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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, NEPLUNA 3 SKUX PEBEPCUBHUN, HanaroMKEHWA Ha pPexuMm 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
NiYMNBHMK BMKOHaHWIA OAHOPO3psaHuM (Apyrun D-Tpurep 3i BXogom [o3Bony nepexoay L i Bxogom
ACMHXPOHHOT YCTAHOBKU Yy HYNbOBUIA CTaH). [Nepla rpyna BXOA4iB MynbTUMNIEKCOPa YTBOPHE BXOOM
nporpamyBaHHs popMyBaya Ha 3agaHy TpuBaniCTb 3aTPUMKM NoyaTky (POpMyBaHHA NepiogvyHOI
NnocnifJoBHOCTI iMNYMbCIB BiAHOCHO CTapTOBOro iMMyrbCy, Apyra rpyna BXOAiB MynbTUMNIeKcopa
YTBOPIOE BXOOU HaCTPOKOBaHHA dopmyBava Ha 3ajaHy TpuBanicTb iMMAyNbCiB i naysum Ha Buxonj;
BMXOON MynbTUNNeKcopa 3'€QHaHO 3i BXo4aMu napanenbHOro 3aBaHTaXKeHHS MepLUoro MiYunbHUKa.
Mpn HacTporoBaHHI Ha OpMyBaHHA NOCMIAOBHOCTI iIMNYNbCIB 3 TPUBAMICTIO, sika AOPIBHIOE nepioay
TakToBMX IMMYMbCiB, WO nNoAalTbCsa Ha BXig ¢opmyBaya 3 BMXOAY 30BHILHLOrO KBapLOBOroO
reHepaTtopa, a TpuBanicTb nay3u [OpiBHIOE M'aTu nepiogam. [epwwuin Bxig Apyrol rpynu BXoais
MynbTUNnekcopa 3'€QHaHO 3 piBHEM TOriYHOI oAuHWLI, TpeTin BXi4 Apyroi rpynn BXoA4iB
MynbTUNEKcopa 3'€gHaHo 3 ApyrMM Bxodom nepworo enemeHta ABO i 3 NpsMyMM BMXOAOM OpYroro
D-Tpurepa, akui yTBOpOE Buxig dopmyBady. [Opyrui i 4eTBepTUi BXOAM APYroi rpynv BXO4iB
MynbTUNnekcopa 3'€edHaHO 3 piBHEM FOrYHOro Hynsa. AgpecHun BXig MynbTunnekcopa 3'egHaHo 3
BMXOAOM MepernoBHEHHSA NepLUoro NiYunbHUKa i BXOOOM iHBepTopa, BUXig SKoro 3'€fHaHo 3 nepLinm
Bxogom ppyroro enemeHta ABO; Buxig gpyroro enemeHta ABO 3'egHaHO 3i BXOOOM [O3BONY
nepexody Apyroro nidunbHuka (Bxogom L gpyroro D-Tpurepa); BuxoguM [ApYyroro, TPETbOro i
4eTBEPTOro PO3psiAiB NEepLIoro nidunbHUKa 3'egHaHO 3i BxogaMum TpeTboro enemeHta ABO, Buxig
AKoro 3'egHaHoO 3 Apyrum Bxogom pApyroro ernemeHta ABO i BXxogom [03BOMY CUMHXPOHHOMO
3aBaHTaXeHHs NepLloro niYnnbHuKa.
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KopucHa mopenb HanexuTb A0 iMNynbCHOI, OBYMCOBanNbHOI i BMMIPHOBANbHOT TEXHIKW, i
npusHayeHa nAns OpMyBaHHS MepioauYHOI MNOCMIAOBHOCTI 3 MepeHacTPOBaHOK TPUBanicTO
iMNynbCiB i naysauM i MNporpamMoBaHON 3aTPMMKOKO MoyaTKy (POpMyBaHHS BIOQHOCHO CTapTOBOro
iMnynbcy.

Bigomi dopmyBayi, WO MICTATb KBapLUOBMMA 3afaBalibHUK [eHepaTop, SKUMW npaule B
Oe3nepepBHOMY pPeXMMI, NPUCTPIA CUHXPOHI3aUii i BUXIQHUI NPUCTpPIN, WO 3abe3nevye hopmyBaHHsI
HeobXigHMX IMNynbCiB, YacoBi NapamMeTpy SKMX BM3HAYAKTbLCS YacOBMMMK NapameTpamu iMnyrbCeiB,
wo nogatoTbes Ha Bxig (FO.B. HoBmkoB OcHoBbI LndpoBor TexHukn, M. "MUP" 2001, Puc. 5.13-5.18).

Heponik BigomMux NpUCTPOIB - CKNaAHICTb BHYTPILLUHIN CTPYKTYPU.

Binomi dopmysauyi iMnynbciB 3 nepeHacTpooBaHOK TPUBANICTIO (MaTeHTW YKpaiHWM Ha KOPUCHY
mozenb Ne Ne 56879, 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 NepeHacTpOoBaHOK TPMBANICTIO iIMMYNbLCIB i Nay3n i NporpamoBaHoO0
3aTPMMKOK MoyaTKy (POpMyBaHHS BiZHOCHO CTapTOBOro iMnynbCy (NaTeHT YKpaiHM Ha KOpPMWCHY
mogens Ne 61853, sakuin MICTUTbL [OBa ABIMKOBMX IiYMNbHMKA, NEPLUMN 3 SKUX PEBEPCUBHUNA,
HanaroMKeHUN Ha pPexuMm BigHIMaHHA, WO Mae BXig nofadi iMnynbCciB CMHXPOHI3auii, BXig 4o3Bony
CUHXPOHHOrO NapanenbHOro 3aBaHTaXeHHs | BXoAW nojadvi JaHuX Mpu 3aBaHTaXeHHi, BXig 403Bony
pexumy nidbu, BXig aCMHXPOHHOI YCTAaHOBKM Y HyNbOBMWI CTaH, BUXi4 MepenoBHIOBaHHS; iHBEPTOP;
NaHLUIOXKOK, WO CKNagaeTbCAa 3 MOCNIAOBHO 3'€QHAHMX pe3ncTopa i KoHAeHcaTopa, MigKNIYeHoro 4o
pxXepena >XWBMEHHS; CTApTOCTOMHWUN MNPUCTPIA, AKUA MICTUTb CUHXPOHHUW D-Tpurep 3i Bxoaom
ACMHXPOHHO| YCTAHOBKM Y HYNbOBMWIN CTaH, NepLUNiA i APYrnin ABOBXOAOBI enemeHTu |; nepwvi, opyrun
i TpeTin enemeHTn ABO, nNpu LboMy, Nepwwni BXig nepworo enemeHta ABO 3'egHaHo 3 Buxogom D-
Tpurepa; Buxia nepuworo enemeHta ABO 3'egHaHo 3 nNepwmmM BXOAOM ApYroro enemeHTa |; 3aransHa
TOYKa NOCNIAOBHO CMNOSyYEeHUX pe3ncTopa i KoHAeHcaTopa 3'egHaHa 3 iHdopMmauiiHum Bxogom D-
Tpurepa, 3 OOHMM BXOAOM MepLloro Ta ApyrMM BXOOOM [pYyroro ernemMeHTiB |; Buxig nepLuoro
enemeHTa | cnonyvyeHun 3i BXOOOM aCUMHXPOHHOI yCTaHOBKM D-Tpurepa B HynbOBWI CTaH; BUXig
apyroro enemeHTa | 3'egHaHuin 3i BXOAaMW aCUHXPOHHOI YCTaHOBKM MiYUMbHUKIB Y HYNbOBWUA CTaH;
TakToBi BXOAW NiYUNBLHUKIB YTBOPIOWOTE BXi4 popMmyBaya - BXid nogadi nepioauMyHol NOocnigoBHOCTI
iMAyNbCIB 3 BUXOAY 30BHILLHBLOIO KBApLIOBOrO reHepaTopa; TaktoBun Bxig D-Tpurepa yTBOploe BXig
nogadi iMmnyneCiB 3anycky; Apyrun BXig nepLioro enemeHTa | yTBOpIOE BXiA nogadi iMnynsCis 3yrnuHKN
dopMyBaHHS BUXIOHUX IMMNYNbCIB; BXOAM NapanenbHOro 3aBaHTaXEHHA MepLlloro NivyunbHUKa
YTBOPIOIOTb BXOAM HanarofkeHHsa popMyBaya Ha 3afaHi YacoBi napameTpu BUXIGHUX iIMMYNbCIB.

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

B ocHOBY kopuCHOI Mopeni noctaBneHa 3ajada CrnpoLLieHHS NepecTpoloBaHHA dopmyBaya Ha
3ajjaHy TpUBanicTb iMMYMbCiB, 3MEHLUEHHS CNOXMBaHOT NOTYXXHOCTI Ta BapTOCTI.

lMocTtaBneHa 3agaya BUPIWYETLCA TUM, WO B ¢OpMyBay nNepioauvyHol NocrigoBHOCTI 3
nepeHacTpOlOBaHOK TpUBariCTIO iMMAYNbCIB | May3u | NporpamMoBaHO 3aTPUMKOK  MoyaTKy
dopMyBaHHS BiJHOCHO CTapTOBOrO iIMMNYNbCY MICTUTb ABa ABIMKOBUX NIYUNBHUKU, NEPLUUA 3 SKUX
PEBEPCUBHUN, HANaromMKeHW Ha pPexum BigHIMaHHSA, WO Mae BXig Mogadi iMnynbCiB CUMHXPOHi3auii,
BXig A03BOMY CUHXPOHHOrO napasienibHOro 3aBaHTaXeHHS i BXoau nogadi gaHux nNpu 3aBaHTaXeHHi,
BXif, JO3BOMY PEXMMY NiYOU, BXid aCMHXPOHHOI YCTAaHOBKW Y HYNbOBUI CTaH, BUXi4 NEPENOBHIOBAHHS;
iHBEPTOP; NaHUIOXKOK, WO CKMagaeTbCsd 3 MOCNIAOBHO 3'€eQHaHMX pe3ucTtopa i KoHAeHcaTopa,
NiAKIOYEHOro A0 AxXepera XMBMEeHHNA; CTapTOCTONHUA NPUCTPIN, SKMA MICTUTb CUHXPOHHWUIA D-Tpurep
3i BXOAOM ACUHXPOHHOI YCTaHOBKW Yy HyNbOBWW CTaH, MEPLIMA i OAPYrMin OBOBXOAOBI enemMeHTu I;
nepwunn, apyrun i Tpetin enemeHtn ABO, npnyomy, nepmin Bxig nepioro enemeHta ABO 3'egHaHo 3
Buxogom D-Tpurepa; Buxig nepworo enemeHta ABO 3'egHaHo 3 nepLumMM BXOL4OM ApYroro enemMeHTa
I; 3aranbHa TO4ka NOCMIAOBHO CMOMyYeHWX pe3ncTopa i kKoHAeHcaTopa 3'egHaHa 3 iHopMaLinHUM
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 gpyroro enemeHTa | 3'eaHaHui 3i BXogaMu aCUHXPOHHOI YCTAHOBKU MiYUNBHUKIB Y HYNbOBUN
CTaH; TaKTOBi BXOOMW JYUNBHUKIB YTBOPIOWTb BXig4 ¢opmyBaya - Bxig nogadi nepiognyHoi
NocnigoOBHOCTI iMMYNbCIB 3 BUXO4Y 30BHILLHLOMO KBapLIOBOro reHepaTopa; TaktoBuih BXig D-Tpurepa
YTBOPIOE BXig nofadi iMnynbCiB 3anycky; APYrMn BXig neplioro enemMmeHta | yTBoptoe BXxig nofadi
iMNynbCiB 3ynYHKM (bopMyBaHHS BUXIAHUX IMNYNbCIB; BXOOW NapanesibHOro 3aBaHTaXXeHHS MepLuoro
nivunbHUKa YTBOPIOWTL BXOAM HanaromXeHHs dopMyBada Ha 3agaHi YacoBi napameTpu BUXIOHMX
iMNynbCiB, BIAMNOBIAHO OO0 KOPUCHOI MoAeri BBeOEHO OAHOaApecHUM MYNbTUMNMEKCop, a Aapyrum
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NiYNNBHUK BUKOHAHUIM ofHopo3psaHuM (gpyrun D-Tpurep 3i Bxogom go3sony nepexogy L i Bxogom
aCMHXPOHHOT YCTaHOBKWU Yy HYNboBMIN cTaH R); nepla rpyna BXoAiB MynbTUNNEKCOpa YyTBOPIOE BXOAM
nporpaMmyBaHHA popmyBaya Ha 3agaHy TpuMBaniCTb 3aTPUMKM ModaTKy QOpPMyBaHHA MNepioanYHOIl
NoCnigoOBHOCTI iMMyNbCIB BiQHOCHO CTApTOBOrO iMMynbCy, Apyra rpyna BXOAiB MynbTUMNekcopa
YTBOPIOE BXOOW HACTPOKOBaHHA dhopMyBava Ha 3agaHy TpuBasniCTb iMMyNbCIB i nay3nm Ha BUXO4i;
BMXOOU MynbTUMMNEKcopa 3'€QHaHo 3i BXOAaMy napanenbHOro 3aBaHTaXEHHS NepLioro NiYunbHUKa;
npu LbOMY, NPU HAacTPOKBaHHI Ha POPMYBaHHA NOCAILOBHOCTI iIMNYNbCIB 3 TPUBASICTIO, sIka AOPIBHIOE
nepioay TakToBUX iMMyINbCIiB, WO NOAATbCA Ha BXig dhopMyBayva 3 BUXOAY 30BHILUHBOrO KBapLOBOro
reHepatopa, a TpuBaniCTb nay3u AOpPIBHIOE N'ATW nepiogam, MepLivin BXig Apyroi rpynu BXOAiB
MynbTunnekcopa 3'€eAHaHO 3 piBHEM JOMYHOI  OAWHWLUI, TpeTin BXig Apyroi rpynu BXoAiB
MynbTunnekcopa 3'egHaHo 3 ApyruMm Bxogom nepuoro enemeHta ABO i 3 npsMum BUXOOOM Opyroro
D-Tpurepa, 9kun yTBOPKOE BuXia dopmyBad; OpPYrvnA i YeTBEpTMWA BXOAW APYyroi rpynu BXOAIB
MynbTUNneKkcopa 3'€QHaHO 3 PiBHEM MOrYHOrO HyMs; agpecHUin BXig4 MynbTunnekcopa 3'egHaHo 3
BUXOAOM MEPENOBHEHHS NEPLUOro MivynnbHMKa i BXOAOM iHBEPTOpPA, BMXi4 AKOro 3'€4HaHO 3 MnepLumm
BxogoM gpyroro enemeHta ABO; Buxig apyroro enemeHta ABO 3'egHaHO 3i BXOAOM [03BONY
nepexogy Apyroro niymnbHuka (Bxogom L gpyroro D-Tpurepa); Buxogu LpYyroro, TPETbOro i
YeTBEpPTOro po3psidiB MepLUoro fivnnbHUKa 3'eaHaHO 3i BxogamMu TpeTboro enemeHta ABO, Buxig
Akoro 3'egHaHoO 3 ApyrMM Bxogom gApyroro enemeHta ABO i Bxogom [03BOMY CUMHXPOHHOMO
3aBaHTaXeHHS NepLloro NiYnnbHuKa.

Ha cpir. 1 HaBegeHa cxema popmyBava.

dopmyBay MICTUTb: PeBEpPCUBHUIA OBINKOBUI NiYUABHWK 1, HANAromKeHNN Ha PeXnM BigHIMaHHS,
AKMA  Mae  BXi4 nogadi  TakToBuMx iMnynbciB  C, BXi4 HanaromMXKEHHs Ha  Pexum
nigcymMoByBaHHS/BigHIMaHHA U, BXig 403BOMNY CMHXPOHHOIO mapanenbHOro 3aBaHTaXeHHsA L i Bxogm
nogadvi 3aaBaHTaxyBaHux gaHux Dg-Ds, BXig [o3ssony pexumy nivybu Py, BXia aCMHXPOHHOT YCTaHOBKM B
HynNboBWUW cTaH R, Buxig nepenosHoBaHHA P, cuHxpoHHun DL - Tpurep 2 3i Bxogom [[03BONy
nepexody L i BX0OOOM aCMHXPOHHOT YCTAHOBKM Y HYNbOBUN cTaH R; cMHXpoHHWUI D-Tpurep 3 3i Bxogom
ACUHXPOHHOI YCTAHOBKM B HYNboBMIK cTaH R; nepwun 4 i gpyrun 5 enemenTu |; nepwwnn 6, gpyrnn 7 i
TpeTih 8 enemenTn ABO; iHBepTOp 9; ogHoaapecHun mynbTunnekcop 10, neplua rpyna BXOAiB SIKOro
(Doo-Do3) yTBOptoEe Bxoau (bshybiby) mporpamyBaHHs TpuBanocTi 3aTpuMMkM nodatky ¢OpMyBaHHS
BigHOCHO cTapToBoro imnynbcey (Start), gpyra rpyna exogis (D1p-D13) MynbTunnekcopa yTBOpPOE BXoau
HacTpolBaHHA (popMyBaya Ha 3afaHy TpMBaniCTb iMAYNbCIB i Nay3n; NaHLIOXOK, WO CKNagaeTbcs 3
nocnigoBHoO 3'egHaHux pesuctopa 11 i koHgeHcaTopa 12. 3aranbHa TOYka NOCMIAOBHO CrOMAyYeHUX
pesnctopa 11 i kKoHaeHcaTopa 12, nigknyeHnx [0 [Xepena xueneHHs (+E) 3'egHaHa 3
iHdopMauiiHum Bxogom Tpurepa 3, 3 OAHMM BXOAOM enemMeHTa 4 i 3 O4HUMM BXOOOM ernemMeHTa 5.
Opyrun Bxig enemeHTta 4 yTBOpPHOE BXig nMogadi iMnynbCiB 3ynuHkM (Stop) cdopmyBaHHA BUXIOHUX
iMMynbCiB.

Mpn HacTpotoBaHHI hopmyBada Ha (POpPMYBaHHS MOCHIAOBHOCTI iMMYNbCiB, TPUBaNICTb SAKUX
OOpPIBHIOE Nepiofly TakToBMX iMMNYNbCIB (WO nofatoTbCA Ha BXig hopMyBaya 3 BMXOAY 30BHILLIHbOrO
KBapLOBOro reHepatopa), a Tpmsanictb naysu gopisHioe 5T, nepwwnin Bxig (Dyg) Opyrol rpynu BxoAis
MynbTunnekcopa 3'€edHaHoO 3 piBHEM noriyHoi oauHuui, TpeTih Bxig (D) Apyrol rpynu Bxodis
MynbTuUnnekcopa 3'egHaHo 3 ApyrMm BxodoMm nepuworo enemeHta ABO i 3 npsaMum BUXOOOM OpYroro
D-tpurepa, apyrun (Dq;) i yetBepTuii (Dy3) BXxoam Apyroi rpyny BXodiB MynbTunnekcopa 3'€egHaHoO 3
piBHEM TOriYHOrO Hyns. AZpecHun BXig MynbTunnekcopa (A) 3'egHaHO 3 BUXOOOM MEPEnoOBHEHHS
nivunbHUKa 1 i BXxogom iHBepTopa 9, BUXig AKOro 3'egHaHO 3 nepluMm BXOOOM enemeHTa 7. Buxig
enemMmeHTa 7 3'eQHaHO 3i BXOOOM [03BOMy nepexopy APYroro niyunbHuka (Bxogom L Tpurepa 2).
Buxoawn gpyroro (Q;), Tpetboro (Q,) i yeTBepToro (Qz) po3psaiB nivyunbHuka 1 3'egHaHo 3i BXogamu
enemMeHTa 8, BuXif sSIKOro 3'€eAHaHO 3 OpPYrMM BXOAOM enemeHTa 7 i Bxogom (L) 4o3BOMy CUHXPOHHOIO
napanenbHOro 3aBaHTaXeHHdA nivyunbHuka 1. Mpavui Buxig Tpurepa 2, akun ytBoproe Buxig (F)
dopmyBaya, 3'€edHaHO 3 ApYyrMM BXOOOM enemeHTa 6. IHBepcHuI Buxig Tpurepa 2 3'€4HaHO 3 MOro
Bxogom D. Buxig enemeHnTta 5 3'egHaHo 3i Bxogamu R niuvnbHuka 1 i Tpurepa 2. Taktosi Bxogn C
niymnbHuka 1 i Tpurepa 2 cnomnyyeHi Mk coboto, yTBOploouM BXig opmyBada - Bxig nopadi
nepiogu4HOI NOCNIAOBHOCTI iMNYNbCIB 3 BUXOA4Y 30BHILLHBOrO KBapLIOBOrO reHepaTopa. TakToBun BXia
C tpurepa 3 yTBOpIOE BXif nogadi imnynbcis 3anycky (Start) dopmMyBaHHSA BUXIOHUX iMAYNbCIB.

Mpavtoe bopmyBay B HACTYMHIN NOCNIAOBHOCTI:

HasaBHICTb NnaHutoXKa, WO CKnagaeTbed i3 noegHaHnx nocnigosHo peauctopa 11 i koHaeHcaTopa
12, Nigkn4YeHoro o LWMNK XMBNAYOI Hanpyrn +E, nNpyn BKNIOYEHHI mXepena >XMBIEHHS MPOTArom
OESIKOro NPOMIXKKY Yacy popMye piBeHb JTOMYHOro Hyrs Ha BXodax eneMeHTiB 4 Ta 5, 3abeanevyoun
POpMYBaHHS PiBHSI JIOMYHOMO HyIs Ha iXHiX BUXogax, TOGTO Ha BXoAiB R aCMHXPOHHOI YCTaHOBKM y
HYNbOBUWI CTaH Tpurepa 3, Tpurepa 2 i niyvnbHuka 1.
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Micna 3akiH4eHHs nepexigHOro npouecy, MOB'A3aHOMO 3 BKMIOYEHHAM [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 opMyBaHHSA PiBHSA NOMYHOro Hyns Ha
BUXOAi enemeHTa 6, kvl 3'egHaHo 3i BXOAOM erieMeHTa 5, wo 3abeaneyye piBeHb NOMYHOro Hyns Ha
Bxogax R aCMHXpPOHHOI YCTaHOBKM Yy HYNbOBMW CTaH fivYvnbHWKa 1 i Tpurepa 2 i No 3akiHYeHHo
nepexigHoro npoecy, MnoB'A3aHoro i3 3apsagomM koHgeHcaTopa 12. OCKINbkM pPeXuM acUHXPOHHOT
YCTaHOBKW MiYUNbHUKA | TpUrepa y HynbOBMI CTaH Mae NpioputeT No BigHOLIEHHKO A0 BCiX OCTaHHIX
pexumia, To 40 TUX Nip MNOKN Ha BXoAi enemMeHTa 6 (a omke i Ha noro Buxogi) 3b6epiraTMmeTbes piBEHb
NoriYHOro nyns, NpyY HagXOMKEHHI TaKTOBMX iMNYMNbCiB HYNbOBWUW CTaH fivunbHuka 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
afipecHOMy BXOAi MynbTunnekcopa, Ha Buxodi ¢opMyBaya, OAMHUYHE 3HAYEHHS Ha BUXOAi
iHBepTOpa, Ha BXoai i Buxoai enemeHTa 7, To6TO Ha BXxoai L Tpurepa 2.

MMig yac sctyny imnynbey 3anycky (Start) Ha TakToBun Bxig C Tpurepa 3 no noro PpoHTy Tpurep

nepexoauTe B oauHuuHMiA cTaH (Q=1, Q =0), cdopmyloun piBeHb NOrYHOI OAWMHMULI Ha Buxofi
eremeHTa 6, a oTXe Ha BXOAi Ta BMXOAi enemeHTta 5, Wwo 3abesnevye piBeHb MOrYHOI OAMHULI Ha
Bxogdax R niunnbHuka 1 i Tpurepa 2, 3Himaroum 6nokyBaHHs. Ockinbku Ha BxoAi L niyunbHuka 1 piBeHb
foriYHOro Hyms, a Ha Bxofi L Tpurepa 2 piBeHb MOriYHOI OAMHWLI, TO K MOMEHTY BCTYMy 4eproBoro
TaKkTOBOrO iMMymnbCy MiYMINbHMK 1 3HAXOOAUTLCHA Yy PEXWMMi FOTOBHOCTI 3aBaHTaXeHHHA, a Tpurep 2 y
pexuMi 3ab0opoHM Nepexoay.

| Togi nig Yac BcTyny neplioro (nicnst 3akiHYeHHs NepexigHOro nNpoLecy, NoB'A3aHOro i3 3HATTAM
OnokyBaHHs1) TaktoBoro iMnynbcy C no 1oro poHTYy BigOyBaeTbCsi napanenbHe 3aBaHTaXKEHHS
niymnbHuka 1 3HAYeHHAMW curHanis, skM nogawTbCs Ha BignosigHi Bxoan Dg-D; 3 Buxoais
MynbTUNNeKcopa, WO BU3Ha4YalTbCH 3HAaYEeHHAMM CUrHaniB Ha Noro Bxodax nepLuoi rpynm

JliumneHuk nepexoante y ctaH Qaz=bs, Q,=b,, Q:=b;, Qo¢=by, wWo Bege [0 ¢opmMyBaHHA
OAMHMYHOrO 3HAYEHHS Ha BMXOAi NEpPenoBHEHHS NiyunbHMka 1, Ha BMXOAi enemeHTa 8 i HynbOBOro
3HaA4YEeHHSA Ha BuxoAi iHBepTopa 9, POPMYKOUM HYNMbOBE 3HAYEHHS HA MOro BMxodi. HynboBuMi cTaH
Tpurepa 2 (HynbOBe 3HAYEHHsI CUrHany Ha BuxoAi (hopmyBaya) 3anuwaeTbCs HE3MiHHUM.

B pesynbTarti uboro nepexody niunneHUK 1 neperge B pexum nivbm (BigHimaHHs). Mig yac Betyny
noganbLlUMX TakTOBUX iMMYIbCIB 3MICT NiYnnbHUKa 1 3MEHLLYBAaTUMETBLCSH, @ HyNbOBUI CTaH Tpurepa 2
3annWaeTbCa HE3MIHHUM. AK TiNbKKM 3MICT niYnnbHKKka 1 ctaHe piBHum 0001 Ha BUXogax enemeHTiB 7,
8 dopmMyeTbCA HyNbLOBOro 3HayeHHda. B pesynbrati uUboro nidvnbHUK 1 nepeinge B pexum
3aBaHTaXeHHsA, a Tpurep 2 - B pexum nepexofy. | Ttogi nig yac BCTyny HacCTymnHOro TakTOBOro
iMOynbcy no noro poHTY BiOOyBaeTbCA NapanefnbHe 3aBaHTaXEHHS MiYunbHUKA 1 3HAYEHHAMMU
curHanie, sIkKM nogatoTbCd Ha BignosigHi Bxoan Dy-Ds 3 BUXoAiB MynbTUnnekcopa, LWo BU3HayaTbCs
3HaYeHHAMU curHanie Ha noro Bxogax apyroi rpynu (0001), To6TO 3MicT MivnnbHMKa 1 3anULLIMTBCS
He3MiHHMM. Tpurep 2 nepevige B OAVHUYHUIM CTaH, (QOPMYKOYM OOUHWYHE 3HaYEeHHS Ha BUXOAI
dopmyBaya.

| Toai mig Yac BCTyny HACTYMHOrO TaKTOBOTO iMMNYNbCY MO MOro ppoHTy BiAbyBaeTbCcA NapanensHe
3aBaHTaXXeHHSA niYunbHUKa 1 3HAYEeHHAMW cuUrHaniB, SKM nogatTbca Ha BignosiaHi Bxoau Dy-Ds 3
BMXOAIB MyNbTUMMEKCOPa, WO BU3HAYalOTbCH 3HAYEHHSAMMW CUrHamiB Ha MOro Bxodax Apyroi rpynwu
(0101), a Tpurep 2 nepenge y HynboBWUin cTaH. | Toai Nig Yac BCTYMNy HACTYMHOrO TaKTOBOrO iMMNyNbCyY
3MICT niynnbHUKa 1 3MeHLLYBaTUMETbCH CTaH Tpurepa 2 3anulaeTbCsl HE3MIHHUM. HAK Tinbkn 3MicT
niynneHuka 1 ctade pieHum 0001 Ha BUxoAdax enemeHTiB 7, 8 POpMYeETbCA HYMNBbOBOro 3HayeHHs. B
pesynbTaTi Lboro nivunbHUK 1 neperae B pexuM 3aBaHTaXEHHS, a Tpurep 2 - B pexxum nepexony.

Hapani Bci npouecu MNOBTOPHOIOTLCA. TakMM YMHOM, MiCAs 3akiHYEHHS nepexigHoro npouecy,
MoB'A3aHOr0 i3 3HATTAM OnokyBaHHSA, nig 4Yac Bctyny Ha Bxig C copmyBaya nepioguyHol
nocrnigoBHOCTI iMNynbCiB 3 nepiogoM T Ha npAMOMY BUXOAI Tpurepa 2 reHepyeTbCcs nepiognyHa
NOCNiQOBHICTb IMMYNbCIB, TPMBAMICTb SKUX AOPIBHIOE NEpPioAy TaKTOBMX iMMYrbCiB (L0 NogalTbCs Ha
BXi hopMyBaya 3 BMXOAY 30BHILLUHBOro KBapLOBOro reHepaTopa), a TpmMBarnicTb nayam gopisHioe 5T, 3
nporpaMoBaHO0 3aTPMMKOK BiJHOCHO CTapTOBOrO iMMYNbCY, Sika BU3HAYaETbCA 3HAYEHHAM CUrHanis
nporpamyBaHHs B=bzb,b,by.

3ynvHKa npouecy ¢opmMyBaHHS BMXIQHOI MOCHIAOBHOCTI iMNYNbCIB 3AINCHIOETbCA MNOAavero
iMMynbCy, BIANOBIAHOrO PiBHIO NOrYHOrO HyNs, Ha BXig 3ynuHkK (Stop), Wo dhopmMye akTUBHUN piBEHb
curHany Ha Bxodi R acuHxpoHHol yctaHoBku D-Tpurepa 3, wo npusBOAvTb OO nepexogy WMoro y
HynboBur ctaH (Q=0). Imnynbc Stop, SK NpaBWMIO, aCMHXPOHHUIA BIAHOCHO IMMNYNbLCIB 30BHILLHLOIO
reHeparopa i o cTaHy Tpurepa 2.

AKWOo y MOMEHT BCTYNy TaKTOBOrO iMMynbCy TPUrep 2 3HaxXoAUTUMETLCS Y HYNbOBOMY CTaHi, TO
npu nepexodi D-tpurepa 3 y HynboBMW CTaH Ha BXxoJax eneMeHTa 6 i noro Buxodi ©Oyae
cchopMoBaHun  piBeHb noriyHoro 0, OOyMOBIIOKOYM pPIBEHb JOMYHOrO HyMsi Ha BXOAI Ta BMXOAi
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enemeHTa 5, WO npu3Bege A0 nepexoay nivvnbHuKa 1 y HYMbOBMI CTaH, a OmKe, A0 MPUMNVHEHHS
npoLiecy reHepadlii.

AKWO y MOMEHT nepexogy Tpurep 2 3HaxoguTUMETbCS CTaHi BigMIHHOMY Bif HyNbOBOro, TO Ha
BMxoai popmyBaya 3'egHaHOro 3i BXogoM efiemeHTta 6, 6yae piBeHb NMOriyHOi oguHuULi, 06yMOBIOUM
piBEHb NOriYHOI OAMHULI Ha 1horo Buxogi i Bxodi enemeHTa 5. Ockinbkvu Ha opyromy Bxogi enemeHta 5
TaKOX piBEHb NOriYHOI OAMHWLI, BU3HAYYBaHMI HaNpyro Ha KoHgeHcaTopi 12, skui 3apsameca npu
BKIMIOYEHHI [PKeperia >XMBMEHHsl, TO Ha Bxodax R niuunbHuka i Tpurepa 2 Oyge piBeHb IOriYHOI
OAvHMLU. 3BigcK BUTIKAE, WO Y MOMEHT BCTyNy iMnynbcy Stop NpUNMHEHHS reHepadii He CTaHeTbCs,
OBYMOBMIOKYN  TUM CaMWM  3anobBiraHHs CMOTBOPEHHIO OCTAHHLOIO iIMMAYNbCY Yy  BUXIAHIN
nocniaoBHOCTI. | TiNbkM 3i BCTYNOM NoAanblUMX TakTOBUX iMMNYNbCIB, KONW BiabyBaTuMeTbCs nepexig
Tpurepa 2 y HynbOBWW CTaH Ha BXodax enemeHta 6 i noro Buxodi 6yne ccopmoBaHUin piBeHb
noriyHoro 0, 06yMOBNOKOYN piBEHb NOMYHOrO HYyNsA Ha BXOAi Ta BUXOAi eneMeHTa 5, Wwo npussene Ao
nepexofy niyvnbHuKa 1 y HyNbOBMI CTaH, a OTXe, A0 MPUNUHEHHS Mpouecy reHepadii. 3i BCTYynom
HACTYMHOrO iMNYNbCY 3anycKy yCi Npouecy NOBTOPIKTLCS.

Ha dir. 2 HaBegeHun rpad nepexopiB copmyBaya, O CKNagaeTbCsl 3 ABOX Kineub (BepxHE
KinbLe - rpad nepexofiB niuvnbHMKa 1, HWXKHE Kinbue - rpad nepexopfis Tpurepa 2) i3 3aranbHo
BEPLUMHO, BiAMOBIAHO HYNBbOBOMY CTaHy NiYnnbHMKa | Tpurepa 2, a Ha dir. 3 306paxkeHi entopu, Wo
inoCcTpytoTb POOOTY AN BapiaHTa HacTPOlBaHHS ¢opMyBada Ha TpuBanicTb iMNynbCiB, ska
JopiBHoe T, Nay3m MK HUMK, WO AopiBHIOE 5T, i NporpamyBaHHsi TpMBanNocCTi 3aTpumkm (t;) novaTky
¢dopMyBaHHSA iMNyNbCIB Ha BMXOAi BiAHOCHO CTApTOBOrO iMMynbCy, WO BM3HAYaETbCH 3HAYEHHAM
B=bsh,b;b;=0100=4. Ockinbkv cTapToBi IMNYMNbCN aCMHXPOHHI MO BiAHOLLUEHHI A0 TAKTOBUX iMMNYNbCIB,
TO TpMBanicTb 3aTPMMKKU NOYATKy (PopMyBaHHSA 3HAX0AUTLCA Y AianasoHi: 4T<t,<5T.

Ha BigmiHy Big BiAOMOro MPUCTPOK CNPOLUEHHA CTPYKTYPW APYroro nivurnbHMKa [03BONUIO
CMPOCTUTM TEXHOOTIiKO NOr0 BUrOTOBIIEHHS, 3HU3UTK CMOXNBAHY MNOTYXXHICTb | BapTiCTb.

®OPMYIA KOPVUCHOI MOJEI

dopmyBay nepioanYHOI MOCMIQOBHOCTI 3 MEpeHacTPOBaHOK TPUBAMICTIO iMAyNbCIB i nayau i
NporpaMoBaHol0 3aTPUMKOK MoYaTKy (PopMyBaHHSA BiJHOCHO CTapTOBOro iMMymnbCy, WO MICTUTb ABa
OBINKOBUX NMIYMMBHMKK, NEPLUNA 3 SKUX PEBEPCUBHUIN, HaNaromLXeHNn Ha pPeXnm BigHIMaHHS, WO Mae
BXid nofavi iMNynbCiB CUMHXPOHIi3aLil, BXig O03BOMNY CUHXPOHHOrO napanenbHOro 3aBaHTaXKEeHHS |
BXOAM nogadi AaHuX Npu 3aBaHTaXeHHi, BXi4 JO3BONY pexumy Nidbu, BXig aCMHXPOHHOT YCTaHOBKN Y
HYNbOBUM CTaH, BUXiO MNEepernoBHIOBaHHSA; iHBEPTOP; FaHLIOXKOK, WO CKNnagaeTbcs 3 MOCNifoBHO
3'eQHaHMX pes3ucTopa i KOHOeHcaTopa, MigKMYEHOro [0 [KEepena >XMUBIEHHS; CTapTOCTOMHUN
NPUCTPIN, SKUN MICTUTb CUHXPOHHMI D-Tpurep 3i BXOOOM aCUHXPOHHOI YCTaHOBKU Y HYNbOBWUWA CTaH,
nepwni i Apyruin ABOBXOAOBI enemMeHTu |; nepwwuin, apyrun i TpeTin enemeHtn ABO, npu uUbomy
nepwun Bxig nepworo enemeHta AbO 3'egHaHo 3 Buxogom D-Tpurepa; BuXig Neplioro enemMeHTa
ABO 3'egHaHO 3 nMepwunm BXOOOM ApYroro ernemMeHTa |; 3aranbHa Touyka NOCMIJOBHO CrOMyYeHUx
pesucTopa i koHaeHcaTopa 3'egHaHa 3 iHopMaLiiHMM Bxogom D-Tpurepa, 3 04HUM BXOLOM MepLLOro
Ta Opyrum BXOAOM [Jpyroro enemMeHTiB |; Buxig nepworo ernemeHTa | cnonyvyeHun 3i BXOOOM
aCUHXPOHHOI YyCTaHOBKM D-Tpurepa B HYNbOBWW CTaH; BUXiA4 Apyroro enemeHTta | 3'egHaHun 3i
BXOJAMW ACUHXPOHHOI YCTAHOBKM nNIYUNBHUKIB Yy HYMNbOBWA CTaH; TakTOBi BXOOM MiYUMbHUKIB
YTBOPIOIOTb BXiA opmyBada - BXi4 nogadvi NepioguMyHoi MOCMigOBHOCTI iMMYNbCIB 3 BUXOAY
30BHILLHLOMO KBApLOBOrO reHepartopa; TakToBuW BXxig D-Tpurepa yTBOpIOE BXig nogadi iMnynbcis
3anycky; Apyruin Bxif neplioro enemeHTta | yTBOploe BXif nopadi iMnynbCiB 3ynuHKM OpMyBaHHSA
BUXIOHUX IMMNYNbCIB; BXOAW MapanesibHOro 3aBaHTaXEHHS MNepLlloro fiYnnbHUKa YTBOPIOKTbL BXOAM
HanarokeHHs popmyBaya Ha 3afaHi YacoBi NapamMeTpu BUXIOHWX IMNYMbCIB, SKUA Bigpi3HAETbCA
TUM, LLO BBEAEHO OAHOAAPECHUN MYNbTUMMEKCopP, a APYrUn NMiYUITbHUK BUKOHAHWUI OAHOPO3PAOHUM
(apyrnin D-Tpurep 3i Bxogom [o03Bony nepexogy L i BXOAOM aCMHXPOHHOT YCTaAHOBKWU Y HYNbOBUN
CTaH); nepLua rpyna BXoAiB MynbTUMMEKcopa yTBOPHOE BXOAU NporpamyBaHHs hopMyBaya Ha 3ajaHy
TpMBaniCTb 3aTpUMMKM MoyaTky OPMYBaHHA nepioanyHOl NOCMiJOBHOCTI  iMNynbCiB  BiHOCHO
CTapToBOro iMnynbCcy, [Apyra rpyna BXOAIB MYyNbTUMNNEKCOpa YTBOPKE BXOOU HACTPOHOBAHHS
dopmyBayda Ha 3adaHy TpUBanicTb iIMMYNbCIB | Nay3n Ha BUXOAi; BUXOAW MyrnbTUMMEeKcopa 3'e€QHaHo 3i
BXOJaMu napanenbHOro 3aBaHTaXKeHHs MNepLuoro niYunbHWKa; MPUYOMY NPU HACTPOKOBaHHI Ha
opmyBaHHS NOCMIJOBHOCTI iIMNYILCIB 3 TPMBANICTIO, Sika OOPIBHIOE Nepiofy TakTOBUX iMNYMbCIB, LU0
nofaTbCs Ha BXia oopMyBaya 3 BUXOAY 30BHILUHBOrO KBapLOBOro reHepatopa, a TpuBarnicTb naysmu
OOpPIBHIOE N'ATU nepiogam, NepLuvin BXi4 ApYyrol rpynu BXoAiB MynbTUMMekcopa 3'€egHaHO 3 piBHEM
NOTiYHOT oauHWLi, TPEeTin BXi4 Opyroi rpynu BXOAiB MynbTUMMEKcopa 3'€QHaHo 3 ApYyrMM BXOOOM
nepworo enemeHta ABO i 3 npamnm Buxogom apyroro D - Tpurepa, skni yTBoptoe Buxig hopmyBay;
OPpYrvi i yeTBepTUN BXOAWN APYroi rpynu BXo4iB MynbTunnekcopa 3'€4HaHo 3 piBHEM FOMYHOro Hyns;



UA 119494 U

afpecHui BXia4 MynbTUNnekcopa 3'€4HaHO 3 BUXOLOM MEpPEernoBHEHHS NEepLUIOro NivMnbHUKa i BXOA0M
iHBepTopa, BUXiA SKOro 3'egHaHO 3 nepwum Bxogom Apyroro enemeHta ABO; Buxig agpyroro
enemeHTa ABO 3'egHaHO 3i BXOAOM A03BONY nepexody Apyroro nivvnbHUKa (Bxogom L gpyroro D-
Tpurepa); BMXOOW [OPYroro, TPeTbOro i 4YeTBEpPTOro Po3psidiB MEpLIOro JiYurnbHMKa 3'eQHaHO  3i
BXogamm TpeTboro enementa ABO, Buxig sikoro 3'egHaHo 3 Apyrum Bxogom gpyroro enemeHta ABO i
BXOJOM [03BOJTY CUHXPOHHOIO 3aBaHTaXXeHHS MepLUOro fivYnnbHuKa.
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