOPITyCOM €JIEKTPOJ0TpUMaua il yepe3 Himnenb 4 BHUTIKAE
B KaHAITI3aI(it0. Y JESKUX KOHCTPYKIIISIX MAIIMH €JICKTPOJOTPpUMadl BiACYTHI. Y
IUX BHIAJKaX €JIEKTPOAM BCTAHOBIIIOIOTHCA Oe3mocepeHb0 B XO0OTI
(puc. 3.1, B). Enexktpoan € poOOYMM IHCTPYMEHTOM TOYKOBOi MamuHu. BoHH
MiBOASATH CICKTPUUHUN CTPYM O€3MMOCEPETHBO S0 JIeTaJeH, M0 3BapIOIOTh.

J1Jis1 BUTOTOBJICHHS €JIEKTPO/IIB 3aCTOCOBYETHCS XOJIOJHOKATaHa HarapTo-
BaHa MiJb a00 criemianbHi MiJIHI CIIJIaBH, 110 MAIOTh BEIMKY TBEPICTh i BUCOKY
TEIJIO- ¥ eJIEKTPONPOBIIHICTh, HAMTPUKIIA: XpPOMOIIMHKOBA Opon3a (cmiaB EB),
xpomoTuTaHoBa Oponsa (cmias bp. XT 0,6-0,1) 1 iH.

JIJ1si OXOJOIPKEHHST €JIEKTPO/IiB IPOTOYHOIO BOJIOI0 yCepeauHI HUX TPO-
CBEpIUTIOIOTh KaHajdW. Y TIpoIleci 3BaproBaHHS poOoya dYacTHHA EIEeKTPoja
3MHHAETHCS W 3a0pyIHIOEThCs. {711 3aumIeHHs eJIeKTPOIiB 3aCTOCOBYIOTh Pi-
3HI npuctocyBanHs. OgHe 3 HAWOUIBII MPOCTUX MPUCTOCYBAaHb MOKa3aHE Ha
puc. 3.3. Ile macTuHKa 13 JBOCTOPOHHIMH MOTIMOJICHHSAMH 32 (OPMOIO PO-
00401 MOBEPXHI €JIEKTPOJIiB, [0 00EPTAIOTh HAXKIAKOBUM IanepoM 1 3aTuc-
KaloTh MIX ejekTponamu. [loBepTatoum MIaCTUHKY HABKOJO OC1 €JIEKTPOJIB,
3a4MIIAlOTh HOro moBepxHI0. [[HEBMATWYHI MPUCTOCYBAHHS I 3a4HINCHHS
nokaszaHi Ha puc. 3.4 ta 3.5.



1 — nascoaxoeuii nanip; 2 — noenubienHs

Pucynox 3.3 — Ilpucmocysanns onsa pyuHo2o 3auunjenHs e1ekmpoois

3

Pucynox 3.4 — Kymoega nnesmamuuna Mawuna ons 3a4uyeHus el1eKmpooia

Pucynox 3.5 — I[Inesmamuuna 2onosxa I'311-1 ons 3auuwenns enekmpoois



Jl5ia BiZHOBIEHHS MEepBICHOI ()OPMHU €NEeKTPOIIB 3IHCHIOIOTH IXHE 3ampa-
BJIeHHsI. J[J1s 1IbOTO 3aCTOCOBYIOTH 00 HANUJIKU 13 IP1IOHOI0 HACIYKOM0, a00 crie-
1iaJibH1 3anpaBHUKU (puc. 3.6). {1 mMBUIKOI 3MIHU €IEKTPOIU 1HOA1 BUTOTOB-
JSOTH 13 IMCKaMU M1J KJIFOY. SIKIIO JIMCOK Ha €JIEKTPO/il HEMAE, PEKOMEHIYETh-
Cs1 3aCTOCOBYBATH CIelialIbHI 3HIMadi (puc. 3.7).

.-
.
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1 — xopnyc, 2 — eeunmu; 3 — pizyi;, 4 — pyuxa

Pucynox 3.6 — Pyunuii 3anpasHux eiekmpoois

a — 07151 mpvox diamempia enekmpoois, 6 — yHieepCalbHUlL,
1 — xopnyc, 2 — nnawku, 3 — 3amucKHull 26UHM

Pucynox 3.7 — 3uimaui enekmpooie moukogux mMauiun

MexaHi3aM CTHCKY (TIeJaJIbHUM, €JIeKTpOMEXaHIYHUM, MHEBMATHYHUH,
MTHEBMOTiIPaBIIIYHUN Ta 1H.) OOMPAIOTH 3aJICKHO BiJ MOTYKHOCTI MAIlTUHU.

[lenanpHMil TIpUBIY MexaHI3My CTHCKY (puc. 3.8, a) 3aCTOCOBYETHCS
B MalllMHaX Majoi MoTyHocTi. Tuck Bix negani 1 Ha enexTpoau 4 nepenaeTbes
3a OMOMOI'0I0 CUCTEMH BaxediB 1 OypepHoi npyxunu 2. THCK peryiorTh mno-
NepeIHIM HATSITOM IPYKUHU Takoro 3.

EnexrpomexaHiuHUi TPUBII MEXaHI3MY CTHCKY (puc. 3.8, 0) 3acTOCOBY-
€THCS B MAIIMHAX CEPEAHBOI MOTY>KHOCTI 3BUYAIHO JIJIs1 3BapIOBAHHS CTaJICH.
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1 — neoanwv, 2 — 6yghepna npysxcuna, 3 — 2atika, 4 — enekmpoou;, 5 — npysrcuna

Pucynox 3.8 — Cxemu mexanizmie cmucky mouko8ux Mauiun

VY 1upomy BUIAJKY €NEKTPOABUTYH 1 uepe3 peaykTop 4 mpuBOIUThH B 00€-
pTaHHS KyJa4doK 3 OCa/PKCHHs, 1110, HaTUCKaro4Yu Ha OydepHy NpyXuHy 2, 3a-
0e3rnevye TUCK MK €JIEKTpoIaMU. THUCK PEryIIO€ThCs MPYKUHOIO.

[THeBMaTHuHMIA IPUBiT MexaHI3MY (puc. 3.8, B) 3aCTOCOBYETHCS B MAIIIH-
HaxX CepeaHbOI W BEIUKOI MOTY)KHOCTI JIJISl 3BapIOBaHHS CTaJICH 1 KOJIbOPOBUX
metaniB. [Ipu mbomy crmocobi cTUCHEHE TOBITPSI, O MOJAETHCS Y BEPXHIO Yac-
TUHY UWIIHJpa, TaBUTh Ha MOpIIEeHb 2 U omyckae enektpona 3. [ns migHaTTs
€JICKTPO/1a MOBITPS MOAAETHCS B HIDKHIO YACTUHY ITUJIIHIpA.

Tuck Ha eneKTpoJax peryirolTh 3MIHOK THUCKY CTUCHEHOI'O MOBITPS 3a
JIOTIOMOT'OF0 TIOBITPSTHOTO PEIYKTOpA.

[THeBMOTiApaBIiYHAN TIPHUBiJ MEXaHI3My CTHUCKY (puc. 3.8, T) 3BHUYAIHO
3aCTOCOBYETHCS Y 3BapIOBAIBHUX KITIIIAx. Y IbOMY BUIAIKY THCK Ha €JICKTPO-
nax 4 yTBOPIOETHCS 3a JIOMOMOTOI0 MMTHEBMATHYHOTO IMIJIIHJIpa 2 Ta TiapaBIidHO-
ro mwiiaapa 1. [{ns 3amoBHEHHS 00cATy Macia, 1o 3MEHIIYEThCS B MPOIIEC] HO-
ro BUTOKY, Y CUCTE€MI BCTAHOBJIIOIOTh MAacJIOHAKONUYyBay 3.

Po3THCKaIOThCS €IEKTPOIH TICISA 3HATTS TUCKY 3BOPOTHOIO MPYKHHOIO 3.
[lepemukaroui TpUCTPOT JO3BOJISIIOTh BMHUKATH W BUMHUKATH 3BApPIOBAIbHUIA
cTpyM. JIJ1st 1IbOTO 3aCTOCOBYIOTHCSI IPOCTI MEXaHIYHI BUMUKAY1, €JIEKTPOMAarHi-
THI KOHTAKTOPH, TUPUCTOPHI KOHTAKTOPH  JIaMMoOBi mpuiiagd. MexaHi4uHl Bu-
MUKadi, K MPaBUiIO0, 3aCTOCOBYIOTHCS B MAIlIMHAX MaJiOi MOTYXHOCTI. TpuBa-
JICTh BUTPUMKH JI€TaJIeH M1l CTPYMOM IIPH I[bOMY 3aJICKUTh Bij TPUBAIOCTI Ha-
TUCKaHHS Ha TMeaaib a00 B CTYNEHS PO3KPUTTS METIOCTKIB €KCIIEHTPHUKA.



CucreMa BOJASHOTO OXOJIO/KEHHS MpHU3HAUYEHA JUJISl OXOJIOKEHHS B MPO-
1IEC1 3BaplOBaHHs BCIX CTPYMOBEIYUYUX YACTUH TOYKOBMX MamluH. OXOJOIKY-
I0ThCSI 3BUYATHO BTOPUHHMUI BUTOK TpaHc(opmaTopa, X000TH, €EKTPOAOTPH-
Maui i enextpoau. Ilpu nboMy Boaa 3 BOJOMPOBOLY HAIPABISETHCS MO JEKIIb-
KOX MapajieibHuX KOHTypax. Oco0nuBy yBary BapToO NPUILISATH OXOJOMKEHHIO
eJIEKTPOJIIB. YCepeIuHl eNeKTPOAOTpUMaya MPOCBEPUICHUNA KaHaJ, Yy SKHM
BCTaBJICHA JaTyHHa a0o0 MiJHA BOJIOMIIBIAHA TPYyOKa, MO SAKiil BOJa HAIXOIUTh
oe3nocepeHbo 10 enekTpoaa. Kocuii 3pi3 Ha KiHII TpyOKH momnepekae mpu-
NUHEHHS LUPKYJIALIT BOAM, SIKIIO TPyOKa yIpeTbcs B TOpELb KaHaily, POCBEp-
JUIEHOTO B €JIEKTPOJil. 3BaproBaTH 0€3 BOJOMIABIIHOI TPYOKH HE MOYKHA, TOMY
10 B LIbOMY BUINAQJKy B KaHaJl €JIEKTPOJia CTBOPIOETHCS MapoBa COPOUKA, IO
INPUIUHSE TOCTYI OXOJIOJHOI BOAU. Take K SIBUIIE CIIOCTEPIraeThCsa y BUMAJIKY
3aCTOCYBaHHS 3aHAJTO KOPOTKOI TPYOKH.

V¥ mammHax mManoi HOTYHOCTI 1HOA1 BUKOPUCTOBY€ETHCS MPUPOIHE MOBI-
TPSIHE OXOJIOKCHHS.

Mawiunu 3 nedaibHuUM RPUBOOOM

[Tpukiamom Takoi mammHu € MammHa MT-604. KinemaTtnuHa cxema Ta-
KOro MPUBOAY HaBeleHa Ha puc. 3.9. [nun pucynku no mamunai MT-604 HaBe-
JIEH1 B 3arajJbHUX METOJUYHUX PEKOMEHAIISAX 13 TPOBEACHHS POOIT.
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1 —neoanw,; 2 — 6yghepna npysxcuna, 3 — eavixa, 4 — snekmpoou

Pucynok 3.9 — Cxema mexanizmy cmucky

Mamnaa MT-604 npairtoe B Takuii crioci0. [1pu HatuckanHi Ha niegans 1
BXKEJIA 31 MITOKOM MOBEPTAETHCSI CEKTOP HABKOJIO OCl, Y pe3yJIbTaTi 40ro Bepx-
HIA eJIEKTpoJ 4 OIyCKAeThCS W 3JaBIIIOE JIeTajli, IO 3BapioroTh. [Ipw 1mogans-
[IIOMY HaTUCKaHHI Ha MeJallb MPY>KUHA 2 CTUCKYETHCS M TUCK MIXK €JIeKTPOaMu
301TBITY€ThCS. 3YCHUIUISI CTUCKY €IIEKTPOJIB 3aJICKUTh BiJl CTYIICHS CTUCKY TPY-
KUHU ¥ He nepeBultye 3sudaiino 2 kH. I[lomepenHiit cTUCK NPYKUHU 3a7a€THCS
raiikoro 3. Komanaa Ha yBIMKHEHHS 3BapIOBAJIbHOIO CTPYMY HaJIXOJIUTh BiJ Ki-
HIIEBOTO BUMHKaYa IICJIsS CIPaIlbOBYBAaHHS MPUBOAY W CTUCKY IPYXUHU Ha 3a-
JIaHy BEJIMYUHY.



[ToBepHEHHS BCI€I CUCTEMHU Yy BUXIIHHMI CTaH 301HCHIOETHCS 3BOPOTHOIO
npyxuHor. Hexomnikom moaiOHUX MPUBOAIB € HEOOXIAHICTh BUTPAT 3BAPHUKOM
(G13MYHHX 3YCUJIb, @ TAKOXK 3MI1HA 3YCUJUISI 3aTUCHEHHS B MIpy 3HOLIYBAaHHS eJle-
KkTpoaiB. Taka cucrema B3aeMOJil MEXaHI3My CTHUCKY 3 MEXaHI3MOM YBIMKHEHHS
3abe3reuye UKJI 3BaplOBaHHA 3 TOCTIHHUM THUCKOM (puc. 3.10, a).
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a — 3 NOCMIUHUM MUCKOM, 0 — 3 YVBIMKHEHHAM U GUMKHEHHIM CIMpPYyM)
npu HenoBHOMY MUCKY; 8 — 3 KYBALbHUM MUCKOM,;
2 — 3 NONnepeoHiM CMUCKOM U KY8ANbHUM MUCKOM, O — NYIbCYIOYEe 36API0GAHHS,
| — cmpym; P — 3ycunna na enekmpooax; 1 — mpueanicme 36aprogamHs

Pucynox 3.10 — Jliaepamu yuxnie moukoeo2o 36aproeamis

Mawunu 3 eieKmpomexaHiuHuUM RPUBOOOM

[TpuBOIM TaKOTO THUITY TIPALIOIOTH 32 TaKUM MpuHIHIOM (puc. 3.11). Enek-
TPOABUTYH | depe3 depB'sTYHHUIA peAYKTOP 2 MOCTIHHO 00epTae Baj, Ha SIKOMY Ha-
caJpKeHa OJHA TIOoJIOBUHA 3yO4uacToi MydTH 3uermieHHs 3. Jlpyra mojgoBuHa Myd-
TH TIAJBIIEM 4 Baxens 15 yTpuUMyeThcsl B HEpyXOMOMY ToJiockeHHi. [Tpu Hatwc-
KaHHI Ha Tiefanb 14 BaKiJIb TOBEPTAETHCS W BIJIBOJUTH HaJClb Ha3ad, y pe3yib-
TaTl YOTO IMiJ A€ MPYKUHU 6 oOuaBiI HamiBMy(pTH 34irmoroThes. [Ipu nmpomy
MOYMHAE 00epTaTUCs KyJauKOBHUI Baj, Ha SKUI HACaHKEHI €KCLEHTPUKOBHUM Ky-
Ja40K TUCKY 7 1 cTpymoBi kymauku 13. I[Ipu moBopoTi bOTro Bajia Ha MiBOOEPT
KyJIa4OK THCKY HATHCKa€ Ha POJIMK KopoMucia 8 1 uepe3 npyxuny 10 cTtBoproe



TUCK Ha enekTpojax. CliJioM 3a CTUCKOM €JIEKTPOJIB KYJIauOK CTPyMYy HAaCKaKye
Ha poJiuK 11 1 BMHKae CTpyMOB1 KOHTaKTH MEXaHIYHOTO BUMHKaya 12. 3a apyruii
MBOOEPT KYyJIAYKOBOT'O Bajla CTPYM BUMHKAETHCS 1 €JIEKTPOJIA PO3XOATHCA.

11

10 g 7
12 b
13 ' 5

Pucynox 3.11 — Exekmpokinemamuuna cxema Mawutu 3 e1eKmpomexaHivHum
npusoooM

[Tpu HEOOXiTHOCTI 3BApUTH KUTbKA TOYOK IEAajlh BAPTO TPUMATH HATHCHY-
Toro. [{ukn 3BaproBaHHs MpH 1IbOMY TOBTOPIOETHCS. [lepeMimiatu neranm MoxHA
MDK OKPEMUMH LUKJIAMHU TPU PO3BEJICHUX €JeKTpojax. Takuil pexkxuMm poOOTH Ha-
3MBAETHCS aBTOMATHYHUM. J[J1s1 3yMMHKKA MalllMHU HEOOXITHO BiJITYCTUTH IEAalb.
[Ipu 11boMy Hacaka 5 HACKOYUTH Ha Maselp 4 i BijBeae HamiBMy Ty BIIIBO.

OOepTaHHS KyJa4KOBOTO Baja MPUIUHUTHCA. JIJIS 3BaprOBaHHS TUTHKH
OJTHI€1 TOYKHU BAPTO HAXKATHU HA TMEAAIb 1 IBUAKO 11 BITYCTUTH.

VY 11poMy BUTIAIKY KYJAYKOBUN BaJl 3pOOUTH TIILKH OJUH 00epT. 3yCHIIIs
CTUCKY PEryJIOIOTh IMOMNEPEIHIM HATATOM MPY>KWHU Taikor 9, a TpUBAIICTh
YBIMKHEHHSI CTPyMY — TIOTIEPEIHIM PO3BEACHHSIM CTPYMOBHUX KyJadkiB. Maru-
HU 3 €NIEKTPOMOTOPHUM MEXaHI3MOM CTHUCKY 3a0€3MeuyroTh UK 3BapIOBaHHS 3
MOCTITHUM THCKOM.

Mawunu i3 nneemamuyHuM RPUBOOOM

Y OUIBIIOCTI CyYacCHUX MAIIMH 3aCTOCOBYETHCS MHEBMATHYHHUHN IMPUBIT
CJICKTPO/IIB PI3HUX CXEM BUKOHAHHS (SIK 3 paJlaIbHUM XOJIOM €JICKTPOJIa, TaK 1 3
npsmoiiHiitauM). Ha puc. 3.12 nmpencrtaBieHi pi3HI KOMIIOHYBAaHHSA MAIlWH 13
MTHEBMATHUYHUM MPUBOAOM 1 paJialIbHUM XOJ0M €JIEKTPO/Ia.
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Pucynox 3.12 — Ilpueoou cmucky enekmpo0ig y padiaibHux mouko8ux MauluHax

[Ipu mogadi CTUCHEHOI'O MOBITPS B HUIXKHIO KaMmepy MHEBMOIMJIHIpa S5
MopIeHb 4 pa3oM 31 MTOKOM 3 MEPEMIIIyETHCS BrOPY J0 3yCTpidl eNeKTpoaiB 1
1 2 Mixk coboro (puc. 3.12, a). ITig gac pob6ouoro xoay MOPIIHS BEPXHSI KaMmepa
MMHEBMATUYHOTO IWJIIH/pa 3’ €AHY€EThCsS 3 aTMocdeporo. [Ipu momadi moBiTps 10
BEPXHBOI KaMepu IWITIHApPA ¥ 3'€eqHaHHI POoO0UY0i KaMepHu 3 aTtMoc(heporo mop-
IICHB 31 IITOKOM OITyCKaIOThCS, @ BEPXHINA €IEKTPO/I MiTHIMAETHCS.

[THeBMaTHUHUN LWIIHIAP 5 MOXE PO3TAIIOBYBATHUCS Y BEPXHIA YacCTHHI
KOpIyca MaIlvuHH, HaJ 3BaplOBaIbHUM TpancpopmaropoMm (puc. 3.12, 0), Tomi
3YCHJUISL CTHCKY MIXK eJeKkTpojamu 1 il 2 mocsiraeTbesl MpU MOJaql CTUCHEHOTO
MOBITPS B MpaBy KaMepy MHEBMAaTUYHOTO IMITIHAPA U pyci MOPIIHS 4 31 IITOKOM
3 BIIBO.

Jlnst 3a0e3neueHHst J0IaTKOBOTO XOAY 3BapIOBAILHOTO €JIEKTPOJIa 3aCTO-
COBYETbCS TTHEBMATHYHUNA IWIIHAP 13 JBOMA IMOPIIHIMH, IO YTBOPIOIOTH TPH
kamepu (puc. 3.12, B). [Ipu momayi CTHCHEHOTO MOBITPS MEPEKHOTO THCKY B
KpaiHIO TIpaBy KaMepy MOPIIEeHb 5 MEePEeMIIIyEThCS BIIBO i CIY>KUTh OOMEKHU-
KoM Xojy ropmrHs 4. JliBa i cepenHs kamepu IWIHApPA 6 € POOOYNMH TTOPOXK-
HUHAMU. Y HUX TOJIA€THCS PEIyIIbOBAaHE CTUCHEHE TIOBITPSI, 110 3a0e3euye po-
Ooumit X171 eNeKTpoa i 3yCHUJUIsl CTUCKY. SIKIIO BUITYCTUTH CTUCHEHE MOBITPS 13
KpaliHbO1 TIpaBoi Kamepu B aTMocdepy, TO MijJ BIUIMBOM CTUCHEHOTO TOBITpS B
JiBii KaMepi MOPIICHB 4, a TIOTIM i MOPIICHD 5 IEPEMICTATHCS BIIPABO J0 yIOPY
B KPHIIIKY THEBMAaTUYHOTO mutiHapa. [Ipu oMy nopiens 4 uepes cepry 3 mi-
JHIME €JICKTPOJI 2 Ha 3HAYHO OLIbIINY BIJICTaHb, TOOTO J0JIaCTh HOMY JTOJATKO-
BUI Xia. BenwumHa H0MAaTKOBOTO XOY €JIEKTPOJA BHU3HAYAETHCS IMOJOKESHHIM
MOPIITHS 5 1 PETyNIOETHCS 3a AOMOMOTOI0 TalioK 7. 3BaproBaHHS 31HCHIOETHCS



IpU YBIMKHEHHI CTPyMy MICIsl CTUCKY eneKkTpoaiB. Iliciis BUMHKaHHS CTpyMy
3BapIOIOTH JETaJi, 0 MepeOyBarOTh SIKMICh Yac 11 THCKOM, III0 HEOOXiTHO IS
3aBEPIICHHS KpHUCTaTi3allil pO3IUIaBICHOTO METAly y 3BapeHiil TouIIl.

ManmHa 13 MHEBMaTUYHUM [IPUBOJOM 1 MPAMOJIHIKHUM XOJOM €JIEKTPO-
na (turmy MTII) npeacraBnena Ha puc. 3.13. Bona ckiamaerbcs 31 cTaHUHU 1,
3BapIOBAJILHOTO TpaHchopmaTopa 2, mepeMukada maodiB 3, KOHTaKTOpa THPHC-
TOpHOTO 4, PEeryysiTOpa KOHTAKTHOTO 3BapIOBAaHHS 5, CTPYMOMIJABOMIB — BEPX-
HBOTO ¥ HWKHBOTO, IPUBOJIy MHEBMATUYHOTO 6 3 mMHEBMoanaparyporo 7. Ha 3a-
JTHIW CTIHIIl KOPITYCYy BCTAHOBJICHUI aBTOMAaTUYHUI BUMHKad 8. MainHa 3a6e3-
NeYeHa MeAATFHOI0 KHOMKOIO.

Pucynox 3.13 — Touxosa mawiuna c nHeeMamudHUM NPUB0OOM ma
BEPMUKAILHUM XOOOM eleKMpPoQy

Kopmyc € 3BapeHor0 KapKaCHOIO KOHCTPYKIIE€IO 1 OCHOBHOIO HECYYOIO
KOHCTpYKIli€to MamuHu. CTpyMOMIiIBIA BEPXHIM CKIIaaeThesa 3 X00oTa 9, Kpu-
mku 10, rayuykoi mmHU 11 1 koHTakTHOTrO KOocuHug 12. CTpyMoniaBiJ BEpXHiil
CJIEKTPUYHO 130JIbOBAHUH B1J] KOPITYCY MAIIMHH.

CrpyMoIiIBi1 HUKHINM CKIaiaeTbes 3 X000Ta 9, KpoHuuTeHa 13, KpUILKu
14 1 muuu 15. Y rHI3ga X000TIB BCTAHOBIIOIOTHCS €IEKTpooTpuMayi 16 3 ene-
KTPOJIaMH.

3BaproBanbHUN TpaHCHOPMATOP 1 CTPYMOMIABOAM MAIOTh CHUCTEMY BOJI-
HOT'O OXOJIO/KCHHSI.

1lpusio nnesmamuunuil i nHeemoanapamypa

Cucrema >XKMBJICHHS CTHUCHEHUM IIOBITPSAM MPHUBOAY ITHEBMATUYHOTO
CKJIQIA€ThCsl 13 KJIalaHa eNeKTPOMHEBMATUYHOTO 2, MaclopO3MoAitoBaya 3,
peryisTopa TUCKY 3 MAaHOMETPOM 4, KJIallaHiB JIPOCENI0I0YNX 5 1 KpaHa Kepy-
BaHHs 6 (puc. 3.14.).
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Pucynox 3.14 — Ilnesmamuuna cxema mawuru moukosoz2o muny MTII

CrucHeHe NOBITPS 3 MEPEXK1 HAXOAUTh Yepe3 3alipHUi BEHTWIb 7, (QUIBTP
8 1 po3noainbHuK 9. 1o oHii Tl po3NOAUIEHUKA CTUCHEHE TTOBITPS MPOXOIUTh
yepe3 KpaH KepyBaHHsS y BEpXHIO KaMepy MHeBMoLwIiHApa 1. Y apyriil rim de-
PE3 PETYISATOP THCKY, MAaCIOPO3MOILIIOBAY 1 KJIalaH eJIeKTPOITHEBMAaTHIHHUM TIOBi-
TPsl HAIXOJIUTH JI0 CEPEIHBOI a00 HMKHBOT KaMepH IUITiHIpa i 3abe3neuye poooTy
npuBOAy MHeBMaTHYHOTO. [THEBMOIIMIIHAP MiCTUTH 2 TIopIHI: BepxHii 10 1 HIK-
Hit 11. L1 mopIHi yTBOPIOIOTH y IMUTIHAPI 3 Kamepu. [Ipu mogadi CTUCHEHOTO T10-
BITPSI 10 CEPEIHBOI KaMEpU HWKHIM MOPIIEHb Pa3oM 3 BEPXHBOIO EJIEKTPOIHOIO
JaCTUHOIO POOUTH poboumii Xia1 — pyX BHM3. [Ipu mojadi CTUCHEHOTO MOBITPS 10
HIDKHBOI KaMepU HW)KHIN MOPIIEHb MOBEPTAETHCS Y BHUXinHE TonokeHHs. [lomo-
’KEHHS BEPXHBOTO TOPIIHS B HMTIH/PI BCTAHOBIIOETHCS PETYTIOBAILHOIO TAKOI0
12, HarBUHYEHOIO Ha P1300BUI KiHellb ToKa 13 BepxHboro nopiixs 10, 1o onu-
pa€EThCS HA BEPXHIO KPUIIKY 1uiTiHaApa. CTUCHEHE TMOBITPS 11 MEPEKHUM THCKOM,
110 nepedyBae y BEpXHIN KaMepi HWJIIHIPA, YTPUMYE TIOPIIEHD Y IIbOMY MOJIOKEH-
Hi. [Ipy BUMyCKy CTHCHEHOTO MOBITPSI 3 BEPXHHOI KaMEpU MOBOPOTOM PYKOSATKU
KpaHa KepyBaHHS HIDKHIN MOPIIEHb 31MCHIOE JOJATKOBUH migidoM. Takuit mnpu-
CTpii MPUBOIY 3a0e3neuye Oe3CTyMIHYACTe KEPYBAaHHS BEIMYMHOK poOOYOro Xo-
7y, & TAaKO>K MOKJIMBICTh 3BapIOBaHHS BUPOOIB 3 BUCTYIIAMH, SIKi BUMAraroTh Tepi-
OJIMYHOTO 30LIBIICHHS XOTy BEPXHBOTO EIEKTpO/a.

EnextpomarniTHuii maeBmatuyHuil kinanan tumy KITEM (puc. 3.15) npu-
3HAYEHUU 7151 BIIYCKY B KaMepH W BUIYCKY 3 HUX CTHCHEHoro nosiTps. Kopmyc
KJIarlaHa Ma€ TP MPOXIAHUX OTBOPH JIJIsl BITyCKY p0oO0OYOro MOBITPS i JIB1 TPYyNH
BUXJIOITHUX OTBOPIB /ISl BUITYCKY BiMIPaIibOBaHOTO TOBITPsl B aTMOchepy.

VY BepxHiil 4aCTHHI KOPITyCY BCTAHOBJICHI €IEKTPOMATHIT 1 KyJIbKOBUH PO-
3MOAUTFHUHN KIIalaH, sSKi peryJolTh Moady MOBITPS 10 KaMepu MHEBMAaTHIHO-
ro UWIIHAPA JUIsl IEPEMIILIEHHS BEPXHBOTO €IEKTPO/Ia.

Po6oTo10 enexTpomarHita ynpasisie peryjisiTop HUKIY KOHTAKTHOI'O 3Ba-
ptoBanHs PKC — 601 (801), 3a 1onomMororo sIKOro MO»Ha HacCTPOIiTH LIMKJI 3Ba-
proBaHH# (puc. 3.10).
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1 — membpanu; 2 — knananu; 3 — Koxcyx, 4 — wapuxosuii po3nooiYULL
K1anaw, 5 — axip enekmpomazHima, 6 — e1eKmpomMazHim

Pucynox 3.15 — Enexmpomacnimuuti nHeeMamuyHUuti K1anau

Knananu npocemoroui (puc. 3.16) mpusHaveHi sl MOSKIIEHHS YIapiB
MIPY CTHCKY ¥ MOBEPHEHHI €JIEKTPO/Ia Y BUX1THE MTOJOKEHHS.
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Pucynok 3.16 — /[pocentorouuii knanau

besynapna po6oTa MalmHU AOCATAETHCS 3MIHOIO TEPETUHY MPOXiTHOTO
OTBOPY MIX KaHanaMu A u b npoceniorouoro kiamnasa, peryjibOBaHOTO TBUHTOM
3 y 3BOPOTHOMY HAampsIMKy PyXy MOBITPS, 1 KyJIbKOIO | MIATHUCKHYTOIO MPYKH-
HOIO 2 y IPSIMOMY HampsMKY.

[oBiTpsnuii peayxtop (puc. 3.17) ciy>KUTh Al peryItOBaHHS i MiATPH-
MKH THCKY CTHCHEHOTO IMOBITPS MOCTIMHUM, HE3aJIEKHO BiJ 3MIHHM HOTO B MOBI-
TPSIHINA MEpexi.
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Pucynox 3.17 — Ilogimpsnuii pedykmop

CrtrcHeHe TOBITPS HAIXOIUThH JI0 PEAYKTOpa uepe3 KaHal BUCOKOTO THC-
Ky A U micns penyKyBaHHsS (3MEHIIEHHS THUCKY) HaNpaBIISIEThCS Yepe3 KaHa
HU3BKOTO TUCKY b 710 e1leMeHTiB MHEBMAaTUYHOI CHCTEMH MAIIIUHH.

[Tponec peaykyBaHHs BiiOyBaeTbcs B Takuid croci6. ['ymoBuii kinanan 3
M1 T1€F0 MAMIPHOT IPYKUHU 2, IO ONMUPAETHCA HA KPUIIKY 1, MIIJIBHO MPHUTHC-
Ka€ThCs 10 Coruia 4 1 MPUIUHSE 3’ €THAHHSA KaHATy BHCOKOTO THCKY A 3 KaHa-
oM HHU3bKOTO TUCKY b. Ilpy BKpyuyBaHH1 peryioBajIbHOTO TBHHTA 9 peryto-
BaJIbHI MPYXUHU 7 ¥ 8§ CTUCKYIOThCS 1 TIEpPEeNatoTh TUCK Yepe3 TYMOBY MeMOpa-
Hy 6 Ha XOMYTHK 5, 1110 BIIKpUBA€E KjIamaH 3 1 MPOITyCKae MOBITPS 3 KaHATY A 110
kaHaiy b. B ocTaHHROMY MOBITPSI PO3MIMPIOETHCS M THCK HOTO Tajae 10 BCTa-
HOBJICHOT'O p0OO0YOTrO0.

[Ipu 3MiHI TUCKY B THEBMATHYHUX €JIEMEHTAX MAIIMHHU OyJe TaKOXK 3Mi-
HIOBATHCS TUCK, 1110 Jii€ Ha MeMOpaHy, 1 BiJIMOBIIHO JI0 IIbOTO Oy/Ie BIAKpHUBATH-
Csl TOCTYII CTUCHEHOMY TOBITPIO 3 KaHamy A 10 kaHaiy b. Lle 3a06e3neuye miar-
PUMKY TIOCTITHOTO pOO0YOTO TUCKY CTUCHEHOTO MOBITPSL.

Jlyopukarop (puc. 3.18) mpuszHaueHui AJig 3MallleHHS MaH>XeT ITHEBMa-
TUYHOTO IWJIIHJApA W TEPTHOBUX YACTHH IMHEBMATHYHOro KaHaiy. IIpu poOoTi
MalIMHU CTUCHEHE TIOBITPS MPOXOAUTH yepe3 KaHai 1 1 mo TpyOI 2 moTparuisie
10 kamepu 3 nyopuxaTtopa. CTBOproBaHUH y 11l KaMepl TUCK 3MYIITY€ MacIo Ti-
JTHIMAaTHCA 10 TPpYOIli 4 10 KaMepH KJlanaHa 5 Ta 3 Hel OKpeMHUMH KparuisiMH CTi-
katu 10 ka"ainy 1. I1ig ni€ro cTUCHEHOTO MOBITPS OKpeMi Kparuii Macia po3Io-
POIIYIOTHCS W Pa3oM 3 MOBITPSAM HAIXOMSITh A0 BIATOBIIHUX €IEMEHTIB Malllu-
Hu. KinbKicTh Macia, 1o MoJa€eThesl, PEryIoeThesa TBUHTOM 6. CIIOCTEpEKeHHS
BEJIETHCS Yepe3 Mpo30py BTYJKY. 7. Maciaopo3moauioBad Mojiae€ 3MalleHHs Ha
VIIUIBHIOBAJIbHI KUIbIISI IPUBOJTY 3BAPIOBAIBHOTO THUCKY.
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Pucynox 3.18 — Jlyopuxamop

Pyunnii TpuxomoBuii kpaH (puc. 3.19) coyKuTh 1 IEpEeMUKaHHS MMO1aqi
MOBITPS Y IBOX HampsMKax. B ogHOMY MOJOKEHHI PyYKH KpaHa MOBITPS MOJa-
€THCS 3 MEPEX1 10 MHEBMOLMJIIH/PA, a IIPU IMOBOPOTI 1i HAa Y4 00epTy (3a3BUyail

[P 3aKIHYEHH1 pOoOOTH HA MAIIMHI) MOBITPS BUXOAUTH 13 BEPXHBOI KaMepH I11u-
JIHJpa HA30BHI.
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Pucynok 3.19 — Pyunuii mpboxxo0oosuii Kpau

[lepBuHHMIA CTpyM 3BaplOBaJbHOTO TpaHC(OpMATOpa BMHUKAETHCS U BU-
MUKA€ETHCS 32 JIONOMOT0K0 TUPUCTOPHOTIO KOHTAKTOPA. Y BIMKHEHHS 1 BUMKHEH-

Hsl KOHTaKTOpa 3a0e3Meuy€eThesl 3a IOMOMOTOI0 PETYJISITOpa LUKIY 3BaprOBAHHS
PKC-601 (801).



CrpollieHa NpUHIIMIIOBA €JIEKTPUYHA cXeMa TOYKOBHX MatuH cepii MTII
HaBeJeHa Ha puc. 3.20.
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Pucynox 3.20 — Ilpunyunosa enekmpuuna cxema mouxogoi mawunu cepii MTIT

Enexrpuuna cxema mamuuu (puc. 3.20) MICTUTH 3BaprOBaIbHUN TpaH-
chopmarop T,, knanan enekrponueBmarnunuii KEII-16, koHTakTop TupuC-
topauid KT-07, perynstop kontaktHoro 3BaproBanHa PKC-601, aBromaTnu-
HUW BUMUKAY.

VY 1ukJ 3BaproBaHHs Nepe0adeHi Takl perysibOBaHl BATPUMKH 4acy:

1) «CTUCK» — MPOMIDKOK 4acy, HEOOXITHUM Il 3aTUCHEHHS JeTajeh MikK
€JICKTPOaMU JI0 YBIMKHEHHS 3BapIOBAJILHOIO CTPYyMY;

2) «3BaproOBaHHS» — MPOMIKOK Yacy, MPOTITOM SIKOTO CTPYM MPOXOJIUTH
yepes JIeTall, 1110 3BaploloTh;

3) «IPOKOBYBaHHS» — MPOMDKOK Yacy, MPOTATOM SKOTO IMATPUMYETHCS
TUCK, PUKJIAJICHUH 70 JeTaneil 0e3nocepeAHbO Micis 3BaprOBaHHS;

4) «may3a» — MPOMIKOK 9acy, MPOTATOM SIKOTO MPU aBTOMATUYHINA poOOTI
MAaITUHU €JIEKTPOIH 3aJTUIIAIOTHCA PO3IMKHY TUMH.

3BaproBaJIbHUN IUKJI MOYMHAETHCS MICHS 3aMHUKaHHS MEAAIbHOI KHOMKH
SB;. IIpu oMy crpaiboBye€ KIlalaH €IeKTPOITHEBMATUYHUHN 1 MIEPEMHUKAE TI0-
Jladyy CTUCHEHOTO TOBITPS 3 HUKHBOI KaMepHu MHEBMOLMJIIHJPA J0 CEPEAHBOI,
BEPXHIN €JICKTPO]T OIMYCKAETHCSA M CTUCKAE JCTall, PO3MIIICHI MIXK €JIeKTPOIaMH
MaIllUHH.

Perynarop KOHTaKTHOTO 3BaprOBaHHS 3a0e3leuye€ BUTPHUMKY 1HTEPBATIB
yacy “nomnepenHid CTUCK” ¥ “CTHCK”, yCTaHOBJIEHHUX 3a JOTIOMOI'OI0 IepeMHUKa-
YiB Ha JUUBOBIMA MaHenl peryisTopa. Ilicis HbOro BMUKAETHCS THPUCTOPHHIA
KOHTAKTOP 1 MOYMHAETHCS BIJJIIK Yacy ‘“3BaproBaHHs”’. KepyBaHHS THpHCTOpaMH
VS, #1 VS, 3niiicHIO€ThCS IMITyJIbCaMU, SIKI HAAXOATh BiJl PETYJISITOpa KOHTAKT-
HOTO 3BaplOBaHHs yepe3 Tpanchopmarop T, Ha Kepyrodi eeKTPOIN TUPUCTOPIB.



Pesuctopu Rj; it R4 00Mexyr0Th CTpyM Kepyrouux iMITyJbciB. Tupucropu VS, i
VS, yBiMKHEHI napalnenbHo, 10 3a0e3neuye MPOTIKaHHS Yepe3 3BaproBaIbHUMN
TpaHchopmarop T, 3MIHHUX CTPYMiB.

Jlaamor Ry, Ry, C| npusHadeHnid aj11 OOMEKEHHS IIBUIKOCTI HApOCTAHHS
HaNpyry Ha TAPUCTOPAxX IIiJ1 4aC KOMYyTallli i 3HMKEHHS IMITYJIbCHUX MIEpEHAaIpyT.

BennunHa 3BaproBaIbHOTO CTPYMY 3MIHIOETBCS CX1T9acTO 3a IOITOMOTOIO
HO>KOBOT'0 TiepemMukaya 1madiB. [Ipy ycTaHOBII HOXKIB Y pi3HI MOJOKEHHS 3Mi-
HIOETHCSI CyMapHE YMCJIO BUTKIB IEPBUHHOI OOMOTKHU TpaHcpopmaTopa, a BUXO-
JUTh, 1 BTOPUHHA HAIpyra XOJOCTOro Xoay. Y Mexkax mialbisi MOXIIMBE TaKOXK
IUIaBHE PETYJIIOBAHHS CEPEAHBOTO 3HAUECHHS CTPYMY 3BapIOBAHHS LIJISXOM 3Mi-
HU KyTa BIJKPUTTS TUPUCTOPIB, IO 33JIa€ThCSA PETyisTOpoM "HarpiBaHHA" Ha
nepenniii manem PKC 601. Perynsitop KOHTakTHOTrO 3BaplOBaHHs 3a0e3leuye
TaKOX IJIaBHE HAPOCTaHHS CTPyMy Ha MOYATKy 3BapIOBAJIBHOIO IMITYJbCY, 110
3a1a€ThCSI PETYIATOPOM '"HapocTaHHsA". Peryiasitop KOHTaKTHOTO 3BAapIOBAHHSA
JI03BOJISIE 3IMCHIOBATH 3BAapIOBAaHHS K OJHHUM IMITYJIbCOM, TaK 1 JEKUIbKOMa
(Big 1 10 9), K1 yepryroTbes 3 may3aMu Ha OXOJIOMKEeHHs. KUTbKICTh IMITYJIbCIB
3a/la€ThCs MepeMukadeM "rpyna iMmynbciB". [1o 3akiHueHHI Yacy 3BaprOBaHHS
TpaHchOpMaTOp BUMUKAETHCS (MPUIHHSIETHCS T0/1aya KePYIUYUX IMITYJIbCIB Ha
TUPUCTOPH), a ACTaIl BTPUMYIOTHCA M1 TUCKOM 0€3 CTpyMy IPOTSITOM 4acy, 3a-
JTAHOTO TIepeMHUKayeM "MPOKOBYBaHHs'", MICIS YOrO KjamaH eJIeKTPOIHEeBMAaTH-
YHUI MepeMUKA€Ee NMo/Javy MOBITPS 13 CEpelHbOI KaMepHu /10 HWKHbBOI. BepxHiii
€JIEKTPOJ] MEPEMIINIYETHCS HAropy H neraii, siKi 3BaprOIOThCS, 3BUIBHSIOTHCS.
Sxio BUMUKau pexxumy poodotu Ha nepenniit naneni PKC-601 nepeOyBae B mo-
JIO’)KEHHI "aBTOMaTWYHUN PEeXHM'", TO TMPU HATUCHYTIN TeAam, MCHIs BIUTIKY
BUTPUMKH 4acy “ray3a”’, IMKJIM 3BaploBaHHS OyayTh MMOBTOPIOBATHCA, ajie 0e3
BIJIUTIKY BUTPUMKH 4Yacy "MOTEpeIHIi CTHUCK".

3yCHIIA CTUCKY €JIEKTPO/IIB BU3HAYAETHCS 31 CITIBBITHOIICHHS:

F=PS,

ne P — Tuck moBiTps, 1110 BCTAHOBIIOETHCS PETYISATOPOM THUCKY;
S — mroura mopmss (S = 120 cm?).

Busznauennna akmuenozo onopy 6moOopuHHO20 KORmMypy mauiuHu

Ha BTpary enexTpoeHeprii B MamiumHi, a OTXKe, Ha PoOOTY KOHTaKTHUX
MAaIlTMH BETMKHUI BIUTMB MA€ CTaH MEPEXiJHUX KOHTAKTIB Yy BTOPUHHOMY JIAHIIIO-
31. [ToBepxHS po3HIMHUX 3'€lHAHb BTOPUHHOTO KOHTYPY 3 YaCOM OKHCIIOETHCS
i omip iX 30ubmIyeThcsi. OCKUIBKH OIMIp CaMHUX CTPYMOBEIYYHX YaCTHH BTO-
PUHHOTO KOHTYPY (BTOPMHHOI'O BHTKA, XOOOTIB, €1EKTPOJOTPUMAYIB 1 T.J.) He-
BEJIUKUM, TO 30UIBIIIEHHS OMOPY PO3HIMHUX 3'€JHAHb 3HAYHO 3HIDKYE 3BapIOBa-
JBHUM CTPYM 1 KOPUCHY MOTYKHICTh MAIIIUHU.



Cxema BTOpPMHHOIO KOHTYpYy HaBeldeHa Ha puc. 3.21. CymapHuii omip
BTOPUHHOI'O KOHTYPY J€SKMX KOHTAaKTHHUX MAIIMH 3 J0Ope 3a4MILEHUMHU KOHTa-
KTaMu HaBeJeHu# y Tabi. 3.1.
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Pucynox 3.21 — BmopurHuti Konmyp mauuru

Tabnuysa 3.1 — Texuiuna xapakmepucmuka mo4ko8ux MauluH

ITapamerp OmuanuiMT-604| MT-1201|MT-4021 MT-2401
1 2 3 4 5 6
MakcuManbHui  BTOPUHHMI KA 10 12 40 24
CTPYM KOPOTKOTO 3aMHMKAHHS
HOMlHaJ'ILIjI/II/I TPUBAJIUI <A 17 24 12,5 5
BTOPUHHMI CTPYM
HomiHanpHHMH TpUBanun A 2.8 2.9 _ 84

NEPBUHHUM CTPYM

HoMiHanbHa nmepBUHHA B 220/380| 220/380 | 220/380 |220/380

Harpyra
Haii6inbia cnoxxuBaHa
MNOTYXHICTh IPH KOpOTKOMY | KB-A | 28,5 35 420 140
3aMHUKaHHI
HominanpHa MOTYXHICTh kB-A 14,8 15 150 82
Yucio mabiiB peryatoBaHHs
BTopHH]iIlo'i Hangyri]l - 4 4 6 4
Mexi peryntoBaHHSI BTOPHH- B 1,62— | 1,48 — - 3,15 -
HO1 HAIMPyTH 2,66 2,96 6,29
Po6ounii Xi1 €1eKTpoIiB MM 20 20 5..30...30f 30
Bunit enekTpoa:
HalMEHIINMN MM 225 200 150 350
HOMIHAJIbHUI MM 250 250 500 500

HANOUTBIIIUNA MM 275 650 700 1200




IIpooosocenus mabauyi 3.1

| 2 3 4 5 6
Po34uH eneKTpo/IiB:
HaWMEHIITUI MM 150 130 150 180
HOMIHAJIbHHAM MM 150 150 220 180
HAWOLIBIINI MM 250 325 300 450
KoedimieHT MOTYXHOCTI
[IpY KOPOTKOMY 3aMHKaHHI
HEI/I HOMI;HaJIBHI?IIX BUJIbOTI 1 B 0,5 0,5 0,5 0.4
PO3YHHI
3YCUIUISI CTHCKY €TIEKTPOJIIB:
HallMEHIIIC kH 0.4 0,5 1 1,3
HOMIHAJIbHE kH 2 2,5 16 6,3
MaKCHMaJIbHE kH 2 2,5 19 0,5
st oo | wa | b | wa | b
crani 0,2+0,210,2+0,210,5+0,5]0,5+0,5
0 0 0 0
Hd TECP/X POXIMAR | MM o,zio,s 0,8ﬂ+0,8 5,021 5,0 2,5I—£ 2,5
\ 0 0 0 0
Ha M'IKMX peKHMax MM 22_5_2 ?’I_II_?, 3, OI—II- 8.0 6I-[|- 6
MakcumanbHa KopoTkOuac- | 180 320 176 220
Ha MPOJTYKTUBHICTh
Butpata oxooaH01 Boin n/q 150 60 550 310
["aGapuTHi po3mipu
(BxIIxI):
BHCOTA MM 1237 1200 2450 1255
HIMpUHA MM 452 430 560 450
rIuOnHa MM 833 950 1600 1315
Maca KT 200 165 1100 410

[Tpu excruryaTariii MamyH BapTO MEPIOAMIHO 3aMipsATH OIIp BCIX MEpexXi-
JTHUX KOHTAKTIB 1 MPU HEOOXITHOCTI 3auumiaty iX. Omnip BTOPUHHOTO KOHTYPY
MO>KHAa BUMIPIOBATH JABOMa METOJaMu: 1) aMnepMeTpoM 1 BOJIBTMETPOM; 2) Mi-

KPOOMMETPOM.

Cxema BHMIpPY OMOpPY BTOPHUHHOTO KOHTYPY METOJOM amIepMeTpa-

BOJIBTMETpA HaBEJECHA Ha puc. 3.22, a.

VY upomMy BUIAJKY Yepe3 3BapIOBAIbHUN KOHTYP MPOMYCKAIOTh MOCTIHHUN
ctpyM | Big akymynsitopa ado 3BaproBallbHOTO IeHepaTopa, SKUW 3aMIpsOTh

aMIiepMeTpoM A.




[Taginns Hanpyru B KoHTypi U 3amipsitorh MimBojabT™MeTpoM MB. Iicas
BUMIpPIB, BUKOPUCTOBYIOUM 3aKkOH OMa, BU3HAYaIOTh OIIp 3BaplOBaJIbHOIO KOH-

TYpy 3a GOpMYJIOH:

U
R=—.
I
Mikpoommetp M-246 (puc. 3.22, 6) 103BOJIIE BUMIPIOBATH MaJli OTIOPU B
Mexax 4 MKOM - 1 OM. JKuBieHHST HOTO0 MOXKe 3]1IMCHIOBATUCSA BiJl aKyMYJIATO-

piB 260 Mepexki 3MIHHOTO CTpyMy. MiKpOOMMETp Ma€ YOTHPH KOHTAKTHUX Ha-
KOHCYHUKH, 0 IPUETHYIOTH JI0 3a4UIICHUX MTOBEPXOHB EICKTPO/IIB.
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Pucynoxk 3.22 — Bumiprosanms onopie 6mopunno2o KOHmypa

Y ToMy BHMAJKy, KOJIU 3arajbHHUI OIp 3BapIOBAILHOIO KOHTYpPY 3HA4YHO
NIEPEBUIIye HOPMAaTHBHI JaHi, 3aMipsIOTh OIp KOKHOTO KOHTAaKTy ¥ 3HaXOMAATh
MicCIle, JIe BiH 3Ha4HO 3pic. BapTo mam'staru, 1o npu BUMIipl ONOPY BTOPHUHHOTO
KOHTYpPY a00 OKPEMHUX JUISTHOK €JIEKTPOAN MAIIMHU TTOBUHH1 OyTH PO3IMKHYTHMH.

3.2 IIpoBeneHHs poooTu

Ycemamkyeanna it mamepianu

1 MammHu Ui TOYKOBOTO 3BAapIOBAHHA 3 PI3HHMH MPHUBOJIAMHU MEXaHi3-
MY CTHUCKY.

2 JIkepeno eNeKTPOCHEPTii MOCTIHHOTO CTPyMy — 3BaplOBAIbHUN TIEpeT-
BOpIoBau abo akymyisatop emHictio 0,011 A/c (40 A/r).

3 Ammepmertp 13 mryHToM Ha 50 A.

4 MiniBonbT™meTp Ha 50 MB.

5 MikpoommeTp (TIpu BIACYTHOCTI aMIiepMeTpa i MUTIBOJIbTMETPA).

6 IlepecyBHuii jabopaTopHUid CTIT 3 HAOOPOM HEOOXITHUX MPOBOJIB, 3
THCTPYMEHTOM 1 CIIEI[O/ISITOM.

7 Onucu, KpecaeHHs i HeoOX1H1 JOB1IKOBI MaTepialIH.



A O3naiiomnenna 3 KOHCMPYKUIEW MOUK0B80T MAuiuHU

3a 3aBlaHHSAM BHKJIaJauya NOBHUHHA OyTHU A0Ope BHBUYEHA OJHA MallUHA 3
neJaIbHAM, €JIEKTPOMEXaHIYHUM a00 MHEBMATUYHHM IPUBOJOM MEXaHI3MY
CTUCKY. 3 MalllMHAMU 1HIIUX THUIIIB BapTO TUIBKUA O3HAHOMUTHUCA.

1 YBakHO MpOYMTATH OMKUC TOYKOBOI MAIIMHU, 3HANTH 1i OCHOBHI BY3IIH,
YCBIJOMUTH iXHE MPU3HAYECHHS W CXEMATHMYHO 3aMajlOBATH 3arajibHe KOMIIOHY-
BaHHSI MallIUHU.

2 JlaTh XapaKTEepUCTUKY MEXaHI3My CTUCKY i CXeMaTU4HO 300pa3uTu Mo-
ro NPUCTPIH (IUIs] THEBMAaTUYHUX MAILMH HAKPECIUTH THEBMAaTUYHY CXEMY).

3 Onucaru Tun TpaHcpopmaTopa, HaKPECIUTH HOTo CXeMmy il MOSCHUTH
po6oTy epeMuKayva 1maobJiiB MOTYKHOCTI.

4 3amanioBaTu cxeMy MEepepUBHUKA CTPYMY ¥ OMMcaTh METOMA Horo 0o-
KyBaHHSI 3 MEXaHI3MOM CTHUCKY.

5 3aMipsITH BUJIT €JIEKTPOJIB, HAKPECIUTH iXHIO (GOpMy U BU3HAUUTH, 3
SKOT0 MaTepialy BOHH BUTOTOBJICHI.

6 Hakpecnutu cxemy BOASTHOIO OXOJOIKEHHS.

7 CKJIacTH TEXHIYHY XapaKTEPUCTUKY MAIIWHH.

b Bu3znauenna akmuenozo onopy 6mopuHHo20 KOHMypy Mo4YK080i MAuiuHu

1 HakpecnuTu ecki3 BTOPUHHOTO KOHTYPY MAIIMHU 3 MO3HAYEHHSM HO-
Mepa KOXXHOTO KOHTAaKTY.

2 CkJacTy cXeMy BKJIFOUEHHS €JIEKTPOBUMIPIOBAIBHUX MPHIIAIIB M JKe-
pela MoCTIHHOTO CTPyMYy.

3 3i0paTu eneKTpUYHy CXeMy M IMoKa3aTH ii JUIsl IepPEeBIPKU BUKJIAAaueBl
a60 1abopaHTOBI.

4 TligrotyBatu TaOJHITIO JIJIS 3alMCIB JAHWX BUMIPIB M 0O0YMCIICHD (JIHB.
Tabsm. 3.2).

5 3amipsTH TaAiHHS HAmpyr y KOHTYpl W y BCIX KOHTAaKTaX KOHTYpY
OKpPEMO.

6 IlizpaxyBaTu OMOpH OKPEMHUX €IEMEHTIB KOHTYpY Ta HOTO 3arajibHHM
orip.

7 P0o310paTil KOHTAKT 13 HAMOUIBIIMM OMOPOM 1 3aYUCTUTU HOTO J0 METa-
JIEBOTO OJIMCKY, IIIIBLHO 310paTH ¥ 3HOBY 3aMipsATH WOTO ormip. PesynbpTaté BU-
MIpiB i 00YNCIICHB 3aMMUCATH B TAOJIHITIO.

8 Po3iOpaTu cxemy.

KouTposbHi nMTAaHHA

1 Ha3BiTh OCHOBHI BY3JIM TOYKOBUX MAILMH JJI1 KOHTAKTHOI'O 3BApIOBaH-
Hs Ta IXHE NIPU3HAYECHHS.

2 OnuiitTh podOTYy TOYKOBOI MAIIMHU 3 ME€JATbHUM, €JIEKTPOMEXaHIYHUM
a00 MHEBMATHUYHUM MPUBOJOM MEXaHI3MY CTHCKY.



3 Sk 3a1icHIOETBCS OJIOKYBAaHHS MEXaHI3MY YBIMKHEHHS CTPyMy 3 MeXa-
HI3MOM CTHCKY?

4 HaxkpecniTb MOXJIMBI HUKJIA TOYKOBOTO 3BAPIOBAHHS U MOSICHITH 1X.

5 Sk ynamToBaHUH 1 IPAIIOE€ TUPUCTOPHUN KOHTAKTOP?

6 Skuii BIUIMB KOHTAKTHUX ONOPIB BTOPUHHOTO KOHTYpPY Ha poOOTY TOY-
KOBOI MaluHu?

7 BuknaaiTe ciocoOM BU3HAUEHHS ONOPY BTOPUHHOTO KOHTYPY.

3.3 3BiT npo naGopaTopHy podoty Ne 3

Bueuenna koncmpykuyiit KOHmMAKMHUX MOYKOBUX MAWMUH | 6U3HAYEHHA
AKMUuHO20 ONOPy 6MOPUHHO20 KOHMYPY

[IpizBuILe cTyaeHTA
['pyna JlaTa BUKOHaHHA poOOTH

A O3naiiomnennsn 3 KOHCmpyKuicio mouxkoeoi mawunu MT-604

KoHcTpykuist MallMHK npecTaBiieHa Ha puc. 3.23.

1 —neoanwv, 2 — ynop, 3 — npyscuna; 4 — emynxa, 5 — 8icov sadicens; 6 — wkana,
[ — npyorcuna; 8 — cmaxan; 9 — msea, 10— eunka; 11 — nenrocmka,
12 — mpuxymmnuii eadicinw; 13 — 6eckonmakmuuti UMUKAY

Pucynox 3.23 — Touxosa mawuna MT-604



TexHiuHa XapakTepUCTHKa MaIllMHU HaBeaeHa B Ta0m. 3.1.
(3arasibHa cxemMa TOYKOBOI MAILIMHU 3 TO3HAYEHHSIM OKPEMUX BY3JIIB)
(Cxema MexaHI3My CTHCKY)
(Cxema 3BaproBalibHOTO TpaHc(hOpMaTOpa 3 MepeMuKaueM MadIiB MOTYKHOCTI)
(Cxema BUMIpY BUIIbOTY €JIEKTPO/IiB)
(CxeMa BOASTHOTO OXOJIOJKEHHS )
(TexHiuHa XapaKTEpUCTUKA MAILIUHH )

b Buznauenns akmugnozo onopy 6mopuHH020 KOHMYpPY MOUK060T
MawuHU

(Ecki3 BTOpUHHOTO KOHTYPY)
(Cxema BKIIFOUEHHS €JIEKTPOBUMIPIOBAIHHUX MPUIIAIIB)
Po3paxyHky 10 BH3HAYEHHIO OTIOPIB OKPEMHUX KOHTAKTIB 1 BCHOT'O BTO-
PUHHOTO KOHTYPY
BucHoBkH 110 po6OTI
[Tinmuc crtyaeHTa
BucHoBoOk BukiIamada

Tabnuys 3.2 — J[nsa 3anucieé 0anux eumipie i 064uUcieHdb

[Magiaas

Ne konrakry | Ctpym, A Hanpyru, MKB

Omnip, MkOm | Ilpumitka




JIABOPATOPHA POBOTA Ne 4

BU3HAYEHHS BIIVIUBY ITAPAMETPIB PEKUMY TOUYKOBOI'O
3BAPIOBAHHS HA MIIHICTHh TOYKHA

4.1 3araanHi BitoMocTi

PexxuM TOYKOBOrO 3BaprOBaHHS BU3HAYAETHCS TAKMMH OCHOBHMMHM Mapa-
METpaMu: 3yCHJUISIM CTUCKY, J1laMEeTpOM KOHTaKTHOI MOBEPXHI €JIeKTpoja, 3Ba-
PIOBAJIBHUM CTPYMOM 1 MOTO HUIUIBHICTIO, TPUBAIICTIO YBIMKHEHHS CTPYMY.

Pexumu ToukoBOro 3BaproBaHHS MOXYTb Oyt M'Aki il TBepal. Ilpu m's-
KOMY pE€XHUMI 3aCTOCOBYIOTHCS HEBEIMKI CTPYMU M THUCK, aje TPUBAIICTH YBI-
MKHEHHS 3BaplOBaJIbHOIO CTPYMY IIJBUIIEHA. TBEpAUN pexuM, HaBIaKu, Xapa-
KT€PU3YETHCS OLTBIITUMU CTPYMOM 1 TUCKOM, ajie¢ MaJOI0 TPUBATICTIO YBIMKHEH-
HSl CTPYMY.

VY mporeci 3BaproBaHHS MDK JIETAISIMU YTBOPIOETHCSA JIUTE SAPO
(puc. 4.1), po3MipH SIKOTO B OCHOBHOMY BHU3HA4arOTh MII[HICTh 3BAPEHOI TOUYKH.
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a — HenJ1aKipoBaui memanu,; 6 — NIAKIPOBAHI MemMau; 8 — 0emai HepiBHOT
MOBWUHU, & — PISHOUMEHHI Mamepianu

Pucynok 4.1 — Koncmpykuyitini enemenmu 36apuux 3’ €OHaHb, BUKOHAHUX
MOYKOBUM 36APIOBAHHAM

[Tpu 3BaproBaHHI Ha M'SKHX PEKMMax pPO3TallyBaHHA W Qopma JIUTOTO
Spa BU3HAYAIOTHCS TOJIOBHUM YMHOM YMOBaMU TEIUIOBIIBOAY B €JIEKTPOJIU U Y
JieTal, U0 3BaprotoTh. JIUTE 41po pO3TAIOBYETHCS MPAKTUYHO HA PIBHINA BlJIC-
TaH1 BiJ] 30BHIIIHIX MOBEPXOHb JETAJICH, Y 3B'A3KY 13 YUM MPU 3BapIOBAHHI JIKC-
TIB HEPIBHOI TOBUIMHU BOHO 3MIIIY€THCA B OLIIBII TOBCTUM apKyIl.

Uepes Oi1bIII1 BTpaTH TEIJIOTH PO3MIPH 30HH TEPMIYHOTO BIUIMBY M Harpi-
BAaHH$ J€TaJeil MPU 3BapIOBaHHI HA M'SIKUX peXUMax OUIbLII, HI)K HA TBEPIUX.



[Tpu 3BaproBaHHI Ha TBEPAMX PEKHMMAaxX pO3TallyBaHHS U (opma JIUTOTO
AJlpa BU3HAYAIOTHCS NMEPEBAKHO PO3NOALIOM IIUIBHOCTI CTPYMY B JETAJSIX 1 Ma-
JIO 3aJIeKaTh BiJl YMOB TEIUIOBIABOAY. JIUTE SIpO PO3MIIIYETHCS CUMETPUYHO
MIOI0 IUIOIIMHU 3'€JHAHHS JIeTajlel, 110 OCOOJMBO BAXKJIMBO IPH 3BaprOBaHHI
JeTanei pi3Hoi TOBUIMHU. BTpaTu TemyoTu Ha HarpiBaHHs AeTalield, a OTXKe,
BM'SITHHU Ha 1XHIW MOBEPXHI W 3HOIIYBaHHS €JIEKTPOJIB MEHII, HIX MPHU 3Ba-
pIOBaHHI Ha M'AKUX pexxuMax. OgHak yepe3 OuIblry HeOe3MeKy BUILIECKIB TBEp-
Il peKUMHU BUMAraroTh MiABUIIEHUX F ., 110 0OMexye iXHE 3aCTOCYBaHHS MPHU
3BapIOBaHHI y BaXKOJOCTYIHHUX MICHUAX 1 BHUMAara€ BHKOPHUCTAHHS (PIrypHUX
€JIEKTPO/IIB.

M'siki pesxrMu 3BHUaifHO 3aCTOCOBYIOTHCS TP 3BapIOBaHHI HA MalllMHAX 3
NeJJaIbHAM TIPUBOJOM CTHCKY, a TBEP/Il — Ha MAIIMHAX 3 €JICKTPOMEXaHIYHUM 1
nHeBMatnuHuM nipuBogamu. [[OCT 15878-79 pernamentye AB1 rpynnu TOYKOBUX
3'enHaHb: Tpyny A i rpyny b (tabmn. 4.1).

Tabauysa 4.1 — Ilapamempu mouxosux 3'€OHanb npu KOHMAKMHOMY

36APHOBAHHI
[TapameTtpu 3'e1HaHB
I'pyna A ['pyna b
o B, HE MeHIIEe o o o B, He MeHIIEe o o
= S|
Towna | £ [ fo 2] 2 EIE T |28
ACTalleH, MM S |5 8875 ¢ 2 2|52 |8x5| ¢ 2
S B|O < S =E|0O <
o 8—4>: oz = ~ o g 8-0: Z = - o
=) =)
ITonan 0,3 2,5 6 15| 4 6
«0,3-04 2,7 7 10 8 0 1,7 5 7 7|83
ITonan 0,4-0,5 2 6 8
«0,5-0,6 3 8 10 12 22| 7 9 8 10
ITonan 0,6—0,7 3,3 9 11 ] 13
«0,7-0,8 3,5 ] 10 12 13 | 15,5 251 8 10 10] 12
[Tonan 0,8 — 1 4 11 14 | 15] 18 | 3 9 12 12 | 15
«1-13 5 13 16 | 17 120,5|3,5] 10 13 14 ] 16
1,3-1,6 6 14 18 | 20| 24 | 4 11 14 16 | 18
1,6 -1,8 6,5 | 15 19 |22 ] 26 |45 12 15 18 | 19,5
1,8§—-2,2 7 17 20 | 25] 30 | 5 13 16 | 20| 24
2,2-2)7 8 19 22 30| 36 | 6 15 18 |23 | 27
2,7—3,2 9 21 26 | 35| 42 | 7 17 20 | 26 | 31
ITonan 3,2-3,7 |10,5| 24 28 |40 | 48
«3,7—4,2 12 | 28 32 |45 | 54
«4,2-4]7 13 | 31 36 15060 | | o
4,7—-5,2 14 | 34 40 | 55| 66
5,2-5,7 15 | 38 46 | 60 | 72
5,7-6 16 |42 50 | 65| 78




3'eqHaHHs TPynd A MarOTh JUTY 30HY OUIBIIOrO AiaMeTpa, MaloTh OLIbII
BHCOKY MIIHICTb, aJIc BAMAararoTh OUIBIIIOT HAITYCTKHU.

['pyna 3'eqHaHHS MTOBUHHA BCTAHOBIIOBATUCS MPHU MPOCSKTYBAHHI 3aJIEKHO
BiJl BUMOT /IO 3BaprOBaHOi KOHCTPYKIIi # 0COOIMBOCTEN MpoLEeCcy 3BaplOBaHHS.
MilHicTh OKpeMOoi 3BapeHOi TOYKM BU3HAYAETHCS MAPKOKO CILIABY, TOBIIMHOIO
JeTajeH, 10 3BaproioTh, 1 1IaMETPOM JIUTOTO siapa. Bucora nutoro siapa (Bemu-
YrHA TPOIIABJICHHS) HA MIIHICTh TPAKTUYHO HE BIUIMBAE i MOKE 3MIHIOBATUCS
B IMAPOKWX Mexax. [IpumycTuma BenwdwHA TPOIUIABICHHS JJISI MarHi€BHX
criaaBiB ¢cTaHOBUTE 20-70%, miist TutaHoBUX — 20-95% 1 471 1HIIKUX METANIB 1
craBiB — 20-80% ToBumHu aeraneil. [Ipy MeHIIoOMy HpoOIUIaBIEHH]I BaKKO
3a0€3MeYnTH CTabIbHICTh PO3MIPIB 1 MIITHOCTI 3'€1HaHb, OUIbIIE MPOIJIaBIeH-
HS MOJK€ TIPUBECTU JI0 MEPErpiBy MOBEPXHI JETaNei, 3HUKEHHIO IXHBOI KOPO-
31HOT CTIMKOCTI ¥ 10 MiJABUIIEHOT'O 3HOIIYBAaHHS €JIeKTpoaiB. JliaMmeTp 30B-
HIITHBOT'O BiIOWTKA (BM'STHHH) Bij €JIEKTPO/Ia HE MOB'I3aHUN OJTHO3HAYHO 3 Ji-
aMeTpoOM si/ipa ¥ HE XapaKTepHU3ye MILHOCTI 3'€lHaHb. 3BUYAHO J1aMETp 30B-
HIITHBOTO BIIOWTKA MEPEBUIIYE 1aMETp s/Ipa TOUKH ab0 MOpiBHIOE HoMmy. [ u-
OuHa B1OWTKa He MOBMHHA nepeBuulyBatu 20% ToBmnHM aetam. [Ipu 3Bapro-
BaHHI JieTajel pi3HO1 TOBIIMHU 3 BIAHOIICHHSAM TOBIIMH S/S; > 2 y BUNIAJKY 3a-
CTOCYBaHHSI OJTHOTO 3 €JICKTPOiB 31 301IBIICHOI0 MJIOCKOK POOOYOI0 MOBEPX-
HEI0, a TaKOX IMPH 3BaprOBaHHI y BaXXKOJOCTYMHHUX MICHSX JIOIMYCKA€ThCS 301-
JBIICHHS TIUOMHU BM'ATUH 710 30% TOBIIMHY IETai.

HamycTka € BaKTUBUM KOHCTPYKTHBHUM €JIEMEHTOM TOYKOBOTO 3'€THAH-
Hsl, OTO BEJIMYMHA BU3HAYAETHCS 32 TUIOCKOIO YACTHHOIO JETallel, 10 CIOJIY-
4aloTh, 0€3 00Ky pajilyCiB BUTUHY. 3MEHIIICHHS HATyCTKUA a00 301IbIIICHHS /-
amMeTpa JIMTOTO SiJjpa TOYKHU TIPH HE3MIHHIN HAIMYCTIl MOKE BUKIMKATH BUILJIECK
PO3IUIABJIICHOTO METATY B 3a30p MIXK JETAISIMUA ¥ PO3/IaBIIIOBAHHS KPallOK HaITy-
CTKH, 110 3HIKY€E MIIHICTb 1 HAJIIMHICTh 3BAPHUX 3'€/THAHb.

MiHiManbHUAN KPOK 3BapHUX TOYOK y TaOi. 4.1 yCTaHOBIEHUU 3 YMOBH,
110 MpHU HOro MOAANBIIOMY 3MEHIIEHHI JJIsl 30€pEXKEHHS PO3MIPIB JIUTOTO siapa
Oyne moTpiOHUM 30LIBIIIEHHS CTPYMY 3 METOI KOMIIEHCaIlli HOTro ITYHTYBaHHS
B CyCigHI TOUKU. DAKTHUYHUN KPOK TOUOK Y KOHCTPYKITISIX BCTAHOBITIOETHCSI, BU-
X0JI9M 3 HeoOX1THOi MirtHOCTI mBiB. [Ipu 3BaproBaHHI JieTaneil HEpIBHUX TOB-
IIVH JiaMeTp spa i 1HII po3Mipu KOHCTPYKTUBHHX €JIEMEHTIB 3'€IHAHb BapTO
oOupatu 3a ACTaJUII0 MEHIIO1 TOBITMHU. [Ipu criBBiAHOIIEHH] TOBIIUH S/S| > 2
3HaueHHs B, t, ¢ BapTo 30imbmryBatl B 1,2—1,3 pasu. IIpu 3BaproBaHHI TPHOX i
OlpIe Jerajeii aiaMeTp JUTOTO sapa TOYKH IMOBUHEH OYTH BUTPHUMAHHM IS
KOXHOT Mapy JeTaye, 10 Croiay4yarTb. JJomycKkaeThes HaCKpi3HE MPOIIaBieH-
Hs cepenHix nertaneil. HamycTka npu 3BaproBaHHI TpbOX 1 OUIblIE AeTallel Mo-
BuHHA OyTH 301abIeHa Ha 20-30%. baxkano, mo0 BiJHOIIEHHS TOBIIWH JCTa-
JIeH, 10 3BapIOI0Th, HE MEPEBUILYBAIO 3:1.

[ToBepxHi JeTanei, o 3BaplO0OTh TOYKOBUM 3BaprOBAHHSAM, TOBUHHI OY-
TH BUIbHI B1J] OKaJIMHM i 1pki. [leTam 3 rapsdokaTaHux crajieil, HOKpUTHX TOBC-
TOI OKCHUJIHOIO ILIIBKOIO (OKAJIMHOI0), MOBUHHI MOMEPEIHBO MPOXOJUTH MeXa-



HiYHY (ICKOCTPYMHUHHY, Api0OCTpyMHHHY a00 a0pa3uBHY) 00poOKy abo miana-
BaTHCA TPABJICHHIO Y BOAHUX PO3UYMHAX KUCIOT. [loBepxHi Aeranelt 3 X010HO-
KaTaHUX CTallell MOBHMHHI OyTH ouwMiIeHi Bix Opyny, ¢hapOu, >KUPOBUX IIIBOK.
OuunieHHs (3HEKUPEHHS) 3AIMCHIOETHCS allETOHOM, OCH3MHOM 3 aHTUCTATUYHU-
MU J00aBkamMu a00 IHITUMH PO3YMHHUKAMH. BupaneHHS OKCHIHOI IUTIBKH IIPU
3BApIOBaHHI XOJOJHOKATaHUX CTaJled HE MOTpiOHO. Y MacoBOMY BHUPOOHUIITBI
OUHIIICHHS TOBEPXHI JIETANCH 3 XOJOJHOKATaHUX CTaJeH y OLIBIIOCTI BUIIAIKIB
B3araji H¢ BUKOHYETHCS, TOMY IO TOHKWH IIap Macjia Ha MOBEPXHI JAeTalieil Ha
pe3yJIbTaTH 3BapIOBaHHSI IPAKTUYHO HE BIUIMBAE.

Jletani 3 adlOMIHIEBUX 1 MarHi€BUX CIUIaBIB MMOBUHHI MPOXOJHUTH XIMIYHY
a00 MexaHI1YHy 00pOOKY Il BUAAJICHHS TOBCTOI TUTIBKM OKCHJIIB, IIT0 MA€ BUCO-
KUl i1 HecTaOlILHUM OTIp.

PexxuMu 3BaproBaHHS XapaKTEPHU3YIOThCA CYKYIHICTIO MapaMeTpiB, a Ta-
KoK (GopMoOI0 i po3MipamMu poOOUYMX MOBEPXOHb €IeKTpoAiB. IIpu ToukoBOMy
3BapIOBaHHI MOXYTh 3aCTOCOBYBATHUCS €JIEKTPOJIH 13 TIOCKUMH (iameTpoM d.;)
Ta cepuunumu (paaiycoM R;) pobounmu nosepxusmu. Exexrponu 31 chepuu-
HOIO POOOYOI0 MOBEPXHEI0 MAIOTh OUIBITY CTIHKICTh 1 MEHIII YyTJIMBI J0 Tepe-
KOCIB, YUM €JIEKTPOJIU 13 MIOCKOIO MoBepXxHEer. Bubip po3mipiB pododoi mosep-
XH1 €JICKTPOIIB 3MICHIOETHCS, BUXOIYHN 3 TAKUX OPIEHTOBHUX CIIIBBiTHOIICHB:

d_=(09..1,2)d; R, =(15...20)d .

36inbenns 0, a60 R., enekTposis BUKINKAE 36LIBIIEHHS MUIONI KOH-

TaKTIB «EJEKTPOJ — ACTAIb» W «JIeTalb — JACTalby», [0 MPUBOJAUTH MIPU HE3MIiH-
HUX TMapaMeTpax pPeKUMY 3BapIOBaHHS JI0 3HWKCHHS PO3MIpiB Ta MIITHOCTI 3Ba-
PHUX 3'€THaHb.

OCHOBHUMH TIapaMeTpaMH PEXKUMY TOYKOBOTO 3BApIOBAHHS € 3BapIOBa-
JpHUM cTpyM l,;, yac 3BaproBaHHS t,;, Ta 3yCHIUIA €NeKTPoiB F,;. 31 3011bIIEeH-
HiM L, ¥ t,; KITBKICTH TEMJIOTH, IO BHIUIWJIACS MPU 3BApIOBaHHI, 3pOCTAE, y
3B'SI3KY 3 UMM PO3MIpHU i MILHICTh 3'€IHAHb 301UILITYIOThCS. 31 30UIbIIeHHM F
TUIONTI KOHTAKTIB «EJIEKTPOJ — JETaNb» W «JIeTalb — JACTallb» 3POCTAI0Th, IO
3HW)KY€E 1HTCHCUBHICTh TETUIOBHIUICHHS ¥ 30UIbINY€E BIJIBIJ TEIJIOTH 13 30HH
3BaprOBaHHA. TOMy TpH CTaJOCTI 1HIIMX MapameTpiB pexumy 30utbmieHHs Fi,
MIPUBOJIUTH JI0 3MEHILICHHS, a 3MEHIIeHHS F,, — 10 30UIbIIEHHST PO3MIPIB 1 MIIl-
HOCTI 3BapHHX 3'€qHaHb. 3POCTAHHS PO3MIPIB W MIITHOCTI 3'€THAHb TpH 3017Tb-
meHHi I, ¥ t,, 1 3HmKeHH] F,; 00MeXyeThcsl BAHUKHEHHSIM BHILIECKIB PO3TUIAB-
JIEHOTO METaly.

[Tpu TOUKOBOMY 3BaprOBaHHI MOXXYTh 3aCTOCOBYBATHCSl PI3HI LUKIIU 3Y-
CHJLJISL €JIEKTPO/IIB Ta 3BApPIOBAJILHOTO CTPyMy. Y HAWUOPOCTIIIOMY BUIAJAKY 3Ba-
PIOBaHHS BUKOHYETHCS OJHUM IMITYyJIbCOM CTPYyMy Ipu He3MIHHUX Fu; ¥ L. Jlms
MOJIIIIICHHS] MAKPOCTPYKTYPH JIUTOI 30HU 3aCTOCOBYETHCS 3BApIOBAHHS 3 J10/1aT-
KOM KyBasibHOro 3ycwiuis Fy. Ilpu 3BaproBaHH1 fgeTaneil 3 HiABUILEHOK TBEpIiC-



TIO JIJIs1 3MEHILEHHS CKJIQJAJIbHUX 3a30piB Ta cTaOUII3allii KOHTAKTIB 3/111CHIOETh-
Csl TaKOX TOINEpeaHE OOTUCHEHHS 30HM 3BapIOBaHHS MiJBHUILEHUM 3YCHILISM.
Jns 3a0e3neueH sl TUIABHOTO HarpiBaHHS M yIOBUTBHEHOTO OCTUTAHHS METaly B
30H1 3BapIOBaHHs JIOLLJIBLHO 3aCTOCOBYBATU MOJyJIbOBAHUN 3BAPIOBATIBHUNA CTPYM
13 TPUBAIICTIO HAPOCTAHHA t, 1 cnany te,. Y JOESKUX BUIAJKaX, HAPUKIAJ MPU
3BapIOBaHHI JieTael BEJINKOI TOBIIUHHU, PEKOMEH/IyE€ThCS 3BAPIOBAHHS TYJIbCYIO-
YUM CTPYMOM, TIPU SKOMY IMITYJIbCH CTPYMY TPHUBAJICTIO t UEPTYIOThCS 3 May3a-
MU TpUBAIICTIO t,. [Ipy 3BaproBaHHI cTajnei, M0 rapTyrThCs, TOLUIBHE 3aCTOCY-
BaHHS JIBOXIMITYJIbCHUX ITMKJIIB, IO 3a0€3IMeUyI0Th TEPMOOOPOOKY 3BapeHOTO
3'€IHaHHS IPYTHM IMITyJIECOM CTPYMY CHJIOIO I, 110 BMHKAIOTH MICHS TIAy3H t.
PosrisitHeMo BIUIMB OKpeMHX MapaMeTpiB PeXUMY 3BApPIOBAHHS Ha MIll-
HICTh TOYKU. Ha puc. 4.2 mokazaHa 3aJie)KHICTh MIITHOCTI TOYKH BiJl TPUBAIOCTI
IMIYJIbCY 3BaplOBAIILHOTO CTPYMY JUIS MaJOBYIJICHEBOT CTalll TOBIIMHOIO 1 MM.

B /—-\ C

N

400

200
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0,5 1,0 15 2,0 t3B’ ¢

AB — 36apna mouxa ymeopena be3 poznnasnenns; BC — 36aprosarms
3 PO3NABNEHUM OPOM

Pucynox 4.2 — 3anescnicmo miyHocmi mouku 8i0 mpusaiocmi yGiMKHEeHHS
36aPIOBATILHO20 CMPYMY OJI MAN08Y2Neye8oi cmani mosuwjurow 1 mm

VYci napameTpu npoliecy 3BaproBaHHsI, KpIM 4acy 3BapIOBaHHS, HE 3MIHIO-
BaJIMCsI. AHAJIOTIYHUM BHUJ] Ma€ KpUBa 3aJIKHOCTI MIITHOCTI BiJI BEJIMYMHH 3Ba-
PIOBaJILHOTO CTPYMY MPH MOCTIHHOMY Yaci 3BaplOBaHHS.

3ycuiiisi CTUCKY BIUTMBA€E HA €JICKTPUYHUH OMip 3BapIOBAIbHOTO KOHTAK-
Ty Ta, SIK HACIIZIOK, HAa MilHiCT 3BapeHoi kpanku. [Tutomuit Tick p (H/M?) cra-
HOBHTDH BIJHOUICHHS BEJIMYUHU 3YCHIIIS CTUCKY F.; 1O TUTOIII KOHTAKTy «EJeKT-

pon — nerame» Fe p=F,/F. .
[Ipu 3BaproBaHHI HU3BKOBYTJEIEBOI CTajl BETWYMHA MUTOMOTO THUCKY
craHoBHTB 40 — 120 MH/M* (4 — 12 kr/MM?), IprdOMy OLUIBIIMI THTOMHIT THCK

BUKOPHUCTOBYIOTh MPH 3BAPIOBAHHI JIUCTIB OUIBIIOT TOBIIMHYU HA OUIBII TBEPIUX
pexrMax.



JInsi BUBHAYEHHSI MUTOMOTO TUCKY BUMIPIOIOTh 3yCUIUISI CTUCKY M TUIOLLY
KOHTaKTHOI MOBEPXHI €JIeKTPoa. 3yCUIUISl CTUCKY BUMIPIOIOTH NMPY>KUHHUMU i
riipaBmiyHuMu  quHamometrpamu. Iunamomerp tumy [IIC-1 (puc. 4.3, a) €
NPYKMHHOIO CKOOOI0 1 13 BCTaBKaMu JIJisl €JIEKTPOIiB 2. 3yCHILIsA CTUCKY BU3HA-
4aroTh JedOpMaIli€cl0 TPYKUHU W BUMIPIOIOTH CTPUIOYHUM 1HIUKATOPOM 3
31 IIKAJI0K0, TPaJyHoOBaHOK B KUIOrpamax (HbIOTOHAx). JluHaMOMeTp Mae Tpu
nianazonu Bumipis: 1 - 15000 H (100 - 1500 xr); 2 - 25000 H (100 - 2500 «r);
3 -1000—50 000 H (100 - 5000 kr).

Pucynox 4.3 — JJunamomempu 0151 6U3HAUEHHsL 3YCUNISA CIMUCK) MIdHC
enekmpooamu

[NppaBniyauit nuaamometp (puc. 4.3, 0) € memOpanoto 1 3 omopamu 2
JUTSL €NIEKTPOAIB 1 MaHOMETpoM 3, MIKaja SKOro rpaayidoBaHa B KUTOTpaMax
(HBIOTOHAX).

Memb6pana i MaHOMETp 3amoOBHEHI piIKUM MaciioMm 4. J[s 3pydHOCTI po-
OO0TH TipaBiIiuHI JMHAMOMETPU BUTOTOBIISIIOTHCA Ha Pi3HI Jiana3oHUd BUMIPIB.
Jlo HeOMIKIB T1IpaBIIYHUX JUHAMOMETPIB BapTO BIAHECTH 3HAYHY TEMIIEpaTy-
pHY MOTPIIIHICT, & TAKOXK III€ OUTbIIY MOrPIIIHICTh 32 PAXYHOK BUTOKY Macia i
MOSIBU MYXHPIIIB TOBITPS B Tigpocepenonuii. [Ipy BiACyTHOCTI AMHAMOMETPIB
MO’KHA CKOPHCTATUCS MPUCTOCYBAHHSAM, IMOKa3aHUM Ha puc. 4.4, a. KontponbHy
nactTuHy 1 i ompapieHHs 2 3 KyJbKkoio 3 giamerpoMm 10 MM 371aBJIIOIOTH MIXK
enektponamu 4. Ilicas mporo 3a JomoMororo Jtynu bpurens 3aMipstoTh giameTp
B1JIOMTKA ¥ MOPIBHIOIOTH Moro 3 eraioHoM (puc. 4.4, 6). Etanon noBuneH 0ytu
BUT'OTOBJICHUH 3a3/1aJI€T1/Ib 13 TOTO K METally, 10 i KOHTPOJIbHA TUIACTHHA.

VY npyXUHHHX AUHAMOMETPAx-cKoO0axX 3yCHUJUIA €IEKTPOIIB CIPUIMAETh-
Csl IPY>KHUMU TUIOCKUMU IJIACTUHAMM 3 PIBHUM MOMEHTOM OIOPY BUTHHY. Y3-
JIOBK OCBHOBOI JIIHIT IJIACTUH € Psifi OTBOPIB, KyJAH BCTaBIIAIOTHCS IMiJAIN'SITHUKH,
10 OPIEHTYIOTHh MICLIE IOJAaTKa 3YCHUJUIS €JIEKTPOIIB KOHTAKTHOI MamuHu. [le-
pEMIILIalYM Micle JOKIaJaHHs 3yCHILIA OJMKYe IO KIHIIB IUIACTUH, H1ABUIILY-
I0Th YyTJIUBICTh BUMIDY.
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Pucynox 4.4 — Ilpucmocysanns 01 8USHAYEHHSA 3YCUILISL CIUCK) MIXC
eneKkmpooamu 3a 8i0OUMKOM

[TapameTpu T1acTHH 1 po3TallyBaHHS OTBOPY OOpaHi Tak, IO MPOTHH TUIa-
CTHH HE BUXOJUTH 32 MEXI MPY>KHOI Aedopmarltii. BUruH miacTuH KOHTPOIIOETh-
Csl IHAMKATOPOM TOAMHHHKOBOTO THITY, TTOKa3aHHS SKOTO MPOTapoOBaHi 3a3malie-
T1/1b JUIS BCIX TOYOK YCTAHOBKH €JIEKTPOIIB y PEATbHUX OJMHUIISIX 3YCHILIS.

3a3HaveHi NpyKUHHI JUHAMOMETPU BUITYCKAIOTHCS ISl TPHOX J1alla30HIB
Bumipy: 10-100 maH; 100-500 maH # 500-10 000 naH — BiamoBigHO 10O THITY
ATIC-3, AIIC-1 1 ATIC-2.

JliameTp KOHTAKTHOI MOBEPXHI €IEKTPoJa MOYKHA BUMIPIOBAaTH YHIBEpca-
JHHUMU BUMIPIOBAIBHIUMH 1HCTPYMEHTaMU (JIHIAKOIO, IITAaHTCHIIMPKYJIEM W
iH.) a60 criemianbHUM mabiao0HOM (puc. 4.5).

ot 15+

Pucynok 4.5 — Illabnon ons sumiprosanms oiamempa KOHMAKMHOL
NOBePXHI eleKmpoois



[IIkana nporo mabgoHa MoKa3ye qiaMeTp KOHTAKTHOI MOBEPXHI €IEKTPO-
na. Y naeskux Mmpuiiagax KpiM JiaMeTpa Ha IIKajl 3a3HadueHa IJI01Ia KOHTaKTY.

VY psni BUMaaKiB /Ui BU3HAYCHHS TUIOMI KOHTAKTHOI TOBEPXHI 3aCTOCOBY-
I0Th CBUHIIEBY IUJIACTHHY, HA SIKIA CTaBIIATH BIJOWUTOK, a MOTIM BUMIPIOIOTh HOTO
JaiaMeTp 1 mpu HEoOXIAHOCTI MepepaxoBYIOTh Ha IwUIomly. JliaMeTp KOHTaKTHOI
MOBEPXHI 3aJICKUTh B OCHOBHOMY BiJl TOBIITUHU METAITY, 1110 3BAPIOE, 1 CTAHOBUTH
2-15 mm. OpieHTOBHO HOT0 MOKHA BUBHAYUTH 32 EMITIPUIHOIO (POPMYIIOIO:

d, ~55V5 |

7€ O — TOBLIMHA TOHKOI'0 apKyIlla, MM.

[Tpu BenuKiid pi3HUII B TOBIIMHI apKyIIiB 3 OOKY OUIbII TOBCTOrO apKyllia
PO3TAIIOBYIOTH €JIEKTPO/ 3 OUIBIINM A1aMETPOM TOPIIS.

OcTaHHIM 4YacoM 3HAWIIIM 3aCTOCYBAHHS NAaTYMKH 3YCHJUISL Ha OCHOBI
INPUHIUITY MarHiTHOI aH130TpOMii, TOOTO 3MIHM MAarHITHUX BJIIACTUBOCTEW MaTe-
plaiy IpH J0AATKy 3yCHJUISL B PI3HUX OCBHOBUX HampsMKax. Takuil 1aTyuk cTa-
L[IOHAPHO BCTAHOBJIKOETHCS B MPUBOJI 3yCHIUIS, @ IOTO CUTHAIM CHPUIMAIOTHCS
BUMIPIOBAJIbHUM MPUCTPOEM. [CTOTHHIT HEAOIIK TAKOTO JATUYHMKA IOJISTAa€ B Hasl-
BHOCTI TICTEPE3UCY MPH LUKITYHUX HABAHTAKEHHSIX.

Haii0Oub1n mupoke 3aCTOCYBaHHS Y CHJIOBUMIPIOBAJIbHIN amaparypi oje-
pKaB TEH30METPUYHUK METOJ BHMIPY Ha OCHOBI BUKOPUCTaHHS HaIlIBIPOBIJI-
HUKOBHMX a00 METaJIeBUX TEH30PE3UCTOPIB, 110 3a0€3MeUy€e BUCOKY JIHIMHICTB 1
TOYHICTh BUMIpY. [lepeTBOpEeHHsSI BUMIPIOBAHOTO 3YCHUJUISL B €JIEKTPUYHUN CHT-
HaJ 3a JOMOMOT0I0 TEH30METPUYHUX JTaTYMKIB CHJIM MOYKHA YMOBHO PO30UTH Ha
Kisibka eramiB. CrovyaTky 3yCHUJUIsl IEPETBOPUTHCA B IMOJI€ MEXaHIYHUX HANpyr
y Tim npyxHoro enemenTta (I1E).

[ToTim BigmoBigHO 10 3aKOHY ['yKa 11l HAaNpyTH MEPETBOPATHCS B Hedop-
Martito nosepxHi [1E i oqHodacHo — y nedopmariiro mpoBiTHOT YaCTUHU HAKJICE-
HUX TEH30PE3WCTOPIB, IO MPHUBOAUTH IO 3MIHU IXHHOTO OMOPY MOCTIHHOMY
CTpyMY ¥ CHIIU CTPyMY, IO i € BUXITHUM €JIEKTPUUYHUM CUTHAJIOM.

[TpunHnKOBa cxemMa BUMIPIOBAJIHLHOIO MOCTa Ha METAJIEBUX TEH30pe3HC-
TOpax JJI PEECTpaIlii 3yCHJIb HaBeIeHa Ha puc. 4.6.

Jatuuku 1 ¥ 2 HaKJICIOIOTHCA HA J€Tajb, 0 CIPUUMAE 3yCUIUISI CTHUCKY.
SKIo maTuyuKY HAKJICEH! HA €JIEKTPOIOTpUMAad, TO OCTaHHIN OyJe BimirpaBaTh
ponb IIE CTUCHEHHS-pO3TATaHHS; SKIIO X JAaTYMKU HAKJICIOIOTHCS HA HUKHIO
KOHCOJIb, TO BUKOpUCTOBY€eThCS IIE Burnny. /latunk 1 pearye Ha MOXIHMBY Ae-
dbopwmarriro. JlaTumk 2 Bimirpae pojb TEPMOKOMIICHCYIOYOTO €IeMEHTa, TOMY IO
B mporieci 3BaproBanHs [IE HarpiBaeTbcs, a 3MiHa OMOPY TEH30/IaTYMKA 32 Paxy-
HOK HarpiBaHHs HE MOBUHHE CIpHIMaTHCs SK BuUMiproBaHe. Pesucropu 3 i 4
CTaHOBJIATH 1HINI IJIEYl MOCTa ¥ mepedyBaroTh 1mo3a MamuHo. Jlo onHiel fia-
TOHaJIl MOCTa MIJKIIIOYAEThCA JHUKEPENIO CTaldlIbHOI 3MIHHOT Halpyrv, 3BUYaiHO
3BYKOBOi yactoTu 3I'. 3 1HIIOT HOro JlaroHall CUrHal Yepe3 MiACUiIoBad Y, 1o



HOpPMYE€, TIOJIA€THCS Ha ociuiorpad abo BUMIPIOBAIbHUN MPUIA 31 CTPLIOYHOIO
a060 1M(pPOBOIO IMIKAJIOK, 3aJIEKHO BiA Mpu3HaueHHs. llepen BUMiprOBaHHAM
MICT OaTaHCYIOTh 3a IOIOMOTOK0 PE3UCTOPIB 3 i 4, TOMY MiJ Yac peecTpailii BU-
X1JIHUM CUTHAJ MPOMOPIIIHHUN TUIBKU 3yCHIITIO CTUCKY a00 Buruny. KpuBa Bu-
X1JIHOI HampyTu MoKe OyTH TpoTapoBaHa 3a CTaHIAPTHUMHU JTUHAMOMETPAMHU
turry J10C, 1m0 MarTh BUCOKHH KJ1aC TOYHOCTI.
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Pucynok 4.6 — Peecmpayis 3ycunis npu KOHMaKmHOMY 36APIOGAHHI 3a
00NOMO2010 KIeU0BUX MeH30PEe3UCMOPIE

Ha ocHOBI1 TeH30pe3ucTOpiB OY/IyI0Th BUHOCHI JAaTYUKHU, YCEPEAUHI SIKUX
3Bu4aitHo € [1E Buruny. Taki qaT4uKyd MOXYTh YCTAHOBIIIOBATUCS W MIXK €JIEKT-
poJilaMu, 1 1032 HUMH, TOMY IO 3 BUMIPIOBIBHUM IPUCTPOEM BOHM TOB's3aH1
TITBKH €NEKTPUYHUM IIIAHTOM.

3BaproBadbHUN CTPYM 1 HOTO IIUIbHICTh BIUIMBAIOTh HA KUIBKICTh TEIUIO-
TH, IO BUIUISETHCS, 1 MPOIEC HarpiBaHHa MeTany. Haii0inbpin xapakTepHum ma-
pamMeTpoOM TOYKOBOTO 3BAPIOBAHHS € HIUIBHICTh CTPYMY Y 3BaprOBajJIbHOMY KOH-
takTi. [Ipy 3BaproBaHHI HU3BKOBYIJICIIEBOI CTalli HA M'AKUX PEXUMAX MIThb-
HiCTh cTpyMy cranoBuTh 80-160 MA/M (80-160 A/MM?), a Ha TBEPAHX PEKH-
max 160-400 MA/M* (160-400 A/vm?). HeoOXiaHuil CTpyM BH3HAYAIOTH 3a7TCK-
HO BIJ] TUCKY MDXK €JIEKTPO/IaMH ¥ TOBIIMHU apKYIIiB, 0 3BAPIOIOTh. Bennunny
3BapIOBAJILHOTO CTPYMY 3HAXOJSATh MHOXKEHHSM OOpaHOl HIUTBHOCTI CTPyMy



Ha TUIONTYy KOHTaKTHOI MOBEpPXH1 enekTpoxaa. [lpu 3BaproBaHHI HU3BKOBYTJIEIE-
BO1 CTajl TOBIIMHOIO 1-3 MM OpiEHTOBHO CTPYM MOXKHA IiJIpaxyBaTu 3a eMITIpH-
YHUM CITiBB1THOIIICHHSIM:

|, =16005 .

Bu3HaunTH BeNTMYMHY 3BaprOBaJIbHOrO CTPYMY MO>KHA 32 METOJIOM, HaBe-
JneHuM y jabopaTtopHiii po6oti Ne 1. YV BUpOoOHHYMX yMOBaxX MM METOJIOM KO-
PUCTYBaTHUCS HE3PYUHO, TOMY 1110 KpIM BUMIpiB HEOOX1IHI I1Ie OOUHMCICHHS.

[Iupoxe 3acTocyBaHHA SIK JAaTYUK 3BapIOBAIBLHOTO CTPYMY OJiep:KaB MOBI-
TpsiHUM TpaHchopmarop (mosic PoroBcbkoro), mo Mae 3aMKHYTY THYYKY a0o
TBEP/ly OCHOBY 1 HECE OJIHOIIAPOBY a00 OaraToIapoBy OOMOTKY.

[Tpunan n03BoJIsIE BUMIPIOBATH aMILTITYHI 200 J1104l 3HAYEHHS CTPyMY B
iMmyJibel. Tak, Isi BUMIPY JIIFOYOTO 3HAYEHHS CTPYyMY MPU TOYKOBOMY 3BapIO-
BaHHI 3 THPUCTOPHUM KOHTAaKTOPOM HIMPOKO 3aCTOCOBYETHCSA IMIYJIbCHUI aM-
nepmetp tuny ACT-2 (puc. 4.7, a). CTpyM BUMIPIOIOTH TpaHCPOPMATOPOM 3
HEMAarHiTHUM CEpAEYHUKOM-TOPOiIOM, TpaHC(HOpPMATOp HAAATAIOTh HA CTPyMO-
BeJly4l IIMHUA BTOPUHHOTO KOHTYPY 3BaplOBaJIbHOT MalIMHU. JKUBUTHCA aMIiep-
METp BIJl CYyXOr0 €JIEMEHTa i 3MOHTOBaHUI y METaJIEBOMY NEPEHOCHOMY SILUKY
3 BIAJAUIGHHsM st Topoina. [lpunan mo3Bosisie BUMIpIOBaTH 3BaprOBajbHUIM
ctpyMm y mexax 4000-35 000 A 3 TounicTio £ 5%. Bara npunany 11,5 kr. Ctpy-
kTypHa cxema amnepmerpa ACT-2 naBegena Ha puc. 4.7, 0.

Pucynox 4.7 — Bumiprosanvruii aunepmemp ACT-2

Bennuuna Hanpyru Ha AaT4uKy | MiABUIIYETHCS MPUCTPOEM 2 1 CTAE PiB-
HOIO KBa/IpaTy BEJIMYUHHU, 1[0 BBOJUTHCS.



TpuBamicTh yBIMKHEHHSI CTPYMY — OJIMH 3 OCHOBHUX HapaMeTpIB PEKUMY
TOYKOBOT'O 3BAPIOBAHHS, CUJIBHO 3aJICKUTh Bl TOBUIMHM METaly W I1CTOTHO
BIJIMBA€ HA PO3MIPH JIUTOTO SApPA 3BAPEHOI TOUKH 1 ii MILHICTh. 3HAYHE 3011b-
IIEHHS] TPUBAJIOCTI YBIMKHEHHSI CTPyMY MOK€ BUKJIMKATH HEPETpiB MeTany i
HaBiTh BUIUIECK. [li 4acoM 3BaproBaHHS PO3YMIETHCA TPUBATIICTH MPOTIKAHHS
IMITYJIbCY 3BapIOBAJILHOIO CTPYMY BiJl MOMEHTY HOTO YBIMKHEHHS ¥ J0 3aKiH-
yeHHd. [Ipu npoMy A MaliuH 3 BUOPAMIICHHSIM CTPYMY M Ui HU3bKOYacTOT-
HUX MAalllUH MOMEHTOM 3aKIHYE€HHSI CTPyMY BBa)XKa€ThCsli MOMEHT IOYAaTKy HOro
crany, KOJM CTPyM HIATPUMYETbCA 3a PaxyHOK €JIEKTPOMAarHiTHOI €Heprii, Ha-
KOIMYEHOI B OCHOBHUU NEpioJl HOro npoTikaHHsA. B onHO(Ma3HMX MalnHax Tpu-
BaJIICTh IMIYJIbCY BKJIIOYAE BCE YMCIO HAMIBMIEPIOAIB 3BApIOBAIBHOTO CTPYMY,
6e3 00J1iKy TOr0, 1110 B CAMHX HAIMIBIIEPi0Jax 3a paXyHOK (Pa30BOTO peryatoBaH-
Hs1 (haKTUYHA TPUBAJIICTH HAMIBXBUJIb CTPYMY MoOke OyTu MeHioro Hix 0,01 c.

Haii6inpmr mockonanum BuUMipHHKOM 4Yacy € npuian MB-01, Bukonanuit
Ha CydYacHId eneMeHTHIA 0a31 i 3a0e3mnedye BHMIp TPUBAJIOCTI MPOTIKAHHS
cTpyMy B Mexax | - 99 nepioaiB Hanpyru *KUBWIbHOI Mepexi. JlonaTkoBo Bu-
MipHUK VB - 01 103BOJsi€ BU3HAYMTH 1HTEPBAJI Yacy MiK MOMEHTOM yBIMKHEH-
HSl KyBaJbHOIO THUCKY M 3aKiHYEHHSM TMPOTIKAHHS 3BaplOBaJIbHOIO CTPYMY
B MeXax * 9 HamiBMNepioiB HAMPYTH Mepexi. BiqMIHHICTh puiiagy B TOMY, IO
BIH Ma€ HU(POBY 1HAMKALIIO BUMIPIOBAHUX BEJIMYUH, a TAKOXK ONEPATHUBHY 1H-
JUKAII0 BIAMOBITHOCTI TPHUBAJOCTI 3BapIOBAIBHOTO CTPYMY BCTaHOBJICHOMY
3apaanHo. JlogatkoBo Bia npuiany MB - 01 moxyTe OyTu oTpumani iH(popma-
111 Mpo 0OMipIOBaHy BETUYMHY ¥ CUTHAJ Ha OJOKYBaHHS 3BApPIOBAHHS y BHUIIA/I-
Ky HEBIJIMOBIIHOCTI PEKUMY, BCTAHOBIIEHOMY 3aBJaHHAM. /[aTunkom nmpuiiany €
HOBITPSHUN TOpoiganbHuM TpaHcopmarop. CkuJaHHS NMOKa3aHb BUKOHYETHCS
aBTOMATUYHO 3 TOYATKOM HACTYITHOTO IMITYJIbCY CTPYMY.

[Tpu OpieHTOBHMX pO3paxyHKaxX PeKUMY 3BapIOBAaHHS HU3bKOBYTJIEIEBUX
CTaJiell Ha TBEPAUX peKHMaxX TPUBAIICTh YBIMKHEHHSI CTPyMy MOXKHA BH3Haua-
TH 32 EMITIPUYHOIO 3AJIEKHICTIO:

t, =(0,2..0,4)5.

Jlyis BU3HAYEHHS TPUBAJIOCTI YBIMKHEHHSI CTPYMY 3aCTOCOBYIOThH €IEKT-
PUYHI CEeKYHJOMIPH, JIIYMIBHUKH IMIYJILCIB, BiOporpadu, a TakoX KaTOJIHI Oc-
rusorpadu (puc. 4.8). EnexrpocekyHnomip 2 BMUKAETHCSA TapaieIbHO TIEPBUH-
H1ii 00MOTIII 3BaproBaiibHOTO TpaHchopmaropa Tp. Ilpu poboti Tpanchopmaro-
pa Big Mepexi Hampyroto 380 B. emekTpocekyHIoMIp BMUKAIOTh Yepe3 J0/aT-
koBuil omip R = 3000 Owm. Ilpunaa no3Bossie BUMIPIOBATH TPUBANICTh MPOTI-
kanHs ctpymy Big 0,01 mo 10 c. JlocuTh TOYHI MOKa3aHHS €JIEKTPOCEKYHIOMIpa
MOYMHAIOTHCS 3 IMITYJIBCIB TpUBaJicTIO OLIbIION0 32 0,06 - 0,08 c.

Jls1 BUMIpIOBaHHSI TPUBAJIOCTI IMITYJILCIB 3BapIOBAJILHOTO CTPYMY B 1HTE-
pBaii yacy 0,01 - 1 ¢ MokHa 3aCTOCOBYBATH JE€KATPOHHUH JIIUUIIBHUK IMITYJIbCIB
tunty CU-1 (puc. 4.9).
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1 — nepepusau cmpymy; 2 — enexkmpocexynoomip I[1B-52

Pucynok 4.8 — Bumiprosanus mpueanocmi 36apio8aibHO20 IMNYIbCA
3a 00ONOMO20H0 eNeKMPOCEeKYHOOMIpA
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Pucynox 4.9 — Jlexamponnuii nivunvrux imnynscie CHU-1

[Ipu BiACYTHOCTI CHEIIaJbHUX MPWIAAIB JJis HAOIMKEHOTO BU3HAUYCHHS
TPUBAJIOCTI YBIMKHEHHS CTPYMY TP 3BaplOBaHHI HA TOYKOBHX MalllMHAX 3 TIe-
JTATHHUM TIPHBOJIOM MOKHA 3aCTOCOBYBATH 3BUYAIHI CEKYHIOMIPH.

ToukoBe 3BaproBaHHS PI3HUX METATIB 1 CIIABIB 3M1HCHIOETHCS HAa PEKU-
Max, BUOIp SKUX BU3HAYAETHCS TEIIO(I3UYHUMH BIACTUBOCTSIMHU METaJIB.

31 3MEHIIEHHSM DJIEKTPO- 1 TEIIOMPOBITHOCTI 3HIWKYETHCS HEOOX1THUI
CTpyM l,; 1 3'€eTHAHHSA YTBOPUTHCS NPH CIIOKMBAHHI MEHIIIOI CJICKTPHYHOI TIOTY-
YKHOCTI.

Uum BHIIA TEMIIEPaTypPONPOBIIHICTh METaTy, THM MEHIIIOI0 TOBUHHA Oy-
TH t,;. BUCOKA MIIIHICTB MPU MiABUILEHUX TEMIIEpaTypax (KapOMIIHICTh) 1 BU-
COKa TBEP/IICTh BUMAraroTh MiABUIICHUX F.;.

3 OiABUIICHHSAM Koe(]illeHTa JIHIMHOTO PO3IMIMPEHHS METaly 30LIbIIY-
€THCS MOTO ycajJKa MpH KpUCTajizailii, 0 BUMAarae, mod YHUKHYTH YTBOPEHHS
yCaJIoYHUX PaKkoBHH, 30UIbIIeHHS F,;, a00 3acTOCyBaHHS LUKITY 13 MPOKOBYBAaH-
HsIM. 3BapIOBaHHS CIUIABIB, CXWJIBHHUX JI0 YTBOPEHHS TapTIBHUX CTPYKTYP, BapTO
POOHUTH Yy ABOXIMITYJIBCHOMY PEXKHMI, 110 BKJIIOYAE 3BAPIOBAIIBHUHN IMITYJIbC i
IMITyJIEC TEPMOOOPOOKH.



BinHOCHO 10 peXUMIB 3BaplOBaHHS BCl 3aCTOCOBYBAHI B IPOMMCIIOBOCTI
MeTaldu ¥ CIUIaBM MOXHa PO30OMTH Ha Taki OCHOBHI TPYNH: HU3BKOBYTJIELEBI
CTajl; HU3BKOBYTJIEIEB] CTall 13 UHKOBUMM ¥ 1HIIMMHU JETKOIUIAaBKUMU TOK-
PUTTSAMH; HU3BKOJETOBaHI W BYIJICIEBI CTali, IIO TapTYIOThCSA, KOPO3iHHO-
CTIMKI1 (Hep>kaBit04l) CTajl; TUTAHOBI CILJIABH; KapOMII[HI CIUIaBU; MiJIH1 CILJIaBU;
IJIACTUYHI aJIOMIHIEBl CIUIaBH; BHMCOKOMII[HI AJIFOMIHIEB]I CIUJIaBH; MarHi€Bl
CIUIaBHU.

Hu3bkoByTIeLeBl cTajll MarOTh BIJHOCHO BHUCOKHM €JIEKTPUYHUHN oOmip,
HU3BKY TEIUIONPOBIIHICTh 1 HEBUCOKY MIIHICTh. L1 cTam mMokHa 3BaproBaTH B
HIMPOKOMY J1alla30H1 PEKMMIB; 3BapeHi 3'€IHaHHSA XapaKTepU3YIOThCS FapHOIO
IUTACTUYHICTIO W MaJIOI0 CXWJIBHICTIO 10 YTBOPEHHS TpituH. OpieHTOBHI peXu-

MU 3BaprOBaHHS HU3bKOBYIJICLIEBUX CTajiel HaBeJeH1 B Ta0i. 4.2, 4.3, 4.4.

Tabauysa 4.2 — Pesicumu 36aprosanHs HU3bKo8y2leyesux cmaiell

ToBuHHa KeTael, MM Pexrmu 3BaproBaHHs HU3bKOBYTJIEHEBUX CTAJIEH
’ L, KA t,C F.,, xH
0,5 6-06,5 0,08 -0,1 1,2-1,8
0,8 6,5-7 0,1-0,14 2-25
1 7-8 0,12-0,16 2,5-3
1,2 8—-9 0,14 -0,18 3-4
1,5 9-10 0,16 -0,22 4-5
2 10-11,5 0,18 —0,24 6-7
3 11,5-14 0,24 -0,3 9-10
3,5 15-16,5 0,3-0,4 11-12
4 17-19 0,4 -0,56 13-15

Tabnuys 4.3 — M'axi pesxcumu 36apro8anHs HU3LKOBY2leyesUx cmaell

Topmmma Hiametp TpHBaniCTL
N KOHTaKTHOI YBIMKHEHHS 3ycrwiis  |3BaproBAJIbHUI
ACTATCH, MOBEPXHI 3BaprOBaJbHOTO | CTUCKY, KH | cTpym, KA
MM CJIEKTPOIIB, MM CTpyMy, C
0,5 5 0,8 0,3-04 3,0-4,0
1 5 1 0,8—-1,2 4,5-5,0
1,5 6 1 1,0-14 5,0-6,0
2 7 2 1,6 -2,0 6,2-7,0
2,5 8 2 1,8-24 7,5-9,0
3 10 2 2,0-3,0 9,0-10
4 12 2 3,0-4,0 10,0-11,8
5 12 2 4,0-5,0 13,0 - 14,0
6 14 2 5,0-6,0 15,0 -16,0




Tabauys 4.4 — Teepoi pescumu 36apro8ants HU3LKOBY2IeYesUX cmaell

HiameTtp Tpusanictsb
ToBuHa KOHTaKTHO1 yBiMKHEHHs1 | 3ycwuis | 3BaproBajIbHUM
neTanei, MM MOBEpXHI  |3BaplOBaJIBHOrO| CTHCKY, KH CTpyM, KA
CJIIEKTPOIB, MM| CTPyMY, C
0,5 5 0,2-0,3 0,3-0,4 4,0-5,0
1 5 0,2-0,35 0,8—-1,2 6,0 — 7,0
1,5 6 0,25 -0,35 1,2-1,6 7,0 — 8,0
2 7 0,25 -0,35 1,6 —2,0 8,0—-9,0
2,5 8 0,4-0,6 2,0-2,5 11,0-12,0
3 10 0,6 -1 5,0-6,0 12,0 - 16,0
4 12 0,8-1,1 6,0 — 8,0 14,0-18,0
5 12 09-1,2 8,0—-9,0 17,0 22,0
6 14 1,1 -2,5 9,0-12,0 20,0 — 25,0

JIns HU3BKOBYTJICLIEBUX CTajield 13 IIMHKOBUMHU, KaJMIEBUMU U I1HIIHUMU
JIETKOTJIABKUMU METAJIEBUMU TOKPUTTSAMU XapaKTepHE CHIIbHE 301IbIICHHS
IJIOIII KOHTAKTIB €JIEKTPOJ - JAeTalb 1 JeTalb - JeTalb, BUKIUKAHE BUJIABIIIO-
BaHHSM PO3IUIABJIEHOTO METaly MOKPUTTA 110 Nepudepii KOHTAKTHUX IUIOMIA-
JOK. Y 3B'I3Ky 3 UM JJIA OJIep>KaHHs SKICHUX 3'€qHaHb MOTpiOHE 3HA4YHE 301-
JBIICHHS 3YCUJUISL €1EKTPOIIB 1 3BapIOBAJILHOTO CTPYyMY. 3BApIOBaHHS BIAPI3HS-
€THCSI HEBUCOKOIO CTAOUTHHICTIO M CYNPOBOIKYETHCS TIIBUIEHUM 3a0py HECH-
HSM pOoOOYHX MTOBEPXOHB EICKTPO/IIB.

HusbkoneroBani i BYIJENeBl CTajdl CXHJIbHI JI0 YTBOPEHHS TapTiBHUX
CTPYKTYp, IO MIJBUIIYIOTh KPUXKICTh 1 3HMXKYIOTh IUIACTUYHICTH 3BapEHUX
3'€IHaHb.

JInst miABUIIIEHHS TJIACTUYHOCTI M MIIHOCTI 3'€IHaHb iX MiAAal0Th TEPMO-
0o0poO11i 3a JOMOMOroI0 APYroro iMmyiabcy cTpyMmy. [layza Mk imMmyibcamu

cTpymy 3BapioBaHs i Tepmooopobkn t, = (L1...14)t, ; tpusanicts iMmymscy

Tepmoobpodku t, =(2,5..3,0)t, ; ctpym Tepmoobpodku 1, =(0,7...085)1,,. ¥
3B'SI3KY 3 OUTBIII BUCOKMM €JIEKTPOOTIOPOM 1 T IBUIIIEHOIO MIITHICTIO IIMX CILJIABIB
1, ToBUHEH OyTH HWKYHUM, a F,, BUIIUM, HiXK MTPU 3BapIOBaHHI HU3bKOBYTJICIIC-
BUx crajeil. OpieHTOBHI PEXMMH 3BaprOBaHHS HU3bKOJETOBAaHUX CTAJICH, IO
rapTyloThCs, HaBe/eHl B Ta0. 4.5.

OpieHTOBHI M'SIKi W TBEPJl PEKUMHU TOYKOBOT'O 3BAPIOBAHHS HU3BKOBYT-
JeneBoi craii HaBeqeHl B Ta0u. 4.2 - 4.5. [IpaBuiibHO BCTAaHOBJIECHUN PEXKUM 3a-
Oesreuye rapHy SKICTh 3BapeHOl TOYKU. MOXJKB1 AeeKTH, MOB'sI3aHl 3 MOPY-
[ICHHSIM PEXUMY 3BapIOBAaHHS, a TAKOX MPUYMHM iXHROTO BUHUKHECHHS HaBe/le-
Hi B Ta01. 4.6.

SKicTh 3BapEHO1 TOUKHM OL[IHIOETHCS 332 30BHILIHIM BUIJISAOM a00 KOHTPO-
JbHUM BUINPOOYBAHHSIM 3pa3KiB.



Tabnuys 4.5 — Peocumu 36apro8ants HU3LKOJIE208AHUX CAJlell,
Wo eapmyomscsl

ToBumHa Pexvmu 3BaproBaHHSI HU3BKOJIETOBAHUX CTAJIEH, 10 FAPTYHOTHCA
JeTane, 3BaproBaHHSA £ 3 Tepmoobpodxa F. xH
MM L, KA tss, 3 I,, KA ty, 3
0,5 5-6 0,32-04 [03-0,5| 4-5 0,5-0,6 2-3
0,8 55-6,2 | 036-0,44 | 04-0,6|45-52| 0,6-0,74 |2,5-3,5
1 6,2-6,7 | 042-0,5 [0,6-0,7|48-55]0,68-0,78| 4-5
1,2 72-177 1046-0,5410,7-09| 5-6 |0,72-086| 5-6
1,5 8,7-9,2 10,56-0,64 | 0,8-1,1]62-74]0,86-0,96| 6-38
2 10-11 |0,74-0,84 | 1-1,4 7-8 1,1-1,3 8—-10
2,5 11,5-12,5 1-1,1 L1-1,5] 8-9 1,3-1,9 | 10-12
3 13-14 1,2-14 |1,3-1,5| 8§-10 ,8-22 | 11-14

Tabauys 4.6 — Buou 1l npuuunu deghexmis npu mouxo8omy 36aproGaAHHI

Bun nedexry [TpuurHN BUHUKHEHHS Te(PEeKTy
Henposap abo manuii Hwuspkuii 3BaproBasibHUN CTPYyM
JiaMeTp sapa Marna TpuBaiCTh YBIMKHEHHS CTPYMY
3aBUIIEHE 3yCUILIA CTUCKY
Benukuii qiameTp KOHTaKTHOT MTOBEPXHI €JIEKTPO/Ia
HenocraTHe 3ycumis CTUCKY
Mara moria moBepxHi KOHTaKTy €JIEKTPOJIiB
3aHaATO BEJIMKUN CTPYM
binpiia TpuBanicTh yBIMKHEHHS CTPyMY

[TeperpiB 30BHINTHBOT
MOBEPXHI 200 BHYT-
PITITHI BUTIIECKA

I'mnOoxka BM'siTHHA B1a
€JIEKTPOIIB

3aHaaTO BUCOKHM 3BapIOBAIBHUI CTPYM

Benuke 3ycuiis cTUCKY

binbia TpuBanicTh YBIMKHEHHS CTPYyMY

3aHaATO MAJIMK 1aMeTp KOHTAKTHOT TOBEPXHI1

EICKTPOIIB

Hackpizni mpoxoru 1 VYBimMkHEHHS 200 BUMHUKAHHS 3BapPIOBATLHOTO
CTpyMy IIPH HU3BKOMY 3yCHILII CTUCKY

2 IleperpiB MeTaily 3a paxyHOK BEJIHKOTO CTPyMY i
3aHA/ITO TPUBAJIOTO Yacy YBIMKHEHHS CTPYMY

KinbLesi TpimyuHu [TigBuUIlIEHA TPUBANICTh YBIMKHEHHS CTPYMY

AW —AWN—[A WD~

3pa3zku BUNPOOOBYIOTH Ha 3pi3 (puc. 4.10, a), Ha Bimpus (puc. 4.10, 0),
a TakoX Ha ckpydyBaHHA (puc. 4.10, B). Bupi3yroTs 1 MapKipyIOTh 3pa3Ku BiaIO-
BIIHO 110 cxemu (puc. 4.10, r). Takuil NOpsSAOK BUPI3KU JA€ MOMKIIMBICTh OJJHOYA-
CHO BHM3HAUUTH BIUIMB NIYHTYBaHHS CTPyMy Ha MIIHICTh 3BapeHOi TOYKH.
J11s TEXHONOTIYHUX BUMPOOYBaHb 3BAPEHUX TOUOK Yy JIeHIaTax PEKOMEHIY€EThCS
3aCTOCOBYBATH 3yOWIIo 3 BUpi3oM (puc. 4.10, m).




®dopma 3paszka micas BUNPOOYBaHHS TaKuM 3yOHJIOM TOKa3aHa Ha PHUC.
4.10, e. Pesynbratu BCiX BUIPOOYBaHb OLIHIOIOTH 332 BEIMUYMHOIO PYHHYIOUOTO
3ycuilIsl 00 3a XapakTepoM pyHHYBaHHSL.

MicUA MapEyYBaHHA
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Pucynoxk 4.10 — 3pazku ona eunpobysanb mouko8020 36apio6aHHs

Busznauenns 3azanvnozo onopy 30HU 364PIO6AHHA

Benukuil BIJIMB Ha XapakTep HarpiBaHHs JAeTalied i, K HACIiJOK, Ha
AKICTh 3BapeHOi TOYKHM, YMHHUTh 3araJlbHUil oOmip 30HU 3BaproBaHHA R
(puc. 4.11), mo ckiIamaeTbCsa 3 KOHTAKTHOTO OMOPY MK JeTansimMu Ry, omopy
camux nieraneit R it onopy Mix eIeKTpoaMu i AeTalIsIMHU:

R, =R . +2R +2R..

KonTaktHi onopu Ry i R, 3011b111yI0ThCS 31 3BMEHILIEHHSIM TUCKY il MOTip-
IIEHHSM YUCTOTH MiJrOTOBKU MOBEPXHI JeTane i camux enextpoais. [Ipu mija-
BUILEHHI TUCKY 30UIbIIYETHCS TUIOMIA 3ITKHEHHS MK KOHTAKTYIOUUMH TOBEPX-
HSIMU 1 3MEHIYETHCSI KOHTAKTHUN OMIp M1 HUMH.



KoOHTakTHI Onopu BUMIPIOIOTH MIKPOOMMETPAMH, HANPUKIIAL MIKPOOM-
MeTpoM M-246, npucTpiii sIKOro onucaHo B jadoparopHii podoti Ne 3. [Ipu Bi-
JCYTHOCTI MIKPOOMMETpa MOKHAa CKOpPUCTAaTUCS METOAOM aMIepMeTpa-
BOJIbTMETpaA (AUB. 1abopatopHy poboty Nel).

Pucynox 4.11 — Onip 30nu 36aproeanms

[Tpu BUMIpIOBaHHI KOHTAKTHOTO OTMOPY J€Tall 3aTUCKAIOTh MIXK €JIEKTPO-
JJaMU TOYKOBOiI MaIIMHKU a00 CIELIaIbHOTO Mpeca 3 NEBHUM 3YCUIUISIM, HE3MIH-
HUM Y Tipolieci BuMipy. [Ipu boMy 01IMH €JIeKTpOJ MOBUHEH OYTH 130JIbOBAHUM
BiJl BTOPHHHOT'O KOHTYPY MaIllMHU a00 KopITyca mpeca.

JIJ1st 3BMEHILIEHHSI KOHTAaKTHOTO OMNOpY MOBEPXHIO JI€TajeH, IO 3BaprOIOTh,
OYUIIAIOTh, BUAASIIOTH 1Py, OKauHY, Opya, (hapOy i macno, siki € TorTaHUuMU
IPOBITHUKAMHU EJIEKTPUYHOTO CTPYyMY il 30UIBIIYIOTh KOHTaKTHHUM omip. IcHy-
I0Th PI3HOMAHITHI CIIOCOOU OYMIIECHHS: MPOTHUPAHHA JIeTajell ApaHTsIM, OCH3U-
HOM a00 aneToHoM; TpaBieHHS B 10 %-HOMY po3uyuHI CipyaHOi KUCIOTH 3 Ha-
CTYITHOIO HEWUTpasi3alli€ro B JIy3l; OUMIICHHS aOpa3uBHUMHU KOJIaMH 13 JpiOHUM
3epHOM 1 T.1. Y Ta0a. 4.7 HaBeAeH] 3pa3KOBl 3HAUYEHHSI KOHTAKTHOT'O onopy Ry
IIpU PI3HOMY CTaH1 MOBEPXOHb JBOX JIeTajleil 3 HU3bKOBYTJIEIEBOI CTalll TOBIIH-
HOt0 3 MM nipu 3ycuiut ctucky 2000 H (200 kr).

Tabnuys 4.7 — Bnaue cmamny nogepxui Ha KOHMAKMHUL ONIP NAACMUH

Bun miarorosku KonTtaktaun Bun nigrorosku KonTaktHun
MOBEPXHI omip, MKOM MOBEPXHI omip, MKOM

HInidyBanns 110 O6pobKa pizlieM 1200
OuuteHHs Ha Haxna- 160 Ip>xaBiHHs micis 20 000
KOBOMY KOJIi OUMUILICHHS
O6poOka HATTUITKOM 280 OxayiHa Ha TOBEPXHI 80 000
TpaBHe'HHSI B 300 Oxanmna 1 Ipra 500 000
KHUCJIOTI Ha MMOBEPXHI




Bnnaue wiynmyeanus cmpymy Ha po3mipu i MiUHICMb 36ApPeHOT MOYKU

[Tpu uryHTYyBaHH1 4acTUHA 3BAPIOBAIILHOTO CTPYMY MPOXOJUTH Yepe3 Cy-
MDKHI, paHimie 3BapeHi Touku (puc. 4.12). Ilpu upomy ctpym I, 1o npoxoauTsb
M0 €JIEKTPOY, PO3TATYKYEThCS; 3BapPIOBALHUN CTPYM I, 3HAUHO MEHIIHHA Bif
HeoOxigHoro. lllyHTyBaHHS ICTOTHO BIUIMBA€E Ha SKICTh 3BapeHOi TOYKH. Yum
MEHIIIA B1JICTAHb M)XK TOYKaMH, TUM OLJIbIlIa YACTUHA CTPYMY BIATATYKYETHCS
i Tem Ouiblle Teria JapeMHO BUTpPAYa€ThCs HA HAarpiBaHHS JeTalied mo3a
MicieMm 3BaproBaHHsA. CTpyM y myHTI [, MOXke 1ocsSraTv 3HaYHUX BEJTUYWH:

| =(03..04)I__ .

Haii6inpira gacTuHa CTpyMy BIATATYKYETHCS U€pe3 TOUKY, IO MEPeaye
Til, 1m0 3BapioroTh. lllyHTYBaHHS CTpyMy IHITMMU TOYKAMH 4Yepe3 Te€, 110 BOHU
Jlaji BIICTOATH BiJ] €JIEKTPOA, € 3HAUHO MEHIITUM.

JInst BUSIBIIGHHS BIUIMBY IIYHTYBaHHSI CTPYMY 3BapIOIOTh 3pa3Ku, K1 PO-
3piKYTh Ha cMyXKHU (puc. 4.10, ) 1 BUIpoOOBYIOTh Ha 3pi3, BIAPUB 200 CKpY-
qyBaHHS.

Pucynox 4.12 — lllynmysanns npu mouko8omy 36apro6anHi

3aragpHU CTPyM Yy 3BaproBaJbHOMY KOHTYpI I, TOpiBHIOE reOMETPUUHIN
CyMi BEKTOpPIB 3BaprOBaJbHOTO cTpymy I 1 ctpymy B myHTI I, siIKi He 30ira-
I0ThCS 110 (hasi:

L,=1_+1,.

3a 3akoHoMm OMa naJisi po3'€THAHOTO JIAHIIOTA, €KBIBAJIEHTHA CXeMa SKOi
MoKasaHa Ha puc. 4.13, a maemo:

Im = 138R36 /ZLM )



ne R,; — akTUBHUY omip AeTaliei, 1110 3BapiOIOTh;
Z,, — TOBHUH omip:

Z, =(MR,)?*+X2

ne Ry, #1 X, — OMIYHUN W IHIYKTUBHHUMA OIIOPH;

m — Koe(DIiliEHT MOBEPXHEBOTO €EKTY.

KoeditieHT mBuaKO 3pocTae 31 30UIBIICHHAM TOBIIMHUA MarHiTHOI CTaji
(puc. 4.13, 6). IIpu 3BaproBaHHI CTaji TOBIIMHOK MEHIIOK Bia 2-10°u, a Ta-
KO HEMar”iTHUX MarepiaigiB m = 1.

Z, fﬂi

2
4

Res

3

7 2

2 1

a ] 3 G 0 -3 F
6 3 100 M

Pucynok 4.13 — Bnaug desxux napamempis pexicuma Ha AKicmb 36aApHUX
3’€OHAHb NPU MOUKOBOMY 368API0BAHHI

[HaykTHBHUN omip Xy, OpU BEIUKINA MUTBHOCTI CTPYMY, XapaKTepHOT JJIs
TOYKOBOTO 3BapIOBAaHHsI, 3HAYHO MEHIIIE aKTUBHOTO R, 1 MOXKHa BBa)kaTH, IO
X ~ 0 i Z; mRy,. Ry, 3MeHIyeThes 31 3MEHIIEHHSM KPOKY TOYOK 1 31 30111b-
[ICHHSM IIUPUHU W TOBIIMHM AeTaneld. [IIyHTyBaHHS iCTOTHO BIUTMBa€E Ha pe-
3yJbTaTH 3BApPIOBaHHS Oy/b-SKMX MaTepiasliB 1 4aCTO BUKJIMKAE HOTO HE3aJ0BI-
JBHY SIKICTb.

3HIKEHHS MIIIHOCTI TOYOK 4epe3 IIYHTYBaHHA OCOOJIMBO 3HAYHO IPH iX-
HbOMY OJIM3bKOMY CYCIJICTBI 3 JIEKIIbBKOMa TOYKAMH.

Hampuknan, mpu 3BapioBaHHI HaBXpPECT NPYTKIB Yy IMOCIHITOBHOCTI
«1io cripam» (puc. 4.14, a) minaicTs 30-i TOUYKH, OTOYEHOT 4 3BAPEHUMHU TOY-
Kamu, cTaHoBUTh 30 % MilHOCTI nepiioi Touku. [Ipu 3BaproBaHHI Ti€l K CITKH
psgamu (puc 4.14, 6) MitHICTh OyIb-K0i Touku He HIKYe 90 % MIIHOCTI nep-
moi. CTymiHb UIYHTYBAaHHS 3aJI€)KUTh TAKOX B1Jl CTaHy MOBEPXHI JETale, 110
3BaproioTh. [Ipu 3BaproBaHHI HEOUMINEHUX JI€TaleH CTYMiHb IIYHTYBaHHS 3Hay-
HO HIJKYA, HIK JIJISl OUMIICHUX.

lynTyBanHs 0COOIMBO BENMKE IPU 3BapIOBAaHHI JIIHIWHUX MIBIB 3 MaJIUM
MUTOMUM OIOPOM, BUCOKHM OIOPOM IUTIBOK, TOMY MIiHIMaJdbHUN KpPOK TOYOK
JUISL IUX CIUJIaBIB OUIBIIMI, HIK TIPU 3BapIOBAHHI CTaJIEH TI€T % TOBIIUHHU.
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Pucynok 4.14 — Cnocobu 36aproeants 0pomosoi cimku 3 pisHUM CmyneHem
WLYHMY8AHHAK MOYOK

[ToBepxHi Aerajnei, 10 3BapOIOTh TOYKOBUM 3BApPIOBAHHSIM, MOBUHHI OyTH
BUIbHI BiJl OKJIMHU ¥ 1pxkKi. JleTaii 3 rapsyekataHux crajnel, HOKPUTHX TOBCTOIO
OKCHJTHOIO TUTIBKOIO (OKAJIMHOI0), TIOBUHHI TIONEPETHBO MPOXOJAUTH MEXaHIUYHY
(MCKOCTpYMHUHHY, Ap10OCTpyMiHHY a00 a0pa3uBHY) OOpoOKy a0o mijiaBaTHCS
TPaBJICHHIO y BOJSHHUX pO34MHaX KHUCIOT. [loBepxHi Aeraneil 3 XOJOAHOKaTaHUX
CTaJiell IOBHHHI OyTH OUMIIeH1 BiT Opyay, ¢papOu, )KUPOBHX TUTIBOK.

OuunieHHs (3HEXKUPEHHS) 3/IMCHIOETHCS alleTOHOM, OCH3MHOM 3 aHTHC-
TaTUYHUMH JT0OaBKaMu ab0 THITUMU PO3YMHHUKAMU. BuaneHHs OKCUIHOI TUTi-
BKH TIPH 3BaprOBaHHI XOJIOJHOKATAHUX CTajle He MOTpiOHO. Y MacoBOMY BHpPO-
OHMIITBI OYMIIICHHS TTOBEPXHI JETANCH 13 XOJIOJHOKATAHUX CTaJIel y OUTBIIOCTI
BUITAJIKIB B3araji He BUKOHYETHCS, TOMY IO TOHKWH IIap Macljia Ha MOBEPXHIi
JIeTae Ha pe3yIbTaTH 3BapIOBaHHS IPAKTUYHO HE BILIHBAE.

Jletami 3 aqrOMiHIEBUX 1 MarHi€BUX CIUJIaBIB MMOBUHHI MTPOXOJUTH XIMIUHY
a00 MexaH1yHy 00pOOKY JIJIsl BUAAJICHHS! TOBCTOI TUTIBKM OKCHJIIB, III0 MA€ BUCO-
KU 1 HecTaOLIpHUN omip. XiMiuHa 00poOKa CKIIAa€ThCs 31 3HEKUPEHHS, TPO-
MUBaHHS ¥ HACTYITHOTO TPABJICHHS y BOJASHOMY PO34HHI OpTOHOCHOPHOI KHC-
J0TH 3 J00aBKaMH KallleBOro ab0 HATPIEBOTO XPOMITIKA, IO TajbMye€ IPOIIEC
HAapOCTaHHS HOBOI OKCHUIHOI TumBKU. JleTtani, oOpoOJieHI B TakKOMY pPO34YMHI,
NpUAaTHI IJI 3BaprOBaHHS MPOTATOM 3 - 5 mi6. MexaHiuyHy oOpoOKy MOKHA
POOUTH TUISIXOM 3a4YUIIEHHS APOTOBOIO IIITKOK a00 aOpa3vBHUM IMOJOTHOM.
VY 3B'SI3Ky 3 THM, IO MeXaHidHa O0OpoOKa aKTHUBi3y€ MOBTOPHE OKHCITIOBAHHS
MOBEPXHI JIeTajeH, iXHE 3BapIOBaHHS MOBUHHE BUKOHYBATHUCS HE MI3HIIIE, HIXK
yepes 2 - 3 ToJIMHU Micias 00poOKHu.

4.2 IIpoBeaeHust podoTn
Yemamkysanna it mamepianu

1 MamwuHa 11 TOYKOBOTO 3BapIOBAHHS.
2 Ilpunazg nsis BUMIPIOBAHHS 3yCUJUIS CTUCKY (TMHAMOMETp abo0 Ipuc-
TOCYBaHHsI 3 KYJIbKOIO U Jynoro bpunens).



3 Ilpunazg nis BUMIpIOBaHHS 3BapIOBAJILHOTO CTPYMY (IMITYyJIbCHUN aM-
nepmetp ACT-2 abo IHIIMN aHATOTTYHUI).

4  EnexTtpocekyHIoMip a00 JIIYMUIbHUK IMITYJIbCIB.
Hoxwuni nist pizanss merany.
Po3puBna Mammna.
Jlemara.
MinimeTpoBa JiiHINMKa.

9 IltaHreHUUpKyJIib.

10 MonoTok.

11 3ybwuo.

12 KOMIUIEKT 3MIHHUX €IEKTPOIIB.

13 1IlaGnoH ayisi BUMIpIOBAHHS JlaMeTpa KOHTAKTHOI MOBEPXHi €JEKT-
POJIIB KOHTAKTHOI MaIllMHHU.

0 3 N

14 TlpucTocyBaHHS IJisl 3a4MIIIEHHS W 3alpaBlIeHHS €JIEKTPO/IIB.

15 3HiMau enexTpoaiB.

16 HaOip niacTuH 3 HU3bKOBYIJIELEBOT CTAII.

17 TlepecyBHuii 1ab0paTOPHUM CTLJT 3 HAOOPOM HEOOX1THUX TPOBO-
JIiB, 3 IHCTPYMEHTOM 1 CTICIIOJISITOM.

A Busenennsa eniugy oKpemux napamempie pexcumy mouKogozo
36apI0GAHHA HA MIYHICMb MOYKU

1 Hakpecnautu cxemy I0CHiy i YBIMKHYTH HEOOX1IHI MPUIIAIN JJIsi BUMI-
PIOBaHHS 3BapIOBAILHOTO CTPYMY W TPUBAIOCTI Horo yBiMKHEHHs. Cxemy mpe-
J'SIBUTH JJIs TIEPEBIPKHU.

2 IligrotyBaTu TaOJIUWITIO NJIsl 3aMKCIB JAHUX BUMIpiB, OOYHMCIICHb 1 CIIO-
cTepexeHb (AuB. Tadm. 4.8).

3 Jlns maHoi TOBIIMHM MeETaly MiaiOpaTtu 3a TaOJHICI0 PEXUM 3Baplo-
BaHHS i YCTAHOBUTH MOTO HAa MAIIIMHI.

4 Bwu3HA4YUTH IiaMeTp KOHTAKTHOI TOBEPXHI €IIEKTPOIIB.

5 3pobutu 3BaproBaHHS TPHOX Map IUIACTHH.

6 Bu3HauuTH AKICTH 3BAPEHUX TOUYOK 3a 30BHIIIHIM BHUTJIAJIOM W TICIs
BUNPOOYBaHHS 1X Ha 3pi3, BIAPUB 1 CKPYIyBaHHS.

7 TloBTOpuTH 3BaplOBaHHS HA IHIMUX IUIACTHHAX, 3MEHIIyI0Ud abo 30i-
JBIIYIOYH OJIMH 3 TApaMETPIB PEKHUMY: a) 3YCHUJUISI CTUCKY; 0) 3BaprOBaIbHHIA
CTPyM; B) TPUBAIICTh YBIMKHEHHSI 3BapIOBAIBHOTO CTPYMY.

8 OLIHUTH SIKICTh 3BAPEHUX TOYOK 32 30BHILIHIM BUIJISIIOM, 3pyHHYBaTH iX
1 BUSIBUTH BIUTMB KOKHOT'O TTapaMeTpa PeKMMy 3BapIOBaHHS HAa MIITHICTh TOUYKH.



b Bu3znauennsa eniugy 3ycuninisa cMucKy i 4ucmomu noeepxHi oemaeil
Ha 3a2a1bHUTL ORIP 30HU 36APIO6AHHA

1 Hakpecnutu cxemy A0CIiAy ¥ BKIIOUATH HEOOX1AHI MPUaIU 1Jis BU-
MIPIOBaHHS 3araJIbHOTO OMOPY 30HU 3BapIOBAHHSI.

2 IligrotyBatw TaOIMINO /TS 3aNTUCY NaHUX (uB. Ta0id. 4.9).

3 I3omroBatu OWH €IEKTPOA 3a JOTOMOrorw (GhiOpoBoi MPOKIAIKH BiJ
KOpIycy MalinmHu abo mpeca.

4 3aTUCHYTH MiX €JIEKTPOJaMH IiJ HEBEIUKUM TUCKOM JIB1 3a4MIIie-
Hi TUIACTHMHU 3 HU3BKOBYTJICIEBOI CTaNl W 3aMipsITH 3aralbHUN OMIp 30HU

3BapIOBAHHS.
5 TloctymoBo 30UIBIIYIOYM THCK JO0 MaKCHUMaJbHOTO, MOBTOPIOBATHU
BUMIpH.

6 3aYMCTUTH TUIACTUHU M KOHTAKTHI MOBEPXHI 10 METAJIEBOTO OJIUCKY i
3aMIpATH OMOPY MPHU TUX K€ THCKaX. Jociiau moBTOPUTH TpU pa3u i oOuucIu-
TH Cepe/iHl 3HAaUeHHs, sIKI BHECTH 110 Tab. 4.10.

7 3a TaONUYHUMHM JAHUMU NMOOYyAyBaTH rpadik 3aJie)KHOCT1 3arajb-
HOT'O OINOPY 30HU 3BapIOBAHHS BiJ 3yCHUJISA CTUCKY .

8 Bycwmiam mpubauzao 2000-5000 H (200 - 500 kr) CTHCHYTH MiX
€JIEKTPOJIaMU /1Bl IJIACTMHU 3 HU3bKOBYTJICLIEBOI CTaJll 3 PI3HUM CTAaHOM IXHBOI
MOBEPXHI 1 3aMipATH 3arajIbHUM OIip 30HU 3BaproBaHHA. Jl0ciil TOBTOPUTH TPH
pa3u i OOYUCIUTH CepeTHE 3HAYEHHS.

B Busaenenusa eniugy wlyHmyeaHHsa Cmpymy Ha po3mipu i
MiUHICIb 36apeHOT MOUKU

1 Jlns maHoi TOBUIMHUA METady MigiopaTH 3a TaOIHUIIMH PEXKUM 3Bapro-
BaHHS i YCTAaHOBUTH MOr0 Ha MAIIMHI.

2 IligrotyBaTd TaONMIO JUIsl 3alKCIB BUMIPIB 1 CIIOCTEPEKEHb (IUB.
tabmn. 4.11).

3 3ayuCTUTH MOBEPXHI JABOX IJIACTHUH 1 PO3MITHUTH iX JUIsl 3BapIOBaHHS
TphOMa-II'sIThMa TOYKAMH 13 KPOKOM 6 - 10 MM.

4 3BapuTH TOYKHM U MapKipyBaTH iX.

5 BumpoOyBaTu TOYKH Ha BIAPUB 1 3aMipATH T1aMETPHU SIEP.

6 Jlocmia moBTOPUTH TPH pa3u il OOUUCIUTU CEPEIHI 3HAUCHHSI.

Koumpononi numanns

1 [o BXOAMUTH 10 OCHOBHUX MapaMeTPiB PEKUMY TOUKOBOTO 3BapIOBAHHSI?

2 JlaiiTe XapaKTEpUCTUKY M'AKOMY K TBEPAOMY PEXKUMY TOUYKOBOIO
3BapOBAHHS.

3 Sk BIUIMBAIOTHh 3YCHUJUISL CTUCKY, 3BApIOBAJIbHUN CTPYM 1 TPHUBANICTb
YBIMKHEHHS CTPYMY Ha MILHICTb U SKICTh 3BapEHOI TOUKH?



4 OnuuiTh NOpUCTPid NPUIAAIB ISl BABHAUYECHHS 3yCHILJISL CTUCKY.

5 IIlo BXOOUTH O 3arajlbHOro0 OIIOPY 30HU 3BapOBaHHA, JAaTH HOrO
BU3HAYECHHA?

6 Sk BIUIMBA€ LIYHTYBaHHS CTPYMY Ha pO3MIpU W MILHICTh 3BapeHOi
TOYKH?

4.3 3Bit Ipo 1adoparopHy podory Ne 4

Bu3znauenns ennugy napamempis pexcumy mouko602o
36apIOGAHHA HA MIYHICMb MOYKU

[Ipi3BuIe cTyaeHTa

['pyna JlaTa BUKOHAHHS poOOTH

A Busgnenna eniugy okpemux napamempis pexcumy mouKos02o
36apIOGAHHA HA MIYHICMb MOYKU

(CxeMa yBIMKHEHHS MPUJIAIIB)
(Ecki3u 3BapeHux 3'€/THaHb 13 BKAa31BKOIO MiCIlh A€(EKTIB)
BucHoBk# 1o po6oTi

b Bu3znauennsa eniugy 3ycuniisa CMucKy i Y4ucmomu noeepxHi oemaiei
Ha 3a2a1bHUIL ONip 30HU 36aPI0BAHHS

(Cxema mocuimy 13 BKIIOUEHHSIM MTPUIIAIIB)
(I'padik 3a1€KHOCTI 3arajJbHOrO OMOPY BiJ 3yCHUIUISL CTUCKY)

BucHoBku 110 po60TI

B Busaenennsn éniugy wiynHmy@anHsa cmpymy Ha po3mipu i MiyHicmo
36apeHol mouKu

(Ecki3 po3mMiueHo1 i 3BapiOBaHHS TUIACTHHH )
BucHoBKH 110 po0OOTI

[Tigmuc crynenTa

BucnoBok BHUKJIaga4da
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Tabauys 4.10 — /[na 3anucie 0anux uMipis i 064ucieHsb

Meran

3aranpHui OMip 30HU
3BaproBaHHA Ry, MKkOM

MM

Bua nmiaroroBku noBepxHi

[TpumiTka

ToBmHa MeTany,
-1 3amip
2-# 3aMip
3-ii 3amip
YCHHS

Cepenne 3Ha-

nidyBanus

OumniieHHs Ha HAKJIAKOBOMY KOJTI
O06poOKa HAMTUIIKOM

TpaBiieHHs B KUCTIOTI

O06pobxka piziem

Ip>xaBiHHS MIC/IS OYMIICHHS
OxkanvHa Ha TOBEPXHI

OxkanuvHa ¥ ip>ka Ha TOBEPXHi

Ipumimxa. Ilpu BUMIp1 OMOPIB aMIIEPMETPOM 1 BOIBTMETPOM 10 TaOJIHII HEOOX1-

HO BHECTH A01aTkoBo rpadu: «Ctpym» i «Crnaganas Hanpyrw» (AuB. GopMy 3BITY 3a 4ac-
tiHOI0 b maboparopuoi podoTu Ne3).

Tabnuys 4.11 — J[nsa 3anucy sumipis i cnocmepediceisb
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JIABOPATOPHA POBOTA Ne §

O3HAMOMJIEHHS 3 TEXHOJIOT'IEIO TOUKOBOI'O 3BAPIOBAHHSA
HEPXKABIIOUNX XPOMOHIKEJEBUX CTAJIEN
1 AJTIOMIHIEBUX CILTABIB

5.1 3araabHi BizoMmocTi

HepxaBiroul XpOMOHIKeJIeB1 CTall BIIHOCATh A0 ayCcTeHiTHOro kiacy. Lli
CTaJll IPU OXOJIO/KEHHI Ha TOBITP1 30epiratoTh CTPYKTypy aycTeHiTy. Haiimo-
MIUPEHINIMMHA CTasIMA 1IBOTO Kiacy € Hepkapitoui ctam X18H9, X18HIT,
X18H9b Ta in. Ximiuamii ckiman ctami X18H9, mo BHITycKaeTbes 3TiTHO
3T'OCT 5632-61: 17 - 19% Cr; 8 - 10% Ni1; 0,1 % 3; 0,8% Si; 2% Mn. ¥ cransax
X18HI9T u X18HI9b 6ykBu T ii b BKka3ytoTh Ha HagBHICTh Y iXHBOMY CKJIaJ1 He-
Benukoi kibkocti (0,2 - 0,8%) Tutana abo Hi00bir0.

3HayHa KUIBKICTh XpOMY HAJa€ XPOMOHIKEIEBUM CTAJIIM BHCOKY MIll-
HICTB 1 CTIMKICTh MPOTH KOpo3ii. [Ipu migBUIIIEHOMY BMICTI BYTJICIIO B CTaJIsX
(6umpme 0,2%) mMoxxnuBe yTBOpeHHs KapOiniB xpomy. L1 kapOinu posramioBy-
IOTBCSI TI0O MEXKax 3€peH, Y Pe3yJIbTaTi YOTO 3HIKYETHCS KOPO3iliHA CTIHKICTH
MeTalty. 3 METOI0 3MEHIIECHHSI HeOe3MeKH BUMadaHb KapOiiB XpOMy B XpOMOHI-
KeJleBUX CTaysiXx moBMHHO Oytu He Outbme 0,07% C. KpiMm nporo, majis 3MeH-
IIEHHS MOYKJIMBOCTI MIKKPUCTAJIITHOI KOPO3ii O XPOMOHIKENIEBUX CTaJIe BBO-
JTh TUTaH 1 HI001M. LI emeMeHTH MarOTh OUTBIY KapOlOyTBOPIOIOUY 371aT-
HICTh, HDK XpOM, 1 yTBOPIOIOTH KapOiau TUTaHa abo HiOO010, MOIepemKardu
TUM CaMHM YTBOPEHHS KapOiaiB XxpoMmy. ¥ crajisx 3 Jo0aBKaMu TUTaHy a0o Hio-
0110 BMICT BYTJICII0 MOXKe OyTH miaBumerui 10 0,12%.

OcoOnuBOCTI  TOYKOBOTO  3BapOBaHHS ~ XPOMOHIKEIEBUX  CTajei
(Tabm. 5.1):

1 Yepes BUCOKY MIIHICTh CTajiel TP MIABUIIICHUX TEMIIepaTypax ix Bap-
TO 3BaproBatu npu OuTbIMX (Ha 20 - 50%) MUTOMUX TUCKAX, HIK 3BUYANHI HU-
3bKOBYTJICIIEB] CTAII.

2 Jlnst 3MEeHIIEHHST 30HU PO3ITpIBY 3BapE€HOI TOUKH M 3MEHIIEHHS WMOBI-
pPHOCTI BUTIQJaHHs KapOi/liB XpOMY 3BapIOBaHHS BapTO BECTU HA TBEPAUX PEKU-
Max, TOOTO 3 MiHIMaJIbHOIO TPUBAIICTIO HATPIBAHHS.

3 OcCKUTbKM HEp>KaBilOYl CTaJl MalOTh JOCUTh BUCOKUN EIEKTPUYHUHN OTip 1
MaJly TETIONPOBIIHICTh, 3BAPIOBAILHUIN CTpyM TMoBHHEH OyTH Ha 10 - 15% men-
MM, HIJK TIPY 3BapIOBaHH1 HU3bKOBYTJICIICBUX CTAJICH.

Cepen antoMiHIEBUX CIUIaBIB IMIMPOKE 3aCTOCYBAHHS 3HAXOMATH K TEPMi-
YHO HEe 3MilHIoBaH1 criaBu (AMi, AMr i iH.), Tak 1 TepMIYHO 3MIITHIOBaHI
(16, 20, BY95 ii in.). Hwkue HaBemeHui XIMIYHUNA CKJIaJa altOMIHIEBO-
MaprasniieBoro craBy AMi: 1 - 1,6% Mn; no 1% Fe; Al —3amumox. Tepmiuno
3MIITHIOBaHMM cruiaB aypamoMid {16 mictuts 3,6 - 4,7% Cu; 1,25 - 1,75% Mg



1 0,3 - 0,9 % Mn. [{ypamtoMiH JIETKO MiJAA€THCS KOPO3ii, a TOMY 3BHYaiHO HOTO
MOKPUBAIOTh TOHKUM IIAPOM YHCTOTO aJIOMIiHIIO (TUIaKylOTh). TyromiaBka rii-
BKa OKHCY aJIFOMIHIIO 3 TeMIeparyporo miasieHHs 0au3bko 2050°C Ha moBepx-
H1 JIeTalei mepemKkopKae oJIep >KaHHIo TapHOTo 3'e1HaHHSA. KpiM Toro, enekTpu-
YHUI OMip OKICHOI TUTIBKM BEJIMKUN W KOJUBAETHCA B JYyXKE IMIUPOKUX MEXKaXx,
10 IPUBOANTH J0 HECTAOLIBLHOCTI PE3yJIbTAaTiB 3BapIOBaHHSA. BuaamsaTu oxicHy
TUTIBKY TIepe/T 3BapIOBAHHIM MOKHA MEXaHIYHUM a00 XIMIYHUM CIIOCOOaMHU.

Tabnuysa 5.1 — OpieHmo6Hi pexcumu moyko8020 36aprO6AHHS
aycmenimuoi cmani X18H9

=
tel =
s 3 CED B = e TpusasicTs
Ss2| 2288 = 2 P 3BaproBaNbHHUIT
=
25~ 58838 S 5 YBIMKHEHHS cTpyM, KA
S = Y3 E & = CTpyMy, C ’
Z (5} O
S
0,2 2,5 0,45-0,9 0,02 - 0,06 2,0-3,0
0,35 3 0,8—-1,2 0,04 — 0,06 2,5-3.5
0,5 4 0,9-1,8 0,04 — 0,08 3,0-4,0
0,8 5 1,5-3,0 0,08 —0,12 4,0-5,0
1,0 5 2,0-4,0 0,10-0,16 4,5-6,0
1,2 6 2,5-5,0 0,12 -0,20 5,0-7,0
1,5 7 3,5-6,0 0,16 — 0,24 5,5-8,0
2,0 8 4,5-17,0 0,20 —-0,28 6,0 -10,0
2,5 8 6,0 — 8.0 0,20 —-0,30 8,0-11,0
Ipumimka. MeHII1# TPUBANOCTI YBIMKHEHHS CTPYMY BiJINOBIAAI0TH OLIbIII 3yCHII-
751 Ha €JIeKTPOoJax 1 CTpyM.

[Tpn mexanigHOMY CcTIOCO01 JeTali mepea 3BaploBaHHSIM y MICIIX po3Ta-
ITyBaHHS TOUYOK 3a4HUIIAIOTh CTAJIEBOIO MIITKOK a00 Ha)xxaakoBuM mnarnepomM NeO0
a60 0. Hemomik 1150r0 crmoco0y — y BENMHKINA TPYAOMICTKOCTI ¥ IIBUAKOMY OKHC-
JIIOBAHHI OYMILEHOT MOBEepXHi. ToMy yac Mk OUMIIEHHSM JIeTaje i IXHIM 3Ba-
PIOBaHHSM HE OBUHEH MEPEBULLYBATH 2 - 3 T.

[Tpu xiMiyHOMY crIOCO01 JIeTail Mmicis 3HEKUPEHHS TPYSITh Y CyMILIl cap-
HOT i XpOMOBOI KUCJOT. SAKICTh TPAaBJICHHS KOHTPOJIOIOTH BUMIPOM KOHTaKTHO-
ro onopy. XiMiuHe OYHINECHHS 3aCTOCOBYIOTh TOJJOBHUM YHHOM y MaCOBOMY BH-
pOOHUIITBI. Benukuii BIUIMB Ha SIKICTh 3BAPEHUX TOYOK YMHUTH KOHCTPYKIIiS
eeKTpoiB. ['apHi pe3yapTaT BUXOASTH MPU BUKOPHUCTAHHI BEPXHBOTO EIICKT-
poja 31 chepuuHOI0 KOHTAKTHOIO MTOBEpXHEIo, 110 Mae pazaiyc 40 - 100 mm. Hu-
KHIA CJICKTPOJ MOXKe OYTH IIJIaCKUM a00 31 cPEepUIHOIO MOBEPXHEIO 3 PaIlycOM
250 mMm. PoOouy moBepxHIO €IEKTPOAIB OUUIIAIOThH JPIOHUM HaXKJAKOBUM Ma-
nepom depe3 koxkHi 50 - 100 To4ok. 3 orfsiyy Ha BUCOKY €JIEKTPO- 1 TeTIOnpo-



BIJIHICTh QJIFOMIHIEBUX CIUIABIB, a TAKOXX HU3bKY IXHIO TEMIIEpATypy IUIaBJIECHHS,
3BApPIOBAHHS MIPOBOJATH 13 MIHIMAJIBHOK 30HOIO HarpiBaHHS Ha TBEPAMX PEKU-
Max, TOOTO Ha JIy’Ke€ BUCOKOMY CTpyMi. 3yCHIUIS Ha €JIEKTPOAAaX MOBHHHE OyTH
OUIBLIMM, TOMY 1110 B 1HIIIOMY pa3l MOXJIMBE YTBOPEHHS rapsyux TPILUH y SApi
TouKH (Tabm. 5.2).

Tabauysa 5.2 — Pesicumu mouxo6o20 36apio8aHHs AltOMIHIEGUX CNILABIG

S — Paﬂ'i'yc C(l)epI/II.I— 3BaproBaJIbHUN CTPYM,
MeTany, HOI ITOBEPXHI t F,.,xH KA
VM BEPXHBOTO (kr) Tlyparomin Cnnas
€JIeKTpo1a, MM AMu
0,4+0,4 40 0,10 | 0,9 (90) 12 —
0,5 +0,5 40 0,10 | 1,2 (120) 13 15
0,6 +0,6 40 0,12 | 1,5(150) 15 —
0,8 +0,8 40 0,14 | 1,8 (180) 16 18
1+1 40 0,18 | 2,4 (240) 18 20
1,2+1,2 50 0,22 | 3,0 (300) 22 24
1,5+1,5 50 0,26 | 3,6 (360) 25 26
2+2 50 0,30 | 4,8 (480) 31 —
25+25 100 0,32 | 5,4 (540) 34 —

KoposziitHocTiiiki (HepkaBitodi) cTajli MalOThb BUCOKUMH €JICKTPUYHUN
omip (y 5 - 6 pa3iB OUIbIINHN, HI)K Y HU3bKOBYTJICIICBO1 CTalll), MIIIHICTh ¥ Koedi-
IIEHT JIIHIMHOTO PO3IIMPEHHS. 3BaprOBaHHS IUX CTajed BUKOHYEThCS Ha TiJ-
BHUIICHUX F.,, 3HIKEHUX |, TP BITHOCHO MajIuX 3HAYCHHSX t,, (TA0I. 5.3).

Tabauys 5.3 — Peocumu 36apro8ants KOpO3IUHOCMIUKUX cmaiell

. [TapameTpu pexumy 3BaprOBaHHS
ToBmMHA AeTane, MM LKA £ 3 J F.. kH
0,3 5,0-5,5 0,06 — 0,08 1,5-2,0
0,5 4,5-5,0 0,08 — 0,12 2,5-3,0
0,8 4,5-35,0 0,12-0,16 3,0-4,0
1,0 5,0-5,7 0,16 - 0,18 3,5-4,5
0,2 5,5-6,0 0,18 -0,20 4,5-5,5
0,5 6,0-7,5 0,20 - 0,24 5,0-6,5
2,0 7,5—-8.,5 0,24 - 0,30 8,0-9,0
2,5 7,5—-8,5 0,30 - 0,34 10,0-11,0
3,0 9,0-10,0 0,34 - 0,38 12,0 - 14,0

TuTaHOBI CIJIaBU MalOTh BUCOKUH €JIEKTPUYHHUI OMIp 1 HU3bKY >KapOoMilI-
HicTh. L{i criaBu 3BaprorOThCS HA MaUX Iy, ¥ t,, (OM3bkuX Iy, # t,, pu 3Bapro-
BaHHI HEP)KaBIIOUMX CTajeil) 13 3aCTOCYBaHHIM 3HIDKEHUX F.; (Tabm. 5.4).



Tabnuys 5.4 — Peorcumu 36apro8anHs mumaHosux cniasie

. [TapameTpu pexuMy 3BaprOBAHHS
ToBmyHa Aeraneil, MM L. kA f F.. xH
0,3 4,5-5,0 0,04 — 0,08 0,75-1,0
0,5 4,0-5,0 0,08-0,1 1,0—-1,5
0,8 4,5-5,0 0,12-0,14 1,5-2,0
1,0 5,0-5.5 0,14 -0,16 2,0-2,5
0,2 5,5-6,0 0,16 — 0,18 2,5-3,0
0,5 6,5-17,5 0,18 -0,22 3,0-3,5
2,0 8,0-9,0 0,24 — 0,26 4,0-5,5
2,5 8,5-9,5 0,28 — 0,30 6,0 —7,5
3,0 10,0-11,0 0,32 -0,34 8,0-10

JKapowmiiHi crijiaBu MarOTh Ay>K€ BUCOKY MIIHICTh Y HArpiTOMY CTaHi, BU-
COKHUH €JIEKTPUYHUH OMIp 1 MiABUIIEHY CXWJIBHICTh 0 BHYTPIIIHIX BUIUIECKIB i
YTBOPEHHS YCaJOYHUX JEPEKTIB y JUTOMY siipl. 3BApIOBAHHA LUX CILJIaBIB BU-

KOHY€TbCs Ha BUCOKUX F; ipu Manux I, 1 611bMX ty; (TabM. 5.5).

Tabnuys 5.5 — Peorcumu 36apio8anHsL HcapoMiyHUX Cniasis

. [TapameTpu pexumy 3BaprOBaHHS
ToBmuHa Aeraneil, MM LKA e F. xH
0,3 5,0-6,0 0,14-0,2 4,0-5,0
0,5 45-5,5 0,18 -0,24 5,0-6,0
0,8 5,0-6,0 0,22 - 0,34 6,5—8,0
1,0 6,0 —6,5 0,32 -0,40 8,0-10,0
0,2 6,2 —-6,8 0,38 —0,48 10,0-12,0
0,5 6,5-7,0 0,50 -0,62 12,5-15,0
2,0 7,0-17,5 0,58 - 0,76 15,5-17,5
2,5 7,5-8,2 0,78 — 0,96 18,5-19,5
3,0 8,0 —8.,8 1,0-1,3 20,0 - 21,5

MinHi criaBu (1aTyHi M OpOH3M) MalOTh BUCOKY €JIEKTPO- 1 TETUIONPOBII-
HICTh ¥ HU3BKY MIIHICTh Tipu HarpiBaHHi. [Ipu 3BaproBaHHI X CIUIaBiB 3aCTO-
COBYIOTBCSI CUJIBLHO 301JIbIIeH I, 1 HeBUCOKI ;.

ATIOMIHIEB] 11 MarHi€Bi CIUIaBU XapaKTEPHU3YIOTHCA YK€ BUCOKOIO €JeK-
TPO- 1 TETUIONPOBIIHICTIO, Y 3B'SI3KY 3 UMM IPHU iXHROMY 3BapIOBaHHI 3aCTOCO-
BYIOTBCSI KOPOTKOYACHI IMIYJIbCH CTPyMy IYy’>K€ BEJIHMKOTO 3HAY€HHs. 3Bapro-
BaHHS MarHi€BUX, a TaKOX MJIACTUYHUX (HE3MIIIHEHMX) aJIFOMIHIEBUX CILIABIB,
[0 MalOTh HEBUCOKY MIITHICTb, 3A1HCHIOETHCS MPU HU3BKUX F.,.

BucokoMmiliHi afOMiHIEB] CIUIaBH, IO MAalOTh HU3BKY INIACTUYHICTH W ITi-
JIBUIIIEHY CXUJIBHICTH 0 YTBOPEHHS yCaJo4HUX Ne(EKTIB, 3BapIOIOTHCS HA BU-
cokux F.; 13 000B'sI3K0BUM J10/JTaBaHHSM KyBajabHOTO 3ycrinis F.



Opi€HTOBHI PEXUMHU 3BapIOBaHHS JIaTyHI, alIOMIHIEBUX 1 MarHi€BUX
CIUIaBiB HA MalIMHAX 3MIHHOTO CTPyMy HaBejieH1 B Ta0. 5.6.

Tabnuys 5.6 — Peoxcumu 36apio8ants antOMIHIEGUX I MACHIEBUX CNIABIG |
JIAMYHI HA MAWUHAX 3MIHHO20 CIPYMY

< § [TapameTpu peKUMy 3BaprOBaHHS
2 | SYCHILIS €NeKT- q . u
=g poxis, kH ac YBIMKHECHHS apaMeTpH CTpyMy
g § KyBaJIbHOTO
= 2 Fi F, 3YCHILIA, ty, C L, KA te, C ti, C | tem, C
AmominieBi crutaBu tuny JJ16AT
0,5 2,2 — — 17 — 0,08 | —
2,0 16 0,04 0,12
0,8 3,5 19 — 0,1 —
3,0 18 0,04 0,14
1 4,5 24 — 0,12 | —
3,5 23 0,04 0,04
1,5 6,5 — — 30 — 0,16 | —
5,5 — — 29 0,06 0,16
4,5 10 0,24 27 0,06 0,16
2 4,5 12 0,18 28 — —
8 — — 35 — 0,20 | —
7 — — 33 0,08 0,18
6,5 12 0,32 31 0,08 0,18
6,5 15 0,24 32 — —
AdmtomiHieBi crutaBu Tunny AMrAM
0,5 1,3 — — 16 — 0,08 | —
0,8 1,9 18 0,1
1,0 2,5 22 0,12
1,5 3,5 27 0,14
2,0 5,0 32 0,18
MarHieBi crijiaBu
0,8 3,0 — — 20 — 0,10 | —
1,0 4,0 24 0,12
1,5 5,0 27 0,14
2,0 7,0 30 0,18
Jlatynp Tuny J162
0,5 1,2 — — 15 — 0,10 | —
0,8 1,7 17 0,14
1,0 2,0 19 0,16
1,5 3,0 24 0,2
2,0 4,0 30 0,24




Pesxxumu 3BaproBanHs, HaBeneH1 B Ta0m. 5.1 - 5.6, 3a0e3medytoTs (hopMyBaH-
Hs 3'enHanb rpynu A. Ilpu HEOOX1IHOCTI OJiepKaHHS 3'€JHAHb 1HIIOTO PO3MIPY
PEKUMH 3BAPIOBAHHS MiAOMPAIOThCA EKCIIEPUMEHTATBHUM HUIIXOM. JlJist IXHBOTO
OpIEHTOBHOI'O BH3HAYEHHS MOYKHA BUKOPUCTATH TaKOXX METOJAM MOAIOHOCTI, IO
JIO3BOJISIIOTH 32 BIJOMUMH PEXKHMaMHU pO3PaxyBaTH PEKUMHU 3BAPIOBAHHS T'€OMET-
PUYHO MOAIOHUX 3'€THAHB JEeTaJIel 3 TOTO X Marepialy, ajie 1HII01 TOBIIMHHM. J[Js
OJIEpKaHHS TEOMETPUYHO MOAIOHUX 3'€HAHb TApaMETPU PEKUMY 3BaAPIOBAHHS
TIpY 3MiHI TOBIIVHHU J€Tanel MoTpiOHO 3MIHIOBATH B TAKHiA CIIOCIO:

F =52 |
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5.2 IlpoBenenns podoTH
Ycemamkyeanna it mamepianu

1 MarmuHa 1J1 TOYKOBOTO 3BapIOBaHHS.

2 Tlpunan qyis BUMIPIOBaHHS 3YCHIIIS CTUCKY (IMHaAMOMETp) abo Tmpuc-
TOCYBaHHS 3 KyJbKOIO i JTymnor bpunens.

3 EnextpocekyHmomip abo JTIUUIBHUK IMITYJIBCIB.

4 Mikpoommerp M-246.

5 Po3puBHa MammHa.

6 Jlemara.

7 IITaHreHUUPKYIIb.

8 MoJoTOK.

9 3ybwuo.

10 HaGip miacTuH 3 HepKaBito4voi CTall i aTlOMIHIEBUX CIIaBiB.

11 TlepecyBHwuil 1aGOpaTOpHUIL CTLII 3 HAOOPOM HEOOXITHUX MPOBOJIIB,
THCTPYMEHTIB 1 CTICTIOJIITOM.

A O3naiiomnenns 3 mexHono2ico mouKko8o20 36apro6ants
HepXyCasilouux XpoMoHiKkenesux cmaieil

1 TliaroryBatu TaGauIIO AJ1s1 3aMUCIB JaHUX BUMIPIB (AuB. Tabmd. 5.7).

2 JIns naHoi TOBIIMHM METajy MiAIOpaTH 3a TaOIUISIMU TBEPAUM PEXUM
3BapIOBAaHHS HEP)KaBIIOYO1 CTaNIl i HACTPOITH MAIIIVHY.

3 3BapuTH JBI IUIACTUHUA TPHOMA OKPEMHUMH TOYKAMH.

4 3MEHILIUTHU 3yCUIIIS CTUCKY, 3aMIpSITH HOro i MOBTOPUTH 3BApIOBaHHS B
TPHOX TOUYKAX I1HINOT MapH MJIACTHH.

5 YcTaHOBUTH MEPBICHE 3YCWIUIA CTHCKY, 30UIBIIMTH TPUBAIICTh YBI-
MKHEHHS CTPyMY, 3aMIpSTH Oro i 3BapUTH TPETIO Mapy IUIACTHH.



6 BuzHauuTu 11 BCIX 3pa3KiB SIKICTb 3BAPEHOTO 3'€IHAHHA 32 30BHIIIHIM
BUTJISIZIOM 1 3aMIPSITH JlaMeTp 30HU KOJIbOPIB MIHJIIMBOCTI HABKOJIO TOYKHU.

7 3pyliHyBaTu 3pa3ku, 3aMIpATH JiaMETp JIMTOTO SApa 3BapeHOi TOUKU U
OL[IHUTH AKICTh 3BAPIOBAHHS 32 3JIaMOM.

b Bu3znauennsa eniugy uucmomu noeepxui oemaeil i3 ailOMiHIC6UX CN1ABIE
Ha 3a2a71bHUIL ORIp 30HU 36APIO6AHHA

1 Hakpecnautu cxeMy JO0CHiAy ¥ BKJIIOYUTH HEOOXIAHI MpUIaIU JJIisl BU-
MIpPIOBAHHS 3arajJbHOT0 OMOPY 30HU 3BAPIOBAHHS.

2 IligroryBatu TaOIWIIO JUIS 3aIUCy JAaHUX BUMIPIB W OOYHCIICHB (IUB.
Tabm. 5.8).

3 I3omroBaTy OWH eNeKTpo] (iOpPOBOIO MPOKIIAIKO Bij KOpIlyca Ma-
IMHU abo mpeca.

4 3aTUCHYTH MIDX €JeKTpOJaMU Bl HE3aXWIICHI MUIACTUHU 3 aJIOMiHie-
BOT'O CIUIaBY ¥ 3aMIpUTH 3araJibHUI OIip 30HU 3BApIOBAHHS.

5 OuUCTUTH 1HII TUIACTUHU MEXAHIYHUM CIIOCOOOM, a TaK0X TPaBJICH-
HSIM 1 TOBTOPUTH BUMIPH 3arajibHOTO OTIOPY 30HH 3BapPIOBAHHS TPU Pas3u.

B O3naiiomnennsn 3 mexnoo2iero mo4ko6020 36ap06aHHs AIOMIHICCUX
CNn1aeie

1 [TigroryBati TaOaUIIO AJIA 3aMHCY JaHUX BUMIPIB 1 CIIOCTEPEXKEHb
(muB. Tabm. 5.9).

2 Jns maHoi TOBIIMHHM METaly IiAiOpaTH 3a TaOJUISIMHU TBEPIUU PEIKUM
3BapIOBAHHS aJIOMIHIEBOTO CIIaBY ¥ HACTPOITH MAIlIUHY.

3 3BapuTH /1Bl HE3aXUIIIECHI IJIACTUHU TPhbOMA OKPEMHUMHU TOUKAMH.

4 3a4MCTUTH MEXaHIYHUM CIIOCOOOM Bl TUIACTMHU W 3BapUTH iXHIMH
TphOMa TOYKAMHU.

5 [IpoTpaButTH JBI MJIACTUHU i 3BAPUTH IXHIMU TPbOMA TOUKAMHU.

6 BusHauuTH U1l BCIiX 3pa3KiB SAKICTh 3BAPEHOTO 3'€JHAHHS 3a 30BHIMIHIM
BUTJISIZIOM.

7 3pyiiHyBaTH 3pa3Ku, 3aMIpSITH JiaMeTp JIUTOTO Siapa 3BapEHOT TOUKHU U
OIIHUTH SIKICTh 3BAPIOBAHHSI 110 3JIaMy.

Konmponwvni numannsn

1 BuknaaitTe 0coOOJMBOCTI 3BapIOBAHHS HEPKABIFOUHMX CTAJEH.

2SIk oOupaeThCsi 1 BCTAHOBIIOETHCSA PEKUM TOUYKOBOTO 3BAPIOBAHHS
HEPKaBIIOYUX cTaen?

3 Sk BIUIMBa€ BEIMYMHA 3YCHWJUIS CTHUCKY M TPUBANICTh YBIMKHEHHS
CTpyMY Ha SIKICTb 3Bap€HOi TOUKH?



4 BukianiTe 0COOIMBOCTI 3BAPIOBAHHS AJTIOMIHIEBUX CILIABIB.

5 Sk obupaeTrbcsi W BCTAHOBIIOETHCS PEXKUM TOYKOBOTO 3BAPIOBAHHSA
QIFOMIHIEBHX CIUIaBIB?

6 Sk BIIMBae€ 3a4MILEHHS MMOBEPXHI JETaeH, 110 3Baprol0Th, 3 AJIIOMI-
HIEBUX CILJIaBIB HA BEJIMYMHY 3arajbHOr0 ONOPY 30HU 3BApPIOBaHHS 1 SIKICTh 3Ba-
peHO1 TOUKu?

5.3 3Bit npo 1adoparopHy podory Ne 5

O3HATOMIEHHA 3 MEXHOI02I€10 MOUKO0B020 36API0BAHHI HEPHCABIIOUUX
cmanei i QIrOMIHIEGUX CNIIAGIE

[Ipi3BuIe cryaeHTa
I'pymna JlaTa BUKOHAHHS

A O3HaiiomeHHA 3 MEXHON02IEI0 MOUK08020 36API0BAHHA HEPHCABIIOUUX
XpOMOHIKeneeux cmaneil

(Ecki3u 3BapeHuX 3'€/THaHb 13 BKa31BKOIO MiCIlh AE(EKTIB)
BuchHoBku 1o po6oTi

Tabnuys 5.7 — /{na 3anucieé 0anux 8UMIpro8aHs U 00YUCIEHb

XapakTepuUCTUKa PEKUMY

Meran
ToBmmMHA MeTany, MM
[IaGeas MOTY)HOCTI

3ycwiuisa cTucky, H
TpuBanicTh yBIMKHEHHS, 3
BOCTI1, MM
JliameTp TUTOTO SIApa, MM

JliaMmeTp 30HH KOJIBPIB MIHJIH-
PesynbraT ornsay ¥ BUIIpoOy-
BaHb

Hopwmanbnauii

TBepanii

31 3HM)KEHUM 3YCHIIISIM CTHCKY
31 301IBIIIEHO0 TPUBATIICTIO
YBIMKHEHHS CTPYMY




b Buznauennsa éniugy uucmomu nogepxHi oemaieii 3 AnlOMIiHI€8UX CN1ABIE
Ha 3a2anbHUll Onip 30HU 36aPIOEAHHA

(Cxema mociify 13 BKIOYEHHSIM MTPUIIAJIIB)
Ilpumimka. Tlpu BUMIpIOBaHHI OMOPIB aMIEPMETPOM 1 BOJIBTMETPOM
10 TabuuIl HEoOXiJHO BHECTH nonatkoBo rpadu: «Ctpym» i «CnagaHHs

HANpyTu».
BucHOBKH 110 po0OOTI

Tabnuys 5.8 — /{na 3anucieé danux eumipis ti 064ucieHdb

MOBEPXHi

3arajgbHuUM oMip 30HU 3BApPIOBAHHS,

MKOM

[Tpumitka

Mertan
ToBumHa MeTany, MM
Cooci0 maroToBKu

1-# 3amip

2-i1 3amip

3-ii 3amip

4-i1 3amip

be3s miaroroBku

MexaH14He
3a4YUILICHHS

TpaBiieHHs

B O3naiiomnennsn 3 mexnonoziero mo4ko6020 36ap06aHHs ANIOMIHIEGUX
CNniaeie

(Ecki3u 3Bapenux 3'e1HaHb 13 BKa31BKOIO MiCIlb J1e(DEKTIB)

BucHoBKH 110 po0OOTI

[Tignuc cTyneHta

BucHoBOK BukiIagaua

Tabnauys 5.9 — J{na 3anucieé 0anux 8UMIiproO8aHs Ui 0OYUCTIEHD

Croci0 maroToBKu
MOBEPXHI

ToBmmHa Me-
Tally, MM

Meran

JliameTp muToro
saapa 3BapeHol
TOYKH, MM

Pesynbratn
OTJIsAly ¥ BU-
npoOyBaHHs

be3 miaroroBku

MexaH14He 3aUHIIEHHS

TpaBienHs




JIABOPATOPHA POBOTA Ne 6

BUBYEHHS IUO®POBOT'O PEI'YJISITOPA IIUKJTY 3BAPIOBAHHS
CEPIi PKC

6.1 3arajabHi BizoMocTi

Jlns kepyBaHHS TPHUBAJICTIO OKPEMHX OTMeparfiii 1 MOCIIJOBHICTIO UKy
3BapIOBaHHSA HAa TOYKOBHX 1 pelbe(PHUX MAIIMHAX 3aCTOCOBYIOTH PI3HI PEryJs-
TopH 4yacy. HalmpocTimmuii peryiasTop 4acy — eJIeKTpOMeXaHIYHUM. Y CydacHUX
MalTuHaX aBTOMATUYHOI /i1 3aCTOCOBYIOTHCS Pi3HI BUAM anaparypu KEpyBaHHS:
yHI()IKOBaH1 €JIEKTPOHHI OJIOKH, PEryJsiTOpd LMKIY 3BaptoBaHHsa Tuny PBU,
eJIEKTPOHHI U(PPOBI perymsTopu UKy 3BaptoBanus cepii PKC.
Perynaropu npu3HaueHi sl KEpYBaHHS 3BApIOBAILHUM IIUKJIOM KOHTAKT-
HUX MallliH 1 QYHKI[IOHYIOTh Y 3aKpUTHX MpUMIiIeHHSX. HaBkonumiHe cepeno-
BUILIC IOBUHHE OYTU HEBUOYXOHEOE3MEYHUM, SIKE HE MICTUTh CTPYMOITPOBIAHOTO
MUTY, arPECUBHUX Ta31B 1 Mapu y KOHIEHTPAIIIAX, 1[0 PYWHYE METaIH 1 1301110,
Tunu i npu3HaAYeHHS PEeryiasTopiB (KepyBaHHsS 3BAPIOBAIBHUM LIUKIIOM)
HaBEJICHI HKYE:
PBU-501 — nns xepyBaHHS MalliHAMU KOHTAaKTHOTO 3BaprOBaHHS 3MiH-
HOTO CTPYMY 3 TIOCTIHUM 3BapIOBAILHUM 3yCHILISIM;

PBU-504 — nns xepyBaHHS MalliHAMU KOHTAaKTHOTO 3BaprOBaHHS 3MiH-
HOTO CTPYMY 3 TIOCTIHUM 3BapIOBAIBHUM 3yCHILISIM;

PBU-703 — myist koMITIeKTaIii miBICHUX MaIllTiH KOHTAKTHOTO 3BapIOBaH-
HS 3 TIOCTIHHUM 3yCHILISIM;

PBU-801 — nns xepyBaHHS MallMHAMH KOHTAKTHOTO 3BapIOBaHHS 3MiH-
HOTO CTPYMY 3 TTOCTIMHHUM 3BapIOBAJIbHUM 3YCUJUISIM;

PBC-4 — nns kepyBaHHSI 3BaprOBaJIbHUMHU CEPIMHHMH OJHOTOYKOBHMH,
CITKOBUMHU MaIlIMHAMU, TIICTOJIETAMU 3 PYYHUM KEPYBAHHSIM;

PBD-7-1A-2 — nyst komrutekTaniii omHO()a3HUX MAIIiH KOHTAKTHOTO 3Ba-
PIOBaHHS,

PKM-86 — nmns koMmIuieKTailii TOYKOBUX, PENbe(HUX 1 MOBHUX MAIIIHH,
HU3BKOYACTOTHUX 1 3 BUMIPSMIICHHSM Y BTOPUHHOMY KOHTYPI;
PKM-803 — mi1st koMIUIEKTail OJHO- Ta ABOXIIOCTOBHX KOHTAKTHHUX Ma-

IIUH 3MIHHOTO CTPyMY, BUKOPUCTOBYBAHUX JIJIsi 3BaprOBAHHS 3ara-
JHHOTO MPU3HAYCHHS;
PKM-1501-1 — asist perystoBaHHSI BEJIMUUH 3BAPIOBAIBHOTO CTPYMY 3 ajari-
TAII€I0 10 YMOB 3BapIOBaHHS TOUYKOBUX, PEIbe(HUX 1 HIOBHUX MAIIHH;
PKC-801 — mys xomrutekTartii ogHo(pa3HUX MaIIuH KOHTAKTHOTO 3BapIo-
BaHHS, 110 MAIOTh TUPUCTOPHUN KOHTAKTOP.



Perynsaropu cepii PKC B3aemo3amiHHI MK COOOIO i 3 aHAJIOTOBUMHM pe-
rynsitopamu cepii PLIC Toro sk npu3HadeHHs 3 BUKOPUCTAHHSAM €JIeMeHTiB «JIo-
rika - T», mo cepiitHo Bunyckanucs panimie (PLIC - 301, PLIC - 403, PLIC - 502,
PLIC - 503).

OpHak BOHU MICTSTh PsAJl HOBUX BY3JiB 1 OJIOKIB 3aBAaHHS OCHOBHHX Ma-
paMeTpiB NPOLIECY 3BAPIOBAaHHS W KepyBaHHS 3BaplOBaJbHUM CTPYMOM 13
IIPUHLUIIOBO HOBUMU By3JJaMH aBTOMaTHYHOI'O HACTPOIOBAHHS PEXUMY Ha KO-
eQILI€HT MOTY>XHOCTI HABAaHTa)XCHHsI 3BaprOBajJbHOI MaIIMHHU. 3aCTOCYBaHHS
[UX BY3JIB J03BOJIE€ BIAMOBUTHUCS BiJl MPOBEICHHS HACTPOIOBAHHS PEKUMY
3BaplOBaHHs B YMOBaxX BUPOOHMIITBA, 30UIBIIMTH BUKOPHCTAHHS MAIIMHHU 3a
CTPYMOM (BCTAHOBJIEHO1 MOTYKHOCTI) 1 HNIABUIIUTU MPOAYKTUBHICTH MIPHU 3Ba-
PIOBAaHHI 32 pPaXyHOK CKOPOYEHHS 4acy MO3HIil «3BaplOBaHHA» Yy 3arajbHOMY
LUKJI1 3BapIOBAHHS.

Kepysanns 3eaprosanvnum cmpymom y pecyaamopax cepii PKC

B onHoda3zHux MammHax KOHTAKTHOT'O 3BaprOBaHHSA KEpyBaHHS AIIOYUM
3HAYEHHSAM 3BaprOBAJILHOTO CTPYMY 3MIIMCHIOETHCS TUPUCTOPHUM KOHTAKTOPOM,
YBIMKHEHHS SIKOTO Ha 4Yac MO3MIIli MUKITY «3BaproBaHHI» IMIyJbcamu 3 (a3o-
BUM DPETYJTIOBAHHSIM BUKOHYETHCS Bl PETYJSITOpA IMUKITY. 3HAYEHHS 3BaprOBa-
JHHOTO CTPYMY 3aJISKHTh BiJ] piBHS HANpPyrd Ha BTOPUHHIN OOMOTIII 3BaproBa-
JHHOTO TpaHchopMaTopa, 1110 3a/1a€ nepeMruKademM adiB 3 00Ky HOTO MepBUH-
HOT (MepexkHOi) 0OMOTKHM, TOBHOTO OMOPY BTOPUHHOIO KOHTYpY M KyTa YBI-
MKHEHHS THPHCTOPIB KOHTAKTOPA.

3MiHa A1I0Y0ro 3HAYEHHS 3BapIOBAJIBHOTO CTPYMY 3a JIOMOMOrow ¢azo-
BOTO PEryJIOBaHHS MOXJIMBA TUTBKK y O1K MOTO 3MEHIIIEHHS BiJ BiAMOBIAHOTO
3HauY€HHS MOBHO(A3HOTO CTPYyMY, TOOTO Mpu OyAb-sIKUX 3MIHAX TTapaMeTpiB Ha-
BaHTa)XyBaJbHOTO KOHTYPY ¥ BJIACTUBOCTEH MarepiaiiB, 10 3BapiOIOTh, TIOBUH-
HE JOTPUMYBATHUCS « > ¢, YMOBA (0 — KyT BIIKPUTTSI TUPUCTOPA; ¢, — 3PYIICHHS

da3 MDK Hampyrow Mepexi W moBHodpazHUM cTpymoM). HemoTpumanus wi€i
YMOBH TPHUBOJIUTH O PEKUMY OJHOHAMIBIEPIOJHOTO BUIIPSMIICHHS CTPyMY B
NEepBUHHIA 0OMOTIII TpaHc(opmaTopa, MBUAKOMY HOTO HACHUYEHHIO W aBapiid-
HOMY BIJKITFOUEHHIO PEXHUMY, OJM3bKOTO 0O KOPOTKOTO 3aMHUKaHHS 3 OOKY Iep-
BUHHOI (MEPEXKHOT) 0OMOTKH TpaHcpopmaTopa.

Xapaxmepucmuka cepii pezynamopie PKC-502, PK C-801
CepiiiHuil BUITYCK IIUX PETYNATOPIiB moyaBcs 3 1987 p. BIAMOBIAHO 110 3a-

rabHUX TeXHIYHUX YMOB TVY 16-421.037-85, a 3 1988 p. BoHM noyanu 3aMiHATH
perynstopu PKC-501, PKC-601, PKC-901, Bunyck sikux npunuHEHUH.



I cepist perysisTopiB J03BOJIAE€ 30UIBIIUTUA CTYIMIHb aBTOMAaTH3allll cTa-
[[IOHAPHUX 1 MIABICHUX OJHO(GA3HUX MAIIUH KOHTAKTHOTO 3BapIOBAHHS, PO3IIIH-
PUTH MOXJIMBOCTI 3aCTOCYBaHHS IIMX MAIIMH B aBTOMAaTU30BAHUX KOMIUIEKCAX 1
JHISX TIPU KepyBaHHI HUMHM Bij neHTpadbHux EOM, 3a0e3nedye MOXKIUBICTD
iXHBOT pOOOTH OJJHOYACHO 3 PI3HUMHU CHCTEMAaMH aBTOMAaTUYHOTO PETYJIIOBaHHS
1 KepyBaHHS SIKICTIO 3BapEHUX 3'€IHAHb.

Perynstopu PKC BukoHaHi y BUTIIANI OKPEMHX NPHWIAMIB HACTIIBHO-
CTIMKOBOTO THUITY, IO 3'€IHYIOTH 31 3BapPIOBAIILHOI0 MAIIMHOIO 32 JOMOMOTOIO
po3HimMaHHs. Ha nuiboBii maHeni po3TalioBaHi BCl €IEMEHTH ISl yCTaHOBKH
pexuMy poOOTH, TPUBAIOCTI KOXKHOT MO3ULIT IIUKITY, JUIsl KEpyBaHHs 3BaprOBa-
JBHUM CTPYMOM 1 CBITJIOBOIO CUTHAJI3alll€l0. Y BIMKHEHHS PETYJISATOPIB 31 C-
HIOETHCS TIPU TOJ[a4l HAMPYTH JKUBJICHHS HA 3BApIOBalbHY MAIlMHY MiCIIS 3a-
MUKaHHS JBOX KOHTAKTIB KEPYBaHHS MAIIMHOO (TIeAai).

VY monoxeHHI mepeMukada poay pobotu «OauHOUYHE 3BapIOBAHHS» pe-
TYJISITOPY TIPY YBIMKHEHIH Meaalii JO3BOJISIIOTh BUKOHYBATH TUIBKUA OJWH ITUKJI
3BaptoBaHHs. J[Jist 3A1HiCHEHHSI HACTYTHOTO 3BapIOBaHHS HEOOX1THO PO3IMKHY-
TH ¥ 3HOBY 3aMKHYTH NeAaib. Y MOJIOkKEHHI nepemukada «Cepisi 3BaproBaHb
IpU 3aMKHYTOMY JIAHIIO31 MeNalli PEeryjsTOpd aBTOMATUYHO MOBTOPIOIOTH
YCTAaHOBJICHUH IIUKJ 3BaploBaHHs, mpuioMy mo3uiis «llomepenne oO6TucHeH-
HsD» BUKJTIOYAETHCS 13 IUKITY MICIS MPOXOHKEHHS MEepIIoro 3BaproBaHHs. [Ipu
PO3MHKaHHI TIeJaiai 10 MOMEHTY MOYaTKy MPOXOHKEHHS MO3UIlii «3BaproBaH-
HS» IUKIJ MEPEePUBAETHCS, NMPU PO3MHUKAHHI Teall HA MOYATKY €l MO3HUIi
IIUKJI JJOXOAUTH JO KIiHI. YCi peryiasiTOpu MaloTh TyMOJIep pexuMy poOoTu
«31 3BaproBaHHAM» i «be3 3BaproBaHH».

[Topsia 3 po3iupeHHsIM (YHKIIOHATEHUX MOXIUBOCTEH PEryJIsITOPIB KiIb
KICTh MOJIeJIeid HOBOI cepii BJaaocsi CKOPOTUTH JIO JIBOX THIIIB: I'ITH- 1 BOCBMHU-
nosumianx — PKC-502 i PKC-801 (puc. 6.1) Bianosigno. O6uaBa perysisiropu
po3MillieH1 B Kopiryci, mo mae radaputu peryiasropiB PKC-501 1 PKC-601. ¥V
HOBHUX PETYJATOPaX, 3aBASKA HASBHOCTI OJIOKY aBTOMATHYHOTO HACTPOIOBAHHS
Ha KOe(IIIEHT MOTYXXHOCTI MAIIvMHH, el MPUCTPI MOKHA BUMHUKATH, SKIIO
Oyne motpeba, TyMOJIepOM Ha JUIIbOBIM MaHesl 0e3 MmepeHanaroKeHb peryJs-
TOPIB, 110 BUKIIIOYAIOTH MEPEXi]] poOOTH YCTATKyBaHHS B aBapiHUI PEKUM.

Pucynok 6.1 — Pezynamop yuxiy konmaxkmuoz2o 3eapioeanns PKC-801



3anexHICTh SAKOCTI 3BapIOBaHHSA BiJ BEJIMKOI KUTBKOCTI (akTopiB (reome-
Tpisi BY3J1B, OCOOJMBOCTI CKJIAQJaHHs, TEIUIO- Ta €JEeKTPO(]i3nyHI BIACTUBOCTI
MaTepiaiiB, XapaKTePUCTUKHA MAITUHU, CIEKTPUYHI TapaMETPHU PEXKUMY 3BapIo-
BaHHS W T.A.) HE JO3BOJISIE CTBOPUTH YHIBEpCANbHY €()EKTUBHY CHUCTEMY aBTO-
MaTUYHOTO KE€pyBaHHs MPOIECOM 3BAPIOBaHHS 0 30yprOBaHHIO BCIX (DAKTOpIB
a00 3a SKUM-HEOY/Ib KPUTEPIEM SIKOCTI 3BapIOBAHHS.

BrnuB Oynb-sK0i cuCTEMH KEepyBaHHS Ha MPOIEC 3BAPIOBAHHS BH3HAYa-
€THCS JIUIIE 3MIHOIO 3HAYCHHSI 3BapPIOBAILHOTO CTPYMY M TPHBAJIOCTI HOTO TIpO-
TikaHHA (0€3 ypaxyBaHHsI BIUIUBY 3YCHJIJISL CTUCKY €JIEKTPOJIIB).

Tomy B perymsaropax PKC-502 1 PKC-801 yBenmeHi By3iu 30BHIIIHBOTO
JTUCTAHIIHOTO KepyBaHHsI 3BapIOBAILHUM CTPYMOM i OOMEKEHHS 4acy 3Bapro-
BaHHS, 110 JI0O3BOJISIE BUKOPUCTATH OyIb-SKI JIaTYUKU MPOIIECY 3BapIOBAHHS B
PI3HUX CHCTEMax aBTOMAaTHUYHOT'O PErYyJIIOBAHHSA M KEepyBaHHS 3BapIOBaHHSM, a
TaKOX 3A1MCHIOBATH IIUPOKHUI BUOIP PEXKUMIB 3BAPIOBAHHS M NEpPEXi] 3 OJHOrO
peXKUMY Ha OYyIb-SIKUM 1HIIIIH.

Jlyist 61IbII PIBHOMIPHOTO 3aBaHTaKEHHS (a3 )KUBUILHOI MEPEXi MPHU Po-
00TI BEIMKOI KIIBKOCTI ofHO(a3HuX MamuH y perynaropax PKC-502 1 PKC-
801 yBeneH1 By3Jid 3aTPUMKH YBIMKHEHHS 3BaplOBajbHOTO CTPyMYy HANpPHUKIHII
no3utlii « CTUCK» 0 MPUXOLy CUTHAITY TIPO 03BUI. [[71s1 3/MiliCHEHHST MOKITUBOC-
T1 (pOpMyBaHHS LBOIO PO3B'SI3HOTO CUTHAITY KOXKHUHN PETYJISTOP BUJAE JOTTYHUI
CUTHAJ Ha Yac MPOTIKaHHS 3BAPIOBATBHOTO CTPYMY.

[Muknorpamu po6otu perynsaropiB PKC-502 1 PKC-801 mpencraBneni
Ha puc. 6.2.
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Pucynox 6.2 — L{uknoepamu pobomu pezynamopie PKC-502 (a) ma PKC-801 (6)



Perynstop PKC — 502 3a0e3neuye poOOTy 3BaproBajibHOT MAIlIMHU 32 LIU-
kioM: «Ilonepeane ootucHeHHs (t1), «CTUCK» (1), «3BaproBanH» (3 ), «IIpo-
KOBYBaHH» (t3) 1 «[Tay3a» (ts5). ¥ pexumi «Cepist 3BaproBanby no3uilis «llome-
peaHE OOTHCHEHHS CIPAIlbOBYE JIUIIE B TIEPIIOMY ITHKJII.

TpuBanicTh KOXKHOT MO3UIIIT UKy MOXE BCTAHOBIIIOBATUCS JUCKPETHO B
niarma3oHi 1 - 99 nepiofiB 4acTOTH KUBUIBHOT MEpeXl Yepe3 OJUH Iepioa U y
nianasoHi 4 - 396 nepiofiB 3 TUCKPETHICTIO YOTHPU TIEPIOU MPU YBIMKHEHOMY
MHOXXHHUKY Ha 4. 3aTpuMKa UKy HAmpUKiHI mo3uiii « CTUCK» YMOBHO TIOKa-
3aHa y BUIIISIAL po3iMKHYTOro Kitova Kj Ha puc. 6.2, a. Ha yac t; —tg perynarop

3a0e3nedye yBIMKHEHHS TPaH3WCTOPHOT'O ONTPOHA, 3aTHOIO0 KOMYTYBaTH 30B-
HILTHIO HANpYTy 13 IPUITyCTUMUM piBHEM 110 15 B mpu ctpymi 1o 5 MA. 3arpu-
MKa MUKy 3BaproBaHHSA Ha mo3ullii «CTHCK» (10 3aMHMKaHHS Kiroda K;), a Ta-
KOJX MPUITMHEHHSI POTiKaHHs 3BaproBajibHOro cTpymy (U;) 3abe3nedyerbes mpu
moja4i 30BHINTHIX BX1IHUX CUTHAIIB 3 piBHeM Hanpyru (5 + 0,5) B npu cnoxu-
BaHHI CTpyMy 70 15 MA.

PiBens Hanpyru BxigHOro curHany Ui U1 KepyBaHHS 3HAYCHHSIM 3Baplo-
BaJbHOTO cTpyMmy B nianazoni 100 - 50% Big moBHO(}A3HOTO CTPYMY CTaHOBUTD
BianoBigHO O - 10 B pu cioskuBaHHI cTpyMy 70 15 MA.

Perynsarop PKC-801 mae BiciM peryipboBaHUX i OJHY HEPETYJIhOBaHY 3a
TPUBAICTIO IMO3MIIIIO 3BapIOBAIBHOTO ITUKY: «IlomepeaHe oOTHCHEHHS» (HEpe-
rynboBaHa, t,), «Ctuck» (t;), «OxomomkeHHs» (tp), «3BaproBaHHs 1» (t3), «IIpo-
KOByBaHHS» (t5), «3BaproBaHHs 2» (tg), «IIpokoByBanHs 2» (t7), «[lay3a» (ts),
3aTpUMKa YBIMKHEHHS ITiJIBHIIIEHOTO 3yCHJIIS MMPOKOBYBAHHS 1100 KiHIIS TIO3H-
1ii «3BaproBanHa 1» — «3arpumka KyBaHHm» (t4) (puc. 6.2, 0).

Tpusanicts no3unii «llonepenne o0tucHenHs» (tp) cranoButh 30 mepio-
JIIB YaCTOTH MEPeXI1, MO3UIIH ty, t3, ts, tg, t7, ts — 1-99 mepioxiB, mo3uiii t, i t4 —
1-9 mepioniB. PerynsTop ciopsakeHnii MHOKHUKOM Ha 2 yCIX MO3UIIN UKITY 3
JUCKPETHICTIO YCTAaHOBKM JBa mepioau. [lapameTpu curHaiiB KepyBaHHS Ha-
npyramu U;, U, U, 1 kmoueM K Taki xk, sk 1 ans perynsropa PKC-502. Tle-
penbaueno tymonep (xkmou K;), M0 103BOJISE BUKITIOYUTH 13 IUKIY TO3HIIIT
TepMOOOpOOKH (tg + t; = 0).

Jlnst mo3uttii «3BaproBaHHs 1» mependaueHuii pekuM IMyJIbCYIOUOro 3Ba-
pIOBaHHS 3 MOBTOPEHHSM (t; + t3) Bim 1 1m0 9 pasziB. @pOHT MEpIIOTO IMITYILCY
3BapIOBAJILHOTO CTPYMY «3BapIOBaHHSI» MOKEe OyTH MOJIYJIBOBAHHWH 13 4acoMm
HapocTtanHs 10 0,12 - 0,28 c.

Kpim pob6ouoro 3ycusmis Ha enekrpoaax Fsg y perymsropi PKC-801 me-
pendavyeHa MOXKIIMBICTD J0JIaTKa JBOX I1JIBHUINECHUX 3yCHJIb — MOMEPETHBOTO 00-
tucHeHHA F o5, Ha yac mo3uii «Ctuck» (t;) 1 KyBanbHOro Fy 13 3aTpuMKOI0 HOTO
nonatka (t4) 10 3aKiHYEHHS OCTAHHBOTO IMITYJIbCY 3BaprOBabLHOTO CTPYMY
«3BaproBanus 1». OcuoBHi napametpu peryistopiB PKC naseaeni B Tabm. 6.1.



Tabnuysa 6.1 — TexHiuni xapaxmepucmuku pecyasimopie KOHMAaKmHO20 36aPHO8AHHS.

Tun PKM-86 PKM-803 PKC-801
EleMentia Gasa MikpomnporiecopHa | MikpomporiecopHa Ha i.HTGFpaJII)HI/IX
CHUCTEMa KepyBaHHsI | CHCTEMa KepyBaHHS MIKpOCXeMax

Hamnpyra xuBneHHs B 220 220 220, 380
CnioxuBaHa MOTYXKHICTh B. A 50 60 —
KinbkicTh perynbOoBaHUX BHTPUMOK B 7 2 o
9yacy 3BapIOBAILHOTO IUKITY
KinbKicTh IMITyJIbCIB 3BapIOBAIBHOTO B 1—999 0_10 (1-9)+1
CTpyMy
Kinbkicts iMnynbciB 3BapIOBAJIbHOTO B 0-999 0-10 o
CTPYMY 3 HarpiBaHHSIM
Mexi peryntoBaHHsS dYacy 3BaproBa- o - - 30. 60
JBHOTO LUKITY: ’
— HoNepeHIN CTUCK [lepioniB 0-999 0-510 1-99,2-198
— CTHUCK Ilepionis 0-999 0-510 1-99
— imnynibe | (mepiuit) [lepioniB 0-999 0-510 1-99,2-198
— iHTEepBaI [lepionin 0-999 0-510 1-99
— immynbe 11 (mpyruit) [lepionin 0-999 0-510 2-198
— IIOYaTOK KYBaHHSI [epioxai 0-999 0-510 1-99
— IPOKOBYBAHHS [lepioniB 0-999 0-510 2-198
— nays3a [lepioniB 0-999 0-510 1-99
Mexi peryJroBaHHsS JIFOYOTO 3Ha-
YeHHS 3BaproBalibHOTO cTpymy ((a- % 50—-100 30— 100 -

30B€ pEryJIOBaHH)




IIpooosoicenns mabauyi 6.1

Tun PKM-86 PKM-803 PKC-801

TpuBainicte H TaHHS I HBOT .
q)go;:; ’ iMH;Jl'f:sya 3BapI(e)I];ZfI[BH(())I‘g Hepionis, — — —

HE MEHIIIe
CTpyMy (MOJTYJISIIIT)
3MiHa J1F0YOr0 3HAYCHHS 3BaprOBa-
JBHOTO CTPYMY NPU KOJIMBAHHSX Ha- (KOJIMBaHHS
pYyru KUBUILHOT Mepexi Big 0,9 1o % +3 +3 BizT -10% 1o
1,05 HOMIHANIBHOTO 3HA4YeHHS (CTabi- +5%) 3
Ji3allisi CTpymy)
Mexi HiI[Cl.“pOIOBaHHH Ha KoeQIlieHT cos @ B B B
MOTY)KHOCTI HAaBAaHTAXCHHS
[lapameTpu 1MIOYyJIbCIB KEepyBaHHSA
TUPUCTOPAMHU:
a) aMmIUNTyJa BHUXITHOI HANpyrd Ha
oropi 6 Om=5 %:
— HE MEHIIE B 24
— He OuTbIe B 40 20 20£5
0) TpUBaIICTh IMIYJbCY Ha PiBHI 15
V:
— HE MEHIIIE Ilepionis 150
— He OUIbIIe Ilepionis 200 200 200+ 100
[TapameTpu curHany s KUBJICHHS B 24 — 40 24 +£2.5 24 +£2.5
IPUCTPOIB MOCTIHHOTO CTPyMY A 0.5-1 0.5 0.5
KiJIbKICTh BUXIJTHUX MPUCTPOIB — 16 2 —
Maca, He Oible KT 6 — —




DyHKyioHabHi 8y31U pecyiaAmopie

[Tpuaunu noOya0BU UGPOBUX PEryJSTOPIB ITUKIY 3BapIOBaHHS cepil
PKC, a takox caMi MPUHITUIIOB] €JIEKTPUYHI CXEMHU OKPEMHX BY3JIiB 1 OJIOKIB €
3arajJbHUMU JUISl PaJIIOEIEKTPOHHUX 1 BUMIPIOBAJIILHUX MPHUCTPOIB 13 3aCTOCY-
BaHHSIM €JIEMEHTIB O0YMCIIIOBAJILHOT TEXHIKH.

By3zoun mxepena >KUBJIEHHS CIIY>KUTh JJi 3a0e3MeueHHs BCiX OJIOKIB pery-
JSITOPIB HAIIPYTOI0 HEOOX1JHUX PIBHIB, (hOpM 1 cTablnbHOCTI. BiH ckilagaeThes 3
JTHIMHUX KOMIEHCALIMHUX cTa0UI13aTOPIB, 110 3a0e3MeuyoTh Hanpyry 5 B mis
xuBJeHHs MikpocxeMm cepil K155 31 ctpymom HaBantaxkenus 0,55 - 0,56 A mis
PKC-502 1 0,72 - 0,74 A nna PKC-801, 12 B Tta - 12 B — 171 KUBJICHHS CXEM
nycKy i ¢azoBoro peryiroBaHHs. By3oun 3abe3neuye Takox *KUBJICHHS TpaH3UC-
TOPHUX ITICHITFOBAYIB €JICKTPOITHEBMATUYHUX KJIallaHIB HAPYTOIO 13 CEpeIHIM
3HaueHHAM 24 B, miJcuiIioBadiB IMITYJIbCIB KEPYBaHHS TUPUCTOPHUM KOHTAKTO-
pOM — HecTallI1130BaHOI0 Hanmpyro 24 B i1 By3ia TakTyBaHHSI — 3MIHHOIO Ha-
npyroto 24 B. ¥V kananax 5 B Tta 12 B 3acTocoBanuii 3aXucT BiJ KOPOTKOTO 3a-
MUKaHHS B JIAHII031 HABAaHTAKCHH.

By3oin BcTaHoBneHHs «0» >KUBJIEHHS IPU3HAYEHUM U1l YCTAHOBKH JIIUMIIb-
HUKIB 1 TPUTEPIB Y BUX1HE TIOJIOKEHHSI TP YBIMKHEHHI PETYJISTOPA B MEPEKY.

By3on TakTyBaHHsS BHpOOJis€ Tpu cepii TakTOBHX IMIynbCiB «1TWy,
«Q2TWN», «3TW», 3mimeHux y 4aci MK coboro. Ili iMIynIbCcH TpPUBATICTIO
100 MKC 1 94aCTOTOIO MOBTOPEHHS, PIBHIN YacCTOTI >KUBHIIBHOI MEPEXi, CIIy»KaTb
JUIsl KepyBaHHS pOOOTOIO JIYMIIBHUKIB 1 PETICTPIB, ISl OJIepKaHHS BCiX HEOO-
X1IHUX KEPYIOUMX CHTHAJIB: PaXyHKOBUX IMIYJbCIB, IO (POPMYIOTh CHUTHAIU
YCTAaHOBKM B PI3HI CTaHM TPUrepiB Mam'siTi, CUTHAJIW MIATOTOBKU 10 poOOTH
OKpEMHUX €JIEMEHTIB, IMITyJIbCIB OJIOKyBaHHS, 3axucTy ¥ iH. [loOynoBa nmpuHIu-
MOBHUX EJIEKTPUYHUX CXEM PETYJATOPIB 3 BUKOPUCTAHHAM LIMX CEPi TaKTOBUX
IMITYJIBCIB 1 CUTHAJIIB Ha iXH1H OCHOBI1 3a0€3MeUnII0 BUCOKUHN PIBEHb 3aXUCTY pe-
T'YJSITOPIB BiJ] BIUTMBY 30BHIIIHIX 1 BHYTPIIIHIX MEPEITKO.

By3zon mycky ¢opmye curnan «llyck» mpu HaTHCKaHHI MeJani 3BaproBa-
JHHOI MalIMHU ¥ 3abe3meduye 3axXUCT BiJl TOMUJIKOBUX YBIMKHEHb PETYISATOpa
IPU PO3IMKHYTOMY JIAHIIIO31 Meaali.

By3071 niacuitoBayiB NpU3HAYEHUH AJI MOCUJIEHHS IMITYJIbCIB KEPYBaHHS
TUPUCTOPHUM KOHTAKTOPOM, CHOPMOBAHMX y BY3J (pa30BOTO KepyBaHHS, CHT-
HaJIB 3 By3/1a MO3HUIIHA TSI BKIFOYCHHS KJIAMAaHIB MPUBOJA CTUCKY MAIUHU ¢
JUIS KOMYyTallli CATHAIBHUX CBITJIOAI0/IB By3J1a 1HIMKAIII].

By3on 3axucrty 3a0e3nedye 3aXHCT JIAHIIOT1B KUBJICHHS KJIamaHiB BiJ I1e-
peBaHTaKEHb 3a CTpyMOM. BiH Mae nBa kaHamu: 1) MIBUAKOMIFOYWHN, IO CIpa-
LOBYE NPU MEPEBUIIECHHI CTPYMOM HaBaHTaKE€HHs piBHSA 1,5 A, 12) 3 BIIHOCHO
HU3bKOIO IIBUJKOJIEIO (KUIbKA JECATKIB MIKPOCEKYHJ), 3 PIBHEM CIIpalbOBY-
BaHHA | A 1 MOBHICTIO, IO BIJIKJIIOYA€E MIJICUIIIOBAY, XUBJIEHHs KianaHiB. [Ipu
CIPALlbOBYBAHHI 3aXHUCTY BMHUKAETHCS CBITIION10] «3axucT». CKUJAHHS 3aXUCTY
3IACHIOETHCS TIPH 3HATTI )KUBJIEHHS 3 PETYJISTOpA.



By3071 inauKanii npu3HadeHui 1Sl B13yajbHOTO MOJAaHHS 1H(POpMAaLlil Ipo
poboTy peryisropa. BiH ckiiagaeTbes 31 CBITJIOBUX 1HAUKATOPIB, 1[0 BMUKAIOTh-
Csl IPU HASIBHOCTI HANPYT'H Ha peryJsaropi «Mepexa», Ipy YBIMKHEHH1 KO)KHOTO
KJ1armaHa npuBoga ctucky mammHu «Kmaman» (oguH mis PKC-502 1 na ms
PKC-801), mpu BianpaiboByBaHHI mNo3ullii «3BaproBanusy st PKC-502 i
«3BaproBanHs 1», «3BaproBanns 2» — nist PKC-801.

By3o01 ¢a3zoBoro perystoBaHHs CIy>KUTbh ISl KEpYBaHHS (pa30r0 IMITYJIbCIB
YBIMKHEHHSI THPUCTOPHOTO KOHTAKTOpa 3aJIC)KHO BiJ TIOJOXKEHHS TepeMuKada
«HarpiBanus» 1 BiJ] HApPyTH KUBWJILHOI MEpEXi B TMOJIOKEHHI TymOepa 13 yBi-
MKHEHOIO cTadimi3aIier ctpyMy. By3oi MICTUTE cXeMy CHHXPOHI3aIlli i KOpeKIii,
a Takok TpaHchopMaTop, 0 MOAA€ HAIIpyTra 3 TUPUCTOPIB KOHTAKTOpa Ui 3a0€3-
MIEYEHHS aBTOMaTHYHOI'O HACTPOIOBAHHS Ha KOE(IIEHT MOTY>KHOCTI MAILIMHU.

By3on 3aBgaHHs mporpamMu NMpU3HAYEHUN N7 3aBJAHHS PI3HUX ITUKIIOT-
paM, peXKUMIB pOoOOTH 3BapIOBAILHOT MAIlIMHU W 1HTEPBAJIB Yacy IMO3UIlN 3Ba-
PIOBAJILHOTO IUKIY. BiH CKIIAa€ThCsl 3 MPOTPAMHUX MEPEMUKAUIB JECATKIB i
OJIMHUIIb, 110 3aJal0Th TPUBAJIOCTI MO3MIT (KpiM monoxkeHHs «0» - «0» Ha
OyIp-sKiil mo3uuii) 1 yucia immyibceiB 3BaproBanHs aig PKC-801, «Harpisan-
HsD» — NIl YCTAHOBKH PiBHS 3BaprOBajbHOTO cTpyMmy, «HapocTanus» — s 3mi-
HU TPUBAJIOCTI HAPOCTaHHS (POHTY MAKETA IMITYJILCIB 3BAPIOBAIBHOTO CTPYMY B
PKC-801, TymbinepiB «MHOXHUK Ha 2» a00 « MHOKHHK Ha 4» — I YCTAaHOBKH
yacy MO3ULIN LUKy, BAMUKaHHS MiABUILYBalbHUX 3ycwib aia PKC-801, cra-
O1mizaIi cTpyMy, YCTaHOBKH PEXHMIB 31 3BapIOBAIBHIM CTPyMOM a00 0e3 Hbo-
ro, «OnuHoYHe 3BaproBaHHs» ab0 «Cepis 3BapiOBaHb» 1 BUMHUKAHHS PEKUMY
Tepmooopooku st PKC-801.

By301 no3uuiid ciy>XUTh AJi1 MNOCTIAOBHOTO BUKOHAHHS MO3ULIN 3Baplo-
BaJILHOTO IUKITY, KEPYBaHHS By3JamMu (Pa30BOTO PETyIIIOBAHHS ¥ IMiICUITIOBAYIB,
BY3JIOM CKHJIAaHHS TPUTEPIB 1 JIUMIBHUKIB MICIs MPOXOIKEHHS BIJUTIKY TpHUBa-
JIOCT1 TIO3MIIT ¥ HATPUKIHIN HUKITY. By30J1 TYUIbHUKIB 3a0€31e4ye BIJJIIK TUM-
YacOBHMX IHTEPBAJIIB MO3UIIIN 3BapIOBAJIBHOIO LUKIY ¥ BIUIK YMCIIAa IMIYJIbCIB
nysibcyro4oro 3BaptoBanHs B PKC-801.

By3zon pemmdpaTopiB nepeTBOpUTh ABIMKOBHI KO/ 3 By3ja JIIUMILHUKIB
y AECATKOBHIA KOJI JUIS Y3TOJKEHHS 3 JIEKaJHUMU TIepeMHUKadaMHy By3Jia 3aBJIaH-
HS TIPOTPaMH.

By3071 30BHINIHBOTO KEpyBaHHS MPU3HAYCHUH /I 3aTPUMKHU IUKITY Ha
no3utiii «CTUCK», KEpYBaHHS PIBHEM 1 TPUBAIICTIO MPOTIKAHHS 3BAPIOBATBHOTO
CTpyMY ¥ BUa4i JOTIYHOTO CUTHAITY Ha Yac YBIMKHEHHS CTPYMY.

Ilpunyun 0ii pecynamopie

[Tpunuun naii perynstopiB cepii PKC B ocHOBHOMY He BiIPI3HAETHCS Bijl
MPUHLUITY 11 PEryJIATOPiB IIUKIIY 3BaplOBaHHs 1HIIKUX TUMIB. BiH mossrae B mo-
CJIZIOBHOMY BIJUTIKY JI€KIJTbKOX TEXHOJIOTIYHUX IHTEPBAIIB Yacy, BKJIIOUYEHHI
B [I€BHI 1HTE€PBAJIM XKUBJEHHS BUXIJIHUX MPUCTPOIB (KJIaNaHU MPUBOJA CTUCKY i



TUPUCTOPHUN KOHTAKTOp) 1 3/A1MCHEHHI BCiX HEOOXIAHHX OJIOKYBaHb PEXHUMY
3BaproBaHHA. YUCII0 NOCIIJOBHO BIUIIUYBAHUX 1HTEPBAJIIB Yacy B KO)KHOMY pe-
rynsitopi PKC Bu3HadaeThest 9MCIOM pO3PSIiB KUTHIIEBOTO PETiCTpa 3pYyIICHHS,
10 MO’KE€ IPAIfOBaTH B OJHOLMKIOBOMY i 0araTOLMKIOBOMY PEXHMax — Biji-
MOBIJHO B pexuMax «OMHOYHEe 3BapioBaHHs» i «Cepis 3BaprOBaHbY.

[Ipu yBIMKHEHHI peryJiiTopa B Mepexy (1ojadi Hanpyry Ha 3BapIOBAJIbHY
MalIHY) 3alajloeThCs CBITIOBUHM 1HAMKATOp «Mepexay Ha JIMUIbOBIM maHemni i
MICJIE BCTAHOBJICHHS HAMPYTru CTaOLII30BAHUX JKEPEN >KUBJICHHS BY30J yCTa-
HOBKH «0» KUBJICHHS BUPOOJISIE CUTHAJI, IO TIEPEBOJIUTh Y HYJIHLOBUN BUX1THUIA
CTaH yCl TPUTEepU By3Jia MO3UIIIH, JIYMIHBHUKIB IMITYJIBCIB 1 Py JTOMOMIKHHUX
naHIoriB. By3oa TakTyBaHHS BUpPOOJIA€ cepii TAKTOBUX IMITYJIbCIB, IO MPHUIIU-
HSIOTh TOJIANbIIIEe TIPOXOKEHHSI CUTHAMIB. IMITyibcu KepyBaHHS 3 By3ia (azo-
BOT'O PETYJIIOBAHHS IIYHTYBAaHHS TPAH3UCTOPHUMU KIIFOUaMU W HE HAIXOMSTh Ha
BX1Jl BUXITHUX ITIJICHJIIOBaviB. BUX1ITHHI CTaH yCiX €JIE€MEHTIB CXEMHU PETyJIsTO-
piB 30epiraeTbcs 10 YBIMKHEHHS Nealli 3BaplOBAIbHOT MAITUHU.

[Ipu HaTHCKaHHI Meall CUTHAJ 3 By3Ja MyCKY 4epe3 psijl eIEMEHTIB 1 J0-
MOMDKHUX TPUTEPIB 3a TAaKTOBUM iMmysibcoM «2TW» BcTraHoBIO€ B poOOUmii
cTaH Tpurep JiunibHuKa no3ulii «IlomepeaHe oOTUCHEHH» W OJHOYACHO BH-
Jae cTpoOyrOUni IMITYJIbC ISl HAXOKEHHST cMHXpoimMmylibeiB « 1 TH» y By3on
JIYWIBHUKIB. Y BY3J]l JIIUYWJIBHUKIB MOYMHAETHCS BIUTIK no3uiii «llomepenne
OOTHUCHEHHS» ¥ OHOYACHO Yepe3 KePYroUi CXeMH, 0 BUILISIOTH IHTEpPBAI PO-
00TH KJ1araHa MpUBOJa CTUCKY, MOJAETHCS CUTHAJ Ha YBIMKHEHHS IT1ICUITIOBaYa
KJIallaHa ¥ MiJICUIIIoBaYa 1HAMKALIi WOro YBIMKHEHHS. SKIO CTpyM y JaHINO31
KJIarlaHa MepeBUIINTh MPUITYCTUMUN PiBEHbB, 3 By3Jla 3aXUCTY Y BY30J] MiACUIIIO-
Baya HaJilIe 3a00pOHHUIN CUTHAI 1 MIJCHIIIOBAY KilanaHa BUMKHHEThCS. OHO-
JacHO 3 IIMM Yy BY3JI1 1HJHMKAIlli BMHUKA€EThCS CBITIONION «3axuCT». 3a3HAUCHHM
3axucT nependadenuit auie B perynstopax PKC-502, PKC-801.

[Ipu BiIIKY AEKATHUMH JIYUIBHUKAMU JECATKIB M OJUHUIIL TMEPIOiB
(cxeMa 13 MPUPOTHUM TOPSAKOM PaxXyHKY), IO BIAMOBIAAIOTH iXHROMY YHCITY,
BCTAHOBJICHOMY TepeMHUKadaMH TpUBaiIocTi mo3ulli «[lonepenne oOTUCHEHHS Y,
1 30iry KOAIB y JIYWJIbHUKY W TIepeMHuKayax Ii€i mo3ullli 31 cxemu aemudparo-
pIB HaJXOJUTh CUTHAJ BHCOKOTO PiBHS, 110 4Yepe3 psJl CXeM 30iry BHIAE 1M-
MyJIbC TPO 3aKIHYEHHS TPHUBAIOCTI ITi€i mo3uilii. 3a TaKTOBUMHU IMITyJIbCAMH
«2TWN», «3TW» # iuBepcHU curnan «1TH» 3a 101MOMOror JOTMOMIXHUX TPUTeE-
piB «llo3utisy, «IliaroToBKay, «3pyiieHHs» (HOPMYIOTHCS 3 TIEBHUM 3pYIICH-
HSM y 4Yaci CHTHaIH, 10 BCTAaHOBIIOIOTH JIIYWIBHUKH y BUXIIHUN HYJIbOBUI
cTaH, a Tpurep pericrpa « CTUCK» — y poOoUnii CTaH.

[TIpn yBimMkHEeHHI Tpurepa «CTHUCK» TMOYHHAETHCS BIJUIIK BCTaHOBJICHOI
TpUBAJIOCTI 1i€1 mo3uliii. ToYyHO Tak camo miclig 3aKiHYeHHS BiAJIIKY TPUBAJIOCTI
no3uuii «CTUCK» POPMYETHCS CUTHAN 3aKIHYEHHS MO3UIIIT i BUPOOISIOTHCS CHU-
THAJIA, 110 BCTAHOBIIOIOTHh Y BUXIIHWA HYJIHOBHM CTaH JIYUILHUKH TPUBATIOCTI
MO3UIIIHA, a 32 CUTHAJIOM «3pYIICHHS» BiI0YBa€ThCA YCTAaHOBKA PETICTpa By3Jja
MO3UIIIN Yy HACTYNMHUM CTaH «3BaproBaHH» («3BaproBaHHS 1») 1 aHAJIOTIYHO
3MIIACHIOETHCS YBIMKHEHHSI 1HILIMX PO3PSIIIB PETICTpA.



3 mo4aTKOM BIUTIKY MO3UIT «3BaprOBaHH» 3 By3Jia MO3UIINA Y By301 (a-
30BOT0 PEryJIIOBaHHS HAJIXOJIUTh CTPOOYIOUMUA CUTHAJ «3BaprOBaHHs», IO J10-
3BOJISIE HAAXO/KEHHS! CPOPMOBAHUX IMITYJIBCIB 10 By3Jia MiJICHITIOBAYIB, 3BIAKU
BOHH HAJXOJATh 0 THPUCTOPHOTO KOHTaKkTopa. Kpim Toro, mpoTsarom Iiei mo-
3WIIiT 3 By3JIa IMTICHITFOBAYIB HAJIXOAUTh CUTHAM JUIsl YBIMKHEHHSI 1HIUKATOPHOTO
CBITJIOZ10/1a «3BAPIOBAHHS.

VY perynsaropi PKC-801 y pexxumi 6araToiMmyasCHOTO 3BapIOBaHHS Biji-
OyBaeTbcst OJTIOKYBaHHS CUTHATY «3pYLICHHSD 1 (POPMYEThCSI CUTHAI JJI BIJIIKY
JIPYroro ¥ HaCTYyMHOTO IMITYJIbCIB «OXOMOMKEHHD» U «3BaprOBaHH» J10 30iry
KOJy JIIYMJIbHUKA YKCIIa IMITYJIbCIB 13 YCTAHOBJIEHUM MEPEMUKAUYEM YUCIOM (B1A
2 110 9) IMITyJIbCIB MYJICYIOUOTO 3BAPIOBAHHS.

3 MOYaTKOM BIUIIKY HACTYMHOI TMO3WINI 3HUKAE CTPOOYIOUMH CHUTHAI
«3BaproBaHHM», MPHUITHHIETHCS HATXOHKCHHS IMITYJIbCIB KEPYBaHHS JI0 THPHC-
TOPHOT'O KOHTAKTOpa 1 TACHE CBITJIONI0]T «3BapIOBAHHS».

[Ticns Bigmiky nosuuii «IIpokoByBanHs» («IIpokoByBaHHS 2») MOYMHA-
eThcs BITIK no3uiii «Ilay3a», 3 moyaTkoM SIKOi CUTHAJ, 1110 HAAXOAUTh 13 By3Jia
MO3UIIIHN JI0 By37a MIJCUIIIOBAY1B, 3HUKAE, BAMUKAETHCS KJIAllaH MPUBOIY CTUCKY
MalIuHy i racHe ceitinoaion «Knanany.

[To 3akinuenHi no3uiii «Ilay3za» BMukaetrncst Tpurep «L{ukm» 1 3a yepro-
BUM IMITyJIbcOM «3pylIeHHs» (hopmyeTbest curHan «Kinenp mukimy», 1o BCTa-
HOBJIIOE B HYJILOBHUI CTaH TPUTEPHU BY3JIIB MO3UIIIHN 1 JIYMIHHUKIB. Y TOJOXKEHHI
nepemukada «OnuHOUHE 3BaprOBaHHs» curHal «KiHenp MUKITy» yCTaHOBIIOE B
HYJIbOBUM cTaH Tpurepu nosuiiil «llonepeane odtucHenus» i «CTUCK», TIPHU-
BOJSYM, TAKUM YMHOM, YC1 PEricTpy MO3ULIN y BuxiaHuil crad. [Ipu npomy Ha-
BiTh MpU HasiBHOCTI curHany «llyck» mpu yBIMKHEHIM Temani MOBTOPHE YBi-
MKHEHHS pericTpa He Bif0yBaeTbcs (OJOKyBaHHS HYJIHOBHUM BHUXOIOM TpPUTEPA
«dukiy).

[Tpu BcTanoBneHHI pexxumy «Cepisi 3BaproBaHb» NPH YBIMKHEHIN memani
nicias 3akiHueHHs no3uiii «llay3a» mounHaerbest BLAIIK no3uLii «CTUCK» 1 Ha-
CTYIIHE BIAMPAallbOBYBAHHS IMKJIB 3BaptoBaHHs. Tpurep «L{ukm» ycraHoBiio-
€ThCS B HYJIbOBHUM CTaH MO 3aKiHYEHH1 MO3UIlT «CTHCKY.

VY pexumax «OauHouHe 3BaproBaHHsI» i «Cepisd 3BaproBaHb» PETiCTp MO-
3WINN 3a0e3meuye MPOXOHKEHHS 3BApIOBAIBHOTO ITUKIY /10 KIHIISI TIPU BUMHU-
kaHH1 curdHany «Ilyck» (memani MamidHM) MICsS MOYATKY MO3UINT «3BaproBaH-
HsD» («3BaproBanHs 1»). lle 3MiACHIOETHCS CXEeMOIO 30ITy CHUTHAIIB HYJIHOBOTO
BUXOIy Tpurepa «3BaproBaHHs» i «Ilyck» i popMyBaHHIM CHEMialbHOTO CHT-
Haiy («YcranoBka 0 renani») yCTAaHOBKHM pericTpa MO3UIliid y BUXITHUMA CTaH.

ITpu xepyBanHi perynstopamu PKC-502 1 PKC-801 3a nonmomororwo 30B-
HIITHIX €JEKTPUYHHUX CUTHAJIB T0Jladya CUTHAJY, IO 3aTPUMY€E 3BapIOBAIbHUIA
UKJT Ha TIo3utlii «CTUCK», OJIOKYy€e cuTHAI 30iry, 110 HaJAXOAWB PaHIIIe 10 By3ia
no3umii. [uxn, mifimoBmy 10 nmo3uiii «CTUCK», 3YNUHSIETHCA Ha 11 MO3UIII].
[Ipu 11bOMY JTIYUIBHUKU TPUBAIOCTI 11€1 MO3UIIT (OJUHHUILI W AECATKH) MPOAOB-
KYIOTh PaXyHOK.



[Tpn HagXOJKEHHI CUTHAITY, 10 OOMEKY€e TPUBAIICTh MPOXOKEHHS 3Ba-
PIOBAJILHOTO CTPYMY, 3 By3J1a 30BHILIHBOTO KEpyBaHHs J10 By3Ja (ha30BOro pe-
I'YJIOBaHHS HaJXOJUTh CUTHAJM, 1110 OJOKY€ HAJIXOJKEHHS 0 By3Ja MiACHIIOBA-
YiB IMIYJIbCIB KEPYBaHHA TUPUCTOPHUM KOHTAKTOpOM. [Ipu iboMy yucio Hami-
BXBUWJIb 3BAPIOBAJILHOTO CTPYMY 3aJIMILIAETHCS MTAPHUM HE3aJIEKHO BlJI MOMEHTY
Ha/IXOJIKEHHSI OOMEXYIOUOr0 CUTHAITY.

[Tpu momaui curHamy, IO 3aJa€ 330BHI PIBEHb 3BAPIOBAIILHOTO CTPYMY,
(dhaza KepyrUYuXx IMIYJIbCIB 3MIHIOETHCS BiAIOBIIHO /10 PiBHS 30BHIIIHBOTO CHT-
Hajy, 3MIHIOIOUH, TAKUM YUHOM, no3uilito «HarpiBanus». [lix yac mpoxoxeH-
Hs no3uuli «3BaproBanHs» y PKC-502 1 mo3umiit «3BaproBanss 1», «IIpokoBy-
BaHHA 1», «3BaproBaHHs 2» 3 By3Jja MO3UILIN 0 By3Jia 30BHIIIHBOTO KEPYBAHHS
HAJXOIUTh CUTHAJN, 110 3a0e3leuye HaIXOKEHHS Ha JIOAATKOBE PO3HIMAHHS
30BHIIIHBOTO KEPYBAHHS BUX1IHOTO JIOTIYHOTO CUTHAIY.

Koncmpykuia pezynamopie

Perynaropu BuKOHaHI y BUTJISIII OKpeMUX 0J0KiB. OCHOBHOIO HECYUYOIO
YaCTHHOIO iX € macl 3 METaJeBOi NaHendl 3 BIAOOPTYBaHHAMHU M KpINWJIBHUMH
orBopamu. Ha miaci BctraHoByieHi ABa OJ0KW U JBa TpaHcPopMaTtopu, 10 € CH-
JIOBOIO YAaCTHHOIO CXEMHU, 1 BIAJIUIEHI €KpaHOM TpU OJIOKHM (IpyKOBaHI ILIATH)
kepytoyoi yactunu. [laci 3'eqHaHo 3 MepeHbOI0 1 3aJHBOIO MAHEISIMU YOTUP-
Ma ckobamu. Ha 3anHiii maneni po3TamioBasi po3HiMaHHs (o ogHomy juist PKC-
501, PKC-601, PKC-901 1 mo nBa miss PKC-502, PKC-801) 1 606uimka 3a3em-
nenns. Buxigai po3nimanas B PKC-501, PKC-601 1 PKC-901 3a momomororo
METaJIeBOTO KOPMyca, a BUXITHI PO3HIMAHHS W PO3HIMAHHS NS 3B'I3KY 13 30B-
HimmHIMU Kepyrounmu npuctposimu B PKC-502 1 PKC-801 3a momomororo mac-
TMacoBOTO Kopmyca. Perynastopu nmomimieHi B MeTajieBi KOPIYyCH, L0 CKJaJa-
I0THCS 13 JIHUIIA U KOXKYyXa, Y KX € OTBOPH JIJIsl OXOJIO/KEHHS eneMeHTiB. Kpi-
IJIEHHS PErYJIATOPIB 10 3BAPIOBANIBHOI MAIIMHU 31MCHIOETHCS Yepe3 JAHUILE 32
JIOTIOMOT'0OI0 YOTUPHOX P13b00BUX OTBOPIB y HMXKHIX CKOOAaX.

Ha nepenniii maneni po3MilieHi BCl OpraHy KepyBaHHS W 1HAMKaLii, a Ta-
KOX PYKOSITKH JUIsl IEPEHECEHHS PeryssiTopiB. [ BUHTH KpimJieHHs 3aKpuTi ¢a-
JBIIIAHEIII0 3 HallMCaMU i TO3HaYEHHSIMHU OpraHiB KepyBaHHS.

Ha puc. 6.1 naBenennii 3aranpanii Buj perymsitopiB PKC-502 1 PKC-801.
Posmipu nmuniboBux manenei i rabaputu perynstopiB PKC-501, PKC-601, PKC-
502 1 PKC-801 306iratothcs.

V niBiit yactuHi nepennboi naneni perynstopa PKC-502 y nBa psinu po3s-
TalloBaH1 MPOrpaMHi NMepeMuKayl 3aBJaHHsl TPUBAIOCTI NO3ULIN (IO 1Ba mepe-
MHUKa4il Ha TO3UII0 — JECATKHA W OJMHMII MEPIoIiB YaCTOTH MEPEKi) 3 HaHece-
HUMU 3BepxXy cumBosiamu: «llomepeane oOtucHenHs», «Ctuck», «3BaproBaH-
HsD» — y BepxHboMy psiai i «IIpokoByBanns», «[lay3a», nepemuxau «HarpiBan-
HS» — Y HUKHBOMY.



VY npaBiif BepxHii YaCTHHI HAHECEHI CUMBOJIM HAaJl BiIMOBIAHUMHU CBITJIO-
niomamu iHAMKamii (371iBa BrpaBo): «Kmamany, «3BaproBaHHs», «ABapiliHe BU-
MUKaHHS TPU MepEBaHTAKEHHD», «Mepeka YBIMKHEHay.

VY npaBiii HIKHIN YacTHUHI PO3TAIIOBaHI TyMOJIEpH 3 BIJMTOBITHUMU CHM-
BoJIaMH (3711Ba BIPaBO 1 3HU3Y Haropy): «OmmHouyHe 3BaproBaHHs» — «Cepis
3BaprOBaHb», MHOXHHK «X1» —VY«x4», cradimizamis cTpyMy «YBIMKHEHO» —
«BuMKkHEHOY, IEpeMHKad pexxuMy poooTu «3i ctpymom» — «be3 ctpymy».

VY perymstopa PKC-801 (nuB. man. 6.1) y miBiii yacTUHI IEPEIHBOI MMaHE1
y JIBa PSIIM PO3TAIIOBaHI MPOrpaMHi MepeMuKadi 3 BiJlMTOBITHUMU CUMBOJIAMHU
Haja HUMH: «CTHCK», «OX0JIO/KeHH», «3BaptoBaHHs 1», «[IpokoByBaHHs 1,
«3BaproBaHHS 2» — MO JBa MepeMUKadl Ha KOXKHY MO3HUIliI0, KpiM «OX0JI0HKEeH-
Hs», — Y BepxHboMy psiai il «[IpokoByBanHus 2», «[lay3a» (mo nBa mepeMukadi
Ha TIO3UII10), «3aTpUMKa KyBaHH:», IEPEMHUKaUl YHClia IMITYJIbCIB MyJIbCYIOUO-
ro 3BaplOBaHHS, TPUBAJIOCTI HAPOCTAHHS TEPIIOTO 3BAPIOBAIILHOTO IMITYJIBCY,
«HarpiBanns 1» it «HarpiBanus 2» (1o ogHOMY MEepeMHUKady) — y HUKHBOMY
psaai. Y mpaBiii BEpXHiM YaCTHHI HAHECEHI CUMBOJIM HaJ BiATOBITHUMH iM CBiT-
nomiomamu iHmmkanii «Kmaman 1», «Knanan 2», «ABapiiiHe BUMHKaHHS IIpH
nepeBaHTAKEHH1», «3BapIOBaHHS, «Mepexy YBIMKHEHOY.

VY mpaBiii HIOKHIN YacTUHI PO3TAIIOBaHI TyMOJIEpH 3 BIJIMTOBITHUMU CHUM-
BOoJIaMH (3711Ba BIPaBO 1 3HU3Y Haropy): «OmuHouyHe 3BaproBaHHs» — «Cepis
3BaplOBaHb», MHOXXHUK «Xx1» — «x4», crabumzamis ctpymy «BuUMKHEHO» -
«YBIMKHEHO», IEpEMUKAY PEKUMY poOO0TH «31 cTpymMom» - «be3 cTpymy».

VY perymstopa PKC-801 (nuB. man. 6.1) y miBiii yacTUHI IEPEIHBOI MMaHEe1
y JIBa PsIIM PO3TAIlIOBaHI MPOrpaMHi MepeMuKadi 3 BiJIMOBITHUMU CUMBOJIAMHU
Haja HUMU: «CTHCK», «OX0JIOJKeHH», «3BaptoBaHHs 1», «IIpokoByBaHHs 1»,
«3BaproBaHHs 2» — MO JBa MepeMUKadl Ha KOXKHY MO3HUIliI0, KpiM «OX0JI0HKEeH-
HsD», — Y BepxHboMy psiai il «[IpokoByBanHsa 2», «[lay3za» (mo nBa mepeMukayi
Ha TIO3UII10), «3aTpUMKa KyBaHHs», IEPEMUKaUl YHCIlIa IMITYJIbCIB MYyJIbCYIOUO-
ro 3BaplOBaHHS, TPUBAJIOCTI HAPOCTAHHS TEPIIOTO 3BAPIOBAIBHOTO IMIYJIBCY,
«HarpiBanns 1» it «HarpiBanus 2» (1o ogHOMY MepeMHUKady) — y HUKHBOMY
psal. Y mpaBiii BEpXHIM YaCTHHI HAHECEHI CUMBOJIM HaJ BIATOBITHUMH iM CBIT-
nomionamu iHpukanii «Kmaman 1», «Knanan 2», «ABapiiiHe BUMHUKAHHS TIPU
nepeBaHTaXKEHH1», «3BaprOBaHH», «MepexKy YBIMKHEHOY.

VY mpaBiii HWKHIA YaCTUHI y JIBa P PO3MIIIEHI TyMOJIepu 3 BIAMOBIA-
HUMHU IXHbOMY YBIMKHEHHIO CHMBOJIAMHU pexuMy. BepxHiil psij 13 4OTUPHOX
TyMOIepiB Takuiicamuid, sik 1 y PKC-502, 3a BUHATKOM MHOXHUKA «X2» — «X1».
VY npaBoMy HUKHBOMY PsiJii pO3MillleHi Tpu TymOnepu: « BUMKHEHO — Y BIMKHe-
HO IIBUIIICHE 3yCHIUIS TTONEPEAHBOTO OOTUCHEHH», « BUMKHEHO — Y BIMKHEHO
MiBUIIEHE 3yCWIUIS KyBaHHs», «TepM0ooOpoOKy BUMKHEHO» (IIICTh IMO3HIIIH
uKiy) — « TepMmooOpoOKy YBIMKHEHO» (BICIM MO3UIIN UKITY). Y caMOMy HUXK-
HbOMY TpaBoMy KyTi perynsaropiB PKC-502 1 PKC-801 BcranoBieHuit 3amo6ix-
HUK JKMBJICHHS BiJ MEPExi.



6.2 IIpoBenennst podoTu
Yemamkysanna it mamepianu

1 EnexTpoHHMI peryisTop 4acy B KOMIUIEKTI 3 TOYKOBOIO MAITHHOIO.

2 EnexTpoceKkyHAOMSp a0 JIYUIbHUK IMITYJIbCIB.

3 MigHa miacTHHA TOBIIMHOI 5 - 8§ MM, OXOJIOJ)KyBaHa MPOTOYHOIO
BOJIOI0.

4 Omnuc, KpeclIeHHS 1 CXEMU €JIEKTPOHHOIO PETYJIATOpa Yacy.

5 TlepecyBHuii 1abopaTOpHU CTIT 3 HAOOPOM HEOOXITHUX MPOBOJIB, 3
THCTPYMEHTOM 1 CLIELO/ISITOM.

A O3HaATOMNIEHHA 3 KOHCMPYKUYIEIO Pe2yisimopa KOHMAKMHO20 36aPI0GAHHS

1 BuBuuTH NpUCTpiil peryiasiTopa KOHTAKTHOI'O 3BaplOBaHHs, YCBIIOMHU-
TH MPU3HAYEHHS OCHOBHUX BY3JIIB 1 CXEMAaTUYHO 3aMalOBATH JIUI[LOBY MaHEb
peryJsaropa.

2 Po3ziOpaTucs B €NeKTpUYHIM cxeMmi peryistopa ¥ o3HaloOMUTHCS 3 ii
poboToI0.

3 Ckuactu aiarpamy poO04YOro MUKy PErysaropa.

4 Onucatu NpU3HAYEHHS PEryIIOBaIbHUX PYKOATOK 1 BKa3aTH MEXI pe-
I'YJIOBaHHS OKPEMHUX BUTPUMOK 4acy.

5 CkJacTv TEXHIYHY XapaKTEPUCTHUKY.

b Buznauenns yinu po3nooiny wikai pe2yiimopa KOHmMmaKmHozo
36apPI0GAHHA

1 Hakpecnutu cxeMy noCHiay ¥ BKIIOYUTH €JIEKTPOCEKYHIOMIp abo Ji-
YIJIBHHUK IMITYJIBCIB JJISI BUMIPY Yacy «3BaprOBaHHS.

2 [liaroTyBatu TaOIUIIIO AJIs 3aMUCIB JaHUX BUMIPIB (AUB. Tabd. 6.2).

3 Bumipstu yac 3BaproBaHHS Ha meprioMmy Iabii TpaHncgopmaropa s
JIEKITIbKOX MOJ0XEHb PYUYKH MOTEHIIIOMETpa «3BaproBaHHs». SIK 3BaproBaHy jie-
TaJb BAPTO BUKOPUCTATH MIJIHY TIACTUHY, OXOJIOKYBaHY BOJIOIO.

4 Pe3ynbTaT BUMIPIB 3alIUCATH 10 TAOIUII 1 3pIBHATH iX 3 HACIOPTHUMHU
TTaHUMH.

5 3a maHuMHu TOCITiTy BUSHAYNUTH MOTPIIITHICTE 1 BUPA3UTH i1 y BIICOTKAX.

Konmpononi numanns

1 SIke mpu3Ha4YEHHs pEerynsaTOpa KOHTAKTHOTO 3BapIOBAHHSA?
2 HakpeciniTh Jilarpamy UMKIIIB BATPUMOK Yacy perysisiTopa KOHTaKTHOTO
3BapIOBaHHS.



3 SIxe mpu3HaYEHHS OKPEMUX BUTPUMOK 4acy, 3a0e3MedyBaHuX peryJs-
TOPOM KOHTaKTHOT'O 3BapIOBAHHS?

4 Jlns SKMX MalluH MOKe OyTH BUKOPUCTAHUI PEryJsiTOp KOHTAKTHOTO
3BaprOBaHHsA?

5 V saxux Mexkax MOHa 3MIHIOBATH 4ac 3BaplOBaHHs 3a JIOMOMOIOI0 pe-
IyJIATOpa KOHTakTHOTO 3BaproBaHHa PKC-8017?

6.3 3BiT npo 1adoparopuy podory Ne 6
Bueuenna yughposozo pezynamopa yuxnay 3eaprosanns cepii PKC

[Ipi3Buie cryaeHTa

I'pyma JlaTa BUKOHAHHS

A O3naiiomnenns 3 KOHCMPYKUIEI) e1eKMPOHHO20 PezyaAamopa 4acy
(3aranpHa cxema peryJssiTopa 3 MO3HAYEHHSIM OKPEMUX BY3JIIB)

(liarpama po604YOro HUKITY)
Texniuna xapakTepucTuka (1uB. Tadm. 6.1)

b Bu3nauennsa yinu po3nooiny wikan e1eKmpoHHO20 pezyiamopa uacy

(Cxema yBIMKHEHHS TIPHJIA]IiB)

Tabauys 6.2 — J{na 3anucié 0anux eumipis

)

§ Butpumka vacy «3BaproBaHHs», 3

=

i= .

5 3amipsiHa [TacmopTHa [ToxuOka (+ %)

= | Jianason | Jliamason | Jliamason | diamaszon | diamazon | [liama3on
~ 1 2 1 2 1 2

Po3paxyHoKk BiJICOTKA MOXUOKH
BucHoBku 1o po6oTi
[linnuc crynenta
BucHoBOK Bukiamaua




JIABOPATOPHA POBOTA Ne 7

BUBUYEHHS KOHCTPYKIIN IIOBHUX (POJIUKOBHUX)
KOHTAKTHHMUX MAIIINH TA 3BAPIOBAHHSA HA HUX
HU3bKOBYTJIELIEBOI CTAJII

7.1 3araJjabHi BizoMocTi

MammuHu 17151 MOBHOTO 3BAPIOBAHHS PO3PI3HSIIOTHCA: 32 POJAOM 3BaproBa-
JBHOTO CTPYMY (3MIHHOTO, MOCTIHHOTO CTPYMY, HU3bKOYACTOTHI, KOHAEHCATOP-
H1); 32 XapaKTepy yCTaHOBKH (CTalllOHAPHI, IiJIBICH1); IO PO3TAIlyBaHHIO POJIH-
KiB (IOmepeyHe, MO3/I0BXKHE, YHIBEpCAIbHE); MO CcHoco0y mepenadi KpyTHOTro
MOMEHTY Ha 3BaprOBalibHI POJHMKU (OCHOBUH 1 pajlialbHUN 3a TIOMIOMOTOIO IIa-
POIIIOK, IPUBO/I 1 1H.); MO CIOCOOY MiABEJECHHS 3BapIOBAIILHOTO CTPYMY JI0 3Ba-
PIOBaHOI KOHCTPYKIIii (0AHOOIYHUI a00 TBOCTOPOHHIN CTPYMOIIIIBIN); 32 TIPH3-
HAa4YeHHSM (3arajJibHOro ado CHelialbHOIO); 3a BUAOM 3BaproBaHHs (Oe3nepeps-
Ha, TIEpepUBYACTa, KPOKOBA); 32 BUJIOM 3BapPIOBAILHOTO MUKy (HAITIBAaBTOMATH-
9Hi, aBTOMAaTHUYH1), 3a XapaKTepOM PyXy JeTalieid, 10 3BapiolTh, y Mpolieci
3BaproBaHHs (Oe3nepepBHE, IEPEPUBYACTE, KPOKOBE).

3a KOMIIOHYBaHHSM Ta KOHCTPYKIII€IO OUIBIIOCTI BY3JIB IIOBHI MallluHU
MoAi0H1 O TOYKOBUX.

OCHOBHI By3J7M IIIOBHUX MAlIWH JJIi KOHTAKTHOTO 3BApPIOBAHHS: CTaHMHA
(xopriyc); 3BaprOBaJIbHUN TpaHCPOpPMATOp 3 EPEeMHUKayeM MIAa0IIB MOTYKHOCTI;
€JIEMEHTH BTOPHUHHOTO KOHTYPY (XO0OTH, KOHTAaKTHI KOJOJKU M €NEeKTPOIU Y
BUTJISIII POJIMKIB); MEXaHI3M CTHCKY; MEXaHI3M OOepTaHHS POJIMKIB; CHCTEMa
CTPYMOITIIBOIa O OOEPTOBMX POJHKIB, MMHEBMAaTHUYHA CXE€Ma 3 €JIEMEHTaMH
MTHEBMOAIapaTypHu; CUCTeMa BOJSHOTO OXOJO/DKCHHS, 1[0 BMHUKA€ i BUMHUKAE
MPUCTPOi; NEPEPUBHUK CTPYMY IIOBHUNU. OCHOBHOIO BIIMIHHICTIO € T€, IO 3Ba-
pIOBAJIbHI €JIEKTPOIM BUKOHAHI Y BUTJISIII 0OEPTOBUX POJMKIB, Y 3B'S3KY 3 UMM
MalIMHU 00JIaIHaHI IPHUBOJIOM OOEpTaHHS W KIHEMAaTUYHUX BY3JIB, IO 3A1MC-
HIOIOTh MIJABUIIECHHS KPYTHOTO MOMEHTY MPHUBOJY 3 OJHOYACHUM 3HMKEHHSIM
qacTOTH 00epTaHHS ¥ mepeaady Horo 70 3BaplOBaJbHUX POJIMKIB. 3BapIOBabHI
POJIMKY BCTAHOBJIIOIOTHCA B CIIELIATBHUX €JIEKTPOIHUX MPHUCTPOSX, 38 AOMOMO-
TOI0 SIKUX 3/IIHCHIOETHCS TIepeiada Ha POJMKH 3BAPIOBAIBHOTO CTPYMY i 3Bapio-
BaJIbHOIO 3yCHJUIA. Y Psil MAlllMH 3aCTOCOBYIOTHCS IPUCTPOT ISt MPOQiTIOBaH-
HS ¥ 3a4MINEHHS 3BaplOBAIBHUX PONHKiIB. HampsMHi mpuCTpoi psimy MIOBHUX
MAIlH BiAPI3HAIOTHCS Bl AaHAIOTTYHUX MPHUCTPOIB TOUKOBUX MAIUH Y 3B'S3KY
3 IOJJaTKOBUMU HABAHTAKEHHSIMHU, 110 BUHUKAIOTH BiJ] KDyTHOTO MOMEHTY.

[THeBMaTHYHI TPUBOIU CTHCKY, THEBMATHUHI MPUCTPOi, CUCTEMH OXOJIO-
JKEHHSI KOpITyca, CTPYMOITIIBOJIM iICTOTHO HE BIJIPIZHSAIOTHCS BiJl aHAJIOTIYHHUX
BY3J1iB TOUKOBUX MAIITUH.

PosristHemMo npucTpiit KOXKHOTO 3 X BY3IIB.



CrannHa 3BapHa a00 JUTa CIYKUTh JJI KPIIJIEHHS HA HIM 1HILUX BY3JIIB.
3BaproBaJIbHUN TpaHcHOpMATOp AJIs HIOBHUX MAIIKH 32 CBOIM MPUCTPOEM TOI1-
OHui 10 TpaHchopMaropa AJil CTUKOBUX 1 TOUKOBUX MAlllMH, ajie PUCTOCOBA-
HUN 1711 POOOTH 3 OLIBIIOK TPUBATICTIO YBIMKHEHHS. /{7151 OubmiocTi Tpancdo-
pmatopiB IIB ctanoButh 50% ii OLibIIIE.

EnemMeHTH BTOPMHHOTO KOHTYpPY IIOBHOI MalllMHU AHAJIOT1YHI €JIeMEeHTaM
BTOPUHHOTO KOHTYPY TOYKOBOI MallMHU. Pi3HULIA TUIBKH B TOMY, IO B HUX 3a-
MICTh KOHIYHUX €JIEKTPOJIB BCTAHOBIIIOIOTH €JIEKTPOIAN Y BUIJIAIL MIIOCKUX PO-
JIMKIB, 110 MPUBOJATHCA B 00OEPTAHHS CHIELIAJIbHUMHU MEXaH13MaMHU.

Enexmpooni npucmpoi. Y MammHax, 0 BUIIYCKalOTh y TENEPIllIHIA yac,
3aCTOCOBYIOTHCS B OCHOBHOMY /1B BUJIU €JEKTPOJIHUX PHUCTPOIB:

- IPUCTPIN 3 KOB3HUM KOHTAKTOM MO THUNY «Bax — BTyJka» (MILI-2201,
MII1-2202, MI1I-3401, MIIIB-4002, MIIIB-7501, MIIIB-8001, MIIJI-150);

- MPUCTPIN 3 KOB3HUM KOHTAaKTOM, PO3BAaHTAXEHUM BiJl IIepeaayl 3Bapro-
BanpHOTO 3ycwuisa (MII-3207, MII-3208, MIII-3404, MIIIM-1, MIIIB-1601,
MIIK-2002, MIIIB-1202, MIIIB-6303, MIIIH-7501, MIIIH-8501).

Ha puc. 7.1 noka3ana KOHCTPYKIisi MPUBOJAHOIO BEPXHBOTO E€JIEKTPOIHO-
ro npuctporo marmmd MII-2202 1 MIII-3401.
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Pucynox 7.1 — Bepxniui enexmpoonuti npucmpiti MauiuH
MIII — 2202 ma MIII — 3401
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Oco0MBICTIO HOTO € YHIBEpPCAIbHICTh, TOOTO 3/]aTHICTh BUKOHYBATH 3Ba-
PIOBaHHS SIK MIONEPEYHUX, TAK 1 MO310BXKHIX MBiB. KoHCTpyKIIi By3na nepenayi
oOepTaHHsl Ha 3BapIOBAJIBHUI POJIMK, PO3MIIICHUN y 1IbOMY MPUCTPOI, 1 AeTa-
JIeH, 10 3A1MCHIOITH MepeIady 3BaproBajJbHOTO CTPYMY, BUKOHAHI 3 ypaxyBaH-
HSIM 3a0€3Me4eHHs] MiHIMaJIbHOT TPYJAOMICTKOCTI MEePEHANTAroXKeHHs 3 morepe-
YHOTO 3BapIOBAHHS HA MO3/I0BXKHE 1 Ha3a/l.

[Ipuctpiii ckiagaeTbcss 3 CTPYMOIIEPENAOYOro MiJHOro Kopmyca 12,
CKPIIUICHOTO 31 CTPYMOMIABIIHUM KocuHIleM 24 1 kpumkoro 19. YV kopmyci 3a
JIOTIOMOT'O0 TBUHTIB 32 3aTUCHYTA MiJIIMITHUKOBA BTYJIKA 2, y SIKiil 00€pTa€eTh-
Csl eNEKTPOAHUI Ball 5 13 3aKpIMVICHUM Ha HHOMY 3BapPIOBAIHHUM POJIUKOM 1.
[30ms111iiHE K1bLIE 3 CIYXKUTh JJIsl 3aM00IraHHs IIYHTYBAHHS CTPYMY MIXK TOP-
IIMA Baja i BTynku. OOepTaHHS Ha 3BapIOBAILHUN POJIUK NEPEIAEThCs 13 IIa-
pHIpHOTO BaJyia yepe3 3youacti koneca 27, 16, 13, 7, 10 i 8.

Bxinne 3y0uacte koneco 27 BUKOHAHE K OJHE LIIJIE 3 BAJIOM, BCTAHOBJIE-
HUM Y TIAMUITHAKOBIN BTYMIN 25 3a JOMOMOTOI0 PO3Pi3HOTO KUl 26 Ta mmiap-
HIPHOTO BaJia, 10 3'€IHYETHCS 3 BUIKOIO, 1110 Tiepeiae 00epTaHHs BiJl peIyKTOpa.

Bain 22, Ha axomy 3a qonomororo mmnoHku 17 1 maidu 15 3akpirieHi ko-
HIYH1 3yO4acTi Kojeca 16 i1 13, BcTaHOBIIEHMI Yy MIAMKMIHUKOBIN BTyl 18 3a
JIOTIOMOT'OI0 TTPOMIDKHOI yMOpHOi BTYJKKA 20 ¥ YyIOPHOTO IMIAPUKOIIIITUITHUKA
21. 3y6uacte koneco 10, Ha sIKOMy 3aKpiIUICHO 3a JOMOMOTOI0 MMOHKK 11 Ko-
HIYHE 3y04acTe Kojeco 7, BCTAHOBJIEHE B MiAIIMIIHUKOBIN BTYIII 9 3a AOMOMO-
roro maiou 28.

[ToBepxHs TepTs Baia 5 1 BTYJIKH 2 € CTPYMOIIEPETAF0YMM KOB3HUM KOH-
TaKTOM, 1[0 3MAIIYETHCS Yepe3 MACISHKY (HE MOoKa3aHa) 3a JOMOMOTOIO Criellia-
JBHOTO IIIPHUIIA, IO i €THAHWKA 10 MAalIWHH, rpadiTOKACTOPOBUM 3MaIllCH-
HsaM. [loBcTsaHe kinbiie 4 3amo0irae BUTIKAHHIO 3MAIEHHSI 3 KOB3HOTO KOHTAKTY.
3MaleHHs MiIIUITHUKIB KOB3aHHS 1HIITUX 00€PTOBHUX BajliB BUKOHYETHCS 3a pa-
XYHOK Tpec-MacistHKA. OX0J10/Kyro4ya Bo/Ia MiABOAUTECS 10 KOCHHIS 24, nami
yepes Hineiab Kpuiiku 29 mo Tpy6i 6 — B €IEKTPOJHUIN Ball i BIABOJAUTHCS Yepes3
BHUXIJIHMM Hinenab Kpuikn 29. Mamxkera 30 3ano0irae BUTIKaHHIO BOJW 3 KaHa-
JIB CUCTEMHU OXOJIOKCHHSI.

[Tpu mepeHanaroKEHHI MAIIMHKA 3 TIOTIEPEYHOTO 3BapIOBAHHS Ha TO310-
BXKHE HEOOXiIHO BUBEPHYTH TBUHTH #i MMOBEPHYTH IOBOPOTHY 4acTHHy Ha 90’
yIIBO (SKIIO TUBUTUCS 3 OOKY POJIMKIB), TTOTIM BBEPHYTH T'BUHTH M 3aKpIMHUTH
MPUCTPIH.

EnexTpoaHi MpUCTpOi 3 pO3BAHTAXKCHUMH KOB3HHUMH KOHTaKTaMH MAarOTh
TaKi MepeBaru:

® CIEKTPUYHUH Omip — CTa0IbHUHN W HU3BKUN MPOTITOM YChOTO TEPMIHY
CIIyOW, 10 BUKJIIOYAE BIUIMB CTYICHS 3HOITYBAaHHS KOB3HUX KOHTAaKTIB Ha
3HAYEHHS 3BAPIOBAILHOTO CTPYMY;

® 3BapIOBAJIbHI POJIMKU 3AJIMIIAIOTHCS MapajelbHUMU OJMH A0 OIHOTO
MPOTATOM YChOTO TEPMIHY CITy>KOU By3Jia, TOMY IIIO €JIEKTPOJHI BaJll BCTAHOB-
JIeH1 B TIIIMIUITHUKAX KOYCHHS, 3HOIIYBAHHS SIKUX JYXKE MaJie, 10 CIPHUSTINBO
BIJIMBAE HA SIKICTh 3BAPIOBAHHS;



e [iepejava 3BaprOBaJILHOTO CTPYMY 3a JOTIOMOTOO IMiANPYKHHEHHX KO-
HTAaKTHUX KOJIOJOK iCTOTHO 3MEHIIY€ BIUIMB IOTPIIIHOCTEH BUTOTOBJICHHS WM
30upaHHs AeTanel Ha poOOTy By3ia i 3a0e3nedyye TpUBAIMN TEPMIH CITyXOH
KOB3HOTI'O KOHTAKTy, IO Mipl 3HOIIYBaHHS SIKOTO IMpale3aaTHICTh 30epiraeTbes
3aBSIKM TOMY, IIIO «IUIaBaOUl» KOJOJKHU 3aJUIIAIOTHCSA HAMIHHO MiATHCHYTHUMH
710 000X KOHTAKTHHUX MTOBEPXOHB;

® TEePMETHUYHO 3aKPHUTHHA BY30JI i3 3alIOBHCHHSIM BHYTPIIIHBOI MTOPOKHU-
HU 3MaIIeHHAM 3a0e3Meuy€e He TIIbKU MiABUILIECHHS TEPMIHY CIIyXKOu, ajie i 3a-
Oesrneuye MiHIMaJabHI BUTPATH BOJU JJI OXOJIOJKEHHsI, TOOTO BUTPATH Ha 00-
CJIIyTOBYBaHHS i1 pEMOHT 3MEHIIIYIOThCS.

Cucrema CTpyMOIiIBOJIa SIBJII€E COOOIO KOB3HI CTPYMOMIJABOJIU Yepe3
00epTOB1 CTPYMOBEIYYl OCI, HA SIKMX KPIIUISITHCS POJIUKOBI €IEKTPoau. Sk Tep-
THOBI MaTepiajay BUKOPUCTOBYIOTh allFOMiHIEBY ab0 OJIOB’STHUCTY OpOH3y, a Ta-
KOX cruiaB DB, 110 MatoTh HU3BKHUM KOE(IIIEHT TepTs KOB3aHHS 1 sKi 3a0e31me-
YYIOTh HaJIMHUNA €IEeKTPUYHUIN KOHTAKT. [[J1s 3MalleHHs] TePThOBUX IMOBEPXOHb
3aCTOCOBY€ETHCS TPa(iTOBUM MOPOIIOK 3 KACTOPOBUM MaCIIOM.

VY cTpymomniaBOAl 10 HUKHBOTO POJIMKA (pHC. 7.2) XBOCTOBUK MiJHOI KO-
HTaKTHOT KOJIOJKH | 3'€eHaHU# 13 BTOPUHHUM BUTKOM TpaHchopmaropa. Ctpy-
MOBEIYUYMd BaJl 5 MPUTUCHYTUH JO KOJOJKH 32 JOIOMOTIOIO IIECTH MPY>KUH 2,
pO3TalIoBaHuX 1Mo oOuBa 00KU. PonukoBuit exexTpo1 6 MpUKpPITUICHHI 10 Baja
3a JIONOMOTOI0 IIMUJIBOK 1 raiiok. st copuilHATTS 3yCWIJIsS Ha KiHII KpPOH-
mTeliHa 3 BCTAHOBIICHI IBA POJMKOBUX MIAIIMITHUKA 4.

Pucynox 7.2 — Koncmpyxkyis cmpymoniogooa 00 HUNCHbO20 POIUKA

CucreMa BOJISTHOTO OXOJIOKEHHS CITY>KHTh JIJISI OXOJIOPKEHHSI BTOPUHHO-
ro BUTKAa 3BaprOBaJbLHOTO TpaHc(opmaTopa, KOHTAKTHUX KOJIOJOK, XOOOTIB i
POJIMKOBHX €JICKTPOAiB. [l IBOro B CTPYMOBEIYYHMX YaCTHHAX CBEPIUISATH
otBip. IHOMI MO mepudepii 0Xoa0aKyBaHOT TOBEPXHI MPUBAPIOIOTH TPYOKH, TIO
AKuX Teue Bojia. OXOJIOMKEHHS POJIUKOBUX €JIEKTPOIIB MOKe OyTH BHYTPIIIHIM
a00 30BHIIIHIM. B OCTaHHBOMY BHITaJIKy MPOTOYHA BOJIA MiBOIUTHCS JI0 POJIH-
KiB 10 M1THUX a00 JaTyHHHUX TPyOKax 1 BiAMpanboBaHa 3IMBAETHCA B M1I0H.



HanpsiMHl npucTtpoi 3a0e3reuyroTs BHOIPKY 3a30piB MIXK CIOJIYYEHUMHU
TEPTHOBUMH MOBEPXHSIMU NPU CKIIaJaHHI, @ TAKOXK y Mipy 3HOIIIYBAaHHS €JIEMEH-
TIB MPUBOJIA CTHUCKY.

Ilpusoou obepmarnnsa. Y OGUIBIIOCTI MAIIMH 3MIHHOTO CTPYMY 3arajibHOTO
MPU3HAYEHHS, 1110 BUITYCKAJIA paHillie, 3aCTOCOBYBAJIMCS IPUBOJIU 3 €JIEKTpOMa-
rHiTHOIO My(dTor Tturmy [IMCM Ttphox Tunoposmipis: [IMCM-1,7; TIMCM-4;
[IMCM-6, 1o Bunyckanucs XapKiBCbKUM €JIEKTpoanapaTHUM 3aBOJIOM.

Jlo npuBOly BXOJATh: arperar, 1o CKJIAJA€eThCs 3 €NEKTPOABUTYHA i ere-
KTPOMAarHiTHOI My(TH KoB3aHHS; TaxoreHepatop tumy TMI'-30I1 31 mkiBowm;
ook IIMC-Y 0Ge3KOHTaKTHOrO pEryJjroBaHHS YacTOTH OOEpTAaHHS; IepEeMUKad
IIBUKOCTI.

Tpudazuuii aCHHXPOHHUN EJIEKTPOJBUTYH 3 KOPOTKO3aMKHEHHUM POTO-
POM 3akpiryieHuid (JaHieM Ha Kopiryci MyQdTH, yCepeanuHi SKOro po3MIIIeHUN
THIYKTOP ¥ sKip. [HIYKTOp 3aKpiIJICHU Ha BEICHOMY (BHX1THOMY) BaJly My(TH
M CKJIalaeThCs 3 JBOX 3yOYAaCTUX IUCKIB, MDK SIKHMU BCTaHOBJIEHa OOMOTKa
30yokeHHs. SIKip BUKOHAHMM y BUIVISIII MACHMBHOTO MOPOKHBOTO LIMIIIHJIpa i
3aKpIIUICHUI Ha BaJly €JIEKTPOJBUTYHA.

CucreMa peryatoBaHHs € IMITYJIbCHOIO 13 TBEPAUM 3BOPOTHHUM 3B'SI3KOM 3a
MIBUJIKICTIO. SIK JaTYMK MIBHIKOCTI 3aCTOCOBAaHUM TaXOreHepaTop, 3B'S3aHHIMA
KIIMHOPEMIHHOIO TIEpeIavuelo 3 BUX1THUM BaJIOM MYy TH.

[Tpu yBIMKHEHHI MPUBOJHOTO E€JIEKTPOJIBUTYHA (4acTOTa OOEPTaHHS SIKOTO
MOCTiiHA) sKip mounHae obepratucs. [TocTiiHUA CTpyM, IO MPOTIKAE IO OOMOT-
Il 1HIYKTOpa, BUKIMKAE MArHITHUM MOTIK. Y 3B'A3KY 3 HAsABHICTIO B 1HIYKTOPI
NOJIFOCIB (3yOLIIB 1 Ma3iB) Y SIKOP1 HABOJUTHCS €JIEKTPOpYyLIiiiHA CUIIa, 10 BUKIIU-
Ka€ MOSIBY B SIKOP1 BUXPOBHUX CTPYMIB. Y pe3yJbTaTi B3aEMOJIl CTPyMy SIKOpS 3
MarfHiTHUM IMOTOKOM IIOJIFOCIB 1HAYKTOpA BHHHKAE €JIEKTPOMArHITHUN MOMEHT,
M7 €0 SIKOTO BEJCHWH Bajl MOYMHAE 0OEpTAaTUCS B TOW camuil Oik, 10 1 Bemy-
ynii. OCHOBHOIO YMOBOIO BUHUKHEHHS 00€pTaro4uoro eeKTpoMarHiTHOro MOMEH-
Ty € KOB3aHHS, 1110 3aJIEXKUTh B1Jl CTPyMYy MOPYLIECHHS 1 MOMEHTY HaBaHTa)KEHHS.
Tomy Ha BuximHOMY Bary My(TH TIpH MOCTIHHOMY MOMEHTI HaBaHTa)KEHHS MOXK-
Ha OJIep)KaTH 3MiHY YaCTOTH OOepTaHHSI, 3MIHIOIOYH CTpyM mopyiieHHs. Hemomi-
KaMH TaKoTO MPUBOJTY € HEBUCOKA HAIMHICTh 1 BUCOKA UHEPIIHHICTb.

VY HOBUX MalIMHAaxX 3arajbHOTO MPU3HAYECHHS i OUIBIIOCTI CIHEelialbHUX
MaIH 3aCTOCOBYIOTHCSI TUPUCTOPHI MpuBOaU cepii T 4OTHPHOX THUIIOPO3Mi-
piB: OT1E1-2, OT1E2-24, OT1E2-25, OT1E2-27.

PerymoBanHsi yacTOTH 0O€pTaHHS TaKUX MPHUBOJIIB 3IACHIOETHCS BHU3
BiJl HOMIHQJIBHOI IIUIIXOM 3MIHU HaIPyTH HA SKOp1 ABUTYHA TIPH MOCTINHIN Ha-
npy3i nopymieHHs. KpyTHHII MOMEHT Ha Bally IBUTYHA MPU PEryJIIOBaHHI YacTO-
TH 00epTaHHs 30epiraeTbCsi MOCTIMHUM.

[{i mpuBoAM BUKOHaHI 31 3BOpPOTHIM 3B'si3koM 1o EPC 1 BumyckaroTbcs
KOMILJIEKTHO. /{0 KOMIUIEKTY BXOJSATh €JIEKTPOJBUTYH MOCTIHHOTO CTPYyMy cepii
211H, 650K peryJroBaHHS, APOCEb, 3aJaTYMK YaCTOTH oOepTanHs. [IpuBoau 3a-
0e31evyr0Th IUIABHE PEryJIFOBaHHS 4acTOTHU 00epTaHHsA B Mexkax 1:50.



binbm HOBMMM W JTOCKOHATWMHU € MPUBOAM OOepTaHHS Tuly JI1V2-1,
BOHM OUTBIN HAJIWHI B eKcruryaraii, Hibxk npuBogu DT1. Lli mpuBogu ckiana-
I0ThCs 3 enekTpoaBuryHa cepii 2I1H, 610Ky BBeneHHs, OJIOKY KepyBaHHS, peakK-
TOpa, 33aTYNKa YaCTOTH OOepTaHHS.

biiok BBeeHHS MICTUTh YOTHPH IIBUJIKOIIFOYUX 3AMTOO01KHUKH JIJIS 3aXH-
CTY BiJl KOPOTKOTO 3aMUKaHHS i peakTop, MpU3HAYCHUI 1Ji1 BUMUKAHHS HEMi-
HIMHUX MEepEeKpydyBaHb MEPEXKI i B3aEMHOTO BIUIUBY €JIEKTPONPUBOLIIB MPU PO-
00TI Bij] 3arajgbHOI MEpEXi, AT OOMEXEHHSI KOMYTAIIHHOTO CTPyMy 4epe3 BEeH-
THJI1 KEPOBAHOTO TUPUCTOPHOTO BUIIPSAMIISYA OJIOKY KEpPYBaHHS M ISl 3HUKCH-
H4 di/dt, 1o 301IbIIye HaJiHHICTh HAIIIBIPOBIIHUKOBUX IPHUIIAIB.

brnok kepyBanHst mictuTh: natuuk EPC, nmpusnHaueHuid mjisi 311MCHEHHS
3BOPOTHOTO 3B'SI3KYy ¥ BHJUIEHHS CUTHAY, ipornopiiitHoro EPC enexkrponBury-
Ha; perynarop EPC, npusHauenuii 1yisi BUpaxyBaHHs 13 CUTHAIIY 3aBJIaHHS CHUT-
HaJly 3BOPOTHOTO 3B'I3Ky ¥ MMOCWJICHHSI PI3HULIEBOIO CUTHAJY; KEPOBAaHUMN TUPH-
cropuuii Bunpsivuisia (KTB), npusHadenuii a1 nepeTBOPEHHS 3MIHHOT HAPYTH
B PEryJbOBaHy BUMPSIMIICHY HAIpPYyTy, IO MOJAETHCS HA SIKIP €JIEKTPOBUTYHA,
cuctemy (pa3zoBoro-iMnyJsibCHO-(a30BOro KepyBaHHs, IPU3HAYEHY JJI1 BUPOOIT-
Ky ¥ BHJaul B MEBHI MOMEHTH 4acy Kepyrodoro immynbcy Ha KTB; mpuctpiii
CTPYMOOOMEKEHHS, MPU3HAYCHUN 11 OOMEKEHHS MaKCHUMAJIbHOTO CTPyMY
€JIEKTPOIBUTYHA; CTaOUI13aTOpP HANpPyrd OOMOTKH 30YJKEHHSI, MpU3HAYCHUMN
JUTSL JKUBIICGHHS TOCTIHHUM CTPYMOM OOMOTKH 30YJKEHHS EJEKTPOJBUTYHA;
JOKEPETIo KUBJICHHS, PU3HAYCHE ISl KUBJICHHS JIAHIIIOTIB KEPYBaHHS U 3aaT-
YUKiB YaCTOTH OOEpPTaHHSI.

PeakTop mpu3HaueHu# 11l TOJIMIIEHHS POPMU CTPYMY €IEKTPOIBUTYHA,
10 3HIDKYE WOTO HArpiBaHHS ¥ MOJIMIIY€e BUKOPUCTAHHS €JIEKTPOIBUTYHA TIO
MOMEHTY MOTY>KHOCTI.

Bwmukaroui Ta BUMHKaIO4i MPUCTPOI I YBIMKHEHHS M BUMHKAHHS TIEp-
BUHHOI OOMOTKH 3BaprOBaJIbHOTO TpaHchopMaTopa: MeXaHiuHI BUMUKAU1l, TUPH-
CTOpPHI KOHTaKTOpH. SIK MPUCTPOi, 1110 PEryNIIOI0Th HUKI 3BapIOBaHHs, 3aCTOCO-
ByI0Th peryistopu tuity PKC, PBU i iH.

[lepepuBHUKH CTPyMy MO3BOJISIOTH 3/IIMCHIOBATH IIOBHE 3BapIOBAHHS 3
Oe3nepepBHOI0 a00 MEPEepUBYACTOIO TMOJAYCI0 3BAapOBAIBHOTIO cTpymy. s
MepepuBaHHsS CTPYMYy y JaHIIIOT TEepBUHHOI O0OMOTKH TpaHchopmaTopa
BKJIIOYAIOTh TEPEPUBHUKH CTpyMy. BoHM OyBaroTh MeXaHiuHi, ITHITPOHHI
(3actapini) 1 iH.

Y MexaHIYHOMY aCHHXPOHHOMY TIEPEPUBHUKY KYyJAYKOBOTO THITY
(puc. 7.3) 3aMuUKaHHS ¥ pO3MUKAHHS KOHTAKTIB 1 ¥ 2, BKIIFOUEHUX Y JIAHITIOT TTep-
BUHHOI OOMOTKM TpaHchopmaropa, BiAOYBa€ThCS 3a JOIMOMOIOK POJIMKIB 4,
YKpIIUIEHUX Ha JUCKy 3. J[MCKu 00epTaroThes BiJl €JIEKTPOJBUIYHA. Y CTaHOB-
JIOI0YW Ha IUCKY Te a0o0 1HIIE YKCIIO POJUKIB, MOXKHA OJEPKYBaTH PI3HY Ya-
CTOTY I€pEpUBAHb CTPYMY.



CyuacH1 nepepuBHUKU CTPYMY MOEIHYIOTH PETYJISTOP LIUKITY 3BapIOBAHHS
# THUPUCTOPHUM KOHTAaKTOp M € MPUYIITHOK KOHCTPYKI[IIO, BCTAHOBIKOBAHOIO
nopy4 abo Ha maiuHi. [lepeBaroro nepepuBHUKIB € (PyHKIIOHAIbHA 3aBeplle-
HICTh (HAsSBHICTh B OJIHIM KOHCTPYKIII1 MPUCTPOIO KEPYBaHHS W CHUIOBOTO KOMY-
TYIOUOT'O MPUCTPOIO), IO J03BOJSIE BUKOPUCTATU iX SIK MPU MOJEpHI3alii Ma-
IIMH, TaK 1 IPU pO3poOIl HOBUX CEPIMHUX, OCOOJIMBO CIIELialI30BaHUX 1 Oararo-
€JICKTPOJHUX MAIlIMH, 1 SIK 3BapIOBAJIbHE OCHAIIEHHS! POOOTIB.

Pucynok 1.3 — Mexaniynuiti acunxpoHHuil nepepusHuK Ky1aiko8020 muny

@DyHKIIOHAJIbHI MOXKJIMBOCTI MEPEPUBHUKIB BU3HAUAIOTHCS TUIIOM BHKO-
PUCTOBYBAHOTO PETyJIsiTOpa i KOHTakTopa (Tadin. 7.1).

Tabnuysa 7.1 — Texniuni xapaxmepucmuku nepepueHuKis cmpymy

Tun nepepuBHUKa
[TapameTrpu
IIK-200 | ITK-1200 [TKT-1200
Ob6mnactb 3actocyBaHHs | TOYKOBI i IOBHI Ma- ToukoBi i penbedHi
MepepUBHUKA IITUHY 3 TTOCTIHHUM MAaITUHY 31 3SMIHHUM
3YCHIUISIM 3YCHIUISIM
Tun perynsitopa PBU-501 PBH-801
Twun koHTaKTOpa KT-07 KT-12
HominanbHuit KOMyTOBa-
Hu#t ctpym, ipu TB = 50%
1 TPUBAJIOCTI IMITYJIbCY 270 1500
0,5¢, A
OxonomxeHHs [ToBiTpsiHEe Bonsne
["abaputHi po3mipu, MM 500x360x590
Maca, xr 32 37




MexaHi3M CTHCKY 3aJIeKHO BiJl MOTYKHOCTI MAIlllMHU MOKe OyTH TIe1alb-
HUM (NIPY>KUHHUM), €JIEKTPOMEXaHIYHUM 1 THEBMATUYHUM. 32 CBOEIO0 KOHCTPY-
KIII€I0 MEXaHI3MH CTHCKY MaJlO BIJIPI3HSIOTHCA BiJl AHAJIOTTYHUX MEXaHI3MIB JJIs
TOYKOBUX MAIIMH, ajie IOBUHHI 3a0€3MEeUNTH NMPUKIIAJECHHS 3yCUIUIS 0 JeTaiei
110 3BaprOIOTh, IPOTITOM JOCHUTH TPUBAJIOTO Yacy 3BAPIOBAHHS.

Ha puc. 7.4 300pakeHa TUIOBA MPUHIIMIIOBA CXeMa MHEBMATHYHOIO MPHU-
BOJAY CTUCKY. BiH € mopiiHeBUM MpUBOJIOM MPECOBOTO TUITY 13 MPOKOBYBAHHSIM
1 JOJJATKOBUM XOJIOM, 1110 TIPAIIO€ TPU HOPMAIILHOMY THCKY KUBJICHHS BiJl ITHE-
BMOMEPEKI.

2

22 4

Pucynox 1.4 — [lpunyunoea cxema nHeBMamuyHo20 RPUEOOyY CIUCKY

[TpuBoa MICTUTH cUIOBHI THEBMOIMITIHAD 11, pobounii nopmiens 14, 1o-
JATKOBUI TIOPIIEHB 13 3 perymoBaibHOIO Talkow 12, 10 HampaBisie MPUCTPI
16, py>xHMIA eeMeHT (KoMmreHcaTop) 15, MHEeBMOPO3MOLIIOBadl 3 €IeKTPOT-
HEBMATHUYHUM KEPYBaHHSIM (€JICKTPOIMHEBMATHYHI Kiananu) 7 i1 20, BUXJTOTHUI
kinanad 17, apocem 9 #1 19 31 380porHuMu kinanaHamu 10 i 18, pexykuiitHuit
KJjanad 3, GuIbTP-BOJOTOBIAALIIOBAY 2, MAaCIOPO3MUIIIOBAaY 5, MEPEXXKHUI pecu-
Bep 22, npoMiKHUM pecuBep 21, manometpu 1 ¥ 4, rimymmurens 6, KkpaH 8 1 BeH-
TUIb 23. YMOBHI MO3HAYKH €JIEMEHTIB MPUBOAIB BUKOHYIOTHCS BIJMOBITHO JI0
I'OCT 2.781-68.

CrtucHeHe MOBITPS 3 MEpeXkl uepe3 3amipHuil BEHTWIb 23 HAIXOIUTh J0
GITBTPY-BOJOTOBITUTIOBAYA 2, IO OYHINYE TOBITPS BiJ] MEXaHIYHHUX JOMIIIOK
i Bosioru. Y JESKMX MallnHaX 3aCTOCOBYIOTHCS MEPEXKHI pecuBepH 22, IO
CITy>KaTh ISl 3TJIaJKYBaHHA IyJbCalliid TUCKY B Mepexi. Jlani moBiTps Hajgxo-
JUTh 70 PEAYKUIMHOrO KjamaHa 3, 110 JT03BOJISIE BCTAHOBIIOBATH HEOOX1THUN
poOoUMii TUCK HA BUXO/1 M MIATPUMYE HOro MOCTIMHUM y nporieci podotu. s
MIJBUIIEHHS CTA01ILHOCTI pOOOYOr0 TUCKY 3aCTOCOBYETHCS MPOMIKHHUN PECH-
Bep 21. Ilicns penmykyBaHHsS THCKY MOBITPSI MPOXOJUTH MAacCIOpO3MUIIOBay 3,
[0 HACUYY€E TOBITPSA PO3MUICHUM MACTUIIOM, 1 HAMPABISETHCS 10 THEBMOPO3-
MOJIUTIOBAYA 3 €JICKTPOITHEBMATUYHUM KepyBaHHsIM 7 i 20).



Po3rnsiHyTHii NpUBOJ MICTUTH JiBa TPUJIIHIMHHUX [BEBMOPO3MNOILIIOBAYA
HOPMAJILHO 3aKpUTOTO THUITY, SIKI YIPABISIOTHCS Bl PEryJisiTopa LUKIY 3Bapro-
BanHs (PI[3). ¥V monoxeHHi, mokazaHomy Ha puc. 7.4, THEBMOPO3MNOALIIOBaY 7
3aKpUTHH 1 3'€AHY€E Kamepy a MHeBMOIWiIiHApa 3 atMocheporo. [TneBmMopo3mo-
nimoBad 20 mig i€ nojaHoi Ha Hboro Bijx PI(3 Hanpyru BiaKpuTHii 1 1TOgae
CTHUCHEHE TOBITPs 10 Kamepu 6. Pobouuit mopmens npuBoay 14 mepebyBae y
BEPXHbOMY BHUXIJTHOMY IOJOKEHHI, yITUPAIOUYHUCh Y JOJIATKOBHM MOpIIeHb 13.

3a J0MOMOror0 KpaHa 8 MOBITPsI 3 HECKOPOUYEHUM MEPEKHUM THUCKOM I10-
JAETHCS 10 KaMepU 6 IWIIHAPA, 3aBIASKH YOMY JOJATKOBHUH mMopiieHb 13 po3-
TalmoBy€eTbcsd BHHU3Y. [lonoxenHs nmopuHsa 13 1 poboumnil X1 NpUBOLY MOXHA
pEryioBaTH 3a J0NoMOorow raku 12. IIpu 3HATTI cCUTHANY @ MPUBOJ] OJEPKYE
MO>KJIMBICTh EPEMIIIATHUCS HA JOJAATKOBUH X11.

PerynvoBani apoceni 9 it 19 npusHadeHi 1uisi 0OMEXEHHS MBHAKOCTI TTe-
pEMILIEHHS! MPUBOJLY M JOCSITHEHHS MO MOXJIMBOCTI 0€3yJapHOi HOTro 3yNMUHKU.
['mynHuKY 6 3HUKYIOTH IIIyM Ti49ac BUIMYCKY MOBITPs B aTMochepy.

[Ipyxuuii enemeHT 15 3abe3nedye Jerky pyXJHMBICTH BEPXHBOTO €JIEKT-
poJia MalllMHU TMpPH TEIJIOBOMY PO3LIMPEHHI JeTallel y Mpolieci 3BaproBaHHS.
Kpim Toro, 11ei eneMeHT 3MeHIye HMOBIPHICTh 3aKJIMHIOBAHHS MIPUBOAY i TpO-
XU 3HWXKYE yAapHE HaBAaHTAXXEHHsI MPHU 31TKHEHHI eJIEKTpoa 3 JeTaJuli0. 3aB/si-
KU TIPYKHOMY €JIEMEHTY MO’KHa BUMIPIOBAaTH W KOHTPOJIIOBATH 3yCHILJIS Ha efie-
KTPOJIax 32 BEJIMYMHOIO 3CYBY MOB3yHA 100 IITOKA MOPUIHS.

[Tig cuIOBUM ITMKIIOM MPUBOAY PO3YMIETHCS 3aJIEKHICTh CTBOPIOBAHOTO
MPUBOJIOM 3YCHJUISI HAa €JIEKTPOIax BiJl Hacy.

[THeBMaTHUHMI IPUBOJT 32 CXeMOIO (puc. 7.4) mae MOXKIUBICTH (GOpMyBa-
TH Pi3HI CUJIOBI ITUKJIM 31 CX1TYaCTOO 3MIHOKO 3yCHJUIS, 1[0 BKJIIOYAIOTh 3BaPIO-
BaJIbHE 3yCHUJUISL, KyBaJIbHE 3yCHIUIS M 3yCHUIUISA MMONIEPETHBOTO0 OOTHCHEHHS. P03-
TJISHYTUH TIPUBOJ] JJO3BOJISIE TAKOXK OJIEPKYBATH IIUKIIU 13 JBOCTYMIHYACTUM Ha-
pPOCTaHHSIM a00 3HM)KEHHSIM 3BaplOBaJIbHOrO 3yCWIUIA, aje 0e3 OOTHCHEHHS U
MIPOKOBYBaHHSI.

[Mapowmku i npuctpoi g npodiaoBaHHs ¥ 3aunuieHHs. lapomku i
MPUCTPOI JUIsl 3a4UIIeHHST W MPOQITIOBAHHS 3aCTOCOBYIOTHCS B OCHOBHOMY B
MalIuHaX, MPU3HAYEHHUX JIsl 3BapIOBAaHHS CTajed 3 MOKPUTTSIMH (OCBUHIIbOBA-
HUX, OIIUHKOBAHUX ).

[[Tapoiika BUKOHYEThHCS LHUIbHOO 31 cTaii Mapku X121 tBepaictio HRC
52-58, 13 TJIagKOI0 MOBEPXHEIO CIIOJYYEHHS 31 3BApIOBAILHUM POJIMKOM 1 He-
rimmbokumu (0,6 MM) 3yO11siMU Ha 000X O1YHUX TTOXMIIUX TTOBEPXHSX.

3auunieHHs po6o4oi MOBEPXHI 3BAPIOBATLHOTO POJIHMKA MPH 3BapIOBaHHI
JIETKUX CIJIaBiB (30kpema, Ha MamrHi MIIIB-1201) BUKOHY€TBCS 32 IOTTOMOT OO
HaXJIaKOBOTO Marepy 3 MiAKIAAKOI0 3 M'SIKOT T'yMH, IO JI03BOJISI€ Manepy Liib-
HO O0JIATaTH 3a4uIlyBaHy MOBEPXHIO. Tpumad, y SKOMY 3aKpIiIUICHHHA Tarip i
MIJKJIa/IKa 3a JOTIOMOTOI0 TaioK, 10 3a0e3MeUyIOTh BUAKE 3HIMAHHS i 3aMiHy
narnepy, y CBOIO Uepry, 3aKkpilieHud y ckoOi, siKka 3B's3aHa 31 MITOKOM ITHEBMa-



TAYHOTO LWIIHAPA, 3aKPIIJIEHOTO0 Ha €JIEKTPOJHOMY MPHUCTPOI 3a JOMOMOTOIO
KpoHiTerHa. [IpucTpiii moCTIHHO MIATUCHYTUH J0 3BapIOBAJIHLHOTO POJIMKA 3a
JIOTIOMOT'O0 MPYKUHHU.

3auuieHHs BUKOHYEThCS IUIIXOM MOCTYMAIbHUX MEePEMIIIeHb MITOKA Ha-
3a]] y TUTOIIMHI POJIMKA i 10 JOTUYHIH 10 HOro po60v0i MOBEPXHi.

[TinTpriMyBaHHS 3a1aHOTO MPOQLIIO POJIMKIB 3AIMCHIOETHCA MIISAXOM 00-
TOYYBaHHS 32 JIOTIOMOTOI0 BEPXHBOTO Pi3Ils i HUKHBOTO (haCOHHOTO Pi3IIs.

Crnovarky pi3Li BCTAaHOBIIOIOTHCS 3 MIHIMAJIBHUM 3a30pOM 0 3BaprOBa-
JBHOTO POJIMKA. 3HATTS CTPYKKHU MMOYMHAETHCS B MIPY pO3JIaBIIOBaHHS poO0YOi
noBepxHi posnka. [lepioguyno mogayda, a TakoX BiJIBiA Pi31iB 3A1MCHIOIOTHCS 32
JIOTIOMOT'0OK0 XOJJOBOI'O I'BUHTA 3 MaXOBHUYKOM 1 T'ailku, pO3MILIEHOI B MMa3y CYIO-
pTa, 10 MEePEeMIIIAE€ThC B HANPSIMKY KPOHILITEHHA, 3aKpIMJIEHOr0 Ha KOpIycCi
eJIEKTPOAHOTrO TIpucTporo. [licis nepemiiieHHs: BUpOOISIEThCS (ikcallis X0g0BO-
ro IBHUHTA 32 JOTIOMOTOI0 raiiku. Pi31l 3aTUCKYIOTBCS B PO3TAILIOBAHOMY Ha CY-
NOPTI TpUMaYi 3a JOMOMOTOI0 OOJITIB.

1Hlo6Hi mawunu 3MiHHO20 CIMPYMY

Jlo cepiliHUX MaIlIMH 3arajbHOTrO MPU3HAYEHHS BIIHOCATH TaKi MOJCII:
MIII-2201, MIII-2202, MIII-3401, MII13207, MII1-3208, npu3HadeHi 11sl 3Ba-
PIOBaHHS HU3bKOBYTJICIIEBUX 1 HEp)KaBiloUMX crajedl 06e3 mokpurTiB. OCHOBHI
napamMeTpy MIOBHUX MAIlIUH 3MIHHOTO CTpyMY MpecTaBieHl B Tabu. 7.2.

KepyBaHHs 3BaproBajIbHUM CTPYMOM Yy IMX MallnHaX (YBIMKHEHHSI, BU-
MUKaHHS, PETyJIOBaHHS TPUBAJIOCTI IMITYJbCIB 1 May3, (pa3oBe peryiatOBAHHS)
BUKOHYETBHCSA 3a JIOIOMOI'OI0 NTEPEPUBHUKA 3BAPIOBATILHOTO CTPYMY, BOY1I0BaHO-
ro BCEpEIMHY MaIIMHU a00 BCTAHOBJIIOBAHOTO OKPEMO.

Ha puc. 7.5 306paxxena mammna MIII-3207 nns monepeyHoro 3BaproBaH-
Hs. [IpuBogHUM y 1iH MalllMHI € HWKHIM POJMK, TOMY HPUBIJ 00€pTaHHS, 110
CKJIaJIa€Thesl 3 TUpUCTOpHOro nmpuBony 9 (tuny DT1E2-24), penykTopa 8, cro-
JY4YHOT MPY’KHOI BTYJIOUHO-NIanbleBoi MydTu 10, yaByHHOI migcTtaBku 11 i ma-
pHipHOTO Basia 1, po3ramoBaHui ij] 3BaproBaAIbHUM TpaHc(hopMaTopoM 7.

[TpuBoa 3ycuiuist 4 crioiayyae MHEBMATUYHUN HUIIHIP 1 HAPSIMHUM TPU-
cTpidd. [{is perynroBaHHS 3BapiOBaJIbHOTO 3YCHIUISA B IMIMPOKUX MEXKaxX MHEBMa-
TAUYHUM HWIIHAP BUKOHAHUM 31 IITOKOM Benukoro giamerpa (110 mMm) 1 ynpas-
JISIETHCS BIJI IBOX €JIEKTPOITHEBMATUYHUX KianaHiB 5 # 6. [Ipu yBiMKHEHH1 000X
KJIAITaHIB TOBITPS HAJIXOJHUTH M JI0 BEPXHBLOI (HAAMOPIIHEBOO), 1 O HIXKHBLOT
(MAMOpIIHEeBOi) KaMepH IIIIHpA - 3a0€3MeUy0ThCS Mall 3BaproBalibHI 3yCHUII-
ns1. [Ipu yBIMKHEHHI OJHOTO KjamaHa MOBITPS HAAXOAUTH TUIBKW JI0 BEPXHBOT
KaMepu — 3a0e3nedyrloThes OUTbII 3BaproBalibHI 3ycwuis. HamaromkeHHs Ha
po0OOTYy B J1ana3oHi Maux a00 BENUKHUX 3yCHJIb 3/1MCHIOIOTHCS 3a3aJIeTi/ib 3a
JIOTIOMOTI'OK0 ITIepEMHUKaYA.

KoHcTpyKiliss 3BaproBabHOTO TpaHChopMaTOopa HO3BOJISIE PETYNIIOBATH
BTOPUMHHY HAIPYTy B IMUPOKHUX MEXKax 3a PaxyHOK MEpPEeMHUKAHHS TMEPBUHHUX
OOMOTOK 3 MapayieNIbHOTO 3'€THAHHS Ha MOCJI1I0BHE.



Tabnuysa 7.2 — TexHiuni xapaxmepucmuku MauwiuH 0l ULOBHO20 36aPIOBAHHSL 3MIHHUM CIPYMOM

[TapameTp

Twun marmvan

MIII 2201 | MIII 2202 | MIII 3401 | MIII 3207 | MIII 3208 | MIII 3404

HowminanpHa nepBuHHa Hanpyra, B

380

HowminansHa yactoTa, 111

50

HowminanapHa NOTYXHICTh, KB*A

71

127

323 270 250

HowminanpHu#t nepBUHHUHN CTpyM, A

186

335

850 710 655

HaliO11bp111ii BTOpUHHUN CTPYM, KA

22

34 32 34

HominanbHu# TpuBanuii BTOpUHHUN CTPYM,
KA

11,25

14

22 32

Mexi perytoBaHHs BTOPUHHOTO CTpymy, %o
B1JI HOMIHAJILHOTO 3HAYEHHS

100 - 30

Mexi perynoBaHHS TPUBAJIOCTI IMITYJIbCY
3BapIOBAJILHOTO CTPYMY, IEPIOAH

1-19

1-20

Mexxi perymntoBaHHs TPUBAJIOCTI Nay3, Mepio-
hiy|

1-20

Jiama3oH peKOMEHI0BaHUX TOBIIMH JI€TaJIeH
3 HU3BKOBYTJICLIEBOI CTaJIi, 1110 3BApPIOIOTh,
MM

0,4-1,5

0,5-1,8

0,8-3 0,3-3 0,8-3

HominansHuii BUIIT, MM

400

800 400

XiJl BEpXHBOTO 3BAPIOBAIIBHOTO POJIMKA, MM

50

70

50 40

Mexi peryJitoBaHHsI IIBUIKOCTI 3BapIOBAHHSI,
M/XB

0,8 -4,5

04438

0,4-6 0,5-4,5

HowminanbHe 3ycuiuis ctucky, kKH

5

12,5

Yucino madiaiB peryatoBaHHs KoedilieHTa
Tpanchopmaririi

8

12 6

Mexi 3miHM KoedilieHTa TpaHchopmarlii

109 - 213

60 — 80

35-51 42 -124 50-72

Omnip NOCTIHHOMY CTPyMYy BTOPUHHOTO KOH-
Typy, OM

65%10°°

40%107°

25%10° 15%10°




IIpooosocenns mabauyi 7.2

[TapameTp

Tun maimmvaN

MIII 2201 |MIII 2202 | MIII 3401 | MIII 3207 | MII 3208 | MIII 3404
KoepimieHT noTy>XHOCTI TP HOMIHAJIbHIM
BTOPHUHHII HANpy31 B peKUMI1 KOPOTKOTO 0,53 0,31 0,26 0,27 0,25 0,34
3aMHUKaHHs (COSQ)
BuTpara 3BeIEHOT0 TOBIiTPs, M°/T 1 1,5 2,3 2
Burpara xonoHoi BoH, /T 450 1100 2500 2000 2500
["aGapuTHi po3mipu, MM:
BHCOTA 1770 2300 2360 2030 2030 2080
MMpUHA 510 610 610 650 1025 960
OBSKHHA 1465 2215 2215 2130 2095 1680
Maca, xr 620 1350 1700
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Pucynox 1.5 — Mawuna 36aprosanvna muny MI111-3207

Enextpomni mpuctpoi 2 ¥ 3 BUKOHAHI 13 3aCTOCYBAHHIM «PO3BaHTaXKE-
HUX» KOB3HUX KOHTakTiB. KOHCTpyKuii BCiX BY3JlIB BUKOHAHI 3 ypaXyBaHHSM
MO>KJIMBOCTI YCTAHOBKM MAITUH Y MOTOKOBUX JIHISIX 3 TSHKKUMHU YMOBAMH €KC-
TUTyaTarii, BEIMKMM 3aBaHTKCHHSIM 1 TPUBAJTMMH MDKPEMOHTHUMHU ITUKIIAMHU.

[lepeBara mpuBOAHOTO HIKHBOTO POJIMKA MOJSITA€ B TOMY, IO BiH ICTOT-
HO PO3IIUPIOE TEXHOJOTTYHI MOXKJIMBOCTI MAaIllMHU, TOMY III0 3a0e3redye Haaii-
HY poOOTy HaBiTh 32 YMOBU YCTAaHOBKHM POJIMKA Majoro JaiaMmerpa (BBaprOBaHHS
JIeHeIlh OOWYanKy).

BucrtynanHs 3BaproBaJIbHUX POJIMKIB 3a MEPEIHIO TUIONIMHY MAIllWHU J10-
3BOJISIE 3BAPIOBATH Pi3HI €EMHOCTI MO BiIOOPTYBAHHIO HASIBHOCTI BUCTYMAIOUUX
Ha/ BiIOOPTYBAHHSIM YacTHH, & TaKOX OIyCKAa€ MOMapHE BCTAHOBJICHHS Ma-
IIIMH OJTHI€1 HABIIPOTH 1HIIOI MPHU HEOOX1AHOCTI 3BapIOBaHHS Of[pa3y JABOX Iapa-
JICTbHUX IIIBIB.

TumnoBa enexktpuuHa cxema mamuH cepii MII HaBenena Ha puc. 7.6.
TumnoBa kKiHeMaTH4YHA CXeMa HaBejeHa Ha puc. 7.7.

Bnaue napamempie pesxrcumy 36aproeannsa Hu3bKogyzieyeeoi cmai
Ha AKicmb 38apenozo wea

[IToBHE 3BaprOBaHHS, SIK i TOYKOBE, 3aCTOCOBYETHCS TOJIOBHIM YHHOM ITPH
3'eTHAHHI JIeTajied BHANYCK W CIIYXHUTh IS OJCpP)KaHHS TePMETUYHHUX IIIBIB, a
TaKOX JIJIsl MABUIICHHS MPOJAYKTHUBHOCTI MPHU 3BAPIOBAaHHI OKPEMUMH TOYKAMHU.
[Ipn moBHOMY 3BaproBaHHI OOOB'S3KOBHM € OJCpKaHHS JUTOI 30HH, IIUPUHA
akoi d € OCHOBHHM TMapaMeTpoM 3'€JHaHHS. [HIIMMH mapaMeTpamu, 10 Xapakx-
Tepu3yloTh 3'eqHanHs, € BianosiaHo g0 'OCT 15878—79 Benuuunu nporuias-
nenss hy i h,, rmuOunu BM'ITHHM g i g1, JOBXKUHA JIUTO1 30HU /, KPOK TOYOK /|,
BEJIMYMHA MEPEKPUTTS JTUTUX 30H 1Ba f, BennunHa HanmycTku B 1 BiAcTaHb BiA



oci mBa J0 Kpato HanycTku u (puc 7.8). Biamosigno no 'OCT 15878- 79 npu
IIOBHOMY 3BaprOBaHHI MOXYTb OyTH OTpHUMaHi 3'eqHaHHS rpynu A u rpynu b,
110 BIAPI3HAIOTHCS HMIMPUHOIO JINTOI 30HU ¥ BEIMYMHOIO HamycTku (Tabdi. 7.3).
['pyna 3'egHaHHs MOBUHHA BCTAHOBJIIOBATUCS NP MPOEKTYBAaHHI 3aJIEKHO Bij
BHUMOT JI0 3Bap€HOi KOHCTPYKUIi i 0cOOIMBOCTEN Mpoliecy 3BaproBaHHs. Bumo-
I'M 70 BEJIMYMHM IPOIUIABJICHHS, INIMOMHU BM'SITUH 1 BEJIMYMHU HAIyCTKU NpPHU
IIIOBHOMY 3BaprOBaHHI TakKi X, SK 1 IPU TOYKOBOMY.

A0 WoBHOro nepepeaya
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TC — mpancopmamop 36aproganvruil 3 nepemuxkaiem waois,

I — enekmpoosueyn, KM — macnimnuti nyckau, Ty — mpancghopmamop mepedic
ynpasninns, K — knanan enempomacnimuuil memopannuti, SA — eumurxay naxem-
Hutl; SA1 ma SA; — sumukaui oononoarocki mucky u cmpymy, Ky — pene;
FU; — FU;3 — 3anobioicnuku,; KII — knonka nedanvha

Pucynox 7.6 — Tunoea erexmpuuna cxema mawun cepii MII1I1



—2

1 — erexkmpoosucymn 0 obepmanus poauxa, 2 — HANPAGIAOYL nepemiueHHs
enekmpoosuzyna, 3 — 26uHm, 4 — KOHIUHUU PO3CYBHUL OUCK,
5 — wxie pedykmopa, 6 — ueps’siK; 7 — 3MiHHI wicmepHti;, 8 — KapOaHHUlL 84,
9 — sminni wicmepri kKapoannoeo eana,; 10 — HUdICHIU 36apHOBATLHUL POTIUK

Pucynox 7.7 — Kinemamuuna cxema wosrux mawun cepii MIII
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Pucynok 1.8 — Koncmpyxkmueni enemenmu 36apHux 3 €OHaHb, GUKOHAHUX
UWLOBHUM 368APIOBAHHAM

ICHYIOTH TPH OCHOBHI PI3HOBHJIM IIIOBHOT'O 3BaprOBaHHS: Oe3lepepBHE,
nepepuBYacTe i Kpokose. HalimommpeHimmmM € nepepruByacTe 3BaplOBaHHS, Xa-
pakTepu3oBaHe Oe3mepepBHUM OOEPTaHHSM POJHMKIB Ta MEPEPUBUYACTUM BKITIO-
YEHHSIM CTPYyMY, IIPH SKOMY IMITYJIbCH TPUBAIICTIO ty; YEPTYIOTHCS 3 TMay3aMu
TpUBANICTIO t,. [Ipy mpoxomKeHH] IMITYIbCIB TOKY (POPMYIOTHCSI OAMHUYHI 3Ba-



pEH1 TOYKH, CyKYTHICTh SIKUX YTBOPUTH 3BapeHui moB. Kpok Touok |y i mBua-
KicTb 3BaproBaHHs V., nos's3ani 3anexuictio |, =V, (L., +t,). IIpu 1, <1 3Bapeni

TOYKH TICPEKPHUBAIOTh OJIHA OJHY, Y PE3YJIbTAaTi YOr0 YTBOPUTHCS TePMETUIHUI
(MIITHOITITLHUI ) TITOB.

Tabnuys 7.3 — Ilapamempu 3'€Onansd wio8HUM 36aPHOBAHHAM

I'pyna A I'pyna B
OE) B, He meHIe = B, He MeHIe
=
TOBmfI Ha “:’ Yopni me- | Koapoposi 2 Yopni me- | Koapoposi
JleTajie, MM . . o . .
o Tanu v METaJIu | = TaIu U METaJIu U
= CIUIaBH CILIaBU = CIUIaBH CILUIaBH
0,3 2,5 6 10 1,5 4 6
Bin 0,3 1004 | 2,5 7 10 1,7 5 7
» 0,4 no 0,5 3 8 10 2 6 8
» 0,5 m0 0,6 3 8 10 2,2 7 9
» 0,6 10 0,8 3,5 10 12 2,5 8 10
» 0,8 1o 1,0 4 11 14 3 9 12
» 1 mo1,3 5 13 16 3,5 10 13
» 1,3 10 1,6 6 14 18 4 11 14
» 1,6 1o 1,8 6,5 15 19 4.5 12 15
» 1,8 10 2,2 7 17 20 5 13 16
» 2,2 10 2,7 7,5 19 22 6 15 18
» 2,7 10 3,2 8 21 26 7 17 20
» 3,2 1o 3,7 9 24 28 — — —
» 3,7 no 4 10 28 30 — — —

Bianosigno qo 'OCT 15878-79 BenuunHa nNepeKpUTTs TUTUX 30H TepMe-
TUYHOTO IIIBA TTOBUHHA OYTH HE MEHIIOI0 BiJl 25 % JOBXUHU JIUTOI 30HU | 0111-
HUYHOTO 3'eTHaHHSA. 30UIbIIECHHS MepeKpuTTs moHan 50% MpuBOIUTH 0 TEepe-
IPIBY JETAJICH 1 MABUIIEHOTO 3HOITYBAaHHS POJIMKIB, @ TOMY HEJIOIIJILHE.

besnepepBHe 1I0BHE 3BaprOBaHHS BUKOHYETHCA MPHU Oe3nepepBHOMY 00ep-
TaHH1 POJIMKIB 1 Oe3nepepBHOMY (0€3 may3) YBIMKHEHHI 3BapIOBAIBHOTO CTPYMY.
besnepepBHEe yBIMKHEHHS CTPYMY JIO3BOJISIE Pi3KO 301IBIIATH MBUKICTH 3BaPIO-
BaHHs, OJTHAK MPUBOANTH JI0 TIEPETPIBY MOBEPXHI JeTasiell 1 BUMarae OiTbII peTe-
JBHOTO MII00pPY MapaMeTpiB peKUMy 3BaproBaHHs. KpokoBe 3BaproBaHHS BUKO-
HY€TbCS NPU NEPEPUBYACTOMY YBIMKHEHHI CTpyMy M MepepHBYacTOMY (KpOKO-
BOMY) oOepTaHHI poiukiB. [Ipy KpokoBOMY 3BaproBaHH1 3BapIOBAILHUN CTPYM
BMUKA€EThCA TUTBKU 11 4ac 3YMUHKHA POJIUKIB, IO MPUBOAUTH JI0 3HUKEHHS TEM-
NepaTypu B KOHTAKTI «POJIMK - JIETANIby 1 CIIPHSIE MiIBUILIEHHIO SKOCTI 3BapIOBaH-
HS ¥ CTilKOCTI enekTponiB. KpokoBe oOepTaHHSI POIHKIB 3aCTOCOBYETHCS 3BU-
YaifHO TIPY 3BapIOBaHHI aJIFOMIHIEBUX, MATHIEBUX 1 MIJTHUX CIUIABIB.



Bumoru 10 4uCTOTH NMOBEPXHI AETajeld NPHU IIOBHOMY 3BapIOBaHHI Takl
K, AK 1 Ipu ToukoBoMmy. [ToBepxH1 merasieit moOBUHHI OyTH BUILHUMHM Big Opyay,
ip>ki 1 okanuHu. MexaHiuHa abo XiMiyHa 00poOKa JeTanell mpu HIOBHOMY i TO-
YKOBOMY 3BapIOBaHHI 3/IIMCHIOETHCS 32 OJHAKOBOIO TEXHOJIOTi€I0. SIK eNeKTpo-
JIU TIPY TIIOBHOMY 3BapIOBaHHI BUKOPHUCTOBYIOTHCSI OOEPTOBI TUCKOBI POJIUKH 13
UWTIHAPUYHUMEU (IIUpUHOIO be,;) abo cepuunumu (paaiycom R.;) poOounmu
noBepXHAMH. Po3Mipu po60o40i MOBEPXHI POJTUKIB OOMPAIOTHCS 3 TUX K€ OpIi€H-
TOBHUX CIIBBIJHOIIEHb, IO i pO3MIpH poOOYOI MOBEPXHI €IEKTPOIB IPU TOY-
KOBOMY 3BaproBaHHI. Y OUIBIIOCTI BUIAJAKIB IIOBHE 3BAPIOBAHHSI BUKOHYETHCS
13 30BHIIIHIM BOJASTHUM OXOJIO/PKEHHSIM POJIMKIB 1 JA€Taei.

PexxyMu IOBHOTO 3BAapIOBAHHS XapaKTEPU3YIOTHCS THMH X OCHOBHUMH
napaMeTpamu, 10 ¥ TOYKOBOIO (3yCHJUIIM CTUCKY, IIBHIKICTIO 3BaplOBaHHS,
3BaprOBAJILHUM CTPYMOM 1 npodisieM poO0oYOi MOBEPXHI POJUKIB), a JJIsl Nepe-
pPUBYACTOTO 3BAPIOBAHHA — W LUKIOM 3BaplOBaHHS (TPUBAJICTIO YBIMKHEHHS,
1ay3010 ¥ KPOKOM TOYOK); BIUIMB MAapaMETPiB PEKUMY Ha PO3MIPU ¥ MILHICTb
3BapeHUX 3'€THAHb MIPHU IIOBHOMY i TOUKOBOMY 3BapIOBAHHSIX OJHAKOBUIA.

JlogaTKOBUM MapaMeTpoM, XapaKTepHHUM JJIsl IIOBHOTO 3BApIOBaHHS 3 0e3-
nepepBHUM OOEPTAHHSM POJIUKIB, € IIBUJKICTh 3BaptoBaHHs V.. [Ipu 3amanomy
KpOIli TOYOK V,, TUM OijIbIIIe, YAM MEHIIE t,, ¥ t,. J[7Is migBummeHHs V., 1OBHE
3BapIOBaHHS 3 MEPEPUBUYACTUM YBIMKHEHHSIM CTPyMY, SIK TIPABUIIO, BUKOHYETHCS
Ha OUTBII TBEPAUX PEKUMAX (TIPU MEHIIUX ty; ), HDK TOYKOBE. Y 3B'SI3KY 3 ITUM, a
TaKOX 4epe3 3MEHIIEHUN omip JeTaneu, 1o 3Baplo0Th, BUKIIMKAHUN HAsSBHICTIO
BM'SITUH Ha iXH1 MMOBEPXHI 1 CKJIIEMKU B KOHTAKTI «JI€Talb — JACTANIbY, III0 YTBOPH-
Jucs npy (opMyBaHHI ONEPEHBOI TOUKH, PU IIOBHOMY 3BaprOBaHHI 3 EpepHU-
BYACTUM YBIMKHEHHSIM CTPYMY 3HAYHO OUTBIII, HIK TIPU TOUKOBOMY.

OnHak Mpu IIOBHOMY 3BapIOBaHHI KOJHOPOBHUX CIUIABIB t,, yCTaHOBIIIO-
€ThCS HE HIKYUM, a JJIsI BUCOKOMIIHUX QJIFOMIHIEBUX CIIJIaBIB HAaBITh BUIIUM,
HIXK TMPU TOYKOBOMY 3BapioBaHHI. Y 3B'I3KYy 3 IIUM PO3XO/KEHHSA I, Mpu 1mI0B-
HOMY i1 TOUKOBOMY 3BapIOBaHHSX KOJHOPOBUX CILJIaBiB HE3HAYHE.

[Tpu 3BaproBaHHI MEPIIOi TOYKM IIBA BM'SITUHU Ha TOBEPXHI JeTaiei 1
CKJIEHiKa B IXHbOMY KOHTAaKTi BIJCYTHI ¥ Omip AeTajleld Takui, K 1 IpU TOUYKO-
BOMY 3BaproBaHHI. ToMmy JjIsl TIOTIEpeKEHHS TIEPErpiBy 3'€THAHHSA W BUILIECKY
PO3IIIaBICHOTO METalTy CTpyM L., ipu 3BaproBaHHI MepIIOi TOYKH MOBUHEH OyTH
Ha 10 - 15% MeHmuM, HIK NpU 3BaprOBaHHI BChOTO I1IBA.

3ycuiisi eNeKTPOJIIB MpH HIOBHOMY 3BapiOBaHHI MOBHUHHE OyTH TPOXH
BUILUM, HIXX MPU TOYKOBOMY. [1o Mipi miaBuiieHHs V., pO3XOKEHHS B 3HaYECH-
HsX F3pg Mpu MIOBHOMY W TOYKOBOMY 3BapIOBaHHSX 3pOCTa€. 3yCHUIUIS CTHCKY
BHU3HAYAETHCSI PO3MIpaMH POJIMKOBHUX €JeKTpoiB. [Ipu HopmanbHOMY AiameTpi
ponukiB (200 - 250 »mm) 1 HOpMaNbHIN TXHIM mupHHL (4 - 8 MM) TUTOMHUI THCK
PEKOMEHIY€EThC o0upatn y Mexax 50 - 150 MH/M® (5 - 15 kr/mm?). Jlnst Bu-
3HAYEHHS 3YCHUJUISI CTUCKY KOPUCTYIOTBCSI IMHAMOMETPOM.

Bruus termnodi3nyHux BIACTUBOCTENM METaNIB, 1[0 3BAPIOIOTh, HA BUOIp Ma-
paMeTpiB peKHUMIB ITPU IIIOBHOMY 3BapIOBaHHI TaKWM CaMUH, K 1 IPU TOUKOBOMY.



VY 1abn. 7.4 HaBeleH] peKUMHU NEPEPUBYACTOrO 3BAPIOBAHHSA HU3BKOBYT-
JeueBoi crajl, a B Tabi. 7.5 — peXUMHU MIBUIAKICHOTO 3BapIOBAHHS HU3bKOBYT-
JIEUEBOi CTalll Ha MOCTIMHOMY CTPyMI IpU Oe3MepEepBHOMY YBIMKEHHI CTpyMYy.
OpieHTOBHI pEeKUMH 3BApIOBAHHS HU3BKOJIETOBAHUX CTajel (3 HACTYyMHOIO 00-
poOKoIO AeTanel y nedi) HaBeieHl B Ta0u1. 7.6. PexuMu 3BaproBaHHS XKapoMill-
HUX CIUIaBiB HaBeAcHI B Ta0a. 7.7. Opi€HTOBHI PEXUMHU 3BApPIOBAHHS JICSIKUX
MapOK HU3bKOBYTJICIIEBUX CTaJICH 1 )KapOMIIIHUX CIUIaBIB HaBeCHI B Ta0OJI. 7.8.

Tabnuys 7.4 — Pesicumu nepepusuacmozo 36aprosamnius HU3bKo8y2ieyesol

cmaini
TOBHM? a L, KA ts, 3 tw 3 F..,, xH Vs, M/XB
JieTasei, MM
0,5 7—8 0,02—-0,04 | 0,04—-0,06 | 1,5-2 1,2-14
0,8 85—-10 | 0,04-0,06 | 0,04—-0,08| 2-3 1-1,2
1 10,5-12 | 0,06 - 0,08 | 0,08 —0,1 3-4 0,8—-0,9
1,2 12-13 | 0,08—0,1 | 0,1 -0,12 4-5 0,7—0,8
1,5 13-14,5|0,12-0,14 | 0,12—-0,14 | 5-6 0,6 —0,7
2 15,5-17|0,16-0,18 | 0,18—-0,22 | 7-8 0,5-0,6
3 18—22 |10,24-0,32 | 0,28—0,34 | 1011 0,4-0,5
Tabnuys 7.5 — Peoicumu weuUOKiCHO20 36apro8ants HU3LKOBY2ieyesol
cmaii
ToBmHa aeraneit, MM i, 3 d, Mmm F.,, xH L, KA
8 2,5 21
0.8 12 2 8 22
4 S 7,5 23
1,5 6 10 28
6 5 15 30
3 7 15 35
2 4 6 15 35
7 20 40

Tabauysa 7.6 — Peoicumu 36apio8ants HU3bKON€208AHUX CMAell 3
HacmynHoo mepmooopooKoio

TOBHIF Ha L, KA o, 3 tw 3 F.., xH | V., M/xB
JIeTaIeH, MM

0,5 7-38 0,11-0,12 | 0,12-0,16 | 3—-3,5 0,8—-0,9

0,8 75-85 10,12-0,14 | 0,14-0,2 35-4 0,7-0,8

1 9,5-10,5/0,14-0,16 | 0,18 -0,24 5-6 0,6 —0,7

1,2 12-13,510,16-0,18 | 0,22-0,3 | 55-6,5| 0,5-0,6

1,5 14-16 | 0,18—-0,2 | 0,26-0,32 8-9 0,5-0,6

2 17-19 | 0,2-0,22 03-036 |10-11,5| 0,5-0.6

2,5 20-21 10,24-0,26 | 0,32-0,4 12-14 | 0,4-0,5

3 22-23 10,3-0,32 | 0,36-0,44 | 14—-16 | 03-04




Tabnauys 7.7 — Peocumu 36apro8antsL JcapomiyHux cniagie

TOBHIE/I Ha L, KA i, 3 tw 3 F.,, xH Vi, M/XB
JIeTane, MM
0,3 5-6 0,06 -0,1 | 0,06-0,1 417 0,6 -0,8
0,5 45-7 10,08-0,12|0,08-0,14 | 5-8,5 0,5-0,6
0,8 6—38.,5 0,1-0,16 [ 0,16-022| 6-10 0,3-0.45
1 6,5-95 10,14-0,18 | 0,24-028 | 7-11 0,3-0.,45
1,2 7-10 0,16—-0,2 [ 0,28—-032| &8-12 0,3-04
1,5 8—11,5 | 0,2-0,26 | 0,38-0,5 9-13 0,25-04
2 9,5-13,510,24-0,32 | 0,48-0,6 | 10-14 0,2-0,35
2,5 11-14 | 0,3-0,38 | 0,56—-0,68 | 11-16 0,15-0,3
3 12-16 |[0,36-0,46 | 0,6 —0,78 12-17 | 0,15-0,25

Tabnuya 7.8 — Opienmo6Hi pedicumu Ul0OBHO20 38apHOBAHHS Oemanetli 3i
Ccmani u HcapoMiyHux cniasie
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O Qe 8 %
=5 | &5 B | o e % E
Meran = = | 9 a 8 g 2 -
< 5 o = 5 5
= a5 >
2 | SE
i 3
=p
Bignanena xonon-| 0,5 4,0 -2 10,04|0,04| 8-10 1,0-2,0
HOKaTtaHa Hu3bko-| 1,0 5,0 3-5 (0,08|0,12| 12-15 1,0-1,5
BYyIJICIIEBA CTAJIb 1,5 7,0 4-6 0,1 10,14] 14-18 | 0,6-1,0
2,0 9,0 5-7 10,14]0,16 | 1620 | 0,5-0,6

3,0 11,0 | 7,59 10,18]0,18 | 20-24 | 0,5-0,7

Huspkonerosana 1,0 6,0 -6 10,14] 0,1 | 10-12 | 0,5-0,6
crans 30XI'CA 1,5 7,0 4-7 10,180,112 | 15-17 | 0,5-0,6
2,0 9,0 5-8 021021720 | 0,5-0,6

AycreniTHa ctanb| 0,5 4,0 1,54 [0,06(0,06| 4-8 1,0-2,5

X18HOT 1,0 6,0 3-6 0,1 { 0,1 | 810 0,6-1,0

2,0 9,0 6-10 10,14]0,16 | 10-14 | 0,5-0,7

3,0 11,0 | 12-13 10,16 0,18 | 15-17 | 0,5-0,6

XKapominni cmnasu| 1,0 6,0 56 (0,12]0,12] 10-13 | 0,7-1,0

TUITY HixpoMm| 1,5 7,0 7-8,5 [0,1210,14 | 13-15 | 0,7-1,0

XH75T, XH78T 2,0 9,0 9-10 10,14]0,16| 14-17 | 0,6-0,7

[IBuaKICTh 3BapIOBaHHA 3aJI€KUTh BiJ MOTY>KHOCTI MAlllMHU ¥ TOBIIUHU
JIUCTIB, 110 3BapIOOTh. 3BUYANHO MpPU 3BapIOBAHHI 3 MEPEPUBHUKOM CTPYyMY
mBuakicts cranoButh 0,5..3,0m/x6. IllBuakicTs 3BaprOBaHHS BUMIPIOIOTH




y Takuit croci6. Ilpu xomoctomy xoai Mammuau (6€3 3BaprOBAIBHOTO CTPYMY)
MK POJIMKAMH MPOITYCKalOTh CTAJIEBY CMYTY JOBXHUHOIO / = 1 M, 3a CEeKyHJ0-
MIpOM 3aMIpAIOTh Yac ii pyxy t 1 MBUIKICTb 3BapIOBaHHS NIJPAXOBYIOTh 3a
dopmymoro V =1/t

3BaproBaJIbHUN CTPYM 3QJIEKUTh B OCHOBHOMY B1Jl TOBIIMHU i MapKu Me-
Taily, 110 3BApIOE, a TAKOXK LIBUAKOCTI 3BApIOBAHHS M TPUBAJIOCTI LIUKITY. 3BU-
YailHO 01epKYIOTh BUMIPH ISl MiHIMAJIbHOI 1 MAKCUMAJIbHOI IIBUAKOCTEH.

VY cepeaHbOMY MpHU IIOBHOMY 3BaprOBaHHI CTpyM oOupatoth B 1,5 — 2 pa-
31 OUTBIUMM, HIXK JUUISl @HAJOTIYHUX JETallell MpU TOYKOBOMY 3BaproBaHHI. [l
BUMIPY 3BapIOBAJIbHOTO CTPyMy Oa)kaHO BUKOPHCTOBYBATH MPHUIIAJIH, L0 MOKa-
3yI0Th, HapUKJIa] iMnyascHui amnepmerp ACT-2, onuc sSIKOro HaBEJEHO B Jia-
6opatopHiii podoTi Ne 4. Ilpu BiJICyTHOCTI TaKMX MPUIA/IB MOXKHA BUMIPATH
NEPBUHHUI CTPYM 1 IlepepaxyBaTH Moro 3a KoedimieHToM TpaHchopmallii, K 11e
MOoKa3aHo B JabopaTopHiii po6oTi Ne 1.

[{ukn 1mIOBHOrO 3BaprOBaHHS 3 IEPEPUBHUKOM CTPyMy CKIAJa€Tbes 13
TPUBAJIOCTI YBIMKHEHHS CTPYMY IpY 3BapIOBaHHI OJHIET TOUKH t3B 1 TPUBAIOCTI
nay3u MK IOCJIJOBHUMHU YBIMKHEHHSIMU CTpyMY tii, TOOTO:

t,=t,+t,.

TpuBanicth UKy MOKe OyTH BU3HAUCHA 32 (POPMYIIOIO:

3a
t =——
Y 50v°

1€ @ — KPOK TOYOK, MM;
V — MBUAKICTh 3BapIOBAHHS, M/XB.

Bignomenus t 26 / tu BU3HAYAETHCS BIACTUBOCTSIMHU METaIly, IO 3BapIOE, 1

JUIs HU3bKOBYTJIENEeBoi craimi craHoBuTh 0,4 - 0,6. TpuBasiicTh yBIMKHEHHS
CTPYMYy 3aJIKUTh BiJl TOBIIMHHU METay O 1 IPH 3BapIOBAHHI HU3bKOBYIJIELIEBOL
crani npu6ausso cranosuts (0,06...0,08)0 .

[Ipn moBHOMY 3BaprOBaHHI MOXJIMBE OJICPKaHHS HE TIIHKHA HAITyCTOY-
HUX, aji¢ ¥ CTUKOBHUX 3'€/IHaHb. JIJIsI 1IbOTO MK POJMKAMH W JIETAISIMU PO3Mi-
IIYIOTh JIB1 TOHKI HAKJIaJKU 3 TOTO ) METally, 1110 i 3BaproBaHi aetaii. ToBmuHa
HakJagok ctaHoBUTh 0,2 - 0,3 MM, mupunHa — 3,5 - 6 MM. [Ipu 3BaproBaHH1 BCTUK
3 HaKJaJKaM{d HE TOTPIOHO CHeIiaabHOI MIATOTOBKH KPanoK, M0 3BaprOIOTh, i
JIOTYCKAIOThCA 3a30pU MUPUHOIO 10 20% TOBUIMHU JIeTaneil. Y 30Hi IIBa yTBO-
pPUTBHCS CTOBIIEHHS, sike aopiBHIOE 10 - 50 % TOBIIMHM AeTaNel; mpu HEOOX1I-
HOCTI 1€ CTOBILEHHS MOX€e OyTH 3HATE LUISIXOM MEXaHIYHOI 0OpOOKH.

[TpaBuIbHO BCTAHOBJICHUHN PEXUM 3BAPIOBAHHS TapaHTYE BUCOKY SIKICTh
mBa. [Ipu mopyiieHHi pexxuMy 3BaprOBaHHS MOXYTh YTBOPIOBATHCS Taki Jedek-

TH, SK Teperna, HeMpoBap, BUIUICCKHU, TJITUOOKI BM'ATHHH 1 T. iH. (puc. 7.9 #
Tabn. 7.4 - 7.8).



[lepeBuTpaTa yTBOPUTHCS B PEe3yibTaTi 3aHAITO BEJIMKOT BUTPUMKH 1]
cTpyMoM (t;;), MaJIOrO THUCKY, Majioi MIBUAKOCTI 3BAapIOBAaHHS W MOraHOro
NPWISITAaHHS JieTajlel, o 3BaproioTh. [lepeBuTpaTa XapakTepu3y€eTbCsl OKH C-
JIEHOI0 TMOBEPXHEI W OUIBIIMM OpPEOJIOM KOJbOPIB MIHJIMBOCTI HAaBKOJIO
OKpPEMUX TOUOK.

[TpuunHamMu HenpoBapy € MajMil CTPyM, HEIOCTATHIA 4ac BUTPUMKHU HiA
CTPyMOM, MaJMi THUCK 1 3aHaJATO BHUCOKA IIBHJKICTH 3BaproBaHHs. [Ipu 3Bapio-
BaHHI MeTaJly 13 3a0pyJHEHOIO IMOBEPXHEI0 MOXKYTh YTBOPIOBATUCS IIEPEBUTpATa
i HempoBap. Jly»ke 4acTo IpH LIbOMY CIIOCTEPIraloThCsl BUILIECKU METaIy.

['MuOoKi BM'ATUHM yTBOPIOIOTHCA TP MaJliid MMPUHI POoOOUYOT MOBEPXHI
POJHKIB 1 3aHAATO BEIUKOMY TUCKY. [ TnOMHA BM'SITHH HE MOBHUHHA MEPEBUIILY-
Batu 10% TOBIIMHM JUCTIB, IO 3BAPIOIOTh.
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a — besnepepsHe 38aprosanns, 6 — nepepusuacme 36aproeants, | — cmpym;
P — 3ycunna cmucky; S — nepemiwenns poauxie, ¢ — wiae nooayi poiuKie

Pucynox 1.9 — Jliaepamu yuxnie uio6no2o 36aprosanHs

SkicTh 3BapeHUX LIBIB MEPEBIPAIOTH HA 3pa3kax. s 1poro Ha BCTaHOB-
JIEHOMY PEXHMI1 3BapIOIOTh [IB1 IUIACTUHU, K1 CIIOYATKY OIVISIAl0Th, & MOTIM
PYMHYIOTh Y PO3PUMBHHX MalMHax a0o jemarax. [Ipu npoMy BU3HAYa€eTHCS Be-
JMYMHA PYWHYKOUOIO 3yCHUJUIS M Xapakrep pyrMHyBaHHs. Dopma 3pa3ka s BU-
npoOyBaHb Ha PO3TITaHHS HaBeaeHa Ha puc. 7.10, a.



MicUe mapkyBaHHA Kpomka pos'emy
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Pucynox 7.10 — 3pasku onsa sunpobysanv uio06H020 36apro6anHs

Jlnst BU3HA4YEHHS TEPMETUYHOCTI IIBIB 3BApIOIOTH CHEIladbHI TPOOU —
«kuieH (auB. puc. 7.10, 6). BoHr cTaHOBIATH ABI IIACTUHU, OOBapeHi 10 Y-
31. [licnst 3BaproBaHHs 3a JOMOMOTIOO 3yOHIia MJIACTUHU BIATMHAIOTH 1 B yTBOpE-
HY TIOPO’KHUHY HAJIMBAIOTh KUIbKa IpamiB racy. /s kpamioro BusBieHHs aede-
KTHUX MICIb 30BHIIIHIO YaCTUHY «KHUIICHI» MOMEPETHBO MOKPUBAIOTH BOIASTHIM
PO3YMHOM Kpeian ado KaodiHy i MpocyuryroTh. HennbHOCTI 1MIBa BUSBISAIOTH
3a MOSIBOIO KHUPHUX 1p)KaBUX TOYOK HA KPEHI0BOMY a00 KaOJIHOBOMY MOKPHUTTI.
[TosiBa OKpeMHX TOYOK BKa3y€ Ha HAasBHICTh HEMIUTLHOCTEW (HAMPHUKIIAJ, MicCIie-
BUX IIPOXOTIB), & NOSIBA CMY>KOK CBIYHUTH MPO 3HAYH1 HEMPOBAPHU.

7.2 IlpoBeaeHHs1 podoOTH
Ycemamkyeanna it mamepianu

1 MarmuHu AJ1 IIOBHOTO 3BapIOBaHHS 3 PI3HUMH MEXaHI3MaMU CTHCKY.

2 Amnepmetp tuny ACT-2 (mpu BiJICyTHOCTI MOTO MOXHA BUKOPUCTATH
amMIepMeTp 1 1Ba BOJIbTMETPHU, 3aCTOCOBYBaH1 B JabopaTopHiid poOoTi Ne 1).

3 IlnmacTuHU 3 JUCTOBOI XOJIOJIHOKATaHOT HU3BKOBYTJIEIIEBOI CTaji TOB-
muHoto 0,5 - 2 MM (80x200 Mm).

4 CexyHaomip.

5 Kpeiina abo kaoiH.

6 IleHznuku.

7 TlepecyBHuii 1abopaTopHUl CTLT 3 HAOOPOM HEOOXITHUX MPOBO/IIB, 1H-
CTPYMEHTOM 1 CIICLIOSTOM.

8 Omucu, KpeciaeHHs, CXeMH i HeOoOX1THI IOBIJIKOBI MaTepiaiy.



A O3naiiomnenna 3 KOHCMPYKUIEN WOBHOT MAUUHU

3a 3aBHaHHSAM BUKJIaJa4a MOBUHHA OyTH J00pe BUBUYEHA OJ[HA 3 MAIIWH 3
neJabHUM, €JIEKTPOMEXaHIYHUM a00 IMHEBMATUYHHUM TPUBOJOM MEXaHI3MY
CTUCKY. 3 MalllMHAMU 1HIIUX THUIIIB BapPTO TUIBKUA O3HAHOMUTHUCH.

1 YBaXHO MpOYMTATH ONUC HMIOBHOI MAalllMHU, 3HAWUTHU 1i OCHOBHI BY3JIH,
YCBIJOMUTH iXHE MPU3HAUYCHHS W CXEMAaTHUYHO 3aMaJlOBATU 3arajibHe KOMIIOHY-
BaHHS MAIllMHU.

2 OxapakTepu3yBaTH MEXaHI3M CTHCKY, CXEMaTHYHO 3aMajloBaTH HOTO
MIPUCTPIH 1 3aMipsATH MiHIMaJIbHE i MaKCUMaJIbHE 3YCHUJIIS CTHUCKY.

3 Onucatu TN TpaHcpopMaTopa W HAKPECIUTH CXEMY pO3TallyBaHHS
MIEPBUHHOI 1 BTOPHHHOT OOMOTOK.

4 3amamntoBaTH CXeMy il MOSICHUTH poOOTYy MepeMHKaya 1mabdiiiB MOTY>KHOCTI.

5 HaBecTu cxeMy MexaHi3My 00€pTaHHS POJIMKIB, OMUCATH CIOCIO BUMIPY
HIBUKOCTI 3BapIOBaHHs i BUSHAYUTH MaKCUMaJbHE 1 MiHIMaJbHE ii 3HAYECHHS.

6 OnucaTu THUN TEpEepUBHUKA CTPYMY, BU3HAUUTU YHUCIO TEPEPUBAHD
CTpyMYy B OJMHUIIIO Yacy, a TAKOX MIIpaxyBaTy TPUBAIICTh LIUKITY, TPUBAIICTD
3BaprOBaHHA U TPUBATICTH May3H.

7 BU3HauUTH BWIIIT, HAKPECIUTH KOHCTPYKIIIO POJUKIB i YCTAHOBUTH, 3
SKOTO METaJly BOHM BUTOTOBJICHI.

8 Hakpecnutu cxeMy BOJASHOT'O OXOJIOKEHHSI.

9 CxitacTu TeXHIYHY XapaKTEePUCTUKY MAIIUHU.

b Busgnenns eniugy oKpemux napamempis pedcumy uioeHo2o
36apI0BAHHA HA 306HIULHIIL 6U2/1A0 Ul AKICMb 36APEH020 3'€OHAHHA

1 3aroToBUTH TAONHIIIO IS 3aMIUCY JAHUX BUMIPIB 1 CIOCTEPEKEHD (AUB.
tabm. 7.9, 7.10).

2 Jlns naHoil TOBLIMHU MeETaly MHiaiOpaTd mo TaOJHLSIX PEeXUM 3Baplo-
BaHHS HU3bKOBYIJICLIEBOI CTaJll M HACTPOITH MALIUHY.

3 3BapuTH ABI IJIACTUHHU, OLIHUTHA OTPUMAHE 3'€IHAHHS 1O 30BHIIIHBOMY
BUTJISI/II i BHECTH HEOOX1/IH1 BUIIPABIICHHS B CIIOYATKy OOpaHUI PEXKUM.

4 TloBTOpUTH 3BapIOBaHHS IUIACTHUH, BU3HAYAIOUM IPHU I[bOMY 3BaproBa-
JBHUHU CTPYM, 3yCUJISL CTUCKY W IIBUJKICTh 3BapIOBAHHS.

5 3BapuTH «KHUIIECHS» 1 BUIPOOYBATH KOTO TaCOM.

6 3BapuTH LIICTh LIBIB, 3MIHIOIOYU MPU LIOMY B OJIHY U 1HIIY CTOPOHY
OJIMH 3 MIapaMEeTPIB PEXKUMY: a) 3BapIOBAIBHUI CTPYM (32 TOMOMOIOI0 MEPEMHU-
Kauya mabJiiiB MOTYKHOCTI); 0) 3yCHUIUIS CTUCKY (32 JOMOMOI'OI0 HATATY MPYKUHU
a00 TUCKM CTHCHEHOTO MOBITps); B) IIBUIKICTh 3BaplOBaHHs (3a JOIMOMOIOIO
3MIHHUX LIECTIpeHb ab0 BapiaTopa MIBUIKOCTEN).

7 Bu3HauuTH SKICTh 3BAPEHOrO 3'€IHAHHSA 110 30BHIIIHBOMY BUTJISAL i M-
CJIsl pyWHYBaHHS 3pa3KiB.



KonTposabHi nMTaHHA

1 Ha3BiTh OCHOBHI By3/11 IIIOBHUX MAIIIMH JII KOHTAKTHOTO 3BapIOBAHHSL.

2 OnumiiTh poOOTY MIOBHUX MAILKH 3 MEJaTbHUM (MPY>XKUHHUM), €J1eKT-
POMEXaHIYHUM 1 THEBMAaTUYHUM MPUBOJAMHU.

3 Sk ynmamtoBaHi MexaHi3MHU 00€pTaHHS POJMKOBUX €JICKTPOIIB?

4 OnuuIiTe TPUCTPIA KOB3HUX CTPYMOIIIBO/IIB.

5 Slke npu3HaueHHS 1 K YJAIITOBaH1 MIEPEPUBHUKHU CTPYMY?

6 HaxpecmiTh MOXIHMBI ITUKIIM TIOBHOTO 3BAPIOBAHHS il TIOSCHITH iX.

7 1lo BXOAUTH Y PEKHUM IIIOBHOTO 3BapPIOBAHHS 1 SIK HOTO BUOUPAIOTH?

8 Skuii BIULIUB OCHOBHUX MapaMEeTPiB PEKUMY IIIOBHOTO 3BAPIOBAHHS HA
AKICTh 3BapEHOro 1IBa’?

7.3 3BiT npo 1adopatopuy podory Ne 7

Buguennsa koncmpykuyii wio8noi (poauKko6oi) KOHMAaAKmMHOT MaWuHU i
36apl06aAHHA HA Hill HU3bKOGY2lleueeoi cmaii

[Tpi3BuIe cTyneHTa
I'pymna JlaTa BUKOHaHHA poOOTH

A O3HaiiomnenHA 3 KOHCMPYKUIEIO WOBHOT MAWMUHU

(3aranbpHa cxeMa HIOBHOI MAIlIMHHU 3 MIO3HAYEHHSIM OKPEMHX BY3JIiB)
(Cxema mMexaHi3My CTHCKY)

3yCHJIUIS CTUCKY:

a) MiHIMaJIbHE:

0) MakCUMaJbHE:

(Cxema posrairyBaHHsi 0OMOTKHU TpaHcpopmaTopa)
(Cxema mepemmukaya maodIiB MOTYKHOCTI)
(Cxema mexaHi3My oOepTaHHS POJIUKIB)
[IBUaKICTH 3BApIOBAHHS:
a) MiHIMaJIbHA!

0)MaKkcuMasbHa:

Tabauys 7.9 — Xapakmepucmuxka nepepueHuKa Cmpymy

Tun nepepu- | Yucno nepepu- Tpusanicts, ¢

BHUKA BaHb CTpyMmy, n/c | [ukiy t, 3BaproBaHH4 t,; | [lay3u t;
min max min | max | min max min | max




(Cxema BUJIBOTY €JIEKTPOIB)
(CxeMa BOJIIHOTO OXOJIOJIYKEHHS)
(TexHiyHa XapaKTepUCTHUKA MAIIMHU)

b Busaenenns eniugy oKpemux napamempie peicumy uwo6Ho20 36apo6ants

Ha 306HIWIHITL U210 MA AKICMb 36APEHO20 3 €OHAHHA

(Ecki3u 3BapeHux 3'€/lHaHb 13 BKa31BKOIO MiCIlb A€(EKTIB)
BucHoBku 1o po6oTi
[Tinmuc crynenta
BucHoBoOk BuKkiagaua

Tabnauys 7.10 — /[nsa 3anucie 0anux umipis i 004uciensb
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HopmanbHuii
31 3MEHIIICHHSIM OJJHOTO
3 mapameTpiB
31 301IBIIIEHHAM OHOTO
3 mapameTpiB




JABOPATOPHA POBOTA Ne 8
BUBYEHHS BY/I0OBU U POBOTU TUPUCTOPHUX KOHTAKTOPIB
8.1 3araabHui BizomocTti

B onnodaznux MammHax KOHTAaKTHOTO 3BAPIOBAHHS YBIMKHEHHS W BUMK-
HEHHSI 3BaplOBAJIbHOTO CTPYMY 3AIMCHIOETHCS TUPUCTOPHUMHU KOHTAKTOPaMH.
CHUHXPOHHICTh YBIMKHEHHS 3BapIOBAJILHOTO CTPYMY, IIpOTrpaMyBaHHs HOTO JTif0-
YOro 3HAYEHHS U 3aBJIaHHS 3aKOHIB OTO PETYJIIOBAHHS, TPUBAJICTh MPOTIKAHHS
TOKY 3a0€3MeuyIThCA PI3HOTO POy KePYIOUUMHU OJIOKaMH, PETYIsTOpaMu 3Ba-
PIOBAJILHOTO LHUKITY, IPUCTPOSIMU Ha 0a3i MiKp0o3acoOiB Kepyrouoi 00uncIoBa-
JLHOT TEXHIKHU.

TupucTopHi KOHTaKTOpH 3 BoAssHUM oxonoxeHHsaM KT-1, KT-02, KT-03
1 KT-04, mo Bunyckanucs padiiie, y KOMIUIEKTI 13 IPOrpaMHUMU PETyJISTOPAMHU
LUKJTy 3BapIOBaHHS J03BOJIUIM MPAKTUYHO MOBHICTIO 3aMIHUTH KOHTAaKTOPH Ha
ITHITPOHAX 1 MOJIMIIUTH SKICHI MOKAa3HUKUA MAIIUH JIJI1 TOYKOBOTO, IIIOBHOTO M
penbedHOro 3BaprOBaHb — MIABUIIUIN HAIIMHICTh pOOOTH, BUKITIOUUIIU MPOITYC-
KM YBIMKHEHHS 3BapIOBAILHOTO cTpyMy, 30unbimmau KKJI mamuH 1 3HU3uIM BuU-
TpaTy XO0JOJHOI BOAU. Pa3oM 3 TMM HaKONMUWYEHUH TOCBIJ €KCIUTyaTallli X Ko-
HTaKTOPIB BUSBHUB 1 1XHI OCHOBHI HEeIOJIKH. /[0 HUX BIAHOCATHCA: YacTe 3acMi-
YeHHS Tiapopene, M0 KOHTPOIIOITh BUTPATY XOJOMAHOI BOAM, BHUXIT 3 Jamdy
OKpPEMHX €JIEMEHTIB MPU BUMAJAKOBOMY MOTPAIUISHHI HA HUX BOJHU 13 CHCTEMH
OXOJIOJIKEHHSI, BUX1/1 3 JIaAy TUPUCTOPIB, BITHOCHO O1IbIlI rabapuT KOHTAKTO-
piB 1 psij HILIKX.

VY nHam yac cepiiiHO BumnyckawTbcsi koHTakTopu TumiB KT-07, KT-11 i
KT-12 (puc. 8.1). ¥ HuUX yCyHYTI OCHOBHI HEJOJIIKH 3aCTapUIMX TUIIB KOHTAK-
topiB KT-1, KT-02, KT-03 i KT-04.

a—KT-07;, 6 — KT-11E; 6 — KT-12C
Pucynox 8.1 — Koumaxmopu mupucmopui

Kontaktopamu KT-07 KOMIJIEKTYIOThCS MAIIMHU TOTYXHICTIO 10
150 kB-A. Lli KOHTaKTOpU MalOTh MOBITPAHE OXOJOIKEHHS. Taki KOHTak-
TOPU KOMIUIEKTYIOThCS TUPUCTOPAMH IITUPHOBOI KOHCTPYKUIi €1MHOI cepii
B METAJIOKEpaMiYHUX KOpIycax 3 MiJBHUINEHOI IuKJIoCTiiKicTio T171-250
(TY 16-279.105-81) 3 oxonomxyBauamu 0181-80 (TY 16.279.377-83).



KonTaktopu KT-11 1 KT-12 BUKOPUCTOBYIOTHCS JJIsi MAllUH BEJIUKOI
HOTY>XHOCTI W KOMIUIEKTYIOTHCS THPHUCTOPAMHU TaOJIETKOBOTO BUKOHAHHS
tuny T2-320 1 T500 (TY 16-529.793-73). 11i TupuCTOpY MarOTh BOASTHE 0XOJIO-
JOKeHHA. 1711 KOHTPOJIIO TeMIEpaTypy 0XO0JIOKyBadiB 3aMiCTh 3aCTOCOBYBaHHUX
panime ringpopene tuny PI'C y kontakropax KT-11 i KT-12 3acrocoBani tep-
MOpeJie Ha OCHOBI TepPMOOIMETaTIYHUX CIIA00BUITYCKHUX CchepuyHuX MeMOpaH
(muckiB). Jliss TepMopene 3acHOBaHA Ha BIIACTMBOCTI JUCKa CTPUOKOMOIOHO
3MIHIOBaTH HANpPSIMOK MPOTHUHY (BUXJIOMYBAaTH) MPH JOCATHEHHI 3aJaHOI TeMIIe-
paTypu. Y Halll 4ac y SKOCTi1 TAKOTO TEPMOpeJIe, 10 BiMOBIIa€ BUMOTaM 3aCTO-
CYBaHHSA B TUPHUCTOPHUX KOHTAKTOpax 3a IHTEPBAJIOM TEMIIEpaTyp CIpalbOBY-
BaHHs, 3aCTOCOBYEThCSI B ocHOBHOMY JIPT-B-60. Pene Mae temmneparypy crpa-
IbOBYBaHHS (60+5) °C ¥ Temmeparypy TOBEpPHEHHS TMpPU OXOJIOKCHHI
(45+10) °C. JlaTumK pesie KPIiMUThHCS 0 TIACKOT MOBEPXHI 0X0JI0/KyBada THPHU-
CTOpa 3a JOMOMOI'OI0 MPYKHOI ckoOu. Ilpu nocArHeHH1 BCTaHOBJIEHOI TeMIepa-
TypH KOpITyca 0XO0JIOJKYBayda i KOpIryca pesie IUCK BUXJIOIYE 1 yepe3 ToBXad,
KOPOMHMCIIO i KOHTAKTHY IPYKUHY PO3MUKAE KOHTAKTH pene. Po3mukaibHi KO-
HTAaKTH BMHKAIOTHCSI MOCHIZIOBHO B JIAHLIOT 3aIYCKY («I€Janb») peryisaropa
UKy abo OJIOKY KepyBaHHS JUIsl 30€peKE€HHS MapHOCTI HAMIBXBUJIb CTPYMY,
10 MIPOXOJASTh Yepe3 TpaHCHOPMATOP 3BAPIOBAIIBHOI MAIIMHU.

VY mporeci ekcruryartauii Ha THPUCTOPAaX MOXKYTh BUHUKAaTH KOPOTKOYacC-
Hl IMIYJIBCU MEPEHANpPYTH, Kl MOXYTh MPUBECTU JI0 E€IEKTPUYHOIO MPOOOIO
TUPUCTOPIB. MOXIMBUMH MPUYMHAMU IIEPEHAIPYT € BAHTAXKHI a00 KOMYyTaI[lii-
Hl MEepeHanpyru B MEpPexkl, a TaKOXX BHYTPIIIHI MEPEHANPYTH y 3BapIOBAJIbHIM
MalInHi, IO 3'SIBISIOTHCI B MOMEHT PO3MHUKAHHS €JIEKTPOIB MICHs IHTEpBaly 3
HECUMETPUYHUM MO0 (ha3l YBIMKHEHHSIM TUPHUCTOPIB BHACTIOK PO3PUBY CTPYyMY
HaMarHi4yBaHHs 3BaplOBaJIbLHOrO TpaHcpopmaTopa.

JInst 3aXucTy BiJl KOMYTalIMHUX MEpEeHanpyr BUKOPUCTOBYIOTHCS BapHC-
TOPU — HEJIHIMHI HAMBOPOBIAHUKOBI (OKCUIHO-IIMHKOB1) PE3UCTOPU 13 CUMET-
PUYHOIO BOJIbT-aMIIEPHOI0 XAPAKTEPUCTUKOI. BOHM BMHUKAIOThCS MapaneibHO
TUPUCTOPAM.

V¥ konTakropax Ouiei craporo tuny (KT-02, KT-03 1 KT-04) enextpuuna
cxema nependoavana OJI0KyBaHHS BUIIPSMHOIO PEXUMY i 3aXUCT TUPUCTOPIB BiA
nepeHanpyr. 3 MOsIBOI0 HOBUX CHUCTEM KEpYBaHHS, PETyJISTOPIB LUKIY 3Bapro-
BaHHS 1 KOHTpPOJEPIB HA 0a3l OHOKPUCTAIBLHUX MIKPOCXEM, /i€ iependayeHe B
TOMY Y{ 1HILIOMY BUIJISIII @BTOMaTUYHE HACTPOIOBAHHS Ha KOE(PIIEHT MOTYXK-
HOCTI 3BapIOBaJIbHOT MAllIMHU a00 BXKUTO CIEIIabHUX 3aXOMAIB 13 BUKIIOUYCHHS
HMOBIPHOCTI BUHUKHEHHS BUIIPSIMHOTO PEXHMY B KOHTaKTOpi, 3'IBUJIACS MOX-
JIMBICTD CHPOILIECHHA i yHI(IKaIli CXEMU KOHTAaKTOpa.

[Tpuniunosi cxemu koHTakropiB KT-07, KT-11 1 KT-12 Bigpi3HsatOThCS
nuiie napaMmerpamu jgadiorie R1-C1 1 tunmamu tupucropis. Pene B KOHTakTo-
pax KT-11 1 KT-12 1 BKItOUEHHS iXHIX PO3MUKAJIBHUX KOHTAKTIB y JIAHLIOT 3a-
IIyCKY CUCTEMH KE€pyBaHHS Ha cxemi (puc. 8.2) He HaBEJICHI.



Ha cxewmi nmokasane miiKJIIOUEHHSI KOHTAKTOpa J0 KUBUIILHOI MEPEXkI i 10
3BaproBaJIbHOTO TpaHchopmaropa T1M yepe3 TpaH3UCTOPHUIN CUTIOBHM 3aTUCKAY
3 koHTakTopy. Llei ke 3aTtrckad 3 pa3om i3 3aTUCKauyeM | BUBECHI Ha BUXITHE
PO3HIMaHHS JIAHITIOTIB YIPABIiHHS KOHTAKTOPA JJIS MIAKIFOUEHHS KUBJICHHS CH-
CTeMH KepyBaHHS ¥ JTAHITIOT1B CHHXPOHI3aIlii (pa303CyBHOTO IPUCTPOIO.
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Pucynok 8.2 — I[Ipunyunosi enekmpuuni cxemu konmaxkmopie KT—07, KT—
11 uKT-12

CxeMHu KOHTakKTOpPIiB 30epiraroTh YHiI(piKOBaHHI BY30J 1HAMKAIl] MMOBHO-
¢da3HOro yBIMKHEHHS KOHTAaKTOpa Ha 0a3i jammu Tiaitodoro pospsay MTX-90
(VL-VDI1-R2-R3).

[Tpu BuKOpHUCTaHHI anapaTypu KepyBaHHs 3 ¢azoobeprayem 0e3 ctaluii-
3a1lii 3BapIOBAJIBHOIO CTPYMY, IO BHITyCKaJlacs paHille, MpU yCTaHOBI[ HaiO1-
JBIIOTO 3HAYEHHS CTPyMYy («HArpiBaHHS») MOBOPOTOM PYyYKH HACTPOIOBAHHS Ha
KOe(DILIEHT MOTYKHOCTI MiJIOUPAETHCS MOJIOKEHHS, MPU SIKOMY MOBHICTIO TacHE
nammna VL.

HacTtporoBanHs anapaTypu Ha KOe(illleHT MOTY>KHOCTI MaIIMHU 3 (pa3oo-
Oeprayem, 110 Ma€ By30J cTabLIi3allli 3BapIOBAILHOTO CTPYMY MPHU KOJUBAHHSX
HaIPYTH KUBWJIBHOI MEpEXKi, MPOBOJAUTHCS AHAJIOTIYHO, aJie TIPU YCTAHOBII Mi-
HIMaJIbHO MOKJIMBOTO PIBHS HAMPYTH KUBUIHLHOI MEPEKI.

Jlanutorun kepyBanHs Ttupucrtopamu B KoHTakropax KT-07, KT-11 u
KT-12 micTats kKoHaeHCATOPH 3; 1 33 TSl TABUIIEHHS MEPENTKOI03aXHIIECHOC-
Ti. [Ipu oOpaHomy 3HaueHHI eMHOCTeH 1TUX KoHAeHcaTopiB 0,1 Mk TpuBamicTh
HapoCTaHHS (PPOHTY IMIYJIbCY CTPYMY KEpyBaHHS 3 ypaxyBaHHSIM 1HIYKTHBHO-
CT1 PO3CiIOBaHHs TpaHchopMaTopa 3HAYHO MEHIIA BijJ MIHIMAJIBHOI TPUBAIOCTI
BXI1JIHOTO IMITYJIbCY.

[TapameTpu BXIJHUX IMIYJBCIB JUIsl YBIMKHEHHS THPHUCTOPIB BiANOBiAA-
I0Th BUXIAHUM XapaKTEPUCTHKAM IO BUITYCKAIOTh, 1 TPOEKTOBAHUX PETYJIATO-
piB LIMKJIy 3BaprOBaHHS, OJIOKIB KEpyBaHHS W KOHTPOJIEPIB: HANpyra oOMexeHa
nmokazHukamu 15 - 25 YV, ctpym — ekBiBaJIeHTHUM oropoM 6 OM, TpUBAIICTh 1M-
nyiscy 100 - 300 mxc.



['paHUYHO MPUIYCTHMI CTPYMHM KOHTaKTOpIB OyJiM BH3HA4Y€HI Ha OCHOBI
OOYHCIIEHHS YCEPEAHEHOT0 TEIIOBOTO BIUIMBY CTPYMY Ha CTPYKTYpPY THPHUCTO-
piB, BUXOJA4H 13 TPAHUYHOI TEMIEPATypH HaMiBIPOBIIHUKOBOI CTPYKTYpH, IO
JIOPIBHIOE 1250C, IIpU MaKCHUMAaJIbHIN TeMriepatypi xosoaHoi Boau + 25 C as
koHTakTopiB KT—11 1 KT-12 1 Temneparypi HaBKOJIMIIHbOIO MOBITps + 40°C
JUTsL TIOMipHOTO ¥ + 55°C JUISL TPOMIYHOTO KiiMary st koHtakTopiB KT—07.
[Ipn nbOMy BpaxoBYBaJuCsl MyJibcallli TEMIEpaTypud 3 YacTOTOH >KUBHIJIBHOI
Mepexi. Pezynbratu nux po3paxysnkiB Ha EOM npencrasieni Ha puc. 8.3.
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Pucynox 8.3 — Makcumanvrno oonycmumi cmpymu konmaxmopie KT-07, KT-11,
KT-12 y 3anexcnocmi 6io TB i mpusanocmi imnynscy 36apro8aibH020 CIPYMY

Jnst xontakrtopa KT-07 rpaHuyHO NpUITYyCTUMHUN CTPyM OOMEXYEThHCS
TUIBKH TEMIIEPATYpPOIO HAMIBIPOBIAHUKOBOI CTPYKTYpPH M 3aJI€KUTh B OCHOBHO-
My BiJ 1B ii y MeHIIOMy CTymeHi - Bl TPUBAJIOCTI IMITYJIbCIB 3BAPIOBAIBLHOTO

CTpyMy.



I'panmuni ctpymun kontaktopiB KT-11 1 KT-12 BimHocHO ciaOko 3ame-
XaTh BiJ BUTpatu Boau i [1B, 0coOIMBO IpH MIABUINECHIN TPUBAIOCTI IMITYJIbCY
3BaprOBaJILHOTO CTPYMY.

Tupucropuuit koutaktop KT—12 Mae Hail01mbITy KOMYTYIOUY 31aTHICTD 1
3aCTOCOBY€ETHCS B MalIMHax MOTyxHIcTIO 70 800 kB-A. V Bunajaky, K10 eJeK-
TPUYHOI MOTY>KHOCTI HE BHCTAda€, 3aMiCTh ITHITPOHHUX KOHTaKTOPiB abo He-
CTaHJAPTHUX TUPUCTOPHUX KOHTAKTOPIB Ha OLIBII MOTYKHUX TaOJIETKOBUX TH-
puctopax (Hanpukmuan T-1250, 3actocoByBanux y kontakropi KT-10 mis cneni-
QIbHUX YCTAHOBOK) MOJK€ BUJATHCS JOIIBHUM BUKOPUCTAHHS OJIHIET 31 CXEM
onHovacHoro yBiMKHeHHs N1BOX (K; u K;) tupucropunx kontakropis KT-11 u
KT-12 (puc. 8.4) abo mapanenbHOr0 YBIMKHEHHS JEKIJILKOX KOHTAKTOPIB i po-
3MOAUTY CTPYMIB MK HUMH 32 JOTIOMOT'O0 PIBHSUIBHUX PEAKTOPIB.
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Pucynok 8.4 — Oonouache ygimMKkHeHHS 080X MUPUCMOPIE NPU NAPATIEILHOMY (a)
1l nocni0o8HoMy (6) 3 €OHAHHAX BMOPUHHUX OOMOMOK 36API0BANLHUX MPAHC-
¢opmamopis

[Tpu mapanensHOMY 3’€THAaHHI BTOPUHHUX OOMOTOK 3BapIOBAJIbHUX TpaH-
chopmaropiB (puc. 8.4, a) He0OXiTHO, OO THPUCTOPHI KOHTAKTOPU MOXHA Oy-
JI0 BMHKATH MPU MaIuX Hanpyrax (m1o 12 B), periiaMeHTOBaHMX TEXHIYHUMH Xa-
PaKTEPUCTUKAMU TUPUCTOPIB.

[Ipn mociaiAOBHOMY YBIMKHEHHI BTOPMHHHUX OOMOTOK 3BaplOBAJIbHUX
TpaHchOopMaTopiB (IBOXTOUKOBE 3BapIOBaHHS 200 ABOXCTOPOHHIN MBI CTPY-
My — puc. 8.4, 6) Ha 3ami3HIIOI0YOMY 32 YaCOM YBIMKHEHHS KOHTAKTOpP1 BUHU-
KaIOTh IMITYJIbCHI MEpPEHANpPyru Ha TUpUCTOpax. PiBEHb MIHIMAIbHOI HAampyru
Ha KOHTaKTOpax ¥ MapamMeTpW 3axUCHUX JAHIIOTiB — BapuctopiB U R-C-
JAHIIOTIB — 3a0€3MeUy0Th MOKJIMBICTh TAKOTO MOCIIJOBHOTO U MapalieIbHOTO
3’eqHanHsa KoHTakTopiB KT—11 u KT—12 6e3 y>xuBaHHS 10JaTKOBUX 3aC00i1B.

VY Tabn. 8.1 HaBeneH1 TEXHIYHI XapaKTEPUCTUKU PO3TISHYTUX TUPUCTOP-
HUX KOHTaKTOPIB.



8.2 IIpoBenennst podoTu
Yemamkyeanna i mamepianu

1 Konraktop tupuctopuuii Tuny KT y KOMIUIEKTI 31 3BaprOBajibHOI0 KOH-

TAKTHOIO MAIIIMHOTO.
2 CekyHaoMmip.

3 Onucu, pUCYHKHU ¥ CXEMH KOHTAKTOpA.

Tabnuys 8.1 — Texuiuni Oani KOHMAKMOPIE MUPUCTNOPHUX (3AMICTb

ieHImpoOHiB)
ITapamerp KT-07E | KT-11E | KT-12E | KTE-500

Hanpyra xuBuiasHoi Mepexi, B | 220/380 | 220/380 | 220/380 | 220/380
YacToTa >XMBUIBLHOI Mepexi, ['1 50 50 50 50
Howminansauii ctpym mipu [1B 1
TPUBAJIOCTI YBIMKHEHHS, A
—11B 50%,t=0,5¢ 250 800 1500 500
—1IB 20 %,t=0,5¢ 480 1000 1750 1000
—I1B5%,t=02c¢c 970 1300 2200 2300
Burpara xononHoi BoaH, JI/XB, 5 3 5 -
HE MEHIIIEe
Temneparypa X0JI01HOT BOJAU - +5... 25 | +5...+25 -
Ha Bxomi, C
OXO0m0/)KEHHS TTOBITPSTHE TIPH- + - - +
poJiHE

A O3naiiomnenns 3 KOHCMPYKYI€I0 KOHMAKmMopa

1 TlpouwTaTty ommMc KOHTAKTOpA, 3HAWTH MOTO OCHOBHI BY3IIH, 3'sICYyBaTH
iXHE MPU3HAYEHHS i CXEMAaTUYHO 3aMajlOBATH MO0 30BHIIIHIN BUTIISI.

2 O3znHaiiomMuTHCs 3 pOOOTOIO €IEKTPUYHOI CXEMH KOHTAKTOpA.

3 CkJacTu TEXHIYHY XapaKTEPUCTUKY KOHTaKTOpa.

4 O3zHailoMUTHCS 3 TOCTIJOBHICTIO YBIMKHEHHSI KOHTAKTOpa B pOOOTY.

Konmpononi numanns

1 Jlns 4oro nmpu3Hau€H1 TUPUCTOPHI KOHTAKTOPH?

2 Sk 3IIACHIOETHCS KOHTPOJb TEMIIEPATypH OXOJIOKyBada TUPUCTOP-
HOI'0 KOHTaKTopa?

3 Po3kaxiTh Npo napayiesibHe i MOCIIiI0BHE YBIMKHEHHSI KOHTAKTOPIB.

4 Sxi nenoniku koutaktopiB KT-1, KT-02, KT-03, KT-04?

5 Sk 3AIUCHIOETBCSA 3aXUCT KOMYTYHOUHMX MPUJIAAIB BiJ TepeHanpyr
y konTaktopax KT-07, KT-11 1 KT-12 # siki npuyuHu 1IUX nepeHanpyr?



8.3 3BiT npo 1a6opatopuy podory Ne 8
Buesuenna mupucmopnozo konmaxmopa muny KT

[IpizBue cryaeHTa

I'pyma JlaTa BUKOHAHHS

A O3Hailomnenna 3 KOHCMPYKUIE) KOHMAaKmopa

(30BHIIIHIN BUTJISA KOHTAKTOPA)
(Enextpuyna cxema)
(Cxema yBIMKHEHHS Ha MapajelbHy i MOCIHII0BHY poOOTY)
(TexniuHa XapaKTepUCTUKA)
BucnoBku 1o po60Ti
[Tinmuc crynenta
BucHoBoK BuKIiIaada

JIABOPATOPHA POBOTA Ne 9

BIVINB PEPOMAT'HITHUX MAC, YBEAEHUX 10 KOHTYPY
MAIINHHU, HA AKICTH IHOBHOI'O (POJIMKOBOI'O)
3BAPIOBAHHSA

9.1 3araJjabHi BizoMocTi

depomMarHiTHi Macu, YBEICHI N0 KOHTYPY 3BapIOBAJIIbHOI MAaIIWHH,
CYTTEBO BIUIMBAIOTH HA 11 eNeKTpU4Hi mapameTpu. [Ipu mboMy 3HAYHO TIiABUIILY-
€ThCSl IHAYKTUBHUH OIIp 3BAPIOBAIIBHOIO JIAHI[IOra, Y Pe3yJbTaTl YOro MOMITHO
3MEHIIY€ETHCS 3BAPIOBAIBHUI CTPYM, 1110 MOXKE MPUBECTHU 0 AePEKTIB IpHU 3Ba-
ptoBanHi. Ha puc. 9.1 nokasani 3MiHU CTpyMy Yy 3BapIOBaJIbHOMY JIAHIIIO31 MPU
BBEJICHHI /10 KOHTYpPY MallMHU (EpOMArHiTHUX cTaneBux JucTiB. [Ipu nepemi-
IICHHI JIMCTIB yCEpEeauHy KOHTYPY Ha BEJIMYMHY X 3BapIOBaJbHHUI CTPYM 3MEH-
mryeThes 3 Iy mo I, Tak, Hanpukiian, BBeIEHHS 10 KOHTYPY MAIIMHU TOTYKHiC-
T10 40 KB*A CTaNbHUX JIUCTIB mepepizoM 45 cM” 3MEHIIye 3BApIOBAIBHUN CTPYM
npuOau3HO BABIUi. OCOOIMBO MOMITHO 3MEHIIYETHCS 3BAPIOBATILHUIN CTPYM MPHU
HaJIBaHHI Ha X000T MAaIllMHW MACHUBHUX MWIHAPUYHHUX JeTajed 3 MarHiTHUX
MeTalliB (CTaJIeBUX o0euaiok, TpyO 1 T. 11.).
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Pucynok 9.1 — Bumipiosanusa cmpymy y 36apio8aibHOMY NAHYI031 NPU 66€0€HHI
00 KOHMYPY MAUUHU MACHIMHO20 MEMAy

VYBeneHHs: pepoMarHiTHUX Mac A0 BTOPUHHOTO KOHTYPY 1HO/1 BUKOPHC-
TOBYETBCS JIJIsl 3SMEHIIEHHS MOTYKHOCT1 MAallIMHU, KOJIM HEOOX1AHO 3BAPUTH TO-
HKHI MeTaa Ha MalluHI BEJIMKOT MOTY>KHOCTI. Y 1IbOMY BHUIIaJIKy BCTAHOBIIIOIOTh
nepumi madesib, MAaKCUMAIbHO 30UIBIITYIOTH JIONLY BTOPUHHOTO KOHTYPY (po3-
BOJISITH 1 BUCYBAIOTh X000TH), @ HA OJIMH 3 XO0OTIB HaBIIIYIOTh MAaCHBHI CTaJIeBi
KUTbLA (puc. 9.2). KinbKiCTh TaKuX KiJIelb T1AOUPAIOTh JOCHIIHUM HUISIXOM.

Pucynok 9.2 — BgeoenHs 00 6mopuHno2o KOHmypy gepomasHimuux mac



{06 30epertu Hopmanpuuii KKJ[ Mammau i onepikath BUCOKY SKICTh
3BaplOBaHHsA, HEOOXIAHO BHUpPIO pO3TALIOBYBATH 11032 BTOPUHHUM KOHTYPOM
MamuHy. Kpim 11b0oro, BApTO YHUKATH BBEJCHHS 10 BTOPUHHOIO KOHTYPY P13HO-
ro poAy rpOMI3JIKUX NPUCTOCYBaHb 13 MarHITHUX METaJliB.

HasiBHICTB (hepoMarHiTHUX Mac BapTO BPaxOBYBAaTH MPH JOCIITHOMY Mij-
0op1 pexuMmy 3BaproBaHHs. [HOMI JOCIiIHE 3BapIOBAaHHS 3/IMCHIOIOTH Ha HEBe-
TuKuX 3paskax. [ligiOpaBmm s HUX HEOOX1THUM Hiabesib MOTY>KHOCTI, 3Ba-
PIOIOTH TPOMI3JIKI JIeTal.

[Ipu bOMyY BHUITYCKaIOTh 3 YBaru, 1o TPOMI3KI JeTall, 0 nepedyBaroTh
ycepeauHi KOHTYPY, 30UIbITYIOTh 1HAYKTUBHHM OITip 3BaplOBaIbLHOIO JIAHIIIOTA,
AKICTh 3BapIOBaHHs MOTipIIyeThes. ToMmy migiOpaHuil pexuM 3BaprOBaHHS IS
HEBEJIMKHX 3pa3KiB BApTO KOPUTYBATHU MPHU MEPEXO0/I1l HA BEJIMKI BUPOOU.

9.2 IlpoBeneHHst po6oTH
Yemamkyeanna it mamepianu

1 MammuHa 115 IOBHOTO (POJIMKOBOTO) 3BaprOBAHHS.

2 Bonbt™meTtp Ha 220 abo 380 V.

3 Awmmepmerp Ha S A p TpanchopmaTopom ctpymy 600/5 abo ctpymo-
BUMIproBajibH1 ki [-30.

4 Barmertp 13 TpaHc(HOPMATOPOM CTPYMY.
Hosxwuri 1151 pizaHHs MeTany.
Po3puBHa maiuHa.
Jlemara.
MinimeTrpoBa JiHIHKa.

9 IlTaHreHUUpKyJIb.

10 MooTok.

11 3y6wuo.

12 [TnacTuHM 3 TUCTOBOI XOJIOJHOKATaHOT HU3bKOBYTJIEIIEBOI CTall TOB-
uHoto 0,5 - 2, mupunHoo 80 1 1oBkUHOK 200 MM.

13 Habip cTaneBux Kijems ((pepoMarHiTHUX Mac).

14 IlepecyBHuii 1aOOpaTOPHUI CTIT 3 HAOOPOM HEOOX1THUX MTPOBO/IIB, 3
THCTPYMEHTOM 1 CIELOISITOM.

03 O\ D

A Buguennsa eniugy (pepomMazHimHux mac Ha e1eKmpudHi napamempu
MawiuHu

1 HakpecauTu TPUHITUIIOBY €JICKTPUYHY CXEMY MAIIMHH 13 BKJIIOYCH-
HSIM HEOOXI1JTHUX €JIEKTPOBUMIPIOBAJILHUX MPUTIAIIB.

2 HakpecauTu cxemy posTamryBaHHsS ()epOMAarHiTHUX Mac y BTOPHHHO-
MYy KOHTYPI.

3 TIligroryBaTu TabauMIO 7Sl 3aIlKCIB TaHUX BUMIPIB i 00UMCIIEHb (IUB.
Tabm. 9.2).



4 3i0partu cxemy U npea'siBUTH ii JUIsl IEPEBIPKHU.

5 3aMKHyTH HaKOPOTKO BTOPHUHHUH JIAHIIOT 1 HA OAHOMY 3 MEpIIMX IIa-
OJIIB YBIMKHEHHS 3aMIpATH CTPYM KOPOTKOI'O 3aMUKaHHS B NIEPBUHHIA 0OMOTII
Ik, HanpyTy *KuUBUIBHOT Mepexi U 1 CoXkKuBaHy MOTYXHICTh PK.

6 Bu3HAUMTH TUIONII MOMEPEYHOT0 MEPEpI3y CTAIECBUX KiJEIb, HAIATTH
OJIHE 3 HUX Ha HWKHII X000T MalllMHU i TOBTOPHO 3HATH MOKA3aHHS MPUIIAIB.

7 TlocnimoBHO HAIATATH 1HII KUTBIS ¥ 10pa3 3HIMATH MOKAa3aHHS MPH-
naaiB. KipKicTh BUMIPIB MOBUHHE OYyTH HE MEHILOKO 4 - 5.

8 3a maHuMU A0CHIy OOUUCIUTH COS @ Ui KOKHOTO BUMIPY:

cos =
(0 UlIlK.

9 PesynpTaTé BUMIpPIB i 00YKCIICHh 3aHECTH JI0 TAOIHII].

10 3a TabnuyHUMHU AaHUMU TOOyayBaTu Tpadiku 3anexHocti [, P 1
COS (@ BiJ KUTBKOCTI (hepomMarHiTHoi Macu F.

11 PoziOpaTu cxemy.

b Bueuenns ennugy pepomazHimnux mac Ha AKicmo 36aperozo wea

1 [TinroryBaTu TaOJUIIO JUIs 3alUCIB JaHUX BHUMIPIB 1 CIIOCTEpPEKEHb
(muB. 9.3).

2 Jlns maHoi TOBIIMHHM MeETaly MiAiOpat 3a TaONHIIMU PEXUM 3Baplo-
BaHHS HU3bKOBYTJICIEBOI CTalll, yCTAHOBUTH MOT0 HA MaITWHI i 3BapUTH IIOB.

3 He 3MiHIOIOUH PEXUMY, HAIATTH HA HUKHIA X00OOT MalllMHU K1JIbKa CTa-
JIEBUX K1JICIb 1 3BAPUTH 1HIINH IIOB.

4 Hapsirtu Ha HUKHIM XO00T MakCUMAJIbHO MOKJIMBY KUIBKICTh KUIEUb 1
3BapUTH TPETIH IIOB.

5 JIsst KO>KHOTO 31 3pa3KiB 3aMipsTH MIUPUHY 30HU KOJIBPIB MIHJIUBOCTI,
OLIIHUTH AKICTH IIBA 32 30BHINIHIM BUTJISAIOM.

6 3pyitHyBaTH 3pa3Ku, 3aMipsATH IMUPUHY IIBa W OMIHUTH SKICTh 3BapIO-
BaHHA 3a 3JJaMOM.

Konmpononi numanns

1 Illo Ha3uBaeThCs (hepoOMArHiTHUMH Macamu?

2 Sxuii BIUIMB 3A1MCHIOIOTH (DEPOMArHiTHI Macu Ha 1HAYKTUBHUU OIIp
3BapIOBAJIBHOTO JIAHI[IOra?

3 SIx 3MIHIOETBHCS 3BAPIOBATBHUI CTPYM MPU BBEICHHI 0 KOHTYPY Ma-
muHU (pepoMarHiTHUX mac?

4 Sk BrummBaroTh (hepomartiTHi macu Ha cos ¢ 1 KKJ[ mammuun?

5 Buknazaite Mipu 600poThOM 13 BIUIMBOM (PEPOMArHITHUX Mac Ha SIKICTh
3BaprOBAJILHOIO I1IBA.



9.3 3BiT npo 1adoparopuHy podory Ne 9

Bnnue pepomaznimnux mac, yeedeHux 00 KOHmypy MawtuHu, Ha AKICHb
U0BHOT (POIUKO0BOT) 36aPIOCAHHA

[Ipi3Buile cryaeHTa

['pyma Jlata BUKOHaHHS

A Bueuennsa eniugy (pepomMazHimHux mac Ha e1eKmpudHi napamempu
Mamunu

(Cxema yBIMKHEHHS €JIEKTPOBUMIPIOBAIBLHUX MPUIIA/IIB)
(Cxema posramryBaHHs (hepOMarHiTHUX Mac)
O6uuncnenHs

(I'padix)
BucHOBKM 110 po0OOTI

Tabnuys 9.2 — J{na 3anucié 0anux eumipis ti 004ucieHsb

o Buwmipn O6uncneHHs
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b Bueuenns ennugy pepomazHimnux mac Ha AKicme 36apenozo wea

(Ecki3u 3BapeHuX 3'€/THaHb 13 BKa31BKOIO MiCIlh JE(EKTIB)

Tabnuys 9.3 — J{na 3anucieé 0anux sumipie i cnocmepedicets

S [upunaa
0 . Pesynbratn
ToBmuHa & | ®epomarHiTHa | 30HHM KO- | [llupunHa ornsy i
2 . .
MeTany, MM | o Maca, CM JBOPIB MIH- | IIBA, MM Y
<! : BUNPOOYBAHb
JUBOCTI1, MM

BucHoBkH 110 po0OOTI
[linnuc cTyneHta

BucHoBOK BHUKJIaga4da




JIABOPATOPHA POBOTA Nel0

BUBUYEHHSI KOHCTPYKIII 1 O3HAMOMJIEHHSI
3 TEXHOJIOT'IEIO 3BAPIOBAHHSI HA KOHJIEHCATOPHHUX
MAIIIMHAX

10.1 3araabHi BizoMocTi

[Tpouiec TOUKOBOr0 KOHJAEHCATOPHOI'O 3BAPIOBAHHS IMOJSATa€E B TOMY, IO
SJICKTPUYHA SHEPTis MOCTYIIOBO HAKOMUYY€EThCS B OaTapei KOHIEHCATOPiB, a Mo-
TIM JIy>K€ IIBUIKO BUTPAYa€ThCA HA HArPIBaHHS JETajed y MICLI 3BaplOBAHHS.
3BUYATHUI Yac 3aps/IKM KOHJIEHCATOPIB CTAHOBUTH JIESIKUM MEHIIE OJIHI€I ce-
KyH/H, a po3ps] ix BIAOyBaeTbes 3a JAECATI M COTI 4acTKU ceKyHau. Lle nae mo-
JKIJIMBICTh OJIEpXAaTH OUIBIII 3BapOBaJIbHI CTPYMH IPHU CIIOXKUBAaHHI 3 MEPExi
MOPIBHSHO HEBEJIMKOT MOTYHOCTI.

VY KOHJEHCATOpHIM MaIluHI JJI1 TOYKOBOTO 3BaproBaHHs (puc. 10.1) 3a-
MukanHsaM Bumukada I1K 13 kontakTom K gepes omip R konamencatop C 3aps-
JOKAEThCS Bl Jokepena kuBlieHHS U,. 3apsaka BinOyBaeThCcs AOTH, IOKH Ha-
npyra U, Ha KOHJIEHCATOp1 HE TOCATHE HANpyTH jpKepena skusnenns U,. Hangam
Bumukad [IK 3amukarTh 13 koHTakTOM K; 1 KOHIEHCATOP PO3PSAIKAETHCS HA
NEpBUHHY OOMOTKY 3BaproBajibHOro Tpancgopmaropa TC, y BTOpUHHOMY JaH-
1}031 IPOTIKAE KOPOTKOYACHHUM CTPYM BEIUKOI CHIIH.

R
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Pucynok 10.1 — Ilpunyunosa erexmpuuna cxema KOHOEHCAMOPHOL MAUUHU

KinbkicTs eHeprii, akyMyJiboBaHOi OaTapeero KoHaeHcaTopiB (Bt-c) 3a-
JICKUTH BiJl EMHOCTI KOHJIEHCATOPIB Ta HAIIPYTH HA HUX:

2
w _CUe
kT2

ne C - eMHICTh KOHJIEHCATOPa, MK(;
U, - Hanpyra Ha KoHJIeHcaTopi, B.



3MiHIOIOYH €MHICTH OaTapei KoHaeHcaTopiB 1 KoedimieHT Tpanchopmarii
3BapIOBAILHOTO TpaHCcPopMaTopa, MOKHA PETYJIOBATH KUTBKICTh €IEKTPOCHEP-
rii, o BUTpavae Ha 3BaproBaHHsA. [Ipu 1IbOMYy BUTpava€ThCA TOCUTH TOYHA Ki-
JBKICTh TEIUIOTH MPOTATOM IEBHOTO Yacy, 110 TApaHTYE TapHY SIKICTb 3BAPEHOTO
3'eTHAHHS.

KopoTkouacHicTh IMIYJBCY CTPYMY BEJIMKOI CHJIM M TOYHE HOro a03y-
BaHHS 33 BEIMYMHOIO i TPUBATICTIO IO3BOJISIFOTH 3aCTOCOBYBATH KOHIEHCATOPHI
MalIMHU JJI 3BapIOBaHHS PI3HOTO pPOAY KOJIBOPOBUX METAIIB ¥ TXHIX CIUIaBIiB.

[lepeBaru KOHJEHCATOPHOTO 3BAPIOBAHHS IMOJSATAIOTH Y MaJlii MOTY>KHOC-
T1, CHO’KUBAHOI 3 MEpEXk1, BUCOKOMY COS (o, IOPIBHSIHO MaJMX BTpaTax €Heprii,
HAKOIMMYEHOT KOHJICHCATOPAMH, 1 BHCOKOI TOYHOCTI HACTPOIOBAHHS PEKUMY
3BaproBaHHA. Cepes HEJOJIKIB BapTO BUAUIUTHA BUCOKY HANPYTY B IEPBUHHOMY
JIAHIII031 3BapIOBAILHOTO TpaHcpopmaTopa il OLIbITY BapTICTh BUCOKOBOJIBTHUX
KOH/JICHCATOPIB.

OCHOBHI BUMOTH, NMPOMOHOBAHI 10 KOHJCHCATOPHUX MAIIWH IS TOY-
KOBOTO 3BaplOBaHHs BUPOOIB MaJMX TOBIIWH, 3BOMSATHCS 10 3a0€3MeUeHHS
BHCOKOI TOYHOCTI ¥ CTaOIIbHOCTI BIATBOPEHHS IapaMeTpiB €IEKTPUUYHOTO U
MEXaHIYHOTO HACTPOIOBAHHS MAIIMHU: €MHOCTI W Hampyrd KOHJAEHCATOPHOT
Oarapei, 3ycuiiasi CTHCKY elneKkTpofiB. OaHI€I0 3 XapaKTEpHUX PHUC MAIlWH
MaJioi €JIEKTPUYHOI MOTY>KHOCTI € BIIHOCHO HU3bKa IHAYKTUBHICTH BTOPHH-
HOT'O KOHTYpY, 110 OOYMOBIIIO€ KOPOTKOYACHICTh IMIYJIbCIB 3BapIOBAJIbHOTO
ctpyMy (y mexax 1 — 5 mc). [Ipu 3MeHIIeHHI TOBUIMH J€TaJIeH, 0 3BaplOIOTh,
3pOCTa€ POJIb KOHTAKTHOTO OMOPY MiXK JETajsiMU MPW BHUAUICHHI TEIUIOTH, He-
00xi7HOT 11 GOpMyBaHHS 3BAPEHOTO 3'€THAHHS. Y MOYATKOBHUH MEPioJ1 3Bapro-
BaHHS KOHTAaKTHHUH OIMp MIXK JIETAISIMU KOJIMBAETHCS B OUTBIIMX Mexax. L He-
CTaOUIbHICTh KOHTAKTHOTO OMOPY B CIIOJIYYEHHI1 3 KOPOTKOYACHICTIO IMITYJIbCY
3BapIOBAILHOTO CTPYMY MO’K€ TPHUBECTH 10 HECTaOUThHOI SIKOCTI 3BapeHOTO
3'eTHAHHS TIPU 3BaprOBaHHI MajauX TOBIIWH. Hampwkiam, mpu 3BaproBaHHI ApO-
TIB MK c00010 a00 MPUBApKY iX A0 MJIOCKUX BUPOOIB MPHUBOJ E€JIEKTPOJIB HE
BCTUTA€E MIATPUMYBATH 3yCHJUIS Ha €JIEKTPOJaX HE3MIHHUM, IO MPUBOIUTH 0
HOTO 3HAYHOTO 3MEHIIICHHS i BUIUIECKY po3muiaBiieHoro metany. [lepepaxoBani
BuIlle (aKTOPU CIPUUUHSIOTH HEOOXITHICTh CTBOPEHHS B KOHICHCATOPHUX Ma-
IIMHAX JIJIs 3BapIOBaHHS BUPOOIB MaJIMX TOBIIWH JIOJATKOBOTO, ITiIIrPiBHOTO
IMITyJIbCY CTpyMy ab0 MoYaTKoBOI (ha3u 3BaprOBaIbHOTO CTPYMY, IO 3a0e3me-
qye MOMepeIHIN MiAIrpiB JeTaiei, 0 3Bapot0Th, 3 METOKO cTa0OLIi3allli KOHTaK-
THOTO OTIOPY MiX 3BaproBaHUMHU jeTansimMu. Lle JikBimye monepenaHe ocamKeHHs
IIpH 3BaproBaHHI ApoTiB. 1o MOXKIMBOCTI HEOOX1THO 3HMKYBATH Macy MPUBOAA
JUISL TTABUIIEHHS HOT0 HaJ1HHOCTI. Takuil monepeaHii miairpiB Moxe 3A1HCHIO-
BaTHCA 3a JIOMTIOMOTOIO JIPOCEIIs HACHYCHHSI, YCTAHOBIIEHOTO B PO3PSTHOMY JIaH-
1031 konaeHcatopa (TKM-15, TKM-17). Iloku apocens HacCUUy€eTbCs, CTPYMHU
B TMIEPBUHHIHN, a 3HAYUTH 1 Y BTOPUHHIN 0OMOTKAxX 3BapIOBAILHOTO TpaHchopma-
TOpa BIJIHOCHO HEBENUWKi. Y I1iel Yac BiIOYyBA€ThCS MPOTPIB JETanei, mo 3Ba-
PIOIOTH, TIPU SIKOMY CTaOLTI3y€eThCs IXHIM KOHTAKTHHUM OITip, a MPU 3BapIOBaHHI



JPOTIB — IXHBOTO OCajay, IO 3amobirae Mo4YaTkoBOMY BHUIUIECKY PO3IJIABICHOTO
Mmetany. [liciig HacMUeHHs cepleYHHKa IpOocessl WOro 1HIYKTUBHHM OIip pi3KO
3HUXKY€EThCA M CTpyMH B 0OMOTKax TpaHchopmaropa 3HAYHO 3pocTaroTh. [Ipu
IbOMY BiZIOyBaeThcs 3BaproBaHHs BUPOOiB. Y psni inmux mamma (MTK-2001)
nonepeaH1i miairpiB BUpoOiB, 110 3BAPIOIOTh, 31HCHIOETHCS 3MIHHUM CTPYMOM,
a 3BapIOBaHHS — MPU PO3PSI>KEHHI KOHJIEHCATOPA.

Toukoea konoencamopna mawuna MTK-2001

Mammna (puc. 10.2) mpu3HayeHa AJis 3BaprOBaHHSA BHAIMYCK BUPOOIB 13
JOPHHX 1 KOJTLOPOBUX METaJIB 1 cruraBiB ToBIuHOIO Big 0,1 + 0,1 mo 1 + 1 Mmm 1
npotiB miamerpom Big 0,2 + 0,2 go 1,5 + 1,5 MM, a Takox ISl IPUBAPKUA BUPO-
018 ToBmKHOMO Bix 0,1 10 0,6 MM 10 BUpOOIB TOBITUHOIO 110 40 MM.

MarHa BUTOTOBIISIETHCS B KIIIMaTUYHOMY BukoHaHH1 Y XJI4. ¥V kopmyci
MarmuHu (auB. puc. 10.2) 3MOHTOBaHUN MEXaHI3M CTUCKY €JIEKTPOJIB 1 BCE efe-
KTPOYCTAaTKyBaHHSI.

Han 3HIMHUM CTOJIMKOM 3 KOHCOJIBHO PO3MIIICHI PYXJIUBHM €JIEKTPO. S 31
IITOKOM y HalpsSIMHUX 1 HIXKHIA €J1eKTpol 4 B €JIeKTPOIOTpUMaYl, 3aKpirieHoO-
My B KPOHILITEHHI. Y HWXHIN YaCTHHI MAIllMHU — eJIeKTporneaans 1. Y mammHi
PO3MIIIIEHUH 3BaprOBajibHUM TpaHcopMarop 2, 6710k poOOYMX KOHJIEHCATOPIB
6, 6JI0K pe3ucTopiB 7, maHeNlb KepyBaHHs 8, O10ku kepyBaHHS 9 i 10, marazun
mTekepanit 11, 6ok pene 12, 6510k cumoBux TUpUCTOpiB 13, Tparnchopmarop
3apsiiauil 14, 6510k cunoBuit 15.
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Pucynox 10.2 — Mawuna 3eaprosanvna muny MTK-2001

TexHiuHa XapakTEPUCTHKA PO3TIISIHYTOI TOYKOBOI KOHJEHCATOPHOI Ma-
IIIMHU, a TAaKOX JEAKUX 1HIMMX HaBeaeHa B Ta0da. 10.1. Ha puc. 10.3 moka3zanuii
MexaHi3M cTucky enekrpoaiB mamman MTK-2001.



Tabnuys 10.1 — Texniuni Oani KOHOEHCAMOPHUX MAWMUH OJIs MOYKOBO20
38aPHOBAHHS

Tun mamuHu
MTK — 2001 TKM-15 | TKM-17

[Tapamerp

Hait6inpmmii BropuHHUN

20 18
CTPYM, KA
CrioxnBaHa 3 MEepexi mo- ) 0.8
TY>KHICTb, KB'A ’
Haiibinbia 3anacena enep-
ris, mo, JIK 800 600
Mexi1 peryntoBaHHS €MHO-
CT1 KOHJEHCATOPIB, MK} 200 - 1600 100 — 1200
Mexi1 peryitoBaHHs HaIpy- 200 — 1000 120 — 1000
I' Ha KOHJIeHcaTopax, B
Mexi perystoBaHHS 3yCUIUIA 0.08 — 0.9 0.01 — 0.6 0.01 — 0.8
CTUCKY Ha elekTpoaax, kH ’ ’ ’ ’ ’ ’
Bunit enexrpoais, MM 200 150
Haii0inpmmii pobounii Xi 20 15

BCPXHBOI'O CIICKTPOJa, MM

) : IlemanpHui 1
[IpuB1a MEXaH13MYy CTHUCKY . .
. [IueBmatnunaun |IleganpHUN neaajabHO-
€JIEKTPO/IIB .
IMTHEBMaTUYHHUH
ToBmmHa geranei, mo 3Ba-
PIOIOTh, MM:
MIHIMaJIbHa 0,1 0,05
MaKCcuMaJlbHa 1 0,7
MaKCHMaJILHa MPOJTYKTHUB- 4200 6000
HICTb, 3B/T
["abaputn, MM 1400x700x800 | 1285x800x685 [1350x770x700
Maca, xr 390 200 220

VY BCTaHOBIIEHOMY Ha KapKacl MAalllMHA KPOHINTEWHI 13 TUTUTOIO 3aKpiruie-
Hi HampsiMHI 4, y SIKHX YCTaHOBJIEHWU MTOK 3 3 €JIEKTPOJIOM B €IEKTPOJIOTPU-
Madi ¥ THYYKIH IIWHI, IO W€ BiJ KOJIOAKH 3BaprOBAJIbHOTO TpaHchopMaropa.
[IITok 3 pyXJIMBUM €IIEKTPOJIOM 3'€THAHUHN Y BEPXHIM YACTHHI 31 MTOKOM ITHEB-
MOKaMepHU-I03UpyBalIbHUKA 3yCHUIS 6, KOPIyC SIKOi HIApHIPHO, Yepe3 cepry,
MOB'SI3aHUM 13 IBYIIJICYUM BaXKEJIEM IMeTAIbHO-PHYKHOTO MexaHismy 1. JIBy-
MJICYNA BaX1Ih y TIEHTP1 MAPHIPHO 3aKPITJICHUN HA KPOHIITEHHI; KIHIII BaXKeIIs
[IApHIPHO 3'€THAHI 31 IMTOKOM MPHUBOJIHOI THEBMOKaMEpH 9 1 TATOIO TeTaTbHO-
puuakHoro MexaHizmy 1. [THeBMokamepa 9 BcTaHOBIIEHA Ha MIANPYKUHEHOMY
JIBYIUIEUOMY Ba)Kelll, Ha IJIedl IKOro 3 OOKY MpYy>KMHH 3aKpIIJIEHA TUIACTHHA JIJIS
BIUIMBY Ha nepemukay 11.
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Pucynox 10.3 — Mexanizm cmucky erexkmpodie mawunu MTK-2001

Ha xopmyci nmHeBMOKaMepu-103yBaJIbHUKA 3yCHIUIA 6 BCTAHOBJICHI Tepe-
MHKadi 5 ¥ 7, Ha K1 BIUTMBA€E JIBOMa KiHIIIMH KOHTAKTHA TUTACTHHA, 3aKpIIICHA
Ha IITOKY THEBMOKaMEPH.

[Tpu mporuHi giadparMu mMHEBMOKaMepH 6 1 TIEPEMINICHH] MITOKA 00
KOpIyca MHEBMOKaMepH Ha 3 - 5 MM chpanboBYIOTh Tepemukadi 7 # 11, mo
JAI0Th KOMaHJy Ha 3BapioBaHHs. [Ipw momambmiomMy mepeMillieHHI MITOKa [0
10 MM criparbOBy€ aBapiiHUN TIEpeMUKad S5, M0 BKa3y€e HA 3pPOCTAHHS 3YyCHUIUIS
BUIIIE BCTAaHOBJICHOTO. [[HeBMOKamepa 6 (akTUYHO € TPYKHUM EIEMEHTOM 13
TBEP/AICTIO, PEryJIbOBAHOIO NIISIXOM YCTAHOBJICHHS B KaMepl TUCKY MOBITPS, 1110
BIJINIOBI1a€ HEOOX1THOMY 3YCHJUTIO CTUCKY eneKTponiB. Ilin nByruieunm Baxe-
JIeM 13 THEBMOKAMEpOIO 6 PO3TAIIOBAHHN PEryIhOBAaHUHN TBUHT-YIIOpP &. 3 OOKYy
MPUBOJIHOT THEBMOKaMepH 9 BCTaHOBJIEHUH nepecTaBHui ynop 10.

[Tig BepxHIM PyXJIMBHM €JIEKTPOIOM PO3TAIIOBAHUH 130Jb0BAHUMN Bij] KO-
pIlyca KPOHILITEWH 2 3 €JIEKTPOAOTPUMAYEM U €1EKTPOoaoM. EnexrpuuHa neganp
1 (muB. puc. 10.2) npu3HaveHa s yBIMKHEHHSI THEBMOKJIAIIaHA, IO MTyCKa€ B
Xia maeBMonpuBia. [THeBMONPHUBIA 32 TOMOMOTOI0 BaXEJsl MEPEMIIIAe BEPXHIiM
eJIEKTPO/I, 3A1MCHIOE CTUCK €JIEKTPOJIIB 70 3a7aHoi BennuuHu. [1o o6uaBa 60ku
CJICKTpONEeAaIl pO3TallloOBaHI MEXaHIUuHI Meaalli BaXiIbHO-TIEAAIbHOI CHCTEMH,
10 TIPU3HAYEHA /IS 3BEACHHS €JICKTPOiB HATUCKaHHAM Hororo. Ha mammx 3y-
CHJUISIX MOJKHA 3/11MICHIOBATH 3BaprOBaHHs 0€3 YBIMKHEHHS THEBMOIPUBO/IA.

Ha puc. 10.4 npencrasneHa criponieHa CHIOBa €JIEKTPUYHA CX€Ma Mallln-
Hu MTK-2001. IligirpiB aeraneid, 1mo 3BaproOTh, MEpe] 3BaprOBaHHAM M iX-
HBOIO TEPMOOOPOOKOIO TICIHISI 3BapIOBaHHS, SKINO 1€ HEOOXITHO, 3AIHCHIOETHCS



YBIMKHEHHSIM TUPUCTOPHUX KOHTaKkTOpiB VS4, VSS5. [Ipu nuboMy cTpym Big me-
peXi MPOXOJUTh Yepe3 MEPBHUHHY OOMOTKY 3BaprOBajbHOTO TpaHchopmaropa
T2M, a migirpiBHU#M CTpyM — depe3 3BapioBaHuil BupiO. [HIN TUpuCTOpU cXeMH
VS1, VS2, VS3 BumkHeHi. Ha moudatky 3BaproBajlbHOTO IHUKIY IUIIXOM YBI-
MKHEHHS TupucTopa VS1 BupoOisieThes 3apsia pododoi 6arapei KoHAeHCATOPIB
Cy Bim BTOpUHHOT 0OMOTKH 3apsiiHOTO TpanchopmaTopa T2M depes BUIPSIMIISIY
VD5 — VD8&. €mnictb C,, peryaoeTbes.

[IBUAKICTS 3apsAmy KOHACHCATOpPA PETYNIOEThCS OOMEKYyBaJbHUM KOH-
nencatopom C. Hanpyra, o sikoi 3apsimkaerbes konaeHcarop C,, BU3HAYAETHCS
MOMEHTOM BUMHKaHHs TUpucTtopa VS1. 3BaproBalbHUI CTPYM IPOTIKAE uepes
netam npu yBiMkHeHH1 TupuctopiB VS2 i VS3. Ilpu nmsomy xouaercatop Cy
PO3PSIKAETHCA HA MEPBUHHY 00MOTKY TpaHcdopmaTtopa T2M, tupuctopu VSI,
VS4, VS5 BuMkHEHI.

ITiooip i ycmanoeka pexcumy 36apro6anus

OCHOBHUMM TapaMeTpaMu, 110 BU3HAYAIOTh PEKUM TOUKOBOTO KOHJCHCA-
TOPHOT'O 3BapIOBaHHS, € BEJIIMYMHA YBIMKHEHOI €MHOCTI, Koe(ilieHT TpaHcdop-
Marrii (mabesns) 3BapioBaIbHOTO TpaHcPopMaTopa i 3yCHILUISI Ha €NIEKTPOIax.

31 30LIBIIEHHSIM €MHOCTI MPSMO MPOMOPILINHO MiABUIIYIOTHCS BUTPATH
€Heprii, 301IbIIYIOThCS aMIUTITY/1a 3BaplOBaJIbHOIO CTPyMYy W TPUBAIICTh IMITY-
JbCy. 31 3HUKEHHSAM KoediiieHTa Tpanchopmailii 301IbIIY€E€ThCA aMILTITY/Ia 3Ba-
PIOBAJIBHOTO CTPyMY M 3MEHIIYEThCS TPUBAIICTH IMITyJIbCY O€3 3MIHM €Heprii,
BUKOPHUCTOBYBAHOI I11]] 4aC 3BapIOBAHHSI.
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Pucynox 10.4 — Cunosa erexmpuuna cxema mawunu MTK-2001



[Tpu 3MeHIIeHH] 3yCHWUIsI Ha €IEKTPOAax 30UIbLIYeThCs Omip AeTamneil i
Tpoxu minBuiryetsess KKJ[ ycTranoBkH, 0lHaK MpHU IbOMY 3'IBISIOTHCS BHYTPI-
ITHIM 1 30BHIMIHIA BUTIJIECKH ¥ 1HII AShEKTH B SJIp1 TOUKHU.

[TinGop pexumy 3BaprOBaHHS MOYMHAIOTH 13 YBIMKHEHHS CBI1JIOMO HEJO-
CTaTHhOI EMHOCTI1, YCTAHOBKH HaWO1IBIIOTO 3yCHUIUISA CTHCKY W BEJIUKOTO Koedi-
HieHTa Tpancdopmariii, TOOTO 3 pexXuMy, 10 BUKINKae Hemposap. [lotim, 3Ba-
PUBILIM JOCTIAHY TOYKY ¥, 3pyHHYBaBIIU ii, MOCTYNOBO 3MEHIIYIOTh 3YyCHJUISA
CTHUCKY, 30UIBIIYIOTh EMHICTh KOHJCHCATOPIB 1 3MEHIIYIOTh KOE(]IIIEHT TpaHC-
dbopwmartii. Bapro nmam'statu, 1o aerani, Ipu3HAYCHI JJIs 3BapIOBaHHS, ITOBUHHI
OyTu ouwileHi Bix Opyny, GpapOu, macia, OKHCIIB 1 T. I1.; 3ayceHini i nedopmartii
B MICIISIX, 11O M1JIJIaI0Th 3BapIOBaHHIO, BAPTO YCYBATH.

Toukwu, 3BapeH1 Ha MPaBUJILHO 00paHOMY PEKMMI i O 3a4MILEHI ToBep-
XH1 apKYIIIB, YBAXAIOThCS SIKICHUMH, SKIIO 33/I0BOJIBHSIOTh TAKUM BUMOTaM:

1) moBHICTIO BiJICYTHI 30BHIIIHI AedeKTH (IiAMJIaBICHHS, BEJIUKI BM'ATH-
HU, 30BHIIITHI BUIUIECKH, TPIIIIUHU U T.1.);

2) [piamMeTp JUTOro sAjpa JOPIBHIOE 3 - 5 TOBUIMHAM HaOUIbII TOHKOIO 3
JIUCTIB, 110 3BapIOIOTh;

3) BucoTa siapa (raubuHa mporviaBieHHs) cranoBuTh 0,4 - 0,7 cymapHoi
TOBIIUHU JIUCTIB,;

4) nute PO ¥ 30HA TEPMIYHOTO BIUIUBY HE BUXOISATH Ha 30BHIIIHIO IO-
BEPXHIO JIMCTIB; y S/Ip1 HEMA€ BEJIUKUX PAKOBUH, TPILLMH U 1HIINX Je(EKTIB.

VY tabn. 10.2 HaBeAeH1 OPIEHTOBHI PEKUMH TOYKOBOI'O 3BapIOBaHHS JIaTy-
H1 JI62 Ha KOHAEHCATOPHIN MaIIHHI.

Tabauysa 10.2 — Opienmogni pescumu 36aprosans iamyti J162

Hiametp . Harmpyra Benuuuna
ToBmuHa | MOBEpXHI ) . . 3ycusis
3apsny yBiMKHeHO1| KoedirtienT
MeTaly, | KOHTaKTy : : ..| CTHCKY,
’  |KOHJEHCATOpIB,| €MHOCTI, |TpaHCc(OpMarlii
MM €JIEKTPO/IB, B M) H (xr)
MM
0,1 +0,1 2 500 100 75 45 (4,5)
0,3+0,3 2 500 400 50 120 (12)

10.2 IIpoBenenHst podoTu

Ycemamkyeanna it mamepianu

1 MammHa 11 TOYKOBOTO KOHIEHCATOPHOTO 3BAPIOBAHHS.
2 Hosxwii a1t pi3aHHS METay.

3 Po3puBHa mamuHa.

4 Jlewara.

5 MiniMeTpoBa JiHIMKa.

6 IITaHreHUUpPKYIib.

7 MonoTox.



8 3yobwuro.

9 Habip niacTuH 3 KOJIOPOBUX METAJIB 1 CIJIAaBIB.

10IlepecyBHuii mabopaTopHUil CTLT 3 HAOOPOM HEOOXIMHMX MPOBOJIB, 3
THCTPYMEHTOM 1 CIIEI[O/ISITOM.

11 Onucu, kpeciieHHs, CXeMHu W HeoOX1H1 JOBIAKOBI MaTepiaiu.

A O3naiiomnennsn 3 KOHCMPYKYIEIO 1l pOOOMOI0 MOUK080i KOHOeHCaAmOopHOT
Mawunu

1 YBaxHO mpouMTaTH ONUC TOYKOBOI KOHJIEHCATOPHOI MAIlIWHU, 3HAUTH
il OCHOBHI BY3JHM, YCBIJIOMUTH IXHE MPU3HAYEHHS W CXEMAaTHUYHO 3aMaJllOBaTH
3arajbHE KOMIOHYBAaHHS MAIIHHH.

2 JlaTu XapaKTepUCTUKY MEXaHI3My CTHCKY M CXEMaTHYHO 300pa3uTh
rioro OyaoBy.

3 Ommcatu TUT 3BapIOBAIBHOTO TpaHChOpMaTopa, HAKPECIUTH HOTO
CXeMy ¥ MOsSICHUTH poOOTy IepeMuKaya 1maobJiiB MOTYKHOCTI.

4 Jlatm cxemy Oarapei KOHIEHCATOPIB 1 MOSCHUTH POOOTY MepeMuKada
€MHOCTI.

5 Jatu cxemy i onucaTd poOOTy HUIAXOBOTO NEpeMHUKaya «3apsiiKu - po-
3PAIKID.

6 3amipsATH BWIIT €JIEKTPOAIB, HAKPECIUTH iXHIO (GOpMYy W BU3HAYUTH,
3 IKOTO MaTepialy BOHM BUTOTOBJICHI.

7 Ilpn yBIMKHEHOMY 3BaplOBaJIbHOMY CTPyMi BHUIPOOYBaTH pPOOOTY W
B32€MO/III0 BCiX BY3JIIB MAIIHHH.

8 CkacTH TEXHIYHY XapaKTEPUCTUKY MAIIHHH.

b Ilpakmuune o3naiiomnennsa 3 mexnoa02icro mouKo8020 36apro8anHs
HA KOHOEHCAmOpPHI MAUIUHL

1 ITigroryBaTu TaOMUIIO JJIsl 3aMKCIB JAaHUX BUMIPIB Ta CIIOCTEPEKEHD
(muB. Tabdm. 10.3).

2 Jlng maHoi TOBUIMHM MeTaly miaiOpaTu 3a TaOMULSMH PEKUM 3Baplo-
BaHHS i HACTPOITH MAIIHY.

3 3BapuTu TpH NMapH IJIACTHH OJHIEI0 TOUKOIO KOXKHY.

4 BusHAUMTH SKICTh 3BapPEHUX TOYOK 3a 30BHIIIHIM BUTJISIOM M IiCISA
BUNPOOYBaHHS 1X HA PO3TATAHHS, BIIPUB 1 CKPydyBaHHS.

5 TloBTOpUTH 3BaprOBaHHS HA IHIIWX MJIACTHHAX, 3MIHIOIOUHW TIPH ILOMY B
OJIHY ¥ I1HIy CTOPOHY OJMH 3 MapaMeTpiB PEKUMY: a) BEIMYMHY yBIMKHEHOI
€MHOCTI (32 IOMOMOTOI0 MEepEeMUKadya €MHOCTI); 0) KoedilieHT TpaHcdopmalii
3BaprOBaJILHOTO TpaHchopmaropa (3a AOMOMOTror0 NepeMuKaya madiiiB); 3yCull-
JI51 Ha €JeKTPOAaXx.

6 OUIHUTH SIKICTh 3BAPEHUX TOYOK 3a 30BHIIIHIM BUIJIAIOM, 3pyHHYBAaTH iX
1 BUSIBUTH BIUTMB KOKHOTO TTapaMeTpa peKMMy 3BapIOBaHHS Ha MIITHICTh TOUYKH.



Konmponwvni numannsn

1 OnuuIiTe CyTHICTh IPOLIECY KOHACHCATOPHOTO 3BAPIOBAHHS.

2 ki nmepeBaru KOHJEHCATOPHOTO 3BapIOBAHHS?

3 Ha3BiTh OCHOBHI BY3JIM TOYKOBUX KOHJEHCATOPHUX MAIIIHH.

4 Onuiith cnocoOu peryitoBaHHs koedilieHTa TpaHchopmalii 3Bapro-
BaJIbHOTO TpaHchopMaTopa i YBIMKHEHOT EMHOCTI OaTapei KOHIEHCAaTOPIB.

5 SIxe nmpu3Ha4YeHHS 1 K MPAIIO€ IEPEMUKAY «3apaIKa-pO3psIKa»?

6 llo BXOOUTH B OCHOBHI MapaMeTpH PEKUMY TOUKOBOTO KOHJIEHCATOP-
HOTO 3BapIOBaHHs?

7 SIx BapTO MIATOTOBYBATH JAETalli IiJi TOYKOBE KOHJIEHCATOPHE 3Bapro-
BAHHA?

8 Sk BIUIMBa€ BeTUYMHA YBIMKHEHOI €EMHOCTI, KOE(ILIEHT TpaHCchopMallii
1 3yCHJUIS CTUCKY Ha SIKICTh 3BapeHOi TOUKH?

9 BuknaaiTh OCHOBHI NpaBuiia O€3MeKu Npu poOOTI HA KOHAEHCATOPHUX
MaIInHaX.

3BiT npo 1adoparopHy podory Ne 10

Bueuenna koncmpykuiii ii 03HANIOMIEHHA 3 MEXHON02IEI0 36API0GANHA
HA KOHOCHCAMOPHUX MAUMUHAX

[IpizBumie cryaeHTa
I'pyna JlaTa BUKOHAHHS

A O3naiiomnennsa 3 KOHCMPYKUIEN 1l pOOOMOI0 KOHOCHCAMOPHOT MAuiuHU

(3aranpHa cxeMa MaIMHU 3 TIO3HAYEHHSIM OKPEMHUX BY3JIiB)
(Cxema MexaHi3My CTHUCKY)
(Cxema 3BaproBajbHOTO TpaHcpopmaropa 3 mepeMuKadeM madsiB MOTYKHOCTI)
(Cxema Garapei KOHJEHCATOPIB 3 IEPEMHUKAYEM EMHOCTI)
(Cxema pob0oTH nepeMuKaya «3apsSaKu-po3psiaAKu )
(Cxema BUMIpY BHIIBOTY €JIEKTPO/IB)
(Texniuyna XxapaKTepuCTHUKA MAIIIUHA)

b Ilpakmuune o3naiiomnennsa 3 mexnoa02icro mouKo8020 36apro8anHs
HA KOHOEHCAMOPHIl MAUIUHI

(Ecki3u 3BapeHUX 3'€THaHb 13 BKa31BKOIO MiCIlb AC(EKTIB)
BucnoBku 1o po0oTi
[linnuc crynenta
BucHoBOK BuKIIagaua




Tabauys 10.3 — /[na 3anucie 0anux UMIpie ma cnocmepedicetsb

qHedgAgodung
ULIRIAIrAEd

(DI) H ‘AMOULO BILIUIAE

mrend
-oonedr 1HAMII(PIOY

ON ‘TLOOHND
JIOHOHMWIEA BHUhUIDY

WIN
‘arrodixard tHxdogon
IOHLMRLHON dromery/

XapakTepucTrka
pexumMy

Hopmanpanii

31 3MEHIIIEHHIM

OJIHOTO 3 MapaMeTpiB
31 30UIBIIEHHSIM

OJIHOTO 3 MapaMeTpiB

W ‘AI'BLOW BHUITIEO |,
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