Pasngea IV

OCHOBHBIE Y3JIbl AIIITAPATYPbI
AHAJIOI'OBbIX CUCTEM IIEPEJJIAYH

I'maBa 10
JANPOEPEHIIUAJIBHBIE CUCTEMbI

10.1. Pa3HOBHIHOCTHU cXeM U IPUMEHEeHUe
nugdepeHINATBHBIX CHCTEM B annaparype

Juddepennnanbuas cucrema (/IC) siBisercs Hanbosee paclpoCTpaHEHHBIM B all-
napatype MHOTOKaHaJIbHBIX CHUCTEM Iepefadyd pPa3Bs3bIBAIONINM YCTPOHCTBOM U
NPUMEHSIETCS JUIsl pa3Bsi3KU MEXy cOOO0M MapajiesbHbIX BETBEH Pa3IMYHbIX CXEM.

B o6mem cirygae, /1C npencraBnsger co00il BOCEMHUIIONIOCHAK, HMCIOIINI YeTHIpe
JBYXCTOPOHHUX HAalpaBJCHHUS TNPOIYCKaHWS M J(Ba JBYXCTOPOHHHX HAIPaBIICHUS
3anepxuBanusd. Ha puc. 10.1 mpeacrasieHo ycinoBHoe obo3HaueHue J[C, ucmomb3ye-
MO€ Ha CTPYKTYPHBIX CXeMax. J[ByCTOpOHHHE HampaBieHHs npomyckanus 1-2, 1-4,
2-3, 3—4 xapakTepu3yIOTCsI MAIBIMA BEIMIWHAMHE 3aTyXaHus (@), ABYCTOPOHHHE Ha-
npaBiieHus 3aaepkuBanus 2—4, 1-3 UMEIOT 3HAUUTENbHO Ooubinee 3aTyxaHue (A).

JIC peanusyrooTcs ¢ HCIOJIb30BaHHEM TUPQPEPEHIIMATIBHOTO TpaHcpopmaTopa

(puc. 10.2, a) unu pesucropos (puc. 10.2, 6).
JC Ha TpaHCOpMaTOpe MMeeT MOTEHIMAIbHO MEHbIIee 3HAYCHUE 3aTyXaHus B Ha-
NpaBJICHUsIX Tponyckanus mo cpasHeHuto ¢ JIC Ha pe3ucTopax. DTO M HEKOTOpBIE
npyrue corictBa JIC Ha Tpancdopmaropax, B YaCTHOCTH YaCTOTHAsl 3aBUCUMOCTh 3a-
TYXaHUsI B OTAEJIBHBIX CIyYasX, MPEAONPEIeNIHIN UX NPEUMYIECTBEHHOE HCII0Jb30-
BaHME B aNlapaType MHOTOKAaHAJIbHBIX aHAJIOTOBBIX CHCTEM IepeayH.

Paznuuator ypaBHOBENICHHbIE W HeypaBHOBelIeHHbIe cxembl [IC nnm, OpyruMu
CJIOBaMH, CHMMETPUYHBIE 1 HECUMMETPUYHBIE OTHOCHTENIFHO 3eMIIH. Y paBHOBEUICH-
HOCTb CXEMBI JIOCTHTaeTCs JENEeHHEM KaXJOH 4acTH IEePBUYHOW OOMOTKH TpaHC-
tdopmatopa (W, u W3) mormonam u BKIIFOUeHHEM B 00a mpoBoa enu. B cirydae pea-
m3anuu JIC Ha pe3ucropax 1mo o0OMM MPOBOAAM LIEHH PACIPEENsIOTCs CONPOTHB-
nenus. Ha puc.10.3 moka3zansl o6a BapuanTta ypasHoBemeHHbIX JIC. Kpome Toro, JIC
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Ha TpaHc(hopMaTope ObIBAIOT PABHOIUICYHUMH U HEPABHOIUICYMMH B 3aBUCHMOCTH OT
MOJIOXKEHUsT 0TBoAa HuddepeHnnansHoro Tpanchopmaropa. Ilpu paBeHCTBE duMcia

BUTKOB 00OMX YacTell MepBUYHOW OOMOTKH Wln W,, paszenenHoi orBomom, JIC

ABJISICTCA paBHOILIEUEi, B IPOTUBHOM Cllydae — HepaBHOILIeUeil.

Paccmotpum ocHoBHEBIE cityyan npuMeHeHus JIC B anmapatype MCII.

Hcnonvzosanue J[C 0nsa nonyuenus 08yXnpo8ooHsIxX 6b1x0006 kananos T4.

Kak u3BecTHO, KaHaJbI epeayll COBPEMEHHBIX CHUCTEM Iepeiadyl, B TOM YHCIE U
kaHas TY, ABISAIOTCA 3JIEKTPHUUECKU YETHIPEXIPOBOJHBIMHY, a JUI OpraHU3alluu Telle-
(OHHOTO KaHala 3JEKTPOCBA3M TpeOyeTcs HAJMUUe JBYXIIPOBOJHOTO BBIXOJA KaHa-
na. Cxema Bkmodenus JC mpu mepexoie OT YETHIPEXIPOBOJHOTO TPAKTA K JBYX-
MIPOBOAHOMY NOKa3aHa Ha puc. 10.4. lns sToro k 3axxuMam 2—2 u 4—4 noIkioyaroT-
Csl TPAKTHI NIEpelaun ¥ MpHeMa YeThIPEeXNpoBoAHOro KaHana TY, a k 3axumam 1-1 —
JBYXIIPOBOIHAS IIEMb COEIMHUTEIBHONW JTHMHUN K KOMMYTAallHOHHOMY 000pyIOBaHHIO
W K TeneoHHOMY anmapaty. JJC obecrieunBaeT BO3MOXKHOCTH TOJTydeHUs TpeOye-
MOT'O BXOJIHOTO CONIPOTHBIICHUS KaHaa Ha IByXIPOBOJHOM BXOJIE, COTJIACOBAaHUE B
MecTe Tepexojia OT YEeThIPEXIPOBOJHON YacTH KaHaja K JIByXIPOBOJHOM, a Takke
MPEeJOTBpAIaeT B HEOOXOIUMOH CTENEHH 0OpaTHYIO CBS3b MEXAY TpaKTaMu Iepe-
nmaun u npuema kanaia TY. s GanancupoBku JIC k 3axumaM 3—-3 mogkimoyaercs
6anmancHbIN KOHTYp BK.

Ucnonvzosanue J[C 015 06veouHenuss HeCKOIbKUX mpaKkmoe nepeoaiu, pabomaio-
WUx Ha 0OWYI0 HASPY3KY.

IMpuannn Brmouenns JC s obecrnieueHus napawieabHOH paboTs! GpribTpoB 1mo-
ka3aH Ha puc.10.5. [logxmogast o0beInHsIEMBIE TPAKTHI, HAIPUMED, K 3a)KUMaM 2—2 U
4—4, a oOmmii TpakT — K 3akuMaM 1—1, MO)KHO 00€CIeUNTh COTJIACOBAaHHOE BKIIIO-
YEeHUE TPAKTOB U MPEIOTBPATUTH LHIYHTUPYIOIIEE BINSHUE OJHOTO TPAKTa HA APYTOil.
INocnennee cBoiictBo JIC mnpuoOperaeT OCOOCHHO Ba)XKHOE 3HAYEHHWE B CBA3M
C YaCTOTHOH 3aBHCUMOCTBIO BXO/IHBIX COIPOTHUBICHUH HCIOIB3yEeMBIX (QHIBTPOB.

Puc. 10.4 Puc. 10.5
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Hcnonvzoeanue J[C 0ns nooknmouenHuss K mpakmam 2

nepeoayu Opy2ux CUSHA108. 3 1 [>
B xauectBe mpumepa Ha puc.10.6. mokazaHa
CXEMa BBOJA TOKA KOHTPOJIBHOM 4acTOTbl B TPaKT K‘IT4 Puc. 10.6

nepexaun ¢ momomrsio HepasHomureuerd JC. Ilpum
3TOM OCHOBHOM TPAaKT MOAKIIOYAETCA K 3aKUMaM 2—

2 u 1-1, a nenb NoJauu TOKa KOHTPOJIBHOM YaCTOTHI 2 )
— k 3axumaM 4—4. [Tpu TakoM mogkimroueHnn obec- 3
MEYNBACTCA OTHOCHTENBHO HEOOJBINOE 3aTyXaHHE, 1 2 4
BHOCHMOE B OCHOBHOH TPakT. AHaJOTHYHBIM 00- o170 ] 3 > 4
pa3oM OCYIIECTBISICTCS MOIKIIOUCHHE MPUEMHUKA 7 2
TOHAJBHOTO BBI30BAa K TPAaKTy Hpuema kaHama TU, 3
U3MEPUTEIILHBIX YCTPOUCTB U T.1I.

Hcnonvzosanue [{C 0ns pacnpedenenus mMowHo- Puc. 10.7 )

CMU UCMOYHUKA CUSHANA NO HECKOJIbKUM He3a8UCU-
MbIM HANPABTIEHUSM.

[Ipumep pacmpeneneHNs MOITHOCTH HECYIIETO KOJICOaHUs OT TeHePaTOPHOTro 000-
pynosanus (['O) mo getpipeM npeodpazoBarensiM gactotsl (ITH) mokaszan Ha puc.10.7.
Brauane ¢ nomoupto onnoit JIC MOITHOCTE pacnpenensercs Ha ABe BeTBU. Jlanee B
KaXIyl0 BETBb BKIIOUaroT Apyrue J(C, ¢ MOMOIIBI0 KOTOPBIX MOIIHOCTH pacipere-
JIOT eIl Ha J[Ba HampaBieHHs. TakuM o0pa3oM, OCYIIECTBISISI HMOCIEIOBATEIFHOES
BkioueHue J[C, MOKHO 0Opa3oBaTh N HE3aBUCHUMBIX HampaBiieHuit. [[yis storo 3a-
nmeiicteyercss N —1 mauddepeHmuanbHIX cucTeM. B ciaydae nmpuMeHeHHs paBHOIDIE-
gux JIC o0mias MOIIHOCTh paclpeeiseTcsl MOPOBHY MEXIy HArpy3kaMu BCEX Ha-
npaBJIeHUH Tepeadn. 3aTyXaHnue B KaXI0M HampasieHun Oymaer pasao 10 n lg 2 ab.
OueBHJIHO, YTO MOAOOHASI CXeMa MOXKET ObITh TaK)KE MCIIOJIb30BaHA JJIs MOIKIIIOYE-
HUSl HECKOJbKUX HE3aBHCHMBIX HUCTOYHHKOB CHUTHaJa K oOmemy Tpakty. Cremnyer
HUMETh B BUY, UYTO B MPHUBEICHHBIX cxemax misi OamancupoBku JC k 3akumam 3-3
MOJKJTFOYACTCS COTJIACOBaHHAS HATPY3Ka.

10.2. OcHoBHBIE cBOiicTBa AU((PepeHITnaTBLHBIX CHCTEM

OcHoBHBIE CBOHCTBa MU (hepeHINAIBHBIX CHCTEM PACCMOTPHM IO CXeMe Hepas-
Horteuewt JIC Ha Tpanchopmarope (puc. 10.8). JIC sBisercs pasHOBUAHOCTBIO MOC-
TOBBIX CTPYKTYp, UTO M 00OeCleunBaeT ee pa3BsA3bIBAIONIME CBONCTBA. Tak, 3a)KUMBI
2-2 u 44 JIC Oynyt B3auMHO ~ pa3Bsi3aHbl, ecid MOCT cOanancupoBaH. Hac nHTe-
pecytoT crneaytomue cBorictBa J[C: BXOAHBIE CONMPOTUBICHUS M COOTHOIIICHHS HATpy-
30K A obOecrieueHns OanaHca, 3HAYCHHS 3aTyXaHUI B Pa3IMYHBIX HaIPaBIICHISIX
nepeaayn (IPOIyCKaHUS U 3a1eP>KUBAHIS).

IIpu ananmze JIC mpemnnomnaraercs, uto auddepeHmanbupii TpanchopmaTop
UMeeT NMpeHeOpeXNMO MaJible IMOTEPU PAaCCEUBaHUS M Mapa3sUTHBIE €MKOCTH, MEXIY
€ro oOMOTKaMH CYILIECTBYET JKECTKas CBsI3b, @ HHAYKTUBHOCTH OOMOTOK OECKOHEUHO
BEJIMKH U MOKHO HE CUMTATHCS C UX IIYHTHPYIOIUM JACHCTBHEM.
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Z>
I/ICXOZ[HLIMI/I JaHHBIMU JIsI HEPABHO-

5 2 wieueit JIC sBusrorcss KO3 QUIMEHTHI
TpaHcopmanuu TpaHchopmaTopa

m=W, /W,;,n=W, /(W, +W;) ,
rae W, ;— 4HCIO BUTKOB COOTBETCTBYIO-
mux oOMOTOK TpaHcdopmaTopa. [Ipu m=1
— JIC paBHOMIIEYASI.

Onpeoenenue 6x00HbIX cOnpomugIeHul u

Puc. 10.8 Hazpy3ox.
VYcnoBue, mpu KOTOPOM 3aTyXaHHE B

HaIlpaBJICHUN 3a/lep’KUBaHMS 2—4 B MICATBHOM ciIydae a, 4, =da, , =, Oyaer npu

paseHctBe amiep-eutkoB W, 1, =W, 1, (puc.10.8) unu W3/W;=I;/13=m. Ho B coot-
BETCTBHH C 3akoHOM Kupxroda |, /13=2Z5/Z,, mostomy Z3/Z;=m u
Z,=mZ,. (10.1)
Haiinem BXOmHBIE COMPOTHBIICHHS M HATPY3KH CO CTOPOHBI BceX BxonoB JIC oTHO-
cutensHO Z;. IToCKOIBKY 8, 4 =84 p =00, TO Ha BXOJHOE COIPOTUBIIEHUE CO CTO-
POHBI 3aKUMOB 4—4 He BIUSCT HArpy3Kka Z , , ¥ €e MOXKHO 3aKOPOTHTB, & CO CTOPOHBI
32)KMMOB 2—2 HE BIIUSIET HAarpy3ka Z,, U €€ MOKHO OTKIOUUTh. [lo3TOMy, cornacHo

SKBUBAJIECHTHBIM cxemaMm puc.10.9,
7,7 m
Y4 =n?€,+Z; =n*(+m M Z, == 7Z. 10.2
BX 2 el 35 ( Zl Bx4 Zl+Z3 1+m 1 ( )

HOJ’ILSy}ICB CHCTEMOK ypaBHeHI/Iﬁ KOHTYPHBIX TOKOB, MOJHO I10Ka3aThb, YTO

Zaxlzzl Hu ZBX3:Z3:mZI.
I[.H;[ 6aJ‘IaHCI/IpOBI<I/I I[C Harpys3kKu JO0JIKHBI paBHATHCA BXOJAHBIM COIPOTHUBJIICHUAM
Z,=mZ,; Z,=n*€+m2,; Z,=mZ,/€+m (10.3)

a) 2 l 5x2 2

n 5)

1 3
Q (o]
o [=]
1 4 3
9

Puc. 10.10

Puc. 10.
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s paroruieyeir IC (m=1) Harpysku a, b
MMEIOT COOTHOLICHUS

_ o2 _ .
Zi=Zy, Z=20°Zy, Z=Z4f2. 101g M *1 s
10lg(1+m

Onpedenenue 3amyxanus 6 Hanpaelie- Olg( )

HUSAX NPONYCKAHUSL. K] -

s onpeneneHus paboydero 3aTyxaHust i 2-3
(OHO ke W XapaKTepPHCTHYECKOE, TaK Kak ! 4-1
BBIIIOJIHACTCS yCJ'IOBI/Ie corjacoBaHusa Ha- :

Ipy30K) B HampasieHusx 2—-1 um 2-3 wuc- m
PY30K) P Puc. 10.11

nose3yeM cxemy 10.9,a, mepecunraB rese-
patop B TepBHYHYIO OOMOTKYy Tpanchopmartopa (puc.10.10). Ilo ompexmenenuto

a,1 =101g(P, /P),  aps=lg(Po/Ps), rtme P =172, P, =122, , Py=1"Z;-
MOIIHOCTb, BBbIJENAEMasi Ha CONPOTUBICHUSX 7, Zé U Z3 COOTBETCTBEHHO;
zZ, =2, /n? =Z,(1+m). lonyuaem
a,_; =101g(1+m), ay.3= 10Ig[(1+m)/m]. (10.4)
U3 sxBuBanenTHO cxembl 10.9,0 aHanorunaHo onpenensieM a, 3 =101g(P, / P) u
a, 5 =10Ig(P, /P,), tne P, =u?/Z, 4, P =u?/Z,, Py =u’/Z,.
ITony4aem

Bx4

a,, =10lg[(1+m)/m] a, , =10lg(1+m) (10.5)

HpI/I 3TOM CJ'IGZ[yeT yquTL, qTo a271 - 6172 y 3273 == a372 y a471 - 8.174 nu
4 3=3a34-

3aryxanusa paBHomiedeii JJC BO BceX HampaBICHUSAX MPOMYCKAHUS B COOTBETCT-
Buu ¢ (10.4) u (10.5) paBus 3 gb.

W3 (10.4) u (10.5) taxxke cieayeT, 9To TpU U3MCHEHWH 3HadeHHWs M MOXKHO
YMEHBIIIATh 3aTyXaHHE B OJHUX HAIPaBJICHUSAX MPOMYCKAaHHUS 32 CUCT YBEIMICHUS
3aTyXaHus B JPYTUX HaNpaBICHUAX Mepemadd. JTo rpadUuecKd IpeICTaBICHO Ha
puc. 10.11.

Onpedenenue 3amyxanus 8 HANPASLEHUAX 300ePAHCUBAHUS.
Ecnu k 3axumam 1-1 (Z,,; = Z;) NOAKIIOYUTH T€HEPATOpP C BHYTPEHHHM COIPO-
TuBjeHreM Z |, TO €ro MOIIHOCTh Py pacnipenenutcst Mesny Harpyskamu Z,u Z, B
CJIE/TYIOLIMX COOTHOLICHUSIX:

~ P
P2 — Pl '10*0,131,2 — Pllo—|g(+m/: 1 ,
1+m
m
P, =P 1070w —p —
A Y14m
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Cymmapnast momuocts P, + P, = P,. U3 storo cnenyer, uro Bes Mommocts,

NOJBENCHHAs K 3aKUMaM 1—1, HOJHOCTBIO pacXoayeTcst Ha Harpy3kax 3aXHMoOB 2—2
u 4-4. MouHocTs B Harpy3ke 3aKUMOB 3—3 OTCYTCTBYET, CJIeJOBaTEJIbHO, HAIIPaB-
neHue 1-3 Taxoke ABISETCS HANPABICHUEM 3a[Cp’KUBAHUS U 3aTyXaHHE NPH HICalb-

Ho# 6anancuposke IC @, 5 =85 ;= 0.
[IpakTrdecku He ymaercs odecneduTs uaeanbHyto 6amancupoBky JC. Ionp3ysace

METOAAMH aHaI|3a EKTPUIECKUX Ietel, g peanbHbIX J]C morydeHsl Clieayomnme
(hopMyTIBI TSI OTIpeIeTICHNS 3aTYXaHUS B HAIIPABICHUAX 3a1ePKUBAHIIS:

mZ,+7Z
a,,=a,,=20lg bl Wit | P Yy lg 2, (10.6)

1~ 43

2 2

_ 20|g|mZZ + n224(1+ m)2|
|mZ2 -n“Z,1+m) |

st pasroruteueii JIC (M=1) BbIpaskeHHs YIPOIIAIOTCS.

a 3 =ag, +20Ig2. (10.7)

10.3. OcobenHocTH KaHATbHOH AN depeHnaTbHONH CHCTEeMBbI

st kananpro JIC BaxkHOE 3HAYCHHE MMeeT (PYHKIIHS 3al[UThl TPAKTA Mepeiadn
OT TpakTa mpueMa kaHana TY, KoTopas ompenenseTcss BENMIMHON 3aTyXaHUS dp_y .
IepBoe cnaraemoe B BeipaxkeHuu (10.6), onpenenstomiee creneHs 6anancuposku J1C,

mZ, +7Z,
HOYYHJIO Ha3BaHHE OANaHCHOTO 3aTyxaHus a, = 201g————.
mz, -2,
mzZ, -7,
Bennunna, oOpatHas BeIpaXeHHIO N0 Jorapupmom, o = — HOCUT Ha3Ba-
ms, +
1743

HHe KOd(dHIMeHTa HEYPaBHOBELICHHOCTH, ONPEICIIAIOIETO0 3aBUCHUMOCTh 3aTyXa-
HUS B HanpaBieHHUH 3anepxuBanusg 2—4 (puc.10.12). C ymenbpmeHueM xo3hdhuimeH-

Ta HEYPABHOBENIEHHOCTH O &, , YBEJIMYMBAETCSA, & C YBEIMUEHHEM CTPEMUTCS K
nocrosiaoi Bennunte 20192 .
824 B Ttunossix cxemax kaHanbHbBIX JC mmsa ux
0aJaHCHPOBKM INIPUMEHSIOTCS B KadecTBE Ha-
Ipy3kd Z; MpocTeillne HEeHacTpauBacMble
6amancuele KoHTYpH! (BK), cocrosmme u3 mo-
CJIEZIOBATENIFHOTO COEAMHEHHS AJIEMEHTOB R 1
C, He obecriednBaroNIve MOJIHON OaJaHCHPOB-

ku. Ilostomy 3atyxanue JIC B HampaBlieHHH
3a[epXKUBAHUSI ~ CPABHUTEIIBHO  HEBEIHKO

201g2

Puc. 10.12
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(25...30 nb).
Kpome Ha3BaHHBIX BbIIIEe (QYHKLIUH, Vi __p
kananpHas JIC JobkHa 00ecHeduTh CO- OK | "

IJIACOBaHUE MO YPOBHAM H TIO COMPOTHB- li S

JIEHUIO C COENMHAEMBIM UYETBIPEXIpOBOA-  2I1P ’_TP c 2 P
5 3_|:|EK

1 y2

HBIM TpakToM KaHana TU um mByxmpoBon- O
HBIIl BBIXOZ TeIe(h)OHHOTO KaHaja C JBYX- a=3.5 1B 4 IIp
MPOBOTHOM Iemblo K morpeduremno. Kak s —O
W3BECTHO, HOMUHAJbHBIE OTHOCHTEIHHBIC P J
YPOBHH JIBYXIPOBOJHOTO BBIXOJa KaHaia Puc. 10.13

3aBHUCAT OT pexumMa (cM.T1.18): B pexxume

(OK) yposenb nepenaun p,., = 0 1b, yposenb npuema p,, =7 1b; B

9y

“OKOHEYHBIN
pexume “rpansutr” (TP) p., = py, =—3,5 Ab; 4eThIpexXnpoBOAHbIA pexXUM KaHaIa
TY pyp = —13 8B, p,, = +4 nb. [lns cornacoBanus ypoBHeH u obecrmedenus pe-

JKUMOB JIByxnpoBoaHOro Beixona “OK” u “TP” cxema JC nomonHsercs Ha BXOJe
tpansutHbM yumnutenem (TY) saryxanuwem a,, = 3,5 nb, B Tpakre nepepauu u
IpUeMa COMIACYIOIMMHU yunuHuTensaMu Y, uY, (puc.10.13). O1tu xe yanuHutenn

BBITIOJTHAIOT POJIb COTIIACYIOMINX YCTPOWCTB MO COIPOTHBIICHHUIO.

Yanuaurens Y1 paccUUTHIBAETCS HA TAKOE 3aTyXaHHUE, YTOOBI B JIIOOOM peKHMe 2-
MPOBOIHOTO OKOHYAHMA KaHaljla Ha BBIXOJE TPaKTa repenadn K kanaimy 1Y Obl1 0THO-
CUTEINIbHBIH ypOBeHb M3MeputenbHoro curnana (1020 I'm) pg., =-13 1b, 10 ecth

3aryxanue nenu nepenaun ot sxona 1 JIC no seixonma Ilep a, ., = 9,5 nb. Yanunu-

Tedb Y2 JODKEH HMMETh TaKoe 3aTyXaHue, YTOOBI MPH Mo/Iaye Ha BXOJ TpakKTa mpue-
Ma m3meputenbHoro curnana (1020 I'm) ¢ yposuem p,, = + 4 nb na Beixome 2I1P

oputH ypoBHH B pexnme TP munyc 3,51b, B peskume OK munyc 7 nb, To ecth 3ary-
xaHue nenu npuemMa ot Bxona Ip no Beixoga 1/1C a,,= 7,5 nb.

151



