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B pei"HCTpnpyromnx ycTpoficTBaX .IIJlepaofi ¢nsHKH HSXOJlSIT npHMeaeune 

/1/ 
cyMMaTopbf·JlBOH'IllbiX KOJlOB c. BeCbMa MSTlbiM ~BpeMeneM cnomeunSI,. Ha-

·npHt,iep, B MUOI"OKaUanbUb!X auannsaTopax, pei"HCTpHpyiOIUHX BO BpeMeUHb!X 

Kanariax 6onee t~eM 1 HMnynhc, t~ncno, nocTynaromee ns ct~eT'IHKa HMnynbCOB 

llnH npeo6pa30BaTenSI 11 aMnnHTYJlS - KOJl!', npn6aBnSieTCSI K 12-paSpSIJlHOMY 

'IHCny, C'IHTb!B89MOMY H3 SI'IefiKH naMSITH, SJlpec KOTOpOfi 38Jl8H npeo6pa30BS

TeneM "BpeMSI - KOJl", H. pesynhTaT cnomenHSI sanncbmaeTcSI. B TY me g..Jefi-

/2/ KY \~'o BpeMSI o6paiUeUHSI K naMSITH peanb'UO OKOnO 1,5 MKCeK, H npH MHHH- .• 

ManbUOfi II!HpHHe BpeMeHHOI"O KaHana 2 MKCeK HS Bb!llOnUeUHe cyMMHpOBSHH~ 

t~ncen 'ocTaeTcSI BpeMSI ue. 6onee 0,5 MKCeK. 

CnnTes cxeMbi 6biCTpoJleficTByromero cyMMaTopa ua cymecTBYIOIUHX nu

TerpanbUbiX MHKpOCXeMaX cpeJlUSI"O 6biCTpOJlefiCTBHSI Tuna l1-HE HMeeT PS!Jl 

OC06eUOCTefi, Bb!TeKSIOIUHX He TOnhKO H3 ueo6xotllfMOCTH Y'lliTb!BSTb cneun<fl~- · 

'19CKH€' Jf8p8KTepHCTHKH HCllOnh3Y9Mb!X nOI"H'IeCKHX aneMellTOB II COOTBSTCTBeH

HO MOJln¢nunpoBaTb cxeMbi. TaKne aneMeHTbi llJe¢¢epa1 pe!lnHsyromne noi"nt~ecKyiO 
¢yuKunro 'mTpnx llie4l¢epa"', npn nocneJlOBaTQllbHOM coeJlnneunn - JlnSI nocne-. · 

JlOBaTenbnofi peanusauun OJlHilaKcmi.tx ¢ynKU~fi ( uanpnMep,KCllt'biOilKUHK), a npn 

napannenhHOM coeJlHH9HHH - Jln·H napannenbHOfi peanusauun pasnH'IHbiX ¢yux

ul-tfi ( H8':1PHMep,KOH'b!OilKJlllH H JlHS'blOHKUHH), Tpe6yro; pasltH'IHOI'O KOJlHPOBSHHSI 

BXOJlHbiX n_epeMeHUblX nnH JlOn<)nunTenbHOfi H!IBepCHH CHI"HSnOBo Llns ysenn

'19HHil 6b!CTpOJlefiCTBHSI CX9Mbl H8 HUTei"panbHbiX aneMeHT8X UenpneMneMbl 

ueKoTop~Ie annapaTypHbte MeTOJlbi n 6onee nonesHbi cTpyKTypHbie MeTOJlbl 1 



CBSI38HHbie C COOTBeTCTBY!OlUHMH npeo6pa30B8HHSIMH nOI'H'IeCKHX cpyHKUHfi. 

no!'H'IeCKHe cpyHKUHH AOmKHbl 6b!Tb COI'nacoaaHbl c B03MQ)!{IIOCTSIMH sneMeH

TOB 'no K09cpcpHUHeHTy BXOA8 ·H nocneAOBaTenbHOCTH BKn!O~eHHSI, K8CK8AHp~Ba

IIHSI·. 0AHO H3 OCIIOBIIblX ycnOBHH CHHTeaa T8KHX CXeM ~ MHIIHManbHOe KOnH-

'leCTBO sneMeHTOB, COeAJIHeHHbiX nocneAOBaTenbno. 

4>yHKUHOH8nbHble H BpeMeHHble XapaKTepUCTHKH HHTe!'panbHb!X sneMeHTOB 

nOCTOSIIIHbi. 3aAaHHble BenH'IHIIbl K09cpcpHUHeHTa 06'beAHHeHHSI no BXOAY H aa-

Aep:IKKH pacnpOCTpaHeHHSI CHI'Hana B aneMeHTe II8Kn8AbiB810T cyrueCTBeHHbie 

o!'paHH'IeHHSI na cTpyKTypy cyMMaTopa, anuSIIOT .Ha 9KOHOMH'IHOCTb. cxeMbi 

H 6biCTPOAetfcTBHe. 3KOH~MH'IHOCTb CXeMbl Ha AHCKpeTHbiX 
. . • . /3/ 

To. ouenuaaTb no o6rueMy 'lucny aneMeHTOBXDAoa- , 'ITo 

sneMeHTax npau~~~ 

B OCIIOBHOM XapaK-

TepuayeT KonuqecTao o6opyAOBaHuSI (qucno ucno~bayeMbiX AHOAoa; Tpanauc

Topoa) • 0AH8KO T8Kl!e pacq~Tbl ,SIBnSIIOIUHeCSI BeCbMa I'p0M03]:{K~MH, HeAOCTa-
. t ~ • 

TO'IHO XOpOWO onHCbiB810T peanbHbie annapaTypHbie 3aTpaTb! H 9KOIIOMH'IIIOCTb 

. yCTpOHCTB Ha HHTei'panbHb!X MHKpOCXeMaX ( '18CTO CTOHMOCTb MHKpOCXeM 

B OCHOBHOM 38BHCHT OT 'IHCna nOI'U'IeCKHX sneMeHTOB). 3KOHOMH'IHOCTb CXe-

Mbi cyMMaTopa. na HnTe~panbHbiX aneMeHTax 6onee uenecoo6paano ouenuaaTb 

no 'lucny ucnonbayeMbiX HHTei'panbHbiX ncii'H'IecKHX sneMeHTOB una OTAenbHbiX 

MOAynefi (Kopnycoa). llpu 9TOM AnSI. paariH'IIIb!X CTpyKTyp cyMMaTOpOB AQCTa-
, i 'I ·. 

· . TO.'IHO paCCM8TpHB8Tb TOnbKO MeHSI!OlUYIOCSI 'laCTb - CXeMy, cp0pMl!pOB8HHSI ne-

peHOCOB aa MnaAmHx paapSIAOB B cTapmae~ Bp.eMSI o6paaoaaHHSI. nepBH'IHbiX 

nepeHOCOB H CHI'Hanoa CYMMbl He 38BHCHT OT CTpyKTypbi npu npHHSITOH CHC

TeMe aneMeHTOB. nnn cpaBHHTenbHOH OUeHKH 6biCTpOAefiCTBHSI paanu'IHbiX 

CTpyK'ryp ·uenecoo6paano acnonbaoaaTb oTnocuTenbHy!O MaKCHManbHYIO aa- · 

AepmKy CHI'Hana nepenoca (oTnomenae ~Tdfi~aAepmKu K aaAepmKe CHI'Hana . . 
B OAHOM aneMeHTe), KOTopaSI onpeAenSieTCSI numb 'IHCnOM nocneAOB8TenbHO 

- '·. 

COeAHHeHHb!X aneMeHTOB CXeMbl nepeHoca. nanee AnSI pa3nH'IHbiX CTpyKTyp . 

CyMMaTopa C UHKnH'IOCKHM nepeHOCOM H3 CTapme!'O pa3pSIA8 paCCM8TpHB~IQT

CSI cpyHKUHH YCKOpe.HHOI'O nepenoca, MOAHcpHUHpOB8HHbie C .Y'ISTOM npuMeHeHUSI 
I ' ' . - ~ 

aneM~HTO~ 11-HE, H .ananaaupyroTCSI 6biCTp~A~fi~T~He ( MaKCHManbHaSI OTHOCH-

4 

..... 

. TenbHaSI aaAepmKa nepeH< 

eMbiX sneMeHTOB c . aaAaE 

'leCKHe 38BHCHMOCTH llCll( 

CHHTe3HpyeMOH CXeMbl C~ 

'leCTBa. Caaqana paccMo: 

cneAOBaTenbHbiM (cKBOSH 

cnomnaSI cxeMa,c napann 
·, 

maHHbie· CTpyKTypbi C I'p) 
• ' ' ' It 

BbiX nepenocoa. 

06oana'letmn: n -

paapSIAOB , a. l'pynne; m. 

I .-it paapnA; P ... - KOl 
'· 

o6'heAu.nenuSI no axoAy s1 

Te 11-HE; TP - MaKCHM 

it - i<onu'!ecTio aneM . p . 

CxeMa nocnenoaaTe 

nepeaoca peannayeT nol'l . ' . 
CXOMbl Ha aneMeHT8X 11-

npHBOJ;tliT K npl!MeHelUIIO fJ 

nepenoca na cTapme!'o . .n 

. T P = 3.n , qucno an_eMel 

on'rnManbHa . cxeMa, pean 

· "mTpnx lliecpcpepa": · 
,...-.--

p .=(X .y ). 
i + 1 .. i ·' i 

nnSI· n - pa3pS!JlHOI'O _cy~ 

r· = 2 n p .. 



i ·noruqeCKHX ~YHKUHH0 

BOSMOMHOCTHMH aneMeH-

BKnJoq.eHHH1 KaCKaJlUpOBa

. eM - MHHHManbHOe KOnH-

HOo 

H HHTerpanbHbJX aneMeHTOB 

iJlHHeHHH no BXOJlY H sa-· 

[aJlhiBaJOT CyiUeCTBeHHhie 

9KOllOMuqfiOCTb . CXeMbJ 

peTHhiX aneMeHTax npuH~
l/ 

1 qTo B OCHOBHOM XapaK-

lyeMb!X JlHOJlOBi TpaHSHC-

~ PpOMOS)lKHMH 1 HeJlOCTa

SaTpaTbl H ~KOHOMHqUOCTb 

:TOHMOCTb MHKpOCXeM 

OB~o 3KOHOMHqHOCTb cxe

tienecoo6pa3HO oueauaaTb 

aneMeHTOB unu OTJlenbHhiX 

YKTyp CyMMaTopoB JlQCTa

CXeM~ ~OpMHpOBaHHH ne

)6paSOBaHHH, nepauqUbiX 

ryphi npu npnHHTofi cuc

OJl.efi~TBHH paSnJI~Hb;X 
YIO MaKCHManbHyiO sa-·--

Kn,_ K saJlepMKe curaana 

1cnoM nocne)loaaTenbHO 

H pasnuqHhiX CTpyKTyp 
j . . ' ' 

paSpHJla paCCMaTpHBBIQT

~Ie_ C yqeTOM npuMeHeHHH 

i ( MaKCHManbHaH OTHOC~-

! 
l 

I 
•, ,, 
!·. 
J 

I 
I 

' /'. 
I! 

.I 
I 

'••. ·.· .. 

· TenbHaH Sa)lepMKa nepeHoca) H 9KOHOMHqHOCTb. cxe'M ( KOnuq~CTBO ucn~n~sy:_ 
eM~IX aneMeHTOB C SaJlaHHbiM K09~~HUHeHTOM BXOJl~). nonyqeH.Hble ~Ha.nuTH
qecKne saaucuMocTn ncnonhayroTcH JlnH cp~auuTeni.uofi oue,UK!i u · Bhi6.opa 

CUUTesupyeMOH CXeMbl CyMMaTopa 1 onTHManbHOfi no npHUSITbiM K'pnTepHHM Ka- . 

qecTaa. Cuaqana paccMoTpeHhi oTuocuTenhHO npocTaH cxeMa cyMMaTopa c no-: 

cneJloBaTenbHhiM (cKB03HhiM). nepeuocoM u uau6onee 6hiCTponefic;~yromaH1 no 

cnOMUaH CXeMa. C napannenh!Ib!M (OJlHOBpeMeHHb!M) nepe!IOCOMI SaTeM - CMe-. 

ruaHHhie (;TPYKTYPhi c rpynnupoaauneM paspMOB n ·opraunsaunefi MeMrpynno-

Bh!X nepeHOCOBo 

06osuaqeHIIH: n 

paSpHJlOB B rpynne; 

KOnuqeCTBO pa3pH.IlOB CYMMaTopaj k - KOnnqeCTBO 

m ·- KonuqecTBO rpynn; X .. 1 Y . - KOJlbi cnaraeMbiX 1 
. '. ., 

i -fi paspMi P . :_ KOJl .nepeuoca B 

06'bellH!IeliHH no BXO.IlY ·aneMeHTa 11-HE j .t 

Te 11-HE; T P yMaKCHManbHaH oTuocuTenbHaH saJlepMKa cnruana nepeuoca; 

it - KonuqecTBO aneMeUTOB B cxeMe nepeuoca• 
p 

CxeMa nocnenoaaTenhHoro nepeuoca. KnaccuqecKaH cxeMa CKaosuoro 

nepeuoca peanusyeT noruqecKyJO ~YHKUHIO P =X .Y.·+JX.+Y) •· Pi.CnuTes· . ' i+ 1 i i . I I 

cxeMhi ua aneMeHTax 11-HE 1 peanusyromefi Jl!IS'bJOHKUHIO X: + Y. = X . • Y1 1 , I I I 

npiiBOJlHT K nptiMeHeJ!IIIO nonomnnenbHbiX BXOJlHbiX mmepTopoa. TorJla c yqeTOM 

nepeuoca· US CTaprue'ro n -ro paspHJl8 OTHOCHTenbl{8H 38JlepMK8 nepe!IOC8 

. T P = 3 .n 
1 

que no aneMeHTOB ( c Koa~~nuueHTOM q = 3) A p · = 6 n. Bonee. 

onTnManbHa CXeM8 1 peannsyJOIU8H ~YIIKUHI0 1 Bb!paMeHHYJO TOnbKO ~epes 

_"ruTpnx llle~~epa": ==::---===--===-
P =(X .y )·(X .p ).(Y • P) 

i+l . i i i i i 

nnH· n - paSpHJlHOPO CYMM8TOpa HMeeM: 

r· 
p 

2n A = 4n p 

5 

(1) 

..· 



CxeMa napannenbHOro nepeHoCao nepeHOC B ( i + 1) -fi paspSI,ll lflopMI:!

pyeTC5l CXeMOfi 1 peani:!SYIOlllefi lf!yHKUI:!ID 2 i BXOJlHbiX nep_eMeHHb!Xo ¢lyHKUI:!I:! 

OJlHoapeMeHHoro nepeuoca, KaK I:! B npeJlbiJlymeM cny11ae, MO)I{HO npeo6paso
' 

BaTb K BHJly: · 

~ C o(T • P ) 
1 1 1 

(3) 
PJ C .(T .P) 

2 2 2 
c .(T .c )o(T .r oP J. 

2 2 1 ,2 1 1 

P,f= C3 ·(T3 .P3 )= C3 o(T3 ·C 2 ).(T 3 T2 oC 1 )(T3 ·T2 T 1 ' p1 ) 

. . . . . . . . . . ..... 

P =C .(T oC l.(T~T .c ) ..... (T ~T •... S .c ).(T ~T •··· .r ,p ), 
i+1 i i i-t i i-1 i-2 i i-1 2 1 i i-1 1' 1 

rAe o6osHa'leHo C.= X.· Y. 
· . · I I I r; = xi .y; 

Bb!CTpOJle'ficTBHe 9TOfi cxeMbl He sanHCHT OT paspSI,llHOCTll: T 
p 

= 4o He-

nocpeJlCTBeHHOfi nponepKOfi HeTpyJlHO ycTaHOBHTb 1 'ITO KOnH•IeCTBO OJlHOBXOJlO-

BbiX aneMeHTOB (nunepTopoB X. , 
, I 

Y . H C . ) pan.Ho 3 n - 1 , a Konn-
1 I 

qecTno aneMeHTon, ¢opMnpyiOlllHX T. n .C. , paBHO 
I I 

2n o Dn£ lflopMnpo-

BaHH5l Bhlpa)l{eHI:!fi Bl1Jl8 T·C 1 . . 1 T':'P Heo6XOJlHMO 1 + 2 + ... + n = n ( n + 1 ) /2 

aneMeHTOB H JlnSI lf!opMHpOB8HH5l H3 HHX lf!yHKUHfi napeHOCa -. erue n aneMeH

TOBo l1 T8K 1 H8XOJlHM: 

T 
p 4 • A 

p 

n ( n f. 13) 
- 1 . 

2 
(4) 

c!lopMynhi (4) cnpaBeJlnHBbi npn n ~ q - 1 (AnSI aneMeHTa nepeuoca us 

n ~ro paspSIJl8 q = n + 1 ) o llpHMeHeHHe COCTaBUOfi (JlBYXCTyneH'IaTOfl) ·· 
=-

\~\ 

CXCMbl l1-HE 1 peanusy10ruefi lf!yHKUHIO BlfJla Z = (21 ••·· • Z j .!J.' (Z1 .... ,:z ,/2···· ·(Z1 ··-··.:Z ,/ q , 
2 . . 2 

nosBonsxeT yBemt'IHTb KoalfllflnunenT BXOAa AO q o TorAa npn 'In ::;; q - 1 

_OTHOCIITenbHasx saJlep)I{Ka T p yAnannaeTcsx, a saTpaTbi o6opyAOBaHHSI AnSI -- ---
lflopMHPOBaHHSI Bhipa)l{eHnfi BHAa T • C , T • P ynenH'IHBaiOTCSI n paBHbi 

d = 1 

q- 2 b 

2 (n-g)+I 
g=O f=2 

q 

I (2e +1)[n-te -1)q- r], 
, =. l 

6 

a ]ln5l o6pa30Balii:!51-BTOp 

d2 q .,.. 1 + 

rAe b- uenaH 'laCTbOT 

'leCTBO aneMeHTOB1 lf!opt.~ 

T = 8 
P. 

OcuoBHbie xapaKTepHCTH: 

' HanpHMep, npn n = n~· 

'a ecnn q. =6, no lflopMy 

AefiCTBYlOlllHX. CXeM npH 

nnpoBaHHe pasp51JlOB H c 

CxeMa nocnenooa.:r 

cxeMbi c nocneAOBaTenb 

p51Jl0B BKniO'IaeTC5l norli 

rpynnoBoro·nepeuocao 4 

( i+ I) . -fi pasp51Jl Ka)I{Jl• 

( nepeHoca liS rpynnhi i, 

p c 
i + 1 

p (' 
J + 1= ' 

MaKCHManbHaSI saJlepRtK 
I 

poBaHil.ii nepeuoca n Mn 

HHH '!apes. k · - 1 cxeM 

cneAnefi _rpynnax l1 npeM 

[2(m-2)+2] t ;.3aTpl 

paBHbi 6 n aneMeHTOt 



+ 1) -ll: pa3p.II.ll (jJopMH

: nepeMeHUb!X, !l>yHKUHH 

y'la9 1 MO:lKHO npeo6pa3o-
' 

,2 ~ T 1. p 1 ) ' 
(3) 

:guocTn: T = 4. He-
P 

TO KOnH•IeCTBO O.UHOBXO.UO-

paBHO 3~ - 1., a Konn

o 2 n • .llnSI <jlopMnpo-

1+2+··· + n = n(n+1)/2 

·peuoca -. eme n ·sneMeH-

(4) 

•neMeHTa nepeuoca H3 

Oil: ( .UBYXCTy~eH'la TOil) ·· 

.• z,) .!/fZ1• •••• :z ,)2• .••• (z1 ..... :Z) q , 

. 2 
, Tor-.ua npn •tn :S q - 1 

lTbl o6opy .UOBaHHSI .UnSI 

Il'IHBaiOTCSI H paBHbl 

-f£-l}q-r] 

a ,UnSI o6pa30BaHUSI · BTOpOfi CTyneHH COCTABHbiX CX9M -

b "'"2 

q-1+ l: q[2(b-h)+11. 
h=O 

r-.ue b - uenaSI 'laCTb oTHOIUeHHSI ( n + 1 ) I q. Konn'leCTBO HHBepTopon H Konn

'leCTDO sneMeHTOB
1 

<jlopMHPYIOillHX C i H T i , ue H3MeUHTCSI, TaKiiM o6pa30M1 

T = 8 
p 

A =5n+d
1
+d

2
-1 

.P 

( 5) 

0CHOBHbl9 xapaKT9pliCTHKH CX9Mbl npH n > q - 1 3Ha'IHT9nbHO YXY.UlllAIOTCSio 

HanpnMep, npH n = 11, ecnn q = 12 , no.<jlopMyne (4) MMeeM: A P =131 1 

a ecnn q =6, no <jlopMyne (5) uaxo.unM A P =239 • .llnSI nocTpoeHHSI 6hiCTpo- · 

,Uell:CTBYIOillHX CX9M npH. 6onblllHX 3Ha'leHHSJX n H ManhiX q npHM9USIIOT I'pyn

nnpoaaHH9 paapMOB H opr-aunaaUHIO uenefi Me:lKr-pynnonhlx nepeuocon. 

CxeMa nocnW;JOBtlTenbHo-nocnenoaaTenbHOro nepeuoca, B oTnn•m~ o'l' 
. . 

cxeMbi c nocne.uonaTenhHbiM ·nepeuocoM napannenhHO KA:lK.UOll: r-pynne k · paa-

pSI.UOB BKniO'IAe'l'CSI nOI'H'leCJCUfi sneMe~T ,UnSI QJOpM!ip088HH.H CKB03HOI'O ,Me:lK

I'pynnOBOI'O nepeuoca. !l>yHKUHIO Me:lKpaap.II.llHOI'O nepeuoca ( nepenoca n 

( i + 1) -n paapM Ka:lK.uoit r-pynnhrr n <jlyHKUHIO Me:lKr-pynnonor-o nepenoca 

( nepeuoca H3 r-pynnbi j n r-pynny j + 1 MO:lKHO npe,UCT813HTb B Bli.U9: 

p c • ( p • 1 ") 
i. ; i (6) j + 1 

p 1 + 1 = ( p 1 • T 1 • T 2 • • • • • T ; • .. : • T " ) • p.l + 1 ' 

MaKCHMAnbHASl aa.uep>ltKa CHI'Hana nepeuoca onpe.uenSieTCSl apeMeUeM <jlopMH-

pOBAHIIH nepeuoca D Mna.uiUeM paap.II.lle 2 t , apeMeUeM er-o pacnpocTpaue,.. 

IIHSI 'lepea _ k - 1 cxeM nepeuoca 2 ( lc -1) t D nepaofi n auanoi'H'IIIO n no-

cne.u!lefi rpynnax n npeMeneM pacnpocTpaueunsr n uenn Me:lKr-pynnonor-o nepeuoca-

[2(m-2 )+ 2] t ; 3aTpa'l'bi o6opy.nonaitnSI n c.xeMe nuyTpnr-pynnonor-o nepeuoca 

paBHbl 6 n sneM9HT0Bo npn OTHOCHTenbHO nei'KO BbinOnHIIMOM ycnODHH 

7 



:'· 

; ' ~ 

k ::: q - 1 (nmr aneMeii'I'a Me)KrpynnoBoro nepeaoca · q = k +'1) B uenn: 

Me)KrpynnoBoro nepeaoca 

0Tcrona nony'laeM: 

3 m aneMell'I'OB,. 

T = 2m + 4k - 4 , 
p. AP ·6n +3m. (7) . 

CxeMa napannenbHo-nocnenoBa TenbHoro nepeaoca, · B rpynnax peann:3y.

eTC.II CKB03HOfi nepeaoc, B uenn: Me)Krpynnoiloro nepeaoca - · onaoBpeMellHbifi 

,nepeaoc, CxeMa BHy'I'pn:rpynnoBoro nepeaoca ;aaanOI'II'IHa npenbrJ:tyruefi• Kp~ ·' 

H Cj=C~t:(T".c".,J •...• (T" Tlr.-:l• .. ,;T; C;.z)• ... • rrlr."·Tir.-l""·"T2CI)._Pac'leT o6opynoBatill:.II 

B rpynnax MO)KllO BecTn,ncnonh3YSI npn:Beneturyro Bhrllle !lJopMyny nn.11 BHyTpnrpyn

n~Boro nepeaoca.hepeaoc II3 nocnenaero paap.HJ:ta rpynnbi ae !lJ'opMnpyeTcSI,rro

~oMy 'ln:,cno aneMell'I'OB Me)Kpa3p.HJ:tlloro nepeaoca 6(k -1 )m'='i(n::.m) ,CxeMbi !lJop_- · . 
. ' . 

MIIpoBa~II.II cjli T/conep)K8T (2k+4)m = 2~ + 4m aneMeHTOB, 4n:cno aneMeH-

_.TOB B cxeMe Me)KrpynnoBoro nepeaoca, onpenen.HeMoe· no:!lJopMyne '(4) npn:, 

ycnoBn:n:n: · m ~ q - 1 , non)KHO 6biTb yMeHhmeao aa 4 in ,.: TaK KaK He 'I' ae

o6xonn:M.ocTn: !lJopMn:poBa'rb C n: T .:BpeMH !lJop_Mn:poBaHn:.H rpynnoBhiX !lJynKun:fi: 

ne nperihrlllae'I'. 4 t • BpeM.II !lJopMn:poBallH.II rpynnoBoro nepeaoca ll:3 9'I'HX 

$ynKun:il: 2 t , BpeM.H pacnpocTpaneHn:.H cn:raaria ·nepeaoca B nocnenan:fi 

pa3psm rpynnhr 2(k-1) t , B pe3ynh'I'aTe n:MeeM: 

T =2k+4, p . A =Bn+ p 

m(m+1) 

2 
- 1 . (8) . 

CxeMa · nocnenoaaTenhgo-napannenhaoro nepeaoca, B rpynne BhinonH.H

e'I'c.H napaimenhHbiil: nepenoc, npn:'leM nepenoc H3 k -ro pa3p.Hna !lJopMn:pyeT- .· 

C.II cxeMoil: Me)Krpynno'Boro nepeaoca, noaToMy B k -1 · cxeMax napannenbao

ro nepenoca, cornacno !lJopMyne (4) npn: ·k <-q , Konn:'leC'I'Bo aneMeH'I'OB 
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. [(k-1)( k+12)-2]/2 , D.n 

06XOJ:tll:MO 4 m H k m 

Boro nepeaoca - 3m · 

!lJopMnpoBann:.H rpynnom 

. an:g Me)KrpynnoBoro ne 

.B rpynnax (c y'leTOM ~ 

BaroT~.H. paabllle) paEIHhl 

][,. =·2m +6 . A 

CxeMa napannenb 

aaanorn:'!Ha npeJ:thiJ:tyrue 

KaK n: paaee, n:cnonh3Y 

eM: 

T '= 8, A = n +~ 
p p 2 

CpaBHHTenhHbiil: a 

MaTopa rio npll:H.IITbiM I 

n:nn: naoro IIpnnun:na p~ 

K onn:'leCTBeHHhie 

· neHbi B Ta6nn:ue,. D.aaa 

CnO)!{HbiM CTpyKTypaM 

3anep)!{Ka nepeaoca n:3 

napannenhllhiX nepeaoc 

cn:ManbHbiM 3aa'lenn:eM 

3yeMoil: cepn:n:, npn: pa 

J:tenH~TC.II MH.HHMiinhHbl 

o .uenecoo6pa:;mocTn: n:• 



(7) 

roca. B rpynnax peaniiay~ 

pe1109a -. OJlHOBpeMeHl~blll · 

UIIII ; T i =. T 1 ~ T2 • ••• T; • ... T 1r. 

2 Czi: PacqeT o6opyJloBaiiiiSI 

1e 4JopMyny JlnSI BHyTpiirpyn

pynnhi ne 4JopMIIpyeTCSI 1no-

5(k-1)m =6(n-m) .CxeMbi 4Jop_- ·. 

9neMeHTOB·. Lliicno 9neMeH

Moe· no·. 4JopMyim '( 4) npii, 

4 m ··: TaK KaK HeT He-

maHIISI rpynnOBhiX. 4JyHKUIIll; 

IOBOI'O rrepeHOCa II3 9TIIX 

1epenoca n rrocneJlHIIii 

,(8) 

'HOC<!• B rpynne_ BhirronHSI-

k .-ro paapSIJla 4Jop~upyeT-,. 

k .;_ J' CXeMaX rrapannenbHO-

-.·;' 

~ . . 

·~·· .. 

I , 

... 

[{k-1)( k+12)-2]/2 • .ilnSI 4JopMIIpOBaHIISI rpynnoBhiX 4JyHKUIIi1 · T i. II . C i .He-· 

o6XOJliiMO 4 m II k m 9neMeHTOB. B cxeMe nocne)lOBaTenbHOI'O ·Me)J(:pyn!lo~· 

'noro nepeHoca 3m 9neMeHTOB.3aJlep)J(Ka nepenoca onpe)lenSieTCSI Bp_eMeneM · 

4JopMIIpOBaHIISI rpynnOBh!X 4J~HKUIIll paBHbiM 4 t 1 BpeMeHeM pacnpocTpane- . 

· HIISI Me)J(I'pynnOBOI'O ·nepeHOCa 2m t 1 BpeMeHeM 'qiopMIIpoaaHIISI nepeHocoi· 

; B rpynnax ( c yqeTOM. Toro 1 'iTO paapSIJlHhie 4JyHKUIIII. T; 1 C ; UOJli'OTaBnii-

. BaiOTCSI paHbwe) pa~HhiM 2 t 

2m+ 6 
m n 

A p= n +6m+ y(k-1)( k+12)=-(k+13). 
• 2 (9) 

CxeMa napannenbno-rrapannenbHoro nepenoca. CxeMa rrepenoca n· rpynne · 

aHanorii'iHa npeJlhiJlYWeii. B cxeMe MexcrpynrroBoro OJlHOBpeMeHHOro nepenoca1 

KaK II paHee 1 IICnonbayeTCSI [m(m+13 )/ 2]-4m.-19neMeHTo8. B peaynbTaTe liMe-

T '= B, 
p 

A = n + ..!!!...( k-1 }( k+12)+_!!!_( m + 11)-1 =.!!._( k+13)+...!!!( m-·1}-1. ( 10) 
p . 2 . 2 2 2. . . . '· 

CpaBHIITenbHhlll aHanua IT03BOnSieT OUeHUTb. pa3n1I'illb~e CTpyKTypbl cyM-
. . . ! 

MaTopa ITO IlpHHSITbiM KpiiTepllSIM Ka'ieCTBa 1 a TaK)J(e uenecoo6pa3HOCTb TOI'O. 

linK IIHoro npiiHUima paa61IeHIISI na rpynnhi. 

Konii'ieCTBe!IHhie oueHKII paanii'iHhiX cxeM nepenoca )lnSI n =12 . npnBe-

. )leHbl B Ta6niiUe~ .ilaHHhle . Ta6niiUhi ITOKa3biB~IOT1 'iTO llP!i 'nepeXOJle K .. 6o~ee :·,: · 

cnO)J(HhlM CTpyKTypaM II yBenii'ieHIIII o6opyJlOBallllSI .B 2-3 paaa MaKCIIManbHaSI 

aa)lep)J(Ka nepenoca II3MeHSieTcSI neniiHe:iino. HenocpeJlCTBennaSI oprannaauiiSI:. 

rrapannenbHbiX rrepenocoB )lnSI Bcex n pa3pSIJlOB. npaKTWieCKII orpaHII'ieHa MaK-

. CIIMaJ;IbHhiM SHa'ieHIIeM K094J4JIIUIIeHTa BXO)la q max )lnSI 9neMeHTOB IICITOnb-

;yeM'o:ii cepiiii. ilpii paa611emm na rpynnhi onTIIManbHhie ana'qeHIISI .. m /k onpe

JlenB:IOTCSI Mll.HHManbllhiM ana'ieHIIe~ T P 1 .A P II q ·max •. MO)J(IIO I'OBOpiiTb . 

0 .uenecoo6pa:;'HOCTH HCITOnb30BaHIISI CTpyKTyp 1 IIMeiOIUIIX OJliiOTIIIT!Ihle , Me)!(-
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'Tp Ap 

24 48 

~ 18 81 

16 84 

16 90 

' 14 96 

12 102 

10 114 

1l 101 

ro.· 105 

8 116 

8 101 

8 104 

~~ 149 

rpynnOBble H M91Kpa3pSIJlHbl9 CX9Mhl nepeHOCa. 0TM9THM1 'ITO K01IH'I9CTB9H

Hhl9 peay1IbT8Thl .!manuaa MOI'YT CYlll9CTB9HHO OT1IH'IaTbCSI OT peaynbTaTOB 1 

nonytJeHHhiX npHM9HHT91IbHO K JlPYI'Oll 4JyHKUHOH81IbliO nonliOll CHCTeMe ·91I9Meli-

/3/ 
Ton, HanpuMep, OC!iOBHOii cucTeMe 11, l1fll1, HE • Dpuae)lelilihie aHanuTH-

tJecKue aaaucuMocTn nony'leHhi npu ycnoauu , 'ITO :Kos£P£PuuneHT paaBeTaneHust 

no BhiXogy (HarpyaotJHast cnoco6HOCTb) sneMeHTOB )lonycKaeT peanuaauuro 

cxeMhi 6ea JlononHuTenbHhix cornacyroumx sneMeHToa • .Unst cxeM c napannenb

HhiMII nepeHOC8MJI npu fi01IbJIIHX n H H9JlOCT8TO'IHOll Harpy30'!Jl0fl cnocofiHO-

CTH 91I9M9HTOB Bp9MSI. CyMMHpOBaHHSI npaKTH'I9CKH M0)!(9T H9CK01IbKO yaenu

'IHTbCSio OpeJle1IbHhie 3HatJeHnst Kos£P£PuuuenTa paaaeTanenust . 11. Jlpyrux 

xapaKTepncTIIK sneMeHTa MoryT 6hiTb 6onee nonHo ytJTeHhi npu nepeXoJle 

K CHHTe3y KOHKpeTHOfl CX9Mhlo 

l131I0)!(9HHYID MeTOJlHKY MO)!(HO pacnpocTpaHHTb Ha Te cnytJaH npHM9H9HHSI 

MHKpOCX9M1 KOI'Jl8 SKOHOMH'IHOCTb ( CTOHt.WCTb) CX9Mhl 38BHCJIT B 3H8'1HT91Ib

' HOll Mepe OT 'IHC1I8 HCn01Ib3Y9MbiX. OTJl91IbHhiX MOJlynefl. B STOM cnyqae aHa-

1IH3 CTpyKTyp none3HO JlOn01IHliTb Bhl'IUC1I9HH9M K01IH'I9CTBa ucno1Ih3Y9Mb!X 

1 . 1 1 
MOJlynefl no q>opMyne A =-A +-A +··· +-A q' I'Jle e e . 1 . ·e 2 . e e 

2 
u T.Jl. -

1 2 q 

'IHC1IO 0JlHOBXOJl0BhiX1 JlBYXBXOJlOBbJX H Toile, 91IEM9HTOB 1 38K1IID'I9HHhiX B OJlHOM 

Kopnyce, Jl1ISI Jl8HHOi'l cepuu MHKpocxeM, a A 
1 

, A 
2 H T.Jl. - lPYHKUUH, 

OnHCbiB8IDlllU9 'IUC1IO 91I9M9HTOB C COOTB9TCTBYIDlllHM KOSlPlPUUHSHTOM BXOJl8 

Jl1Ist JlaHHoi'l CTPYKTyphi. TaKne pactJeThi ·oKa3hiBaroTcst JlOCTaTotJiio rpoM03JlKH

MII Jl1ISI C1IO)!(HbiX CTpyKTyp, 'ITO npaKTH'I9CKII OI'p8HH'IHB89T HenocpeJlCTBeHHOe. 

npuMeHeHne (KaK u B cnytJae oueHOK cocTaBa annapaTyphi no qucny .sneMeH

TOBXOJlOB) • 0 pu nepeXOJle K CIIHTeay KOHKpeTHOll CX9Mhl yqeT CTeneHH HHTe

rpaUHII e . n03B01IsteT· paUHOH81IbHO npHM9HSITb MOJlY1IJI Jl8HHOli CepJIH 'B 38;,;. 
q .. 

BHCHMOCTH OT liCnOnbayeMbiX 31l8'19HIIll KOsqi£i!IIUII9HTa BXO)la 1IOI'H'I9CKHX sne-

MeHT,OB. 

Bhi6op 11 npaKTJitJeCKIHI peanHaaunst cxeMbi cyMMaTopa Ha uiiTerpanbHhiX 

I'HfipHJllihJX MIIItpocxeMaX (.UT fl) Jl1ISI fihiCTpOi'l naMSIT/
21 • 3a)la'la CIIHTeaa 
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·cBOAIITC.II K o6ecnetieHIIIO Tpe6yeMOI'O 6hiCTpOt:tei1CTBII.II' npn· MIIHHManbHOM 

q'ncne ucnonbayeMhiX noruqecKIIX .aneMeHTon. Ha KOHKpeTHOM npuMepe' .oueuu~ 
. . ' . 

B03MO)KHOCTII npOCTOll CTpyKTypbl CO, CKB03HbiM nep eHOCOMe f1onnoe BpeM.II 

cyMMnponann.II · T .··_An.II HaKannunaiOiuero cyMMaTopa (cnaraeMhie. noJlaK;>TC..II 

na perucTp co ctieTUbiM BXOAOM uan6onee pacnpocTponeHHhiM cnoco6oM 

X . + P . + Y . ) pimuo T = T ~ t + 3 T • E cnu t •. ~ 20 uceK, q = 3 · ( 8); 
' ' . :r s p ' . .. ~ . 

Koa£llqmuneuT ·p6'beJliiHeuu.II no BhiXOJlY -· 4 (8), npeM.II aanncn B pef'ncTp 

-T ·<lOt , TOI'Aa T < 1000 uceK. Heo6xot:tuMoe t:tn.II cyMMnponaHH.II 

. ::BpeM.II MOllWT 6biTh · yMeHbWeuo,. ecnu aanuch nepnoro. 'lncna B cyMMaTop 

conMerueiw co C'IIITbiBaHueM nToporo qucna naM.IITII, a aanucb BToporo 'IIIC-. . . -, . 

_:na npoucxot:tllT no npeM.II <j>opMnponanu.II nepeuoca. Tipu aToM cnaraeMhie no-

t:taJOTC.II B riOcne)loBaTenb!IOCTII X·: + .y. + P. 'II He06XOJlii~Oe t:tn.II ·pa6_0Tbl cyM-, ' ., . 

· MaTopa npeM.II, panHoe T t +.T , MO/KeT 6hiTh coKparueuo .t:to 600 ·HceK. Cxe-P . , 

Ma, cyMMaTopa nepnoro Tuna npunet:teHa Ha puc. 1 a, aTopora-Ha puc. 16 • · 

Bo nTopoM napuaHTe cxeMhi uenh nepeHoca ue cag.3aua c BbiXOJlOM peru.cTpa,.· 
. . ' 

II cnaraeMbie Heo6XOAIIMO COXpaH.IITb B Te'leHIIe BpeMe!III CJ':MMilpOB8llll.IIe 

B cxeMe· cyMMaTopa Komi'lecTBO norn<IeCKIIX aneMeHTOB ( q =3) ynenii'IIIBa-

·. eTC.II JlO 8 n = 96 (Konu'leCTBO COOTB.eTCTBYIOIUIIX MOt:tyneii paBHO 48, nniOC 

12 Mot:tyneii ~~erucTpa). Dn.11 KOM6unauuoHnoro cyMMaTopa co CKB03llbiM ne

peHocoM npeMH .CYMMilpOBBHII.II npaKTII'leC.!'II He OTnll'laeTC.II OT 31IB'leH!I.II 9TOI'O 

ape Menu JlnH ,cxeMbi puc. 16, ecnn npiiHHTh OJlliHaKOBbiM npeMH aanucu. B pe-· 

I'IICTp c paat:tenbHbiMII n~odaMn. KonuqecTno noruqecKu~ · aneMi:lHTOB B cxeMe · 

KOM6HHaUHOliHOI'O CyMM8TOpa ysenii'IIIB8eTC.II AO 9n = 108. 

, P~ccMoTpnM Jlpyrue cTpyKTypbi KOM6uHauuonnbrx cyMMaTopon, o6ecne-. 

'IHBaiorune npeMg .~YMMuponaHn.II 0,5 MKCeK n Menee. Hcnonhay.II iJ.aitHbie Ta.:.. 

6nnubr n y'lnTbiBa.II npeM.II <j>opMnponaim.II; cTpo6uponann.II 11 aanncn· curnanon .. 

cyMMbi B perncTp, HaxoJliiM, 'ITO Tpe6yeMoe MIIIIUMaribHOe BpeM.II cyMMIIP~ 
. '· 

nanu.11 MoryT o6ecne'lllTh cxeMhi c OJlliOBpeMeHHbiM nepeuocoM, napannenl:,uo-

napannenbHbiM nepenocoM u napannenbno-nocnet:tonaTenhllbiM nepeuocoM 
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x. v, 

a) 
Puc. 1 ~ HaKannnnaiOruti:ii 
puanT; 6 - BTopoii napm 

a) 

i-1,2,3,1t . 

6} 

Q 
Puc. 2 •. KoM6nnamionnhii1 
a •- CXeMa OAHOH I'pynm 



lsi' npn' · MllHRMaJlbHOM 

!KpeTHOM npnMepe· .oueHRM 

~aocoM~ .nonaoe npeMSI 

:1 ( cnaraeMhie no.uaK?TC51 

poaeHHbiM cnoco6oM 

~ . 20 : HCeK, · q = 3 ' ( 8) t 

m · sa·micn n pef'ncTp 

1<109 ,UJ151 CyMMilpOBaHll51 

:'O ... 'lllCJla B CyMMaTOp ·_. 

1 
a aanllCb_ BTOpOrO 'lllC

lpn aToM cnaraeMhie no

:o,ull~oe ,ung ·pa6oTI:.I cyM-. 

•ameao .uo ·· 600 ilceK •. Cxe-

• BTOpO;O-Ha puc, 16 •. 

3aHa c BhiXO.UOM perucTpa,. 

l9M9Hil CYMMilpOBaHU51, 

HTOB ( q =3) yneJIIl'lllBa

MO.UYJieii panno'48, nmoc 

~<taTopa CO CKB03HbiM ne-. 

u'laeT~H oi sna'leHHH aToro 

OBbiM ~peM51 SallllCil· B pe

eCKilX ~ne~eHTOD B CXeMe 0 

Yn ;;,; 108 •. 

ibiX cyMMaTopon 1 . o6ecne.::. 

e. l1cnonhsy 51· ilaHHbie Ta

naHH51 ll 3~llllCll. CllrH~JlOB ... 

oiaJibHOe npeM51 cyMMHP~ 

r nepeaocoM, napannenbHo

laTenhHhiM nepeHOCOM 

. 1\+f . 1\u 

3R,O' .311,0' 

3n x 3n x 
3n P -"1V 
3R Y JR p 

XL Yl X;, r• 
a) 6} 

Pnc. 1 ~ HaKannnnaiOilliifi_. cyMMaTop ·co CKBOSHbiM nepeaocoM: a - nepnhili na
pnanT; 6 - nTopoli napnaHT, 

6) 

Pnc. 2. Ko:M6nHllUIIOHHbili CYMMaTop c napanneJibHo-napanneJibHbiM nepeHOCOM! 
a •- cxeMa · O.Ul!Oli rpynnbi; 6 cxeMa Me)Krpynnonoro nepeaoca. 
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( m I k = 6 I 2 ) , nepByiO cxeMY ueuenecoo6pasuo peanH30BbiBaTb ua . paccMa..: 

TpHBaeMbiX aneMeHTax. BTopaSI cxeMa npH cpaBliHTenbHO ae6onbWOM "'HCne 

HCnOnb3y9MbiX aneMeHTOB. M0)!{9T 6biTb peanH30Ba,li8 .lia, 9neM:HT8X C MHHH-

M8nbHbiM 3li8"19HH9M q ('ITO n03BOnSieT .JlnSI Jl8HHOH cej:JHH MHKpOCXeM 
, max 

COKp8TiiTb BilBO~ KOnli"J9CTBO He06XOJlHMbiX MOJlynefi), TaKHM o6pa30M1 C yqe-

TOM 38Jl8HHbiX KpliTepHeB 6biCTpOJl9HCTBHSI H 9KOliOMH"JHOCTH npe.JlnO"'THTenb

li8 cxeMa c napamenbHo-napannenbHbiM nepeaocoM, CxeMa cyMMaTopa 

( mlk = 4 I 3) 1 BbmonaeHHOI"O coi"nacuo pHc. 2 1 conep)!{HT 152 noi"Ii"'eCKHX 

aneMeHT8 1 li -npli He06XOJlliMOCTii M0)!{9T 6biTb JlOnonHeHa 12-pa3pSii:tHbiM pe-

I"liCTpoM c pasnenbHbiMii B~onaMH, CyMMa o6pa3yeTCSI no ¢opMyne 

-··- -- -· 

nepeHoca npliHSIT01 'ITO nepeuoc B Mnanwyro I"pynny P1 = 0 • HcrwnbsyeMbie 

B 9TOH CXeMe aneMeHTbl JlOHycKaiOT 06'beJlliHeH He iw BbiXOJly( KOa$$1iUH9HT 

o6'b9Jllil!9l!liSI no BblXOJlY - 4) 1 'ITO no3BOnSieT yMeHbWHTb KOnii'l9CTBO aneMeH-

TOB1 coeniHiei!HbiX nocnenoBaTenhHO·. · 8KcnepHMeHTanbHaSI npoBepKa cxeM 

noKasana 1 'ITO peanbHOe BpeMSI CyMMHpOB8HHSI HeCKOnbKO M9HbWe pac"JeTI!biX 

sua"'emui (ua 10-20%), .UnSI cxeMbi na pHc. 2 BpeMSI ¢opMnpoaal!l-tll cyMMbi 

- OKOno 160 IICeK1 a C yqeTOM BpeMelm. sanHCH B pei"HCTp - MeHee 400 IICeK, 

Ta~ofi )1{9 a!IanHs H Clii!Te3 cxeMbi cyMMaTopa1 onTHManbnoli no sanaHHbiM 

Kp!ITepHSIM 6biCTpOA9HCTBHSI II . 9KOIIOMII'liiOCTii 1 MO)!{fiO BbliiOnllHTb li npll npHM9-

1!9HIIIi liHTei"panbllbiX nonynpOBOAHiiKOBblX MIIKpocxeM 11-HE I uanpHMepl TT n 
C MIIOI"09MHTTepHbiMii Tpa1!3HCTOp8Mii, npH 9TOM nony"'a9Mbl9 K0n!1"19CTB91I

Hble pesynbT8Tbl HeCKOnbKO M9HSI!OTCSI B ny"'WYIO CTOpouy, 

nHTepaTypa · 

1, M,A.KapueB. "ApH$MeTJ!_~a ·uli¢poBbiX MaWHII" Han. "HayKa". 1969. 

2. r.n,)KyKoB 1 B.H.3aMpH11 H np. B c6opHHKe " VI ,Me)KJlyHapOJlllbifi CHM
nosHyM no Mep!Ioi1 aneKTpoHHKe", BapwaBa 1 ceuTSI6pb 1971 I". 011.Hl1 1 

.U13-6210 1 ,Uy6na 1 1971 I", f 

) 
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3, E.A • .UposnoB, B c6opu 
MHIJOBaHHe" 1 • pen. A~H 

'PyKC 
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:nuaoBhiBaTb aa paccMa

enbHO ae6onbWOM ttucne 

:l. Ha aneMeHTaX C MHHH-
, - ~ ' 

aaaofi cel:mn MHKpocxeM 

n). TaKHM o6pa30M, c ytte

MHtlHOCTH npeAnO'ITHTenh-

• CxeMa cyMMaTopa 

:oAep)KHT 152 norntteCKHX 

maeaa 12-paapsrilHhiM pe

ayeTCSI no 4JopMyne 

u cxeMhi Me)Krpynnoaoro 

y P
1 

= 0 , Hcnon~:>ayeMbie 
~ ~ 

no Bb!XDAY( KOa4J4Juri:ueHT 

~bWHTb KOnntteCTBO aneMeH-

waTan~:>Hasr npoaepKa cxeM 

:KOnbKO MeHbWe pactteTHb!X 

iMSI 4JopMHpDB811HSI CYMMbl 

· perucTp - Me nee 400 aceK~ 

ITUManbHOH no 3aAaHHbiM 

HO BblllOniU!Tb H npH npuMe
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