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XAPAKTEPUCTUKI TMBKMUX KPUOTEHHBIX TPYBONMPOBOAOB
AAS KUAKMX KPUOMPOAYKTOB
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CHARACTERISTICS OF FLEXIBLE CRYOGENIC PIPELINES FOR LIQUID CRYOPRODUCTS
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pOBaHMH N0 TPyOONpOBOAY 3aBHCAT OT KOHCTPYKLHMH
KPHOTEHHOI0 TPYGONIPOBO/IA H €10 XaPAKTEPUCTHK.
K OCHOBHBIM THIIaM KpDHOT€HHBIX TpPyOOIIPOBOAOB
WOOTTPOROAL LA TPAHCIOPTHPOBAH Y MOXKHO OTHECTH:
) — TUOKHH MeTaJIoOpyKaB, HCIIOJb3YEMbIH 1151 KpaT-
KOBpeMeHHOH 11oladH KpUOTE€HHOH XKUJKOCTH, HalIpUMep,
MpH 3aNpaBKe €10 MasbiX TPAHCHOPTHLIX CPEICTB HJIH

WPEL, AAOT. APTOIN, TESTI, MeTAN B p ) 0 cJiHBa €€ U3 Hux (¢oTto 1);

MPRAHCTIOPTREMN CPEACTRAMK, HATIPEMCD

— CTaLHOHapHBIA TPy6OMNpPOBO/, C IOJHMEPHOH Belie-
JIBHLIE CHCTUML Xpalieiis KpHoreiiey HeHHOH WJIH HACBITTHOM (M3 epJuTa) H3osALueH;
— CTalHOHapHbIH Hepa3GopHbIH TPyOONMpPoOBOJ, ¢ IK-

PHOBOAAMH paHHO-BaKyyMHoOH Terutousonsunest (¢oro 2);

— pa3GopHeIil TPYGOTIPOBOX M3 CTaHIAPTHBHIX Je-
MEHTOB C 9KPaHHO-BaKyyMHOI H30JIsLlHel ¥ BAKYyMHBIMH

HHBIE TPYOOIPOROIR ABIATCH TACTHIO CHL pasbéMaMH. Takue TpyOONPOBOABI IIPOM3BOAATCA He-

JIOIFLLLNN KaDedel YCROPHTEALHO- HAKO[1H CKOJIbKUMH 3anagHbIMA KOMITAHUSMU, HANIpUMED, <<Qua-

W EpoEe denodsaviered g lity Cryogenies.
Hau6ousiee yacTo B KauecTBe CTAlLMOHAPHBIX KPUOTeH-
HBIX TPYOONpPOBONOB HKCIHOJb3YIOT HX HepasOopHble

PHOTEHION #HAROCTI P C0 TRHcnopTi-  KOHCTPYKIMH C SKPaHHO-BakyyMHoH H3ojsuueit [1,2]. B
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Ta6J1. | pUBeNEHE] XapaKTEPHCTHKH TAKHX TPYOOIIPOBOJIOB.
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CHUMEMN XREHUR

Tabauya 1.

Hyld 18x1,4 100x2 -
Hy25 28x1,4 100x2 1,1
Jy50 H56x2 150%2,5 i[53 5!
Jly65 70x2 150%2,5 1,3
Hy100 100x2 200x2,5 1,5
Jly150 150%2,5 250x3 2,2
Hy200 200x2.5 300x3 3
Hy250 250%3 350x3,5 4
Jy300 300x3 4084 5,2
Jy400 408%4 508x4 8

Kak BHmHO H3 TaGuuIbl, 3TH TPyGOTIPOBOILI HMEIOT
XOPOLLIKe NIOKA3ATEJH 10 YAEJbHOMY TEIJIONPHTOKY. K He-
JIOCTATKaM 3TOTO THUMA TPyGOIPOBOIOB MOMKHO OTHECTH

CJIOXHOCTb KOHCTPYKLHH, HeoOXOAMMOCTb HCII0JIb30Ba-
HHSI CIIELMAJBHBIX TEPMOKOMITEHCHDPYIOILMX 3JIEMEHTOB;
60JIb1110# 06BEM paGoT 1o c6opKe TPyGONpoBOAa Ha 00D-
€KTe, OrpaHHYeHHE MOHTaXKa MOTOAHBIMH YCJIOBHSIMH; He-
06XOMMMOCTh POBECHUS HCIILITAHUH HA M€ PMETHYHOCTD,
[POYHOCTb, XOJIOJHBIX HCTIBITAHHH HENOCPENCTBEHHO Ha
06beKTe; HeOGXOOMMOCTh OTKAYKH 3KPaHHO-BaKyyMHOH
H30JISIIHOHHOH MOJIOCTU Ha OGBeKTe.

I1u DakTOpE! 0GYCNOBIHBAIOT BBICOKYIO CTOHMOCTD
MOHTaX>Ka KPHOTEHHOTro TpyOONpoBOfa, KOTOpas 4acTo
NpEBLIIAET CTOUMOCTb 3JIEMEHTOB KOHCTPYKUHMH TpY-
6ornposoja.

2. OCOBEHHOCTU TMBKUX KPUOTEHHbIX
TPYBOMPOBOAOB

C 3ajaueil ycTpaHEHHs] BCEX BbilllelepeyHCIeHHbIX
HeJOCTATKOB YCITEIHO CIpaBHach KoMnaHus «Nexans»
— MHPOBO JIHAEep B NPOU3BOACTBE KaGeJbHOH NPOIyK-
umM. JIAsi M3rOTOBJIEHHS KPHOTEHHBIX TPyGONPOBONOB
KOMITAHHsl MPUMEHWUIA TEXHOJOIHH, HCIO/b3yeMble IPH
NPOU3BOACTBE 3JIEKTPHUYeCKUX KabeJiell. PesysinraTom
3THX pa3paGOTOK CTaJ0 CO3JaHHE CHCTEMbI THOKHX KPHO-
reHHbIX TpyGonpoBogoB «Kpuoduieke». PaccMoTpuM Hx
OCHOBHBIE XapaKTEPHCTHKH.

Ha ¢oto 3 nokazaHnl ycTpoHcTBa KPHOTE€HHBIX TPY-
60IpOBOOB A1l TPAHCIIOPTUPOBAHHSA TAKHX KPHOTEHHBIX
SKHAKOCTEH, KaK KHCJI0pO/l, a30T, aprOH U MEeTaH, a TakxkKe
reJIMH U BOAOPOL.

a) (1]
Pama 3. IpyGonpaods «hpuodiiescs

i rpodi o praadetenin aoadiid
A (a), o eI S
paodopoda (6G)

IpeacTaBnetue 0 BHyTPEHHEM yCTPOHCTBE THOKOrO
KpHOTEHHOro TpyGonpoBoaa aaét puc. 4. Kak BujaHO u3
Hero, TPyGOMpPOBO], TIPE/ICTABIAET COB0H CHCTEMY M3 KO-
aKCHaJIbHBIX TOQPHPOBAHHBIX TPy6 M3 HepxkaBeioileH
crasu (rodpupoBanie o6ecrneydBaeT rH6KoCTb Tpy6Gorl-
pOBOIA M TEMITEPATYPHYIO CAMOKOMIIEHCALHIo). B Mex-
TpyGHOM ero MPOCTPAHCTBE pa3MellleHa MHOTOCJOHHasA
cynepusossiupst. CHapyX# BHeIUHsiSi ropHPOBaHHAs
Tpy6a 3alIMIIEHA OT MEXaHHYECKHX NIOBPEXKICHHH MOJIH -
3TH/IEHOBBIM KOXkyXoM. Ha Topuax Tpy6ornpoBol HMeer
KOHLIEBEIE 3JIEMEHThI, BKIIOYaOlIHe B cebsi: HHIHKATOP
BAKyyMa; IUTyLiepbl OTKAYKH H KOHTPOJIS BaKyyMa. Buyr-
pd TpyGorpoBoia AJIs MOTJOLIEHUs] Ta30B pPasMEIlEH
rerrep.
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Ha @oTo 5 mpuBefeHH KOHLEBHIE 3J€MEHTHI TPY-
GoTpoBofia B JIBYX HCIIOJIHEHHSX: NMPHCOEIUHEHHE CTaH-
JApTHOE HEH30JHPOBAHHOE (CJIeBa) H ¢ BaKyyMHOH H30-
Jsiyeit (crnpana).

Poma 3, Ny

TpyGonpoBon MoXKeT UMETb HEOFPAaHHYEHHYIO JJIHHY,
HO C TOYKH 3peHusi 3¢eKTHBHOH OTKAUKH 3KPaHHO-Ba-
KYYMHOU H3OJSLIMOHHOH TOJOCTH AJIHHY OJHOro Hepas-
6opHoro Tpy6onpoeofa o6riuso orpannyuBaiot 100 M.

Tpy6onpoBoa Npou3BOAUTCS Ha JTHHHH, YKOMILJIEKTO-
BaHHOW creuuajbHeiMH MawHamH «Uniwema». Ha
TIepBO# MalliiHe HEeMPEepPBhIBHO H MOCJIEA0BaTeNbHO TPy6a
CBapHBAaeTCsl U3 HepXKaBelollleH JIeHThl B 3aLUHMTHOH art-
mocepe, 3areM rocdpupyeTcs, OYHLIAETCS MOIOLIUM
pacTBopoM, cyiutcs. Ilocsie 3toro Ha Heé HaHOCSTCS
MHorocsofiHas cynepusossauusi u3 [139T u crnupanbHas
H30JMpYyIOLlast npokaanka. [oroBast BHyTpeHHsAst Tpy6a
cMaTbIBaeTcA Ha KaGesbHyo Katyuiky. Ha BTopo# mauu-
He BHYTpeHHss TpyOa 3aK/ioyaeTcsi BO BHELIHIOW, KOTO-

pasi TakXke CBdpHBa-

eTcsl HeNpephiBHO H3

METAaJJIMYECKO# JIEHTHI, rodpHpYeTCs U 3allHIIAeTCs 10-
JuMepHoil H3ossiupel. KoakcHasbHBIA TPYGONpPOBOA C
Cynepu3ossiLell cMaThbiBaeTcsl Ha KaGesbHyI0 KaTyILKY.
Ha ¢oto 6 nokasana TexHoJlorHYeCKas JIMHHSI H3TOTOB-
JieHust H CGOPKH KpHOTeHHOT0 Tpy6orpoBo/a.

JHanee K koakcHaibHOMY TPyGONpPOBOAY NPHBAPHBA-
IOTCS KOHLEBBIE 3JIEMEHThI H IPOH3BOJHTCSA €T TECTHPO-
BaHME H OTKauka. TecTHpOBaHHE BBINOJHAETCA C MO-
MOILBbIO [EJIHEBOTO TEYEHCKATeJNIsl C UyBCTBHTENBHOCTBIO
107° M6ap-a/c.

Takum o06pa3oM, ¢ 3aBOJa BHIXOAHT TOTOBbIM K
9KCIUTyaTalliH TMGKHH KPHOreHHbI TPYGOIPOBOJ C BbI-
COKMMH TEXHOJIOTHYECKUMH U TEIIOH30JHPYIOLIMMH Xa-
pakTepucTHkamu. PaGouee naBiieHHe TpyGoOmpoBoa
«Kpuodaerce» — 20 6ap.

B Ta6u1. 2 npHBeAeHbl TeXHHYECKHE XapaKTePHCTHKH
HEKOTOPBIX CTAHAAPTHBIX THOKHX KPHOTEHHBIX TPy6orpo-
BOOB. B Tabanue HCNOb3YIOTCS TO3HLHH, COOTBETCTBY -
[o1Me puc. 7.

B ta6a. 2 ykaszaHbl OCHOBHbIE [T0Ka3aTeJIM CTaHIapT-
HBIX TMOKHX KPHOTEHHEIX TPYGONPOBOAOB, NPOH3BOJHMBIX
komranueil «Nexans». Heo6XomuMo 0TMETHTD, YTO KOM-
NaHKsT MOXKET H3TOTaBIHBATh TPYOOIPOBO/N H C APYTHMH
XapakTepHUCTHKaMH. Hanpumep, BHyTpeHHHE JHAMETDbI
TpyGONIPOBOJOB MOMKHO BapbHpOBaTh B [HanasoHe
10...198 mm. HaroToButesb npemaraer Ha BbIGOp Hec-
KOJIbKO THIIOB AayCTEHUTHbIX HePXKAaBEIHX CTajel:
304L,321,316Ti, E316LN.

MoHnTaxX KpHOreHHbIX TpyGonpoBomoB «Kpuod-
JIEKC» TIPOU3BOJMTCS AHAJIOTHYHO MOHTAXY 3JIEKTpHUe-
CKHX KaGeJieit: 0 CTeHaM 3aHH#l WM B JIOTKaxX 10 3CTa-
KajaM, a TakKe B GeTOHHbIX TpaHilesix (¢doTo 8).

Cucremn! TpyGonpoBonoB «KpHodieke» ycrneuHo
TIPUMEHSIOTCS VISt 3alPaBKH TaHKePOB CXKHXKXEHHbIM
npuponbiM razoM (CIIY) Kak ot nu1aByynx J0GHIBAIOLIAX
H OXKHXKHTEJIbHBIX CTAaHLHi, TaK H OT CTALlHOHAPHBIX TEP-
muHanoB. Ha doro 9 mokasaH Takoll 3anpaBouHbIH y3es
«Cryodyn», BK/IOYAIOLIHHA MSATb NapajilesbHbIX FTHOKHX
KPHOTeHHBIX TPy6onpoBoioB «Kproduekc» auameTpoM
300 MM U anuHOM 55 M KaXKIbii.
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JLanua KopeBoro 3ieMenTa D 330 340 395 Gl 470

ULmsttia raGikaro vuactia TpyGonposoia E ORpENeIneToR JAKAIHKOM
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Munumansuuit paaye ruda:

— [P HECKOUTRKHX Harnday R 600 700 SO0 | 100 1200

— [IPH GUHOM HATHGE 300 350 4560 aotl 1000

Miessuli rensonparor, Br/m** D8 0.8 1.2 2 Ft

Macca noroHHOTD METPA, KT 0.5 0.8 1.2 1.3 N

Mprvesanme: *' Boe pasmeps i v, ** T senoimenin Ty fonposoi v SasEs Y s TEILOnpRTan MOsseT (iT) CHHMe IO (13
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JloxJ1afipl 5TO¥ IpYIAbl 3aBEPIIAJO BRICTYILICHHUE Ie-
HepanbHOro JUpekTopa Komnanuu « Nexans Deutschland
Industries GmbH» (Hannover, Germany) Krayca lllun-
nAG ¥ €ro POCCHHCKOro NMapTHEpPa — TEeXHUYECKOTO JIH-
pekropa OOO «Mowuutopunr» (r. Mocksa) H.B. Ilasao-
8a (dorto 14). B coobiueHHH IPHBOIUINCH TEIIOTEXHH -
YecKHe, KOHCTPYKTHBHBEIE H TEXHOJIOTHUECKHE XapaKTe-
PHCTHKH MHOKMX KPHOTeHHBIX Tpy6onposogos gisi CITT, a
TaKXkKe JIPYTHX KPHOTEHHBIX KUAKOCTEH, HA4HHAs OT IpO-
IYKTOB pa3fieJieHusi BO3/lyxa U 3aKaH4WBasi BOJOPOJOM H
reqveM [11]. Kak u3BecTHO, KpHOreHHBIE TPYGONPOBOMLI
— BaxHeHIlHe 3JeMeHTHl COBPEMEHHBIX KPHOTEHHBIX
cucreM. X 3ddeKTHBHOCTL BAHSET HA TOTEPH MKUIKHX
Kpuonpoaykros. OHAKO BaXKHbIM MOKa3aTeJieM sIBJIAeT-
¢Sl TEXHOJIOTHYHOCTD Tpy6orpoBoaa. Komnanuu «Nexans
Deutschland Industries GmbH» yaanocs BniepBbie opra-
HH30BATh BLIMYCK 3((eKTHBHBIX T'HOKHX KPHOTEHHBIX
Tpy6onpoBonoB «Kpuoduwieke». Iasi MX H3rOTOBJEHHA
KOMNaHusA NPHMEHHJIA TeXHOJIOTHH, HCIOJIb3yeMbie MpPH
TNIPOU3BOACTBE 3JIEKTPUUeCKHX KaOesefi. MoHTtax Tpy-
60mpOBOIOB BEJRTCSl AHAJOTHYHO TPOKJIANKE 3JEKTPH-
yeckux Kabesell: O CTeHAM 3[aHHH U B JIOTKAX, MO 3CTa-

KajaM, a TakKe B 6eTOHHbIX TpaHuesx. CHCTeMBI Tpy-
60npoBoioB «KpHoduieke» NpUMEHSIIOTCS ISl 3alpaBKH
CI1I'-TaHKepoB KaK OT MOPCKHX AOGHIBAIOLIHX M1aT(HOPM
M OXKIDKHTENbHBIX CTAHLHI, TAaK H OT CTAl[HOHAPHBIX Tep-
MHHAJIOB,



