MunucTtepcTBO 0OpazoBanus u Hayku Poccuiickoit denepanuu
denepanbHOE areHTCTBO MO 00PA30BaHUIO
HO>xHO-Y panbcknii rocy 1apCTBEHHBIN YHUBEPCUTET
Kadenpa «O6paboTka METaNIOB 1aBICHUEM »

621.771 (07)
K563

I'.. KoBajib

COBPEMEHHOE OBOPYJIOBAHUE
INPOKATHBIX HEXOB

Yactp 1
JIABHBIE JIMHUU PABOUYUX KJIETEN
[TPOKATHBIX CTAHOB

YuebHoe mocooue
JUTSI CAMOCTOSITEIILHOM pabOTHI CTYICHTOB

UensOuuck
N3parensctBo IOYpI'Y
2008



VIIK 621.771(075.8)

K563

O0obpero

YUeOHO-Memoouyeckol KoMuccuel Qu3uKo-memaniypeuiecko2o Qaxyibmema

K775

Peyenzenmui.:
JHasnsasmwun B.I., Ilennenen A.11.

KoBaasn, I'.H.

CoBpeMeHHOE 000pyAOBaHUE NPOKATHBIX 11eX0B. YacTh 1: ['maBHbIC TUHUM
paboumnx KiieTell MPOKATHBIX CTAHOB: Y4eOHOE TTOCOOUE JIJISi CAMOCTOSI TEIIbHON
pabotsl cryaentoB / .. KoBans. — Yensibunck: U3n-so IOVpI'Y, 2008.— 45 c.

B nocobun B cHUCTEMHOM BHJE NPHUBEACHBI OCHOBHBIE HM3BECTHBIE CXEMBI
IJIaBHBIX JIMHUWA TPOKaTHBIX CTAaHOB, HAauWHAas CO CTaHOB, COJEpPKaLIUX
JIByXBAJIKOBbIE€ KJIETU C TOPU3OHTAJIbHBIMU BaJIKaMHM, M KOHYas IUIAHETapHBIMU
CTaHaMH, CTaHaMH MTONIEPEYHO-BUHTOBOM MPOKATKHU U XOJIOJIHOM MPOKATKH TPYO.

[Tocobue mpenHa3HAa4eHO IS CaMOCTOATEIBHOM pPabOTHI  CTYACHTOB
cnenuanbHocTer 110600, 170300 m 11 BBINOJIHEHKWST UMM KYPCOBBIX U JUIUIOMHBIX
MIPOEKTOB, & TAK)XXE MOYKET OBITh MOJE3HO ACHUPAHTAM M MOJIOJBIM CIIELUATUCTaM,
3aHUMAIOLIUXCS pa3pabOTKOM MaluH U1 00pabOTKU METAJJIOB AABJICHUEM.

VIIK 621.771(075.8)

© UzparensctBo FOYpI'Y, 2008



BBEJAEHHUE

OCHOBHOI MalIMHON NMPOKATHBIX CTAHOB SIBJISIOTCA TIJIaBHbIE UM pabodue JIMHUM,
[IPEIHA3HAYECHHBIEC I OCYILUECTBICHUSA OCHOBHOM TEXHOJIOTMYECKOM OIlepanuu —
IJIacTUYEeCKOM nedopmanuu  METaIOB M HMX CIUIaBOB  MEXJAYy MPHUBOJHBIMHU
BpalIalOUIUMUCS, KayaloU[UMUCS, MPUBOJALIUMUCA (PUKUMOHHBIMU CHUJIAMU  OT
OMOPHBIX BAJKOB MJIM OINOPHBIX HAMpaBIAOIIUX U AedopMmupyemoro meramia. [lpu
TOM TpOKaTHas KIJIETb MOXET OBbITh YCTAHOBJEHA CTallMOHApPHO,  COBEpIIATh
BO3BPATHO-IIOCTYNATEILHOE, BpalllaTeIbHOE M KadaTelbHOE IBHXKEHHE. B cocras
[IPOKAaTHOI'0 CTaHa B 3aBUCUMOCTU OT €r0 Ha3HAYEHUs U TUIIA BXOAUT OJHA WU
HECKOJIBKO TJIABHBIX JIMHUM.

B cocraB MexaHM3MOB U MaIllMH KaX[ 0 IIaBHOW JUHUU BXOIAT IIPOKATHAs KJIETh,
OJVH HWJIA HECKOJIBKO DJICKTPOABUIATENIEM UM MEXAHU3MBI, CiyXKallue Ul Iepenayu
KPYTALIEr0 MOMEHTa OT JJIEKTPOABUIATEICH K IPUBOIHBIM BajlaM IPOKATHOW KIIETH,
KOTOpBIE NMPUHATO Ha3bIBaTh MEPENATOYHBIMU MexaHn3MaMH. CoCTaB NeperaToOYHbIX
MEXAaHU3MOB I'JIaBHOM JIMHUU OINPEIEIIACTC KOHCTPYKLUEN BXOIAILEH B HEE IPOKATHOU
KJIETH, B3AUMHBIM IIOJIOKEHUEM U KOJMYECTBOM BXOALIUX B HEE IPUBOAHBLIX BAJIOB,
TpeOyeMol KHUHEMAaTHKOM MPOKATHBIX BAJIKOB M CAMOW MPOKATHOM KJIETH.

B nanHoil paboTe naH cHCTEMAaTH3MPOBAHHBIA 0030p MIMPOKO MPUMEHSEMBIX M
MIEPCIEKTUBHBIX CXEM TJIABHBIX JIMHUWA INPOKATHBIX CTAHOB.



1. TJIABHBIE JIUHUU NMPOKATHBIX KJIETEN
C BPAIIAIOHINMMUCSA B PASHBIX HAITPABJIEHUAX
I'OPU30HTAJIBHBIMH BAJIKAMUA

K mpokaTHbIM KJIETSAM C TOPU3OHTAIBHBIMH BaJdKaMU, BPAIIAIOIIUMUCS B Pa3HbBIX
HaNpaBJICHUSAX, OTHOCATCS [JIByX-, TpE€X-, 4YETbIpeX-, IIECTU-, ABCHAAUATH- U
JBA/IIIATUBAIKOBBIE KIICTH.

B cocTtaB riaBHBIX JIMHUH yKa3aHHBIX NPOKaTHBIX kjieTed 1 (puc. 1— 6) BXoaaT ouH
WA JBA JJEKTPOJABUTATENd 6, MaxOBUK 7, CIYy)KAIIUKA aKKyMYJATOPOM JSHEPrUU B
rnays3ax MEXIy IpPOKAaTKaMU, PEAyKTOp S, CHIDKAIOIIMM WIM IOBBIIAIOIIAN YHUCIIO
000pOTOB 3JIEKTPOJIBUTATEINSI 10 YMC]Ia OOOPOTOB MPOKATHBIX BAJIKOB, IIECTEPEHHAS
KJIETh 3, chyxamas Ui pasAeieHus] KPYTSIIEro MOMEHTa, IepelaBaeMoro OT
3JIEKTPOJIBUTATENISL, U CHHXPOHHOW MEPEJAUYU €ro MPOBOIHBIM BalIKaM MPOKATHOW KJIIETH
I, mmuuaenu 2, OCYILIECTBIAIOIIAE IME€penady KpPyTAIIET0O MOMEHTa MNPUBOIAHBIM
MPOKATHBIM BajiKaM HEMOCPEICTBEHHO OT JJIEKTPOJABUTATENEH 6 WIM OT IIECTEPEHHOU
kietu 3. CoennHEHHE BaJOB JJIEKTPOJABUTATENel 6, BXOJHBIX M BBIXOJHBIX BaJiOB
PEIYKTOPOB 5, BXOIHBIX BaJOB HIECTEPEHHBIX KJIETEH OCYHIECTBISIETCS C MOMOIIBIO
Myt 4. ITpu ManbIx nepesaToOuHbIX OTHOIIEHUSX IECTEPEHHYIO KIETh 3 U PEAYKTOp 5
O00BEIUHSIOT B OJHOM KOPIyC€ M TaKOM MEXaHW3M Ha3bIBAIOT IIECTEPEHHAas KJIEThb-
penykrop. MaxoBuk 7 (CM. puc. 1B) UCTONB3YIOT B COCTaBE IIABHBIX JIMHUM KIIETEH, B
KOTOPBIX JedopMaliius yepeayercs ¢ may3aMu MexXay 00KaTUSIMH.

N3BECTHO NMPUMEHEHUE TIABHBIX JIMHUM TOPU3OHTAIBHBIX JABYXBAJIKOBBIX KJIETEU C
OJIHUM TIPUBOJHBIM BaJKOM (CM. puC. 2).

B rnaBHBIX JUHUSX KJIETEH IIaroBol NPOKATKH, COBEPIIAIOLIMX TpU padoTte
BO3BPATHO-TIOCTYMATEIbHOE ABUXKEHHUE 1O HanpasstomumM 10 (cM. puc. 3), IpUMEHSIOT
JNOTOJTHUTENIPHO K  YKAa3aHHBIM MEXaHW3MaM CHUHXPOHHU3UPOBAHHBIE C BpaIllEHUEM
BAJIKOB KPUBOILMIBI 8 U MIATyHBI 9.

B MHOroBaJIKOBBIX KIIETSIX C TOPU3OHTAIBHBIMH BajlKaMH: YEThIPEX-, IIECTH-,
JIBEHANIIATU- W JABAJUATUBAIKOBBIX  MNPUBOJAHBIMU  JENAIOT  OMkailmme K
nedbopmupyeMoMy MeTalny Bailku (cM. puc. 50, 60). Ilpu HEBO3MOXHOCTH TIO
KOHCTPYKTHUBHBIM COOOPaXXEHHUSIM TaKOTO pa3MEIlEeHUs MPUBOJIa BaJKOB MPUBOIHBIMU
BBITIOTHSIOT OJIM>KaIlINe OMOPHBIE BAJIKU (CM. puc. Sa, 6a).

B rnaBHOM JNMHUM KJIETEM C TpeMs TOPU3OHTAJIbHBIMU BAJIKAMU Yallle BCETO
MPUBOJHON OT 3JJIEKTPOJBUTATENS BBIMOJIHAT HUKHIOK IIECTEPHIO IMIECTEPEHHOU
kietH (puc. 36), MHOT]a TPUBOHOM OT JIEKTPOJIBUTATEINS IBIIIETCS CPEAHSS IECTEPHS
HIECTEPEHHOM KJIeTH (puc. 3a) UM AaKe BEpXHSS IIECTEPHS.

2. TJIABHBIE JIMHUU IPOKATHBIX KJETEM
C BPAIIAIOIINMUCSA B PA3HbBIX HAITPABJIEHUAX
BEPTUKAJIbBHBIMHU BAJIKAMHA

Knetn ¢ BepTUKaIbHBIMM BajJKaMU NPUMEHSIOT Ui JAepopMalud MeTajuia I0
LIUPUHE.
B cocTtaB riaBHbIX JMHUI KJIE€Te ¢ BEPTUKaJIbHBIMM Bajkamu (puc. 7—12)
BXOJAT IPOKATHAs KJIETh |, MINUHAENH 2, HIECTEPEHHBIE KIIETH 3 ¢ HUINHIPUIECKUMU
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Puc. 2. 'maBHas TMHUA TOPU3OHTAIIBHON JBYXBaJIKOBOU KIIETH
C OJTHMM NPHUBOJHBIM BAJIKOM
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Puc. 3. I'maBHas TMHUA TOPU3OHTAIIBHON JBYXBAJIKOBOW ITOJABMKHOM KIIETH
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Puc. 4. ' maBHBIC TUHUN TOPU3OHTAIBHBIX TPEXBAIKOBBIX KJIETEH
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Puc. 5. I'maBHBIC TMHNUY FOPU30HTAIBHBIX YETHIPEXBAJIKOBBIX KIIETECH
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Puc. 6. I'naBHbIC IMHUY TOPU30OHTAIBHBIX MHOTOBAJIKOBBIX KJIETEH



Puc. 7. ' maBubIe TUHUN

BCPTUKAJIIBHBIX

(v

JABYXBAJIKOBBIX KJICTCHU

C BCPpXHHUM IIPUBOJIOM
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Puc. 8. I'maBHBIC TUHUN
BEPTUKAIBHBIX
JIBYXBAJIKOBBIX KJIE€TEH
C BEpXHUM MIPUBOJIOM
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Puc. 9. ' maBHBIC TMHNN BEPTUKAIBHBIX JBYXBAJIKOBBIX KIETEH
C BEpXHUM IIPUBOJOM
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Puc. 10. I'naBHast 1uHMS BEPTUKAIBHON
JIBYXBaJIKOBOU KJIETH
C HUKHUM IIPUBOJIOM
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Puc. 11. I'naBHas nuuus
BEPTUKAJIBHOW [IBYXBaJIKOBOU KJIETH
C HWKHUM IIPUBOJIOM
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Puc. 12. I'naBHast TMHKS BEPTUKAIBHON JBYXBAJIKOBOU KIIETH
C HUKHUM IIPUBOJIOM

(cMm. puc. 7a,6, 10, 12), xonumueckumu (cMm. puc. 8a,0, 9a, 11) U KoHUYECKO-
HUAJTUHIPUYECKUMU (CM. puc. 90) 3yOuaTbiMu niepeaadamu, MyPpTol 4, TUITUHIPUIECKUE
5 1 KOHMYeCKHE 7 PEAYKTOPBI U IIEKTPOABUATATENN 6.

3.TJIABHBIE JIMHUU MIPOKATHBIX KJIETEA
C TPEXBAJIKOBBIMU KAJIMBPAMHU

[IpokaTHbIE KJIETH C TPEXBAJIKOBBIMU KaluOpamMu NPHUMEHSIOT IPU COPTOBOM
MPOKaTKe M MpOKaTKe TpyO, oOecreumBas BBICOKYIO TOYHOCTh IpokaTa. [ JlaBHbIE
JIMHUYU TPOKATHBIX KJETEH C TPEXBAJKOBBIMU KaauOpaMH MPUMEHSIOT JABYX THUIOB. B
onHoM ciiy4yae (puc. 13) mpuBOJ BCEX BAJIKOB KIETH | OCYIIECTBISETCS OT OJHOTO
Bajia 3, a pacnpeesieHne KPYyTAIEero MOMEHTA 10 BaJKaM NMPOU3BOJUTCS BHYTPH KIIETH
yepe3 KOoHWYeckue mectepHu 2. [IpumeHeHHe Takoro TUNa TIJaBHOM JIMHUM J1aeT
3HAUUTEIPHOE CHWKEHHWE €ro Beca M rabapuToB, HO HE MO3BOJIAET OCYLIECTBISThH
pEeryJIupoBaHHE 3a30pa MEXAy BajJkamMH KieTh 1 0e3 mepeTodyku ux padouei
MOBEPXHOCTH, YEM B 3HAUUTEJIbHOM CTENEHH CHUXAET TEXHOJOIMYECKHE BO3MOKHOCTHU
UX MPAKTUYECKOT0 UCIOJIb30BaHUS.

B npyrom cnyuae (puc. 14, 15) npuBoa BankoB KJIeTH 1 IpOU3BOAMUTCS OT TpEX
BaJIOB B BUJI€ YHUBEPCAIbHBIX WINUHAENEH 2 . Pacnpenenenue KpyTAIEro MOMEHTa OT
OJIHOTO AJIEKTPOJABUTATENS 6 MO BaJIKaM OCYILIECTBISETCS Yepe3 KOHUYECKUE

14



Puc. 13. I'naBHas nuHMs BEPTUKAIBHON
JBYXBAJIKOBOU KJIIETH C HWKHHUM IPUBOJIOM

HIECTEPHHU 3 C MOMOUIBI0, My(T 4, IECTEPEHHBIX KJIE€TEH 5 U MPOMEKXYTOUHBIX BajoOB 7.
Hcnonb30BaHUE TAKOrO TUIIA IJIABHOM JMHHUU IIPU 3HAYUTEIBHOM IOBBILICHUU €€ Beca
U T1a0apuTOB TMO3BOJISIET MNPOU3BOJUTH PETYJIMPOBAHHME 3a30pa MEX]y BaJIKaMH,
pacIIupssa TEXHOJIOIMYECKUE BO3SMOKHOCTH €€ IPUMEHEHMUS.

4 .TJIABHBIE JIUHUU MPOKATHBIX KJIETEHA
C YETBIPEXBAJIKOBBIMH KAJIUBPAMUA

[IpokaTHBIE KJIETU C YETHIPEXBAJIKOBBIMU KaJIMOpaMu MPUMEHSIOT HPU XOJOJHOU U
ropsiueil NpoKaTKe MPOCTHIX U (PaCOHHBIX COPTOBBIX MPOPUIEH.

N3BecTHO, OCOOEHHO W3 MATEHTHOW JUTEPATYphl, 3HAUUTEIBHOE KOJIMYECTBO
pa3IMYHBIX TUIIOB TJIABHBIX JJUHUM TaKUX MPOKATHBIX KieTeil. PaccMoTpuM HEKOTOpbIE
U3 HUX.

Hanbonee mnpocThiIM HCIOTHEHHEM SIBIsETCS TJaBHas JuHUS (puc. 16a) ¢
WHJUBUYaJIbHBIM IIPUBOJOM BAJIKOB KJIETU | OT MHAMBUAYAJIBHBIX 3JEKTPOABUTAaTENEH
5 uepes MydThl 4 U C TPUBOJOM  BCEX BalKOB KieTh | oaHOro Bajma 2 ¢
pacnpeneseHueM KpYTAIIEro MOMEHTa IO BaJlkaM BHYTPH KIIETH 4Yepe3 KOHUYECKUE
mectepHu 3 (puc. 166). B atux ciiydasx OTCYTCTBYET BO3MOXKHOCThH PETYJIMPOBaHUS
3a30pa MEXy BaJIkaMu 0€3 MEPETOYKU UX paboueil MOBEPXHOCTU UM CMEHBI BAJIKOB.

[Ipy BO3MOXKHOCTH OCYIIECTBJICHHMS TNPOKATKM TPU OTCYTCTBUU KECTKOH
KMHEMaTUYECKOM CBSI3M MEX]y BaJIkaMu KJIeTH | MOXXeT ObIThb NpHMEHEHa IJIaBHas
JUHUS C WHIUBUIYaJIbHBIM MPUBOJAOM BAJIKOB KJIeTH | uepe3 yHUBepcalbHbIC
IIMUHJETN 2 OT OTAEIbHBIX 3JIeKTpojBurareneit 5 (puc. 17a), mpuMeHeHHE KOTOPO
MO3BOJISIET OCYUIECTBIIATH PETYJIUPOBAHUE 3a30pa MEXKAY BAJTKAMM.

15



Puc. 14. I'naBHbIE TMHUYN TPEXBAIKOBBIX KJIETEN
C TpeMs BBOJIaMH
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Puc. 15. I'naBHbIE TMHUYN TPEXBAJIKOBBIX KJIIETEH € TPEMs BBOJAMH
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Puc. 16. I'naBHbIe TUHUY KJIETEN C YETHIPEXBAIIKOBBIM KaJIMOPOM
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Puc. 17. I'naBHbIe TMHUU KJIETEH C YETHIPEXBAJIKOBBIM KaTUOPOM
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JInsi CMHXpOHU3AalMK BaJKOB KJIETH C YETHIPEXBAJKOBBIM KaJaMOpOM, HMMEIOIIMX
IIPUBOJ OT MHIAMBHUAYAJIBHBIX DJJIEKTPOJABHUIATENEH, MNPEMJIOKEHO MPUMEHECHHE
KPUBOUIMITHO-IIATYHHBIX MeXaHu3MoB (puc. 170). Takas rmnaBHas JUHUS, KpOMeE
YKAa3aHHBIX MEXAHU3MOB, COJAEPKUT KOJICHYATHIC BAJIbI 2, CBA3AHHBIC IIATYHAMH 3 CO
CTallMOHAPHOM ONOpOH 6.

B kauecTBe mpuUMeEpOB TIJaBHBIX JUHUN KJIETEH C YEThIPEXBAJKOBBIM KaauOpoM,
00€CIEeYnBAIOIIMNX KECTKYI0O KHHEMATHUYECKYIO CBSI3b MEXAY BaJIKaMU U BO3MOKHOCTh
PEryJINPOBaHMS 3a30pa MEKAY BAJIKAMHU, MOXKHO IIPUBECTH CIIECAYIOIINE KOHCTPYKLHUH.

B rnaBHoil nuHumM (puc. 18) mpuBOA BadKoOB KJIETH | OCYIIECTBISIETCS 4Yepes
YHUBEpCAJIbHbIE HINUHACINA 2, YEThlpe MOHWKAKIIKWE UUWIMHAPUYECKHE 3yOuaThie
nepeaaun 3, Bajibl 6 U pa3aTO4YHYI0 KOPOOKY C YEThIPbMS MalbIMU 8 KOHUYECKUMU
HIECTEPHSIMH, CBA3aHHBIMH C OJHOW OOJBIION 7 KOHWYECKOM IMIECTEPHEH OT OJHOTO
anexktpoasurarens 9. Takasd KUHEMAaTHYECKas CBA3b MEXKAY DJIEMEHTaMU IPHUBOJA
oOecrieuynBaeT HalpaBiIeHUE BEKTOPOB OKPYKHBIX CKOPOCTE BCEX BAJIKOB CO CTOPOHBI
OCH TPOKaTKM B OJHY CTOpOHY. Jlns co3gaHus yCIOBUM, IMPU KOTOPBIX BEKTOPBI
OKPY’KHBIX CKOPOCTEH map BaJKOB OyJlyT HAIPABJICHBI B pa3Hble CTOPOHBI, pa3padoTaHa
rJIaBHas JMHUS, MMOKa3aHHas Ha puc. 19. OTIMYUTENbHON 0COOEHHOCTBIO €€ SIBISETCS
OTCYTCTBHE OOJIBIION KOHMYECKOM IIECTEPHU U CBSA3b MOCIEA0BATEIBHO MEXAY COO0M
YETHIPEX MAJIBIX KOHUYECKUX IIECTEPEH 8.

['maBHas nuHUA, NokazaHHasg Ha puc. 20, BKIOYAET NPOKATHYK KIEThb 1 C
IIPUBOJIOM BAJIKOB YE€pEe3 YHUBEPCAIbHBIE INNMHUHAEIA 2, B KayeCTBE KOTOPBIX
IIPUMEHSIIOTCS. KAapJaHHbIE Ballbl, PACIOJIOKEHHBIE NOA YriaoMm 22,5 rpaa. K OCsAM
IIPUBOJMMBIX BAJIKOB, IIECTEPEHHBIE KJIETH 3 C OCAMM IIECTEPEH YCTAHOBJIEHHBIX IOA
yriIoM 45 rpaj. K OCSIM BaJIKOB.

M3BeCTHO NpUMEHEHHE KIETel C YETHIPEXBAJIKOBBIM KalHMOpOM, COJEpKAIIUX
onopHble Banku. Ha puc. 21 mokaszana riaBHas JWHUA NPHUBOJAA TAKOM ITPOKATHOU
KJIETH, B KOTOPOW MPUBOJHBIMH OT OTAENBHBIX ANEKTPOABUTATENEN 5 Yepe3 MINMUHACIH
2 IBASIOTCA ONOPHBIE BANKU 1, yAepKuBaromye padboure Bajlku 3.

['maBHass JWMHUA MHOTOQYHKUMOHAJIBHOW Kietu (puc. 22), mO3BOJISIOLIEH
OCYUIECTBJIATh OOBIYHYIO MPOAOJIBHYIO MPOKAaTKYy B YETHIPEXBAJIKOBOM KaluOpe u
IIaroBYIO MPOKATKY IIPU NOABMKHOM NMPOKATHOW KJIETH, BKIIOYAET NMPOKATHYIO KIETH |,
YCTAQHOBJICHHYIO Ha HAIIPaBIIIOLIMX KAYECHUS 7 WIM CKOJBXEHHUs, MSATh CHUHXPOHHO
paboTalIMX 3IEKTPOJABUraTeNeil S5, YeThlpe W3 KOTOPBIX YE€pe3 YHUBEpCaIbHBIC
HINUHAECIW & MNPUBOAST BO BpalleHUE BAJKH, a OJWH MOCPEACTBOM MYy(THl 4,
KOJICHUYAThIX BaJlOB 2, 3aKPEIUIEHHBIX Ha omopax 6, yepe3 MIaTyHbl 3 IepeMelacT
BO3BPATHO-TIOCTYNATEIBHO KIETH 1.

5. TJIABHBIE INHUU YHUBEPCAJIbHBIX KJIETEN

yHI/IBCpCEIJ'IBHBIG KIICTH COACPpIKAT JABC IIapbl BaJIKOB, CMCHICHHBLIX IOpPYyT
OTHOCHTCIIBHO JIpyTa BJ0JIb OCH ITPOKATKH.

HpI/IMCHHIOTCH IIaBHBIC JIMHWHW YHHUBECPCAJIBbHBIX KJIETEU C CUHXPOHU3HUPOBAHHBIMHU
BCCMH WUJIH MOIIaPpHO BaJIKaMMU.
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Puc. 20. I'naBHast TMHUS KIJIETU C YETHIPEXBAJIKOBBIM KaIHOpoM
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Puc. 21. I'naBHast TMHKS KJIETH C YETHIPEXBAIKOBBIM
KaauOpoM ¢ MPHUBOAHBIMHU OMOPHBIMU BaJKaMH
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['1aBHBIE JIMHUM YHHUBEPCAIBHBIX KIETEM C CHHXPOHU3MPOBAHHBIMH HOMAPHO
BankamHu (puc. 23, 24) coaepxkaT KJIe€TU 1, yHUBEepCcalabHbIE IMUHIETN 2, IECTEPEHHbIE
KJIeTU 3, peAyKTOphI 5, My(QThI 4 U 351eKTpoABUTATENH 6.

Takyro K€ TOmapHyK CHHXPOHHM3ALMIO BAJIKOB YHHUBEPCAJIBHBIX  KIETEH
00€eCleynBalOT TJ1aBHbIE JIMHUW, B KOTOPBIX TOPU3OHTAJbHbIE BAJKU MPUBOJAT BO
BpaIllCHWE C INPUMEHEHUEM CXEM, IMOKa3aHHBIX HA PHUC. |, a BEPTUKAJIBHBIC BaJKH
IIPUBOJAT BO BPAIllEHWE B  COOTBETCTBUM CO CXEMaMH, IIPUBEICHHBIMM Ha puc. 9.

['maBnas nunaus (puc. 25), oOecrneunBarolias CHUHXPOHU3AIMIO BCEX BaJIKOB
YHUBEPCAIBHOW KIIETH, COAECPKUT IMPOKATHYIO KIETh 1, IIMHUHAEINA 2, HMIECTEPEHHBIE
kietn 3, MyQTel 4, peaykTop S5, KOHMYECKyl 3yOuaryro nepegadyy 7 U
AJIEKTPOIBUTATEND 0.

CuHXpoHUM3anMsl BCEX BAJIKOB YHUBEPCAJIBbHOW KIETH JOCTUTAETCS NPUMEHEHUEM
KPUBOLIMITHO-IIATYHHBIX ~MEXaHW3MoB (puc. 26). ['naBHas JnuHUSA BKIIOYAET
MOJBW)XHYIO KJETh 1, yHUBEpCaJIbHbIE IIMUHJEIN 2, IIECTEPEHHbIE KIEeTH 3, My(PTHI 4,
AIEKTPOABUTATENN S, ONOPHI 6, KOJIEHYAThIE Bajbl 7 U IIATYHBI 8.

CHHXpOHU3UPOBAHHBIN NPUBOJI BCEX BAJIKOB IPUMEHSETCS TAKKE B IJIaBHOW JIMHUU
ITOJABMKHBIX TPOKATHBIX KJIETEH, MOKa3aHHbIX Ha puc. 27, 28. DTHU TJIaBHBIE JINHUU
BKJIIOYAIOT MTOABIKHYIO KJIETh |, YyHMBEpCaAIbHbIE IIITMHIEIN 2, IIECTEPEHHYIO KIIETh 3,
MydTy 4, peaykTop 5, 3JEKTpoABUTATENb 6, IBE KOHUYECKHE 3yOdaThie mepenadu 7,
KpUBOIIMI &, MIATYyH 9, MeXaHu3M peryiaupoBaHus mnepemenieHus kiuetu 10,
nepeaaToyHblid Baa ¢ peiyaramu 11 u tary 12. 'naBuHas nunus (puc. 27) obecreuynBaer
HaIIpaBJICHUE BEKTOPOB OKPYKHBIX CKOPOCTEN BCEX BAJKOB CO CTOPOHBI OCH ITPOKATKH

Puc. 22. 'naBHas TUHUS KIIETEW YETHIPEXBAIKOBOU
MHOTO(YHKIIMOHATBLHON KJIETH

24
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B OAHY cTOpoHy. ['naBHas nuuusa (puc. 28) obOecneyuBaeT HampaBieHUE BEKTOPOB
OKPY>KHBIX CKOPOCTEH BCEX BAJIKOB CO CTOPOHBI OCH ITPOKATKHU B Pa3HbIE CTOPOHBI.

6. TJIABHBIE JIMHUU CTAHOB XOJIOJHOU MPOKATKHA TPYB

['aBHBIE TUHUU CTAHOB XOJIOAHOW MpokaTku TpyO (puc. 29,30) coxepxar kiuetsh 1
YCTAQHOBJICHHYIO Ha HaNpaBSAIOIIMX KadeHUs 3 WIM CKOJIBKEHUS W COBEPLIAOIIYIO
BO3BPATHO-TIOCTYNATENIBHOE MEPEMENIEHUE OT NPUBOJAA, BKIIOYAIOLIECrO0 MIATYHBI 2,
KOJIEHYaThle Bajibl S5, IMWIMHApPUYECKHE 3yOuarblie mapbl 4, My(dpTbl 6, KOHUYECKHE
3yOuarble mepenayd 7, DJIEKTPOJABUTATENM & U  paclpeAesIUuTEIbHO-MOJA0IINE
MexaHu3Mbl 9, 10. [l ocyniecTBiIeHns] TOBOPOTa BAIKOB 12 kneTu | riaBHbIE JIMHUU
CHA0XEHbl HEMOJIB)KHOM 3yOuaroil peiikoi 11, cBsizanHOW ¢ mectepHsiMu 13,
ITIOCAKEHHBIMH HA OCH BAJIKOB 12.

Jnst  CcHWXEHHMs JMHAMMYECKMX YCWIMM B TpHBOJE 2 TpPHU BO3BPATHO-
MOCTYNATEIbHOM IME€pPEMEUIEHUU KJIeTH | B TJIaBHBIX JIMHUSX CTaHOB XOJOJHOMU
MPOKATKU TPYO MPUMEHSIIOTCS CUCTEMbl YPABHOBEIIMBAHUSA C YIIPYTUMH 3JIEMEHTAMH B
BUJIE€ TPYXKUH 3 WM IHEBMO- U TUAPOUMIMHAPOB, TIPY30B 5, KIMHOPEMEHHBIX
nepenad 4 (puc. 31).

[ToBOpOT BaJIKOB CTAHOB XOJIOJHOM mpokaTku TpyO Oosiee 360 rpaa. mocTuraercs
NPUMEHEHUEM TJIABHBIX JIMHUM, B KOTOPBIX KJEThb COBEpIIAET BO3BPATHO-
MOCTYINATEIbHOE MEePEMEIEHNE MO/I HEKOTOPBIM YIJIOM K OCH MPOKATKH (puc. 32) uinum
COBEpIIAET KauaTelbHOe JBIKEeHUE (puc. 33).

B nepBom ciuyuwae (puc. 32) wierb 1, ycTaHOBJIEHHass Ha pame 2 4Yepes
HaIIPaBJISIIOIIME Ka4yeHUs 3, OCYIIECTBIISIET MEPEMEIIECHUE OT MPUBOJIA, BKIIFOYAIOIIETO
Taru 7, peryar 8, matyH 9 n kpusommun 10. [IoBOpOT BankoB ¢ BUHTOBBIMU PYUbsSIMH
IpU NEPEMEIICHUH KJIETH | MPOM3BOAUTCS 3a CUET CBSA3M LIECTEPEH 5,6, MOCaXKEHHBIX
Ha JIOTIOJHUTENbHBIE Babl 11 1 ocH BajakoB, ¢ 3yOUaThIMM peiikaMu 4, 3aKperIeHHbIMU
Ha pame 2.

Bo Bropom caydae (cM. puc. 33) kneth 1 ¢ BajakamMu 2, UMEIOIIUMH BUHTOBYIO
Hape3Ky, YCTaHOBJIEHA Ha pame 3 depe3 0Ch 6 U COBEpLIAET KayaTeIbHOE IBUKEHHUE OT
maTtyHa 7 u kpusommna §. [IoBopoT BankoB 2 mpu KadyaTElIbHOM JBHKEHUHU KieTu |
OCYILECTBIISIETCS 33 CYET CBSI3M KOHWYECKOM mecTepHUM 4, IMOCAKEHHOW Ha OCh
MOBOPOTa OJHOTO M3 BAJKOB, C 3yO4aTbIM BEHLIOM 5, 3aKpeIUIECHHOM Ha pame 3.
CunxpoHHM3anus MPUBOJIA BAJIKOB 2 OCYLIECTBIIIETCS IIECTEPEHHOMN KIIETHIO 9.

7. TJIABHBIE JINUHUM KJIETENA MIPOKATHO-KOBOYHBIX CTAHOB

['maBHass JAMHUS KJIETH MPOKATHO-KOBOYHOTO CTaHa (UPMbI  HEMENKOH (QupMbl
«Koke» (puc. 34) conmepKUT KIE€Thb C YeThlpbMs Ooiikamu 1, cOBepIIAIOIIMMU
Ka4aTeJIbHOE JABMKEHHE OT MPHUBOJA, COMEPIKALIETO TIATH 2, pblyaru 3, KpUBOLIUIIEI 4,
aTyHbl 5, KOHMYECKHE Nepenayu 6, pacnpenenuTenbHyro KOpoOky 7, mydpry 8 u
AJIEKTPOIBUTATEND 9.

['1aBHBIC TMHUU MPOKATHO-KOBOYHBIX cTaHOB KOHCTpyKuuu HOVYpl'Y (puc. 35,36)
BKJIFOYAIOT MPOKAaTHbIE KIJIETHU |, yCTAaHOBJICHHbIE HA HAIpPAaBJISAIOIIMX POIUKAX 2 U
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Puc. 29. I'naBHast nuHUS cTaHa XOJIOJHON IPOKATKHU TPYO

Puc. 30. 'naBHast nuHUS cTaHa XOJIOIHON MPOKATKHU TPYO
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Puc. 31. Mexanu3Mbl ypaBHOBEIIMBAHNS TJIABHOW JIMHUU
CTaHOB XOJIOAHON IPOKATKHU TPyO
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Puc. 32. 'naBHass nuHUS cTaHa XOJIOJHON MPOKATKHU TPYO C KIETHIO,
MEPEMENIAONIEHCA MO YIJIOM K OCH MPOKATKH
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Puc. 34. I'naBHas nuHUS MPOKATHO-KOBOYHOTO cTaHa Gpupmsl "Kokc"
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Puc. 35. 'maBHag nMuHUA KIETU
MPOKATHO-KOBOYHOTO CTaHA

e

Vs dde Cldsdddd

Puc. 36. ' naBHas nuHUS KIETH IPOKAaTHO-KOBOYHOI'O CTaHA

37



COBEpULIAIOIINE BO3BPATHO-TIOCTYIIATENIBHOE MNEPEMENIEHNE OT NpuBoAa. B oxHOM
BapuaHTe (cM. puc. 35) mpHUBOJ BKIIOYAET TATH 6, NBYIUIEUYHE pblYard 7, MATYHBI 8,
KojeHuareld Ban 9, mydty 10, penykrop 11 um snekrpoasurarens 12. B npyrom
BapuaHte cM. (puc. 36) mpUBOJ COACPKUT IIATYHBI §, KPUBOLIUIBI §, peaykTop 13,
KIMHOpPEMEHHYI0 mnepenauy 14 wu snexrponsurarens 12. KawarenbHoe aBUKEHUE
BAJIKOB 3 MPU BO3BPATHO-IIOCTYNATEIBHOM MEPEMEIICHUH KJIETH | OCyIIecTBIIsSIETCS 3a
CYET MX CBSI3M YEPE3 IITAHTU 4 CO CTAIMOHAPHON OMOPOM 5.

8. TJIABHBIE JINHUU POJIMKOBBIX KJIETEN

OCOOEHHOCTBIO POJIMKOBBIX KIJIETEH SIBISIETCS NPUBOJA BpaLEHUA padouux
MHCTPYMEHTOB (POJIMKOB) 3a cyeT (QPUKLUHMOHHBIX CHUJ MEXAYy HUX ONOPHBIMU
HaIpaBJISoWUMA U epopmMupyeMbiM MeTaiioM. M3BecTHO, 0COOEHHO M3 MATEHTHOU
JUTEPATYPhl, OOJBLIOE KOJUYECTBO PA3NTMYHBIX CXEM IJIABHBIX JHMHUN POIMKOBBIX
KjeTer. PacCMOTpUM HEKOTOPBIE U3 HUX.

['maBHast nUHUS MasATHUKOBOW kietH 1 (puc. 37) comepXUT OJHY WM JIBE MHapbl
POJIMKOB 3, 3aKpeIUICHHBIX MIAPHUPHO HAa OCAX Kadarommuxcs pberyaros 2. Ilpuson
Ka4aHUs PbhIYAroB OCYLIECTBIIAETCS OT KMHEMATHYECKU CBSI3aHHBIX KPUBOILIUIIOB 4 H
IIATYHOB 5.

['maBHast JIMHUS KJIETH POJMKOBOTO COPTOBOrO cTaHa (puc. 38) MMeEeT B CBOEM
COCTaBe KIJIEThb |, YCTAaHOBIIEHHYIO Ha paMe€ 4Yepe3 pOJMKA 6 W COBEPLIAIOIIYIO
BO3BPATHO-TIOCTYIATENBHOE MEPEMEIICHUE OT NMPHUBOJA, BKIKOYAIOIIETO MIATYHBI 2 U
KpuBomMnbel 3. B KieTW 3akpeluieHbl  HaNpaBJSIIOIIMAE IUIAHKA 5, Ha KOTOPBIE
ONUPAIOTCS POJIUKH 4, YCTAaHOBIICHHBIE B ITOABMKHON KapeTke 9. CHHXpOHU3UPOBAHHOE
C KJIeThI0 | mepemenienne KapeTkn 9 mpon3BOIUTCS € IIOMOIIBIO TATH 8 U pbryara 10.

AHQJIOTMYHYI0 KOHCTPYKIMIO TJIABHOM JIMHUM MMEIOT IIHPOKO NPUMEHSEMBbIE HA
MIPaKTUKE POJUKOBBIE CTAHbl XOJIOAHOW MPOKATKU TpyO. OTIMYMEM 3TUX KIeTed OT
POJIMKOBBIX COPTOBBIX KJIETEH SIBISETCS YCTAHOBKA B KIIETH B OJHOW IUIOCKOCTH TPEX
POJIMKOB.

['maBHass JWHHUS JUCTOBOTO IUIaHETapHOro cTaHa (puc. 39) BKIIOYAET KIETh,
MMEIOIIYI0O B CBOEM COCTaBe pabouue pojauku 1, omopHble BaJKU 2, cenaparopsl 3 ¢
3yOuarbiMu BeHLaMmH. [IpuBOj BpallleHHs OMOPHBIX BAJIKOB 2 OCYIIECTBIISIETCS OT
anektpoasurarens 21 yepes mecrepHio 19 n mecrepennyro kinetsb 7. [IpuBoa BpameHus
CEMapaTopoB 3 NPOU3BOAUTCA OT dIEKTpoABUTraTelns 22 uepe3 mectepHu 18, 13, Boanino
17, 3yOuatsie koneca 10,11, mectepau 12, yHuBepcalibHble MINUHACIA 6, KOHUUYECKUE
3yOuarble nepenauu 4, BEpTHKaJIbHbIE 9 W TOPU3OHTAJIbHbIE 23 CHHXPOHU3HPYIOLIUE
Basibl. CHMHXpOHHM3ALMs IPUBOJOB BPAIICHMS CEMAPATOPOB 3 M OINOPHBIX BaJKOB 2
oOecrieunBaercd CBsA3bI0 IiectepeH 13 u 19 COOTBETCTBEHHO € BHYTPEHHHM U
Hapy>KHbIM 3yOuaThIM 3alerjeHueM Kojeca 16.
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Puc. 37. I'maBHAag JUHUSA KIETA
MAagTHUKOBOTO CTaHa

Puc. 38. I'naBHast TMHUS KIETH POJIUKOBOTO COPTOBOTO CTaHA
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Puc. 39. I'naBHas MuHAS KJIETH TIOJOCOBOTO IIJIAHETAPHOT'O CTaHa

9. TJIABHBIE JIMHUU KJIETEN IIONEPEYHOM
U NOIEPEYHO-BUHTOBOM [TIPOKATKH

IIpuMEeHAI0T IBYX- U TPEXBAJIKOBBIE KJIETHU IIONEPEYHON U IIONEPEYHO-BUHTOBOU
ITPOKATKH.

['maBHasg JIMHUSA KJIETH IIONEPEYHO-BUHTOBOW NIPOKAaTKM  C HWHIAWBHAYaJbHBIM
MPUBOJIOM TpUOOBUAHBIX BajdkoB (puc. 40) BkIOYaeT KIETh 1, yHUBEpCAIbHBIC
HINUHACIN 2, peAYKTOPBI 3, My(QThI U 31EKTPOJBUTaTEH 5.

['1aBHBIE IMHUYM KJIETEW MONEPEYHO-BUHTOBOM NMPOKATKU C TPYIIIOBBIM IPHUBOJIOM
rpuOOBUIHBIX W O0YKOOOpa3HbIX BajkoB (puc. 41...43) BkiIOUYaAOT KIETh 1,
YHUBEpCAIbHbIE IIMUHAEIH 2, PEAyKTOpbI-pa3faTouyHble KOpoOku 3, MyQThl 4,
ANEKTPOABUTATENN 5, MAXOBUKH 6 ¥ KIIMHOPEMEHHBIE IIepeiadn 7.

['mtaBHass MHMS KIETH TONEPEYHO-BUHTOBOW MPOKATKH C TPYIIIOBBIM IIPHUBOJIOM
JMCKOBBIX BalkoB (puc.44) uMeer B CBOEM COCTaBe KIeThb 1, peaykTopel 3,
MIPOMEKYTOUHBIE Bajbl 2, My(ThI 4 U 3IEKTPOJABUTATEND 3.
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Puc. 40. I'naBHast TMHUS KIETH NONEPEYHO-BUHTOBON ITPOKATKU
C UHIUBUIyaIbHBIM IPUBOJIOM IT'PUOOBHIHBIX BAJIKOB
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Puc. 41. I'naBHast TMHKS KIETU NONEPEYHO-BUHTOBOU NMPOKATKKH

C TpYIIIOBBIM ITPUBOAOM FpI/I6OBI/II[HBIX BaJIKOB
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Puc. 42. I'naBHast TMHKS KIETU NONEPEYHO-BUHTOBOU NMPOKATKKH
C TPYIIIOBBIM MPUBOIOM 00YKOOOPa3HBIX BAJIKOB

Puc. 43. I'naBHas MMHUS KIETH NONEPEYHO-BUHTOBON ITPOKATKU
C TPYIIIOBBIM MPUBOIOM 00YKOOOPa3HBIX BAIKOB
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Puc. 44. I'naBHas MMHAS KIETH NONEPEYHO-BUHTOBON TPOKATKU
C TPYIIIOBBIM IIPUBOJOM JIHCKOBBIX BAJIKOB
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