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Jlexknus 1

Beenenune

B wu3yuaemMoil JIHCUMIUIAHE PACCMATPUBAKOTCA BOMPOCHI KOHCTPYWPOBAHUA
OCHOBHBIX arperaTtoB U CUCTEM pakeTHOro japuraresns. Pannee, B auciumiuHe "OCHOBbI
KOHCTpyupoBanus PJ1" Bbl M3yunsam KOHCTPYKIHMIO OCHOBHOTO arperata XKPJl — kamepsl
JIBUTATENA, YPE3BbIUAWHO HAMPSHKEHHOTO YCTPOMCTBA, B KOTOPOM padouyue MpOLECChl
npoTekaroT npu nasyieHusx 10 30 Mlla u remneparype 3000 — 4000K. B aucuumniuze
" lunamuka v nipoudHocTh PJ1" OblIM paccMOTPEHBI BOMPOCH KOHCTPYHUPOBAHUS APYTrOro
cnoxkHoro arperara — THA. B 3ToM Kypce mpeACTOUT U3YUUTh IPYTHUE BAXKHBIE arperarhbl
U PacCMOTPETh BOMPOCHl KOHCTPYMPOBAHUE ABUTATENs B 1eynoM — paspadotky I1I'C u
MPOSKTUPOBAHNE KOMIIOHOBKM JBuraresii. KpoMme TOro, B Kypce paccMaTpuBarOTCs

BONpockl KOHCTpyKiuu PITT.
KoHcTpynpoBaHue y3710B B CUCTEM JBUTATENA SBJIAETCA COCTABHOM YaCThIO 3aa4d
0OIIEero MPOCKTUPOBAHUS KUAKOCTHOW aBurarenbHO ycraHoBku (DKPIY). B cBssu c

9THM PAaCCMOTPHUM OCHOBHBIC BOIIPOCHI ITPOCKTUPOBAHUA ABUTATCIIA.

1. O0mue Bonpocs! npoektupoBanus AKPJY
1.1. Texauueckoe 3agaHue

OcHoBaHueM Jjis BbINOJHEHUsS mnpoektupoBanus JKPJ[ sBisieTcss JOKYMEHT,
Ha3bIBaeMbI TeXHWUYeCKMM 3amaHueM (T3), KoTopelii pa3padaThiBacTCsl COBMECTHO
OPSANPUATHEM-3aKa3uMKOM W MPEANPHUATHEM-UCIOJHUTEIEM M YyTBEP)KJaeTcs Ha
YPOBHE BEIOMCTBEHHONO MHHHMCTEpCTBA. 13 yCTAaHAB/IMBAET HA3HAUCHHE IBHIATEIs,
TEXHUUYECKUE XAPAKTEPUCTHKH, a TakKe TPCOOBaHHS, MPEABIBIIAEMbIE K IBHIaTEIIO.
OOBIYHO 327a0TCHA:

-KOMIIOHEHTHI TOIIMBA M TPESOOBAHHS K UX YHUCTOTE;

-T5ITQ;

-y ACTbHBIH UMITYJIbC;

-Bpems paboTh (pecypc);

-IMKJIOTpaMMa padoThl ABUTATENIS,

-Ha1yB OaKOB;



-yIIpaBJIeHUE BEKTOPOM TSITH,
-KOJIMYECTBO BKIIOUCHUH

-tpeboBanusa k CA3 (cucTeme aBapuifHOMN 3aIlUATHI ),
-rpeboBanusa k KTC (KOHTPOJIO TEXHUUECKOTO COCTOSHUA ),
- rabapuThl ABUTATENS;

- Macca aBuUraress (CyxXoro v 3aJIMTOr0 TOTUTHBOM ),

- TpeOOBaHMS K HAAEKHOCTH JIBUTATEIIS,

- TpeOOBaHUS K BUOPOMIPOUYHOCTH;

- BpeMs 00111e#t pa3pabOTKK TBUTaTEJIA.

3agaHue Ha pa3pabOTKy JBUraresis B KYPCOBOM MPOEKTE MO AMCIUIUIMHE BKJIHOYACT

TOJBKO YaCTh 3TUX TPEOOBAHUH.

1.2. Craguu npoexktupoBanus npu pazpadotke KPJI

IIpoextHrie padoThl mpu paszpadborke KPJ[ oTHocATCSs K pa3psaay OIBITHO-
koHcTpykTOpckux pabor (OKP). B coorsercteum ¢ OCT 1392-8717-75 mns OKP
YCTaHOBJICHA CIISAYIOMIAs KjacCuuKaIusa cTaanid pa3padoTKH:
~-TaKTUKO-TEXHUYECKOE 3aJ]aHUE;
~-TEXHUYECKOE MPE/I0KECHUE;

-3CKU3HBIUA MPOEKT,

-pa3paboTKa TEXHUYECKON JOKYMEHTAIUH HA OTIBITHOE U3/IEIINE;

-U3rOTOBJICHUE OMBITHBIX U3/, HA3€MHbIE ABTOHOMHBIE UCIIBITAHUA U
KOPPEKTUPOBKA padouei TOKYMEHTAIUK,

-HA3€MHbIE KOMILJICKCHbIE W MEXBEIOMCTBEHHBIE UCTIBITAHUA,

-JIETHBIEC UCTIBITAHUS,

-MOATOTOBKA JTOKYMEHTALIMK HA U3/IETUs CEPUMHOTO MPOU3BOACTBA.

(ITo 0OBéMy 1 TiTyOmHE TTPOPabOTKH KOHCTPYKITMK Barm KypcoBoii, a Takxke Oy myTimid
JUIIJIOMHBIN  MPOEKT ONMXKE BCEro K CTaAUM 3CKU3HOTO TMPOEKTUPOBAHUA, XOTA
OT/ACJIbHBIC MPOCKThI MOTYT OBITh OTHECEHbI K CTaAWM Pa3pabOTKU AOKYMEHTALMH Ha
OTIBITHOE M3JIEIIHE).

B cooTBeTcTBMM CO CTAHAAPTOM ACKHM3HBINA MPOEKT JOJAKEH BKJIKOUYATh pa3padoTKy
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naeBMoruapasmueckoi cxembl (I[II'C) ¢ ommcanmem €€ paboThl, YEPTEKH OCHOBHBIX
arperaToB, COOPOYHBIH YEPTEK ABUTATENA, TOSCHUTEIBHYIO 3alMCKY C HEOOXOIAUMBIMHU
pacyeTamMy U HEKOTOPBIE APYTHUE TOKYMEHTHI.

IIpu BHITIOJIHEHUH MPOESKTHHIX PadoT MIPEXKIE BCETO, TPOM3BOIATCS (PYHKITHMOHAIIB-
HOoe TpoekTupoBanue JIY, koTtopoe 3akimouaercs B BbIOOpE MNPUHIUMIHAILHONW U
KOHCTPYKTOPCKOM CXEM JIBUTaTelsl, HA3HAYCHWM OCHOBHBIX IMApPaMETPOB, a TAKXKE B
npeacTaBjaeHnu oodiero suaa apurarend. s XKPJ[ npuHIMnranbHON CXeMOH SBIISETCA
III"C npurarens.

Ha ocHOBaHMM TPHUHATBHIX KOHCTPYKTOPCKHX CXE€M JArOTCS 3aJaHds Ha
KOHCTPYMPOBAHUE arperaToB W Yy3JIOB, MNPUHIMNOUAJIBbHAS CXEMa ONPEACTICT THUI H
COEIMHEHNE BCEX AJIEMEHTOB JBuratesia. KoHcTpyrnpoBaHue 3aKaHUMBAETCA pa3padoTKOH
yepTexed geraned, COOPOYHBIX EIUWHUII KU CaMOr0 W3JENvsd, a TaKke Apyrou
HEOOXOUMOM TOKYMEHTAIUH.

[Ipu xoHCcTpyWpoBanuu (GopmupoBaHue oOpasza aeTanu (IyTeM BBHIYCPUYUBAHUS WITH
MOJICIMPOBAHUS HA KOMITBIOTEPE) JOJDKHBI BBITIONIHATHCS TMapajuIeIbHO C pacyeTamMu
MMPOYHOCTH M YKECTKOCTH 3JIEMEHTOB KOHCTPYKIIMHA. Takum o0pa3oM, MOXHO H30€kKaTb
BO3MOYHBIX MEPECIIOK YEPTEIKEN MOCIIE MMPOBECHUA PACUETOB.

Bo Bcex ciyuasx mpoYyHOCTh M KECTKOCTh KOHCTPYKIIUH JTOJDKHBI ObITH 00€CTICUEHbI
Mpy €€ MUHUMAJIbHOM Macce. ITO JOCTUTAETCS:

- COBMEIICHUEM HECKOJIBKUX (DYHKITUH B OJTHOM AJIEMEHTE (HampuMep, OObEAUHATh
HECKOJTLKO KJIAMaHOB B OJWH OJIOK);

- PAIMOHAJIBHOW KOMIIOHOBKOM BCEX arperaroB JBUTATENA, MO3BOJISAIONICH YMEHBIIUTD
raGapuThl U JJIMHY MarucTpase,

- IPHJIAHUEM JETAISIM PAlMOHATBHOM (POPMBI ISl HAMIYUIIET0 HMCIOJIb30BAHMS
CBOMCTB MaTEPUAJIOB,

- TPUMEHEHUEM MATEPHUAJIOB C BBICOKOH YACIBHON MPOYHOCTHIO UJIA BBEJACHUEM
YIOPOUHSIOIIUX METOJ0B 00pabOTKU AeTaNICH.

CnenyeT mIOMHHTB, YTO MUHMMAJIbHOM Maccoi 00JiaacT paBHOMPOYHAS KOHCTPYKIIHS,

U CTPEMUTHCA K €€ BOIUIOIIEHUIO.



2. DyHKIHOHAJIbHOE NMPOEKTHPOBAHHE ABUTaTEJIbHOH YCTAHOBKH

NMeHHOo mpu BEIOOpE MPUHIIMIUAIILHONW CXEMbI IBUTATEINSI U KOHCTPYKTOPCKUX CXEM
arperatoB  HEOOXOJAUMO  OOECMEUUTh  ONTUMAIBHOCTh  KOHCTPYKIMH, BBICOKYIO
HAJIEKHOCTh padOThl U MUHUMAJbHYID MAacCy W3S, a TAKKE BBIMOJHEHUE APYTHUX
TpeOoBaHM K JABUTaremo. (s onpenesieHus CTENEHU ONTUMAJIbHOCTH BBIOMpAETCs €€
KPDUTEpHUI — OCHOBHOE TPEOOBAHUE, KOTOPOE HEOOXOAMMO BBIMIOJHUTh B TMEPBYIO
ouepenb. Ilpu »TOoM KpuTepui ONTUMATBHOCTU JOJKEH HMMETh KOJIMYECTBEHHOE
BBIPAYXKEHHUE.

JIBurarenps SBIAETCA YACThIO JieTareapHOTO ammapara (JIA) m oneHuTh €r0  MOXKHO
TOJBKO MO onTUMaIbHOCTH Beero JIA. JIns pakeT-HocuTeNel 3a KpUTEpUil ONTUMHU3ALINH
MPUHUMAETC MUHUMAJIbHAs CTOMMOCTH BBIBOAA |KI TMOJE3HOW MacChl Ha 3aJaHHYIO
opOuty. [lpu mpeaBapUTENbHBIX pacueTax OLEHKY ONTUMAJIbHOCTH YacTO MPOBOAAT MO
KPUTEPUAM TEXHUUYECKOTO COBEPIIICHCTBA: KOHEYHOU MACAIbHON CKOPOCTH noJiéta JIA

V,= ]y Ing,

Y PUBEJICHHOMY YAECIbHOMY UMITYJIbCY TATH

]ynp :L: ]y (I_LJ >
MO ll“lx

rae I, — cpeHAa BenTMUYMHA yAEIBHOIO UMITYJIbCA TATH 33 BpeMs pabOTHI ABHIaTeNd,
I — ummynbe Tsrm J1Y (CymmapHsbIii);
u, = My /M, — MmaccoBoe amciio JIA;
M, — craptoBasa macca JIA;
M  — koHeuHas macca JIA( B MomeHT octaHoBa V).
CxemHOe pelleHne, obecneunBaromiee Ooublliee 3HAUEHUE V,, WIH Iy np . Kak
MPaBUJIO, TPEAMOUTHTEFHEH (PACCMOTPEHHBIE KPUTEPUW YUUTHIBAIOT TOJBKO SHEPTO-
MacCOBbIE (DaKTOPHI, STOTO MOXKET OBITh HETOCTATOUHO).

I1I"C nuratens nomxHa 00eCeUnTh ero padoTy Ha Pa3IMUHBIX PEKUMAaX.

2.1. Pexxumbl pabOThI JBUTATENS
PexxuimoMm paboThl Ha3bIBAETCA COCTOSIHUE JIBUTATENsl, KOTOPOE XapaKTEpHU3yeTCs
OMPENICICHHBIMU  BEJIMUMHAMM HArpy30K Ha €ro 3jaeMeHTbl. [Ipu 3ToM eciii mapameTpbl

Ha JAHHOM PCKHUMC IIOAACPKUBAKOTCA B AOIIYCTHMBIX IPCACIIAX IMOCTOAHHBIMH, PCIKHUM
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Ha3bIBACTCS YCTAHOBUBIIMMCA, €CJIM MapaMeTpbl BO3pPAacTalOT WiIA YOBIBAIOT B
OMPENICICHHBIX MPEACIaX, PEKUM HA3bIBAETCS HEYCTAHOBHUBIIMMCS, €CITU KE MapamMeTPhl
U3MEHSIOTCS Xa0TUUHO WK BBIXOJAT 32 YCTAHOBJICHHBIE MPEENbI, PEKUM  HA3bIBAETCSA
HEYCTOWYMBBIM.

OcHOBHBIM  BbIXOAHBIM  mapametpom  KPJ[  gBasercs  BeNMUMHA  THATH.
COOTBETCTBEHHO 3TOMY MapaMeTpy U Ppa3iuyaroT CJCAYIOIINE XapPaKTEPHbIE PEKUMBbI
padoTHI ABUTATENA :

samyck (kpuBasil mHa puc.2.1) — pexum paboThl IBATATENS OT TIEPBOM
KOMaH/IbI Ha €r0 BKJIIOYCHHWE JI0 BEIXOJa HA OCHOBHOW pexwM (TPH HATHMUWN

HECKOJIbKMX OCHOBHBIX PEXKHMOB — JIO BBIXOJa HA TIEPBHIN OCHOBHOM PEKHUM);

IZ'A

Puc. 2.1.

HpEABAPUTEBHBIN PEKUM (KPHBas 2) — YCTAHOBUBILMMCS PEXKUM pabOThI ¢ TATOM,
MEHBIIIEH TSITH HAa OCHOBHOM PEKHUME, SBJISIONIUANCA YaCThIO 3amycka (MOXKET OBIThH
HECKOJILKO TIPEABAPUTEIILHBIN PEKAMOB).

OCHOBHOM pEKUM - YCTAaHOBUBIIMICS PEXHUM pPadOThl, KOTOPBIH ABIACTCS ONpeEe-
JIAIOIIMM  TIPU  BBIMOJHEHUH OCHOBHOM 3a1auu JIA. [Ipu 5TOM MOTYT UMETh MECTO
HECKOJIBKO OCHOBHBIX PEKUMOB:

HOMMHAIIBHBIA pexuM (mpsamas 3) — pPexuM, COOTBETCTBYIOILUM HOMUHAJIBHOMY
(pacueTHOMY) pacXoay TOTUTHBA U SIBJISIONTUHACSA OOBIYHO CAMBIM JUTHTEIIEHBIM PEKAMOM,

MaKCHMAJIbHBIH pexuM (mpsamas 4) — pexuM, COOTBETCTBYIOIIMA MaKCHMAJIbHO
JOTYCTAMOMY (TT0 YCITOBHUSAM Harpy»XEHUs) pacxoAy TOILINBA,

MOHWXCHHBIH PEXUM (TIpsAMast 5), JIeKami MeX Ty HOMUHATBHBIM U MAHAMAJTbHBIM

z



peKUMaMU,

MHHAMAJIBHBIN pekuM (mpsMas 6), COOTBETCTBYIONIMH MHHHMAILHOMY Pacxoy

TOIIJIMBA,

KOHEUHBI pexuM (mpsAMas 7) — pexuMm paboThl ABUraTess Iepel OCTaHOBOM C

TATOW, MEHBIIIEH TATH HA HOMHAHAJIBHOM PEKUME.

OcranoB (kpuBasg 8) — pexuM paboThl ABUraTeNs OT MEPBOM KOMaHIbl Ha €ro
BBIKJIFOUECHHUE 10 MOJHOIO UCUC3HOBCHUSA TSTH.

B 3aBucHMOCTH OT HA3HAYECHUA U KOHCTPYKIIMU JIBUTATETb MOXKET SKCIUTYaTHPOBATHCA

Ha BCCX YKA3aHHBIX PCIKUMAX HWJIHM TOJBKO Hd HCKOTOPBIX U3 HUX.
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Jlekums 2
2.2. IIpoekTupoBaHNE MHEBMOTHAPABINUECKON cucTeMsl (Y

CnoxHocTh 1 ObIcTpOTa NpoTekanus mpoieccos B XKP/I, TpeboBanus 6€301acHOCTH, a
TaKX€ UCMOJIb30BAHUE 3TUX JIBUTATENICH B OOJIBIIMHCTBE CJIy4yaeB Ha OCECHUIOTHBIX
JIeTaTeIbHBIX anmnapaTaxX NPUBEIM K TOMY, uTO padoTa Bcex cucteM J[Y MOomHOCThIO
ABTOMATU3MPOBAHA, TPUYEM CpabaThIBAHUE arperaToB U YCTPOHUCTB MPOUCXOJUT B CTPOTO
OMPECIICHHON MOCIEI0BATEIbHOCTH.

TpebGoBaHuA K CHCTEMAM:

1.Cuctemnr 1Y ¢ "KP/I nomknel paboTaTh ¢ MUHMMAIbHBIMHU ITOTEPAMH Iy

2. ImeTh MaJible MacCy U MHEPLIMOHHOCTD JACHUCTBUS.

3. OHu A0JIKHBI 00€CIeYMBATh IJIABHBIN MEPEXO/] C OHOTO PEKUMA HA APYTOH BO
n30€KaHUE MOSABJICHUS HEYCTOMUMBOCTH pabOUYMX MPOIIECCOB.

Bce d¢ynknmonaneabie cuctembl KPJIY mpencraBnsior coOoi eauHYIO ITHEB-
moruapossiektpuueckyio cuctemy ([II'DC). JlokymenTanmbHO €€ 0oQOpMIIAIOT B BHIC
MPUHITMIHAIBHOW CXeMbl (ITHEBMOTHAPOIIEKTprUeckoi cxembl — [II'DCx), Ha koTOpOit
M300paKatOT BCE arperarbl CUCTEMbI WM CBSI3M MEKIY HUMHU. UTOOBI HE YCIIOXKHATH
BOCIIPUATHE, €€ TPEACTABIIIOT B BUMIE BYX cxeM — mHeBMoruapasmnueckor ([1I'Cx) m
ANeKTpUIecKon (Dcx).

Onekrpudeckyro cxemy JIY Mbl HE paccMaTpHUBaEM.

[Tpwm paspadotke [1I'C (coxpaménno ot [1I'Cx) B KypcoBOM M AUTIIOMHOM TTPOEKTaX
UCXOAAT U3 cTpykTypHoi cxembl KPJI, mpennoxxeHHot B T3 win BboIOpaHHOW AJid
MPOEKTUPYEMOIO JABUTATENSA, HA KOTOPOM BHUIHBI CBs3U Mexay kamepoid, THA u XKIT .
Ha »T0i1 cxeme Hafio pacnoioKUTh arperarhl YNpaBJIeHU U aBTOMATHKHA, HEOOXOAUMBIE
JUISl TIOJATOTOBKHU K 3alyCKy, 3amycka, paboTe Ha OCHOBHOM PEXHME U OCTAaHOBA
nsuratensa. Pazpaborannas B npoekte [1I'C momkHa BKIIOUaTh U 0AKOBYIO YaCTh CXEMBbI,
Ha KOTOPOU MOKa3aHo, Kak 00eCneunBaeTCA HAAyB TOMJIMBHBIX OAKOB.

[Ipu BbBIMOSIHEHMH »TOM PaboOThl ucnoyb3yroT npumepbl [II'C  nBurarenei,
W3YUYEHHBIX BO BpEeMs Ja0OpaTOpHbIX padOT, a TakKe MPUBEIEHHBIX B MOCOOMSIX U B
npyrux ucrouHukax. llpm BeruepumBanuu I[II'C crenyer mosib30BaThCA  YCJIOBHBIMU
obo3HaueHramu, ykazaHHeiIMH B ['OCT 29763-77. Ot o00O3HAueHUs NPUBEICHBI B

npuwioxkeHun 1 nocobust [1]. OAHOBpeMEHHO HEOOXOAUMO COCTABUTh MEPEUEHB
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arperatoB, n3o0Opaxénueix Ha [1I'C. BeiOupas Tunm arperara, HaJO YYUTHIBATH YHUCJIO
BKJIFOUCHUI €ro B MojéTe, BpeMsi cpalaThiBaHUs, BUJA padOuero BEIECTBA, TEKYIIETO
4yepes3 HEro, U pacxo/ 3TOr0 BEIIECTRA.

[TpoekTrpoBaHNEM CHUCTEMBI XpaHeHWsA paboumx BemiecTB Ha Oopty JIA (6Gakos,
OaJIJIOHOB CO CXKAThIM Ta30M M WX apMaTyphbl) B MPOU3BOACTBE 3aHUMAIOTCS OOBITHO
pazpaboTumku JIA.

[IpoekTupoBaHue Ipyrux CUCTEM U arperatos /1Y Benercs ABUraTeIMCTaMu.

[Topsaok MPOEKTUPOBAHUS:

- BbIOMPAIOT MPUHUUNHAIBHYIO CXEMY JBUTATENS W ONPEACNSIOT BBIXOJHBIC
napaMeTphbl KaMephI;

- IPEABAPUTENHHO BEIOMPAIOT arperaTsl cucteMbl (cxemy THA, Tun rasorenepartopa
WA aKKyMYJISTOpa IaBJICHUS ) ¥ IPOU3BOIAT OMPEACIICHIE WX BBIXOAHBIX TTAPAMETPOB;

- ONPEeACNA0T TPaHHWIBl yCTOWYMBOM  padOTBl  CHCTEMBI W IOAOHPAIOT
COOTBETCTBYIOIIUE PETYIUPYIOIINE YCTPOUCTBA;

- MPOU3BOAAT OKOHYATEIBHYIO YBSI3KY MMAPAMETPOB arperaToB CUCTEMBI,

- pa3pabaThiBAIOT KOHCTPYKIIMIO OT/ICJIbHBIX arperaros;

- MPOU3BOJAT KOMIIOHOBKY JBUrATENIsA, ONPEACISIIOT €ro radapuThl, Maccy 1
YAEIbHBIE TAPAMETPHI.

2.3. Pazpabotka I1I'C u nukorpammei 3amycka u octaHoBa JXKP /[

[Tpu pazpabdotke [ICI" popMupytoT CHCTEMBI, KOTOPHIE 0OeCIIeUaT BHITIOTHEHNE
onepanui, HeoOXOUMbIX JJI1 OCYIIECTBIICHHS 3aMMyCcka, pabOoThl ABUTATENS HA OCHOBHOM
pekUMeE U ero octaHoBa. OJHOBPEMEHHO pa3padaThiBAIOT HUKIOTPAaMMYy PadOThl IBUra-
Ted Ha 3TUX PEKUMAX.

Paccmotpum mHeBMormapasimmueckyro cxemy JKPJ[ O6e3 noxuranmsa (puc.2.2)
U IIUKJIOTPaMMYy €T0 palboThl (puc.2.3) W3BECTHOTO JIBUTATEIA, HCIIOIB3YEMOTO Ha TIEPBOM
cTtyneHu paketbi-HocuTens «CarypH 1B» u paGotatomero Ha Tommee O,y + RP-1
(RP-1 - cuaternueckmii kepocun B CIIIA).

Ha TII'C cocrosinne arperaToB M300pa)KatOT B MOMEHT BPEMEHH, MPEAIIESCTBYIO-
el MpeanyCcKOBOM NOArOTOBKE. BKIltoUeHMEe arperaTtoB U XapakTep ux cpadaThiBaHUA
(HanmpuMep, OTKPBITHE W 3aKPBHITHC KJIAMAHOB, NIEPECTPOIKa PEryIsaTOpPOB M T. 1.) yKa-

3pIBalOT B onucanuu padotsl [1I'C Ha mukiorpamMmme ee padoThI.
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[{uknorpamma mnpexacraBisger coboil rpadguk, mo ocu abcuucc KOTOPOro
OTKJIAJIBAIOT WHTEPBAJIbl BPEMEHH C MOMEHTA Hayajia 3amycka WM OCTaHOBa 0
MOMEHTa cpadaThiBaHUS TOTO WM MHOTO arperara aBTOMAaTHWKH, a MO OCH OpPAMHAT —
M3MEHEHHUE JABIICHUSA Ta3a B KAMEPE WIH TATY ABUTATEA.

Bpewms, 3arpaurBaeMoe Ha BBITIOJIHEHWE OJHOW OMEpalii, PaBHO BPEMEHHU
cpabaTbiBaHMA arperara, 00eCMeUMBAIOIIETO €€ BHIMOJHEHHE (HAmpuUMep, KIanaHa), U
BPEMEHHU, HEOOXOMMOTO J71s 3aMOJIHEHUS CIeAYOLeH 3a KI1anaHHOM TOJIOCTH.

Tak, HanpumMep, BpeMs cpadaThiBaHUS KJIAMAHOB C MPUBOJIOM:

MUPOTEXHUYECKAM COCTABJISIET 0,015...0,02 c;
JJCKTPUYECKAM ~ ---- 0,03...0,05 c;
MHEBMATUYCCKUM ---- 0,10...0,20 c.

MensIniee BpeMs cpadaTblBaHUS UMEIOT KIIallaHbl ¢ HEOOIBITAM PACXOI0M ra3a U C
MaJIbIM TIEPEIaIoM JaBIICHHS Ha 3aIlIOPHOM OpPraHe.

Bpewms 3amoiHeHHs MOJOCTH MAaruCTpad 0 CICAYIOIIETO arperara ONmpeaeisaioT
IO CKOPOCTH TCUCHUS KHUJIKOCTH HIIH ra3a.

HWuorpa miisi KOHTPOIS MPOTEKAHWS WX 3aBEPIINCHHS OICPAllMHM YCTAaHABJIMBAIOT
CHUTHAJIM3ATOPBI PA3IMIHBIX MMAapaMeTPOB pabodero mporecca (JaBjaeHus, TeMIIEPaTyphl,
BOCIJIAMEHEHUS TOTUTMBA, HATMIUS KUIKOCTH H JIP.) .

Bpems mporekaHus 3amycka, KOTOpoe OOBIYHO OTCUMTHIBAIOT ¢ MOMCHTAa Hadaja
pacxojia TOIUIMBA uepe3 ABurarenb, coctabisgeT 0,8...5,0c, mpuueM HaMMEHBIIEE BPEMS
3aTpaunMBaeTCAd Ha HEMPOrPaMMHPOBAHHBIM, a HAMOOJIbIIIEe — HA TPOrpaMMHPOBAHHBIH
3aIyCK ¢ HECKOJIBKHMH MPOMEKYTOUHBIMHU PEKUMAMH.

[uknorpamma padotel JIY, m3oOpaxkeHHOW Ha puc.2.2, moka3zaHa Ha pwuc.2.3.
3HakoM “mToc” 0003HAYAIOT BKJIIOUCHHME arperatra B padoTy, 3HAKOM “MHUHYC — €ro
BeIKmoueHne. [lom ockto alcmuce MPOCTABISIOT HOMEpPA TO3MIMN  arperaros,

ykazansbie Ha [11°C.
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Puc. 2.2. ITneBmoruapasnuueckas cxema Y 6e3 mokuranus

Bpewmsi cpabaThiBaHus arperaroB MpU 3alyCKe OTKIAABIBAIOT BIPABO OT HYJI,
KOTOPBIH COOTBETCTBYET MOMEHTY Hadajia pacxona padoumx BEIMIeCTB (HampuUMep,
KOMITOHEHTOB TormimBa) w3 JIY. BneBo or Hynmsa oTMedaior BpeMsa TPOTEKaHWS
MPEANYCKOBBIX ONEPALU.

PaccmoTpum nopsjaok cpabareiBanus arperaroB J[Y, cxema KOTOpPO# moka3aHa Ha
puc.l. 3a Tpu cekyHabl 10 KoMaH bl “Ilyck” HAUMHAIOT MPEANYCKOBYIO MOATOTOBKY Y.
IIpn 3TOM 3aKpHIBAIOT ApeHAKHBIC KiamaHbl 1 u mo TpydonpoBoay 28 uepe3 oOpaTHbie
KJIanaHbl 27 moAat0T B OAKU TeJIUi OT Ha3eMHOM cucTeMbl. C MOBBIIIICHUEM JABJICHUA B
0akax a0 pacueTHOro, 4To (PUKCHPYET peiie JaBiCHUS 2, OTKPHIBAIOTCS BXOJHBIC

KJIaIlaHbl 23, KJIaImaH OUPKYJIALIHUHA 5 ¥ HauMHaAETCS 3aJIMBKa HACOCOB KOMIIOHCHTAMU
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TOIJIUBA 10 TJHaBHbIX KiamaHoB 6 u 19. OpgHOBpeMEHHO Tapbl KHCIIOPOA,
00pa3yroIuMecs B HACOCE, Yepe3 UUPKYIALMOHHBIA KIanaH u TpyOOoNnpoBO A NOCTYMAOT
oOpatHO B 0ak, I/i¢ MPOUCXOAUT WX KOHAeHcalus. Takum o0pa3oM OCYIECTBIISAIOT

3axonaxkusanue Hacoca O,.

R M
107

a4t

+25
5+6
79 56— |

+/

728

+2235 ——

+3029
+18
+13
7
6
-8
-79

Puc. 2.3. [Tpumep mukiiorpammel padbotsl 1Y

[Ipu pacueTHOM mokKazaHuu Tepmonapbl 30 Ha BBIXOJE M3 HACOCA HAYMHAETCA
3anyck. C 3TOro MoMeHTa, 0003HAQUEHHOTO HYJEM Ha LUKJIOTPpaMMeE, OTCUMTHIBAIOT
BpeMs cpabaThlBaHUA arperaToB aBTOMATHKHU, obecnieunBaromiei 3anyck J1V.

Buauane uyepe3 TpyOompoBoa 29 OT Ha3eMHOM CHCTEMBl MOAACTCA TeIWMH Ha
npoayBky nmosoctd RP-1 romoBku kameps! U nmojioctu O, rojoBku KT

Uepes lc mocnie BKIIIOUEHUSA MPOJAYBKH MOAAETCA KOMAHJIa HA BOCILIAMCHUTEb
nupocTtaptepa 25, u TypOuHa 21 HauuHaeT packpyTtky HacocoB 20 u 22. Cnycts 0,2c
3aKpbhIBACTCS KJIAMaH LUPKYJISUUMHA 5, OTKPbIBACTCSA IJIaBHBIA KjanmaH 6, OKUCIUTEIb
MOCTYyNaeT B KaMepy 12 v BMecTe C MPOAYBOUHBIM T€JIMEM UCTEKAET U3 comia. B To ke

BpEMs TeJIUi MPEnsITCTBYET Nonajganuto napos O, B OJIOCTh TOPIOYET0 TOJIOBKH.
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Eme uepes 0,2¢ oTkpsiBaeTcs kianaH 19 u moa naBiieHHEM OCHOBHOTO TOPIHOYETO
npopsiBatoTces memOpansl 16. Tpustunamomunanii (C,Hs);Al w3 6ammona 15 moctymaer
Yyepes3 roJIOBKY B OTHEBYIO MOJIOCTh KAMEPHI M BOCIUIAMEHSAETCS B KUCJIOPOJE.

[TponyBka renuvem npekpamniaeTcs oOpaTHbIM KJIAaaHOM B MOMEHT, KOT/a JIaBJICHUE
rOPIOYEro CTAHET PABHBIM JABJICHUIO MPOYBKH.

C zanaszabiBanueMm B 0,1c oTkphiBaeTcs cHauasyia kjanaH 18 roprouero, a 3atem —
kianan okucautens 7 XKIT 26 ¢ tem, utoOsl B XXIT obOpazoBanack TOMIMBHAA CMECH
BOCCTAHOBUTEIBHOTO COCTaBa. B MpOTHBHOM ciyuae rasbl MUPOCTApPTEPA, MUMEIOIIKE
BOCCTAHOBUTEJIbHBIA COCTaB, OYIyT MOKUTAThCS B KHUCIOPOJE, UTO NPHUBENO Obl K
BO3PACTAHUIO TEMIEPATyphl Ta3a nepes TypOuHOU Bhile pacueTHO. BocmiameHnenue
cMecHu B JKI T mporcxoauT OT ropsiumx razoB NUpoCcTapTepa.

Hekoropoe Bpemsa TypOuHa pabdOTaeT HAa CMECH Ta30B, a MOCJE BBITOPAHUA
TBEPJIOrO TOIUIMBA MUPOCTApTEpa NMepexoauT 1eaukoM Ha nutanue ot JXXIT'. JIsurarens
BBIXOJWT HA TMPEABAPUTEIIbHBIA PEKUM padOThl C TATOH, KOTOpas oOmpeaeiseTcs
pacxomom O, uyepe3 perynsarop 4 u coctaBiiaeT npumepHo 20% OT HOMHMHAJIBLHOM
BenmuuuHbl. [To ucteuenun 1,8c oT Havana 3amycka v npu cpadaTbIBaHUM pelie JaBJICHUS
13 mocTymaeT koMmMaH/ia Ha YBEJIWUYEHHUE MPOXOJHOTO ceueHus perynsatopa 4. 3amyck
3aKaHUMBAETCA uepe3 2,2 ¢ MmocJie No1aul KOMaH/Ibl Ha MPOJAYBKY C BBIXOJIOM JIBUTATENIA
Ha pEXUME HOMUHAIBHOHU TATU. B 3TOT MOMEHT perynisatop 4 MOAKIIIOYAETC K CUCTEME
PETrYJIMPOBAHUS KAXKYIIEHCS CKOPOCTH, a PEryysaTop 9 — K cuUCTEME OJHOBPEMEHHOTO
OTIOPOKHEHUS OAKOB.

Hannys 6akoB Ha OCHOBHOM peXUME Pa0OThI MPOUZBOAUTCS CIASIYIOIIUM 00Pa3oM:
0aK TOprOYEro HaayBaeTCs TC€HEPATOPHBIM ra3oM, OXJAXIACHHbIM B ucnapurtene 17, a
0aK OKHUCIIUTENA — MapaMu KUCJIOPo/ia, 00pa3yoIMMHUC B UCHIAPUTENE MO ACHCTBUEM
TEIIa, OTJAABAEMOTr0 Fr€HEPATOPHBIM Ta30M.

Crynenuarsiii 3amyck J[Y oObACHSETCA TE€M, UTO HA MEPBOM CTYNEHU PAKEThI-
HOCHUTEJISA YCTAHOBJICHO 8 aBTOHOMHBIX JIBUTATENICH.

Ha ocHoBHoM pexume pabotel JIY oOecrmeunBaeT MOMYYEHHE KOHEUHBIX
[IapaMeTPOB CTYNIEHH Vi U My, ABJISISCh UCTIOJIHUTENIbHBIM opraHoM cuctem PKC u
CUCTEMbl YNPABJICHUA BEKTOPOM TATW. [ wumrocTpauuu padoOThl 3TUX CUCTEM U
CHUCTEMBI PETYJTUPOBAHUS TATH HEOOXOTUMO COCTABUTH MX (PYHKIIMOHATIBHBIE CXEMEI.
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OcrtanoB JIY ocymectBisercss mociae cpadaTblBaHWS OJHOTO M3 JIaTYMKOB,
YCTAHOBJICHHBIX Ha BBIXOJE M3 0AKOB M PETUCTPUPYIOMIMX OKOHYAHHE KOMIIOHEHTA
tomuBa. I1o ero curnany mojaeTcs KOMaH/a Ha 3aKPHITHE KJlamaHa 7, B pe3yJIbTaTe Yero
npekpaiaercsa ropeane B XIT, u oboporst THA camxkatorca. C unateppanamu B 0,2¢
3aKpBIBAIOTCS TOCIIeI0OBaTEIbHO Kianansl 6, 8 u 19, u uepe3 1c tara /1Y cHmxkaeTca a0
Hynsa. Takas MTOCIEAOBATENbHOCTh OCTAHOBA  MPEAyCMATPUBACT  YMEHBIICHUE
THAPOYAAPOB B MAarucTpaiixX MoJauyd KOMIIOHEHTOB IPH 3aKPHITUM TJIaBHBIX KJIAMaHOB U

CHIDKEHUH TEMIIEPATYPhl HArPETHIX ACTAJICH IBUTATEIIA.

17



Jlexkuus 3

2.4. CucreMbl aBTOMAaTUYECKOTO YIPABJICHUS

YnpasneHnne ABUrarenbHOr yctaHoBkoM ¢ JKP /] mpousBoauTcs n3MeHEHHEM pacxoia
pabounx BEIIECTB B €€ arperarbl. OTO U3MEHEHUE OCYILECTBIISICTCA ~ CHCTEMON aBTOMa-
tueckoro  ynpasieHus (CAY), kotopas BKIIOYAET B ¢e0a pa3IMUHbIC KOHTPOJIUPYIO-
IUE, YIPABJISIONIAC W UCTIONTHUTEIILHBIE YCTPONCTBA (TIPOrpaMMHbBIC MEXAHU3MBI, Pelie,
JATYMKH, YIPABISIFONTHE KITAMAHbBI, PETYISATOPHI, IEPEKITIOYaTENH U T. 11.). Bee onepammmn
M0  yOpPaBJCHUIO  JABUTATEIEM OCYILECTBJISIFOTCS ABTOMATHUYECKA C TMOMOIIBIO
MPOTPAMMHOI0 BPEMEHHOIO YCTPOMCTBA, KOTOPOE BKJIKOUACTCS TMpPU 3alMyCKe U B
3aBUCUMOCTH OT MPOMEXKYTKAa BPEMEHH, MPOIICANIETO ¢ Havyaia 3amycka (Mid JApyroro
HA4YaJbHOTO MOMEHTA OTCUETa), TMOMACT HEOOXOMUMBIC JJICKTPUUCCKHE CHUTHAJBI Ha

Cpa6aTI>IBaHI/Ie COOTBCTCTBYIOIIHX arpcraToB.

[IporpaMMHOE yCTPOMCTBO CBA3aHO C arperaTaMu HE TOJIBKO TIPSAMO# (KOMaHIHOH),
HO W 00paTHOM (KOHTPOJUPYIOMICH) CBA3SIMH, UYTO MO3BOJIACT MPEAOTBPATUTH BO3MOXK-
HOCTh TOSIBICHUSA aBapUMHBIX CUTyaluu. B paHHUX KOHCTpyKuusax J1Y BpemeHHOE
YCTPOMCTBO MPEACTABIIIO COOOM MpPOrpaMMHBIA TOKOPACHpPEACIUTENb C AICKTPOME-
XaHUYECKUM TPHUBOJIOM, B KOTOPOM 3JIEKTPOMOTOP, UMEIOIIMKA MOCTOSHHOE YHUCIO0 000-
POTOB, BpallaJl 4€pe3 PECAYKTOP KYJAUKH, 3aMBIKAIOIIUE B HY)KHBIH MOMEHT BPEMECHU
KOHTAKThl COOTBETCTBYIOIINAX 3JICKTPHUUECKUX II€TEH ynpasjicHUus. B HacTosee Bpems
Ha Oopty JIA ycTaHaBaMBaeTCS 3JCKTPOHHO-BBIUHUCIUTEIbHAS MalllMHA, B KOTOPYIO

3aKJIaJbiBacTCs NporpamMma yrpasiieaus J[Y Ha Bcex sTanax ee padoThl.

KonTtponupyroiue ycrporicTsa moaatoT Ha Bxoa IBM 3amepeHHbIe BETMUUHBI, KOTO-
pbI€ CPABHUBAIOTCA C MPOTPAMMHBIMU 3HAUCHHUAMU, U MPU WX pa3HUIle, 00Jiee TOMyCTH-
MOWM, BbIPA0ATHIBAIOTCSA COOTBETCTBYIOIIME KOMAHAHBIC CUTHAJIBI JJiS  YIPaBJICHUS
arperatamu J[VY.

[Ipocreiilas cucrteMa YHpaBJieHUS cO3AaeTcsd 0€3 CHEHHATbHOTO MPOrPAaMMHOTO
MEXaHHU3Ma: YOPaBIAIONIME YCTPOWCTBA WM arperarbl COCAUHSIOTCS MEXKIY COOOH
TakuM oO0pa3oM, UTO BCE OMNEpalMU MOCAEC KOMAaHAbl HA 3alMyCK BBIMOJHAIOTCA
MOCJAEOBATEABHO  MpHU  cpaldaThiBaHWM  MPEAIISCTBYIOIMIMX  3JeMeHToB.  Ha

nujgotapyemMbix JIA dacTe omepanwii MmO yNPaBICHUIO JABUTATENIEM (HATpHUMED,
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U3MEHEHHUE PEIKAMA PAOOTHI) MOKET OCYIIECTBIISATHCS TTHIIOTOM.
B o6miem ciygae CAY JIY M0XHO pa3AeuTh Ha CUCTEMBI:
- YIIPaBJICHHMS 3aITyCKOM ¥ OCTaHOBOM,
- YIIPaBJICHHS HA OCHOBHBIX PEXKMMax padOTHI;
- QBTOMATHYECKOTO PETYJIMPOBAHUS MAPaMETPOB.
B gwactHOM ciydae, B 3aBUCHMOCTH OT HA3HAUCHMS JBHTATEIS, HEKOTOPHIE M3 ATHX

cucTeM B cocTae J[Y MOTYT OTCYTCTBOBATh (HAIpUMEP, CUCTEMA PETYIMPOBAHHUSA).

2.4.1. Cuctema ympaBiieHHS 32Ty CKOM
Cuctema 3amycka oOecneuuBaeT mnepeBoa JlY M3  COCTOAHHSA MYCKOBOM rOTOB-
HOCTU K padOTe€ HAa OCHOBHOM pPEKHUME.
OHa BBIMIOJHAET ONEPALIUH;

-Ha1yB OaKOB;

-3aX0JIAXKMBAHUE MArucTpaliei;

-IPOJyBKY MarucTpajieii KOMIIOHEHTOB TOIJIUBA,

-BKJIFOUCHHE 3akxuranua B kamepe u XIT

-nogavyy TommBa B XXKIT m kamepy u BBIBOA ABUraTelisi HA OCHOBHOMN PEKUM

padoTHI.

3anyck OCYIIECTBSAETCS aBTOMAaTUUECKH B COOTBETCTBUU C €r0 LIUKJIOTPAMMOA.

Oco0eHHOCTH yIpaBIICHUS 3alyCKOM

1. YmpaBneHue ABUTaTEIbHOM YCTAHOBKOW BO BpeMs 3alyCcka OCYIIECTBIACTCS
ABTOMATUUYECKH CUCTEMOM yrpasienus JIA.

2. 3anyCcK W OCTaHOB — HECTAllMOHApHbIE peXUMbl padotsel JIY: npoucxoaut
BKJIFOUEHHE W BBIKITIOUCHHUE PA3JIMUHBIX arperaToB, U3MEHAETCS UX TeMmIeparypa u
JABJICHUE B HUX.

B 5TM MOMEHTH B KaMmepe 4acTo HAOII0/IAeTCs HEPACUETHOE COOTHOIICHUE
KOMIOHEHTOB, YTO MPUBOJIUT K BOBHUKHOBEHUIO KOJICOAHUN NABJICHUA, XJIOMKAM 1
HEYCTOHUYMBBIX TpoliecCOB B arperarax. Ha »tux pexumax HaOaomaercs
OOJILIIIMHCTBO HEMOJAA0K U aBapuil. boJibllie BCero Ha peKUMe 3aMmyCcKa U MEHbIIIE
— Ha pexume octaHoBa. [lo3ToOMy 3TH pEKHUMBI CHEHUATBHO OTPadATHIBAIOT
OTIBITHBIM ITYTEM.
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boprba ¢ HEYCTOHUMBBIMU SBJICHAAMHE YCITOXKHAETCS TEM, YTO BpPEMS 3aIycKa
CTaparOTCsA CBECTH K MHUHHMYMY C TIEJIbIO0 SKOHOMHH PACcXObl pabOounx BEIIECTB,
TaK Kak ATH PACXOJbl  SBJSIOTCS JOTIOJHUTENBHBIMH (HE CO3MAalOT PabOTHI
nepemerieHus JIA).

OOecrieueHne HaACKHOW padOThl ABUTATENsl HA ATOM PEXHUME SBISIETCA
HanOoJiee CJIOKHBIM HTAmoOM €ro A0BoakW. M Tem He MeHee, B TepHOA
skcityatanuu 6ojee 80% oTka3oB B padoTe ABHUrarelbHBIX yCTaHOBOK C JKPJ[

IMPOUCXOOUT IIPH 3aIlyCKaX ABUIATCIIA.

. TpeboBaHus K 3aMycKy
OcHoBHOE TpeOoBaHKEe: HEOOX0AUMO 0OecTIeunTh Oe3aBapUMHBIN (HAAECKHBIH )
3aMmyCK 32 MUHUMYM BPEMEHHU.
3amyck XapaKkTepu3yeTcs HECKOJIbKUMHU TapaMeTpaMH:
. Bpems 3amycka — ¢ MOMEHTa MOJaud KOMaHJAbl Ha 3aMycK [0 BbIXOJAa Ha

pacueTHBI pexuM  =0,8..5¢ (A [OBUTATENEd CpeaHUX W OOJBINMX TAT).

PacueTHbiil pexkuMm Xxapaktepusyercs aoctwkenwem paaeienus 0,8-09 P

HOM

(Puc.2.4)

dP ‘meax
<), ¥ KOXQOUUMEHT NEPETPY3KH n= 5
T K

Temn HaOopa naBjeHUs B Kamepe (d

O0a »TM mapameTpa XapaKTepPHU3YIOT KECTKOCTh 3allycka, T.€. BEIMYHHY

WHEPLUOHHBIX MEPETPY30K, ONPEACIIAIOINX TPOYHOCTh JIBUTATEN.

HopmanbeHblii Wil «MATKHI» 3aMyCK (CZ]PK )y =15..20 MHa, n=1
T c
dP Mila

Kectkuii  3amyck (d ) =25...30 ,n=115..12. Takol 3amycKk HE€ Bceraa
T

C
JOTTYCTHM.
. KonmuecTBo TomnmmBa, U3pacxo0BaHHOTO U3 0AKOB BO BpPEMS

3anycka AM,. O0biuHO TpeOyeTcst  AM, <(0,3...0,04) M, .

Bce »Tu mapametpsl oroapuBatotcs B T3 Ha NPOCKTUPOBAHUE IBUTATES.
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[To xapakTepy M3MEHEHMS pacxoj/ia TOIJIMBA B KaMepy MPHU 3aMyCKe Pa3ivuyaroT
uneanbHbiid 3amyck 1 (Pumc.2.4) HemporpamMMHWpOBaHHBIN 3amyck 2, TUIaBHBIA 3 W
CTyneH4YaThI 4.

WUneanbnbiii 3anyck 1 mpennosnaraer, 4To MPOUCXOAUT MOJHAA MMOJaya TOIJIMBA B
MOMEHT BKJIIOUEHHMS, MTHOBEHHOE cropanue 0e3 3adpoca AaBjeHHsA. DTOT 3aIlyCK HE
MOKET OBbITh peAIM30BaH BCJICACTBUE MHEPLIUU MPOLIECCA TOPEHUSA.
Hemnporpamuposanusiii 3amyck (2) HabmomaeTcs Ipy MoAa4ue TOTUTHBA B KaMEpy O
JABJICHUEM, PaBHbIM JAaBJCHHUIO HAa OCHOBHOM pexume. [lpu 3TOM BCliencTBUE
HAYaJIbHOTO OOJIBIIIOTO TIepernana AaBjieHus Ha (GopcyHKax Ap W HAIWYWA BPEMEHU
3a7€PKKH BOCIIJIAMEHEHUS T., HA0II01aeTCs 3a0pOC TaBICHHUS.

JInst CHI>KEHUS JKECTKOCTH 3aIyCcKa IPUMEHSIOT pasindHbie Mepbl. OHA U3 HUX -
OTIEPEKEHUE TMOJAYM B KAMEPY OJHOIO M3 KOMIIOHEHTOB OTHOCHUTENILHO JAPYroro.
Yarre Bcero mepBbIM B KaMepy TocTymaetr okuciautensd (Puc.2.5a).

B Toxe BpemMa B raszoreHeparope, padoTaroiieM ¢ W30bBITKOM TOPHOYEro, mpu
onepexxennn nogaun okuciutens (Puc. 2.56) B kKako#-TO MOMEHT BPEMEHH Oy=1 U
BBICOKAs TeMIepaTypa ra3a MOXKET MOBPEAUTHh JOMATKU TypOuHBI. B 3TOM chyudae

uenecoo6pa3H0 OIICPCIKCHUC MMOJa4YH I'OPrOYCTO.
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Bpewmsi HemporpaMMHpPOBAHHOI'O 3alyCcka — MUHHMAJIHO. B CBS3U CO 3BYKOBBIM
3 peKkTOM ero HHOT/Ia HA3hIBAIOT MYIICUHBIM.

HenporpammMupoBaHHBIH 3alyCK HE MPUMEHUM Ha JBUTATEIAX OOJIBIION TATH.

Puc. 2.5a.

Puc.2.56.
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[TnaBubIii 3amyck (3) oOecrieunBaeTCA MyTEM TMOCTEIICHHOTO YBETUUYCHUS ABICHUS
3a Hacocamu mnpu pazroHe THA. Ilpm stoM 3a0poc maBieHHS B Kamepe MOXKET
oTcyTcTBOBaTh. OOBIYHO MPUMEHSECTCS HA IBUTATEIISAX CPEIHEH TATH.

CrynenuaTsiii  (TpOTpaMMHUPOBAHHBINA) 3amyck (4) OCYIIECTBIACTCS IMyTEM
W3MCHEHHS MABJICHWS KOMIIOHGHTOB 3a HAcOCaMH IO OMPEACIICHHON MpOTpaMMe.
3mech UMeEETCs TIPEABAPUTENBHBIA PEXUM (aHAJOTHA MaJIoMy Ta3y), Ha KOTOPOM
KOHTPOJIMpyeTCs paboumii nmporiecc B ABurarene. Mcmoap3yeTcs B MHOTOKaMEPHBIX 1

osounsbix /Y. Pacxon TominBa mpu TakOM 3ayCKEe MaKCUMAJIEH.
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Jlexkuusa 4

2.4.2. Dransl 3anycka XKP]]
B oOmem cnyuae 3amyck JKPJI MOXHO mpenctaBuTh B BHIAE TpeEX
MOCJIEA0BATEIbHbIX 3TANOB
O6parumcsa k npocreiimeit cxeme /1Y (Puc. 2.6) u paccMoTpum 3tambl 3amycka
JIBUTATEJIA.
1. IToaroToBka K 3aIycKy, COCTOSIIAs U3 OMEPaITUi:
1) BKITIOUEHWE MPEaBAPUTEIHHOTO HaAAyBa 0AKOB — JJIA 3TOTO HAJIO OTKPHITH
KJ1araH 2;
2) 3amOJIHCHUE O KUJAKAMH KOMIIOHCHTaMHM TPyOOMpPOBOAOB M  TOJIOCTEH
HAaCOCOB, MPHU KPUOTCHHBIX KOMIIOHEHTAaX »JTa ONepauusa MPOXOJUT

OJTHOBPEMEHHO ¢ OTepaInieii 3axoaakiBaHuE.

3) Bxmouenne mpoayBKH 3a TJAaBHBIMH KiamaHamH (TOJIOCTEH KaMmephl |
XKIT). B paccmarpuBaeMoii cxeme MpPeaycMOTPEHA TPOIYyBKA KaMEphl —
OTKpBHITHEM KJianaHa 16.

2. BximodeHue cucTeMbl nojauyu KoMnoHeHTos — THA.
Cro1a BXOAAT ONEpalym:

1) packpytka THA — nns packpyTtku TypOWHBI B cxeme puc.2.6 mmeercs

OUAPOCTAPTEP.

2) Bxmouenue XKIT - gisg 3Toro HafO OTKPHITH KJIAaMaHbl 3a Hacocamu (HE

o0o3HaueHkl) U koMnoHeHTH owayT B XKI T u kamepy.

3.  BkirouyeHHe KaMephl:

l)BkmtoueHre 3aKUTaHWss — B pacCMaTpPUBAEMOM  ClIydae  CaMOBOC-

MJIAM CHSFOIIAECS KOMIIOHEHTHI;

2)OTKpHITHE TJaBHBIX KiamaHnoB Ha maructpamsix O m [T B xamepy (B Hamiem

CJIydae OHHU YK€ OTKPBITHI);

3)3anoyiHeHne KOMIIOHEHTaMU TPYOOTIPOBOIOB | MOJIOCTEH KaMEPHI.

[ToctynieHre KOMIIOHEHTOB B KAMEPY C OMPEACIICHHBIM OMEPEIKEHUEM OJTHOTO

MO OTHOLICHUIO K APYTOMY
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Puc.2.6.

B  KOHKpETHOM cjydae B 3aBUCHUMOCTH OT CBOHCTB KOMIOHEHTOB, OCOOECHHOCTEH

Y m npyrux (hakToOpoB, OTAEIBHBIC OMEPAIMH MOTYT OTCYTCTBOBATh, MPOWUCXOJUTH

mapauiCjibHO WIN HCCKOJIBKO B I[perfI IIOCJIC AOBATCIIbHOCTH.
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Cucmemwt 3anycka /KPJ[
PaccMoTpuM Ha3Hau€HWE W TPUHIMUIT BBIMOJHEHUS OCHOBHBIX OMNEpalui Mpu

zanycke JKPJI. BeimonmHeHue onepanuii OCymeCTBISECTCSA ¢ MOMOIIBIO CUCTEM 3aMyCKa.

2.4 .3. Cucrtema HaaayBa OakoB

Cuctema Hagmaysa O0akoB B JIY ¢ HIIT HeoOxomuma s odecneueHrs OecKaBUTa-
MOHHON paboThl HacocoB THA u 11 mpeaoTBpalieHus NoTepu YCTOMUUBOCTH CTEHOK
caMux OakOB MOJ JECHCTBUEM OCEBBIX CKHMMAIOIIMUX CHJI, KOTOPbI€ BO3HUKAIOT MPHU
nojeTe pakeThl. TpeboBaHUs K cHUCTEMaM HajAayBa OAaKOB aHAJOTUUYHbBI TPEOOBAHUAM K
CUCTEMaM BBITCCHEHUSI KOMIIOHEHTOB M3 Oaka B kamepy B J[Y ¢ BIIT, x0T TOYHOCTH
MOAJCPKAHUS NaBJICHUA B 0aKE B 3TOM CJIydyae MOXET ObITh HHMXKE, TaK KaK BEJIUYMHA
taru asurarens ¢ HIIT ot naBnenus B Oakax He 3aBuUCHT. JlaBleHWE HaagyBa OakoB
00b1uHO cocTasiiaeT 0.4...0.6MlIa, a npu ycTaHOBKe OYCTEPHBIX HACOCOB

0,03... 0,06 MITa.

Cucrembl HagayBa OAKOB Pa3ACNSIIOTCS HA aBTOHOMHBIE U 3aBUCHMBbIC. B aBTOHOMHBIX
CUCTEMAaX, UMEIOIUX COOCTBEHHbBIA UCTOYHUK SHEPTUU, MOTYT ObITh MUCIOJIb30BAHbI TE-
e CcrocoObl nmojauu rasa B 6aku, yto v npu BIIT. Yaie Bcero npuMeHAOTCA CUCTEMBI C
['A/l, rak KaKk OHU OJTHOBPEMEHHO OOECMEUMBAIOT ra30M BBICOKOTO JABJICHUA U JPYTHE
cucteMbl aBuraresid. [IpenMylecTBaMu aBTOHOMHBIX CUCTEM HaJayBa 0aKoB SBJIAIOTCA
MPOCTOTA PETYJMPOBAHUS NaBJICHUA B 0aKaX U HE3aBUCUMOCThH MApaMeTpPOB HAJAyBa OT
PEKMMOB PadOThl ABUTATENSA, UTO MO3BOJISAET JOBOAUTH UX OTACJIBHO OT JIPYTUX CHUCTEM.
Takas cuctema HajAyBa NPUBEACHA HA puc. 2.6 U pacCMOTPEHA B MPEIbLAYILCH JICKIUH.

OCHOBHBIM € HEJOCTATKOM 3TUX CHUCTEM SIBJIACTCS HUX OOJblIas Macca, 0COOEHHO
NpU 3HAUUTENBHOM 0ObeMe OakoB. [lo3TOMy OHU NPUMEHSIOTCS B JABUTaTENAX
HEOOJIBIINX TAT WKW ¢ HEOOJBIIUM BpeMEHEeM PadOoThl, a TaKKe IS MPEACcTapTOBOTO
HaJTyBa 0AKOB, UMEIOIINX 3aBUCHUMYIO CUCTEMY HAJITyBa.

B nsurarenax cpeaHux U OOJBIINX TAT B HACTOAIEE BPEMA Uallle BCETO MPUMEHSAIOTCS
3aBUCHMbIC WJIK KOMOWHUPOBAHHBIE CUCTEMBI.
B 3aBucuMBIX crMcTeMax ra3 Uil HajJjayBa MOJydaeTcs Nmpu padoTe OCHOBHOMH
CIIT B cnenManbHBIX ra30r€HEepaTOpPax HAAAYBa, B UCIIAPUTENAX, TyTEM OTOOpa raza us
OCHOBHOTO Ta3oreHeparopa uin nociie Typounsl THA, U3 kamepsl ABUTATENS WK U3 €€
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TpakTa OXJaxAeHuA. Tak, HanpuMmep, HaAAyB Oaka OKHCJIHTENS Yalle BCEro
obecnieunBaeTcs rasudukanved TOCIEAHETO B HCMapurene, a 0aka TopooYero —
aBToHOMHOM cuctemoit ¢ ['AJl. Bopopoansie ©Oaku MOXKHO HaAAyBaTh MapoOM,
OoTOMpaeMbIM M3 TpaKTa OXJAXKIACHUS KaMepbl. 3aBUCHMas CHCTEMa HaJIyBa
BKJIFOUAETCS B padOTy K KOHIy 3anycka. [lostomy B JIY nomxHa ObITh TPEAyCMOTPEHA
HEe3aBuCUMas MpeCcTapToBas cUCcTeMa HaaayBa. B 3Tom ciyuae cucrema HaaayBa OakoB
Oyner koMOuHMpoBaHHOUW. IlpenmyliiecTBaMM 3aBHCHUMBIX CHCTEM HajAjayBa OakoB
ABJIIIOTCS. UX KOMIIAKTHOCTh M MEHBIIAA Macca KOHCTPYKIIMHM, a HEJO0CTaTKaMH
CJIO’KHOCTh PETYJIMPOBAHUS AABJICHUS B 0aKe U HEOOXOJIUMOCTh CHEIUAIBHON CUCTEMbI

MPEACTapTOBOTO HAJIYBA.

Jlns nBurateneit, paboOTAOMIMX HA JIETKO UCHAPSIONIMXCSA KOMIOHEHTAX TOIUIMBA,
cUCTeMa HaJayBa OaKOB 3HAYUTENBLHO YMPOIIACTCS, €CJIU 3aMyCK MOXHO MPOU3BECTH
Ipyd TOM JABJIEHUHU, KOTOPOE UMEETCs B 0akKax B pe3yjbTaTe HUCHAPEHUS CaMUX
KOMITOHEHTOB (CHCTEMa ¢ CAaMOHAJTYBOM).

Cuctema HagayBa oOOpYAyeTCS COOTBETCTBYIOIIEH apMarypoil: peryisTopamu,
JPEHAXKHO-NPENOXPAHUTEILHBIMHA KJamaHaMH, a NPU HAIMYUKM B ra3e TBEPIbIX
yactul] — ¢mibTpamu. Pacder pacxoma raza Ha HaaIyB —TPOW3BOJMTCS TaK e, KaK W

JJIA BBITCCHUTCIJIBHBIX CUCTCM ITOAAa4H.

2.4 4. 3anyck JXP/] Ha KpUOT€HHBIX KOMITIOHEHTaX
B cnyuae nmpruMeHeHHsT KPUOTEHHBIX KOMIIOHEHTOB MOSBIISETCA HEOOXOIUMOCTh OX-
JXJICHUS MarucTpaiei 10 TeMmnepaTypbl KOMIIOHEHTOB. JIJIsl BBITIOJTHEHUS 3TOM Orepa-
UM TIPUMEHSIOT CUCTEMY 3aXOJIa)KUBAHUS MarucTpase.

IIpy KpHOTEHHBIX KOMIMOHEHTaX Mepe] 3amyCKOM OCHOBHBIE TPYyOOIPOBOIBI H
MOJIOCTA HACOCOB JOJDKHBI OBITh OXJIAKACHBI JI0 TEMIEpaTypbl KOMIIOHEHTOB. B
MPOTUBHOM CJIy4ae MOJIOCTA HACOCOB OYJyT 3aMOJIHCHbI MapaMu KOMIIOHEHTOB, HACOCHI
IIPH PACKPYTKE MOMIYT B Pa3HOC HMJIM 3aKaBHTHPYIOT, B KaMepy uepe3 (OPCYHKH MOMIET
ra30kKMAKOCTHAs CMECh — HAQUHETCA HEYCTOHUHNBOE TOPEHHUE.

OOBIYHO 3aIlyCK MNPOM3BOAMTCA TOIJA, KOTJAa MarucTpajab 3amoJIHEHA TOJIBKO
KUJKOCTBIO JI0 TJIABHOTO KJjlanaHa. TpeboBaHWE K CUCTEME 3axO0JIaXKMBAaHUS — ObICTPOTA

3axXOJIa’)KUBAHUA U MUHHUMAJIbHBIC IIOTCPH KOMIIOHCHTA.
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KpuorenHble KOMIOHEHTHI TOIUIMBA MPU 3aMYCKE, 3aMOJIHAA MOJIOCTH arperaTtoB U
TpyOONPOBOABI, HArpeBarOTCA U BckunaroT. [Ipyu Oonpiux auameTpe U JUiMHE TpyOo-
MPOBOJAA, COSAUHSIONIETO 0aK C HACOCAMU WJIM KaMepOH, Mapbl BbIOPACKIBAIOT KUIKOCTh
B Oak (re#izepubiit addexr). [locnenyromee 3amoHeHNE MyCcTOr0 TPYOONPOBOJAA KU/
KOCTBIO BBI3BIBACT MOABJICHUE TMAPOYAAPa, UTO MOKET BbI3BATh MOBPEXACHUA. | a3u-
(hrkarms KOMITIOHEHTA TOTIJIMBA HA BXOJI€ B HACOC TIPUBOJIUT K MOSBIICHAIO KABUTAIAA W
ra3oBbIX MPOOOK B MarucTpaiu. Eciu kamepa crnenuaibHO He 0TpadoTaHa Ha 3amy CK MpU
ra3u(UITMPOBAHHBIX KOMITOHEHTAX TOIUTMBA, B HEH MOXET BO3HWKHYTH JCTOHAIMASA TUTH
HeycToHuuBOE ropenre. Kpome Toro, ObICTpOE YMEHBIIICHHE TEMIIEPaTyPbl BHYTPEHHEH
MOBEPXHOCTU CTEHKHU TPyOONMpOBOJA WJIM arperata Mpu OMBIBAHWU €€ KPUOTEHHOU
KUJKOCTHIO MPUBOAUT K TMOABJICHUIO B MATEpUANIC KOHCTPYKUMH OOJIBIINX TEMIEpa-
TYPHBIX HAMpPSHKEHUH, UTO MOKET BbI3BATh MOSIBJICHUE TpelnH. [103TOMY npH KUCTOJIB30-
BAaHUM KPHUOTCHHBIX TOIJIMB B HAUaJie 3alyCKa HEOOXOAMMO TMPOM3BECTH 3aXOJIAXKUBAHUE
MarucTpajeu IBUTATEA.

Cuctema 3axoflaKMBaHUsA JOJ/HKHA OOECHEUYUTh CO3/laHhe padouyux YCJIOBHA B
arperatax MNPU MHUHUMAJIBHBIX PACXOAaX SHEPruM W MOTEPAX KOMIIOHCHTOB WU
XOJIOJTHOTO Ta3a.

B JKPJI ¢ BIIT 3axomaxuBaHHWE€ OCYHECTBIAOT MOPOAYBKOH Maructrpajici
XOJIOJTHBIM T€JIMEM C BBIOPOCOM MOCJETHETO Uepe3 KaMePy MJIH e BbIOPOCOM OJTHOTO U3
KOMITOHEHTOB (OOBIYHO BOJOPOJAQ) YE€pPe3 KaMepy W OJHOBPEMEHHO TPOIYBKOHW JTMHUH
MOJa4YM APYroro KOMIMOHEHTA XOJIOHbIM TEJTUEM.

B KXPJI ¢ HIIT cucrema 3axonakxuBaHuA CJIOXKHEE, T.K. 3aXOJAKUBAHUE MPOUCXOIAT
B JIBa 3Tana: CHavaJja MpoU3BOJAT 3aX0JaKMBAHUE MArucTpajeh A0 TJIABHBIX KJIAMAaHOB
KOMIIOHEHTOB, a 3areM jsaxojaxkuBaHue kamepbl u KIT. B JXPJ[ neOGonbummx Tar,
pabotatommx Ha TomymBe O, u H,, mepBblii »Tan 00ecneurMBaOT 3aXO0JIAXKHMBAHUEM
MarucTpajii OKACTUTENS C TIOMOIIBIO0 €CTECTBEHHON KOHBEKIMH (KHUCIIOPO MCTIAPSETCS
MEHEE WHTCHCHBHO, Ye€M BOJOPOJ), a MarucTpajud TOPIYEro — MyTEeM BbIOpoca
razoo0pasHoro H, depe3 npeHa)kHbIi KianaH, ycTaHoBJIeHHbIH 32 Hacocom THA. Tlocne
OTKPBITUSL TJIaBHBIX KJaMaHOB KaMeEpy 3aX0JIaKUBAKOT BOJOPOJOM C BHIOPOCOM €T0
yepe3  COIUIO, a MOJIOCTh OKUCJIUTENS TOJIOBKMA MPOAYBAKOT refveM. B kuciaopoaHo-
KEPOCHHOBBIX JBHUrareiiaX CPEIHUX M OOJIBIIMX TAr TMEPBbIA ATal 3aXO0JIAKUBAHUA
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MarucTpajad OKHCIUTEId OcCyIlecTBIsAoT npu padore THA na manbsix oOoporax
MEPEMyCKOM KHUCJIOPOJa M3 Hacoca uepe3 PEeUUPKYJAIMOHHBIN KiaanaH U TpyOo-
npoBoa B 6ak. Takas cuctema mpuUMEHEHA B KUCIOPOaHO-BoaopoaHoM XXPJI J-2 (puc.

2.7.), yCTaHOBJICHHOM Ha BTOPO#M cTyneHu pakero-Hocutens "Catypu V",

Puc.2.7. TII'CKP/J J-2

1 — THA okucnurens; 2 — knanan okucautess XKI T, 3 — XKI'T'; 4 — knamad roprodero
XKIT; 5 —paznenutenvubie kinanansl, 6 — THA roprodero; 7 u 21 — kjianaHbl pelupKy-
JAAY (Yepe3 HUX PEIUPKYJIAIMOHHBIE HACOCH OTKAUMBAIOT KOMITOHCHTH B OAaKH);

8 1 9 — kjanaHbl CUCTEMbI packpyTku TypOuH; 10 — Oamon; 11 — pacxonomep;

12 u 20 — rnaBHbBIC KJamaHel ABUrarens; 13 — kamepa; 14 — 37€KTpOBOCIIIIAMEHUTEb,
15 — xknaman O Bocmiamenutes, 16 — kimanan npoaysku; 17 — komnektop; 18, 19 —
TerooOMeHHUK; 22 — peryaarop COB.

B nBurarene uMEIOTCS CHOCHUANbHBIE PEUUPKYISLUOHHBIE HACOCHI, HMEIOIINE
aBTOHOMHBIA TIPUBOJ (HA CcXxeMe HE TOKaszaHbl). X BKmOUaAIOT mepen BTOPUYHBIM
3anyckoM Ha 300 c, obecnieunBas 3aX0JIaKUBAUKME MArucTpajeit 10 TJIaBHBIX KJIAMAaHOB.
[Tocne oTkpbITHS T[JABHOTO  KjamaHa roprodyero 12 Boaopod B TedueHue  8c.
MPOJIMBAJICSA 4YE€pPe3 TPAKT OXJIAKICHHUS, MOJIOCTh CMECUTEIbHON TOJIOBKM KaMepbl H

BbI6paCI>IBaJIC>I qcpe3 COII0, a MarucCTpajib OKHCJIHUTCIIA npoaysajiaaCb TICIIMCM.
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OCHOBHBIMM HENOCTAaTKAMHU 3TON CHUCTEMBI SBJISIOTCS CJIOKHOCTh KOHCTPYKIIMM U €€
3HAUUTEbHAA Macca.
B monepuuzuposannom XKPJI J-2S 3axonaxuBanue ObLJIO COBMEIICHO C MPOIECCOM
3amycka Ha Ta3u(UIIMPOBAHHBIX KOMIIOHEHTaX, 4YTO TO3BOJWIO W30aBUTHCA OT
PELMPKYJIALMOHHBIX HACOCOB M KJIAMaHOB, TMOBBICUTh HAACKHOCTh YCTAHOBKH H
MOJIYYMTh BBIMTPHIIT B Macce 1Y, Tak KaKk MOTEPU MPH 3aX0JIAKUBAUUB ra3000pa3HbIMU
KOMIOHEHTAMH HEBEJIMKH.
Takum  00pa3oM  MOXHO  BBIACJIHWTh  CIEAYIOIIME  OCHOBHBIE  CIOCOOBI

3aXOJIAKUBAHHMS:
3axoJaXXKUBaHUE MMYyTEM 3QJIMBKM KOMIIOHEHTOM M €CTECTBEHHOM KOHBEHIIUH
KoMrnoHeHTa. [lapbl ero BBIXOASAT MO OCHOBHOM TpyOe WM JOMOJHUTEIbHOM,
cHaOxeHHOW kianaHoM. KOHTpoJib 3axojiaXkKMBaHWS — JIAaTYUK TEMIIEpaTypbl WU
CIUIOLIHOCTH.

3axoNaKUBaHUE C MOMOILBIO CIIMBA KOMITOHEHTA Y€PE3 APEHANKHBIN KIIalaH.

3axonakKuBaHUE C TOMOLIBIO0 MPOKAYKN KOMIIOHEHTA HACOCOM € 3JIEKTPONPUBOJIOM
(KOMTIOHEHT TIEPEOXJIAXKICHHBIN).

3axojaXXuBaHUE — MPOYBHOMN XOJOAHBIM F€JIUEM.

BTOpBIe CTYIICHH MOKHO 3aXO0JIAKUBATh HCIIOCPCACTBCHHO MICPCA CTAPTOM Ha 3CMIJIC.
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Jlekmua 5

2.4.5. Cucrema nMpoAyBKH TOIJIUBHBIX MarucTpajieh
[Tpoayska npousBoaUTCA 1151 0O0ecneueHus: 0€30MacHOCTH 3aMmycKa.
OCHOBHO€ Ha3HAYCHHUE MPOYBKH:
l) uckmounTh  TOTMAAAHWE  OMEPEXKAIONMErO0  KOMIIOHEHTa B MarucTpaid
3aMa3plBaOLLIErO;
2) yIanuTh W3 MarucTpaju MOCTOPOHHHE BEIIECTBA.
[TponyBka BeneTcs HEUTPaIbHBIMU Fa3aMu — a30TOM, T'eJIMEM WU Bo3ayxoM. [Ipu 3Tom B
MPOAYBAEMBIX MOJOCTAX CO3aeTCs HEOObIoe n30bITouHOE nasienue — 0,1...0,5MI1a.
[lepBoe Ha3HAUECHUE NMPOTYBKH CBA3AHO C OMEPEKEHUEM moaaun B kamepy u KI'T
OJIHOTO U3 KOMHOHEHTOB. UTOOBI Maphl OMEPEKAOIIET0 KOMIIOHEHTA, 00pa30BaBIIMECS B
KC, ne Boimm uepe3 HOpPCYHKH B MOJOCTH 3aMa3/IbIBAIONIETO KOMIIOHEHTA 3Ty MOJIOCTh
MPOAYBatOT. B OT€UECTBEHHBIX KHUCJIOPOIHBIX ABUTATENAX OOBIYHO MPOIYBAIOT MOJIOCTH
roprouero kamepsl. B XKI'T' 00biuHO omnepekaronmmM KOMIOHEHTOM ABJISIETCSA TOT, PACX0/
KOTOPOro 0OOJIbIIIE CTEXMOMETPUUYECKOTO, a POAYBAETCSA NOJOCTh BTOPOI0 KOMIIOHEHTA.
B nporuBHOM cliyyae Bcerga mpu Mojadye BTOPOr0 KOMIOHEHTA B KAKOW-TO MOMEHT
a=1.
JIBurarenu CpeaHUX U MaJIbIX TAT HA a30THOKUCIIOTHBIX OKHUCJIMTENSIX MOTYT HE
MPOTYBAThCH.

[To BTOpOMY Ha3HAUECHUIO MPOJYBKA MPUMEHSETCA, €CJIM KOMIOHEHTH H, u F,__ .
[Tapbl H, 00pa3yroT ¢ KUCJIOPOAOM BO3/yXa B3PbIBOOMACHBIE CMECH, KPOME TOTO, BO3/IYyX
3aMep3aeT B OKUAKOM BOJOPOJE, o0pasyd KpUCTaUlbl jpaa - O,u N,. Ilostomy wu3

MAarucTpaiu, Mo KOTOPOU MOUAET H, , , BO3YX BBITECHSACTCS FE€IMEM MYTEM MPOIYBKH.

200 >

Cuctema npoayBKM COCTOMT W3 HMCTOYHMKA WHEPTHOrO Ta3a, KjanaHa NpOJYBKH,
o0paTHOro KjamnaHa, a Take TpyOOIpPOBOJAOB, COEAMHSIOIINX 3TH arperaTsbl ¢ KaMEPOH,
KIT wnu ynnotHenusimu HacocoB THA. Ilponyska nosiocteit KPP/ nepBoit cTyneHu
MOJKET MPOU3BOJAUTHCSA OT HAa3eMHOro ucrounuka, a KPJ| mociaemyrommx cryneHen
paketsl - or ['AJ]. /laBieHrE MPOAYBOUYHOTO ra3a BEIOMPAETCA TAKUM, YTOOBI, C OJTHON

CTOPOHBI, TOJTHOCTBIO HCKITFOYUTh BO3MOXHOCTh CMEIICHUA KOMIIOHEHTOB, a C JAPYroi-
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obecrieunTh MAUHAMAJIBHBIH pacxon raza. lllTymepa mist momBosa WHEPTHOTO raza He-
00X0MMO pacmojlaraTh ¢ TaKUM PAcueTOM, 4YTOOB B MPOMYBOUHOW TIOJOCTH HE
00pa30BaIOCh 3aCTOMHBIX 30H.

Cucrema MpOAYBKH BKITIOUAETCA 32 HECKOJBKO CEKYHJ /IO OTKPHITHS TIABHOTO
KJIallaHa OMEPEKAIOMIETO KOMIIOHEHTAa C TEIbI0  yAQJCHHWS W3  TOJIOCTEH
HEXEIATeIbHBIX BEIIECTB (BJIard, BO3/yXa), a BBIKIIOYACTCS aBTOMATHUCCKH, C
MOMOIIBIO 00OPaTHOTO KJIAalaHa, KOTOPBIM 3aKPHIBAETCS TIPHA ONPEICICHHOM JTaBJICHAN
3ama3apIBAIOEro KoMmmoHeHTa. [Ipu sToM mpemoTBpamaercs HE TOJBKO CMEIICHHE
KOMITOHEHTOB BHE OTHEBOH mojioctr kamepsl Wi JKI' T, HO 1 u3uITHee HAKOTUICHHE
OTIEPEIKAIOIIETO KOMIIOHEHTA B ATOM MOJIOCTH. MHOTIa cucTeMa MpoTyBKH BHITIONHACT
U (YyHKIMA CHUCTEMBI 3aXOJIaXXWBAHWSA arperaTtoB, €CIM TPOAYBOUYHBIM Tra3 HUMEET
JOCTAaTOYHO HU3KYIO TEMIIEPATypy.

2.4.6. Packpytka THA

B nBuraresne ¢ HacocHOM mogaueii 3To BaxkHast oneparus. Mcnomb3yroT packpyTky:

1) oT cneruanpbHOTO CTAPTEPHOTO TA30Te€HEPATOPA,;
2) OT CTapTOBOH TYpOUHBI,

3) ot ocuoBHorO XIT;

4) ot 6ayyIoHA CO CHKATHIM TA30M.

PackpyTka oT cTrapToBOrO Ta3oreHeparopa IHUPOKO MPUMEHSAETCA Ul ABUTATENCH
0e3 moxuranua P = 100...150 kH. Hcnone3yroTca mjisi crapTa TBEPIOTOIUIMBHBIE
razoreneparopel (TIT), mmetonme cBoi comoBoi ammapar (CA). TIT pabGoraer
1,2...1,5¢c u 3a 3TO BpeMs pacKpyuHuBaeT TypOuHY /10 00OPOTOB, MPU KOTOPOM HAUMHAET
padotats ocHoBHOM XKI T
MokHo ycTaHOBUTH HeCcKOJIbKO TI'T 1 oOecnieunts B noJiete 2-4 3amycka.

B naBurarene ¢ pgoxuranueM oOcHOBHas TypOuHa i CA paccuMTaHbl Ha Majbie
nepenajnl JaBJICHUS U OOJIBIIION pacxoa pabouero tena. [Toatomy B aTom cayuae TI'T He
MOIXO/IUT JIJIST HEMOCPEICTBEHHON PacKpyTKu. Kpome Toro, mopoxoBbi€ MPOAYKTHI TTOCIE
TypOunbl uayT B KC 1 MOTYT 3aCOpHUTH U TOBPEANTH (POPCYHKH.

[TosTOMYy B TakWx ABUTATENSX MMTUPOKO MPUMEHSIOT CIICAAJILHYIO CTAPTOBYIO TYpOUHY C

TIT (mapotypOuny).
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Packpytka THA ot ocHoBHoro XI'T npumeHseTcss B JBUraTesiaxX pa3jindyHON TATH.
3agada coctout B ToM, uToObl B JKI'T mogaTe KOMMOHEHTHI TOILJIMBA MO HEOOXOIUMbBIM
JABJICHUEM M 00€CIEUNTh UX BOCIJIAMEHCHHE,

Bosmoxken 3amyck JKI'T B HEKOTOpPBIX ClIydasx 3a CUET CaMOTE€Ka KOMMIOHEHTOB
tormmBa. B XKIT oHm mocrymaroT 1oa  ACUCTBUEM — HABJICHUSA  HAJIYBA,
TUAPOCTAaTHUECKOTO JAABJCHUA CTOJ0A KUAKOCTA. IJTOrO JAABJACHUA JOJLDKHO OBITh
JOCTATOUYHO JJIA pachblla KOMIIOHEHTOB W CO3/laHUAd Ha TYpOWHE MUHUMAJIbHO
HEOO0XO0MMOTO /JI1 BPAILICHUS NIEPEnaia JaBJICHHUS.

PackpyTka cxkatbiM ra3oMm OT OajyioHa — yJaoOHa Ha TEPBBIX CTyneHsx. bamion
TsOKEbld juisi npumeHenns B monére. B KPP/ J-Z2  (pmc. 2.7) packpytka THA

MPOU3BOJIUTCS U3 Mepe3apsaKaeMoro OaijioHa 9 ¢:KaTbiM BOJIOPOJIOM.

2.4.7. CucTeMbl 325KUTaHUS

BocnnameHenre KOMMOHEHTOB — HauOOJiee OTBETCTBCHHBIM MOMEHT 3aIlyCKa.
OcoOEHHO CJI0KEH OH B JABUTATENIAX HA HECAMOBOCIJIAMEHSIIOIIMXCA KOMIIOHEHTAX.
B stom cnyuae B kamepe u XKIT nomkHO ObITh CHelMaJbHOE YCTPOHCTBO WM OJIOK
3QKWUTAHUS, KOTOPOE CO34AET JOCTATOYHO MOIIHBIM MCTOYHUK TEIUIA, C TEMIIEPATypOu
BBIIIIE TEMIEPATYPhI BOCTUIAMEHECHUSI KOMIIOHEHTOB.

Ecnu BoCmiaMeHeHUE MPOUCXOAUT ¢ OOJIBIION 3a/IePIKKOM, TO BOZMOXKEH B3PhIB.
YacTto ucnosbs3yercs OJOKUPOBKA — CTABUTCA PEJie JABJICHHS U pelie BpeMeHu. Eciu B
TEUCHUE 3aJJaHHOTO BPEMEHU HE cpadaThIBAET PEJie JABJICHUS, TO 3aMyCK MPEKPAILACTCS,
KJIamaHbl MOJAYu  3aKpbiBatOTCA. JIJIsi  yMEHbIIEHUA 3aJ€PXKH BOCILUIAMEHEHUA
1E7€C000pa3HO UCTOUHUK 3aKUTaHUA BKJIIOUATh MEPe MoJaueii BTOPOro KOMIOHEHTA.

BocmiamMenenrne KOMIOHEHTOB BO3MOXHO TOJBKO B Ta30Boi  ¢daze mipwm
TeMIIeparype:

T>500K njst TorinBa KMCIOPOA-KEPOCHUH;

T>900K s TomanBa KMCIOPO1-BOIOPOI.

HUctounnkom Temia, HEOOXOAUMOTO Uil MCMAPEHUS TOMJIMBA M MOAOTPEBA €ro

MapoB JI0 TEMIIEPATyPbl BOCIJIAMEHEHUS, ABJISIETCA BOCIJIAMEHUTENIBHOE YCTPONCTRO.
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OHO yCTaHaBIWBACTCA HA TOJOBKE KaMephl WJIM BBOJWTCA BHYTPHh KaMmephl CO
CTOPOHBI COTUIA W TIO KOMAaHJE CO3[ae€T MECTHYIO 30HY TOPSYEro rasza, Temrmeparypa
KOTOPOTO JOJKHA OBITh BEITIE TEMIEPATYPhl BOCIUIAMEHEHHS TTapOB TOTUIMBA.

TpeboBaHus K CUCTEME 3AXKUTAHHUS:

- HaIE)KHOE BOCTUIAMECHEHHE TOTUTMBA B CAMBIX TSDKEJIBIX YCIIOBUAX 3aITyCKa,

- CO3MaHME 3amaJbHOTO (pakena M0 TOCTYIUICHHS B KaMepy OCHOBHBIX
KOMITOHEHTOB TOIUIMBA, MPH 3TOM TMPOUCXOIUT MPEABAPUTEIBHBIA TMPOTPEB TOJOCTH
KaMephl M YMEHBIIIACTCA BPEMsI 3aJIEP>KKH BOCTIAMCHCHUS,

- TIOBBHITIICHUE JIaBJICHUA B KaMmepe A0 BEIUYHMHBI, 00CCIEUUBAIONICH YCTOMIHUBOE
TOPEHUE OCHOBHOTO TOTUTHBA.

HauOonpiiee pacnpocTpaHeHre TONYUHJIM CIICAYIOIIHE CIOCOOBI 3a)KUTaHMS:
XUMHUYECKOE, MAPOTEXHUUECKOE U AIICKTPOUCKPOBOE.

Xumuueckoe 3adcueanue.

B »3toM cmydae K OCHOBHBIM  KOMIIOHEHTAM  TOIUTABA  JTOOABIISIETCS
JIOTIONTHUTENIbHBIE  CAMOBOCIUIAMEHSIONMAECS KOMIIOHGHTBI. JTO TIEPBOE HANICKHOE
3aKkUTraHue oTpaboTaHHOE B Hamel cTpane (Hampumep, KPJ[ CY-1500).

KemareapHo WMETh OJWH JOTIOJIHATEIBHBIM KOMIIOHEHT. B KadecTBe KOTOPOTO

OOBIYHO BI)I6I/IpaIOT TAKOC Iropro4ucc, KOTOPOC CaMOBOCINIAMCHACTCA C OKHMCIIMTCIICM.

O
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Puc. 2.8.
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JInsg TomiMBa C A30THOKHUCIOTHBIMH OKHCIHUTENsIMHU ( HNO,, N,O,) TpPUMEHSIOT

HOHOHHHTGHBHBIﬁ KOMITIOHCHT — CMCCh KCWJINAWHA C TPUITHITAMHUHOM.

I[J'Iﬂ TOIINIUBA C OKHUCJINTCIICM 02 » B KauCCTBC JOMOJIHUTCIIBHOTIO KOMITIOHCHTA

MPUMEHSETCA TPUATUIATIOMUHUN UJTH CMECHh TPUATHIIAIIOMUHHUS C TPUITHIIOOPOM.

Ha pwuc.2.8 mokazaHbl JB€ CXEMBbl II0JBOJIa IMYCKOBOTO TOPIOYEro: IepBas, C
MOMOIIBI0 aMITyJIbl ¢ MYCKOBBIM TOPIOYEM, KOTOPOE BBITECHAECT OCHOBHOE TOpIOUEe, U
BTOpAasi, ¢ UCMOJIb30BAHUE AaBTOHOMHOW CUCTEMBI MOJAa4M MyCKOBOTO roprouero. Bropas
cxema 00eCreuynBaeT MHOTOKPATHBIN 3aMyCK.

ITupomexnuyeckoe 3axcueanue (puc. 2.9). Tlpeanonaraet UCIoab30BaHKE IIAIIEK
U3 MAPOTEXHUUCCKOW CMECH (THIA MOPOoxa, OOBIYHO TBEPABIA OKHCIATEIh — MEPXJIopaT
KaJIUs WJIA HATpuUs, TOprouee — MOPOIIKU O0Opa, alOMUHUS WM MarHus ¢ J00aBKOM
CBAZYIOIIIETO BEIECTBA), KOTOPBIE BOCIIAMEHSIOTCS C TIOMOIIIBIO AJICKTPO3aNalioB.

Ecnu Takue muponaTpoHbl YCTAHOBJIEHbI HA IITAaTUBE U BBOJAATCA CO CTOPOHBI
COMJa, TO OHM HAa3bIBAIOTCA THUpo3ananbHbIMU ycTporcTBamu ([13Y). Ecnu onm
MOMEIIEHbl B MPOYHYID KAaMEpPy M YCTAHOBJIEHbI HA TOJIOBKE, TO MX YAaCTO HA3bIBAIOT

MUpocBedaMu (TUpOo3arajgamMu).

5 s I

Puc. 2.9. JIBe cxeMbl TUPOTEXHUUECKOTO 3KUTaHUS
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Dnexmpouckpogoe 3axcucanue. DICKTPOUCKPOBOE 3aKUTAHUE TTPHUMEHACTCS B
OCHOBHOM B KHCJIOPOHO-BOIOPOAHBIX JKPJI.
DJIEKTPOUCKPOBOE 3AXKUTAHUE OCYIIECTBIIACTCS MOMOIIBIO 3JIEKTPOUCKPOBBIX CBEUECH
ITOBEPXHOCTHOTO Pa3psjia, MATAEMBIX OT BBICOKOBOJIBTHOTO TpaHchopMaTopa.
TennoBas »sHeprud, BbIACHsACMAs CBeuamMu orpanudeHa. [losToMmy waime Bcero
3a)KUTAaHUE BBIMOJHACTCS ABYXCTYNECHYATHIM. CBEYa MOJKATACT KOMIIOHEHTHI B Kamepe
MaJIbIX Pa3MepoOB, KOTOpas BOCIUIAMEHAIET KOMIIOHEHThl B OCHOBHOM KaMmepe. ITO

YCTPOHCTBO HA3BIBAIOT BoCIUIaMeHuTENEM (puc. 2.10).

Y0

R

0bog

-
-
-

¥

INEKMPOUCK]

Puc. 2.10. D1eKTpOUCKPOBOE 3aKUTAHUE

Cucrema 31eKTPOMCKPOBOro 3aKUraHus HaAExKHa B paboTe, mpocTa U 0e3omacHa B
o0CTy)KMBaHUH, TOMTyCKAeT MHOTOKPATHOE MCTIOIb30BAHNE, HO TPeOyeT HCTOUHUKA
ANEKTPUUECKOTO TMUTAHUS OOJIBITICH MOITHOCTH, YEM MTUPOTEXHUICCKHAE YCTPONUCTBA,
Macca 3TOH CHCTEMBbI TaKk)Ke OOJIbIIIE.
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Jlexkuus 6
2.4.8. OcoOEHHOCTH 3aMycKka B KOCMOCE

JIoTIOMTHUTENTbHBIE TPYAHOCTH BO3HUKAIOT MPH 3aIyCKe IBUTaTeNs B KOCMOCE.

B »TOoM crydae HauanpHBIC JaBICHHWE M TeMIIepaTypa W Kamepe W COOOMIAIOMINXCS C
Hel TpyOOmMpoBOJAAaX Maybl, a MPH UIUTEIIEHOM TMOJETE A0 BKIFOUCHUS JIBHTATENSA
3HAUUTEJIFHO CHUKAETCSA M TeMIepaTrypa BBICOKOKHIAIMWUX KOMIOHEHTOB. [Ipu sTom
YXYAIIAeTCS WX PaCHbUI, CHIDKACTCA XMMHUUYECKash aKTUBHOCTh W BO3PACTACT BPEMs
3aIepKKA  BocmiameHeHusa. K ToMy k€ Tpu HEmpOrpaMMHUPOBAHHOM  3aIyCKe
YBEIMUMBACTCS W HAYaJbHBIM IYCKOBOW PacxXoj, TaK Kak SBJICHHUE THAPOyJapa IMepen
dopcynkamu ycunauBaeTrcs (NP MEHBINIEM TMPOTHUBOAABJICHUM B TPyOOMpoOBOAaX M
MOJIOCTSX TOJIOBKH YBEIIMUMBACTCS CKOPOCTh ABHKEHUS KOMIIOHEHTOR).

B pesynbrare 3HAUMTENHHO BO3pacTacT KOIPPUIMEHT MEPErpy3KH MO MABIICHUIO.
Jlna oOecnieueHrss 0€30MACHOCTH 3allyCka MPUMEHSIOT TOAOTPEB IMYCKOBBIX MOPLHMA
TomnuBa, 0Ojee MOITHBIC MUCTOUHWKH 3Q)KUTAHUA,. A TpH OJHOPA30BOM  3aMyCKe
WHOTJIA KaMepy MPEeABApPUTEIFHO TEPMETH3UPYIOT TIOCTAHOBKOMW 3aTTyIIKH B COTIJIE, B
pe3ysibTaTe dYero JaBjCHWE B HEHW W COCAMHCHHBIX HEMOCPEACTBEHHO C HEH

TPyOOIPOBOAX COXPAHAECTCS HA3EMHBIM.

Puc. 2.11. BeitecHeHErEe KOMITIOHEHTOB 13 0aKka B HEBECOMOCTH

1 — 6ak; 2 — smacTUUHBIM MeIIOK; 3 — MeMOpaHa

B ycnoBusix HEBECOMOCTM  ra3oBas NOAyIIKa B Oake MOXET pacnojaraTbhcs
MPOM3BOJIbHO, 3aXBaThiBass U 3a00pHOE yCTpoHCcTBO. UTOOBI MpPH 3aIlyCKe OCYIIECTBUTH

3360[) KHUAKOCTHU, B Oakax YCTAHABJIMBAIOT 3JIACTHUYHBIC 3JICMCHTHI THIIA MCIIKOB WJIH
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MeMOpaH, KOTOpbI€ OTICIAIOT KOMIIOHEHTHI TOTIJIMBA OT BBITECHAOIIEro rasa. Ilpu
3TOM KHAKOCTh 3aIOJHIET, TPEAHA3HAYCHHOE € MPOCTPAHCTBO MOJHOCTBIO.

Jna XKPJMT 3a0op KOMIIOHEHTOB TOIIJIMBA TIPA 3alMyCKe B HEBECOMOCTH
OCYIIECTBJISIIOT YCTPONCTBAMHM, YACPKHUBAIOIIUMH JKHAKOCTh y 3a00pHHUKA C TOMOIIBIO

KAalMAWLTAPHBIX CHUJI HJIK CHJI IMOBCPXHOCTHOI'O HATAKCHUAS.

OTH  yCTPOWCTBA TMPEACTABISAIOT COOOH MHOTOPSAHBIE KOJBIEBBIE CETKH WIIH
nepdopupoBanHbie 000I0YKH, OXBaThiBaromue 3a00pHuK Oaka. s XKPJI 6oapmumx Tsr
MPUXOJNTCS MCIIOIb30BaTh MHEPLIMOHHBINA HAMOP, KOTOPBIA CO3AAI0T NPEABAPUTEIHLHBIM

3anmyckom HeOompmmx PITT.

2.4.9. CuctemMbl aBTOMAaTUUECKOTO ypaBieHUusa ocTaHoBoM J[Y
PexxumoM 0CTaHOBA HA3bIBACTCA PEKUM C MOMEHTA MOJAYM KOMAHIbl HA OCTAHOB
JI0 MOJTHOTO UCUE3HOBEHUS TATH. JTO TOXKE HEYCTAHOBUBIIHUICS PEXKUM PAOOTHI.
OcTaHOB JABUTATENs] XAPAKTEPU3YETCA CICAYIOIIMUMHU OCHOBHBIMU TapaMETPaMHU:
BPEMEHEM OCTAHOBA W HUMIIYJIbCOM TIOCJICACTBUA TATH, KOTOPBIE MOJKHBI OBITh

MHWHHMAJIbHBIMH.

Pexxum MOKET COMPOBOKIATHCS TAKUMHU HEKETATCIIBHBIMHA SIBJICHUSIMU, KaK THIPaB-
JIMYECKHUE yAapbl B MaruCTpajiAX W IMyJbCallMy AABJICHHS ra3a B kamepe. Kpome Toro,
MPHA 3aKPBITUHA TJIABHBIX WM OTCEYHBIX KJIAMMAHOB TAra KamMepbl YMEHBIIACTCS
MOCTENIEHHO, TO MEpPE BBIFOPAHUS TOMJIMBA, OCTABIIErOCA B MAarucTpaisax 3a
kinanaHnamu. Beneacteue 3toro Ha JIA nelcTByeT AOMOJHUTEIbHBIA UMIYJIBC TATH
— wnmmnynbe nocaeacteua Taru  (UIIT), BennmumHa  KOTOPOTO MOXKET HW3MEHATHCA
JIOCTaTOYHO Mpom3BoJibHO. Pa3zbpoc  Bemuumasl  UIIT  BBI3BIBAET OTKIIOHEHHE
JEUCTBUTEIIPHOW TPACKTOPUM TIOJIETA OT PACUYETHOMW M MO3TOMY HA KOPPEKLMIO
TPACKTOPHH 3aTPAYMBAIOT JOMOJHATEBHBIA PACX0 TOMINBA, UTO BEAET K YXYAICHHUIO
xapakTepucTuk JIA.

Takum o0pazom, CHCTEMA YIIPABJICHUS OCTaHOBOM JOJKHA
obecrieunTh  Oe3aBapuiiHO€  BBIKIIOUeHHWEe JIY W MUHHUMAJbHYIO  BEJIHU-
yuny paszopoca HIIT. B a1ty cucTteMy BXOAST B OCHOBHOM TE€ K€ ar-

PeraThI, qTo u B CUCTCMY 3allyCKa, HO MMopAAOK nux cp abaTeIBaHUA
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OyIeT MHBIM.

B 3aBucuMocTH OT Ha3HAUECHUS W YCJIOBHH SKcrutyatanuu JIA BeIOMpalOT OAWH U3
CIEAYIOMMX CIIOCO00B BhIKIIOUeHUA J[Y:

- IOCJIE U3PACXOA0BAHHUS TOTUINBA,
- HA OCHOBHOM PEXUME PAOOTHI;
- HA KOHEYHOM PEXUME PAOOTHI.

[TepBbiii 1 BTOPOM cOCOOBI  HUCHOJB3YIOTCA B Cilyyae, €CJId HE 3aJaeTCsl TOUHOE
3HaueHue koHeuHou ckopoctu JIA. IlepBhiit cnoco0 NPUMEHSIOT TPH  BBIKIIIOUEHUHN
JIY paker Kjmacca BO3IYX-BO3AYX, 3€MJISI-BO3IYX», HUKHUX CTYMEHEH KOCMHUUYECKUX
pPaKeT, CTapTOBBIX ABUTareneit camoneroB. [Ipu 3TOM  MOXKHO MOJIYYUTh HAMOOJIBIIUN
UMIOyJbe Tru J[Y 1 MUHMMaIbHYIO KOHEUHYH0 Maccy JIA. OaHako BCEACTBUE TOTO,
YTO CTAaTUYECKHM HAmop B MarucTpajd paHHEE Bbpa0aThIBA€MOT0 KOMIIOHEHTA
TOIJIMBA B KOHIIE padOThl CUJIBHO CHHUXAETCS, B HACOCE BO3MOXHO BO3HUKHOBEHHE
kaputauuu. [lostomy nBurarenmn ¢ HIIT BeIKIIOYAIOTCS HE B MOMEHT TMOJHOTO
W3PacXOJ0BAHUSA KOMIIOHEHTA TOIUIMBA, 4 HECKOJBKO PAHBIIE, MO CHTHAILY OJHOTO W3
JATYAKOB MUHUMAJIBHO JOMYCTUMOTO YPOBHS JKHAKOCTH, YCTAHOBIICHHBIX B HH)KHUX
nHuiax OakoB. Takas cucTeMa BBIKIKOUEHUS HA3bIBACTCS CUCTEMOW OKOHYAHHUS
kommoHeHToB TorumBa (OKT) u mpumensercs va /1Y nepBbIx CTyMEeHEeH MHOTHX PaKeT.

Bropo#i cnoco0 wuCHoNb3yIOT MPU BHIKJIIOYEHUM JBUrarejicd HeOOJbIIUX TT,
YCTAHABJIMBAEMbIX HA MUJIOTHPYEMbIX JIA M UMEOMMX 00BIYHO MHOTOKPATHBIN 3amyCK
B TIoJieTe (HampuMep, BO B3eTHOW JIY JyHHOTO SKCIEAMIIMOHHOTO OTCEKa, B
mapieBoit /Y kopabms « AOMIIOH» U B YCKOPHUTEIAX MaHEBPA CaMOJIETOB).

[Tpu nepBoM 1 BTOPOM cnoco0ax OCTaHOBA TATA JBUTATENA U3MEHSETCS MO COBME-
meHHbIM kpuBbiM 1 1 Z, a UTIT nponmopimoHaisHo 3aLUTPUXOBAHHOW TUIOIIAAN MO
KPHUBBIMHU.

Tpetuii cnocod NpUMEHSIOT MPU BhIKIIOUeHUH /1Y anmapaToB, KOHEUYHAas CKOPOCTb
KOTOPBIX JTOJDKHA OBITH BBIJEPKaHA TOYHO (OMHOCTYTEWYAThIE OATHCTUIECKAE PAKETHI,
MOCJICIHAEC CTYMEHHW KOCMHWYECKMX pakeT). B KoHIlE akKTHBHOTO ydYacTka
TpackTopun JIA HMMEET HAMMEHBIIYIO MAacCy WU €ro YCKOpPEHUE MOoJ ACHUCTBUEM TSATH
MOKET ObITh CPAaBHUTEJIBHO OOJibIIMM. [103TOMY mMepen BBIKIIIOUCHUEM MNPOU3BOIUTCA
yMeHbllieHue Taru J[Y, uTto mo3Bojiger 00Jj€e TOYHO YJIOBUTH MOMEHT JIOCTHKCHUS
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33IaHHOTO 3HAYCHHMS KOHEUHOH CckopocTd M cHu3nuTh Bemmuuny UIIT (xkpuBas 3 Ha
puc2.12). Kpome TOro, mpu 3TOM YMEHBINIAETCS BEIMUYMHA THAPOYJApa B MarruCTPasIsx
KOMITOHEHTOB MTPY 3aKPBITHUH KJIATIAHOB.

B 3aBucumoctu ot Buja /1Y CHUKEHUE TATH TEPE BHIKIIFOUEHUEM MOXKET ObITh 00€C-
MIEYEHO:

- B CJIy4ae OJHOKAMEPHOW YCTaHOBKHU — MEPEBOJAOM KaMEPhl HA PEKAM KOHEUHOMN
CTYIICHH,

- IpPH MHOroKamepHoW /1Y WM CBSI3KEe NBUTaTeNEd — BBIKIIFOYCHUEM TEX KaMep WU

JBUTATENEN, KOTOPBIC HE YUACTBYIOT B YIIPABJIICHUU BEKTOPOM Taru /Y.

pl
P

KOH

T

Puc. 2. 12.

[To Takoi cxeme MpOM3BOIMIIOCH, HAPUMED, BBIKIIIOUCHUE [|Y TpeThed CTYNEHH PaKeThI
«EBpona-1». OTta yctaHoBKa cOCTOsJla M3 OCHOBHOM M JABYX PYJeBbIX Kamep. Tak Kak
BeymunHa MITT ocHOBHOM KamMepbl HE MOXKET ObITh OMPEIEeHAa TOUHO, TO CUTHAJ Ha €€
BBIKJIFOUCHHE TOJABAJICS TPU CKOPOCTH CTYMEHH, HECKOJIBKO MEHBIIEH pacueTHOM.
Heobxoaumoe nONOJHUTEIRHOE MPHUPAICHUE CKOPOCTU CTYNEHU O0ECHEUMBaAJIOCh py-
JIeBbIMU KaMepaMu. Takas ke MocaeI0BaTeIbHOCTD BHIKIIOUEHUS ABUTATENS €€ paHHEE
Obl1a MPUMEHEHA Ha BTOPOM CTYNEHH (IICHTPabHOM 0J10Ke) pakeTsl "Coro3".
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Bmecre ¢ tem pama cHwkenna UIIT mpuMeHSAOT W Takue KOHCTPYKTUBHBIC
MEPONPHUATHA, KaK PACIOIOKEHAE OTCEYHBIX KJIAMMAHOB HEMOCPEACTBEHHO HA BXOJE B
MOJIOCTH TOJIOBKH KaMEphl, YMEHbBIIICHUE BPEMEHU CcpadaThiBaHUS KJIAMAHOB, MPOIYBKA
MarvucTpajged KOMIOHEHTOB MOCTE IJIABHBIX KJIAMAHOB C LEbIO OBICTPEHILIETO YIaJICHUA
OCTATKOB TOTUTMBA. [IpH BRIKITFOUEHUH B YCIIOBHIX BakyyMma BecbMa 3((hEeKTUBEH IpeHAK
MOJIOCTEH TOCNIE€ TJIABHBIX KIIAMMAHOB, TaK KakK MpU ATOM oOecrneyuBaerca ObICTpOe

YAAJICHHUC KOMIIOHCHTOB UX BLIITAPHUBAHHUCM.

Puc. 2.13

Ha puc. 2. 13 npusenena [11'C 2KPJ[ C5-2 ogHocTyneHYaTOl OAJIITUCTUUECKON PAKETHI.

Jna ymenpinenus MIIT orceunoi kmamaH oxucauTens 18 ycTaHOBIEH Ha TOJIOBKE
KaMephl, a KJanaH 23 COeIMHAET MarucTpajib FOPIOYETO C BBIXJIONOM U NPHU €r0 OTKPHITUU
roprouee U3 MarucTpaii BeIOpackiBaeTcs B armocdepy.

Temn 1 mocne0BaTEIbHOCTh CPAOATHIBAHUS arperaToB MPH BBIKITIOUEHUN BHIOUPAKOTCS

U3 YCJIOBUS 00€CTIEUeHUsI COXPAaHHOCTH camoi Y.
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TpebGoBanus k ocTaHOBY B OONBIIONH CTETICHW 3aBHCAT OT AOMYCKAa HA KOHCUHYIO
CKOPOCTbh PaKeThl, KOTOPBIH MOXKET COCTaBIIATH 5-6 M/c. OcoOEHHO Maj JOIMyCK Ha
CKOPOCTD ISl IOCIICTHUX CTYTIEHEH PAKETHI.

Onepanuu 0CTaHOBA B OOIIEM CITy4ae
1 — mepeBoa MBUATATENS HA MOHWKEHHBIN PEKAM — PEKAM OCTAaHOBA,
2 — seikmouenne THA (momaum kommnoneHToB B XKI'T);
3 — BBIKITIOUEHHE HaAyBa 0AKOB;
4 — mpekpaieHue MoIaYd KOMIOHEHTOB B KaMepy, IS 3TOTO 3aKPBIBAIOTCS
TJIaBHBIC KJIATTAHbI,
5 — 4TOOBl yMEHBITUTH HUMITYJIBC TOCICASHCTBHS, BKIIOUYAIOT TPOIYBKY
MOJIOCTEN 3a IJIaBHBIMU KJIAITAHAMM.
C 57Ol Ke TEeabI0 Pa3AessaioT TUTaBHBIC KJIanaHbl Ha 2; MyCKOBOW W OTCEUHOM,
MOCJICTHAN CTaBST HA TOJIOBKY KaMEPHI.
B KOHKpPETHBIX CITydasx HEKOTOPHIX W3 ATHX OTEPAIHiA MOXKET HE ObITh, HO MOTYT
OBITh JTOTIOJIHATEIHBIC, HANPUMEP, 3aKPHITHE Pa3NCIUTEIbHBIX KJIAlmaHOB |

MPOJYBKA NOJOCTEN HACOCOB.
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Jlexkums 7
2.4.10. Cuctema aBapuiHOTO BBIKJTFOUCHUS.

Cucrema ynpaBieHus OCTAaHOBOM JIOJDKHA OOECHEUUTh BBIKIFOYEHHUE HE TOJIBKO MO
MPEAYCMOTPEHHON  3apaHee KOMaHAE, HO M B CIlydae BO3HUKHOBEHHA aBapUMHBIX
CUTyallMil HA CTapTe WM B TNOJIETE€, YTO OCOOEHHO Ba)XHO NPH HCIOIb30BAHHUU
cnoxubix /Y. Tak. Hampumep, mpu mnpekpameHun ropeHuss B OJHOW M3 Kamep
YMEHBILIEHUE TATH HE MOXET ObITh KOMIEHCUPOBAHO YBEJIMUEHUEM BPEMEHH PaOOTHI
apyrux kamep. Ho ecnm momavya KOMIOOHEHTOB B 3Ty KaMepPy MPOJOIIKAETCA, TO 3TO
NPUBOJUT K HAKOIUICHHUIO B HEHM TOTUIMBA, BOCIJIAMEHEHHIO €r0 OT (haKeoB MIaMEeHU
Ipyrux kKamep © B3pbIBy. llostomy B cucreme ympasieHus [Y wumerorcea
CIIEHHAJIBHBIE TPEIOXPAHUTENBHBIE YCTPOMCTBA, KOTOPBIE W CJIydae HaPYLUIEHHS
MIPAaBUJIBHOTO MPO-TEKAaHWA MNPOLECCOB BBIKIIIOYAIOT ABurarens. [Ipm 3amycke a1y
(YHKIMIO BBITIOJIHAET CHCTEMA aBTOOJIOKWPOBKH, KOHTPOJUPYIOMIAS MPABUIBLHOCTH
cpabarbiBaHMs arperaroB Jsuratens. Ha OCHOBHBIX pexumax padoThl KOHTPOJIb
HauOoJiee BaXKHbIX MapaMmeTpoB J[Y OCYIIECTBIAIOT CUCTEMbI PEryJIUPOBAHUA U
aBapuiiHoro BbIKIIOueHus apurarens (ABJl). B Tex crnyuadax, korma cuctema
PEryJIMpOBAaHUSA HE MOYKET MNOMAEPIKUBATH 3aJaHHBIE 3HAYEHHS KOHTPOJIUPYEMBIX

napameTpoB, cucrema ABJ] mogaeT KOMaHAy HA BBHIKJIIFOUEHUE JIBUTATEIIS.

2.4.11. MHOrOKpaTHbI OCTAHOB JIBUTATEIIS B MOJIETE
MHorokpatHeld OCTaHOB /Y B MONETe 3HAUUTEIBHO CJIOXKHEE, TaK KakK MOCIE
MEPBOTO BBIKJIIOUCHUS JBUTATEJIA BCE CHUCTEMbI HEOOXOIMMO MEPEBECTH B COCTOSIHUEC
MMyCKOBOW TrOTOBHOCTU. [locne ocraHOBa Temno, 3amaceHHOE B CHJIBHO HArpeThIX
anementax nsuratens (OKIT, kamepa, TypOuna THA), MoxeT SBUTHCA TMPUUHHON
BCKUMAHUSA WM PA3JIOKEHUS KOMIOHEHTOB, UYTO TMPHUBOJAUT K UYPE3MEPHOMY
MOBBIIICHUIO JABJCHUA B HEKOTOPBIX MOJIOCTIX W K PA3pPYyIICHUIO KOHCTPYKIIUM.

[To3roMy MCTIONB3YIOT APEHAXK ITUX TTOJOCTEH WM UX TPOIYBKY.

2.4.12. Cuctemsbl ynpasjenus /1Y Ha OCHOBHOM pekxume padOThl
Tpaexroputo onera JIA (muHUIO ABMKEHUS TICHTPA €70 MACC) PACCUNUTHIBAIOT 3apaHEe
U B MPOrpaMMy yIpaBJCHHUs MOJETOM 3amuChiBaOT mapameTpsl Y, obecneumnBaroniye

MOJIET PAKETHI MO 33JJAHHON TPACKTOPHHU.
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OnHako B peajibHbIX YCJIOBHUSAX TMOJETAa Ha JIETaTeNbHBIN anmapar JeHCTBYIOT TaKXKe
W CIIydyalHbI€ BO3MYILCHHUS, KOTOPBIE MOTYT BBI3BATh OTKJIOHEHWE ACHCTBUTEIBHOU
TPACKTOPUU OT pacueTHOM. 111 KOMIIEHCAIMK 3TUX BO3MYIICHUN JI€TAaTEIbHBIN armapar
JIOJKEH UMETh, CUCTEMY HABEACHHMS, KOTOpas 00eCreunBaeT IBUKCHHUE LIeHTpa Mace JIA
MO0 3aJaHHOW TPAEKTOPUM, W CUCTEMY CTAOWJIM3AIMU, KOTOpas COXPAHAET 3aJaHHOE
MOJIOKEHUE OCEH CUCTEMbI KOOPJIMHAT OTHOCUTENIBHO IJIOCKOCTENH CUCTEMBI KOOPIUHAT.
HcnosHuTeNnbHBIM OPraHOM 3THUX CUCTEM OOBIUHO siByisieTcst 1Y .

Cuctema HaBenmeHusa JIA moxer ObITh, B CBOIO OdYEpPEeab, pa3AcicHa Ha
CHUCTEMBI:

MPOrPaAaMMHOTO U3MECHEHHUS BEJIMUHUHBI TATH,

PETyIMPOBAHUS KAXKYIIEHCS CKOPOCTH TMOJIETA,

CUHXPOHHOTO OMOPOXKHEHUS 0AKOB ¢ KOMIOHEHTAMHU TOTUIUBA.

CucteMa NpoOrpaMMHOTO H3MEHEHUUSA BEJHUYHUHDBI TATU CIYXKUT
JUTS IOJTYYEHUS 3aJaHHOM ckopocTH JIA ma pa3nuuHbIX Tanax ero nojeTa.

bonbimue mnpenensl M3MeHEHHUS TATH HeoOxomumbl ana JIY kocmuueckux JIA.
YMmenbiienue TAru JIY paker-HocuTenaed MOXKET MOTpeOOBaThCsA MJiA OTPAHUUYEHUA
BEJIMYMHBI MMOJICTHOTO YCKOpeHUs uin Ay cHrkeHns UIIT npu BeIKiOUeHUH ABUTATENA,
a YBEJMUCHHUE TATU OJHUX JBHUratesied 0iouHoi J[Y — 1y KOMIEHCAMU TITHA JPYTHX,
BBILICAIINX U3 CTPOA.

B Hacrtosmee BpeMsa OCHOBHBIM METOJOM  YIPABJICHHUS BEJIUYUHOW  TATH
oaHokamepHbix JKPJ aBrisgerca n3amMeHeHue:

- IABJICHUSA MTOJJA4Yd KOMIIOHEHTOB TOMJIABA,

- repenaja JAaBleHHA Ha (QopcyHKax Apg, MYTEM IPOCCENTMPOBAHHA KOMIIOHEHTOB
TOIUIABA ITPH MOIAY€ UX B KamMepy,

[Ipn mnpoektupoBannu JKPJ[ ero mapamerpbl ONPEOETAIOTCS I OCHOBHOTO
(HOMHHAJTFHOTO) pexknMa padoTel. JlomyctuMoe yBenmmueHue TATH ((popcupoBaHUEe
JBUATATEINS) OOBIYHO HEBEIHMKO BCJICACTBHE HEOOMBIMMX KOA(D(PHUITMEHTOB 3amacoB 1o
pany napametpoB Y. [103TOMy CymIEeCTBEHHOE M3MEHEHHE TATW BO3MOKHO JIWIIb B

CTOPOHY €€ YMCHBIIICHHS.

B KPJl ¢ HIIT tary MOXXHO yMEHBIIMUTH MyTEM CHHXKEHUA CKOPOCTH BPAIICHHUS

potopoB THA: B nmurarensx 0e3 MOKMIaHHUA — CHHXXEHHMEM Pacxoja KOMIOHEHTOB
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torBa B JKI' T mpH mOCTOSSTHHOM WIIM U3MEHSAKOIIEMCA WX COOTHOIICHWM, 4 B JBUATATEIIAIX C
JOKUTAHUEM UM3MEHEHHUEM COOTHOIIEHUA KoMIoHeHToB TommBa B KIT mm
nepenyckoMm raza nomumo TypOuHsl THA. M3meHenuwe TAru B OOJBIIOM AMANA30HE
MOKHO MOJIYYUTh OTKJIFOUCHUEM KaMep WM JABUTATENCH CloKHbIX Y.

Komannpl Ha u3MeHeHuwe Tsru 3anuchiBatoT B nporpammy CAY JIA, xoropas B
COOTBETCTBYIOIIME MOMEHTHI BpeMEHHU miepenaet ux B J[Y, BbI3bIBas NEPEHACTPOUMKY
PETYJATOPA TATH WIIH OTKITIOUEHUE KaMep (ABUTATENICH).

Cucmema pe2yiupoganusi Kaxcyuweucsi CKopocmu

Kpome mnporpaMMupoBaHHOIO M3MEHEHUA TITH, MOXET BO3HUKHYTh HEOOXOU-
MOCTh B OMEPATUBHOM €€ M3MEHCHHH, TaK KaK B moJieTe Ha JIA NeHCTBYIOT ciydailHbie
BO3MYIIICHUA, BbI3bIBAEMbIC W3MCHCHHEM YCJIOBUH TMojeTa, acuMmmeTpued Taru [V,

OTKJIOHCHUSAMH CTAPTOBOM MEPErpy3Kh OT HOMUHAJIBHOM U T. M.
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Puc. 2. 14.

s KOMIeHcauuu 3TUX BO3MYIIEHHH Y BKIIFOWAIOT B CUCTEMY PETYJIMPOBAHUSA
kaxymeiicas ckopoctm  (PKC)  JIA. Ckopocth, ompeaenseMas WHEPIHOHHBIMH
JaTYMKaMU, HAa TOKA3aHUS KOTOPBIX BJIMSIOT CHJIbI TATOTCHUS HEOECHBIX TEJ, HA3bIBAIOT

KaKYILLIEencs.
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B kauectse mpumepa paccmotpum dyHKIMoHaIbHYIO cxemy cuctembl PKC n COb
KP1, npusenéunyto Ha puc. 2.15. I1I'C storo KP/I uzoOpaxkena Ha puc. 2.14.

HNatuuk yckopenust 34 nogaér curdansl B BOBM, B KOTOpOH 10 HUM BBIYUCISAETCA
BEJIMUMHA CKOPOCTH M CpaBHHBaeTca ¢ 3aganHoi. B BOBM mnocrynaior u CHrHajibl OT
natunka nasienusa 11 B kamepe XKPJ/l (Tara mpomopiimoHaibHA JaBICHUIO B KamMepe).
Ecnn 3Hadenwe naBneHWs (3HAYAT W TATH) WIA KXKYIMEHCS CKOPOCTH BBIXOMAT 3a
npeaenbl Jomycka, To 010k 33 BeIpabaThiBa€T KOMaHAY B PeETyaATOp pacxona 4,

KOTOPBIM M3MeHsAeT pacxod okucnurens B XKIT 26.

: ESEM =

31 32 § » 9 ™ ramepa
34 | ‘\
: ; >
11
v 1

4ol 26 [o21 [l 20 Il 12

| KaMepa

Puc. 2.15. Ctpykrypnas cxema PKC u COb
B pesynbTare 3TOro u3MeHs0Tcs 000poThl TypOuHbl 21 u HacocoB 20, 22, meHsAeTcs

pacxoj TomjarMBa B kaMmepy 12 U BOCCTaHABIMBAIOTCS 3HAUSHUS JABJICHUA U TATH.

Cucmema cunxponnozo onoposcuenus baxos JI A
3anpaBka 0akoB /Y KOMIOHEHTAMHU TOILJIMBA MPOU3BOAUTCSA, UCXOAS U3 PACUETHOTO
MaccOBOTO UX COOTHOMEHUA Ky pace. B pE3ynbTaTe AEelcTBHA CydaliHbIX (PakTOpOB
nercTBuTENbHAA BeTunHa K, B mojiere OyAeT OTJMYaThCA OT PACUETHOM, UTO MPUBEIET K
YMEHBILICHUIO V,; U3-3a CHIKECHUA BeUunH Jy u L, . [locneanee oObICHAECTCA TEM, UTO
MPU HEOJHOBPEMEHHOM OIMOPOXKHEHUHU 0AaKOB BO M30EKAHUE MPEKACBPEMEHHOTO U3pac-
XOJ0BAHHUA OJJHOTO U3 KOMIIOHEHTOB TOIJIMBA MPUXOUTCA OpaTh UX JIMIIIHUHI 3anac, 4To

BCACT K YBCIIMUYCHHIO 1M B 3aBucuMoCcTH OT CBONCTB MNPpUMCHACMOI'O TOIJIMBA M BC-
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JUYUHBI MACCOBOTO UHCJIA [L,, OOJIbIIIEE BIUSHUE HA CHUXKCHUE BETUYUHBL V;; MOXKET
OKa3bIBaTh YMEHBIICHME Iy MM 1.

Amnamus 3aBucumocta Vy, = f (I, 1) MOKa3bIBaeT, YTO TOJIBKO HpH W < €, T[IE € —
OCHOBAHME HATypallbHBIX JIOrapu(MOB, OTHOCHUTEIBHOE U3MEHEHHUE I, OyaeT MeHble
BIIMATh HAa V,;, YeM OTHOCHTEIIbHOE W3MEHEHHME [, Ha Ty € BeauuuHy. OaHako
BeNUUUHA U3MeHeHus I, B paiione K p, o 119 OOJNBINMHCTBA TOIUIMB HPH P > 8 Mma
CpaBHHUTEbHO HeBenuka. [lostomy B JIY CTyneHeW pakeT-HOCHTEIEH, Tae | > > €,
HCIIONIB3YETCS CHUCTEMa CHHXPOHHOTO omopokHeHus OakoB (COB), obecneumBaromas
MHUHUMAJIbHBIE OCTATKH KOMIIOHEHTOB TOIUIMBA B 0akax CTOpoHYy. ECTeCTBEHHO, 4TO mpH
3TOM pexkuMm padoTel 1Y m3Mensercs, Tak K. J[aTumkamu 3TOHW CHUCTEMBI MOTYT OBITh
W3MEPUTEIN YPOBHEH KOMIIOHCHTOB TOIUIMBA B 0akax WM  PacxoJ0MEpHI,
YCTAQHOBJICHHBIC B MArucTpajisiX MOJayud KOMIIOHEHTOB TOIUIMBA B kamepy. lloka3zanus
ATUX JIAaTUMKOB CPABHUBAIOTCA C MPOTPAMMHBIMUA 3HAUCHUSMU B BBIUMCIATEIIBHOM
YCTPOUCTBE, W MPU PA3HUIIEC, MPEBBIMIAIOIIEH JOMYCTUMYIO, TMOJACTCS KOMaHAa Ha
MPUBOJI Apoccens-perynstopa cucteMbl CObB, yCTaHOBIIEHHOTO B OJTHOM W3 Maructpaieit
KOMIOHEHTOB TOIJIMBA U U3MEHSIIOILIETO €€ TUAPABINYECKOE COMPOTUBIICHUE B HYKHYIO
aK MacCOBOE COOTHOIICHHE KOMIIOHEHTOB TOIJIMBA B KaMmepe Km oOTKIOHAeTCS OT
pPacyeTHOro, B pE3yabTaTe Yero yMeHplarorcs Benwuuael I, m P Cucrema
ABTOMATUYECKOT'0 PETYJUPOBAHUS KOMIEHCUPYET U3MECHEHUE BEJTUUUHBI TATH P.

Ha pannee paccmotpennoi cxeme COb — curnansl ypoBHeMepoB 31 mocTynaioT B
6optoBoiit OBM (BOBM) B 0Omnokx 32. [locne cpaBHEHHS TEKYyIIUX 3HAUYCHWH C
MPOTPAMMHBIMU W OOHAPY>KEHUS OTKJIOHCHHMS OT 3adaHus Ojok 32 BbipadaThIBACT
KoMaHay apoccento 9 cucrembl COB, KOTOpbIH M3MEHAET pacXxo] OJAHOTO U3 KOMIIO-
HEHTOB (B JAHHOM CJIydae OKHUCIUTEIA) B kKamepy 12. B pesynbrare 5Toro onmopokHeHHE
0aKOB MPUXOJUT B COOTBETCTBUE C MPOTrPaMMOM, HO TiAra KaMepbl MOXKET BBIMTH 3a
npeaensl gonycka. B 3Tom ciydae HaumHaeT paboTaTh CUCTEMA PETYJIMPOBAHUA
KaXYILECHCS CKOPOCTH, KOTOpas MNPHUBEAET BEJIWUYUHY TATH B COOTBETCTBHUE C

HEOOXOIUMOMN. .
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Jlexuuga 8

3. KOHCprKHHH OCHOBHBIX arperaToB CUHCTEMbI MOJAAYMH TOIJINBA
KoHctpykuusa arperatos ynpasiieHUA
OTnenpHble CUCTEMBI KOHCTPYKTHBHO CBSI3aHBI MEXAY COOOM, Tak KaK 4acTO OJHU U
TEXE arperatbl BHITIOIHSIOT HECKOJbKO (hyHKIMA. Pa3nudnbie 3amopHBIE YCTPOWCTBA,
HampuMep, BXOAAT B CHUCTEMY MOJaYu TOIJIMBA U B CUCTEMY YIMPABJIICHUU, OaKU — B
CUCTEMY XPAHEHHS KOMIOHEHTOB M B CHCTEMY MOJA4yu TOIUIMBA U T. 1. B pe3ynbrare

ATOTO CYIIECTBYET HEKOTOPAsk YCIIOBHOCTH B KJIACCU(PUKAIINNA CUCTEM.

[lo HaszHauenuro arperatsl u  ycrtpoiictBa JKPJI  MOkHO pa3znenuts Ha
CHEIYIOIINE TPYIIIHI;

OOpPTOBBIE NCTOUHUKH SHEPTHUH,

arperatbl, HOBBIIAOIIME TABJICHUEC )KUIKOCTH,

KJIallaHHbIE YCTPOMCTBA,

PETYIMPYIOLINE YCTPOUCTBA,

YCTPOWCTBA I BOCIJIAMEHEHHUS TOTIJIMBA MPH 3aMyCKeE,

KOHTPOJIMPYIOIIUE YCTPOUCTBA,

TPyOONPOBOJIbI U 3JICKTPUUECKHUE KaOeu.

Kaxnpiii arperaT NpOEKTHPYIOT IS BBITIOTHEHUS oOmpeneiacHHbx ¢Gynkmmid. Yem
npome (YHKIUA, TEM BBIIIE HAACKHOCTh arperara, Tak Kak paciiupeHue (pyHKiwid
MPUBOJIUT K YCIOXKHEHUIO KOHCTPYKIMM. OJIHAKO B IENAX YMEHBIICHHUS MacChl
KENATeIbHO COBMEINATh OTACHbHBIC (DYHKIIMA B OJHOM arperate Wi OOBCAUHSTH
arperarbl U OAHOM kopmyce. [lociaenHee 0ObIYHO BEIET U K MOBBIIICHUIO HAJEKHOCTH
paboThI, TAK KaK YMEHBIIACTCS YUCI0 TPYOOMpPOBOJAOB U UX coenuHeHud. Kpome toro,

P 3TOM 00JIEr4aeTcss MOHTaXK U 3aMEHA arperaTtoB B HKCILTyaTal|H.
3.1. KoHCTpyKIus KJIanaHOB

Jlis yopaBiaeHus pacXxoI0M JKUIKOCTH WK ra3a B Maructpaisax Y ycraHaBmviBaroT
BEHTWIM (3aJBWXKW W KpaHbI, MPUBOAWMBIC B JCHCTBHE BPYYHYIO), APOCCENA U
KJIallaHbl (aBTOMATHUYECKHE W YTMpaBJsieMble AUCTAHIIMOHHO). K BEHTWISIM B

cuctemax JIY ortHocaT kpaHbl (puUCyHOK],a), 3ampaBOUHBIC W CIUBHBIC TPOOKH.
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KnamanoM Ha3pIBalOT YCTPOMCTBO, OTKPHIBAIOIIEE M 3aKPBIBAKOIIEE  IPOXOJ
JKAJKOCTH MJTH T'a3a B MarucTpajM, Ha KOTOPOM OHO YCTaHOBIICHO. Crienudpuueckamu

Tpe6OBaHI/I$[MI/I, NPpCABABIACMBIMHA KKJIallaHaM , ABJIIAIOTCA.
- ICPMCTUYHOCTDL (HOJ’IHaSI WA ¢ J0ITy CTUMBIMHA YTquaMI/I) B 3aKPBITOM COCTOAHHUM,

- olecrieueHue 3aJaHHOTO 3aKOHA HM3MEHEHUS NPOXOJHONO CEUYEHHsT B MOMEHT
OTKPBITUS (3aKPBITHA);
- obecrieyeHne 3a1aHHOrO pacxo/ia PU MajloM I'MIPaBINYE€CKOM COMPOTUBIEHUM,

- MaJiasi MOIIHOCTb, HEOOXOAuMast Jyisi cpabdaThIBAH U,

- CTAOUJILHOCTh BPEMEHU OTKPBITUS W 3aKPBITHS.

[P

Puc. 3.1. Buapl KiIanaHHbIX YCTPOUMCTB: a- ¢ PYUYHbIM; O- C JAMCTAHIIMOHHBIM

yIIpaBJI€HUEM, B —aBTOMaTHUeckoe, | —kopmyc, 2- cemio;, 3- 3alOpHbIi OpraH;

4 — mpuBOA

B obmem cnmyuae xmaman (puc.3.1,06,B) COCTOMT W3 KOpIyca C CEIJIOM, TIOJABHKHOTO
3aMOPHOrO OpPraHa, KOTOPbIA, MPUXKUMAsICh K CEATy, MEPEKPHIBAET KaHall, U MPUBOJA
3TOro OpraHa.

Knananbr M0oxHO KjIacCH(PpUIMPOBATH MO CIICTYIONMAM OCHOBHBIM TTPHU3HAKAM:

M0 HA3HAUCHUID — IIYCKOBBIE, OTCEUHbIC, TJIaBHbIC, APCHAXKHbIC, TPEAO-
XpaHUTENbHbIE, OOpaTHbBIE, PELUPKYJISIIUOHHBIE U JIP.;

[To cmocoOy mpuBoAa B JEHUCTBUE — aBTOMATUUYECKUE, CPadATHIBAIOIIHUE MO
JEHCTBHEM CHJI JIaBJICHWA KUAKOCTH (Ta3a) B MarucTpaim, Ha KOTOPOW OHH
ycTaHoByieHb! (puc.3.1,B), ynpaBiseMbie ¢ TOMOIIBIO TTOaUA KOMAHHOTO CUTHAJIA,
HEMOCPE/ICTBEHHO HECBSA3aHHOTO C JaBJCHHWEM padouero Tejla B MarucTpaiu

(puc.3.1,6), m koMOMHHMpPOBaHHKIC, MO (OpME 3AMOPHOTO OpraHa. TapeabuaThie,
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IAPOBBIE, IWJIUHAPUUECKUE, 3aCTIOHOYHBIC, MEMOPAHHBIE;

mo ¢a30BOMY COCTOSHHIO padodero Teja, NPOXOMAIIeT0 4Yepe3 KIIamaH,
MMHEBMATUYECKHUE U THAPABINYECKHUE,

M0 HAYaJbHOMY MOJIOKCHUIO 3allOPHOTO OPraHa — HOPMAaJbHO OKPBITHIE,
HOPMAQJIBHO 3aKPBITHIE 1 HOPMAJIBHO NPUKPHITHIE,

MO0 YHCJIY TMO3WIUN, KOTOPBIE MNOCIEAOBATEIPHO 3aHUMAET 3alOPHBIA OpraH
KJIallaHa, IBYX-, TPEX- U YETBIPEXITO3ULIUOHHBIC;

M0 KPAaTHOCTH JICUCTBUA — OJIHO- U MHOTOKPATHOTO CpadaThIBAHUS.

[TyckoBbIM Ha3bIBAlOT HOPMAJBHO 3aKPbHIThIM KJamaH, Npu CcpadaTbIBaHUU
KOTOPOTO pabouee Tea0 NOCTYMAET B COOTBETCTBYIOIIYIO MAarucTpaib.

OTceuHbIM HA3bIBAIOT HOPMAJIbHO OTKPBITHIM KjamaH, NOpu cpadaTbIBaHUU
MEPEKPBIBAOLIMK MAaruCTpaib.

['maBHBIM HA3BIBAIOT KJIATIAH, BBITIOJIHSIONNN (PYHKIIUH KaK ITyCKOBOTO, TaK H
OTCEYHOTr0 KJalaHa W CTOAIIMNA HAa MAruCTpaJIM MOJA4Yd KOMITIOHEHTA TOIUIMBA B
KaMepy JBUTaTENs.

PaznenurensHbld Kianad OTAEHAET OaK OT MAaruCTpalik ¢ UEIbIO Mpe-a0TBPaIEHU
yTE€UYEK KOMITOHEHTA TOIJIMBA UE€PE3 arperaThl MOcCiie 3aIUBKHU Oaka.

JlpeHaxHbIM KJIamaH MPEIHA3HAYEH JJIsi COOOIICHUS B OMPEACICHHBIE MOMEHTHI
BPEMEHM MOJIOCTEW arperara ¢ OKPYXAKOMIEH CPEAOH C LENbI YIAJICHUA W3 HUX
HEHYKHBIX BEIIECTB.

[IpenoxpanuTenbHbIE KIAMaHbl TPEAOTBPAAOT YPE3MEPHOE NOBBIIIEHAE NABIICHUS
B 3almuinaemMoit nmojoctu. OOpaTHbIE KJamaHbl HE JOMYCKAIOT TCUCHUS raza Wiu
KUJKOCTH MO MarucTpajsiM B OOpaTHOM HampaBji€HUU. PenupKyasiHOHHbIC
KJIanaHbl OOECMEUMBAIOT B OMNPEACICHHbIE MOMEHTHl padoThl Y HHUPKYJIALUIO
YKAJIKOCTH M0 3aMKHYTOMY KOHTYPY.

CnvBHBIE W 3aMpaBOUYHbIC KJIAMaHbl YCTAHABIMBAIOT BMECTO NPOOOK B Ciyyasx,
KOrJja HEOOXOAMMO OOECNeuuTh AUCTAHIMOHHOE YIPABJICHUS 3allpaBKOW WK
CIIMBOM BEILIECTBA.

3.2. IIpoekThpOBaHKE KJIAMAHOB

B TexHuueckom 3adHMH Ha MOPOCKTHUPOBAHMC KJldallaHd YKa3bIBAKOT Cro
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HAa3HAUEHUE, TIEpPEernaj JaBJICHUS HA HEM B OTKPHITOM H B 3aKPbITOM
COCTOSIHUAX, BpeMs cpadaThiBaHUsA, BEIMUYMHY YTEUYEK B 3aKPHITOM COCTOSIHUH,
rabapuThl, MacCy, PeCypc MU HaJEKHOCTb PabOThI, JITUTEILHOCTh XPAHEHUA.

[Tocne monyueHHuss TEXHUUECKOTO 3aJJaHuA MPOSKTUPOBAHUE KJlarnmaHa
BEJCTCS B CICIYIOIIEM MOPAJIKE:

- BEIOMPAIOT TUII KJIANaHa ¥ €ro MPUHIUIHAIBHYIO CXEMY,

- PaCCUMTHIBAIOT MPOXOAHBIEC CEUCHUS MOJIOCTEH;

- BBIOMPAIOT KOHCTPYKTUBHYIO CXEMY, PACCUMTHIBAIOT YCUJIUA MPUBOJA,
MPOM3BOAT KOMIIOHOBKY OOINETO BWjJA KJjamaHa, BHIOOP MaTepualioB W pacyer
MPOYHOCTH JIETAJIEH,

- pemamT BOMPOCH OOecreueHrus HAASKHOCTH paboThl (0COOCHHO
YIUIOTHCHHH ) ¥ TEXHOJIOTUYHOCTH U3TOTOBJICHHUS,

- OMPeAeAtoT rabapuThl U MacCy.

Bwibop muna xnanana onpenensercs TeMu TpPeOOBAHUSIMHU, KOTOPBIE K
HEMY TMPEIbABJIAIOTCS TEXHUUECKAM 3aJaHMEM [0 4YHUCIy cpadaTbiBaHus,
OBICTPOJECHCTBUIO, HAJIC)KHOCTHA U TEPMETUYHOCTH,

BricTponelicTBue KiamaHa XapaKTEPU3YETCS TMOJIHBIM BPEMEHEM €T0
cpabaThiBaHUs, KOTOPOE CKJIAJBIBACTCS W3 BPEMEHU cpadaThiBaHUS MPUBOAA
U BpEMEHU cpabaThiBaHMsA paboUero oprasa.

Bpewms cpabarbiBanus MPUBOJA OTCYUTHIBAIOT OT MOMEHTA MOJAYM KOMaH/IbI 10
Hauajia JBWXKeHUsA opraHa. OHO XapakTepu3yeT WHEPLUUOHHOCTh CHUCTEMBbI
YIPABJICHUS JAHHBIM KJIAMaHOM.

Bpewms cpabarbiBanus paboyero opraia OTCUMTHIBAIOT OT MOMEHTA Hadajia €ro
JBUXKCHUSL 10 OCTAHOBKM B KOHEYHOM TNOJIOKeHUH. OHO XapakTepu3yeT Kak
WHEPLHUOHHOCTh MEXAHUYECKOHM CUCTEMBI KJIalaHa, Tak U MOIIHOCTh MPUBOJA.

OueBUAHO, UTO BpeMs cpadaThIBAaHUS 3aBUCUT OT THIA U HA3HAUCHUS KJlaraHa.
Tak, HapuMep, I OTCEUHBIX KJIaaHOB ¢ MAPONPUBOAOM T, , = 0,001. ..0,015 c;
Top = 0,001¢, a ¢ maesmonpusogom 1., =0,05... 0,15¢, 17.,=0,1...0,3c.

B o6mem ciaydae MOXHO JaTh TOJBKO CamMbi€ MPUONMKEHHbIE PEKOMEHAAIMU 10
BHIOOPY THIA KJIAMaHa: B CUCTEMaX OJHOKPATHOIrO JACHCTBUS OOBIYHO MCHOJBb3YIOTCS
ABTOMATUYECKUE WJIM MUPOYIPABIAEMbBIC KJIAMaHbl, a B CHUCTEMaX MHOTOKPATHOTrO
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NEUCTBUSI HOPMAJIbHO OTKPBIThIE WJIM HOPMAJIbHO MPUKPHITHIE MHEBMOKJIAMAHbI C
OpsMBIM  XOJIOM pabdouyero opraHa WM aBToMaTuHueckue kianansl. [lpu sTOM
KeJaTebHO, YTOObl B cucTeMax JNaHHOW JIY ObuIM yCTaHOBJIEHBI KJalaHbl ¢ OJHUM
TUIIOM TIPUBOJIA.

3.3. Pacuer kianaHoB.

Onpeoenenue npoxooHvlx cedeHul kianana. BenuunHy NOpOXOJHBIX CEYEHUM
MOJIOCTEN Ta30BbIX KJIAMAHOB OMPEACIIAIOT U3 YCJIOBHS TEUEHMs MOTOKA C J103BYKOBOM
ckopocThto. UTOOBI He yBeIMUMBATh CHUJIBHO MOTEPH JaBJIEHUs B THApPOKJIANaHax,
CKOPOCTb MOTOKA B HUX MPUHUMAIOT OOBIYHO HECKOJbKO MEHBIIIE CKOPOCTH TEUCHHUS B
TpyOonpoBojax. JluameTrpbl BXOJHOIO U BBIXOAHOIO NMATPyOKOB KjarmaHa BBIOMPAIOT
PaBHBIMU AHAMETPaM COOTBETCTBYIOLIUX TPYOOIPOBOIOB.

[IpoxoaHoe ceveHue KianaHa MeX]ly CeJJIOM UM 3allOpHbIM OPraHOM, B 3aBUCUMOCTHU

oT (I)OpMI)I MMOCJICAHCTO, MOKCT OBITH MUJIMHAPUYICCKUM UJIN KOHUYCCKHUM.

Puc. 3.2. OcHOBHBIE pa3Mepbl KkjanaHa (a) U yCUJiusl, IeMCTBYIOIUE Ha Tapelib
JliaMeTp TPOXOAHOro cedeHus ceana d BeIOMPAIOT TPHUOIM3UTENBHO PAaBHBIM

JMaMeTpy BXOJHOIo narpyOka, a JuaMeTp 3all0pHOro opraia 0ObIYHO COCTABIISIET
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d=(1,15-125)d,
MpuyeM OoJIbllIee 3HAYEHUE TPUHUMAIOT ISl INIOCKOW Tapesu.

JluameTp moJIoCTH, B KOTOPOH MEPEMEIIACTCS Tapeib, OOBIUHO BbIOUPAIOT U3

CooTHOIIIEHUS

D=+2-d
aBTOMATHYECKOTO KJanmaHa B 3aKpeiToM (0) W OTKPHITOM (B) COCTOSHUSAX
[lo 3amaHHBIM pacxoay uepe3 KiamaH M,; U CTaTHUECKOMY Tiepenany AAaBJICHUA Ha
KJIaaHe TPU €ro TOJHOM OTKPBITUHM [Jp ONPEaenaioT HEOOXOAUMYIO TIIOUIAAb

MMpOXOAHOro CCUCHUA IICIIN MCIKAY TAPCIIbIO U CCAJIOM

rae | — ko3 UIMEHT pacxoa;
p - TJIOTHOCTH pab0OYero BeIecTBa;

Apo — ICpluaa JaBJCHHA IIa OTKPBITOM KJIAIIAHC,

Ap 0 — pBX o pBLIX 0.

Bemmunny kosdduimenta pacxoaa BHIOMPAIOT B 3aBUCUMOCTH OT (DOPMBI 3alOPHOTO
oprasa: Jjisi KOHu4YecKoro u maposoro p =0,52...0,56, nma mnockoro p=0,58...0,62.

[Tnomanp Sy, CBA3aHA C TCOMETPUUCCKUMH pa3MepaMH IIIeJTH COOTHOIIICHAEM
S, =m dh sing,
rjae h — BeicOTa moseMa (XO1) Tapeiw,

( — TIOJIOBWHA YTJIa KOHYCHOCTH KJjIanaHa (Jis TIockou tTapemun ¢ = 90°).
IlpuHuMas B MpOXOIHBIX CEUCHHSIX CEJJIa M IIETH OTMHAKOBHIMA BEITHUNHBI
ko3 durmenTa pacxoaa ¥ CKOPOCTH TEUEHHUS TTOTOKA, MOYKHO HAWTH BEIMUUHY X012

Tapesu:;

h=d/4 sin ¢.
OObI4HO 1151 OOJIBIIKUX KJIAMAHOB C MJIOCKON Tapesibio BEIOUPAIOT

h=(02..025)d.
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Jleknusa 9

3.4. Pacuyer ycunuii B KJlanaHax

1. Jna asemomamuueckoco Klanawa HEOOXOAUMO  ONpPENETUTh pa3Mepbl |
XapaKTEPUCTUKY MPYKUHbI. YpaBHEHUE paBHOBECUs CWUJI, ACHCTBYIOIIMX Ha 3allOpPHBIN

OpraH Mnpu 3aKpbITOM KJIaITaHE (pI/IF33), MOJXHO 3aIlimMcaTthb B BUJIC
P3+PF_PHH:Oa

rae P; - paBHOAeWCTByloIIass CHUJI JABJIEHHS Cpelbl Ha 3aloOpHbIA OpraH mpu

3aKPbITOM KJIallaHe,

_ 2 2, 42 )
3= Bx3 - (1l —dy BBIX 3 )5
P;y=(md"/4)(p (1-dy /d)p ) (1)
PBx3 Y PBbIX3 - COOTBETCTBEHHO JABJIEHHSI Ha BXOJE M Ha BbBIXOJE MPU 3aKPbITOM
kiamnane; d, — auameTp mrtoka Tapenu; Pr— ycunaue, Heooxoaumoe st o0ecreueHus

repMCTHYHOCTH KJlallaHa, P]-[ H - Ha4YaJIbHOC YCHJIMC IIPYIKHUHBI.

Puc. 3.3

Ycunue, HeoOXxoaumoe isi oOecreueHus TepMETUYHOCTH KJlalaHa,
Pr :kr qr SK_]'[Sil'l([), (2)

rac Jr — MHUHUMAJIBHO l'IOTpe6HOG KOHTAaKTHOC OAaBJICHHUC Ha YIINIOTHAIOLMINX

MOBEPXHOCTSX JIJIsl 00ecreueHrs FTepMETUYHOCTH, ONPeieIIeMOe OMBITHBIM MYTEM ;
K, - koabduiueHt 3anaca (x, >2);

S =t db - moImaabk CONPUKOCHOBEHUS YIJIOTHSIOMIMX TOBEPXHOCTEN;

b --- MMPHUHA KOHTaKTa YINUIOTHAIOMIUX HOBerHOCTeﬁ.



Hauansnoe yeunue npyxuasl Pry = ¢ h g,
TJIe C- JKECTKOCTH MPYKUHBI,
hyy - HauanabHOE MOHKATHE TPYKUHBI.
VYpaBHeHHE PaBHOBECHS CHJI, ICHCTBYIOIINX HA 3aMIOPHBIA OPraH MPH MOJTHOCTHIO
OTKPBITOM KJjIamaHe (puc. 2, B), 3alUIIEM B BHUJC

Py = PHK: (3)

'-"'l
LX)

Puc.3 4.

rae Pr  — KOHEUHOE yCuie Py KUHBI.
JIeCTBUTENIPHOE 3HAUYEHHWE PABHOJACUCTBYIOIICH CHIJI JABJICHUS CPElbl HA

SaHOpHHﬁ OpFaH HpI/I ITIOJIHOM €I0 OTKpBITI/II/I
Po= nd® Ap, /4ky, 4)

rae Ky — KO3(pOUIIHEHT Harpy3Ku, KOTOPBIM YUHUTHIBACT CHIDKCHUE ASHCTBUTEIIBHOMN
Harpy3KH Ha 3alOpHBII OpraH 10 CPaBHEHHIO ¢ TEOPETHUCCKOM BCIICICTBUE TOTO, UTO
nepenaj AaBJICHUS, JSHCTBYIOIIMI MPHU 00TEKaHUHU CPEI0i 3aIIOPHOTO OpraHa, OyaeT

MCHBIIC NCPCIIaaa Ha KJIallaHe. BeHI/I‘{I/IHy Cro HaxXOo AT SKCIICPUMCHTAIBHO.

Koneunoe ycunmue npyxunst P, = ¢ (hyyy +h).
W3 ypasaennit (1) u (3), moacTraBuB B HUX 3HaueHus cui Pryy u Py, MoxHO

HalTH KOX((PHUIMEHT KECTKOCTH

C= (PO_ P3 - PF)/ h,
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HHH :h(P3 + PF)/(PO -P3—PF).

[Ipu pacuere muddepeHUUANTBHBIX KJIanaHOB B (QopMyJjax JJisi OInpeeseHus
yewnuii P; u Py BMecTo kBasipaTa quameTrpa d Hy)KHO B pacyeT MPUHUMATh Pa3HOCTh
KBaJpaTOB AUAMETPOB (d22 — d12).

Pacuem ycunuii 6 ynpasnsemuoix knananax. J1jist ynpapiasieMbIX KJIallaHOB HY>KHO
paccuuTaTh yCUJIMe, KOTOPOE TOJKEH pa3BUBATh MPUBOJI B MOMEHT CpadaThIBaHUs
KJarnaHa. Y cuine npuBoja, Heo0X0AMMOE J1Jisl HAUAJIbHOTO OTKPBITUSI HOPMAJIbHO

3aKpI)ITOFO KJialtaHa, MOY>XHO HaﬁTH n3 ypaBHeHI/Iﬂ
Prp3=Ppy +Prp—P;
a YCI/IJ'II/IC, yﬂepmHBa}omee Tapenb KJIaltlaHa B OTKpI)ITOM COCTOAHUMU, - U3 ypaBHeHI/Iﬂ

PnpO = PnK - I)O-

3necb Prp — cymmapHasi cuiia TpeHus, IeHCTBYIOIAs HA 3alOpHBIA  Opras;

Ppp — ycunue npuBopa.

Puc. 3.3 (nmoBTopeHue).
B HopmanvHo omkpvimom kianawe B HayajbHbIA MOMEHT JBUXKEHHUS Tapeiu

yCUJIMe IPUBO/Ia
Pl‘lp():PI'lH_l_PTp—PO’
a ycuiue, 00eCIeurBaInee repMETHYHOCTD 3aKPBITOrO KjlaraHa,
Prp3 =P+ Pr—Ps.

[Ipu sTOoM BenmuuHy ycuiuid Py u P3  ompenensitor B 3aBUCHUMOCTH OT

56



HaIpaBJICHUS TTOTOKA KUIKOCTH, OOTEKAIOIIEH KiTanaH.

[TonyueHnnbie pacueTHbIC 3HAUCHUS YMHOXKAIOT Ha KodpdumueHnt 3amaca
Kpp = 1,2 ... 2, IOCJIE 4Eero ONPEREA0T Pa3MePHl JIEMEHTOB IIPUBOAA.

B cnywae TmpuMEHEHUA  27eKMPOMACHUMHO20 — NPUBOOd  PACCUHTHIBAIOT
AJNIEKTPOMArHHUT KJIaraHa.

[Tpwn ucnonb30BaHUHN NUPONPUSOOd BEIOUPAIOT THTIOPA3MEP MTUPOTIATPOHA.

[Ipu pacueTe pasMepoB nHEEMO- WU  2UOponpugood HEOOXOAMMO BHAUaJe
BbIOpPaTh BEJIIMUMHY YIPABJISIIOLIETO [AaBieHUA paboyero Ttejna. OTO AABJCHUE
3aBUCHUT OT HAJIMYWS UCTOUHUKOB T'a3a WJIH KUIAKOCTH TIOBBIIIIEHHOTO JABJICHUS U OT
napaMeTPOB UMEIOIIUXCS YIIPABJISAIONINX KJIAaMaHOB W peayKTopoB. [1pu yBenmnuennn
YOPABJISIFOIIETO  AABJCHUS YMEHBIIAIOTCA TabapuThl HW BeC TMPUBOJA, HO
YCIIOXKHACTCA 00ECTICUCHUE TEPMETHIHOCTH TIOJTIOCTEH.

3.5. KomnoHoBKa KjanaHa

[Tpu koMmOHOBKE BHIOMpAIOT (POpMYy M MaTepHATl ASTANICH W PACCUNTHIBAIOT UX
HAa TPOYHOCTH M JKECTKOCTh, B PE3YyJbTATe YETO OMPEACIAIOT HETOCTAIOIINE
pasmepbl. Kpome pacdera Ha CTaTHUECKHAE HArPy3KA HEOOXOAUMO TAKXKE MTPOBECTH
MPOBEPKY MPOUYHOCTH TPH JICUCTBUM TUHAMHUCCKUX HArpy30K, BOSHUKAIOIINX TIPH
MOSBJICHUW B MArWcTpajd TUAPOyAapa WIA TyJbCalWy JaBieHWsA. MeTtoanka
pacdeTa BEIMYWHBI JABJCHUS TIPHU THAPOYAape win KodxhurnrenTa TMHaAMHYHOCTH
MIPY MYJIbCAIMAX JABJICHUS B MarvuCTPajIv MPHUBEACHA B CICTIMAIBHBIX paboTax.

Oco0oe BHMMaHKE MPU KOMIIOHOBKE HEOOXOAMMO oOpaiiath Ha OOECleueHHe
TePMETHYHOCTH KJIanmaHa. YIUIOTHEHHWE B MECTE IOCAaAKH Tapeid Ha CeII0
JIOCTHTAETCA C TOMOIIMBI0 WX B3aUMHOH TPUTUPKA WM C  TOMOIIBIO
VIUIOTHATEJBHBIX KOJIE W3 0ojiee MATKOro Marepuana (pe3wHa, TIacTMacChl,
MATKHE METAJUTHI ), YCTAHABIIMBACMBIX B KOJIBIIEBBIX TIa3ax Tapenn. /sl yrimoTHEHUS
MOPITHEH W INTOKOB HCIOJB3YIOT Pa3IMUHbIE PE3WHOBBIC W (HTOPOILUIACTOBHIE
KOJIbIIa ¥ MAHXXETHI, a TaKKe MeTayumueckue cuiibdonsl. [Ipumenenne cuinbhoHOB
BMECTO KOJICI] i MAHXET TMO3BOJISIET YIIYUIIATh CTAOMIBHOCTH Pa0OTHI KJTalmana, TaK
KaK MCKJIIOYAeT JCHCTBHE CHUJI TPEHMSA, KOTOPhIE MMEIOT OOJbIIOW pa3zdpoc 1o
BEITMUWHE.

Oco0eHHO C10HO 00eCneunTh PabOTOCIOCOOHOCTh KJIamaHa MPU HU3KHUX WU
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BBICOKMX TeMmreparypax. M3meHeHre TeMmnepaTypbl B Mpolecce padoThl KjianaHa
MPUBOJUT K W3MEHEHUIO CBOWCTB MAaTEpUAlOB W TOSBJICHUIO TEPMUYECKHUX
HanpsokeHuil. M3MeHeHue KEeCTKOCTH MPYKUH CUJIBHO CKa3bIBA€TCS HA BPEMEHU
cpabaThiBaHuA KjanaHa. M3MeHeHHe 3a30pOB M MOCAN0K B COSAMHEHHUAX NETaJICH
(0ocoOeHHO B Ciydyae, €CiaM OHHM HM3TOTOBJICHH W3 MaTEPHAIOB C Pa3IMYHBIMH
kod(punmenTaMn TUHERHOTO PaCITUPEHHS) MOXKET MPUBOJUTH K 3aKIUHUBAHHIO
MOJABUKHBIX JCTAJICH, 3aMpaM Ha MX MOBEPXHOCTH WJIM, HA00OPOT, K YBEJIUUCHUIO
3a30pOB, OCJIA0JEHUIO 3aTSKKW TaeKk W, CJIeAO0BATENbHO, K YXYALICHHIO
repMETHUYHOCTH. M3MEHEHUE arperaTHOTO COCTOSHUSA padoumx Ten (3amMep3aHue
KUAKOCTEH WM WX TaszuduKaius, pasloKeHUe, KOHACHCAIUS MapoB) MPUBOIUT K
HEyCTOMYMBONW paboTe KJamaHa wWiM Jaxe K ero asapuu. [lostomy mipu
MPOEKTUPOBAHUM TAKUX KJIAMAHOB HEOOXOAUMO MPELYCMOTPETh UX 3aXO0JIAKUBAHUE
nepet 3ayCcKoM, MOAOTPER UJIH, HA00OPOT, OXJIAKIEHUE HEKOTOPBIX AJIEMEHTOB BO
BpeMs padoOThl, APEHAX MOJOCTEH, BHIOOP COOTBETCTBYIOIIMX MATEPUATIOB IS
W3TOTOBJICHHS JIETAJICH W HAa3HAUEHUE JOMYCKOB U MOCAJTO0K C YUYETOM HU3MEHCHUS
pasmepoB B pabounx ycioBusx. [IpoBeneHne nmoaoOHBIX MEPONPUATUU TO3BOJISAET
CO3/1aTh KJIaMaHbl, KOTOPbI€ HAJCKHO paboOTalOT MpU TEMIEPATYPE KHUAKOTO
Bosiopoia 20 K unm e B ra30BbIX MarucTpaisax ¢ remmeparypoi rasza o 700 K.

JUIs W3rOTOBJICHUS JI€TAJICH KJIAMaHOB MCHOJIB3YIOT CTajd, AIOMUHHUEBBIE H
TUTAHOBBIC cIulaBbl. Koprnyca kjanaHOB W3rOTaBIMBAIOT TOYHBIM JIMTbEM WU
IMTAaMTIOBKOH, TOJBYIKHBIE ACTaNM (Tapend, MTOKH, MOPIIHW) — INTAMIIOBKOH ¢
MOCJICAYIONEH MEXaHWUecKor 00padoTKo#, TpPYyKHWHBI, CHWIBGOHBI — TIO
CIIEMAIBHON TEXHOJIOTUH.

3.6. OnpeneneHre rupaBInyeCcKOi XapakTepUCTUKH KilaraHa

[Tocne KOMNOHOBKM PacCUMTHIBAIOT TMAPABIMYECKYIO XapAKTEPUCTUKY KJlamaHa,
T. €. 3aBUCUMOCTb MOTEPb MNABJICHUS B HEM OT BEJIMUYMHBI MACCOBOIO pacxoja
pabouero BeliecTBa.

JIisi aBTOMATUYECKOTO KjanaHa, PacCMOTPEHHOTO HAa MPOLLION JIGKIMHA U3
ypaBuennii (3) u (4) Haligem

Ap =4k Py /nd. (5

3arem B hopMyITy JUTS OTIPEACIICHHS TTOTEPH TABJICHHS B KJIallaHe
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Ap =&pw/2,

rae & — kod(pPUIMEHT THAPABINYECKOTO COMPOTHBIICHHS, TMPUBOINUMBINA B CTIpa-

BOYHHMKAX, MOJICTaBUM BhIpaxkeHue Ap u3 (5) U w U3 ypaBHEHHUS HEPA3PHIBHOCTH

m=pFw,
rie F=nd/4.
. _ |prd’kP,
B pesynbrare monyuum m, = T (6)

Pemass coBmectHOo ypaBHeHus (5) um  (6) METOAOM MOCIEAOBATEIbHBIX
MPUOSTMKEHUH, MOKHO PACCUMTATh HCKOMYIO XapaKTepUCTUKY KinanmaHa Ap =f(m).
Ha ocHoBe mnonydeHHON KOMMOHOBKHM pa3pabarhiBalOT padoure U COOPOUHbBIC
YEPTEXKH, HA3HAYAIOT BEChMA JKECTKUE TEXHUUECKUE TPEOOBAHWS HA W3TOTOBJICHHE,
cOOpKy M HCTbITaHuA KjanaHa. OmBITHRIE SK3EMIUTAPHI KJlalaHa MPoXOAST CHavaa
aBTOHOMHBIC JTOBOJOYHBIC HWCIBITAHMS, a 3aTeM — HCHBITAHWS B COCTAaBE BCETO
nsuratens. [Ipy aBTOHOMHBIX UCTIBITAHHUSIX TIPOU3BOISAT MPOJIMBKY KJIallaHa C MEJTbIO
CHATHA THAPABIUYCCKAX XapPaKTEPUCTHK, TMPOBEPKY MPOYHOCTH TPH CTATHYECKOM
HarpyXeHWH, TUAPOyIape, BUOpAIMu KiamaHa W IMyJbCallusax JaBjcHUs padouero
BCIECTBA B MATrMCTPAJIA, a TAKXKE OMPEACIICHUE TEPMETUIHOCTH BCEX COCAMHCHHUM,
BPEMEHU CpalaThiBaHMs, YUCIA BO3MOXHBIX CpadaThiBaHUN M MX CTAOUIBHOCTH.
WcnbiTanus kjamaHa B COCTaBe JBUTATENA TIO3BOJIAIOT YCTAaHOBUTH B3aUMHOE
BJIMSTHUE arperaroB, KOTOPOE MOXKET OCYIIECTB.JIAThCA uepe3 o01me TpyOonpoBOIbI,
JJEKTPUYECKUE Iend M y3ael kpermieHus. Ocoboe BHMMaHHME OOpaIaroT Ha
COTJIACOBAHUE BPEMEHHU CpadaThIBAaHUA arperaTos.

[Tocne MOBOMOYHBIX MCHBITAHWA W TPHEMKH KOMHCCHEH KJjIanaH mepeaacTcs

B CEPUMHOE TNPOU3BOACTBO.
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Jlexnus 10
3.7. KoHeTpykuusi 4 pacyeT (pJiaHUeBbIX COeIUHEHUI
Hasnauenue u mpebosanus. dnaHueBble COCTUHEHNUS MPEIHA3ZHAYCHBI ISl COSMHEHUS
KOPIYCOB U TPYOOTIPOBOAOB BHICOKOTO naBjicHus pu d >40mm. [Ipu MeHbIIEM
nuameTpe d 1ieaecoodpa3Ho UCTIOIb30BaTh COSAMHEHHS C HAKUTHOM raliKou.

B xamepax cpeanux tar (P =100... 1000kH) ¢nanueBbie coenMHEHUS MPUMEHSIOT B
MarucTpasix OKUCIUTENS (OONbIION TUaMETP), BO MHOTHX CIydasx U B MarucTpaisax
TOPIOYETO.

OCO00O€HHO TsKEJbIE YCIIOBUS paOdO0ThI (PJIAHIIEBOTO COSIMHEHUS ra30BOJa C TYPOUHOM
B XXP][ ¢ noxxuranuem: couetaHue OOJIBIIIOTO AUAMETPA, BEICOKUX JIABJICHUS U
Temriepatypbl. Kpome TOTo, 3T0 COeTMHEHHE MOABEPracTCsl BUOPAIIMU U TEMJIOBOMY
yJapy U Mpy 3TOM JI0OJDKHO UMETh MUHUMAJIbHYIO Maccy. YacTo UCTIONb3YOTCS 3TH

coenuHeHus B kopnycax THA v knananax.

{

|

Y
ZiNg ,.

QWV . \\N e

0y

Puc. 3.4. ®nanneBoe coequnenue: 1 — ¢anerr; 2 — BTynka (aaHua;
3 — ymyioTHeHUE (MpokaaKa); 4 — OOJTHI.
TpeboBanus k QnaHueBbIM coeauHeHusiM XKP /1
1. HeoOxonumas creneHb repMEeTUYHOCTH COENMHEHHS ( U3MEPSETCS BETMUMHON J0MyC-
TUMOM YT€UKH KOHTPOJIBHOIO ra3a).
2. MuHuManbHas Macca ¥ rabapuThl COSTMHEHHUS.

3. IlpocToTa n3rotoBieHUs neTayieit U COOPKU COCTUHEHUS.
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Cunogsie cxemvl hnanyesvix coeOuHeHuil
CunoBas cxema COCIWHEHHUS MOKa3bIBACT KaK 3aMBIKACTCS B COCIUHECHHUW YCHIIHE
3aTSHKKU M KaK dyepe3 COSIUHEHUE TIePeatoTCs BHEITHUE HATPY3KH.
CunoBass cxema 3aBHUCHT OT TOTO, KaK CO3JaeTcs VIUIOTHSIONEE YCHJIHE Ha
YIUIOTHEHHUH.
JIst TEPMETHYHOCTH COSIUHEHUE TOJKHO OBITh CKATO BCE BPEMs TOCTATOYHO OOJBITUM
yeunueM. [1o cumoBoit cxeMe pa3nuyaroTcs (DIIaHIEBbIe COSTUHEHHS TBYX THIIOB!

dnaHnEeBBIE COeTUHEHUS

C HEKOHTaKTHPYIOIIAMHA

C KOHTaKTHPYIOIMUMH (DIIaHIIaMK
baHIaMu

B nepsvix u3 Hux yCuiIue OT 3aTsHKKH OOJITOB 3aMBIKAETCS Yepe3 YILTOTHEHUE

(mpokaaky):

Puc. 3.5.

3neck Qg — ycuaue 3aTsKKH 00ATOB, Ry - cHjia peakiuu IpOKIaaKH.

Iocre cOopku coenuuennst seceraa |Q;|=|R)|

[Ipu s3ToM dnaHmbl yIpyro U3rudaroTCs, OOATH yIPYro TAHYTCS. Y IPYrocTh (PIIaHIIEB U
6onTOB OOEcTeurnBaeT HEOOXOAUMOE CXKATHE TIPOKITATIKH.

[lycTh Temeps B coemuHEeHNE TOAAETCS BHYTpEHHEee AaBieHue p. Ha coennaenne Oyner

o rd
JEHACTBOBATH PACTATHBAIOIIAS CUjla P= P YpaBHEHHE PABHOBECHS IIPH 3TOM
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0,=P+R,

[Tpu stom Qs pacret, a R, - ymensmaercs. Oaanisl n3rubatOTCs emié OobIIe,
mpoKaaka BoccTanasimmBaeTcs. [lpu manennn R, < Ry depes nmpokinaaky HauMHAETCA
yT€UKa CpeJibl U COEAMHEHHE HE PabOTOCMIOCOOHO.

Ecnu Bce neTany BBITIOTHEHBI W3 TIJIACTUYHBIX MAaTEPHAIIOB, TO TIPH HATPY KCHAH
JIABJICHUEM BCET/1a MPOUCXOIUT PAa3repMeTH3alA COSAUHEHUS, a HETO Pa3pylLIeHHE.

[IpenmylniecTBa TAKMX COCIMHEHUMN

1) IMpoxnaaka (YIJIOTHEHHE) MOXKET OBITH BBHITIOJIHEHO M3 HEYNPYTHX MATCPHAJIOB:
MMapOHUTA, ME/IH, AJTFOMUHUS U T.JI.;

2) [IpenwbsaBastoTCst HEBBICOKHE TPEOOBAHUS K TOUHOCTH U3TOTOBJICHUA JIETANCH 1
IIIEPOXOBATOCTH YIUIOTHUTEIBHBIX IIOBEPXHOCTCH.

Henocratku:

1) Bce BHenmmHME HArpy3KH , ASHCTBYIONTHE HA TPYOOMPOBOI, TIEPEAAIOTCA HA TIPOKITAIKY
(BuOpammu, M3rudaroIye MOMEHTHI ), YTO TIPUBOINT K YCAIKE MPOKIAAKA U TIOSIBJICHHIO
YTEUKH.

2) Ecnu pabouas cpena uMeeT BHICOKYIO MEPEMEHHYIO TEMIIEPATYPY, TO MPOKIIAIKa
pacimpsiercs 00JbIIe, YeM OOJIThI, U MPU 3TOM JIOMOJIHUTENBHO 00x)uMaeTcs. Bo3HukaeT
yTeuKa.

3) Tak kak (pmaniel paboTaAOT HA U3THO, TO TOJIIIMHA WX 3HAUNTEIHHA.

B coeounenusx ¢ konmaxmupyrowumu (Giaanyamu yCUIue 3aTSKKH O0JITOB MepenaeTcs
yepe3 ONopHBIC (MTPUBAJIOYHBIC) TOBEPXHOCTH (PIIAHIICB.

Toce satskkn umeem |Q,=|R,+R|. B sTom ciyuae cuma R, co3ma€TCs TOMBKO 3a CUeT

YOPYTOCTH MPOKJIAAKH U AABJICHHS CPE/IBI (CAMOYTUTOTHEHU).
HpI/I Harpy>xc¢Huu COCANHCHUA JaBJICHUCM YPABHCHHUC PABHOBCCHUA
|Q,|=|R, + P+R)
OO6bIuHO cunTaroT, uTo R, =const 10 Tex mop, moka (aHIkl He HAYWHAIOT PACXOIATHCA.

HDGI/IMVH_IGCTBa COCIMHCHMUN ¢ KOHTAKTUPVIOIINUMU d)J'IaHHaMI/I:

1) Buemnue Harpy3ku Ha TPyOONPOBOJ MEPEAAOTCSA Yepe3 KeCTKrue (hIIaHIlbl, MUHYS

npokiaaky. [loaToMy 3t coeaunenus 6osee BUOPOYCTOMUNBHI.
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Puc. 3.6.
2) B stux coenuHeHUsAX Ha (praHIBl JEHCTBYET MEHBIIHA W3rHOAIONUi  MOMEHT H
TOJIIIAHA UX MOKET ObITh MEHBIIIE.

Henocrarku:

1) Heo6xomumMoCTh UIMETH CIIOXKHBIE (YIIPYTHE W CAaMOYTUTOTHSIOIIHECS ) TIPOKIIAIKH.
2) bonee BbICOKAst TOUHOCTH M3TOTOBJICHUA (DITAHIICB W MTPOKJIAIKH.
B KP/l npuMeHSAOT COCIUHEHUA W TOTO W JIPYroro Tuma. [Ipy BBICOKOM aBJEHWH H
TEMIIEpaType B OCHOBHOM COEAMHEHHS C KOHTakTHpyiomumu (anmamu. B kopmycax
THA 0o0bI1YHO COeTMHEHUS C KOHTAKTUPYIOMHAMHY (hITaHITAMH.

3.8. YciaoBusS repMeTUYHOCTH COSMHEHUH

ITon repMETHYHOCTHIO TOHHUMAETCA HEMPOHUIIAEMOCTh COSAWHEHUN nJia padouei
Cpebl.

[TockonbKy aOCOMIOTHOM TEPMETUUYHOCTH AOOUTHCSA TPYAHO, M1 OTBETCTBEHHBIX
COEAMHEHUN B TEXHUUECKUX TPEOOBAHUSAX OTOBAPUBAIOT JOMYCTUMYIO BEIMUUHY YTCUKH
( B emuHAIIAX pacxoaa). [lJis HeMOABMKHBIX COSIMHEHUH OHA MOXKET OBITH OUCHb MaJia.

VYTeuka MpOUCXOUT B KOHTAKTE COMPATaeMbIX MOBEPXHOCTEH AeTaneil. PaccmoTpum
KOHTAKT JBYX METAJUIMUYECKUX MOBEPXHOCTEM.

[Ipy cxaruM WIEPOXOBATOCTh HA YIUIOTHUTENbHBIX MOBEPXHOCTSIX CMHHAETCS

YaCTHYHO ILIACTHYCCKH, YaCTHYHO YVYIIPYTO, HO IIPH YIPYIrOM KOHTAKTC BCCrJa HC
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IIOJHOCTBIO. MG)KI[y YIUIOTHUTCIIbHBIMHA MMOBCPXHOCTAMH BCCrAaa OCTar0TCAa

MUKpOKaHaTbl. [Ipy CHYKEHUW COKUMAIOIIEH HAarpy3KH yrpyras 4acTh aedopmariuu

=

Puc. 3.7.
BOCCTAHABIIMBACTCS W KAHAJIBI YBEIIMUMBAIOTCS — HAUMHACTCA yTEUKa.

[TosTOMY YIJIOTHUTENBEHBIE TOBEPXHOCTH HAAO0 CHXXHMATh BCE BPEMs OOJIBIIAM
ycmmmeM. UToOs1 paboyast cpeaa He pacKpbijia YINIOTHUTEIbHBIC TIOBEPXHOCTH, TABJICHUE
CKaTHS TOJHKHO OBITh HE MEHBIIE JABJICHUS CPEJIBI.

Ucxoas w3 »TUX TPEACTaBICHUN MEXAYy YIUIOTHUTSIBHBIMA TTOBEPXHOCTIMH
KENaTeIbHO TIOJIOKUTh TPOKJIAAKy W3 MSATKOTO Marepuajia, MHUKPOIIEPOXOBATOCTh
KOTOporo OyaeT AehopMHPOBATHCS TOJBKO TUIACTHYECKH M 3aMOJHAT MHUKPOKAHANBI.
Tak m memator. OmHako MATKWMH Matepuaid (C HU3KHUM TMPEACTIOM TEKydeCTH) TpH
MOCTOSTHHOW Harpy3ke "teuet”, "ycakupaeTcs' W 3aTskKa ociaadeBaeT.

UToOBI MOTYYUTH TEPMETHYHOCTH COSTUHEHUS HEOOXOANMO:
1. Tlpu cOopke coeaumHeHHMs OOeCHEUWTh OO0XKATHE TMPOKIAAKH, TO €CTh JOBECTH
MOBEPXHOCTHBIE CJIOW MaTepHayia 10 COCTOSHHUA TeKydecTH. [ 3Toro HeoO-X0auMo

CIKAThb IIPOKIaAKy YCUIIMCM
Qob'wc = qob'ofc X Fynﬂ >
rie q,, - JdaBJICHUE 00XKaTHs, KOTOPOE 3aBUCHT OT MaTepHalia IPOKIIAIKH.

2. Bo Bpemsa paboThl COeTUHEHUS 00ECIEYNTh HA MOBEPXHOCTU MPOKJIAJKH JaBJIe-HUE
CXKaTUA HE HMXKE MUHUMAJIbHO HEOOXOAUMOTO ( ., BenuuuHa q . 3aBUCHT OT MaTtepuasa
MPOKJIAJIKK, TABJICHUS U CBOWCTB pabouei cpeibl.

OOBIYHO MPUHUMAIOT JTUHEHHYIO 3aBUCUMOCTb OT JABJICHUS CPEAbl g, = mp,
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rae m— npokianovHbid KO3QPUIUUEHT; p — NaBlieHUE CPEBbI.

Ha nmpoknanke n0/mKHO ObITh yeuinue Q. > g, x F

yni

HekoTopeie naHHbie q o6x MIla m
Pe3una 2,5 1
CBuHell 5 1
Menr Msarkas 70 2.4
Cranp X18HOT 100 3,2

Takum 00pa3om, yClIOBUSI TEPMETUUHOCTH
Qe > Q oo u Qupox > Qr
lpumepuwi ynpy2ux camoyniomHaOWUuxcs npoKIaA00K
Ha mnepBoM pHCyHKE TMOKa3aHO YIUIOTHUTEIbHOE KOJIbLIO, CEYEHHE KOTOPOro
NpeACTaBseT NPYKUHY (peccopy). Ha BHYyTpeHHIOO MOBEPXHOCTh KOJiblia AEHCTBYET
JaBJICHUE, KOTOPOE YBEJIUUYUBAET yIIPyryto cuiy. [losTomy
R =R, +kp, (1)

rae Ry, - ynpyras peakuus konbla; K. - kooppuuueHT caMmoynjioTHeHus.

N
‘.afl’f'

il

Puc. 3.8.
CnpaBa mnoka3aHO pPE3WHOBOE YIUIOTHUTENbHOE KOJbUO. [lom aeiicTBueM naBieHHs
KOJIbLIO MPUHUMAET (OpMY KaHABKH, B KOTOPOi HaxoauTtcs. Pe3nna umeet koadpuiueHt
[Tyaccona p ~ 0,5, U mepenaet HaBjAE€HUE BO BCE CTOPOHBI OAMHAKOBO. [loaTOMy Ha
YIUIOTHUTEbHBIE TOBEPXHOCTU OyJeT MelCTBOBAaTh YCHWIIME, OMpEeessieMoe ONsTh

dbopmyaoii (1). B atom ciyyae k. ~ 1.
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Jlexkmusa 11
3.10. KoncrpyupoBaHue ¢iaHeBbIX COeIMHEHUI
Konecmpyuposanue coeounenuil ¢ HeKOHMAKMUPYIOWUMY ranyamu COMPOBOKIACTCS
pacyeToM, B PE3yJIbTaTe KOTOPOTO HAXOISATCS:
1) pasmeps! ¢anmes u 60ITOB;
2) ycuiue 3aTsHKKU O0NTOB, 00ECTICUNBAOIIEE TEPMETHIHOCTD COSTUHEHUS TTPH padbouem

JABJICHHUH.

=

Puc. 3.9.
[Topsimok pacueTa OCHOBHBIX Pa3MEPOB:

1. OnpenensieTcs ycunue 3atsikKku OOJITOB.

rd’
MaxkcumalbHO€E BHEIIIHEE YCHne P=p_ o Hcexoms U3 3TOro yCHIIHS, ONPEACSIIIETCs

YCHJIHE 3aTSKKU. B ypomEéHHOM pacuere mpuHuMaeTes Q, = kP, e K — K03 UITUESHT

3aTsokku, k=15 ...45.
UeMm >xecTue mpokjaaka, TeM x Oojbine. JInsg MArkux mpokiamok x =1.5...2, ais
CILIOIIHBIX META/UITHUCCKUX K =4 ...4.5.

2. PaccunTeiBaroT OOJITHI UJTH IITTHIIBKH. HpI/I 9TOM HA3Ha4YarOT UX JUAMCTP U YHCJIO.
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JInst moy4YeHHs] paBHOMEPHOTO IO OKPYXXHOCTH YCWJIMSL YUCJIO OOJTOB HA3HAYAKOT
KpaTHbIM 4, Tipu BHYTpeHHEM JaBiieHuu p> 3Mlla mar OoxaroB s = 2,5...4 nuamerpa
00JITOB.

3. Pa3zpabaTeIBatOT NPeIBAPUTEIBHYIO KOHCTPYKIUIO COCIMHECHUS.

HeoOxoaumMo CTpeMUTHCS MOJTYYUTh MUHUMAIbHBIE pasMepbl 1} U D,

4.PaccuMThIBAIOT TOJIIMHY (hJ1aHIeB, 00€CIIeUMBaAIOIIUX HEOOXOUMYIO )KECTKOCTh.

5. IlpoBepsitoT MpOUYHOCTH (piiaHIIa B MECTE COTPSDKEHUS ¢ TPYOOid.

Ceuenue AB nanbosiee Harpy»k€HHOE.

Pacuem ¢pnanyes. Hanbosee mpoctasi pacueTHasi cxema — yiaHel paccMaTpUBaeTCs,
KaK dKECTKOE KOJIbI0, HATPYKEHHOE PACIPEICIEHHBIM KPYTSIIIUM MOMEHTOM (puc.3.10).

h
Takast cxema MPUMEHUMA, €CJIU BBIIEPKUBAETCS COOTHOLIEHHE —2—— > 0,2,

H 6H

DaKTUYECKHA Mbl IPUHUMAEM JOIY LCHHUSI:

1) ®opma ceueHust Kobla npu AedopmMalii HEM3MEHHa.

2) HanpsixkeHHoe COCTOsIHUE B JIOOOM TOYKE KOJbLA — OJHOOCHOE (pacTshKEHHE,
cxkatue). KosblieBble BOJOKHA, AeOPMUPYSICh B OKPY)KHOM HAalpaBJICHUH, HE

OKa3bIBAIOT CUJIOBOTO BO3JACUCTBUS OJIHO HA Apyroce.

Puc. 3.10.
HpI/I ,Z[@CI)OpMaHI/II/I KOJbIHO HC MCHCT IPAMOYI'OJIbHOI'O CCUCHHA KU IMOBOPAYHMBACTCH
BOKPYI' LICHTpa TAXKCCTHU CCUCHHA. HpI/I OTHUX OONYHCHHUAX YI'OJ IIOBOPOTA CCUCHUA

OyJ1eT paBeH

_G1 1-7m
2n ER . 1’
=T In2

12 1
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Kos¢dumueHT 1 yduThIBaeT, 4TO 9aCTh MOMEHTA BOCIIPHHNUMACTCS BTYJIKOM.

1

n= -
S
1+0,82| | [P gl

+ .
3nech s, = SR I;p — CPEJHUHI pasuyC CTEHKHU TPYOBI.

B pacuere nago nomyuuts ¢ < 0,013pamman (<0,75°) — mns cranm takas nedopmarus
MIPOUCXOJUT B TMpeAenax YNpyroctu. Eciv 3TO yclOBHE HE MOJydYaeTcs, TO HaJo
ysenmunth h. [Ipenmomaraercs, uto npu nedopmarmm ¢ < 0,75° repMeTHUHOCTH OyIeT
o0ecreyeHa BCIEACTBUE YIIPYTrOro BOCCTAHOBIEHUS MTPOKIIAIKH.

IIpoBepka npoyHOCTH (diaaHia B ceuenuu AB

B ceuennn AB (puc.3.9) dnanern xecTko coeMHEH ¢ BTYJIKON (Wm ¢ TpyOoit). B aTom

CEUCHHUH AEHCTBYET IMTOTOHHBINA W3rK0aOii MOMEHT

Q.1
M, =n-2t
" 777Z'D ’

rae Dy, — cpeanuil nuameTp ocHoBaHus BTyNkH, Dy =d, +s;.

Hanpsbxkenusa naruda B 3TOM CEUCHUH

3 =9 6 =17..2
arac 1o npeaeny NpoYHoOCTH n= P JOJKEH ObITh paBeH n=1,7...2.

U

Koncmpyuposanue coeounenuii ¢ KOHMaKmupyouumu Qranyamu
KOHCTpYKTHBHAS CXEMa TAKOTO COeTMHEHUS MIPUBEeHa Ha puc. 3.11.
[Topsnok pacdera coxpanserca. OQHAKO B 5TOM ClIydae YCHIIME 3aTSKKH OONTOB HE
CBA33aHO C TEPMETH3ALMEN, OHO ONPENEAETCA W3 YCIIOBUS INpHWIEranus (HIaHLes,
KOTOpoe JOJI2KHO O6eCHqu/ITB CMSATHUEC HpOKHaHKI/I. qaCTO I/ICHOHB?)YIOTCH pGSI/IHOBbIe NN
CaMOYHHOTHﬂIOH_H/IeCﬂ HpOKﬂaHKI/I, KECTKOCTDH KOTOpBIX HCBCJIIUKA.

2

1. P=p_ ”fy . g =kpAtE

2

[TyHKTBI 2 ¥ 3 OCTarOTCA, KaK M B pacueTe HEKOHTAKTUPYIOMTUX (DJIaHIICB.
4. TommumHa anna onpenenseTcs U3 yciaoBusa npouHocTy (uanmna Ha us3rubd. [Ipu sTom

MPEANMOJIAraeTcsl, 4TO KECTKOCTh (prrantia OyIeT JOCTaTOUHON /Tt 00eCTIeUeHUS
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d
repMeTHuHOCTH. [I)1si ompeneneHuss TOMIMHB (IaHa MPH Ey >0,5 MOMXKET ObITh

H

OpUHATA cleAylomas pacueTHas cxema: (maner — Oanka, 3aaenana B ceuenun CE,
yOpyro cBsizaHa ¢ TpyOOi U Harpy:;keHa pacnpeaciéHHON Harpy3KoH, B CyMMe paBHOi P.
[Tpu 3TOM HE YUMTHIBAIOTCS OKPYXKHBIC HAMpsiKeHUs (Beab (praHel He mpsMas Oanka, a
konbio). I Ipencrasnenne o 3aaenke B ceueHnn CE mcxoauT w3 TOro, 4To B 3TOM MECTE

(I)J'IaHI_[BI CTAHYTHI X KCCTKHMHA oonTamMu

x|

Puc. 3.11.

Omnacnoe ceuenune CE, B KoToOpoM AeHCTBYET pacnpeieEHHbINA U3ru0aroui MOMEHT

M= Pin,,
3
r S —
e g =4 a=o 7 Nw®| B | why m 2
b2+ I
+ / S, 2rr,,

3Aech  Z - UUCJI0 OTBEPCTUM MO OOJITHI,  C — JUAMETP STUX OTBEPCTHUH.

Kosddumuent 1 yautsiBaeT pacupeaeIéHHBIA H3rHOaOIuii MOMEHT B ceueHnn AB.

oM

Hanpsixenus B ceuenuun CE - o, = m
D, —zc

c
Koaddumuent 3amaca npounoctdn n, =—=2 , n=1,7...2.

U

B ceuenun AB nsrubaromumii MOMEHT M, =(1-7,) P, HApsKEHUA B 3TOM CEUEHUH
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6M
Cup=—1>,00€ D, =d +s. n,=—"% .
7Z'Dmpsl O u4B

Hano monyuuts n=1,7...2.
Crnemyer uMeTh B BHAY, €ClA (PIaHIICBOE COCIWHCHHME BBINOJHEHO M3 IIACTHYHBIX
MaTEepPHUajIoB, TO MPEXKE, YEM MTPOUZOMAET €ro pa3pylieHHe HAUMHASTCS yTeUKa CPEAbl 1

napjacHue mnaxaer. [lodToMy pekOMEHayeTcd TakWe COCIAUHECHHWS BBINOJHATh W3

A0CTATOYHO IINTACTHYHBIX MAaTCPpHUallOB
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Jlekmusa 12
4. KomnonoBka arperatoB /1Y
4.1. CxeMbl KOMIIOHOBKH

KomMnoHOBKOH  Ha3bIBAIOT 1€7€CO00PA3HOE B3aUMHOE PACIHOJIOKEHUE Y3JIOB U
arperaroB JIBUTaTeJi OTHOCUTELHO APYT APYyra.

KoMnoHOBKOM Takke HA3bIBAETCA MW MPOLECC PALMOHATILHOTO B3aMMHOTO
pacnosoxxeHus siemMeHToB J[Y. MHorna KOMmoHOBKOW HA3bIBAIOT COOPOYHBIN UepTEXK, a
BBITIOTHAIONIIETO €r0 KOHCTPYKTOPAa — KOMIIOHOBITUKOM.

Bzaumnoe pacnonoxkenue arperatos JKP/l onpenensiercs:
- HA3HAUECHHUEM JIBUTATENIs, BEJIMUYMHON €ro TIArH, ynuciaom kamep, sugom CIIT;
- KOMIOHOBOYHOW CXEMOW JIeTaTEIbHOrO anmnapara, Ajis KOTOpOro mpeaHa3HAuCH

ABUTATENb (pa3MepaMy JIBUTATENBHOTO oTceka JIA);
- KOHCTPYKTUBHBIMH, MPOU3BOACTBEHHBIMHU, SKCTIIYaTALUOHHBIMH U

3KOHOMHWYECKHUMHU COOOpPaAXKECHUAMMU,
- IPEEMCTBEHHOCTHIO B KOHCTPYHPOBAHMH.
TpeboBaHUA K KOMIIOHOBKE :
1. KoMmakTHOCTh 1 MUHUMAJIbHAs Macca ABATATEN.
JIns 3Toro HEOOXOAMMO TIIOTHOE PACIIOI0KEHHUE arperaToB APYT K APYTY.
2. MuHUMaNbHbIE THAPABIMUYECKUE U TETUIOBBIE TOTEPH B MarucTpasix.
JIns 3Toro HE0OXOAMMBI KOPOTKHE TPYOOTPOBOIBI; 11€71€CO00Pa3HO COSTUHATD
arperaTbl HEIOCPEACTBEHHO APYT C APYroM 0e3 TpyOonpoBOIOB.
3. HeoOxomumas craruueckas W auHamuueckas mnpouHocth KPJ[ B 1emom, a
TAKKE€ OTHCIIBHBIX €T0 YaCTECH.
4. Yno0CTBO M MPOCTOTAa MOHTaXa U dKcrtyaTamuu JKP/I.
ITo pazmepam 1 Mmacce ocCHOBHbIMU arperatamu JKP/I aBisiroTcA:
e [Ipu HacocHoi mogade TorumBa: kamepa(sl), THA, XKIT;
e [lpm BHITECHUTEIBHOW TIOMAUe TOIUIMBA: Kamepa(bl) W TOIJTUBHEIE
baxkull koo Hedpo OB AY L.
JIna coemunenusa Bcex arperaroB KPJ[ m mepemaum T1arm Ha JIA Moxer

UCIOJIb30BAThCA pama JBHUraresisa;, oaHako MoryT ObiTh JKPJ[ 1 6e3 pamel. B 3TOM ciiyuae
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CWJIOBBIM DJJIEMEHTOM, K KOTOPOMY KpENATCS BCE arperathl, sBJISETCI Kamepa. B
neurarenax ¢ BIIT cumoBbiM 31eMEHTOM, OOBEAMHSIONIMM BCE arperarbl, MOTYT ObITh
0aKu.

Paznmuuaror cxeMbl C MOCIEAOBATEIBHBIM W MAPAIUICIIBHBIM  PACTIONIOKEHUEM
ocHoBHbIX arperatoB JKPJI. Ilpu mocnemoBarensHoM pacnonoxxkennn THA Haxomurtcs
Haa Kamepoil. [Ipm sTOM nmamMeTpalibHbIE pa3Mepbl ABUrATeNisl YMEHBIIAKOTCA, HO
YBEIIMUUBAOTCS TPOAOJIBHEIE.

[Tpu napamnensHoM pacnosioxkenud THA HaxoauTces psaaoM ¢ KaMepo#, 4To BeeT
K YMEHBIIICHHUIO MPOJOJIbHBIX pa3dmepoB. [lpu BeiOOpe pacnonoxeHuss ocu THA Hago

YUYUTBIBATh THPOCKOMUYECKHUA MOMEHT, CO3/IaBa€MbIii POTOPOM TIpH dBoIOIHAX JIA.

8-008°

Puc. 4.1.

Ecin oce poTtopa HampaBieHa Mo ABwkeHuto JIA, To mpu mosopore JIA
BO3HHUKAIOT KapuoaucoBBl CHITBI, KOTOPBIE CO3JAIOT HArpy3Ky Ha MOJIIWIHUKA H
npenarcTByoT moBopoTy JIA. Ock poropa THA MoxkeT ObITh Hampasji€HA MOJ YIOM K
OCH KaMephl WK MapaJUICIIbHO €H.

[TepnennukynspHocth oceit THA u kamepbl MO3BOJIAECT MPAKTUUECKHA UCKITIOUUTh
BJIMSIHUE PEAKTUBHOIO MOMEHTA BpalieHus poropa THA Ha ynpapjieHHe pakeTou, Tak
KaK 3TOT MOMEHT MHEPILIMKM PAKEThl OTHOCUTEIBHO COOTBETCTBYIOIIMX €€ oceil Oyner
BecbMa OonbiiuM. [lpu mapamnensHoMm Hanpaeienun oced THA u  kamepbl
PEAaKTUBHBI MOMEHT poTopa OyaeT ACUCTBOBATh MO MPOJOJIBHOW OCH PAKETHI,
OTHOCHUTEIBHO KOTOPOH €€ MOMEHT MHEPLWH 3HAUUTEIIBHO MEHBIIE, U MOBOPOT €€ B
3TOM MJIOCKOCTH MOJ ACHCTBHEM PEAKTUBHOTO MOMEHTA MOXKET UMETh CYIIECTBEHHYIO
BenmuuHy. [losromy i HeGompIMX pakeT, He UMeomuX PPEKTUBHBIX CPEICTB
CTAOWJIU3AIUH, TAKYO KOMIIOHOBKY MPUMEHSATH HEXKENATEIILHO.

JIiia pakeT-HOCUTENEH, KOTOPbhIE UMEIOT OOJIBIITYIO MACCy M 3HAUUTEbHBIN Paanyc
KPUBU3HbI TPACKTOPUHU TOJIETA, BAUSHUE TUpOocKonuueckoro mMomeHTta THA MoxHO

HC YUYMUTHLIBATL. B »stom ClydyaC MNPUMCHAIOT MapalICIbHYIO CXCMY KOMIIOHOBKH,
72



KOTOpasi MO3BOJIAECT YMEHBIIUTh AJIMHY TPYOOTPOBOJAOB BHICOKOTO JIABJICHUA.

Jlnsa omenkn kommakTHOCTH JKPJ[ MOXHO BOCTOIB30BAaThCS KOIPPHUITHEHTOM
MIOTHOCTH. Tak Kak MBUTATENbHBIA OTCEK JIA 0OBIUHO MMEET MWIHHAPHIECKYIO (hopmy,
TO KOMMAaKTHOCTh JKPJ[ MOXXHO oOlleHHBaTh OOBEMOM MHHHUMAJILHOTO IWJIUHAPA,

onucanHoro BOkpyr JKPJI, mpudem ochb MWIMHApA AODKHA CoBMaaath ¢ ocbro JKPJI

(puc.4.2)

Puc. 4.2.
OtHoluenune oobeMa Beex 31eMeHToB JKPJ B coope Vipy kK 00beMy Vi min MOXKHO

Ha3BaTh KOA(DPHUITUEHTOM IIJIOTHOCTH

Yem Vi mn Meoblue, a K, Oonbiue, TeM Oojiee KoMmakTeH Asuratenb. Hamo
OTMETHTB, UTO Vsipy ONPEAEIIUTD CIIOKHO; 3aTO ONPEAETAETCA Vy iy, MPOCTO.
4.2. Komnonoska ognokamepHbix XKPJ[ ¢ HITT

KoMnoHOBOUHYIO cXeMy B JAHHOM CiIydae OMpPeAe/sieT B3aUMHOE PaCIOI0KEHHE
THA u xamepsl. Mx craparoTcs pa3MecTUTh BO3MOXKHO OJTMIKE IPYT K APYTY € IENBIO
CHIDKCHHS THAPABIMYECCKHX IMOTEPh B MaruCTPalsaX BBICOKOTO AaBiicHUSA. Bmecte ¢
TeM HeoO0XoaumMo obecreunTh Hanbonee yaooHsie nmoapoa k THA u oTBOJ OT HEro
KOMIIOHEHTOB TOIUITMBA M pabouero Teina TYpOMHBI, a Takke yA00CTBO MOHTa)ka
apyrux arperatoB. Kpome Ttoro, mecro ycranoBkn THA Brnmser Ha BelIHUUHY
Harpy3oK, JACHCTBYIOIIUX Ha CHJIOBYIO CHCTEMY JIBATATENA,  OCOOEHHO npu
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MOBOPOTAaX Kamephl WK 3Bosmotmax JI A.
Ha xomnonoBky oaHokamepHbix JKPJI mnpekae BCEro OKa3blBalOT BIIMAHUE

cnenyromue haKToOpHI:

1) Tun cuctemsl mogaun ToruBa (0€3 TOKUTAHHS UITH C TOKUTAHUEM ),

2) CremneHb pacIMPEHAA COTUIA € U HOMED CTYyTICHH.

Jleueamenu 6e3 oodcucanus eenepamopuozo 2azd
Jlns  nBurateneil MmepBBIX CTYMEHEH TMOMEPEUHbIE Pa3MEPbl, KaK MPaBWUIIO,

OTPAaHUUYCHbl TPEOOBAHWEM YMEHbBIICHUS MHUJACHA pakeTshl. llosTomMy nama 3TUX
JBUrateyicd  IMHUPOKO MNPUMEHAIOT  MOCAEI0BATEbHY0  KOMMOHOBKY. llpu
MOCJE0BATEAbHON cxeMe KoMmnoHOBKM THA ycTaHaBauBalOT HaJ KaMmMepol Ha
CIIEIUATFHOM paMe MJTH K€ KPETAT K (pIIaHITy HAPY>KHOTO JHHUIIA TOJIOBKH BBIXOTHBIM
narpyokoM Hacoca okucautens. UYUToObl mpu 3TOM YMEHBIIUTh W MPOAOJbHBIE

pasmepsl, ock THA nemaroT meprnieHauKyasspHoi ocu kamepsr (C5-2, puc. 4.3).

Jlna nBuraresned BEpXHUX CTYMEHEH MOMEPEYHbIC pa3MEPbl YacTO OMPEACISIOTCS
AUAMCTPOM BBIXOOJHOI'O CCUCHHA COILId, d a3pOAHMHAMHYCCKOC COIIPOTHBIICHHUC HI'PACT
MCHBIIYIO POJIb.

[ i _LZ?

i M

Puc. 4.3.
B »ToM ciyuae yacTo NMpUMEHSIOT MapajliejibHYI0 cxeMy KommnoHoBku. [Ipu stom THA
pacrojaraeTcs 4amie Bcero COOKy y roJIOBKM KaMephl WK B 30HE KPUTHUECKOTO CEUCHHUS.
[Tepserii BapuanT pacnonoxenns THA (puc.4.4,a) ynoOeHn mpu mojmade OXJaauTeNs B

TPaKT OXJIAXACHUS KaMmepbl BOMM3M rojoBku. Ho mpu >TOM BO3pacTaeT CMEIICHHE

74



OCHTPA TAKCCTH ABUTATCIIA OT I'COMCTPHUYCCKOIO LCHTPAa KaMCPbI, UTO HCIKCIATCIIBHO

AJI KaMCP, IOABCIHICHHBIX HIAPHHUPHO.

Puc. 4 4. Komnonoska JXXP]I 6e3 noxxuranusi:
a- THA B 30He kamepsl cropanusi; 0- THA B 30He KpUTHUECKOTO CEUEHUS COILIa
Bropoii BapuanT (puc.4.4, 6) obecnieunBaeT OONBITYI0 KOMITAKTHOCTh ABUTATENS (€CITH
THA pa3mecTuTh B BBIEMKE KaMepbl B PallOHE KPUTUUYECKOTO CEUYEHUA, TO JHUAMETP

JABHUTIaTCIIA 6YI[GT HaHMeHBHIHﬁ) N MCHBIICC CMCIICHHUC €TO LICHTPA TAXKCCTH.

yay yay pay

Puc. 45.
OpnHako Opu 3TOM YJJTMHAETCS TPYOONPOBOJ MOAAUYN KOMIIOHEHTA HEMOCPEACTBEHHO B
TOJIOBKY KaMeEphl, YTO BEAET K YBEIMUYEHUIO MAacCChl U TUAPABIUUECKUX MOTEPD.
B KPJI paker-Hocuteneit yacto pacnonaraior THA psanom ¢ kamepoit npwu,

MPUMEPHO, TTAPAIICITHHOM PACIoNIOXKEHUH X ocel (puc. 4.5). [Ipu sToM yMeHbImaeTcs
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JUTMHA TPYOOMPOBOAOB OKUCIUTENS U TOPIOUETO U YIPOIIASTCS BBIXJION W3 TYPOUHBI.
Ha BTOpBIX M TPETHhUX CTYMEHSX 11€J1eCO00Pa3HO ra3 nocie TYpOUHbI HAMIPABJIATH B
PYyJIEBBIE COILIA.
Jleueamenu ¢ oosxcueanuem cenepamoproco easda

Kommnonoska JKPJ[ ¢ Ooocucanuem umeeT cBOM 0COOEHHOCTH. IlockonbKy ras
nocje TypOWHBI MOJAIOT B TOJIOBKY KaMeEphl, TO TYPOUHY KEJATEIbHO PaclojiaraTh
BO3MOXHO OJIMKE K TOJOBKE C LEIbIO CHUXEHUA TEIJIOBBIX W THAPABIMUYECKHUX
MOTEPb.

Ecnu )KP/[ umeer onun THA, To TypOMHY MOXHO MOMECTUTh HEMOCPEICTBEHHO B
BEPXHEW TMOJOCTH TOJIOBKM KaMepbl, 4YTO MO3BOJISET CJAEiaTh ABUTATENb OoJiee
KOMMOAKTHBIM U JieTkuM. OJHAKO MpU 3TOM YBEJIUUYUBACTCS HEPABHOMEPHOCTh
pacnpeneneHns KOMIIOHCHTOB TOIUIMBA MO CEUYCHUIO KaMepbl U BO3MOXKHO MOSIBJIICHUE

MOBBIIICHHBIX MyJIbCAlMi JAaBJICHUA ra3a B KaMepe BCIIeACTBHUE padOThl TypOHHEI.
M

Tlentui FAKTPOTITYISUITED B oot
Ly TH4

v

Puc. 4.6.

[ToatomMy TypOHMHY OOBIYHO COCAMHSIOT C TOJOBKOM Kamepsl razoBogom. IIpu 3tom
MyJbCalliy Ta3a, UAYIINE OT TyPOHHBI, B 3HAUNTEILHON CTEIEHU racsiTCs B ra30BOJIC U B
mojocTy royioBku. B atom ciayuae THA pacnmonaraioT BAOJb KaMepbl MapajieibHO eH
WK 1O/ HEOOJIBIIIMM YIJIOM K €€ OCH WIIM K€ B 30HE€ KPUTHUYECKOTO CEUECHMS KaMephbl

NEPIEHANKYJIAPHO €€ ocH (puc. 4.6.a).
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l'azoBon mpencraBisieT coOOW KaHajl MEPEMEHHOTO CEUYEHUSA, KOTOPbIN JOJIKEH
ObITh MJIaBHBIM. Tak Kak OH Harpy>KeH [AaBJICHUEM ra3a W HarpeT J0 BBICOKOU
TEMIEPaTyphl, TOJIIMHA CTEHOK €ro 3HauuTeNbHA. J[JI1 CHUXKEHHUS €ro Macchl
MPUMEHSIOT MaTepUalibl U JENAI0T MEPEMEHHYIO TOJIIUHY CTCHKH.

B nBurarensax, paboTamonmx Ha KHUCJIOPOAEC W BOJOPOAE, MOIIHOCTh HA MPUBOJA
Hacoca roprouero B 3—4 paza 0o0Jibllie MOIIHOCTH, HEOOXOAMMOW Ha MPHUBOJ Hacoca
okucnutend. [I[puMepHO BO CTOJIBKO K€ pa3 OTIMYAKOTCS M UX ONTHUMAJIbHbIE YaCTOTHI
BpamieHud. [Tosromy B Takmx JKPJI wacto mcnonb3ytoT aBa otaenbHbiX THA, koTtopbie
pa3MeEIaloT y TOJOBKA CHMMETPHMYHO OTHOCHTEIRHO oOcHM Kamepbl. Ha puc.4.6,0
MoKa3aHa CXeMa KOMIIOHOBKHM JBHTAreNd C JoXkuranuem ¢ jasyms THA,
pacnoyioxkeHHbIMA TI0 00¢ cTopoHbsl oT kKamepbl (OKPJ[ SSME).Ilpu wmcnonb3oBanumn
paguanbHON (IEHTPOCTPEMUTEIBHOM) TYpOuHBI, mmenecoodpasno THA pacmonoxuTs 1mo

ocu kamepsl (puc. 4.7).

Puc. 4.7.

B »TOoM cnyuae npu OObIION CTENEHW PACHIMPEHMS COTUIAa BOKPYT KaMEPhl MOXKET ObITh
PacmoJIO’KEH TOPOBBIM TOIJIMBHBIA 0ak, YTO MO3BOJISIET CJEIaTh KOMITAKTHOM BCIHO

JIBUTATEIIbHYIO YCTAaHOBKY.
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Jlexuusa 13
4 3. KomnoHoBka MmHOTOKamepHbix KP/]

B wmuorokameprnom JKXPJI numeercs npe u 6ojee KaMephl, KOTOPbIE MUTAIOTCS OT
onnoro THA. Kak npaBuiio, 0HU 00BbEIMHSIOTCS BMECTE C IOMOIIBIO CUJIOBOM paMbl, HO
MOTYT ObITh U 0€3 00Iiel pambl. B 3ToM ciiyyae KaMepbl COSAUHAIOTCSA KPOHIITEHHAMH,

MMPUBAPCHHBIMH K KaMCpaM

L RARRA

Puc4.8.

[Tpu oAMHAKOBO# TSIreé MHOIOKAMEPHBIN JBUTATEIh UMEET MEHBIITUE MPOAOJIbHbIC
pa3Mephl, UeM OTHOKAMEPHBIH, 3a cueT Oosiee KOpoTkux come (puc. 4.8).

CpaBHUM [JIUHY OJHOKAMEPHOTO M YETHIPEXKAMEPHOTO JIBUTATENsl MpH

P=const;, n m = const; TOrAa CTCIICHb PACIIUPCHUSA COIICII TOKC OAMHAKOBAA

2
a
2
t

£= = const,

w=2 gL
4 4

2

2
r-d,

2

2
7rd*24
4 4

d>=4-d;
Takum oOpa3oMm, d,=2-d. — [OHAMETP YETHIPEXKAMEPHOrO  JABHIaTess

YBEJIMYUTCS, a IJIMHA [ yMEHBIIUTCS B 2 pasa.

MHOFOKaMepHHe ABHUTaTCIIM UMCHOT IIPCUMYIIICCTBA.
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1) mensIne nyuHa (MOTIEPEYHBIC PA3MEPHI YBETUIUBAIOTCS ),

2) ympomaercs TOBOAKA: MOKHO JOBOJUTH OJHY KaMepy,

3) mpore 060pynOBaHUE TSl U3TOTOBJICHUS (TEXHOIOTHIECKOE 000PYI0BAHHUE);

4) obneruaeTcst ynpapjeHUE BEKTOPOM THTH,

5) uMeeTCsl BOSMOYKHOCTh U3MEHATD TATY B OOJIBINNX MPeeiiax;

6) MMEETCS BO3MOXXHOCTh PE3EPBUPOBAHMSA (32 CUET YBEIWUCHUE TATH OCTAIBHBIX
KaMmep).

Onnako, macca ux OosibIIe, [ HIKE.

B muorokamepnsix XKP/[ nenecoodpazno THA ycranaBamBath Mexay Kamep, Mpu
3TOM OCbh €ro 0OBIYHO AENAOT MapajuiesIbHO OCH KaMep. Mex1y KaMep yCTaHABIMBAKOT U
BCE OCTajbHbie arperatbl. OOBIYHO BCE KAMEPHI U arperaTthl MHOTOKAMEPHOTO JIBUTATENA
00BEIUHSIOT C IOMOIIBI0 pambl (puc.4.9, 6), BepxHee KOIbII0 KOTOPOH TPY MOHTAXE HA
JIA kpenuTcs K CWIOBOMY IITAHTOYTY.
TpeboBanus Kk pame:
1) BBICOKAs KECTKOCTh IPU MaJIOW Macce,
2) BBICOKAST TOYHOCTh MPHUCOCIWHUTEIBHBIX TOBEPXHOCTEH OTHOCHUTEILHO HOPYyT
Apyra,
3) obecneueHne CcBOOOABI TEMIIEPATYPHBIX nedopmaruii OTACITBHBIX 3JIEMEHTOB
JBUATATENS (HAarPEThIX U XOJIOAHBIX).
4.4, IToagBo KOMIIOHEHTOB TOIUIUBA K MOBOPOTHBIM KamMepam
HaumeHbliiine notepu yAeNIbHOTO UMITYJIbCA MPU YNPABIECHUUM BEKTOPOM Tiaru JIA
JOCTUTAIOTCS TPU UCIOJb30BAHUM  TMOBOPOTHBIX TATOBBIX Kamep. Ilpu sTomM BO3-
HUKAIOT TPYJAHOCTHU C IOJABOJAOM KOMITOHEHTOB TOILJIMBA K MOJABUKHBIM KaMepam.
B pa3pabotaHHbiX 1BUTaTENIIX MPUMEHSIETCA MOJBOJI KOMIOHEHTOB TOIJIMBA!
- yepe3 THOKHUE AIIEMEHTHI TPYOOTPOBOAOB (CHITH(OHBI ),
- yepe3 IIAPHUPHBIEC OTIOPHI KAMEPHI.
Uepes miapHUPHBIC OMOPHI KOMIIOHEHTHI MOJABOAAT B KaMepbl HEOOJBITION TATH (10
P<3T). OOBUHO 3TO pyJieBbIe Kamephl. [ repMeTu3anuy MOABVIKHBIX COCAMHEHUH

UCIOJIBb3YIOT MAHKETHBIC YIUIOTHEHUA. B 3TOM ciiydyae yron nosopota gocturaet = 60°.
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OcCHOBHBIC KaMepbl [JIi yOpaBJEHUA JOCTAaTOYHO MOBOpayuBath Ha + 5...6
rpanxycoB. [Togsoa k HuM obecrieunBaeTcs uepes3 cuibhoHbl. B ueTsipéxkamepruom XKP/|

KauaHus (MOBOPOTA) pacmojararoTes, Kak mokasano Ha pucd.9,a.

-

d, pacrioyIOKEHHUE OCEH KauaHuA B yeTbipexkamepHoM KP /|

cUAoboe KoabLo

~ | ™|l

A

0, COSIMHEHUE KaMep paMoi

Puc. 4.9.
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[Ipu moBopoTe kKamep CHIb(GOHBI TOJDKHBI HMCTBITHIBATH TOJNBKO HM3THO (a HE
pacTshkeHue-cxarue). [lostomy TeHTp cuiabdoHAa AOHKEH COBMAIaTh C  OCHIO,
OTHOCHTEILHO KOTOPO# coBepiaeTcst moBopot (puc. 4.10).

B onaHOkamMepHBIX ABHTaTeNIX MMEETCS BO3MOXXHOCTh  yCTAHABJIMBATh
cuIb(POHBI Ha HU3KOM JaBJIcHUH A0 HacocoB THA. B aToM cityuae moBopaunBaeTcs BECh

nsurarenb BMecte ¢ THA.

.

£

p—4

Puc. 4.10.

B mHorokamepHom apuratene THA HemoaBHKEH, a OTKIOHSAIOTCS TOJIBKO KaMEPhI,
IIPH ATOM CHJIb(OHBI IPUXOJUTCS CTAaBHTh HAa MAaruCTPAJISX BBICOKOTO JABIICHHS MEXKTY
HacocaMu M KaMmepoil. B uetsipéxkamepHom asurarene ¢ goskuranuem PJ[-170
CUIL(POHBI YCTAaHOBJICHHI Jake B Ta30BOJE, IO KOTOPOMY HJAET T€HEPATOPHBIX Ta3.
[ToaTOMY OHM UMEIOT CJIOKHYIO KOHCTPYKITHIO M CIICIIMATILHOE OXJIAKICHUE.

[TockoNbKy MpH KadyaHUH KaMephl CHIIb(GOHBI MECHSIOT 00BEM, M CJICIOBATEIIBHO,
JAlOT UMITYJIbCHI IaBJICHHS, TO OHHU MOTYT SBUThCA HCTOUHMKOM BO30YKJCHHSA B Kamepe
BY.

CunbhoHBI Tak)Ke NPUMEHSIOT KaK TEMIIEpaTypHbIe KOMIICHCATOPHl M Kak
aneMeHThl, obseruatomue coopky KPJ[ (TpyOGompoBoapl MOTYT OBITh W3TOTOBJICHBI C

MEHBIIIEH TOUHOCTBHIO).
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4.5. 3apaum, pemiaeMblie Mpu pazpadoTke KoMnoHOBKH JKP/I.
1. CHM>XKEHUE TEMIIEPATYPHBIX HArPy30K.

B KPJl omam sneMeHTHI HarpeThl O BEChbMa BBICOKOW TeMmIepaTyphl (Kamepa,
KIT, typOuna, ra30BOA), MPYTHE OXJIAXKACHBI O HHU3KOW OTPHUIATEIHHON
temrepatypbl (Hacocel O2x, H2x u ap.). B pe3ynmprare 3T0r0 BO3HHKAIOT OONBINHEC
TeMIIepaTypHbIie eOpMaIAN U HAMIPSKEHUS, KOTOPHIE MOTYT MMPUBECTH K TTOJIOMKAM.

JUist  yMEHBIIICHUSA TEMIIEPATypPHBIX HArpy30K BBIOMPAIOT  PalMOHAIBHOE

KPEIJICHUE 3JIEMEHTOB JBUTATENSl U BBOJAT MOAATIIMBBIC 3JIEMEHTHI. Tak Kamepa JoJKHA
3aKpeTuIAThcs B omHOM Tosice (ceuenmn) (puc.4.11). TpyOompoBoabl TOMBOIAIIHNE
OXJIAJIUTENb K KOJUIEKTOPY COIJIa M3rM0aroT Uil CHUXKEHUA WX KecTKocTh. C 3ToM ke
IIEIBIO B TPYOOIIPOBOABI CTABAT CHIIB(OHEI.
2. OGecnieueHne rTepMETUYHOCTH COCTUHEHHUH.

YTeuka koMnoHeHTOB TormmBa B JKPJ[ Hemonmyctuma. Ko BCeM CoequHEHMSIM B
TOIUIMBHBIX MAruCTPaJisiX MPEIbABJISAIOTCS BBICOKME TPEOOBAHUA MO CTENEHU TepMme-
TAYHOCTA. B HEKOTOphIX ClydasX BCE COCAMHEHUS MarucTpajcd BbIMOJIHIIOTCS
cBapHbiMU. OHAKO, TAKOE PEIICHUE YCIIOXKHAET COOPKY JBUTATENsA U YBEJIUUYUBACT €0

CTOHMOCTD.

nosc
KOETVIeHLT

=

Puc. 4.11.

3. OGecneueHne BUOPAIMOHHOM TPOYHOCTH BCEX AJIEMEHTOB JBUraTeN.
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B XPJI uMeroTcsi MOIIIHBIE MCTOYHHMKK BUOparuu: padoTaromias kamepa, THA,
KIT.

Yacrota u aMmmuiuTyAa BUOpamuil onpeaesiOT HHEPIIMOHHBIC Harpy3Kd Ha arperarhbl
W ICTaJIA JBUTATEIA.

YcTpanuth 3TH BUOpAIIMH HEBO3MOXKHO, TTOATOMY BCE SJIEMEHTHI JIOJKHBI OBITh
BHOPONPOYHBIMH. JIJIT HEKOTOPHIX YCTPOUCTB MPUXOAMTCA MPUMEHATH BHOPO3AIIUTY:
MPYXWHHBIN ToABeC, BUOpouzoysaTopsl 3 MP. K Takum ycTpoiicTBaM OTHOCSTCA
JAaTUYUKWA JaBJICHWS B Kamepe, KOTOpble caMH BHOPOH3OIMPYIOTCSI, a C KaMepow
COEAUHSAIOTCSA THOKUM TPYOOTIPOBOJIOM.

Tpy6onposoast XKPJ[ manoro nquamerpa (MeHee 40MM) mipu GONIBIIIOM PECypce TaKKe
MOTYT pa3pymaTbcs OT BUOparumid. [ ux 3amThl MPUMEHSIOT YIIPYTO-IeMI(UPYIOIINAC

OTTOPHI.

4. Tlpu paspabdotke XKPJ[ ¢ Oonpimmm pecypcoM padOThl MCIOIB3YIOT OJIOUHBIH
MPUHITATT KOMTIOHOBKH arperaTtoB, KOT/a JBUTATeNb COOMPACTCS W3 OTACIBHBIX
6mokoB. [IpuMeHeHue ASTOr0 TPWHIMIIA YCKOPSAET JOBOJAKY  arperatoB W BCETO
JBUATATEISI, yMpoImaeT Skciuryatanuio JIY, Tak kak B ciydae BBIXOJa W3 CTPOS
OTJICTBHBIX arperaToB MX MOXKHO 3aMEHHUTHh MCIPABHBIMH Aaxe 0e3 pa3OOpKH BCETO
JBATATEINSI U, HECMOTPSA HA HEKOTOPOE YBEIIMUECHUE MACChl KOHCTPYKITUW BCIICIACTBHE
WCIIOJTb30BAHUS OOJIBIIIETO YHCJIA PA3bEMHBIX COCIUHCHWN, TMO3BOJSET  CHHU3UTH
CTOMMOCTD €r0 SKCIUTyaTaIliH.

5. KommioHOBKa mpeacTaBigeT codoi o0beMHOE KOHCTpyupoBaHue. Emé HemaBHO OHa
MPOBOJMIACH HA MaKeTaX: BBITIOJIHSJICA MaKeT KaMephl W JAPYTHX arperaroB, U OHH
pacrnoyiarajiich W KPEMHJIUCh B COOTBETCTBHUH C TPEOOBAHWSAMHU W TPEIACTABICHUSMHA
KOHCTPYKTOpA.

B Hactosmee BpemMs KOMITIOHOBKA TPOBOIUTCA C TOMOIIBIO KOMITBIOTEPHBIX
texHoyoruii. [Ipm STOM MOXKET WCHOJIB30BAaThCA CTAHAAPTHOE TMPOTPAMMHOE
rpadudeckoe obecneucHue.

[Tpon3BOAAT TpEeXMEpPHYIO OOPHUCOBKY BCEX COCTABJIAIONINX JJIEMEHTOB B
MPOCTPAHCTBE. 3aTEM OICHUBAIOT KOMITOHOBKY M BHOCST COOTBETCTBYIOITHE U3MCHEHUS

B ITOJIOKCHHUC DJICMCHTOB.
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Jlexknus 14
5. KoncTpynpoBanue 0ocHOBHbIX y3J10B PAATT

5.1.0cobennoctu koucTpykimu PITT

C pakernpiMu nBurareisMu Ha TBepaoM Totumse (P/ITT) BeI 3HaKOMBI 1O KypCy
"Teopun pakeTHbIX JBUTATECH" .

PATT namm mumpokoe MPUMEHCHUE B PAKETaX BOCHHOTO HasHaueHusA. Hanpumep,
B Hactosiiee Bpemsi OoeBbie pakeThl CIIIA ocuHamenst B ocHoBHoMm PJTT. Ha
poccuiickux crparernueckux pakerax "Tomonas-M", "Bynasa" Takxke ycranosiaenst PITT.
[ITupoko MPUMEHSIOTCS OHU U B KOCMHUUYECKOM PAKETOCTPOCHUH.

Ipeumywecmsa u neoocmamxu PJ[TT no cpasnenuio ¢ JKPJ].

[IpenmymecTsa:

1. TIpocToTa KOHCTPYKIMH U SKCILTyaTalWH.

Ot0 mnpeumyiectBo 00bsAcHseTcs oTcyTcTBUeM CIIT ¥ rpoMO3aKOro Ha3eMHOTO

3anpaBouyHOro obopyaoBanud. [lo amMepuKaHCKMM JaHHBIM CTOMMOCTbh OOCIYXKH-

BaHUs pakeTbl «MuHuTMEH» npuMmepHo B 10 pa3 MeHbllle, 4eM pakeT «ATIac» H

«Twurany.

2. BbicoKkast HAEKHOCTh AEHCTBHUS.

OTO NPEUMYIIECTBO SABJISIETCS CAEICTBUEM MEPBOrO U OOBICHACTCS MEHBIIIUM YUCJIOM

JeTajel 1Buraresisa, 0COOCHHO MOJABMXKHBIX. [10 TUTEpaTypHBbIM JAHHBIM BEPOSTHOCTb

oTKka3a B pabote coBpeMeHHbIX pakeT ¢ P/[TT B 8 pa3 mensbiie, uem ¢ KPJI.

3. IlocrosiHHAs TOTOBHOCTH K MYCKY (BBICOKAss OOETOTOBHOCTH) — OOYCIIOBJICHA TEM,
YTO JIBUTATEJIb MOCTOSHHO HAXOAUTCS B 3aMPaBJICHHOM COCTOAHWM. ['apaHTUHHbBIN
cpok xpaHnenus 3amnpasiennoro P/TT moxoaut g0 20 ner.

4. bonee Hu3Kas ctouMocTh pazpadotku P/ITT.

Orpabotrka PJITT no 3amaHHON CTeNMEeHHW HAJACKHOCTH TPeOyeT MEHBIIETO 4YHucia

UCTIBITAaHUN W, CIICIOBATENIbHO, CPEACTB HA JOBOJKY JBHrareis. OTOT (hakT

KAQueCTBEHHO WJUTIOCTpUpYeET puc.5.1. B kauecTBe MOATBEPKIACHUSA STOTO MOMKHO

yKazarh Ha TO, uto aja orpabdorku P/[TT Ilartna SRM O6wuio nposeaeHo Bcero 4

WCTIBITAHUS, TTPUYEM YK€ Ha MEp-BbIX HCHbITaHUAX B 1977 roay Ha cTeHae Obuin

IMMOJIYUCHBI PACUYCTHBIC 3HAUCHHUA TATH, BDCMCHHA pa6OTI>I W APYTHUX ApaMCTPOB.
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T PATT
100% /
KPJI ¢
/ BIIT
Hanexu
ocTh \
JKPJI cHIIT

ay

v

I[HI/IT@HLHOCTL WM YHUCIIO UCTILITAHUH

Puc. 5.1. 3aBucumocTtb HaaeKHOCTH J[Y OT UKCiia JETHBIX UCTIBITAHUN B TIPOIIECCE
00paboTKH.
OOBsACHEHUE STOTO B TOM, YTO TOPEHHUE TBEPJOrO TOIUIMBA W TEIUIO3AIIUTA MOTYT
OBITH XOPOIIIO OTPpabOTaHbl HA 00pa3Iax B Ja0OPAaTOPHBIX YCIOBHUSAX.
B toxe Bpems SSME (OKPJI) orpabareiBajnics 6 jet (310 Oblia MPUHITUITAAIBHO
HoBas cxema JXXP/l s amepukaHIies).
HeobOxoaumo 3uars u Heaoctatku PJITT, KoTOphie OrpaHUYMBAIOT €r0
MIPUMEHEHHUE.
1. bonee nuskuit, yem y KP/I I,
PATT Iy, yax =2750Hc/kr , B TO Bpems kak KPP I a = 3900 He/kr.
2. Mamnoe Bpems pabotsr PJITT (90...159 cexkynn), orpannunBaet BpeMs paboTo-
CIOCOOHOCTH COILIA.
3. CHOXHOCTh yIpaBlICHUA BEIUUYMHON BEKTOpA TATH U 00€CTIeUeHN MHOTO-
KPaTHOTO 3aITyCKa.
4. 3aBucumocTts xapaktepuctuk PITT ot okpyxaroiieit cpenbl
5. Ilo cpasuenuto ¢ KPJ[ (O2+kepocun, O2+H?2) Gonee HU3KaAsA SKOTOTHIHOCTD
PITT.
OCHOBHBIM OKHCIIUTEJIEM CMECEBOr0 TOMJIMBA ABJSETCA MEPXJOpaT aMMOHUA
NH4Cl104, B pesynbrare ropenus xjop coeamnsiercs ¢ sogopoaom (HCI), koro-perit
MPEACTABIISIET OMMACHOCTD JIJTA OKPYXKAIOMIEH cpebl (KUCIIOTHBIE 0K U BPEACH IS
oKkpykatomeh cpensi). Kpome Toro, Hamwmume Oombinero kosmmuectsa HCI B
MPOIYKTAX CTOPAHUS AENAIOT CJE] PAKEThl BUIAWMBIM (TIO3TOMY HAa MaJlbiX OOEBBIX

BBICOTAX JI0 CUX MOP MPUMEHSIIOT HUTPOLIEIUTIOJIO3HOE TOTUIUBO).

85



B aByx yckoputenax Illartma ~100 Tonn xmopa, xkotopsiii nepexoaut B HCI, cton6
ero npocTtupaercst ot mopepxHocTu 3emian 10 H=40 km. HCI Bpeaut 030HHOMY CITOFO
U BBI3BIBACT KUCIOTHBIE N0 AH. [loaTOMY mpopadaThiBaIvCh BAPUAHTHI 3aMEHBI ATHX
PATT na XKPJ[ ¢ O2+ kepocuH.

Ilymu nogwiuenus s¢pghexmusnocmu PJ[TT na JIA

Cosepmenctso koHcTpyKimu B PITT ornernBaroT k03 GUIMEeHTOM MacCOBOTO

COBCPHICHCTBA o =—=

K >

my

rae m, - Macca KOHCTpyKiuu (He cHapsokenHoro PJITT); m, - macca TommBa.

H]k + JHT + H]nz
(B ornmumu ot yncna L{noakoBckoro ff = ——————"= B 0 HE BXOJUT Macca MOJIe3HOrO
m +m
K ne

rpy3a My, Ecnmm my << my , To p=1+1/a ).
B xadectBe xapakrepucTiky YPPEKTUBHOCTH JIBHTaTelId Ha PAKETE YacToO

HCIIOJIB3YIOT BCIIMYKUHY YACIBbHOIO IPUBCACHHOTO KMITYJIbCA TATH

J :i: JymT = JymT (1)
" m, m, m, +m,+m,
[ 7, ’f’j my
P ' J m
3necs L= L7 - m/ T
mO mO mO mO

OO0o3HaueHus: m, —HayajibHAasA Macca pakeThl; M, - HayaJibHas Macca TOIJIUBA,
m, - Mmacca koHcTpykuud PJITT; m,, - macca nosesHoro rpysa;

Jy - cpennmii 3a BpeMa paOOThl yACTIbHBIA HMITYJIbC TATH.
Kak sugno u3 (1), mia ysenmdenus Jy,, Hamo J, T u a 1. Hccnenyem, kak 3aBUCHT
BEJIMYMHA O OT XapaKTEPUCTUK KOHCTPYKImuu PITT.

Macca KOHCTPYKIIMU — 3TO Macca KOPIyca My, , KOTOPAs 3aBUCUT OT BEJIMUYHHBI
3apsiia m;, ¥ Macca NpoUYrX 3JIEMEHTOB M, , MAJIO 3aBUCAIIAS OT BEJIUUYUHBI 3aps-/1a.
Cpenu npoumnx 3I€MEHTOB — CAMBbIM TSXKEIBIM SIBJIsACTCS comio. Takum oOpazom

mkop +m3
o0=—

2)

my
VYIpoIIeHHO MPEACTABUM, YTO KOPIIYC IPEACTABIISIET COO0M MUIHHAD AHaMeTpoM D,

nHOM L m mmeeT 2 tutockux gauUIa (puc.5.2).
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Puc 5.2. Cxema xopmyca

Homyctum pia ynpowenus hy,, = hy, =h (Ha camom aene npu o1MHaKOBOM 3amace
MPOYHOCTH TUIOCKHE THUIIA BCET/IAa TOJIIE CTEHKH MUIUHapa). Toraa

m,,, =aphLp, + Z%ﬂDzhpk =7Dhlp, [l + 2—2} (3)

3aech py - IIOTHOCTh MaTepuania kopmnyca. M3 yclioBust MPOUYHOCTH LIMJIMHAPA
TOJIIIIMHA €r0 CTEHKH PaBHA

p=L2l 4)

202
n
1€ Pk - JaBJCHHUE B KaMepe, Op- NPeAei MPOUYHOCTH MaTepHrajia KOpIyca;
- KoadduImeHT 3amnaca.
Macca TormmBa MOKET OBITh 3alTHCaHa

2
mr:Aﬂf LpT: (5)

rie A=V./ V¢ -kodddunuent oobemuoro 3amonaenus PJITT;
V., V- 00beM TOIJIUBA U KOPITyCa COOTBETCTBEHHO; P, - IJIOTHOCTH TOILIMBA.

Ecnu (3),(4) u (5) moacraBum B (2) momyuum:

azz&&ﬁ[HE} i (6)
Oy Pr A 2L) my

[Tocne moacranoskw (6) B (1) numeem:

J
Jynp: - (7)
2p’< P H[I+DJ+ My ey
o, pr A 2L) my, my

M3 ananmsa 3TOT0 BBIPAKEHUA CIEAYET, UTO JUIA YBEIUYEHUA Jyy,, HAOO:
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1. TonnuBO KOJKHO UIMETh MaKCUMaJIbHbIE Jy U P, ; 2. MaTepual CTEHKH KopItyca
JIOJKEH UMETH BBICOKYIO YIEIBHYIO IPOYHOCTH (G, P, ). 3. KoaddummenT 3anaca
JOJDKEH OBITh MHHHUMAJIBHBIM N, a KOA(PHUITHEHT 3an0/IHeHUS A MaKCHMAaJTbHBIM;
4. Beiromssl kopmyca ¢ 6onpmum yamuaennem L/D (torna mensme D u Tommuna
CTeHKH); 5. Maccy mpounx 3J€MEHTOB Ha/l0 YMEHBIIATh M,. 6. J, 3aBUCUT OT Py B

0.1..0.2

CTENEHU MEHbIIEH eMHuLbI (J, = p, ), a TOJIIMHA CTEHKU h= f(p,) B TIEPBOi

creneHu. [103TOMy KeIaTeabHO UMETh MEHBIIIHE Py , OAHAKO BETUYMHA Pmin
OTIPEACINIAETCSA BO3MOXKHOCTBIO MOTYUYEHHS YCTOMUUBOTO ropeHus. CMeceBbi€ TOIIUBA
UMEIOT TPEUMYINECTBO, TaK KaK MOTYT YCTOWIHUBO TOPETh MPH MEHBIIIEM JABJICHUH Py

—4...7 MITa).

3aBUCHUMOCTS Jyy, = f(p,) EMeeT MakcuMyM (puc.5.3). BenanuuHa ero cisuraercs B

CTOPOHY OOJIBIIIETO Py TPH YBEJIMUYECHUHN YACIBHON NPOUY-HOCTH MaTepralia CTCHKH.
CpaBHMBasg TBEPI0€ TOIJIMBO C BEICOKOKUAMAINM xuakumM AT+ HJIMI', moxHO caenaTh
BBIBOJI;

AT+HIMI naér J, na 10 % seime, yem y TPT, HO p, y Hero Ha 45% MeHbINE, yeM
mveetr TPT (y TPT p,=1.76, a AT+HIMI umeer pr =1.21r/Mm ).
[TosTomy Jyp, y PakeT ¢ STUMH TONJIMBAMU NPUMEPHO OAWHAKOB. HakoHel, BhIpaXkeHHne
(7) mO3BONAET OLICHUTD, B KAKOM CJIydae 1eJiecoo0pa3Ho 10OUBa-ThCsI MUHUMATBHOM
Macchl KoHCTpykinu. Kak BuaHo u3 Beipakenus (1), ecn macca rpy3a BelliKa 1Mo OTHO-

MCHUIO K MAaCCC TOIVIMBA, TO YMCHBIIICHUC O, MaJIO BJIMACT HaA Jynp-
JY“P

A (/P2 (s/ P

(GB/ plc)l

Px

Puc.5.3. 3aBUCUMOCTh NPUBECHHOTO YEABHOIO UMIYJIbCA OT JIABJICHUS B KaMepe
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Jlekuus 15
5.2. Koncrpykuusa kamepsi PITT

5.2. 1. Koncmpyxmugnoie cxemvi kamepel.

Kamepa PITT cocrouT M3 kopmyca Kamepbl CrOpaHHMs W COIUIOBOro Ojioka. B
KaMepe CropaHusl pa3MeniaeTcs 3apsj TBEPJIOro TOIJIMBA, BOCILUIAMEHUTEIb U JIPYTHE
BCIIOMOTaTeJIbHBIE YCTPOMCTBA M 3AE€Ch K€ MNPOUCXOAUT ropeHue 3apsaa. Kamepa
JOJKHA UMETh MHUHUMAJIbHYIO Maccy M o0naaarb HEOOXOAUMOW MNPOYHOCTHIO MpHU
BHyTpeHHeM naBjicanu 5S—I15 Mlla u temneparype npoaykros cropanus 2500—3500 K.
B 10 ke BpeMs KOHCTPYKIIMS KaMePhI TOJKHA ObITh MPOCTON U TEXHOJIOTHUHOM.

KoncTpykTuBHAst cxemMa KaMephl OMNPEACNACTCS TEOMETPUUECKOor (hOPMOH,
pacmoioKeHUEM pa3zbéMOB KOpIyca U cxeMoi corioBoro 0joka. ®opma kopmyca PATT
MOXKET OBITh Pa3TUUHON (IMUIMHAPUYECKON, KOHMYECKOH, cepuueckod W Ap.) U B
OOJIBIION CTEMEHU 3aBUCHUT OT KOMMNOHOBKM JIA. To e camoe OTHOCUTCS U K CXEME
COIUIOBOTO OQJIOKA, KOTOPBIM MOXKET COCTOSATh W3 OJHOTO WM HECKOJIbKHUX COILI,
PACIONIOKEHHBIX KAaK HA 3aJIHEM JHHUILE, TaK U B APYruX yacTax kopmyca. Uto kacaercs
pPa3bEMOB KOpIyca, TO MX YHCJO AOJKHO ObITh MHHUMAJbHBIM, JOCTATOYHBIM IS
3aMpaBKy KOpITyca TOMJIMBOM M MOHTaXa apMarypbl. Mbl Oyaem paccMarpuBarh Kamepy ¢
LIMJIMHIPUYECKUM KOPITYCOM U COIJIOBBIM OJIOKOM, PACIOJIOKEHHBIM HA 3aTHEM JTHUIIIE.

Ha koHcTpykumio kamepbl OOJIBIIOE BIMAHUE OKa3bIBACT CMOCOO YCTAHOBKHU
3apsaa, B 3aBUCUMOCTH OT KOTOPOTO PA3INYarOT BKJIAJHON U CKPETUICHHBIN 3aPsi/Ibl.

BxnaaHoit 3apsin ¢cBoOOIHO BKIIAmbIBacTCs B kamepy (puc. 5.4). [lpu 3tom moxer
OBITH 3apsJ] BCECTOPOHHETO TOPEHUS U 3aps/l, TOPALIUI MO0 BHYTPEHHUM MOBEPXHOCTSIM.

B nmnepBoM ciyuae ropeHue 3apsjaa MOPOUCXOJUT MO BCEM MOBEPXHOCTSM:
HAPY>KHOMW, BHYTPEHHEN M TOPLEBOUA. HacTO 3apsA BBITOIHAECTCA U3 HECKOIBKUX IIAIICK.
VYnep:kanue 3apsaa 00eCrneyruBaeTcs ¢ MOMOIIBIO PEIIETOK U YIIOPOB. [[BUrarenu ¢ Takum
3apsiIOM MO3BOJIAIOT NOJYUUTh OOJIBIIYIO TATY 32 KOPOTKUH MPOMEKYTOK BPEMEHH.

Tak kKaK CTEHKM KOPIyca OMBIBAIOTCA TOPAYMM ra3oM, MPUXOAUTCS YBEJIUUMBAThH
WX TOJIIIUHY WIH MPUMEHATH TCIUIO3AIIUTY.

JIBurarenu ¢ TakuM 3apsSoM HMEIOT HU3KWAK KOY(DPUITUEHT 3armonHeHHS €, H
OOJBITYI0 MacCy KOHCTPYKIIMH, HO OTIMYAIOTCS MpocToTor. (s HuxX kosdduimeHT
MaccoBoro copepieHcTna o, = 0,15 — 0,25.
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JlBurarenu

oonpmmumi. o, = 0,85 — 1,25.

PEAKTUBHBIX CHApPSAIOB, CAMOJIETHBIX YCKOPUTEIEH HMMEIOT emé

HpeI/IMYH_[eCTBOM I[BI/IFaTeHeﬁ C BKIIQAHBIM 3apAd0M ABJIACTCA TO, UTO 3apad KCCTKO HC

CBA3aH C KOPIIYCOM H HAIpy>KCH TOJIbBKO HHCPLHHOHHBIMH CHJIAMH KW BCCCTOPOHHHM

JABJICHUCM TI'a30B. HO3TOMy K MEXaHHYCCKMM CBOMCTBAM TOILIMBA HE NpCABABIIACTCA

0COOBIX Tpe6OBaHHﬁ, BO3MOJKHO HUCIIOJIB30BAHHWA HUTPOLC/UIFOJIO3HOTO TOILIKBA.

Ckperutennbiii 3apsan (puc. 5.5) momydaeTcss 3aJIMBKOM CMECEBOTO TOIJIMBA B

KaMCPy CropaHHA WIH KC 3apad BCTABJLACTCA U IIPHUKIICUBACTCA K CTCHKAM KaMCPBI. HpI/I

ATOM MEXAY 3apsAJ0M M CTEHKaMHU Kamephbl 3a30pa HeT. [opeHue 3apana npoucxXoAauT Mo

BHYTPEHHHUM MTOBEPXHOCTSM.

K NS PAYAVAVAVAV ALV VaN

-

LAt

I R A SO o v Vawaviw, V_V :‘
q - N

-----

SOOI KK ICH K
R FEESBELELLRIEII002

Puc. 5.4. Cxema P/ITT ¢ BknagubiM 3apaaoM: 1- kopmyc; 2 — 3aps;

3 — OpOHUpYIOIIIEE MOKPHITUE, 4 — BKAAIBIIIL, 5 — BOCIJIAMECHUTEIIb,

6 — y3€eJ1 CTBIKOBKH

Fopﬂqne rassl COIMPHUKACAIOTCA CO CTCHKAMHW KaMCPLI TOJIBKO B MCCTAX, I/IC HCT 3apsaa.

[Tosromy oOmas macca HMCHOIb3yEMOIO TEIJIO3AIMTHOTO TMOKPbITUS HeBeauka. Het

HEOOXOMMOCTH B JOTOJHUTEIIbHOW (ukcaruu 3apsma. g H3roToBIICHHMS KopIryca

MOI'YT HMCIOJIB30BaATLCA  JICTKHC

ITaCTMACCHhI.

MaTepUabl:;

TUTaH,

AJIIOMHWHHUCBBIC

CILJIaBbI

u
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Puc. 5.5. Cxema PITT co ckpemnyieHHbIM 3apsaoM: 1 — KOpIyC U3 CTEKJIOIMJIACTHKA,
2 — Temnou3onanua, 3 — 3apsaa; 4 — 3aaHee OHMINE, 5 — COIIo, 6 — momnepeuHas
MPOpPeE3b; 7 — BOCIUIAMEHUTEb, 8§ — MepeaHEe THUIIIE

Bce 3T0 mo3BONSAET 3HAYUTENIBHO YIYUIIMTh MACCOBBIE XapPaKTEPUCTUKH JBUTATENS H
nonyunth o = 0,1 — 0,2, na kpynHorabapuTHBIX JBUTATEIEH CO CTEKIIOMIACTUKOBBIM
kopnycoM o, = 0,08, a misa chepruueckux PATT BepxHux crynenei paket 10 o, = 0,05 —
0,06 .

OmHako B TakOHM KOHCTPYKIIMH 3apsii CBSA3aH C KOPIyCOM H A¢OPMHUPYIOTCSA ATH
AJIEMEHTHI COBMECTHO. Tak Kak Marepuajbl KOpmyca W TOIJIMBA MMEIOT CYIIECTBEHHO
paznuuHble KOA(PPHUIIMECHTH JTHHSHHOTO PACIIMPECHHUS W MOIYIH YIOPYTOCTH, TO B ATHX
3JIEMEHTAX BO3HMKAIOT HAMNPSDKEHMS, KOTOPBIE MOTYT MPEACTABIATh OMACHOCThH JJIA
3apsana (MPOYHOCTh TOTUIMBA HAMHOTO HHXeE, deMm kopmyca). [losromy B PATT co
CKPEIUIEHHBIM  3apsAJ0M TMPUMEHUMBI TOJIbKO TOIUIMBA, JOMYCKAIOIMHUE OONBIIHE
nedopmanum.

5.2.2 KoHcTpyKiMst KopIyca
Kopmyc kamepbl SBISETCSA CUIIOBBIM 3JIEMEHTOM, BOCITPHHUMAIOIIUM BHYTPEHHEE
JIaBJICHUE W TETUIOBBIC HANIPSHKEHUA, KOTOPBHIC BOSHUKAIOT B PE3YJITATE €r0 HarpeBa npu
rOpeHuH 3apsaaa. BMecte ¢ TeM OH ABIISIETCA YAaCThIO KOPITyCa PAKEThl U BOCHPUHUMAECT
Harpy3KH, IeHCTBYIOIINE HA PAKETY BO BCEX CIYUasX €€ AKCIUTyaTaluu.

B OonbmmHCTBE CllydyaeB KOPMYC BBIMOJHACTCS B BHAC NHJIMHIAPHUCCKOH
o0euaifky, 3aKPHITON C TOPIEB MEPESTHUM W 3aAHUM (COMUIOBBIM) JHHIIEM. OTBITHBIM
MyTeM YCTAaHOBJICHO, YTO MHUHHMajbHasi Macca Koprmyca (C y4eToM TEIIO3aluThl |
MacChl MEXKCTYyNEHYAThIX OTCEKOB) I 3aps/ia 3aJaHHOH MAacChl TONYYaeTCs TIPH
OTHOIIICHWH JUIMHBI KOPITyca K IUaMeTpy, paBHOM 2—3 .

JIHWIIa MOTYT BBIMOJHATHCS 320/IHO C IWJIMHAPHYECKOM YacThiO W OTAEIbHO. B
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OONBIMMHCTBE KOHCTPYKITHH TIEpeIHEe JHUIIE BBHITTOIHACTCS OTACIBHO.

3ajHEE MHUIIE W COTUTOBOM OJIOK YacTO BBITIONHSIOTCSA B BHJIC €IMHOTO y3ia (CM.
puc. 1). Ob0a mHWIA WUCTIONB3YIOTCS Ul KPEIJICHUS YCTPOWCTB CHUCTEMBI YIIPABICHUS
nsurarenieM. Ha maummax moryt OBITh PacoOIOKEHBI Y3JIbI CTHIKOBKH C TEPEXOTHBIMH
OTCEKaMH, Yepe3 KOTOPHIC TMEPEAAIOTCA HArpy3KH OT CMEXHBIX CTYTICHEH, IOJIC3HOTO
rpy3a Wik npubOPHOTO OTCEKA.

Macca koprmyca cocTapsieT HauOOJBITYIO YaCTh MaCChl KOHCTPYKITAHN JBUTATE]IS.

OcHOBHOE€  TpeOOBaHME K  KOHCTPYKIMH  KoOpmyca —  oOecreueHHe
paboTOCTIOCOOHOCTH JBUTATENIsl B TEUEHWE 3aJaHHOTO BPEMEHH TP MWHAMAJIBHOMN
macce. Jlis BeITONMHEHHMST ATOrO TPeOOBAHUSA WCIOIB3YIOT MaTepHabl C BBICOKOH
YASTHHOM MPOYHOCTHIO U JOOWBAIOTCS ONTUMAJTbHON KOHCTPYKITHA KOPITyCa.

VYnenbHas MPOYHOCTH MaTepHalia XapaKTePU3YeTCsl OTHOIICHUEM G,/p, a yAenbHAsA
KECTKOCTh — F/p, THEe G, — Tpeaes BPEMEHHON MPOYHOCTH, [ — MOMIYNb YNPYTOCTH,
p — TUJIOTHOCTh Marepwajia. Ecimu 2JeMEHT KOHCTPYKIIMM B OCHOBHOM paboTaeT Ha
pPacTsIKEHHE, TO €TO TEJIeCO00pa3HO BHITIONHATE W3 Marepuaja ¢ BRICOKHM G, /p, €CIH Ha
cxarue (BO3MOXKHA MOTEPS] YCTOMUUBOCTH (POPMBI) — C BBICOKHM F /p.

B nHacTosmee BpeMs MPUMEHSIOT KOPIyca META/UTMUCCKUE M W3 KOMITO3HITMOHHBIX
MaTepHaIOB.

Memannuueckue ropnyca. MarepuanaMu JUIsi  3TUX  KOPIYCOB  CITy»Kar
BBICOKOTIPOYHBIC CTAJIA, THTAHOBBIC WJTH AJTIOMUHHACBHIC CIIJIABHI.

K BBICOKOTIPOUHBIM CTAJIAIM OTHOCSIT CTajid, KOTOPBIE TIOCIE  BCEX BHUJOB
ynpouHenuss umert o, > 1500MIla. Kopnyca oTHOCHTEIBHO HEOOIBIIMX Pa3MEPOB
YaCTO M3TOTOBJISIOT W3 BBHICOKOYTJICPOIUCTRIX CPEAHEIICTUPOBAHHBIX CTajieii (HampuMmep,
u3 crtamm 42X2I'CHMA). Breicokas TpPOYHOCTh TaKMX CTajJed JOCTUTAETCS TMOCIe
3aKaJIKM ¥ HHU3KOTO OTmycka. C yBENIWUEHHWEM pPa3MEpOB KOpIyca IMPOBEACHHUE STHX
omepanmi  yCIoXKHIETCA, TpeOyeTca CIoKHOE 000py/loBaHHE W HAOIIOAAETCS TMOBOAKA
JeTaJen.

B orom choydae TOpWMEHSIOT  MapTCHCHTHO-CTApEIONIME  CTAM  TUMA
03X11HIOM2T-BJI. 9T0 HepKaBEIOIIME CTAIU, YIPOUYHEHUE KOTOPHIX MPOUCXOIUT MPHU

cTapenun (BHLACPIKKY IETAIH OMPeaeIéHHOE BpeMs mpu Temnepatype ~ 400°C).
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Puc. 5.3. CTbiKOBOE CBAPHOE COEAMHEHUE C YCUIIEHUEM KPOMOK

BricokonpouHsie CTaju, MPUMEHSIEMBIC B PATT, 00eCIeunBaoT
6,/p 10 22,6:10° TTa-m’/xr.

Bricokonmpounsie TUTAHOBBIC CILIABBI MO3BOJISIFOT MOTYYHUTh
6,/p 10 25,6°10° ITa-m’/xr.

Henocrarkom 3THX MarepuanoB ABJISETCS NOBBIIICHHAA YYBCTBUTEIBHOCTH K
KOHIIEHTPATOpaM HamnpskeHui. Bpicokas MPOYHOCTh MOKET ObITh JOCTHUTHYTA TOJIBKO
IIPY BBICOKOM KYJIBTYPE MPOSKTUPOBAHKS U U3TOTOBIICHUS JETAJICH.

KoHcTpykiMsi MeTa/NIMueCKUX KOPIMYCOB B OOJBIION CTENEHU ONpPEAesaeTCs
TEXHOJIOTUEH WX M3roToBiaeHUA. OOBIYHO KOPIyCa COCTOAT M3 JCTAJICH, MOy4aeMbIX
IITAMITIOBKOM M MEXaHUYECKOH 00PadOTKOM, KOTOPHIE COSTUHSAIOTCS CBAPKOHA.

COOTHOLIEHHE OCEBBIX Gy U OKPYKHBIX Oy HANPHKCHUHA B LMIMHAPUYECKOM
oOcuaiike paBHo 1: 2. IlosToMy ONACHBIMHU SIBJIAIOTCA OKPYKHBIC HAIPSKEHUS,
paspbiBarolue 000J0YKYy N0 o0Opasylolled HWIMHAPA, W TpPU KOHCTPYUPOBAHUH
1e7€COo00pa3HO UCKITIOUATh CBAPHBIEC BBl B 3TOM HANPaBJICHUHU.

Ecmn umeerca obopynosanue, To 00euaiiky MONMy4aroT PacKaTko (POTAIMOHHBIM
BEIaBuBaHueM). [Ipu 3TOM mocTHraeTcs pPaBHOMEPHOCTH CBOWCTB MaTepuaiia M
OPUEHTHUPOBAHUE €T0 BOJIOKOH B OKPYKHOM HamnpasjcHUH. Packarka mo3BoiseT nojy4arb
o0cUaliki ¢ TMEPEMEHHOW IO JUIMHE TOJIMHOW CTeHKH. JIMmMHA pacKkaTHbIX 000J0YEK
OTpaHUYCHA, TOATOMY 00€UaiiKa MOKET COCTOSATh U3 HECKOJIbKUX CEKIIMH, COCTMHEHHBIX
KOJIBIIEBBIMU CBApPHBIMU IIBaMH. Tak kak AOOUTHCS MOJHOTO COBIAJICHHUS CBAPUBAEMBbIX
KPOMOK 00OJIOUEK MPHU 3TOM HE YAAETCA, TO Uil MOJYyUYEHUS HEOOXOIUMOW MPOYHOCTH
YaCTO MPUXOAUTCS KPOMKH yTOIIATh (puc.5.3).

Kopnyca uz komnosuyuonnvix mamepuanos (KM). KM cocroar u3 asyx uiam 6osiee
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KOMMOHEHTOB. HenpepbiBHBIM MO0 BceMy 00beMy JA€Tald KOMIIOHEHT Ha3bIBAETCA
MaTpuIeit (CBA3YIONAM), a MPEPHIBUCTHIA KOMITOHEHT HA3bIBACTCSA HAITOJIHUTEIIEM WJIH
apMupyromuM  3jeMeHTOM. OCHOBHBIM HecyluMm 3jieMeHToM B KM  sBisiercs
BBICOKOTIPOYHBIH HAMMOTHUTENb. MaTpuiia mpuaaeT u3Aeauio HeoOX0uMyto hopMmy.

B PJATT wucnons3yrorcs KM ¢ moMmMepHBIMU MATpHULIAMHA W3 CMOJI. SMOKCHIHOM,
MOJMUMHUIHOM, (DeHOIBHOH W 1ap. B kadecTBe  apMHPYIOIIETO AJIEMEHTA ITHPOKO
UCTIOJIB3YETCsI  CTEKJIOBOJIOKHO (Takor KM — HaseiBaeTcs crekyomiacTukom). Jlms
CUJIOBBIX KOHCTPYKIIMH PUMEHSIETCS CTEKJIOBOJIOKHO aJIFOMOOOPCUIIMKATHOTO COCTaBa ¢
JUAMETPOM BOJIOKOH 6...9 MKM, KOTOpOE€ TMO3BOJISIET MOJYYUTh MaTEpHall BBICOKOM
MPOYHOCTH ¢ IUIOTHOCTBIO p~2r/cM’. M3roTaBivBAIOTCS CTEKIIOMIACTHKOBBIE KOpIyca
HAMOTKOW OTAEJIbHBIX HUTEH WM JICHThl W3 CTEKJIIOTKAHW, NPOMMUTAHHBIX CMOJIOM, Ha
COOTBETCTBYIOITYIO (popMy:.

[Tpounocte aetanu u3 KM Moxer ObITh NOBBINIEHA NYTEM ONTUMAJIbHOTO
PACIONOKEHNUA apPMUPYIOIIMX BOJOKOH. OHM  JIOJOKHBI OBbITh OPUEHTUPOBAHBI B
COOTBETCTBHM C JACHCTBYIOIIMMHM B JETAIM HanpsikeHusAMHU. Tak kak B oOeyaiike
OTHOHICHHE HANPHKEHWH Oy 6y =l: 2, TO AJIA MOJNy4YeHWs PAaBHONPOYHOCTH U
MUHUMAJILHON €€ Macchl HEOOXOAUMO UMETh B OKPYKHOM HAMpPaBJIE€HUU BOJIOKOH B JIBa
paza Oomnbllle, YeM B OCEBOM. TaKoe€ COOTHOIIEHHE BOJIOKOH B OOeuaiike MOXKHO
MOJIYYHTh, TPUMEHSAS MPOAOIBHO-NONEPEYHYI0 HAMOTKY HA CIIEHHAIbHBIX CTaHKax. [Ipu

3TOM JOCTHUTAETCs MPOYHOCTh 0Oeuaiikn 10 o,~1000MIIa.

[To TEXHOMOrMYECKUM NMPUYMHAM 00JIee UPOKOE PACIPOCTPAHEHUE MOTYYrIa
cnupalibHas HaMoTKa. [Ipy 3TOM BOJIOKHA YKJIaABIBAOTCS HA Pa300PHYIO OMPAaBKY MO
BUHTOBOH JIMHUM C 3aX0JI0OM Ha 00a JHMILA, YTO MO3BOJISAET CAENATh AHUILA 3a0/IHO C
o0eyvaiikoii (B LIEHTPE AHMIL OCTAIOTCA OTBEPCTHS, Uepe3 KOTOPBIE 3aTEM BRIHUMAETCS
ompaBka). Tak mojydaroT kopiyca Tuna "kokoH", Takoi kopnyc y PIATT na puc.2.
[Ipenen mpoyHOCTH MaTepyralia 00eUaiKi B 3TOM CIy4Yae MEHBIIE, YeM MPH MPOAOJIbHO-
nornepeuHoit HamoTke ( 6, ~ §50MI1a), HoO BECOBOH BBIMTPHIII MOXKET ObITh JAOCTHUTHYT 32
CUET HATMYMS JHUILL.

[Ipn cpaBHEeHHMHM 00€4YaeKk W3 CTEKJIOMJIACTUKA W BBICOKONPOYHON CTalM MOYHO
OTMETHTb, YTO MO YAECIbHOW MPOYHOCTH NEPBBIE B ~ 2 pas3a NPEeBOCXOIAT 0Oevailku W3

CTaJiv, a MO YACJIbHOM KECTKOCTH B ~ 1,3 paza ycTynaroT um.
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Onnum u3 HenoctarkoB KM ¢ BOJIOKHUCTOM CTPYKTYPOH ABJIAETCSA TO, YTO OHU ILUIOXO
COTIDOTHMBIIIIOTCS ~ HampsDKeHWsM  casura.  [lostomy Hape3ath pe3ply (0coOeHHO
TpeyronbHyto) Ha aetamax u3 KM HemenecooOpas3Ho. [l mprucoeaMHEHUS CHEMHOTO
JHUIA, 3anIylHIeK W MPOYMX KPEMEKHbIX JeTajiel B MPOILECCe HAMOTKU B OOecuaiiky
3aKJ1abIBAIOT METAJUTUYECKHAE FIEMEHTBHI.

B cBs3U ¢ TPpyAHOCTBIO KOHTPOJIS U3TOTOBJICHHBIX CTEKJIOTUIACTUKOBBIX KOHCTPYKIIMMA
0c000€ 3HAUCHHE UMEET OTPA0OTKA TEXHOJIOTMU M3TOTOBJICHUA, TIIATECJIbHBIH KOHTPOJIb
HCXOJHBIX MATE€PUAJIOB U PEKUMOB TEXHOJIOTHUYECKOTO MPOIIECca.

B Hacrosmiee BpeMs OCBOEHO M3rOTOBJIEHUE CTEKIIOMIACTUKOBBIX KOPITyCOB
OTHOCHTEIBHO HEOOMBILNX Pa3MEPOB.

J[Huwa kopnycoe.

Jawnma kopmyca PITT 06pr9HO BBRITIONHSIOT CHEPUIECKUMH, TOPOCHEPUICCKAMHA
iy SmnTaaeckumu. [lpu Beidope popmMbl THAINA PYKOBOI-CTBYIOTCSA CASAYIOIIAMHE
TpeOOBaHUSIMHU:

1) nauie gomKHO OBITh HAMMEHBIIEH MacChl MPU AOCTATOYHO OOJBIIIOM 00BEME;

2) mHUAIE TOHKHO 00€CTICUnBAaTh HAMITYYITYO0 KOMITOHOBKY C COCETHAM OTCEKOM;

3) d¢dopma pgHMIMA ~ JO/DKHA TPUBOAUTH K BO3MOXKHO MEHBIICH KOHIIEHTPAITUHA
HaMpsKEHUN B 30HE CThIKA C 00CUalKoi;

4) popma gaUIITA TOJHDKHA OBITH TPOCTON JJI U3TOTOBJICHHUS.
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Jlexkmust 16
5.3. I[IpouHOCTh KOPITYCOB

5.3.1. IIpounocTh 0OeuaeKk KOPMyCOB.

IIpum pacuere oOcuaiika paccMaTpUBACTCA KaK TOHKOCTCHHAs IMIIMHIPHUCCKAS
000j04Ka, HArpy>KCHHas BHYTPEHHUM JaBlieHMEM p, U ocepodl cwioi N, B
OOJBIIMHCTBE CITydaeB Ui pacuera oOeUalkW C MOCTATOYHOW TOYHOCTHIO MOYKHO
IIPUMCHUTh OE3MOMCHTHYIO Teopuio obojouek. Ilpm 5TOM He YUYHTHIBAIOTCA
HaIpPsOKCHUS, BO3HUKAIOIIAE B CTCHKE BCJICACTBHEC HEPABHOMEPHOI'O HarpeBa O0OJIOUKH
0 JUIMHE W ToimuHe. Heo0X0oMMMO OTMETHTh, YTO XOTS TEIUIOBBIC MOTOKH B CTCHKY U
YBEIMUHUBAIOTCS TIO HANIPABJICHUIO OT MEPETHETO JHUINA K 3aJHEMY, COOTBETCTBYIOIIEE
YBEIIMUEHHUE TOJIIMHBI TEINIO3AMMATH TPUBOAUT K BBIPABHHBAHUIO TEMIIEPATypPHI IO
JUTHHE,

ITo 6e3MoMeHTHO# Teopuu 000JI0UEK B 0OeUaiike BOSHUKAIOT MOCTOSHHBIE 110

TOJIIHWHEC CTCHKH HAIIPAXKCHHA:

MepI/II[I/IOHaJ'IBHBIe o'X = 2N1X_\)
4 (2)
p,R
MepI/II[I/IOHaJ'IBHBIe O-y = h

3nece R — paamyc obeuaiiku (MpeanoiaracTcs, 4TO paanuyChl BHYTPEHHEH W HAPY KHOU
HOBEPXHOCTH OTJIMYAKOTCA MaJjIo M PaBHbI K);
h—ToninuHa CTeHKU 00eUalKu.

Bennumna oceBoil cuibl B HOOOM CEUCHUM OOCUAKM HAXOAWUTCS W3 YPaBHEHUA
paBHOBECHUA OCEBbIX chJl. K MOMEHTY BBITOpaHUS 3apsjia paclpeesiCHHE OCEBbIX CHJI MO
JUIMHE 00€Yaliki 3aBUCUT TOJIBKO OT PACHOJIOKECHUS Y3JI0B KperieHua asuratens. [lpu
MOCJIE0BATEIBHOM PACMOJIOKEHUN CTYNEHEH PpaKeThl Y3JIbl KPEIJICHUS JBUTaTesis
pa3MeraroTcess 00BIYHO Ha mepenHeM mauine (puc.5.4,a). B 3ToM ciyuae kK OKOHYAHHIO
paboThl ABHTATENA B MOOOM ceueHun N,=p,T R°—P, rae P—cwna TATH ABHTATEIISL.

[Tpu mapajieasHOM WM MAKETHOM PACHOJIOKEHUH CTYNECHEN PaKeThl U B CTAPTOBBIX
YCKOPHUTENIAX y3J1bl KPEIJIEHUA YCTAaHABIMBAIOTCSA OOBIUHO B JIBYX CEUEHUAX HA OOKOBOM
MoBEPXHOCTH obeuaiiku (puc. 5.4,06). Jlnsa pacdera 0CeBOM CHITBI B 3TOM CIydae MOXHO
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MIPUHATH CIIEAYIONIHE TOMyIeHus [2]:

1. PacueTHOe ceueHMe yIaleHO OT y3JIOB KPEIUICHHS HA pacCTOsIHUE OOJIbITICE, YeM
30Ha PacnpOCTPAHECHUS MECTHOT'O U3ruoa.
2. JleficTBreM M3rHOArOIIEr0 MOMEHTA, CO3/IaBaEMOTO CHJIAMH PEaKIMi B OTIOpax,

MO>KHO TPEHEOPEYb.

OTU NOMYUIEHUS MO3BOJISIIOT 3aMEHUTH JICHCTBUE CHJI PEAKIMU B OMOpax AEHCTBUEM
PAaBHOMEPHO pPaCHpEACICHHBIX HArpy30K ¢, W @, HANPaBJICHHBIX BJIOJb OOpasyrolieit
oOcuaiku, TaK 4YTO

P] = 27'[qu, P2 = 27'CRQQ
1
B nepBoM mpuOnanKeHUU MOKHO TPUHATH P = P, ZEP .
Haubonbias oceas cujia y nepeaHero JHUIIA
Ny=p,n K.

Ha pwuc.5.4,B, T mpuBeACHBI SMIOPHI OCEBBHIX CHJI M1 000UX CITydaeB (pacTITHBAIOIIHE
CHJTBI CUMTAIOTCS TTOJIOKHUTEIBHBIMHA, @ CKUMAIOIINE — OTPUIIATEITHHBIMH).
[Tpu pacuere OCeBbIX CUIT AJI1 HAUAJILHOTO MEPUOIA PA0OThI JBUTATENS MOKET OKA3aThCs
HEOOXOIMMbIM YUUTHIBATh OCEBYIO CUJTY, MEPEAABAEMYIO HA KOPIYC JABUTATENS
TOIUJIMBHBIM 3apsoM. BemrunHa 370l CUJTbl 3aBUCUT OT CO0CcO0a KPEIUICHUS 3apsia B
KaMepe M YMEHBIAETCA MO MEPE €ro Bbhiropanua. Hampumep, npu BKIagHOM 3apsiie B

0JIETE BO BpeMs padOThl IBUraTe/Isl HA COILTIOBYIO PEIIETKY ACHCTBYET CHIIa
P;z:(pkl_pkz)'Fw'i_mr,]: (3)

TOE pPi; — AABIICHUE Ta3a y MEPEAHEr0 TOpLA 3apsaa,;
Pro—HABIIEHUE Ta3a Y 3aJHETO TOPLA,
Fs—Tekyimee 3HaueHME IUIOIIAAH TOPIIA,
Mm—TEeKYIEeEe 3HAYCHUE MACChl 3apsaa;

J —1IPpOAOJIBHOC YCKOPCHUC PAKCTHI.

Uepes perieTky dTa cuiia nepeaaetcs o0euaike U B c€UeHUH d — d yMEHbIIIaeT
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PaCTATHUBAIOIIYIO OCEBYIO CHITy (puc.5.4,B).
Kak BUIHO, BO BCEX Cllydasdx MakCUManbHas 0ceBasd CHila He NPEBOCXOIUT P, T K.
Takum 06pazoM, HCHOIB3YS BHIPAKEHUA (2), MOXKHO ONPENENIUTD Ox U Oy U HAlTH

SKBHBAJICHTHBIC HAIIPSAKCHUA

_ 2+ 2 _
0, =40, O'y O'XO'y .

i

Puc. 54.

3anac npouHocty obeuaiiku kamepbl P/[TT onieHuBaeTcs 1o npeaesiny NpoYHOCTH

1 JoJKkeH ObITh paBeH 1,5-1,8 [8]. 3nauenue oy Oepercs mis marepuaia CTCHKHU B
paccMaTpUBAEMOM CEUYEHUU TMPU CPEIHEH MO TOJIIMHE TeMIepaType, KoTopasd
JIOCTUTAETCA B MPoILecce padOThl IBUTATENIA.

5.3.2.1IpoyHOCTb JHUIIL.
B OonblIMHCTBE cClydaeB JHUINA KOpIyca MOTYT paccMaTpuBaThCs  Kak
TOHKOCTEHHBbIE OOOJIOUKH, M JJIi WX pacueTa HMCHOJIb3yeTcss OE€3MOMEHTHAs Teopud
obonouek.Cheprdeckoe MHUIIE, MPEACTaBisgomee codoit cerMmeHT cdepur (puc. 24),

MOJIYYMJIO IIMMPOKOE PACHPOCTPAHEHHE BBUAY MPOCTOTHl HM3rOTOBJICHHSA. OCHOBHBIM
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HEJOCTAaTKOM €T0 SIBJIIETCA 3HAYUTEJIbHAS KOHUECHTPALWs HANPSIKCHUH B MECTE CTBIKA
JHUIIA ¢ 00eYalKoi U HEOOXOAMMOCTh MMOCTAHOBKH B 3TOM MECTE NEPEXOAHOTO KOJIbLA.
[Ton ne¥icTBueM BHYTPEHHETO AaBJICHUS B C(PeprUECKOM THUIIEC BO3HUKAIOT PaBHBIC

MCPHUINOHAJIBHBIC 1 OKPYIKHBIC HAIIPAKCHU S

o.=0_= @ 4)

rae R, ¥ h — panuyc ¥ TONIMHA CTEHKH JHUIIA.
Ha BennuunHy mMacchl AHUIA U HATPSKEHHOE COCTOSTHUE B MECTE CThIKa ¢ 00eUaiKoi

3HAYUTCIJIbHOC BJAUAHHUC OKA3bIBACT BBIJICT AHUIIA b 1 ero oTHOCHTENbHAS BE-

yuna &= b/R. .

iy

R

Puc. 5.5. Cdepuueckoe qauie

H3 rCOMCTPHICCKUX COOTHOIICHUN MOXKHO IMOJIYYHUTb

1+ &7
ch):R(zé: ) h

[loacrasnsas 310 3HaYeHUE B (4), HAXOAWM HAMPSHKCHUE B CTCHKE JHUINA

ppR(l+§2)

o
" 4h¢

H 3a11aC MMpoO4YHOCTH AHHUIIA
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n =2 )

H

Bemmuanny ero M0oXKHO TPHHUMATh PaBHOM 3HAYCHHMIO 17, Ut oOeuariku (1,35-1,5 [11]).
[To xpomke chepudeckoro MHHINA ACHCTBYET MepuAnOHAIbHOE ycwue 1 (puc.5.4, 0),

BCJIMYHMHA KOTOPOI'0 TAKIKC 3aBUCHUT OT é , 1 OIIpCACIEACTCA BEIPAXKCHUCM

T:ppR(;fz)

¢

J1s BOCOpUATHA paiualbHON cocTapiswoweil sroro ycunus I, = 1 siny B KOHLE
oOcualiku TIPUBAPHUBAIOT TIEPEXOJAHOE KOJIBIIO 1, Macca KOTOPOTO YBEIWYWUBACT MAcCCy
KOHCTPYKITUHU. Benencrere OOIBITION pa3HUITH B )KECTKOCTH 3TOTO KOJIbIIA U THUIIA B
MECTE COMPSHKEHUS BO3HWKACT KOHIICHTpanusa Hanpsokernid. [lostomy cTpemsTcs
yeenmuunth ¢. Ilpu ¢ = 1 momywaerca monmycdepuueckoe aumine, y koroporo T, ==

(yron y = 0), m oTrnagaeT HEOOXOAMMOCTH B TEepexOoAHOM Koubiie. [Ipu paBeHCTBE
TOJNIIAH OOCUAMKH W JHUINA OTCYTCTBYET KOHIICHTpanus HampsokeHwuid. OMHAKO TPH
ATOM JHUIIE TIOJIYyIACTCs MEPETHKETICHHBIM, TaK KaK HAMPSKEHUS B HEM MEHBIIE, YEM B
obeuaiike. [lonmycdepruueckoe mHmIe wWMeeT OOJBIIYIO MOBEPXHOCTh M YacTO €ro

MNPUMCHCHHUEC HCBO3MOKHO 110 YCJIIOBHAM KOMIIOHOBKH.

[Tpu ¢ <1 BcaeacTBUE YMEHBIIICHHUS TLTOTIAIA TTOBEPXHOCTH JHUIIA €TO MAacca CTAHOBUT-
Csl MEHBIIIE, TaKE€ HECMOTPSI Ha HEKOTOPOE YBEIMUCHHUE TOJIIIMHBI CTEHKH. MUHAMaJTbHAS
Macca JHuIIa moiaydaercs npu ¢= 0,58,

Bri6op 3HaueHus ¢ MPOU3BOANUTCS W3 YCJIOBHS MUHUMYMa MacChl JHHINA U BO3MOXK-
HOCTEH KOMIIOHOBKHM KOpIyca Ha JjeTaTellbHOM anmapare. KoHCTpykimsi compsokeHHH
obeuaiiku u cepuyeckoro AHMINA TOKazaHa Ha puc. 25. CKpyrjieHHe paanycoMm r
HEOOXOAMMO JJIA CHYDKCHHS KOHIICHTpAIuu Hanpspkenwid. [Ipy yBenmmuenuu paauyca r
noyrydaeTcsi Topocdepruueckoe aauimie (puc. 3, a), KoTopoe 00pa30BaHO COMPSIKEHUEM
Topa pamuycoM Ry m cdepuueckoii uamm, umeroniei pamguyc R.,. B »Tom ciyuae
KOHIIEHTPAIM HANPSLKEHUH B 30HE COSAMHEHUA THUINA ¢ 00€UalKoi OTCYTCTBYET, U 3TO
MECTO MOJKHO BBIMOJHUTH 0€3 ycuiaeHuda. OpHAKO KOHICHTPAMSA HAMPSKSHAN
MOSIBJIIETCA B MECTE COMpPsDKEHUs Topa U cepwl (Touka A Ha puc. 38, a) BCIIEACTBHE

W3MEHCHHUS TaM paJuyCOB KpPUBU3HBI MOBEPXHOCTH. EcCIM [AHMINE CACIAHO W3
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JIOCTAaTOYHO TUTACTHYHOTO MaTeprajia, 3Ta KOHIICHTPAIHs HAMPsHKEHUW HE TIPEICTABIIACT
OTMACHOCTH, TaK Kak ocnabisercs Ojarogapss MECTHBIM TUIACTHUCCKUM JedopMariusam.
[Ipn ucmob30BaHUK BBHICOKOTIPOYHBIX M MAJIOIUIACTUYHBIX MaTEPUAIOB KOHIICHTPAITHIO
HaMpsHKEHUH HE0OXOAMMO YUHUTHIBATS.

Pacdetnoe nanpsipkerue s TOpochepUIecKOTo JHAINA ¢ TTOCTOSHHON TT0 KOHTYPY

TOJIIIIAHON MOKHO ompenenuTh mo (Gopmye [11]

3+ k —ppR”’.

O-JIH —cq)
4 2R | 2h
3naueHns Ry, u R, moaduparoTca TakuM 00pa3oM, 4TOObI OIyYUTh MUHAMAIIBHYIO
Maccy JHHMINA. 3amac MPOYHOCTH onpeenseTcs Bepaxkennem (4.10).

DIIMNTHYECKOE AHUIIE MPEACTABISAET COO0M MOY3IITUIICOU T BpallleHus. | TaBHbIE
paanyChl KpUBU3HBI Y HETO MEHSIIOTCSI HEMPEPHIBHO BAOJIb MOBEPXHOCTH U HET TaKOM
KOHIICHTPAIIMX HAMPSDKECHMI, KaK y Topocdepruueckoro aaumma. OmxHako npu ¢< 0,707
OKPY>XHBIC HAMPSKEHUS HA TEPUPEPUH MTITUNTHICCKOTO JHUIA CTAHOBATCS
orpuniareapbHbIMU (puc. 37, 6). Tak kak B obeualike OKpy>KHBIC HAMIPSKEHUS BCETAA
MOJIOKUTEITbHBI, TO B MECTE MX COMPSKECHUS] BOZHUKAIOT 3HAUUTEJIbHBIE H3TrN0AIOIIKe
MOMEHTHI. [103TOMY 3TO MECTO MPUXOAUTCS YCUIIMBAThH MEPEXOJHBIM KOJIbLIOM WJIU
YTOJIIIEHUEM KPOMKH JHUIIA. Y MEHBIIIUTh U3rH0AIOIINE MOMEHTHI HA KPOMKE MOYKHO
YBETMUCHHUEM ¢,

PacueTHOE HanpsKEHWE IS AJUTUNTUYECKOTO IHUINA MOKHO HAWTH C MOMOIIbIO
3aBUCHUMOCTH

_1+2& pR
0. = 7652 P

MuHuMaabHass Macca JHUINA C YUYETOM CJIOS TEIUIOU30JISIUU U HEOOXOJUMOCTH
ycwieHus KpoMku nosrydaetcs nipu ¢= 0,4—0,7. 3amac nmpouyHOCTH HaXoauTcs 1o (4).

[IpeumymiecTBa SUITMNTAHYECKOTO JHHUIA 1O CPaBHEHWIO C TOPOCHEPHUSCKAM
HE3HAYUTEIbHBI, K TOMY K€ OHO CJI0’KHEE B U3TOTOBJICHUU U MPUMEHSETCA PEKE.

C 1eNbl0 CHUXKEHUS MACChl KOHCTPYKIIUKA U YCTPAHEHUS 30H KOHIEHTPALUKA HANPSKEHUN
pa3paboTaHbl U MPUMEHSIOTCS 0oJiee CIoXHBbIe (hOpMBI THUI (IHUINA bulleHO W mHUIIA

Kaccunm [11,5]).
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Jlexkuus 17
5.4. KoHcTpyKIMs COTUIOBOTO OJI0Ka

KOHCTPYKTHBHO COIIOBOM OJIOK COCTOMT M3 OAHOTO WJIM HECKOJbKHMX cornl. [Ipume-
HEHUE MHOTOCOIIOBOTO 0Jioka (OOBIYHO W3 YETHIPEX COIJI) BBI3BAHO CTPEMIICHHUEM
YMEHBIUTH JUTHHY COTUT B BX Maccy. Kpome Toro, B 3TOM ciydae Juisl yIpaBJieHUs pa-
KETOH J0CTaTOYHO KauaHWs COII TOJBKO B OJAHOW TIJIOCKOCTH W HE HYXHBI JTOTIOJTHH-
TEJBHBIC YCTPOMCTBA UTA yIPaBJCHUS 10 KpeHy. OTHaKO B MHOTOCOTUTOBOM OJIOKE TTO-
TEPHU MOTEPH CKOPOCTH Ta30BOTO MOTOKA OOJBINE, a YACTbHBIN UMITYJIBC TSATH MEHBIIIE,
YEM B OJTHOCOTIJIOBOM.

JIsis yMeHbINEHUs JUTMHBI KaMePhl W IJTHH MEPEXOAHBIX OTCEKOB MHOTOCTYIIEHYATOM
pPaKeThl MPUMEHSIOTCS YTOIUICHHBIE cOTia. [ yOWHA MOTPY»KEHWS COIUT B KaMepy I
KpyMHOrabapuTHBIX JBHUraresiei cocrasiset A0 50% anunel comna [15].

CormioBoil 010K ABJISIETCS CaMBbIM HAIPSKEHHBIM B TEIJIOBOM OTHOIICHHH Y3JI0M
PATT. Kpome TOro, BHyTPEHHSA MOBEPXHOCTh COMUIA MOABEPIKEHA CHJIBHOW SPO3HWH,
0COOEHHO TIPH MCTOJIb30BAaHUHM TOIUIMB C J0OABKaMH MOPOIIKOB METAUIOB (aJIOMHHHS,
Ooepuuas U apyrux). [IpoayKTsl cropanmsi TakKWX TOIUJIMB COACPIKAT TBEPJbIEC YACTHITHI
METAJIJIOB, KOTOPbIE OKA3bIBAIOT a0pa3uBHOE BO3/ICHCTBHE.

B o0mem ciyuyae coOmio COCTOMT M3 HECYIIEH KOHCTPYKUMM M TEIUIO3AIIUTHI.
Hecymas koHcTpykius obecreunBaeT MEIOCTHOCTh COTUTa, BOCIIPUHUMAET BCE BHJIBI
Harpy30K | MepPeIacT uX PaBHOACHCTBYIONIYIO Ha KOPITYC KaMEPhl IBUTATEJIS.

ComoBoii 070K uepe3 HECYIIYIO KOHCTPYKUIMIO KPEMHUTCS K KOPIYCY KaMepbl
JIBATATEISI TIPA TIOMOIIM CBApKH, PE3b00OBOTO, (DIIAHIIEBOTO COSAWHEHUS WM APYTUMH
crocobamu.

B cBa3M ¢ HanmuuumeM TeEIUIO3aluThl JOJS COIJIOBOTO Oyioka B 00mieit macce
koHCcTpykimu PJITT Becbma 3HauutTenbHa u cocrasiser 30-50% [4]. [lostomy mnpu
MPOCKTUPOBAHUKM COTUT MHOTO BHHMAHHS YICISETCA CHIDKCHHIO WX Macchl. Jlms
JOCTHKEHHAS ATOTO CBEPX3BYKOBYIO YACTh COTUT CTPEMSATCS CHENaTh MO BO3MOXKHOCTH
0ojee KOPOTKOW TYTEM YMCHBIICHHWS CTENEHW PACHIUPEHUS W TMPUMCHCHHUS
POPHITHPOBKH.

B 3aBHCHMOCTH OT KOHCTPYKTHBHBIX Pa3IMUHii MOKHO BBIJCITUTH CJICIYIOITHE

OCHOBHBLIC THIIBI COILI. HCIOABHUIKHBIC, Ka4alOIHUCCA KW IIOBOPOTHBIC, a TAKIKC
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peryaupyemeie.
5.4.1. HenmoaBu kHble COMIIAa U TMOABHYKHEBIE COILIA

Henoosuoicnvle coniia MOTyT OBITh IPOCTBIMHA U COCTABHBIMH.
[IpocThie comula M3roTaBIMBAIOTCS LEIMKOM K3 OJHOro Martepuana. Takue corma
NPUMEHSIOTCS TIPU MAJIOM BpEeMEHHU paboThl ABUTaTeNsA. MeTainndeckie IpocThie coruia
BBITIOJIHAIOTCSA TOYEHBIMH W cBapHbIiMHU (puc.5.5). Temnozammra mx olecneunBaeTcs
€MKOCTHBIM OXJIQXJICHHUEM, MTOATOMY OHHM JOCTAaTOYHO MACCHBHBI. B kpuTHUeCcKo# yacTu
YMEHBIIICHUA 3PO3HOHHOTO

Comia ACHacTCa HNUWIMHAPHYCCKAas  IIPOTOYKaA LA

pazpymienud. [nuna npotouku 3-5 mMm. Comjia U3 IJIACTUKOB OOBIYHO BBITIOJIHSIOTCA

npeccoBanueM. Temnmozammra uX oOecrneuuBaeTcsa 0OOpa3oBaHUEM BO BpeMsa PabOTHI

JBUTATENSA OOYTIICHHOTO CJIOA.
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Puc. 5.5. Ilpocteie corna PJ[TT: a — ToueHoe, O — cBapHOE, YCTAHOBJICHHOE IO/

YIJIOM K OCH ABHUTATCIIA. 1 - MUJIMHAPHUYICCKAA IMPOTOUKA, 2 — 3ariyiikKa

CocraBHBIE cOmIa HMEKOT MCTAIMUCCKYIO H  CTCKIIOINIACTHKOBYIO  HCCYIIYIO

KOHCTPYKIIMIO U MECTHYIO MJIM OOIIYIO TEII03alUTy. DTH COIJIa MOTYT padoTarh 0oJiee
JUTMTEITEHOE BpeMs, YeM mpocThie. KOHCTPYKIMA COCTAaBHBIX COIJT MPHUBEACHA HA PHC.
59.

Kauarowuecs u nogopomuwvie conna. Kadaronmecs ¥ TOBOPOTHBIE COTIIA ABJISIOTCS

YOPABJISIFOLIMMHI U TO3BOJISIFOT OTKJIOHATH MOTOK Ia30B B OJHOM NJIOCKOCTH WU B JTFOOOM
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HanpapjieHUH. B kauaromuyxcs cormiax OTKIOHSAETCA CBEPX3BYKOBAsA 4acTh COILIA, a B
MMOBOPOTHBIX — BCE COIUIO HEIUKOM. J[JIs1 3TOr0 B 30HE KPUTHUECKOTO CEUCHUS WU B
KOHIIE KaMePbl CrOPaHUs JOJLKHO YCTAHABIMBATHCA NIAPHUPHOE COCTMHECHUE.
TpeboBaHue K 3TOMY COEIMHEHHUIO 3aKJTI0UAETCS B 00€CNIEUYEHUH MAJIOT0 MOMEHTA TPEHUS
W HAJIC)KHOW FT€PMETUUHOCTH.

bonee mmpokoe pacmpoCTpaHEHUE TMOAYYWIM Kayaroluecs COoIvla, B KOTOPBIX
MIAPHAPHOE COCIMHECHUE MEHBIINX PA3MEPOB U MEHBIIIE MACCA TTOABUKHON 4aCTH COILIA.
OnHako B 3TOM Cllyyae COCIMHEHHWE HAXOAUTCS B 30HE MAKCHMAJIbHBIX TEIUIOBBIX
MOTOKOB. Bo3HMKAIOT OOJIbIIe TepMHUYECKHE aeopMaIiii COWICHCHHBIX aerajneid. [1pu
padoTe B MeCTe COCAMHEHHS HEMOJBM)KHON W TOJBHXKHOW YacTed COMJia BO3HHUKAIOT

BO3MYIICHHKA I'a30BOT'0 IIOTOKA, KOTOPLIC CHOCO6CTBYIO IPO3HUHU KPUTUYCCKOI'O CCUCHUS.

A | 4 5 6

Puc. 5.7. Kaugaromeecst comno co chepudeckuM mapHupoM: | — oCHOBaHHE
comna, 2 — MOAIATHHK, 3 — c(epuueCKuii HAKOHCYHUK, 4 — BKJIAQJIBIIL, 5 —
TETUIOM30JIMPYIOIINH CJ10#; 6 — CBepX3BYKOBas 4acTh COIJIa
[Ipocteitmee mmapuupHOe  coemmHeHme (puc.5.7) obecneumBaeT  OTKIOHCHHE
CBEPX3BYKOBOW 4YaCTH COIJIa B JIIOOOM HarpaBjieHUH Ha yroj y. OJHAKO cuja TATH OT
CBEPX3BYKOBOM UACTH COILIA MEPEAACTCSA Uepe3 TPYIIUECS MOBEPXHOCTH, UTO NPUBOAUT
K YBEJIWUYEHHUIO MOMEHTA TPECHHUS B COCIMHECHUU. [ CHUXKEHUA TPEHUA MOBEPXHOCTh
IMapHApPa TOKPHIBAIOT TpaduroBOd cMmazkoi. TeM He MeEHee, TpPU TPOTPEBE U
OXJIQKJIEHUH KOHCTPYKIUHA BO3MOKHO 3aKJIMHUBAHUE COEUHEHHUS.

JIJist ycTpaHeHHsI 3TOro HeaocTaTka ObUIM pa3padOoTaHbl KOHCTPYKIMH, B KOTOPBIX

(yHKIMH MapHUpPA W YTUIOTHEHUN Pa3/IeCHBI. 3a30p MeXay MOJBUIKHOW M HEMO/I-

104



BMYKHOW 4acTsIMH COIUIA MOXET OBITh JOCTAaTOUYHO OOJBIIMM. DTOT 3a30p MOXET OBITh

VIUIOTHEH CHJIH()OHOM HJTA JPYTHUM CTIOCOOOM.

Puc.5.8. Kauaromeecs comio ¢ TPOCTBIM MIAPHAPOM W CHIH(OHHBIM
yIJIOTHeHHEM: | — OCHOBaHHWE COIJIA;, 2 — HAKOHEYHUK COTuIa; 3 — BKJIQABIIL, 4
— 0Ch; 5 — crmb(hoH; 6 — 3aMMTHBIE KOJIbIIA
B noBOpOTHBIX comiax UCKIIKOYAETCA SPO3Us MaTepualla B MECTE COCIUHECHUS
MOJIBMKHON YacTH COIUIa ¢ HemoABW KHOM. OaHAaKO ocTaeTcs mpobiemMa MOJABHKHOTO
rEPMETUYHOTO COEMHEHHUS COTIAa C KOPITYCOM KaMeEphl.
5.4.2. Tenno3aiiuTa COMIOBbIX OJIOKOB
C yBenuueHreM BpeMEHH PadOThl IBUTATENA CBBIIIEC SC €eMKOCTHOTO OXJIAKICHHUS
COIJIa CTAaHOBUTCS HEAOCTATOUYHO. B MOMOIHEHHE K HEMY MPUXOAUTCSA MPUMEHATH
apyrue Oonee d¢peKTUBHBIE CHOCOOB  Temo3amuTel. [lpm  3TOM  CcommIo
YCIIOKHSETCS M CTAHOBUTCA COCTABHBIM.

B 0co00 TskenmbIX YCIOBHAX HAXOAMTCA 30HA KPUTHUYECKOTO CECUCHHS, TJIE
BEJIMYMHA TEIUJIOBBIX MOTOKOB B CTEHKY MakCHMajbHa. B TO ke BpeMs yBenuueHue
TJIOMIA KPUTHUYECKOTO CEUEHUA 3a BpeMs paboThl JABUTaTeias B OOJIBIIWHCTBE
ciayuaeB jaomnyckaercs He Oosiee 5%. [losTomy B mepByrO ouepelb BO3HUKACT
HEOOXOAMMOCTh YCHJICHHOW  TEIUIO3allMThl 3TOW  30HBI. Takas wmecTHas
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TEIJIO3alIUTa BBIMIOJIHACTCS OOBIYHO B BHUJAE BKJIAJBIIIECH U3 TYromjaaBKOro
MaTepualia, KOTOPbIC YCTAHABJIMBAKOTCA B MPOTOYKH comula. Tak Kak BKIIQABINI 32
BpeMs pabOThl ABUTATENSE MOMKET PA30TPEeThCA JI0 BECbMaA BBICOKOM TeMMEPaTYpHI,

MEXIYy HUM U KOHCTPYKIMEH COIJIa MPOKJIAAbIBAIOT CJION TETION3OJIALINHU,

Puc. 5.9. CocraBHbie comjia: @ — C METAUIMYECKOH HECYIIEeH KOHCTPYKIMEH U
TEIUIOU3OJIALIMOHHBIM TOKPBITHEM, O — TO K€, ¢ AOJALMUOHHBIM TOKPBITUEM, 6 — CO
CTEKJIOMJIACTUKOBON HECYIIEH KOHCTPYKIHEH U aONSIMOHHBIM MOKPBITUEM: |- BKJIABIIL;
2 — TEIUIOM30JIALNSA BKJIAQABINIA, 3 — TEIUIOM3OISALMOHHOE MOKPBHITHE, 5 — aOIAHOHHOE

IMOKPBITHC, 6 — MeTaJuTHUeCcKast 3aKjiagHasa ACTaJlb, 7 — HaIpaBJICHUC CJIOCB ITOKPBITHA

CorioBbie BKJIAIBIIH PabOTAIOT B UCKIFOYUTEIBHO TSOKEIBIX yCaoBUsAX. OHU
MOJBEPIKCHBI APO3WM TOJ] JACHCTBHEM BBICOKOTEMIEPATYPHOTO TIOTOKA Ta30B,
HECYIIETO TBEP/IbIC YACTHIIHI.

N3 MexaHnueckux Harpy30K HauOOJbIIEE BIMAHUE HA MX pabOTOCMOCOOHOCTH
OKa3bIBAIOT TEPMUUYECCKHAE HATIPSIKEHUS, KOTOPHIE MOTYT BBI3BAaTh PACTPECKUBAHWE U
paspylieHne BKIAAbIIICH. J[JI9 CHUKEHUS TEPMHUSCKUX HANPSDKCHWH HEOOXOAMMO
Ha3HAUaTh 3a30Pbl MEXKIY BKJIAJBIINIEM M KOHCTPYKIIHEH C y4eTOM TEPMHUYECKOTO
pacmMpeHus aeraneu

OTH  3a30pbl  YACTO 3aMOJHSIOT YNPYTAM MaTepuajoM, OJHOBPEMEHHO

BBITIOJTHAIOIIMM POJib Terion3osaiuu. OcoObld ciiydail Harpy»KE€HUs, XapaKTEePHbIi
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JJIS BKJIQJbBIINIEH W3 MaTepHalioB C HHU3KOW TEMJIONPOBOJHOCTHIO, HA3bIBACTCS
TEIJIOBbIM yaapoM. lIpu 3amycke aABUrartesss MOBEPXHOCTHBIE CJIOM BKJIQJbIIIA
OBICTPO HArpeBarOTCS JI0 BBICOKOH TeMIleparypbl, B PpeE3yjabTaTe€ YEro MOTYT
BO3HUKHYTh TAKHE TEPMUUECCKUE HATIPSKEHU S, UTO BKJIQIBIII PA3pyIIACTC.

Marepualibl, UCIOJIb3YEMBIE JJIs1 U3TOTOBJICHUS BKJIAIBIIICH, MOKHO Pa3JeiInTh
Ha J[BE TPYNIBL pa3inyHbie (OPpMBI rpaduTa U KapormpPOUHbIE MATEPHAITHI.

I'padut paborocnocobeH A0 Temmepatyp, OJIM3KHX K TeMIepaType cyOauMarin
(3770 K). Ognako mpu BEICOKHX TeMIIEpaTypaxX pe3KO yBEIMUHBACTCS €T0 3PO3Hs, a
rpaUTOBBIC BKJIAJBIINNA KPYMHOTA0APUTHBIX COTUT MOTYT pa3pymarbcs W OT
TEPMHUUECKUX HanpsbkeHuil. Bo wn30exaHue 3TOro K MEXaHMUECKHMM CBOHMCTBAM
rpaduTa, WAYIIETO HA W3TOTOBJICHUE BKIIAMABIINICH, TMPEIBABISIOTCS BBICOKHE
Tpebosanus. K Hepocrarkam rpadura Kak TETUIOW3OJIAIIMOHHOTO MaTepralia TakKe
OTHOCHUTCA €TO OTHOCHUTEIBHO BBICOKAS TEIUIOMPOBOAHOCTH (A = 186 Bt/(M'Tpan)
unn0,045 kkan/(M-c-Tpan), BCIEACTBHE YETO0 BO3MOXKEH 3HAYMTENBHBIM Pa30rpen
HECYIIEH KOHCTPYKIIHH.

[ToBbIIEHNE PPO3NOHHON CTOMKOCTH rpaduTa JOCTUTAETCS BBEICHHUEM B €O
CTPYKTYPY KPEMHHUS, B PE3YyJIbTaTe UET0 MOJYJYaeTCsl CHIIMIIMPOBAHHbIN Tpadur. B
HACTOAIICE BpPEeMs BKIAABIINIA COMJI W3rOTABIMBAIOT, B OCHOBHOM, W3 TaKOro
rpadwura [17].

JJist M3roTOBJCHUS BKJIQABIIIEH BbICOKOHAMPSAXKEHHBIX COTIT PUMEHSIOT TaKXKe
MAPOJIMTHICCKAN TpaduT, OTIUYAOIIUICS OPUEHTHPOBAHHBIM HAMPABICHAECM
KPUCTAJUIOB. B HampaBjicHUM OPUEHTALMM TEIJIONPOBOJHOCTh MaTepuana B 50-
1000 pa3 Brime, a kKO3 OUIMESHT TMHEHHOTO PACIIUPEHUS HECKOJIBKO HUXKE, YEM B
nonepedHoM. [lo cpaBHeHHMIO ¢ OOBIUHBIM TpadUTOM ATOT Marepuana obOJagacT
OOJILIIIMM  TIPEAECIIOM MPOYHOCTH M OONbIIEH CTOWKOCThIO K »3po3uu. llpu
W3TOTOBJICHUH BKJIQJIBINIA CTPYKTypa muporpaduTa 0OIHO OPUCHTAPYETCS TaKUM
o0pa3oM, 4YTOObl HAWMEHbINAS TEIJIONMPOBOJHOCT, OblJJa B  HAIPaBJICHUH,
MEPICHANKYJISIPHOM K OCH coria. BenencTBue HU3KoM TEmIonpoOBOJHOCTH B ATOM
HaMpaBJICHUH O TOJIIMHE BKJIAJIbIIIA BOBHUKAET BHICOKUNA IPAAUEHT TEMIEPATYPhI
(mo 700-800 K na 1 MM Tommmasl). TemmepaTypa KOHCTPYKIIHHA CHIDKACTCS U €€

MOXKHO OCJaTb U3 oonee JICTKOT'O, HO HeTepMOCTOﬁKOFO Marcpuajia (HHaCTMaCCH,

107



amomuans). OmHAKO TPEUMyIIecTBa mHUporpaduTa COXPAHAIOTCS TOJBKO 0
Temriepatypbl moBepxHocTH Bkmazsima 3150 K [15]. Ilpm Oonee BBICOKHMX
TEeMIIepaTypax 3po3us €ro Takas ke, Kak u y o0siuHOTO Tpadwmra. B Hacrosmee
BpeMs pa3Mephl neTajedl w3 mnuporpadgura  OTrpaHWYCHBI BO3MOXKHOCTSMH
TEXHOJIOTUH MPOU3BOACTBA.

N3 xaponpodyHbIX METALTIOB AJIA BKJIAMABIINICH COTI MPUMEHSIOT BOJIb(ppaM u
monmubneHn. Temmeparypa muiaBnenuss Bodb(pama 3640K, a gomyctumas
temneparypa cteaku Bkiaasima 3480 K. [Ipu »Toit Temneparype BoibhpaM HMEET
MpeuMyInecTBa mnepen rpadurom, Tak kak 0oJjiee CTOCK K TEIJIOBOMY yAapy H
spo3uu. [Ipu Oosee BHICOKMX TemIepaTypax CTCHKU MPUXOAUTCS MPUMEHSTh BCeE-
taku rpadur. TemmepaTypa TuiaBieHUsS MOJMOCHA HIDKE, YeM Y BoJbdpama, u s
W3TOTOBJICHUS BKJIAJBIINICH OH MOMKET MPUMEHATHCA TOJBKO B CiIydae TOIUIMB C
HU3KOW TeMmneparypoll ropeHus. OmHako MOJHUOJICH, a TAaKKe TaHTAJl 4YacTo
UCIMOJIB3YIOTCSA JIJIs1 U3TOTOBJICHHUS MEHEE TECITIOHAMPSKEHHbBIX AJIEMEHTOB COIL.

B caydae 3HauMTENbHOTO BpeMeHH padOThl JABHUraTeis, MOMHUMO 3alllUThl
KPUTHUUYECKOT'O CEUeHUs, HeoOXoauma o011as Temio3aiuTa comia. [I[puMepsl Takux
KOHCTPYKIMHA Moka3aHbl Ha puc.5.9. B koHcTpykiuuu Ha puc.5.9 , a oOmas
TEIJIo3aluTa 00eCeunBaETCA TEMJION30IUPYIOIIUM TMOKPhITUEM. B CBA3M ¢ TeM,
YTO JOMYCK HA M3MEHEHUE F€OMETPUU NOKPUTUUECKOU M 3aKPUTHUECKON 4acTeu
comia OoJblIE, YeM KPUTHYECKOTO CEUCHMS, JiA TEIJIO3AIMUTHl 3THUX YYaCTKOB
IMTUPOKO TPUMEHSIIOTCS abiupylomue mokpeiTus (puc. 5.9, 6, B). Beimonastores
OHM M3 acOECTOBBIX M KBAPIEBHIX TKAHCH, MPOMUTAHHBIX (DEHOIHLHBIMH CMOJIAMH.
Tenno3aliuTHOE MNOKPBHITUE H3rOTABJMBACTCS OTAEIbHO HAMOTKOW JIEHTHI Ha
OOJIBAaHKY M 3aT€M KPEMUTCS K HECYIEH KOHCTPYKIIUH.

C yBenuueHreM BpeMeHHU paboThl U apaMeTpoB padoyero mpoiecca B kamepe
obocTpsiercs mpobnema Teruo3ammtel  corn PJTT, ocobeHHO B MecTe
KpuTHueckoro cedeHuda. [losromy B HacTosiiee BpeMs BeayTcd padoThl MO
CO3/IaHMI0  OXJIAXKJAEMbIX BKJaAbiiedt u comil. [IlpuMeHeHHe MTPOTOUHOIO
oxytaxxaeHud B P/ITT npuBOaWAT K 3aMETHOMY YBEJTWUYECHUIO MACChl KOHCTPYKIIMH.
Bonee mpuemsieMbl B STOM OTHOIICHHM PA3JIMUHbIE BHUIbl BHYTPEHHETO

OXJIAKACHUA.
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Jlekuus 18

5.5. [IpOoYHOCTPH TOIUIMBHBIX 3apSAI0B

TBepable pakeTHbE TOIUIMBA TMPEACTABIAIOT COO0OM MOJUMEpHI, JJIi KOTOPBIX
XapaKTepHa CUJIbHAA 3aBUCUMOCTh MEXAHUYECKUX CBOMCTB OT TEMIIEPATypPhl, CKOPOCTH U
BpEMCHHM HarpyxeHus. [lomaMepsl MOTYT HaXOJWUTHCS B TPEX  COCTOSHUSAX:
CTEKI000Pa3HOM, BBICOKO3JIACTUYHOM M BA3KO-TEKy4YeM. HUTpOLEMTION03HbIE TOMIIMBA
MpPU  SKCIUTYyaTAllMOHHBIX TEeMIEpaTypax HaxXoAATCA OObIYHO B CTEKI000pa3HOM
cocTosiHUU. OHU UMEIOT OTHOCUTEBLHO BBICOKHI MOJYJib YIPYT'OCTH U MAIYIO BEJTMUKHY
npeaenbHol  Aedopmarmmu. [Ilpw  oTpHIaTeNBHBIX TEMIIEpaTypax OHH CTAHOBATCS
XpYNnKMMH. B pacdeTax HUTPONLEIUIIOIO3HOE TOIJIMBO MOXHO pPaccMarpuBaTh Kak
YIIPYTUHA U U30TPOINHBIA MaTepUal.

CMeceBoe TOIUIMBO MPEACTABIAET COOOW MOJMMEP, B KOTOPOM YACTHLBI OKUCIHATENS
UTPAIOT POJib HAMOJHUTENA. MeXxaHnYecKrue CBOMCTBA CMECEBOI0 TOIUIMBA B OCHOBHOM
OTIPENIEAIOTCS  (PU3NIECKUMHA CBOWCTBAMH TOPIOYETO - CBA3YIOMIETO, B KA4ECTBE
KOTOPOTO 4YacCTO HMCHOJIb3YKOTCS  BBICOKOAJIACTMYHBIE Martepuanbl. llosTomy B
OOJIBIIMHCTBE CIIYYaeB CMECEBBIE TOIIMBA B SKCIUTYaTallMOHHOM JHaNa3oHe TEMIEPATYP
TAKXKE€ HAXOJATCS B BbICOKORJIACTUYHOM COCTOAHHMM W JOJKHBI PACCMATPUBATHCA Kak
BA3KO-yIpyrass cpena, o0Jajarolas peoIOTUYECKUMHU CBONCTBAMHM  (3aBUCHMOCTHIO
MEXaHWYECKUX CBOWCTB OT BpeMeHH). [l 3TUX TOIUITMB CBOWCTBEHHA MOJI3Yy4eCTh W
pellakcauns HanpsyKEHUM.

OU3NKO-MEXaHWIECKUE CBOMCTBA HEKOTOPBIX TBEPJBIX PAKETHBIX TOTUIMB TPUBEIACHBI B
muteparype. OpHEHTUPOBOYHBIC MEXAHWUUECKHUE XAPAKTEPUCTHKH TBEPABIX PaKETHBIX

TOIJTUB MPUBEJEHBI B CICAYIONICH Ta0IuIe

[Tpenen mpouHocTH CranpapTHbIf Koadpdumment
Ha Pa3phbiB, MOJYJib YIIPYTOCTH, JMHEHHOTO
Marepuan MlIla Mna pacimpeHus
Hurpouemmonossoe | 20°C  10...20 20 150-10°
TOIJIUBO 60°C  6...10 5
CwmeceBoe Tommmeo | 20°C - 2...3 10 100-10°°
Cranb C145 600 210000 10-10°
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JIns cpaBHeHMs B TaOIMIE TPUBEACHB MEXAHWUECKHNE XapaKTEPUCTHUKHI CTaJIH.
Kak Bugno, mexannueckue cBoiicta TPT BechbMa HU3KHE, MOITOMY Jake HEOOJbIINE
Harpy3Kd MOTYT Pa3pylIMTh 3apsj, BbI3BaTh OOpa3oBaHHWE TPEIIWH, YTO MPHUBOIUT K

B3PBIBY JBUTATEIIA.

5.5.1 IIpouHOCTh BKIAAHOTO 3apsiaa

BxnanHoWt 3apsiq HaXOOuTCA B YCIIOBUSIX BCECTOPOHHEIO CXKAaTUS JIaBJICHUEM
MPOAYKTOB cropanus. Takoe Harpy:keHUe HE ABJISETCA OMACHBIM i 3apsaa. Bo Bpems
MOJIETA HA 3apsA]l TAKXKE JICUCTBYIOT CUJIBI MHEPIIMH, A MPpU pabOTe NBUTATENIS JABJICHUE Y
33IHETO TOPIIA BCJIAEJICTBUE MOTEPh B KaHAIaX 3apsaja MOXKET ObITh MEHBIIE JABJICHUS Y
nepensero topua (puc.5. 10 ). Bo3nukaroiee nmpu 3TOM 0CEBOE YCUIIME OMpPENesIeTcs
BBIPAYXKECHUEM:

P=m, j+(p: -p2)F,, (D

rIe M, — Macca 3apsjaa;, ] — YCKOPEHWE PaKeThl; P; — JABJICHUE Ta3a y MePeaHEro

TOpIA 3apsja; P, — AaBJCHHUE y 3aHET0 Topia;, F, — miomamp 3aIHero Topia 3apsijaa.
E

Puc. 5.10 . PacueTHas cxema mpu pacyeTe Ha MPOYHOCTh BKJIAHOTO 3apsiaa

OTO0 ycuire MpHKUMAaET 3apsij K COMJIOBOM PEIIETKE U MOKET BbI3BATh 3HAYNTEIIHHBIC

KOHTAKTHBIC HAIIPAKCHHA.
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Ecnu HanpsbkeHWs TPEBBICAT NMPEAEi NPOYHOCTH MaTepualia TOMJIMBA, TO BO3MOXKHO
paspylieHue uiv cMmsaTue 3apsaa. OmacHOCTh BO3PACTAET MPU MOBBIIICHUN HAYaJIbHOM
TEMIIEPATYPHI 3apsAaa, KOTOPOE MPUBOJAUT K PA3MATUCHUIO TBEpAOro Toruea. [loatomy B
MMOBEPOYHOM PACUYETE OMPENCIIAIOTCS HAMPSHKEHUS CMATUA HAa 3aHEM TOPLE 3apsaaa:

P

I

CM

o1

rae [y, —Tmonaas OnopHOH MOBEPXHOCTH TOPIIEBOM YaCTH 3apsAa.

HeoGxommmo, utobsl o <[o_], rme |7, | — nomyckaemoe mampsxeHue marmku

TBEPAOTO TOIIMBA HA CMATHE TIPH Temneparype 3apsaaa +50°C.

Takoit pacuer mpoOBOAAT IS ClTydas 3alyCcka PaKEThI, TPA KOTOPOM M., j, P1 — P2
UMEIOT MAaKCUMAaJIbHOE 3HAUEHHUE.

Bo3MoOHBI U JIpyrue pacueTHbIC Cliydaud BKJIAJHOTO 3apsja, HampuMmep, MpoBEpKa
YCJIOBUA COXPAHEHHUS MPOJOJIbHOM YCTOWYMBOCTH IIAIICK MO .JICHCTBUEM OCEBBIX CHJI
WJIU ONIPEJICTICHUE CTETNIEHU MEPEKPBITHS KAaHAJIOB JJIsl MPOXO0/ia ra3a BCJICACTBUE CMATUA
TOpIa mariex [2].

5.5.2. IIpoyHOCTb CKPEMIEHHBIX 3aPSI0B

JIist  M3rOTOBJIEHUS CKPEIUICHHBIX 3apsfoB OOBIYHO HCHOJB3YIOTCA CMECEBbBIC
TOTUTMBA, W TP WX pacueTre HeoOXOAMMO YUHMTHIBATh BPpEeMEHHOU ¢aktop. Meroanku
MOAOOHBIX PACUETOB MPUBE/ICHBI B JINTEPATYPE; OHU BECHhMA CJIOKHBI U B OOJIBIITUHCTBE
CJIy4aeB BBIMOJHAKOTCA ¢ oMolibio DBM. OnHako npu Ha4ajibHOM MPOCKTUPOBAHUU
OBIBAET JOCTATOYHBIM PACCMOTPEHHE TOJIBKO ynpyrux nedopmaruii 3apsaa. OnHuM w3
OCHOBHBIX PACUETHBIX CJIy4acB SIBJIACTCS HArpy>KCHUE 3apsja JaBJICHUEM MPOIYKTOB
CrOpaHus 1o MOBEPXHOCTH KaHana (puc. 5. 11 ).

B pesynbrate 3TOr0 3apsj pacTATMBACTCS B OKPYKHOM HANPaBJICHUHU, HO KECTKUE
CTEHKH KaMephl CTOpaHHWs OTpPaHWYMBAIOT 53TH jAedopmanuu. J[ns onpeneneHus
HampsDKEHUH W aedopMaruii  3apsga. MCMONb3yeTcs pemeHue 3aaadu Jlsme s
TOJCTOCTEHHOTO TOJIoro nuiuHapa. [Ipu paccMOTpEeHUH MOKHO MPUHSAThH, YTO CTEHKA
KaMephl CropaHusi a0COJIIOTHO KECTKasA, TaK KaKk MOYJb YIPYTrOCTH MaTepuajia CTEHKH
Ha HECKOJIbKO MOPAAKOB OoJibllle, 4eM Yy 3apsAaa. B momepeuHbiX ceueHusx 3apsaa
BO3HUKAIOT CKUMAIOIIUE PAJAUAIbHBIC HAMPSIKCHUS 0, U PACTATUBAIOIINE OKPYXKHBIC

HaNpsKEHUA 0, KOTOPBIE U ABJIAKOTCA OMACHBIMH.
111



S S W

Puc. 5. 11. PacuetHas cxema CKperI€HHOTO 3apsaaa

HaubGonbiield BeNMUMHBI OKPYXHBIE HAMPSKEHUA JIOCTUTAIOT HA MOBEPXHOCTH
KaHajla. B coydae numMHAPUYECKOrO KaHAjla OHA PABHBI

-’ =2y,

o =
Tol4+m’ - 2pu

D, (2)

rne m = /R, a r 1 R—COOTBETCTBEHHO paJMyChl KaHajda M HAPYXXHOH MOBEPXHOCTH
3apsna; u, —ko3dduuent [lyaccona Tomnmsa, p, — pacueTHOE NABJICHHE rasa.
Ha nHapy»kHOH MOBEPXHOCTH 3apsaa paJualibHbIC HAMPSXKEHUS PaBHbBI JABJICHUIO 3apsaa
Ha CTEHKY KOPIyca, B3ITOMY ¢ 0OpaTHBIM 3HAKOM:

2 (1—p,)
o =———"""p.

Yol m =2u T

Otcrona BUIHO, 4TO B HaYaie padOThI ABUraTeNs P < pp . [10 Mepe BrIrOpaHud 3apsna
pacTeT m U YBEIWUYMBAETCS JABIICHUE p... B KoHIle paboThl aBurarens npu m = | Ha
CTEHKY NEHCTBYET NABICHUE P = pp. 1103TOMy CUMTAETCA, 4TO HAJMUME 3apsna HeE
MMOBBIIIACT IIPOYHOCTE CTCHKH, HO 3alllUIIACT €€ oT HarpcBa.
Jna menoctHoCTH 3apsaa HeoOXoaumo, 4ToObl amedopManusd PpacTsSKEHHA &, Ha

MMOBCPXHOCTH KaHaJIa HC IIPCBBIIITAJIA AOITYCTUMOI'O 3HAYCHUWA:

_ (= ar)(1+p)A-24,)
ST e —2)E r.<k]

rjae [,—Moayas ynpyrocts Tormmsa ( paboTa IBUraresis He MPOJOJDKUTENbHA, TTIOITOMY

MOET UCIIOIh30BAThCS CTAaHAAPTHOE 3HAUCHUE MOTYJIA YIIPYTOCTH).
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W3 nocneaHero BeIpakeHus: OMNPEAEAeTCs MUHUMAJIBHO JOMYCTUMOE 3HaueHue m. Jls
COBPEMEHHBIX TommB [&,] = 15...20%, nomyctumoe m =-0,4—0,5 .

Ha Benmnuuny HanpsokeHHW B 3apsie OONBINOE BIMSHUE OKa3biBaeT KOAPPHUITUEHT
Ilyaccona, BenuumHa kKoToporo misg cMmeceBbix Torme 0,35—0,5. PesauHononoOHbIE

Tornusa (¢, == 0,5) nepeatoT AaBIeHUe KaK KUAKOCTb. [Ipu 5TOM Be3ne o, =0 =—p, .

JlpyruM pacueTHbIM CJIydaeM SBJIAETCSA MPOBEPKA MPOYHOCTH CKICHKKA 3apsjaa |
CTEHKM Kopryca. [Ipu oxyiakJaeHUn Kamepbl CKaThe KOophyca OOBIYHO CYIIECTBEHHO
MEHBIIIE, UEM 3apsA/Ja, U OH CTPEMUTCA OTOPBAThCS OT CTCHKU. Bo3HUKarollee Npu 3TOM
paauaabHOE HANPSKEHNUE B CKIIEHBAIOLIEM CIIOE

(tO B t)(aT — aM )(1 B mz)ET
1+ m —2u

r

>

rie (,—HadaJlbHas TeMIeparypa 3apsjaa u Kopiyca,
—TeMreparypa rmocjie OXJIaKICHUS,

(o, —a, )—kxod>pduumeHTs  THMHEWHOTO  pACIIMpPeHHs  TOMIMBA M KOpMyca

COOTBETCTBEHHO.

HauGonbiieli BeMWUUHBI PA3HOCTh fy—! JOCTUTAET NPH OCTHIBAHUM 3apsija TOCHe
3aJIMBKH €T0 B KaMeEPYy.

Bo03MOXHBI Tak)Ke pAacCUETHBIE CIIydaW, OTHOCSAIIMECS K HA3€MHOM SKCIUTyaTaluy.
OcHOBHOI W3 HUX - ompejaeNieHWe nedopmaruu 3apsma Moj ACHCTBHEM CHJIBI Beca
BCJICACTBUE MOJI3YUYECTH TOIUIMBA. BeMMumHa €€ HE M0JKHA BBIXOAUTH 32 JONMYCTHUMBIC
MPECIIBI.

[IpoektupoBanune PJITT He orpaHnumBaeTcs pacCMOTPEHHBIMH BBIIIE PACUECTAMU.
Yike Ha 3Tane A3CKU3HOTO MPOCKTUPOBAHUA MPOBOAATCA AHAIU3 TEXHOJOTHUYHOCTH
AJIEMEHTOB KOHCTPYKIIMM W MPOTHO3UPOBAHME CEOECTOMMOCTH WX IMPOU3BOJCTBA,
JEJIACTCA OLEHKAa WX HANCKHOCTU. TONBKO C YYE€TOM TAaKMX OLIEHOK BO3MOXKEH
000CHOBAHHBIN BHIOOP KOHCTPYKTHUBHBIX PELICHUA M CHUXKEHUE 3aTpar mpu OoTpadOTKe

JIBUTATEIIA.
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