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1. BBE[AEHUE

HacTosLwmniA Katanor COAepXuUT cBeeHns 0 CBOM-
CTBaX, aCCOPTUMEHTE 1 CNoco6ax MOHTaXa HaMOPHbIX
TPYy60MpPOBOLOB 113 BbICOKOMOJIEKYNAPHOrO CTaTUYeC-
KOro Ccomonumepa npOMuieH - 3TUMEHA C HU3KOM
TeKy4ecTblo pacnnasa (matepuan PP-R). Matepuan
PP-R xapaktepn3yertcs noBbILIEHHO TePMOCTONKOC-
Tbt0, XOPOLUEN YCTONHYNBOCTbIO K BOAHbIM pacTBopam
COJIEN N HEOpraHWYecKUM KMcnoTam, He 061agaroLLm-
MW OKMCNUTENbHbIMU CBOWCTBAMM, a TakXe BO3fe-
ICTBMIO LLIENI0YEN, OPraHNYeCKUX KCNOT, CIUPTOB UK
3(punpos.

Xumunyeckuii coctas matepuanos PP-R Bbinyckae-
MbIX pupmamu «Borealis», «BASELL» u «SABIC»
COOTBETCTBYET HALMOHANIbHBIM U MEeXAYHAPOLHbIM

HOPMATKUBHbIM TpPE6OBaHMAM, NPeabABNIAEMbIM K
Matepuanam, HaxoAALMMCH B KOHTaKTe C NUTbeBO
BOJOMN.

HanopHble Tpy6onpoBoAbl M3 TPy6 U (DACOHHBIX
4acTei, N3roTOBJIEHHbIX U3 CTATUYECKOro cononnmepa
PP-R, moryT 3kcnnyaTupoBatbCs NPU MOBbILLIEHHbIX
Temnepartypax 1 NpuMeHATLCS B CUCTEMAX BOLOCHA6-
)KEHUA, 0TonJIeHNs, 060rpesa nonoB 1 TeXHONOrMYec-
KX Tpy60npoBOAaX B COOTBETCTBMY C AENCTBYHOLLUMM
CTaHZapTamu 1 TEXHUHECKUMU YCIOBUSMU.

MexaHuyeckue n TepMnU4ecKne CBOMCTBA MaTepma-
na PP-R unsrotasnueaemoro coupmamu «Borealis» u
«BASELL», ncnonb3yemoro Ha 3asoje «HEISSKRAFT»
Npu M3roToBfieHUN TPY6 W (DUTUHTOB MpPUBELEHbLI B
Tabnuuax 1, 2.

Tabnmua 1
Xapakrepuctuka Meton Eannnua Marepuan
UcTbITaHUH UsMepenua Borealis BASELL HOSTALEN
RA-130E PP H 5216 34
MNOTHOCTL 1SO 1183 r/cm’ 0,905 0,909
(npn T = 23°C)
NHpekc Tekyvectu ISO 1183 r/10 MuH
pacnnasa (MFI)
190°C/5,0 kr 0,36 0,5
230°C/2,16 kr 0,21-0,25 0,3
230°C/5,0 kr 1,3
INnHeitHoe ISO 527-2 Ma 25 24
HanpsXeHne
(23°C, 50 Mm/MuH)
JInHeiHoe pacTsKeHue 1SO 527-1,-2 % 10
Moaynb pacTskeHue ISO 527 MMa 900 850
(cekywias, 23°C,
V=1 Mm/MUH)
TBepaocCTb ISO 868 80 65
no LWopy (D) (3 ¢)
YnapHas npo4HocTb ISO 179/1gA KK/M
no LWapnu npu Haapese
0°C 20 22
-20°C 3,5 4,5
23°C 2,0 2,5
Temnepartypa 1ISO 306 °C 65 65
Pas3mMsAryeHns
no Buka (B 50N)
Temneparypa ISO 75 B-1,-2 °C 70 70
TepMUYECKOIA
pedpopmauuu (HDTB)
Temnepatypa ISO 306 °C
pasmsaryeHus Bukara
VST/A/50K/h (10N) 132 132
VST/B/50K/h (50N) 69 69




Tabnuua 2

Xapakrepucruka Meron Eannnuya Marepuan
vcnbITakun v3mepenia Borealis BASELL HOSTALEN
RA-130E PPH 5216 34
TennonpoBOAHOCTb DIN 52612 Bt/m -°C 0,21 0,24
(10-60°C)
KoadhpuumeHT VDE 0304 MM/M -°C 0,15 0,15
NINHENHOr 0 yactb 184
pacLIMPEHNS
(30-90°C)

MuHumanbHas panutenbHas npoyHocts (MRS)
matepuana PP-R cornacHo ctangaptam 1SO/DIS
12162, 2/SEM-ISO/TR 9080 npwu temneparype 20°C u
cpoke akcnnyartaumn 50 net MRS pasHa 8,0 Ma.

JTaNnoHHbIE KpUBbIE AJIUTENBHON NPOYHOCTH TPY6
13 PP-R 80 npuseaeHbl Ha pucyHke 1 (TOCT P52134-
2003).

[oXapHO-TEXHNYECKNE XapaKTePUCTUKIN maTtepua-
na cornacHo npuHsaTon knaccudpukauum (FOGCT 30244-
99,10CT 30402-96, TOCT P 51032-97,0CT 12.1.044-
89, CHulM21-01-97) npmeeeHsl B Tabnmue 3.

Tabnuua 3
MoXxapHo-TeXHMYeCKUe XapaKTepucTuKu lpynna
[pynna roproyecTy M4
['pynna BoCniaMeHseMocTm B3
[biM006pa3sytoLLas crnocobHOCTb a3
TOKCWUYHOCTb NPOLYKTOB rOpeHus T3

Temneparypa BocnnameHsemocTu matepuana PP-R
okono 325°C. KucnopopgHbll WHAEKC (nokasatenb
roptoyectu) ~ 20%.

YnenbHoe 06beMHOE 3JIEKTPUYECKOEe COMnpoTUBNe-
Hue (py) cocTasnseT 10™°-10"° Om-m.

OCHOBHbIMM NPEUMYLLECTBAMI UCNONb30BaAHUS
cononmmepa PP-R ang nsrotosneHns Tpy6onpoBoAoB
ABNAKOTCA:

OO0NbLLUON CPOK CIYXObl (pacHeTHbIN He MeHee 50
ner);

CPaBHUTESIbHO HU3KWE NOTEPU HA TPEHUE XMIOKOC-
Ten B Tpy6ax (KOI(PAUUMEHT 3KBUBASIEHTHON PABHO-
MEepPHO 3epHuCTON LepoxosatocTn K, ~ 0,00002 m),

ObICTPbIA U MPOCTO MOHTX MeTofZamu monudg-
(py3HOM 1 TOPLEBON (TPY6 C HAPYXKHBIM AUAMETPOM He
mMeHee 50 MM W TONWWMHON CTEHKU 4 MM) CBapku, a
TaKXXe C CNOMb30BaHNEM KOMOUHMPOBAHHbIX Pe3b00-
BbIX 11 (DNIAHLIEBbIX COEANHEHWIA.

3aoa HEISKRAFT npousBoaut Tpy6bl U (OUTUHIU
13 cononumepa nonunponunexa PP-R 80 B cootse-
TCTBUW C TEXHUYECKUMUN YCNOBUAMM, COLEPXKALLUMUCS
B OCT P 52134-2003 1 eBponencKkoM MexxayHapoa-

Hom cTanaapte ENISO 15874-2003.

2. OCHOBHbIE TEPMUHbI U ONPEAENEHUA

HomuHanbHbIA HapyXHblii anamerp d,, Mm:
YCNOBHbIA pasmep, COOTBETCTBYHLLMIA MUHUMASIBHO
AOMYCTUMOMY 3HAYEHWUK CPELHEr0 HAPYXHOro
anamertpaTpyobl.

HomuHanbHas TONWMHA CTEHKM €, MM: YCNOBHbIA
pasmep, COOTBETCTBYHLLMIA MUHUMASIbHON [OMYCTK-
MOVl TOJILLMHE CTEHKU TPYObI B JILOO0N TOYKE ee none-
PEYHOr0 CeYEHNS.

PacuetHoe Hanpsxenune os MMa: [lonyctumoe
HanpshkeHne B CTeHKe Tpy6bl B TeyeHne 50 net npu
Temnepatype 20°C y4eTtom KoadpuumeHTa 3anaca
npo4Hoctn C.

os = MRS/C
Koathpuument 3anaca npoynoctu G: He3mepHas

BENUYMHA, Y4UTbIBAKOLLAA OCOOEHHOCTN 3KCnIyaTaLum
TpybonpoBoAa OT/MYAKOLIMECS OT 3adaHHbIX Mpw
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Bpems [0 paspyLueHuns Tpy6sl, 4
Pucynok 1
JTaNIOHHbIE KPUBbIE ASIMTENbHON NPOYHOCTM TPY6 13 PP-R 80

INesas 4actb nomanoi: lg(f) =-55,725 - 9484,1 Ig(o)/T + 25502,2/T + 6,39 Ig(0)
lpasas yactb fiomaHon: 1g(f) =-19,98 + 9507/T - 4,11 Ig(0),
roe t—Bpewms, u;

T —Temnepartypa, K;

O — HanpshkeHue B CTeHKe Tpyobl, MI1a



pacyete MRS.

MuHMManbHOe 3Ha4YeHne KoapuumeHTa 3anaca
npo4yHocTn Tpy6 m3 marepuana PP-R pasHO: npwm
Temnepatype 20°C B Te4eHne 50 neT npu cTaTn4eckom
nasnenun Bofbl C = 1,25; npu paboyei Temnepatype
(T.s) — C =1,5; makcumansHoii padoyeii (7,,,)— C =
1,3; aBapuMHON, BO3ZHUKAIOLLLEI B aBapUIAHbIX CUTYa-
LIMAX NPU HapyLUEHUM CUCTeM perynuposanus (T, ) —
C=1,0.

CranpaptHoe pa3mepnoe oTHoweHune SDR:

bespasmepHas BeNiMYMHA, YUC/IEHHO paBHas
OTHOLUEHWI0 HOMWHANILHOTO HApY)XXHOr0 AnameTpa
TpyObl (d,,) K HOMUHANBHOW TOSLLNHE CTEHKN (e).

Cepus Tpy6 S: bGe3pasmepHas BenuynHa, onpejae-
nsemMas Kak OTHOLUEHME PACYETHOrO HanNpsHKeHUs Os K
MakCUMarnbHO [0nycTUMOMY paboyemMy [JaBneHuto

(PPMS)
S =0s/Poys=(SDR-1)/2

MakcumanbHoe gonyctumoe pabouee nasnexue
PPMS:

MakcumanbHoe 3HayeHue MOCTOSHHOrO BHYTPEH-
Hero aaBnieHus Bofibl B Tpy6e npu temnepatype 20°C B
TeyeHune 50 net, okpyrneHHoe no FOCT 8032 pno
ONMKANLLIEro HYXKHEro 3HadveHns psaa R 10, ecnun aTo
3HayeHue 6onee 10 Mflla, unn paga R 20, ecnn oHO
6onee 10 Ma.

[nsa knaccudomkaumum Tpyé npuMeHsAeTcs ycroBHas
BENNYMHA, HOMUHANbHOE AaBneHne PN BbipaXXeHHOE B
6apax, Y1CNeHHO paBHaA Py

MakcumanbHoe paboyee gasneHue npu nocro-
fHHo Temnepatype MOP, MMa - nocTosiHHOE

BHYTPEHHee [aBfieHWe BOAbl B Tpy6OnpoBoje B
TeyeHue cpoka cnyxobl 50 et

MOP =2 MRS C,/(C(SDR-1)),

rae C,— KoauLNeHT CHUXKEHUS MaKCUMalbHOIo
pabo4ero dasfieHUs npu TemnepaTtype BoAbl 6onee
20°C.

MakcumanbHoe pa6ovee paBneHue npu nepe-
MeHHoM TemnepatypHom pexume P, MIa — npu
3a/laHHbIX YCNOBMAX IKCNIyaTaLum

max?

Pmax = O'o/S,

e Op — PacyYeTHOE Hanps>KeHne B CTEHKE TPYObI,
MTMa, ans 3agaHHOro Knacca aKkcnnyarauum.

MeToauka pacyera Hanps)keHue B CTeHKe Op NO
npasuny MaiHepa npuBeaeHa B npunoxeHun 1.

3. TPEBOBAHUA K HAAEXHOCTU TPYBO-
NPOBOJO0B U KNIACCHI X IKCTTVATALMN.

Mpoussogumble 3aBogom HEISSKRAFT Tpy6bl
MOTYT NPUMEHSATLCS ANS CTPOUTENIbCTBA TPY6ONPOBO-
N0B pPa3fIMYHOr0 Ha3Ha4deHus. PacyeTHblil CPOK
CNny>6bl TPy60npoBoa0B 13 MaTtepuana PP-R 3asucut
0T BMJa NepeKaYnBaeMon XUAKOCTI 1 ee xapakTepuc-
TUK: KOHLIEHTpALK, AaBJIEHNA M TEMNepaTypbl.

[ns cuctem BOAOCHAGXEHUS U OTOMSIEHNS NPUHAT
PAA MakcUManbHbIX pabo4nx aasnequii P, 0,4; 0,6;
0,8 n 1,0 MIa n B 3aBUCUMOCTY OT Ha3HAYEHUS TPY-
60npoBOAa YCTAHOBMEHbI KNAcChl WX 3KCMayaTaLum
(Tabnuuad).

Tabnuua 4
Knacc Toss Bpema | Tmakc., | Bpems Toaps Bpems O6nactb
akcnnya- 0 npuT,, 0 npu 0 npuT,,., | NpUMEHeHns
Tauumn roa Tmake., y
rog
1 60 49 80 1 95 100 Fopsiyee
BOJOCHA0XeHMe
(60°C)
2 70 49 80 1 95 100 Fopsyee
BOJIOCHAOXeHMe
(70°C)
3 30 20 20 45 65 100 Huskotemnepa-
40 25 TYPHOE HanosbHOe
oTOMMeHNne




Tabnuua 4 (NpoaosKeHue)

Knacc Toss Bpema | Tmakc., | Bpems Tosaps Bpems O06nactb
akcnnya- 0 npu T, ¢ npu 0 npuT,,.., | NpUMEHeHus
Tauum roa Tmake., y
ron
4 20 2,9 70 2,5 100 100 BbicokoTemne-
40 20 paTypHOe HanomnbHOe
60 25 oTOMNJIeHNe
Hu3koTemnepa-
TYpHOE OTOMNJIeHne
OTONUTESIbHbIMU
npuéopamu
) 20 14 90 1 100 100 BbicokoTemne-
60 25 paTypHOE 0TOMNNeHne
80 10 OTONUTENbHLIMN
npuéopamm
XB - 50 - - - - XonogHoe
BOAOCHAOXEeHe

B Tabnuue npuHAThI cneayoLne 0603Ha4eHNS:

T,.. — PaGoyas Temneparypa Ui KoMGUHaLWs TeMnepaTyp TPAHCNOPTMPYEMOi BOABI,

onpegensiemas 0611aCTbto NPUMEHEHNS;
T

makc.

— MakcumMasnbHas paboyas Temneparypa, 4encTBre KOTOPOM OrPaHNYeHO Mo BPEMEHMU;

T..., — aBapuiiHas Temnepatypa, BO3HUKAIOLLAs B aBapUitHbIX CUTYALIMSIX MPW HAPYLLEHWN CUCTEM PErynupoBaHus.

aeap.

TpyObl M UTUHIK, NPeAHA3HAYEHHbIE /15 KI1acCOoB
aKcnnyataumn 1-5, JOMKHbI ObITb NPUrOAHLIMK ANSA
Knacca akcnsyaraumy Xoso[Hoe BOA0CHA0XEHNe npu
MakcumanbHom paboyem aasnequu 1,0 MIMa.

Bbi6op cepun Tpyb S, onpeaenstoLLmii MUHUMaNb-
HYI0 TOSILLIMHY CTEHKK, A8 KNaccoB aKcnuyaraumm 1-5

Bbl4MCNIAETCA MO hopMmyne:
S' = Uo/Pm

max ax

B Tabnuue 5 npuBefeHbl pacyeTHble HaNPsXeHUs
Oo W Os 1 cepun S’ ana psaa paboymx aaBneHunil B
Tpy6onposogax (FOCT P 52134-2003).

Tabnuua 5
Makcum. Knacc 1 Knacc 2 Knacc 4 Knacc 5 Knacc XB
pa6bouee
AaBnenue ; . , . )
Pmax! MMNa Oo smax Oo smax Oo smavr Oo smavr Oo smax
0,4 6,9 53 6,9 48 6,9
0,6 5,1 3,6 5,5 3,2
08 3,09 38 213 27 3,30 41 1,90 24 6,93
1,0 3,0 21 3,3 1,9

Tpy6bl, NpeAHa3HA4Y€eHHbIE 1718 KNacCoB Kcnyarta-
Lnu 3-5 JOMKHbI UMETb KCIOPOAONPOHNLAEMOCTb He
6onee 0,1 r/(m*-cyT.). [Ins JaHHbIX KNACcCOB aKcnyara-
UMM PEKOMEHYETCA MPUMEHATb aPMUPOBAHHYIO
aNINIOMUHEBOI NeHTOoN Tpyoy (Stabi - LLiTabu). Koad-
(PULMEHT NIMHEHOro TensioBOro paclumpeHus Tpyobl
LTabu a=0,05mm/m-K.

4. NPOEKTUPOBAHUE N MOHTAX TPYbBO-
nPOBOAOB.

Tpy6bl ¥ OUTUHTX, W3rOTOBJIEHHbIE 3aBOAOM
HEISSKRAFT n3 cononumepa nonunponuneHa PP-R
MOTYT NPUMEHSTLCSA NPU NPOKNAAKe TEXHONOMMYECKMX
Tpy60npoBOAOB A1 TPAHCMOPTUPOBAHUSA XKUIKNX W



ra3o06pasHbIX NPOAYKTOB. B npunoxeHun 2 npmsese-
Hbl CBEJEHMA O XMMWUYECKOW CTOMKOCTM maTepuana.
[poekTpoBaHme TeXHOMNOrMYeCKMX Tpy60npoBOAOB B
KQXI0M KOHKPETHOM Cly4ae JO/MKHO OCYLLECTBATLCA
B COOTBETCTBMYU C «/IHCTPYKLMEN N0 NPOEKTUPOBAHUIO
TEXHONOMMYEeCKMUX TPy6ONPOBOA0B M3 NIACTMACCOBbIX
Tpy6 CH 550-82», OCT 36-100.309-86, CCBT «MonTax
TeXHONornyeckux Tpybonposoaos. TpeboBaHus
6e30MacHOCTA>» W APYrMMN BeJOMCTBEHHbIMU HOPMa-
TUBHBIMMW JOKYMEHTaMMW.

3anpewaetca npoknagka TeXHONOrMYeckKux
Tpybonposoaos n3 marepuana PP-R B nomeLueHunsx,
OTHOCALLMXCS MO NOXAPHOW ONACHOCTMN K KaTeropusam
A b,B.

HopMbl NPOEKTMPOBAHMA N MOHTaXa Tpy6OonpoBo-
[I0B NS CUCTEM BOAOCHA0GXeHMs coaepxarcs B CHull
2.04.01-85 v B ceopax npasun G 40-101-96 n CI1 40-
102-2000.

HanopHble TpyO6bl, NpeaHa3Ha4YeHHbIe AN BHYTPEH-
HUX BOAOMNPOBOA0B A0/KHbI COEJMHATLCS HA CBAPKeE B
pacTpy6, pasbeMHble COeJMHEHNS NpeaycMaTpuBaroT-
CS B MeCTax yCTaHOBKW apMartypbl, NPUCOEANHEHUN K
060pyaoBaHNI0O 1 ANd BO3MOXHOCTM [eMOHTaXa
9/1eMEHTOB TPY6OMNPOBOLA B NPOLIECCE 3KCMNyaTauum.

4.1. Twapasnuyeckuii pacuer Tpyéonposo-
noB.

[MToTepn Hanopa B Tpy6ONPOBOAE ONpPeensercs no
thopmyne:
Hmp. =Zit'/+ZhM.c.

rne j, —ynenbHble NOTEPYU Hanopa Npu Temnepary-
pe TPaHCMOPTUPYEMOI XXIAKOCTH, M/M;

/- nnvHa yyacTka Tpy6onpoBoaa, M;

h,, . — NOTepn Hanopa B CTbIKOBbIX COELUHEHNAX Y
apmarype, M.

[MoTepwn Hanopa Ha eauHNULY ANUHBI TPY6ONpoBoaa
Ha TpeHue onpeaenawTcad no opmyne [apcu -
Beicobaxa:

i, =AV?/(2g-d),

roe A — Ko3hUUMeHT rmapasinyeckoro conpo-
TUBNEHUA MO ANNHE TPYOONPOBOAR,;

V— cpefHsas CKOPOCTb ABMXKEHUS XUAKOCTH, M/C;

g — YCKOpeHue CBOBOHOr0 naaeHus, m/c’;

d = d.-2-e — pacyeTHbIN BHYTPEHHWI SUaMeTp
TPybonpoBoaa, M.

KoadhduumeHT ruapasnnyeckoro conpoTMBIIEHNS
A BblUKCIAETCA N0 QOpMYJIe:

i 0S[b/2+[1.312(2 - b)lg(3.7/ Km)}(Ig Regp ~ )]
N lg(3,7d / Km)

roe B=1+IgR/IgR, ,; — 4ncno nofobms pexu-
MOB TEYEHUS XUAKOCTY;

R, =Vd/\v —daktunyeckoe 4ynco PeiiHoNbACa;

Km — K03(hpuLneHT 3KBMBANEHTHON LLIEPOX0Ba-
TOCTU, M.

V — KOI(PMUMEHT KWHEMATU4ECKON BAZKOCTU
nepeka4nBaemoil XWAKoCTU Npu 3afaHHON Temnepa-
Type t, M’/C;

R, .z = 500d/Km - 4ucno PeiHonbAca, cooTBe-
TCTBYIOLLEE HaYany KBaapaTM4HOM 06nacTu ruapasnu-
4eCKUX CONPOTUBIIEHWIA NPY TYPOYIEHTHOM [BUXEHWUN
XNIKOCTMW.

3HA4YeHNs KWHEMATW4eCKOW BA3KOCTM BOLbl B
3aBUCKUMOCTY OT TEMMNEPATYPbI NPUBELEHbI B TabnMLE 6.

Tabnuua 6
Temnepatypa 0 S 10 12 14 16
t, °C
Kunematunyeckas 1,78 1,52 1,31 1,24 1,17 1,11
BA3KOCTb,
V -10° m*/c
MpunoxxeHue Tabnuiibl 6
Temneparypa 18 20 30 40 70 100
t, °C
Kunematunyeckas 1,06 1,01 0,8 0,661 0,41 0,28
BA3KOCTbD,
V.10° m’/c

B npunoxeHun 3 npmeefeHbl HOMOrpammbl Ans
onpeaeneHuns notepb Hanopa B TPy6ax, NOCTPOEHHbIE
npu 3HaveHun Km = 0,02 mm nop pPyKoBOACTBOM
npod. I'.C. XoBaHcKoro.

Onpepenenus notepb Hanopa B Tpy6onpoBoAe
X0NI0QHOr0 BOAOCHAGXEHMS, M3roTaBMBAaEMOro u3
Tpy6 cepuit S 2,5 n' S 4 MOXeT NpoOM3BOAUTCS MO
NPUBEAEHHbIM B NPUN0XEHUN 4 HOMOrpamM.



MoTepu Hanopa B MECTHbIX COMPOTUBEHUAX
BbIYUCNIAOTCA N0 hOpMYyIe:

h,.=&V72g,
rne €—KoahULNEHT MECTHOTO CONPOTUBNEHUS.

3HaveHms KoadhPULNEHTOB MECTHbIX CONPOTUBIIEHUI
AJ19 HEKOTOPbIX (PUTUHIOB NPUBEAEHbI B TabnuLe 7.

Tabnuua 7
HaumeHoBaHue Cxema Koathcpuument mectHoro ®oto o6pa3ua
thuTMHra U HanpaBnexHune CONpPOTMBNEHMSA,
notoka 3
Mydra 0,2
Mydta nepexogHas
- C YMEHbLUEHNEM
Ha 1 pasmep; 0,45
- C YMEHbLLEHNEM
Ha 2 pasmepa; 0,6
- C YMEHbLUEHNEM
Ha 3 pa3mepa 0,9
TpoitHuK
- NPAMOIA NOTOK; 0,25
- pasfesnieHne noToka; 1,1
- pa3fienieHne noToKoB
C peflyLumpoBaHuem; 4,3
- COEJINHEHNE NOTOKa; 4,3
- pa3aeneHune NoToka
B NPOTUBONOSOXHbIX
HanpasfieHUAX; 2,2
- COeANHeHne
BCTPEYHbIX MOTOKOB 4,2
Myda
KOMOWHMPOBAHHAS C:
- BHYTPEHHeN pe3boon; 0,6
- Hapy>XHOW pe3bboi; 0,4
YronbHuk 45° 2,0
YronbHuk 90° 0,6




Tabnuua 7 (npojonkeHue)

KOMOWUHWNPOBAHHBIN C:
- HapY>XHOW Pe3booi;
- BHYTPeHHen pe3bbon

HanmenoBanue Cxema Koathcpuument mectHoro ®oto ob6pa3ua
thuTHra v HanpaBnexHune CONpPOTUBNEHNA,
noToka L3
YronbHuk

TponHmk
KOMOUHUPOBAHHbIN
C BHYTPEHHel pe3bbon

PasbopHoe
COEJIMHEHME

1,5

PasbopHoe
COeMHEHNE C peavKumen

Ha 0JIUH pasmep

8,3

[TepekpellmBanmne

0,8

4.2. KomneHcauma nuHeiHoro pacwupe-
Hus Tpy6onpoBoaa

BennynmHa nuWHENHOro paclinpeHus yyacTka
TPY60NPOBOAA /; NPY OTKPLITOI MPOKNAAKe onpeens-
eTcsA No hopmyne:

Al =alL:At,

roe At — pacyeTHas MakCUManbHas PasHOCTb
Temnepartyp (Mexzay pabo4en n npu ero MOHTaxe).

[na ycTpaHeHns LONOSIHUTENbHbIX HAMPSXEeHWUN,
BOSHMKAOLLMX NPU PACTSXKEHUN U CXKATUM NPUBOAA-
LLIMX K COKPALLIEHMIO0 CpOKa 3KenyaTauum Tpy6onpoBo-
[a, UCMNOoJb3YTCSH KOMMNEHCATOPbI.

Heo6x04MMO pasnnyatb KOMNEHcauuno Ha yainHe-
HUE 1 Ha CoKpaLLeHne TpybonpoBoa.

KomneHcauus NUHEAHOro pacluMpeHns MOXeT
ObITb peasim3oBaHa nyTem NpoKiagku Tpybonposoga
3MeVKO 1 NPUMEHEHNEM KOMMEHCUPYHOLLIMX 3N1eMeH-
T0B. Cpean Hux: otBoAbl (yron 90°), M-o6pasHbie U
netsie00pasHble KOMMEHCaTopbI.

KomneHcupyoLas cnoco6HocTb /. yrnoBoro Kom-
neHcaTopa, OCHOBAHHAA Ha U3rnbe He3akpemnieHHoro
y4yacTka TpyObl (pnC.2) BbIYUCIAETCA N0 DOPMYIIe:

[ 20 + 1) 40,0077
" 3E,-d, L +r



roe L, — OnuHa npaMoro yvactka Tpy6onposoja,
HaxofsLerocs Mexay OTBOAOM W HEernoABUKHOI
onopoi, m;

r —paguyc u3runba oteoaa, m;

O —pacyeTHas npo4HOCTb Matepuana, MIa;

E, —moaynb ynpyroctu matepuana, Mrla.

L\,
’ Tt
° R4l
L
LI
HeMnoABMXHas NOABVKHbIE ) Wil
ornopa onopbl I/
J
L, - nnvHa Konexa '
v I
Pucynok 2 u: Z

KomneHcaunoHHOe KONeHo

[na Tpy60onpoBoLOB M3 MasibiX AMaMeTpoB Tpy6
d<50 mm Benn4uHa /., MOXeT 6bITb OMpeaeneHa no
YNPOLLEHHOI hopmyre:

/. =0,001-L/d,

[Mpu nuHeinHOW npokKnagke TPybompoBoJa PeKo-
MeHAyeTcsa npumeHsaTb [1-06pa3Hble KOMMEHCATopb!

(punc.3).

, T \~
e A e s o8

N I I }‘B>10d‘v r T

i
HenoABMXHasa CKONnb34lulasa \ / \ /
onopa onopa \ / \ }\x \T
& /g;;J ’

PucyHok 3 ’

[-06pa3Hble KOMMEHCATOPbI

KomneHcupytowas cnocobHocTb [1-06pasHbix
KOMMEHCATOPOB BbIYMCASETCA N0 popMyne:

/. =%(9,4-r3+14,9-r2-/K +78- L2 +13- /)

rre H-BbIfeT KOMNeHcaTopa, M.

Mpu npoknagke Tpy60MpoBOLOB MasbIX JUAMETPOB
MOXXHO MPUHUMATB, YTO

/ =0,001-L°/d,
[nda KomneHcauuMnm NMHENHOTO paclunpeHns

Tpy6onpoBooB AnameTpom d,,<40 MM MOryT npume-
HATLCA NET/IEBbIE KOMMEHCATOPbI (PUCYHOK 4).

Herno/BXHas
onopa

Heno/BXHas
onopa

T
CKONb3ALLas
onopa

d

CKOMb3ALLAA
onopa

HEnoaBKHasA
onopa

Pucynok 4
[NeTneBoi KOMMeHcATOP

MakcnmanbHoe 3Ha4eHne KoMneHcauun AnHeiHo-
o paclwnpeHns neTreBbIM KOMMNEHCATOPOM NpuBee-
HO B Tabnuue 8.

Tabnuua 8
Anametp 1pyoéd, Komnencupyowas
d, Mm CNoco6HOCTb, MM
20 80
25 65-70
32 95
40 45

[Tpy MOHTaXXE NeTIEBOr0 KOMMNeHcaTopa Heobxoam-
MO CO34aTb NpeaBapuTenbHOE JIMHEeiHO. HanpsXXeHue
CXXaTMeM ero B Cny4ae aKcnayartauum npu noBbILLEH-
HbIX TEeMMepaTtypax Uy PacTsHXKeHNem npu NOHUKEH-
HbIX TEMMNeparypax.

4.3. lpoknapka Tpy6onposopos

lpoknagka Tpy6onpoBOLOB MOXET BbIMOSIHATLCA:
OTKPbITOIA, NOA WITYKATYPKOIA, B TPYHTE, LAXTax Uu
kaHanax (CHuM2.04.01-85*, CHul121-01-97).

Tpy6onposoabl n3 matepuana PP-R gomkHbl 6b1Tb
3alMLLEHbl OT YNbTPauOoNeToBOro M3NyyYeHus



(nonagaHus NpsMbIX COSTHEYHbIX Ny4en).

KpenneHne TpybonpoBOAOB BbINONHAGTCA Ha
KPOHLUTEHAX, onopax 1 nojseckax. [na 3awutbl oT
MEeXaHN4eCKNX MOBPEXAEHUA NPUMEHSETCA CKpbITas
npoknagka TpybonpoBoA0B: B KaHanax, 6opo3fax u
CTPOMTENbHBIX KOHCTPYKLUSAX, BHYTPY LLAXT U B TPYHTE
(6eckaHarnbHas npoknagka).

Mpn npoxome 4epe3 CTeHy TPyObl AOSKHbI OblTb
3allnLLeHbl OT MEeXaHUYeCKMX MNOBPeXAeHWn n3-3a
TPEHMS ee 0 LepoxoBaTbie NOBEPXHOCTU UIN CAABIIMN-
BaHus. CriefyeT pasnmyarb ABa cnyyas (puc.5):

- Tpy6a HeMoABVKHA B CTEHE NPU IKCNnyaTauuu;

- Tpyb6a CKONb3UT B (hyTnape, 3aKpensieHHom B
CTeHe.

Ind dukcaunm Tpybbl B CTEHE MNPUMEHSAOTCS
MY(Tbl 1 OrPAHUYUTENbHbIE 3NIEMEHTLI (PUCYHOK 6,
N3rOTOBJ/IEHHbIE C 00/1e€ MATKMX nnacTMacc (nosmen-
HUNXNOPKUAA UNU NONNITUNEHA).

B cnyyae nocagku Tpy6bl C TPDEHUEM CKOJIbXXEHUS B
yTnape He06X0AMMO NPUHUMATL MEpbI MO 3aLLnTe ee
OT LapanuH: UCNonb30BaHMe MATKMX Nnactmacc ans
N3roToBneHns yrtnapa, HabWBKU BONOKHUCTbLIX
mMaTtepuanoB B 3a30p Mexay Tpybamu dynapa u
Tpybonposoaa

N9 ncKNoYeHns BO3MOXHOCTM PacnpoCTpaHeHNs

noxapa 4epes3 CTEHbl WM NepekpbITUs no Tpy6am
NPUMEHSAOTCSA OTCEKATEeNIM OrHA W NOXKapHble nperpa-
Abl. [IpOTMBONOXAPHbIE Nperpabl yCTaHaBIMBAOTCA C
K2XX[0W CTOPOHbI CTEHbI, @ NPU NPOX0Je Yepes nepe-
KPbITUA - TONMbKO C HWXHE CTOPOHbI, C BEpPXHeil
CTOPOHbI YCTaHABNIBAETCA OrHe3aLMTHaA NnuTa.

[poTnBONOXApHasa nNperpaga npeacrasnseT co6oin
MaHXeTy 13 BCMy4WUBaOLLErocs matepuana npu
CUSIbHOM Harpese. KOMNOHeHTbI MaTepuasna pacLumps-
tOTCA 1 3anofIHAOT NPOX0L (B TOM YWCAE U BHYTPU
Tpy6bl). B 0TBEPCTNA B CTEHE (NepekpbITUs) ANa Tpy6
NpOTUBOMNOXApHaA Mperpajga YCcTaHaBNMBAETCA Ha
ryouny 90 mm.

Konun4yecTBo OMOPHbIX TO4EK Kpenexxa Tpy6onpoBo-
12 3aBUCWT OT TEMMEepaTypbl 1 NAIOTHOCTU NepeKaynea-
eMOW XXNLKoCTI, cepum 1 gnametpa Tpy6. B tabnuue 9
npuBeLeHbl PeKOMEHAYeMble 3HA4YeHUs PACCTOAHUNA
MeXAy KpenneHusmu ropusoHTanbHoOro Tpy6onposo-
[la B 3aBMCUMOCTW OT TemnepaTypbl TEMNIOHOCUTENS
(Bofbl unu rnukond). MNpu BepTUKANbHON NPOKaaKe
9TW PACCTOAHUSA MOXHO YBENNYUTL NPUOINIUTENBHO
Ha 30%. PacctosHus MeXay OMnopHbIMW TOYKaMM
Tpy6onpoBoga 13 CTabuIn3MpoBaHHON TPYObI NpuBe-
neHo B Tabnuue 10.

dyTnsp cTeHa oyTAD ‘
Tpyba f Tpy6a
/  RRRRARRRRRRRRIRRRS ] ’/
2 T T 1
orpaHnynTenbHas mydra 3330D MEXY
CTEHKOWN TPYObI U
BHYTPEHHel
CTEHKOMN qpyTnspa
Pucynok 5 Pucynok 6
Tabnuua 9
Cepusa S Avamerp PaccTosinne meXxay OnopHbLIMU TOYKAMHU, CM
(craHpaprhoe | Tpy6onposona, Temnepatypa Tennoxocutens, °C
pasmepHoe MM
otHoweHune SDR) 20 30 40 50 60 80
2,5 16 90 85 85 80 80 65
(6) 20 95 90 85 85 80 70
25 100 100 100 95 90 85
32 120 115 115 110 100 90




Tabnuua 9 (npojosmkeHne)

Cepus S inamerp PaccTosHue MeXay ONOPHbIMK TOYKAMM, CM
(cTanpapTHoe | Tpy6onpoBopa, Temneparypa Tennoxocutens, °C
pa3mepHoe MM
oTHowenune SDR) 20 30 40 50 60 80
40 130 130 125 120 115 100
50 150 150 140 130 125 110
63 170 160 155 150 145 125
75 185 180 175 160 155 140
90 200 200 185 180 175 150
110 220 215 210 195 190 165
3,2 16 80 75 75 70 70 60
(7.4) 20 90 80 80 80 70 65
25 95 95 95 90 80 75
32 110 105 105 100 95 80
40 120 120 115 110 105 95
50 135 130 125 120 115 100
63 155 150 145 135 130 115
75 170 165 160 150 145 125
90 180 180 170 165 160 135
110 200 195 190 180 175 155
5 16 75 70 70 65 65 55
(11) 20 80 75 70 70 65 60
25 85 85 85 80 75 70
32 100 95 95 90 85 75
40 110 110 105 100 95 85
50 125 120 115 110 105 90
63 140 135 130 125 120 105
75 155 150 145 135 130 115
90 165 165 155 150 154 125
110 185 180 175 165 160 140
Tabnuua 10
HapyXHbIA RMAVETP TRVOLL, | 16 | 50 | 25 | 32 | 40 | 50 | 63 | 75 | 90 | 110
PAccTosKiue MEXAY onoRaMM, | 1 | 120 | 140 | 145 | 150 | 155 | 165 | 170 | 190 | 205
B cnyyae npumeHeHmns 1-06pasHbIX KOMMNEHCATO- _|

POB Ha TPy6GONPOBOAAX PEKOMEHAYHTCS NMOKa3aHHbIE

| n
Ha PUCYHKE 7 Cnoco6bl IPOKNAKN. E]

I I x H
H n n H N n H —| | M
\ — — \ — — *
ZAY ZAY
) FOpPU30HTaNbHbIA TPY6ONPOBOS, _| n
H - HenopemxHas onopa; I - nofBmxHas onopa

PMGVHOK 7 1 6) BepTMKabHbIA TPY6ONPOBOS,



Mpw npoknaake Tpy6onpoBOAa NOJ LUTYKATYPKOIA HE0o-
X0AMMO €034aTb CBO6OAHOE NPOCTPAHCTBO B KaHanax Ans
OBKEHNS Tpy6 M3-32 NIMHENHOr0 pacLUMpPeHns 1 3aLiu-
TUTb WX OT MEXaHWYeCKWUX MOBPeXAeHWi. [nsg 3almThb
Tpy6 OT MeXaHUYeCKUX MOBPEeXJEHUA PeKoMeHOyeTcs
NPUMEHSATb TENOU30NSALMI0 U3 BCMIEHEHHOrO NEHOMOMMNa-
TUMeHa. B coyyae MOHTaXa pacnpefenuTeNbHbIX CUCTEM
OXNAXKAEHNS 1 XONOAHON BOLbI HEOOXO4MMO Y4NTLIBATD,
4YTO M3-3a HE CKOMMEHCUPOBAHHOr0 COKpaLLeHus Tpy6o-
NPOBOAO0B MOXET NPOUCXOANUTL X Pa3pbiB, a MPK OTCYTCT-
BMW Tennon3onauuu 06pasoBaHne KOHAEHcaTa Ha Tpyoax.

Cnefyet 0TMETUTb, 4TO TPYObI U3 cononumMepa nosu-
nponuneHa PP-R He pekomeHzyeTcs Mcnonb30BaTh B
cucTemMax OTOMNEeHWs "Tensblid non" n3-3a HU3KOM Ten-
NIONPOBOAHOCTI MaTepuana.

B cnyyae oTkpbITOW npoknagku Tpy6 Heobxomumo
y4uTbIBaTH (hakT, 4T0 Ha STABI Tpy6ax MoryT nosiBUTL-
cA HebonbLIMe B3AYTUA W Ny3bipbKKW. [laHHOE ABNeHue
HU B KOEM Cly4ae He BMIAET Ha CPOK CNy»Obl TPY6 U He
ABNAETCA MOBOAOM ANA UX 3aMeHbI.

STABI Tpy6bl SBNAOTCA Tak Ha3blBaeMbIMW, MHOMO-
CNOWHbIMU (TpéXcroiHbiMu) Tpy6amu. Mpu nx npoms-
BOJICTBE BHYTPEHHSAA NONUNpONUieHoBas Tpyba coeau-
HAETCA C aNtOMUHEBON (DONbIOWA 1 MOCSIe 3TOr0 NOKPbI-
Ta BHELHWUM C/0emM nonunponuneHa. bnarogaps anto-
MWUHEBOMY Cfi0K0 Tpy6a nprobpesnia He TONbKO NyyLuune
CBOWCTBA TEMMEpaTypHOil N HANMOPHOW CTOMKOCTU, HO U
TUNUYECKIME CBOICTBA METANINYECKMX TPYO, TaKMe Kak:
00/1bLLIAA XECTKOCTb W HI3KOE JINHENHOE paCLLUVpPEeHue.

[Ins 3alWmThl anOMUHUEBOTO CNOS OT MEXaHUYECKNX
MOBPEX/EHNIA Tpy6a 3aLLMLLEHa TOHKAM BHELLIHUM CIO-
&M NonUNponueHa. B eAMHNYHBIX Cy4asix MOXET Npo-
N30/ATN 06pa30BaHNe HEOOMbLUMX B3AYTUA NOBEPXHOC-
TI BHELUHEro Crost U3-3a 0CTaTOYHON BRAXKHOCTU MO-
BEPXHOCTW BHYTPEHHEI NONUNPONUIEHOBON TPyGbl Npu
npou3Bo/CTBe. [T0CKOMbKY BHELLHWMI COW He BIUSET Ha

ogHou rpynne (PP-R80) 1 B 04HOM Kracce cBapuMBaemo-
CTW. Knacc cBapmBaeMocCTy ONpeaenifaeTcs Ha 0CHOBE WH-
[ieKca Teky4yecTu pacnnasa rpaHynara (MTI) n npaktuye-
CKI He 3aBMCUT OT NPOU3BOANTENS CbIPbS.

[1ns BbINONHEHNA CBAPOYHbLIX PabOT HEOOX0AUM Cneay-
tOLLIMIA HABOP MHCTPYMEHTA U PACXOL4HbIX MaTepuanos:

- MONNY3HbINA CBAPOYHbIVA annapar;

- NONNEY3HbIE HAKOHEYHWKN (ANS KaAoro Ha-
PYXXHOr0 Anametpa Tpy6bl - napa);

- KOHTaKTHbI TEPMOMETP;

- Tpybopes (ans Tpyé C HapyXHbIM AUAMETPOM
oonee 50 mm);

- CNeunanbHble HOXHULbBI UM pe3ak C POSnKo-
BbIM HOXOM,;

- MOHT@XHOE MPUCMOCOOSeHNe Ans CBapMBaHUS
Tpy6 60MNbLIOr0 ANameTpa;

- YCTPOWCTBO AN 3a4MCTKN apMUPOBAHHO TPYOb
LLiTabu (ans kaxaoro aguamerpa Tpyo);

- MOHT@XHbIA HOX C KOPOTKUM J1e3BUEM,;

- pyneTka n3mepuTesbHas;

- METp CKNaaHou;

- BETOLUb XN0on4aTobymaxKHas;

- TEXHUYECKNiA  cnmpT
9TUNOBbIN).

(M30MpPONUNOBBLINA,

[Monndy3HbIiA CBAPOY4HbIA annapat mMoLiHocTelo ~900
BT MOXeT 6bITb U3rOTOBMIEH B ABYX BapuaHTax ucrnon-
HEHWS: NNOCKWIA U CTePXXHEBON. CTePXXHEBOW BapuaHT
annapara HaxoauT NPUMeHeHNe NPU BbINOSHEHU MOH-
T@XHbIX paboT B TPYAHOLOCTYMNHbLIX MecTax. [onudys-
Hble HAKOHEYHWKW MOKPbITbI MIEHKOW 13 doToponnacra
N LOKHbI ObITb TLLATENBHO OTMONNPOBAHLI. [ns nnoc-
KOro CBapO4HOro annapara W3roTaBinBaKOTCA MapHbIe
HAKOHEYHUKK, a AN CTEPXKHEBOrO - B BUE HACALKM.

Pa3mepbl paboyen 06nacTm HakoHe4YHWUKoB (puc.8)
CTaHAapTU3NpPOBaHbl Npu paboyer Temnepatype 260°C
N nepea Ux UCNONb30BaHNEM A CBAPKW HEOOXOAUMO
NPOBEPUTb COOTBETCTBME Pa3MEPOB MPUBELEHHbIM B

OCHOBHbIE MeXaHW4Yeckue CBOWCTBA TPYObl, TO peyb  Tabnuue 11.
WAET BCEro NNLb 0 AeDeKTax BHELLHEro Ui acTeTnye- /1 - /2
CKOro xapakTtepa. 9T0 He BNUSAET Ha CPOK CNyXObl U Ha
CBOWCTBA TPYO U HW B KOEM Cly4ae He SBNAETCH NOBO- ‘
AOM Ans NPOBeeHNs 3amMeHbl Tpyo.
4.4. CoeueHue Tpy6 npn MOHTaXEe. Ny
a) b)
CoequHenue Tpy6 cnoco6oM nonndyaHoil ceapkn ocy- P MCYHOK 3
LLIECTBIIAETCA NPM YCNOBUK, YTO MaTepurarbl HAX0AATCA B [Monudy3noHHbIe HaKNaaku Tabnuua 11
[Anametp
Tpy6onpoBoaa d, d, d, d, /‘ /, r
d, mm
20 20,15 19,94 19,40 19,65 12,0 14,0 25
25 25,15 24,92 24,37 24,65 13,0 15,0 25
32 32,15 31,90 31,34 31,65 145 16,5 3
40 40,15 39,88 39,31 39,65 16,0 18,0 3
50 50,20 49,84 49,22 49,65 18,0 20,0 3
63 63,20 62,78 62,22 62,70 24,0 24,0 4
75 75,25 74,57 73,67 74,98 26,0 26,0 4
90 90,30 89,54 88,61 90,05 29,0 29,0 4
110 110,30 109,45 108,48 110,10 325 325 4




4.4.1. NMocnepoBatenbHOCTb BbINOJIHEHUSA
onepauuii npu ceapke Tpybonposoaa

1. 3aKpenuTb Hacafku Ha CBApOYHbIA anmnapart u
0YMCTUTb WX OT XXMpa U OCTATKOB marepuana. [ns
06€3XXMPNBaAHUA UCMONb30BATL CIUPT M BETOLLb.

2. BKnoyntb annapar B PO3ETKY C HanpsXXeHuem
220B, 50lwu. [NopgoxaaTb nNoka yCTaHOBUTCA TeMnepa-
Typa Harpesa HakKOHe4yHWKOB (3-4 cpabartbiBaHus
Tepmoctara). C nomMoLLbl0 KOHTAKTHOTO TepMOMeTpa
NPOBEpUTbL TeMNepaTypy HakKOHeYHUKOB. OHa A0MKHA
obITb T,,, =260 + 5°C. B cnyyae, ecnu Temneparypa
OTNN4YaeTCA OT 3aJaHHOW Heo6XOAMMO OTperynmpo-
BaTb TEPMOCTAT U 3aMepbl MOBTOPUTb.

3. MoATAHYTb KITOHOM KpenJieHne HaKOHE4YHNKOB.

4. 06pe3atb Tpy6y NoA npsMbIM Yrnom K ocu ¢
MOMOLLbIO CMeumanbHbIX HOXHUL Win Tpybopesa.
Yoanutb BO3MOXHbIE 3ayCeHLIbl HOXOM MAKU Cheum-
anbHbIM npucnocobsnieHneM. Ha Tpy6ax guametpom
d,>40 MM CHATb BHYTPEHHIOK (Packy noA Yriom
30-45°C.

9. Ha KoHue TpyObl OTMETUTL MAPKEPOM TJIyOuHY
CBapuUBaHNS.

6. Ha Tpy6e tuna LUTabn ynanutb 3auiUTHbLIA K

ANIlOMUHUEBDIIA CJI0M C NOMOLLbIO YCTPOMCTBA 3a4mMC-
TKMW Ha BCEN rNyOMHe CBapUBaHMS.

7. TwatenbHo 06e3XUPUTb U OYUCTUTL OT MbIN
CBAPUBAEMbIIA YHACTOK TPYObI Y PUTUHT.

8. [locTeneHHO NPOTONKHYTb KOHel TpyObl B
HacagKy [0 OTMEYeHHOW TrNy6uHbl CBapUBaAHUA.
OAHOBPEMEHHO Heo6X0AMMO YCTaHOBUTb (PUTUHI Ha
Hacagky. 1pu yctaHoBKe TpyObl 1 oUTUHTA He Jonyc-
KaeTCs UX KPYTUTb.

9. HarpeTb cBapuBaemble [eTaim B TeYeHue
BPEMeHU yKa3aHHOM B Tabnuue 12. Bpems Harpesa
NcYMcnsaeTca ¢ MOMEHTa, Korga Tpy6a u (OUTUHT
YCTAHOBJIEHbI B HACAKM HA 3a[JaHHYO TTTyOUHY.

10. Harpetble fetanu, He KpyTs KX, 6bICTPO BCTa-
BWUTb APYr B [pyra Ha 0TMEYeHHYH rnybuHy cBapumaa-
HUs. BoKpyr cBap1BaemMoro LBa J0/MKHO 06pa3oBaTh-
cs yrosuieHue (6ypt). [poBepuTb COOCHOCTL TPYObI 1
outHra n 3aduKcupoBaTb COEANMHEHME 32 BPeEMS
4aCTUYHOrO OCTbIBAHUSA MaTepuana (Npubn3nTenbHO
B TeyeHmne 30 c). Jltobble MexaHU4ecKne Harpysku Ha
CBapMBaeMblil LIOB HE [AOMYyCKAKTCA B Te4eHue
BPEMEHU OXNXAEHMs, yKazaHHOM B Tabnuue 12.
MonHas Harpy3ka Ha COefMHEeHMe [0MyCckaetcsa He
paHee 30 MUHYT nocre CBapKU.

Tabnuua 12
HapyXxHblii Tny6una Bpems MakcumanbHoe Bpemsa yacTuuHoro
Aanamertp Tpybbl,| CBapUBaHuA, Harpesa, ¢ BpeMms Ha oxXnaxxaeuus, ¢

MM MM KOppexuuio Wea, ¢

16 13 5 4 2
20 14 3] 4 2
25 15 7 4 2
32 17 8 6 4
40 18 12 6 4
50 20 12 6 4
63 26 24 8 6
75 29 30 8 8
90 32 40 8 8
110 35 20 8 8

[MpumeyaHue: npu Temnepatype BO34yXa HUKe
+5°C Bpems Harpesa A0JHKHO ObITb YBENUYEHO ~ Ha
90%.

Mpn cbopke COeOMHEHMS He CcreayeT BABWUratb
Tpy6y B AeTanb CIULWKOM rMy60KOo 13-3a BO3MOXXHOC-
TV 06PA30BAHUSA CYXKEHUSA UNU AAXKE 3aKYNOPKMN TPYObI.
[na ceapkn Tpy60onpoBoAoB Auametpom d,>40 mm
peKoMeHAyeTCs NMPUMEHATb CBapO4HbIe MPUCMOCOO6-
neHns, ob6ecnevymBawline BbICOKYH TOYHOCTb
COOCHOCTM CTbIKa W rNy6uHY NOCAAKM.

BbIcOokas Nnpou3BoANTENIbHOCTb 11 KA4eCTBO CBAPKM
npu NpokKnagke TPybonpoBo4OB C AuameTpamiu Tpyo

6onee 50 MM MOXET ObITb JOCTUIHYTO NPY UCNOSb30-
BaHWU CBApPOYHOr0 CTaHKa B3aMeH CBapOYHOro anna-
para.

B 1abnuue 13 npuseeHbl BO3MOXHble Ae(eKTbl
CBAPHbIX COBIMHEHUI 1 MPUYKHBI UX BO3HUKHOBEHMS.



Tabnuua 13

Onucanue pethexra

MpuunHa BO3HUKHOBEHUSA GpaKa

bypT oTaeneH ot cBapou-
HOTO LUBA UMM OTCYTCTBYET
C OAHOW wunn o06eunx
CTOPOH

OyeHb BbiCOKas Temnepartypa HarpeBa HaKOHEYHU-
KOB. Ype3mepHas AnuHa nonugy3nOHHbIX HAKO-
HEYHMKOB. HeonyCTUMbIe OTKJIOHEHUS N0 BPEMEHN
Harpesamarepuana

Manas BbicoTa 6ypTa unm
ero OTCYTCTBME C OLHOWA
U 06emx CTOPOH LLIBA

OyeHb Manoe Bpems Harpesa. O4eHb HU3Kas Teme-
paTypa HarpeBa HaKOHEYHWKOB. HapyXHblii AnameTp
TPyGbl HUXXE UMW BHYTPEHHNIA NOCA04HbIN AUAMETP
[IeTanu BbiLLE A0NYCTUMOrO.

Cnoucras copma 6ypTa
Wnn ero OoTcyTCcTBME (B
4acTu UK No BCeil AnnHe
CBapOYHOro LWBa)

[lonagaHue rpsasu B coeauMHeHue. HekavecTBeHHas
06paboTKa cBapuBaeMbIX MOBEPXHOCTe. 4pe3Bbl-
YalHO BbICOKAs Temmnepartypa Harpesa HaKOHeYHU-
KOB.

Kocom CTbIK

He BblaepXaHa COOCHOCTb Tpy6bl U (PUTKUHra npu
cBapke. [lonyckaeTcs npu MOHTaXe Tpybonposoaa
OTKNOHeHue 0T1ocn 6=0,2%

Hedopmauns unu osasb-
HOCTb KpaeB TPyObl WK
(butuHra nocne ceapusa-
HUS

HenpasunibHas dpukcauns Tpyobl unm UTUHIA Uan
HeMpurogHo 3axumHoe npucnocobnenne. Makcu-
ManbHOE OTK/IOHEHWEe HapyXHOro Aunamertpa oOT
cpefHero He 6onee 1,5 M.

HepocTtatoyHas pAnnHa
CBApOYHOro LWBa BCle-
NCTBUE HEMOJIHON unn
YaCTWYHOW NJIABKU MmaTe-
puana

OyeHb maroe Bpems HarpeBa Martepuana. KoHeu
Tpy6bl He o6pe3aH nog npsmbiM yriom; O4eHb
HW3Kas Temnepartypa Harpesa HaKOHEYHMKOB.
OceBoe CMeLIeHNe NpU OXNAXAEHUA COEANHEHUS.
OyeHb ANUTENbHOE BPEMS COOPKW COEAMHEHUS.
[lonycTumbliA 3a30p Mexay OypTomM (UTUHra U
TPY6OM X:

- Tpy6onpoBob! 4J15 BOAb!

x<0,05d

x<0,1;

- Tpy60npoBOAb! 4J1% CUCTEM OTOMNEHUS

x<0,1d

x<0,5

O6pa3oBaHue nycToT B

Hafpesbl Ha noBepxHOCTU TPY6bI. [1peBbILeHns o-

CBApPHOM COEANHEHUN NYCTUMbIX OTKNOHEHW B AnameTpe Tpy6bl Un
(hutnHra. HekayectseHHas MexaHu4yeckas 06paboT-
ka. GCmeLLeHne Tpybbl U OUTUHIA N0 OCU COeanHe-
HUS.

HenosiHoe cBapmBaHue Tepmuyeckoe NoBpeXxaeHue matepuana. 3arpssHe-

HUE COeAMHSAEMbIX MOBEPXHOCTeA. HecoBmecTy-
MOCTb CBapuBaemMbIx martepuanos. Octatku (npura-
Pbl) MaTepuana Ha HAKOHEYHMKax.

3ayxeHune npoxoga B
MeCTe CBapKu

OyeHb BbICOKOE [ABNEHWE NpU COOPKE CThIKA.
BonbLuasi NpofoNXNUTENBHOCTL HarpeBa MaTepuana.
O4yeHb BbICOKas TemnepaTypa CBapMBaemMoro mare-
pnana.

[Mopbl U Hanu4ne npume-
Cen B LLIBe CoeaNHeHNs

MonagaHwe Bnarn Wnu pacTBOPUTENS B CTbIK MpK
cBapke. 3arpsasHeHne nonuddy3NOHHbIX HaKOHeY-
HUKOB.




4.4.2. Topuesas cBapka.

TopueBas cBapka npeaHasHaveHa ans CoeauHeHns
TPpy6 11 0TBO0B 60J1bLLIOI0 AnameTpa BCTbIK. 060pya0-
BaHWe NS CBapKM BCTbIK COCTOWT W3: CBAPO4HOrO
3epKana, HanpasnAwLMX, 3aXUMOB W NPUKUMOB,
YCTPOVCTB PErynnMpoBaHNS U KOHTPONSA.

[MpoLecc cBapKu BKIHO4aeT:

- MOArOTOBKY CBapuBaeMblX MOBEPXHOCTEMN,
3aKNI0YaKOLWYyCa B MEXaHWYECKOW O4YUCTKE OT
3ayCeHeLll 1 3arpsa3HeHuii;

- YCTAHOBKY Ha arperart CBapmBaeMbIX AeTasnen;

- 06ecrneyeHne U KOHTPOSIb COOCHOCTM CBapuBae-
MbIX AeTanen (MakcumanbHOe CMeLLeHne OT OCK He
6onee 10% TONLUNHBI CTEHKN);

- CBapuBaHue fertanen nyTem Harpesa TOPLEBbIX
NOBEPXHOCTEN 1 NX COANHEHNS N0 AaBSIEHNEM.

B npouecce cBapuBaHWUSA BbINOSHATCA Creayto-
LLine onepauum:

- BbIpaBHMBAHNE CBAPUBAEMbIX MOBEPXHOCTEN NPy
KOHTAKTe C HarpeTbiM CBAPOYHbIM 3epKanom u nopg
[eCTBMEM CUMbI AABNEHMS BAOSb OCK;

- CHUXKEHWe 1aBfieHne NpuX1mMa 1 Harpes marepua-
naBo6nacTy CThIKa;

- yAaneHue CBapO4HOro 3epKarna n3 30Hbl CBAPKM 1
COefMHeHNe aeTanei nof AaBlieHNeM.

Ka4eCcTBO CBApMBAEMOIrO LLBA 3aBUCUT OT:

- COCTOSAHMA pabo4uMx NOBEPXHOCTEN CBAPOYHOrO
3epkana;

- TOYHOCTW HACTPOMKK W NOAdepXaHUs 3aaHHbIX
3HAYeHMiA TeMnepaTypsl 3epkana, AaBneHuin npuxmma
1 BPEMEHU BbIAEPXXKM B KOX01 (pase npouecca.

He ponyckaercs capuBatb TpPYObl W (OUTUHIK C
PA3HOW TONLLUNHON CTEHKM.

Mpn NpoBeAeHUn CBAPOYHbIX paboT HeobxoanMmMo
PYKOBOACTBOBATLCA WHCTPyKUUAMM N0 paboTe,
npuiaraemMbIMn K CBapO4YHOMY arperary.

4.4.3. CBapka ¢ NpMMEHEHMEM 3NeKTpo-
CBapHbIX MY(T.

JTOT €MoCco6 NpuMeHseTca 4nd cBapku Tpybonpo-
BOJOB B HEAOCTYMHbIX WX TPYAHOZOCTYMHBIX MECTax
KOr[a Heslb3s WCMONb30BaTh CBAPOYHbIA annapar ¢
HAKOHEYHMKaMMW.

lpoLiecc cBapKu COCTOMT n3:

- 0YMCTKM KOHLOB TPY6 OT NbINK W rpsa3un cnnpTo-
BbIM PacTBOPOM,;

- YCTAHOBKW KOHLIOB TPYO B My(DTY 1 1X OUKCALMN
Ha BPEMS$ CBapKMu;

- NNOACOEMHEHME 3JIEKTPOCBAPHON MYJITbI K

CBapHOMY annapary;

- BK/OYEHNe cBApO4HOro annapara B cetb 220 B,
50y » 3apaHne NPOLOMKUTENbHOCTM HArpeBa anek-
TPOMYMThI;

- NYCK CBApPOYHOro annapara;

- OXNaXXAEeHNe 3N1eMeHTOB CBaPKY;

- OTKJTH04€eHMe MydoTbl OT CBAPOYHOro annapara.

OCHOBHOI1 HeOCTaTOK JaHHOrO crnoco6a CBapkn —
BbICOKAs LieHa 3/1EKTPOCBAPHbIX MYdDT.

4.5. lpumeHeHne pe3b60BbIX COERUHEHUI.

[Mpu MOHTaXe Tpy6OoNpoBOA0OB MOTYT NPUMEHSATHCA
crnegytoLve Buabl pe3b60BbIX COeANHEHUIA:

- NepexofHuK C BMAAHHOW B MNACTUK BTYNIKOW C
BHYTPEHHE NN Hapy>XHOM pe3bboi;

- pa3bopHOe COeIMHEHE C HAKUOHBIMU railkamu;

- NepexofHuku n3 matepmana PP-R ¢ HapyxHo#
pe3b60oi.

4.5.1.MepexoAHnK ¢ BNasHHO pe3b60BON
BTYNKOM

epexofHWK C BMasHHOW pPe3bO0BON BTYNIKOI
npueapusaeTca K Tpy6éam cnoco6om nonndaysHoim
CBapKM.

YnnoTHeHe pesbobl NPOM3BOANTCSA C UCMOSb30Ba-
Huem dToponniactoBo nextol (OYM). cnonb3osa-
HUe Lpyrux MaTepuanos (HanpuMMep: BOSIOKOH JbHA) He
L0MyCKaeTcs.

Mpyu BBUHYMBAHMKU NEPEXOAHMKA B OTBETHYIO
JeTanb Heobxoaumo WCMonb3oBaTh CreLnasbHbIN
NEHTOYHbIN KITH0Y, 06ecrneynBatoLLMin 06XBaT No BCEN
OKPY)XXHOCTW. He [onyckaetcs npuMeHsaTb 60nbLuoe
ycunue npy BBMHYMBAHWUM BTYNKU M3-3a OMNACHOCTU
paspyLleHns cnas «nnacTuk-MeTann».

B cnyyae npumeHeHMss NepexofHUKOB ApYrux
npon3BoANTeNen He06X04MMO NPOBEPUTD:

- Mapky nonumepHoro marepuana (PP-R) u ero
NHOEKC TeKY4eCTy pacnsasa,;

- 13 KaKOro MeTasa n3roToBsieHa BTyKa (06bI4HO
9TO NaTyHb C HWKENIEBbIM MOKPLITUEM, MPUMEHEHNE
CTanbHbIX BTYJ/IOK He I0NYCKaeTcs);

- HAIeXXHOCTb COEAUMHEHUs MeTann-niacTuk npu
MeXaHN4YeCKMX Harpy3kax 1 Tenn10BOM pPacLLUMpPeHunn.

JlaHHbIA TN NepexofHNKOB 3anpeLLaeTca npumMe-
HATb NPY NPOKNaaKe TPy60NpPoOBOAOB, NPeAHA3HAYEH-
HbIX AN NepeKaykn KOPPO3NOHHO-AKTUBHBIX XUAKOC-
TeN (XII0pMpoBaHHas BOAA, PaCTBOPbI COMEN, KNCNOTbI

nT.Aa.).



4.5.2. Pa36opHblie coeaUHEHUA C HAKUAHbI-
MU railkamm.

Pa30opHble COEAMHEHUS LUMPOKO MPUMEHAOTCS
ANs YCTAHOBKW B TPYGOMPOBO/bI HACOCOB, KPaHOB,
PacXoOMEpPOB, KOHTPOJIbHO-U3MEPUTESIbHBIX NPU6O-
POB, a TAKXE /sl COBJNHEHNS Y4acTKOB TPy6ONpPoOBO-
/13, U3rOTOBNIEHHOTO U3 Pa3NIMYHbIX MATepUarnos.

YNNoTHeHWe CTbiKa BbIMOMHSAETCS € MOMOLLbIO
MPOKa0K 13 NapoOHUTa UMK PE3NHBI.

4.5.3. llepexoAHNKM C HAPYXXHOIA pe3bO0ii.

epexoaHUK C HapyXXHOW NNacTUKOBOW pe3bbon
NnpUMeHseTca ANnd COeAWHEHWU, eCn BHYTPEHHWIA
AnameTtp NPOTMBOMOJIOXKHOMO 3fIeMeHTa AnnHHee 2/3
ONUHbI MIAaCTMKOBOWA Tpybbl nepexoaHuka. [lepen
MOHTa>KOM NepexoHnKa pe3boy Heo6X0aAUMO caenaTb
LLIEPOX0BATOM, 06EPHYTb YNAOTHUTENbHbIM MaTepua-
NIOM 1 CMa3aTb.

4.6.TennoBas nsonsuus Tpyéonposoaos.

[py NPOEKTUPOBAHMU 1 MOHTaXe TensjaoBoOM
n3onauum Tpy6onpoBoaos He06X0AMMO PYKOBOACTBO-
BATbCA CIeAYLLUMI HOPMaMI U NPaBrIamMi:

- CHull 2.04.14-88* «Tennosas n3onsauns o06opy-
L0BaHNA 1 TPYOONPOBOAOB»;

- CHuI1 2.04.01-85* «BHyTpeHHWIA Tpy6ONpoBOA W
KaHanm3auus 3fgaHuniny;

- CHwull 2.04.05-91* «OTonnexHue, BEHTUNALNS U
KOHANLMOHUPOBAHWME»;

- CHuI1 2.04.14-88* «TennoBas u3onsuns 060py-
N0BaHNS N TPy6ONPOBOAOB».

Tpy6onpoBoabl Heo6Xo04MMO W30NMPOBATH B
CnemyLLuX Cryyasx:

- ANS CMCTEM OTOMNEHUs, NPOKIaablBaeMbIX B He
OTannnBaeMblX NOMELLEHMSAX, B MECTax, e BO3MOX-
HO 3amep3aHue TenysioHOCUTeNs, B WCKYCCTBEHHO
OXNTXXAAEMbIX MOMELLEHNAX, a TAKXE AN Npeaynpex-
NIEHNS 0XKOrOB U KOHAEHCALMW BNaru;

- AN CUCTEM rOpsYero BOJ0CHAOXEHNS, BKKOYas
CTOSIKM, KPOME NOABOJOK K BOAOPA360PHbIM KpaHaMm.

[ng n3onaumu Tpy6onpoBoLoB n3 marepuana PP-R
L1eN1eco0bpa3Ho NPUMEHATb Tennonu3onauul U3
BCMEHEHHbIX MONMMEPHbIX MaTepUanoB: NONUITUNEHa,
nonuypeTaHa u Kaydyka. Tpy64artble 0605104KM K3
BCMEHEHHbIX MaTepnanoB NPUMEHAOTCA AN U30Ms-
umn Tpy6 Omamerpamm 6-160 mm. TonwmHa cnos
nsonsuum cocrasnger 6;9;13;20;25;32 mm. [ns
N30M1ALUM apMaTypbl UCMONb3YHTCA NIOCKKE NINCTbI U
PYNOHbI MaTePNanoB C KNeeBbIM CII0eM.

TonwmHa nM30nMpyloLwWwero cnos Bbi6upaetcs ©3
YCNOBUS: Temnepatypa Ha Hapy>XHOW MNOBEPXHOCTM
TENNOM30NALMUN HE 0SHKHA 0TNINYATLCS 60SIee Yem Ha
8°C oT Temnepatypbl OKpyXatoLLeii cpeabl. B Tabnuue
14 npuBeeHbl AaHHbIE MO TOJILLMHE TEnIou3onsaLum
Ans Tpy6onpoBoLOB CUCTEM OTOMSIEHNS, a B Tabnuue
15 — [N cucTem ropsyero BOA0CHa6XeHNS.

Tabnuua 14
Temneparypa, °C Tonwmua cnos nsonayuu, Mm
oKpyXa- Pasmep Tpy6bI (d, X ), MM
Tennono- | © o o 20 x 3,4 | 25 x 4,2 | 32x5.4
curens cpeabl Koaththuument TennonposogHocTn matepuana, n, Br/(m-K)
0,037 0,041 0,037 0,041 0,037 0,041
55 0 13 14 14 15 15 16
8 11 12 12 13 13 14
70 0 13 17 14 18 15 19
8 11 16 12 17 13 18
95 0 13 23 14 24 15 25
8 11 21 12 23 13 24

[MpumMeyaHue: KO3 MPULMEHT TENTONPOBOLHOCTN ANs
BCMEHEHHOro nosinypeTaHa cocTaBnser

A = 0,037 B1/(m-K), a ons BCneHeHHOro nosimaTuieHa
n kayqyka A = 0,041 B1/(m-K)



Tabnuua 15

Pa3mep Tpyo6bBI Tonwumua cnoa nsonayun, Mm

dxe, Mmm TennonpoBoaHocTb, Br/(M-K)
0,030 0,035 0,040 0,045 0,050
16 x2,7 141 16,7 19,6 23,1 27,2
20x 3,4 15,7 18,1 20,9 24,2 27,9
25x4,2 21,8 25,6 30,1 35,3 41,5
32x54 24,6 28,2 32,5 37,4 43,0
40 x 6,7 32,1 37,1 43,0 49,8 57,7
50x8,3 40,3 46,8 94,2 62,9 72,9
63 x10,5 01,4 99,7 69,3 80,4 93,4
75x12,5 61,5 71,5 83,1 96,5 112,2
90x15,0 74,2 86,3 100,4 116,8 135,8

MwuHumanbHas ToNLLMHA CROos N3onaLuMKn ¢ Koaddu-
umeHtom TennonposogHoctm A = 0,04 Bt/(M-K) ans

3almTLl TPY6ONPOBOAA XOM0AHON BOAbl OT 00pa3oBa-
HUA KOHJEHCATa 1 HarpeBaHus npueeaeHa B Tabnuue 16.

Tabnuua 16

MecTo npoknaaku Tpy6onposoaa TosnwmHa cnos uonaunu, Mm

(A = 0,04 Br/(m-K))
B 060C06/1EHHOM KaHasie 4
Ha 6eTOHHOM MOTOJIKE 4
OTKpbITO B HE OTanJIMBaeMOM NMOMELLEHNN 4
unu nojgane
OTKpPbITO B 0Tann1BaeMoM NOMeLLEHNN 9
B Huwe unn kaHane pagom ¢ Tpyéonposogamu 13
rops4ero BOJ0CHa06XeHNs

TennonpoBOAHOCTb M MNApPONPOHULAEMOCTb
TEeNNON30NALUMOHHBIX MaTepuanioB AOSKHbI COOTBe-
TCTBOBATb TPeO6OBaHUAM npuBedeHHbIM B CHull
2.04.14-88.

4.7. UcnbiTanus Tpy6onpoBoA0B
AaBJIEHNEM.

Bce CMOHTUpOBaHHbIE TPYOONPOBOALI LOSKHBbI
ObITb MOBEPrHYTbI UCMbITAHUAM LABMEHNEM COrNIaCHO
CHwuM 3.05.01-75, CI140-101-96, CI140-102-2000.

HanopHble Tpy60npoBOAbl MCMbITHIBAOTCA Ha
NPOYHOCTb U NJIOTHOCTb (FEPMETUYHOCTL) rMApaBu-
YeCKUM WNU NHEBMATUYECKUM CMoco60M (ABaX[bl).
MpeaBapuTenbHble UCMbITAHNA HA NPOYHOCTbL BbINOJSI-
HAKOTCA MOC/e 3aBEepLUEHNs BCeX PaboT Ha LaHHOM
y4qacTke Tpy6onposofa.

[MApaBfiinyeckne ucnbiTaHMsa TPy6ONpoOBOLOB
LOMKHbI MPOW3BOAUTLCA MPU  MOJIOXKUTENIbHON
Temnepartype B 3ganun (T>5°C). Temneparypa BOAb!
NCMONb3YeMON NpU NpoBeLeHU UCMbITAHUA [OSKHA
ObITb TaKXe He HuKe +5°C.

3anofiHeHne CMOHTWPOBAHHOIO Tpy6onpoBoaa
BOJON MOXET OCYLLECTBNATLCA HEe paHee 4em Yepes
2 4aca nocne CBapKu MOCIIEAHEro COefuHeHus, a

UCMbITAHWSA — He paHee YeM Yepe3 16 yacos.

4.7.1. NpepsaputenbHbie ruapasnuyeckue
MCNbITAHUA.

lNpengaputesibHble rMAPABIMYECKUE WUCMbITAHUSA
NPOWU3BOAATCA B CNIEAYHOLLEN NOCe0BaTeIbHOCTH.

1. Tpy6onpoBoj 3anonHaeTcsd BOAOW, YAAnaTCs
0CTaTKV BO3[yxa U BblAepXuBaeTcs 6e3 JaBneHus B
TeYEeHNe 2-X 4acoB;

2. B tpy6onpoBoaax co3paeTcs ucnbiTatesibHOe
nasnedue (P,,) W OHO NOLAEPXWBAETCA B TEYeHUe
0,54aca;

3. WcnbiTatenbHoe [aBneHue CHWXAETCS [0
pacyeTHoro (P,,.) U npon3BoanTCcs 0CMOTP TPy6ONpo-
BOAA.

lcnbiTatenbHoe AaBneHne MpPUHUMAETCH PaBHbIM
P..=1,5P,. ,rne

P... — MakcumanbHoe paboyee [aBneHue npu
akcnnyarauuu Tpybonposoja.

MpenBaputenbHble WCNbITaHUA Tpy6onpoBoAa
CHUTAKOTCA NOJSTIOXKUTENbHBIMU, €CIIN NOA UCTIbITATESTb-
HbIM [aBfieHUEM He O0OHapYXXeHbl Pa3pbiBbl TPYO,
CTbIKOB N COEANHUTENbHbIX AeTanen, a nog padoyum
[aBNeHneM He 06HapY>XeHbl BUAVMbIE YTEYKN BOLb.



4.7.2. OxoHyaTenbHble ruApaBnnYeckKue
MCNbITAHUA.

OKOHYaTenbHble TMAPABINYECKWE WCMbITAHMUSA
NPOBOAATCA B CNeAYIOLLEN NOCeA0BaTESIbHOCTH:

- B TpybonpoBoje co3jaeTcs AasneHne P, 1
NoJAepXNBAETCA B TeHEHME 2-X 4aCOB, a NPV NaaeHnm
nasnenus Ha 0,02 MIMa npon3BoanTCA NOAKA4YKa BOAbI;

- [aBJIeHNe NOAHMMAETCA A0 YPOBHSA MCMNbITATESb-
Horo P, 3anepuog He 6osiee 10 MUHYT M NOAAEPXKU-
BAETCS B TEYEHME 2-X 4ACOB.

4.7.3. lueBmatnyeckue (MaHomeTpuuec-
KWe) uCnbITaHue.

HeBMaTH4ecKne (MaHOMETPUYECKME) MCMbITAHNSA
TPy6ONPOBOAOB, BbIMOJIHEHHbIX U3 MOUMEPHbIX
MaTepuanos, NPOM3BOAATCS TONbKO MPU HA3EMHOI
HaJ3eMHOI1 UX NPOKIIAAKe B CIIeAYHOLLMX CITyHasX:

- NPUMeEHeHNe BOAbI HeJOMYCTUMO MO TEXHUYECKUM
npu4nHam;

- BOJ1a B HEO6X0MMOM KOJIN4YECTBE OTCYTCTBYET;

- TemMneparypa oKpyxatoLLero Bo3ayxa ke 0°C.

Mopsafok NpoBeAeHUs MHEBMATUYECKIUX UCMbITaHWIA
1 TpeboBaHUs 6e30MacHOCTU Mpu NPOBeAeHUN PaboT
[0JKHbI COJEPXXaTbCs B NPOEKTE Ha TPY6O0NpOBOL,.

5. TPAHCNIOPTUPOBAHME U XPAHEHUE.

5.1. NepeBo3ka TPy6 1 PUTUHIOB.

Tpybbl 1 (PUTUHIM NEpeBO3ATCA JIOObLIM BUAOM
TpaHcnopTa B COOTBETCTBUM C MpasusiamMmn NepeBo3Ku
FPY30B M TEXHWYECKUMMU YCMOBUAMU MOTPY3KN W
KpenneHus rpy3os. [1py nepesoske Tpyobl HE0OX0AUMO
YKNaablBaTb Ha POBHYID MOBEPXHOCTb TPAHCMOPTHbIX
CPeACTB, MNPeAoXpaHas OT OCTPbIX METaNINYeCKnX
yrnos v peep nnargopmbl. Mpu Temneparypax Hapyx-
Horo Bo3gyxa Huxe -10°C Heo6x0AMMO MPUHUMATbL
0C00ble Mepbl NMPeLOCTOPOXKHOCTM.

5.2. 3awuta Tpy6 N PUTUHIOB.

Tpybbl 1 (PUTUHTM HEoOXoAMMO 3alniath OT
MEeXaHWU4eCKNX MOBPEXAEHWNIA, CONTHEYHOr0 M3My4YeHus,
[encTBma Tensa (MUHUMarnbHoOe PaccTosiHWe OT OTOMNN-
TeNbHbIX NPUOOPOB N HEM30JIMPOBAHHbLIX TPYOOMNPOBO-
[0B He MeHee 1,0 M), OpraHu4eckux pactsoputenen u
aTMOCepHbIX 0CaAKOB.

5.3. YcnoBus xpaHeHus.

Mecta XxpaHeHust Tpy6 AOMKHbI ObITb POBHbLIMY,
TPYOb! JOMKHBI ObITb YNI0XEHbI N0 BCEN AJINHE, BbICOTA

CNnosi He A0/MKHA npesbiwate 1,2 M. [lepetackusarth 1
6pocartb Tpy6bl 3anpeLyaetca. O6palarTbes ¢ matepua-
nom PP-R npu Temnepatype OKpy>xatoLLen cpefibl HKe
-5°C He06X0ANMO C MOBbILLIEHHON OCTOPOXHOCTBIO.

LlapanuHbl, BOSHUKLLXE BCNEACTBIE HENPaBUIbHOIO
XPaHeHMs N TPAHCMOPTUPOBKM MOTYT Cnoco6CTBO-
BaTb BO3HUKHOBEHMI TPELLYH .

5.4. MecTta xpaHeHus.

Tpy6bl JOMKHBI XPAHUTLCA HA CTeNNaXax B 3aKpbl-
TbIX NOMELLEHNAX UK Noj HaBecoM. BbicoTa wwrtabens
Npu KPaTKOBPEMEHHOM XPaHeHWU Tpyd He [O0/KHA
npeB.bILWATb 2-X METPOB.

5.5. XpaHeHue npu HU3KUX TeMneparypax.

Tpy6bl U OUTUHTX, HAXOAUBLUMECH B YCNOBUAX
HU3KUX TemnepaTtyp, A0 Havana MOHTaXa AOSIKHbI
ObITb BbIAEPXaHbI NMPY NOMOXMTENIbHOW Temnepartype
HEe MeHee 2-X 4acos..



KATANOI NPOAYKLWUWU 3ABOJIA HEISSKRAFT
TPYbbl /11 BOJJOCHAB)XEHUA

Ne 3aka3a Pasmep Eannn- O6was Macca
dxe, Mm ua namepe- ANVHa B NOroHHO-
HUAA, M ynakoske, ro metpa,
M Kr
H101020 20x 3,4 m 100 0,17
H101025 25x4,2 m 60 0,27
H101032 32x95,4 m 40 0,43
H101040 40 x 6,7 m 24 0,67
H101050 90 x 8,34 m 16 1,10
H101063 63 x10,5 m 12 1,70
H101075 75x12,5 m 8 2,30
H101090 90x 15,0 m 4 3,40
H101110 110x18,3 m 4 5,04
Tpy6a S 3,2 (SDR 7,4), HomuHanbHoe aasneHue PN - 16 Bar
H102020 20x2,8 m 100 0,15
H102025 25X 3,5 m 60 0,23
H102032 32x4,4 m 40 0,38
H102040 40x 95,5 m 24 0,58
H102050 90x6,9 m 16 0,90
H102063 63 x 8,6 m 12 1,40
H102075 75x10,3 m 8 2,00
H102090 90x12,3 m 4 2,90
H102110 110 x 15,1 m 4 4,30
Tpy6a S 5 (SDR 11), HomuHanbHoe aasnenne PN - 10 Bar

H103020 20x1,9 m 100 0,12
H103025 25x2,3 m 60 0,16
H103032 32x3,0 m 40 0,27
H103040 40 x 3,7 m 24 0,41
H103050 90 x 4,6 m 16 0,64
H103063 63 x5,8 m 12 1,00
H103075 75x6,8 m 8 1,40
H103090 90 x8,2 m 4 2,00
H103110 110x10 m 4 3,01
H106020 20x2,8 m 100 0,21
H106025 25x3,5 m 100 0,31
H106032 32x44 m 60 0,47
H106040 40x 5,5 m 40 0,69
H106050 50x6,9 m 20 1,04
H106063 63 x 8,6 m 16 1,57
H106075 75x10,3 m 12 2,25
H106090 90x12,3 m 8 Sl
H106110 110 x 15,1 m 8 5,00



OUTUHTU

Ne 3aka3a Pa3mep, Bec, 06vem, VYnak.,
d, Mm Kr am’ wr
H201020 20 0,01 0,05 200
H201025 25 0,03 0,10 100
H201032 32 0,04 0,19 50
201040 40 0,06 0,24 50
201050 50 0,10 0,60 20
201063 63 0,19 0,87 10
201075 75 0,27 1,50 5
201090 90 0,42 1,60 5
201110 110 0,67 1,80 5

Koneno 90°

H202020 20 0,02 0,07 200
H202025 25 0,03 0,12 100
H202032 32 0,06 0,24 a0
202040 40 0,11 0,93 30
202050 20 0,19 0,96 20
202063 63 0,37 1,92 10
202075 75 0,92 3,20 )

202090 90 0,79 4,80 4}

202110 110 1,38 9,50 4

KoneHo 45°
H203020 20 0,01 0,07 200
H203025 25 0,03 0,12 100
H203032 32 0,05 0,24 a0
203040 40 0,09 0,93 30
203050 20 0,15 0,96 20
203063 63 0,30 1,92 10
KonieHo 90° BHYTPeHHEee/Hapy)XHOe NPUCOEANHEHNE
204020 20 0,01 0,05 300

Q e 204025 25 0,03 0,14 100

KoneHo 45° BHYTpeHHee/Hapy»XHOe NPUCOEANHEHNE
205020 20 0,02 0,07 200

g |

HacTeHHoe KonieHo HaBapuBatoLLeecs
206020 20 0,02 0,08 10
206025 25 0,04 0,10 10

o

[171aCTUKOBOE BbIMyCKHOE KOJIEHO
207020 20 x 3/4” 0,02 0,05 10

-~ "“: | 207025 25 x 1 0,03 0,08 10




Ne 3aKa3a Pa3mep, Bec, 06bem, VYnak.,
d, Mm Kr am’ wT
TponHNK

H208020 20 0,03 0,12 100
H208025 25 0,04 0,24 100

- 208032 32 0,08 0,40 30
A 208040 40 0,13 0,96 20
y ' 208050 20 0,25 1,60 10

208063 63 0,46 2,74 S

208075 75 0,62 3,20 S

208090 90 0,99 4,80 9

208110 110 1,78 9,50 2

MydhTta nepexogHas

H209025020 25x 20 0,02 0,11 300
- H209032020 32x20 0,02 0,13 150
) 209032025 32x25 0,03 0,13 150
u 210063032 40 x 32 0,07 0,32 50
209050040 90 x 40 0,09 0,60 20

209063050 63 x 50 0,17 0,80 20

Mydbta nepexofHas BHYTPEHHEE/Hapy)XHOe NPUCOEANHEHNE

210025020 25x 20 0,01 0,05 300
210032020 32 x20 0,03 0,13 150
210032025 32 x25 0,03 0,12 200
210040020 40 x 20 0,02 0,13 150
210040025 40 x 25 0,03 0,16 150
210040032 40 x 32 0,04 0,24 100

210050032 90 x 32 0,05 0,27 90

210050040 90 x 40 0,05 0,27 30

210063032 63 x 32 0,07 0,32 90

210063040 63 x 40 0,08 0,40 30

210063050 63 x 50 0,12 0,60 20

210075063 75x 63 0,21 1,37 10

210090063 90 x 63 0,23 0,80 10

210090075 90 x75 0,27 0,80 5

210110090 110x 90 0,50 0,95 5

KoneHo peayunpoBaHHoe
. 211025020 25x 20 0,03 0,12 100
TPOVHWK nepexofHon

212025021 25x20x20 0,05 0,24 100
H212025020 25x20x25 0,04 0,24 100

H212032020 32x20x32 0,07 0,38 50

- -‘ 212032025 32x25x32 0,07 0,38 50
: 212040020 40x20x40 0,09 0,46 30
212040025 40x25x40 0,13 0,64 30

212040032 40x32x40 0,13 0,64 30

212050025 20x25x50 0,18 0,96 20

212050032 90x32x30 0,19 0,96 20

212050040 90x40x50 0,21 0,96 20



Ne 3akasa Pa3mep, Bec, 06vem,
d, mm Kr am’
212063032 63x32x63 0,35 1,92
212063040 63x40x63 0,34 1,92
212063050 63x50x63 0,39 1,92
212090063 90x63x90 0,77 4,80
212090075 90x75x90 0,85 4,80
213020 20x1/2” 0,01 0,03
213021 20 x 3/4” 0,02 0,04
213025 25 x 3/4” 0,02 0,05
213032 32x1” 0,03 0,10
213040 40 x 5/4” 0,07 0,20
213050 90 x 6/4” 0,12 0,35
213063 63 x2” 0,22 0,50
214020 20x 1727 0,01 0,03
214021 20 x 3/4” 0,02 0,04
214025 25 x 3/4” 0,03 0,05
214032 32x1” 0,04 0,10
214040 40 x 5/4” 0,09 0,20
214050 50 x 6/4” 0,15 0,35
214063 63 x2” 0,26 0,50

[TepexofHNK C MeTann4eckon Hapy»kHon peabboit, [ArkK
H215020 20x1/2” 0,08 0,10
215021 20 x 3/4” 0,14 0,16
H215025 25 x 3/4” 0,14 0,16
H215032 32x1” 0,19 0,27
H215040 40 x 5/4” 0,31 0,46
215050 90 x 6/4” 0,34 0,69
215063 63 x2” 0,73 1,37
215075 75%x2,9” 1,11 2,74
215090 90x 3” 1,64 3,20

KoneHo ¢ MeTasIM4eckoil HapyXHOW pe3b6on

216020 20x1/2” 0,09 0,16
216021 20 x 3/4” 0,14 0,32
216026 25x1/2” 0,13 0,28
216025 25 x 3/4” 0,15 0,32
216032 32x1” 0,22 0,60
[TepexoJHNK C MeTannn4eckon BHYTPEHHei pe3bbon
H217020 20x1/2” 0,06 0,10
217021 20 x 3/4” 0,11 0,16
217026 25x1/2” 0,06 0,16
H217025 25 x 3/4” 0,10 0,16
H217032 32x1” 0,18 0,27
H217040 40 x 5/4” 0,31 0,46
217050 50 x 6/4” 0,37 0,69
217063 63 x 2” 0,66 1,37

VYnak.,
wT
10
10
10

100

90
30
30
30
20

100
50
50
50
30
30
20



Ne 3akasa Pasmep, Bec, 06bem, Vnak.,
d, Mm Kr am’ wr
MydTa ¢ nepexofom Ha MeTasn pasbeMHas ¢ HapyXXHoil pe3b6on

H21302 20x1/2" 20
H21304 25x3/4" 20
H21306 32x1" 10

21314 40x1 1/4" 1

21316 50x1 1/2" 1

TPEHHEN Pe3b60ii

H21502 20x1/2" 20
H21504 25x3/4" 20
H21508 32x1" 10

21516 40x1 1/4" 1

21518 50x1 1/2" 1

KoneHo ¢ MeTannun4yeckoi BHyTPEHHEN pe3booil
- 218020 20x 1/2” 0,06 0,16 50
" 4 218021 20 x 3/4” 0,13 0,32 30
w 218026 25 X 1/2” 0,10 0,25 30
‘ 218025 25 x 3/4” 0,13 0,32 30
218032 32x1” 0,20 0,60 20
HacTeHHOe KONEeHO C BHYTPEHHE! MeTannyeckoil pe3soon

- H219020 20x 1/2” 0,07 0,21 50
219025 25 x 3/4” 0,13 0,36 30

HacTeHHbI TPOMHUK C BHYTPEHHEN MeTannn4yeckon pesbooii

220020

20 x1/2”

0,08

HacTeHHbIl KOMNIIEKT, 1BOAHOE HACTEHHOE KOJIEHO

221020

20 x1/2”

0,20

TPONHUK KOMOUHUPOBAHHbIN C BHYTPEHHEN pe3bbo

222020 20x 1/2” 0,07 0,19

222026 25x1/2” 0,08 0,24 20

222025 25 x 3/4” 0,13 0,32 30

222032 32x1” 0,22 0,60 20

TPONHUK KOMOWHWUPOBAHHbIN C HAPYXXHOW Pe3b60il

222520 20x1/2” 0,09 0,19 50

222526 25x1/2” 0,10 0,24 50

222525 25 x 3/4” 0,17 0,32 30
MydTa ¢ MeTaIN4ecKon BCTAaBKON N HAKWAHOW rankoun

223020 20x1/2” 0,05 0,05 50

223021 20 x 3/4” 0,08 0,06 50

223022 20x1” 0,24 0,10 90

223025 25x1” 0,26 0,10 30

223032 32 x 5/4” 0,35 0,20 30



Ne 3aka3a Pa3smep, Bec, 06vem, VYnak.,
d, Mmm Kr am’ wT
Pe3bb0B0€ coeanHeHmne Tpy6a - Tpy6ba
H224020 20 0,08 0,15 10
H224025 25 0,12 0,20 10
H224032 32 0,19 0,25 10
224040 40 0,27 0,35 S
224050 50 0,49 0,65 S

[lepexoHNK NNACTMACCOBbLIA C HAKWAHOW rankoi

H225021 20 x 3/4” 0,04

H225026 25x1” 0,07 0,1
H225033 32 x 5/4” 0,09 0,18
225040 40 x 6/4” 0,14 0,22

225050 50 x 2” 0,29

[MaTpyboK nepexoHOi NNacTMaccoBbIi ¢ HAKUAHOW railkon

30
20
10

226020 20 x 1/2” 0,04
H226021 20 x 3/4” 0,05 0,16 100
226025 25 x 3/4” 0,05 0,19 90
H226026 25x1” 0,03 0,19 50
226032 32x1” 0,09 0,48 50
Koneno 90° nepexoHoe niacTtMaccoBoe C HAKWAHOW rankoi
R 227020 20 x 1/2” 0,04 0,02 100
H227021 20 x 3/4” 0,06 0,02 100
: 227025 25 x 3/4” 0,07 0,10 10
TpOMHWK NepexofHON NnacTMacCoBbIN C HAKUAHOW rankon
H228021 20 x 3/4” 0,07 0,24 9)
228025 25 x 3/4” 0,08 0,32 3
. 228033 32 x 3/4” 0,11 0,38 4}
228032 32x1” 0,13 0,38 )
3arnyLuka
229020 20 0,01 0,04 400
— 229025 25 0,01 0,05 300
' 229032 32 0,03 0,12 100
\) 229040 40 0,05 0,24 50
229050 50 0,09 0,30 20
229063 63 0,15 0,40 10
dnaHew, cTanbHON (K dhanbLeBoMy 6ypT
231040 40 1,42 0,35 1
231050 50 1,82 0,38 1
231063 63 2,31 0,45 1
231075 75 2,48 0,55 1
231090 90 3,25 0,80 1
231110 110 3,60 0,97 1
danbLeBbiil OypT
230040 40 0,07 0,35 20
230050 50 0,10 0,55 20
" 4 230063 63 0,15 0,67 10
U 230075 75 0,26 1,20 10
230090 90 0,37 1,35 5
230110 110 0,62 2,45 5



Ne 3akasa Pasmep, Bec, 06bem, Vnak.,
d, mm Kr am’ wr
_ 232020 20 0,11 1,60 10
C 232025 25 0,21 3,20 5
232032 32 0,43 8,00 2
—= 232040 40 0,67 8,00 2
[lepekpeLynBaHue
233020 20 0,07 0,32 50
L 233025 25 0,09 0,64 25
g—\ 233032 32 0,16 0,80 20
233040 40 0,33 1,60 10
P 235020 20 0,03 0,16 100
o 235025 25 0,04 0,24 100
"‘J’
KpaH wapoBoi nnacTUKOBbIN
H301020 20 0,12 0,34 20
B . H301025 25 0,21 0,69 20
= - H301032 32 0,36 0,69 10
Y 301040 40 0,36 1,60 10
(ym, 301050 50 0,65 1,60 5
301063 63 1,12 4,80 5
301075 75 1,83 4,80 5
KpaH LapoBOi NacTUKOBLIN C BbINMYCKHbIM KnanaHoMm
302020 20 0,14 0,37 20
302025 25 0,14 0,40 20
- 302032 32 0,24 0,80 20
1" v 302040 40 0,38 1,60 10
: 302050 50 0,66 1,60 10
“;“' 302063 63 1,14 4,80 5
302075 75 1,85 4,80 5
Knanax npsAMOTOYHbIA MNACTUKOBLIN
304020 20 0,15 0,60 20
- 304025 25 0,21 0,60 20
304032 32 0,32 0,96 20
304040 40 0,40 1,07 10
L) 304050 50 0,77 1,92 10
' 304063 63 1,29 2,10 1
KnanaH npsaMOTOYHbIA NNACTUKOBbLIN C BbIMYCKHbIM KJ1dlMaHOM
— 305020 20 0,17 0,60 20
53 305025 25 0,24 0,60 20
: 305032 32 0,35 0,96 20
L) 305040 40 0,35 0,96 10




Ne 3aka3a Pasmep, Bec, 06vem, VYnak.,

d, mm Kr am’ wT
Knanad LAGUNA nop WTyKaTypk
313020 20 0,17 0,60 20

]

@ 313025 28 0,25 0,80 20

CBapoyHbIi KoMnnekT (Typums)
CM-03.40 20-25-32-40
CM-03.63 20-25-32-40-50-63

HOoXHULIbI
407041 M5 d40 0,42 1

06pe3Hoe npucnocobneHne ana tpy6 STABI

411025 1
411032 25-32 0,23 1
411040 32-40 0,24 1
411063 50-63 0,30 1
411075 75 0,34 1

YnnotHenus nnockue “TABOREN”

80112 1/2" 0,01 1000
— 80134 3/4" 0,01 1000
~—= 80111 f 0,01 1000
= 80154 5/4" 0,01 1000
80164 6/4" 0,01 1000
A H901020 20 0,03 0,03 300
o ) H901025 25 0,05 0,03 250

=y
902020 2 x 20 0,02 0,05 500

902025 2x25 0,03 0,06 500




Ne 3akasa Pasmep, Bec, 06nem, Vnak.,
d, mm Kr am’ wT
SaXUM C NIEHTON
904032 32 0,02 0,05 500
904040 40 0,03 0,07 300
904050 50 0,04 0,17 300
s , ! 904063 63 0,05 0,26 100
% 904075 75 0,10 0,36 40
904090 90 0,12 0,53 30
904110 110 0,15 0,68 20
XOMYT METann4yeckuni ¢ LWypynom
H-20.01 20 0,06 0,09 200
H-25.01 25 0,07 0,09 200
H-32.01 32 0,07 0,14 150
H-40.01 40 0,08 0,14 100
H-50.01 50 0,09 0,15 100
H-63.01 63 0,10 0,21 75
/ H-75.01 75 0,11 0,42 30
H-90.01 90 0,17 0,48 30
H-110.01 110 0,22 0,53 30
[TpobKa ¢ pe3bboii
91401 1/2” 0,01 0,10 100




Metoauka pacuetra HanpsHKeHuUsl B CTEHKe
TpY6BI O)O.

MeToamka pacyeta MakcUmarnbHO AOMYCTUMOrO
HaNPSKEHMS B CTEHKE TPYObI Op.

PacyeT MakcumanbHOro 4onycTMMOro HanpspKeHus
B CTEHKE TPYObl Op NPOM3BOAMTCS C MOMOLLbIO NPaBU-
na ManHepa B NocrefoBaTenbHOCTI, U3JTI0XEHHON B
OCT P 52134-2003.

1. Onpegensiem cymMmapHoe rooBoe NoBpexaeHue
TYD B % no hopmyne:

TYD=5a,/t,

rae a, — NpoAoHKNUTENIbHOCTb BO3AENCTBUSA I - ON
Temneparypbl B NPOLIEHTAX B TE4EHME I0/a;

t — Npoao/MKUTENbHOCTb HEMpepbIBHOrO BO3[e-
ctema [, KoTopoe Tpyb6a MOXET Bblaepxartb 6e3
paspyLLeHns.

2. CpoK cny>6bl TPYObl BbIYMCNSAETCS N0 POPMYJIE:

t,=100/TYD

3. Onpepensiem 0o nyTem nocnenoBaTenbHOM
annpokcumamn.

NMPUNOXEHUE 1

3.1. 3ajaem pacyeTHOE Hanps>KeHue B CTEHKe
Tpy6bl 0= N.

3.2. ina paboyent (7. ) u
aBapuiiHoi (T,,,,) Temneparyp BbIMUCIAEM 3HAYEHUA
HaNPsXKeHWiA ¢ y4eTOoM KoagppuumeHTa 3anaca npo-

YHOCTW COOTBETCTBEHHO:

), MakcumansHon (T,

max.

01=C1-0p 02=C2-0p 03=C3-0p

3.3. MMonb3yacb rpacukom WM ypaBHEHUAMN
NPUBEAEHHbIMN HA PUCYHKe 1, onpejenisem BpeMeHa
t, t, n t, KoTopble Tpyb6a MOXET BblgepxxaTb npu
3a[laHHbIX KOMOWHALMAX HAMpsXKeHUs B CTEHKE U
Temnepartypbl B OTAENbHOCTM.

3.4. [ong nospexnaeHus, NpuMxomsLlanca Ha roj
Npn HenpepbIBHOM BO3AEWCTBUW i/ - O TeMMepaTypsbl
COOTBETCTBEHHO paBHa 7/f, a npu OrpaHN4eHHOM
BPEMeHM BO3aencTeun —a, /t.

3.4. Mo chopmynam pacyeta TYD u t, onpegensem
CPOK CNy>X0Obl TPYObI.

4. B cnyyae CyLLeCTBEHHOr0 OTKNOHEHNS 3HAYeHNS
t 0T pacyeTHOro cpoKa akcnyarauuu TpyObl 3Ha4YeHNe
Oo U3MEHAETCH M pacyeTbl N0 HACTOALLEN MEeToAuKe
NOBTOPAKTCA METOLOM MOC/IeA0BaTeSIbHbIX NpMosn-
XKEHUR.



NPUIOXEHUE 2

Xumunyeckas cToiKOCTb TPY6 M coeAnHNTENbHBIX AeTanei U3 cononumepa nponunexda PP-R

Xumunyeckasi CTOMKOCTb

Xumun4eckasi CTONKOCTb

ArpeccuBHas cpepa Konuentp 20° 60° 100° ArpeccuBHas cpepa Konuentp 20° 60° 100°
Auetanbgerng TR yC — — bytaguon TR C C —
AugeTanbeHoH TR C C — byrantpuon (1,2,4) TR C C —
AHrefpng yKcyc, K-Tbl TR C — — bytuH(2)anon(1,4) TR C — —
YKCYCH. K-Ta pa36as. TR C YC HC Auetart 6yTuna TR yC HC HC
YKCYCH. K-Ta pa3bas. 40% C C — byTunosbin cnupt TR C YC YC
ALieToH TR C — — byTtunosbin heron GL C — —
KucnotHbii 40% C C — byTtunosbin heHon TR HC — —
aLeTaHrnapua ByTUNEHOBBIN IMUKOMb 10% C YC —
AKpUNOHNTPUA TR C yC — ByTUNEHOBbIN MNKOMNb TR C — —
ApgunuHoBas K-ta TR C C — ByTuneH, Xnak. TR yC — —
Bosayx TR C C C Kap6oHar Kanbuus GL C C C
Cynbdpat Alaune GL C G — Xnopup Kanbuus GL C C C
Me-Me Il Tnapoxnopua KanbLus GL C C C
AnnunoBbIi NPT, pas6as. 96% C C — Tunoxnopua KanbLus L C — —
Ksacubl TR C C — HuTpar Kanbuus GL C C —
Xnopug antoMinHus GL C C — Kap6onuH H C — —
Cynbar anoMnHus GL C C — [vokeng yrnepopa, ras Bce C C —
Am6epHas k-Ta GL C C — Jlnokecug yrnepopa, XuaK. Bce C C —
[IByamnHo3TaHoN TR C — — Kap6oHMMOHOKEH, Bce C C —
AvmMuak, ras. TR C C — Kap6oHcynbdug TR HC HC HC
AMMUaK, XUJK. TR C C — KaycTtukoBas copa 60% G C C
AHMAVH TR C — — Xnopan TR C C —
Ammnak, Boga GL C C — Xnopamum L C — —
AueTar aMMOHMs GL C C — X0paTaHon TR C C —
Kap6oHat ammoHus GL C C — XropHoBaTas K-Ta 1% C VG HC
Xnopuz aMmoHus GL C — XnopHosatas K-Ta 10% C yC HC
®riopug ammoHust L C C — XnopHosatas K-Ta 20% C HC HC
Hutpar ammoHus GL C C C Xnop 0,5% VG — —
®ocdar ammoHus GL C C C Xnop 1% HC HC HC
Cynbar ammoHus GL C C C Xnop GL VG HC HC
Auetat amuna TR yC C — Xnop, ras TR HC HC HC
Amunosblil cimpt TR C — C Xrop, Boja TR HC HC HC
Annnun TR yC C XnopyKeycHasi K-Ta L C C —
[MapoXxnopua aHunuHa GL C yC — Xnop6eH3on TR VG — —
AnoH TR yC C — Xnopodopm TR vC HC HC
AHOH (LMKI10reKCa-3HOH) TR yC yC HC XnopcynbhoHoBas K-Ta TR HC HC HC
AnTucbpus H C HC C XpomoBas K-Ta 40% yC yC HC
Tpuxnopug aHTUMOHNs 90% C C — XpomoBas K-Ta/cepHast K-Ta 15/35/50% | HC HC HC
f16n04Has K-1a L C C — /Bofa
16n04Han K-Ta GL G C — XPOTOHOBBIN anbaerng TR C — —
$16104HO€ BMHO (0pPTO) H C C — JlnmonHas k-Ta VL C C C
Llapckas Bogka H C C C JIuMOHHag K-Ta VL G C C
MblILIbsiKOBas K-Ta 40% G C — [OpOJCKKON ra3 H G — —
MbILwbsKOBas K-Ta 80% C C VG KOKOCOBbIN XWUPHbIA CANPT TR C YC —
Tnapokeng 6apus GL C C C KokocoBoe mMacino TR C — —
Conu 6apus GL C C C KoHbsiK H C C —
AKKyMynATOpHas K-1a H C C — Xnopug megm (1) GL C C —
(3nekTponuT) C C C Linanug megm (1) GL C C —
Mueo H Hutpat meam (11) 30% C C C
Anbperug GL C C — Cynbat mean GL C C —
Cmech 6eH3MH-6EH30N 8090/2009 yC HC HC KyKypy3Hoe Macno TR C YC —
benson TR yC HC HC XNnonkosoe Macino TR C C —
Xnopup 6exH3una TR yC — — Kpeson 90% C C —
bypa L C C — Kpeson >90% C — —
bopHas k-Ta GL G C C LlnknorekcaH TR C — —
Bpom TR HC HC HC LlnknorekcaHon TR C YC —
lMapbl 6poma Bce VG HC HC LlnknorekcaHoH TR VG HC HC
byTtagueH, ras TR VG HC HC [lekcTpuH L C C —
bytaH (2) anon (1 ,4) TR C C — Inoko3a 20% C C C




NMPUNOXEHUE 2 (npoponxeHue)

Xumuyeckas CTOHKOCTb TPY6 U coeAMHNTENbHLIX AeTanei u3 cononumepa nponunexda PP-R

ArpeccuBHas cpepa KoHuentp AU pOKARIOTO R 0OTE ArpeccuBHas cpepa KoHuentp AU pOKARIOTO R 0OTE
20° 60° 100° 20° 60° 100°

1, 2 ANaMUHITAH TR C C — DTOPOBOAOPOAHASA K-Ta 40% C YC HC
[luxnopykcycHas K-ta TR VG — — ConsHas K-1a 20% G G —
[luxnopykcycHas K-ta 50% G C — ConsHas K-1a 20-36% G VG YC
[uxnop6eH3nH TR VG — — DTOPUCTOBOAOPOAHASN K-Ta 40% G C —
Ouxnopatunen (1,1-1,2) TR VG — — DTOPUCTOBOAOPOAHAS K-Ta 70% C YC —
[ln3enbHas cmaska H C YC — Bopopoa TR C C —
[IaTNOBbIA aMUH TR G — — XnopucTbii BOAOPOA, TR G C —
[naTnnoB.bIii agup TR G VG — [pokeng Bogopoaa 30% C VG —
[urnukonuesas k-Ta GL G C — LlnaHucToBoAgOpoaHAs K-Ta TR G C —
[urekcun thatanata TR G VG — CepHoKncnbIn 12% C C —
[u-nco okTundaranara TR C yC — rUApOKCU-NaMMOHMA
Du-uco npununacpup TR yC HC — JloavHOBb I pacTBOp H c ye —
Jlumetuchopmammg, TR C C _ 1300KTaH TR C YC HC
LINMeTUOBBIY aMUH 100% C — — V3onponun TR c C Cc
[ln-H 6yTMNOBbLINA 3chup TR YC — — KepocuH H C yC HC
LVHOHUNOBbIN chaTanar TR c yC — a-0KCMNPONVOHOBaA K-Ta 90% C C —
JIMOKTNOBbIiA (haTanar TR C VG — NaHonuu H C yC —
JlnokcaH TR yC yC — AueTar cBuUHLA GL C C HC
MuTbesas Boaa TR C C C JTbHAHOE Macio H C C C
JtaHon L C C — CMa304Hble Macna TR C yC HC
dTaHon+2% Tonyona 96% C — — Xnopug marnus GL C C C
dTunauerar TR C VG HC [napokcuKapboHaT marHus GL G HC HC
JTUNOBbINA CNMpT TR C C C Conu martust GL C C —
JTUNOBbIN 68H30M TR Yo HC HC Cynbdpar marHus GL C C C
3TUNOBbIN XNOPUA TR HC HC HC MetTon TR C yC —
STUNEHOBIN AUaMUH TR C C — MeraHon TR C C —
STUNEHOBBIN MMIUKONb TR C C C MeTaHon 5% C C yC
OKcup aTuneHa TR HC — — MeTtunauerar TR C C —
Kucnota )upHoro paga 20% C — — Metunamu 32% C — —
YKupHble K-Tbl > C4 TR C VC — MeTun6pomuz TR HC HC HC
BpoxeHue conoga H C C — Metunxnopug TR HC HC HC
Conu yno6peHnii GL c c — MeTunaTunkeToH TR G VG —
MneHoYHan BaHHa H C C — P1yb TRC C C —
®r1op TR HC — — Conm pTyTn GL C C C
KpemHedhTopucToBOAOPOAHAS 32% C Monoko H G C C
K-Ta MwuHepanbHas Boga H C C C
dopmanbaerua 40% C C — Menacca H c C —
MypaBbuHas k-1a 10% C C yC MoTopHOoe Macino TR C 1 —
MypaBbuHas k-Ta 85% C yC HC MpupoaHbIit ra3/Conn HuKens TR/GL C/C HC —
®pykTO3a 6 C C C A30THaA K-Ta 10% C yC HC
®pyKTOBbIE COKM H C C C A30THaA K-Ta 10-50% yC HC HC
®ypdpypunosbiit cnnpt TR C vC — A30THas K-Ta >50% HC HC HC
XKenatux L C C c 2-HUTPONYON TR C vC —
MMioko3a 20% C C c A30TUCTbIE rasbl Bee C C —
[nuuepuH TR C C C Oneym (H2S04+S03) TR HC HC HC
[nnkonuesas K-1a 30% C yC — 0n1BKOBOE Macno TR C C YC
TonneHbIN XUBOTHbINA XNp H yC — — LL|aBenbHas K-Ta GL C C HC
HCI/HNO3 75%/25% HC HC HC Kucnopop TR C _ _
[enTaH TR C YC HC 030H 0,05 ppm C Y _
lekcaH TR C yC — MapadpnHoBbIE 3MYNLCUN H C C —
l'ekcautpuon (1,2,6) TR C C — MapaduHoBoe macno TR C C HC
[nopasnHrugpar TR C — — lNepxnopHas k-1a 20% C C —

VYcnosHbie 0603Ha4eHus Cnenyowue cUMBONbI ONUCHIBAKOT XUMUYECKNE KOHLEHTpaLun

C CTOEKT VL KOHUeHTpauus meHee 10 %

YC YC/TIOBHO CTOEK L KoHLeHTpauus 6onee 10 %

HC HEeCToeK GL nonHas pacTeopumocTb npu 20 °C

— HEeI0CTaTO4HO NHCopMaLnK H KOMMep4ecKas OLeHKa

TR TEXHNYECKas OLeHKa



NPUNOXEHUE 3
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Homorpamma ans onpeaenexnns Hanopa B Tpy6ax anametpamu no 100 mm



MPUNOXEHUE 3 (npoponxenue)
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Homorpamma gns onpepenenus Hanopa B Tpy6ax guamerpamu go 100-1200 mm
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NPUNOXEHUE 4

loTeps Hamopa Ha TpeHue, MM/M

Homorpamma ansa gns pacyera notepb Hanopa Ha Tpexue B Tpy6onpoBoAax
X0NOAHOro BofocHa6xenus (cepus Tpybé S 2,5)
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MPUNOXXEHUE 4 (npoponxenue)
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MoTeps Hanopa Ha TPeHue, MM/M

Homorpamma gns ans pac4era notepb Hanopa Ha TpeHue B Tpy6onposoaax
XONIOAHOr0 BOAOCHA6XeHus (cepus Tpyb6 S 4)



KoHTakTHasa uHopmauums:

Heisskraft

111402, Mocksa, yn. Ket4yepckas, .13

Ten./akc: (495) 370-13-06, 370-01-20,
370-03-90, 370-04-21;
787-72-83 (MHOTrOKaHanbHbIN)

E-mail: heisskraft@heisskraft.ru

®dunuansb! Heisskraft:

"Xaicckpaht-Tpeia-Hesa"
194021, r. CaHkT-lleTepbypr, np-T IHepreTnkos, 4.70, kopn. 6
Ten./iakc: (812) 225-32-21,

226-28-53
E-mail:pevchenko@nheisskraft.spb.ru

"Xaicckpadt MoBonmkbe"
603107, r. HmxHuin Hosropog, yn. fopaeesckas, .59 a
Ten./daxc: (831) 243-16-90,
413-78-03
E-mail: heisskraft-nn@yandex.ru

"Xaickpadpt Tpeing Cubupp"
630088, r. Hosocubupck, yn. Mannaca, a.10
Ten./gaxc: (383) 342-52-36,
213-23-04
E-mail: heisskraft@ngs.ru



