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BOPOT MMEET M0 MEHBIIEH Mepe OUH OIOK AaTIMKOB
JUTS PETHCTPALNH 1I0 MEHBIIEH Mepe OmHOU (u3mye-
CKOH BENWYMHBI, U TpeoOpa30BaTellb 3HEPTUH, KOTO-
PBIit MpeoOpasyeT HEANEKTPHUECKYIO SHEPTHIO B JJIEK-
TPUYECKYIO YHEPTHIO, U BTOPOH KOMMYHHUKALIMOHHBIN
OJIOK, ¥ TI0O MEHBINIEH Mepe ONWH HCIIONHUTEIHHBIN
6mok. IlepBeIif 11 BTOPOiT KOMMYHUKAIIIOHHBIE OJIOKH
OCYIIECTBIIAIOT CBSI3b APYT C APYTOM OECIIPOBOIHBIM
obpazom.
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BOPOTA C UHTEJUIEKTY AJIbHBIM ITOJIOTHOM BOPOT, KOTOPOE UMEET
DQJIEKTPUYECKHW ABTOHOMHYVYIO AIIITAPATYPY IIOJIOTHA BOPOT, A
TAKXE CITIOCOB IJI1 HUX

H300peTeHne OTHOCUTCS K BOPOTaM, MPEXkKAe BCEro K ObICTPOXOIHBIM
MPOMBILIIJIEHHBIM BOPOTaM, C MOJOTHOM BOPOT, KOTOPOE UMEET 3JIEKTPUUECKHU
ABTOHOMHYIO 3JIEKTPOMEXAHUUYECKYIO almnapaTypy MOJOTHA BOPOT, a TAKXKe K CIOco0y
171 TAKUX BOPOT.

bricTpoxoaHbIe BOpOTa IIHUPOKO U3BECTHBI HA MPAKTUKE U JaBHO MPOLIIU
npoBepky Ha aene. OHU ciy4yaT B KadeCcTBe MEePEKPBITUH AJId P OEMOB 1Jisl BOPOT
Pa3IMYHOTO THUMNA B YACTHOH M mpoMmblyieHHOH cepe. [IpombinerHbie BOpoOTa
3a4aCTYIO CJIYKaT TakXke IJs pa3feeHus BHYTPEHHEN U BHEIIHEH 30H 31aHus. Tak, B
Ka4ecTBE OBICTPOXOMHBIX BOPOT U3BECTHBI TAKIKE IITOPHBIC M CKIAJBIBAOLITNECS
BOpOTA.

Hanpumep, noa0THO BOPOT WITOPHBIX BOPOT B X0 € ABUKEHUS OTKPBITHUSA
HaMaTbIBA€TCs B 00JaCTH NEPEMBIUKH BOPOT UJIM HANpaBJsieTcss OECKOHTAKTHO MO
OTHOLIEHUIO K APYTUM BUTKAM PYyJOHA B KPyrOBON CIUPAIU WM BBITAHYTON CIUPATIH.
ITocnenHuii cnoco0 BBHIMOJHEHHS UCIIOIB3YETCS, MPEKAe BCEro, AJIsl MIPOMBIIITIEHHbBIX
LeJiel, TaK KaK ¢ €ro NOMOIIBIO SABJIAKTCSA JOCTHUXKUMBIMU BBICOKHE CKOPOCTH
nepemMerneHus Npu OOJNbIIOM CPOKe CIyKObI M BHICOKOI HaJI€KHOCTH.

ITonoOHbIe OBICTPOXOAHBIE TPOMBILIJIEHHBIE BOPOTA XOPOIIO MOKa3anu ceds B
Ka4eCcTBE Ha/eKHOTO MEPEKPHITUS YaCTO OTKPHIBAEMbIX U 3aKPbIBA€MbIX IPOEMOB
BOpOT. I[ToJIOTHA BOPOT TAaKUX MPOMBILIJIEHHBIX BOPOT ABHKYTCS ¢ OOJBIINMU
AJMHAMU X0/a, COCTABISIIOIIMMHU MO HECKOJBbKO METpOB. Beneacreue yacto
OOCTUTaeMOl BBICOKON CKOPOCTH MPUBEIEHUS B AEHCTBUE, COCTABJISIONIEH 3 M/C U
Oouiee, Mo MEHbIIEH Mepe, BO3SMOXKHO MEPEKPBITHE MOJOOHBIMU MTPOMBIIIICHHBIMU
BOPOTaMHU ABYX, CIEAYIOLIUX APYT 3a APYTOM MPOE3A0B AJS BUIOYHOTO NOrpy3unKa
WU TOJO0HOr0 M CO3JaHNE TAKUM 00pa30M 3aIMHUTHI OT MOTOAHBIX BO3AEHCTBUMH,
CKBO3HSIKA MJIM OT MOTEPU KOHIHIIMOHUPOBAHHON aTMOC(ephbl B MOMEIEHUH. 3a CUET
3TOr0 TaKHe BOPOTA BHOCAT CBOM BKJAJ B Pealn3alMio SHEProdPpHeKTUBHOTO 3AaHHS.

Jlnst Toro 4ToOBI 00ecneunTh 0€30MacHY0 U YAOOHYIO 3KCIIyaTAI[UI0 TAKUX

NPOMBIIIJICHHBIX BOPOT, MOXKET OBITH npeaycMOTpEH psAad JaTYUKOB. O1tH JaTUYHUKH
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OOBIYHO CJIYKAT JJIsI MOBBIMIEHUS SKCIUTYyaTallMOHHON 0€30MacHOCTH BOPOT U/UIU IS
npoBepkHu paboyero coctosiHus BOpoT. Hanpumep, faTUNKU CTOJKHOBEHUS,
Ha3bIBa€Mbl€ TAKXKE€ NaTYMKAMU yJapa, Ha HUKHEM KOHIIE ITOJIOTHA BOPOT CIYIXKAT JUIs
pPEerucTpauu CTOJKHOBEHUS JBHXKYIIETOCs MOJOTHA BOPOT C UEJIOBEKOM UIIU
HEKOTOPBIM IPEIMETOM.

[Ipu TakOM COyapeHHUH C MPENITCTBUEM CIEAYEeT MPUHUMATh CUCTEMATHYECKH
3aLIUIIAIOINNE YeJIOBeKa /M OOBEKThI MEPHI.

DnexTpocHab)eHne MOJOOHBIX TATYUKOB OOBIYHO OCYLIECTBIISETCS C MOMOLIBIO
CIUPAJIBHBIX HJIM BOJIOYAIIUX CSI Kabesel, KOTOpbIe NMPH PEeryJspHON SKCITyaTaluu
MEXaHUYECKHU CTaperoT, MPEeKae BCero, TaK Kak ABHTaTeIbHAs Harpy3ka Beiauka. B
IOTIOJTHEHHE K 3TOMY, HMEETCSI OMMACHOCTh MEXaHUYECKOT'0 TOBPEKIASHUS 3TUX
kabeseil, a Tak»Ke OTCTOSIIINE AETAU epkaTenell kadbeael mpeacTaBiIsioT coOoM
OnpenesieHHbIH PUCK TPABMHUPOBAHUS IJIs JIUL, HAXOASLIUXCSl BOJMU3U OT
OBICTPOXOIHBIX BOPOT.

B kxauecTBe anbTEepHATUBBI BOJOYAIUMCS KabensiM MPUMEHSIOTCS TaKXKe
OOBIYHBIE SHEPTETUUECKHE L[ENTH, KOTOPbIE BCTPAMBAIOTCS B MOJOTHO BOPOT. 3a CUET
3TOr0 3TH COEAUHEHUs NMPOKJIANBIBAIOTCS KaK He BUAUMBIE Ui noTpeduTtens. Tem He
MEeHee, SJHEPTeTUYECKUM LeIsIM TOKe MPUCyLia npodjeMa U3HOCa WIH XKe
MEXaHMYECKOTO CTapEHHUs.

B nononHeHue Kk 3TOMy, Uil MPUMEHEHUs KaOesel u S9HePreTHYeCKNX Henen
TpeOyroTcs Oonblnre KOHCTPYKTUBHBIEC 3aTpaThl. [I[pUdrHa 3TOTO JIEKUT B OONbIIONH
MEXaHHYECKOI Harpy3ke mpu MepeMeIleHuH OJOTHA BOPOT U MPHU ONpPeIeIeHHbIX
00CTOSITENILCTBAX B YCJIOBUAX MPUMEHEHHUS] BOPOT, UTO CBA3aHO C COOTBETCTBYIOIUMHU
pacxonamu. Hanpumep, mpu NpuMEeHEHHH BOPOT UL XOJOJUJIbHBIX CKJIAJI0OB UIIH
JUHUH aBTOMATHYECKOW MONKHU MPUMEHSIOTCS OY€Hb JOPOTOCTOSIIINE KaOeln HIH
sHeprerudeckue nenu. C 3TUM CBsi3aHa MOTPeOHOCTh B OOJIBIIOH MIIOIAIH, KOTOpas
HeoOXoanMa Uit paguycoB U3rubda 3TUX Kadeyeil 1 SHEPreTUUEeCKHUX LeNen.

B DE 20 2008 013 354 Ul kak anbTepHaTHUBa MpoKIagke kadenel pacKkpbiTa
OaTapes B KauecTBE 3JIEKTPONMUTAHUS 1A OJIOKA JATYUKOB B CAMOH HIDKHEN JIaMenn
MOJIOTHA BOPOT IITOPHBIX BOPOT. [TogoOHas OGaTapes moKHA CBOEBPEMEHHO
3aMEHSTHCS, O3TOMY TpeOyeTcs ee peryJsipHoe TeXxHu4eckoe obcnyxupanue. Tak
KaK B IIOJIOTHE BOPOT AOCTYIIHO JMIb HEMHOro mecta, B DE 20 2008 013 354 Ul

MPUMEHSETCS] KHOMOYHBIN 3JIEMEHT NUTAHUSA C OUY€Hb MAJOW MOHTAXHOUN BBICOTOM.
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Tem caMbIM, B JOMOJHEHHE K 3TOMY, 3HEPrOeMKOCTh TakOl OaTapen OYeHb Maja, YTo
KaK HEJOCTATOK MPUBOAUT K KOPOTKUM HMHTEpPBaJIaM TEXHUYECKOTO OOCIYKHUBAHHUS.

B nononHeHue k 3TOMY, TakXe U3 COOOpakeHUH TEXHUKH 0€30MacCHOCTH
OaTapeu 3a4acTyIO SABISIOTCS HeXelaTelabHbIMU. Hanpumep, BopoTa AOKHBI HAJI€KHO
(GYHKIHMOHHPOBATH JaXKe B Ciy4ae moxkapa (Ipu onpeaeaeHHbIX 00CTOATEeNbCTBAX
BOPOTA AOJIKHBI OCTABATbCS 3aKPBITHIMU UM NPUHYAUTEIBHO OTKPBIBATHCS 11O
3aMpocy AUCIETYEPCKOrO MyHKTA), YTO B peskuMe pabOThl TOJBKO OT OaTapeu He
obecneunBaeTcss B 0053aTEIBHOM MOPSIAKE.

[TosTomy st 6osiee QIUTENBHOTO CPOKA IKCIIIyaTAlMH U TOBBIIIEHHOM
rOTOBHOCTH paboTaroimeii oT 0atapen anmapaTypbl BOPOT OOBIYHO MPHUMEHSIOTCS
criennajgbHble OaTapen. JTH CrielualbHble OaTapen HU B KOEM CJIydae He SIBJISIOTCS
MOBCEHEBHBIMU TOBAapaMU, PeaJu3yeMbIMU B TOPrOBOIl CETH, U 3a4aCTYI0 UX MOKHO
npuoOPECTH TOJNBKO Yepe3 CrennalbHble KaHabl. TpaHCTIOPTHPOBKA TaKUX OaTtapei K
MECTy YCTaHOBKH TOXKE CBs3aHa C OrPAaHUYUTEIbHBIMU 3aKOHOAATENbHBIMU
obsi3aTenbcTBamMu. Kak crencreue, mpuMeHEeHUE CIENUAIbHBIX OaTapeil B
MPOMBILIJIEHHBIX BOPOTaX MPUBOAUT K MOBBIIIEHHBIM 3aTPaTaM U K MOBBIIIEHHOMY
PUCKY MPU NPUMEHEHUHU.

B DE 200 01 473 U1l packpsITbl IPOMBILIJIEHHbIE BOPOTA C CUCTEMOU
0€30MacHOCTH AJIS 3ALIUTHI JIOAEH U MPEAMETOB OT ABUKUMBIX H/UJIM NIPUBOJUMBIX B
ABUKEeHHE BOPOT. [Ipu 3TOM mpeayCcMOTpeH HaCa’KMBAEMBbIil Ha MOJOTHO BOPOT OJIOK
nepeaadyy CUrHAJOB C HAKOMUTENIEM SHepTUH B (OpMe aKKyMYyJIsATOpa, KOTOPBIH
cHa0’KaeTCs U3BHE Yepe3 HHAYKTUBHOE YCTPOWCTBO BBOJA YHEPTUH HIIH XK€ uepe3
UHAYKTUBHBIN OJIOK Mepenayn SHEPTUU WM aJbTEPHATUBHO Y€pe3 COJIHEUHBIE
nanenn. OOMeH JaHHBIMU MEXy BOPOTAMH U YCTPOWCTBOM YIPABIECHUS BOPOT
OCYILIECTBJISIETCS 3/16Ch C MOMOIIbIO OECITPOBOAHON Mepeaayn JaHHbIX.

Xots 00e BO3MOXKHOCTH YHEProcHa0KeHUsI YCTAHOBJIEHHOTO Ha BOPOTax
3JIEKTPUYECKOTO YCTPOUCTBA, KOTOphIie packpbiTel B DE 200 01 473 Ul, ysenuuusaroT
UHTEPBaJl TEXHUYECKOTO OOCIYKUBAHHS, OHH, TEM HE MEHee, 00afaoT
HEJOCTATKAMHU, COCTOSILIUMH B OOJIBIINX KOHCTPYKTHBHBIX 3aTPaTax U B MOBBIMIEHHOM
NMOABEPKEHHOCTH OTKa3aM. Tak, IJi1 HHAYKTUBHOTO CHAOXKEHHS YCTPONCTBA,
PacCIIOJIOKEHHOTO B MOJIOTHE BOPOT, BOJIM3HM OT BOPOT NOJIKEH OBITh MPEAyCMOTPEH
COOTBETCTBYKINUNA UHAYKTUBHBIN NNEPEAATYUK, KOTOPBIM CO3Aa€T JOCTATOYHO
CUJIbHOE MarHuTHOE rnoJie. B Takom «3ameHuTesne kadens» HeJOCTaTKOM SIBJISIETCS,

npexxae BCEro, ToO, 4TO OH SABJIACTCA KOHCTPYKTHBHO 3aTPATHBIM, a TAKXKE€ BO3HUKAIOT
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NOTEPH MPH Nepeade, KOTOPble CHUXKAT 3(Pp(PEeKTUBHOCTD TAKOTO HYHEPTOCHAOK EHUS.

B nononHeHue k 3TOMY, HHAYKTHUBHAS Mepefada Heprunu OOBIYHO MOXKET
OCYLIECTBJSITHCSA TOJBKO B 3alaHHOM IOJIOKEHUHN OTKPBITHUS MOJOTHA BOPOT, TaK Kak
MHIYKTUBHBIN NIepeJaTUYuK OrPaHUY€eH B CBOEH AalbHOCTH AelcTBus. CaenoBaTeabHO,
€CJIM YCTPOMCTBO YIPaBJIEHUs BOPOT BBIOJIHEHO, HAPUMEP, TAKUM 00pa3oMm, 4To
MOJIO’KEHHUE, B KOTOPOM MOXKET NMPOUCXOAUTH Nepeaada dHepPTuu, MOABOAUTCS HE
pPeryiaspHO WUJIM 3TO MOJOKEHHE MPOXOAUTCS JIUIIb 32 OU€Hb KOPOTKOE BpeMsl, TO
HaJeKHOe YHeprocHabkeHne He o0ecrneynBaeTcs.

ITomumo 3TOTO0, NpUMEHeHue conHe4dHon nanenu coriaacHo DE 200 01 473 Ul nHa
BOPOTaxX CKPbIBAET B ce0€ PUCK 3arps3HEHUS U MOBPEKAEHUS NMAHETH, BCIEACTBUE
yero sta popma 3HeprocHaOKEeHHs TOXKe MOKET OBITh HeHaaeKHOU. Tak, MOJIOTHO
BOPOT U BMECTE C TEM YyBCTBHUTEJbHAS COJIHEYHAS NMAHEb MMOJBEPTATCs OO IbIIUM
MEeXaHUUYEeCKUM Harpy3kam. TOUHO Tak ke XpyIKas COJIHe4YHas MaHesb MOJBepraercs
OTIACHOCTH TMOBPEXKAEHUS IPU CTOJKHOBEHHH, HAIIPUMEP, aBTOMOOMIISI C TOJIOTHOM
BOpoT. IToMuMO 3TOro0, NOJOKEHUE CONHEUHOH MaHelIu OTHOCUTENBHO AOCTYIIHOIO
CBETOBOIO M3JyYEHHs] U3MEHSETCS B 3aBUCUMOCTHU OT COCTOSIHUS OTKPBITHUS U
3aKpBITHUSI BOPOT, YTO NPUBOAUT K YXYAIIEHHBIM YCIOBUSIM 3KCIJyaTallul COJTHEYHOM
NaHejau. JJIeKTpUuUYecKas anmnapatrypa BOpPOT JOJKHA HMETh BO3MOXXHOCTb HaJI€KHOTO
cHa0OKeHHS TaKXKe B 3UMHHE MECSLbl ¢ MAJIOJOCTYITHON COJTHEUHOH SHEpPTruei, a Takxke
NP SKCIIyaTalluyd HOYBKD. DTO O3HAYAET, YTO HHEPTHUs IJI1 BOPOT AOJIKHA
NPENOCTABIATHCS B PACHIOPSI)KEHHUE HE3aBUCUMO OT BPEMEHH CYTOK MJIU BPEMEHH roja,
KOTAa OHU ABUXKYTCs. IIpu npuMeHEeHUU COJTHEYHBIX MaHelel 3TO yCIOBUE HE
BbINOJIHSAETCS. Ecii BopoTa npeaycMOTpeHbl, HalpuMep, BHYTPHU 3/1aHUsI, TO JHEBHOMU
CBET B 3TOM MECTE HEAOCTYIIEH.

Takum obGpas3om, BapuanThl permenus cornacHo DE 200 01 473 Ul npuBoznst
OTpPaHUYEHUSIM IPU SKCIIyaTallMu BOPOT, a TaK)Ke K HEAOCTAaTKaM B HaJ€KHOCTH
BOpPOT. B nononHeHue kK 3TOMy, 3TH BapUaHThI pelIeHUs CBSA3aHbI CO 3HAYUTEIbHBIMU
pacxoxamu.

3anaya n300peTeHUsI COCTOUT B TOM, YTOOBI MPEAYCMOTPETh BOPOTA, KOTOPBIE
MPEeNOCTaBISAIOT BO3MOXKHOCTb HaI€KHON U ONTUMU3UPOBAHHON 3KCIIyaTalluu
TAKOBBIX W/WUJHU SIBISIOTCS HETOPOTHUMH.

Jlpyroii acnekT u300peTeHus COCTOUT B TOM, YTOOBI IPEIYCMOTPETD IS BOPOT
Croco0, KOTOPBIA MOXKET MPEAOCTABUTh BO3MOXKHOCTb HAJI€)KHOU U

ONTUMHU3UPOBAHHOMN 3KCIUTyaTallud BOPOT.
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JlaHHBIE 3a/1a4M PELIEHBI IPEAMETAMU HE3aBUCUMBIX TYHKTOB (OPMYJIBI
nzoOpereHus. Jlpyrue acnekThl U MPEANOUYTHTEIbHbIE YCOBEPIICHCTBOBAHUS
ABJISAIOTCA IPEIMETOM 3aBUCHMBIX MMYHKTOB (POPMYJIBI H300pETEHUS.

CornacHO OHOMY aCHeKTy NPEeAYCMOTPEHBI BOPOTA, MPEXKAE BCETO
OBICTPOXOIHBIE TPOMBIIIJIEHHBIE BOPOTA, KOTOPbIE UMEIOT CIEAYIoIIee. MOJOTHO
BOPOT, KOTOPOE€ HAIpPaBisieTCs] B OOKOBBIX HAMPABISAIOIMNUX, U KOTOPOE MEePEeKPHIBAET
IIPOEM BOPOT, U KOTOPOE UMEET NMEePBYI0 U BTOPYIO CTOPOHY, U IPUBOAHOE YCTPOUCTBO
N7 IepeMelleHUs MTOJIOTHA BOPOT MEXKAY MOJOXKEHUAMU OTKPBITUS U 3aKPbITUS, U
yCTPOMCTBO yIpaBleHUs] BOPOT [Jisl yIIpaBieHUs IPUBOJHBIM yCTPONCTBOM, NPpUUYEM
YCTPOHCTBO YIPABJIEHUS] BOPOT UMEET NePBbI KOMMYHHKAIIUOHHBIN OJIOK,
PacMHoIOKEHHYIO B MOJOTHE BOPOT 3JEKTPUUYECKU aBTOHOMHYIO anmnaparypy MojJoTHa
BOPOT, KOTOpasi UMEET, MO MEHbIIEH Mepe, CIeayIolnee: Mo MeHbIIeill Mepe OANH OJIOK
DATYUKOB JUISI PETUCTPAIINH 110 MEHbIIEeH Mepe ONHON (PU3NUYeCKO BETUIUHBI, U
npeobpa3zoBaTesb SHEPTHH, KOTOPBIA MPeodpa3yeT HeINEKTPHIECKYIO SHEPTHIO
(HampuMep, MEXAaHUYECKYIO UJIU TEIJIOBYIO SHEPTHUI0) B 3JIEKTPHUUYECKYIO SHEPTHUIO,
BTOPOH KOMMYHHKAIIMOHHBINA OJIOK, MPUYEM MEePBbIH U BTOPOH KOMMYHHUKAILMOHHBIE
OJIOKM MOTYT OCYILIECTBJATH CBA3b OECIIPOBOAHBIM 00pa3oM, M IO MEHbILIEH Mepe
OJIH UCTIOJTHUTENbHBIHN OJIOK.

Bopora B 3HaUeHHUH 3TOro N300peTeHUs ABISIOTCA MEXaHIU3MOM C MOABUKHBIM
MOJIOTHOM BOPOT, KOTOpPO€ MEPEKPHIBAET IPOEM BOPOT.

ITonoOHBIE BOpOTA CIyXKaT, HAIPUMED, B KAYECTBE MEPErOpOIKH 3aj1a UJIH B
Ka4eCTBE TEIJIOBOTO Pa3eUuTeNs B 3NaHUAX (HAPUMEp, Pa3AeuTeN b MEeKIY
CKJIAZIOM U OXJIa’KJ1aeMOM 30HOM ).

Bopora coriacHo U300peTeHHUIO ABISAIOTCS, HAPUMED, IITOPHBIMH WU
CKJIaJbIBAIOIIMMUCS BOPOTAMH, B KOTOPBIX MOJIOTHO BOPOT, KOTOPOE€ CONEPIKUT
00JIbIIOE KOJUYECTBO OTIENBHBIX 3JIEMEHTOB, HAMPABISIETCS B YCTAHOBJIEHHBIX C
OOKOBBIX CTOPOH HAIPAaBJSIOIUX. DTU OTAEIbHbIE 3JIEMEHTHI ITIOJIOTHA BOPOT,
KOTOpbI€ HAa3bIBAIOTCS TAKXKe JIaMeJIsIMU UJIM LapraMy BOPOT, MOJBUKHO UJIU C
BO3MOJKHOCTBIO cruba COeIUHEHBI MEKIY COOOM.

Bopora moryt ObITh, mpexae BCero, ObICTPOXOAHBIMU MTPOMBIIIJICHHBIMHU
BOPOTAaMHU, B KOTOPBIX MOJOTHO BOPOT NEPEABUTraeTcsl C BBICOKUMU MUKOBBIMHU
CKOPOCTSIMH, CO CKOPOCTSIMHU Oouibie ueM 1 M/C, IpeuMyImecTBeHHbBIM 00pa3oM co
CKOpOCTsIMH OoJbIIe YeM 2 M/C HIJIH, IPEKIe BCEro, CO CKOPOCTSIMHU OOJbIIe uyeM 3

M/c. DTO mepeMelleHNue BbI3bIBAETCS C MOMOILIbIO MPUBOJHOrO YCTPONHCTBA BOPOT,
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KOTOpPO€ UMEET, HAlpUMeEpP, MOLIHBIN 3JIEKTPOABUTraTENb, THEBMATUIECKUH
NOABEMHBIA LIUIMHIP WIH TUAPaBAUKY. [IJoMUMO 3TOro, mpuBOgHOE YCTPOUCTBO
MOXET UMETh APYTrue MeXaHN4YeCKHe KOMIIOHEHTBI, KaK HallpuMep: NepenaToYHble
MEXaHHU3MBbl, PEMHH UJIU CBSI3YIOIINE 3BEHbS.

B nononHeHue k 3TOMY, B BOPOTaxX NPEAYyCMOTPEHO YCTPOICTBO yIIpaBiIeHUs
BOPOT, KOTOPOE OCYIIECTBISAET MOJIYaBTOMATHYECKOE UM MOJHOCTBIO
aBTOMAaTHYECKOE yrpaByieHue Boporamu. [lomoObHOe yCTPONHCTBO yIpaBIeHUsT BOPOT
O0OBIYHO UMEET MUKPOKOMITBIOTEDP C MPOrpaMMaMu yrpapieHus (IporpaMMHBIM
obecneueHNEM), KOTOPbIE MPEAYCMATPUBAIOT PEKUM OTKPBITHS U 3aKPBITHS, & TAKKE
pa3NMYHbIE CTAHAAPTHBIE MPOLIEAYPHI OOCTYKUBAHUS U O€30MaCHOCTH.
ANBTEepHATHBHO, YCTPOMCTBO YIIPABICHUS BOPOT MOXKET OBITh BBIIOJHEHO C KECTKUM
NPOBOAHBIM MOHTAJKOM. B IOMOJIHEHNH K 3TOMY B YCTPOMCTBE yIPaBJIEHUS BOPOT
MOXKET OBITh IPEAYCMOTPEH 3JEMEHT YIPABJICHUS, HAPUMEP HAXKUMHOM
BBIKJIFOYATEJb, AJIS1 PyYHOT'O OTKPBITHUS BOPOT.

IToMrMO 3TOr0, BOPOTAa UMEIOT aNNapaTypy MOJOTHA BOPOT, KOTOpas
pacrioyio’KeHa B IMOJIOTHE BOPOT, TO €CTh anmnapaTypa MoJIOTHA BOPOT HHTETPUPOBAHA B
MOJIOTHO BOPOT. Ammnaparypa MoJIOTHA BOPOT CIYKHUT IJIsl pErUCTPALlUU, AajbHeHmen
00paboTKM M KOMMYHUKau/nepenauu Gu3ndeckKux BeJIUUYNH, KOTOPbIE TOJKHBI
YUYUTBHIBATHCS] YCTPONUCTBOM YIIPABJICHHUSA BOPOT IPHU HKCILIyaTAL[UU BOPOT.

Takum oOpa3om, ammaparypa mojoTHAa BOPOT UMEET MO MeHbIIeil Mepe OIMH JaTUHK,
HalpuMep AATUUK TEMIIePaTypbl UJIM JATUUK YCKOPEHUs, IpUUEM
3aperucTpupoBaHHas GU3NYECKasi BEIMUYNHA, KaK CYyIIECTBEHHBIHN A KCILTyaTalHH
napaMeTp (Te eCTbh, KaK CYIIEeCTBEHHbBIN JJIsl HNHUIIUUPOBAHUS MEepEeMEeIeHUs MOJIOTHA
BOPOT WJIU JUJISl SKCITyaTalluu BOPOT B 0OIIEM MapaMeTp), ¢ TOMOIIbI BTOPOTO
KOMMYHHUKALIHOHHOTO OJIOKA anmapaTypbl MOJOTHA BOPOT MEPENaeTCsl Ha TEPBBIH
KOMMYHHUKALIMOHHBIN OJIOK yCTpOWCTBA ynpaBieHus BOpOT. B mpocreiimem ciyuae
NepBbI KOMMYHUKALIMOHHBIN OJIOK SIBJIsieTCS] OJIOKOM IpUeMa paguoCHrHaja, a
BTOPOH KOMMYHHKAIIMOHHBIA OJIOK — JTOMOJHSIOMUM €ro nepeiarmumM OJIOKOM.
AnbTepHATHBHO, HHGOPMALIUA MOKET IMEPEAABATHCS TAKIKE C TOMOLIBIO
UH(pPaKpacHOTO U3IYUECHHUS.

KoMMyHHuKanmnOHHBIN OJIOK (T€ €CTh, [0 MEHbIIEH Mepe OHMH Mepenaro Uil
0J10K) anmmapaTypbl MOJOTHA BOPOT SIBJISIETCS, MPEUMYIIECTBEHHBIM 00pa3om,
(CBEpX)MaJIOMOLIHBIM PaIHOOJIOKOM, KOTOPBIH ONTUMU3UPOBAH IJII 0COOO HU3KOTO

notpebaenus sHeprun. CBsi3b MEXIY NMEePEAAOINNM U TPUEMHBIM OJTOKaMU MOXKET
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OCYLIECTBJISITHCS, MPEUMYIIECTBEHHBIM 00pa30M, TOJbKO MO Mepe HEOOXOIUMOCTH.
IToMuUMO 3TOrO, CBA3b MOXKET OCYILIECTBJISATHCS, HAIPUMEp, B noyioce yacToT 433 MI'1g
n 833 MI'u. Eciiu npoucxoauT COOTBETCTBYIOIIEE, HHULIMUPYIOLIEE NTEpeaady
coObITHE, TO MepenarIuil OJIOK, MpeKae BCEro, MOXKET NepeaaBaTh CyIeCTBEHHbBIE
IUTSL SKCIUTyaTaI Uy NTapaMeTpbl CAMOCTOSITENbHO (HAapuMep, nepenada
OCYILECTBJISIETCS] B TOM Cliydae, €CJIU 3aperucTpUpOBaHHAS NaTYUKOM BEJIUYHHA
NpeBbICHIIA 3apaHee 3aJaHHOe TOPOTOBOE 3HAUEHHE). AJIbTEPHATUBHO, MEPEaaA0 Ui
OJIOK MOJKET OCYLIECTBIISITh Mepenayuy 4epe3 peryssipHbie HHTEPBAJIbl BPE MEHH
(HampuMep, U3MEpEHUsI TEMITEPATyPbl MOTYT MEPEIaBaThCS Yepe3 Kaxable 5 MUHYT).

Jlsist pa3bsCHEHHO BbILIE [[eJU MPUMEHEHHs annapaTypa noJoTHa BOPOT
BBIMTOJTHEHA 3JIEKTPUYECKU aBTOHOMHOH, a Takxke 0e3 Garapeu. 3a cuét 3TOTO
CTAHOBHTCS] HEHYKHBIM, HallPUMeEp, TEXHUYECKOoe o0CyKuBaHue DaTapen, a TaKkKe
MO’KHO OTKa3aThCsl OT YCTAHOBJICHHBIX CHAPYIKU YCTPOMCTB, HAIPUMEP OT COJIHEHYHOM
ssqeliku. B nomonHeHune k 3ToMy, He TpeOyeTcs kabeabHas pa3BOIKa AJis
3JEKTPONMUTAHUS aNMapaTypbl MOJOTHA BOPOT, 3a CUET Uero MpeaoTBPaLIat0TCs
3HAYMTEJbHbIE PACXObI HA MEXaHHUKY, a TaK)ke puUck oOpriBa kabeneil. Tak, B oTian4une
OT 3TOrO B TPAJAULMOHHOM peIleHHH KaOesiu I SHEPTOCHAOKEHHS annapaTypsl
MIOJIOTHA BOPOT JOJIKHBI OBITh PACCUYUTAHBI TAKUM 00pa3oM, 4TOObI OHH BbIACPKHBAJIH
TaK)Xe TPAEKTOPUH MEPEeMELICHHs U CUJIbl YCKOPEHUS MOJIOTHA BOPOT, YTO, MPEXKIe
BCETO, B MPOMBILIJIEHHBIX BOPOTaX MOXKET MPEACTABIATH COOOH npodaemy.

3a C4ET 3TOr0 3KCIIIyaTALHIO BOPOT MOKHO ONTHMHU3MPOBATD U CENAThH
HajexxHee. HanmpuMep, CHUXKAIOTCS MPOAOKUTEIBHOCTUH MPOCTOSI BOPOT, KOTOPbIE
BO3HHKaJK Obl IpU 00OpbIBax Kabeseil CUrHAJIbHBIX JIMHUE WJIH BCIEACTBUE paspsiia
OaTapemu.

[IpeoOpaszoBaresnp SHEPTUU ABJSETCS COTJIACHO U300PETEHUIO TEHEPATOPOM
SJAEKTPUYECKON MOILIHOCTH MJIH K€ YHEPTHUH, IPUYEM B IJIEKTPUUECKYIO SHEPTHUIO
npeoOpa3yroTcs HedleKTpuueckue GopMbl IHEPTUH, U3BJIEKAEMbIE U3 OKPYIKAIO LIeH
Cpenbl UM BO3HUKAKIIUE MPU MEePEMELIEHUH TTOJIOTHA BOPOT, BCIEACTBUE YEro
3JEKTPUUECKUN TOK BbIpabaThIBa€TCsI B CAMOM MOJIOTHE BOPOT. Jpyrumu CioBaMu,
arnmapaTypa MoJOoTHa BOPOT caMa CO3/1aeT HEOOXOIUMYIO It COOCTBEHHOM
SKCIUTyaTAIUU 3JIEKTPHYECKYIO SHEPTHIO. 3a CYeT NPUMEHEHHs npeodpasoBaTens
SHEPTHUH aNmaparypa MnoJOTHA BOPOT BHIMOJIHEHA SJIEKTPUIECKH aBTOHOMHOM, 3TO
O3HAYaeT, YTO BHEUIHUH MCTOYHUK MUTAHUS UJIU XK€ JOTOJHHUTEIbHOE

3JeKTPOCHAa0KEHHE AJIsl alMapaTyphl OJOTHA BOPOT He TpedyeTcs (Hampumep, He
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TpebyeTcs SIeKTpUUeCKOe HIIH XKe MHOYKTHBHOEe nmuTaHue, kak B DE 200 01 473 U1).
3a cuéT 3TOro A HKCIIyaTaluu noTpeduTeneil B anmnapaType MojJ0THA BOPOT
AOCTATOYHO TOJIBKO NMPeoOpa3OBaHHON C MOMOLIBIO MPeoOpa3oBaTess SHEPTHU UIIU JKe
«cOOpaHHOW» U3 OKPYKAIOLIEH Cpeabl IHEPTHU.

IIpu 5TOM HeanekTpuYeckas 3HEpPrus sBJIseTCs, HapUMep, MEXaHU4YeCKON UIu
TeryIoBoH sHepruei. [lomumo 3Toro, npeobpazoBaTesb SJHEPTUU U TOTPEOUTENHN B
ammnapaType MoJOTHa BOPOT PAaCCUUTAHBI TAKUM 00pa3oMm, 4To oOecrnednBaeTcs
HaJle)KHOE 3JEKTPOCHAOKEeHUE.

B nomnonHeHHe K 3TOMY, 3JIEKTPOHHBIE KOMIIOHEHTHI B amapaType MmoJOTHA
BOPOT MPEUMYIIECTBEHHBIM 00pa3omM/(PpakyIbTaTHBHO PaCCUYUTAHbI TAKUM 00pa3oM,
YTO OHU UMEKT OYeHb HU3KHE MOTPEOJICHUs TOKa U CHa0KAKOTCS TOKOM,
NpEeNMYIIECTBEHHBIM 00pa3oM, TOJIBKO B ciiydae HeoOxoaumocTh. [TonobHbie
3JIEKTPOHHBIE KOMIIOHEHTHI UMEIOTCA B MPOJAKe, HAIPUMeEpP, KaK CBEPXMAJIOMOIIHbBIE
(ultra low-power) KOMIOHEHTBI.

IIpesxne Bcero, MpOMBIILIEHHBIE OBICTPOXOAHBIE BOPOTA MPUHIUITHAIBHO HMEIOT
paMOYHBIE YCIIOBHS 10 MEXaHUKE, KOTOpPbIe OJIarONPUSITCTBYIOT NPUMEHEHHIO
npeobpazoBaTenss MeXaHU4YECKOH sHepruu. Tak, B mogoOHBIX BOPOTAX PEryIsipHO
BO3HUKAIOT JOBOJBHO OOJIbININE CUIIBI YCKOPEHUS (PEryIsipHO HECKOJBKO g),
BCJIEICTBHE YEro MOXET OBbITh MPUMEHEH MpeoOpa3oBaTeslb MEXaHUUECKONW SHEPTHUH C
BBICOKHM BBIXOJJOM 3HEPTHUHU.

bnaromapst Tomy, 4TO B MOZOOHBIX BOPOTaX, B AOMOJHEHHUE K 3TOMY, YCIOBHS
NPUMEHEHHUsI 3apaHee TOYHO U3BECTHBI, HAPUMEP U3BECTHbI 3HAUEHUS YCKOPEHHS U
TPAEKTOPHUH MEePEeMELIEHHS MOJOTHA BOPOT, a TAKXKe MECTO NMPUMEHEHHUS, anmnaparypa
MOJIOTHA BOPOT C MpeoOpa3oBaTeeM SHEPTHH COTJIACHO U300PETEHUI0 MOXKET OBITh
paccunTaHa 0co00 XOpPOUIO, YTO OMATH K€ MOBBIIIAET BbIXON dHepruu. Hanmpumep,
TOYHO OMNpeesICHbl UMEIOIUEeCs MOTEHIUAIbI TPeoOpa3OBaHMS MEXaHUUECKON
SHEPTHUH MPHU KAKIOM NEepPEeMEIleHUH NOJOTHA BOPOT (TAaKXKe B OTHOLIEHUH K PAcXOay
SHEPTUH Ha KAXKJ0€ NMepEeMeIleHHe MOJOTHA BOPOT). 3a CUET 3TUX OJNIATOMPHUATHBIX
PaMOYHBIX YCIOBHH BCS ammapaTypa MOJIOTHA BOPOT MOXKET ObITh pacCYUTaHa KakK
3NEKTPUUYECKH aBTOHOMHAS.

Hanpumep, 3kciepuMeHTaIbHO MOXKET OBITh ONPEAETIEHO, UYTO
3JEKTPOMEXaHNYECKUH peobpa3oBaTesib YHEPTrUM BoIpa0aThIBaeT 3a KaKAbIH X071 (Te
€CTb, 32 KaXJ0€ MepeMeLIeHNe OTKPBITHS HIJIN 3aKPBITHs) BOPOT 3aJaHHOE KOJIUYECTBO

sHepruu, HanpuMmep 25 MBT-c. IToTpeOurenu B annapaTtype mojoTHa BOPOT
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COOTBETCTBEHHO MOTYT MOTPEOIATh C yYETOM NOTEPh SHEPTHHU BO BCEil anmapartype
MOJIOTHA BOpoOT, Hanpumep, 12,5 MBT:¢ 3a xaxnwiit xon (= 50 % ot 25 mBt-c). Ecnu B
InpeapIAyIeM IpUMepe NaTUUK B almnapaType MoJOTHA BOPOT SIBIAETCS, HAPUMED,
DATYMKOM CTOJIKHOBEHHsI, TO MOTPeOHUTENH B anmapaType MOJOTHA BOPOT AOJIKHBI
cHa0XaThCs YHEPTHEH C COBMAaJEHNEM BO BPEMEHHU TOXKE TOJBKO MPH MepeMeIleHun
MOJIOTHA BOPOT (TIpeXKae BCEro, Mocje HauaJlbHOr0 YCKOPEHUs MOJOoTHA BOpoT). Takoi
BPEMEHHOW MapuTeT Npeodpa3oBaHUs SHEPTHU U PACX0Ja YHEPTUH MOXKET MPUBECTH K
OpPMEHTUPOBAHHOMY Ha MPUMEHEHHUE U 3JIEKTPUYECKH aBTOHOMHOMY
SHEPTrOCHAOKEHUIO anmapaTypbl MOJOTHA BOPOT, YTO MOBBIIIAET €€ HAAEKHOCTD.

Kak ysxe ObLIO H3JI0KEHO, CTAHOBATCS HEHYKHBIMH, HaNIpUMep, Kabenn uiu
OaTapesi, KOTOpbie TPeOYIOT OOJBIINX 3aTPAT U MOABEPKEHBI OTKa3aM. 3a CUET 3TOTO
3JIEKTPUUYECKH aBTOHOMHOE CHaOXeHHe nmoTpeduresell B anmnapaType MmoJIOTHA BOPOT ¢
NOMOIIBIO0 TPeoOpa3oBaTessi SHEPTHU CHUIKAET BEPOSITHOCTh OTKA30B 3TOU
amnmapaTtypsl. B nornonHeHue kK 3TOMy, HEIpUMeHeHue OaTapen YUUThIBA€T ONMHUCAHHbIE
paHee acreKThl 0€30MaCHOCTH U OXPaHbl OKPYIKAIOLIEH Cpeabl, TaK Kak OOJbIIe He
TpeOyIOTCS TaK)Xe TPAHCIIOPTUPOBKA, YTHIIN3ALUS U TEXHUUECKOE 00CIyKUBaHUE U
cpenu mpouero Oosblne He TpedyeTcs 3amena Oarapeil.

IToMmuMoO 3TOr0, Ha BOPOTax HE TPeOYyeTCs HHOE NOTOJHUTENBHOE YCTPOHCTBO
17151 CHaOXKEHUs HJIEKTPUUECKON SHEpTruel anmnapaTypsl MOJOTHA BOPOT, HAIIPUMED
WHIYKTUBHBIN nepenatdyuk. KOHCTPYKTUBHOE BBHIMOJIHEHHUS alnmnapaTypbl MOJOTHA
BOPOT SIBJISIETCSI KOMIIAKTHBIM, U, TAKMM 00pa3oM, OHa SIBJISIETCS HHTETPUPYEMOil Ha
HeOOoJIbIIOE TOCTYIMHOE MECTO B MOJIOTHE BOPOT, HE HYJKJAsICh B BBIMOJHEHUH
TPYAOEMKHUX M3MEHEHHH B 001eii KOHCTPYKIUMHU MOJIOTHA BOPOT. B nononHeHue k
3TOMy, moaoOHas anmnaparypa He TpedyeT BooOIne uiu e He TpedyeT TPyI0eMKOro
TEXHUYECKOT0 00CITYyKHUBAHUS.

B uTore, anmapatypa nojoTHa BOPOT COTJIACHO M300PETEHUIO HaleXKHEee U
BBITOJIHEE B OTHOILIEHHUH 3aTpParT.

IToMHMO 3TOr0, ¢ MOMOIIBIO TAKOTO CII0c00a YHEPTrOCHAOKEHUS COTIIACHO
n300peTeHUI0 MOTYT ObITh 3(P(EKTUBHO peaTn30BaHbl HEKOTOPbIE BAPHAHTHI
npuMeHeHust BOpoT. C MOMOIIBIO IO MEHbLIEH Mepe OOHOro OJI0Ka JaTYUKOB B
amrmapaType MoJOTHa BOPOT MOTYT PErUCTPHPOBATHCS, HAIPUMED, CYLIECTBEHHBIE IS
SKCITyaTalUU MapaMeTPhl OKPYKAIOMEeH Cpebl BOPOT, TAKNE KaK BHEIIHSSA U
BHYTPEHHSs TeMmnepatypa. Takke MOTYT LieJIeHAalIPaBJIEHHO KOHTPOJIUP OBATHCS

KPUTHYHBIE 17151 O€30MaCHOCTU MapaMeTpPhl C LEJNbI0 MPEAOTBPAIeHHUs] CTOJIKHOBEHHUI
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MOJIOTHA BOPOT HUJIM PEAarupOBaHUs Ha HUX, MMOJOXKEHHUE MOJOTHA BOPOT UJIH
COCTOSIHHE OJIOKMPOBKH.

ITony4yeHHas OT JaTYMKOB HHPOPMALHSA MOXKET TakXKe CAMOCTOATEIbHO HIIH XKe
MHTEJUIEKTYaJIbHBIM 00pa3oM MepeHanpaBIsThCs HEMOCPEACTBEHHO 110 MEHbLIEH Mepe
Ha OJMH UCIOJHUTEJbHBIA OJIOK, KOTOPBIN mpeodpasyeT 3Ty UHPOPMALHIO.
ANbTepHATHBHO, MOJIyUYeHHAsI OT JATYUKOB MHPOPMALIUS MOXKET TaKKe
00pabaThIBATHCS BBIYUCIUTEbHBIM OJIOKOM, MPUYEM BbIYUCIUTEIbHBIN OJIOK
nepenaeT KOMaH/bl YIPABJIEHUs HA UCIIOJHUTEbHBIA OJIOK COOTBETCTBEHHO
3aZJaHHBIM MpaBujaM. B KauecTBe UCIOJHUTEIbHOTO OJI0Ka MOTYT OBITh
npeayCMOTPEHBI, HAIPUMEP, MATHUTHBIA CIyCKOBOH MEXaHHU3M, pejie WJIh HeOOoIbLIOoi
3JIEKTPUYECKUN UCTIOJHUTEbHBIN ABUraTeNb. BO3MOXHOCTH NPUMEHEHHU S
pazHoOOpa3Hbl, KaK HAapUMep: OJOKHPOBKA MOJOTHA BOPOT, 3aIIUTA OT
HEMpeIHAMEPEHHOTO MEePEeMELIeHMs, 3alUTa OT BTOPKEHUS UJIN CUTHAJIU3ALHS C
MOMOIIBIO 3JIEMEHTOB HHAUKALUK, HampuMep ¢ nomombio cseroauonos (LED), o
3aperucTpupoOBaHHON naTynkamMu uHpopmaunu. Hanmpumep, Moxer ObITh
3aperucTpupoBaHa HHPOPMALHs OTHOCHTEIbHO PACIOJOXKEHHBIX Ha MOJOTHE BOPOT
MEXaHHUYECKUX OJOKMPYIOIHNX YCTPOHUCTB. DTU MeXaHUYECKHE OJOKUPYIOLINe
yCTPOHCTBA MOTYT, HallpuMep, MOTpeduTENeM NPUBOAUTLCS B AeHCTBUE, HAIPUMED, C
nomo1eto kiova. Ecniu BopoTa Oblnn 3a0J0KHPOBAHBI, TO YIPaBJIEHUE IBUTATENIEM
OoJsplIe HE TOJKHO OCYIIECTBIATHCA. DTa HHPOPMAIUS PErHCTPUPYETCS
COOTBETCTBYIOLIMMH AATUYUKAMH U MEePENpaBisieTcss Ha YCTPONUCTBO yIIpaBieHUus. JTO
npumMep GOopMbI BBITTOJHEHUSI HHTEJJIEKTYaJbHBIX BOPOT.

CornacHo n300peTeHuIo anmnapaTtypa moJIOTHA BOPOT UMeeT mpeodpa3oBaTeib
SHEpPruu, OJOK NATYUKOB, MEePeAOINHI OJI0K, a TaKXKe, MPEeUMYIIeCTBEHHBIM 00pa3oM,
1O MEHbLIEH Mepe OAUH UCMOJHUTEIbHBINA 0JI0K. C TOMOLIBIO 3TUX OTAEIbHBIX
(YHKIIMOHAIBHBIX KOMIIOHEHTOB MOJKET OBbITh PEAJIM30BAHO «UHTEJJIEKTYaJIbHOEY
MOJIOTHO BOPOT, KOTOPOE MOJKET PErUCTPUPOBATDH SKCIUTYaTALIHOHHBIE TapaMeTPbl
MOJIOTHA BOPOT M CAMOCTOSITEJIbHO KaK C MOMOIIBIO [0 MEHbINEH Mepe OJHOTO
UCIIOJHUTEIBHOrO 0JI0Ka MpeoOpa3oBbIBATE HENMOCPEACTBEHHO B PEAKIINH, TaK U,
NPENMYIIECTBEHHBIM 00pa3oM, uepe3 paanoCBs3b MepeIaBaTh Ha YCTPOUCTBO
YIPaBJIEHHUs], U IPH 3TOM K TOMY JK€ SIBJISIETCS SJIEKTPUUECKH aBTOHOMHBIM.

CornacHo yCOBEpUIEHCTBOBAHHUIO U300peTeHUs Mpeodpa3oBaTeb SHEPTHUU
COTJIACHO M300peTeHHI0 mpeodpa3yeT UMEIIYIOCS BCIEACTBUE MepeMELIeHHs

MNOJIOTHA BOPOT MEXAHUYECCKYIO SHEPTUIO B SJICKTPHUUCCKYK SHEPIHUIO U ABJIACTCHA
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3JIEKTPOMEXaHUYECKUM YCTPOHCTBOM, KOTOPOE MOXKET paboTaTh TaKKe B KaUeCTBE
OJloKa HaTYUKOB.

Takum oOGpa3om, 3Ta 3TE€KTpOMEXaHHYeCKass U HJIEKTPUUECKH aBTOHOMHAs
ammapaTtypa MOJIOTHa BOPOT COTJIACHO M300PETEHUI0 UMEeT MeXaHUYeCKue
KOMITOHEHTBI, KOTOPbIE CIIY)KaT B MpeoOpa3oBaTese YHEPTUu s Ipeodpa3oBaHus
HE3JIEKTPUUYECKON SHEPTUU B 3JIEKTPUUECKYIO SHEPTHIO, & TAKXKE 3JIEKTPUUECKUE UIIU
K€ DJIEKTPOHHBIE KOMIIOHEHTBI, KOTOPBIEC CIyXKaT JJIs AajbHeleld oO0paboTku u
CBsI3W/Tiepeiayu 3apEeruCTPUPOBAHHBIX, CYIIECTBEHHBIX JJISI HKCILTyaTalluu
napameTpoB. [Ipu 3TOM MOTYT HIPUMEHSTHCS, IPEUMYIIECTBEHHBIM 00pa3oM,
MUKPO3JIEKTPOMEXaHUUECKHE CUCTEeMbI, Ha3bIBaeMble Takxke cucremamu MOMC.

IIpu TakOM yCOBEPIIEHCTBOBAHUH MPeoOpa3oBaTesb SHEPTUU HCIIOIb3YET
MEXaHUYECKYI0 SHEPTHIO, KOTOPasi BO3HUKAET NPU KAXKAOM IpOLEecCe 3aKpbITUS U
OTKPBITHUS MOJIOTHA BOPOT U NPU CBSI3aHHBIX C 3TUM MpoLeccax yCKopeHus. B
MpPOLIECCE 3aKPBITUSL U OTKPBITHUS MOJOTHO BOPOT MOXET BBINOJHATH XOA 10
HECKOJIbKUX METPOB C MUKOBOH CKOPOCThIO, Hanpumep 3 m/c. IIpu 3ToM KkuHeTHKa
NepeMeLIeHNs] 3aBUCUT OT BBICOTHI MOAJIEKALIEr0 NEPEKPBITUIO IPOEMa BOPOT, a
TaKX€ OT COOTBETCTBYIOIIEN CTENEHU OTKPBITUS U 3aKpbITUA. IIpouecc 3akpbIiTus u
OTKPBITUSI MOXKET KacaTbCsl BCEro MpOoeMa BOPOT, HO MOXKET BBINOJHATLCS TAKXKE JIMLIb
YaCTUYHO U HE MPHU KaXJOM IPOLECCE NOJKEH OTKPBIBATh MJIM 3aKPbIBATH BOPOTA
NoJHOCTHI0. OJTHAKO B KAXKJOM CJlydae MOJOTHO BOPOT MHTEHCUBHO YCKOPSETCS
IPUBOAHBIM YCTPOUCTBOM, TO €CThb CHadajaa AOBOJUTCS, HAIIPUMEP, 10 MUKOBOH
CKOPOCTH U 3aT€M CHOBA TOPMO3UTCS 10 OCTAHOBKH.

Tak xak mpeoOpa3oBaTesib YHEPTUU PACIIOJOKEH B alapaType MoJOTHA BOPOT
MOJIOTHA BOPOT, MpeoOpa3oBaTesb SJHEPTUH ABUIKETCS BMECTE C MOJOTHOM BOPOT H
COOTBETCTBEHHO MHTEHCHUBHO yCKOpsieTCs. B 3aBUCMMOCTH OT MeCTa MOHTaxa
annapaTypel MOJOTHA BOPOT B MOJOTHE BOPOT U OT BBINOJHEHUS HANPABIAKOIINX A5
BOPOT MepeMELIeHHe anmnapaTypbl MOJOTHA BOPOT MOXKET OBITh MO CYIIECTBY
NPSIMOJIMHEHHBIM H/UJIH CIEA0BATH JBHXEHUIO HAMOTKH IMOJIOTHA BOPOT.

IIpeoOpaszoBarenp SHEPTUU MOKET OBITh BBHIMOJHEH, HAIPUMEDP, COOTBETCTBEHHO
B BUJE IMHEHHOro reneparopa. Haxonsmascs B mpeobpazoBaTesie SJHEPruu Macca
BCJIEICTBUE CBOEH MHEPTHOCTHU IPH MPOLECCE YCKOPEHUS U 3aMEAJIEHUs MOJIO0THA
BOPOT U 324 CYET COOTBETCTBYIOLIETO NEPEMEIIEHUS] BOPOT OTKJIOHSAETCS

HpﬂMOHHHeﬁHO. 9T10 OTKJIOHCHUE, HAITPUMEDP, C MOMOILIBIO MPUHLIHUIIA UHAYKIOWUH UJINU
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MbE303JIEKTPUYECKOTO MPUHINUNA MOXKET BBIMTHCA B PE3YJIbTATE B 3JIEKTPUUECKYIO
MOIIHOCTb.

Tak, HanpuMmep, B TUHEHHOM reHepaTope, KOTOPhIM paboTaeT no NpUHLHUITY
MHAYKLHH, Macca MPHU 3TOM OOBIYHO SIBJSETCS MATHUTOM, IPEUMYINEeCTBEHHBIM
00pa3oM peaKo3eMeIbHBIM MATHUTOM C OOJIBIION BETMYNHON MAarHUTHOTO MOTOKA.
ITpu 3TOM Macca, UM K€ MarHuT, ABUXKETCS. B OJJHOM MJIU ’K€ HECKOJBKHUX KaTyLIKax.
BcnencTBue BEI3BAHHOTO NPU YCKOPEHUH BOPOT OTHOCUTENIBHOTO NEPEMEILEHUs
MEXKIy MacCOH M KaTyIIKOMU 3a cueT 3¢ peKkTa HHAYKIUU oOpa3yeTcs HampsikeHne. B
JUHENHOM IreHepaTope COIIaCHO 3aKOHY MHAYKLMU MOJy4YaeTCs NPOoCTas OLEHKa

NPUHLUUIHAJIBHO 00pa3yeMbIX IpHU MePEeMEIeHUH MAarHUTA HATPSIKEHHU:

U = -de/dt = -N * A * dB/dt, (ypaBuenue 1)

NpHYeM @ — 3TO MATHUTHBIN MOTOK, A — MJIOLIaAb NONEPEYHOTO CeUeHHs
KaTywku, B — MarauTHas MHAYKIUSA, N — 4UCJI0 BUTKOB MHAYKLHOHHOM KaTYLIKH U
do/dt — n3MeHeHne MoToka B KaTyike. IIpu 3ToM ABISAIOTCSA TOCTHKUMBIMHU
KPAaTKOBPEMEHHO MHYLHPOBAHHBIC HANIPSXKEHUS BEIUYUHON B HECKOJIBKO BOJIBT.
Torna monydeHHasi SHEPTUs MOKET ObITh pacCUUTAHA JJIS1 HAMOJHEHHOW BO3yXOM

KaTYIIKH COTJIACHO ClIenyImuM Gopmynam:

E=L *I*/2, rme (ypaBHeHue 2)

L =po* N* * A/l (ypaBHeHue 3)

npudeM L — 3TO HHAYKTHUBHOCTb KaTYIIKH B T€HPH, [lo — AOCONIOTHASI MATHUTHASI
MPOHULIAEMOCTb, A — MJIOLIAAb KATYWKH U | — ATMHA MOTOKA B KaTyILIKE.
DKCHepUMEeHTHI MOKA3BIBAIOT, YTO ¢ UMEIOIUMH OONbINNE pa3Mephbl KATYIIKAMU U
MarHUTaMU BO3MOYHbI KPATKOBPEMEHHBIE MPOTEKAHUS TOKAa B HECKOJIBKO 1€CATKOB
unu coteH mmutnammep. CrienoBaTeNbHO, 32 KaXAbIH X0 BOPOT MOXKET OBITh
MPOU3BEACHO, HAIPUMEP, HECKOJIbKO AECATKOB MUJIJIMBATT-CEKYHA. TOYHO TaK XK€ C
MOMOIIBIO MPEAMEeCTBYOIUX GOPMYT M HEKOTOPbIX 3KCIEPUMEHTOB CIEIHUAHICT
MOXET COOTBETCTBEHHO PACCUUTATh JUHEHHBIN reHEepaTop.

BcenencTeue TOro, 4To NOJOTHO BOPOT AOJIKHO CJIEI0BATH 1O CBOUM

HammpapJAKOI UM U COOTBETCTBCHHO NOJI?)KHO BBIMOJIHATH TOYHO 3aaHHOC
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nepeMeIneHue, TO AJs TOro 4To0bl mpeodpa3oBaTesb SHEPTUH MOT AeHCTBOBATh 0C000
3¢ pexTuBHO, MO MeHbIIEH Mepe OAHA cTeneHb f CBOOOABI M K€ MPEAYCMOTPEHHBIE
BO3MOXHOCTH JABUXKEHUS MAacChl H/UJIM MAarHUTA MOTYT OBITh ONpeAeIeHbl TAKUM
o0pa3oMm, 4TO OHU COBNAAAIOT MO MEHbLIEH Mepe C OJHUM U3 CYL[eCTBEHHBIX
HaIlpaBJIEHUHN YyCKOPEHUs MOJOTHA BOPOT.

IIpenmyimecTBeHHBIM 00pa3oM, Macca IMOJABELIeHA ¢ BO3MOKHOCTBIO KOJeOaHUs
10 MEHbIIEH Mepe B OJHOM M3 MOJiel, TeM CaMbIM OHAa UMeeT cTeneHb cBoboabl f = 1
(mocTynaTe bHY CTENEeHb CBOOOIBI) M COOTBETCTBEHHO MOYKET JIBUTAThCS
BO3BPAaTHO-NIOCTYNATEIbHO BJOJb OAHONU NPSIMOM.

To ecTb, ecliv MOJIOTHO BOPOT ABHKETCS B CBOMX HATPABIISIOIHUX, HAPUMED,
NpSIMOJIMHEHHO BBEPX HJIM BHHU3, TO Mpeo0pa3oBaTes b SJHEPTHU C MATHUTOM
PacIIONIOXKEH TakK, YTO, €CJIH MOJOTHO BOPOT OTKPBIBAET MJIM 3aKPBIBAET BOPOTA,
MarHuT MOXET MEePEABUTaThCs B MOJOTHE BOPOT BBEPX UJIM BHHUS.

IIpu 5TOM MarHUT MOKET OBITh PACTIOJIOKEH, HAIIPUMED, B JIUHEHHON
HaIpaBJISAOIIeHd CO CIOCOOHOCTBIO K MOCTYMATENIbHOMY ABHIKEHUIO.

ANbTepHATUBHO, MOABEIINBAHUIO B OJHOM M3 IOJIEHl MATHUT MOXKET OBITh
YCTaHOBJICH TaKXXe€ MEXAY IBYMs THAPABINYECKIMHU HJIM MEXaHUYECKUMH
aMOPTHU3aTOPaMH U CBOOOAHO U MPSIMOJMHENHO COBEPIIATh MEXy HUMHU BO3BPATHO-
NOCTYINAaTEIbHbIE IBUKECHUS.

Macca u ee moaBecka, npekie BCero, MOryT ObITh TAK)KE aJalTHPOBAHBI K
U3BECTHOH KMHETHKE MepeMeIleHHUs MTOJOTHA BOPOT TAKUM 00pa3oM, 4TOObI
ko3¢ unuent nonesnoro aevicteus (KIIJ]) npeoOpasoBaress sHepruu OblI
onTuMHU3NpoBaH. Hanpumep, B pa3bsiCHEHHOM BBILIE JUHEHHOM reHepaTope
abcomroTHAsA(-ble) MArHUTHAsA(-ble) MPOHULIIAEMOCTh(-H) U Macca MOTYT OBITh
paccuMTaHbl TAKUM 00pa30M, 4TO MPHU OOBIYHOM YCKOPEHHH MOJOTHA BOPOT Macca
OTKJIOHSIETCSI UMEHHO B Ipejeliax uaealbHol pabodeil 00IacTH KaTyIIKU, TpUYEeM
BEJINUMHA MMOCTYMATEIbHOTO NEPEMEINEHUsI MaCChl TOYHO TaKas e, KaK AJHNHa
KaTYIIKH.

Tak Kak MPOMBIMIJIEHHBIE BOPOTA JOCTUTAIOT BBICOKUX MHKOBBIX CKOPOCTEH U
IIPU MPOLIECCE 3aKPBITUS U OTKPBITUS MOJIOTHO BOPOT UCIIBITHIBAET COOTBETCTBEHHO
BBICOKHE YCKOPEHHsI, KOTOPbIE MPUBOISIT K OTKJIOHEHHUIO MAaCChl, HUMEHHO B P€3YJIbTATE
npeobpa3oBaHUs MEXAHUYECKOW SHEPTUH, B HACTOAIIEM MPUMEPE KHHETHIECKON
SHEPTUH, B 3JIEKTPUUYECKYIO SHEPTHUIO MOJIyYaeTCsA XOPOLUINN BbIXOX 3Hepruu. Takum

o6pa30M, IIpHU Ka>XKAO0M MEPEMCIICHNUN MOJIOTHA BOPOT NPOU3BOAUTCS SJICKTPHUICCKAA
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SHEPTUs IJIs MPEeNyCMOTPEHHBIX MOTpeOuTeNeil, KOTOpbie TOXKE PEryJsipHO MpH
nepeMelIeHUH BOPOT HYKAAKTCS B 3TOH 3Heprun. [103TOMy npu npuMeHEHHUH BOPOT,
a UMEHHO 3a CYeT Ha4YaJIbHOTO YCKOPEHHUs MOJOTHA BOPOT, SHEPTUs MPEIOCTABISIETCS
B pPacHopsiKEHHE Aake MOoCe IJIUTENbHOTO IPOCTOs MOJOTHA BOPOT. B aTOM
OTHOIIEHHH 3JICKTPUYECKAst SHEPTHUs MPENOCTABISIETCS B PACIIOPSIKEHUE TIPH
HEOOXOIMMOCTH.

bartapes BcieACTBHE CBOErO CamMopaspsiia He MOXKET JOJTOBPEMEHHO
COOTBETCTBOBATh 3TOMY TpeOOBaHMIO. 3a CUET 3TOTO Mpeodpa3oBaTeNb SHEPTHH
COTJIACHO M300PETEHHUIO, KOTOPBIN [JIsi MPOU3BOCTBA 3JIEKTPUUIECKOMN SIHEPTUH
UCIOJIb3YeT MEXaHUYECKYIO0 SHEPTHIO MMOJOTHA BOPOT, MOBBIIIAET HAAEKHOCTh
SKCIUTyaTaIUu.

CornacHo ycOBepIIEHCTBOBAHUIO U300pEeTEHUS paHee Ha3BaHHBIN
npeoOpa3oBaTeb SHEPTUU UMEET MEXaHHUYECKHI 3JIEMEHT COXPAaHEHHs SHEPTHUH,
MPEeNMYyIIECTBEHHBIM 00pa30M MPYKUHY € 3aJaHHBIM K03 (PUIHNEHTOM KECTKOCTH
NPY>KUHBI, U YCTAHOBJICHHYIO Ha HEil, CTOCOOHYIO K KOJeDaHUSIM Maccy, MpUYeM MpH
SKCIUTYaTallMU UK K€ TIEPEMEIIeHUHU MOJOTHA BOPOT, HAMPUMEP MPH OTKPBITHH WU
3aKPBITHH, 3JIEMEHT COXPAaHEHHs SHEPTHH npeolpasyer (pe3Kne) yCKOPSIOMmHeCs
nepeMeINeHUs MOJIOTHA BOPOT B (3aTyXarollue) 3HaKOepeMeHHbIe KoJeOaHusl.

CornacHo H300peTEeHUI0O MEXaHUYECKUN SJIEMEHT COXPAHEHHS SHEPTUU SBJISETCS
3JIEMEHTOM, KOTOPBIH MOXKET COXPAHATh MOJYYEHHYIO 3a CUET MepeMeIeHHs TOJOTHA
BOPOT M 3a4aCTYI0 AOCTYIHYIO JHUIIb KPATKOBPEMEHHO MEXaHUYECKYIO SHEPTHUIO MOCIIe
npeKpalleHus mpoiecca nepeMeneHus 1 B JajlbHelIeM neaTh €e JOCTYTHON
nonroBpeMeHHO. Takum 00pa3oM C MOMOLIBIO JIEMEHTA COXPAHEHUS SHEPTUH MOXKET
OBITh MPOJIEH BpEeMEHHOMN mepuoa npeoOpasoBaHusi SHEPTHH U3 MEXAHUYECKOH B
SJIEKTPUUYECKYIO SHEPTHUIO, UTO MOBbIAET 3P (HEKTUBHOCTD MPeoOpa3OBaHUS SHEPTUH.
CrnenoBaTeNbHO, 3JIEMEHT COXPAHEHUS YHEPTUH AOTOJTHUTEIBHO CONEHCTBYET
NpUMEHEHHIO Mpeodpa3oBaresisi SHEPTHH sl TPeoOpa3oBaHUs MEXaHHYECKON
SHEPTHUH B 3JEKTPUUYECKYIO.

B xauecTBe 3JIeMEHTOB COXPaHEHHUs SHEPTHH MPUHUMAIOTCS B pacyeT, Halpumep,
NPY>KHUHBI, THEBMAaTUYECKHUE aKKYMYJIATOPBI, a TAKXKEe MaxOBUKHU. BeiencTeue vaine
BCEro MpsIMOJMHEWHOTO, YCKOPSIOMIEroCs NepeMeneH sl BOPOT MPEeANOUTUTEIbHOM B
KaueCcTBe 3JIEMEHTA COXPAHEHUsI SHEPTUH SIBJIAETCS yIpyTrasi NPyKHHA, TaK KaK OHa

MOKET OBITh pacnojioKE€Ha € COOTBETCTBYHOIIUM COBIMAACHUEM C HAIIPABJICHHUEM €€
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OTKJIOHEHHsA. B kaduecTBe MpyKUH NPUHUMAIOTCS B pacyeT, HaIpumep, JUHEHHbIE
MPYKUHBI, & TAKXKE U3TUOHBIE IPYKUHBI U TPYKUHBI KPYUESHHUS.

IIpu yckopeHuu, Hanmpumep, ynpyras npy>kuHa 3a CUHeT UHEPTHOCTHU
3aKpeIIEeHHON Ha Hell MacChl OTKJIOHAETCS. YIpyras cujia NpOTUBOAEHCTBYET
OTKJIOHEHHUIO MacChl U MEPEBOJUT MACCy B 3aTyXarollee 3HaKONepeMeHHoe KojebaHue,
KOTOPO€ MOKET OBITh UCTIOJIb30BAHO JJIsl TPOU3BOJCTBA SHEPTUHU, KOTOPOE MOKET
NPOJOJIKATHCS AaXe TOrJa, KOraa MOJOTHO BOpOT Oosbine He yeckopsieTcsi. Hanpumep,
3a CYET MPOoLecca OTKPBITUS U 3aKPBITHUS MacCa KaXKIbIi pa3 ABaKIbl UCTIBITHIBAET
KpaTKOBpeMeHHOe yckopeHue. Eciau Tenepp K03pPULHEHT KeCTKOCTHU MPY KUHBI
pacCcUMTaH Ha TO, YTO KaXIOTO 3TOTO MepeMEIleHUsI JOCTATOYHO JJIsI TOTO, YTOOBI
NEePEBECTH MACCy B JUIMUTEIbHOE 3HAKOIIEPEMEHHOE KOJIeOaHNe, TO 3TO YBEIUUHBAET
NPOJOJIKUTEIBHOCTD MpoLecca MpeoOpa3oBaHUs SHEPTHH.

CornacHo ycOBEpUIEHCTBOBAHHUIO U300peTeHUs Ipeodpa3oBaTesb SHEPTUH
MOKeT OBITh BBIMOJTHEH TAKUM 00pa3oM, 4TO OH 0a3upyeTcsl Ha UHAYKIIUOHHOM
NPUHIUIE UJIU HA NbE303JEKTPUUYECKOM NMPUHLIUIIE.

IIpu 51€KTPOMAarHUTHON MHAYKIMH, KaK YK€ ObLIO pa3bsACHEHO MoapodHee
BbILIE, C U3MEHEHHEM MJIOTHOCTH MAarHUTHOTO MOTOKA BO3HUKAET 3JEKTPUUECKOe
HanpsikeHue. MoxeT ObITh IPUMEHEH, HallpUMep, MOABHKHBIA MarHur.
ANbTepHATHUBHO, MAarHUT MOKET OBITh BBIMIOJHEH TaK)K€ HEMOABUKHBIM, TOT/Ia KaK
JBUIKETCS IPOBOJHUK HMJIU )K€ KaTYILIKA.

CnenoBaTenbHO, MpeoOpa3oBaTeb SHEPTUHU SIBJSIETCS 3aMKHYTOH B cebe
KOMITAaKTHOW CUCTEMOMU IJis MPOU3BOACTBA 3JEKTPUUECKOMN sHepruu. Tak Kak
npeoOpa3oBaTesib SHEPTUH 3aBUCUT TOJBKO OT NMEPEMEIIEHHS UJIH JK& YCKOPEHUS
MOJIOTHA BOPOT M HE OT KAKHUX-JIHNOO APYTrUX MapaMeTpoOB OKPYIKAKLIEH Cpeabl, TO
npeobpa3oBaTesib SJHEPTUH MOXKET OBITh YCTAHOBJIEH B MOJOTHE BOPOT HE3ABUCHMO OT
Apyrux ycrpoiicts. Ilpu 3TOM BeieACcTBUE HANMYKS HANPaBIAIOUX MOJOTHA BOPOT U
Ha OCHOBAHMU THUIIA IPUBOJA MOJOTHA BOPOT TOYHO U3BECTHBI TAK)KE MEXaHUUECKUE
paMOYHBIE YCIOBUS MPUMEHEHUS 3JIEKTPOMEXaHNIECKOTO peodpa3zoBaTesist SHEPTUH,
MO3TOMY MpeoOpa3oBaTeb SHEPTHU MOKET OBITh ONTHMU3UPOBAH B CBOCH
KOHCTPYKLUHU IPUMEHUTEIBHO K 3TOMY.

I[ToMuUMO 3TOTO, CTAHOBSITCS HEHYKHBIMU TaK)Ke IPYTHU€ BCIIOMOTAaTEIbHBIE
yCTpPOMCTBA, HAXOASLINECs CHAPY KU MOJOTHA BOPOT, HAIPUMEDP BHEIUH
WHIYKLUHOHHAS KaTylIKa JJisi BBOJA 3JIeKTpudecko snepruu. [logoOHbIit

npeoOpa3oBaTesib SHEPTUU ¢ HHAYKIUOHHBIM MPUHLUIIOM AEHCTBUS MOXKET OBITh
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peann3oBaH KaKk KOMHIAKTHBIN, MPOYHBIA 1 001a8at0 il BEICOKOH 3(P(EKTHBHOCTBIO.
Takke MOBBIIIAETCSA HAZEKHOCTD almnapaTypbl MOJOTHA BOPOT.

AnbpTepHATUBHO, Mpeodpa3oBaTeNb YHEPTUN MOXKET padoTaTh Mo
NbE303JIEKTPUUECKOMY NPUHIUNY. [ToAXOnAIUM Mbe303JeKTPUIECKUM 3JTEMEHTOM
MOJKeT OBITh, HApUMeEpP, OOBIMHBIN YIPYTUH OCHMIIIATOP € N3THOAI0 ITUMHUCS
3JeMEHTaMH B (popMe MPOJOITOBATOTO JENeCTKa, KOTOPHIH MOABEIIEH Ha OJHOM
CBOEM KOHIIe (B BUJIE S3bIYKA) U KOTOPBII HA CBOEM APYroM, CBOOOIHOM, KOHIIE UMEET
maccy. [Ipu yCKOpeHHH MacChl OCHUJIIATOP ¢ U3THOAFOUIUMHUCS 3JIEMEHTaMU
NEePEBOUTCS B 3HAKOMEPEMEHHOE KojlebaHue.

ITpu MbE303TEKTPUUECKOM BJIEMEHTE 0CO00 MPEATOUTUTEIbHBIM SIBJISIETCS TOXKE
KOMITAKTHBIH MPUHLKUI KOHCTPYKLUHH IMpeoOpa3oBaTelis SHEPTHH, TaK KaK
npeobpa3zoBaTesib SJHEPTUH MTPOU3BOAUT SJIEKTPUUECKYIO SHEPTHIO HE3aBUCHMO OT
APYTHUX MapaMeTPOB OKPYKAIOLIEH Cpeabl, KpOMe MePEeMEIleHUs TOJOTHA BOPOT.

CornacHo ycOBEpUIEHCTBOBAHHUIO U300peTeHUs NIpeodpa3oBaTesb SHEPTUH
ABJISICTCS TIMHEHHBIM T€HEPATOPOM M CTEIEeHb CBOOOBI MacChl MpeodpazoBaTest
sHepruu pasHa enuHuue (f = 1). IIpu 3ToM cTenenp cBOOOIBI MACCHI MPENYCMOTPEHA
TakuM 00pa3oM, 4TO OHA COBMAJAET C CYL[ECTBEHHBIMU HAINPABIECHUSIMU YCKOPEHUS
3aMBIKAIOINETO 3JIEMEHTA MOJIOTHA BOPOT.

CornacHo ycOBEpLUIEHCTBOBAHUIO U300PETEHUs Pa3bsICHEHHBIN BbIIIE
npeoOpa3oBaTeNb SHEPTUH MOXKET ObITh MpeoOpa3oBaTeeM TEIJIOBOH SHEPTUHU B
HanpsokeHue. Takum npeoOpa3oBaTesieM TEIUIOBOI YHEPTHHU B HANIPSIKEHUE SIBISETCS
TEPMO3JIEKTPUUECKUH IeHepaTop, KOTOPBIH MOXKeT npeoOpa3oBbIBATh PA3HOCTH
TeMIEPATyp B 3JEKTPUUYECKYIO SHEeprut0. OCHOBON TEPMO3JIEKTPUIECKOTO TeHepaTopa
seisieTcs 3pdekT 3eebexa unu xe oOpatHslii 3¢ dext, 3pdext IlenpThe, B KOTOPOM
Pa3HOCTb TEMIIEPATYpP MPUBOAUT K HAMPSIKEHHUIO HA ABYX 3JIEKTPOAAX, KOTOPHIE
PacIoIOKeHbl Ha TPOTUBOTMOJIOKHBIX CTOPOHAX, MPEUMYIIECTBEHHBIM 00pa3om,
IUTACTUHYATOrO 3j1eMeHTa. [Ipu 3TOM, HapuMep, 3JIEMEHTHI, TOJOOHbIE 3 JIEMEHTaAM
IlenbThe, MOHTUPYIOTCS B JIAMEJIU MEXAY NEPBOH U BTOPON CTOPOHAMH MOJOTHA
BOpOT. B kauecTBe MaTepuana 31ecCh MOTYT OBITh UCIIOJIB30BAHBI MTOJYTPOBOJHIUKOBBIE
matepuaiel, kak Hanpumep: Bi,Te;, PbTe, SiGe, BiSb unu FeSi,.

KIIJI Takoro TepMO3JIEKTPUUECKOTO reHepaTopa (MU JKe 3JIeMEHTa) MOXKET OBITh
ONpeAeNIeH KaK OTHOLIEHHWE OTAAHHOM 3JIEKTPUYECKON MOLIHOCTH K NOABEAEHHOU
terioBoil sHepruu. KIIJ[ 3aBucuT OT CBONCTB MaTepUaIOB. DTO OMUCHIBAETCS UYepe3

TaK Ha3bIBAEMYIO TE€PMO3JIEKTpUUIECKyI0 3P hexkTuBHOCTh Z. OHA 03HAYAET, UTO, €CIU
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npousseneHue kodpduunenra 3eebexa u FIEKTPUUESCKON MPOBOAUMOCTH BEITUKO U
OJTHOBPEMEHHO TETUIONPOBOAHOCTh Malla, TO MaTtepuai obnangaer
NPEeANOYTUTENbHBIMU CBOWCTBAMHU TEPMO3JIEKTPUIECKOT0 peodpa3oBaTes.

CymectBenHbIM 111 BenuduHbl KIIJ] siBnsiercs Tak Ha3biBaeMasi BenuunHa Z T
(mOoOPOTHOCTE TEPMOAJIEKTPUUECKOTrO MaTepuaga — MPUM. Iep), KOTOpask YYUThIBAET
CBOWCTBa MaTepuaa NPUMEHUTEIbHO K TeMIepaTypHbIM KpaeBbIM ycioBusiM. [lpu
yBennuuBaromemcs 3nauenuu ZT KIIJ] Bozpacraet u npu 6eckoHeuno 6onpbmom ZT
CTPEMHTCS K 3aJaHHOMY K03 PULHEHTOM MOJe3HOro AelicTBus nukia KapHo
npenaeabHOMy 3Ha4eHHI0. COOTBETCTBYIOLINN U300PETEHUIO TEPMOSJIEKTPHIESCKUI
reHepaTop, MPEeUMyIIeCTBEHHBIM 00pa3om, umeeT 3HaueHnue ZT Gonee 1,2,
NpeuMyIIeCTBEHHbIM 00pazom Ooiee 1,5.

IIpeoOpaszoBarenpb TENJIOBOW SHEPTUU B HANPSI)KEHHNE BBITTOJHEH COTJIACHO
U300pETEHUI0 TaKUM 00pa3oM, YTO IJIsl MPOU3BOACTBA HJIEKTPUUECKONH SHEPTHU OH
HCIIOJIB3YET PA3HOCTh TEMIIEPATYP MEXKAY NEepBONH U BTOPOH CTOPOHAMU MOJOTHA
BOPOT, IpUUYEM NEPBOIl CTOPOHOH SIBJISIETCA HAXOs11asICs B 3JaHUM CTOPOHA MOJIOTHA
BOPOT, @ BTOPOIl CTOPOHON — HAaXOASMIAsICA CHAPYKU 34aHHUs cToOpoHa. OObIYHBIII
OTAEJbHBIN 3JIEMEHT MOJOTHA BOPOT COCTOUT U3 METAJJINUECKOr0 MaTepuana,
HalpuMep aJIOMUHHUS, U SBJISIETCS MOJbIM Npoduiem B (popMe NpsSMOYTrOJIbHHUKA.
ITosTomy npeobpa3zoBaTenb TEIMJIOBOI SHEPTUH B HANPSIKEHUE MOXKET ObITh
pPacmnosoXKeH BHYTPHU MOJOCTU OTAEIBbHOIO 3JIEMEHTA IOJOTHA BOPOT C €ro
TEPMUYECKH aKTHUBHBIMH IMOBEPXHOCTSIMHU (TO €CTh, MEXAY HCTOUHHKOM TEIlJIa U
TEIIOOTBOAOM) TaKUM 00pa3oM, YTO OJHA MOBEPXHOCTh TEIMJIOMPOBOAAIIUM 00pa3zom
COeUHEHa C COOTBETCTBYIOIIEH MepBOil BHYyTPEHHEN MOBEPXHOCTHIO MOJOTHA BOPOT U
YTO APyrasi MOBEPXHOCTh TEILIONPOBOASIIUM 00pa30M COEUHEHA C HAXOASIEHCs
HanpOTHUB N€PBON BHYTPEHHEN MOBEPXHOCTU BTOPOH BHYTPEHHEHN MOBEPXHOCTBIO
noyioTHa BOpoT. [Ipu 3TOM nepBasi BHyTPEHHSS MOBEPXHOCTH MOJOr0 MPOd HiIs
pacroyioXKeHa, NIPEeUMyIeCTBEHHBIM 00pa30oM, B HaIllpaBJIEHUH BHELTHEH CTOPOHBI
3aHUs], a BTOpasi BHYTPEHHSSI TOBEPXHOCTD MOJIOTO NMPOQ ISl — B HANIPABJIEHUH
BHYTPEHHEH CTOPOHBI 31aHUs MM HA000POT, TaK KaK TaM npeodianaer HanboIbIIas
Pa3HOCTBb TEMIEPaTyp, 3a c4eT 4ero 3 (PeKTUBHOCTH MPeoOpa3OBaHUS SHE Prun
npeobpa3zoBaTesst SHEPTUH NOBbIMAETCsA. Tak, 0OBPIMHOE MOHTAXKHOE MOJIOKEHHE BOPOT
COTJIACHO M300PETEeHHIO, MPEANOYTUTEIBHO, UCIIOIb3YETCs B KAUECTBE MEPEKPBITUS
37aHUS WU aJbTE€PHATUBHO TAK)XE€ B KAUECTBE Pa3feuTeNs ISl XOJOAUIBbHOIO

CKJIazia, YTOOBI C MOMOIIBIO NTPpeoOpa3oBaTeisl TEIIOBOI SHEPTHH B HAINPsKEHUE
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MOYHO OBUIO MPEAOCTABISATh B PACHOPSIKEHNE JOCTATOYHYK MOIIHOCTD JUIS
BO3MOXHBIX TOCTOSHHBIX NOTpeOUTENEH B annapaType MmojoTHa BOPOT, TaK Kak
CpeaHUEe BEJMYMHbI IPOU3BOACTBA SHEPTUHU NTpeoOpa3oBaTeis SHEPTUu
(ompeneneHHbIE B TEYEHHUE JINTEJIBHBIX IPOMEKYTKOB BPEMEHH) MOTYT OBbITh
OLICHEHBI 3apaHee.

I[TomuMo 3TOrO, anmapaTtypa MoJIOTHa BOPOT MOKET UMETh 110 MEHbIIEH Mepe
OMH OJIOK TaTYUKOB. 32 CYET ATOTO MOKET OBITh PEANM30OBAHO «UHTEJIIEKTYaTbHOEY
yIpaBJieHUEe BOPOTAMH, IPUUYEM BOPOTA HJIH K€ YCTPOWCTBO YIPABJIECHUSI BOPOT H/UIU
amnmapaTypa moJOTHa BOPOT MOTYT MHTEJUIEKTYaJIbHO PEarupOBaTh HA TEKYLIHUE
YCIIOBHS OKPY’KAIOLIEH Cpeanl U/HIIN YCIOBHS MPpUMEeHEeHHs. Tak, COOTBETCTBYIOLINE
NpUMEPHl YCOBEPIIEHCTBOBAHNN B OTHOLICHIH MHTEJJIEKTYaJIbHOTO YIIPABIEHHUS
BOPOTaMH Pa3bsiCHEHBI MOAPOOHEE HUXKE.

CornacHo yCOBEpPUIEHCTBOBAHHUIO U300PETEHUS OJOTHO BOPOT MOJKET UMETh
3aMBIKAIO KU 3JIEMEHT, TpU4YeM OJIOK JaTYUKOB UMEET JATUYHUK CTOJIKHOBEHHS,
KOTOPBIH PaCIOJIOKEH B 3aMbIKAIOLIEM 3JIEMEHTE.

3aMBIKAIOIUI 3JIEMEHT COTJIACHO N300 PETEHHIO BBIIIOJIHEH HA TOM KOHI[E
MOJIOTHA BOPOT, KOTOPBIH B 3aKPBITOM ITOJIOKEHHH HaXOAUTCS OJIM)KE BCEro K MOJy.
3TO MOXKET ObITh, HAPUMED, camMasi HUKHSA (MJIM IOCIEHsIs) IaMeJb ITOJIOTHA BOPOT,
TaK Ha3bIBA€MbIH 3aMBIKAIOIUH IIUTOK. 3a4aCTYI0, 3aMbIKAIOIIUI 3JIEMEHT BBINIOJHEH
¢ mojocThio. CornacHo U300PETEHUIO JATUUK CTOJKHOBEHHS MOKET OBbITh
pPacnoIOKeH B MOAOOHOMN MOJOCTH 3aMBIKAIOLIIEr0 3JIEMEHTA.

[TonoOHbIe JaTYMKK CTOJKHOBEHHUS MOTYT YCTAHABINUBATbh, UCIIBITANIO JIH
MOJIOTHO BOPOT CTOJIKHOBEHHUE HJIU K€ COyIapeHue, TO €CTh CTOJKHYJIOCH JIU MOJOTHO
BOPOT ¢ npenstcTBueM. CIeICTBUEM TAKOTO COYAAPEHUS MOXKET OBbITh
HEeOOXOIMMOCTh MPUHSITUS MEpP IJIs 3alIUThI JIFoell u/unu odbekta. JaTauku
CTOJIKHOBEHHSI MOTYT, OJTHAKO, ONMPEAEIATh TAKXKE MPEACTOSAINE CTOIKHOBECHUS
(HampuMep, eMKOCTHO) U, TEM CaMbIM, IOMOTaTh NPEJOTBPAINEHUIO CTOJIKHOBEHUH.

3TO NPUBOIUT K CHHIKEHHUIO MPOJOJDKUTEIbHOCTEN OTKA3a M K CHUIKEHUIO
IPOCTOEB U, TEM CaMBIM, K ONITUMHU3UPOBAHHOHN SKCILTyaTaIUH.

CornacHo ycOBepIIEHCTBOBAHUIO U300pEeTEHUs JaTUUK CTOJKHOBEHUS OymeT
perucTpupoOBaTh, UMEJIO JIU MOJIOTHO BOPOT coyaapeHue ¢ npensarctsuemM. Ilocne
3TOrO0 B CIydae COyAapeHUs amnmnaparypa nojJoTHa BOPOT nepenaeT HHPOPMALHIO O
COYZlapeHUH Ha YCTPOWCTBO YIIPaBJIEHHS BOPOT, Oyaronapsi 4eMy yCTpOWCTBO

yIpaBJIEHUs] BOPOT MOKET MOAXOASIINM 00pa3oM pearupoBaTh.
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CornacHo yCOBEpIIEHCTBOBAHUIO U300PETEHUS TTOJIOTHO BOPOT MOXKET UMETh
MEXaHHYECKOE UJIU 3JIEKTPUUECKOe OJIOKHUpYIoIIee yCTPONHCTBO, a OJIOK JaTUMKOB
MOXET UMETh AaTYUK OJOKUPOBKH, KOTOPBIH PETUCTPUPYET COCTOSIHUE OJTOKMPOBKH
MEXaHUYECKOTO UJIU 3JIEKTPHUECKOro OJIOKHPYIOINEero yCTpOiCTRa.

[TonOTHO BOPOT MOKET MEpeMeIaThCsi Tyaa U 0OpaTHO MEXIy
He3a0JJOKMPOBAHHBIM COCTOSTHUEM U 3a0JIOKMPOBAHHBIM COCTOsTHUEM. biiokupoBka
MOKET OBITh OCYIIECTBJICHA MEPCOHAIOM BPYUYHYIO C TTOMOIIBIO KJIFOYA, & TAKIKE C
NOMOIIBIO 3JeKkTpudecTBa. [locne OJTOKMPOBKHU MOJOTHA BOPOT yIpaBJICHUE
MPUBOAHBIM YCTPOMCTBOM MOJIOTHA BOPOT OOBIYHBIM 00pa3oM OOJIbIle HE SIBJISETCS
BO3MOJKHBIM. BJIOKMpOBKaA 3alHUIIAET, HATIPUMEP, OTAEIEHHOE BOPOTAMU MOMEIIEHHE
OT HECAHKIIMOHUPOBAHHOTO OCTYIIA.

JlaT4ukK OJTOKMPOBKH MOXKET PETHCTPUPOBATH COCTOSIHHE MEXaHUYECKOTO
OJNoKupyIOIIEero ycTpoiicTea. Peructpanus BO3MOKHA C TOMOLIBIO CEPUH CUTHAJIOB,
KakK, HAlIPpUMEP, ONTUYECCKUX HUJIN NbE3O3JCKTPUUCCKUX CUTHAJOB. Ha):[e>KHoe
($YHKIIMOHUPOBAHHUE NATUUKA OJIOKHPOBKHU JOJIKHO MPEIOCTABISATHCS BO BCEX
CUTyalHuAX. B aBapHﬁHbIX CUTyalUusAX, TAKUX KAaK BO3TOPAaHUEC, HAACKHOC
($YHKIIMOHUPOBAHHUE NATUNKA OJIOKUPOBKHU SIBIISIETCS BaXKHBIM JJIs1 0€301aCHOCTH.

ﬂaT“II/IK 6.]'IOKI/IpOBKI/I BBIITOJIHEH KaK YaCThb 3JICKTPUYCCKU aBTOHOMHOH
anmapatypsl IOJOTHA BOPOT. 3a CYET 3TOro cHabKeHHne naTyuka OJIOKMPOBKU HE
3aBHCHUT OT BHEIIHEro CHaOKeHus. 3a cueT TaKOoTro HE3aBUCUMOTO CHaOXKeHHUs ¢
NOMOILIbIO TpeoOpa3oBaTes SHEPTHH B CAMOH amnmapaTrype MojoTHAa BOPOT MOTYT
OBITh MCKJIIOUEHBI BHEITHUE HCTOYHUKN HEUCTIPABHOCTEN, TAKMX KaK OOPBIBBI Kabes
VI MaHUMYJSUUU. B 1OmosHeHue K 3TOMY, 3a cueT 0COOBIX CBOWCTB
npeoOpa3zoBaTeisi SHEPTHH U 34 CUET HJIEKTPUIECKH aBTOHOMHOTO pekumMa paboTsl
anmapaTypbl MOJOTHA BOPOT MOTYT OBITh UCKJIIOYEHBI OTKA3bl 3JIEKTPOCHAOKEHUSI, KaK
3TO MPOUCXOJUT, HAPUMED, MPU Pa3PsIKEHHBIX OaTapesx. 3a CY4ET 3TOrO MOBBIMNALTCS
HaJIe)KHOCTH BOPOT.

CornacHo ycoBepIIEHCTBOBAHUIO U300peTeHNUs OJIOK TaTYMKOB MOKET HMETh
JAaTYUKHU TEMIEPATypbl, KOTOPbIE PETUCTPUPYIOT PA3HOCTh TEMIEPATYP MEXAY NEPBOU
¥ BTOPOH CTOPOHAMHM MOJIOTHA BOPOT, U/MJIM AATYUKU BHEUTHEH TEMIEepaTyphl, U/ WIH
AATUHUKU YCKOPECHUSA OJid PETUCTPAllMN HANIPABJICHUA MEPEMCIICHUA BOPOT U UX
YCKOPEHHUSL.

B kxauecTBe 1aTUMKOB TeMIEPATypPbl MOTYT ObITh UCIOJb30BAHbBI, HAIPUMED,

KOHCTPYKTHUBHBIC 3JICMECHTBI, KOTOPBLIC UBMCHAIOT CBOC COIIPOTUBJIICHUEC B 3aBUCUMOCTHU
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OT U3MEeHeHus TeMnepaTypsl. Ilpumepamu nogoOHBIX TaTYNKOB TEMIEPATYPbI
SABJISIFOTCSL TepMUCTOPBI UK gatdyuku PT100. [IpuMeHsieMble B IPOMBILIJIEHHBIX
BOpPOTAaX JaMeJu 3a4acTyIO BBIMOJHSIIOTCSA TEPMUYECKHU U30JUPOBAHHBIMU. 34 CYET
3TOr0 BO3MOXKHO MPOCTOE U3MEPEHUE TEMIIEPATYPhl HA MIPOTUBOJIEKALIUX
METAJTMYeCKUX CTOPOHAX BHYTPHU JlaMesnu. Tak kak MeTajia OOBIYHO HMEET XOPOIIYIO
TEMJIONPOBOAHOCTh, MOTYT OBITh TOUHO 3aPErHCTPUPOBAHBI TEMIIEPATY PBI
OKpy:karIneil cpensl. Eciu perucTpupyroTcs TeMnepaTypbl Ha oOpaieHHONH HapyKy
CTOpOHE JIaMeJIH, a TaKXKe Ha OOpaleHHOH BHYTPb CTOPOHE JIAMEJIH, TO OTCIOJa MOXKET
OBITH BBIYMCIIEHA PA3HOCTh TEMIIEPATYP MEXKAY NMEPBOIM U BTOPOH CTOPOHAMH IMOJOTHA
BOPOT. DTO MO3BOJISIET A€NaTh BbIBOJBI, HAIIPUMEP, O KaueCTBE TEMJOBOH U30JSILHUH 32
CUET BOPOT UJIM O COCTOSIHUM UX OTKPBITUA. TO €CTh, B 3aBUCUMOCTH OT Pa3HOCTHU
TeMIEPATyp YCTPOUCTBO YIIPABICHHS BOPOT MOXKET J1€JIaTh BBIBOABI O (PaKTHUECKOM
COCTOSIHMHU OTKPBITUSL M TAKUM 00pPa30M YCTPOMCTBO YIPABICHUS BOPOT MOXKET
BBIMOJIHATE COOTBETCTBYIOIIME NPOrpaMMHBIE IpoLeaAypbl. Ecin pa3HoCTh
TEMIEPATyp CIAUIIKOM Majia, TO €CTh BOPOTA OTKPBITHI, XOTS OHU JOJIKHBI OBITH
MOJIHOCTBIO 3aKPBIThI, YCTPOUCTBO YIPABIEHUS BOPOT MOKET, HAIPUMED, ONPEIEIIUTD,
YTO CUCTEMA MO3ULIMOHUPOBAHUS KIIPOCUYUTAIACH» UJIH K€ HENIPAaBUIbHO
NO3UIIMOHUPOBaHA. B 3TOM ciydae MOryT OBITh NPUHSTH COOTBETCTBYIOIIHE
KOHTPMEPBI, HAIlpUMep JaHbl COOTBETCTBYIOIINE YKA3aHUS 00CIYKUBAKOIIEMY
IepCcoHay.

ANbTEpHATUBHO, TEMIIEPATypPa MOXKET PETUCTPUPOBATHCS TAKXKE TOJBKO C OJHOMU
CTOPOHBI MOJIOTHA BOpOT. Hanmpumep, MoxeT ObITh NPEeAyCMOTPEH IO MEHbINEH Mepe
OJIMH JaTYMK BHEIIHEH TeMIepaTypbl Ha OOpalleHHOW HAPY Ky CTOPOHE JIaMeJu s
perucTpanuy BHEIIHEH TeMIepaTypsl (BHEIIHUX TEMIIEPaTyp).

To4yHO Takke NONMOJHUTENbHO WU AJIbTEPHATUBHO HA3BAHHBIM BBILIE JaTYUKAM
TEMIEPATYyphl B allapaType MOJOTHA BOPOT MOKET OBITh PACIIOJIOKEH AATYUK
yCcKkOpeHus. [[aTuuk yCKOpEeHUsI PETUCTPUPYET YCKOPEHUE MOJOTHA BOPOT U TAKUM
00pa3oM MOKET BOCHIPUHHUMATD MepeMeLIeHe MOJOTHA BOPOT. Perucrpanus
YCKOpeHUs B OONBIIMHCTBE CIYyYaeB OCYIIECTBISAETCS C MOMOLIBIO TECTOBONH MAacCCHI.
YckopeHne MOXeT ObITh PACCYUTAHO B 3aBUCUMOCTH OT AEHCTBYIOIIEH Ha TECTOBYIO
MaccCy CUJIbl HHepLUuHu. Hanpumep, BeI3BAaHHOE CUJION MHEPLMU TE€CTOBONH MaCChI
IUHAMHUYECKOe KoJeOaHne NaBJIEeHHUS MOKET IPOUCKXOOUTh 32 CUET
NbEe30KepaMHYECKUX MIACTHH JaTUYHKa, KOTOpbIe Mpeobpa3yroT konebaHue naBJIeHus B

QJICKTPUYCCKUE CUTHAJIBL. Ilomumo 9TOro, MOTYT HaWTHU NPpUMECHCHUEC TAKKE
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TEH30METPUYECKHE NAaTUMKA, a TAKXKe JaTUNKH YCKOPEeHUs1 0e3 TECTOBOW MacChl, TaKUe
KaK MHAYKLHOHHBIN JaTUYUK. Y CKOPEHHE MOJOTHA BOPOT SIBJIAETCS HHIUKATOPOM
001ero cCoOCTOsIHUSI BOPOT, HAIIPUMEP COCTOSIHUS POJIMKOB MITOPHBIX BOPOT, U MOXKET
OLIEHUBATHCS, YTOOBI BBISIBIISATDH SIBJICHHS H3HOCA B BOpoTax. B moapobGHOM
U3JI0KEHUU: JOCTUTHYTOE IMOJOTHOM BOPOT UM 3aperuCTPUPOBAHHOE JAaTUUKOM
YCKOpEHHE MO3BOJISIET AeNaTh 3aKJI0UeHHs 00 o0ueM cocTosHIU BOpOT. [IpuunHoit
CIUILIKOM MaJIOro 3HAYEHHs yCKOPEHUst MOTJIO Obl OBITh MOBpPEKACHHUE BOPOT, KOTOPHIE
He OBUTH JOCTATOYHO MOATOTOBJEHBI K paboTe. TouHO Tak ke MOr Obl OBITH
MOBPEKJCH POJIMKOBBI MEXaHU3M LITOPHBIX BOPOT, BCIAEICTBUE YEr0 BOPOTA
3aKJIMHUIO. SBJISIETCS MBICIUMBIM TaKXKe U3PAaCXOJ0BAHHE CMAa30YHOI'O MaTepHaja B
OOKOBBIX HANPABJSIIOIIHUX, YTO IPUBOJUT K 00Jiee BBICOKOMY COMPOTUBJIEHUIO MPH
NepeMeIleHUH MOJIOTHA BOPOT U BCIEACTBUE 3TOTO K UCTUPAHHIO TTOJIOTHA BOPOT.

Bce n3 Ha3BaHHBIX BBIIIE JATUUKOB MOTYT OBITH PACIIONIOKEHBI B CAMOH ammaparype
noyioTHa BOpoT. Takoil KOMNAKTHBIA THII KOHCTPYKIUH HE TOJBKO 3KOHOMUT MECTO,
HO JOTIOJTHEHHE K 3TOMY 3a CUET YCTAHOBKH JATUUKOB TEMIIEPATYpPhl, & TAKKE TaTIUKA
YCKOPEHUsI BHYTPH JIAMEJIM OHU 3aLIUIIEHBI OT BO3AEHCTBUS BHELUTHUX CHII. 3a CUET
3TOr0 MOXET HaJeKHO o0ecneunBaThCsd PyHKINOHUPOBAHNE JATUUKOB.

CornacHoO ycOBEpIIEHCTBOBAHUIO U300 PEeTeHUs U3MEPEHHAs C IOMOLIBIO
IATYUKOB TEMIIEPATYPhl PA3HOCTh TEMIIEPATYP MOXKET NePeAaBaThC U3 aNNapaTyphbl
IIOJIOTHA BOPOT HAa YCTPOHCTBO yIPAaBJIEHHS BOPOT, KOTOPOE TaKUM 00pasom
OLIEHUBAET HENPOHHUI[AEMOCTb BOPOT MJIU K€ Kau€CTBO 3aKPbITUS 31aHUS C TOMOIIbIO
BOPOT.

C nmoMoIp0 pacmooKEeHHBIX, HAIPUMEp, Ha MPOTHBOJEKALUX CTOPOHAX
JaMeJI JaTYUKOB TEMIIEPAaTypPbl CKBO3b TEPMHUYECKH pa3elIe HHbIC JIAMEIH MOXKET
HAaJeKHO PETHCTPUPOBATHCS TEMIIEpaTypa OKPYKAI e Cpenbl ¢ IBYX CTOPOH
MOJIOTHA BOPOT. 3aperucTPUPOBAHHBIE TEMIIEPATYPBl MOTYT Uepe3 CBs3b/mepenady
nepenaBaThCs OT MepeJarINero 0JI0Ka anmapaTypsl IOJOTHA BOPOT HA IMPHEMHBII
OJI0K ycTpolcTBa yrpaBieHHs: BOPOT. Benen 3a 3TuM B yCTpOICTBE yIIpaBIeHHs] BOPOT
MOTYT 00pabaThIBATHCS 3HAUCHHS TEMIIEPATYPHI, U MOKET 00pa30BBIBATHCSA PA3HOCTH
temrneparyp. Ha 0a3e 3Toli pasHOCTH TeMIepaTyp yCTPOHCTBO yIIPABIEHHUS BOPOT
MOXKET J1€JIaTh BBIBOABI O HEMPOHUIIAEMOCTH BOPOT.

Hanpuwmep, pa3HOCTh TEMIIEpATyp MOXKET CPABHUBATHCS MO MEHBLIEH Mepe C
OJIHUM CTaTUYECKHM WU TUHAMHYECKUM (HampuMep, C 3aBUCSALIUM OT BpPEMEHHU o)

NMOPOroBbIM 3HAYCHUECM. Ecnn Pa3sHOCTb TEMIICPATYP HUNKEC MOPOTOBOTO 3HAUCHUS U
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BOPOTA 3aKPBITHI, TO MOXHO MPEAINOJIOXKNUTh, YTO BOPOTA HEe HeNMpOoHUaeMbl. 1
Hao0O0pOT, 32 CYET CPABHEHHUS C MOPOrOBBIM 3HAUEHUEM MOJKET OBITh, HAIIPUMED,
ONpPEAEJIEHO, YTO MOJOTHO BOPOT (PAKTHYECKHU 3aKPBITO HE MOJHOCTBIO, XOTS JOJKHO
OBl OBITH 3aKPBITBIM. 3a CYET HTOrO AOCTYIICH JOMOJHUTENbHBIN MapamMeTp AJs
KOHTpPOJIst paboTHI BOPOT.

C noMmo1npo TakoW NPOBEPKHU 3aKPBITOTO COCTOSIHUS BOPOT MOTYT
NpeaOTBPAINATHCS MOTEPU SHEPTUU, KOTOPbIE BO3HUKAIOT, HAPUMEP, B BUJIE TOTEPb
teria 3uMoi. Takum oOpaszom, 3a cuer 0OpabOTKH AAHHBIX OT MOJOOHBIX JaTUHKOB
TeMIEPaTypPbl MOTYT MPEAOTBPALIATHCS U3JIUIIHUE 3aTPATHI.

CornacHo yCOBEpUIEHCTBOBAHHUIO U300PETEHUSI U3MEPEHHAS C TTOMOIIBIO
IaTYMKaA BHEIIHEH TeMIlepaTypbl BHEIIHsS TEMIIEpaTypa MOKET OBITh MepeiaHa yepes
amnmapaTypy MOJIOTHA BOPOT HA YCTPOHCTBO YIIPABJIEHUS BOPOT, KOTOPOE MOCPEICTBOM
CpaBHEHHUsI MPEIBAPUTEIBHO YCTAHOBICHHOT'O MOPOTOBOTO 3HAYEHUS C HU3MEPEHHOMN
BHEIIHEH TEMIIEpaTypOil COBEPINAET MEPEKIIOYEHUS] MEXKY JIETHUM U 3UMHUM
pexxuMamu paboThl, MPUYEM MPH JETHEM peKuMe padOThl BOPOTA 3aKPBIBAIOTCS HE
MOJTHOCTBIO.

Takum oOpa3om, Ha OCHOBAaHUM U3MEPEHHON BHEIIHEH TeMIepaTypbl MOTYT
OBITH CI€JIaHBl BHIBOJBI O BpeMeHH roaa. Hanpumep, anst Toro 4ToObl HE3aBUCUMO OT
M3MEPEHHBIX MUKOBBIX 3HAYEHUI MOXKHO ObLIO HAJI€KHO ONPEAETUTh TeKYyIlee BpeMs
rofia, B MaMsTH COXPAHSIETCs U3MEHEHUE BHELIHE! TeMIepaTyphl B TEUEHHE
JJTUTEJIBHOTO MPOMEXYTKAa BpEMEHHU, HAllpUMep B T€UEHHE HECKOJbKUX MECSIEB.
Ecnu, Hanpumep, yCTaHABINBAETCS, YTO UMEET MECTO JIETHHUI pexXuM paboTsl, TO
YCTPOHCTBO YIPABJIEHUS] BOPOT MOKET aBTOMATHYECKHU JOMYCKATh, YTOOBI MOJOTHO
BOPOT 3aKPBIBAJIOCh HE MOJHOCTHIO. 32 CYET HE MOJHOCTHIO 3aKPBITOrO MOJOTHA BOPOT
MOKET MOAAEPKUBATHCS BEHTUJISLUS BHYTPU MOMELIEeHNs. BeencTBue 3Toro Moryt
OBITH YJIyUIIEHBI YCJIOBUSA pabOThl BHYTPH MOMELICHHS, a TAKKe CHUKEHBI PACXOJbl HA
BeHTUJISALHIO. TakuM o0pa3oM, mogoOHbIe BOPOTA MOTYT CAMOCTOSITEJIbHO HAXOOUTh
pasnuyne MeXAy JIETHUM U 3UMHHUM PEKUMaMH pabOoThI: CI€A0BATENbHO,
BMEIIATEIbCTBO ONEpaTOpa IJIs MEPEKIIOYEHHS PEKUMOB paboTsl He TpedyeTcs.

ITonoOHBIE BOPOTA MOTYT CAMOCTOSTEIbHO HAXOAUTD PA3JIUUNe MEXKIY JETHUM U
3UMHHUM pPeXHMaMH pabOThl, IPUYEM PYUYHOE BMEMIATENbCTBO ONEpaTopa He
Tpebyercsi. 3a CUET ITOTO IKOHOMSITCSI peCypCchl pabodeli CUIBI, U SIBJISIETCS
BO3MOXXHBIM HE TOJbKO 3KOHOMHBIN peXUM pabOoThl, HO U HEMEIJIEHHOE

peryimupoBaHHUC OTKPbLITHUA MMOJIOTHA BOPOT B 3aBUCUMOCTHU OT BHCUIHUX TCMIICPATYP.
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CornacHO ycOBEepIIEHCTBOBAHUIO U300 PETeHNs H3MEPEHHBIE C TTOMOIIBIO
JaTYMKa YCKOPEHHs 3HAUCHH s MOTYT IepeaBaThCs Yepes anmnapaTypy MoJOoTHA BOPOT
Ha YCTPOWCTBO yIIPaBJIEHUS BOPOT, IPUYEM YCTPOMCTBO YIPAaBIEHUS BOPOT 3a CUET
CpaBHEHHUs 3TUX 3HAUYEHUN YCKOPEHHS IO MEHblIel Mepe ¢ OAHUM IpeBapUTENbHO
YCTaHOBJIEHHBIM N€PBbIM TOPOrOBbIM 3HAUEHUEM YCKOPEHUs OLIEHUBAET, MOBPEKIECHBI
JIM VJTH K€ U3HOIIEHBI JTU BOPOTA.

To ecTh, AOCTUTHYTOE TOJOTHOM BOPOT M U3MEPEHHOE NaTYMKOM YCKOpEHHUE
MO3BOJISIET JAeJIaTh BBIBOJBI 00 001eM COCTOSTHUHM BOPOT. [IpHYMHON CIMIIKOM Majioro
3HAYEHHS YCKOPEHUs] MOTJIU Obl ObITh MOBPEKICHHBIE BOPOTA, KOTOPbIE HE O bLITN
AOCTATOYHO MOATOTOBJIEHBI K pabore. TouHO Takke MOT ObI OBITH MOBPEXKAEH
POJIMKOBBII MEXaHH3M LITOPHBIX BOPOT, BCIEACTBUE YETO BOPOTA 3AKIHUHHUIIO.
SBnsieTCsl MBICIMMBIM TaKXe€ U3PAaCXOOBAHUE CMa304HOIr0 Marepuaia B OOKOBBIX
HaIPaBJISIOMUX, YTO MPUBOAUT K OOJIee BBICOKOMY COTIPOTUBJIEHUIO MPH
nepeMeIleHUH OJOTHA BOPOT U BCJIEACTBUE 3TOTO K HCTUPAHHIO TOJIOTHA BOPOT.

Ecnu mornu OBITh BBISIBIIEHBI TAKOE MOBPEKASHUE HIIH XK€ TAKOW M3HOC BOPOT,
TO MOTYT OBITh IPUHSATHI COOTBETCTBYIOLINE KOHTpMepbl. Hanpumep, ycTpoiicTBoM
yIpaBJIEHUS] BOPOT MOTYT OBITh BBIIAHBI YKa3aHUS O TEXHUUECKOM OOCIY>KUBAHHU.
bnarogapst 3ToMy MOTYT OBITh NPEJOTBPALEHbI IPOJOJIKAIOLIUECS Aajee
MOBPEKJEHUS IMOJIOTHA BOPOT, KOTOPbIE MPUBEIN ObI K MOCIEIYIOIUM MIPOCTOSIM
MOJIOTHA BOPOT.

CornacHo ycoBepIIEHCTBOBAHUIO H300pETEHUs H3MEPEHHBIE C IIOMOIIBIO
JaTYNKA YCKOPEHUs 3HAYEHHsI MOTYT IepeaaBaThCs Yepes anmnapaTypy MoJOTHA BOPOT
Ha YCTPOWMCTBO YIPABJICHHS BOPOT, MPUYEM YCTPOMCTBO YIPABICHUS BOPOT 3a CYET
CpaBHEHHUs STUX 3HAYEHUH YCKOPEHHS IO MEHbIIEH Mepe ¢ OAHUM IpeaBapPUTEIbHO
YCTaHOBJIEHHBIM BTOPBIM MTOPOTOBBIM 3HAUYCHUEM YCKOPEHHS OLICHUBAET, OBLIH JIN
BBITTOJTHEHBI HEAOMYCTUMbIE MOJIb30BATEIbCKHE HACTPOHKU.

3a cuer CpaBHEHHUsI U3MEPEHHOT'O 3HAYEHHS] YCKOPEHUS CO BTOPBIM,
NpeaBapUTEIbHO YCTAHOBJIEHHBIM 3HAYEHHEM YCKOPEHHUSI MOXKET OBITh, HAIIPUMED,
IIpOBEPeHa HACTPOHKAa CKOPOCTH MAKCUMAJIbHO JOMYCTUMON CKOPOCTH IOJIOTHA
BOpoT. C MOMOIIBIO 3TOr0 CPABHEHHUSI MOTYT OBITh HAEHTU(PUIINPOBAHBI TAKUE
HEJONYCTUMbIE HACTPONKH CKOPOCTH, KOTOPBIE MOTYT NMPUBOANTD, HAPUMEP, K
NepeCcKaKNBAaHUIO MPUBOAHBIX PEMHEH, YTO MpencTaBisieT cOOOH PUCK A

0e30IMacHOCTH.
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[IpenBapuTenpbHO HACTPAUBAEMOE BTOPOE 3HAUEHUE YCKOPEHUS MOXKET ObITh
3apaHee ONpeeNeHO/PacCUUTaHO C ITOMOIIBIO 3KCIEPUMEHTOB MJIM MOJIEIHPOBAHHUS C
y4eToM (akTOpPOB O€30MaCHOCTH.

CnuimkoM BBICOKHE CKOPOCTH MOJOTHA BOPOT OKA3bIBAIOT BJIMSHUE TaKXKe HA
cpok ciyk0b1 BOpoT. COOTBETCTBEHHO 3TOMY CJIHIIKOM OOJIbIINE CKOPOCTH
TOPMOJKEHHS, UJIN JK€ CIUIIKOM OBICTPbIE IPOLECCHl TOPMOKEHHUSI, IPUBOIAT K
MOBBIIIEHHOMY M3HOCY KOHCTPYKTHUBHBIX 3JICMCHTOB. HOBTOMy 3a CHET perucTpanuu
TEKYLIETO YCKOPECHUA U CPAaBHECHUA C IPEABAPUTEIIBHO YCTAHOBJICHHBIM BTOPBIM
MOPOroBbIM 3HAYCHHUEM YCKOPCHHUA MOXKET OBITH CHUJKEHA BEPOATHOCTDL OTKa3a BOPOT
u obecrieueHa ONTUMHU3UPOBAHHAS HKCILIyaTal[Ust BOPOT.

CornacHo yCOBEpIIEHCTBOBAHUIO U300PETEHUSI N3MEPEHHBIE C TOMOIIBIO
JaTYMKA YCKOPEHHS 3HAUYCHHS MOTYT NEpPeNaBaThCs Yepe3 anmnapaTypy MoJOTHA BOPOT
Ha YCTPONCTBO yNPaBJI€HUS BOPOT, IPUYEM YCTPOMCTBO YIPABIEHUs BOPOT 3a CUET
CPaBHEHUSA 3THUX 3HAYEeHUH YCKOpE€HUA MO MeHbIIeH MEpE€ C OAHUM MPEABAPUTEIBHO
YCTAHOBJICHHBIM TPETHbUM NOPOTOBbIM 3HAYCHUEM YCKOPEHUA OLUCHUBACT, MAAa0T JIU
BOPOTA WUJIM HET.

BcnencTBue oTkasa mpegoXpaHUTENbHOIO 3JIEMEHTA MJIM HEeTPaBUJIbHON
KOMAaHbl YIIPABIECHUS MOXET CJIYYaThCsA, YTO BOPOTA HEKOHTPOJUPYEMO NAJAOT.
ITonobHoOe maneHue npeacTaBiaseT cOOOH OMAacCHOCTh AJsl OOBEKTOB, a NMPEXKIE BCETO
st monei. [TaneHune monoTHa BOPOT MOKET OBITh BBISIBICHO 32 CYET CPABHEHUS
YCKOPEHHUsI, 3aperuCTPUPOBAHHOTO C IOMOIIBIO AATUNKA YCKOPEHHUs, C
IpeaBapUTENbHO YCTAHOBJIEHHBIM TPETHUM IOPOrOBbIM 3HaAUEHUEM YCKOPEHHUS.

Ecnu BbIsSIBIISIETCS MaieHUEe BOPOT, TO 1aJie€ MOTYT OBbITh MPUHATHI KOHTPMEPHI.
Hanpumep, MokeT ObITh IPUBEEH B NeMCTBUE MEXAHU3M aBapUIHOIr0 ocTaHoBa. [Ipu
3TOM YCTPOMCTBO yIpaBJeHHs] BOPOT MOOYKaAaeT, HAIPUMeEpP, YTOOBI MPUBOHOE
YCTPOHCTBO HEMEJIEHHO OCTAHOBUJIO MEPEMEIIeHHE TTOJIOTHA BOPOT M COXPAHUIIO
TEeKylIee MOJIOKeHHE. 3a CUeT MOJO00HOr0 NPeaOXpaHEeHHUs OT MaAeHHsI MOTYT OBITh
NpEeAOTBPAILICHBI TPaBMBbI .]'II-OI[GfI " TOBPECKIACHUA 00OBEKTOB.

Y CTpOoHCTBO ynpaBiieHUusI BOPOT MOKET, OJHAKO, A€HCTBOBATh TAK)KE AaBTOHOMHO,
WU )K€ CAMOCTOSITEJIbHO, HAIPUMED, Yepe3 UCTIOJHUTENbHBIN 00K BHYTPHU
3aMbIKArOMECro MUTKa UJH B MPUKIAAHOM Cliydac aBaprIHOFO TOPMOKEHUSA UITHU KE
aBapHITHOrO OCTaHOBA MOJIOTHA BOPOT. Peann3zamnus Takoro aBapuitHOro TOPMOYKEHUS
MorJjia Obl OCyHECTBJIATBHCA C MOMOIIBIO MEXAHUYICCKU MOAXKATBIX MMPYKUHAMU

IITBIPEH, KOTOPBIE B aBAPUHHOM Cllydae 3a cUeT pa30JOKUPOBKH BXOJAT B 3aLENICHHE
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¢ OOKOBBIMH MMOBEPXHOCTSIMHU M MPUBOMSAT TaM K CTOIMOPEHHIO U, CIEAOBATEIBHO, K
HEMEeJJIEHHOH OCTaHOBKE CBOOOHO Majar0Iero MoJOTHA BOPOT. DTH IITBHIPU
MOHTUPYIOTCS, IPEUMYIIECTBEHHBIM 00pa3oM, ¢ 00€HUX CTOPOH MOJIOTHA BOPOT PSIAOM
C HaIpaBJAKIMUMHU OJOTHA BOPOT.

CornacHo yCOBEepIIEHCTBOBAHUIO H300PETEHNs BOPOTA MOTYT UMETh, IO MUMO
3TOro, OJOK COXpaHEHHS SHEPTHH JJIsI COXPAHEHUS MPOU3BEAECHHOM
npeoOpa3oBaTesieM YHEPTHHU SJIEKTPUUECKON SHEPTUH, U/ Uau OJIOK yIpaBiIeHUs
SHepruel Ui yrnpaBiIeHUs NPOU3BEICHHON nMpeoOpa3oBaTesieM SHEPTUH SHEPTrue,
W/WJTU BBIYUCIIUTENbHBIA OJIOK, IPUYEM BBIYUCITUTENbHBIA OJIOK PaKkyJIbTaTUBHO UMEET
610k 00pabOTKU CUTHAJIOB, W/HJIH, MPEUMYIIECTBEHHBIM 00pa3oM, IO MEHbLIEH Mepe
OJIMIH UCTIOJTHUTEJIBHBIN OJIOK.

HaxonuTenpHbIN 3JIEMEHT B 3HAYEHUU N300PETEHUS HAKAILINBAET
NPOU3BENECHHYIO Mpeobpa3oBaTesieM SHEPTHH JIEKTPUUECKYIO0 SHEPTHUIO, TAK UYTO OHA
UMEETCsl B PACIOPSKEHHH TaKKe BO BpeMs (a3, Mpu KOTOPBIX mpeodpazoBaTesb
SHEPTrUM He mpeodpa3yeT 3Heprur. B kauecTBe HAKOMUTENbHBIX 3JIEMEHTOB MOTYT
NPUMEHSTHCA 3JTEKTPOXUMUUECKHE KOHAEHCATOPBI, TAKUE KaK CYNEePKOHEHCATOPHI,
Ha3biBaeMbie Takxke «Gold Cap».

YcTpoiicTBO yrnpaBiieHus] SHEPTUeH COrjlacHO M300PETEHUI0 PacIopsKaeTCs
IpOU3BEIEHHOHN NpeoOpa3oBaTeeM 3HEPrUuU 3Hepruei TakuM o0pa3oM, UTo B
3aBUCHMOCTH OT HEOOXOJUMOCTH M COCTOSIHUSA 3aPsAJKH HAKOTHUTEIbHbIN 3JI€MEHT
3apsiKaeTcs MPOU3BENeHHON mpeoOpa3oBaTesieM SHEPTHH 3 JIEKTPUUYECKONH SHEepTUeH.
CoOTBETCTBEHHO, YCTPONUCTBO yIPaBJIEHUs SHEPTHEH MOXKET OTKJII0YaTh UJIH
MOAKJIIOYaTh MOTpeduTeNei.

BriuucnaurenbHoe yCTPONUCTBO anmapaTypsbl MOJOTHA BOPOT COTJIACHO
n300peTeHno npeodpasyer 3aperucTPUPOBAHHbBIE NaTYNKaMU (PU3HUECKHUE BEJIHIHHBI
B CYIIECTBEHHbIE AJI dKCIIyaTaluu napameTpsl. Hanpumep, conpoTuBieHne 1aTUUKa
temnepatypsl PT100 nnu sxe n3amMepeHHasi pa3HOCTb HANPSI)KEHUH NEePECUUTHIBAETCS B
TEeMIEepaTypy ¢ eAUHHULIEN u3mMepeHus rpanycsol Llenbcus. B oTHOmeHun natunka
YCKOPEHUS BBIYUCIUTEIbHBINA OJIOK IJIs1 TOTO, YTOO Bl 5KOHOMHTD SHEPTHIO, MOXKET,
HarpuMep, JUIIb OTPUIBTPOBBIBATH MUKOBOE 3HAUEHHE YCKOPEHHUS U MEePeaaBaTh €ro
Ha YCTPONCTBO yIpaBjeHUs BOPOT.

CornacHo ycOBEpUIEHCTBOBAHHMIO U300PETEHUS anmapaTypa MojoTHa BOPOT,
COCTOsIIast U3 KOMIIOHEHTOB Mpeodpa3oBaTeist 3JHEPrun, OJI0Ka yIpaBJIeHUs SHEPTHEH,

O0Ka COXpaHEHUsI SHEePTHH, BBIYUCIUTEILHOTO 0JI0Ka, OJIOKA TaTYUKOB U
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($axyIpTaTUBHO MO MEHBILIEH Mepe OJHOIO UCIIOJHUTENBHOTO OJI0Ka, MOXKET
00pa3oBBIBATh YHEPIreTHYECKN aBTOHOMHBIN CHUCTEMHBIN OJIOK, IpUYeM IJIs
NpUBEAEHUE B [eHICTBUE 3TUX KOMIIOHEHTOB HCIIONb3yeTCs IpeoOpa3oBaHHas U
COXpaHEHHas dHeprus, nojavya BHELIHeH sHepruu He Tpedyercs. ITOT CUCTEMHBIN
0JIOK, IPeNMYIIEeCTBEHHBIM 00pa30M, MOXET HMETh CAMOCTOSATEIbHBIH HIIH XKe
HE3aBUCUMBIN KOHTYP PEryJHUpPOBaHUS WJIH PEAarupyoOIy CUCTEMY, KOTOPbIE
NENCTBYIOT BHE MOJOTHA BOPOT HE3aBUCUMO OT APYTUX KOMIOHEHTOB.

CornacHo yCOBEpIIEHCTBOBAHHIO U300PETEHUS amlnaparypa mojoTHA BOPOT MO
MEHbIIEH Mepe C OJJHUM HCIIOJHHUTEIbHBIM OJOKOM MO NMOJYUYEHHOH NaTYNKaMu
UH(OpMAIIUT MOXKET BBHINIOJIHATH AEHCTBHE TaKXKe 0€3 B3aUMOJEHCTBUS C TPUBOJIHBIM
O0KOM (T€ eCTh, CaMOCTOATENbHO). [Ipu 3TOM MO MeHbLIEH Mepe OOUH
UCIIOJHUTEIbHBINA OJIOK MOXKeT 00pa30BbIBaTh, HAPUMEP, CBETOJHOIHYIO
WHAWKALHWIO, MATHUTHBIN MyCKOBOW MEXaHU3M HJIM HEOONBbLION 3JIEeKTPUUECKUH
UCTOJIHUTENbHBIN ABUraTeNb. 3a CUET TAKOH, SHEpreTuuecku aBTOHOMHOM U
CaMOCTOSITENIbHO AeHCTBYIOM el camoii mo cebe anmapaTypbl MOBBIIIAETCS
HE3aBUCHUMOCTb OT BHEIIHUX BO3AEHCTBUMN, BCIEACTBUE YeTO MUHUMHU3UPYETCS
BJIUSIHME BHEIIHUX BO3MYLIAIOLIUX BO3AE€HCTBUI HA BBIMOJIHUMOCTD ONpPEAEIeHHBbIX,
TOCTHUKUMBIX C IOMOIIBIO MO0 MEHbIIEH Mepe OJHOTO UCIOJIHUTEIBHOTO OJI0Ka
AeWCTBUHM U TaKUM 00Pa30M MOBBILIAETCS HAAEKHOCTh U 0€30MaCHOCTh CUCTEMBI.
Hanpumep, HapyumeHust GyHKITHOHUPOBAHUS CTAHOBSITCSI HECYLIECTBEHHBIMH, &
NPOJOJKUTENBHOCTU PEAKIUU — KOPOUE.

CornacHo yCcOBEepIIEHCTBOBAHUIO U300 peTeHNUs anmnapaTypa IoJIOTHA BOPOT
MOKeT 00pa30oBbIBATh HHTETPUPOBAHHBIN y3€J U/ WU anmnapaTtypa MmoJOTHA BOPOT
MOKET OBITh PACIOJIOKEHA B 3aMBIKAIOLIIEM 3JIEMEHTE MOJOTHA BOPOT.

CornacHo H300pETEHUI0 UHTETPUPOBAHHBIN y3€JI COCTOUT IO MEHbLIEH Mepe U3
oxHOTO OJIOKA JATUYMKOB, U3 Mpeo0dpa3oBaTess SHEPTHH, a TAK)KE BTOPOro MPUEMO-
nepenaruero 0J10Kka WM XKe 10 MEHbIIeH Mepe OTHOTO UCIOJHUTEIBbHOrO O10Ka. 3a
CYeT UHTErpUPOBAHHON KOHCTPYKL UM 3TUX 3JIEMEHTOB almnaparypa MojJoTHa BOPOT
o0pa3yer KOMIAKTHBIN CHCTEMHBIN y3eJs. 3a CUeT HHTETPHUPOBAHHON CTPYKTYPHI,
COCTOsAIEN MO MEHbLIEH Mepe U3 3TUX TPEX WU K€ 1O MEHbIIEH Mepe YeThIpex
3JIEMEHTOB annapaTrypa MojJ0THA BOPOT MOXKET AE€HCTBOBATH 3JIEKTPUYECKHU
aBTOHOMHO. biaronaps 5ToMy B MOJIOTHE BOPOT HEOOXOIUMBI JIUIIb HEOOIbIIHE
TPAKTHI Iepeavy WU K€ AJTUHBI JUHHUH, 32 CUET Yero MOXeT ObITh CHUKEHA

NOABEPKEHHOCTD alIapaTypsl MOJOTHA BOPOT cOOSIM.
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IToMrUMO 3TOTO, Ha3BaHHBIN BBIIIE aBTOHOMHBIN M CAMOCTOSITEIbHBIN OJIOK
MO>KET BBISIBJIATH NaAa0Lee MNOJOTHO BOPOT U MHULMUPOBATH COOTBETCTBYIOLIUE
NoCJe0BaTebHbIE NeHCTBUSA aBAPUHHOIO OCTAHOBA. DTO MOXET OBITh PE€aJM30BaHO,
NpEeuMYIIeCTBEHHBIM 00pa3oM, 3a CHET CAMOCTOSTENIbHOW aKTHBALIMK, HAIPUMED,
MEeXaHUYECKHU MOMKATHIX IITHIPEH, KOTOpbIe NeOIOKUPYIOTCS HEOCPEACTBEHHO U
ABTOHOMHO anmnapaTypoi MOJOTHA BOPOT U TAKUM 00pPa3oM MPenOTBPALIAIOT UIIH JKe
OCTAHABJMBAIOT NaJEHUE MOJOTHA BOPOT.

Kpowme Toro, Bcs annapaTtypa MojoTHA BOPOT, B AOMOJHEHUE K 3TOMY, MOXKET
OBITH PACIIONIOXKEHA B 3aMBIKAIOLIEM 3JIEMEHTE MOJIOTHA BOPOT, TO €CTh TaM, I'1e
PAaCIOJIOKEHBI, HAIPUMED, TAKXKE NaTYUKU CTOJKHOBEHUS.

CornacHo yCOBEpUIEHCTBOBAHHUIO U300PETEHUS YCTPOMCTBO YIIPAaBICHUS BOPOT
MOKET OBITh PACHOJIOKEHO CTALMOHAPHO, W/MJIM MEePBBIIl KOMMYHUKAIIMOHHBIN OJIOK
MOXKET COJEepPIKaTh MEePBbIH MPpUEMO-TIepeaao il OJ0K, U/UIu BTOPOH
KOMMYHUKALIMOHHBIN OJIOK MOJKET CONEPkKaTh BTOPOH MpUEeMO-TIepeaaoui 010K,

CornacHo yCOBEpUIEHCTBOBAHUIO U300PETEHUS annaparypa noJIoTHa BOPOT
MOXET MepPeaaBaTh COCTOSHHE OJOKMPOBKH MEXAHUYECKOTO HUJIU 3JIEKTPUUECKOTO
OJOKHPYIOIIEro YCTPOMCTBA HA YCTPOHCTBO YIIPaBJIECHHUS BOPOT.

Ha 6a3ze nepenannoit nHGOpMAINU O COCTOSTHIN MEXaHUYECKOU OJIOKUPOBKH
YCTPONCTBO YIPaBJIECHUS BOPOT MOXKET 3allyCKaTh NPUBOAHOE YCTPONUCTBO IJIs
nepemeleHus noysoTHa BopoT. Eciu BTOopoli mpuemo-nepenarmuii 00K nepenaer,
HanpuMep, CUTHAJI O TOM, YTO IOJIOTHO BOPOT MEXaHUYECKHU UIJIU DJIEKTPUUECKHU
3a0JJ0KMPOBAHO (HAMPUMeEp, C MOMOIIBIO MEPEKUIHOTO BBIKJIIOYATENsS] HA BOPOTax), TO
MPUBOJHOE YCTPONCTBO MOXKET OBITh MEPEBEEHO B COCTOSIHUE MOKOs. TeM cambim,
€CJIM BOPOTAa MEXaHUYECKHU 3a0JIOKUPOBAHBI, TPUBOJHOE YCTPOHUCTBO CTAHOBUTCS
HEaKTUBHBIM.

CornacHo Apyromy acmnekTy U300peTeHHs MPenyCcMOTpeH cnocod Aisi BOPOT,
IpeXxae BCero sl OBICTPOXOAHBIX MPOMBIIIIEHHBIX BOPOT, COAEPIKAIUM:
npeobpa3oBaHUE HEIJIEKTPHUIECKON HSHEPTUH B SJIEKTPHUECKYIO SHEPTHIO MOCPEACTBOM
npeobpa3zoBaTelNist SHEPTUH PACIIONOXKEHHON B TIOJIOTHE BOPOT BOPOT aMmapaTypsl
MIOJIOTHA BOPOT, COXPAHEHHE 3JIEKTPUUECKON SHEPTHU B HAKOMUTEIbHOM 3JIEMEHTE
anmapaTypsl MOJOTHA BOPOT, PETUCTPALUIO IO MEHbIIEH Mepe OTHOU (PU3NMIECKOU
BEJINUMHBI C TOMOIIbIO OJIOKA JATYUKOB ammapaTypsl IOJOTHA BOPOT, Oa3upysICh HA
COXPaHEHHOM 3JIEKTPUUECKON SHEPTUH, Iepenady 3aperucTpupoOBaHHON QU3NIECKOIl

BEJIMUMHBI C TOMOIIBIO Mepeaaroinero 0Jioka annapatypsl OJOTHA BOPOT Ha
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(mpenMyLIeCTBEHHBIM 00pa3oM, CTALIHOHAPHOE) YCTPOMCTBO YIIPaBICHHUS BOPOT,
KOTOpPO€ MPEeIyCMOTPEHO IJIsl YIPaBJIEHHs MPUBOAHBIM YCTPOHCTBOM BOPOT.

PacmonoskeHHBIH B anmaparype MmoJIoTHa BOPOT nmpeodpa3oBaTesb SHEPTHH
npeoOpasyer CBOOOAHO TOCTYIHYIO U3 OKPYIKAIOIIEH Cpeabl B BUAE HEIJEKTPHUIECKON
SHEPTUHU SHEPTHUI0 B AJIEKTPUUECKYI0 SHepruto. Tak kak nmpeoOpasoBarenb SHEPTUU
pPacIoJio’KeH B MOJOTHE BOPOT, TO B €r0 PacCMoOPsKEHUH UMEETCs, HallpuMep, SHEPTHS
nepeMelieHust OJIOTHA BOPOT UJIU JK€ Pa3HOCTh TEMIIEPATyp MEXAY MepBOil U BTOPOil
CTOPOHAMH MOJIOTHA BOPOT.

Bcnien 3a 3TUM pacmosiOKEHHBIN TOXKE B anmnapaType MOJOTHA BOPOT HAKOMUTEb
SHEPTUHU HAKAIJIMBAET MPOU3BEIECHHYIO C TOMOIIBIO TpeoOpa3oBaTeisi SHEPTHH
3JIEKTPUYECKYIO 3HEprur0. HakonuTenbHbINA 3JIEMEHT PACIOJIOXKEH B
HEMOCPEICTBEHHOU OU30CTH K MpeoOpa3oBaTesII0 SHEPTHH.

Tak kak nmpeoOpa3oBaTesib SHEPTUH, HAKOMHUTEIbHBIH 3JIEMEHT, OJIOK JaTYUKOB, a
TaKKe MpUeMO-TepeNaloIuil OJIOK SIBJISIOTCS SJIEMEHTAMHU anmnapaTypbl MOJOTHA
BOPOT, OHH PACTIOJIOKEHBI PSIIOM APYT C APYroM. 3a CYET 3TOTO OTAEJIbHbIE aru
crnoco0a MPOUCXOAAT B PACIOJIOKEHHBIX CTPYKTYPHO APYT BO3JIE Apyra 3JeMEHTax.
OTcrona BBITEKaeT CHHEPTHU3M MEXAY XOO0M MPOLECCa U PACTIONOKEHUEM. DTOT
crnocol peanusyeT Te ke MPEeUMYLIeCTBa, KOTOPbIE ObLIM OMUCAHBI BBIIIE B
OTHOIIEHHH BOPOT.

CoriacHo yCOBEpPIIEHCTBOBAHUIO H300PETEHUS 3aperu CTpPUPOBaHHAS
¢duzmyeckas BeJIMUHMHA SABISETCS 11O MEHbLIEH Mepe OJHUM 3HAUYCHHEM TEMIIePaTypbhl
Ha MOJIOTHE BOPOT, U/UJIM YCKOPEHHUEM MOJIOTHA BOPOT, U/UJIU TMOJIOKEHUEM
MEXaHUYECKOTO BJIEMEHTA, KOTOPBIN 1aeT CBEIEHHUS O COCTOSIHUM OJIOKMPOBKU BOPOT.

3apeructpupoBaHHas Gusnueckas BeJIMYMHA — 3TO BEJUYHNHA, KOTOpAas AaeT
CBEIEHHs O COCTOsIHUU BOPOT. [Ipu 3TOM OHA MOMOTraeT MPOBEPSITh KPUTHYHBIE IS
0e30MacHOCTH WM CYIIeCTBEHHbIE 1Jis1 QYHKLMOHUPOBAHUS MapaMeTPbl BOPOT,
KOTOpbIe HEOOXOAMMBIE JJisl HAAEKHOM, U ONTUMH3UPOBAHHOM, 1, HAKOHEII,
SKOHOMHOM 3KCITyaTallli BOPOT, KaK 3TO OBbLIO OMHUCAHO BhILIE B OTHOLIEHHUH
COOTBETCTBYIOIIHUX YCTPOHCTB B BOPOTaxX.

CornacHo ApyromMy acnekTy u300peTeHus pacKpbIBA€TCs MPUMEHEHUE
npeoOpasoBaTeisi SHePTHH Ui TpeoOpa3oBaHUSI HEIJIEKTPUUESCKONH SHEPTHUH B
3JCKTPUUECKYIO SHEPTHIO JJIsi SHEProCHA0KEHUs PaCIOJIOKEHHOH B MOJIOTHE BOPOT
BOPOT ammapaTypsl MOJOTHA BOPOT C OJIOKOM AATYMKOB IS PETUCTPALMHU IO MEHbINIEH

Mepe OTHOW (PU3NIECKON BEJTUUUHBI.
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Brime Opiin onmucaHel BOPOTa, KOTOPBIE UMEIOT MHTEJIEKTYaIbHYIO U
3JIEKTPUYECKH MOJHOCThI0 aBTOHOMHYIO annapaTrypy MOJOTHA BOPOT. 3a CUYET 3TOrO
BHELIHUI UCTOYHUK MUTAHUS JUIs alnapaTyphl IOJOTHA BOPOT, HAIpUMeEp 4epes
Kabenu, sIBISETCS U3JIHIIHUM.

ArnmapaTtypa MoJOTHa BOPOT COTJIACHO N300pETEHUIO MO3BOJISIET HAZIeKHBIM
00pa3oM BBIMOJHATH MPEANOUYTHTEIbHbBIE CEHCOPHBIE (PYHKIIMH, KOTOpPbHIE
ONTUMUZUPYIOT 3KCILIyaTaLlMI0 BOPOT UJIU )K€ JENIAI0T €€ «MHTEIIEKTYaJIbHONY.

CornacHo Ipyromy acmnekTy u3o0peTeHus BCe pa3bsiCHEHHbIE BbIle QyHKIIMH
anmnapaTypsl IOJOTHA BOPOT U YCTPOINCTBA YIIPaBJIE€HUs] BOPOT MOTYT OCYIIECTBISITHCS
TaK)Ke C MOMOINbIO BHELIHETO UCTOYHUKA MUTAHUS UM 32 CUET MOAAEPKKHU OT
BHEIIHEro HCTOYHMKA MUTAHUs, TO €CTh HE dHepreTuuecku aBTOHOMHO. Hanpuwmep,
anmapartypa MoJIOTHa BOPOT MOXKET UMeTh OaTapero, MHAYKTUBHBIA BHEITHUI
UCTOYHUK MUTAHUS WJIM TUTAHUE C TTOMOLIBIO BOJIOYALIErocs Kades.

CornacHo 3TOMY APYTOMY acIeKTy U300peTeHHs MPenyCMOTPEHbI BOPOTA,
npeXxae BCero ObICTPOXOAHBIE TPOMBIIIIEHHBIE BOPOTA, UMEIOIHE MOJOTHO BOPOT,
KOTOPOE SBJISETCA BEIOMBIM B OOKOBBIX HAIPABIAIOLUINX, U KOTOPOE MEPEKPHIBAET
IIPOEM BOPOT, U KOTOPOE UMEET NEePBYIO0 U BTOPYIO CTOPOHBI, U MIPUBOAHOE
YCTPOMCTBO [UJIsl MEpEMELIEeHsl TOJOTHA BOPOT MEXAY MOJIOKEHUSIMHU OTKPBITUS U
3aKpBITUS], U YCTPOMCTBO yIIPaBJIE€HUS BOPOT AJisd YIPABJIE€HUs NPUBOAHBIM
YCTPONUCTBOM, MPUUYEM YCTPONCTBO yIIPABJIEHUS] BOPOT UMEET MEPBBIN
KOMMYHUKALIMOHHBIN OJIOK, PACIOJNIOKEHHYIO B IIOJIOTHE BOPOT ammnapaTypy MojJoTHA
BOPOT U MO MEHbIIEH Mepe OAUH MCIOJHUTEIbHBIN OJIOK, MPUYEM ammapaTrypa
MOJIOTHA BOPOT MMEET CIEYIOIee: M0 MEHbIIeH Mepe OAUH OJIOK JaTUYUKOB JUJIS
perucTpaiuu no MeHbliei Mepe OgHON (U3NUECKOI BEJIUYUHBI, U, IO MEHbIIEH Mepe,
YaCTHYHO BHEIIHEE SHEPTOCHAOKEeHNE, U BTOPOH KOMMYHUKALIMOHHBIN OJIOK, Tpu4YeM
MepBbId U BTOPON KOMMYHUKAIUOHHBINA OJIOKH OCYIIECTBISIIOT CBS3b APYT C APYTOM
OecnpoBONHBIM 00pa3oM. YCTPOUCTBO yIpaBJieHUs] BOPOT W/UIK ammapaTtypa MoJioTHa
BOPOT COAEPIKAT MO MEHbLIEH Mepe OAHY (YHKIMOHAJIbHYIO BO3MOXKHOCTD (CM.,
HarpuMmep, MpeablayIIue pa3bsCHEHNUs ), KOTOPas peaju3yeT HHTEIIIEKTyalbHOe
yIpaBJieHHE BOPOTaAMHU.

ITpu 3TOM, MPpEeNMYIIECTBEHHBIM 00pa30M, C TOMOIIBIO MO MEHbIIEH Mepe
OHOTO OJIOKAa JATUYMKOB PErHCTPUPYETCS MO MeHbIel Mepe oaHa pusndeckas
BEJIMUMHA, KOTOpasi(-ble) C MOMOILIbIO YCTPOWCTBA yIIPABJIEHUsI BOPOT U/UIHU

anmapatypsl IOJOTHA BOPOT oOpadaTeiBaeTCs(-10TCs) Aajiee, MPUIEM 3TO BbI3bIBAET
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COOTBETCTBYIOIIYIO PEAKIUIO UCIIOJHUTEIBHOTO OJI0KAa U/UIN yCTPOHCTBA YIIPaBICHUS
BOpOT.

B nocnenyroimem, BOpoTa COrjacHO H300pETEHUIO Pa3bACHAIOTCS MoApoOHee Ha
IpUMepax BHINOJHEHUs ¢ MOMOLIbIo ¢puryp ueprexa. [TokasaHo Ha:

Qur. 1 BUJ CIIEpeIU Ha IITOPHbIE BOpoTa | coriacHo n3o0peTeHwuio,

Qur. 2 NPUHLUNIUAIBHASA CXEMA CUCTEMBbI VIIPABJIEHUS sl BOPOT, UMEIOIIas
annapatypy 20 mojaoTHa BOPOT, YCTPOUCTBO 5 yIpaBJIEHUs BOPOT, a TAKXKE MPUBOJHOE
YCTPONCTBO 4,

Qur. 3 NPUHLUHUIHAIBHAS CXeMa Y3JI0B N300pakeHHON Ha ¢ur. |
3JIeKTpUYecKOl annapaTtypsl 20 MOJOTHA BOPOT,

Qur. 4 npeoOpaszoBaTesib 21 3HEPTUU COTJACHO OJHOMY aCIEKTy
uzobpeTeHus,

Qur. 5 npeoOpasoBaTenb 21 3HEPTUU COTJIACHO APYTrOMY aCIeEKTy
n3o0pereHus,

Qur. 6 npeoOpa3oBaresb 21 3HEPTrUU COTIACHO AAJIbHEHIIEMY aCIeKTy
nu300peTeHus.

Ha ¢wur. 1 nokasan Bux criepeau Ha ITOPHBIE BOpOTa | COrIacHO U300pETEHHIO.
CornacHo nzo0pakeHuto Ha pur. 1 mrTopHble BOpoTa 1| UMEIOT MOJIOTHO 2 BOPOT,
KOTOpOE€ JEePKUTCS B OOKOBBIX HANPABJIAKOLINX 3 U CONEPKUT OONBLIOE KOJTHUYECTBO
namenen 12, KOTopble MPOCTUPAIOTCS BAOJb NPOEMa BOPOT NEPNEHAUKYIISIPHO
HanpasJsIOMUM 3.

B nononHeHue K 3TOMY, MOJOTHO 2 BOPOT MOKET UMETh LIAPHUPHBIE JEHTHI 14,
KOTOpbIE ConepikaT OONbIIOE KOJUUECTBO IAPHUPHBIX 3BeHbeB. [Ipu 3TOM 1o 1Ba
NPUAAHHBIX IPYT APYTY MAPHUPHBIX 3B€HA MOTYT OBITh MOCPEACTBOM MPOXOISLIETO
nonepek OOKOBBIX HAMPABISIOMUX 3 MPOQPHIIS ’KECTKOCTH COSTUHEHBI MEXy COOOM
TakuM 00pa3oM, 4TO MApPHUPHBIE JIEHTH! 14 00pa3yrT ¢ PO UIISIMH KECTKOCTH
CTaOWIbHBIN, CrU0aeMBblil IO YTJIOM KapKac.

AnbTepHaTUBHO JaMessM 12 MOJOTHO 2 BOPOT MOXKET COAEPKAaThb CErMEHTHI,
KOTOpbI€, HE CBOPAYUBAsICh B PYJIOH, MOTYT HAallpaBJATbCS B IUMHHOW CUCTEME BBILIE
BOpOT 1, Hampumep Ha motosike. [ToMUMO 3TOTO, TOJOTHO 2 BOPOT MOXKET OBbITh
BBITIOJIHEHO B BUJI€ 3aHaBeCa BOPOT u3 rudbkoro noiusuHmixiopuna (IIBX) ¢
3aMbIKaro el miankou. [Ipu ucnoap30BaHUM aKPUIOBOTO CTEKJA MOJOTHO 2 BOPOT

MOXET OBITh BBIIOJHEHO Mpo3paydHbIM. Tak Kak BOpoTa 1| MOryT ObITh BBHIIIOJIHEHHI B
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BU€ BHYTPEHHUX UJIHM BHEUIHUX BOPOT, TO MOJOTHO 2 BOPOT MOXKET COAEPKATh TAKKE
OKHa WJIU JBEpH.

IToMUMO 3TOro, MOJOTHO 2 BOPOT UMEET 3aMBIKAIOLIUN SJIEMEHT 7, KOTOPBIHA CO
CTOPOHBI MOJIa CHA0XKEH PE3UHOBBIM YIUIOTHUTENEM nin nogobueiM. [Ipu aTom
3aMBIKAK U 3JIEMEHT 7, a TaK)Ke LIAPHUPHBIE 3BEHbS ABJISIIOTCA MOBOPAYNBAEMbIMU
COOCHO C MOBOPOTHBIMU OCSIMU LIAPHUPHBIX 3B€HbEB. B 3aMbIkaromem sieMeHTe 7
HaxoauTcs anmnaparypa 20 moJoTHa BOPOT.

ITonoTHO 2 BOPOT NPUBOAUTCSA B ABUKEHHUE C MOMOIIBIO ABUratens 10
uzobpakeHHOro Ha Gur. 1 mpuBOAHOrO yCcTpoicTBa 4, KOTOpPOE MepeaaeT MOIHOCTD
IABHUTATENsI C MOMOLIBIO MPUBOJAHOTO BaJla U3BECTHBIM caMHM 10 cebe obpaszom. [lpu
5TOM BEJIMYMHA MOIIHOCTH ABHUTATENS ONPEAEIeTCsS TAKIM 00pa3oM, YTOOBI IITOPHBIE
BopoTa 1 mornu ObicTpo (Oosee 1 M/c, mpeuMyiecTBeHHBIM 0OpazoM Ooee 2 m/c)
OTKPBIBATBHCS U 3aKPbIBATHCS.

Ecnu mropHbie BOpoTa 1 HAXOAATCS B 3aKPBITOM COCTOSIHUHU, TO 3aMbIKA NN
3JIEMEHT 7 COCTOUT B KOHTAKTE C HaXOASAIIUMCS CO CTOPOHBI MI0OJIA 3JIEMEHTOM
LITOPHBIX BOPOT 1. B 35TOM COCTOsIHMM TEpMHUUYECKH pa3AeAollee JeHCTBUE U Ke
HEMPOHUIIAEMOCTh IITOPHBIX BOPOT 1 ABIAIOTCS HAMOOJIBIINMHU, TaK YTO
BO3/1yX000OMEH MKy MepBOH M BTOPOH CTOPOHAMHU INTOPHBIX BOPOT 1 B
3HAYUTEJIbHON MepPEe WM MOJHOCTBIO NPEePhIBAETCs. B MOMHOCTBIO OTKPBITOM
COCTOSIHUU OCBOOOXKAEHHAs OT LITOPHBIX BOPOT | Iuiomaab nmpoeMa BOPOT
MakcumanbHa. OHAaKO WTOPHbIE BOPOTAa | MOTYT TakKe COOTBETCTBEHHO
NPOTPAMMUPOBAHUIO YCTPOUCTBA 5 yIpaBleHUsI BOPOT MPUHUMATH JH000€E Ipyroe
COCTOSIHUE MEKY 3aKPBITBIM U OTKPBITBIM COCTOSIHUAMHU. IIpu 3TOM yCTpONUCTBO
yIpPaBJIEHUs] BOPOT MOKET UMETh 3JIEMEHT OOCIYyKMBAHUS MIIH NaHeb S 1
0o0CyKUBaHUS, C TOMOLIBIO KOTOPOH MOJIb30BATENb MOKET 00CIyKUBATh YCTPOMCTBO
5 ynpaBieHus BOPOT.

Ha ¢ur. 2 noka3zaHa npuHIUNHAIBHAS CXE€Ma CHCTEMBI, COCTOSIIIEH U3
3JIEKTPUYECKON annapaTtypbl 20 MOJOTHA BOPOT, YCTPOHCTBA 5 yNpaBJIeHUsl BOPOT, a
TakKe MPUBOJHOTO ycTpoiicTa 4. IIpu 3ToMm, kak n3zodbpaxkeno Ha ¢ur. 1, anmaparypa
20 moJIOTHA BOPOT PACIMOIOKEHA B MOJOTHE 2 BOPOT.

IIpuBogHOE yCTPOUCTBO 4, a TakXK€ YCTPONUCTBO 5 ynpaBJIeHUsI BOPOT MOTYT
OBITH PACIOJIOXKEHBI CTALIMOHAPHO U PSANIOM C MOJOTHOM 2 BOpOT. CBsA3b MEKIY
annapatypo# 20 mojoTHa BOPOT, YCTPONUCTBOM 5 yIpaBJIEHUS BOPOT, a TAKXKeE

NPUBOAHBIM YCTPOUCTBOM 4 MOJKET OCYLIE€CTBIATBLCS Yepe3 PaAuOCBs3b ABY - UIU
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ofgHOHamnpasiieHO. Ecin cBs3b Mexay annapatypoil 20 mojsoTHa BOPOT U yCTPOUCTBOM
5 ynpaBieHHs BOPOT SIBJISETCS OAHOHANPABICHHOHN, N300paK€HHOH CTPENKOoi a) Ha
¢ur. 2, To annapatypa 20 moJOTHA BOPOT BBHINOJHEHA B BUJE Mepeaarolero 0joka, a
YCTPOHCTBO 5 ympaBiieHUs] BOPOT — B BUAe NpUeMHOro osoka. Eciu cBs3p Mexny
annapatypoil 20 noysoTHa BOPOT U YCTPOUCTBOM 5 yIpaBje€HUs BOPOT
OCYILECTBJISIETCS] ABYHATPABJIEHO, Kak n300pakeHo Ha ¢ur. 2 cTpenkamu a) u 0), TO
Kak anmnapatypa 20 nmojgoTHa BOPOT, TaK U YCTPOUCTBO S5 ynpaBJeHUsI BOPOT
BBIMTOJIHEHBI B BUE MpHeMo-niepeaaroimero onoka. [Ipu 3ToM 3aperucTpupoBaHHbIE C
NOMOIIBI0 OJI0Ka 25 MaTYMKOB MMapamMeTpsl yepes npuemMo-nepenarmui omok 241
anmapaTtypsl 20 MOJOTHA BOPOT MEPENAOTCS HA MPUEMO-TIepeNatoIuil 010K
YCTPONCTBA 5 yNpaBieHUs BOPOT.

[Tepenava curranga MeXay MEPBBIM U BTOPBIM MPUEMO-TIEPENAIOIUM OJIOKOM
241, npuMepoM KOMMYHHUKALMOHHOTO OJIOKA, MOKET OCYILIECTBIATHCS Yepes
IBYHAIPaBJICHHYIO JIMHUIO paauocssa3u. Hanpumep, cBsa3p/mepenada MOXeET
OCYIIECTBJISITHCS depe3 ON0Ty3, HanpuMep depe3 mporokossl Baseband, L2CAP wiu
LMP. ITocne ungerTudUKauu NepBOro UM K€ BTOPOTO MpUeMOo-Tepeaarmero 0joka
241 ¢ moMOLBID COOTBETCTBYOMEro 48-0UTOBOrO aapeca MPOUCXOAUT Mepeaaya
JAHHBIX IIOCPEICTBOM IaKeTa AaHHBIX. B kauecTBe nHTepdeiica k 610Kkam
MHUKPOKOHTPOJIJIEPOB MOTYT OBITh IPUMEHEHBI, HAIPUMEP, MOCIEeA0BATEIbHbIN
unrepdeiic RS-232 unu xe muna 12C.

Kaxk ObUIO pa3bsiCHEHO BBIIIE, epeaadya CUTHAJIOB UIIH XK€ CBSI3b MOXET
OCYLIECTBJISTHCSA Yepe3 OJHOHANPABIEHHYI JIUHUK paauocsasu. IIpu sTom B
YCTPOUMCTBE 5 yIpaBjeHUs BOPOT MPEAYCMOTPEH TOJBKO MPUEMHBIN OJIOK, TOTa KaK B
amnmnapaType MoJOTHa BOPOT MPEAYyCMOTPEH TOJbKO Nepenaromui 0JI0K.
OnHoHampaBleHHas Mepenayda JaHHBIX MOXKET ObITh JOCTATOYHOM JJIsI ONpeaesIeHHbIX
BapUaHTOB NIPUMEHEHUs. DTOT BUJ Mepefadyu JaHHBIX 110 CPABHEHUIO C
JBYHaIlpaBJIEHHOU Nepefadyeil JaHHBbIX TaKXe 3KOHOMUT SHEPrUI0, TaK KakK CO
CTOpPOHBI annapaTtyps! 20 MOJOTHA BOPOT 3HEPTHS AJIsl TOTOBHOCTHU K MPUEMY UIIH XKe
IJisl IpUeMa JAHHBIX HE UCIOJIb3yeTCs.

C ycTpoiicTBOM S5 ympaBiieHUsI BOPOT MOTYT OBITh COEAUHEHBI MHOTHE
yCTPONCTBA, KaK HAIPUMEP: MNEPEKI0YaTeb OTKPBITUS, YCTPOUCTBO AUCTAHLIMOHHOIO
yIpaBJIeHUs] UM APYTUE AAaTUYUKHU, KOTOPbIE PETUCTPUPYIOT AUANa30H OTKPBITHUS
BOPOT. YCTPONUCTBO 5 ynpaBiaeHHUs BOPOT YUUTHIBAET HHPOPMALIMIO HIJIH K€ BaXKHbIE

1151 QYHKIIMOHUPOBAHUS apaMeTpbl, KOTOPble IPUHUMAKOTCSA OT APYTHX YCTPOMCTB, U
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yIpaBJsieT IPUBOJHBIM YCTPOHCTBOM 4 TakUM 00pa3oM, YTO OHO OTKPBIBAET HIIH
3aKpBIBAET IITOPHBIE BOPOTA 1 COOTBETCTBEHHO HEOOXOAUMOMY PEXUMY pabOTHI.

Hapsiny ¢ sToit nunpopmauneii, yCTpOMCTBO 5 yrpaBieHHUsI BOPOT MOJIy4aeT OT
anmnapatyps! 20 MOJOTHA BOPOT APYTHeE, BaXKHbIE Ui (YyHKIMOHUPOBAHUS MMapaMeTpBhl.
OTH, BasKHbIe 151 QYHKIIMOHUPOBAHUS IapaMeTPhl TOKE YUUTHIBAIOTCS YCTPOHCTBOM
5 ynpaBieHus BOPOT NpPHU YIPaBJIEHUU NPUBOAHBIM YCTPONUCTBOM 4.

CoenuHeHue Mexay yCTPONUCTBOM S5 yIpaBieHUs BOPOT U NMPUBOIHBIM
YCTPOHCTBOM 4 MOKET OCYLIECTBIATHCA KaK uepe3 kabenb, Tak u 6e3 kabens,
HanmpuMep, Kak MpeACTaBJIEHO BhILIE, yepe3 paauocBs3b. [IpuBogHoe ycTpoiicTso 4
NPUBOAUT B AeHCTBHE MOJOTHO 2 BOPOT B 3aBUCUMOCTHU OT MOJIYyUEHHBIX KOMaH/.

Ecnu, Hanmpumep, ¢ MOMOIIBIO 010Ka 25 TaTYMKOB BBISBISIETCS 3a0JIOKUPOBAHHOE
cocTosiHMe annapatypbl 20 OJIOTHA BOPOT, TO BTOPOH MPUEMO-TIepeaA0IHi OJI0K
241 mepenaet CUTHAJ, KOTOPbIH OTOOpa)kaeT 3TO COCTOSIHUE, HA MEPBBIA MPUEMO -
nepenaromuii 6J10k. YCTpoicTBO 5 ynpaieHuss BOPpOT oOpadaTeiBaeT 3TOT CUTHAT U
OoJsblie HE YIPaBIsAET MPUBOIHBIM YCTPOHCTBOM 4, TIOKa UMEET MECTO
3a0JJOKMPOBAHHOE COCTOSIHHE.

Ha ¢ur. 3 nokasana npuHIUNUAIbHAS cXxeMa QYHKIHNOHAJIbHBIX Y3JI0B
nzo0paxeHHoH Ha ¢ur. 1 u ¢ur. 2 3nekTpomexaHndeckoi annapatypsl 20 mojaoTHA
BOpOT. JTa anmnapatypa 20 mojoTHa BOPOT uMeeT npeodpa3oBarenb 21 sHepruu, 670K
22 ynpaBJieHUs SHepruei, 0ok 23 cOXpaHEHUs IHEPTHH, BEIYUCIUTENbHBIA OJIOK 24,
a Tak)xe OJIOK 25 naTYMUKOB.

IIpeoGpaszoBaTrens 21 3HEPTUU COTIIACHO U300PETEHUIO MOXKET MPeoOpa3OBbIBATD,
HarpuMep, MEXaHUYECKYI0 SHEPTHUIO MOJOTHA 2 BOPOT B JIEKTPUUYECKYIO SHEPTHUIO,
9TOOBI TEM CaMbIM CHA0KaTh 3JIEKTPUUECKUX NOTpeduTeneii B annapatype 20 mojxoTHa
BOpOT. Bo3moskHbIE HOpPMBI BRIMTOJIHEHUS TTpeoOpasoBaress 21 SHEPTHU ONMUCHIBAIOTCS
B nmogpoOHocTsIX Huke. IIpu mpomeccax OTKPBITUS U/HIIM 3aKPBITHS MTpeodpa3oBaTeb
21 sHepruu MOXeT NPOU3BOAUThL AJOCTATOYHYI0 MOIIHOCTb, IO MEHbLIEH Mepe, I
3JIEMEHTAaPHOM 3KCIIyaTalluu 3THX noTpedurteneil. Takum 06pa3oM MOXKHO MOJNYyYHUT,
HanpuMep, MOIIHOCTb B HECKOJIBKO €CATKOB MUJIJIUBATT, YTO AOCTATOUYHO JJis
paboThl COOTBETCTBYIOLIUX MAJOMOIIHBIX KOMIIOHEHTOB. 3a CUET PEryJIupOBKHU
OnokxoMm 22 ympaBlieHUs SHEpTUeH MmojiyueHHas oT npeodpasosarens 21 sHepruu
MOIITHOCTb MOXKET OBITh UCIOJb30BaHA JJIs 3apsiAKu OoKka 23 COXpaHEHUs SHEPTUHU

WJIU TSl CHAOKEeHUs moTpeduTene.
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briok 22 ynpaBieHUs 3HEpTHEH COrJIaCHO M300PETEHUIO NeHCTBYET Kak
uHTepdeiic mexay npeodpasoBarenem 21 sHepruu, O10koM 23 COXpaHEHUs] SHEPTUH U
APYTUMH, cOAepkKaIUMHUCA B annapatype 20 MoJOTHA BOPOT 3JIEKTPUUECKUMHU
norpedurensmu. B nononHenue k 3Tomy, 0510k 22 ynpaBieHUs IHEPTHEH OOBIYHBIM
00pa3oM ¢ MOMOIIBIO MPOCTOH AJTEKTPOHHOH CXeMbI Tpeodpa3yeT NPOU3BEIEHHYIO
npeobpazoBaresnieM 21 sHeprun 3Heprur0 (HaNpsKeHHE, TOK) TaKUM 00pa3oMm, 4TO OHA
MOKET AJUTEJbHOE BPEMs COXPAaHSIThCS B OJioke 23 coxpaHeHus sHepruu. Hanpumep,
NoJIy4eHHOe OT npeoOpazoBaTens 21 sHEPTUN NEPEMEHHOE HAMPSIKEHHUE C TOMOLIBIO
MOCTOBOTO BBIIPSIMHTENS Mpeodpa3yeTcss B MOCTOsIHHOE HanpsikeHue. [1pu sTom 610k
22 ynpaBlieHUs] SHEPTUeH pacCYUTaH TaKUM 00pa3oM, YTO OH CaM UMEET BBICOKHIA
KITJ] u moTpelbiaseT Majio SHEPTHH.

biok 23 coxpaHeHHs SHEPTHU — 3TO, MPEUMY IIECTBEHHBIM 00pa3oM,
KOHJIEHCATOpP ¢ OONBIIOH €MKOCTBIO (10 MEHbIIEH Mepe HECKOJbKO AECITKOB
mukpodapan), Hanpumep «Goldcap» ¢ eMKOCTBIO IO MEHbIIEH Mepe HECKOJIbKO
MuTudapan, KOTOPBIH CIYKHUT I MPOMEKYTOYHOTO COXPAHEHUS MPOU3BEIEHHON
npeoOpa3osaresneM 21 3HEPTUU SJEKTPUIECKON sHEepTHU. biiok 23 coxpaHeHus
SHEPTUH CoenuHeH ¢ O6iokoM 22 ynpasneHus sHeprueil. Tak, 610k 23 coxpaHeHHs
SHEPruu AOJKEH JeJaTh SHEPrU NOCTYMHON s MOJab30BaTenen annapatypsl 20
MOJIOTHA BOPOT COIJIACHO MU300pPETEHHI0 B MOMEHTHI BPEMEHH, KOrJa npeo0pa3oBaTeb
21 sHepruu He NMPOU3BOAUT SHEPTUIO UJIM MPOU3BOAUT €€ CIAUIIKOM Maio. biok 23
COXPAHEHHs SHEPTUU HUMEET, MIPEUMYLIECTBEHHbIM 00pa3oM, MaIyl CKOPOCTh
caMopaspsiaa, 4ToObl COXpaHEHHAs SHEPTUsl MPEAOCTABISAIACH B PACTIOPSIIKEHUE TAKIKE
B TE€UECHUE AJUTENbHBIX MpoMexkyTKOB BpeMeHH u KII/[ annapatypsl 20 nonoTHa
BOPOT OBLIT BHICOKUM.

DnexTpuyueckue norpedurenu annaparypsl 20 MOJOTHA BOPOT COTIIACHO
N300pETEHUIO BKJIIOYAIOT B ce0sl O MEHbLIEH Mepe OJUH BBIYUCIUTEIbHBINA OJIOK 24, a
Takke OJOK 25 natyukoB. BeraucnurenbHbiil 010k 24 UMeeT BTOPOU NP UeMO-
nepenaromuii 6510k 241, a Takxke 0ok 242 o0paboTku curHanos. biok 242 o6paboTku
CUTHAJIOB MOXET OBITh PEAM30BaH C MOMOIIBIO MUKPOKOHTPOJIJIEPA, HAIPUMED
00BIYHOrO 8-OMTOBOTO MUKPOKOHTpOJIIEpA, UK anbTepHaTuBHO B Buae LIITOC
(mudposoii mporeccop 00padoTku curHanos). IToT 050k 242 00pabOTKU CHUTHAIOB
BBIMIOJIHEH, IPEUMYIIECTBEHHBIM 00pa30M, B TEXHOJOTHH YJIbTPAHU3KOH MOIMHOCTH.

bnok 25 nat4yukoB UMeEET MO MEHbILIEH Mepe OAUH AaTUMuK 251 nus peructpauuu

¢du3nuecKoi BeNIUUUHBI, a TaKKe OJIOK 252 KOHAUIIMOHUPOBAHUS CUTHANOB. JlaTumnk
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251 perucTpupyeT Mo MeHblIel Mepe OAuH PU3NUECKUI mapamMeTp, TAKOH Kak
BHEIIHSIS TEMIepaTypa Wik 3a0JIOKHPOBAHHOE COCTOSIHHUE MOJIOTHA 2 BOPOT. biok 252
KOHJIMIIMOHUPOBAHHUS CUTHAJIOB MOKET 00pabaThIBaTh MOJYyYEHHBINH OT gaTynka 251
SNEKTPUUYECKUH CUTHAJ, HanpuMmep GuibTpoBaTh Uinu ycunusartse. I[Tocie aToro
aHAJOTOBBIE 3HAYEHHUsI C MTOMOIIBIO aHAJIOr0-UU(POBOro Npeodpa3oBaTesst MOTYT
npeoOpa3oBbIBATHCS B HU(PPOBBIC 3HAYEHUS IJIs1 0OPaOOTKH B BHIYUCIUTEIBHOM OJIOKE
24. B cinydae HeCKOJbKHX PErHCTPUPYEMBIX (PU3MYECKUX MmapamMeTpoB 0ok 252
KOHAULMOHUPOBAHUS CUTHAJIOB MOXKET MYJbTHUIJIEKCUPOBATH 3JE€KTPUUECKUE
CUTHAJIBI.

Ha ¢wur. 4 u ¢pur. 5 mokazaHo mo ogHON (HopMe BBIMOJHEHUS Mpeodpa3oBaTes
21 sHepruu, KOTOPHIi nMpeodpa3yeT MEXaHUYECKYI0 SHEPTHIO MoJioTHa 20 BOPOT B
3JIEKTPUYECKYH 3HEPTHUIO.

N3o0paxkennsiii Ha ¢ur. 4 mpeodpasosarensb 21 sHepruu paboTaeT HA OCHOBE
UHAYKIMOHHOTO NMpUHIHUNA. J[JIs1 3TOro B MOJIOCTH npeoOpas3oBarens 21 sHepruun
PacCIIOJIOXKEHBI 1BE, HAXOSIIINECS] OAHA HAIPOTUB APpyron npysxkunel 211a u 211b,
KOTOpbIe 00€ MOTYT OTKJIOHATBHCS BJIOJb CBOUX LIEHTPAJIbHBIX OCEH, KOTOPHIE
IPOXOIAT B ONMHAKOBOM HamnpasieHuu. IIpyxunst 211a u 211b ¢ momomsio
kperuieHui 214a u 214b npoyHO coeMHEHBI C 3aMBIKAIOIIUM 3JIEMEHTOM 7.

Ha cBoOoaHBIX, MOABMKHBIX KOHIAX NpyxuH 211a u 211b 3akpenneH Maruut
212. 3a cuér 3TOr0 MarHut 212, KOTOpPBIi MOABEIIEH C BO3MOXHOCTBIO NEepEMELIeHHs
BIOJIb LIEHTPAJbHBIX Ocel mpyxuH 211a u 211b, MoxxeT nBUraThCs Kak B
HampaBJIeHUH OJHOU MpyskuHbI 211a, Tak ¥ B HampaBJIeHUH APyrou npykuHbl 211b.
Crenens cBobonb! f marnuTa 212 pasHa f = 1. DT0 MOkeT OBITH JOCTUTHYTO,
HarpuMep, ¢ MOMOIIBI0 He U300pakeHHOH moaApoOHee TUHEHHON HANPaBIISIIO e
mMarHuTta 212 wiaum 3a cuet AByXCTOpOoHHel nonsecku marauta 212. KoshuuneHTs
KECTKOCTH NPYKUHBI PYkuH 211a 1 211b mo oTHOmEHUIO kK Macce MarHuTa 212
paccuMuTaHbl TAKUM 00pa30M, UTO OHU MO3BOJISIIOT COBEPIIATH (3aTyXaromee)
3HaKomnepeMeHHoe konebanue marauta 212. Eciu tenepp npeobpasosarens 21
SHEPTUU YCKOPSETCs B HAIPaBJIEHUHU, B KOTOPOM SIBJISI€TCS OTKJIOHSIE€MBbIM MariHut 212,
TO K OCHUJLIHpYRO el (konebaTenbHOl) cucteme, cocrosimeit us npyxkun 211a u 211b
u marHuta 212, moagBoauTcs MexaHuvdeckas sHeprus. [Ipu 3Tom ocunnnupyromas
cuctema OyJeT IpoAOJIKATE KOebaThCs, MPekKae BCETO, AaXe TOraa, Koraa
yckopenue npeoOpasosarens 21 sHepruu npekpaturcs. s Toro 4ToObl 1OCTUYD KaK

MOXHO OoJblIero KoysedaHus OCHUIIUPYIOLeH CUCTEMBI, HAIIPABJIEHUS CUJI
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YCKOpPEHUsI, KOTOpble MOTYT AeHCTBOBAaTh Ha NpeoOpas3oBarens 21 sHepruy,
COBIAAAIOT C HANIPABJIECHUSIMHU, B KOTOPBIX SIBJIAETCSA OTKJIOHSAEMbIM Maruut 212.

IToneecka marHuTa 212 monmyckaer COrjlaCHO U300PETEHUIO IMHEHHbIe
OTKJIOHeHUs TakoBoro. CoBnagasi ¢ HUMH, NepeMEIEHNE 3aMbIKAIOIIEero 3J1eMeHTa 7
Ha NPOTSKEHUU OOJBLIOrO AUAINa30Ha TOXKE SBJISIETCS IMHEHHBIM MepeMeleHueM.
CootBercTBeHHO, npeoOpa3zoBaTesb 21 3HEPTUH PACHIONOXKEH B 3aMbBIKAIOIIEM
sJieMeHTe 7 TaKuM 00pa3oM, UTO CTENeHb CBOOOABI ABUIKEHUN (CTENeHb CBOOOABI
nocTynarebHbIX nepemeniennii f = 1) marauta 212 coBnagaer ¢ HampaBlIeHUEM
OTKPBITUS U 3aKpbITUS. 3a cuéT sToro ontumusupyercs KITJ] npeobpazosarens 21
SHEPTHUMu.

B nononneHue k 3Tomy, karymka 213 pacnonoskeHna B mpeoOpasosaree 21
SHEPTUH TaKUM 00pa3oM, 4To MarHutT 212 ABHKETCS BAOJb €€ LEHTPAIbHON OCH.
Takum obpa3om, MarHut 212, Mo MeHbIIeH Mepe, YaCTUYHO ABUXKETCS BO3BPATHO-
NoCTynaTeabHbIM 0Opa3zoM B katymke 213. IIpu 3HakonepeMeHHOM KoJe0aHnu
mMaraurta 212 3a cyetr MHAYKIUHU BbIPadaTHIBAETCS SJIEKTPUUECKast SHEPTHUsI, KOTOpast
NPEeNOCTABISAETCS B PACIOPsKEHHNE Ha BbIXone npeobpaszosarens 21 sHeprun B popme
nepeMeHHoro HanpspkeHus. Ocoboe nmpenmMyIecTBo JuHeiiHOro npeobpazosarens 21
SHEPTUH COTJACHO H300PETEHUI0 COCTOUT B TOM, YTO OH MOXKET OBbITh a1aITHPOBAH K
NpEeABUAUMOMY KBAa3UAECTEPMUHUCTUYECKU JBUXKEHUIO U K MOSBISIOLINMCS BMECTE C
TEM CUJIaM YCKOPEHHs MOJIOTHA 2 BOPOT TakuM obpaszom, uto KII/] cranoBUTCS
MaKCHUMAaJbHBIM HUJIU )K€ BBIXOJ SHEPTHH SIBJISIETCS BBICOKUM. SABisiercs ocobo
NPEeANOYTUTENbHBIM, eCIU peodpa3oBarenb 21 SHEPTrUH PACIIONOKEH B 3aMbIKAIOIIEM
3JIEMEHTE 7, TaK KaK NepeMELIeHUE 3aMbIKAIIEro 3J1€MEHTa 7 O CPAaBHEHHUIO C
APYTUMU 3JIEMEHTAMHU MOJIOTHA 7 BOPOT MPOXOIUT TJIABHBIM 00pa3oM BIOJb MPSIMOH
JUHUHU. 3a CUET 3TOro AEUCTBYIOIINE HA MAarHuT 212 BcleACTBUE MepeMelleHus
MIOJIOTHA 2 BOPOT CHJIBI HHEPLUU NapaJleSbHbl AEHCTBYIOLUM 3a cueT NpyxuH 211a n
211b va maraut 212 cunam. BenenctBue Takoit HanmpaBJIeHHOCTH BO3IEHCTBYIOIIUX HA
marHut 212 cun nepenada sHeprun Ha npyskuHel 211a u 211b ontumusupyercs. Tem
CaMbIM, HAaKOHEI], MOXeT OBITh TOCTUTHYTO 3¢ eKkTUBHOE Mpeodpa3zoBaHUE IHEPTHH.

H3006paxenHslil Ha Gur. S anbrepHATUBHBINA nMpeobpazosaTenb 21 sHEPTUHU
paboTaeT Mo Mbe303JeKTPHIECKOMY MpUHIUNY. B 3aMbIkaroiiem snemente 7
PacCMoOJIOKEH KPENexxkHbIN 31eMeHT 223. Ha 3ToM kpenexHOM 3jieMeHTe 223 OJHUM
CBOUM KOHI[OM YCTaHOBJIEH OCHUIIATOP 221 ¢ n3rudarmmumucs 3JeMeHTaMH,

copepxkamui nBa udrudaromuxcs saeMenTa 221a u 221b ocunnnsaropa. OcuuniasaTop
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221 ¢ u3rubarImUMHUCs 3JIEMEHTAMH — 3TO, IPEUMYIIECTBEHHBIM 00pa3oM,
NbE303JIEKTPUYECKUN 3JIEMEHT, KOTOPBIM U3BECTEH U3 YPOBHs TeXHUKU. Ha npyrom,
cBOOOZHOM, KOHIIe ocumiiATOopa 221 ¢ N3rubarImuMucs 3JIeMEHTAMU 3aKpenieHa
macca 222. Ocummisitop 221 ¢ u3rubarmuMKCs 3JIEMEHTaMH, a Takxe macca 222
PacmooXKeHbl NEPNEHAUKYJISIPHO HAIIPABICHUIO NIepeMeIleHus ToJI0THA 21 BOpOT
TaKkuM 00pa3oMm, 4TOOBI MPU YCKOPEHHUH MOJOTHA 2 BOPOT ocumuiaTop 221 ¢
U3ruOarMMUMHUCS JIEMEHTAMH OTKJIOHSJICSA KaK MOKHO Oosiee 3 eKTUuBHO.

Ecnu monoTHO 2 BOPOT OTKPBIBAETCS MJIM 3aKPBIBAETCS, TO nMpeodpa3oBareb 21
SHEPTUU YCKOPSETCSI BMECTE C MOJOTHOM 2 BOPOT. 3a CUeT NPOTHUBOAEHCTBYIO Lieil
YCKOPEHUIO U AEUCTBYIOIIEN HAa Maccy 222 cunbl nHepUuu ocuuysatop 221 ¢
U3rHOaIMUMUCS 3JIEMEHTAMH OTKJIOHSETCS U CHOBA MPUBOJMTCS B 3aTyXarollee,
3HaKomepeMeHHoe kojebanue. 3a cueT 3TOro ocuuusTop 221 ¢ usrudarmumMucs
3JIEMEHTaMH FeHEePHUPYeT MepEeMEeHHOE HalpsiKeHne, KoTopoe npeodpasosarens 21
SHEPTrUU NPEeNOCTaBIsAET B PAaCHOPsKEHNE HA CBOEM BBIXOJE.

Ocnunnsarop 221 coriacHo U300pETEHUIO C U3TUOAIOIIUMICS 3JIeMEHTAMHU
pPacrnosoXeH NepNeHANKYISIPHO HAIPaBJIEHUIO NepeMeLIeH sl IOJOTHA 2 BOPOT TaKUM
0o0pa3oM, 4TO MPH YCKOPEHUH MOJOTHA 2 BOPOT OH JOCTUIAET CBOEr0 MaKCHMAJbHOTO
orkioHeHus. Ocumnnsarop 221 ¢ u3rndarmuMucs 3JeMeHTaMH PaCIOJIOKEH TaKUM
0o0pa3oM, 4TO OH UMEET I10 CYL[ECTBY TOJIBKO OJJHY MOCTYNATENbHYIO CTEIEeHb
cobonnbl (f=1). Tak kak ocuumaTop 221 ¢ u3rubarUUMUCS 3J1eMEeHTaMH 3aKaT C
OJHO¥ CTOPOHBI U Ha ero CBOOOJHOM KOHIIE 3aKperyieHa Macca 222, sta macca 222
MOJKET ellle YCUIIMBATh OTKJIOHEHHE ocuIsgTopa 221 ¢ u3rubarImuMucs
snemeHTamMu. Cuia TSKECTH U TOUKa BO3AEMCTBUS Macchl 222 Ha ocuuystop 221 ¢
U3ruOarIMMUMHUCS JIEMEHTAMH, a TAK)KE pacyeT caMoro ocuuiusatopa 221 ¢
U3ruOarIMUMHUCS JIEMEHTAMH, HAIpUMep IJIMHA, TOJIIHNHA U MOJYJb YIIPYTOCTH,
BBIOpaHbI TAKUM 00pa3oM, 4TOOBI MOJYYEHHOE 3JIEKTPUUECKOE HANPsKeHHuEe ObLIO
MaKCHUMaJIbHBIM.

Ha ¢ur. 6 nzoOpaken TepMosiekTpuueckuii npeodpasosarens 21 sHeprum.
TepmosnekTpuueckuit mpeodpazoBarens 21 3HEPTUH UMEET TETIIONMPOBOASLINE
NPOMEXYTOUYHBIE 3JIeMeHTHI 23 1, mpenmyInecTBeHHbIM 00pa3oM niaacTuHbl 231, mus
3JIEKTPUYECKOTO U30JMPOBAHUs, & TAKXKE IO MEHBbIIEW Mepe OAUH TEPMO3JIEMEHT 232.
Haxopsmuecs HanpOTUB APYT Apyra NPOMEKYTOUYHbIE 3J€MEHTHI 231, UIu NJIaCTUHBI
231, yCTaHOBJIEHBI B JIaMEJIH TAKUM 00pa3oM, YTO COOTBETCTBYOMIas mactuHa 231

TEPMUYECKH COEMHEeHA C COOTBETCTBYIOLIEH CTOPOHOI JIaMel MOJIOTHA BOPOT, TaK
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YTO Ka)XkAasl U3 IUIACTUH MOXET MPUONU3UTENbHO IPUHUMATh TEMIIEPATYPY
OKPY2KaKIIEeH Cpeabl NEPBOU UIIU )K€ BTOPOU CTOPOHBI BOPOT. IlonoTrHOM 2 BOpOT
O0OBIYHO pa3eNsATCs MPOCTPAHCTBA UM apeasibl, KOTOPble OOBIYHO MOTYT UMETH
pasHble TemnepaTtypbl. Hanpumep, nepsasi cTopoHa U BTOpas CTOpPOHA MOJIOTHA 2
BOPOT MOTYT OBITh OOpaIeHbl COOTBETCTBEHHO K BHYTPEHHEH U BHEIIHEHW CTOPOHE
34aHUS.

B pesynbraTe Mexay COOTBETCTBYIOIIMMH BHYTPEHHEH U BHEIIHEH CTOPOHAMH
noJIoTHa 2 BOPOT 0ObIYHO npeobnanaeT pasHocts ATa Temnepatyp. Hanpuwmep,
BHYTPH NOMEILIEHHS 3a cueT 000TpeBa MOMENIEHHS] MOKET UMEThCs Oojiee BBICOKas
OKpYXKampIlasl TeMIepaTypa, 4eM 3a IpeaejamMu NOMEIEeHUs1, BCJIEACTBUE Yero Toraa
MPOMEXKYTOUYHbIE 3JIEMEHTBI, UJIU )K€ MIIACTUHBI 231, TOKEe UMEIOT COOTBETCTBYIOLIUE
pasHble TEMIIEPATYPHI.

IToMuMO 3TOro, MO MEHbIIEN Mepe OJUH TEPMOSJIEMEHT 232 pacnoI0KEeH MEXKAY
obenmu mutactuHaMu 231 TakuM 00pa3oM, YTO €My COOOIMAOTCS TEKYIHe pa3HbIe
YPOBHHU TE€MIEPaTyphl, TAK YTO MEXAY NPOTUBOJIEKALUMU TOBEPXHOCTAMU
TepMmosieMeHnTa 232 umeer MecTo pasHocTb ATi Temneparyp. B xadecTBe marepuana
UCIIONB3YIOTCS TEPMOAJIEKTPUIECKHE MaTepHaibl ¢ OonbuuMu 3HaueHusiMu Z T, Takue
KaK psibl CMEIIaHHBIX KPUCTAJIOB, cocTrosimue u3 Bi,Tes ¢ Bi;Se; u Sb,Tes.

Jlnst Toro 94ToOBI MONYYHUTh OOJbLIIEE HANPSKEHHUE, HECKOJIBKO TEPMO3JIEMEHTOB 232
MOTYT OBITh BKJIIOYEHBI MocaenoBaTenbHo. ClenoBaTeabHO, Ha MOJOTHE 2 BOPOT
MOJKeT OBITh HCIOJIB30BaHA OoJiee 3HAUNTENbHAS MJIOMAAb, KOTOpas Mpu
HeOOXOMMOCTH MOKET MPOCTHPATHCS MO BCell MUpHHE MOJoTHA 2 BOPOT. Tak Kak
NOJIyYeHHOE HampsiKeHue 3aBUCHUT OT pazHocTu (ATi) TemnepaTyp, a Takke OT
KOJIMYECTBA TEPMO3JIEMEHTOB 232, TO BCIEACTBUE Pa3bsICHEHHBIX BBILIE
criennu(pUIECKUX XapaKTEPUCTHK MOJOTHO 2 BOPOT MPUTOAHO IJISl MMOJYYEHUS] SHEPTHU
TEPMO3JIEKTPHIECKUM CIIOCOOOM.

IToTenuunanpHO UCHOAb3yEMasl MJIOMWAAL IPOCTUPAETCA IO BCEMY MOJOTHY 2
BOPOT, BCJIEACTBUE YETO MOXKET OBITh YCTAHOBJIEHO OOJBIIOE KOJIUUECTBO
TEPMO3JIEMEHTOB 232 UJH K€ MOTYT OBITh UCIOJIB30BAHBI TAK)KE OONBIIHE
TEPMO3JIEMEHTBI.

MecTo YyCTAaHOBKH CaMOTO IOJIOTHA 2 BOPOT BCJIEACTBUE €ro CrenupuuaecKkoro
NPUMEHEHHUs] B Ka4€CTBE Pa3AeJIUTEIbHOIO 2JIEMEHTA MEXAY Pa3JIudYHbIMU
NOMELIeHUSIMH, KOTOPBIE Yallle BCEro UMEIOT pa3Hble YPOBHHU TEMIIEpaTyp, TOXe 0c000

IPUTOAHO AJIsl IPUMEHEHUsI TEPMOAJIEKTPUUeCKOoro npeodpasosarens 21 sHepruu. 3a
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CYET 3TOr0 TEPMOIJIEKTPUUECKUH TpeodpazoBaTens 21 sHeprun MoxeT 3P PeKTHBHO
3apsKaTh 3JIEMEHT 23 COXpPaHEHUs SHEPTUH, a Tak)ke CHa0KaTh 3JIEKTPUUECKUX
notpebureneit annmapatypsl 20 MOJIOTHA BOPOT 3JIEKTPUIECKON SHEPTHEH.

310 nzobpereHue, HapsAy C pa3bsICHEHHBIMU (POPMaMHU BBITIOJHEHHS U
acleKTaMH, IOMYyCKaeT Jpyrue MPUHLMIIBI BHINOJHEeHUA. Tak, OTAeNbHble TPU3HAKU
pa3HbIX GOPM BBITIOJIHEHHS U aCTIEKTOB MOTYT Tak»xe JII0ObIM 00pa3om
KOMOMHUPOBATHCS MEXKIY COOOM, €CIIU Ui CIeIHalucTa OYE€BUIHO, YTO 3TO SIBJISETCS
BBITTOJTHUMBIM.

Tak, HampuMep, MOTYT KOMOMHUPOBATHCS MEKYy COOOM pasHbIe,
NpEeACTaBICHHBIEC BBILIE CTPYKTYPbI/IPUHIUIIBI, 0a3UPYIOIINECsS Ha JaTYuKax. 10 ecTh,
ammapaTypa MoJOTHa BOPOT COTIACHO U300PETEHUI0 MOXKET UMETh, HAPUMED, JATUUK
CTOJIKHOBEHHS U OONBINOE KOJUYECTBO NaTYNKOB TEMIIEPATYPHI.

IIpeobpazoBaTesib SJHEPTUU TAKKE MOXKET UMETh, HATIPUMED, JIMHEHHBII
reHEPaToOp U TEPMOBJIEMEHT, 3a CUET Yero 31€Cb MOTYT OBITh CKOMOMHHUPOBAHBI MEXIY
co00i1 pazHble, MPENCTaBICHHbIE BBIIIE NPUHIUIBI TPEeo0pa3OBaHUS SHEPTUU.

IToMuMO 3TOr0, aIbTEPHATUBHO B 3JIEKTPOMEXaHUYECKOM IpeodpasoBaTee
SHEPTUH MOTYT OBITh MPUMEHEHBI TAKXKE IPyrue MeXxaHndeckue cpeactsa. Hanpumep,
MOXET OBITh IPUMEHEHA TAK)XKE JUHAMO-MAIINHA C OMHON OChIO U C HKCLEHTPUYECKHU
3aKpEIJICHHON Ha 3TOW OCH MAaCCOH.

BopoTa cornacHo n300peTeHno, KOTopble ObLIN Pa3bsiCHEHBI BBILIE HA TPUMEpPE
IITOPHBIX BOPOT, MOTYT OBITh, HAIIPUMeEP, TAKXKE CKIAABIBAIOLIUMHUCSI BOPOTAMHU HUIIU
IOBOPOTHBIMU BOpOTaMH. Tak, COrIacHO N300PEeTeHNI0 OXBavYeHbl BCE BOPOTA, B
KOTOPBIX MOJIOTHA BOPOT UCIBITHIBAIOT 3aJJaHHOE MEePEeMEIIeHHE UITH JKE€ TPOXOIST
3a7JaHHYI0 TPAEKTOPUIO JBUKEHHSI.

B nononHeHme k 3TOMY, anmaparypa mojoTHa BOPOT He 00s3aTeIbHO OJIKHA
HaXOJIHUThCS B (HUIKHEM) 3aMBIKAIOIEM dJIEeMeHTe TOJIoTHA BOpoT. Tak, amnaparypa
MOJIOTHA BOPOT MOJKET OBITh pa3MelleHa Tak)ke B JIIDOOM JPYyroM MecTe MOJOTHA
BOPOT, HaIIpUMep B CEpEeANHE.

AnmapaTtypa MoJIOTHa BOPOT NMPUHIUIIHAIBHO MOKET HMETh TakKe Apyrue (He
nzobpaskeHHble HA GUT. 3) Y316, HATPUMEP MOTPEOAIOIMIE MAJIO SHEPTUH 3JIEMEHTHI
UHAVUKALHH.

H300paxenHoe Ha Gur. 1 MOJIOTHO BOPOT MOXKET MEPEABUTaThCSI CHU3Y BBEPX U
HaoOopot. CornacHo N300PETEHNIO OXBAYEHBI, OJHAKO, TAK)KE BOPOTA, MOJIOTHA BOPOT

KOTOPBIX MOTYT NECPEABUTATHCA TAKKEC B APYTrUX HANPABJICHUAX, HAIIPUMED B CTOPOHY.
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OOPMVYIJIA U30BPETEHM A

1. Bopota (1), npexnae Bcero ObICTPOXOAHbBIE MPOMBIIIJIIEHHBIE BOPOTA,
UMeEIoLIne:
HOJIOTHO (2) BOPOT, KOTOPOE HaNpaBJisieTcss B OOKOBBIX HaMpaBisAomux (3), u
KOTOPOE MePEeKPbIBAET MPOEM BOPOT, H KOTOPOE UMEET MEPBYI0 U BTOPYIO CTOPOHY, U
MPUBOAHOE YCTPOUCTBO (4) mJisi mepeMeleHus nmojoTHa (2) BOPOT MeKay
MOJIOKEHUSIMU OTKPBITUSL M 3aKPBITHS, U

yCTpOHCTBO (5) ynpaBiaeHHs: BOPOT JJIsl yIPABJIEHUSI TIPUBOIHBIM YCTPOHCTBOM
(4), mpuuem ycTpoiicTBO (5) ynpaBlieHUs BOPOT UMEET MEePBbIH KOMMYHHKALMOHHBINA
OJI0K,

PacCIOJIOKEHHYIO B MOJOTHE (2) BOPOT, 3JEKTPUIECKH aBTOHOMHYIO almnaparypy
(20) moyoTHA BOPOT, HMEKIIYIO:

1o MEHbIIEH Mepe OauH 00K (25) NaTUMKOB ISl PpErUCTPALUH IO MEHbLIEH
Mepe OHOW PU3NUECKON BEIUUHHBI, U

npeoOpaszosarenb (21) sHepTHH, KOTOPBIH Mpeodpa3yeT HEeINEKTPUUECKYIO
SHEPTHUIO B 3JIEKTPUUECKYIO SHEPTHUIO, U

BTOPOH KOMMYHHKAIIMOHHBIN 00k (241), mpuueM nepBulil U BTOPOH
KOMMYHUKALIMOHHbIE OJIOKH OCYIIECTBJISAIOT CBA3b APYT C IPYroM OECNpOBOIHBIM
obpaszom, u

1O MEHbIIEH Mepe OIUH UCMOJHUTEIbHBINA OJ0K (26).

2.  Boporta (1) mo . 1, mpuuem npeoGpaszosarenb (21) sneprun npeodpasyer
MMEIOIIYIOCS BCIEACTBUE NMEepEeMELIeHHs MOJOTHA (2) BOPOT MEXaHHYECKYI0 SHEPTHIO

B DJIEKTPUUECKYIO SHEPTHIO.

3. Bopota (1) mo n. 2, mpuuem npeobpaszoBarenb (21) sHeprun uMeeT
MEeXaHUYECKUH 3JIEMEHT COXPaHEeHHS SHePrUH, MPEeUMYIIEeCTBEHHBIM 00pa3oM
NPYKUHY, U YCTAHOBJIEHHYIO Ha HEel, CTOCOOHYIO K KOJIeOaHHUsIM Maccy, 3a CUET 4Yero
OH TIpeo0pa3yeT yCKOPSIINECs MepeMeleHns moJoTHa (2) BOPOT B 3aTyXaroIlHe,

3HAKONIEPEMECHHDBIC KOJieOaHHsI MaCChI.
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4.  Bopota (1) mo n. 2 unu n. 3, npuuem npeodpazosarens (21) sHepruun
BBIMTOJIHEH TaKUM 00pa3oM, 4TO OH padoTaeT Mo MHAYKIUOHHOMY NPUHLIHUNY WUIIU 11O

MbE303JEKTPUUECKOMY MIPUHLUITY.

5. Bopora (1) no n.m. 2-4, npuuem npeodpazoBarens (21) sHepruu ABIseTCA
JUHEWHBIM F€HEePaTOPOM, U CTeMeHb CBOOOABI Macchl npeodpazoBarens (21) suepruu
= 1, u cTeneHb CBOOOABI MACChI IPENYCMOTPEHA TaKUM 00pa3oM, YTO OHA COBMAAET C
CYIIECTBEHHBIMHU HAMPABICHUSIMH YCKOPEHHUS 3aMBIKAIOIIETO 3jeMeHTa (7) MmoJIoOTHA

(2) Bopor.

6. Bopota (1) mo n. 1, mpuuem npeodbpazosartens (21) sHepruu siBysieTCst
npeobpa3zoBaTesieM TEIUIOBOI SHEPTHH B HANPSKEHHE, KOTOPBIH PACIONOKEH TAKHUM
0o0pa3oM, 4TO OH /ISl MPOU3BOJICTBA 3JIEKTPHUECKON sHepTrun AJs annapatypsl (20)
MIOJIOTHA BOPOT UCMOJB3YET PA3HOCTh TEMIIEPATYP MEXAy NEePBOM U BTOPOU

CTOPOHAaMH TOJIOTHA (2) BOPOT.

7.  Bopota (1) mo ogHOMY U3 IPEeAIECTBYIOMUX NTYHKTOB, MPUYEM MOJOTHO
(2) BOpoT nMeeT 3aMbIKaO Ui 3eMeHT (7), Mo MeHbIIel mepe onuH 010k (25)
JATYMKOB UMEET JaTYUK CTOJKHOBEHMS, KOTOPBIM PACIOJOKEH B 3aMbIKAIOIIEM

snemente (7).

8. Bopora (1) mo ogHOMY U3 MPEAIMIECTBYIOIUX MYHKTOB, TPUYEM MOJOTHO
(2) BOpOT uMeeT OIOKUPYIOIIEe YCTPOUCTBO, U MO MeHbIel Mepe oauH 010k (25)
IATYUKOB UMEET AATYUK OJOKMPOBKH, KOTOPBIM pEruCTPpHUPYET 3a0JIOKUPOBAHHOE
COCTOSIHHE OJIOKMPYIOIIEro yCTPOHCTBa, 1 puyeM amnmapatypa (20) mojaoTHa BOpOT
nepenaeT 3a0JIOKUPOBAHHOE COCTOSHHE MEXAHHUYECKOTO HIJIH BJIEKTPUUECKOro
ONOKHMPYIOIIEro YCTPOUCTBA HA YCTPOHCTBO (5) ynpaBieHUs] BOPOT, U €CJIU MOJIOTHO

(2) BOpOT 3a010KHPOBAHO, YCTPOHUCTBO (5) yrnpaBieHHs: BOPOT OJIOKUPYET MPUBOI.

9.  Bopota (1) mo ogHOMY U3 IpEeAIIECTBYIOMUX MYHKTOB, IPUYEM
OJIOKHMpYIOIee YCTPOHCTBO SIBJISETCS MEXAHUYECKUM UJIU SJIEKTPHUECKUM

yCTPOMCTBOM, HallpUMEP BBIKJIIOUATEIIEM.
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10. BopoTa (1) mo ogHOMY M3 MPEAMEeCTBYIOIMHUX MYHKTOB, MPUUYEM I10
MeHbIIel Mepe onuH 0JIOK (25) NaTUMKOB UMEET NJAaTYUKU TeMIEPaTypPhl, KOTOPbIE
PEeruCTPUPYIOT PA3HOCTh TEMIIEPATYP MEXKIAY NEePBOH M BTOPOM CTOPOHAMH IMOJOTHA
(2) BOpOT, W/ WU OaTYMKK BHELTHEW TeMIepaTypbl W/ WK AATYUKUA YCKOPEHUS IJIs

perucTpanuu HampaBJIeHUs YCKOPEHUs MOJ0THA (2) BOPOT M €ro yCKOPEeHUsl.

11. Bopota (1) mo oqfHOMY U3 IPEAUIECTBYIOIUX NYHKTOB, MPHYEM IO
MeHbIIel Mepe onuH 0JIOK (25) NaTYMKOB UMEET NaTUYUKHU TeMIIepaTypbl, MpUYEM
U3MepeHHas Pa3HOCThb TeMIlepaTyp nepenaercs annaparypoi (20) mosoTHa BOPOT HA
yCTPOHCTBO (5) ynpaBieHHusl BOPOT, KOTOPOE TaKUM 00pa3oM OLICHUBAET

HEMpPOHUIaeMOCTh BopoT (1).

12. Bopota (1) mo oqHOMY U3 IPEAUIECTBYIOIHUX NYHKTOB, IPUYEM IO
MeHbIIel Mepe onuH OJIOK (25) MaTYMKOB UMEET MO MEHbIIeH Mepe OIUH JaTYUK
BHEINHEH TeMIlepaTyphl, MPUYEM H3MEPEHHAS BHEIIHAA TEMIIepaTypa nepenaercs
anmnapatypoii (20) mosoTHa BOPOT Ha YCTPOUCTBO (5) yIpaBieHHUs] BOPOT, KOTOPOE
NOCPEICTBOM CPaBHEHUS NPEABAPUTEIBHO YCTAHOBIEHHOTO IIOPOTrOBOTO 3HAUECHUS C
M3MEPEHHON BHEUIHEN TEMIIEPAaTypOU COBEPIIAET NEPEKIUYEHUS MEXKAY JE€THUM U
3UMHHUM PEXUMOM paloThl, IPUYUEM IIPHU JIETHEM pexkuMe paborsl Boporta (1) B ux

IMOJIOKCHHNH 3aKPBITHA 3aKPBIBAKOTCA HE IMOJTHOCTHIO.

13. Bopota (1) mo onHOMY M3 MPEAIIECTBYIOUIUX MYHKTOB, TPUYEM I10
MeHbIIel Mepe oauH 0JIOK (25) maTYMKOB UMEET MO MEHbIIeH Mepe OIMH JaTYUuK
YCKOPEHHUs], U U3MEpPEHHbIe MOCPEACTBOM AaTUMKA YCKOPEHUs 3HAUEHHS MepeaarTCs
anmnapatypoi (20) mosioTHa BOPOT HA YCTPOUCTBO (5) yNpaBieHHUs] BOPOT, MPHIEM
yCTpoucTBO (5) ynmpaBieHus BOPOT MOCPEACTBOM CPABHEHHUS 3HAYEHUH YCKOPEHUS IO
MeHblIell Mepe C OJJHUM NpPeaBapUTEIbHO YCTAHOBIEHHBIM NIEPBbIM IIOPOrOBBIM

3HAYCHHEM YCKOPEHHS OLICHUBAET, MOBPEXKACHBI JIM WU U3HOLIEHBI 1 BopoTa (1).

14. Bopota (1) mo oqHOMY U3 IPEAUIECTBYIOIMHUX NYHKTOB, MpuU4eM OJIoK (25)
IATYNKOB MMEET MO MEHbIIEH Mepe OMH JATUYUK YCKOPEHHS, U U3MEpPEHHbIE
NOCPEACTBOM JaTUMKA YCKOPEHUS 3HAUEHHUs nepenaroTcs annaparypoi (20) mosorHa
BOPOT Ha YCTPOMCTBO (5) ympaBlieHHsI BOPOT, IPUUEM YCTPOICTBO (5) ynpaBieHus

BOPOT MOCPEACTBOM CPaBHEHUs 3HAYEHUM YCKOPEHUS IO MEHbLIEH Mepe ¢ OJHUM
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NPEABAPUTENIBHO YCTAHOBJIEHHBIM BTOPBIM MOPOrOBBIM 3HAYEHUEM YCKOPEHUs
OLIEHHWBAET, OBLIN JIM BBHIMOJHEHBI HAa BOpoTax (1) HeIONMyCcTUMBbIE MOJb30BATEIbCKUE

HAaCTPOUKHU.

15. Bopota (1) mo oqHOMY U3 IpeALIECTBYIOIMUX NYHKTOB, IPUYEM
ammapaTtypa HoJIOTHa BOPOT, IOMHMO 3TOTO, UMEeT:

0ok (23) coxpaHeHUsI SHEPTHH ISl COXPaHEHUsI TPOU3BEIEHHON
npeoOpa3oBareseM (21) sHEPTUH 3JEKTPUUECKON SHEPTHH, U/ UITH

0ok (22) ynpaBjeHUs SHePTUEH JJIsl yIpaBIeHUs MPOU3BEIEHHON
npeobpazosarenem (21) sHeprun 3HEepruei, u/unu

BBIYUCIUTEIbHBINA OJIOK (24), mpuyeM BBIYUCIUTENbHBIA OJ0K (24)

baxkynpTaTUBHO UMeeT 0JIOK 00pabOTKMU CUTHAJIOB W/HJIM UCTIOJHUTENbHBIA OJI0K (26).

16. Bopota (1) mo oqHOMY U3 IPEAUIECTBYIOIHUX MyHKTOB, MPUYEM
anmaparypa (20) mosorHa BOpOT uMeeT npeodpasosarenb (21) snepruu, 6ok (22)
yIpaBJieHUs sHepruei, 610k (23) coxpaHeHHS SHEPTHH, BBIYUCIUTENbHBIN OJ0K (24),
Os0k (25) 1aTYKUKOB U MO MEHbIIEH Mepe OIMH UCIIOJHUTENbHBIN 00K (26) 1
oOpasyer 3HEepreTHYeCK: aBTOHOMHBIN CHUCTEMHBIN OJIOK, MpuYeM npeoOpa3oBaHHas U
COXpaHEHHas SHePrus MCIOJIb3yeTCs AJ SHEPTOCHAOXKEHHS STUX KOMIIOHEHTOB,

npuYeM nojaava Ha annaparypy (20) mosoTHa BOPOT BHEIIHEH dHepruu He TpedyeTcs.

17. Bopota (1) mo omHOMY M3 MPEAIIECTBYIOIIUX MYHKTOB, MPUYEM
anmnapaTtypa (20) nmonoTHa BOpoT oOpa3yeT HHTErPUPOBAHHBIN y3€J H/WUJIU anmnaparypa

(20) monoTHA BOPOT pacrojiokeHa B 3aMbikatoeM sjieMenTe (7) mojaoTHa (2) BOPOT.

18. Cnocob nns Bopot (1), mpeskae BCero st ObICTPOXOIHBIX MPOMBIIIIEHHBIX
BOPOT, BKIIOYAKOIHI B ce0s:

npeobpa3oBaHUE HEIJIEKTPHIECKON SHEPTUH B SJIEKTPHUYECKYIO SHEPTHIO
nocpeacTsoM npeodpasosarens (21) sHepTUU pacmoOKeHHOH B moJioTHE (2) BOPOT
BopoT (1) anmapatypsl (20) mosoTHa BOPOT,

COXpaHEHHE 3IEKTPUUECKON 3Hepruu B Oyoke (23) COXpaHEHUs SHEPTUU
anmnapatypsl (20) mosoTHA BOPOT,

pPErucTpamuio no MeHblIeH Mepe OJHON PU3NUEeCKON BEIUMUYUHBI C TOMOIIBIO 1O

MeHbIIel Mepe onHOTo OJ0Ka (25) natuyukos annapatypsl (20) mojoTHA BOPOT,
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nepenavy 3aperucTpupOBaHHON (U3NUECKON BETMYNHBI TOCPEACTBOM
KOMMYHHUKaLHOHHOTO Osioka (241) anmapaTtypsl (20) monoTHa BOPOT HAa CTALMOHAPHOE
yCTpOoHCcTBO (5) ynpaBieHHUs: BOPOT, KOTOPOE NMPEAYyCMOTPEHO [ YIIPaBIeHUs
IPUBOJHBIM yCTpoiicTBOM (4) BopoT (1), mpuuem nepenady OCyIIECTBISIIOT
OecpoBOAHBIM 00pa3oM, U NMPUYEM LIAr PErUCTPALUU U LIAT MePeaadr IPOUCXOIAT
IpH, IPEUMYIIECTBEHHBIM 00pa30oM, HCKIIOYUTEIbHOM HCIIOJb30BAHUHN COXPAHEHHON

3JIEKTPUYECKON SHEPTHUH.

19. Cmnocob no n. 18, mpudem 3aperucrpupoBaHHas Gpu3nyecKkasi BeJTUINHA
SIBJIIETCS IO MEHbINEH Mepe OHON TeMmepaTypoil Ha mojoTHE (2) BOPOT u/unu

YCKOpEHHEM MOJIOTHA (2) BOPOT.

20. Ilpumenenue nmpeoOpaszoBarens (21) sHepruu s npeodpa3zoBaHUs
HE3JIEKTPUUYECKON SHEPTUHU B JEKTPUUECKYIO 3HEPTUIO AJIs SHEpTroodecneueHus
pacroyioXXeHHO! B moyoTHE (2) BOpoT BOpoT (1), 3IE€KTPUIECKN aBTOHOMHOM
anmapatypsl (20) moJoTHA BOPOT MO MeHbIIEH Mepe ¢ OOHUM OJIOKOM (25) 1aT4uKOB

11l pETUCTPALMK IO MEHbLIEH Mepe OJHON (PU3NUYECKONH BEIUUUHBI.
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