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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 SKUMX PEBEPCUBHWUA, HaNaroMKEeHUWM Ha pPexum BigHIMaHHS;,
iHBEPTOpP; MNaHUIOXOK, WO CKMagaeTbCs 3 MOCNIAOBHO 3'€4HaHUX pes3ucTopa i KoHAeHcaTopa,
NiAKMIOYEHOro 00 AKepena XMUBIEHHS; CTapTOCTOMHWUIA NPUCTPRIN, SKNIN MICTUTb CUHXPOHHUIA D-Tpurep
3i BXOQOM acCUMHXPOHHOI YCTaAHOBKW Yy HYMbOBWW CTaH, NepLni i Opyrui OBOBXOAOBI enemeHTu |;
nepwun, gpyrmi i TpeTii enemeHtn ABO. BBegeHo ogHoagpecHW MyMbTUMNEKCOp, a Apyrvm
NiYUNBHUK BUKOHAHWA OOHOPO3PALAHMM; Meplla rpyna BXOAIB MyNbTUMIIEKCOpa YTBOPKOE BXOAU
nporpamyBaHHs popMyBaya Ha 3afaHy TpUBaniCTb 3aTPUMKM MovaTtky (DOPMYBaHHS MNepioavnyHOl
NocnigoBHOCTI 3 NepeHacTPOoBaHOK TPUBAsICTIO IMNYMbCIB i Nay3n BiAHOCHO CTaApTOBOro iMMynbCy,
Jpyra rpyna BXOAiB MynbTUMNIEKCOpa YTBOPKE BXOAW HACTPOKOBaHHA dopMmyBava Ha 3agaHy
TpuBanicTb iMNynbCiB | naysnM Ha BuUXOAi; BUXOAM MyfnbTUNNekcopa 3'eQHaHO 3i BXxogamu
napanenbHOro 3aBaHTaXXeHHs NepLuIoro nivYuMnbHUKa. MNepwni, TpeTin | YeTBepTMI BXOAW APYroi rpynu
BXOiB MynbTuUnnekcopa 3'egHaHo 3 Apyrum Bxogom Apyroro enemeHta ABO i 3 npsamMnm BUXOAOM
apyroro D-Tpurepa, skui yTBOproE Buxig dopmyBava. [pyruid  BXig gpyroi rpynu  BXofis
MynbTuUNnekcopa 3'€4HaHO 3 iHBepcHUM Buxogom Apyroro D-Tpurepa. ApgpecHun BXig
MyrnbTUNNekcopa 3'egHaAHO 3 BUXOLOM MNEepernoBHEHHSA MepLloro nivvnbHUKa | BXOAOM iHBepTOpa,
BUXif SIKOro 3'egHaHo 3 nmepwwmm Bxogom apyroro enemeHta ABO. Buxig gpyroro enemeHta ABO
3'e4HaHO 3i BXOAOM [03BONYy nepexoay ApYroro nivunsHuka. Buxoam apyroro, TpeTboro i 4eTBepToro
po3psiAiB NepLUOro nivnnbHUKa 3'€eQHaHO 3i Bxogamm TpeTboro enemenTa ABO, Buxig sikoro 3'egHaHo
3 Apyrum Bxogom gpyroro enemeHta AbO i BXOOOM A03BOJSTY CUHXPOHHOIO 3aBaHTAXEHHSA MEepLUOro
nivYnneHUKa.
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KopucHa Mopgenb Hanexutb [0 iMMAynbCHOI, 064YMCnioBanbHOT | BUMIPHOBANbHOI  TEXHIKK,
npusHayeHa Ans OpMyBaHHS MepioguYHOI MOCMIAOBHOCTI 3 MepeHacTPOoBaHOK TpUBaricTiO
iMNynbCiB i naysauM i MNporpamMoBaHON 3aTPMMKOKO MoyaTKy (POpMyBaHHS BIOQHOCHO CTapTOBOro
iMnynbcy.

Bigomi dopmyBayi, WO MICTATb KBapUOBMWA 3afaBarnbHUKA FeHepaTop, SKUMW npaule B
0e3nepepBHOMY peEXNMI, MPUCTPIA CUHXPOHI3aLii i BUXigHUI NPUCTPIN, Wwo 3abe3nedye hpopMyBaHHS
HeobXigHMX IMNynbCiB, YacoBi NapamMeTpy SKMX BM3HAYAKTbLCS YacOBMMMK NapameTpamu iMnyrbCeiB,
wo nogatoTbesa Ha Bxig (KO. B. Hoeukoe OcHoBbl umndpoBon TexHuku, M. "MUP" 2001, Puc. 5.13-
5.18).

Heponik BigomMux npuUCTpoiB - CKNagHiCTe BHYTPILLHBbOT CTPYKTYPU.

Binomi dopmysauyi iMnynbciB 3 nepeHacTpooBaHOK TPUBAMICTIO (MaTeHTW YKpaiHWM Ha KOPUCHY
mogenb Ne Ne 56879, 57976, 58272, 59473, 59474, 59481,61842, 62967,63177).

Heponik npucTpoiB - CKNagHiCTb CTPYKTYpU, WO O0BYMOBREHO HEOBXiAHICTIO BUKOPUCTAHHA OBOX
BaraTopo3psiAHMX ABIMKOBUX MiYNIbHUKIB.

Haibinbw 6nu3bkuM 3a TEXHIYHOK CyTTH | pesynbTaToMm, WO [OcAraetbcsi, € dopmyBay
nepioanYHOI NOCNIAOBHOCTI 3 NepeHacTpOoBaHOK TPUBAMICTIO iIMMYNbLCIB | Nay3n i NporpamMoBaHo0
3aTPMMKOK MoyaTKy (POpMyBaHHS BiAHOCHO CTapTOBOrO iMMynbCy (MaTeHT YKpaiHW Ha KOPUCHY
mogenb Ne 61853, sakuin MICTUTbL OBa ABIMKOBMX INYMMBHMKK, NEPLIMA 3 SKUX PEBEPCUBHUN,
HanaroMKEeHUN Ha pPexuMm BigHIMaHHSA, WO Mae BXig nodadi iMnynbCciB CMHXPOHI3auii, BXig 4o3Bony
CUHXPOHHOrO napanenbHOro 3aBaHTaXEHHS | BXOAW nojadi JaHWX NP 3aBaHTaXKeHHi, BXig 003Bony
pexvmMy ni4ybu, BXif aCUHXPOHHOI YCTAHOBKM Y HYNbOBWW CTaH, BUXi4 NepenoBHIOBAHHS; iHBEPTOP;
NaHLUIOXKOK, WO CKNagaeTbCAa 3 MOCNIAOBHO 3'€4HAHMX pe3ncTopa i KoHAeHcaTopa, MigKNIYeHoro 4o
AxXepena XWBMEHHS; CTapTOCTOMHWUN MNPUCTPIA, SKMN MICTUTb CUHXPOHHUM D-Tpurep 3i Bxoaom
ACMHXPOHHO| YCTAHOBKM Y HYNbOBMIM CTaH, NEpLUNA | APYrMii ABOBXOAOBI eneMeHTw |; nepwnin, apyrmun
i TpeTii enemeHTn ABO, npu ubomMy nepwwuin Bxig nepworo enemeHta AbO 3'egHaHo 3 Buxogom D-
Tpurepa; Buxig nepworo enemeHTa AbO 3'egHaHO 3 NepwmM BXOAOM APYroro enemeHTa |; 3aranbHa
TOYKa NOCNIAOBHO CMNOSyYEeHUX pe3ncTopa i koHaeHcaTopa 3'egHaHa 3 iHdopmauiHum Bxogom D-
Tpurepa, 3 OOHVMM BXOAOM MepLloro Ta ApyrMM BXOOOM [ApYroro ernemMeHTiB |; Buxig nepLioro
enemeHTa | crnonyyeHun 3i BXOLOM aCWHXPOHHOI yCTaHOBKW D-Tpurepa B HyNbOBWA CTaH; BUXig
apyroro enemeHTa | 3'egHaHuin 3i BXOA4aMn aCUHXPOHHOI YCTAHOBKW MiYUMBbHUKIB Y HYNbOBWIA CTaH;
TakToBi BXOAW NiYUNBLHUKIB YTBOPIOWOTE BXiA popMmyBaya - BXid nogadi nepioauMyHol NOocnigoBHOCTI
iMMynNbCiB 3 BUXOAY 30BHILLHLOrO KBApLIOBOrO reHepaTopa; TakToBuwn BXig D-Tpurepa yTBOpIOE BXif
nodadi iMmnynsCiB 3anycky; Apyrun BXif nepworo enemMeHTa | yTBoproe BXig nogadi iMnyrbCiB 3ynvHKK
dopMyBaHHS BUXIOHUX IMNYMbCIB; BXOAM NapanenbHOro 3aBaHTaXEHHA MepLloro nivunbHUKa
YTBOPIOIOTb BXOAM HanarofkeHHsa popMyBaya Ha 3afaHi YacoBi napameTpu BUXIGHUX iMMYNbCIB.

Heponik BigOMOro npuUCTPOO - CKMaAHICTb CXEeMW MNepecTpoloBaHHA dopMyBaya Ha 3ajaHy
TpuBanicTb iMNynbCiB, WO OBYMOBNEHO HEOOXIOQHICTIO BMKOPUCTaHHA APYroro MiYnIbHMKa,
BM3Hava4oro 3agaHy TpmBanicTb i, 9K HACMigoK, BUCOKA CMOXMBaHa NOTYXXHICTb, BUCOKa BapTiCTb.

B ocHOBY kopucHOI Mofeni NocTaBrneHO 3afady CnpoLLEHHSA NepecTpoloBaHHA dopMmyBadva Ha
3a/jaHy TpUBanicTb iMMYMbCiB, 3MEHLUEHHS CNOXMBaHOT NOTYXXHOCTI Ta BapTOCTI.

lMocTtaBneHa 3agaya BUpIWYETbCA TUM, WO B ¢OpMyBay nNepioauMyHol NocrigoBHOCTI 3
nepeHacTpOlOBaHOK TpMBariCTIO IMMAYNbCIB | MNay3n i NporpamMoBaHOK 3aTPUMKOK Mo4vaTky
¢dopMyBaHHSA BIOQHOCHO CTApPTOBOrO iMMNYMbCY MICTUTb ABa ABIMKOBMX NIYUSIbHUKW, MEPLUUMN 3 SKUX
PEBEPCUBHUN, HANaromMKeHWN Ha Pexunm BiOHIMaHHSA, WO Mae BXig nogadi iMnynbCiB CMHXPOHi3aLil,
BXig A03BOMY CUHXPOHHOrO napanenbHOro 3aBaHTaXeHHs | BXoAu nofdadi AaHuX Npy 3aBaHTaXeHHI,
BXif, JO3BOMNY PEXMMY NiYOU, BXi aCMHXPOHHOI YCTAaHOBKW Y HYNbOBUI CTaH, BUXi4 NEPENOBHIOBAHHS;
iHBEPTOP; JNaHUIOXKOK, WO CKMagaeTbCcsa 3 MOCNIAOBHO 3'€eQHaHMX pe3ucTtopa i KoHAeHcaTopa,
NiAKIOYEHOro 00 MKeperna XUBMNEHHS; CTapTOCTONHUA NPUCTPIN, AKIN MICTUTL CUHXPOHHUIA D-Tpurep
3i BXOQOM acCUMHXPOHHOI YCTAHOBKM Y HYNbOBWW CTaH, Nepwun i Apyrui OBOBXOAOBI enemeHTu |;
nepwuvn, apyrmun i TpeTin enemeHtn ABO, npu LbOMY nepLuun Bxia nepworo enemeHta ABO 3'eaHaHo
3 Buxogom D-Tpurepa; Buxia nepworo enemeHta ABO 3'egHaHo 3 nepLunm BXo4OM ApYroro enemeHTa
I; 3aranbHa ToO4Yka NOCMIAOBHO CMOMyYeHWX pesnucTopa i KoHaeHcaTopa 3'egHaHa 3 iHdopmauiiHUM
BxogoMm D-Tpurepa, 3 ogHMM BXOOOM MepLIOro Ta ApPYrMM BXOOOM [pYyroro enemMmeHTiB |; Buxig
nepLuoro enemeHTa | cnony4yeHun 3i BXOAOM aCUMHXPOHHOI YCTaHOBKM D-Tpurepa B HyNbOBWIA CTaH;
BMXig Apyroro enemeHTta | 3'egHaHWi 3i BXOO4aMM aCMHXPOHHOI YCTAHOBKM NiYWUIMBbHUKIB Yy HYNbOBUN
CTaH; TaKToBi BXOAM NiYWNBHUKIB YTBOPKOWTE BXig dopMmyBada - BXig nogadi nepiogudHol
nocnigoBHOCTI" iIMNYMbCIB 3 BUXO4Y 30BHILLHBbOrO KBapLOBOro reHepaTopa; TaktoBumn BXig D-Tpurepa
YTBOPIOE BXig nogadi iMnynbCiB 3anycky; APYrMi BXi4 neplloro enemeHTa | yTBOproe BXig nogadi
iMNynbCiB 3yNVHKM (bopMyBaHHS BUXIAHUX IMMYNbCIB; BXOAW MapanesibHoro 3aBaHTaXXeHHS nepLloro
nivunbHUKa YTBOPIOWTL BXOAM HanaromXeHHs dopMyBada Ha 3agaHi YacoBi napameTpu BUXIOHMX
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iMNynbCiB, BiONOBIAHO OO0 KOPUCHOI Moaeni BBeAEHO OAHOAAPECHUM MyNbTUMMEKCOp, a Apyrun
NiYNNBHUK BUKOHAHUI 0gHOPO3psaHMM (apyrun D-Tpurep 3i BXogom 403Bony nepexony - L i Bxogom
ACMHXPOHHO| YCTaHOBKM Yy HyNbOBWI CTaH); MepLua rpyna BXOAiB MyNnbTUMMEKCOopa YTBOPKE BXOAU
nporpaMmyBaHHA popmyBaya Ha 3agaHy TpuBaniCTb 3aTPUMKM ModaTKy OOpMyBaHHA MepPiOANYHOI
NocnigoOBHOCTI 3 NepeHacTPOBAHOK TPMBAMICTIO iMMYNbCIB i Nay3n BIQHOCHO CTapTOBOro iMMynbCy,
apyra rpyna BXOAiB MyrnbTUMMEKcopa YTBOPIHOE BXOAM HACTPOIOBAHHA OpMyBada Ha 3ajaHy
TpyBanicteb IiMNynbCiB i nay3anM Ha BMXOAi; BMXOOM MyfnbTUNAekcopa 3'egHaHO 3i Bxogamu
napanenbHOro 3aBaHTaXeHHs NepLIoro niYnnbHUKa; NpU LbOMY, NPU HAaCTPOKBaHHI Ha PopMyBaHHSA
NnoCrnigOBHOCTI iMMNYNbCIB 3 TPUBAMICTIO, sika AOPIBHIOE ABOM nepiogaM TakKTOBUX iMNymbCiB, LWO
noJatTbCs Ha BXia hopMyBaya 3 BMXOAY 30BHILUHBOrO KBApLIOBOro reHepaTopa, a TpMBaniCTb naysm
OOpPIBHIOE TpMHAAUATM nepiogam, neplinmn, TpeTin i 4eTBepTUA BXOAW JpYyroi rpynu BXOAIB
MynbTunnekcopa 3'egHaHo 3 gpyrum Bxogom apyroro enemeHta ABO i 3 npsmnm Buxogom gpyroro D-
Tpurepa, SKMN YTBOPKE BUXia opmyBaya, Opyrun BXig Apyroi rpynu BXOAIB MynbTUMMeKcopa
3'eQHaHO 3 iHBepCHUM BMxodom Apyroro D-Tpurepa, agpecHun Bxig MyrnbTunnekcopa 3'€egHaHO 3
BMXOOOM NepenoBHEHHS NMepLuioro nivyuMnbHUKa i BXOOOM iHBepTopa, BMXig SIKOro 3'€4HaHO 3 nepLumm
BxogoM gpyroro enemeHta ABO; Buxig apyroro enemeHta ABO 3'egHaHo 3i BXOOOM [03BONY
nepexony Apyroro niyunbHuKa (Bxogom L gpyroro D-Tpurepa); BMXoam Apyroro TpeTboro i YeTBepToro
po3psiaiB NepLloro fivnnbHUKa 3'egHaHo 3i BXogamu TpeTboro enemeHTa ABO, Buxig sikoro 3'egHaHo 3
ApyruMm Bxogom gpyroro enemeHta ABO i BXogOM [J03BOMY CUHXPOHHOINO 3aBaHTaXXEHHSI MepLioro
nivnnbHuKa.

[MpUCTpIN NOACHIOETECA KPECNEHHSAMM.

Ha oir. 1 npuBegeHa cxema copmysada. PopmyBay MICTUTb: PEBEPCUBHUIA OBIMKOBUIN NMiYUNBHUK
1, HanaroMXeHW Ha pPexuMM BigHIMaHHSA, SKUMW Mae BXig nogadi TaktoBux imnynbciB C, BXxig
HanaromKeHHs Ha pexyM nigcymoByBaHHS/BigHIMaHHA U, BXi4 A03BONY CUMHXPOHHOMO napanenbHOro
3aBaHTaxeHHA L i Bxoau nogavi 3aBaHTaxyBaHux aaHux Dg-Ds, BXig [ossony pexumy nidéu Py, Bxia
ACUHXPOHHOI YCTAHOBKM B HYNbOBUI CTaH R, BUXig nepenoBHOBaHHSA P,4; CMHXPOHHWMIA DL-Tpurep 2 3i
BXOOOM [03BONYy nepexofy L i BXo4OM aCMHXPOHHOI YCTAaHOBKU Y HYNbOBUA CTaH R; CUHXPOHHUN D-
Tpurep 3 3i BXOOOM aCMHXPOHHOT YCTaHOBKM B HynbOBWUN cTaH R; nepwwuin 4 i gpyrmi 5 enemeHTn I,
nepwun 6, gpyrun 7 i TpeTin 8 enemeHtn ABO; iHBepTOop 9; ogHoagpecHun mynbTunnekcop (10),
nepLua rpyna BxogiB sikoro (Doo-Dos) yTBOpPtoe Bxoau (bsb,bibg) nporpamyBaHHsa TpruBanocTi 3aTpUMKK
noyaTky dOpMyBaHHS BIAHOCHO CTapToBOro iMnynbcy (Start), gpyra rpyna BxogiB (Dig-Di3)
MynbTUNNEeKcopa YTBOPKE BXOAM HaCTPOWOBaHHSA (popMyBaya Ha 3ajaHy TpuBanicTb iMNYrbCIB i
naysu; naHUIOXOK, WO CKNagaeTbCs 3 NOCNigoBHO 3'egHaHux pesuctopa 11 i koHgeHcaTopa 12.
BaranbHa To4Yka MOCMIQOBHO cnonyydyeHux pesuctopa 11 i koHgeHcaTopa 12, nigknoyeHux Ao
[xepena xueneHHs (+E) 3'eaHana 3 iHopmauiiHum Bxogom Tpurepa 3, 3 OOHVM BXOAOM efneMeHTa
4 i 3 ogHMM BXxodom enemeHTa 5. [ipyrun Bxif enemeHTta 4 yTBOPOE BXif NoAadi iMnynbCiB 3ynuHKA
(Stop) dhopmyBaHHSA BUXIGHWX iMNYNbCIB.

Mpu HacTpotoBaHHI dopmyBada Ha (OpPMYBaHHS MOCHIAOBHOCTI iMNYnbCiB, TPUBaMICTb SKUX
OOpIBHIOE OBOM nepiogaM TakToBMX iMNynbCiB (WO MNodawTbCA Ha BXig ¢opMyBaya 3 Buxody
30BHILLIHBLOrO KBapLIOBOro reHepartopa), a Tpmeanicte nayau gopisHioe 13T, nepwuin (Dyg), TpeTin (D1,)
i yeTBepTUi (D13) BXOAU ApYroi rpynu BXoAiB MynbTUNNEKcopa 3'€4HaHo 3 ApYrMM BXOOOM enemeHTa
6 i 3 npamum Buxoadom Apyroro D-Tpurepa, sakuin yTBoproe Buxig cdopmysada (F). Opyrun Bxig (Di1)
APYroi rpynun BxodiB MyrnbTUNeKcopa 3'€4HaHo 3 iHBEpCHMM BUXO4oM Apyroro D-Tpurepa. AgpecHui
BXig MynbTunnekcopa (A) 3'€gHaHO 3 BMXOAOM NepenoBHEHHS MivunbHuka 1 i Bxogom iHBepTopa 9,
BUXig SIKOro 3'eAHaHO 3 NepLUMM BXOAOM efiemeHTa 7.

Buxin enemeHTa 7 3'e¢gHaHO 3i BXOOOM [03BOSly MEpPexody APYroro niymnbHuka (Bxogom L
Tpurepa 2). Buxogu gpyroro (Qq), Tpetboro (Q,) i yetBepToro (Qs) po3psais nivnnbHuka 1 3'egHaHo 3i
BXOOaMM enemMeHTa 8, Buxig skoro 3'egHaHO 3 OpyrMM BXOAOM enemeHTa 7 i Bxogom (L) gossony
CUHXPOHHOrO napanefnbHOro 3aBaHTaXKeHHs niyvnbHuka 1. MMpamuin Buxig Tpurepa 2, 3'egHaHoO 3
Apyrum BXoooM enemeHTa 6. [HBepcHUn Buxig Tpurepa 2 3'eaHaHo 3 1oro Bxogom D. Buxia enemeHTta
5 3'egHaHo 3i Bxogamu R niuvnbHuka 1 i Tpurepa 2. Takrosi Bxogn C niymnbHuka 1 i Tpurepa 2
crnony4eHi Mk coboto, yTBOplOtOYM BXig dopmyBaya - BXifg nogadi nepioguMyHoi NOCnigoBHOCTI
iMMyNbCIB 3 BUXOAY 30BHILLHBOrO KBapLOBOro reHepartopa. TakrtoBun Bxig C Tpurepa 3 yTBOPHOE BXiA
nofadi imnyneciB 3anycky (Start) dopmyBaHHS BUXiOHUX iMMYMbCIB.

Mpautoe popmyBay B HACTYMHIN MOCNIAOBHOCTI.

HasaBHICTb NnaHutoXKa, WO CKNnagaeTbecd i3 NoegHaHnx nocnifoBHo peauctopa 11 i koHgeHcaTopa
12, Nigkn4YeHoOro O LWMHM XUBNAYOI Hanpyrn +E, npu BKAOYEHHI gXeperna XUBMEHHS NPOTArom
OESIKOro NPOMIXKKY Yacy popMye piBeHb JTOMYHOro Hyrns Ha BXodax efnemeHTiB 4 Ta 5, 3abeanevyoun
(POpMYBaHHS PiBHS JIOMYHOIO HyIs Ha iXHiX BMXogax, To6TO Ha BxoAiB R aCUMHXPOHHOI YCTaHOBKU Y
HYNbOBUWI CTaH Tpurepa 3, Tpurepa 2 i nivymnbHuKa 1.
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Micna 3akiHYeHHa nepexigHOro npouecy, MOB'A3aHOM0 3 BKIIOYEHHAM [DKEpena >KUBMEHHS,
TpUrepm i NiYUNbHUK NEPexoasaTb Y HYyNbOBUI CTaH, (HOPMYKOUN PiBEHb FTOMYHOIO HYNSA BiAMNOBIAHO Ha
Buxogax Tpurepis 2, 3 i Ha Buxogax nivynnbHuKa 1, Wo Bege Ao popmMyBaHHS PiBHA SIOMYHOrO HyMSA Ha
BUXOAi enemeHTa 6, kvl 3'egHaHo 3i BXOAOM erieMeHTa 5, wo 3abeaneyye piBeHb NOMYHOro Hyns Ha
BXogax R aCMHXPOHHOI YCTaHOBKM Y HYMbOBMK CTaH fidnnbHMKa 1 i Tpurepa 2 i nNo 3akiHYeHHi
nepexigHoro npolecy, MnoB'A3aHoro i3 3apsagom kKoHgeHcatopa 12. OCKINbKM peXuM acMHXPOHHOT
YCT@HOBKM JiYnnbHUKa | Tpurepa y HyMbOBMKA CTaH Mae npiopuTeT BIiQHOCHO [0 BCIX OCTaHHIX
pexumis, TO OOTW, NMOKN Ha BXOAi ernieMeHTa 6 (a oTke i Ha NMoro Buxodi) 36epiraTUMeTbCA piBEHb
MOriYHOro HyMs, NPY HaAXOMKEHHi TaKTOBMX iMNYNbCIB HYNbOBUW CTaH NivunbHWKa 1 i Tpurepa 2
3anMuaTMMeTbCsl HE3MIHHUM, TOOTO 3anMwaTUMETbCS HE3MIHHUM HYNbOBE 3HAYEHHS Ha MOro BUXOAI
nepernoBHEHHS, Ha BMXOAi enemeHTa 8, Ha BXOAi [03BONY 3aBaHTaXEHHSA niuunbHUKa 1, Ha
afpecHOMy BXxofAi MynbTunnekcopa, Ha Buxofdi opmyBava, OAWHWYHE 3HAYEHHS Ha BUXOAi
iHBepTOpa, Ha BXo4i i BUxoAdi enemeHTa 7, To6TO Ha BXxogi L Tpurepa 2.

MMig yac sctyny iMnynbey 3anycky (Start) Ha TaktoBui BXig C Tpurepa 3 no 1Moro poHTy Tpurep
nepexoanTb B 0aUHUYHKUIA cTaH (Q=1, Q=0), doopMytoun piBEHb NOFYHOT OAMHMLI HA BUXO4i enemMeHTa
6, a omke Ha BxoAi Ta BUXOAi enemeHTa 5, wo 3abesnevye piBeHb NOriYHOI oAuHULI Ha Bxogax R
niynnbHuka 1 i Tpurepa 2, 3Himaroum 6nokyBaHHs. Ockinbku Ha Bxogi L nidnnbHMKa 1 piBeHb NOMYHOro
Hyn4, a Ha Bxof4i L Tpurepa 2 piBeHb NIOriYHOI OAWHULI, TO 40 MOMEHTY BCTYNY YeproBoro TakToBOro
iMNYNbCy NYUNBbHUK 1 3HAXOOUTLCS Y PEXUMI FOTOBHOCTI 3aBaHTaXEHHS, a Tpurep 2 Yy pexuMmi
3abopoHK nepexoay.

| Toai nig yac BcTyny nepLioro (Nicns 3akiHYeHHS nepexigHoro npouecy, NoB'A3aHoro i3 3HATTAM
BrnokyBaHHs1) TakTtoBOro iMnynbcy C no wnoro OpoHTYy BiabyBaeTbCsA napanenbHe 3aBaHTaXKEHHS
niymnbHUKa 1 3Ha4YeHHAMW curHanis, ski nogalwTbcsa Ha BignosigHi Bxoan Dy-Ds; 3 BuMxoaiB
MYNbTUNNEKCOPa, WO BU3HAYalOTbCA 3HAYEHHSIMU CUrHaniB Ha MOro BXoAax nepLuoi rpynu

JliumneHuk nepexoaute y ctaH Qz=bs, Q,=b,, Q:=b;, Qo=by, wWo Bege [0 ¢opMyBaHHA
OQMHWYHOrO 3Ha4YeHHS Ha BUXOAi NepenoBHEHHS NidunbHUKa 1, Ha BUXodi enemeHTa 8 i HynbLOBOro
3Ha4YeHHs Ha BuxoAi iHBepTopa 9, OPMYyHOUM HYNbOBE 3HAYEHHHA Ha Moro Buxodi. HynboBuin ctaH
Tpurepa 2 (HynbOBe 3HAYEHHsI CUrHany Ha BuxoAi hopmyBaya) 3anuwaeTbCst HE3MiHHUM.

B pesynbTarti UbOro nepexoay nivnneHUK 1 neperige B pexum nivom (BigHimanHsa). Mig yac Bctyny
nodanbLUMX TaKTOBUX iMMYNbCIB 3MICT NiYunbHYKa 1 3MeHLWYyBaTUMETLCS, a HYNbOBUIN CTaH Tpurepa 2
3annaeTbCa HE3MIHHUM. AK TiNbKKM 3MICT niYnnbHMKka 1 ctaHe piBHum 0001 Ha BUXogax enemeHTiB 7,
8 dpopmyeTbCa HyNbOBE 3HAYEHHS, | TOAi Nig Yac BCTyMy HACTYNMHOrO TAKTOBOMO iMMYNbCy MiYMIbHUK
nepexoautb y ctaH 0010, Tpurep 2 nepenge B OQNHUYHUIA CTaH, HOPMYHOUN OAMHUYHE 3HAYEHHs Ha
Buxopai oopmysava.

Mig yac BcTyny noganblMX TakKTOBMX iMMNYNbCIB 3MICT MiyunbHuKa 1 3meHWwyBaTUMeETbCH, a
OOVHWYHWIA CTaH Tpurepa 2 3anuwaeTbCs HE3MiHHUM. FAK TiNbku 3MICT niynnbHuka 1 ctaHe piBHUM
0001 Ha Buxogax eneMeHTiB 7, 8 (POPMYETLCS HyNbOBE 3HAYEHHS, NiYUMbHUK NepexoanTb y CTaH
1101, a Tpurep 2 nepenge y HynbOBUI CTaH, (HOPMYHOUN HYNbLOBE 3HAYEHHSA Ha BUXOAi hopMmyBaya.

| Tomi nig 4ac BCTyNy HaCTYnHOro i nojanblUMX TakTOBMX IMMYNbCIB 3MICT NiYunbHUKa 1
3MEHLLYBaTMMETbCS HYNMbOBWIA CTaH Tpurepa 2 3anuvaeTtbcs He3MiHHUM, TOOTO 3anuwaeTbes
HEe3MiHHUM HyNbOBe 3HayeHHs Ha BuXodi opmyBaya. AK TiNbKM 3MICT NiYvnbHUKA 1 3HOBY CTaHe
piHum 0001 Ha Buxogax enemeHTiB 7, 8 oOpMyeTbCA HynboBe 3HauyeHHdA. B pesynbTaTi UbOro
NivUnbHUK 1 Nepenge B peXxnm 3aBaHTaXXEHHS, a TpUrep 2 - B peXnm nepexoay.

Hapgani npouecn nOBTOPHOIOTLCA TakMM YMHOM, MiCNA 3aKiHYEeHHs nepexigHoro npouecy,
MOB'A3AHON0 i3 3HATTAM OMOKyBaHHA, nig 4Yac BCTyny Ha Bxig C dopmyBaya nepioguyHoi
nocrnigoBHOCTI iMNynbCiB 3 nepiogoMm T Ha NpAMOMY BUXOAI Tpurepa 2 reHepyeTbCcsA nepioanyHa
nocrigoBHICTb iMMynbCiB, TpuBanicTb AKUX AopiBHOE 2T, a Tpusanicte naysn popisHioe 13T, 3
nNporpaMoBaHO0 3aTPMMKOK BiOHOCHO CTapTOBOrO iMNYnbCY, sika BU3HAYAETbCA 3HAYEHHAM CUrHanis
nporpamyBaHHs B=b3b,b;by.

3ynuHka npouecy OopMyBaHHS BUXIOHOT NOCHIAOBHOCTI iMMYNbCIB 34IMCHIOETLCA MNoAavero
iMNynbCy, BIANOBIAHOrO PiBHIO MOMYHOrO HyMs, Ha BXi4 3ynuHKK (Stop), Wwo dopMye akTUBHUIN piBEHb
curHany Ha Bxofdi R acuHxpoHHOI ycTtaHoBku D-Tpurepa 3, WO npuBoauTb OO nepexogy Moro y
HynboBui cTaH (Q=0). Imnynbc Stop, 9k NpaBuNo, aCUHXPOHHUI BIOHOCHO A0 iMMYNbCIB 30BHILLIHLOMO
reHepartopa i o CTaHy Tpurepa 2.

AKWO y MOMEHT BCTYNy TakTOBOro iMMNyrbCy Tpurep 2 3HaxoAMTUMETLCS Y HYNbOBOMY CTaHi, TO
npu nepexodi D-Tpurepa 3 y HynbOBUIM CTaH Ha BXodax ernemMeHTa 6 i noro Buxogi Oyae
cchopMoBaHun  piBeHb noriyHoro 0, OOyMOBIIOKOYM pPIBEHb JOMYHOrO HyMsi Ha BXOAI Ta BMXOAi
enemeHTa 5, WO npueede A0 nepexoay nidusnibHUKa 1 y HYNbOBUW CTaH, a OTXKe, OO NPUNUHEHHS
npouecy reHepadii.
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AKWwo y MOMEHT nepexoay Tpurep 2 3HaXoguTUMETbCH Y CTaHi, BiAMiHHOMY Big HyNbOBOro, TO Ha
BMxoai popmyBaya 3'egHaHOro 3i BXogom enemeHTta 6, 6yae piBeHb NOriyHOT oguHuMLi, 06yMOBOUN
piBEHb NOriYHOI OAMHMLI Ha 1oro Buxopi i Bxodi eniemeHTa 5. Ockinbkv Ha gpyroMmy BXofi enemeHta 5
TaKOX piBEHb NOriYHOI OAMHULI, BU3HAYYyBaHWUI HaNpyrok Ha KoHAeHcaTopi 12, 9k 3apsanBecsa npu
BKIMIOYEHHI [Keperia >XMBMEHHs, TO Ha Bxodax R niyunbHuka i Tpurepa 2 6yae piBeHb NOrivyHoi
OoavHMLUi. 3BigcK BUTIKAE, WO Y MOMEHT BCTYMy iMNynbCcy Stop MPUMUHEHHST reHepauii He CTaHeTbCs,
00yMOBMOKYM  TUM CaMuMM  3anobiraHHS  CMOTBOPEHHID OCTaHHLOrO IMMAYMbCY Yy  BUXIOHIN
nocrnigoBHOCTI. | TiNbkK 3i BCTYNOM NoganblUMX TaKTOBUX iMMYNbCIB, KONW BiabyBaTUMeTbCs nepexia
Tpurepa 2 y HynbOBUIM CTaH Ha BXogax ernemeHTta 6 i moro Buxopni, byae cdopmoBaHUN piBEHb
noriyHoro 0, 06yMOBMIOKOYM piBEHb NMOMYHOrO HyNs Ha BXOAi Ta BMXOAi enemeHTa 5, Wo npueede 40
nepexofy niyvnbHMKa 1 y HynbOBWMI CTaH, a OTXe, A0 MPUNWHEHHS Mpouecy reHepadii. 3i BCTynom
HaCTYNHOro iMNynbCy 3anycKy yci NpoLecy NOBTOPIOKTLCS.

Ha ¢ir. 2 npuBegeHun rpac nepexopis opmMyBaya, WO CKNagaeTbCca 3 OBOX Kineub (BEpXHE
Kinbue - rpad nepexoaiB niuvMnbHUKA 1, HUXKHE Kinble - rpad nepexonis Tpurepa 2) i3 3aranbHoO
BEPLUMHOO, BiAMOBIAHO HYNBbOBOMY CTaHy NiYnnbHUKa | Tpurepa 2, a Ha dir. 3 306paxeHi entopu, Wo
inoCcTpytoTb POOOTY AN BapiaHTa HaCTPOKBaHHA ¢opMyBadya Ha TpuBanicTb iMNynbCiB, sika
AopiBHIOE 2T, nay3u Mk HUMW, Wo gopieHoe 13T i nporpamyBaHHA TPMBaNOCTi 3aTPUMKK (t3) novaTKy
¢dopMyBaHHSA iMNynbCiB Ha BMXOAi BiAHOCHO CTaApTOBOrO iMMynbCy, WO BM3HAYaETbCH 3HAYEHHAM
B=b3b,b;b,=0010=2. Ockinbku CTapTOBi iMNYNbCXU ACMHXPOHHI BIAHOCHO OO TAKTOBMX iMMYNbCIB, TO
TpMBanicTb 3aTpPMMKM NovaTky bopMyBaHHSA 3HAaXO0OUTbLCS Y Aiana3oHi: 2T<t;<3T.

Ha BigmiHy Big BiZOMOro MPUCTPOK CNPOLUEHHA CTPYKTYPW APYroro nivurnbHMKa [03BONUIO
CMPOCTUTM TEXHOMOTIiK0 NOr0 BUTOTOBIIEHHS!, 3HU3UTW CMIOXUBAHY MNOTYXXHICTb i BapTiCTb.

®OPMYJIA KOPUCHOI MOJENI

dopmyBay nepioanvHOI MOCMIAOBHOCTI 3 MEepeHacTPOHBaHOK TPMBAMICTIO IMMYNbCIB i nay3n i
NporpaMoBaHo0 3aTPUMKOIK NoYaTKy OPMYBaHHS BIQHOCHO CTapTOBOro iMNyrnbey, AKUM MiCTUTb ABa
OBINKOBUX NMIYMMBHMKK, NEPLUNA 3 SKUX PEBEPCUBHUI, HanaroKEHUN Ha PEXMM BigHIMaHHS, WO Mae
BXiA Mmodavi iMNynbCiB CUMHXPOHIi3aLii, BXi A03BOMNY CUHXPOHHOrO MnapanefibHOro 3aBaHTaXeHHs i
BXOAM nodadi AaHuX Npu 3aBaHTaXEHHI, BXi4 JO3BONY pPeXMMY Nivbu, BXid aCUHXPOHHOI YCTAHOBKM Y
HYNbOBUM CTaH, BUXiO MNepenoBHIOBaHHSA; iHBEPTOP; MaHUIOXKOK, WO cKnagaetbcs 3 MOCNig0BHO
3'eQHaHMX pes3ncTopa i KOHAeHcaTopa, MiOKMIYEHOro [0 [KEepena XMUBIEHHS; CTapTOCTOMHUN
NPUCTPIN, SKUN MICTUTb CUHXPOHHUI D-Tpurep 3i BXOOOM aCMHXPOHHOI YCTAHOBKU Y HYINbOBUW CTaH,
nepwni i Apyrun ABOBXOAOBI enemMeHTu |; nepwunin, apyrun i TpeTin enemeHtn ABO, npu uUbomy
nepwun Bxig nepworo enemeHta AbO 3'egHaHo 3 Buxogom D-Tpurepa; Buxig MepLIoro enemeHTa
ABO 3'egHaHO 3 nmepwum BXOAOM OpPYroro enemMmeHTa |; 3aranbHa TOYka MOCMIAOBHO CMOMy4YeHMX
pesncTopa i KoHaeHcaTopa 3'egHaHa 3 iHpopmauinHum BxoaomM D-Tpurepa, 3 0AHMM BXOAOM NepLLOro
Ta OpyrMm BXOAOM [pyroro enemeHTiB |; Buxig nepworo enemeHTta | crnonyyeHun 3i BXOAOM
aCUHXPOHHOI YycTaHoBKM D-Tpurepa B HYNMbOBWUW CTaH; BWUXiA4 Apyroro enemeHTta | 3'egHaHun 3i
BXOOAaMW ACUHXPOHHOI YCTaHOBKM nNIYUNBHUKIB Yy HYMNbOBWA CTaH; TakTOBi BXOOM NiYUMbHUKIB
yTBOPIOKOTbL BXi4 opmMmyBada - BXid nogadyi nepioguMyHoi MNOCMiAOBHOCTI IMMNYNbLCIB 3 BUXOA4Y
30BHILLUHLOrO KBApLIOBOr0 reHepartopa; TakToBun BXig D-Tpurepa yTBOpHOE BXid nopadi iMnynbcis
3anycky; Apyruin Bxif neplioro ernemeHTta | yTBOploe BXif nopadi iMnynbCiB 3ynuHKM OOpMYyBaHHSA
BUXIOHMX IMMYNbCIB; BXOOM MapaneribHOro 3aBaHTaXKEHHsSI MEepLUOro NiYuiibHMKa YTBOPHOKOTb BXOAM
HanarokeHHs popMmyBaya Ha 3afaHi YacoBi NapaMeTpu BMXIOHUX iMNYMbCIB, SKUMA BiApi3HAETbCA
TVUM, LLO BBEAEHO OAHOAAPECHUN MYMNbTUMMEKCOP, a APYrUn NMiYUITbHUK BUKOHAHWUI OAHOPO3PAOHUM
(apyrun D-Tpurep 3i Bxogom J03BOMy nepexogy - L i BXOAOM aCMHXPOHHOI YCTaHOBKM Y HYMbOBUWN
CTaH); nepLua rpyna BXoAiB MynbTUNMIEKCOPa YTBOPKE BXOAM NporpaMyBaHHA hopmyBayva Ha 3agaHy
TpMBanicTb 3aTpuMKM no4vatky OpPMYBaHHS NepioAMYHOI NOCMIAOBHOCTI 3 MepeHacTpoloBaHO
TpMBanicTio iMNynbCiB i Nay3n BIAHOCHO CTapTOBOro iMMNyNbCY, Apyra rpyna BXOAIB MynbTuUMMekcopa
YTBOPIOE BXOOW HACTPOKBaHHA ¢hopMyBaya Ha 3ajaHy TpuBanicTb iMMAYNbCIB i Naysn Ha BUXOAj;
BMXOOU MynbTUMMEKcopa 3'€QHaHo 3i BXogaMu napanenbHOro 3aBaHTaXEHHSA NepLuoro niYnnbHUKa;
npu UbOMY NPU HACTPOIOBaHHI HA POPMYBaHHSA MOCNIAOBHOCTI iIMNYNbCIB 3 TPMUBAnNICTIO, AKa AOPIBHIOE
OBOM nepiojaM TaKkTOBMX IMMNYMbCiB, WO NOJalTbCA Ha BXig dopmyBada 3 BUMXOAY 30BHILLHbOIO
KBapLOBOro reHepartopa, a TpuanicTb nay3n OOPIBHIOE TPUHAAUATU nepiogam, nepluvi, TpeTin i
YyeTBEPTUN BXOAM APYroi rpynu BXOAiB MyrnbTuUNnekcopa 3'€dHaHO 3 ApYrMM BXOOOM  Opyroro
enemeHTa ABO i 3 npamum Buxogom gpyroro D-Tpurepa, sikuin yTBOptoe Buxig dopmyBada, opyrun
BXig Apyroi rpynu BXxoAiB MynbTuUnnekcopa 3'€dHaHo 3 iHBepCHMM BMXogoM apyroro D-Tpurepa,
agpecHun Bxig MynbTunnekcopa 3'€e4HaHO 3 BUXOAOM NepenoBHEHHA MEePLUOro niYuiibHUKa i BXO4OM
iHBepTOpa, BMXiO SKOro 3'eQHaHO 3 MepwuMm BXxoAoM ppyroro enemeHta ABQO; Buxig gpyroro
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enemeHta ABO 3'egHaHOo 3i BXO4OM J03BOMYy Nepexoay Apyroro nivunbHuka (Bxogom L gpyroro D-
Tpurepa); BUXOOW OPYroro, TPETbOro i 4eTBEPTOro pPO3psAiB Neplloro nivunbHuKa 3'€dHaHo 3i
BXogamm TpeTboro enementa ABO, Buxig sikoro 3'egHaHo 3 Apyrum Bxogom gpyroro enemeHta ABO i
BXOAOM J03BOSTY CUHXPOHHOTO 3aBaHTaXeHHS MepLloro fnivnnbHMKa.

10 |

A B E B
(- 2N

n: ul )0

s |

e L]

T

¥

| um am 0N r
(=] |

L g - | '
133

L mm | .
cT,

Lo | o P37 NS RN FINENNTD 1T ) : s i lla lolol ¢ "
o1

=

L —m ' — .

t T, 1 ]
®ir. 3

Komm’'totepHa BepcTka O. eprinb

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

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



