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MOJAEJUPOBAHUE, HCCJIEJOBAHUE U IOCTPOEHUE CTEHJA 1A
HUCIIBITAHUUA IBC C HOBBIINEHHBIM BBICTPOAEUCTBUEM

B cratpe mpuBomATcs OI0K-cXeMa, TUHAMUYECKHE XapaKTEPUCTUKHA M aHAIUTHYECKHE BBIPAKCHHS, KOTOpEIC
OMHCHIBAIOT PabOTy CTEHAA IUIS WCHBITAHWS JBUTATENsl BHYTPEHHETO 3rOPaHUsi, KOTOPHIA MMEET MOBBIIICHHOE
ObICTpO/IciicTBHE Oaroaaps HATMYUIO B HEM HHTErpaTopa U CyMMaropa.

KaloueBble cJjioBa: JBUratesib BHYTPEHHETO  CrOpaHMs, JUHAMHYECKHE  XapaKTEPUCTHKH,
WCIIBITATENbHBIN CTeH/, OBICTPOICHCTBHE.

IlocranoBka mnpobOaembl. Ha mnpakTuke nepen yCTaHOBKOM Ha TpPaHCIOPTHOE
CPEICTBO, 3EMJIEPOMHYI0 MalIMHy X T.J. HOBOTO WIM OTpeMoHTHpoBaHHoro JIBC
HEOOXOMMO BBIMOJHUTh €r0 MCIBITAaHUS 1O OINpPENEeIeHHOW MpOorpamMHe, OXBaThIBAIOIIEH
JIOCTaTOYHO IIMPOKYI0 HOMEHKJIATypy pPEXHUMOB pPAa0OThl JABUraTelsl, OCHAILEHOTO WU
HEOCHAIICHHOI'O CTaJCTBAMM D3JIEKTPOHHOM TexHukH. Kak npaBwio, Takas nporpamma
npexycmarpuBaeM BbIBOJ JIBC Ha 3amaHHBIH CKOpPOCTHOM M Harpy304HbI pEeXHMBI 3a
ONPEICICHHOE BpEMS M TEXHMUYECKHE BO3MOKHOCTH HCIBITATEIbHOIO CTEHAA JOJKHBI
HO3BOJIATH 3TO PEan30BaTh, TO €CTh CTEHJ JIOJDKEH 00JalaTh OBICTPOJCHCTBHEM, HE XyXKe
HEKOTOPOT'O 3HAYEHUS.

AHaJIU3 JIUTEPATYPbl MOKA3bIBAET, YTO HANIPUMEP, B [1] cuHTE3UpyeTCs yCTPOICTBO,
no3Bosisaomiee BbiBecT JIBC Ha 3agaHHbIl Harpy3o4yHbId pPEXHUM IpPH YCIOBHUH, 4YTO
W3HAYaJIbHO JBUTaTedbh paboTaeT B ONMCKOM K HOMHHAIBHOMY CKOPOCTHOM pexume. B
pabote [2] paccMaTpUBaIOTCSl TEXHUYECKUE CPEICTBA, B TOM UYUCIIE UCIBITATEIbHBIE CTEHIBI
JUISL CYZIOBBIX YCTaHOBOK, OOeCTeunBarolue padoTy Au3els MO0 BUHTOBOM XapaKTEPUCTHKE
IPY HECKOJBKUX (PUKCHPOBAHHBIX YacTOTax BpamieHus. Pabora [3] mocesimeHa H0CTaTouHO
CIOKHBIM KOMIIBIOTEPHBIM CHUCT€MaM ympaBieHuss u wucneitanusM JIBC, xoTopsie
IPENOAraloT HAJIMYKUE y ABUTATENEH JIEKTPOHHBIX PETYJIATOPOB CKOPOCTU BPALLEHUS U T.1I.
Takue cucTeMbl M TOCTPOCHHBIE Ha WX 0a3e HCHBITATENbHBIE CTEHIBI KpalHE CII0)KHO
NPUMEHATh Ha OOJBIIMHCTBE CEpUHHBIX OTedecTBeHHBIX J[BC, KOTOphle Mano OCHAIICHBI
AJICKTPOHUKON. TexHUYecKne CpeAcTBa, pacCCMOTPEHHBIC B [4], Takke B OOJbIIEH CTENEHU
noaxonaT B JIBC, ocHallleHHSM CpeaCcTBaMU 3JIEKTPOHUKH, & HE K CEPUMHBIM OT€YECTBEHHBIM
JBUTATEIbHBIM yCTaHOBKaM. B pabote [5] ommcana OopToBas cHCTeMa JTUATHOCTUKH
TEIUIOBO3HOM SHEProyCTaHOBKHM, B COCTaB KOTOPOM BXOAMT CTEHJ U1 MUCHBITAaHUS AU3EIIb-
reHepatopa. Takoil 0a30BBId CTEHJ MOXET 0aTh HCIOJIB30BAH ISl HMCIBITAHUS JHOOOTO
cepuiinoro JIBC, Bajl KOTpOro MMeeT MEXaHUUYECKYIO CBSA3b C BaJOM 3JIEKTPOABUIATENS WU
reHeparopa, U pabOTaIIET0 Ha CKOPOCTHOM, HAarpy304YHOM, TEIJIOBO3HOW WIJIM BHHTOBOM
XapaKTEPUCTHKE.

Ieab cTaTbu - HA OCHOBE 0A30BOT0 YCTPOMCTBA MOCTPOUTH UCTIHITATEIHLHBIM CTEH]T C
MOBBIIICHHBIM OBICTPOJECHCTBHEM, COCTaBUTh €0 MAaTEMAaTHYECKyl0 MOJEeNb U HCCIEeN0BaTh
€ro IMHaMUYECKHE XapaKTEPUCTUKH.
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OcHoBHast yacth. Ha puc. 1 mpeacraBnena 010K-cxema pa3pabOTaHHOTO CTEHJIA; Ha
pHC. 2 — BpeMEHHBIE IUarpaMMbl BXOAHBIX U BHIXOJHBIX CUTHAJIOB 3JIEMEHTOB CTEH/A.
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PucyHnok 1 — briok-cxema cTeH/1a ¢ yCKOPEHHBIM BBIXOJIOM B 3a/IaHHBIN peXUM
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Pucynox 2 — BpeMeHHbIE JuarpaMMebl, WILTIOCTPUPYIOITHE pabOTy CTEHA C
YCKOPCHHBIM BBIXO/IOM B SaI[aHHBIﬁ PECIKUM

OnuceiBaeMbIil CTEH ] OTJIMYAeTCsl OT 0a30BOr0 HAJIMYHMEM MHTETpaTopa U cyMMaTopa
1 paboTaeT CIeTyIONUM 00pa3oM.

[Ipu 3amaHHO yacTOTe BpallleHUs JBUTATENs | TOSBICHUE CHTHAjla Ha BBIXOJE
3aJaT4rKa 7 MOIIIHOCTH BJIEYET 3a cO00M MTHOBEHHOE MosiBiieHre HanpspbkeHus: Ug Ha BBIXOJE
ycunutenss 8 (cMm. puc. 1), KOTopoe MPOXOAUT 4Yepe3 cymMmaTop 9 Ha BXOJ CHUCTEMBI
Bo30OyxaeHus 10. B 9TOT HauyaabHBII MOMEHT BPEMEHH BBIXOJHOE HampspDKeHHE OJoka 5
MHTETPUPOBAHUS COXPAHSIET HaudaJbHOE HyJIeBOe 3HaueHue. [losiBieHHe BXOAHOTO CHUrHaja
cuctemsl 10 ympaBieHus Bo30yIuTENEM MPUBOIUT K BOSHUKHOBEHHUIO 3JIEKTPUUYECKOIO TOKA
B oOMoTke 12 BO30yx)nenus u mosineHuto DJ[C Ha oOMmMoTke sikopsi reHeparopa. [lox
JIEUCTBUEM TOCJIEAHEN Yepe3 Harpy304YHbIM PE3UCTOp 3 MPOTEKAET TOK, B pE3yJIbTaTE YEro Ha
BbIXO/e 4 paryumka ToKa (OPMHUPYETCS CUTHAN, NPONOPIMOHATIBHBIA TOKY HATPY3KH U
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MOCTYNAIONIMN Ha BBIYMTAIONIMN BXOJ 3JieMeHTa 6 cpaBHeHHs. ClenoBaTesbHO, BBIXOJHON
CUTHAJ 3JIeMEHTa 6 CpaBHEHHsI paBEH PA3HOCTH CUTHAJIOB, MPOIMOPLUOHAIBHBIX 3aJaHHI0
MOIITHOCTU U (PaKTHUECKOMY 3HAUYEHUIO MOIIHOCTH, MOCKOJIbKY COMPOTUBIEHUE pe3ucTopa 3
MOCTOSTHHO. Tak Kak DSIeMEHThl CXEeMbl PAaOOTOCHOCOOHBI JIUIIL TPU MOJNOKHUTEIHHBIX
CUTHaJaX Ha MX BXOJaX U JUIsl YCTOMYMBON pabOThl CHCTEMbI PETYJUPOBAaHUS MOIIHOCTH
reHepaTopa B 3TOM CIy4yae CUTHAJ JaTuyhKa OOpaTHOM CBS3H JOJKEH ObITh MEHbIIIE YCTaBKH,
to U, —U, >0. VIMeHHO 3Ta pa3HOCTb B MOMEHT ¢ = () 1oCJIe yCUIIEHUSI U COOTBETCTBYIOIINX

npeoOpa3oBaHuil OMpenesieT TOK, NPOTEKAIOUIUI IO Harpy304uHOMY pe3ucTopy 3 W,
CJIeZIOBaTENIbHO, MOLTHOCTh F'eHeparopa 2.

VYka3aHHasi pa3HOCTb HANpsOHKEHUM MPUIOKEHA K BXOAaM OJIOKa 5 MHTErpUpOBaHUA,
Ha BBIXO/I€ KOTOPOTO NpH ¢ > 0 1eiicTBYeT CUTHaJl, paBHBIA MHTErpally pa3HOCTH 110 BPEMEHH

Us(t) = Ksj[Ul _U4(t)}ita

rie Ks - ko3 dunueHT nepenaun 010Kka 5 UHTETPUPOBAHUSL.
VKa3aHHBIA CUTHAJ PacTeT C TEYEHHEM BPEMEHH, BBI3bIBas yBelndeHue curaana U,

Ha BXxonxe cucteMbl 10 ympaBneHuss Bo3OyauTeneMm, TOKa Bo30yXIeHHS B 0OMOTKe 12
B030yx1eHust, DJIC reneparopa 2 u, cieaoBaTeIbHO, TOKa B Harpy3o4HoM pesuctope 3. B
pe3ynbTare 3TOro BBIXOJHOE HANpsOUKEHHE JaTuyhka 4 TOKa TeHepaTopa YBEJIUYMBAeTCH,
pasHocts U, —U, yMeHbIIAeTCsl, BbI3bIBasl yMEHBIICHUE BBIXOJHOIO CUTHAA YCUIIUTENS (CM.

pI/IC. 1), d TAK)XKC CHUXKCHHC CKOpOCTI/I HapaCTaHI/IH CHUIHaJia 6J'IOKa 5 I/IHTerI/IpOBaHI/ISI
Us = Ks [Uz _U4(t)],

rrae Kz - ko3 dunment nepegayn ycuaurens 8.

Ilocienqnee NMPUBOAUT K YMEHBIIEHUIO CKOPOCTH BO3pAacTaHMsl CUTHAJIOB Ha BXOAAX
cucreMbl 10 ynpaBiaeHuss Bo3OynuteneM u  Bo3Oyautens 11, CHIKEHHMIO CKOPOCTH
HapacTaHusi TOka Bo30yxaeHus B oomotke 12, DJIC renepatopa 2 W TOKa HArpy304HOTO
pesucropa 3. BeneacTsue 3TOro CUrHal Ha MHBEPTUPYIOIIEM BXOie 0JI0Ka S UHTETpUPOBAHHUS
C TEYEHHWEM BPEMEHU BCE MEIJICHHEE pacTeT, NpUONIMXKasACh K CHUTHATY 3ajaTd4uka 7
MOIIHOCTH. B MomeHT HacTtymineHus paseHctBa U, =U, DJJIEeKTpUYECKass MOLIHOCTh

reneparopa, pasHas I.7, (I, - TOK Harpy3o4HOro pe3ucTopa 3, 7, - CONPOTHBIEHHE

pesucropa 3), cOBMajaeT C 3aJaHHBIM C MOMOIIBIO 3aJaTyuka 7 3HaUYE€HUEM, CUTHaJbl Ha
BBIXOJIaX 3JIEMEHTa 6 CpaBHEHHUS YCWIHTENS § CTAHOBSTCS PAaBHBIMU HYJIO, @ BBIXOJHOM
CUTHaJ OJIOKa 5 UHTErpupOBaHUs CTAHOBUTCS HEM3MEHHBIM. Ha puc. 2 3ToMy COOTBETCTBYET
MOMEHT ¢=1,. IIpu NOCTOSHCTBE 4YAacCTOThl BpAIICHHUsS Baja JBUraTelil BHYTPEHHETO

CrOpaHusi, HCIbITHIBAEMOIO Ha CTEH/E, YCTAHOBJIEHHE TAaKOIO PAaBHOBECHOTO peXHMa
03Hayvaer, 4to MomHocTh JIBC paBHa yCTaHOBIEHHOMY C IMOMOIIBIO 33/1aTYUKa 7 3HAYECHHUIO.
Jlnis mojyyeHHss MaTeMaTU4eCKOIo BBIPAKEHUS, MO3BOJIIOLIETO ONpPEAeIUTh BpeMs
YCTAHOBJICHHA 3aJaHHOI'O0 3HAYCHUA MOIIHOCTU Ha BajJly MCIBLITBIBAEMOI'O ABUIAaTCIIA B
BBILLICONTMCAHHOM Clly4ae, 3alluIlIeM IepeaTouyHble (pyHKIUH 3BEHbEB, BXOJAIIMX B OJOK-
cxemy. [Ipu 3TOM B KauecTBe MHIEKCA NIEPENATOYHON (QYHKIIMH TPUMEM HOMEp dJIEMEHTa Ha
cxeme. [lepenarounyro (yHKIUIO 37€MeHTa 6 CpaBHEHUS NPUMEM DPAaBHOM eAMHUIE, T.C.

K (P) =1, a ocTajbHbIE 3JIEMEHTHI UMEIOT CIIeAYIONIUE epelaTOUHbIe (QYHKIUH:
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K
K; (P):?S; K¢ (P) =Ky K9(P):K9; KIO(P):KIO; Kll(P):Kll;

Kl(P):KZ; K4(P):K4; K3(P)=K3,

rae P — oneparop Jlamnaca.

B coorBercTBMM ¢ 3TMM mepenatodHas (YHKIMS CHUCTEMBI, B KOTOPOH BXOJHBIM
CUTHQJIOM SBJISIETCS CUTHAJ 3aJaTddKa 7 MOIIHOCTH, 4 BBIXOJHBIM — TOK B Harpy304HOM
pesucrope 3, IpeaCcTaBIeHa

KK, +K.K,
P+KKK,P+K,KK,

K(P) = (1)

rne K, = K,K;K K.

XapaKkTepUCTUKOW, KOTOpas Haubojee SPKO OTpaKaeT MPOJOKUTEIEHOCTh
MIEPEXOHOTO TPOIIecca, a B JIAHHOM CJIydae - BPEMsi YCTAHOBJIICHHS 3alaHHOTO 3HAYCHUS
MOIIHOCTU TCHEpAaTopa, ABJACTCA IICPCXOAHAA q)YHKHI/IH. HOCJ’I@ILH)ISI B JaHHOM CcCJiy4ac
npejcTaBiasier co0oil 3aBHCHMOCTh TOKa HArpy304HOTO pE3UCTOpPa OT BPEMEHH MpHU
CKa4KOOOpa3HOM H3MEHEHHH CHUTHAja 33JaT4hKa 7 MOIIHOCTH OT HYJIEBOTO 3HAYEHHUS 0
enuHuvHOTO0. Kak m3BecTHO, nzoOpaxkenue mno Jlamnacy nepexoaHoil GyHKIMU OnpeaesseTcs
o popmyJe

K(P)
h(P)=—F-+. 2
(P) » (2)
C yderowm (1) BeipaxkeHue (2) MpUMET BH]T
H(P) = KK, P+KK, .
P(K,KK P+ P+K,KK),)

B cooTBeTcTBHHU € TeOpHEN ONEPAlMOHHOTO UCUNCIICHUS MTOCIIEIHEE BBIPAXKEHUE
UMEET BO BPEMEHHOW 00JacTH CIEIyIOIHA OPUTHHAIL:

EK KKsK KKK .
1+K,KsK 1+K,KsK
h(t): 8 e+4sﬂ_ e+45J+ (3)

1+ KKK, K, K,

Ecnu BennunHa yka3aHHOIO CKayka CUTHajla 3aJaTdyvMka 7 MOIIHOCTH coctaBisier Uy,
TO TOK Harpy304HOro pe3ucropa 3 onpenensercs
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KKK KKK
KK I 1+K,KsK gt 14K, KK 1
S et/ S i (4)

i,(t)=U
0= 1+ KKK, K, K,

W3 monyueHHOro BBIpAXKEHUS CIEAyeT, 4YTO Cpa3zy K€ I0CJIE IOSBICHUS HAMpsSKEHUs
3azaT4ymka 7, T.e. npu ¢ = 0 TOK pe3ucropa 3 paBeH

KKK, U,
1+K,KK, VKK,+K,

i,(0) = (5)

3akaHUMBaeTCA K€ IMEPEeXOAHON MpOLECC MPU f—> 00 U BEJIWYMHA TOKAa Harpys3Ku
OTIpeIeNsIeTCs BBIPAKECHUEM

Yy

i;(0) = X,

(6)

Bo Bcex ClIydasx, Korjga MOIMHOCTb ABUIATCIIA OTIMYACTCA OT 3aJaHHOI'0 3HA4YCHUA,
U, #U,, pasHOCTb 3THX HANPSHKCHUM Yepe3 dJIeMeHT 6, ycwiurenb 8 U cymmarop 9

MTHOBEHHO BO3JIeMCTByeT Ha cuctemy 10 ympaBieHuss Bo30yauTeneM, MHHYS OJOK 5
HUHTCIPpUPOBAHUA, CHUI'HAJI Ha BbBIXOJAC KOTOPOro, HU3MCHACTCA MCIJICHHO, BbI3bIBaA
NPAKTUYECKHM MTHOBEHHOE H3MEHEHHE MOUIHOCTH TeHeparopa 2 U, CJeJI0BaTelbHO,
MOIIIHOCTU ABUTI'aTCIIA 1, HpI/I6J'II/I)KaSI €C K 3aJlaHHOMY C IMMOMOIIbBIO 3aJlaTUMKa 7 3HAYEHUIO.
Hanee Bctynaet B paboTy OJIOK 5 MHTETPUPOBAHUS, BBIXOIHONW CHTHAJ KOTOPOTO U3MEHSETCS
1o tex nop, noka U, #U,. Kak Tombko (akTHyeckas MOIIHOCTb JBUraTelsl COBNANACT C

3aganHo, U, —U, =0, mnpouecc uMHTErpupoBaHus npekpamaercs. Ilpu 3ToM BbIXOAHBIE

HaNpsDKEHUS CyMMaropa 9 1 BceX OCTAIBHBIX 3JIEMEHTOB CTEH/AA CTAHOBSITCS HEU3MEHHBIMU
U IEPEXOIAHOM MPOLECC 3aKaH4MBaeTCsA. B dToM ciaywyae BpeMs IEpEeXOJHOro Ipouecca
(Bpemst OT mepexo/ia CTeH/1a OT OJJHOI'0 YCTaHOBUBLIETOCS 3HAYECHUSI MOLTHOCTH JIBUTATEINS 10
JPyroro yCTaHOBMBILEIOCsl 3HAY€HHsI MOILHOCTH JIBUraTelsl) PaBHO BPEMEHM, B TEUEHHE
KOTOPOT'O BBIXOJHOH cUrHai 0J0Ka 5 MHTEerpupoBaHUs U3MeEHsieTcs oT 3HaueHus U =U, 10

3HAUEHUs, NIPY KOTOPOM MOIIHOCTh F€Heparopa (M ABUIaTess) paBHA 3aJlaHHOM BEIUYMHE,
npudeM curHai ycwinrens Us OTHO3HAYHO CBSI3aH C 3aJaHUEM MOIIHOCTH.

B cnyuae ke uCHOIB30BaHMS IUTATHOrO cTeHAa TemaoBo3HbIX JIBC Bpewms
MEPEXOIHOrO TMpoliecca paBHO BPEMEHHU, B T€UEHHE KOTOPOTO BBIXOJIHOE HAIpsbKeHUE OJioka
MHTETPUPOBAHUS U3MEHSETCS OT HEKOTOPOI0 HAa4YaJbHOIO 3HAYEHUS, KOTOPOE HE CBSI3aHO C
HOBBIM 3HAQYEHUEM 3aJaHUsl MOILHOCTH, /10 3HAYEHUs, COOTBETCTBYIOIIETO OKOHYAHUIO
HepexXoHOro mpouecca. s ciydas, Korja yka3aHHOE HadajlbHOE 3HAYEHHME HYJIEBOE, Ha
puc. 2 npuBesieHa WTpUXIyHKTUpHast kpusast U, (U/,). Kak BuaHO u3 pucyHka f¢, <t,, T.c.

BpEMs YCTAaHOBJICHUS TPeOyEeMOIl MOIITHOCTH JIBUTATENST YMEHBIIACTCSI.

DKcrepuMEHTANIBHBIE UCCIEA0BAHNUS PAaCCMOTPEHHOIO cTeHaa pu ucnbsitanuu JABC ¢
ra3oTypOMHHBIM  HaaayBoM MomHocTeio 1000 w2000 .. mOKa3ayM, 4YTO €ro
6BICTpOﬂeﬁCTBHe JOCTAaTO4YHO BBICOKOC, a BpeM}I BbIXO4a ABUTATCIIA HaA 3aI[aHHBIfI
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MOIIHOCTHBIM PEXUM OIpeNeNnsIeTcsl MPOAOKUTEILHOCTBIO pa3roHa TypOoKoMIIpeccopa 10
000pOTOB, IIPU KOTOPBIX o0ecreunBaeTcss TpedyemMoe 1aBjieHne HalayBa.
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MonaenupoBanue, HccIe0BaHHe W TOCTPOeHHe CTeHAA JJIsI MCHBITAHUN ABC € MOBBIIIEHHBIM
obicTponeiicteueM / A.H. bopucenko, A.b. boraesckuii, E.A. CepuxoBa, b.1. Kyopuxk, E.B. Cocuna //
Bicuuk HTY «XIII». Cepis: ABromoOine- Ta Tpaktopooyaysanus, 2012. — Ne 60 (966). — C. 115-120 —
biGmiorp.: 5 Ha3B.

VY crarTi npuBOAATHCS OJIOK-CXEMa, JMHAMIYHI XapaKTePUCTHKH 1 aHAJIITHYHI BHPa3H, 110 ONHUCYIOTh
poOoTy cTeHmy ais BUIIPOOYBAaHHsS JBUTYHAa BHYTPIIIHBOTO 3TOPSHHS, SKHH Mae MiBUINEHY IIBUAKOIIO
3aBJSIKM HasIBHOCTI B HBOMY 1HTErparopa i cymaropa.

Kuaro4oBi cioBa: MBUTYH BHYTPIIIHBOTO 3TOPSHHS, TUHAMIYHI XapaKTEPHUCTHKH, BHIIPOOYBAIbHUI
CTEH/I, IIBUIKOIIS.

In the article are presented flow-chart, dynamic descriptions and analytical expressions, describing work
of stand for the test of combustion engine which possesses the promoted fast-acting due to a presence in it the
integrator and summarization.

Keywords: combustion engine, dynamic descriptions, tent-bed test, fast-acting.
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