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IIpeanochbUIKHY A CO3IaHUSA U300peTeHH s

N300peTeHne 0THOCUTCS B OOIIEM K 00JIACTH AJIEKTPOHHBIX CHIapET, BKIIIOYAIOIINX HATPEBATCIBHBIN dlie-
MEHT, TTOAXOSAIININ TSI UCTIapeHUs BEIIECTBA B OTBET Ha BJBIXaHMA IOJIH30BATEIs, KOT/Ia Ha HarpeBaTEIbHBIN
3JIEMEHT IMOJIAeTCS HIIEKTPOIUTAHUE.

Bonee xoHKpETHO, H300peTeHNE TpeAIaraeT peleHue 1Mo OI[EHKe KOJIMYECTBA BEIIeCTBA, HCIIapEHHOI0 Ha-
TpeBaTENbHBIM 3JIEMEHTOM.

W3BecTHBI pemieHns 1Mo OIeHKEe TAKOTO KOJIMYECTBA, B KOTOPBIX OCYIIECTBILIETCS N3MEPCHNE U3MEHEHNS B
YAEIHHOM CONPOTHBIICHUH HArpeBaTEIHHOTO 3JIEMEHTa, KOTJa TeMIlepaTypa HarpeBaTebHOTO dJIEMEHTa U3Me-
HSCTCS U3-3a BIIBIXaHH.

B uactHoctu B jokymente EP 2468116 onucaHo pemnieHne 5Toro TUa, B KOTOPOM YIEIbHOE COMPOTHUBIIE-
HHUE HATPEBATEIBHOTO JIEMEHTA BEIYUCIIACTCS MO Pa3HUIIE MTOTCHIIMAIOB HA BBIBOIAX TAKOTO DJIEMCHTA.

K coxaneHuro, M3MCHEHUEC B YICIHHOM COIPOTUBICHHUU HATPEBATEIBHOTO AJJIEMEHTa W3MEPUTHh OYCHb
TPYAHO, TaK YTO 3TH PEUICHUS HE 00CCIICUNBAIOT TOYHOW OLICHKU KOJMYECTBA UCIIAPCHHOTO BEIICCTBA.

Leab u packpbITHE H300peTeHUs

CornacHO IepBOMY acIeKTy H300peTeHHe OTHOCUTCA K CIOcOo0y OIEHKH KOJMYECTBA BEIIESCTBA, HCIIApEH-
HOTO HAarpeBaTebHBIM 3JIEMEHTOM B AJIEKTPOHHOM CHTapeTe 3a HEKOTOPHIN IIepHOI KypeHHsI.

B Hacrosmiem ToKyMeHTe MOHATHE "HcmapeHue" MCIOIh30BaHO B IMMUPOKOM CMBICIIE; OHO O3HAYaeT Tpe-
oOpa3oBaHUe BEIIECTBa B T'a3, BKIIIOYAsi TAKOBOE MpHU TemmepaTtype MeHbine yem 100°C.

JlaHHBIN crTOCO0 BKIIFOYACT

9Tan U3MEPEHHs NMPHOIIKEHHOTO 3HAYCHUS XapaKTEPUCTUKN HAINPsDKEHHS HA BBIBOJAX HArpeBAaTEIBHOTO
JJIEMEHTA 3a MEPHOJI KYPESHUs, IPUYEM TaKoe MPUOIIMKCHHOE 3HAYCHHUE U3MEPSICTCS Ha BEIBOJAX IETH, HU OJHH
3JIEMEHT KOTOPOH HE UMEET COOCTBEHHBIX XapaKTCPUCTHUK, Ha KOTOPHIC BIUICT BIBIXaHUC,

9Tan BBIYHCIICHUS MPHUONMKCHHOTO 3HAYCHHUS 3TOW XapaKTEPUCTHKHU HANPSKCHUS HA BBIBOJAX HArpeBa-
TEJNLHOTO AJIEMEHTA TIPU OTCYTCTBHHU BABIXaHUS 32 MEPUO] KyPCHHS,

9Tan BBIYUCIICHUS TPEACTABUTCIHHON XapaKTEPUCTUKU BIBIXaHUH 3a MEPUOJ] KYPCHHs IO WHTETPAIHH
Pa3HUIBI MEXTy TAKUMH IPUONKSHHBIMA 3HAUYCHISIMA 33 TaKOH MePHOA KypeHHs;

9Tan BBIYUCICHHUS KOJIMYECTBA BEIIECTBA, HCIAPEHHOTO HArpeBaTEIHHBIM JJIEMEHTOM, IO TaKOW HHTEH-
CHUBHOCTH U, BO3MOXKHO, TI0 IPYTHM ITapaMeTpam.

CooTBeTCTBEHHO N300pEeTEeHNEe OTHOCHUTCS K 3JIEKTPOHHON CUrapeTe, BKIIFOYAIOIIEeH

HarpeBaTeIbHBIA 3JIEMEHT, TOAXOMIIINI I NCIIAPCHHS BEIISCTBA 32 HEKOTOPHIH Nepro KypeHHs, OTIIH-
YAIOIIUICS TEM, YTO OH BKIIIOYAET

CpEICTBa M3MEPEHUS TPUOIIKEHHOTO 3HAYCHUS XapaKTEPUCTUKU HAMPSHKCHUS HA BBIBOJAX HArpEBATEIIh-
HOTO 2JIEMCHTA 3a TIePHO KyPCHHS, IPUIEM TaKOe TPUOIIKEHHOE 3HAYCHUE U3MEPSICTCS Ha BEIBOJIAX LICIH, HU
OJIMH AJIEMEHT KOTOPOH HEe UMEET COOCTBEHHBIX XapaKTEPUCTHK, HA KOTOPHIC BIUSCT BIBIXaHUC;

CPEIICTBA BHIYHCIICHUS MPHUOIMKCHHOTO 3HAYCHUS 3TOM XapaKTePUCTUKU HATIPSHKCHUS Ha BBIBOJIAX Harpe-
BaTEIFHOT'O 3JIEMECHTA IIPU OTCYTCTBUU BJBIXaHUS 33 TICPUOJ] KyPCHHS;

CpEICTBa BBIYMCIICHUS WHTCHCHBHOCTH BIIBIXaHUU 3a MEPUOJ KYPEHUS MO MHTETPAIMU PA3HUIEI MEXKIY
TaKUMU MPUOIMKSHHBIMH 3HAYCHUSIMH 3a TAaKOW NepHOJ] KypEeHHUS;

CpEICTBa BBHIYMCIICHUS KOJMYECTBA BEIIECTBA, HCMAPEHHOTO HATrpeBAaTEIBHBIM 3JEMEHTOM, 0 TaKOW WH-
TEHCUBHOCTH H, BO3MOYKHO, 110 IPYTUM ITapaMeTpaM.

Takum obpa3oMm u B 0011eM, H300peTeHNE MPeIaraeT OICHNBATh KOJIMYECTBO MCIIAPSHHOTO BEIIECTBA 32
HEKOTOPBIA TIEPHOJA KypeHHS ITyTeM CpaBHECHHS XapaKTEPHUCTHK HAMpPSIKCHHS HA BBIBOJAX HArpeBaTEIHHOTO
JJIEMEHTA C TAKMMHU XapaKTePUCTUKAMH MPH OTCYTCTBUHU BAbIXaHWHA. OIHAKO, KaK OOJBIIOE MPEUMYIIECTBO,
n300peTeHNE M3MEPSIET STH XapaKTEPUCTHUKU HE HEMOCPEICTBEHHO, & OCYIICCTBISCT BBHIYHCICHUE HA BBIBOJAX
[[ETH, Ha COOCTBCHHBIC XapPAKTEPUCTUKN KOTOPOH HE BIUSIOT BIIBIXAHUS.

3a cueT 3TOro sIBHO MPEUMYIICCTBEHHOTO MPHU3HAKA H300peTeHNE 00eCTIeYMBaeT BeChMa HAIC)KHYIO OIICH-
Ky HHTCHCUBHOCTH BJIBIXaHUH U MIO3TOMY 3HAYUTEIHHO YIYUIIACT OIIEHKY KOJIMYECTBA UCTIAPCHHOTO BEIIECTRA.

Kak OoipIioe mpeuMyIIecTBO, BHINICYIIOMSHYTas LEb, HA BBIBOJAX KOTOPOH OCYIICCTBISIOTCS H3Mepe-
HUS, YTOOBI OLIEHUThH XapaKTePUCTUKY HAPSIKCHUS Ha BHIBOJIAX HATPEBATEIHHOTO 3JIEMEHTa, caMa He BKIIIOYaeT
HarpeBaTENbHBIA AJIEMEHT. JTOT MPU3HAK, KaK MIPEUMYIIECTBO, MPEeIyCMaTPUBACT OTPaHWICHNE YHEPTHH, pac-
XOIyeMOH IUTSI OTIpeesICHIsI KOJIMIEeCTBA NCTIAPEHHOTO BEMIECTBA, TAK YTO BeChMa OOJbIIAsi YaCTh COBOKYITHOM
JHEPTUH, PACXOyeMOH JIEKTPOHHON CUTapETON, UCTIONB3YETCs ISl UCTIApEHUS BEIlecTBa. Y CTPOUCTBO M300pe-
TEHUS [T N3MEPEHUS KOJIMIECTBA BEIIECTBA, HCIIAPEHHOTO YJICKTPOHHOM CHUTApETOM, MO3TOMY HE UMEeT HeI0C-
TaTKOB yCTPOMCTBA, OMMMCAHHOTO B TokymMeHTe EP 2143346.

B omHOM BapuaHTE OCYIIECTBIICHUS W300pPETECHUS ONPEICICHHOS KOJTMYSCTBO UCIIAPSHHOTO BEIIECTBA UC-
MOJB3YETCs ISl OICHKHM KOJIMYECTBA WIIM KA4eCTBAa KOMITOHEHTOB, BIBIXaCMBIX ITOJIb30BATEICM, HAPUMEP KO-
JIMYECTBA HUKOTHHA.

B mepBoM BapuaHTE OCYIIECTBIICHUSI MU300pPETCHUS ONPEACICTCS H3MCHECHUE B HANPSKCHUHM HAa BBIBOJAX
HArpeBaTEILHOTO AJICMEHTA.

B mepBoM BapuaHTe 3TOTO BapHaHTa OCYIIECTBICHHS MPHOIMKCHHOE 3HAUCHUE N3MCHCHUS B HANPSDKCHUH
Ha BBIBOJIaX HArpPEBaTEILHOTO AJIEMEHTA BEIUHUCIIAETCS IO HANPSDKEHUSAM, N3MEPEHHBIM Ha BBIBOAAX 110 MEHBIICH
Mepe JIByX AJIEMEHTOB, TIPHYEM HAIPSDKCHHS HA BBIBOJAX KAXKAOTO M3 STHX JJIEMEHTOB JAIOT MPHUOIIKEHHOE
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3HAYCHHEC HATPSIKCHUS HAa BBIBOJAX HAIPEBATEIBHOIO AJIEMEHTa B MOMCHTHI, KOTOPbIE HEMHOTO CIBUHYTHI IO
BPEMCHHU.

B manHOM BapmaHTe OCYIIECTBICHUS M300PETEHUS JIEKTPOHHAS CHUTapeTa COTIacHO M300PETEHHIO BKIIIO-
qaer

[0 MEHBIICH Mepe IBa JIEMEHTa, IPUYeM HaIpsDKCHHE Ha BBIBOJAX KaXKIOTO M3 ATHX 3JIEMEHTOB JacT
NprOIHKEHHOE 3HAUCHHE HANpsDKEHUS Ha BBIBOJIAX YIIOMSHYTOTO HAarpeBaTEIbHOTO JJIEMEHTa B MOMEHTHI, KO-
TOpBIE HEMHOTO CABHHYTHI 110 BPEMEHH, U

CpEICTBa M3MEPEHHUS MPUOIMKCHHOTO 3HAYCHUS N3MEHEHHSI B HANIPSDKEHNH HA BEIBOJAX HATrPEBATEIBHOTO
JJIEMEHTA IO HANPSKCHUSM, U3MEPCHHBIM Ha BBIBOJIAX 3THUX JJIIEMCHTOB.

U3o0peTenue mpemiaraeT OTCICKUBAHAE U3MCHEHHUSI BO BPEMEHHU XapaKTEPHUCTHK HATPSKCHUS Ha BBHIBO-
JlaX HArpeBaTEIBHOTO DJIEMCHTA HE C MOMOIIBI0 MHCTPYMEHTA, KOTOPHIH OBl TOYHO U MPSIMO OTCJIC)KHMBAJN Ha-
NPSOKCHUE B PEabHOM BPEMEHH, a CO3[aBall UCKYCCTBCHHYIO ACIBTY 3aJCPKKH MEXKIY IBYMS SJIEMECHTAMHU
AJIEKTPOHHON CHTapeThl, MPUYEM 3Ta 3aJepKKa 00cCIeYHBACT TONYUYCHHE B MOMCHT BPEMCHHU t BBIYUCIICHHUS
W3MCHCHUS B HANPSDKCHUM HA BBIBOJIAX HAIPEBATEIHLHOIO CPEICTBA MEKIY NCIBTOW B MOMEHT BPEMCHH t U MO-
MEHTOM BPEMEHHU t.

B omgHOM BapmaHTe OCYIIECTBICHHS 3THMH 3JIEMEHTaMU SBJLIOTCA IMocienoBarenpHbie RC-menu, coenu-
HEHHBIC TTOCTIeIOBATENBHO.

Bo BTOpOoM BapmaHTe 3TOTO TEPBOTO BapHaHTa OCYIIECTBICHUS MPHOIMKCHHOE 3HAUYECHHEC M3MEHEHUS B
HaNpsDKEHUH Ha BBIBOJIAX HATPEBATEIHHOTO AIIEMEHTA SIBIISIETCSI BPEMEHHOW MPOM3BOAHON pPa3sHUIBI MOTEHIIHA-
JIOB, U3MEPEHHBIX HA BBIBOAAX M3MEPUTEIHHOTO COMPOTHBICHIS, COSIMHEHHOTO MOCIEeIOBATEIHHO C HarpeBa-
TEJNBHBIM DIIEMCHTOM.

Bo BTOpOM BapuaHTe OCYIIECTBICHUS HU300pPETECHHS ONPEACIACTCS HANPSKCHUE Ha BRIBOJIaX HArPEBATCIIh-
HOTO 2JIEMEHTA.

B oaHOM BapuaHTe OCYIIECTBICHHUS 3TOTO BTOPOrO BapHaHTAa MPUOIIKCHHOE 3HAYCHUC HAINPSDKCHUS Ha
BBIBOJIAX HATPEBATEIHLHOI'O JJIEMEHTA SBJSICTCS HANPsHKEHUEM, U3MEPECHHBIM Ha BBIBOJIAX U3MEPHUTEIHLHOTO CO-
MPOTHUBIICHUS, COSANHEHHOTO ITOCIICA0BATEIHHO C YIIOMSHYTHIM HarpeBaTeIbHBIM 3JIEMEHTOM.

B manHOM BapmaHTe OCYIIECTBICHHS JEKTPOHHAS CUTAapeTa BKIIOYAET CPEICTBA, IMOAXOISIINE I U3Me-
PEeHHS pa3HHUIB TOTECHIIHAIOB Ha BEIBOAAX H3MEPUTEIHHOTO COIPOTHUBIICHNUS, COSIMHEHHOTO MTOCIIEIOBATEIBHO C
HarpeBaTeIbHBIM 3JIEMEHTOM, W CPEICTBA M3MEPEHHUS MPHUOIMKEHHOTO 3HAYEHUS N3MEHEHHS B HANPSHKCHUU Ha
BBIBOJIAX HAIPEBaTEIHHOTO 3JIEMEHTA 110 TaKOi pa3HHIIe TIOTSHIIHAIOB.

Kpartkoe onucanue yepre:xeit

Jpyrue npu3HAKH U MPEUMYIIECTBA HACTOSIIETO U300PETCHHS CTAHYT MOHATHBIMH U3 MPHUBEICHHOTO HU-
JKE OTHCaHU CO CCHUTKAMU Ha MpPUIaracMbIe YSPTEIKU, Ha KOTOPBIX IMOKA3aH OJMH BAPUAHT €r0 OCYIICCTBICHHUS,
HE UMCIOIINI OTPAaHMYUTEIHHOTO XapaKTepa.

Ha ueprexax:

¢wur. 1 - mepBbIi BApHaHT OCYIICCTBICHUS JICKTPOHHON CUTAPETHl B COOTBETCTBUY C H300PETCHHEM;

¢ur. 2 - U3MCHECHNE B HANPSDKCHUM HA BBIBOJIAX KOMIIOHCHTOB 3JICKTPOHHOM cHrapersl ¢ ¢wur. 1 mocie
BIIBIXaHUS,;

¢wur. 3 - TeopeTudeckas pa3HUIA MEKIY BEIXOAHBIMU HanpspkeHUsIMU AByX RC-mernet ¢ ¢ur. 1 mpu oTcyT-
CTBHH BIBIXaHHUII;

¢wur. 4 - wnTFOCTpaIWs CIIoco0 BHIMUCIICHHSI HHTCHCUBHOCTH BIIBIXaHUH M3 AJIEKTPOHHON CUTapeThl ¢ QuT. 1;

¢wur. 5 - netanay MEKTPOHHON CUTAPETHI B COOTBETCTBHH C BTOPHIM BapHaHTOM OCYILECTBIICHUS M300peTe-
HUS,

¢ur. 6 - geTany MCKTPOHHOHN CUTAPEThI B COOTBETCTBUH C TPETHUM BapUAHTOM OCYILIECCTBICHUS HM300pe-
TCHUSI,

¢wur. 7 - WDTIOCTPAIHS CIIOCO0a BEIYKCIICHNS HHTCHCUBHOCTH BIIBIXaHUH M3 3JICKTPOHHOM CUTApETHI C (uT. 6;

¢ur. 8 - geranu AIEKTPOHHON CHrapeThl B COOTBETCTBUH C YCTBEPTHIM BapHUAHTOM OCYIICCTBICHHUS U30-
OpeTeHus;

¢wur. 9 - B hopMe TEXHOJOTHIECKON CXEMBI IIOKa3aHbl OCHOBHBIE ATATBI CITOCO0a OTPECIIEHNsT B COOTBET-
CTBHH C OJHUM YaCTHBIM BapHAHTOM OCYILECTBIICHHS N300pETEHUS.

IoapoGHoe onncanue MEPBOro BapuaHTa ocylecTBJIeHHs] H300peTeHus

Tenepsb co ccpimkaMu Ha ¢Gur. 1 OyAeT onmucaH NepBHIN BAPUAHT OCYIIECTBICHUS JIEKTPOHHON cUTapeTh 1
B COOTBETCTBHH C M300peTEHHEM, IIPHUEM Ha 3TOH purype depreskeil moka3zaHBl TONBKO AJIEKTPOHHBIE KOMIIO-
HEHTBI, IOJIC3HBIC TSI MOHUMAaHMS JAHHOTO BapHaHTa OCYIIECTBICHUS.

DNeKTpoHHas curapeta | BKIIIOYaeT HarpeBaTeNbHBIN dJeMeHT 10, ToaXoasImuii 111 UCTIApEeHUs BEIlecT-
Ba, IpUYeM yaeibHOe compoTuBicHHe R10(t) 3TOro HarpeBaTelbHOTO 3JIEMEHTa CIIOCOOHO H3MEHSTHCS Kak
(hYHKIHS TEMIIEPaTypPHI.

B maHHOM BapmaHTE OCYIIECTBIICHUS HArPEBATCIBHBIN dMIeMeHT 10 BKITIOYAET MEPBBIA BEIBOJ], KOTOPBIN HE
0003HaUYCH, COCIMHCHHBIN C 3a3eMJICHUEM, M BTOPOU BBIBOJ A, Tak 4to moteHIman Ul0 Ha 3TOM BEIBOJE COOT-
BETCTBYET HAIPSHKCHUIO Ha BEIBOJIAX HArPEBaTEIBHOTO 35eMenTa 10.

B cooTBetcTBHE ¢ M300peTeHNEM, MEKTPOHHAS CUTapeTa | BKIIOYaeT akKKyMYJISTOp 3, TOAXOISAIINN s
nonayn Hampspkerus UQ, u mepexiodarens 5, COSTUHEHHBIH ¢ BBIBOJOM P akkymymsiTopa, 9ToOBI TOJaBaTh
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JJIEKTPOITUTAHKUE, HO TOJBKO KOTJa MOJb30BaTeNlb HAXKMET KHOIIKY, KOTOpasl He MOKa3aHa, Ha HarpeBaTelbHBIN
aneMeHT 10 oT akkymynsaTopa 3.

B nanHOM BapuaHTe ocymecTBieHus HanpspkeHue UQ sBiseTcs HOMUHAIBHBIM HaNpsKeHUEM nopsiaka 3,7
B u paspsanas kpuBas HaxoauTcs B nuamnasone [4,2 B, 0 B].

Korma mepekmogarens 5 3aMKHYT, 2JIEKTPUIECKUI TOK C CHIIOH 1 MPOXOIUT Yepe3 3TOT MepeKIovaTelb, U
JJICKTPHUYECKUN TOK ¢ criiol 110 MpoXouT uepe3 HarpeBaTelbHbIi dneMenT 10.

Takum 00pa3zoM, 4TOOBI MOKHO OBLIO M3MEPHUTh W3MEHEHHUs B HampspkeHud U10(t) Ha BRIBOJAaX HarpeBa-
TENBHOTO yieMeHTa 10, 3yeKTpoHHas curapera | B JaHHOM BapHaHTE OCYMIECTBICHUS BKIIIOYACT W3MEPHUTEINb-
HOE CONPOTUBIEHME R, ycTaHOBIEHHOE MOCIENOBATENBRHO MEXKAY BBHIBOJOM () MEepekItodaTess 5 U BBIBOAOM A
HarpeBareIbHOro aneMenTa 10. DIeKTpUYecKuil TOK ¢ CHIION 1 TPOXOJUT Yepe3 U3MEPUTEIHHOE COPOTHBIICHHE,
KOT/la TepeKIovarTess 5 3aMKHyT. Ha coOcTBEHHBIE XapaKTepUCTHKN M3MEPUTEIBHOTO CONPOTHUBIEHUsS R BIpbI-
XaHUsI HE BIMSIOT.

BcnencTBue 3TOro KOHKPETHOTO PACHOIOKEHUS U C YIETOM TOTO, UTO MEePEKIIoUaTeNb 5 ABISIETCS COBEp-
IICHHBIM MEpeKItoYareneM (T.e., He UMeeT moTeph, modromy US=UO0), u3BeCTHBIM 00pa3oM TOIy4aeM CIIEIyH0-
mee:

U10(t) = UO.R10(t)/(R+R10(1)) nH

CrienoBarenbHO, H3MEHEHUS B yaenbHOM comnpoTtuBieann R10(t) HarpeBarempHOTo 3meMenTta 10 compo-
BOJKZIAIOTCSl M3MeHeHneM B HanpspkeHnH U10(t) Ha BBIBOJAaxX HarpeBaTeIbHOTO 3JIEMEHTA.

Ha ¢ur. 2 Ha ocu opauHat nokazano Hanpspkenne U10(t) Ha BEIBojiax HarpeBaTeIbHOTO dmeMeHTa 10 kak
(yHKIMS BpEMEHH, IpHYeM Ha 3TOH (PUrype d4epTekei IpeCTaBIeHbl YEThIPEe COOBITHS, IIPOUCXOASIINE B MO-
MEHTHI BpeMeHH t1-t4:

t]: HaXkaTHe KHOIIKH, 3aMbIKaroniell nepexitouatens 5. Hanpspkenne U10(t) Ha BBIBOJax HarpeBaTeIbHOTO
anemenTa 10, KoTopoe OBIJIO PaBHO HYJIO, MOYTH MTHOBEHHO JOCTHTAaeT HANpsDHKCHUS, O4eHb OJM3KOro K Ha-
npsoxeHnto UQ akkymynstopa 3. C 3Toro MoMeHTa tl moka monb30BaTeNlb HE OCYIIECTBISIET BAbIXaHUE, TEMIIE-
paTypa HarpeBaTeIbHOTO 3yeMeHTa 10 yBennuuBaeTcs 10 TeX Mop, OKa HE JOCTUTHET TPEIeNbHOM TemMmepaTy-
pHI, ¥ ero yaenbHoe conpoTtusieane R10(t) yBenmnmauBaercs, n Hanpsokenue U10(t) yBennmauBaeTcs.

t2 u t3: Havano M KOHeIl BAbIXaHMs. BpIXaHue MPUBHOCHUT MOTOK XOJOJHOTO BO3/yXa Ha HarpeBaTEIbHbIA
anemeHT 10, Be3bIBaroni 3¢ ekt moHmKeHNns ero TeMIepaTypsl, yMEHBIICHUS €T0 YAEITBHOTO COMPOTHBICHUS
R10(t) m mosromy monmxkenust HanpspkeHuss U10(t) Ha ero BeiBogax. HaoGopoT, KOHEIl BABIXaHUS MPUBOMIMT,
€CJIU MEePEeKIIIYaTeNb 5 ynep>KUBaeTCs B 3aMKHYTOM COCTOSHHHM, K IOBTOPHOMY HarpeBy HAarpeBaTEJILHOTO dJe-
MEHTa U K YBEJIMUYCHUIO HAIPSDKEHHS Ha €0 BBIBOJIAX.

t4: OTIycKaHUE KHOIIKM M pa3MbIKaHHE MEepeKIIIoYaTeNs 5: HarpeBaTenbHbIi 21eMeHT 10 OGosbie He moy-
YaeT 3JIEKTPOIUTaHuE OT akKymyJisitopa 3, u Hanpspkenre U10(t) Ha ero BeIBOJax MOYTH MIHOBEHHO CHOBA CTa-
HOBUTCSI paBHBIM HYIIIO.

B HacTosmmem noxyMeHTe "mepHoj KypeHus" OTHOCUTCS K MIEPHOAY BPEMEHH MEXy MTHOBEHHAMU t1 u t4,
T.€., K TIEPHOJy, B TEUCHHE KOTOPOTO MOJIb30BATENb HAKUMAET KHOIKY, IIEPEBOISIIYIO MEPEKIII0YaTeIb 5 B 3a-
MKHYTOE COCTOSIHHE. B TeueHme 3Toro mepuoza MOJIb30BaTENIb MOXKET IPH HEOOXOIMMOCTH HE BABIXaTb WIH
BIBIXaTb OJIHY WJIM HECKOJIBKO 3aTSKEK.

B 3TOM nepBOM KOHKPETHOM BapHaHTE OCYIIECTBICHHS H300pETEHHS KOIMUECTBO BEIIECTBA, NCTIAPEHHOTO
332 HEKOTOPBIA MEPHOA KypeHHs, BBIYHCIACTCS MyTeM cpaBHEeHUs! m3MepeHHOro AU10ygs(t) - mpuOiImkeHHOTO
3HaueHus1 m3MeHeHust B Hanpspbkernn U10(t) Ha BBIBogax HarpeBatenbHOro dyeMenTa 10 - 3a mepuoj KypeHus ¢
teoperryeckoi oreHKoi AU101y(t) 3TOro nmpuOIMKEHHOTO 3HAYEeHHs M3MEHEHHUS B HANPSDKCHUH IPH OTCYTCT-
BUH BIbIXaHMUA 3a NIEPUOJ KypECHUSI.

Bbonee KOHKPETHO, B JAaHHOM BapHaHTE OCYILIECTBICHHUS M300pPETCHUS B KaUueCTBE MPUOIMKEHHOTO 3HaUe-
HUS U3MEHEHHS B HANPSDKCHWH B MOMEHT t Ha BBIBOJIaX HarpeBaTesbHOTO dsieMeHTa 10 BeIOpaHa pasHUIa MEeXIy
nmeyms Hanpspkerusamu U11(t) m U12(t), msmepenHasiMu Ha BbiBogax B1, B2 e 500, Brimtovaroineii 1Be BETBH
11, 12, koTOpBIE OTAETBbHBIC U OXHOTO THIA, TpryeM HanpspkeHus U11(t) n U12(t) Ha BeIBogax stoi memm 500
SIBJISIIOTCSI IPUOJIMKEHHBIMU 3HadeHusIMU HarpspxeHust U10(t) Ha BbIBosiax HarpeBartesnbHOro sneMenTta 10 B 1Ba
MOMEHTA, KOTOPbIE HEMHOT'O CIBUHYTHI II0 BPEMEHHU.

OueHb Ba)XHO HOHSTH, YTO HU OAWH U3 KOMITOHEHTOB 1iern 500 He nMeeT cOOCTBEHHBIX XapaKTepPHUCTHK, Ha
KOTOpBIEC BIHSCT BBIXaHHE.

B maHHOM BapmaHTe OCYIIECTBIICHHUS MCIIOJIL30BaHbI JIBE TOcienoBaTenbubie BeTBH RC-miern 11, 12, ycra-
HOBJICHHBIE ITIOCIIE/IOBATENIFHO MEXIy HarpeBaTeNbHBIM 31eMEHTOM 10 ¥ BhIYMCINTENBHBIMU cpeacTBaMu 30,
TTOIXOISATITMH JIJTsI BEITUCIIEHUS pa3HUIIBI Mexkty Hanpspxermsivu U1 1(t) u U12(t).

B mannom BapuanTe ocymectsiaeHus HanpspkeHust Ul1(t) u U12(t) sSBisroTcs MoTeHIMaIaMy B ToUkax B u
C, noka3aHHbIX Ha ¢wur. 1.

[Mocrosinnyto Bpemenu T12 Bropoit RC-nienn 12 BBIOMpaloT HAMHOTO OOJIBIIEH YeM ITOCTOSIHHAsE BpEMEHH
T11 nepsoii BerBu RC-nenu 11, Hanpumep, ¢ koapdummentom 100.

B nanHOM BapuanTe ocyniecTBiieHus ycruutenb 20 ¢ koadduipenTom ycnteHust G UCIIONb3YIOT VIS yCH-
nerus pasaunb AU10(t) mexay Ul1(t) m U12(t).

B nannom Bapuante ocymectsieHus conporusienust R11 u R12 Berseit RC-nienin 11 u 12 npene6peximo
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MAJIbI [0 CPABHEHUIO ¢ UMIEIaHCOM yermuTens 20.

CretoBartebHO,

AU10(t) = G.(U12(t) - UL1(D)

B manHOM BapmaHTE OCYIIECTBICHUS

koa(punment ycunenns: G Beioupatot B auanazone [100; 10000], nanpumep, paBHbM 500;

pasuuna U12(t)-U11(t) cocraBisieT mopsiika HECKOJIBKUX JIECATKOB MUKPOBOJIBT H

AU10(t) cocTaBnseT MOpsaKa HECKOJIBKUX JECATKOB, JaKe COTEH, MUKPOBOJBLT U MOXKET OBITH OTpE/IeIIeHa
BBIYUCITUTEIBHBIME cpencTBamu 30.

Ha ¢ur. 2 taxke npencrasiens! Boixoansle HanpspkeHus Ul1(t) m Ul2(t) mocienoBaTenbHBIX BETBEH
RC-uenu 11 u 12.

Kak 0bUTO CKa3aHO BBINIE, KOT/IA MTOJ30BATEIh HAXKUMACT KHOIIKY B MOMEHT tl, Ha HarpeBaTeNbHEIH 3ie-
MeHT 10 moctynaeT anekrpornutanue u Hanpspkeaue U10(t) Ha ero BeIBogax yBenuunBaetcs. JIe emxoctu Cl1,
C12 Berseii RC-nienut 11, 12 3apspkarorcsi, mpudeM BTopas eMkocTh C12 Goblero 3Ha4eHUs 3apspkaeTcs ¢ 3a-
JIEP’)KKOH OTHOCUTENHHO mepBoit eMkocTu CIT MeHbIIero 3HaUeHUS.

CrienoBatenbHO, HAOIIOIaeM, UTO MEXKTy MOMEHTOM Ha)KaTHs KHOMKH (t1) 1 MOMEHTOM Hadalia BIbIXaHUS
(t2) U12(t)<U11(t)<U10(t).

Korpa mosp3oBaTens HaYUMHAST BIBIXaTh B MOMEHT t2, HarpeBaTelbHbIN dmeMeHT 10 oxnaxmaercs, U Ha-
npsbkerne U10(t) Ha ero BeIBojax ymeHbImaercs. Bropas emkocts C12 Gomblero 3HaueHUs 3apspKaeTcs ¢ 3a-
JICPKKOW OTHOCHUTENBHO TepBoit emkocT C11 MeHbpmiero 3nadeHus. [Ipu 3Tom HabIrOIaeM, 9TO BO BpeMsl BCE
MIPOJOIHKUTEITFHOCTH BIBIXaHUS, T.€., MeXKAy MoMeHTamu t2 u t3, U12(t)>U11(t)>U10(t).

Korma monb30BaTens npekpaiacT BIsIXaHHE B MOMEHT t3, HarpeBaTebHBIN d5eMeHT 10 cCHOBa HarpeBaert-
cs, u Hanpspkerne U10(t) Ha ero BRIBOJAX yBEMUYUBAaeTCs. TO €CTh, MPOUCXOMUT BO3BpPAT K CHTYAllMH, KOT/Ia
U12(t)<UL1(t)<U10(t).

Bckope nocine Toro, kak moJib30BaTellb OTIYCTHT KHOIIKY B MOMeHT t4, HanpspkeHue U10(t) cHoBa ctaHo-
BUTCS paBHBIM HYyJ0, eMkocTH C11 u C12 paspspkarorcs, U ux Bbixogauble Hampspkenust U11(t), U12(t) cHoBa
CTaHOBSITCS PaBHBIMH HYJIIO.

Korma Ha BBIBOJaX €MKOCTH MPHUCYTCTBYET IMOCTOSHHOC HANPSHKCHUE, U3BECTHBIM 00Pa30M IMPOBOIUTCS
pa3nuare MeXIy IepexoIHBIM COCTOSIHAEM, BO BpPEMs KOTOPOTO €MKOCTh IIOCTETIEHHO 3apsKaeTcs A0 Ipeaeiihb-
HOTO 3apsizia, 3aBUCALICTO OT €€ 3HAYCHUs, U CTAllMOHAPHBIM COCTOSIHUEM, BO BpEMS KOTOPOTO 3apsii eMKOCTH
ocTaeTcsd Ha 3TOM IpeAeTIbHOM 3HAUCHUH, [TOKA Ha BBIBOJIAX €MKOCTH MPOJOIDKAET MPHCYTCTBOBATH 3TO MOCTO-
STHHOE HampsDKEHUE.

®ur. 2 COOTBETCTBYET CHUTYaIldH, B KOTOPOH TOJIH30BATEIh HAYMHAET BIBIXaHUE (MOMEHT t2) B CTaIlHO-
HapHOM cOCTOSTHUH. CIennanucT B JaHHOH OOaCTH TEXHUKH MOWMET, YTO €CITH IOJIb30BaTeNlb Hadall BABIXaHNE
BO BpEMs MEPEXOJHOTO COCTOSHHS, TO TIOCKOJIBKY eMKOCTh C12 GobplIero 3HaYCHUS 3apsKeHa HETOJHOCTBIO,
BbIXoJHOE Hampspkerne Ul2(t) BTopoll eMKOCTH HEeoOs3aTelIbHO CTaHET OOJbIIE YeM BBIXOTHOC HATPSIKCHHE
Ul11(t) mepBoit eMKOCTH.

B nanHOM BapmaHTE OCYIIECTBICHHUS CUCTEMa, 00pa3oBaHHas ABYMs BeTBsAMH 11 u 12, HaxomuTcs B mepe-
XOJTHOM COCTOSIHHM B TeUeHHE puodIu3uTenbHo 800 Mc mocie MoMeHTa t1, B KOTOPBIN MOJIh30BATEIb HAXKUMACT
KHOTIKY.

Wmroctpupys 3Tn pasHble cocTosiHus, Gur. 3 mpeacTtasisieT Teopetndeckyto pasHuiy AU10ry(t) mexmy
BbIXOAHBIMU HampspkeHusMua U11(t) u U12(t) aByx BetBeit RC-niennt 11, 12 npu OTCYTCTBUYM BIBIXaHUH, APYTH-
MU CIIOBaMH TE€OpPETHUYECKOe MPUOIMKEHHOE 3HaUeHHe n3MeHeHus B HanpspkeHnr U10(t) Ha BeIBoJaxX HarpeBa-
TENBHOTO AmeMeHTa 10 B MOMEHT t.

Bo Bpems nepexomnoro cocrosiaus Ul2(t) Bcerna mensine gem Ul 1(t), HO, Kak moka3aHo Ha ¢ur. 2, abco-
JIOTHOE 3HAYCHHE PA3HUIIBI MEXAY STHMH ABYMS HANPSKCHUSAMHU YBEIWYHBACTCS M 3aTEM YMEHBIIIACTCs, MOKa
OHO HE JOCTHUTHET IIOCTOSHHOTO 3HAYEHHS a B CTAIlHOHAPHOM COCTOSIHHH.

B maHHOM BapWaHTE OCYIIECTBIICHHUS 3THM IMOCTOSHHBIM 3HAUYCHUEM a MOXHO MPEHEOpPEYh W HIKE OHO
MPEIIIOIaraeTcsl PABHBIM HYITIO.

B nepexoaHoM COCTOSTHUM U OTMEUasi:

R11, conporusnenue nepsoit nocneaoBarenbHoit BeTBu RC-nenu 11;

C11, emxocTh niepBoit nocieaoBarenbHoi BeTBU RC-nenu 11;

R12, conpoTtusnenue BTopoil nocnenosarensHoit BeTBu RC-ienu 12;

C12, eMKoCTB BTOPO#1 ocienoBarensHoi BeTBu RC-1ienm 12;

T11, nocrostaaas Bpemenu R1.C1 mepBoii mocnegoBarensHoi BetBu RC-ierm 11 n

T12, mocrossaHas Bpemern R2.C2 Bropoi mocienoatensHoi BeTBu RC-mienn 12, TeopeTrdecku moiryda-
€M cIenyromiee:

Ullu(t) = UL0(t).(1 — exp(-t/T11))

U12mm(t) = Ull7u(t).(1 — exp(-t/T12))

1., U127u(t) = U10(t).(1-exp(-t/T11)).(1-exp(-t/T12))
CnenoBarenbHo, Teoperndeckoe naMenenne AU10y(t) B HANIpsDKEHWM HA BBIBOJAX HATPEBATEIHLHOTO dJIe-
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MeHTa 10 MOKeT OBITh BRIPRKEHO Kak
AUL0a(t) = G.(Ul1a(t) — Ul2m(t)
T.e., AUL10mm(t) = G.U10(t).(1-exp(-t/T11)).(exp(-t/T12))

wi ¢ (1):
AU10mu(t)=G.[UO.R10()/R+R10(t))].(1-exp(-t/T11)).(exp(-/T12))

[Mpun anmpoxcumanuy, yro R10(t) mocrosiHHO 3a mepuo Kypenust u pasHo R10(t1), B koHeuHOM HTOTE TIO-
nmydaeM Beipakerne it AU 10y(t)

B EPEXOJAHOM COCTOSIHUU:

AU10a(t)=G.[U0.R10(t1)/(R+R10(t1))].(1-exp(-t/T11)).(exp(-t/T12)) 2

B CTALIUOHAPHOM COCTOSIHUU:

AUL0mm(t) = a=0.

B Bapmante ocymectBienus ¢ ¢ur. 1 npudmnxenHoe 3HaueHne AU10Oygs(t) n3MEHEHUs B HANPSHKSHUH
U10(t) Ha BBIBOJAaxX HarpeBaTeJLHOTO dieMeHTa 10 sBisieTcs! BBIXOIHBIM HaIpshHKEHUEM cpercTBa yeuneHus 20,
T.€., IOTCHIIUAJIOM Ha BBIBOAE 9.

B naHHOM BapmaHTE OCYIIECTBICHUS KOTMYECTBO UCTIAPEHHOTO BEIIECTBA 32 HEKOTOPBIM MEPHO KYPEHHS
OTIPEZIETAETCS 0 HHTEHCUBHOCTH BJIBIXaHUS F, BBIYMCICHHOW ITyTeM MHTETPUPOBAHUS PA3HUIIBI 32 HEKOTOPBIM
TepUoJT KypeHust Mex 1y npuommkeHHbIM 3HaueHHeM AU 10yps(t) n3menenns B Hanpstkennu U10(t) Ha BEIBogax
HarpeBartenbHoro anemeHTa 10 3a nepuoxa KypeHus u teoperndeckuM 3HadyeHneMm AU10ry(t) aToro mpubimxeH-
HOT'O 3HA4YEHHs 3TOT0 U3MEHECHNUS B HANIPSDKCHUH NTPH OTCYTCTBHHM BABIXAHUS B IEPHO KypPEHUSL.

OTa UHTEHCUBHOCTD BABIXaHUS F COOTBETCTBYET B JaHHOM IPUMEPE BapHaHTa OCYIIECTBICHUS 3aIITPUXO-
BaHHOU ob6nacTu Ha dur. 4. DTa 06MacTh MOXKET OBITH BBIYUCIICHA, B YACTHOCTH, IO CyMMe PrMaHa ¢ mHTEpBa-
1oM 20 Mc MEeXTy MOMEHTaMHu t2 U t4.

B nanHOM npuMmepe BapuaHTa OCYIIECTBICHHUS t2 onpeaeseTcs Kak MOMEHT, B KOTOPBIH a0CONOTHOE 3HA-
genue pasHUAbl AU10ygs(t) 1 AU10my(t) ctaHOBHTCS OOJBINNE, YeM 3aIaHHBIA TOPOT St):

[AU10MEs(t2) - AULOH(t2) > S12

MowmeHT t4 sBIsSieTCI MOMEHTOM, B KOTOPHIH IOJIB30BATENb OTITYCKAeT KHOIIKY.

Jns Toro, 94TOOBI BRIYHCINTH WHTCHCUBHOCTH BAbIXaHUsS F mo meromy Pumana, AU10ygs(t) 1 AU107y(t)
BBIYUCIISIIOT M COXPAHAIOT B Pa3HbIe MOMEHTHI Mexy tl u t4, Hanpumep kaxnaeie 20 mc. B manHOM Bapmante
OCYILECTBIICHHS:

1. AU10pgs(t) - ©13MepeHHOE 3HAUYCHUE MTOTEHITHANA Ha BBIBOJIC 9 B MOMEHT t;

2. AU10ry(t) mexxay t1 u t1+800 Mc (mepexosHOe COCTOSHHME) CUMTHIBAIOT U3 3aIMCH B IIEPBOH Oase naH-
HeIX BD1, co3manHo# BO BpeMs MpeIBapUTEIbHBIX UCIIBITAHUN, TPOBOANMBIX B Ja00OpaTOPHH, U XPAHAT B DJIEK-
TPOHHOM curapere 1, mpuyeM 3armuch BRIOUPAIOT Kak QYHKITAIO TTapaMeTPOB U3 ypaBHEHHUS (2).

3. AU10u(t)=0, mexay t1+800 mc u t4 (cTaroHapHOE COCTOSHHE).

Bo3zepamasce k ypaBaeHHto (2), Beipakenre st AU10y(t) B mepeXxoqHOM COCTOSHUHM 3aBHCHUT OT IIECTH
apaMeTpoB, a IMEHHO

ko3 punment ycunennst G ycunmurens 20;

nHanpspkenue UQ, moiaBaeMoe akKyMyJsiTopoMm 3;

yrensHOe conpoTrienre R10(t]) HarpeBaTeIbHOTO IIEMEHTa, MPEIoJIaraeMoe OCTOSIHHBIM;

3HAYCHUE U3MEPHUTEIBHOTO CONPOTUBICHUS R;

noctosinubie BpemeHu T11 u T12 BerBeit RC-uenu 11 u 12.

B nmaHHOM BapWaHTE OCYIIECTBICHHSA M BO3BpAINAsACh K (QUT. 1, BRIYACIHUTENBHBIC cpeacTBa 30 MOAXOIAT
Jutst m3Mepenus HanpspkeHuss UQ Ha BeiBozie P akkymyinaTopa 3 mocpencTBOM MpoOHUKa HANPSDKEHUS 6.

B manHOM BapmaHTE OCYIIECTBICHHUS BBIUMCIHTENBHBIE cpencTBa 30 TakKe MOAXOAAT IS BBIYHCIICHUS
yaensHOTO comporuBieHus R10(t1) HarpeBarensHOTO 1MeMeHTa. B 3TO# CBs3M BRIMUCIHTENBHBIE cpencTBa 30
n3MepstoT B MoMeHT t1 Hanpsbkenue US Ha BeIBoge Q mepekiodaTelis 5 mocpencTBOM NMPOOHNKA HATIPSHKSHUS 7
n Hanpspkeare U10 Ha BeIBozie A HarpeBaTeJIbHOTO 3ieMeHTa 10 mocpeacTBoM NMpoOHUKa HANPSHKEHUS 8.

O6o03Havast kak "i" cuiry TOKa, KOTOPBIH MIPOXOJUT Yepe3 conpoTusieHne R, npuMenenune npasuia Kupx-
rocga JuIst TOKOB Ha BBIBOJIE A 1 3akoHa Oma amst conpotusienus R maer: i1+110=(U5-U10)/R.

OpHako B JaHHOM BapuaHTe ocyniecTBieHHs il npeHeOpesxxumo Maio 1o i10. CreoBaTenbHO, IPUMEHSIS
3akoH OMa K HarpeBaTelIbHOMY 31eMeHTy 10

R10=R.U10/(U5 - U10) (3)

B nanHOM BapmaHTE OCYIIECTBICHUS N300pETEHHS IJIsI HEKOTOPOTO MHOYKECTBA MIECTEPOK AIEMEHTOB, CO-
OoTBeTCTBYIomUX Imectu mapamerpam {G, U0, R10, R, T11, T12} B mepBoit 6a3e ganasix BD1 coxpanstorcs
3HaueHus1 Teoperudeckoro HampspkeHUS AU107y(t) Ipu OTCYTCTBHM BABIXaHWHA W B MEPEXOTHOM COCTOSHHUH B
pa3Hble MOMEHTHI t Mexay t1 u t1+800 mc.

BrraucnuTensHbIe CPECTBA MO3TOMY CITIOCOOHBI BBRIYUCISATH HHTCHCUBHOCTH BIbIXaHui F mo merony Pu-
MaHa.
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B nanHOM BapmaHTe OCYIIECTBIECHUS BBIYHCIUTEIbHBIE cpecTBa 30 3anpallnBaioT BTOPYIO 0a3y JaHHBIX
BD2 snexTpoHHO#1 curapets! 1, 4T00BI ONpeennTh KOJMYECTBO NCTIAPEHHOTO BEIECTBA 3a MEPUO KyPeHHUS KaKk
(hyHKIHIO YETHIpEX MapaMeTPOB:

MIPOJIOJKUTENLHOCTD t4-t1 Ieproaa KypeHus;

Hanpspkeane UQ akkymyssiTopa 3, M3MEpeHHOE BRIYUCIIUTEIBHBIMU cpeacTBamMu 30;

conpotuBienre R10(t1) narpesarenbHoro 21ementa 10, mpeamnongaraeMoe MOCTOSIHHBIM 32 HEKOTOPBIH T1e-
PO KYpEeHHUS B U3MEPEHHOE BEIYHCIUTENBHBIMA cpeacTBaMu 30; u

MHTEHCUBHOCTH BIBIXaHHA F, 371€Ch BRIUHCIIEMYTO IT0 MeToTy Prumana.

Kak BapmaHT, Takke MOTYT OBITH HCIHOJIB30BaHBI JpPyrue MapaMeTpbl, a HMEHHO TEMIIepaTypa Harpesa-
TENBHOTO 37eMeHTa 10 B MOMEHT t1, BA3KOCTh BEIlECTBa, CKOPOCTh MCIIAPEHHUS BEIIECTBA, NepeaaToYHas GyHK-
WS HarpeBaTesIbHOTO dsteMenTa 10, XapakTepu3yomas ero oxJaxJaeH!e, INOTHOCTh Kareilb UCTapseMoro Be-
IIeCTBa KaK (pyHKINS HHTEHCHUBHOCTH BIbIXaHus F n 1.1

B nmannoM BapumanTe ocymiecTBiieHHs Hanpspkenne UQ akkymyisitopa 3 m3MepsieTcsl BBIYUCIHTEILHBIMH
cpeactBamu 30. Kak BapuaHT, 5TO HanpspKEeHHE MOXKET CUMTATHCS MTOCTOSHHBIM U PaBHBIM HOMHHAJIEHOMY 3HA-
YEHHIO aKKyMYJIATOpA.

Onucanne BTOPOro BApUAHTA OCYIEeCTBJIEHUS N300peTeHUs

B BapmanTe ocymectBienus ¢ ur. 1 nBe mocienosarenbubie BeTBU RC-tienu 11, 12 u ycumutens 20 nc-
MOJIB3YIOTCS JUTSl BBIYMCIICHHS M3MeHeHns B HanpspkeHnd AU10(t) Ha BIBoiax HarpeBaTesbHOro ayiemeHTa 10.

Kak BapmaHT, 11 Kak IOKa3aHO Ha (UT. 5, MOXKET, HAIIPUMED, UCTIONIB30BaThCs enb 500, BKIoUaromas Tpu
BetBH RC-1ier u1 aBa ycwmmrens 20, 20,.

B manHOM BapmaHTE OCYIIECTBICHUS

nepBast BetBb RC-ennt (R11/C11) ouenp O1M3KO ciemyeT HampsDKEHHIO Ha BBIBOJAX HArpeBaTelIbHOTO
anemenTa R10 m mpezacTaBisieT ompenelieHHe HANpsDKEHMST HA BBIBOJIAX HarpeBaTelbHOTO anemeHTa R10(t) B
MOMEHT t H3MEPEHUS;

BTopas BeTBb RC-ienn (R12/C12) ¢ HeOompmIoit 3anepxKoi dt cieayeT HanpsDKEHHUIO Ha BBIBOJIAX Harpe-
BaTesbHOTO 3eMeHTa R10 u mpeacTaBisieT onpeaesaeHue Toro, KakuM Obl1o Hanpsbkenue R10(t-dt) Ha BeIBomax
HarpeBartesnbHoro aneMenTa R10 B mpornuisrii MOMEHT t-dt, OIM3KHI K MOMEHTY t H3MEpEHNS;

TpeThs BeTBb RC-1ierm (R13/C13) ¢ Gosree 3HaunTeIbHON 3a1epkKkoil Dt ciieqyer HanpsHKEHUIO Ha BBIBO-
JlaX HarpeBatenbHOTO d7eMeHTa R10 m mpeacraBiseT onpeaeneHue Toro, kakuMm Obuto HampspkeHue R10(t-Dt)
Ha BBIBOJIaX HarpeBaTebHOTO deMenTa R10 B mpommsiii MoMeHT t-Dt, 6osiee oTaaleHHBI OT MOMEHTA t U3Me-
peHHS.

B oT0i1 cBsI3u MOCTOSIHHBIE BpeMeHH TpeX BeTBel RC-meny BoIOpaHbI Tak, 9TOOBI BBIOHSIOCH CIEIYIO-
IIee BBIpaKEHHE:

RI1.C11 <R12.C12 < R13.C13;

Kpome toro, amst Gosiee TOYHOTO OTCIEKHMBAHHMS MOKET OBITH O0Jiee ONTHUMAaIbHO, YTOOB! BBIOIHSIOCH
Cledyollee BhIpakeHHE:

(R11.C11)/(R12.C12) < (R12.C12)/(R13.C13)

Hwu omun n3 xommorenToB nenu 500 He nMeeT COOCTBEHHBIX XapaKTEPHCTUK, HA KOTOPHIEC BIUSIOT BAbIXa-
HUSL.

B manHOM BapmaHTe ocymiecTBieHus 1enb S00 nMeet detsipe BhiBosa B1, B2, B3 u B4.

Kak u B mepBoM BapHaHTe OCYIIECTBICHHUS KOJINIECTBO HCIAPEHHOTO BEIIECTBA 32 HEKOTOPHII MEPHOJ Ky-
peHUS BBIYMCIISICTCS 110 MHTCHCUBHOCTH BABIXaHUS F, BBIYMCIICHHOW ITyTEeM MHTETPUPOBAHUS PAa3HHII 32 HEKO-
TOPBII TIEpHOJ KypeHHUsI MKy NPHONMKEHHBIM 3Ha4eHHeM n3MeHeHus B HanpspkeHnn U10(t) Ha BBIBOAax Ha-
rpeBarenbHOrO 3MeMenTa 10 u TeopetrmueckuM 3HadeHHeM AU10y(t) 9TOT0 MpHUOIMKEHHOTO 3HAYCHHS H3MEHE-
HUS B HANPSDKEHUH TIPH OTCYTCTBUY BIBIXaHHUH 32 NEPUO KypEeHHSI.

OpHaKO MOCKOJBKY, KaK NMPEUMYILECTBO, B JaHHOM BapHaHTE OCYIIECTBIICHHUS OCYIIECTBISIOTCS JIBE all-
npokcnmarmn AU10"yps(t) 1 AU10%ps(t) n3smenenust B Hanpsoxerns U10(t) Ha BBIBOAX HATPEBATEIBHOTO JIc-
MmeHTa 10 3a mepuon KypeHus, IepBoe NpUOIMKEHHOEe 3HAYEHHE M3MepSIoT Ha BhiBogax Bl u B2 nermm 500, u
BTOpOE NPUOIMKEHHOE 3HaYEeHHE U3MEPSIIOT Ha BeIBogax B3 u B4 nerm 500.

OTOT BapHaHT OCYLIECTBIICHUS MpEAJiaraeT yay4dlleHHe BHIYNCICHNSI U3MEHCHHUH B HANpPSDKCHUU Ha BBIBO-
JlaX HarpeBaTeJIbHOTO 3eMeHTa 10, mpr 3TOM HE3aBUCHMO OT XapaKTEePUCTHK BIBIXAHHUS.

JleficTBUTENBEHO, IIOCPEACTBOM BEIOOpA IIOCTOSTHHBIX BPEMEHHN

HanpsbkeHre, n3MepeHHoe Ha BeiBoJax Bl u B2 nemm 500, nmpencrasiiser, B 4aCTHOCTH, HalpsDKCHUE Ha
BBIBOJIAX HarpeBaTeIbHOTO AreMenTa R10 ams ompeneneHHOro Tma BABIXAaHUS, HAIPUMEp, OBICTPOE W/WIIA WH-
TEHCWBHOE WJIM HEPAaBHOMEPHOE BIIBIXaHUE; B TO BPEMS KaK

HanpsbKeHre, u3MepeHHoe Ha BhIBoAax B3 m B4 merm 500, nmpencTaBiser, B 4aCTHOCTH HaIpsDKEHHE Ha
BBIBOJIaX HarpeBaTesIbHOTO 31eMenTa R10 it Apyroro THma BAOpIXaHMs, HAIPUMED, MEIUIEHHOE W/WIIN HETTy0o-
KO€ WM HETIPEPBHIBHOE BIIBIXaHHE.

CrenoBarenbHO, B JaHHOM BapHWaHTE OCYIIECTBICHHS CTpouM nBe ciemyromue kpuBble AUIlOygs(t) u
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AU10Mes(t) = K1 AUT0 yes(t) + K2 AU10%Es(t)

AU10ma(t) = K1 AU10 H(t) + K2 AU10?mm(t)

rae AUL0'1(t) 1 AU10*my(t) - TeopeTHueckue 3HadeHMsi NpHOMIDKeHHbIX 3HadeHmit AU10'ygps(t) u
AU10yps(t) IpH OTCYTCTBHE BIBIXAHHS 32 TIEPUO KYPCHHSL.

CrnenoBatenbHO, UIS TOTO, YTOOBI BRIYHCINTh MHTCHCUBHOCTHh F BIbIXaHWS, (UKCHpYEM 00JACTh MEXKIY
3tuMu IByMsT KpUBBIMH AU 10ygs 1 AU10y.

Koappunnenter K1 n K2 ¢puxcupoBanHbIe W onpeeNieHbl Kak (YHKINS MMOCTOSHHBIX BpeMeHH RC-nenn
(3ragennst R11.C11, R12.C12 w R13.C13).

Ora napa ko3 HUIIHEHTOB MOXKET OBITh BHIOpaHa, HO 0€3 OTpaHHUYEHHUs, B COOTBETCTBUU C OJJHUM W3 YEThI-
pex CIeAyIomUX MPUMEPOB:

ITpumep 1:

K1=1/2;

K2=1/2

Ipumep 2:

KI1=(R11.C11+R12.C12)/(R11.C11+2.R12.C12+R13.C13);

K2=(R12.C12+R13.C13)/(R11.C11+2.R12.C12+R13.C13)

ITpumep 3:

K1=R12.C12/(R11.C11)/((R12.C12)/(R11.C11)+(R13.C13)/(R12.C12));

K2=R13.C13/(R12.C12)/((R12.C12)/(R11.C11)+(R13.C13)/(R12.C12))

[Ipumep 4:

KI1=(R12.C12-R11.C11)/(R13.C13-R11.C11);

K2=(R13.C13-R12.C12)/(R13.C13-R11.C11)

Jlnst Toro, 49toObl oOecmednTh NPaBHIBHYIO pPaboTy, 3TH KO3((GHUIHUEHTBI MOTYT OBITHh TpOBEpe-
HBI/TIOATBEPIKIACHBI B JJAOOpATOPHUH.

Onncanne TpeTbhero BApUAHTA OCYIEeCTBJICHHS H300peTeHus

B BapuanTe ocymecTBIeHUS ¢ Qur. 6 MepeMeHHAas, KOTOPYIO BBIYUCISIOT JJIsI HANPSDKCHUS Ha BBIBOJAX
HarpeBaTebHOTO dJIeMeHTa, sBisieTcs He n3menenneM AU10(t) aToro HanpspkeHus, a 3HadeHuem U10(t) aToro
HAINPSDKCHUS KaK TAKOBOTO.

B nanHOM BapmanTe ocymiecTBieHHs U300peTreHus 3To 3HaueHne U10(t) BEIYUCISIIOT, H3MEpsisl HAaIpsDKe-
uue U5-U10 na BeiBogax B1 u B2 nenn 500, B 1TaHHOM npuMepe - U3MEPHUTENbHBIM CONPOTUBIEHUEM R.

Bonee koHKpETHO, IO ypaBHEHHIO (3)

U10(t) =R10/R.(U5 — U10)(t) “4)

Jlyist 9TOTO BapHMaHTa OCYIIECTBICHUS TpeOyeTcs, YToObl BHIYMCIUTENbHBIE cpeacTBa 30 ObUIM TOACOeaHN-
HeHBI K BeIBoJaM B1 u B2 n3mepurensHoro conportuBieHus R, 9to6sl Touno n3meputs nsmenenus B US-U10.

Ha ¢wur. 7 mokazano

npubmmkennoe 3HadeHue UlOygs(t) Hanpsokenuss U10(t) Ha BBIBOJaxX HarpeBaresqbrHOro dyeMeHTta 10 3a
TIEpHOJ KypEeHUsl, BRIYUCIICHHOE C MCIIOIb30BaHueM ypaBHeHHsI (4), ipu 3toM pazauma (US5-U10)(t) npencrapis-
eT co00 pa3HHIly MOTEHIINAJIOB, H3MEPEHHBIX BRIYHCIUTENBHBIMU cpenacTBamMu 30 ¢ pur. 6 mexay Toukamu Bl
n B2;

BBIYHCIIeHUE TTpuOImKkenHoro 3Hauenns UlOy(t) Ha BRIBOJAaX HarpeBaTenbHOTo dyeMenTta 10 mpu oTcyT-
CTBHH BIBIXaHUH 32 YIOMSHYTHIN IEPUO KYPEHHS;

MHTCHCUBHOCTH F BIBIXaHUS, COOTBETCTBYIONIYIO MHTErpanuu pasHuipl Mexay UlOygs(t) m Ul0ry(t) 3a
MIEpHOJI KypeHHUSL.

Omnucanne 4eTBEPTOro BAPHAHTA OCYIIECTBJIEHHSI H300peTeHus

B uyerBepTOM BapmaHTE OCYINECTBICHHS, IOKa3aHHOM Ha (Gur. 8, 4YroObl BEIYKCIUTH H3MCHCHUC
AUpygs10(t) B HanpsbkeHUH Ha BBIBOAAX HarpeBaTebHOro 3yeMeHTa 10, Kak ¥ B MEPBOM BapHaHTE OCYIIECTRIIC-
HUS HAaXOJSIT pasHULy Mexny nBymst HanpspkeHusmu U12(t) m U11(t) va BeiBomax B1 n B2 nenm 500, pu aTom
Ka)XJI0€ U3 THX HAINPSDKCHUH JaeT MPUOIMKEHHOE 3HAUYCHUC HATPSHKCHHS HAa BBIBOJAX HATPEBATEIBHOTO 3JIe-
MeHTa (10) B MOMEHTBI, KOTOpbIE HEMHOTO CIBUHYTHI TTO BpEMEHH.

B nmannOoM BapmaHTe ocymecTBiIeHHS 1ernb 500 UCTIONB3YIOT IS CO3AAaHUS TaKOH 3alep>KKU C MOMOIIBIO
TUHUY 3a1epkKu 90 Mexay Toukamu u3Mmepenus Hanpspkeauit Ul 1(t) u U12(t).

Takast THHHA 3a7ePKKH MOXKET OBITH CQOPMHUPOBaHa, HATIPUMEDP

0OJIBIIION EMKOCTHIO;

aHaIoTrO-ITU(POBBIM Mpeodpa3zoBaTeNieM, COSTUHEHHBIM C U(PPOaHATIOTOBBIM IIPe0Opa3oBaTeeM.

Brpixanus He BIUSIFOT HAa COOCTBEHHBIC XapaKTCPUCTHKH JTMHUU 3a1epKKU 90.

Onucanne NATOro BAPHAHTA OCYLIEeCTBJICHHS H300peTeHns

B geTtBepTOM BapuaHTe ocyriecTBieHUsT n300peTenus n3meneHne AUyps10(t) B HampspDKeHUH Ha BBIBOAX
HarpeBarebHOro aeMenTa 10 MOXKeT OBITh Tak)Ke ONpPEEICHO IyTeM BBIYHMCICHHUS BPEMEHHON IPOU3BOIHOM
nsMepsieMoro HanpsokeHus Ul0Qygps(t), Kak B TpeTheM BapHaHTE OCYIIECTBIICHHUS, C IIOMOIIBIO BRIYHCIUTEIBHBIX
cpencts 30 ¢ dur. 6 Mexy Toukamu Bl u B2.

DT0 3HAYEHHE MOYKHO CPaBHHTH ¢ TeopeTudeckuM m3mMeHeHneM AUryl10(t) HanmpspkeHHsI Ha BBIBOAAX Ha-
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rpeBaTeNbHOro 3MeMenTa 10 mpu OTCYTCTBUM BIBIXaHUH, KaK B IEPBOM BapUAHTE OCYIICCTBICHHUS.

Ha ¢wur. 9 B popme TexHONIOTHUECKOH CXEMBI IOKa3aH CIIOcO0 ONMpeneNeHus] KOJNYeCTBA HUCIIapEHHOTO
BEIIIECTBA B COOTBETCTBUH C OJTHUM KOHKPETHBIM BapHaHTOM OCYIIECTBICHUS H300pETCHHUS.

DTOT crmoco0 MOXKET OBITh peajn30BaH, HAPUMEDP, BEIYUCITUTEILHBIME cpencTBaMu 30 3JIeKTPOHHOH CH-
rapetsl ¢ ¢ur. 1.

Ha srane E10 Beraucnutensabie cpenctsa 30 OTCIEKUBAIOT HAXKATHE KHOIIKH, MPUBOSIIEE K 3aMbIKaHUIO
nepexirodatens 5. MomeHt t1 oOHapyKeHHs COXpaHIeTCs B TaMATH.

Ha srane E20, cpa3y xe mociie Takoro MOMEHTa 00HApYKEHHsI, BRIYHCIUTENbHbBIE cpencTBa 30 U3MepsIoT
HanpspkeHune UO, momaBaeMoe akKyMyJssiTopoM 3, W yaenbHoe compotusienne R10(t1) narpesarenbHOro aie-
MECHTA.

Ha srane E30 kaxzapie 20 Mc 10 MoMeHTa t4 0OHapyKeHHSI OTITYCKAHHsI KHOIIKH, MPUBOISIIETO K Pa3Mbl-
KaHUIO NepeKIItoyarens 5, BBIUUCIUTENbHBIE cpencTa 30

mmepstoT AU10ys(t) (moTeHInan Ha BeiBoie 9);

BEIIHCISIOT AU107y(t), OCyImecTBIsis CYMThIBAaHUE U3 MEepBOi 0a3bl maHHBIX BD1 B nHTEpBane Mexmy Mo-
MeHTami t1 u t1+800 mc.

B maTepBane mexay momentamu t1+800 mc u t4 oru Beramcistor AU 10y(t)=0.

Ha srane E40 Boruncnutenbuble cpenctBa 30 BHIYUCIAIOT MOMEHT t2 Havasa BAbIXaHHUs, IPUYEM 3TOT MO-
MEHT SIBJISICTCS TIEPBBIM MOMEHTOM Ioce t1, Tak 4To

IAU10MEs(t2) - AUL10TH(t2)] > ST2.

Ha srane E50 Beruucnurensuble cpeactsa 30 BEIUMCISAIOT HHTEHCUBHOCTH F BIbIXaHus B hopMe UHTETpHU-
poBanwus pazHUIel MeKIy AU10ygs(t) 1 AU10y(t) B mHTEpBaEe Mexay t2 u t4.

Ha stane E60 Boruncnutenbhble cpeacTBa 30 BRIYUCISIIOT KOJIUYECTBO UCIIAPEHHOTO BELIECTBA MEXY t2 U
t4, 3anpamBasi BTopyro 6a3y naHHbIX B2.

DOOPMYVYIJIA N30BPETEHUA

1. DOnexrponHas curaperta (1), BKIroJaromas HarpeBaTeabHbIN d1eMeHT (10), ToIXoasMImuiA sl UCTIapeHUs
BEIIIECTBA 32 HEKOTOPBINM Nepuo KypeHHs, OTINYAI0MAsics TeM, YTO OHa BKJIto4YaeT cpeactsa (30) amst

omnpenenenus npudimkennoro 3HaueHus (U10MES(t)) xapakrepuctuku Hanpspkeus (U10(t)) Ha BbIBO-
Jlax HarpeBareJbHOTO 31eMenTa (10) 3a nmepruos KypeHus, IpuieM YHOMSIHYTOE ITPUOIIKEHHOE 3HaUCHUE U3Me-
psitoT Ha BeiBozax (B1, B2) nenm (500), mapameTpbl 21eMEHTOB KOTOPOH HE OABEP>KEHBI BIUSHUIO BABIXaHUS;

Ipu 3TOM yKa3aHHas memb (500) coemuHeHa Mex Ty HarpeBaTelbHBIM 31eMeHToM (10) u cpencrBamu (30)
n3Mmepenust npuommwkenHoro 3HaueHuss (UIOMES(t)) xapakrepuctuku Hanpspkenus (U10(t)) n BbINONHEHA C
BO3MO>KHOCTBIO CO3/JaHMUS HICKYCCTBEHHOT'O CIIBHTaA 110 BpeMEHH (At) MEXly yKa3aHHBIMH BBIBOJIAMH XapaKTepH-
ctuk Hanpspkenuit (B1, B2), npuuem sTa 3axepxka (At) obecriednBaeT MojgydeHHE ONCHKH M3MEHEHUS Hamps-
JKEHUS Ha BBIBOJIAX HarpeBaTeJIbHOTO 3ieMeHTa (10) MexX Iy MOMEHTOM BpeMeHH t-At ¥ MOMEHTOM BpEMEHH t;

BBIYMCIIEHUS TpHOmmKeHHoro Tteoperndeckoro 3Hadenust (U10TH(t)) XapakTepuCTHKHM HampshKEHUS
(U10(t)) Ha BBIBOJAX HarpeBaTeiabHOTO 31eMenTa (10) mpu OTCYTCTBHM BIBIXaHHHI 3a TaKOM HEPHOI KYpEHHS C
MIPUMEHEHUEM TI0 MEHbIeH Mepe oaHo# 0a3pl maHHbIX (BD1), B KOTOpO#l mpeaBapuTENbHO COXpAaHEHBI 3HAUE-
HUS TpuOIKeHHoro Teoperndeckoro 3Hadenust (AU10TH(t), U10TH(t)) xapakTepuCTHKH HampsyKEHHS
(U10(t)) Ha BBIBOaX HarpeBatenbHOTo d1eMenTa (10) mpu OTCYTCTBUY BABIXAHHUHA U B MIEPEXOJHOM COCTOSTHUH B
pa3HbIe MOMEHTHI BDEMEHH;

BBIYHCIICHUS] HHTCHCUBHOCTH (F) BABIXaHUI 3a yKa3aHHBIN MEPHOA KYypEHUsI IIyTeM MHTETPHUPOBAHUS pa3-
HOCTH MEXJly IpUOMMKEHHBIMH 3HAUYCHNSIMH XapaKTePUCTUKH HANIPSDKEHUS 3a MEPHO KypeHUs U

BBIYHCIICHHUS YKa3aHHOTO KOJMYECTBA BEIIECTBA, NCIIAPSIEMOT0 HarpeBaTEIbHBIM 3JIEMEHTOM, 110 MEHBILICH
Mepe, TIpH YKa3aHHOW MHTEHCHBHOCTH, C IPUMEHEHHEM 0 MEHbIIeH Mepe oHO# 0a3bl naHHEIX (BD2), conep-
JKallel cBeneHus sl ONpeesieH s KOJMUeCTBa UCIIApPEHHOTI0 BEUIECTBA 3a MEPUOJ KypeHUs 10 YeThIpeM Hapa-
METpaM: MPOAOJLKUTEIHHOCTH MEepHUOAa KypEeHUs], XapaKTepUCTUKU HANPSDKECHHS Ha BBIBOJIAX HarpeBaTelIbHOTO
anemenTa (10), comporusnenus (R10(t)) marpeBarensHoro 3nmementa (10), nareHcHBHOCTH Babixanus (F); mpu-
yeM xapaktepuctuka Hanpspkenust (U10(t)) mpeactaBisier coOol HampspKEHHME Ha BBIBOAAX HArpeBaTENIbHOTO
snementa (U10(t)) B JaHHBIN MOMEHT BPEMEHH.

2. Crioco6 BeUHCICHUS BpeMeHH (t2) Hadalla BIBIXaHUS IS DJIEKTPOHHOW CHUTApETHI 10 II. 1, TIpudeM cro-
€00 BKIIIOUaeT

onpenenenue (E30) npubnmkennoro 3nauenus (AUTOMES(t), UIOMES(t)) xapakTepUCTHKN HANPsHKEHHS
(U10(t)) va BeIBoAax HarpeBateiabHOro 3nemMeHTa (10) anmexTpoHHOM curapetsl B TeueHue (1) meproaa KypeHus,
prydeM MPUOIMHKEHHOE 3HAYEeHUE XapaKTEPUCTUKH HANpsDKEHUS M3MEPSIOT Ha yka3aHHBIX BeiBojax (Bl, B2)
nienu (500), mprcoenMHEHHONW K HarpeBaTeIbHOMY dyieMeHTy (10), mapaMeTpsl 3JIEMEHTOB KOTOPOU HE MOABEP-
JKCHBI BIINSTHUIO BIIBIXAHUS;

Berancnenue (E30) npubmmkennoro Teoperndeckoro 3Hauenus (AU10TH(t), U10TH(t)) xapakTepucTuku
HarpspkeHust (U10(t)) Ha BBIBOAax HarpeBaTenbHOro 3ieMenTa (10) mpu OTCYTCTBUM BIBIXaHWH B TCUCHHE IIe-
pHoaa KypeHus;

Beruncienue (ES0) narencusHocTn (F) BapIxanwii 3a yka3aHHbIH NEepHOA KypeHHUS IIyTEM HHTETPUPOBAHUS

-8 -
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PAa3HOCTU MCKAY HpI/I6J'II/I)K€HHLIMI/I 3HAUCHUAMU XaPAKTCPUCTUK HANPSKCHUS 3a IICPUO KYPCHUS U

BBIYHUCJICHUC (E60) YKa3aHHOT'O KOJHMYECTBA BCIUICCTBA, UCIAPACMOI'0 HArpCeBATCJIbHBIM 3JIEMCHTOM, II0

MEHBIIEH Mepe, P yKa3aHHOW MHTCHCHBHOCTH, ITpudeM xapakTepructuka HanpspkeHus (U10(t)) npencrasiser
co0oii HanpsKeHHE Ha BhIBOJIaX HarpeBareabHoro dementa (U10(t)) B JaHHBII MOMEHT BPEMEHH.

3. Croco6 1o 1.2, B koTopom npudamkennoe 3nadenne (U10MES(t)) nanpsoxenus (U10(t)) Ha BeIBogax
HarpeBaTeIbHOIO AJIEMEHTA OMPEACIAIOT M0 HAIPSHKEHHUIO, N3MEPEHHOMY Ha BBIBOJAX M3MEPHUTEIHHOTO COMpPO-
tuBneHus (R), coeMMHEHHOTO MOCIEI0BATEIFHO ¢ HArPEBaTENbHEIM 37ieMeHTOM (10).
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t4 t
Dur. 2

AU10TH= G.(U12-U11)

Tlepexoanoe cocTosnue CranmonapHoe cocTosHe

|

|
|
|
|
I

o

W ;

\

®Dur. 3



038759

V Automes
AU10TH

AU10mes AU10TH
S

=
s
|
%
=

Dur. 4

201 202

500
5 Bi| [B2 B3| |B4

] . { A B c
3 5 § 5
R R11 R12 R13

u1o

500
R10()

Dur. 6

U10mH ®

UO'L —
- -
= Utones (¥

S
3

dur. 7

-10 -



038759

10 500-

30

RA0(t) B2
®ur. 8
H "~ E10
U0, R10(t1) " E20
{t
AU10TH (t) I E30
AU10ues'
Her 0
Ha
t2 " E40
F E50
BD2— Komucerso [\ E60

dur. 9

@ EBpa3uiickas naTeHTHasi opraHusaums, EAMB

Poccusi, 109012, MockBa, Manblii Yepkacckuit nep., 2

-11 -




	Bibliographic data
	Abstract
	Description
	Claims
	Drawings

