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qv cv6luol rou 0c xdvoupe orr; ouv6lelc 0c 6oripe 611 6w
1ger,c(6pcore xcnvorlpryreg <rp16E @uorxriE yn va elqpiooupe
qcr,v6pelc 6nog eivcl 1 6{rvcp1 trlg dv<ooqg nou 6qc nd,vco oe 6vc
6u0rop6vo cwlxeig,evo ri q 6uvcpr,zr] dvrrroq lou Eqo onlv nt6quyc

w6E aepon}"6vou. @c cg1lootpe ple rov o1ol,r"cop6 rtirv 6r6goqorv xoraor&-
oecrv TIlg 6)rqE. Kcr6nlv 0o pe),,erriooupe evc qeuor6 nou e[,vcr|, cxivrlro a<t] 0c
eloydyoupe q ouvdq, qoq dg lieoqg ple rr;v nuxv6rqrc lcl ro 6d0og. Mer6
0c pe),etriooupe qv rilqq rriv geuordw, 61]"c6ri tr; 8uvoprxri rtiw geuot<irv.
@c nepryqdrpoupe 6vc xtvotpevo geuor6 cn),ouoreilowcg ro rp66l,1pc pe
opropSveg ncpc6o16E. @a xarcroaeudooupe 6vc pow61"o. @c 21p,r;orgonoui-
ooupe ro pow6i,o cur6 yr,c vc pel.edooupe oplop6vc oqpcwlad xqolxll"xd.
npo6)',rlpmc. O v6poE tof Bernoulli Ocr pdg 6r6osr rr; 6uvct6rpc vc 6porlpe tr1
o16o1 rou ouv66er, tr;v nieoq pe tqv nuxv6r4rc xcL qv rclirlro. oe xd0e
o4pelo rori peuoro{. @o Doripe 6tl r; cqlrj rorj Bernoulli eivcl6peoo
mrot6)r,eopa rrlg egcqpo1iE fltS ceXrig 6nr4gqo1E r{E ev6p'yelcg oe wc
l6cvlx6 geuor6. @<r x)'e(,ooupe to xegdl"cto pe pr,c oriwopq e!6rcoq triE
eocrteqr,x,r]g r,pt6fg rlh,t qeuortiw xct rr]g rug666ouE xi:yrlorlE.

15.1 KATA'TAIED TIIE YAHE

H r1)'1 yevlxd xcrcrdooero,l og undplouoc oe p(,c cn6 tr,E cr,61,ou0eE rper,E
xcrcordoslE: oreqed, uyqd xcl c6grc. nol,),,6g goq6g, ersxre(voupe rqv
rcllv6pqo4 autri <iote vc nepr,),,o,p6dveL x<rr, pio rercprq xcrdorco4 nou
ovopdlercr, nLdopc.

H xcgrlpeplvrl leipc pdg Ot6doxer, 611 6vc orege6 61el acOoplopevo o1{pc
xcr 6yxo. 'Evc rori6l,o, l,oyou16prq, 6lcr'4pei 6lcqxdrE ro i6rc opjp<r.
fvrrrqi(oupe er[o4E 6rL 6vc uyq6 61er xc0optolr6vo &yxo olJd 6ev 61er
zc0opr,opr6vo op]pc. Ao1ou16pq, 6rcrv 66(oupe 6evliq oro cruroxivqro, r1
6wliv4 0c ndqer ro oyipn nou qg 6(vel to peleq6oudp. cl,),,6 e6v eilcpe
66xc )r(rqc 6w[(,.qE nporori 16 6d]roupe oro qeleg6oudq, 0c elcr,otr ou0rjoou-
pe vc 61oope 66lc trirgc 6el[ivlE p6oc oro pe(eg6oudp. T6],o9, rc <r6glc 6ev
61ouv xc0ogr,opsvo opipa r] oqlopdvo 6yxo. Or, oplopol auroi p&E 6o40oriv vcr
onox,t{ooupe p6oc prcg elx6veg ylc uE xcrcordoer,g r{g ri},,qE, c}.16 eivcl nol"ri
relvrpoi. Ao1ou16p1, ouvr10<oE rcllvopodpe t4v 6ogcl,ro lcr rc n),corrr6 arg
oreqed, c).')td xat cn:ra, p6oc oe pry6),c lpovlxd 8loon]pctc g6ouv etioqg,
6no5 xcrr tc u1qd. flcp6;.lorc, ro veg6 pnoqel vc eivcl uyq6, cr6plo r] o.reqe6 ri
ouv8ucop6E ttiw :rqolyorlpevow xcro.ordoeorv, cv6l"oyc pe rlg eintqctorioeg
ouvOr]xeg Oegpoxqcoicg xcrl nieo4g. 'EroL, )'our6v, o 1g6vog cwi6qcoqE or4
perc6ol,ri olriporoE )'6.yo rrlg 6q6oqg w6g efa, rcpuoi xolqdyown, 6trog 1,.21.
niE ni€orf E, ncilel xcvovrorln6 p'61"o oro xand n6ao 0eaporlpe evc ulrr.r6 <rrg
otepe6, uyp6 ri c6gr,o.

H t6rcgrr; rctd,o'rco1 n]g 0)"qg 6qplouEyeiror 6rcrv q rl),"q Oeppc(vercrr oe
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ro)'r1 ur1r4l'6E OeppoxqcoleE. Yn6 tr,g ouv0r]xeg cur6g 6vc-Erio an6 tc
q),,extp6vlc x60e ar6pou e)',eu0ep6vowcn cr6 rov ruprivc. H te)'lx{ xct6,ora-
oq c,roreleircr cr6 prc ou),,)tcryrl el"eri0eqtrrv gogrlop6vov ll€titQlxd o(!)porr,-
6l.rov: 6r1)tc6r] cprqrlxd qopfloF6vtrrv qluextprovlov 1<rr osxrxd gopntop6vtrx
t6vttrw. 'Evc 16T olo rowrop€vo c6plo pe iocr peqq cqrvlttxori ltcr Oe[]aori
qoqri,or ).'uyercrr :rldopn. Aayou16q1, t6roreE nctcordoetE n)'6oparog €]rt-
xpctoriv oroug <ror6peE. Edv ;r:rogorlocpe vc x6voupe plc xp,ouc(r,6po oro
)r3p:rcv, 0c 6l6rope 6rl q nrc ouvr]01E xotdorcoq e[vcr, q rctdorcorl
nl'dop.<noE. Kal roriro llorl otoug cot5geE, neploo6tep,o cr6 orolc6{rote
drMq tropCtl, 6pioxercr ro peydurireqo p6aoE xlS nayx6oplcg ri)'qg, edv
!,eldooupe 666clc yr.c l.iyo rq <oxoteLv{> ri},1 rorl Xrip:rcwoq. fldwtrrg, o-ro
xegdl"cro cur6 6w 0c colo)'q0orlpe pre xcrcor6oerE rlu6opr.ctog, cl,ld 0c
pe),errlooupe flg flo oweieE oe pds xcrrcotdoelE orepedw, u1q<iw xcl creqiow,
nou c.noretro{rv to dpeoo negl6d}'}'ov pas o[o1, r]'cvrFl pcE.

Kd0e poqet r3)',qg onote)'e(tcr, cn6 plc nctcvopr] ct6porv. Tc 6ropc w6E
orepeod oulxpcrorjwcr oe xc0ogrop6veE 06oelg (rori xc0ev6g rog rqoE ra
yerrovrxd rou) ur6 qv eriOqcoq q)'exrqrxdlv 6uvdpe<ov. Tc dropcr ev6g
oteqeorl tcl,<rwdrvowcrL yigro cn6 cut6E tr.g xcOogrop6veg 06oelg, ),,61o rrlE
Oeqpr,z{g xlqolg (rou xcr cuni oqelletcl orlg r;},eltrgr.l6E 6uvdpcLg). )e

lcpq)'69 0eppoxpcoieE 6poE 1 rcldw<oo1 cnrt{ d'n1r,o-ronore[rcr xc] Ctot.
elvcrr. xclr] rgoofuyrol vc Oe<,rp,otipe 6rl rc dropc rtirv oteqetbv a<n61ouv
xo0oqr.opeveg 06oerg orov ybpo. Kc0<irE 6pog npootiOercl Oegptxti w6pryen
(0eqF&Ira) oro 1r1,,1x6, <ruldvercr, ro eiipoE t<irv tcluow<iroeov. Mnoge(, xcveig
v<r regrypdrpel tE rcl,cwriroetE cut6E rriv <rr6ptrrv xdvovtcg qv npooflryto4
6rl ra 6rog.c eivct. oteqeop6vcr o-rr,g 06oelE r,ooqporlcg pe elucrr]qLc nou td
ouv66oov pe ro yerrovr"xd roug dtopc. Mlo t6rolcr oullrofi tclucwotipwtrlv
crr6prrw pe rc unorl06pnc e)'c'I;gLcr qal,vetcn o-ro XriF.a 15.1. Edv 6va orQs6
oupr#letcr crr6 efiroreqr.x6E 6uvdper,E, pnogelte vc qowcore[,te 6tt ot.
Duvdperg trur6E oup:rr,6(ouv rc plxgd cutd el,<nriqlc. 'Otcv cnopcxpruvOotv
ol e$oteqlx6g 6uvdp:lg, ro orepe6 re[vel vo cvoxr{oel to cp1w6 tou ofipc
xcl pfyeoog. Il' cur6 lr6pe 6fl. tcr oreged 61ouv elucotr.x6qt<r.

Tc oreqed rclr,voproriwcr oe rpuorcl,l.lxd r] oe 6poqgc. Ttl x4,utrtcMrxd
ulrxd 61ouv dropc Orctetclpdvc ncvovrxd pe replo6rzri 6opr]. Aolooldqq,
oroug ltpuordl)'ouE rori 1l"roglor31ou vcrgiou (rot arr.tpc.r6(lou cl,crrlori) tc
l6wq rot vcrgiou xcl rori lltopiou xct6louv wcllrdl 16 xopoq6E ev6g
x{r6ou, 6r<119 gclvetcr oro )ripc 15.2a. Eva oe svo &ppogqo r'lur6, 6nrog
e[vcl tr.1. to yuatrl, tc 6ropcr xcrcv6powcr 1og[E xcpl6 tdlq, 6rcoE qclvetcl
oro Xpipa 15.2b.

Xe onolo8rinore uh,x6 q ulpd xctdorcoq undglel oe uqnlot€e€E
0egpoxgcoieE <rlt6 6,1, oq oreqed. H Oepprxrj xivloq elvcl peyclur3repq orqv
ulprd rcraorcor; ncqd oq oreged. Arot6)ueopc tori qaLvop6vou curorl eivcr,

tf{pc 15.2 (a) H 6oFi rori NaCl, 6nor.r r6vto Na* xcl CI- t or6xolj1, 06o€ts oe €1qlaoo6F€1€E
ropug6E x66ou. Ou pr,*Q6g deaigeg awfiQoorrtlra,ou, r&aa Na+ rtat ot peydleE td!'ta Cl-. (b) >€
6va dFoQrgo o€Qe6 ta dtopc rcstotrop66vouv rrxaigE 060€tE. (c) Tuxoio r.iqol €v6g poQiou Flda
d€ u1,Qo.

>tfpn f.5.1 Ilaeaorotrr.6 Fovt{:L
ev6E or€e€oi. Or, ogoiqeE oup6oli-
lotrv dtopc rccr, rc eLc, {E o rou rlE
evdrvouv oup6ol,llow trE ev6ocro-
pDdE ouvd.p€rg.
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6rl or, pogr,cx6E 6uvdpe6 oe 6vc uyp6 6ev elvcl cp:ter& lolug6g drore vcr
oup,cprctorlv tc p6qr,c oe orc0epdg 06oelE, acn 6rol to p.6qtc nrvodwc,r p6oa
oro uTpr6 oe ro1<rieE xcteu0tvoerE (>fipc 15.2c). Tc orege& xcl rcr uygd
61ouv 6proE qv €EiS xorvrj r,6r,6rrpc: 6rov oup.nueororlv, cvcrwrlooouv
eorrrtegrxd r,o1ug6g ontoorlx6E ouvdpelE ol onoieg evcwrtivowcr orI ou-
pJr[€oYl.

Xtr;v c6glc xctdorcoq, ro p6qLc xlvoriwcr. ouvel6g oe rulcleg xcreuO{v-
oelg rccr cvcnrdooouv petclri roug buvdper,E nou 6ev elvcr lo1up6g. H p-6o4
cn6orcor; lou lrop(el petclrl roug tc pdplc w6E oepiou elvcr. rold
pelclrtltepq o16 ro pfue0og rdw pogiov. Tov reploo6repo lprdvo tc poglc rdw
ceglow xlvoriwcr o1e66v el,eilOeqc larpig vc cl,l,llenl6po{v. Kcl p6vov
ondvlcr oulrporlowcl. Xtc, sr6prvc xeqdl"orcr Ocr coXolr.q0odpe leproo6rep,o
pe tr,E r6l6qreg rtin cepi<ov.

t,!;.2 IYKNOTIITA KAI IIIEEH

Ogtloupe 6tr.4 nulv6trFc ev6E ukxori eiv<n q pri(c rou cvd povdDc 61xou.
AIIc6{, 6vc u},r,x6 VhEcg m lcr. 61xou V Eyet" nuxv6tqtc p, [o1 lpog

IIINAXIIE 111.1 nurrv6qm{ lorv6v ouor6v

(15.1) Oqrop6g ni Entw0tr4rag
mp*a

(hro{a

ndyoE
ALouplvr,o
>t64eoE
Xclx6g'AqYU@E

M6l"u60o9
XSU06g
fDqt[,va

e (kdn1'

1.00 x ld
1.26 x 1d

0.806 x ld
0.879 x ld
13.6 x 1d
1.29
1.43
8.99 x 10-2
1.79 x 1O-l

e GdnT 0uotr
0.91? x ld NeO6
2-70 x lG rlnuxeplv4
7.86 x ld Ar0rlrux{ a}rxo6lrq
8.92 x 1d Bevltarn
10.5 x 10P Ybpdqyueog
11.3 x lC A6pcg
19.3 x ld o!u16vo
21.4 x lV Y0p,oy6vo

'H}io

' 'Ol€g o! t4ra5 avtloro'.Xo'iv s€ xavovrrdE ou1,0{*€E aqrooqalewis nt€ol! xar o€aFoxeaotog (STP) { (K:),
EIo6'{ xavovrxii atlroogaerx{ nt€ot (r.0l3 x lf Pa),.ar fC. Av ne,oflI&r€ rrE r4rGE o€ yQa$FdQla avd
ru6r.rd e*croor6perpo, roltcd,cordore srl 10-:.

Xro Ale0v-6E Xrioqpc (SI) ol povd6eg nurv6rlrcg elvor, kg/m3, 0v6 oro cgs
ei,vcr, g/cm'. )rw flivcxa 15.1 0c 6qelre rlg luxv6tlreE opropevtov ouortiry. Or
np6E crut6g Ferc66l},owcrr elcrqqd ouvcqtrioel rr;E 0e gporqtro{.<rE, arel6rf,
6noE 0c Doripe oto Kegdl.orc 16, o 6yxoE elcgrdtcl cn6 11 0eqpozpcol<r. Ag
o4pe r,trr0ei 6rl un6 xcvovr.x6g ouvOr]xe g (ffC xal r{cvolrtri ctpoogolgtxri
ftason), or nuxv6rqreg t6v aeQltov eivcr 1/1000 rreearoo goQ6E lcpqMreqeE
atr6 trE fil,2{v6rrlreE rtiw oregedrv xar t6v uye6v. Aw6 or;pcivel 6tr, 1 p"6or;
er,Oopoqlcxrj afi6ordol un6 rlE ouv0rixeE crur6g eivcr, 66zo gop6E pey<rl,rltepr1
oe 6va adero rrx6 6,tt" eavar or 6vo u1g6 ri orepe6.

To o1etr.x6 eriwri 6d4rog prcE ouoicE op(,(ercl 6rl eivcr loo pe rov ],61o rrlE
nuxv6qrcg r{g ouoiag fiQoE rlv ruxv6rrpc rorl veprorS 0eppoxpcolcg 4"C, lou
e[,vcr 1.0 x l(P kg/mr. El ogropori, ],'oln6v, ro o?(etlx6 sr8u{6 6dproE etvcl
rca0ae'6E aQr0F6S xcr, 6ev 61el 6lcor6oer,g. 'Eror, edv ro olerrx6 el6rx6 6dpog
plcrg -ouoicE elvcr 3, cuz6 glFolvel 6tl q ouoic 61er, nuxv6r4ra 3 (1.0 x 1d
kg/m') = 3.0 x 19, kg/m'.'Eloupe 

6er 6tr. rcr peuord 6w cw6louv os Oratprlrtx6E r6oer,g. 'Erol 11
p6vq r6oq rou p,nopei vc unoorei 6vcr crwwelpwo nou eivcr, 6u0lop6vo oe 6vc
uyp6 eivcl q 16o4 aoo 0c npox,clt6oel oupoleoq. H 6tvcp4 rr;v onolq coxel ro
Q€uot6 ndvrD o-[o cwrrc€ipwo el,vcl ndwore x60erq wprog tlg ur,g&vercE to6.
cwlae4r6vou, 6norg qcivercr, oro }pipc 15.3.

Ep{pc LliS H 6rivcprl rori eEuorot
ndvo oro 6u0!oF6vo odrpa eivar
ndwor€ do€rl oruE 66qeg tori otir-
FdroE. H Orrvapl roi geuorot ldvo
oro 6o1eio ,rou 16 ,r€g!6lE! €ivc!
ndwor€ ra60erl oro torX6patd ro!.
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f5iFa 15.4 Adrl oroxeur{
onE ir|S rleotg.

OqwF6g tfs tri€oqs

H rteoq oe ofioro6rlrrorc p6poE ev6g qeuorori p.noqe[ va Fetgqe€l p€ fil!
cnlrr] ouoxeuri rorl Xp]pcrroE 15.4. H ouoxeur] cnorel,elrcl c:r6 6vcv x{r},lv6qo
orov oroio 61el 6qpnupryq0el xev6 xcr rorl onoiou I pla ,$Jed etvcr tvc
6p6oluo nou p:yopei vc xlvrl0ei pe tlv nteol w6E €ooreqr,zori elr.crrqq(ou. 'Orcv

q ouoxeuri 6u0lote[ oe 6vc geuor6, ro qeuoz6 rL6lel ro 6p6otro, to oltoio pe tr1
oergd rou nr6ler ro €,uar{ero pelplg 6tor q rQoE ra p,taa nieaq rori qeuorori
elr,ooqpomorei dr6 rqv rrpo5 rc 6lro brivcpq rot €l,aqQiou. H rteo4 rori
peuotot proqei vc npoo6roplorel cp6oog edv ro e],criplo olvat 6a0povopq-
p.6vo ee rdrv rqordpcw. Aur6 ltvettrr, elxol,c edv egcqp6ooupe yv<oor6g
OuvdpelE oro el.crriqlo 2iar 2iarayQdqoupr qv cn6orcol rard filv oroia

p&ar- ouFnl6gsrat.

Edv .F elvcr ro F6rO" aig xd0erqE Orlvcpqg ndvo aro 6p6olo, to olol,o
61er angdveur A, t6rs oealoutr€ 6tt" 11 xbotl P r,ols esuorodr oto erlrre6o
ttou 6etrtr{€ta1 6t0rop6vo to 6p6olo Davar o MTog nfg Ddrvcprlg 'F rqog
rqr err.gdvein A tot ep66lou.

(r 5.2)

H rleor1 ev6g Qeuorof 6ev eivcr 4 [6lc o€ 6Ia rou ra onF€la. frc va
oglooupe qv rieorl oe 6vc rc0oglop6vo o4p€ao, aE e€<rrQtooup€ 6r] ro eeuor6
6ptoxercl oe 6vc 6o1eio,6ntrrg gc[vercr o"ro Xplpc 15.3. Edv 4 xd0ewl
6{vcpr; nou aoxei ro peuor6 ndvco o€ plc €riqdv€rc A.A elvcL AF, r6re rl
fi[eoq o[o o1Fe[o aur6 eavar

p*I
A

MdF
f: llm ':-'--:':':-

a^-o AA d.A

'Onog 0c 6ofpe oro efi6g.evo unox€qdlar,o, 1 lr[,eo4 ev6E qeuorod ro onoio
ur6x€rror of,1 6cgutlx{ Orivapq elvcn ouv&pt4o4 rot 6d0oug. Elop6vorE, edv
06i'oupe vc unol,oyiooupe qv ol,rxri drivcpq qv onoic aox€l ro uyq6 rdvo
oro srine6o roil<rr;.lc w6E 6o1e[ou, ng6ner, vc o].ox],qqdrooupr trp Eliooo1
15.3 ndvo orqv eirrgdvelc.

Agorl q rleoq roorircr p€ 14 &ivcpq 6ld ulg enqcvelag, oro SI 6X€r
povd6a ro N/m', nou ovopd(etcr, xal Pascal (Pa)

(15.3)

iff

1 P a =  I  N / m z (1s.4)

15.3 METABOAH TI{E IIIEIHE EYNAPTIIEEI TOY BAEOYT

Oeolg(ore 6rl evc cxivr;ro e€uox6 6Qtor{erar p6oc oe 6vc 6o1eio,6ro9 o-ro
>l{pc 15.5. np<nrov, oqpeldrvoupe 6n" 6),a ra o4peta nou dpioxowat oto i6to
6d0oE uEiotanar t4v i6n fiieoq. E&.r cur6 6w io1ue, ro geruor6 6w 0c
Ip€Fo6oe. Irc vc 16 xcrcvor]ooupe ntrrjqorg, aE eetoQ'riooupe 6tr, 6voE l6ecr6g
xtilrtv6pog 6&ae'oE A xcl tgor;E dy neE"Egel evo uyp6. H nproE rc ardvor
6r1vcp4 rou coxeircu ornv xdrtrl 6do4 torl 2{ul,iv6Qou ewat PA, rl rQog ro
rcdt<o Orlvcpq q onolo coxrlror o[Iv €ndval 66oq to{r xul,(v6prou eivcr,
(P + dP)A., To 6dpog rori perororl ro orroao neQr61er o r6ect6E crt6g
trilurv6gog 6yxou dV eiyo;t" dW : pg dV = pg Ady,6nou q eivor q nuxv6rpcr
toti peuotori. Eq6oov o xrilrrv6goE leep€a, or 6uvdper,E nq6:rel vcr eivcr
elroogqoaqp6veE, QLc6ri

>Fv: PA - (P + ilP)A - pgA dq : o
Ipipc f5.5 Mero6o[ tr]g rieoqE
ouvcpn{oer, ro{ 6d0ouE, o€ 6vo eEr.J-
ot6. To orouleio 6{rou 4a€p€i. Or
6lvdpelg rou 6pouv ldr<o rou goi-
vovro! oro oxlp{r.

dP
dv

(r5.5)
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An6 ro airot6.)ueopc cut6 6l,6roupe 6fl q pe[<ooq rod 6d0onE (fu]'c6{ 0e-rr.x6
dy) tsltr,croryeL oe pe(,ooq rr;g rieoqE (oprqnx6 dP). F,irt l'orn6v P1 xal P2
elvtrr or n#oerE or onoieE cwr.otor.loriv ora o4pric ly xtrl !2 erdv<rr cn6 ro
utlneOo cvcgogdg, xc,n e&v q nuxv6rrpc elvcr, orc0epr], r6re edv o),oxl,1gt6-
ooups rlv Elioooq 15.5 6gloxoupe

P z - P t : - P g Q z - V r ) (15.6)

Edv to 6o1eio e[var cvorlr6 a:r6 endvo (:p]pc 15.6), r6te pnop'o{pe vc
6goripe rr;v nleor; q ozolo <rwrororlei oro oqpeio 6d0ouE ft edv lqqolporolrl-
oouF€ r1v Eltoooq 15.5. Edv 0eogrlooupe 611 1 cr;roogclglxri lrteoq elvcu,
Pa = Pz xo;t" ener8ri ro 6&0oE h = lz - !r, 6gionoupe 6rr,

P: P.+ Pgh (15 .7 )

6nou ouvrjo<oE 6pionoupe Trry tr.pr] P. = 1.01 x lff Pa(14.7 lblin.2;. Me 6)").'c
l.61rc,

tl oXul 6 anhTuttl eoq P, oe 660o9 t, e&tor crr6 trlr errqdvera ev6E
ulq,ori ro oro0o elvcr cvorlt6 otrlv c,tp6oqclgc, xfuat peyalittpq an6
fill otfroogarerxi nlsml xffi&, p,gh.

To cror6l,eopc e*cl"qOeler exe{.vo nou cvc96gcpe nro ndvor fu},c6{,611 4
eoq eivat ata0epfi ot ,a rc o1peia ta onoia 6ptoxowat. ozo i6rc 6d0oE. No

oqpero0el, rt]aE, 6tt 4 nieoq 6ev enqpedlerat an6 rc cllpa rc6 oyeioo ovo
onoio neptfTetat rc uyg6.

Agoti ),our6v q n[eor; oe evc peuor6 efcpt6tcl Fdvov c:l6 ro 660oE,
onoc6rinore <nifr1or1 ttjE rleoqE orqv enrgdveLc psxc!6l6srcl oe xd0e o4peio
rod per.ro-rori. O nqcixog nou eirlorjpcve ro yeyov6E cur6 rjrav o ldl,l,og
guorx6E Blaise Pascal (1623-1662), o onoloE t6 Olarrjnooe pe rov v6po nou
g6ger, ro 6vopd rou, rov v6po tof Pascal:

K&Oe petc6ohi aqr deorl er'6E crrroOqxeup6vou peuoto$ Fcrc6(6rtcr
1tr4fu vc percr0ei oe xdOe cqpcio ro$ geucto6, xc0tirE ncr otc torXdrpctc
tof 6o1el,ou utoorircuor1g.

Mlo o4pcwlxrl eqcppoy] rot v6pou rot Pascal cnoretrei 1 uDpcullxrj
np6o<r rou q<rlvercl oro )pipc 15.7. H Dwcrpq F1 6pc ndvro oro prxg6 6p6o)'o
enrg6vercg 41. H xixaq petc96perar, p6oro rori qeuorot oro pelcrhlrepo
6p6o|ro A2. Aqot r; tieoq elvcl [6lc xcu, orr,E 6rio eingdvereg, 61oupe P =
FlAl : F2lA2. Enop"6vroE, q 6dvcp4 F2 elval prya]'rlreg1 ar6 qv Ft xcrd rov
orrnr"rlteavfi A2lA1. To yelov6g crur6 16 experclleu6pcore oroug u8gcul.LxoriE
avugtorrle€E, orc ubgcrul"rxd gpevc, orr.E ubpcuhx6g rp6oeE x.Ln.

EFiFa f5.6 H rieo4 P oe 660oE l
x&t<o qra6 qv enlgdvao e.r6g
uyeorr, I orrolc €nlr{orvcovei e}"e{0e-
Qa p€ fil! arp6ogcr,Qo, €ivcl
P = P . + a g h .

DrtI,/l 8.7 !14pcrr,x6 6Ldypcppc
u6pa!1,!rot arul.rtrrlqo (rp6oog).
H odhon niE riEorl6 €ivdl I i6!a
,{cL yro lrE 6rio peqL6g (6e[Ld { c-
grorepd). 'Etor, 

Fro plxQai &ivapl
4 orq oelorsed rtoQd.yer ptc rol{
peyalil€en 6rivoFl f, orc 6elL<r.

IIAPAAEIIMA 15,1 Y0poulw6E awtl,odqag
arEo Tflora

)e 6vcv u6qcuL,r,x6 cvurlrtofiiQa curoxlv{,r<rrv, o nurn-
op6vog c€praE corcei 6{wc1q ndvo oe wc pr.xpr6 6p6o}'o
axrlvaE 5 cm. H nleol pwcr6l6etol, oe evc dlO.o 6p6o],o
axv{,vcg L5 cm. flolq eivor 11 6r1vcp4 nou np6ner vc
coxrloel o nenrcop6vog cfpag 1uc vtr cvorp<oOel 6vc
crurox{vqro 6dqoug 13 300 N; lloio :r[eo4 c6pc 0o
6q pnupry4oer q 06vqr4 cuu{;

A6ot1 H ttl,eaq r4v onolo ooxei o na'rrcopfvog o6gcg
F,era0i6erql ope[or4 p6oto rot geuorori. 6tor, 61oupe

-  /A '  \  -  r (5  X  l0 -2  m)2. , : \o , /F, : ; f f i ( r33ooN)

: 1.48 X lO3.N

Pz= Pu
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H nieoq ro0 renreopfvou c6pc nou eivcr cvcytcicr 1rc
vcr 6qproupryrloer q &1vttp4 F1 eivcu

P : {' : 1i8,I.r9' \- : r-88 x ro' Pa^ 
Ar 7t(5 x l0-2 m)2

H rieoq cun( roorirar lov6pwd p ro 6urldoro nig
a4rooqclerr{f E rleoqE.

Ag oqpelo0e{. 6tr. ro 6pryo or4v efoo0o (0q},c0{ ro
6pryo nou :rcpr61er 4 f1) uoorlrcl pr ro 6pryo or4v 6lo6o
(ro 6pryo nou ncgdyel4 f2), 6ror drore vc 6rc,lqeltar. r1
svCQry€t,q.

IIAPAAEIIMA 15,2 Io x4,e6drr vep,o{
'Evc xpe6dt vep,orl (64lc6t] €vc xqe6drr ro{ orolou

ro otp,<irpc e[vcr. €vcg odxog yepdrcg pe vep6) 61er
Orcrordoerg2.0 x 2.0 x 0.30 m3: (a) Bgeire ro 6dp,og rou.
ztrio4 lvtoqtloutl€ 6rr q rulw6rrlrc rori veprof eivcr
1000 kglm3. 'Eror 

ro orediFc 6Xer. p4!q

M : pv : (ro00 kglm3)(I.2 m3) : 1.20 X 103 kg

rol ro 6dp,og rou e{,vcr,

W:Mg:  (1.20 x 103 kg)(9.80 m/s ' )

:  l . l 8  x  l0 {  N

Blrf:roupr Lourdv rr6oo 6<tOtJ elvcrr. Kar edv 6ev 06J'eft
vcr xarcorp,cgel to ndrroprd ocg, vc 6dlete ro rcge6dtl
vep,ori oro ulr6let'o t] :rdv<o qE €vc yeq6 6fue6o.

(b) Bpetre r1v nteoq n1v onolcr cronel ro rge66ru
veprot oro 66:re0o, edv u:roreoe( 6rl ol,6xl'4p,o to
otp'<ipcr crxouprd oro 6d*e0o.

A6o4 To 6&pogtoit rge6ctLori pt vep,6 e(vcr. 1.18 x 1d
N. H 0lcroprl rou elvcn 4 m2. Enop6vorE 11 nieoq nou
crorehcrr oro ndtropc elvct

P-  
I  18x  l -o '  N  -  2 .95X loapa

4'n'
'Aorr1or1 1 Yrolrcytore r4v nleorl rdvo oro 6dne6o e6r
lrueio€l€ ro xge66rr, vcp,ori oro nlreupr6.
Antwqcrl Aedopfvou 6rL 11 0lcropr] rrlg:rl.euqdE aurriE
61er urug&veu 0.6 m2, 11 :rieoq eivcl 1.96 x ld Pa.

IIAPAAEIIMA 15.3 H na€orl orov orxeov6

Ynol,oylor€ rlv nteo4 oe 6d0og 1 000 m oror, <.rrxeqv6.
Yno06ore 6rl q nuxv6rrpa rot vep,ori elvcu 1.0 x 1d
kg/m' xcr, 6T r,1 ctpooqaeurri rt€ol P. = 1.01 x ld Pa.
Attort

P : P"+ pgh

:  l .0 l  X 105 Pa

+ (I.0 x l0s kglm3) (9.80 m/s')(r03 m)

Elvor LoL:r6v 1ffi pog6E pelc)'rlrepq cr6 r4v crpoogcr-
Oirrl!
'Aox4oq 

2 Y:rol,o.ytore qv oLr,xri 6fvcprl nou ugiotcr-
rcrl ro :rcp60up,o w6g 6c0uordgouE Oucperprou 30 crn
oro :rc4orrdvto 6d0og.
Advqorl 7.00 x 1d N.

IHPAAEIIMA 15.4 H ofvaFl o€ €ea eQdypa

Xe 6vc Agdypo nlrdrouE r ro vepr6 grdveu o€ {1l,og Il
(>1fpc 15.8). Yrol.oylore 14 ouvrorcp6v4 Drivcpq nou
coxelrcr rdvro oro gqdlpo.

ftrliFa t5.t (nce66€r'yFd 15.4) fta ao 6poripe r4v oLrxrl
6livoFl trou coxeiral novrrr oe fvo ggdypa lpqorForrororjF€ trlv
frcgeool F = lP dA, 6nou dA efiol n €r!edr,€!a trig or0aop6-
vrlg l,ogi,6cE rori op]porog.

Aioq H niearl noo coxehcu oe 6d0oE ft ndvo orrl
oxrcopfvq entgdverc etvcr

P : p g h : p g ( H - y l

(Aev 61oupe l"d6er. rll'6rprv rqv orgoogctqLxr] rieo4,
01611 1 niroq crur{ 6pc rcl orug 6rio n}'eug6E). Xprlor.po-
romripc r4v Eliooo4 15.3 rcrr. 6gioxoupe 6rr 11 brivcprl
fldvto orl oxrqop.6'!.q enlgdvelc eivcr,

dF : P d.A: pg(H - du tlv

Erop6vrrrE q ol.r.rri 06vcpr1 eni. rori gpdlporog eivat

r :  
lma: [ 'oera-d-dv: +oe*n"

Aoyouldg4, edv .f,I = 30 m xqr p = 100 m, 6gioxoupe
6'cu F = 4-4 x ld N. no6rei va oqpeurroei 6ru, eter6{ 4
nleol culdvercr ouvcprdoer rori 6d0oug, rc Apdlgrto
oleOud(uvrcl 6rol drore ro ndlog tor.rg vcr crufdvetcl
oul,aQ'rtio€r 106 6dqoug, 6n<og gclvetcru oro lpipc 15.8.P : 9 . 9 0 X 1 0 . P r
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II'.4 METPHEEIT ItrETITE

Mic c:rlurl ouoxeuri ytcr q Ferflol rrlg rieoqE eivcr. to crvor'1r6 pov6perqro nou
cnerxovi(ercr oro Xlripc 15.9a. 

'Onrrrg 
6l6:roupr, o o<ol,r]vcE olrjpctoE U

negl61el uyp,6. ro 6vc dxqo rou elvcl cvollt6 onlv orp6ogcr,qc xcl to d],]ro
ouv66ercl pe ro otoqpcr ro{ ono(,ou r4v risoq P 06l,oupe vc petpriooupe. H
nieo1 oro oqpelo B rooritcr pe Pu + pglr, 6rou p eivcl r; nuxv6trlrc tori ulprori.
AMd q l[eo4 oro B roorirrrl pe rr;v nieo4 oto A, ro oroio uqlotcrcr, qv
dyvooq nleo4 P. Xupnepcivoupe )or.n6v 6rl

P : P"+ pgh

H rieoq P l,61ercl o-n6lutq fi{ea4 evd) rl P - P" },f,etcr ureqnieoq. 'Etol

l.orn6.l edv q nieo4 rot ouorrlpctog eivcr. plelc)tritep,q cn6 tqv ctl.loopctplxrj,
to lr eivcr 0etlx6. Edv elvcl ptxp6regq (peprr6 xev6 c6q<r), ro lr elvcl
crprvrltt*6.

'Evcr dl,l,o 6p1avo ym q p6rgloq trlE nieolE elvcl to xolv6 6cp,6petqo, ro
oaolo egerlpe o Evangelista Tonicelli (1608-1647). flalqvoupe 6r,c,v pczptl
ool,rivo, x)'elor6 oro 6va 6xpo rou, r6v lepi(oupe pe uOpdprytrqo xcr. pst6 r6v
<rvcnodoppl[oupe 6u0(ovtcE ro cvorlr6 6xq,o oe Evc 6o1e[o rou neg#1el
u6qoeyueo €X{pq 15.9b). To x},eror6 p6gog tor} oor}urivc elvcr o1e6ov xev6
c6pc xcl 6tol p:ropotpe vc Oeolpn]ooutrr,e 6114 nleo1 exel p6oc eivcr, pq8wr,xri.
Elvcr npoqov6E ],,oln6v 6rl P" = pgh, 6nou g eivcr" r; nuxv6tqtc tot
u6p,cpry6gou xcl ft ro d{roE rrlE ori}'Ig rot u6gcgy$gou p6oc otov o<olrjvo. El
opr,olrod q nieo4 pr.cE quorxr]E (xcvovr,x{E) crp6opclgcg elvcr, [or1 nQoE t4v
rieo4 or{lqg u6qcqryriqou rirpouE 0.76 m cxgr.6<ig oe ffC xor Tra I = 9.80665
m/s2.-Xq 0eqpoxpcotcr currl q nuxv6rrlrcr rori u8gcgyripou eivcr, 13.595 x ld
kg/m'. Enopfvtrrg

P, :  peh:  (13.595 x r03 kg/m3)(9.80665 m/s '9)(0.7600 m)

:  1 . 0 1 3  X  1 0 5  P a

15.5 H A]\OEH KAI H APXH TOY APXIMIIAH

H cq'If tot ApXrp{6q op(er 6rr.:

Kd0e otinpc rou elvm nf{Aotg 4 ptgrxdrE 6u0rp6vo oc 6vc geuor6
rgtrottrtcr 6{vnpr1 dvorcrlE lorl rpog to 6dqoE tod geuotof to oroio
elto:r[(er.

'Olor, pcg 61oup"e ep:rer,qieg o16 qv crppj rori Aqllpr]6q. Aolouldpq,
oxeg0eite n6oo nro erlxolo eivcl vc o4xt6oete ldnolov nou eivcr, p6oc orr;
061'coo<r rcpd 6r<rv e[vc[ oqv !qpd. Eivcl agoqcv6g 6tl to vep6 uroonlgi(el
ev peper. xdOe cwlxe(pelo nou 6u0ife-rcr. oe <rur6. A6pe l"om6v 611 6vc
cwrxelp€vo 6rcv ronoOsrei,rcn p.6oc oe 6vc qeuor6 r6re ug[orcral t4v np,oE rc
endvar Orlvcpq rrlg dv<'roqE. Xripgrovc pe tqv cpp] totl Aplrp{6q,

to p6rgo trig 66vcpqg n{g dvocrlE civcr :r6,wote lro rgoE ro 6dC,oE tot
qeuorof rou enrori(er to crwrxeiFevo.

H dvtrroq 6pc oe xotcx6puqq 6leri0uvo4 nqog rc ardvor exei 6nou 6pioxetcl
to x6vrpo pdlcE tod extonr.!,6pevou qeuorod.

Mnoporipe vc efir6e6crd)ooup€ rlv aQxri rori Aqllprl8q clg effg: Ag
ouyxevtprirooupe rqv npooo2pi paE orov l6ecn6 xt6o veqori p6oc oto lepdro
pe vep6 6o1e[o rori XlripcroE 15.10. Aur6E o xri6oE veqod 1qepei xdto cn6 rr1
Op,ool rdlv 6uvdF€ol nou 6pouv endvo rou. H ;.lic 8rivcpq elvcr to 6dpog rorl
xt6ou rori vepori. Ti l,orr6v elrooqporei t4 ddvcprl cuni; Ilpogrrrirg, td
un6)'olno vep,6 p6oc o-ro 6o1eio o0ei tov nrl6o rp,og rc endvor, onrtlprirvrcE

(b)

tI{Fo i.9 Arro ouo'.€lJ6E pcrgtlortE
trlg nieo4g: (a) cvorlr6 pcv6perpro,
(b) 6oe6perAo udqopryripou.

H cpXri toir Ap1rpri04

Efipc 15.10 O! eE(l)r€errdg 6uv6-
peq noo 6pouv rdvo otor xrj6o rori
repori eivor. ro 6dpog ro! lV,,(or rl
Av(Dol, .B. Orov uridQx€r rooQ'Q,o-
fiLo. B = W.
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( a )

(b)

tlliFa 15.11 (a) H ollxli 6ir,aprl
nou bqc ncvor oe evc 6u0ropfvo
ocbpa rou ileL rtozot6rryrr pwp6tt'
p4 (tr6 q! ruxv6ttFo rot v€€,oil
xsi€u0rivetql apog ra enrivo. (b)
Edv ro 6u0'.opi.r'o odtpa 61eL nurcv6-
r4to peychitep,rl cur6 trp luxv6ol-
ro rori ulpori, 0c nder otov lu0pe_
va ro{ bol€iou.

rov o€ IQ€FIa. 
'Erol, q 6tvcpq rtiE dv(l)oqE I lou 6pc rdvo olov xt6o rot

v€eof rlvor. io4 xcr. nwloerq treoE xo 66goE rori vegori nou t[€Q 6X€r. o [6sar65
aur6E xi6o5:

B = W

Yro06ote r6Qa 6rr awrxoOrorofps rov t6ear6 au16 xd6o pe 6rrav
ouurrayrl xri6o 16)'u6c fiou 6xtt rtE [6Leg cxgL6drg 6r,cor6oeLg p€ rov i6€dr6
xri6o veporS rov o oio ptltr1oap€ rQorlYoup6v[oE. florc elvol q 66vcp1 r{g
cvroo4E ndvrj: orov ldluu6c; To veg6 nou fi€Qt6dl.I€r rov xt6o oupr.negtq6percr
xord rov i6lo rq6no, ovsEdQrlxa 4fi6 to r[ sivcl rtcrcoxeuooptvoE o 166oE,
}n\a}f 4 66vap4 tiE dvaorlE rl onoia 6pa otov 7p)'d66Lvo x66o dvd. axQL66E

4 i6n pe r7v dvtoorl tou 6pa ndva oe 6vav x66o vtpo6, l tatt 6nmdoeuv. To
a.nor6),eopc aur6 loxri€] 'ylc zdoe 6u0Lopwo cwlxelF€vo aveE6Qrlro ar6
p6ye0og. o1r]pcr r] nuxv6rlrc.

AE urobeffioupe 6pog 6tr ro petpo rrlE Orivcplg rrlE dv<oo4E rooritot pe to
6dpog rot extorr.!6pevou osu<rro6. H nleoq orqv xdrco 66oq lo{ xt6ou mo
X1r]pc 15.10 elvcL pc,yc)'6teq1 nn6 rqv nieoq orlv endvo 66ot1 rot xtt6ou
xard noo6rpc icq Ve pgh, 6nou p1 e [vcr. q nuxv6rqta rod psufio{ rtat l, rl
cxprl rori xri6ou. Al?'d 1 6rcqopd nieolg, AP roorlrar pe ro p6rgo rri5 8rlvcpqg

iE dvoorlg I cvd povd8c €mqdv€rag 6q)'c6{ AP = B/-4. Bl6noupe }',or.n6v
611 3 = (AP) (4: @,SD @) = p6V,6nou I/ eiv<rt o 61xog tot xr36ou.
AlLd n pd(c rori geuorof orov xri6o e[.vo,r M : g1Y. 'Etol 61oupc

B:  W:  p rvg :yg

6fiou lY e[var ro 6dgoE tori exronll6pevou etu<rlot.

( r5 .8 )

flgorot ncgc06ooupe rc ncqc8eiypcrc, ncgouor,6(et w6lcrg6qov vc
ouyxplvoupe uE Ouvdpstg or oroi€E 6gouv ndv<,t o€ €va svrti'"6E 6u0r,opl6vo
awrxeap€vo p€ ItE buvdp€r.E nou 6qouv ndvor oe 6va awlxeipevo to onoio
enrrl,6er.

Ifepiar<ocq I Ewrfuirg 6u0roFevo aw$r€tF8vo 'Orcv 6rc owlxeipelo elvcl
*tefuitE 6u0taptvo o€ 6rta geuot6 nurcv6rrpcg p;, q 6rivcprl trlg dvtlo4g r1
onolc 6pc ;tpoE t<r endvrrr €ivar .B : eryog, 6fiou Yo eivcl o 6TxoE xof
awrxelpdvou. E6v to avtrxeipevo 6X€t. truxv6filtc 8o, ro 66QoE Tou elvcl lY =

Broypagr,x6
o4pe[(l)p0

AprXrpri0rlg
(287-212 z.X.)

O Ag;(rptihg rlrcv iotrrg o peycrl'rireprog p.cr0qp-ctlx6g, quoux6g rcr p11avw6g nlg

cq1cl6'qrcg. Yzroi'61oe lqdrrog pe crpi,6erc to nr17'ixo neprg€percg rcrixlrou np'oE w1

6dpetp6 ror-' (rov cpl0g.6 z) tcl enio4g xcrr66elle 116g uno)'o'y[(owct 6yxor rcat

ep6c&i etrgcveltirv, rtlxLtov, xu)'iv6purv &ct d]'ltov yeopergrnrirv or€Q€6v. 
'EYrv€

Oido4pog 6rcv ovcxdl,url,€ qv d,t,toqn Jtol 0pcr oe 6u0wp6'rc otilporo xcr {rcv enioqg
nqrouwp€r,og e9euq6r4E. Muc o.n6 trg lqcxrLx6g tgeup6ottg rou rou X€rlotpoJtotEi-
rdl qx6p1 xttr orlptg<r elvcn €vc <rw?'rpux6 plldqpa, rou ovo;rdletcr xo1]-tog toti

Aq1r,pti64 xct cqluxd lp,qolponoro{rvrcv yxluqv dwlloq r<irv veptiw cn6 r4 oewlvc

".ini'"t"iu". 
epzuqe €t[io4E rov xctc!r6]'q xeir enw6loe ouor{pcro po1}'tirv,

rpo1o.)'ttiw xot 6cprorii'xtov 1lc tqv cvrirprool 6cpr,riw gopriov. T6rowg tqtuq6ottE

lp4orponou{Orpccv pe urlrulia c:16 rouE orporrirrcg Ytc vq urr€Qcorrioorrv rtl
yw6relp6 rou :16)'1, rrE )upcxotioeg, xctd tr1 0udpxertr plcrE roi'ropxicg 6rio etdrv

o:16 roug Propciot-tE.
X{rptgtwcr pe o1v nopdDooq, o rrip,cwoE 16v >uqq*ouo6v, I6QoY, EriTnot qfio rov

Aplupr]51 vc Orc.nrordrotu av ro or€ppc Tou rltcv xctcoxeucr.opwo trn6 rcc0op6

1do6 d eile noo"uOei pe xdnouo dLl.o p6rol..)'o. H el6tcoq 6lgare vcr y(ver, 1t'rgl'E vc

xctcorgcrgei ro or6trrpcr. O Ap1,p{6qg 6glixe rq }'604 w6 6t{ov€ l.Ltrdvto p6oa oro

lourp,6 rou, ncqc,4g<irvrog 14 peirooq rot 6dproug tou 6r<rv 6ri0r,le tcr 16glc rou xcr

rc n66r<r tou oro vep,6. Ev0ouordorpe T6oo 110l'6 ar6 rlv cvarldl'ufi iou, dtstt
6rgele ppv6E oroug 6q6pouE rov Xogtrrcouotitv, ptwdlowtrg "Etpqxo! EriQ4ra!'D.
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Mg = g.Vog. 'Eror q ouvrorcp6vl Orivcpq nou 6pc ndvo rou etnn B - W =
@t - p")VA. Etopl6vcoE, edv q nuxv6rr;rc rorj swlxetFJvoo einu ptxpitepq
cl6 t4v nuxv6rqro tori peuorori, 6n<oE or4v rteg{;wrooq tori llripcroE lS.lla,
ro cwrxelpevo.0<r err,rclov0e( nqog rc endvto. Edv 6pog q ;ruxv6r1rc to{r
cwrxeqrivou efuat" peyaluirepq cl6 qv auxv6qrc torl piuotori, r6re ro
cwr:t€{pwo 0c enrrcluvOel ngoE rc xdrrrr xcr, 0c 6u0r,orei. (B]". Xpjpc
ls .11b) .

It4&mrrcrl tr 
'Evc 

cwuelpero :rou gruLdcr. Oeo4,{ore ttirgc 6rl evc
cwrrelpsvo o3 ar.nttxfl roqponic enmTfla n&ya oto peuot6. &l)rcq F6vo
€va ptpoE roi awlrclp6vor 6q[ox r cl ploc oro peuor6. )r4v leqtnrorrl cun]
q fu,rrlorl elt,ooqpolreltcr, on6 ro 6dp,og rot o,wlxeqr6vou. Edv- o 6yxoE rori
exronrl6pevou. on6 ro cwrxeipevo qeuotori ei,vcl y (apogovcilg cui6E 

-rluar

ioog nproE tw.d4o ro{r pfpouE rori cwr,xer,pivou nou 6giocercr i6ro o:16 rqv
errgdver,c tori q€uorof), ro p5rgo rrtg aloolE €,var B = q1Vg. To 66pog rod
cwnerF6vou_ _elvol, W = Mg = A"VA. Errel6r] 61oupe orcir,xri loog-p,olic,
W = B, plVg: p"V.g,

fi

Xuv40rog r;. p6or1 nuxv6rqrcr evdE rpcplori elvcr, ]rtyo pe1<r]drep4 cn6 rr;v
nuxv6tlrs rod veqod. Edv l,om6v ta rlrdera 6€.\, r[Xav orq 6rd0eoi rouE 6vcv
prllcvrop6 pero6o)'iE trjg ruxv6r4zdg rouE 0a 6u0[!owcv. Tc rpdpic 16
ttcropodrvow cur6 p"erc6dLlrowcE to F.61eeog rrlE ,!ey6p$/rlg n gorloxcEJ roug,
9r|}a&{ "tig 

wlxt ris x{roqE toug. Me rov rp,6ro cut6-xtrtopOrin-ouv vcr
6gioxovtcr oe-orcruoi looqpronic (6tcv 6ev xolupnorlv) zcOrilg nrrycivouv oe
Drcgogetmd 6&011 (6tou perc6dMsrcr r; nuav6tr;rc'tori vebo,i er).

1

flo*"-*
+l
It+

P" :v
Pr v" ( r5 .9 )

(a) (b)

Illfpc L5.f2 (Ilcp66erypc 15.5) (a) 'Otcv 
to xoppdrr, c],oupr-

vaou €iaar ovdprlp6vo oror c6po, 1 lulcgui 6elpel ro 6dp,og
tou, Mg (6drL I datool roi cfprc eivcu opelrp6o). (b) 'Otcv

6F!S toroeftI0ti oto ve€6, I dvool B pfd)ver r4v 6vberft tr(g
Euyqerdg oe Tz = Mg - B.

Ivtoplloupr 6rr, ro pfrqo rrlE dv@oqE uoor3tcl pe lo
6dp,oE tori errowrl6pwou vep,ori , &gc l,oun6v

B: M*s: p*Vag

: (r X f03 kglmox3.7 X 10-{ m3)(9.80 m/sz)
: 3.63 N

IIAPAAEIIMA 15.5 
'Evo 

6u0ropfvo nwreeQrno
'Evo 

xoppdfl ol,oupllr,o e[vcu crvopr4p€vo cn6 6vc
vrlpc xar 6u0tletcr ovo vep,6 ev6E Ooletou (Xlrlpo
15.12). H pdEo rot clouprvlou €tvar 1 kg 2{a] rl
:ruxv6rqtd rau efus.t" 2.7 x ld kg/m3. Ynoluol[ore rqv
rdo4 oro vrfp.c np,ororl lcl cgori 6u0rore[ ro cl,ouplvr,o
cto vePd.

A6ot1 'Qrov to clouplvro 6ploxerar orov c6prc, 6:rtog
oto llriptr 15.12a,4 tdoq oro vr]pc eivcr. ft xcr loq pe
ro 6fp,oE tou Mg, xov po,ir,t:ru" xcr orq (qcrpd (edv
Oev lq90e[ un'6nprv q dvoo4 rorl c€prc).

T t :  Me:0  kg) (9 .80  m/sr ) :  9 .80  N

'Ovqv 6u0tare[ oro vep,6, to c],oupivr,o ut6xelrqr xcu
orrp dvtrlo4 B, 6trog gclvercru oro !1fpc 15.2b, I oJrola
Oec rqoE rc erdvtrr, rqL froL rL.qfidrvflcrr 11 rdo4 tori
v{p6og. To oriorrlpc uoogpronei xol n(i,t. E:rop.6vo4

T r * B - M g : 0

,  T 2 :  M g -  B : 9 . 8 0  N  -  a

llq !c unoLoy{,ooupr rrp dvrrroq ng6rrer, nproqyoup€vrog
vc 6go$pe rov 6yxo rof cl,ouplvlou:

1I

v": X: L7 x#tria:3 70 x ro-' m3
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Eropfvtog

T z : 9 . 8 0  N - A : 9 . 8 0 N - 3 . 6 3  N :  6 . 1 7 N

IIAPAAEIIMA 15.6 To rcrldxr nou €rurt"€4 tr
'Evc 

nqydre erml'6er p6oo oe 6vc lodqu vep6 (lpjpc
15.13). n6oo p6prog rou 6pioxerou 6l<o cn6 to repr6;

AlaqTo ng66l,rltri poE owuoroule[ orqv r€piflrrrlol II,
rou nreryp&VaFe firE rQ'orlyolrpwsg oeltDeg ro6 xeup6-
vou. To 6dp,og rorl ndlou ew.t W = plVg, 6nou pi =
977 kg/n3 xcrr V1 o dyxog ro6:r61ou. H dvtooq €1er
?rctsri0urq4 np,oE ro erdvr,r rcu p6rpo ioo pe to 66pog
rof vep,ori T o ono0o enrontlercl crn6 ro laydxl, 6q)'c6ti
B = e*Vg,6nou V eivqu o 6yroE tori rdyoo nou eivol
6o0optroE p-6oc oro vep,6 ncu p* 4 nlxv6,rlra rorl
vep,ori, p* = 1 000 kg/mr. fvtogiloupe orr, qiV;g = p*Vg'
erop6r,oE ro pfprog ro6 zdyor.r nor.r 6gloxeran 6[,a o:n6-to
vepr6 eivct

t - | - 4 -l -,e^tl^\g/T", : o.ol3 i 8.3%
Pr 

- 
l000 kg/mc

fpipn l5.f (Ilopri6ernrcr 15.6).

'Aoqorl 
3 II6oo p6pog roti 6.yxor.r w6E na.y66ouvou

Gpioxer,o.t p6oa ov10d),.ooo(r; H nuxv6rlrc rorj oqlao-
orvor! veprorS efuw" 1U24 k!n3.

15.6 AYNAMIKH TAN PEYTTAN

H pel6rq r6v e€uor6v rrou ?rdvcp€ pr6xQr xdea r[€eroer!6rav o€ axlvrlro
esuord. T6eo 6p<lE 0c p€l,€rrloouF.e qsuord rrou xwotvrcr. AJ,}"d crvri vc
rrQooro0?iooups vc pel"erriooupe r1v 'cirqon xdOe poe('ou (611 pe 14 lqplxti
nryor.c c)',)ud F€ rq oqpaoio <!.rle6 )ioppdfl>. XIp. ptTqS.) rori peuo-rori olE
ouvderlol rod ?(Q6vou, 0c oxol,ou0r]ooul-r€ rov ouvi0q re6rro xar 0a
reQr.ypdrlroups r,S r8r,6rrlr€E roli geuorori oe x60e oqpeio rou ouvaetriou rorj
1go.r,ou.

Xcq,cxrrl grrrrnd goriE
'Orcv 6vc e€uo[6 i(lveaTcr, n xrl/Ioq rou neglyqdgercl orE 6vc cn6 rc
a?i6)',ou0a 6rio ei6q xlvqr4g. 'Ozcrv x60e p6gto ror3 geuorori axo)'ou0el
o-rgor'4 zgo1d, ol rgolu6g rdrv popir'lv 6ev r6pvovtcl. T6re l,6pe 61. q pori
e(vcl otporai (ri ordor.pq rj p6vlpq). 'Eror, cnq orgoxr] qor], l rcpirqrcr rori
peucrot oe xdOe o4pe[o rori y.irgou no,qcprivel orcOepr] org r[eoE rov Xp6vo.'Orcv 6pr.<oE r; rc1riqrc url€e6€i xll ley6pevl xqior,pq tcpitrpa, r6te q gorl
yivercr tug6dr6qg rl pq ct6or.pq { o'tqo6fl66rlE. H ruq6dr6lg qorl 6ev eivcr
orgorr], eivcr, draxtrl, cxav6vro[rl xor XoQaxt1gi(eral ar6 nepr.o16g rou
6i,vouv rlv ewrirtooq plxgrbv orgo6i)'tlv r] rccrc6o0p<iw. Aoyouldgr;, q por]
rori vegor3 o€ 6va Qudxr y[vsror xue666qE €rei 6nou to veq6 ouvcwd 6q61]c ri
dlr)'c epr66lc, 0r[6r€ aexiE€r va <aeei!€t>) xcL vc o'rgr,qoyug[,(eL.

O 6poE rldl6eE reqr.lgdqel rr;v eoorreglxri rgL6ri rori e€uorof. H eooreplxri
tpr.6ri rot geuorori neplygdgel qv tpr.6r] cvd,peoc oe 6to ouvel6preveE
<<o[ed)o€tg> rod Qeuororj 6zov q plc xLveiral o€ oX6oI pe t4v 6i.]'1. A61o ror3
r,ltir6oug, p6eog rrtE r{ivnn?irig ev6qyer,ag percre6fi€rai o€ 0eeprxri. H 6rc6llc-
oio ei,vcr, fiae6poio pe fllv fieQanrtoo4 xcrd rqv onola 6ao cvrl?r€ipevo
2ilv€atar fidv(o oe rgclLd opr,(6wr.c urlqdvela ldvovrcg x]r.rFr,xr] e.v6pyer,c.

H xlqoq rd]v eeuor6v, levlxd, elvcl nQ66],"np.a no],.6fiIoxo. Kcr 1r' cur6
0c xd,voupe oglop6veg uno06oelE or. oro(,eE 0c cnl"ouor€doouv rq pe},&q paE.'On<oE 0c Oorlpe , no)',}d rqo6l,ripcrc fi;E xivqo4g t6v geuor6v proqoripe vcr
rd xcrcvoriooupe acdurirepc edv peluerr]ooupe ng6rc rqv xlqol w6g l6ovrxot
peuorori. Xro p.ovr61,o rori dcvrxot Q€uorod rou 0c xcrcoxrudooupe
xdvoupt rr,g e[ri5 r6ooepeLg uno06oerE: 

'
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1. Peu-or6 Xo4r5 r.lrb6eE. Aq),c6ri 6w )rcp66voupe ur' 6rpr,v tr;v eorotepr,xri
rpl6ri. 'Erol, 6vc cwweipevo nou x,lveircrr p6oc oe 6vc petot6 to onolo 6ev
61el rltb6eE 6ev ufi6rlerrcr oe lcprd enr,6qcbrivouoc 6rivcpr; rpoepl6gsv4
cr6 qv rpl6ri pe ro qeirm6.

2. ltprar{ qo{. A1)'c6rl uro06.roupe 6rl rcdOe olpelo tori peuorori otov lrirpo
61er otc0egrj rc11rirqrc, 0ev perc6dl,l,ercn w 1g6v<p.

3. AooF i€oro getot6. A1l,c6rj 1 luxv6rrlrc rori qeuotori rcrqcp"5vel orc0eprl
w XQovQ.

4. Aotq660q eori. H gori ev6g qeuo-rori elvcr corp,66drr; e6v r1 orprogogp{ rori
geuorori eivcr. pqbwrxri <oE npog l60e o1p€io tou. E6v 6qla6ri ronoOenl-
ooup€ 6vcv rprolloxo onou6rlnore ;r6oc oro Q€uor6, o tprol[oxoE 6ev
regrorp6qercr. (Edv 6p<oE I eon {rav rup6rir0r;g, 0c u*riglcv orpr66r,lor
xcr, o rprolioxoE 0c nepr,o'rqep6rov).

I5.7 PEYMAIIKE> TPAMMEE KAI H EEIEAIH TTII 'YNEXEI.&E
H rgolrd rqv onolc cxo].ouOei xd0e p6glo rori qeuorot un6 ouv0rlaeE
mdorplg. qoriE l,eyercL peupraxri TAaFF{. H roltqrc ro{, poplou to6
peuo-rot 61er, ldwore rq 6leii0uvor; rrlE egurrop"6wlg orq geupctllri ypcpprl
nou 6l6g1ercl cr6 cur6 ro oqpelo, 6ntog gcivercl oro Xltjpc 15.16. Ario
peupcnrr,6E yqcpp6E 6er rdpvowcr nott 6rsy r; pori elvcl or&)tli, 6tdrl edv
r6plvol'rcrv, r6rs r60e p6pr.o rori geuo"ro6 oro oqp€ao rolrlE 0c pnoporioe vc
cxol.ou0r]oer rj rq pio tpolLd r{ qv dl,}rr; xcr 6tor 1 porl 6ev 0c rlrcv otp<rrr{.
Mlc _ opd6c .qer.rparrxriw ypcppdrv, 6nog cur6E nou qctvowcl oro >ifiF.o'
15.16, a:rore)uei cur6 nou )'61ercl ql,t6o il oalfivag porig.flp6rel vcr o4peiro'Oei
6rl rcr p6pr,c rod geuoro0 6ev progorlv vc g6ouv rpoE r<r p6oa ri *p,o( rc 6lro
rdw rolyopdrtw rrjs gL66oE, 616rl t6re ol geupcrlx6E ypcpp6E 0c r6pvowcv.
^ @etopriore 6u r; qrori ev6E geuorori livetcr, p:ocr oe 6vov oro}lrivtr perc6i,qtrig
6rcroprfE, 6nog gaiverc,r oro Xpipc 15.17. To p6pnr torl peuorori alvoriwor,
ncqcll,qlc rpog rr,E qeupcrlx6E lpcppIE ul6 ouv0rlxeE otErrrr;E porlg. Ie 6l,0
rc oqpei,c or, rcrlriqreE rdrv poqi<ov egdrwowcl r<irv owlorolrrrvpeupcrr,x6v
ygcpptirv rlE onoleE oxol.ou0oriv.

. Xro plxp6 lpovlx6 6l6orqpc Ar, ro pelor6 nou gaav€rdt oro oer,or€Q,6
p6qoE lolr oa urjvc roti XpjpcroE 15.17 xt'teftan 6r,<rvfowcg or6orcorl Aur, =
u1 A/. Fdv.41 eivcr, r; 6lcropr] tori oolrrivc orlv neptolr{ cun4, r6re q pd(c
trou Q6rr p6oc orqv i6la reglolrl eivan L,m1 = etAr Lxr = g1A1t1 Lt.
Ilcgopoilrrg, ro qeuor6 nou xlveircl oto 6elr,6 pdqroE rorl ooi,rlvc xcrd io [6r,o
1povr,r6 6rdor'4pra Lt iXE 1t&\a Lm2 = ezAzuz Ar. Ivrogl(oupe 61rcg 6n" 4pd.(.a |tatqpeftan ncl, ener6r] 61oupe orq<orrf e"ti, q pdlc nou nep,vdei p6oc
crn6 rq 6lcropr] A1 oro lgovtl6 6ldor4pc Ar np6:rer vc eivcr, [o4 tls q pdls
rou rrreacer o,:16 r; 6lcropr] ,4.2 oro i6ro lprovrx6 Oldorrlpc Ar. Erop6v<oE,
Lm1 : Lm2 i1

p1Ap1 = p2A2u2

AP1 = A2u2 = olaece6

tl{pd l5.f6 lto 6r61pcppa oud
an€rl.ovilovrct oL e€1Jpcrl't6E lprcp-
FfE. To oolFad6|,o roo 6qloxercl
orc P arolol,0€i pic o:16 cot6g rg
peuporl#g lpropp6E q 6e rcXirtrltd
,[ou €9drfieac! or1 g€rJpdtlt(ri lQ,C.F-
pf oe x60e oqpeio tr{E rpoXrdg lou.

Z7fip B.n 
'Evc 

aoupni€oro O€!-
016 r(a€itcr pe orp<uni po{ p6oo
o16 oorh{vc petc6lqtr{g 6rctopr{g.
O 6Txog rott uyeol, riol, p6er, xcrd to
6doqF.d A, @oc o16 rr; drcroprj
,41 Looiro! l,l€ toa 6Txo nou 96€r
F6oq dJi6 rq 6lcropr{ 242 oro i6r,o
lpovud 6dotlpc Ar. E roF.evo6,

H elloooq currl )'e,yercl sEiorrloq nig ouv61eng.

_.Erel6rf q nuxv6qrc p eivcr orc0epnj yn 6vo aoupstieoro eeuor6, rl
E[iotoorl 15.10 cvdyercl or4v

(15.10)

(1s.11)

Aq}"cDrj

pc 6l"c.tc oqpelc n[E 9L66cE to 1rv6pevo nfg argdvewg 6wrop{E ert
rr1v tcrftqtc tof geuotori eivcn ctc0eg6 (6qfa6f q raeo1ri pta qinoa
etvcr crc0qr{).

Enopfvrog, ro p6rgo tr;g rclriqrcE e(vcl pe16)ro exe(, 6nou o otol,rivcrq e[,vo,r,
orev6g xcl plxq6 exei 6nou o otol.rivcrE eivct gcp6riE. To yw6pevo Ai, ttoi

t !
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61e r, Olcordoe q 6yx-oy'1pr6voE ovop6lewt napoTrj i1 guilluiE porjE. H ouv0{xr1
,4u = orcr0eqo rooOuvcrpei pe ro yeyo.r,6g 611 4 noo6ultc rori peuorot nou
elo6gletcl orov oro),"rivc oro lpovrx6 8lriorqpc Ar eivcl iorl pe r1v roo6rrlrc
rod peuorori nou e[6q1etct cl6 tov orol,r]vc oro i6r,o 1povlx6 6l6otqpc.

IIAPAAEIIMA 15.7 To y6propa w6g xou6& pe vrp6

Xp4olponor,oipe lcrorr,l€vlo orrrlr]vcr 0tcp6rgrou 2 cm 1t,c
la y€ploouF€ pe vepr6 6vcv xou6d 1<oprqrrn6r4rag 20 lt.
Ecv.Xq&cEdpcor€ I min yxr vc yepiooupt rov xou6&, pe
rL pFrpto ra,(irrlraE el6plercru to vep6 cn6 to oorl,{va;
(Mrp lepdre 6rr. 1 lt = ld cm3).
.drtorl H 0r.cropr] rori otrrl.rivc €ivcr

)2 / o2\
^ : , i : n l | ) c n z : n c n z

E(vcr 0e0op6vo 6ru q rcp,olri e tvcr. 20 lt/min. Elr.otirvou-
pc lor"rdv pr ro yLv6pevo Au zcr nclp,voupe

. ^^ l i ters 20 X I03 cm3
min 60 s

20 X 103 cm3
ir::-__---;i;- : 106cm/s

(z cm.r(bu s.l

'Aoqo4 4 Edv q br.dperprog ro{ ool.r]vo p^er,orOel ovo 1
cm, 6ge(re ro p6rpo uig rcltrqrcg pe r4v ozoio.
€Edp1fla! ro v€g'6 €dv uloreOri 6rr o pu0p6g pronig eivcr,
t0r,og.
A,rdwIoI 424 cr/s.

lt,,tpg 15.1t 
'Eva 

aouFri€oro Q€u-
oro ecEr Ftoa qjr6 q qt6r(,)on €v6<
o<oltlq ru orgtl,n4 goli. ro qEuor6
roir oeio)aetar oto pdQ|oE roli o(|,lrl_
va prlxouE A-!t xLv€ltcr oro !doo<
rori oorblvd prixouE &r. Or 6yxoi
ror, e€loro{ oto 6io ptQ,q €avo!
iooL.

I5.8 H EtsIEAEH TOY BERNOTJLLI
Kc0cil-g 6vc e€uor6 xtv€lrcr p6oa o€ 6vav oo],r]vc perc6],1r4E Orc'ropriE xal
p"er-c61,1tori rirpoug, r1 a(eo4 F€-ra6dlJ,erar natd fxoE tori ooi{vc. To i73g o
E)'6er6g guorx6E Daniel Bernoulli O7m-fi82) errv6rloe pta oX6oI I oroaa
ouv66er, rr;v _nieol lf rr1v raxdrlra rori geuorori xor l.l€ to rirpoE. bna4 0c
6o{rpe,.r; oX6oI aufll €avar dp€oo cnore}.eopo. nig eqcppolr]g rni6rcrqpqorlE
trlE w6pryeu6 oe evc l6avr,z6 geuor6.

, Oa uto06ooape nl)l 6tr. to petot6 eivat aoupzieovo, TropiE tlt66eg xat 6rt
gAer ya9i5 ozgo6[7ouE, pe oreatt gof. Oeorgriors Ori'q-pori yiv€rct o-ro
1p,ovrz6 ordo'rqpc At p6oc oe 6lcv o(l)l,r]va pEra6llq; 6ntopr]g, 6'I<119
qaiverar oro >Xripa 15.18. Edv q rieol oto o4prlo 1, ltou elvcu ro XatrlMr€e;
o1p€ao tri5 eortE, eivcr P1, r6re I 66aapn s[va] p1.4r. To 691o:rou lcq61eirl
66vcpl cuoi eivcr,Wl= F1 Lx1 = P1A1A-rr = Pr w,6noi'LV eans, i qe,"d
triE yqcppooxrcopsvqE :regropig. Ilcgopo[rog, 

"b 
6pryo ro onoio ncpdlerci

grp etdlco p6gog rori peuororl xctd ro 1p,ovrx6 8rdorqpc Ai eivcr
Wz : - PzAz Lxz = - P2 LV. (O 6pcoE ro6 geuorot nou rcqrvrier c:r6 to I
xtrrd ro lprovr,x6 6r.doqpc Al e[,vcr, iooE pe rov 6yxo nor, ,re!vdr, on6 to 2
acr6 ro i6r,o lgovrx6 6rdor'4pc). To 6pryo elvcr, ogv1ax6, 61611 4 60vopq tori
peuorori evovrrcirveral otI perctdniol. 'ETor, ro ouvotr rx6 6q,yo ,lou ncpd,-
youv or, OuvdperE aurtg xal,d ro 1qwlx6 Dldorqpc Ar, siva-

w: \4- Pz) Lv

|!6qoE tori 6pryou curorl F"etc66l"Ier rr;v *r,vqtucri ev6pryeic rori qeruotoir ltcr
d?'l,o pfpog psra66l],el t4 6cglnxri Ouvcprxrl *6pryr,&'"ou. E6v-Arn e(vcr. 11
noo6qrc- pdlcE nou nepvder, cn6 rov oro)'"r]vc oro lgovlx6 Dtdoqpc Ar, r6rj
q perc6o)'rf d6 xtvrlrwfg ev6gyer,cg elval

L,K: l(Lm)o22 _ !(Am)oyz

H pe-rc6o)',{ nig 8uvcprrrig ev6qlercE eivor,

LIJ : Lmgyn: Lmgy,



O Daniel Benroulli rlrnv Elr6er6E qlorx6g ncr pa0qparrx6E nor 6acre oqpcwlx6E
avqraq)'ilrerE orov rop6c rr]g u6po6ovapr iE. fewrl0qre o€ orr{olfJverq po0qpcrLxtbv
orrE 8 <De6gouc6rior 1700 ci.)d riruv ro p6vo p6),og nlE orxoy6veLcrg nou 6xrngiOqne <rrq
tDt-rolr{. lnori6coe xcL nfpe ro 6rbcxtoorx6 rou oq Bcol}.eic rriE E},6mic<.

H nro gqtruop6v4 epyqoi.c rof Bernoulli, n Y\pobuvr4tLxrj (Hydrodynamica),
6qpoor,er304xe ro 1738. Eivcrr 0eopqtrrt{ xcr ntlpopcrrx1 p€}.6rrl rrls loopqoriog, r1g
r[eo4E xar rr]g rclriqrog r6v pelortiv. Iro 6pryo rou axr6 o Bernoulli on66rLfe 6tt,
rtc€rirg q tcpir4rc qoriE ev6g qeuorori auldverol, 4 rieori rou perdrvercr. To gcrv6pevo
qur6 e[vqr pcrror6 og "cpli rot Bernoulli" xor prc xorvrj eqcppoy4 rlE eivor 11
6rlproupryic xevoi rx<r egy<ronipLa llpeicrE pe r1 oriv6eor; w6E 6o1e[.ou pr evav oo]'rivc
orov onoio rprdlel veg6 yprjyoqc.. H cplii rori Bernoulli qrorelsi pic curo rtg ngdrreg
6xrnnt6oerE r4g r6dcg uig 6rcrlpqrqE r{E w6pyercE.

O Bernoulli wr1"t Ydgoduvapuf rou npoordoloe vo efrlyrjoeL q perc6o),ri rr{g
ouprepr,gopdE rcbv aepi<rlv or.rvcrgr{oer rrig pern6o}rrig lig rie<qg xcL n15 Oepyoxqo-
o(qE. K(l,| cur6 cnor6irtoe r4v cnogrj'urjg xlvlrLxrjg oetr.rpioE rtiv cepiorr.

Br,oygcAr,x6
onpe[0)pc
Daniel Bernoulli
(r700-|782)

Mnogot3pe vc egaep6ooup€ ro 0e6pr1pc 6g1ou-ev6qryer,og 1c our6v rov 6yxo
eeuorot orq poaql W : AK + AU (Keq6J"oo 8).

(Pr - PJ LV: \(Lm)o22 - l(Lm)ay2 t Lmgg2- L^gA,

Arcnqorlpe x60e 6po pe AV, cvrLxo.Olororipe p : LnILV xol, 6gioxoupe

Pr - Pr: tprsz2 - tparz * pga"- pgv,

Ecvclqdqoupe ro cror6l,eopc trrg

P1l lpa12 ' l pgyy: P"* Lrpa"z * pgg2 ( 1 5 . l 2 )

Aut1 elvcr, q €Ei.otrroq toir Bernoulli yro 6vo aouprrieoro peuor6, lolqig L[rir6eE
xcn ylcr ouv0r]xeE orgorjE por]5. Ilolr)'69 9o969 niv l,pdgoupe p€ rI poaqri

P+ t rQuz*qgy=o tcgeq6

I : . T  H  F= I :Q :H  TC)Y  B IRNOULL I  3q3

(15.13) H eliorrrol toi Bernoulli

AJoq Enet6l. o o<oi'rivag etvcl oprl6wr,og, y1 : y2.
Eqqep6loupe qv Elioaro4 15.12 yrq rc o4pei,o 1 *or. 2
xcr,6pionoupc

P1 t f,parz : P" -l 15ru22
fvogiloupe 6porg o116.r4v efi.ooro4 ouvdlercE (Eliooorl
15.11) 6ru Aror: Aro,

H e|furl tot B€rnoulli oqi!,€. dm to d0proroptr tig nteo\E (n, rrlg
xrfllrrx{E sv6qTclrrE trvd pov&O<r 6lxot (ltgi) xct tliE 0uvcprxr{g
sv6{Tewg avd Fovd,6a 6yxor (qgr) 61e r qv lirc ota0epri trpr{ ce
o:roro6ri:rote o1F€ao r{S eertFaflrrig yqaFpfE.

'Otcrv ro geuor6 elvcl axivrlro, Dr = uz = 0, lz - lr : ft xal 4 Elioororl
15.12 yfier,at

Pt - P2: PgU2- v') : Peh

nou oupgov€a p€ rrlv EElo(,)orl 15.6. Tc ax6louea ncqo,oelypcrc eivcr
€a6rag6qouo€E €qaQpoy6E rrlE eliotloqg xot Bernoulli.

IAPAAEIIMA l5.t O oorhivcg Venturl
(ri BewouQa}|treo)
O orw6g opll6wrog oru}.rjvcrg nou gcrlveror oro Xlripo
15.19 ovopdlercl oakivaE Venturi. T6v lg4orponor,ori-
pe llcr vo. prrpn]ooup.e rcpirqreg p,or]g oe 6vc coupniroro
Qeuor6..AE nprooOuoplooupe rrlv rc16r4rc proiE oro
oqpeio 2 edv rlvcr. yvooa{ q Oucgogd nieorlg Pq - P2.
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IXipd 15.19 (noad6er,ypc 15.8) XlqporLx6 6rdypappc 6er.ror-
eqr&eou (ool,rlva Venturi). H fli€ol P, eivcr pelc),6teprq cr6
qt Pr, 6!6fl ,r<u2. To 6Qyovo aur6 Xenorpoftolsixo! ylc tri
pft@orl fl4E tclitryog petrordw.

Aiort yrrcg€aollltE 611 4 6r,cropr] rot 60lr[01J sivar
Fsy6)rn os q(6ol p€ ro dvorlpc T rlg on"fg (A2 > A).'Eror ro oyQ6, ngooeyyuorrxd, lqep€l oro €fidvto p{4Q'oE
xori 6ol€[ou, oqlteto 2. Eqcpp6lolpe rov v6po rot
Bemoulli orq q4p€[a I xor 2 (cvrlxoOuorodpe Pt = PJ,
xcl 6gloxoupe

P^* f ,po1z  lpgyr :P*pgg2

A.l,ld y2 - yt: h. 'EraL 6pioxoupe 6rr

(15.  r  5)

Edv ovopdooupe,4l 14 6lcropr] o{g orr]g, r6re 4
trqQolri rnE ewol Apr Edv q fia€orl P eivau pe1d.l,4 oe
o6yrproq pe rqv orpoopcr,plnr{ fiboq ().ar enopevorg
FnoQotJp€ vq qr',oriooupe lov 6po 2g,), x6r€ q ra1{qra
€reoriE el,'var, ltupirrtg, ouvdprqo4 rori P. T6i,og, edv ro
Doleiocivor cvorlr6 or4v crp6ogcuqc, t6rt P = P^xau
vr = \/2gh.ME( l\a l.6yr.c, q rcrlrit4rc exQoiE qn6 €aa
ovollr6 6o1eio elvol io4 pe qv rcr16,r4rc nou 0o eile ro
uy€6 qv 6r[€prs e]'erioepc cn6 norox6qugo tqog,.
Aur6E eivcr, o v6pog rof Toricelli.

_11,
a r : - = D .

A l

S6rorpe T4v tpi qurrl o[4v nO6Tn €Elotoo1 &ar 6Q[-
oxoul.r€

o22:P2* , tpv"z

(r  s.  1,1)

Mlopro6pe enio4g vo 6goripe plc 6xggoo4 yLc ro u1 qv
IQqorpronotrlooul.r€ Trlv Elio<oo1 15. 14 xou T rlv elloroo4
ouv€,(erag. flqcner v(r o4per,oroel 6rr,, ener,6f ,42 < ,4r, r1
Py eivat. ptyoJ,iteqq on6 rqv P2. Me d),}.c l'61r.o, q rieorl
elafibretat oro orav6 grproE rori oatLr]vo.

IIAPAAEIIMA 15.9 O v6po6 roS Torricelli
(rclittqtc exp,orig)
'Eva 

6o1elo nou nequ€1er uyg6 luxv6rqroE p 61el puo
prxef offi orq ptc nl.etrpd rou o€ rilloE )1 qr6 q 660rl
tou @1rip<r 15.20). O adgog rdvo an6 ro !yQ6
6rcrqpeirol oe ovoO€grl rlieol P. flpoo6loplore to p6rpo
nig tar(fTlraE p€ rlv onoio exp6er ro uyp6 c.n6 r4v onrj
6rcv ro rirpog rod uyg|o6 n(I,ta q;n6 oljniv €[vq[ ].

\X4url' 15,21 Peupctux6g 'yqcppeE

Tieto qr6 Tr1v :w6gu'yo <rep,on?r.d-
vou. H ni€ol oro €rAvro p{pog eivou
pr.rcpdtegl cr6 t1v ni€ol oio ri&ro.
'Eror 6lplouqryelrol 6uvopr.xr{ rir<o-
ol riQoE ta €ridvo.

fXr{Fa fi.m (noaa6€r,1pc 15.9) H rcxliqro exgo{E r'1 cn6 rrlv
omj orqv nl'eugc rot 6oleioo eivat q = 12fr.

* 15.9 AAAEX EOAPMOTET TIIE EEIEATIIT TOY BERNOULLI

flolJ'd oulr1fu qcrv6p€va €Ern/ofvrar ps rlv €E[o1norl rori Bernoulli. @a
r[ee]yedlpoupe r{iqo rroroxr?rd p€Qrxd. x6roro eow6p€va.

Ag naqcxol.ouO{ooups nE e€rrlraxtxriE yQcpp6E rou g6ouv yriqor c:r6 rqv
rrr6euya ro{ oseorr}dvou rof >X?iporos 15.21,. Ot rrr6euysE r6v ceeorrldv(l)v
eivcr er6rxd ox€6rooplivsg 60[€ Tl sndvrrr €niqdvsra va 61er, pr,xq6repq cxtivc
t{apriul6rqras cn6 rlv xdr(r) €nlqdvsla. O c6pcg r[ou Q6er ndvtrr orlv dv(l)
€mpdver,o' or(oLoue€a rto xapfif),q reoxr6 afi6 rov a6Qa rrou e6sr oqv rdro)
srrrqdv€rc. Ener8rj r; xcreri0uvol rIE psa(l)qg rlg 'IisolE elvar neoE ro r{,fi|[eo
r,aFJrul.6rrFaE, I rrl,€orl eivot Xapql6reeq otlv 6v(l) €nrgdvrn. O c6pcg
enircxrivsro,r rreos auriv rrlv rl€eror] lcpq],r]g t[eo1E xat 6rdr, rl roxlirrFa ro{
a6Qo €ivcr p€yol,fr€Q1 orlv 6vtrl €rrrgdv€.o. H ouvlorcpwq 6{v<rtrr; F eivcu,
,reoE ta dv(l) xor l,6yfial a€eo6rjvaFq, wd] I xarox6quql ouv.or6oa 

"IELtywar" |uvaprxti dvaorl xu e\optaror ar6 fiol.Iofg oul'rel€orfE, 6noE eivcl
I raxtrnro ro{ a€Qorr}d,vou, q €rrrgavrra iriE rr6guyd5. I xaprul6rrtrd rqE

, r* r r (*)
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,(ar q Ttovatr rou qgpari|a rl rrr6Quya p€ ro oer!6vrro ertne6o. K<r0tirg r1
lruvic cuq peyaldwer, progei vc cg2lioer rug6661g gorj n6vo cr6 to
ceponklvo elr,cr,niwowcg tror rqv dvororl nou npo6l,6:rer q cg1{ ro{
Bernoulli. Xtqv rp6$1, ol ndguyeE eivcr, ouv{Orog yuqlopeveE nqrog rc urcvar
drore vc extpf:rouv tq pdlc rori c6gc np,og tc tdt<rr xcl v<r Oqptoupryeircr €rot
plc e:ri r]'6ov Orivcpq npoE rc endvro.

Edv ronoOeriore 6vc qrl)')uo 21cgri ndvo oe 6v<r tq<m6lr xcr. guor]lete cn6
tc nludylcr neoE Tqv €fi6vo €nrqdvad rou, ro lcgrl o4xtbvercl. Aur6
oup6civel 6l6tr o c6pcg lou xlve[rcr. ypn]yoqcr orqv en6vtrr enlgdvelc peldwel
rr1v ni,eo1 xcl 6ror, 0qprouprye(ro,r, ovo6r,xr] 0{vcp4.

'O).or. 
!6poupe 6tl ol 6uvcrol dvepol ,.olxriwouv> oulvd rLg o'r6'yeg rtilv

orlrr,tiw. fvroqiloupe c:r6 rlv cpp] rori Bernoulli 6tl 6tcv guodel o c6gcE r1
rleo4 oro erdvor p"6qog flig oxenrjE perrivercl. Edv ro ncg60uqo rori xtqpiou
e(vcr nletor6, r6re el,vcr nol.ri nr0cv6v 11 rieoq eir6v<,1 o:t6 rr1 oxe:r{ vc eivcl
1cp1l6rep,q rut6 trlv nteorl adto cn6 tr1 oxezrj xcr 6'rol vc <o4x<oOei> 4 or6y1.

Ilip<r roll6E ouoxeu6E lerroupryor3v pe rov rq6no rou 6).6noupe oro
2ar\1n 15.22.'Evc perlpc c6pc negvdel n6rta on6 rov cvorlt6 oohiv<r a<n
psrdwel 6T ol rqv n[eo4 orqv negLopi curr1. H peiorrl r4E nieorlg ndvtrr c:r6 ro
dvoryprc torl ool,rivc 61er oE cnot6leopc vc cvug<oOei ro u1p'6 lcr. vcr
<rvcrpr.10e[ pe ro qefpc rof o6pc. 'Eror ro u1g6 6r,c16ercr, oe no].ri plxg6g
orc16,,eg. Eivcr euv6rpo 6tr pe rov tg6ro ctt6 l,ettoupryotv tc 6r.dqopc

"onp6r" lgcopdtrrrv ncl cqor;rdtov. H [6r.cr crppi lpqolporoleirct xdl orouE
eltreqlor6E (xcqpruqor6q) rciw 6w(lvoxlvqrov curoxn"{rov. 2rlv reglnrtrr-
oq autri q aepr.opl unoltieoqg 64plouqyetrcl <116 rov c6gcr rou rqoopoqd ro
6p6olo pr"6oto rori gil,rp,ou rori c6qo. H 6wEiwt l'our6v elcegldwarcr xcl
cvcplyvtlercr pe tov c6qc nporotl er.o6]',0er. mov xr1)trv6qo lrcr vc ouplrleorei.
Edv xd:romg unog6gel cn6 np,olrlpqpsrq cqqglooxlrr]Eoor;, lr6yD rrlg cppig
torj Bernoulli oqpr.oupryeircl o l,e'y6pevog (ayyera2dE nregurop6E". Xtrlv
reqi:rrorq cuul q aptrlpla 61el unoorel or6v<oo4 ],6yo tr1E wc.r60eoqg l.lr<iw
rccr co6eo'dou orc eocreprxd ror,ldrpard r4g. fic vc 6lcrqqq0el orc0epr{ r1
rcpolri rot clp<rtog 6r.d p6oou ev6E cyyetou nou 61el unootei or6vt'rq,
rp6rer vo cu$10ei 1 oOqprplc nleoq. Aur6 olplcivel 6rl o pug rrlE xopdl6E
np6:rer vc epryc,otei oxluqp6regc. E6v cufu0ei nol,0 1 tcpiqtc rori cipctog
(on6re n6qrel q rorla{ n[eo1) p6oc or'4v rdolouocr <rurrl crptqp[a, q cgqgic
pnopei vc urootei oioglyft loto rrts eloreglxr]g nleo4g xal cur6 vo,
Oqproupryrioel otr.yprclc, 6rcxo*r] tr1g porjE rori cipcrog. Tq otr.ypr] exeivrl,
eq6oov 6w urdplel pori, 6w )uenoopryei xct 4 cplr] tof Bernoulli, on6re 11
cqrrlqlc lcvcvolyer, un6 rqv eriOgcrol rrlg ouvrl0ouE cu.poorarLxriE rleo4g rtlg
cqrrlplcrE. AMd x<r0dlE to cipc q6el rrir?.r. 1p{yopc p6oc orqv croorevopBwl
cpnqgic, r; cgpi rot Bernoulli e)"trr6ver ndl,l tlv nleo4 xcu. q npnrlqic
lcvcrc)teivel. Or. lr.otgo( p.roq,oriv va Orcxpivouv rc <x),:roipcrc,' cutd rtirv
crpnlqltirv elerdlowog tov coOed pe €vc orr10oox6mo.

Tdlog, cg ncpcxo)'ouOriooupe t1v xuxl"oqopio rof c6qc pqol c:r6 pic
p:r6l.l"a torl p#r[pno].. Edv q pnd]J"c 6ev orqr.qoyup[(er. (6)'. >Xr]F.c 15.23), I
xivrloq tot <r6gc yl1go rr;g e(,vcr, o1e66v o-rqtrxrl. Xto X1(pc aw6 1 p:rdlrl,,c
xiveircr sr6 rcr 6ell6 ngog tc cqr.orep6. 'Etol, rrlg ngog rqv pndlr)',cr, o <r6pcg
xrvelrcr cr6 tc cporegd rgoE rcr 6elr6. Arlplougyef,rcl, )'our6v, plc reqr,op]
ouppaqlxdw orpo6il,<ov nlo<rr cn6 qv pad]']'c, 6rrog gcivercl oro )pipc.
'Orov 6prrrg r; pn6)')-c orqLgoyupl(eL pe qopd <rvrlOerr1 aq,oE n4 gogd rtiv
6er.*ttirv totJ qololori,6mog oro Xpjpa 15.23b, I6yo rof rldr6oug (0c 16
elerdooupe oto Yroxeq6)'clo 15.11) orp6porc c6qa xrvoriwor neog r4v
rcre60woq ro{ otgr.gcryupiopcroE. H ouvbucop.6vrt xiqon trig o[ptofilg ao{E
rori c6prc xcr, rot c6qtr fiou.,6Lxs[cl.n ],6y<ll rori orqlqcryupiop<rroE rrlE
prdlrl,cg napdler trE peupcrlx6g lqcpp"eg rori XplpcroE 15.23b xal nc pr1
oupperqlx6 ofoqpc otqo6fl,rov. H rclrir;ra rori <r6pc xdto a:r6 ap prdl)'cr
elvcr, peycl,rirepq cn6 rrry rcltrqra rori c6gc ndvtrr cn6 rqv p:r6],].c. 'Erol,

6nolg yvarq(loupe c:t6 rov v6po ro{r Bernoulli, oro x6ro pppoE, 6ro11 rt
rclrirrlrc e[v<rl pelc]u{rtepq, bqplougyeltcl uroa{,eo4 xcl 6tor 4 p:rd}'}'c

2fi1rlr B.n 
'Orov 

ploa cn6 6vcv
oo),r{vc rou eivoo 6orrtqyp6vog oe
Evo uyQ6 nE€'do€r e€{pc c6po, r6re
ro !yQ6 ovuqr(i^,ero0 orov ool,{vc.

IXipc f5.23 (a) To qstpo iori dtqo
$lQo qr6 prd pl neerore€e6p€vl
FndJtlo tori pdll-g.nol, *o0rirE co-
tri xLv€lro! on6 ro 6elu6 oro oqu-
oreprd. Or. geupctr,n6g ya(.Fp€E 6€i-
lvorv tr1 prori tori a6gcr (,)E rQ|oE Tqv
F !61}'q. No oqprLro0ei r; ouppstql-
xr{ leqlo,(ri rupr6tir6ooE O,o4E rrioo)
ord tr;r prdllo. (b) To Aeupa lot
atqd yrJAo alr6 fl€qrorp€e6l.en
g.rdLl,a. H g.ndlLo un6zerrcl oe pic
tl,6yr,o 6rivopq l'61ro, perclri ri0,-
Low, xcr, tr{E agpig rori Bernoulli.
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'.titt,@ 1521 
'AveFog 

no'o *,relto!
p€ raniqtorr F6oa ar6 xuhv6pDc6
o(')hivd oraropiE ,4.

uqiorqrar Fra crrorl,lvouoa rrQ,oE xq nldyrc 8rivapn , fio1t Ewol" n aeeoilivapq .
'Erol, edv o naixfilE nou xlorod qv Ffi6),Io 061'el vo tt15 6riroer, ot6rolrorl
r[eoE ro n].6yra, o dfovcg torl orplgoluplopcrog ttQ6r€r va elvcr xcrori6eu-
qog (x60etog rqog rq oellOa rof 6]6]'[ou pe ro Xltipc 15.23b). Edv 6ptog 06].er
va eaE€r t1v p.n61,l,c <6ourqpd,, t6te o dlovcE reglotgoq{g qg np6nei vc
eivcr. opr.(6wr,oE. Or, p:rdi.l,eg to{t po}'q xct rori r6vrg 6rc'r, orglgoyup(louv
un6xerwcl oe 6uvcpu{ 6voor1.

i 15.10 EIIEPTEIA AIIO TON AI\EMO (AIONKH ENEPTEIA)

H Xgno1 rori cv6pou yr,cr ncpcl<rryrl w6qryelcE cvdletcr oto cn6reqo
rcqel,06l, otouE Bcr6ul,rrwiouE xcr orouE Krv6loug rori 2000 r.X. H xrvqrlxrl
ev6pryelo rtiw cv6paw ogeiluercl orqv rlh,cxrl evdpryelc.

O dvepog urorel'el, 6uvqnxd, psydlr; rqyi ev6pryercE (1.25 reqirou kW
cvd otp6ppc onE HfIA), cl,ld q ev6gyelc cutri, q cr,ol.lxr] wSpryelo 6rorE
)'e1erol, 61el lq,qorporolq0ei oe g.llprj p6vo xl.lpcxc. Xe rcryx6opr,c x],[plcx<r
ol dvepor prop,oriv vcr crro6tirouv ouvol,r,xrl ropi 2 x 10ro kw (tputlrdor.<r olE
ncp6oprcrE rcravdl,trroqg ruoi: 192). 'Etol, edv acnop0riwcpe va ?(e'qorl.ro-
nor,r]ooupe p6g"E Fdao niE <rr,oLtxtjE ev6qryer,cE 0c xcl,rirrcpe oe or;pawla6
noooor6 tlE evepryercr6g cvdlxeg pcg. To xopl6tepo pttov6arr;pc yrc rqv
erperdMeuo{ rqg eivcl q pey6}',tl br,cxdtrr.cvoq rrlg rclfqtcg t<ilv crv6prov.

H pelc),rire pq <rvepolew{rglo rcgcyoyrjE l}uextgr.rrlE ev6pryelcrg ott E
HIIA rcgrrye 1.25 MW zcr 6qox6tcv oro Grandpa's Knob o'ro Rutland tori
Vermont. To dvorypc rdw nrequyi<rw qg rjtcv 175 lt oE 6l&perpo. H
crvepoli'extqrxri yewritplc rcgrrye 41'extpr,x6 geriplc ctt6 r,o 1947 6<oE to 1945,
on6re 6oncocv <rn6 r4v x6rtrro4 6rio rte grlyld trgE, tcr onolc 6pog 6w
enroreudofflxcv not6. To urougye[o w6gyer,cE rtirv HIIA 626et o{peqc
rctcoreudoel avepopllcrv6g ol oroieE propodv vc <rro6riroouv 2.5 Mw
qtrerrqr.x{g lo16oE.

Mroporlpe vc lp,rloqronoqooupe 6ocr pd0cpe oro xeq6l,cr.o cut6 1xr vc
unol,ollooupe trlv <rr,o]ur,a{ q1{. 'O}'eE or, cvepop4lcv6g petcnqd:nouv qv
rclvqrlar] w6pryer,a rori cvdprou oe pn1avr.ar] ev6gyetc pe q 1p'lolpoloiqon
ouvrlo<rrE ev6E otpeg6pevou 6lovo. H xlvqrlx{ ev5pryerc cvd povd6<r 6yxou
pr.cg lr.voripe'w1g or{}rlg c6qc lootrcr pe

6?10E
: +p2

6nou p etvcn r1 ruxv6npcr tori c6p,c r(ot. u lo F&Ao T|iE tclriqtdE tou. O
pu0p6E qoriE rorl <r6pc 6rd p6oou pr,cg onllrqE drcnoprlS A ebtor' Au (2afirrr
15.?A), efuol \Lc6rl o 6yxoE torl c6gc nou negvder. cr6 rrlv ertgdlelc a60e
Oeurepr6lue:rro. Xe pr,c pqlcvrl expetdl,l,euoqE or,otrr,xrig ev6QryElcE, ,4 ti.val
ouvriO<og q 6lcropr] totl ouorrjplo,roE rou oul.)'6yer tov c6Qc, 6no5 elvcrl, ]'.x.,
rcr rreprillc tod crvep6pu)'ou. Edv no)',)'anl,cor.dooupe tqv xrvrltrxrl w6pryer,c
cn'6 Uov66c 6yzou pe tov pu0p6 p,orig, 6gioxoupe tov pu0p6 per(rqoAdE
evdpryercE ri, pe 6Mc )'dyxr, rrp rolt:

KE .. 6ry*oS
roIUE : -;- 2. ----.7- - (tpDr)(Ao) : +pos A

oTt oE lQo\fos
( r5 .16 )

'Eror, i,ow6v 1 ro;1rlg aou 61oupe ocrlv 6ld0eorl ptrg cv6 Fovd6c arrgdvercg
eivcr

( rs. r7)

6nou Dev np6nel vc ouyl6ercr to orip6q)'o TIlg td;tloE P pe trlv rieoq.
Xripgrovc pe ro crot6)'eopc crur6, edv oro,pctorlocpe lf1 or{}.4 totl o6eq, 0s

i:w
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ri1ap€ oq 6l60eo4 pcE lo21r3 io4 rqoE |pu3 ylc xdOe terqcyorvlx6 p6rgo lou
..r66ero q pq1<rv4. Aoyouldpq, edv uno06ooupe 6n. q rc16a1tc Ewol27 mrlh
i1 12 rnls xcr ndpoupe S : 1.3 kdm3. 6gloxoupe 6tr

E96oov l,our6v q lo1iE cv6 pov66c etr,qd,ver,cE pero6d)r),ercl xcrd rov xri6o
cfg rc1$rrpo,g, 6r,nl,cord(ercr, 6rcrv r; tcldqtc u cu$10ei xo:o6 26Vo.
Awtorprogcr, q roltg 0c peroOei oro plo6 edv q rc1{rqtc pleulOel xa t26%o.

Kctd tov nproqyoripevo uaolrol]op6 pcg unotiosrcl 6rr, or, ouvorjxeE eivcr,
r,6ed6elE ncl6tl 6)uq q 6r.c06olp1 xr,v4rlxr] ev6qyerr perctq6letcr oe lopl.
Xqv ngcypcax6rqrc 6proE ro gerlpc rotl c6pc el6glercr cl6 t1 pqlcvr]
percrpronr{E <r]o}rr.xriE ev6pryercg pe xdnor,a rclfrqrcr. ffi,o pec},.r,o-rlxo[, uno].o-
yroFoa 6€i?(vouv 6a orlv xal{r€Qfil ficQarrtooq 6ev naigvoupe neproo6teq,o
an6 w 59.3Vo triE noo6npcg nou unol.oyiocpe (6I. J. H. Krenz, Energy
Conversion and Utilization, Boston, Allyn and Bacon, 1976, xeqdl"clo 8). H
6zqqooq rou 6[,ver q F6'yr,orq Ouvctrl lopi cvd prov66c urlqdvercE 1,c trlv
r,0et60r1 g.q1cvr1 percrq,orrjE clol.rxrig ev6gyercE eivcl

;: *('.' 5X', +)'- 'oo 4: r r 4

Iqv fiqd!1 6proE 61oupe nq6o0ereE cn6lrer.eE orrE rgr66E r<6v lpcvc(r.riv
rcr tori 6fovc xcl 6ror r; r,e)*xi1 t"o1i:g pert6vercl xrrrof 75Vo rrlE rlpr]E nou
ngo6l6:rel q Elloroo4 15.17. Xro 2aipa 75.25 0c 6elre o166r.c 6rJo cto)ur.z6v
pqlcvriw.

Ifipc 1525 (a) Avepoyevr{tgrc ,{or<rx6pr1,qou 6lovo. (b) ArepoywvtlrQ@ oQrq6wrou dEova (c)
O<otc/yQaeia av€Foy8w{reroE ,{drari6Qrugou dlovo.(Ilpoogopd U. S. Department of Energy).

( r  5 .18 )

Edv 11 cr60oo4 iprlll lADVo,4 p6yuorq uopig 0o rirov

* : * * "

IIAPAAEIIMA f5.10 lotp6 el66ou w6E avep6pulou

Ynol,oyiore r4v lop3 el60ou pr,cg crvepolewrjrqr,cg nou
61el 0udp.wpro avoiyporog nreptyiov 80 m. Y:ro06oc
6,rt, ro p6rp,o rrlg rclriopog rori cv6p.ou €avcr 10 r/s rar
dtr q er60oo4 ro{r ouonlpcrog ei:vst" l5Vo.

A6at H o.fi,ws rtiw nrepullrw eivcr 40 m. 
'Eror 

11
errg6vero blcrloprlg tdw Jw€guyltov €i,vct,

A :  r f  :  xq j  m)2  :  5 .0  X  103 mt

p^*: rpAas: +(r.r 4)rr.o t ,0",'r(ro a)'

: 3 . 0 X 1 0 6 W : 3 . 0 M W

Ivroqiloupc 6go9 6rr q o166oo4 triE o.ve pcryewrirpr,oE
ou,tjg elvct l5Vo, &,or,4 uopiE e!66or elvoL

P : 0 . r 5 P - * : 0 . 4 5  l v f W
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fuc orilxgr,oq aE €1oupc un' 6r1lv 6tl 6vc peydl,o
€Qryoqrdolo ncpclroyrig 4i'errplxriE ev6qletcrg pe <rrp.o-
orgo6i),oug 61er. rcp3 e!66ou 1 GM. 

'Etot, 
edv 06),oupr

va rrqqd.foupe qv i,6la lo1r1 , 0c Xper,aororipe 2 200

av€poy€vrrrlrqr€E rorj Jrqgq6si'yp.trr6g pcE. O Frydlog
our6g cqu0pdE eiv<r! 6va ar6 rc xriplc per,ovex,r{poro
yrc'q 1prlo4 T|ig cuol,uzr]E evfpryer.<rg (6L. ror. Ilp66l"4y,c
52\.

fi

* 15.11 IESIAEI (EIATEPIKH TPIBH PEYETAN)
'Eloupc Eer, 6rl zc geuo-rd 6ev crw6louv oe 8torti1rrx6g rloeapoeq{i)oetE.
fl6vr<rrg, ra eeuo'r6 awror6xovrar os pu{e6 6cr0p6 orq Ontplrr,xri xivqol.
Aurri 1 cvrlorcoq ornv xlyrlol orpop&r<ov rori eeuo'rori elvcr 6vc ei6oE
ro<rlr€qrx{S rQr6ri5, fiou ovopd,E€ror f66eg. Xrqv r€Qinrrrrorl rrfv uyprirv ro
r.!dl6eg oqe[},ercr o-r'4 Orivcrpq xQr6rig avdpsoa or rraecx€ap€vc ore6paro roli
e€uorof 2{ae6E cur6 o},r,o0a[vouv ro 6vc *dvtrr oro d],]"o. An6 to cx6]r,ou0o
rroedbsrTpo UfioQotpe va raralc6oupr xal.rireea ro p6yr0og rori fr66ouE
ev6g e€ufiot. fldgrs 6rio r(6tr1,c, orepe6ore xald, ro 6va endvo oe 6vc
rgcn6(t xcn cl"eirpre qv endvo angdveld rou p€ I&6r. Tono0er{ote to
6etrepo t[dpl endv<rr mo fie(iro ttar xrvriore ro e].cgqd. @c 6eite 6tl
ol"r,o0clver u.€ euro)'"ao p1{pa 15.26). Edv 6prrrE cw( yrc 166r, 66Ler,e niaaa
cvdpreoa ora 6rio r(dplc, 0c 6e(re 6rt eivcr ro)'6 8uoxolu6repo vc xlvrloete.ro
6vc t(dpl ndvor oro 6l"l.o. Eup:repc(voupe tr our6v 6n I niooc 61el peyclurltepo
r[r66eE cr6 6,1 ro ]dbr. Xro Xplpc 75.26 6],6fie$ 6rl q rcpirqrc r<irv
ncgcxelpevrov orq<lp.drov auEdv€'rol yqcpplxd 0116 ro 0 oro u xc0tirg
npol<oqodpe cn6 ro orqtfpc nou elvcrr Dinl,c orqv cxlqrq n)'6xc o'ro orp<irpo
rou 6g[oxerar 6in]',c onlv xlvofpevq rrl6xo.

Oopq0elre 6rL os 6va oreqe6 nou url6rcrrcr. oe Olarprlrlxr] xdol ra
naqcxeipwcr ore6paro percronlfowcr ro 6v<r <og nQoE ro 6],10 (Ynoxep6-
Lctto 12.4). Kar' crvcl,oyic, 6rcv rc ncgo,xelpwa ore6lrara ev6E Q€uo-rod
uqaotovror 8rarprlrlxr] rdoq, xlvodwcl to rfoc og nqog ro 61.1.o. @e<oprr]ore 6tl
crn6 rc 6rio fie6poro rot XpipcroE 15.26 xo &a eivcl axiv4ro, wdr ro dl"l"o
zlvelrcl ngog rc 6elld ul6 qv ffiibQool prcE elroregrxr]E OrivaplE {'. Merd
c:r6 6vc plxp6 1govr,x6 6rdo-rqpc, p,6pog torl uTeot r6xsr raqapoggoOel ].6yrl
cur{g r{g xlvqoqg xcr ro cgpx6 rou ay"fipa ABCD 6p. praad}qgea ae AEFD.
Edv Oupq0otpe ro Ynoxegdluoro 12.4, 0c 6or3pe 6rl ro u1p6 61el unoorei
6r.crp4tr,lr] ncgcp6pqooq. E[ ogloporl, q 6ntpqtlx{ rdoq loorircr pe rov
L6yo FlA, €v6 Tl 6roxp1rrxri ncgcrp6qq<ooq loodrat pe Lxlt.Exolfinrog,

F
Ar,o,xprpx,I rdol : Atorp4rrxl ,roqop,oqqool : $

A .

H endvo nlndxq xu ro ncgcaeiprev6 qE uyQ6 xlvorjwcr pe pe[eo
roltnpcg u. A1),c8rj oro lqovlx6 6ldor'4pc Ar ro uyp6 6ir],,o, orlv end,vrrr
d'6xc peraroniorlxe r,crd cn6orcal Lx = u Ar. H 6rarplxrx?i ncpcp6pgcl-
oq cvd pw66a 1g6vou eivcr

Atcrpr;rlxr] laqo.p6Qqtrrorl Lxlt _ o

H ellotool currl )'6er 6rr o pu0p6g pe'rc6ol,rjg rr]g Or,crprprxrlE rcgcrp6pqorqg '
r,ivol of t .

Opi[oupe 6zr o cuwel€orrig rEd)6ou6 (ri ec<'Eeg]ririE rptfiE), q, loo{:
geuorori loodrcl pe rov Myo rrlg blarplrlxr]g rdoqg nqog rov eu0p6
petc6o)'r]E r,4E 8rcrp1rLxriE noeap6eqoorlg:

A D

zyfipa E.: :1e6u.dla !'yQo{ ro!
nsel6xelqr p€raEi 6to oteperiw enl-
qcrveLdrv, o16 rE orroi€g n .-dro)
€ivor olaivlq ev6 i enrivo zlveitcr,
npog tc 6e[rc pe rcliqro u,

FIA FI
4= 

" l r :6
Euwei.tor{g frb6ouE ( rs. le)
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Or povd6eg ro{ ouw€l€on1 r|c66ouE oro SI eivcr, N . s/m2. Xrov llwcllt,a 15.2
0c 6peire rov ouwel,eor{ rlr66ouE 1lc 6t6gogeE ouoleE. H povdDo rori
f<66ouE oro cgs eivcrr dyne . Vcm2 rcr ovopdlerar, poise xcl oup6olrile'rcl pe P
(apog rlpriv ro{r ldl,},ou guolxori Poiseuille).

NeS6
Neg6
Aipo
f uri€qavq
Mqlovdi.cu.o (6erdgl)

1.0 x 10-3
0.3 x 10-3
2.7 x lO-3
830 x 10-3
250 x lO-3

20
100

20
30

H Elioorq 15.19 nou op{.!er tov ouwe}'eon] rl66oug 4 r,olriei p6vov ed! ro
p6tSo 

"rlE 
rclrirrlrcg psro66)'.luercl ygcpprnd ouvo,pr{oel rorl n61ouE rori

qeroro6. T6te Mpe 6tr o pu0pr6g perc6o),rig rrlE ra1{qtcE ouvcQ,tioer, tot
n&bolE eivar, ar'o0ep,6E. E6v dez e{vcr, t6te ngdrer vc lqqolp.olvolriooupe tov
Yotr'tt'6 oPtaPi rct 4

(r5.20)

6rou q 6c0pi6o rr;E rapir'4rcg, duldy, lnrnEt:,i:l' oe xdOerq tctei3Ouvo4 rpoE
tqv r<r1drqtc.

I I5.IjI TYPBQAID POH
'Otcv 

ta ncgcxeipevc orqcbpctc ev6g peuo-rori pe llcir6eg p6ouv orgord ro
6vc ndvo oro dl,)'o, currl r; oraoeprj porl )'foetcr, ovpotpauxfi pol (laminar
flow). )e peydi.eE 6pr'rg tclrirrpeg q porl to{r geuotori Fera6dllsxct rtcl afi6
orgropcrrxri yivercl tetr eioE cxcv6vloq xu" rrsTo:ia, oa6re ovopd(etcl

.  , , i . i {vA r
'' d"ld.v

IIAPAAEIIMA 15.11 M6reqon ro6 ovtetuoni
f66org

MeT clrl,wrl nldxc tnugdveurg 0.15 m2 ouv06wcr, pe
pdlc 8 g (>fip<r 15.27) p6orrr er,6E vrlporog nou nep,vder.
1o4[g tqr.6€g ldvo cn6 plo rp,o1c]'ta q onoic 6w 61er
pdlo. H trldra ltogilercr crr6 rqv enrgdvercr pe 6vc
l,gtr6 lurcvrrx6 up6vr.o tdloug 0.3 mm. 'Orov crq{ve-
ttn eJneloep4, 1 nldxa xlve[tcr Jlqog to oelld' p"e
otc0ep,6 p€tp,o rclfrrpog 0.085 n/s. Bgeire rov ouweLe-
ori €c60oug rori tr urawuxori.

DrttW B.n (naAd6€rypa 15.11).

Aial F,btu" Tqgal€E 6tl q enlrdluvo4 tig n];,ldlxolg
elvcr p4Owrx{. H n}.&rq xlveircl L6f<o tr1s 6edo4E 

"Ai
"t&or6 

T xol r4E 6rlvcg4g rgL6{g f .r4v oroiq- aoxit ro
,|'ur(Iwlro €rrdvo trlg. Ir4v nrpinroroi pcg ro p6rp,o uig
raolE tou vqpqros rivcr loo pe ro p6.r6ro rou 6dpoug nlE
FqEaE Jrou €avqt qvagrlp,fv{ c:r6 ro vripc:

f : T: mg: (8 X l0-3 kg)(9.80 m/sr)

:  7 .84  X 10-s  N

To orq<6p.c tod Luncrwxori nou egdnrercl or4v oqu(6-
wlc enlgdvelc eivcl crxiv4ro, wril ro orp<itrro nou
egd:rrercn orlv nldxq xuvelrcr pr r4v tolrirrpc rrlg
nldtrcg. Edv uno06ooupe 611 4 6o0pt6c rolrlqrcg
elvcr oro0eprl, 6p[oxoupe

, _ F/ _ (7.84 X I0-t N)(0.3 X 10-3 m)
' ' 

Aa (0.05 ms)(0.085 m/$
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np666qg potj. H ta1isrlrc rcnd trlv onoio cplifer q ruq6dlhg eori
efc,qrdrcu, cn6 to r,l66eg ror3 geuorori xcn cn6 rq ye<,lg.etpic rod nepl6dJ,,1,o-
vrog ro peuor6 p6oou.

Mnoqoripre vc 6r6ooup,e ro)')'d nogc6eiypctc tug6tb6oug gorig. To veq6
ev6g gucxrori rou 61er rol.l.69 nsrqeg xcrL o xcuw6E nou 6yciver cn6 rlE
xurvo66louE g6ouv tup6o6dlg. Enioqg ra on6vegc w6g rcrinL,oou ordqouE
xcl o c6qcE nioro o:16 6vc cepolr)tdvo xrvotlwcr rup6to66g.'E1el 6lcnlorrrr0el on6 8rdqopc neLpdpcrrcr 6rl q cppi trlE rug6dr6oug
qotiE lpooOr.opilercr cn6 plc roqdpergo nou ovopd(ercrr cpr0p6g tot
Reynolds, RN, o ono[og roorircr. pe

Aer0F6E roi Reynolds aN:Pd ( 1 5 . 2 1 )

6nou p elvcL 1 nuxv6rqrc rorl qeuororl, u eivcr ro p6rqo rrjg rc;1ritqr,&E rou, q
o ouwel.eorf g rltf8oug xcl d eivcr. 6vc lcqcatrlpr.orr.x6 prjxog nou 61er. o16cr1
pe rqv gor]. A.1. yLc go{ 0r,6 p6oou w6g otol,r]va ro d wo'6r,an pe rq bldprerpo
rot o<o)'(vc 1rc r;v neplnrtooq Aorig TUAo o.n6 oqcipc ro d loori'rcr. pe rrl
Olcpergo rrlg ogclgcg.

,A.lt6 Oldgogc nelqdp<rrc yvrogl(oupe 6rr ecv o cgL0p.6g ror3 Reynolds elvcr
pr,xg6regoE rrn6 20A0, r6re q qorj elval orqtrrplo,rtx{. E6v o cpr.0p6E tori
Reynolds elvcL peycl,r3reqog cn6 3 000, 1 pori eivcr. rup6<il6qE.

ANAKEOAAAIAEH

OglEouli€ 6rl nuav6trpc,, p, ev6E ul,r.xod eivcr. q pdlc rou cvd pov66a,
61xou xcr. oro SI 61er povdbeg kg/m3:

IIuxv6fllt(.

Mfoq Jta€orl

IIGoI ot 6d0og h

( 15 .1 )

H nbal P ae 6vrr peuor6 e[vcl [or1 pe q Oivcpl cv& pov66c enr,96ver,oE
r4v onoic coxei ro peuor6 oe pLc enrqdvelc:

( rs.2)

Xro SI povd6c rrls nl€o1E elvcr ro Pa (Pascal) xcl 1 Pa = 1 N/rn2.
H rieoq oe 6vc peuor6 perc66ll.erar, ouvaqu]oer, torl 6d0oug, ft,

oripg<ovc p: qv 6zgpcorl

P : P.+ pgh (15.7)

6noo Pu eivcn q crpoogcr.plxr] rleo4 1= 1.01 x ld N/m2) xor, p elvcr. 11
r:uxv6rr1ro, rori peuorori (uro06toupe 6rr e(,vo,r. orc0epr{).

O v6poE tod Pascat ogl(er 6t 1 nieo4 nou coretrcl oe 6vc cno04xeup6- .
vo geuor6 percq6percn cpeiorq oe x60e oqpelo ror3 geuoroi xcr otc
rorldrpcrc ror3 Dolelou o:ro0rixeuoqE.

'Orcv 6vc cwlxelpevo eivcrt g.eplxtirg ri o)',lxrirg 6u0lopevo oe 6v<r
peuor6, ro qsuor6 ooxei oro cwlneipevo tr1 66vcpr1 dvooqE, lou
ncteu0rlvficr ngog rtr end,vto. Xripqrrrvc pe rqv c4,X{ rod Apltp{6q, to
p6tpo rrlg dvoorlE eivct loo pe to 6&p,og rori geuorot ro onoi,o exroni,(el ro
cwrxeipevo.

M:roprorlpe vc xcrcrld6oupe xcrldrepc 6r.6gopc p€gq r{E xlvr;ru{E rriw
qeuot<iw edv uno06ooupe 6tr ro peuor6 6e.v 61er, eooregr.x{ rgdq (€<n6eS),
e(vcr, ccupnleoro xcl 1 xlvqoq eivcr orgorri, 1a4iE orpo6iLou5 (ItoSiE
rrp6<66q po{).
, Edv ldvoupe 16 uno06oetE cur6g, icrclrjlorpe o'rcr <rx6lou0c o4pawr,-

m

F
( = -

A



xd ougnegdopcra ylc t1 gor] ev6g geuorori p6oc oe 6vc otrr)'rivc petc6)'rp{E
6nropriE:

1. H rcpolri p6ocr o'rov o<oiurjvc eiv<n orc0eg{, pe 6}u}uc }'6.yLtr ro llv6pevo
rrlg 8rcroprfg toti otl)'rivc A tni to p6tqo r4g roy$rllg'ctE u oe
onolo6r]nore oqpsio eiva,l orc0ep6. Allcbt]

sporrueD 401

(15. r l ) Eliooro4 ouvfuercE

(15.13) H e!{,oroo4 rot Bernoulli

Arxl: A2o2 = otc0eQ6

2. To 60porop<r trlE deoqg, rrlg xlvrplxr]E ev6qryelcg avd Fov66d 61xou
xcOtirg xcl rrlg Ouvcplxrig ev6qyelcg cvd g.ov66ei 6yxou elvct otc0eg6
ylcr 6)'cr rcr o4pe[.4 png qeup,a xt]E yqcpp{5. A17!40{

PIlnz*Pgg = oto0eQ6

H ncqcrdvor e!,ioooq eivcr, o v6poE ro{t Bernoulli xcl eivcr. 0epeir,66qE
v6[roE rrlE 6uvaplxrjE t<ilv geuo'r<irv.

To r,lti6eE ev6E peuorori 6ivel ro p6rpo t4g ovriotoo{g tou oe
Dlmpqtrxr] rcirfiloq. O cuwelectriE tod rltir0oug ev6E geuorod toottol pe
rov )'6yo nlE blorprprxr]g tdoqE rqoE tov gu0p6 petc6olr{E r{E Orarp1t*tig
ncqcp6ggrooqg.

H <rexri tris rop666oug gorig w6g peuorot regtlgdqercr crn6 ;r[c
nag6perqo nou )u{etol cgr0p6g tof Reynolds, rori onoiou 1 rlprl
e[cpr6rcl cn6 tqv nuxv6rrlrc rot peuororl, cn6 rqv tapitrltd tou, cn6 ro
rl66eg xcl an6 6vcv ye<operprz6 ouwe},eofl].

EPATIIEEII

1. fepiloupe 6rio yod?.r.veE xorineg, nou 61ouv rrp [6rc
pdlc cl.),e 6r.c9oqerlx6 op]pc rcu 0uogoperrxrj
elrdpota 6rcropr], pe vep6 or4v l6rc ord0pq. )tpqto-
vq ,\'ow6v pe rov v6po P = P^ + gg,h, 4 :ri,eoq orov
nu0p6vq e0vcn iOuc ror yuo ug 6rio xorineg. ftari r6re
11 p[<r xorlnc !u1(er neproo6rep,o cn6Tqv d],].q;

2. Yno06ove 6ru T o errdv<o ti6qoE rrlE xeg(r)'rjg o<rE 61er
urr,pdverc 100 cm2. Yno),o.yiore ro 6dqrog rot c6po
ndv<o s:r6 ro xeqdlu ocg.

3. 
'Orav 

fiivsr€ ulpd pe 6vo rci'cpd*r, perci>T,ere r4v
nleoq p6oo oro or6pc ocg nar agr]vere rqv qrlrooecr-
prxr] nleoq vc xr,r'rjoer, ro r.ryg6. Elqytiore ntirg yiverau
our6. Mropeire vc lp4olp.onorefte zcrl'opdxl yuo vo
r[vere to nor6 ocrg orn )e],riq;

4. Or Iv6o[ gorigqbeg Eqr!],6vouv 1ra vcr rotprl0o{r',
endvro oe cnpr6pc clrr6 xcggr,d. 116g eiva! 0uvqr6v
crur6;

5, Ero 6cp6perpo nou xqrcrol{ericroe o Pascal 1p'qolpo-
no(qoe vep,6. nqrl oev cxo],.ou0oripe orlprgq r4v
erd,oyr] tou cuni;

6, KdnorcE 6g[onercr ndvro oe pr<r 6dgx<r norl r].6er, oe
puc nolnri prxpr] lilivl xql pl1ver p6oo oro vep'6 pro
rol'6 peydl.4 dyxupc. Auldvercu, perdrverot r] nap,cr-
pever orcr0epnj 1 ordOp1 rorJ v€Q,od n1S Iip"4E;

7. O 1dl,u6cE e(vau nolrri nt6 nurv6E crr6 ro vep,6. fucrrl
0w 6u0ilowcr. ro oqpegrvd n),o(c, prol'ov6ru givau
xcrcqxeuaqpevq oa6 Xdl,u 6s;

E. 
-Evc 

cepr6orwo lou e(vol yepdro pe ri)'r,o 0o crvurp<ir-

vercr oro6rou o c6gcg yrlpol roo 0c 61el rqv [6r,c
nuxv6lrpo pe cur6. Edv 6vc oqqay,op6vo uo6ptl,o
cplilel vc 6r0i!etcr,, 0a grdoer orov 6u06 tori
<uxecvot r] 0c norioer vo 6u0llerau 6rcrv q nurv6, 4ra
rori veQ,o{ yripor rou 0q eivcru [6lq pe'u4 6rxf rou;

9. ZuyiEer,e evc ridpr, rou eivan o:iivry,o p6oc oe 6vcv
xou6d pe vepr6. Merc6di'l'ercu 11 wEerl4 r{g EuynOudg
€6v ro l,der og1loeu vo xrvelTor;

10. no6 6Ier !14L6repc 6lc?'o era ondgoE: orl 0dl'cooc
{ oe puo }'i,pv4;

11. Edv nproore0ei 6dqog 1 000 000 N oro rcrdorqopc
w6g peydl'ou gopT 4yof nlno(ou 1 ioci.og lpcppri rou
6u0ilrrcr. xo\& 2.5 cro:'. florc e[T,or 4 oprl6vtr.c
6rcnopr] rori goqr4lori oro 6rtoE T 4g uodi'ou ;

1l!, O po).u66oE 61el pelo)'rireprq nuxv6r4tc cn6 Tor

oiO4go ncr rc 0rio pcli, 61or.rv prelol,rirepq m.rxv6r4rc
crr6 ro vepr6. Ildpere 6vcr pol,u66vlo xol 6vo ol6eq6vuo
qwuxe[F€vo rot lOuou 6'yrou ror 6u0i,or6 ra oro vep'o.
Yn6xer,wcl orqv [Or,c { oe 0r,cqopetr*ri dvoroq; flolc
eivcu pelcl"riregq;

lit. Bdlure 6vc ncldnr p6on oe 6vcr ror4pu veg6. Ikig
pero66l^)'erot q or60pq rot vegori rco<irE lreubvet ro
JrqYqxii

14. Mro ywolxq popd y66eg ps r1rli'6 rorcorivr xqr
pncriver oe 6vo 6rop&ruo pe xouvoripryuo nhoorrr6
0dne6o. Fuqr( ov4oulei o u0rorrrlrrlg rorj onutuo6;

16. fr.ctl ou 6g6oeg cc uo6yeuc Olcpepiopcra tp€1ouv
rrc 1q{yoqc cn6 a.g 6ptoeg rdrv qurr.p6;
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16. Iiar[ or 6prioeg oro rodyeuc Oucpeplopctc tp6louv
nr,o ypr]yopc wr6 trg 6prioeg t6v perrp6;

17. XQnorpofiouio[e qv ellotloq rori Bemoulli 1|,o vcr
e!4yioere yucr( pr,c xcnvo66loE "rpcr6d" rov xcurv6
&a?'rlrEQ(r 6rcv quod o c6gcg.

1!1. @eopt]ote puc 0ucroprl nt6pulcrg oeponi'6vou.H nr6-
pruyc 61eu oledrcrorei 6rou rirove o c6pcE vo xwslrcr p€
pqcl,rirepq rclrir4rc oro e:tdv<o p6pog r4g nopd ovo
xdrol. Xp4ou;.ronolr]ore 'u4v oplrj rot Bernoulli xqr
efupjore yuori undqlel 66vcpq nou xc,eu0ri'vetou
nprog rc endvo;

a). 
'Orov 

evo rqoivo nou nlve[T cl ro]nt lgriyopc mgdoeu
6in),c an6 6vc cx[vr1to T gcrlvo rcr 6to rgoivc e].xo-
war. fldrg elqleiror ro gclv6pevo or.116 pr,e r4v cplri
rorl Bernoulli;

22. IIoL?'69 pop6g, Oovcroi cvepoorq66ulou leorprdrvouv
ruE or€yeg rriv ayporwdrv otrtr,t6v. Eftyriore ro
gcuv6pevo cur6 1p,4or,;.r,oworin"rag 

T 4v oqlr] rot
Betnoulli. Irorl ng6neu vc oqrivete rc ncq60ogc ttirv
onuruirv cvoulrd 6tcv 61el r6toreg xcrrolll6eg;

23. @cr 61ere noporqpn]oel 6ru 6rov ovoilere ro vroul, r1
xouqriva trlg vrou(r6gcg "6l,xercr. npog ro vep6.
fl6g ef4'yeire ro gorv6pevo our6;

A. @uvtftie nopdlJ'qi.o npog to urdvo g.6qog prcg
l6)Jncg lcqtr,ori nou dv xqcrdre ogr,l6vtuc. frcrl to
Iaed, avuqr6v€rau

25. tldqre €vc orooudp rqr ?rqreuOdver€ ro rlqog Fra
p.n6L)'c rorl fiL\"yx-ttoryx- @(r 6e[re 6ru q pnd]'lcr
pever p.er6r,rqq orov o6gc. EEqyflore ro gclv6pevo.

26. Ot(Iv oe 6vc i'r,pdvr 611o n)'oia nepdoouv xovrd ro
6vcr p.e ro dLlro, r6re qo&eir(ru €r6v@ roug opol6olu
6lnlq xor rdnore ouynporiwrol rlud1lc. Efuy1ore to
gcuv6pwo pe 6do4 qv cqxi 106 Bernoulli.

n. 
'Ol.rry 

or, llorroOp6pol-dl,reg 6pionowcu orov c6po
xdpn, ouv ro o<irpo rouE npoE ro etrrrq6g rou xpcroriv
tc 16prr toug xoLl'4p6vtr oro ocirp<r rolg. Itcrrl;

2t. 
'Orqv 

evq qwweipevo eivcu 6u0lop6vo oe 6vc an(v4-
ro Qeuoi6 q ogr,l6vuo ouvrorriloc trig or.wrornp6vqg
triw 6uvdpr<ov or onoirg 6pouv ndvo rou e(vqt
prl6evrxf. Itqri;

D. E$1yfiote yucri enunl6er puo rl'euon] puoolepuop€'v4
u:routdtr q.

3{1. fl6re elvcr peycl.riregq q 6rivqpl u]g dv<oo4g:6rcv
exrw6eu 6vcg xol'up6qniE r] 6rcv erorvirr;

31. 
'Evc 

roppdrr, firi?'o eivcr ploo6u0top6vo oe 6vc 6o1eio
lepdro vep,6. Edv xl,eioere egprlrtxd ro 6o1eio xcru
oulrioere rqv nborl n&,ta cn6 rqv crpoopclqurri, ri
xdver ro lr1l,o: o4r<bvercu, 6u0(ercr. r] lagctrrfver oro
iOr.o enlre0o; (Mqv lelvdre 6ru ro [r1]',o 61eu n6goug).

32. Mro n).dxq axlqrei trrfoc o€ 6vc eeuor6. >e fiota
xqr€deuvol r{g n}'dxog q nieoq endv<o Tr1g elvou
op.or.6poggr1 ;

33. Edpoupe 6tr q crpoogargrxrj nteo4 elaar ld N/m2 xar
6rr q enrqdveucr rori ori0oug w6g ovOptinou eivol
0.13 m2, l drivapq 6q)'c6r] xov qo.,.ei q orp6ogclpo
trrdv<o pog e(vcu 13 000 N. Iucri 0s'v ouv0l,(6ercr. ro
or10oE xdrr,l cn6 pua r€torc 06vctrr;;

34. Ti e(var exe[vo nou ?eqtd p€r€oQn prc p6].r.oo<r { 6v<r
d'rE6nT4'o;

35. 1169 Ffioe€ir€ vo nqoo6loploere rqv nurv6tqtc ptcg
nerpcg cxc06puorou oplpctog;

36. Irrrl ol nutr6rol lporlporiv vcr onolel6vovrcr €1o-
wog rov dvepro x6vtpo;

38. Yfio06o[€ 6rt, 6qi.ortcore p6otr oe 6vo cocvo6p nou
exte?'ei el'eriOeqq trlhrtl. Ecr,t cgrloere prc gndi'lo
eleriOep4, 0c 6e[re 6ru noqcp€vet pnpoord ooE, 6r6tt

4 pn&lJ'<1, eoelg ?iot ro cocvo6g n6qrere 6i'or, o<rg pe
rqv enrrdluvo4 rig 6crpriupog. Ti 0a oup6ei edv
srqvq)'d6ete to neipapo pre 6vo p:trf'6vt 1etrr6ro fl"ro ;

39. A{ro fiavopor6,unq n},o(o rclL6etiouv.To 6vc slvct

lepdro gelnu!6L xcr ro dl'?'o doeuo. flouo eivqr
6u0r,op6vo negloo6rep,o ;

4ll. 
'Evo 

llrxQ6 ?ioppdrl 1dl'u6cr eivcru 6e1r€vo ndvo oe 6vc
nopp.dfl frll'o. Edv 6di'ere to lriLo, pe rov 1d?'u6c
nprog rcr en6vo, p6oc oe pLc )'exdvq 1ep6,11 veg6 ro
pto6 lriLo 6r.r0[(etcu. Edv ovcno6oyr.rploere ro lrl]'o
(rrbpo ro xoppdc rori 1d)'u6a 6pioxerau pr,6oa oro
vep6) ri oup6olver. pe ro [ri]'o; Bu0ilercr. negroodre-
p,o, ).uy6repo { ro i6ro; Merq6di.}.el rlqog 4 ordOprl
ro{ vsQDt;

41. O rg6noE pe rov onoio 6vc ei6og rponrlxtilv cepilouv
rq orod tor.rg eivol o elrig: fl&vo orqa 6lo6o nou
6qioxerou rpqlnd gfldlvolv 6vcrv x<iwo oav i'oq[oao' 1
d).}'n 6Eo6og 6pioaetcru lopql'd. Ehy4ore ndrg 04-
proupleircl ro pettrro rori a6pcr p6oo orn orod.

42. Bo.Lr,e oe 6vc 6o1e[o pe vep6 6vo oqeqytop6ao xolrl
coca cola ncl6vc ogpcyropdvo rouri,6lctrrplrcr]E coca
coh. frarl 6u0ifercl p6vo ro xou,l rr]g xovovutllg
coca cola;

44. )rqv ncpcadr<u g<oro.ypcglc 6vc peripcr cr6po xlvei.-
T crr p6oo orov ool'l1vc cn6 rcr 6elud nproE ra cprore-
gd. O oroLtivcg 61el plcr or6vcooq oq Lr6oI. TQ€IE
p:rd)'l,cg tori rtv14{ trovyrl cutlpoivror tooqpontirvrog
ndvo <rn6 rug rpeuE rglneg cur6 tlg oro[eE 6tqqe{y€t o
a6pcE. (a) flori q 6rlr.d prrd).l.c 6gioxeror rpql'6rep<r
on6 14 peooic; (b) ftcrri q opuorepnj p:rdl.)'n 6qloxe-
rcr 1op4i,6repq qJt6 x4 6sErd, ncrp' 6i'o nou 1
Otoropr] rori cvtlo,orlou o<rr?rfvo eivcr i6rc;

(EA6rIoq 44).
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Yronegdl.oto 15.2 llvxl6tqttr lar rico4

1. Ynoi.oyiore rn Uri[a Ulqs orepedg ogcipog on6
oloqqo nou 61eu otdpergo 3.0 cm.

2. 
'Evo 

purq6 roppdn ev6g yro)'uoreqori ytgi[ou pe-
rdl"l,oo 61el 6yxo 25 crnr xcru pdlcr 535 g. flouo elvqr ro
p6rcllo; (BI. Ilivaxa 15.1).

3. Extrpr]oere rqv rurv6rqtc rori nupfiva err6g a't61tou.
T[ uno6q].<iwru cur6 ro orro, 6].eopo oe 6,rt, cgogd rr1
6op{ Tiq ri}'r1s; (Xpqouporour]ore ro 1r1ov6g 6t r1
pdlc rot ngtoroviou Ei\u 1.67 x 10-27 kg xcr r1
cxrlvcr rou 10-1s m nepi,nou).

4. Evcg 6coll'r.dg ncp,rlyyerl'e 6va XOUo6 or6ppc noo
eile pdla 0.5 kg. 

'Orcv 
€rforQelre qn6 ro! XQUoo-

16o, o 6yxog rori or6pporoE 6960qrc iooE pe 185 cm'.
'HTc! To ordppc xcrcoxer.rcop6vo cr6 xaOopro
1guo6;

5. MLcr y.rva(xc prilcg 50 kg or6xercrr Loopp,ontirwcg oro
wo n66u wrir gogdet 6vo leuydql norrodrouq pe rld\6
T oxorivu(l. Av ro rqxorlvu eivsu ruxl'ur6 g,e oxtivc 0.5
cm, norcr nteo4 croaei 4 yuv<rirc oro 66crgoE;

6. XQnorFonor{ore ro yeyov6g 6rr q xovovln{ <rrp.o-
ogclquxr] n(eo4 eivqu 1.013 x 1t' N/m2 xcr 6rr, 4
orrivc T rig fqg elvcru 6.38 x 10o m 1uo vo uno],o{.oere
rq pdqq r{E crp6ogo4ag rorl n}uqvri'uq pcg.

7. ExrryfoercT4v nurv6rrlro w6E dorpoo verp,ovlr,rv.
'Evo r6rorc ougdvlo o<irpc nroveriercu 6T u 61el oxrivo
pdvo 10 km xan p6lo i.on 1-le rI pdlo rori ]Ii.iou.
(M,tt^ = 2 x 1o3o kg).

Yloxrqdlaro 15.3 Mctc6ohi t{s ttaroqs
ouva4'trloer to6 660oug

E. Ilp,ooolopiore qv ol'lxri nieo4 orov ru0p6Yq prqE
i.[prr1g nou 61er.660o9 30 m.

9, >€ roro 6d0og prcrg i.ip,r4g q oi'rxti rltol €ivqt
rpr,n?'dolo crtt6 qv arpoopctprx{ :r[eoq;

10. To prxq6 6pr6o?'o ev6g uopoui.uxot nueorrlpbr luc rlv
ovrirpooq cutoxrvr]l<oa 6X€t Otqropi ep6o6ori -3 cm'
xor ro peyd).o 6p6oi.o €1er. ep6o06v 200 cm' (6)'
>pipa 15.7). Ilora 66vcrpq nQ6nsr vcr egcrppoore[ oro
pr,xg6 6p6otro yta va svu1ttrlOsl 6vo clroxlvqro
6dgoug 15 000 N; ()ror,rg orqepofg elonqqurrloerog
cruroxrv{rc'jv out6 y(vetor ouvrloog pe nsfiteou,fvo
oeQa).

11. To e?'aydpto roti pav6;r.etpou nou goivurau oro X1r1pa
15.4 6r(€r orq0€Od 1000 N/m xcr ro 6p6o),o 61er
6udperqo 2 cm. Bgeir€ ro 6d0og p6oc oe Y€Q6 qro

onolo ro ei'cnipro oup.n#(ercr, tard 0.5 cm.
12. Muc nlolvcr 61eu Oloordoeug 30 m x 10 m xqt €t[[Jt€6o

nu0p6vc. 'Orcv q nuo(vc eivoryepdq p611pt 2 m
6d0og pe xc0cp6 veq6, norcr eivcru 1 ol'uxr] 6tivoprl
norj qo&ei to vep6 orov m-r0p6vo; Xe xd0e :rLeupuxr]
€nu<odveuql

13. flolc ng6nel vc etvcu q enlpdvexr ouv*cq{g pxrg
6etori[cg (te]'e(04 rev{g cn6 cr6gc) xnr r4g opoqr]5
ev6E 6ropor[ou 6T or tirore vq pnoge[ vo ouynpccl to
6dpog ev6g crvOp<ixou F.6Eqg 80 kg rou 0a qvaQrqee[

0r[6 qufliv:
14. 

'EvoE 
rolu6cxruloupry6g eiv<rl 6o0lop6vog oe vep6 oe

660oE 4.0 m p6oa oe evc opqclwl,levo Frtco{}"o. Av
ro xcfidxi rori utqorllou 61eu 8lcordoelg 0.70 m x 2.0
m, noto elvcr,4 6tivqpl fiou cox€i ro veQ6 o[o xqJtd t
tori u:r<rori]'ou:

15. flouq eivar 4 xl,nop.otlxr] perc6ol'ti rrlE nuxv6rqrog
rorS vepori trjg Od)'coocrg glerc.lri tr]g elrgdrelaE (6nou
q nieoq e(vcr. io4 pe 1 atm) xor oe 6d0og 5.2 km (6nou
q nieorl eivcr 500 atm);

16. flola eivol q u6poorotxt{ Efvopq oro rolxopo ev6g
pgdyporog ov to vep,o nou oulzparei 61er, 6d0og 150
m ?icrr ro nldrog rot gpdlpcroE elvou 1200 m;

17, Xrrl lpot?'ovofu, oe pepr,r6g neplol6g ro orp<irpc ro{t
ndyou 61er, rd1oE 1km. Exupr]oete r4v Jti,€ol oro
66c9og xdro an6 rov rdlo (g.""", = 920 kd-t).

Yroreedkrro 15,4 M€tqio€rE lti€o4g

L8. O otrr)'r]vcrg olriporog U oro )lrlpct 15.9a nepr6ler
r-r0pdpyrlpo. Ilorcr elr,qt, 1rieo4 P, oqv aQroreQt
nl1'euqd ov h = 20 cm; florcr elvqr q unepnleol;

19. Av ro uyp6 oro 6cp6perpo nou qo(verou oro l1{po
15.9b e(vq[ vee6, noro 0c eivcr to 6q,og rriE onii'lE
rod aeQ,orl orov ncvcx6plgo otol'rjvcr un6 qtpooedr-

Qrr(4 fileoq;
20. O ovor,p6g xcrcrx6plgoE ocol,r]vcg oro )fipct 15.28

legr6leL 6rio uypd ruxvorrlrulv pl xdt p2. Tc ot(olcr
6w ovcprlruriovr<rr. Ano6eilre 6ru q n(,eoq oe 6d0og
h1 + h2 6il,erct n:r6 qv 6xgpoo4 P = P" + p8hr +
QEhz'

ryriFc 15.26 (nq66l.4Fa 20). Ix{Fa 15.29 (np66lqpc 21).

21. O Blaise Pascal avor(a€4laye ro 6cp6perpo rori
Torricelli lpqouponoutiwrcg (ocv fdi'Log nou frcv)
6va n6xxrvo xpaoi trrE uyp6 owl yr,c u6pdpryupo. H
nu*v6r4r<r rori xpcrouorl lou lqqorporoilor rlrcv
0.984 x 103 kg/m3. noro rlrov ro trirog i rnE orrii,lE
ro$ xpcolori 1tc ncvolrxri arpoogatpuxr] rleoq:
(Avogeg0e(c oro )pjpo 15.29 xor Xqqorponor{ore
g = 9.80 m/s'). Avop6vere 6u to xsv6 ndr,o qn6 rq
or{ll 0o eivcr T6oo xqi'6 6oo orov u6gdpryupo;

22. H xwovtxf cnp,oogor.quxri nieo4 eivar L.013 x lP Pa.
H nqoo6yylo4 ptog xorauyiOcg nqoxclei el'dwt'roq
rot riporlg r{g ubgcgyoprxrlE orn},qg E'v6S 6qpop.€-
T pou xatd 20 rnm tm6 ro xcrvovux6 rirpog, flotq elvou
n qrpoogoerri rieol; (H rruxv6rrFa rori !6QcrQy6-
p,ou e[vor 13.59 g/cm').

23. 
'Evcg 

<rnl'6g oto)'rlvog olripurog U nou eivcr, cvorp6E
zql o[q 06o 6n4o nepr6leu noo6rrlrc vepori (6].'.
>piptr 15.30). !T4 ouv6leuc p(lvoupe xqgo(irr1

T
I

l l

I
I-r

h2

-L
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(ft = 0.82 x 1d kg/m3) oro 6vo on61.og rori or,rlnrivc
nou olqp.criler orr])'r; rirpoug 6 cm, 6:rr,rg 6e(1ver ro
opip.c. Iloto eivar, 4 6urgoqd lr ttiw urlrtirv tdw
eleriBeprov elwgcverrirv rdw Orio oypt6v;

Exfpo 1s.30 (ne66l.tpo 23).

Yror€edlaro 15.5 H dvorcn xtrr. q <rpxri rou Ap4rpf6r1

Z. YnoLoyiore tqv dvtaoq oe €vc orepe6 odrpc nou ei,vcr,
xorcoxeucopevo crno 1cl'x6 xct 6111 6.yxo 0,2 ml
6rcv eivot 6u0uop6vo oe vep6. Iloro elvot ro orror6]'e-
opo cv ro odrpcr etvor ncrconeucop6.vo cr6 1dl,u6c;

25. Ano8e[re 6tr p6vo ro llVo r,o$ o],uxo't 61xor.r w6g
nc"y66ouvor.r 6qioxetal n6eti qn6 T rlv enr,gdveuo dg
0&l.coocg. (Eqper.<bore 6r! ro 0qlnqqouv6 vep6 61er
runv6r4rc 1.03 x 103 kg/m3 xou o nd.yoE 61er
nuxv6rrpo 0.92 x 103 kg/m3).

26. 
'Evo 

oreqe6 o<irpo 61er 66pog 5.0 N. 'Orav avoQrn0€[
cr6 6vc 6ov<lp6perpo ncr,6u0r,orei oro vep,o, ro
duvcp6prrqro 0e[1veu 3.5 N (6]n. !1ripo 15.12b). floro
elvcu 1 nuxv6npo rorl oriporog;

tl. 
'EvaE 

lrii,wog xri6oE axprfE 20 cm xnr nuxv6rrlrcE
0.65 x 10P kg/m' trrm)'€er oro vep6. (a) Ilor.c eivcu r1
on6ovoorl tr1g errdvol 66ptrg rorl rid6ou qr6 qv
el'eriOep4 enrgdvero rori veprori; (b) n6oo 6dqog
poLri66ou np€neu vc rono0eT 40e( or4v andvto 66p<r
rof xri6ou drore crurr] vo 6pfuxercl cxgu6r6g oro [Ouo
eninebo pe rqv el'euOeg4 urrqdverc ror! vepo6;

2t..Eva ceproovoro lepdro pe rji'uo oe crpoogouqr,xr]
nleorl eivat unol'o1lop6vo vc cvurpdrveu pdfc M
(ro96)'rpo goprio + d6€ro aeQ6orqro). (a) Anobeifte
6rr o 6pog rorS ceq6olcrou np6nel vo ewat rcd'dy-
ovog V = M/(p" - p".),6nou g. eivc[ 4 now6rrlrc
rod <r6Qa no! pH" e[vcu r; nuxv6rqra rori q],iou.
(Ayvoriore rov 6yzo rori tog6)*rp.ou goprtol). (b) Av
M= 20o0 kg, :rouc orc,ivc nq6rer vc 61el ro
(reQoorcro;

29. Mtc no[],r; rd,corr,xr] ogciqo 61er oxr(vo 5 cm xcl
pdlc 100 g. H ogoigo 61er puo purprl rp{rnc pc
xorr6xr cn6 rqv onoio pnop,o{rpe vo 6dloupe oxdyro
o116 p6),u66o. II6oa lpcppd,pr,o poi'ri66oo p.noporlpe
va 6dl,oupe p6oc orq ogoiqo rrQ'orod 6u0rore[ o[o
vepr6; (Yro06ore ot orq ogcrigo 6ev elo6plercl veg6
cqori rlelooupe ro xo;llo;xt).

30. Evcr percl',),rll6 otirpc pdlog 10 kg x<rr 6iqordoeov 12
cm x 10 cm x 10 cm e(,vq'r cvaprqpivo on6 6vo
6uvcp.6perp,o xal 6u0[fercl <rio lep6, 6norg oro
>Ifpa 15.12b. H Oudorooq r,tjw 12 cm eivcr &trrtr2i6-
Qnleq &qr, q endvrrl alrqdveuo T od o<irg,oroE on61el 5
crn cn6 ulv erngdverc rori vegori. (a) fIorcE elvor ou
Owdperg or4v vrdvro xo.r, ldrar wogdvelo rori orirpo-

rog; (rdqe've P" = 1.0130 x 1d N/m2). (b) Ilotcr eivou
n &0er.En tori Ouvatrropfrgou ; (c) Aoo6ei&e otr. n
dvtool loor3rar pc t4 8logoqd rritv 6wdpetw oqv
x&r,@ ttol ornv endv<o €Jrtgdvetc Toli o6pqtog.

31. 
'EvaE 

6drpclog 6qloxercr. p6oc oe 6vc lprogouplx6
rrinelrl'o nou g6?'ug enun)'6er ow1 odlcooo Xorqig vo
6o0ilerol. Av to 0q)'qoolv6 vep,6 61et nurv6rrlto
1.35 {cm3 ro 6e xtne}.\o cx,ivcr 6 cm x<rl ogt}'rF6<r
grdlc, :rouo eivcr 4 pdlcr rori 6argdlou; @f. >X{pa
1s .31) .

rriFd 15.31 (ned6l.Ipo 31).

32. 
'Evog 

xoi),oE oto)'fvcg cr6 oqetlct?'xo, ouop€rprou 4.0
cm, eivou r?.euor6g oro €vc dxpo ttot lepllercl pe
oxdy,c cn6 po?'r16r 6ore q o).urrj p6!c vct 6vcu 0.20
kg. 

'Orov 
o oroi'rlvcg errm?'6eu oe ro0oq6 veq,6, noro

0o eivqr ro 66Qog z roi xdrro dxpou rot orrl)rr]vc;
33. 

'Eva 
orQ6pa qr6 qel'uE6tr 61er ndloE 10 cm Eqt

nunv6r4rn 300 kg/m3. flouo eivcr ro ep6cr66v rrig
xdrto enr,gdveu<rg rori orgtirpcroE av cur6 p6?'lg xct
enur?.6eu oe xc0opr6 vep6 6tqv endvttr rou alvcl
lcr),rop6vog 6vog xol'up64t{g pd(rg 75 kg;

34. 
'Evo 

op0oy6vr.o gouot<or6 orp6po 61et. pr]rcoE 2.0 ur,
n)'drog 0.50 m rtcr ndlog 0.08 m. Av q pdlc totl
orgcirporog eivcr 2.3 kg, nolc pdfo p:ropei, vc oulxp<r-
rrloeu ro orpdrpc oro v€p6, 6rot 6or€ p6l,rg v<r prl
6u0(ercru;

135. II6oo rll'rc (oe xu6uxd pdtpc) oncrteirou yua va
cvlrp(ioer 6vc aeg6orcrro pe rrrg€l'r,po goprio pdlctg
400 kg o€ 6UoE 8 000 m; (ps" : 0.18 kg/m'). Ynoo€ore
6rr ro creproorcr,o 6uor4qe[ orodepd 61xo xol 6ru r1
ruxv6r1rc ro{' atpa d,audtetat p€ ro tUoE otpgo-
vcr pe rq o16oq g"*. = e&-,?ffi- (z = rirpoE oe p6-rpc,

Oo = fiu?iv6flF(r oro errlneoo rnE otil'qoocg = t.25
kd-t).

Yroxrqdlcur 15.6 - ls,E AuvaFrxri fi6v 8€uot6v
xo1 q tEloo)o4 ro{r Bernoulli.

36. H roqoli ro6 vepot nou p6er p€oc oe oqr!6wro
oo?,rlvc eivou 2 m3/min. Ilp,oooroplore qv rolinpcr
p,or]g oe wo oqpeio 6rou q Ordperpog rotl o<ol'{vq
eivcu (a) 10 cm, (b) 5 cm.

37. le puc peldlq belopevrl yepdq pe vep6 64puoupryei-
rol puc ptxp{ rptn(r oe ptq n},eupr,x{ enlgdveuc oe
6vc o4peio 16 m x6ror cn6 q or60pq ro{ v€Q'ot. A11
ncqop] rori vepori nou erg6el cn6 r4v rprino eivou 2,5
x 10-3 m3/min, :rp,oobtoplore (a) Tqv rc1r1r4rc tod
vepot noo exg6eu crt6 rqv rgtrc xcru (b) rr1 Oudpergo
rrlg rgllcg.

38. Neg6 p6eu g,6oc oe 6v<rv otol'r]vc nou q Olcroptl tou
6ev 61eu orc0eqr6 ep6c66v, pe oroOeqo qu0u,6 (6i'.
>1ripo 15.18). >e wo oqpe[o 6ror q nleor.lEwolz5 x
10" Pa, 4 odperpog elvou 8.0 cm. le evc 6].]'o o4pei,o
0.5 m gll6mpq, I r(€oq tiaar 1.5 x 1f Pa xcu r1
brdperpog 4.0 cm. (a) Bpeite qv rq1trnra QoriE or1



Xqp1)6regq xar r!1L6reg4 Ouoroprl. (b) Ilpoo0topiove
qv ncrp,olr] rori otoi'r]vo.

39. 
'Evcg 

opr.!6wroE oorLr]vag percr6i'ltrig broropriE
6rogp6eror cur6 reg6. H nieo4 e(vot io4 p€ 4.5 x 1ff
Pa oe 6vo oqpeio 6nou q tclirqra eivc! 2 m/s xqL to
ep6c66v 6r,crop,rjg.4. BQ€[r€ rlv rc1l]rrFa ?iq[ alv
rieo4 oe 6vo oqpeio 6lol ro ep6c66r ewqt A/4

,|{1. H rpogo8oolc veprori ev6g ontrrori yivetcu pt 6rav
xriguo oro).r]vc 6r<rp6rQoo 6 cm. Mlcr 6prioq 6top6rpou
2 cm noo 6pioxerct 2 m ndvro cn6 rov xripo otol'livc

lepileu wo 0o1e[o 25 lt oe 30 s. (a) Ilota €ivqt n
t<r1tr4ro pe rqv oJroi,a €rQ€el to veg6 o16T q 6pto4;
(b) Iloucr eivcu r; uzeefiieorl saolt x'()QLo o<rrLriv<l r<iw 6
crn; (Yno06ore 6tr q 6qrioq eivar. 1 p6vr1 

"Otoppof"
oro onitr).

41. Ee 6vcv oto),r]vc r4g nupoo6tortn1g- bLap6rpou 6.35
cm Q6€r vs86 pe ncqol{ 0.012 m'/s. O ourl'rlvaE
xorol'ri1er, o€ 61<r crxQoqriolo eo<urequxrlg 6[qp€rqo!
2.2 cm. Ilor,c tivot q rcpir4t<r pe r4v olotcr ro vep6
exro[eri ercl cn6 ro oxpogtolo;

Q. 
'Bvq6 

revrpr,x6g oorlr]vog ncpolr{g veprori 61el puc
r'cux)'rxri or,crop{ q onoic orwetet on6 pr,c 6tdperp,o
3.6 m oe Oudperpo 1.2 m. Av I ro1dqro qdg elvou 3
m/s orov o<ol'rlvc peYdl.qg 6tcp6rQolr, :rproo6uogiore
rrlv rcl rqtcr orov o<ol'rivc plxpnlg 6r,np6tqou;

rl3. 'EvoE 
Oeppont6crxoE (Geyser) oro Yellowstone Park

rriw HIIA eztolerier xdoe pfu rirqo nepinou puc or4i'r|
6pcororl veprof os 6rtoE 40 m. (a) Me nouo rcyitrpc
ro vep,6 eprctcl'ei:rel ro 66cqoE; (b) Ilolo elvcr 4
nieo4 (ndv<o c:16 rqv <rrpooqor,qr,xri) orq l'€x611 p6oa
oro u;t66cgog nou 0eppcriverol ro vep6;

* Y*oxee&Xsro 15.9 
'AXf€g 

e(paeFoT6g dg eliorrloqg
ro$ Bernoulli

,14. 'Evc 
crqon)'dvo 61er pd(o 16 000 kg r(rr xcoepud

rrrtpuyc 61er ep6c66v ,10 m'. Kctd Tq 6tdgxero
opr,l6wlcg rnfo4g, 4 n[eo4 orqv rdrot enrgdvexr T 

{g
rrr6QuyqE €ivar' 7.0 x 1d Pa. IlQoo6roqiore rqv n0eo4
qf,lv €rdvto entgdveuc rriE fi6$ryag.

lL5. Kcr0epr,d nr€Qoyq €a6g <reponl'dvou 61er ep6c0dv 25
m2. Al q rcrlri,rpo rot c€pc eival 50 rn/s orqv x6T<o
enlgdvero n{g tlr6pulog xqu 65 nl/s orqv €fidvo)
enrgdvad r4g, nproo6uoglore ro 6dqog rot cepon]'d-
vou. (Yno06ore 6tl to cep,onLdvo ndver oprl6wrc
flrrlol pe orcoepni rc1{r4r(r oe -ulr6p€rQo 6nou q
nuxv6T po rori c6qc eivcr 1 kg/m'. Enio4g uno06ore
6rl o),6xi,qpr1 q crvu{r<orurli 0t1vopr1 npo6glerau <1116
trE fireQul€Ej.

,16. 'EvoE 
o<o)'rjvcE Venturi ;.urogei vo lpqouponou40ei

yrn rq prrp4oq rrtg nqpoXrig ev6g ulprori (6r.. >XtiU,<r
15.19). Av tlOtclgoqd nieoqg P1 - Pz=2L 000Pa(=
3lb/in.2), 6osir€ rrlv napopl rori ulpod oe m3/s edv 4
qxrlva rod otol,r]vc ergor]E elvcu 1 cm, r; ctttlvo tot
oro).r{vc er,opori^g eiv<n 2 cm xcl ro oyp6 eivcl 6ev!ivr1
(p = 700 kdm').

47. 
'Evag 

ooLivag Pitot pnoQ€i vq X€'loupororl0€[ Tra rrl
p€Isnol riS rclrlt4tcg 106 q68(r perpdrwcg rr1
6rcr9op6 perolt r4g o)"uxrjg rieoqg xorutig orortxfg
rieoqg (6L. >yfipa 15.32'1. Av ro u1p6 orov oto)'tivc
eivcu u6gdpryuprog, nuxv6rqtog eqg = 13 600 kg/m'
xut Lh = 5 cm, 6peite r4v t<r16,4rc r4g gorig rori
c6pc. (Yno06ore 6tl o c€pcE oro olpelo ,4 6t€r
rclrir4rc'pq06v, 6t11'c6rj etvcu o4pelo ovororojg xol
ndgere po*o = 1.25 kgm').
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Eaipo. E.!2 (n4661.np0 47).

O oiprovcg lpqorponoueircu y,c rrcr peroyyl(er, vepro
cn6 prc 6el<rpevrl, 6n<,rg deilver ro >Ifpq 15.33. O
olgrovcE 61el oro0ep,rl 6rdperpo d. Yro06ore orp<oni
pori. (a) Ildpere g.ro €npgco4 yra ro Q!0tt6 txeofE
rori 61xou ro6 vepot oro 6npo tori olgcova. (Enu]'€[e-
're ro enine0o cvogopdE oro oqpe(o 3). (b) nouog
etvar o nepuoquop6g y"c ro rirlroE rriE xoQuqiE roi,
olqcuvc ndvo.r on6 rqv arr,gdvera totl vepro6; (ftc v<r
61ere ouvelr] gor] rori u'ypot, 1 nieoq rorl ulqori 6ev
xptxer, ta n6oet xdrlo o.16 T qv crpooqouqlxrj r[eo4).

@

E1tiFo 15.33 (nq66i.Ipc 48).

49. Mrcr p€'yqlq 6eEcpev{ eivct yepdrq p61pL 6rpog ftq. Av
oe or.rrr]v crvoiloupe ptc xQiro oe 6r,toEll crr6 14 6dor1
rng OeEqp€-vrig (6?'. >fipa 15.34) oe n6oq cn6oroo4
crn6 rl OeEqpewl 0o oul,ovrrioat ro 66o9og q 9)'66o
rori uypoi nou exrolr6ercr cro r4v rpilat

l1tipa 153 @p66l,4pc 49).

150. Avoiyoupe pu(t tpdnc orq l?'euplxr] enlgdvetc ev6g
6o1e[ou rirpoug 20 cm nou eivcryepdto pe veq6. Av ro
veg6 np,6xeurcr, vn exto[e-u0e[ 6oo ro 6lv<rr6 nro
p.cxpld ogr,(6vucr, (a) oe rolo rhyog oro 6o1e(o
np6reu vo ovo€oupe T qv tptlna; (b) Edv q'trol0ot1v
or on6lneueE tpr6rjg, n6oo pcrxgud (cpltxd) cr6 qv
nl.eupd ro{' 6o1p[ou 0a npooyeuor0ti I gi.66a tot
veoori:
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t Yror€ed {lo 15.10 Ev6pyerc mr6 rov dvepo
(orolw{ evfQ?€ra).

51. Ynol'oyiore rqv r,o1t :rol nogdyerou on6 6vcv cvep6-
pu)'o rot onoloo or, nr6puleg 61ouv ordpErQo 10 m av
q rc ir4rc rot cv6pou elvql 8 rr/s. Yr.o06or€ 6rt rl
wr60ooq ro{r ouonig.croE ewcLt, 20Vo.

52. >6pg@vq pe €vc pd)'Lov qr).66o!o o166uo, 50 000
<rvep6pulrol, o xco€voE 6r,cp6rpor) 800 ft 0q qr60l6(rv
pr.c p6oq uolri 200 GW. Aurol 0c 6npetrE '/tc

orqqrlTr,xor3g )'6youg vc 6qiorowcl xrrr,6. pllxog trjw
Meoodurlr<irv fle6ld6rov, rord prjxog rt6v A}totrov
Nrjocov ncru oe ni,or6g :rl'org6qpeg rqrd p{r{oE r6v
o).r6a rot Arl*aw[xori f,Jxeqvot xql tori K6],nou toti
Melrxori rn06g xor orqv neptor] rrirv Meldl'trrv
Ar,pvtirv. H eujolcr rcrcv6l,<oo4 ev6qyE[og ortE HIIA
ro 1980 rirov nepfurou 8.3 x 10re J. flouo xlrdopc tr]g
ev6pryercrE our4g 0o qn60r6e ro 6(lnlo rt6v cvep6-
pu),ov;

53. @e<ogfote €vcv cvep6pr.rl.o pe nrEpuyeg ep6c6ori
6rcroprlg A, 6no4 oro E1r]po 15.35, *cr trno06ore 6rL.
o pri).og eivcl orpcppdvog npog rov 6vepo. (a) Av r1
rn1{rr4rtr rorl cv6gou eivcu u, cno6elfre 6rt 11
xrvrgrurr] ev€pryeuo rori c€pc rou nepvdeu cvdpeoc
qn6 rc rrreQ{t'fra oe lprovo Ar olvercr o16 Trlv

6xqpco4 K = ,aAu3Lt. (b) flot,c eivcr 4 u€yuorn
ono0u06pern uoltig, oUpgtov<r pe qur6 ro p.qr'[6],o;
)r.yxgtvere ro crror6i.eoud ocE pr T 

4v Elioroo4 15.16.

Er6a66v : A

F-ax-*l

Erfpo 1535 (na66].tpo 53).

r Yroxegdlalc 15.11 rurr fi.tZ llti0eE (eororequri
rqi6{ qsuod)v) rcr tug6r664E gor{

54. Ilouog elvcru o oqr0p6g Reynolds 1uc q qori ulpori oe
6vcv netgeLcr,oycrry6 rrlg A.idoxcg 0r,op6rqou 1.2 m;
H nuxv6rrpo rod <rpyorl nerpe?'oiou e(vqt, 8 500
kgln', r'l r,aytrrp& rou eivqu 3 m/s nou o ouwel,eorr]g
eo<oreguxr]g rpl6rjg eivor 0.3 Pa.s. H por{ r(vcr,
orq<orri ?i rup6dr0qg;

[! O ourrrei.eon{g eo<uregrxrjg rpr6rig ev6g opropevoo
uyprori wpoo6uogifercu (ovoug 4trC) pe q p&eqo4 trig
nogopiE w6g o<o?'fvo xdr<u crn6 plo yvrooni Ouagogd
nl6oerog perclr! r<iw dxptov rou. O orrr),{vcg 61er,
<rxtiva 0.70 mm xql p,r{rog 1.50 m. 

'Orcv 
egappoorel

pLc 6rc9opd :ri,eoqg $atm. i,rag 6,lxo9 292 cml
outrl,Ey€rar os l0 mini-Ilorog r(vct o ouvrrLeodg
eotoreqlxr]E rpl6rig rorl uyprori; Ilolo eivcu ro u1p6;
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56. 
'Evcr 

nct6i p&!cg 50 kg or6xercr, ndvo oe evc orpdrplo
0d).coocg Oloqrdoetov 1 m x 1 m x 0.06 m xarq-
orcucog.evo crr6 9e)'rl6)'. Av ro org6pq p6)"tE xot
xpcrder to not6i (6q),cr6{, ro orpdrpc eivcr. 6u0r,op6-

vo ol,6xl,4po), npoo6uoplore qv nuxv6rlr<r rori
qei*l6i'.

57. Evo 6ei.ypn 1cl"xori np6xelrce vc uroore[ puo u6pro-
q[qt2if fiiroq nou 0o aulr]oer trlv nuxv6r4rd rou
xqaA 0.1Vo. flolo n[eo4 crcrreitcr;

5E. To evo ox6l"og ev6g oo),r]vo op]pcrog U negr6let 6vc
uyQ6 ru2iv6rrFqE 91 , wti ro &l,i'o on6i,og negdlel
uyQ'o filxa6rrlrqE e2. Av ro uyQd 6€v crvcrprlvrlovrcr,
cnro6eilre 6rt p2 = (hy/h)q1. (Bi'. >fipo 15.36).

lxrip 1s36 (na66hpo s8).

59. Muo p60o6og 1rc q pftpr1o4 ulE nuxv6rrpcrg ev6g
u1por1 oreuxovilercr, oro Xpjpc 15.37. H pic. ni'euqd
rot oroLrlvc op]porog U 6gioxeror p6oo oro uyg6
nou elerdloupe. H di.l'4 n).eupd 6ploxerau p6ocr oe
veg6 nuxv6rrpoE p*. 'Orcrv o o6qcrg crgcnpe0ei ev
p6qeu crr6 ro endvto g.epog rot ool'r]vcr, onoDei[re 6rt
q m-r*v6qro rori uypot orqv oquorepr] nlreogri eivor
a = (h*/h)e*.

rx{po 15,37 (na66}.rpo 59).

60. Mlc delcpevrl nou 61et enlnedo no0p6v<r ep6c6ori.4
xcn xc,cr6quqc rotlrirporc neptfl1er, vep6 p61qu
trpog ft. Xrqv el,eriOep4 urr,gdvelc rot vepori q n|eo4
€ivq! 1 atm. (a) Ilolc eivol 4 oi'lnrj nieol orov
ru0pevcr T 49 Defnpevrig; (b) Yno06ore 6u evo ocirl.rc
olrr,xrlg pdlcrg M (xar, piarlE nuxv6rqrcE puxpr6repqE
r{g nuxv6r4raE rori vegorl) rono0ereir<n p6oc orl
0elcpevri xcl errrd'6e1, floxr elvcr q npoxci,ori;lev4
ar1E4o4 r{E o}nrzr]E nieo4g orov nuopevcr rrlg oelcpe-
vr]g; (c) Yro?.otiore ro onor6i'eopd ocg yr,tr ptcr
nroivo (& = 1.50 m, rurlrurr] 6efcp:vr] or.oprrporj 6
r4). Av 613o dv0gonou pe orvol.r.xri pd[o 150 kg
n6oouv 1r,6oc or4v nLolvq xcrr erffi]u6ouv r]ou1c, nolc
0o eivcr. q qdlqoq rqE n[eo1E orov nu0p6vc d5
nroi,vq<:

161. To npcrypcrrx'6 6dpoE ev6g odrpolog eivor. ro 6dprog



ro! perglp6vo o[o x€v6,6noo 0ev urdglor.rv 6uvd-
p-etg cv6oerog. 'Ev<r o6pq 6yxou I/ fulilercr orov
c6gn pr plo (uycgl6 nou 1Qqouporowi q[aOpd
nuxv6rrpcg g. Av q nuxv6rqr<r rorl o69o eivou p" rcr
11 lulcqrd Oei1ver. W , u.ro6ellre 6ru ro ngolparlx6
6dp,og W eivcr

f62. 
'Evcr ocirpc ep6o0ot 0r,cropr1g,4, tqouEt xoL fi\)xn6-
rrlrcg q r.oopp,orei 6u0r.ou,6'vo F,e-rqEt Ofo uyed)v ta
onoi,c €1ouv zuxv6trpeg qr rqr p2 (61'6:re !p]pc
15.38), 6nou er < p < 02. To uyqd 6ev cvopuyvrio-
wcu. (a) No crno6eilere 6ru q dvoo4 oro odrg,o eivcr
B = IeAy + gr{(l - y)lA. (b) Anooeilre 6ru q nu-
xv6Tntq rori o<6porog eivqu loq pe
e = [0,1l + szQ - dlle .

lr{Fa r53E (ne66h}o 62).

63. )e plc 1c),{r60rvq 2(oAn ogqfu'c 61er ogcupeOel o
a6gcg q 0e el<oreprxri r4g 0udprrpog eivcn 10.0 crn. H
ogo[qc 6rov rono0eTrl0ei p6oo oe lo0op6 vepr6
roogp,o:rel xor p6]'rE xaltrlr€rar trrr6 <rur6. H nuxv6-
rrlrc ro{r 1d}.u6<r etvcr. 7.86 x 1d kg/m3. Ilouo e[vqL
ro ndlog r6v rorlcopdrnw rrig ogcigaE;

l@. Evcg oqr.l6wr.og orrrLr]vcg cxr(vcE 1 cm ouv0€ercr g.r
€vcv 8erirepo oquf6wuo oorlrr]vcr oxrivog 0.5 cm.
Merolu rtiw 6rio oro)'r]vtw undgler, pta 6lc9ogd
rteo4g 6 660 Pa. IIo[oE dyrtoE veqo{ q6eu p6oo an6
rouE oorl,rlveg ovd 6e'urepro?nenro;

65. Av wcl nupqvux6 6ntro l pryor6wou expcrlei oro
€6qqoE I p€yuoq onegnieo4 (6q)'obi I qriE4ol tl1s
nieolg ndv<o cur6 rqv rovovuxr] orpoogoupr,xrj rteo4)
0q elvqr 0,2 atm oe qfi6o[qorl 6 km. Iloia or1vq.F,rl
ogeuL6peq oe ptc T 6T orc 6rp4l4 0n corrlOei orov
roilo er,6g o rrr,ot F.€ OrcordoruE 4.5 m x 22 mi

66. Nep,6 p€et pe pu0po 2.0 x 10-4 m3/s oe 6vcv otolrjvc
6r.cp6rp,ou 3 crn. Mrc prrprj A<uypri (0.1 mm x 3 mm)
Eqploupryelrou xcrt q noprolr{ exgorlg el,crrrdrvurcr,
xcrrucl tVa. (a) Ilorcr etvau q p6or1 rclirr4tc rof veprorl
nou ezT olerlerct <m6 q p<rryp{; (b) Ilorc elvar, 11 p6or1
rcrl{rtrlrcr io{r veQori ou €rq6€r c:r6 rov oor}'{vo;

16'1. !1stuxd pe ro !1ripo 15.8, ono6eilre 6ru 4 ol.otrf
Oomi fiou coxeitcr cl6 ro veq6 oto gqdypc tog lp,oE
tov dlovc nou nepvdet qn6 to O efuol lpgwH3.
Ano6efre 6t o gog6cg nig o),uxrig Orivapqg nou
crolelrcru cn6 ro vep6 6p[oxercl o€ qr6orqoq +F1
n&va $16 to O.

6t. To 1657 o Otto von Guericke, egeug6r4g rtg ceQc-
wlicE, cgcipeoe rov c6p,c c:r6 pt,c ogciqo nou
q?toreLoriwqv on6 6rio pnporlwllvo qploqcrlqr,c.
Ato ogd0eg ar6 otrt0 dl,oyc q rc0eprd rpc6drvrcg pe
pe16l,1 np,oon60etc pn6qeocv vc cnoloqloouv rc
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qpuogciquc (61. >1rlpc 15.39). (a) Arode{,fte ort, r1
cnclroripw4 0r1vcp1 F 1,c vc- croltogtororiv rc
crep,6rela qpuogcipr.c ewcu nR'(P" - P), 6rou R
eivcl q axr(vo t<irv nproqquelo]v xcl P elvou q n[eorl
p6oc otc qprogcQlc, q onoic elvcl no].{ ptxpr6repnl
ufi6 v1v P". (b) Ilpoooogiore 14 drivcrpq cv
P = 0.1P" xqr R = 0.3 m.

Edpa 1539 @E56rrtpo 68).

169. Bpetrr 14 6Ldperp,o rorl p.eycrl,riregou ceg6orcrou zou
eivou ppdro pe ril'uo xcru 1prqo4r.ofiot€l Yt(r vq trQaq-
Oei oro 6&rgoE olouvrd nou x66ol'vcr 6rcv 1 rdoq

lenegdoer rr.g,() lb (178 neMons). XQnlotBorotlol€

1Lc r4v nuxv6r4rc rori c6gtr r4v rrpri 1.29 k{m' xol
rqv nuxv6trpc torl 4l.tou 0.200 kg/m3. Yno06ore 6tu
ro oep,6orcro elvor oqcuqut6 nct 6tt 4 pdlc totl
*eqr.6l"ripat6g rou oplu4rfcr. (Yn66er'[4: rl tt1{ rrlg
:ruxv6rryvcg nou 060qxe €66 yrq 1o ril,lo eivot
peychitegq cn6 rqv rrpri tor! fllvcrxq 15.1. H lieo4
p6oc oro cep,6orcto 61et 0erogqOe( 6ra, efucn L0Vo
neginou n&vcu cn6 rqv crpoogor,ptxf nieo4).

70. Mtc p€ydrnq 0eEctrrnr] vegorl 61er ptct rgri:ro ep6o6ori
1 cm2 orqv nLrugurrl enr,qdveld rrlg oe 6va onp€to 2 m
*dro crr6 r4v e)'€lJoeQq €rrledv€rc tori veqorl. Ilor,og
elvcru o pru0p6E €rQortE rrtE U.dEcg (oe kg/s) clr6 tqv
106rra;

l7l. H zcqopl rorl not<rpor3 Columbia elvqr 3 200 m3/s
neplnou. Iloro 0o eivcu 4 p{uorrl cno0r.66peq roxfg
rdw U0eoorQo6fi<ov <re 6vc Apdlpo ov ro vepr6 n69rer
o16 xcrccrx6prugo $toE 160 m;

172. Ag rqd)rrl Qoofyyrorl, or. rfurergor r{g lqg p.ropel v<r
0etopr4Ooriv oov ;r.eydl,o roppdrro crn6 ypovi'u4 nou
€ntnl'6ouv oe 6va fiuxv6reqro r6tpropc (nou ovopdle-
tcr nepr,0ot(rr;g), pe rov i6lo rp6no zou €rr,rrl6e! o
nriyoE oro veqo. (a) Ano6eilre 6ru o ninog nou
negulg&get our6 ro golv6pevo eivcr

Ast = aed'

6nou p, eivcu 4 nuxv6r4rc rori yqcvirl (2800 kg/mi),
qp etvar I nuxv6rrlrc ro6 nequ6orir4 (3 300 kglnr), t
eivcl ro ndlog pr,cE qnelqou ncr d elvcl ro 6&0o9 olo
onob enun?n6eu plc rjlr€rpoE p€oq oro1, req!0otirq. (b)
Av pro {nerprog qlrlq,<rr0ei xqrd 5 km ndvo crn6 T4v

enrgdvera rori nepu8o, irrl (crurri q eugdveua y:ropei
va 0€trrqq0€[ toE rluOpdvog ev6g toxecvori), noro etvcn
1o n&Xog dg ryel,pou;

173. 6eoq4ore ptc orivOetq (q(€Oia>, nou anorek(rqu
cn6 0r1o rcrgdytrweg nl'dxeg, xc0eprd nl.euprdg s
rol,l,qpfleg F.€ 0r1o 60esE rouE. H F,rc n)dxc 61er
nuxv6, rpc 91 rcu :rd1og &1, wrir q d)Oq €1eu nuxv6r4-
ro. p2 > pl xq,t n&7|oE lr2. (a) Bgeire 14 p"6o4 nuxv6'u4-
rq 0 rrlg oxeOicg. (b) Y:ro06ore 6rr p < g*, r6ore 4
o1e6[o vo enun]'6eu oro veg6. H o;e0[c toroestt(rc!
p€oc oe vep,6 pe rrlv ruxv6t€Qq trldtiq Jrprog rcr xdttu.
Bpeire ro 660o9 d, rilg nro xdro enlgdver,cE fiE
q(€oiqE. (c) Av n ox€ola torooerqoe[ oro veqr6 p"e rrgv

w:w'+(v-Y\p ,e
\  p g l



408 xeoa,raro ls l{rtxA}rrKH ToN pEy>TeN

lz!

Iy*nF"pn nldxc nprog ta euivttt,6pelre ro 6d8oE,
d', vfig xto xatlo enrgdver.o.E n{g o1r6icg. lloldore
r4v cndv, lorj ocg. (d) Iro norov cn6 rouc rooqcvc_
1o).wgo1s- nou neguyprdg4xcv orc (b) nci (c) a
6opuur{ blvcpr.rcri w66ryeuc ro6 ouvohiotl ouoiripcl
toE (cnorel,ofpevou cn6 14 oledtcr xcrr ro vrpr6 ovo
oroio €mrM€t) €tvar pelcl"rireprq: Bgeire q 6ucrgogd
TrlE dwqpu.4g wcQry€laE.
MLc 0elcperni tleu xoxtlr] enLgdvelc xcl xl,to4 lqng
rq. €rdv(lj r(qrd' y(l)vl(t a ((oE ng'oE trl1, ogul6wr,o). H
d€Eap€v{ €avar yepdr4. cl}d undgler. onp xogugrl
trlg pr,c rg{na 6tor, t6ore q n[eor1 exe{, eivcl t atm. Av
Fra prx€4 rprirq qvor.10e[ oro rolltrrpcr fl1E 6e!c[evr]g
o€ qroorqon J qrr6 rrlv xoguql (pergoripev4 xcrrd
F1xog 

"rlE 
rexi.qr6qg errydve rcg), 1 91,66c rori veprorl

nou olrlptrt(lercr, lovcurfgrel or4v xexl,ry6v4 elqd_
v_etc oe F,[q qlr6otso4 s'rpog to xdrto cn6 qv rprrinc.
(H ouvohxr{ cn6oraoq oad r4v xoquqri ro{ orprtou
oro ono[o n6qrer q gM6c e(,vcr owerrdrE s + s). (a)
BO€[r€ ro .r' t,rE ouvdqrqo4 ttiw s xcu c. (Mroqeiie ia
ulo06oerr 6rr, ro Ou<rwopc rriE cgprig rclrir4tcg
TIE qMoaE toi, v€Q'ori rlrqL rcdoero oup uwgdverc
uflg 0e!op€vrig). (b) Yto].oytotr rov l,6yo s7s 1o
a- = 45'. (c) Bpelc r4v rrpf ro{ o 1rc r4v onolcr
s'= s, (A6ore qv crrdvqor{ ocrg oe cxrlvlc xcr oe
pole€E).'Evcr 

xcL,66ro fluriv6,npc.E p" rcr, dlcperpou d on]nri>
verql xcrrcr6guec nprog rc xdrro xow ang6oto:orl h
pfoc oro vepr6 lcr 6vc o6pc prilcE M6 xol :nrxv6rrl-
rcE 0b €tvqr O€U,6.vo qro rdr(l) d?iQro ro{ xq},o6[ou. Or
r{urvofilr€g gc rcr gb €i,vc! r(rl o! 06o pclchitegeg
qr6 rqv O*, rrlv ruxv6rrpc tori ve6ori. Bqetre (a) rlv
tdql I ? mo 2(Cro dlpo rori xcllo6lou , (b) r4v rdo4 ? 

"q[o errdvo drpro tori rcc]o6{,ou xol (c) nE r,&oer"g T/

xcl Iu' rou 0c ucriprycv oro 2rdr@ xcl eirdvto dxp,o
rori xctr o$[ou cv q 6].4 0r,6ro$ rircv orov c6prc xct
61u oro vepr6 (Ayvoriore tqv dvroo4 :rou coxel o
c€qcg). (d) Ynoloyiwe :.o.T2, To, T.'r4o. tu' yr,cr r4v
neglrrtooq w6g roltrf(ou u6 1dlu6c prixouE 100 m
oro otolo elvcl Oepdvo 6vc rolpew6vro orirFo Fdlcg
2.00 petgLxrix r6wov: O" = ?.86 x ld kym3,
d = 2 x 10-' m, h = 100 m, Mu = 2.00 x ld kgnar

. eu = 2.38 x ld kg/m3.
IZO Ario6e[Er€ 6rr q prtcr6o],rl rrlE atpooqc4rx{g nieo4g

ou.vaQ'r{qet toli u{roF&Qou Olverct a:r6 q oI6oq
p = Pse-*,6nou c = qqt/Pq, Pe elvct q ctttoogotgr-
xri n[eo4 oe €vc ou0al,gero sJrh€0o avogogdg xcu, pe
elv.cr q crrpoogclpucrl rurv6r4rc oe <rur6 ro srtreOo
cvcgoqdg. Yno06ote 6rr, r; eMtr<ooq rriE a4rooeaet-
x{g rleolg ro069 culdvercr. ro u{,6perQo Olvfial
cr6 r4r Eltooorl 15.5 xnr 611 1 :ruxv6rrlrc rot c6gc

. elvcl cvdLoyq JrQoE arp rra€o4.
l[ EvcE 166o9 rdyou axFiE 20 mm err]:rMe! qe 6vc

fio"{Or fiay<op6vo vepr6 pe r4 p[,c rou arlgdvelc
rcqdil4l,q reoE 

"qv 
urugdven rof veqori. (a) Xe

nor,o 660o9 crr6 r4v urugdveic rorl vepro{ 6glolercr, r1
xdrrrr €Ogc ro{ tdyou; (b) Xtivoupe nprooexrlxd rcpnro
olv6nvEupa oro rofiigt p€1pr,E 6rou opgcrloer, 6vc
orprtilpc l61oug 5 mm ldvcrt cl6 .u4v enqdvet-cr rorl
ve p,orl . 'Orov o xrl6og rorl ndyou cloxdosr u6Q,oorc-
rur{ loogponlo ndlt,, :rolc 0c elvor 4 o:16oroo4 cn6
rr1 0r,clogrorrxri en rp&verrr :',crit vcpot 1ftXgr ury xdro
60p,c ro{ ldpu; (c) II@o06rouF€ cx6pl nalorp€vo
orv6rweupc oro nodgr, p61grg &ou I €l€u0sefll
urugdvelc rori olvonveupotog oupr6oel pe r1v eldvro
669,c rorl xri6ou rou ndlou (oe uoproorcrr.xri looggo-
fi[c). Ilolo elvou ro ndlog ro0 orpr6pcrog ro6
owonveipcrog lou olcntetrcu,

l@
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flol,i'ol xi'd6ou r{g enLorrlpqg lp4orp.onorotv q @rotxti rd)v 1jvll6v nr6oetov. Ot
er6txoi nou epyd(owar oro re6lo our6 npoono0oiv ouvelci.lg vc grdooov oe oluo6vc
r.or uriJ4),6reQ€E nl6oeug. To reLmrtoic xQ6a[q xqrqort€odorlxe pi.<r v6c ouoxeuri
rapclory4E urp4l,<irv:tu6oeorv nou l6letatto \Lapavttvo o.ttdrr. M€ Tn ouoli€uii quari

nopd.yerou ovcrlr{ nieoq nou lrnep6civer 1cr 2 Mbar (2 excrroppriquc bar).
Xpqolporororlpe ro,t 6po otauxri eo4 yw'to neptypdrpolpe m6oerE 6xrpxeicrE, oe
cwl8lcroroi,ri g.e rlg 6uvopux6g nL6oaLE, oov art6g nol oqplloupryofvrcu i'.1. o'16
xp'ouorurd xriporo xou ol onoieg 6ngxoriv p6vo pepuxd puxpoDrureprotrurrc (microse-
conds). 'E1ouv avcnrulOei 6r69opeg relvux6E yrq rn pel"6q rrlg ou1rrregrqoeoE Tlg
{}'1E un6 olvor]xeE ovn},6v Jli6o€(l)v. [H nieol elvcr, 6ti,,cpq ovd pov60a ertgcveicg
xcl povddeg T 

4g eivar ro bar { ro Pascal, l bar = 105 Pascals, l kbar{ l kilobar = ld
bar, 10 kbar = 1 GPa (gigapascals), 1 Mbar ri megabar: 10o bars { 100 GPa].

O P. W. Bridgman, xco4'p1'nig oro woverlorriplo Harvard, rirov yuo puo6v cr,tirvc
nporon6qoE oro re6io crur6, p61pL tov 0dvot6 tou, to 1961. Me)'6qoe Tq

oup:tepuqopri ev6g repdorrou cpl0poti ul'r,x<irv un6 ouvOr]xeg lrpqi'rig nl6oe<og xou
cv6:rrule 6),eE rrg yvoor6g relvrx6g 1la rqv erlrellq nl6oeov p61gu 100 kbar. fro ro
691o rou orqv dvanruEn lexvlx6v u1r4i.6v nr6oetov xoodrg roL yra rlv ovaxd],u\lrrl
v6ow qcrvop6vtov ur6 ouvOrjxeg n#oe<rrE o Bridgman 6pc6eri04xe pe ro 6po6eio
Nog.n6)' ro 1946. fro vs enlrileu xaveig up1lll rieo4 lp4orponoLei qv rrxvrxrl rori
noiri.cnlcolcopori rrlE 6tvopqg. Mlo brivopl F:rorl egopp6fetcr ndvtu oe ;lc
ewugdrerc ,41 nol'l,oni'cordlerc[ eni r,ott X6y6 A1lA2 edv 4 egoppoyl rqg perc9epoei
(ltogig 191669) rdvco oe plo pllp6req4 entgcrvetcr A2. O i'6yog ow6g loo{tcr, ouvriO<og
pe 10 6<o9 1 000 ortg reproo6,rpeE ouoxel6g. Aurl qv relvtxr{ lg4ouponoi4oe o
Bddgman Y[c vo xcrcoxeudoer ouoxeu6E !{rni'iiE fi[6o€@E.

To 6ralidw[ qw6x€r o€ 'Iol{ !Vrti,6g 1[u6oerg, 616T r e ivot ro oni'qp6repro ui'ux6 rou
yv<opilor-rpe. 'Evcg dl.),oE ),6yoE :ror.r t6 lplouponoLoripe 6qloletcru qro 6ru eivqr
6lcrgcv6E oro onrtx6 p6poE ro{ qdopcrroE xcr orug onriveE X- 'EroL p:roqoripr va
pelerr]ooupe Oei.ypoto nol neplrcLeiorpe pe 6lcpdvrl. Av ncr cor6g or l6l6qreE rot
6xrpowuori r]rcv yvcoor6g, to 6ucrp<rvr6vro crp6vl xcr' croaei,rdorrlxe yuc nq6, q gopd ro
1959. 

'Eaa 
Drcrprcw6vro cp6vr nou pnopei vo ovonnifer nieoq ploori excroppuplol

orp6oqcnqeg lorpdeL or4v ro).dp4 oog, 6rtoE 6)'6nere oro llripc 1(a) xcr 1(b). 
'Eror

p:ropel ncveiE vo. nr6oet 6eilpo,c tcu vc rd pe]'er{oel pe 6vcr plxgoox6rlo. H crppi
6doeu rfg onoiog ler.rouprlei ro Oucrpovr6vlo crp6vu eivor od'f . To Oelypc roro0erei-
ral orq p6yyevq rou qfioreLeirqr on6 6r!o 6r"cpcvr€vro cp6vro. Tc 6to aU6rlo
nd(ovrcr perclri roug pr no?,ri pe1 ,4 6irap1. H urugdvelo xo0w6g cplovuori eivol
ndgc :toi'ri ptxel (= 0.1 mm2;. 'Erol undgleL 6vcg tepdorrog nolulncnLcorcorrn6g
ouwei.eorrlg 1La rqv n(eo4. Mlo 6crorxri ouv0l1x1 rou nq6rer vc rt'lQolircrl €lvcrt l
elr]E: tc cp6vLc np6rer vc ri.vor" rcpdi')'4},o tta[ €u0rlyQcrppropevcr perqEf xouE.

Ta 6lapdwlo nou lplorponouodvror yrq fllv xano.oxelll tori opovuori np6:rtr vo
e(vcu r6l,etq xcn pey60ouE i 6<o9 t xaQorutirv. H rleol pttpl6rcl pe r4v relvrt{ nor.r
6ool(erou orn p6rQno4 t{E petot6:rLo4g tori gdopcroE gtoogoplolr.oti xguord},}'<ov
pou1ur rv rtirv.

Alapaw6vn cpovro lpr4orgonoro{n'rnu xcr rc pei'ereg oe 1cp1}'6g oeppoxqcroleg,
crx6prl xor oe 0eppoxpooi.eg lyprot 1l,iol. Xpr;ouponorotvrcr efilolE xql o€ tto)'6

anvils
Translating
diamond
mount plate

Tilting
diamond

hemisphere

Bel levi l le

(a)

EX{po 1 (a) Ooroyaogio 6r,cpcvr6-
vrcu apov@ri nou 6rlFr.oupyei nieol
t Mbar.

Hemisphere
Pressure plate

fxlipa f (b) Ald'yeoppq ouotlilr.oroE 6Lopcwevrol <rpovrorj oe o166r,o ro{ National Bureau of
Standards rdrv HnA. >ro 6e!16 p6qog qoiveror out6 xa0'rcur6 io 6!opow6v!o op6v! o€
pey6v0uol.
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u{al}'69 0eQpoxqcoieg. To 0ri1pc 0egpcrlvercr nol.r3 yprilogc (t6oo ygriyogc drorr ro
cp6vu 6w €1er 0egpcv0e[ rc06]'ou) oe Oeppor+pcoleE 4 000'C pe elc ],6Llep YAG. H
Oeppoxpcoic pergr6rcr qcopcroor.omr.d { mrpoperpuxd. Tcr Orcpowevr,c cp6vuc
rono0eroriwcrr o{pegc orlE n4.y6g cxtlvo6oi'l<rg ou11p6rEw (xuxlwdw eirurcrluwtiw
4l'exrpor,[ow). 

'Erol ]'op6dvovrcu no],{ yqfyoqa edoprnrc nepl0}.doetog cxr(vtov X,
errrb rc Oeiypcrc 6pioxowor. un6 noi.ri urpq)'r] nieo4.

Muc xl'colxri onoudrj rou xdver xovelg yrc vc xorcvorloer rug 6u6rr1reg ev6g
oreqeori eivcu n pe].6r1 r4g o16o49 rieoqg-6pou. luvqOtr4 lprlorpoloLoriwcu
pt-rprjoeLg pe axriveg X. To perqo e)'aorlx6r4rcrg rori 6yrtou B (to cwiorprogo r4g
oup:rreor6rrpcrg) sv6g or€e€ori, rou elvqr B = VGPIaV)T, ncl q rog :rprog r4v nirorl
ncp6pry6g rqE B g:roprofv vc uno).oyr,ororiv edv 6proripeTqv xcrcorcrlx{ eliooro4
q.tt6 fl,g t[€LQcporrx6E pergrloeuE. flol],69 9og6E, lgqor,po:rororipe r4v eliotoo4 tof
Murnaghan:

)rr1v rcT norcrrtxr] curq efioorol uroOeroupe 6tl 1 ncrgdytoyo; dBldP ealol oro0Egil.
nol'tr6S qop€g,6Fog, 1r-w60eoq au,ri eivct eogcl'pfvr1. T6te eipcrore unolpeop€vor
vc oup.neplld6oupr pr1 lgapplxorig 6p,oug orry xcrcor<rrrxi eEiooql. Xro Xpipc 2
6Ltnete 14 lgcgwr] ncgdorco4 qg e[iotoo4g rori Mumaghan yLc ro,, dpryupo. H
elioroorl repqgdger nrord rrg nelpopcrux6g perEioelg.

To 6velp'o xdO€ eq€uvrlrr] ur1rll6v nldoetrrv eiv<rr v<r cv<rno)'6ryet perc6ol'f pdo4g
niE xcr6orco4E 161o rr]g nieoqg. 

'Otov q ol,txri ev6p,'yeuo ev6E ouoripctog nou
6ploxerot oe 0eppo6uvcplxr{ looggonio 61el r4v e)'d1ror4 rlpr] T 4E, r6re q xordorooq
cur{ eivcr ota9eEi xatdotao4 rot ouor{p.<rroE. 'Orcrv pelo0ei o 6yxog M1<o rrig
crilrlorlg rng rrieonE, r6re, 6nrrrg 6)'6:rure oro )1ripa 3, perc6dl').ovrcr or evdpryer.eE rdrv
nroqvd)v xcrqordoeov. To orlorlpcr nQ€rer vc perdroer t4v oi'rx{ ev6pryerd rou xcr
€rot c,,cyxd(ercr vo perc6dliel f 14 ye<operglc rou {Tqv 1}.exrprovLxr] 6op{ rou {
ncrt r(l 6rlo. IIolJ.€E gopfg, oL cLtrc16g aur€g perc6dl').ouv or;pcwtld rtg guorr6g
1016,1reg r<irv ur6 pd'6q or€e€6a. >ro Ep]po 3 6l€nure r4 6optxr( ora0ep6'urlrc rori
luplriou (Si), :rou elvqr yvrrror6E qpLol<rry6g, o oroiog 61eu rqv oroprxr! 0opr] tori
<rddpawa orug ouv{Oelg nu€oer,E. 'Orcv 6ptoE oup.nt6ferot, q ev6pyerd rou petcr6d}r}.e-
ror (61. Efip<r 3) rc<n nepwdeu o116 rr1 9do4 rori c66pcwa onl edqq rori
p-xooorr6prou 6r,w ro VlV6 grdoer oe 0.82. >€ fi(sorl 10 GPa ro ,ruQi,rto ylvstor
perollrrdE xcooitegog xar pcrq6dli.erqu ro)'ri 4 ml<v6r1rd rou. H gdorl rot

f-xoaawtpou elvcr percrllurlj xcn urepoyiryrprl np6xelrcrr nqd'ypcru ylc 0ecpctrnri
perc6oLrl. Mrq rol{ sv0ragfpouoa trq66},ery4 nig 0eorgicE r<irr orepe<irv eiv<rt tirL ro
u0p,o16vo yivwcr p6rclr\o un6 rieo4 3 Mbar nepi:rou. To u6proy6vo ortgeotore(rcr
oe Oeppoxgooitr 298 K (l6l'6uv) rdrro qn6 nltor1 57 kbar xcl elvcl no],S xa.l,6g
Fovror4g. Alld 6rav colqOei 1nieo4 rrivtu rou, yivetcr ptrcllo. H Oeopic tdn,
oreperiw rpro6l,6rrer 6rr ro pe,crl?'rx6 u0po16vo eivcrr u:regc'ytitltg.to oe upq?'6g
0eqpoxgooieg. H oup:reprgopd i.our6v rori r6po16vol un6 urpq)'6g 'lr6oer,g ncp,ouord-
lel peyd),o evblog6pov 61r p6vo lrcr Oe<,rplruxorig l6yolg, c}'l,d xcr 6u6rl ruoreiierqt
6rr or yryowr,olou n]'ov{reE onore}'orlv,cr rcord to peyc}'6tepro p6prog cn6 u0qo16vo.
Mrc npclpcrtxd er.rlnotoraxrj peta6o)'r] gdo4g <rn6 qplo1or16 oe p6rcrl,l"o r61er
lopcrrqqqoei orl rlpucrj 6rtoo4 SmS, evc ul'rn6 nol, 6rov uno6Lq0e[ oe r[eo4 7 kbar,
c:16 pcrip,o r<rl 0o16 rou eivcru ur6 ouui0elg ouv0rixeE, ).cg.roxo:rder ocrv 1guo6g.
Ilp,6rerrcr y,c npclpatxr] c},11peic; 'OXr! I1Q,6x€[rqr cn].drg yrc perc6o]rr] qg
r1l.extp,ovtxrig 6oprlE.

H nro wrurorolor{ egcqgolr] r4g guolnig ttirv ur14}.tirv lr6oetov elvcr 11
rcqqrrryri 6rcpowro6 cn6 ypcai,q. Edv o dv0pcxaE ot-rg.rueorel oe nr6oerg
peyol"riregeE cr6 65 kbar xcr q Oepprorp<roia tlvol - 1 40OC r6re percrp6lercr oe
a66pqwq raQ'ouo(a r,r,rel,iou r( ol6r]gou, 'Erou, xdO€ XQ6vo rorqo€udlowci
enoropptplc r6wol 6lopllcvlxd Oropdvruc. H @uolxri rdlv !'tl,ql6v nGoeov 61et
€riols 0eapqrrrri €qqgpoyq orq feogrlorxrj. Kor rotto 6u6rt 1l[eo4 xar r1
0eppoxgcroic eivcr ouvogt{oerg tori 660oug. Yno}'o1i[eror, 6rt oro rc6wgo o{g Fqg 4
:rieo4 eivct 3.5 Mbar xau q Oeppoxpcoic 4 000'C. n€lQdporq trou 61ouv 1[vet pe ro
6rcpow€vro cpdvr ndvto oe 6rApoqq ulrrd:ruprtiou, nor.r eivcr ro nro ofqOeg u)'rx6
orrl Iq, beilvouv 6rt pldlo peQ"E oiE 6opiE oro eooreprx6 rrlg fqg, ogsa)'erqi oE
psrcr6ol6g qdolg rlg ofiolsg JrQoxdlEoqv or utl4ME nr6oerg l6v<o qrq u,.rrd.

Aliler vc olp€r.oo€l 6r! 1 np,6ogarq cvcxd]'uqrq r6v ].eY6Fsva]v e€QFirv

,:9i l&)"'-r l
B ' L \  V /  I
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1.000

0.960

0.920

0.880

0.840

0.800

0.760

0.720

llt{pc 3 Kotl,d},eg o},n(iE €a6Qry€rdE, ijrioroyr,op6veE cn6 rouE Yio rl'ot Cohen roi, llav€n|,oqpiou
trig California, oro Berkeley, yla lrE gdo€E dopriE c6dpcwc xcr p-xcoor.r6pol rori rwpltlou tog
,tQoS o;eirr6 6ylo. H Sr,cxexopeq yqoFpi epdrwerdt lrjrv &1o xaprnlld)a av6Qry€raE rot'
ai'notorlotv orrE 6{0 g6oer,g. H rd.io4 n{E egowopivlg 6irer qv ailartu*:orrfloME(dEldV = 4.
H g.etc6ol,{ VdolE rot rtueltiorj arr6 o6dpavlo oe B-xcooirepo yiv€ror Trreo oto 12 G?a.

E$iFa 2 H oX6oI tti€orlE-6wol-t Yr,c ror, 6pryr.rpro oripg<,rvo pr.e rlv ,(cltcordrrrri €Etotoorl tori
Murnaghan p€ Bp = 118 GPa xo;t, B'= 3.8. H xcptl,4 neqrlqdger r(aM 1o nerecpotrxo
0€6oGaa.

E
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unepaytoldrv, pe rrl lqpurr{ ev<ooq YBa2Cu3O7 oe Oegponpcroln 92 K,6gy,oe cn6 tvc
neipcpo urlrq)'dw rr,6oeorv. O rc01y4rr]E Chu xol ol ouveprydreE rou oro llqv€llorri-
llro rod Houston, nou pe],eroriocv qv er[6pco4 rr]E ri,eoqE orqv uneqcloryr,p6rlrcr
rorS La2CuOa, crvcr?idlurl,crv 6rt 6rcv to o)'rx6 our6 ou1urr,6lercl oe 50 kbar 4
lcpcxn;guorlxr{ 0eqpoxpcoh dE unepoytbyrpqg qdoqE, T., crulcv6rav <ur6 30 K oe
50 K. T6re o{6q0qr<rv 6rr edv oro un6 pe}.6r4v u}.1x6 cvru*c0uorofocrv ro riropo rori
),avOnvlou pe dropo rotl uttgtou 0c e[1cv n[eo4 0116 to €oqx€qux6 rori ouor4parog.
'Erot cvczdLurl.rcv ro yvoor6 nr,c oe 6)'oug pcrE YBa2Cu3O7, nou 61el 4 iqq pe gtrK.

H egeiipeoq rot cp,ovrori rod 6r,cpavrr,ot 66<ooe repdort<r 604o11 or4r 6peuv<r r6v
t6tor{rov tdrv u}'urcirv un6 pe16},q nieoq. Ttipc n}'6ov xarqtrq6qlvoupe no}rri
rad]"6r€Qa rlg guorx6g xan aqg,xtg r,6L6T4reg rtirv orepetilv un6 ouv0rixeg p"e16l"1g
nieo4g, H :rp,oonrlr{ xorcoxeur]g opovr,tiv nou 0c co*or1v ndoeug megabar xcl,
urop€vog, Or,elo1toyr1g nelqopdr<ov oe our6g rug nl6oelg 66tooe peld?.q <b0qoq orrl
Oeogrltrxf eqrycoic xcL or]pepo livowor noL)'oi. 0eroqqtrxo( unoloyuopo( ylc r6roreg
ouv0tix€g. Ou uroLolr.op.oi elvcr cxpr6eig r<n 6louv rQo6],6p€r oroord q prrc6o],r]
pdoetog l,6yo T rlg peydhE adhoqg ri g nLearlE. 'Etau, rcr rel.eoraic lprovrq urr6 rqv
eri0gcol urpq),<iw ndoeorv noLLol povor6g 6yuvov p6rcr]J'a. Ario ewuntrrorcrxd
ncrgcrbeilpcrc elvcr, ro orepe6 l6vov (rou un6 ouvr]Oerg ouv0rixeE eivcl euyw6E
c6pro) rol ro CsI, nol eivcn nol'ri rcr)'6g pov<orr]g un6 ouvr]oelg ouvor]xeg. Irc r<r 66o
cutd ul,r,xd cnode[1Oqxe nrlpcrpcrrxd, oe oupgtovia pe rug 0etopqrrr6g npo6].6rpeug, r1
pro6o).{ 9do4g qfi6 !.roaori oe p6rcr}..}'o xdr<o qr6 uqrl}.69 :r#oerg. Tc nerpdp<rrc
{uvcv oe n(eor1 1.7 Mbar.yuo ro l6vo1 xcrr 1.2 Mbar yro ro CsI, pe q 1elol €v6g
6lo.pow6vroo cpovlori. Or o:wun6g perqrloelg rou cxoi'ori0qoov €Oefav 6rr ro ui'lxd
<rurd eilcrv liver prircl'},c.

floto elvqr ro p6lloro 6plo nieoqg oro onolo p.noporipe vc Ardooupe 1pqol;ro-
nor,tiwrcg 6r,o.pcw€vrc cp6vlc; 'Evog neglopr,op6g gnoivel nqogovrirg crlr6 q pelLoal
n[eo4 n6pc on6 r4v oroln ugiorcror o]"i'on gdo4g o c6dpcvrcg. or uno],oylopol
6e[1vouv 6rr, 1 croprrri 6opf rori c6dpcrvrc ncgcp6veu oroOepri rou]dpotov 6oE tc
10 Mbar. 

.Evcg 
dl'i'og npogcvrlg nepr,opr,op6g ri0erqL qr6 ro 6quo OgcrioqE rori

crodpcwc, H oeopicrTrlg nlraorlr6rqraE ?'6el 6ru <rorrj or.rp6civel yigto o[a 5 Mbar.
Ttr re)'eurcin 1p6vr,o 6to opd0eE orr,g HIIA 61ouv xoropOriroer vo xdvouv netgdporc
orq 2.5 Mbar.
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