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O0J1acTh TEXHHKH, K KOTOPOi OTHOCHTCS M300peTeHHe

Hacrosimee m3o0peTeHre OTHOCUTCS K OJIOKY TMTaHMS AJISL a9PO30JBHOTO MHTASITOPA, K adpO30JIbHOMY
HUHTAIATOPY, K CIOCO0Y yIpaBIeHUS NCTOYHUKOM ITHUTAHUS a’pO30JIBHOTO WHTAIATOPA, W K IpOTrpaMMe yIpaB-
JICHHUSI UCTOYHUKOM MTUTAHUS a3PO30JIEHOTO HHTAIATOpA.

YpoBeHb TeXHUKH

B mponake mmeercss adpo30JBHBIN MHTAIATOP, KOTOPHIA BKIIOYAeT MCTOYHHUK T€HEPHPOBAHUS adpPO307Is,
HArpy3Ky JAJIsl TEHEPHPOBAHUS a3pPO30JsI U3 MCTOYHMKA TEHEPUPOBAHMS a’pO30JIs, HCTOYHHK MUTAHUS, CIIOCO0-
HBIH MTOBOJUTH AJIEKTPOIHEPTHIO K HATpy3Ke, M OJIOK YIIpaBICHUS IS YIPaBICHUS UCTOYHUKOM IMHUTaHUS (Ha-
npumep, cMoTpu IlatentHele JlokymeHTs! 1-3).

IMatentHslit JJoxkyment 1: JP-A-2018-093877

IMatentHslit JJokyment 2: JP-A-2018-057384

IMatentHslit JJoxyment 3: JP-A-2018-019695

[TockonbKy a’pO30JIbHBIM HHTAIATOP MOXKET HCIIOIb30BAThCS YaCTO, CTOJIb )K€ YacTO MOTYT BBITIOJTHSATHCS
3apsizika U pas3ps MCTOYHHKA NMUTAHHUS a3po30JIbHOrO MHrajsTopa. [1o 3Toit npuunHe HE0OX0IUMO NpEeIoTBpa-
MIaTh YXyAUIeHHE pab0TOCIIOCOOHOCTH HCTOYHHKA MU TAHMS.

Iens HacTOSAIIEr0 N300pPETEHUS COCTOUT B CO3/IaHUH OJOKa MUTAHUS [UIS a9PO30JIEHOTO WHTAIATOPA, CIO-
co0a ympaBieHHS MCTOYHHKOM MHTAHHS a’pO30JHHOTO MHTANSATOPA, M MPOTPaMMBbl YIPABICHUS HCTOYHHKOM
MUTAaHUS a3PO30JBHOTO MHTAISATOPA, CIIOCOOHBIX MPEIOTBpAlIaTh YXyALICHHE PabOTOCIIOCOOHOCTH MCTOYHHKA
MUTAHUS.

CyurHocThb u300peTeHust

CornacHO OZHOMY acleKTy HM300peTeHUs], NMPEACTaBICH OJIOK MUTAHWS Ul adpO30JbHOTO MHTalsTopa,
npuyueM OJIOK MUTAHUs BKIIOYAET: UCTOYHHK IMTaHUS, KOTOPBIN BBIIOJHEH C BO3MOKHOCTBIO TTOJIBOJMTH JICK-
TPOJHEPIUIO K HArpy3Ke Uil TeHEPHUPOBAHMS adpO30JIsl U3 NCTOUYHHMKA TCHEPUPOBAHUS a3p030Jisi; M OJIOK yrpas-
JICHUsI, KOTOPBIN BBHITIOJIHEH C BO3MOKHOCTBIO YIPABJICHUs 110 MEHBILCH Mepe OIHUM U3 3apsiIKu U pa3psja Huc-
TOYHMKA IUTaHMS TaK, YTO MCTOYHUK MUTAHHS HE CTAHOBUTCS HPHILIEIIINM B OIHO MM 002 M3 COCTOSIHUS TIOJI-
HOM 3apsIKH M COCTOSIHHS IPEKPaIIeHIs pa3psaa.

Kpartkoe onucanue uepre:xeit

@ur. | mpencTaBiIseT MEPCIEKTUBHBIA BU a3PO30JIEHOTO MHTAISATOPA, OCHAIIEHHOTO OJOKOM MHUTAHUS, B
OJTHOM BapHaHTE OCYIIECTBICHHS HACTOSIIETO H300pETeHHUS.

@Owur. 2 mpencTaBiseT emle OJUH MePCICKTUBHBIA BH]T a3p030JIbHOTO HHTAISITOpA U3 Qur. 1.

@wur. 3 mpencTaBisgeT BHI B pa3pe3e adpo30JIbHOT0 HHTAIsATOpa u3 dur. 1.

@ur. 4 npencraBiseT NEPCIIEKTUBHBIA BUJ OJI0Ka MUTAaHKS B a9PO30JI6HOM HHTansTope u3 ¢ur. 1.

@ur. 5 npencrasnseT GJIOK-CXEMY, HIUTIOCTPHPYIOIIYIO OCHOBHBIE YaCTH KOH(QUIYpauy OJIOKa MUTaHUS B
a’pO30JILHOM MHTAJIsITOpe U3 Gur. 1.

dur. 6 npencraBiseT cxeMaTHYeCKoe M300pakeHHe, WLTIOCTPUPYIOIIee KOHPUTYpanuio dIIeKTPHYECKOH
CXeMBbI 0JIOKa IUTaHMS B a9PO30JILHOM HHrassiTope u3 dur. 1.

@ur. 7 npencrasiseT BUI, WITIOCTPUPYIOUIUH NPUMEP B3aHMMOCBS3H MEXIY €MKOCTHIO HCTOYHHKA IHTa-
HUA 13 GUT. 6 TPHU IIOIHOW 3apsiKe, KOr/a MCTOYHUK IMUTAHHS SBJSIETCS COBEPIICHHO HOBBIM, U KOJMYECTBOM
3JIEKTPOIHEPTUH, aKKYMYJTHUPOBAHHONW B MICTOUYHMKE TIMTAHI, KOTJa 3apsiiKa 3aBEepIIacTCs.

@wr. § mpeacTapiseT BUA, WLTIOCTPUPYIOUIHI MPUMEpP B3aUMOCBI3H MEXIY €MKOCTHIO MCTOYHHKA MTHTA-
HUS 13 QUr. 6 MpH MOTHON 3apsiiKe, KOTJa pa3BUBACTCA JIETpajalliisi HCTOYHUKA MUTAaHHUSA, U KOJTHMIECTBOM DJICK-
TPOPHEPTUH, AKKYMYJIHPOBAHHOW B MICTOUYHHUKE MMUTAHMA, KOTA 3apsIKa 3aBEpIIacTCs.

®ur. 9 npencrasiseT BUI, WITIOCTPUPYIOLUIHH NPUMEP B3aMMOCBS3H MEXY €MKOCTHIO HCTOYHHKA IHTa-
HUA 13 (ur. 6 MpH MOJIHOW 3apsiKe, KOTAa Nerpajalis ICTOYHUKA MMTaHUs pa3BUBAETCA €lle OoJIbIle, ¥ KOJIU-
YECTBOM 3JIEKTPOIHEPTUH, aKKyMYJIMPOBAaHHOW B HCTOUYHHUKE MTUTAHMSI, KOTa 3aps/IKa 3aBepIIaeTcs.

@ur. 10 npencraiseT BUJ, HIUTIOCTPUPYIOIINHA TpUMep B3aUMOCBS3H MEKAY €MKOCThIO HCTOYHHKA IHUTa-
HUA U3 (ur. 6 MpH IMOJTHOH 3apsiKe, KOT/a NCTOYHUK ITUTAHUS SIBJISICTCS COBEPILICHHO HOBBIM, U KOJIMUYECTBOM
JJIEKTPOIHEPTUH, aKKYMYJIMPOBAaHHON B NCTOYHHMKE MUTAHMs, KOTJa 3alpeIiacTcs pa3psil.

®ur. 11 npencraBnser BU, WUTIOCTPUPYIOIIUNA PUMEP B3aUMOCBSI3H MEXIY €MKOCTbIO HCTOYHUKA ITHTa-
HUS 13 GUr. 6 MU MOTHON 3apsiiKe, KOTJa pa3BUBACTCA JIETpalaliisl HCTOYHUKA MMUTAaHUSA, U KOJTMIECTBOM dJICK-
TPOPHEPTUH, AKKYMYIHPOBAHHON B ICTOYHUKE MUTAHI, KOTJA 3alIPEIIaeTCs pa3psiz.

@ur. 12 npeacTaBiseT BUA, WUTIOCTPUPYIOIINI IPUMEpP B3aMMOCBSI3H MEKIY EMKOCTBIO HCTOYHHUKA ITHTA-
HUS U3 GuUT. 6 TIPU NOJTHOM 3apsiike, KOTAA Ierpajaliiisl HICTOYHNKA MUTaHUSI Pa3BUBACTCS eIie OOJbIe, W KOJIH-
YECTBOM 3JIEKTPOIHEPTHH, aKKYMYJTHPOBAHHON B MCTOYHUKE IMUTAHUS, KOTA 3alPeIacTCs pa3psi.

Onncanne BADHAHTOB OCYIIECTBJICHUS H300peTeHNs

Janee OyzmeT onmcaH OJIOK MUTaHUS IS a9PO30JHHOTO MHTAISITOPA COTJIACHO BapHaHTY OCYIIECTBICHUS
HacTosiero n3ooperenns. CHavdana OyJeT ONMCcaH OCHAICHHBIH OJIOKOM MUTaHHS a3pO30JIbHBIN HHTAISITOP, CO
ccputkoi Ha ¢ur. 1 u 2.

A3p030JILHBIN HHTATATOP

Adpo30bHBII UHTAIATOP | TpeAcTaBisieT cO00H yCTPOMCTBO JUISl BIBIXaHUS COAEPIKALIETO apoMar a’po-
301151 63 TOpEeHUs, U UMEET CTEP)KHEBUAHYIO (GOPMY, MPOTSHKEHHYIO BJIOJb ONPECIICHHOTO HAIIPaBIICHU (1ajee
Ha3bIBAEMOTO MPOIOJIHBIM HanpaBieHHeM A). Adp0o30JbHBIN HHTANATOP | BKIFoUaeT 610K 10 muTanus, nepBoIi
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kapTpumk 20 u Bropoit kapTpumk 30, KOTOpble pa3MEIIeHbl B 3TOM MOPSIIKE BIOJb MPOIOIEHOTO HAIIPABICHHS
A. Tlepsbiit kapTpuk 20 MOXKeT OBITH IpHUcoeaAnHeH K 010Ky 10 mUTaHus M OTCOEAMHEH OT Hero. Bropoi kap-
TpumK 30 MOXKET OBITh IPUCOESIUHEH K TIEPBOMY KapTpuKy 20 ¥ OTCOSTUHEH OT Hero. J[pyrumu cioBamH, mep-
BB KapTpuK 20 ¥ BTOPOH KapTpuHK 30 MOTYT 3aMEHATHCS HHAWBHIYILHO.

Baok nuranus

Brox 10 muTaHus COTIACHO HACTOSAIIEMY BapHaHTY OCYIIECTBIICHHUS BKIIOYAaeT UCTOYHUK 12 muTaHus, 3a-
psagHyto uHTEerpanbHyio cxemy IC 55, 610k 50 ympasnenus (MCU), Beikimtouatens 19, qatauk 16 HanpspKeHHS,
pas3IUYHbIC TaTYUKH, M TaK Jajiee, B MIIHHAPUIECKOM Kopryce 11 O10ka muTaHus, Kak moka3aHo Ha ¢ur. 3, 4 u
6. Ucrounuk 12 nmuraHus npencTaBiseT coOol 3apspkaeMylo BTOPHUYHYIO OaTapero, SJIEKTPUYECKHH JABYXCIION-
HBIIl KOHJICHCATOp, WIN TOMY MOJOOHBIC, U MPEAIOYTHTEIBHO MIPEACTABISET COOOH JINTHH-MOHHBIN aKKyMYyJIsi-
TOP.

Ha Bepxneii wactu 11a kopmyca 11 0ioka nuTaHusI, HAXOASIICHCS HA CTOPOHE OJHOTO KOHIIA IO TPOJI0ITh-
HOMY HaIlpaBJIeHHIO A (CTOpOHe mepBoro kaprpumxa (20)), pasmenaercs pa3psasbii Tepmunan 41. Pazpsaausrit
TepMuHaN 41 pa3Mmeniaercs Tak, 4YTOOBI BBICTYNATh M3 BEPXHEH MOBEPXHOCTH BepxHeH dactu 1la B cTopoHy
nepBoro kaptpumka 20, ¥ BRITIOTHEH TaK, YTOOBI OBITh IPUTOAHBIM IS DJIEKTPUIECKOTO MIPUCOCTUHEHUS K Ha-
rpy3ke 21 mepBoro kaptpumka 20.

Kpome Toro, Ha yacTh BepXHel MOBEPXHOCTH BepxHel yacTu 11a BOMM3M paspsaHoro TepmuHana 41 pas-
MEIIeH yJacTOK 42 1ojaum BO3IyXa IS TIOJIBEICHUS BO3ayXa K Harpy3ke 21 mepBoro kaptpumka 20.

Ha amxneit yactu 11b 6moka 10 muTanus, HAXOIAIICHCS HA CTOPOHE APYroro KOHIA 10 MPOI0JILHOMY Ha-
MIpaBJICHUIO (CTOPOHE, MPOTHBOIIONIOXKHONW OTHOCHUTEIHLHO IEpPBOTO KapTpumka 20), pasMemniaetcs 3apsaHbIid
TepMHHaI 43, IPUTOAHBIN JJIS 3JEKTPUIECKOTO COSANHEHHUS C BHEIIHUM MCTOYHUKOM 60 muTanus (cMm. dur. 6),
CIIOCOOHBIM 3apspKaTh UCTOYHMK 12 muTaHus. 3apsaHbli TepMuHai 43 nperycMoTpeH Ha OOKOBOH TTOBEPXHOCTH
HIkHEH dactu 11b Tak, 4TO, HampuUMep, ¢ HUM MOXET OBITh COCTUHEH MO MEHbIIed Mepe oauH u3 USB-
TepMHHaIIOB, MUKpO-USB-TepMnHanoB u konHekTopoB Lightning.

OpHako 3apsAHBINA TepMUHAT 43 MOXET MPECTaBIsATh COO00H y4acTOK MpHeMa JIEKTPOIHEPTHH, CIIOCO0-
HBIH MOJTydaTh 3JIEKTPOIHEPTHIO OT BHEITHETro MCTOUHMKA 60 muTaHus B OECKOHTAKTHOM pexxume. B atom ciy-
gae 3apsAAaHbIi TepMuHai 43 (Y4acToK mpueMa dJIEKTPOIHEPTUH) MOKET OBITh CHOPMHUPOBAH KaK KaTyIIKa MpHe-
Ma aJekTpodHeprun. Cructema OECIIPOBOAHOM Mepeadr ANEKTPOIHEPTUN MOXKET OBITh CHCTEMOW THIIA 3JIEKTPO-
MarHUTHON WHAYKIMH, FIIX MOKET OBITh MarHUTHO-PE30HAHCHOTO THMNA. TakuM 00pazoM, 3apsIHBIN TepMUHAI
43 MOXET TPENCTaBIATh COO0M y4acTOK TpHeMa dJIEKTPOIHEPTHH, CIIOCOOHBIN MOMydaTh JICKTPOIHEPTHIO OT
BHENTHEr0 UCTOYHMKA 60 muTaHus 6e3 M000W TOYKKM KOHTakTa. B kadecTBe elmie OJHOTO NpHUMepa, 3apsaHbIi
TepMHHAI 43 MOXXeT OBbITh KOHGUTYpHpOBaH TaK, YTO K HEMY MOXKET OBITh IOJICOEIMHEH 10 MEHBIIEH Mepe
omuH 13 USB-tepmunanos, Mukpo-USB-TepmunanoB n koHHekTopoB Lightning, u B Hero MoxeT OBbITh BKIIIOUCH
BBIIEYyKa3aHHBIM y4acTOK MpUeMa 3JIEKTPOIHEPT HH.

Ha 6okoBoit moBepxHocTH BepxHel yacTH 11a kopmyca 11 Gnoka nmuTaHus pa3MeleH ONnepanuoHHbIH 00K
14, Ha KOTOPBIII MOXXET BO3AECHCTBOBATH MOJIB30BATEIb, TaK, YTOOBI OBITH OOpAIEHHBIM K IIPOTHBOIIOJIONKHOM
OTHOCHUTEIILHO 3apsAIHOTO TepMHUHaa 43 cropoHe. boilee KOHKPETHO, OMEPalMOHHBINA OJIOK 14 U 3apsiIHBINA Tep-
MUHAJT 43 SBIAIOTCS CHMMETPUYHBIMH OTHOCHTEIBFHO TOYKH IIEPEeCeUEHUs MPSIMOI JIMHAN, COCTUHSIONMECH oTIe-
parMoOHHBIN 00K 14 W 3apsaHbId TepMHuHAN 43, ¥ MEHTPaTbHOW JTUHUHU Ojoka 10 muTaHus B MPOIOJILHOM Ha-
npaBiieHnn A. OnepaiiuoHHbIN 0JIOK 14 BEITIOJHEH B BHIC KHOIMIOYHOTO BBIKJIIOUATEINS, CCHCOPHOHN MaHENH, WIH
ToMy Tiogo0HOT0. BOMM3M onepamnoHHoro 6yoka 14 pa3memiaercst maTauk 15 BIoxa uisi JETEKTUPOBAHUS aKTa
3aTSHKKH.

3apsinHas cxema IC 55 pasmernaercs O1M3K0 K 3apsiiHOMY TepMUHATY 43, M BBINOJHSCT yIpaBieHHUE 3a-
psaaKol MCTOYHMKA 12 mMuTaHMA 3IEKTPOIHEPrHed, KOTopas MOJAeTcd OT 3apsaHOro tepMmuHana 43. 3apsaHas
cxema IC 55 Bkiroyaer KOHBEpTOp AT MPeoOpa3oBaHus IIOCTOSHHOTO TOKa, KOTOPBIH MOABOANTCS OT HHBEPTO-
pa 61 unm ToMy To100HOT0, PEAHA3HAYEHHOTO JUIs IPeoOpa3oBaHus IEPEMEHHOTO TOKa B TIOCTOSIHHBIH TOK, IO
3apsITHOMY IIPOBOAY, KOTOPBIM MPHCOEIMHEH K 3apsIHOMY TEPMHUHAIY, B OCTOSIHHBIH TOK, MMEIOIIMH pa3nnd-
HBII MapamMeTp, BOJBTMETP Ul U3MEPEHUS HANPSDKEHHS V cyg 3apsIKH, KOTOpOE MOABOAUTCS OT KOHBEPTOpa Ha
WCTOYHHUK 12 mMUTaHUS, aMIIEpMETp JUII H3MEPEHHS 3apsIHOTO TOKa Icyg, KOTOPHI mogaeTcss OT KOHBEpPTOpa Ha
WCTOYHUK |2 MUTaHWUS, IPOLECCOp I YIPABICHUS UMH U Tak Aajee. bonee KOHKpETHO, B TOM OIMMCAHUH TIPO-
[[eCCop MPENCTABISAET COO0M AIIEKTPUIECKYIO CXeMy, KOH(UTYPHUPOBAHHYIO0 OOBEINHEHNEM CHEMHBIX JIEMEH-
TOB, TAKUX KaK MOJIYIPOBOJHUKOBBIE DIIEMEHTHL.

3apsmHas cxema [C 55 cenekTHBHO MPOU3BOANT 3apsAAKy MOCTOSHHBIM ToKoM (CC-3apsaky) i 3apsaKu
WCTOYHMKA |2 MHUTaHWS BBHIIOJHEHUEM YTIPABICHHUS TaK, UYTO 3apATHBINA TOK Icyg CTAHOBHTCS MOCTOSHHBIM, U
3apsIKy TpH MOCTOSHHOM HampspkeHu (CV-3apsiaky) Uil 3apsiikd MCTOYHHMKA 12 NMHTaHUS BBINOJIHEHHEM
yIOpaBlIeHUS! TakK, YTO HampsbkeHHe Vcyg 3apsSAKU CTAHOBHUTCA MOCTOSIHHBIM. 3apsigHas cxema IC 55 3apsikaer
UcTOYHMK 12 mutanus B pexxume CC-3apsiiku B COCTOSIHUH, B KOTOPOM HAINPSDKEHHE Vg, HCTOYHUKA TTHTaHUS,
COOTBETCTBYIOIIIEE KOJIMYECTBY NIEKTPOIHEPTUH, aKKYMYJIMPOBAHHON B HCTOUHUKE 12 muTaHus, sSBIIseTCs Ooee
HHU3KHM, Y€M TIpeJIBapUTENIBHO ONpeiesieHHoe HanpshkeHne CV-IepeKiitoueHns], ¥ 3apspkaeT HCTOYHMK 12 mura-
HUA B pexxuMe CV-3apsiiku B COCTOSIHUM, B KOTOPOM HANpPSDKEHHUE Vg, NCTOUYHHMKA ITUTAHUS SIBISETCS PaBHBIM
niy OoJree BRICOKHMM, Y€M BHIIEYIIOMSIHyTOe HanpspkeHne CV-nepeKIroueHs.

Biiox MCU 50 coenuHeH ¢ pa3IUIHBIMH CEHCOPHBIMH YCTPOWCTBAMH, TAKMMH KakK AaTduk 15 Bmoxa mis
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JETEKTUPOBAHMS aKTa 3aTSDKKU (BIOXA), MAaTYMK 16 HampspKeHMs Uil M3MEpEHHs IOABOAMMOIO HAarpsDKEHUS
Vgt AICTOYHMKA 12 MUTaHUSA, U TeMIEpaTypHbIH AaT4uK 17 Ui U3MepeHHs TeMIepaTypsl UCTOUHMKA 12 nuTa-
HUs1, OTICPAITMOHHBIHN OJT0K 14, yBeOMUTENbHBIN OJIOK 45 (OMUCHIBAEMBIN HUXKE), U 3aTIOMUHAIONIEE YCTPOMCTBO
18 mnst XpaHeHUs YMClIa AKTOB 3aTSDKKU, BPEMEHH, B TEUCHHE KOTOPOTO 3JIEKTPO’HEPTHs MOJBOAMIACH K Ha-
rpy3ke 21, Kak Moka3aHo Ha QUT. 5, ¥ BBIIIOTHSAET Pa3JIMuHbIC ICHCTBUS Ul YIIPABICHHS a3PO30JIbHBIM HHT AN~
topoM 1. briok MCU 50 Goiiee KOHKPETHO MPEACTABIISIET co00# mpoieccop.

Kpome Toro, B kopmyce 11 61oka nutanus chOpMHPOBAH BIIYCKHOW BO3MYIIHBIA KaHAN (B YepTexax He
MOKa3aHHBIN). BIycKHOW BO3AYIIHBIN KaHAI MOXET OBITh 0Opa3oBaH BOJM3HM OTeEpalmoHHOTO Onoka 14, wiu
MOXeT OBITh C(OPMUPOBAH OKOJIO 3apsAHOTO TepMuHaia 43.

IlepBoiii KapTpHIK

Kaxk nokazano B ¢ur. 3, nepsblit kapTpupk 20 BKITIodaeT pesepByap 23 Uit XpaHEHUS] HICTOYHUKA 22 a3po-
30J151, 3JIEKTPUYECKYIO HArpy3Ky 21 Ui pacnbUIeHHsT UCTOYHMKA 22 a3po30itst, GUTHiIb 24 171 BBITSATUBAHUS HC-
TOUYHHKA a3p030Jis U3 pe3epByapa 23 k Harpy3ke 21, a9po30abHbII kaHal 25 U1 IPOTeKaHUsI a9p030Jis, TeHEPU-
POBAHHOTO PACHBUICHUEM HCTOYHUKA 22 ad3po30Jid, B CTOPOHY BTOporo kaprpumxka 30, HaKOHEUHUK 26 At
yAepKUBAHUS YaCTH BTOporo kaprpumka 30.

PesepByap 23 chopMupoBaH Tak, 4TOOBI OKPYKaTh adPO30IbHBIN KaHA 25, U collepKaTh UCTOUYHUK 22 a3-
pozoisi. B pezepByape 23 MOXKeET coepKaThCsl HOPUCTHIA 3JIEMEHT, TAKOH KaK TOJIMMEPHAs CeTKa MM XJIOTIOK, U
TTOPUCTBIA DJIEMEHT MOXET OBITh MPOMUTAH MUCTOUYHUKOM 22 ad3po30Js. VicTouHuK 22 adpo30J1s BKIIOYACT KHJI-
KOCTb, TAKYIO KaK [NTUIEPHH, IPONMICHIJINKOIb WX BOJA.

®uTmie 24 nipeacTapisaeT coO0i yaepKUBAIOIINN KUIAKOCTD SJIEMEHT JUIsl BRITATUBAHUS HCTOYHUKA 22 ad-
po3ouist K Harpy3ke 21 ¢ UCTONb30BaHUEM KalMUIIPHBIX CHJI, ¥ C(QOPMHUPOBaH, HAIPUMED, U3 CTEKIIHHOTO BO-
JIOKHA, TIOPUCTOT0 KEPaMHYECKOT0 MaTepuaa, WId TOMy 0Z00HOTo.

Harpyska 21 pacnbuisier nctouHuk 22 a’3po3oiisi 0e3 TOpeHus 1Mo ASHCTBUEM AJICKTPOIHEPTHH, KOTOpast
MOABOJNTCS OT UCTOYHMKA 12 muraHus 4epe3 paspsauslii tepmunan 41. Harpyska 21 chopmupoBaHa B BHIC
HarpeBaTebHON MPOBOJIOKH, HAMOTAHHOM C MpeIBapUTEIBLHO ONpeNeNIeHHBIM maroM (crupanu). OpHako Ha-
rpy3ka 21 momkHa OBITH TOJBKO 3JIEMEHTOM, CIIOCOOHBIM PACIIBUIATH HCTOYHHK 22 a3po30Js, TEM caMbIM 00pa-
3ysl a3p0307b, U MPEACTABISIET COOOH, HAMpUMeEp, HArPEBATENbHBIN 3JEMEHT WIN T€HEPaToOp YIbTPa3BYKOBBIX
BOJH. [IpuMepsl HarpeBaTENLHOTO 3JIEMEHTA BKIIOYAIOT HArpeBATEIbHBIH PE3UCTOp, KEPAaMHUECKUI HarpeBa-
Tellb, HArpeBaTeNb THIIA NHIYKIMOHHOTO HarpeBaHUsA, U TOMY I10{0OHbIMH.

AdpPO30JIpHBIN KaHaT 25 pa3MemaeTcsl Ha CTOPOHE HIDKE TI0 IMOTOKY OTHOCHUTENLHO HAarpy3ku 21 Ha IeH-
TpasbHO# uHUM L O6yioka 10 muTanwms.

Hakoneunuk 26 BkIIouaeT aepxarens 26a KapTpumka Il yAep >KUBaHUS 4acTH BTOporo kaprpumxka 30, u
COCIMHUTEIILHBIA KaHai 26b 11 COeAMHEHNS a9P030JIbHOTO KaHala 25 U Aeprkareis 26a KapTpumxKa.

Bropoii kapTpuax

Bropoit xaptpumk 30 cogepxut uctounuk 31 apomara. KonueBoil yuactok Broporo xaptpumxa 30 Ha
CTOpoHe TepBoro kapTpumka (20) ¢puxcupyercs B faepxaresie 26a KapTpHIKa, IPeyCMOTPEHHOTO B HaKOHEY-
HHKe 26 nepBoro kaprpumka 20, Tak, 4To0bl OBITH yaaisieMbiM. KoHIIEBOH y4acTok BToporo kaprpumka 30 Ha
MIPOTUBOTIONIOKHOW CTOPOHE OTHOCHTEILHO CTOPOHBI TIEPBOTO KapTpuka (2) copMUpOBaH KaK WHTAJSIIUOH-
HBIA MYHAIITYK 32 mi1s moib3oBatens. OHAKO WHTASIIIMOHHBIA MYHAIMTYK 32 He 00s3aTeNbHO JAO0JDKEH OBITh
chopMHpOBaH BOSIMHO CO BTOPBIM KapTpumkeM 30 Tak, 9ToObI OBITh HEOTACIIEMBIM OT BTOPOTO KapTpUIKa, U
MOXET OBITh BBIIIOJIHEH NPHCOCAUHACMBIM KO BTOPOMY KapTpHIKy 30 U oTcoeanHsieMbIM OT Hero. Ecin uHra-
JISITUOHHBIA MYHIIITYK 32 cOopMUpOBaH OTHENbHO OT O10Ka 10 muTaHus u mepBoro KapTpumka 20, Kak omuca-
HO BBIIIIE, MOXXHO 00ECTICUNTh THTHEHHYECKUE YCIIOBUS COJEPIKaHNsI HHTASIIMOHHOTO MyHAIITYKa 32.

Bropoii kaptpumk 30 nobaBinsieT apoMaT K a3po30.110, TeHEPUPOBAHHOMY pacliblIEHHEM UCTOYHHKA 22 ad-
po3ouist Harpy3Koii 21, mpu nporyckaHuK a3po30iist uepe3 UcTOYHUK 31 apomara. B kauecTBe (pparmenTa chipbe-
BOT'O MaTepHaja, KOTOPHIH COCTaBIsieT HCTOYHUK apoMara, MOXeT OBITh MCIIOJIb30BaHa IPECCOBKA, 00pa3oBaH-
Hast (opMOBaHMEM pe3aHOro Tabaka Wi TabayHOTO CHIPHEBOTO MaTepHuaja, B I'paHyJHUpoBaHHOH Qopme. Hc-
TOYHUK 31 apomara MOXeT OBITh BBIIIOJIHEH M3 MHOTO PacTEHHs (TaKOTO KakK MsATa WM PAaCTUTEIBHOE JIeKapcT-
BEHHOE CPEJICTBO, WIIM TpaBa), Hexenn Tabak. K ncrounnky 31 apomara MOXeT OBITh JOOABICH apoMaTU3aTop,
TaKOW KaK MEHTOJL

A3pO30SIbHBIM MHTAIATOP 1 COINIAaCHO HACTOSIIEMY BapHaHTY OCYILIECTBICHHS MOXET I'€HEPHUPOBATH CO-
JIepKaIiii apoMaTr a’po30Jib TIOCPEACTBOM HMCTOYHHKA 22 a’po30Jisi, UCTOYHHMKA 31 apomara W Harpysku 21.
Jpyrumu cIoBaMH, HCTOYHUK 22 a3po30J1sl U UCTOYHWK 31 apomara MOTYT Ha3bIBaThCS NCTOYHHKOM T€HEPHUPO-
BaHMS a3pO30JIsI AJIsl TCHEPUPOBAHUS a3PO30JIs.

Hcrounuk reHepupoBaHHs a’po30Jisl B a3pO30JIbHOM MHTajsiTope 1 mpencraBisieT coO00i 4acTh, KOTOPYIO
TMIOJIE30BATENIb MOXKET 3aMEHSTH ISl UCIIOJIb30BaHMA. B OTHOIIEHMM 3TOW yacTH, HarpuMmep, IS MOJIb30BaTeNs
MOXeT OBITh c(hOPMHUPOBAH KaK OJMH KOMIUIEKT OAMH INEpBbIH KapTpumk 20 U OAMH WM MHOTHE (Harmpumep,
ISTh) BTOpBIE KapTpumku 30.

Kon¢urypanuus ucTo4Hrnka reHepupOBaHUs a3p030J1sl, KOTOPHIH MOXKET OBITh HCIOJIE30BaH B a3P030JILHOM
UHTasITope 1, He orpaHNYMBaeTCsS KOHPUTYpanyei, B KOTOPOi HCTOUYHUK 22 a’spo30is U UCTOYHHK 31 apomara
BBITIOJTHEHBI OTICIBHBIMHU JPYT OT JPYyTa, ¥ MOXKET MPEACTABIATE cOO0H KOH(UTypaIyio, B KOTOPOH HCTOYHHK
22 a’po30Jia ¥ UCTOYHHK 31 apomara copMHUPOBaHBI OObETUHEHHBIMU, KOH(PUTYpaIrio, B KOTOPOH UCTOYHHUK
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31 apomara OTCYTCTBYET, M HCTOUHHK 22 a3p030JIsl COJIEPIKUT BELIECTBO, KOTOPOE MOXET COAEPKATHCSI B HCTOY-
Huke 31 apomara, KOH(Urypanuio, B KOTOPOH HCTOYHHK 22 a’3po30J1 COAEPKHUT TpenapaT MEAUIMHCKOTO Ha-
3HAYCHHS WIIK TOMY TIOAOOHEIH, BMECTO HCTOYHMKA 31 apomara, WiId TOMY ITOTOOHBIE.

JIst adpo30pbHOTO MHTAISITOPA 1, BKIIOYAIOMIETO WCTOYHWK TEHEPUPOBAHUS adpO30Js, 00pa30BaHHBIN
00BeIMHEHUEM B OJTHOM DJIEMEHTE HCTOYHHUKA 22 adpo30JIs M HCTOYHHKA 31 apomara, HarpuMep, IJIs MOJIb30Ba-
TeJIsl MOTYT OBITh CPOPMUPOBAHBI KaK OJWH KOMIUISKT OJWH WJIM MHOTHE (Hanmpumep, 20) HCTOYHHUKH TEHEPHPO-
BaHUS a3PO307Is.

B ciygae a’po3071pHOTO HHTAIATOPA 1, BKIIIOYAIOIIETO TOJIBKO MCTOYHHK 22 a’3po30iis B Ka4eCTBE MCTOY-
HHMKa TeHEPHPOBAHMUS ad3pO30Jis, IJIsl MOJIB30BATENsI MOTYT OBITh CPOPMHUPOBAHBI KaK OAWH KOMIUICKT OJUH HIIH
MHorue (Harpumep, 20) HICTOYHUKH TeHEPUPOBAHUS a3PO30JIs.

B asposonbHOM mHramsarope 1, KOHQUTYpHpPOBAaHHOM, KaK OIMCAHO BBIIIE, KaK MOKa3aHO CTpenkod B B
¢wur. 3, BO311yX, MOCTYIUBIIHNK U3 BITyCKHOTO KaHaJa (HE MMOKAa3aHHOT'O B YEpTekKax), 0Opa3oBaHHOTO B KOpITyCe
11 610Kka MUTAaHUS, MPOXOJUT Yepe3 yJacTok 42 rmojaud BO3AyXa, M MPOXOJUT BOJIU3M Harpysku 21 mepBoro
kaprpumka 20. Harpyska 21 pacnbuisier HCTOUHHK 22 adpo30J1s, BRITSHYTHIA W3 pe3epByapa 23 ¢urunem 24.
I'eHeprpOBaHHBIN pacIBUIEHUEM adpO30JIb MPOTEKAET Yepe3 adpO30JIbHBIA KaHAT 25 BMECTE C BO3IYXOM, IIOCTY-
TIAIONTNM M3 BITYCKHOTO KaHaja, v MOAAaeTCs KO BTOpOMY KapTpuky 30 depe3 COeTUHUTENbHBIA Kanan 26b. Ad-
PO30J1b, MOJJaBaeMBIH KO BTOpOMY KapTpuky 30, IpOoXOquT yepe3 UCTOYHMK 31 apomata, B pe3yiabTaTe 4ero
no0OaBIsAETCS apoMarT, 1 TOJIAETCS B MHTAJSIIIMOHHBIA MYHAIITYK 32.

Kpome Toro, B a3p030JIbHOM HHTANIATOpE | MpeaycMaTpuBaeTcs YBEIOMUTEIbHBIN OJOK 45 11t coolie-
HUs pazmnuHoi mHGopMmamuu (cM. Gur. 5). YBeIOMUTENbHBIA 070K 45 MOXET OBITh OCHAIICH CBETOM3IyYaro-
IIAM 3JIEMEHTOM, WJIM MOXET OBITh OCHAIeH BUOPAIIIOHHBIM 3JIEMEHTOM, MJIM MOKET OBITh OCHAIEH JJIEMEH-
TOM 3BYKOBOTO BBIBOZA. YBEJJOMHUTENIBHBIIN 00K 45 MOXET NpeACTaBIATh 000 KOMOMHANMIO ABYX WM Ooee
9JIEMEHTOB U3 CBETOM3NIYYAIOIINX 3JIEMEHTOB, BHOPAIIOHHBIX DJIEMEHTOB M 3JIEMEHTOB 3BYKOBOTO BBIBOJA.
YBenoMuTenbHbIN 010K 45 MoXkeT ObITh pazMmenieH B Jr000oM u3 Oioka 10 muranus, nepsoro kaprpumka 20 n
BTOpOTro KapTpumxka 30; 0THAKO MPEIIOYTHTENIFHO, YTOOB! YBEIOMUTEIbHBIA OIOK OBbUT pasMelneH B Gioke 10
nuTaHus. HampuMep, 00J1acTh BOKPYT ONEpaliiOHHOTO OJi0Ka 14 BBITIONHEHA MOYIPO3padHoOi, 4TOOBI obecrtie-
YUTHh BO3MOXXHOCTH IPOXOKACHHUS Uepe3 Hee CBEeTa, KOTOPHIN MCITyCKAeTCsl CBETOM3IYYAIONIUM JIEMEHTOM, Ta-
kuM kak LED.

DJIEKTPOHHAsI cXeMa

Teneps OyayT omUCaHbl TOAPOOHOCTH IIEKTPUIECKO cXeMbl O6J0ka 10 muTanus co cCchuTKOM Ha dur. 6.

brox 10 muTaHus BKJIIOYAaeT UCTOYHHK 12 MUTaHUS, pa3psaHbIi BEIBOA 41a Ha CTOPOHE TOJIOXKHUTEILHOTO
9NIEKTPOJia U pa3psAHBIA BEIBOA 41b Ha CTOPOHE OTPHULATEIBHOTO IIEKTPO/a, KOTOPHIE COCTABISIIOT pa3psAHBIN
TepMuHaI 41, 3apsHbBIA BEIBOA 432 Ha CTOPOHE TOJIOKUTENBEHOTO 3JIEKTPo/ia U 3apsiiHbIi BeIBOA 43b Ha cTopo-
HE OTPHLATEIBHOTO JJIEKTPO/Ia, KOTOPBIE COCTABIISIOT 3apsAHbIid TepmuHai 43, 6ok MCU (Mozys1b MUKPOKOH-
Tposutepa) 50, KOTOPBIH MOJCOETMHEH MEXy CTOPOHOH IOJIOKUTEIFHOTO AJIEKTPOAa UCTOYHHKA 12 MUTaHUS U
Ppa3psaHBIM BEIBOJIOM 41a Ha CTOPOHE MOJOXKUTEIBHOTO IEKTPOJIA, U MEXY CTOPOHOH OTPUIIATEILHOTO JJICK-
TpOJia NCTOYHMKA 12 MHTaHUS W pa3psIHBIM BBHIBOAOM 41b Ha CTOpOHE OTPUIATEIIHLHOTO JIEKTPOA, 3aPIHYIO
cxemy IC 55, xoTopas pa3MemieHa Ha MyTH Nepeaady IEKTPOIHEPTHH MEXAY 3apsIIHBIM TepMHUHAIOM 43 U Huc-
TOYHUKOM 12 TUTaHUS, ¥ BBIKMIOYATENh 19, KOTOPHI pa3MenieH Ha MyTH Nepemadd JIEKTPOIHEPTHH MEXITY
WCTOYHUKOM 12 MUTaHUS U pa3psIHBIM TEPMHHATIOM 41.

BrikmouaTens 19 BBIIOHEH, HATIPUMED, C TMTOTYITPOBOAHUKOBBIM d7eMeHTOM, TakuM kak MOSFET (mosne-
BOM TPaH3HUCTOP CO CTPYKTYPOH METaIlI-OKCHI-TIOIYIPOBOIHHK), M OTKPHIBACTCSA M 3aKPBIBACTCA IOJ KOHTPO-
aem 6ioka MCU 50. biok MCU 50 umeer QpyHKUMIO NeTEKTUPOBAHUS TOTO, YTO BHEIIHUH MCTOYHUK 60 dI1ek-
TPOJHEPIUH TOAKIIOUYEH K 3apsAHOMY TepMHUHAITY 43, Ha OCHOBE BapHauu HanpspkeHus Mexxny MCU u 3apsin-
HBIM TepMHHAIIOM 43.

B anexrpuueckoii cxeme 6noka 10 muTaHuMs, MOKa3aHHOM B ¢ur. 6, BBIKIIOYATENs 19 pasmerieH MexIy
CTOPOHOM IOJIOXKUTEIBHOTO 3JIEKTPO/Ia UCTOYHHKA 12 MUTaHUS M pa3psaHbIM TepMHHAIOM 41a Ha CTOpOHE MO-
JIO)KUTETBHOTO JIEKTpoa. BMECTO 3TOro Tak Ha3pIBAEMOTO THIIA ILTFOC-KOHTPOJIS BBIKIIOUATeNb 19 MOXeT OBITh
THIIA MUHYC-KOHTPOJISA, KOTOPBIA pasMenaeTcss MeXIy pa3psaHbIM TepMUHAIOM 41b Ha CTOpOHE OTpHIIATENBEHO-
TO AJIEKTPO/Ia M CTOPOHOW OTPHUIATENFHOTO HIIEKTPOIa MCTOUYHUKA 12 mUTaHuS.

MCU

Teneps Oynet 6ostee moapoOHO onucana koHpuryparus 6moxka MCU 50.

Kak noxkazano B ¢wur. 5, 6mok MCU 50 BkimodaeT 670k 51 geTekTupoBaHUS 3ampoca Ha TeHEPUPOBaHUE
a’po30JIs, OJIOK 52 NMEeTEKTUPOBAHUS OTEpaIiy, OJIOK 53 KOHTPOJIS MOITHOCTH M OJIOK 54 yNpaBiIeHHUS YBEIOM-
JICHUEM, KaK ()yHKIHMOHAJIbHBIE OJOKH, KOTOPBIE JEHCTBYIOT NP BHITOJHEHUH MPOTPaMMBL.

Bbrnok 51 nerexTrpoBaHMs 3ampoca Ha TEHEPUPOBAHUE ad3PO30JIs ONPEAEISIET 3apoC HAa TeHEPUPOBAHUE ad-
pO30JIsl Ha OCHOBE pe3yJIbTaTa, BEIJAHHOTO MaT4ukoM 15 Broxa. Jlatuuk 15 Broxa koHGUTYpHpOBaH [UIsl BELAAYN
3HAYEHMs BapHalMy AaBieHus B O6joke 10 nuraHus (BHYTPEHHETO JaBieHHUs), 00YCIOBICHHON BJJOXOM I0JIB30-
BaTells Yepe3 MHTASIIUOHHBIN MyHIIITYK 32. JlaTuuk 15 Broxa, HampuMep, MPeJACTaBIseT COOON JTaTIMK HaB-
JICHUs JJIs1 BBIJAYM BBIXOJHOTO 3HAa4yeHWs (HampuMep, 3HAUCHUS HANPSDKCHMS WM 3HAYCHHS TOKA) COTJIACHO
BHYTPEHHEMY JaBJICHUIO, KOTOPOE BapbHPYyET COOOPAa3HO BEIWIHHE PACcXOa MMOTOKA BO3AyXa, KOTOPEIH 3acachl-
BaeTCsl U3 BIYCKHOTO KaHasa (He TOKa3aH B 4epTeXax) B CTOPOHY MHTAIAIIMOHHOTO MyHAITYKa 32 (TO €CTb,
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aKTy 3aTSKKH MOJIb30BaTels ). Jlarauk 15 BMoxa MoxeT ObITh KOH(PUIYPHPOBAH C EMKOCTHBIM MHKPO(OHOM UITH
TOMY TOZOOHBIM.

Brok 52 nerextupoBaHMS OIepamnyy OIpenenseT AeiicTBHE, KOTOPOE MPOM3BOIUTCS IOJIH30BATEIEM Ha
oTiepallmoOHHOM OJoke 14.

Bbiok 54 ynpaBneHus yBeTOMJIICHHEM KOHTPOJIMPYET YBEAOMHUTEIBHBIN OJIOK 45 Tak, YTO YBEAOMHUTENbHBIN
010K coobmmaeT paznmunyro nHpopmanmoo. Hanpumep, 6510k 54 ynpaBlieHUsT YBEJOMIICHUEM YIIPABIISET YBEIO-
MUTEJBHBIM OJIOKOM 45 B OTBET Ha OmpejesieHne MOMEHTa BpEMEHH ISl 3aMEHBbI BTOPOTro KapTpumka 30 Taxk,
YTO YBEJIOMHTEIBHBINH OJIOK M3BEIIaeT O BpeMEHH 3aMeHBI BToporo kaptpumka 30. biok 54 ympaBieHus yBe-
JIOMJICHHEM OIIpeJIeIIsieT U U3BEIIaeT O BPEMEHN 3aMEHBI BTOPOro KapTpumka 30 Ha OCHOBE YHCiIa aKTOB 3aTSDK-
KU ¥ COBOKYITHOTO BPEMEHH, B T€UEHHE KOTOPOTO AJIEKTPOIHEPTHs ITOABOIMIACE K HAarpy3ke 21, coXpaHsieMoro
B 3amoMuHatoniem yctpoictBe 18. biok 54 ynpaBieHUs yBeIOMIJIGHHEM HE OTPAHUYMBACTCS] M3BELICHHEM O
BPEMEHU 3aMEHBI BTOPOTo KapTpumka 30, 1 MOKET U3BEIIaTh O BPEMEHHU 3aMEHBI IIEpPBOTO KapTpumka 20, Bpe-
MEHH 3aMCHBI HICTOYHUKA 12 MUTAaHUs, BpEMCHHU 3apsIKA UCTOYHUKA 12 MUTAHUS U TaK Jajee.

B cocTosHIH, B KOTOPOM BCTaBJICH OJMH HEHCIIOIB30BAHHBIA BTOPO# KapTpuk 30, eciu ObLIO BBIMOITHE-
HO TIpeABAPHUTEIHHO 3aJaHHOE YHCIIO aKTOB 3aTSDKKHU, WM €CITH COBOKYITHOE BpeMs, B TE€YCHHE KOTOPOTO SJIEK-
TPORHEPTHUS MOJBOIMIACE K Harpy3Kke 21 B pe3ynpTaTe akTOB 3aTSHKKH, JOCTUTACT MPEIBAPUTEIFHO ONpPEIeIICH-
HOTo 3Ha4YeHwus (Hampumep, 120 c¢), 6110k 54 ympaBiieHUsT YBEJOMIICHUEM OTPEACIISET, YTO BTOpOoi KapTpumx 30
M3pacxofoBaH (TO €CTh, OCTABIIEECS KOJIMYECTBO SBISACTCS HYIIEBBIM, WM BTOPOW KapTPHUIK OMYCTOIICH), U
M3BEIIAeT O BPEMEHH 3aMEeHBI BTOPOTO KapTpumka 30.

Kpowme Toro, B ciaydae omnpeneneHus, 9To H3pacXoI0BaHbI BCe BTOPbIe KapTpumku 30, BXOAAIINE B COCTaB
KOMIUICKTa, OJIOK 54 ympaBJieHUs YBEIOMIICHHEM MOXKET OIPEACIHTh, YTO OJIUH MEPBBIN KapTpumk 20, BKITO-
YCHHBIA B €JIMHBIA KOMIUICKT, H3PacXOJI0BaH (TO €CTh, OCTABIIEECs KOJIUYCCTBO SBISICTCS HYJICBBIM, HITH IIEp-
BBII KapTPHUIK OIMYCTOIICH), U H3BEIIACT O BPEMCHU 3aMCHEI MEPBOTO KapTpupka 20.

Kpome Toro, 0110k 54 ynpaBieHUs YBEJOMIIGHHEM pacCUHThIBaeT coctosiaue 3apsaaa (SOC), mokaspIBaro-
1iee OTHOUICHUE KOJUYCCTBA AJIEKTPOIHEPTUH, aKKYMYITUPOBAHHOW B UCTOYHMKE 12 muTaHus (KOJUYECTBA aK-
KyMYJIMPOBAHHOH DJICKTPOIHEPTHH), K €eMKOCTH (TIOJTHOH 3apsTHOW €MKOCTH) MCTOYHWKA 12 muTaHus (B Mpo-
IIEHTaxX), KaK YACICHHBIN IMOKa3aTelh, 0TOOPaKAIONIMA COCTOSIHHE 3apsiia HCTOYHUKA 12 MUTaHMs, ¥ KOHTPOJIH-
pyeT yBEIOMUTENIbHBIN 010K 45 Tak, YTO yBeIOMHUTEILHBIN 0JIOK coobmiaeT paccuntannoe 3Hadenne SOC.

Brok 54 ympaBneHus yBeIOMIICHHEM OIIpENeIsieT, HapuMep, K KaKOMy W3 MEPBOTO THara3oHa, PaBHOTO
nnu 6onbiero yem 0%, u MeHbinero uem 33%, BTOpOTO quamna3oHa, paBHOro win Oosbiiero 4em 33%, 1 MeHb-
mero 4yeM 66%, U TPeThero Auama3oHa, paBHOTO WX Oonbimero uem 66%, u menbpmero aem 100%, oTHOCHTCS
SOC. Kpome Toro, B 3aBUCUMOCTHU OT citydasi, rae SOC HaxoAuTcs B MepBOM JIuanas3oHe, ciydas, rae SOC Ha-
XOJIUTCS BO BTOPOM JUarna3oHe, u cirydas, rae SOC HaXOIUTCS B TPEThEM JHana3oHe, 070K 54 yrnpaBlicHUs YBe-
JIOMJICHHEM BBITIOJTHACT YIPABJICHUE, HATIPUMED, BKITIOYAs CBETOM3IYyYAIOIINC 3JICMCHTHI B HEIIPCPHIBHOM HIIH
MUTAIOIIEM PEKUME, COACPIKAIINCCS B YBESIOMHUTEIIEHOM OOKE 45, ¢ pa3MUYHBIMU [[BETAMH, BKITFOUAsT CBETOU3-
JydJaloIye 3JIEMEHTHI B HETTPEPHIBHOM WJIM MUTAIOIIEM PEXHUME, COJIEPIKaIIecs B yBEJOMHUTEILHOM Otoke 45, ¢
Pa3IMYHBIMU KOH(QUTYpalUsIMH, ¢ HM3MCHECHHEM YHUCIIA BKIFOYCHHBIX WJIM MHTAIOIIUX CBETOM3IYYAIOIIUX dIIe-
MEHTOB, M3 MHOTOYHCIICHHBIX CBETOM3IYYAONINX 3JIEMEHTOB, COIEPKAIIUXCSA B yBEJOMHUTEIBFHOM OJoke 45,
M3MEHIS XapakTep 3BYYaHHS >JIEMEHTa 3BYKOBOT'O BBIBOJIA YBEIOMHTEIHHOTO OJIoKa 45 WM M3MEHSS XapakTep
BHOpanmu BUOPAITMOHHOTO AJIEMEHTa YBEJIOMUTEILHOTO 0sioka 45. [1oaTOMY T0JIb30BaTENh a3p030JILHOTO WHTA-
nsiTopa 1 MOKET HHTYHUTHBHO omnpeneiuth BemmuuHy SOC uctoynnka 12 mUTaHus 1Mo 3BYKY, IIBETY WM BHOpa-
IIH, HO HE 10 YUCJIaM WIIM N300pa’keHHI0, KOTOPBIE BEICBEUMBAIOTCSA HA OTOOpaXKaloIIeM yCTPOHCTBE HIIH TOMY
OJ0OHOM.

Ecnm 650k 54 ynpasienus ysegomiieHneM n3Bemaet o SOC BBIIEYTOMSHYTHIM 00pa3oM, TO Jaxe €Ciu
BBIMOJTHSACTCS OMUCHIBAEMBIN HUKE KOHTPOJIb TPEKPAILCHHS 3aPSIKU, CPABHUTEIHHO C CUTyallMeH HEMOCPECT-
BEHHOTO oToOpakeHus1 3HadeHUs1 SOC, MOXXHO 3(PEKTUBHO COKPATHTh OIIYLIEHUE CTPAaHHOCTH, KOTOPOE HCIbI-
TBHIBACT IOJIE30BATEIb.

Bbnox 53 KOHTPOIS MOIIHOCTU KOHTPOJIUPYET pa3psil UCTOYHMKA 12 MUTaHUA uepe3 pa3psiAHBIA TepMUHAI
41 BKITIOYCHHWEM ¥ BHIKITFOUCHHUEM BBIKITIOUaTENs 19, ecnu 0ok 51 meTekTupoBaHMs 3alipoca Ha TeHEPUPOBAHKE
a’p030JIs OTIPEAEISIET 3aIPOC Ha TEHEPHUPOBAHNE a3PO30JIS.

Brox 53 KOHTpPOJIST MOIITHOCTH BBITIONHSET KOHTPOJIb TaK, YTO KOJIMYECTBO a’p0O30JsL, KOTOPBIA TeHepUupy-
eTCs pacTbUICHHEM HCTOYHHKA a3p0o30JI1 Harpy3kod 21, HaXOIUTCS B JKEIAaTENbHOM JAWala3oHe, TO eCTh, Tak,
YTO KOJIMIECTBO DJIEKTPOIHEPTHH, KOTOPAast IIOABOANTCS OT UCTOYHHKA 12 MHUTaHUS K Harpy3ke 21, Haxogurcs B
MpeIBApUTEIHHO ONPEACICHHOM auama3oHe. boiee KOHKpeTHO, OJOK 53 KOHTPOJIS MOIIHOCTH YHPaBISAET
BKJIFOUCHHEM M BBHIKIIOUYEHHEM BBIKIIouarens 19, Hanpumep, MetogoM PWM-koHTposst (IIMPOTHO-UMITYJIECHOH
moxaynsinuy, IHMM). B ansTepHaTHBHOM BapHaHTe, 010K 53 KOHTPOJISI MOITHOCTH MOJET YIPABJSATH BKIIOUE-
HHUEM U BBIKITFOYEHUEM BEIKITIOUaTelns 19 Metogom PFM-koHTpOIs (4acTOTHO-UMITYIECHOU Moyisiiuu, UNUM).

Brok 53 KOHTpOJIS MOIIHOCTH MPEKpaIiaeT MoJavy SJICKTPOIHEPTHH OT UCTOYHWKA 12 MHUTaHUS HA Ha-
rpy3Ky 21, eciiu MPOXOIUT MPEIBAPUTEIHLHO OMPEICIICHHBIN ePHO BPEMECHHU TIOCIE Hadata MOJaud JICKTPO-
SHEeprud Ha Harpy3ky 21. JIpyrumu cioBamu, qake B TO BpeMs, KaK MOJIb30BATEb (PAKTHUYCCKH BBIMOIHICT aKT
3aTSDKKH, €CITHA MePUOJ 3aTsDKKU IPEBHIIIACT ONpeeIeHHBINA epro, OJI0K 53 KOHTPOIIS MOITHOCTH IpeKparaeTt
MoJavy 3JIEKTPOIHEPTHH OT UCTOYHMKA 12 muTaHus Ha Harpy3Kky 2 1. OnpeneneHHbIi nepros onpeaesieTcs s
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NpEeOTBPAIIECHHS BapUaliy [IEPUOa 3aTsHKKH MOJIb30BaTEIs.

[Mon ympaBnenuem 0yioka 53 KOHTPOJIS MOIIHOCTH TOK, KOTOPBIM MpOTEKaeT B Harpy3ky 21 Bo Bpems ol
HOTO aKTa 3aTsDKKH, CTAHOBHUTCS IO CYIIECTBY IOCTOSHHBIM 3HAUEHHEM, KOTOPOE ONPEHEIIeTCS COTIAcHO 10
CYIIECTBY TMOCTOSTHHOMY 3(h()EKTHBHOMY HANPSHKEHUIO, KOTOPOE MOABOIUTCS K Harpy3ke 21 B ycrmoBusx PWM-
KOHTPOJISI, ¥ 3HAYECHUI COTPOTHUBIICHUS pa3psaHoro TepmuHaia 41 u Harpy3ku 21. B a3po3oinsHOM HHTANISTOpE
1 cormacHO HacTOAIIEMY BapHAHTY OCYIIECTBICHHUS, KOT/Ia ITOJIB30BATEb BIBIXACT a3P030JIh C HCIOIB30BAHNEM
OJTHOTO HEHCIOJIB30BaHHOTO BTOPOTO KapTpumka 30, COBOKYITHOE BpeMsi, B TEUEHHE KOTOPOTO 3JIEKTPOIHEPT U
MOJKET IMOJABOIUTRLCS K Harpyske 21, perynmupyercs Ha MaKCUMaTbHOE 3HaueHue, Hanpumep, Ha 120 c. TToaTomy
B clydae, IJie OJUH NepBbld kapTpumk 20 U MaTh BTOPBIX KapTpukeld 30 cOCTaBIAIOT OJUH KOMIUIEKT, MOYKHO
3a0JIarOBPEeMEHHO TOJIyYUTh MAKCHMAJIbHOE KOJHMYECTBO 3JIEKTPOIHEPIUH, HEOOXOIMMOW Ul OIYyCTOLICHUS
(3pacxomoBaHusl) €TUHOTO KOMIUICKTA.

Kpome toro, 610k 53 KOHTPOJSI MOLTHOCTH JETEKTUPYET DIEKTPHUECKOE COCIMHEHHE MEXIy 3apsIHBIM
TepMUHAJIOM 43 U BHEUIHMM UCTOYHHUKOM 60 muTaHus. 3aTeM B COCTOSIHUU, B KOTOPOM BBINOJIHSETCA 3apsiika
MCTOYHMKA 12 muTaHus mocpeacTBoM 3apsaaHoi cxemsl IC 55, 610Kk 53 KOHTPOIIS MOIIHOCTH BBIMOJHSIET YIPaB-
JIEHUE NSl IPEeKpaeHus 3apsaaKu uctouamka 12 mutanus, ecim SOC uctounnka 12 muTtanus mproOpeTaeTt 3Ha-
yerne, Mmenpiiee 100% (HampuMep, IPOU3BONBHOE 3HAUCHHE, PaBHOE WK MeHbIIee ueM 95 mwim 90%), Tak, 9To
WCTOYHHUK 12 MUTAaHUS HE MIPUXOTUT B COCTOSHHE IOJHOTO 3apsiaa. [locpeacTBOM 3TOTO yIpaBIeHHS MCTOYHUK
12 nuTaHuA MOAAEPIKUBACTCA B COCTOSIHUH, B KOTOPOM JeTpaalys SBISIETCS MaJIOBEPOSTHOM.

B cirygae nmpuMeHEeHHS TUTHH-HOHHONW BTOpHYHOM OaTapen Wiu TOMY TOoJoOHOM B KadecTBe UCTOYHHKA 12
nuTanusl, 3Haderre SOC, Korja NCTOYHUK 12 MATaHUS OCTABIISAETCSA KaK €CTh, OKa3pIBACT BIIMSHHUE Ha JeTpajaa-
IIUFO UCTOYHUKA 12 muTaHus. DTO BIMSHUE HA JErpalalliio Bo3pacTtaet, koraa 3HadeHrne SOC npubmmkaeTcs K
100 umn x 0%. Mexnay TeMm, 3TO BIMSHUE Ha Jerpajallio CTAHOBUTCS MUHHMAaJbHBIM, Korjaa 3HaueHue SOC
cocraBisgeT Mexay 30 u 70%. IToatomy, ecnmu SOC uctounuka 12 mutaHus moJAAep:KUBaeTCs NPU 3HAYEHUU
MeHee 100%, MOKHO COXpaHATh COCTOSIHME, B KOTOPOM JAErpafanus UCTOYHHMKA 12 MUTaHUS CTAaHOBUTCS Mallo-
BEPOSATHOIL.

Kpowme Toro, 6510k 53 KOHTPOJISI MOIITHOCTH BBITTOJIHSET KOHTPOJIb MPEKPAIIECHHUS 3apAIKH Ha UICTOTHHUKE 12
MUTaHUS TaK, 9YTO B MICTOYHHUKE 12 muTaHuA 3amacaeTcsi O0JbIIee KOIUIECTBO AIEKTPOIHEPTHH, YeM KOJITMUECTBO
3JICKTPOIHEPTHH, HEOOXOMMMOe ISl TIOJla4i Ha Harpy3ky 21, 94TOOBI OMYCTOIINWTH OMHWH HEWCIOIb30BAHHBIH
KOMIUIEKT WJIM MHOTOYHMCIICHHBIC HEWCIOJIh30BaHHBIE KOMIUICKTHI (Jajiee MPEATIONaraioTcs aBa KOMILUICKTA),
KOTOpBIE MTPEI0CTABICHBI IOJIH30BATEN0. DTO AeTaeT BO3MOKHBIM HCIOIb30BaHUE OJHOTO KOMIUIEKTA HITH JBYX
KOMIUIEKTOB HCTOYHHKA TEHEPHUPOBAHMS a3PO30JIs, JaXKe eI 3apsIka NCTOYHHUKA 12 MUTaHHS 3aBepIIaeTcs 10
TOro, KaK UCTOUYHUK IMHUTaHUS MEPEXOJUT B COCTOSHUE MOJIHOTO 3apsja. Jpyrumu cioBaMu, MOKHO JAOCTHraTh
Kak MpeJOTBPAIleHHs AerpaJjalliil ICTOYHHUKA 12 MUTaHMs, TaK ¥ HOBBILIEHHUS y00CTBa IS IT0JIb30BaTEIS.

Jlanee KOJIMYECTBO AIEKTPOIHEPTHH, HEOOXOJMMOE ISl [T0Jaud Ha Harpy3Ky 21, 4TOObI OIyCTOLINTE OANH
KOMIUTIEKT HEHCIIOJIb30BaHHBIX HCTOYHHKOB T'€HEPUPOBAHHS adp030JIs, OyIeT Has3bIBaThCS KOJIMYECTBOM HEO0O-
XOANMOH 3JIEKTPOIHEPTUH ISl OAHOTO KOMIUIEKTa, U KOJIMYECTBO 3JIEKTPOIHEPTHH, HEOOXOANMOE JUIsl TI0/1a4n
Ha Harpy3ky 21, 4ToObI OIyCTOMINTH JBa KOMIUIEKTa HEHUCIIOJIH30BaHHBIX HCTOYHUKOB I'€HEPHPOBAHMUS a3p030-
7151, OyZeT Ha3BIBaTHCS KOJIMYECTBOM HEOOXOAMMOM AIIEKTPOIHEPTUH [T ABYX KOMIUIEKTOB.

KoHTpoab npexkpaienns 3apsiAKid Ha HCTOYHUKE MUTAHUSA

B 3TOM KOHTpOJIE, BO BpeMsI YIPaBICHUS Pa3psAIoM Uil OTBEICHHUS IEKTPOIHEPTUN U3 UCTOYHHKA 12 mmu-
TaHus Ha Harpy3ky 21, 610k MCU 50 npekpamaet pa3psa (waade ropops, MCU 3ampermaeT paspsa), Koraa
SOC wucrouynuka 12 muranus craHOBUTCS paBHBIM 0%, W YBEZOMIIIET O BPEMEHH 3apsAKH UCTOYHUKA 12 mmTa-
HUS Yepe3 yBEeJOMHTENbHBIN O5ok 45. Mexay tem, 610k MCU 50 3a0iaroBpeMeHHO OmNpenelisieT NpOU3BOJIb-
HBII1 THaa30H CTOPOHBI BEPXHETO Npeaena (HanpuMep, anamnazon Mmexay 90% u 95%) nuanazona SOC, B KoTO-
pOM JAerpafanus UCTOYHMKA 12 MUTaHUSA MaJOBEpOSATHA, U yHpaBiseT 3apsaHoit cxemoil IC 55 Tak, uro 3apsn-
Has cxema IC 3aBepiiaet 3apsaky uctounuka 12 nuranus, ecnu SOC ucrtounuka 12 nmuTaHus JOCTUTAET 3a/1aH-
HOTO 3Ha4€HUs B 9TOM AMAaNa30HEe B XOJ€ 3apsAKu UcTouHuKa 12 nuranus 3apsaHoil cxemoit IC 55. Jlanee SOC
ucroyHrka 12 muranus, xorna 6ok MCU 50 3aBepiuaer 3apsaky UCTOYHMKA 12 murtaHus, OyAeT Ha3bIBaThCs
kak SOC npexpamieHus 3apsiIKa.

B kauecTBe ncrouHunka 12 nmuTaHus NPUMEHSAETCS BBICOKOEMKHH MCTOYHUK NMUTAHUS, TAKOH, YTO KOJIMUeE-
CTBO aKKyMYJIMPOBaHHO 3JIEKTPO’HEPTHH, COOTBETCTBYIOIIEe MUHUMAaIbHOMY 3HaueHuo (90%) SOC B BhImIe-
yKa3aHHOM IIPOW3BOJIEHOM JHAIa30He, SABISETCS PaBHBIM MM OOJBIINM, YeM KOJIMYECTBO HEOOXOIUMOM 3JIeK-
TPOPHEPTUH TS IBYX KOMIUIEKTOB. B pe3ynprare 3TOr0, B COCTOSIHWM, B KOTOPOM JIeTpalaris UCTOYHUKA 12
TMUTaHUS ABJSCTCSA MaJIOH, 1a)Ke ecIi KOHTPOJb MPEKPAIICHUS 3apsiKH NCTOYHUKA 12 MUTaHUS BBIIIOJIHACTCS B
cocrosiHuy, B koTopoM SOC coctaBisteT 90%, BO3MOKEH pa3psi A UCTOUIEHUS ABYX KOMIUIEKTOB HCTOYHUKOB
TeHepUpOBaHUs a’po3ois. [loaToMy, naxe ecnu UCTOYHMK 12 MUTaHMA HE 3apsDKEH 1O COCTOSHUS MOJIHOTO 3a-
psna (B koropoMm SOC pasno 100%), y1oOCTBO ISt HONB30BATEIs HE YXYALIACTCS.

@ur. 7, 8 u 9 mpeaCTaBIAIOT BUIBI, WILTIOCTPUPYIOLINE IPUMEPBI B3aUMOCBA3H MEXKy EMKOCTBIO ITOJIHOTO
3apsia UCTOYHMKA 12 MUTaHUS B KQXJIOM U3 CIIy4aeB, Pa3iIMYHBIX 10 TEXHHYECKOMY COCTOSIHUIO MCTOYHHKA 12
MUTaHMS, U KOJIMYECTBOM DJIEKTPOIHEPIUH, aKKyMYJIHPOBAaHHOW B MCTOYHMKE ITUTAHMS, KOTJa 3aBepIIaeTcs 3a-
pszKa.

Jlamee B KadecTBE YMCIIEHHOTO ITOKA3aTelNsl, 0TOOPaXKAIOIETO TEXHMYECKOE COCTOSHUE MCTOYHMKA 12 mu-
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TaHus, OyIET OMHCBIBAThCS CTemeHb padorocmocobHocTH ("coctosiaue 3m0poBbsa”, SOH). SOH mpencrasnser
co00¥i YUCIICHHOE 3HAYCHUE, KOTOPOE MOTyJaeTCs ICICHUEM SMKOCTH TIOJTHOTO 3apsija UCTOYHUKA 12 muTaHwus,
KOTJ]a OH HAaXOAWTCS B ErPajipOBAaHHOM COCTOSHWH, Ha €MKOCTh MOJHOTO 3apsiia NCTOYHHUKA 12 mHUTaHUs, KO-
T/1a OH ABJISIETCS COBEPIIEHHO HOBBIM, H YMHOKeHHEeM dacTHoro Ha 100, u ero exununIei spiusetcs %. Apyrumu
cioBamu, B ciydae, riae SOH mpencraBiseT coO0H YHCIESHHBINA MOKa3aTelb, OTOOPaKAIONUI cTeleHb paboTo-
crmocoOHoCTH UcTOYHKKA 12 muranus, Oosabmree 3HadeHne SOH o3HagaeT, YTO COCTOSIHHE MCTOYHHKA 12 muTa-
HUS ABJSETCs OoJiee OMU3KMM K COCTOSIHHIO COBEPIIEHHOTO HOBOTO, M MeHbIee 3HaueHne SOH o3Hagaer, 4ro
Jerpafanys UCTOYHUKaA 12 mutaHus nmposBuiIack B Oonbmeii Mepe. 3Hadenue SOH MokeT ObITh U3MEPEHO WIIH
OIICHEHO Pa3THYHBIMU METOIAMHU.

Kpowme Toro, 3nauenne SOH MokeT OBITh OTIPEICICHO KaK YHCICHHOE 3HAUCHHE, KOTOPOE MOTydacTCs Jie-
JICHHEM 3HAYCHHUS BHYTPCHHETO COMPOTHUBIICHUS MCTOYHUKA |2 MUTaHUS, KOTIa OH HAXOJIUTCS B IETPaJIUPOBaH-
HOM COCTOSIHUH, Ha BHYTPCHHEE COIPOTHBICHHE UCTOYHUKA 12 MUTAHUS, KOT/Ia OH SIBISETCS COBCPUICHHO HO-
BBIM, U yMHO>keHHeM dacTHoro Ha 100. B stom ciyqyae SOH npezcTaisier co00it YnCIeHHBIN OKa3aTelb, KO-
TOPBIA TIOKA3BIBACT COCTOSIHHE JCTpajanuy UcTouHuka 12 muranus. B ciaydae, tne SOH mpencraBnser coboi
YHCIICHHBIA ITOKa3aTelb, KOTOPBIN MOKA3bIBACT COCTOSIHHUE ACTPajallii UCTOUYHUKA 12 muTaHus, Oojpliee 3HaYe-
aue SOH o3Hagaer, 4To nmerpajaiysl HICTOYHUKA 12 TMUTaHHUS MPOSBHIACH B OOJBINCH Mepe, 1 MEHbIIIee 3HAUe-
aue SOH o3HadaeT, 4TO COCTOSTHUE UCTOYHUKA 12 MUTaHUs SBiseTCs Ooiee OJU3KUM K COCTOSTHUIO COBEPIICH-
HOTO HOBOTO.

Jlanee B kauecTBe mpuMepa OyneT onucan ciydait, riae SOH npeacrapnseT co0o# YUCICHHBIN TTOKa3aTelb,
KOTOPBIH MOKA3bIBAET CTEIEHb PA0OTOCITIOCOOHOCTH UCTOYHHKA 12 TIMTaHW.

KpanmuduuupoBaHHBIM CIIEIUAIHACTAM B 3TOW 00JACTH TEXHOJOTHH OyIeT MOHITHO, YTO JaKe B CiIydac,
rae SOH npezacrasisier coOoi YUCICHHBIHN MOKA3aTeNb, KOTOPHIA MOKA3bIBACT COCTOSIHUE JCTPATAIlUN HCTOYHU-
Ka 12 muraHus, TOJOOHBEIM 00pa3oM MOXKET OBITh ONpeelcHa B3aUMOCBSI3b MEKAY EMKOCTBIO TIOJHOTO 3apsijia
UCTOYHHMKA 12 MHUTaHUS U KOJIHMYCCTBOM DIICKTPOIHEPTUH, aKKyMYJIUPOBAHHON B UCTOUHUKE 12 MHUTaHUS, KOT/Ia
3apsjKa 3aBepIIacTcs.

Ha ¢ur. 7 nmpuBenen nmpuMep eMKOCTH ITOTHOTO 3apsna B cocTosHuH, B KotopoM SOH cocrasiser 100%,
TO €CTh, UCTOUYHUK |2 NMHTaHWA SBIIETCS COBEPIICHHO HOBBIM, W TOKA3aHO KOIWYECTBO aKKyMYJIHPOBAHHOW
3JIEKTPOIHEPTHH, KOTAa 3aBeprraercs 3apsaka. Kak ObUio ommcaHo BIIIE, B cocTosiHEH, B KoTopoMm SOH co-
crapisier 100%, eMKkocTh, KoTopas cocTaBisieT 90% OT eMKOCTH TOTHOTO 3apsiia UCTOYHUKA 12 TIMTaHUS, SBIIS-
€TCsl paBHOW WJIM OOJNbIIEH, YeM KOJMIECTBO HEOOXOIUMOW NI ABYX KOMIUIEKTOB 3JIEKTpodHepruu. Ha aTom
OCHOBaHWH B HaHHOM coctostaun 0510k MCU 50 mactpamBaetr SOC npekparienus 3apsaku Ha 90%, gTo sBiseT-
Csl TAKMM 3HAYCHHEM HIDKHETO TpeJielia, YTO MPEAOTBpAIlaCTCs Jerpagalis HCTOYHUKA |2 THTaHus, U 3aBepIla-
eT 3apaaky, koraa SOC ucrounnka 12 nurtanus nocruraet 90%.

Ha ¢ur. 8 mokazano cocrosinue, B kotopoM SOH sBIIsseTCS paBHBIM WIIM MCHBIIINM, YeM ITOPOTOBOC 3HAYC-
Hue TH1, menbmee uem 100%. Jpyrumu cioBamu, B ¢ur. 8§ MOKa3aHO COCTOSHHUE, B KOTOPOM JETpajialys Hc-
TOYHMKA 12 MUTaHWA MPOM30ILIAa B OOJIBIIEH Mepe 10 CpaBHEHHUIO ¢ IpuMepoM B ¢ur. 7. B npumepe cormnacuo
¢ur. 8 eMkocTb, KoTOpas coctaBisieT 90% €MKOCTH MOJHOTO 3apsia UCTOYHUKA 12 MUTaHWS, SBISIETCS MCHB-
IeH, YeM KOJIMIECTBO AJIEKTPOIHEPTUH, HEOOXOUMOM IS ABYX KOMIUIEKTOB. B aTOM coctosiauu 610k MCU 50
MoxkeT HacTpauBath SOC mpeKpalieHus 3apsaaKy, Hanpumep, Ha 93% Gomnpmre, uem 90%, Tak, 4To, KOTIa 3apsia-
Ka 3aBepIuaeTcs, KOMMIECTBO HEOOXOIMMOM AT ABYX KOMIUIEKTOB DJIEKTPOIHEPTHH 00eCTIeYNBAETCS KaK KOJIH-
YECTBO JJICKTPOIHEPIHH, 3armacaeMoe B UCTOYHHKE 12 MHUTaHWs, W 3aBepiiaeT 3apsaaky, korna SOC uCcToOYHHKA
12 muranns pocturaet 93%. B atom ciyuae, maxe ecnmu SOH cierka cHmKaeTcst, KOT/Ia 3aBEpIIaeTcs 3apsaKa,
00eCreunBaeTCsl JOCTATOYHOE KOJUYCCTBO 3JICKTPOIHEPTHU, YTOOBI HCUEPIATh JBAa KOMIUICKTA HUCTOYHUKOB
TCHEPUPOBAHUS a3PO30JIS.

Ha ¢wur. 9 mokazano coctosiue, B kotopoM SOH sBIIsIeTCS paBHBIM WIIM MCHBIIIMM, YeM ITOPOTOBOC 3HAYC-
Hue TH2, mensinee, yem noporosoe 3Hadenue TH1. [lpyrumu cioBamu, B Gur. 9 nmokazaHo COCTOSIHUE, B KOTO-
pOM Jerpajanvs UCTOYHUKA 12 MUTaHUSA MPOU3OILIA B €IIe OONBIICH CTCIICHU MO CPABHEHUIO C MPUMEPOM H3
¢wur. 8. B npumepe u3 pur. 9 eMKOCTb MMOTHOTO 3apsijia HICTOUYHUKA 12 MUTaHMS SBJISCTCS PaBHOM MIIM MEHBLIEH,
9eM KOJIMYECTBO JJIEKTPOIHEPTHH, HEOOXOAMMOM IS IBYX KOMIUIEKTOB. B aTOM cocrostHum 610k MCU 50 Ha-
ctpauBaeT SOC mpekpareHus 3apsSaKd Ha mo0oe 3Hauenne Mexay 90 u 95% Ttak, 4ro, Koraa 3apsaKa 3aBepIia-
eTCsl, KOJIMYECTBO HEOOXOMMMOW U OZHOTO KOMIUIEKTa 3JIEKTPOIHEPTHH O00ECIIeurBaeTCs KaK KOJHMYECTBO
3JIEKTPOIHEPTHH, 3aacaeMoOil B UCTOUHUKE 12 MHUTaHWS, ¥ 3aBEpIIaeT 3apsIKy, Korjaa UCTOYHUKA 12 muTaHus
JOCTUTaeT HACTPOCHHOTO 3HaueHHA. B aToM ciydae, naxke ecnmu SOH 3HaUNTENBHO CHIKAETCS, KOTa 3aBepIia-
eTcs 3apsaKa, 00ecIeYnBaeTCs JOCTaTOYHOE KOJMYECTBO 3JICKTPOIHEPTHH, YTOOBI McUepIiaTh OJWH KOMILIEKT
HUCTOYHHUKOB TCHEPUPOBAHHUS a3PO30JIsL.

Kpowme toro, 610k MCU 50 MOKeT IeTeKTHpOBaTh IETPaaliiio NCTOUYHUKA 12 MUTaHUS B OTBET Ha M3Me-
Henue SOH 10 3HaueHuUs, paBHOTO UM MEHBIIETO, YeM Moporosoe 3HaueHue TH2, u u3Bemars, YT0 UICTOUYHHUK
12 muTaHus AETpagWpOBaH, MOCPEICTBOM YBEJOMHUTEIBHOTO Oiioka 45. B ajlbTepHATHBHOM BapHaHTE, OJIOK
MCU 50 MokeT HauMHAThH BBHIICYNOMSHYTHIM KOHTPOJIb NMPEKpAIIEHUs 3apsIKd HAa UCTOYHUKE 12 NMuTaHus B
oTBeT Ha u3MeHenue SOH 10 3HaueHHs, paBHOT'O WJIM MEHBIIETO, YeM noporoBoe 3HayeHue TH2. Tem cambim
MOJKHO TIPEOTBPATHTH AAJHHEHIIYIO JETpafalliio H3HOIIEHHOTo UcTouHuKa 12 mutanusa. Kpome Toro, mo Tex
Top, TIOKa He AETEKTHPYETCS IeTrpatalysd UCTOUYHMKA 12 THUTaHW, MM [TOKa HE HAaYWHAETCS KOHTPOJb IpEeKpa-
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IIEHHS 3apsAKH Ha UCTOYHKKE 12 MUTaHus, B UICTOYHUKE 12 THTaHus 00eCIeYnBaeTCs JOCTATOYHOE KOJIMUECTBO
9JIEKTPOIHEPTUH ISl OITyCTOIICHHS OJZHOTO KOMIUIEKTa MCTOYHMKOB T€HEPHPOBaHMS adpo3ois. [lostomy no-
TIOJTHUTENBHO YITy4IIaeTCsl YA0O0CTBO [UIS IOJIh30BaTEIIS.

Jlanee OymeT KOHKPETHO OIUCAH KOHTPOIb MPEKPaIICHHS 3apsIKA, KOTOPBIH BhIoaHsIeT 610k MCU 50.

Cuagana 610k MCU 50 m3mepsiet ninn orieauBaeT SOH, u o1leHHBaeT eMKOCTh TTOJTHOTO 3apsiia HCTOYHUKA
12 muranus o 3uadenno SOH. [{nst uamepenns wim otieHkn SOH MoryT ObITh UCTIONB30BaHBI BHYTPEHHEE CO-
MPOTHUBIICHUE UCTOYHHUKA 12 muTaHuUs, 00beJMHEHHOE 3HAUCHUE AIIEKTPOIHEPTHUH, aKKyMYJINPOBAaHHOHN U M3pac-
XOJIOBaHHOH, M Tak gajiee. bojee KOHKPeTHO, YMHOKEHHEM HU3BECTHON €MKOCTH MOJTHOTO 3apsiia UCTOYHHKA 12
MUTaHMs, KOTJIa OH SIBIISIETCS] COBEPIICHHO HOBBIM, Ha SOH oIleHMBaeTCs TeKyIee COCTOSIHAE EMKOCTH TTOJTHOTO
3apsza.

B cnyuae, rae 3HaueHue, MOJyYCHHOE YMHOXKEHHEM OLICHEHHON €MKOCTH IOJIHOTO 3apsAia Ha 3HaueHHe
HwkHero npegena (90%) mis SOC npekpaieHus 3apsaky, SBISETCS PaBHBIM HIIM OOJIBIINM, YeM KOJINYECTBO
HEOOXOMMOH AJIEKTPOIHEPTUH IS IBYX KOMIUIEKTOB (ciydait corsacHo ¢wur. 7), 6inok MCU 50 HacTpauBaet
SOC mpexkpatieHus 3apsaku Ha BenunauHy 90%, koTopas siBisieTcsl 3Hau€HUEM HIXKHETO Ipejaena. DTUM IyTeM B
COCTOSIHWH, B KOTOPOM JETpafanys UCTOYHNKA 12 MHTaHUS SBISETCS MaJIOd, MOKHO 00€CIICUNTh AIIEKTPOIHEP-
THIO JUIS TIOTPEOICHNS IBYMS KOMIUICKTAMH P BEITOJHEHUH 3apSIKH, B TO K€ BpeMst A3(PPEKTUBHO MOIABIIAL
JeTpaJalyio NCTOYHNKA 12 MUTaHUS.

B cmyuae, raoe 3HaueHue, MOJydeHHOE YMHOXKCHHEM OIICHEHHON €MKOCTH IIOJTHOTO 3apsia Ha 3HAuCHHE
HIwkHero npenena (90%) mns SOC npekpamieHns 3apsaKd, CTAHOBUTCSA MEHBIINM, YeM KOJIMIECTBO HEOOXOIH-
MOW 3JIEKTPOIHEPTHHU I IBYX KOMIUIEKTOB, ¥ 3HAUEHHUE, MOIyIeHHOE YMHOKEHHUEM OLIEHEHHOW €MKOCTH TIOJI-
HOTO 3aps/a Ha 3HaueHue BepxHero npenena (95%) nns SOC npexpalleHus 3apsKd, CTAHOBUTCS PaBHBIM HIIH
0O0JIBIINM, YeM KOJIMYECTBO HEOOXOAMMOI 3JIEKTPOIHEPTUH Ul ABYX KOMIUIEKTOB (ciydail cornacHo ¢ur. §),
6ok MCU 50 nactpaunaet 3Hadenue SOC (3Hauenue Gounblre, yeM 90%) Tak, 4To, KOr/a 3apsjKa 3aBepIuacT-
Cs1, KOJIMYECTBO HEOOXOANMOH 3IIEKTPOIHEPTHHU ISl ABYX KOMILIEKTOB MOXKET OBITh 00ECIIEUeHO KaK KOJIMYecT-
BO DJIEKTPOIHEPIUH, aKKyMYIHPOBaHHOU B UCTO4HMKe 12 mutanus, kak SOC mpekpamieHus 3apsaiaxu. [laxe B
9TOM CiTy4ae, MOCKOJIbKY HCTOYHHK IMHUTAHHUSA HE MEPEXOJUT B COCTOSHHUE MOJHOTO 3apsia, MOKHO 00ecednTh
3JIEKTPOIHEPTHUIO IS TOTPEOICHNUS ABYMSI KOMIDIEKTaMH, B TO YK€ BpeMsI ITPEeI0TBpaIiast JerpaIaruio.

B cnyuae, Tae kaxkipoe W3 3HAYCHHH, MTOyYEHHBIX YMHOKEHHEM OICHEHHOW €MKOCTH IOJHOTO 3apsijia Ha
3Ha4YeHne HikHero npenena (90%) u 3Hagenne BepxHero npeznena (95%) must SOC npexpatineHus 3apsSaKH, sB-
JISIETCS] MEHBIIIMM, YeM KOJIMYECTBO HEOOXOIUMOM JIEKTPOIHEPTHUH TS IBYX KOMILUIEKTOB, 610k MCU 50 ompe-
nmenser Takoe 3HadeHne SOC mpexpamieHus 3apsakd, YTO KOJUYECTBO aKKyMYJIHPOBAHHOW 3JIEKTPOIHEPTHH,
KOT/la 3apsijika IPeKpalaercs, MpeICcTaBIseT CO00H KOJMYECTBO HEOOXOANMOM SIICKTPOIHEPTUH TSI OJTHOTO
KOMIUIEKTa MM OoJiee, KOTOPOE MOXKET OBITh 0OecIeyeHO KaK KOJMYECTBO aKKyMYJIMPOBAHHOH 3JEKTpO3HEp-
run, U3 auanasona Mexzay 90 u 95%. B pesynbrare 3TOro MO>XKHO 00€CTICUNTH JIEKTPOIHEPTHIO ISl MOTpedIIe-
HUSI OJJTHAM KOMIIJIEKTOM, B TO K€ BpeMsI IPEA0TBpaLIas Aerpajaiiuio HCTOYHUKA 12 uTaHus.

B cnyuae, rae 3HaueHue, MOJyYeHHOE YMHOXKEHHEM OLICHEHHON €MKOCTH IIOJIHOTO 3apsAja Ha 3HaueHHe
BepxHero npenena (95%) mis SOC npekpaiieHus 3apsaKu, SBISCTCS MEHBIIAM, YeM KOJMYECTBO HEOOXOAUMOM
3JICKTPOIHEPTHH JJIsI OAHOTO KoMImiekTa, 010k MCU 50 ynpaBiseT yBeIOMUTENBHBIM OJIOKOM 45 Tak, 9To yBe-
JOMUTEIBHBIN OJOK M3BEIIaeT IOJIb30BATENs, YTO IMPHUIIIIO BPEMs 3aMEHATh NICTOYHHUK 12 MUTaHwUS.

Korma xonmmdecTBO aKKyMyITHPOBAaHHOM SJIEKTPOIHEPTHH, KOTOPOE IMOJIYYCHO BBIYUTAHHEM KOJIMYECTBA
3JIEKTPOIHEPTUH, aKKYMYITHUPOBAHHOW B UCTOYHHKE 12 NMuTaHMsA, KOT/Ia 3alpelleH pa3psa UCTOYHHKa 12 mwuTa-
Hus (korma SOC cocraBiser 0%), M3 KOMHYIECTBA SICKTPOSHEPTHH, aKKYMYJIUPOBAHHOW B UCTOYHHKE 12 muTa-
HUS, KOTJIa 3aBeplleHa 3aps/iKa, ONpeaeiseTcs BBIIICOMCaHHbIM yrpaBieHrneM OiokomM MCU 50 kak kosmue-
CTBO Pa3pelICHHON K pa3psiay 3JEKTPO’HEPTHH, MOKHO HAcTpauBaTh KOJIMYECTBO, PaBHOE WM OOJbIIee, YeM
KOJIMYECTBO HEOOXOIUMOM DJIEKTPOIHEPTHH U OZHOTO KOMIUIEKTA MJIM JABYX KOMIUIEKTOB, KaK KOJINYECTBO
Ppa3pelIeHHON K pa3psiay dIeKTpodHeprud. 1103 ToMy He TOJNBKO B COCTOSHHUM, B KOTOPOM MCTOYHUK 12 muTaHMs
SIBJISIETCS COBEPIIEHHO HOBBIM, HO TaK)X€ B COCTOSTHUHM, B KOTOPOM IIPOM30ILIA AETpasialivsl, MOKHO PacXxo/10BaTh
110 MEHBIIIEH Mepe OIMH KOMILJIEKT HCTOYHUKOB T€HEPUPOBAHUs a3po30iisi. [103TOMy MOXKHO yIIydIIUTh y100CT-
B0. Kpome ToOr0, MOCKOIBKY NCTOYHHK 12 MUTAaHUS HE MEPEXOINUT B COCTOSIHUE TTOJTHOTO 3apsiia, MOXHO IPEI0T-
BpaIarh Aerpaganuio.

B Beimeonuncannom Bapuante ocymectBieHus 6ok MCU 50 onpenenser SOC nmpekpaiieHus 3apsaKid co
CCBUIKOH Ha KOJHYECTBO HEOOXOIMMOI 3JEKTPOIHEPTHU AN JBYX KOMIUIEKTOB. B anbTepHATHBHOM BapHaHTE
6ok MCU 50 moxet onpenensath SOC mpekpaiieHus 3apsSaKi Co CCHUIKON Ha KOJMYECTBO HEOOXO0IUMOM 3JIeK-
TPOSHEPTUU TSI OJTHOTO KOMIUIEKTa. B 3TOM ciydae B JIF0OOOM COCTOSIHUHM Jierpafarnuu (paboTociocOOHOCTH)
SOC npexkparieHus 3apsAKH HacTpauBaeTcs Ha 3HaUYeHHE HIkHero npenena (90%).

Kpome Toro, cnenyer oTMeTHTh, YTO 3HaUeHHE HIbKHero npexaena (90%) u 3HaueHHe BEpXHETo Ipesera
(95%) mns SOC mpekpaleHust 3apsiIki, ONMCAHHBIE B BHIICYKa3aHHOM BapHaHTE OCYIIECTBICHHS, IIPEJICTaB-
JSFIOT co0o ToNbKO mpuMep. [10CKONIbKY OHHM SIBISIIOTCS 3HAYEHHMSAMH, 3aBUCSIIMMH OT Ka)KIOT'0 MCTOYHHKA 12
MUTaHKs, KOTOPBIH MCHONB3YETCs, MPEAIOYTHTEIHHO, YTOOB! OHHU OBIIH MOJYYEHBI SKCIIEPUMEHTAIBHBIM ITyTEM
Ha MHIVBHUIYAJIbHBIX HCTOYHMKAX 12 MUTaHMs, U Tak jgaee.

IlepBas mogudukanus KOHTPOJIA NPeKpalleHus 3apSAKi Ha HCTOYHMKEe MUTAHUSA
B aToM KoHTpoOJE, BO BpeMs 3apsaku ucTouHuka 12 muranus, 6ok MCU 50 3aBeprraer 3apsaxy, Korma
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SOC wncrounuka 12 nuranus gocrturaer 100%. Mexnay tem, 6moxk MCU 50 3apanee onpenensieT NpOU3BOJIBHBIH
JIMana3oH CTOPOHBI HW)KHETO Tpenena (Hanpumep, nuanaszon Mexay 10 n 5%) nuanasona SOC, B koTopoM 1e-
rpaganys UCTOYHHUKA 12 THUTaHUS SBISAETCS MaTOBEPOATHON, U OCTAHABIMBACT MOAAYY JICKTPOIHEPTHH U3 HC-
TouHMKa 12 mutaHus Ha Harpy3ky 21 (apyrumu cnoBamu, MCU 3anpermiaer paspsan) B ciydae, riae SOC ucrod-
HUKa |2 MATaHWSA TOCTUTAET 3aJaHHOTO 3HAYEHUS B ONPEICICHHOM IHMAala30oHe B X0/Ae 0TOOpa JIEKTPOIHEPTHH
13 UCTOYHMKA |2 muUTaHus Ha Harpy3Ky 21, U U3BemaeT 0 BpEMEHH 3apsAKH UCTOYHUKA 12 muTaHus depe3 yBe-
nomutenbHbIH 0710k 45. lanmee SOC uctoununka 12 muranus, koraa 6ok MCU 50 3anpernaer pa3psig UCTOIHH-
ka 12 muranus, Oynet HazsiBaThest SOC 3ampeneHus paspsa.

B kauectBe ucTouHrka 12 MUTAaHUS BRICOKOSMKHUI HCTOYHHK IMUTAHUS MIPUMEHSICTCS TaK, YTO EMKOCTh, T0-
JyYCHHAs] BEIYUTAHUEM KOJIUYECTBA aKKYMYJIHPOBAHHOHN 3IICKTPOIHEPTUH, COOTBETCTBYIOIIEIO MAaKCUMAITLHOMY
3Ha4YeHHIO (KoTopoe cocTtaBiseT 10%) mis SOC B MpOU3BOIBHOM IHATa30HE, W3 EMKOCTH TIOJIHOTO 3apsja, cTa-
HOBHTCSI PaBHBIM WJIM OOJIBIINM, Ye€M KOJIHYECTBO HEOOXOAUMOM ICKTPOIHEPTHH IS IBYX KOMIUIEKTOB (ApY-
TUMH CJIOBaMH, €MKOCTb, KOTopas cocTaBiseT 90% €MKOCTH MOJIHOTO 3apsijia UCTOYHHWKA 12 MUTaHUs, CTAHO-
BUTCSI PaBHOW WM OOJIBIICH, YeM KOJIUYCCTBO HEOOXOAMMOM 3JCKTPOIHEPTHH ISl ABYX KOMILICKTOB). B pe-
3yJIbTaTe 3TOTO B COCTOSIHHM, B KOTOPOM JIeTpasalfisi NICTOUYHUKA |2 MUTaHus SABISETCS MaJloH, JaKe €CJIN KOH-
TPOJIb 3aNpelieHus pa3psaa UCTOYHUKA 12 TUTaHWS BBITIOTHIETCS B COCTOSHUHU, B KoTopoM SOC cocTaBisieT
10%, BO3MO>KEH pa3psi sl HCTOMICHHUS IBYX KOMIJICKTOB MICTOYHMUKOB TCHEPHPOBAHUS a3PO30JIS.

®@wur. 10, 11 u 12 npeacTaBisitoT BUABI, WLTIOCTPUPYIOITHE TPUMEPH] B3aUMOCBSI3U MEXITY EMKOCTHIO TOJI-
HOTO 3apsijia UCTOYHUKA |2 MUTaHU B KQXKJOM U3 CIIy4aeB, Pa3IMIHBIX 110 TEXHHYECKOMY COCTOSHHIO UCTOYHH-
Ka 12 muTaHus, U KOJMYECTBOM DJICKTPOIHEPTHH, aKKYMYJIMPOBAHHON B UCTOYHHKE 12 MHUTaHUs, KOTJA 3ampe-
IaeTcst paspsi.

Ha ¢ur. 10 npuBeneH npumep eMKOCTH ITOJTHOTO 3apsiia B cOCTOsiHUY, B KoTopoM SOH cocrasmsier 100%,
TO €CTh MCTOYHHWK |2 THTaHUs SIBISETCS COBCPIICHHO HOBBIM, M ITOKa3aHO KOJIMYECTBO AKKYMYIHUPOBAHHON
JNIEKTPOIHEPTUH, KOT/Ia 3ampemaercs pa3psaa. Kak Obu1o omrcaHo BEIIIE, B COCTOSHUH, B koTopoM SOH cocTas-
nset 100%, eMKoCTb, KoTopas coctaBisgeT 90% OoT eMKOCTH MOJTHOTO 3apsia UCTOYHUKA 12 MUTaHUs, CTAHOBUT-
Csl paBHOH WM OOJIBIIICH, YeM KOJMIECTBO HEOOXOUMOH IS ABYX KOMILIEKTOB dJIEKTpodHeprun. Ha aToM oc-
HOBaHUH B JaHHOM cocTtossHuH 610k MCU 50 HactpanBaer SOC 3anpemenus paspsna Ha 10% 3HaueHus Bepx-
HETo Ipezena, MPH KOTOPOM CBOIUTCS K MUHHUMYMY JeTpajaliiis HICTOUYHUKA |2 MUTaHWA, U 3ampermaeT paspsis,
korga SOC ucrouynnka 12 nuranus gocturaer 10%.

Ha ¢ur. 11 nmokazano cocrostaue, B koropoM SOH sBIseTCS paBHBIM HIIM MEHBIIIUM, 9YeM MTOPOTOBOE 3HA-
yerne TH1, mensmee, uem 100%. Apyrumu cioBamu, Ha ¢ur. 11 mokazaHo cocTosiHEE, B KOTOPOM JeTpagarus
UCTOYHMKA 12 mMUTaHMS MPOU30IUIA B OONBIICH Mepe 1Mo CPpaBHEHUIO ¢ mpuMepoM Ha ¢dur. 10. B mpumepe co-
riacHo ¢wur. 11 emkocTh, KoTopas cocTaBiser 90% eMKOCTH MOJHOTO 3apsjia MCTOYHHKA 12 MUTaHWS, CTaHO-
BUTCSI MCHBIIICH, YeM KOJMYCCTBO JICKTPOIHCPIHH, HEOOXOAUMOW IS MBYX KOMILICKTOB. B 3TOM cocTrosHHUU
6ok MCU 50 nacrpausaer SOC 3anpenieHus paspsijia, HanpuMep, Ha 7% Menbiie, ueM 10%, Tak, 4To pa3HOCTb
MEXKIy EMKOCTBIO MOJTHOTO 3apsi/ia ¥ KOJUYSCTBOM DJICKTPOIHEPTUH, aKKYMYJIHMPOBAHHOW B UCTOYHHKE 12 muTa-
HUS, KOT/Ia pa3psii OCTAaHABIUBACTCS, CTAHOBUTCS KOJHMYCCTBOM AJICKTPOIHEPTUH, HEOOXOIMMOM IS IBYX KOM-
TUIEKTOB, W 3ampeniaeT paspsa uctounuka 12 muranus, korma SOC uctounuka 12 muranus gocturaet 7%. B
3TOM cirydae, naxke ecn SOH crerka cHmkaeTcs, Korza 3aBepIraeTcs 3apsaKa, 00ecreunBaeTcs JOCTaTOUYHOe
KOJIMYECTBO AIIEKTPOIHEPTUH, YTOOBI HCUEPIATh ABA KOMIUIEKTa HCTOYHUKOB TEHEPUPOBAHIS adPO30JIs.

Ha ¢ur. 12 nmokazano cocrosiaue, B koropoM SOH sBIseTCS paBHBIM HIIM MEHBIIUM, YeM MTOPOTOBOE 3HA-
yenne TH2, menbmee, yeM noporoBoe 3HadeHne THI1. [Ipyrumu cioBamu, Ha ¢ur. 12 moka3aHo cCOCTOSHHE, B
KOTOPOM Jerpaganus UCTOYHMKA 12 MUTaHWs MPOU30IUIA B elle OOJIBIICH CTEIICHU MO0 CPABHCHUIO C MPHIMEPOM
u3 ¢ur. 11. B npumepe u3 ¢ur. 12 eMKOCTh MOJTHOTO 3apsijia MCTOYHHMKA |2 MUTaHWS SBISICTCS PABHOW WU
MEHBIICH, YeM KOJIHYCCTBO IJICKTPOIHEPTHUH, HEOOXOMUMOW IS ABYX KOMILUICKTOB. B 3TOM cocTossHMU OJIOK
MCU 50 nactpamBaer SOC 3anpereHust pa3psaa Ha qroboe 3HaueHHe Mexay 10 u 5% Tak, 94To pasHOCTh MEX-
JIy €MKOCTBIO TIOJTHOTO 3apsifia U KOJIMIECTBOM 3JICKTPOIHEPTHH, aKKYMYJTHUPOBAHHOW B UCTOYHUKE 12 MUTaHWUS,
KOTJIa pa3psii OCTAHABIMBACTCS, CTAHOBUTCS PAaBHOMN MM OOJIBIICH, YeM KOJHYCCTBO JIEKTPOIHEPTUH, HEOOXO-
JIUMOM JIJIs1 OHOTO KOMIUIEKTa, U 3ampeniaet pa3psn, korna SOC ucrounnka 12 muTaHUS JOCTUTAET 3aJaHHOTO
3Ha4deHus. B aTom ciyuae, naxke ecnu SOH cnerka cHIpkaeTcs, KOTJa 3aBepIIacTcs 3apsiaKa, 00ecreunBacTes
JIOCTATOYHOE KOJIMYECTBO DJIEKTPOIHEPTHH, YTOOB HCYEPIATh OJMH KOMITJIEKT UCTOYHHKOB T€HEPHPOBAHUS ad-
PO30JIAL.

Kpowme Toro, 610k MCU 50 MOXeT JeTeKTHPOBATh JeTpagaliio UCTOYHUKA 12 MUTaHUS B OTBET Ha U3MeE-
Heane SOH 1o 3Ha"eHus, paBHOTO WJIM MEHBILIETO, YeM ITOporoBoe 3HaueHne TH2, u m3BemaTh, 9TO HCTOUHUK
12 muTaHus AETpagupOBaH, MOCPEICTBOM YBEJOMHUTEIBHOTO Oioka 45. B ajlbTepHATHBHOM BapHaHTE, OJIOK
MCU 50 MoxeT HauMHAThH BBINICYNIOMSHYTBIII KOHTPOJIb MPEKPAlLIeHUs pa3psga Ha UCTOUHHKE 12 muTaHus B
oTBeT Ha u3MeHenue SOH 10 3HaueHHs, paBHOT'O WJIM MEHBLIETO, YeM noporoBoe 3HayeHne TH2. Tem cambim
MOJKHO TIPEIOTBPATHTh AaTbHECHIIYIO JCTPaTalliio U3HOMICHHOrO UCTOUHUKa 12 mutanus. Kpome Toro, mo tex
Top, MoKa He NETCKTHPYETCS Jerpaganus UCTOYHUKA 12 MUTAHUS WU [MOKa HE HAYUHACTCS KOHTPOIb MPEKpa-
IICHUS pa3psijia Ha HCTOYHHUKE 12 MUTAaHWS, B HICTOYHHKE 12 MUTaHUSA 00CCIIEIMBACTCS TOCTATOYHOE KOJTHMUYECTBO
3JIEKTPOIHEPTUHN UISI OIYCTOIICHHUS OJHOTO KOMIUIEKTa WCTOYHHKOB T€HEPHUPOBAHMS a’po3ois. Ilostomy mo-
TIOJTHUTENBHO YITy4YIIaeTCsl YA00CTBO [UIS IOJIh30BaTEIS.
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Jlanee OyneT KOHKPETHO ONHMCaH KOHTPOJIb MMPEKPAIIeHUs pa3psiia, KOTopsli BeimosHseT 610k MCU 50.

Caauana 610k MCU 50 usmepsier wiu onerrBaeT SOH, U OIlCHHBaeT eMKOCTB MOJTHOTO 3apsiia HCTOYHHKA
12 muranus o 3uadenuo SOH. [{nst uamepenns wim otieHkrn SOH MoryT ObITh UCTIONIB30BaHBI BHYTPEHHEE CO-
MPOTHUBJICHUE UCTOYHHUKA 12 muTaHuUs, 00beJMHEHHOE 3HAUCHUE AIIEKTPOIHEPTHUH, aKKyMYJINPOBAaHHOHN U M3pac-
XOJIOBaHHOH, M Tak gajiee. bojee KOHKPeTHO, YMHOKEHHEM M3BECTHON €MKOCTH MOJTHOTO 3apsiia UCTOYHHKA 12
MUTaHUs, KOT/Ia OH SIBIISIETCS COBEPIICHHO HOBBIM, Ha SOH omeHuBaeTcs TeKyIiee COCTOSHIE eMKOCTH MOJTHOTO
3apsza.

B ciydae, Toe 3HaUeHHE, KOTOPOE MOTyYEeHO YMHOKEHHEM OIICHEHHOH BBIMICYIIOMSIHYTHIM IIyTEM €MKOCTH
TIOJIHOTO 3apsijia Ha 3HadeHue BepxHero npenena (10%) mis SOC 3amperieHus paspsiia, ¥ BEIMUTaHHEM IOJTY-
YEHHOT'0 3HaYCHUS U3 OLICHEHHOIH €MKOCTH IOJIHOTO 3apsija, SBISIETCS PaBHBIM WM OOJIBIINM, YEM KOJIMYECTBO
HEOOXOTUMOM AIEKTPOIHEPTHHU IS TBYX KOMIUICKTOB (ciydait cornmacuo ¢wur. 10), 6moxk MCU 50 HacTpamBaer
SOC 3ampenienus paspaa Ha BenuauHy 10%, koTopast sIBIS€TCS 3HaU€HHUEM BEPXHEro Mpeaena. DTUM IIyTeM B
COCTOSIHUH, B KOTOPOM JIerpajanusl HCTOYHUKA 12 MHUTaHUS SIBISETCS MEHBIIEH, MOKHO 00ECHEYHUTh 3JIEKTPO-
9HEPTHIO YIS MOTPeOIeHUs ABYMsI KOMIUIEKTAaMH NPU BBIIIOJHEHUH 3apsiliku, B TO ke BpeMs 3()(EeKTHBHO MHO-
JaBIIsist ICTpalalivio MICTOYHKKA 12 muTaHus.

B cirygae, rae eMKOCTh, KOTOpasi MOJTydeHa YMHOKCHHEM OIICHEHHOH €MKOCTH ITOJTHOTO 3apsia Ha 3Haue-
HHUe HkHEro npenena (5%) mra SOC 3anpemeHns pa3psaa, 1 BBIYUTaHHEM ITOJTy9eHHOTO 3HAYCHUS U3 OLCHEH-
HOM €MKOCTH IMOJTHOTO 3apsijia, CTAHOBUTCS PAaBHOM WITH OOJIBIIICH, YeM KOJUIECTBO HEOOXOIUMOM JIEKTPOIHEP-
THH JJIS1 IBYX KOMIUJIEKTOB, H €MKOCTh, KOTOpas MOJTy4eHa YMHOXEHHEM OIICHEHHON €MKOCTH MOJHOTO 3apsia
Ha 3HadyeHue BepxHero npenena (10%) mms SOC 3amperienus pa3psiia, ¥ BEIUUTAHAEM MOTyYSeHHOTO 3HAYCHUS
U3 OIICHEHHOW €MKOCTH TOJIHOTO 3apsi/ia, CTAHOBUTCS MEHBIINM, YEM KOJHYECTBO HEOOXOIMMOMN 3JIEKTPOIHED-
THH JJISL IBYX KOMIUIEKTOB, (ciydaii coriacHo ¢wur. 11), 6ok MCU 50 nactpanBaet Takoe 3Hauenue SOC (3Ha-
yeHHne MeHble, yeM 10%), 4To eMKOCTb, KOTOpas MOIY4YaeTCss BBIYUTAHUEM KOJIMUYECTBA JIEKTPOIHEPIUH, aK-
KyMYyJIHUpPOBaHHOHM B UCTOYHMKE 12 MUTaHMs, KOTJa 3alpeInaeTcsl pa3psid, U3 eMKOCTH IOJHOTO 3apsia, CTaHo-
BUTCSl KOJMYECTBOM HEOOXOTUMOM AIIEKTPOIHEPTHH IS JIBYX KOMILUIEKTOB, kak SOC 3ampelrueHus paspsna.
Jaxxe B 3TOM ciy4ae, HOCKOJIbKY MICTOUYHHK MUTAHUS HE IEPEXOJNUT B COCTOSIHUE TPEKPALICHHUS pa3psaa, MOKHO
00eCTIeYnTh AEKTPOIHEPTHIO JUII MOTPEOICHUS IByM KOMIUIEKTAMH, B TO K€ BpeMs IpeIOoTBpalias Aerpana-
ITHIO.

B ciygae, rae xaxxgast B3 €eMKOCTH, KOTOPas MMOJydeHa YMHO)KEHHEM OIICHEHHON €MKOCTH TOJIHOTO 3apsia
Ha 3HaYeHHE HIDKHEro npexaena (5%) mra SOC 3anpenieHns pa3psiia, ¥ BEIYUTAHUEM TTOIYIeHHOTO 3HAYCHUS U3
OIICHEHHOI €MKOCTH IOJTHOTO 3apsizia, © EMKOCTH, KOTOpast MOJlydeHa YMHO)KEHHEM OIICHEHHOH eMKOCTH TTOJTHO-
TO 3apsina Ha 3HaueHue BepxHero npenena (10%) mis SOC 3anpemenns pa3psia, ¥ BBIMATAHUEM ITOIYIEHHOTO
3HAYEHMS U3 OLCHEHHOH EMKOCTH MOJHOTO 3apsi/ia, CTAHOBUTCS MECHBILECH, YeM KOJIMYECTBO HEOOXOIUMOM dJIeK-
TPOIHEPTUH LTSI IBYX KOMIUIEKTOB (Citydait cormacHo ¢ur. 12), 6ok MCU 50 ompenenseT Takoe 3HAYCHHUE ITOH
€MKOCTH, KOTOPOE II0JIy4aeTCsl BHIUUTAHHEM KOJMYECTBA aKKyMYJIMPOBAaHHOW B MCTOYHHMKE 12 MHUTaHMS dIICK-
TPOJHEPIUH, KOTAA Pa3psisl 3alpeIacTcsl, U3 EMKOCTH MOJHOTO 3apsija, CTAHOBUTCS KOJMYECTBOM HEOOXOANMOI
SNEKTPO’HEPTUU Ul OJHOTrOo KoMIulekTa, kak SOC 3anpemenus paspsaa u3 auanazona mexay 10 u 5%. B pe-
3yJbTaTe ATOTO MOYKHO OOECIICUHTH INEKTPOIHEPTHIO TSI MOTPEOJICHUS OMHUM KOMILIEKTOM, B TO XK€ BpeMs
MpenoTBpanias Aerpagalio HCTOYHIKA 12 THTaHus.

B cirygae, rae eMKOCTh, KOTOpasi MOJTydeHa YMHOKCHHEM OIICHEHHOH €MKOCTH ITOJTHOTO 3apsia Ha 3Haue-
HHUe HkHEero npenena (5%) mra SOC 3anpemeHns pa3paaa, 1 BBIYUTaHHEM ITOJTyYeHHOTO 3HAYCHUS U3 OLCHEH-
HOW €MKOCTH TIOJTHOTO 3apsi/ia, CTAHOBUTCS MEHBIIEH, YeM KOJHMYECTBO HEOOXOIMMOM 3IIEKTPOIHEPTHH IS OJ1-
HOTo KoMIutekTa, 610k MCU 50 ynpaBinsieT yBeIOMUTEIbHBIM OJIOKOM 45 Tak, 4TO YBEIOMHUTEIbHBIH OJIOK U3-
BEILAET IT0JIb30BATENS, YTO MPHUIILIIO BPeMsl 3aMEHSITh HCTOYHUK 12 muTaHus.

Korga xonm4ecTBO akKyMyJIUPOBAaHHOH 3JIEKTPO3HEPTUH, TOIyY€HHOE BEIUUTAHUEM KOJIMYECTBA AJIEKTPO-
9HEPTUH, aKKyMYyJHUPOBAaHHOW B MCTOYHHKE 12 NMUTaHWs, KOTJa 3alpelieH pasps UCTOYHMKA 12 muTaHus, w3
KOJIMYECTBA HJICKTPOIHEPTHH, aKKYMYJIMPOBAaHHON B UCTOYHUKE 12 MUTAaHUS, KOT/A 3aBEpIICHa 3apsiaKa, ompe-
JienseTcsl KaK KOJIMYECTBO Pa3pelleHHON K pa3psay 37A€KTPOIHEPTHUH, BHIIICONUCAHHBIM KOHTPOJIEM MpeKpalle-
HUS paspsaa moxa ynpasieaueMm 0sokoM MCU 50 MOXXHO HacTpauBaTh KOJUYECTBO, paBHOE WIH OOJIbIIEe, YeM
KOJIMYECTBO HEOOXOIUMOHN 3JEKTPOIHEPTHH JJIS OJHOTO KOMIUIEKTa WIH ABYX KOMIUICKTOB, KaK KOJMYECTBO
Pa3penIeHHON K pa3psAAy AJIeKTpodHepruu. 1103ToMy He TOJBKO B COCTOSIHUH, B KOTOPOM HCTOYHHUK 12 muTaHus
SBIISICTCS COBEPIICHHO HOBBIM, HO TaK)KE B COCTOSIHAH, B KOTOPOM TPOM30IIIIA IeTPaialliisl, MOKHO PacX010BaTh
110 MEHBIIIEH Mepe OMH KOMIUIEKT HCTOYHUKOB T€HEPHPOBAHUS a3p0o30isl. [103ToMy MOXKHO yIydIIUTh yA00CT-
B0. Kpome Toro, mockoipKy MCTOYHHK 12 MUTaHWS HE MEPEXOAUT B COCTOSHUE MPEKPAIICHUs pa3psaa, MOKHO
IpeOTBPAIlaTh ACTPaJaluio.

B BrimeonmcannoM Bapuante ocymectsiaeHus 0ok MCU 50 ompenenser SOC 3anpenieHus paspsia co
CCBUIKOW Ha KOJIMYECTBO HEOOXOAMMOM IJIEKTPOIHEPTUH JJIS IBYX KOMIUIEKTOB. B anprepHaTHBHOM BapuaHrte,
6ok MCU 50 moxer onpenensate SOC 3anpenieHust pa3psiia Co CCHUIKOH Ha KOJIMYECTBO HEOOXOANMOH dIIeK-
TPOJHEPIUH [UISl OAHOTO KOMIUIEKTa. B 3TOM cityuae, B M000M COCTOSIHUM Jerpananuu (paboToCIoCOOHOCTH),
SOC zanpemnienns pa3psiaa HacTpauBaeTcs Ha 3HaYeHUe BepxHero npezaena (10%).

Kpome Toro, cremyer oTMETHTB, YTO 3HaYeHHE HIDKHEro mpexnena (5%) u 3HaueHHE BEPXHErO Mpejaesa
(10%) s SOC 3amperieHns pa3psiia, ONMCAaHHBIE B BRIIICYKa3aHHOM BapHaHTE OCYIIECTBICHHS, TPEACTABIIA-
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10T c000# TonbKO mpuMep. [10CKONIBKY OHM SBISIFOTCS 3HAUCHHSMH, 3aBHUCSIIMMHU OT Ka)KIOTO MCTOYHHKA 12
MUTaHMs, KOTOPBIH MCHONB3YETCs, MIPEAIOYTHTEIHHO, YTOOB! OHU OBIIH MOJYYEHBI SKCIIEPUMEHTAIBHBIM ITyTEM
Ha WHAVBHUIYaJIbHBIX NCTOYHUKAX |2 MuTaHMA, ¥ TakK Aajee.

Bropas moaudukanus KOHTPOJS MpeKpalieHus 3apsaIKi Ha HCTOYHMKe MUTAHUSA

Biioxk MCU 50 MOeT BBITIONHATh KOHTPOJL 3aBepiieHus 3apsnku, korga SOC ncrouynuka 12 mutaHus
CTaHOBUTCS 3aJaHHBIM 3HAYCHHEM B NPOU3BOJIFHOM JAMAINa30HE CTOPOHBI BEPXHETO Mpeeiia B XOAe 3apsaKd
nucTouHuka 12 muTanwsi, U 3anpemiaer paspsa, korga SOC ncrouynnka 12 muTaHus JOCTUTACT 3aJaHHOTO 3HAYe-
HUS B IPOM3BOJIFHOM JHMAIla30HE CTOPOHBI HIKHETO IMpe/eia B X0e pa3psna UCTOUHMKa 12 muTaHus. JpyruMu
cioBamu, 6;10k MCU 50 MOKeT KOHTPOJIMPOBATh KXK/IYIO OTEPAIMIO U3 3apsAKH M pa3psiaa UCTOYHKKA 12 mu-
TaHMS TaK, YTO UCTOYHUK 12 MUTaHUS HE OKa3bIBAETCS B COCTOSIHUM ITOJTHOTO 3apsiia M B COCTOSIHUM ITpEKparie-
HUS paspsiza.

Korzma xonmmyecTBO aKKyMyJIHpPOBAaHHOM SJICKTPOIHEPTHH, KOTOPOE TOJIyYaeTCs BEIYUTAHHEM KOJINYECTBA
JNEKTPOIHEPTUH, aKKYMYJIMPOBaHHOH B UCTOYHMKE 12 MUTaHMS, KOTAA 3alperiaeTcs pa3psil HCTOUYHUKa 12 mu-
TaHMs, U3 KOJINYECTBA IJIEKTPOIHEPTUH, aKKYMYJIHPOBAaHHON B MCTOYHHKE 12 MUTaHMs, KOTJa 3aBepIIaeTCs 3a-
psnKa, OmMpeaenseTcs Kak KOJIMYECTBO pa3pelieHHoN K paspsamy dnekTpodHeprun, 610k MCU 50 HactpauBaer
kaxaoe n3 3HadeHnit SOC npekparnenns 3apsaaku u SOC 3anperenus pa3psiia Tak, 9T0 KOJTHIECTBO pa3perieH-
HOW K Pa3psAy SJCKTPOIHEPTHH CTAHOBUTCSA KOJMYIESCTBOM HEOOXOIMUMOHN SJIEKTPOIHEPTHH I OJHOTO KOM-
TUTEKTa WM JIBYX KOMIUIEKTOB. B 3TOM cilygae HE TOJNBKO B COCTOSIHHH, B KOTOPOM HE TOJBKO B COCTOSHHM, B
KOTOPOM HCTOYHHK 12 MUTaHUS SBISETCA COBEPIICHHO HOBBIM, HO TAaKXKe B COCTOSHHH, B KOTOPOM IIPOHM30ILIA
Jerpajanysi, CTAHOBUTCS BOZMOXKHBIM PAacXOJ0BaHME TI0 MEHBIIEH Mepe OJHOTO KOMIUIEKTa HCTOYHUKOB TeHe-
pupoBaHus a3po3ois. [IoaToMy MOXKHO ynydnuTs yaoocTBo. KpoMe Toro, nockoabky HCTOYHUK 12 muTaHus HE
OKa3bIBAETCS B COCTOSHUHU MOJIHOTO 3apsia U B COCTOSIHUM NPEKPaLICHUs pa3psiaa, MOKHO JOMOJIHUTENBHO Tpe-
JOTBpAILATh JeTrpajanuio.

TpeTbst MoauduKanusi KOHTPOJIS NMPEeKPAIIEHUs] 3aPS/IKH HA HCTOYHUKE MUTAHUS

Hwke OyzneT onmcaH KOHTPOJb MIPEKPAIIEHHS 3apsIKH, KOTOPHIM BBIMOJHSICTCS B CiIydae, IJe OJMH KOM-
TUIEKT, COCTABJICHHBIN OAHNM NEpBHIM KapTpumkeM 20 1 MHOTOYHCICHHBIMHU (HalIpUMeED, MATHI0) BTOPBIMHU Kap-
tpumkamu 30, copMupoBaH KaKk HCTOUHUKHI T€HEPUPOBAHMS adpO30JIs IS TTOIb30BaTels. B aToMm ciydae, dro-
OBl OITYCTOITUTH COBEPIICHHO HOBBIA (HEWCIIONB30BAaHHBIN) MEPBHIM KapTpumk 20, HY>KHO OMyCTOIIWTH TATH
COBEPIIEHHO HOBBIX (HEHCITOJIb30BAHHBIX) BTOPBIX KapTpumxer 30. KoamaecTBo HEOOX0AMMOH 3IIEKTPOIHEPTUN
MOJKET OBITH HACTPOCHO HAa OCHOBE KOJMYECTBA DJICKTPOIHEPTHH, HEOOXOIUMOH Il M3PACXOJOBAaHUSI OJHOTO
COBEPIIEHHO HOBOTO (HEWCIIOIh30BAaHHOTO) TIEpBOTO KapTpumka 20, WM MOXKET ObITh HACTPOEHO Ha OCHOBE
KOJIMYECTBA DJIEKTPOIHEPTHH, HEOOXOAMMOH sl M3pacXOA0BaHUSI OJJHOTO COBEPIICHHO HOBOTO (HEHCIIOJB30-
BaHHOT0) BTOpOro KapTpumka 30.

B ciyuae HacTpoiiku KonmmdecTBa HEOOXOIMMOM AJIEKTPOIHEPTUH HA OCHOBE KOJIMUECTBA 3JICKTPOIHEPTHH,
HE0OX0ANMOH JUIsl M3pacXOA0BaHUS OJHOTO COBEPIICHHO HOBOTO (HEUCIIONB30BAHHOTO) IIEPBOTo KapTpumka 20,
MCTOYHMK 12 IHMTaHMS MMEET IOCTATOYHO DJICKTPOIHEPTHH JUIS U3PAcXOJO0BaHUS OJHOTO KOMIUIEKTa. [loaTomy
MOXHO TIPEJOTBPATUTh YPE3MEPHOE TOBBIIICHHE YaCTOTHI 3apsIKM UCTOYHHKA 12 MUTaHUs, B TO JKe BpeMs Ipe-
JOTBpaIias Jerpajaliio HCTOYHNKA 12 mHTaHuS.

B ciny4ae HacTpoHKH KOJIMYecTBAa HEOOXOIMMOH 3JIEKTPOIHEPTHH HA OCHOBE KOJIMYECTBA IIEKTPOIHEPTHH,
HEOOXOTUMOM ISl H3PACXOIOBAHUS OJTHOTO COBEPIICHHO HOBOTO (HEHMCIIOIb30BAHHOTO) BTOPOTO KapTpumka 30,
MOJKHO YMEHBIIUTH pa3Mep, BEC U CTOMMOCTb UCTOYHHKA 12 MUTaHMUS.

B npusenenHoM Boite onrcanuu 610k MCU 50 ympasisier mo MeHbInei mepe omanM u3 SOC mpekparie-
Hus 3apsaaxu 1 SOC 3anpemmenus paspsna. OqHako U3 3Toro KoHTpois ynpasiaenue SOC npekpaiieHus 3apsaaKu
MOJKET BBINOJIHATECS 3apsaaHoil cxemoil IC 55.

B sTOM ommcaHuM pacKphITHI, 0 MEHBINEH Mepe, cienyromue acnekTsl (1)-(14) nzodperenust.

(1) Bstox muTanust I a3pO30JIEHOTO MHTASITOPA, BKIIOYAIOIINH HCTOYHUK NUTaHUSI, KOTOPHII BBIIOJIHEH
C BO3MOJKHOCTBIO TTO/IBOJIUTH AJIEKTPOIHEPTHIO K HArpy3Ke /I TeHEPUPOBAaHUs adp0o30JIs U3 HCTOYHUKA TeHEPH-
PpOBaHMS a3p030JIsl; U

OJI0K ynpaBJIeHHUs, KOTOPHINA BHIIOIHEH C BOZMOXKHOCTBIO YIIPABICHUS 110 MEHBIIIEH Mepe OTHIM W3 3apsia-
KM 1 pa3psga UCTOYHMKA MUTAHUSA TaK, YTO MCTOUYHHUK MMUTAHUS HE CTAHOBUTCS NMPHUILIEANINM B OJHO WM 00a 13
COCTOSIHUS TIOJTHOM 3apsIKA U COCTOSHUS ITPEKpaIIeHus pa3psia.

CornacHo myHKTY (1), HOCKOJIBKY UCTOYHUK ITUTAHUS YIPABISETCS TaK, YTO UCTOYHHK ITUTAaHHUA HE CTaHO-
BUTCSI IPHILIEANINM B OTHO WK 00a M3 COCTOSHIUS ITOJTHOW 3apsIKA M COCTOSHUS MPEKPAIICHUS pa3psiaa, MOXKHO
MPEIOTBPAIIATh JETpaJalliio MCTOYHHKA MUTaHUA. bojee KOHKpETHO, B yCTPOMCTBax, KOTOPHIE MOTYT YacTO
UCIIONIb30BAThCSl M 3apsDKAaThCSl U Pa3psHKAThCS, TAKUX KaK a’pO30JIbHBIE MHIAJSTOPHI, BHITOJHEHUEM TAaKOTO
YIIPaBJICHUS] MOXKHO MPEAOTBpaIarh Aerpajalliio UX UCTOYHMKOB MTUTAHMS, TEM CaMbIM YIUIMHSSI CPOK CITY>KOBI
ycTpoicTB. B nomonHenue, MO>XHO moiry4ath 3¢ (GeKT SKOHOMUH YHEPTHH.

(2) bnox nuTanus cornacHo mMyHKTY (1), B KoTOpOM

OCTaTOK, KOTOPBIH ITOJIy4eH BHIYUTAHHEM KOJNYECTBA JJIEKTPOIHEPTUH, AKKYMYJINPOBAHHON B HCTOYHHUKE
MUTaHMS, YTOOBI BBI3BATh 3alpElICHHE paspsija, W3 KOIWYECTBA aKKyMYJUPOBAHHOH B MCTOYHHMKE ITUTAHUS
3JIEKTPOIHEPTUH, B COCTOSIHAH, B KOTOPOM 3apsKa 3aBepIIeHa, ONPEAeIIeTCs KaK KOJINIECTBO pa3pemeHHol K
pas3psiy AJIEKTPOIHEPTHH, U
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OJIOK yIpaBJICHHUS YNPABIET IO MCHBIICH MEpe OJHUM W3 3apsSIKd M pa3psia UCTOYHUKA MUTAHUS TakK,
YTO KOJIUYECTBO PAa3pPEHICHHON K Pa3psAAy 3JICKTPOIHEPTUHM CTAHOBUTCS PABHBIM U OOJIBIIIMM, Y€M KOJIUYECTBO
3JIEKTPOIHEPTUH, HEOOXOIMMOE [T TTOAaYH Ha HATrpy3Ky, YTOOBI OITyCTOIINTh MCTOYHUK I'€HEPHPOBAHUS adpo-
307151, KOTOPBIH ABISETCS HEUCIIOIH30BAHHBIM.

CorylacHO TYHKTY (2), B COCTOSHUHU, B KOTOPOM 3apsjka WCTOYHHKA THUTAHHS 3aBEpIEHAa, CTAHOBUTCS
BO3MOYKHBIM M3PAaCXOJ0BAaHNE HEHCIIOIH30BAHHOTO NCTOYHUKA TEHEPUPOBAHUS a3PO30JIsl adPO30JIHHBIM HHTANIS-
TopoM. ITosTOMYy MOXXHO TIpemoTBpamiaTh CHUTYAIHIO, B KOTOPOW CTAHOBUTCS HEBO3MOXXHBIM T'€HEPHUpPOBAHHE
a’p030JIs1 B COCTOSIHUH, B KOTOPOM HMEETCS OCTaTOYHOE KOJMYECTBO MCTOYHHKA TEHEPHPOBAHUS a3pO30Ii, U
MOJKHO MPEIOTBPANIATh YacTYIO 3apsKy UCTOYHUKA MUTAHUS, TEM CAMBbIM IOJAABIISIS JCTPANAllUI0 UCTOYHUKA
nuTaHus. J[pyruMu ClIoBaMH, MOXHO JOCTHTaTh KaK MPEJOTBPALICHUS JCTpaJalliil UCTOYHUKA ITUTAHU, TaK U
VIIy4IIeHUs] YI00CTBA I MOJIE30BaTEIIs.

(3) biiox nmutanus cornacHo NyHKTY (1), B KOTOpOM

HCTOYHUK TCHEPUPOBAHUS a3p030Js BKIIOYACT IMEPBBIN OJIOK, CONCpXKAIIUil PacHbULIEMYIO HArpy3KOM
Cpely, ¥ BTOPO OJIOK, COJCp KA UCTOYHUK apoMara, Ui JOOABICHHUS apoMarta B PACIBUICHHYIO CpEAy, H

OJIOK yHpaBJICHHS YNPaBIET IO MEHBIICH Mepe OJHUM M3 3apsOKd M pa3psiia UCTOYHWKA IMHUTAHUS TakK,
YTO KOJMYECTBO Pa3peIIeHHON K pa3psAay 3JIEKTPOIHEPTHH CTAHOBUTCS PaBHBIM ITH OOJIBIIINM, Y€M KOJHIECTBO
3JIEKTPOIHEPTHH, HEOOX0AUMOE ISl IOJauu Ha Harpy3Ky, 9TOOBI OITyCTOLTUTH IPEABAPUTEIHHO OTPEACICHHOE
YHUCII0, KOTOPOE COCTABJISIET OAWH UK 00Jiee, TIEpBOTO OJIOKa.

CorylacHO TYHKTY (3), B COCTOSHUH, B KOTOPOM 3apsjka WCTOYHHKA THTAHHS 3aBEpIEHAa, CTAHOBUTCS
BO3MOYKHBIM M3PacX0JI0BaHUE MPEIBAPUTEIHHO OIPEICICHHOTO YHCIIA IEPBOTO OJIOKA a3pO30JIBHBIM HHTANISATO-
pom. Hammpumep, B citydae, Iie Ipy OJJHOM IIEPBOM OJIOKE MOTYT MPUMEHSITHCS MHOTOYHCIICHHBIC BTOPBIC OJIOKH,
CTaHOBUTCS BO3MOXHBIM HM3PACXOJOBAHUC MHOTHX BTOPBHIX OJIOKOB BBITIOJIHCHHEM OJTHOW 3apsmkd. [loaTomy
MOJKHO MPEIOTBPATHTh YACTYIO 3apsAKY MCTOYHHMKA IMUTAHUS, TEM CaMBIM TMOJABISA JCTPaJallii0 UCTOYHUKA
MTUTAHUS.

(4) bnox nuTanHuUs cornacHo MyHKTY (2), B KOTOpOM

HCTOYHHK TEHEPHUPOBAHUS a’p030Js BKIIOYAET IMEPBHIN OJIOK, CONepKalluil pacHmbUIIeMyl0 Harpy3Kou
Cpeny, ¥ BTOpo OJIOK, COAep KA HCTOYHHK apoMara, Uil J0OaBIeHU apoMaTa B pacCIBUICHHYIO Cpemdy, ’

OJIOK ynpaBJICHHS YNPABISET 10 MEHBIICH Mepe OJHUM M3 3apsOKd M pa3psiia UCTOYHUKA IMUTAHUS TakK,
YTO KOJMYECTBO Pa3peIIeHHON K Pa3psAAy 3JIEKTPOIHEPTHH CTAHOBUTCS PaBHBIM TN OOJIBIIINM, Y€M KOJTHIECTBO
3JIEKTPOIHEPTUH, HEOOX0AUMOE IS IOJJauu Ha Harpy3Ky, YTOOBI OITyCTOITUTh IPEABAPUTEIHHO OTPEACICHHOE
YHUCII0, KOTOPOE COCTABIISAET OAMH UIH 00Jiee, BTOPBIX OJIOKOB.

CornacHo yHKTY (4) B COCTOSHUM, B KOTOPOM 3apsIKa UCTOYHUKA MTUTAHUS 3aBEpIICHA, CTAHOBUTCS BO3-
MOJKHBIM H3PACXO0IOBaHHE TPEABAPUTEIBHO OMPEICICHHOTO YUCIIA BTOPHIX OJOKOB a3P030JIbHBIM HHTAIATOPOM.
Hanpumep, MOkeT OBITH BBITIOJHEHA KOH(PUTYpAIHs, B KOTOPOI KOJIHMYECTBO Pa3peIICHHON K pa3psay AIIEKTPO-
SHEPTHU UCTOYHUKA MUTAHUS CTAHOBUTCS PABHBIM WA OOJBIINM, YeM KOJIHYCCTBO JIICKTPOIHEPTHH, HEO0OXO-
JIUMOE ISl OITYCTOIICHUST MHOTOYHCIICHHBIX BTOPBIX OJIOKOB, YTOOBI 00€CTICUUTh BOZMOKHOCTD H3PACXOIOBAHHUS
MHOTHX BTOPBIX OJIOKOB OJJHOKPATHBIM BBITIOJTHEHUEM 3apsKd. B 3TOM citygae MOXKHO MPEAOTBPATHTE YaCTYIO
3apAAKY UCTOUYHUKA MUTAHUS, TEM CaMBIM ITOIaBIISIs JeTPpagaliio HCTOYHUKA TUTAHHUS.

Kpome Toro, hopmupoBaHreM KOHPHUTYpAIMH, B KOTOPOH KOJUYECTBO Pa3pelieHHON K pas3psay dJIEKTPO-
SHEPTUH UCTOYHMKA MUTAHUSA CTAHOBUTCS PABHBIM IJIA OOJBIINM, YeM KOJIHYECTBO IIEKTPOIHEPTHH, HEO0O0XO-
JIUMOE JUIS OIYCTOIICHHUS, HAIIpUMep, OXHOTO BTOPOTO OJIOKA, MOXXHO CHU3UTHh €MKOCTh UCTOYHHKA MHUTAHUA, U
MOJKHO YMEHBIIHNTH pa3Mep, BEC M CTOMMOCTh a3pO30JBHOTO MHTanATopa. KpoMe Toro, mocKoiabKy MOXKHO CHe-
JaTh KOJIMYECTBO AJICKTPOIHEPTHUU IJIsI M3PACXOJOBAHUSA OJHOTO BTOPOTO OJOKAa MCHBIINM, YeM KOJUYECTBO
AJIEKTPOIHEPTUH JJIs U3PACXOJJOBAHUS OJJHOTO MIEPBOTO OJI0Ka, MOKHO CHHU3UTHh €MKOCTh HCTOYHHKA TTUTAHUS, U
MOJKHO YMEHBIIUTH pa3Mep, BEC U CTOMMOCTb a3p030JIbHOTO HHTAJSTOPA.

(5) A’p030TBHBIN HHTATATOP, BKIFOYAOIIHN

OJI0K IMTaHUs coryIacHO ImyHKTaM (3) nnm (4);

TIEPBEIH OJIOK U

BTOpPOH OJIOK, KOTOPBIA OITycTOIIaeTCs ObICTpee, YeM MepBbIi OJIOK, KOTOPBIA SBJIICTCS HEHUCITOJIb30BaH-
HBIM, €CJIM TI0Jjada 3JIEKTPOIHEPTHH Ha HArpy3Ky BBIIIOJTHAETCS, KOTJa BTOPOH OJIOK SIBISETCS HEHCIOJIh30BaH-
HBIM.

(6) bnok mutanus coracHo MyHKTY (1), B KOTOpoMm

OCTaTOK, KOTOPHIH IONydaeTcs] BEIYUTAHIEM KOJNWYECTBA HIIEKTPOIHEPTHH, aKKyMYJIHPOBAHHON B MCTOY-
HUKE TUTAaHW, YTOOBI BRI3BATh 3alPEIIeHNE pa3psia, U3 KOJMIECTBa aKKyMYJIHPOBAHHONW B NCTOYHHUKE MTUTAHUS
JJIEKTPOIHEPTUH, B COCTOSIHHH, B KOTOPOM 3apsiKa 3aBepIlcHa, ONPEACIICTCS KaK KOJIMISCTBO Pa3pelIcHHON K
Ppaspsiay NEKTPOIHEPTUH, U

OJIOK YIpaBJICHHUS YNPaBIET IO MCHBIICH Mepe OJHUM W3 3apsIKd U pa3psia UCTOYHUKA MUTAHUS TakK,
YTO KOJIHYECTBO Pa3pEIICHHOW K pa3psay dJICKTPOIHEPTHH B IIEPBOM COCTOSIHHU, B KOTOPOM YHCJICHHBIN MOKa-
3aTelb, MOKA3bIBAIOIIUA COCTOSHUE, B KOTOPOM 3apsijika MCTOYHHKA MUTAHUS 3aBepIlcHa, U ACTPaganus UCTOY-
HUKA IHTaHWS SBISCTCS MCHBIICH, YeM MOPOrOBOC 3HAYCHUE, WJIM YHCICHHBIA MOKA3aTelb, MOKa3BIBAIOIIHI
TEXHUYECKOE COCTOSIHUE MCTOYHUKA MTUTAHMUS, SBISIETCS PABHBIM WM OOJBIINM, 9€M IOPOTOBOE 3HaUYEHHE, CTa-
HOBHTCSI PaBHBIM WM OOJIBIINM, YeM KOJHMYECTBO JJIEKTPOIHEPTHH, HEOOXOAMMOe Ui TMOAAa4Yl Ha Harpys3Ky,
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YTOOBI OITYCTOIIUTE UCTOYHHUK T'€HEPHUPOBAHHS a9PO30JIsl, KOTOPBI SBIISETCS HEUCIIOIB30BAHHBIM.

CornacHo NmyHKTY (5) B COCTOSIHUHM, B KOTOPOM JIerpajalliis MCTOYHHWKA IHTAHUS €lIe HE IMpPOSIBHUIACK,
o0ecrieynBaeTCsl KOJIMIECTBO Pa3pEIICHHON K pa3psiay dJIEKTPOIHEPTHH, PABHOE WK OOJIbIIee, YeM KOJIHMYECTBO
3JIEKTPOIHEPTHH, HEOOXOIUMOe JUIA TOAaYN Ha HAarpy3Ky, 9TOOBI OIyCTONINTH HEHUCIOIh30BaHHBIA HCTOYHHK
TeHepHPOBaHuUs a3po30irL. [ToaToMy, naske eciu Hadanach Aerpajalis HCTOYHIKA ITUTAHIS, MOKHO 00eCTIeUUTh
JIOCTAaTOYHOE KOJMYECTBO 3JICKTPOIHEPTHH ISl OIMyCTOIICHHS HEHCIIONb30BAaHHOTO MCTOYHUKA TeHEPHUPOBAHUS
a’po3oist. Kpome Toro, cHIKEHHEM KOMHYECTBA Pa3peIeHHON K pa3psiry SJIEKTPOIHEPTHH B BHIICYTIOMSIHYTOM
COCTOSIHUM MOKHO COKPaTHUTh €MKOCTh MCTOYHHKA MUTAHUSA, U MOKHO YMEHBIINTH pa3Mep, BEC U CTOMMOCTb
a’pPO30JILHOTO MHTAJISTOPA.

(7) bnox nuTanus cornacHo MyHKTY (6), B KOTOpOM

TIEpBOE COCTOSIHHE IMPEJCTaBIISICT COO0H COCTOSIHUE MCTOYHHKA MUTAHMS, KOTOPBIH SIBISIETCSI COBEPIICHHO
HOBBIM.

(8) biiox nmutanus cornacuo myHKTy (1), (6) wiu (7), B KOTOpOM

OCTaTOK, KOTOPBIH TOJIy4aeTcsl BHIUUTAHHEM KOJIMYECTBA JJIEKTPOIHEPTUH, aKKyMYJIUPOBaHHOH B HCTOY-
HUKE TUTAaHW, YTOOBI BEI3BATH 3alPEIIeHUE pa3psia, U3 KOJMIECTBa aKKyMYJIHPOBAHHONW B NCTOYHHUKE MTUTAHUS
3JIEKTPOIHEPTHH, B COCTOSIHAH, B KOTOPOM 3apsiIKa 3aBEpIIeHa, ONpPEeAeIsIeTCs KaK KOJINIECTBO pa3pemeHHON K
pas3psiTy IIEKTPOIHEPTHH, U

OJIOK ynpaBJICHHS YNPaBIET 10 MEHBIICH Mepe OJHUM W3 3apsOKd M pa3psiia UCTOYHWKA IMHUTAHUS TakK,
YTO KOJIMIECTBO Pa3pEelICHHON K pa3psily JIEKTPOIHEPTHH BO BTOPOM COCTOSHUH, B KOTOPOM YHCIICHHBIN MTOKa-
3aTelb, MOKA3bIBAIONINA COCTOSHUE, B KOTOPOM 3apsiika MCTOYHMKA MUTAHUS 3aBepIlIeHa, M AeTPaganus HCTOU-
HHMKa IUTaHMs SBISICTCS paBHOM WM OoJblIel, YeM IOpOroBOe 3HAUCHHE, WIIM YUCIICHHBIN MOKa3aTelb, MOKa-
3BIBAIOLINH TEXHUYECKOE COCTOSHUE MCTOYHMKA ITUTAHUSA, SBISETCS MEHBIINM, YEM IOPOTOBOE 3HAUCHHE, CTa-
HOBUTCSI PaBHBIM MJIM OOJBIIMM, YeM KOJMYECTBO AJICKTPOIHEPTHH, HEOOXOAMMOE JUIsl MojJadd Ha Harpysky,
YTOOBI OITYCTOIINTE UCTOYHUK T€HEPHUPOBAHHS a9PO30JIsl, KOTOPBI SBISETCS HEUCIIOIB30BAHHBIM.

CornacHo myHKTY (8), Jaske eciii pa3BUBAeTCs JETpajaliis MCTOYHHKA MUTAHUS, BCIECICTBUE YETO eM-
KOCTH TIOJIHOTO 3apsfa CHIKAETCS, 00ECIIeYMBAeTCsl KOJWYECTBO PA3PEIICHHON K pa3psay 3JICKTPOSHEPTHH,
paBHOE WK OOJIbIIIee, 9eM KOJIMYECTBO AIICKTPOIHEPTUH, HEOOXOMMOE IS MTOJJa4uM Ha Harpy3Ky, YTOOBI OIrycC-
TOIIUTHh WCTOYHHUK T€HEPHUPOBAHUS a’3p0O30JIs1, KOTOPHIH SBISIETCS HEHMCIIONB30BAaHHBIM. [103TOMY CTaHOBUTCA
BO3MOYKHBIM HM3PacX0/I0OBaHNE HEHWCIOJIh30BAaHHOTO MCTOYHHKA TEHEpUPOBaHMA a’po3oisi. Kpome Toro, cHmke-
HHEM KOJMYECTBA Pa3pPemICHHON K pa3psly JIEKTPOIHEPTHH B BBHIIMICYIOMSHYTOM COCTOSHUH CTAHOBHTCS BO3-
MOJKHBIM COKpAIlIeHHEe eMKOCTH MCTOYHHKA MUTAHUSI U MOKHO YMEHBIINTH pa3Mep, BEC U CTOUMOCTE a’p030iIhb-
HOTO MHTaJISITOPA.

(9) Biiox nmuTaHus coriacHoO MyHKTY (8), B KOTOpOM

BTOPOE COCTOSIHHE TPEJCTaBIIeT cOOOH COCTOSIHME, B KOTOPOM OJIOK YIpaBJeHUs NETEKTHPYET Jerpaja-
[IUFO MCTOYHHKA TATAHUS WK TIPSIOTBPAIACT 3apSAKY U pa3psii HICTOYHHMKA MUTAHHUS.

(10) Briok nuranus cornacHo mobomy u3 myHkToB (1)-(9), B koTopom

OJIOK yIpaBJICHUS BBITIONHSCT 3apsIKy UCTOYHHKA THTAHUS TaK, YTO UCTOYHUK ITHTAHWS HE MEPEXOTUT B
COCTOSIHHE TIOJTHOTO 3apsiza.

CornacHo yHKTY (10), MOXHO COKpPaTHTh BpeMsi, HEOOXOIUMOE JIJISl 3aBEPIICHUS 3apSIKH UCTOYHUKA TTH-
TaHW.

(11) Brox mutanus cornmacHo MyHKTY (10), B KOTOpoMm

OJIOK yIpaBlieHUS BBITIONHAET 3apsAAKy UCTOYHHMKA MUTAHHS Tak, 9TO 3HaueHue BepxHero mpezaena SOC,
MOKa3bIBAIOIIEEe OTHOIIEHHE KOJIMYECTBA AJIEKTPOIHEPTHH, aKKyMYJIUPOBAHHON B MCTOYHUKE MUTAHUS, K EMKO-
CTH TIOJIHOTO 3apsi/ia NCTOYHHUKA TUTAHHS, CTAHOBUTCS PABHBIM HJIM MEHBIINM, 4eM 95%.

Cornacuo myHkTy (11), eMKOCTh MCTOYHMKA NHWTaHMS HAcTpauBaeTCsl Ha OoJiblliee 3HAYCHUE TaK, 4TO
MOXHO TIO/IBOJIUTH JJIEKTPOIHEPTHIO OOJIBILE, YEM DIIEKTPOIHEPTHsl, HeoOXoanMast JUIsl OIyCTOLICHUS! HICTOYHH-
Ka TeHEpUpPOBaHMs a’pOo30Js HAarpy3Kkoi B cocTostHuH, B koTopoM SOC coctaBuster 95%. Iloatomy, maxe ecnu
pa3BUBaeTCA JETPaalis HCTOYHUKA MUTAHUS, BCIEACTBHE YETO CHIKACTCS EMKOCTh, MOXHO 00ECIIEUHTh JJICK-
TPORHEPTHUIO [UIA M3PACXOJIOBAHHS HCTOYHHKA TEHEPUPOBAHUS a3pO30JIsl M MOYKHO YBEIIWIHUTH CPOK CITYKOBI a3-
PO30JIBHOTO WHTAIATOPA.

(12) brox mutanus cornmacHo MyHKTY (11), B KoTopom

OJIOK yIpaBlieHUS BBITIONHACET 3apsAAKy UCTOYHHMKA MUTAHHS Tak, 9TO 3HaueHue BepxHero mpezaena SOC,
MOKa3BIBAIOIIEE OTHOIICHNUE KOJIMYECTBA DIICKTPOIHEPTHH, aKKyMYJIHPOBAHHON B MCTOYHHKE THUTAHUS, K €MKO-
CTH TIOJTHOTO 3apsa NCTOYHHUKA MUTAHUS, CTAHOBUTCS PABHBIM WM MEHBIITNM, 9eM 90%.

Cornacuo nyHkKTy (12), eMKOCTh MCTOYHMKA NHWTaHMS HACTpauBaeTCsl Ha OoJblliee 3HAYCHUE TaK, 4TO
MOXHO TIO/IBOJIUTH JJIEKTPOIHEPTHIO OOJIBILE, YEM DIIEKTPOIHEPTHsl, HeoOXoanMast JUIsl OIMyCTOLICHUS! HICTOYHH-
Ka TeHepUpPOBaHMs a’p0o30Js HAarpy3koi B cocTostHud, B koTopoM SOC cocraBuser 90%. IToatomy, maxe ecnu
pa3BUBaeTCA JETPaJalis HCTOYHNKA MUTAHUS, BCIEACTBHE YETO CHIKACTCS EMKOCTh, MOXHO 0OECIIEYHTh JJICK-
TPOJHEPTHUIO ISl U3PACXOJOBAHNS NCTOYHHKA TEHEPUPOBAHUS a3PO30JIsi M MOXKHO YBEIHUHUTH CPOK CITY>KOBI ad-
PO30JILHOTO HHTAISTOPA.

(13) Cnoco6 ympaBiieHHs HCTOYHUKOM THUTAHHUS a3PO30JHHOTO HHTAIATOPA, MPUUEM adpO30JIbHBIN WHTa-
JATOP BKIFOYAST MCTOYHUK ITHUTAHHS, KOTOPHIA BBITIOJHEH C BO3MOXKHOCTBIO TOJBOJUTH AJIEKTPOIHEPTHIO K Ha-
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Tpy3Ke JJIsl TeHEPUPOBAaHUS a’pO30JIs1 M3 MCTOYHHMKA T'€HEPUPOBAHHS a’p030Jisi, MPUYEM CIOCO0 YIpaBiCHUS
HUCTOYHHUKOM MUTAHUS BKIFOYACT

CTaIWIO YIPaBJICHUS JJIS YIPABICHUS 110 MEHBIIEH Mepe OIHUM W3 3apsiIKW M pa3psga UCTOYHHKA IHTa-
HUS TaK, 9TO NCTOYHUK NMUTAHUSA HE CTAHOBUTCS MPHUIICIIIAM B OTHO WM 00a U3 COCTOSHUS MOJTHOTO 3apsijia 1
COCTOSIHUS TIPEKPAIICHUS pPa3psaa.

(14) TIporpamma yripaBJIeHHSI HICTOYHUKOM MTUTAHMSI a3PO30JbHOTO WHTAISATOPA, IPHYEM adpO30JIbHBIN UH-
TaJIATOP BKIIIOYAET MCTOYHUK ITUTAHHS, KOTOPHIH BBIIOJIHEH C BO3MOXKHOCTBIO MOJBOTUTH JIEKTPOIHEPTHIO K
Harpy3Ke JIJIs TeHEPUPOBAHHS a3p030JI1 3 UCTOUHMKA TCHEPHPOBAHUS adp030JIs, IPUUEM IIporpamMma yrpasie-
HUSI UICTOYHUKOM MUTaHMs 00ECIICYNBACT BHIITOJIHEHHE KOMIIBIOTEPOM

CTaJIu¥ YIPABJICHUS IS YIPABICHUS IO MCHBIICH MEpe OJTHIM W3 3apsIKH U pa3psia UICTOUHUKA ITHTAHUS
TaK, YTO UCTOYHHUK MTUTAHHUS HE CTAHOBHUTCS IPHIIEIIINM B OJHO WINM 00a U3 COCTOSIHUS IOJIHOTO 3apsija M Co-
CTOSIHHMS TIPEKpaICHUs pa3psia.

Cornacuo nmynkTaMm (13) u (14), MOCKOJIBKY UCTOYHHUK ITUTAHUS YIPABISETCS TaK, YTO MCTOYHUK ITUTAHHS
HE CTAaHOBUTCS MPUILEIIINM B OJTHO WM 00a M3 COCTOSIHHMS MOJHOTO 3apsiia U COCTOSIHUS NIPEKpaIleHust pa3psi-
Jla, MOXKHO TIPeOTBpAIaTh ACTPagannio NCTOUYHNKA MUTaHWUA. bojee KOHKPETHO, B YCTPOMCTBaX, KOTOPBIE MO-
TYT YacTO HWCIOJB30BATHCS U 3apKATHCA M Pa3psHKATHCS, TAKUX KaK adpO30JIbHBIC HHTAMSTOPHI, BBIIOJIHCHIEM
TAKOTO YIPaBICHUS MOXKHO MPEIOTBPAIIATh NETPAJAIMI0 UX NCTOYHUKOB MHUTAHHS, TEM CaMBIM YIUTHHSS CPOK
CITyObI YCTPOHCTB. B HomosHeHne, MOXHO TIOTy4daTh 3PPEKT IKOHOMUHU IHEPTHH.

Cornacuo mynkram (1), (13) u (14), MOCKOJIEKY UCTOYHUK MMUTAHUS YIPABISETCS TaK, YTO UCTOYHUK ITHUTA-
HUS HE CTAaHOBWTCS NPHIIECAIIAM B OJHO MM 00a M3 COCTOSIHHS ITOJTHOTO 3apsifa W COCTOSHHS MPEKPaIICHUs
paspsiaa, MOXKHO NPEeA0TBPAIATh JIETPaaalliio HCTOYHNKA TUTaHKUs. bojee KOHKpPEeTHO, B YCTpOMCTBax, KOTOphIE
MOTYT 9acTO HCIIOJB30BATHCA U 3aPsDKATHCS M Pa3PsKATHCS, TAKUX KaK adpO30JbHBIC MHTAISATOPHI, BBIMOTHCHH-
€M TaKOro YIPaBICHHUS MOXXHO MPEAOTBPAIIATH NETPaJalldi0 WX WCTOYHHUKOB MMUTAHHS, TEM CAMBIM YIUTHHSSA
CpOKH cITyXObI ycTpoiicTB. [ToaToMy nocturaercst 3h(heKT SIKOHOMUH FHEPTHH, B KOTOPOM MOYKHO HCIIONIb30BATh
MCTOYHMK NUTaHMS B TEUCHHE JUTUTEIHHOTO BpeMEHH 0e3 3aMeHbI Ha COBEPILICHHO HOBBIH.

CoryilacHO HaCTOAIIEMY U300pETEHUIO MOXHO TPEJ0TBpAIIaTh yXyIIIeHHe paboTOCIOCOOHOCTH UCTOYHH-
Ka TTUTaHUs.

DOOPMYVYIJIA N30BPETEHUA

1. A3p0307bHBII HHTANATOpP, COAEPIKAIIUN

HMCTOYHUK MHUTAHUSA, KOTOPHIH BBIMIOJHEH C BO3MOXKHOCTHIO MOJBOAMUTH JIEKTPOIHEPTHUIO K HArpeBaTellb-
HOMY PE3UCTOPY AJIsI TEHEPUPOBAHUS ad3PO30JIsl U3 UCTOUHUKA TEHEPUPOBAHUS a9PO30JIsl; U

OJIOK yIpaBJICHUs, KOTOPBIH BBHIIIOJHEH C BO3MOKHOCTBIO

MOJTy4aTh UHPOPMALIUIO O CTCIICHH JeTPaJalliy HCTOYHUKA IUTAHUS U

OCYIIECTBIISATH YIPABJICHUE I TOAAYH AIIEKTPOIHEPTUN U3 UCTOYHMKA NMUTAHMS HAa HarpeBaTENbHBINA pe-
3HCTOP J0 TEX IOp, MOKa KOJMYECTBO AIIEKTPOIHEPTHH MCTOYHUKA NMUTAHUS HE CTaHET PaBHBIM OCTaTOYHOMY
KOJIMYECTBY AJIEKTPOIHEPTHH, C LENbIO0 IPEAOCTaBUTH KOJMUYECTBO JIEKTPOIHEPTHH, TpedyeMoe aiis moTpedie-
HUS IByX HE HMCIIOJIH30BAHHBIX MCTOYHHKOB T€HEPHPOBAHUS a3pPO30JI, MPU ITOM YHOMSHYTOE OCTATOYHOE KO-
JIMYECTBO JIEKTPOIHEPTHH 3aBUCUT OT CTETICHH IeTPatalliil HICTOYHUKA TUTAHUS.

2. A3pO30JbHBINA HHTAATOP 1O 1.1, B KOTOPOM

OJIOK YIpaBJICHHS YMCHBIIIACT B COOTBETCTBUH CO CTETICHBIO JACTPAIallii UCTOYHUKA MTUTAHUS KOJIUICCTBO
9JIEKTPOIHEPTUHM UCTOYHUKA MUTAHUA, IPU KOTOPOM MpeKpaIlaeTcs nojaya dJMEeKTPOIHEPTUU OT UCTOUYHUKA TTH-
TaHUs K HarpeBaTeIbHOMY PE3UCTOPY.

3. A3p0307bHBIN HHTANIATOp 1O .1 unu 2, B KOTOpOM

OJIOK YIIPaBIICHHUS YCTAHABIMBACT KOJMYECTBO JICKTPOIHEPTUHM MCTOYHHMKA MHUTAHUS, IPU KOTOPOM IIpe-
Kpamaercs ojada 3JIeKTPOIHEPTUH OT UCTOYHHKA MMUTAHUSA K HarpeBaTeILHOMY PE3HCTOpY, Ha IEpBOE 3HAUE-
HHE B CIy4ae, KOT/Ia KOJIMYECTBO ANIEKTPOIHEPTHH, TpedyeMoe Ul MoJadn Ha HarpeBaTeIbHBIN Pe3UCTOp A
moTpeOIIeHUs IBYX NCTOYHUKOB T€HEPUPOBAHMS a3p030Jisi, KOTOPHIE HE MCIIOJIF30BaHbI, HE MOXKET OBITH o0ectie-
YEHO KOJIMIECTBOM IEKTPOIHEPTUH UCTOUYHUKA MUTAHUSI B COCTOSHUH, B KOTOPOM 3apsiiKa NCTOYHHUKA MMUTaHUS
3aBepIIeHa.

4. A>pO30IBHBIN HHTAJISATOP 1O 1.3, B KOTOPOM

MIepBOE 3HAYEHHE SIBISETCS KOJMUECTBOM DJIEKTPOIHEPTHH, HAXOMSIIIUMCS B MPEABAPUTEIBHO 33aJaHHOM
COOTHOILIEHUH C KOJMYECTBOM IJIEKTPOIHEPI UM UCTOUHMKA MUTAHUS B COCTOSIHUU, B KOTOPOM 3apsiika HICTOUHHU-
Ka MUTaHUs 3aBepIleHa.

5. A3p030JIbHBII HHTAATOP IO JIF0O00MY U3 M. 1-4, comep:Kaliuii MHOKECTBO CBETOU3IYYAIOIIUX JJICMEH-
TOB, IPU 3TOM

OJIOK YIpaBJICHUS U3MCHSET KOJUYCCTBO CBETSIUXCS CBETOMIIYYAIONINX 3JICMEHTOB U3 MHOXECTBA CBE-
TOM3ITYyYAIOIINX JJIEMEHTOB MEXIY CIIydaeM COCTOSHHSA, B KOTOPOM OCTaTOYHOE KOJMYECTBO MCTOYHHKA ITHTA-
HUSI HaXOIHUTCS B MOJHOCTHIO 3apsHKCHHOM COCTOSIHHM WIIHM B 3apaHee 3aJaHHOM COCTOSIHHH, B KOTOPOM OCTa-
TOYHOE KOJIMYECTBO MCTOUYHMKA MMUTAHUS MEHBINE, YEM ITOJIHOCTHIO 3apsHKEHHOE COCTOSIHHE, U CIIy9aeM COCTOS-
HUS, B KOTOPOM OCTaTOYHOE KOJMYECTBO MCTOYHHIKA MMTAHUA MEHBIIIE 3apaHee 3aJaHHOTO COCTOSHUSI.
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6. Crioco0 yrpaBieHHs a’3pO30JIbHBIM HHTAIATOPOM, BKIIFOYAIOIIAM B c€0s MCTOYHHK ITHTaHHS, KOTOPBIHA
BBIMOJTHEH ¢ BO3MOKHOCTBIO TIOJIBOJUTH JJIEKTPOIHEPTHUIO K HATPEBATCIHLHOMY PE3UCTOPY U TCHEPUPOBAHUS
a’p030J1s U3 UCTOYHHKA TEHEPUPOBAHUS a3PO30JIs, IPUIEM CIIOCO0 BKITIOUACT

oJTydeHHEe MH(POPMAITIH O CTETICHHU JIerpalalliil HCTOYHUKA TUTAHUS U

9Tal yNpaBJIeHHUsI, HA KOTOPOM BBINIOJHSIOT YIPAaBICHUE IS ITOJAYH AJIEKTPOIHEPTUH M3 MCTOYHHKA ITH-
TaHWS Ha HArpEeBaTENbHBIA PE3UCTOP A0 TEX IOp, IMOKa KONWYECTBO DIICKTPOIHEPTHH HUCTOYHWKA NMUTAHWUS HE
CTaHET PaBHBIM OCTATOYHOMY KOJIHWYECTBY AJIEKTPOIHEPTHH, C IETBI0 MPEIOCTABUTH KOJINIECTBO IIEKTPOIHEP-
run, TpedyeMoe i MOTPeOICHNS ABYX HE MCIIOIB30BAaHHBIX MCTOYHHUKOB T€HEPHPOBAHUS adpO30IIs, IPU 3TOM
YIOMSHYTOE OCTATOYHOE KOJIMYESCTBO AICKTPOIHEPTUH 3aBUCHUT OT CTCIICHH JCTPaIallii HCTOYHUKA MUTAHHUS.

7. KoMIbIOTepHO-YUTAEMBIA HOCUTEIh JAHHBIX, COICPKAIIUI POTrpaMMy YIIPABICHUS UCTOYHUKOM ITHTA-
HUS a3pO30JBHOT0 MHTANATOPA, BKIIIOYAIOIIETO B Ce0sl MICTOYHUK MUTAHUSA, KOTOPHIA BBIIOJHEH C BO3MOXKHO-
CTBIO MOJBOJIUTE DJIEKTPOIHEPTHUIO K HArPEBATEILHOMY PE3UCTOPY Ui T€HEPUPOBAHUS adPO30JIsl U3 UCTOYHHUKA
TEHEPUPOBAHUS a3PO30JIs,

MpUYEM MPOTPaMMa 3aCTaBIISICT KOMIIBIOTED BBITIOTHATH

ToTydeHHEe MH(POPMAITIH O CTETICHHU JIeTpaJalliil HCTOYHUKA TUTAHUS U

9Tal yNpaBJIeHHUsI, HA KOTOPOM BBIMIOJHSIOT YIPAaBICHUE IS ITOJAYH AJIEKTPOIHEPTUH M3 MCTOYHHKA ITH-
TaHWUS Ha HArpeBaTENbHBIA PE3UCTOpP A0 TEX IOp, IMOKA KOIWYECTBO AIICKTPOIHEPTHH MCTOYHWKA NMUTAHWUS HE
CTaHET PaBHBIM OCTATOYHOMY KOJIHWYECTBY AJIEKTPOIHEPTHH, C IETBI0 MPEIOCTABUTH KOJINIECTBO IIEKTPOIHEP-
run, TpedyeMoe i MOTPeOICHNS ABYX HE MCIIOB30BAaHHBIX MCTOYHHUKOB T€HEPUPOBAHUS adpO307Is, IPU 3TOM

YIIOMAHYTOC OCTAaTOYHOC KOJIMYCCTBO SJICKTPOOHEPTIUHN 3aBUCUT OT CTCIICHU JICTpaJallii HCTOYHUKA ITUTaHUA.
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