MVHUCTEPCTBO OEPA30BAHWA U HAYKN POCCUCKON ®ENEPALINN
(befepasibHOE rocyapcTBeHHOe OHOAKETHOE 06pa3oBaTe/lbHOE YUpeXaeHue
BbICLLEr0 06pa3oBaHNs
«YNNIbAHOBCKUI FOCY,EI,APCTBEHHI:II7I TEXHUYECKWNIA YHUBEPCUTET»

A. B. LLlecTepH1HOB

KNHEMATUKA T1IPMBO4OB
MMABHOI'O ABV>KEHUA
METAJIJIOPEXYLWNNX CTAHKOB

YyebHoe rnocobue
K KypCOBOMY MPOEKTUPOBaHMIO

Y NbSAHOBCK
Ynlty
2017






Ol NABJIEHVE

BBELEHWVIE ... 5
1. ICXOAHAA NHPOPMALNA OTA MOOEPHU3ALNIA
KUHEMATUKW INMPBOAOB NABHOIO ABVXEHNA ............... 6
1.1. LIeNIb MOLAEPHUBALMU ..ottt e e e e e e e eenraeeeee e 6
1.2. CBeAEeHUSA MO 6A30BOMY CTAHKY ....cccveieeerieeiieeeireeeieeeeereeeeeeeeeavee e 8
1.3. O630p TEXHMYECKMX XapaKTEPUCTUK CTaHKOB-aHa/IOMoB ................ 9
2. MPMBOAbLI TMABHOIO ABVMXXEHWA CO CTYTIEHUATbBIM
PEFY/IMPOBAHUEM CKOPOCTEM ... 11
2.1. OCHOBHbBIE CBEABHUS ......ceeuvrriieeeeiiieeeeeeciteeeeeeetree e e e e einreee e e e 11
2.2. 3apaHune 1 TpeboBaHNA 4N MOLEPHM3ALMN KUHEMATUKN
CTYNMEHYATOTO MPUBOLA .eeeeeeeeeeeeiiiirirreeeeeeeeeeeieeerrrneeeeeeeeesssnnnsnneees 16
2.3. [MpunBOAbI MHOXMUTENIbHOWN CTPYKTYPbI 1 MOCTPOEHME rpaguka
HACTOT BPALLEHUS ...ttt et 17
2.4. MprBOAabI CNOXXEHHOW CTPYKTYPbI M NOCTPOEHME rpaduka
YACTOT BPALLLEHUIS ...evvveieeeeeeeeeeeiiieieeee e e e e e eeeerreeeeee e e e e e e sennnrneeeeeas 23
2.5. OnpefeneHve AMamMeTpOB LUKWMBOB U YMCes 3yObeB LLUECTEPEH ...... 28
2.6. Pa3paboTKa KMHEMAaTUYECKOM CXeMbI CTYMEHYATOro NPpMBoAa ...... 33
2.7. KOHTPO/IbHBIE BOMPOCHI .eeeieeeeiiiiiiiiiiieeeeeeeeeeinireeeeeeeeeeeeeeeeenennees 36
3. NMPMBOAbI NIMABHOIO ABVMXXEHNA C BECCTYNEHYATBIM
PEFY/IMPOBAHUEM CKOPOCTEM ..., 37
3.1. OCHOBHDBIE CBEIAEHMS .......evvveeeeeeirieeeeeeireee e e eeeeerae e e e e avanee s 37
3.2. 3agaHue 1 TpeboBaHMA AN1a pa3paboTKM KMHEMATUKK
OECCTYNEHYATONO MPUBOMA .....eeevveeerreeenreeeereeeereeeeveeeeseeeeveeeereeens 40
3.3. INeMeHTbI 3yOUATBIX 3ALEMNEHUM .......c.veeereeeereeeieeeeee e, 42
3.4. OnpepeneHne MeX0CeBbIX pacCTOAHMI B 6a30BOM NPUBOJE ........ 48
3.5. YCnoBusi COXpaHeHNs MeXKOCEBbIX PacCTOSHNIA
B MOZEPHUINPYEMOM MPUBOLE ...vvvvvrrreeeeeeeeeieierrrrreeeeeeeeeeeeeneesnnens 51
3.6. Tun v XapakTePUCTUKN PEryInpyemMoro afIeKTpoABuraTens ........ 54

3.7. MocCTpoeHwe rpatnka 4acToT BpalLleHMs NprBoaa

3



C 6ECCTYNEHYATBIM PETYSIMPOBAHUEM .......ocvveeveeeeeeeeeeeeeeeeeeeannen, 57
3.8. OnpepaeneHne KMHeMaTUYeCKNX NapamMmeTpoB U

MOCTPOEHNE KMHEMATUYUECKOM CXEMDI ..o, 66
3.9. NMocTpoeHmre rpaivka MOLWHOCTU Ha LUMUHAEMNE ......cccvveeereeneene, 73
3.10. KOHTPOMEHBIE BOTMPOCI ......uvvvviiieeeeeeeeeeeiiiiirreeeeeeeeeeeeienrnveeeeeaeeens 77
SAKITHOUEHWIE ......ooiieeee et 79
MPUNTOXEHWE A. KapTa TEXHUYECKNX XapaKTEPUCTUK
NPUBOAOB INaBHOIO ABMXKEHUSA CTAHKOB-AHAIOTOB ........c.cevvvivereeeeeeeennnnes 81
MPNNOXXEHWE B. HopmarnbHbI pag yncen
B CTAHKOCTPOEHUM (HOPMa/Tb H11-1) ., 82
BUBTMOTPAGUYECKUI CIIVCOK ..., 83



BBEAEHWE

MeTannopexylime cTaHkM B paMKax Hanpas/ieHUs «KOHCTPYKTop-
CKO-TEXHO/I0rMYecKoe obecreyeHrie MalLMHOCTPOUTESbHBIX MPOU3BOACTBY
(15.03.05 OGakanaspuat 1 15.04.05 marucrpaTtypa) U3yyatoTca B Tpex
amcumnanHax: «O6opynoBaHMe MaLLIMHOCTPOUTENIbHBIX  MPOU3BOACTBY
(OMIT); «MeTannopexyume ctaHkny (MPC); «MeToaonornsa npoexkTupo-
BaHMA TEXHOMOrMYeCKOro 0060pYy0BaHUS MeXaHUYEeCKUX CUCTEM)
(MIMTOMC).

B nepsoi — OMII, npefycCMOTPEHO BbINO/HEHWE pPaCYETHO-
rpacuyeckoit pabotbl (PIP), Bo BTOpOit — MPC 1 TpeTtbelh — MINTOMC
Heobxofnma paspaboTka CaMoCTOATE/IbHbIX KYPCOBbIX MPOEKTOB.

B pamkax PI'P n kypcosoro npoekta no MPC 06bI4HO BbINO/THAETCH
MOZEPHM3aLNA KNHEMATUKN TNaBHbIX NPUBOLOB YHMBEPCa/IbHbIX CTaHKOB
OTEYECTBEHHOro NPOM3BOACTBA NMYTeM NU3MEeHEeHUs UX CKOPOCTHbIX Xapak-
TEePUCTUK. Ipy 3TOM CKOPOCTHbIE XapaKTePUCTUKM MOAEPHU3NPYEMOro
npmBoda 6a30BOro CtaHka He AO/MKHbl YCTynaTb aHa/IorMyHbIM napameT-
paM COBPEMEHHbLIX CTaHKOB BefyLMX 3apyOeXHbIX W OTeYeCTBEHHbIX
mpm.

[Mpn BLINONHEHMM KypCOBOro npoekTta no gucumninHe MIMTOMC
06beKTamMy pa3paboToK SABMAAKTCA CNeunann3vpoBaHHble CTaHKKU WK
CTaHKK ¢ UlY, KoTopble TPebYHOT MOAEPHU3ALMN.

B HacTosAwem nocobun n3noXKeHbl METOAMKN pa3paboTKM KMHeMa-
TUKW MPUBOAOB N1aBHOMO ABMXEHUS KaK CO CTyrneH4aTbIM, TaK 1 6eccTy-
NeHYyaTbIM PerynmpoBaHMeM 4acToT BpalleHua WwnuHaens. Cnegyet oTMe-
TUTb, YTO MPUBOLAbI C BeCCTyneHYaTbIM (M1aBHbIM) PEryMpoBaHueM, LUK-
POKO Mcnofb3yemble B cTaHKax ¢ UlMY, Bce yalle NpUMeHATCS U B YHU-
BepCa/ibHbIX CTaHKaxX O6LLero HasHayeHus. 3ameHa CTyneH4aTbIX MPUBO-
[0B Ha 6eccTyrneH4yaTble 0CO6eHHO BbIrOAHa MPU MOAEPHU3ALMM CPefHMUX
N TSHXKESbIX CTAHKOB, CPOK C/Y>KObl KOTOPbIX NCUUCNAETCA AECATUNETUAMM.



BecbMa aKkTyasibHa M 33ajaya MOAepHM3aL My NPUBOLOB B OTEUYECTBEHHbIX
CTaHKax ¢ UlMY, oCcHalLleHHbIX YCTapeBLUMMM 3N1EKTpOABUIaTeNAMMN MOCTO-
AHHOTO TOKa. 3aMeHa 3/ieKTpoaBmraresnieil NoCTOAHHOIO TOKa Ha perysnu-
pyemMble aCMHXPOHHbIE [ABWUraTtenM COBMECTHO C YCOBepLUEHCTBOBAHWEM
MeXaHWKW NpuBoAa, NO3BOUT peasin30BaTb KaUeCTBEHHO HOBbIE MapaMeT-
Pbl N CKOPOCTHbIE XapaKTepPUCTUKM CTaHKa.

Cnepgysa HameTUBLUMMCA TEHAEHUMAM B MNPaKTUKe CTaHKOCTPOEHWUA,
06LWnm TpeboBaHMEM MPU MOLEPHU3ALUN ABNAETCA COXpaHeHMe (hopMbl U
pasmepoB KOPMYCHbIX Y3/10B 6a30BbIX CTAHKOB, B KOTOPbIX AO/MKHbI ObITb
pasMeLLeHbl 3/IEMEHTbI MEXaHUKN NPUBOAOB C M3MEHEHHLIMW NapameTpa-
MW. Tpn pa3paboTke KMHEMATMKIN 3TO 03HAYaeT, YTO KOMMOHOBKA, CTPYK-
Typa 1 KONNYeCTBO BaJIOB B MOAEPHU3MPYEMOM NPUBOJAE LO/MKHbLI OCTaTb-
CS TaKUMMU XKe, KaK 1 B 6a30BOM CTaHKe.

Mpn NoAroToBKe NMOCo6Mss OCHOBHOE BHUMaHWe b0 yaeneHo pac-
CMOTPEHUIO MPUMEPOB MOAEpPHM3aUUN KMHEMATUKK MPUBOLOB CTaHKOB
06LLero HasHa4yeHus, KOTopble ABNAKOTCS NpeamMeToM pa3paboToK MNpw Bbl-
nonHeHnn PP 1 Kypcosoro npoekta no MPC. Kpome Toro, B noco6un
COAEPXKUTCA [OCTATOYHbIA 06bEM MH(OPMALMN, KOTOPbLIA MO3BONSET Bbl-
NONHATL COBEPLUEHCTBOBaHWE MPUBOAOB Pa3/IMUHbLIX TWUMNOB CTaHKOB, B
TOM 4uncne u ¢ Yy, n pewartb pasHble NOCTAHOBOYHbIE 33[a4N B paMKax
KypcoBoro npoekta no gucuunnande MMNTOMC.

1. NICXOAHAA NHD®OPMALUNA ONA MOAEPHU3SALIMN
KNHEMATUKWN NMPNBOAOB INMABHOIO ABV>XEHUA

1.1. Llenb mogepHusaumu

BbINONHEHNE PacUETHO-rPathnUecKoii paboThbl U KYPCOBbIX NMPOEKTOB
Mo AWUCLMNINHAM, 0603HaUYeHHbIX BO BBEAEHUW, MPecnefyeT 06LLYHO Liefb,
KOTOpas 3aK/louyaeTcd B MOAEPHM3aLMM [NaBHOTO npuBoga 6a3o0Boro
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CTaHKa NyTeM M3MEeHeHUs B NIy4LLYH0 CTOPOHY ero CKOPOCTHbIX XapaKTe-
pPUCTUK. Kak npaBuno, 3To paclunpeHne ananasoHa peryinpoBaHns 4actoTt
BpaLleHus LWNWHAENS U NOBbILLIeHWe 6bICTPOX0AHOCTN. OYeBMAHO, YTO Ta-
KO NpVBOJ MO3BO/NT MOBLICUTL MPOM3BOAUTENILHOCTL W YNYULLINTD TEX-
HNKO-3KOHOMWYECKME NMOoKa3aTeIn CTaHKa B LLe/IoM.

B PI'P no OMI1 pewatotca 3agadn no MOAEPHU3aLUM KUHEMATUKN
NpMBOJA NaBHOIO ABUXEHUA YHMBEPCA/IbHOIO CTaHKa. 3Ta MOAepHU3a-
LINA BbINOJIHAETCA B ABYX BapuaHTax:

1. Pa3paboTka KMHeMaTMKW CTYMeH4aToro npuBofa aHajorMyHoro
6a30BOMY, HO C M3MEHEHHbIMW CKOPOCTHbIMM XapaKTepuCcTUKamu.

2. Pa3paboTka KMHemaTuKn npmBoja ¢ 6ecctyrneHyaTbiM U3MEHEHN-
eM CKOPOCTel Ha OCHOBE MCMO/b30BaHNA aCUHXPOHHOIO Peryanpyemoro
aneKkTpoasurartens.

Pa3paboTka KMHEMATUKM CTYNEeHYaToro npmsoga no nepsomy Bapw-
aHTYy, KaK a/ibTepHaTvBa 6a30BOMY, BbIMO/HAETCA B OCHOBHOM C Yy4e6HOM
Lie/bio, NMO3BONAIOLLEN YCBOUTL OOLLYHO METOAMKY MOCTPOEHUS rpafuKoB
4acCTOT BpaLLEHMSA N KWHEMATUYECKMX CXeM. B aTol yacTu paboTbl He rnpe-
AyCMaTprBaeTCs pa3paboTka TEXHMYECKOro Mpoekra CTyneH4yaTtoro npu-
BoAa (COOPOYHbIX YepTeXxen) Ha OCHOBE BbIMO/IHEHHbLIX KMHEMATUYECKUX
pacyeToB, rpaMKoB M CXEM.

Hanpotue, pa3paboTka 6eCcCTyneH4aToro BapuaHTa KWUHEMAaTUKU
npeanonaraeT BbINO/IHEHME HA e€e OCHOBe peaslbHOro TEXHWUYECKOro npo-
eKTa B BuAe COOPOYHbIX YepTeXxein Y3noB MPMBOAA FNMaBHOIO [BUXKEHUS.
3TN yepTeXn 6yayT pa3pabdaTbiBaTbCA B paMKax KypcoBOro npoekra Mo
MPC u, B fanbHelem, 0yayT npefcTaBfieHbl B BbIMYCKHON KBaMMKa-
LIMOHHOM paboTe GakasiaBpos.

KypcoBoil MPOoeKT, BbINOMHAEMbIA No gucuunamHe MIMTOMC, no
CBOMM LeNam 1 3aadvam rnofobeH paspaboTkam NpuBOLOB C 6ecCTyneH4Ya-
TbIM PErYyIMPOBaHNEM, OCYLLIECTB/IEHHBLIX B paMkax Kypcos OMI1 n MPC.
OfHako B 3TUX MNpoeKTax 06beKTamu A9 MOAepHM3aLmmn ABNAKOTCA He



YHUBEPCa/bHble CTAHKM, a CTaHKKU ¢ UMY oTeuecTBEHHOro Npov3BOACTBa,
OCHALLEHHbIe yCTapeBLWMMK 6GEeCCTYNeHYaTbIMW  MPUBOJAMM  [/TABHOIO
[IBMKEeHMS. Kpome 3Toro, B paMKax BbILLIEYKa3aHHOr0 KypCOBOrO NMPOEKTa
OOHOB/IEHVIO MPWUBOJOB MOMYT MOABEPraThCA TSHKENbIE U CREeLMann3npo-
BaHHbIE CTaHKW. Heo6X0AMMOCTb OCHALLEHWS! TaKUX CTAHKOB GeCccTymneH-
YaTbIMU NPUBOJAMM, UMEIOLLIMMM MOBbILLEHHYH MOLLHOCTb U 6bICTPOXO0/-
HOCTb, 0BYC/IOB/IEHO MOSIBAIEHWEM B MOCMEAHUE TO/bl HOBbIX MHCTPYMEH-
Ta/IbHbIX MaTepuasioB, MO3BOMAOLWMX CYLLECTBEHHO UHTEHCUMMULIMPOBATD
PEXMMbI Pe3aHus.

1.2. CsefeHns No 6a30BOMY CTaHKY

[nsa mogepHu3aummn npueoda rnaBHoOro Asu>KeHUs 6a3oBOro CTaHka,
yKa3aHHOro B 3alaHuu1, He06X0AUMbI CneytoLme maTepuas:

— MacnopT CTaHKa;

— COOpPOYHbIE YePTeXM Y3/10B NPMBOAA MaBHOIO [ABVKEHMSA 6a30BO-
ro CTaHKa;

— VIHTEPHET-Pecypchl;

— y4yebHas 1 cripaBoYHas nnTeparypa.

OCHOBHbIe CBeAieHMs Mo 6a30BOMY CTaHKY [A0/HKHbI BKNHOYaTh:

1. HasHayeHne 1 KpaTKoe onucaHme CTaHKa.

2. BHelLHWIA BUA, CTaHKa (poTorpadms nnm pucyHok).

3.Tabnuuy € TeXHUYeCKMMM XapaKTepucTUKamn npusoga rnaBHoOro
ABVKEHUS.

4. Ipamk 4acTOT BpalleHUs npuBOAa [NaBHOrO [ABVKEHUSA U
ero onmcaHue.

5. KuHemaTnyeckyro Cxemy TnpuBoAa [NaBHOTO [OBMXKEHUA U
€€ ornncaHue.




[(payK U KnMHemaTmnyeckas cxema AO/KHbl ObiTb ODOPMJIEHBI CO-
rnacHo TtpebosaHuam cTaHgaptoB ECKA (cm. npumep ogopmMaeHUs
Ha puc. 2.6).

[aHHbIi  pa3fen MoMellaeTcs B MepPBOM  4YacTM  pacyeTHo-
MOSCHMUTENbHOW 3aM1CKN paboTbl UK NPOEKTA.

1.3. O630p TEXHNYECKNX XapPaKTEPUCTUK CTaHKOB-aHa/10roB

B 3TOM pasgene npMBOAATCA OCHOBHbIE CBEAEHUS U TEXHUYECKME
XapaKTepUCTUKM MPUBOLOB MMaBHOMO ABMXKEHWNA COBPEMEHHbIX  CTaHKOB,
BbIMYCKaeMbIX BeAyLUMN OTEYECTBEHHLIMU U 3apyO6EeXHbIMW CTaHKO-
CTPOMTENIbHBbIMU (hpMaMu. Ha 0CHOBe MosTy4YeHHON MHgopmaLmMmn cocTas-
NAKTCA UM YTOUYHAKTCA UCXOAHble AaHHble, yKa3aHHble B 3afaHUN Ha
BbIMO/IHEHNe PIP mam KypcoBOro npoekrta. 3TW [AaHHble LO/KHbI UMETb
napameTpbl, He YCTynatoLiMe XapakKTePUCTMKAM KOHKYPEHTOCMOCOOHbIX
CTaHKOB, PaCCMOTPEHHbIX B 0630pe.

OCHOBHbIM UCTOYHUKOM WHOpMaLMy Npv CoCTaB/ieHMN 0630pa fAB-
NAKTCA UHTEPHET-PECYPCHI, NAcrnopTa CTaHKOB, a Takxke Jtobble apyrue
HOCUTENN NH(OPMaLUN.

TpeboBaHUSA K paccmaTpmBaeMbIiM B 0030pe CTaHKaM-aHaioram

1.Mpn BbINONHEHMM 0630pa HEO6XOAMMO pacCcMaTpuBaTb TOJSIbKO
CTaHKM-aHasorn, T0 eCTb CTaHKM MO KOHCTPYKUUK, TUMopasmepam U Ha-
3HayeHW0 Nofo6HbIe 6a30BOMY (yKasaHHOMY B 3afaHun). Hanpumep, ec-
N 6a30Bbli  YHMBEPCA/IbHLIM  BEPTUKa/IbHO-(DPE3EPHbIA CTAHOK MMEET
KOHCO/IbHYtO KOMIMOHOBKY, TO He06X0AMMO paccmatpuBaTb TOSIbKO YHU-
BepCa/ibHble BEPTUKa/IbHbIe KOHCO/IbHO-(PPe3epHble CTaHKM M COBEPLLEHHO
HeAoMyCTMO B 3TOM C/lyYae ONUCbIBaTb B 0630pe BePTUKA/IbHbIE GECKOH-
CO/NbHO-(hpesepHsble.

2. B 0630pe npmBOAATCA TOMBKO Te MOLE/NN CTaHKOB, Y KOTOPbIX OC-
HOBHOI XapaKTepHbIin pasMep (Tabn. 1.1) CTPOro cooTBeTCTBYET 6a30BOMY
(B KpariHeMm c/iyyae OTK/IOHSAETCS OT Hero He 6onee yem Ha 10%).
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3. B pamkax BbinonHeHua PI'P no OMIT n KypcoBoro npoekrta no
MPC pacCMOTpPeHWIO TMOoAJ/1eXXaT TONbKO YHWBEPCA/IbHbIE CTaHKM CO
CTyMneHYaTbIM perynupoBaHueM ckopocTeil. CTaHku ¢ UMY ang atux pa-
60T B 0630pe He pacCMaTprBatoTCA.

4. ['lpn BbINOIHEHUM KYPCOBOIro npoekTta no gucumnavde MITOMC
PacCMOTPEHMIO MOANeXaT CTaHKM pPasHbIX TUNOPasMepoB N HasHa4YeHus.
OO6bIYHO 3TO CneunanM3npPoBaHHble CTaHKKW, CTaHKW TSXenoro MallnHo-
CTPOEHUS 1 CTaHKK ¢ Yl1Y.

Tabnmua 1.1
OCHOBHble XapaKTepHble pasMepbl Pas/IMyHbIX TUMOB
YHUBEPCA/IbHbIX CTAHKOB

Ne Twunbl CTAHKOB OCHOBHbIe XapaKTepHble pa3mepbl, MM
1 | ToKapHble 1 TOKapHo- HanbonbLunii fuameTp 3aroToBkuM — D
BMHTOPE3Hble (onpefenseT BbICOTY LIEHTPOB CTaHKa
H=D/2)
2 | ToKapHO-peBO/IbBEPHbIE HanbonbLiunii gmametp
[/19 NPYTKOBbIX paboT npyTka — dnp
3 | ToKapHO-peBONbLBEPHbLIE HanbonbLunii gmameTp 3arotoBku — D

ANsl NAaTPOHHbIX PaboT

4 | ToKapHO-KapycesbHble Han6onbLunii AuaMeTp 3arotoBkn — D

5 | BepTuKanbHO-CBEP/INIIbHbIE 1 Han6onbLumnii anameTp ceepneHns — deg
paguanbHO-CBEPINbHbIE

6 | FOPU3OHTANIbHO-PACTOUHbIE Han6onbLumii AnaMeTp BblABUKHOIO
wnuHgens — dyn

7 | [OpU30oHTa/IbHbIE LLinpunHa cTtona — B
KOHCO/IbHO-(hpe3epHble

8 | BepTukanbHble LLinpnHa cTtona — B
KOHCO/IbHO-(Dpe3epHble

9 | BepTuKasibHble 6ECKOHCO/IbHO- LLinpunHa cTtona — B
(hpesepHble
10 | NMpoaonbHO-(pe3epHble LLinpnHa cTtona — B

10



Obuwme TpeboBaHUSA K 0630py 1 KapTe
TEXHUYECKUX XapaKTepPUCTUK

O630p JO/MKeH BK/OYATb PACCMOTPEHME TEXHUYECKUX XapaKTepu-
CTMK He MeHee 4...6 Mofenell CTaHKOB-aHa/I0roB, U3roTas/IMBaeMbIX 3apy-
GeXHbIMW 1 OTEYECTBEHHbIMU (hupMamMm (3aBOAamu, KOHLEPHaMU U T. ).
OnwucaHne 0HOro CTaHKa He A0/MKHO 3aHMMaTb 60/1ee 0HOW CTPaHWuLbI, a
06K 06beM 0630pa He AO/MKEH MPEBbIWATL MATU — LWECTM CTPaHuL
MaLLWHOMMCHOIO TEKCTA.

B KoHUe 0630pa NpMBOAUTCA CBOAHAA KapTa TEXHUYECKNX XapaKkTe-
PUCTUK MPMBOJA NTaBHOTO ABWXKEHWS CTaHKOB-aHa/I0roB, COCTaB/IEHHAs B
Buge tabnuupl (Npun.A). MNMepBYyro CTPOKY B KapTe AO/HKHA 3aHUMaATb UH-
(hopmauma no 6a3oBOMY CTaHKY (NPOTOTMMY), KOTOpas 3aMMCTBYETCH W3
nogpasgena 1.2. OcTanbHble CTPOKM 3anofiHAKTCA Ha OCHOBe 0630pa Xa-
PaKTEPUCTMK CTaHKOB-aHa/10r OB.

B natom cTon6ue Tabnmubl BMeCTO 006Llero HassaHusA «OCHOBHOM
XapaKTepHbIin pasMepy» 3anmncbiBaeTCA ero KOHKPeTHOe HauMeHOBaHWe, Ko-
Topoe npusBeaeHo B Tabn. 1.1. Hanpumep : LLnpuHa ctona — B, Han6onb-

LINiA anameTp cBepneHns — dgg U T. M.
B feBATOM CTON6LE yKa3blBaeTCS AManas3oH perynnpoBaHns YacTo-

Thl BPALLEHWS LINUHAENs, onpeaensieMblii Kak R = Npax / Nipin.

2. NMPMBOAbI MMTABHOI'O ABV>XXEHNA
CO CTYMNEHUATbLIM PEIYJ/IMPOBAHVMEM CKOPOCTEN

2.1. OCHOBHbIe cBeaeHUs

MpyBOAbI FNABHOIO [BWXKEHWUS CO CTYMeHYaTbIM PerynnpoBaHuEM
YaCTOT BpPALLEHUS LUNUHAENS LUMPOKO NPUMEHSIOTCS ANS YHUBEPCAbHbIX
CTAHKOB OOLLUEro HasHauyeHust 1 . VICTOYHMKOM [ABWXKEHUS| B HMX uallle
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BCEro SBNSeTCA OQHOCKOPOCTHOMW (pexke ABYX WM TpexX CKOPOCTHOW)
aNeKTpoABUraTenb, a MexaHuW4yeckas 4acTb COCTOMT K3 MOCTOSHHLIX WU
rpynnoBbIX nepegad (puc. 2.1,a).

MocTosHHbIE Nepejaqn (PeMeHHas — 11, 3ybuartas — 1) cnyxart s
peayLmpoBaHns (MOHMXKEHWSA) YacTOT BpalleHUs U popmMmnpoBaHna mpo-
CTPaHCTBEHHO KOMMOHOBKW MPUBO/A B CTaHKe.

["pynnosble nepegaun P1=2 n P2= 3, obpasyrouime KopobKy CKo-
pocTeit, obecneunsatoT TpebyeMoe YMCo YacTOT BpaLLeHNs WNUHAENS.

B npumepe Ha puc. 2.1 41CNo CKOPOCTeR (4acToT BpaLLeHNs) Kopob-
KN CKOpPOCTeN paBHO Z=P1-P2=2-3=6.

Pafg 4yacToT BpaweHWs LWNUHAENA CTPOMTCA MO TeOMETPUYECKOiA
nporpeccun:

= Npin; Mo =01 Q; N3=1°Q =101°Q% Ny=n3Q=1n"¢’ M.,

B o6uiem Buge:

n,=n; @°, 2.1)

rge n, — MCKOMas 4YactoTa BpalleHus WNNHAENS; N = Nyip — MAHUMa Tb-
Has yacToTa BpalleHus; () — 3HameHaTe/lb FeOMeTPUYECKOW MPOrpeccuu;
Z — CTYnNeHb MCKOMOW YacTOTbl BpaLleHus.

3HameHaTe/lb reOMeTPUYECKOro paga P vMeet cTaHAapPTHbIE 3HaYe-
Hua: 1,06; 1,12; 1,26; 1,41; 1,58; 1,78; 2. Paabl 4aCcTOT BpaLleHNsA TakxKe
CTaHJapTU3MPOBaHbl U X HOPMUPOBaHHbIE Y1Ca NPUBeAEHbI B Npus. b.

[nana3oH perynvpoBaHus 4acTOT BpallleHus B NpuBoAe onpeaens-
eTcs no opmyne

R = Nmax _ ng-@*! _ (pz—l . 2.2)

Nmin nq
Uncno CTyneHeid 4acToT BpaLeHUs B NPUBOAE MPU U3BECTHLIX R 1

@ moxeT ObITb onpeaeneHo Kak

lgR
, — 18R

+ 1. 2.3
e o (2.3)
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Puc. 2.1. CTyneHyaTbIil NPUBOA, FNaBHOMO ABUXEHWS MHOXUTENbHO
CTPYKTYpbI: @ — KUHEMATMYeCKas cxeMa; 6 — rpadik 4acToT BpaLeHUs

B0O3MOXHble 3HayeHWs 4acTOT BpalleHWa LWNUHAENA NpU  Bcex
BK/THOUYEHUSIX G/IOKOB LUECTEPEH YA0BHO M306paXkaTb C NMOMOLLIbIO rpaduka
4acToT BpalleHus (puc. 2.1,6). Banbl npuBoga yCNoBHO M3006paXaroT Bep-
TUKIbHLIMW IMHUAMU, & YacTOTbl BPaLLeHUsA BasIOB — FOPU3OHTa/IbHbIMU
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NMHUAMW. PacCTosiHME MeXay FOPU30HTa/IbHbIMU IMHUAMW O[IMHAKOBO
paBHO Ig(, Tak Kak rpajuk nocTpoeH B /IOrapuiMUYECKOM MacLuTabe.
Nyun, ncxopsaiume 13 ofIHON TOUKN N COeMHAOLWME 1Ba COCEHMX Bana,
COOTBETCTBYHOT MepefaTOYHbIM OTHOLLIEHMSIM OTAENbHbIX nepefgad. OanH
Ny4 — OAMHOYHAA peMeHHasd 1; un 3y6uatas 1, nepejaquu; gsa nyya —
ABOVHON 650K WwecTepeH (P1= 2), peann3yoLWnii nepeaaToyHble OTHOLLE-
HUA 13, 14; TPW Nyya — TPOIAHOI 610K (P2 = 3), obecneumsatoLLmii Npu ne-
PEK/IHOUEHUAX NepefaToUHbIe OTHOLLEHUS 15, 1g W 17.

UncneHHoe 3HayeHWe nepeaaTouHbIX OTHOLLEHWIA, M306paXKaeMbixX

Nlydyamn Ha rpadimke, NPoLLe BCEro OMNpefensiTb OTHOLUEHWEM YacTOTbl
BpaLLeHNs BeIOMOro Basia K YacToTe BpalleHus BeayLlero. Hanpumep:

1,=17 Ha,...i3:fl4 116,...i7:ﬂ6 Ns =105 Ngy.

CnefnyeT MOHMMAaTb, YTO MapansefibHble Nyyn Ha rpavke onpepe-
NAKT OAHO N TO XXe MnepeaaToyHoe OTHOLWeHWe. Hanpumep, Ha puc. 2.1,6
KXK[0€ U3 NepefaToUHbIX OTHOLIEHWIA 15, 1g , 17 OMpeAenseTcs AByms
napansieNibHbIMU NyYamu.

[MepepaToyHble OTHOLLEHMSA 4acTOT BpalleHWsa Mexay COCefHMMMU
Ba/laMM TaKXXe MOryT ObITb Hal[ieHbl, €C/IM N3BECTHbI YMC/a 3yObeB Conps-
raembIX Konec z nnn nx amameTpol d (puc. 2.2,a). [ng pemMeHHbIX nepefay
nepeaaToyHble OTHOLLEHMSA MOTYT ObITb OMpefeneHbl OTHOLLIEHWEM [Aua-
MeTpoB LWKMBOB D (puc. 2.2,0).

KoMmMnNoHOBKa [/1aBHOro npveofa B CTaHKaxX MOXET ObITb CO-
BMELLIEHHOW 1 pa3aeneHHoi. MNpu coBmelleHHOM npuBoae (puc. 2.3, a, 6)
Kopob6ka ckopocTein (KC) pacrionaraetcs B Kopryce LINWHAENbHOW 6abKu
(LUB). Mpwn pasgeneHHOM KOMMOHOBKe (puUc. 2.3, B) KOpobKa CKOPOCTEM
MOHTUPYeTCA B OTAENbHOM KOpnyce, a WNWHAENb B KOPMNyCe LUMWUH-
AenbHon 6abKu.
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Puc. 2.2. KnHemaTtunyeckne cxembl nepegadn npusoga:
a— 3y6uaToin; 6 — peMeHHoM

CTpPpyYyKTYypa rasHOro npMeofa B CTaHKax noapasfensercs Ha
[Ba TUMa: MHOXUTENbHYHO U CNOXKEHHYIO.

Mpy MHOXUTENbLHOW CTPYKTYpe rpynnoBble nepefavn CoefunHs-
FOTCA MOC/Nef0BaTe/IbHO, M YAC/I0 YaCTOT BpaLLEeHWA LWINNUHAENS onpeaens-
eTCa Kak Npov3BeAeHre Yncen rpynnoBbIX rnepefay B OTAENbHbIX rpynnax
Z=2-3=6(CcMm. puc. 2.1).

[pn CNoXXeHHOM CTPYKTYype (NoapobHee cm. M. 2.4) obLuee 4mcno
4acTOT BpalleHWsa LWNUHOENA Z onpefenseTca Kak CyMMa 4acToT Bpalle-
HNA ABYX MHOXWUTENbHbIX CTRYKTYP:

Z=71%7Z). (2.4)
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Puc. 2.3. BapnaHTbl KOMMOHOBOK MPWBOAOB FNaBHOIO ABMXKEHUS B CTaHKax:

Exo———n—]

a, 06— COBMELLEHHbIE; B — pa3feNeHHbIe

2.2. 3agaHue 1 TpeboBaHUS A1 MOAEPHU3ALNN KMHEMATUKM
CTYMNeH4YaToro npmeoja

Pa3paboTka HOBOW KMHEMATMKW CTYMeH4aToro npueoia B3amMeH 6a-
30BOr0 BapwmaHTa BbINOHAETCA TO/ILKO B pamkax PP no kypcy OMI.
CXOAHBIMU JaHHBIMU O/19 MOAEPHM3aUMM CTYNeHYaToro npmeoja, yka-
3aHHbIMW B 33[aHNK, ABNAOTCA:

n "~ MUHMManbHas YyacToTa BpalLeHUs WNNHAENS, 06/MUH;

na%*— MakcManbHas YacToTa BpalleHWs WnuHAeNs, 06/MUH (MHO-

raa B 3a/jaHUN He YKa3blBaeTCs);

Z — UMCNO CTYMEeHel YacToT BpaLLeHMs WNUHAENS (MOXKET 3aaBaTh-
Csl B BUE CTPYKTYPHOI hopMy/ibl);

() — 3HamMeHaTeNlb reOMeTPUYECKOI NpOrpeccum;

N, — YacToTa BPALLEHNs HeperynnpyeMoro aCMHXpPOHHOIO 31eKTPO-

nBuraTens, 06/MvH (Ans ABYXCKOPOCTHbIX AABUraTesieid YacTOThbl BPaLLEHNS
YKa3bIBatOTCA B BUAE Apo6W).
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Mpn MofepHM3auuM NpuBOLA TNABHOMO [ABMXXEHUA KOHKPETHOro
CTaHKa B CTyneH4YaTOM BapnaHTe 2, 3 HeobXo4MMO CTPEMUTLCA K COXpa-
HEHMIO KOHCTPYKTUBHbIX MapameTpoB 6a30BbIX KOPMYCOB, B KOTOPbLIX OY-
AYT MOHTUPOBATLCA BCe 3/1EMEHTLI MpuBoja (Basibl, MOALIMIMHUKN, LIec-
TepHM 1 T. n.). Takoe TpeboBaHWe MNPOAMKTOBAHO TEXHWUKO-3KOHOMMU-
YECKMMM COOBPaXKEHNAMN N HEOOXOAMMOCTLIO MPUCOELMHEHNA KOPMycC-
HbIX Y3/10B NPMBOAA C M3MEHEHHbIMU CKOPOCTHLIMU XapakKTepuCcTUKamMmn K
6a30BbIM 3/1eMeHTaM CTaHKa (CTaHuHe, CTOIKe, TpaBepce U T. 1.)

[Mo3aToMy Yy)Ke Ha 3Tane pa3paboTKy HOBOW KMHEMATWMKWN CTyrneHYa-
TOro NprBOAa HeO6XOANMMO OCTaBUTL HEU3MEHHbIMM:

1. KOMMNOHOBKY 1 CTPYKTYpY npusoa (cm.n. 2.1);

2. KonnyecTtso Ba/10B B NMPMBOAE.

CneflyeT OTMeTUTb, YTO MOJIHOE COXPaHEHWE KOHPUrypauum n pas-
MepoB 6a30BbIX KOPMYCOB NPVBOAA BO3MOXXHO TO/IbKO MPW BbIMO/HEHNM
eLLle 04HOro BaXXHOro TpeboBaHMA: PacCTOSHMA MeXay OCAMU BasioB B MO-
[EePHU3MPYEMOM MPUBOLE AO/MKHbI ObITb TaKMMMK Xe, KaK U B 6a30BOM.
OfHaKo 3710 TpeboBaHWe npu pa3paboTKe HOBOM KMHEMATUKWU CTYMNeHYaTo-
ro npvBofa AONYCKaeTCA He BbIMOSHATL BBUAY BbICOKON C/IOXXHOCTK 3a-
[ja4yn 1N OTCYTCTBMSA HEOOXOAMMOCTU Pa3paboTKM TEXHWYECKOro MpOoeKTa
NpnBOAa Ha ee OCHOBE.

2.3. MpuBOAbI MHOXWUTE/TIbHOW CTPYKTYPbI U NOCTPOEHME
rpauka 4actoT BpaLLeHuns

MHOXWTEeNbHbIe (NPOCTbIE) CTPYKTYPbl BKAKOYAKOT psAf nocnenosa-
Te/IbHO COeAVHEHHbIX TPynnoBbIX nepegad 1, 2, 3, ... K ¢ COOTBETCTBYIO-
Wwmmn ymucnamn nepegad P1, P2, P3, ... PK. YnpoleHHaa CTpPyKTypHas
(hopmyna Takoro npvBoAa 3anucbiBaeTcs B Buae 4

z=P, Pl -P2-P3- ... PK, (2.5)
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rae z — obliee KONM4YecTBO CTYMEHEN YacToT BpalleHUs B npuBoje; Py —

YMCNO CKOPOCTEW HEeperynmpyemoro anekTpoaBuraTens, KOTopblii MOXET

ObITb OAHOCKOPOCTHbIM (P35 = 1), ABYXCKOPOCTHbIM (P3=2)u1T. 4.
Hanpumep, gna z = 12 (puc. 2.4) yNpoLLeHHYO CTPYKTYPHYHO op-

MYy MPU 04HOCKOPOCTHOM ABurartesie 00bIYHO NPeACTaBNAKOT B BUAE

Z=12=P4-P1-P2-P3=15-3-2"2.

15 ,
00/ AuH

o0

g 1726

NN\ 2
A\

N 50

Z=12=1,3,2,2,

i ﬁ /V V Fluin ,

_ _ _ _ o6/ MuH
- 77_ ’ 'PZ-_ ’ 'P—jfz_ffm B
. ’2\' G < el 7Y
=106 N fgg
_ N 630
L6300 |/ N jos
=60 | N 40

/ 375

l5=12 250

L 175
03B |

Puc. 2.4. 'pathvK 4acToT BpaLLeHWs BasIOB MOAEPHM3NPOBAHHOIO
npuBofja cTaHka Mog. ...
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MonHas CTpYKTypHas hopMyna ins 3Toro e npumepa 3anuiieTcs
B BU/IE

Z =12="P,4- Plx1 - P2 X2 ° P3 X3, (2.6)

roe  Xi, X2, X3 — XapaKTepUCTUKN MHOXWUTENbHbIX rpynmn (rpynnoBbIX
nepesauy).

XapakTepUCTMKM NMOKasblBakOT, CKO/IbKO MHTEPBa/IOB MpU MOCTpPOe-
HUW TpaiKoB AO/MHKHO ObITb 3aK/IKOYEHO MeXay ABYMSI COCEAHUMW NlyYa-
MW, MCXOOALLMMU M3 OAHOWM TOYKW. B Knaccnyeckmx BeepoobpasHbIX
CTPYKTYpax XapakTepuCTMKa MHOXMUTENbHOW TPYMMbl ONpeaenseTcs ync-
NOM nepefad, NpeawecTBYOWNX AaHHOW MHOXMTENIbHOW rpyrnne, Npuyem

A/19 NepBoK rpynnoBou nepegayun P1 xapakrepnctmka X1 = 1.

[na npueoga ¢ Z = 12 nofiHaa CTPYKTYpHaa hopmyna npu 04HOCKO-
POCTHOM [Burartene OyfeT npeacrasieHa Kak (CM. puc. 2.4)

Z =12=P3 Pl x1 - P2x2-P3x3=15"3125" 2.
38ecb X1= 1 no onpegeneHuto; X2=P5 - Pl =15-3=3; Xxapaktepu-
CTuKa X3=P5 - P1 - P2 = 15-3-2=6.
Mpn ABYXCKOPOCTHOM fBuratesne (ng = 2860 / 1430 06/MWH) NONHas

CTPYKTYpHasa opmyna ana npueoda ¢ Z = 12 6yaet UMeTb CreayoLLnii
Bua (puc. 2.5, a):

Z=12=Py Pl x| P2x2=25"3;" 2,
a NMpun TPEXCKOPOCTHOM 3JiIEKTpOoABUIaTene

Ny =2860 /1430 /715 06/MuH (puc. 2.5, 6):

Z=12=Py Pl y] P2x2=35"2" 2
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NocTpoeHme rpadmka 4acToT BpalleHUsa npueoia
MHOXXNTE/IbHOWN CTPYKTYPbI
[Mepen NOCTPOEHMEM rpagivka 4acToT BpallleHUs Heob6XoAMMO Mpo-
aHa/IM3npoBaThb rpaiuk N KMHEMaTUYECKYHO CXeMy 6a30BOro CTaHKa, KO-
TOpble J0/MKHbI ObITb NPeACTaB/eHbl U ONucaHbl B noapasaene 1.2.
[NpeanonoXxum, 4To Nprueoj 6a30BOro ctaHkKa COBMELLEHHbI (CM.

puc. 2.1), UMEeT MHOXUTENbHYIO CTPYKTYPY Z=2 -3 =6, = 1,58 , Ny

=100 06/MUH, ; Ny = 2000 06/MWH; KONNYECTBO Ba/IOB PaBHO 5; nepeaa-

ya BpaLLeHWsa OT 3/eKTPoABMraTensi Ha KOpobKy CKOPOCTE OCYLLEeCTB/S-
eTCA PEMEHHOI nepefavei.
YncneHHble XKe 3HaYeHNs UCXOAHbIX NapamMeTpoB A8 ero MoAepHU-

3aUMn yKasaHbl B 3afaHUM N UMEKOT CNeAyrolne 3HadyeHus: zZ = 12;
0 =1,26; Npyi,= 100 06/MUH; Ny = 1460 06/MUH.
[Mpn NOCTPOEHUN HOBOrO rpagmka (puc. 2.4) UenecoobpasHo npu-

NEPXNBATLCS HMKENPUBEAEHHOW NOCNe]0BaTENbHOCTH.
1. 3anucbiBaeTcs MOMHas CTPYKTypHas opMmyna npuBoja

(cMm. hopmyny 2.6):
Z =12=P3- Pl x1 - P2x2-P3x3=15"3;" 25" 2.

2. MNpwn n3BeCTHbIX P =1,26 U Ny, = 100 06/MWH BbINKCLIBAETCA
CTaHAAPTHbIA PS4 4acToT BpalleHus wnuHgens (cM. npun. b): 100; 125;
160; 200; 250; 315; 400; 500; 630; 800; 1000; 1250; 1600. KonnyecTtso
BbIMMCaHHbIX YnCeN psaaa AO/MKHO ObITb He MeHee 12 (T. K. Z=12), U B TO
e BpeMs MocnefHAs BbINUCaHHAsA YacToTa JO/HKHA MepeKpbIBaTh YacToTy

BpalleHnsa Bana afnektpoasurarens (T. e. Ny = 1460 06/MUH). B Haluem

cnydyae BbinucaHo 12 + 1 = 13 uucen.
3. Ha ognHakoBOM pacCTosHAW Apyr OT Apyra npoBOAATCA BEpTU-
Ka/lbHbl€ TMHUK, YNC/IO KOTOPbIX PaBHO YMCNy BasioB B NPMBOAe 6a30BOro
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CTaHka (cM. puc. 2.4). Bce Basbl, Ha4YMHaA OT 3/1EKTPOABUTaTENSA, HYMepy-
KOTCA PUMCKUMK Lndpamu.

4. Ha pacctoaHuu 1g 1,26 ppyr oT gpyra npoBoAAaTCA rOpU30oHTab-
Hble IMHUN, KOJIMYECTBO KOTOPLIX PABHO YMC/Y BbINUCAHHBLIX YacTOT Bpa-
LLLEHWA.

5. TIpOTUB KaXKAOW TOPU3OHTa/IbHOWM JIMHUW Ha MOCNefHeM Bany
(WNWHAeNe) 3anucbiBaldTCA  COOTBETCTBYHOLLME 4acTOTbl BpaLleHuA
lwnuHaens. Ha nepsom Bajsly HAHOCUTCA YacToTa BpalleHUA 3N1EKTPOABU-
ratens ny = 1460 06/MVH.

6. Ha NnocTpoeHHO ceTKe rpadmka HaHOCUTCS TMHKS NepeaToOYHbIX
OTHOLLUEHWIA MUHUMANbHOM peayKLMn NpuBoa. STO camast HUXKHSIS NIMHWS
Ha rpacuke, Ny4yn KOTOPOI COEAMHAIOT YacTOTY BpaLLeHWs 3NeKTPOJBMUra-

Tens ny = 1460 06/MUH C MUHUMaNbHOW YacTOTOW BpaLLeHMs WNUHAEeNs
n; = 100 06/MuH. C Uenblo MUHUMM3aUMK rabapnToB NpmMBoLa aTa SINHUA

1; — 1y — 15— i; AO/MKHA 6bITb HECKO/LKO BbIMYKONA. Mpy 3TOM Nepeaa-
TOUHble OTHOLLIEHWSI MOHWKAIOLMX Nepefay A0/KHbl ObITb He MeHee

1/4, T. €. Imin = 1/4. 3HaUYEHVS NepefaTOUHbIX OTHOLLEHWI OnpeaenstoTCs
nyTem JeneHns YacToT BpalleHVs BEAOMOro Bana Ngey HA YaCTOTY BeAy-
LLEro — Ngenyy, . Hanpumep:

1 = Ngey/ Ngegyu, = 630/ 1000 =63 / 100; 1g = 1250/ 1000 = 125/ 100.

7. Oanee, cOrnacHo NoHOI CTPYKTYPHON (hopmyne, Ha rpaduke Ha-
HOCATCS Nyyn MepefaTodHbIX OTHOLUEHWUI A Bcex Apyrux nepegad.
Mpn 3TOM MNepeaaToYHbIe OTHOLLEHUS MOBbILIAKOLINX Nepefay [0/xK-

Hbl 6bITb He 60see ABYX, T. €. Ipax < 2. COMHOXMWTENN B NOMHOW CTPYK-

TypHO opmyne z=12 =P45- Pl x1" P2 x2 - P3 x3=15" 31" 23 2

MOKa3bIBAOT UNC/IO NTyYeit (nepefay), UCXOASLLMX U3 OHOW TOUKU, & UH-
[EKCbl Y COMHOXMWTENE (XapakKTepPUCTUKK FPYMM) NOKa3biBakoT, CKOJbKO
WHTEPBA/IOB [I0/DKHO ObiTh 3aK/IOUYEHO MEXAY COCEAHUMMK ydyamMu.
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HOCTpOEHHbIVI rpaqle HacCToT BpalleHnAa ABNAETCA OCHOBOM Ana on-
peaeneHns ymcen 3y6beB KOnec rnpusoaa.

2.4. NMpnBOabI CNOXEHHON CTPYKTYPbI 1 NOCTPOEHME
rpauka 4actoT BpaLLeHns

CnoXeHHON Ha3blBaeTCA CTPYKTypa MHOFOCKOPOCTHOrO npuBo[aa,
COCTOSILLIAaA Yallle BCero 13 AByX KMHEMaTUYECKUX Lienei nepeaay, Kaxaas
13 KOTOPbIX SBNSETCA 0ObIYHOM MHOXWUTENbHOW CTPYKTYPON. Kak yxe oT-
Meyanocb (cMm. qopmyny 2.4), o6Llee YMCIO CKOPOCTe Takoro npueoa
ornpefensieTcs Kak Cymma 4mcesi CKOpoCTel ABYX Lienen.

Ha puc. 2.6 npuBegeH npumep npvBoda CNOXEHHON CTPYKTYpbl C
pa3fieneHHoM KOMNOHOBKOW. B HeM 6 4acToT BpallleHUs OT KOPOOKK CKO-
pocTeit (3 - 2 =6) nepeparoTcs Ha WnuHaens VII AByma NyTaMu:

— MO KOPOTKOW Lenu Hanpsmyro, MuHys Ban VI ( Npu BK/IKOYEHUN
KyNna4ykoBOMN My(Tbl BNeBO W OAHOBPEMEHHOM BbIBOAE W3 3auensieHus
ABYX LlecTepeH nepebopa Ha VI Bany);

— N0 A/IMHHOW Lenn Yepes rnepebop, Kak NnokasaHO Ha CXeMme.

OO6Llee 4MCNO 4YacTOT BpalleHWs, MepefaBaemMblX Ha LUNUHOENb,
COCTaBNseT

Z=711tZ,=6 +6 =12.

CnoXXeHHble CTPYKTYPbl MO3BOMAT MOMy4YaTb BbICOKME CKOPOCTU
BpaLleHMa LWNUHAOeNa CTaHKa ¢ NOMOLLbHO KOPOTKUX KMHEMATUYECKUX Lie-
Men, a HNU3KME CKOPOCTM — MO KMHEMATMYECKUM LENsSM, A/IMHA KOTOPbIX
onpeaenseTcs HeobXoAMMbIMU pPeayKUMein U 4nciom rpynn nepeaau.
KopoTkue uenu yMmeHbLatoT NoTepy MOLLHOCTK 1 noBbiwarT KI14, cTaH-
Ka, UTO 0COOEHHO BaXXHO MPWU BbICOKMX CKOPOCTSAX, KOraa notepu MOLLHO-
CTW B K&X/0i nepefaye, B KaXKA0M OMope pe3ko Bo3pacTatoT. bonee Toro,
NPUMEHEHNEM C/TOXKEHHbIX CTPYKTYP [AOCTUraeTcs YMeEHbLUEeHWe 4ucna
3ybuaTbIX KOMec, YrnpouleHne KOHCTPYKUWUW, YMeHblLeHWe rabaputos W
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METa/I/TOEMKOCTU KOpO6KI/I CKOpOCTeI\/JI, MnoABNAAETCA BO3SMOXHOCTb 6ecr|pe-
NATCTBEHHOM peann3aunmn pas,qeanon KOMIMOHOBKW TpuBoAa.

CTPYKTYPHYO (hOPMY/Y CNOXEHHOIN CTPYKTYpbIl Z = Z + Z, 6onee

NMoApoOHO MOXHO 3anucartb B Buae 4

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

rne z'= 27, — OCHOBHas MHOXMTE/bHasi CTPYKTYpa C Z © CTyMeHsiMM

0 ’ 4
BpalleHnsl; Z - Z = Z,— OOMNOSMHUTENbHas CTPYKTypa € Z nepebop-
HbIMW CTYMEHAMW. Yncno nepeGopHbIX CTyneHel Z” B 60/bLUNHCTBE CTaH-
KOB HaxoauTca B npepenax 1...4.

OCHOBHasi MHOXWTe/IbHast CTPYKTypa Mpu 0HOCKOPOCTHOM [IBUra-
Tene NPeAcTaBAseTCs B BUAE

z%=Ply1-P2yx2 P33 ... (2.8)

Xapaktepuctuku X1, X2, X3, ... B rpynnoBbIX nepegayax onpeaenstorcs

TaKXke, Kak 1 4151 paCCMOTPEHHbIX BbILLE MHOXUTENbHbLIX CTPYKTYP.
Hanpumep, CTPYKTYpHYHO hopmyny npvBofa FNaBHOMO [ABUXKEHWS
cTaHKa Mof. 1K62 [5] € LecTUCTyneH4yaTo OCHOBHOW MHOXWUTENbHOM

CTPYKTYpOWU 7’ = 21+ 3, 1 ABOViHbIM NMepebopoM z'=2 - 2 MOXHO npej-

CTaBUTb KaK

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

(hopmyna rnaBHOro npmeoda ctaHka mod. 6H81 [5] 3anuwerca B Buae

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

NocTpoeHMe rpadmka 4acToT BpaLLleHUs NpuBoaa
CNNOXKEHHOW CTPYKTYPb
Mepen nocTpoeHMeM rpagmka 4acToT BpalleHMs HeobXoAMMO TLia-
Te/IbHO MPOaHaIN3MPoBaTh rpaink U KMHEMaTUYeCcKyto cxemy 6a30BOro
CTaHKa, KOTopble A0/MKHbI ObITb NPeACTaB/eHbl B nogpasgene 1.2.
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a  rpaK 4acToT BpaLeHns; O — KuHeMaTuyeckas cxema
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MpeanonoXum, Yto Npusoj 6a30BOro CTaHKa pasfeNeHHbI U Bbi-
MosHeH Nofgo6HO cxeMe, NpeAcTaBNeHHOW Ha puc. 2.6,0; KOPobKa CKOPO-
CTeli C Y4eTOM 3NEKTPOABUraTeNs COAEPXKUT YeTbIpe Bana 1 fBa ABOMHbIX

ONoKa, Zx cx. =4 =2 - 2; WNUHAENbHas 6abka MMeeT TPW Basia U MOXET Me-
pefaBaTb BpallleHVe HanpsMyto 1 Yepe3 nepebop; XapakTePUCTUKN Mpes-

nonaraeMoro 6a3oBOro NPuMBOJa UMEKT 3HayeHnss 2z =8 =2 -2 + 4;

@ = 1,41; N, = 90 06/MUH; Ny = 1500 06/MWH; Mepefaya BpaLLEHNUs OT
3NEKTPOoABMraTensl Ha KOPOOKY CKOPOCTEN U OT KOPOOKM K LUMNUHAENLHOW
6abke nepefaeTcs peMeHHbIMY Nnepeaavamu.

YUncneHHble Xe BeNNYMHbI UCXO4HbIX NapamMeTpoB, YKa3aHHbIX B 3a-
JaHUM 0N MOAEPHM3auUM NPUBOAA, WMEIOT Cleaytowme 3HaveHus:
z=12=3-2+6; @ =1,26; Nyi, = 63 06/MVH; Nz = 1500 06/MUH.

MpnM  NOCTpoeHMM rpafMka  MOAEPHM3NPOBAHHOIO  MpuBOAA
(puc. 2.6,a) cneayet nNPUAEPXKMBATLCS HUXKENPUBEAEHHOW Mocnef0Ba-
TeNbHOCTMW.

1. 3anucbiBaeTcA NosfHaa CTPYKTypHas opmyna npmeoga (cm. op-
myny 2.7):

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

2. Mpy n3BeCTHbIX @ = 1,26 U1 Ny, = 63 06/MUH BbINUCHLIBAETCA
CTaHJapTHbIA pPAf 4acToT BpalleHus wwnuHaens (cMm. npun.b): 63; 80;
100; 125; 160; 200; 250; 315; 400; 500; 630; 800; 1000; 1250; 1600.
KonnyecTBo BbIMMCaHHbIX YMCEN pAda A0/HKHO ObiTb HE MeHee Z = 12, U B
TO XKe BpeMs NocfiefHee YMCMO [0/MKHO HECKONbKO MpeBbIaTb 4YacToTy

BpalleHWs aneKTpoasuratens ny = 1500 06/MuH. B Hallem cnyyae BbInu-

caHo 15 yncen — ot 63 go 1600 06/MUH.

3. Ha oAnMHaKoBOM pacCTOAHWUW ApYyr OT Apyra npoBOAATCA CEMb
BEPTUKa/IbHbIX NIMHWIA, YAC/IO KOTOPbLIX PaBHO YMC/Y BasioB B NpuBoje 6a-
30BOro CTaHKa. Bce Basibl, HAUMHAA OT 3NeKTpoABuUraTens, HymMepytoTca
PUMCKMMU Lndpamu.
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4. Ha pacctoaHun 1g 1,26 apyr oT Apyra nNpoBOAATCA rOPU30OHTab-
Hble IMHUW, KONIMYECTBO KOTOPLIX PABHO YMC/Y BbINUCAHHBLIX YacTOT Bpa-
WweHnsa. NpoTUB KaXKaon NIMHMKW Ha nocnefHem Bany (LUNWUHAENE) 3anuchl-
BAOTCA COOTBETCTBYHOLLME YACTOThbI BpaLleHns WnnuHaensa. Ha nepsom Ba-
Ny HAHOCUTCA YacToTa BpaLLeHNs afieKTpoasuraTens ny = 1500 06/MUH.

5. HaHocATCca nyun nepefatoyvHbiX OTHOLLEHWIA, MepefaBaeMblX Ha
LINVHAENb «HANPAMYH» (FOPU3OHTa/IbHbIE Nyun 1;9= 1 : 1 OT Baa V Ha
Ban1 VII). [inga aTOro cHayasia OTCYMTLIBAKOT YacTOThbl BpalleHus, nepeaa-

Baemble Ha LUNWHAENb Yepe3 nepebop. B npumepe yARIVAS 6, cnepoBa-
TeNbHO, HEOBX0AMMO OTCUMUTATb 6 YACTOT BpPALLEHMA, HAUYMHasa ¢ N = 63
06/MUH 1 KOHYass Ng = 200 06/MVH. OCTaBLUMECA 6 YACTOT BpaLLeHWs, Ha-

yMHasd ¢ ny= 250 06/MVH 1 3aKaHuMBasA Ny, = 800 06/MVH, ByayT Mony4e-
Hbl «HaNpPsMyt». «IpsiMble» Y4aCTOTbl OTMEYATCS TOUKaMM Ha Nocnef-
HeM BaJly 1 OT HWUX MPOBOAATCA FOPU3OHTA/IbHBIE NyUM 110 /40 NEPECEUEHNS
¢ V Banom, MuMHys npegnocnegHuin VI san. Mony4veHHast Ha V Bany camast
HVDKHSAS TOYKa MepeceyeHuns nocnefoBaTeslbHO COEUHAETCS /lyvamu ne-
PeAATOYHbIX OTHOLLEHWIA 1g U 19 ¢ Baiamu VI 1 VII. MapannenbHo UM 13
BbILLEPACNOOXEHHbIX TOYEK Ha V Basly NPOBOAATCS OCTaslbHble y4u ne-
pebopHoit rpynnbl. Mpy 3TOM cnegyeT NOMHUTb, YTO ANS1 NOHUXKAKOLWMX

nepefay [O/MKHO BbIMOMHATLCA YC/OBUE lmin = 1/4, a ANsi NoBbl-

LLIAKOLLMX (ECNIN OHU UMEIOTCS) — lmax < 2.

6. CTpouTca rpauk 4acToT BpalleHNs KOPOOKM CKOPOCTEN, pacmno-
noxkeHHoi Ha ILIII n IV Banax. Kopobka MMeeT MHOXUTENbHYH CTPYKTY-
py C 72’=6= (31 23), ¥ Npu NOCTPOEHMM ee rpadmka creayeTt NpuaepPXu-
BaTbCA BbILLEVN3/TOXKEHHOW METOANKKN (CM. M. 2.3) ANd NOCTPOEHUs rpadu-
KOB 4aCTOT BPaLEHUS MHOXMUTESIbHbIX CTPYKTYP. Takxe >kenatenbHo,
4YTOObI MUHMMa/IbHAA BbIXOAHAsA 4acTOTa KOPOOKM (B Hallem cry4vae 3710
315 06/MyH Ha 1V Bany) Obla Kak MOXHO O/1MKe UM paBHa MUHMMAaSTb-
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HOM y4acTOoTe BpalleHUsi, nepegaBaemo C V Bana Ha LUMNWUHAENb
«HaNPsSIMYH0».

7. MocTpoeHme rparika 4acToT BpalleHWNs 3aBepLUaeTcs HaHeceH!-
eM Nlyyeil NepeaaToyHbIX OTHOLLEHWI PEMEHHOI Nepeaayn, COeaNHSIOLLEN
KOPOOKY CKOPOCTei Co LWNMHAeNbHOW 6abKoW. B npumepe aTo nyyum Mex-
ay IV n Veanamu.

Ha ocHOBe MONMY4YeHHOro rpauka 4acTtoT BPALLEHUS MOXHO MpU-
CTynaTb K OnpefeneHuo [JMameTpoB LLUKMBOB M uncen 3y6beB KOMec
npueoaa.

2.5. OnpegeneHne MaMeTpoB LLIKMBOB W YnCes 3yObeB
LLIECTEPEH

OnpefeneHve gnameTpoB LLKUBOB (ECIM OHW MMEIKOTCA B KMHEMATMU-
Ke npuBoga) 1 umncen 3yobeB Kosnec 3ybyatbix rnepefay 06bI4HO BbIMNO/HSA-
eTCs B TaKOi nocnefoBaTelbHOCTY:

1. Ha rpadwmke 4acToT BpaLleHns 0603Ha4aroTCa nepefaroyHble OT-
HOLLIEHWS! PEMEHHBIX 1 3yGUaTbIX nepegay: ij, 1, 13, ... (CM. puc. 2.6, a).
YncneHHble 3HaYeHWA nepefaTtoyHbIX OTHOLLEHW B BUAE OTHOLLEHWI
[NaMeTPOB LLKMBOB U Ymces 3y6beB LLeCTEPEH 3arnncbiBalOTCA Ha rpadvike
nocne Nx onpeaeneHns (CM. HXKe).

2. QnameTpbl LLUKMBOB PEMEHHbLIX Nepefay MOXKHO OMNpeaensTb Heno-
CPefCTBEHHO MO NnepeaaToyYHbIM OTHOLLEHMAM (CM. puUc. 2.6, a):

Mepegaya I — II (pemMeHb), ij= 1250 1500= 125 150;

Mepepava IV — V (pemeHb), i7=800 1000= 160  200.

[Mpn 3TOM MWHUMa/bHbLIA AMAMETP LIKMBOB AN CTaHKOB CpeAHMX
pa3MepoB A0/MKeH OblTb He MeHee 80...100 MM, a MakCMMa/lbHbIA — He
6onee 300 mm. Bonee TOro, »xenatesbHO OAMH M3 LLKWBOB OCTaBUTb Takoro
e AnameTpa, Kak 1 B 6a30BOM CTaHKe.
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3. Mpwn onpegeneHnn uncen 3y6beB LLIECTEPEH B OAMHOYHbIX W TPYI-
MOBbIX Mepefadax cnefyet, Mo BO3MOXHOCTW, MPUHMMATb UX PaBHLIMU
UK 61IN3KUMU Ymncny 3yObeB LLIECTEPEH B 6a30BOM CTaHKe. B TO e Bpems

4Mcno 3yObeB LIECTEPEH He AO/HKHO ObiTb MeHbLue Z,,= 18...25.
OnpepeneHne uncen 3y6beB B rPyrnmnoBbIX rnepefadax mMexay ABYMS
Ba/laMu CfeflyeT HauMHaTb C BblOOpa Yncen 3yObeB TOW LLECTEPHN B Fpyn-
re, KOTOpas rnepefaeT caMyto HU3KYH YacTOTY BpaLleHus.
Yncno 3y6beB Kosneca, CONPSraeMoro C LLECTEPHEN:

Zx =Zu: 1, (2.9)
rge 1 — MUHUMaIbHOe MNepefaToyHOe OTHOLLUEHWE B PacCcMaTpuBaeMOli

rpynnoBoii Nepeaaye.
[anee onpegensercs cyMMapHOe Y1cno 3yObeB LLECTEPHU U Koseca:

ZZ:ZUJ+ZK:ZI+22, (210)

roe Zw=72,, Zx=12,.

JTa cymMma O0yaeT HEM3MEHHOM 1 ANa ApYrux conpsraemMblX KOJec B
paccmaTpuBaemMol rpyrnnoBon nepedade, T. K. PacCCTOSAHNE MeX[Y OCAMU
COCeAHMX BanoB, Ha KOTOPbIX pacrnonarakoTcs LWEeCTEPHN U Koneca nepe-
[auu, JOMKHO ObITb HEU3MEHHBIM, T. €. 2 Z =7+ Z,=7Z3+ Z4= ... const.

Uncna 3y6beB LLECTEPEH APYruX nepedad B rpynne BbIYUCNAKOT
no dopmyrne

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

2.11)

roe «4mcn.» n «3Ham.» — COOTBETCTBEHHO YMC/INTENb N 3HAMEHaTesb Me-
PeaaTO4HOro OTHOLLIEHMSA MCKOMOI 3y6uaTon nepenayn.
Uncna 3ybbeB conpsaraemblX ¢ HUMWN KOJec:
=27 -7, . (2.12)
[na npumepa paccMOTpUM MOPSAAOK OMpefdenieHns ymncen 3yobeB B
nepegayax mexgy sanamu I —1I1I v 111 -1V (cm. puc. 2.6, a,0).
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Mepepaya IT — III (TpoiHOM 6N10K), i, =630 /1250
MpUHUMaeM 4ncio 3y6beB LLIECTEPHM MO 6a30BOMY CTaHKY 7, = 18,
Zx=7Zy :1=18:(630 /1250)=35,7=36, i,=18: 36,
SZ=27Zu+7Z¢=18+36=>54,

3anucbiBaem nepejaToyHoe OTHOLLIEHWE B BUAe 1= 18 : 36 Ha rpa-
(pMKe 4acTOoT BpaLLeHNs.

Mepepnaya II — III (TpoiiHoi 610K), i3= 800 /1250

__ _XZ-Yucn. 54-800 _
Bbluucnaem Z,, = Twen + 3mam. 800 £ 1250 21,1 =21,

Zy=>Z—-Zy =54-21=33, 1i3=21:33.

Mepegaya 11 — III (TpoliHoii 610K), igs =1000 /1250

Bbluncngem Z,, = 22 - ducn. _ _54-1000 _
W ™ Yycn. + 3Ham. 1000 + 1250

Zy= X7 -7y =54-24=30, is=24:30.

24,

Mepepaya III — IV (gBoiiHON 610K), is=315/630

[NpHMMaeM YMCIo 3yObeB LLIECTEPHN MO 6a30BOMY CTaHKy Z,, = 20,
Zx= Zy:15=20:(315/630) =40, 1i5=20: 40,
27 =27+ Zx=20+40=60.

Mepegaya 111 — IV (ABoliHOW 610K), ig=1000/1000=1/1

_ XZ-Yucn.  60-1
Bbluncnaem Z, = Tuon 2 3mam. 141

30,

Zy=272-7y = 60-30=30, 1¢=30:30.
OnpepeneHne uncen 3yobeB MeXay APYrMI OCTaBLUMMICS Banamu

BbIMOJ/HSETCA aHaNOMMYHO. Pe3ynbTaTbl pacyeToB UMCen 3y6beB W AMaMeT-
Pbl LUKMBOB pPEMEHHbIX Nepeay 3aHOCATCA B Tabnmuy 2.1.
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Tabnmua 2.1
3HayeHMss KNHeEMaTUYECKMNX NapameTpPoB O4NHOUYHBIX
M TPYNMoBbIX Nepeaauy

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 HailfieHHble nepefaToyHble OTHOLLEHWS 3anuCbIBalOTCS Ha rpa-
(hmke (cMm. puc. 2.6,a).

4. 3anuncbiBatoTCA ypaBHeHNA KuHemaTuyeckoro 6anaHca (YKB) ans
KaXX0W CTYMEHN BbIXOLHOIO Ba/la Y NMOACUAUTBLIBAKOTCA PaKTUYECKME 3Ha-
YEHMA YacTOT BpaLLeHWA.

Hanpumep (cMm. puc. 2.6, a), 4nd n;= 63 06/MuH.

@125 18 20 @160 28 20
n=1500 —+ — - — . —— . — . — =
@150 36 40 @200 43 51

18 20 28 20
=1000+—+—+—+—=63,8 06/MUH.
36 40 43 51

OTK/IOHeHWe (DAKTUYECKON 4acTOTbl BpalleHUs OT CTaHAAPTHOrO

3HaYeHnsA He JO/MKHO npesbiwaTth + 10 (@ — 1)% [1]. B Hawem cny4ae
[lONMYCTUMOE OTK/IOHeHKne cocTaBngeT £ 10 (1,26 — 1) = + 2,6%. Pe3ynbTa-
Tbl pacyeTa (PaKTUYECKMX YacTOT BpaleHUs U UX OTK/IOHEHWI OT CTaH-
NAPTHbIX 3HAYEHWI TeOMETPUYECKOr0 psiga CBOAATCA B Tab/. 2.2.

PesynbTaTbl NPOBEPKN CBUAETENLCTBYHOT (CM. Tabs. 2.2), YTO OTKIO-
HeHUA (PaKTUYECKMX YaCcTOT BpaLLeHWsa LWNNHAENs OT CTaHAapPTHbLIX 3HaYe-
HWUIN HaxogaTcs B npegenax AONycTUMOro. B npoTvBHOM cnyyae He06Xo-
ANMO KOPPEKTMPOBATL YMCNa 3yObeB LLUECTEPEH U KOJEeC Tak, YTobbl obec-
NneynTb Tpebyemyto TOYHOCTb.
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Tabnuua 2.2

Pe3ynbTaTbl MPOBEPKN OTK/IOHEHUA (*)aKTVI'-IeCKI/IX HaCTOT BpPaLlleHnsA

LUNWMHAENS OT CTaHAAPTHbIX 3HAYEHWIA

dakTnue- | CTaHaapT-
CKUe yac. | Hble YacTo- OTKnoHeHWe Yac-
No TOT BpaLLeHus
c YpaBHEHUs KWHemaTuye- | TOTbl Bpa- | Tbl Bpalle- n np H
Ty- ¢ “er
cKoro 6anaHca H1A, — - 100%
neHn LEHNA, Ng, Nep
06/MVH Ner,
06/MUH
20 28 20
1 —_—— e — 63,8 63 +1,27
100036 40 43 51
20 28 20
2 | 1000— — - —+— 81,3 80 +2,14
100033 40 43 51
20 28 20
3 | 10002Z.22.22.27 102,1 100 +2.14
100030 40 43 51
30 28 20
4 | 1000—.2-.22.22 127,7 125 +2,14
100036 30 43 51
30 28 20
5 | 1000— —+— .+ — 162,5 160 +1,56
100033 30 43 51
30 28 20
6 | 1000—.—-.22.22 204,3 200 +2,15
100030 30 43 51
30 1
7 — = 250 250 0
100036 40 1
20 1
8 —_— 318,2 315 +1,00
100033 40 1
20 1
9 .=z 400 400 0
100030 40 1
18 30 1
10 — = 500 500 0
100036 30 1
30 1
11 e 636,4 630 +1,01
100033 30 1
30 1
12 —_— = 800 800 0
100030 30 1
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2.6. Pa3paboTKa KMHEMATNYEeCKOM CXeMbI CTYMNeHYaToro
npmeoga

Pa3paboTKa KMHEMATUYECKO CXeMbl MOJEPHU3NPYEMOro Mnpueoaa
rNMaBHOMO ABWXXEHUA BbIMOMHAETCA NPW NOMOLLM rpagmka 4acToT BpalLe-
HMA (CM. puc. 2.6, a) Ha OCHOBe CXeMbl 6a30BOro CTaHKa (He npuBedeHa).
PacnonoXkeHne KMHeMaTUYeCKNX 3/1EMEHTOB Ha CXeme pa3pabaTbiBaeMoro
npuBoga He AO/MKHO OT/IMYATLCSA OT 6a30BOro BapnaHTa — BMNIOTbL A0 pac-
MOMNOXEHUS MOABMXHbBIX 6/10KOB Ha TEX )Ke Baslax, YTO U B CYLLECTBYIO-
LLleM cTaHKe. B TO ke Bpems, Kak OTMeyasiochb Bbille, NPy MOCTPOEHUN
CXeMbl CTYMeH4YaTOro MpMBOAa He TPebyeTcA COXpaHeHWsi 6a30BbIX pac-
CTOSHUIA MeXay OCAMMW BasioB, YTO CYLLLECTBEHHO YMPOLLAeT ee pa3paboTKy
(cm. n. 2.2).

Ha puc. 2.6,6 npeactasneH MNpuMep KMHEMaTMyecKoin cxembl. Ha
Hel B 0053aTe/IbHOM MOpPAAKe YKa3blBaKTCS:

— HOMepa BasioB (PUMCKUMM Luudpamn);

— HOMepa NO3NLMIA KNHEMATUYECKNX 3/IEMEHTOB;

— YyacToTa BpalleHus aNeKTpoaBurarens;

— AMaMeTpbl LLKMBOB U Ymnc/a 3yobeB KOJec.

Cxema BblYepyrBaeTca B NMpon3BOSIbHOM MacluTabe. CHavana HaHo-
CATCS OCW BasioB. PacCTosHMA MeXay HUMW MOXKHO OnpeaenvTb Mo ¢op-
My/ie AeNNTeNIbHOr0 MeXX0CEBOro PacCTosAHMA

A =0,5 (Mz; + M2y), (2.13)
rae m — mMofynb; Zi WU Z, — Yncna 3yObeB LLUECTEPHU W KOMeca, BXOAALLMX

B 3aLlen/eHue.
Moaynu ans Bcex 3y6uaTbiX KOMeC MOXHO MPUHUMATb PaBHbIMM

1 Mm. COOTBETCTBEHHO AeNNUTeNbHble AnameTpbl Konec d = m - z npw
m = 1 MM 6yayT paBHbl uncny 3yoebeB, T. €. d = 1 - Z, a paccTosHUs

A=0,5(z +2y).
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LLInpnHa Konec b Ha KMHEMATUYECKOIN cxeme (puc. 2.7) NPUHNMaET-
CA NPOM3BONLHO. PaccTosaHue B Mexay XeCTKO CUAALLMMN Ha Baslax Kose-
camu, CornpsiraemMbIMU C LLECTEPHAMM NOABVKHbLIX G/10KOB, [NO/MKHO ObITb
TakM, 4YTOObl He NPOMUCXOANI0 OAHOBPEMEHHOE BK/HOUEHMe ABYX Map 3a-
LensieHnit. O6bIYHO BENNYMHY B nprvHMMalOT:

— 0719 TPOMHOro 6510Kka B = 2b + 4...6 Mm;

— 018 ABONHOro 610ka B =b + 2...3 mm.
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Puc. 2.7. KoMnoHOBKa TPOMHOro 6/10Ka B C/lyyae BbIMO/IHEHWS
ABYX ycnosuii (2.14)

Mpu HanMuMK B cXeme TPOHOIo 6/10Ka LLECTepPeH TpebyeTcs NpoBe-
PUTb BO3MOXHOCTb €ro 6GecrnpensTCTBEHHOr0 MEePeKNOUYEHNst BMPaBO-
BNEBO U OMPEAENNTLCS C €r0 KOHCTPYKTUBHbIM OhopMmsieHneM. UToGb! 3y-

6bsi KPANHUX KOMEC B/10KA Zpp U Zpeg HE 33/i€BANIN NP NEPEK/THOUEHNAX 32
CpeaHee KOMEeCo Zcp (CM. puc. 2.7), AOMKHbI BbIMOMHATLCA [Ba YCOBUS:
(Zep +Znp) < (2Z—-4); (Zep +Zpes) < (22-4), (2.14)

rae >z — CyMMapHOe Y1crio 3ybbeB B JaHHOM rpynnoBoii nepeaaye.



Ha puc.2.6, 6 cymma 3y6beB B nepegayvax TPOMHOro 6/10ka COCTaB-
naeT 2z =18 + 36 =24 + 30 = 21 + 33 = 54. 3anuckiBas nepeoe ycnoBue
(2.14), nonyyaem

(Zep +Znp) < (2Z2—-4) - (30+21) > (54-4),
T. €. NEPBOE YCNOBUE HE BbINo/HAeTCA. BTopoe ycnosue (2.14) BbINONHSA-
erca, T. K.

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

Bcnenctsue aToro 3ybyaTble Kosieca TPOMHOro 6/10ka npy nx npopu-
COBKE Ha KMHEeMaTU4ecKoW CxXeme HeobxoAmMmo 6yaeT pacrionaratb Tak,
KaK 3TO NOKa3aHO Ha puc. 2.8, a.

[Mpn HeBbINONHEHUN 060MX YcnoBuiA (2.14) TpoiHOW GNOK npef-
CTaB/seTca B BMAe ABYX 3/IEMEHTOB (puc. 2.8, 6): ABOINHOro 6/10ka 1 oau-
HOYHOW LLECTEPHN.

Ecnv B KnHeMaTVKe NpUBOAa MMELOTCA fiBa TPOMHbLIX 6/10Ka, TO NPO-

Leaypa NPOBEPKN 1 ONpeenieHne BapuaHTa KOHCTPYKTUBHOIO 0thopmie-
HWS BbIMONHSETCS AN KKAOT0 U3 HUX.

_gb______ D+ 4. 6MM
// /
— — I 1T — 71T | /// — — B _—
=X X ’ X — 4 X|Xp———
_.B__

—~ - Vi
\ b+ 4 6
a) 0)

Puc. 2.8. BapmaHTbl KOMMNOHOBKM TPOMHOIO 6/10Ka: a — B C/lyYae HEBbIMO/IHEHUA
0[HOr0 13 ycnosuii (2.14) ; 6 — B CNy4Yae HEBbINOMHEHNS 060MX ycnoBuii (2.14)
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2.7. KOHTpO/bHbIe BONPOCHI

1. Mepeuncnntb TpeboOBaHUS K paccMaTpvBaeMbiM B 0630pe nutepa-
TYpbl CTaHKaM-aHaoram.

2. O6BACHUTL LieNecoobpa3HOCTb MOCTPOEHUA psAaa YacToT BpaLleHus
LUNUHAENA MO reOMeTPUYECKO NPOrpeccum.

3. B yem oT/iMyme KOMNOHOBKW rNaBHOro NpuBoja OT ero CTPYKTYpbI?

4. MepeymcnnTb 0COBEHHOCTM U AOCTOMHCTBA CMIOXEHHOIN CTPYKTYpbI
NPUBOAA rNMaBHOIO ABUKEHWA.

5. Y10 noHMMatoT noj CTPYKTYPHON (hopMysoil npueoga? B yem oOT-
NNYne YNpoLLeHHOW (hOpMY bl OT MOSTHOW?

6.3a CYET Yero MoXeT ObITb NOJYYEHO pacLUMPEHMe AMana3oHa yac-
TOT BpaLLeHUs LWnuHAaens?

7. MepeyncnnTb OCHOBHbIE 3Tarbl MOCTPOEHUSA rpaduka 4acTtoT Bpa-
LLEHNA MHOXWTENbHO CTPYKTYPbI.

8. C KakKoW Liefiblo CTPOUTCA rpatvk YacToT BpaLleHus npmeoga?

9. Kakum 06pa3om onpegenstorca ymcna 3ybbeB B rpynmnoBbIX repe-
flavax npusoga?

10. 4na 4ero n Kak COCTaB/IAKOTCA YPaBHEHMSA KMHeMaTMyecKoro 6a-
naHca B NPMBO/E rNaBHOro ABVXEHNA?

11. Yem onpepnenseTca BbI6Op BapraHTa KOMMOHOBKM TPOMHOro 6/10ka
LLIeCTepeH Npu pa3paboTke KNHEMATUYECKOWN CXeMbl?

12. MepeyncnnTb OCHOBHbIE 3Tarbl U OCOBEHHOCTM PaspaboTKU Ku-
HEMAaTUYECKOI CXeMbl CTYMEHYATOro NpmBoa.

13. Yem 06bACHAETCA LEenecoobpasHOCTL MOCTPOEHUA psga 4YacToT
BpaLleHus WNNUHAENA MO FreOMeTPUYECKOn Nporpeccmmn?

14. Kak onpefenntb YnCNO CTyrMeHein 4acToT BpalleHus B NpuBOAe
MpU M3BECTHOM [uanasoHe perynvpoBaHus W 3HaMeHaTene reometpuye-
CKOI nporpeccumn?
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3. MPMBOAbI T MTABHOI'O ABV>XXEHNA
C BECCTYMNEHUATbIM PEIY/IMPOBAHNEM CKOPOCTEWN

3.1. OCHOBHbIe CBefleHUA

[MpuMeHeHWe NPUBOAOB C 6eccTyrneH4YaTbiM (M1aBHbIM) PerynMpoBa-
HWEM 4acTOT BpalleHMs WNUHAENA MO3BOSET MOBLICUTL MPOU3BOANTE/Tb-
HOCTb CTaHKOB Onarofaps BO3MOXXHOCTW TOYHOW HAaCTPOWMKMK 3alaHHOWN
CKOPOCTU pe3aHua 1,4 .

[ns NNaBHOro U3MeHEHUsA CKOPOCTEN B COBPEMEHHbIX CTaHKaX uvallle
BCEro MPMMEHAKOTCA pPerynmpyemble aCUHXPOHHbLIE 3/1EKTPOABUraTENN.

MOLLIHOCTb TaKoro 31eKTpoaBuraTens Py, v KpyTSLWLMIA MOMEHT M, 3aBU-

CAT OT YacCTOThbl BpallleHNs Basia ABuUratens Ny, (puc. 3.1). Asuratens pas-

BUBAET MOJHYI (HOMUHaLbHYH0) MowHocTs RESM, HaunHaa Tonbko ¢ Ho-

MMUHa/IbHOI YacTOThI BpaLLeHns Na.

[lnanasoH perynmpoBaHus 3MeKTPOABUIaTeNst Ha y4acTKe C MOCTOSH-
HOW MOLLIHOCTbHO OMpeAensieTcs Kak 4

max

n
Ronp = —om (3.1)

Nyp

N Anga pa3HbIX TUNOB aCUHXPOHHbIX ,n,eraTeneM HaxoaunTCA B npegenax
Rgn.p = 3---7.

MuHUManbHas YacToTa BpalleHWsi, B KOTOPO HabModaeTcs YCTOM-
ymBasi paboTa ABurartens, 3aBUCUT OT MHOTMX (haKTOPOB W B MEPBOM MpU-
ONMKEHNN MOXKET ObITb NPUHSATA PaBHOWA

n®" ~ (0,1 ...0,2) nioM. (3.2)

[vanasoH perynnposaHuns 3NeKTpoaBuMratesis Ha y4acTke ¢ NoCTOSIH-

HbIM MOMEHTOM

HOM

R, ., = —2—

INM — _min -
Nap

(3.3)
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Puc. 3.1. YNpoLieHHble rpatinKy MOLLHOCTU 1 KPYTSALLIEr0 MOMEHTa
PerynnMpyeMoro 3NneKTpoABuraTens

MoNHbIA AManasoH perynnpoBaHns ABUraTeNs COCTaBuUT:

pHoM  max pmax

Ry =Rym Ropp = " o = —m (3.4)

an — “9n.m AN.Pp T ..min HOM ~— . min" .
P N3p N3p N3p

B npuBogax rnaBHOrO [ABMXKEHWSI CTAaHKOB MOLLHOCTb, pacxodyemas
Ha pe3aHue (MOLLHOCTb Ha LUNUHAENE), AO/MKHA OCTaBaThCA HEM3MEHHOIA
BO BCEM AMana3oHe PerynvMpoBaHUS 4acTOT BpalleHus LwnuHaens. Ecnm
HeoBXOANMbIA [ManasoH perynmMpoBaHMs YacTOT BPaLLeHUs LUMUHAENs B

cTaHke coctasnsaeT Ryn = 3...7, T0 gBurarens ¢ gmanasoHoMm Ry, p=3...7
COeANHAOT HenocpeACcTBEHHO CO wwnuHAaenem. OQHAKO B COBPEMEHHbIX
CTaHKax 00Llero HasHauyeHuUs TpebyeMbli AMana3oH PerynnmpoBaHUs yac-
TOT BpaLLeHusa wnuHaens Hepeako aocturaetT Ryn = 200...300, 1 noato-

MY MPUMEHEHWE CXEMbl «[BUraTe/b—LUNnHAENb» B NMOAABNAIOWEM 60/b-
LUMHCTBE C/ly4aeB He 06ecneymBaeT HY>XHbIX NapameTpoB. [Mo3ToMy ans
paclLUMpeHuns aManasoHa MeXay 3/eKTpoAsuratenieM v LWNUHAOENEM yCTa-
HaBNNBAKOT [BYX-, TPEX- UM YETbIPEXCTYNEHYATY0 KOPOOKY CKOPOCTEWN
(puc. 3.2).
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Puc. 3.2. MpadinKmn YacToT BpaLLleHUs GeccTyrneHYaTbIX NPUBOIOB
FNaBHOTO ABMXKEHNS C Pa3HbIMI KOPOBKaMU CKOPOCTENA:

A [BYXCKOPOCTHON; O TpexcKOpOCTHON; B YeTbIPEXCKOPOCTHOI

[ByXcTyneH4yaTas Kopobka CKOPOCTei (CM. puc. 3.2,a) TeOPeTUYECKN
MO3BO/ISIET YBE/IMUNTL [AMana3oH PerynvMpoBaHUa 3MeKTpoaBuraTens ¢ no-
CTOSIHHOW MOLLLHOCTbIO B 8 pa3 v NOAy4YnTb Ha LUNUHAENE AMana3oH vyacToT
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Rumnp=Ranp Reck=Ranp- 8. OpHako B 60/1bLLMHCTBE Cyyaes uana-
30H Rypp < Ryex, UTO MpmBOAWT K MpOBasy MOLLHOCTY Ha LUNWHAENE

MeXy 4acToTaMu ero BpalleHus nj...np. [Ana ycTpaHeHWs nposana
MOLLHOCTM (eC/in ero BeNn4YmMHa CyLeCTBEHHA) MCMO/b3YHT TPEXCTYMeH-
yaTyro KOpoOKY ckopocTeu (cM. puc. 3.2,6), KoTopas 0becrneymBaeT nepe-
KpbITUE YaCTOT BpaLleHNst Ha yyacTKax Nj...Ny W N3...Ny.

YeTblpexcTyneHyaTas KOpobka cKopocTen (CMm.puc.3.2,8) B BUie ABYX
[BOVIHbIX G/IOKOB LUECTePeH Z = 4 = 2 - 2 TeopeTUYeCcKn No3BoNseT yBe-
NNYNTbL [ManasoH perympoBaHus anektpogsuratens Ry, B 64 pasa
(8 - 8 = = 64). Hanpuwmep, npn Ry,p = 3 AnanasoH perynmposaHus
4yaCTOT BpalleHUs LWNUHAENA C MOCTOAHHOM MOLHOCTbHO COCTaBUT
Runp= Ranp - Reex==3 64 =192, anpn Ry;p = 7 ananasoH Ha
wnuHgene Rypp =764 == 448.

CnefyeT OTMeTUTb, UTO He MeHee 40....50% BepxHelr YacTu fmanaso-

Ha peryampoBaHna wnuHaena C€  MNOCTOAHHbIM - MOMEHTOM Rmn'M

(CM. puc. 3.2,B) 00bIMHO SBNSIETCH PaboumMM, T. K. Ha HWU3KMX CKOPOCTSAX
LUNWHAENS NOMHAsA MOLLHOCTbL ABUraTens He TpedyeTcs. Ha NOHMXEHHbIX
060poTax LUNMHAENS B OCHOBHOM BbIMOMHSIOTCS onepauuu, noTpednsto-
LLMie NPU pe3aHn HeGOMbLLYHO 00 MOLLIHOCTMW ABUraTens.

3.2. 3agaHue n TpeboBaHMs Asi Pa3pPaboTKu
KMHEMaTMKM BecCTyrneHYaToro npnBoaa

CX0aHBbIMW AaHHbIMK AN151 pa3paboTKNU KMHEMATUKN GecCTyneH-
4yaToro NpuBoJa SABMAKTCS :

TN ANEKTPOABUTATENIA N M0 XaPaKTEPUCTUKA,

HOM
sn — HOMWHaJ/IbHaA MOLHOCTb 3N1EKTPOABUTATESIA, KBT;
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S1, S6 — pexxum paboTbl aBMraTens (cm.n.3.6);
Z — 4ACNO CTYMeHein 4acToT BpaLWEHUS MeXaHWYeCKOn YacTu
npuBoaa;

n3¥ — makcumanbHas yacToTa BPaLLEHNA WNUHAENS, 06/MUH;

[ONONHUTE/IbHbIE [aHHbIE yKa3aHus, CBA3aHHble C HEKOTOPbIMMU
BO3MOXHbIMW U3MEHEHNAMU B CTPYKTYpe 6a30BOro npmsoja.

TpeboBaHMA K paspabdaTbiBaeMoOMy NPUBOLY

[MocTpoeHMe KMHEMATUKK GecCTyrneH4YaToro npueoga mno CBOUM Lie-
NAM 1 33a4aM CYLLEeCTBEHHO OT/IMYAETCA OT paHee BbIMO/IHEHHbIX pa3pa-
BOTOK A/1A CTYMeH4YaToro BapuaHTa. 310 0OBACHAETCA Tem, YTO Ha ee 0C-
HOBe B Ja/bHellleM OyfeT pa3pabarbiBaTbC peasibHblii TEXHUYECKUI
MPOEKT NPMBOAA INMaBHOIO ABVKEHUS.

["NnaBHOW 3agadveit Npu pa3paboTke GeccTyneH4yaToro npueoga ABNS-
eTcA MOJIHOE COXPaHeHWe KOH(Mrypauum n pasmepoB KOPMYCHbIX Y3/10B
6a30BOro CTtaHKa, B KOTOPbIX OyAyT pacrofioKeHbl BCe 3/1eMeHTbI MPUBO-
fa. Opyrumy cnoBamu, MexaHuMyeckas 4acTb GeCCTyneH4aToro npueBoga
[0/MKHA ObITb BNMcaHa B 6a30Bblii KOPMyC (UK Kopryca) 6e3 BCAKUX W3-
MEHEHWIA ero (MX) KOHCTPYKLUN.

PelleHVe Bblle0603HAUYEHHOM 3aayun Hanpsmyto 3aBUCUT OT Mapa-
METPOB KWHeMaTuMKM pa3pabaTbiBaeMoOro 6GeccTyrneH4aToro npueoga.
[Mpy NOCTPOEHMM KMHEMATWKW Takoro npvBofda HeoOXOAMMO Y4YUTbIBATb
Lenbli pag TpeboBaHWin N OrpaHNYEHN, KOTOPble NPUBELAEHBI HUXE.

1. KomnoHoBKa pa3pabarbiBaeMOro npuveoga A0O/MKHA CTPOro CooT-
BETCTBOBaTb KOMIMOHOBKE, MPUHATOM B 6a30BOM CTaHKe (CM. M. 2.1,
puc. 2.3).

2. CTpyKTypa pa3pabarbiBaemMoro npmsoga (MHOXWUTENbHAA WK Co-
YKeHHas ) J0/MKHa CTPOro COOTBETCTBOBATb CTPYKTYpe NpuBoga B 6a30BOM
CTaHKe (eCnv B 3afjaHNN HET JOMOSHUTE/bHbIX YKa3aHWI).

3. Yncno Banos B GeccTyrneHYaTom BapuaHTe NpuBOAa AO0/MKHO ObITb
TaKUM e, Kak 1 B NpuBoje 6a30B0Oro CTaHka.
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4. PaccTodgHNA MexXay OCsAMWU BanioB MPOEKTUPYyeMoro npusBoja
[O/DKHbI CTPOro COOTBETCTBOBATb PACCTOAHMAM, MMEKLLIUM MeCTO B
Kopnyce 6a30B0Oro npueoja.

5. lanasoH perynmpoBaHns 4acTOT BpalleHWs C NMOCTOAHHOW MOLL-

HOCTbIO Ha WnuHAene ctaHka Ry p (CM. puc. 3.2,8) O/KeH ObITb MaKCy-
Ma/lbHO LUMPOKMM Mpu  COGMIOAEHMM  HaKNaAblBaEMbIX OrpaHuyeHn
(CM.HWXKe).

6.MpoBa/ibl MOLWHOCTM B psAfe 4acToT BpalleHWa LINUHAOENS
CO 3HameHaTenem (@ = 1,26 He A[O/MKHbI MpeBbiWaTh 1,5 WHTepBaia
(c™m. puc. 3.2,a).

7. MNepeKpbITve 4acTOT BPaLLeHUs He orpaHmymBaeTcs (Cm. puc. 3.2,6)
N MOXET ObITb BeCbMa 3HAUYNUTE/NbHbIM.

8. MNpwn pa3paboTke HOBOro NpUBOLa HEOOXOAMMO (EC/IN 3TO BO3MOXK-
HO) UCMO/Ib30BaTh 6a30Bble 3ybuyaTble nepefayn 6e3 BCAKUX M3MEHEHWNIA NX
KOHCTPYKUUWN.

9. lononHMTeNbHbIe YKa3aHWsA, 0603HayYeHHble B 3aaHN Ha BbIMo-
HEHWe paboTbl, MOryT KacaTbCA HEKOTOPbIX W3MEHEHWU CTPYKTYpbl
npueoga. Hanpumep, BO3MOXHA 3aMeHa C/OXEeHHOW CTPYKTYpbl NprBoAa

npmn pa3ﬂ,8ﬂ8HHOVI KOMITOHOBKE (Z =4 =2 + 2) Ha MHOXWUTENbHYH

(z=4=2 2).INpn aTOM B KOPOOKe CKOPOCTei byaeT yCTaHOB/EHO [Ba
ABOVIHbIX 6/10Ka (CM.prC.2.6,0), a 13 WNNHAENbHON 6abkn ByaeT ybpaHa
nepebopHas rpynna, M BpalleHMe Ha WnuHAgenb OyaeT rnepefaBaTbCs
TONBKO Yepe3 My(Ty — HanpsMyk. 3T0 06CTOATENILCTBO MO3BOJIAT CYLLe-
CTBEHHO CHM3WUTb TEM/0Bble N BUOPALMOHHbIE HArpy3KM B LUMWUHAENBbHOWA
6abKe 1 MoBbICUTb TOYHOCTL 06PAbOTKMN.

3.3. OnemMeHTbI 3ybyaTbIX 3aLensieHni

Kak y>xe oTMeuvanoch B M. 3.2, pa3paboTka rpadmka 4acToT BpaLle-
HUA M KMHEMATUYECKON CXeMbl BecCTyneH4aToro npueoga, B OTMYMe OT
CTYrMeH4yaToro, UMeeT psg ocobeHHocTel. CornacHoO BblleNepeyncieH-
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HbIM TpebOoBaHNAM BCe 3/IEMEHTbI MPUBOAA AO/MKHbI PAa3MECTUTLCH B KOp-
nyce 6a30BOro ysna, popma 1 pasmepbl KOTOPOro AO/IXHbI OCTaTbCA He-
M3MeHHbIMK. Hanbosee CNoXHbIM MPKY 3TOM B psge ClyyaeB SBSETCA Orl-
pefeneHne N TOYHOe coxXpaHeHre 6a30BbIX PACCTOAHUI MEXIY OCAMW Ba-
N10B, YTO Mpu pa3paboTKe CTyNeH4aToro mpusofa He Tpebosasiochb. IMpu
aHa/IM3e KOHCTPYKUMIA 6a30BbIX MPUBOAOB MEXLIEHTPOBbIE PaCCTOAHMS
MeXay BaslaMKn 4acTO OKa3blBAKOTCA HECKO/IbKO 60/iblUe, Yem orpegense-
Mble Nno opmysne (2.13), a CyMMbl 3yObeB CLENIAEMbIX KOMeC B rpynmno-
BbIX Nnepefayax OT/IMHalOTCA ApYyr oT Apyra z; + 2z, 73+ 274

[Mo3aTomy, npexae Yem MpUcTynatb K MOCTPOEHUIO KMHEMATUKK Gec-
CTYNeH4aToro NpuBoAa 1 onpeseneHuto Yncen 3yobes Konec, He0bxoanmo
YACHUTb HEKOTOPblE TMOMIOXKEHUSA M3 Teopumn 3ybuarbiX 3aLerneHui
7,8,9 .

B cTaHOYHbIX NpuBOAax 3ybbA CONpAraeMbIX KOsec BeCbMa 4acTo Ha-
pe3atoT CO CMeLLEeHMEM UHCTPYMEHTA. 3alensieHne co CMeLeHNEM Mo3BOo-
NAeT NPOeKTUPOBaTL 3ybuaTyro rnepefady npu 3afaHHOM (M3BECTHOM) Me-
YKOCeBOM pPaccToAHUK. [ToMMMO 3TOro Takue nepegayvv no3BoNAKT Yyu-
LUNTb UX 3KCM/yaTalMoHHble CBOMCTBA : MOBbLICUTb NPOYHOCTL 3YObEB Ha
U3rMb M HEecyLlyto CnocoBHOCTb NO KOHTaKTHOM MPOYHOCTW, YMEHbLUNTb
M3HOC 3yObEB M YCTPaHUTL SBMIEHNE 3aK/IMHUBAHWUSA, CHU3UTb LUYM N BUO-
paumu. bonee TOro, BCTpevarOTCA CAyyan MCMOMb30BaHWA B MpUBOAax
LLECTEepPeH C Ynciom 3ybbes 7z < 18.

Takune LWeCcTepHN 4Na YCTpaHeHWUs Mofpe3aHns HOXKKN 3y6a 1 yBenu-
YEHWs MPOYHOCTU 3y6a Ha M3rnb Bcerga HapesarTCA C MOMOXKUTENbHLIM
CMELLEHNEM MHCTPYMEHTA (CM. HUXE).

3ybba nepefay CO CMELLEeHWEeM M3roTaB/MBAKOT Ha TEX XKe CaMmblX
CTaHKax N TeM >Xe CaMbIM CTaHAAPTHbIM MHCTPYMEHTOM, YTO U 3y6bs ne-
pefay 6e3 cmelleHns. Ha puc. 3.3 npefcrasneHa cxema HapesaHus 3yObeB
KO/leC C pas/iMyHbIMN BEIMYMHAMM CMELLEHNA UHCTPYMEHTa U 0003Ha-
YEeHWEM [MaMeTPOB XapaKTePHbIX OKPY>KHOCTEMN:
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d {, — AMameTp OCHOBHOI OKPYXXHOCTM (OKPY>KHOCTb, MO KOTOPOIA ne-

pekaTbiBaeTCA Mpou3BoAdALLas npsamas npyv NOCTPOEHUW 3BOJIbBEHTHOIO
npodmns 3y6a);
d — anameTp AennTenbHON OKPYXXHOCTKM (6a30BbIi NapaMeTp 3y6ua-

Toro koneca d =m - z);

d — auameTp OKPYXXHOCTM BEPLLINH 3y6beB;

d ,— AnameTp OKPYXXHOCTY BaAnH 3y6bes.

?\,=0 HHCmpymenm

I/ \‘ .

Puc. 3.3. 3y6bsa konec, N3rotaBnnBaeMble C Pa3MUYHbIMU BENMYMHAMMN CMELLLE-

HUS MHCTPYMEHTA U XapaKTepHoli oKpy>HocTu: d,— ocHoBHasA, d — aenuTenbHas,
d — BeplmHa 3y6bes, d , — BraanHa 3y6bes

[Mpn Hape3aHWM LIecTepeH (KOMec C MeHbLUNM YMCNOM 3yObeB) CMe-
LIEHNE MHCTPYMEHTA BCErfa HalpaB/€HO OT LEHTPa 3ar0OTOBKU N UMEET
NONOXXUTEJIbHOE 3Ha4YEeHWNE > () . 3aroToBKu LLIECTEPEH MNMPU 3TOM AeNaroT
GoMbLLEr0 AnameTpa, Hape3aemble 3yObsl Yy OCHOBaHMA YTOMLWAKOTCA, a Y
BEPLUNH 3a0CTPAOTCA. B pesynbTare 3TOro NPOYHOCTL 3y6beB MOBbLILLAET-
cA. ﬂpl/l Hape3aHn KoNnec, NMEKLLINX 00/1bLLUOE KO/IMYECTBO 3y6beB, NHO-
raa MOXXeT MMeTb MEecTO M OTpuuaTesibHoe cMeLeHne < 0 (MHCTPYMEHT
CMeLLaeTca K LeHTPY 3aroToBku). Ecnv conpsraemble Kosieca HapesaroT
6e3 cmeweHna (= 0), TO TaKyto nepefadvy HasblBatOT — HOPMabHOM, UK
HY/IEBOWA.



CMeLLeHe MHCTPYMEHTA OMpesenseTca rno opmyrne
A=Xx -m, (3.5)
rge X — KoahmuMeHT CMeLLeHns; M — MOAY/b.
BennunHbl KO3(DPULNEHTOB CMELLEHUS 3aBUCAT OT psafda (DakTopoB U
X TOYHOE 3HayeHme 06bIYHO OnpeenstoT NPy pas3paboTke paboumnx yep-
TeXel 3yb4aTbIX KONec. MCNonb3ys pekomeHgauumn pabort [7, 8, 9].
[Ana HopMasbHbIX 3yb4vaTbix rnepegay (6e3 cmeweHNsA) OCHOBHbIE

pasMepbl KO/IEC ONPeAenstoT No popmynam, NpUBeAeHHbIM B Tabn. 3.1.

Mpu Hape3aHuK 3yGUaTbIX KOMEC CO CMELLEHNEM BO3MOXHbI f1Ba OC-
HOBHbIX BapuaHTa.

[MNepBbIt BapuaHT cMeLLeHU. KoahpuumeHTbl CMELLEHNA LLECTEPHN X1,
Koneca X , W CyYMMapHbli X  YAOBNETBOPAIOT YCMOBUAM X | X »
nx =x;+x, 0 (06blMHOX ;>0; X,>0 n x >0). Hapwuc. 3.4

B ynpoweHHOM Buae npeactaBneHo 3auerieHne 3y6anb|x KOnec, CoOoT-
BETCTBYHOLLUEE ITOMY Hanbonee pacnpocTpaHEHHOMY CJ/ly4alo.

doi/ | \di

ﬁj = X«

= 0,5(d1+ d2) +A5

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

Puc. 3.4. YnpolleHHasa cxema 3aLensieHms 3ybyarbix Konec
C NONOXUTENbHbIMU CMeLeHnamMu A > O:

d — genutensHble okpyxHocT, d  — HavaNbHbIE OKPYXKHOCTM
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Tabnuua 3.1

dopMynbl 4ns pacyeTa napaMeTpoB LMAMHAPUYECKMX MPSAMO3Y0ObIX
nepeaay 6e3 cMeLLeHns (pasmepbl, MM)

HanmeHoBaHwWe napa-
O603HayeHue dopmMy”nbl U YKasaHuA
MeTpOB
Bbl6b1patoT B COOTBETCTBUM
Mogaynb m C pacyeTom 3y6beB Ha
MPOYHOCTb

Yuncno 3ybbes: Bblb1patoT B COOTBETCTBUM

LLIECTEPHM Z, C TpeboBaHMeM KiHeMaTu-

Koneca 7z, KU
OnameTp:

[eNUTENBHON OKPYXKHOCTH d d=m Z,

BEPLUMH 3y6beB Koneca d d =m(Z+2)

BMaAuH Koneca df df =m(Z-2.,5)
BbicoTa:

3y6a h h = 2,25 m

rofIoBKM 3y6a h h =m

HOXKW 3y6a hf hf —125m

m(Z,+Z
[lennTenbHOe MEeX0CeBoe A A= % =
accTosiHue

P = 0,5(d, + dy)

BWaHO, 4TO B3aMMHbI 06KaT KOMEC NPOMCXOAMT MO TaK Ha3blBaEMbIM
HauaNlbHbIM  OKPY)XXHOCTAM 0603HaueHHbIX gvavetpamu d | n d
Ovametpel d | nd , HasbiBalOT HaYabHLIMW AMaMeTpamm 3y6UaTbIX

KOnec.
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B paccmatpuBaemMoM MnpuMepe HauvasibHble AnameTpbl d He cos-
MnagakoT C AENTENbHLIMN — d. [Mpn 3TOM BbICOTA 3y6beB h YMEHbLLUAETCA

Mo CPaBHEHMIO C 3yObAMU Mepeaay 6e3 cMelLeHUs, Y KoTopbix h = 2,25m
(cm. Tabn. 3.1).
BTopoin BapmaHT cMeLeHnsA. KoathuLMeHTbI CMELLEHWNS LLIECTEPHU

X 1, KOJIeca X , U CyMMapHbIiA X Y[10BNIETBOPAIOT CeAYOWMUM YCNOBUAM:
X1>0, XxX,<0, X; = X, UWX =X;+X,=0.30ecb CMELLEHNA UH-
CTPyMeHTa | U, 6yayT paBHbl N0 aGCONKOTHOWN BENNYMNHE, HO NMPOTUBO-
MONOXHbI MO 3HaKy. HavasbHble OKPY>XHOCTU B Mepefayvax Takoro Tuna
TaK XXe, Kak 1 y 3ybuaTbIX Konec 6e3 cMmelleHns, coBnagatoT ¢ AeNNTe b-
Hoimm, T.e.d =d.

B nepBom BapuaHTe nepefay Co CMELLEHWEM MMEETCH psAf Npevmy-
LLeCTB Mepes BTOPbIM: MOBbILLIEHHAA MPOYHOCTL 3YObEB 060UX 3yBUaTbIX
KOJIeC; BO3MOXKHOCTb MPOEKTUPOBaHMA 3ybyaTbiX Mepeday C >XefaeMbiM
MEXOCEBbIM PACCTOAHMEM MPU NIOBObLIX COYETaHUAX YnCen 3yObeB LLECTep-
HU 1 Koneca [7, 8]. MoaTomy aTOT TKN nepefay nmeet NpenuMyLLEeCTBEHHOE
NMPUMeEHEHME.

[na 3y6yaTbiX KOMEC C MOMOXKUTE/IbHbIM CMELLIEHEM (NepBbI Bapu-
aHT) OCHOBHble pa3Mepbl Mepefayn ¢ HEKOTOPOW MOrPeLHOCTbH) MOXHO
onpeaennTb NO HWKENPMBEAEHHbIM (hopMynam.

Me>xkoceBoe paccTosaHMe A (CM. puc. 3.4)

A = 0,5 (d1 +d2) + ) (36)

rpe di=mz, nd,=mz, penuTeNbHbIE AMAMETPbI 3y6UaThbIX KOMEC;

= 1t 2 CyMMapHOE CMELLIEHNE.

HayanbHble grameTpbl Konec d - (cm. puc. 3.4)
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2A -1
1= i+1_ , (3.7)
d ,=2A —d . (3.8)
roe d ;md ,— cooTBETCTBEHHO HaYaNbHbIE AMAMETPbI BEAYLLErO 1 Be-

[IOMOr0 Kofeca; I MnepefaToyYHOe OTHOLLEHME.

[nameTpbl OKpY>XHOCTel BeplunH 3y6beB d , BnaguH  df, a Takke

BbICOTHble napameTpbl h, h  n hf B nepegavax co cmeleHnem 6yayT

CYLLECTBEHHO OT/INYATLCA OT 3HAYEHUIA TEX XKe NapameTPoB HOPMasbHbIX
3y6uaThbiX Mnepefay, BblUMUCSEMbIX MO opMynam Tabn. 3.1. STK Bennuu-
Hbl 0ObIYHO OMpeAensaloT Mpu pa3paboTke paboumx uepTexkeld Konec

7,8,9.

3.4. OnpeneneHne MeXX0CeBbIX PACCTOAHWNI
B 6a30BOM NpuBo/e

Becbma 4acTo, M3-3a OTCYTCTBUA MOMHOLEHHbIX UCXOAHbIX AaHHbIX
Mo 6a30BOMY CTaHKYy, OMpefennTb MeXLUEeHTPOBble PACCTOAHUA MeXay Ba-
namMy B NpMBOAe BeCbMa 3aTpPyAHUTENbHO. YTOObI pelunTb 3Ty 3afady, He-
06X04MMO CHayana OnpefenvuTb TUMbl 3y64aTbiX KOMIEC B NPUBOAE, KOTO-
pble MOTYT ObITb Hape3aHbl Kak CO CMELLEeHWEM WHCTPYMEHTa, Tak 1 6e3
Hero. Ecnn cymmbl 3y6beB CLENIAEMbIX KOMEC B TPYNMOBbIX Mepefayax
npvBofa OANHAKOBbI, (T. €. Z =7+ Z,=73+ Z,= ...), TO MOXHO CYK-
TaTb, YTO 3yOUaTble 3aLeneHns BbINO/HEHbI 6e3 CMeLLeHMs b0 Co CMe-
LLeHNeM, PaBHbIM MO BE/IMYMHE, HO MPOTMBOMOMOXHbLIM MO 3HaKy. B 060-
NX CNy4asix, Kak NnokasaHo BbllLe, JAeNNTe/bHbIE N HaYa/lbHble OKPYXXHOCTU
cuennsemblx Konec 6yayT coBnafaTb. Ecim )e cymmbl 3y6beB OyayT pas-
NNYaTbCA, TO MOXHO CAeNaTb BbIBOA 00 MCNOIb30BaHUN B NpuBoge 6aso-
BOro CTaHKa nepefay Co CMeLleHneM, Y KOTOPbIX AeNUTeNbHbIE Y HaYvaslb-
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Hble OKPY)XXHOCTM He coBnafaroT. KpoMe TOro, Kak YKasblBa/oCh BblLLe,
HaMune B NPUBOAE KOMEC C YMCNOM 3y6beB Z < 18 Bcerda notpebyeT no-
NIOXKWTENbHOTO CMELLEHUS UHCTPYMEHTA NMPU UX HApe3aHUN.

Cnyuyaii nepBblii. B TeXHNYECKON JOKYMEHTALMN Ha CTAHOK MMEHT-

CA TONbKO 3HaYeHWUs Mofy/eit m v uncen 3y6bes Konec Z . MUHUMabHoe
YMCNO 3yBbeB KOMeC Zmin  18. MpoBepka paBeHCTBA CyMM 3y6beB Z
CLENNseMbIX KOMec B FPYnMoBoii nepefaye MoKasbiBaeT, UTO 3T CYMMbl
paBHbl. B 3TOM C/lydyae paccTosiHME MeXay OCSMW BasioB OMpeesNiseTcs

no gopmyne (2.13) OeNUTeNbHOr0 MEXO0CEeBOro PacCTOAHUA, KOTOPYHO
MO>XHO 3anucaThb B BUe

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

[Mpu 3TOM, KaK yKa3aHo BbllUe, BeiM4MHbl A A ByayT coBMnagaTh,
T.e. A =A.

Cnyuali BTOPOiA. B 1OKyMeHTaLMN UMEOTCS TOMIbKO 3HAYeHNs m 1

Z. Yvcno 3ybbeB Zy,i, 18. NpoBepka nokasblBaeT, YTO CyMMbl 3yObeB

CLennsemMbIX Konec B rpynnoBoii nepefaye He paBHbl. 3HAUYNUT, AenUTeNb-
HbIE 1 HaYa/lbHbIE OKPY>XHOCTM 3TUX KO/EC He coBnadatoT. Toraa mexoce-
Bble PacCTOSHWA MPUONM3NTENBHO MOXHO OMpPeAennTb MO YMPOLLEHHON
3aBVICYMOCTW.

A =05(mz;+mz,)+1,5m, (3.10)
rge  cnaragmoe 1,5Mm eCcTb He YTO MHOEe, KaK CYMMapHOE CMELLEHNE NH-
CTPYMEHTA , OrnpefenseMoe ycpegHeHHbIM KO3IgMLMEHTOM CyMMap-

HOrO CMELLEHNst X, PaBHbIM 1,5,
Cnyuyaii TpeTuii. B nacnopte Ha CTaHOK MM COOPOUHbBIX YepTexax

NpvMBOAa MOMUMO MOAy/neid M M umcen 3yObeB Z YKasaHbl BENMYMHBI

CMeLLEHNs (CABUIOB) |, » WK = |+ , JenuTenbHble U HaY b-
Hble OKPY)XHOCTM KOMEC He COBMAafaloT. B aTOM criyuyae MeXLIEHTPOBOE

49



paccTtosHve OydeT onpeaenatscd no dgopmyrne (3.6), KOTOPYH MOXXHO
NPeACTaBUThL B BUAE
A =05(mz +mz)+ . (3.11)
Cny4aii 4veTBepTblil. B npuBoge 6a30BOro CTaHKa WCMO/Mb3YHOTCS
KoJieca C YMCcnoMm 3yobeB Z < 18. Takue Koseca, Kak yKa3blBasioCh BbILLIE,
BCerfa Hapes3alTCA C MOJIOXUTENIbHbIM  CMeLLEHNEM WHCTPYMEHTA.
[MoaToMy Ans onpefeneHns paccTosaHna A cnefyeT UCMonNb30BaTh op-
myny (3.11), a ecnvm MHgopmaumns No CMELLEHMNIO MHCTPYMEHTa OTCYTCTBY-
etT, To hopmyny (3.10).
Mpurmep onpeaeneHnsa MeX0oCeBbIX PacCTOSTHWNI
B 6a30BOM NpuBo/e
[MpeanonoXum, 4To Ha puc. 2.6 NpeacTaB/eHa KMHeMaTMKa npmeoja
rNaBHOroO ABMXEHMS 6a30BOro CTaHKa. MapameTpbl 3ybuaTtbiX 3aLenneHui,
HeoO6XoANMbIX ANa onpeaesieHUs UCKOMbIX PacCTOAHUIA, 3aUMCTBYHOTCS U3
TEXHNYECKOM AOKYMEHTAaLMW Ha CTaHOK 1 cBOAATCA B Tabn. 3.2.
Tabnumua 3.2
[MapameTpbl 3y64aTbIX 3aLenneHnin B 6a30BoM
npusoge (Mo IMHUN MAHUMATIbHON peayKLunn)

Howmepa i Z, 7 m, A, A
Ba/IOB MM MM MM
1 2 3 4 5 6 7
II-1III 0,5 18 36 2,5 67,50 67,50
1 -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 aTol Tabnuue Z, n Z,
HOI peayKuun (HVXKHER NUHUKM Ha puc. 2.6,a); I

LueHWe 3y6uatbix nap (i= Z;

50

Hncna 3y6bEB Kosnec rno JIMHMnN MMHUMaJ1b-
nepefaToyHoe OTHO-

Z,); m — MOAynu 3y6uaTbIX nap, MM;



A — [enuTenbHble MeX0CeBble PacCToAHUA, MM; A — MEXXOCeBble pac-
CTOSAHWA, Onpeaensemble HaYa/IbHbIMW AXaMeTpPammn KOsiec, MM.

[onyctum, 4to napameTpbl A 1 A B TEXHUYECKOW JOKYMeHTauunn
He yKasaHbl U UX TpebyeTtca onpefennTb. VIHopmaumsa 0 Tunax Kosnec u
BE/IMYNHbBI CMELLEHNA MPU UX Hape3aHUN TakXXe OTCYTCTBYHOT.

AHann3npysa BbllleyKasaHHble B HacTOfALWEeM rMogpasgene 4yetbipe
BO3MOXXHbIX C/lydast Ha/IMYMA U NOMHOTbI MCXOAHOW MHGOPMaLMK, NPUXO-
AUM K BbIBOAY, UTO ANna onpeaeneHns A u A cnefyeT BOCMO/b30BaTbCA
dopmynoi (3.9). B Tabn. 3.2 npmBeaeHbl 3HAUYEHNA MEXOCEBbIX PacCTOos-
HUI, BbIUUC/IEHHbIE C NOMOLLBIO YKa3aHHOW (HOPMY/bl.

3.5. YCnoBus COXpPaHeHNA MeX0CeBbIX PacCTOAHUN
B MOAEPHU3NPOBAHHOM NPUBOAE

[Mpn NPOEKTUPOBaHUN GECCTYNeHYaToro NpMBOAa, B3aMeH UMetoLLLe-
roca B 6a30BOM CTaHKe, HEO6XOAUMO BbIMOMHUTL [1Ba MPOTUBOPEUNBbLIX
TpeboBaHMSA — COXPaHUTb HEM3MEHHbLIMM 6a30Bble MEXOCEBbLIE PACCTOAHUSA
MeXay BanaMu 1M 06ecrneynTb NPy 3TOM MaKCUMasbHbIA AManasoH pery-
NNPOBaHMA YaCTOT BpaLleHUs WnuHAaens. Ons aToro Heo6xoanmo obecne-
Y/Tb ABa YC/I0BUS.

NepBoe ycnoBue. [nd obecnevyeHnss HEU3MEHHOCTM 3HaYeHu 6a3o-
BbIX MEXOCEBbIX PAcCTOSHUI HEOOXOAMMO Ha3HayaTb NnepeaaTodHble OT-
HOLUEeHNA 3ybuaTbIX 3auenieHnin MeXay cocelHMMM BaslaMmn NPOeKTUpye-
MOr0 NPMBOAA C HUXKENPUBEAEHHBLIMU OFPaHUYEHNAMN.

[Mpn pasmeLleHn Mexay BasiaMy 0IMHOYHOW 3y64aToi nepeiayn Ha-

3Ha4YaeMoe nepeaToYyHOe OTHOLLEHWE [ [O/MKHO MNOAYMHSATCS YCO0BUSIM:
AN NOBbILLAOLLEN Nepeaayn
: -0a3 .
1<i <imax; (3.12)

ON151 NOHWXKAIOLLIEN nepefaymn
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08 < <1, (3.13)

min —

:0a3 .0as
roe lmax n lmin COOTBETCTBEHHO MaKCuMa/ibHOe 1N MUHUMaJTbHOE

nepeaaToYHOE OTHOLLIEHNE MeX/y TEMU XKe BaslaMu B 6a30BOM MPUBO/E.

Mpy pasvelleHnn Mexay COCeAHUMM Banamy B HOBOM MpuBOfe
rPYNMoBOi nepeayun ee MUHUMAa/IbHOE NepelaTOYHOe OTHOLLIEHUE, C Lie-
NbK0 COXPaHEeHUs PACCTOSHWA MEXAy Basiamy U 06ecrneveHns MakCcMmMarb-
HOrO [yanasoHa PerynmpoBaHus, OMKHO PaBHATLCS 6a30BOMY, T. €.

. __ .0a3
L= lmin - (3.14)
MaKcrManbHoe nepeaaToyHoe OTHOLLEHWE B FPYNMOBOI nepefade, Ha-

3HayaemMoe C TOW ke LeNb, AO/HKHO NMNOAYNHATCA YC/N10BUO
2>i=1/i% (3.15)

min
BcTpeyaroTcd cnydan, Korfa mexkay cocefHUMW BasiaMu 6a30BOro
npuBoAa pacnosiaraeTca rpynnosas nepegaya TONbKO C MOBbILLAKOLWNMU
nepefaTovyHbIMU OTHOLLEHUAMW (Hanpumep, B cTaHke 1K62). INpn paspa-
60TKe 6eccTyneH4aToro BapuaHTa NpWMBOAa Takue 3auensieHns 06blY4HO

3aMeEHAOTCA OAMHOYHbLIMX MOHMXaOLWMMK nepefavyam, y KOTOPbIX nepe-

:0a3
[aTOYHOE OTHOLWEHNE HE NO0/DKHO ObITb MEHbLLE BEIMYUHBI 1/lmin9 T. €.
i> 1/i%s3 (3.16)

Mpn Heco6MHOAEHNMN BbILLENPUBEAEHHBIX HEPABEHCTB COXPaHUTL Oa-
30Bble  MEXOCEBbIe PacCTOSHMA GyAeT HEBO3MOXHO WUNW KpaiiHe 3aTpya-
HUTeNbHO. CnefyeT HaMOMHUTb, YTO paHee NpW pa3paboTKe rpagmka yac-
TOT BpaLLEHUS CTYNeHYaToro NpMBoAa NepefaToYHbIE OTHOLLIEHUS MeXay

1 .
Ba/IaMy OTPaHIN4MBA/IMCh HEPABEHCTBOM = <i<2

BTopoe ycnosue. [Ona obecneyeHns MaKCUMa/ibHO BO3MOXHOIO
AmnanasoHa perynMposaHus 4acToT BpaLleHnUs B 6ecCTyneH4aTom npuBeoae
rpynnoBble nepegayn Cnefyert pacrnonarate Ha Tex Basiax 6a30BOro npu-

BOJa, MeX/y KOTOPbIMI MepeaaTouHble oTHoweHNs iS22 1 i3  nmetot

npefenbHble 3HAYeHNS. ITUM 3HAYEeHUAM Ha I'paCbl/IKe 4aCTOT BpalleHUA
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6a30BOro CTaHKa COOTBETCTBYHOT /lyun C HaMOOMbLUMM HAK/IOHOM, nepe-
KpblBatoLLe Hambosbllee KOMMYECTBO MHTEPBaoB. [pyrve rpynnosble
nepefayn 6a30BOro MnpMBOAA 3aMEHAKTCA OAMHOYHLIMU 3ybyaTbiMK 3a-
LlenfeHnAMN ¢ NnepegaTovyHbIMU OTHOLUEHUSAMW, YAOBNETBOPAIOLWMMU He-
paBeHcTBaM (3.12, 3.13). CnefyeT OTMeTUTb, YTO BbILLENpPUBEAEHHbIe YC-
NOBUSA KacarTCA TONMbKO 3ybuaTbiX nepefay U HU B KOE Mepe He MOryT
MCNOMb30BaThCA ANA PEMEHHbIX. 19 peMeHHbIX nepefay nepefaToyHoe
OTHOLLIEHVE MOXET BblOUpaThbCcs B npeaenax [7, 8].

1>1i 015 (3.17)

["pathmyeckan nHTepnpeTaumsa ycnoBuii

B cnyyasx, Korga pafgbl 4acToT BpalleHus wnuHaeneni y 6a3oBbiX
CTaHKOB MMEKT CTPOro YnopsfoYeHHbIn XapakTep (COOTBETCTBYHOT HOp-
mMasim H11-1, cm. npun. Bb) BbIWe0603HaYEHHbIE YC/TOBUA MOXHO UHTEP-
NpeTupoBatb rpauyeckn. 3To MO3BOMNUT MPU NMOCTPOEHUN rpaduka yvac-
TOT BpaleHns ¢ 6eccTyneHYaTbiM PeryMpoBaHNEM He UCMOMb30BaTb He-
paBeHcTBa (3.12) ... (3.16) ans onpeaeneHns npefenbHbIX 3HaYeHUA ne-
pefaToYHbIX OTHOLLEHUIA.

["paduyeckn 3HaYeHne nepefaTo4HOro OTHOLLEHWUS ONpeaenseTca Ha-
K/IOHOM /lyya Ha rpagimke 4acToT BpalleHus. [Npy 3TOM BeNNYMHA HaK/oHa
OZlHO3Ha4yHO onpejensdeT KOMNYECTBO UHTEPBA/IOB, NEPEKPbIBAEMbIX 3TUM

nyyom. Tak, HanmpuMep, Ha puc. 2.6,a 3Ha4yeHve i OyaeT onpefensTbes

HaKNOHOM Jlyya, MepeKpbIBalOLLEM 3 MHTEpPBaIA, a g — HaK/IOHOM /yua,
nepekpbIBaloLEM 4 NHTepBasa.

[Mo3ToMy Npy NOCTPOeHMM rpadmka ¢ 6eccTyneHYaTbiM perynmposa-
HVem cnefyeT MPOBOAUTL NIyuu MOHWKarLWKUX nepegad (IMHUKD MUHU-
Ma/IbHOW pefyKLMKn) C TEMU XKe HaKMOHaMK, YTO M Ha rpajuke npusBoga
6asoBoro craHka. OfHakKo 3TO BO3MOXHO TO/MbKO B C/ydyae, Korga
3HameHaTe/lb FTeOMETPUYECKOW Mporpeccuy B npuBoge 6a30BOro CTaHkKa

¢ =1,26. Ecnn e B 6a308oM npusoge (P = 1,41, To cnegyet BOCMO/b30-
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BaTbCA AaHHbIMW  Tab/. 3.3, B KOTOPOM MPUBOAATCS 3HAYeHMS Nepena-
TOYHbIX OTHOLIEHWUI [ ANS MOHWXKAMOLWMX Nepefay U COOTBETCTBYHOLLEE
MM KOIMYECTBO NMEPEKPbIBAEMbIX MHTepBasioB Npu @ = 1,26 n ¢ = 1,41.

Tabnmua 3.3
MepeaaToyHble OTHOLLEHMS U KONMYECTBO MHTEPBA/IOB,

MepeKpbIBaEMbIX SlydaMiy nepesad npu pasHbix @

() KonnyecTBo MHTEPBa/IOB
1,41 0,5 1 1,5 2 2,5 3 3,5
1,26 1 1,5 2 3 3,5 4,5 5 6
MepefaToOYHbIE OTHOLLEHNS
i 0,8 0,71 0,63 0,5 0,43 | 0,355 0,31 0,25

Hanpumep, ecnm Ha rpagmke 4acTtoT BpalleHus 6a30BOro npueoga
cTaHka ¢ @ = 1,41 ny4 NoHWXaroLLel nepeaayn nepekpbIBaeT 2 UHTEpPBa-

Nna, TO Ha CTPOosLLEMCS rpadrike MOLepHM3MpPYyemoro npmeoga ¢ @ = 1,26
OH [I0/KEH NepeKpbIBaTh 3 MHTEpPBa/IA.

3.6. TN N XapaKTePUCTUKWN PEry/IMPYEMOr0 3M1eKTPOABUTaTeNs

B KayecTBe MUCTOYHMKA ABWXKEHUSA ANs pa3pabaTbiBaeMbIX MPUBOLOB
LileN1lecoobpasHo MCMo/b30BaTh Perynpyemble aCUHXPOHHbIE 3/1EKTPOLBU-
ratenm upmbl Siemens (FepmaHus). [uratenn ato GUPMbI N0 CBOUM
XapakTepnucTnkam 1 napameTpam 3aHMMaroT O4HO U3 BEAYLLMX MECT B MU-
pe 1 XOpOLLO OCBeLeHbI B AOCTYMNHbIX NCTOYHUKaAX [6].

MapKnpoBKa auraTenein MMeeT 6yKBeHHO-LMPPoBOoe 0603HaUeHMe
B BUe:

1 2 3
1PH7 000 - NOO



roe 1 — tvn gguratens (1PH7 — aCUHXPOHHbIA perynnpyemblii ABUraTenb);
2 — OCHOBHOW XapaKTepHblil pa3mep Aurartens (BbiCOTa OCY Bana [BUra-
Tensa, Mm), obo3Hayaembld Tpems uumdpamm 101,... 133,... 167... ;

3 — HOMUWHa/IbHas YacTOTa BpaLleHMs ni ™, 3aKo4MPOBaHHAs NaTUHCKUMY

bykeamu NF, ... NG, ... NL, ... nam 6yksamun n uyugpamu ... NB4,
ND4, (nogpo6Hee, cm. Katanor [6]).

Bbi6op anekTponBuratens CyLLeCTBEHHO 3aBUCUT OT pexuma pabo-
Tbl, B KOTOPOM CTaHOK W, COOTBETCTBEHHO, [BWratenb OyayT 3KChayartu-
poBaTbCA. Bcero HopMMpoOBaHO BOCEMb PEXMMOB pPaboTbl [1], KOTOpbIe
YC/IOBHO 0603Havatotes S1, S2, ..., S8. Haubonee pacnpoctpaHeHbl HO-
MWHa/IbHBIA S1 1 NepemMeXxaroLmincs S6 pexxum padoTbl.

Ha puc. 3.5 npuseseHbl NOAPO6HbIE 3aBUCUMOCT MOLLLHOCTM acuH-
XpoHHOro anektpogsuratena 1PH7 103—ND 0T 4acToTbl €ro BpaleHus,
3aMMCTBOBaHHbIe 13 Katanora [6, c. 41]. Npw Bbi6ope ABuratens BO BHU-
MaHWe NPUHUMAETCA TOJIbKO Ta 3aBUCUMOCTb, KOTOpas COOTBETCTBYET pe-
XUMY, YKasaHHOMY B 3afaHun. Hanpumep, ana pexuma S1 3aBUCUMOCTb
onpegenseT y4vyacTok paboTbl Agurartenis C MOCTOSAHHOW HOMWHAIbHOWA

MowHOCTb0 PEPM = 3,7 kBT, HaumHas ¢ njoM= 1000 06/MVH M KOHYas

yactotoii  nja*= 3800 06/MUH. VIHTEPECYIOLMIA Hac AManasoH perysnm-

POBaHWs1 ABWUraTensi ¢ MOCTOSAHHOW MOLLHOCTbIO B 3TOM PEXMME paboThl

COCTaBNdAeT Rgn.p = 3800 : 1000 = 3,8. 3aBUCMMOCTb S1 COOTBETCTBYET

MPOAO/MKUTENBHOMY PEXUMY paboThbl ABUraTenss ¢ HOMUHaIbHOW MOLLHO-
CTbHO M YCTaHOBMBLLEWCA TeMMepaTypoil HarpeBa BCeX ero yacTtei. 3aBu-
CUMOCTN S6 COOTBETCTBYIOT MepPEMEXatOLEMYCS PeXxXumMy paboTbl ABura-
Tens, Npy KOTopom paboTa nof Harpyskowm (ABuraTeslb HarpeBaeTcs) vepe-
AYeTCA C X00CTbIM XOA0M (ABUratesnb oxnaxaaercs). B pexume S6 asu-
raTeflb KPaTKOBPEMEHHO MOXET Pa3BMBaTb MOLUHOCTb 60/bLLE HOMUHASb-
HO M, YeM MeHblLIe BPeEMS PaboTbl ero nof Harpyskon, TeM 60/bLUYHO
MOLLHOCTb OH pa3BmBaeT. HoO npu 3TOM CYLLIECTBEHHO COKpaLlaeTcs Aua-
Ma3oH PeryimpoBaHna YacTOT BpalleHns aABuratenst ¢ NOCTOSAHHOW MOLLL-
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HOCTbH. BuMAHO, 4TO pexxum S6 — 60% COOTBETCTBYET MOLLHOCTK ABUTa-
Tena 4,5 kBT, a B pexume S6 —40% pgBuratesb pa3BuBaeT MOLLHOCTb

5,3 KBT, HO npu 3TOM AManasoH Rgn_p BMecTO 3,8 cokpatlaetca o 3,1
(3100 : 1000 = 3,1).

Tabnuua 2-6 AcuuxpouHbid Asuratens 1PH7103- oNDoo

| Puouw M Muow | hew | Mo [ Trem S, m
[xBT] [o6/mum] | [HM] (A [06/mun.] [mmmyT] [xrm] [xr]
. 387 1000 35 10 9000 20 0,017 40

BO
55 & .. S8-40% (13.0A)
50 +
45 1
40 51100 A)
as +. . I S—N R A
30 L :
25 1
20 4
15 1
1.0 -
05 -
00 - . . . " . . .
-0 1000 ™, 2000 m/m 5000 6000 7000  BOOO 9000

min

Ny = [5] ny =m0 nht= 200 N foSimn]

Nuunna nrpaanéHnn
HanpaMeHua.

 SB-60% (11,5 A)

P [KBT)

: ANKUTENEHO
o ml— i

Puc. 3.5 3aBMCMMOCTW MOLLHOCTM 31eKTpoABUraTens
OT YacTOTbl BpaLLleHns [6, C. 41]

[MpefenbHas 4yacToTa BpalleHMa paccmaTpuBaemMoro ABurartens,
cornacHo rpadguky, coctaensger 9000 06/MWH, HO, HayMHas C

nj ¥ = 3800 06/MWH, MOLLHOCTb ABUraTens CyLleCTBEHHO NajaeT, U Mno-

3TOMY Npu pa3paboTKe KMHEMATUKM NPUBOAA N1aBHOIO ABVXXEHUA 4YacTo-
Tbl Ha y4yacTtke 3800 ... 9000 06/MWH He NMPUHUMAIOTCA BO BHUMaHWE.

56



O6WMA NoOpsAdOK M ycnoBuA Bblbopa asuratens (B y4ebHbIX
LieN1AX) CBOAATCA K C/IeAyHoLLEeMY:
1. CornacHo ykasaHHOMY B 3aflaHuM PeXXnMy paboTbl 31eKTpoABUra-

Tens S1 uan S6 1 COOTBETCTBYHOLLEN BeNUMHBLI MOWwHOCTY Py, B KaTa-

nore [6] OTbLICKMBAKOTCA HECKONIbKO (MHOrAa OAWH) ABWraTesniei, moLy-

HOCTb KOTOPbIX B YKa3aHHOM pexXrmMe MakcumMasibHO 6/113Ka K 3aaHHO.
2. 3 atux fBurarenen BblbMpaeTcsa TOT, KOTOPbIA UMEET MEeHbLUYHO

YaCTOTY BpaLLeHUs C MOCTOSHHOM MOLLHOCTbIO NiY™ M MeHbLUYH0 Maccy

m, Be/IMYMHA KOTOPOW MPUBOAUTCA B MOCNELHe KOIOHKe Tabnvupbl Haj
rpauKom.

Mpy ocopmieHnn puc. 3.5, 3aMMCTBOBaHHOIO U3 KaTasora, Heob6Xo-
AVMO BbIfeNINTb 3aaHHYH0 3aBUCMMOCTb XXUPHOW NIMHUEN, TOHKMMU Bep-
TUKaIbHBIMU JIMHUAMW 00603HAUYNTL TPaHULbl y4acTka paboTbl aBurarens

C NOCTOSAHHOMW MoOLUHOCTBIO (1000 1 3800) M NpocTaBUTb 0603HAYEHUS

HOM

n;" 1 nihd*. KpomMe 3TOro, Ha ropuM3oHTabHOM LKane rpadnka Ao/mKHa

OblTb OTMEYEHa WU MUHMMasbHas 4actoTa BpalleHNA 3NEKTPOABUTATENA

nin (cm. n. 3.9).

3.7. TocTpoeHne rpamka 4acToT BpaLleHNA npruBoia
c beccTyneH4YaTbIM PerynmpoBaHuemM

["pamK 4acTOT BpalleHUs LNUHAENA ¢ 6eccTyneHvaTbiM perynmpo-
BaHMEM SB/IETCA OCHOBOW N5 pPa3paboTKM TEXHWYECKOro MpoeKTa rna.-
HOro NpPMBOJa, BbINO/HAEMOr0 B pamMmKax KypCOBOro MpoekTta rno AMUCLuI-
nnHe MPC vam MMNTOMC. [nd Toro 4tobbl UCKIHOYUTL Cepbe3Hble OC-
NOXHEHUA NpY AanbHeilLleM NpoeKTUpoBaHN, He06X0AMMO Ha 3Tane pa-
60Tbl Hafg rpauKoOM CTPOro BbIMOMHATL  TPebOBaHWUS, W3M0XEHHbIe
B n. 3.2. Ocoboe BHUMaHWe Npu MOCTPOEHUN rpadvka creayet yaenuTb
BOMpOCcaM COXpaHeHUs 6a30BbIX PACCTOAHUIA MEX/Y OCAMW BasiIOB NPUBOAA
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npn  ycrioBunn obecneyeHns MaKCUMasIbHOro Anana3oHa pPerynn-
poBaHMA YaCTOT BpaweHuna LwWwnnuHaena ¢ MOCTOSIHHOM MOLLUHOCTbHO

Rup.p= Ranp - Ry (CM. puc. 3.2,B).
MNpeanonoXum, 4To CTyneHYaTblid npuBog 6a30BOr0  CTaHKa
(CM. puc. 2.6) nmeeT pasfeneHHY KOMMOHOBKY U COXEHHYHO CTPYKTYPY;

KONNYeCTBO B&/IOB PaBHO 7; 3HaMeHaTenb (@ = 1,26; MaKcuManbHas

YacToTa BpPALUEHMS LUNUHAENS np¢* = 800 06/MuH. CornacHo
3a[aHNI0, B3aMeH CTYMeHYaToro Heo6XoaMMo paspaboTaTh GeccTyrneHua-
Tbld NPUBOA C MaKCUMa/lbHOW 4aCTOTOM  BpalleHUs  WnuHAeNs

nitd* = 3750 06/MVMH NpPU MCMONb30BaAHUM PETYINPYEMOrO [BUraTens

MoLHocTbio PEY =

= 3,7 KBT, pa3BnBaemou Ha pexxume pabotbl S1 . Yucno
MeXaHUYeCKMX CTYMeHel 4acToT BpalleHus , obecrneymBaeMbIX KOPOOKOM

CKOpOCTeN 1 NepebopHoi rpynnot, Z=2+2 =4,

Bbi6op anekTpoasurartess
[Mpexae Yyem NPUCTYNUTL K NOCTPOEHMIO rpadivika, He06XoAMMO npwu
MOMOLLM KaTasiora [6] Bbi6paTb Hanbosiee NoAxXoAsLLMiA N0 CBOUM Xapak-
TEePUCTUKAM 3/IEKTPOABUraTe b.
B katanore Siemens Ha CcTpaHuuax 39...42 npuBefeHbl XapaKTepu-

CTUKWN YHETbIPEX SI'IEKTpO,EI'BI/IFaTe]'IEI\/JI C 0,£I,I/IH&KOBOI7I HOMWHa/IbHOW MOLLIHO-

ctbto PEOM = 3.7 kBT. U3 HuX, cneys yKasaHusam n.3.6, Bblbupaem ABura-

Tenb Tna 1PH7 103—ND. "pathMkn MOLLHOCTW 3TOr0 ABurarens, npuse-
[leHHble Ha C. 41 KaTanora, oopmnATCca B BUAe puc.3.5. Ha 3aBucumo-

CTU S1 TOHKMMW CNNOLIHbLIMU IMHUAMU BbIAENSAETCS YUYaCTOK p360TbI ABU-

raTensi ¢ NOCTOAHHOM MOLLHOCTbIO PHo =

= 3,7 KBT 1 0TMeYaroTCA YacToTbl
BpatleHns ni™ = 1000 06/MUH 1 ni@* = 3800 06/MVH. AnanasoH pery-
NIMPOBaHNA YacTOT BPALLEHWA 3M1EKTPOABUraTens C NOCTOAHHOW MOLLHO-

CTbHO cocTaBuT (CM. hopmyny 3.1)
Ranp= nyi?* : ni™ =3800: 1000 = 3,8.
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MUHUMaNbHasA YacToTa BPaLLEHWs aneKTpogBuraTens nirin

onpeje-
naetca no opmyne (3.2).
m‘"— (0,1...0,2) - ni’"=0,1"-1000...0,2 - 1000 =100 ... 200 06/MUH.

min

MpvHumMaem ;" = 150 06/MWUH 1 OTMEYaeM 3TO 3HaYeHWe Ha rpa-

(mke (cm. puc. 3.5). Ha 3Toi1 yacToTe BpallleHUs aBuratesib 0yaeT pa3Bu-

BaTb MOLLHOCTb mm 0,5 KBT, B UeM nerko y6eautbcs npy rMoMOLLM

rpagmka Ha puc. 3.5.
[nanasoH perynnpoBaHna anekTpoasuraTens ¢ NoCTOAHHbIM MOMEH-
TOM COCTaBuUT (CM. hopmyny 3.3)
Ropm= njd™ : nggm = 1000 : 150 = 6,67,
a ero obwnin ananasoH perynmpoBaHus (CM. hopmyny 3.4)
Ron = njia*: n}_,'ﬁ‘” =Ranp - Ropm =3800:150=3,8 - 6,67 =25,3.

NocnenoBaTe/IbHOCTL MOCTPOEHUA I'paCbVIKa YHaCTOT BpalLEeHNA:

1. MprHUMaeM KOMMYeCTBO BasIOB AJ11 GECCTYMNeHYaToro npmeBoja Ta-
KUM >Xe, KaK M B CTyneH4yatoMm 6a30BOM npuBoAe 6a30BOro CTaHKa
(CMm. puc. 2.6), T. €. paBHbIM 7.

2. BblinucbiBaeM 4yncna CTaHAAPTHOroO psfa 4yacToT BpalleHUs LLMWH-
fens  co 3HameHatenem (@ = 1,26 (cMm. npun. b), KOTopble NP NOCTPOe-
HAM rpadmka ¢ B6ecCTyneHYaTbiM PeryimpoBaHneM HOCAT Cyry6o BCMo-
mMorarte/fibHoe 3HaveHue. [nd Toro 4tobbl CTPOro PUKCUMpPoOBaHHasA HOMM-
Ha/lbHas YacToTa BpaLLleHNs BbIGPaHHOIo anekTpoasuratens ni™ = 1000
06/MWH BCTPOM/IaCh B CTaHAAPTHbLIV PAL, BbIMWCbIBAEM YMCNa 3TOrO psja,

HauuMHas co 3HaueHns n; = ni™ : 1000 = 1000 : 1000 = 1 06/MUH.
MakcumanbHOe Y1CNo BbINUCLIBAEMOro pafa AO/MKHO ObITb HE MeHee

max

n;?* nam nj[3*. B Hawem cnyyae nji?* = 3800 06/MuH, angg* =

3150 06/MWH — NO3TOMY BbINMCbIBaEM uncna psaga o 4000 06/mMuH. Beero,
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HaunHaa ¢ 1 06/MUH 1 3akaH4mBas 4000 06/MVH, HEO6XOAMMO BbIMUCATb
37 uncen (1, 1,25,...1000, 1250,...3150, 4000).

CneflyeT MMeTb B BUAY, UYTO MPU OKOHYATENbHOM OOPMIEHUN Tpa-
(hmka YacTb IMLHUX HXKHUX YacTOT BpaLLieHMs 00bIYHO YAaNseTcs.

3. Ctpoum ceTKy byayuiero rpaduka (puc. 3.6) B Buge 7 BepTUKaIb-
HbIX JIMHWIA — BaJIOB U 37 TOPU30HTa/IbHBIX IMHUIA — YacTOT BpaLleHns Ba-
NOB NpuBoAa.

HanpoTtue Bana wnuHaens (VII Bas1) HaHOCATCA BbIMUCaHHbIE paHee
4yacToTbl BpalleHns ot 1 go 4000 o06/MWH, a Ha Bany 31eKTpPo-

ABuraTens otMevatoTcs ngmd* = 3800 06/MuH, ni™M = 1000 06/MUH

m NP = 150 06/MMH. Ha puc. 3.6 4acTOTbl BpalieHus 1...6,3 He
0003HayeHbl, T. K. MOCMe MNOCTPOEHUs rpaka OHW OblIM  yaasieHbl
3a HEHagoObHOCTLHO.

[Mpn 3TOM YacTOTbl BpalLEeHNs, KOTOPble HE PaBHbl 3HAYEHUSAM CTaH-
[ApTHOrO psfa, OTMeYarTCa Ha rpajMke B CepefuHe WHTepPBa/IOB.
Hanpumep, Touka onpegenstowas 4actoty BpatleHmsa 3800 06/MUH HaHe-
CeHa B cepenHe nHTepsana 3150 — 4000 06/MuH, a yacToTa 150 06/MUH B
cepeaunHe nHTepBana 125 — 160 06/MUH.

4. HazHayaeM MecTa pacnosfioXXeHus rpynmnoBbiX U OANHOYHBIX Mepe-
[la4 B paspabaTbiBaEMOM NPUBOAE.

3 3apaHns cneflyet, 4TO YAC/IO CTYMeHel 4acToT BpalleHns, obecre-
YMBaEMOe MeXaHMKOM 6GeccTyneH4aToro npvBoAa, AO/MKHO OblTb PaBHO
Z =4 =2+ 2. 3HaunT, B KOPOOKE CKOpOCTEN (CM. puUc. 2.6) HeobXoanm
TO/IbKO OAUH [BOWHOM G/10K LLECTEPEH, a YABOEHMe YacTOT BpaLleHUs Ha
linuHAene 6yaet Nosy4vyeHo 3a cyeT nepebopHOo rpynnbl B LUNWUHAELHON
6abke. C LeNblo NONYyYeHUss MaKCUMa/ilbHO BO3MOXHOIO AuanasoHa pery-
NMPOBaHNA 3Ty rPYNMoByto nepegady B KOPoOKe CKOPOCTEN creayeT pac-
MONOXWUTb Ha TeX Banax, MeXay KOTopbIMU Nyy MepefaToyHoro OTHOLLe-
HUA MOHMKAIOLLEW nepedayn B 6a30BOM MpPuBOAE NepekpbiBaeT Hanbo/lb-
LLee KONMMYECTBO WHTEPBA/IOB MO CPaBHEHWUIO C APYrumun 3y6uyaTbiMu
3aLenneHnsamMmn nprBoja.
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B 6a30B0i KOpobKe (CM. puUc. 2.6,a) Nyun ¢ HanbONbLLIMM HaK/IOHOM
I, W iz MepekpbIBaloT TpU MHTepBasa. [103ToMy B Hallem Ciyyae ABOMHOM
610K MOXXHO pacronoXuTb Kak Ha II, Tak u 111 Banax. JlydLle BCero, Kak u
B 6a30BOM MpUBO/E, ABONHOM 610K PacnonoXuTb Ha III Bany, a 0fMHOY-
HYIO nepefavy CMOHTMpoBaTb mexay II u III Banamu B3aMeH 6a30BOro
TPOMHOro 6/10Ka.

5. HaHoCcMM Ha rpake nyun NMHUA MUHUMaNbHON peayKumun npu-

BOfla, CoeaMHsoLLe YacToTbl nioY n niitY. BennumHa nfiX' noka Heus-

BECTHA, W MO3TOMY HaHeCeHue Nlyyeli COCTOUT W3 MpeaBapuTeNnbHOMO M
OKOHYaTeNbHOro 3TaroB.

Mpn HanMuMKM B NPUBOME PEMEHHBIX Mepeday, Ux nepeaaToyHble OT-
HOLUEHUS (@, 3HAYUT, M HAKMNOH Ny4Yeil) Ha HavanbHOM 3Tare NMoCTPOeHMs
rpadmka cnegyet NPUHMMaTbL PaBHbIMK 6a30BbiM. OKOHYaTeNbHOE Onpe-
[eNeHne Hak/IoHa nydeld 3TUX nepefady OyaeT NPoOM3BOANTLCS Ha 3aBep-

LALLM CTaAMK MOCTPOEHUA rpadmka C Lenbio 06ecreyeHns 3agaHHOM

YacTOTbl BpaLleHus ny2x.

Jlyun nepefaToyHbIX OTHOLUEHWI MOHMXKAIOLMX 3y6UaTbiX nap Mex-
[y COOTBETCTBYOLLMMM BaJlaMU HAHOCATCH MCXOAA M3 YCNOBUM, U3/TOXKEH-
HbIX B N. 3.5. Hak/OH 3TKX ly4ein O/mKeH ObITb TaKUM XKe, KaK U Ha rpa-
(mKe 4acToT BpaleHWs 6a30BOro npveofga. Takoi nogxop 6yaet cnpa-
Be4/IMB, €CnM 3HaMeHaTe/lb nporpeccur B 6a30BOM NpPUBOAE pPaBeH

¢ = 1,26 . Npwn ncrnonb3oBaHUN B 6a30B0OI KMHeMaTuKe @ = 1,41 cnegyet

MCNOMb30BaTh A/ MNepeBoda 3HayYeHWd (P  JaHHble, nNpWBEAEHHbIe
B Tabn. 3.3.

[Mpn Heynopsgo4eHHOM psifie YacToT BpalleHus B 6a30BOM MPUBOAE
HeoOX04MMO OnpeaensdTb 3HaYeHNs NpefenbHbIX nepefaTovHbIX OTHOLLE-
HUA MeXZJy COCefHMMW BaslaMu, PYKOBOACTBYSACb PeKOMeHAaUUAMU, n3-
NOXeHHbIMW B MePBOW YacTu n. 3.5.

6. HaHocvm nyun nosbIlaOWmUX nepefay, BXOAALWMX B COCTaB rpyn-
MOBbIX 3auensieHnia. MNpn 3Tom nepefaToyHble OTHOLLIEHUS MOBbILIAKOLLNX
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nepegady cnefyet NPUHUMaTb MakCMMasibHO 60/bLLUEN BE/IMUYMHBI HA OCHO-
Be HepaBeHCTBa (3.15).

7. Ha 3aBepLuaroLLleit ctagum nocTpoeHns rpadika nponsBoauM ero
KOPPEKLMIO C LIENblo 06ecneveHnst 3ajaHHOM YacToThl BpalleHus nyji3*.
[Mpn HannuMM B NPUBOAE PEMEHHLIX Mepeday 3TO OCYLLECTB/AETCA MU3Me-
HeHveM B AOMNYCTUMbIX npefenax (CM. HepaBeHCTBO 3.17) UX nepeaaTou-
HbIX OTHOLLEHWA. PN OTCYTCTBUN PEMHEN KOPPEKLMS NPOU3BOANUTCH U3-
MeHEHVEM MepefaTOYHbIX OTHOLLEHMI OAMHOYHbIX 3y6uyaTbiX Map Ha oc-

HOoBe cobntoaeHUs HepaBeHCTB (3.12), (3.13) n (3.16).

MopsiA0K MOCTPOEHUS rpadhuka B paccMaTpruBaemMoM NpumMepe

Mepepava | — I
370 peMeHHas nepegaya. icnonb3yem peMeHHyHo nepegady 6a3oBoro
npmeoga (cM. puc. 2.6) ¢ ;= 125/ 150, X0Ta npu HeobXOAMMOCTU

MOXHO WCMoNb30BaTb PeMeHHyto nepefady ¢ i; 0,15 (cm. dopmyny

3.17). CooTBeTCTBEHHO Ha II Bany npefefibHble 3Ha4YeHUA YacTOT BpaLle-

HWS C MOCTOSIHHOM MOLLUHOCTbHO COCTaBAT

nfi3 3800 - 120 3150 06/MMH, nJf=1000- 120 833,33 0G/MMH.

OTmeuaem 3TV 4acTOTbl BpalleHUs Ha rpaguke. Mpu 3TOM, 04HA U3
TOYEeK Yy KOTOPO OTHOCUTE/IbHAs pasHMUa MeXay WCTUHHbIM (3167) 1
CTaHAapTHbIM 3HayeHuem (3150) MUHMMaIbHA, OTMEYaeTCA B Mepekpe-
CTUM Bala CO CTaHZAPTHbIM 3HAYeHMEM 4acTOTbl BpalleHus, a gpyras B
cepegnHe uHTepeana 800 — 1000 o6/mMuH. Toukm 3800 — 3150 u
1000 — 833 coeAMHAKTCA ABYMA Napaine/ibHbIMU NHUSAMKW, KOTOpble
COOTBETCTBYHOT MnepeAaTo4yHOMY OTHOLLEHWIO PEMEHHOW Nepesayn.

Mepepayva Il — 111

3amMeHsieM TPOMHON 610K LecTepeH (CM. puC. 2.6) OANHOYHOIN MOHN-

XaroLen nepegayeit. V13 aToro pucyHka BUAHO, YTO npefesibHoe 3HayYeHue
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nepegaToyHoro otHoweHua mexay II v 111 Banamm B 6a30BOM CTaHKe,
0603Ha4YeHHOe [, , COOTBETCTBYET TPeM MHTepBasaM. [103aToMy K3 TOYeK
3150 1 833 06/MVH NPOBOAMM NapasnefibHble ydn, HACMaaroLWmne Ha Tpu
nHtepsasia. Ha III Bany atu nyun onpefenart 2 To4ku : 1600 1 416 06/MUH.
CneflyeT NOMHUTb, YTO YBE/IMYEHNE KO/IMYECTBA UHTEPBA/IOB NPOTUB Oa-
30BOM CTPYKTYpbl MpY MOCTPOEHUN rparka 6eccTyrneH4YaToro perynmpo-
BaHWA MPUBELET K YBE/IMYEHUIO MEXLIEHTPOBBIX PacCTOAHWUIA MeXAy Ba-
namwn II n 111, 4TO HepgonycTUMO.
Mepepava Il -1V

34€ecb yCTaHaB/IMBAETCA 4BOMHOM 6/10K LLUECTEPEH, U NMO3TOMY M3 TO-
yek 1600 1 416 06/MUH 0603HaYeHHbIX Ha III Bany MCXodsaT no 2 ny4a ne-
PefaToYHbIX OTHOLLEHUIA.

MwuHUManbHOe nepefaTovyHOe OTHOLWeHMe Iz B 06a30BOM CTaHKe
(CM. puc. 2.6) coOTBETCTBYET 3 MHTepBasiaM. [103TOMY, Kak 1 B npeablay-
Lem cnydae, 13 Todek 1600 1 416 06/MUH NPOBOAMM 2 napansiefibHbIX Ny-
Ya BHM3 Ha 3 uHTepBana. Ha IV Bany oHW onpefenat yactotbl 800 u
208 06/MUH. JTyun NOBbILIAKOLLEN Nepeaaymn, ncxogawme us Todek 1600 v
416 06/MVH, C LEeNb MosyyeHus HaubonbLUEro AuanasoHa perynvmpoBsa-
HWS NPOBOAMM BBEPX Ha npefene BO3MOXHOro (i 2), T. €. 4yepes
3 wuHTepBana. Ha IV Bany 3TM nyynm onpegenat 4acTtotbl 3150 u
954 06/MuH/

Mepepava IV -V

3TO pemeHHast nepegayva (CM. puc.2.6), CBA3bIBaOLLAA BbIXOAHOW Basl
KOpobKkM ckopocTeil IV ¢ MpuemMHbIM Ba/loM LUMUHAENbHOW 6abkn V.
[MepegaToyHoe  OTHOLWUEHWe  3TO  MepedaysM B 6a30BOM MPUBOAE
COCTaBNAET  Ipey = I = 160 /  200. OueBMgHO, 4TO [AN1A
obecrieyeHnsi 3afjaHHON MaKCUMa/lbHOM 4acTOTbl BpaleHWs LUNUHA4EeNs
n/¥* = 3150 06/MUH MepeaaToYHOE OTHOLLEHWE PEMEHHOI nepeaayunt
CnefyeT MpUHATbL paBHbIM 1 : 1 . AN  MOAEpPHU3MPYEMOro npuBoga
(CM. puC. 3.6) NPUHUMAEM OTHOLLIEHNE Loy =15 = 200/ 200.
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Mepepava V - VI
JT0 nepBasi NMOHWXKaloLWas nepefadya B nepebOPHON rpynmne LUMNUH-
aenbHon 6abke (cM. puc. 2.6). MNprHMMaeM ee nepefaToyHoOe OTHOLLEHMe

TaknM >Xe, Kak 1 B 6a30BOM CTaHKe, onpegendaemMom nageHMemM yda i6 Ha

2 nHTepBasia. COOTBETCTBEHHO YacTOThbl BpalleHns Ha VI Bany COCTaBAT:
2000, 621, 500 n 135,66 06/MUNH. Kak 1 paHee, 0TMeYaeM Ha rpaduke ro-
Ny4eHHbIe YKCna 1 NPOBOAMM JTyHN NOHWXKAIOLLEN nepefayn ie.
Mepepava VI - VI
BTopas noHwxkatowas nepegada B nepebopHoit rpymnne (Ccm.puc.2.6)
[MpnHMMaeM ee nepeaaToyHoe OTHOLLEHWe TakXKe paBHbIM 6a30BOMY, UTO
COOTBETCTBYET MafeHuto fiyya Ha 4 nHTepsasia. YacToTsl BpalleHus Ha VII
Bany coctasat: 800, 243, 200 1 53,2 06/MUH.
MNepepava V - VII
Kak 1 B 6a30BOM NprBOAE, 3TO NpsmMas nepefaya 4actoT BpaLleHus C
V Ha VII Ban (MuHys VI) c nepefatoyHbIM OTHOLeHWEM Ig= 1. U3 rpa-
(hmKa Ha puc. 3.6 BUAHO, YTO BEPXHWIA Nyd 3TOI nepefaymn byaet onpeae-
NSATb 33aHHYI0 YacTOTY BpallleHMs WwnuHaens niis&* = 3150 06/MuH.
Onpegenerve nH™
HaHocvM Ha rpagimke LUTPUXOBYHIO NIMHUIO, KOTOPas MO3BOIUT Ornpe-
NeUTh MUHUMA/bHYIO YacTOTy BpaLLeHWs WnuHAens nii™ = 8 06/MUH.

Jlyum 3TolA NIMHUM NPOBOASATCS U3 TOUkM nitt™ = 150 06/MUH Napansienb-

HO NyyaMm NIHWK, COeAUHSIIOLLE OTMETKM YacToT BpalleHns nio™ = 1000

nn; ' = 53,2 06/MWH, TaK Kak OHW COOTBETCTBYHOT TEM XK€ MepefaTou-

HbIM OTHOLEHUAM @4 — I, — I3 — Ig — [g — [ (CM. puC. 3.6).

OnpefieneHrie AMana3oHoB PeryinpoBaHms
[lnanasoH perynupoBaHns 4acTOT BpalLeHWs LMUHAENS C MOCTOSH-
HbIM MOMEHTOM Ha rpadiMke 4YacToT BpallleHWsi onpefensieTcs aBToOMaTy-

YeCKIN RLIJI'I.M :R3I'I.M = 6,7

65



[nana3oH perynnpoBaHnsi C NOCTOSIHHOM MOLLHOCTbHO OMnpe/enseTcs
OTHOLLEHWEM

Runp = ni¢* : nfii" = 3150 : 53,2 =59,2.
[MoNHbIA AMana3oH perynnpoBaHna YacToT BpalleHUs Ha LInuHAene
COCTaBUT

Run = nMa% . nin = 3150 : § =394,

OCHOBHbIe BbIBOAbI
Y 6a30B0Oro ctaHka (CM. puc. 2.6) npeaesbl YacToOT BPaLLEHMS LLMWH-

[ens cocTaBnAT 1 niii"=6,3, a nji&* = 800 06/MMH. COOTBETCTBEHHO
[NanasoH PeryinpoBaHns 4actoT B 6a30BOM CTYMeHYaTOM MNpuBOJe

coctaBuT Ry =800 : 63 = 12,7, UTO CYLLUECTBEHHO MEHbLLE HE TOJSIbKO

Ryn=394, Ho n R, = 59,2 B pa3paboTaHHOM 6eccTyneH4aTOM MPUBOAE.
OuyeBMAHO, 4YTO B HOBOM MpUBO/AE AManasoH peryivMpoBaHWUs 4acToT Bpa-
LWEHNA LUNWUHAENS C NOCTOAHHON MOLLUHOCTBLH NPEBOCXOAUT 6a30BbIii 60-
nee yem B 4,6 pasa (59,2 : 12,7 = 4,66). 3T0 NO3BOMUT CYLLECTBEHHO pac-
LUMPUTL TEXHONOTMYECKMe BO3MOXKHOCTM CTaHKa Moc/fie ero MopepHu3a-
UMW, MOBLICUTb MPOU3BOAUTENBHOCTL U 3(NMPEKTUBHOCTb 06PabOTKM.
Takke cnefyet OTMETUTb, YTO MPaKTUYeckn 45 BepxHeil yacTu Amnana-
30Ha C MOCTOAHHbLIM MOMEHTOM (B Hawlem cnyyae, HaymHaa ¢ 20 ...
31,5 06/MVH) ABNsSieTCA paboyeit, Tak Kak Ha MasblX YacToTaxX BpalleHus
LWNNHAEeNA MOoNHadA MOLWHOCTb ABUraTend B YHMBepPCa/lbHbIX CTaHKax
00bI4YHO He MCMOosb3yeTCH.

3.8. OnpeneneHme KNHeEMaTUYECKNX MNapamMeTPOB 1 MOCTPOeHe
KNHEMaTUYECKOWN CXEMb

MoCTpPOeHNe KNHEMATUUECKOIN CXeMbl MPUBOAA FMaBHOIO ABVXKEHWS C
GeccTyneHYaTbIM PeryMpoBaHMeM NPOM3BOAMTCS Ha OCHOBE KMHEMATUKU
npuBoaa 6a30BOro cTtaHka (CM. puUC. 2.6) NpW NOMOLUM pa3paboTaHHOro
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rpagmka 4acToT BpaLeHus (CM. puc. 3.6). 3Ta CXema, B OT/IMYNE OT CXEMbI
CTYrMeH4yaToro npmeofa, Ao/HKHa BObiTb MOCTPOEHA CO CTPOrMM cobntoge-
HYeM MacluTaba. B nepByto ovepefb AO/MKHbI ObITb HAHECEHbI PACCTOAHNSA
MeXay OCAMW BasioB, 3aMMCTBOBaHHbIE M3 6a30BOro npueoa. JuameTpsbl
Haya/lbHbIX OKPYXXHOCTEN 3y04aTbIX KOMeC U AnameTpbl LLKUBOB AO/MKHbI
CTPOro COOTBETCTBOBATL BbIOpaHHOMY MacLUTaby.

[nameTpbl LLKMBOB PeMeHHbIX repeday Obiiv ornpefeneHbl B Xofe
MOCTPOEHNs rpagvka 4acToT BpalleHMa U Afa paccMaTpPUBaeMoro npume-
pa MMeroT cnefytowme 3HavyeHma. Ha sanax I — II pacnonaratoTcs LWKMBbI

125/ 150 mm, HaBanax IV —V  wkuebl 200/ 200 mm.

OnpepeneHne yncen 3y6beB LLUECTEPEH N NX ANAMETPOB

OnpepeneHune yncen 3yObeB LLECTEPEH, NPY YCN0BMM COXpPaHeHus ba-
30BbIX PaCcCTOAHWUIA MeXAy Banamu, B 00LLEM C/yyae HOCWUT Mpeasapwu-
Te/IbHbIN XapakTep. 3TO 06YC/OB/IEHO TEM, YTO NOKa He W3BECTHbI (hak-
TUYECKMe 3HaYeHNs Mofynelt 3y6yaTblX 3auensieHNin 1 BO3MOXHbIe BeNu-
YMHbI CMELLEHNA WHCTPYMEHTa NPW KX HapesaHuu (cMm. n. 3.3 un 3.4).
Ha gaHHOM 3Tane NpoeKT1poBaHWs onpefesieHne umcen 3ybbes, 0COOEHHO
A/19 3aLensieHnia rpynnoBbIX Mnepegay, BO3MOXHO TO/IbKO MPU MCMOJb30-
BaHMMW BENMYUH MOAY/eil 0T 6a30BOro NpMBoAa. Y TOUYHEHNE Yncen 3yObeB
OyZeT NpoM3BOAUTLCA B Aa/lbHelleM nNpu pa3paboTke TeXHUYECKOro
MPOEKTa, Noc/e pacyera hakTU4ecknx (TpebyembiX) BENNYNH MOLY/IEN.

CHauvana onpegensaoTca yncna 3y6beB KOJMEC MO SIMHUN MUHUMAaSTb-
HOW pefyKUMM 4acTOT BpalLeHUs NpuBoAa, T. €. Yncna 3yOobeB MOHMXKar0-
LLMX nepefayd. 3T yncna, No BO3IMOXHOCTW, CnefyeT OCTaBNATb TaKUMU

e, Kak 1 B 6a30BOM CTaHKe (CM puc. 2.6. 1 3.6), T. e. (i) =1, = 18/36,
(i) =i3 = 20/40, (ig) =1ig = 28/43, (ig) =i, = 20/51. B ckobKax
0603HayYeHbl MepeaaToyHble OTHOLUEHMS Ha puc. 2.6, a 6e3 CKO6OK —
Ha puc. 3.6.
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3aTeM onpeaenstoTcs uncna 3y6beB KoMec NoBbILLALLMX Nepeaay B
FPYNMoBbIX 3aUeneHnsaX (ABOVHbLIX WAN TPOMHbLIX 6/10KaX LUECTEPEH).

Nx cneayeT onpeaensiTb no hopMynam, NpvBeAeHHbIM B pabotax 7,8 :
ONs BeAyLLero Koneca

z1=2A i m(i+1), (3.18)

[n14a BeAOMOro Kosieca

7> =171 : i, (3.19)
roe A MeEXXOCeBbIE PACCTOAHUA, onpeaenaemMble Havda/lbHbIMU ANaMET-

pamu Konec, Mm (CM. puc. 3.4 1 Tabn. 3.2 ); m — MoAynn 3ybyaTbIX 3aLle-

NneHnii B 6a30BOM CTaHKe, MM; [ — MepeaaToYHble OTHOLLIEHWS B BOMHbIX
WM TPOMHBIX 6/10Kax LLecTepeH (CM. puc. 3.6).

B paccmatpusaemom npumepe (cm. puc. 3.6) mexay 111 v IV Banamu
yCTaHOB/IEH ABOMHON GNOK LuecTepeH. MeXoceBoe pacCTOsHME MeXay

HAMM A = 82,5 MM 1 MOAYNlb M = 2,75 MM yKa3aHbl B Tab/. 3.2. lMepe-
[aTO4YHOe OTHOLUEHMe MOBbIWAKWEN nepegayn  ABOMHOrO  610Ka

1, =3150/1600 = 2 onpeAensiem npy nomoLumn rpacmka. Toraa
7z1=2-825-2 275-2+1)=40, z,=40:2=20.

Yuncna 3ybbeB nepebopHON rpynnbl CnefyeT NpMHUMaTh No 6a3oBomMy
CTaHKy. B npumepe 3ato nepegaum 28 : 43 1 20 : 51.

MoMUMO HalAIeHHbIX BENUMH, A1 NOAYYEHWS NOMHbLIX CBEAEHWIA 0
TNax 3y6uathbiX 3aLenneHnii (cM. n. 3.3) 1 NOCTPOEHUS KMHEMATNYECKOI
CXeMbl HEOOX0AUMO ONpefeNuTh ellle HeKOTopble NapaMeTpbl. Bee BbisB-
NeHHbIe NapameTpbl 3aHocsATcs B Tabn. 3.4. [Ana onpeaeneHust 3HaYeHUI

d;. d, n A ncnonb3ytoTcs hopmy/ibl, NPUBEAEHHbIE B Tabn. 3.1, a AMamMeT-

pbl d (und ,BbluncnaoTca no dopmynam (3.7) u (3.8).
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Tabnuua 3.4

MapameTpbl 3y6UaThIX 3aLenneHnii B MOAEePHU3NPYEMOM NPUBOAE

Homepa i 74 m, A, d, A d 4
Basios Z- MM MM d, MM d ,
1 2 3 4 5 6 7 8
Im-11I 0.5 E 2.5 67.5 ﬁ 67.5 E
36 90 90
I -1V 0.5 @ 2.75 82.5 i 82.5 i
40 110 110
I -1V 2.0 4_0 2.75 82.5 g 82.5 g
20 55 55
V-Vl | 065 28 30 | 1065 | 84 | 1065 | 84
43 129 129
VI - 0.39 @ 3.0 106.5 ﬂ 106.5 ﬂ
VII 51 153 153

B paccmaTpvBaeMom npumepe B cuy paseHcteBa A=A und=d
60NbLUNHCTBO MapameTpoB B Tabn. 3.4 NOBTOPSAeT AaHHble U3 Tabn. 3.2.
[MoaTomy TpebyeTcst paccMOTpeTb 60nee 06LWNIA Cnyyaid, Koraa ans obec-
MeyeHnss Hem3MeHHbIM 6a30BOr0 MEXOCEBOro paccTtosHuss A TpebyeTtcs
Hape3aTb Koneca 3ybuaTbIX 3aLenneHnin Co CMELLLEHMEM UHCTPYMEHTA.

MNpeanonoxXum, 4To B pesy/nbTaTe aHa/m3a TEXHUUYECKUX XapaKTepu-
CTMK 6a30BOro Np1BoAa U NOCTPOEHHOIO rpadmka 4acToT BpaLleHus orl-
pedeneHbl cneaytoLLme napameTpbl:

MEX Y CMEXHbIMW Banammn He06X0ANUMO YCTaHOBUTb ABOMHON 610K
LLIECTEPEH C MOHWKAKOLLE 1 NOBbILLAOLLEN Nepedadvamu;
6a30B0e paccTosiHMe Mexay ocamu BaioB A = 102,5 mwm;

MOAY/b 3y6UaTbIX 3aLenneHnii m= 2 mm;
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ymcno 3y6beB NOHVKaKoLLen nepegaun Z; =20 n Z, = 80 NPUHATHI
13 KWHeMaTMKK 6a30BOro NpuBOAa;
repesaToyHOe OTHOLLEHME MOHWKAKOLLEW nepefayn onpesensercs

OTHOLLIEHEM umncen 3yobeB I =20 : 80 =0,25;

nepeaaroyHoe OTHOLUEHWME I'IOBbILIJa}OLLI,eVI nepegayn [ =2 onpe-

[ie/1eHO NPY MOMOLLM NOCTPOEHHOI 0 rpadka 4YacToT BpaLleHUs;

TpebyeTcs onpeaennTb Yncna 3ybbeB Konec MoBbILLAOLLEN Nepeaa-
yn. Mo dopmynam (3.18) n (3.19) uncna 3y6beB BedyLEro v BeAOMOro
KOJIeC COCTaBAT

7,=2-102,5-2 2-(2+1)=68,333=68, 7Z,=68:2=234.

Cymma 3y6beB 3ToM nepefaun Z = 68 + 34 = 102 He coBnagaeT C
CYMMOI 3y6beB NoHWKatoLet nepegaun Z =20 + 80 = 100. ITOT (hakT, a
TaKXXe HeOOXOANUMOCTb OKPYT/eHMst Z; [0 LeNoro Yncna onpeaenstoT He-
00X0AMMOCTb Hape3aHUsi Kosiec [ABOMHOro 6/10Ka ¢ 0653aTe/lbHbIM CMeLLe-
HUEM UHCTPYMEHTA.

[AnamMeTpbl HayasbHbIX OKPY)XXHOCTEW KOMEC B MOHWXKAKOLLEN nepe-
aayve ABONHOro 610Ka:

d (=2-A i (i+1)=2-102,5-025 (0,25+1)=41 mm;
d ,=C-A) d =(2-102,5 41=164wmwm.

BbinonHsas MPOBEPKY, UMEEM
A =05d ; +d ,)=0,541+164)=102,5Mm,
KOTOPOE COOTBETCTBYET NCXOAHbIM AaHHbIM.
,[I,I/IaMeprI HayaJ/IbHbIX Opr)KHOCTeﬁ B I'IOBbILLIaEOLLI,eVI nepepaye :

d [=2-1025-2 (2+1)=136,667 Mm;
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d ,=(2-102,5) - 136,667 = 68,333 MM.

MpoBepsas, umeem A =0,5 (136,667 + 68,333) = 102,5 MMm.

[AnameTpbl AeNNTeNbHbIX OKPY>KHOCTE KOJIEC :
B MOHMXKatOLLEeN nepegave
di=m-Z,=2-20=40mm, dry=m-Z,=2"80=160 mm;
B MOBbILLAOLLIEN Mepeaaye
di=2-68=136Mm, d,=2-34=68 Mm.
[ennTenbHoe MeXoceBoe pacctofsHne A=0,5-m - Z
Ans noHwxkarowen nepegaum A= 0,5 - 2 - 100 = 100 Mm;
A4 nosblwatowein nepegaun A= 0,5 -2 - 102 =102 mwm.
BugHo, 4To 3HayeHns A, BblYMCNEHHbIE TaKMM CMOCOO0M, He TOJIbKO
He COBNafaltdT C MCXOLHbIMUA MEeXOCeBbIMW paccTosHuamMn A = 102,5
MM, HO W CYLECTBEHHO pa3/nnyatoTca mexay coboi (100  102), yvero
ObITb He MOXeT!
9T0 euwe pa3 [oKasbiBaeT HEOOXOAUMOCTb W3rOTOB/IEHMS KOJEC
paccmaTtpvBaemMon Tpynmoi nepefayn co CMeLeHVEM WHCTPYMEHTA.
Kpome Toro, B nepsoM NpubAnMKeHUN MOXKET ObiTb OLEHeHa CymmapHas
Be/IMYMNHA MOJIOXKMUTE/IbHOTO CMELLEHNA UHCTPYMEHTA Kak =A A
(cm. n. 3.3, puc. 3.4).

PekomeHaLUMN AN NOCTPOEHUST KUHEMATUYECKOM CXEMb

[Mocne onpeaeneHnsi HEOBXOAMMbIX AaHHbIX W 3arofniHeHus Tabn. 3.4
MOXHO MPUCTYNaTb K Bbl4EPUMBAHNIO KMHEMATUYECKOM CXeMbl MPUBOAA C
GeccTyrneHYaTbiM peryimpoBaHMeM 4acToT BpalleHuns (puc. 3.7). PaccTtos-
HUA  MeXZy BajaMu, [AMaMeTpbl COMPSXEeHHbIX KOMec W LUIKWBOB
B 06s3aTe/IbHOM MOpPsAKe BbIMOMHAKTCA B MacwiTabe, NpuBefeHHOM B
FOCT 2.302-68. Npon3B0oAbHO BbIGUPAKOTCA TOMLKO PaCCTOAHUS MeXay
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BaJlaMX PEMEHHbIX Mepefay, a Takxke LUMPUHA KOMEC U LLKMBOB, KOTOPbIE
MOXHO MPUHUMATb O/IM3KUM K MX MU300paXKEHNIO Ha CXeme 6a30BOro
npueoa.

[MocTpoeHNe CxeMbl CreayeT HauMHaTb C HaHeCeHWs BasioB, CTPOro
cobnofan 6a30Bble pacCToAHUA A Mexay HUMKM (CM. Tabn. 3.2 unm 3.4).
MoaBMXHble 6/10KM LIeCTepeH (MM OAuH 6J10K) CnefyeT pacnonaratb Ha
TEX XXe BalaX N B TeX Xe MecTax, YTo M Ha 6a30BOM cTaHKe. OANHOYHbIE
nepefaymn cnefyert BNUCbIBaTb B rabapuTbl 3aMeHAEMON TPyrnoBoi nepe-

fauy 6a30Boro NpuBoda. HauanbHble AnameTpsbl wectepeH d , n3o6pa-
)KaeMbIX Ha cxeme, 6epyTcs u3 Tabn. 3.4. WX He cneflyeT nyTaTh C Jenu-
TeNbHbIMU — d, KOTOpbIE TOMbKO B YAaCTHbIX CyYassX MOTYT 6bITb PaBHbI

Havya/lbHbIM AnamMeTpam.

HaHoca 0603HauYeHNs Ha Cxemy, CrnefyeT npuaepXunsarbca Tpebosa-
HWUIA, U3NOXEHHbIX B M. 2.5, N BHELUHEro BuAa CXeMbl, NpeAcTaBeHHOM
Ha puc. 3.7.
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Puc. 3.7. KnHemaTunyecKkasa cxema npuBoa rnaBHOro ABuXXeHus
Cc 6eccTyneHyaTbIM PerynMpoBaHeM CTaHKa MOS. ...
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3.9. MNocTpoeHme rparika MOLHOCTM Ha LUMNWUHAENe

[MocTpoeHne rpadmka MOLLHOCTI Ha LUMWUHAENE SABNSETCS 3aBepLUato-
e ctagmert pas3paboTKM KMHEMATUKWM MPUMBOAA [NABHOMO [BMXKEHUSI C
beccTyneHyaTbiM perynvposaHvem. [ns ero pa3paboTkM Heo6XoAMMO

pacnonaraTb HOMUHa/ILHOA MOLHOCTLIO 3nekTpogsuratens PEOM nau

MOLLHOCTbIO P, Ha 3afaHHOM pexkumMe paboTbl NprBoga (CM. puc. 3.5), a
TakXxe rpag)MKom 4acToT BpalLeHUs (CM. puc. 3.6).
C y4yeTOM NOTepb Ha TPEHMEe MOLLHOCTb Ha LINWUHAENe BbIpasnTcA

3aBUCUMOCTbIHO 4
Pun = HJOI'IM -n wvwwm Pyp= Pyr- 1, (3.20)

rge P’ HOMWHabHas MOLLHOCTb 3/1eKTPOABUIaTeNs Ha pexume S1;

P,,  MoLHOCTb ABuratens Ha pexumve S6; n = 0,75 ... 0,8 — KMNJ, npu-

BOAa rMaBHOro ABM>XEHUA.

B paccmaTpuBaeMoM NpuMepe Npy HOMUHANBHOM pexKume paboTbl

SIMoLHOCTL Asuratens Poy" = 3,7 KBT, COOTBETCTBEHHO, MOLLHOCTb Ha

wnuHaene coctasut Py, =3,7 - 0,8 =2,96 = 3 KBT.

[lnanasoH perynvMpoBaHnsi YacToT BpalleHWst WNUHAENS C MOCTOSH-

HOM MOLLUHOCTbHO PUJrI.p 0ObIYHO COCTOUT U3 HECKONbKNX noaananasoHoB,

onpegensemMbiX MexaHUKO npmeoga (cm. puc. 3.6). VX KonmyecTso 0fHo-
3HAYHO OrpegenseT YUCNO CTyMNeHeil MexaHWYecKuxX nepegay, KoTopble
MOXHO BK/1tOYaTb B TOW WM MHOW KOMOMHauMn. UmMcno cTyneHew, Kak
OTMeYasioCh BblLLe, Yallle BCEro paBHo Z =2, Z=3, Z=4=2-2 W
Z =4=2+2.

B Hawem npumepe Z =4 = 2 + 2 onpeaensiet YeTblpe KOMOUHaLNN
(Y4eTbIpe CTYNeHW) BKTOYEHMA MEXaAHNYECKNX Nepeay NpruBoAa.
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1 cTyneHb

COOTBETCTBYET BK/IHOUYEHWMIO MOHWMKaOWMX nepefay iz = 20 : 40,

lg=28:43 wn 1,=20:51. [paHNYHble 3HAYEHNS YaCTOT BpALLEHUSA
LUNUHAENA Ha 3TOM CTyNeHn cocTaeaTt 53,2 1 200 06/MUH.
2 CTyneHb
Bk/toyeHa noHmkarowas nepegava iz = 20 : 40; BKNHOYEHO «MPSMOE»

BpalleHne wWnnHaens i8: 1 : 1 n, COOTBETCTBEHHO, BbIK/HOYEH nepe6op

lg, L7. [paHMyHbIe 3HAYEHNSA YacToT coCTaBAT 243 1 800 06/MUH.
3 CTyneHb
BkntoyeHa nosblwaroulas nepegaya i, = 40 : 20; BKAHOYEH nepebop

lg, 7. [paHNYHble 3HAYEHNA YacTOT cocTasaT 243 u 800 06/MUH, KOTO-
pble COBMAAAtOT C YacTOTamy 2 CTYMNEHN.
4 CTyrneHb

BktoyeHa nosblwarowas nepefada iy, = 40 : 20; BK/IOYEHO «Mps-

MOe» BpalleHue wnuHaens ig= 1 : 1 (nepebop BbIK/OYeH). 'paHNYHbIe
3HayYeHns YactoT 954 1 3150 06/MUH.

CneflyeT OTMeTUTb, YTO YaCTOThbl BpalleHWa WNUHAENA B noaavana-
30He OT 243 o 800 06/MWMH MOTYT 6bITb NOMYYEHbI KakK NPV BK/IKOYEHUN
BTOPOWA, TaK U TPeTbEN CTyneHn. Ha aToM y4yacTke OyJeT UMeTb MECTO Ne-
PEKPbITUE YacTOT BpalleHns. HanpoTus, Ha yyacTkax 200 — 243 06/MUH K
800 — 954 06/MWH ByayT HabNOAATLCSA NPOBa/IbI MOLLHOCTW.

MocnenoBaTeIbHOCTb MOCTPOEHUSA FpaKa MOLLHOCTM
1. MpoBogAaTca ocu koopamHat (puc. 3.8). Ha BepTMKaibHON ocK
HAHOCATCA LUTPUXM KIacCMYECKOW PaBHOMEPHON LWKa/ibl  3HAYEHWUN
MOLLHOCTM Ha WnuHaene. Ha ropuMsoHTanbHOW OCKM  pa3mevaroTcs
LUTPUXW TOTAPUPMUYECKON LLIKa/bl 3HAYEHWI 4acTOT BpaLLEHMs LUMWH-
nens, BKIOuYarollen 4 pgekafbl: 1 10, 10 — 100, 100 — 1000,
1000 — 10 000 06/MuH.
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2. Ha BepTuKasbHON OC/M OTMeYaeTCcs TOYHOE 3HayeHWe MOLLHOCTY
Pun, onpegeneHHoe no dopmyne (3.20), 1 NPOBOAWTCA FOPU30OHTaNbHas

BCromorartenibHas nMHns. B npumepe Py, = 3 kBT.
3. Ha ropusoHTa/bHON OCY OTMeYaeTca MUHUMaIbHAsA YacToTa Bpa-

WEeHUs WnuHaens (nimn =

= 8 06/MWH). 3aTeM OTMeYarTCA rpaHUYHbIe
4aCTOTbl BpaLleHWUs Mpu nocnefoBaTe/lbHOM BK/IKOYEHMU BCEX CTYrEHEMN
npueoga (53,2 — 200, 243 — 800, 954 — 3150 06/MWH) M NPOBOAATCA
BCNOMOrare/ibHble BEPTUKa/IbHbIE JINHUN.

4. OnpefiensieTcs BeMMUMHA MOLLHOCTM Ha  LUNMHAENe  Npw
MUHUMaNbHOI YacToTe BpalleHus anekTpogguratens nit™ (nfH" = 150
06/MUH). [ns 3TOro Ucnonb3yeTcs rpadvk Ha puc. 3.5. Ha ropmsoHTaIb-
HOI OCW 3TOr0 rpatinka, B CTPOroM COOTBETCTBUM C MacLUTaboM, HAaHOCUT-

min

CA 3HAYEHUE Ny~ " U FpaCbI/ILIeCKI/I onpenendeTca MOWHOCTb ABUTaTeNA Ha

aTux o6opoTax (P = 0,5 KBT).

C yuetoM KI[, MUHAMabHAA MOLYHOCTb Ha wnuHgene (PIHM

) Npw
ero MMHUMabHbIX 060poTax, Mo aHanorum c opmynoi(3.20), onpege-

nTcAa 3aBUCUMOCTbIO

min _ pmin
L 3 n.

3aTteM Ha CTpoALleMCs rpaduke MOLLHOCTM MO 3HAYEHUAM Ny

min
n

mm mm

HaHoCcUTCA TouKa A. B npumepe n;,

"”” =0,5-0,8=0,4 kBT.

= 8 06/MVH (CM. puc. 3.6), a

5. CoeguHsieM TOUYKy A C NepeKpecTUeM ropU30OHTaNbHON 1 BEPTY-

KaflbHOW JIMHWIA, onpefensieMblX U3BECTHbIMW 3HaYeHUsIMU P, = 3 kBT

niM = 53,2 06/MuH. MonyyeHHass HaKNOHHAs NIMHUA BYeT XapaKTepuso-

BaTb USMEHEHNE MOLLHOCTW Ha WWNMHAENE OT YaCTOTbl €ro BpalleHUA.
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6. MPOBOAMM YTONLLEHHbIE TOPU3OHTANbHbIE NIMHUW ONpPeAeNnsitoLLme
paboTy npuBofa C MOCTOSHHOW MOLLHOCTbIO Ha BCeX 4 CTYMeHsX nepe-
KNIOUYEHNs MexaHUYecKux nepedady. B paccmaTpuBaeMom npumepe 2 1 3
CTYMNEHWN NOJHOCTbLIO MEePEKPbIBAOTCA. JIMHUM NEPEKPbIBAIOLLMXCS CTyne-
Heli cneflyeT NPOBOAWUTbL C MUHUMANbHO BO3MOXKHbIM OTCTYMEHUEM OT
BCMOMOraTe/lbHOW FrOpPU30HTaIbHOW NIMHUN.

7. MapannenbHo MepBO HaKMOHHOW NIMHUWM Ha ydacTKax npoBana
MOLLHOCTK (200  243) n (800 954) npoBOAATCA OCTa/IbHbIE HAK/IOHHbIE
NINHUKW, OnpejenstoLLne XapakTep NageHNs MOLWHOCTU Ha LUNuHAEeNe npu
MOHMXEHNN YacToTbl BpalleHns. 3uraaroobpasHble Y4acTKM nposana
MOLLIHOCTW TaKXXe BblAeNArTCA YTONLWEHHbIMU IMHUAMMW.

8. Ipachnyeckn onpesensitoTcs 3HaUYEHNS NMOHWXKEHHOM MOLLHOCTU Ha

yuyacTkax nposasia. B npumepe, Ha yacToTe BpalleHus n,,; = 200 06/MuH
MOLHOCTb Ha LWnNuHAene 6yfet coctaenAtb 2,6 KBT BmecTto 3 KBT.
[Mpn Ha3HaYeHUM PEXUMOB pe3aHuns 15 YePHOBOr0 TOUEHUS HEOBX0AMMO
YUNUTbIBaTb 3TO 06CTOATE/ILCTBO.

3.10. KOHTPO/1bHbIEe BOMPOCHI

1. TNepeuncnntb AOCTOMHCTBA M HeAOCTaTKU PErynnmpyembiX acuH-
XPOHHbIX 3M1EKTPOABMIaTeNeid, UCNONb3YeMbIX B NPMBOAAX rMaBHOro ABK-
XeHna MPC.

2. TlpuBecTn 3aBUCUMOCTU AN1A ONpefeneHns Anana3oHOB perynu-
pPOBaHMA 3MeKTpoABUraTenst ¢ MOCTOAHHOM MOLLHOCTbHO U MOCTOSHHbLIM
MOMEHTOM.

3. Kakmm o6pa3om ob6ecneymBatoTCs 3afaHHble [AManasoHbl 4YacToT
BpaLLEeHUs WNUHOeNs B 6eCCTyneHYaTbIX NPUBOAAX MMaBHOMO ABVKEHUA?

4, 3a CYET Yero M Kak 06ecrneymBatoTCa 3afaHHble MeXOCeBble pac-
CTOSAAHMA B 3ybuaTbIX Nepeaayvax npv NPOEKTUPOBaHUN?
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5. [aTb onpepgeneHne M MnokKasaTb Ha CXemaxX OCHOBHYH, AOMO/HU-
TeNbHY0 1 HaYa/IbHYH OKPY>KHOCTM 3y64aToro Koneca.

6. [na 4ero BbIMOMHAKOT CMELLEHME WHCTPYMeHTa MNpu HapesaHun
3y64atbIX Konec?

7. Kakue BapnaHTbl CMELLEHUA MHCTPYMEHTa BO3MOXHbI NPWU Hape-
3aHUM 3y6YaTbIX Konec?

8. Kak onpeaensalTcad MeXoceBble pacCTOsHUS B 6a30BOM MpuUBOE
CTaHKa Mpu OTCYTCTBUN UX 3HAYEHMIA HA COOPOUHBIX YepTexax?

9. lepeuncnntb N 06BACHUTL YC/IOBUSA COXPAHEHUST MEXOCEBbIX pac-
CTOSHWI B MOAEPHU3MPYEMOM MPUBOLE.

10. OxapakTepu3oBaTb HOMUHA/IbHBIA 1 NEPEMEXAIOLLNECH PEXMMDbI
paboTbl aCUHXPOHHOTO ABUraTeNs.

11. I3n0>KnTb  NOCNefoBaTelbHOCTb MOCTPOEHUA rpauka 4acToT
BpaLleHnsa ¢ 6ecCcTyneHYaTbiM perynmpoBaHreM.

12. MNpuBecT 1 06BACHUTL 3aBUCUMOCTU AN ONpefenieHns amanaso-
HOB perynnpoBaHna 4acToT BpallleHUs Ha LWnuHAOene.

13. O6BbACHUTL CrieuMrKy onpeaeneHns ymcen 3yobeB Konec B Mpo-
eKTUPYEMOM NPUBOAE NPU 3ajaHHbIX PACCTOAHNAX MEXY OCAMU BaJ1OB.

14. Mepeuncnntb MUCXOAHblE [aHHble AN Pa3paboTKM KMHemaTuye-
CKOW CXeMbl NMPMBO/JA U N3/0XNUTb OCHOBHbIE 3Tarlbl e NOCTPOEHUS.

15. I310XXNTb METOAMKY MOCTPOEHMA rpadiika MOLLHOCTW Ha LLMWH-
[iene CTaHKa.
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SAKJTIKOHEHWE

Y4yebHoe nocobue npeaHasHayveHo And CTyAeHTOB BcexX (hopm 0byue-
HWS, BbIMOHAOLWMX pacyeTHO-rpauyecke paboTbl U KypCOBble MPOEK-
Tbl, CBA3aHHbIE C Pa3paboTKOM MK MOAepHM3aLMen KUNHEMATUKN TNaBHbIX
MPUBOLOB MeTa/IIOPEXYLLNX CTaHKOB.

B nepsom pa3genie nocobms chopmynmpoBaHa obLas uesb MoaepHU-
3aUMn rNaBHbIX MPUBOLOB CTaHKOB, MPVBEAEHbI YKa3aHus Mo cbopy w
O(hOPM/IEHNIO UCXOAHBIX MaTepuasioB No 6a3oBOMY CTaHKY He0OX04UMbIX
[/19 BbIMOMIHEHWSA Pa3paboToK, M3/I0XKEHbI TPebOBaHWA K COCTaB/IEHUIO Y
0(hOPM/IEHNIO 0630pa TEXHNYECKMX XapaKTepUCTUK CTaHKOB-aHa10rOB.

Bo BTOpOM pasfene pacCMOTPeHbl BOMPOCHI, CBA3aHHbIE C pPa3paboT-
KOW M MOAEpPHM3aUMen KUHeMaTUKU CTymneH4YaTbiX MPVBOLOB [/1aBHOIO
ABWKEHNSA. MN310XeHbl OCHOBHbIE CBEAEHNS O COCTaBe M PasHOBMAHOCTAX
NPUBOLOB, NPUBEAEHbI 3aBMCUMOCTM, HEOOX0AMMble A5 MPOBEAEHUS KU-
HEMATUYeCKMX pacyeToB. PacCMOTpeHa KMHeMaTvka MpuBOAOB MHOXMW-
TE/IbHOW N CNOXXEHHOW CTPYKTYP, NPVBEAeHb! NPUMepPbl NOCTPOEHUS rpa-
(PMKOB YaCTOT BpaLLEHNSA N KMHEMATUYECKNX CXEM.

TpeTniA pas3gen NocesleH pa3paboTke KMHEMATUKN BeCCTyneHYaTbIX
NMPUBOLOB IN1aBHOIO ABWXKEHWSA B3aMeH MHOrOCTYMeH4aTbIX, UCMOo/b3ye-
MbIX B 6230BbIX CTaHKax.

3aMeHa Heperynmpyemoro afieKTpoasurarens B 6a30BOM MpuBoe Ha
COBPEMEHHbIN pPerynvMpyemblii B COYeTaHUM C OAHON-ABYMS MeXaHWye-
CKMMW TPYMnoBbIMY NepefayaMu No3BOJISET peannsoBarb 60see ObICTPO-
XO[HbIV MPUBOA, NMEIOLLMI K TOMY XXe 1 60/ee LUMPOKKIA Ananas3oH pery-
NMPOBaHNA 4acTOT BpaLleHus LWNuHAens. Takyto MoAepHM3aunio npuBo-
[0B CTaHKOB MPOBOAAT MHOrMe MalMHOCTPOUTENbHbIE NPEeAnpPUATUS,
MPoA/IeBasi CPOK UX CNYXKObl C OAHOBPEMEHHBIM Y/TyYLLEHNEM CKOPOCTHbIX
1 3KOHOMUYECKMX nokasaTtesneil. OCHOBHbIM YC/TIOBUEM NPU 3TOM AB/ISETCA
MOBTOPHOE MCMO/b30BaHKe JOPOroCTOALLMX KOPMYCHbIX Y3/10B MPUBOAOB
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OT 6a30BbIX CTAaHKOB 6€3 BCAKWUX WU3MEHEHWI MX KOHCTPYKUMW. ONns Bbl-
MOMIHEHNS TaKoro YCnoBusi HEOGXOAMMO MNPOEKTUPOBATb YMPOLLEHHYH
KWHEeMaTMKy 6GeccTyneH4aToro npvBoAda, UCXOAs U3 UMEKLMXCS (3adaH-
HbIX 6a3011) MEXOCEBbIX PACCTOSHUIA MeXay Banamu. JaHHOe 06CTOATENb-
CTBO MOTPEO0OBasio BK/IOYEHMSA B NMOCOOME TEOPETMYECKUX CBeAeHWnin 06
3NeMEHTax 3y64aTbIX 3aLeneHnii, METOANK NO ONPeeNeHN0 MEXOCEBBIX
PaccTosHWIA B 6a30BOI KOHCTPYKLUUN 1 YCNOBUAM COXPaHEHUSI 3TUX pac-
CTOSIHWIA B MOZIEPHM3NPYEMOM NpuBoae. B TpeTbem pasaene, MOMUMO TEO-
PETUYECKUX CBEAEHMWI, NPUBEAEHbI NPaKTUYECKE PEKOMEHAAUUN 1 NPK-
Mepbl NMOCTPOEHUSI KMHEMATUKK MPUBOAOB C GECCTYyNeHYaTbIM Perynmpo-
BaHMEM. B KoHLE pa3gena Ha KOHKPETHOM NPUMEPE M3N0XEeHa MEeTOAMKA
MOCTPOEHMA rpativka MOLLLHOCTM Ha LUNUHENe.

MaTepuanbl NOCo6Usi MOryT ObiTb MCNOMb30BaHbl KaK GakanaBpamu,
TaK U MarmcTpamm, He TONbKO NS KYPCOBOrO MPOEKTUPOBAHNS, HO 1 MNpK
MOArOTOBKE BbIMYCKHbIX KBA/IM(UKALMOHHBIX paboT.
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MNMPNIOXXEHWME b

Hopma/ibHbIn psg, Ymcen B CTaHKOCTPOEHUM (HopMaib H 11 —1)
CO 3HameHaTenem @ = 1,06:
1-1,06-1,12-1,18-1,25-132-14-15-1,6-1,7-18—-19-2—
2,12—- 225-235-25-2,65-2,8-3-3,15-335-3,55-3,75—-4 -
425-45-475-5-53-56-6-63-6,7 -7,1-75-8-8,5-9-
9,5-10.
[MprmeyaHua :

1. Yuncna Bbicwero nopsaaka nony4yardTca YMHOXKEHUEM WU AeNeHn-
eM 4yucen HopmMasibHoro psga Ha 10, 100, 1000...

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

2. Yncna reomeTpuyeckoro psga co 3HameHatenem @ > 1,06 o6pa-
3ytoTca u3 paga c @ = 1,06 no cnegyroLmm 3aBUCUMOCTAM:
p=1,12=1,06" ¢0=141=1,06° 0=1,78=1,06"
¢=126=1,06" ¢=1,58=1,06" p=2=1,06"

3. O6pa3oBaHMe HOPMaILHOMO pAfa YMcen € 3afaHHbIM @ = 1,06’
MPOM3BOAMTCA MyTeM BbINUCbIBAHUS Kaxgoro (i+1) uucna mM3 psga C
¢ = 1,06, HaUMHaa ¢ MMHUMaJIbHOI 0 3alaHHOT 0.

Hanpumep:

¢ =1,26=1,06" Npnt npin = 1,12

Lo 112-14-18-225—-...-9-95-10-10,6... ;
@ =1,41 = 1,06° npnt npi, = 1,32

.. 1,32-19-265-3,75—-...-53-7,5-10,6 - 15...;
¢ = 1,58 =1,06° Npn nyin = 1,25

o 1,25-2-315-5—...-8-12,5-20-31.5....
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