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OIIMCAHUE U30BPETEHUA
2420-562116EA/085
ABPO30JIb-TEHEPHPYIOIIEE YCTPOUCTBO

OBJIACTb TEXHUKU U30bPETHHA

[0001] Hacrositnee n300peTeHe OTHOCUTCS K a3P030Jib-TeHEPUPYIOLIEMY YCTPOUCTBY.

YPOBEHb TEXHUKHU U30BPETEHMA

[0002] B Hacrosimiee BpeMsl HM3BECTHbI adpO30Jib-T€HEPUPYIOLINE YCTPONCTBA
(3NIEKTPOHHBbIE HCIIAPHUTENbHBIE YCTPOWCTBA), HAMPUMEpP, TaK Ha3bIBAEMbIE, JJIEKTPOHHBIE
curaperbl W HeOyjaizepbl (MHTANSATOPBI), KOTOPbIE PACHBbUISIOT (MPEeBPALIAOT B a3PO30Jib)
JKUAKOCTh WJIM TBEPAOE BELIECTBO, KOTOpasi(oe) SBISETCS HCTOYHHKOM a3pO30Jsi, C
UCTIOJIb30BAHUEM HArpy3Ku, KOTOpasi MEeUCTBYEeT MPHU Mojade B HEE MOIMHOCTU M3 HCTOYHUKA
MUTAHWSI, HATIPUMED, HarpeBaTelisi Wik nmpeoOpa3oBartesisi, YTOObI MPEJOCTABIISATh MOTb30BATEIIO
BO3MOKHOCTbB BJIBIXaTh PACIIBUICHHYIO(0€) JKUAKOCTh WU TBEPIOEe BEIIECTBO.

[0003] Hampumep, mnpemsokeHa CHCTeMa [UJIi TEeHEpalWd BABIXAEMOTO Tapa ¢
UCTIOJIB30BAHUEM  3JIEKTPOHHOTO  HCIAPUTENIbHOTO  YCTPOWCTBA (Hampumep, TMATEHTHBIN
nokymeHT 1). Ilo maHHOW TEXHOJNOTWH, MPOUCXOOUT JIM WJIM HET HCIApEHUe, ONpPenesseTcs
MOCPEICTBOM KOHTPOJISI MOINHOCTH, TOJaBaeMOW B CIHpaib, KOTOpash COOTBETCTBYET
HArpeBaTeI0 JUIsl PACIbUICHUSI UCTOYHHUKA a3p030Jisi. B omucannu coo0IAeTCsi, YTO CHIDKEHHE
MOIIHOCTH, TPEOYIOLISHCsT It IOAAEPKKU 3aJaHHON TeMIIepaTypbl CITUPAIH, YKA3bIBAET, YTO B
dutmne A TeKydel cpembpl HE WMEeTCs IOCTATOYHO SKUAKOCTH JUIsl OCYINECTBIICHUS
HOPMAaJIbHOT'O UCTIAPEHUSI.

[0004] TIlIpemmoxkeHO Takke a’3pO30Jib-TEHEPUPYIOLIEe YCTPOMCTBO  (Hampumep,
MATEHTHBIN JOKYMEHT 2), KOTOpoe OOHApY KUBAET MPUCYTCTBHE adp030J1e00pa3yIoLiell OCHOBBI,
KOTOpass BKJIOYaeT B ce0s MCTOYHHK a’pOo30Jisi HWJIM COOTBETCTBYET €My, BOJIH3U
HarpeBaTesIbHOrO SJIEMEHTA, BBITTOJIHEHHOTO c BO3MO>KHOCTBIO HarpeBaHus
a’3p030ie00pa3yroIIell OCHOBBI, MyTeM CPAaBHEHHsI C MOPOTOBbIM 3HAYEHHEM, MOIIHOCTH HWJIH
SHEPTUHU, KOTOPYK TpedyeTcsi mojaBaTh B HarpeBaTeIbHBIA 3JIEMEHT, YTOOBI MOIAEPKUBATH
TeMIIePaTypy HarpeBaTeIbHOTO 3JIEMEHTA Ha YPOBHE 3aJaHHON TEMIIEPaTyPhL.

CIIMCOK JIMTEPATYPBI

ITATEHTHAA JIMTEPATYPA

[0005] IMarenTHbI qoKyMeHT 1: Anonckuii BbutOKEHHBIN naTteHT Ne 2017-501805

[TarentHbIl qOKyMeHT 2: ANOHCKUHN BbUIOKEHHBIN maTeHT Ne 2015-507476

[TarentHbIl qOKYMeHT 3: ANMOHCKUI BbUIOKEHHBIN maTeHT Ne 2005-525131

[TarentHbIl nOKyMeHT 4: AnOHCKUH BbUIOKEHHBIN maTeHT Ne 2011-515093

[TarentHbIl nOKyMeHT 5: AnoHCKUI BbUIOKEHHBIN maTeHT Ne. 2013-509160

[TarentHbIi nOKyMeHT 6: ANOHCKUHN BbUIOKEHHBIN naTeHT Ne 2015-531600

[TarentHbIl qOKyMeHT 7: ANOHCKUI BbUIOXKEHHBIN maTeHT Ne 2014-501105

ITarentHsiit nokyMmeHT 8: AnoHCKUI BbUIOKEHHBIN maTeHT Ne 2014-501106

ITaTenTHBINH AOKYMEHT 9: SnoHCKUl BbUTO>KeHHBIH naTeHT Ne 2014-501107

ITaTentHbli nokymeHT 10: MexnyHnapoanas myOnukanus Ne 2017/021550



[TarentHsiii nokymeHT 11: Anonckuit BbutokeHHbINH nmateHT Ne 2000-041654

ITatenTHbIN fOKyMeHT 12: SnoHckuil BeuiokeHHBIN naTeHT Ne 3-232481

ITaTenTHbli fokyMeHT 13: MexnyHnapoanas nyonukauus Ne 2012/027350

ITaTenTHbli fOKyMeHT 14: MexnyHnapoaHas nyonukauus Ne 1996/039879

ITaTenTHbli nokyMeHT 15: MexnyHnapoanas nyonukanus Ne 2017/021550

CYIIHOCTDb U3OBPETEHMA

TEXHUYECKASA ITPOBJIEMA

[0006] Korma oOpa3yercs a’po30jib € HCMOJb30BAHHEM OOBIYHOIO  a3PO30Jib-
TeHEepUPYIOIIEero YyCTPOMCTBA, YIpaBlieHHE IOoAa4deil MOIMHOCTH W3 WCTOYHUKA TMHTAaHUS B
HarpeBaTelb BBIMOJHIETCS TaK, YTO TeMIepaTypa HarpeBaTelsl HAXOIUTCS OKOJIO TeMIepaTyphl
KMITEHUs] HCTOYHUKA a3po3ouisd. Ecnu ocraercs 10cTaTOUHOE KOJUUECTBO UCTOYHUKA a3PO30Jis, U
BBINOJIHSIETCS YIIPABIEHHE KOJMYECTBOM 00pa3yeMoro a’po30Jisi, TO MOLIHOCTb, TIOIaBaeMasi U3
UCTOYHMKA NHTAHUS B HarpeBaTtelb, HUMEET IIOCTOSIHHOE 3HaueHWe WiId OOHapy)KUBaeT
HenpepbIBHOE u3MeHeHue. MHaue roBopsi, eciii OCTaeTcsl JOCTaTOYHOE KOJIUYECTBO MCTOUYHHKA
a3p030J1s1, U BBITOJIHSAETCS YIPaBJIeHHE ¢ OOPaTHOH CBSI3bIO, YTOOBI MONAEPIKUBATE TEMIIEPATYPY
HarpesaTelsis Ha YpPOBHE 3a/laHHOI TeMIrepaTyphl WK B 3aJlaHHOM TeMIIepaTypHOM JHalla3oHe,
TO MOIIHOCTb, [10/1aBaeMasl U3 UCTOYHUKA MTUTAHMsI B HAIPeBaTeNb, UMEET OCTOSIHHOE 3HaUEHUe
WM OOHAPYIKUBAET HETIPEPHIBHOE H3MEHEHUE.

[0007] OcraTouHOEe KOJMYECTBO UCTOUHUKA a3pO30Jisl SIBJSIETCS] BaXKHBIM NEPEMEHHBIM
napaMeTpoM, KOTOPBIM MHCIONB3YETCsl NPU Pa3JUYHbIX BHUAAX YINPABJIEHUs, BBIIOJHAEMOIO
a3p030JIb-TeHEPUPYIOLIUM YCTpONHCTBOM. Ecin ocTaToOuHOE KOMUYECTBO NCTOYHUKA a3PO30JIsl He
OTIpEAEINAETCs. WM HEBO3MOXKHO ONPEAENNUTh C AOCTATOYHO BBICOKOW TOYHOCTBIO, TO, HAIIPUMED,
CYIIECTBYeT PHUCK, YTO IOJAa4a MOIMHOCTH M3 HCTOYHHKA IUTAHUS B HarpeBaresb Oyner
IIPOAOJDKEHA, NAKE €CJIM UICTOYHMK a3pOo30Jis YK€ U3PACXON0BaH, U BEJIMYMHA 3apsiia UCTOUYHUKA
nuTaHus OyaeT TPaTUThCs OECHOIe3HO.

[0008] CnenoBarenbHO, a’pO30Jib-TEHEPUPYIOLIEE YCTPOUCTBO, TMPEIJIOKEHHOE B
NAaTEeHTHOM JOKYMEHTEe 2, OIpenessieT, UMEeTcsl JU AOCTaTOYHOE KOJWYECTBO MCTOUYHHKA
a’3p030J1s1, MO MOLTHOCTH, HEOOXOIUMOHN I MONAEPIKKH Temreparypbl HarpeBatens. OmHaKo,
MOLTHOCTh OOBIYHO U3MEPSIETCS C MCIOJB30BAHMEM MHOMKECTBA JATUYUKOB, M, B TAKOM ClIy4ae,
CJIOKHO TOYHO OIpelNeNsiTh OCTaTOYHOE KOJMYECTBO MCTOYHMKA a’po30yii WU €ro
pacxo0BaHUE MO U3MEPsieMON MOILHOCTH, €CJIU MOTPEIIHOCTH YIIOMSHYTBIX TaTYMKOB TOYHO HE
KaJHOpPOBaHbI, MJTH YIIPABJICHUE BBITIOIHACTCS 0€3 y4deTa MOrpeIHOCTEeH.

[0009] B kagecTBe Apyrux crocoOOB ONpeneNeHnst OCTATOYHOTO KOJIMYECTBA NCTOYHHKA
a’3po30J1s1  MPEIUIOKEHBI CIOCOOBI, KOTOPBIE HCHOJB3YIOT TEMIEpPaTypy HarpeBaTeNs WM
3HauU€HUE BJIEKTPUUECKOTO COMPOTHUBIIEHUS HarpeBaTesl, KAk OMHUCAHO B MATEHTHOM JOKYMEHTE
3 u mareHTHOM JOKyMeHTe 4. M3BeCTHO, 4TO TemmepaTypa U 3HA4YEHHE JJIEKTPUYECKOTO
COTIPOTUBJIEHUS] HAarpeBaTelsis B Cilydae, KOra OCTaeTcsi AOCTATOYHOE KOJMYECTBO MCTOYHUKA
a’3po30Ji, NPUHUMAIOT 3HAYEHUs, OTJIMYalolMecs OT chiydvas, KOTAa MCTOYHUK a’3pO30Ji
u3pacxonosaH. OfHAKO, 7Sl JAHHBIX CIIOCOOOB TPEOYIOTCS CHelUaIu3UPOBAHHBIEC TATUUKU HIIH

MHOXECTBO HOATYUKOB, U IMOOTOMY JAdHHBIMU criocobaMu TakKe CJIOKHO TOYHO OLICHUBATb



OCTAaTOYHOE KOJNYECTBO UCTOYHMKA a3PO30JIs MJIH €r0 pacXoAO0BaHUE.

[0010] B cnyuae, koraa AaTYUK HE UMEJ MOAXOMASILETO Pa3pelleHUs], TOYHO ONPEAENIUTD,
HaIpuMep, YMEHBbIIEHHE OCTaTOYHOE KOJMYeCTBO, ObuUIo cioxHO. CyliecTBoBana Takke
npobiemMa ¢ TeM, 4TO OOpa3oBaJCs a’po30Jib, KOIZA H3MEPSUIOCh OCTATOYHOE KOJIUYECTBO
HCTOYHHUKA a3p030Jis U T.Jl. C UCMOJIb30BAHUEM TaTUHKA.

[0011] CnenmoBarenbHO, LENBIO HACTOALIETO H300pEeTEeHUsl SBISETCS OJOKMPOBAHUE
00pa3oBaHusi B a3p0O30JIb-TEHEPUPYIOIEM YCTPOHCTBE BO BPEMsI M3MEPEHHs WM TOBBILICHHE
TOYHOCTH OLIEHKM OCTaTOYHOIO KOJMYECTBA HMCTOUHHKA a3pO30Jisi, BBIMOJHAEMOH a3p030Jib-
TreHEPUPYIOLIUM YCTPONCTBOM.

PEHIEHUE TTPOBJIEMbI

[0012] Aspo3omb-reHepupyroliee YCTPOHCTBO MO HACTOSAIIEMY M300PETEHUIO BKIIIOYAET
B ce0s MCTOYHHK IHUTAHUS, HArpy3Ky, BBIIOJHEHHYIO C BO3MOJKHOCTBIO HMMETh 3HAUYEHUE
COIIPOTHBJIEHHSI, KOTOPOE M3MEHSIETCSI B 3aBHCUMOCTH OT TEMIIEPATypbl, 1 00pa30BaTh a3p030Jb
MOCPEACTBOM DACIbUIEHUs] UCTOYHHKA a3pO30Jisl MJIM HarpeBaHUs HCTOYHHMKA apoMaTH3aTopa,
IIpU NoJauye B Hee MOIIHOCTU M3 MCTOYHMKA MUTAHUSA, JATUUK, BBIIOJHEHHBIN C PE3UCTOPOM,
COEJJMHEHHBIM TIIOCJIE0BATEIbHO C HArpy3ko, U C BO3MOKHOCTBIO BBbIJAUd H3MEPEHHOTO
3HAU€HUs, KOTOPOE SIBJISIETCS] 3HAUEHHEM TOKa, MTPOTEKAIOIEro Yepe3 Pe3ucTop, Wi 3HaueHUeM
HANpPSDKEHUs], MOJAHHOTO HA PE3UCTOp, M OJIOK YNPaBJIEHUS, BBIIOJIHEHHBIH C BO3MOXXHOCTBIO
yIpaBleHus Mojayvell MOINHOCTU W3 HUCTOYHUKA NMUTAHUS B HArpy3Ky U IpHUEMa BBIXOJHOTO
CUTHaja U3 JaT4yuka, IOpPU O5TOM pEe3UCTOP HMEeT 3HAau€HUEe COMNPOTHUBIEHHUS, KOTOpOe
YCTaHABIMBAIOT TaKWUM, YTO OTKJIHUK M3MEHEHUs H3MEPEHHOrO 3HA4YeHHs Ha W3MEHEHUE
TEeMIIEpPaTypbl 3HAUEHUsI CONPOTUBIICHUs] HAXOJUTCS B YCTAHOBJIEHHOM AUAMa3oOHe.

[0013] Pe3ucTop uMeeT 3Ha4€HUE CONPOTUBJICHUS, KOTOPOE YCTAHABIUBAIOT TAKUM, UTO
OTKJIMK W3MEHEHMs HW3MEPEHHOrO0 3Ha4eHWs] Ha HW3MEHEHUE TEMIepPaTypbl 3HAYCHMUS
CONIPOTUBJICHUS] HAXOJUTCS] B YCTAHOBJIICHHOM Juana3oHe. Eciu OTKIMK sBIAETCS BBICOKUM, TO,
HanpUMep, XapaKTepUCTHKA NETEKTUPOBAHHS JaTYMKA IMOBBILIIAETCS, HO CYIIECTBYET PUCK, YTO
a’3po30Jib OyeT 00pa3oBaThCs BO BpeMst M3MepeHus. HarpoTuB, eCiii OTKIIUK SIBJISIETCS HU3KUM,
TO OOpa3oBaHHE a’pO30Jisi BO BPEMs] M3MEPEHHUs] MOXET OJIOKUPOBATBHCS, HO XapaKTEPHCTHKA
JIETeKTUPOBAHMS JaTYMKA TAK)KE€ CHUKAETCs. B BbIEONUCAHHON KOH(PHUIypauuud MOXKET ObITh
YCTAHOBJIEHO COATAHCUPOBAHHOE 3HAYEHHE COMTPOTHBIICHHSI.

[0014] Bo3mokHa Takke KOH(Urypauus, B KOTOPOH pE3UCTOpP HMEET 3Ha4YeHHE
COTIPOTUBJIEHUS], KOTOPOE YAOBIETBOPSIET, IO MEHbIIEH Mepe, OJHOMY U3 MEePBOI0 YCIOBHUSI, UTO
KOJINYECTBO a3pO30Jisi, 00pa3yeMoro Harpy3koi B TeUEHHE MepHOAa MOAMUTHIBAHUS, BO BPEMs
KOTOpPOrO MOIIHOCTb MOJAETCsl U3 UCTOYHMKA MMUTAHUS B PE3UCTOP, HE MPEBBILIAET TOPOrOBOTO
3HAYeHHs, U BTOPOTO YCJOBHUsS, YTO OJIOK YIPABICHUS MOXKET ONPENeNsTb OCTaTOYHOE
KOJIMYECTBO MCTOYHHUKA a3p030Ji UM MUCTOYHHKA apoOMaTU3aTopa MO U3MEPEHHOMY 3HAUEHHUIO.
B cooTtBercTBUHM C MEPBBIM YCIOBHEM MOXKET OJOKMPOBATHCS 00pa3oBaHHE a3pO30Jisi BO BPEMs
U3MEPEHUs], 1 B COOTBETCTBUU CO BTOPBIM YCIIOBHEM MOXKET OBITh IOBBILIEHA TOYHOCTb OLIEHKH
OCTATOYHOIO KOJHMYECTBA HCTOYHUKA a3pO30Jisi, BBINOJHAEMON a3p030Jib-T€HEPUPYIOLINM

YCTPOHCTBOM.



[0015] 3HadeHue COMPOTHBICHUS MOXKET OBITh YCTAHOBJICHO IUISl YIOBJIETBOPEHUS
NEepBOTrO yCJIOBUS. A HWMEHHO, BO3MOXHA TakXke KOH(Urypauus, B KOTOPOH a3poO30Jib-
TeHEepUpYIolllee YCTPONCTBO JOMOJHUTEIBHO COAEPKUT MYyHAIITYYHBbIN KOHEL, KOTOpPBI
o0ecrieyeH Ha KOHLIEBOM YYacTKE a3pO30Jib-T€HEPHPYIOLIEro YCTPOICTBA, YTOOBI BBIMYCKATh
a3p0o30Jib, IPU 3TOM YCTAHOBJIEHO TAKOE MOPOTrOBOE 3HAUEHHUE, YTO a3PO30JIb HE BBIYCKAETCS U3
MYHJIITY4YHOTO KOHLIA B T€YEHHE NMepuoAa MOANUTbIBaHUA. Haue roBops, BO3MOXKHA TaKXke
KOH(Urypauus, B KOTOPOH YCTAHOBJIEHO TaKO€ MOPOrOBOE 3HAYEHHUE, YTO TEILIO, BBIAEIIEMOe
HAarpy3KoOH, He HCHONb3yeTcs A Terula HCIapeHuss HCTOYHMKA ad’po30Jsi WM HCTOYHHKA
apomaruzatopa. Bo3mokHa Takke KOHHUryparus, B KOTOPOH YCTaHOBJIEHO Takoe 3HAYSHHE
COIPOTHBJIEHHS], YTO a3PO30Jib He 00pa3yeTcs B pe3ysIbTaTe BBIACICHUS TEIIa HArPY3KOH.

[0016] 3HaueHuEe COMPOTUBJICHHS] MOKET ObITh TAK)KE YCTAHOBJIEHO JJISl YIOBJIETBOPEHHUSI
BTOPOTO YCJIOBUS. A MMEHHO, BO3MOJKHA TaK)K€ KOH(QUTYpALWsi, B KOTOPOH YCTAHOBJIEHO TaKOE
3HauU€HUE COIMPOTHUBJIEHUsS], YTO H3MEPEHHOE 3HAaUeHUe, NoJydaeMoe, KOrja HauuHaeTcs rnojada
MOIIHOCTU B HAarpy3Ky, U U3MEpPEeHHOE 3HaueHHue, MOoJydaeMoe, KOrja OCTaTOYHOE KOJIMYECTBO
UCTOYHUKA a3po30Jii MWJIM HCTOYHMKA apoMaTH3aTopa HE IMPEBOCXOAUT YCTaHOBJIEHHOIO
KOJINYECTBA, OTJIMYAIOTCS APYT OT JIPYra, YToObl OBITh Pa3TUUUMBIMU AJIs OJIOKA YIIPABIIEHHUSL.
WHaue roBopsi, BO3MOXKHA Takke KOH(HUrypanus, B KOTOPOW YCTAaHOBJIEHO TaKOE€ 3HAUEHHE
COTPOTHUBJIEHHs], YTO aOCONIOTHOE 3HAYEHHE PA3HOCTH MEXIY H3MEPEHHBIM 3HAYCHUEM,
MOJIly4aeMbIM, KOTJla HaAUMHAETCs MOjava MOLIHOCTU B HArpy3Ky, U U3MEPEHHBIM 3Hau€HHEM,
MOJy4yaeMbIM, KOTZa OCTaTOYHOE KOJHWYECTBO HCTOYHUKA adpo30Js MM HMCTOYHHKA
apoMaTH3aTOpa He MPEBOCXOJUT YCTAHOBIEHHOTO KOJIMYECTBA, IPEBOCXOIUT pa3peleHne Ooka
ynpasieHus. Bo3moxHa Takke KOHQUrypauus, B KOTOPOH YCTaHOBJEHO TaKoe 3HAa4YeHHE
COIPOTHBJIEHHs], YTO H3MEPEHHOE 3HAYeHHue, IoJydaemoe, Koraa oOpasyercs a’spo3osb, U
U3MEPEHHOEe 3HAaueHHue, MOJy4YaeMoe, KOrja OCTaTOYHOE KOJNYECTBO MCTOYHUKA a3pO30Jis WU
HCTOYHHUKA apOMAaTU3aTOpPa HE MPEBOCXOANUT YCTAHOBJIEHHOTO KOJIMYECTBA, OTIMYAIOTCS APYT OT
apyra, 4ToObI ObITh pa3TUUMMBIMU IJisi OJIOKa yrpaBieHus. Bo3MokHa Takke KOHPUTYpaLWsi, B
KOTOPOH YCTAHOBJIEHO TaKO€ 3HAYEHHE COMPOTHUBIICHUS, YTO a0CONIOTHOE 3HAUYEHUE Pa3HOCTH
MEXIY M3MEPEHHBIM 3HAYEHHEM, TOJIYy4aeMbIM, Korjma oOpasyercs a’po30Jib, U U3MEPEHHBIM
3HauU€HUEM, MOJIy4YaeMbIM, KOT/Ia OCTATOYHOE KOJMYECTBO MCTOUHHKA a3pO30Jis WIM UCTOYHHUKA
apoMaTH3aTOpa HE MPEBOCXOIUT YCTAHOBIEHHOTO KOJIMYECTBA, MPEBOCXOIUT pas3perueHne 0Jioka
ynpasieHusi. Bo3moxkHa Takke KOH(QHrypauus, B KOTOPOH YCTaHOBJEHO TaKOe 3HAYCHHE
COTIPOTUBIJIEHUS, UTO U3MEPEHHOE 3HAUYECHUE, MTOJydyaeMoe, KOIla HAUMHAETCsl 1107jaua MOIIHOCTH
B Harpy3Ky, 1 U3MEPEHHBIM 3HAYEHUEM, MOJTy4aeMbIM, KOTria 00pa3yercs: a3p0o30Jib, OTJIMYAIOTCS
APyr OT apyra, 4ToObl OBITH pPa3NIUUUMBIMU ISl OJioKa ynpaBieHus. Bo3MokHa Takke
KOH(pUrypauusi, B KOTOPOH YCTAHOBJIEHO TaKO€ 3HAYEHHE COINPOTHBIIEHUs, 4TO abCOOTHOE
3HaU€HUE PAa3HOCTU MEXIy MU3MEPEHHBbIM 3HAau€HHEM, MOJIy4aeMbIM, KOIla HaUMHAETCs MoAaya
MOIITHOCTH B Harpy3Ky, U M3MEPEHHBIM 3Ha4EHHEM, IMOJy4aeMbIM, KOrjga oOpa3yercst aspo30iib,
IPEBOCXOUT pa3peLIeHne OI0Ka YIIpaBIeHHSL.

[0017] B kadecTBe aqbTepHATUBbI, 3HAUEHUE COMPOTUBJICHUS YIOBJIETBOPSIET MEPBOMY

YCIOBHIO M BTOPOMY YCJIOBUIO. B naHHOM ciyudaer, MokeT OJOKHpOBaThCs OOpa3oBaHHeE



a’3po30J11 BO BPeMsl U3MEPEHUS, H MOXKET ObITh MOBBIIIEHA TOYHOCTb OCTATOYHOTO KOJHYECTBA
MCTOYHHUKA a3pO30Jisi, OLIEHUBAEMOI'0 a3pPO30Jb-T€HEPUPYIOIIUM YCTPOHCTBOM. A MMEHHO, IBE
NPOTHBOPEYMBBIX MPOOJIEMBI MOTYT OBITH PEIIEHbI OTHOBPEMEHHO.

[0018] Bo3mokHa Takke KOH(pUTypamusi, B KOTOPOW 3HAYEHHE COIMPOTUBIICHUS
HAaXOAWTCsT ONMke K HauOONbLIEeMy 3HAYEHUIO M3 3HAYEHWUH, C KOTOPBIMHU YIOBJIETBOPSIETCS
BTOPOE YCJIOBUE, Y€M K HAUMEHBLIEMy 3HAYEHHMIO U3 3HAYEHMI, ¢ KOTOPBIMHU YAOBJIETBOPAETCS
nepBoe ycioBHe. B naHHONW KOH(UIypaluy, MOXKHO IOBBICUTb, HACKOJIBKO BO3MOJXKHO,
paspelieHue, HMEIoIlee OTHOLIEHHE K ONPENENEHHUI0 OCTaTOYHOrO KOJUYeCTBa, IIpU
OJTHOBPEMEHHOM OJIOKMPOBAHUU OOpa30BaHMSI adpO30Jisi BO BpeMsi H3MepeHHs. A HMEHHO,
MO>KHO TIOBBICUTB, HACKOJIbKO BO3MOJKHO, pa3pelleHne B TO BpeMsi, KOTa JIB€ MPOTHBOPEUUBBIX
npoOJIeMbl PELIAIOTCS OJHOBPEMEHHO, M, COOTBETCTBEHHO, MOYKHO MAKCHMAJIBHO IOBBICUTH
TOYHOCTb ~OCTAaTOYHOIO KOJMYECTBA MCTOYHUKA adpO30Jisd, OLEHUBAEMOIO  a3pOo30Jib-
FeHEPUPYIOLIUM YCTPONCTBOM.

[0019] Bo3mokHa Takke KOH(PUTypalUs, B KOTOPOH adpO30Jib-TeHEPUPYIOIIEE
YCTPOWCTBO JOTMOIHUTENBHO BKIFOYAET B C€0s1 CXeMy ITUTAHUS, BBIITOJHEHHYIO C BO3MOKHOCTBIO
3JIEKTPUUYECKOTO COEIUHEHHUs] MCTOYHMKA NMUTAHMsI C HArpy3Kol M coaep kaHHsl NEepBOH Lienu
MOJIa4l MOLIHOCTHU JJIs1 MOJJa4i MOLITHOCTH B HAarpy3Ky He uepe3 JaT4MK U BTOPOH Lienu Mojaqu
MOIIHOCTH [JIsl NOJAYM MOLIHOCTM B HArpy3Ky uepe3 JnaaTdyuk. B 4acTHOCTH, MOXKHO
UCTIONIb30BATh TAKYI0 KOH(UTYPALHIO.

[0020] Bo3moxkHa Takke KOHPHUrypauus, B KOTOPOH CXxeMa NMHUTaHMs BKIIOYAeT B cebs
NEPBBIN y3€J, KOTOPbII MOACOEAUHEH K MCTOYHUKY MUTAHUSA, U OT KOTOPOrO CX€Ma MUTAHMS
OTBETBJIIETCSL B MEPBYIO LI€Nb MOAAYU MOIIHOCTH U BTOPYHO LI€Nb MOAAYU MOIIHOCTH, BTOPOM
y3eJ1, KOTOpBIH oOecneyeH mocie nepBoro y3ia, 1 B KOTOPOM NepBast Lielb T0a41d MOLITHOCTH U
BTOpasl LeNb NMOJAYM MOLIHOCTH CXOAATCA APYT C APYIOM, U JIMHEHHBIH PEryJsiToOp, KOTOPBIH
obecrieueH Mexay MepBbIM y3JIOM U JaTYMKOM BO BTOPOM IIETIM MOJAYM MOLTHOCTU. B maHHOMN
KOH(QUIypalud MOXKHO HCKJIFOYHTh BO3HHKHOBEHHE TOTEPb MpeoOpa3oBaHUs B JIMHEHHOM
peryysTope B MEpPBOM LENU MMOAAaYU MOLIHOCTHU, U MOKHO MOBBICUTb TOYHOCTH ONpEAeNeHUs
OCTAaTOYHOI'O KOJIMYECTBA BO BTOPOM LIETIH NMOAAYU MOLTHOCTH.

[0021] Aspo3onb-reHepupyroliee yCTPOMCTBO B COOTBETCTBUU C IPYTUM ACIEKTOM
HACTOSIIETO M300pEeTEeHHs BKJIOYAET B Ce0s MCTOYHHMK MHTAHHS, HATPY3KY, BBITOJIHEHHYIO C
BO3MOJKHOCTBK) HMEThb 3HAYEHUE COMNPOTHUBIIEHUs, KOTOPOE WU3MEHSETCS B 3aBUCHUMOCTU OT
TeMIepaTypbl, U 00pa3oBaTh a3pO30Jib MOCPEACTBOM PACIBUICHUS MCTOYHHKA a3pO30Jisl HIIH
HarpeBaHus UCTOYHHMKA apoMaTU3aTopa, NMpH Mojade B Hee MOLIHOCTHU U3 MCTOUYHHKA MUTAHUS,
JATYUK, BBIMOJHEHHBI C PE3UCTOPOM, COCIUHEHHBIM IIOCJIENOBATEIBHO C HArpy3KoH, W C
BO3MOJKHOCTBK) BBbIIaYM H3MEPEHHOIO 3HAYEHHs], KOTOpPOE SBJAETCS 3HAYEHHUEM TOKA,
IPOTEKAOIIET0 Yepe3 Pe3UCTOp, WM 3HAUYSCHHEM HaNpsDKEHUs, IOJAHHOTO Ha PE3HCTOp, U OJIOK
yIpaBl€HUs], BbIMOJIHEHHbIN C BO3MOXHOCTBIO YIIPABJIEHUS MOAa4yell MOLIHOCTU U3 UCTOYHMKA
NUTaHWUsI B HArpy3Ky U NpHeMa BBIXOJHOIO CUTHajla W3 AaT4YMKa, MPU 3TOM PE3UCTOP HMEET
3HAQYEHUE COMNPOTHUBIIEHUS, KOTOPOE YAOBJIETBOPSET, 10 MEHbIIEH Mepe, OJHOMY U3 MEPBOro

YCIOBHUS, 4YTO KOJHMYECTBO a’po30iisi, 00pa3yeMoro Harpy3koii B TeYeHHE Iepuoja



NOANHTHIBAHUS, BO BPEMsI KOTOPOTO MOIITHOCTb ITOAAETCSI U3 MCTOYHUKA MTUTAHUS B PE3UCTOP, HE
IPEBBIIAET TOPOTOBOTO 3HAUEHUS, U BTOPOE YCIOBHE, YTO M3MEHEHHE OCTATOYHOIO KOJIMYECTBA
HCTOYHHKA a3PO30JIs MJIM UCTOUYHUKA apOMAaTH3aTOPa MOXKET ONPENeNsIThCsl OJIOKOM yIpaBJIeHUs
10 U3MEPEHHOMY 3HAYEHHIO.

[0022] B COOTBETCTBHM C MEPBBIM YCIOBHEM, MOXKET OJOKUPOBATHCS OOpa3OBaHUE
a’dpo30Jisi BO BpeMsl HM3MEPEHHUs, M B COOTBETCTBUU CO BTOPbIM YCJIOBHEM, MOXET OBITh
MOBBIIIEHA TOYHOCTh OLIEHKH OCTAaTOYHOI'O KOJMYECTBA HCTOUHUKA adPO30Jisi, BBINOJIHIEMOM
a>p0O30JIb-T€HEPUPYIOLIIUM YCTPONUCTBOM.

[0023] Aspo3oab-reHepupyrollee yCTPOMCTBO B COOTBETCTBUU C APYTUM ACIEKTOM
HACTOSIIEr0 M300peTeHHs BKJIOUaeT B ceOs MCTOYHHMK MHUTAHHs, HATPY3KY, BBITOJIHEHHYIO C
BO3MOXKHOCTBIO HMMETh 3HAUEHHUE COMPOTHUBJICHUS, KOTOPOE H3MEHSETCS B 3aBHCUMOCTH OT
TeMIepaTypbl, U 00pa3oBaTh a’3pO30Jib MOCPEACTBOM PACIbUICHHS] MCTOYHHKA a3PO30Js WU
HAarpeBaHusl ICTOUYHHKA apOMAaTH3aTOpa, NPU MOJa4ye B HEE MOILIHOCTH U3 MCTOYHHUKA MUTAHUS,
JAaTYUK, BBINOJHEHHBIH C PE3UCTOPOM, COEAMHEHHBIM IIOCJIEAOBATENIbHO C HArpy3KoH, U ¢
BO3MOXKHOCTBIO BBIJAYM HM3MEPEHHOIO 3HAYEHHUs, KOTOpPOE SBISIETCS 3HAYEHHEM TOKa,
NPOTEKAIOIIETr0 Yepe3 Pe3UCTOp, WM 3HAUE€HHEM HAaNpsDKeHUs, MOJAHHOTO Ha PE3UCTOp, IO
MEHbBIIEH Mepe, OIWH PpEeryJUPOBOYHBIA PE3UCTOP [JIsl PEryJIUPOBKH BEJIWYHMHBI TOKQ,
NOZIaBA€MOT0 B HArpy3Ky, U OJIOK YIpaBJI€HHs], BBIMOJHEHHBIN ¢ BO3MOXKHOCTBIO YITPABIICHUS
nojaveil MOITHOCTH W3 WCTOYHMKA NMHUTAHUS B HArpy3Ky M IpHUeMa BBIXOAHOIO CUTHAIA M3
JaTyuKa, TPU 3TOM 3HAUEHHUs] CONPOTHBIIEHHH pE3UCTOpa U PETyJIUPOBOYHOIO PE3HCTOpA
YIIOBJIETBOPSIFOT TMEPBOMY VCIOBHIO, YTO KOJIMYECTBO adpo30iisd, 00pa3syeMoro Harpy3koil B
TE€UYEeHHE NepHuoaa TMOANUTBHIBAHUA, BO BPEMsl KOTOPOTO MOIIHOCTb IOAAETCS M3 HCTOYHMKA
NUTAHUS B HArpy3Ky, He IPEBBIIIAE€T IOPOTrOBOIO 3HAYEHMs, U PE3UCTOP HMEeT 3Ha4YeHUe
COIPOTHBJIEHUs], KOTOPOE YCTAHOBJIEHO TaKUM, YTO OTKJIMK W3MEHEHUs U3MEPEHHOIO 3HaYeHHs
Ha M3MEHEHHE TEeMIIepaTypbl 3HAYEHUS COINpPOTHUBJIEHUS HAXOAUTCS B YCTAHOBJICHHOM
JUarnasoHe.

[0024] B pmaHHOW KOH(Urypauu MOXKeT OJIOKHpOBaThCs OOpa3oBaHME a’3pPO30Jsi BO
BpeMs1 H3MEPEHHsI, FJIH MOKET ObITh MOBBIIIEHA TOYHOCTh OCTATOYHOT'O KOJIMYECTBA UCTOYHHKA
a’3p030J1s1, OLIEHMBAEMOTO a3PO30JIb-TEHEPUPYIOIIMM YCTPONUCTBOM, OJiarofapsi UCIOIb30BAHHUIO
3HAYEHHsT COMPOTHUBIICHHUS PETYJIHPOBOYHOIO PE3UCTOpPa B JOMOJHEHHE K 3HAYCHHUIO
COIPOTHUBJICHUS! TATUHKA.

[0025] Bo3mokHa Takke KOHPHUIypanws, B KOTOPOH 3HAUYE€HHE COMpPOTHBICHUS
pesucropa OoJblIe 3HAYEHHUS COMPOTHBIIEHUS HAarpy3kdu. Takum oOpa3oMm, HampuMep, MOXKET
OJIOKUPOBATLCS OOpPa30BAHKE a3PO30JIsi BO BPEMST H3MEPEHHSI.

[0026] Cnenyer OTMETHUTb, YTO BCE, YTO H3JIOKEHO MPUMEHUTEIBPHO K PEIICHHUIO
npoOJIeMbl, MOXKHO COYETaTh B Ipeaesiax 00beMa HaCTOALIEr0 H300peTeHus1, 6€3 OTKIOHEHHsS OT
npoOJeMbl, pemaeMol HACTOALUM H300peTeHHeM, M TEXHUYECKOH HIeH HACTOSIIEro
n3o0perenusi. Kpome Toro, Bce, 4TO U3JI0KEHO MPUMEHUTENBHO K PELISHUIO MPOOJIEMBbI, MOJKHO
NPEACTaBUTh B BUJI€ CUCTEMbI, KOTOpas BKJIIOYAaeT B cebs OHO UM Oosee yCTPONHCTB, KOTOpPbIE

BKJIFOYAIOT B ce0sl KOMIBIOTEP, IPOLIECCOP, OJJIEKTPUUYECKYI0 CXeMy M T.JI., CHocooa,



MOJJIEKALIEr0 BBINOJHEHUIO YCTPOICTBOM, WM MPOTrpamMMbl, MOAJEXKAIleHd BBITOJIHEHUIO
yctpotictBoM. [IporpaMma MOXKET TakKe BBIIOJHATHCSA B ceTH. BO3MOXKHO Taxke oOecriedeHne
HOCHTEJIS] JAHHBIX, KOTOPBII XPaHUT IPOrPaMMy.

ITOJIE3HBIE OOPEKTHI U30bPETEHM A

[0027] B cOOTBETCTBMM C HACTOSIINM H300pETEHHEM BO3MOXKHO OJOKMPOBAaHUE
0o0pa3oBaHusi a’3po30Jii B adPO30JIb-TEHEPUPYIOLIEM YCTPOHCTBE BO BpeMsl HM3MEpEHHE WM
NOBBIIIEHHE TOYHOCTH OLICHKH OCTATOYHOIO KOJMYECTBA MCTOYHMKA a3PO30Jsi, BBINTOJIHAEMON
a>p0O30JIb-T€HEPUPYIOLIIUM YCTPONUCTBOM.

KPATKOE OITMCAHUE YEPTEXENU

[0028] Pur. 1 - BUA B mepcrexkTuBe, NPeACTABIAIIUN OAUH NPUMEP BHELIHEro BHUJA
a3PO30JIb-TeHEPUPYIOLIETO YCTPONCTBA.

@ur. 2 - TMOKOMIIOHEHTHBIM BHUJ, MPEACTABJSIIOMNUI OAUH TPUMEpP a’PO30Jib-
TEHEePUPYIOLIEro YCTPONCTBA.

@ur. 3 - CTpyKTypHasi CXeMa, NPEACTABIISIIONIAs OAUH NMPUMEP BHYTPEHHEN CTPYKTYpPbI
a3PO30JIb-TeHEPUPYIOLIErO YCTPONCTBA.

@dur. 4 - NpUHUMIHAIBHAS CXEMa, MPEACTABISIOIAs ONMH NpUMep KOH(UTypauuu
CXEMBI a3PO30JIb-TEHEPUPYIOLIErO YCTPONUCTBA.

@ur. 5 - 6y0K-cxeMa, MPEACTABISIONIast 00padOTKy Uil OLIEHKH KOJMYECTBA UCTOYHUKA
a’3pO30JIs1, CONEPKAIUErOCsi BHYTPU y4aCTKa XPAHEHU.

Qur. 6 - OJIOK-cxeMa MOCIENOBATEIBHOCTH oOrnepanuii o0paboTKy, MpPenCcTaBIIIOMAs
OZIMH NpuMep 00pabOTKH Uil OLIEHKH OCTATOYHOTO KOJIUYECTBA.

@ur. 7 - BpeMeHHas [uarpaMma, peCcTaByIsioasl ONUH IPUMEP COCTOSIHUSA, B KOTOPOM
MOJIb30BATENb UCIOJIB3YET a3P0O30JIb-TEHEPUPYIOLIEE YCTPOMCTBO.

dur. 8 - pauarpamma, MpPEACTABISIOINAs OOWUH MNpUMEp crnocoda OrnpeneneHus
IPOAOJLKUTEIPHOCTHU MIEPUOIa ONPEAEIICHUS.

Qur. 9 - nuarpamma, OpPenCTaBIAOIIAs APYroil NpUMep HU3MEHEHUI 3HAa4eHHUsl TOKa,
MIPOTEKAIOLIETO Yepe3 Harpy3Ky.

@ur. 10 - Ook-cxeMa MOCIeNOBATEILHOCTH OIepanuii 00pabOTKH, MPeNCTaBIISIOIIAS
OJTUH MpUMep 0O0pabOTKH JUIsl yCTAHOBKH MEPUOJIA OTPENeNICHHS.

@ur. 11 - amarpamMma, CXEMaTHYECKH NPEACTABIBIIOIAs TOTpeONeHHe SHEPrHuHu Ha
y4acTKe XpaHEHUs, OJBOJALIEM YIacTKe U Harpy3Ke.

@ur. 12 - rpaduk, CXeMaTHUYECKH NPENCTABIIIOUINI B3aMMOCBSI3b MEXAY SHEpPrHeH,
noTpedsieMoii Ha Harpy3Ke, U KOJIMYeCTBOM 00pa3yeMoro aspo3oJis.

@ur. 13 - onuH npumep rpaduka, MPEICTABISIOLIETO B3AUMOCBS3b MEXIY OCTATOYHBIM
KOJIMYECTBOM a3p030Jis1 U 3HAUEHHEM CONPOTUBJIEHUsI HAPY3KH.

@ur. 14 - npuHLIUNUAIbHAS CX€Ma, MNPEACTABJIAIOIIAs BApPUAHT CXEMBbI, BXOASLIEH B
COCTaB a3p030J1b-TE€HEPUPYIOLIETO YCTPOUCTBA.

Qur. 15 - npuHUMNMaANbHAs CXeMa, MPEACTABIAIOIIAsl APYrOM BAapUAHT CXEMBI,
BXOZSALIEH B COCTAB a3P0O30JIb-T€HEPUPYIOLIETO YCTPOHCTBA.

OIIMCAHME BAPMAHTOB OCYIIIECTBJIEHMA



[0029] [lanee, cO CCBUIKOW Ha YepPTEKU OMHCAH BAPUAHT OCYILIECTBJIEHUS a3pO30Jib-
TeHEPUPYIOIIEro YCTPOICTBa MO HacTosieMy nzoOpereHuto. Pasmeprl, matepuanbl, (pOpMBI,
OTHOCHUTENIBHOE PACIONIOXKEHHE U T.A. COCTaBJSIIOLIMX 3JEMEHTOB, OMHCAHHBIX B HACTOALIEM
BapHaHTE OCYLIECTBIIEHUS, SIBJISIFOTCS IpUMepHbIMU. [lopsaaok onepaunii Takxke sIBISIETCS ONHUM
IPUMEPOM, U MOPSAOK MOKHO M3MEHATb, WU MPOLEAYPHl MOXKHO BBINONHATH NAapajuebHO B
npenenax obvema, 0e3 OTKJIOHEHHs OT MpOOJEeMbl, pelraeMOl HACTOSALIMM H300peTeHueM, U
TEXHUYECKOH uaen Hacrosimero m3o0pereHus. CrenoBaTenbHO, TEXHUUYECKHH 00BeM
HACTOSIIETO U300PETeHHsI He OTPAHMYEH MOCISAYIOIUMH IPUMEPAMHU, €CITH He YKa3aHO HHAYe.

[0030] < BapuaHnr ocy1iecTBieHus >

Qur. 1 sABnsgeTcs BUAOM B MEPCIEKTUBE, MPEACTABISIIOIIMM OJUH MPUMEpP BHEIIHEro
BHU/Ia a3PO30Jb-T€HEePUPYIOLIEro ycTpoicTBa. Dur. 2 SBAAETCS MNOKOMIIOHEHTHBIM BHUIIOM,
NPEACTaBSIIOIIMM  OAMH TpHUMEpP  a3p030Jib-T€HEPUPYIOLIEro  yCTpoHCTBA.  A3po30Jib-
reHepUpyrollee yCTPOMCTBO 1 SIBNISIETCS 3JEKTPOHHOUW curaperoit, HeOynahWsepoM U T.JI. H
oOpasyer aspo30ib B KadeCTBE pEAKIMH Ha BJAOX, BBINOJHAEMBIH IIOJIb30BATENEM, M|
o0ecrieunBaeT a’po30ib Ui mosb3oBarens. Creayer OTMETHUTh, YTO OJHO JEHCTBHUE
HETIPEPHIBHOTO BJOXA, BBHIMOJHAEMOTO IIOJIb30BATENeM, OyIeT Ha3bIBAThCS «3aTSHKKOW». B
HACTOSIIEM BAapUAHTE OCYIIECTBJICHUS, a3pO30Jb-TeHepHpyroliee ycTpoictso 1 nobasnser
TaK)K€ apOMATHYECKUH KOMIIOHEHT M T.A. B 00pa3yeMblil a3p030Jib U BBITYCKAET a3p030Jb B POT
MIOJIb30BATES.

[0031] Kak noka3aHo Ha ¢ur. 1 u 2, a3po30yb-reHepupyrolIee YCTPOHCTBO 1 BKIIIOYAET B
ceOst OCHOBHOM KOpPIyC 2, y4aCTOK 3 MCTOYHUKA a’pO30Jis, M Y4aCTOK 4 IOMOJHHUTEIHbHOTO
KoMInoHeHTa. OCHOBHO! KOpNyC 2 MOAAaeT MOUIHOCTh U YNpPaBJsieT ONepalusiMu yCTPONCTBA B
LHeloM. Y4acTok 3 HCTOYHMKA adpo30Jii BMEINAET MCTOYHMUK a3pO30Jsl, MNOMJIEKALIHM
pachbUIEHHIO Uil 0Opa30BaHMs a3pOo30Jisl. YHaCTOK 4 JOMOJHUTENIBHOIO KOMIOHEHTa BMEINAeT
TaKH€ KOMIIOHEHTBI, KaK apOMAaTU4YE€CKUIl KOMIIOHEHT, HUKOTUH U T.A. llomp3oBaTenbs mMoxkeT
BIBIXaTh ad3p030Jib C JOOABJIEHHWEM apomaruzaropa W T.JA., NPH YASPKUBAHUKM BO PTY
MYHJIITYKa, KOTOPBIH SIBJISI€TCS] KOHLIEBBIM YYACTKOM CO CTOPOHBI yUacTKa 4 JOMOJHUTEIBHOTO
KOMITOHEHTA.

[0032] Asposonb-reHepupyromiee ycrpoiictBo 1 dopmupyercs B pe3yibTate COOPKH,
HaIlpuMep, MOJIb30BaTENEM, OCHOBHOIO KOpIyca 2, ydacTka 3 UCTOYHHKA a3p030Js U y4acTka 4
JIOTIOJTHUTEIPHOIO KOMIIOHEHTa. B HacTosiieM BapuaHTe OCYIIEeCTBIEHHUs,, OCHOBHON KOpIycC 2,
y4acTOK 3 HCTOYHHKA a’po30Jsi M Y4acTOK 4 JIOMOJHUTEIBbHOTO KOMIIOHEHTa HMEIOT
LIUTHHAPHYECKYIO (OPMY, YCEUEHHYIO KOHUYECKYIO (POPMY U T.J., C IPEABAPHUTENBHO 3aJaHHBIM
AUaMETPOM, U MOTYT COEIMHATHCA B IMOPSAJKE CJIEeNOBaHUS OCHOBHOIO Kopmyca 2, ydacTka 3
UCTOYHHUKA a3pO30Jsi M y4dacTka 4 JOMOJNHUTENbHOrO KoMIlOHeHTa. OCHOBHOW kopmyc 2 u
y4acTOK 3 MCTOYHMKA a3p030Ji1 COEAUHSIOTCS JPYr € APYrOM CBHHUMBAHHEM OXBaTbIBAEMOIO
pe3pOOBOro0 ydacTKa M OXBATHIBAIOIIETO pPe3bOOBOrO yYaCTKA, KOTOPBIE COOTBETCTBEHHO
o0ecrieueHbl, HaIPUMep, Ha KOHIIEBBIX Y4aCTKaX OCHOBHOIO KOpPITyca 2 M y4acTka 3 MCTOYHHKA
a’po30J1si. YYacTOK 3 HMCTOYHHMKA a’po30Jisi M Yy4acTOK 4 AOMOJHUTENIBHOTO KOMIIOHEHTA

COEAUHSIOTCS APYT C APYrOM, HalpuMep, BCTABKOW y4acTka 4 JOMOJHUTENBHOTO KOMIIOHEHTA,



BKJIFOUAIOLIETO B ce0s1 OOKOBYIO IMOBEPXHOCTb, UMEIOIIYI0 KOHHUYECKUE 3JIEMEHTBI, B TPyOUaThIi
y4acTOK, OOECIeUeHHBbId HAa OJHOM KOHI[E ydYacTKa 3 UCTOYHHKA a’po30Jisi. Y4acTok 3
UCTOYHHKA a3pO30Jii U Y4YacTOK 4 JOMOJHUTENBHOTO KOMIIOHEHTa MOTYT OBbITh CMEHHBIMH
4aCTsIMU OJHOPA30BOI0 UCIIOIb30BAHUS.

[0033] < BHyTpeHHss KOHpUrypamus >

@ur. 3 sABAAETCS CTPYKTYPHOM CXEMOMH, NMPEACTABIAIOLIEH OAMH NpPUMEDP BHYTPEHHEH
CTPYKTYpPBI a3p030Jib-reHepupyroniero ycrpoiicrtsa 1. OcHOBHOIN kopmyc 2 BKIIOYaeT B ceOs
uctrouHuk 21 mnurtanus, Onok 22 ynpaBneHuss u natuuk 23 Bpoxa. biok 22 ynpaeieHus
BJIEKTPUYECKH COEAMHEH ¢ UCTOYHMKOM 21 mutanuss u patuukoMm 23 Broxa. Mcrounuk 21
MIUTAHUS SIBJSIETCS, HATIPUMED, aKKyMYJIITOPHOW Oarapeel W MOJaeT MUTAHUE B DJIEKTPUUECKYIO
CXEMy, COIEPXKALIYKCS B aj’po30iib-TeHepupyromeM ycrpoiictee 1. brnok 22 ynpasneHus
SBIIIETCSL ~ TMPOLIECCOPOM,  Hampumep,  MukpokoHTpoiuiepom  (MCU:  ycrpoiictBom
MUKpPOYIIPABIIEHHsI), M YIPABJISET OMNEPALUsIMH 3JEKTPUUECKON CXEMbl, CconeprKalieiics B
a’po30Jb-reHepupyromeM ycrpoiictee 1. Jlatuuk 23 BAoxa sBASETCS AATYMKOM JaBJICHUS
BO3/lyXa, AAaTYMKOM CKOPOCTH NMOTOKa U T.A. Korga mosb3oBaTenb BABIXAET U3 MYyHALITYKA
a’pO30JIb-T€HEPUPYIOLIETrO YCTPONCTBa 1, naTunk 23 BAOXA BbIAAET 3HAYEHUE B COOTBETCTBUH C
OTPULIATENIbHBIM J1aBJICHUEM WJIH CKOPOCTBK) MOTOKA ra30BOro MOTOKA, CO34AaBAEMOr0 BHYTPH
a3p030Jib-TeHepUpYIOIero ycrpodictea 1. A wumenHo, Onok 22 ymOpaBiIeHUs MOXKET
O0OHapy>KUBaTh BOX 110 BBIXOAHOMY 3HAUEHHIO ATUMKa 23 BIOXA.

[0034] VYwyacTok 3 HUCTOYHHMKA a’pO30Jii a’PO30Jb-T€HEPUPYIOLIErO yCTpoicTBa 1
BKJIFOUaeT B cebst ydacTok 31 XpaHeHus, MOABOMAIMN y4acTOK 32, Harpy3ky 33 u matduk 34
OCTaTOYHOIO KOJIMYECTBA. YUYaCTOK 31 XpaHEHHs sABJISIETCA €MKOCTBIO Il XPAHEHUS >KUIKOIO
UCTOYHUKA a’3pO30Jsi, TMOJIEXKAINero pacHbUIEHUIO MOCPEeACTBOM HarpeBanus. Crenyer
OTMETHUTb, YTO HCTOYHUK a3pO30Jisl SIBJSIETCS MATEPUAIOM Ha OCHOBE BBICOKOMOJIEKYJISIPHBIX
CIIUPTOB, HANpPUMEp, TNIMLEPUHA WM TNPOMMJISHIVIUKONS. VICTOUHMK a’po30isi MOXKET ObITh
TaK)Ke SKMIKOW CMeChi0 (HAa3bIBAEMOW TaKXKe «UCTOYHMKOM apoOMaTHU3aTopa»), KOTopas
JNOMNOJIHUTEIPHO COAEPKUT JKUAKUM HUKOTHUH, BOAY, AapOMAaTH3UpPYIOIlEee CPEACTBO U T.A.
IIpennonaraercsi, 4TO TAaKOM HCTOYHMK a’pO30Jisl 3apaHee 3alpaBiieH BHYTpU ydacTka 31
xpaneHust. Crenyer OTMETHUTb, 4YTO HCTOYHHUK a3pOo30Jsi MOXET OBITh TakXke TBEPAbIM
BEIIIECTBOM, JIJIsl KOTOPOTO He 00s13aTeIbHO HATMYNE yuacTKa 31 XpaHeHwHs.

[0035] TMoxgBomsmuii ydacTok 32 BKIO4YaeT B ceOs (UTHIB, KOTOPBIH cHOpMHUpPOBAH
CKPYYMBAaHUEM BOJIOKHUCTOIO MaTepuaia, HalpuMep, CTeKI0BoNOKHA. [loaBoasamuii yyactok 32
coenuHeH ¢ yyacTkoM 31 xpanenus. Ilonsoasimuii yuacTok 32 coeMHEH Takke ¢ Harpy3koit 33,
WJIY, TI0 MEHBLIEH Mepe, Y4aCTOK MOABOAALIETO yUacTKa 32 pacronaraercsi BOJU3M Harpy3Kku 33.
HcTouHMK a3p0o30J1s1  pacrpoCTpaHsercs Mo (UTWIIO TOA ACHCTBHEM KaNMUBIPHOCTH U
NepeMeaeTcs K y4acTKy, Ha KOTOPOM HMCTOYHMK a3pPO30Jis1 MOXKET PacHbUIATHCS B PE3yJIbTATE
HarpeBaHusi Harpy3koil 33. MHauye roBopsi, MOABOASIIMN Y4acTOK 32 BIUTBIBAET HUCTOYHUK
a’po30Jil U3 y4acTka 31 XpaHEHuss W NEePEeHOCUT HUCTOYHMK ad>po30Jisi K Harpyske 33 Wiu B
OKpecTHOCTh Harpy3ku 33. Crienyer OTMETUTbh, UTO Uil (PUTHIISL MOXKHO TAaK)XXKe HCIIOJIb30BaTh

KE€paMUKy BMECTO CTCKJIOBOJIOKHA.



10

[0036] Harpyska 33 sBisieTcst, HaIpuMep, HarpesareieM B (JOpMe CIIUPATU U BBIAEISIET
TEIUIO B pe3yJbTaTe MpPOTeKaHWs Toka dvepe3 Harpysky 33. Hanpumep, nHarpyska 33
XapaKTepU3yeTcss MOJOKUTENbHBIM TeMrepaTypHbiM Kodpduuuenrom (PTC), u 3HavyeHue
CONPOTHUBJICHUsI HArpy3ku 33 HAXOAMTCs, IO CYyIIECTBY, B IPsIMOM NPONOPLUOHAIBHOU
3aBHCHMOCTH OT TEMIIEPaTypbl, OOYCJIOBJIEHHOH BbimeneHueM teruia. Cienyer OTMETHTh, YTO
Harpy3ka 33 He 00s3aTeNbHO MOJDKHA XapaKTEePU30BATBHCS ITOJIOKUTEIBHBIM TEMIIEPaTypPHBIM
ko3 duumentom, u Tpedyercsi TONBKO, YTOOBI CYIIECTBOBAIA KOPPENSLUS MEXIy 3HAYeHUEM
COIPOTHBJICHUs HArPY3KHU 33 U TeMmrepaTypoii, 00yCJIOBISHHOH BbieneHrneM Teria. Hampumep,
BO3MOYKHA TakKe KOH(UIypauus, B KOTOpPOH Harpy3ka 33 XapakTepusyercsi OTPHULATEIbHbIM
temrieparyptabiM ko3ddurnuenrom (NTC). CnenyeT oTMETHTh, YTO Harpy3ka 33 MoOkeT ObITh
HAMOTaHa Ha (QUTWIb WIK HA00OpPOT, OKPYXKHAsI MOBEPXHOCTb HATrPy3KH 33 MOXKET ObITh
nokpeita ¢putmwieM. biok 22 ynpasieHus ynpasisieT mogadeil MOIHOCTH B Harpy3ky 33. Korna
HUCTOYHMK a3pOo30Ji1 MOABOAUTCA OT ydacTka 31 XpaHeHuss K Harpy3ke 33 NOABOISALINM
y4acTKOM 32, UCTOYHHUK a3pO30Ji1 UCHApPseTCsl MO BIMSHUEM TEIa, BbIIEISAEMOro Harpy3kKon
33, u obpasyercst a3po30Jib. Ecii 1o BBIXOHOMY 3HAYEHUIO AaT4hKka 23 BIoxa oOHApYy KUBAETCS
BIBIXAIOLIEE NEHCTBUE MOJIb30BATENS, TO OJOK 22 ynpaBJIeHUs MOJAeT MOLTHOCTh B HArPy3Ky 33,
yroObl O0pa3zoBaTh a’po30sb. Eciam  ocTaroyHOe KOJWYECTBO MCTOYHHKA — a3PO30Jd,
cozepKalieecss BHyTPH y4acTka 31 XxpaHeHUs sIBJISETCS JOCTATOYHO OOJIBIINM, TO B Harpy3Ky 33
MOAAETCA JOCTATOYHOE KOJIMYECTBO UCTOUYHHUKA a3p030Jis, U TEIIO, BBIAEIAEMOE HArpy3Kkou 33,
NepenaeTcss UCTOYHUKY a’3po30Jis, MHA4Ye TFOBOPsl, TEIUIO, BBIAEIAEMOE HArpy3Kou 33, CIIy>KWUT
IJIs1 HarPEBaHMsl U MCIAPEHUs MCTOYHUKA adPO30JiA, U MOSTOMY TEMIEpaTypa Harpysku 33
MOYTH HUKOIAA HE CTAaHOBUTCS BBILIE 3apaHee HACTPOCHHOW, IPENBAPUTEIBHO 3aAaHHOU
teMnepatypbl. C Opyroi CTOPOHBI, €CIM UCTOYHUK ad3pO30Jis, COAEpP KALMICA BHYTPHU ydacTKa
31 xpaHeHus, pacxonyercs, TO KOJIUYECTBO UCTOUHUKA a3PO30JIs, OaBaeMOro K Harpyske 33 B
eAVHULYy BpEMEHH, yMeEHbIIaeTcs. B pesyibrare, Temno, BblenseMOe Harpy3kon 33, He
nepenaeTcss MUCTOUYHMKY a’po30Jisl, MHA4Ye TOBOPs, TEIUIO, BbIAENsAeMOe Harpyskoil 33, He
HCIIONBb3YETCsl [JIs1 HarpeBaHUsl U HCHAPEHMs] MCTOYHUKA a’po30Js, W MO3TOMYy Harpyska 33
W3JIMIIHE HArpeBaeTcs, W 3HA4YEHUE CONPOTHUBJIEHUS HArpy3ku 33  COOTBETCTBEHHO
YBEJINYNBAETCA.

[0037] Hartuuk 34 OCTATOYHOrO KOJWYECTBA BBIAAET AAHHBbIE HU3MEPEHUN IJIs1 OLCHKU
OCTaTOYHOIO KOJIMYECTBA UCTOYHMKA a3pO30Jisi, COAEPIKALErocss BHYTPHU y4acTka 31 xpaHeHus,
UCXOJIsl U3 TeMIiepaTypsl Harpy3ku 33. Jlatuuk 34 OCTaTOYHOro KOJMYECTBA BKIFOYAET B CeOs,
Harpumep, pe3ucTop (IWYHTUPYIOIUN Pe3UCTOp), KOTOPBIH MOACOEAMHEH IMOCIEA0BATENIbHO C
Harpy3koi 33, 4roObl M3MepsATh TOK, M H3MEPHUTENbHbIH MPUOOP, KOTOPBIA MOACOENUHEH
NapajIeIbHO C PE3UCTOPOM, YTOOBI M3MEPSITh 3HAUCHHE HamnpspKeHus Ha pesuctope. Cremyer
OTMETUTD, YTO 3HAYECHHE CONTPOTUBJICHUS] PE3UCTOPA SIBJISIETCS] MIOCTOSIHHOM BEJTMYMHON, KOTOpast
OTpesenseTcss 3apaHee M, MO CYILIECTBY, He HM3MeHseTcsl ¢ Temmeparypoil. CrenoBaTenbHO,
3HAQYEHUE TOKA, NMPOTEKAIOLIEro 4epe3 Pe3UCTOp, MOXKET ONPEAENSAThCS, UCXOAsl U3 U3BECTHOIO
3HAYEHUs] CONPOTUBJIEHUS U U3MEPEHHOIO 3HAYCHUS HATIPSKEHMUSL.

[0038] Cnenyer OTMETHTD, YTO, BMECTO BBILIEONHUCAHHOTO M3MEPUTENIBHOrO mpudopa, B
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KOTOPOM NPUMEHEH IIYHTUPYIOMUI PE3UCTOP, MOXKHO HCIIOJIb30BaTh U3MEPHUTEIBHBIN MPHOOP,
B KOTOPOM TIpHMeEHsieTcss 3yeMeHT Ha s¢dekre Xomma. DnemeHT Ha 3¢dekre Xosuta
pacrosaraercsi B IOJOKEHHUU BKJIIOUEHHUS IOCIENOBATENbHO C HAarpy3koil 33. A MMEHHO,
CepAEUHHK C 3a30pOM, KOTOPBII BKIIIOYaeT B ceOst aneMeHT Ha d¢dekre Xomna, pacmnogaraercs
BOKPYI' NPOBOJA, KOTOPBIN IMOACOEAMHEH IOCIEAOBATENbHO C Harpy3koi 33. DieMeHT Ha
s dexre Xoma onpenenser MarHUTHOE MOJie, CO3/1aBaeMOe TOKOM, POTEKAIOIUM Yepe3 Hero.
B ciyuae, xorma npuMensiercst aneMeHT Ha 3¢dekre Xona, BEIpakeHHEe «TOK, MPOTEKArOINUit
yepe3 JAaHHBIM OJJEMEHT» O3HadaeT TOK, KOTOpPbIM MPOTEKaeT MO MPOBOAY, KOTOPBIN
pacroyaraercsi B LIEHTPE CepPACYHHUKA C 3a30pOM M HE KOHTAaKTHUPYET C 3JeMEHTOM Ha d(dexre
Xonna, U 3HaYEHHE TOKa JUIsl JAHHOTO TOKAa PaBHO 3HAYEHHUIO TOKA, MPOTEKAIOINEro dvepes
Harpy3ky 33. B HacTosmem BapuaHTe OCYILECTBJICHMs, AATYUK 34 OCTATOYHOrO KOJUYECTBA
BbIIa€T 3HAU€HUE TOKa, MPOTEKAIoLIero 4epe3 pe3ucTop. B kauecTBe anbTepHATHUBBI MOKHO
UCIOJIB30BaTh TaKXKe€ 3HAU€HHE HaIpsDKEHUs, [0aBaeMOro MEXAy MPOTHUBOIOIOKHBIMU
KOHLIAMH PE3UCTOpa, WM 3HAuY€HUE, MOJIy4aeMOe B pe3yJbTaTe BBINOJIHEHMs IPEIBAPUTEIBHO
3a/1aHHOM OIepaluy CO 3HAU€HHEM TOKa WJIM 3HaU€HUEM HaIpsiKeHHs], BMECTO CaMOT0 3HAYEeHUs
TOKa WU 3Ha4deHUs HanpsbkeHus. JlaHHble U3MEpEeHHble 3HAa4YeHHs, KOTOpble MOXKHO
HCIOJIb30BaTh BMECTO 3HAUYEHUsI TOKA, MPOTEKAIOILEro Yepe3 pe3ucTop, ABIAIOTCS 3HAUEHUSIMH,
KOTOpbIE H3MEHSIIOTCSI COOTBETCTBEHHO 3HAYEHMIO TOKA, MPOTEKAOIero 4epes pesucrop. A
UMEHHO, OT JaT4yhka 34 OCTATOYHOIO KOJNYECTBA TPEOYETCsl TOJBKO BBIAABATH W3MEPEHHOE
3HaYeHHe, COOTBETCTBYIOIEE 3HAYEHUIO TOKa, MpoTekarolero depe3 pesucrop. Camo coboi
pasyMeercs, 4TO TEXHHUYECKass MJesl HACTOSINero H300peTeHHs] OXBaThIBAET CJIydau, KOrja
YIOMsHYTbI€ HU3MEpPEHHbIE 3HAYEHHs] HMCIONb3YIOTCS BMECTO 3HAYEHMs] TOKA, MPOTEKAIOILEro
4epes3 PE3UCTOP.

[0039] VYwuactok 4 AOMOJHUTENBHOIO KOMIIOHEHTA  a3pO30Jib-T€HEPUPYIOLIETrO
yCTpOICTBa, BMEINAET pe3aHble JIUCThs Tabaka M apoOMAaTHYECKHH KOMIIOHEHT 41, Hampumep,
MEHTOJI. YYacTOK 4 JOMOJIHUTENBHOIO KOMIIOHEHTA, COAEPIKUT BO3IYyIIHbIE OTBEPCTUS CO
CTOPOHBI MYHJINTYKa U Ha Y4YacTKe, MOJJIeKAIleM COEIMHEHHUI0 C Y4acTKOM 3 HCTOUYHHUKA
a’p0o30Jis, U, KOTAa MOJb30BaTeNb BAbIXAET U3 MYH/IITYKA, BHYTPH y4acTKa 4 JOMOIHUTEIBHOTO
KOMIIOHEHTa CO3JaeTCsl OTPULATENIbHOE NaBJICHHE, a’po30Jib, OOpa3yeMblii Ha y4acTke 3
HCTOYHHKA a3pP030JIsi, BCAChIBAETCS, HUIKOTHUH, ApOMATHUECKUH KOMITIOHEHT U T.J. JOOABJISIOTCS B
a’3po30Jib Ha y4yacTKe 4 JOMOJIHUTENbHOIO KOMIIOHEHTa, M a’pO030Jib BBIMYCKAaeTCs B POT
TMIOJIb30BATES.

[0040] Cnemyer OTMETHTb, YTO BHYTPEHHs KOH(Hrypauwus, mokazaHHas Ha ¢ur. 3,
NPEACTaBIsIET OAUH NpuMep. Bo3MoskHa Takske KOHPUTYpaLys, B KOTOPOH y4aCTOK 3 HCTOYHHUKA
a’3po30ys1, odecrieueH BIOJIb OOKOBOM MOBEPXHOCTH LIMJIMHIAPA U UMEET TOPHUECKYI0 (opmy,
KOTOpast BKJIFOYAET B ceOsl MMOJIOCTh, MPOIODKAIOLIYIOCS BIOJb LIEHTPA KPYIJIOrO MOMEPEYHOTO
ceyeHus. B naHHOM ciydae, moABOASIIMN y4acTOK 32 M Harpyska 33 MOIYyT pacnoJyiaraTbCsi B
LeHTpaJIbHOH nosiocTu. Kpome Toro, JONOTHUTENBHO MOXKET OBITh 00ECIIeUeH 3JIEMEHT BBIBOJA,
Hanpumep, ceeronsnydarommii auoxa (CH) niam BuGpaTop, YTOOB! BHIBOAUTD IS MOJIB30BATENI

COCTOSIHHE YCTPOUCTBA.
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[0041] < Kondurypauus cxemsl >

@ur. 4 ABiseTCA NPUHLUIIHAIBHON CXEMOH, NMPEACTABIAIOLIENH OJWH MPUMEP y4dacTKa
KOH(UrypaLnu CXeMbl B a3P030JIb-T€HEPUPYIOIIEM YCTPOHCTBE, OTHOCSIIETOCs K ONPENeIEHHUIO
OCTaTOYHOIO KOJIMYECTBA UCTOYHUKA a3PO30Ji U YIIPABJICHUIO MTOAAaYel MOLIHOCTH B HArPY3Ky.
Asposonb-reHepupyroiee ycTpoicTBo 1 BiitouaeT B ceOst uctoynuk 21 mwurtanus, Omok 22
ynpasnenus, 610k 211 npeoOpazoBaHus HANPSDKEHMS, KIIOYH (MepeKovaronue 31eMenTsl) Q1
u Q2, Harpy3ky 33 u pgatuuk 34 OCTaTOYHOrO KOJMUYECTBA. YYaCTOK, KOTOPBIH COEAUHSET
UCTOYHUK 21 muTaHus ¢ Harpy3koid 33 u Bkimovaer B cebs kimoun Q1 m Q2 um Gmok 211
npeoOpa3oBaHusl HAMpPsDKEHHs:, OyIeT TAaK)Ke Ha3bIBAThCS «CXEMOH MUTAHHS» MO HACTOSIIEMY
u3obperennro. Uctounnk 21 nmuranust u 0ok 22 ynpasieHus o0ecredeHbl B OCHOBHOM KOPITyCe
2, mokazaHHOM Ha ¢ur. 1-3, u Omok 211 mpeobpaszoBanusi HanpspkeHus, kmoun Q1 u Q2,
Harpy3ka 33 u gatduk 34 OCTaTOYHOTO KOJUYeCTBa OOeCNedeHbl Ha y4YacTKe 3 HCTOYHUKA
a3p0o30Jisi, HAMPUMEDP, TTOKa3aHHOM Ha ¢ur. 1-3. B pesyibpTare coequHEHUs] OCHOBHOTO KOPITyca
2 ¥ ydacTka 3 UCTOYHHKA a3pO30Jisl, UX COCTABJISAIOIINE 3JIEMEHTBI JIEKTPUUECKU COCAUHSIOTCS
APyr C JAPYIOM, U COCTaBISIETCS CXeMa, Noka3aHHas Ha ¢ur. 4. Crnemyer OTMETHUTh, YTO
BO3MOJKHA Takke KOH(UTypamusi, B KOTOpPOH, MO MeHbIIel Mepe, 4ro-To u3 Osoka 211
npeobpazoBanusi HanpspkeHus, Kmoded Q1 m Q2 w pmatdmka 34 OCTaTOYHOTrO KOJHUYECTBA
oOecrieyeHo, HampuMep, B OCHOBHOM Kopmyce 2. B ciydae, korma y4acTok 3 HCTOYHHUKA
a’3p030JI1 ¥ YYaCTOK 4 JOTMOIHUTEIHHOIO KOMIIOHEHTa CKOH(UTYPUPOBAHBI KAK CMEHHBIE YaCTH
OIHOPA30BOrO HCIMOJB30BAaHMs, CTOMMOCTb CMEHHBIX YaCTE€ld MOXHO CHU3UTh IyTE€M
COKpALIEHHs YUCIa KOMIIOHEHTOB, COAEPKALUXCSl B COCTABE CMEHHBIX YaCTeH.

[0042] UctouHuk 2] nuTaHus UMEET HEMOCPEACTBEHHOE WM HETIPSIMOE 3JIEKTPUUYECKOE
COEJMHEHHE C KaXIbIM COCTABJSIOLIMM 3JIEMEHTOM M MOJAeT NuTaHue B cxemy. binok 22
ynpasieHus coequHeH ¢ kmouamu Q1 u Q2 u natunkom 34 ocraTouHOro kojuyectsa. biok 22
yIpaBJICHUS] TOJy4aeT BBIXOAHOE 3HAYEHHE IaT4hKa 34 OCTaTOYHOrO KOJIMYECTBA, YTOObBI
BBIUMCIIATh PACUYETHOE 3HAYEHHUE, Kacarolleecs HCTOYHMKA adpOo30Jisl, OCTAIOLIErocsi BHYTPH
yuacTka 31 XpaHeHus1, U yIpaBiseT pa3MbIKaHUEM U 3aMblkaHueM kimrouen Q1 u Q2, ucxons us
BBIYMCJIEHHOI'O PACYE€THOI'O 3HAYE€HMs], BBIXOAHOIO 3HAYEHUs AaTuuKa 23 BAOXa U T.1.

[0043] Kmroun Q1 m Q2 sBASAIOTCS MOJYNMPOBOAHUKOBBIMU KJIFOUAMH, HAIMPUMED,
yaunossipabiMia MOII-Tpan3ucTopamu (METa/NIOKCUAHBIMU TTOJIEBBIMU TIOJTYTIPOBOAHUKOBBIMU
Tpansucropamu). OnuH koHen kimrova Q1 mopcoennHeH K MCTOYHMKY 21 muTaHus, U APYyrou
koHel nepkimodarenss Q1 noacoennHen k Harpy3ke 33. [1pu 3ambikanuu kiroua Q1, B Harpys3Ky
33 MOKeT MOoIaBaThCs MOIIHOCTH JJisi 0Opa3oBaHUs a3po30Jisi. biok 22 ynpaBjieHHs 3aMbIKaeT
kmou Q1, Hampumep, mpu OOHAPYKEHMU BABIXAKOLIETO AEHCTBUS monb3oBatens. Cremyer
OTMETUTb, 4YTO IIeMb, KOTOpas mpoxomuT depes kiod Q1 u Harpy3ky 33, Oymer Takxke
HA3bIBATHCS IIETIbI0 00Pa30BAHMUS a3pO30JIs1» U KIIEPBOH LIETIBIO MOJJA4YX MOILITHOCTH.

[0044] Onun xoHen kiro4ya Q2 moacoearHEeH K UCTOYHUKY 21 mutanus yepes Oyok 211
npeoOpa30BaHus HANPSDKEHUs, U APYrod KoHen kitoda Q2 mopcoenuHeH K Harpyske 33 uepes
naTdauk 34 ocrarodHoro kommuectBa. [lpu 3ambikanmm kiaroda Q2 MOKHO OBITH IMOJyYEHO

BBIXOAHOC 3HAYCHUEC OaT4uHKa 34 OCTaTOYHOrO KOJHUYECTBA. Cnez[yeT OTMECTHUTDb, 4YTO LCIIb,
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KOTOpas mpoxXoAuT uepe3 ko4 Q2, natuuk 34 OCTAaTOYHOrO KOJUYECTBA U HArpys3ky 33, u u3
KOTOpPOHM AaTuuk 34 OCTaTOYHOI'O KOJHUYECTBA BBIAAET YCTAHOBJIEHHOE M3MEPEHHOE 3HAYE€HUE,
Oyzer Takke Ha3bIBATbCS «LEMbIO ONPENeJeHUsT OCTATOYHOIO KOJHYECTBAa» U «BTOPOH ILIETIBIO
NOZIa4y MOIIHOCTHY I10 HacTosiemMy u3o0perenuto. Ciaenyer OTMETUTD, UTO, €CJIU B AaT4Hke 34
OCTaTOYHOT'O KOJMUECTBA IPUMEHSAETCS 3JIeMeHT Ha 3¢ ¢exre Xosa, To faT4uk 34 0CTaTOYHOTO
KOJIMYEeCTBA He 00s3aTeNIbHO JOJDKEH MOICOSAMHATBCA K Kmody Q2 m Harpyske 33 U J0JDKeH
TOJBKO OOecrednBaTb BO3MOKHOCTb BBIAAYHM YCTAHOBJIEHHOTO M3MEPEHHOTO 3HAYEHUS B
NOJIOXKEHUN Mekay KirodoM Q2 u Harpyskoit 33. MHaue roBopsi, TpeOyeTcss TOJBKO, YTOOBI
NPOBOJ, KOTOPbIH coenuusieT kirod Q2 ¢ Harpy3koi 33, mpoxoaus 4yepes3 3JeMeHT Ha 3ddexre
Xomnna.

[0045] Beimeonucannasi cxema, mokasaHHast Ha (ur. 4, BKIIOYaeT B ceOsl MepBhIi y3el
51, U3 KOTOPOro Lemnb, NPOAOIKAOIIAACA U3 UCTOYHMKA 2] NMUTaHUA, pa3BETBISAETCS Ha LIENb
o0Opa3oBaHUsl a’3pO30Jisi M IeMb OMNpPEeIeNIeHUs] OCTATOYHOTO KOJMYECTBAa, U BTOPOHM y3enm 52,
KOTOPBI COEOMHEH C Harpy3kod 33, U B KOTOPOM Iienb OOpa3OBaHUsl a’po30Jii M LEMb
ONpeaeNeHus: OCTATOYHOIO KOJIMYECTBA COEAUHSIIOTCS IPYT C APYTOM.

[0046] bnok 211 mnpeoOpa3oBaHHs HANPSDKEHUS BBINOJHEH C BO3MOXHOCTBIO
npeoOpa30BaHus BBIXOAHOTO HAMPSKEHUSI UCTOYHUKA 21 MUTaHUS U BBIBOAA MPE0OPa30BAHHOTO
HanpspkeHus: Ha Harpy3ky 33. B wactHOCcTH, Osok 211 mpeoOpa3oBaHusl HANPSDKEHUS! SIBJISIETCSI
crabmm3saropoM HampspkeHus, LDO-crabunmszaropoM (¢ MajbIM MafeHHEM HAIpPsOKEHHs),
MOKa3aHHbIM Ha (ur. 4, W BBIBOOUT NOCTOsIHHOe HampspkeHue. OpwH koHenm Onoka 211
npeoOpa30BaHus HAMPSDKEHHSI MTOICOEIMHEH K UCTOYHUKY 21 muTaHus, U Apyrod KoHel Oyoka
211 npeoOpazoBaHMs HampspkeHHs noacoeanHeH K kmody Q2. bnok 211 mpeoOpasoBanus
HanpspkeHus: BKmodaerT B cebst kimou Q3, pesucropel R1 m R2, xonmencaropst Cl1 u C2,
kommaparop Comp M HCTOYHMK IOCTOSIHHOTO HAMNpPSKEHUs, KOTOPBIA BBIBOJUT OIOPHOE
HanpspkeHue Vgpr. Crnenyer oTMeTutb, uTO ecnu  npumensiercs LDO-crabunmzarop,
MOKa3aHHbI Ha (¢ur. 4, TO BBIXOJHOE HampsikeHUe Voo LDO-cTabunmuzaTtopa MOKHO
OTPENEeNTNUTh C UCTIOIB30BAHUEM HIDKETIPUBEIEHHOTO BhIpaskeH st (1).

Vou=Ro/(R14R2)* Vigr ... (1)

[0047] Kirou Q3 siBisieTcsi, HarpuMep, MOJYNPOBOJHUKOBBIM KIIFOUOM M Pa3MbIKaeTCs U
3aMbIKaeTCs B 3aBHCUMOCTH OT BBIXOJHOro curHaja kommnaparopa Comp. OnuH KOHel Kiroua
Q3 nmoxmcoenuHeH K MCTOYHUMKY 21 mNHMTaHMA, W BBIXOJHOE HaNpsDKEHHE H3MEHsIeTcs
COOTBETCTBEHHO CKBAKHOCTH pa3MbIKaHUSA-3aMblKaHus Kiroda Q3. BrIxopHoe HampskeHHe
kiroua Q3 nmenutcst pesuctopamu R1 1 R2, koTOphie BKIFOYEHBI MOCIENOBATEIBHO, U TTOAAETCS
Ha onuH BBOA Kkommnaparopa Comp. OnopHoe HampsikeHue Vgpgp NOAaeTCs Ha APYroil BBOA
komnaparopa Comp. B TakoMm ciydae BBIBOAMTCS CUTHAJ, KOTOPbIN MOKa3blBaeT pe3yjbTar
CpaBHEHHUSI OTOPHOTO HANPSUKEHHUsT Vgpp C BBIXOAHBIM HampsbkeHueM kmoda Q3. Jlaxe ecnu
3HauU€HUE HaNpsDKEHUs, MoAaBaeMoro Ha Kimro4 Q3, u3MeHsieTcs, TO, I0Ka 3HaYeHHUEe HaIPsLKEHUs
SIBJISIETCs, IO MEHBbILIEH Mepe, MPEABAPUTENBHO 3aaHHBIM 3HAYEHUEM, BBIXOJHOE HAIPSKEHUE
kiroua Q3 MOXHO cenaTh MOCTOSHHBIM HA OCHOBAHMU CHUTHAJIa OOpaTHOMN CBS3H, MOJIy4aeMOro

u3 xommaparopa Comp, kak omucaHo Bbime. Kommaparop Comp u xmou Q3 Oyayt Takke
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Ha3bIBATHCs «OJIOKOM MPeoOpa3oBaHMsI HANPSDKEHUS» 110 HACTOSIIEMY HU300PETEHHUIO.

[0048] Cnenyer oTMeTHUTh, 4YTO OAMH KOHel KoHaeHcatopa Cl mnpucCOenUHEH K
KOHIIEBOMY y4acTKy Ojoka 211 mpeoOpa3oBaHUsl HANpsDKEHUS CO CTOPOHBI MCTOYHHMKA 21
nuTaHus, U apyroi koHer konaencaropa C1 3azemnen. Konnencarop C1 HakannuBaeT SHEpruro
W 3aIlUINaeT CXeMy OT BhIOpOCOB HampsbkeHus. OnuH koHer kKoHaeHcaropa C2 mpuUCOenuHEeH K
BbIBOAY Kimoua Q3, u koHneHcarop C2 criakuBaeT BbIXOAHOE HAIPsKEHHE.

[0049] Ecin npuMeHsieTcst TAKOH MCTOYHHK NMUTAHUS, KaK aKKyMyJIATOpHas Oarapesi, TO
HanpsDKeHUE UCTOYHHMKA ITUTAHUS CHIDKAETCSI 10 Mepe TOT0, KaK CHUYKAaeTcsl crerneHb 3apsaku. C
ucnojip3oBanueM Ojioka 211 mpeoOpa3oBaHUs HANPSLKEHUST B COOTBETCTBHM C HACTOSIIMM
BAPHAHTOM OCYILIECTBJIEHHs, IIOCTOSHHOE HAIpsDKEeHHEe MOXKHO T[0faBaTh, JaXe eciH
HaNpsDKEHUE NCTOYHUKA MMUTAHUS B KAKON-TO CTENEHU U3MEHSIETCS.

[0050] JaTumk 34 0CTAaTOYHOrO KOJIMYECTBA BKIIIOYAET B CeOsl IIYHTUPYIOLIUN PE3UCTOP
341 u BompTMeTp 342. OOuH KOHEL WYHTHPYOLero pesucropa 341 noacoennneH k 6yoky 211
npeoOpa3oBaHus HanpspkeHust depe3 kmod Q2. Jlpyroit koHel myHTUpyomero pesucropa 341
NpUCOEANHEH K Harpy3ske 33. A uHMeHHO, WyHTHpyroWui pesuctop 341 mnoacoeanHeH
MOCJNENOBAaTeNbHO € Harpy3kod 33. Boaptmerp 342 mnoOACOeNMHEH MapajulesIbHO €
LIYHTUPYIOIIMM pe3uctopoM 341 U MOXET H3MepsTb BEIWYMHY MaJeHUs HampssKeHUs Ha
myHTHpyromeM pesucrope 341. Bonbtmerp 342 coenuHeH Takke ¢ OJOKOM 22 yIpaBieHHs U
BBIJAET U3MEPEHHYIO BEJIMUMHY MaJeHUs HAIIPSDKEHHSI Ha IIYHTUPYIOIIeM pe3ucrope 341 B Oiok
22 ynpasiieHUs!.

[0051] < O6paboTka OLIEHKH OCTATOYHOTO KOJTHYECTBA >

Qur. 5 sBusiercs OJIOK-CXEMOH, MpencTaBisiolieii 00padoTKy Uil OLEHKH KOJHUYeCTBa
UCTOYHHUKA a3p030Jis, COAeprKkalerocs BHyTpu ydactka 31 xpanenus. Ilpeanonaraercsi, uTo
HanpspkeHue Vo, KOTOpoe Bbimaercss Onokom 211 mpeoOpa3oBaHMs HANPSIKEHUS, SIBISETCS
NOCTOSIHHBIM. MI3BECTHO, YTO 3HAUY€HUE COMPOTUBICHUSA Ry MIYHTHPYROIIETo pe3uctopa 341
TaK)Ke SIBJIAETCS MOCTOSHHBIM. ClieIOBaTeNbHO, 3HAU€HUE TOKA Ighyne TSI TOKA, MPOTEKAIOIEro
yepe3 ILYHTUPYIOLUNA pe3uctop 341, MOXHO ONpeneisaTh MO HANPSDKEHUIO Vi MEXAY
IIPOTUBOMOJOXKHBIMU ~ KOHLIAMU ~ LIYHTUPYIOIIEro pesucropa 341, ¢ HCNONB30BAHUEM
HIDKENPUBEICHHOTO BbIpaKEeHUs (2).

Lipun=V shund/Rspune ... (2)

[0052] Cnenyer oTMeTHTh, YTO 3Hau€HUE TOKa lyrg NI TOKA, MPOTEKAIOLIErO 4epes
Harpy3ky 33, CO€OMHEHHYIO MOCJIENOBATEIbHO C IIYHTUPYIOIIUM pe3uctopoM 341, paBHseTCs
Lihune. LynTHpYIOIMIA pe3uctop 341 coennHeH NOCIeNOBaTENbHO C HArPY3KOU 33, U 3HA4YEeHUeE,
COOTBETCTBYIOIlEE 3HAYEHHUIO TOKA, MPOTEKAIOLIEro 4epe3 Harpy3Ky, H3MepsieTcs Ha
LIYHTHUPYIOLIEM pe3uctope 341.

[0053] ITpu 3TOM, BBIXOAHOE HaMpsikeHUe Vo, 0J10ka 211 nmpeoOpa3oBaHus HANPSKEHUS
MOJKHO OIpPENeNUTh W3 HIDKENPUBEACHHOrO BBIpaKeHHUs (3), ¢ HCMOJb30BAHMEM 3HAUYEHHS
conporusyieHus Ryrr Harpysku 33.

Vout:IshuntX(Rshunt+RHTR) RS (3)

[0054] ITocpencTBoM npeoOpa3oBanust BeIpaskeHus (3), 3HaUeHHe CONMpOTUBIEHUS Rpyrr
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Harpy3ku 33 MOXHO ONPEAENTUTh C TOMOIIBIO HIDKETIPUBEIEHHOTO BBIpKEHUs (4).

Rurr=V out/Ishunt-Reshune ... (4)

[0055] Harpyska 33  xapakTepu3yercs  BBIUIEONHUCAHHBIM  IMOJOXKUTEIbHBIM
temneparypHbiM koddduinuentom (PTC), u 3Hauenuwe comporusieHuss Ryrg Harpysku 33
HaXOJUTCs, MO CYLIECTBY, B MPSIMOM MPONOPLUOHAIBHON 3aBUCUMOCTH OT Temneparypel Tyrr
Harpy3ku 33, kak rnoka3aHo Ha ¢ur. 5. CnenoBatenbHo, Temreparypa Tyrg Harpy3ku 33 MOKeT
OBITh BBIYHCJICHA MO 3HAYEHHMIO COMPOTHBIEeHUs Ryr Harpysku 33. B HacTosimeM BapuaHTe
OCYILIECTBIIEHHsI, WH(POpPMALMs, KOTOpas IOKA3blBAET B3aUMOCBS3b MEXKAY 3HAUYEHUEM
conporunenuss Ryrg U temneparypoil Tyrg Harpysku 33, cOXpaHseTcs, HaIpUMEpP, B BUAE
tabmuipl 3apaHee. CrnenoBaTenbHO, TemmepaTypy Tyrr Harpy3ku 33 MOXHO OLEHMBATH Oe3
NPUMEHEHHUs CIeLMalIbHOrO AaT4yuka TeMrneparypbl. CreayeT OTMEeTHTh, 4TO, B Clydae, Kornaa
Harpy3ka 33 XapakTepHu3yeTrcs OTPHLATENbHBIM TemrepatypHbeiM koddduipentom (NTC),
temneparypy Tuyrr Harpy3ku 33 MOXKHO OLICGHHBATh TAaKK€ HAa OCHOBAHUHM HWH(OpMAaLUH,
MOKa3bIBAIOLIEN B3aUMOCBSA3b MEKy 3HAUCHUEM COMPOTHUBIICHHs Ryt 1 TeMneparypoit Tyrr.

[0056] B HacrosiiieM BapuaHTE OCYIIECTBJICHHS, JAXKe €CIIU UCTOYHUK a3PO30Jisi BOKPYT
Harpy3ku 33 ucnapsieTcsi Harpy3kou 33, MCTOYHHK a3pO30Jisi HENPEPBIBHO MONAETCA uepes
NOABOIAIINNA y4acTOK 32 Kk Harpyske 33, Mmoka BHYTPH ydacTka 31 XpaHEHHs COOEP>KUTCA
JOCTaTOYHOE KOJIMYECTBO MCTOYHHKA a3po30Jis. CienoBaTenbHO, €CIM KOJIUYECTBO UCTOUHHKA
a’po30Jis, OCTAaroLIeecss BHYTPU ydacTka 31 XpaHeHus, COCTaBJsieT, MO MEHbLIEH Mepe,
NPEABAPUTENBHO 3a1aHHOE KOJIMUECTBO, TO OOBIMHO TeMIepaTypa Harpy3ku 33 He MOBBIIAETCS
3HAUUTEIBHO CBEPX TEMIEpaTypbl KMIIEHHUs] UCTOYHHMKA a3po30is. OgHako, KOrga KOJU4eCcTBO
HUCTOYHMKA a3pO30Jisi, OCTAOLIEECs BHYTPU y4yacTka 31 XpaHEHHs,, YMEHbINAETCs, KOJIUYECTBO
HMCTOYHUKA a3p0o30JIs, MOAABAEMOr0O 4epe3 MOABOASLIMNU y4aCTOK 32 K Harpy3ke 33, Takxke
YMEHBIIAETCS, U TeMIepaTypa Harpy3Kku 33 MOBBIIAETCS U MPEBOCXOAUT TEMIEPATyPy KUIEHUS
ucrouHuka asposons. Ilpenmonmaraercs, uyto wuHMOpPMALUMSA, KOTOpash IIOKAa3bIBAET TAKYIO
B3aUMOCBSI3b M€Ky OCTATOYHBIM KOJIMYECTBOM MCTOYHHUKA a3PO30Jid U TEMIIEPaTypOil HArpy3Ku
33, mony4yeHa 3apaHee MyTeM 3KCIEPUMEHTOB M T.A. Ha ocHOBaHWM naHHOW WH(OpPMALUHU U
BBIYMCJICHHON TemmnepaTypbl Tyrr HAarpy3ku 33 MOXKHO OLEHHUTb OCTaTOYHOE KOJUYECTBO
HCTOYHHUKA a3p030Jis, BMEIIaeMoro yuyacTtkoM 31 xpaHenus. Cinenyer OTMETUTb, YTO OCTATOUHOE
KOJINYECTBO MOJKET TaK)KE OMNMpEneNATbCs B (OPME OTHOIIEGHHUS OCTATOYHOTO KOJHYECTBA K
BMECTUMOCTH y4dacTka 31 XpaHeHus.

[0057] TIlockonmbKy MEXAy OCTAaTOYHBIM KOJHYECTBOM HMCTOYHUKA a’po30Jisi U
TEMIEePaTypoOr HAarpy3ku 33 CyLIECTBYET KOPPEJSALHUOHHAs CBsI3b, TO MOKHO ONPENENINUTh, YTO
HCTOYHMK a3p030Jis1 BHYTPH ydacTka 31 XpaHeHHs U3pAacXOAOBaH, €CJIU TEMIEpaTypa HArpy3Ku
33 nmpeBblIaeT MOPOrOBOE 3HAYEHUE TEMIEPAaTypbl, KOTOpas COOTBETCTBYET 3apaHee
YCTaHOBJICHHOMY IOPOrOBOMY 3HAQ4€HHMIO OCTATOYHOIO KOJWYEeCTBa,. Kpome TOro, mockojbKy
MEXAY 3HAYEHUEM COINPOTHUBJIEHUS M TEMIEPATypOM HArpy3ku 33 CyLIECTBYET OJHO3HAYHOE
COOTBETCTBHE, TO MOXHO OMNPEAEIUTb, YTO UCTOYHUK a3pO30Ji1 BHYTPU ydacTka 31 XpaHeHHUs
U3paCXOMIOBaH, €CJIM 3HAYEHUE COMPOTHUBIIEHUs HArpy3ku 33 MpPEBBIIIAET NOPOrOBOE 3HAYCHHE

3HAQUCHUA COIPOTUBJICHUA, KOTOPOEC COOTBETCTBYECT BBILICOIIHMCAHHOMY IOPOrOBOMY 3HAYCHUIO
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Temneparypbl. KpoMe TOro, eIMHCTBEHHBIM MEPEMEHHBIM MapaMeTPOM B BBIIIECNPUBEIECHHOM
BbIpakeHUH (4) SBISIETCS 3HAYEHUE TOKA lgpyye TOKA, MPOTEKAIOINEro uepe3 LIYHTHUPYIOIIUH
pesuctop 341, u, cinenoBaTeabHO, MOPOrOBOE 3HAYEHUE 3HAYEHUS] TOKA, KOTOPOE COOTBETCTBYET
BBILICONMCAHHOMY  IIOPOTOBOMY  3HAa4Y€HUK) 3HAYEHWUs] CONPOTHUBIICHUs,  OINpPEAEINAETC
onHo3HauHO. Ilpu sTOM, 3HadeHne TOKA Igne TOKA, MPOTEKAOLIETrO 4Yepe3 LIYHTUPYHOIIHMA
pesuctop 341, paBHO 3Ha4YeHUIO TOKa Iytr TOKA, MPOTEKANOLIEro uepe3 Harpysky 33.
CnenoBarenbHO, MOKHO OIPEENUTh TakXKe, 4YTO MCTOYHHK a’po30Jii BHYTPU ydacTka 31
XpaHEHUsl U3pacXOJ0OBaH, €CJIM 3HaUeHUEe TOKa Iypr TOKA, MPOTEKAIOLIEro 4epe3 Harpysky 33,
CTAaHOBUTCSl HIJKE 3apaHee YCTAHOBJIIEHHOIO IOPOTOBOTO 3HAUEHUs ISl 3HAYeHUs TOKa. A
MMEHHO, B OTHOIICHUM M3MEPEHHOIO 3HAYEHUs, HANPUMEp, 3HAYEHUs TOKAa, HAIPaBJIsIEMOrO
yepe3 Harpys3ky 33, MOXHO OINpEAeUTb 3aJaHHOE 3HAYE€HHWE WM 3aJaHHbIA JUaNa3oH B
COCTOSIHMM, B KOTOPOM, HalpUMep, OCTAETCs JOCTATOYHOE KOJIMYECTBO UCTOYHHMKA a’pO30Js, U
OTPENENNTD, SIBJSIETCS JIM OCTATOYHOE KOJIMYECTBO MCTOYHHKA a3pO30Jisl TOCTATOYHO OOJBIINM,
B 3aBUCHUMOCTH OT TOrO, HaXOAUTCS JIU WM HET WU3MEPEHHOE 3HAY€HUE B YCTAaHOBJIIEHHOM
AUanasoHe, KOTOPbIH BKIOUaeT B ceOsl 3aJaHHOE 3HA4YeHWE WJIM 33JaHHBbIA JHANa30H.
VYCTaHOBNEHHBI  AMANa30H  MOXKHO  ONPENEeNUTb, HANpuUMEp, C  HCHOJIb30BAaHUEM
BBILIEONUCAHHOIO MOPOTrOBOI0 3HAYEHUS.

[0058] Kak ommcaHO BbIlle, B COOTBETCTBHU C BAPUAHTOM OCYIIECTBJICHUS, 3HaUYEHUE
conpoTuByeHust Ry HArpy3ku 33 MOXKHO BBIMUCIUTD C UCIOJIb30BAHUEM OJJHOIO U3MEPEHHOIO
3HA4YEeHUs, T.€. 3HAYEHUSA Igyy TOKA, MPOTEKAOLIEro 4Yepe3 IIYHTUPYIOIMM pe3uctop 341.
Cnenyer OTMETUTb, YTO 3HAYEHHE TOKA Ighyne TOKA, MPOTEKAIOLIETO 4Yepe3 LIYHTUPYHOIIHM
pesucrop 341, MOXHO  ONpPEAEeIuTb  M3MEPEHUEM  HANPSLKEHUS Ve  MEXKIY
IPOTHBOMNOJIOXKHBIMA KOHLIAMHU LIYHTHPYIOLIEro pe3ucropa 341, kak yka3aHo BbIpakeHHeM (2).
IIpu >TOM, HU3MEpEeHHOE 3HAYEHHUE, BHIIABAEMOE JNATYUKOM, OOBIYHO BKJIOYAEeT B ceOs
pas3IMyHBIE MOTPELIHOCTH, HANPHMEp, MOTPEIIHOCTh CMEILIEHHs, MOTPeHOCTh Ko duireHTa
YCUJIEHUs], TUCTEPE3UCHYIO MOTPEIIHOCTh U JIMHENHYIO MOrPelHOCTh. B HacTosmeM BapuaHTe
ocylecTBieHust npumMensiercss Ojok 211 mpeoOpa3oBaHUsl HANPSKEHUS, KOTOPBINH BbIIAET
MOCTOSIHHOE HANPsDKEHHUE, U COOTBETCTBEHHO, MIPU OLIEHKE OCTATOYHOIO KOJUYECTBA UCTOYHHUKA
a3pOo30JIs, BMELIAEMOI0 y4acTKOM 31 XpaHeHUs, W ONpPENeNIeHUH, U3PAaCXOA0BaH JIU WU HET
HCTOYHMK a3pO30Ji1 BHYTPHU ydacTka 31 XpaHeHMs, 4YHMCJIO NEPEMEHHBIX MapaMeTPOB, BMECTO
KOTOPBIX CIEAYyeT MOJACTABIATh MU3MEPEHHBbIE 3HAYEHHUs, paBHO ogHOMy. llosToMy, TOYHOCTB
BBIYMCJIIEMOIO 3HAYEHUs] CONPOTUBIEHUS Ry Harpy3ku 33 MOBBIMIAETCS MO CPABHEHHUIO CO
Clly4aeM, KOrja 3Ha4eHHE CONPOTUBJICHMs] HArpy3KH M T.I. BBIYUCIAETCS, HApUMEpP, MyTEM
MOACTAHOBKU BBIXOJHBIX 3HAYEHUN pPAa3HbIX AATUYUKOB HAa MECTO MHOXECTBA INEPEMEHHBIX
napameTpoB. B pesysbTare, NOBBIIAETCS TAKXKE TOYHOCTb OCTATOYHOIO KOJIMYECTBA UCTOYHMKA
a’po30J1s1, KOTOPOE OLIEHUBAETCS MO 3HAYECHUIO COMTPOTUBIICHUS Ryhyne HArpy3Ku 33.

[0059] @ur. 6 sBisiercss OJOK-CXEMOW IMOCIENOBATEbHOCTH Omnepaunii 00padboTkwy,
NPEACTABILSIIOMEN OauH npuMep 00pabOTKU IJIA OLEHKH OCTaTOYHOro kosmudectsa. Pur. 7
SIBJISIETCS BPEMEHHON AWAarpaMMOM, MPEACTaBJIAIOLIEH OJUH NPUMEP COCTOSIHUs, B KOTOPOM

MOJIb30BaTENIb HCIOJB3YET a’po30jb-reHepupyromee ycrpoiicteo. Ha ¢ur. 7, HanpasneHue
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CTPEJIKH YKa3bIBaeT MPOXOKIACHHE BPEeMEHH t (CeK), U rpa)uku COOTBETCTBEHHO OTOOPAXKAIOT
pa3MbikaHue U 3ambikaHue kimroued Q1 u Q2, 3HaueHue Iyrg TOKA, MPOTEKANOIIETO dYepes
Harpy3ky 33, BBIYMCICHHYK Temneparypy Tyrg Harpy3ku 33 U U3MEHEHHE OCTaTOYHOIO
KOJIMYECTBA UCTOYHUKA a3po3oiisi. Crienyer oTMeTuTh, uto noporosbie 3HaueHus: Threl u Thre2
SABJIAIOTCS  NPEABAPUTENBHO 33JaHHBIMU IOPOTOBBIMH 3HAUYEHUSMU JJI  ONPEAENICHUs
pPacXOmOBaHUsI MCTOYHHUKA adpO30Jid. A’PO30Jb-T€HEpUpYHolee YCTPOHUCTBO 1 oOLeHuBaer
OCTaTOYHOE KOJUYECTBO, IIPU HCIOJb30BAHUU IMOJNB30BATEIEM, H, €CJIH ONpeaeNseTcs
YMEHBLICHHE UCTOUHUKA a3PO30Jisi, BBIMTOJHSET MPEeIBAPUTEIBHO 3aJaHHYO 00pabOTKYy.

[0060] Bnok 22 ympaBiieHUsT a3pO30Jib-TEHEPUPYIOIIETO yCTpoiicTBa 1 OOHApy KHUBaeT,
IIPOU3BEN JIM MOJIb30BATENb BABIXAIOLIEE AEHCTBUE, IO BBIXOJHOMY CUTHAJy JaT4yuka 23 BIOXa
(ur. 6: sran S1). Ha pmanHOM sTame, eciu Onok 22 ympaBiIeHUS ONpENENseT CO3IaHUe
OTPHULATENILHOTO HAIpPSDKEHUs, U3MEHEHHE CKOPOCTU MOTOKA U T.N. MO BBIXOAHOMY CHUTHAIY
natyuka 23 Bpoxa, TO OJOK 22 yhpaBleHHs OIpENeNsieT, 4YTO BJbIXAoIlee IeHCTBHE
noJib30BatTeNsi oOHapykeHo. Ecnmu Bmox He obOHapyskuBaercs (3tam S1: Her), To mpouenypa,
BbIMONHsieMast Ha dTtane S1, nosropsierca. Crenyer OTMETUTb, UYTO BJOX, COBEPIIAEMBIi
NOJIb30BATENIEM, MOXET TaKXKe OOHApY)KUBATHCS TOCPEIACTBOM CPABHEHHs OTPHIATEIHHOTO
JaBJICHUs] UJIU U3MEHEHUsI CKOPOCTH IMOTOKA C TOPOTrOBbIM 3HaU€HUEM, OTIHyaroumest ot 0.

[0061] B nmpyrom cnyuae, ecnu Bmox oOnapyxkuBaercs: (3tam S1: Jla), To Onok 22
YIPABJICHUS] BBINOJHSIET YIIPABIEHHE METOAOM IIHUPOTHO-UMITYJIbCHONH Monynsiun (IITHMM-
ynpasinenue) kmodom Q1 (pur. 6: stan S2). Ilpennonaraercs, 4yTo BAOX OOHAPY>KUBAETCH,
Harpumep, B MOMeHT BpemeHH tl Ha ¢ur. 7. [Tocne MomenTa Bpemenu tl1 Onok 22 ynpasieHus
pasMbIKaeT W 3aMblkaeT ko4 Q1 B mpeaBapuTenbHO 3aJJaHHOM LMKJIMYecKoM pexume. Koraa
k04 Q1 pasMbikaeTcst U 3aMbIKaeTCsl, TOK IPOTEKaeT yepe3 Harpysky 33, u temneparypa Turr
Harpy3k 33 MOBBIIAETCS A0, NPUOIU3UTENBHO, TEMIIEPATyphbl KUIIEHUs NUCTOYHUKA a3PO30JIs.
HcTouHuk aspo30iis1 HarpeBaeTcsl MOA ACHCTBUEM TeMIepaTyphl Harpy3ku 33 U ucnapsiercsi, u
OCTAaTOYHOE KOJMYECTBO HCTOYHHMKA a’3po30isi yMeHbliaercs. Crenyer OTMETUTb, YTO, IpH
ynpasneHuu kimrodoM Q1 Ha 3tame S2, MOXHO TakXe NPUMEHSTh YIpPaBIeHHE METOAOM
94aCTOTHO-UMNYJIbHOH Monysisinuu (UMIM-ynpasienue) Bmecto [IIMM-ynpasneHust.

[0062] bmox 22 ynpaBieHus OMperenseT, 3aKOHYWIOCh JM BAbIXaKOIlee AeiCTBHE
NIOJIb30BATEIS, 110 BBIXOHOMY CHTHaNy aatumka 23 Broxa (¢ur. 6: stan S3). Ha nanHOM 3Tame
Osok 22 ympaBieHUs] ONMpEnessieT, YTO IOJIb30BATeNb MPEKPATHI BIOX, €CJIH 1O BBIXOJHOMY
CHUTHaJIy JaTduka 23 Broxa OOJbIle HE OMpenessieTcsl CO3aHUe OTPHLATENBHOrO JABJICHUS,
U3MEHEeHHEe CKOpOCTH moToka W T.m. Ecnm Bmox He 3akoHueH (3tam S3: Her), To Omok 22
yIOpaBlieHus TMOBTOpsieT mpoueaypy Ha otarne S2. Crneayer OTMETUTb, UYTO OKOHYaHHE
BIBIXAOIIETO ACHCTBHSI TIOJIB30BATENA MOXKET TaK)Ke OOHAPYKUBATHCS MOCPEACTBOM CPABHEHHS
OTPULATENILHOTO JIABJIEHUS] WJIM M3MEHEHHs] CKOPOCTU IOTOKAa C TIOPOTOBBIM 3HAYEHHEM,
ornuyaromumMcs ot 0. B kadecTBe ajnpTepHATUBBI, KOI[]a MUHOBAJ MPEABAPUTEIBHO 3aJaHHBIN
NepUOA TMociie OOHAPYKEHUs] BABIXAIOIIEro NEHCTBUSI MOJb30BaTeNs Ha 3Ttame S1, oOpaboTky
MO>KHO MEPEHECTU Ha 3Tan 5S4, He3aBUCUMO OT ONpeAeeHus, CEeIaHHOro Ha stamne S3.

[0063] B uHOM cny4ae, ecnu Brox 3akoHueH (3tam S3: Jla), To Omnok 22 ympaBieHHs
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npekpamaer I[WM-ynpasnerne kmodom Q1 (pur. 6: stan S4). Ilpenmomaraercs, dTO
OTpeieIeHne OKOHYAHHsI BJIOXA BBIMOJIHSAETCS, HApUMep, B MOMEHT BpeMeHu t2 Ha ¢ur. 7.
ITocne momenTta Bpemenu t2 kimou Q1 mpuxoaur B pazomkHyToe cocrosaue (OFF), u momaua
MOIIHOCTU B Harpy3ky 33 mpekpamaercs. MCTOUHHMK a3po30yid mopaercss U3 ydactka 31
XpaHEeHusl MO MOABOMALIEMY ydacTKy 32 Kk Harpyske 33, u temmneparypa Tyrgr Harpysku 33
MOCTENIEHHO CHI)KAETCsl U3-3a paccesHus sHepruu. B pesynbraTe cHuxkeHus: temnepatypbl Thrr
Harpy3ku 33, HCNapeHHe HCTOYHUKA a’po30Jsl MPEKpallaeTcsi, U YMEHbIIEHHE OCTATOYHOIO
KOJIMYECTBA TAK)KE MPEKPaLIaeTCs.

[0064] Kak onucaHO BbIle, B pe3ysbTaTe BKIOUeHHs Kitoda Q1, TOK mpoTekaeT B Lenu
oOpa3oBaHHUsl a’po30Jsi, TNOKasaHHOW ©Ha ¢ur. 4, Ha ostamax S2-S4, OKPYKEHHBIX
NPSIMOYTOJIbBHUKOM CO CKPYTJIEHHBIMH YTJIAMH, TIOKa3aHHOM TOYEYHOU JIMHUEH Ha ¢ur. 6.

[0065] ITocne sToro, 60k 22 ymnpaBieHUs HEMPEPHIBHO 3aMbIKaeT Ktou Q2 B TeueHHe
npeIBapUTeNIbHO 3a1aHHOro nepuoaa (gur. 6: stan S5). B pesynbrare BrarOYeHHs Kioda Q2,
TOK TPOTEKAeT B LEMH OINPENEeIeHUs OCTATOYHOrO KOJIMYECTBA, MOKa3aHHOHW Ha ¢ur. 4, Ha
stanmax S5-S10, OKpy>KEHHBIX MpPSIMOYTOJBHUKOM CO CKPYIVIEHHBIMH YIJIAMH, IOKa3aHHOM
TOUeYHOH nuHHeW Ha ¢ur. 6. B mMomeHT Bpemenu t3 Ha ¢ur. 7, xwmou Q2 HaxomuTcs B
3aMKHYTOM COCTOSIHUM (BKJIIOYEH). B memu ompeneneHus: OCTaTOYHOTO —KOJHYECTBA,
LIYHTUPYOLUN pe3uctop 341 coeauHeH nocienoBaTeabHO ¢ Harpy3kou 33. Llens onpenenenus
OCTaTOYHOTO KOJIMUYECTBA MMeEET OoJblliee 3HAUEHHE COMPOTUBIICHMS, YeM IeNb OOpa3OBaHUs
a’po30Jisi, B pe3ysbTaTe NOOaBJICHHs INYHTUPYHOINero pesucropa 341, u 3HadeHwe Toka Iyrr
TOKa, MPOTEKAKOLIEro 4epe3 Harpy3ky 33 MO Lenu OMpeleNeHHs OCTaTOYHOrO KOJUYECTBa,
MEHbIIIe 3HAYEeHUs TOKA Iyrg TOKA, MPOTEKAIOLIEro 4epe3 Harpys3ky 33 mo nemu oOpa3oBaHUs
aspo30JIs.

[0066] B cocrostHuu, B KOTOpOM Kirou Q2 siBysieTcsl 3aMKHYTBIM, OJIOK 22 ympaBieHUs
NOJIy4aeT W3MEPEHHOE 3Ha4eHue U3 AaTuuka 34 OCTAaTOYHOrO KOJWYECTBA M OIpenenserT
3HAYeHHE TOKa, MPOTEKArINero uepes IyHTUpyromwuii pesucrop 341, (¢ur. 6: stan S6). Ha
JAHHOM JTare, 3HaueHUe TOKa Iy, 4Uepe3 MyHTUpyroImuil pe3uctop 341 BbMUCISIETCA C
UCTIOJIb30BAHUEM BBILICTIPUBEEHHOIO BbIpAKEHUs (2), HampuMep, MO HANPSIKEHUID MEXIy
MIPOTUBOIMOJIOXKHBIMA KOHIIAMU IIYHTHPYOIIEro pesucropa 341, n3MepeHHOMY BOJIBTMETPOM
342, Cnexnyer OTMETUTD, YTO 3HAUYEHUE TOKA Iy, Y€pe3 MyHTUpPYIOWUMA pe3uctop 341 paBHO
3HAYEHUIO TOKA IR U1 TOKA, IPOTEKAOIIEro Yyepes HarpysKky 33.

[0067] B cocrosiHuH, B KOTOpOM KJrou Q2 sABNISIETCS 3aMKHYTHIM, OJIOK 22 yIpaBlIeHUs
OTIpefieNiseT, SABJIAETCS JIU WIM HEeT 3HaueHHe TOKa, MPOTEKAroLIero 4depes3 Harpysky 33, Huxke
3apaHee YCTaHOBJIEHHOTO MOPOTrOBOro 3HaueHus Toka (¢ur. 6: sram S7). A umenHo, O6mok 22
yIpaBlIe€HUs ONpenessieT, HaXOAUTCS JIM U3MEPEHHOE 3HAUeHHE B YCTAHOBJIEHHOM JMAaIa3oHE,
KOTOPBII BKIIFOYaeT B cedsl 3ajaHHOE 3HAYCHHE VUM 33JaHHBII uana3oH. B naHHOM ciyudae,
noporoBoe 3HaueHue (¢ur. 7: Threl) Toka COOTBETCTBYeT 3apaHee YCTAHOBJICHHOMY
noporosoMmy 3HadeHuto (¢ur. 7: Thre2) ocraTroyHOro KoJM4ecTBa HMCTOYHHKA A3pPO30JIsI, C
HCIOJIb30BAHUEM KOTOPOTO CJEAYeT OMpeNessiTh, YTO MUCTOUYHUK a3pO30Jis BHYTpH ydacTka 31

XpaHCHUS H3pacXOaOBaH. A HUMCHHO, €CJIM 3HA4YCHHUEC TOKa Tumr TOKa, MPOTCKANOLICTO YCPE3
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Harpy3ky 33, HH)Xe MOporoBoro 3HaueHuss Threl, TO MOXHO OINpeneNuTh, YTO OCTATOYHOE
KOJINYE€CTBO UCTOYHHKA a3P0O30JIs1 MEHbIIIEe TOPOroBoro 3HaueHus Thre2.

[0068] Ecnu 3HaueHue Toka Iytr cTaHOBUTCS HIDKe moporoBoro 3HadeHusi Threl (3tan
S7: la) B TeueHHe NMpeABApUTENbHO 33aHHOTO NEepHoja, Ha MPOTSLKEHUH KOTOpOoro kiod Q2
SIBJISIETCS] 3AMKHYTBIM, TO OJIOK 22 yNpaBJeHUs ONpeeNsieT pacXoA0BaHUe UCTOYHHKA adPO30Jis
U BBINOJHSET MpPEABAPUTENbHO 3aaaHHy0 oOpabotky (dur. 6: stan S8). Ecnu 3HaueHue
HanpsDKEHUs, WU3MEpPEHHOe Ha JTane SO, M 3HAaueHHe TOKAa, HANIEeHHOe 110 3HAYeHHIO
HaNpPsDKEHUS, HIDKE TPEeABAPUTENbHO 3aJaHHBIX IMOPOTOBBIX 3HAYEHHM, TO OCTATOUYHOE
KOJINY€CTBO MCTOYHHKA adPO30Jisl SIBJSIETCS HEOONBLINM, M, COOTBETCTBEHHO, YIPAaBJICHUE Ha
JAHHOM JTalre BBINOJHIETCS, YTOOBI JOMOJIHUTENbHO CHH3UTh 3HAUEHUE HAMPSIKSHUS,
MU3MepeHHoe Ha dTarne SO, U 3HaueHue TOKa, HaliieHHOe 10 3HaueHuro HanpsbkeHus. Hanpuwmep,
Oyok 22 ympaBJeHUS] MOXKET MPEeKpaTUTh paboTy a’po30ib-TE€HEPHUPYIOLIEro yCcTpoiicTa 1
MOCPENICTBOM, HampuMep, MpekpaiieHus nepexmodeHnil kiroua Q1 mumu Q2 uimu BRIKIIFOYESHUS
NOJJa4X MOIIHOCTH B HAarpy3Ky 33 ¢ IOMOLIBIO NMPENOXPaHUTENS (HE TOKa3aHHOTO).

[0069] CrnenyeT OTMETUTD, 4TO, TOJOOHO TOMY, KaK JUIs TIEpHUONa C MOMEHTa BpeMeHHU 13
70 MOMEHTa BpeMeHH t4 Ha Gur. 7, eCli OCTaATOYHOE KOJINYECTBO UCTOYHHUKA a3PO30JIs SIBISIETCS
JOCTATOYHO OOJBIITNM, TO 3HaUeHHUE TOKa IR MpeBbimaeT noporosoe 3Hayenne Threl.

[0070] Tlocnme stama S8, wunau ecnu 3Ha4YeHUE TOKa Iypr, MO MEHbIIEH Mepe, PaBHO
noporosomy 3HaueHHt0 Threl (stam S7: Her) Ha mpoTsoKeHHM NpeaBapUTENBHO 33TaHHOTO
nepuosa, B TEUEHHE KOTOPOro K4 Q2 sABJseTcs 3aMKHYTHIM, OJIOK 22 yIpaBJIeHUs Pa3MbIKAET
kitod Q2 (¢ur. 6: stan S9). B moment Bpemenu t4 Ha ¢ur. 7 npeaBapuUTETHHO 3aJaHHBIN
Nepuoj TpoLIes, U 3HaueHHe Toka Iypr ObUIO, MO MeHbLIEH Mepe, paBHBIM IOPOrOBOMY
3HaueHnto Threl, u, cnenomarenpHO, kmou Q2 Beikmouaerca. Crenyer OTMETUTb, YTO
NpeABAPUTENbHO 3aJaHHbIM MepHoA (COOTBETCTBYIOLIUI MEepHOAY C MOMEHTa BpeMeHHU t3 1o
MOMEeHTa BpeMeHH t4 Ha ¢ur. 7), B TeueHHe KOToporo kitod Q2 sBiseTcs 3aMKHYTHIM, KOpOde
nepuoza (COOTBETCTBYIOIIETO MEPHOAY C MOMEHTa BpeMeHH t1 10 MoMeHTa BpeMeHu t2 Ha Qur.
7), B TeueHue kotoporo kimou Q1 sBisiercs 3aMKHYThIM Ha dTamax S2-S4. Ecnu Ha stame S7
OTIpeAeNsieTCs, UTO U3MEPEHHOe 3HaUeHHEe HaXOAWUTCS B YCTAHOBJIGHHOM JAMara3oHe, TO, KOrjaa
nocie 3Toro obHapykuBaercst Brox (3tam S1: Jla), ympaBjeHHE BBINOJNHSAETCS TaK, YTOOBI
3HaYeHHe TOKa (M3MEPEHHOEe 3HAueHHe), MOJIeKAIIee BBIUUCIECHUIO Ha dTarne SO, JOCTHrajio
3a1aHHOTO 3HAuU€HHUs WM 33JaHHOTO JMAaIa3OHa, IOCPEACTBOM pa3MbIKaHHUS U 3aMbIKaHUS
kiroua Q1 (sram S2), HanpuMep, ¢ OMHOBPEMEHHOM PETyJIUPOBKON CKBAYKHOCTH MEPEKITFOYSHHUS.
IIpu 5TOM, yripaBiieHHE BBIMOJIHSAETCS TAK, YTOOBI BEIMYMHA U3MEHEHHS] H3MEPEHHOTO 3HAUCHUS
Obuta OoupIlie B CIy4ae, KOrna YIpaBJIeHUE CXeMOH MUTAHUS BBITOJIHSIETCS, YTOOBI YMEHBLIUTD
3HaYEHHE TOKA, NPOTEKAKIIEro B HArpy3Ky 33, (Ha3bIBAETCS TaKKE «BTOPBIM PEKHUMOM
YIPABJICHUS» 0 HACTOSIIEMY H300pPETEHHIO), KOrAa M3MEPEHHOE 3HaueHHe He HaXOAWUTCS B
YCTaHOBJIEHHOM JHama3OHe, 4YeM B Cilydae, KOr/a yIpaBlieHHe CXeMOI NMUTaHUs BBITOJIHAETCS,
94TOOBI 3aCTABUTh WU3MEPEHHOE 3HAUEHHE MPUOIN3UTCS K 3aJaHHOMY 3HAYEHHIO WIIN 331aHHOMY
IauanasoHy, (Ha3bIBA€TCSl TaKXKe «IEePBbIM PEXKHMMOM YIPABIEHUS» IO HACTOALIEMY

I/1306peTeHI/I}O), Koraga USMEpE€HHOC 3HAYCHUE HAaXOAUTCA B YCTAHOBJICHHOM AUAlla30HE.
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[0071] Takum oOpasom, o00OpaOoTka sl OLEHKH OCTaTOYHOIO  KOJHMYECTBA
3akaHuuBaercs. Ilocie sToro, mporecc 0OpabOTKM BO3BpAIAETCS K MPOLEAYPE, BBIMOIHAEMON
Ha starme S1, u, ecnmu OOHapyKUBAaeTCsl BABIXAIOIIEee NEHCTBHE MOJB30BATENs, TO 00padoTKa,
NOKa3aHHas Ha Qur. 6, BBIOJHIETCS CHOBA.

[0072] B momeHT BpemeHu t5 Ha ¢ur. 7 oOHapy>KMBaeTcs BAbIXalOlLlee ACHCTBUE
nosnb3oBarens (¢ur. 6: stan S1: /la), u Haunnaercs HHIMM-ynpasnenue kmodom Q1. B Mmoment
BpeMeHHU t6 Ha ¢ur. 7 ompenensercs, YTO BAbIXAIOIIEE AEHCTBHE IOJb30BATENs] 3aKOHUMIOCH
(ur. 6: atan S3: [a), u IMM-ynpasienue kimodom Q1 npekparnaercsi. B MomeHT BpemeHnu t7
Ha ¢ur. 7 Bmouaercs kmod Q2 (¢ur. 6: sranm S5), u BeIMUCHAETCS 3HAUEHHE TOKA uepes
myHTUpYroImuid pesuctop (pur. 6: stan S6). Ilocne 3TOro, Kak MOKa3aHO B MEPHOA TOCHE
MOMEHTa BpeMeHH t7 Ha (ur. 7, OCTaTOYHOE KOJUYECTBO HMCTOYHHKA a3PO30Jisi CTAHOBUTCS
MEHbIE MOPOroBoro 3HaueHus: Thre2, u Ttemneparypa Tyrr Harpy3ku 33 TOBBIIAETCS.
3Ha4yeHne ToKa lyrr TOKA, MPOTEKAIOINEro Yepe3 Harpy3ky 33, CHIIKAEeTCs, U B MOMEHT BPEMEHHU
t8 0ok 22 ympaBlieHUs OMPENeNsieT, YTO 3HaUYeHUe TOKa Iyrr CTAHOBUTCS HIIKE TOPOTOBOTO
3HaueHust Thre2 (¢ur. 6: stan S7: Jla). B nanHOM cny4ae, oOHapy>KUBaeTCs, YTO a3pO30Jib HE
MOJKeT 00pa3oBaThCsl M3-3a U3PACXOJOBAHUS UCTOYHHKA a3PO30JIsl, M, COOTBETCTBEHHO, OJIOK 22
YIpaBICHUS HE pa3MblKaeT W He 3aMblkaeT ko4 Ql, maxe ecnm BAbIXarolnee IeiicTBHe
NOJIb30BaTENsT OOHAPYKUBAETCS, HAPUMEP, B MOMEHT BpeMeHH t8 wmimm mozxe. B mpumepe,
NPUBEAECHHOM Ha Gur. 7, MpeaBapuTENbHO 33aHHBIA TEPHOA MOCTE 3TOr0 MPOXOAUT B MOMEHT
BpemeHH t9, u xmou Q2 Beikirovaercss (¢ur. 6: stan S9). Cnenyer ormeruTh, 4to Onok 22
YIPABJICHUS MOXET TakXKe BBIKIIOUUTH Kitod Q2 B MOMEHT BpeMeHH t8, Koraa 3HaueHHe TOKa
IR CTAaHOBUTCS HIKE TOPOroBOro 3HadeHus: Thre2.

[0073] Kak omucaHO BbIlll€, B HACTOSIIEM BAapUAHTE OCYILIECTBJICHUs MPENYyCMOTPEH
6ok 211 mpeoOpa3oBaHHs HaNpsDKEHHs, KOTOPBIH mpeoOpasyeT HamnpspKeHHe, W MO3TOMY
MO>KHO YMEHBIIUTh MOTPELIHOCTH, KOTOPBbIE MOTYT COAEPKAThCs B NMEPEMEHHBIX NapameTpax,
UCTIONB3YEMBIX JUIsl YIPABJICHUS, MPH OLEHKE OCTATOYHOrO KOJMYECTBA MCTOUHHKA ad3PO30Jis
WIN €r0 PaCXOJOBAHUS, U, HATIPUMEP, MOXKHO MOBBICUTh TOYHOCTb YIPABJICHMUS, BBITIOJIHIEMOTO
B 3aBUCHMOCTH OT OCTATOYHOT'O KOJMYECTBA UCTOYHHUKA a3PO30JIs.

[0074] <Ilepuon onpeneneHus >

B xome o00paboTku [JIsi OLIEHKM OCTAaTOYHOrO KOJMYECTBA, BBIMOJHIEMONW B
BBILIEOMMCAHHOM BAapUAHTE OCYIIECTBJICHHUS, OJNIOK 22 ympaBJIeHUs] MOJy4YaeT H3MEPEHHOEe
3HaYeHHE NaT4MKa 34 OCTATOYHOTO KOJIMYECTBA, C OMHOBPEMEHHBIM IMOANEPKHBAHUEM KITFOYA
Q2 BO BKJIIIOUEHHOM COCTOSIHUM B TEUEHHE INPEeNBapUTENbHO 3amaHHoro mnepuona. Cremyer
OTMETHTb, YTO MEPUOJ], B TEUEHHE KOTOPOro Kiou Q2 siBIsieTcs 3aMKHYThIM, OyZeT Ha3bIBAThCS
«UWKJIOM TIOATIUTBIBAHUS JUIA TOAAYM NHUTAHUS B JATYUK 34 OCTATOYHOTO KOJIWYECTBA M
Harpy3ky 33. Ilpu 3TOM, 4TOOBI OMpenessITh OCTATOYHOE KOJIMYECTBO, MOXKHO HCIIOJIb30BATh
TAK)KE «IEPUOJ| OINpENeNeHUus» Uil ONpeNesieHUs OCTaTOYHOrO KOJWYECTBA HCTOYHHUKA
asposoist. Ilepuon ompeneneHust COAEPXKUTCS, HANPUMEP, B ILMKJIE MOANHUTHIBAHUS HA OCH
BPEMEHH, U MPOJOJKUTEIBHOCTb IEPUOA ONPEETICHNs SIBISIETCS TIEPEMEHHOM.

[0075] ®ur. 8 sBnseTcs aUArpaMMol, MPENCTaBISIIOLICH OOWH MpUMep crocoba
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OTIpeeNIeHUs] IPOIOJIKUTENBHOCTY Nieprosa onpenenenus. Ha rpaduke, mokazanHom Ha ¢ur. 8,
TOPU30HTAJIbHASI OCh OTOOpPaXKaeT MPOXOKACHHE BPEMEHH t, M BEPTUKaJbHAS OChb OTOOpakaeT
3Ha4YeHue TOKa Iyrr M1 TOKA, MPOTEKAOIIEro Yepe3 Harpy3ky 33. B npumepe, IpuBEAEHHOM Ha
¢ur. 8, 3HaueHue Toka Iyrr TOKA, KOTOpBIM mporekaeT, korga kmod Q1 pasmbikaercs wiu
3aMbIKAaeTCs, HEe MOKa3aHO AJs ynoOCTBa, M MOKa3aHO TOJBKO 3HA4YeHHe TOKa Iyt U TOKa,
KOTOPBIA IPOTEKAET uepe3 Harpy3ky 33 B T€UEHHUE LUMKJIOB MOANUTHIBAHUS, BO BPEMs KOTOPBIX
k04 Q2 sABJISIETCS 3AMKHYThIM.

[0076] Ilepuoner pl, moka3saHHble Ha (Ur. 8, SBIAIOTCS HOPMAJBHBIMHU LIUKJIAMH
NOANWUTBIBAHMS, W 3HAa4€HUE TOKAa Iyrr, MOKAa3aHHOE CleBa, IPEACTaBJsIET CXEMATUYECKUI
npousib B Cilydae, KOIAa OCTAeTCS JOCTATOYHOE KOJMYECTBO HCTOYHHUKA adpPO30JIs.
[Ipenmonaraercs, 4TO MEPUOJ OMpPEIENIEHHUs IEPBOHAYANIBHO PABEH LMKy MOANMUTHIBAaHUS (pl).
B npumepe, nokazanHoM ciesa, Temneparypa Tyrr Harpy3ku 33 MOBBIIAETCS, KOTAA MOJAETCs
MOIIIHOCTD, Y 3HaY€HUE TOKA Iyrr MOCTENEHHO CHUIKAETCS B PE3YJIbTaTe YBEJINYEHUs 3HAYCHMUs
conpoTtusyeHuss Ryrg CONpOTUBIEHUs HArpy3ku 33 BMECTE C MOBBILIEHUEM TeMIepaTypbl Turr
Harpy3ku 33, HO 3HauYeHWe Toka Iyrr HE CTAHOBUTCS HIDKE TOoporoBoro 3Havyenwsi Threl. B
TaKOM CJly4dae, NEPUOJ ONPENEICHUs] HE U3MEHSIETCS.

[0077] 3nauenme Toka Iyrg, TMOKAa3aHHOE B LIEHTPE, MPEACTABISIET Clydald, Korna
3HaUYeHHEe TOKa Iyrr CTAHOBUTCS HIDKe MOporoBoro 3HadeHuss Threl B TedeHwe mnepuona
onpenenenus (pl). [Ipu sTom, nepuon p2 ¢ Havyaja UUKJIA TOANUTHIBAHUS 10 MOMEHTA BPEMEHH,
KOrJla 3Ha4eHne TOKa Iyrr CTAHOBUTCS HIKE MOpOroBoro 3Hadenusi Threl, yctaHaBinBaercs B
KaueCTBE IEepUOAAa ONpENEeeHUs, MOMAJIEKALIErO0 BKIYEHUIO B MOCIEAYIOLIUNA LUK
NOJANUTBHIBAHUSA. A HMMEHHO, NMEPUOJ OIpeAeseHHs B MOCIEAYIOLIEM LHKJIE MOAMNUTHIBAHUS
peryJaupyercss Ha OCHOBAaHUU IEepHOAA, KOTOpBIN TpedyeTcs, 4ToObl 3HaueHue Toka Iyrr crano
HIDKe noporosoro 3HaueHust Threl B mpenmmecTByromieM HUKJIE NOANUTHIBaHUS. MHa4ye roBops,
YEM BBIIIE BEPOSITHOCTb PACXOAOBAHHUSI UCTOUYHMKA a’pO30Jisi, TEM KOPOYE YCTaHABJIUBAECTCS
nepuop onpeneneHusi. BoamorkHa Taxke KOHPUrypauus, B KOTOPOH MPOIOJIKUTEIBHOCTD LIUKJIA
MOANUTBIBAHUS MCIOJB3YETCsl KaK OMOPHOE 3HAYEHUE, U, €CIU 3HA4eHue TOKa Iyrr CTAaHOBUTCS
HIDKe IOporoBoro 3HaveHus: Threl B TeueHue HMKIa MOANMUTHIBAHUS (TIEPUOIA OTIPEIEIISHHS), TO
ONPENENAETCs, YTO BEPOSITHOCTh PACXOAOBAHUS UCTOYHUKA a3p030Jis, [0 MEHbIIEH Mepe, paBHA
NOPOrOBOMY  3HAUEHHIO (HA3bIBAEMOMY TaKXXE€ «BTOPBIM IOPOTOBBIM 3HAYEHHEM» 10
HacrosimeMy u3o0peTeHnto). MHavue roBops, NMepuo ONpEeAeSeHHs YCTAHABIMBAETCS KOpOUe
LUKJIa MOANUTBIBAHUS TOJBKO TOIAA, KOIZla BEPOATHOCTb PACXONOBAaHMs UCTOYHHMKA ad3pPO30Jis,
10 MEHbLIEN Mepe, paBHA NOPOrOBOMY 3HAYEHUIO.

[0078] 3Hauenne Toka IR, MOKa3aHHOE CIpaBa, MPENCTABISET CIy4al, KOorjaa 3HAaUCHHE
ToKa IyTr CTAaHOBUTCS HIDKE IoporoBoro 3HaueHus: Threl B TeueHune nepuona onpeneneHus (p2).
KonnuectBO HMCTOYHMKA a3po30Js, BMeELlaeMOe Yy4dacTKOM 31 XpaHeHus, HENpepbIBHO
YMEHBIIAETC B TO BpeMs, KOIZa a’po30Jib-TEHEPUPYIOLee YCTPOUCTBO 1 uCnosb3yercs.
CrnenoBatenbHO, IO Mepe TOTO, KaK UICTOYHHK a3p030Ji PAaCXOLyeTcs, IEPUOA OT Havyasa Mojaqu
MOIIIHOCTU 10 MOMEHTa BPEMEHH, KOrAa 3Ha4y€HHUE TOKAa Iyrr CTAHOBUTCS HUXKE MOPOrOBOrO

3HaueHus1 Threl, oObMHO CTaHOBUTCSI KOpode U kKopode. B mpumepe, npuseneHHOM Ha ¢ur. 8,
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OTIpeNeNseTCs, YTO HUCTOYHMK a’po30Jisi H3pacXofoBaH (T.e. OTKIOHSETCS OT HOPMBI), €CIIU
NOCJIEIOBATENBHO MPOM30MLIO OOJIBIIE YCTAHOBJIEHHOTO YHCJIA CIy4aeB, KOrza 3HaYeHHE TOKa
IyTR CTAHOBMIIOCH HIDKE MOPOTOBOro 3HaueHHst Threl B TeueHue mepuona OmpenesieHus, Koraa
NEepUOA ONpEAeNeHUs] MOBTOPSUICS C BBILIEONHCAHHBIM H3MeHeHueM. Cienyer OTMETUTh, 4To,
€CIM HCTOYHHMK adpo30Jsi M3PACXOAOBAH, TO I[OAAYa IIUTAHUS B CXEMYy OIpPEAENICHUs
OCTaTOYHOT'O KOJIMYECTBA TAKIKE MOKET MPEKPAIaThCs, KaK MoKa3aHo Ha ¢ur. 8.

[0079] ®ur. 9 sBnserca nuarpamMMoil, NMpencTaBJsAIOLIed Ipyroil mpuMep U3MeHEHUil
3HAYEHUs TOKA, MPOTEKAOLIEro yepe3 Harpy3ky. M3smMeHeHus 3HaueHust Toka Iyrgr, mOKa3aHHbIE
cieBa M B LeHTpe ¢ur. 9, SBISIOTCS TaKUMH K€, KaK M3MEHEHUs, NOKa3aHHble Ha ¢ur. 8.
3HaueHue Toka IyTgr, MOKa3aHHOE crpaBa Ha (GUr. 9, UMeeT TaKoW e NMPOQUib, KaKk B Cly4ae,
KOIZla OCTAaeTCsi OCTATOYHOE KOJIMYECTBO HCTOYHMKA adpO30Js, U HE CTAHOBUTCS HIKE
noporosoro 3HadeHue Threl B Teuenue mepuwoma ompenenenus (p2). IIpu 3TOM, a’p030JH-
reHepupyomee yCcTpoicTBo 1, mokasaHHOe Ha (ur. 3, BBIMOJHEHO C BO3MOKHOCTBIO TOAAYH
WUCTOYHMKA a3p030Js U3 y4dacTka 31 XpaHeHuss B NOABOAAIMN y4acTOK 32 MOA AEHCTBUEM
KaMWIISIPHOCTH, M MO3TOMY, B 3aBHCHUMOCTH OT XapakTepa BAOXa, IPOU3BOAUMOIO
NOJIb30BATENEM, MOJIaueli HCTOYHHUKA a3pO30JIsd TPYAHO YIPABIATh C UCIIONIb30BaHUEM OJioka 22
ynpasieHus U T.1. Eciu monb3oBaTenp nenaer BIOX B T€UEHHE Nepuoza, 0ojiee IIUTENbHOTO,
4YeM MPEAyCMOTPEHHBIM NEPHOJ sl ONHOW 3aTsDKKHM WIM JEeJaeT BIOX 4Yepe3 BPEMEHHOHN
MPOMEXYTOK KOpOY€ MPEAYyCMOTPEHHOIO HOPMAJIBHOIO BPEMEHHOTO MPOMEXYTKA, TO
KOJIMYECTBO MCTOYHHUKA a3PO30Ji1 BOKPYT HArpy3Ku 33 MOXET BPEMEHHO CTAHOBUTBCSI MEHBIIE
HOPMAJIBHOI'O KOJIM4YECTBAa. B Takom ciydae, 3HaueHUE TOKA Ipyrr MOXKET CTAaHOBHUTBCS HUKE
noporosoro 3HaueHust Threl B TeueHne nepuoaa onpeneneHus, Kak oKa3aHo B LIEHTPe Ha (ur.
9. Ecnu nmonb30BaTeNb 3aTeM J€1aeT BJOX MHAaue, TO 3HaueHHe TOKA Iytr HE CTAHOBUTCS HUXKE
noporosoro 3HadeHus: Threl B TeueHune nmeprona onpeaeneHns, Kak moKa3aHo crpasa Ha ¢ur. 9.
CrnenoBarenbHO, B IpUMepe, MPUBEACHHOM Ha (ur. 9, 4NCIIO MOCIe0BATENbHBIX CIIyYaeBs, KOrna
3HaUYe€HHE TOKa Iytr CTAHOBHUTCS HMIKE MOPOroBoro 3HadyeHwsi Threl B TedeHwe mnepuona
ONpeNeNeHusl, He IMPEBOCXOAUT YCTAHOBJIEHHOIO 4YMCJA, KOIrZJa MepUuod IOANUTHIBAHUS
MOBTOPSAETCS, W, COOTBETCTBEHHO, OINPEAENseTCs, YTO HCTOYHMK aj’po30Jsi, COAEp>KaIMUNC
BHYTPHU y4acTKa 31 XpaHeHus1, HE U3PACXOAOBAH.

[0080] Ecnu wucnonb3yercss BBIMIEONMUACAHHBIA MEPUON OMPENeNIeHUs, TO TOYHOCTH
ONpeNeNeHus, W3pacXOJOBaH JIM WM HET HUCTOYHUK aj3pO030Js, MOXKET JOMNOJHUTEIBHO
MOBBIIATHCA. A HMMEHHO, OMOPHOE 3HaueHHue, HCIOJb3yeMOe IMpU Olepaluu ONpeAeseHus,
MOXET PEryJUpPOBaTbCS U3MEHEHUEM NEPUOAA ONpPENeSeHUs], U TOYHOCTb ONPENENICHUs MOKET
MOBBILIATHCS.

[0081] < BapuanT 0OpaboTKH U1 OnpeneeHus >

@ur. 10 sBnseTcss ONOK-CXEMOHW IOCIENOBATEIBHOCTH —omepanuidi  00padoTkw,
NPEACTABISIIONEH OMUH MpuMep o0pabOTKU AJIsl YCTAHOBKH NEPHOAA OmpeneieHus. B nanHom
BapuaHTe, OJIOK 22 ynpaBJieHUs BBIOJHsET 00pabOTKy Al ONpeneneHns, MOKa3aHHyo Ha (Qur.
10, BmMecTo mpouenyp, BBIIOJHSEMBIX Ha 3Tamax S5-S9 B xome oOpaboTKM Al OLEHKHU

OCTaTOYHOT'O KOJHMYECTBA, IIOKA3aHHOW Ha (ur. 6.
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[0082] Bo-mepBbix, 00k 22 ympaBieHHs a3p030Jib-T€HEPUPYIOLIETO YCTpoicTBa 1
BKro4aeT K04 Q2 (dur. 10: stan S5). JlaHHbIH dTan sSBIsSETCS TAKUM Ke, Kak dTan S5 Ha ¢ur.
6.

[0083] Kpome Toro, Omok 22 ympaBieHHMs BKJIIOYAaeT TaiiMep U HAaYMHAET CUUTATh
npomeamee Bpems t (pur. 10: atam S11).

[0084] 3arem, Gsiok 22 yrpaBieHHs ONpPEAeNsieT, COCTaBJISIeT JIM MPOLIe/Iiee BpeMs t, 1o
MeHblIel Mepe, nepuon onpenenenus (¢ur. 10: sran S12). Ecnu npomenmee Bpems t kopoue
nepuona onpenenenus (3ran S12: Her), To Onok 22 ynpaBieHHs CUUTAET MPOLIEAIIEe BPeMs
(¢ur. 10: sran S21). Ha nanHoMm sTame, mpupaineHue At BpeMeHH, MPOIIEAIIEro ¢ MOMEHTa,
Koraa ObLT BKJIFOYEH TaiiMep, WM KOrja paHee ObLIa BBINOJHEHA mpouenypa Ha stame S21,
npudaBIsAeTCS K t.

[0085] Kpome Toro, Onok 22 ympaBiieHHs OmpenessieT 3Ha4eHue TOKa lytr AN TOKa,
npoTekaroIero yepe3 Harpysky 33, (¢ur. 10: stan S6). IIpouenypa, BeIMOJHsIEMas: HA JaHHOM
JTare, sIBJIIETCS TAKOH JKe, KaK MpoLenypa, BeIIOTHsIeMas Ha stare SO Ha ¢ur. 6.

[0086] 3arem, Onok 22 ympaBieHHs ONMpPENENseT, sIBISAETCS JIH BBIYHCICHHOE 3HAUYCHUE
TOKa Iyrr HUDKE MpenBapUTENbHO 3a7aHHOro noporosoro 3HadueHus: Threl (¢ur. 10: stam S7).
Hannbeiii sTan aHajormueH stany S7 Ha ¢ur. 6. Ecim 3HaueHuwe Toka Iyrr OKa3bIBaeTcs: He
MeHbIe nmoporosoro 3Hadenust Threl (sram S7: Her), To mpouecc oOpaboTku BO3BpaImaercs: K
MpoLenype, BIMONHsIEMOM Ha sTane S12.

[0087] HampoTus, eciiu 3HaUeHHE TOKA lyyrr OKa3bIBa€TCSl MEHbLIE MOPOrOBOTO 3HAUEHUS
Threl (sTam S7: [la), To Gmok 22 ynpasieHus pobasisier | B CHETUHK AN MOACYETA YHCIA
MEePUOIOB ONPEENIeHNs, B TEUEHHE KOTOPBIX onpenensercs pacxogosanue (¢ur. 10: stanm S22).

[0088] 3arem, Gmok 22 ympaBieHHs ONpenessieT, MOKa3blBaeT JIM CUETYHK 3HA4YCHUE,
KOTOpOE TMpPEeBbIIAET YCTAHOBJIEHHOE 3HaveHue (moporoBoe 3HaveHue) (dtam S23). Ecnwm
OIIPEAEIICHO, YTO CUETYHK TOKA3bIBAET 3HAUEHUE OOJIbIIe YCTAHOBJIEHHOTO 3HaueHus (3tan S23:
Ha), To 610k 22 ympaBJeHus OnpenessieT, YTO OOHAPYKEHO PacXOIOBaHHUE UCTOYHHUKA a3PO30JIs,
U BBINOJIHSET MPEIBAPUTENbHO 3amaHHyr0 oOpabotky (¢ur. 10: stam S8). JlaHHblid 3Tan
uneHTu4eH srany S8 Ha dur. 6.

[0089] HampoTuB, eciu Onpenensercs, YTO CYETYUK MOKA3bIBAET 3HAYECHHE, KOTOPOE HE
MPEBOCXOIUT YCTAaHOBJIEHHOTO 3HaYeHus (3tam S23: Her), To G110k 22 ynpaBiieHUs ONpeaesseT,
3aKOHYMJICS JU LUK noanuteiBaHus (¢ur. 10: sranm S31). Ecnm umkn nmoanuThiBaHus He
npomen (3tan S31: Her), To Onok 22 ympaBieHus OOHOBISIET MPOIIEAINee BpeMs t U
BO3BPAILAETCS K MPOLEAYPE, BHIMOIHAEMOMN Ha 3tane S31.

[0090] HampoTuB, eciu onpenesnsieTcsi, 4To UK MOAMUThIBAHHS 3aKOHYMICS (3Tarm S31:
Ja), To 0ok 22 ynpasierus oOHOBIsET nepuon onpeaenenns (¢ur. 10: stan S32). Ha nanaOM
JTare, npoleaee BpeMs t B MOMEHT BpPEMEHH, KOrzia Ha 3Tarne S7 ONpenesseTcs, YTo 3HaueHHue
ToKa IyTr MeHbIe moporoBoro 3HaueHus1 Threl, ycraHaBiMBaeTcss B Ka4eCTBE HOBOTO MEPHOIA
omnpeaeneHus. A HMMEHHO, MNEPHUOJ OIpENEeJeHUs B MOCIEAYIOLIEM ILHUKJIE MOANUTHIBAHUS
peryJaupyercsi, UCXONs M3 NMEepPUona, KOTOpbIH Tpedyercs, 4ToObl M3MEPEHHOE 3HAYEHHE CTallo

MCHBILIC ITOPOroBOIrO 3HAUCHUA B MNPCALICCTBYIOIICM IUKJIC MOANMUTbIBAHUA. HNnaue roBoOpsi,
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NPOAO/DKUTENPHOCT IEPUOAA  OMpEeNeNeHUs B  IOCJIENyIOIleM LMKJIEe MOANUTHIBAHUS
perynupyercsi, UCXOAsl U3 M3MEPEHHOIO 3HAYEeHMs], MOJYYEHHOIO B MPELIECTBYIOLIEM LIUKJIE
NOJNUTBHIBAHUS. JTO MOXKHO OIPENENUTb KaK PeryjJupoBKY IPOAOLKUTEIBbHOCTU MNEPUOAA
ornpeneneHuss B OynayiieM LUKJIE€ NOANMMUTHIBAHUSA, WCXOAS U3 H3MEPEHHOrO0 3HAYEHUs,
MOJIy4YE€HHOT'O B TEKYIleM LIMKJIEe TOJMUTBIBAHMUS.

[0091] Ecnu Ha stame S12 onpenensercs, 4TO MpoLIeniiee Bpemsi t COCTaBISET, IO
MeHblIeH Mepe, nepuon onpexnenenust (3ran S12: [la), To Onokx 22 ympaBieHUs ONpenenser,
3aKOHYMJICS i LUK noanuteiBaHust (pur. 10: sran S13). Ecnu umkn nmoanuThiBaHus HE
3akonumics (3tan S13: Her), To Onok 22 ympaBiieHus MPOAOJIKAET MONABATh MOIIHOCTb, MOKA
LUKJI TIOANUTBIBAHUS He 3aKOHUYMUTCs. COCTOsIHME, B KOTOPOM MEPUOJ ONpeAesieHus MpoIles, ’
LIUKJI TTOANUTHIBAHUS HE MPOLIE, SIBJISETCS COCTOSIHUEM IOCJe TOro, Kak MepUoA p2 MpoLiesn, u
70 TOTO, KaK MPOXOIUT nepuos pl B TeueHue nepuona, MoKa3aHHOTo cripasa Ha ¢ur. 9.

[0092] Ecnu ompenensieTcst, 4TO IUKJI MOANMUTHIBaHMS 3akoHuwics (3tam S13: Jla), To
Onok 22 ympaBiieHUs] YCTAHABJIMBAET TMPOJOJUKUTENBHOCTh TEPUOAA ONPENeNeHUs PaBHBIM
MPOAOKUTENFHOCTH UKJIa moanuTbBanus (ur. 10: stanm S14).

[0093] Kpome Toro, Omok 22 ympasienust copaceiBaer cuetuuk (¢ur. 10: stam S15). A
MMEHHO, CUETYMK JJI CueTa 4HCia IOC/IEOBaTENbHbIX IEPUOOB OINpeNesieHNs, B TeYeHUE
KOTOPBIX OINpPENeNsAeTCs] PacxOIOBaHME, COpachIBae€TCsl MOTOMY, YTO 3HA4YeHHE TOKa lyrr He
CTaJI0 HI>Ke oporoBoro 3HaueHus: Threl B TeueHne nepuona onpeneneHus, 3aJaHHOTO BMECTE C
nepuooM noanuTbiBaHus. Clenyer OTMETHTh, YTO BO3MOKHA TaKk)ke KOH(Urypauus, B KOTOPOi
CUETYHK He COpachIBAeTCs, M OIPEIENAeTCs, YTO CYLIECTBYET OTKJIOHEHHE OT HOPMBI, €CIH
YHCJIO TIEPUOZIOB ONPEENEHNUs, B T€YeHHE KOTOPBIX OINpPEnessieTCsl pacXOAOBaHUE, MPEBBILIAET
IPEIBAPUTENBHO 3alaHHOE TOPOrOBOE 3HAUYECHHUE.

[0094] ITocne stama S15, S8 unu S32, 650k 22 ynpasieHus Bbikio4daeT Kitod Q2 (¢ur.
10: atan S9). JlaHHbIi STam SBISETCS TAKUM JKe, Kak 3tan S9 Ha dur. 6.

[0095] TlocpencTBOM BBILIEOMMCAHHON O0OPabOTKM MOKHO peaji30BaTh HM3MEHsSIEMBbIH
NIEPUOJ OTpeesIeH s, TTOKa3aHHbIi Ha ¢Gur. 8 u 9.

[0096] < HlyHTHpPYOIIUHA PE3UCTOP >

bnox 22 ynpaBneHHss OLEHHUBAET OCTATOYHOE KOJUYECTBO MCTOYHUKA a3PO30Jis
NOCPEICTBOM NPEANUCAHMS LEMH ONPENeNIEHUs] OCTATOYHOTO KOJMUYECTBa (DYHKIIHOHUPOBATH B
Te4YeHHe Mepuosia, Ha MPOTSHKEHUH KOTOPOro MOJb30BaTeNlb HE JIeJaeT BIOXa uepe3 a’dpo30Jib-
reHepupytomee ycrpoiictBo 1. OnHako, HekenaTenbHO, YTOOBI M3 MYHIIITYKAa BBITYCKAJICS
a’3po30Jib B TE€UEHHE MepHoja, Ha MPOTSLDKEHWH KOTOPOro MOJb30BaTellb HE AeNaeT Baoxa. A
UMEHHO, JKeJIATeNIbHO, YTOOBI KOJMUECTBO UCTOYHHKA a3pO30Jisl, UCIAPSIeMOro Harpy3koil 33 B
TO BpeMmsi, Koraa K04 Q2 siBiseTcst 3aMKHYTBIM, ObIIO KaK MOKHO MEHBIIIE.

[0097] C mpyro#i CTOpPOHBI, IPEATIOYTUTEIBHO, YTOOBI OJIOK 22 ympaBJIeHUs] MOT' TOYHO
OTpeAeNATh M3MEHEHHE OCTAaTOYHOIO KOJMYECTBA MCTOUYHHKA a’3p030Ji, KOIZa OCTATOYHOE
KOJIMYECTBO siByisieTcst HeOonpmuM. To €cTh, B NPEANOYTUTENILHOM BapHaHTE, pa3pelleHue
MOBBILIAETCS, KOIJIa U3MEPEHHOE 3HaueHHe JaT4uhka 34 OCTaTOYHOIO KOJUYECTBA 3HAYUTENIBHO

U3MCHACTCA B 3aBUCUMOCTHU OT OCTATOYHOrO KOJUYCCTBA HUCTOYHHKA aA3PO30Jis. B
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NOCJIENYIOIEeM, 3HAuY€HHE COMPOTUBJICHUS IIYHTHPYIOIErO pPe3UCTOpa XapaKTepU3yeTcCs,
UCXOJIs U3 TaHHOMN TTO3ULIUHL.

[0098] @ur. 11 siBisieTcss nUArpaMMOM, CXeMaTHYEeCKH MPENCTaBJSIIoIIe noTpedieHue
SHEPruM Ha y4YacTKe XPaHEHHs, MOABOJSAIIEM ydacTke U Harpy3ke. Q1 oO3HadaeT KOJMYeCTBO
TEeIUIa, BbIAEISIEMOro (UTHUIEM MOABOAsAIEro yudactka 32, Q2 o3HavaeT KOJMYECTBO TEIUIA,
BBIIEISIEMOrO CIUPANbI0 Harpy3ku 33, Q3 oO3Ha4aer KOJNMYECTBO TeIUia, MOTPeOHOro i
NOBBIIIEHNSI TEMIIEPaTypbl HCTOYHUKA adpo30sid B JKUAKOM cocTtossHMM, Q4 o3Hadaer
KOJINYECTBO TeIUIA, MOTPEOHOro AJIsi MepeBOa MCTOYHUKA a3PO30Jis U3 JKUAKOTO COCTOSIHHS B
razoo0pasHoe coctosinue, U Q5 03HavyaeT BhIACIEHUE TEJia B BO3AyXe MyTeM U3JIYYEeHUS U T.1.
IMotpebasiemast sHeprusi Q paBHa cymme coctapisitoinux Q1-Q5.

[0099] Temnmoemkocts C (JI:/K) oOBbekTa paBHSIETCS MPOU3BENEHUIO Macchl m (T)
oObekTa Ha ynenapHyr TermoeMkocTh ¢ (JLx/TK) obbekta. KomumuectBo termma Q (JIx/K),
HeoOxonmumoe ansi u3MeHeHus1 temneparypbl oObekta Ha T (K), MOXKHO BBIpa3uTb B BUAE
mxCxT. CoorBercTBeHHO, ecnu Temreparypa Tyrg Harpy3ku 33 Hmke Temmneparypsl Tb
KUMEHUsI HWCTOYHUKA a’po3oiisi, TO moTpedmsemyro sHeprut0o C  MOXKHO CXEMaTHYECKH
NPEACTABUTh HIDKENPUBEIACHHBIM BhIpaxkeHneM (6). Cienyer OTMETHTb, YTO M| O3HAYaeT Maccy
¢buTHnsa nogBozsimero yyactka 32, C; 03HavaeT yaenbHYI0 TeIJIOEMKOCTb (PUTHIIS TIOABOASIIETO
ydacTka 32, mp O3Ha4aeT Maccy cnupanu Harpy3ku 33, C, 03HauaeT yAeIbHYIO TEINIOEMKOCTD
CIMpaNy Harpy3ku 33, ms O3HA4aeT Maccy HUCTOYHHMKA a’po30Jisi B JKUAKOM cocTossHuH, Cs
O3Ha4aeT YJENbHYI0 TEIUIOEMKOCTh HCTOYHHKA a3PO30Jisl B )KMAKOM COCTOSIHUHU, U T O3HadaeT
HCXOJHOE 3HaYEHUE TEMIIEPATypPhbl HATPY3KH 33.

Q=(m; C+myCo+m3zC3)(Turr-To)" ... (6)

[0100] Ecnu Ttemmeparypa Tuyrr Harpysku 33 He Hike Temmepatypbl Tb KumeHHs
MCTOYHHKA a3P030Jisl, TO MoTpedisieMyto sHeprut0 C MOXKHO ONPENeNuTh U3 HIDKETPHUBEASHHOTO
BelpakeHust (7). CrneayeT OTMETUTh, YTO M4 O3HA4YAaeT MAcCy WUCIAPUBLIENHCS YacCTH >KUIKOTO
UCTOYHHUKA a3po30Jist, U Hy 03Ha4YaeT TeroTy napoodpa3oBaHus KUIKOTO HCTOYHHKA a3PO30JIs.

Q=(m; C+myCo)(Th1r-To)+m3C3(Tb-TO)+myHy ... (7)

[0101] CnemoBarenpbHO, 4TOOBI HE AOMyCKaTh OOpa3OBaHHE a’pO30Jisi HCHAPEHUEM,
noporoBoe  3HaueHHe  Egy JODKHO  yIOBJIETBOPSTH  YCJIOBUIO,  NPEACTABICHHOMY
HIDKENPUBEICHHBIM BbIpaskeHUeEM (8).

Ethre<(rn1C1+m2C2+m3C3)(Tb—T0) L (8)

[0102] @ur. 12 sBnsiercss TpadUKOM, CXEMATHUYECKH MPEACTABIISIONAM B3aHMOCBSI3b
MEXIy SHEeprueil (SJIeKTpUUecKol sHeprueii), morpelisieMol Harpy3kod 33, W KOJHYECTBOM
obOpasyemoro asposonsi. Ha ¢ur. 12, ropusoHTanbHas OCh OTOOpakaeT JHEPrui0, W
BepTUKaJbHAs OCh oroOpaxkaeT TPM (o0myr Maccy aspO30NbHBIX YACTHI KOJIUYECTBO
BeIlecTB, ¢opmupyromux asposzonb). Kak mokazano Ha ¢ur. 12, obOpasoBaHue a’po30is
HAYMHAETCS, KOTJa JHEprus, mnotpedisiemMas Harpy3kod 33, MPEeBOCXOIUT MPEIBAPUTEIBHO
3aJaHHOe TMOpOroBoe 3HaueHUe Egr, W KOJIMUECTBO 00pa3yeMoOro aspo3oiisi 3HAYUTEIBHO
YBEJIIMYUBACTCS] MPSIMO TPOIOPLHOHANBHO MoTpednseMoit sHeprun. Crenyer OTMETHTh, YTO

BEpTUKaJbHAsA OCh Ha (ur. 12 He 00sA3aTENPHO NOJDKHA MOKA3bIBaTh KOJIUYECTBO a3pPO30JId,
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oOpasyemoro Harpy3koii 33. Hampumep, BepTHKalbHas OChb MOXKET TakKe IOKa3bIBaTh
KOJINYECTBO a’3po30Jis, 00pa3yeMoro HCnapeHneM HCTOYHMKA a’po3ois. B kauectse
anbTepHATHBBI, BEPTUKAJIbHAas OCb MOXKET TaKXe II0Ka3blBaTh KOJIMYECTBO a’po30Js,
BBIITYCKAEMOI'0 U3 MYyHIITYKa.

[0103] IIpu sToMm, sHepruto Epyrr, moTpedisiemyto Harpy3ka 33 MOKHO ONPEAENUTb U3
HIDKenpuBeneHHoro BelpakeHus (9). Cnenyer orMeruth, uto Wpyr O3HA4aeT MOIMHOCTH Ha
Harpyske 33, u tgy on O3Ha4aeT nepuof (cex), B TeueHue Koroporo BkiroueH kmou Q2. Crnenyer
OTMETUTH, YTO KJIt0u Q2 noymkeH ObITh BKIIIOUEHHBIM B TE€UEHHE HEKOTOPOIO MEPHUOAA, YTOOBI
U3MEepPsATh 3HAUE€HHE TOKA Ha IIYHTHPYIOIIEM PE3UCTOpE.

Enr=Wautr*tQ2 on'... (9)

[0104] Hwxkecnenyroiuee Bbipaxkenue (10) mosyueHO MOCPEACTBOM MpeoOpa3OBaHUs
BeIpaxkeHust (9), ¢ HCIONB30BAHHEM 3HAUEHHsS TOKAa lgy AN TOKA, MPOTEKANOLIEro B LEMH
OTpeeNieHrs] OCTATOYHOrO KOJNWYecTBa, 3HadeHus conpotuBiieHus Ryrr(Tyrr) Harpysku 33,
KOTOPO€ M3MEHSETCS B 3aBUCUMOCTH OT TeMmmepaTypbl Tyrr Harpysku 33, U H3MEPEHHOIO
HAMPSHKEHUS Veas LIYHTUPYIOLIETO PE3UCTOPA.

Enrr = Whrr X tg2 on

= Vyrr X g2 X tgz on

= I X Ryre(Thurr) X toz on

2
) X Ryra(Turr) X tgz on ... (10)

Vmea.s

:(R

shunt

[0105] CnenosarenbHo, ecnu sHeprust Eprr, morpebnsemas Harpyskoil 33, MeHble
NOpPOroBoro 3HaueHusi Egy., MokazaHHOro Ha ¢ur. 12 U npencTaBlIeHHOrO HUXKETPUBEIEHHBIM

BbIpaskeHueM (11), To a3po3ob He oOpasyercsi.

Vmeas

2
Ethre> () X Rurr(Turr) X toz on a1

Rslmnt

[0106] D10 BBIpakeHHE MOXKHO MPEOOPa30BaTh B HUKENIPUBEAEHHOE BbipaxkeHue (12). A
UMEHHO, €CJIH 3HAYeHHE COMPOTHBJIECHHUS Rghne HMIYHTHPYIOIIETO pPE3NCTOpa YAOBJIETBOPSET
BbIpakeHUI0 (12), TO a’po3oap He obOpasyercs mpu oOpabOTKe sl OLEHKH OCTATOYHOTO

KOJIMYIECTBA, YTO MPEATIOUTUTECIIBHO.

R
Rshunt > Vmeas\/

urr(Tare) X toz on

Einre (12)

[0107] B obwiem, mpeanouTUTENbHO, YTOOBI ITYHTUPYIOMIUN PE3UCTOP UMET HeOOIbIIOoe
3HaYeHHE COMPOTHUBJICHUS, HANpPUMEP, OKOJO HECKOJNBKUX aecsATKOB MOM, uToOBI Oocnabuth
BJIMSIHHE HAa CXEMy, B KOTOPYIO BBeJE€H IIyHTUpYoWui pe3uctop. OQHAKo, B HACTOSAIIEM
BapHaHTE OCYINECTBJEHMs, HIKHHUI TMpefen 3HAuYe€HUs COMPOTUBIEHHUS IIYHTUPYIOLIEro
pe3ucTopa ONpenenseTcs, Kak ONMMCAHO BBIIIE C MO3ULIH OJIOKUPOBAHUS 00Pa30BaHUs a3PO30b.
HuxHee npenenpHOE 3HaU€HUE COCTABIISIET OKOJIO HECKONIbKUX OM, Harpumep, KOTopoe Oosblie
3HAQYEHUs] CONpPOTUBJIEHUs Harpy3ku 33. Kak omucaHO Bblllle, 3HA4Y€HHE CONPOTUBIICHUS

IMYHTUPYOLICTO PE3UCTOpA NPCANOYTUTCIIBHO YCTAHABIUBAKOT IJISA YAOBJCTBOPCHUSA IICPBOMY
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YCIIOBHIO, YTO KOJIMYECTBO a3po30Jisi, 00pa3yeMoro Harpy3kodl B I[MKJI€ TOANMUTHIBAHUS, B
TE€YEHHE KOTOPOrO0 MOIIHOCTh TOAAETCS M3 MCTOYHHKA IMUTAHWS B PE3UCTOp, HE Oojbme
MIPEeABAPUTENIBHO 33JaHHOTO TOPOrOBOrO 3HAYECHHUS.

[0108] Cnenyer oTMETHTb, YTO BO3MOXKHA TaK)ke KOHPUrypauus, B KOTOPOH 3HaUEHHE
COMNPOTHUBJIEHUS LIYHTUPYIOLIErO PE3UCTOPA HE YBEIUUYUBAECTCS, U ISl YBEIUYEHHUs] CyMMapHOTO
3HAYEHUs] COMPOTHUBIICHHS JOMOJHUTENBHO OOECIIeunBAETCSl PEryJMPOBOYHBIA  PE3HCTOP
MOCJEA0BATENbHO C ULIYHTHUPYKOLIMM pPE3UCTOPOM. B naHHOM ciy4ae, BO3MOXKHA TaKxkKe
KOHurypauus, B KOTOPOH  HAmpsOKEHHE  MEKAY  MPOTHUBOMOJIOKHBIMH — KOHLIAMH
JONOJIHUTEIBHOTO PETYJIUPOBOYHOIO PE3UCTOPA HE U3MEPSIETCS.

[0109] @wur. 13 sBisieTcss OMHUM MPUMEPOM TpaduKa, TPEACTABIAIOMErO B3aUMOCBSI3b
MEXAY OCTATOYHBIM KOJIMYECTBOM a’3p030Jisl M 3HAYEHUEM CONpOTUBJIEHUs Harpy3ku 33. Ha
rpaduke, OKa3aHHOM Ha ¢ur. 13, ropu3oHTaNIbHAS OCh OTOOpaKAaeT OCTATOYHOE KOJIMYECTBO
UCTOYHHUKA a5PO30Jis, U BEPTUKAIbHASI OCh OTOOpakaeT 3HAUEHHE COMPOTUBIICHUS] HATPY3KH 33,
onpesensemMoe B 3aBUCUMOCTH OT TemnepaTypbl Harpy3ku 33. Ryrr(Tpepletion) O3HauaeT
3HAQYeHUE CONPOTUBJIEHHUS B MOMEHT BPEMEHH, KOrJa MCTOYHHK aspo30Jisi HU3PACXOAOBAH.
Rurr(Trr) O3Ha4YaeT 3HAYEHWE COMPOTHUBJICHHWsS MPU KOMHATHOW Temnepartype. [lpu 3Tom,
TOYHOCTh OLIEHKH OCTaTOYHOIO KOJWYECTBA MCTOYHUKA aj3pO30Jsl MOXKHO IOBBICUTH
COOTBETCTBYIOIEH YCTAHOBKOW HE TOJILKO HANPSDKEHHs] M TOKA, HO M JUANa3OHa U3MEPEHUs
3HAYEHHsI COMPOTUBIICHUS WIM TEMIIEPATypPbl HArPY3KH 33 OTHOCHUTEIBHO paspereHust Oioka 22
yIIpaBJI€HUs, UMEIOLIET0 pa3psAaHOCTb. C APYroil CTOPOHBI, KOTrJa pa3HOCTb MEXAY 3HAUEHUSIMU
COIPOTUBJICHUSA RHTR(TDepletion) U Ryrr(Tr 1) Harpy3ku 33 yBeNnUIUBAETCS, ITUPOTA H3MEHEHHUS B
3aBUCUMOCTHU OT OCTATOYHOI'O KOJIMYECTBA UCTOYHMKA a3po30Jid yBenuuusaercs. MHavye rosops,
TOYHOCTb PACYETHOTO 3HAYEHUs] OCTATOYHOrO KOJWYECTBA, BBIUUCISIEMOro OlokoM 22
YIPaBJICHUsI, MOJHO TIOBBICUTH IIOCPEICTBOM YBEJIMYECHUs] IIUPOTHI M3MEHEHHUs] 3HAYEHUs
CONIPOTUBJIEHUS] HATPY3KU 33, KOTOPOE U3MEHSETCs B 3aBUCUMOCTH OT TeMIIepaTypbl HArPy3KH
33, MOMHMO YCTaHOBKH pa3peLieHus 0Jioka 22 yrpaBlieH!s U AUANa30Ha U3MEPEHUsI.

[0110] 3nauenue Toka Igo oN(Tpepiction), KOTOpPOE oOIpezenseTcs IO BLIXOJHOMY
3HAYEHUIO JaT4uKa 34 OCTATOYHOIO KOJMYECTBA B MOMEHT BPEMEHHM, KOI7la HCTOYHUK a3PO30Jis
U3PaCXOA0BaH, MOYKHO OTPENENTDh U3 HIDKENPUBENEHHOTO BhipaxkeHus (13) ¢ ucrnonbp3oBaHuEM

3HauenreM conpotusieHus Ryrr(Tpepietion) HArPy3ku 33 B 1aHHbBIA MOMEHT.
out

IQZ_ON(TDEPIGIEOH) = Ropune + RHTR(TDep.!etEDn) (13)

[0111] Ananoruuno, 3HaueHne Toka Ig2 on(Tr T.), KOTOpOE ONpenemnsieTcs: MO BHIXOIHOMY
3HAQYEHUIO AaTdyuka 34 OCTaTOYHOrO KOJMYECTBA B MOMEHT BPEMEHH, KOrja Harpyska 33
HaXOIUTCS TPU KOMHATHOM TeMIEpaTrype, MOXKHO OIPEAeNNTb W3 HUKEIPUBEICHHOTO
BoipaxkeHust (14) ¢ ucmonb3oBanmeM 3HadeHus conporuBieHuss Ryrr(Trt) Harpy3ku 33 B

HaHHbIﬁ MOMCHT BPEMCHHU.
VOln‘.f

IQZ—ON(TR'T') = Raun: + Rura(Trr) . (14)

[0112] Kpome Toro, pasHocTb Alp on, MONy4aeMyr) BBIMUTAHMEM 3HA4YEHUs TOKa



28

IinoN(TDepletion) u3 3HaueHus Toka lgo on(TrT), MOXKHO ONpenenuTbh M3 HIKENPUBEIEHHOTO

BbIpaxkeHus (15).
Vout Vout

shunt RHTR(TR.T.) - Rspunt + RHTR(TDepletion)

{RHTR(TDepletion) - RHTR(TR.T.)]' X Vour
" {Reume + Rura(Trr)} X {Ropune + Rure(Tpepletion)} (15)

Algz on = R

[0113] U3 BbIpaskeHus: (15) MokeT ObITH HAWAEHO, YTO, €CIU Rgyne TMOBBIIIAETCS,
pasHocTb Algy on Mexny 3HadeHueM Toka g on(Trt) M 3HauenumeM Toka Igo oN(Tpepletion)
YMEHbBINAETCS, 1 HEBO3MOKHO TOYHO OLIEHUTh OCTATOYHOE KOJHYECTBO HCTOYHHMKA ad3PO30JIs.
ITosToMy 3Ha4YeHUE COMPOTUBIIEHUS Rghun ITYHTHPYIOIIETO PE3UCTOPA OMPEAEISETCS TaK, YTOObI
pasHocTh Algs on Obuta OoOJbIIIE MCKOMOTO MOPOrOBOrO 3HA4YEHUS! Alipre, KaK NPENCTABIECHO

HIDKENPUBEICHHBIM BbIpaskeHueM (16).
AI < {RHTR(TDepletiun) - RHTR(TR,T,)} X Vaut
thre {Rshunt + RHTR(TR,T,)} X [Rshunt + RHTR(TDepletion)} (16)

[0114] TIlocpenctBoMm pewmeHust BblpakeHus (16) OTHOCHUTENBHO  3HAYEHHUS
CONpPOTUBNEHUS Rghun,, YCIOBHE, KOTOPOMY NOJLKHO YAOBJIETBOPATH 3HAYEHUE CONPOTHUBIICHUS
Rshunt, 9TOOBI TOCTATOUHO MOBBIIIATH PA3pELICHUE IO PACUETHOMY 3HAUEHHIO OCTATOYHOIO
KOJINYECTBA, MOXKHO ONPENEINTh U3 HIDKENPUBEACHHOro BhIpakeHHs (17), ¢ MCIONb30BaHUEM
HCKOMOr0 MoporoBoro 3HadeHus: Alg. CnenoBaTenbHO, 3HaueHHE COMNPOTUBIEHUSA Rghune

yCTaHABJIMBACTCS [Tl YIOBJIETBOPEHHS BhIpaxkeHuto (17).
b? -4c-b
Rshunt < 2 (17)

b = Rurr(Tpepletion) + Rutr(TrT)

{Rutr(TR1.) = Rurr(Tpepletion)} X Vout
AIthre

¢ = Rurr(Tpepletion) X Rurr(Tr1) +

[0115] B HacrosimeMm BapwaHTe OCYLIECTBJCHUS, 3HAYCHHE COMPOTHUBICHHUS R ghun
YCTAHABJIMBAETCSI C TAKUM pPacdyeToM, 4ToObl pa3sHOCTh Algy on MEXAy 3HAUYE€HHEM TOKa
Ig2 ox(TrT) AN TOKA, MPOTEKAKOLIEro Yepe3 Harpys3ky 33 mIpu KOMHATHOH Temmeparype, H
3HaueHneM Toka lga onN(Tepletion) AT TOKA, IPOTEKAIOLIETO UYepe3 Harpy3Ky 33, KOrja UCTOUHHK
a3p030JIs U3PACXOIOBAH, OblIa TOCTATOYHO OONBIION JJIs OnpenefieH s OJJOKOM 22 yrpaBJIeHHUSI.
B kadecTBe ajbTepHATHBBI, BO3MOKHA Tak:ke KOH(PUTypalus, B KOTOPOW, HApUMep, 3HAUECHUE
COMPOTUBJIEHUS Rghune YCTAHABIIMBAETCSI ¢ TAKUM PACUETOM, UYTOOBI Pa3HOCTh MEXKIY 3HAYCHHEM
TOKa, TPOTEKAIOMIEro uepe3 Harpy3ky 33 mpu, NpUOTU3UTENBHO, TEeMIlepaType KUIECHUs
HMCTOYHUKA a3p030Js, U 3HAYEHHUEM TOKA, MPOTEKAIOLIEro uepe3 Harpy3ky 33, Korga UCTOYHHUK
a3p030JIs U3PACXOIOBAH, OblIa TOCTATOUYHO OONBIION IS ONIpenesieH s OJIOKOM 22 yIpaBJICHHSI.
B o0mem, TOYHOCTh OLIEHKH OCTATOYHOIO KOJMYECTBA UCTOYHUKA a3PO30JIsl TIOBBIIIAETCS, KOTaa
Pa3HOCTb TeMIEepaTyp, COOTBETCTBYIOINAS PAa3HOCTU TOKOB, KOTOpas MOKET OMNPENeNsIThCS
0J10KkOM 22 ynpaBlieHUs], CTAHOBUTCS] MEHBIIIE.

[0116] Hmxe Oonee mogpoOHO OMHUCHIBAETCS] KOHKPETHOE BIIMSIHUE, KOTOPOE pa3perieHne

Oyoka 22 ympaBieHUs] © HACTPONKH CXEMbI OMpeAeseHUs] OCTATOYHOrO KOJHYECTBA, BKIIIOUAs
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3HAQUCHUE COIMNPOTUBJICHUA HArpy3Ku 33, OKa3bIBAIOT Ha TOYHOCTH OLCHKH OCTAaTOYHOI'O
KOJINYeCTBA UCTOYHMKA a3po3oist. Eciam ans Onoka 22 ynpaBieHHs UCTIONb3YeTCs N-pa3psaHbIi
MHUKPOKOHTPOJUIEP, U VRypp MPUMEHSAETCS] KaK OIMOPHOE HANpsDKEHUE, TO paspeleHue Osoka 22

YIIpaBJIEHHs] MOJKHO OTPENETUTh U3 HIKENPUBEIEHHOTO BbipaskeHust (18).
VREF

2 .. (18)

Paszpeluenue (V/hit) =

[0117] PasHocTe AV on MEXKAY 3HAaUEHHEM, KOTOPOE ONPEAENseTCsl BOIbTMETPOM 342,
KOrja Harpy3ka 33 HaxOOWUTCA MpPU KOMHATHOW TeMIlepaType, M 3HA4Y€HHEM, KOTOpOe
ONpeneNnseTcss BOJIbTMETPOM 342, KOra UCTOYHHUK a3p030JIs1 U3PACXO0BAH, MOXKHO ONPEAEIUTD

U3 HIDKENPUBEACHHOTO BbIpakeHus (19), ocHOBaHHOTO Ha BbIpaskeHuu (15).
Rshunt Rshunt

X V t -
st + Rurr(Trr) ~ ™

AVinoN = R X Vout

Rshunt + Rutr (TDepletion)

1 1
X {Rshunt + Rurr(Trr) ~ Rehane + RHTR(TDepletinn)} (19)

= Rshunt X Vout

[0118] CnenosarenbHo, B coorBeTcTBUH ¢ BblpakeHueMm (18) u (19), Omox 22
YIPABJICHUSI MOKET OINPENENATh 3HAYCHUE, NMPEACTABISIEMOE HIDKENPUBEACHHBIM BBIPAKEHUEM

(20), 1 nenple KpaTHBIE 3TOMY 3HAYEHHIO B BUJIE€ PA3HOCTEH HAINPsDKEHUH B AuanaszoHe ot 0 1o

AVin()N.
4Vqz on Vout 1 1
=2"Xy X Rehunt % { - }
Pa3pemeuue Repunt + RHTR(TR.T.) Repunt + RHTR(TDepletlon) (20)

VReF

[0119] Kpome Toro, B cooTBeTcTBUU C BbIpaxkeHHeM (20), 610k 22 ymnpaBieHUS MOXKET
OTpeNeNATh 3HAueHHe, NPEACTaBIAEMOE HIDKENPUBEIEHHbIM BblpakeHueMm (21), u wenble
KpaTHbIE 5TOMY 3HA4YEHMIO B KaueCTBE TEMIIEpaTyp HarpeBaTells, B JHana3oHe OT KOMHATHOMN
TEMIepaTyphbl 0 TEMIIEPaTypbl Harpy3ku 33 B MOMEHT BPEMEHH, KOIZla MCTOYHUK a’pO30Jisi

H3pacxogoOBaH.
(TDepletion - rl‘R.T.) X Paspememde

AV oN

(Tpepletion — TrT.) X VREF
2" x Vout X Rshunt

1 1 -1
X {Rshunt + RHTR(TRAT.) - Repume + RHTR(TDepletion)} (21)

[0120] Huxxenpusenennas tabiuna 1 mokasbplBaeT OAUH MpUMeEp paspemmeHus: Oyoka 22
yIpaBlieHUs OTHOCHUTENBbHO TeMIepaTypbl Harpy3ku 33 B ciydasx, KOrja IepeMeHHble
napameTpsl B BeIpakeHHH (21) H3MEHSIOTCS.

[Tabauma 1]
Ilepemennsblii

napaMeTp [€AUHHLIbI Bapuant 1 | Bapuant 2 | Bapunant3 | Bapuant 4 | Bapuanrt 5

M3MEpEeHM |

Tr1. [°C] 25 25 25 25 25
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Toepletion [°C] 400 400 400 400 400
Vrer [B] 2 2 2 2 2

n [ur] 10 10 16 10 8
Vou [B] 25 25 0.5 0.5 05
Rpunt [OM] 3 10 3 3 3
Rur(Tr.1) [OM] 1 1 1 1 1
Rurr(Tpepietion) [OM] 2 2 1,5 1,5 1,5
Paspemenne [°C] 2.0 3.9 03 17.6 703

[0121] U3 Tabnumpel 1 oueBHMAHA TEHIOEHIMS, YTO paspelieHue Ojoka 22 yhnpaBJieHHs
OTHOCHUTEJIBHO TEMIIepaTypbl Harpy3ku 33 3HAUUTENbHO W3MEHSETCs, KOrjga 3HAYEHUs
NapameTpoB PeryupyroTes. s onpeneneHus, U3pacxoqoBaH JIM WX HET HCTOYHUK ad3pO30JIs,
Osok 22 ympaBieHUsl TOJDKEH ObIThb B COCTOSIHMM Pa3JINdaTh, IO MEHbLIEH Mepe, KOMHATHYIO
TEeMIepaTypy, KOTopasi sSBISIETCS TEMIEPaTypoil B MOMEHT BPEMEHH, KOTr/ia yrpaBjieHue 0JIOKOM
22 ynpaBlieHUs HE BBINOJHSETCS WIW HAYMHAETCS, U TEMIIepaTypy B MOMEHT BPEMEHH, KOraa
HUCTOYHHUK a3pO030Jii M3PAcXOlOBaH. A HMEHHO, Pa3HOCTb MEXIY H3MEpPEHHBbIM 3HadeHHEM
JaTyuka 34 OCTATOYHOrO KOJMYECTBA, IONY4YaeMbIM IPH KOMHATHOM TeMmmeparype, Hu
U3MEPEHHBIM 3HAYEHUEM JaTYMKa 34 OCTAaTOYHOIO KOJIMYECTBA, MOJIYy4a€MbIM IIPU TEMIIEPAType
B MOMEHT BPEMEHHM, KOrJja MCTOYHHK a3pO030Jis1 M3PACXOAOBAH, JOJUKHA OBITh 3HAYUTENBHOH,
9qTO0BI OBITh pa3nuuuMoi st Onoka 22 ynpasieHus. MHaue rosopsi, pasperieHue Omoka 22
YIPaBJIEHUS] OTHOCUTEIBHO TEMIIEPaTypbl HArpy3ku 33 HOJDKHO ObITH He OoJblle pa3HOCTH
MEXAY TEMIIepaTypoOl B MOMEHT BPEMEHH, KOTJa HCTOYHUK a’3po30isi HU3PacXO[OBaH, U
KOMHATHON TEMIEPATYPOH.

[0122] Kak omucaHO BblIIIe, €CJIM OCTATOYHOE KOJINYECTBO UCTOYHUKA a3PO30JIsl SBIISETCS
AOCTaTOYHO OOJBLIMM, TO TEeMIlepaTypa HArpy3ku 33 COXpaHseTcss OKOJO TeMIepaTyphl
KHUIEHHsI UCTOYHHUKA a3po30disi. [ 6osiee TOYHOTO OINpeneNieHus], U3pacxoJ0BaH JIM UCTOYHHK
a’po30J1s1, TPEANOYTUTENbHO, YTOOBl OJok 22 ympaBieHus Obul CIOCOOEH pasuyaTh
TEMIEepPaTypy KWUIIEHUs HCTOYHUKA aj’po30yii M TeMIepaTypy B MOMEHT BPEMEHH, KOraa
UCTOYHUK a3pO30Jisi M3PACXOAOBAaH. A HMEHHO, MPENNOYTHTEIBHO, YTOOBI PAa3HOCTb MEXKIY
WU3MEPEHHBIM 3HAYEHUEM JaTYMKaA 34 OCTAaTOYHOIO KOJIUYECTBA, OJTY4YaeMbIM NIPU TEMIIEPATYPE
KUIEHUs] HCTOYHMKA aj’po30Jii, U HU3MEPEHHBIM 3HAa4deHWeM pJaTduuka 34 OCTaTO4YHOro
KOJIMYECTBA, MOJIy4aeMbIM IPHU TEMIEPAType B MOMEHT BPEMEHH, KOrja HUCTOYHHUK a3pPO30Jis
U3paCXOAOBaH, Oblla 3HAYUTENBHOH, YTOOBI OBITH pasmMuuUMON anst Onoka 22 yrpaBlIeHHSL.
WHaue roBopsi, MpeANOYTHTENBHO, YTOOB!I pasperieHue Oyoka 22 ympaBlieHHs OTHOCHUTEIBHO
TeMmnepaTypbl Harpy3kud 33 ObpuIo He OOJbIIE Pa3HOCTH MEXIy TEMIepaTypoil B MOMEHT
BPEMEHHU, KOIZa HCTOYHHUK adpOo30Jis1 HU3PACXOAOBAH, U TEMIEPATypOU KHUIEHUST HCTOYHUKA
a’pOo30JIs.

[0123] Kpome Toro, ecnu natyuk 34 OCTATOUHOIO KOJIMYECTBA CIYXKUT HE TOJBKO IS
MOJIyYeHUs] U3MEPEHHOIO 3HA4YE€HHUs, MOAJIEXKALIEr0 MCHOJb30BAaHUIO MUl ONpPEAENICHHUs,

HU3pacxoa0BaH JIM UJIN HET UCTOYHUK a3PO30JIs1, HO TAKXKE B KAYCCTBE JaTHHUKaA AJIS OIPEACTICHUSA
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TeMIepaTypbl Harpy3ku 33, TO MPEANOYTHTENbHO, YTOOB! 050K 22 ympaBieHus Obl1 criocobeH
pasiuuaTh KOMHATHYKO TeMIepaTypy, KOTopas sIBJIETCS TEMIIEpaTypoil B MOMEHT BpEMEH,
KOTJa ynpasjieHue OokoM 22 ynpaBiieHHs] He BBIMOJHSETCS WM HAUMHAETCS, U TEMIIEPaTypy
KUMEHUsI HCTOYHUKA a’po30Jii. A HMEHHO, MPEANOYTHTENIbHO, 4YTOOBI PA3HOCTb MEXIY
U3MEpPEHHbIM 3HAUEHUEM JaTuuka 34 OCTaTOYHOrO KOJMYECTBA, MOJYy4YaeMbIM IPU KOMHATHOM
TEeMIIepaType, U U3MEPEHHBIM 3HAYEHHEM AAaTUUKA OCTATOYHOI'O KOJIMYECTBA, MOJy4YaeMbIM MIPU
TEMIIepaType KUIEHUs] HICTOYHUKA a3p030J1s1, ObUTa 3HAYUTENIbHOM, YTOOBI ObITh PA3IMYMMOM AJIS
Onoka 22 ynpaBneHus. MHaue roBOpsi, MPEANIOYTUTENBHO, YTOOBI paspemeHue Ojoka 22
YIPABJICHUS OTHOCUTEJIbHO TeMIlepaTypbl Harpy3ku 33 ObLI0 He OoJibliie Pa3HOCTH MEKAY
TEeMIIepaTypoil KUMIEHUsI HCTOYHHUKA a3PO30J1s1 1 KOMHATHOM TeMIiepaTypoil.

[0124] Jlna wucmonbp3oBaHUs JaTddka 34 OCTATOYHOI'O KOJMYECTBA C ILENbi0 Oolee
TOYHOTO OMpPENEeICHUs] TEeMIIEPaTypbl HAarpy3kd 33, MPEennouYTHTEIbHO, YTOOBI pa3pelieHHe
Osoka 22 yrpaBlieHHsI OTHOCUTENIbHO TeMIlepaTypbl Harpy3ku 33 Obuto He Oonbie 10°C. bonee
NPEATIOYTUTENBHO, YTOOBI pa3perienne Obuto He Oonbine S°C. Eme npennouturenbHee, 4TOObI
paspemienue Opu1o He Oosbine 1°C. Iy TOYHOTO pa3iaryueHust C1ydasi, KOTAa HCTOYHUK a3PO30Jis
npuONMKaeTCsl K M3PACXONOBAHHMIO, W CIydas, KOIZla HCTOYHHK a’3po30isi  (pakTHUeCcKH
U3PaCXOAOBAJICA, MPEANOYTHTENBHO, YTOOB! pa3perieHne Oyoka 22 ynpaBieHHsT OTHOCHUTEIBHO
TeMInepaTypbl Harpy3ku 33 ObUIO AeNUTENeM Pa3HOCTH MEXIy TeMIepaTypoil B MOMEHT
BPEMEHHU, KOI'Jla UICTOYHHK a3p030Jis U3pacXOA0BaH, U KOMHATHOM TeMnepaTypoil.

[0125] Cnenyer oTMeTHTh, YTO, Kak BUAHO u3 Tabmuiel 1, paspemenne Ojoka 22
yIPaBJI€HUsI OTHOCUTENBHO TEMIIEPATYPbl HATPY3KHU 33 MOXKHO JIETKO MOBBICUTH YBEIMUYEHUEM
paspsigHOCTH Osioka 22 ynpaBiieHusi, UHa4Y€ TOBOPS, MOBBILIEHUEM POU3BOAUTEIBHOCTH OJIOKa
22 ynpasienus. OQHAKO, NMOBBIIIEHUE POU3BOIUTENBHOCTH OJI0Ka 22 yrpaBieHus] IPUBOJUT K
YBEJIMYEHUIO €r0 CTOUMOCTH, MacChl, pa3MepOB U T.II.

[0126] Kax ommcaHO BbIlle, 3HAYEHHE COIMPOTUBJEHHUS LIYHTUPYIOIIETO pPE3UCTOpPa
MOJKHO OIpeneNsiTh [IJIsl YIOBIETBOPEHHUs, IO MEHbIIeH Mepe, MNEepBOro YCIOBHS, YTO
KOJIMYECTBO a3pO30Jisi, BbIpaOAThIBAEMOrO HArpy3KOW 33, HE NpPEBbILAET MPEIBAPUTEIBHO
3a/1aHHOTO TIOPOTOBOTO 3HAYEHUs, WJIM BTOPOrO YCIOBHS, UYTO YyMEHbBIIEHHE OCTaTOYHOIO
KOJINYECTBA UCTOYHHUKA a3PO30JII MOXKET OMPEIeNAThCS OJIOKOM 22 YIpaBIeHHs IO BBIXOTHOMY
3HAYEHHIO JaT4YMKa 34 OCTaTOYHOIO KOJHUYECTBA, M, B OoJiee MPEANOYTHTEIHHOM BapHAHTE,
3HauU€HUE COMPOTUBIIEHUS IIYHTUPYIOLIETr0 Pe3UCTOpa ONpeenseTcs AJs yAOBIETBOPEHUs Kak
NEPBOTO YCJOBUS, TaK M BTOPOrO YCJIOBHUs. Bo3MOXKHa Takke KOH(QUrypauusi, B KOTOPOM
COIPOTHBJIEHHE IIYHTUPYIOIIETO PE3UCTOpa UMEET 3HAUeHHE OJIMKe K HAaHOOJbIIEMY 3HAYSHHIO
U3 3Ha4Y€HUi, C KOTOPhIMU YJOBJIETBOPSIETCS BTOPOE YCJIOBHE, YeM K HaUMEHbIIEMY 3HAUEHUIO
U3 3HAUYEHUH, C KOTOPbIMU YIOBJIETBOPSETCS MepBOE ycioBue. B naHHON KoH(UTYypaunu, MOXHO
MOBBICUTb, HACKOJBKO BO3MOXKHO, pa3pelleHHe, HMEIOlLee OTHOIIEHHE K OIpPEeeIeHUI0
OCTaTOYHOTO KOJIMYECTBA, IMpPU OJHOBPEMEHHOM OJIOKMPOBAHMHM OOpa30OBaHUS a’po30Jii BO
BpeMsi HU3MepeHus. B pesynbraTe, OCTaTOYHOE KOJIMYECTBO MCTOYHMKA a3pO30Jsl MOKHO
OLICHUBATb HE TOJbKO TOYHO, HO U 3a KOPOTKUI MNEpPUOA BPEMEHM, M, COOTBETCTBEHHO,

o0Opa3oBaHHe a3p030J1s BO BPeMsI H3MEPEHUs] MOXKET OJIOKUPOBATHC elie HPPeKTUBHEE.
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[0127] MoxHO yTBepKAaTh, UTO KaK IIEPBOE yCIOBUE, TAK U BTOPOE YCIOBHE OTHOCSTCS
K OTKJINKY M3MEHEHMsI 3HAYEHUs TOKA, MPOTEKAIOLIEro 4epe3 Harpys3ky 33, KOTOPBIN SABJISAETCA
U3MEPEHHBIM 3HAYEHHEM AaTduka 34 OCTATOYHOIO KOJIMYECTBA, HA M3MEHEHUE TEMIIepaTypbl
Harpy3ku 33. Chyyail, korga HPOUCXOAWUT CHJIbHBIM OTKJIMK H3MEHEHMs] 3HA4YeHHUs TOKa,
MPOTEKAILIEro 4epe3 Harpy3ky 33, Ha WU3MEHEHHE TeMIepaTypbl Harpy3ku 33, sBJAETCA
ciay4yaeM, KOrga B CYMMapHOM — CONPOTUBJIEHMH, COCTABJIEHHOM  IIOCJIEIOBATENIBHO
COEIMHEHHBIMH IIYHTHPYIOIIUM pe3ucTopoM 341 u Harpyskoii 33, npeobnanaer Harpyska 33. A
UMEHHO, 3HAYEHHE COMPOTUBJICHUS Ry IYHTHPYIOIIETO PE3UCTOpA SIBJSIETCS HEOONBIINM, U
MIO3TOMY BTOPOE YCJIOBUE MOXKET BBIMOJHATHCS JIETKO, HO YJIOBJETBOPUTH MEPBOMY YCIJIOBHUIO
TPYZHO.

[0128] C mpyroii CTOpPOHBI, Ciyd4ail, KOrga UMEET MEeCTO CJabblii OTKJIUK H3MEHEHWSI
3HA4YEeHUs TOKA, IPOTEKAIOLIEro Yepe3 Harpy3ky 33, Ha U3MEHEHUe TeMIepaTypbl Harpy3ku 33,
SBJISIETCSL CJIly4aeM, KOrja B CYMMAapHOM CONPOTHUBJIEHUH, COCTaBJIEHHOM IOCIEAOBATENBHO
COEAMHEHHBIMH ITYHTUPYIOIIUM pe3ucTopoM 341 u Harpy3koii 33, npeoliagaer myHTHPYIO LIHHA
pesuctop 341. A UMEHHO, 3Hau€HHe COMPOTUBJIEHUS Ry IIYHTUPYIOIIETO PE3UCTOPA SBIISIETCS
OOJNBIINM, U MTO3TOMY TIEPBOE YCIOBHE MOYKET BBITIOIHATHCS JIETKO, HO YAOBJIETBOPUTH BTOPOMY
YCJIOBHUIO TPYAHO.

[0129] To ectb, sl yOBIETBOPEHHsI IEPBOMY YCJIOBHIO, OTKJIMK W3MEHEHUS 3HAYEHMUsI
TOKa, MPOTEKAOLIEro 4epe3 Harpy3Ky 33, Ha U3MEHEHHE TEeMIIepaTypbl Harpy3ku 33 AOJKEH
OBITH HE BbIIIE YCTAHOBJIEHHOTO BepxHero mpexaena. C npyroil CTOpOHBI, Ui yIOBJIETBOPEHHS
BTOPOMY YCJIOBUIO, OTKJIMK U3MEHEHUs] 3HAUYE€HMsI TOKA, MIPOTEKAIIEro 4yepe3 Harpysky 33, Ha
U3MEHEHUE TeMIepaTypbl Harpy3ku 33 pomkeH ObITh, 1O MeHbIIEH Mepe, paBeH
YCTaHOBJICHHOMY HIDKHEMy mpeneny. [[ns ynoBieTBOpeHHs Kak NEPBOMY YCIOBHIO, TaKk H
BTOPOMY YCJIOBHUIO, OTKJIMK M3MEHEHMs 3HAYeHMs TOKa, IPOTEKAIOLIEro Yepe3 Harpysky 33, Ha
U3MEHEHHE TeMIIepaTypbl Harpy3ku 33 NOJKEH HaXOAWUTLCA B AMANA30HE, KOTOPBIN 3a7aeTcs
YCTAHOBJICHHBIM BEPXHUM IPEAEIIOM U YCTAHOBJIEHHBIM HUYKHUM MIPEAEIIOM.

[0130] < Bapuant 1 cxembr >

Qur. 14 saBasercs NPUHLIUINAIBHON CXEMOW, IPENCTABISAIOLIEN BAPUAHT CXEMBI,
BXOJSIIEN B COCTaB a3pO030Jib-T€HEPUPYIOLIEro ycTpoiicTBa 1. B mpumepe, mpuBeIeHHOM Ha
¢ur. 14, menp ompeneneHUs OCTATOYHOTO KOJHMYECTBA CIYKHUT TAaKKe LEMbIO O0pasoBaHHUS
aspososisi. A umeHHo, Ojok 211 mpeoOpaszoBanusi HampspkeHws, K04 Q2, maruuk 34
OCTaTOYHOTO KOJIMYECTBA U Harpy3ka 33 coequHeHbl nocienosarenbHo. OOpa3oBaHue a3po30Jis
U OLIEHKAa OCTaTOYHOIO KOJMYECTBA BBINOJHSIOTCA C HCIOJIb30BAHMEM €IMHCTBEHHOW LIEeMH.
OcTtaToyHOE KOMMYECTBO MOKHO TaK)K€ OLIEHUBATh B TAHHOW KOH(PHUTypaunu.

[0131] < BapuaHT 2 cxeMbl >

@ur. 15 ABnsieTcss IPUHLIUNIUAIBHON CXEMOMU, NPEACTABIISOIIEN IPYTrOil BAPUAHT CXEMBI,
BXOZSIIEH B COCTAB a3p030Jb-reHepupyromiero ycrpoiicrsa 1. Ilpumep, mokaszanHeiii Ha ¢ur. 15,
BKJIFOUaeT B cebs Onok 212 mpeoOpa3oBaHUsl HANpsDKEHUS, KOTOPBIA SIBISIETCS WMIYJIBCHBIM
CTa0MIM3aTOpOM, BMECTO JIMHEHHOro perymaropa. B omHom mnpumepe, Omox 212

npeoOpa30BaHus HAINPSDKEHHs! SBISIETCS MOBBIMIAIOIIUM IPpeoOpa3oBaTeieM U BKIKOYAeT B ce0s
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uHayktuBHocTe L1, nuox DI, mepexmouarens Q4 u konnencaropel Cl u C2, xoTopble
paboTaroT Kak CriaxupBarolne KoHAeHcaTopbl. biok 212 mnpeoOpa3oBaHHs HampsKEHUS
pacnoyiara€rcsi 10 MeCTa, B KOTOPOM LE€Mb, MPOAOJDKAIOLIASACS OT HUCTOYHMKA 21 muTaHus,
pa3BeTBIIAETCS HA LieNb 00pa30BaHUs a3pO30JIsd U LieMb ONpPeeseHHs] OCTATOYHOIO KOJMYECTBA.
COoOTBETCTBEHHO, B LIeNb OOPa30BaHMsI a3PO30JIs U LENb ONPeNeNIeHHs] OCTATOUYHOTO KOJHYECTBA
MOTI'YT COOTBETCTBEHHO BBIBOAMTHCS OTJIMYAKOLIUECS APYr OT APYra HaNpsLKEHUs! B PE3ysbTaTe
pa3MbIKaHUs U 3aMblkaHust Kimoda Q4 Onoka 212 npeoOpa3oBaHUs HANPSDKEHHS, YIIPABISIEMOTO
Onoxkom 22 ynpaBneHusi. Cjenyer OTMETUTb, 4YTO, B Clydae, KOIAa BMECTO JIMHEHHOTO
peryJsiTopa NMpUMEHEH HMITYJIbCHBIA CTa0UIM3aTOP, UMITYJIbCHBIA CTaOMIIN3aTOpP TaKKe MOKET
ObITh OOECIieueH B TOM K€ MOJIOKEHHH, TIIe W JIMHEHHBIN peryasiTop, MoKa3aHHbIi Ha ¢ur. 14.
[0132] Bo3moxkHa Takxke KOHQUIypalus, B KOTOpOH ynpaBieHue Oyokom 212
npeoOpa3oBaHUsl  HANPSDKEHHUS — BBIIOJHSETCS — Tak

qTO Korga MPEANNUCHIBACTCA

2 2

(YHKIMOHHPOBATH LIeTT 00PA30BaHMsI a3PO30JIsi, HA KOTOPYIO HAJIAraeTcsi MEHbIIIe OTPaHUYCHUH
MO0 MOAABAEMOMY Ha HEE HAIMPSDKEHHUIO, 10 CPABHEHUIO C LIEMBIO ONpPENENeHUss OCTATOYHOIO
KOJINYECTBA, HAa KOTOPYIO, B ILEJOM, HEOOXOAMMO TNOAAaBaTh NOCTOSHHOE HAMpPSDKEHHE IS
ONpeaeNeHusl OCTATOYHOIO KOIMYECTBA UCTOYHUKA a3pPO30Jis, MOTEPU MOLIHOCTH OKa3bIBAIOTCS
MEHBIIE TeX, KOTOpPblE HMEIT MECTO, KOrAa NPEeANnuChIBaeTCcsl (YHKIMOHMPOBATH LIETH
ONpENeNeHNs] OCTAaTOYHOIO  KOJMYeCTBa. B maHHOH  KOHQUIypamum MOXKET  ObITh
NPUOCTAHOBJIEHa Oecroyie3Hast TpaTa BEIMYUHBI 3apsiaa ucrounuka 21 muranus. Kpome toro,
O5ok 22 ynpaBJeHUs] BBITIOJIHSET YIIPABIEHUE TAKIM 00pa3oM, YTOOBI TOK, KOTOPBIH MPOTEKAET
yepe3 Harpy3ky 33 1O Lenu ONpeneseHUs OCTaTOYHOrO KOJIMYeCTBAa, ObLT MEHbINE TOKa,
KOTOpPBII INpOTeKaeT depe3 Harpy3ky 33 mo uenu oOpasoBaHust asposonsd. Takum oOpasom,
NIOCPEICTBOM NPEANHUCAHUS (PYHKLIMOHUPOBATH LENHU ONPEAESICHHs] OCTaTOYHOrO KOJIUYECTBA,
MOXeT OJIOKHPOBAThCs 00pa30BaHKE adpO30JIsd HA HAarpy3ke 33 B TO BpeMsi, KOTAa OLIEHUBAETCS
OCTAaTOYHOE KOJUYECTBO UCTOYHHUKA adPO30JIs.

[0133] Bo3moxkHa Takke KOHQUIypalus, B KOTOPOH, B TO BpeMs, KOrAa LEMH
00pa3oBaHUsI a3PO30JIs MPEANUCAHO PYHKLIMOHUPOBATh, UMITYJIbCHBIH CTAOMIM3aTOP BBOJUTCS B
JENCTBHE B «PEXKHUME MPSIMOI CBsI3U» (HA3bIBAEMBIM TAK)KE KCOCTOSIHHEM C MPSIMOH CBSI3bIOY), B
KOTOpOM mepekiroueHre kiroda Q4 HIDkHero rmieda mnpekpammaercs, u  kmod Q4
NOJJIEP)KUBAETCS] BO BKJIIOUEHHOM COCTOSIHUM. A UMEHHO, CKBaXKHOCTb Kitoua Q4 Tak:ke MOXKeT
ObITh ycTaHoBieHa paBHOW 100%. IloTepw, KOTOpbIE BO3HUKAKOT, KOTAA HMITYJIBCHBIH
CTa0MIIN3aTOP TMEPEKJIFOYAETCs, BKIOYAT B ce0sl MEPEeXOAHbIE MOTEPU M KOMMYTALMOHHBIE
MOTEPH, KOTOPBIE CONMYTCTBYIOT MEPEKIIOUYECHUIO, B JOMNOJHEHUE K JUAJIEKTPUYECKUM MOTEPsM
Ha 3JIEKTPONPOBOAHOCTb. ONIHAKO, €CIIM UMIYJIbCHBIH CTAOMIN3aTOp BBOAWUTCS B JCHCTBHE B
peKuMe TMPSIMOI CBSI3H, B UMIYJIbCHOM CTaOMIIM3aTOpe BO3HHMKAIOT TOJBKO IAMSJIEKTPUUECKHE
MOTePU Ha  SJIEKTPONPOBOAHOCTb, M  COOTBETCTBEHHO mMOBbIMAeTCs 3P (PeKTUBHOCTD
UCTIONIb30BAHUS BEJIMYUHBI 3apsifa ucTouHuka 21 nuranus. BosmoskHa Takxke KOH(Urypanus, B
KOTOPOH UMIYJIbCHBIA CTaOUIN3aTOp BBOJUTCS B AEHCTBUE B PEXKUME NMPSIMOH CBS3U B TECUEHHE
4acTH TepHoAa, B TEYEHHE KOTOPOro Lemu OOpa3oBaHMs a’po30Jsl IPEANUCHIBACTCS

¢yHkunoHnpoBate. B omHOM mpuMepe, eciu BeIMUMHA 3apsAga WUCTOYHHMKA 21 muTaHus
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JOCTaTOYHO BEJIMKA, U BBIXOJHOE HANpsKeHHe UCTOYHMKA 21 MUTaHUS SBISETCS BBICOKUM, TO
UMITYJIbCHBINA CTa0MIIN3aTOP BBOJUTCS B IeHCTBHE B pexKUMe MpsiMoii cBsizu. C Apyroi CTOpOHBI,
€CIIM BEJIMYMHA 3apsifa UCTOUYHUKA 2] MUTaHUA sBJIsETCS HEOONBIIOHN, U BBIXOAHOE HANpPsDKEHUE
UCTOYHMKAa 2] THMTaHUs SABIASETCS HU3KUM, TO HMIIYJIbCHBIM CTa0MJIN3AaTOP MOJKET
nepexodaTecs. B maHHO# KOHUrypaun MOXKHO TakKe OLEHUBATh OCTATOYHOE KOJIHUYECTBO, U
MO>KHO CHU3UTB MOTEPU MO CPABHEHUIO CO CJIy4aeM, KOIr[a NPUMEHSETCs TMHEUHBIN PEeryJsTop.
Crnenyer OTMETHUTB, YTO BMECTO IOBBIMIAIOIIErO Mpeodpa3oBaTesi MOKHO TakKe MPHUMEHHTHb
MOHMKAOLIUH TpeoOpa30BaTeb WM MOBBIMIAO NN/ TOHUKAIOLIU Tpeodpa3oBaTeb.

[0134] < ipyrue npumeps >

Hckomblii 0OBEKT JJIs1 HArPEeBaHUS a3PO30JIb-T€HEPUPYIOIUM YCTPOHCTBOM MOKET OBITh
JKUAKHAM UCTOYHHKOM apOMaTHU3aTopa, KOTOPBIN COAEP>KUT HUKOTHH U APYTUe AOMOJHUTENbHbIE
Mmarepuanbl. B nmaHHOM ciydae, oOpa3yeMblil a’po30Jib BHABIXAETCS MOJb3OBaTeNeM 0Oe3
MIPOXOXAEHUs Yepe3 y4acTOK, COAepKalluil NOMOJHUTENbHBbIH KOMIOHEHT. B ciydae, korpa
UCIIOJIB3YETCsl TAKOH MCTOYHUK apoMaTH3aToOpa, OCTaTOYHOE KOJUYECTBO TAK)KE MOKET TOUHO
OLIEHUBATbHCS C UCIOIb30BAHMEM BbILIEONUCAHHOIO a3P030JIb-TeHEPUPYIOLEr0 YCTPONHCTBA.

[0135] brnok 22 ynpaBieHHs BBIIOJIHIET YIPABICHUE TAKUM 00pa3oM, 4ToObl kiroun Q1
1 Q2 He BKIIIOYAINCH OTHOBPEMEHHO. A MMEHHO, OJIOK 22 yNpaBJIeHUs BHIOIHSET YIIPABJICHHE
TakuM 00pa3oM, 4YToOBI Iienb OOpa3oBaHMs a’poO30Jii M LEMb ONPENENIeHUS OCTATOYHOIO
KOJIM4ecTBa HE (PYHKIMOHUPOBAJIN ONHOBpEeMeHHO. Bo3MokHa Takke KOH(pUrypauus, B
KOTOpO# obecrieunBaeTcsi Bpemsi OeCTOKOBOM May3bl, B TeueHue KoTopoil oba xmoua Q1 u Q2
BBIKJIFOUEHBI, IPU MEPEKIYEHUH, pa3MbIKarolieM U 3aMbikarolem kiaroun Q1 u Q2. Tem cambim
MO>KHO HUCKJIFOUUTb CUTYaLHI0, B KOTOPOH TOK MpOTeKaeT 1no AByM LensiM. C apyroi CTOPOHBI,
BpeMsi 0ECTOKOBOI May3bl MPEANOYTUTEIBHO COKPATHTD MO BO3MOKHOCTH, YTOOBI HE MO3BOJISITH
TeMIIepaType Harpy3KkH 33 CHUXKAThCS BO BpeMsi OECTOKOBOM May3bl.

[0136] O6paboTka, moka3zaHHast Ha ¢GUr. 6, oMucaHa B MPENNOJNIOKEHHH, 4TO 00paboTKa
IUIsT OLIEHKHM OCTATOYHOTO KOJMYECTBA BBIMIOJHSAETCS OMHOKPATHO MJIs1 OFHOW 3aTSIKKH,
BBINOJIHSIEMOH Tmojb3oBaTesieM. OOHAKO, BO3MOXKHA TakkKe KOHHUrypamus, B KOTOPOM
00paboTka AJisi OLIEHKH OCTATOYHOTO KOJIMYECTBA BBIMOJIHAETCS OTHOKPATHO IUISI MHOJKECTBA
3aTsDKEK, BMECTO BBITMIOJHEHUS U KaKIOW 3aTsKKU. BO3MOKHA Takke KOHQUrypauus, B
KOTOPOH, TOCJIe CMEHBI y4acTKa 3 MCTOYHHUKA a’3po30Jisi, 00paboTka Uil OLEHKH OCTATOYHOTO
KOJIMYECTBA HaYMHAETCs IOCe MPeABapUTEIbHO 33JaHHOIO YKCa 3aTsKeK, IOTOMY YTO IOCIe
3aMeHbl OCTaeTCsl JOCTATOUHOE KOJUYECTBO UCTOUHHKA a3p030Jisl. A MMEHHO, BO3MOXKHA TaKKe
KOH(Urypanms, B KOTOPOW YacTOTa IMOJAYM MOIMHOCTH B LEMb OIpPEENIEHHs] OCTaTOYHOTO
KOJINYECTBA HW)KE€ YacTOTHI IMOJAYM MOINHOCTH B LeMb 00pa3oBaHUs a’po3oisi. B maHHOIM
KoH(purypaunu, oopaboTka Uit OEHKH OCTATOYHOTO KOJHYECTBA OJIOKHUPYETCS OT H30OBITOYHOTO
BBIITOJIHEHHSI U BBITIOJIHAETCS TOJIBKO B MIOAXOSIINE CPOKH, U, COOTBETCTBEHHO, 3P (PEKTUBHOCTH
MCIIOJIb30BAHUS BEJIMUYMHBI 3apsiAa UCTOUHUK 21 MUTaHUS MOBBIILAETCS.

CIIMCOK MO3ULUMI

[0137] 1 ... a3po30Jib-TeHEepUpPYIOIlee YCTPONCTBO;, 2 ... OCHOBHOM kopmyc, 21

ucToyHUK nutanus;, 211 ... cxema nutanus;, 212 ... cxema nuranus; 22 ... OJIOK yrnpaBieHust;, 23
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JaTYMK BAOXA, 3 ... y4aCTOK HCTOYHHMKA adpo3oss, 31 ... y4acTok xXpaHeHus, 32
NOABOAAIIMN y4acTok; 33 ... Harpyska, 34 ... JaT4uK OCTAaTOYHOIO KOJuW4ecTBa, 341
LIYHTUPYIOLIUN pe3ucTop; 342 ... BOABTMETP; 4 ... y4aCTOK JONOJIHUTEIBHOIO KOMIIOHEHTA, 41

... ApOMATUYECKUM KOMIIOHEHT, 51 ... mepBbIil y3em, 52 ... BTOPOH y3en
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®OPMYJIA U3OBPETEHUA

1. A3p0o30b-reHepupyrolee yCTPOHCTBO, coaeprkaliee:

HNCTOYHUK ITUTAHUA,

Harpy3ky, BbIIIOJHCHHYIO C BO3MOXKHOCTBIO MMETH 3HAUCHUE COMPOTHUBJICHUA, KOTOPOEC
U3MEHIeTCS B 3aBUCHMOCTH OT TeMIIepaTypbl, M 00pa3oBaTh a’po30ib IOCPEICTBOM
pacnblIeHUss UCTOYHHMKA a3pO30JIsl WM HarpeBaHUs UCTOYHUKA apoOMaTU3aTopa, MpU Mojade B
Hee MOILHOCTU U3 UCTOYHUKA MMUTAHUS,

JATYUK, BBITIOJHEHHBIN C pe3UCTOPOM, COEAMHEHHBIM MOCIIEI0BATENBHO C HArPY3KOH, U C
BO3MOJXHOCTBIO BbIAa4YM HU3MCPEHHOI'O 3Ha4YC€HHA, KOTOPOE HABJIACTCA 3HAYCHHUEM TOKa,
MIPOTEKAIOLIET0 Yepe3 pe3UCTOop, UM 3HAUEHHEM HalpsKeHUs, TOAAaHHOTO Ha PE3UCTOp; U

OJIOK YIIpaBJIEHHs, BBITOJHEHHBIH C BO3MOKHOCTBIO YITPABIEHHS MOAA4Yel MOLTHOCTH U3
HNCTOYHHKA NUTAHHWA B HAIPY3KYy U IIPHUEMA BbIXOJHOI'O CUTHAJIA U3 JaT4uKa,

IPpU 3TOM PE3UCTOP UMEECT 3HAYCHUEC COIIPOTUBIICHHA, KOTOPOC YCTAHOBJIICHO TAKUM, YTO
OTKJIMK HU3MCHCHUA HU3MEPCHHOI'O 3HAYCHHUA Ha HU3MCHCHHUE TEMIICPATYypbl 3HAYCHHSA
CONPOTUBJICHHA HAXOOUTCHA B YCTAHOBJICHHOM JHUAITa30HE.

2. A3p030Jb-reHepupyroIIee yCTPOHCTBO Mo 1. 1,

B KOTOPOM pE3UCTOpP HMMeEeT 3HAu€HHUE COIMPOTUBIIEHHS, KOTOPOE YIOBJIETBOPSET IO
MEHBLIEH Mepe OJHOMY U3

NEPBOTO YCJIOBHS, YTO KOJMYECTBO ad’po30Jis, 00pa3yeMoro Harpy3kod B TEUYEHHE
nepruoga nmoANUTBIBAHUA, BO BPEMs KOTOPOTO MOIMMHOCTHL NMOAACTCA W3 HMCTOYHHKA MUTAHUA B
PE3UCTOP, HE MPEBBILIAET IOPOrOBOI0 3HAYECHUS, U

BTOPOTO YCJIOBHUS, YTO OJIOK YIIPABJIEHHS] MOXKET OINpPENeNATh OCTATOYHOE KOJMYECTBO
HCTOYHHUKA a3p030Jis WJIM UCTOYHUKA apOMaTH3aTOpa 10 U3MEPEHHOMY 3HAUEHHUIO.

3. A3po30sb-reHepupyroLIee YCTPOHCTBO M0 1. 2,

B KOTOPOM 3Ha4€HHUE CONPOTUBJICHMsI YIOBIETBOPSET IEPBOMY YCIOBHIO.

4. A3po30ib-reHepupyroLee YCTPOHCTBO MO 1. 3, JOTOJHUTEIBHO CONlepIKaliee

MYHJIITYYHBI KOHELl, KOTOPBIM BBIIOJHEH Ha KOHLEBOM YYacTKe aj3po30Jib-
TeHEPUPYIOIIETO YCTPOHCTBA, YTOOBI BBIMYCKATh a3P030JIb,

IIPU 3TOM YCTAHOBJIEHO TaKoe IOPOroBOE€ 3HaU€HHE, YTO adpPO30Jib HE BBIMYCKAETCS U3
MYHAUITYYHOr'O KOHIIA B TCYHCHUE NIEPUOJAA MOATNIUTHIBAHUA.

5. A3p030Jib-TeHEePUPYIOLIee YCTPOHCTBO 1O 1. 3,

B KOTOPOM YCTaHOBJIEHO TakOe€ IOpOroBO€ 3HAu€HHE, UTO DSHEprus, mnojasaemas B
HAarpy3ky, H€ HCIOJNb3YyCTCA MOJd TEIJIa UCHAPpE€HUA HCTOUYHUKA aspO030Jid WM HUCTOYHUKA
apomaTusaropa.

6. A3p030JIb-T€HEePUPYIOLIEe YCTPOHCTBO 1O 1. 3,

B KOTOPOM YCTAHOBJIEHO TaKO€ IMOPOTOBOE 3HAUEHHUE, YTO a3pO30Jib He 0Opa3yercs: mox
NEWCTBUEM TEIUIA, BBIIEISIEMOrO Harpy3KOi.

7. A3p0305b-reHepupyrollee yCTPONHCTBO IO 1. 2,

B KOTOPOM 3HAU€HHUE COMPOTUBJIEHUS YAOBIETBOPSET BTOPOMY YCJIOBHIO.

8. A3p030Jib-reHePHUPYIOLIee YCTPONCTBO MO 1. 7,
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B KOTOPOM YCTaHOBJIEHO TAaKO€ 3HAYEHHE CONPOTUBIICHMS, YTO HU3MEPEHHOE 3HAuYeHHUE,
NOJlydaeMoe, KOrja HA4YMHAeTCs Ioada MOIIHOCTH B HArpy3Ky, U HM3MEPEHHOE 3HAueHME,
[oJlydaeMoe, KOrJa OCTaTOYHOE KOJMYECTBO HMCTOYHUKA a’3po30Jsl MM  HMCTOYHHUKA
apoMaTu3aTopa He IMPEBOCXOAUT YCTAHOBJIEHHOTO KOJWYECTBA, OTJIMYAIOTCS IPYyr OT APYra,
YTOOBI OBITh PA3TUYUMBIMU JIJIs1 OJIOKA YIIPABICHMS.

9. A3po30b-reHepupyroLIee YCTPOHCTBO Mo 1. 7,

B KOTOPOM YCTaHOBJIEHO TaKO€ 3HA4YE€HUE COIPOTUBJICHUs, 4TO aOCOJIOTHOE 3HAYCHHE
Pa3HOCTU MEXAY U3MEPCHHBIM 3HAYCHUEM, MMOJTYYACMbIM, KOIrla HAYMHACTCA 1mogavda MOITHOCTHU
B Harpy3ky, 4 H3MEPEHHbIM 3HAa4Y€HUEM, I[OJIy4YaeMbIM, KOIZA OCTaTOYHOE KOJIUYECTBO
UCTOYHMKA a3po30Jii WJIM KMCTOYHUKA apoMaTH3aTopa He MPEBOCXOAUT YCTAaHOBJIEHHOTO
KOJINYECTBA, MPEBOCXOIUT pa3peLieHne OJI0Ka yIpaBJIeHHs.

10. A>po30Jib-reHepupyrolIee YCTPONUCTBO MO 11. 7,

B KOTOPOM YCTaHOBJICHO TAaKO€ 3HAYEHHUE CONPOTHBIICHMS, YTO HU3MEPEHHOE 3HAuYeHHE,
nojiydaeMoe, Koraa oOpasyercs a’po30iib, U HM3MEPEHHOE 3HAa4YeHHe, IOJydaeMoe, KOraa
OCTaTOYHOE KOJIMYECTBO MCTOYHHKA a3PO30JIsl MM MCTOYHHKA apOMaTH3aTOpa HE MPEBOCXOIUT
YCTAHOBJIEHHOTO KOJIMUECTBA, OTIMYAIOTCA APYr OT IPyra, 4ToObl OBITH Pa3IMYMMbIMH JIS
OJI0Ka yrpaBiIeHUsI.

11. A3po30Jib-reHepupyroLIee YCTPONCTBO MO 1. 7,

B KOTOPOM YCTAHOBJIEHO TaKO€ 3HAYEHHE CONPOTUBIIEHHUS, YTO aOCONIOTHOE 3HAYECHHE
Pa3HOCTH MEXAY H3MEPEHHBIM 3HAYeHHEM, NOJIy4aeMbIM, Korzma oOpasyercs aspo3oib, U
U3MEPEHHBIM 3HAYEHHUEM, IOJIy4aeMbIM, KOI7la OCTaTOYHOE KOJIMYECTBO MCTOYHHKA a3pO30Jis
WIM HUCTOYHMKA apoOMaTH3aTopa HE NMPEBOCXOJUT YCTAHOBJIEHHOI'O KOJIMYECTBA, MPEBOCXOIUT
paspereHue OJoKa yrpaBiIeHHUs.

12. A3po30b-TeHepupyollee yCTPOMCTBO Mo JitoboMy u3 . 8-11,

B KOTOPOM YCTaHOBJIEHO TAaKO€ 3HA4YE€HUE COMNPOTUBJIEHUs, UYTO HU3MEPEHHOE 3HAuUEHHUE,
NoJjly4aeMoe, KOrja HA4YMHAETCs ToAa4va MOLIHOCTH B HArpy3Ky, MU HM3MEPEHHOE 3HAYeHUE,
nojiydaeMoe, Korzma oOpasyercss aspo30iib, OTJIMYAIOTCS Jpyr OT JApyra, 4ToObl OBITh
Pa3NIUYMMbIMU 17151 OJIOKA YITPABIIECHHS.

13. A3po30oib-TeHepupyolllee yCTPOUCTBO Mo Jrobomy u3 . 8-11,

B KOTOPOM YCTAHOBJIEHO TaKO€ 3HAYEHHE CONPOTUBJICHUS, YTO aOCONIOTHOE 3HAYCHUE
Pa3HOCTU MEXKAY U3MEPCHHBIM 3HAYCHUEM, MMOJTYHYACMbIM, KOI'’la HAYMHACTCA nmogavda MOIIHOCTHU
B HAarpy3Ky, M H3MEpPEHHBIM 3HAUE€HUEM, IMOJy4aeMbIM, Korzma oOpasyercs aspo30ib,
NPEBOCXOIUT pa3peLIeHne OJI0Ka YIPaBIEHHSL.

14. A>po30Jb-reHepHupyoLIee YCTPONCTBO MO II. 2,

B KOTOPOM 3HAY€HUE CONPOTUBJIEHUS YIOBJETBOPSAET MEPBOMY YCJIOBUIO U BTOPOMY
YCJIOBHIO.

15. A3po3osb-reHepupyroliee yCTpoucTBo no 1. 14,

B KOTOPOM 3HA4YC€HUEC COMPOTUBJIICHUA HAXOAUTCA 6.]'II/DK6 K HaI/I6OJ'IbH_IeMy 3HAYCHUK U3
3HaquHﬁ, C KOTOPbIMHU YAOBJIETBOPSACTCA BTOPOC YCJIIOBUE, UEM K HAMMCHBIIEMY 3HAYCHUIO U3

3HAYEHUN, C KOTOPBIMH yAOBJIETBOPSIETCS IEPBOE YCIOBUE.
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16. A>po30Ib-reHepupyrolIee yCTPOUCTBO Mo Jrobomy w3 mm. 1-15, HONOJHUTENBHO
cozepKaliee

CXEMYy IIUTAaHUA, BbIINIOJIHCHHYIO C BO3MOXKHOCTBKO JJICKTPUYCCKOTO COCAUHCHUA
HCTOYHHKA ITNTAHHUA C Harpyslcof/i " COACPIKAIYIO NIEPBYIO LETIb MOAAYH MOIIMHOCTU AJIsI MOAa4Yn
MOIIHOCTH B Harpy3Ky He uepe3 JaT4WK M BTOPYIO LeNb IOAAaYM MOIMHOCTH AJI MOJAdu
MOLIHOCTH B Harpy3Ky uepe3 JaTyuK.

17. Asposonb-renepupyroliee yCTpoucTBO 1o 1. 16,

B KOTOPOM CX€Ma IMUTAaHUSA COACPIKUT

NEPBBIM y3€Jl, KOTOPbI MOACOEAVMHEH K HCTOYHMKY IMHUTAHUS, U OT KOTOPOTO CXema
IMUTaHUA OTBETBIIIETCA B ICPBYIO LECIb TOAaYH MOUTHOCTHU U BTOPYIO LE€Nb IMOAa4Y1 MOIITHOCTH,

BTOPOM y3€J1, KOTOPBII BBIMIOJHEH MO MOTOKY MOCJE NMEPBOTo y3jia U B KOTOPOM MepBast
LEMb MoJAa4Yr MOIIHOCTH 1 BTOpast LEIb MoAa4Y MOITHOCTU CXOOATCA APYT C APYIroM,; U

JIMHENHBIN PEeryJjsaTop, KOTOPBIA BBINOJHEH MEXIy MEepPBbIM Yy3JOM U AATYUKOM BO
BTOpOfI neny rmogavr MOMIHOCTH.

18. A3po30Jib-reHEPHUPYIOLIEe YCTPOMCTBO, COAEPIKALIEE:

HNCTOYHUK IIUTAHUA,

Harpy3ky, BbIIIOJHCHHYK) C BO3MOXHOCTBHO MUMETH 3HAUCHUE COMPOTHUBJICHUA, KOTOPOEC
U3MEHSIETCS. B 3aBUCUMOCTH OT TEMIIEpaTypbl, M 00pa3oBaTh a’po30Jb MOCPEICTBOM
pacCiblJICHUA UCTOYHUKA A3PO30Jid WKW HAarp€BaHUsA UMCTOYHHUKA apoOMaTu3aTropa, Npu noaa4vc B
HEC MOIMHOCTHU U3 UCTOYHUKA ITUTAHHA,

TaTYMK, BBIIOJHEHHBIN C PE3UCTOPOM, COETMHEHHBIM ITOCIEI0BATEIBHO C HATPY3KOH, U €
BO3MOXXHOCTBIO BblAAYHM U3MCPCHHOIO 3HA4YCHUsA, KOTOPOEC HABJIACTCA 3HAYCHUEM TOKA,
IPOTEKAIOLIET0 Yepe3 Pe3UCTOpP, UM 3HAUEHHEM HaIPsDKEHUS, TOJJAHHOTO Ha PE3UCTOP; U

OJIOK ynpaBlieHHs], BBITOJHEHHBIN C BO3MOKHOCTBIO YIPABJICHHS ITO1a4€ii MOIIIHOCTH U3
MCTOYHHUKA MIUTAHUS B HArPYy3Ky U NPHEMa BbIXOJHOI'O CUTHAJA U3 1aT4HKa,

IPU 5TOM PE3NCTOP HMMEET 3HAYEHUE COMPOTHUBIICHHS, KOTOPOE YIOBIETBOPSIET, IO
MEHBLIEH Mepe, OJHOMY U3

NIEPBOTO YCJIOBHUS, YTO KOJMYECTBO adpo30Jisi, 00pa3yeMoro Harpy3kol B TEYEHHE
nepruoga MnmoOAINMUTBIBAHUA, BO BpPEMs KOTOPOTO MOIMHOCTHL NOAACTCA U3 HMCTOYHHKA IMUTAHUA B
PE3UCTOp, HE MPEBBIIIAET MOPOTOBOTO 3HAUEHHUSI, U

BTOPOTO YCJIOBUSI, YTO MU3MEHEHHE OCTATOYHOI'O KOJHMYECTBA MCTOYHHKA a3PO30Jsd WU
HNCTOYHHKA apoMaTu3aTopa MOXKET ONpPEACIATHCA 6.]'IOKOM YHOpPaBJICHUA TII0 HU3MEPEHHOMY
3HAYEHHIO.

19. A>po30Jb-reHepHUpYIOLIee YCTPOMCTBO, COAEpPIKaLIEe:

HNCTOYHUK IIUTAHUA,

Harpy3ky, BBIIIOJHCHHYIO C BO3MOXHOCTBHO MMETH 3HAUCHUEC COIPOTUBJICHHUSA, KOTOPOEC
U3MEHSIeTCS. B 3aBUCUMOCTH OT TEMIIEpaTypbl, M 00pa3oBaTh a’po30Jb MOCPEICTBOM
pacnblJICHUA UCTOYHUKA a3pO30Jid WKW HAarp€BaHUSA MCTOUYHHUKA apOMaTHU3aTtopa, Mpu noaavc B
HEC MOIMHOCTHU U3 UCTOYHUKA IMTUTAHHA,

AaTYHK, BBIMIOJIHEHHBIH C peE3UCTOPOM, COCANHCHHBIM MOCJICAOBATCIIBHO C Hal"py3KOI‘/'I, uc
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BO3MOJXHOCTBIO BblAAYHM U3MCPEHHOIO 3HA4YCHHsA, KOTOPOEC HABJIACTCA 3HAYCHUEM TOKA,
MIPOTEKAIOLIETO Yepe3 Pe3UCTOp, WM 3HAUYSHUEM HaINPsDKEHUs], [IOTaHHOTO Ha PE3UCTOP; U

110 MEHbIIEH MEpPEe, ONUH PEryJUPOBOYHBINA PE3UCTOP AJISl PETYJIUPOBKU BEJIUYMHBI TOKA,
MOJIaBa€MOT0 B Harpy3Ky; U

OJIOK yIpaBli€HHsI, BHITOJHEHHBIH C BO3MOXKHOCTBIO YITPABJIEHHS MOAA4Yeil MOLIHOCTH U3
HCTOYHUKA MUTAHUS B HArPY3Ky U MPHeMa BbIXOJHOIO CUTHAJIA U3 TaTYHKa,

IpU S5TOM 3HA4YEHHUs COMPOTHUBJIEHUN pPE3UCTOpPAa U PEryJMPOBOYHOIO PE3UCTOpa
YIIOBJIETBOPSIFOT TMEPBOMY YCJIOBHIO, YTO KOJMYECTBO adpo30iisi, 00pa3yeMoro Harpy3koil B
TCUCHUE II€puoaa MNOANMUTBIBAHUA, BO BPEMA KOTOPOrod MOMIHOCTH NOAACTCA K3 HCTOYHHKA
MIUTAHUs B HATPY3KY, HE NIPEBBIIIAET [IOPOrOBOI0 3HAUECHUs, U

PE3UCTOP MMeeT 3HA4YeHHe COMPOTHBIICHUS, KOTOPOE YCTAHOBJIEHO TAKUM, YTO OTKJIUK
N3MCHCHHUA U3MEPCHHOI'0 3HAYUCHUA Ha U3MCHCHUE TEMIICPATypPbl 3HAYCHHSA COIPOTUBJICHHSA
HAXOAWTCS B YCTAHOBJICHHOM JIMAIa30He.

20. A3po30Jib-TeHEpUPYIOIIee YCTPOMCTBO MO JroOomy u3 mm. 1-19,

B KOTOPOM 3Ha4Y€HUE COMPOTHUBIICHUS PE3UCTOPA MPEBOCXOAUT 3HAUEHUE COTIPOTHBIICHUS

Harpy3Ku.
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