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BBEJAEHUE

Metannopexxyume CTaHKM B paMKax HamnpaslieHus: «KoHcTpykTop-
CKO-TEXHOJIOTUYECKOE 00eCIeYeHnEe MAITMHOCTPOUTEIbHBIX MPOU3BOICTBY
(15.03.05 — GaxanaBpuat u 15.04.05 — maructparypa) u3y4arorcs B Tpex
mucuuruHax:  «O0opyIoBaHHE MAIIMHOCTPOUTEIBHBIX TPOU3BOACTBY

(OMII); «Metannopexyuue ctanku» (MPC); «MeToaonorust npoeKTupo-

BaHU TEXHOJIOTUYECKOTO O0OPYJIOBaHUSI MEXAHMYECKUX CHCTEM)
(MIITOMC).
B mepoii — OMII, npenycCMOTpPEHO BBIIIOJHEHHE PACYETHO-

rpaduueckoit padotsl (PI'P), Bo BTOpoit — MPC u tpetneit — MIITOMC
HeoOxouMa pa3paboTKa CaMOCTOATENbHBIX KYPCOBBIX IPOEKTOB.

B pamkax PI'P u kypcoBoro npoekta mo MPC 00bI9HO BBHITIOTHSETCS
MOJEpHU3AIM KNHEMATUKH TJIABHBIX MPUBOJOB YHUBEPCAIbHBIX CTAHKOB
OTEYECTBEHHOT'O MPOU3BOJICTBA MYTEM M3MEHEHUSI UX CKOPOCTHBIX Xapak-
TepucTuK. [Ipu 3TOM CKOpPOCTHBIE XapaKTEPUCTUKH MOIEPHUZUPYEMOTO
npuBojJia 0a30BOr0 CTaHKA HE JOJDKHBI YCTYIAaTh aHAJIOTUYHBIM MapaMmeT-
paM COBPEMEHHBIX CTAHKOB BEAYLIUX 3apyOEKHBIX U OTEYECTBEHHBIX
bupwm.

[TIpu BeIIOTHEHUU KypcoBoro mpoekta 1o auciuriude MIITTOMC
Oo0BeKTaMU pPa3pabO0TOK SBISIOTCS CIENHUATM3UPOBAHHBIC CTAaHKUA WU
cranku ¢ YIIY, koTopblie TpeOy0T MOAEPHHU3ALIUN.

B HacrosmeM mocoOun M3JI0XKEHb METOJIUKH pa3paOOTKU KHUHEMa-
THUKHU TIPUBOJIOB TJIAaBHOTO JABMIKEHUS KaK CO CTYINEHUYAThIM, TaK U OECCTy-
MIEHYaThIM PETYJIMPOBAHUEM 4YacTOT BpauleHus mmnuHaens. Cienyer otMme-
TUTh, YTO MPUBOABI C OECCTYNEHUATHIM (TIJIABHBIM) PETYJIUPOBAHUEM, IIH-
POKO ucrnois3yemsbie B ctankax ¢ UIIY, Bce yanie npuMeHAIOTCA U B YHU-
BEpCaJIbHBIX CTaHKaX OOIEro Ha3HAYeHHUS. 3aMEHa CTYNEHYaThIX MPHUBO-
JIOB Ha OecCTyneHYaThle OCOOEHHO BBITOJHA TIPU MOACPHU3AIMU CPETHUX

H TAKCEJIbIX CTAHKOB, CPOK CJ'Iy}K6I>I KOTOPBIX HCUHUCIIACTCA ACCATHIICTUAMMU.



Becbma akTyasnibHa W 3aj1ada MOJIEpHU3AIMHA MIPUBOAOB B OTEYECTBEHHBIX
craHkax ¢ YIIY, ocHallIEeHHBIX YCTAPEBIIUMH SJIEKTPOJABUTATEISIMH TTOCTO-
STHHOTO TOKa. 3aME€Ha 3JICKTPOJBUTaTEeNIe MOCTOSIHHOTO TOKA HA PEryJiu-
pPYEMBIE ACUHXPOHHBIE ABUTATENIM COBMECTHO C YCOBEPIICHCTBOBAHHEM
MEXAaHUKHU MPUBOJIA, TTO3BOJIUT PEATU30BATh KAYECTBEHHO HOBBIE MTAPAMET-
PBI U CKOPOCTHBIE XapaKTEPUCTUKH CTAHKA.

Crenys HAMETUBIIMMCS TEHICHIUSAM B NMPAKTHKE CTAHKOCTPOECHUS,
oO1KUM TpeOOBaHUEM TIPU MOJICPHU3ZALIUU SBIISIETCS COXpaHeHUE (HOPMBI U
pa3MepoB KOPITYCHBIX y3JI0B 0a30BbIX CTAHKOB, B KOTOPBIX JOJHKHBI OBITH
pa3MEIIEHbI AJIEMEHTHI MEXAHUKHA MPUBOJIOB C U3MEHECHHBIMU MapaMeTpa-
mu. [Ipu pazpaboTke KHUHEMATHUKU 3TO 03HAYAET, YTO KOMIIOHOBKA, CTPYK-
Typa U KOJIMYECTBO BaJIOB B MOJICPHU3UPYEMOM MPHUBOJIE NOJKHBI OCTATh-
Csl TAKMMH K€, KaK 1 B 0a30BOM CTaHKE.

[Ipu moaroToBke mocoOwsi OCHOBHOE€ BHUMAaHHE OBLIO YIEICHO pac-
CMOTPEHHUIO TPUMEPOB MOJECPHU3AINN KUHEMATHUKH MPUBOJIOB CTAHKOB
oOLIero Ha3HauYEHHUsI, KOTOPbIE SIBJISIOTCS MPEIMETOM Pa3pabOTOK MPHU BbI-
nonHenuu PI'P u xypcoBoro nmpoekra mo MPC. Kpome Toro, B mocoouu
COJIEPKUTCSL TOCTATOYHBIH 00beM MHGOpPMAIMU, KOTOPHIA MO3BOJISIET BbI-
MOJIHATh COBEPLICHCTBOBAHHUE MPHUBOJOB PA3JIMYHBIX THUIIOB CTAaHKOB, B
ToM umciie u ¢ UITY, u pemars pa3Hbie ITOCTAHOBOYHBIE 3a/1a4d B PaMKax

KypcoBoro npoekta 1o gucuumimiae MITTOMC.

1. HCXOAHAS THO®OPMAIUA I MOIAEPHU3ALIUN
KUHEMATHUKHU IPUBOJOB I'V'TABHOI'O ABUKEHUA

1.1. Heab MmogepHU3aLUU

Brinonnenue pacueTHo-rpaduyueckoil paboThl U KYPCOBBIX MTPOEKTOB
0 TUCIMIUIMHAM, 0003HAYEHHBIX BO BBEJCHUH, IIPECIIEIYET OOIIYIO 1Eb,

KOTOpasa 3aKjIro4acrCda B MOACPHU3AIMK IJIABHOI'O IIPUBOIAA 0a30BOro
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CTaHKa ITyT€M M3MEHEHMS B JYUIIYI0 CTOPOHY €ro CKOPOCTHBIX XapakKTe-
puctuk. Kak npasuiio, 310 pacliupeHue quana3oHa peryJupoBaHus 4acToOT
BpalIeHUs IIIHUHJENSA U MOBBIIIEHNE OBICTPOXOAHOCTU. OUYEBHIHO, YTO Ta-
KOW IPUBOJ MO3BOJIUT ITOBBICUTH IMPOU3BOAUTEIILHOCTD U YIIYUYLIUTh TEX-
HUKO-3KOHOMUYECKHUE ITOKA3aTENIN CTAaHKA B LIEJIOM.

B PI'P no OMII pemarorcs 3agauu Mo MOAEPHU3ANMNU KHHEMATUKH
MPUBOJIa TIaBHOTO JABWKEHHUS YHUBEPCAIBHOTO CTaHKA. JTa MOJEpHHU3a-
L[V BBITIOJIHSIETCS B IByX BapUaHTaX:

1. Pa3paboTka KMHEMATHKH CTYIMEHYATOTO MPHBOJA AHAIOTMYHOIO
0a30BOMY, HO C UBMEHEHHBIMH CKOPOCTHBIMU XapAKTEPUCTUKAMH.

2. Pa3zpaboTka KMHEMATHKU MPUBOAA C OeCcCTyNeHYaThIM U3MEHEHHU-
€M CKOPOCTEM Ha OCHOBE MCHOJIb30BAHUS ACMHXPOHHOTO PETYJIUPYEMOIO
ANEKTPOJABUTATEIIS.

Pa3paboTka KHHEMAaTUKHU CTYNEHYATOro MPUBOA MO MEPBOMY BapH-
aHTy, KaKk allbTepHaTUBAa 0a30BOMY, BBIIIOJHIETCS B OCHOBHOM C y4eOHOU
€10, MO3BOJIAIONIEH YCBOUTH OOIYI0 METOJIUKY MOCTPOCHUS TpaPuKOB
YacTOT BpAllleHUs] U KHHEMAaTUYECKUX cXeM. B 3Toil yacTu paboThl He mpe-
JyCMaTpUBAETCs pa3pabOTKa TEXHUYECKOrO MPOEKTa CTYNEHYATOTo MpH-
BoJa (COOPOYHBIX YEPTEKEHM) HA OCHOBE BBIITOJIHEHHBIX KMHEMATHYECKUX
pacyeToB, rpadUKOB U CXEM.

HampoTuB, paspaboTka OeccTymeHYaToro BapHaHTa KHHEMATHKH
IIPEAIIONATAET BBINIOJHEHUE HA €€ OCHOBE PEAIBHOTO TEXHUYECKOTO IMPO-
€KTa B BUJIE COOPOUHBIX UEPTEXKEH y3JI0B MPUBOAA TJIABHOTO JABUKEHUS.
Otn deprexu OyayT pa3paldaThIBaThbCs B paMKax KypcOBOIO MPOEKTa IO
MPC wu, B nanbHeieM, OyayT IpeACTaBICHBl B BBITYCKHOW KBaJM(HKa-
IIMOHHOM paboTe OaKkaIaBpOB.

KypcoBoii npoekr, BemmosHsseMbid no aucuurmminae MIITOMC, no
CBOMM LIEJISIM U 3a/layaM Moj00eH pa3paboTkaM MPUBOAOB ¢ OeccTyneHYa-
TBIM PETYJUPOBAHUEM, OCYIIECTBIECHHBIX B paMkax KypcoB OMII u MPC.

O,Z[HaKO B 3THUX IIPOCKTAX 00BEKTAaMU Js1 MOIACPHU3AINH ABJIAIOTCA HE



YHUBEPCAJIbHBIE CTAHKHU, a CTaHKU ¢ UIIY oTeuecTBEHHOTO IMPOU3BOJICTBA,
OCHAIIIEHHBIE YCTapeBIIMMU OECCTYNEHYaThIMU TNPUBOJAAMH TJIABHOTO
nerkeHus. Kpome 31oro, B paMkax BBIIIEYKa3aHHOTO KypCOBOI'O IPOEKTa
OOHOBJICHHUIO NPUBOJIOB MOTYT IMOJBEPraThCs TSXKEIbIE M CIELUATU3UPO-
BaHHbIE CTaHKU. HeoOXoIMMOCTh OCHAIIEHUS] TAKUX CTAHKOB OECCTYNEH-
YaTbIMU MIPUBOJAAMU, UMEIOUIMMHU TOBBIIIEHHYIO MOITHOCTh U OBICTPOXO/-
HOCTb, OOYCJIOBJICHO IOSIBJICHUEM B IOCIEIHUE OBl HOBBIX MHCTPYMEH-
TaJbHBIX MaTE€pPHUAJIOB, MO3BOJSIONINX CYIIECTBEHHO MHTEHCU(DUIIMPOBATH

PCKHUMBI pC3aHHA.

1.2. Cgenenus mo 0a30BOMy CTaHKY

JIst MOoIGpHU3AIMY TIPUBO/IA TJIABHOTO JBMXKEHUSI 0a30BOT0 CTaHKa,
YKa3aHHOTO B 3aJJaHWH, HEOOXOMMBI CJIETYIOIINE MaTePHAIIHI:

— MACMOPT CTAHKa;

— cOOpOYHBIE YEPTEKU Y3JIOB NMPUBOJIA TJIABHOTO JBUXKEHUs 0a30BO-
ro CTaHKa;

— UHTEPHET-PECYPCHI;

— ydyeOHas ¥ CIIpaBOYHAasl JINTEPATYpa.

OcHOBHBIE CBEJICHHS TI0 0A30BOMY CTAHKY JOJIKHBI BKJIIOUATh:

1. HazHaueHune u KpaTkoe ONMUCAaHUE CTaHKA.

2. Buemnuit Bua ctanka (pororpadus mim pucyHok).

3.Tabnuily ¢ TEXHUYECKUMH XapaKTEPUCTUKAMU MPHUBOJIA TJIABHOTO
JIBADKECHUS.

4. I'paduk YacTOT BpallleHUS NPHUBOAA TIJIABHOTO JBIKCHUS W

€ro OIMMcCaHue.

5. KuHemaTnueckyr cXeMy MNOpUBOAA TIJIABHOIO JBWIKECHHUS U

€ec onucaHue.




I'paduk u KuHEemMaTHyeckas cxeMa JOJKHBI ObITh O(OPMIIEHBI CO-
rmacHo TpeboBaHusM crangaproB  ECK/[ (cm. mpumep odopmiieHus
Ha puc. 2.6).

JlanHblli  pa3zznen MoMellaercs B IEPBOM  YacTHM  pacyeTHO-

MOSICHUTEIbHOM 3aIIMCKU pa6OTBI HJIA IIPOCKTA.

1.3. O030p TeXHHYECKUX XaAPAKTEPUCTHK CTAHKOB-aHAJIOTOB

B a3TOM pasnerne mpHBOIATCS OCHOBHBIE CBEJCHHUS U TEXHUYCCKUE
XapaKTEPUCTUKHA TIPUBOIOB TJIABHOTO JABUKEHHUS COBPEMEHHBIX CTaHKOB,
BBITTYCKAeMBIX BEAYIIUMH OTEYECTBEHHBIMH W 3apyOC)KHBIMH CTAaHKO-
cTpouTenbHbIMU upmamu. Ha ocHOBe momydyeHHOU MHGOPMAIUU COCTaB-
JISFOTCSI WM YTOYHSIFOTCS MCXOJHBIC JaHHBIC, YKa3aHHBIC B 3aJaHUN Ha
BeinonHeHue PI'P wim xypcoBoro mpoekrta. DTH JaHHBIC JOKHBI UMETh
nmapameTphl, HE YCTYIAMIINEe XapaKTEPUCTHKAM KOHKYPEHTOCIIOCOOHBIX
CTaHKOB, PACCMOTPEHHBIX B 0030pe.

OCHOBHBIM UCTOYHUKOM WH(OPMAIMH TPU COCTABIICHUH 0030pa SB-
JSFOTCSI MHTEPHET-PECYPCHI, TTACIIOpPTa CTAHKOB, a TaKXKe JIOOBIE JAPYTHE
HOCHUTEN UH(POPMAIIHH.

TpeboBanus k paccMaTpuBaeMbIM B 0030pe CTAHKAM-aHAJIOraM

1. IIpu BeIONIHEHUH 0030pa HEOOXOIUMO PACCMATPUBATH TOJBKO
CTaHKHU-aHAJIOTH, TO €CTh CTAHKH IO KOHCTPYKIIMH, TUIIOpa3MepaM U Ha-
3HAYEHUIO MO0100HBIe 0a30BOMY (yKazaHHOMY B 3adanHuu). Hampumep, ec-
o 0a30BBI YHUBEPCAIBHBIA BEPTUKATHHO-(PPE3EPHBIA CTAaHOK HMMEET
KOHCOJIbHYIO KOMITOHOBKY, TO HEOOXOJMMO pacCMaTpUBaTh TOJBKO YHH-

BCPCAJILHBIC BCPTHUKAJIBHBLIC KOHCOHI)HO-d)DGBGDHI)IG CTaHKH 1 COBCPHICHHO

HCAOIMYCTUMO B 3TOM CJIy4ac€ OIIMCLIBATL B 0630pe BCPTHUKAJILHBIC OECKOH-

COHBHO-d)DGBGDHBIe.

2. B 0030pe npUBOASATCS TOJIBKO T€ MOJIENIA CTAHKOB, Y KOTOPBIX OC-
HOBHOM XapakTepHbIi pazmep (Tabdiu. 1.1) cTporo cooTBeTcTBYET 0a30BOMY

(B KpaifHeM ciydae OTKJIOHSIETCSI OT Hero He Oosiee uem Ha 10%).
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3. B pamkax BemosnHeHus PI'P mo OMII n KypcoBoro mpoekra 1o
MPC paccMOTpeHHIO MOMJIEKAT TOJBKO YHHBEPCAIBHBIE CTaHKH CO
CTyHEHYaThIM peryirpoBaHueM ckopocted. Ctanku ¢ UIIY nmna stux pa-
00T B 0030pe HE pacCMaTPUBAIOTCA.

4. IIpu BBIMOJHEHUH KYpPCOBOTro npoekTa no gucuuiinae MIITTOMC
PACCMOTPEHHIO MOJICKAT CTAHKH PAa3HBIX TUIIOPA3MEPOB M HA3HAUCHUA.
OOBIYHO 3TO CHENUATU3UPOBAHHBIE CTAHKH, CTAHKU TSKEIOTO MAIIMHO-
CTpoeHUs U ctaHku ¢ YUITY.

Tabmwuma 1.1
OcHOBHBIE XapaKTEPHBIC pa3Mephl Pa3IMIHBIX THIIOB
YHUBEPCAIbHBIX CTAHKOB

Ne Tunel cTaHKOB OCHOBHBIE XapaKTEPHBIE pa3MePbI, MM
1 | ToxapHble 1 TOKapHO- HaubGonbmmit nuamerp 3arotoBku — D
BUHTOPE3HBIC (ompenenser BbICOTY LIEHTPOB CTaHKa
H=D/2)
2 | TokapHO-pEBOIBBEPHBIE Haubonbmmii tuamerp
JUIs1 IPYTKOBBIX paboT pyTKa — dnp
3 | TokapHO-peBOIBLBEPHBIE Haubonpmmuit auamerp 3arotoBku — D

AJIA IIaTPOHHBIX pa60T

4 | ToxapHO-KapycelbHbIE HauGonbmmit nuametp 3arotoBku — D

5 | BepTukanbHO-CBEPIMILHBIC U HauGomnsmmit muamerp cepierns — .y
paznaIbHO-CBEPINIIbHBIE

6 | 'opu3oHTaIbHO-PACTOUHBIE HauGomnbimmit nuaMeTp BBIIBHKHOTO

mrmHaens — Ay

7 | I'opuzoHTanbHbIe [lupuna crona — B
KOHCOJIbHO-(pe3epHBbIE

8 | BepTukanbnbie [[lupuna crona — B
KOHCOJIbHO-(Ppe3epHbIE

9 | BepTukanbabie 0€CKOHCOIBHO- [IIupuna croma — B
(dbpesepHbie
10 | [IpononsHO-(pe3epHbIe [llupuna crona — B

10



O0mue TpedoBaHKs K 0030py U KapTe
TEXHUYECKUX XaPAKTEPUCTUK

O030p J0JDKEH BKIIIOYaTh PACCMOTPEHHE TEXHUYECKUX XapaKTepH-
CTUK He MeHee 4...6 MojeNell CTAaHKOB-aHAJIOTOB, U3TOTAaBIMBAEMBIX 3apy-
OCXKHBIMU M OT€UECTBEHHBIMU (ppmamu (3aBOjJaMH, KOHIIEPHAMH U T. I1.).
OnucaHue 0JJHOTO CTaHKa HEe JIOJHKHO 3aHUMAaTh 00Jiee OJTHOM CTPaHUIIbI, a
oOmuii 00beM 0030pa HE JOJKEH IMPEBBINIATh IISITH — IIECTH CTPAHUII
MaIlIMHOMKUCHOTO TEKCTA.

B koHIile 0630pa NpUBOIUTCS CBOJHASI KapTa TEXHUUYECKUX XapaKTe-
PUCTHK TIPUBO/JIa I1aBHOTO JIBUKEHUSI CTAHKOB-aHAJIOTOB, COCTABJICHHAS B
Bujie Tabnuiel (mpui.A). IlepByro cTpoky B KapTe JOJKHA 3aHUMATh WH-
dbopmanus mo 0a30BoMy CTaHKY (IIPOTOTHUILY), KOTOpasi 3aMMCTBYETCS U3
noapaszaena 1.2. OcranbHbIe CTPOKHU 3aIOJIHAIOTCS HA OCHOBE 0030pa Xxa-
PaKTEPUCTUK CTAHKOB-aHAJIOTOB.

B narom cronbie tabnauipl BMeCcTo o0miero Ha3BaHusi « OCHOBHOM
XapaKkTEpHBIM pa3Mep» 3aMHUCBHIBAETCS €T0 KOHKPETHOE HAUMEHOBAaHHE, KO-

Topoe npuBeacHO B Ta0a. 1.1. Hanpumep : llupuna crona — B, Hanbosb-
mmit [uametp cepieHus — dgg 1 T. 1.
B neBsToM cTONOIE YKa3bIBaeTCs MUAIa30H PETYJIUPOBAHUS YaCcTO-

ThI BpalleHUsI MIMUHAES, OnpeaessieMblil Kak R = Nyax / Nipin.

2. TIPUBO/JbI I''TABHOT'O ABUKEHUSA
CO CTYNEHYATBIM PET'YJUPOBAHUEM CKOPOCTEM

2.1. OcHOBHBIE CBeJIeHHUSA

HpI/IBOﬂBI IJIaBHOTI'O ABMIKCHHA CO CTYIICHYATHIM PCTYIUMPOBAHHUCM
9aCTOT BPpalICHUA MIIUHACIIA IMIHUPOKO IIPHUMCHAIOTCA JII YHHUBCPCAJIbHBIX

CTaHKOB oOmiero Ha3zHaueHus [1]. McTouHmkOM IBMKEHHS B HUX dYaIllle
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BCETO SBJIAECTCS OJITHOCKOPOCTHOW (peXe JBYX WU TPEX CKOPOCTHOM)
AJIEKTPOJIBUTaTeNlb, 4 MEXaHWYEeCKas 4YacTh COCTOUT M3 IOCTOSHHBIX H
rpyNnmnoBkIX nepenau (puc. 2.1,a).

ITocTosHHBIE TIepeaaun (peMeHHas — 11, 3ybuaras — 1p) CIIyKar JUIs
penayurpoBanus (MOHMKEHHs) 4acTOT BpallleHHs U (popMUpOBaHUS MPO-
CTPaHCTBEHHON KOMITOHOBKH MPUBO/IA B CTAHKE.

I'pynmoBsie nepenauu P1=2 u P2= 3, oOpasyroiirue KOpoOKy CKO-
pocTeil, o0ecreynBaoT TpeOyeMOoe YUCIIO YaCTOT BPAICHUS IIITTUHICIS.

B npumepe Ha puc. 2.1 yncio ckopocTelt (4acToT BpallleHus ) KOpoo-
KM CKopocTer paBHO Z =Pl -P2=2- -3 =6.

Psin wacToT BpamieHus MIMUHACIS CTPOUTCS IO TE€OMETPUUECKOM
IPOTPECCUU:

Ny =Npip;, N2=0717Q, N3=1°Q = 111'(P2; ng=1n3"Q = nl'(P3 UT. A

B o6mem Bupe:

n,=n; ¢° ", (2.1)
rae N, — uckomasi 4acToTa BpallleHUs WIMUHAEHS; N = Ny, — MUHUMAab-
Hasl 4acTOTa BpaLIeHMs; () — 3HAMEHATENIb N€OMETPUUECKON IPOrpeCcCHH;

Z — CTYIICHb UICKOMOUW YaCTOThI BPAILLICHUSI.

3HaMEHAaTeIb FEOMETPUUECKOro psAla () UMEET CTaHIAapTHBIC 3HAUe-
Hus: 1,06; 1,12; 1,26; 1,41; 1,58; 1,78; 2. Paapl 4acTOT BpallleHUS TaKXe
CTaHJIAPTU3UPOBAHBI U UX HOPMUPOBAHHbBIC YKCIIA TIPUBEACHBI B TIpuUII. b.

Jvana3oH peryjaupoBaHUs 4acTOT BpallleHHs B MPHUBOJIEC OIpEeIIs-
etrcs 1o popmyne

R = Nmax _ ng-@*! _ (pz—l . 2.2)

Nmin nq

Hucmo cryneHen 4acToT BpallleHUsl B MPUBOJIE NIPU U3BECTHBIX R u
(P MOKET OBITh ONIPEIEIIEHO KaK

lIgR
, — 18R

+ 1. 2.3
o (2.3)
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Puc. 2.1. CtyneH4aTslii IPUBO/I TJIABHOTO ABUKEHUS MHOKUTEIbHON

CTPYKTYPBI: @ — KHHEMaTU4YecKasi cxema; 6 — rpauk 4acToT BpalleHus

Bo3MmokHbIE 3HAYEHUsI YAaCTOT BpalleHUs MIMUHIENS TPU BCEX
BKJIIOUCHHSIX OJOKOB IIECTEPEH YI00HO M300pakaTh ¢ MOMOIIIbIO Tpaduka
yacToT BparieHus (puc. 2.1,6). Bansl mpuBosia yCIoBHO U300pakaroT Bep-

THUKaJIbHBIMU JIMHUAMHA, @ YaCTOTBI BPAIICHUA BAJIOB — I'OPHU30HTAJIbHBIMU

0)
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TuHUSAMH. PaccTosiHre MeXAy TOPU30HTAIbHBIMHU JIMHUSMH OJMHAKOBO H
paBHO 1g(, Tak Kak rpauK NOCTPOEH B JIOrapu(pMUYECKOM MacuiTade.
Jlyuu, ucxopsine U3 OJHOM TOUYKM M COEIMHAIOIINE JIBa COCEJHUX Baja,
COOTBETCTBYIOT MEepPeJaTOYHBIM OTHOIIEHUSM OTIENbHBIX mepeaad. Onun
yd — OJMHOYHAs PEMeHHas 1| WM 3yOuaTas 1, Iepejauu; jABa Jyda —
nBoiHoM 010k mectepeH (P1 = 2), peanusyromuii nepenaTroyHbie OTHOIIE-
HUs 13, 14; TpU JTyda — TpoitHOit 610k (P2 = 3), obecrneunBaromuii npy me-
PEKITIOUEHHAX MepeJaTOYHbIe OTHOIMIEHH S 15, 1g 1 17.

YucneHHoe 3HAYEHHE TMEPEAATOYHBIX OTHOIICHUN, M300paKaeMbIX

JydyaMH Ha Tpaduke, MPOIIE BCEr0 OMPEAeNATh OTHOUIEHHWEM YaCTOTHI

BpAIleHHs BEJIOMOIO Bajla K 4acTOTe BpalleHus Beayiero. Hampumep:
11=n7/N, _13=N4/N¢ _ 17=N¢/Ns=N5/Ny.

CrnenyeT moHMMAaTh, YTO TMapajuieNbHbIE JIydd Ha rpaduke omnpeie-
JSIOT OJTHO U TO K€ mepenarouHoe oTHomeHnue. Hanpumep, Ha puc. 2.1,0
Ka)J10€ M3 MepeJaToOuHbIX OTHOINEHMH 15, 1g , 17 ompemensercs AByMs
napauieIbHBIMU JIy4aMHu.

[lepenatouHble OTHOUIEHUS] YACTOT BPAIICHUS MEXIY COCEIHUMHU
BaJlaMU TaK)X€ MOTYT OBITh HailJIEHbI, €CITU W3BECTHBI YKCIia 3yObeB COMpsi-
raeMbIX KoJiec Z Win ux aguametpsl d (puc. 2.2,a). [{ns peMeHHbIX niepeaay
nepeaTOYHbIe OTHOIIEHUS MOTYT OBITh ONpPEACICHbl OTHOIICHUEM Hua-

MeTpoB mkuBoB D (puc. 2.2,0).

KoMmoHOBKa TaBHOTO NMPUBOJA B CTAHKAX MOXET OBITh CO-
BMeEIIeHHOU U pazaeneHHol. Ilpu coBMemenHom npusoje (puc. 2.3, a, 0)
kopoOka ckopoctelt (KC) pacronaraercss B Kopmyce IIMUHACIBHON 0a0Ku
(IIB). Ilpu pa3aeneHHoii KoMmoHOBKe (puc. 2.3, B) KOpoOKa CKOpocTei
MOHTHUPYETCS B OTIEIHLHOM KOpITyCe, a IMUHACIh — B KOPITyCE IIITHH-

JIEJILHOI 0a0KH.
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Puc. 2.2. Kunematnueckue cxembl epeaadyu IpuBOJa:

a — 3y0u4aroii; 6 — peMeHHOI

CTpyKTYp a IJIaBHOTO NPUBOJA B CTAHKAX MOAPA3JEIAETCS Ha

ABa THIIA: MHOXHUTCJIbHYIO U CIIOKCHHYIO.

IIpy MHOXKMTEJBLHOW CTPYKTYpe I'PYNIOBBIC IEPENAYU COCIUHS-
IOTCSl TIOCJIEIOBATENBHO, U YHCIIO YACTOT BPALIECHUS IINUHIEIA ONPENEIS-

CTCA KaK IIPOU3BCACHUC YHUCCI I'PYIIIOBLIX IIEPCaad B OTACIIbHBIX I'PYIIIIAX

Z=2-3=6(cMm. puc. 2.1).

Ilpu cioxkeHHOM cTpyKType (oapoOHee cMm. 1. 2.4) obliee Ynucio

4acCTOT BpallCHUs IIMHUHIACIA Z OIPEACIIACTCA KaK CyMMa 4aCTOT Bpallie-

HHA IBYX MHOKHUTCIIBHBIX CTPYKTYP:

Z=71+2Z>.
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Puc. 2.3. BapuanTbl KOMITOHOBOK ITPUBOJIOB IJIABHOTO JBH)KCHUS B CTAHKAX:

a, 6 — COBMEIICHHBIE; 8 — pa3JieJICHHbIE

2.2. 3ananHue u TpeOOBAHMS AJISI MOJACPHU3ALMHN KHHEMATUKH

CTYNEH4YaTOro NpuBoaa

Pa3paboTka HOBOIl KMHEMATUKH CTYIEHYATOro MPUBOJA B3aMEH Oa-
30BOTO BapHWaHTa BBINOJHSETCS TOJAbKO B paMkax PI'P mo kypcy OMIL
HNcxXonHbIMU JaHHBIMU JUJI1 MOAEPHU3ALMU CTYIIEHYAaTOr0 NMPUBOJA, YKa-
3aHHBIMU B 3aJJaHUH, SIBJISIFOTCS:

nggn— MUHHUMAaJbHAs YacTOTa BpaIleHUsl IIMUHIEA, 00/MUH;

max

N~ — MaKCUMaJibHAasg 4aCToTa BpallCHUS IIITHUHACIIA, 00/MUH (I/IHO-

r7a B 3a/IaHUU HE YKa3bIBACTCS);

Z — YUCIIO CTYIIEHEN 4acTOT BpallleHUs MINMUHIEN (MOXKET 3a/1aBaTh-
Csl B BUJI€ CTPYKTYpHOU (popMyIibl);

(P — 3HAMEHATENb F€OMETPUIECKON NPOTrPECCUH;

N, — 4acToTa BPAICHUSI HEPETYIUPYEMOTIO ACUHXPOHHOTO JJIEKTPO-

nBUTratelisi, 00/MuH (JJ1s1 IByXCKOPOCTHBIX JIBUTATEJIEH YaCTOThHI BPAIllCHUS

YKa3bIBAIOTCS B BUJIEC IPOOH).
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[Ipu MopepHU3aIMKM TPUBOJA TJIABHOTO JIBUXKEHUS KOHKPETHOTO
CTaHKa B CTYIIEHYATOM BapuaHTe [2, 3] HEOOXOAUMO CTPEMUTHCS K COXpa-
HEHHUIO KOHCTPYKTHMBHBIX IMapaMeTpoB 0a30BBIX KOPITYCOB, B KOTOPBIX Oy-
IyT MOHTHPOBATHCS BCE BJEMEHTHI NMPHUBOJAA (BaJsibl, MOAIIUITHUKY, IIEC-
TepHU U T. 1.). Takoe TpeOOBaHHE MNPOAUKTOBAHO TEXHUKO-DKOHOMHU-
YECKUMH COOOpaXKEHUSIMU M HEOOXOAMMOCTBIO MPUCOEIUHEHUS] KOPIyC-
HBIX Y3JIOB IPUBOJA C U3MEHEHHBIMU CKOPOCTHBIMU XapaKTEPUCTUKAMHU K
0a30BbIM 3JIEMEHTaM CTaHKa (CTaHWHE, CTOMKE, TpaBepce U T. II.)

[TosToMy y>ke Ha sTamne pa3paboTKH HOBOW KMHEMATHUKH CTyIEHYa-
TOTO MPUBOJIA HEOOXOIUMO OCTABUTh HEU3MEHHBIMU:

1. KOMIIOHOBKY U CTPYKTYpy npuBoja (cm.ii. 2.1);

2. KonnuecTBo BaJIOB B PUBOJIE.

CnenyeT OTMETHUTh, YTO MOJHOE COXpaHEHHWE KOH(PUTYpalluud U pas-
MepoB 0a30BBIX KOPIYCOB MPUBOAA BO3MOKHO TOJIBKO MPHU BBHITIOJIHEHUH
€Ille OJIHOI0 BaXKHOTO TPEOOBAHUS: PACCTOSHUS MEXAY OCSAMH BajlOB B MO-
JNEPHU3UPYEMOM TIPUBOJE JOKHBI OBITh TAaKMMHU e, KaK U B 0a30BOM.
Opnnako 310 TpeboBaHUE MPU pazpadOTKEe HOBOW KMHEMATUKHU CTYIIEHYATO-
ro NpUBOAA JOMYCKAETCS HE BBINOJHATH BBHIY BBICOKOM CIIOKHOCTH 3a-
a4l M OTCYTCTBHSI HEOOXOJMMOCTH pa3pabOTKH TEXHUYECKOTO MPOEKTa

IMpUBOJa Ha €€ OCHOBC.

2.3. [IpuBOABI MHOKUTEJIBLHOM CTPYKTYPHI U MOCTPOEHHE

rpagpuka 4acroTr BpameHus

MHoxuTeNbHBIE (TPOCTHIE) CTPYKTYPHI BKIIOYAIOT PsiJ MOCIE0Ba-
TEJIbHO COCAMHEHHBIX IPYIIOBBIX nepexay 1, 2, 3, ... K ¢ cooTBeTcTBY10-
muMu yuciiamu nepenad Pl, P2, P3, ... PK. YnpoimenHasi cTpykrypHas

dbopmyIa Takoro NpuBOa 3aMMChIBAeTCS B BUJC [4]

z=P,-P1-P2-P3- ... PK, (2.5)
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rje Z — o0liee KOJIMYECTBO CTYIIEHEW 4acTOT BpalleHusl B npuBoje; P, —

YUCIIO CKOPOCTEN HEPETYIUPYEMOIO 3JIEKTPOJBUTATENS, KOTOPBIA MOXKET

ObITh OHOCKOpOCTHBIM (P, = 1), aByxckopoctHbM (P, =2)uT. 1.

Hanpumep, nnga Z = 12 (puc. 2.4) ynpouieHHy0 CTPYKTypHYIO (op-

MYJIy TIpH OJTHOCKOPOCTHOM JIBUTATEJIE OOBIYHO MPEACTABISIOT B BUC

Z=12=P, Pl -P2-P3=15-3-2"-2.

15 ,
00/ AuH

o0

g 1726

NN\ 2
A\

/ /] /4 Vv V 1un ,
_ _ _ _ o6/ MuH
- szfzg'iévﬁm
. A\ %q el 7Y
=106 N gg
_ N 630
L6300 |/ N jos
=60 | N 40

_/ 375

l5=12 250

N 50

1 75
005 |

Puc. 2.4. I'paduk yacToT BpalieHus: BaJIoB MOJEPHU3UPOBAHHOTO

pUBOJA CTaHKA MO, ...
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[Moanas cTrpykTrypHas ¢gopmyJia sl TOTO K€ TpUMEpa 3aMUIIETCA

B BUIC
Z =12= P3 : Plxl - P2 X2 P3 X3s (26)

rae X1, X2, X3 — XapaKTEPUCTUKU MHOXKUTEJIbHBIX Ipynn (TPyHIOBBIX
nepeaay).

XapaKTepUCTUKHA TTOKA3bIBAIOT, CKOJIBKO WHTEPBAJIOB IPU ITOCTPOE-
HUU TpaUKOB AOKHO OBITH 3aKJIIOUEHO MEXAY ABYMS COCEIHUMHU JIyda-
MU, UCXONSIIUMH M3 OJHOM TOukH. B Kilaccumueckux BeepooOpa3HbIX
CTPYKTYypax XapaKTEPUCTHUKA MHOKUTEIbHOW T'PYIIIIbl ONPEACIAECTCA YUC-

JIOM mepeaad, NPeAMeCTBYOINX JAHHOW MHOKUTEIBHOW TpynIe, Ipu4eM
IJ1s1 IEPBOM rpynmoBou nepenaun P1 xapakrepuctuka X1 = 1.

Jlns mpuBosa ¢ Z = 12 noJyiHast CTpyKTypHasi (popMysia mpu 0THOCKO-

pOCTHOM JBHTaTeNe OyaeT mpeacTaBieHa Kak (cM. puc. 2.4)
Z =12=Py Pl x1 - P2x2 -P3x3=15"3;" 25" 2.
3necy X1= 1 mo onpenenenuto; X2=P, - Pl =15-3=3; xapakrepu-
ctuka X3=P,-P1 - P2 = 1,-3-2=6.
[Ipu nByxckopoctHOM nBurarene (N, = 2860 / 1430 o0/mMuH) noJiHas

CTPYKTypHasi popmyJsia Jijisi nmpuBojaa ¢ Z = 12 OyJeT UMETh CIeayIOIni

Buja (puc. 2.5, a):
Z = 12:1)3 - P1 X]’P2X2:23' 31'26,
a TIPU TPEXCKOPOCTHOM DJICKTPOABUTATETIE

n, =2860/1430 /715 o6/mun (puc. 2.5, 6):

Z:12:P3'P1 XI‘P2X2:33'21’26.
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IHocTpoenue rpapuka 4acToT BpalieHus: IPUBOAA
MHOKHUTEJIBLHON CTPYKTYPHI
Ilepen nmocrpoenuem rpaduka 4acToT BpallleHUsI HEOOXOIUMO TMPO-
aHaNIU3UPOBaTh rpadUK U KMHEMAaTHYECKYI0 CXeMy 0a30BOTO CTaHKa, KO-
TOpPBIE JOJKHBI OBITH MIPEICTaBIICHBI M OMTMCAaHBI B TTojipaszaeie 1.2.

Ipeanosoxum, 4To NpUBOj 0a30BOr0 CTaHKAa COBMEIICHHBIN (CM.

puc. 2.1), uMeeT MHOKUTENBHYIO CTPYKTYpY Z=2 -3 =6, = 1,58, Npin

=100 06/MuH, ; N, = 2000 06/MHH; KOTMYECTBO BAJIOB PaBHO 5; mepea-

Yya BpalleHUsi OT 3JEKTPOABUTATENS] HA KOPOOKY CKOPOCTEH OCYIIECTBIISI-
€TCs pEMEHHOM Iepe1adeci.

YuciieHHbIC K€ 3HAYCHUS UCXOTHBIX MapaMeTPOB ISl €r0 MOJICPHU-
3allMM yKa3aHbl B 3aJaHUM W HUMEKOT CIEAYIONIUMe 3HadeHus: Z = 12;
¢ =1,26; Npin= 100 06/Mun; N, = 1460 06/MuH.

IIpu nmocTpoenuun HoBoro rpaduka (puc. 2.4) 1enecooOpa3HO IpH-

ACPIKUBATBCA HH)KCHpHBCI[CHHOﬁ IIOCJICAOBATCIIbHOCTH.

1. 3anuceiBaeTcss TmoONHAas CTPYKTypHas ¢Gopmyla mOpuBoOja

(cMm. dhopmyy 2.6):
Z :12:P3'P1 X1P2X2P3 x3= 15325 2.

2. Ilpn n3BectHBIX @ =1,26 U Ny = 100 06/MUH BBIKCHIBAETCS
CTaHAAPTHBIN PsAJ YacTOT BpamieHus mmnuuaens (cM. npui. b): 100; 125;
160; 200; 250; 315; 400; 500; 630; 800; 1000; 1250; 1600. KomuuecTBO
BBITTMUCAHHBIX YUCEN PsAJia JOJKHO ObITh HE MeHee 12 (T. K. Z = 12), u B TO

K€ BpEMs ITOCJICAHSSA BbIITUCAHHAS 4aCTOTA AOJIZKHA IMIEPCKPLIBATH 4aCTOTY

BpallleHWsl BaJia 3JIeKTpoaBurarens (T. e. N, = 1460 o6/MuH). B Hamem

cinydae Beinucano 12 + 1 = 13 yncenn.
3. Ha oanHAakoBOM pacCTOSHUU JAPYr OT Apyra IMpOBOASTCS BEPTHU-

KaJIbHBIC JIMHHUH, YUCJIO KOTOPbLIX PAaBHO YKUCJIIY BAaJIOB B IIPHUBOJC 0a30BOro
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cTaHka (cM. puc. 2.4). Bce Banbl, HaUMHAs OT AJIEKTPOABUTATENSA, HyMEPY-
I0TCSI pPUMCKUMU LIUPPaMH.

4. Ha paccrosauu g 1,26 apyr ot apyra npoBOASITCS TOPU30OHTANb-
HBIC JIMHUU, KOJIUYECTBO KOTOPBIX PABHO YMUCIY BBIIIMCAHHBIX YaCTOT Bpa-
LICHUS.

5. IlpoTuB KaXA0W TOPU3OHTAIBHOM JIMHUMA HA IIOCIEIHEM BaILy
(IWMHUHIENE) 3amUChIBAIOTCS  COOTBETCTBYIOIIME YacTOThI BpalICHUS

mnuHaensa. Ha mepBom Bally HAHOCHTCS 4acTOTa BpPaUIEHUs JJIEKTPOIBU-

ratens N, = 1460 06/MuH.

6. Ha mocTpoeHHo# ceTke rpadrka HAHOCUTCS JIUHUS TIEPEJaTOYHBIX
OTHOIIEHW MUHUMAJIbHOW PEAYKIIMU PUBOIA. DTO camas HUKHSSA JTUHUS
Ha TpaduKe, JIydd KOTOPOH COSIUHSIIOT YaCTOTY BpaIllCHUS AJIEKTPOIBUTaA-
Tens N, = 1460 06/MUH ¢ MUHUMAJIPHOM YaCTOTOW BpAIllCHUS IIMTHUHICISA
n; = 100 06/mun. C 1ei1pt0 MUHUMHU3AIMYA TAa0APUTOB IPUBOJIA 3TA JIUHUS
1 — 1 — 15— i; HOoMKHA OBITH HECKOJBKO BhIMyKJIOH. Ilpu 3TOM nepena-
TOYHbI€ OTHOILUIEHUS] MOHMKAIOUIMX Nepeaayd A0/KHbI ObITh He MeHee
1/4, T. e. ipjn > 1/4. 3HaueHUs 1epeaTOYHBIX OTHONIEHHUIH ONpEESIOTCS
IIyTE€M JEJICHNS 4acTOT BPAlIEHUs BEIOMOIO Bajla Nge; HA 4acTOTYy BEXy-
MET0 — Nyepyy. Hampumep:
1= Nger/ Npepym, = 630 / 1000 = 63 / 100; 13 =1250/1000 = 125/ 100.

7. Jlanee, coryiacHO MOJHOM CTPYKTypHOU dopmyiie, Ha rpaduke Ha-
HOCSATCSl JIydyd TI€PEJAaTOYHbIX OTHOLIEHWM BCEX JAPYrMx Nepenad.

IIpu 3TOM mepenaToyHble OTHOLIEHNSI MOBBLINIAKIIMX Nepeaay J0JIK-

HbI OBITH He 0oJiee ABYX, T. €. Imax < 2. COMHOMKHTENHU B IOJHOM CTPYK-

TypHor Qopmyne Z=12 =P, - Pl x1- P2 x2-P3x3=15"3;" 235" 2

MOKA3bIBAOT YUCJIO JIyueH (mepeaad), UCXOIAIMNX U3 OJHOW TOYKH, a MH-
JEKChl Y COMHOXUTENEH (XapaKTEPUCTUKHU TPYII) MOKA3BIBAIOT, CKOJIBKO

HHTCPBAJIOB OOJIZKHO OBITh 3aKJIIOYCHO MCKAY COCCIHHMH JIy4YaMMH.
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[TocTpoeHHbli rpaduk 4aCTOT BpalllEHUs SIBJISIETCSI OCHOBOM JUIsl OI-

PCACIICHUA YUCCII BY6B€B KOJICC IIpHUBOJAA.

2.4. IlpuBoabI CJI0KEHHON CTPYKTYPHI U IOCTPOCHHE

rpapuka 4acTroT BpameHus

CiioeHHOW HAa3bIBAETCS CTPYKTypa MHOTOCKOPOCTHOTO IPHBOJA,
COCTOSIIAs Yallle BCEro U3 JIByX KNHEMAaTUYECKUX LIENEN nepeaad, Kaxaas
U3 KOTOPBIX SABJISIETCS OOBIYHON MHOXKUTENBHOM cTpyKTypoi. Kak yxe oT-
Meuanoch (cM. hopmyny 2.4), obmiee 4MCIO CKOPOCTEM Takoro mpuBoja
OMpPENEIISIETCS KaK CyMMa YMCEN CKOPOCTEN JBYX LEIEM.

Ha puc. 2.6 npuBeneH nmpuMmep NpUBOAA CIOKEHHOU CTPYKTYPBI C
pa3zieJIeHHON KOMIOHOBKOM. B HeMm 6 4acToT BpallleHHsl OT KOPOOKHU CKO-
pocteli (3 - 2 =6) nepenarorcs Ha WnUHAEIb VII IByMs myTsSIMH:

— 110 KOPOTKOM Ilenu HampsiMmyro, MuHys Ban VI ( mpu BKIIOUeHUU
KyJauKOBOM My(Thl BJIEBO M OJHOBPEMEHHOM BBIBOJIE W3 3allCTUICHUS
JBYX I1ecTepeH nepedopa Ha VI Bainy);

— 110 JUIMHHOM LI 4epe3 mepedop, Kak MOKa3aHO Ha CXEME.

OOmiee 4wMclIO 4YacTOT BpalleHUs, MEpeJaBaeMbIX Ha IIMUHJIEIb,
COCTaBJISIET

Z=2721+2=6 +6 =12.

Cllo)€eHHBIE CTPYKTYpbI MMO3BOJISIIOT MOJy4YaTh BBICOKHUE CKOPOCTH
BpAIIICHUS IIMUHJEIA CTaHKA C MOMOIIBI0 KOPOTKUX KMHEMATUYECKUX I1€-
e, a HU3KUE CKOPOCTU — IO KMHEMATUYECKUAM LEISIM, JJIMHA KOTOPBIX
omnpenensieTcss HEOOXOAUMBIMU PEAYKIIMEHM W YUCIOM TPYII Mepeaad.
KopoTkue nenu yMEHbIIAKOT MTOTEPU MOIIHOCTU U moBbimatoT KIIJ] cran-
Ka, YTO OCOOEHHO BaXKHO MPU BBICOKUX CKOPOCTSIX, KOTJa MOTEPU MOITHO-
CTH B KOXKJIOW Mepeaade, B KaXJI0M OMope Pe3Ko Bo3pacTaroT. bonee toro,
MIPUMEHECHUEM CJI0KEHHBIX CTPYKTYp MIOCTHTAETCA YMEHBIIECHHE YHUCIIA

3y04aThIX KOJIEC, YIPOILEHHE KOHCTPYKIMH, YMEHbIICHHE Ta0apuTOB U
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METaJNIOEMKOCTH KOPOOKH CKOpPOCTEH, MOSIBIISIETCSI BOBMOKHOCTE Oecmpe-

IIATCTBEHHOU pealln3alliy pas3AeiIbHON KOMIIOHOBKU IIPUBOA.
CtpykTypHy10 (hOpMYIly CIIOKEHHOU CTPYKTYpHl Z = Z| + Zp Ooiee

MOJIPOOHO MOYKHO 3aIucaTh B BUJIE [4]

zZ =zo+zo-z'=zo-(1+z'), (2.7)

0 0
rie Z = Z | — OCHOBHAasI MHOXMWTEJIbHAsA CTPYKTypa ¢ Z ~ CTyHEHAMH
O r_ I4
BpallleHusi; Z - Z = Z)— JONOJIHUTEIbHAs CTPYKTypa Cc Z mnepebop-
HBIMH CTyTHeHsAMH. Ynciio nepebopHbIX cTyneHeil Z~ B G0JIbIIMHCTBE CTaH-
KOB HaxoauTcs B npeaenax 1...4.

OcHOBHasT MHO>KUTEIbHAS CTPYKTYypa IIpu OAHOCKOPOCTHOM JBUIA-

TCIC IPCACTABILACTCA B BUIC
z%=Plx1-P2x2 P3x3-... (2.8)

Xapakrepuctuku X1, X2, X3, ... B IPYIIOBBIX Mepeayax ONnpeaeistoTcs

TaKXe, KaK U JIsl PACCMOTPEHHBIX BBIIIIE MHOXKUTEIBHBIX CTPYKTYP.
Hamnpumep, ctpykrypHyto ¢hopMmyiy MNpUBOJA TJIABHOTO JBHKECHHUS

ctanka moia. 1K62 [5] ¢ miectuctyneH4aToli OCHOBHOM MHOXKHTEJIBHOM
o 0 _ v r_
CTPYKTYypo Z = 2y - 3, U ABOHHBIM TlepebopoM Z = 2 - 2 MOXHO Tpe-

CTaBUTH KAaK

2=72"+7" 2=, -3,)+(2:"3,) -2 - 2=6+6 - 4=30;

dhopMyJia riaaBHOTO MpUBOJIA cTaHka Moj. 6H81 [5] 3amuimercs B Buae

72=72"+7" 2= 4)+(24-4) - 1=8+8=16.

IlocTpoenue rpadguka 4acTOT BpallleHUsI MPUBOIA
CJIO’KEHHOM CTPYKTYPhI
[Tepen moctpoeHuem rpaduka 4acTOT BpalleHUsT HEOOXOIUMO TIIa-
TEJIHLHO TPOAHATN3UPOBATh TPaQUK W KMHEMATHYECKYIO CXeMy 0a30BOTO

CTaHKd, KOTOPBLIC TOJIKHBI OBITH MMpEACTABJICHBI B IIOAPA3ACIIC 1.2.
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IMpeanonoxum, 4TO NMPUBOJ 0A30BOr0 CTaHKA Pa3ACICHHBIN U BBI-
MOJIHEH TOJIOOHO cXeMe, MpeJCTaBIeHHON Ha puc. 2.6,0; KopoOka CKopo-

CTEH C y4eTOM JJICKTPOJBHUTATENSI COJECPKUT YETHIPE Bajla M JIBa JBOMHBIX
OJI0Ka, Zy cx. = 4 = 2 - 2; mmuHaeIbHas 0a0ka MMeeT TpU Baja U MOXKET IIe-
penaBaTh BpallleHWE HANPSIMYIO U depe3 IepeOop; XapaKTEPUCTUKH MPE/I-

nojiaraeMoro 0a3oBOro MPUBOJIAa UMEIOT 3HaUeHUs Z =8 =2 -2 + 4;

¢ = 1,41; Npip = 90 06/mun; Ny, = 1500 06/MuH; nepenada BpalEHUs OT
ANEKTPOJABUTATEIIS HA KOPOOKY CKOPOCTEH M OT KOPOOKH K IIMHHACIHHOMN
0abke mepeaeTcs peMEHHBIMU TIepeladaMu.

UucneHHble e BETMYMHBI UCXOJHBIX MTapaMeTPOB, YKa3aHHBIX B 3a-
JAHUM I8 MOJIEpHU3AIMU TPUBOJIA, HMEIOT CIEAYIOINEe 3HAYCHHUS:
Z2=12=3-2+6; @ =1,26; Npj, = 63 06/mMun; N, = 1500 06/muH.

I[Ipu moctpoeHun Tpaduka MOAEPHUZHPOBAHHOIO  IMPUBOJA
(puc. 2.6,a) crneayer TPHUIAEPKUBATHCS HUKENPUBEICHHON TOCIIE€I0Ba-
TEJIbHOCTH.

1. 3anuceiBaeTCs MOTHAsE CTPYKTypHas Gopmyia npuBojaa (cMm. gop-
Myiy 2.7):

72=72"+7"2=(3,-2)+(3,-25) 1 =6+6=12.

2. Ilpu m3BecTHBIX O = 1,26 1 Ny = 63 00/MUH BBINCHIBAETCS
CTaHAAPTHBIM P 4acTOT BpauleHus mnuuaens (cm. npuin.b): 63; 80;
100; 125; 160; 200; 250; 315; 400; 500; 630; 800; 1000; 1250; 1600.
KonruecTBO BBIMUCAHHBIX YUCEN PsiJia I0KHO ObITh HE MeHee Z = 12, u B

TO K€ BpCMA MOCICIHCC YHUCIIO NOJDKHO HECKOJIBKO ITPCBLIIMIATL YACTOTY

BpallleHUs JIEKTpoaABUraTens Ny, = 1500 06/Mun. B Hamem ciaydae BbInu-

caHo 15 aucen — ot 63 no 1600 06/MuH.

3. Ha onuHakoBOM pacCTOSHUHM IPYT OT Apyra TMPOBOISTCS CEMb
BEPTUKAIBHBIX JIMHUN, YACIIO KOTOPBIX PAaBHO YHCITy BAJIOB B IIPHBOJIC Oa-
30BOr0 CTaHKa. Bce Baybl, HAUWHAS OT BJEKTPOJABUTATEINSI, HYMEPYIOTCS

PUMCKUMU U (DpaMHU.
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4. Ha paccrosinuu lg 1,26 npyr oT npyra npoBOASITCS TOPU30HTaJIb-
HBIE JINHUU, KOJTMYECTBO KOTOPBIX PABHO YKCIY BBIITHCAHHBIX YACTOT Bpa-
nieHus. [IpoTuB Kaxa0il IMHUU HA MOCJIEIHEM Bay (LIMHUHJIEIE) 3alUChI-
BAIOTCS COOTBETCTBYIOIIME YaCTOTHI BpalleHus mnuHaend. Ha nepsom Ba-
JIy HAHOCUTCS 4acTOTa BpallleHUs dIEKTpoaBUraresns N, = 1500 06/MuH.

5. HanocsiTcd Jiyun mepenaToOYHbIX OTHOLIEHWM, MEpEeIaBaeMbIX Ha
IITUH/ENb «HAIPAMYIO» (TOPU3OHTANIbHBIE Tydu 110= 1 : 1 oT Bana V Ha
Bas1 VII). [nsa 3TOro cHavajia OTCUMTBHIBAIOT YaCTOTHI BpallleHUs, TIepeia-
BaeMble Ha IIMHUHIAETH Yepe3 mepedop. B mpumepe yARIVAS 6, ciengoBa-
TeJbHO, HEOOXOIMMO OTCUMTATh 6 YaCTOT BpallleHHs, HauuHas ¢ N = 63

00/MuH 1 KoHYass Ng = 200 06/mMuH. OcTaBiivecs 6 4acTOT BpallleHUs, Ha-

yuHas ¢ Ny = 250 06/muH u 3akanuuBas N = 800 06/MuH, OyIyT MOTyUe-
Hbl «HanpsMyro». «lIpsMbie» 4acCTOThI OTMEUAOTCS TOYKAMU HA MOCIEI-
HEM BaJly U OT HUX IPOBOAATCS TOPU30HTAIbHEIE JTy4H 11( 10 TepeceyeHus
¢ V Banom, munys npeanociensui VI san. [lonyuennas Ha V Bany camas
HIDKHSS TOYKA IMEPECEYCHUS IOCIIEI0OBATEIIbHO COCAUHACTCSA JIydYaMH Iie-
PEeNaTOYHBIX OTHOIIEHUH 1g 1 19 ¢ Banamu VI u VII. TlapannensHo UM u3
BBILIEPACIIONOKEHHBIX TOYEK HAa V Bally MPOBOMSTCS OCTAJbHBIE JIyYH IIE-
pebopHoi rpynmbl. [Ipu 3ToOM cieayeT MOMHUTD, YTO AJsl MOHHKAKOIIUX

nepeaad J0JHKHO BBLINOJIHATHLCS YCIOBHE lpi, = 1/4, a 1js nmoBbI-

AKX (€CJIM OHH UMEIOTCsl) — Imax < 2.
6. Ctpoutcs rpaduk 4acTOT BpalleHUs: KOPOOKH CKOPOCTEH, pacio-
noxxennou Ha ILIIT u IV Banax. KopoOka umMeeT MHOXUTEIBHYIO CTPYKTY-
0_ ~_
pycZ =6= (3" 23), u Ipu IOCTPOEHUU €€ Tpaduka cieayeT NpUACpPKu-
BaThCs BBIIICU3I0KEHHON METOAUKH (CM. 1. 2.3) i mocTpoeHus rpadu-
KOB YacTOT BpAILEHUSI MHOXHUTEIBHBIX CTPYKTYp. Takxke >XenaTenbHO,
yTOOBl MUHMMAaJIbHAsI BBIXOJIHAsl YacTOTa KOPOOKH (B HAIIEM CiIyyae 3TO

315 o6/muH Ha IV Bamy) OblTa Kak MOXKHO OJIMKE WM paBHA MUHHMAaJb-
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HOW YacTOTE€ BpallleHUs, IepegaBaeMod ¢ V Balla HAa IIIHUHIECIb
CHATIPSIMYIO».

7. Iloctpoenue rpaduka 4acToT BpallleHUs 3aBEpIIACTCS HAHECEHU-
€M JIy4el MepelaTOYHbIX OTHOLIEHUN PEMEHHOM Mepelau, COETUHSIONIEH
KOPOOKY CKOPOCTEH CO MIMUHJEIbHON 0a0Kol. B mpumepe 310 Jiyun mex-
ny IV u VBanamu.

Ha ocHoBe momydeHHOro rpaduka 4acTOT BpalleHUS MOXHO MpH-
CTynaTh K OIPEJCICHUIO JTUAMETPOB IIIKMBOB M YHCENT 3YObEB KoOJiec

IMpuBOAA.

2.5. Omnpenenenue JUaMeTPOB HIKUBOB U YK ces 3y0beB

mecTepeH

Omnpenenenne TuaMeTpoOB IMIKUBOB (€CJIM OHU UMEIOTCS B KUHEMATH-
K€ MPUBOJA) U YHCell 3yObeB Kojlec 3yOuaThiX nepeaad 0OObIYHO BBITIOJIHS-
€TCsl B TAKOM IOCJICTIOBATEIIBHOCTH:

1. Ha rpaduke gactoT BpaiieHus: 0003HAYAIOTCSl TIEPEIaTOUHbIE OT-
HOILIIEHNS] PEMEHHBIX M 3y04aThIX mepejau: 1p, In, 13, ... (cM. puc. 2.6, a).
UuncneHHble 3HAUEHHUs TEPENaTOYHbIX OTHOIICHWH B BHJIE OTHOIICHHMA
JMaMETPOB IIKUBOB M YKCEI 3yObeB IIECTEPEH 3alMChIBAIOTCS HA rpaduke
MOCJI€ UX OTpeIeNIeHHs (CM. HUXKE).

2. JluameTphl IKUBOB PEMEHHBIX Mepead MOKHO OMPEACNIATh HEMo-

CPEACTBEHHO I10 MePeIaTOYHbIM OTHOIIEHUSM (CM. puc. 2.6, a):

Ilepenaua I — II (pemens), ij= 1250/1500 = &125/3150;

Iepenaua IV — V (pemens), I7=2800/1000 = &3160/2200.

[Ipu 3TOM MUHMMaNBHBIA JUAMETP IIKWBOB JISi CTAHKOB CPEIHHUX
pa3mepoB aokeH ObiTh He MeHee 80...100 MM, a MakCUMaJIbHBIA — HE
ooiee 300 mM. bBosnee Toro, JkeaaTelIbHO OJIUH U3 IIKUBOB OCTaBUTH TAKOT'O

KC INaMCTpa, Kak U B 0a30BOM CTaHKE.
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3. Ilpu onpeneneHuu yucesn 3yObeB MIECTEPEH B OJJUHOUYHBIX U IPYII-
NOBBIX IEpefayax CieayeT, 0 BO3MOKHOCTH, IPUHMMATh UX DPABHBIMU

Wiu OJU3KUMU YUCTYy 3yObeB IIECTepeH B 0a30BOM cTaHKe. B TO ke Bpemst

YHUCII0 3yObeB MIECTePEH He JOJKHO ObITh MeHbIe Z;; = 18...25.

OmnpeneneHue yucen 3yObeB B TPYMIIOBBIX Mepeaadax MeXIy ABYM:I
BaJlaMU CJICTyeT HaYWHATh C BBIOOpPA YHCEN 3yOhEB TOW IIECTEPHU B TPYTI-
e, KOTopast mepeacT caMyro HU3KYIO YacTOTY BpaIlCHHUS.

Yucio 3yObeB Kojeca, CONpsIraeMoro ¢ MIeCTePHEN:
Zy =7y 1, (2.9)
rae 1 — MUHHMAaIbHOE IEepelaTOYHOe OTHOIICHHE B paccMaTpUBaEMOM

rpyNIoOBOM Nepenaye.

Jlanee ompeaensieTcss CcyMMapHOe YiCIO 3yObeB IIECTEPHU U KoJieca:
X1 =1yt Zy=72,1+17,, (2.10)
tne Zy=721, Zy=725.

Ota cymma OyJIeT HEU3MEHHOM U JUIsl IPYTUX COMPATraeMbIX KOJeC B
paccMaTpuBaeMol TPYINIOBOM Iepenade, T. K. PACCTOSTHUE MEXIY OCSIMHU
COCEIHMX BaJIOB, HA KOTOPBIX PAcCIIOJIArar0TCs MIECTEPHU U KoJieca Iepe-
Ia4d, JOJDKHO OBITh HEM3MEHHBIM, T. €. 2 Z =7,+ Z,= 75+ 7Z4 = ... const.

Uucna 3yObeB MIECTEPEH APYTUX Iepefad B TPYMIe BbIYHCIASIIOT
no dopmyiie

X Z-Ywucn.
ZU.[ - )
Yuca. + 3Ham.

2.11)

rae «Yucn.» u «3Ham.» — COOTBETCTBEHHO YMCIUTENb U 3HAMEHATENb Ie-
PEIaTOYHOTO OTHOIIEHUS HCKOMOM 3yOUuaToi nepeiayu.
Yucna 3yObeB coNnpsAraeMbIX ¢ HUMH KOJIEC:
7x=27 —Zy. (2.12)
Jlist mpuMepa paccMOTPUM TOPAJIOK OMpeAesieHHs] ynucesl 3yObeB B

nepenayax mexay Bajgamu I —III u I - IV (cm. puc. 2.6, a,0).
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Ilepenaua II — III (Tpoiinoii 650k), i =630 /1250

IpuHuMaeM 4nciio 3yObEB MIECTEPHU MO 0a30BOMY CTaHKY Zy; = 18,
Zi="Zuy:1p=18:(630 /1250)=35,7=36, iy=18: 36,
Y7 =7yt 7Z=18+36 =154,

3anuchiBaeM IEePEeJaTOYHOE OTHOIICHHUE B BHUE i2 = 18 : 36 Ha rpa-

(bUKe 4acTOT BpallleHUs.

Iepenaua II — III (Tpoiinoii 6iok), iz= 800 /1250

B M % Z - Yuc. __54-800
BIHCTICM W™ Ypen +3uam. 800 + 1250

= 21,1=21,

Zy=XZ—-Zy =54-21=33, 1i3=21:33.

Iepenaua II — III (tpoiinoii 6;10k), Iy =1000 /1250

Beruncasiem  Z,, = 22 - ducn. _ _>4-1000 =24
PIHHCIHC T Yyuen + 3mam. 1000 + 1250 <7

Zo= 377y =54-24=30, i5=24:30.

Iepenaua III — IV (nBoiinoii 6i1ok), Is5=315/630
IIpuauMaeM 4yucio 3yObEB MIECTEPHU MO 0a30BOMY CTaHKY Z; = 20,
Zi= Zy:15=20:(315/630)=40, 1i5=20: 40,

Y27 =2y+ Z=20+40=60.

Ilepenaua III — IV (nBoiinoii 610k), ig=1000/1000=1/1

_ XZ-Yucn.  60-1
Beruucasiem Z,; = Qon +3mam. 131

30,

Zy=XZ—-Zy = 60-30=30, 1ig=230:30.
Onpenenenue yncen 3yObeB MEXy APYTMMH OCTABIIUMHUCS BajlaMU

BBITIOJIHACTCA aHAJIOTHUYHO. PeBYJ'IBTaTBI PacucTOB YUCCI 3}76B€B N 1naMcET-

PBI IIKUBOB PEMEHHBIX Mepead 3aHOCATCS B Ta0IuIry 2.1.
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Tabnuia 2.1
3HavYCHNS KHHEMATHYECKUX MapaMeTPOB OJMHOYHBIX

Y TPYNIIOBBIX MEpeaay

1 1 1 13 14 15 1 17 1g 19
D, Zm ®125 18 21 24 20 30 9160 28 | 20

D, Zk ?150 36 33 | 30 | 40 | 30 0200 43 | 51
>7Z _ 54 60 _ 71 | 71

Bce nHaiiieHHbIe nepegaTOYHble OTHOIIEHUS 3alKChIBAIOTCS Ha rpa-
duke (cM. puc. 2.6,a).

4. 3anuceiBatoTCs ypaBHeHUs kuHemaTudeckoro 6ananca (YKbB) mis
Ka)XJIOW CTYIEHU BBIXOJHOTO BaJjia U MOJICUUTHIBAIOTCS (haKTUUYECKUE 3Ha-

YCHU 9aCTOT BpalllCHUA.

Hanpumep (cm. puc. 2.6, a), nng N = 63 06/MuH.

@125 18 20 @160 28 20

= 1500 . 36 20 9200 43 51

18 20 28 20
=1000+ — + — + — + — = 63,8 00/MHH.
36 40 43 51

OTtkioHeHre (PaKTUYECKOW YacTOTHI BpallleHUs OT CTaHAAPTHOTO

3Ha4eHHs He N0JDKHO npesbplmath £ 10 (@ — 1)% [1]. B Hamem ciaygae
TonycTUMoe oTkJIoHeHue coctasiseT = 10 (1,26 — 1) = + 2,6%. Pe3ynbra-
Thl pacueTa (HaKTUYECKUX YaCTOT BpaIEHUS W WX OTKJIOHEHHM OT CTaH-
JApTHBIX 3HAYCHUN IeOMETPUUYECKOTO psijia CBOJAATCS B Ta0d. 2.2.
Pe3ynbTarhl poBEpPKU CBUAETENLCTBYIOT (CM. Ta0Md. 2.2), 4YTO OTKJIO-
HEHUS (PAKTUYECKUX YAaCTOT BpAlIECHUS IIMUHJIENS OT CTaH/IapTHBIX 3HaYe-
HUW HaxonsdTCs B Mpejesax JAomycTuMoro. B mpoTtuBHOM ciiyyae HEoOXo-
JTIUMO KOPPEKTUPOBAThH YHCIIa 3yOhEB IIECTEPEH U KOJIEC TaK, YTOOBI 0Oec-

NEYUTh TPeOyeMyIO0 TOUHOCTb.
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Tabnuua 2.2

PCBYJ'IBTEITBI IIPOBCPKU OTKIIOHCHU A q)aKTI/I‘ICCKI/IX HaCTOT BpalllCHUA

IITMHACIIA OT CTaHAaPTHBIX 3HAUYCHUM

®daxtuue- | Cranmapt-
OTtkoHeHue yac-
CKHE 4Yac- HBIC 4aCTO-
Ne TOT BpalLEHUs
YpaBHeHUsA KUHEMATH4e- | TOTHI Bpa- | Tbl BpalllC-
CTy- 6 — nc1> — Ne¢r 100%
cKoro OanaHca , —_— 0
MeHU tuerus, Ng, Nep
00/MuH Der,
00/MUH
20 28 20
1 ——— 63,8 63 +1,27
1000 36 40 43 51
20 28 20
2 | 1000— —+—+-— 81,3 80 +2,14
1000 33 40 43 51
20 28 20
3 | 1000— —+ — - — 102,1 100 +2,14
1000 30 40 43 51
30 28 20
4 | 1000— —+—+ — 127,7 125 +2,14
1000 36 30 43 51
30 28 20
5 | 1000 —-—-— 162,5 160 +1,56
1000 33 30 43 51
30 28 20
6 | 1000— — - —-— 204,3 200 +2,15
1000 30 30 43 51
30 1
7 — . — . 250 250 0
1000 36 40 1
20 1
8 —— = 318,2 315 +1,00
1000 33 40 1
20 1
9 —__ ..z 400 400 0
1000 30 40 1
18 30 1
10 .. 500 500 0
1000 36 30 1
30 1
11 —— = 636,4 630 +1,01
1000 33 30 1
30 1
12 .. 800 800 0
1000 30 30 1
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2.6. Pa3paborTka KMHEMaTH4YeCKOH CXeMbl CTYNIEHYaTOr0

NnIpuBOJIA

Pa3paboTka KMHEMaTUYECKOW CXEMbl MOJEPHU3UPYEMOIro MPUBOAA
TJIABHOTO JBIDKCHUSI BBITIOJHSIETCS TIPU MTOMOIIM Tpaduika 4acToT Bparie-
HUs (CM. puc. 2.6, a) Ha OCHOBE CXeMbl 0a30BOT0 CTaHKa (HE MPHUBEACHA).
PacnosnoxeHne KHHEMaTHYECKUX IJIEMEHTOB Ha CXeMe pa3padaThIBaeMOro
IPUBOJIA HE JOJIKHO OTIMYATHCS OT 0a30BOr0 BapHaHTa — BIUIOTH JI0 pac-
MOJIOKEHUSI TTOJIBM)KHBIX OJIOKOB Ha TEX K€ BaJlaX, YTO U B CYILIECTBYIO-
meM CTaHke. B To ke Bpems, KaKk OTMEYajoCh BBINIE, MPU MOCTPOCHHUH
CXEMBbI CTYIIEHYaTOTO MpHUBOAAa HE TpeOyeTcs coxpaHeHusi 0a30BBIX pac-
CTOSIHUI MEXIY OCSIMHU BaJiOB, YTO CYIIECTBEHHO YIPOIIAET €€ pa3paboTKy
(cMm. 1. 2.2).

Ha puc. 2.6,0 npencraBien npuMep KHHeMaTHueckoil cxembl. Ha
Hel B 0053aTeITbHOM TTOPSIIKE YKa3hIBAIOTCS

— HOMEpa BaJIOB (PUMCKUMHU ITppamu);

— HOMEpaA MO3UINH KUHEMAaTHIECKUX JJIEMEHTOB;

— 4acTOoTa BpalIEHUs JIEKTPOIBUTATEIIS;

— IWaMETPHI ITKUBOB M YHCIIa 3yObeB KOJIeC.

CxeMa BBIUEPUHMBAETCS B MPOM3BOJLHOM MacmTabe. CHavajga HaHO-
CSITCS OCH BaJIOB. PaccTosiHMSA MEXIy HUMH MOKHO OINpPENETHUTh Mo (hop-

MyJI€ JIETUTEIBHOTO MEKOCEBOI0 PACCTOSHUS
A =0,5(mz; + mz,), (2.13)
riae M — MOayJb; Z| U Zp — 4Yuclia 3yObeB IIECTEPHU U KOJIECa, BXOSAIINUX

B 3aIleINICHUE.

Monaynu s BceX 3yO4UaThiX KOJEC MOXKHO MPUHUMATh PaBHBIMU

1 mm. COOTBETCTBEHHO JEIUTENbHEIE AUaMeTphl koec d = m * Z mpu
m = 1 mm OyayT paBHBI uuciay 3yObeB, T. €. d = 1 - Z, a paccrosuus

A=0,5(z+2y).
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[Iupuna xosnec b Ha KUHEMaTHUYECKOU cxeme (puc. 2.7) npuHUMAET-
Csl MPOM3BOJIBHO. PaccTostHue B Mexly %eCTKO CUASIIMMH Ha BaJIaxX KoJie-
CaMH, COMPSITAEMbIMU C IIECTEPHSAMM TMOJBHKHBIX OJIOKOB, JOJI)KHO OBITh
TaKUM, YTOOBI HE MPOUCXOAWIO OJTHOBPEMEHHOE BKIIIOUEHHE JIBYX Map 3a-
nerieHnii. OObIYHO BeMUMHYy B mpuHUMAlOT:

— Ju1st TpoiiHOTO Osoka B =2b +4...6 mMm;

— 11 ABorHOro 6imoka B=b +2...3 MMm.

2 Znp

Tt | — —
= ﬁ
— Vi
2. MM B 2. MM

z

- b B

P g ]

LN

\pr

Puc. 2.7. KomnoHoBKa TpoitHOT0 6JI0Ka B ClIy4ae BHITTOJHEHHS

IBYX ycnoBui (2.14)

[Ipu Hamuuyuu B cxeme TPOMHOIo OJIOKA IIecTepeH TpedyeTcs MpoBe-
PUTH BO3MOXKHOCTH €ro OECHpemnsiTCTBEHHOTO TMEPeKII0YeHUsI BIIPaBO-

BJIEBO M ONPENEIUTHCS C €r0 KOHCTPYKTUBHBIM oopmieHueM. YToObl 3y-

Obsl KpAWHUX KOJIEC OJIOKA Zpp U Zyep HE 3aJICBAJIN NPH MEPEKITIOUCHUSAX 3
CPEJIHEE KOJIECO Zcp (CM. pUC. 2.7), NOJIKHBI BBIIOIHATLCS J1BA YCIOBUS:
(Zcp + an) = (ZZ - 4); (Zcp + ZJ‘ICB) = (ZZ - 4): (2-14)

rjae X£Z — CyMMapHOE YHMCJIO 3yObeB B IaHHOW IPYIIIOBOM Niepeaaye.



Ha puc.2.6, 6 cymma 3yObeB B Iepejiauax TpPOMHOroO 0J0Ka COCTaB-

asger XZ = 18 + 36 = 24 + 30 = 21 + 33 = 54. 3anuceiBas nepBoOe yCJIOBUE
(2.14), nonyyaem

(Zep +Zpp) < (XZ—4) — (30+21) > (54-4),
T. €. IEpBOE yCJIOBUE HE BhINOJHAETCS. BTopoe ycinosue (2.14) BbInoiHs-
eTcs, T. K.

(Zep + Znes) < (2Z—4) — (30 +36) < (54— 4).

BcenencrtBue aToro 3yduateie Kojieca TpPOMHOTO OJI0Ka MPU UX MPOPU-
COBKE€ Ha KMHEMAaTHYECKON cxeMe HeoO0XoauMo OyneT pacrojarath Tak,
KaK 3TO MOKa3aHo Ha puc. 2.8, a.

[Ipu HeBbIMONIHEHUU 000uMX ycioBuil (2.14) TpoiHOW OJOK TIpen-
CTaBJISICTCS B BUJIE JIBYX 3JeMEHTOB (puc. 2.8, 0): IBOMHOTO OJ0Ka U OH-
HOYHOM IIECTEPHH.

Ecnu B kuHEMaTuke MpUBOJia MMEIOTCS JIBa TPOMHBIX OJI0KA, TO MPO-
Ie/lypa MPOBEPKH U OIpEACIICHIEe BapuaHTa KOHCTPYKTHBHOTO odopmiie-

HHS BBIITOJHACTCA OJIA KaXXA0I'0 U3 HUX.

b e b
——— 1 ———-—L = / —

A
Y

~ - Vi
\ W +4 . 6MM
a) 0)

Puc. 2.8. BapI/IaHTBI KOMIIOHOBKH TpOﬁHOFO Onoka: a—B CJIydac HCBBIIIOJIHCHUA

OJIHOTO U3 ycioBuit (2.14) ; 6 — B cimydae HEBBINOTHEHUSI 000MX yclioBuii (2.14)
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2.7. KoHTpoJIbHBIE BONIPOCHI

1. Ilepeuncnuth TpeOOBaHUSI K pacCMaTpUBAEMBbIM B 0030pe JUTEpa-
Typbl CTAHKAM-aHaJIOTaM.

2. O0BACHUTH 11€51€CO00PA3ZHOCTh MOCTPOCHHUS PsiJla YACTOT BPAILCHUS
IITUHJIENS 10 TEOMETPUYECKON TPOTrPECCUH.

3. B ueM oTiaMynMe KOMIOHOBKH TJIaBHOTO MPUBO/JIa OT €0 CTPYKTYPbI?

4. Ilepeuncnuth 0COOEHHOCTH U JIOCTOMHCTBA CJIOKEHHOU CTPYKTYPhI
IIPUBO/IA TJIABHOTO JIBUKEHUS.

5. YTo moHUMAIOT MOJ CTPYKTypHOH (hopMyoil mpuBoga? B yem oT-
JUYHE YIPOIIEHHOU (POPMYIIBI OT MOJTHOMN?

6.3a cdeT 4ero MoXeT ObITh MOJYYEHO pACIIMPEHUE Juara3zoHa yac-
TOT BpalllCHUS IIIUHEIA?

7. IlepeuncnuTh OCHOBHBIC ATambl MOCTPOEHUS T'paduka 4acTOT Bpa-
IIEHUSI MHOKUTEIBLHON CTPYKTYPHI.

8. C KaKoM LeNbI0 CTPOUTCS IpadUK YaCTOT BpallleHUs MpUBojia?

9. Kakum 00pa3om onpenenstoTcs 4ucia 3yObeB B TPYINIOBBIX NEpe-
Jadax npuBoja?

10. [Inst 4ero U Kak COCTABJISIOTCS YpaBHEHUSI KUHEMATHUYECKOro Oa-
JIaHCa B IPUBOJIE TJIABHOTO JIBHXKCHUS?

11. Yem ompenensieTcsi BLIOOp BapuaHTa KOMIIOHOBKH TPOMHOTO OJIOKa
IIECTEPEH MPHU pa3pabOTKe KUHEMATUUECKON CXEMBbI?

12. IlepeynciuTh OCHOBHBIE 3Tamlbl U OCOOEHHOCTH Pa3pabOTKU KU-
HEMATUYECKOU CXEMbI CTYIIEHYATOr0 MPUBO/IA.

13. YUem oOBsicHsIETCS 11€71€CO00pPa3HOCTh MOCTPOEHUSI psifa 4acToT
BpAILICHUS IINUHJEIS IO TEOMETPUIECKOU TPOTPECCUU?

14. Kak omnpeenuTs 4UCIIO CTYNEHEW YacTOT BpAIICHUS B MPUBOIE
IpU W3BECTHOM JMAIa30HE PETYJIMPOBAHUS W 3HAMEHATEJIE TeoMEeTpuye-

CKOM IIporpeccun’?
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3. IPUBOJbI I'VTABHOTI'O ABUKEHUA
C BECCTYINEHYATBIM PETYJIUPOBAHUEM CKOPOCTEM

3.1. OcHOBHBIE CBeICHUSA

[IpuMeHeHne MpUBOAOB ¢ OECCTYNEHYAThIM (IUIABHBIM) PETYJIHPOBA-
HUEM YacTOT BPAILCHUS IIIUHAEIA ITO3BOJISIET MOBBICUTH ITPOU3BOJAUTENb-
HOCTh CTaHKOB OJjarojapsi BO3MOXHOCTH TOYHOW HACTPOMKM 3aJaHHOMN
CKopocTH pe3anud [1, 4].

JI1s1 IIIaBHOTO M3MEHEHHSI CKOPOCTENW B COBPEMEHHBIX CTAHKAX Yalle

BCCTO MPUMCHANOTCA PETYIHUPYCMBIC ACHMHXPOHHBLIC OSJICKTPOABHUIATCIIN.

MoIHOCTh TaKOTO AJeKTpoaBurarens P,; u kpyramnit MoMeHT M,; 3aBU-
CSIT OT YacCTOThI BpaIllEHUs Baja ABUraTeis N,y (puc. 3.1). JIBurarens pas-

HOM
BHUBACT ITIOJIHYIO (HOMI/IHaJ'IBHYIO) MOIITHOCTH RBJ(I) , HAYHNHAasi TOJIBKO C HO-

v HOM
MHUHAJIBHON YaCTOTBI BpAalllCHU A nag

Jlnana3oH peryiupoBaHus AIEKTPOABUraTels Ha YYaCTKE C MOCTOSIH-

HOW MOIIHOCTBIO ompeiensiercs Kak [4]

max
N5y

Ran.p = HOM (31)

n3ﬂ

U U1 Pa3HbIX THUIIOB ACHHXPOHHBIX JIBUTaTeIe HaXOJUTCS B Impeaciax
Raﬂ.p = 3---7-

MuHuManbHasi 4acToTa BpalleHHs, B KOTOPOM HaONIOaeTCsl yCTOM-
yyBasi padoTa ABUTATENISA, 3aBUCUT OT MHOTUX (hPaKTOPOB U B MEPBOM MpPHU-
OJIM>KEHUU MOYKET OBITh MPUHATA PABHOU

n®" ~ (0,1 ...0,2) niom. (3.2)

Jlnarna3oH peryJaupoBaHus JIEKTPOABUTATENS HA YYACTKE C MOCTOSH-

HBIM MOMEHTOM

RSJ’I.M = min (3-3)
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Puc. 3.1. YnpoiueHnHble rpauku MOIIHOCTH U KPYTALIETO MOMEHTA

PEryJIupyeMoro 3JeKTpOABUTaTeNs

[TonHbIN AMANIa30H PETyIUPOBAHUS IBUTATENS COCTABUT:

max max
9J1 9JI.M AJL.p nzl;}’_llln ngﬁ)M nglﬂlln - :

B npuBoaax riaBHOrO ABMKEHHMS CTAaHKOB MOIIHOCTB, pacxoayemas
Ha pe3aHue (MOIIHOCTh Ha IUINHHJEIE), JOJDKHA OCTABATHCS HEM3MEHHOU
BO BCEM JMAIla30HE PEryJHMPOBAHUS 4YacTOT BpalleHUs WmuHAens. Eciam

HEOOXOAUMBIN JMAana3oH PeryaupOBaHMs YacTOT BPAILEHHS LINHHAETS B
cranke coctapisieT Ry, = 3...7, To aBurarens ¢ auanazonoM R, ,=3...7
COEMHSIOT HEIOCPEACTBEHHO cO mmuHaeneM. OIHAKO B COBPEMEHHBIX
CTaHKax OOILEro Ha3HaYeHUs TpeOyeMbIi JUana3oH PEryJIHpOBaHMs Yac-
TOT BpallleHus IIHMHAEN Hepeako gqocturaeT Ry, = 200...300, u mosto-

My TPUMEHEHHUE CXEMBI <«JIBUTATEIIb—IIIUHICIbY B MOJAABJISIONIEM O0O0Jb-
IIIMHCTBE CJIy4aeB HE O0EeCIeYMBaeT HYKHBIX TMapaMmeTpoB. [Toatomy mis
pacIIupeHus Tuana3oHa MEXAy dJIEKTPOIBUTATEIEM W IIMUHJIEIEM yCTa-
HABJIMBAIOT JIBYX-, TPEX- WM YETBIPEXCTYNCHYATYIO KOPOOKY CKOPOCTEH
(puc. 3.2).
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Puc. 3.2. I'paduku yacToT BpaleHust 0ecCTyNneHYaThIX MPUBOIOB

TJIaBHOT'O ABWKCHUS C PA3HBIMHA KOpO6KaMI/I CKOpOCTCfII

@ — IByXCKOPOCTHOI; O — TPEXCKOPOCTHOM; 6 — 4eTHIPEXCKOPOCTHOI

JIByxcTyneHuaras KopoOka ckopocten (cM. puc. 3.2,a) TEOPETHUECKU
NO3BOJISIET YBEIMYUTh JUANa30H PEryJUPOBAHUS DJIEKTPOJBUTATEINS C IO-

CTOSIHHOM MOIIHOCTBIO B 8 pa3 U IIOJIYUYHUThb Ha INIITKMHACIIC JUAaIla30H 9aCTOT
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Rump=Ronp  Reex=Ronp- 8. Omnako B GomblmHCTBE ciydaeB Juarna-
30H Ry p < Rk, 9TO mpuBommT K mpoBamy MOIIHOCTH Ha IIMTHHIEIE

MEXIYy 4YacTOoTaMy €ro BpaumeHus Np...Np. s ycrpaneHus mpoBasa

MOIITHOCTH (CCJII/I C€ro BCJIMYHHA CYH.IGCTBCHH&) HNCIIOJIB3YIOT TPCXCTYIICH-

4aTyl0 KOpOoOKy ckopocTel (cM. puc. 3.2,0), KoTopasi o0ecrieunBaeT nepe-
KpBITHE YaCcTOT BpallleHUs HA ydacTkax Np...Ny # N3...N4.

YerbIpexcTynenuaras KopoOka ckopoctet (cMm.puc.3.2,B) B BUJE ABYX
JIBOMHBIX OJIOKOB IIECTepeH Z =4 = 2 - 2 TEeOpPEeTUYECKHU TMO3BOJISIET yBE-
JIMYNUTh JUANA30H PeryIupoBaHus diekTpopsuratens R,;, B 64 pasa
(8 - 8 = = 64). Hanpumep, npu R,;, = 3 nuamason perynupoBanus
4acTOT BpAIICHUS IINUHACIAS C TOCTOSHHOW MOIIHOCTBIO COCTaBUT
Rump=Ronp Reex==3 64 =192, anpu R,,, =7 nnamason na
mmuagene Ry, =764 == 448.

Cnenyetr otmMeTuth, uto HEe MeHee 40....50% BepxHel yacTu auamnaso-

Ha PpCEryjJimpoBaHuA MIHAHACIA C IIOCTOAHHBIM MOMCHTOM RmH'M

(cMm. puc. 3.2,B) OOBIUHO sIBIsiIETCA pabOYUM, T. K. HA HU3KHUX CKOPOCTSIX
IIMUHJIENS MOJIHAsT MOIIHOCTh JBUrarelis He TpeOyercs. Ha moHMXeHHbIX
o0opoTax IIMUHACIS B OCHOBHOM BBITIOJTHSIOTCS OINEpalluM, MOTPEOIIsto-

e 1nmpu pe3aHnuun H€6OJ'H)HIy}O JOJIFO MOIITHOCTHU ABUT'aTCIIA.

3.2. 3ananue u TpeOOBAHUSA IJI51 Pa3padOTKH

KHHEMAaTHKH 6eCCTYIIeH‘IaTOFO npuBojaa

HcxoaHbIMU JAHHBIMH JJIs1 pa?.paﬁoTKn KHHEMAaTHKH 6eCCTyHeH-
HaToro npuBojaa siBJAsIIOTCSH @

THII SJICKTPOABHUIAaTCIIA U €TI0 XapaKTCPUCTHKH,

HOM
P,, - HOMMHaNBHAs MOIIHOCTB JIEKTPOABHUIaTENs, KBT;
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S1, S6 — pexum paboThl ABUTraTeNs (CM.11.3.6);
Z — 4YuCJO CTyNEeHEeW 4YacTOT BpalICHHWs] MEXaHWYECKOH YacTh

IPUBO/A;

nﬁ?x — MaKCHUMaJIbHasl YaCTOTa BPAILICHUS IIIITUHIEIS, 00/MUH;

JOIIOJIHUTENbHBIE JAHHBIE — YKa3aHWs, CBSI3aHHBIE C HEKOTOPBIMHU
BO3MO>KHBIMU U3MEHEHUSMH B CTPYKTYype 0a30BOTO MPUBOAA.

TpeOoBanus Kk pa3padaTbiBaeMOMY NPUBOXY

[locTpoeHne KMHEMATHKU OECCTyNeHYaToro MpUBOAA MO CBOUM Iie-
JSM UM 33JladyaM CYIIECTBEHHO OTJIMYAETCS OT paHee BBIIIOJIHEHHBIX pa3pa-
OOTOK ISl CTYNEHYATOro0 BapHaHTa. ITO OOBSACHAETCS TEM, UTO Ha €€ OC-
HOBE B JajbHeileM OyneT pa3pabaThiBaThCsl pealbHbIA TEXHUYECKUN
IPOEKT MPHUBO/IA IIABHOTO ABUKEHUS.

['maBHOM 3amaueld mpu pa3paboOTKe OecCcTyneH4YaToro MpUBOJA SIBIIS-
eTCsl MOJIHOe COXpaHEeHHe KOH(UTypaluu U pa3MEpOB KOPIYCHBIX Y3JIOB
0a30BOT0 CTaHKa, B KOTOPBIX OyAyT pacroIOXKEHbI BCE 3JIEMEHTHI IIPUBO-
na. Jlpyrumu ciaoBamM, MEXaHHWYECKas 4acThb OECCTYNEHYaToro MpUBOAA
JOJKHA OBITH BIMCaHa B 0a30BbIM Kopiyc (Wi Kopmyca) 0€3 BCIKUX U3-
MEHEHUH €ro (UX) KOHCTPYKIHUH.

Pemenre BpIIEOOO3HAYEHHOM 3aJayd HAIpPSMYIO 3aBHCHUT OT Iapa-
METPOB KHHEMAaTUKH pa3padaTbiBA€MOro OECCTYyNeH4YaToro MpHUBOJA.
[Tpu mocTpoeHuM KMHEMATUKHU TAaKOro MPHUBOJAa HEOOXOIMMO YUYUTHIBATH
Hesbld psg TpeOOBaHUM U OTPAaHUYEHHM, KOTOPBIE PUBEICHBI HUXKE.

1. KomnoHoBKa pa3pabaTblBa€MOro MPUBOJAA JIOJKHA CTPOrO COOT-
BETCTBOBATh KOMIIOHOBKE, MPUHATOM B 0Oa3oBOM cTaHke (cMm. 1. 2.1,
puc. 2.3).

2. CtpykTypa pa3pabarbiBaeMoro npuBoAa (MHOKHUTEJIbHAS WU CJO-
KEHHas ) I0JHKHA CTPOrO0 COOTBETCTBOBATH CTPYKTYpE MPHUBOAA B 0a30BOM
CTaHKE (€CJM B 3a/IaHUH HET JTONOJIHUTEIBbHBIX YKa3aHHM).

3. Yucno BajioB B OECCTYNEHYATOM BapHAHTE MPHUBOJA JIOJKHO OBITH

TaKHM JKC, KaK U B IIPUBOJC 0a30BOI0 CTaHKA.
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4. PaccTosiHusI MeKAYy OCSIMM BAJIOB NPOEKTHPYEMOIo NpPHBOJAA
JA0JIZKHbI CTPOT0 COOTBETCTBOBATH PACCTOAHUSAM, MMEIOIIMM MECTO B
Kopmyce 0a30BOro NpPUBO/A.

5. /lnanazoH peryJupoBaHUs YacCTOT BpAIlEHUS C MOCTOSHHOW MOIII-
HOCTBIO Ha IIIMH/JIENE CTaHKa Rmn‘p (cm. puc. 3.2,B) 10KEH OBITh MaKCH-
MaJIbHO IIIMPOKUM TIpH COOIIOJICHUHU HAaKJIaJblBA€MbIX OIrpaHUYCHUH

(cM.HIDKE).

6. HpOBaJ'II)I MOIDHOCTH B pPAAC YaCTOT BpalllCHUA JMMIIHHACIIA

co 3HameHnareneM ( = 1,26 He nOJDKHBI mpeBblIaTh 1,5 MHTEpBala
(cm. puc. 3.2,a).

7. IlepexpbiTe 4acTOT BpallleHUsI HE orpaHu4uBaeTrcs (cM. puc. 3.2,0)
U MOXET OBbITh BEChMa 3HAYUTEIbHBIM.

8. [Ipu pa3paboTke HOBOTO MPHBOJIa HEOOXOAUMO (€CIIH 3TO BO3MOXK-
HO) UCIIOJIb30BaTh 0a30BbI€ 3y0UaThie epeayn 0€3 BCAKUX U3MEHECHHIN UX
KOHCTPYKIIUU.

9. JlononHutenbHbIE yKa3aHUs, 0003HAYEHHbIEC B 3aJlaHUM Ha BBINOJ-
HEHUE paboThl, MOTYT KacaTbCsl HEKOTOPBIX HM3MEHEHHH CTPYKTYphI

npuBoja. Hanmpumep, Bo3MOXKHa 3aMe€Ha CIIOKEHHOW CTPYKTYpbI NMPUBOJIA
IpU pasjieeHHol KomroHoBke (Z = 4 = 2 + 2) Ha MHOKHTEIBHYIO

(z =4 =2 x 2). [Ipu aToOM B KOpoOKEe CKOpPOCTEH OyneT yCTaHOBJICHO JBa
JTBOWHBIX OJloKa (cM.puc.2.6,0), a U3 MIMUHAEIbHOW 0a0ku OyaeT yopaHa
nepebopHas TPyIa, W BpalleHWe Ha IIMUHIASTL OyIeT MepeaaBaThCs
TOJIbKO 4epe3 My(pTy — HampsiMmyro. 3T0 00CTOSATEIHCTBO MO3BOJIUT CYyIIIe-
CTBEHHO CHM3UTH TEIUIOBBIE U BUOPAIIMOHHBIC HATPY3KH B IIMUHACIBHOU

0a0Ke ¥ MOBBICUTh TOYHOCTH OOPaOOTKH.

3.3. DyieMeHTBI 3y04aThIX 3aLeNJIeHU I

Kak yxe ormeuanocs B 1. 3.2, pa3paboTka rpaduka 4acToT Bpalle-
HUS U KHHEMaTHYECKOM CXEeMBI OSCCTYNEHYATOro MPHUBOJIA, B OTIUYHE OT

CTYIIEHYaTOro, UMEET psii ocoOeHHOcTel. COrlacHO BbIIIENEPEYUCIICH-
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HBIM TPEOOBAHUSIM BCE DJIEMEHTHI MPUBOIA JTOKHBI pa3MECTUTLCS B KOP-
nyce 6azoBoro ysia, Gopma U pa3Mepbl KOTOPOro JOJKHBI OCTaThCs He-
u3MeHHbIMH. Hanbomnee CIOoXKHBIM MPU 3TOM B PSIJIE CIIy4aeB ABJISETCS OI-
pelesieHle U TOYHOE COXpaHEHHE O0a30BbIX PACCTOSIHUN MEX]y OCSMU Ba-
JIOB, YTO MOpH pa3pabOTKE CTYMEHYATOro MpUBOJia HE TpeboBanoch. [Ipu
aHaJgu3€ KOHCTPYKIMM Oa30BbIX MPUBOJOB MEXIIEHTPOBBIE PACCTOSHUS
MEXIy BajaMHU 4acTO OKa3bIBAIOTCS HECKOJIBKO OOJIbllle, YeM OIpeiese-
Mble 110 gopmyie (2.13), a cymMMbl 3yObeB CIEIUIIEMBIX KOJIEC B TPYIIIIO-
BBIX II€peaadax OTINYAIOTCS APYT OT Apyra Zy +Zpy # Z3 +Z4 #

[ToaTOoMy, TIpekie YeM MPUCTyHaTh K MOCTPOCHUIO KMHEMATUKHU Oec-
CTYIEHYATOTO MPUBOJIA U ONIPEACIICHUIO YHUCEN 3yOheB KOJIEC, HEOOXOIUMO
YSICHUTh HEKOTOpbIE TMOJOKEHUSI U3 TEOpUU 3yOuaThIX 3alleTICHUM
[7, 8, 9].

B cTanouHBIX MpUBOJAX 3yObsl CONMPATaeMbIX KOJEC BEChbMa YacTO Ha-
pe3aroT CO CMEIIEHUEM MHCTPYMEHTA. 3alleTICHUE CO CMEIIEHUEM MO03BO-
JSieT MPOEKTUPOBATh 3y0UaTyro nepenayy Mnpu 3aJaHHOM (M3BECTHOM) Me-
KOCEBOM paccTosiHUM. [ToMUMO 3TOro Takue nepenadyud MO3BOJSIOT YIyd-
IIUTh UX SKCIUTyaTallMOHHBIE CBOMCTBA : MOBBICUTH MPOYHOCTh 3yOhEB HA
U3ru0 U HECYIIYI0 CIOCOOHOCThH MO KOHTAKTHOM MPOYHOCTH, YMEHBIIUTH
U3HOC 3yObEB M YCTPAHUTH SBJICHUE 3aKIIMHUBAHUS, CHU3UTH IIYM U BUO-
pauuu. bonee Toro, BCTpedaroTCs cliydau HCIIOJIb30BaHMSI B MPUBOJIAX
IIECTEPEH C YUCIIOM 3yObeB Z < 18.

Takue mecTepHu Jisl YCTPAaHEHUS MOJPE3aHusl HOXKKHU 3y0a U yBEIu-
YeHUs! MPOYHOCTHU 3y0a Ha U3rKMO BCEraa Hape3aroTcs C MOJOKUTEIbHBIM
CMEIIIEHHUEM UHCTPYMEHTA (CM. HUXKE).

3yObs mepenay Co CMEIICHUEM H3rOTaBIMBAIOT HAa TEX JKE€ CaMbBIX
CTAHKaX M TEM K€ CaMbIM CTAaHJAAPTHBIM MHCTPYMEHTOM, YTO M 3yObs Iie-
penau 6e3 cmemieHus. Ha puc. 3.3 npencraBieHa cxema Hape3aHus 3yObeB
KOJIEC C pa3IMYHBIMU BEJIMYUHAMM CMEIICHUS UHCTPYMEHTa A M 0003Ha-

YEHUEM JIMAMETPOB XAPAKTEPHBIX OKPYKHOCTEMU:
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d , — auameTp OCHOBHOI OKPYKHOCTH (OKPY’KHOCTB, IO KOTOPOIA IIe-

peKaThIBaeTCS MPOM3BOMAIIAS TMPsSMasi TMPU MOCTPOSHUU 3BOJBBEHTHOTO
npoduist 3y6a);
d — awameTp meauTeNBHOM OKPYKHOCTH (6a30BbIH MapaMeTp 3y0ua-

Toro koiteca d =m - z);

d o — IMaMeTp OKPYKHOCTH BEpILIKH 3y0bEB;

d /— AMAaMETp OKPY’KHOCTH BIIaJHH 3yObeB.

?\,=U HHCmpymenm
7 \‘ :
/ i ; ' \ 2N

/P

>y /',’ df |
dp \ ‘

S

Puc. 3.3. 3y6ps xonec, u3rorapaMBacMble ¢ pa3IMYHBIMU BEINYMHAMH CMEILE-

HYS HHCTPYMEHTa A M XapakTepHoii okpyxHocth: dp— ocHoBHas, d — nenwrenbHas,
d o — Bepinna 3y6neB, d , — BaguHa 3yObes

[Tpu Hape3aHuu 1ectepeH (KoJieC ¢ MEHBIIIUM YUCIOM 3yObeB) cMe-
IIICHUE WHCTPYMEHTA BCET/Ia HAMpaBJIEHO OT IIEHTpa 3arOTOBKA W WMEET
MOJIOKUTETbHOE 3HAUeHHE A > 0 . 3aroTOBKH IIECTEPEH MPU STOM JICTAIOT
OOJBIIIETO AUamMeTpa, Hape3aeMmble 3yObsl Y OCHOBaHUS YTOJIIAIOTCA, a Y
BEPIIINH 3a0CTPSAIOTCA. B pe3ynbrare 3TOro mpo4HoOCTh 3yObeB MOBHIIIACT-
cs. [Ipu Hape3aHuu KoJiec, UMEIONTUX OOJIBIIOE KOJUYECTBO 3yOhEB, MHO-
r/1a MOXKET UMETh MECTO U OTpHIlaTebHOE cMmenieHne A < 0 (MHCTpYMEHT
CMEINIaeTcsl K IEHTPY 3aroToBku). Ecim compsiraemple Kojieca Hape3aroT
6e3 cmerienus (A = 0), To Takyro Tepeiadyy Ha3bIBAIOT — HOPMAJIbHOU, WIIH

HYJICBOU.



CwmernieHrne HHCTPYMEHTA onpeaessieTcs no Gpopmyre
A=Xx -m, (3.5)
rae X — kod(phuumeHT cMeleHus; M — MOJTyJb.
Benmmauaer koahGUIIMEHTOB CMEIIEHUS 3aBUCIT OT psifa (aKkTOpOB U
UX TOYHOE 3HAYCHHUE OOBIYHO OMPENEISIOT MpU pa3padoTke pabodyux yep-
TeXeH 3y0uaThIX KoJiec. UCTOJIb3ysl peKoMeHaaIu padot [7, 8, 9].
Jliiss HOpMaIBLHBIX 3y04aThIX nepenay (0e3 cMelIeHHUs) OCHOBHBIC

pa3Mephl KoJIEC ONpeeNatoT 1o opMyiaM, TPUBEICHHBIM B Ta0. 3.1.

[Ipu Hape3zanuum 3y0UaThIX KOJIEC CO CMEIIEHUEM BO3MOXKHBI JIBA OC-
HOBHBIX BapHaHTA.

IlepBblii BapuanT cmemennsi. KoagduimeHnTsl cmenienus mecrtepuu X,
Kojieca X , U CyMMapHbld X y YIOBJIETBOPSAIOT YCIOBUAM X | # X ;
HXy=X1+X, #0 (00bruHO X | >0; X,>0 mw Xy >0). Hapwuc. 3.4

B YNPOIICHHOM BHUJE MPEICTABICHO 3allellIeHHe 3y04aThIX KOJIEC, COOT-
BETCTBYIOIIIEE ATOMY HanOOJIee pacCIIPOCTPAaHCHHOMY CITyJaro.

doi/ | \di

ﬁj = X«

= 0,5(d1+ d2) +A5

Aw=0,5(dw:+dw>)

Puc. 3.4. YnpouieHnHas cxema 3aleruieHns 3y0uaTbix KoJjiec
¢ mosoxutensHbIME cMemenuamu A > 0:

d — nenurensupIe okpyxHOCTH, d(® — HAUANEHBEIE OKPYKHOCTH
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Tabnuma 3.1
dopMyIIsI U pacyeTa mapaMeTPOB MITHHAPUISCKHIX MPSIMO3YOBIX

nepenay 0e3 cMenieHus (pa3mMepsl, MM)

HaumenoBanue napa-
O6o3HaueHue ®opMynl ¥ yKa3aHUs
METpOB
Br16upaioT B COOTBETCTBUU
Monynb m ¢ pacueToM 3yObeB Ha
IPOYHOCTb
Yucno 3yObeB: Br16upatoT B COOTBETCTBUU
HIECTEPHU Z, ¢ TpeboBaHNEM KMHEMATH-
Kojeca 7, KU
[uamerp:
JEITUTEIIEHON OKPYKHOCTH d d=mxZ,
BEpIIMH 3y0beB KoJleca d, dey=m(Z+2)
BITaJIMH KoJieca df df =m (Z-2,5)
Bricora:
3y6a h h=2,25m
TOJIOBKH 3y0a h,, h,=m
HOXKH 3y0a =
h, h,=1,25m
_ m(Z1+Z3)
JlenuTenpHOE MEKOCEBOE A A= - 5 =
paccrosiHue _
= 0,5(d; +d5)

BI/II[HO, YTO B3aMMHBIM 00KaT KOJIEC IMPOUCXOOUT I10 TAK HA3BIBACMbIM
Ha4aJIbHBIM OKPYKHOCTAM 0003HaYEHHBIX AnaMCTpaMHn d(Dl 141 d(Dz.

I[I/IaMeTpBI d0)1 n d (07 HA3bIBAIOT HAYAJIBbHBIMHW AUAMCTpaMH 3Y6‘IaTBIX

KOJICC.
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B paccMaTpuBacMOM IIPHUMEPEC HAYAJIBHBIC IUAMCETPbI d(D HE COB-
nmaaarT ¢ ACIUTCIBHBIMUA — d HpI/I 9TOM BBICOTA 3Y6BCB h YMCHbIIACTC:A

110 CpaBHEHHUIO C 3yObsAMH Nepesau 0e3 cMelleHus, y KoTopelx h = 2,25m
(cm. Tabm. 3.1).

Bropoii Bapuant cmemenusi. Ko>phuimieHTsl cMeleHns MecTepHu

X 1, Kojieca X , 1 CYMMapHBII\/'I Xy YAOBJICTBOPAIOT CICAYIOINHUM YCIIOBUAM:
x1>0, X7 <0, |x1| =\X2\ n xz:x1+x2 =0. 3I[GCB CMCHICHUS NH-

CTpyMEHTa A B A, OyAyT paBHBI MO aOCOIIOTHOW BEIIMYMHE, HO TPOTHUBO-
MOJIOKHBI 110 3HAaKy. HadanbHble OKpPY>XKHOCTH B Tepejadax TaKoro THIa
TaK K€, KaKk U y 3yOuaThIX KoJjiec 0e3 CMEIeHUs], COBMAIAIOT C JEIUTENb-
HeiMy, T. €. do = d.

B nepBom BapuaHTe nepenad co CMEUIEHUEM HMEETCS ANl MPEUMY-
IIECTB TEpeJ] BTOPHIM: MOBBIIICHHAS! MPOYHOCTh 3yObEeB 000MX 3yOuaThIx
KOJIEC; BO3MOXKHOCTh IMPOEKTUPOBAHUA 3yOUaTBIX IMepefad C KeIaeMbIM
MEKOCEBBIM PACCTOSHUEM MPU JIOOBIX COYETAHUSIX YUCEN 3yOheB IIECTEp-
HU U KoJieca [7, 8]. [ToaTomy 3TOT TUI Epeady UMEET MPEUMYILIECTBEHHOE
MPUMEHEHUE.

Jl1s1 3y0UaThIX KOJIEC C MOJIOKUTEIbHBIM CMEIIEHUEM (TIEPBBIN Bapu-
aHT) OCHOBHBIE pa3Mepbl NEpeJayd C HEKOTOPOU MOTPEIIHOCTHIO MOKHO
OMPENICNIUTh TI0 HIKEITPUBEICHHBIM (hOopMYyiaMm.

MesxoceBoe pacctosinue Ao (cMm. puc. 3.4)

Ao =0,5(d,.dy) + Ay, (3.6)

rne d;=mz, ud,=mz, - neauTenbHBIE TMAMETPBI 3yOUATHIX KOJIEC;

As = A1+ A, — cyMMapHOE CMEIlEeHHE.

HauaneHele auamerpsl konec dw (cM. puc. 3.4)
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2Am -1
i+1 -
do, = 2 Ao — doq . (3.8)

W = (3.7)

rac d(Dl 141 d(DZ — COOTBCTCTBCHHO HAYAJIbHBIC TUAMCETPLI BSAYIICI'O U BC-

JOMOI'O KOJIECA, [ — nepecaaTovYHOoC OTHOMICHUC.

JluameTpsl OKpy:kHOCTeH BepmuH 3yobeB g , Buagun — df, a Taxxe

BhICOTHBIE apameTpsl h, hgy u hf B mepemauax co cmemennem G6yayr

CYIIECTBEHHO OTJIMYAThCS OT 3HAYEHUMN TEX K€ MapaMeTPOB HOPMaJbHBIX
3y04aThIX Nepeaad, BIYUCISEMbIX M0 (popMynam Tabdiu. 3.1. OTu Beauuu-
Hbl OOBIYHO ONPENEISAIOT MpU pa3padoTKe pabouyux uepTekel Koisec
[7, 8, 9].

3.4. OmnpenesieHne MeKOCEBBIX PACCTOSIHUI

B 0230BOM IIpPUBOjIE

BecpMma yacTo, m3-3a OTCYTCTBHS ITOJTHOIICHHBIX MCXOJHBIX JaHHBIX
10 0a30BOMY CTaHKY, OMPEICIIUTh MEXKIICHTPOBBIC PACCTOSHHS MEXKTY Ba-
JaMH B TIPUBOJIE BeChMa 3aTPYIHUTEIBbHO. UTOOBI pelnTh ATy 3a/1ady, He-
00X0MMO CHauajia ONpEeNIeNIUTh TUIIBI 3yOUaThiX KOJieC B MPHUBOJIE, KOTO-
phie MOTYT OBITH Hape3aHbl KaK CO CMEIIEHHEM WHCTPYMEHTa, Tak U 0e3
Hero. Ecii cymMMBbl 3yObeB CIEIIIIEMBIX KOJIEC B TPYIINIOBBIX Iepeaadax
MPUBOJAA OJAUHAKOBHL, (T. €. Zy =7, + Z,= 735+ Z4= ...), TO MOXKHO CUH-
TaTh, YTO 3yOuaThie 3alleTUICHUS BBITIOTHEHBI 0€3 cMelleHus 100 Co cMe-
IIICHWEM, PaBHBIM T10 BEJIMYMHE, HO MPOTHUBOIOJIOKHBIM MO 3HaKy. B 000-
UX ClIydasx, Kak MOKa3aHo BHIIIE, ACIUTEIbHBIC U HAaYaIbHBIC OKPYKHOCTH
CIEIUISIEMBIX KoJiec OyayT coBnagaTh. Eciu ske cymmbl 3yObeB OynyT pas-
JUYaAThCSI, TO MOXKHO CJIeJaTh BBIBOJ 00 MCIIOJIB30BAaHUM B MIPUBOJIE 0a30-

BOT'0 CTaHKa Iepcaad CoO CMCUICHUCM, Y KOTOPBIX ACIUTCIIBHBIC U HAYaJIb-
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HbIE OKPYXHOCTH HE COBMajarT. KpoMe TOro, Kak yKa3bIBaJIOCh BBIIIIE,
HaJIM4Ke B MPUBOJIE KOJIEC C YUCIOM 3yObeB Z < 18 Bcerna morpedyeT mo-
JI0KUTEIBHOTO CMENIEHUS MHCTPYMEHTA MPU UX HAPE3aHUMU.

Cuayuai nepBblii. B TeXHMYECKOW JOKYMEHTAIIMU HAa CTAHOK UMEIOT-
Csl TOJIbKO 3HA4YEHUs MOayJiel N U yucen 3yObeB Kojiec Z . MUHUMAaIbHOE
quCciio 3yObeB Kodec Zmin > 18. TlpoBepka paBeHCTBa CyMM 3yObeB 2.7
CUEIUISIEMBIX KOJIEC B TPYIIIOBOM IMEpeaadye MOKa3bIBAET, YTO 3THU CyMMBbI
paBHbI. B 3TOM cilyyae paccTosiHUE MEXKIY OCSIMH BajlOB ONPEHEIACTCS

no ¢opmyne (2.13) neauTenbHOr0 MEXKOCEBOTO PACCTOSHUS, KOTOPYIO

MOZKHO 3aIIMCaThb B BHJIC

A= 0,5(mz; + mz,). (3.9)

[Ipu 3TOM, KaK yKka3aHO BBIIIE, BEMUYUHBI A 1 A® OyayT COBIAIaTh,
T.¢. Ao =A.

Cayuau BTOpOM. B 1OKyMEHTAIlMU UMEIOTCA TOJBKO 3HAaYe€HHUA M U

Z. Yucno 3y0beB Zmin = 18. IIpoBepka nmoka3plBaeT, 4T0 CyMMbI 3yObeB
CILCTUISIEMBIX KOJIEC B TPYIIOBOM Mepeaue He paBHbI. 3HAUUT, JICIUTENb-
HbI€ ¥ HayaJIbHbIE OKPY>KHOCTH 3TUX KOJIEC HE COBHajaroT. Tormaa Mexoce-
BBIC PACCTOSHUS MPUOIUZUTEILHO MOXKHO OMPEACIUTh MO YIPOIIEHHOMN

3aBUCUMOCTH.

Ao = 0,5(mz; + mz,)+ 1,5m, (3.10)
rage  ciaraeMoe 1,5M ecTb He 4TO MHOE, KAK CYMMAapHOE CMEIICHUE WH-
CTPyMEHTa Ay , ONpeeseMOe yCPEHEHHBIM KOY(QOHIIMEHTOM CyMMap-

HOT'O CMEIIIEHUs X 5 , paBHBIM 1,5.
Cayuaii Tpernii. B macnopre Ha CTaHOK WJIM COOPOYHBIX UEPTEkKAX

OpUBOAA MOMHUMO MOIYyJEe M M yucen 3yObeB Z yKa3aHbl BEIUYUHBI

CMeIeHHs (CIBUTOB) A, A, wma As = A, + A, JlenurensHble U HAUATb-

HBIC OKPYKHOCTHU KOJICC HC COBIIAJarOT. B sTom ClIy4ac MCKICHTPOBOC
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paccrosiHie OyneT omnpenenarbcs o (opmysne (3.6), KOTOPYHO MOXKHO
IPEACTABUTH B BUIE
Ao = 0,5 (Mz, + M2z,) +As. (3.11)
Cayuaii yerBepThlii. B mpuBosme 0a30BOro cTaHka HCHOIBb3YIOTCS
KoJjieca ¢ uuciioM 3yobeB Z < 18. Takue kojeca, Kak yKa3blBaJIOCh BBIIIIE,
BCErJla HApe3alTCsl C TOJOXKUTEIBbHBIM CMEIIEHHEM HWHCTPYMEHTA.
[ToaTOoMy A onpeneneHus paccTosiHUSL A@ CleayeT UCIoib30BaTh (Hop-
myiy (3.11), a ecau uHdopmanya N0 CMEMIEHUI0 HHCTPYMEHTa OTCYTCTBY-
eT, To popmyny (3.10).
IIpumep onpeneseHUss MeKOCEBbIX PACCTOSAHUM
B 02a30BOM IpUBOjIE
[Ipennonoxum, 4To HA pUC. 2.6 TPEACTABICHA KMHEMATHUKA MMPUBOAA
IJIaBHOTO JABMXEHUS 0a30Boro ctaHka. [lapameTpbl 3y0UaThiX 3alleTuIeHHH,
HEOOXOJIUMBIX JIJIsI ONIPECICHUS UCKOMBIX PACCTOSIHUM, 3aMMCTBYIOTCS U3
TEXHUYECKOMN JOKYMEHTAIIUU Ha CTAHOK U CBOJSATCS B Ta0. 3.2.
Tabnuia 3.2
[TapameTpsl 3yOUaThIX 3ailerieHui B 0a30BOM

npuBo/e (110 JIMHUM MUHUMAJILHON PEeIyKIINH)

Howmepa i 7 Z» m, A, Ao,
BAJIOB MM MM MM
1 2 3 4 5 6 7
IT — 11T 0,5 18 36 2,5 67,50 67,50
I -1v 0,5 20 40 2,75 82,50 82,50
V-VI 0,64 28 43 3,0 106,50 106,50
VI-VII 0,39 20 51 3,0 106,50 106,50

B aToit Tabnune Z, u Z, — uucina 3yobeB KOJEC M0 JUHUU MUHUMAJIb-
HOM penyKiuuu (HWKHEH ITMHUKM Ha puc. 2.6,a); [ — NepeaaTouyHoe OTHO-

mwenue 3youareix map ([=Z7Z,/ Z,); M — MoAyIu 3y0uaTbix map, MM;
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A — JeIuTEeNbHBIE MEKOCEBBIE PACCTOAHUS, MM; A® — MEKOCEBBIE pac-
CTOSIHUSI, OTIPEIe/IIEMbIC HAaYaJIbHBIMU JUAMETPaMH KOJIEC, MM.

Homyctum, 4to mapaMeTpsl A 1 A® B TEXHUYECKOW JOKYMEHTALIUU
HE yKa3aHbl M UX TpeOyercs ompeaeauTs. MHbopManus o TUIIaxX KoJiec U
BEJIMYMHBI CMEIICHHUS ITPU UX HAPE3AHUU TAKIKE OTCYTCTBYIOT.

AHanu3upysl BBIIIEyKa3aHHBIE B HACTOSIEM IOJpa3eie 4YeThIpe
BO3MOXXHBIX CIy4dasl HUIMYMS U MOJHOTHI UCXOAHON MH(OpMAIINK, PUXO-
IUM K BBIBOJlY, YTO JUJIs OnpenencHuss A 1 A® clelyeT BOCIOJIb30BaThCS
dbopmyioii (3.9). B Ta6a. 3.2 npuBeIeHbI 3HAYCHUST MEXKOCEBBIX PACCTOS-

HU, BBIYUCIICHHBIE C TTOMOIIbIO YKa3aHHOU (hOPMYJIBI.

3.5. YcaoBusi coXpaHeHHMSI MeKOCEBbIX PacCTOSIHUM

B MOJACPHU3UPOBAHHOM IIPUBOAEC

[Ipu mnpoexTHpoBaHUM OECCTyNEHYATOrO MPUBOJIA, B3aMEH MMEIOIIIE-
rocsi B 0a30BOM CTaHKE, HEOOXOAMMO BBINOJHUTH JIBa IPOTUBOPEUUBBIX
TpeOOBaHUS — COXPAHUTh HEM3MEHHBIMU 0a30BbIE MEXKOCEBBIE PACCTOSHHUS
MEXy BaJlaMd M 00€CIeYUTh MPH 3TOM MaKCUMAaJbHBIM AHana3oH pery-
JUPOBAHUS YACTOT BpalleHus mwnuHaens. i sroro HeodxoauMo odecne-
YUTh JBA YCIIOBHS.

IlepBoe ycioBue. /[ns1 oOecrieueHUss HEU3MEHHOCTH 3HAYEHUI 0a30-
BBIX MEXKOCEBBIX PAacCCTOSIHUN HEOOXOJMMO Ha3HayaTh IMEpeNaToYHbIe OT-
HOILIEHUS 3yOUaThIX 3alEIJICHUN MEXIY COCEJHUMHU BaJlaMU MPOEKTUPYE-
MOT0 MPHUBOJA C HUKENPUBEACHHBIMUA OIPAHUYEHUSMU.

[Ipu pazMelieHnn MEeX1y BajlaMUd OJUHOYHON 3yOuaToil mepemaadn Ha-
3Ha4aeMOE IEPEJATOYHOE OTHOIIEHHE [ TOIHKHO MOIYMHATCS yCIOBUSIM:
— JUUIS1 TIOBBILIAOIIEH TIepefadn
; ;6a3 .
1<i <imax; (3.12)

— JUISl TIOHWYKAIOLLIEH TIEpeIaduu
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08 < <1, (3.13)

min —

:0a3 .0as
e Ujmax Y lyin — COOTBETCTBEHHO MAaKCHUMAJbHOC WIJIM MUHUMAJIbHOC

NnepeaaTovYHoC OTHOMCHUEC MCKIY TCMH JKC BaJlaMU B 0a30BOM IIPUBOJIC.
HpI/I pasMCIICHUN MCKIAY COCCAHHMMU BajlaMH B HOBOM IIPHUBOJIC

l“pyr[HOBOfI nepcaadiu €€ MUHUMAJIBHOC 1ICPCAAaTOYHOC OTHOIICHUC, C IIC-

JIbXO COXpAaHCHUS PACCTOAHUA MCKAY BallaMH U oOecrieueHUss MaKCHUMaJlb-

HOT'O Axaria3oHa peFYJ'II/IpOBaHI/IH, JOJI2KHO paBHHTI)CSI 6330BOMy, T. €.

. __ .0a3

L= lmin - (3.14)
MakcumaiibHO€ TIepeIaTOYHOE OTHOUICHHWE B TPYIIIOBOM Iepenade, Ha-

3HAYAEMOE C TOM K€ LENBIO, TOJHKHO NOAUYUHATCS YCIOBUIO
: :6a3
22i=1/iy%, (3.15)
Berpeuatorest cimyuyau, Koraa MeXAy COCEJHUMHU BajJlaMH 0a30BOTO
IIPUBOJA PACIIOJIAraeTCs IPyIIoBas Iepeaada TOJBKO C MOBBIIIAKIIUMUA
nepeaTOYHbIMU OTHOLIEHUsIMU (Hanpumep, B ctanke 1K62). IIpu paspa-

0OTKe 6€CCTy1'I€HLIaTOI‘O BapHaHTa IIPpUBOAA TAKHUC 3alCIIIICHUA OOBIYHO

3aMCHAIOTCA OAMHOYHBIMHA ITIOHMKAIOIMIUMU IICPCaadaMu, Y KOTOPEIX IICPC-

:0a3
JaTOYHOE OTHOIIEHUE HE TOJDKHO ObITh MEHBIIIEC BETUYUHBI 1 / Lmin, T- €.
i> 1/i%s3 (3.16)

[Ipu HecoOMIOeHNHY BBINMICTIPUBEICHHBIX HEPABEHCTB COXPAHUTH Oa-
30BBIE MEKOCEBBIC PACCTOSHHS OyJeT HEBO3MOXKHO WJIM KpaiHE 3aTpy-
HUTenbHO. ClienyeT HaMOMHMUTB, YTO paHee MpHu pa3padoTke rpaduka yac-

TOT BpalllEHUs] CTYNEHYaTOro MPUBOJA NEPEAATOYHBIE OTHOIICHUS MEXKITY
1 .
BaIaMH OrPAHNMNBATHCE HEPABEHCTBOM <i1<2

Bropoe ycnoBue. [l oOecrnedeHuss MaKCHMMaldbHO BO3MOXXHOTO
JMana3oHa PeryJIupoBaHUs YaCTOT BpPAIlIEHUs B OECCTyNEeHYaTOM MPUBOAC

TPYIIIIOBBIE Tepeadyu CIeAyeT pacrojararh Ha TeX Bajiax 0a30BOro IMpu-

BOJIA, MEXJIy KOTOPBIMH [EPEIATOUHbIC OTHOLICHHS {053, W igffn UMEIOT

NpCACIbHBIC 3HAYCHUA. OTUM 3HAYESHUSIM Ha l"pa(l)I/IKe qaCTOT BpalllCHUA
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0a30BOT0 CTaHKA COOTBETCTBYIOT Jy4Hd C HAWOOJIBIIMM HAKJIOHOM, TEepe-
KpbIBAIOIME HaWOOJIbIIIEE KOJUYECTBO HHTEpBANOB. Jlpyrue rpynmnoBbie
nepegayn 0a30BOro IMPHUBOJIA 3aMEHSIIOTCS OJJTMHOYHBIMU 3yOuaThIMU 3a-
HEIJICHUSIMUA C TMEePEelaTOYHbIMU OTHOILICHUSIMU, YIOBJIETBOPSAIONIMMU He-
paBeHctBam (3.12, 3.13). CnenyeT OTMETUTh, YTO BBIICTPUBEICHHBIEC YC-
JIOBUS KacaroTcsl TOJBKO 3yO4aThIX TMepesady U HU B KOEH Mepe HE MOTyT
UCIIOJIB30BaThCs ISl pEMEHHbIX. JlJIsi peMEHHBIX Tepefiay MepeaTouyHoe

OTHOIIIEHUE MOXKET BhIOMpaThCs B mipeaenax [7, 8].

1>1i2> 015 (3.17)

I'padpuyeckass uHTEpHIPETALMSA YCITOBHH

B cnyuasix, korga psjpl 4acTOT BpallleHHs IIMUHJEIEeH Yy 0a30BbIX
CTaHKOB UMEIOT CTPOrO YIOPSAOYEHHBIN XapakTep (COOTBETCTBYIOT HOP-
manu HI11-1, cm. mpun. b) BbIieo003HauYECHHBIE YCIOBUSI MOKHO MHTEP-
IPETUPOBATH Tpauuecku. DTO MO3BOJUT MPU MOCTPOEHUU rpaduka vac-
TOT BpallleHHs] C OECCTYNEHYaThIM PETYJIMPOBAHUEM HE MCIOJIb30BAaTh HE-
paBeHcTBa (3.12) ... (3.16) s ompenesneHus MpeaeabHbIX 3HAUCHUN Tie-
pEIaTOYHbBIX OTHOIIECHUH.

['paduuecku 3HaueHKUE TIEPEATOYHOTO OTHOIICHUS ONPEEseTCs Ha-
KJIOHOM Jiy4a Ha rpaduke yacToT BpaiieHus. [Ipu 3ToM BeMurnHa HaKJIOHA

OJHO3HAYHO OIIPCACIACT KOJINYCCTBO MHTCPBAJIOB, IICPCKPBIBACMEBIX 3THM

nydom. Tak, Hampumep, Ha puc. 2.6,a 3HayeHue I OyaeT ONpenessThes

HAKJIOHOM JIy4a, TIEPEKPBIBAIOIIEM 3 WHTepBala, a lg — HAKIOHOM JIyda,
MEPEKPhIBAIOIIEM 4 HHTEpBaJa.

[ToaToMy mipu mocTpoeHuu rpaduka ¢ 0ecCTyleHYaThIM PETyIHpOBa-
HUEM CJIelyeT MPOBOJUTH JIydyd MOHUKAIOIIMX Mepenad (JIMHUI0 MHUHU-
MaJIbHOM peyKI[MK) C TEeMH K€ HaKJIOHaMH, YTO U Ha rpaduke NpuBojaa
06a3zoBoro cranka. OJHAKO A3TO BO3MOXKHO TOJBKO B Cllydae, KOrja

3HaMEHaTeNlb T€OMETPUYECKOW MPOTPEeCcCUr B MPUBOJE 0A30BOTO CTAaHKA

¢ =1,26. Eciin ke B 6a30BoM npuBoje P = 1,41, To ciexyeT BOCIONb30-
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BaTbCs JaHHBIMU  Tabi. 3.3, B KOTOpOW NMPUBOASTCS 3HAYEHUA Iepera-
TOYHBIX OTHOLIEHMH [ JUIs TIOHMKAOIMX IMEPeNady U COOTBETCTBYIOIIEE
UM KOJIMYECTBO MEPEKPBIBAEMBIX MHTEPBAIOB IIpu P = 1,26 u ¢ = 1,41.

Tabnuua 3.3

Hepez[aTquLIe OTHOLICHUA U KOJIMYCCTBO HHTCPBAJIOB,

IIEPEKPBIBAEMBIX JIy4aMH IIEPeNad IIPU pasHbIX @

) KonmuecTBo nHTEpBanoB
1,41 0,5 | 1,5 2 2,5 3 3,5
1,26 1 1,5 2 3 3,5 4,5 5 6
[Iepenatounbie OTHOLICHUSA
i ~0,8 0,71 | ~0,63 0,5 ~043 | 0355 | ~0,31 0,25

Hanpumep, ecnu Ha rpaduke 4acToT BpallleHHs 0a30BOro IMpUBOJA

craka ¢ (¢ = 1,41 sny4 noHmxkaromeu nepenadu NepeKkpbBacT 2 UHTEPBA-

Ja, TO Ha CTposiiieMcs rpaduke MoAepHU3UpyeMoro npusoja ¢ ¢ = 1,26

OH OOJIKCH IICPCKPBIBATH 3 HHTCpBAJIA.
3.6. Tun n XaPaAKTEPUCTUKU PEIYIHPYEMOI0 JICKTPOABUTI ATEC/IA

B kauecTBe MCTOUHMKA JBWKEHUS JIsI pa3padaThiBa€MbIX MPUBOOB
11eJ1eCo00pa3HO MCIOIb30BaTh PETYIUPYEMbIE ACHHXPOHHBIE 3JIEKTPO/IBH-
ratenu ¢upMmbl Siemens (I'epmanus). J[Burarenu 3toil GUpMbl IO CBOUM
XapakTepUCTUKAM U MapaMeTpaM 3aHUMAIOT OJIHO U3 BEIYIIUX MECT B MU-
p€ 1 XOPOIIO OCBEIIEHBI B IOCTYITHBIX UCTOYHUKAX [6].

MapxkupoBka nBurareneit uMeet 0ykBeHHO-IU(PpoBoe 0003HAUECHHE

B BHUJIC:
1 2 3
— — —
1PH7 000 - NOO ,



rae 1 — tun asuratens (1PH7 — acuHXpOHHBIN peryiaupyeMblil JBUTATENb);

2 — OCHOBHOM XapakTepHBIN pa3Mep ABUraTens (BbICOTa OCHU Baja JBUTa-

Tenss, MM), obOo3Hadyaembli Tpems 1wmdpamu 101,... 133,... 167... ;
3 — HOMHMHAJIbHAS YacTOTa BpamieHus N5 ™, 3aK0qupOBaHHAs JTATHHCKUMHU

oykBamu NF, ... NG, ... NL, ... unu OykBamu u mudpamu ... NB4,
ND4, (moapobnee, cM. kataior [6]).

Bri0op asiekTpoaBUTaTEeNsl CyIIECTBEHHO 3aBUCUT OT pekuma pabdo-
Thl, B KOTOPOM CTaHOK W, COOTBETCTBEHHO, JBHUTATENIb OYIyT AKCILTyaTH-
poBaTbcsi. Bcero HOpMHPOBAaHO BOCEMb PEXKUMOB pabOThI [1], KOTOpbIE
ycioBHO obo3Havarotes S1, S2, ..., S8. Hawubonee pacnpoctpaHeHbl HO-
MUHAJIBHBIN S1 U nepemexaromuiics S6 pexxuM padoTHhI.

Ha puc. 3.5 npuBenensl noapoOHble 3aBUCUMOCTA MOIIHOCTH ACHH-
xpoHHoro snekTpoasuraresisi 1PH7 103—ND oT yacTtoTsl €ro BpalleHus,
3alMMCTBOBaHHbIE U3 KaTanora [6, c. 41]. IIpu BeIOOpe nBUTaTesns BO BHU-
MaHHE NPUHUMAETCS TOJIBKO Ta 3aBUCUMOCTb, KOTOpasi COOTBETCTBYET pe-
KUMY, YKa3aHHOMY B 3ajlanuu. Hanpumep, st pexkuma S1 3aBUCHUMOCTh

OonpeCACIICT YYAaCTOK pa6OTBI JIBUTATENsd C IIOCTOSHHOM HOMHHAJIbHOM

morHocteio PYYM = 3.7 xBr, mauunas ¢ niy M= 1000 06/MuH U KOHYas

gactoToii Ny = 3800 06/MuH. MHTEpecyrommil HAC IUAaa30H PEryJH-

POBaHuA ABHUIATCIIA C IMOCTOSIHHOM MOIDHOCTBIO B 9TOM PCKHNMC pa6OTBI

COCTAaBIISIET Raﬂ,p = 3800 : 1000 = 3,8. 3aBucuMOCTh S1 COOTBETCTBYET

MPOJOJIKUTEIEHOMY PEXUMY PaOOTHI JBUraTelisi C HOMHUHAIBHON MOIIHO-
CTBhIO M YCTAaHOBUBUIEHCS TEMIIEPATYpOUM HArpeBa BCEX €r0 4acTeu. 3aBU-
CUMOCTH S6 COOTBETCTBYIOT MEPEMEKAIOIIEMYCSI PEXKUMY paOOThl IBUTa-
TeJIsl, TP KOTOPOM padoTa Moj| Harpy3Kou (JBUraTesib HarpeBaeTcs) uepe-
JyEeTCsl C XOJIOCTBIM XOJIOM (JIBUTATeNlb oxJaxaaercs). B pexxume S6 nBu-
raTesib KpaTKOBPEMEHHO MOXKET pa3BUBATh MOITHOCTH OOJIbIIIE HOMUHATb-
HOW M, 4eM MEHbIIE BpeMs padOThl €ro MOJi Harpy3KoH, TeM OOJIbIIYIO
MOIIHOCTh OH pa3BuBaeT. Ho mpu 3TOM CylIECTBEHHO COKpalllaeTcs Aua-

I[Ma30H PCryjJupoBaHus 4aCTOT BpAIOCHUA ABUTATCIIA C MMOCTOSIHHOM MOIII-
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HOCTBIO. Buano, uro pexum S6 — 60% COOTBETCTBYET MOITHOCTH JIBUTa-

tens 4,5 kBT, a B pexume S6 —40% nBurarenb pa3BUBAET MOIIHOCTH

5,3 kBT1, HO npu 3TOM auana3oH Raﬂ_p BMecTo 3,8 cokpamaercs a0 3,1
(3100 : 1000 = 3,1).

Tabnuua 2-6 AcuuxpouHbid Asuratens 1PH7103- oNDoo

Prou (1 Muou Vons fimax | Toggm J m
[xBT) [oG/m.) | [Hw) (A] [06/mun] | [munyT) [erw) [xr]

37 1000 35 10 2000 20 0,017 40

60 —
55 1. . S6.40% (13.0A)
50 4
45 1
49 + 51(10,0 A)
as +. . I S—N R A .
30 L. . e

2s | ' ' ' '

20 4
15 L
10 +
05
00 - : . : . A X A
”;»;_;u 1000 ™, 2000 m/m 5000 6000 7000  BOOO 9000
Ny =[5 na =000 1 =380 n [o6/MWH.)

Nuunna 6rpaHHqéHnn
HanpaMeHua.

| .Sﬂ-m. ['-|1l.5 A)

P [KBT)

. ANUTENLHO | KDATKOBPEMCHHO
——S j

Puc. 3.5 3aBucumoctu MOITHOCTH 3JICKTPOABHUIATCIIA

OT 4aCTOTHI BpaieHus [6, c. 41]

HpCI[CJ'IBHaH JaCcToTa BpallCHHUA PaCCMATPHUBACMOI'O JABHIATCIIA,

corjjacHo rpaduky, cocraBisier 9000 o006/MuH, HO, HayuHas C

max

n,,;”" = 3800 006/MHH, MOLUTHOCTb JBUraTeJs CYLUIECTBEHHO MAaJaeT, U IO-

9TOMY IIPpH pa3pa60TKe KMHCMATUKHU IMIPUBOJAA I''TaBHOT'O ABUXKCHUA 4aCTO-

Thl Ha y4yacTtke 3800 ... 9000 06/MHUH HE IPUHUMAIOTCS BO BHUMaHHUE.
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O0mmii MOpAXOK M YCJOBHSI BbIOOpa aBUraresss (B Y4eOHBIX
HeJIAX) CBOIATCH K CeAyuleMy:

1. CornacHo yka3aHHOMY B 3aJJaHUU PEXXUMY pabOThI 3JIEKTPOJIBUTA-

teast S1 wnm S6 M COOTBETCTBYIOILICH BeMUUMHBI MotiHOCTH P, B Kara-
jgore [6] OTBICKMBAIOTCS HECKOJIBKO (MHOTJA OJWH) JABHIaTeIei, MOIII-
HOCTb KOTOPBIX B YKa3aHHOM PEXHME MaKCUMaJIbHO OJIM3Ka K 3aJaHHOM.

2. U3 atux aBuraresneil BbIOMpAETCsl TOT, KOTOPHIA UMEET MEHBIITYIO

YaCTOTY BpALIEHHS C MOCTOSHHOM MOLIHOCTBIO NiY™ ¥ MEHBIIYIO MacCy

M, BeJIMYKMHA KOTOPOW MPHUBOJIUTCS B IMOCJIEIHENH KOJIOHKE TaOIUIbl Hal
rpapuKoOM.

[Ipu odopmienun puc. 3.5, 3aMMCTBOBAHHOI'O M3 KaTajora, Heo0Xo-
MO BBIJIEIUTh 33JJaHHYIO 3aBHCHUMOCTb JKUPHOW JIMHUEH, TOHKUMH Bep-
TUKQJIbHBIMH JIMHUSAMH O0O3HAYUTh TPAHULBI YYacCTKa paOdOTHI ABUTATEII

¢ noctostHHOM MotmHOCTRI0 (1000 u 3800) u mpocTaBUTH 0003HAYEHUS

HOM max
n

an M N5;°7 . Kpome 3Toro, Ha rOpu30HTAIBHON IIKase rpaduka JOHKHA

OBITh OTMEUEHAa W MHHHMAaJbHas 4acToTa BpalliCHUA JSJICKTPOABUTATCIIA

noin (e, 1. 3.9).

3.7. llocTpoenne rpapuka 4acToT BpalleHUs NPUBOAA

¢ 0eccTyneH4YaThIM PeryjMpoBaHUEM

['paduk yacToT BpalleHus IIMUHJEI ¢ 0€CCTyNeHYaThIM PeryIrpo-
BAHUEM SIBJISIETCSI OCHOBOM JIJI pa3pa0OTKU TEXHUYECKOTO MPOEKTA TJIaB-
HOTO MPUBOJIA, BHIMOJHIEMOr0 B paMKax KypCOBOI'O MPOEKTa IO JUCIIMII-
auae MPC i MITTOMC. Jlnsg Toro 9ro0bl HCKIIFOYUTh CEPhE3HBIC OC-
JIO)KHEHUS TPU JaJbHEUIIEM TPOCKTUPOBAHUHU, HEOOXOIMMO Ha dTare pa-
00Tl HaJ TpadUKOM CTPOTO BBHINOJIHATH TPEOOBAaHUS, H3JIOKECHHBIC
B 1. 3.2. Oco0oe BHMMaHHUE MPHU NOCTPOEHUHU rpaduKa CienyeT yAelnuThb

BOIIPOCAM COXPAaHCHUA 0a30BBIX paCCTOSIHI/Iﬁ MCIKAY OCAMHU BAJIOB IIPUBO/Ia
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Inpn  yCJIOBUH oOecrieyeHUss MaKCHUMaJIbHOTO Auama3oHa peryiu-

pOBaHUsA YacCTOT BpAILEHUS IIMUHJEIAS C TOCTOSHHONW MOIIHOCTBIO
Rmp.p = 3H.p * RK.CK (CM. pI/ICo 3-2,B).

IIpeamosoxkuM, 4YTO CTyNEHYATBIM TPUBOJ 0a30BOro CTaHKa
(cM. puc. 2.6) UMeeT pa3eIECHHYI0 KOMIIOHOBKY U CIIOKEHHYIO CTPYKTYPY;

KOJIMYCCTBO BaJIOB PABHO 7; 3HAMCHATCJIb (P = 1,26; MaKCHUMaJIbHas

YacTOTa BpALICHWs INIUHJETS ni¢* = 800 o6/mMun. CornacHo

3aJIaHUI0, B3aMEH CTYIEHYATOro HeoOXOoAuMO pa3paboraTh OeccTyrneHYa-

TBIA NOPUBOJ C MAaKCHUMaJbHOW 4YaCTOTOM BpAalICHHUS IINHHACISA

ntd* = 3750 06/MMH NpH HCHONIB30BAHUM PETYIMPYEMOrO IBHTATENs

HOM o
motHocTeio P = 3,7 kBT, pa3BuBaemoii Ha pexume pabotst S1 . Yucio
MEXAHUUYECKHUX CTYNEHEW 4acTOT BpalICHMs , 00E€CIIeUnBAaEMbIX KOPOOKOU

CKOpOCTel U nepedopHoi rpymmoi, Z =2 + 2 =4,

Bb100p 3s1eKTpOABHUTATEIA

[Ipexe yeM MpUCTYNUTh K MOCTPOEHUIO rpadrka, HEOOXOIUMO MPHU
MIOMOIIIM KaTajora [6] BeIOpaTh HanbOoJiee MOAXOASAIIMNA IO CBOMM XapakK-
TEPUCTUKAM DJICKTPOJIBUTATENb.

B kartanore Siemens Ha ctpanunax 39...42 mpuBeIeHbl XapaKTepu-
CTUKH YETBIPEX IIEKTPOABUTATENIEN C OAUHAKOBOW HOMUHAJIBHOM MOIIHO-
cteio Pi." = 3,7 kBr. U3 HuX, clefys yKa3aHUAM 11.3.6, BEIOUpaeM JBUTa-
tenb Tuna 1PH7 103—ND. I'paduku MOITHOCTH 3TOrO JBUTATENIS, TPUBE-
JneHHble Ha c. 41 katanora, odhopmisitorcst B Buae puc.3.5. Ha 3aBucumo-
cTi S1 TOHKUMH CIUTOLIHBIMU JIUHUSMHU BBIIEIAETCS Yy4aCTOK paOOThI JIBU-

o HOM
raTessi ¢ MOCTOSIHHO# MotHOCThIO P, = 3,7 kBT 1 0TMEYar0TCs 4acTOThI

HOM

Bpamenus Noo” = 1000 06/mun 1 NJ2* = 3800 06/MuH. [lnana3oH pery-

JIUPOBAHHUA YAaCTOT BpPAIICHHUA SJICKTPOABHUIATCIIA C IIOCTOSIHHOM MOIIIHO-

CTBIO COCTaBUT (cM. hopmyiy 3.1)
Rynp= ngp®® : nif™ =3800 : 1000 = 3,8.
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MuHHMaNbHas 4acToTa BpPALEHHs dJIEeKTPOABUraTels ng’}li" onpee-
nsiercst mo gpopmyiie (3.2).
nMn=(0,1...0,2) - n%=0,1 - 1000...0,2 - 1000 =100 ... 200 06/MHH.
Ipurnmaem NTH = 150 06/MHH M OTMEYAEM 3TO 3HAYCHHE HA Ipa-

¢duke (cMm. puc. 3.5). Ha sTolt yacTote BpallieHus: JBUratesib OyJeT pa3Bu-

BaTh MOIIHOCTh ng”'" ~ 0,5 kBT, B ueM jerko yOemuThCs MPHU TOMOIIH
rpaduka Ha puc. 3.5.
Jlnama3oH peryupoBaHus MIEKTPOABUTATENS C TIOCTOSTHHBIM MOMEH-
TOM cOCTaBUT (cM. hopmyiy 3.3)
Ropn= DM . n™1 = 1000 : 150 = 6,67,
a ero oOIMi quarna3oH peryiaupoBanus (cM. hopmyiy 3.4)

R,, = nia% . nMin — R, - Ry =3800: 150 =3,8 - 6,67 =25,3.
IHocnenoBaTe/IbHOCTH NOCTPOEHUA IPaPUKa YACTOT BPAIlCHUSA:

1. [lppaMaeM KOJIMYECTBO BAJIOB /I OECCTYIEHYATOr0 IPUBOIA Ta-
KAM K€, KaKk W B CTylneH4YaTOM O0a30BOM TIpHWBOJE 0a30BOTO CTaHKa
(cm. puc. 2.6), T. €. paBHBIM 7.

2. BeimuceiBaeM 9mMCIa CTAaHAAPTHOTO Psa YacTOT BpAIEHHUS IITHH-
nens  co 3HaMmeHareneM (O = 1,26 (cM. mpwi. b), koTopble npu nocTpoe-
HUU TpaduKa ¢ OECCTyNeHYAThIM PETYJIUPOBAHUEM HOCSIT Cyryoo BCIIO-
MorarejibHoe 3HaueHue. Jljiss Toro 4toObl cTporo (UKCUpOBaHHAs HOMHU-
HaJIbHas 9acToTa BpaleHHs BHIOPAHHOTO dJeKTpoaBUrareas No ot = 1000

00/MUH BCTPOUTIACH B CTaHHapTHBIﬁ PAA, BBIIIMCBIBACM YUCJIa 9TOIO psaa,

HauyuHas co 3HadeHus Ny = ni>™ : 1000 = 1000 : 1000 = 1 06/MuH.

MaxkcuMaJIbHOE YHCJIO BBIITMCHIBAEMOTO paaa J0JIZKHO OBITh HE MEHEE

max max

max _
nan -

win NaX. B pameM coydae NAX = 3800 o6/MmH, a N

3150 06/muH — mosTOMy BbITIMCHIBaeM uucia psja 10 4000 o6/mun. Beero,
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HaunHag ¢ 1 o0/mMuH u 3akanumBas 4000 o0/MuH, HEOOXOAUMO BEIITHCATH
37 uucen (1, 1,25,...1000, 1250,...3150, 4000).

Cnenyer uMeTh B BHJY, UTO MPU OKOHYATEIBHOM O()OpPMIICHHM Tpa-
(bHKa 9acTh JUITHUX HIDKHUX YaCTOT BPAIICHUS OOBIYHO yIAIISICTCS.

3. Ctpoum cetky Oyaymero rpaduka (puc. 3.6) B Bujie 7 BepTHUKAIb-
HBIX JINHUW — BAJIOB U 37 TOPU30HTAJIBHBIX JJUHUM — YaCTOT BpaIICHUS Ba-
JIOB TIPUBO/IA.

Hanpotus Bana mmunaens (VII Baix) HaHOCATCS BBIMMCAHHBIC paHEe

yacToThl Bpaimienuss oT 1 go 4000 o06/MuH, a Ha Baly »3JIEKTPO-

JBUraTeNs oTMedaroTess Nopox = 3800 o6/mMub, Ni™M = 1000 06/Mun
u namninz 150 06/mun. Ha puc. 3.6 uactorel BpamenHus 1...6,3 He

000O3HaYeHbI, T. K. MOCIE MOCTpOoeHUs rpaduka OHU ObUIM yAaJCHBI
3a HEHaI0OHOCTHIO.

[Ipu 3TOM YacTOTHI BpallleHHs, KOTOPbIE HE PaBHbI 3HAYCHHSIM CTaH-
JAapTHOTO pslia, OTMEUYalTcs Ha rpaduKe B CepellMHEe HWHTEPBAJIOB.
Hamnpumep, Touka onpenenstonias yactoTy Bpamienus 3800 o0/MuH HaHe-
ceHa B cepenune unrepBaia 3150 — 4000 o6/muH, a yactora 150 06/MuH B
cepenude uarepBaia 125 — 160 06/mMuH.

4. HaznauaeM MecTa pacloJIOKEHUS TPYIIIOBBIX U OJMHOYHBIX TIepe-
7a4 B pa3pabaThiBa€MOM MPHUBO/IE.

W3 3amanus cieyeT, 4YTo YMCIO0 CTYNEeHeH 4acToT BpallleHusl, o0ecrie-
YUBAEMOE MEXaHUKOW OECCTYNEeHYaToro MpuBOAA, JOJDKHO OBITH PAaBHO
Z =4 =2 + 2. 3HauuT, B KOpoOKe ckopocTeit (cM. puc. 2.6) He0OX0aAUM
TOJIBKO OJIMH JIBOMHOM OJIOK IIECTEpEeH, a YABOCHHUE YacTOT BpallleHUs Ha
HMIMUHJEIe OYyIeT MOIYYeHO 3a CUeT NMepeOOpHOM TPYIIbI B IIMUHISIHHON
6abke. C 1enpi0 MOJIyYeHUs] MaKCUMaJIbHO BO3MOKHOTO JHaria3oHa pery-
JUPOBAHUS 3Ty TPYIIIOBYIO Mepeaady B KOPOOKE CKOPOCTEH CleayeT pac-
MOJIOKUTH Ha T€X BaJlaX, MKy KOTOPBIMU JIyd TEpeAaTOYHOI0 OTHOIIIE-
HUSl TIOHIDKAIOIIEH nepeadyn B 0a30BOM MPUBOJE MEPEKPHIBAET HAMOOb-
1iee KOJMYECTBO HWHTEPBAJIOB IO CPABHEHUIO C JAPYTUMHU 3yO4yaThIMU

3alCTJICHUAMA NPUBOJA.
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Puc. 3.6. I'paduk yactoT BpalieHus 0eccTyneH4aToro mpuBoja
TJIABHOTO JIBM)KCHUS CTAaHKA MOJI. ...
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B 6a3oBoii kopoOke (cM. puc. 2.6,a) J1yuud ¢ HaUOOJBIIUM HAKIOHOM
I, ¥ lg MEPEeKPBIBAIOT TPU MHTEpBasia. [103TOMY B HaIllleM cilyvae JBOWHON
0JIOK MOHO pacnoyiokuTh kak Ha I, Tak u III Banax. Jlyumie Bcero, kak u
B 0a30BOM IPHUBO/JIE, IBOMHOM OJIOK pacmnoyioxuTh Ha I Baiy, a oguHOU-
Hy10 nepenady cMoHtupoBath Mmexay Il m III Basamu B3ameH 06a3oBOro
TpPOIHOTO OJI0KA.

5. HanocuMm Ha rpaduke Jy4d JUHUA MUHUMAQIBHON pPEAyKIHUH TPU-

BOJIA, COEMMHsIONIEH yacToThl N5V u NjioY . BenuuuHa Ny T10Ka HEU3-

BECTHA, U MOATOMY HAHECEHHE JIydel COCTOUT W3 MPEIBAPUTEIBHOTO U
OKOHYaTEJIBbHOIO 3TAIOB.

[Ipn Hamuuuu B MPUBOJIE PEMEHHBIX IE€peaayd, UX MepeaaTOYHbIE OT-
HOIIEHUS (a, 3HAUYUT, U HAKJIOH Jy4eil) Ha HadyaJlbHOM JTare MOCTPOCHHUS
rpaduka cieAyeT NPUHUMATh PaBHbIMU 0a30BbIM. OKOHUYATEIHHOE OIpe-
JIeJICHUE HAKJIOHA JIy4el JTUX mepefad OyJeT MpOU3BOIUTHCS Ha 3aBep-

IIAIOIIeH CTaAuu MOCTPOCHUS TpaduKa C IEIbI0 00eCIIeUeHUs 3aaHHOMN

YaCTOTHI BpaleHus Niax

Jlyun nepeaaTOUHbIX OTHOIICHUN MOHMMKAIOIIUX 3y0UaThIX Map Mex-
Jy COOTBETCTBYIOIIMMH BaJaMH HAHOCATCS UCXOMAS U3 YCIOBHM, U3JIOKECH-
HBIX B 1. 3.5. HakiioH 3THuX jy4yeil H0KeH ObITh TAKUM K€, KaK U Ha rpa-
¢uke vacTtoT BpamieHusi 6azoBoro mpuBoja. TakoW moaxon OyneTr cmpa-

BCIJINB, CCJIIM 3HAMCHATCJIb IIPOIpCCCHUU B 0a30BOM IIPpUBOAC PAaBCH

¢ = 1,26 . IIpu ncnonszoBanuu B 06a30B0il kuHeMatuke @ = 1,41 cnenyer

UCIOJIBb30BAaTh JJI1 TIEpeBOJAa 3HA4YeHWW () JaHHBIC, IPUBEICHHBIC
B Tabu. 3.3.

[Ipy HEynopsiAOUEHHOM psijJie 4acTOT BpallleHusi B 0a30BOM IPUBO/IE
HEOOXOJIUMO OMPENIENATh 3HAUEHUS NPEICNIbHBIX MEPEeAaTOUHBIX OTHOIIIE-
HUW MEXIY COCEIHUMHU BajaMHu, PYKOBOJICTBYSICh PEKOMEHJALUSIMU, W3-
JIOKEHHBIMU B IIEPBOM YACTH II. 3.5.

6. Hanocum Jy4u MOBBINIAIONIMX TEpeaad, BXOASIIUX B COCTAB IPyI-

ITOBBIX BaHCHHCHHﬁ. HpI/I 9TOM IICPCAATOYHBIC OTHOIICHUA ITOBBLIMIAOITHNX
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nepeaad cieayeT MpUHUMAaTh MAaKCUMAJIBHO OOJIBbINICH BEIMYUHBI HA OCHO-
Be HepaBeHCTBaA (3.15).

7. Ha 3aBepmaroiiieil craauu noctpoeHusi rpaduka mTpou3BOJIUM €ro
KOPPEKIHIO C LENbI0 00ECIEUEHNUs 3aJaHHONM YacTOTHI BpAIEHHS N,
[Ipn HaMMUMKM B MIPUBOJAC PEMEHHBIX Iepeaad 3TO OCYIIECTBIIICTCS U3Me-
HEHHEM B JIOMyCTUMBIX Mpejaenax (cM. HepaBeHCTBO 3.17) ux mepenarou-
HBIX OTHOMICHHUH. [Ipyn OTCYTCTBUU peMHEN KOPPEKIUs MTPOU3BOIUTCS W3-
MEHEHHEM TepeAaTOYHbIX OTHOIIEHWN OJMHOYHBIX 3yOUaThIX TMap Ha OC-

HOBe coOuroieHus HepaBeHCTB (3.12), (3.13) u (3.16).

IHopsinok mocTpoenusi rpadpuka B paccMaTpuBaeMoOM NpuMepe

Ilepeoaua I — 11

OT0 peMeHHas nepeaaya. Mcnonb3dyeM peMeHHYI0 niepeady 0a30BOro
npuBoga (cMm. puc. 2.6) ¢ Iy = @125/3150, x0T npu HEOOXOIUMOCTH

MOYKHO HCIOJIb30BaTh PeMEHHYI0 mepemady ¢ 1 > 0,15 (cm. dopmyy
3.17). CootBeTcTBeHHO Ha Il Bayly mpenenbHbIe 3HAUCHHUS YACTOT Bpallie-

HHS C IOCTOSIHHOM MOIIIHOCTBIO COCTAaBAT

n;* = 3800 - ﬁ ~ 3150 06/muH, n?}”" 1000 - ﬁ ~ 833,33 00/MuH.

OtMeuaeM 3TH 4acTOTHI BpaiieHus Ha rpaduke. [Ipu sTom, ogHa U3
TOYEK y KOTOPOM OTHOCHUTENIbHAs pa3HUIA MeXIy UCTUHHbIM (3167) u
cTaHJIapTHbIM 3HaueHueMm (3150) mMuHMManbHA, OTMEYaeTcs B IEpeKpe-
CTUU BaJla CO CTAaHAAPTHBIM 3HAYEHUEM YaCTOThI BpalCHUs, a Apyras B
cepequne wmHTepBaga 800 — 1000 o6/muH. Toukm 3800 — 3150 m
1000 — 833 coeauHANOTCS ABYMsI MapajuICNbHBIMU JIMHUAMHU, KOTOPBIE
COOTBETCTBYIOT MEPEIATOYHOMY OTHOIIICHUIO PEMEHHOM Nepeiaun.

llepeoaua 11 — 111
3aMeHsieM TpOMHOM OJIOK miecTepeH (CM. puc. 2.6) OJUHOYHON TOHU-

J)Karouen nepenayen. M3 3Toro pucyHka BUJIHO, YTO MPEAEITbHOE 3HAYEHUE
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nepenaToyHoro otHoumreHuss mexay Il u Il Bamamu B 6a30BOM CTaHKe,
0003HaYeHHOE [, , COOTBETCTBYET TPEeM HHTepBaiaM. I103TOMYy M3 TOUYEK
3150 u 833 06/MuH TPOBOAUM MMapaJIIeIbHbIE JTy4H, HUCIIQIAIOIIUE Ha TPU
untepBana. Ha Il Bany atu iyuu onpeaenst 2 Touku : 1600 u 416 06/mMuH.
Crnenyer MOMHUTH, YTO YBEIMYEHHE KOJIUYECTBA MHTEPBAJIOB MPOTUB Oa-
30BOM CTPYKTYPBI MPH MOCTPOCHUH Ipaduka OECCTYNEHIATOrO PETYIHPO-
BaHUS TMPUBEACT K YBEIMUYCHUIO MEXKIIEHTPOBBIX PACCTOSHUM MEXTY Ba-
namu II u 111, 9TO HEMOMYCTHUMO.
Ilepeoaua Il — 1V

3/1ech yCTaHaBIMBAETCA JIBOMHOW OJIOK IIECTEPEH, U MO3TOMY U3 TO-
yek 1600 u 416 06/mMun 0603HaueHHbIX Ha I Bamy ucxoasT no 2 myya me-
pEeIaTOYHBIX OTHOIICHUH.

MuHUMaIbHOE TEpeIaTOYHOe OTHOIIEHHe L B 0a30BOM CTaHKe
(cm. puc. 2.6) cooTBeTcTBYET 3 UHTEpBaiaM. [loaTomMy, Kak U B MpPeabIay-
meM ciydae, u3 Touek 1600 u 416 06/MuH npoBoauM 2 TIapajuieNIbHBIX JTy-
ya BHHU3 Ha 3 umHTepBana. Ha IV Banmy onm ompegenst dactorsl 800 u
208 00/muH. Jlyuu noBslaroiien nepeaaun, ucxoasiiue u3 touek 1600 u
416 o0/MuH, C 1EJIbIO MOJYyYEeHHUs] HauOOJBIIErO JHana3oHa peryaupoBa-
HUS TPOBOJUMM BBEPX Ha mpejaene Bo3MoxHoro (i< 2), T. e. uepes
3 wunrepBana. Ha IV Bamy st nyum onpenensar 4vactotel 3150 u
954 06/mun/

Illepeoaua IV -V

D10 peMeHHas nepeqaya (cM. puc.2.6), CBA3bIBAIOIIAs BHIXOAHOM Baj
KOpoOKkHM ckopocted IV ¢ mpuemMHBbIM BajioM IMINHUHJAEIbHONH 0albku V.
[lepenaTouHoe  OTHOIIEHHWE OTOM  mepenadyd B 0a30BOM MPUBOIL

COCTABIACT  lpey = Iy = @160 / @200. OueBngHo, YTO JyIA

obecrieueHnsl 3aJaHHOH MAaKCHMAJIBHOM YacTOTHI BPALIECHHUS LIMHHIENS
n'%* = 3150 06/MHMH NepenaToYHOE OTHOMIEHHE PEMEHHOM Mepenaun
cleyeT NpUHATH paBHBIM 1 : 1 . Jlud MOJAEPHU3MPYEMOro IpUBOJA

(cM. puc. 3.6) MPUHUMAEM OTHOIIEHHUE Loy = L5 = @200 / 2200.
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Illepeoaua V — VI
DTo mepBas MOHWXKAIOIAsA Tepenada B MepeOOpHOM Trpymme IIMUH-
nenbHOM 0a0ke (cM. puc. 2.6). [IpuHumaem ee nepegaToyHOe OTHOIICHHUE
TaKMM JKe, Kak U B 0a30BOM CTaHKe, OMPEIe/IAEMOM TaIcHUEM Jiyda [, Ha
2 untepBana. COOTBETCTBEHHO 4YacTOTHI BpailleHust Ha VI Bamy cocTaBsT:
2000, 621, 500 u 135,66 06/mun. Kak u panee, otMmeyaeM Ha rpaduke mo-
JTy4eHHBIC YHCIIa ¥ IPOBOANM JIy4YH MOHWKAIOIIEH repeaadn Lg.
Ilepeoaua VI— VII
Btopas monmxkaromas nepeaada B nepebopHoi rpymme (cm.puc.2.6)
[IpuauMaem ee mepenaToyHOE OTHOIICHUE TAaKXKE PAaBHBIM 0a30BOMY, UTO
COOTBETCTBYET MaJICHUIO Jy4ya Ha 4 uHTtepBasia. Yactorel BpamieHus Ha VII
Baity coctassT: 800, 243, 200 u 53,2 06/MuH.
llepeoaua V — VII
Kak u B 6a30BOM MpuBOJE, 3TO MpsiMas Niepeaada 4acToT BPAIICHHS C
V na VII Ban (Munys VI) ¢ nepenarounbiM oTHomeHueM Ig= 1. U3 rpa-
¢duka Ha puc. 3.6 BUAHO, YTO BEPXHUI JIyd 3TOU nepesayu OyJeT omnpeje-
JIATH 3aJaHHYI0 YaCTOTY BPallleHus HImMHAens Nl o* = 3150 06/muH.
Onpedenenue nﬂ,:n

Hanocum Ha rpaduke mITPUXOBYIO JUHUIO, KOTOPas MO3BOJUT OIpe-

JIENUTh MAUHUMAJIBHYIO YacTOTY BpalllCHHs MIMMHIAEHS N o' = 8 06/MUH.
Jlyuu 5TOM JMHUK TPOBOAATCSA U3 TOUKK NSt = 150 06/MUH Hapasieb-

HO JIy4aM JIMHUH, COEIMHSIONIEH OTMETKH YacToT BpanieHus Nt = 1000
i N = 53,2 06/MUH, TaKk KaK OHH COOTBETCTBYIOT TEM K€ IepeaaToy-

HBIM OTHOIICHUSIM [ — Ip — I3 — Ig — lg — [y (cM. puc. 3.6).

Onpedenenue OuanasoHos8 pe2yiuposaHusl
Jlvana3oH peryjaupoBaHus 4acTOT BPALEHUS ILIMUHIECIA C ITOCTOSH-

HBIM MOMEHTOM Ha Trpad)UKe 4acTOT BpAIlEHUsI OMPEACISIETCS aBTOMAaTH-

yeckd Rynn = Ropn = 6,7.
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JlnamasoH peryarMpoOBaHus C TMOCTOSHHOM MOIIHOCTBIO OIMpPEAESIETCS
OTHOIICHUECM
—_nmax . 4HOM _ . —
[MonmHpIi MUAna3oH PerylMpOBaHUsS YACTOT BpPAICHHS Ha IITHHJIEIC

COCTaBHUT

Rum = nMa% . nMin = 3150 : § =394,

OcHogHble 6b1600bI

VY 6a3oBoro cranka (cM. puc. 2.6) mpenensl 4acTOT BpAIlCHUsI IITHH-

mens coctapisroT B NIHt=63 a n% = 800 06/mMuH. COOTBETCTBEHHO

JMANa30H PETyJIMPOBAaHMUS YacTOT B 0a30BOM CTYNEHYATOM IMPUBOJIE

coctaBuT Ry;; =800 : 63 = 12,7, 9TO CyIIECTBEHHO MEHBIIE HE TOJIHKO

Riun= 394, wo u Ry = 59,2 B paspaboTanHoM OecCTyEHUATOM MPHUBO/IE.
Ou4eBHUIHO, UTO B HOBOM IPHUBO/IC JHANA30H PETYJIUPOBAHUS YACTOT Bpa-
MICHUST MITMUHJENSA C MTOCTOSTHHON MOIIHOCTBIO TTPEBOCXOIUT 0a30BbIN 00-
nee yem B 4,6 paza (59,2 : 12,7 = 4,66). IT0 NO3BOJUT CYIIECTBEHHO pac-
HIMPUTH TEXHOJIOTMYECKUE BO3MOXKHOCTH CTaHKA MOCJE €ro MOJEpHHU3a-
I[MA, TOBBICUTh MPOU3BOAUTEILHOCT M 3(DPEKTUBHOCTH OOpPaOOTKH.
Takke cinegyer OTMETUTh, YTO npakThueckn 45% BEpPXHEN 4acTW Iuarna-
30Ha C MOCTOSIHHBIM MOMEHTOM (B Hamem ciyvyae, HaunHas ¢ 20 ...
31,5 o6/MuH) sBsieTcs paboueid, Tak KaK Ha MaJIbIX 4acTOTaxX BpalleHUS
IINUHJEN TOJIHAsT MOIIHOCTh JIBUTATENsl B YHHMBEPCAJIbHBIX CTaHKaX

OOBIYHO HE UCIIOJIB3YETCS.

3.8. Onpenesienne KUHEMATUYECKUX MapPAMETPOB U MOCTPOEHHE

KHHEMATHYECKOM CXeMBbI

HOCTpOeHHe KUHEMaTUYECKON CXEMBbI IIpHUBOJAA I'NIaBHOI'O JIBHUKCHUS C
6CCCTy1'I€H‘IaTBIM PETYINPOBAHUCEM IIPOU3BOAUTCA HA OCHOBC KMHCMATHUKU

nprBojJa 0a30BOro cTraHka (CM. puc. 2.6) ImpH MOMOIIU pa3padOTaHHOTO
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rpaduka 4yacToT BpaileHus (cM. puc. 3.6). Ota cxema, B OTIUYUE OT CXEMBbI
CTYIEHYATOro MPHUBOJIA, JOJDKHA OBITH MOCTPOEHA CO CTPOTHM COOJIIOjIe-
HUeM MaciiTaba. B nepByto ouepe/ib 10IKHbBI ObITh HAHECEHBI PACCTOSIHUS
MEX]Iy OCSMH BaJIOB, 3aMMCTBOBaHHbIE U3 0a30BOTO MpUBOaA. JlnaMeTphl
HaYyaJbHBIX OKPY>XHOCTEN 3yOUaThIX KOJEC U JUAMETPhl IIKUBOB JTOJIAKHBI
CTPOT0 COOTBETCTBOBATh BHIOPAHHOMY MacIITa0y.

JluaMeTpbl IIKUBOB PEMEHHBIX Tepeaad ObUIM OMpPECICHBI B XOE
MOCTPOCHUs TpadyKa YacTOT BPAILICHUS U JIJI1 paCCMAaTPUBAEMOT0 MpUMe-
pa uMmerot cnenyroune 3HaueHus. Ha Banax I — Il pacnonararorcsi MIKUBBI

@125/2150 mMm, Ha Banax IV — V — mxussl @ 200/ 200 M.

Onpenenenue ynces 3y0beB HMIeCTEPEeH U UX JUAMETPOB

Omnpenenenne 4rces 3yObeB MIECTEPEH, MPU YCIOBUU COXpaHEHUS Oa-
30BBIX PACCTOSIHUN MEXIy BajaMHu, B OOIIeM cllydae HOCHT TpeaBapH-
TeJbHBIH XapakTep. IT0 00yCIOBJICHO T€M, UYTO MOKAa HE U3BECTHHI (hak-
TUYECKHE 3HAYCHUS MOJYJIeld 3yOuaThIX 3allelyICHUH U BO3MOJKHBIC BEJIH-
YUHBI CMEIICHUS WHCTPYMEHTa TpW UX Hape3aHun (cMm. 1. 3.3 u 3.4).
Ha nanHOM 3Tare nmpoeKTHUpOBaHUs OMpeeiIeHIe Yucel 3yObeB, 0COOEHHO
JUTSL 3alleIUICHUI TPYMIOBBIX Mepead, BO3MOXKHO TOJBKO IPHU HCIOIb30-
BaHUM BETUYUH MOJyJiel OT 0a30BOT0 MPUBOJA. Y TOYHEHHE YUCEN 3yOhEB
OyIeT MpPOW3BOAWTHCS B NalbHEHUIIEM TIpU pa3paOdOTKE TEXHUYECKOTO
IPOEKTa, mociie pacuera pakTudeckux (TpeOyeMbIX) BEIMUUH MOTYJICH.

CHayana ompeneNsitoTcsl ynciia 3yObeB KOJIeC MO JTUHUM MHUHHMAIIb-
HOM pelyKIIMM 4acTOT BpallleHUs] IPUBOJA, T. €. Ynciia 3yObeB MOHUKAI0-

KX repeAad. DTH YKCiia, M0 BO3MOXKHOCTH, CIEAYyeT OCTAaBISTh TaKUMU
’Ke, Kak U B 0a30BoM ctaHke (cM puc. 2.6. u 3.6), T. e. (i) =1, = 18/36,
(Ig) =i3 = 20/40, (ig) =14 = 28/43, (ig) =i, = 20/51. B ckoOkax
00O3HAuYEHbI TEpeJaTOUYHbIE OTHOIIEHUST Ha puc. 2.6, a 0e3 CKOOOK —

Ha puc. 3.6.
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3aTeM ompeaeaoTCs Ynciia 3yObeB KoJieC MOBBIIIAKINMX Nepeaayd B

IPYNIOBBIX 3aleIVIeHUsAX (IBOMHBIX WA TPOMHBIX OJIOKaX IIECTEPEH).
WUx cnexyert onpeaensts no GpopmyinaMm, MpUBEICHHBIM B padotax [7,8]:

— JJI1 BEAYHICTO KoJIeCa

Z1=2Aw-i/m(i+1), (3.18)

— IJIs1 BEAOMOTI'O KOJIECa

7> =171 : i, (3.19)
rae A® — MEXOCEBBbIE PACCTOSHUS, ONpe/esieMble HaYadbHBIMU THAMET-
pamu Kojec, MM (cM. puc. 3.4 u Taba. 3.2 ); M — MOAYJIU 3yOUaThIX 3alle-

IUIeHUH B 0a30BOM CTaHKE, MM; L — IepeJaTOYHbIe OTHOIEHUS B ABOMHBIX
WJIU TPOMHBIX OJI0Kax ImecTepeH (cM. puc. 3.6).
B paccmarpuBaemom npumepe (cMm. puc. 3.6) mexay Il u IV Baamu

YCTaHOBJIEH ABOMHOM OJIOK IiecTepeH. MeKoceBOe pacCTOSTHUE MEXIY

HUMH A® = 82,5 MM u Moayibr M = 2,75 MM ykazansl B Ta0u. 3.2. Ilepe-
JATOYHOE OTHOIICHHWE TMIOBBIIAIONIEH TIepeJjladyu JBOMHOro  OJioka

1, =3150/1600 = 2 onpexaensiem mpu oMoy rpaduka. Torma
721=2-825-2/275-2+1)=40, z,=40:2=20.

Yucna 3yObeB nepedopHOM IpyMIibl CleayeT IPUHUMATh 10 0a30BOMY

cTaHKy. B mpumepe 3to nepenaum 28 : 43 u 20 : 51.

[ToMrMO HaiICHHBIX BEJIWYUH, ISl MOTY4YEHUs] MOJHBIX CBEJICHUI O
TUMAaxX 3y04aThIX 3alerieHuil (cM. 1. 3.3) U NOCTPOCHUSI KUHEMATUUECKON
CXEeMBbI HEOOXOJIMMO OMPENEIUTh €Ille HEKOTOphle mapameTpbl. Bee BbIsSB-

JIEHHBIE MapaMeTphl 3aHocATCA B TaOu. 3.4. Jlnsa ompeneneHus 3HAUYCHHUM

d; d; u A ucnons3yrorcs popmyinsl, npuBeneHHbIE B Ta0MI. 3.1, a uamer-

pel d®; 1 dw; Beraucastores no gopmynam (3.7) u (3.8).
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Tabnuua 3.4

[TapameTpsl 3yOUaThIX 3aleTUICHUN B MOJIEPHU3UPYEMOM MPUBOJIC

Homepa i 74 m, A, d, Awm, do,
BaJIOB Z, MM MM d, MM dow,
1 2 3 4 5 6 7 8
II-1II 0.5 E 2.5 67.5 E 67.5 E
36 90 90
1 —-1v 0.5 E 2.75 82.5 i 82.5 i
40 110 110
1 —-1v 2.0 4_0 2.75 82.5 g 82.5 g
20 55 55
VoVl | 065 | 28 30 | 1065 | 8% | 1065 | 84
43 129 129
VI - 0.39 E 3.0 106.5 ﬂ 106.5 ﬂ
VII 51 153 153

B paccmaTpuBaeMoM npumepe B cuy pasenctBa A = Ao u d = do
OOJILIIMHCTBO TIapaMeTpoB B TabJ. 3.4 MOBTOpPSET JaHHbIE W3 TaOi. 3.2.
[ToaTomy TpeOyeTrcs paccMOTpeTh OoJsiee OOIIM ciydail, korja ais odec-
TICYCHUs] HEM3MEHHBIM 0a30BOTO MEXOCEBOTO pacCTosiHUS A® Tpelyercs
Hape3aTh KoJieca 3yOuaThIX 3alleTlJICHUI CO CMEIIEHHEM HHCTPYMEHTA.

IIpeanosiosxkuM, 4TO B pe3yJIbTaTe aHAIN3a TEXHUUECKUX XapaKTepH-
CTHK 6a30BOTO MPUBOJIA U MMOCTPOSHHOTO rpaprika 4acTOT BPAIEHUS OII-
peeieHbl cleAyolre NapaMeTpsl:

— MEXJ1y CMEXHBIMHU BajlaMi HEOOXOAMMO YCTAaHOBUTH TBOMHOM OJIOK
IIECTEPEH C MOHWKAIOIICH U MOBBIIIAIOIICH TIepe1adyamMu;

— 0a30BOe paccTOsHUE MEXTY OcIMH BaJToB A = 102,5 mwm;

— MOJYJIb 3y04aThIX 3alleIUICHU M = 2 MM;

69



— yucio 3yObeB noHmkaromieit nepegaun Z; =20 u Z, = 80 npuHATHI
U3 KHHEMAaTHUKU 6a30BOTO MIPUBO/A;

— IepeIaTOYHOE OTHOIIECHHE TTOHMKAIOIIEH TIepeayr ONpeIesaeTcs
OTHOLIEHUEM unce 3yoreB [ =20 : 80 = 0,25;

— HepCAaTOYHOC OTHOIICHHC MOBBIIIAIONICH nepenaqni =2 OoIIpce-

JIEJICHO TIPU TTOMOIIM TTOCTPOCHHOTO IrpaduKa YaCTOT BPaISHHUS;
TpebyeTcst onpenenuTh Yrcia 3yObeB KOJIEC MOBBIIIAIONICH Tepe/ia-
yn. [lo popmynam (3.18) u (3.19) uncna 3yObeB BeylIEr0O WU BEAOMOIO

KOJIEC COCTABAT
21=2-102,5-2/2-(2+1)=68,333=68, Z,=068:2=34.

CyMmMma 3y0beB 3Tol nepegaun Zy = 68 + 34 = 102 He coBmagaer c
cymMMol 3yObeB noHmwxkaromen nepenaun Zy = 20 + 80 = 100. Itot dakr, a
TaK)XK€ HEOOXOJIUMOCTh OKPYTJIEHUS Z; N0 LEJOro Yucia ONpeAesitoT He-
00XOAMMOCTb Hape3aHus KoJieC JBOMHOro 0J0Ka ¢ 00sA3aTeIbHbIM CMeEIIle-

HUEM UHCTPYMEHTA.

I[I/IaMeTpBI HavaJIbHBIX OKpY)KHOCTeI\/'I KOJIEC B ITOHMKaroIIeH nepe-

Jlaye ABOMHOro OJI0Ka:
do;=2-Ae -i/(i+1)=2-102,5-0,25 /(0,25 + 1) =41 Mm;
dw, =2 - Aw) —dm; =2 - 102,5) —41 = 164 Mm.

BrImonHss npoBepKy, UMeeM
Ao =0,5(dw; +dm;y)=0,5 (41 + 164) = 102,5 MM,
KOTOPOC COOTBETCTBYCT UCXOAHBIM JJdHHBIM.

I[I/IaMeTpBI HavaJIbHBIX OKPY)KHOCTCﬁ B MOBBIIIAIOIIECH nepeaauc :

dw;=2-102,5-2 /2 + 1) = 136,667 mMm;
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dw, = (2 - 102,5) - 136,667 = 68,333 mMm.

[TpoBepsis, umeem Aw = 0,5 (136,667 + 68,333) = 102,5 mm.

JlnameTphl AeJUTeJbHBIX OKPYXKHOCTEMN KOJIEC :
— B IOHWXAIOIIIEHN nepeaaye
di=m-7Z,=2-20=40mm, dry=m-Z,=2"80=160 mm;
—B MOBBILIAIOLIECH IEpPeIayde
di=2-68=136mm, d,=2-34=68 mm.

JlenurenbHOE MexoceBoe pacctosuue A =0,5-m - Zy :

— I oHmKaroter nepegadn A = 0,5 - 2 - 100 = 100 mm;

— JuIs oBhImaromei nmepegaund A = 0,5 - 2 - 102 = 102 mwm.

BumHo, 9To 3HaYeHUS A, BBIYUCIICHHBIE TAKUM CIIOCOOOM, HE TOJIBKO
HE COBMNAJAIOT C HMCXOJHBIMH MEXOCEBBIMU paccTossHUSIMH Aw® = 102,5
MM, HO W CYIIECTBEHHO paziaudaroTrcsi Mexay coboi (100 # 102), gero
OBITh HE MOXKET!

OTo eme pa3 JA0Ka3blBaeT HEOOXOJMMOCTb M3TOTOBJICHUS KOJIEC
paccMaTpuBaeMoOil TpYIIIOW IMEpeladyd €O CMEIMIEHUEM HMHCTPYMEHTA.
Kpome Toro, B mepBoM NPUOIUKEHUN MOXKET OBITh OLICHEHAa CyMMapHas
BEJIMYMHA TOJI0KUTEILHOIO CMEIEHHs] HHCTPYMeHTa Kak As = Ao — A
(cMm. 1. 3.3, puc. 3.4).

PexoMenganuu st MMOCTPOCHUA KHHEMATH4Y€eCKOM CXeMbl

[Tocne ompeneneHus HEOOXOIUMBIX JAHHBIX W 3aModHEHUs Tadn. 3.4
MOXHO MPUCTYNATh K BEIYEPUUBAHUIO KHUHEMATUUYECKON CXEeMbl TPUBO/IA C
OecCcTyleHYaThIM PeryJIMpOBaHUeM 4acToT BpamieHus (puc. 3.7). Pacctos-
HUS MEXJIYy BallaMH, JHAaMETPhl COMPSDKEHHBIX KOJIEC M IIKHUBOB
B 00s3aTeIbHOM MOPSJKE BBIMOJHAIOTCA B MacliTadbe, MPUBEICHHOM B

I'OCT 2.302-68. IIpou3BOJIbHO BBIOMPAIOTCA TOJBKO PACCTOSIHUS MEXKIY
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BaJlaMHd PEMEHHBIX TIepeiad, a TakKe IUPUHA KOJIeC W IKUBOB, KOTOPHIC
MOXHO MNPUHUMATH OJIM3KHUM K HUX H300pakeHUIO Ha cxeme 0a30BOro
IpUBOJA.

[TocTpoeHue cxeMbl cienyeT HauyMHATh C HAHECEHHs BajoB, CTPOIo
cobromast 0a30BbIC pacCTOSHUSA A® Mexay HUMH (cM. Ta0:. 3.2 win 3.4).
[TogBrkHBIE OJIOKM TIECTEpeH (WM OJWH OJIOK) CIeAyeT pacioyiaratb Ha
TeX K€ BaJlax M B T€X K€ MECTax, 4TO W Ha 0a30BoM craHke. OIMHOYHBIE

nepeaaydu cliefyeT BIUCHIBATh B radapuThl 3aMEHsEMOI TPYyTMIIOBO mepe-
naun G6asoBoro mpuBoja. HauansHble auamerpsl mecteper A, n3obpa-
XKaeMbIX Ha cxeme, OepyTcs u3 Ttabin. 3.4. VX He cienyeTr myTarh C J€iIH-
TenbHBIMU — (, KOTOpBIE TONBKO B YACTHBIX CIIy4YasX MOTYT OBITH PAaBHBI

HAYaJIHHBIM JTHAMETPaM.
HaHocs o0o3HaueHus Ha cXemy, CleayeT MpUIepKUBaThCA TpeOoBa-

HHﬁ, HN3JI0KCHHBIX B II. 25, N BHCIIHCTO BHJAa CXCMBI, HpeﬂCTaBHGHHOﬁ

Ha puc. 3.7.
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Puc. 3.7. Kunemarnueckasi cxeMa MpUBOJA INTABHOTO IBUKEHUS
¢ 6eccTyneH4YaThIM PEryJMpoOBaHUEM CTaHKA MOJI. ...
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3.9. ITocTpoenue rpauka MOIHOCTH HA IINUH/IETE

[TocTtpoenue rpadrka MOUTHOCTY Ha IIMUHJEIE SIBISETCS 3aBEPIIIatO-
meil craguei pa3pabOTKHM KMHEMATHKH MPHUBOJA TJIABHOTO JIBHXKEHHS C

OeccTyneHyaTbiM peryaupoBaHueM. Jljisi ero pa3pabOTKH HEOOXOIUMO

o HOM
paciojiaratb  HOMMHAJIbHOM MOIODHOCTBIO OJJICKTPOABUIATCIIA P3J1 NN

MorHoCThIO P, Ha 3amaHHOM pesknme paboThI mpuBoaa (cM. puc. 3.5), a
TaKke TpauKoOM 4acToT BpalieHus (cM. puc. 3.6).
C yderoM mOTEph Ha TPEHHWE MOIIHOCTh HA MIMUHJEIE BBIPA3UTCS

3aBUCUMOCTBIO [4]

Pim = PEOS/I 1N wm Py, =Py, (3.20)

HOM
rae P, — HOMUHaIbHAS MOIIHOCTH AJICKTPOIABUrATE sl Ha pekume S1;

P,, — MomHocTh aBuraTens Ha pexxume S6; n = 0,75 ... 0,8 — KI1J npu-
BOJIa TJIABHOT'O JIBUKEHMSL.

B paccmarpuBaeMoM mpuMeEpe MPU HOMHHAIBHOM DPEXHUME PadOThHI

HOM
S1momHocTh apurarens Py, = 3,7 kBT, cOOTBETCTBEHHO, MOIIHOCTh Ha

mmunaene coctautr Py, =3,7 - 0,8 =2,96 = 3 kBT.

Jlnana3oH peryJMpOBaHUs YaCTOT BPALICHUS IIIMHAHACISA C IOCTOSH-

HOM MOIIIHOCTBIO Pmn_p OOBIYHO COCTOHUT M3 HECKOJBKHUX Imoaanuaria3oHoB,

onpeneNsieMbIX MEXaHUKON npuBoAa (cM. puc. 3.6). x koauuecTBO oHO-
3HAYHO OIPEIEIISIET YUCIO CTYNEHEW MEXAaHWUYECKUX Mepesad, KOTOpbIE
MOXHO BKJIIOYAaTh B TOW WM WHOW KOMOWHAIuU. YMCIO CTymeHeu, Kak
OTMEYasIoCh BBIIIE, Yallle BCero paBHo Z =2, Z=3, Z=4=2-2 wumu
Z =4=2+2.

B namewm npumepe Z =4 = 2 + 2 onpeaensieT 4eTbipe KOMOMHAIIUN

(quLIpe CTYHCHI/I) BKIIFOYCHUS MCXAHUYCCKUX TICpCaayd IIpUBOJA.
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1 crynensn
COOTBETCTBYET BKIIOUEHHIO TMOHIKAMONMX mepenad Iz = 20 : 40,

lg=28:43 wu 1;=20:51. 'pann4HbIC 3HAYCHUS YACTOT BpAIICHHS
IITTUH/IEIS Ha 3TOU cTyTeHu cocTaBaT 53,2 u 200 06/mMuH.
2 cTyleHb

Bxirouena nonwkarorias rnepeaada i3 = 20 : 40; BKIIOUCHO «ITPSIMOE)»
BparieHue mmnuHAesst g= 1 : 1 U, COOTBETCTBEHHO, BBIKIIOUEH Hepedop

lg, 7. ['panndHbIC 3HAUCHHS YACTOT COCTaBAT 243 1 800 06/MuH.
3 cTyneHb

Bxrrouena moBblmaromas mnepeaava i, = 40 : 20; BKiaroueH mepebop

lg, l7. ['pannunble 3HaYeHUs 9acTOT cocTaBsaT 243 u 800 06/mMuH, KOTO-
pble COBIAIAIOT C YACTOTAMHU 2 CTYIICHH.

4 cTyneHn
Bkirouena moBblmaromias mnepegada L, = 40 : 20; BKIIOYEHO «IIps-

Moe» BpameHue mmuHaenst ig= 1 : 1 (mepebop BbIKIOUYCH). [ paHUUHbBIE
3HaueHus 4yactoT 954 u 3150 06/MuH.

CrnenyeT OTMETUTh, YTO YACTOThI BpAIllCHUS IIMHUHACNS B MOJAHAaNa-
30He OT 243 1o 800 00/MUH MOTYT OBITh MOJYYEHBI KaK MPHU BKIIOUECHHUU
BTOPOM, TaK U TpeTbel cTynenu. Ha s3Tom ydactke OyaeT uMeTh MECTO Tie-
peKpbITHE YacTOT BpaiieHusi. Hanpotus, Ha ydyactkax 200 — 243 06/MuH u

800 — 954 06/mMuH OyayT HaOIOAATHCS MPOBAJIBI MOIITHOCTH.

IHocsienoBaTe/IbHOCTH MOCTPOCHUS IPaduKa MOUIHOCTH
1. IIpoBogsitcst ocu koopauHaT (puc. 3.8). Ha BepTukanbHOW OcCH
HAaHOCATCS IWITPUXM KIACCUYECKONM pPAaBHOMEPHOM IIKalbl 3HAYCHUU
MOIIHOCTH Ha wmnuHAene. Ha TOpu30OHTanbHOW OCH pa3MedaroTCs
HITPUXH JIOTApU(PMUYECKON IMIKaJbl 3HAYEHUW 4YacTOT BpAIlCHUS IIMUH-
nens, Brmoyaromen 4 gexanel: 1 — 10, 10 — 100, 100 — 1000,
1000 — 10 000 06/muH.
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2. Ha BepTHUKanbHON OCH OTMEYAETCS TOYHOE 3HAYEHHE MOIIHOCTH
P, ompenenennoe mo dopmyse (3.20), © MPOBOAUTCS TOPU3OHTATBHAS

BCIIOMOTaTenbHast inHus. B npumepe P, = 3 kBr.

3. Ha FOpHBOHTﬁJ’IBHOfI OCH OTMCYACTCs MHUHHMAJIbHAA 9aCTOTa Bpa-

min

meHust mmuHaens (Ny,, = 8 o0/MuH). 3aTeM OTMeYalTCsl TpaHUYHbIC

JacTOTHI BpaIleHUs TPHU TIOCIEIOBATEILHOM BKIIFOYECHUU BCEX CTYIICHEH
npuBoga (53,2 — 200, 243 — 800, 954 — 3150 06/MuH) U MPOBOAATCS
BCIIOMOTaTeJIbHBIC BEPTUKAIbHBIC JTMHUH.

4, OHpCHCHfIGTCH BCIIMYMHA MOIIHOCTH Ha MIHAHACIC IIPpH

(™" = 150

00/mMuH). [ns aToro ucnonb3yercs rpaguk Ha puc. 3.5. Ha ropuzonTans-

MUHUMa/bHOI 4aCTOTe BPALLCHHUs dieKTpoasuraress N7

HOM OCH ATOTO rpaduka, B CTpPOrOM COOTBETCTBUHU C MacIITaboM, HAHOCHUT-

min

CA 3HAYCHHUC 1y, " U rpa(bnquKH OonpeaAcIACTCS MOIIHOCTDL JIBHUI'aTCIIA Ha

s1ux oGoporax (P = 0,5 kB1).

Pmm

) mpu
€ro MUHHMAJIBHBIX 000poTax, Mo aHaioruu ¢ Gopmynoi(3.20), onpene-

C yuerom KIIJ] MuHMManbHas MOIIHOCTh Ha IIMHUHAEHE (

JIUTCS 3aBUCHMOCTBIO
min min
P = P - 1.
3aTeM Ha cTposmieMcs rpaEKe MOIIHOCTH MO 3HaueHmsM N7 u

mm

Pﬁn HaHOCcUTCS Touka A. B mpumepe N, = 8 06/Mun (cm. puc. 3.6), a

P —05-0,8 = 0,4 kBr.

5. CoenuHsieM TOYKY A C NMEPEKPECTHEM TOPU3OHTAIBHOW U BEPTH-

KaJIbHOM JIMHUH, OIpeeNsieMbIX H3BECTHBIMU 3HaueHusiMu P, = 3 kBt u

nixY = 53,2 06/mun. ITonydyeHnHas HakJIOHHAs JHMHMS OyIeT XapaKTepU3o-

BaTb USMCHCHHUC MOIIHOCTHU HA IIITMHACIIC OT YaCTOTHI €TI0 BPpAIICHUAA.
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6. [IpoBoMM yTOJIIIIEHHBIE TOPU3OHTAIIbHBIC JTUHUU OMNPEICIISIONINE
paboTy mpuBOAa C MOCTOSHHOW MOIIHOCTBIO HAa BceX 4 CTYINEHAX Iepe-
KJIFOYEHUs MEXaHMYECKUX mnepenad. B paccmarpuBaemom mpumepe 2 u 3
CTYNEHU MOJIHOCTBhIO MEPEKPHIBAIOTCA. JINHUU MEPEKPHIBAOIINXCS CTYIIE-
HEW CJeAyeT MPOBOJUTH C MUHUMAJIbHO BO3MOXHBIM OTCTYIUICHUEM OT

BCIIOMOTI'aTeJIbHON TOPU30HTAIILHON JINHUU.

7. IlapaisienibHO TNEPBOM HAKJIOHHOW JIMHWM Ha Y4YacTKax ITpoBaja
mMortHocTH (200 — 243) u (800 — 954) npoBoATCS OCTaIbHBIE HAKIOHHBIC
JIMHUH, ONPENEIISIOIINE XapaKTep MaJIeHUs] MOIIHOCTH Ha LIMHWHACIE MPU
MOHM)KEHUU 4YacCTOThl BpAIllCHMs. 3Ur3arooOpa3Hble Y4YacTKH IpoBalia

MOIITHOCTH TAKKXC BBIACIIAIOTCA YTOJICHHBIMHA JIMHHUAMM.

8. I'padpuuecku onpenensitoTcsi 3HaYCHUs] TOHUKEHHOW MOITHOCTU Ha

ydacTkax nposaia. B mpumepe, Ha vacTtore BpameHus Ny, = 200 06/Mun
MOIITHOCTh Ha IINuHJeNe OyaeT cocraBisaTh 2,6 kBT BMectro 3 kBT.
[Ipu Ha3HAYEHUU PEKUMOB PE3aHUS IS YEPHOBOI'O TOUYCHHS HEOOXOIMMO

YYUTBIBATDH 3TO 00CTOSITEILCTBO.

3.10. KoHTpoJLHBIE BONIPOCHI

1. IlepeynciuTh TOCTOMHCTBA W HEAOCTATKH PETYIUPYEMBIX aCHH-
XPOHHBIX 3JIEKTPOJIBUTATENICH, UCIIOIB3YEMbIX B MPUBOIAX TJIABHOTO JBHU-
xenust MPC.

2. IlpuBectu 3aBUCUMOCTHU JJIsl ONPEACIICHUS JUAINa30HOB PETYJIv-
POBaHMS DICKTPOABHUTATENISI C MOCTOSHHON MOIIHOCTBIO M TOCTOSHHBIM
MOMEHTOM.

3. Kakum oOpazom oOecrmeumBarOTCsA 3aJaHHBIC JHANa30HBl 4acTOT
BpaIleHUs MMNUHACSTS B O€CCTYIEHYAThIX MPUBOJaX TJIABHOTO JIBYKCHHS ?

4. 3a cdeT 4ero m Kak 00ECIEYMBAIOTCS 3aJlaHHBIE MEXKOCEBBIE pac-

CTOSIHUS B 3y0YaThIX Mepeiavyax Mpu MNPpOEeKTUPOBaHUN?
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5. [Jartp ompeneneHue M mokaszarb Ha CXEMax OCHOBHYIO, JIOIIOJIHU-
TEJIbHYIO U HAaYaJIbHYIO OKPY>KHOCTH 3y04aToro Koeca.

6. Jlyig 4yero BBIMOJNHSIOT CMEIIEHHE WHCTPYMEHTAa NPHU HapE3aHUU
3y04aThIX Kojec?

7. Kakue BapuaHThl CMEUICHHUS] MHCTPYMEHTA BO3MOXHBI MPU Hape-
3aHHUM 3yOUaThIX KoJiec?

8. Kak ompenenstorcst MexoceBble paccTOSHUSL B 0a30BOM MPHUBOJIE
CTaHKa IPU OTCYTCTBUM MX 3HAYEHUM Ha COOPOYHBIX uepTekax?

9. Tlepeunciutb 1 OOBICHUTH YCIOBUSI COXPAHEHHUS MEXOCEBBIX pac-
CTOSIHUI B MOJAEPHU3UPYEMOM IIPUBO/IE.

10. OxapakTepu3oBaTh HOMUHAJIBHBIA U TIEPEMEKAIOIIUECS PEKUMBI
pabOTHl aCUHXPOHHOI'O IBUTATENS.

11. U310%uUTh TOCJIEAOBATEILHOCTh IOCTPOCHUS Trpaduka dYacTOT
BpaIeHus: ¢ OECCTYNEHYAThIM PETYIUPOBAHUEM.

12. IlpuBectu 1 OOBIACHUTH 3aBUCUMOCTH JIJISl ONPEEICHUs Auana3o-
HOB PETYJIMPOBAHUSI YACTOT BpPAILEHHS HA NINTUHJIEIE.

13. O0bsicHuTh cnienuduKy onpeaesieHus: yucen 3yObeB KoJec B Mpo-
EKTUPYEMOM MPUBOJAE MPH 33ITaHHBIX PACCTOSHUSAX MEXKIY OCSIMU BaJIOB.

14. IlepeunciuTh MCXOAHBIE NAHHBIE I pa3pabOTKU KUHEMaTuye-
CKOM CXEeMBbI MPUBOJIA U U3JI0KUTh OCHOBHBIE 3TAIlbl €€ MOCTPOESHUSI.

15. U310KUTh METOIUKY MOCTPOCHUS rpaduka MOIIHOCTA Ha IITUH-

JACJIC CTaHKaA.
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3AKJIIOYEHHUE

VYuebHoe nocobOue npeHa3HaueHo ISl CTYyIEHTOB Bcex (hopM o0yue-
HUS, BBITIOJIHSIIONIUX pacyeTHO-rpaduyeckre padoThl U KypCOBbIE TIPOEK-
ThI, CBSI3aHHBIE C pa3pabOTKON WIIM MOJEpHU3AIMENH KHHEMATHKHU TJIaBHBIX
IPUBOIOB METALIOPEKYIITUX CTAHKOB.

B nepBom pazaene nocobusi chopmynupoBaHa o0Ias 11ejib MOJACPHU-
3allM TJABHBIX IPUBOJOB CTAHKOB, MPHUBEIEHBI yKa3aHUSA IO cOOpy H
O OpPMIIEHUIO UCXOAHBIX MaTEPHAIOB MO 0a30BOMY CTaHKY HEOOXOAMMBIX
JUIsl BBITIOJTHEHUSI pa3pabO0TOK, M3JIOKEHbI TPEOOBAaHMS K COCTABJICHUIO U
oopMIIeHHIO 0030pa TEXHUUECKUX XapaKTePUCTUK CTAHKOB-aHAJIOTOB.

Bo BTOpOM paznenie pacCMOTPEHBI BOIMPOCHI, CBSI3aHHBIE C pa3pabOT-
KO W MOJEpHM3aIMell KWHEMAaTHKH CTYIEHYaThIX TPHUBOJIOB TJABHOTO
nBrKeHus. V37105KeHbl OCHOBHBIE CBEACHHUSI O COCTABE M Pa3HOBUIHOCTSIX
IIPUBOOB, MPUBEACHBI 3aBUCHMOCTH, HEOOXOIUMBIE ISl TIPOBEACHUS KH-
HEMAaTUYECKUX pacueToB. PaccMoTpeHa KMHEMaThKa MPUBOJAOB MHOXH-
TEJIHLHON U CJIOKEHHOU CTPYKTYp, MPUBEACHBI MPUMEPHI TOCTPOSHUS Tpa-
(MKOB YacTOT BpalleHUSI U KHHEMATHYECKUX CXEM.

TpeTtuit paszien NocBsIlEeH pa3padOoTKe KHHEMAaTUKU OECCTYIEeHYaThIX
IIPUBOJOB TJIABHOTO JIBM)KCHHUS B3aMEH MHOTOCTYIIEHUYATHIX, MCIIOJIb3ye-
MBbIX B 0230BBIX CTaHKaX.

3aMeHa HEPEryJUpyeMOro 3JIEKTPOJABUTATENsT B 0A30BOM MPUBOJE Ha
COBPEMEHHBIN pPErylHpyeMbIii B COYETAHUU C OJHOM-IIBYMsI MeXaHU4Ye-
CKHMU TPYNIOBBIMU MEpeaadaMu MO3BOJISIET peaan3oBaTh 0ojee ObICTpo-
XOJIHBIN MPUBO/I, UMEIOIIUI K TOMY € U 0oJjiee IUPOKUI Juara3oH pery-
JUPOBAHUS YACTOT BpallleHUs MMUHACHSI. Takyto MOACpHHU3AIIUIO MTPUBO-
JIOB CTaHKOB IPOBOJIT MHOTHE MAITHHOCTPOUTEIbHBIE MPEANPHUITHSI,
MPOJIJIEBast CPOK MX CIY>KOBI C OTHOBPEMEHHBIM YIyUYIIIEHUEM CKOPOCTHBIX
¥ DKOHOMHYECKHUX Toka3areneid. OCHOBHBIM yCIIOBHEM IIPH 3TOM SIBIISICTCS

ITOBTOPHOC HCIIOJBb30BAHUC AOPOTOCTOAINMNX KOPIIYCHBIX Y3JIOB IIPHUBO/JI0B
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OT 0a30BBIX CTAHKOB 0€3 BCSKUX M3MEHEHHH UX KOHCTPYKIUHU. {151 BBI-
MOJIHEHHUSI TaKOro YCJIOBHS HEOOXOAMMO TMPOEKTUPOBATH YIIPOIIECHHYIO
KMHEMAaTUKy OECCTYIEeHYaTOro MPHUBOJA, UCXOJA M3 MMEoUMXcs (3akaH-
HBIX 0a30i1) MEKOCEBBIX PACCTOSTHUN MEXy BajlaMH. JJaHHOE 0OCTOSITENb-
CTBO MOTPEOOBAJIO BKIIIOYEHUS B MOCOOME TEOPETUUYECKUX CBEACHUU 00
3JIEeMEHTaXxX 3yOuaThIX 3alleTNIEHUI, METOJIUK O ONPEIEIEHNUI0 MEXKOCEBBIX
paccTossHU B 0a30BOM KOHCTPYKLMU U YCJIOBHSIM COXpPaHEHHUsS 3THX pac-
CTOSIHUM B MOJIEPHU3UPYEMOM IIpUBOJIE. B TpeTrbeM pasziesie, HIOMUMO TEO-
PETUYECKUX CBEACHUH, MPUBEJCHBI MPAKTUUECKUE PEKOMEHIAllUU U TpH-
MepBbl MOCTPOCHUSI KHHEMATUKHU TPUBOJOB ¢ OECCTYNEHYATHIM PETYIHPO-
BaHMeM. B KoHIle pa3jena Ha KOHKPETHOM MpUMEpE M3JI0KEHA METOAMKA
NOCTPOEHHUA rpauka MOIIHOCTH Ha IIMUHACIIE.

Marepuaibl mocoOusi MOTYT ObITh HMCIOJIb30BaHbl KaK OakallaBpamu,
TaK ¥ MarucTpaMu, He TOJBKO JJII KypCOBOT'O TPOCKTUPOBAHUS, HO U TIPH

IMOATOTOBKEC BLIITYCKHBIX KBaJII/I(i)I/IKaI_[I/IOHHBIX pa60T.
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HPUJIOKEHUE b

HopmMmanbhblii psas yucen B ctaHkocTpoeHuu (HopMasib H 11 — 1))
co 3HaMeHateseMm ¢ = 1,06:
1-1,06-1,12-1,18-1,25-132-14-15-1,6-1,7-1,8-19-2—
2,12- 2,25-235-25-2,65-2,8—-3-3,15-3,35-3,55-3,75-4 -
425-45-4775-5-53-56-6-63-6,7 -7,1-75-8-8,5-9—
9,5-10.

Ilpumeuanns :

1. Yncna BBICHIETO MOPsIKA MOTYYAIOTCd YMHOXKCHUEM WIIM JICJICHU-
€M uucesl HopMasibHOro psaga Ha 10, 100, 1000...

Harmpumep:
0,1-0,106-0,112...10-10,6 —11,2... 1000 —-106 —112..

2. Yucna reoMeTpUUeCcKOro psijia co 3HameHarenem ¢ > 1,06 oOpa-
3yroTes u3 psaga ¢ @ = 1,06 1o caeayronmM 3aBUCUMOCTSIM:
0=1,12=1,06 o =141=1,06° 0=1,78=1,06"

o =126=1,06" ¢0=1,58=1,06" 0=2=1,06"

3. OGpaszoBaHKe HOPMAILHOIO psga YMcCel ¢ 3aJaHHeiM @ = 1,06’
IPOU3BOAUTCS MyTEM BBINUCHIBaHUA Kaxjaoro (i+1) yucna u3 psga c

¢ = 1,06, HauMHAasi C MUHUMAQJIBHOTO 33JIaHHOTO.

Hanpuwmep:
¢ =1,26=1,06" mprt npin = 1,12
L 1,12-14-1,8-225-...-9-95-10—106...;
¢ =1,41=1,06° pnt Ny, = 1,32
. 132-19-2,65-3,75—...-53-7,5-10,6—15...;
¢ =1,58 = 1,06" mpu nyi, = 1,25
.125-2-3,15-5—...-8-12,5-20-31.5....
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