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YCTPOMCTBO, TEHEPUPYIOIIEE ITAP, U CHCTEMA JJIA TEHEPUPOBAHUSI
ITAPA

Hacrosimee n3o0pereHne OTHOCUTCS K Y37y WHAYKLMOHHOTO HarpeBa Ui yCTPOWCTBA,
TeHEePHUPYIOLIEro nap. Y CTpOoNCTBa, B KOTOPBIX IPOUCXOAUT HATPEB, 4 HE CTOPAaHUE, BEILECTBA IS
00pa30BaHMsI BABIXaEMOTO apa, CTAJIH MOIYJIIPHBIMH Y NOTpeOHUTENeH B IOCIEIHUE TO/IbL.

B Takux ycTpoiCTBaX MOKET MCIONb30BATHCA OAUH U3 PsiAa Pa3iMUYHBbIX MOAXOAOB AJIs
NoABO/a Teruia K BemecTBy. OMUH Takol MOAXOJ 3aKJII0YAeTCsl B YCTPONUCTBE, T€HEPHUPYIOIIEM
nap, B KOTOPOM HCHOJBb3YyeTCs CHUCTEMa HWHAYKLHUOHHOIO HarpeBa. B Takom ycCTpoONCTBe
WHIYKIMOHHAs KaTylIka (Jajiee TakKe HasblBaeMas WHIYKTOPOM) TMPEOyCMOTpEeHa C
YCTPOWCTBOM, M TOKOINPUEMHUK INPEIyCMOTPEH C BELIECTBOM MJii TE€HEPUPOBAHMS Hapa.
DNeKTPOIHEPTusl MOAAETCS Ha MHAY KTOP, KOT/a M0JIb30BaTelNb AKTUBUPYET YCTPONCTBO, KOTOPOE,
B CBOK Oue€pedb, CO3[aeT 3JIEKTPOMAHUTHOE MoJje. TOKONPUEMHHUK CLEINISeTCs C MOJEM U
TeHEpUPYET TEIUIO, KOTOPOE MePEaeTcs BEIECTBY, U 110 MEpPE HarpeBaHus BellecTBa oOpasyercs
nap.

Takoit momxon UMeeT OnpeneeHHbIN MOTEHINAI IJIs1 00eCTIeUeHHs JIy YIIero KOHTPOJIS 32
HAarpeBoOM, U, CJIEOBATENbHO, 3a reHepupoBaHueM napa. OIHAKO Ha MPAaKTUKE TaKOW MOJAXOA
MOXET TIPUBECTH K TMIOJNYYEHHIO OTHOCHUTENIbHO TPOMO3JKOIO YyCTPOWCTBA € OOJBIINM
KOJINYE€CTBOM KOMIIOHEHTOB. DTO MOXET CAeNIaTh €ro JOPOT'HM Il H3TOTOBJIEHHS U HEY JOOHBIM
JUTs1 IOJIb30BATENIEN, KOTOPBIE PACCYUTBIBAKOT HA MIPOCTOE U KOMITAKTHOE Y CTPONCTBO.

[Tonp30BaTeNM OXHUIAOT, YTO TaKO€ YCTPOHCTBO OyAeT mnepe3apssKaeMbIM, TaKUM
0o0pa3oM, >KelaTesbHO NPEeJOCTaBUTh O€30MacHYH U HAAEKHYH CHCTEMY U Hepe3apsaku
yCTpOIiCTBa, reHepupyrommero nap. OQHaKO yCTaHOBKA TaKOW CHUCTEMBbI Mepe3apsiiKi BMECTe C
nepe3apsokaeMbIM - UCTOUYHHUKOM THTaHHUST MOXKET MPUBECTH K eme OOoJblIeMy KOJIUYECTBY
KOMITOHEHTOB B TPOMO3IKOM U TSIKEJIOM yCTPONCTBE.

Hacrosimmee mu3o0OpereHne CTpeMUTCs] HUBEIMPOBATH MO MEHbINEH Mepe HEKOTOpbIE H3
BBILIEY KA3aHHBIX MTPOOJIEM.

KPATKOE OIIUCAHUE U30BPETEHUA

CormacHO TepBOMY  acCMeKTy HACTOSINEro H300pETeHHs Tpenjiaraercs — y3el
WHAY KLIIUOHHOT'O HArpeBa AJjisl yCTPONUCTBA, TeHEPUPYFOLIErO Nap, IPUYEM y3€]I HarpeBa COAECPKUT
nepe3apspkaeMblii ICTOUHUK MUTAHUS M MHAYKLUHUOHHYIO KAaTyLIKy, OPU 3TOM HHAYKIMOHHAs
KaTylUIKa BBINOJIHEHA ¢ BO3MOXKHOCTBIO HarpeBa, MPH UCIOJIb30BAHUH, TOKONPUEMHUKA, & TAKXKE
BBIMIOJIHEHA C BO3MOXKHOCTBIO IPHEMA, MPU HCHOJIb30BAHUM, 3JEKTPOMATHUTHOIO IIOJIS,
TeHEPUPYEMOr0 BHELTHUM UCTOYHUKOM, JUIs1 3aPSAKU UCTOYHUKA MUTAHMUS.

Hcnonb3oBaHue HHHYKHHOHHOﬁ KaTyHIKU KaK IJid HWU3JIy4YCHUs, TaK W OJisI M[MpUcMa



2

3JIEKTPOMArHUTHOTO TIOJIS, IIO3BOJISIET HANEXKHO OOeCHeunTb WHAYKIUOHHBIA HarpeB H
WHy KIMOHHYIO 3apsAKY OT OJTHOTO U TOTO JK€ 3JIEMEHTA B yCTPOICTBE, FeHEPUPYIOLIEM Nap. ITO
NPUBOAUT K YMEHBUIEHHOMY KOJHUYECTBY KOMIIOHEHTOB, 4YTO YJIY4lIaeT pa3Mepbl, BEC,
ce0ecTOMMOCTb U O€30MaCHOCTh YCTPOICTRA.

ToxonmpueMHHUK MOXET COAep)kaTb OIHO WIJIM HECKOJBbKO, HO 0e3 OrpaHuuyeHws, u3
AMOMUHMUSI, JKeJie3a, HUKEJsI, Hep KaBeIollel CTaal M UX CIUIaBOB (Hampumep, Huxpoma). [lpu
NPUMEHEHUH 3JIEKTPOMATHUTHOTO MMOJIS BOJIM3H HETO TOKOMIPUEMHHUK MOYKET FeHePHPOBATH TEILIO
Onmaromapsi BHXpPEBBIM TOKaM M TOTEPSM HA MArHUTHBIA THCTEPE3NC, NPUBOMSALINM K
npeoOpa3OBaHHIO SHEPTHH U3 3JIEKTPOMATHUTHOH B TETUIOBYIO.

IIpennouturenbHO y3€s MHAYKLIMOHHOTO HarpeBa AOIOJHUTENBHO COAEPKUT UHBEPTOP,
BBIITOJIHEHHBII ¢ BO3MOXKHOCTBIO NPe0Opa30BaHUs TOCTOSHHOTO TOKA OT MCTOYHHKA MMUTAHHS B
MEPEMEHHBII  BBICOKOYACTOTHBIM TOK; BBIIPSAMMTENb, BbIIOJIHEHHBIH C BO3MOXKHOCTBIO
npeoOpa3oBaHUsl TEPEMEHHOTO BBICOKOYACTOTHOTO TOKA OT HWHAYKUHMOHHOH KAaTYLIKH B
MOCTOSIHHBIM TOK, M YCTPOICTBO YMpaBieHUs HHAyKLUEHN, BBINOJIHEHHOE TakK, 4TO, IpHU
UCIOJIb30BAHNY, OHO HAaXOAUTCS B 3JIEKTPUYECKOM COEJUHEHUH C HCTOYHUKOM IHUTAHUS,
MHyKIMOHHOW KAaTyIIKOH, BBIIPSIMHUTENEM H C HWHBEPTOPOM TAaKUM OOpas3oM, 4TOObI, MpH
UCTIONIb30BAHUH, TIEPEMEHHBIN BBICOKOYACTOTHBIM TOK MOXKHO OBLIO M30MpaTENbHO MOAaBATh HA
VUHAYKLMOHHYIO KaTyIIKy, U TOKONPHUEMHHK MOT HMHAYKLMOHHO HAarpeBaTbCsl MHIAYKLMOHHOMN
KaTYLIKOW M, IPU UCIIOJNIb30BAHHUHM, MOCTOSIHHBIM TOK MOXHO ObLIO M30MpaTesIbHO MOAABATh HA
UCTOYHUK MWTAHUS, KOIZAAa MHUTAHWE IPUHUMAETCs HAa WHAYKLUOHHOW KaTylIKe B BUIE
3JIEKTPOMArHUTHOIO MOJIs, TeHEPUPYEMOTro BHELIHUM UCTOYHUKOM, JUJIsl MHAYKLMOHHOM 3apsiAKu
HCTOYHHKA TTUTAHUS.

YCTpolcTBO yhpaBieHUsT WHAYKLUUEH MPeaOoCTaBIsieT CPEACTBO Uil yIIPaBJICHUS
WHIYKIHOHHOH CIIOCOOHOCTBIO y3J1a HarpeBa MmyTeM W30MpaTeNIbHOW MOAAuu 3JIEKTPUYECKOTrO
TOKAa Ha HUHAYKLWOHHYIO KaTyIIKy M HCTOYHUK MHUTAHUSA. ODTO TIO3BOJSIET IOJIb30BATENIO
yCcTpoicTBa 3((EKTUBHO YIPABIATh CTENEHBIO (PyHKLMOHAIBHBIX BO3MOKHOCTEH KaK Harpesa,
TaK U 3apsiIKU MOCPEICTBOM HMHAYKIIMOHHOM KaTyILIKH, & TAK)Ke IM0/1aBaTh SJEKTPUUECKUN TOK
TOJIBKO KOTZla 3TO HEeoOXomuMmo. 3a CYUeT HCIOJIb30BAHUS OMHOrO OJIOKAa YIPaBICHUS IS
yTpaBieHus AByMsl (yHKIIHOHAJIBHBIMU BO3MOKHOCTSIMH ITOCPEACTBOM MHIYKIIHOHHON KaTyIIKH
YMEHBIIAETCS] KOJTMIECTBO KOMIIOHEHTOB U MOBBIIIAETCS 0€30MacHOCTD y3I1a HarpeBa. BHenpenne
MHBEPTOPA U BBINIPSIMUTENS SIBJISIETCS] IPEUMYLIECTBEHHBIM B HEKOTOPBIX CUTYyalUsiX, KOTJa B
npenenax y3ja Harpesa TpeOyercs nepeKIroueHNue MeXy TePEeMEHHBIM 1 TOCTOSTHHBIM TOKOM.

V3en Moxer ObIThb BBIMOJHEH C BO3MOXHOCTBIO pPa0OTBbI, NPU HCIOIB30BAHHUHU, C

NEPEMCHHBIM 3JICKTPOMATrHUTHBIM IMOJIEM, HMCIOIHUM I[JIOTHOCTH MArHuTHOTO IIOTOKa OT



npubmuzutensHo 0,5 T no npubnusutensHo 2,0 T B TOUKe HANOOJBIIEH KOHIIEHTPALIUH.

HcToyHMK NMUTaHMA M CX€Ma MOTYT OBITh BBINOJHEHBI C BO3MOXKHOCTBIO PabOThHI Ha
BBICOKOH uactore. OOBIMHO HCTOYHHMK IIUTAHUA U CX€Ma MOIYT OBbITh BBIMOJHEHBI C
BO3MOKHOCTBIO paboThl Ha yactore oT mpubnusutenbHo 80 kI 1o mpubiusurensro 500 kI,
NpennoYTUTeNbHO OT mnpubmusurensHo 150 kl'm nmo mnpubmmsurensro 250 kI, Oonee
npeanourutenbHo 200 kI

XOTh MHAYKIMOHHAS KATyIIKa M MOXKET COAEpKaTh JIFOOOW MOAXOMSMINMNA MaTepHal,
OOBIYHO MHIYKIIMOHHAS KATYLIKAa MOXET COAEP:KaTh BBICOKOYACTOTHBIH OOMOTOUHBIA MPOBOX
WJIA BBICOKOYACTOTHBIM OOMOTOYHBIN KaOeb.

XoTs y3es1 HarpeBa MOXKET MPHHUMATH JIFOOYI0 (GOpMy U BHI, OH MOKET OBITh BBITIOJHEH
TaK, YTOOBI UIMETh MO CYLIECTBY BUJ MHAYKIHMOHHOHM KaTYIIKH, JUIsI YMEHBIICHUS] YpEe3MEPHOTrO
UCMOJb30BaHus MaTepuana. [IpeanoyTurenpHO MHIYKLHMOHHASI KaTylIKa MMEET IO CYLIECTBY
ITHHAPUYIECKY IO (hopMy .

Kpyrnoe nonepeuHoe cedeHHe LWJIMHAPUYECKOM HMHAYKLHMOHHON KaTYLIKU sIBJISETCS
ONTUMAJIbHBIM ISl BCTABKU OJIOKA, MOAJIEKAINEro WHAYKLHOHHOMY HAarpeBy, U PaBHOMEPHOTO
HarpeBa OJiOKa, W JaeT B pe3ysbrare GopMy ys3iia HarpeBa, KOTopas ynoOHa Ui yAepKIUBAHUS
MOJIb30BATENIEM.

IIpennoyTuTenbHO MHBEPTOP U BBIIPAMUTENb MPEACTABISIIOT COOOM OAMH M TOT XKe
HJIEMEHT, BBITIOJIHEHHBIN C BO3MOXKHOCTBIO H30MPATENbHOrO peodpa3oBaHust MOCTOSHHOTO TOKA
OT WCTOYHMKA TNHTaHHUS B TMEPEMEHHbII BBICOKOYACTOTHBIH TOK M H30MPaTENbHOrO
npeoOpa3oBaHusl TMEPEMEHHOTO BBICOKOYACTOTHOIO TOKA OT HWHAYKIMOHHON KAaTyLIKH B
MOCTOSTHHBIN TOK.

ITockombKy (yHKIMOHATBHBIE 33J]a4d MHBEPTOPA M BBINPSIMHUTENS MPU MEPEKITIOUESHUH
MEKIY TOCTOSHHBIM TOKOM U MEPEMEHHBIM TOKOM IMPENICTABJISIOT COOOH MO CYIIECTBY CXOXKHUE
(yHKUIMH, BOCIIPOU3BOIUMBIE B OOPATHOM IMOPSAKE, MOXKHO 3a/I€HCTBOBATh OJUH 3JEMEHT JJIs
npeoOpa3oBaHMsl MOCTOSTHHOTO TOKA B OJHOM HAIpPaBJIEHUH U AJIST BBIIPSIMIICHHS MTEPEMEHHOTO
TOKa B APYTOM HAIIPABJIEHHH. JTO 00ECTIIEYMBAET NMPOCTOE U HAAEIKHOE PEIIEHHE JIJIsI CHIKSHHUS
ceOECTOMMOCTH W KOJMYECTBA KOMIIOHEHTOB B Y3Ji€ HArpeBa, W NPUBOIUT K IOJNYYEHHIO
3HAYUTEIHHO 00JIee KOMITAKTHOTO M JIETKOTO Y CTPONCTBA.

VY3en HarpeBa MOKET 3apspKaTbCsi 3a CUET pa3sMELIEHHs] BHEIIHEro MCTOYHMKA
3JIEKTPOMArHUTHOTO TOJNISL PSIIOM C MHAYKIHOHHON KaTymkod. OOBIYHO BHEINHUII MCTOYHUK
MOKET COJAepkaThb BHEIIHIOK MHAYKLHUOHHYK KaTyIIKy JAJs [puemMa U [epefadu
3JIEKTPOMAarHUTHOTO 1Moy, XOTA BHEIIHWH HCTOYHUK MOKET B3aUMOJIEHCTBOBATH C

MHY KIIHOHHOHN KaTyLIKOH JIF0ObIM 00pa3oM, OOBIMHO y3€J1 HarpeBa BHIMOJHEH C BO3MOXHOCTBIO
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npuema 1mno MEHBIIIEHN MECPE YaCTH BHCIIHETO UMCTOYHHUKA BJICKTPOMArHUTHOTO MOJIA B MpeAciiax
cBOero oobema.

IlyTemM pa3MelneHus 4acTH BHEIIHEr0 MCTOYHHMKA BHYTPH y3Ja HarpeBa (B HEKOTOPBIX
npuMepax 3a cdyer oOecrmedeHust BbicTyna ((GpopMHUpYIOLIEH YacTH BHELIHEr0 HCTOYHMKA),
KOTOPBIII MOJKHO BCTaBHTh B HArpeBAaTEJbHBIN OTCEK, KOraa OJIOK/Kamcylia He pacroJOXKeHbl B
OTCEeKe), MOXKHO obecreunTh Oe30macHOe W KOMIIAKTHOE OECTPOBOAHOE COETUHEHHE MEKAY
BHCHIIHUM HCTOYHHUKOM 3JICKTPOMAIHUTHOI'O IIOJIA U HHHYKHHOHHOﬁ KaTYHJKOﬁ y3Jila Harpesa.
Takass KOMIIOHOBKA rapaHTUPYET, YTO SJEKTPOMAIHUTHOC CHECIIIICHUE MEXKOY HHZ[yKLIPIOHHOfI
KaTyuH(Oﬁ N BHCINHUM HCTOYHHKOM ABJACTCA CHJIBHBIM [JJI ITIOBBILNICHUA 3(1)(1)6KTI/IBHOCTI/I
HHHYKHHOHHOﬁ 3apsAAKU UCTOYHHKA MUTAHHUA Y3Jla MHAYKIHUOHHOT'O Harpesa. KpOMe TOro, B
TAKOW KOMIIOHOBKE y3€J1 HarpeBa ACHCTBYET KaK 3KPaH OT 3JIEKTPOMArHUTHOIO MOJIA BO BpeMs
3apSIIKH.

AJ'IbTepHaTI/IBHO 10 MeHbIIe MEPE HaCThb y3J1a BbINIOJHEHA C BO3MOXXHOCTBIO BCTaBKU, IIPU
HCITIOJIB30OBAHUH, B O6’beM BHCIIHCTO UCTOYHUKA SJICKTPOMArHUTHOI'O TIOJIA. BuaemHn# NCTOYHUK
MOET UMETh OTBEPCTHE U YacTh CBOETO BHYTPEHHETO OOBEMa, BHYTPh KOTOPOIO MOXET OBITH
BCTAaBJICH Y3€II. AJ'IbTepHaTI/IBHO BHEITHUM MCTOYHHK MOKET HMETh CKBO3HOE OTBEPCTHC,
HaxoaAmeecs B HEM, BCJIIEACTBUEC UETO €I'0 BHYTpeHHI/IfI NEPUMETP MO3BOJISICT BCTABUTD Y3€JI UEPE3
Hero. bnarogaps 3ToMy MyHAIITYK OTKPBIT NMPU padOTe COBMECTHO C KOMIIAKTHBIM BHEIIHUM
UCTOYHHUKOM, AK€ B Te€X CJIydasiX, KOrAa MyHALITYK OXBAaThIBAET HATPEBATENbHBIN OTCEK, KOTAa
NPUKPEIUISIETCS] K YCTPOHCTBY, TEHEPUPYIOLIEMy Tap.

[Tpu cueruieHWH y3jaa C BHEIIHHM YCTPOWCTBOM BHYTPH WJIM CHApPY’KH BO3MOJKHBI
CUTYyalMH, B KOTOPBIX TpeOyeTcs yCTONUNBOE (PU3NUECKOE COeTUHEHHE. Y CTPOMCTBO MOXKET OBITh
OCHAaII€HO CpeACTBaAMU IJisA (I)I/IKCB_L[I/II/I MOJIOKCHHSA BHCINHETO MCTOYHHWKA OTHOCUTEJIbBHO Yy3Jia
WHAYKIMOHHOTO HarpeBa. [IpenmouTUTENbHO MOTYT OBITh MPEIyCMOTPEHBI CpPENCTBA s
(1)I/IKC21L[I/II/I TTOJIOKEHUST BHEITHEH KaTylIKu OTHOCHUTEIIbHO HHHYKHHOHHOﬁ KaTylIKHu Yy3Jia,
Harpumep SaﬂleHKHBaIOLHHﬁCﬂ MEXaHU3M. DTO MOXKET ITO3BOJIUTh (1)I/ISI/I"IGCKI/I COCIUHUTL ABa
yCTPOHCTBA TakUM 00pa3oM, YTOOBI MOKHO OBLIO TakKe MOANEPKUBATH 3JIEKTPOMATHUTHOE
CLIETUICHHE.

MoryT BO3HHKaTh CUTYalllH, IPU KOTOPBIX MPEUMY LIIECTBEHHBIM SIBISIETCS OOeCreueHue
SJICKTPOMArHUTHOTO MOJIA AJI 3apAAKU U3BHE y3J1a MHAY KIHIMOHHOI'O HAarpena, uro 6YZIGT JACTAJIBHO
OIHCAHO Jajee.

CornacHo HacTosiIeMy M300pPETEHHIO TaKXKe MpeiaraeTcs yCTPONUCTBO, TeHepHpYyoLiee
map, coaepkamee y3eJd HHIYKLHOHHOIO HarpeBa COMJIACHO MEPBOMY AacCMEKTy HACTOSIIEro

H306peTeHI/IH; HaneBaTeHbeIﬁ OTCCK, BBIMIOJIHEHHBIA C BO3MOKHOCTBIO BMEIIEHUS 6.]'[01(21,



COZIepIKAIero ucrnapsieMoe BEIIeCTBO M HHIAYKIMOHHO HarpeBaeMblii TOKONPHUEMHHUK, BITyCKHOE
OTBEPCTHE JJIi BO3AYyXa, BBHINOJHEHHOE C BO3MOXKHOCTBIO TIPENOCTaBJICHUS BO3AyXa B
HarpeBaTeNIbHBIA OTCEK, BBIIYCKHOE OTBEPCTHE ISl BO3AyXa, HAXOAsLeecs B COOOIIEHUH C
HarpeBaTeIbHbIM OTCEKOM.

3a cueT HCIONB30BAHMS y3Ja HArpeBa, KOTOPBIH ONTHMHU3HUPOBAH Ui MHOXKECTBA
(byHKIHI HArpeBa U 3apsIIKH YCTPONUCTBA, TEHEPUPYIOLIETO Map, MOXKHO MPEIOCTaBUTh HAJIEIKHOE,
JIETKOE U KOMITAKTHOE YCTPOIHCTBO, FeHEPUPYIOIIEee map.

brok MoxkeT mpeacTaBisTh COOOM Karcyly, KOTOpas CONEPKUT, MPU HCIOJIb30BAHUH,
UCTapsieMOe BELIECTBO BHYTPU BO3AYXOMPOHUIIAEMOW O0O0JIOUKH. B0o3ayXonpoHHUIIaeMBbIit
MaTepuall MOKeT MPENCTaBISITh COOOM MaTepuall, KOTOPBIH SIBJISETCS 3JIEKTPOU3OJISILIMOHHBIM U
HEMarHUTHbIM. Marepuajs MOXKET HMeTb BBICOKYIO BO3AyXOMPOHHLAEMOCTb, YTOOBI 1aTh
BO3MOKHOCTh BO3IyXy MPOXOAWTH 4Yepe3 Marepuas C COMNPOTHBICHHEM K BBICOKHM
temnepatypam. [lpuMeppl NOAXOASIIMX BO3AYXOMPOHHUIAEMBIX MAaTE€PHUAIOB BKIHOYAKOT
LIEJUTIOJIO3HBIE BOJIOKHA, OyMary, XJIONOK U LeNK. Bo3qyXonpoHuIaeMblii MaTeprasl MOKET TAKKE
IeWCTBOBaTh B KadecTBe (UIbTpa. AJBTEPHATUBHO OJIOK MOXKET MPENCTaBJsITH COOOH
UCTIapsieMOe BEIeCTBO, 00epHYTOe B Oymary. AJIBTEPHATUBHO OJIOK MOXET MPEACTABIISATh COOOM
UCrapsieMoe  BEINeCTBO, YIEp)KUBAEMOE BHYTPM MaTepuaja, KOTOPbIH He  SBISAETCS
BO3JIyXOIPOHHUIIAEMBIM, HO KOTOPBI COAEPIKUT COOTBETCTBYIOLIHE Mep(OpaLHIO HITH OTBEPCTHS,
obecrieynBaroLIfe MPOTEKAaHHE BO3AyXa. AJIBTEPHATUBHO OJIOK MOXKET MNpPEACTaBJIsATh COOOM
coOCTBEHHO UcmapsieMoe BelecTBO. biok MokeT ObITh 00pa3oBaH Mo CymecTBY B GOpME PYUKH.

Ucnapsiemoe BEINECTBO MOXKET MPEACTaBNATh COo00i JrOOOH THUN TBEPHOTrO WM
MOJIyTBEPOTO Matepuaa. UmocTpaTuBHbIE THITbI HCIIAPSEMbIX BEIIECTB BKJIFOYAIOT MOPOLIOK,
IPaHyJIbl, 3€pHA, CTPYKKU, HUTH, TIOPUCTBIH MaTepHa WK JIUCThI. BelecTBO MOKET BKIIIOYATh
MaTepuall paCTUTEIHHOTO MPOUCXOXKACHUS, U, B YACTHOCTH, BEIECTBO MOJKET BKJIFOUYATh TabaK.

[TpennoyTuTeNnbHO NCTAPSIEMOE BEIECTBO MOXKET COAEPIKATh BELIECTBO IS OOPa30BaHHS
asposost. [Ipumeps! BemecTs st 00pa3oBaHUs a3PO30Jis BKIIFOYAIOT MHOTOATOMHBIE CITUPTHI U
UX CMeCH, TaKue Kak MIIMLEePHH WM MPOMMWIEHIJMKONb. Kak mpaBuio, ucnapsieMoe BelIeCTBO
MOXET COZIEPKaTh BEIIECTBO JJIs1 0OpPa30BaHUs a3pO30Jisi, COAEPIKAHNE KOTOPOrO COCTABIISIET OT
npubau3uTensHO S % 1o npubnusurensHo 50 % o cyxomy Becy. [IpenmouturensHo ncnapsieMmoe
BEIECTBO MOJKET COZEPKaTh BELIECTBO JJIsi 0Opa3oBaHMS a’pO30Jisi, COXEp’KaHHE KOTOPOro
cocTasiisieT mpudbIM3uTeIbHO 15 % 1o cyxomy Becy.

Hcnapsiemoe BeIecTBO MOKET ObITh COOCTBEHHO BEIECTBOM JJIsi 0Opa30BaHUS a3PO30JIsL.
B 3tom cnyuae ucnapsieMoe BEIECTBO MOKET ObITh JKUAKOCTBIO. B 3TOM ciydae Giok Moker

HUMCETDH BCLICCTBO, YACPKUBAOIICE X KUAKOCTb (Haan/IMep, IMy40K BOJIOKOH, HOpHCTbIﬁ MaTtepuall,
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TAKOM KaK KepamuiKa, W T.J.), KOTOPOE yAEPKUBAET KUIKOCTb, MOJIEKAIYID HCIAPEHUIO
UCIIAPpUTECIIEM, TAaKHUM KaK HaArpeBaTejib, H 06ecnqu/IBaeT BO3MOXHOCTbH O6pa3OBaHI/I$I u
BBICBOOOIKICHMSI MJTH BBIJIEJICHUS Mapa U3 BELIECTBA, yAeP KUBAIOIIETO JKUAKOCTD, B HATIPABJICHUN
BBIMTY CKHOT'O OTBEPCTHSI ISl BO3AyXa JJISl BABIXAHUS TOJIb30BATENIEM.

IIpu HarpeBe wHCHapseMOe BELIECTBO MOMKET BbICBOOOXKIATh JIETYYHE COETHHEHHUS.
.HeTyLII/Ie COCOUHEHH MOTYT COACPNKATH HUKOTHHOBBIE WU apOMATHYICCKHUE COCAUHCHNS, TaKUEC
KakK Taba4HbIN apOMATHU3ATOP.

HOCKOHbe HUHAY KIIUOHHAaA KaTyHiKa co3gacT SJICKTPOMAruuTHOEC noJjie npu
OCYINECTBJIEHHH HAarpeBa TOKOIPHEMHHUKA, JIFOOOH OSJIEMEHT, COmEpsKaIlui HHIYKIIHOHHO
HarpeBaeMblil TOKOTIPHEMHUK, MPU pa3MEIleHHH PSAOM C YCTPOHCTBOM BO BpeMsi padoThl Oyner
HArpeBaThbCs, U, TAKUM 00pa30M, OTCY TCTBYIOT OIPaHHMYEHHSI OTHOCUTEIBHO (POPMBI M BHAA OJIOKa,
pasMeraeMoro B HarpeBaTesbHOM oOTceke. [IpeAmouTHTeNbHO HarpeBaeMblii OJIOK HMeeT
LUIMHAPUYECKY IO (POPMY, BCIEICTBHE YETrO HArpeBaTEIbHbII OTCEK BBIMOIHEH C BO3MOKHOCTBIO
BMCECIICHHS MO CYIIECTBY HWIMHAPHUYCCKOIO UCTIAPACMOTO U3ACIIHNA.

CriocoOHOCTh HarpeBaTENIbHOTO OTCEKa BMEIIATh M0 CYLIECTBY LMIMHAPUYECKUI
HaneBaeMbIﬁ JIEMEHT SBJISICTCSA HpeHMYLL[eCTBeHHOfI, MOCKOJIbKY, 3a4aCTyH0, HUCIapsiCMbIC
BCIIECTBA U Ta6aqule NPOAYKTHI B HACTHOCTH YIIAKOBBIBAIOTCA U MPOAAIOTCS B I_II/I.]'II/IHZ[pI/ILIeCKOI\/'I
dopme.

Takke cornacHO HacCTOSIIEMY HM300pPETEHHIO MpeAsiaraeTcss 3apsaHas CHCTeMa
yCTPOHCTBA, TEHEPUPYIOLIEro Map, coneprkalias y3el WHAYKLIMOHHOIO HarpeBa COIJIACHO
NIEPBOMY AaCIEKTy HACTOSILEro M300pPETEeHUs, 3apsaHOe YCTPOWCTBO, COAEpIKallee 3apsiaHyIo
KaTyHIKY, BBIIIOJIHCHHYHO C BO3MOKHOCTBIO MHAY HUPOBAaHUA TOKA B HHHYKHHOHHOﬁ KaTyHIKE y3Jia
WH/y KIIHOHHOTO HAarpeBa 3a CUeT CO3MaHMUs SJIEKTPOMATHUTHOTO ITOJIS,

Hanudue 3apsiiHOTO  YCTPOWCTBA, CO3MAIOIIErO  AJEKTPOMArHUTHOE —TOJie IS
WHJy LUPOBAaHUSl TOKAa B MHAYKLMOHHOW KAaTyIUKEe y3Jla WHIYKIMOHHOTO HarpeBa IJisl 3apsiaKu
UCTOYHUKA TMUTAHUs, TO3BOJISIET MPEIOCTABUTh Oe30macHyro U 3(P@ekTHBHYH OECIpOBOIHYIO
3apsiKy [UIsl yCTPOWCTBA, FTeHEPUPYIOLLEro map.

XO0Ts 3apsiTHOE YCTPOMCTBO MOXKET MPUHUMATH JIFOOYI0 GOpMY M BUI, PEATIOUTUTEIBHO
3apsiAHOE YCTPOMCTBO SIBJIAETCA MO CYLIECTBY LHUIUHAPHYECKHUM.

CornacHo OpyroMmy acrekTy HACTOSLIEro M300peTeHHs MpeaaraeTcsi Crocod 3apsiiku
yCTPOMCTBA, TEHEPUPYIOLIETO Map, MPHU STOM CHOCOO BKJIIOYAET STAlbl: PA3MELISHUS 3apsITHOTO
YCTPOUCTBA PAAOM C Y3JIOM HHAYKLHUOHHOTO Harpesa yCTPOWCTBA, F€HEPUPYIOLIEro Map, Mpu
STOM y3€eJl MHAYKLIHOHHOTO HAarpeBa COAEPIKUT Mepe3apsukaeMblii HCTOYHUK MUTAHUS U KATYIIKY

WHAYKIUOHHOI'O HarpeBa, HW MOEpecaavu IMUTaHUA OT 3apsAgHOro YCTpOﬁCTBa B BHUAC



3JIEKTPOMArHUTHOTO TOJIS HA KaTy LKy MHAYKIIMOHHOTO HarpeBa y3Jjia Harpena AJis [oJJa4y 3apsia
Ha repe3apspkaeMblii HCTOUHUK MUTAHUS.

3a cueT UCIOIB30BAHUS KTy LIKH UHAY KLINOHHOTO HArpeBa yCTPONCTBA, T€HEPUPYIOLIETO
nap, Juis IpeOCTaBJICHUs] MHAY KIIMOHHOM 3apsAKH Ul HCTOYHMKA MMUTAHUS YCTPOICTBA, MOXKHO
NPEIOCTABUTh OECTPOBOAHYIO 3apsAKYy MJIsl YCTpOHCTBa 0Oe3 HEOOXOIUMOCTH B OTAEIBHOM
BTOPOM HHIYKIIMOHHOM MPHUCIIOCOONEHUH AJIs 3aPSIKHU.

XOTs 3apsiTHOE YCTPOUCTBO MOKET OBITh BBITOJHEHO ¢ BO3MOKHOCTHIO B3aMOAEHCTBHSI
C MHAYKIHMOHHOHN KaTyIIKOH JIFOObIM 00pa3oM, NMPEANOYTUTEIbHO YaCTh 3apSAHOTO YCTPOUCTBA
N0 MEHbIIEH Mepe YaCTUYHO BCTaBJIEHAa B OOBEM Y3J1a WHAYKLUHMOHHOIO HarpeBa. JTO
olecrieynBaeT TOANEPKAHHE HAIUICKAIIEr0 COCOUHEHUS MEXAY 3apsiiHbIM YCTPOHCTBOM U
KaTYLIKOW WHAYKLHOHHOTO Harpesa IJIsi obecrieueHus: 6€30MacHOrO M HAIeKHOTO COCIMHEHUS
IUTSA 3aPSIIKA UCTOYHUKA MTUTAHUS.

ANBTEpHATHBHO MO MEHBIIEH Mepe YacTh y3J1a HHIYKIMOHHOTO HarpeBa MOXeT OBITh IO
MEHbIIEH Mepe YaCTUYHO BCTABJICHA B O0BEM 3aPsTHOTO YCTPOICTBA.

MoryT BO3HHKaTh CUTYalMH, IPU KOTOPBIX NPEUMY LIIECTBEHHBIM SIBISIETCS OOeCreueHue
3JIEKTPOMArHUTHOTO TOJIST IS 3apsiAKU M3BHE y3J1a MHAYKLIMOHHOrO Harpesa. Hanpumep, Moxer
OBITH KeJIaTeIbHBIM HUCIIOIb30BaTh OTHOBPEMEHHO (Y HKIIHOHAJIbHBIE BO3MOKHOCTH KaK HarpeBa,
TaK ¥ 3apsAOKU y3J1a HHAYKIMOHHOIO HarpeBa MM OCYILIECTBIIATh HArPEB TOTa, KOTAa BHELIHEE
yCTPOMCTBO COEIMHEHO, W/WIIN OCYLIECTBIIATh 3aPsAKY TOT/A, KOraa OJIOK/Karcyia HaxosTCs BO
BHYTPEHHEM IIPOCTPAHCTBE HArpeBaTEIbHOIO OTCEKA, B CJIydae Yero BHEIIHUN HCTOYHUK
3JIEKTPOMATHUTHOTO TIOJIs, KOTOPBIA OXBATHIBAET y3€J MHAYKLUHMOHHOTO HArpeBa, SIBISIETCS
NPEUMYLIECTBEHHBIM. 3a CUET HAJMYMS y3Jia HArPeBa, BHIMOJHEHHOTO C BO3MOKHOCTBIO BCTABKHU
BO BHEINHEE 3apsiIHOE YCTPOMCTBO, MOXHO OCBOOOIAUTH BHYTPEHHEE MPOCTPAHCTBO Y3Jia
(HarpuMep BHYTpPEHHEE MPOCTPAHCTBO HArPEBATENBHOTO OTCEKA), KOTOPOE AOJIKHO OBITh 3aHSITO
HAarpeBaeMbIM BeIECTBOM (Hampumep OJIOKOM/KarcyJjiol). BHyTpeHHee NpoCTpaHCTBO MOXKET
ObITh 00pPa30BaHO pajUaJIbHO BHYTPH MHAYKIMOHHON KAaTYIIKU U MOXKET OBITh BBIMIOJHEHO C
BO3MOXKHOCTBEO TpHeMa OJIOKa, COAEepIKallero HChapsieMoe BEIeCTBO W HHAYKIHOHHO
HarpeBaeMblil TOKONMPUEMHHK M TOKOITPHEMHHUKH, KaK, HAIIPUMED, OMUCAHO BBILIE.

JIONIOTHUTENBHO, JIS TEX CITy4aeB, KOI/1a OAHOBPEMEHHO TPeOyIOTCs U HarpeB U 3apsiaka,
y3eJ HHIY KIIHOHHOTO HarpeBa MOXKET COJEPIKaTh ABE KATYLIKH, OJHY ISl 3aPsIIKH, & IPYTYIO IS
HarpeBa, NPEANOYTUTENBHO, PACTIONIOKEHHBIE B OJHON TOPOKKE U PSIAOM JIPYT € IPYTOM.

Bo Bcex ciyuasx (T. €. HE3aBUCHUMO OT TOTO, BCTABJIEHA JIM YaCTh BHELIHETO 3apsiTHOTO
yCTpoiicTBa B 00BeM (HanpuMep HarpeBaTeIbHbIN OTCEK) YCTPOICTBA, T€HEPUPYIOIIEro nap, WK

4acTh YCTPOMCTBA, FEHEPUPYIOLIETo Map, BCTaBleHa B 00bEM BHELIHErO 3apsiTHOrO yCTpoiicTBa



(HampuMep TyTEM HaJEBAaHUsl YacTHU BHEIIHErO 3apsOHOr0 YyCTPOWCTBA HAa YCTPOMHCTBO,
reHepupylolnee Map)), NPEANOYTUTENbHO, YTOOBI BHEIIHEE 3apsiiHOe YCTPOMCTBO MOTJIO
CoZiep>KaTh OCHOBHYIO 3apsAHYI0 KaTywKy (KOTOpas BBINOJIHEHA C  BO3MOXHOCTBIO
WHJY IUPOBAHUs TOKAa B MHAYKLHOHHON KaTyIKe YCTPOMCTBA, F€HEPUPYIOLIErO Map), KOoTopas
MOKET OBITh BBIIMIOJIHEHA TAK, YTO OHA PACTIONIOXKEHA IO CYIECTBY Ha OHOM OCH C MHAY KLIHOHHOM
KaTylIKOH yCTPOWCTBA, FEHEPUPYIOLIEro nap, U Mo CyLECTBY MEPEKPbIBAECTCA C HEH, KOraa OHU
COEIMHEHBI BMECTE B KOH(UTY paLiuu 3apsIaKH.
KPATKOE OITUCAHUE N'PAOUYECKUX MATEPHAJIOB

Hacrosimee m3o0perenue OyneT OmMCcaHO TOJBKO MOCPENCTBOM MPUMEPOB CO CCBUIKAMH
Ha COOTBETCTBYIOIINE TpadMIECKIe MaTePHAIIBL, TIE:

Ha ¢ur. 1 cxemaTudecku U300paKeH y3€1 WHAYKIMOHHOIO HarpeBa COTJIACHO MPHUMEPY
HACTOSIIIEr0 H300pETeHHUS.

Ha ¢ur. 2A cxemarnyeckn n300pa’keHO MPOTEKAHHE TOKA 4Yepe3 y3es MHAYKIHUOHHOTO
HarpeBa, MOKa3aHHbIA Ha (ur. 1, mpu OCyIIECTBIEHNH HArpeBa BHEIIHETO TOKONPHUEMHHKA.

Ha ¢ur. 2B cxematuuecku n300paske€HO MPOTEKAaHHE TOKA 4Yepe3 y3es MHAYKIHUOHHOTO
Harpesa, MOKa3aHHBIN Ha (ur. 1, mpu OCYLIECTBICHUU 3apsAOAKU MEpe3apspkaeMoro MCTOUYHHKA
MUTaHUS.

Ha ¢ur. 3 cxemarnuecku n300pakeHO, KaK y3e] MHIYKIMOHHOIO HarpeBa, MOKa3aHHbIH
Ha ¢ur. 1, 2A u 2B, MOXXeT B3aMMOAENCTBOBATh C BHEIIHUM HCTOYHUKOM 3JIEKTPOMArHUTHOTO
TOJISA.

Ha ¢ur. 4 cxemarnmyecku u300pakeH MOKOMIIOHEHTHbIH BHJ  yCTPOWCTBA,
TeHEPUPYIOLIETrO Map, COrJIACHO MPUMEPY HACTOSIIIETO H300PETeHHSI.

Ha ¢ur. 5 cxemarndecku n300pakeHO YCTPOHCTBO, FEHEPUPYIOLIEe Map, MOKa3aHHOE Ha
¢ur. 4, npu UCTIOTB30BAHUU.

Ha ¢ur. 6 cxematndeckn m300pakeH IPyrod MpUMep TOTrO, KaK y3esl WHAYKLHOHHOTO
HarpeBa, MokasaHHbd Ha ¢ur. 1, 2A u 2B, MOkeT B3aUMOJEHCTBOBATh C HLIKOCTPATUBHBIM
BHEIIHUM HMCTOYHHUKOM 3JIEKTPOMArHUTHOTO MOJIS.

HOAPOBHOE OIIMCAHHUE

Ha ¢ur. 1 cxematudecku uzodpaxkeH y3en 10 HHIYKIIMOHHOTO HArpeBa COTJIACHO MPUMEPY
Hacrosimero nzooperenus. B atom nmpumepe ysen 10 HarpeBa conepKUT HHIY KIHOHHYIO KaTy IIKY
12 n nepesapsixkaeMblil UICTOYHUK 13 muranus. Mcrounuk 13 nuTanus M MHAYKLUMOHHAS KaTy LIKa
12 HaxomsTCA B 3JIEKTPUYECKOM COEIMHEHHHM TaKUM O0pa3soM, YTO 3JIEKTPONMUTAHHE MOXKET
u30UpaTenbHO TepenaBaTbCsl MEXAY ABYMs KOMIIOHEHTaMH. MHAyKIMOHHas karymka 12

BBITMIOJIHEHA C BO3MOYKHOCTBKO HArp€Ba BHCIIHEIO TOKOIPUEMHHUKA 3a CUET IMOJIYYCHUS
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SJIEKTPONMUTAHUsI OT MCTOYHHMKA 13 mNHMTaHUsT M CO3JaHHUs BJEKTPOMATHUTHOIO  IOJIA.
WunykuvoHHass kartymka 12 JONONHUTENBHO BBINOJHEHA C  BO3MOXKHOCTBIO —IpHEMA
T€HEPUPYEMOTr0 H3BHE JJIEKTPOMArHUTHOIO TMOJs JAJs1  U30MPATeNbHOTO MHAYIUPOBAHUS
3JIEKTPUYECKOTO TOKA AJIA 3apsAAKH Iepe3apsikaeMoro uCTouHuka 13 nuranus. B atom npumepe
WHIYKIHOHHAsI KaTymka 12 siBJISETCS MO CYINEeCTBY LIMJIMHAPUYECKOH, Tak uTo (opma yzna 10
MHAY KIIUOHHOTO HAarpeBa sIBJIETCS TAKXKe MO CYIIEeCTBY LIMJIMHAPUYECKOM.

Ilpu oOCylLIecTBIEHMM HAarpeBa BHEIIHETO TOKONPUEMHMKA IE€PEMEHHBIM  TOK,
npeoOpa3oBaHHbBIN C MOCTOSTHHOTO TOKA, OAABAEMOr0 HCTOYHUKOM 13 MUTaHUs, IPOTEKAET Yepe3
VHAYKLIUOHHYIO KaTyIIKy 12 17151 reHepupOBaHusl KOHTPOJIUPY EMOIO 3JIEKTPOMArHUTHOIO MOJIS B
obyactu Bo3se katymku 12. ['eHepupyeMoe 3JIeKTPOMArHUTHOE TIOJIe MPENOCTABIISIET UCTOYHHUK
ISl BHELITHETO TOKOTIPUEMHUKA /IS TTOTIJIOIIEHUS 3JIEKTPOMArHUTHOH SHEPTUH U ITpeoOpa30BaHus
€e B TEIUIOTY, JOCTHUrasi TAKMM 00pa3oM MHIYKIIMOHHOTO Harpena.

V3en 10 wmHOyKOMOHHOTO HarpeBa mo ¢ur. 1 Takke MOXeT ObITh BBINOJHEH C
BO3MOJKHOCTBIO MHAYKLWOHHOW 3apsiAKM HUCTOYHUKA |3 NUTaHWsA, KOrJa BHELIHUN HCTOYHHK
3JIEKTPOMarHUTHOIO TIOJII PACHOJIOXKEH psAaoOM ¢ HMHAYKUMOHHOM Katywmkon 12. Ilpwm
OCYILECTBJICHUH 3aPsIAKU [1epe3apssKaeMoro HCTOYHUKA 13 nMuTaHus, MHAY KUMOHHAsS KaTyka 12
B3aUMOJEUCTBYET C BHEUIHUM IIOJIEM [JIsl MOIJIOIIEHMsS] 3JIEKTPOMATHUTHOM 3HEPruu U
UHIYLMPYeT NEepPEMEHHBbIH TOK, NpeoOpa3yeMblil B IOCTOSHHBI TOK W IepeaaBaeMblii Ha
UCTOYHUK 13 mnwuraHus, s oOecrmeueHuss MHAYKUUMOHHOW 3apsinku. Takum  oOpaszom,
WHIYKIMOHHAsE KaTymka |2 mpemocraBiseT cpeacTBa oOecredeHHs (pyHKIMOHAIbHBIX
BO3MO>KHOCTEHN Kak HarpeBa, Tak U 3apsAnku y3ia 10 MHIy KHIMOHHOIO Harpesa.

B Hekoropeix npumepax y3en 10 MHIyKUUOHHOTO HarpeBa AOMOJHUTENBHO COIEPIKUT
yCTpOHCTBO 14 ympaBieHus MHOYKIHMEW, Kak nokasaHo Ha ¢ur. 2A u 2B. B sTtom mpumepe
yCcTpolcTBO 14 ympaBieHMsT MHOYKLUWEW BBINOJHEHO TaK, YTO OHO HAaxOAUTCSA, NpHU
WCIIOJIb30BAHUHU, B 3JIEKTPHUYECKOM COEAWHEHUN C MCTOYHUKOM 13 NMUTaHWsA U MHAYKLIUOHHOU
KaTymkoi 12, 4ToOBl TakuM 00pa3oM H30MPATEIbHO YIPABISATH JJIEKTPHYECKUM TOKOM,
NPOTEKAOIUM MEXIAY UCTOYHUKOM 13 MUTaHMSA W MHAYKIUOHHON KaTymkon 12, 9To0bI MOXKHO
OBLIO TaKUM 00PA30M pPETyJINPOBATh CTENEHb HArpeBa WM 3apsiaku. Y CTpoiicTBO 14 ynpasieHus
UHYKIHUEH BBIMOJHEHO C BO3MOKHOCTBHIO YIIPABIEHHS IMOJBb30BATEIEM BPYYHYIO IUIsl BBIOOpA
3HAQYEHUs] Harpesa WJIM [POrpaMMHUPOBAaHUS JJisi ABTOMAaTUYECKOW pPEryJUpPOBKU TOKa,
MPOXOMSIIIEro Yepe3 HHAYKIMOHHYK0 KaTylKy 12, B COOTBETCTBUU C 3aJJaHHBIMHU NIAPAMETPAMH.

VY3en 10 MHAYKIMOHHOTO HarpeBa JOMOJHUTEIBHO COAEPKUT UHBEPTOP, BBINOIHEHHBIN C
BO3MOKHOCTBIO TIpeoOpa30oBaHuUsl MOCTOSTHHOTO TOKA OT UCTOYHHUKA 13 MUTaHUS B NMEepeMEHHbIH

BBICOKOYACTOTHBIN TOK JJs1 BO30YXKIEHUS WHIYKLHOHHON KaTymIKu 12, U BBIIPSAMUTEND,
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BBINIOJTHEHHBIH C BO3MOKHOCTBIO INPEOOpa30BaHUs MEPEMEHHOIO BBICOKOYACTOTHOTO TOKA OT
UHAY KIMOHHOM KAaTyIIKU 12 B MOCTOSIHHBIN TOK AJIA 3aPsiAKU UCTOYHUKA 13 muTaHus.

Ha ¢ur. 2A m3o0paxkeHo nmpoTekaHue Toka dyepe3 y3en 10 HHAYKIMOHHOrO Harpesa MpH
OCYILIECTBJIEHUM HarpeBa BHELIHErO0 TOKONPHUEMHUKA. DJIEKTPUYECKHH TOK OT HUCTO4YHMKA 13
NUTaHUs, TPEOOPA3OBAHHBIN B IEPEMEHHbIH BHICOKOYACTOTHBIH TOK HHBEPTOPOM, N30UPATENBbHO
MOJaeTCs Ha MHAYKUMOHHYK Karywky 12 ycTpoilictBoM 14 ynpasieHuss HHAYKLUEH.
IlepemenHbIl TOK B MHAYKIIMOHHON KaTyIlIKe 12 co3naeT IUHAMUYECKOE 3JIEKTPOMArHUTHOE NOJIE
B oOjacTu Karymwku 12, KOTOPOE MOXKET IMOTJIOWATHCS BHEIIHMM TOKONPHEMHHUKOM ISt
JNOCTH>KE€HHsI MHy KITMOHHOTO Harpesa.

Ha ¢ur. 2B u3obpakeHo nporekaHue Toka depe3 y3en 10 HHAYKIMOHHOTO HarpeBa Mpu
OCYILECTBJIEHUH 3apsIKU Nepe3apskaeMoro uctouHuka 13 nutanus. UaaykuuoHHas katymka 12
MOJIy4aeT MUTaHKUE B BUAE JUHAMHYECKOrO 3JIEKTPOMArHUTHOIO MOJIs, TEHEPUPY EMOrO BHELITHUM
HUCTOYHUKOM. DJIEKTPOMAarHUTHOE MOJIe CO3/AaeT AJIEKTPOABIDKYINYIO CUJly B HMHIYKLHOHHOM
KaTyumke 12 1 reHepupoBaHUs MEPEMEHHOIO BBICOKOYACTOTHOIO 3JIEKTPUYECKOIO TOKA.
IlepeMeHHBI TOK OT MHAYKLUWOHHOW KaTywKd 12, mpeoOpa3oBaHHBIN B TOCTOSIHHBIA TOK
BBINIPSIMUTENIEM, H30HMpaTeNbHO TOAAETCS Ha Mepe3apspKaeMblii UCTOYHUK 13 mHuTaHus
ycTpoiictBom 14 ynpaeneHus: mHnykuued. Takum oOpasoM, mnepesapspkaeMblii UCTOYHHUK 13
NUTAHUS MOKET UHAYKIIMOHHBIM U OECIIPOBOIHBIM CITIOCOOOM 3apsiKaThCsl BHEIIIHUM HCTOYHUKOM
3JIEKTPOMArHUTHOIO TMOJsl C HUCIOJb30BAHUEM MHIAYKLMOHHON KaTymkud 12 B KayecTse
NPUHUMAIOIIET0 TOKONPUEMHHUKA (WM MOAOOHBIM 00pa3oM B KauecTBe BTOPHYHON OOMOTKH
TpaHC(OPMATOPHOTO yCTPOHCTBA, YTO XOPOILIO H3BECTHO B 00JIACTH MHAYKLIHOHHOM 3apsAKH).

XoTs U3 COOOpaKEHHI ICHOCTH UHBEPTOP U BBIIPSMUTEIb ObLITH OMHCAHBI KAK OTJEJIbHBIC
KOMITOHEHTBI, 3TH KOMIIOHEHTBl MOTYT NpPEACTABISATH COOOH OOWH M TOT K€ DSJIEMEHT,
BBIMIOJTHEHHBI C BO3MOKHOCTBEO pPabOThl B OOpPAaTHOM HAIpaBlIeHHH i W30MPaTEeIbHOrO
npeoOpa3oBaHus MOCTOSHHOTO TOKA OT UCTOYHMKA |3 MUTAHUS B TIEpEMEHHBIN BHICOKOYACTOTHBIH
TOK W s WU30UpaTeNbHOro MpeoOpa3oBaHMUs TMEPEMEHHOrO BBICOKOYACTOTHOTO TOKa OT
VMHIY KIIMOHHOM KaTyIKHU 12 B MOCTOSIHHBIN TOK.

Ha ¢ur. 3 cxemarndeckn n300pa’keHbl Ba MpUMeEpa TOTO, Kak y3en 10 MHAYKIHOHHOTO
Harpesa, Moka3aHHbIA Ha ¢ur. 1, 2A u 2B, MoxkeT B3auMOIECTBOBATh C BHEITHUM UCTOYHHKOM
snekTpoMarHuTHoro nosist. Kak nmokasano Ha ¢ur. 3, B 01HOM BO3MOXKHOH KOHpUryparmu y3na 10
WHAY KLIIUOHHOT'O HAarpeBa U BHELIHErO0 UCTOYHHUKA 17 3J1IEKTPOMarHUTHOTO MOJISA IO MEHBLIEN Mepe
yacth y3na 10 WHAYKIMOHHOTO HAarpeBa BCTaBlieHAa B OOBEM BHEUIHEr0 HCTOYHHKA 17
3JIEKTPOMArHuTHOro nouisi. B Takoi xkoHpurypauuu y3en 10 HHIYKIIMOHHOIO HAarpeBa BCTaBJIEH

BO BHEIIHUN UCTOYHUK 17 TakuM 00pa3oMm, 4TO MHAYKIHOHHAs KaTyika 12 y3ia 10 Harpesa 1o
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CYLIECTBY TNEPEKPHIBAETCS OOJNACTbIO TE€HEPHUPOBAHUS 3JIEKTPOMATHUTHOTO IOJSI BHEIIHEro
ucToyHuka 17. B 53TOM nmnpumepe BHEIIHEE 3JICGKTPOMArHUTHOE TIOJIE TEHEePUPYETCs
TeHePHUPYIOIIeH KaTyIKOW BO BHEIIHEM HMCTOYHUKE 17, HO mojie MOKeT OBITh CO3AaHO JIFOOBIM
APYTUM NOAXOASAIIMUM CPEACTBOM, HAIIPUMED TOUEUYHBIM UCTOYHUKOM.

B mpyrom npumepe ysen 10 MHAYKLIMOHHOIO HarpeBa BBINOJHEH C BO3MOXKHOCTBIO
BMEILEHHsI YaCTH BHEITHErO UCTOYHHKA 17 3JIEKTPOMAarHUTHOTO NOJIs B penesax odbema y3na 10
Harpesa. B oToM npumepe BHeIIHUI UCTOYHMK 17 BCTaBieH B y3en 10 HHAYKLIMOHHOTO Harpesa
TaKUM 00pa3oM, YTO KOMITOHEHT, TeHEPHUPYIOLIHI T0JIe, BHELTHEr0 UCTOYHUKA 17 1O CyIIecTBy
HaXOAUTCs B MNpeAenax BHYTPEHHENW 4acTH UHAYKUMOHHOW kaTymku 12. Takass KOMIOHOBKa
obecrieunBaeT OE30MaCHYI0 M HAJEKHYIO 3apAIKy y3Jia HHAYKIMOHHOTO HAarpeBa, COXpaHsisi Ipu
5TOM KOMITAaKTHYIO (hOpMY .

V3en 10 MHAYKIMOHHOTO HAarpeBa BBITIOJHEH C BO3MOKHOCTBIO PaOOThI ISl 3apsiIKu
UCTOUHUKA 13 muTaHus B 000N U3 BBILIEYKA3aHHBIX KOH(PHUIYpaIyii, MPU 3TOM KOHPUTY paLus
BBIOMPAETCS B COOTBETCTBMM C TOTPEOHOCTSAMH TMOJb30Batesi. Hampumep, Moxer OBITh
JKeJIaTeJIbHBIM HCIIOJIB30BATh OHOBPEMEHHO (PyHKIIMOHAIbHBIE BO3MOKHOCTH KaK HarpeBa, Tak
u 3apaaku y3na 10 WMHAYKUMOHHOrO HarpeBa, B CJy4a€ Yero BHELIHWM HCTOYHHUK 17
3JIEKTPOMArHUTHOIO MOJIsI, KOTOPBIM OXBAaThIBAECT y3€1 10 MHAYyKIMOHHOIO Harpesa, sIBJSIETCS
JKEJAaTEIbHbIM.

Ha ¢ur. 4 cxematnueckn u300pakeH TOKOMIIOHEHTHbIH BUA ycTpoiictBa 20,
TeHepHPYIOILIero Map, COINIaCHO MpUMepy Hacrtosmero wusodpereHus. B stom mpumepe
YCTPONUCTBO, T€HEpUPYIOLIEe Hap, COAEPKUT y3ea 10 HHAYKIUMOHHOTO HAarpeBa U JOMOJHUTEIbHO
COZIEPKUT HarpeBaTeNbHbIM OTCeK 21, BBITIOJHEHHBIM C BO3MOJKHOCTBIO BMelleHus: Ojioka 22,
cozepKallero UcCnapsieMoe BEeLEeCTBO 23 M HMHAYKLMOHHO HAarpeBaeMblii TOKONPUEMHUK 24.
HarpesaTtenpHblii oTcek 21 Mo MeHbIIeH Mepe YaCTUYHO MPUJIeraeT K MHAY KLIMOHHOM KaTyluke 12
WM HAaXoauTcsi B ee oObeme. BriyckHoe oTBepcTHe 25 sl BO3AyXa, PACIONIOKEHHOE PSIIOM C
HarpeBaTeJIbHbIM OTCEKOM 21, obecrieunBaeT nogady OKpy»KaroIero BO3ayxa B HarpeBaTeIbHbIN
orcek 21. BeimyckHOe oTBepcTHe 26 i1l BO3yXa HAXOAUTCS B COOOIIEHUH C HArpeBaTEIbHBIM
orcekoM 21 wu oOecrmeynmBaeT BO3MOXKHOCTb BBIBOJA Tapa, OOPa30BaHHOIO BHYTPHU
HarpeBaTesbHOro orceka 21. Bce mim HEKOTOpbIE W3 KOMIIOHEHTOB, TOKa3aHHbIE Ha (ur. 4,
BBITIOJTHEHBI C BO3MO)KHOCTBIO M3BJICUEHUS, a HAa (PUT. 5 MPOMIUTIOCTPUPOBAHO, KaK Pa3IMYHbIE
KOMIIOHEHTHI YCTpoiicTBa 20, TeHepUPYIOIIero nap, Moka3aHHble Ha Gur. 4, COOpaHbl BMECTE MPH
HCIOJIb30BAHUU.

HarpeBarenpHblii OTCek 21 BBINOAHEH C BO3MOXKHOCTBIO BMEINEHHs OJjioka 22,

CoIepaKaIlero UcnapsieMoe BeleCTBO 23 M HMHAYKLMOHHO HAarpeBaeMblii TOKONPHUEMHUK 24.
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[IpenmoururensHO OOK 22 MMeeT CIOW Win MeMOpaHy, B KOTOPYIO 3aKJIFOUEHO HCIapsieMoe
BEILECTBO, NP 3TOM CJIOH MM MeMOpaHa ABJSIOTCS BO3AyXxonpoHuuaembeiMu. Hanpumep, 6ok
21 MOXeT MpeACTaBIATh COO0I OHOPA30BYIO KAICYJIy, COAEPIKAIIY 0 TaOaK U IO MEHbLIEH Mepe
OIMH D3JIEMEHT MHAYKLHUOHHO HAarpeBaeMoro TOKONpHEeMHHKA. ToxkompueMHHK 24 MOXKeT
HAXOAUTHCS B HEMOCPEACTBEHHOM WJIM ONTOCPEAOBAHHOM KOHTAKTE C UCMAPSIEMBIM BEILECTBOM 23,
BCJIEICTBUE Y€Tr0, KOT/1a MPOUCXOANT UHIAY KLIMOHHBIN HarpeB TOKONPUEMHHUKA 24 UHY KLIMOHHOMN
kaTymkod 12 y3na 10 MHAYKUMOHHOIO HAarpeBa, TEIUIO NEPEeNaeTcs OT TOKONPUEeMHHUKa 24 K
UCTIapsieMOMy BeIlecTBy 23 JJisi HarpeBa HUCmapsieMoro Bemectsa 23 W oOpa3oBaHUsl Mapa.
Hcnapenuto ucnapsieMoro Bemectsa 23 crnocoOcTByeT noOaBlieHHE BO3MyXa W3 OKPYIKAKOIIeH
cpembl uepe3 BIYyCKHOE oOTBepcTue 25 mns Bo3ayxa. I[lap, oOpa3oBaHHBI TyTeM Harpesa
UCIapsieMOro BellecTsa 23, 3aTeéM BBIXOAMT U3 HArpeBaTeNIbHOrO OTCeKa 21 depe3 BBIMYCKHOE
oTBEpCTHE 26 U1 BO3AyXa M MOKET, HAIpUMEpP, BAbIXaTbCsl MOJIB30BATENEM YCTPOUCTBA.
IIpoxokneHnto NOTOKa BO3AyXa Yepe3 HarpeBaTelbHbIN OTCeK 21, T. €. U3 BIlyCKHOTO OTBEPCTHS
25 nnsa BO3AyxXa 4epe3 OTCeK 21 M M3 BBIMYCKHOIO OTBEpPCTHsl 20 1UIsi BO3[AyXa, MOXKET
COIEHUCTBOBATh OTPHULATENBHOE MAABJICHHUE, CO3aBAEMOE IOJIb30BATEEM NPU BTATMBAHUU
BO3/lyXa CO CTOPOHBI BBIITy CKHOI'O OTBEPCTHs 26 A BO3AyXxa ycTpoiicTsa 20.

Korga ycrpoiictso 20 ncnons3yercs Ajii FeHEPUPOBAaHUsl BABIXAEMOrO Mapa, MyHALITY K
27 Takxe MOXeT OBbITh YCTAHOBJIEH Ha yCTPONCTBE, B COOOLIEHNUH C BBIITyCKHBIM OTBEPCTHEM 20
i Bo3ayxa. MyHamTyk 27 NpenocTaBiisseT MOJIb30BATENI0 BO3MOXKHOCTB JIETKO BTATMBATh
reHepupyeMblii nap u3 ycrpoicrsa 20.

Ha ¢ur. 6 cxemaruyecku wu300pakeHO Kak MoxeT pabortarh ycTpoicTtso 20,
reHepupyrollee map, MokasaHHoe Ha ¢ur. 4 u S, AN 3apsSaKy Mepe3apsiikaeMoro UCTOYHUKa 13
MUTAHUS U UHAYKIUOHHOIO HarpeBa TOKONpUEMHUKA 24. BHeIIHee NHAYKLIIMOHHOE YCTPONCTBO
30, copepkalee BHEIIHIOK KAaTyLIKy 32, OKpy:KaeT nepumerp y3ua 10 MHIyKIMOHHOIO Harpesa
TaKUM OOpa3oM, YTO LEHTPaJIbHbIE OCH KaTyIIKW 12 HarpeBa M BHEINHEH KaTymKH 32 1o
CYLIECTBY MEPEKPBIBAIOTCS. B 3TOM nmpuMepe BHEIIHEE HHAY KITMOHHOE yCTpocTBO 30 nmeeT aBa
OTKPBITBIX KOHIIA, Yepe3 KOTOPbIE MOXKET ObITh BCTaBJeH y3en 10 MHOYKIIMOHHOTO Harpesa.
MoryT OBITh TPEAyCMOTPEHBI CpPeACcTBAa s (PUKCALUU TOJIOKEHUsT BHEIIHEH KaTymkud 32
OTHOCHUTENIbHO HHAYKLMOHHON KaTylKu 12, Hampumep 3alleKUBAIOIIUNCA MeXaHU3M. JTO
MO3BOJISIET YCTPOUCTBY 20, reHepUpyro1IeMy nap, OAHOBPEMEHHO HarpeBaTh TOKONPUEMHUK 24 U
3apsKaTh Nepe3apsskaeMblil MCTOYHUK 13 muTaHus.

Kak Oy et moHSTHO U3 BBIIEU3JIOKEHHOTO, HACTOSLIEE N300PETEHHE, 32 CUET Y CTPAHEHHSI
HEOOXOIMMOCTH B OJHOW HMHAYKIMOHHOMH CHUCTeME MJisi HarpeBa M JPYrol OTAEIbHOMN

WHIYKLUUOHHON CUCTEME Ui 3apsiiKy, MO3BOJISIET MPENOCTAaBUTh YCTPOMCTBO, MEHEPHUPYIOLIEe
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nap, KOTOpO€ SBJS€TCS HENOPOTHMM, KOMIAKTHBIM U MOAXOAUT [UIsl MOPTATUBHOTO
UCTIONIb30BaHMsl. B HacrosimeM H300peTeHHH TMpemiaraercss SJIEKTPOHHOE YCTPOHCTBO,
reHepupymiee map, ¢ 0Oe3omacHbIM M 3(PQPEKTHBHBIM MEXaHH3MOM 3apsiIKU ¥ MEHBIIUM
KOJIMYECTBOM KOMIIOHEHTOB Il YMEHBLICHHs pa3Mepa, Beca U CTOMMOCTU H3TOTOBJICHUS, MIPU
3TOM obecreunBaroiee (HyHKIMOHAIBHBIE BO3MOXKHOCTH KaK HarpeBa, TaK U 3apsiiKH TaKOro

YCTPOMNCTBA, FTEHEPUPYIOLIETO Nap.



P®OPMYJIA H3OBPETEHUA

1. YcrpoiictBo (20), reHepupyrolee nap, npeaHa3HAuY€HHOE Ui TeHepaluu mapa,
B/IBIXaEMOI'O TI0JIb30BATENIEM, IyTEM HHIYKIMOHHOIO Harpesa McmapsieMoro Beuiectsa (23), u
coaeprkaliee

y3en (10) MHAYKUMOHHOTO HarpeBa, colep Kalluil HHAYKUMOHHYIO KaTtymky (12),
niepe3apsikaemMbiid UCTOYHUK (13) mutanust U ycTpoiicTBO (14) ynpaBiaeHust MHAY KITUEH,

npuYeM WHAYKLUUOHHAs KaTymka (12) uMeeT mo CymecTBy LUWIHMHAPUYECKYIO (opmy, a
ycTporicTBo (14) ynpaBieHuss WHOYKUOUEH TMPENOCTaBJsieT CPencTBO Ui yIIPaBJIEHUS
UHYKIIUOHHON crocoObHoCThi0 y3nma (10) MHOYKIHMOHHOTO HarpeBa ¢ obOecriedueHueM st
NOJIb30BATENsT BO3MOKHOCTH YIPABJICHUS CTENEHBIO HArpeBa C IOMOIIBI0 HHIYKIIHOHHON

Katywmku (12).

2. VYerpotictBo (20) mo m.1, B kotopoMm ycrpoiicTBo (14) ynpaBneHuss WHAYKLIUEH
BBIITOJIHEHO C BO3MOXKHOCTBIO YIIPABJIEHHs MOJIb30BATEJIEM BPYUHYIO U BBIOOpa YCTaBKH

Harpesa.

3. VYerpotictBo (20) mo m.1, B kotopoMm ycrpoiictso (14) ynpaBneHus: WHAYKUUEH
BBIITOJIHEHO C BO3MOXKHOCTBIO YIIPABJICHHS MOJb30BATEJIEM BPYUYHYIO MU BBIOOpa YCTaBKHU

Harpesa ¢ o0ecreueHrneM PeryIHpPOBaHIsI CTETICHH HarpeBa ¢ MOMOIIBI0 WHIY KLIMOHHOW KaTy LITKU
(12).
4. VYerpoiictso (20) mo modomy u3 m.i.1-3, B KOTOpoM ycTpoiicTso (14) ynpasneHus

UHIYKIHeH 3amporpaMMHUPOBAHO I aBTOMATHYECKOW PEryJIMPOBKU TOKA, MPOXOISIIETO Yepes

WHIYKIHOHHY 0 KaTywKy (12), B COOTBETCTBHHM C 3aJaHHBIMHU TapaMETPAMHU.

5. VYerpoticto (20) no modomy u3 m.a.1-4, B kotopom y3en (10) HHAYKIMOHHOTO

HarpeBa BBIMOJIHEH C BO3MOKHOCTBIO paboThl Ha yactoTe oT 80 kI ' 1o 500 kI

6. VYerpoticto (20) no modomy u3 ma.1-4, B kotopom y3en (10) HHAYKIMOHHOTO

HarpeBa BBIMOJIHEH ¢ BO3MOKHOCTBIO paboThl Ha yactoTe oT 150 k' mo 250 kI,

7. VYerpoticto (20) no modomy u3 m.a.1-4, B kotopom y3en (10) HHAYKIMOHHOTO

HarpeBa BBIMOJIHEH ¢ BO3MOKHOCTBIO paboThl Ha wactoTe oT 150 kI mo 200 kI,

8. Ycerpoiicteo (20) mo mrobomy u3 m.m.1-7, comepikainee HarpeBaTENbHBIA OTCEK,
BBIIIOJIHEHHBI ¢ BO3MOXKHOCTBIO BMCIICHHA MO CYyLIECTBY HUJIMHAPUYCCKOTO HArpe€BacMoro

QJICMCHTA.

9. VYerpotictBo (20) mo m.8, B KOTOPOM LWJIMHAPUYECKUIH HAarpeBaeMblid 3JIE€MEHT

COZEPKUT YKa3aHHOE HcmapsieMoe BelecTBo (23) B BUuae TabayHOro NpoayKTa HUIMHAPUIECKON



bopmBL.

10. VYerpotictso (20) mo .8 unu 9, B KOTOPOM yKa3aHHBIN HUIUHAPUYECKUH 37IEMEHT
COZEPKUT OJIOK, UMEIOLIUH BO3AyXONPOHULIAEMbIH €10l 11 MeMOpaHy, B KOTOPYIO 3aKJIFOYEHO

ucrapsieMoe BemmecTso (23).

11.  Ycrpoiicteo (20) no mobomy u3 m.m.8-10, uMeromee BIyCKHOE OTBEPCTHE IS
BO3lyXa, PacIoJIOKeHHOe ¢ obecrieueHrneM BO3MOKHOCTH TOJA4YM BO3/yXa B HarpeBaTeNIbHbII
OTCEK, U BBIITYCKHOEC OTBEPCTUEC IJIA BO3YyXd, HAXOIAALICECA B COO6H_[eHI/II/I C Harpe€BaTeCJIbHbIM

OTCEKOM.

12.  VYcrpoiictso (20) o srobomy u3 .. 1-11, B koTOpoM MHAYKIHMOHHAs KaTymka (12)

COIEPIKHUT BBICOKOYACTOTHBIH OOMOTOUHBIH MPOBOJ MJTH BBICOKOYACTOTHBIN OOMOTOUYHBIN KaOeb.

13.  VYcrpoiictso (20) o modomy u3 m.m.1-12, B KoTopoM HcmapsieMoe BewecTso (23)
0o0epHyTO B Oymary.
14.  VYcrpoiicteo (20) no mobomy u3 .1 1-13, B kotopom y3en (10) HHIYKIIMOHHOTO

HarpeBa IOIOJHUTEIBHO COAEPKUT BTOPYIO KaTyIIKy, MpuueM ycrpoiictBo (14) ymnpasieHus
MHJYKIHEH BBIIOJIHEHO ¢ BO3MOXKHOCTBIO YIIPaBIIEHHUSI MHAYKIMOHHOHN crtocoOHOCTHIO y3ia (10)
MHIYKIHOHHOTO HarpeBa ¢ oOOecredeHueM [Jisi TOJb30BaTeNss BO3MOXKHOCTH YIPABJIECHUS
CTETEHBIO HArpeBa C IMOMOIIBIO YIIOMAHYTOH MHAYKIHMOHHON KaTywku (12), a HE ¢ MOMOLIBIO

BTOPOM KaTyIIKH.

15.  Cucrema nyis reHepUpPOBAHUS Napa, BABIXAEMOIO MOJIb30BATENEM, COIepIKalast
O CYIIECTBY [IFUIMHAPUYECKUM SJIEMEHT, COAep KAl ucmapsieMoe BemecTso (23) B Buze
TabOAYHOTO MPOAYKTA LIHIUHAPUIECKON (POPMBI, U

ycTpoiicTBo (20), reHepupyroiee nap, no odomy u3 m.m. 1-14.
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