Jleknus 5. PemeHnHbie nepegayu
1. PemeHnHbIe epegaun

Pemennass mepemaua mpeAcTaBisieT COOOM (PPUKIIMOHHBIA MEXaHU3M
C TMOKMM 3BEHOM, MpEeAHA3HAUYCHHBIN NI Mepefadd BpallaTelIbHOTO ABMXKECHUS
IpU JOCTaTOYHO OOJBIIOM pACCTOSHHUM MEXJy BajamMu. PeMeHHas mnepenaya
COCTOMT W3 BeAyLEro 1 W BEJOMOIO 2 IIKMBOB, 3aMKHYTOTO PEMHS, a TaKXe
HaTSHDKHOTO yCTPOWCTBA.

CxeMmbl PEMCHHBIX II€pCaa4: OTKPbITadA, ICPCKPECTHAS U ITOJTYIICPECKPCCTHAA

HaunOounbiiee pacnpocTpaHeHUE B MAIIMHOCTPOECHUH MOJTYYUIIN: d — HIOCKO-
pemennvie, b — KIuHOpeMeHHble, 8 — NOAUKIUHOBbIE TIEPEadH.

[Inockue pemHM 00ManaOT Jydmed THOKOCTBIO M IMOTOMY Ooliee
nonroBeyHbl. [lmockopeMeHHBIE Tepenaddl TMPEANOYTHTEIbHBl TpPH  OOJBIINX
PACCTOSIHUSIX MEX]y BajdaMH M BBICOKMX OKpYXHBIX ckopocTsax (mo 100 wm/c).
KnuHOBBIE pEeMHH HMMEIOT TMOBBIIICHHYIO TITOBYIO CIIOCOOHOCTB, IMOCKOJBKY
Onmarofapsi pacKIIMHUBAaHUIO PEMHsI B KeJloOe IIKMBA YBEJIUYMBAETCS 3HAYCHHE
npuBeAeHHOT0 Kod(duimenta Tpenus. [oMMKIMHOBBIE pEMHU COUYETAIOT B cede
IrMOKOCTh TJIOCKUX U TATOBYIO CIOCOOHOCTH KIIMHOBBIX PEMHEH.
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Marepuajbl peMHeid. B 0TEYECTBEHHOM MAaIIMHOCTPOEHUU MPOU3BOISAT
CIEAYIOIIME  BUAbl  IUIOCKMX  PEMHEN:  KOXKaHble,  IMPOPE3NHEHHBIE,
XJI0MYaToOyMaXKHbI€ (IIUTHIE WU TKAHBIE), IEPCTIHbIC, CHHTETUYECKHE.

C uenpro NOBBILIEHUS NPOYHOCTH KJIMHOBBIX U MOJMKIMHOBBIX PEMHEN HX
apMUPYIOT B IIPOJOJIBLHOM HANPABJICHUN KOPAOBBIMM HUTSAMH W3 IOJIMAMMIHBIX
BOJIOKOH WJIM CTaJIbHBIMHU TPOCAMM.

OcHoBHbIE XapakTepucTuku. [lepenaBaemble MOIIHOCTH KIMHOPEMEHHBIX
nepenay jgexar B npeaenax 0,5 ... 50 kBt. IInockopeMeHHbIE mepenadyn MOTYT
nepeaaBath MOIHOCTH J10 200 kBT. OObIYHBIC 3HAYEHUS OKPYKHBIX CKOPOCTEH — 5
... 25 m/c. B peakux ciydasx ¢ NPUMEHEHUEM IJIOCKOPEMEHHBIX OBICTPOXOIHBIX
nepeiad yaeTcsi MOBBICUTh CKOPOCTh peMHst 110 50 m/c.



Paccrosinne Mexay BXOJHBIM M BBIXOJHBIM BajlaMU PEMEHHOH Ieperadu
MoxeT gocturarb 15 M. IlepemaTounsie uuncia MIOCKOPEMEHHBIX mepeaad 0e3
HATSDKHOTO POJIMKA OTpaHWYEeHbl 3HaueHWeM U = 3; uid mepefad ¢ HaTsHKHBIM
posuKoM U = 5; nisl KIMHOPEMEHHBIX rnepenad U = 7. 3HaueHus KodpPuIeHTa
MOJIE3HOTO JICHCTBUS IUTIOCKOPEMEHHBIX Iepenay jexar B mpeaenax n = 0,93 ..
0,98. [Ins KIMHOPEMEHHBIX U IOJIMKJIMHOBBIX I€pelad BBUIY IOBBIILIEHHBIX
NOTEPh Ha BHYTPEHHEE U BHEILIHEE TPEHUE 3TU 3HAYCHUSI HECKOJIBKO HUXKE.

HHocmouncmea.

1) BO3MOXKHOCTB IiE€pe/1auu BpallleHHs Ha OOJbIINE PACCTOSIHHUS;

2) MIaBHOCTH U OECITyMHOCTH X0/a OJaroaapsi 3JIaCTUIHOCTH PEMHS;

3) paboTa nmpu BBICOKHX OKPYKHBIX CKOPOCTSIX;

4) mpenoxpaHeHne MeXaHu3Ma OT MEePerpy30K 3a cUeT MPOOYKCOBKH PEMHS,
KOTJIa Harpy3Ka JOCTUTaeT HEKOTOPOTO MPEeTbHOTO 3HAYCHHS,

Heoocmamku:

1) moBbIllIEHHBIE TA0APUTHI: TUAMETPHI IIKUBOB B CPEHEM B 5 pa3 Oosibliie
JIMaMETPOB KOJIeC 3y0UaThiX mepeaad paBHOM MOIIHOCTH;

2) HEMOCTOSIHCTBO NEPEAAaTOUYHOr0 OTHOIIEHUs, cocTaBistomee 1 ... 2% u
00yCIIOBJIEHHOE YIIPYTUM CKOJIB)KECHUEM PEMHS;

3) MOBBILICHHAs Harpy3ka Ha Bajbl M ONOPHI H3-3a MPEIABAPUTEIHLHOTO
HATSDKEHUS peMHS: B 2 ... 3 pasa BbIIIE, YEM Yy 3yOUaThIX Mepe/aay;

4) Huzkas nonroedHocth pemue — 1000 ... 5000 yacoB HapabOTKH;

5) orpanudeHue Ha TiepeaaBaemMbie MomHOCTH 710 S0 kBT;

6) cpaBHHTENBHO HU3KUH KII/I.

Cpenu mepenad MpoYMX BHUAOB PEMEHHBIE IME€PEayd BBIUTPHIBAIOT
B YCJIOBHUSX MaJIbIX HATPY30K U BBICOKHUX OKPY>KHBIX CKOPOCTEH.

2. T'eomeTpuyeckne napaMeTpbl peMeHHOIi nepeaaqn

OCHOBHBIMH TMapaMeTpaMH, ONPEIACISIONIMMHA T'€OMETPUI0O PEMEHHOH Iepeiayu,
SBIIAIOTCS auaMeTpbl O; BegoMoro m O, BeAymero MIKWBOB, Yroj o oOXBara
BEIYIIETO IIKHMBA; MEKOCEBOE pacCTOsIHUE a; oOmas mmHa peMHs L. [IpuBenem
TIOJIC3HBIC B pacueTax (opMyJIbl, CBA3BIBAIOININE YKa3aHHBIC TTapaMeTphI.




VYron o6xBaTa peMHEM MEHBIIETO (BEAYIET0) IIKUBA
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®dopmyiia, CBSI3bIBaIONIAs JIIMHY L peMHS U MEKOCEBOE pACCTOSIHUE d:
T (d, —d,)?
L=2a+—(d, +d,)+~—2 "1/ |
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OOpatHasi 1O OTHOIIEHHWIO K 3alMCaHHOM ¢opMyia, CBs3bIBaIOIIAs
MEXOCEBOE PACCTOSIHUE @ C JUIMHOW L pemMHs:

a=foL-m(d,+d)+[2L -7 (d,+d)F ~8(d, ~dy)* |

3. KunemaTuka peMeHHOIi nepenaun

Yapyroe ckosbKeHHe PpeMHsI CJleIyeT OTJIu4aTb OT OyKCOBaHus,
IIOCKOJIBKY TIOJIHOE CKOJIB)KEHHME IO BCEMY ILIKMBY OTCYTCTBYET. CKOJBKEHHE B
BUJIC MaJIOW MOABMXKKH MPOUCXOJUT JIUIIb B 00JIaCTH, OrpaHMueHHON ayroi BC ¢
yriaoMm pactBopa [ < o. Crpenku BIOAb IYTd MOKAa3bIBAIOT HaIpaBJICHUE
OTHOCHUTENIBHOIO CKOJbkeHus. Cam yroa [3 Has3blBAIOT Y2loM  YHpy2020
CKONbIICeHUs. YTPYroe CKOJIBKEHHE SIBIISETCS XapaKTEpPHOM OCOOEHHOCTBIO
paboThl peMEHHBIX nepenad. B 30He ckonbxenust BC CKOpOCTh PEMHS IOCTENIEHHO
YMEHBIIIAETCS OT 3HAYEHHUs Vi Ha ydyacTke AB 1o 3HaueHus Vz B Touke cxona C.
Tak>ke yMeHbIIaeTCs U CUIIa HaTshKeHus: oT F1 o Fo.




Ha BegoMom mikuBe HaOMIOAaeTCs aHAJIOTMYHAs KapTHHA. 30HA YMPYroro
CKOJIBYKEHHSI TAKKE MPUMBIKAET K TOYKE CXOJa PEMHS, HO B OTJIMYHME OT BEIOMOIO
IIKHMBA, B YKA3aHHOW 30HE CKOPOCTh PEMHS U CHJIA €r0 HATSKEHUS YBEIMYUBAIOTCS
cO 3HaueHui Vo u F, no 3nHauenuii Vi u F1 B Touke cxona.

Ynupyroe cKoJapKeHHe PEMHS SIBISIETCS OJHUM U3 (PaKTOPOB, OKa3bIBAIOIINX
HeratuBHOe BiusHMe Ha KII/[ pemennou nepenauu. Ilpu CKonbXeHUM PEMHS 110
IIKABAM  IPOUCXOJUT  PACCESHHE  MEXAaHWYECKOW  DJHEPIMM, CHMKAETCS
nepenaBaeMasi MOIIHOCTb.

Ilepenarounoe orHomenme. Kak cieayer M3 CKa3aHHOIO, OKpYyXHas
CKOPOCTb BEJOMOIr0 IIKMBA HECKOJBKO MEHbILE, YeM y Beayuiero. s oueHku
Pa3HOCTH OKPY>KHBIX CKOPOCTEW BBOJAAT KOI(PPUIMEHT CKOJIBKEHUS &, 3HAUCHUS
KOTOpOTo il OOJBIIMHCTBA PEMEHHBIX Mepenay jexaT B auamasone & = 0,01 ...
0,02. CkopocTb 000/1a BEJOMOTO IITKUBA

V, =V (1-8).
Haitnem nepenaTouHoe OTHOIIEHUE PEMEHHOW MEPEAAYN:
o Vv/05d;  wvd,
w, V,/05d, v(1-¢&)d,’

OKOHYATEIBHO:

=9
d,(1-¢)

[Ipu rpyObIx pacyeTax KO3()PUIIMEHT CKOJIbKEHUS MPUHUMAIOT PaBHBIM HYJIIO.

4. CnJ10BO# pacueT peMeHHbIX nepeaay

OCHOBHLIMU 3a0auamu CUI0B8020 paciema AGNAMCA 3a0aya OnpeoeeHus
cusl, 0eticmeyrouux Ha onopul 8aJ08 nepeoayu, U paciem pemeHHbIX nepeoad Ha
ms208y10 cnocobHocmyb. Paccmompum Kkax)coyro u3 smux 3a0ay 8 omoeibHOCmu.

OmnpenesieHue cUJIbl JaBJIeHUS Ha OoNOpbI BaJa. [Ipu onpeneneHnn CHITbI
naBiieHus Fr Ha omopsl Bec peTaieil nmepeaayu U CUiIbl MHEPIUU JIEMEHTOB PEMHS
HEe yuuThiBalOT. [lpum »TOM cwia pgaBieHus MOXKET OBITh HalieHa Kak
reoOMETPUYECKasi CyMMa CUJI HaTsSKEeHUs BeTBeil pemHs F1 u Fa:

Fr = F1 + Fz-
Ilo BenmnuuHe

F = F2+F2+2FF,cosy.



3ameuas, yTo yroa y Mexnay cuimamu F1 m F2, m yrom o6xBata o B cymme
cocTaBisaoT 180°, mepenuiineM NocjieaHo GopMyJTy B BUJIE:

F = F2+F2-2FF,cosa.

Pacyer Ha THIOBYI0 CHOCOOHOCTb. JIaHHBIM pacd4eT HMMEET LEJbI0
ONPENEIUTh MUHUMAJIBHYIO CHITy Fo IpenBapuUTENbHOTO HATSXKEHUS PEMHS IS
Iepeadn 3aJaHHOTO BPAIIAOLIEro MOMEHTa 11 Ha BEAYLIEM IIKUBE.

CocraBuM ypaBHEHHE paBHOMEPHOTO BpallEHUs BEAYIIETO IIKMBA:

> my=0; FRrL-FRr-T,=0,
rzie yepes I 00o3HaueH paauyc mkupa. M3 momydenHoi Gpopmyisl cienyer:
F—-F,=2T,/d,.
un (popmyna Cunveecmpa 1l OJE3HON OKPYKHOM CHIIBI):
F-F =F. (1)

Ecnu cuurats peMeHb JIMHEHHO YIPYTUM, CYMMapHOE HATS)KEHUE €r0 BETBEU, KaK
3TO cieayeT U3 3akoHa ['yka, He TOJKHO 3aBHCETh OT pexuMa padoThl Iepeiayu.
B camom pnene, BBUAY HEM3MEHHOCTH OOILEW JJIMHBI PEMHSI OJJHA U3 €r0 BETBEM
1OJT HAarpy3Koi OyAeT MCHBITHIBATh JOMOJHUTENIbHYIO AeQOpMAaIUIO PACTKEHUS,
B TO BpeMs Kak JApyrasg — Takywo xe nedopmauuto cxarus. [lo 3axony ['yka
OpOAOJbHBIE CHJIBI B CEUEHHUSAX PpEMHS NPONOPLUUOHAIBHBI AepopMaiusim,
NI03TOMY, Ha CKOJIBKO INpupacTteT cwia Fi, Ha cToapko ymeHpmmutcs cuna Fo.
Takum 00pazom,

F+F,=2F, 2)

rac Fo — CHJIa HA4YaJIbHOT'O HATAXKCHUSA PCMHS.



N3 popmyn (1) u (2) cnenyer:
Fi=Fo+05F; F,=Fo—0,5F. (3)

Henocraromee ypaBHeHHe, 3aMbIKarollee CHCTEMY, MPEACTaBIAET COOOU
ypaBHeHUE Jiiepa, ONPENesIonee paBHOBECUE THOKOW HUTH, MEepeOpOIeHHON
yepe3 IIEepOXOBAThIi IWIMHJP, MOJ JACUCTBHEM ABYX Ipy30B. DTO ypaBHEHHE,
KOTOpO€ MbI MPUBOAMM O€3 BBIBOJA, ONpEIEIsSeT IMpeAesibHOEe 3HauyeHUe
otHomeHus cui F1 u F, U3 ycioBus OTCyTCTBUS MTPOCKATh3bIBAHUS HUTH:

E
1 _ qof
F_ =e (4)
2
rae f — npuBeneHHbIN K03()PUIUEHT TPEHUS.
IToncranoBka BeipaxkeHnuii (3) B hopmyiy Ditnepa (4) naet:

F, +0,5F _ oo
F, —0,5F,
[Toce mpeoOpazoBaHMii MOTYUNUM CIICAYIONIEE MTPEACTBHOE COOTHOIICHHE:
_e*'+1 R
°er o1 2
riae F — mone3Has okpyskHas cuia.

AHanu3 ¢popMyibl (5) MO3BOJISIET ClIeNaTh BHIBOJ O TOM, YTO C YBEJIMYEHUEM

kodbouimenta Tpernus f w yrma oOxBara o yYBEIWYMBAECTCS U TArOBas
CIIOCOOHOCTB MepeIauH.
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