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sl \lNrARl'
Scrc.rlxceidcntshrvcoecurred i rhrtl.K.{ndclse$hcrc.

in which r 1o{ed glidd h.rs.lirihcd !bo\e lhc rosflrnc.
fullin! up its 1ril. I hc lotrfhnc trilol rr- lost cortrol. rcsull
in8 in N shirf ro\e do$o t)iLeh. ll th! uDiel lxkc\ plnec nclr
lhc 8(und. rhc rcarlrs rre dllen !xrr l

trl!uh1,on lry I (;. lrving r.d Ill-. llis!,{tr| hrvc iidicr(
ed drng*ous eolrrbinrtior]s ol glidcr llight t)rlh sl{)te rnd
to*rol)o rngL \'rrnrDs Blnl.rs t\rrc eonsidcrll. towcd by i
tyflt,tsuf. ( q (urrrlF lo ,1. -.ra rh I. ut\.....r !t_i.(
nmdcst lo$tupc rnglcs rbour 15" fi,.licuhd! il Lhc glld-
er pilLn iLlldr\ r nosc-up Iir.h t. devclt)t I lr!lit lcsls.uniinD

\lrious t..hnicrl mcirs!rc\ lo reduce lhc likelihood 01

such ut\eLs rre nicnli{nrcd Tesls hrLre trecrl nrrdc ol LG
$hook\ dcsigncd r! reLcxsc rhe rcne xuloinrticrll! *hcn its
up*!(l rnglL reieh$ r nrodrlcflnincd anglc I h.y hxrc nor
sorled trrlic Lr ! $cll rnd h e 0,)nlirdred lll. lhcor.licrl
trcdicli{)nrh,,r r ie}Norl(1,)nlyd.iLl{llhprrtol llicpr)l)Le r.

A n$re poni'ins rppioirch is r pripo\rl lor x hool *lticb
.clcrscd ruromrtidlly $hcn lhe !cr(i.rl.onrNncnl ol lond 2
lhe lril.l lhe lotrplrnc rcirch.s !nire frc delcnDincd \ ilrc.

INTRODUCITON
Sincc 196:1, theft hare been at leasl ten norified accidents

in rhe tl.K. due to thc lail of a tow-planc beinS pullcd up by
rhc slider Ol lhesc. six wc.e lirtal, resulting in the dealhs of
livc lug pilots rnd onc glider pilot. Simila r occurrcn€es have
been .cponed in olhor countries: for example, thcre was a
j)rrricuhrl) sc.ious ccident in Trsmania in 1984 when all
three occupirnls of r Ptiwnee und a R/arik were kill.d.

ln nllot rhesc accidcnrs. the Slide.achicv€d a high posirion
bchind thc tug rnd thc lug pilol rpplied up,el€vator to nain"
trin his rlritrde Evcntually, the tug pilor losr control and
$r\ unablc to prcvent the lowplane pitching sharply oosc-
dow sa rds. F'igurc I illusl.ates thc sequcnce of cvents- Tle
conscqlenccs ol-such dn upsel, unde. lcst conditions, are
dcscribed htc. Cler y, recover is nol normally possible if
such an utsct occurs ncar ihe gro!nd.

vxrious crtr$s and contibutory factors for such accidenr
hrvc becn suggesrcd, including poor instructional methods.
lrkins oll into rhe bli dins cv€nins sun. a sudden climb due
10 Nind grrdic.l- low longitudinalstabiliry ofihe Slider rhc
usc ol bcllr hoks lbr rcrolowing, the glider trimmed tail
hc!vy. loo shorl . low-ropc, exccssive lowrope slrcnglh, and

IECI]NICAL SOARING



dilncultl in rclcrsing onc cnd o1 the o1her.
The purpose ol this papcr is nol ro considcr lhe operrlionrl

aspectsolsuch acci.lenls bul ftlhcr toconsidcr thc ne.har-
ics of such upsets as I guidc lo devisins mcrns ol xvoiding

a ic c.ntcr $'!s eslinaled lrom thc ch{racterislics ol lhe
sing scctnnr (U.S.A. l5B) ard R.Ac.S dtra shecls. It is

thcrclore Dossible to lind thc limiling vdlue ol the vertical
conrponent ol tlrc to$rctc lord dl a give. aiNpccd $ith lhc
Iril r1 rhc cxrrcmc neg.tive lil! coell'icient. Somc values Nre

sncn ii Iable l.lThe uxirnunr vrlucs ol TsiDtr do no1 var)
r\, \'.'. \wn.rq',r"co l.r_ir:rlr-l odd.lo,rr'

It is lhcrclde po$ible to plol nrximunr ioarope angles as
r lunclion ol lowrope load nt ! given speed as shown by thc
lire rrrrked To\rfh.e tJtxct Boundary" in ligurc 2. Slcddl
llighr,s oily fossiblc rt combiDrlions ol lowrope lord and
td!rcpc rnglc bclo! lh; line. In this era ple,thespeedis50

Ra(he. Icss nr.ighlln^vard is thc calcuhlion ol lo\rope
lord ftuduccd by r ccn!in glidcr fiight palh incUnation I
xnd r known tosrcpc lcnglh.

On rhc simflcsl crlculrtion, lhe glider rs assunred to be ii
equilibrium undcr tlie rclion ol irs lift, drag. weight and tow
roFe lord. Th. roNropc is d$umcd to bc str{ighr. lt is thcn

I)osiblc to liid thc spccd ot lhc Slider. which is greatcr !h!n
thrt ol thc towphne. ils lord lactor, ils drag and llnall) the

THE SINIPL[S'T ANAI-YSIS
The glider is assu rcd lo cUmb, \i1h ils flighl Dxth inclires

at I'to thc horizontxl, ahiln being lowcd b) a tug which is
itsclf in lcvcl flight. The lowrope aigle 1o thc horizontrl is I
ll is assumcd lh.L conlrcl ofth.lug i\ lost whcn the ldilphnc
attai.s the exlreme neg.tivc 1ift cocnlcic.t.!.il.ble al lhc
prevailins tril iicide ce (rFrrror. zcro) rnd with thc.le!e1or
lully up. I hcrc is sonre cvidence (Rel. l) th.l . likcly fisu.c
would be rboul 0.6. ln ordcr to cxlcible lhc corresponding
curves ol crilicrl l owrcpc r nglc !8! inst lotrJrpe lord rl vrri
oDs speeds, the ailpluc w.s assunrcd 10 bc d lliO ht Supcr
CDb. lt wxs assumed to be noin by a 170 lb. tilot xid to be
hall lulloffncl. Dinr.rsions aid weights $ere trken lrom thc
night nrdnual rnd sonrc lurlhd dinrersions were enimrtcd
lrom the gener.il lrrdDecDrcnl dfuqing. Thc filchi g no-
nrcll coclllcie.l ol lh€ wing-plus lLrsel.gc xbour ils rcrody-



to!rcpc bld Thc.quilibri!in r\Fothcsis is cquivalen( to
!s\unring. rigid lovft)pc ol inliritc le grlr. sircc a.ccleft-
lions rre fegle.red This melhod {rs uscd ro de.ive lhc lincs
labcllcd ldlmfc lords liorr rhe elider' in Iig 2 These
corespord ro . elidcr $ irh ughh thc clrrr.clcrisrics ol lhe
K-E. F.odr lhe inlebcction curvcs in lig 2irispossiblcto
tld r eurr. sho{i.g .ritical comtrirr(ions ol tdv.ope rngles
rnd elider fighl p!lh slopcs. Three such curlcs arc shoivn in
Figure.l. Slerdy llighl is onh' I)o$iblc l.or codbinrlions oi l'
!nd I lying bcloF rhe !nfrrpri.lc linc.

Connrcnts o. thc .!ru.s,)blrlned lrom this sinrple aia1y,

(a) Thc spccd ol Lhc (otr hrs rcLrliveh |lllc elTccl. bc
cruse borh the utselring lorce rnd Lhc rhilily ol the rirplanc
to withstxnd ir incrcrse \!i1h speed. olhc. things bcing equ!1.

(b) Once thc row q)c dngl. hrs .eached dboul 30', quite
! srndll 0er1u.br1ion in lIe glidcis llight pxth lvillcrusc an
ups.t. lhis is 1o bc.xpecled, bul lhc rnglcs s..m .ather
smrllcr thrn mighL hrvc bccn rnticitirled

(c) From Fig. : it crn bc scci thrt. lb' llltrrctical pur
poses. the airplanc $ill rls.ys bc upsct belore r i000 lblor
5kN $'crk link lold is rcliclel li brclk rhc lerk link r€
quircs !n cxtrcnrcL) violefl lneuver by Lhc Slidcr

N1ORI] [LABORAI'E A\ I,I'SIS
PL. Bisgood has carried oul nrcrc dctriled anulyses lo

includc losftJpcs of linile le glh .nd sLilTncss (R.l 2) The
ellicl ol iinilc lcngth is to int.oducc cenlriiugrl ldccs which.
lor gNen r!lucs oi I and I, i.crerse the lowropc loxd. The
i.crcrnent , load is ncgligiblc xt high low.ope rngles but
incrcascs r!pidly !s I decre.sed Nnd thc clinrb rnqle ll in-

.rea\et. For cxrmple. al 60 knols and I:10', lhe tow.ope
lold a1 upset according tothe simplesl analysis would be 515
lb. ( 2.38 kN. ) with I .igid .ope of lensth I50 ft. (46m) ard
wilh f : l0', upsct *ould occur at a load ol aboul 1000 lb.
(,1.,18 kN )rnd ! correspondingly smlller towrope angle. Ir is
elidcnl lhrt thc el'tec! of linitc rope lenglh is vcry great and
rcnd.n upsers morc likely th.rl Fig. 2 would suggesr. ln Fig.
:. the cfcct 

's 
to nove thc ToB.ope load" lin€s increasingly

to the righl as I'incrcases. For a 200 ft. (60m) rope ar a
Ldlphne speed ol 50 knots. lhe l:10" line js moved to
roughly the position shovn lor I:45".

Thc clT.ct ol an ehstic .ope is thal ils st.clch reduces the
ce.lrilugallorce I1 lhe ropc has a stiffness ol20lblk (292
N/n), then rhc bad ar upset in thc above example is reduced
lrom 1000lbl (4,18 kN)1o about 870lbf(3.87 kN).

Thccftccls olbolh finite lcngth and elasticity aresho*n in
tigure4,lor thc aircrallassumed in liig.2 with a tugspeedot
60 knors The rope is lssumed 1l) be 150 tt (46m) long wirh a
srillncss of 20 lbl/ft (262 N/m). These etrects make Iiule
dillirencclolhe upsel boundarics allow values ol I and high
values oftr but the effec! al lolcr values ofl is corsiderable.
l.br eximpl€, il I is I5", lbe crilical flight path angl€ I h
reduccd from 30' ro 20'. An upsel is markedly easier to
rchicve lhan one ighl expcct from Fig. 2.

Also shown in Fis. 4 is a similar curve for a PIK 20 to
illustrare the cffccls ol betler pe.formance and high€r
wcisht. The lbrmer efccts are lairly snall and predominale
at higfi I whiht the hlter arc siS.ilicanl at high I. Upsets
would rppcar to be mo.e likely when towing such a slider: ir
praclice this is not so. doubtless due 10 the g.earer pilol skill.
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largc an8lc. but the glider is only slightly more lhxn onc
lowpl.ne span abovc thc lowplanc (asDming ihe l.]l1er 1o be
in horizonulflight), rnd configumtion which is p.obahlv io
roo unumal in lraining.

The rpp.oxinrale response ol a glider, *i(h fircd conlrols,
totficsurgc iollowirga l0 foot shck in the rol)e his!lsobccn
consid€red. The glider wr6 dssumcd to bc r K 18. thc typc
involved in the tvo mosl re*nt accidcnls in lhe U.K.. bcing
to$cd on thc bclly hook. In this crse. the pitch-up p.oduced
b) r combinrlion of $rec and towhook posilion catrics the
glider affoss the upset boundrry. This rn!lysis assumcd that
the lowpiane {as i.iliall} climbing xl 6' 10 the ho.izont.l
and that thc inilial tdvropc argle. .elative 1o the lowpl!ne s

flight path. w.s l0' Spccds of 50 and 60 knots were consid-
ered. So, upsels cln occurevcn when thc elidcr is not grcatly
abovc a nornrxllowi.g position. I. real lil!, it is unlikely thal
rhe glider pilot would hold rhcco.troh lixed bur this exarnple
serves 10 jllustrrle rvhrl might h.ppcn if hc we.c slor to

PREVANTION OF UPSETS
On the alerage. thcrc is onc upsel accident every other

year in the U.K. Comprrcd wilh thc nunrbcr ol acrotow
launches caried oul; the rr!c is quir€ low (p.obably on thc
ordcr ol onc pc. 100.000 lows) bu! since such rccidenls arc
very oflen lalal. cvery cffortshould be madeto prevent then1.
It rnay well bc that the prim.ry causc of such xccidents is
associated with poor inslructionrl or opcrarional tccfiniques

Fig. :l (lritical toriopc rngle ys. gtidor tti8hr prih stont yith difier.nl
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IiC..l..(lriiicd tolroD€rngle rs. glidu night pat.h sloperith differ€nt
Alid€r charact€rislic! lnd constant to*ing spccd,

but any re.hanic|l mcasurcs which might obviate ihem
shouldobvbuslybeconsidercd. Such measuresshould nor,ot
coune, inl.oducc oth.r hu/ards: lor cxample. using x wcak
link oI oilr 100 lbl ( l.lI kN) nrenglh might elinrinale somc
upscts bul !l lhe expcnsc olfrequen! rope b.cxks. Mechani
..'l nr .-.. r 'o, .! \.,. rrr p'on(r .\< ut c'r.llng. ur
Ji!\rl' r'Jt,.a -.,,F'tr.r nd. .oc\,.rngot n.q.qun-

EXISI'I\(; EQUIPMENT
(r) wcrk link The Brilish clidins Assocjxljon (BcA) is

reco rnending thc use 01 500 kgl wclk links on all ae(now
.opes. In lhe tl.K., rhe slandlrd figurc since 196,1 hrs bccn
l0{)0lbl 1.15.1 k3l) rnd this hrs been gcncrally sarisfrclory.
 s indicrled br Figs 2 and.1, rhe welk Unk willonl! providc
proLcc{id eg.irsL ve.} stccpglider attiludes at lov rowrope
aigles. This is corli..red b) lcsts cmied ou! by thc Booker
(iliding Club (Rcl. l). \!hen 1he rcrk link brokc on cvcry
occxsbn thrt r rupid climb by the glidcr was initlated. pro
ducing onl) i slishl nose down titching motion of the rug.
Clearl): r wcrk link is esscnLirl.

(b) Iai!tulE length. lbr obvious relsrns. rrseLs rre tcs
likel) *ilh lt) ngc. lor ropcs. Ihc BCiA cuncnrlt recornnrends
I lergll' o1 200 it (6ln)).

(c) To$Fknc tLnvhook. Mdr) tosplanes, partic!h.ty
Pipcr Cubs rnd Prwnccs. rrc jilled *irh the Schweizc. hook
This c.rnot bc dude lo rclcrsc under sclcrc lords elen wirh r
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It)0 lh (N! kE) rdull Iu lirrg rs hrrd !s possibi. (ReJ l) lhc
B(iS s1.o.glr_ rc.o r.reid\ r nrodiilcrti{nr {Rcl. :l) *hereb} x
1 inch scrlcd brll .rcc bc!A oi the hlch. rcphcing r tlai.
ro1lc.. ln rdditioi. thc locrrii). ol lle relc.se contfol in thc
cockpil is mon imlroarnr. SoDrc brn..r nNin{ inslrliNrions
ha!. lloor.rou lcd rclerrcs. $hich rrc quitc un,.ceplable.
sincc Ihc tilol drust bc rbl€ to rerch the control*hcr strbje.r
cd to negrtilc g . Rool ,nounl.d r.lelsed are e$enlial.

(d) Elltcls ol $crr on Ldrfhnc rnd glider looks. With-Olrlui o. Tost trpes ol hook. indcnrrlion ol rh. hook
mcnrbcrs lcxds t{r! vcr} hrgc idcrcxte in opcrrling lorcc Ijor
c mplc.r\usLr!lirntcsls{Rcl l)hrve\horilhrr.ilrhcros
roDe lo.cc is 1000 lbJ (1,1i kN) thci lh. lb.ce ro rele.se x
''Tosl hook i. good.od(lirion is.hour l50N (:l:l lbl) Thc
mrxinrum.lAR 12 ligure ( l0(l N (15 lbl) lloscvcr. thc
lirrce lo .elersc . $onr "Olllui hook subtrcred lo lhc sNmc
ro$rol)e lbr.e fti bc rs high rs 710 N (164lbl) Moreover.
thc xnrouit ol 1\'d...rei !djustmcnL on _last 

hoots
,urrr..'r f.l..Jl|r .d R. ,, ldri.r..,n

relersing Iorce rs lhc ovc|ccnl.r dime.\io. is incre.scd.
(e) t.ocrlion ol the Slnlcr towhook. The lasr rso accidcnts

in the U.K. ,.rolved Schleicher K l8 gli.lcN whi.h hrve lighr
stick iir.cs r.d r to$hook rnourlcd wcll rn. As Bkgood s

rcstoise crlcuLrLion indi.xr.s. tlie rcsponsc ol such r Clidcr
to lowrope surges c.n bc vcr\ unhvorrble, eve. al nrodcn
losrlrl)e rnglcs. The lens rt Bookcr (Rcl l), in trhich.r K-8
wrs lotrcd on thc hcllr hook. p.oduccd slrcctrcul!r rcsults.
Thc glidcr srs tut ,nro r .li b rl Nbout lhe srmc rrtc as !t
thc bcsinnins ol an xuto rd\ hunch. $hercupon i( wrs r1
modinrpossiblcloslopit I rrllfo^\rrd(ick.nl!.educedthe
.ate !1 $lrich llic pilch up incrclscd. l hc lowflare pilched
fose doNn $.afidh tllr the eigine sloppcd duc to th. iega-
tivc- g .nd liirlh il $rs pointed v€rlicallv do$nrv. s wilh
Nn IAS ol 4ll kr01s. l_hc pilot wrs unxblc to.el€ase thc tow-
rol]e. whr.h b.oke, rrd thc lo$csl point rclchcd in rccover
wrs i1(X) to ,\(10 ll (120 l50rn)beloslhcinitirlh.iShl

()l couNc. hrgc rdrounts ol re.o lowing hrvc bccn done
\!iLhout .n\ tRNblc !yng h.ll\'hook\. rnd . skillcd piki
\rould rol exliecl Lo gcL into t!)ublc BuI i1 i\ .lear lhal once
things srad 10 go \rrurg, the siturLioi crn g.t out-ol-h!nd
\cry rrfidly Scc.l$ Rel. 6 lor lurl hcr lcsc.iftion ol upscls

Ihe ltcA would likc ro scc r.riLidrlory req!ircinenl Ior
nose hooks 1o bc lillcd lor rcrnosidg The u\c oJ lhc cxpres
\iof nose hook is tcrh.ts rrthcr unlonrnrl.: a lbrs!
Jnounred hook is inlerded, lrerhrfs sinrihr to thxt 01 rhe AS,
W l9 A drod,li.rlid lir (he K l8ro$c{ists

\ltw uQl]IPNtENT
(r) I rt$r relc.sirg lovhooks ior td!plrr.s Two 1!pe!

of hook hrvc heen desig ed which $crc intcndcd lo rclcrsc
rut{nnrlicxllt rvhcn th. los-nrte rnglc rclNlilc to thc 1(N
phnc rclch.d n)mc trcdcl.nnifcd vrluc Te\ls (Rcl l) hrvc
beer mrde or onc tlpc {hich. od slrr,c 1tn $ith no sjgnifi
crn( lo$ rupc Lord. .clcrsecl rt Lor rcfc riglcs ol 1i" rnd ll'.

lr s rptr.e.r. lo. Figs I rnd .1. rhrt surh r hook would
onlr_d.dl$ith pr ol th.nn$le r.sIenlhcrrelcof climbol
thc glidcr wrs Iirlt snrrll Thc 0r.d,.1ion\ Rerc confiflned
b) lhc le\ls. The lolrofc Lrnglc rt rclcrsc {xs lvficell! 30o
rir th. foninrl l5'hook Thisl\lreolhookm!\ bcdiJ'hcult
lo inslrll on nnnc lowfh,re\ sirce lhe.c nrrr bc x tcrdcn.y
for thc hook or nrpc lo 1,n,1 thc.lddcr A nrcrc comfrct
dcsign srs tot!ll) r.su..cs\lul

 no(hcr t)f. ol hoot h,,sed on thc rutdnrtic relelsing
Ortlrr/T,Ar frinciflc hrs rlnr bcc rencd wilhour succcss.
Sou..rLLLl,,riofrb! L wclch(RcJ 7)\liowlul theclTccls
ol liiclbn dtllrl r.h !f rnrngcnrcir

(b) Lodd'sensin! hooks. Thc precedins a.alysjs indicatcs
lh.l lhc iundlnerhl solulion consists of p.eventing the vcr
licrlcomponcnl ol lord lrpplied to the towplane f.om exceed-
iig sone pre dctcnrincd value. The ligures in Table I sug,
gcsl thrt 65 lbl (or l00N) mighl he a reasonable value,
subjcct ro conJirnrlion b) flighl lriak. L. Welch hxs wril(en
a specillc.lion (Rcl. 7) froposiig that thc load should be
xdjuslrble ove.lhc r.rgc 50 200lbr(222 890N).Ilef.vo.s
N slstcnr i. rhich 1l'e bod! ol thc h@k is artached 1o the
dirFldne b) mclns ol a fivot but is restraincd by a sbong
sfriig. A vcrlicrl load causes the hook body to movc relalive
to its llrachnienls and ! str;ker then i.ips the over dcad
ccntcr nrechr.is.l ol the hook. Thc lowrope tension then
opcns thc hook lu lly.

Il such . devicc could bc nrade io work, il*ould prolcct the
towthnc in all circumstances. whalcver the nalure ol the

CONCI,IJSIONS
Techiicrl ne!sures lo rcducc the Iikelihood of towplanc

upscls include atlenlion to thc m ainten ance ol towplanc and
glidcr to\!iig hooks, the provision ofweak links ol reasonable
bul nol cxcessivc strcnglh, a reasonable length ol to*rope.
possible .bdific.1ion to Scfiwcizer lorplane hooks. locating
thc towflanc relerse conlrolin lhc cockpit.oofand. wherever
possiblc. usi.s d fo^vId-mounted lorvhook on the slider.

Tosphnc hooks hxve been devised which we.e intended io
.elease rhc lo\uopc !ubnratically when the uplards anglc of
the rope rerched a prc d ctcn. ined value. On 1lighI tests. they
havc not worked farlicularly well and have conlir ed lhal
lhcorelicrl prcdiclion lhai they would onl) dealwith part of

A proposrl hlt becn made ior a towhook which released
aulomalic!lll when rhe !erlicr1 componcnt olload at the rail
ol lhc to$planc rcNch.s some pre-dele.nrined valuc. Ifsuch a
de!ice could bc m.dc to *ork, it would protecl thc towplane
in allcircund!nccs, whatcvc. the.atu.e ofthe glideis ma

I i.alll thc theo.elic.rl ligures quoted in this pape. are all
rrlhe. Npfro\imlrc bul should serve as a rcasonablc quitc 1o

lurrher developnrcnls.
Sinc. trriting lhc above. il has bcc. poinled ou1 by B.

Sp.cckl.y th!i violenr rn!neuvcrs bt, thc glide. produce a
mN.kcd dccclcrxtion ollhe towpldne so thal thc upset may be
duc rs much to rhc lowplane stirlling as 1l) loss ol clcvaror

T Lord in thc towrope (lbl or N)
v Fquilrler1!irspccd oi thc lowplane {knols or km/h)
I' Slope ol lhe llighl palh ol thc glider
I Anglc ol the l$rrope rehlilc to thc fligfit path ol lhe

' '1 . \ 'Ae odJr ,Fi.
Honzonrxl liiLSurfnc.l N,\cA Rcpo N! 688. 1940.

I Bisgood. PI Sonre Furlher l houehh od Tug Utscts Unplb

I SprecUel B lcsling an 4tr1. Rclerse A€rolow Hook Sail
plrirrndajhdirs.XXX\l.l lurc/Juh1 1985

J BCA lc.hri.rL Ncsslreel. TNS l/l/ll5
5 OSTI! SrilpLxdc Dclrl.Dmenl Panel Minures ol thc nccLins in

Bcro. SsiL/crlrna. Mrr- 1932. Aincic A
6 .,din!ri. l) strdden (illef . in Safc{r corn.a sonrins. a9l3.

? $clch. I _SF.ilicxtior ior Tug Tou Hoo[: Auromatic Rolcrsc
uidcr r.'1:.xL l-ord linrrLhlnhed.

tt HNt( At \tlAl?1t,tai


