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CTAHOAPT LKBA

Apmartypa TpybonpoBoaHas

METOAMKA NPOBELQEHUA
TEMNNOBOIO PACYETA
3AIBWXKEK AnA ASC

Harta eeegenns: 01.01.2010

1 O6n1acTe NpUMeEHEHHS

HacTogmuit cTaHAapT pacipoCTpaHIeTcs Ha 3aIBIDKKH, IPE/AHA3HAYEHHBIE UL YCTAaHOB-
KW B CHCTEMAaX aTOMHEIX BHGKTPOCTaHHHﬁ, OIILITHBIX ¥ HCCIEAOBATENBCKHX AXCPHBIX PCAKTOPOB
W JIPYTHMX ATOMHBIX JHEpreTHYeCcKHX YCTaHOROK Ha MakcAManbHoe JaBieHue 20MITa
(200 KFC/CMz) H OmpelendeT MeTOTUKY pacydeTa CPSIHUX 3HAYCHHH KOXP(HIIUEHTOR TEIUIOOTA-
YM B IPOTOUHBIX JAcTAX U NOPIIOBHHE 3aJBHAEK (TPaHHYHBIC YCIOBHS TECIUIOOTHAYH TPETHETO
poaa), a Taloke JIOKATBHEIX K03¢dGHITMEeHTOB TEMIoOTaauH B TopaoBrHe 3ansikex DN ot 100 go
800 MM BKIIOUMTENLHO, NI CPeX ¢ TeMIepaTypoit 1o 623 K (350 °C).

I'panvaable yernoBHS He0OXOZMMO BBOJUTH B MCXOAHBIE JaHHEIE TEILIOBBIX pAacdeTOB
YKa3aHHEIX 3aBIDKEK.

2 HopmaTuBHBIE CCHLIIKH

B HacTOsSmMEM CTaHAApPTE MCIOJb30BAHEI HOPMaTHBHBIE CCBUIKA Ha CICAYIOUHE HOpPMa-
THBHEIE IOKYMEHTHI:

PJT 302-07-122-89. Meroauka pacdera TeMIepaTypHEIX IOJeH apMaTypsl IS Cpel ¢
remuepatypoit 1o 873 K (600 °C)

PJI 26-07-25-97. Meromuxa pacyeTra TeMIEpaTypPHEIX Noel TpyOonpoBOAHOH apMaTypEl

IlpuMedanne— llpH NONE30BAHIH HACTOAIIMM CTAHAAPTOM Nesieco00Pa3HO MPOBEPHTE AEHCTBUE
CCBIIOYHEIX CTAHAAPTOB 10 COOTBETCTRYIOINEMY YKATATEIIO CTAHAAPTOR, COCTABIEHHOMY IO COCTOAHMIO Ha 1 AHBa-
P4 TeKYIIEro roxa. Eciu cCBUIOYHEIH JOKYMENT 3aMEHEH, TO NpPH MONs30BaHWH HACTOAIMMM CTAHIApTOM CIEAYET
PYKOBOJCTBOBATHCSA 3AMEHMOMMM CTAHAAPTOM. ECIM CCHIIOYHBIH HOKYMEHT OTMeHeH 0€3 3aMEHBI, TO INOJIOWKEHHE,
B KOTOPOM JaHa CCHUTKA HA HETO, IPHUMEHSETCS B TaCTH, HE 3aTPArHBArOMICH 3Ty CCEUIKY.
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3 YcaosHBIE 0003HAYEHASA

T — BpeMi;

T, — Temmeparypa paboueli cpensl Ha HadalbHBIH MOMEHT BpeMerH (T = 0), K;
T« — Temmepatypa pabodeil cpemEl Ha KOHELl HECTAORApHOro pexnma, K
b — cKOpOCTE M3MEHEHNS TeMIepaTyphl paboueii cpenpr, K/c;

T, — remneparypa okpyxaromel cpesy, K;

A — xo>dumrenT rennonporoanocTy, Br/ma-K;

Ol ~ kK03 pAIHEHT TEWIOOTAATH, BT/MZ'T-I‘K;

P - ILIOTHOCTH MATEPHANIOB, KI/M;

C — yZAenbHas TEINIOEMKOCTh MaTEpHaIoB, KKaJ/Kr-K;

W — CKOPOCTB MOTOKA CPEIbI;

V — k03¢ PHIIEHT KAHEMATHYECKOH BI3KOCTH, M/c;

d — maamertp, M;

Re — xpurepuii Pelinonsaca;

Nu - xpurepnit Hyccensra;

Pr — xpurepnii ITpasmmis;

HHIEKC «X» - pabogas cpena;

HHJIEKC «C» - MaTepHan apMaTypHL

4 O61IHe MoJIoXKeHUus

4.1 Tennogoif pacueT 3aJBHKEK IPOBOIUTCSA ¢ LISNBIO ONpPEHeiICHERA TEMIEPATYPHEIX 10~
neft, HeoOXOOUMEIX IS OIEeHKH pabOTOCIIOCOOHOCTH €€ TeIUICHAIPIKEHHEIX Y3IoB ¥ AeTtanel,
OIEHKA UHKIMYecKo NMpOUHOCTH, & Takke BEIOOpa KOHCTPYKIHOHHEIX MATEPHANOR C OTPaHH-
YEHHOH TETIIIOCTONKOCTRIO.

4.2 MeTogmka TEIIOBOrO pacueTa HasupyeTcs Ha pelleHHH 3aiad CTANHOHapHO# U He-
CTAI[OHAPHON TEILIONPOBONHOCTH B JIMHEHHOW M HETHHEHHOR NMOCTAHOBKAX IIPH 3aJaHHBIX
TPaHWYHBIX YCIOBHAX METOIOM KoHeHHEIX snemerTos (MK3) wnn koneunsx pasaoctei (MKP).

JluHeitHas MOCTAHOBKA IIPEANONAraeT HE3aRACHMOCTD TEILTO(PH3NICCKIX XapaKTePHCTHK
KOHCTPYKITMOHHEIX. MATEPHATIOB OT TeMIieparyp, HelHHeliHad IIOCTAHOBKA IIPENIIONAraeT yueT
3ABUCHMOCTH TEIIOQH3HUSCKHX XAPAKTEPHCTHK OT TeKyIOUX 3HAUCHHI TeMIepaTyphl, UTO
obecneynBacT NOBEIMEH e TOYHOCTH Pacyera.

4.3 HectanmonapHEle (IepeXOOHBIE) pPEeKHAMEI SKCIUIVATALMHM XapaKTEPH3YIOTCS Clle-
JYIOITAMHI CKOPOCTSIMY H3MEHEHUS TeMIepaTypsl pabodeii cpenst — b:

- 5<0,1 K/c - xpasucrammoHapHEIi pexcM (MEUTEHHEIH Pasorpes U OXIaKICHHE);

- 0,1<b<10 K/c — necraumorapssii pexim;

- b>10 K/c — rennosoit yzap.

4.4 Ternopo# pacdeT BENIONHAETC IIPH HATHYKH MCXOZHBIX NAHHEIX M OPOrPaMMHO-
annapatHoro xoMiutekca (IIAK). Pacuer BrmouaeT B ce04 BEIGOD H 3aJaHHe IPaHHIHEIX YCIO-
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B, MOJIEIH TEHNOBOro pacyeTa, BEIIONHEHHe pacdeTa ¢ ucroikzopanreM [TAK, obpaboTky 1
BEIFaTy pe3yIbTATOB.

4.5 Beibop MeTofla pacdeTa OCYIMECTRISCTCS B 3aBHCHMOCTH OT TpeGoBaHKil 3aKkazarKa i
hyaxmHoHANBHEIX Bo3MoxHOCcTeH TTAK.

4.6 TenmoBo# pacueT MOXKeT OHITH BEIIONHEH B JBYXMEPHOM WIIH TPEXMEPHOM mOCTa-
HOBKax C HCIONB30BAHAEM COBPEMEHHEIX IPOrpaMMHBIX CPEACTB pacdeTa, HCIONB3YFOUTHX
MKD mma MKP.

4.7 IIpuMep TEIUIOBOTO pacieTa METOAOM KOHEUHBIX PA3HOCTEH peari30BaHHbI Ha 3L
Ke oporpaMMupoBarus «Poprpany npuseneH B PJI 26-07-25.

5 Texuuveckne TpeGOBAHAA

5.1 IIns nposeieHHs TEIJIOROTO PACTIeTa 3aIBHKKH HeOOXOAMMEL CICIYIONIHE JAHHEBIe:

2) TeMIIepaTypHoe NOoNe Ha HAaqansHEH MOMEHT BPEMEHH;

6) sHauenys Bemuyaud 1, Ty, Ty, b;

B) 3aKOH M3MEHEHHS TeMIepaTypsl padoueil I OKpyKaIOIeH CPeIIbI;

T) TeOMETPHIECKAE pa3sMepEL PaCueTHOro H3AEIHS, M;

) MapK¥ MATEPHATIOB JETANeH;

€) TernodH3nUeCKHE XapaKTePHCTHKA MaTepHana apMarypel, pabodeit m oxpyxaromeit
cpea (A, ¢, p, O

X) abcomoTHaa HeBA3Ka, K;

W) OTHOCHTENEHAS HEBA3KA, %0,

K) koaddHREeHT petakcanyy.

6 PexoMeHaaUMH MO NMPOBEISHHUIO TEIJIOBOI0 pacyeTa

6.1 Bribop HaganpHEIX YCIoBHH pacuera
6.1.1 Tlpu mpoBReeHHH TENNIOBOTQ pacdeTa 3a HAYaNbHEIE YCIOBHA CHEAyeT IPHHATDH

TEMIEPATyPHOE TI0JIe HA HAYATbHEIR MOMeHT Bpemery T = 0,

a) ecny Ha MoMeHT BpeMenu T = () Temueparypa paGoweit cpejibl paBIa TEMIIEPATYPE OK-
PYAaroImeH cpeisl, TO TEMIIEPATYPHOE [I0JIe 3aJBIDKKH HA HAYalbHELIf MOMEHT BpeMEHH IPHHH-
MAaCeTcs OJIEHAKOBBEIM BO BCEX TOUKAaX M PaBHBIM TEMIIEPATYpe OKpPYKAlOIici Cpepl;

6) ecmu Ha MoMeHT BpeMenu T = 0 Temnmeparypa pabodeii cpejisl He paBHA TeMIEPATYpE
OKpYyKarolmeif cpemsl, To HadalnbHOe TEMIEPATyPHOE MONE 3a[BHYKKH IPHHAMAESTCS 10 pacdery
COOTBETCTBYIOIIETO CTAHOHAPHOTO PaclpeieNeH s TEMIIEPATYP.

6.2 Bri0op rpaHigHEIX YCIOBHH pacueTa

6.2.1 I'panyynEle YCIOBHS Ha HAPYXHBIX H BHYTPEHHHX [TOBEPXHOCTSX 3afBHXXKH (CO-
TpUKacalomuxcs ¢ pabodcit B OKpyXKaloIek cpenaMu) CleAyeT 3a1apaTh B BHJIE TEMIEPATYpE!
pabodei B OKpyxKarolIeif Cpell H COOTBETCTBYIOMHX KO3IDPUIMEHTOR TENNOOTIAYH.

6.2.2 Meroauxa pacdera Kodp@HIHEHTa TEIUIOOTAAYM Ha BHEMIHEH IOBEPXHOCTH 3a-
JiBHXKH B cooTBercTREm ¢ PJ] 302-07-122.
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6.2.3 Pacyer ko> drnmenTa TemwiooTaun oT pabodeii cpesl K BHYTpeHHEH DOBEpXHO-
CTH IPOTOYHOR JaCTH 3a/BIDKKE IPOH3BOAMTCS IO dopMye:

Nu, -2

Xrp =—J:i_m’ 0))

3
rae d, — TUaMeTp BXOHOTO HaTpybka, M.
Benmupna xputepua HyccennTa onpeengeTcs B 3aBECHMOCTH OT CBOHCTB paboueit cpe-
Il ¥ PEXKHMa TETCHUS:
a) TpH TypGyenTHOM pexcnMe Teverms (Re>1x%10% xpurepuit Nu onpepenserca mo
dbopmyire:
- IS KEIKAX el

Nu, = 0,21 Re® Pr® (Pr,/ Pro)*” e, @

- oS F33006D3.31-EBIX cpen

Nu, = 0,18 Re’, rne Re = %L; &)

v, Pr, A BbIGHpaoTCs 110 CUPABOYHOM IATEpATypE;

£ — KO GHIHEHT, YIHTHIBAIOMAH M3MeHeHHe Ko3hdHUNEHTa TEMIOOTAAYH 0 JIHHE
IIPOTOYHOM YaCTH 3aABIKKY (IIPHHAT paBHEM 1).

Maoxurens (Pry/ Prc)o’25 TpefcTaBaseT cofoli MONpPAaBKY, YYHTHIBAIOLIYIO 3ABHCH-
MOCTB (PM3HYeCKuX CBOHCTB pabodeii cpemsl OT TEMIEPaTypEL

MHIeKCH ©K» H «C» YKA3HBAIOT HA 10, UT0 dH3mdeckue croiicrea (V, Pr, A) pabouei
cpenEl BHIGHpPAIOTCS NpH TeMmeparype paboueit cpexsr (Ty) m TeMueparype BHyTpeHHe# mo-
BepxHOCTH (1) COOTBETCTBEHHO.

6) eciu Re<1><104, TO pacdeT NODKEH IPOH3BONETHCA IO COOTBETCTBYIOMMM (hopmy-
}aM U1 IaMHHAPHOTO TeYeHHs, KOTOpEle GepyTcs M3 CIpaBouHOM JTeparypst. JIaMHHapHBLA
PEXHM TeYUeHHS BO3MOXKEH B CIYHYasX SKCIUTyaTal(Wd 3aIBIDKCK B PEXIMAX MAalBIX PacXoloB
paboueii cpesbl.

6.2.4 Pacuer xodddumuenTor TennooTnaT oT pabovei cpe/bl K BHyTPEHHEN! II0BEPXHO-
CTH TOPJIOBHHE 33IBMKKHA IPOM3BOAUTCA 110 opMye:

a.=K-a,; G

rre K — nonpagodnoi k03dGUUECHT Iy pasIHMYHBIX Y4ACTKOB IOPIOBHHELL

Jlns pacuera MecTHBIX (JIOKaNbHBIX) K02 PHUHEHTOB TEMIO0TAaYH BEIOOD NOIPaBOYHO-
ro ko3t prrEesTa IPOK3BOAATCA IO Tabnume.

CxeMa pacmooXeHHs MECTHEIX K03 (GHIHMEHTOR TENIOOTAAYA IPCACTABICHA HA PHCYH-
ke 1 (mpaoxenue A).
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Ta6nunal —Bubop monpasousoro kodddundenTa

Mecrrele
koapou-
s I T L T 7 I I O B B O B O B T B TR P T
TEIIOOT-
JA9H
K 1 0,7 02 |03-04(04-0,5| 0,3 1,2-1,4 0,3 0,4 0,5 [0,15-02| 1,5-2

6.3 Tennosas Mozens

6.3.1 TemroBas MOZEHH PACCUUTHIBAEMOTO M3AEIMA OCHOBAHA HA JUCKPETHOM IPEACTAaB-
JICHAW 5IEMEHTAPHBIX YIaCTKOB H3ENHS C IOMOIIBIO CXEM 3aMeIeHHs H3 TePMIIECKHX COLPO-
THBIICHHH.

6.3.2 B ocHORBe TeruroBoit MoAeny (PHCYHOK 2 MPUIIOeHAE A) NPHHATA OCECHMMETPHY-
Has YOJIOBMHA CEYEHHA [10 0CH ITOKa (OCH maTpyOKOB) B 3aBHCHMOCTH OT TOTO, KaKylo 9acTh
u3zenus HeoBXOAUMO PacCUHTATS.

6.3.3 pa36uBKy Ha SJIeMEHTapHbIC YJaCTKH CIIeAYET IPOU3BOAXTE TAKAM 06pa3oM, TTOGE
u3bexaTh 3HAUNTENEHBIX HCKAXKEHUE TeOMETPHE H3ICTA.

6.3.4 Bepxuad U HIXKHAS TPAHHIEI TEINTOBOH MOJIENY ONPEACNSIOTCE HCXOAI B3 KOHCT-
PYKTHBHBIX 0COOEEHOCTEH pacCUMTHIBAEMOTO H3/IENNS, & TAkKE B 3aBHCHMOCTH OT TOT'O, TEMIIE-
paTypHOE TOJIe KaKoro y3iia H3IETHA HHTEpecyeT KOHCTpyKTopa (3akasunka). IIpoTounas vacrts
Kopriyca B TEIUIOBYIO MOZeTb BEICTYNAIOMCH YacTH H3Ae/MUA He BKodaeTcs. [Ipu Heobxomumo-
CTH OTIPeJIENe ¥ TEMIEPATYPHOro TI0NA HIKHel 9acTH KopIryca (30HBI IIPOTOYHOH YacTH) co-
CTABISIETCS! OTNEBHAA TENNoBast MOAeb.

IToxpoOHEIE pexOMeHAALME IO COCTABICHMIO TEILNOBOM MOIENH IPH HCIIONB3OBAHHH
MEeTO}a KOHEeYHEIX pasHocTel pusenens. B P11 26-07-25.

6.4 Tlpupenennas B PJ] 26-07-25 mporpamMMa TEILIOBOTO pacueTa 3a/BHXKA METOIOM
KOHEUHEIX PasHOCTEM cocTapieHa Ha sg3bke «PopTpan» W pearnsoBaHa B KoMmmunsrope PDop-
Tpan-77. [IporpaMma BKIZOIaeT B cebs:

&) aITOPHUTM TEILIOBOTO PacteTa U3IeNHs;

6) obmmie CBeAEHMS O IPOTPaMME;

B) JIOTHYECKYIO CTPYKTYPY;

T} IOATOTOBKY U ONHCAHME BXOJHEIX NaHHEBIX;

I) pabotme MacCHBEL H BCIIOMOTATEIIBHEIE IEPEMEHHEIE;

€) IONrOTOBKY U OIHCAHAE BXOJHEIX JAaHHEBIX.

CosnanBas IporpamMMa MOXeT OBITH pealH30BaHa COBPEMEHHBIMH KOMIMIIATOpaMH —
Fortran 2003, Visual Fortran, HCIOMB3YIOMUX TEXHOIOTHIO 00BEKTHO-OPHEHTHPOBAHHOIO IIPO-
TpaMMHPOBAHHUA.

6.5 PexoMeHZalKHy II0 3aJ8HAI0 BPEMEHHOTO HHTEpBANa PeXXHMOB H3MEHEHHS TEMIIEpa-
TYPEI

6.5.1 Pacuer IOMKeH NPOM3BOAHTECS BO BPEMEHHOM HHTISpPBANE T, 3al{aHHe KOTOPOTO
obycnaBIuBaeTCA XapaKTepoM NEePeXOHOTO IPONECCd, €ro MPOXOKHTEIBHOCTEIO M BKIIOYACT
BpeMs CaMOTo IIpoliecca H3MEHeHH TeMIepaTyphl pabodell cpelibl OT Ha49albHOTO 10 KOHEYHO-

0 3HAYeHHA T, KOTOPOC IIPHHUMAECTCS B COOTBCTCTBHH C II. 51n BpEMAI, HCOﬁXO,EHMOS pinlEg

! SHaverus Ko3hdIIUMEHTA TEMNOOTAANH ABNAKOTCS CIIPABOTHEIME ¥ TPeGYIOT YTOUHEHAS B 3aBUCHMOCTH OT KOH-
CTPYKIMH 3aIB¥DKKHA
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YCTaHOBIICHHUS TTOCTOAHHBIX 3HAYCHUH TCMIIEPATYPEI BO BCEX TOYUKax paccanHBaeMoﬁ KOHCT-

PyKuuH Tz
T=7+1 )

6.5.2 VYcraHOBJIeHHE NOCTONHHON TeMIepaTyphl XapaKTepH3yeTcd HEH3MEHHOCTEBIO ee
PaCUYETHEIX 3HAYEHHMIM AN KaXHOM TOYKA MacCHBA Ha ABYX-TPeX MOCIEAYIOLIAX LIaTaX 1o Bpe-
MEHH.

6.5.3 Ilpm pacyere KBa3WCTANMOHAPHOTO DPEKHMAa BpeMs YCTAHOBICHWA NOCTOSHHOH
TEMIEPATypH! Ty, CNEAYET IPHHHMATE:

ana sagemxex DN ot 100 o 200 MM He Menee 3600 c;

4 sagemkek DN cspie 200 go 500 MM me Meree 7200 c;

g 3agpmxkek DN cepne 500 xo 800 MM me Menee 14400 c,

6.5.4 TIpu pacqeTe HECTALMOHAPHOIO PeXWMA H PEXWMA TENIOBOTO YAapa BpeMs ycTa-
HOBJIEHH: IIOCTOSHHOMN TEMITEPATYPHI T2, CHEAYCT IPHHUMATD:

g 3ageExek DN ot 100 xo 200 MM He MeHee 7200 c;

nna sapemxek DN cesme 200 mo 500 MM ve Menee 14400 c;

nna sagsmxek DN ceemme 500 qo 800 MM He MeHee 21600 c.

6.5.5 IIpaBHIBHOCTE BEIOOPa BPEMEHH Tz B KKIOM KOHKPETHOM PacdeTe NpoBepsAeTcs B
COOTBETCTBEH ¢ 1I. 6.5.2.

6.6 BeIGop KOMMYECTRA IAOR 110 RPEMEHH W pa3OHBKA BPeMEHHOTO HHTEPBANa pacdeTa
B o0lIeM Crydae OCYNIECTBIAETCHA B 3aBHCHMOCTH OT XapakTepa IlepeXOJHOTo Hpolecca, Ipo-
HOKATENEHOCTH BPEMEHHOTO HHTepBaIa

TEUTT (6)

METAIIOEMKOCTH U CIIOKHOCTH PACCUMTHIBAEMOH KOHCTPYKIHH, A TAKXKE C yI€TOM Tpe-
GoBaHuUi DOCHEAYIOIINX PACUeTOR TEIIOHANPSKEHHOTO COCTOSHHSI H YCIOBHE CXOTHMOCTH
KOHKPETHOH IporpaMMEL MAITHHEOTO CYETA.

6.6.1 Tlpu pacdeTe KBARUCTAHOHAPHEIX PEXHAMOB THCIIO INATOB IO BPEMEHHE Il CIELYyeT
IpUHAMATE He MeHee 20 ceKyHI ¢ paBHOMepHOM paszbmekoit BpeMeHHOro uHTEpBana T. IIpo-
TOJKHATENBHOCTE KeKIOTO IIAra IO BPEMEHH
n=20

= ™

n=1 n

AT

6.6.2 [Ipr pacyere HeCTAMOHAPHLIX PEKIMOB K PEKHMOB TEIUIOBBIX YIAPORB YHCIO Hia-
IOB IIC BpeMeHH clefyeT npHEMMaTh He Menee 30. IIpoqoinKuTenBHOCTh KaXIoro 13 HepBhIX
IISTH [AroB clegyeT IpHHUMATE

<le @®)

[pomomKeTeTSHOCTs HMOCHSAYIOUIMX IMIATOB IO BPEMEHM pPEKOMEHAYeTcs IPHHHMATH
BO3DACTAIOMIEH 10 KCIOHEHTHOMY 3aKOHY P COXPAHEHHH YCIOBHL

ZAT=T )
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IIpumep. Psix mmaroB 1mo BpemeRu M pacdera 3amerkku DN 300 B pexxume TEmIoBoro
YA3apa MOXET HMETh BUX

n=>Ss n=7
AT =1c At =3c
n=1 n=6
n=12 n=14
At =10c At =30c
}'[:8 =
n=17 n=20
At =60c At =300¢c
n=13 n=18
n=22 n=30
At = 1200¢ At =1800¢
n=2l n=

> At=18000c=5q

1
6.7 HpI/I HAMUY9HAE TEINOWIOAAIHE Ha BHEIIHEH IIOBEPXHOCTH 3aJBHXKH B PacueTe He-

CTAITMOHAPHBIX TEMIIEPATYPHBIX MOJEY IeTeco0dpasHo MPUHUMATE TEILUIOBOM IIOTOK Ha TEILIO-
H3QIIHPORAHHOM ITOREPXHOCTH PARHEIM HYITHO,

10
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Ilpuioxense A
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s
| dp

Pucysok 1 — Cxema onpezeneHua Ko3GQuieHTos TenooTaaqn

11
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