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!e A.l1. 1-1 AP· 8-80-586 

11ccne,qoeaHHe rH.QPOAHHaMHKI-1 ABYX<)la~HblX nOTOKOB 

reiJHR npH CTal.IHOHapHbiX AOKpHTH4eCKHX TennOBbiX-, 
HarpysKax 

1HBO,QRTCR 3KCnepHMeHTaJ1bH~e 3aBHCHMOCTH rH,qpaBJ1H4ec

,npOTHBI1eHHR KaHanOB _KpHoreHHOro HMHTaTopa MarHf.1TOB 

,Hero napoco,qepmaHHR x npH pasnH4HiiiX rennoBbiX Harpy3- · 

1aCCOBbiX CKOPOCTRX. 0TMe4eHO CyUleCTBeHHOe pa3J1f.14He 
HblX H Hef - ---- --"··-.---- ·----- -· ---··· --- -------.---
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npe,qeapi1T€J1bHbiH aHaml3 Tennoc"beMa noKa3biBaeT, 4TO npi1Me
H€HI1€ ,qeyx¢a3Horo reni1R 11Meer PRA npei1My~ecre nepe,q npi1MeHe
H11eM o,qHo¢a3Horo np11 Kp11ocrar11poeaH1111 nporRmeHHbiX c11creM. Ha
npi1Mep, O,QHo¢a3HbiH ren11i1, OTBO,QR Tenno OT MarHI1TOB YHK 11 ~Ha
rpeeaeTCR CaM, 4TO npi1BO,QI1T K nOBblWeHI110 TeMneparypbl o6MOTOK 
MarHI1Ta. Yeen11lleH11e me pacxo,qa O.QHo¢a3Horo renHR c ~enbiO 
CHI1m€HI1R B€J111411H pa30rpeBa TeXHI14€CKI1 cnomHO 11 3KOHOI~114€CKI1 

He~enecoo6pa3Ho. 

np11 11CnOJ1b30BaHI111 ,QBYX¢a3Horo nOTOKa rem1R TennoBaR Harpy3-
Ka /KaK CTa~I10HapHaR, TaK 11 11MnynbCHaR/ He npi1BO,Q11T K pa30-
rpeBy MarHI1Ta, T.K. 113MeHReTCR n11wb napoco,qepmaHI1e, a reMne
parypa norot<a ocraeTCR nocroRHHoA 11n11, np11 Hanl141111 rH,qpaenl1-
4ect<oro conpoTI1BneHI1R KaHanoe, ,qame yMeHbwaercR Ha ewxo,qe 113 
t<aHanoe. 

Cy~ecrey10~11e MeTO.Qbl pac4era r11,qpaen114ect<oro conpor11eneHI1R 
e ,qeyx¢a3Hbrx c11creMax pa3pa6oraHbr rnaBHbiM o6pa3oM ,qnR napo
BO.QRHoA CMeCI1, B03MOmHOCTb 3KCTpanonR~I111 3TI1X MeTO,QOB Ha cny-
4ai1 npi1MeHeHI1R ren11R rpe6yer 3Kcnepi1MeHranbHoi1 np6Bept<l1. B 3Toi1 
CBR311 3a,qa4a 11ccne,qoeaHI1R ri1.QPO.QI1HaMI1KI1 ,qeyx¢a3~oro norot<a 
reni1R eecbMa at<ryanbHa, raK Kat< cy~ecrey10~11i1 3Kcnepi1MeHranbHbli1 

/2 3/ .£ Marep11an Ha 3TY TeMy ' e~e He/',OCTaT04eH. 
,llnR 11CCJ1e,QOBaHI1R ri1,QpO,Q11HaMI1KI1 .QBYX¢a3HbiX 11 O,QHOC!Ja3Hb1X 

norot<oB reni1R Ha 6a3e cepl1i1Hoi1 Kpl1oreHHoi1 ycraHOBKI1 
xrY/250/4,5 141 B OHMY QI.HH-1 C03,QaH CTeH,Q /5/ /pi1C. 1/, COCTOR~I1A 
113 t<pl1oreHHoro 11MI1Taropa MarHI1Ta /KHM/ 1, KPI1GCTaTa 2, t<pl1o
reHHbiX renl1eBbiX Mari1CTpanei1 /KrM/ 3, 4, 5, BaKyyMHOi1 CI1CT€Mbl 
11 KOHTPOI1 bHQ-113Mepi1TeJ1bHbiX np1160p0B. 

m11,QK11i1 ren11A 113 YCTaHOBKI1 XrY-250/4,5 npOXO,QI1T nocne,qoea
TenbHO 4epe3 eeHTI1nb A3, KrM-3, KHM, KrM-4, eeHTI1nb A4 11 ce
napl1pyercR e Kp11ocrare Ha nap 11 mi1.QKOCTb. napbl ren11R 113 t<pl1o
crara B03BPa~aiOTCR 4epe3 Mar11crpanb KrM-5 e ycraHoBKy. B t<pl1o
reHHOM 11MI1Tarope MarHI1Ta rennoeoA noroK nepe,qaercR mi1.QKOMY 
ren1110 Henocpe,qcreeHHO or creHoK KaHanoe, ,qnR 4ero 4epe3 Hl1x 
nponycKaeTCR 3J1€KTpl14eCKI1i1 TOK, ( 

B npo~ecce npoee,qeHI1R 3Kcnep~MeHTOB rennoeaR Harpy3Ka Ha 
KHMe q 113MeHRnacb or 32 ,qo 57 Br/M2 ,napoco,qepmaHI1e ,qeyx¢aa
Horo noroKa Ha exo,qe e KHM 113MeHRnocb c noMo~biO HarpeearenR 
W3 e npe,qenax x 1= 0,2570,75 np11 MaccoeoA ct<opocr11 noroKa 

ren11R 4epe3 KHM pcu=140 Kr/c·M 7 180 Kr/M·C 11 ,qaeneHI111 P = 
= 1 ,5· 105 na. 
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P11C. 1. npi1H411nl1aiibHaR cxeMa CTeHAa. 1 - Kpl1oreHHbiH 
~TOp MarHI1Ta; 2 - Kpi10CTaT renl1eBbiH; 3,4,5 -
Kpl1oreHHble renl1eBble Marl1cTpanl1; 6 - coeA11HI1TenbHaR 
My<!>Ta; 7 - ren11eBbiH COCYA ycTaHOBKI1 XrY-250IIf,5; 

.Q1,.Q2,.Q3,.Q4- APOCCeiibHble eeHTI1I111; w1 'w2 'w3 ' 
W4- 3IIeKTPI14eCKI1e HarpeBaTen11; nK- npeAOXpaHI1Tenb

HbiH KnanaH; i- 113MepeHI-1e AaeneH11R; I- I-13MepeHI-1e 
. TeMnepaTypbl. 

H3MepeHI-1e r11APaBIII14ecKoro conpoTI1BneHI1R noToKa ren11R e Ka
Hariax npoBOA11IIOCb C11IIb<!>OHH~M A11<!>MaHoMeTpoM. Maccoeoe napoco
AepmaHI1e ren1-1R 11 3Ha4eHI1R pacxoAa era noToKa 4epe3 KHM onpeAe
IIRIII1Cb 11s ypaeHeHI1H 3HepreTI14ecKoro 6anaHca, AIIR 4ero I-13MepR
ni1Cb 3Ha4eHI1R TennoBbiX noTOKOB, C03AaBaeMbiX 3IIeKTPI14eCKI-1M11 
HarpeBaTeiiRMI-1 W 1 , W2 , W 3 , W4 , AaBIIeHI1R 11 TeMnepaTypbl nOTOKa 
reni1R nocne BeHTI1IIR .Q3, Ha BXOAe 11 BbiXOAe 113 K~1M 11 B KPI10-
CTaTe 2 lp11c. 1 I. 

3Hepre"TI14eCK11H 6anaHC CTeHAa BblriiRA11T CIIeAYIOUII1M o6pa3oM: 

Q= Qo+Q.t +Q2 +Qa+ G4 • 111 

rAe Q- npOI13BOAI-1TeiibHOCTb XrY-25014,5; QO - Tennonpi1TOKI1 113 
oKpymaroUler:i cpeAbl; Q 17 Q 4 - Harpy3KI-1 3IIeKTpoHarpeeaTener:1. Pa
BeHCTBO I 1 I 6yAeT BblnOIIHRTbCR np11 nDAAepmaHI111 nocToRHHbiMI1 
ypoeHer:i mi1AKoro ren11R 11 nonomeHHR ra3ronbAepa, 4TO AOCTI1raeT
CR perynHpOBaHHeM KaK MOll\HOCTeH Q1 7 Q 4, TaK H BCeH ycTaHOBKI1 
xrY-25014,5. ' 

Maccoe~r:i pacxoA noToKa reni1R 4epe3 KHM peryn11poeancR eeH
TI1neM .Q3 1-1 onpeAeiiRIICR no <!>OPMYIIe: 

a=Q2+Qs+U4+Qo 121 
i2- i 1 

2 

"l 
I 

) 

,. 

rAe i 1 , i 2 - COOTBeTCTBeHHO 3HTaiibnl11-1 m11AKOCTH H,napa, onpe
AeiieHH~e no napaMeTpaM reiii-1R nocne BeHTHIIR .Q3 H B KPI10CTaTe. 
napOCOAepmaHHe Ha BXOAe xl H BbiXOAe x2 KHMa onpeAe!IRIIOCb 
no <t>opMynaM 

Q Q ' .1 
a+ 01 1 1 - 1 

X = + -=----
1 a. r r 131 

X2=X Q4+Q 1 + 02 141 
a. r 

rAe Q Ol , Q 02 - TennonpHTOKH H3 OKpy>KaiOll\eH CpeAbl COOTBeTCT-
BeHHO K KrM-3 H KHMy; r - cKpbiTaR TennoTa napoo6pa3oeaH11R; 
i1 - 3HTanbnHR >KHAKOCTH, onpeAenReMaR no napaMeTpaM Ha exo

Ae e KHM. AnR nocneAYIOll\eH o6pa6oTKI-1 pe3ynbTaToe 3KcnepHMeHTa 
napocoAep>KaHHe e KHMe 6panocb KaK 

X=Xt+X2 

2 151 

rHApaBIIH4eCKOe 
<t>opMyne 161 

conpoTHBneHHe noToKa renHR onpeAenReTcR no 

2 
~P = .\. (pw) .L 

2d. p, 
[ l+x( L -1 )]. 

p" 161 

a rAe A- K03<!><I>H4HeHT conpoTHBneHI1R; pW= - - cpeAHRR MaccoeaR 
F 

cKopocTb no TaKa no ce4eHHIO KaHanoe KHMa; F - ce4eHHe KaHanoe; 
L - AIII1Ha KaHaiiOB; d - Al1aMeTp KaHana; p ', p" - COOTBeTCTBeHHO 

nnOTHOCTI1 >KHAKOCTI1 11 napa Ha III-1H11H HaCblll\eHHR. 

3Kcnepi1MeHTaiibHble pe3yiibTaTbl HCCIIeAOBaHHR rHApaBII114eCKOro 
conpoTHBneHHR ABYX<I>a3Horo noToKa renHR e KaHanax KHMa c no
CTORHHbiM TennOBbiM nOTOKOM npeACTaBneHbl B BHAe 3aBHCI1MOCTeH 
HHTerpanbHbiX eenH411H ~P ::IKe (x), A(x) * npH pa3nH4H~x napa-· 
MeTpax P., pw, q. 

3aBHCHMOCT b ~ P ::l~C (x) AIIR pa3HbiX MaCCOBbiX CKOpOCTeH npH 
cpeAHeM AaBneHHH e KHMe P= 0,15 Mna H nocTORHHOM TennoeoM 
noToKe q = 32 BTIM2 H3o6pa>KeHa Ha p11c.2. Ha 3TOM >Ke pHCYHKe 
noKa3aHbl COOTBeTCTBYIOll\He 3aBHCHMOCTH ~P(x), paCC4HTaHHble 
no roMoreHHOH MOAenH, T.e. no <!>OpMyne 161, B KOTOPOH 

p. W·d -D,237 p." 0,237 
A=0,0032+0,221( , ) .[1+(-, -l)x] , 111 

fl. JL 
----~--------~ 

* OnpeAeneHHe eenH411H TennonpHTOKOB 113 oKpy>Ka10111er:i cpeAbl 
BeAeT K OTHOCI1TeiibHOH norpewHOCTH B Bbi4HCIIeHHRX MaCCOBbiX 
paCXOAOB H napoCOAep>KaHI1R -10%; OTHOCHTeiibHaR norpeWHOCTb ~P-l %~ 
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PHc.2. 3asHCHMOCTb rH,QpasnH-
4eCKoro conpoTHBneHHR K~M oT 
cpe,QHero napoco,QepmaHHR npH 
pa3flH4H~X MaCCOB~X CKOPOCTRX: 
o-p w = 140 Kr/M2 c; !\
-pw = 170 Kr/M2 c; - - -
COOTBeTCTBY~~He 3aBHCHMOCTH 
t'\P(x). pacc4HTaHHbte Ha oc
HOBe roMoreHHOH MO,QeflH. 

~TO' 

~:'4 --
0 013 

0,012 

0011 

qo1 

0,009 

0,008 

01 o,2 ~3 M or o6 o,7 o,s 17,9 -(O X 

PHc.3.3aBHCHMOCTb K03$$H~HeH
Ta conpOTHBfleHHR OT cpe,QHero 
napoco,QepmaHHR npH pa3nH4-
HbiX MaCCOBbiX CKOPOCTRX: 0 -

-pw = 140 Kr/M 2 c· L\-pw = 
= 170 Kr/M 2 c; - ~ - - co
oTBeTcTBY~~He 3aBHCHMOCTH, 
paCC4HTaHH~e Ha OCHOBe rOMO
reHHOH MO,QeflH. 

IL', p." - COOTBeTCTBeHHO ,QHHaMH4eCKHe K03$$H~HeHTbl BR3KOCTH 
iKH.QKOCTH H napa Ha nHHHH Hacbt~eHHR. Ha pHc. 3 npHBe,QeHbl 3asH
CHMOCTH .\(X), paCC4HTaHHble no $OpMyne ?bTHa OCHOBe 3KCnepH-

MeHTaflbHbiX 3Ha4eHHH AP3Kc , npHBe,QeHHbiX Ha pHc.2. TaM me 
nyHKTHpoM noKa3aHbl 3aBHCHMOCTH, cooTBeTCTBY~~He /7 I. 

KaK BH,QHO, B HCCfle,QoBaHHOH o6naCTH X OT 0,3 ,QO 0,8 rH,Q
paBflH4eCKOe conpOTHBfleHHe 3aMeTHO MeHbWe paCC4HTaHHOrO no 
roMoreHHOH MO,QeflH H npH $H KCHpOBaHHOM X< 0, 8 pacTeT C yBeflH4e
HHeM'MaCCOBOH CKOPOCTH MeAfleHHee, 4eM 3TO cne,QyeT H3 TeOpHH. 
3KcnepHMeHTaflbH~e 3Ha4eHHR A(x) TaKme cy~ecTBeHHO oTnH4a~TCR 
OT COOTBeTCTBY~~HX TeOpeTH4eCKHX BeflH4H~, npH4eM 3TO pa3flH4He 
pacTeT C yBeflH4eHHeM MaCCOBOH CKOpOCTH. no,Q06Hble 3aBHCHMOCTH 
.\(x) Ha6n~,Qan.Hcb ,QnR napomH,QKOCTHbtx noToKos KanHR 171 • 

0TKflOHeHHe 3KCnepHMeHTaflbHbiX 3Ha4eHHH rH,QpaBnH4eCKOrO CO
npOTHBfleHHR H K03$$H~HeHTa conpOTHBfleHHR OT BeflH4HH, COOTBeT-
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0.012 

4:H 

~()'f~ 

QOOI 

QDOI 

0,007 

q, qz "' 4~ a.1 "' 47 u 41 1.0 x 
PHc.4. 3asHCHMOCTb rH.QpasnH-
4eCKOro conpoTHBneHHR K~M oT 
cpe,QHero napoco,QepmaHHR npH 
pa3nH4H~X Tennos~x noToKax: 

(} - Q= 32 BT/M 2 ; \- q 
= 57 BT/M ~. 

CTBY~~HX roMoreHHOH MO
,QCflH, MOmHO o6bRCHHTb 
cne,Qy~~HM o6pa30M. B yc
noBHRX pa3BHTOH Typ6y
neHTHOCTH napomH,QKOCTHaR 
CMeCb npe,QCTaBHMa B ofina
CTH Mafl~X X KaK mH,QKOCTb, 
BHYTPH KOTOpO~ HaXO,QRTCR 
ny3~PbKH napa /npH4CM 
C pOCTOM X 4HCflO ny3~pb
KOB pacTeT/, a a o6nacTH 
6onbWHX x - KaK nap, BHyT
PH KOTOporo HaXO,QRTCR 
KanenbKH mH,QKOCTH /npH4eM 
4HCno KaneneK pacTeT 
c yMeHbweHHeM x /. Cpe,Q
HHe pa3Mepw ny3~PbKOB 
H KaneneK, 04CBH,QHO, on
pe,QenR~TCH nonepe4H~M 

rpa,Q~ICHTOM npO,QOfl bHOH 
CKOpOCTH, T.e. npH 3a
,QaHHO~ reoMeTpHH 3aBHCRT 
OT cpe,QHeA CKOPOCTH no

TaKa. KaK H3BCCTHO, HaflH4HC B3BeceA B noTOKe Be,QeT K yMeHb
WCHH~ KHHeMaH14eCKOro KO:)$$H~HCHTa Typ6yneHTHOC'1 BR3KOCTH H, 
cne,QosarenbHO, K yMeHbtueHH~ ero n1AP<JBm14ecKoro conpoTHBneHHH, 
TeM 60flbWeMy, 4eM 6onbWC KOflH4eCTBO B3BeceA 18 ~TaK KaK B o6-
cym,QaeM~X 3KcnepHMeHTax Ha K~Me HMencR BHewHHH TennonpHTOK, 
TO 3TO ,QOfliKHO 6~no npHBO,QHTb K o6ora~eHH~ npHCTCH04HOrO naMH
HapHoro cnoR naposoii $a3oA~ nocne,QHee TaKme ,QonmHo yMeHbwaTb 
rH,QpasnH4ecKoe conpoTHBneHHe noToKa. Bee 3TH $aKTOP~ MoryT 
oobRCHHTb nony4eHHbte 3KcnepHMCHTanbHbte pa3[1H4HR c TeopeTH4CCKH
MH pe3yflbTaTaMH, OCHOBaHH~MH Ha roMoreHHOH MO,QCflH. 

Ha pHc. 4 npe,QcTasneHbl 3aBHCHMOCTH ~\P~JW (x) np~1 nasneHHH 
P= O,TbMffa, MaCCOBOH CKOpOCTH 170 Kr/M~ C H pa3DH4HbiX Tenno
B~X Harpy~Kax. KaK BH,QHO, B npe,Qenax 3KcnepHMeHTanbH~x norpew
HOCTeA /OTHOCHTeflbHaR norpeWHOCTb Bb14HcneHHR X "10%/ 3TH 

3aBHCHMOCTH COBna,Qa~T. 

npHBe,QeHH~e 3KCnepHMeHTaflbH~e pe3yflbTaT~ noKa3~Ba~T, 4TO 
3aKOHbl Te4eHHR ,QByx$a3HOro reflHR cy~eCTBeHHO OTflH4a~TCR OT 
3aKOHOB Te4CHHR roMoreHHbiX cpe,Q • .[\.nR BbiRBfleHHR 3THX 3aKOHO
MepHOCTeH, ,QOCTaT04HbiX ,QnR npose,QeHHR o6ocHosaHHbiX pac4eToB, 

He06XO,QHMbl ,Qafl bHCHWHe, 6onee T04Hble 3KCnepHMeHTbl • 
B 3aKn~4eHHe aBTOPbl Bbtpama~T 6naro,QapHOCTb T. 6. 6enoeoi1 

H ~.n.$HnHnnosy 3a none3H~e o6cym,QeHHR H COTPYAHHKaM Hay4HO-
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3KCnep~MeHTanbHOrO OTAena YCKOpR~~~X C~CTeM, np~H~MaBW~M 
·y4acT~e a 3Kcnep~MeHTax. 
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PyKonlo1cb nocTyn1o1na a 1-13AaTenbCKio1H OTAen 
29 asrycTa 1980 roAa. 

HeT JIH npo6eJioB a Barneii 6w6JinoTeKe? 
Bhl MoJKeTe."nonytJHTb no notJTe nepet~HcneHHble HliJKe KHHrll, 

ecJJH OHH He 6hiJJH 3aKa3aHbl paHee. 

~1,2-8405 

Pl,2·8529 

~6-8846 

~13-9164 

~1.2-9224 

~-9920 

~9-10500 

~2-10533 

~13-11182 

~17-11490 

~6-11574 

):\3-11787 

):\13-11807 

~1,2-12036 

Pl8·12147 

TpyJIW IV MeliCAyaapoAHoro cnmo3ay· 
wa no ~Jaxe swcoxax 3Bepral11 3ne· 
weBTapawx 'llLCTHn. Bapaa, 1974. 

Tpy,nw Mell<,llyaapoAHol wxonw-cewn· 
uapa wono)IWx y"'euwx. AKTyanLuwe 
npo6neww 4>B3HKB 3neweaTapawx "'ac
TBn. CO"'B, 1974. 

XIV coselll&HBe no a,nepuol cneKTpo
cKonaa a Teopaa a.npa. ):\y6ua, 1975. 

Meli<JiyaapoAHoe coselll&HBe no weTo
AHKe npOBOJIO"'BWX KBWep.~y6aa,l975. 

IV MeliCAynapoAHwl cewauap no npo-
6neuaw cj>B3BICB DWCOKBX 3Bepraii.):\y6-
H&, 1975. • . 

Tpy.nw MeX<,nyuapo.nuoil xonoilepeunaa 
no BJ6paaauw sonpocaw CTpyJnypu 
a.npa. ):\y6na, 1976. 

Tpy.lllool II Cawno3sywa no xoneKTas
nww weTo.naw ycJ<opeuas.,Uy6ua,l976. 

Tpy,nw X Mell<,llyaapo.IIHOI wKonu 
WOJIO.IllooiX y'leUiooiX no cj>HJBICe BlooiCOJ<HX 
3ueprul'l. llaJ:y, 1976. 

Tpy.lllool IX MeX<.nyuapo,naoro cuwno-
3Bywa no a.nepaoil 3neKTponaxe. Bap
ea, 1977. 

Tpy,nw MelK.IIyuapoAHoro cawno3uyMa 
DO B36paHHWW npo6newaw CTBTHCTH• 
"'ecJ<oll wexaHBKB. ~y6Ha, 1977. 

C6op11ux auaoTannl XV coselll&HBB no 
a,nepaol cnexTpocxonaa a Teopaa a.n
pa. ~y6aa, 1978. 

TpyJIW 111 Mel!C,nyaapoAHol wxonw no 
aeiTpoaaoll cjuuaxe. AnywTa, 1978· 

TpyJIW Ill Me»CAynapo,naoro coae
Jil&HU no nponopnaoaanLHiooiW a .npell
ctooww xawepaw. ~y6ua, 1978. 

TpyJIW Yi BcecoJ03Horo coaema
HBI UO YCICOpBTeniM 3api>KCHHLIX 

"'BCTBn. ~y6ua 1978. /2 Towa/ 

Tpy.nw V Me»C,,Iyuapo.naoro ceMH
aapa no npo6neuau cj>BJIIXB swco
KBX 3HeprHll. ,Uy6aa 1978. 

. Tpy)IW Ill COHe~JlBHBB no BCDOJIJ.• 
30BAHBID I~epuo·~B3BqecKBX Me• 
TO~OB Ani pemeHBI Hayquo•TeX• 
HaqeCkBX B HapOAHOX03IICTBeH• 
RWX 3&,11&"1. 

2 p. OSK. 

2 p. 60 "· 

1 p. 90 "· 

4 p. 20 K. 

3 p. 60 x. 

3 p. 50"· 

2p. sox. 

3 p. so k. 

5 p. 00 J<. 

6 p. 00 k. 

2 p. 50 k. 

3 p. 00 K. 

6 p. 00 K. 

7 p. 40 K. 

5 p.OOx . 

2p.20 K. 


