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¢ Apnoranua:
Hyawv-npocmparncmeennbiil dsuzamens

HyJabs-npocTrpancTBeHHBbIH JBHraTe b

1. Teopua Hyvab-npocTpaBCcTEE€HHOTO JEHTATEIA.

Hrak, veaxaeMele JaMel H TOCIOAA, Kakad ORI HHM OBLIA Xopomed H HHTepecHoH Bommorpas Teopua BemecTea, Kakue ORI TOTHYECKHE BEIH OHA HE BEIJARATA ORI, De3 SKCOEepHMEHTANLHON MPOBEPKH OHA HH 9TO HHOE, KaK IIPOCTO
HCIIHCAHHEIE THCTE OVMArH, HIH OOBIYMHEIE CTPAaHHUE! THOepTekcTa B MuTepmer BoT H MEI mogomias K ToMy, pagH 9ero COOCTESHHO, H OBUIA HAIHCAHA JAHHAY DOTHOEBAZ TeOpHA — COETaTh PEaTbHOCTRID MEdTHI O CEOOOTHEIX
KOCMHYECKHXE IOISTAX K JPYTHM IUIaHeTaM H avHaM. H nepeoe 0e2 9ero He BOZMOMEEH He TOILKO KOCMHYECKHH IONET, HO H 00 NepeIEKeHHe KAKOH THO0 MeXaHHIHPOBAHHOH MAITHHEL — 3TO JEHTATEIE. B HameM cioydae 370 Tak
HazbEaeMeld Hyas-npocmipancmeennsiit dsuzamens (HILT). Ho nepefinem k gemy.

1o #e npenctaenaer cobol HIII u xaxmy obpaszoMm ero mo#HO coenates! Kak vike oTMedanock paHee Ha crpanHnax Bommoeoii teopmm, HIIl npencrasnger coDoll HHYTO HHOS, KAK ODBITHBEIH 3MeKTPHYCCEHH KOHISHCATOP,
BRIIOMHEHHENH B opMe chephl H CIOCOOHENH VISp:#HHEATE O9¢HE BEICOKOE HanpmEeHHe. To ecTh Ind Toro IT00R caenars cam HIII, seobxommmo BCero IHINE cOeTaTh MAPOODOPAsHEIH KOHIEHCATOP, B KOTOPOM BHYTPEHHIOK O0KIAIKY
HEOQDXOOHMO 2apTEATE NONOEHTEIRHO, 4 EHEIIHIOK — OTPHIIATEIRHO. | SOPETHYECKH, £C/IH e TAKOH apo00pasHEld KOHISHCATOP COEIaTh H2 ERICOKOKAYECTECHHOrO (00IaA0MIET0 BRICOKOH 3MeKTPHYECKOH IPOYIHOCTRED ) MATEPHAIA
H eJHHOEIR] 3apaIHE €r0 Mepel BATETOM, TO €0 MOXKHO JOCTATOYHO JIHTeIRHOE EpeMi HCIOIEI0BATE Oes moazapagss. JT0 O9eHE OONBINOH IUIIOC B HAMEM CIyYae, TAK KAK HHKAKOH NOMOIHHTEIRHOH 3HeprHH A4 o0ecHedeHHd H
NoAdsp:EaAHNA HeobxogumoH nogeemuoH cunsl HIII me Tpedverca! Ho mpakTHgeckn Tako# KOHIeHCATOpP ECE PABHO OVAET paspaEaThcd, TAK KAK TOK YTEUEKH XOTE H MOMKHO MAKCHMATEHO CHH2ZHTE, HO HENE34 NOTHOCTEED HCKIKMHTE, a
MOTOMY, TAKOH IMapoo0pasHEIH KOHASHCATOD NPHOSTCH MEPHOOHYECKH MOO3api#aTh, ITO0RI He OBLIO CHIDKSHHS MOTBREMHOH CHIBL JAECh HCIONBIVETCA TOMHO TAKOH MPHHIHIL, KAK H OpH HCOOIBI0OBAHHH BO3IVINHOLD IIapa, HIH
OHPH#AOIA, HAMOIHEHHOTO TeMHeM. 3aTPaThl SHEPTHH 3aKTHYa0TCA TOIBED IHINE B TOM, 9TOOR! HAMIOIHHTE OA/LIOH a3pOCTATa JETKHM raz0M relHeM H OOAISP#HEATE €0 JAaBIeHHE, a4 B HalllEM e CIyYase — 3apaIHTh HELH
3MEKTPHYECEHA KOHISHCATOP ERICOKHM HANPLHEHHEM, H NOIASpEHEATE 3TO BERICOKOE HANpLscHHe!

Peryampoeare nmogeemuvio cany HII mMosHO, KOHeYHO H ¢ NOMOINBIY HIMEHEHHY BeIHYHHE! Hanposennd Ha ookmagkax HII. Ho npobmema saxmogaetca B ToM, 9to cad HII zapsxaeTca JoCTaTo9HO BREICOKHM 3IEKTPHISCEHM
HANPMESHHEM, 9T0 BAedeT 3a coDOH ompemeneHHEIE TEXHHYSCKHEe TPVIHOCTH. A Tamke, B TakoM CIy4ae, MBI TEM CAMBIM EMEIMHEaeMca B paboty cammx HIIl zapoxeHHBIXx mDepel BaleTOM, H B CIVYIae BREIXOOA H3I CTPOA
BEICOKOBOIETHOTO TeHEPATOpa MOTREMHAY CHIIA MOMPOCTY HCISIHET, 4 JeTaTelbHEIN annapaT HellpeMeHHO VIIageT Ha 3eMmo | pazobeerca. [TosTtoMy HeoOXoqHMO HCIOIRIOBATE APYTOH, bonee OezomacHeni cmocod. Ho kakmu e Torma
CIoCoDOM MOMHO VESIHYHEATE H YMEHBIIATE HOTEEMHEVEC CHIY TAKOTO JEHTATENd H COOTESTCTECHHO MAHSEPHPOEATE B BEPTHEANBRHOH MIOCKOCTH, MOJHHMATECA EESPX H ONVCKATECA EHHZ HE EMEIIHEAACh B padcoTy cammx HIIIT A
peryIHpOEaTEk NogseMHVIC cHIY HITJ] rosmokmo apyraM, Donee bezomacHeM cnocodom. [na storo cam HIIM momxen obaagates He JEyMA, MONOHHTEIRHOH H OTPHIIATEIRHON 00KIATKAMHE, 2 KAK MHHHMYM TPeMA, pucVHox .

Pucynox 1. Icruz Hyte Npocmparcmeer 020 delzamens.

1. Buympennana obraadra, 3apaEacTCA IOIOKHETEIBHO, 3apal] KOTOPOH He MEHACTCA Ha IIPOTAKCHHH BECETO IIONETA, TIOCHE IEPEATHOTO 3apafa, CAeTaHHOTO EPEe] BAIETOM.

2. Cpednan obknadka, 2apaxacTCA OTPHILATETRHO, 3apA] KOTOPOH TOMXE HE MEHACTCA Ha NPOTAEECHHH ECETO IIOJETA, IIOCHE IIEPEHIHOTO 23apaia, COeTaHHOTO IIEPe] B3IETOM.

3. Hapyoscnan o0k iadia, HANPAASHAS H 3HAK 2apAfa, MOEEST H3MEHATECA HA NPOTTECHHAH ECET0 BPEMEHH IOJIETA, B 3aBHCHMOCTH 0T HeoOxoguMocTH. [lepEHTHENM 3apagoM nepes B3I€TOM He CHADEASTCA.
4. BoicorkorauecmeeHHbII U TERMPUK, HMEIOITHH O9€HE ERICOKYIO MIEKTPHIECKYI) NPOTHOCTE.

Baprupys EeMaHHOH H 3HAKOM 2apA7a HAa EHeINHeH (HapyAHOH) JOMONTHHTEIEHOH O0KIATES H BEOZMOMHO YVIIPAETaTE MomHOCTEI caMux HITT nms nogeeMa, HIH cIIVCEa ITeTaTelBHOIO AMIIapaTa, A0COMFOTHO HE EMENIHEAACE IIPH 3TOM
E padOTV EEVIPEeHHEH H cpedHel 00KIAN0K, KOTOPEIE 2apMEalTCa Mepel] B2IETOM JISTATeIEHOTO annapara. YECIHYHEAd OTPHIUATEILHEIH 2apa] HAa EHEIIHEH INTACTHHE — TeM CaMEIM VEeITHIHEaeM nogbeMuyvio cuny HII B memon, a,
VEEIHIHEAd MOJOEHTENBHBEIH 3apil — TEM CaMbIM cHiDkaeM mogeemuEyio cEny HIIJ. Ho npm takom cmocobe ympaeneHHd, Tak kak ana zapaga HIII mcmomezvercs OoCTaTodHO BEICOKOE HANPAKEHHE, OYEHB CIOKHO COEIATh
BEICOKOBOJETHEIH HCTOYHHE [MHTAHHA 1714 BHEIIHEH 0OKIAOKH, CIIOCOOHBIH O9€HE OBICTPO, Ja €Ie H ¢ HeoOXOOHMEIM HapTHEHHEM Nepe3apaiaTh 3TV CAMYIO0 BHENIHIOK 00KIamky. [losTomy HeoOXOZHMO MOHTH HECKOIBKO OPVTHM
MyTEM, He MepeiapikaTs BHemH0K 00Kmanky HIII a mMeHHO BapsHpOEATE OTPHIATEIBRHEIH 3apan Ha Heidl. 14 3Toro mpocTo-HAOpoCTO HEODXOOHMO COEIaTh, 9TOORI BHYVTPeHHAA H cpenuad ooxmagkd HIIJ zapsxanmce TakuM
HANPSESHHEM, 9T00RI CaM JIeTaTensHRIH anmapar Tepan 80-90% peca, a PHemHAA 0DKIAOKA 2apAEAlack TAKHM HANPLEEHHEM, 9T00B] CKOMIIEHCHPOEATE HEJOCTAKINVIO MOTEEMHVIO CHIV. [IpH 3TOM, VECIHYHEAA OTPHOATEIRHOE
HANpA:ECHHE Ha BHEIDHEH 00KIagKe — VESIHIHEAeM NOTeeMHEYVEC cHIY caMux HIL B meaoM, cHECEAT, HIH MOTHOCTEID PAaspaEad BHEINHIOK 00KIAOKY — YMeHbIIaeM nogeeMeEyie caExy HITTT

Togno Taxoi IIPHHITHIT HCIIOWIEIYVETCH B ,II;HPEEEEIL‘H}L_. HATMOTHEHHBIX IEMTHEM, JTH 3KOHOMHHE OHOID. EI—I}"'I“PH DALTOHA A3POCTaTa, HaxXOoOHTCH EEGEDEI]EEI—EE-Iﬁ WMETMTOE Y. B E’.{}TDI]EII-*JI HAKATHEAETCA OOBITHEIH BOZOVE. Veemuameas JABJIEHHE
BEO3O0VXd B TadKOM «MCIOECH, HEIIOCPCIOCTECHHC YECIIHTHEACTCA 00BeM BOIOVIDHOTD «MCIIEaY H OOTHOBPEMEHHD VMEHEIIACTCA 00BEM TEIHA, H KadE CICOCTEHC, NOOECMHAA CHITEA YMCHEINACTCH. Cammran JABEICHHE BO3OVEA B BO3OYVIINHOM
(M ETTTRE Y, oOBEM BO3OVINHOTO MEIMEA VMCEHBINIASTCAH, VECJIHTHEASTCA o0BbeM I'ElIHA, H, COOTBETCTECEHHO, MOOBEMHAA CHIIA BO3PACTACT.

Tenmepr mepefimeM HemoCpeOCTESHHO K 3KCIHepHMeHTY. A ecnn skcnepHMenT no Henurramue HITI okakeTcs monmos®TEnsHEIM H yAAcTcd 2adHECHPOBATE NOSEEMHVED ApPXHMEeTOEY CHIY, HOJOOHVID TOH, KOTOpad EOHHKAET B
BO3OVIOHOM IIape, HAIIOMIHEHHOM OOMee JTeTrKHM ra3oM 9eM OKpPYAKAIOIIHA BO3AYVX, TO 3TOT 3KCIEPHMEHT OVAST JOKA3BIEAThH TAKCKE H cymmecTEoBaHmnd 3¢upa! M takoil mapoobpasHeni KoHAeHCATOP, IPO0DPas HYNE-IPOCTPAHCTECHHOTO
OEHTATENA, OBLT MOCTpoeH MHOK H HenkiTad B 2007 rogy, npaeoy ckazats. Ha o9eHE MpHMHTHEHOM ypoeHe. A B 2009 rogy Syoroe Cepreil, mpoRel CEpHID IKCIEPHMEHTOR, IIOZBOIMIONTHX MPOACHHTE 2ABHCHMOCTE IIOTBEMHOH CHIIEL
HIILI ot mogaHHOr0 HanpaxeHHT H 00heMa Mapoo0pasHOTO KOHIeHCcaTopa. [JAHHEIE 3KCIIEPHMEHTEL VS IPOEOIHIHCE HA JOCTATOYHO BEICOKOM VPOBHE H IIPH HAIHYHH 00/Iee ESCOMOH MaTepHaTbHOH 0azel. Ho HauHeM ¢ Hagama.

2. IlocTpoiixa B nepebie 3xcnepamMerTsI ¢ HITT.

s moctpoiike Takoro HIT!] Osimm eriOpansl coegyromue eemH. CTapelH H MOTEPTEI IMKOIBHEIN IMOOYC, KOTOPERIH CTal, coOcTEeHHO, 3aroToekol mua HIIJ mumeras amomMeEHHeBas donsra, KoTopad NpOJAcTcd B PYIOHAX, d TAKKE
TOHKAA MOMHATHICHORAA VIIAKOEOYHAN IUICHKA, NIEKTPHYIECKAd NPOIHOCTE KoTopoi paeHaeTca 40-60 mv/kB. [100ve OBLT 00OBEpHYT MHIOEEOH aTFOMHHHEEOH GOIBroH, a 3aTeM, MHOTOKPATHO OOBEPHYT VIAKOBOYHOH IIOMHATHICHOBOH
mieHKoH. [lanHas IIeHKa O9eHE TOHEAS H XOPOIIO JOEKHTCE Ha chepHIeckyIo TOBEPXHOCTE IIapa, a 00IIas TOMIIHHA CI08 IOMH3THISHA IPHOIHHTENEHO paEHEATack | MuumaMeTpy (0,001 u). 3aTem map-romgeHcaTop OBLT OOBEPHVT
ATIOMHHHEEOH QOIEroH BO ETOPOH paz, a TAlcKe, ITO0RI CHHSHTE VISHIKY 3apaga B atMocdepy, OH OBLT 0OBEpHYVT NOEEPX (QOMEIH eI HeCKOMBEHME CI0IMH NOTHTHIcHOEOH mieHkH. [lomyarnca mapooOpasHEIH KOHOSHCATOP, KAKOH H
Tpe0OBATICH IUIA 3TOTO 3KCIIEPHMEHTA.

Ho x mapy-koEgeHCaTOpY Hago elle KAaKHM-TO 00pazoM IIOJAEaTE NIEKTpHYeCKOe HanporeHHe. 19 3ToTro BepXHHE CIIOH MOMH3THISHA H BHEINHHE c10H GONErH OLUIH «pacKOBEIPAHED: J0 KPYITIOTO OTESPCTHA JHaMeTpoM okoxo 30
. CreayroImHM MaroM OBLT IIOABOL NHTAHHA K BEHYTPeHHEH 0DEIanKe mapoobpaszHOTo KoHAeHcatopa. [[ns sToro depes cpeanui cIol MOMHATHISHA ODBIMHEIM MeTALIHIECKHM IIVPYIIOM OBLI IPHEHHYCH HAOIHPOBAHHEIA MeIHEIH
npoeod IuHHOH okomo O30 mv. B TommmHOH oromo 0.7 av. CroemgyromHM maroM OBLIA HIOMAHA TOPHAIETO MPOBOAAa. I8 3TOr0 HCIONE30BAICA TEPMOIHCTONET H IOMH3THICHOBHIE CTEPXAHH. |epMOIHCTONET pPACILIABIIAT
MOMHATHISHOBEIE CTEPMHE, H AHIKHA TONHATHICH 00BOIAKHMEAT MECTO COSIHHEHHA, a IOCIE £T0 3acTRIBAHNA, HA MECTE COSQHHEHHA KPacOBaTack CEOS0DpasHaT DOH3THICHOEAS MHPAMHIEKA. BTOpOoH KOHTAKT OBLT COSIAH TAKES HI
METHOH MPOBOIOYEH TOMMHHOHE Toxke okomo 0.7 MM. B JHaMeTpe H TAICKE 2ATHT EMIKHM NOMH3THISHOM C IIOMOIOEK) TEPMONMCTONeTa. B HTOre, OT mapa-KOHASHCATOpa TOPYAIH ABA BRIEOOA HA paccTogsHMH oxomo 30 mM apyr ot
apvra. OommE eec Henerryemoro HIII coctaema 872 rpaMya, E3EcIIHEAHHE IPOHCXOIHIO B IPOIYETOEOM MarasHHE Ha IEKTPOHHEIX BECaX. TOUHOCTE KOTOPEIX COCTAaBIaeT Bcero £ rpavua. [Ipomece cosgamma HIIM oTtobpazen mHa
doTorpadiax, H300paHECHHEIX HA PUCVHKE 2.

[Iponecc coszganmns sxkcnepaMerTaasroro HITIT

[Iponece cosganna sxcneprvenTansHoro HITTT

[Iponece cosganna sxcnepuvenTansHoro HITTT

Pucynox 2. Ilpoyecc cozdaniua sxcnepunenmanvrozo HIL,

B kagecTee BRICOKOEOJETHOIO HCTOTHHEA OBLI B3ST OOBMMHEIH IEKTPOMIOKSp, KOTOPEIH KTO-TO OPHHEC B PEMOHT, B HECTPVEIHH K KOTOPOMY OBLTO CKA3aHO, UTO IPH MOTHOM 3apiage oarapeH oH BeigaeT /0 Teicad eoasT (/0 KB).
IeficTEHTEIRHO IPH €0 paboTe B 3a30pe MEKTPOIOE, PACCTOAHHE MEXEIY KOTOPRIMH COCTABIAET OKOIO 23 MM, MPOCKAKHEAIA JOBOILHO «CEKHPHAS» HCEPa, C 9aCTOTOH IPHOMMIHTEIRHO OBA pasa B CEEVHOY. A TaK Kak aIeKTpHUECKad
MPOYHOCTE BO2OyvXa paeHAeTca 3 MM/KB, To HanpaxeHHe 14 mpo00A 2a20pa MEeX Iy KOHTAKTAMH JOLEHO OBLTO ORITE He MeHee /0 KB, u aHcTpyEDNHA «He Bpama».

H tenepe camoe muTepecHOoe. [logepecHE 3TOT «InapHK» Ha PEYAXKHEIX BECAX EMECTO OJHOH H3 9alll H VPABHOBECHE 3TH BECHI Ha JApPYTOH 9amle THPAMH, OBUIO0 VCTAHOBIEHO, 9T0 €I0 BEC PABCH, KAK ViKEe OTMEYanoch Bemme, 872
rpavmMam. Ho Korma K ero KOHTAKTAM IIOOHECTH IEKTPOMIOKE) H 2apaAdHIH €ro, TO Bec IMapa-KOHASHCATOpa H3MEHHICH, H ¢ HeXomHeIX 872 rpammor crax Ha 18 rpamu mMeHbme, TO0 ecThk €ro Bec cocTaema 854 rpammaa. Korma
BEIETFOTHITH H VOPAIH 3IeKTPOLIOKep, TO MPHOIH3HTENEHO 3a 3-10 cexyHa ero zapag cTek B atMocdepy, a ero Bec gozpoc H c1an okomo 870 rpasmy. YToOR MOTHOCTER CHATE JMEKTPHISCKHH 3apal ¢ O0KIAI0K, KOHTAKTEl HATHOATHCE
apvr K apyvry. Ho Bo BpemMa 2aMEIEKaHHA KOHTAKTOE «IIapas KOTAA 3a30p MEEIV KOHTAKTAMH CTAI paBHEIM okomo 8-10 av, mpockommina Hekpa. Mz atoro cnegyer, 910 oCTaTOMHEIH 3apAg mapa paeHaacd okoao 25-30 KB.

3aMEHYE KOHTAKTHl «IIapa» €ro BeC CHOEA CTAl B TOYHOCTH pPaBeH HCXOJHOMY, TO ecTh 872 rpaMma, H PEIYArdH BeCOB CTANH B CTPOro FOPH30HTAIBHOE monoxkeHHe. [loBTOpAs 2apaq Imapa H €ro KOHTPOJBHOE E3RCIIHBAHHE eIle
HECKOIBKO pas, KAPTHHA B LEI0M He H3IMEHATACh, HO HECKOIBKO OTIHYATHCE [IOIVHEHHEIE JaHHEIE. PazHHIA B HCXOOHOM BECE «IIapa» 0e3 zapiafa H 2apaieHHOIO «IIapa» cOoCTaElana oT J mo 20 rpaMMoR mo pesvasTaraM OOIDErO
KOMHYECTEA 3aMepoB, a 18 rpaMMoE, 3T0 cpegHdd pasHHIA B BECE O pesyiIbTaraM HeCKOMBKHX 3aMepob. Ho, mmepeBepHVE 3IeKTPOIMOKEp 1A TOTO YTODEI 3apAOHThE OOKIANKH MapoodpasHOTO KOHIASHCATOpa B OPYTOH MONApHOCTH
BEIACHHIOCE, 9TO OH CTAHOBH/ICA TAEENISE B cpedHeM Ha 2 rpamma. Ero cpeanmii Bec B 2apAEeHHOM COCTOAHHH cocTaeHd 874 rpamma.

Hrak, B pesviaeTaTe 3KCIEpHMEHTAa OBLIO YCTAHOBISHO VMEHBIIEHHE Beca IMMapo0o0pazHOre KOHIAeHCaTopa mpH ero sapafe no /0 KB mpu oTpHuarensHo 2ap@#cHHOH Hapyv#HOH oDKTIagke B cpemHeM Ha 18 rpamma A Tarske ObLTO
VCTAHOBISHO VEEIHYSHHE Beca IMapo00pazHOro KOHAeHcaTopa mpH ero zapage o /0 KB npr nomosHTEnsHO 3apfHeHHOH HapVEHOH OOKIANEKE B cpedHeM Ha 2 rpamwa. M mostoMy eIHHCTEEHHO BEepHEIM BEIEOOOM H2 3TOTO
3KCIIEPHMEHTAa MOMXHO CIOETaTh TONBKO TO, 9TO 3QHP AEHCTEHTENBEHO CYIIECTEYET H ABIASTCA COOCTESHHO IPAEHTAITHOHHEIM IIONIEM IUTAHETHI, KAK OBl 3TO He OBUIO NPHCKOPOHO pendaTHBEHcTaM. [lomydaeTcs 9T0 Ha 2apAicHHEIH
IMEKTPHISCKHE mMapoobpasHEIH KOHASHCATOP, HAXOQAIIHACA B 3dHpe AeHCTEHTEIEHO JeHCTEVeT ApXHMeIoEa CHIA TOYHO TaK, KAK JAcHCTEOBATA OBl OHA Ha HAXOOAIDHHCA B BOJS IIVIEIPEK BO3OyXA, HIH HA a3pOCTal, HaIOIHEHHLIH
relHeM KOTOPRIH DapHT B atMocdepe. A Taxxe 3TOT 3KCIEPHMEHT IOIHOCTEID NogTEep#dacT Bomroevio Teopmio Bemectea.

Ho peoOxoguMo OTMETHTE TOT MOMEHT, 9TO BeIHYHHA NICKTPHYSCKOIO 3apila ONpelelilack, TAK CKAZaTh, «HA IMA30K», d IOTOMY CEA2aTh KAKAS HMEHHO BEIHYHHA 3IeKTPHUYSCKOTD 2apida Ha caMoM Jeile OBUTA Ha O0OKTAOEAX
Mapo00pazHOre KOHISHCATOPA B IPHHITHIIE He BOZMOMHO. A OO0 3TOMY, 3TOT 3KCIEpHMEHT XOTE H IIOKAZAN, IT0 >dHpP CYIIECTEVET, a CaM MapoodpazHEIH KOHISHCATOP TEpdeT B BeCe, HO HCIONB30EATE 3TH JAHHEIE II9 PACTIETOE, K
COMAIEHHIO, He MPEACcTARTIIeTCA BO3MOEKHEIM .. OaHako skcnepuMenTH Ceprea 3vOKOBa BCE pacCTABHIH IO CBOHM MECTaM.
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