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(57) Pedpepar:

dopmMyBay nepioanyHOI NOCMIJOBHOCTI 3 NepeHacTpolBaHOK TPUBAmMICTIO iMNYNbLCIB i naysu i
nporpaMoBaHO 3aTPUMKOI MovYaTky OPMYBaHHS BIJHOCHO CTaApTOBOro iMMNYrbCy MICTUTL [Ba
OBIMKOBUX NIYUINTbHUKN, NEPLINn 3 SKUX PEBEPCUBHWUA, HaNaroMKEeHWM Ha pPexum BigHIMaHHS,
iHBEPTOpP, MNaHUIOXKOK, WO CKMajaeTbCs 3 MOCNIAOBHO 3'€dHaHUX pes3ucTopa i KoHAeHcaTopa,
NiAKMIOYEHOro 00 AKepena XMUBIEHHS, CTapTOCTOMHWUIA NPUCTRIN, SKNIA MICTUTb CUHXPOHHUIA D-Tpurep
3i BXOQOM acCUMHXPOHHOI YCTaAHOBKW Y HYMbOBWW CTaH, NepLni i Opyrui OBOBXOAOBI enemMeHTu |,
nepwun, gpyrmi i TpeTii enemeHtn ABO. BeegeHo ogHoagpecHW MynbTUMMEKCOp, a Apyrumn
NiYUNBHUK BUKOHaHWMA oaHopo3psaaHuM. [epwa rpyna BXOAiB MyrbTUMNMEKCopa YTBOPKOE BXOAU
nporpamyBaHHs popMyBaya Ha 3afaHy TpUBaniCTb 3aTPUMKM MovaTtky (DOPMYBaHHS MNepioavnyHOl
NnocniJOBHOCTI 3 NepeHacTpOoOBaHO TpUBaricTio iMNynbCiB | nay3n BiHOCHO CTapTOBOro iMMyrbCy.
Opyra rpyna BxofiB MynbTUMNMEKCOpa YTBOPIE BXOAM HACTPOIOBaHHA opmyBaya Ha 3agaHy
TpMBanicTb iMMYNbCIB | Nay3n Ha BUXOAI.
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KopucHa Mopene Hanexmtb A0 iMMynbCHOI, OBYMCnoBanbHOI | BMMIPHOBANbHOI TEXHIKN,
npusHayeHa Ans OpMyBaHHS MepioguYHOI MOCMIAOBHOCTI 3 MepeHacTPOoBaHOK TpUBaricTiO
iMNynbCiB i naysauM i MNporpamMoBaHON 3aTPMMKOKO MoyaTKy (POpMyBaHHS BIOQHOCHO CTapTOBOro
iMnynbcy.

Bigomi chopmyBaui, LLO MICTSTb KBApLOBUIA 3afatounin reHepaTop, K1 npautoe B 0e3nepepBHOMY
pPeXumi, NPUCTPIN CUHXPOHI3aLii i BMXIQHUA NpUCTpI, WO 3abesnedye opMyBaHHS HeEOOXigHMX
iMMyNbCiB, YacoBi nNapamMeTpu SKUX BU3HAYalTbCA YacoBUMW MapameTpamu iMNynbCis, WO
nogatotbcs Ha Bxia [Hoeukos KO.B. OcHoBbl undpoBor TexHukm, M. "MUP" 2001, Puc. 5.13-5.18].

Heponik BigomMux npuUCTpoiB - CKNagHiCTe BHYTPILLHbOT CTPYKTYPU.

Binomi dopmyBauyi iMnynbciB 3 nepeHacTpPolBaHOK TPUBAMICTIO [MaTeHTU YKpaiHW Ha KOPUCHY
mogenb Ne Ne 56 879, 57976, 58272, 59473, 59474, 59481, 61842, 62967, 63177].

Heponik NnpucTpoiB - CKNagHiCTb CTPYKTYpU, WO O0BYyMOBREHO HEOBXiAHICTIO BUKOPUCTAHHA OBOX
BaraTopo3psiAHMX ABIMKOBUX MiYMIbHUKIB.

Hanbinbwl 6nu3bkuM 3a TEXHIYHOK CyTTHO | pe3ynbTaToMm, WO [OcAaraetbcs, € dopmysay
nepioan4HOI NOCNIAOBHOCTI 3 NepeHacTpOooBaHOK TPMBANICTIO iIMMYNbLCIB i Nay3n i NporpaMoBaHOo
3aTpMMKOK no4vaTtky ¢popmyBaHHS BIAHOCHO CTApTOBOro iMMyNbCy [MATEHT YKpaiHM Ha KOPUCHY
mogdenb Ne 61853], akun MICTUTb OBa [OBIMKOBUX MIYUNBHUKWA, NEPLUNN 3 HGKUX PEBEPCUBHUNA,
HanaroMKEeHUN Ha PexuMMm BigHIMaHHSA, WO Mae BXig nogadi iMnynbciB CUMHXPOHI3aLil, BXiga A4o3Bony
CUHXPOHHOrO napanenbHOro 3aBaHTaXEHHS | BXOAW nojadi JaHWX NpW 3aBaHTaXKeHHi, BXig 003BOny
pexumy nidbu, BXig aCMHXPOHHOI YCTAaHOBKM Y HyNbOBMWI CTaH, BUXi4 MepenoBHIOBaHHS; iHBEPTOP;
NaHLIOXKOK, WO CKNagaeTbCAa 3 MOCNIAOBHO 3'€QHAHMX pe3ncTopa i KoHAeHcaTopa, NiAKTYEHOro Ao
[Xepena >XMBMEHHS; CTapTOCTOMHMIM NPUCTPIN, SKIA MICTUTb CUHXPOHHWKA D-Tpurep 3i Bxogom
ACMHXPOHHO| YCTAHOBKM Y HYNbOBMWIN CTaH, NepLUNiA i APYrnin ABOBXOAOBI enemeHTu |; nepwvi, opyrun
i TpeTin enemeHTn ABO, nNpu LubOMy, Nepwwni BXig nepworo enementa ABO 3'egHaHo 3 Buxogom D-
Tpurepa; Buxia nepuworo enemeHta AbO 3'egHaHo 3 mepwmM BXOAOM APYroro enemeHTa |; 3aranbHa
TOYKa NOCNIAOBHO CMNOSyYEeHUX pe3ncTopa i KoHAeHcaTopa 3'egHaHa 3 iHdopMmauiiHum Bxogom D-
Tpurepa, 3 OOHMM BXOAOM MepLloro Ta ApyrMM BXOAOM ApYroro enemMmeHTiB |; Buxiga nepLioro
enemeHTa | cnonyvyeHun 3i BXOOAOM aCUMHXPOHHOI yCTaHOBKM D-Tpurepa B HynbOBWI CTaH; BUXid
apyroro enemeHTa | 3'egHaHuin 3i BXOAaMW aCUHXPOHHOI YCTaHOBKM MiYUMbHUKIB Y HYNbOBWUA CTaH;
TakToBi BXOAW NiYUNBLHUKIB YTBOPIOOTL BXig dopmyBaya - BXid nogadi nepioauMyHol NOocnigoBHOCTI
iMAyNbCIB 3 BUXOQY 30BHILLHLOIO KBApLIOBOrO reHepaTopa; TaktoBun Bxig D-Tpurepa yTBOploe BXig
nogadi iMmnyneCiB 3anycky; Apyrun BXig nepLioro enemeHTa | yTBOpIOE BXiA nogadi iMnynsCis 3yrnuHKN
dopMyBaHHSA BUXIOHUX IMNYMbCIB; BXOAM NapanenbHOro 3aBaHTaXEHHA MepLloro nivurbHUKa
YTBOPIOIOTb BXOAM HanarofkeHHsa popMyBaya Ha 3afaHi YacoBi napameTpu BUXIGHUX iIMMYNbCIB.

Heponik BigOMOro npuUCTPOO - CKMaAHICTb CXEeMW MNepecTpoloBaHHA dopMyBaya Ha 3ajaHy
TpuBanicTb iMNynbCiB, WO OBYMOBNEHO HEOOXIOQHICTIO BMKOPUCTaHHS APYroro  MivnrbHMKa,
BM3HaYao4oro 3agaHy TpmMBanicTb i, K HAcnigokK, BUCOKA CNoOXunBaHa NoTYXXHICTb, BUCOKa BapTiCThb.

B ocHOBY kopucHOI Mofeni MocTaBfeHO 3ajady ChpOLeHHS MepecTpoloBaHHA hopMmyBaya Ha
3ajjaHy TpUBanicTb iMMYNbCiB, 3MEHLLEHHS CNOXMBaHOT NOTYXXHOCTI Ta BapTOCTI.

MocTtaBneHa 3agjaya BUPIWLYETLCA TUM, WO ¢opMmyBay MepiognyHOi  NOCrigoOBHOCTI 3
nepeHacTpOlOBaHOK TpUBariCTIO iMMAYNbCIB | May3u | NporpamMoBaHO 3aTPUMKOK  MoyaTKy
dOpMyBaHHS BiJHOCHO CTapTOBOrO iMMNYNbCYy MICTUTb OBa OBIMKOBUX MiUMMbHWKWA, NEPLUMA 3 SKUX
PEBEPCUBHUN, HANaromMKeHWN Ha PeXxunm BiOHIMaHHSA, WO Mae BXig nogadi iMnynbCiB CMHXPOHi3aLil,
BXig A03BOMY CUHXPOHHOrO napasienibHOro 3aBaHTaXeHHS i BXoau nogadi gaHux nNpu 3aBaHTaXeHHi,
BXif, JO3BOMY PEXMMY NiYOU, BXid aCUHXPOHHOI YCTAHOBKU Y HYNMbOBUI CTaH, BUXi4 NepPenoBHIOBAHHS;
iHBEPTOP; NaHUIOXKOK, WO CKMagaeTbCsd 3 MOCNIAOBHO 3'€eQHaHMX pe3ucTtopa i KoHAeHcaTopa,
NiAKIOYEHOro A0 AxXepera XMBMEeHHNA; CTapTOCTONHUA NPUCTPIN, SKMA MICTUTb CUHXPOHHWUIA D-Tpurep
3i BXOAOM AaCUHXPOHHOI YCT@HOBKW Yy HyNbOBWWA CTaH, MepWn i Apyrun OBOBXOAOBI enemeHTw |;
nepLunn, apyrun i TpeTi enemeHtn ABO, npu usomy, nepLumn Bxia nepworo enemeHta ABO 3'egHaHo
3 Buxogom D-Tpurepa; Buxia nepworo enemeHta ABO 3'egHaHO 3 nepLuvMm BXo40OM ApYroro enemMeHTa
I; 3aranbHa To4ka NOCMIAOBHO CMOSyYeHWX pesnucTopa i KoHaeHcaTopa 3'egHaHa 3 iHdopmauinHUM
Bxogom D-Tpurepa, 3 ogHMM BXOOOM MepLIOro Ta ApPYrMM BXOOOM [OpYyroro enemMmeHTiB |; Buxig
nepLuoro enemeHTta | cnonyvyeHun 3i BXOAOM aCUMHXPOHHOI yCTaHOBKM D-Tpurepa B HyNbOBWIA CTaH;
BUXig Agpyroro enemeHTa | 3'eaHaHuin 3i BXogamMu aCUHXPOHHOI YCTAHOBKWM MNiYUMBHUKIB Y HYNbOBWUIA
CTaH; TaKTOBi BXOOMW JYUNBHUKIB YTBOPIOWTb BXig4 ¢opmyBaya - Bxig nogadi nepiognyHoi
NocnigoOBHOCTI iMMYNbCIB 3 BUXOAY 30BHILLHLOMO KBapLIOBOro reHepaTopa; TaktoBun Bxig D-Tpurepa
YTBOPIOE BXig nogadi iMnynbCiB 3anycky; APYrMi BXi4 neplloro enemeHTa | yTBOproe BXig nogadi
iMNynbCiB 3ynYHKM (bopMyBaHHS BUXIAHUX IMNYNbCIB; BXOOW NapanesibHOro 3aBaHTaXXeHHS MepLuoro
nivunbHUKa YTBOPIOWTL BXOAM HanaromXkeHHa dopMyBada Ha 3afaHi 4yacoBi napameTpu BUXIOHMX
iMNynbCiB, BIAMNOBIAHO OO0 KOPUCHOI MoAeri BBEeOEHO OAHOaApecHUA MYNbTUMMEKCop, a Aapyrum
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NiYNNBHUK BUKOHAHMI ogHOpo3psaHuMM (apyrun D-Tpurep 3i BXogom fo3Bony nepexony - L i Bxogom
AaCMHXPOHHOT YCTAaHOBKM Y HYNbOBWI CTaH); MepLua rpyna BXOAIB MyMnbTUMNNEKCOpa YyTBOPKOE BXOAM
nporpaMmyBaHHA popmyBaya Ha 3agaHy TpuBaniCTb 3aTPUMKM ModaTKy OOpMyBaHHA MePiOANYHOI
NocnigoOBHOCTI 3 NepeHacTPOBAHOK TPMBAMICTIO iMMYNbLCIB | Nay3n BiAHOCHO CTApPTOBOrO iMMyIibCy,
apyra rpyna BXOAiB MymbTUMMEKcopa YTBOPHOE BXOAM HACTPOKOBaHHA dopMmyBada Ha 3ajaHy
TpuBanicTb IiMNynbCiB i nay3anM Ha BMXOAi; BMXOOM MyfnbTUNAekcopa 3'egHaHO 3i Bxogamu
napanenbHOro 3aBaHTaXeHHs NepLloro niYuMnbHUKa; NpY LboMY, NPU HaCTPOKOBaHHI HAa (POPMYBaHHS
NocnigoOBHOCTI iIMMYNbLCIB 3 TPMBAMICTIO, SKa AOPIBHIOE TPUHAAUSATW NepiogamM TakTOBMX iMNYMbCiB, WO
noJatTbCs Ha BXia hopMyBaya 3 BMXOAY 30BHILUHbOrO KBApLIOBOro reHepaTopa, a TpMBaniCTb naysu
OOpIBHIOE N'ATbHAAUATW nepiogam, nepLuvin, TpeTin i 4eTBepTUA BXOAW [PYroi rpynu BXoAiB
MynbTUNnekcopa 3'€4HaHO 3 piBHEM TNOriYHOI OAWHWULUI, ApYyrui BXig 3'€QHAHO 3 NPAMUM BUXOAOM
apyroro D-Tpurepa, akui yTBOpOE BUXiA4 dhopmyBaya i 3 gpyrum Bxogom nepuoro enemeHta ABO;
afpecHui BXia4 MynbTUNNekcopa 3'€QHaHO 3 BUXOLOM MEpPEernoBHEHHS NEepLUIOro NivMnbHUKa i BXOA0M
iHBEepTOpa, BUXiA4 SKOro 3'egHaHO 3 nepwum Bxogom Apyroro enemeHta ABO; Bwuxig Apyroro
enemeHta ABO 3'egHaHo 3i BXO4OM J03BOMYy Nepexody OpYyroro nivmnbHuka (Bxogom L gpyroro D-
Tpurepa); BUXOOW [OPYroro, TPETbOro i 4YeTBEPTOr0o pPO3PsAiB NEpLloro MivmnbHMKa 3'€QHaHO  3i
BXogamm TpeTboro enemenTa ABO, Buxig sikoro 3'eaHaHo 3 Apyrm Bxogom gpyroro enemerta ABO i
BXOJOM [103BOSY CUHXPOHHOIO 3aBaHTaXXeHHS MepLUoro NivYunbHUKa.

MpUCTPit NOSICHIOETBECH KPECTIEHHAMMU.

Ha ®ir. 1 npuBegeHa cxema copmyBada. PopmyBay MICTUTb: PEBEPCUBHUIA ABINKOBUIA NMIYUNBHUK
1, HanaroMXKeHW’ Ha pPexuM BigHIMaHHSA, SKUW Mae BXxig nopadi TakTtoBux imnynbciB C, BXxig
HanaromKeHHs Ha pexuM nigcymoByBaHHSA/BigHIMaHHS U, BXig 003BONY CMHXPOHHOMO NnapaneribHoro
3aBaHTaxeHHs L i Bxogm nogadi 3aBaHTaxyBaHux gaHux Do-Ds, BXig go3sony pexumy nivém Pg, BXig
AaCMHXPOHHO| YCTAHOBKM B HYNbOBMIN CTaH R, BMXig nepenoBHoBaHHA Py; cuHxpoHHui DL - Tpurep 2 3i
BXOAOM [03BOMY nepexoay L i BXOAOM aCUHXPOHHOI YCTAaHOBKWU Yy HYNbOBMIN cTaH R; cMHXpoHHun D-
Tpurep 3 3i BXOOOM aCMHXPOHHOI YCTaHOBKM B HynboBuUin cTaH R; nepwunii 4 i gpyrnin 5 enemenTn |,
nepwwuin 6, apyrmn 7 i tpeTin 8 enemeHTn ABO; iHBepTop 9; ogHoagpecHwu mynbTunnekcop (10),
nepwa rpyna Bxogis sikoro (Dgo-Dg3) yTBOptoE Bxoau (bsb,b;by) nporpamyBaHHs TpuBanocTi 3aTpyMKM
noyaTky doOpMyBaHHS BIiAHOCHO cTapToBoro imMnynbcy (Start), gpyra rpyna BxogiB (Dig-Di3)
MynbTUNNEeKcopa YTBOPKE BXOAM HAaCTPOKOBaHHA popMyBaya Ha 3afaHy TpuBanicTb iMNYMbCIB i
naysu; nNaHLIoXOK, L0 CKrnagaeTbCs 3 MNOCcnigoBHO 3'egHaHux pesuctopa 11 i koHOeHcaTopa 12.
BaranbHa ToO4Yka MOCMIQOBHO cnonyyvyeHux pesuctopa 11 i koHgeHcaTopa 12, nigknioyveHnx Ao
Axepena xueneHHs (+E) 3'eaHana 3 iHopmauiiHum Bxogom Tpurepa 3, 3 OOHMM BXOAOM efneMeHTa
4 i 3 ogHMM BXxodoMm enemeHTa 5. [pyrun Bxig ernemeHTta 4 yTBOpPIOE BXif nofadi iMnynbcis 3ynmuHKKU
(Stop) dhopmyBaHHSA BUXIGHWX iMNYNbCIB.

Mpu HacTpoloBaHHi Ha opMyBaHHA MNOCMIAOBHOCTI iMMyMbCIB 3 TPUBAnNICTIO, siKa [OPIBHIOE
TpUHaguaTK nepiogam TakToBux iMnynbciB (13T), Wwo nogawTbcA Ha BXig dopmyBada 3 Buxogy
30BHILLIHLOrO KBapLIOBOrO reHepartopa, a TpuBanicTb naysu OOPIiBHIOE N'ATHAAUATU nepiogam (15T),
nepwun (Dqg), TpeTinn (Dy,) | yeTBepTUn (D13) BXxOoAM 3'€AHaHO 3 piBHeM noriyHol oanHuui, apyrun (D)
BXid 3'egHaHO 3 npsMmuMm Buxodom Apyroro D-Tpurepa, sikmia yteoptoe Buxia (F) dpopmysava, i 3
apyrmm BxoooM enemeHta 6. ApgpecHuin Bxig wMynbTunnekcopa (A) 3'egHaHoO 3 BUXOOOM
nepenoBHEHHA nivunbHUKa 1 i BXogom iHBepTopa 9, BuMXig AKOro 3'egHaHO 3 NeplnM BXOAOM
ernemeHTa 7. Buxig enemeHTa 7 3'egHaHoO 3i BXOAOM O3B0y Mepexoay APYroro nivvrnbHMKa (BXO40M
L Tpurepa 2). Buxogn gpyroro (Q), Tpetboro (Q,) i yetBepToro (Qz) po3psiais niyunbHuka 1 3'egHaHo
3i Bxogamu enemeHTta 8, Buxig Skoro 3'€AHaHoO 3 OpYrMM BXOAOM enemeHTa 7 i Bxogowm (L) gossony
CUHXPOHHOIO MapanesibHoro 3aBaHTaXXeHHs nivunbHUKa 1. |[HBepcHWW Buxig Tpurepa 2 3'e¢gHaHo 3
noro Bxogom D. Buxig enemeHTa 5 3'egHaHo 3i Bxogamun R niyvnebHuka 1 i Tpurepa 2. TakToBi Bxogm
C niunnbHuka 1 i Tpurepa 2 cnony4veHi Mk coboto, yTBOpHOUM BXig dhopmyBava - BXig nopadi
nepiogu4HOI NOCNIAOBHOCTI iMNYNbCIB 3 BUXOA4Y 30BHILLHBOrO KBApLIOBOrO reHepaTopa. TakToBun BXiA
C tpurepa 3 yTBOpIOE BXiZ nofaudi iMnynbciB 3anycky (Start) opmMyBaHHSA BUXIOHUX iMOYNbCIB.

Mpavtoe bopmyBay B HACTYMHIN NOCNIAOBHOCTI.

HasBHiCTb naHutoXKa, WO CKNnagaeTbea i3 noegHaHnx nocnigoBHo peauctopa 11 i KoHgeHcaTopa
12, nigknoyeHoro Ao WWHK XMBASYOl Hanpyrn +E, npu BKMOYEHHI mxXepena XUBMEHHS NPOTSAroM
AEAKOro NPOMiDKKY Yacy hopMye piBEHb NOMYHOro Hyns Ha BXoAdax enemeHTiB 4 Ta 5, 3abeanedyytoun
POpMyBaHHS pPiBHSA MOMYHOrO HYMs Ha ixHiX BUxogax, Tob6To Ha Bxodi R acMHXPOHHOI yCTaHOBKM Y
HYNbOBUWI CTaH Tpurepa 3, Tpurepa 2 i nivymnbHuKa 1.

Micna 3akiHYeHHs nepexigHoro npouecy, MOB'A3aHOr0 3 BKMAKYEHHSAM [Kepena >KUBIIEHHS,
Tpurepu i NiYNNLHUK NepexoaaTb Y HYNbOBUI CTaH, POPMYHOYM piBEHb FTOMYHOrO HyNA BigNOBIgHO Ha
Buxogax Tpurepis 2, 3 i Ha Buxogax nivyvnobHuka 1, Wo Bege 40 hopmyBaHHS PIBHA NOMYHOIO HYNSA Ha
BUXOi enemeHTa 6, kv 3'egHaHo 3i BXOAOM erleMeHTa 5, wo 3abeaneyye piBeHb NOMYHOro Hyns Ha



10

15

20

25

30

35

40

45

50

55

60

UA 119500 U

BXxodax R acUMHXPOHHOI yCTaHOBKM Yy HYNbOBWWA CTaH fivunbHuka 1 i Tpurepa 2 i no 3akiHYeHHIo
nepexigHoro npoecy, no'a3aHoro i3 3apsgom koHaeHcatopa 12. OCKINbKM pexmm acCUHXPOHHOI
YCTaHOBKW MiYUNbHUKA | TpUrepa y HynbOBMI CTaH Mae NpioputeT No BigHOLIEHHKO A0 BCiX OCTaHHIX
pexumia, TO 40 TUX Nip NOKN Ha BXoAi enemMeHTa 6 (a oT™ke | Ha noro BMxoAi) 3bepiraTMmeTbesi piBEHb
NOTYHOro Hyrns, NpY HaAXOMXKEHHI TaKTOBMX iIMNYMbCIB HYNbOBUA CTaH nidunbHUKa 1 i Tpurepa 2
3anuwaTMMeTbCs HE3MIHHUM, TOBTO 3anMaTUMEeTbCs HE3MIHHMM HyNbOBE 3HAYEHHSA Ha MOro BMXOogi
nepenoBHEHHS, Ha BUXOAi enemeHTa 8, Ha BXOAi [O03BOMY 3aBaHTaXEeHHs nivyunbHUKa 1, Ha
afpecHOMy BXxofi MynbTunnekcopa, Ha Buxodi ¢opMyBaya, OAMHUYHE 3HaYEeHHS Ha BUXOAi
iHBEepTOpa, Ha BXoai i Buxoai enemeHTa 7, To6TO Ha BXoai L Tpurepa 2.

MMig wac sctyny imnynbey 3anycky (Start) Ha TakToBuin BXig C Tpurepa 3 no Moro poHTy Tpurep
nepexoauTb B OAMHWYHMIA cTaH (Q=1, Q =0), opmytoun piBeHb MOriYHOI OAMHWULI Ha BUXOZi
enemMmeHTa 6, a OTXe Ha BXOofi Ta BUXOAi enemMeHTa 5, Wo 3abe3neyye piBeHb NOrYHOT OAUHULI Ha
Bxogax R niumnbHuka 1 i Tpurepa 2, 3Himatoum 6nokyBaHHs. Ockinbku Ha Bxogi L niumnbHuKa 1 piBeHb
NOriYHOro Hyn4, a Ha Bxogi L Tpurepa 2 piBeHb NOrYHOI OAWHWLI, TO OO MOMEHTY BCTYMY YeproBoro
TaKTOBOro iMNyNbCy NiYMAbHMK 1 3HAXOO4UTLCS Yy PEXWUMI FTOTOBHOCTI 3aBaHTaXXEHHs, a Tpurep 2 y
pexvmi 3abopoHM Nnepexoay.

| Toai nig yac BcTyny nepLioro (Nicns 3akiHYeHHS nepexigHoro npouecy, NoB'A3aHoro i3 3HATTAM
6nokyBaHHs1) TaktoBoro iMnynbcy C no noro poHTYy BiabOyBaeTbCs napanenbHe 3aBaHTaXKeHHS
niymnbHUKa 1 3Ha4YeHHAMW curHanie, ski nogalTbcs Ha BignosigHi Bxoau Dy-Ds; 3 Buxoais
MyNbTUNEKCOPA, L0 BU3HAYalOTbCA 3HAYEHHSIMU CUrHaMiB Ha MOro BXoA4ax NepLuoi rpynu.

JliumneHuk nepexoante y ctaH Qaz=bs, Q,=b,, Q:=b;, Qo¢=by, wWo Bege [0 ¢opmMyBaHHA
O[IMHWYHOrO 3HaYeHHSs Ha BUXOAi NepenoBHEHHA nivunbHUKa 1, Ha BMXodi enemeHTa 8 i HyNLOBOro
3Ha4YeHHs Ha BuxoAi iHBepTopa 9, OPMYyHOUM HYNbOBE 3HAYEHHHA Ha MOro Buxodi. HynboBuin ctaH
Tpurepa 2 (HynbOBE 3HAYEHHSI CUrHany Ha BUXoAdi hopmyBaya) 3anuaeTbcs HE3MiHHUM.

B pesynbTarti UbOro nepexony niuunbHuK 1 neperge B pexum nivbu (BigHiMaHHs). Mig yac BcTyny
nofarnblUnX TaKTOBMX iMNYSbCIB 3MICT NiYnnbHMKa 1 3MEeHLWYBaTUMETLCH, a HYNbOBUI CTaH Tpurepa 2
3anMwaeTbCa HE3MiHHUM. FAK Tinbku 3MiCT nivunbHmka 1 ctaHe pisHUM 0001 Ha BMxogax enemMeHTiB 7,
8 dopmyeTbCcs HynboBe 3HadeHHA. B pesynbTtati ubOro niumMnbHUK 1 neperige B PEXUM
3aBaHTaXeHHsl, a Tpurep 2 - B pexum nepexogy. | Todi nig 4ac BCTyny HaCTYMHOrO TaKTOBOro
iMOynbCy No noro poHTY BiAOYBaeTbCA MapanenbHe 3aBaHTaXEHHs MivunbHUKa 1 3HAYeHHAMU
curHanie, siki nogatoTbecs Ha BignosigHi Bxoan Do-Ds; 3 BUXOAIB MynbTUNekcopa, Wo BU3HAYaTbLCA
3HaYeHHAMU curHaniB Ha voro Bxogax gpyroi rpynu (1101). Tpurep 2 nepenge B OOUHWUYHUIA CTaH,
dopMyoun OQUHNYHE 3HAYEHHSA Ha BUXoAi hopmyBaya.

Mig yac BcTyny noganbluMX TaKTOBWMX iMMyMbCiB 3MICT MiYMnbHUKA 1 3MeHLyBaTUMeETbCS, a
OAWHWYHMIA CTaH Tpurepa 2 3anuaeTtbCa HE3MIHHMM. AK TiNbKW 3MICT NivunbHMKa 1 CTaHe piBHUM
0001 Ha Buxoaax enemeHTiB 7, 8 hOPMYETLCH HYNbOBE 3HaYeHHs. B pe3ynbTati LbOro NiYnnbHUK 1
nepenae B peXum 3aBaHTaXeHHs, a Tpurep 2 - B pexum nepexony. | Togi nig yac BCTyny HACTYNHOro
TaKTOBOro iMMNynbCy MO WOro (POHTY BigOyBaeTbCs NaparnenbHe 3aBaHTAXEHHS miYunbHUKa 1
3Ha4YeHHAMM curHanie, Aki nogarTbCd Ha BignosigHi Bxoan Dg-Ds; 3 BUxodiB MynbTunnekcopa, Lo
BM3HAYalOTbCA 3HAYEHHAMMW CUrHarniB Ha woro Bxogax gpyroi rpynu (1111), a Tpurep 2 nepenge y
HyNbLOBWWA CcTaH. | Todi nig 4Yac BCTyMy HAaCTYNHWX TaKTOBUX iMMyMbCiB 3MIiCT nivunbHuKka 1
3MeHLWYBaTUMETbCH, @ HYNbOBMW CTaH Tpurepa 2 3anuwiaeTbCs HE3MiHHMM. HAK TiNbku 3MicT
niynneHuka 1 crtaHe pisHum 0001 Ha Buxogax ernemeHTiB 7, 8 hopMyeTbCHA HynboBe 3HadeHHs. B
pesynbTaTi Lboro NivunbHUK 1 nepenae B pexXum 3aBaHTaXEHHS, a Tpurep 2 - B peXum nepexony.

Hapani npouecn noBTOPHOKOTLCA. TakMM 4YMHOM, MiCNA 3akiHYeHHs nepexigHoro npoLecy,
NnoB'A3aHOr0 i3 3HATTAM OnokyBaHHA, nig 4Yac BcTyny Ha Bxig C copmyBaya nepioguyHoi
nocnigoBHOCTI iMNynbciB 3 nepiogoMm T Ha npaAMoOMY BUXOAI Tpurepa 2 reHepyeTbes nepioavyHa
nocnigoBHICTb iIMNYnbCiB, TpuBanicTb skux gopisHioe 13T, a TpmBanicTb naysu gopisHioe 15T, 3
NporpaMoBaHol0 3aTPUMKOIO BiAHOCHO CTapTOBOrO iMMNYNbCY, Aka BU3HAYAETLCH 3HAYEHHAM CUrHanis
nporpamyBaHHs B=bzb,b,by.

3ynvHKa npouecy ¢opmMyBaHHS BMXIQHOI MOCHIAOBHOCTI iMNYNbCIB 3AINCHIOETLCA MNOAadvero
iMNynbCy, BiAMNOBIAHOIO PiBHIO NOMYHOIO HYMSA, Ha BXid 3ynuHKK (Stop), Wo dopmMye akTUBHMIA piBEHb
curHany Ha Bxodi R acuHxpoHHOI yctaHoBkm D-Tpurepa 3, Wo npusBOAWTbL OO Mepexogy Moro y
HynboBuh ctaH (Q=0). Imnynbc Stop, ik NpaBWIO, aCMHXPOHHWUWA BiAHOCHO IMMNYIbCIB 30BHILLIHBOIO
reHepaTopa i 4o cTaHy Tpurepa 2.

AKWo y MOMEHT BCTYMYy TaKTOBOrO iMMynbCy Tpurep 2 3HaxoAUTUMETBCS Y HYNIbOBOMY CTaHi, TO
npu nepexodi D-tpurepa 3 y HynboBMW CTaH Ha BXxoJax eneMeHTa 6 i noro Buxodi ©yae
chopmoBaHuin  piBeHb noriyHoro 0, OBymMOBIIOKOYM pIBEHb NOMYHOr0 Hyns Ha BXOAi Ta BMXOAi
ernemeHTa 5, WO npu3Bede A0 nepexody NidnnbHWKa 1 y HYNbOBUIW CTaH, a OTXe, A0 MPUNUHEHHS
npoLiecy reHepadlii.
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AKwo y MOMEHT nepexofgy Tpurep 2 3HaXOAMTUMETbLCS Yy CTaHi BigMiHHOMY Big HyNbOBOro, TO Ha
BMxofi popmyBaya 3'egHaHOro 3i BXogom enemeHTta 6, 6yae piBeHb NOriyHoOi ogmMHuULi, 06ymMoBMoYM
piBEHb NOriYHOI OAMHMLI Ha 1oro Buxopi i Bxodi eniemeHTa 5. Ockinbkv Ha gpyroMmy BXofi enemeHta 5
TaKOX piBEHb NOrYHOI OAMHWLI, BU3HAYYBaHMI HaNpyro Ha KoHgeHcaTopi 12, skui 3apsameca npu
BKIMIOYEHHI [Keperia >XMBMEHHs, TO Ha Bxodax R niuunbHuka i Tpurepa 2 6yge piBeHb noOrivyHoi
OoavHULUi. 3BigcK BUTIKAE, WO Y MOMEHT BCTyNy iMnynbcy Stop NpUNMHEHHS reHepadii He cTaHeTbCs,
00YyMOBMOKYM  TUM CaMMM  3anobiraHHA  CMOTBOPEHHID OCTaHHLOrO iMMAYNbCYy Y  BUXIOHIN
nocrnigoBHOCTI. | TiNbkK 3i BCTYNOM NoganblUMX TaKTOBUX iMMNYIbCIB, KON BigbyBaTUMETbCA nepexig
Tpurepa 2 y HynbOBWW CTaH Ha BXodax enemeHta 6 i noro Buxodi 6yne copmoBaHUin piBeHb
noriyHoro 0, 06yMOBNIOKYN piBEHb NOMYHOrO HyNsA Ha BXOAi Ta BUXOAi eneMeHTa 5, Wo npussene Ao
nepexofy niyvnbHuKa 1 y HyrNbOBMI CTaH, a OTXe, OO NPUNUHEHHSA npouecy reHepadil. 3i BCTynom
HaCTYNHOro iMNynbCy 3anycKy yci NpoLecy NOBTOPIOKTLCS.

Ha ¢ir. 2 npuBegeHun rpad nepexonis opmyBaya, LLO CKNagaeTbCa 3 ABOX Kineub (BEpXHE
Kinbue - rpad nepexodiB niuvnbHUKA 1, HUXKHE Kinble - rpad nepexonis Tpurepa 2) i3 3aranbHO
BEPLUMHOO, BiAMOBIAHO HYNBbOBOMY CTaHy NiYnnbHUKa | Tpurepa 2, a Ha dir. 3 306paxeHi entopu, Wo
inoCcTpytoTb pPoOOTY AONnst BapiaHTy HACTpPOOBaHHA dopMyBada Ha TpuBanicTb iMNynbCiB, sika
popisHioe 13T, naysam MK HMMM, WO JdopiBHOe 15T i nporpamyBaHHA TpwBanocTi 3atpumkn (i)
novatky ¢OpPMYBaHHS iMMynNbCiB Ha BMXOAi BiAHOCHO CTapTOBOro iMMyMbCy, LLO BW3HAYaETbCS
3Ha4yeHHAM B=bsb,b;b;=0010=2. Ockinbkn cTapTOBi IMNYNbCN ACUHXPOHHI BIJHOCHO TaKTOBUX
iMNynbCiB, TO TPUBaniCTb 3aTPUMKK NoYaTKy opMyBaHHA 3HAXOAUTbCA y AianasoHi: 2T<t,<3T.

Ha BigmiHy Big BiZOMOro MPUCTPOK CNPOLUEHHA CTPYKTYPW APYroro nivurnbHMKa [03BONUIO
CMPOCTUTM TEXHOMOTIiKO NOr0 BUrOTOBIIEHHS, 3HU3UTK CMOXUBAHY MNOTYXXHICTb | BapTiCTb.

®OPMYJIA KOPUCHOI MOJENI

dopmyBay nepioanYHOI MOCMIQOBHOCTI 3 MEepeHacTPOlOBaHOK TPUBAnICTIO iMOynbCiB i nayam i
NporpaMoBaHol0 3aTPUMKOKO MoYaTKy (PopMyBaHHSA BiAHOCHO CTapTOBOro iMMymnbCy, WO MICTUTbL ABa
OBINKOBUX NMIYMMBHMKK, NEPLUNA 3 SKUX PEBEPCUBHUI, HanaroKEHUN Ha PEXMM BigHIMaHHS, WO Mae
BXiA nmodaui iMNynbCiB CUHXPOHi3aUii, BXi4 A03BOMY CUHXPOHHOrO napanenbHOro 3aBaHTaXEHHS |
BXOAM Nodadi AaHuX Npu 3aBaHTaXEHHI, BXif JO3BONY PeXMMy Ni4bu, BXig aCMHXPOHHOT YCTaHOBKN Y
HYNbOBUM CTaH, BUXiO MNepenoBHIOBaHHSA; iHBEPTOP; MaHUIOXKOK, WO cKnagaetbcs 3 MOCNig0BHO
3'eQHaHMX pe3ncTopa i KOHAeHcaTopa, MiOKMHYEHOro [0 [HKEepena XMBIIEHHS; CTapTOCTOMHUN
NPUCTPIN, SKUN MICTUTb CUHXPOHHMI D-Tpurep 3i BXOOOM aCMHXPOHHOI YCTAaHOBKWU Y HYNbOBUWA CTaH,
nepLwni i Apyruin ABOBXOAOBI eneMeHTn |; nepwuia, apyrun i TpeTin enemeHtn ABO, npu usomy,
nepwun Bxig nepworo enemeHta AbBO 3'egHaHo 3 Buxogom D-Tpurepa; BuXig Neplioro enemMeHTa
ABO 3'egHaHO 3 nmepwum BXOOOM Apyroro ernemMmeHTa |; 3aranbHa Touyka NOCMIQOBHO CMOMyYeHUX
pesncTopa i KoHaeHcaTopa 3'egHaHa 3 iHpopmauinHum Bxogom D-Tpurepa, 3 0AHUM BXOOOM NepLLOro
Ta OpyrMm BXOAOM [pyroro enemeHTiB |; Buxig nepworo enemeHTta | crnonyyeHun 3i BXOAOM
aCUHXPOHHOI YycTaHoBKM D-Tpurepa B HYNMbOBWUW CTaH; BWUXid4 Apyroro enemeHta | 3'egHaHuin 3i
BXOOAaMW ACUHXPOHHOI YCTAHOBKM NIYUNBHUKIB Yy HYMbOBWUWA CTaH; TakTOBI BXOAW MiYMMbHUKIB
yTBOPIOKOTbL BXi4 opmMmyBada - BXid nogadyi nepioguMyHoi MNOCMiAOBHOCTI IMMNYNbLCIB 3 BUXOA4Y
30BHILLIHLOrO KBApLIOBOr0 reHepartopa; TakToBuW BXia D-Tpurepa yTBOpHOE BXid nopadi iMnynbcis
3anycky; Apyruin Bxig neplioro eriemeHta | yTBOploe BXig nogadi iMnynbcCiB 3ynuHkM ¢ OpMyBaHHS
BUXIOHMX IMMYNbCIB; BXOOM MapaneribHOro 3aBaHTaXKEHHsSI MEepLUOro NiYuiibHMKa YTBOPHOKOTb BXOAM
HanarokeHHs popmyBaya Ha 3afaHi YacoBi NapamMeTpu BUXIOHWX IMNYMbCIB, SKUA Bigpi3HAETbCA
TUM, LLO BBEAEHO OAHOAAPECHUN MYMbTUMMEKCOpP, a8 APYrUN MiYUITbHUK BUKOHAHWA OOHOPO3PSAHUM
(apyrun D-Tpurep 3i Bxogom J03BOMy nepexogy - L i BXOAOM aCMHXPOHHOI YCTaHOBKM Y HYMbOBUWN
CTaH); nepLua rpyna BXoAiB MyIbTUMIEKCOpa YTBOPHE BXOOW MPOrpamMmyBaHHs hopMyBaya Ha 3agaHy
TpMBaniCTb 3aTpUMKM nouvatky OPMYBaHHS NepioaMyHOl MOCniOBHOCTI 3 NepeHacTpOBaHO
TpuBanicTio iMnynbciB | nayau BiQHOCHO CTapTOBOro iMMNynbCy, Apyra rpyna BXoAiB MynbTuUnnekcopa
YTBOPIOE BXOOW HACTPOKBaHHA dhopMyBada Ha 3afjaHy TpuBaniCTb iMMAyNbCiB i Nay3M Ha BUXOAi;
BMXOOU MynbTUMMeKcopa 3'€QHaHo 3i BxoJaMu napanenbHOro 3aBaHTaXeHHS MepLloro NiYunbHUKa;
npw LIbOMY, NPU HacTpPolOBaHHI Ha POpMyBaHHSA NOCNIAOBHOCTI IMNYNbCIB 3 TPUBAMICTIO, Aka AOPIBHIOE
TpMHaOUATU nepiogaM TakToBMX iMMynbCiB, WO MoJalTbCcAa Ha BXxig ¢opmyBada 3 Buxoay
30BHILWUHBOrO KBAapLOBOrO reHepaTopa, a TpuBaniCTb nay3vM [OPIBHIOE M'SATHaAUSATM nepiodam,
nepLunin, TPETIN | YHeTBEepTUN BXOAN APYrol rpynun BXo4iB MynbTURANeKcopa 3'€4HaHO 3 PIBHEM MOriYHOT
OAWHWUI, OpyrMi BXig 3'€edHaHO 3 NpAMMM BMXoAoM Apyroro D-Tpurepa, SKMA YTBOPHOE BUXIA
dopmyBaya i 3 opyrum Bxodom nepuoro enemeHta AbBO; agpecHuii Bxig MynbTunnekcopa 3'eaHaHo 3
BUXOAOM MEPENnOBHEHHSA NepLloro fivyvnbHMKa | BXOAOM iHBEpPTOpPa, BUXi4 AKOro 3'€4HaHoO 3 nepLumm
BxogoM ppyroro enemeHta ABO; Buxig gpyroro enemeHta ABO 3'egHaHO 3i BXOAOM [03BONY
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nepexogy Apyroro niymnbHuka (Bxogom L pgpyroro D-Tpurepa); BuMxoou APYroro, TPeTbOro i
YEeTBEPTOro PO3psi4iB MEpLUOro nivymnbHuka 3'egHaHoO 3i Bxogamu TpeTboro enemeHta ABO, Buxig
AKoro 3'egHaHo 3 ApyrMm BxogoM gapyroro enemeHta ABO i Bxogom [03BOSly CUMHXPOHHOMO
3aBaHTaXXEHHS MepPLUOro fiYnsbHUKA.

Dic2jQ
of€to
0,
; | 1
| FE
3 O,
8
L]
2
DT
C
9 g
1
F
R ™
'E ll
e
Stan 6

Stop

OB 0000000 000,05 050

dir. 2



UA 119500 U

c
ljnnnnnnnnnnnnnnnpnngnnn jl'l
EEEEEEEEEEEEEE |
i | S R | i |
L. | | L& i | | | | |
HERR i
Stop P ! |
Lo |
11 !
R
ST | | 5
I():)2Ii'|3|2§lll()98765432||5|4l312111098765432||3|2
QL |
|ojoo§0|1|llllIlllllooooo 0 oiololololoio]l]1
| |1
i | =3
Lot L t,

®ir. 3

Komm’'toTepHa BepcTka A. KpyvxaHiBCbKMi

MiHicTepcTBO €KOHOMIYHOrO PO3BUTKY i TOpriBni Ykpainu, Byn. M. Ipywescbkoro, 12/2, m. Kuis, 01008, YkpaiHa

NN “YkpaiHcbkui iIHCTUTYT iHTenekTyanbHoi BnacHocTi”, Byn. [nasyHosa, 1, m. Kuis — 42, 01601



