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HEYETKUE PEryngaToOPbl B CUCTEMAX ABTOMATUYECKOIO

PEryJMPOBAHU4A
. B. Yepreukas, B. O. YepHeukunii

B Hacrosdmiee BpeMs IIPOAOSIKACTCH YBEIMICHHE
YIETLHOIO Beca CHCTEM YIpasieHust ¢ 1dpoBoi
peanusanueil perynsropoB. K perynsropaM, OpHeH-
TUPOBAHHBIM Ha HU(PPOBYIO PeaTU3aLMIO OTHOCATCH, B
YaCTHOCTH, TaK Ha3biBaeMble HEUETKHE PeryJIATOPHL (B
JanbHeimeM — fuzzy-peryisitoper). O BO3pacTaHUU
uHTEpeca k fuzzy-perynsTopaM CBHASTENLCTBYET IO-
SBJICHAC 3HAYHTEIFHOIO WHCIa MyOnuKanni, nocBs-
INEHHBIX WX TPaKTHIeCKOMY IPUMEHEHHIO B CHCTE-
Max perymupoBanua. OOnacTh MPakTHYECKOro HC-
TOJIB30RAHMA HNPHUHIUNOB HEYeTKOH JOTHKM B Ha-
cTodIIee BpeMs BecbMa obmmpHa [1-5]. PaceMoTpum
fuzzy-perynsaTopel, KOTOpbie MOTYT ObITh BKIIOUEHEI B
KOHTYD CHCTEM pPeryJMpoBaHus BMECTO TPajHIMOH-
HBIX (Hanpumep, [T 1) peryastopos.

Hpuanune! mnocTpoenus u  paboTsl
PEryisaTOpOB NPHUBENEHE B [1-4].

fuzzy-

1. Tipusuune: pabotsl fuzzy-peryisropa

Bribepem s ananmsa fuzzy-perynarop, npen-
HasHA4YeHHBIA JNIA BIJIOUCHUS B KOHTYp CHEISUIEH
CHCTEMBI, BEIXOAHOH KOOPAUHATOH KOTOpPOH ABJLIETCA
YTOX 1oBopoTa pabodero oprasa.

Tockonbky mia pabotnt fuzzy-perynaropa Heob-
XOAUMBI KaK MUHUMYM [BE BXOJHbIE NIepeMeHHbIe X,
B HalleM ciydae B KadecTse Nepsoft (X;) cnemyeT He-
TIOJIb30BaTh OWMOKY OTpabOTKM 3ajaiomiero Bozaei-
ctBus (0003HAYMM ee €), a B Ka4ecTBe BTOPOH (X3)
MOXHO B3ATh 100 de/di, mibo YIIIOBYK) CKOPOCThH
pabouero oprasa ) (B 3TOM ciy4Yae TpH HalHIHA
COOTBETCTBYIOIIETr0 NAaTIMKa MOXKHO H3GexaTs aud-
depenimposanus). [lpyuveM B kadecTse X, yTHOBYIO
CKOPOCTb.

Fuzzy-perynarop ¢ To4xu 3peHHs 3r1anos obpa-
OOTKH CHTHAJIOB MOXHO YCJIOBHO Pa3sfeNuTh Ha TpH
uactu. B {2] oum Haspamel «dazzuduraropy», «OIoK
HpaBum» B «aedassudxaTopy.

1.1. ®aszsndukarop

B ¢dassudukarope kaxnoit BxonHo# nepeMenHoR
X; CTaBHUTCH B COOTBETCTBHE «HEUETKad» JIMHIBHUCTH-
gecKas IepeMeHHas XL, KOTOpas MoXeT NpHHHUMATh
n; «HEUETKUX» JUHTBUCTHYCCKHUX 3HaUcHull (Kaxpoe
M3 KOTOPBIX MMEET YMCIICHHBI! JKBUBAJIEHT), H (PYHK-
1M NPUHAATAEKHOCTH L, KOTOpas OTpPeendaeT «CTe-
TIEHb COOTBETCTBUA» BXOLHOW NEPEMEHHOH €€ JMH-
TBUCTHYECKOMY 3HaudeHMo. DyHKINS ApHHAIIIENKHO-
CTH MaxcHMalbHa, KOT[a 3HaueHHe BXoXHOH nepe-
MEHHOW COBMAfaeT ¢ YMCICHHBIM DKBHBAJICHTOM CO-
OTBETCTBYIOINETO JIMHTBUCTHMECKOTO0 3HAYEHWS U
yOBIBaET, KOTHA 3HAUEHHe BXOJHOM NnepeMeHHoH yaa-
JSETCS OT 3TOTO YUCIEHHOTO 3KBMBAJIEHTa B JMOOOM
HAIPAaBICHAMU.

Ilycts #y = n; = 5 (8 of1eM ciydae paBeHCTBO
KOJMYECTB JMHIBUCTHICCKAX 3HAUYEHMH BXOIHBIX
TEPEMEHHBIX Heo0A3aTeNlbHO), 00e BXOINHBIE TEpe-
MEHHbIE HaXoAgTci B JuanasoHe *511 (oumudposan-
HBIE 3HAYEHUT ), TUHTBHCTHYECKUE 3HAYCHUA BXOIHBIX
nepeMenHslX «OtpunarensHas Sonpmas» (OB), «Ort-
puuatensHas Manas» (OM), «Hynesas» (H), «Ilono-
xurtensHas Manag» (TIM) n «TlonoxutenbHas Gois-
masg» (IIb) cBA3aHEl ¢ WX YHCICHHBIMM DKBHBaJCHTA-
MM B COOTBETCTBUH € Tal. 1 (UHCIEHHBIC SKBUBAIECH-
Thl INMHTBHCTHHECKHUX 3HAUSHHH BXOAHBIX MHepeMeH-
HBIX ABJTIOTCH [ApaMETPaMH pEryJSTOpa M BIHAIOT
Ha €T0 XapaKTepPUCTHKH), 3 MAKCHMAIbHOE 3HAYESHHE
bynximit npuHALIEKHOCTH paBHO 255. Torma HpuH-
npn paborsl dazzuduraropa MoKeT OBITH IPOHIUIIO-
CTpHpOBaH puc. 1.

£1=206

Puc. 1. Npusunn pabotei hasaudukaropa

Jlyareuctudeckas nepemenHas X7, npu mobom
X; npuHAMaeT aBa 3daueHuA (ob6o3HawmM mx XL, ®
XL ), KOTOPbIM COOTBETCTBYIOT ABA 3HAUCHUA (yHK-
LIHH TIPUHAIERHOCTH Ly A Ly, TPHIEM CYMMA THX
IBYX 3HaueHHH QYHKUMH NPHHAIUIKHOCTH BCerna
NOCTOSIHHA.

1.2. Baok npaeuj

brnox npaBmi TpencTaBifeT cOOOH 3KCHEPTHYIO
CHCTEeMY, KOTOpas Ha OCHOBaHWH aHalNH3a IMONyJYeH-
HeIX B ¢azsudukarope IUHTBUCTHUECKHX 3HA4EHHIE
XL;; BXOOHEIX IEPEMEHHBIX ONpeAeNseT Habop IuH-
IBHCTHYECKHX 3RauenHui UL, BRIXOOHOH nepeMeHHON
fuzzy-perynaropa. Bnok npaBWI CTPOUTCS Ha OCHOBE
Ha0opa WHTYHTHBHO TIOHSTHBIX JIMHTBHCTHUECKUX
Npasui O KaXAOTO COYETAHUS JIMHIBACTHUECKUX
BXOZHBIX IlepeMeHHBIX. [IpaBHna HMeEIOT BHA THNA
«ECIHHW owmwmbka nonoxcumenvras bomvuias W cxo-
pocte ompuyamenvuas Gomswias, TO (HOCKONBKY
olydKa HMeeT TeHOCHIMIO PacTH [Hajbl€) BBIXOX
nonoxcumenvruuiy Gonvuotiy, unu «ECJIM omubka
nonoxcumenvras Gonewas U ckopocTs nonoscumens-
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naa marai, TO (DockoipKy omubKka HMMEeT TeHICH-
10 YMEHBINATLCA) BHIXON ROTONCUINENbHIE MATLIE
H Tak ganee. Biok mpaBwmil CTPOWTCH HCXOAS U3 3BPH-
CTHMECKMX CcOOOpakeHAH H ABIACTCA BaKHEHIINM
«TapaMeTpoM» peryJsTopa.

Tak xak BXOAHbIE IEPEMEHHBIE BCETIAa UMEHOT T10
[(BA JIMHTBUCTHYECKUX 3HAYEHNUS, I KAXZOTO COHeTa-
HUS BXOJHBIX TIEPEMEHHBIX (X}, X3) paccMaTpHBaeMOro
HaMH peryirrropa OyaeT noiydarses Habop U3 eThIpex
JIMHTBUCTHIECKUX 3HaYeHWi Bhixoma UL, xaxiaomy u3
KOTOPBIX COOTBETCTBYET CBOS (QYHKIMA IPHAHAIEKHO-
cTH p;. OyHKIHM TIPHHALICKHOCTH BBIX0Ja ONpelend-
I0TCA Kak MUHMMallbHOe 3HadeHue QyHKIHMH TphHAJ-
JIEKHOCTH COOTBETCTBYIOLIHX BXOJOB.

JiomycTiM JTMHTBHCTHYIECKAA TIEPEMEHHAS BBIXO-
Jla MOXKET IPHHUMATh OHO H3 NATH 3HauYeHui — OB,
OM, H, TIM wm I1B (B 06miem cnydae X KOJUIECTRO
TaKIKe MOXKeT OBITh HPON3BOIbHBIM, IPHYEM COOTBET-
CTBYIOIIHE YHCIEHHbIC SKBHBANEHTH! ABIOTCA Napa-
MeTpaMH peryJjiaropa), a OJOK I[paBHil TOCTPOEH B
COOTBETCTBHH € Tabx. 2.

Torna npu 3Hadenwd oummbke X;=e=100, u
TIPA 3HATEHAU CKOpocTH X, = Q = 200 momyumM cie-
IOyioTrit Habop TUATBACTHYECKUX 3HaueHui u QyHK-
LM IpHHALIEKHOCTH BRIXO/A:

npu XLi=H I/IXLM =H, ULl =Hu

p1 =min{py, Koy } =555

IpH )(Lu =[IM PIX_LZI = H, ULZ =[IMu

p2 =min{p,, toy } = 55;

npu XL“ =H I/IXLQZ = HM, UL'_; =0Mn

ps = min{piy;, Ua } = 155;

mpu XLy =TIMu XLy, =1IM, UL,=Hn

Ps=min{py, pzp } = 100.

B nmedazsudpurarope ocymecTBrgeTca HEPEXOn
OT JMHIBHCTHYECKUX 3HadeHMP BeIxoga UL; x ero
peansHOMY 3HageHWio U o METoIy BECOBOI'O ocpel-
HEHHA B COOTBETCTBHHU C (opMyoH

4 4
U= ULp; | 3 pi- M
i=1 i=1

JlomycTuM Teriepb B PEryasTOpe COOTBETCIBHE
MEXKIY MTHHIBUCTUYECKUMHU 3HAYCHISAMY BBIXOHA U HX
YHCTEHHLIME SKBHBATICHTAMH OTIpeieNiteTcd 1abi. 3.

Torma mpu 3naueHnn ommbku X, =e=100, u
[pH 3Ha4YeHUH cKopocTH X; = Q = 200 peaibHoe 3Ha-
geHue BrIxoaa Oyner ,
0-55+256-55+(~256)-155+0-100 _

55+55+155+100

Taxmm oGpasoM, B fuzzy-peryiasrope MOXKHO HPOH3-
BOJIbHBIM 00pa3oM MEHSTh KONHYECTBO JIMHIBHCTHYE-
CKHMX 3HAYCHUIl HJIA BXONHBIX NePEMEHHBIX U BBIXOIA,
X YMC/ICHHBIE 3KBHBANCHTRL, a Takke 010K Npasmwi B
pesynsrate OynyT MeHATBCA CBOHMCTBA pPeETynATOpa,
NpHYeM IWara3oH HMX U3MEHEHWS OKa3hIBaeTcd He-
00BraitHO TIHPOKHM.

Hrak, dazznpukatop, 610k npasun u aedasz3u-
(duKaTOp 3aAIOT HEIBHBIM 00pa3oM QyHKIMIO

U= Xy, Xy X, @

U= -70.

rae k— KOJMYECTBO BXOHHLIX MEPeMEHHEIX, HPHIEM
OJ10K TpaBWA W YHCIICHHBIE YKBUBANICHTH! JHHIBUCTH-
YEeCKHMX 3HAYCHUH ONpeAeNsiOT Y3NOBBIE TOUKH 3TOi
obyexnuy, a hopmyna (1) zedazsudukaropa obecme-
9UBAET OPOCTOH COCO0 aNmpOKCHMALHK MEXIY HH-
MH, yAoOHBIH mpH uHdpoBod peammauwm fuzzy-
perymaTopa.

2. Anaauns pabots! fuzzy-perynsirtopa

€ NMO3HUHKA TeOpHH aBTOMATHYECKOro yOpaBieHus

Kax cnemyeT U3 paccMOTPEHHBIX NPHHIHUIIOB TIO-
cTpoetus fuzzy-peryasropa, ero BbIXOJ OIZHO3HATHO
OIPENEILIETCA BXOAHBIMA NEPEMEHHBIMU. A TIOCKOIb-
Ky B fuzzy-perynsatope oTCyTCTBYIOT Kakue G TO HU
OBLIO TMHAMAYECKUE 3JIEMEHTH, €r0 CBOMCTBA MOTYT
OBITh HOJHOCTBIO OIMCAHBI CTATUMECKVMH XapakTe-
PHCTHKaMH, KOTOphie €CTh HE YTO HHOE, KaK rpadude-
ckad MHTeprpeTanus ¢yHKIuy (2).

u
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25,7}

00

e

yd
e

~
7
/.

)

200

5
i

0
&

\

pd
Vars
No IS g
o
//

Puc. 2. Crarudeckue xapakrepucTikuy perynsitopa P1

CraTHyecKHe XapaKTepUCTUKA paccMaTpHBaeMo-
ro HAMM PETyJITOpa ¢ mapaMeTpaMy, 3alaHHbIMH B
cooTBeTCTBHH ¢ Tabn. 1-3, npusenens Ha puc. 2. Ec-
IM He DpUHMMAaTh BO BHHMAaHUE «BOJNHOOOpasHbIi»
XapaxTep OTHENBHBIX XapaKTepHCTHK (KOTOphIH BBI-
3BaH anmpoKCHManped W HUKAK He SABJIeTCA CHeuu-
¢drmeckuM gocrouHctsoM fuzzy-perynstopa), TO Ta-
KHE XK€ CTATMUECKUC XapaKTePUCTUKH HMeEeT CaMblif
OOBIKHOBEHHBIH («TpafuiMOHHLIHY) JuHEHHBIH pery-
JaTop ¢ 00paTHOH CBA3BIO [0 CKOPOCTH (H, pasyMeeT-
Cf, OrpaHMYECHHEM BBHIXOJHOH NEpEeMEHHOH, HME-
muMces B JH0OOM peassHOM DPerynstope), CIPyKTyp-
Hai cxeMa KOTOpOro IMpUBEJEHa Ha pHC. 3. DTOro u
CIIeNoBajlo OXWATh, MOCKONBKY B JAaHHOM ClIyYae B
TPEXMEpPHOH crcTeMe koopausat (X, X;, U) y3noBbie
To9KA $yHKIWY (2) HexAT Ha OAHOH IUTOCKOCTH.

H3menuM yucnenHele SKBUBANEHTH! JIMETBACTH-
YecKHUX 3HaueHWH ommlOxu (Tabu. 4), coxpaHuB oc-
TajbHble MapameTpsl. Torga Moryr ObiTh IIOIYYEHBI
cleYIOIIHeE CTATAYECKAE XapaKTepUCTHKH (puc. 4).

Takue ke XapakTepUCTHKH UMEeT PErysiaTop ¢
KyCOYHO-TIHHEIHOM XapakTepuCTHKOH B Lemu omwub-
ku (puc.5), mpuHEeM KOOPIVHATH Y3JOBHIX TOUYEK
9TOH XapaKTepHCTUKH, Kax M CIEAOBANIO OXHIATh,
COBNAJIAIOT C COOTBETCTBYIONIMMHM YMCICHHBIMH 3K-
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buBaneHTaMU JTMHTBUCTUYECKUX 3HAUYCHUI OIMMOKU U
BbIXOma fuzzy-perymsropa.

Omubka Barxon

+
CKopocTh

Puc. 3. CTpykrypHas cxema perynsiropa,
3KBuBaneHTHoro P1
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Puc. 4. CtaTuueckune xapakrepuctuku perynsitopa P2

511
Omubxa 25 + Brixon

150 511

Ckopoctb

Puc. 5. CTpyKTypHas cxema perynaropa,
3KBUBarneHTHoro P2

AHAJIOTUYHBIM 00pa3oM MOXHO TIOKa3aTh, 4YTO
M3MEHEHUEe YHMCICHHBIX SKBMBAJICHTOB JTMHTBUCTUYC-
CKUX 3Ha4YeHUU CKOPOCTH TPUBOOUT K W3MEHEHUIO
TTOJIOKEHMS Y3JIOBBIX TOUEK HEJTMHEWHOM XapaKTepH-
CTMKU B LEMM CKOPOCTH, a W3MEHEHWE YUCIECHHBIX
SKBUBAJICHTOB JIMHTBUCTUYECKMX 3HAUEHWI BBIXOMA -
K COOTBETCTBYIOIIEMY WM3MEHEHUIO HEJIMHEMHON Xa-
PaKTepUCTUKU Ha BBIXOJE PETYNIATOpA.

HawubGonee BaxHoe BIUsTHUWE Ha CBOMCTBa fuzzy-
pETyNIsITOpa OKa3bIBacT OJIOK TTPaBHWIL.

Ilycte Temeph YUCICHHBIE SKBUBAJCHTHI JIMH-
IBUCTUYECKUX 3HAYCHUI OIMIMOKU, CKOPOCTH W BBIXO-
Ja 3aJaHbl B COOTBeTCTBMHM ¢ Tabn. 1, 3 (wra Toro,
YTOOBI B IIETSIX OIMMOKM, CKOPOCTM M BBIXOHA HEJH-
HelfHOCTell He OBUIO), a OJIOK IpaBWJI OIIpelecH B
COOTBETCTBUU C TabII. 5.

OueBUAHO, YTO B 3TOM CiIydae IIyOMHa OOpart-
HOM CBSI3W TI0 CKOPOCTHU OYIET OMpPENeNsAThCS BETMUM-
HOI OMMOKK (MaKcMMaJTbHasl TIpM MaJIbIX OIMMOKaX U
HyJIeBasl - TIpy OOJIBIINX).

IMpuBeneHHBIE Ha pUC, 6 CTaTUYECKKME XapaKTepH-
CTMKU 3TO TIOJTHOCTBHIO TIONTBEpKIaoT. B maHHOM ciy-
yae fuzzy-peryiarop Takke MMeeT ONIU3KUIN «Tpaauiiv-
OHHBIV» OSKBMBAJIEHT, CTPYKTYpHas cCXeMa KOTOPOTO

TpuBeNieHa Ha puC. 7. DTO yXe cucTemMa C TIepeMEeHHON
CTPYKTYpOI1, TIOCKOJIBKY B Hell TTyOMHA OOpaTHOI CBSI-
3U 110 CKOPOCTH OTPENENISIeTCs BEMUIMHOMN OIIMOKY.
Kak u B mpenpiaynmx ciydasix, MOXHO YCTaHO-
BUTb CBSI3b MEXIy TapaMeTpaMu HEJIMHEHHOro 3Jie-
MEHTa <«TPaIUIIMOHHOTO» PETYJSTOpa M TapameTpamu
fuzzy-perynsaropa, KOTOpOMYy OH COOTBETCTBYET.
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Puc. 8. Cratuueckue xapakTepucTuku perynsitopa P3
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Puc. 7. CTpykTypHan cxema perynsitopa;
3KBUBaneHTHoro P3

M3MeHsIsT TapaMeTphl ruzzy-peryisitopa COBMe-
CTHO, MOXHO WM3MEHSATb XapaKTePUCTUKU PETYIaTopa
B IIIMPOKUX Tpenenax (Kak MpaBuiIo, TapaMeTpoB OKa-
3BIBAETCA HE TaK YK MHOTO, TIOCKOJIbKY IJISl TIOTydYe-
HHUS HEYETHO-CUMMETPUYHBIX CTAaTUYECKUX XapaKTe-
puctuk fuzzy-perynsitopa ero mapaMeTphl, TakKxke
JOJDKHBI 00J1amaTh CBOMCTBOM CUMMETPHMM, a YHCIICH-
HbIe 3KBUBAJICHTHI «KPaiHUX» JIMHTBUCTUYCCKUX 3Ha-
YeHUI BOOOIIE OMpPENENIOTCS Pa3pSIHOCTBIO BXOM-
HBIX W BBIXOZHOH IIepeMEHHBIX). B mobom ciydae
CyliecTByeT OMM3KWI (HO HE COBCEM TOYHBINM H3-3a
aTmpoOKCUMAalld MEXIy Y3JOBBIMU TOYKAMU) «Tpa-
IUITMOHHBIN» SKBUBANEHT fuzzy-peryisropa, CTpyK-
TypHasl cxeMa KOTOPOTO MOXET OBITh IOCTPOeHa TI0
a”ajoruu ¢ puc. 5, 7. Jpyroe meno, 4Tto IIpW yBEIIH-
YeHUM KOJIMYEeCTBA BXOAHBIX TEPEMEHHBIX YCTaHaB-
JIMBaTh TaKWe aHAJOTMM CTAaHOBUTCS BeChbMa 3aTpyIl-
HWUTEJIBHO W BPSII JIU II€JecO00pa3Ho, HO TPUHIIMTIBI
paboThl fuzzy-perynsitopa OT 3TOTO HE MEHSIOTCS.
EnvHCTBEHHBIM €ro TIPEMMYILECTBOM SIBJISIETCST TO,
YTO OH TO3BOJISIET HE BO3UTHCS C JOCTATOYHO CIIOXK-
HOI (3a MCKIIOYEHUEM TOJOOHBIX TPUBEACHHBIM BbI-
IIe TIPOCTBIX YaCTHBIX CITyJaeB) CTPYKTYPHOU CXEMOM,
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Tabnmua 1
MapaMeTpbl IMHIFBUCTUYECKMX 3HAUEHWI BXOHbLIX CUrHANOB perynaTtopa P1
JIMHrBHCTHYECKOE 3HaYCHNE OMMOKHT Ob OM H M 116
YpcneHHBIH 3KBHBAICHT JTUHTBUCTHYECKOIO 511 256 0 +256 +511
3HAYEHUS OMMNOKH
JluHrBUCTITIECKOE 3HAYECHIE CKOPOCTH Ob oM H IIM I
YuclieHHbI SKBUBAJICHT JIMHIBUCTHYECKOTO 511 256 0 1256 +511
3HAYEHHA CKOPOCTH
Tabnvua 2
Bnok npasun perynsitopa P1
Ommnbxa
OB ; OM | H | ITM ] Ti6
Bexon
Ob H M I1b Iib I16
OM OM H M 1B I1is
Crkopocts | H Ob oM H M I1b
M Ob Ob OM H ™M
1B OB OB Ob oM H
Tabnmua 3
MapaMeTpbl NMHIFBUCTUYECKMX 3HAYEHUI BLIXOAHOMO curHana ang perynartopa P1
JIverspcTHYECKOE 3HAUSHUE BHIXOAA Ob OM H M b
UncrneHHBIN 3KBUBAICHT JIHHIBHCTHYECKOTO 511 056 0 +256 +511
3HaUYeHUA BBIXOJA
Tabnvua 4
MapaMeTpbl JIMHIBUCTUYECKMX 3HAUYEHU oLmMOKK perynatopa P2
JIMHTBHCTHYECKOE 3HAYEHHE OTIHOKH Ob oM H ™ 116
YucneHHbiil SKBUBANICHT JIMHTBHCTHYECKOTO 511 -150 0 +150 +511
3HAYEHNI ONIMOKH
Tabnmua 5
Brnok npasun perynatopa P3
Ommbxa
OB J OM [ H | M [ 116
Brixon
Ob Ob OM b ™M Tib
OM Ob OM M M I16
Ckopocts H Ob OM H M I1b
M Ob OM OM ™ 116
116 Ob oM Ob I 116

peanusyronieil ¢yHkuuwo (2), a 3amaBaTh Y3JIOBbIE
TOYKU 3TOM (DYHKLIMU U 3aT€M BBIYUCIISITH €¢ 3Haye-
HME C MOMOIIIbIO MPOCTOrO AJITOPUTMA.
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