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1. ®yHKIIHOHAJIbHOE MPOEKTHPOBAHME IBUTATEIbHON YCTAHOBKH

Jlekimsa 1

Beenenue

B wu3ydaemoll [OHCHUIUIMHE pPAacCMATPHUBAIOTCA BOIPOCHI KOHCTPYHPOBAHHUS
OCHOBHBIX arperaToB U CHUCTEM paKeTHOro jpurareins. Pannee, B nucuuruinHe "OCHOBBI
KoHcTpyupoBaHus PJ[" BbI u3yunnm KOHCTpYKIUIO ocHOBHOro arperata JKPJ[ — kamepsl
JIBUTATENS, YPE3BBIYAHHO HANPSKEHHOIO YCTPOMCTBA, B KOTOPOM palodHe MpOIEecChl
nportekatoT npu AaBinerusx g0 30 Mlla u remmeparype 3000 — 4000K. B gucruruimae
"Jlunamuka U mpouyHocTh PJ[" ObUTH paccMOTpeHbI BOMPOCHl KOHCTPYUPOBAHUS JIPYTOro
cnoxHoro arperara — THA. B 3Tom Kypce NpeCTOUT U3YyUUTh APYTUE BAXKHBIE arperaThbl
U PacCMOTPETh BOIMPOCHl KOHCTPYUPOBAHHUE ABUTATENs B LenoM — pazpadborky III'C u
MMPOEKTUPOBAHUE KOMIIOHOBKHM JBuUratens. Kpome Toro, B Kypce paccMaTpuBarOTCs

Bonpockl KOHCTpyKumu PJITT.
KoncTpynpoBaHue y3710B U CHCTEM JIBUTATENS SIBJISIETCS COCTABHOM YaCThIO 3a]1aud
00IIIero MPOCKTHUPOBAHUS JKUIKOCTHOW aBurareinpbHor yctaHoBku (QKPIAY). B cBs3u c

9THUM PaCCMOTPHUM OCHOBHBIC BOIIPOCHI IIPOCKTUPOBAHUA ABUTATCIIA.

1.1. O6mmue Bonpockl npoektupoBanus KPAY
1.1.1. TexHnueckoe 3aaHue

OcHoBaHHMEeM i1 BBINOJHEHUsT npoektupoBanus KPJ[ sBiIgeTCs HAOKYMEHT,
Ha3bIBacMbId TeXxHHYecKUM 3amanueM (T3), KOTOpBIH pa3pabaThIBaeTCs COBMECTHO
MPEANPUITUEM-3aKa3UUKOM W TNPEANPUATHEM-UCIOIHUTEIEM M YTBEPXKAACTCA Ha
YPOBHE BEJIOMCTBEHHOTO MHUHHUCTEPCTBA. T3 yCTAaHABIMBAET HAa3HAUYCHUE JBUTATENS,
TEXHUYECKUE XapaKTePUCTUKU, a TaKkKe TpeOOBaHUs, MPEAbSABISIEMbIE K JBUTATEIIO.
OO6bI4HO 3a7a10TCS

-KOMITOHEHTHI TOTUIMBA U TPEOOBAHUA K UX UHUCTOTE;

-TSITra;

—YHGHBHLIﬁ HUMITYJIBC,



-BpeMs paboTsl (pecypc);

-IUKJIOTpaMma pabOThI JBUTATEIIS;

-HaAayB OaKOB;

-yIIpaBJIeHUE BEKTOPOM THATH;

-KOJIMYECTBO BKIIOYCHUM;

-tpedoBanus k CA3 (cucteMe aBapHITHOM 3aIIHTHI);
-rpeboBanust K KTC (KOHTPOJIIO TEXHHYECKOTO COCTOSIHHS);
- rabapuThl JBUTATEIN;

- Macca JBuraTelis (CyXoro u 3aJUTOrO TOILTUBOM);
- TpeOOBaHMS K HAAEKHOCTH JABUTATEIIS,

- TpeboBaHUs K BUOPOIPOYHOCTH;

- BpeMsi 00111eH pa3paboTKu ABUTATENS.

3agaHue Ha pa3pabOTKy JBHUrareiis B KypCOBOM MPOEKTE MO JIUCHMIUIMHE BKIIOYAET

TOJIbKO YacTh ATUX TPeOOBaHUM.

1.1.2. Craguu mpoeKkTupoBaHus mpu pazpadotke KP/]

[IpoextHbie paboTrel mpu pazpaborke KPJ[ oTHOcSATCA K paspsay OIBITHO-
koHCTpykTOpckux pador (OKP). B coorBerctBuum ¢ OCT 1392-8717-75 nms OKP
YCTaHOBJIEHA Cleaytonas Kiaccuukanus cTaaui pa3padoTKu:

-TaKTUKO-TEXHUUYECKOE 3a/I1aHHE;

-TEXHUYECKOE MPEJIOKEHUE;

-3CKU3HBIN MPOEKT;

-pa3paboTKa TEXHUYECKOW JOKYMEHTAlMU Ha ONBITHOE U3/EIIHE;

-M3rOTOBJICHUE OMBITHBIX U3/IENINNA, HA3€MHbIC ABTOHOMHbBIE UCTIBITAHUS U
KOPPEKTUPOBKA paboyell JOKyMEHTaIINH,

-Ha3eMHbIE KOMIUJIEKCHBIE U MEXXBEJOMCTBEHHBIE HCIIBITAHUS;

-JIETHBIC UCTIBITAHUS,

-MIOJIFOTOBKA IOKYMEHTAIIUW HA U3CJIHUS CEPUNHOTO MTPOU3BOJICTBA.

(ITo 06BEMyY 1 TTyOMHE TIPOPabOTKU KOHCTPYKIMU Bamn KypcoBoii, a Takke Oyaymiwii
JTUIUIOMHBIM TPOEKT OJIMKE BCEr0 K CTaJAMM SCKU3HOTO MPOEKTUPOBAHUS, XOTS
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OT/IeJIbHbIE TPOEKThI MOTYT OBITh OTHECEHBI K CTaauu pa3pabOTKu JTOKyMEHTallud Ha
OIIBITHOE M3CIINE).

B cooTBeTCTBHUU CO CTaHAAPTOM SCKU3HBIM MPOEKT JOJKEH BKIIOYATH Pa3pabOTKy
nHeBMoruapasiudeckor cxembl ([II'C) ¢ omucanmem e€ paOOTHI, YEPTEKH OCHOBHBIX
arperatoB, COOPOUHBIA YEPTEK IBUTATENS, MOICHUTEIBHYIO 3aMUCKY ¢ HEOOXOAUMBIMU
pacueTaMy U HEKOTOPBIE APYTUE NTOKYMEHTHI.

[Ipu BBITIOTHEHUU POEKTHBIX PabOT MpeXkJie BCEro, MPOU3BOIUTCS (HYyHKIIMOHANb-
HOoe TmpoekTupoBaHue JIY, KoTopoe 3akiro4yaeTcsi B BBIOOpPE NPUHIMIHAIBHON U
KOHCTPYKTOPCKOM CXEM JBHUIaTelsi, Ha3HAYCHUM OCHOBHBIX IApaMeTPOB, a TaKXKE B
npeacTaBieHun odiiero Buaa npurarens. [Jns KPP/ npunnunuansHON cXeMOl sBIISIETCS
III'C nBurarensi.

Ha ocHOBaHMM NOpPUHATBIX KOHCTPYKTOPCKMX CXE€M [JarOTCAd 3aJaHdus Ha
KOHCTPYUPOBAaHHE AarperaroB W Y3JIOB, MPUHIMIIAAIbHAA CXE€Ma OINPEACISIET TUIl U
COEIMHEHHUE BCEX PJIEMEHTOB JBuratens. KonctpynpoBaHnue 3akaHUMBaeTCs pa3paboTKOM
yepTexkeil neraneid, COOpPOYHBIX E€IMHHUI[ W CaMOro W3JAeNHs, a Takke JIpyrou
HEO0OXO0MMOMN JTOKYMEHTAIIUH.

[Tpu xoHCTpyHpOBaHHH (HOPMUPOBAHHE OOpa3a JeTaiu (IyTeM BbIYCPUYUBAHUS HIIU
MOJICJIMPOBAHHUS Ha KOMIIBIOTEPE) JOJDKHBI BBIMOJHATHCSA IMAPALICIIBHO C pacuyeTaMu
MPOYHOCTU U KECTKOCTU AJIEMEHTOB KOHCTPYKIMU. Takum oOpa3oM, MOXKHO H30€xKaTb
BO3MOXHBIX MIEPEIICIIOK YEPTEKEN MOCIIE MPOBEACHUS PACUETOB.

Bo Bcex ciydasix MpOYHOCTh U ’KECTKOCTh KOHCTPYKIIUHU JTOJKHBI ObITh 00€CTIeUeHBI
py €€ MUHUMAaJIbHOU Macce. ITO JOCTUTAETCS:

- COBMEIIICHUEM HECKOJIBKUX (DYHKITUH B OJJHOM djieMeHTe (Harmpumep, 0ObeAMHSTh
HECKOJIbKO KJIaIlaHOB B OJIMH 0JIOK);

- pallMOHAJIBHOW KOMIIOHOBKOM BCEX arperaTtoB JABUTATENs, MO3BOJISIONIEH YMEHBIIUTD
rabapuThl U JJIMHY MarucTpaliei;

- IPUJIAaHUEM JETAISIM palMOHAIBHON (POPMBI 1JIsI HAWUTYUYIIErO HCIOIb30BaHUs
CBOMCTB MaTE€PHUAJIOB,;

- IPUMEHEHUEM MAaTEPUAIOB C BBICOKOM YAECIbHON MPOYHOCTHIO WA BBEICHUEM

YIPOYHSIONIMX METOJIOB 00paOOTKH JeTalICH.



CrnemyeT HOMHUTB, YTO MUHUMAJILHOM Maccoil 00J1ajjaeT paBHONPOYHAST KOHCTPYKIIHS,

" CTPCMUTLHCA K €€ BOILJIOIICHHUIO.
1.2. (I)yHKIII/IOHaJILHOC MNPOCKTUPOBAHHUC IIBI/IFaTeJILHOﬁ YCTaAaHOBKH

NmenHo npu BEIOOpE MPUHIUNHAIBHON CXEMBbI ABUTATENS U KOHCTPYKTOPCKUX CXEM
arperatoB  HE0OXOJUMO  O00EeCHeYUTh ONTUMAIBHOCTh KOHCTPYKIUHU, BBICOKYIO
HaJIEKHOCTh paOOThl U MUHUMAJIBHYIO MAacCy HW3JeNus, a TakKe BBIMOJHEHHUE JIPYTruX
TpeboBaHu K ABuratento. st onpeneneHus CTENEeHH ONTUMAJIBHOCTH BbIOUpaeTcs €€
KpUTEpUL — OCHOBHOE TpeOOBaHUE, KOTOPOE HEOOXOJMMO BBIMOJHUTH B TEPBYIO
ouepenb. Ilpu 3TOM KpuTepuili ONTHUMAIBHOCTH JOJKEH HWMETh KOJWYECTBEHHOE
BBIPa)KCHUE.

JlBuraresb SBISETCS 4acThIO JieTaTeNbHOTO ammapara (JIA) u OleHUTh ero  MOXKHO
TOJIBKO IO ONTUMaIbHOCTH Bcero JIA. J[iist pakeT-HOCHUTENEN 3a KPUTEPU ONITUMHU3ALUH
MPUHUMAETCSI MUHUMAaJbHasi CTOMMOCTh BBIBOJA 1Kr mosie3HOM Macchl Ha 3aJaHHYIO
opbuty. Ilpu nmpeaBapuTeIbHBIX pacdyeTax OIEHKY ONTHUMAIbHOCTH YacTO MPOBOJAT IO
KPUTEPUSIM TEXHUUECKOTO COBEPUICHCTBA: KOHEUYHOW UAEATBbHOU CKOPOCTH nonéra JIA

V=1, Inu,

Y IPUBEICHHOMY YAEJIbHOMY UMITYJIbCY TATH

1, = = '}’[l_ij ,
MO :le

rae |y — cpeaHss Beln4MHA yIEIbHOIO UMITYIbCa TSTU 3@ BpeMsl pabOThI IBUTATENS;
| — ummynbe Taru 1Y (cymmapHBIi);
M = Mo /My — MmaccoBoe uncio JIA;
My — ctaproBas macca JIA;
M  — koneunast macca JIA( B MoMmeHT octanoBa J1VY).
CxemHOe pemenue, obecreunBaromee Oonblee 3HaYCHHE V,; WIH ly op , Kak
NPABWJIO, MPEANOYTHTEIbHEH (PacCMOTpEHHBIC KPUTEPHUHM YUYUTBHIBAIOT TOJBKO IHEPIO-
MacCoOBbI€ (PaKTOPBI; 3TOTO MOXKET OBITh HEOCTATOYHO).

[II'C nBurarens nomxHa 00€CEYUTh €ro padoTy Ha Pa3IMYHBIX PEKUMAX.



1.2.1. PesxuMbl pabOTHI JBUATATEIIS
PesxxuMoM paboOTBI Ha3BIBACTCS COCTOSHHE MABHTATENs, KOTOPOE XapaKTepHU3YeTCs

OIPE/ICIICHHBIMA ~ BEJIMYMHAMH HArpy30K Ha ero 3JieMeHTHI. [Ipu 3ToM eciu mapameTphl
Ha JJAHHOM PEKUME TIOJICPIKUBAIOTCS B JOMYCTUMBIX MpejesiaX MOCTOSHHBIMU, PEKAM
Ha3bIBACTCSl YCTAHOBUBIIUMCS; €CJIM TapaMeTphl BO3PAcTAalOT WU YOBIBAIOT B
OTIPENEIICHHBIX MpeesiaX, PeXKUM Ha3bIBACTCS HEYCTAaHOBHMBIIMMCS; €CJIHM XKE IapaMeTphl
U3MEHSIOTCSl XaOTUYHO WJIM BBIXOJST 32 YCTAHOBJICHHBIC MIPECITbI, PSXKUM  Ha3bIBACTCS
HEYCTONYMBBIM.

OcHOBHBIM BBIXOTHBIM NTapameTpoM JKP/] sBnsieTcs BenmmunHa Taru. COOTBETCTBEHHO
ITOMY HapaMeTpy U pa3IUdaloT CISAYIONINE XapaKTepHbIC PEXKUMbI paOOTHI IBUTATEIIS

sanmyck (kpuBasl Ha puc.l.1l) — pexkum paObOTHI JBUTATENS OT TEPBOKH
KOMaH/Ibl Ha €ro BKJIFOUCHHE JIO BBIXOJIA HA OCHOBHOW PEXUM (MPH HAJTUYIHU

HECKOJIbKMX OCHOBHBIX PEKHMOB — JIO BBIXOJa Ha TEPBBIH OCHOBHOM PEXUM);

[e1a

Puc.1.1.

NPEIBAPUTEILHBIA pexXUM (KpHBasi 2) — yCTaHOBUBIIHICS PEXUM PabOTHI C TATOM,

MEHBIIICH TSITM HAa OCHOBHOM PEXKHME, SBJISIONIMICS YacThiO0 3amycka (MOXKET OBITh
HECKOJIBKO TIPEIBAPUTEIBHBIA PEKUMOB).
OCHOBHOM peXUM - YCTAaHOBUBIIUHCS PEXUM pabOTHI, KOTOPBIH SIBISIETCS ONpese-
JSAIOIMM TpPU  BBIIIOJHEHUU OCHOBHOM 3a1aun JIA. IIpu 3TOM MOTyT UMETH MECTO
HECKOJIBKO OCHOBHBIX PEKUMOB!

HOMHHAJBHBIA pexkuM (mpsMass 3) — peXHM, COOTBETCTBYIOIIMA HOMHHAIBLHOMY

(pac4ueTHOMY) pacxo/y TOIUIUBA U SIBJISIONIMIACS OOBIYHO CAMBIM JUTUTEIIBHBIM PEKHUMOM;
Y



MaKCUMaJIbHBIA pekuM (mpsimast 4) — peXuM, COOTBETCTBYIOIIHMH MaKCHMaTbHO
A0mycTUMOMY (IO YCIIOBUSAM Harpy>KEHUs) pacXoay TOILIUBA,

MOHIKEHHBIA PeXUM (TIpsAMast 5), JekKaIuid MeX1Ty HOMAUHAIBHBIM U MHHUMAJIbHBIM
peKUMaMU,

MUHUMAJIBHBIH pexuM (mpsMas 6), COOTBETCTBYIONIUH MHHHMAIBHOMY PacXoay
TOILINBA,;

KOHCYHBIN pexuM (mpsiMas 7) — pexXuM paObOThl JBHTATENs MEPe] OCTAHOBOM C
TSTOW, MEHBIIEHN TATU HA HOMUHAIIBHOM PEXKUME.

OctanoB (kpuBast 8) — peKXUM pabOTHI JBHTATENs OT NEPBOM KOMAaHJIBl Ha €ro
BBIKJIFOUCHHE JJO TTOJIHOTO MCUYE3HOBEHUS THTH.

B 3aBucumMoCTH OT Ha3HAYEHUS U KOHCTPYKIIMU JBUTATENb MOKET KCILUTYaTUPOBATHCS

Ha BCCX YKa3aHHBIX PCKUMAX HUIIK TOJBKO Ha HCKOTOPHLIX U3 HUX.

1.2.2. TlpoexkTrpoBaHNEe THEBMOTHAPABINIECKON CUCTEMBI JY

CnoxHOCTh U OBICTpOTa TpoTeKanus mpoieccoB B XKPJI, TpeboBanus 6e30macHOCTH, a
TaKKe MCIOJIb30BAHHUE ITUX JABUTATENICH B OOJIBIIMHCTBE CIIy4yaeB Ha OECHUIIOTHBIX
JeTaTeNbHbIX alMapaTaX MPUBEIH K TOMY, 4TO paboTta Bcex cucteM Y MmomHOCTHIO
aBTOMATU3MPOBAHA, IPUYEM CpabaThIBAHHUE arperaToB U YCTPONCTB MPOUCXOJUT B CTPOTO
ONPEAECIEHHON MOCIIEI0BATEIBHOCTH.

TpeboBaHuUs K CHCTEMaM.

1.Cucremer 1Y ¢ "KPJI nomxHbl pab0oTaTh ¢ MUHUMAJIBHBIMU IOTEPSMA y;

2. lmeTh Masbie MacCcy ¥ HHEPIIUOHHOCTD ACHCTBUSI.

3. OHH MOJDKHBI 00ECTIEYNBATh TUIABHBIN MTEPEXO0]] C OJTHOTO PEKUMA HA IPYTOi BO
n30€eKaHue MOSBICHUSI HEYCTOMUYUBOCTH pabOUYUX MPOLIECCOB.

Bce dyukiumonansueie cuctemsl JKPJY mnpexacraBisitor coOol eqUHYIO ITHEB-
mMoruaposiekTpuaeckyto cucremy (III'DC). JlokymeHTanbHO €€ OGOPMIISIIOT B BHJIE
NPUHIUITHATBHON cxXeMbl (ITHEBMOTHApO3IeKTpudeckor cxembl — [II'MCX), Ha KOTOpOU
M300paXxaroT BCE arperaTbl CUCTEMbl U CBSI3U MEXAy HUMH. UTOOBI HE YCIOXHSTH
BOCTIpUATHE, ¢€ MPEACTABIAIOT B BHJE IBYX cxeM — mHeBMoruapasimdeckor ([1I'Cx) u
antekTpuaeckon (Icx).

DnekTpuyeckyto cxemy Y MBI He paccmaTpuBaeM.
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[Tpu pazpadotke II'C (coxpaménno ot I[1'CX) B KypcOBOM U JTUTIJIOMHOM IPOSKTaX
ucxomiat u3 cTpykrypHoi cxemsl JKPJI, mpemnoxkenHoit B T3 wuiud BbIOpaHHON st
MPOEKTUPYEMOI'O JBHUIaTENsl, HA KOTOPOM BHUJHBI CBsA3U Mexay kamepoi, THA u XKIT.
Ha sT0li cxeme HaJ 0 pacmoyiOKUTh arperarbl yIpaBlIeHUs] U aBTOMaTUKH, HEOOXO UMbl
IUIs. TIOATOTOBKH K 3alycKy, 3amycka, paboTe Ha OCHOBHOM pPEXHUME U OCTaHOBA
neuratens. Pazpaborannas B npoekte [1I'C nomkHa BKItOYaTh U 0AKOBYIO YacTh CXEMBI,
Ha KOTOPOM MOKa3aHO, KaK 00eCleuyrnBaeTCs Ha/i/lyB TOTUIMBHBIX OaKOB.

[Ipu BbIMOTHEHUU 3TOK paboThl ucHoNAB3yIOT mpuMepsl [II'C  nBurarenei,
M3YUYEHHBIX BO BpeMsl JaOOpaTOPHBIX palOT, a TakKe MPUBEAEHHBIX B MOCOOUSIX U B
npyrux uctoyHukax. [Ipm BeruepumBanuu III'C cremyer monb30BaThCS yCIOBHBIMHU
ob6o3HaueHmsiMH, ykazaHHbIMA B ['OCT 29763-77. Dtm 0003HaueHUS TPHUBEIACHBI B
npuwioxkenun 1 mnocobust [1l]. OpHOBpeMEHHO HEOOXOAMMO COCTAaBUThH IEPEYCHB
arperatoB, n3o0Opaxénubix Ha [I['C. BreiOupas tum arperata, HaJ0 y4YWUTHIBATh YHCIIO
BKJIIOYEHUN €ro B MOJETE, BpeMsi cpabaThiBaHUs, BUJ padOuero BEIIECTBA, TEKYIIETO
Yyepes3 Hero, ¥ pacxo]l 3TOrO BEIIECTBA.

[IpoexkTHpoBaHHEM CHCTEMBI XpaHeHUs paboumx BemecTB Ha Oopty JIA (Oakos,
OaJUTOHOB CO CXKaThIM Ta30M M MX apMaTypbl) B MPOHM3BOJICTBE 3aHUMAIOTCS OOBIYHO
pazpaboTumku JIA.

[IpoexTupoBaHue APyrux CUCTEM U arperatoB Y BeneTcs ABUTraTeIMCTaMU.

[Topsitok MPOEKTUPOBAHMUS .

- BBIOMPAIOT NPUHIUIHAIBHYIO CXEMY JBUTATeNsl W ONPEACNSIOT BBIXOJHbBIC
MapamMeTpbl KaMepHI,

- TIPEeIBAPUTEIILHO BBIOMPAIOT arperatbl cucreMbl (cxemy THA, tun rasoreHepaTtopa
WA aKKyMYJISITOpa JaBJICHUS ) U TIPOU3BOIAT ONPE/ICIICHNE UX BBIXOIHBIX MTaPaMETPOB;

- ONpPENeNAoT TpaHUIlbl yCTOMYMBOM  pabOThl CUCTEMBl M  MOJOUPAIOT
COOTBETCTBYIOIIUE PETYIUPYIOLINE YCTPOUCTBA;

- MPOU3BOJAT OKOHYATEIIbHYIO YBS3KY [MAPAMETPOB arperatoB CUCTEMBI,

- pa3pabaThIBAIOT KOHCTPYKIIUIO OTAEIBHBIX arperaTos;

- MPOU3BOJIST KOMIIOHOBKY JIBUTATEIsl, ONPEIESTSIOT €ro rabapuThl, Maccy U

YAENbHBIE TAPaMETPHI.
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Jlekuus 2

1.2.3. Pazpabotka I1I'C u mukinorpamMms 3amycka u octaHoBa JKPJ]

ITpu pazpabotke [ICT" popMHpyIOT CUCTEMBI, KOTOPBIE OOECIIeUaT BhITTOJIHEHUE
oneparuii, HeOOXOAUMBIX JIJIsl OCYIIIECTBICHHUS 3aMlyCKa, pabOThl IBUTATeNsE HA OCHOBHOM
pexuMe U ero octaHoBa. OJJHOBPEMEHHO pa3padaThIBAIOT UKJIOTpaMMy pabOThI ABUTA-
TeNd Ha ATUX PEKUMAX.

PaccMotrpum  mHeBMoruapaBauueckyro cxemy JKPJ[ O6e3 poxwramms (puc.l.2)
U IIUKJIOTPaMMy ero padboTsl (prc.1.3) W3BECTHOTO JBUTATEIIS, UCIIOJIB3YEMOro Ha MepBOM
cTynenn paketbl-HocuTens «CatypH 1B» m paGotaromero Ha torumBe Oy, + RP-1
(RP-1 - cunTeTrueckuii kepocun B CIIIA).

Ha III'C cocTostHue arperatoB n300pa’kat0OT B MOMEHT BPEMEHH, MPEAIIECTBYIO-
el mpeanycKoBOM MOATroTOBKe. BKIloueHHe arperatoB M XapakTep X cpadaThbIBaHUS
(HarpuMep, OTKPBITHE W 3aKPBITHE KJIAIIAHOB, MEPECTPOUKA PEryJsATOPOB U T. I.) yKa-
3bIBatOT B onucanuu padbotel [1I'C Ha nukinorpamMmme ee pabOTHI.

[Mukmorpamma TmipeacTaBiasieT coO0oMl rpaduk, MO oOcH aldCIUCC KOTOPOTO
OTKJIa/bIBAIOT HMHTEpPBaJIbl BPEMEHUM C MOMEHTA Hauajia 3alycka WM OCTaHOBa JI0
MOMEHTa cpalaTbIBaHMsS TOTO WJIM MHOTO arperara aBTOMaTHUKH, a MO OCHU OpJAMHAT —
M3MEHEHHE JIaBJICHUS ra3a B KAMEPE WIH TSTY JABUTATENS.

Bpewms, 3arpaunBaemMoe Ha BBINOJHEHHE OJHOW OIEpaluy, pPaBHO BpPEMEHU
cpabaThIBaHUs arperara, 0OSCIICUMBAIOIIECTO €¢ BBIMOJHCHHUE (HampuMmep, KiamaHa), U
BpEMEHH, HEOOXOAMMOTO ISl 3aMOJTHEHUSI CIIETYIOIIEH 3a KJIallaHHOM TOJIOCTH.

Tak, Hanpumep, BpeMs cpabaTbiBaHUs KJIallaHOB C MPUBOJIOM:

MUPOTEXHUIECKUM COCTABIISET 0,015...0,02 c;
DICKTPUYECCKUM ~ ---- 0,03...0,05 c;
MMHEBMATUYECKUM ---- 0,10...0,20 c.

Menbliiee BpeMsi cpabaThIBaHUsI UMEIOT KJIallaHbl ¢ HEOOJBIIUM PACXOJIOM Ta3a U C
MaJIBIM MEPENAIOM IABJICHHS Ha 3aII0PHOM OpraHe.
Bpewmsi 3amonHeHUs] MOJOCTA MAarucTpaiv JI0 CIEIYIOLIETO arperara ONpeaelsitioT

II0 CKOPOCTH TCUCHMA JKUAKOCTH HUJIM Ia3a.
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WNuorma st KOHTPOJISI TMPOTEKAHUS WIIA 3aBEPIICHUS OIMEpallid yCTaHABIMBAIOT
CUTHAJIM3aTOPBI Pa3IMYHBIX MTapaMeTpPoB padodero mpouecca (IaBiIeHHs, TEMIIEPATYPHI,
BOCIUIAMEHEHHMSI TOIUTMBA, HAJTMYUS YKHJIKOCTH H JIp.) .

Bpems mpoTekanus 3amycka, KOTOpO€ OOBIYHO OTCUMTHIBAIOT C MOMEHTA Hadaja
pacxoja TOIUIMBA Yepe3 apurarens, coctaiseT 0,8...5,0c, mpuueM HanMeHbIIee BpeMs
3aTpayrBaETCsl Ha HEMPOTPAMMHPOBAHHBINA, a HAaMOOJbIIEe — HA MPOTPAMMHUPOBAHHBIN
3aIyCK ¢ HECKOJIBKIUMH MPOMEXYTOUYHBIMHA PEKUMAMHU.

[uknorpamma paboter /Y, u3o0pakeHHOH Ha puc.2.2, TOKazaHa Ha puc.2.3.
3HakoM “ruiroc” 0003HayalT BKIKOYEHHE arperara B padoTy, 3HAKOM ‘MHHYC' — €ro
BeIKITIOUeHKE. [1o ockro abciuce mpocTaBsiOT HOMEpa MO3UILIMN arperaToB, yKazaHHbIC

Ha III'C.

Puc.1.2. ITaeBMoruapaBanyeckas cxema J[Y 0e3 moxxuraHus
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Bpemsi cpabatbiBaHMsi arperaToB MHpH 3alycKe OTKJIAAbIBAIOT BIPABO OT HYJI,
KOTOPBI COOTBETCTBYET MOMEHTY Hadaja pacxoja padodmx BemecTB (Hampumep,
KOMIIOHCHTOB TomuuBa) u3 JIY. BieBo oT Hyis OTMEYarOT BpeMsl NPOTECKAHWMS
MPEIITYCKOBBIX OTIEPALIHil.

Paccmotpum nopsinok cpabateiBanus arperatoB J|Y, cxema KOTOpoi mokas3aHa Ha
puc.l. 3a Tpu cekyHabl 40 koMaH bl “[lyck” HaUMHAIOT MPEyCKOBYIO MOATOTOBKY JVY.
[Ipu 5TOM 3aKpBIBAIOT ApCHAKHBIE KiIanaHbel 1 u mo TpybompoBoxy 28 depe3 oOpaTHBIC
KJIaMlaHbl 27 TOMal0T B OaKW Trefuil OT Ha3eMHOU cucTeMbl. C MOBBINICHHEM JaBICHUS B
0akax 10 pPacueTHOro, 4To (DUKCHUpYeT pene MaBICHHUS 2, OTKPBIBAIOTCS BXOIHBIC
KJIamaHbl 23, KJaMaH MUPKYJSAIAA 5 W HAYWHACTCS 3aIMBKAa HACOCOB KOMIIOHCHTAMH
TOTUTMBA JO TJIaBHBIX KimamaHoB 6 w 19. OpmHOBpeMEHHO TMapel KHCIOPOJa,
oOpasyronecs: B Hacoce, Yepe3 MUPKYISIUOHHBINA KilanaH U TpyOONpOBO MOCTYMAIOT
oOpaTtHO B 0ak, rji¢ MPOUCXOJIMUT HUX KOHJAeHcanusa. TakuM 00pa3zoM OCYIIECTBISIOT

3axonakuBaHue Hacoca Os.

P, VH
107

041

+30,29

Puc.1.3. Ilpumep nwmxmorpamMmmsl pabotsr Y
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[Ipu pacuetHOM moKazaHwu Tepmorapsl 30 Ha BBIXOJE W3 HAcoca HAYMHACTCS
3anyck. C 3TOro mMomeHTa, O0OO03HAUYEHHOTO HYyJEM Ha IUKJIOrpaMMe, OTCUMUTHIBAIOT
BpeMsl cpabaThIBaHUsI arperaToB aBTOMATUKH, obecrieunBaronieit 3amyck Y.

Brauane depe3 TpyOompoBoa 29 OT Ha3eMHOW CHCTEMBI IOJACTCS TeNIWi Ha
npoayBky nojioctu RP-1 ronoBku kameps! u nosnoctu O, ronosku KI'T.

Uepe3 1c mocne BKIIIOYEHHS MPOAYBKU MOJAETCS KOMaHAAa Ha BOCIUIAMEHUTEh
nupocrapTepa 25, u TypOouHa 21 HaumHaeT packpytky HacocoB 20 u 22. Cmycts 0,2¢
3aKpBIBACTCSA KJamaH ITUPKYJAIAA S, OTKPHIBACTCS TJABHBIA KJIAamaH 0, OKUCIUTENb
MOCTyTaeT B kamepy 12 m BMecTe C MpOyBOYHBIM T'elIMeM HCTEKAeT U3 coruia. B To ke
BpeMsI reJIiid MPEenaTCTBYET nonagaHuto napos O, B MOJIOCTh TOPIOYETO TOJOBKHU.

Eme ygepes 0,2c oTkpbeiBaeTcs Kianad 19 u mojx maBiIeHHEM OCHOBHOT'O TOPIOYETO
npopbiBatoTcs MeMOpanbl 16. Tpudtunanromunnii (C,Hs)sAl n3 6ammona 15 nocrymaer
Yyepe3 roJIOBKY B OTHEBYIO MOJIOCTh KaMEPhl U BOCILIAMEHSIETCS B KUCIIOPO/IE.

[IponyBka renuemM mpekpamiaercs oOpaTHbBIM KJIalaHOM B MOMEHT, KOT/la JIaBJICHUE
rOpPIOYEr0 CTAaHET PAaBHBIM JIABJICHUIO MPOTYBKHU.

C zamazgpiBanneM B 0,1c oTkpwiBaeTcsi cHavana kiamad 18 roprogero, a 3atem —
kinamad okuciutens 7 XKI'T 26 ¢ tem, uro6sr B XKI'T oOpa3oBaiach TOIUIMBHAs CMECh
BOCCTAaHOBUTEJILHOTO COCTaBa. B MpOTMBHOM cilyyae Ta3bl MUPOCTAPTEpPA, HUMEIOLIUE
BOCCTAHOBUTEJBHBIN COCTaB, OyIyT MOXKUTaThCA B KHUCIOPOJE, YTO HPHUBENO Obl K
BO3PACTAaHUIO TEMIEPATyphl rasa mepea TypOMHOU Bhille pacueTHON. Bocmnamenenue
cmecH B JKI'T" mpoucxoauT OT ropssuux ra3oB MUpoOCTapTepa.

HexoTopoe Bpemsi TypOuHaA paboTaeT Ha CMECH Ta30B, a IOCJIE BBITOPAHUS
TBEPAOI0 TOIUIMBA MUPOCTApTEPA MEPEeXOAUT HeaukoM Ha nutanue oT JKI'T. J[Burarens
BBIXOJIUT Ha NPEABAPUTEIBHBIN pEXUM pabOThl C TACOM, KOTOpas OMpeaeseTcs
pacxogom O, depe3 perymsarop 4 m coctaBimsger npumepHo 20% OT HOMUHAIBHOU
BennuuHEL. [1o ncreuennn 1,8c oT Havasa 3amycka ¥ Ipu cpadaThIBAHUH PEJIC JTaBIICHUS
13 mocTymaeT KOMaHAa HA YBEITWYCHHE IMPOXOJHOTO CeUeHHs peryistopa 4. 3amyck
3aKaHYMBACTCS Yepe3 2,2 ¢ Mocie Mo1avyu KOMaH bl Ha IPOTYBKY C BBIXOJIOM JIBUTATEIIS
Ha PEKUME HOMHHAIBHOU TSITU. B 3TOT MOMEHT perynarop 4 moAKIodaeTcsl K CUCTEME
PETYNHPOBAHUS KAXKYIIEHCS CKOPOCTH, a PEryisaTop 9 — K cucTeMe OJHOBPEMEHHOTO
OTIOPO)KHEHUS 0aKOB.
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HannyB 6akoB Ha OCHOBHOM pexXrMe paOOThl IPOU3BOJUTCSA CIIEIYIOMIUM 00pa3oM:
0ak roproyero HaJyBaeTCs T€HEPATOPHBIM ra3oM, OXJAXJEHHbIM B ucnaputene 17, a
0aK OKHUCIUTENS — MapaMu KUCIOpoJa, o0pa3yronuMUCs B UCHIAPUTENE MO ASHCTBUEM
TeIIa, OTJAaBAEMOr0 FT€HEPATOPHBIM ra30M.

Crynenuatsiii 3anyck /Y oOBsicHS€TCS TeM, YTO Ha MEPBOM CTYNEHU PaKEThl-
HOCHTEIIS YCTAaHOBJICHO 8 aBTOHOMHBIX JIBUTATEICH.

Ha ocHoBHOM pexume pabotrsl JIY obOecneduBaer mNoJydeHHE KOHEUHBIX
napaMeTpoB CTyneHu Vg U My, ABISISCh UCTIOJHUTENbHBIM opraHoM cuctem PKC u
CUCTEMBbl YMpAaBJICHUS BEKTOpPOM Tsru. [ns wmmmocTtpanmuu pabOThl 3THUX CHCTEM U
CUCTEMBI PETYIUPOBAHUS TITH HEOOXOAUMO COCTaBUTh UX (DYHKIIMOHATBHBIE CXEMBI.

OcrtanoB JIY ocymecTBiaseTcs mMocie cpadaTbiBaHUS OJHOTO W3 JAaTYHUKOB,
YCTAHOBJICHHBIX Ha BBIXOJE M3 0aKOB U PErUCTPUPYIOMIMX OKOHYAHHE KOMIIOHEHTa
torutuBa. [lo ero curnany mojaercst KOMaHja Ha 3aKpBITHE KIanaHa /, B Pe3yiabTaTe Yero
npekpamaercs roperue B JXKIT, u oboporel THA cumkarorcsa. C mHTepBasiamu B 0,2¢
3aKpBIBAIOTCS TOCTEA0BATENIbHO Kiananbl 6, 8 u 19, u wepe3 1c tara 1Y cHmkaercs 1o
Hyns. Takas mociaeoBaTEIbHOCTh  OCTAHOBA  MPEIyCMATPUBACT  YMEHBIICHUE
TUAPOYAAPOB B MAarucTpaisix MoJadyd KOMIOHEHTOB MPH 3aKPHITUU TJIABHBIX KJIAMIAaHOB U

CHIDKCHUU TEMIIEPATYpbl HATPETHIX JE€TANECH JTBUTATENS.
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Jexuus 3

1.2.4. CucteMbl aBTOMaTHIECKOTO yIPaBICHUS

VYrnpasneHnue ABAratesbHON ycTaHOBKOM ¢ JKPJI mpou3BOaUTCS U3MEHEHHUEM pacxoia
pabounx BeIIeCTB B €€ arperaTbl. JTO U3MEHEHHE OCYILECTRISIETCS ~ CHCTEMOM aBTOMa-
trdeckoro  ympasieHus (CAY), koTopas BKIIOYaeT B ceOsl pa3InIHbIe KOHTPOIHPYIO-
IIKe, YIPaBJIAIONIHNe W UCIOJHUTEIBHBIC YCTporcTBa (TIporpaMMHBIE MEXaHH3MBI, pelie,
JATYUKH, YIPABISIONIUE KIIANaHbl, PETYJISATOPHI, IEPEKITFOYATENH U T. 11.). Bee omepariiu
[0  yHOPAaBJIEHUIO  JBUTaTEIEM OCYUIECTBJISIFOTCS. aBTOMAaTHYECKU C IMOMOIIBIO
MPOrPAMMHOI0 BPEMEHHOT'O YCTPOMCTBA, KOTOPOE BKIIOYACTCS IPU 3aMyCKE U B
3aBHCHMOCTH OT TPOMEXKYTKa BpPEMEHH, MPOIISANIETo ¢ Hadajga 3amycka (WIH Ipyroro
HAYaJIbHOTO MOMEHTa OTCYETa), MOJACT HEOOXOAMMBIE JJIEKTPUYCCKHE CHUTHAIbI Ha

Cpa6aTBIBaHI/IC COOTBCTCTBYIOIIHUX arperaTtos.

[IporpaMMHOE yCTPOMCTBO CBSI3aHO C arperaTaMd HE TOJBKO NPSIMOM (KOMaHIHOW),
HO W 00paTHOW (KOHTPOJHUPYIOIICH) CBA3SIMH, YTO MMO3BOJISICT MPEIOTBPATUTH BO3MOXK-
HOCTb TIOSIBJIEHUs ABapUUHBIX CUTyauuu. B paHHUX KOHCTpyKuusax Y BpeMeHHOe
YCTPOMCTBO MPEICTABIIIO CO00M MPOrpaMMHBIN TOKOPACHpEACTUTENh C JJIEKTPOMeE-
XaHUYECKUM TPHUBOJIOM, B KOTOPOM 3JIEKTPOMOTOP, UMEIOIIUNA MOCTOSHHOE YHCIO 000-
pPOTOB, Bpamaja 4yepe3 PeAyKTOp KyJayKH, 3aMBIKAIOIINE B HYXXKHBIA MOMEHT BPEMEHHU
KOHTAaKThl COOTBETCTBYIOIIMX JJICKTPUUECKUX LE€Nel ynpasieHUs. B Hacrosdiiee Bpems
Ha Oopty JIA ycraHaBiIuBaeTcsl 3JIEKTPOHHO-BHIYMCIUTEIbHAS MAalllMHA, B KOTOPYIO

3aKJaJpIBaeTCA Mporpamma ynpasieHus [IY Ha Bcex aTanax ee paOoThI.

KonTponmpyronme yctpoicTBa nojaarT Ha Bxoa 9BM 3aMepeHHbIe BETUYHUHbBI, KOTO-
pbI€ CPaBHUBAIOTCA C MPOTPAaMMHBIMH 3HAYEHUSIMU, U NP UX pa3HUlle, 0oyiee IO0MyCTu-
MOM, BBIpaOaTHIBAIOTCSI COOTBETCTBYIOIIME KOMAHJHbIC CUTHAIbl JJi  yOpaBICHUS
arperatamu J1Y.

[IpocTeliimas cuctemMa ympaBieHUsI CO3[aeTcsi 0e3 CHeNHAIbHOrO MPOTPaMMHOTO
MEXaHHU3Ma. VYOPABJISIONINE YCTPOMCTBA W arperatbl COEAUHSAIOTCA MEXAYy co00i
TakKuM 00pa3oM, YTO BCE OINEpalMd MOCIe KOMAaHJbl Ha 3alyCK BBIMOJHSIIOTCS

IIOCJICA0BATCIBHO Inpu Cpa6aTBIBaHI/II/I NpCAMCCTBYOUX OJICMCHTOB. Ha
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nwIoTUpyemMbix JIA dacTh omepanuii MO YHpaBJICHUIO JBUTarerneM (Hampumep,
HU3MEHEHHUE PeXrUMa padOoThl) MOKET OCYIIECTBISATLCS MHJIOTOM.

B o6mem ciyaae CAY JIY MOXXHO pa3/ieIuTh Ha CUCTEMBI:

- yIpaBJIeHHUs 3alyCKOM U OCTaHOBOM,;

- YIpaBJieHUs HA OCHOBHBIX peXUMax paboThl;

- aBTOMAaTUYECKOT'0 PETYJIMPOBAHUS TAPaMETPOB.

B yacTtHOM ciyyae, B 3aBUCUMOCTH OT Ha3HA4Y€HUS JBUTATENsl, HEKOTOPBIE U3 ITHUX

cucteM B coctaBe /Y MOryT oTCyTCTBOBaTh (HalIpUMeE P, CHCTEMa PEryIUPOBAHUS).

1.2.5. Cuctema yripaBieHHUS 3aITyCKOM

Cuctema 3amycka oOecrneunBaeT nepeBod JAY U3  COCTOSAHUS MyCKOBOW FOTOB-
HOCTH K pabOTe€ Ha OCHOBHOM pPEXHME.
OHa BBINOJHAET ONEPAIUH:

-HaAayB OaKOB;

-3aX0JIAXKMUBAHUE MaruCTpaIeH;

-IIPOYBKY MarucTpajiei KOMIIOHEHTOB TOILINBA,;

-BKJIIOYEHHE 3aXxuranus B kamepe v XKI'T;

-noxavy TormBa B KI'T' u kaMepy | BBIBOJ JBUTATENSl HA OCHOBHOW PEKUM
paboTHI.

3amyck OCYIIECTBISETCS aBTOMAaTUYECKH B COOTBETCTBUU C €r0 IIUKJIOTPAMMOM.

Oco0eHHOCTH YTIpPaBJICHUS 3ayCKOM

1. VopaBinenue nABUraTeabHON YCTAaHOBKOM BO BpEMsl 3allyCKa OCYILECTBIISETCS
aBTOMAaTHYECKU CUCTEMOU yrpaBieHus JIA.

2. 3amycKk M OCTAaHOB — HECTAallMOHApHbIE pEeXUMBI paboTel JIY: mpoucxogut
BKJIFOYEHHE M BBIKJIFOUEHUE PA3IMYHBIX arperaToB, U3MEHAETCS UX TeMIlepaTypa Hu
JaBJIEHUE B HUX.

B 3T MOMEHTHI B KaMepe 4acTo HaOJt0aeTcsd HEPAacuyeTHOE COOTHOILIECHHE
KOMITIOHEHTOB, YTO IPUBOJUT K BO3SHUKHOBEHHIO KOJIEOAHUI TaBJICHUS, XJIOTKaM H
HEYCTOMYMBBIX IIpolleccOB B arperatax. Ha »3Tux pexumax HaOmomaercs
OOJIBIIMHCTBO HEMOJIAJOK U aBapuil. bosblile Bcero Ha peXuMe 3ammycKka U MEHbIIEe
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— Ha peXHME OCTaHoBa. [l03TOMY 3TH pPEXHMBI CIENHAIBHO OTPaOaTHIBAIOT
OIIBITHBIM ITyTEM.

boprba ¢ HeyCTOWYMBEIMU SBJICHUSIMHU YCIIOKHSIETCS TEM, YTO BpPEMsl 3aImycKa
CTaparoTCsl CBECTH K MUHUMYMY C IEJIbI0 9KOHOMHH PAacXOJbl pab0OYNX BEIIECTB,
TaK KakK JTH PACXOJbl  SIBJISIOTCS JOIOJHHUTEIBHBIMU (HE CO3[AI0T PaOOTEHI
nepemenieHus JIA).

OOecrieueHre HaAEKHOW pabOThl ABUTATENS HA HATOM DPEXHUME SBISIETCS
HanOoJiee CIOXKHBIM D3TaloOM €ro JOBOAKK. M TemM He MeHee, B TEPHOJ
skcrryatanuu 6onee 80% oTka3oB B paboTe ABUTATENBHBIX yCTaHOBOK C JKPJ|

MMPOUCXOAUT IIpKU 3aIllyCKax JABUIATCIIA.

. TpeboBaHus K 3aIycKy
OcHoBHOE TpeOOBaHUE: HEOOXOIMMO 00eCIIeYNTh Oe3aBapUitHBIN (HaICHKHBIH)
3aITyCK 32 MUHUMYM BPEMCHH.
3armyck XapakTepH3yeTcsi HECKOJILKUMHM ITapaMeTpaMHu:
Bpems 3amycka — ¢ MOMEHTa MOJa4yd KOMaHIbl Ha 3allyCK JO BBIXOJA Ha

pacueTHblii pexuM t,=0,8..5¢ (s mBUTaTenedl CpeaHUX € OOJBIIUX THT).
PacuetHblii pexxum xapaktepusyercs pgoctwkenneMm pasinenus 0,8-09 P

(Puc.2.4)

Kmax

dP
Temn Habopa naBlieHHs B Kamepe (d s

), ¥ KOOQDULUEHT MEPETPY3KH N =
T

K

O6a »>Tu mnapaMeTpa XapaKTEPU3YIOT KECTKOCTh 3alycka, T.€. BEIUYUHY

HHEPIOHUOHHBIX IICPCTPY30K, OIMPCACIIAIOIMNX ITPOYHOCTh ABUTATCIIA.

HopManbHbIl uan «MATKAN» 3aIyCK (?jp" ), =15...20 Mila n~1
T C
dP. MIla

Kectknii 3amyck (d )ey =25..30 ,n~115..1,2. Takol 3amycKk He Bceraa
T

C
JOITYCTHM.
KonuuecTBo TommMBa, U3pacxoJ0BaHHOTO U3 0AKOB BO BpeMsi

3amycka AM;. OObruHO TpeOyetcst AM, <(0,3...0,04) M, .

Bce atu mapamertpsl oroBapuBaroTcs B T3 Ha MPOEKTUPOBAHUE IBUTATES.
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Puc.1.4.

[lo xapakTepy M3MEHEHHUs pacxoja TOIUIMBA B KaMepy IpH 3allyCcKe pa3iuyaroT
uneanpHblid 3amyck 1 (Puc.1.4) HemporpaMMHUpOBaHHBIA 3amyck 2, TUIAaBHBIA 3 U
CTyHEeHYaThIH 4.

WNneanpubiit 3amyck 1 mpeamoisiaraer, 4To MPOMCXOAMT MOJHAs IMojavya TOIJIMBA B
MOMEHT BKJIFOUEHUSI, MTHOBEHHOE Cropanue 0e3 3a0poca AaBieHUs. JTOT 3alyCK HE
MOXET OBITh peaM30BaH BCIEACTBUE HHEPIIMU MPOIECCa TOPEHHUS.
HenporpamupoBanHslii 3anyck (2) HaOI0gaeTCs IPH MMOadue TOTUIMBA B KaMepy MO
JABJICHUEM, PaBHBIM JaBJICHUIO Ha OCHOBHOM pexume. [lpu 3TOoM BcieacTBue
HayaJIbHOTO OOJIBIIOrO Mepernajaa AaBiieHus Ha GOpCcyHKax Ap W HAJIU4YUS BPEMEHU
3aJIep>KKU BOCIUIAMEHEHUS T;; HAOMI01aeTcsl 3a0pOC 1aBIICHUS.

JIJist CHUKEHUS )KECTKOCTH 3allyCcKa MPUMEHSIOT pa3iandHbie Mepbl. OHa U3 HUX -
OMEpPEeKEHUE MOoJaYu B KaMepy OJHOr0 M3 KOMIIOHEHTOB OTHOCUTEIBHO JPYToro.
Yarme Bcero nmepBbIM B KaMepy mocTymnaet okuciautenb (Puc.l.5a).

B Toxe Bpemsi B razoreseparope, padoraromieM ¢ H30bITKOM TOpPIOYEro, Mpu

orepexkeHny nofgaun okuciurenas (Puc.1.50) B kKakoW-TO MOMEHT BPEMEHH O=1 U

20



BBICOKAsI TeMIepaTypa Ta3a MOXKET MOBPEIUTh JOMATKU TypOuHbl. B 3TOM cnydae

1eJIeCO00Pa3HO OTEPEKECHHE 101U TOPIOYETO.

BpeMs HemporpamMMupOBaHHOTO 3amycKa — MHUHHUMAJIBHO. B CBSI3U CO 3BYKOBBIM
3¢ PeKTOM ero MHOT1a Ha3bIBAIOT MYIIEYHBIM.

HenporpammupoBaHHbIN 3ayCK HE MPUMEHHUM Ha JBUTATENSAX OOJIBIION TATH.

m .
I 25
o
m
e
T
Puc.1.5a.
p !l m,
m
(2]
T a, =1 T
Puc.1.5.6.
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[TnaBHbI# 3amyck (3) oOecreynBaeTCs MyTeM MOCTEIIEHHOTO YBEIMUCHUS TaBIICHUS 32
Hacocamu npu pasroHe THA. Ilpm sToM 3a0poc nmaBiaeHHS B KaMepe MOXKET
oTcyTcTBOBaTh. OOBIYHO MPUMEHSCTCS Ha JBUTATEISX CPEIHEH THATH.

CrymeHyaTelii  (MMpOrpaMMHPOBAaHHBIN) 3amyck (4) ocymiecTBIsIeTcs IyTeM
W3MCHEHUS JIaBJICHUS KOMITIOHCHTOB 3a HAacOCaMH IO OINpEACIICHHOW Mporpamme.
3nmech MMeEETCs TPEIBAPUTEIBHBIN peXuM (aHAJIOTHsS MajoMy Tra3y), Ha KOTOPOM
KOHTPOJIUPYETCs pabouuii mporecc B ABurareie. Mcnoib3yeTcss B MHOTOKaMEPHBIX U

omounbix J1Y. Pacxon TomimBa rnmpu TakoM 3amycke MaKCUMaJIeH.
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Jlexnusa 4

1.2.6. Dramsl 3amycka XXP/]
B oOmem cnywae 3anyck JKPJI MoxHO mpeAcTaBUTh B BHJE TpeEX
MOCJICIOBATEIHHBIX ITAIOB
Oopatumcs k mpocreiinieit cxeme JIY (Puc.1.6) m paccMoTpum 3Tambl 3amycka
JIBUTATEIIS.
1. [logroroBka K 3amycKy, COCTOSIIIIasl U3 ONEpaLMii:
1) BKIIIOYCHHE MPEABAPUTEIHHOTO HAIyBa 0AKOB — JJIS 3TOTO HAJO0 OTKPHITH
KJIamnag 2;
2) 3allOJIHCHUE KUJIKHUMH KOMIIOHEHTaMH TpPYyOONPOBOJOB M  IOJOCTEH
HACOCOB; TMPU KPUOTCHHBIX KOMIIOHCHTaX JTa OIepanus MPOXOJUT

OJTHOBPEMEHHO C OTepaliieil 3aX0Ja)KMBaHUE.

3) BriroueHue TPOAYBKM 3a TJIABHBIMU KianaHamu (IOJOCTEH KaMepbl U
XIT). B paccmaTpuBaeMoil cxeme NpeayCMOTpeHa NpOAyBKa KaMepbl —
OTKpBITHEM KJianaHa 16.

2. Bximrouenue cucteMsl ITogaun KOMIoHeHToB — THA.
Croz1a BXOJAT Onepanuu:

1) packpytka THA - nmns packpyrkum TypOWHBI B cxeMe puc.2.6 mmMeercs

MIUPOCTAPTED.

2) Brxmodenue JKI'T - mimsg 3TOro Hajgo OTKPHITH KJamaHbl 3a Hacocamu (He

o0o3HaveHbl) U KoMmoHeHThl orAyT B XKI'T u xamepy.

3. Bxmouenue xamepsi:

1)BKitOUEHHWE 3aKUTaHUST — B pPacCMAaTPUBACMOM  Cllydae CaMOBOC-

TJIAMEHSIIOIIMECS] KOMITIOHEHTHI;

2)OTKpBITHE TJIABHBIX KjamaHoB Ha maructpaisx O u [ B xamepy (B Hamem

cllydae OHH YK€ OTKPBITHI);

3)3amoyiHeHUEe KOMITOHEHTaMH TPYOOIIPOBOJIOB | IMOJIOCTEH KaMephl.

[TocTymiieHne KOMIIOHEHTOB B KaMEPY € OMpPEACICHHBIM OMEPEKEHUEM OTHOTO

10 OTHOWIIEHHUIO K APYroMy
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16

Puc.1.6.

B  KOHKpeTHOM cilyyae B 3aBUCHMOCTH OT CBOMCTB KOMIIOHEHTOB, OCOOCHHOCTEH
Y u npyrux (¢akTopoB, OTIENbHBIE ONEpPALMM MOTYT OTCYTCTBOBAaTh, MPOHUCXOIUTH
IapajuIeNIbHO UM HECKOJIBKO B IPYTOM NOCIEA0BATENBHOCTH.

1.2.7.Cuctemsl 3anmycka XXPJ[
PaccmorprM HazHayeHWE W NPHUHOUI BBITOJIHEHWS OCHOBHBIX OIEpalldi IIpH
3anycke JKP/I. BemosnHeHne onepanuil OCyIEeCTBISETCS ¢ IOMOLIBIO CUCTEM 3aITyCKa.
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1.2.7.1. Cuctema HaTyBa OaKoB

Cuctema HagnyBa 6akoB B JIY ¢ HIIT neobxomuma st obecnieueHusi OeckaBUTa-
IMOHHOM paboThl HacocoB THA u jyisi mpeA0TBpallleHHs] TOTEPU YCTOMYUBOCTU CTEHOK
caMux OakoB TOJ JEHCTBHEM OCEBBIX CXKHUMAIOUIUX CHJI, KOTOPbI€ BO3HUKAIOT MpPH
nosiete pakersl. TpeOoBaHMs K cUCTeMaM HajjlyBa 0AKOB aHAJIOTUYHBI TPEOOBAHUIM K
CHUCTEMaM BBITECHEHUsI KOMIIOHEHTOB U3 Oaka B kamepy B 1Y c¢ BIIT, xoTs TouHOCTH
Mnoj/iep>KaHus JTaBlieHHs] B 0aKe B ATOM ClIy4yae MOKET ObITb HUXKE, TaK KaK BEIMYMHA
taru asurarens ¢ HIIT ot maBienus B Oakax He 3aBUCHUT. JlaBieHue HajayBa 0akoB
o0braHO coctasisieT 0.4...0.6MIla, a npu ycraHoBKe OyCTEpHBIX HACOCOB

0,03... 0,06 MITa.

Cuctembl HaaayBa 0aKOB pa3JIeNsAIOTCA HA aBTOHOMHBIEC U 3aBUCUMBbIE. B aBTOHOMHBIX
CUCTEMAaX, UMEIOIIUX COOCTBEHHBIN MCTOUHUK SHEPTUU, MOTYT OBITh MCIOJIb30BAHbI TE-
e CrocoObl mojauu ra3a B 0aku, yto u npu BIIT. Yamie Bcero npuMeHsOTCS CUCTEMBI C
I'A/Jl, rak kaK OHU OJHOBPEMEHHO 00ECIEUYMBAIOT Ta30M BBICOKOTO JABJICHUS U JAPYyrue
cucteMbl ABuratens. [IpeuMyiiecTBaMu aBTOHOMHBIX CHUCTEM HaJlyBa OaKOB SIBISIOTCS
MPOCTOTA PEryJMPOBAaHUS IaBJICHUSA B 0aKaX W HE3aBUCUMOCThH MapamMeTpoB HaJayBa OT
PEXKUMOB pabOTHI IBUTATENS, UTO MO3BOJSET JOBOJUTH UX OTACIBHO OT JPYTUX CHUCTEM.
Takast cuctema Ha/TyBa IPUBEJICHA HAa PHUC. 2.6 U pacCCMOTPEHA B MPEABITYIICH JICKITAH.

OCHOBHBIM K€ HEAOCTATKOM STUX CUCTEM SIBJISIETCS MX OOJiblllas mMacca, 0COOCHHO
NpHU 3HAUYUTEIBHOM 00beMe OakoB. [lo3TOMy OHM NPUMEHSIOTCS B JBUTATEIISIX
HEOOJIBIINX TAT WKW C HEOOJBIIUM BpPEMEHEM padOThl, a TakKe JJIsl MPEeCTapTOBOIrO
HaJiTyBa 0AKOB, UMEIOIUX 3aBUCUMYIO CUCTEMY HaJ/TyBa.

B nBuratensx cpenHux u OOJBIIKX TAT B HACTOSIIEE BPEMs Yallle BCErO MPUMEHSIIOTCS
3aBUCHUMBbIC UM KOMOWHUPOBAHHBIE CUCTEMBI.

B 3aBucuMBIX cucTeMax Ta3 sl HaJAJyBa MOJydaeTrcs Nmpu paboTe OCHOBHOM
CIIT B cienManbHBIX Ta30Te€HEPATOPAX HAJTYBA, B UCHAPUTENSIX, MyTeM oTOOpa ra3a u3
OCHOBHOTO rasoreneparopa wiu nocie Typounsl THA, U3 kaMepsl 1BUTATEINs WU U3 €€
TpakTa oxJaxjaeHus. Tak, Hampumep, HaJIIyB Oaka OKHUCIHUTENsS 4Yalle BCEro
obOecrnieunBaeTcsl razudukanueil MOCIeAHEro B HcHapuTene, a 0Oaka TOpouYero —
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aBToHOMHOM cuctemoir ¢ ['AJl. Bomoponnble 0aku MOXKHO HAJIyBaTh MapoOM,
oTOMpaeMbIM M3 TpaKTa OXJKICHUS KaMmepbl. 3aBHCHMas CHCTEMa HaJayBa
BKJIFOYAeTCs B pabOTy K KOHIY 3amycka. [loatomy B JIY nomkHa ObITH IpeaycCMOTpEeHA
HEe3aBUCUMas MPEeJICTapTOBAsl CUCTEMa HaaayBa. B 3ToM cirydae cucteMa HajayBa 0akoB
Oyner koMmOuHMpoBaHHOU. IIpenmyliecTBaMu 3aBUCUMBIX CHUCTEM HajjyBa O0OakoB
ABIAIOTCA MX KOMIIAKTHOCTH M MEHbIIAsg Macca KOHCTPYKLMH, a HEIOCTaTKaMHU
CJIOHOCTh PETYJIMPOBAHUS JIaBJICHUS B 0ake W HEOOXOJUMOCTh CHEUUATbHON CHCTEMBI

MpeACTapTOBOrO HAAYBA.

Jlig nBurareneil, paboTamIMUX Ha JIETKO MUCHAPSIOUIMXCS KOMIIOHEHTaX TOILUIMBA,
cUCTEMa HaJJyBa 0OakoOB 3HAYUTEIBHO YIPOILIAETCS, €CIIH 3aIllyCK MOYKHO MPOU3BECTH
IpyU TOM JIaBJIEHWH, KOTOpPOE MMeeTcs B Oakax B Pe3ysbTaTe HCIAPEHHUS CaMUX
KOMITOHEHTOB (CHCTEMa C CAMOHAJTyBOM).

Cucrema HagayBa o0OOpYyIyeTCsl COOTBETCTBYIOLIEH apMaTypoil: peryisTopamH,
JIPEHAKHO-NPEOXPAaHUTENbHBIMU KJallaHaM¥, a IOpU HaJU4YUHM B Ta3e TBEPIBIX
yactull — ¢unbTpamu. Pacuer pacxoja rasa Ha HaJUlyB IPOWU3BOAMTCA TaK ke, Kak U

JJIS1 BBITCCHUTCIBHBIX CUCTEM ITIOJAa4H.

1.2.7.2. 3amyck JKP/] Ha KpHOT€HHBIX KOMIIOHEHTaX

B cnydae nmpuMeHeHHs] KPUOTEHHBIX KOMIIOHEHTOB MOSIBISETCS HEOOXOAUMOCTh OX-
JAXJICHUSI MarucTpalie 10 TeMnepaTypbl KOMIIOHEHTOB. J[JIs BBIOJIHEHUS 3TOW OIepa-
U IPUMEHSIOT CUCTEMY 3aXO0JAXKUBAHUS MATUCTPAIICH.

[Ipu KpUOTEHHBIX KOMIIOHEHTaxX Iepe]l 3allyCKOM OCHOBHBIE TPYyOONpPOBOJBI U
MOJIOCTU HACOCOB JIOJKHBI OBITh OXJAXIEHbI 1O TEeMMEepaTypbl KOMIIOHEHTOB. B
MPOTUBHOM CJIy4ae MOJIOCTH HACOCOB OYIyT 3alOJHEHBI MapaMyd KOMIIOHEHTOB, HaCOCHI
MIPU PACKPYTKE MOUIYT B PA3HOC WM 3aKaBUTUPYIOT, B KaMepy uepe3 (HOpCyHKH MONIeT
ra30KHJIKOCTHAS! CMECh — HAYHETCSI HEYCTOMYNBOE TOPEHUE.

OOBIUHO 3allyCK MPOU3BOJAUTCS TOTNA, KOrJa MarucTpajib 3alojHEHa TOJIBKO
AKUJKOCTBIO JI0 TJIaBHOTO KjamaHa. TpeOoBaHME K CUCTEME 3aXOJiaKMBaHUsI — OBICTPOTA
3aX0JIa)KMBAaHUS 1 MUHAMAJbHBIE TIOTEPU KOMIIOHEHTA.

KpI/IOFeHHI)Ie KOMIIOHCHTBI TOIUIMBA IIPU 3aIlyCKE, 3allOJHAA IMOJIOCTH arperaTtoB U
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TPYOONPOBO/IbI, HArpeBalOTCS W BCKUMAIOT. [Ipyu Oonbmnx nuameTpe W JJIMHE TpyOo-
MPOBOJIA, COCIUHSIONIETO 0aK C HACOCAaMH MJIU KaMepou, maphl BEIOPACHIBAIOT KUJIKOCTh
B Oak (refizepHbiii 3ddekt). [locnmeayromee 3amoqHEHUE MYCTOr0 TPYOOIPOBOAA KHI-
KOCTBIO BBI3BIBAET MOSIBIICHUE TUJIPOyAApa, YTO MOXET BbI3BaTh MOBpEexAcHUS. ['a3u-
(uKaiys KOMIOHEHTA TOIJIMBA HA BXOJI€ B HACOC MPUBOAUT K MOSIBIICHUIO KaBUTALIUU U

ra3oBbIX MPoOOK B MarucTpaiu. Eciu kamepa crnenmaibHO He 0TpaboTaHa Ha 3almyCckK Ipu
ra3uUIMPOBAHHBIX KOMIOHEHTAaX TOIUIMBA, B HEM MOKET BO3HHUKHYTH JCTOHAIIMS ILIH
HeycToiunBoe ropeHue. Kpome Toro, ObICTpOe YMEHBIIEHUE TEMIIEPATYPhl BHYTPEHHEH
MOBEPXHOCTH CTEHKH TPyOOmpoBOAa WM arperata Ipu OMbBIBAaHUU €€ KPUOTECHHOM
KUJKOCTbIO MPUBOJUT K TOSBJICHUIO B MaTepuaje KOHCTPYKIMU OOJBIIHUX TeMmIepa-
TYPHBIX HAIlPSXKEHUM, UTO MOKET BbI3BATh MOSIBIICHUE TpellnH. [103TOMY Ipy HCTIOIB30-
BaHMM KpPUOTCHHBIX TOIUIMB B Hayaje 3alycka HEOOXOIMMO MPOU3BECTH AXOJaKUBaHUE
MarucTpajiey TBUTATEIIS.

Cucrema 3axonakuBaHUsl JOJDKHA OOECIEYUTh CO3AaHHEe padouux YCIOBUM B
arperaTax NpPU MHUHUMAJIBHBIX PACXOJAX SHEPIUA W MOTEPSIX KOMIIOHEHTOB WIIH
XOJIOJTHOTO Ta3a.

B XPJI c¢ BIIT 3axonakxmBaHUE OCYHWECTBISIIOT NPOAYBKOW Marucrpaien
XOJIOJHBIM T€JIMEeM C BEIOPOCOM MOCJIEIHETO Yepe3 KaMepy WK K€ BRIOPOCOM OJIHOTO U3
KOMIIOHEHTOB (0OBIYHO BOJOPOJA) Yepe3 KaMepy M OJHOBPEMEHHO IMPOIYBKOW JIMHHUH
MOJa4Yu JIPYyTroro KOMIOHEHTA XOJOAHBIM IeJIUEM.

B XP/] ¢ HIIT cuctema 3axojia)kuBaHHs CJIOXKHEE, T.K. 3aXOJAXKUBAHUE TTPOUCXOIUT
B JIBA 3TAla: CHa4valia IpPOU3BOIAT 3aXO0JIAKMBAHUE MATUCTPAJIEH /10 TJIABHBIX KJIAITAHOB
KOMITOHEHTOB, a 3aTeM faxojiaxkuBanue kKamepsl W JKIT. B JKPJl nHeGonmpmmx Tsr,
pabortaromux Ha TormumBe O, u Hj, mepBblil 3Tan 00ecneYMBAIOT 3aXOJiaKUBaHUEM
MarucTpajii OKUCIIUTENS ¢ IMTOMOIIBI0 €CTECTBEHHONW KOHBEKIMH (KHUCIOPOI MCTapseTCsI
MEHEe WHTCHCHBHO, 4YeM BOJOPOJ), a MarucTpajd TOprouYero — MNyTeM BbIOpoca
razoobpasnoro H, uepe3 npeHaxHbIi KianaH, ycraHoBIeHHBIN 3a Hacocom THA. Tlocrne
OTKPBITHSI TJIaBHBIX KJIallaHOB KaMepy 3aX0JaXKUBAIOT BOJOPOJOM C BEHIOPOCOM €ro
yepe3  COIUIO, a MOJOCTh OKUCIUTENA NOJOBKM MPOAYBAKOT reaveM. B kuciopomHo-
KEpPOCHHOBBIX JBUTATENSAX CPEAHUX M OOJBIIUX TAT MEPBBIM 3Talm 3aXOJaKUBaHUS
MarucTpajid OKHUCIUTENs OCyIlecTBIsoT npu padore THA Ha wmanbix oOoporax
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NEPENYCKOM KHCIOpOJa M3 Hacoca u4epe3 pelUpKY/ALUOHHBIN KilanaH H TpyOo-
npoBoa B Oak. Takas cucremMa NpUMeHEHa B KUCIOpOAHO-BomopomaHom KPJ[ J-2

(puc.1.7.), ycTaHOBJICHHOM Ha BTOPO# cTymeHu pakero-HocuTens ""Catypu V"

Puc. 1.7. TII'C XKPJ J-2

1 — THA oxucnutens; 2 — knanan okuciutens XKI'T'; 3 — XKI'T'; 4 — kinanad roprovero
XKIT; 5 — paznenurensubie kaananbl, 6 — THA roproyero; 7 u 21 — kmanassl penupKy-
asiuE (depe3 HUX PelUpKYIISIIMOHHBIC HACOCHl OTKAUYMBAalOT KOMIIOHCHTHI B OaKH);

8 u 9 — KiIamaHbl CUCTEMBI pacKpyTKku TypouH; 10 — 6ammon; 11 — pacxomomep;

12 u 20 — riiaBHBIC KIanaHbl apurarens; 13 — kamepa; 14 — 3J1eKTpOBOCTIIAMEHHUTEITD;
15 — kmanan O BocrutamenuTtens; 16 — kiaman npoaysku; 17 — komnexrop; 18, 19 —
TeriooOMeHHUK; 22 — perymsitop COBb.

B nBuratene wuMmeroTCS CHEIUANBbHBIC PENUPKYISIIIUOHHBIE HACOCHI, HMMEIONTUE
aBTOHOMHBIA TIpUBOJ (Ha cCXeMe He TOoKa3aHbl). X BKIIIOYAIOT Tiepe]] BTOPUYHBIM
sammyckoM Ha 300 ¢, obecrnieunBas 3aX0JaXKHBAUUE MArUCTPaJICH 0 TJIABHBIX KJIAaHOB.
[locne OTKpBITHS TJIaBHOTO  KiamaHa roprouero 12 Bomopon B TeueHue  8c.
MPOJUBAJICS 4Yepe3 TPAKT OXJIKICHHUS, TOJOCTh CMECHUTEIHHON TOJOBKHA KaMephl U

BBI6paCBIBaJ'IC$I qcpe3 COIlIo, a MarucCrpajb OKHCIUTCIIA npoayBajlaCb TI'CIMCM.

28



OCHOBHBIMH HEJIOCTATKaAMHU 3TOW CHUCTEMBI SBJISIIOTCS CIOXHOCTh KOHCTPYKIHUHU U €€
3Ha4YMUTENIbHAsI Macca.
B monepamsupoBannom JXXPJ[ J-2S 3axonaxuBanue OBUIO COBMEIICHO C MPOIECCOM
3amycka Ha Ta3u(@UIUMPOBAHHBIX KOMIIOHEHTaX, YTO [O3BOJMIO  HM30aBUThCA OT
PEUUPKYISLIUOHHBIX HACOCOB W KJIAMAHOB, IOBBICUTH HAJEKHOCTh YCTAHOBKH H
MOJIYYUTh BBIUTPHIII B Macce JY, Tak Kak MOTEpH MPHU 3aX0JaKUBAUUB Ta3000pa3HbIMU
KOMIOHEHTaMU HEBEJIHUKH.
Takum  o0Opa3oM  MOXXHO  BBIJICNIUTH  CIEAYIOIIME  OCHOBHBIE  CIOCOOBI

3aX0JIaKUBAHMUSL:
3axonaxXuBaHUEe MyTeM 3QJIMBKM KOMIIOHEHTOM M €CTECTBEHHOW KOHBEHIUU
KoMmrnoHeHTa. [lapbl ero BBIXOAST IO OCHOBHOW TpyOe WM JOMOJHUTEIHLHOH,
cHaOkeHHOM kJamaHoM. KOHTpOJIb 3axoNiaKUBaHUA — JaTYUK TeMIepaTypbl WU
CIUIOIIHOCTH.

3axonaxuBaHUE C TOMOIIIBIO CIMBA KOMIIOHEHTA Yepe3 JPEHAKHbBIN KIIamaH.

3axonax)uBaHUE C MOMOIILIO MPOKAYKU KOMIIOHEHTAa HACOCOM C AJIEKTPONPHUBOAOM
(KOMITOHEHT MTePEOXJIaX ICHHBIN).

3ax0JIA)KUBAHUE — MTPOAYBHOU XOJIOJIHBIM T€JIUEM.

BTOpBIe CTYIICHH MOKHO 3aX0JIa’)KUBAThb HCIIOCPCACTBCHHO IICPCA CTAPTOM Ha 3CMJIC.
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Jlexuust 5
1.2.7.3.Cuctema poayBKH TOTUTUBHBIX MaruCTpascH
[IpoayBka mpon3BOAUTCS AJis oOecrieueHus 0€30MMacCHOCTHU 3aITyCKa.
OCHOBHOE Ha3Ha4YeHUE IIPOTYBKH:
1) MCKIIOYHMTh  TONAaJaHWE  ONEPEKAIOMIer0  KOMIIOHEHTa B MarucTpaid
3ana3IbIBaloLIETO;
2) yHAanuTh U3 MarucCTpajId MOCTOPOHHUE BEIECTBA.
[IponyBka BegeTCs HEUTPAIBHBIMU ra3aMH — a30TOM, TE€JIMEM WU BO31yXoM. [Ipu 3ToM B
MPOAYBaEMbIX MOJIOCTSIX cO3/1aeTcsl Hebobmoe n3dpTounHoe Aasnenue — 0,1...0,5MI]a.
IIepBoe Ha3HaueHWE MPOAYBKHU CBSI3aHO C ONEpEe)eHUEM nogauu B kamepy u XKI'T
OJIHOTO U3 KOMIIOHEHTOB. UTOOBI Mapbl ONEPEKAIOIIETO KOMIIOHEHTa, 00pa30BABIIHECS B
KC, He B yepe3 POpPCYHKH B MOJIOCTh 3aMa3AbIBAIONIEI0 KOMIIOHEHTA 3Ty MOJOCTb
MpOoAyBatOT. B 0TeUeCTBEHHBIX KUCIOPOIHBIX JBUTATENSAX OOBIYHO MPOAYBAIOT MOJOCTU
roprouero kamepsl. B KI'T" 00b1uHO onepexaronmum KOMIIOHEHTOM SIBJISIETCSI TOT, PacXo/l
KOTOPOT0 0OJIbIIE CTEXMOMETPUUECKOTr0, a MPOAYBAETCS MOJOCTh BTOPOr0 KOMIIOHEHTA.
B mpoTuBHOM ciydae Bceraa Npu IOAAY€ BTOPOTrO KOMIIOHEHTAa B KAaKOW-TO MOMEHT
a=1.
JIBurarenu CpeaHUX M MAJIBIX TAT HA a30THOKUCJIOTHBIX OKHUCIIHUTENSX MOTYT HE
MPOAYBATHCH.

[To BTOpOMYy Ha3HAUYEHUIO MPOJAYBKAa MPUMEHSIETCS, €CIU KOMIIOHEHTH H, u F

201c *

[Tapsr H, 00pa3yroOT C KHUCIOPOJAOM BO3AyXa B3PHIBOOIIACHBIE CMECH, KPOME TOTO, BO3IYX
3aMep3aeT B JKUIKOM BOAOpoOne, 00pasys Kpuctauibl jgbaa - O,u N,. Ilosromy wu3

MarucTpaii, 0 KOTOpON NOUAET H,, , BO3AYX BBITECHSIETCS IEIUEM IIYTEM ITPOIYBKH.

201c I

Cucrema MpOAYBKM COCTOMT M3 MCTOYHHMKA WHEPTHOrO rasa, KiamaHa HpPOIYyBKH,
oOpaTHOro KJamnaHa, a TakXe TpyOOIpOBOJIOB, COCIUHSIONIUX ITH arperaThl ¢ KaMepoi,
KIT nmu ynnmotHenusimu HacocoB THA. Ilpomyska monoctern JKP/[ mepBoil cTynenu
MOKET MPOU3BOAUTHCS OT HA3eMHOro MCTO4YHMKA, a JKPJ[ mociemyrommux cTyneHen
paketsl - oT 'AJl. /laBeHre mpolyBOYHOTO ra3a BEIOMPAETCS TaKUM, YTOOBI, C OJTHOM
CTOPOHBI, MOJHOCTHIO UCKIIOUYUTh BO3MOKHOCTh CMELICHUSI KOMIIOHEHTOB, a C JIPyroiu-

o0ecnieunTh MUHMMAIbHBIN pacxoj raza. llltynepa s moaBoAa MHEPTHOrO rasza He-
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00XOIMMO pacroiaraTb ¢ TaKUM pacyeToOM, 4YTOOBl B TMPOJYBOYHOW ITOJIOCTH HE
00pa30BaAIOCh 3aCTOMHBIX 30H.

Cucrema MpOMYBKH BKIIOUACTCS 32 HECKOJBKO CEKYHJ O OTKPBHITHS TJIABHOTO
KJIalaHa ONEpPEKANIeT0 KOMIIOHEHTa C IeNbl0  YAAJCHHUS W3  IOJIOCTEH
HE)KEJIATSIbHBIX BelecTB (Bjarw, BO3/AyXa), a BBIKIIOYACTCS ABTOMATHUYSCKH, C
ITOMOIIBI0 0OPATHOTO KJIallaHa, KOTOPBIM 3aKPBIBACTCS IIPH ONPEISICHHOM AaBICHUH
3ama3IbIBAIOIIETO0 KOMIIOHEHTA. [Ipu 3TOM IpeaoTBpalmaeTcs He TOJBKO CMEIICHHE
KOMIIOHCHTOB BHE OTHEBOM mojiocTd kamepsl win JKI'T, HO v M3IuIIHee HAKOIICHHE
OTIepPEXKAIOIETO KOMIIOHEHTA B 3TOU MmojocTh. MIHOT/Ia cucTeMa PO IyBKH BBITTOTHIET
U (QYHKIIMA CHUCTEMBI 3aXOJaKHBAHUS arperaToB, €CIM TMPOAYBOYHBIM Ta3 UMEET

JIOCTAaTOYHO HU3KYIO TeMIIEpaTypy.

1.2.7.4. Packpyrka THA

B nBurarene ¢ HacCOCHOU Moadeit 3To BaxHas onepauus. Mcnoib3yroT pacKpyTKY:

1) OT crenuaIbHOrO CTAPTEPHOIO Ta30TeHEPATOPA;
2) OT CTapTOBOU TYPOWHEI,

3) ot ocuoBHoro XI'T;

4) ot OaIOHA CO CIKATHIM T'a30M.

PackpyTka OT CTapTOBOrO razoreHeparopa IIMPOKO MPUMEHSIETCS AJisl ABUTATEIEH
6e3 moxwuranus P = 100...150 xH. Hcmomw3yrorcs mns crapta TBEPAOTOIUTMBHBIC
razoreHeparopbl (TIT), wmmeromme cBoit corutoBoit ammapar (CA). TIT paboraer
1,2...1,5¢c u 3a 3TO Bpemsi pacKpy4duBaeT TypOHHY 10 00OPOTOB, P KOTOPOM HAYHWHAET
pabotatb ocHoBHOM XKIT.

MoxHo yctanoButh Heckonbko TI'T u oOecrieunts B monete 2-4 3amycka.

B nBurarene ¢ poxkuranuem ocHoBHas TypOuHa u CA paccuMTaHbl Ha Majble
nepenajbl JaBaeHus 1 00JbIIoN pacxo padoudero tena. [loatomy B aTom cinyuae TTT ne
MOAXOJUT ISl HEMOCPEACTBEHHOU packpyTKu. Kpome Toro, mopoxoBbie MPOTYKThI MOCIIE
TypOunsl uayT B KC 1 MOryT 3acopuTh U MOBpEAUTH (DOPCYHKH.

[ToaTOMy B TakuX ABUTATENSAX MIUPOKO MPUMEHSIOT CHEIUANIbHYIO CTAPTOBYIO TYpOUHY C

TIT (mupotypOuny).
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Packpytka THA ot ocHoBHOTO XI'T mpumeHsieTcs B ABUraTeNsix pa3iudHOMN TSTH.
3anmaya coctout B ToM, 4To0bI B XKI'T' mogaTh KOMIIOHEHTHI TOIIMBA MO HEOOXOAUMBIM
JaBJICHUEM M 00ECIIEYUTh UX BOCIUIAMEHEHUE.

BosMmoxken 3anmyck JKI'T B HEKOTOpBIX Cilydasx 3a CUET CAMOTE€Ka KOMIIOHEHTOB
tommBa. B JKIT oHM mocrymaror moj  OEHMCTBHEM — JTaBICHUS  HAANYBa,
TUIPOCTATHYECKOr0 JAaBJICHHUS CTON0a JKUIKOCTU. OTOro JAaBJICHUS JOJDKHO OBITh
JOCTaTO4YHO [UIsl pachblla KOMIIOHEHTOB M CO3JaHMS Ha TypOMHE MHHHUMAJIbHO
HE0OXOIMMOTO ISl BpallleHHs MTepenaja JaBIeHUs.

PackpyTka cxaTbiM ra3oM OT OauloHa — yJoOHa Ha NEPBBIX CTYNEHsX. bamion
TSOKENbIA it mpuMmeHenus B nonére. B XKPJ J-2  (puc.l.7) packpyrka THA

POM3BOUTCS U3 MIEpe3apsikaeMoro 0aioHa 9 cKaThiM BOJIOPOJIOM.

1.2.7.5. CuCTeMBI 3aKUTaHUS

BocnnameneHue KOMIIOHEHTOB — HaumOojiee OTBETCTBEHHBII MOMEHT 3amycKa.
Oco0eHHO CJOKE€H OH B JIBUTATENIsIX Ha HECAMOBOCIUIAMEHSIOUIUMXCS KOMIIOHEHTAX.
B stom cnyuae B kamepe u XKIT gomxHO OBITH ClieMAIbHOE YCTPOMCTBO WM OJIOK
3aKUTaHUs, KOTOPOE CO3/1a€T AOCTATOYHO MOIIHBIA MCTOYHUK TEIJIA, C TEMIIEPATYpPOU
BBIILIE TEMIIEPATYPBI BOCIUIAMEHEHUSI KOMIIOHEHTOB.

Ecnau BocmiiameHeHHue MPOUCXOIUT C OOJBIION 3aJ€p>KKOM, TO BO3MOXKEH B3PHIB.
YacTo ucrnonb3zyercs OJOKUPOBKA — CTABUTCA peJie JaBJleHUS U pesie BpemeHu. Eciu B
TEUEHHUE 3aJITaHHOTO BPEMEHU HE cpadaThIBaeT pelie AaBJICHUSI, TO 3alyCK IMpeKpalaercs,
KJIAaHbl TOJa4d 3aKpbiBarOTCA. JUJISI  yMEHBIIEHUS 3aJ€pKKH  BOCILUIAMEHEHUS
1enecoo0pa3HO UCTOUHUK 3aKUTaHMs BKIIIOYATH Mepe] MoJgavueil BTOpOro KOMIOHEHTA.

BocmiiameHeHne KOMIIOHEHTOB BO3MOXXHO TOJIBKO B Ta30oBoi ¢aze mpu
TeMIIEpaType:

T>500K mist TOIMBa KUCIOPOI-KEPOCHH;

T>900K nyst TomIMBa KHCIOPOI-BOIOPO/I.

HcrounukoMm Temsia, HEOOXOIUMOIO JiS UCMApPEHHUs TOIUIMBA W MOJOTPEBa €ro

MapoB 0 TCMIICPATYPbI BOCIINIAMCHCHMU, SABJISICTCA BOCIIJIAMCHUTCIIBHOC YCTpOﬁCTBO.
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OHO ycTaHaBIMBAETCS HAa TOJOBKE KaMepbl WKW BBOJIUTCS BHYTPb KaMephl CO
CTOPOHBI COIIa U MO KOMAaHJE CO3Ja€T MECTHYIO 30HY TrOpsiYero rasza, Temrmeparypa
KOTOPOT'O J0JIKHA OBITh BBIIIE TEMIIEPATyPbl BOCILUIAMEHEHUS MAPOB TOILJIUBA.

TpeboBaHMUI K CUCTEME 3aKUTAHUS .

- HaJIE)KHOE BOCINIAMEHEHHUE TOIUIMBA B CAMBIX TSKEIBIX YCIOBHUSX 3aIyCKa;

- co3laHMe 3anajbHOro ¢akena a0 TOCTYIUIEHUS B KaMepy OCHOBHBIX
KOMIIOHEHTOB TOIUIMBA, MPU ATOM IPOUCXOIUT MPEABAPUTEIBHBIM IPOrPEB IOJIOCTH
KaMephl U YMEHBIIIAETCS BpEeMsI 3aJIEPKKHU BOCIIIIaMEHEHUS,

- TIOBBIIICHUE JABJICHUSI B KaMepe 0 BEJIMYHMHBI, 00ECIEeYUBAIONIEH yCTOMUYUBOE
rOpeHNe OCHOBHOTO TOIIMBA

HaulOonbiiee pacnpocTpaHeHUE MNOMYUHIN CIEAYIONIUE CIOCOOBl 3a’KUTaHMS
XUMHUYECKOE, MUPOTEXHUIECKOE U AICKTPOUCKPOBOE.

Xumuueckoe 3adxcueanue.

B »ToM caydae K OCHOBHBIM KOMIIOHEHTaM TOIUIMBA  JOOaBJISETCS
JOTIOTHUTENIbHBIE  CaMOBOCIIJIAMEHSIOIIUECS KOMIOHEHTHI. JTO TME€pBOE HAACKHOE
3a)KUraHue oTpadoTaHHoe B Haliei ctpane (Hampumep, JKPJI CY-1500).

JKenarenbHO MMETh OJWH JOMOJHUTEIBHBIM KOMIIOHEHT. B KadecTBe KOTOPOTO

OOBIYHO BBI6I/IpaIOT TAaKOC Iropro4decc, KOTOpOo€ CaMOBOCINIAMCHACTCA C OKHCIIUTCIICM.

Myckohoe [

0 Myckoboa topcyHka

[lyckoboe [

Puc. 1.8.
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JIns TOIUIMBa C a30THOKHUCIOTHBIMH OKHcIuTessMu ( HNO,,N,O,) NpUMEHSIOT

I[OHOHHHTGHBHBIP’I KOMIIOHCHT — CMCChb KCHMJIIMJWHA C TPUITUIIAMHUHOM.

I[J'IH TOIININBA C OKHUCJIUTCICM OZ‘WC B Ka4C€CTBC JOIMOJIHUTCIBHOI'O KOMIIOHCHTA

MPUMEHSIETCS] TPUATIIATIOMUHUI WM CMECh TPUATUIATIOMUHUS C TPUITHUIOOPOM.

Ha pwuc.1.8 mokazansl qBe CXeMbl TI0JIBOJa ITyCKOBOTO TOPIOYETO: TepBas, ¢
IIOMOIIBIO AMIIYJIBI C IIYCKOBBIM T'OPIHOYEM, KOTOPOE BBITECHSIET OCHOBHOE TOprOYEE, U
BTOpas, C UCHOJIb30BAHHE aBTOHOMHOM CHCTE€MBbI NOAAYM ITYCKOBOrO roprouero. Bropas
cxema o0ecriedyMBaeT MHOTOKPATHBIN 3aIyCK.

Iupomexnuueckoe sancueanue (puc.1.9). Ilpeamnonaraer UCHONB30BaHUE MIANICK
U3 NMAPOTEXHUYECKON cMecH (TUMa Mopoxa, OOBIYHO TBEPABIH OKHCIUTEb — MEpXJIopar
KaJIUsl WIA HATpus, Toprouee — MOpPOIIKM Oopa, aJlOMUHHUS WM MarHus ¢ A00aBKOU
CBSI3YIOILIETO BEIECTBA), KOTOPBIC BOCILIAMEHSIOTCS C TIOMOIIBIO AIEKTPO3aIalioB.

Ecnmu Takme mupomarpoHbl YCTAaHOBJIEHBI HA IITAaTUBE M BBOIATCA CO CTOPOHBI
CoIlla, TO OHM HAa3bIBAIOTCA mHpo3anaibHbIMU ycTpoiictBamu ([13Y). Ecau onum
IIOMELIECHBl B NPOYHYIO KaMepy M YCTAHOBJICHBI Ha TOJIOBKE, TO MX YacTO HAa3bIBAIOT

nupocBedYaMu (IUpo3aragamu).

2

Puc. 1.9. JIBe cxeMbl MUPOTEXHUUECKOTO 3aKUTAHHUSI
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Inekmpouckposgoe 3axcucanue. INEKTPOUCKPOBOE 3AKUTAHUE MPUMEHSIETCS B
OCHOBHOM B KMCJIOPOJHO-BOAOPOAHBIX JKP/I.
DIIEKTPOUCKPOBOE 3aKUTAHUE OCYLIECTBISETCS MOMOIIBIO IJIEKTPOUCKPOBBIX CBEUEH
MMOBEPXHOCTHOTO pa3psja, MUTaeMbIX OT BHICOKOBOJILTHOT'O TpaHC(opmMaTopa.
TemnoBast sHeprus, BblAEIseMas cBeyamMu orpaHuyeHa. lloatomy wyame Bcero
3a)KUTAHUE BBINIOJHACTCS JBYXCTYINEHUYATBIM. CBE€YA MOJKUTAeT KOMIIOHEHThI B KaMepe
MaJIbIX Pa3MEPOB, KOTOpas BOCIJIAMEHSIET KOMIIOHEHThI B OCHOBHOM KaMmepe. ITO

YCTPOMCTBO Ha3bIBalOT BociiameHuTeneM (puc.1.10).

Jdnekmpouckpobas cbeya

Puc.1.10. DaeKTpOUCKpOBOE 3aKUTAHUE

Cucrema 2JIEKTPOMCKPOBOTO 3aKUTaHUs HaAEKHA B paboTe, MpocTa u 0e30macHa B
00cITy’KUBaHHH, JOMMYCKAET MHOTOKPATHOE UCIOJIb30BaHKE, HO TPEOYyET UCTOUHHKA
ANEKTPUUYECKOTO MUTAHUSI OOJIbIIEH MOITHOCTH, YEM MUPOTEXHUUECKHE YCTPOICTBA,
Macca dTOH CUCTEMBI TaKyKe OOJIBIIIE.
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Jlexmms 6
1.2.7.6. OcobeHHOCTH 3ammycKa B KOCMOCE

JloTIOTHUTENbHBIE TPYAHOCTHA BO3HUKAIOT MPH 3aITyCKE JBUTATENS B KOCMOCE.

B sTom ciyuae HavanbHBIC JABJICHWE W TEMIIEpaTypa U KaMepe M COOOIIAIOIIIXCS C
Hel TpyOompoBOAaxX Mallbl, a TMPHU JJIUTEIHHOM TIOJNETE N0 BKIIOYCHUS JBUTATEISA
3HAYUTEIHHO CHWKACTCS W TEMIIepaTypa BBICOKOKHUIIANUX KOMITIOHEHTOB. [Ipm 3TOoM
YXYAIIAeTCS WX PACTbLI, CHMKAETCS XMMHUYECKas aKTUBHOCTh M BO3pPacTaeT BPEMs
3aIep)KKM  BocIutlamMeHeHus. K TomMy ke Tpu HEmpOorpaMMHPOBAHHOM 3aITyCKe
YBEJIMYMBACTCS W HAaYaJIbHBIA IyCKOBOW pacxojl, TaK KakK SBJICHHE TUAPOyAapa IMepen
dopcynkamu ycwiuBaeTrcs (IpW MEHBIIEM MPOTHUBOJABICHUU B TPyOONpPOBOJIAX H
MOJIOCTSIX TOJIOBKH YBEJIMYUBACTCSI CKOPOCTH JIBHYKECHHUSI KOMITOHECHTOB).

B pesynbTaTe 3HAaUMTENBHO BO3pacTaeT KOIPPUIMEHT MEPEeTpy3KH MO JTaBICHUIO.
Jlist obecrnieueHnsi 0€30MACHOCTH 3allyCcka MPUMEHSIOT TOJOTPEB ITyCKOBBIX TOPITUI
TomauBa, Oolee MOIIHBIC UCTOUYHUKH 3KUTAHUS,. A TPU OJHOPA30BOM 3aMyCKeE
WHOTJIAa KaMepy MpeaBapUTeIbHO TePMETU3UPYIOT MMOCTAHOBKOM 3ariyIikd B COTIJIE, B
pe3ysibTaTe dYero JaBJCHHWE B HEH W COCNWHEHHBIX HETOCPEICTBEHHO C HEH

TpyOOINpPOBOJAX COXPAHAETCS] HA3EMHBIM.

Puc.1.11. BeiTecHEHHE KOMIIOHEHTOB U3 0aKa B HEBECOMOCTHU

1 — Gak; 2 — 3;1aCTHYHBINA MEIIOK; 3 — MeMOpaHa

B ycnoBusix HeBeCOMOCTM  Tra3oBas TOJyIIKa B 0ake MOXKET pacmoliaraThcs
MIPOU3BOJILHO, 3aXBaThiBasi U 3a00pHOE yCTpOKCTBO. UTOOBI MpH 3aMyCcKe OCYIIECTBUTH
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3a00p JKHMJIKOCTH, B 0aKaxX yCTaHABIIMBAIOT AJIACTUYHBIC AJIEMEHTHI THIIA MEIIKOB WU
MeMOpaH,  KOTOpbIE€ OTAENSIOT KOMIIOHEHTHl TOTJIMBA OT BBITECHSIONIETO Trasa
(puc.1.11). Tlpu >TOM >KUAKOCTH  3amOJHACT, NpPEIHA3HAYCHHOE € IPOCTPAHCTBO
MOJHOCTBIO.

Hnsa XKPAMT 3ab0op KOMIOHEHTOB TOIUIMBA TIPU 3allyCKE B HEBECOMOCTHU
OCYIIECTBIISIIOT YCTPONCTBAMU, YIEPKUBAIOIIUMH KUJIKOCTh y 3a00pHUKA C MOMOIIBIO

KalTMJIAPHBIX CUJI UJIM CUJI ITOBEPXHOCTHOT'O HATAXKCHUA.

OTU YCTPONCTBA MPEACTABISIOT COO0OM MHOTOPSAJIHBIE KOJBIEBbIE CETKH WU
nepopupoBaHHbIe 000JIOUKH, OXBaThIBaromue 3a0opHuk O6aka. s XXKPJl Oonpmiux Tar
MPUXOJIUTCS] UCTIOJIb30BATh MHEPIIMOHHBIA HAMOP, KOTOPBIA CO3/1aI0T MPeABAPUTEILHBIM

3amyckoM HeOonbimux PJITT.

1.2.8. CucteMbl aBTOMaTHIECKOTO YIIpaBIeHUS OcTaHOBOM J1Y
PexxuMom ocTaHOBa HA3BIBACTCS PEKUM C MOMEHTA TIOJIaYl KOMaHbl HA OCTAHOB
710 TIOJTHOT'O MCUYE3HOBEHHUSI TATH. DTO TOKE HEYCTAHOBHUBIIIHICS PEKUM PaOOTHI.
OcTaHOB nBHTATENsl XapaKTePU3YeTCs CISAYIONMMHU OCHOBHBIMH IapaMeTpaMHu:
BPEMEHEM OCTaHOBA M HUMITYJIbCOM TIOCIEACTBUS TSTHU, KOTOPBIC JODKHBI OBIThH

MUHUMAJIbHBIMUA.

Pexnm MOKET CONTPOBOKAATHCSA TAKUMU HEXKEIJIATEIbHBIMU SBJICHUSIMU, KaK TUAPaB-
JIMYECKUE yIapbl B MAarCTpalsiX U MyJbCallMU JaBJICHUA ra3za B kamepe. Kpome toro,
IIPU 3aKPBITUM TJIABHBIX MM OTCEYHBIX KJIANIAHOB TAra Kamepbl YMEHbIIAETCS
MOCTENIEHHO, MO MEPE BBIFOPAHHUSA TOIUIMBA, OCTABIIETOCS B MarucTpaisix 3a
KnanaHaMu. BcemencrBue 3toro Ha JIA QelCTBYET NONMOJHUTENBHBIA UMITYJIBC TATH
— nminyiibe ocienctsuss Taru  (MIIT), BenwmumHa ~ KOTOPOTO MOXKET H3MEHSTHCS
JOCTaTOYHO Mpou3BoJibHO. Pa3z0poc  Bemuuunsl  UIIT  BhI3bIBa€T OTKIOHEHHE
JNEUCTBUTEIIBHON TPAEeKTOPUM IIOJETa OT PAaCUYE€THOM M MO3TOMY Ha KOPPEKLHIO
TPACKTOPUU 3aTPAYUBAIOT JOIOJHUTEIbHBIA PACXO TOIUIMBA, YTO BEAET K YXYALICHUO
xapakTtepuctuk JIA.

Takuwm oOpa3zom, cucreMa yIIpaBJICHUSA OCTaHOBOM JOJKHA

obecieunTh  Oe3aBapuiiHoe  BbIKItOYeHHe JIY ©W  MHUHUManbHYyIO  BeJU-
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yuHy pazopoca MUIIT. B »Ty cucteMy BXOAAT B OCHOBHOM T€ K€ ar-
peraTel, YTO W B CHUCTEMY 3allyCcka, HO TOPSAJOK HUX cpadaTbIBaHUS
OyJleT UHBIM.
B 3aBucuMoOCTH OT Ha3HayeHUs U YCJIOBHUM 3Kciuryatauuu JIA BpIOMparOT OJUH U3
CJIeAYIOIMX CIIOCO00B BhIKItOUeHUs Y
- IIOCJIE U3PAaCXO0JOBaHUs TOIUIMBA,
- Ha OCHOBHOM pPE&XUMeE pabOTHI;
- Ha KOHEYHOM PEeKUME padOThI.

[lepBblii 1 BTOpON CIOCOOBI HCIIOJIB3YIOTCA B Clly4ae, €CJIM He 3aJaeTcsi TOYHOE
3HaYeHUue KoHeuHoU ckopocTu JIA. TlepBriif criocod NPUMEHSIOT MpPHU  BBIKIIOYEHUHN
JIY paker Kiacca BO3IyX-BO3AYX, 3€MJIS-BO3JIyX», HUKHUX CTYIIEHEH KOCMHYECKUX
paKeT, CTapTOBBIX JABUTATENel camosieToB. [Ipu 3TOM MOKHO MOTYyYUTH HAUOOIBIITUN
UMITYJbC TATH /Y 1 MUHHMaIbHYIO KOHEUHYIO Maccy JIA. OgHako BCiIeacTBHue TOro,
YTO CTATUYECKUU HAMOpP B MArucTpaii paHHEe BbpabaThIBAEMOIr0 KOMIIOHEHTA
TOIUIMBA B KOHIIE pabOThl CUJIBHO CHIDKAETCS, B HACOCE BO3MOKHO BO3HMKHOBEHUE
kaputauuu. Iloaromy nBurarenu c¢ HIIT BbeIKIO4arOTCST HE B MOMEHT I[OJHOTO
M3paCcXOIOBAaHUS KOMIIOHEHTA TOIUIMBA, @ HECKOJBKO PaHbIIE, 10 CUTHAIY OJHOTO W3
JAaTYNKOB MUHUMAIBHO JONMYCTUMOIO YPOBHS KUJIKOCTH, YCTAHOBJICHHBIX B HWKHHUX
nauimax OakoB. Takas cucTemMa BBIKIIIOYEHUS HA3bIBAETCA CUCTEMON OKOHYaHUS
komroneHToB ToruuBa (OKT) u nmpumensiercst Ha /Y mepBbIX CTyIEHEH MHOTHX PaKeT.

Btopoit cnoco0 uHCMONAB3YIOT NpPU BBIKIIOUYECHUM JBUTATENe HEOOJBIIUX THT,
YCTaHaBJIMBAEMbIX Ha MIJIOTUPYEMBIX JIA U uMeronux 0OBIYHO MHOTOKPATHBIN 3aIlyCcK
B mnoynere (Hampumep, Bo B3IeTHOW JIY JIYHHOTO HSKCHEIMIMOHHOTO OTCEKa, B
MapmeBoit /1Y kopaliist « AlIOJUTOH» U B YCKOPUTEIAX MaHEBpa CaMOJICTOB).

[Ipu nepBOM U BTOpOM CItocoOax OCTAHOBA TsTa ABUTATENS U3MEHSETCS 110 COBMeE-
meHHpIM KpuBbiM 1 1 2, a UIIT nmponoprinoHaibHO 3aIITPUXOBAHHOW IUIOMIAIHA MO
KPHUBBIMH.

Tpetuit ciocod MpUMEHSIOT NpH BbIKIIOYeHUHU [{Y anmapaToB, KOHe4YHas CKOPOCTh
KOTOPBIX JIOJKHA OBITh BBIJICpKaHa TOYHO (OJHOCTyIeHYaThie OATHCTHUSCKHAS PAKETHI,
MOCIIEIHNEe CTYNMEHH KOCMHYECKHMX pakeT). B KoHIE aKTHBHOTO YydacTka

TpaekTopun JIA HMMeeT HaMMEHBIIYI0 MAacCy M €ro YCKOPEHHE MOJ IEHUCTBHUEM TATU
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MOXET OBbITh CpPaBHUTENBbHO OOJbIIUM. [l0oATOMY Tepes BBIKIIOUEHHEM MPOU3BOAUTCS
yMmeHbllieHue TsAru Y, uto mo3Bosisier Oosiee TOYHO YJIOBUTH MOMEHT JOCTHIKEHUS
33JJaHHOTO 3HAuYCHUS KOHEYHOW CcKopocTH M cHu3uTh BenmuuHy WMIIT (xpuBas 3 Ha
pucl.12). Kpome TOro, mpu 3TOM yMEHBIIACTCS BEIMUMHA THAPOyJIapa B MaruCTPAIIX
KOMIIOHEHTOB IIPH 3aKPBITUHU KJIAIIAHOB.

B 3aBucumocTu ot Buaa JIY cHuxKeHUE TATH Tepe]l BHIKIIIOUEHUEM MOXKET OBITh 00ec-
IEYEHO:

- B CIIy4ae OJHOKAMEPHOM YCTAaHOBKH — MIEPEBOJIOM KaMEPBI HA PEKNUM KOHEUHOU
CTYIICHU;

- NpU MHOrOKamMepHoil [IY wmnum CBsA3Ke NBUTaTeNIel — BBIKIIOYEHUEM TE€X Kamep WIIH

JNBUIaTENICH, KOTOPBIE HE YYaCTBYIOT B YIIPABJICHUU BEKTOPOM Tsru J1Y.

KOH

Puc. 1.12.
ITo Takol cxeme MpOW3BOAWIOCH, HAIPUMEP, BBIKIIOYEHUE Y TpETheU CTYNEHH PAKETHI
«EBpomna-1». Dta ycTaHOBKa COCTOsUIa M3 OCHOBHOM M JIByX PYJIEBBIX Kamep. Tak Kak
BermmurHa MITT ocHOBHOM KaMepbl HE MOXET ObITh OMpesielieHa TOYHO, TO CUTHAaJ Ha €€

BBIKJIFOYCHHUEC TIIOJaBaJICA TIIPpW CKOPOCTHU CTYIICHH, HCCKOJIBKO MEHBIIICH pvaCTHOﬁ.
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Heobxoanmoe nONOJHUTENBHOE NPHpPALIEHUE CKOPOCTH CTYNEHH O0eCHedYMBalIOCh py-
JIEBBIMU KaMepamu. Takas ke NOCIeA0BATEIbHOCTh BBIKJIOUECHUS IBUTATENA €IIE PaHHEE
ObLTa MPUMEHEHA Ha BTOPOM CTyNeHu (IieHTpaibHOM OJ10Ke) pakeTsl "Coro3".

Bmecre ¢ Tem g cHwkenus UIIT npuMeHSAOT H  Takue KOHCTPYKTHUBHBIE
MEPOIPHUATHA, KAK PACHOJIOKEHUE OTCEYHBIX KIIANAHOB HEMOCPEICTBEHHO HAa BXOJE B
MOJIOCTH TOJIOBKM KaMephl, YMEHBIIIEHUE BPEMEHU CpadaThIBaHMs KJIAlaHOB, MPOAYBKa
MarucTpajieil KOMIIOHEHTOB MOCTE IJIaBHBIX KJIAMaHOB C IEIbI0 OBICTPEHIIEro yaaleHus
OCTaTKOB ToIUIMBa. [Ipu BBIKIIIOYEHUH B YCIOBUAX Bakyyma BecbMa d(P(HEKTUBEH ApeHaK
MOJIOCTEM mMoclie TJIaBHBIX KIJAMaHOB, TaK Kak MpU ITOM oOOecredrBaeTcss OBICTpOe

YAAJICHUC KOMIIOHCHTOB UX BbIIIAPUBAHUCM.
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Puc.1.13.
Ha puc.1.13 mpusenena [11'C XKPJ] C5-2 ogHOCTYneHUaTON OANTUCTHYECKON PAKETHI.
Hnst ymensiienns UIIT orceunoit kimaman okucnutens 18 ycTaHOBIEH Ha TOJIOBKE
KaMephl, a KiarnaH 23 COeIUHAET MarucTpallb TOPIOUETO C BBIXJIONIOM U MIPU €r0 OTKPBITUH
roproyee U3 MarucTpaiu BoIOpAChIBAETCs B aTMOCHEDPY .

Temn 1 mocneA0BaTEILHOCTh CpabaThIBAHUS arperaToB MPU BHIKJIIOUEHUHN BHIOUPAIOTCS
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U3 yCIOBUS 00ecreueHus: CoxpaHHocTu camoit JIVY.

TpeOGoBanus K OCTAaHOBY B OOJIBIIION CTEMEHU 3aBHUCAT OT JOMyCKa Ha KOHEYHYIO
CKOPOCTh PAKEThI, KOTOPBI MOXKET COCTAaBIATH 5-6 M/c. OCOOEHHO Maj IOMyCK Ha
CKOPOCTbH TSI TIOCTICAHUX CTYTICHEH PaKeTHl.

Omneparnuy ocTaHOBa B 00IIIEM cTydae
1 — mepeBo ABUTATENS HA TOHMKEHHBIN PEKUM — PEKHM OCTAHOBA,
2 — Beikimouenne THA (momgaun kommoneHToB B JKI'T);
3 — BEIKJTIOUCHHE HA/TyBa OAKOB,;
4 — mpekpalieHue MmoJayul KOMIIOHEHTOB B KaMepy; JJIsS 3TOTO 3aKPBIBAIOTCS
TJIABHBIC KJIAIIaHFbl,
5 — 4TOOBI yMEHBIINTH HUMIYJIBC TOCIEACHCTBUSA, BKJIIOYAIOT MPOIYBKY
ITOJIOCTEH 3a TJIABHBIMU KJIaITAaHAMMU.
C 27Ol XK€ TeNbI0  Pa3eIsIIOT TUIAaBHBIE KJIamaHbl HA 2. TyCKOBOW M OTCEYHOM;
ITOCJICTHUI CTaBSIT Ha TOJOBKY KaMEphI.
B KOHKPETHBIX CaydasX HEKOTOPBIX M3 3THX OIEpallii MOKET HE OBITh, HO MOTYT
OBITh JOTIOJHHUTEIbHBIC, HAIPHUMED, 3aKPBITHEC pa3JCIUTCIbHBIX KJIAllaHOB U

MPOJTyBKA MOJOCTEN HACOCOB.
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Jlexnus 7

1.2.9. Cuctema aBapuifHOTO BBIKITIOUCHUSI.

Cuctema ynpaBieHUs] OCTAHOBOM JIOJDKHA OOECIEYUTh BBIKIIOUEHUE HE TOJIBKO MO
MPEIYCMOTPEHHOM 3apaHee KOMAaHJIe, HO W B CIy4ae BO3HUKHOBEHHS aBapPUIHBIX
CUTyalluid Ha CTapTe€ WM B TOJIETE, YTO OCOOCHHO Ba)XHO MPU HCHOJb30BAHUU
cnoxueix Y. Tak. Hampumep, mpu npekpamieHud TOPEHHs B OAHOM U3 KaMep
YMEHBIIIEHUE TATH HE MOXKET ObITh KOMIIEHCHPOBAHO YBEJIMUYECHHEM BPEMEHU PaOOThI
apyrux kamep. Ho ecin mogadya KOMIIOHEHTOB B 3Ty KaMepy MPOAOJDKAETCS, TO 3TO
MPUBOAUT K HAKOIUICHUIO B HEW TOIIMBA, BOCIUIAMEHEHHIO €T0 OT (DaKenoB IIaMeHH
Ipyrux Kamep U B3pbIBy. lloatomy B cucreme ynpasienus Y umerorcs
CIICLIMATIbHBIE TMPENOXPAHUTENBHBIE YCTPOWCTBA, KOTOPBIE M CIy4ae HapyLICHUS
MPABWIBHOIO MPO-TEKaHUs MPOLECCOB BBIKIIOYAIOT JBUrarenb. llpu 3amycke 3Ty
(YHKIMIO BBIMIOJHSIET CUCTEMa aBTOOJOKMPOBKH, KOHTPOJHPYIOIIAs MPABUIBLHOCTH
cpabarbiBaHusi arperatoB jABurateisi. Ha OCHOBHBIX pexuMax padOThl KOHTPOJb
HanOoJee BaXKHBIX NapaMeTpoB JIY OCYIIECTBISIOT CUCTEMBl PEryJUpPOBaHUA U
aBapuiiHOro BbIKIIOYeHUs apuratens (ABJI). B Tex ciaywasx, korma cHcTema
pEeryaupoBaHUs HE MOXKET MNOAACPKMBATH 3aJAHHBIE 3HAYCHUS KOHTPOJIUPYEMBIX

napameTpoB, cucteMa AB/l momaeT komMaHAy Ha BBIKJIIOYCHUE IBUTATEIIS.

1.2.10. MHOTOKpATHBII OCTAaHOB JBUTATEIS B TIOJETE
MHorokpatHeiii octaHoB J[Y B moneTe 3HAYUTENBHO CIIOXKHEE, TaK Kak IOCIe
MEPBOTO BBIKIIOYEHHSI JBUTATENSI BCE CUCTEMbI HEOOXOAWMO TEPEBECTH B COCTOSIHUE
IyCKOBOM TOTOBHOCTU. Ilocie ocraHoBa TeIwio, 3allaceHHOE B CHIIBHO HArpeThIX
amementax asurarens (KIT, kamepa, Typomna THA), MoXeT SBUThCS NPUIHHON
BCKHUMNAHUS WIA PA3JI0XKEHUSI KOMIIOHEHTOB, YTO MPUBOJUT K YPE3MEPHOMY
MOBBIIIEHUIO JABJIIEHUS B HEKOTOPBIX IIOJIOCTAX M K Pa3pyLICHUIO KOHCTPYKLMHU.
[To3TOMY MCTIONB3YIOT IPEHAXK ATHUX MOJOCTEN WA UX MPOJYBKY.
1.2.11. Cucremsl yripaBienus JIY Ha OCHOBHOM pexume paboThI

TpaexTopuio monera JIA (JIMHUIO ABMKCHUS IICHTPA €r0 MacC) PaCCUNTHIBAIOT 3apaHee
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U B MPOTrpaMMy yIpaBJeHUs MOJIETOM 3aMUChIBalOT napametpsl [V, obecneunBaromine
MOJIET PAKETHI MO 3aJaHHON TPACKTOPUHU.

OIHaKo B peanbHBIX YCIOBUSAX MOJIETA Ha JIETATEIbHBIA anmapar ACHUCTBYIOT TaKkKe
U CIIy4yalHbI€ BO3MYILECHUS, KOTOPBIE MOTYT BBI3BATh OTKIIOHCHUE JIE€MCTBUTEIBHOU
TPACKTOPUU OT PacCUETHOU. /(711 KOMIEHCAMK 3TUX BO3MYIIEHUN JIETATENbHBIN anmapar
JIOJIKEH UMETh, CUCTEMY HaBEJICHHMsI, KOTOpas oOecrneunBaeT JBMKEeHUE lieHTpa Macc JIA
M0 33JaHHOW TPACKTOPUH, U CHUCTEMY CTAOMIM3AIMHU, KOTOpas COXpaHSET 3aJlaHHOE
MOJIOKEHNUE OCEN CUCTEMbI KOOPJAUHAT OTHOCUTEIBHO MJIOCKOCTEN CUCTEMBI KOOPAWHAT.
HcnonHuTeIbHBIM OPTaHOM 3TUX CUCTEM OOBIYHO siBIsieTcs Y.

Cuctema HaBegeHus JIA MoxeT ObITh, B CBOIO OdYEpedb, pa3ieciicHa Ha
CHUCTEMBI.

MPOrPAMMHOT0O U3MEHEHUS BEJUYHUHBI TSTH;

PETYJIMPOBAHUS KaXXyIIEHCS CKOPOCTH MOJIETA,;

CUHXPOHHOI'O OMOPOXKHEHUSI 0aKOB C KOMIIOHEHTAMH TOTLIHMBA.

CuctemMa nporpaMMHOTO U3MEHEHUUSA BEJIHUYHUHBI TATH CIYKHUT
JUTS IOJTYYEHUS 3aJJaHHOM CKOpOCTH JIA ma pa3nuyHbIX 3Tarnax ero mojieTa.

bonpmme mnpenensl u3MeHEHHs TiIruw HeoOxomumbl it Y kocmuueckux JIA.
YMmenbiienue Ttaru Y paker-HocuTeneil MOXKET MOTpPeOOBaTHCS Il OTpaHUYCHUS
BEJIMYMHBI MTOJIETHOTO YCKOpeHus unu 1 cHrkeHus UIIT npu BeIKIIOUeHUH IBUTATeIs,
a yBEJIMUEHHUE TATU OJHUX JBUTaTenedt 0mouHoit JIY — mJisi KOMIIeHCAaIuu TATH JPYTHUX,
BBILLIC/IIINX U3 CTPOSL.

B Hacrosmee BpemMs OCHOBHBIM METOAOM  YIOPABICHUS BEIWYMHOW  TITU
ogHokaMepHbIX JKP ][ aBisieTcst uBSMEHEHHE:

- IaBJICHUA NOJa4Yd KOMIIOHEHTOB TOMNJHUBA;

- mepenaga AaBIcHHA Ha (QopcyHKax APy, MyTeM APOCCENMPOBAHUS KOMIIOHEHTOB
TOILUIMBA IIPU MOJAAY€E UX B KAMEPY;

IIpnu npoextupoBanun JXPJ[ ero mnapameTpsl oONpeAenstOTCA I OCHOBHOTO
(HOMUHAJIBHOTO) pekuMa paboThl. [lomyctumoe yBenudenue Tsaru (opcupoBaHue
JIBUTATEINsI) OOBIYHO HEBEIHMKO BCIIEACTBHE HEOONBINMX KOA(D(UIMEHTOB 3alacoB II0
pany mapamerpoB VY. IloaToMy CymecTBEHHOE W3MEHEHUE TATM BO3MOXKHO JIMIIbL B
CTOPOHY €€ YMEHBIICHUS.
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B XKPJ[ ¢ HIIT tary MOXHO yMEHBIIMTH NIYTEM CHHKEHHMS CKOPOCTH BpaLICHUS
poropoB THA: B nBurarensix 0e3 HOXKUTaHUS — CHUKEHHUEM pacxo/ia KOMIIOHEHTOB
tormBa B JKI'T mpu MOCTOSHHOM WM M3MEHSIOIIEMCSI X COOTHOLIEHWH, a B JIBUTATENSIX C
NOKUTAHUEM M3MEHEHUEM COOTHOUIEHUS KOMIOHEHTOB TommBa B JKIT 1w
nepenyckoM rasza noMuMo TypOuHel THA. M3meHeHue TAru B OONBIIOM Juana3oHE
MOYHO MOJIYYUTh OTKIIOUYECHHEM KaMep WM IBUTATeNIeN CIIOKHBIX /Y.

KomaHnpl Ha wu3MeHeHHe Tiaru 3anucbiBaroT B mnporpammy CAY JIA, kortopas B
COOTBETCTBYIOIIME MOMEHTHI BpEMEHM Iniepenaer ux B JIY, BBI3bIBas NEPEHACTPOUKY
peryJsTopa TATH WIK OTKIIOYCHUE Kamep (IBurareneit).

Cucmema pe2yiuposanus Kaxcyweucs ckopocmu
Kpome mporpaMMupOBaHHOIO M3MEHEHHs TITH, MOXET BO3HUKHYTh HEOOXOH-
MOCTb B OIIEpPAaTHUBHOM €€ U3MEHEHHH, TAK KaK B Iojere Ha JIA AEHCTBYIOT CilydaliHbIE
BO3MYILICHUS, BBI3BIBAEMBbIE W3MEHEHHEM YCIOBHM mosieTa, acumMmerpuen taru Y,

OTKJIOHEHHSIMU CTaPTOBOM MEPETPY3KU OT HOMUHAIBHOM U T. 1I.
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Puc. 1.14.

JIns KOMIeHcaluy 3TUX BO3MYyILUeHUH J[Y BKIIIOYAIOT B CUCTEMY PETYIUPOBAHUSA

kaxymedcs ckopoctn  (PKC)  JIA. Ckopocth, ompejenseMas HHEPIHOHHBIMU
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JaTYMKAMH, Ha TTOKAa3aHUsI KOTOPBIX BIUSIIOT CUJIbI TATOTEHUS HEOECHBIX TEJ, HAa3bIBAIOT
KaXXyLIeucs.

B kauectBe npumepa paccmMoTpuM (yHKIMOHaNIbHYIO cxemy cuctembl PKC u COb
KPJI, npuBeaéunyto Ha puc. 1.15. IIT'C storo XKPJI nzo6paxena na puc. 1.14.

Hatauk yckoperus 34 nonaér curHaisl B BOBM, B KOTOpo# 110 HUM BBIYUCISIETCS
BEJIMYMHA CKOPOCTH U CpaBHHMBAeTCA C 3aaaHHOM. B BOBM mocTymarT # CUTHaJBI OT
natuuka nasieHus 11 B xamepe XKPJ (Tsara mpomnopiioHaidbHa JaBICHUIO B KaMmepe).
Ecin 3HaueHue naBieHUs (3HAYUT W TATH) WIM KaKYIICHWCS CKOPOCTH BBIXOIAT 3a
mpenensl A0mycka, To Omok 33 BeIpaOaThIBAET KOMAaHIY B PETysTOp pacxona 4,

KOTOpHKI m3MeHseT pacxos okuciutens B KT 26.

E3EM : 12

?1 32 § » 9 ™ ramepa
34 |t ‘\
: : w
11
. . *

¢l 26 | 21 =§g —a 12

| KaMepa

Puc.1.15. CtpykrypHas cxema PKC u COb
B pesynbpTaTe 3TOr0 M3MEHSIOTCS 000poTHI TypOuHBI 21 u HacocoB 20, 22, MeHseTCs

pacxoa TOILUIMBA B KaMEpy 12 1 BoccTaHABIMBAIOTCS 3HAYEHUS JaBJICHUA U TAT'U.

Cucmema cunxponnozo onopodcnenus baxoe JI A
3anpaBka 0akoB /Y KOMIIOHEHTaMU TOTUIMBA MPOU3BOJIUTCS, UCXO/I U3 PACUETHOTO
MacCOBOT'0 UX COOTHOMIECHUS K pacy. B pe3yabTaTe NEHCTBUS CIy4alHBIX (PaKTOPOB
nencTBuTeNbHas BeTunHa Ky, B moseTe OyieT OTIM4aThesi OT paCU€THOM, YTO NPUBEIET K

YMEHBIIEHUIO Vo U3-3a CHUKEHUA BenuuH JY U L . [locnennee oObsiCHIETCS TEM, YTO
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MIpY HEOTHOBPEMEHHOM OTIOPOKHEHUH OAKOB BO M30E€KaHHUE MPEKIESBPEMEHHOTO U3pac-
XO0JIOBAHUSI OJTHOTO M3 KOMIIOHEHTOB TOTUTMBA MPUXOAUTCS OpaTh MX JIUIIHUMN 3a1ac, 4To
BEJIET K YBEIUUYCHUIO M. B 3aBucHMOCTH OT CBOMCTB MPUMEHSIEMOI'0 TOTUIMBA U BE-
JUYUHBI MACCOBOT'0 YUCTA L, OOJbIIIEe BIUSHUE HA CHUXKEHHUE BETUYUHBI V ; MOXKET
OKa3bIBaTh YMEHbIICHHE |, Min |y

Ananns 3aBucumoctu V,; = f (ly, p) mokaseBaer, 9To TONBKO HpH W, < €, TIC € —
OCHOBAaHME HATYpalbHBIX JIOTapU()MOB, OTHOCHTEIBHOE M3MEHEHUE |, OyneT MeHbIIe
BIUATh Ha V,; YE€M OTHOCHUTEIbHOE H3MEHEHUE [, Ha Ty K€ BeluuuHy. OJHaKo
BeJIM4MHA U3MeHeHus |y B paiione K p opr U1 OOJBIIMHCTBA TOIUIUB IpU P > 8 Mna
cpaBHUTENBbHO HeBenuka. [loatomy B [IY cTymeHell pakeT-HOCUTENEHW, TAE [ > > €,
UCIIOJIB3YETCSl CHCTEMa CHHXpOHHOro omnopoxkHeHus OakoB (COB), oOecneumBaroriast
MUHHMAaJIbHbIE OCTATKU KOMIIOHEHTOB TOILJIMBA B Oakax cTOpoHy. EcTecTBEeHHO, 4TO mpu
3TOM pexkuM pabotel Y um3amensiercs, tak K. J[aTunkaMu 3TOH CHUCTEMBbI MOTYT OBITh
U3MEPUTEIN YpOBHEH KOMIIOHEHTOB TOIUIMBA B 0akax WA  PacXOIOMEPHI,
YCTAHOBJICHHBIE B MarucTpajigX MoJa4yd KOMIIOHEHTOB TOIIMBAa B Kamepy. [lokazanus
ATUX JATYMKOB CPABHUBAIOTCA C IPOTPAMMHBIMH 3HAYEHUSIMH B BBIYUCIUTEIHBHOM
YCTPOMCTBE, W MpU pa3HUIlE, MNPEBBINAIIICH AOMYCTUMYIO, MOJAETCAd KOMaHJa Ha
MPUBOJ Ipoccels-peryiaropa cucteMmbl COb, ycTaHOBIEHHOTO B OAHOM M3 MarucTpaien
KOMIIOHEHTOB TOILJIMBA U U3MEHSIONIETO €€ THIPABINYECKOE COMPOTUBICHUE B HYKHYIO
aK MacCOBOE€ COOTHOIIIEHHE KOMIIOHEHTOB TOIUITMBA B Kamepe KM OTKIoHsAETCS OT
pAacyeTHOro, B pe3ylabTaTe Yero ymeHpmarorcsa BenmuuHbl |y, m P, Cucrema
ABTOMATUYECKOTO PETYJIUPOBAHUSA KOMIICHCHUPYET U3MEHEHUE BEIMUUHBI TSTU P.

Ha pannee paccmorpenHoii cxeme COb — curnansr ypoBHeMepoB 31 mocTymaroT B
ooproBoit OBM (BDBM) B Omok 32. I[locie cpaBHEHWS TEKYIIMX 3HAYCHHH C
MPOTrpaMMHBIMA ¥ OOHApPYKCHHUS OTKIOHEHHS OT 3amaHus OJIok 32 BhIpabaThIBaCT
koMaHIy npoccento 9 cuctembl CObB, KOTOpBIH W3MEHSET pacxoJl OJHOTO W3 KOMIIO-
HEHTOB (B JJaHHOM cjIy4dae OKHCIUTEIsI) B kKamepy 12. B pe3yibpTaTe 3T0r0 OMoposKHEHHE
0aKoOB MPHUXOJHWT B COOTBETCTBHE C IPOTPaMMOM, HO TAra KaMepbl MOXKET BBIMTH 3a
npefensl jJomycka. B 3ToM ciydae HauumHaer paboTaTh CHUCTEMA PEryJIMPOBAHUS
KaXYIIEHUCsT CKOPOCTH, KOTOpas NPHUBEAET BEJIUYHUHY TATH B COOTBETCTBUE C

HEOOXOIUMOIA..
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Jlekuus 8

2. KOHCprKIll/Iﬂ OCHOBHBIX arperaToB CUCTEMbI ITOJa49YM TOILJIMBA

2.1. KoHCTpyKIIHSI arperaToB yIpaBICHUS
OTnenpHbIE CUCTEMBI KOHCTPYKTUBHO CBSI3aHBI MEXAY CO00M, Tak KaK 4acTO OJHHU U
TEXE arperatbl BBITIOJHAIOT HECKOJIbKO (yHKUMH. Pa3nuyHbie 3amopHbIe yCTPOMCTBA,
HanpuUMep, BXOAIT B CUCTEMY MOJAYM TOIUIMBA U B CHUCTEMY YIpaBJIeHUH, Oaku — B
CHUCTEMY XPAaHEHUsS KOMIIOHEHTOB U B CUCTEMY MOJAYM TOILUIMBA U T. 1. B pe3ynprare

ATOTO CYIIECTBYET HEKOTOPAsi yCIOBHOCTh B KJIaCCU(DUKAIIUUA CUCTEM.

I[To wnasnauenumro arperatel u  ycrpoucrBa JKPJ[  MOXHO pasgenutbs Ha
CIEIYIOLINE TPYIIIbI:

OOpPTOBBIE UCTOYHUKU SHEPTUH;

arperarsl, HOBBIIIAIOIINE JABJICHUE KUIKOCTH;

KJIAIIAaHHBIE YCTPOMCTBA;

pPETYJIMPYIOLINE YCTPOUCTBA;

YCTPOMCTBA ISl BOCIUIAMEHEHUS TOIUIMBA TPHU 3aITYCKE;

KOHTPOJIUPYIOIIUE YCTPOMCTBA,;

TpyOOIPOBOIBI U SNEKTPUUECKUE KaOEIH.

Kaxnplii arperaT NpOEKTUPYIOT ISl BBINOJIHEHHUS OMNpeaeiaeHHbIX (GyHKIui. Yem
npoie (YHKIUsA, TEM BBIIIE HAJCKHOCTh arperara, Tak Kak pacuiudpeHue (QyHKIun
MPUBOJUT K YCIOXHEHUIO KOHCTPYKIMU. OJHAKO B ULEISIX YMEHBIICHHUS MacChl
&KeJIaTeIbHO COBMEIIATh OTJEIbHbIE (PYHKIMH B OJHOM arperare Wih OOBEIUHSIThH
arperatbl U ongHOM kopiyce. [locineaHee oOBIYHO BEJET M K IMOBBIIICHUIO HAJEKHOCTHU
paboThl, TaK KaK YMEHBIIAETCS YUCIO TpyOONmpoBOAOB U UX coeauHeHuii. Kpome toro,

IIpHu 9TOM o0JeryaeTcst MOHTaX M 3aMeHa arperaTroB B 9KCILJTyaTalluu.

2.2. KoHCTpyKIIHS KJIarmaHoB

JIna ynpaBieHHUs pacXOJ0M >KUJKOCTU WIIM Tra3a B Maructpayusax Y ycTaHaBIMBaroT
BeHTWIH (3aJBUXXKKH M KpaHbI, NPUBOJAMMBIC B JCHCTBHE BPYYHYIO), JPOCCETH H

KJIaIllaHbI (aBTOMaTI/IquKI/IC N yHOpaBIIACMBIC ,Z[I/ICTaHI_II/IOHHO). K BentmnsiMm B
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cucteMax JIY oTHocsaT KkpaHbl (pucyHokl,a), 3ampaBOYHBIC W CJIUBHBIE POOKH.
Knanmanom Ha3pIBalOT yCTPOMCTBO, OTKPBIBAIOUIEE W 3aKPBIBAIOIIEEC  MNPOXOJ
KHUJIKOCTU WM ra3a B MarucTpaliu, HA KOTOPOM OHO ycTaHOBiEeHO. CrermpuyecKumMu

Tpe6OBaHI/IHMI/I, npeabsAB-II€MbIMHU KKJIallaHaM, SABIIAKOTCI.
- I'CPMCTUYHOCTD (HOJ'IH&?I WJIn ¢ 10ITYCTHUMBIMHU YTquaMI/I) B 3aKPBITOM COCTOSIHUH,

- o0ecrieyeHne 3aJaHHOTO 3aKOHA HM3MEHEHHS IPOXOJHOTO CEYECHUS B MOMEHT
OTKPBITUS (3aKPBITHA);

- oOecIeueHre 3aJaHHOT0 PacXo/ia MpY MaJlOM THAPaBINYECKOM COMPOTUBJICHUH,

- MaJas MOIIHOCTh, HEOOXoauMas JjIs cpabaThIBaHU S,

- CTa0WJIBHOCTh BPEMEHU OTKPBITUS U 3aKPBITHUS .

Gty

Puc. 2.1. Buasl KJIamaHHBIX YCTPOWCTB. a- C PY4YHBIM; O- C JHCTAaHIIMOHHBIM

yIpaBIICHHEM; B — aBToMaTudeckoe; 1 — kopryc; 2- ceio; 3- 3alOpHBIA OpraH;

4 — mpuBOa

B obmem ciydae kmaman (puc.2.1,0,B) COCTOMT M3 KOpIyca C CEIJIOM, TOJBHUKHOTO
3alOpHOrO OpraHa, KOTOPBIM, MPUKUMASICh K CEIIy, MEPEKphIBaeT KaHaJ, U NpUBOAA
3TOTr0 OpraHa.

Knanansl MOXHO KJlacCU(PUIUPOBATH MO CAETYIOIIUM OCHOBHBIM MPHU3HAKAM:

10 HAa3HAYCHUI0 — IIYCKOBbIE, OTCEUHBIC, TJIaBHbIE, JpEHaXHble, TMpeao-
XpaHUTENbHBIE, OOpaTHBIE, PELIUPKYISIIIUOHHBIC U JP.;

[lo cnocoOy mpuBoja B JeHCTBUE — aBTOMAaTHYECKHE, CpabaThIBAIOLIUE MO

JICHCTBHEM CHJI JaBJICHUS S>KUAKOCTH (rasa) B MarucTpajid, Ha KOTOPOH OHH
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yCcTaHOBJICHBI (prc.2.1,B), yrpaBisieMble ¢ TIOMOIIBIO TOJJa4l KOMaHIHOTO CHUTHAJIA,
HETMOCPEJCTBEHHO HECBSI3aHHOTO C JaBJ€HUEM paboyero Tejla B MarucTpaiu
(puc.2.1,6), ¥ KOMOMHUPOBAHHEIE;

mo ¢opMe 3alOpHOrO0 OpraHa. TapeibuaTble, IIapoBbIC, IMMIMHIPHYCCKUE,
3aCJIOHOYHbBIE, MEMOpaHHEIE,

mo (a3oBOMY COCTOSIHUIO palboyero Teia, NPOXOMASIIero uYepe3 KiamaH,
ITHEBMATUYCCKHUE U THAPABIMYCCKUE,

M0 HAYAJLHOMY TIOJIO)KEHHIO 3allOpHOTO OpraHa — HOPMAJIbHO OKPBITHIC,
HOPMAaJIbHO 3aKPBITHIC 1 HOPMAIHLHO IPHKPHITHIC;

M0 YHWCTYy TMO3WINHA, KOTOPBIC ITOCIENOBATEILHO 3aHUMAET 3alOPHBIA OpraH
KJIaTMlaHa, ABYX-, TPEX- U YETHIPEXTO3UITMOHHBIC;

10 KPAaTHOCTHU JEHCTBHUS — OJHO- K MHOTOKPAaTHOT'O cpaOaThIBaHUSI.

[TyckOBBIM HaA3BIBAIOT HOPMAJBLHO 3aKPBITHIM KjlamaH, MpH CcpabaTbIBaHUU
KOTOpOro paboyee TeIo MOCTYMaeT B COOTBETCTBYIOIIYIO MarucTpab.

OTceyHbIM HAa3bIBAIOT HOPMAJIbHO OTKPBHITBIA KJallaH, IpH cpadaTbIBaHUU
MEePEKPHIBAOIINN MAarUCTPAIIb.

['maBHBIM HA3BIBAIOT KJIAamaH, BBITIOJHSIONMN (YHKIIMA KaK MMyCKOBOTO, TaK U
OTCEYHOr0 KJIamaHa M CTOSAMIMKA Ha MarucTpalid ITOJadd KOMIIOHCHTa TOIUIMBA B
KaMmepy JBUTATEIIS.

PaznenuTenbHBIN KIallaH OTAeNIIeT 0aK OT MAaruCTPald C IENbI0 MPeIOTBPAIICHUS
yTEUYEeK KOMIIOHEHTA TOILJIMBA Yepe3 arperarsl ocie 3aJIMBKU OaKa.

JlpeHa)KHBIM KJIallaH IMpeJHa3HadeH IS COOOIICHHMS B ONPEACICHHBIE MOMEHTHI
BPEMEHH TOJIOCTEW arperata ¢ OKpY’Karolled cpesioil ¢ LeNblo yAalleHHs U3 HUX
HEHY)KHBIX BEIICCTB.

[IpenoxpaHuTeIbHBIC KIIalaHbl IIPEJIOTBPAIIAIOT YPE3MEPHOE TTOBBIIICHNE TaBIICHHS
B 3amumaemMoi mosioctu. OOpaTHBIE KIIAMaHbl HE JOMYCKAIOT TEUEHUS raza WM
KUJAKOCTH TI0O MArucTpajisiM B OOpaTHOM HAampaBlIeHWU. PerupKyIsiHOHHEIE
KJIAllaHbl 00ECTIEYMBAIOT B OMPENEICHHBIE MOMEHTHI paboThl J[Y HHPKYISAIUIO
KUJIKOCTH 10 3aMKHYTOMY KOHTYPY.

CnuBHBIE W 3alpaBOYHBIC KJIAMaHbl YCTAHABIMBAIOT BMECTO MPOOOK B CiIydasx,

Korja HeoOXoJAMMO OOeCHeuHTh JHUCTAHIMOHHOE YIPaBICHUS 3alpaBKOW WU
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CJIMBOM BCIIICCTBA.

2.3. IIpoexTrpoBaHUE KIIAMIaHOB

B TexHMueckoM 3amaHWM Ha TMPOCKTUPOBAHHE KIIAlMaHa YKa3bIBAIOT €To
Ha3HAuCHWE, TIeperaj JaBJIeHUS Ha HEM B OTKPHITOM W B 3aKPHITOM
COCTOSIHUSIX, BpeMs cpabdaThIBaHUsS, BEIMYMHY YTEYCK B 3aKPHITOM COCTOSHHH,
rabapuThl, Maccy, pecypc M HaJEKHOCTh pabOTHI, JUIUTETLHOCTh XPaHEHUS.

[Tociie mory4eHus] TEXHHYECKOTO 3aJaHus IPOSKTUPOBAHNE KIIallaHa
BEJICTCS B CIEAYIONIEM MOPSIIKE:

- BBIOMPAIOT THII KJIAIIAHA U €T0 MPUHITUITHAIEHYIO CXEMY;

- PACCUHMTHIBAIOT MPOXOIHBIC CEUCHUS MOJOCTEH;

- BBIOMPAIOT KOHCTPYKTUBHYIO CXEMY, PACCUMTHIBAIOT YCUJIUS TIPUBOJIA,
MPOU3BOIAT KOMIIOHOBKY OOIIEr0 BHJA KiamaHa, BEIOOP MaTepHaioB M pacyeT
MPOYHOCTH JeTaJEH;

- pemiarT BOMPOCH OO0CCIICUEHUS HAISKHOCTH pPadoThl (0COOCHHO
VILIOTHEHUI) ¥ TEXHOJOTHYHOCTH U3TOTOBJICHHUS,

- ONpEeneNsIoT radapuThl U Maccy.

Bvibop muna knanama omnpenensercs TeMH TpeOOBaHUSIMH, KOTOpPBIE K
HEMY TIPEABSABISIOTCS TEXHUYCCKMM 3aJlaHUEeM II0 YWCTy cpabaThIBaHwMsI,
OBICTPOICHCTBUIO, HAICKHOCTH H TEPMETUIHOCTH,

bricTponeiicTBre KialaHa XapaKTepu3yeTcsl TOJHBIM BpPEMEHEM ero
cpa0baThIBaHUS, KOTOPOE CKIIAIBIBAETCS W3 BPEMEHH CpalaThIBaHUS MPUBOJIA
U BpEeMEHM cpabaTbiBaHUsl pabOUero opraHa.

Bpewms cpabatpiBaHus TPHBOIa OTCYUTHIBAIOT OT MOMEHTA MOJa9l KOMAH]IBI 10
Havyayia JBIWKEHUs oprana. OHO XapakTepu3yeT HHEPIUOHHOCTh CHCTEMBI
YIPABJICHUS TAHHBIM KJIallaHOM.

Bpewms cpabaTeiBanmst pabouero opraHa OTCYUTHIBAIOT OT MOMEHTa Hadalla ero
JBUKEHUS 70 OCTAHOBKM B KOHEYHOM TmojokeHnu. OHO XapaKTepu3yeT Kak
WHEPITMOHHOCTh MEXaHMYECKOM CHCTEMBI KJIallaHa, TaK ¥ MOITHOCTH MPUBOJA.

OdeBuaHO, 9TO BpeMs cpabaThIBaHUS 3aBUCHUT OT THUIA W HA3HAYCHUS KJIAllaHa.
Tax, HampuMep, IS OTCEYHBIX KIIAMAHOB C MUAponpuBoaoM T, = 0,001. ..0,015 c;

T.p = 0,001c, a ¢ neBMonpuBogOoM T, = 0,05... 0,15¢c, 1.,=0,1...03¢
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B ob6mem ciiygae MOXXHO JaTh TOJIBKO CaMble MPUOIMKCHHBIE PEKOMEHIAIUU 10
BBIOOPY THIIAa KJIallaHA: B CHCTEMaX OJIHOKPATHOTO JEHCTBHUS OOBIYHO HCIOJIB3YIOTCS
aBTOMATHYECKUE WM THPOYIPABISIEMbIC KJIAlMaHbl, a B CHCTEMaX MHOTOKPATHOTO
JNCHCTBHS HOPMAJIBHO OTKPBHITBIC WM HOPMAJIBHO IPHUKPHITHIC ITHEBMOKIANAHBI C
IpSMBIM  XOJIOM paboyero opraHa WM aBTOMAaTHYECKHWe KiamaHbel. [Ipm 3Tom
KeJIaTeIbHO, YTOOBI B cucTeMax naHHOW JIY ObutM yCTaHOBJICHBI KIIAIIAaHBI C OJHUM
THIIOM IIPUBO/IA.

2.4. PacueT Ki1amaHoB.

Onpedenenue NPoXOOHbIX ceyeHUull Kianana. BenuduHy TPOXOIHBIX CEUYCHHM
MOJIOCTEH Ta30BBIX KIIAMMAHOB OMPEICIIIOT M3 YCIOBUS TEUEHUS MOTOKA C JO3BYKOBOM
CKOpOCThI0. UTOOBI HE YBENIWYMBATH CHJIBHO TOTEPU AABJICHHS B THAPOKIIANIaHAX,
CKOPOCTh TIOTOKAa B HUX NMPHHUMAIOT OOBITYHO HECKOJIBKO MEHBIIIE CKOPOCTH TCUCHUS B
TpyOompoBoaax. JlnaMeTpsl BXOJHOTO W BBIXOJHOTO MATPYOKOB KJIallaHa BHIOMPAIOT

paBHBIMU TUaMETpPaM COOTBCTCTBYIOIINX Tp}I6OHp0BOI[OB.

o
a

Puc. 2.2. OcHoBHBIC pa3Mephl KjamaHa (a) U yCHUJIHS, ISHCTBYIOIINE Ha Tapellb

JluameTp mpoXomHOTO cedeHHs cemna O BBHIOMpPAIOT TPUOTM3UTENHHO PABHBIM
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IUaMeTpy BXOJHOI0 NaTpyOKa, a JuaMeTp 3allOPHOTO OpraHa OOBIYHO COCTABIISET
d = (1,15 -1,25)d,
HpudeM 0oJiblliee 3HaYEHNE MPUHUMAIOT JIJIsl TTIOCKOM Tapesi.

JluaMeTp moyioCcTH, B KOTOPOH MepeMeIiaeTcsi Tapesib, OOBIYHO BRIOUPAIOT U3

COOTHOLICHU A

D=.2.d

aBTOMAaTHYeCKOro kijamaHa B 3akpeiToM (0) W OTKpbeITOM (B) COCTOSHUSX

[lo 3amaHHBIM pacxody depe3 kinamaH My, U CTaTUYECKOMY Iepenaay AaBJICHHs Ha
KJIallaHE T[PUd €ro IOJHOM OTKPBITUM [Ip ONPEAENSIIOT HEO0OXOAMMYI0 IUIONIajib
MIPOXOJIHOTO CEYEHUS IIEITU MEXIY Tapesibio U CEAJIOM

m

SH — Kl ,

5 APy
Jo)

rae | — koddummeHTt pacxoaa,
p - TUIOTHOCTH paboyero BElIeCTBa,

Apo — mepenaj JaBlIeHUs la OTKPBITOM KJallaHe,

Ap 0~ pr o~ pBBIX 0.
Benmnuuny kosdduunenta pacxoma BhIOUpPAIOT B 3aBUCUMOCTH OT (DOPMBI 3alOPHOTO
oprasa: st KOHn4eckoro u maposoro p =0,52...0,56, mis mnockoro p = 0,58...0,62.
[Tnomans S, cBs3aHa ¢ TEOMETPUUECKUMH Pa3MEPaMH IIETH COOTHOMIEHUEM
S, =nd hsing,
rae h — BeicoTa mogbemMa (XO0J1) Tapenu;
( — TIOJIOBHMHA yTJjla KOHYCHOCTH KjamaHa (yis miockoi Tapemu ¢ = 90°).
Jlpunumasi B IpOXOJHBIX CEYEHUSX CeJJIa U IIEIN OJIMHAKOBBIMU BEIMUHUHbI
Kod(punirenTa pacxoaa u CKOPOCTH TEUEHUS MOTOKA, MOKHO HAWTH BEJIMUUHY X012
TapeI: h=d/4sin o.
OOGBIYHO 1151 OONBIITUX KJIAIMMAHOB C IJIOCKON Tapeibi0 BHIOUPAIOT
h=(0,2...0,25) d.
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Jexuus 9

2.5. Pacuer ycuwinii B KJanaHax

1. Jlna asmomamuueckoco knanana HEOOXOJUMO  ONPEAEIUTH pa3Mepbl U
XapaKTEPUCTUKY MNPYKUHBI. YPaBHEHUE PABHOBECHS CUJI, JEUCTBYIOIIMX Ha 3alOPHBIN

Ooprad IIpH 3aKpbITOM KJIAIIaHC (pI/IF23), MOKHO 3aI1nucaThb B BUJIC
P3+ PF_PHH:O’

rae Ps - paBHojaelcTByIomIasi Cuil J@BJICHHUS] CpPellbl Ha 3alOpHBIA OpraH mpu

3aKPbITOM KJIAIIaHC,

_ 2 2142 .
Ps=(md“/4) (p sx3s -(1-dy" /d°)p srixs); (1)
DPBX3 Y PBhIx3 - COOTBETCTBEHHO JABJIEHUS HA BXOJAE W HaA BBLIXOJE IIPHU 3aKPHITOM
KJIAIIaHE;

d,, — IuamMeTp IITOKa Tapelu;

Pr — yCHJme, HGO6XOI[I/IMOC I obecreueHus IFepMCTUYHOCTH KJIaIlaHa,

Py - HavanmpHOE yCuime npyKHUHBI.

, B)H

==

Puc. 2.3.
Ycunme, HeoOxoammoe s OOECIedeHHs] TePMETHYHOCTH KJIaraHa,
Pr =kr g, Skxsineg, (2)

rae r — MUHUMAJIbHO HOTpe6HOe KOHTAaKTHOC JaBJICHUC HA YIIJIOTHAIOIINX

IMOBCPXHOCTAX IJIA oOecrieueHus TFCPMECTUYHOCTH, ONPEACIACMOC OIBITHBIM IIYTEM ,
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K, - Kod(ddumuent 3amaca (k; >2);

Sii =m db - mTomaas CONPUKOCHOBEHUS YIUIOTHSIONMX TOBEPXHOCTEH;
b --- mupHHAa KOHTAaKTa YIUIOTHSIONIMX IOBEPXHOCTEH.
HawaneHoe ycuue npyxkuabl Ppy = ¢ h g,
IJie ¢- KECTKOCTh MPY>KHUHBI;
hpg - HavaabHOE MOJKATHE MPYKHUHBI.
YpaBHEHHE PABHOBECHS CHUJI, ICHCTBYIONIUX HA 3aIIOPHBIN OpraH MPH MOJHOCTHIO
OTKpBITOM Kjamane (puc.2.3, B), 3alUIIEM B BHIE

Po = PHK’ (3)

{'1
LAY

Puc.2.4.

rae P« — KOHEUHOe ycunue npyKUHbI.
JIeWCTBUTENIPHOE 3HAYEHUWE PABHOACHCTBYIOIIEH CHJI JABJICHUS CPENIbl HA

SaHOPHBIfI opraH HpI/I ITIOJIHOM €T0 OTKpBITI/II/I
2
Po= 7d? Apo /4ky,

rae Ky — KOOQUIHUEHT Harpy3Ku, KOTOPbIM YUYUTHIBAET CHUXKEHHE JCHUCTBUTEIHHOM
Harpy3Kuy Ha 3alOpHBIA OPraH M0 CPAaBHEHUIO C TEOPETUYECKOM BCIEICTBHUE TOTO, YTO
nepenaj JaBjeHusl, IeUCTBYIOUIUNA MPU 00TEKAHUU CPEAON 3alOPHOTO opraHa, OyaeT

MCHBIIC IICpCIIaga Ha KIaIllaHeC. BCJ’II/I‘II/IHy €0 HaXO AT SKCIICPUMCHTAJIBHO.

Koneunoe ycwime npyxunsl Py, = ¢ (hpy +h).

(4)
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W3 ypaBaenuii (1) wu (3), moacTaBuB B HUX 3HAYCHHS CHI Py 1 Py, MOXHO
HaWTU KO3(P(PUIIMEHT KECTKOCTU
C= (Po—P3; -P)/h;
Homm =h(P; + Pr)/(Py - P3—P;).

[Ipu pacuere auddepeHIMaATBHBIX KIanaHoB B (opMysax s ONpeAeIICHUS
yeunuii P3 u Py BMecTo kBagpara nuameTpa d Hy)KHO B pacdeT NMPUHUMATh Pa3HOCTh

KBaxpaToB auameTpos (d,¥ — di).

Pacuem ycunuii 6 ynpasnsemvix knananax. [{st ynpaBisieMbIX KJIalIaHOB HY>KHO
paccuuTaTh yCuiue, KOTOpoe JI0KEH pa3BUBATh MPUBOJI B MOMEHT cpadaThIBaHUS
KJIaraHa. Y cuiane npuBoaa, HeoOXoAuMOoe sl HAYalbHOTO OTKPBITUS HOPMAIbHO

3aKPbITOI'O KjaallaHa, MOXKHO HAWUTU U3 YpaBHCHUA

Prp3 =Py + Prp - P3
a ycwiue, yACp)KUBAIoIee Tapelib KiialaHa B OTKPBITOM COCTOSIHHH, - U3 YPABHCHHSI

Pr[pO = PHK - PO-

3nech Prp — cymmapHasd cuia TpeHus, AEHMCTBYIOIIAA HA 3alIOPHBIA  OpraH;

Prp — ycuiue nipuBopa.

Puc. 2.3 (moBTopenue).
B nopmanvno omxpvimom kianawe B HAYaIbHBIA MOMEHT JBYDKCHHS Tapeid

YCUIIHC IIPHUBOAA

PnpO = PHH + PTp _PO;
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a ycwiue, 00eCIeunBaroniee IepMETUIHOCTh 3aKPBITOTO KITAlaHa,
Prp3 =P+ Pr—Ps.

IIpu stOoM BenmumHy ycunuid Po m P3  ompemensror B 3aBHCUMOCTH  OT
HaIpaBJICHUs OTOKA KUIKOCTH, OOTEKAIOIIEH Ki1amnaH.

[lonyyeHHbIE pacyeTHblE 3HAYEHUS YMHOXKAIOT Ha KO3(PQUUIMEHT 3amaca
Knpp = 1,2 ... 2, mOoCIIe uero onpenesoT pa3sMepsl 2J1EMEHTOB IIPUBOJA.

B cinydae nOpuUMEHEHMS  9IEeKMPOMACHUMHO20  NPUBOOd  PAaCCUUTHIBAIOT
ANIEKTPOMArHUT KjanaHa.

[Ipu rcnonap30BaHUM nUpONpUEoOa BEIOUPAIOT TUIIOPA3MEP MUPONATPOHA.

[Ipu pacuere pa3MepoB nHesMO- WIH  2UOpONpu6oda HEOOXOAUMO BHayaie
BBIOpaTh BEJIMYMHY YIPABISAIOIIErO0 [aBJIEHUA padoyero tena. IDTO JABICHHE
3aBUCHUT OT HAJIMYMSI UCTOYHUKOB T'a3a WU KUIKOCTH IMOBBIIIEHHOTO JABJICHUS U OT
napamMeTpOB UMEIOIIMXCS YIPABISIIOUIMX KJIAMaHOB U peAyKTopoB. IIpu yBennuennun
VIOPAaBIAIOMIET0 JaBJICHUS YMEHBINAIOTCA TabapuThl U BeC MPUBOAA, HO

YCIOXKHSIETCSL 00eCTIieYeHnEe repMETUYHOCTH MOJIOCTEH.

2.6. KommnoHoBKa Ki1amaHa

[Tpy KOMIIOHOBKE BBHIOMPAIOT (GOPMY W MaTepuas JeTajell U PacCUUTHIBAIOT UX
Ha TIPOYHOCTh M JKECTKOCTh, B pE3ylbTaTe UYEr0 OIPEACISIOT HEIOCTAONINE
pa3Mepsl. Kpome pacuera Ha CTaTUYECKHE HATPY3KA HEOOXOUMO TaKKe MPOBECTH
MPOBEPKY MPOYHOCTH MPHU JACHCTBUN JUHAMUYECKUX HATPY30K, BOSHUKAIOIINUX TPH
MOSBJICHUM B MATUCTPAIA THApPOYyJapa WIW TyJdbCallud AaBieHus. MeToamnka
pacdeTa BeTWYHHBI JABJICHUS TPU THAPOYIape Wik KodhOUIMeHTa TMHAMAIHOCTH
TIPY MTYJIBCAITUAX TaBJIICHHSI B MATUCTPAJIN MPUBEICHA B CIICIIMAIBHBIX padoTax.

Oco00e BHMMaHUE TMPU KOMIIOHOBKE HEOOXOAMMO OOpaillaTh Ha oOecredyeHue
TePMETUYHOCTH KJIalMaHa. YIUIOTHEHHE B MECTE€ IIOCaAKA Tapeld Ha CeIjio
JOCTUTAETCS. C TOMOINBI0 WX B3aUMHOW TNPUTUPKA WJIH C TOMOIIBIO
VIUTOTHUTEIBHBIX KOJICIl M3 OoJjiee MATKOro Marepuaia (pe3uHa, IIacTMacChl,
MSTKHE METAJIJIBI), YCTAHABIMBACMBIX B KOJIBIICBBIX Ma3ax Tapesu. [ yIUIOTHeHHS

HOpIHHCﬁ N IITOKOB HCIIOJB3YIOT pPas3siindHbIC PC3MHOBBLIC H (I)TOpOHJ'IaCTOBI)IC
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KOJIbIIa ¥ MAaHXKETHI, a TaK)Ke MeTauTndeckue cuiab(oHsl. [Ipumenenne cuibGOHOB
BMECTO KOJIEI] 1 MAH)XET TO3BOJISIET YIYUIIATh CTA0MILHOCTh PAOOTHI KJlamaHa, TaKk
KaK MCKIIOYaeT JIEUCTBUE CHUJ TPEHHUs, KOTOpPhIE HMMEIOT OOJBINON pazdpoc Mmo
BEITUYMHE.

Oco0eHHO CIO0XKHO 00ecneyuTh padOTOCIOCOOHOCTh KilanaHa MpU HUZKUX WU
BBICOKMX TeMIlepaTypax. VM3MeHeHue TeMIiepaTyphl B Tpoliecce padoThl KiamaHa
MPUBOIAT K W3MEHEHUIO CBOWCTB MATEPUAJIOB U TMOSBICHUIO TEPMHUYECCKUX
HampspKeHui. VI3MeHeHne KECTKOCTH TPYKUH CUJIBHO CKa3bIBAETCS HA BPEMCHHU
cpabaTeIBaHUs KiamaHa. M3MeHEHHe 3a30pOB M MOCAJTOK B COCIUHCHUSIX JETAICH
(ocobeHHO B ciydae, €CIM OHU M3TOTOBJICHBl M3 MATEPUATIOB C Pa3IMYHBIMU
KOA(PPUITUCHTAMH JIMHEHHOTO PACIIUPEHUSI) MOXET MPUBOJUTH K 3aKIIMHUBAHUIO
MOJIBYDKHBIX JIETaCH, 3aupaM Ha MX MOBEPXHOCTH WX, HA0OOPOT, K YBEIHMUCHUIO
3a30pOB, OCIA0JICHWIO 3aTsHKKM  TaeK M, CJENIOBAaTeNbHO, K  YXYAINICHUIO
TepPMETUYHOCTH. VI3MEHEHHE arperatHoro COCTOSHUS paboumx Ten (3amep3aHue
KUJIKOCTEH WM WX Ta3u(pUKAIUs, pa3oKeHUe, KOHIACHCAINS apoB) MPUBOIUT K
HEYCTOWYMBON paboTe KiamaHa WIM Jaxe K ero aeapuu. [lodTomMy mipm
MPOCKTUPOBAHUH TAKUX KIIAMTAHOB HEOOXOUMO MPEAYCMOTPETh UX 3aXOJIaKUBAHHEC
nepes1 3aImycKoM, TOIOTPEB WA, HA000POT, OXJIAKICHUE HEKOTOPBIX 3JIEMEHTOB BO
BpeMsi pabOThl, OPEHAX IOJOCTEH, BBHIOOP COOTBETCTBYIOIIUX MAaTEPHUAIIOB IS
W3TOTOBIICHHS JETAJIC W HA3HAYCHHE JOMYCKOB U TOCANOK C yU4€TOM H3MCHCHHSI
pa3MepoB B pabouux ycioBusx. [IpoBeneHne mogoOHBIX MEPONPHUATANA TIO3BOJISICT
co37aTh KIIAMaHbl, KOTOPHIE HAMEKHO pabOTAIOT TPH TEeMIEpaType >KUIKOTO
Bogoposa 20 K win ke B Ta30BBIX MarucTpalsx ¢ Temmeparypoi raza go 700 K.

JIJIss WM3rOTOBIIGHUS JAETalied KJIalmaHOB HWCIONB3YIOT CTalld, AJIOMHUHUEBBIE W
TUTAaHOBBIC CIUIaBbl. KoOpmyca KIamaHOB W3rOTABIWBAIOT TOYHBIM JINTHEM WIIA
IIITAMITOBKOM, TOJBW)XHBIC JeTanu (Tapeid, IITOKH, MOPIIHU) — IITaMIIOBKOW C
MOCJEAYIONIe MeXaHWueckol o0pabOTKOHM, TPYXKUHBI, CHIbPOHBI — MO

CIIENUATBLHON TEXHOJIOTUH.

2.7. OmpeneneHue THAPABIMYECKON XapaKTePUCTUKH KilaraHa
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[Toce KOMITOHOBKM PacCUMTHIBAIOT THAPABIUYCCKYIO XapaKTEPUCTHKY KJlaraHa,
T. €. 3aBHCHMOCTh IIOTEpbh JAaBJICHUS B HEM OT BEJIUYHMHBI MacCOBOTO pacxoja
pabouero BeliecTna.

JIiss aBTOMATHYECKOTO KJIalaHa, PAacCMOTPEHHOTO Ha MPOIUION JICKIMH U3
ypaBHenu# (3) u (4) Haitnem

Ap =4 KkPy /nd. (5)
3aTeM B popMymy JJIsl OPEACIICHUS TOTEPh AaBJICHUS B KJalaHe

Ap =Epw/ 2,

rae & — Kod(PPUIUEeHT TUIPaBINYECKOTO COMPOTUBIICHUS, MPUBOJAUMBINA B CIIpa-

BOYHHUKAX, TOJCTaBUM BhIpaskeHne Ap u3 (5) m W M3 ypaBHEHHUS HEPa3phIBHOCTH
m=pFw,

rnie F=nd/4

B pesynbrare nosnyuum

2
m_ = %gupnx (6)

Pemast coBmectHo ypaBuenus (5) uw (6) MeToAOM TOCIEIOBATEIBHBIX

MPUOMKEHUH, MOKHO PACCUUTATh UICKOMYIO XapaKTEPUCTUKY KiIalaHa
Ap=f(m).

Ha ocHoBe moilydeHHON KOMIOHOBKH pa3padaThiBalOT pabouue U cOOpOUHbBIE
YepTEXKH, HA3HAYAIOT BEChbMa JKECTKHE TCXHHUYECKHE TPeOOBaHHUS Ha M3TOTOBIICHHE,
cOOpKy U ucmbITaHus KianaHa. OMBITHRIE SK3EMIUIAPHI KilanmaHa MPOXOasT cHavasa
ABTOHOMHBIC JIOBOJOYHBIC MCIBITAHHUSA, a 3aTe€M — HCIBITAHUS B COCTaBE BCETO
neuratens. [Ipy aBTOHOMHBIX HCTIBITAHUSX TPOU3BOIAT MPOIMBKY KjlamaHa ¢ IETbIo

CHATHA THAPABIMYCCKHX XAPAKTCPHUCTUK, IPOBCPKY IMMPOYHOCTU IPH CTATHICCKOM
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Harpy>keHuH, TUApPOyAape, BUOpalMK KiamaHa W MyJbCallUiaX AaBJieHUs paboyero
BEIIECTBA B MAaruCTpajH, a TaK)Ke OMpeAeiIeHUEe TEPMETHYHOCTH BCEX COCAMHECHUH,
BpEMEHU CpadaThIBaHHUs, YHCIAa BO3MOXXHBIX CpabaThIBAHUM M WX CTaOMJIHBHOCTH.
WcnbiTanust KkiamaHa B COCTaBe JBUTATeNsi MO3BOJSIOT YCTAHOBUTH B3aMMHOE
BIIMSIHUE arperaToB, KOTOPOE MOKET OCYIIECTB.JISIThCS Yepe3 o0IIue TpyOoonpoBO/IbI,
ANEKTPUYECKUE ITenu U Yy3ibl KperieHus. Oco0oe BHUMaHHME oOOpamaroT Ha
COTJIAaCOBAHME BPEMEHU CpabaThIBAHUS arperaTos.

ITocne MOBOAOYHBIX HCHBITAHUNA W TPUEMKH KOMHCCHEH KIIamaH MmepeaacTcs

B CEpUITHOE MPOU3BOACTBO.
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Jexuus 10

2.8. KoHcTpykius u pacyet ¢JiaHIEeBbIX COeTUHEHU

Hasznauenue u mpebosanusi. ®@naHiieBble COeAMHEHUS MPEIHA3HAYEHBI JJIsI COSIMHEHUS
KOPITYCOB H TPYOOIIPOBOIOB BbicOKOoro naBicHus nmpu d >40mm. [Ipu MeHbIIEM
auameTpe d 1enecoo0pa3Ho UCII0Ib30BaTh COCIUMHEHHS ¢ HAKUIHOW TraliKoi.

B kamepax cpennux tar (P =100...1000xH) ¢uranneBbie coeTMHEHHUS TPUMEHSIOT B
MarucTpayiax OKucIuTels (OONBIIOi TuaMeTp), BO MHOTHX CITydasx M B MarucTpasix
TOpPIOYETO.

Oco0eHHO TsKeNble YCI0BUs padoThl (DJIAHIIEBOTO COSUHEHUS Ta30BoAa C TYPOUHOU
B JKP/I ¢ noxxuranueM: couetanuie OOJBIIOTO JUAMETPa, BBICOKUX JABICHUS U
temneparypsl. Kpome Toro, 3To coeluHeHNE OABEPTraeTcsl BUOpALIUK U TETIOBOMY
yAapy U IpU 3TOM JOJKHO UMETh MUHUMAJIbHYIO Maccy. YacTo UCMonab3ylOTCsl ATH

coequHeHus B koprycax THA u kiananax.

{
[\ /"

N\

N
mvv/\m/ }/‘

vy

Puc.2.5. ®nanneBoe coequnenue:l — dmaner; 2 — Brynka ¢aaHia,
3 — ymiotHenue (npokiaaka); 4 — 60aTHI.
TpeboBanus k daanneBbiM coequaeHusM JKP/I:
1. HeoOxoauMasi CTENICHb TEPMETHYHOCTH COeTMHEHUs ( M3MepsIeTCsl BETMUNHOM JIOITyC-
TUMOW YTEUKH KOHTPOJIBHOTO T'a3a).
2. MuHnManbsHas Macca U TabapuThl COSTUHEHUSI.

3. [IpocToTa M3roTOBIEHUS ACTANCH U COOPKHU COSTUHEHUS.
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Cunosvie cxemvl (haanyesvix coeOuHeHull
CunoBas cxemMa COCAMHEHMS IMOKAa3bIBAET KAaK 3aMbIKACTCS B COCAUHECHHU YCUJIUE
3aTSKKU U KaK 4epe3 COCIMHEHNE NEPENAOTCA BHEIIHUE HATPY3KHU.
CunoBasg cxeMa 3aBHUCUT OT TOrO, KaK CO3[aeTCs YIUIOTHSIONIEEC YCUJIUE Ha
YIUIOTHEHUHU.
JJ1st TepMETUYHOCTU COECIMHEHUE JIOJHKHO OBITh CXKAaTO BCE BPEMs JOCTATOYHO OOJBIIUM
ycunueM. [1o cuinoBoitl cxeme paznuyarorcs (pIaHIEeBbIe COCTMHEHUS IBYX THIIOB!

dnanieBbie cOeTMHEHNUA

C HEKOHTaKTHPYIOIIUMHU

C KOHTaKTUPYIOMUMH (IaHIIAMU
(bnanuamu

B nepevlx U3 Hux yCUime OT 3aTAKKA 0O0JTOB 3aMBIKACTCS qcpe3 YINIOTHCHHC

(poKITaIKy):

Puc.2.6.

3nech Qg — ycumme 3aTsHKKH 00NTOB; R, - CHia peakiuu MpOKIaaKH.

Iocne c6opku coequHenus Beeraa |Q,|=|R,

[Ipu 3ToM (haaHBl ypyro u3rudar0Tcs, O0ATHI yHIPYTo TAHYTCS. YIPYrocTh (pjaHUEB U

00JTOB 0OecrieYuBaeT HEOOXOIUMOE CHKATUE TTPOKIAIKH.
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[lycTh Tenepsb B coeIMHEHUE MOAAETCSl BHYTpEHHEe naBieHue p. Ha coequnenue Oyaet

d?

NEWCTBOBATH pacTAruBamomas cuina P=p . YpaBHEHHE PaBHOBECUS MPHU ITOM

Q,=P+R

[TIpu atom Qs pacret, a R, - ymensmaercs. OuaHIbl H3rudarOTCs emié OoJIbIIe,
IpokIajka BoccranaBnuBaetcs. [lpu nagennn R, < Rp d4epe3 npokiaaKy HauMHAETCS
yTeuKa Cpelbl U COEMHEHUE HE pabOTOCIIOCOOHO.

Ecnu Bce metanu BRIMOTHEHBI U3 TUIACTUYHBIX MAaTEPUANIOB, TO IIPHU HATPYKEHUU
JaBJIEHUEM BCEr/1a MPOUCXOAMUT pa3repMeTU3alysl COEAMHEHNUs, a HEro pa3pyllieHuUE.

[IpeumyiecTBa TaKuX COCI[HHGHPIFI:

1) Ipoxaaka (YIjIOTHEHUE) MOXKET OBITH BBITIOJTHEHO U3 HEYNPYTUX MAaTEPHUAJIOB:
MapoOHUTA, MEH, AIFOMUHUS U T.1I.,

2) [IpenbsABISIOTCS HEBBICOKHE TPEOOBAaHUS K TOYUHOCTH U3TOTOBJICHHS JIeTaJIeH U
IIEPOXOBATOCTH YIUIOTHUTEIIBHBIX TOBEPXHOCTEH.

HenocraTtku:

1) Bce BHENTHUE HATPY3KH , ICHCTBYOIIME HA TPYyOOTIPOBOI, IEPEIAIOTCS Ha MPOKIAKY
(BuOparmu, U3rudarore MOMEHTHI), YTO IPHUBOIUT K YCAJIKE MPOKIAIKH U TOSBICHUIO
YTEUKHU.

2) Ecnu paGoyast cpejia IMeeT BBICOKYIO IIEPEMEHHYIO TEMIIEPaTypy, TO MPOKIAIKa
pacuupsieTcs 00Jbliie, YeM OOJITHI, ¥ IIPH ATOM JOTOJIHUTEIBHO 00KUMaeTcs. Bo3Hukaer
yTeuKa.

3) Tak kak ¢aaHIBl padOTAOT Ha M3TMO, TO TOJIIIMHA UX 3HAYUTCIIHHA.

B coedunenusix ¢ konmakmupyrowumu ranyamy ycuaue 3aTsHKKU O0JITOB nepeaaeTcs
yepe3 onopHbie (IpHUBaIOYHbIC) TOBEPXHOCTHU (IaHIICB.

Iocre 3atsukku umeeM Q| =|R, +R,|. B atoM ciydae cuna Ry, cosmaercs TombKo 3a cuer

YIPYTOCTH MPOKJIAIKN U TIaBJICHUS Cpeibl (CAaMOYIUIOTHCHHUS).
[Ipu HarpykeHUU COECIMHEHUA NABJICHUEM YPaBHEHUE PABHOBECUS

|Q5|:‘R¢ + P+Rn\
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Puc.2.7.

OObI4HO cuuTaloT, uTo R;; =CONSt 10 Tex mop, nmoka (pJaaHIbl HE HAYMHAIOT PACXOAUTHCS.

[IpeumyiecTBa COCAMHECHUN ¢ KOHTAKTUP YIOILIUMHU d)JIaHI_IaMI/I:

1) BHemHue Harpy3kd Ha TPyOONPOBOJ IMEPENaloTCs 4epe3 jKecTKue (aHIbl, MUHYS
npokiaaky. [loaTomy 3Tu coenuuenus 6osiee BUOPOYCTONUHBHI.

2) B atux coenuHeHHMSAX Ha (DIAHIBI JAEWCTBYST MEHBIIUN H3rHOAIOMUA MOMEHT U
TOJIIMHA KX MOXXET OBITh MEHBIIIC.

HenocraTtku:

1) HeoOxomuMOoCTh UMETh CIIOXKHBIE (YIPYTHE H CAMOYIUIOTHSIONTUECS ) MTPOKIIAIKH.

2) Bosee BBICOKash TOUHOCTD U3TOTOBJICHUS (DJTAHIIEB U TIPOKJIAIKH.

B KPJ/l npuMeHSI0T COEAMHEHHUSI U TOro W Apyroro tuna. [Ipu BBICOKOM AaBICHHU U
TEMIIEpaType B OCHOBHOM COCIUHCHHS C KOHTAaKTHpyrommMu (iaHiamu. B xoprmycax

THA 00BIYHO COEAMHEHUSI C KOHTAKTUPYIOIIUMU (DIIaHIIaMU.

2.9. YCI0BUS TepPMETHYHOCTH COCTMHEHUI
[Togq repMeTHYHOCTBIO ITOHMMAETCS HEIPOHUIIAEMOCTh COCIMHCHHUN I pabouei
CpEIbI.
[TockombKy aOCOTIOTHON TEPMETHYHOCTH JOOUTHCS TPYAHO, JUISI OTBETCTBEHHBIX
COCIMHEHUN B TEXHUYCCKUX TPEOOBAHUSIX OTOBAPUBAIOT JOIMMYCTUMYIO BEIMUYUHY YTEUKU
( B equnuIax pacxoja). Jas HemoABMKHBIX COSIUHEHUI OHA MOXKET OBITh OUYEHb MaJla.
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VYTeuka MpOUCXOAUT B KOHTAKTE COMPATAEMBIX MOBEPXHOCTEN Aeraneil. PaccmoTpum
KOHTAKT JIByX METAJNINYECKUX IMOBEPXHOCTEM.

IIpy cxatum 1IEPOXOBATOCTh HA YIUIOTHUTENBHBIX MOBEPXHOCTSIX CMHUHACTCS
YAaCTUYHO IUJIACTHYECKH, YAaCTUYHO YIPYro, HO IPU YNPYroM KOHTAKTE€ BCErga He
MOJHOCTBEO.  MeXy  YIUIOTHUTENbHBIMH  MOBEPXHOCTAMHU  BCErja  OCTAKTCS

MUKpOKaHambl. [Ipy cCHIDKEHUHU C:KUMAKOIIEH Harpy3KH ynpyras 4acTh gedopma-

N
N

Puc.2.8.

MU BOCCTAHABJIMBAETCS U KaHAJIbl YBEIUYUBAIOTCA — HAUMHAETCS yTEUKa.

[loaTOMy yYIJIOTHUTENbHBIE MOBEPXHOCTH HAJO CXKHUMATh BCE BpeMsi OOJIbIIUM
ycunueM. UtoObl pabouast cpeia He pacKpblia YIUIOTHUTENIbHbIE TOBEPXHOCTH, JaBICHUE
CKATHUS TOJDKHO OBITh HE MEHBIIIE JIaBICHUS CPEIbI.

Hcxonst w3 3THX MNOpEACTAaBICHUN MEXKIY VYIUIOTHUTEIbHBIMU TOBEPXHOCTIMU
KEIaTeIbHO TMOJOXKUTh TMPOKIAIKYy U3 MSTKOTO MaTepuana, MHKPOIIEPOXOBATOCTh
KoToporo OyzaeTr aeopMUpPOBATHCS TONBKO MIACTUYECKA M 3aMOJHUT MHUKPOKAHAJbI.
Tak w npenatror. OpHako MATKHA Marepwal (C HHU3KHM MPEACIOM TEKYYECTH) IpH
MOCTOSTHHOM Harpy3ke ''Teuer’, "'ycaxuBaeTcs' U 3aTshKKa ociabeBaert.

UYT0oOBI NOJIYYUTH TEPMETUYHOCTH COCAMHEHUS HEOOXOIUMO
1. Ilpu cOopke coenuHEeHHs OO0€CHEYUTh O0O0KaTHE TMPOKIAAKHA, TO €CTh JIOBECTH
MOBEPXHOCTHBIE CJIOM MaTepHayia JO0 COCTOSHMS TeKydecTH. [[s 3Toro HeoO-X0aumMo

CaTh MPOKJIAJKY YCHUINEM

64



Qaﬁo«r = Qg X Fym )
rae g, -JdaBJIeHHE 00XaTHs, KOTOPOE 3aBUCUT OT MaTepuaia NpOKIaaKH.
2. Bo Bpems paboThI COeAMHEHHS 00ECTIEYNTh Ha TIOBEPXHOCTH MPOKIAIKH JaBje-HUE
CKaTHsl HE H)KE€ MUHUMAJIbHO HeoOxXoauMoro ( . Bennuuna ( ;. 3aBUCUT OT MaTepuaia
MPOKJIAJKHY, TABJICHUSI U CBOMCTB paboyeil cpepbl.
OOBIYHO MPUHUMAIOT JIMHEHHYIO 3aBUCUMOCTh OT JaBJIEHUS Cpelbl (. =mp,
rae M — OpoKJIaJOYHbIA KOA(Q(PUIMEHT; p — AaBICHUE CPEIBI.

Ha mpoknajake JOJKHO ObITh yCcuiane Q. >q,xF

HexoTtopsie nanHbIe J o6, MIIa m
Pe3una 2,5 1
CBuHen 5 1
Menap MArkast 70 2,4
Cranp X18HIT 100 3,2

Taxkum 06pa30M, YCIOBUA TCPMETUYHOCTHU
Q3aT$I)KKI/I > Q 00K Hu QHpOK > QF
prl/lepbl ynpyaux camoyniomHAIOUUXCA I’lpOKJlCl@OK
Ha IIEPBOM  PUCYHKE TIIOKa3aHO VYIUIOTHHUTCIIBHOC KOJBIO, CCUYCHHUC KOTOPOIO
npeacTarisier npyxuny (peccopy). Ha BHYTpPeHHIOIO MOBEPXHOCTH KOJIbIA JCHCTBYET

JABJICHUE, KOTOPOE YBEJIIMYUBAET YIPYTYIO CUITY.

Puc.2.9.
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[TosTomy R,=R, +k.p, 1)

rae Ry, - ynpyras peaknust konsia; Ke - koad@uimeHT caMoymioTHeHHS.

CnpaBa moOKa3aHO PE3MHOBOE YIUIOTHUTEIbHOE KOJbIO. [lojg aeiicTBUeM NaBlieHUs
KOJIBIIO TPUHUMAET (JOPMY KaHABKH, B KOTOPOUl HaxoauTcs. Pe3nna umeet koadduiment
[Tyaccona p ~ 0,5, u mepemaer AaBieHHWE BO BCE CTOPOHBI OAMHAKOBO. llosaTOMy Ha
VIUIOTHUTEJIbHBIE TOBEPXHOCTU OyNeT JelWCTBOBaTh YCHIIME, OIpEAeIsieMOoe ONSTh

dopmymoii (1). B atom ciaygae k. ~ 1.
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Jlexmmg 11

2.10. KoncTpyupoBanue (pjiaHIeBbIX COeIMHEHHUI

Koncmpyuposanue coedunenuii ¢ HeKoHmaxkmupyrowumu @ranyamy COMpOBOKIAETCS
pacyeToMm, B pe3yiabTaTe KOTOPOTO HAXOISTCS:

1) pa3mepsl (1aHICB U OOJITOB;

2) ycuiHe 3aTsDKKH 00JITOB, 00SCIIeUnBalOIee TepMETUIHOCTh COSAMHCHHUS MPU padodeM

JaBJICHHU.

Puc.2.10.
[Topsimok pacueTa OCHOBHBIX Pa3MepOB:

1. Onpenensiercst ycuime 3aTSKKU OOJITOB.

d?
MakcumanbHOE BHEIIHEE YCHIHE P = pmaxT. WcXoas U3 3TOTO YCHIIHS, ONPENENSIETCs

ycuiue 3aTsoKku. B ynpoménnoM pacuete npunumaercs Q, =kP, rie K — kodphuuueHt
3aTsoKkd, k=1,5...4,5.

Yem jxecTde MpoOKIagka, TeM K Ooibmre. [[nsg markmx mpokimamok x =1,5...2, mis

CIUIONIHBIX MeTaJUINUecKux kK = 4...4,5.
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2. PaccunThiBatoT OOATHI WM MIMUAIBKH. [Ipr 3TOM Ha3HAYAIOT WX TUAMETP U YHCIIO.

JIist mosydeHuss paBHOMEPHOTO MO OKPYKHOCTH YCHJIMSI YHCJIO OOJITOB Ha3HAYAIOT
KpaTHBIM 4, Tipu BHyTpeHHeM naBieHuu p> 3MIla mar 6ontoB S = 2,5...4 amamerpa
OOJNTOB.

3. PazpabateiBatoT mpeABapUTEIbHYI0 KOHCTPYKITHIO COSTUHEHUS.

Heo0Xx0a1uMo CTpeMHUTHCS TIOMYYUTh MUHUMAJbHBIE pa3Mepsl |; u Dy,

4. PaccuuThIBAIOT TOJMIIMHY (hJIaHIIEeB, 00€CTICUMBAIOIINX HEOOXOIUMYIO KECTKOCTD.

5. IIpoBepsitoT mpOUHOCTH (PJ1aHIa B MECTE COMPSIKEHUSI C TPYOOil.

Ceuenue AB HauOoiiee HarpyKe€HHOE.

Pacuem ¢pnanyes. Haubonee npocrtas pacuetHasi cxema — ¢JiaHel pacCMaTpUBaeTCs,

KaK JKECTKOE KOJIBI0, HATPY>KEHHOE paclpeIeIéHHBIM KpyTaIuM MoMeHToM (puc.2.10).

h
Takast cxeMa IPUMEHUMA, €CJIU BBIJICPKUBACTCS COOTHOIIEHHE R—d) ~0,2.

6H

DakTHUYEeCKH Mbl TPUHUMAEM JOMYIIECHHUS:

1) ®opma cedeHHs KoJjblia Mpy aehopManui HEU3MEeHHA.

2) HampsbkeHHOE COCTOSIHME B JIIO0OM TOYKE KOJbIla — OJHOOCHOE (pacTsbKeHue,
cokarue). KoublieBble BOJIOKHA, JehOPMUPYSICh B OKPY)KHOM HAIpaBJICHUH, HE

OKa3bIBAIOT CUJIOBOI'O BO3ACHCTBHS OJHO HA APyroc.

l@b‘

7729< ~eag 7R

\

Puc. 2.11.

[Ipu nepopmanuu KOJBIO HE MEHSIET MNPSIMOYTOJIBHOTO CEYEHUSI M MOBOPAYMBAETCS
BOKPYI' LIEHTpa TKECTU ceueHus. [Ipu 3TUX AomylmieHUsX Yroa moBOpPOTa CEYCHUS

OyJneT paBeH
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_ Q6I 1_77

"o BN 1
—  In-%
12

KoadduuneHT 1 yuyuThiBaeT, 4TO 4aCTh MOMEHTA BOCTIPUHUMAETCS BTYJIKOM.

1

n= ; :
S

140,82 | [Pegh

Scp rmp rl

S+s, . .
3neck s, = 5 I':p — CPEIHUH payC CTEHKH TPYOBL.

B pacuere namo momyuuts @ < 0,013pamman (<0,75°) — mns cranm Takas aedopManus
MPOUCXOJUT B TMpeaenax ynpyroctd. Eciaum 3To ycioBue He moiydaercs, TO Hajo
yBenmmuuTh . [Ipeamonaraercs, uro npu aedopmanuu ¢ < 0,75° repMeTHIHOCTH OyIeT
oOecrieueHa BCIEJCTBUE YIIPYTOro BOCCTAHOBIEHUS MPOKIIAJIKH.

IIpoBepka nmpounocTu diradna B ceueHnu AB

B ceuennn AB (puc.2.9) duaner xecTko coequHeH ¢ BTyJIKoH (wiu ¢ TpyOoii). B aTom

CEUYEHUU JEUCTBYET MOTOHHBIN U3ru0aIONINil MOMEHT

Q.l
M = o1
! nﬂDSlﬂ

rae D, — cpennuil quamerp ocHOBaHUS BTYJIKH, Dy =dy + 8.

Hanpsoxenns n3ruda B 5TOM CEUECHUU

6M
o, = 2
Si
3amnac no npeaeiny Npo4YHOCTH N =22 nomxkeH 6bITh paBen N = 1,7...2.
o)

u

Konecmpyuposanue coeounenuti ¢ Konmaxkmupyrowumu ranyamu
KoHcTpyKkTHBHAS cXeMa TaKOTO COCTMHEHMsI IpuBeeHa Ha puc. 2.11.
[lopsimok pacuera coxpansierca. OJHaKO B 3TOM Cilydae YCWJIHME 3aTSXKKU OOJTOB HE
CBSI3aHO C TepMeTH3allued, OHO OMpeNeseTcs W3 YCJIOBUS MpuieraHus (iaHies,
KOTOPOE JTIOJXKHO 00ECIeUUTh CMAITUE MPOKIaIKU. YacTo NCIIOIB3YIOTCSl PE3UHOBBIEC UIIH
CaMOYTUIOTHAIOIIUECS MPOKIIAJIKH, KECTKOCTh KOTOPBIX HEBEIHUKA.

2
7D I, +1,

1. P= St —kpL1 2
pmax 4 Qﬁ |2

[TyHkTEI 2 ¥ 3 OCTalOTCA, KaK ¥ B pacueTe HEKOHTAKTUPYIOMIUX (DIIaHIICB.
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4. Tonuuua (yaHia onpenensieTcs U3 yeIoBUs NpoyHOCTU (prania Ha u3rub. [Ipu sTom

MpEeANoiaraeTcsi, 4YTo MKECTKOCTh ¢iaHna OyAeT AO0CTaTOYyHOM st obOecredeHus

IrCpMCTHUYHOCTHU.

d,
Jlist onipenienieHus: TONMKUHBL (pIaHLa MpU B} > 0,5 MOXeT OBITh MPUHSTA CIEAYIOIIas

H

pacueTHas cxema: ¢aHel] — Oanka, 3aaenana B ceueHu CE, ynpyro cBsizana ¢ TpyOoii u
Harpy»K€Ha pacnpeaeaéHHON Harpy3Kkou, B cyMMe paBHOM P. [Ipu 3TOM HE yYUTBIBAtOTCS
OKpY>KHBbIE HampspkeHus (Beap QuaHen He mpsMas Oanka, a koublo).IlpeacraBnenue o
3anenke B cedeHuu CE ucXoauT U3 TOro, 4YTo B 3TOM MeCTe (MIIaHLbl CTSHYThI KECTKUMHU

oosTtamMu

Puc.2.12.

Omnacnoe ceuenne CE, B KOTOpoM A€HCTBYET pacnpeaeaEHHbIN N3rn0arommnii MOMEHT

M =Pln,,
1+ Jrs( h Y 7D
rae n, =2 A=072M) N AD07 20
) | 2
+ 1 Scp ﬂl’mp

31ech  Z - YHCIIO OTBEPCTHM 1O OOJITHI;
C — IMaMETpP 3TUX OTBEPCTHUH.
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KoadduuneHT n yuutbiBaeT pacnpeaeaéHHbld U3rudaronmii MOMEHT B ceueHuu AB.

6M

Hanpsixenus B ceuennu CE o, =(D—)hz
nD, —1c

(o)
Koaddumment 3anaca npounoctu n, =—2 , n=17...2.
O u

B ceuenun AB usrubarommii MOMEHT M, = (1—171) Pl,, HaIpsDKEHUSA B OTOM CEYCHUU

6M o
Ous=——7,00¢ D, =d +s. n,=—2

uAB .
7D O u4B

mp L
Hano momyuuts n =1,7...2.
Crnenyer uMeTs B BUAY, €clid ()JIAHIIEBOE COCIWHEHHE BBIIOJHEHO W3 IUIACTUYHBIX
MaTepuasoB, TO MPEXIE, YeM MPOU30MIET ero pa3pylieHue HAYMHACTCA YTeUKa CPeIbl U
naBieHne magaer. IlosTomMy pexkoMeHIyeTcs TakKhe COEIWHEHUS BBIIOJIHATH U3

A0CTATOYHO INIACTUYHBIX MaTCPHUATIOB
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Jlexmms 12
3. KomnonoBka arperatoB 1Y
3.1. CxeMbI KOMIIOHOBKH

KoMnoHOBKOM  Ha3bIBAIOT I1€JIECOO0PA3HOE B3aMMHOE PACIIONIOKEHHE Y3JI0B U
arperatoB JBUTaTelsl OTHOCUTEIBHO APYT APYra.

KoMIIOHOBKOM Take€ HA3bIBAETCA M MPOLECC PAUUOHAIBHOTO B3aUMHOTO
pacnionoxxenus 3nemeHToB J[Y. MHorna KOMIOHOBKOM HAa3bIBAIOT COOPOYHBIN YepTexk, a
BBITNIOJIHAIOILIETO €r0 KOHCTPYKTOPA — KOMIIOHOBIIUKOM.

B3aumnoe pacnonoxenue arperato JXXPJ] onpenensercs:
- HAQ3HAYECHUEM [IBUTATEIIS, BEIUUYUHOM €ro TATH, Yuciaom kamep, sugom CIIT;
- KOMIIOHOBOYHOW CX€MOU JIETaTEIbHOI0 amnmnapara, Jjas KOTOpOro npeJHa3HayeH

ABUTATENb (pa3MepaMu JBHUTATEIILHOTO oTceka JIA);
- KOHCTPYKTHBHBIMHU, MPOU3BOJACTBCHHBIMHU, DKCIJIYaTallUOHHBIMH |

AKOHOMHUYECKHUMHU COOOpaKCHUIMH,
- IPEEMCTBEHHOCTHIO B KOHCTPYHUPOBAHUH.
TpeboBaHMs K KOMITOHOBKE -
1. KoMmakTHOCTh 1 MUHUMAJIbHASI Macca JBUTaTENs.
J171st 5TOro He0OXOAUMO IIOTHOE PACIOJIOKEHUE arperaToB APYT K APYTY.
2. MuHuMAaIbHbBIE THAPABINYCCKHUE H TCIUIOBBIC IIOTEPH B MAarUCTPAJIAX.
Jliist 3TOro HEe0OXOAUMBI KOPOTKHE TPYOONPOBOIBI; 1IEIECO00PA3HO COEIUHSTh
arperatbl HEMOCPEACTBEHHO JAPYT C APYrom 06e3 TpyOOornpoBOAOB.
3. HeoOxomumas crathyeckas W JuHaMu4eckas npodHocth JKPJI B memom, a
TaKXe OTIACIbHBIX €T0 YaCTEH.

4, Yn0o06cTBO M MpOoCcTOTa MOHTaXKa M 3KcrutyaTaruu KP/I.

ITo pazmepam u macce ocHOBHbIMM arperatamu JKP/I siBisiroTes:
e [lpu HacocHoii momaue TormuBa: kamepa(sl), THA, XKIT;
e [lpu BBITECHHTEILHOH IMOAAaYe TOIIMBA. Kamepa(bl) M TOILUIMBHBIC OaKu

(xotopeie BXoasT B J1Y).
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Jns coenunenuss Bcex arperatroB JKPJ[ wm mepemaun T1arm Ha JIA Moxker
HCIIOJIB30BAThCA pama JBUraress; oaHako MoryT ObiTh JXKP/] u 6e3 pamsbl. B 3TOM ciiyuae
CWJIOBBIM JJIEMEHTOM, K KOTOPOMY KpEISTCS BCE arperarsl, sBIseTcs Kamepa. B
neuratensax ¢ BIIT cunoBbiM 35eMeHTOM, OOBEIUHSIONIUM BCE arperaTbl, MOTYT OBITh
Oaku.

Paznmuuaror cxeMbl € IIOCIENOBATENBHBIM M NAPAJUICIBHBIM PACIOI0KEHUEM
ocHOoBHbIX arperaroB JKP/I. IIpu mocinemoBarenbHOM pacnosioxkenun THA Haxomurtcs
Haa kamepoul. IIpum 3TOM [HMameTpanbHbIE pa3MeEphl JABUTATENS] YMEHBINAKOTCS, HO
YBEJIUYUBAIOTCS MIPOIOJIbHBIE.

[Tpn napannensHOM pacnonoxennn THA HaxomuTcs psiaom ¢ kKaMepoH, 4TO BEIET
K YMEHBIIECHUIO MPOAOJbHBIX pa3MmepoB. IIpu BriOOpe pacnonoxenuss ocu THA nHano

YYUTBHIBATh TUPOCKOMMMYECKUHA MOMEHT, CO3AaBAEMBINA POTOPOM MPH IBOTOIUAX JIA.

Q /N o‘) .
VARCH

Puc.3.1.

Ecin ock poropa HampaBiaeHa no aBwxkeHuto JIA, 1o mpu noBopore JIA
BO3HUKAIOT KapuonmcoBbl CUiibl, KOTOPBIE CO3JAIOT HArpy3Ky Ha MOJUIUIIHUKU U
npensaTcTByoT moBopoty JIA. Ock poropa THA MoxkeT ObITh HampaBieHa MO YIJIOM K
OCH KaMephl WU MapAJUICIIBHO €H.

[lepnennukynspHocts oceii THA m kamepsl MO3BOJISIET NPAKTUYECKH UCKIIOUYHUTH
BIIMSIHAE PEAKTUBHOIO MOMEHTA BpaileHust poropa THA Ha ynpaBieHue pakeToi, Tak
KaK 3TOT MOMEHT MHEPIMHU PAKEThl OTHOCUTEIBHO COOTBETCTBYIOIIUX €€ Ocell OyneT
BecbMa OonbiuM. [lpu mnapamnensHom Hanpasienun ocer THA u  kamepsl
PEaKTUBHBII MOMEHT poTopa OyaeT AEHCTBOBaTh MO MPOJOJIBHOM OCH PAaKETH,
OTHOCUTEIBHO KOTOPOM €€ MOMEHT MHEPLMU 3HAUYUTEIIBHO MEHBIIE, U MOBOPOT €€ B
ATOM IIOCKOCTH MO AEHUCTBUEM PEAKTUBHOIO MOMEHTA MOXKET UMEThH CYIIECTBEHHYIO
BenuuuHy. [loaToMy 1t HEOONBIIMX pakeT, HE UMEIMMNX 3(P(HEKTUBHBIX CPEICTB
CTaOMIM3aIMHY, TAKyI0 KOMIIOHOBKY ITPUMEHSITh HEXKENATEeIIbHO.
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Jlns pakeT-HOCUTENEH, KOTOPhIE UMEIOT OOJBIIYI0 MAcCy M 3HAUUTENIbHBIA pauyc
KPUBU3HBI TPACKTOPUM TIOJIETA, BIMSIHUE TUPOCKONMUYECKOro MomeHTta THA MoXxHO
HE YYMUTHIBATh. B 3TOM ciydae NPUMEHSIOT MAapaUICIbHYI0 CXEMY KOMIIOHOBKH,
KOTOpasi MO3BOJIIET YMEHBIIUTD JJIMHY TPYOOIPOBOAOB BHICOKOTO JIABJICHUSI.
Jns omenku kommakTHOCTH JKPJ[ MOXXHO BOCIOIB30BaThCs KO3 PUImeHTOM
MJIOTHOCTH. Tak Kak ABUTATEIbHBIN OTCEeK JIA OOBIYHO MMEET HUIUHIPUYECKYIO PopMmy,
To kKommakTHOCTh JKPJI  MOXHO oOIleHHBaTh OOBEMOM MHHHUMAJIBHOTO ITWIWHJPA,

onucanHoro Bokpyr JKPJI[, mpuuem ochp mmiIMHApa AOMKHA COBHNaaaTh ¢ ocbro JKPJ]
(puc.3.2)

Puc. 3.2.
Otnomenne o0beMa Beex aneMeHToB XKP/I B cOope Vipy kK 00beMy Vi min MOXKHO

Ha3BaTh KO3(POHUIIMEHTOM TIJIOTHOCTH

v
K Kom = )K.PH
Y

mmin
YeMm Vi min Menbie, a Ky, Oombie, TeM 0Ooiee KOMIIAKTeH ABuUrarenb. Hamo

OTMETHTB, YTO Vykpy OIPEIEIINUTD CI0KHO; 3aTO ONPEAENAETCS Vymin IPOCTO.

3.2. KomnonoBka ogaokamepubix JKP/] ¢ HITT
KoMITIOHOBOUHYIO CXEMYy B TAHHOM CIIy4ae OINPEAEISIET B3aUMHOE PACITOJNIOKECHUE
THA u xamepsl. VX ctaparoTcst pa3MecTUTh BO3MOXKHO OJIUXKE JPYT K APYTY C LENbI0

CHMIKCHHA THAPABIMYCCKHUX IIOTCPb B MArucCTpaisiX BBICOKOI'O OABJICHMA. Bwmecte ¢
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TEM HEO0OXOAMMO oOecneuuTh Hanbomee ynooHwsie nmoasod k THA u oTBoa oT Hero
KOMIIOHEHTOB TOIUIMBA M paboyero teina TypOUHBI, a TaKXke yIO0OCTBO MOHTa)Ka
npyrux arperatoB. Kpome toro, mecto yctraHoBku THA BiuseTr Ha BeIUYUHY
HArpy30K, JEUCTBYIOIIUX HAa CUJIOBYIO CHCTEMY ABUraTens,  O0COOEHHO npu
MOBOpPOTax Kamepsl iy 3Boousax JI A.
Ha xkommoHoBky opHokamepubix JKPJI mpexne Bcero OKa3blBalOT BIIUSHHUE

cieaymoine GakTopsbl:

1) Twum cuctemsl nojgaun ToruMBa (0e3 TOKUTaHUS WU C JIOXKUTAHUEM);

2) CreneHb paclIMpEeHus CoIlia € U HOMEp CTYIICHH.

Jeueamenu 6e3 0odrcucanus 2eHepamopHo2o 2a3a
Jlng npBurarene NEpBBIX CTYNEHEW IMONEPEYHbIE pPa3Mepbl, Kak MPaBUIIoO,

OrpaHUYEHbl TpPeOOBAaHMEM YMEHBIICHUS MuUIens pakersl. [lodTomMy st 3TUX
IBUTATENEd  I[IUPOKO  MPUMEHSIOT  MOCJIEAO0BAaTEbHYI0  KOMIOHOBKY. Ilpu
IIOCJIEN0BATENBHOM CcXeMe KOMIIOHOBKM THA ycTaHaBiIMBaKOT Haa KaMepod Ha
CIEeUAIbHON paMe WU K€ KPErsT K (pJIaHIly Hapy>KHOTO JHUIIA TOJIOBKU BBIXOTHBIM
narpyokoM Hacoca OKuchutens. YToObl mpH 3TOM YMEHBIIUTh U MPOJOIbHBIC

pa3mepsl, ock THA nenaroT nepneHaukyssipaoit ocu kamepsl (C5-2, puc.3.3).

JIns nBUraTenell BEpXHUX CTYIECHEN MONEPEUHbIE pa3MEpPbl YaCTO OINPEIEISIOTCS
IMaMETPOM BBIXOJIHOTO CEYEHHUS COIUIA, a a’pOJMHAMHYECKOE COIMPOTUBIICHUE UTPAET

MCHBIIYIO POJIb.

fi iﬁ?’
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Puc.3.3.
B 3TOM cnyyae 4acTo mpUMEHSIOT MapajUIebHYI0 cXeMy KOMNOHOBKU. [Ipu stom THA
pacrionaraeTcs yaiie Bcero COOKy y TOJIOBKM KaMephl UM B 30HE KPUTUUECKOTO CEYEHUS.
[TepBriii Bapuant pacnojiokenusi THA (puc.3.4,a) ynoOeH mpu mojade OXJIaJUTeNs B

TPaKT OXJIAKACHUSA KaMCPbI BOJIM3Y I'OJIOBKH.

Puc.3.4. Kommonoska JXP/[ 6e3 moxxuranus:
a- THA B 30He kamepsnl cropadusi; 0- THA B 30He KpUTUUECKOTO CEYSHUSI COTLIa
Ho mpu 3TOM BO3pacTaeT CMeEIeHHE IIEHTpPa TSHKECTH JIBUTATEN OT MeOMETPHYECKOTO
IIEHTpa KaMephl, 4TO HEXEIATEIbHO JIJI1 KaMep, MOABCIICHHBIX MIAPHUPHO.
Bropoii BapuanT (puc.3.4, 6) obecrieunBaeT OONBIIYIO0 KOMIIAKTHOCTD ABUTATENs (€CIn
THA pa3MecTuTh B BBIEMKE KaMephbl B pailOHE KPUTHUYECKOI'O CEUYCHHUS, TO JTUAMETP

ABUTATENS OyIeT HAMMECHBIIINNA) W MEHBIIIEE CMEIICHUE €T0 IIEHTPA TAKECTH.
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Puc.3.5.
OpHako IpH 3TOM yAJIMHSAETCA TPyOOIPOBO/I MOJAaYl KOMIIOHEHTA HETIOCPEICTBEHHO B
TOJIOBKY KaMEphl, UTO BEJIET K YBEIMYEHUIO MAacChl U THIPABINYECKUX ITOTEPD.

B KP/l paker-Hocureneit yacto pacnosarator THA psgoM ¢ kamepoil mpu,
IPUMEPHO, MApalIeIEHOM pacoyiokeHun ux oceit (puc. 3.5). [Ipu 5TOM yMeHbIIaeTcs
JUTMHA TPYyOOTIPOBOJOB OKHCIIUTENS U TOPIOYETO U YIPOIIAETCS BBIXJION W3 TYpOUHBI.

Ha BTOpPBIX M TPEThHUX CTYHEHSX LIeIeCO00pa3HO ra3 Mocie TypOUHbI HAIIPaBJISATh B
pYJIEBBIE COILIA.
Jeueamenu c doorcucanuem 2enepamopHo20 2a3a

Komnonoska JKP/] ¢ Oooswcucanuem wumeer cBoum ocoOeHHOCTH. [lockonbky ras
nocJjie TYpOMHBI NOJAIOT B TOJOBKY KaMmepbl, TO TYpOHHY JKEJIaTelIbHO pacIojararh
BO3MOXHO OJINKE€ K TOJIOBKE C LEIbIO CHUKEHHUS TEIUIOBBIX W THIPABIMYECKUX
IIOTEPB.

Ecmu XXP/] umeer onun THA, To TypOMHY MOXHO MMOMECTUTH HEIIOCPEICTBEHHO B
BEPXHEH IMOJOCTU TOJOBKM KaMephbl, YTO IMO3BOJSET CHEeJaTh JBHUrareib Oosee
KOMIAKTHBIM M JieTKMM. OIHAaKO IpU 3TOM YBEIWYUBAETCS HEPABHOMEPHOCTH
pacrpeneneHus KOMIIOHEHTOB TOIUIMBA 10 CEYEHUIO KaMEPbl U BO3MOYKHO IOSBICHUE

MOBBIIIIEHHBIX MYyJbCAINI TaBJICHUS ra3a B KaMepe BCIEICTBUE PaOOThl TYPOUHBI.
XT

[leatr epIEC AT By

Xr

Puc.3.6.
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[ToaTomMy TypOUHY OOBIYHO COEAUHSIOT C TOJIOBKOM Kamephl razoBojaoM. Ilpu stom
MyJIbCAIlMU ra3a, UAyIlue OT TYpOUHBI, B 3HAYUTEILHON CTETIEHU TacsiTCd B Ta30BOJIE U B
MOJIOCTU TOJIOBKU. B 3TOM ciiyyae THA pacnosararor BI0Jabp KaMepbl HNapauiebHO €d
WU T0J] HEOOJBIIUM YIJIOM K €€ OCH WJIU K€ B 30HE KPUTHYECKOIO CEYEHUS KaMepbl
nepreHauKyIsIpHo ee ocu (puc. 3.6,a).

[MazoBon mpexacTaBisieT coOOM KaHAl MEPEMEHHOTO CEUYEHHUS, KOTOPBIA JTOJKEH
ObITh MIaBHBIM. Tak Kak OH Harpy>KeH [aBJI€HUEM ra3a U HarpeT J0 BBICOKOM
TEMIIEPaTyphl, TOJIIMHA CTEHOK €ro 3HauuTelbHA. [[Id CHWXKEHUST €ro Macchl
MPUMEHSAIOT MATEPHUAIbl U AETA0T NEPEMEHHYIO TOJIINHY CTEHKHU.

B nBurartensix, paboTarommux Ha KHUCIOPOJE M BOJOPOJE, MOIIHOCTH HAa MPHUBOJ
Hacoca Troproyero B 3—4 pasza OoJbIie MOITHOCTH, HEOOXOIUMOW Ha MPHUBOJA HAcoca
okucauTens. [I[puMepHO BO CTONBKO k€ pa3 OTIMYAKOTCS U UX ONTUMAIBHBIE YACTOTHI
Bpamenus. [loatomy B Takux JKPJ/] wacTto ncnonb3yroT aBa otaenbHbix THA, KOoTOpBIE
pa3MemaT y TOJOBKA CHUMMETPHUYHO OTHOCHUTEIBHO ocu Kamephl. Ha pwc.3.6,0
MOKa3aHa CXeMa KOMIIOHOBKHM JBUraTens ¢ Joxuranmem ¢ J1aBymsa THA,
pacronoxeHHpIMU 10 00e ctopoHbl oT kamepbl (OKPJl SSME).IIpu wucnonb3oBaHuH
panuaibHON (IIEHTPOCTPEMUTEIBHON) TYypOHHBI, Tieiiecoo0pa3sHo THA pacmoioxuTh 1o

ocu kamepsl (puc. 3.7).

Puc. 3.7.
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B sTom ciiyyae npu G0JbIION CTENEHH PacUIMpPEHHUs COIIa BOKPYT KaMepbl MOXKET ObITh
PacCIlONIOKEH TOPOBBIM TOIUIMBHBIA Oak, 4YTO MO3BOJSET CHAENaTh KOMIIAKTHOM BCIO

JBUTaTEIbHYIO YCTAaHOBKY.
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Jlexrus 13
3.3. KomnonoBka muorokamepusnix 2KP/[

B wmuorokamepnom JKPJ[ umeercs nBe u O0ojee kamepbl, KOTOPbIE MMUTAIOTCS OT
omgHoro THA. Kak npaBuio, oHu 00BEIUHSAIOTCS BMECTE C MOMOIIBIO CUJIOBOM paMbl, HO
MOTYT OBITh U 0€3 001Iel pambl. B 3TOM ciiydae kaMmepbl COEUHSIOTCS KPOHIITEIHAMH,

IIPpUBApCHHBIMHU K KaMCpaM

.Puc.3.8.
[Tpu onMHAKOBOH TSATE€ MHOTOKAMEPHBIN JIBUTATEIh UIMEET MEHBIIIHE TPOI0JIbHBIC
pa3Mepbl, UeM OJTHOKaMEPHBIH, 3a cueT Oosiee KopoTkux comel (puc. 3.8).
CpaBHUM JUIMHY OJHOKAMEPHOTO U YETBIPEXKAMEPHOTO JBUTATENSA IPH

P=const; un m = const; TOrJ1a CTCICHb PaCIIUPCHUS COIE TOKE OJUHAKOBAas U
2

d
&= E = const;

4 4
d 2 — 4 . d /2,
Takum o6pazom, d.=2-d! — guHaMeTp YETHIPEXKAMEPHOTO JBUTATEIIS

yBenuuuTcs, a JuimHa | ymenemmtTes B 2 pasa.

MHOFOKaMCpHBIe JABUTATCIIA UMCIOT IPECUMYILCCTBA.
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1) menbine amuHa (TONepeyHbIe pPa3Mephbl YBETUIUBAIOTCS);

2) ympomaeTcs TOBOJKA: MOXKHO JIOBOJHUTH OJHY KaMepy;

3) mpoie 000pyAOBaHUE IS U3TOTOBIICHUS (TEXHOJIOTHYECKOE 000pyIOBaHKE);

4) oOneryaeTcs yrpaBJIeHUE BEKTOPOM TITH;

5) uMeeTcs BO3SMOXKHOCTh U3MEHSATD TATY B OOJIBIINX Mpeeiiax;

6) WMEeTCS BO3MOXHOCTh Pe3epBUPOBaHMS (332 CUET YBEIUYCHHUE TITH OCTATbHBIX
Kamep).

OnuHako, Macca ux OOJIblIIE, I, HIDKe.

B muorokamepubix XKPJ[ nenecoodpazno THA ycranaBnuBaTh MEXIY KaMep, OpH

ATOM OCh €ro OOBIYHO JIENAIOT MapauIeIbHO OCH KaMep. Mexk Iy KaMep YyCTaHABIUBAIOT U
BCE OCTalbHBIC arperaThl. OOBIYHO BCE KaMEphl U arperaTbl MHOTOKAMEPHOTO JIBUTATEIISI
00BEIMHSIOT ¢ TTOMOIILI0 pambl (puc.3.9, 0), BepXHee KOJBIO KOTOPOH MPH MOHTa)Xe Ha
JIA xpenuTcst K CHJIOBOMY IITIAHTOYTY.
TpeboBanus k pame:

1) BBICOKAs )KECTKOCTh IIPH MaJIOi Macce,

2) BBICOKAas TOYHOCTH TPUCOCIUHUTEIBHBIX TOBEPXHOCTEH OTHOCHUTEIBHO APYT

ApyTa,
3) obecrieueHne CBOOOIBI TEMIICPATYPHBIX AcGOpMAIil OTACITBHBIX 3JICMCHTOB

ABUTATENS (HArPETHIX M XOJOIHBIX).

3.4. TToxBO T KOMITOHEHTOB TOTUIMBA K IIOBOPOTHBIM KaMepam

HaumenbIme motepu yaeabpHOr0 MMITYJIbCca TIPH YIPaBICHHH BEKTOpPOM Tsru JIA
JOCTUTAIOTCS TIPU HMCIOJIL30BAaHUM  MOBOPOTHBIX TATOBBIX Kamep. [Ipu 3ToM BO3-
HUKAIOT TPYAHOCTH C IMOABOJIOM KOMITOHCHTOB TOILIMBA K TIOJIBHYKHBIM KaMepaM.

B pa3paboTaHHBIX ABUTATEISX IPUMEHSETCS MTOIBOJ] KOMITOHEHTOB TOTLTHBA

- yepe3 THOKKE 3JIEMEHTHI TpyOoTpoBo10B (CHIIb(OHBI);

- yepe3 MIapHUPHBIE OMTOPHI KaMEPHhI.

Yepes mrapHUpHBIC OMOPHI KOMITOHEHTHI TMOJBOJMAT B KaMephbl HEOOJBIIONW TATH (10
P<3T1). OOBIYHO 3TO pyJeBbIe Kamepbl. JIJIi repMeTH3aliK TOIBUKHBIX COCTUHCHUI

HCIIOJIB3YIOT MaH)XeTHBIC YIUIOTHEHUS. B 3TOM citydae yros moBopoTa gocturaet + 60°.
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OcCHOBHBIE KaMmepbl i YMpaBICHUS JAOCTAaTOYHO TOBOpaymBaTh Ha *+ 5...6
rpanycoB. [logBoa k HUM oOecnieunBaeTcs uepes cibGoHbl. B yeThipéxkamepnom XKXP/[

KayaHus (TOBOPOTA) pacIioyIararoTcsl, Kak Mmoka3aHo Ha puc 3.9,a.

a, pPacnoJyIOKEHUE OCell KadyaHus B ueTblpexkamepHom KPJ{

cuiaboe KobLo

™
|~
— N R | A
N
L~

0, COeTMHEHNE KaMep paMoi

Puc.3.9.
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[lpu moBopoTe Kamep CHIb(OHBI JOHKHBI HUCIBITBIBATH TOJBKO W3rHO (a He
pacTsbkeHue-ckatue). [loaromy 1ieHTp cuiboHa JOMKEH COBHAJAaTh C  OCHIO,
OTHOCHTEIHLHO KOTOPO# coBepiaeTcs moBopoT (puc.3.10).

B omHOKaMepHBIX JBHUraTeNsiX MMEETCA BO3MOYKHOCTh YCTaHABJIMBAThH
cuib(OHBI Ha HU3KOM JaBiieHnu 10 HacocoB THA. B atoMm cnydae moBopaunBaeTcs BeCh

nBurarteiib BMecte ¢ THA.

.

./

-

Puc. 3.10.

B MHorokamepHom npuraresie THA HenmoJaBU»KeH, a OTKIIOHSIOTCS TOJIBKO KaMEpHI;
MIPU 3TOM CHIB(OHBI IPUXOJUTCSA CTABUTh HA MAruCTPAJISIX BHICOKOTO JABJICHUS MEXIY
Hacocamu M kaMmepoii. B ueteipéxkamepHom asuratene ¢ qoxxkuranuem PJ[-170
CUIb(OHBI YCTAHOBJIEHBI J1a)k€ B Ta30BOjJI€, MO KOTOPOMY HJIET TE€HEPATOPHBIX Tas3.
[ToaTOMY OHM UMEIOT CHOKHYIO KOHCTPYKLMIO U CIIEHAAIBHOE OXJIAXKICHHUE.

[lockonbKy Mpu KayaHUU KaMepbl CUIb(OHBI MEHAIOT O0OBEM, U CIEJ0BATEILHO,
JAI0T UMITYJIbCHI IaBJICHUS, TO OHU MOTYT SIBUTHCS MCTOYHUKOM BO30YKJICHUS B KaMepe
BY.

CunboHbl TakkKe MNPUMEHSIOT KaK TeMIepaTypHble KOMIIEHCATOPhl M Kak
ayieMeHThI, obserdaromue coopky JKPJ[ (TpyOompoBoabl MOTYT OBITH H3TOTOBIICHBI C

MEHBIIEH TOYHOCTHIO).
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3.5. 3agaum, pemaemsle pu pazpadboTke komnoHoBkH JKP/I.
1. CHmxeHue TeMIepaTypHbIX Harpy30K.

B KPJl omHu 3iaeMEeHTBI HAarpeThl O BeChbMa BBICOKOH TeMIieparypbl (kamepa,
XKIT, TtypOuna, Ta30BOA), HOpPYrHe OXJAXKIEHBI 10 HH3KOW OTPHUIATEIHHOM
temneparypbl (Hacockl O2x, H2)x u np.). B pe3ynbraTe 3TOro BO3HHKAIOT OOJIBIINE
TeMmneparypHble AedopMalui U HAIPsKEHUs, KOTOPhIE MOTYT IPUBECTH K MOJIOMKAM.

JInst  yMEHbIIIEHUSI TEMIIEpaTypHBIX HArpy30K BBIOMPAIOT  pallMOHAIBHOE

KPEIUIEHUE 3JIEMEHTOB JIBUTATENS U BBOJAT MOJATIMBBIE 3JIEMEHTHI. TaK KaMmepa T0IKHa
3aKperuIIThcst B ofgHOM Tosice (cedenuu) (puc.3.11). TpyOompoBOIBI TOIBOMISIIHE
OXJIaJUTENh K KOJUIEKTOPY COIUIa M3TMOAIOT JJI CHHUXKEHHUS MX *KecTKocTH. C 3Tol ke
LETIBI0 B TPYOOIPOBO/IBI CTABAT CUIL()OHBI.
2. O6ecnieueHNEe TEPMETUIHOCTH COCTUHCHUIA.

Yreuka komnoHeHTOoB TorumBa B JKPJ[ wemomyctmma. Ko Bcem coeguHeHusM B
TOIUIMBHBIX MarucTPaJIsIX MPEAbSIBIAIOTCA BBICOKME TpeOOBaHHUS MO CTENEHU repMme-
TUYHOCTH. B HEKOTOPBIX cCllydasgX BCE COEAUHEHUS MAarucTpajied BbINOJHIIOTCS
cBapHbIMU. OJIHAKO, TaKOE PEIICHHUE YCIOXKHSIET COOPKY JABUTATENS U YBEJIUYUBACT €0

CTOUMOCTB.

oA
KOEMAEHUT

=

Puc. 3.11.

3. O6ecnieyeHre BUOPAIMOHHON MPOYHOCTH BCEX DJIEMEHTOB JIBUTATEIIA.
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B XKPJl umeroTcs MoOIIHbIE MCTOYHUKHM BHOpanuu: padotaromas kamepa, THA,
KIT.

YacToTa W aMIIUTyAa BUOpAILMI ONPENENsaiOT HHEPIIMOHHBIE HATPY3KU HA arperartbl
U JIeTajau ABUTATENS.

YcerpaHuTh 3TU BUOpALIMM HEBO3MOXKHO, MOTOMY BCE 3JIEMEHTHI JOJIKHBI OBIThH
BUOPONPOYHBIMU. JIJIsI HEKOTOPHIX YCTPOUCTB MPUXOAUTCA MPUMEHITH BHOPO3AIIUTY:
NPYKUHHBIM mojBec, BuOpousossitoppl U3 MP. K Takum ycTtpoiicTBaM OTHOCSTCS
JAaTYMKWA JaBJICHUS B KaMepe, KOTOphlie CaMH BHOPOHM3OIHUPYIOTCA, a C KaMepou
COCIMHSIOTCS THOKUM TPYyOOIPOBOIOM.

Tpyoomposoasl XKPJ] manoro auamerpa (MeHee 40MM) mpu OOJBIIOM PeCypce TaKKe
MOTYT pa3pyliaTbcs oT BUOparuid. /{1 ux 3aiuThl IPUMEHSIOT YIPYTro-IeMIpupyroume

OTIOPBHI.

4. TIpu pazpabotke XKP][ ¢ Oonbmum pecypcoM paOOThI UCIONB3YIOT OJIOYHBIN
MPUHIUAI KOMIIOHOBKM arperatoB, KoOrja JBUTATeIb COOUpAETCs M3 OTAEIbHBIX
OsokoB. [IpuMeHeHHEe HTOro MPHUHIMIIA YCKOPSIET JOBOJKY arperatoB M BCEro
JBUTATENSA, yhOpomaer skcmutyatauuto J[Y, Tak kak B ciydae BbIXOoAa H3 CTPOs
OTJICJIbHBIX arperatoB UX MOXHO 3aMEHUTh UCIPABHBIMHU Jaxe 0e3 pa300pKHu BCETo
JBUTATENISL U, HECMOTPSI HA HEKOTOPOE YBEJIMUYEHHUE MACChl KOHCTPYKIIUU BCIIEICTBUE
UCIIOIb30BaHUsl OOJIBIIET0 YHCIIa Pa3bEMHBIX COCAUHEHUM, MO3BOJSET  CHU3UTH
CTOMMOCTbB €r0 SKCIUTyaTaluu.

5. KomnonoBka mpezacTaBisier coboili 00beMHOE KOHCTpyHpoBaHue. Emi€ HelaBHO oHa
MPOBOJMJIACH HA MAaKeTax: BBIMOJHSJICS MakKeT KamMepbhl M APYTUX arperatoB, U OHU
pacroiarajiuchb M Kpemwinuch B COOTBETCTBUHM C TPeOOBAHUSIMU M MPEICTABICHUSIMU
KOHCTPYKTOpA.

B HacTtosiiiee BpemMsi KOMIIOHOBKA MPOBOJUTCS C MOMOIIBI KOMITBIOTEPHBIX
TexHosorud. Ilpuw »>TOM MOXKET HCHONB30BATHCS CTAaHAAPTHOE MPOTrPpaMMHOE
rpadudeckoe o0ecrneyeHue.

[Ipou3BoAT TpeXMEepHYIO OOPHUCOBKY BCE€X COCTAaBISAIONIMX DJIEMEHTOB B
MPOCTPAHCTBE. 3aTEM OIIEHHUBAIOT KOMIOHOBKY M BHOCSIT COOTBETCTBYIOIIME U3MEHEHUS

B ITOJTOXKCHHUEC 2JICMCHTOB.

85



4. KoncTpynpoBanue ocHOBHbIX Y3108 PATT
Jlexmusa 14

4.1.0cobennoctu koHcTpykuuu PIATT

C paketHpiMu nBuraressiMu Ha TBepaoM ToruuBe (PATT) BBl 3HAKOMEBI 1O KypCy
"Teopuu pakeTHBIX JABUTATENCH .

PATT Hamum mumpokoe NpUMEHEHUE B paKeTaX BOEHHOIO Ha3HayeHusa. Hampumep,
B Hactosmiee Bpemsi OoeBble pakeThl CIIIA ocnamensl B ocHoBHoM PJITT. Ha
pPOCCUICKUX cTpaTernueckux pakerax Tonmonb-M", "bynaBa" taxxe ycranosnensl PITT.
[I1pOKO MPUMEHSIOTCS OHU U B KOCMHYECKOM PAKETOCTPOECHUH.

Ipeumywecmea u neoocmamxku P/[TT no cpasuenuro ¢ 7KP/J.

[Ipeumyiiectna:

1. IIpocToTa KOHCTPYKIMH U IKCILTyaTallUU.

Oto mpeumyiiectBo oObsicHsieTcss orcyTcTBueM CIIT u rpomMo3akoro Ha3eMHOTO

3anpaBo4YHOro oOopynoBaHus. [lo amMepukaHCKUM JaHHBIM CTOMMOCTH OOCTYXH-

BaHMUS pakeThl «MwuHHUTMEH» TpuMepHO B 10 pa3 MeHbIne, 4em pakeT «ATiac» u

«Turan».

2. Boicokas HaJeKHOCTh JICHCTBHS.

DTO MPEUMYIIECTBO SIBISIETCS CIEACTBUEM MEPBOTO U OOBSACHSIETCS MEHBIITUM YUCIOM

JeTanei qBurarens, 0CoOOeHHO MOABWXKHBIX. [0 TuTepaTypHbIM TaHHBIM BEPOSTHOCTD

oTKa3a B pabote coBpeMeHHBIX pakeT ¢ P/ITT B 8 pa3 mensire, uem ¢ XKP/I.

3. TlocTosiHHAs TOTOBHOCTH K IMYCKY (BBICOKash 00ETOTOBHOCTH) — O0YCJIOBJIEHA TEM,
YTO JIBUTATEIb MTOCTOSIHHO HAXOAUTCS B 3aMPABICHHOM COCTOSHUU. ['apaHTHITHBIN
cpok xpaHenus 3anpasieHHoro PATT goxomxut go 20 nert.

4. bonee HU3Kasg cTouMocTh paspadotku P/TT.

Otpabotka PATT no 3agaHHON CTeneHW HAAEKHOCTH TpeOyeT MEHBIIEro vucia

UCIBITAHUM U, CIIEIOBATEeIbHO, CPEACTB Ha JIOBOJAKY JABUTraTeNs. OTOT (akT

KaueCTBEHHO WLTIOCTpupyet puc.4.1.
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I PATT
100% /
XKP c
/ BIIT
Hanexn
0CTh \
XKPJ[ cHIIT

ay

v

JITATEeTFHOCTD WU YHCIIO UCTIBITAHUI

Puc.4.1. 3aBucumocTs Hazie:)kHOCTH J1Y OT unciia JeTHBIX HCTIBITAHUM B TIPOIECCe

00paboTKH.

B kadecTBe MOATBEPKIEHHUS 3TOrO MOXKHO YKa3aTh Ha TO, 4TO JJIsi OTpaOOTKHU
PATT Illarrna SRM 0110 IpoBEICHO BCEro 4 MCHBITAHUS, PUYEM YXKE Ha TEeP-BBIX
ucnbiTaHusAX B 1977 romy Ha creHae ObUIM MOMYyYeHBI pacueTHbIC 3HAUCHUS TATH,
BpEMEHH pabOThI U APYTUX MapaMeTPOB.

OOBsicHEeHHE 3TOTO B TOM, YTO TOPEHHE TBEPAOrO TOIUIMBA M TEIIO3aIUTa MOTYT
OBITH XOPOIIO OTpabOTaHbl HA OOpa3iax B JIAOOPATOPHBIX YCIOBUSIX.

B Toxe Bpems SSME (OKP/I) otpaGateiBancs 6 yier (370 Oblia MPUHITUITHAIBHO

HoBas cxema JKPJI 1 amepukaHIieB).
Heo6xoaumo 31aTh 1 HegocTaTku PJITT, koTopble orpaHuuYMBaIOT €ro
MIPUMEHEHHE.
1. bonee nuskuii, uem y KP/I |y,
PATT Iy, yax =2750Hc/kr , B TO Bpems kak XKPJI |y, yax = 3900 He/kr.
2. Maioe Bpems paboter PITT (90...159 cekynn), orpanrndnBaeT Bpems paboTo-

CIIOCOOHOCTH COILIA.

3. CJOXHOCTH YIpaBJICHUS BETUIHMHON BEKTOpA TATH M 00ECIIEYSHUSI MHOTO-

KpPaTHOTO 3aIlycKa.

4. 3aBucumoctsb xapaktepuctuk PIITT ot okpyxaroiieit cpeibt
5. Ilo cpaBuenuto ¢ XKPJI (O2+kepocun, O2+H2) 6oee HU3Kas SKOJIOTMIHOCTD

PATT.

OCHOBHBIM OKHUCJIHUTEJIEM CMECEBOTO TOIUJIMBA SBIAETCS MEpXJopaT aMMOHHS

NH4CIO4, B pesyabrate ropeHus xiop coeaunsercs ¢ BogopoaoM (HCI), koTo-parii
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NPEeJCTaBISeT OMACHOCTb JIJISl OKPYIKAIoMIeH cpebl (KUCIOTHBIC TOXKAH M BPEIACH IS
okpyxaromeid cpenbl). Kpome toro, Hammuue Oombimero koiuuectBa HCIl B
NPOAYKTaX CTOpaHUs JENAIOT CIEA PAKeThl BUIAUMBIM (TIOATOMY Ha MalbIX OOEBBIX
BBICOTAX JI0 CUX MOP MPUMEHSIOT HUTPOIICIUTIOJIO3HOE TOTLTUBO).

B nByx yckoputensx Illartima ~100 Tonn xmopa, kotopsiii nepexomut B HCI, cton6
ero mpoctupaercs ot nmoBepxHoctH 3emin 10 H=40 km. HCI Bpenut o30HHOMY CI10TO

W BBI3BIBACT KHCJIOTHBIC AOXKIU. HOBTOMY HpOpa6aTBIBaJII/ICB BapHaHTbI 3aMCHBI 3THUX

PJTT na XPJ] ¢ O2+ kepocuH.

4.2 1Tyt noseimenwns 3¢ dexruBHocTr PJITT Ha JTA
CogepiienctBo koHCTpYKIUU B PIITT onieHnBaroT ko3phuiineHToM MaccoBOro

m
COBCPIICHCTBA o =—-

K
my

rae m, - Macca KOHCTpykiuu (He cHapstkerHoro PJITT);
m, - Macca TOIUINBA.

m, +m; + My
(B oriimuumm ot umcna LluonkoBckoro p = B (i HE BXOJAUT Macca I0JIE3HOro
m, + My
e 1a

rpy3a My Ecimu My, <<mg, To p=1+1/a ).
B kauectBe xapaktepucTuku 3P(HEeKTUBHOCTH JABUTATENS HA PAKETE YacTO

HCIIOJIB3YIOT BCIIMYMHY YACIBbHOI'O NPUBCACHHOTO UMITYJIbCA TATU

J.m. J.m
PR L N € L. L)
My My M, + My + My
o,m] ™
' J.m
3):[ecrai:ﬁ: m/_—y 7

mO mO mO mO
O06o3HayeHus . M, —HaYaJIbHasl Macca PakeThl,
M, - HavaJIbHas Macca TOIUINBA,
M, - Macca koHcTpykuuu PTT,
M, - Macca MoJIE3HOro IPy3a,
Jy - cpenHuii 3a BpeMs pabOThI yAEIIbHBIA UMITYJIbC TATH.
Kaxk Bugno u3 (1), nis yBenudeHus Jy,, Hamo Jy, T u a 7. Mccnenyem, kak 3aBHCUT

BEJIMYMHA O OT XapaKTepUCTUK KOHCTpYKumu PTT.
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Macca KOHCTPYKIUH — 3TO Macca KopIryca My, , KOTOpasi 3aBUCHUT OT BEJIMYHMHBI
3apsiia My, U Macca MPOYMX JIEMEHTOB M, , MaJIO 3aBUCAIAsl OT BEJIMYUHBI 3apsi-Tia.

CpCI[I/I IMPpOYHNX JICMCHTOB — CaAMbBIM TAXKCJIBIM SABJIACTCA COILIO. Takum 06pa30M

My +My

My

(2)

o

VYTpolileHHO MpeICTaBuM, YTO KOPITYC MPEICTABIIET COO0N NUIUHAP auamerpom D,

mmHoi L u uMeet 2 miockux guuiia (puc.5.2).

;/////////////////////////////////////////////////
%

R

LU

N
AN

7700000000707/

A

L

Puc 4.2. Cxema kopmyca

Jomyctum ms ynpomeHust Ny, = Ny, = h (Ha camoMm mene mpu oguHAKOBOM 3amace

IIPOYHOCTH IINTIOCKHC JHHINA BCCrAa TOJIIIC CTCHKHU I_[I/IJ'II/IHI[pa). Tor,ua
1, D
mkop = 7th|_pk + ZzﬂD hpk = 7[Dh|_pk 1+Z (3)

371ech pg - INIOTHOCTh MaTepuaia kopmnyca. M3 ycinoBusi Npo4HOCTH HWJIMHAPA

TOJIIHMHA €ro CTCHKH paBHA

D
h=LPi (4)
298
n
TI€  Px - JABJIIEHUE B KaMepe, Op - Ipeaeil IPOYHOCTH MaTepuaia Kopiyca, n

- K03 PUIIMEHT 3amaca.

Macca TomInBa MOKET OBITh 3aIlMcaHa

2
m =A
4

Lo, (5)

rie A=V./ V - koddduiuent oobemuoro 3amonaenus PIATT;
V:, Vi - 00BbeM TOIIMBA U KOPITyCa COOTBETCTBEHHO; Py - MNIOTHOCTH TOTUIMBA.

Ecmu (3),(4) u (5) noacrasum B (2) momyqnm:
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oo 2&&1[1+Rj+ﬂ (6)
og P71 A 2L) m;

[Tocne moacranoBkw (6) B (1) umeem:

J.
‘J()T6 = - (7)
o, Po A 2L) m; m;

W3 aHanm3sa 5TOro BBIPaXKEHUS CIEAYET, YTO AJIS yBEIUYEHHS Jyp, HAZO!

1) TomnmBO JOMKHO UMETh MAKCHUMAIIBHBIE Jy 1 Py

2) MarepuaJ CTEHKH KOpITyca JI0JDKEH KMETh BRICOKYIO YACIbHYIO IPOYHOCTh
(GB 1Pr )

3) KoadduiuenT 3amaca 10mKeH ObITh MUHUMAJIBHBIM N, a KO3()PHUIIUEHT
3armoTHeHUsT A MaKCUMAaTbHBIM.

4) BeiroaHbl Kopiryca ¢ 6onbiuM yamuaeHuem L/D (torma mensine D u
TOJIIIIHA CTCHKH)

5) Maccy npo4mx 3JeMEHTOB HaJ[0 YMEHBINATH M,

0.1..02

6) J, 3aBHCHT OT px B CTENEHM MeHbIIeil exuHunsl (J, ~ 8, ), a TOJIIIH-HA

creHku h= f(p,) B mepBoii crenenu. [To3TOMY KeJIaTEILHO HMETh MEHBIIINE

Px , OJHAKO BEIIMYUHA Pymin ONPEICISICTCS BO3MOXKHOCTBIO IOJTYUCHUS
yCTOWYMBOTO ropeHusi. CMeceBbIe TOILTUBA UMEIOT MPEUMYIIECTBO, TaK KaK
MOTYT YCTOWYMBO TOPETh MPU MEeHbIIIeM faBieHuu (p, =4...7 MIIa).

3aBUCHMOCTS Jyp, = f(p,) umeer makcumyMm (puc.5.3). Bennunna ero

CIBUTAETCS B CTOPOHY OOJIBIIETO Py MPU YBEIHUUYECHUH yIECIbHOU MPOY-HOCTH
Marepuasa CTeHKHU.

CpaBHUBasi TBEpP10€ TOIUIMBO C BRICOKOKAMNAIMNM XuUAkuM AT+ HJIIMI',
MOXHO CJI€JIaTh BBIBOJ!

AT+HIMI' paér J, na 10 % Bbie, uem y TPT, HO p; y Hero Ha 45%
menbire, yem umeet TPT (y TPT p,=1.76, a AT+HIMI umeer

Pr =1.21r/mm° ). Iostomy Jyyp y pakeT ¢ 3TUMHU TOIIMBAMH IPHMEPHO
OJIMHAKOB.

Haxkower, BeipakeHue (7) Mo3BOJISIET OIICHUTD, B KAKOM CITyJae IeIeco-

0o0pa3Ho 100MBAaTHhCSI MUHUMAJILHOM Macchl KOHCTpYKuuK. Kak BUJTHO U3
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BeIpaxkeHus (1), eciim Macca rpy3a BeJIMKA IO OTHOMICHHUIO K Macce TOIUIH-BA,
TO YMEHBUICHHUE O, MAaJIO BIUAET HA Jyyp,. Tak Kak yMEHBIICHHUE 0.  JOCTUTAETCS
MPUMEHEHUEM JOPOTOCTOAININX MAaTEPUATIOB U CIIOKHOM T€X-HOJIOTUHU, TO TIPU
0O0JIBIIIOM 3HAYECHUU M,/ M; YMEHBIIATh MACCy KOHCTPYK-ITUHU JITIPOTHMHU
CpeICcTBaMH HelleaecoodpasHo. [1IoaToMy cTapToBbIe YCKO-pUTenH (Hanpumep,

CY-511) MoryT uMeTh TOJICTBIC CTCHKH (y HEX My m, >1)

Jyn
ymp (Ga/P)2 > (0/Pi)1

(GB/pK)l

Px

Px onrl Px ont2

Puc.4.3. 3aBucuMOCTb MPUBEIEHHOTO YACIHFHOTO UMITYJIbCA OT JABJICHHS B Kamepe
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Jlekmusa 15

4.3. Koncrpykuusi kamepol PATT

4.3.1. KoncmpyxkmueHvlie cxembl Kamepbi.

Kamepa PIATT cocroutr u3 kopmyca KaMepbl CropaHusi U comuioBoro Oioka. B
KaMepe CropaHusi pa3MellaeTcs 3apsii TBEPJOTO TOIUIMBA, BOCIUIAMEHUTENb U JPYyTUe
BCIIOMOTaTelibHbIE YCTPOWCTBA W 3/I€Ch K€ MPOUCXOAUT TropeHue 3apsaa. Kamepa
JOJDKHA MMETh MUHHUMAJbHYI0O Maccy M 00yaJaTb HEoOXOAMMOUW MPOYHOCTHIO MpHU
BHyTpeHHeM naBieHun 5—15 MIla u temmeparype npoxykroB cropanus 2500—3500 K.
B 10 ke BpeMsi KOHCTPYKIIHSI KaMephI J0JKHA ObITh TPOCTON U TEXHOJIOTUYHOM.

KoHcTpykTuBHass cxemMa KaMepbl OIpeeseTcs reoMeTpuuecko (opmoii,
pacroyioKeHueM pa3bEMOB KOpITyca U cxemoil comoBoro Onoka. ®opma xopryca PIATT
MOXET OBITh pa3nuyHOW (IMMIMHAPUICCKOW, KOHUYECKOW, Chepudeckod W Jp.) U B
OOJIBIION CTENeHu 3aBUCUT OT KOMIOHOBKU JIA. To e camoe OTHOCUTCA U K CXeMe
COIUIOBOTO 0JIOKA, KOTOPBIM MOXKET COCTOSITb M3 OJIHOIO WJIM HECKOJIbKUX COILI,
PaCIOIOKEHHBIX KaK Ha 3aJHEM JHUIIE, TaK U B IPYTHX 4YacTAX Kopiyca. YTo kacaercs
pa3bEMOB KOpIyca, TO HUX YHUCJIO JOJDKHO OBITh MUHUMAJIBHBIM, JOCTATOUYHBIM JIJISI
3aMpaBKy KOpIyca TOIUIMBOM M MOHTa)ka apMarypbl. Mbl OyzieM paccMaTpuBarh KaMepy ¢
HUAJTUHIPUYECKUM KOPITYCOM U COIJIOBBIM OJIOKOM, pACHOJIOKEHHBIM Ha 3aJTHEM JTHUIIIE.

Ha xoHCTpykiuio kamepbl OOJBIIOE BIUSHUE OKa3bIBAET CIOCOO YCTaHOBKH
3apsiia, B 3aBUCUMOCTH OT KOTOPOTO Pa3INYarOT BKJIAJHON U CKPETUICHHBIHN 3apsi/ibl.

BxnagHoi 3apsn cBoOOAHO BKJaabiBacTcs B Kamepy (puc.4.4). Ilpu 3TomM MoOXKeT
OBITH 3apsi]] BCECTOPOHHETO TOPEHHUS U 3apsiJl, TOPAIINNA 10 BHYTPEHHUM MOBEPXHOCTSIM.

B nepBom ciyyae ropeHue 3apsja MNPOUCXOAUT IO BCEM MOBEPXHOCTSIM:
Hapy>KHOM, BHYTpEHHEU U TOplEeBOW. YacTo 3aps/l BBIMOIHIETCS U3 HECKOJIbKUX IIalleK.
VYnepxanue 3apsijia o0ecreurnBaeTcsi ¢ MOMOIIBIO0 PEHIETOK U YIIOPOB. JIBUraTenu ¢ Takum
3apsiIOM MO3BOJIAIOT HOJYYUTH OOJBIIYIO TATY 32 KOPOTKUN MTPOMEKYTOK BPEMEHHU.

Tak kak CTEHKHM KOpPIyca OMBIBAIOTCSI TOPSYUM Ta30M, MPUXOJUTCS YBEIUYUBATH
UX TOJIIUHY WIA IPUMEHSTh TeTUIO3AIIUTY.

JIBuratenu ¢ TakUM 3apsiioM UMEIOT HU3KUM KOA((UIIMEHT 3amoiHeHUs €, U
OOJIBIITYI0 MacCcy KOHCTPYKIMH, HO OTIMYAIOTCS MpOCTOTOM. [l HuX ko3dduimeHt
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MaccoBOro copepireHcTna o, = 0,15 — 0,25.
JIBUTaTeld  PEaKTUBHBIX CHApSIOB, CaMOJIETHBIX YCKOPHUTENEH HMEIOT eIié
oompmnit. a, = 0,85 - 1,25.
[TperMyIiecTBOM JBUTATENICH C BKJIAIHBIM 3apsJIOM SIBIISICTCS TO, YTO 3apsiJl KECTKO HE
CBSI3aH C KOPITYCOM M HArpy)KeH TOJbKO WHEPIMOHHBIMH CHJIAMH M BCECTOPOHHUM
JaBlieHueM Ta30B. [103TOMy K MEXaHWYECKHM CBOWCTBAM TOIUIMBA HE MPEIbSABISCTCS
0COOBIX TPEOOBaHMUI, BO3MOXKHO HCITOJIb30BaHUS HUTPOLEUTIOIO3HOIO TOILIMBA.
Ckperutennblii 3apsan (puc.4.5) mosydaercs 3aJMBKOM CMECEBOrO TOIUIMBA B
KaMepy CrOpaHMsI WIIH K€ 3apsiji BCTABISICTCS W MPUKICHBACTCS K CTCHKaM Kamepbl. [Ipu
3TOM MEXKIY 3apsAJOoM U CTCHKaMH KaMephl 3a30pa HeT. [opeHue 3apsiia MpOUCXOIUT 110

BHYTPCHHUM ITOBCPXHOCTSM.

e ST e o T ----_.:—-:

/ RS XA P -
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1¥ q_;c,u.o,:,%:.o SRR
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Puc.4.4. Cxema PATT c BxinagasM 3apsanoM: 1- kopryc; 2 — 3apsif;
3 — OpoHHupyIOIIee MOKPHITHE; 4 — BKIAJBIIT, 5 — BOCIUIAMEHUTEIb,

6 — y3eJ CTBIKOBKH

Topstume rasel COMPUKACAIOTCA CO CTEHKAMHU KaMeEpbl TOJBKO B MECTAX, TAE HET 3apsja.
[TosTomMy o00mIass Macca HMCHOJB3yeMOIrO TEIUIO3AlIUTHOTO MOKPBHITHS HeBenuka. Her
HEOOXOAMMOCTU B JIOMOJTHUTENBHON (ukcanuu 3apsga. s u3roroBieHus Kopryca
MOTYT MCIOJb30BaTbCS JIETKWE MAaTepualbl. TUTaH, aJIOMUHHUEBBIC CIUIABBI U

II1acTMaccChl.
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Puc. 4.5. Cxema PATT co ckpereHHbIM 3apsigoM: 1 — kopmyc U3 CTEKJIOIIACTHUKA,;
2 — TemIoM3oAIMA; 3 — 3apsan; 4 — 3agHee AHUINE, 5 — comio; 6 — momnepedHas
popesb; 7 — BOCIUIAMEHUTENh, 8 — TepeaHee JHUIIE

Bce 3TO mo3BOJNSET 3HAUUTENBHO YIYYIIUTh MAacCOBBIE XapaKTEPUCTHKU JIBUTATENsS U
nonyanth oy = 0,1 — 0,2, s kpymHOTaObapuUTHBIX ABUTATEICH CO CTEKJIOMIACTHKOBBIM
koprrycoM o, = 0,08, a mnst chepuueckux PITT BepxHux crymeneit paker mo oy = 0,05 —
0,06 .

Opnako B Takoll KOHCTPYKIIMM 3apsifi CBSI3aH C KOPIYCOM U Je(POPMHUPYIOTCA 3TH
AJIIEMEHTHI COBMECTHO. Tak Kak Marepuajbl KOpIiyca M TOIUIMBA MMEIOT CYIIECTBEHHO
pasznu4Hble KOA(P(GUIIUEHTHI JIMHEHHOTO PACIIUPEHHUS] U MOIYIH YINPYTrOCTH, TO B 3THX
AIIEMEHTAaX BO3HUKAIOT HAINPSIKEHMs, KOTOpPbIE MOTYT MPEACTaBISATh OMACHOCThH s
3apsaa (MPOYHOCTh TOIUIMBA HAMHOTO HIKe, yeM kopmyca). [lostomy B PIATT co
CKpPEIUIEHHBIM  3apsilOM TPUMEHHMBI TOJBKO TOIUIMBA, JOMYyCKAIOIIKe OOJbIIne

nedopmaIium.

4.3.2. Koncmpyxyus kopnyca.

Koprryc kamepsI SBIIICTCSI CHITOBBIM 3JIEMEHTOM, BOC-TIPHHUMAIONIUM BHYTPCHHEE
JIaBJICHHE U TETJIOBBIC HAIIPSKCHMSI, KOTOPhIC BOSHUKAIOT B PE3YIbTATe €ro HarpeBa mpu
TOpeHUH 3apsiga. BMecTe ¢ TeM OH SIBISIETCS 9aCThIO KOPIY-Ca PAaKeThl M BOCIIPUHUMAET
Harpy3KH, IEHCTBYIONTNE HA PAKETy BO BCEX CITydasx €€ dKCILUTyaTalnH.

B OonbImmHCTBE CilydaeB KOPITYC BBIMOJHICTCS B BUAE IWIHMHIPUICCKOU
o0OeuaiK, 3aKpBITOM C TOPIECB MEPSAHMM H 3aJHUM (COIUIOBBIM) AHUIIEM. OIBITHBIM
MyTeM YCTaHOBJIEHO, YTO MHHHMallbHas Macca Kopryca (C yd4eToM TeIUIO3aluThl |
MacChl MEXCTYICHYAThIX OTCEKOB) I 3apsja 3aJaHHOW MAcChl IOJy4YaeTcs TpH
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OTHOIICHHUH JIJTUHBI KOPITYCa K TUaMETpy, paBHOM 2—5 .

JIHWIIIa MOTYT BBITIONHSATHCS 3a0JHO C IHMJIMHIPHUYECKOW YacThi0 W OTACIBbHO. B
OOJIBIIMHCTBE KOHCTPYKITUI TIepeTHee JHUIIE BBHITOHIETCS OTACIBHO.

3agHee THUINE U COIUIOBOW OJIOK YacTO BBITIOJHSIFOTCS B BHJE €IUHOTO y37a (CM.
puc. 1). O0a mHUIIA WCIONB3YIOTCS IS KPEIUICHUS YCTPOWCTB CHCTEMBI YIIPABJICHUS
nsurareneM. Ha mHUIaX MOTYT OBITh PACTOJIOXKEHBI Y3IIbI CTHIKOBKH C TIEPEXOTHBIMH
OTCEKaMH, 4Yepe3 KOTOphIE MEepeqaloTCsl HArpy3KH OT CMEXHBIX CTYMEHEH, MOJIe3HOTro
rpy3a Wik NpuOOPHOTO OTCEKA.

Macca xopmyca cocTapisieT HanOOJBIIYI0 YaCTh MAaCChl KOHCTPYKITUH JIBUTATEIIS.

OcHoBHOe  TpeboBaHME K  KOHCTPYKIMHM  KOopmyca —  oOecleueHue
paboTOCTIOCOOHOCTH JABUTATENsl B TEUEHUE 3aJaHHOTO BPEMEHH IPU MHUHUMAJIbHOU
Macce. J[7s BBIMTONIHEHHUS JTOTO TPEOOBAHUS WCIONB3YIOT MaTepHUalibl C BBICOKOM
YVACTBHON MTPOYHOCTHIO W JOOMBAIOTCS ONITUMANIBHON KOHCTPYKITUU KOpITycCa.

VYnenbHas MPOYHOCTh MaTepUaia XapaKTepU3yeTCsl OTHOIIEHUEM Gy/p, a YAeIbHas
KECTKOCTh — E/p, THe o, — mpemen BpeMEHHOW MPOYHOCTH, £ — MOAYIb YIPYroCTH,
p — TUIOTHOCTh Marepuaina. Eciaum s1eMeHT KOHCTPYKIIMM B OCHOBHOM paboTaeT Ha
pacTshKeHUe, TO €To 1eeco00pa3Ho BBITIOIHITE U3 MaTepuaia ¢ BBICOKHM Gy /p, €Clii Ha
ckarue (BO3MOXKHA TIOTEPS YCTOMYMBOCTH (DOPMBI) — C BBICOKUM E /p.

B Hacrosiee BpemMs IpUMEHSIOT KOPIyca METALTHISCKAC U U3 KOMIIO3UITHOHHBIX
MaTepHaoB.

Memannuueckue kopnyca. MarepuanamMu I8 3TUX  KOPIIYCOB  CIIy»Kar
BBICOKOTIPOYHBIC CTAJI, THTAHOBBIC WJIM ATFOMUHHUEBEIC CTIABHI.

K BBICOKOIPOYHBIM CTajsiM OTHOCSAT CTajH, KOTOPBIE TIOCIE€  BCEX BHUOB
yrnpouHeHus: umeroT o, > 1500MIla. Kopmyca oTHOCHTENbHO HEOONBIIMX Pa3MEpOB
4aCcTO M3TOTOBIISIIOT M3 BBHICOKOYDIICPOAMCTHIX CPEAHEIECTHPOBAHHBIX cTajiel (Hampumep,
u3 cramu 42X2I'CHMA). Breicokass MpPOYHOCTh TaKHX CTalied JOCTHUTaeTcsl TOCIe
3aKallKl W HHU3KOTO OTIycka. C yBelIMYEHHEM pa3MepoB KOpIyca MPOBEICHHE ITUX
omnepanuil yCIOXKHIETCs, TpeOyeTCs CI0KHOE 000pyldoBaHUE M HAOIIOAaeTCs MOBOIKA
neTajei.

B orom ciywae TOpUMEHSIOT  MapTEHCUTHO-CTApPEIONIME  CTajdd  THUMA
03X11H10M2T-B/I. DT0o HEpKaBEIOIINE CTAIH, YIPOUHCHHE KOTOPBIX MTPOUCXOIUT MIPHU
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crapeHud (BBLICPXKKH JETallH ONpeeISHHOe BpeMs IpH Temmeparype ~ 400°C).

oo o “\J"'

= } k_/_/--i:::: '

Puc. 4.6. CTeikoBOE CBapHOE COCTMHEHHUE C YCUIICHUEM KPOMOK

Bricokomnpounsie CTall, MIPUMEHSIEMBIE B PATT, obecreurnBaroT
o,/p no 22,6-10° Ma-m*/kr.

BricokomnpouHblie TUTAHOBBIE CILJIaBbI MO3BOJISIOT MOJIYYUTh
6,/p 10 25,6-10° IMa-m*/kr.

HenocratkoM 5»THX MarepualioB SBISETCS TMOBBIIIEHHAS YYBCTBUTEIBHOCTh K
KOHIIEHTpaTOpaM HarpsiKeHui. BbICOKasi MPOYHOCTh MOXKET OBbITh JTOCTHUTHYTA TOJBKO
MIPU BBICOKOM KYIBTYpe MPOSKTUPOBAHUS U U3TOTOBICHUS JIETAJICH.

KoHCTpyKIlMsT MeTalIMYecKuX KOPIYyCOB B OOJBIIONW CTEMEHU OIMpPeaeisieTcs
TEXHOJIOTUEH MX M3roToBieHUs. OOBIYHO KOpIyca COCTOAT W3 JeTajei, MolydaeMbIX
IITAMIIOBKOW U MEXaHUYECKOU 00pabOTKOM, KOTOPBIE COCAUHSIOTCSI CBAPKOM.

COOTHOIIEHHE OCEBBIX Oy U OKPYKHBIX Oy HaNpsHKCHUH B HWIMHIPUYECKOM
obOeuaiike paBHO 1: 2. I[lodTOMy oOmacHBIMH SBJISIOTCS OKPYXKHBIC HAMPSIKEHUS,
paspbiBaloIIe OO0O0JOYKY 1O o0Opa3ylolled HWIWHIpPA, W TP KOHCTPYUPOBAHUU
1e71eco00pa3HO UCKII0UATh CBAPHBIE IIIBBI B 3TOM HAIPaBJICHUU.

Ecim umeercs obopymnoBaHue, TO 00€YalKK MONTYYarOT packaTkod (pOTalMOHHBIM
BbIIaBMBaHueM). [Ipu 3TOM JOCTHraeTCss PaBHOMEPHOCTH CBOWCTB MaTepuana |
OPUEHTHPOBAHUE €TI0 BOJOKOH B OKPY>KHOM HampaBieHuu. PackaTka mo3BOSIET MOIy4YaTh
o0eyallki ¢ MEPEeMEHHON MO MJMHE TOJIIUHOW CTEHKHU. JIIMHA pacKaTHBIX 000JI0UEK

OrpaHMYCHA, IMMO3TOMY oOeuaika MOXKET COCTOSITh U3 HECKOJIBKHX CCKHHﬁ, COCOAMHCHHBIX
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KOJIbIICBBIMU CBapHBIMM IIBaMU. Tak Kak JOOUTHCS MOJHOTO COBIAJEHUSI CBAPHUBAEMBIX
KPOMOK 000JI0YEK MPU 3TOM HE YHAETCsl, TO ISl MOJy4YeHHUsT HEOOXOAMMON MPOYHOCTHU
9aCcTO MPUXOTUTCS KPOMKH yronmarh (puc.4.6).

Kopnyca uz xomnozuyuonnvix mamepuanos (KM). KM coctosT U3 1ByX Wi Ooiee
KOMIOHEHTOB. HempepsiBHBIM 1O BceMy 00beMYy JIeTalli KOMIIOHEHT Ha3bIBACTCS
MaTpuled (CBS3YIOIIMM), a MPEPHIBUCTHIA KOMIIOHEHT Ha3bIBACTCS HATOJHHUTEICM HIIH
apMUpyrOmuM  35eMeHTOM. (OCHOBHBIM HecymuMm 3jieMeHToM B KM  gaBusercs
BBICOKOIIPOYHBIM HAMOJHUTEINb. MaTpulia IpuaaeT U3eanu0 He0OX0AUMYI0 hopMmy.

B PATT ucnoneszytorcs KM ¢ monuMepHbIMU MaTpUllaMUA W3 CMOJ: SIOKCUIHOW,
MOJIMUMUIHON, (eHONbHONM u Jp. B kadecTBe  apMHpYIOIIETr0 3JIEMEHTa IIHPOKO
UCIIOJB3YETCSl CTEKIOBOJOKHO (Takoi KM HaspIBaeTCs CTEKIOIUIACTHKOM). Jliis
CUJIOBBIX KOHCTPYKIIMH MPUMEHSETCSI CTEKIOBOJIOKHO alFOMOOOPCUIIMKATHOTO COCTaBa C
IMAMETPOM BOJIOKOH 6...9 MKM, KOTOpOE TO3BOJIIET MOJYYUTh MaTepHall BBICOKOU
MMPOYHOCTU C TIJIOTHOCTBIO pz2r/CM3. N3roraBamBaroTCs CTEKJIOMIACTUKOBBIE KOpITyCa
HAMOTKOW OTAENBbHBIX HUTEW WM JICHTHl U3 CTEKJIOTKAaHH, MPOIMMUTAHHBIX CMOJIOM, Ha
COOTBETCTBYIOIIYIO (hOopMYy.

[Ipounocts getanu u3 KM MoxerT OBITh MOBBIIIEHA MNYTEM ONTUMAaJIbHOTO
PACIIONIOKEHUSI apMUPYIOIIUX BOJIOKOH. OHU JIOJKHBI OBITh OPUEHTUPOBAHBI B
COOTBETCTBUU C JCHCTBYIOIIMMH B JeTalM HampspDkeHusiMU. Tak Kak B oOeyaiike
OTHOILEHHE HANpsDKEHUH Ox:6y =1: 2, TO U MOIy4eHUs PaBHOIPOYHOCTH MU
MUHHMAaJbHON €€ MacChl HEOOXOIMMO UMETh B OKPY>KHOM HAaIpaBJICHUH BOJIOKOH B JBa
paza Oombllle, 4eM B OCEBOM. Takoe COOTHOIIIEHHE BOJIOKOH B o0edailke MOXKHO
MOJIYYHUTh, TPUMEHSIA MPOAOJIBHO-TIONEPEYHYIO HAMOTKY Ha CIIEIUAJIbHBIX cTaHKax. [Ipu

3TOM JIOCTUTaeTCs MPOYHOCTh oOeuaiiku 10 o,~1000MI]a.

[To TexHOMOTHUECKUM MPUUKUHAM 00JIee IIMPOKOE PACHPOCTPAHECHHE MOy
criupaibHas HaMoTKa. [Ipu 3TOM BOJIOKHA YKJIbIBAIOTCS HA Pa300pPHYIO OMPABKY IO
BHHTOBOM JIMHUH C 3aX0JIOM Ha 00a JHUIIA, YTO MO3BOJISAET CAENaTh JHUIIA 3a0THO C
oOeuaiikoii (B LIEHTpEe JHUII OCTAIOTCS OTBEPCTHUS, YePe3 KOTOPBIE 3aTEM BRIHUMACTCS
ornpagka). Tak mony4aroT kopryca tuna "kokoH", Takoi kopryc y P/ITT Ha puc.2.
[Ipenen nmpoyHoCTH MaTepurana 00e4aiiku B TOM CiIydae MEHbIIIE, YeM MPU MPOAOIbHO-

norepeuHoit HamoTke ( 6, ~ 850MIla), HO BECOBOI BBIMTPHIII MOXKET OBITH JOCTHUTHYT 3a
97



CYET HAJIMYUS JTHUIIL.

[Ipu cpaBHeHMH o00e4aeK U3 CTEKJIOIUIACTHKA W BBICOKOTIPOYHOW CTalld MOXKHO
OTMETHUTh, YTO IO YACTLHON MPOYHOCTH TMEPBBIE B ~ 2 pasza MPEBOCXOMAT OOCUaAWKH U3
CTaJIH, a MO YJIeTBHOM )KeCTKOCTH B ~ 1,3 pa3a yCTymarwT UM.

Onanm n3 HenocTatkoB KM ¢ BOJOKHHUCTOUM CTPYKTYPOM ABISIETCS TO, YTO OHU ILIIOXO
CONPOTHUBIIIOTCS HANpsDKCHUsM  casura. [loatomy Hape3aTh pe3b0y (0coOCHHO
TpeyroibHyt0) Ha aetansx n3 KM HemenecooOpasHo. [[iisi mpHCOSIUHEHUS ChEMHOTO
JHUIIA, 3a0IyHIeK U MPOYUX KPENEeKHBIX JeTalied B Mpolecce HAaMOTKU B oOedailky
3aKJIaIBIBAIOT METAJIJINUYECKHUE DJIEMEHTHI.

B cBsi3u ¢ TpyIHOCTBIO KOHTPOJISI U3TOTOBICHHBIX CTEKJIOMIACTUKOBBIX KOHCTPYKIIMI
0co00e 3HaYCHHE MMeeT OTPabOTKa TEXHOJIOTHHM WU3TOTOBJICHMS, TIATEIbLHBIA KOHTPOIb
HCXOJHBIX MaTepHaJIOB M PEKUMOB TEXHOJIOTHUYECKOTO IIpoIiecca.

B HacTtosiiee BpeMsi OCBOEHO U3TOTOBJIEHHE CTEKJIOIUIACTUKOBBIX KOPITYCOB
OTHOCHTEJIbHO HEOOIBIITUX Pa3MEPOB.

4.3.3./[nuwa kopnycos.

Juuma kopryca PIITT oOb14HO BRIMOMHAIOT chepruuecKuMu, TOpocHepuIeCKUMU

Wiu untudeckuMu. [lpu BeiOope ¢hopmbl THUIA PYKOBO-CTBYIOTCS CIEIYIOITUMHU
TpeOOBaHUSAMU:
1) nHMIIE JOKHO OBITh HAMMEHBIIIEH MaCcChl IIPH TOCTATOYHO OOJIBIIIOM 00bEME;
2) MHUIIE TOJDKHO 00ecIeYrBaTh HAMIYUIIYI0 KOMIIOHOBKY C COCEIHHM OTCEKOM;
3) dopma gHHIA ~ JODKHA HPUBOAUTH K BO3MOXHO MEHBIICH KOHIIEHTpALUU
HampsDKEHUM B 30HE CThIKa C 00€4aiKoif,

4) bopma gHHINA JOJDKHA OBITH IPOCTOM AJIS M3TOTOBJICHHS.

98



Jlexmms 16
4.4. IIpoYyHOCTH KOPILYCOB

4.4.1.Ilpounocms obeuaex KOpnycos.

[Ipu pacuere oOeuaiika paccMaTpUBAeTCsl Kak TOHKOCTEHHAs UUIWHIpUYECKast
000I04YKa, HAarpyKeHHas BHYTPEHHMM JaBJIeHUEM p, U oceBoi cmnod N,. B
OOJIBIIMHCTBE CIIy4aeB JUIsl pacuera O0e4alKh C JOCTaTOYHOM TOYHOCTHIO MOXKHO
MPUMEHUTh OE3MOMEHTHYI0 Teopuio oOonouek. I[lpu 3TOM He yUYUTHIBAIOTCA
HaIpsDKEHMs, BOSHUKAIONIME B CTEHKE BCJIEJICTBUE HEPABHOMEPHOTO HarpeBa 00OJOYKHU
o JUinHe U TonmuHe. Heo6XouMo OTMETHUTh, YTO XOTSl TEIUIOBBIE MOTOKU B CTEHKY U
YBEJIMUYMBAIOTCS M0 HAMPABJICHUIO OT MEPEAHEro JHHUINA K 3aJHEMY, COOTBETCTBYIOLIEE
YBEJIIMYEHUE TOJIUIMHBI TEIUIO3AIIUTHl MPUBOJUT K BBIPABHUBAHUIO TEMIIEPATypPhl IO
JUTUHE.

ITo 6e3MOMEHTHO# TeopuH 000JI0UEK B 00€UaiiKe BOBHUKAIOT MOCTOSIHHBIC 11O

N

TOJIIIMHE CTCHKHU HAIPSKCHUA .

o =——
MEPUIUOHAIBHBIE X 271:R|‘
(2)
p,R
MEPUINOHATBHBIE o,= -

3neck R — paanyc obedaiiku (peamoiaraeTcs, 4To pauychl BHYTPSHHEH U HApYKHON
MOBEPXHOCTH OTIMYAIOTCS Majio U paBHBI R);
h—ronmunaa cTeHkn oOedaiiky.

BenuunHa oceBod CHIIBI B JIIOOOM CEUYCHHMHM OOCYaKH HAaXOIUTCS W3 YpPaBHCHUS
paBHOBECHS OCEBBIX CHII. K MOMEHTY BBITOpaHHMsI 3apsja pacripeesieHue OCEBBIX CHIT TI0
JUIMHE 00€YaiiKi 3aBHCHT TOJIBKO OT PACIIOJIOXKEHHUS Y3JIOB KpeIieHus aABurartens. [lpu
MOCJICIOBATEIBHOM  PACIIOJIOKEHUM CTYIICHEH paKeThl Y3Jbl KPCIUICHUS JBUTATEIS
pa3MeniarTcs o0buHO Ha mepenHeM nuumie (puc.4.7,a). B 3ToM ciiydae K OKOHYAHHUIO

2
paboThl aBUrarens B mo0oM cedeHuu Ny=p,mR*—P, rne P—cuna TAru ABUraTens.
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[Tpu napaienbHOM WIIA MAKETHOM PACIIOIO0KEHUH CTYNIEHEN PaKkeThl U B CTAPTOBBIX
YCKOPUTENAX Y3/l KPEIUICHUSI YCTAHABIMBAIOTCS OOBIYHO B ABYX CEUCHHSIX HA OOKOBOI
MOBEPXHOCTH oOcuaiiku (puc.4.7,0). i pacueTa OCEBOM CHIIBI B 3TOM CIIy4ae MOKHO
NPHUHATH CIICIYIOIINE AoMyIeHus [2]:

1. PacueTHOE ceueHue yJaieHO OT y3JI0B KPEIUICHUSI Ha pacCTOsiHUE OoJblee, 4eM

30Ha PACHPOCTPAHEHHS] MECTHOTO M3TrH0a.

2. JleficTBHEM M3THOAIONIEr0 MOMEHTA, CO3/1aBaeMOT0 CHJIAMH PEAKIIHi B OITOpPaXx,

MOXHO MPEHEOPEYb.

OTHU IONMYLIEHUS MO3BOJSAIOT 3aMEHUTh JEUCTBUE CUJI PEAKIMU B OMOpPAX AECHCTBHEM
PAaBHOMEPHO PACHpPENICICHHBIX HArpy30K (1 U (3, HAMpPaBICHHBIX BJOJb 00pa3yrouien
o0Oeuaiiku, Tak 4To

P = 27IRq1, P, = ZWRQ2
1
B nepBoM npubIMKeHUH MOKHO NPUHSTEH P = P :EP.
Haubonbias oceBasi cuia y nepeiHero JHUIIA
N=p,R®.

Ha puc.4.7,B, T mpuBeCHBI SITIOPBI OCEBBIX CHJI TSI 000UX cliydaeB (pacTATHBAIOIINC
CHJIBI CYUTAIOTCS MOJOXKHUTCIBHBIMHY, a COKUMAFOIINE — OTPUIATCILHBIMH).
[Ipu pacdeTe 0CeBBIX CHII JJIsl HAYAJIBHOTO MEPUOJia PaObOTHI ABUTATEISI MOXKET OKa3aThCs
HEOOXOJMMBIM YUUTHIBATH OCEBYIO CHITY, MEPEIaBaEMyI0 Ha KOPITYC JIBUTATEIIS
TOIUIMBHBIM 3apsiioM. BennunHa 3Toil CUiIbl 3aBUCHUT OT CIIOC00a KperyieHus 3apsijia B
KaMepe U YMEHBIIIAETCS [0 MEPE €ro Beiropanus. Hanpumep, npu BKIAIHOM 3apsiae B

MoJIeTe BO BpeMs pabOThI IBUTATEINSI HA COIUIOBYIO PEIIETKY ACHCTBYET CHiia
Pg:(pkl_pkz)'F31+mTJ’ (3)

re Py — JaBJICHUE Ta3a y MEepPeaHEro Toplia 3apsa,
Pxo—IaBJICHUE Ta3a y 3aIHET0 TOPIIA;
Fs—TekyIiee 3HaUCHNE TUTONIAIA TOPIIA;
M,—TeKyIlee 3HaueHne MacChl 3apsa,
] —TIPOJOJILHOE YCKOPEHUE PAKETHI.

Yepes pemieTky 3Ta cuiia nepenaeTcs ooedalike u B ceueHnu d — d ymMeHbIaeT
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pacTATHBAIOIIYIO OCeBYIO cuity (puc.4.4,B).
Kax BUIHO, BO BCEX CTy4asX MAKCHMANbHAS OCEBAs CHIIA HE PEBOCXOHT Pp1t R,
Taxum 006pa3oM, UCTIONB3Ys BbIpakeHHs (2), MOJKHO ONPENEINTh Oy U Oy M HAUTH

9KBHUBAJICHTHBIC HAIIPSXKCHU A

A
0,=l0,+t0,—0,0, .

!|.i| AHEE
I

1!.'.:““ | Dﬁﬂi !E i‘

Puc.4.7.

3anac nmpouHoctu obevaiiku kamepsl PJITT oneHuBaeTcs 1o npeaery Npo4HOCTH

U 10/oKeH ObITh paBeH 1,5-1,8 [8]. 3nauenne op Oepercs miisg MaTepuaja CTEHKU B
paccMaTpHBaEMOM CEUCHHHM TIPU CPEeAHEH MO TONIIWHE TeMIlepaType, KOTopas
JIOCTUTAETCS B TIPOIIeCcCce PaOOTHI IBUTATEIIS.

4.4.2 .Ilpounocmov OHuwy.

B OompmmHCTBE CciaydaeB JHUINA KOpIyca MOTYT pacCMaTpUBAThCA  Kak
TOHKOCTEHHBIC O0OJOYKH, W JUISI WX pacyeTa WCIOIb3YeTCs OE3MOMEHTHAs TEOpPHUS
obomouek.Chepruueckoe THUINE, TpEACTaBiIsIoNee codoir cermeHT chepol (puc. 24),

MOJYUYHJIO INHUPOKOC PACHPOCTPAHCHUE BBHUAY IIPOCTOTHI H3TOTOBJICHMUA. OCHOBHBIM
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HEJIOCTATKOM €0 SIBIIIETCA 3HAYUTEIbHAs KOHUEHTPALUS HANpSHKEHWM B MECTE CTHIKA
JHUIIA ¢ 00e4aiKkol 1 HeOOXOJUMOCTh MOCTAHOBKHU B 3TOM MECTE MEPEXOTHOTO KOJIbIIA.
[lox meiicTBHUEM BHYTpPEHHEro JaBIEHUS B CPEPUUECKOM JIHUILEC BO3HUKAIOT PABHBIC

MCPUIMOHAJIBHBIC U OKPYIKHBIC HAIPSXKCHUS .

R
o =0 e < 4

rae Ry 1 h — paguyc u TonmHa CTEHKN THUIIA.
Ha BeanunHy Macchbl IHUILA U HAIPSHKEHHOE COCTOSIHUE B MECTE CTBIKA C 00€4aiKo

3HAYUTCIBbHOC BIWIHHNEC OKA3bIBACT BBIJICT AHUIIA b 1 ero orHOCHTENBHAS Be-

gyuna &= Db/R. .

A
!

Puc.4.8. Chepuueckoe quutie
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N3 reomeTpryuecKUX COOTHOLIEHUN MOYXHO MOJTYYUTh

R(1+ &2
R“b:(Z—ZZ) h

[Toxcrapisst 910 3HaucHue B (4), HAXOAUM HAMPSHKCHUE B CTCHKE JHHINA

_p,RIL+&)
- 4hé
M 3aI1ac HquHOCTI/I JHHUIIA
n =Ze (2)

H

BenuunHy ero MOXHO PUHUMAThH PABHOM 3HAYCHHIO 1, JUTst oOeuaiiku (1,35-1,5 [11]).
[To xpomke chepuueckoro JAHMINA IESHCTBYET MepuauoHanbHoe ycuiaue 1 (puc.4.8, 0),
BEJIMYMHA KOTOPOT'O TAKXKE 3aBUCHUT OT &; M ONIPENEISAETCS BhIpAKEHUEM
T:gﬁa+€)
4¢

Jlns BOCTIpUATHS PaAMalbHON cocTaBisiomeil 3toro ycumus T , = T Siny B KoHIE
o0Oeyailku NpUBapUBAIOT MEPEXOJHOE KOJbLO 1, Macca KOTOPOrO YBEIMYMBAET MACCy
KOHCTpYKIMH. BenencTrue 00nbIIoi pa3HUIBI B dKECTKOCTH 3TOTO KOJIbLIA M JHUINA B
MECTE CONpPsDKEHHMS] BO3HHMKACT KOHLEHTpauus HanpsbkeHuid. I[lostomy crpemsrcs
yBemuunth ¢. Ilpn ¢ = 1 nmomywaercsa nomycdepudeckoe anumie, y koroporo T, ==
(yron y = 0), u oTnamaer HEOOXOAMMOCTh B IEPEXOJHOM Kouiblle. Ilpu paBeHCTBe
TOJIIIMH O0€YalKM M JHUINA OTCYTCTBYET KOHLIEHTpauus HamnpsbkeHud. OJgHako mnpu
3TOM JTHUIIIE TOTy4YaeTcsl MEePETSHKEICHHBIM, TaK KaK HalpsOKEHUS B HEM MEHBIIE, YeM B
oOeuaiike. Ilomycdepuyeckoe nHUIE HMEET OOJBIIYIO IMOBEPXHOCTb W YacTO €ro

MNPUMCHCHHUEC HCBO3MOIXKXHO 110 YCJIOBHUSAM KOMIIOHOBKH.

[Tpu & < | BcitencTBUE YMEHBIICHHS TUTOMIAAM TOBEPXHOCTH JHHINA €TI0 Macca CTAaHOBHT-
Csl MEHBIIIE, TaKe HECMOTPSI HA HEKOTOPOE YBEIMYCHHUE TONIIUHBI CTCHKA. MUHUMaTbHAS
Macca qHuIIa moixydaercs npu &= 0,58.

BbI60p 3HA4YCHHUA f IIPOU3BOAUTCA M3 YCIOBHUA MHUHHMMYMa MACChl JHHIA U BO3MOXK-
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HOCTE€W KOMIIOHOBKH KOpITyca Ha JI€TaTrelibHOM amrmapare. KoHCTpyKius conpsKeHUuu
oOeuaiiku W cdepudecKoro JHWINA TMoKa3aHa Ha puc.8. CkpyrieHue pamuycom I
HEOOXOJMMO NJisi CHUXKEHUSI KOHIIEHTpaluu HanpstkeHuid. [lpu yBenuuenun paguyca r
nojrydaeTcsi Topochepuueckoe quuine (puc.4.8, a), KoTopoe 00pPa30BaHO CONMPSKCHHEM
Topa paguycoM Rt u cdepuueckoil wamu, umermeil paguyc Rq,. B 3Tom cmyudae
KOHIICHTPAIIUS HAMPSHKEHUI B 30HE COSIMHEHUS THUIA ¢ 00e4ailkoi OTCYTCTBYET, U 3TO
MECTO MOXKHO BBINOJHUTH 0Oe€3 ycuieHus. OJHAKO KOHUEHTpAlMs HampsiKEeHUM
MOSIBJIICTCS. B MECTE COMpsDKeHHsS Topa M cepwl (Touka A Ha puc.4.8, a) BCIeACTBHUE
W3MEHEHUSI TaM paJuyCcoB KPUBHU3HBI TOBEpXHOCTU. Ecnu pgHume caenaHo wus
JOCTAaTOYHO IJIACTUYHOTO MaTepuana, 3Ta KOHICHTPAIHS HAMPSKEHUN HEe PEeACTaBIsACT
OMAacHOCTH, TaK Kak ocladisercs Oyiarogapsi MECTHBIM IJIACTUYECKUM Je(opMaiusim.
[Ipu ucnonap30BaHUM BBICOKOMPOYHBIX U MAJOIUIACTUUHBIX MAaTEPUAIOB KOHIICHTPAIUIO
HaIpsHKEHUH HE0OXOAUMO YUUTHIBATD.
PacuetHoe HamnpsbxkeHue AJisi TopochepruyecKoro JHUIIA C TOCTOSIHHOM O KOHTYPY

TOJIIIIMHON MOXHO OompeAesuThb 1o hopmysie [11]

R R
o =§+ "o | P <

14 \2R | 2h

3HavyeHns Ry, u R, moxbuparorcs Takum o0pa3oM, 4TOOBI MOJYYUTh MUHUMAJIBHYIO
Maccy JHHINA. 3arac NpOYHOCTH onpeensercs Beipaxxenuem (4.10).

DAMUNTHYECKOE JHUIIE TMPECTAaBIAET COOO0 MOMY IITUIICON BpaleHus. | 1aBHbIe
paaryChl KPUBU3HBI y HETO MEHSIOTCS HETIPEPHIBHO BIOJIb IIOBEPXHOCTH U HET TaKOH
KOHIICHTPAIIMH HaIPSKEHHH, KaK y Topocdepudeckoro mpauma. Omxaako mpu ¢< 0,707
OKPYXHBIC HAMPSDKEHUS Ha TTepudepUH IUTUNTHICCKOTO JTHHIA CTAHOBSATCS
OTpHUIIATEIhbHBIMH. Tak Kak B 0OeUaliKe OKPYKHBIC HAMPSKEHUS BCET/Ia TOJI0KUTEIBHBI,
TO B MECTE MX CONPSDKCHUS BO3HUKAIOT 3HAYUTEIIHHBIC U3THOAIONNE MOMEHTHI.
[ToaTOMY 3TO MECTO MPUXOUTCS YCHUITHBATH MIEPEXOAHBIM KOJBIIOM WIJIH YTOJIICHUEM
KPOMKH JTHUIIA. Y MCHBIIIUTH U3THOAIOIINEe MOMEHTHI HAa KPOMKE MOKHO yBEIHMUCHUEM C.

PacueTHoe HanpspKeHUE TSI SIUTUITHYSCKOTO THUIIA MOYKHO HAWTH C TIOMOIITBIO

3aBUCHUMOCTHU
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; _1+2¢ pR
JH 652 h

MuHumanbHas Macca JHUIA C Yy4E€TOM CJOsI TEIUIOM3OJALMU U HEOOXOIUMOCTH
yCHJICHUST KpOMKH Ttosrydaercs npu ¢= 0,4—0,7. 3amac nmpoyHocTr Haxoautcs 1o (4).
[IpeuMymiecTBa SIIMOTAYECKOTO JHUINA 1O CPABHEHUIO C TOPOCPEPUUECKUM
HE3HAYUTEIBHBI, K TOMY K€ OHO CJIO’KHEE B M3TOTOBJICHUU U MPUMEHSIETCS PEiKe.
C 1enbl0 CHUXKEHUSI MacChl KOHCTPYKIIMU U YCTPaHEHUS 30H KOHIICHTPAIIUU HAMPS>KEHUH
pa3paboTaHbl U MPUMEHSIOTCS OoJiee CIIOKHBIC (GopMbl JHUI (IHUIIA BUIleHO W THUIIA

Kaccunm [11,5]).
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Jlexrus 17
4.5. KoHCTpyKIMs COIIOBOro OJioKa

KoHCTpYKTUBHO COMIOBOM OJIOK COCTOUT M3 OAHOTO WJIM HECKOJbKuX corul. [Ipume-
HEHHE MHOTOCOIUIOBOrO 0jioka (OOBIYHO W3 YETBIPEX COIUI) BBI3BAHO CTPEMIICHHEM
YMEHBIIIUTH JJIMHY COIUT U UX Maccy. Kpome Toro, B 3ToM ciiy4ae Jjisi yrpaBJieHUs pa-
KETOM JIOCTATOYHO KayaHUs COIUT TOJBKO B OJHOM MJIOCKOCTH WM HE HYXHBI JOMOJIHU-
TeJIbHbIE YCTPOMCTBA JJIsl yIpaBieHus no KpeHy. OJHako B MHOTOCOILUIOBOM OJIOKE TO-
TE€pHU MOTEPU CKOPOCTHU Ta30BOr0 MOTOKA OOJbIIE, a yAEIbHBIA UMITYJIbC TSITH MEHBIIIE,
YeM B OJJHOCOTIIOBOM.

JIist yMEeHbIIEHUS ITTMHBI KaMepbl U JUIMH TMEPEXOJHBIX OTCEKOB MHOTOCTYTIEHYATOM
paKkeThl IPUMEHSAIOTCS YTOIUIEHHbIE cOIuia. [JyOMHA MOTpY>KEHHsS COIUT B KaMepy s
KpYIHOTa0apHUTHBIX ABUTaTeNel coctarisget 10 50% mmHb coruta [15].

ComnoBoit OJIOK ABJISIETCS CaMbIM HAMPSKEHHBIM B TEIJIOBOM OTHOILICHHH Y3JIOM
PATT. Kpome TOro, BHYTpEHHSSI MOBEPXHOCTh COILUIA IMOJBEPKEHA CUIBHOW 3pPO3UH,
OCOOCHHO TIPH HCIIOJIb30BAHWH TOILUIMB C J00aBKAMH IOPOIIKOB METAIIOB (QJIIOMHUHHS,
Oepwtust U apyrux). [IpogyKThl CropaHHs TaKUX TOIUIMB COJIEP)KAT TBEPbIC YaCTHIIBI
METaJIOB, KOTOPBIE OKa3bIBAIOT a0pa3uBHOE BO3/ICHCTBHE.

B o0mem cnydae coOmio COCTOMT M3 HECYIIE KOHCTPYKUMU U TEIUIO3aLUTHI.
Hecymass koHCTpyKius oOecreuruBaeT IEJOCTHOCTh COIUIa, BOCIPUHUMAET BCE BHJIbI
Harpy3o0K U MepeaeT X paBHOACHCTBYIONIYIO HA KOPITYC KaMepbl JBUTATEIIS.

ComnoBoit OJIOK uepe3 HECYIIYI0 KOHCTPYKIMIO KPENUTCA K KOPIYCY KaMmephl
JIBUTATENSl MPU MOMOIIM CBapKH, pe3b00BOro, (iaHIEBOrO0 COCAMHEHUS WIH APYTUMU
crocobamu.

B cBsa3u ¢ HaimMuuMeM TEIUIO3allMThl JOJS COIUIOBOTO OJIoka B 0Omeld Macce
koHCTpykimu PIATT Bechbma 3HaumrtenbHa u cocraBisier 30-50% [4]. TTostomy npwm
MPOCKTUPOBAHUM COIUT MHOTO BHUMAHHUS YJNENsAETCS CHUXKEHUIO HMX Macchl. Jlis
JOCTHKEHUSI 3TOTO CBEPX3BYKOBYIO HaCTh COILI CTPEMSITCS CAENATh MO BO3MOXHOCTHU
O0ojiee KOpPOTKOM TIyTeM yMEHBILICHHS CTENEHU paCIIUPEHUs W MNPUMEHEHHS
MPOPUIUPOBKH.

B 3aBUCHUMOCTH OT KOHCTPYKTHMBHBIX Pa3IMYUi MOXKHO BBIACIHUTH CIEAYIOIIHE

OCHOBHBIC THUIBI COII. HEHOJABMXXHBIC, KayarOIHUecs W IIOBOPOTHBIC, a TaKXKe
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peryinmpyeMsle.

4.5.1.Henoosuoicnole conna

. HemonsuskHbIe coria MOTYT OBITH TPOCTHIMU U COCTABHBIMU.

[IpocThie comia M3rOTaBIMBAIOTCSA IIEIUKOM W3 OJHOTO MaTepuajia. Takue coruia
MPUMEHSIOTCS MPU MaJIOM BpeMEHU padOThI ABUTATE 1. MeTalmndecKue MpocThie Coria
BBINIOJIHAIOTCS TOYCHBIMM U cBapHbiMH (puc.4.9). Temnozamura ux oOecreuynBaeTCs
€MKOCTHBIM OXJIZKJICHHEM, MO3TOMY OHH JJOCTATOYHO MAacCHUBHBI. B kpuTHUeckoi yacTu
coluia JejiaeTcsi UWIMHIpPUYECKas MPOTOYKAa [JJii YMEHBUIEHUS 3PO3UOHHOTO
paspymenus. JnmuHa mpotouku 3-5 mMm. Coruta M3 TUTACTUKOB OOBIYHO BBITOJTHSIOTCS

npeccoBanueM. Temno3anmra ux oOecreyuBaeTcs 0oOpa30BaHHEM BO BpeMsi pabOThI

ABUTATCIIA O6erICHHOFO CJI04.

Puc.4.9. Tlpocteie comna PJITT: a — ToueHoe, 6 — cRapHOE, YCTAaHOBJICHHOE MO

YTJIIOM K OCH JBHTATENs: 1 — unuHApuYeckast mpoTouka; 2 — 3arIyIika

CocTaBHBIE COIUIa HMMEIOT METAIMYECKYI0 U CTEKJIOIUIACTUKOBYIO  HECYIIYIO
KOHCTPYKIUIO M1 MECTHYIO WJIM OOIIYIO TEIUIO3aIUTy. DTH COIIa MOTyT paboTaThk OoJee
IJIMTENBHOE BpeMs, 4eM MpocTble. KOHCTPYKIMS COCTaBHBIX COIUI MPHUBEACHA HA PHC.
4.10.
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45.2. Kauarowuecsi u nogopomuvle Cona

Kavarommecs u NOBOPOTHBIE COIUIA SIBJISIFOTCSA  YOPABISIOMIMMU W MO3BOJSIOT
OTKJIOHSITh MOTOK Ta30B B OJHOM IMJIOCKOCTU WJIH B JIIOOOM HarpaBieHuU. B kauarommxcs
COIUIaX OTKJIOHSIETCS CBEPX3BYKOBAas 4YacTh COIUIA, & B IOBOPOTHBIX — BCE COILIO
HeJIUKOM. JlJisi 3TOrO0 B 30HE KPUTHYECKOTO CEYEHHS WM B KOHIIE KamMepbl CrOpaHUs
JIOJKHO YCTAHABIUBATHCS IIAPHUPHOE COoeAuHEHue. TpeboBaHUE K ITOMY COEAMHEHUIO
3aKJII0YaeTCs B 00€CIIEYeHUM Majlor0 MOMEHTA TPEHUS U HAJIEKHON TepMETUYHOCTH.
boiee mmpokoe pacnpocTpaHEHHWE TNONYYWIM KA4darollhecs COIUIa, B KOTOPBIX
HIAPHUPHOE COEAMHEHNE MEHBIINX Pa3MEPOB U MEHBIIE MAcCa MOJBUKHOW YaCTH COILIA.
OnHako B 3TOM cCly4ae COECAMHEHHE HAXOJUTCA B 30HE MAKCHMAJbHBIX TEIJIOBBIX
MoTOKOB. Bo3HukaroT Oonbliue TepMuueckue aedopmMannu cousieHeHHbIX Aetaneil. [Ipu
paboTe B MeCTE€ COCAMHCHHS HEMOABIKHOW W TOJBMKHOM YacTel COIlJIa BO3HHKAIOT

BO3MYUICHUA I'a30BOT0 ITIOTOKA, KOTOPBIC CHOCO6CTBYIO 9PO3HUH KPUTHICCKOT'O CCUCHMA.

Puc. 4.10. Kauaromeecs comio co ceprudeckuM IapHUPOM: 1 — oCHOBaHHUE
COIUIa; 2 — MOANATHUK, 3 — cepUUYCCKHil HaKOHCYHMK; 4 — BKJIAABII, 5 —

TETJION30JIMPYIOIIHHA CII0H; 6 — CBepX3BYyKOBas 4acTh COILIA
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[Ipocreiimee mapaupHoe coeauHenue (puc.4.10) oOecrmeunBaeT OTKJIOHEHHE
CBEpPX3BYKOBOM 4acTH cOIUJIa B JIIOOOM HarpaBlieHUH Ha yroia Y. OJIHaKo cujia TATU OT
CBEpPX3BYKOBOM YaCTH COIUIA MepelaeTcsl yepe3 TPYILIUecs MOBEPXHOCTH, YTO MPUBOIUT
K YBEJIMYEHUIO MOMEHTAa TPEHUsI B COeAUHEHUU. JIJs1 CHMKEHUSI TPEHUS! MOBEPXHOCTD
mapHupa TOKpBIBaOT TpaduToBoil cMa3kod. Tem He MeHee, NpU MPOrpeBe U
OXJIaXJIECHUU KOHCTPYKIIUU BO3MOKHO 3aKJIMHUBAHUE COCTUHEHHUS.

JIist ycTpaHeHHUsI 3TOTO HeJocTaTKa ObUIM pa3paOdOTaHbl KOHCTPYKIIMH, B KOTOPBIX
(yHKIMY MIapHUpPA U YIUIOTHEHUM pa3/iesieHBI. 3a30p MEXAy MOJBUXHOM W HENOA-
BIDKHOW YaCTSAMH COIUIA MOET OBbITh JOCTATOYHO OOJIBIIMM. DTOT 3a30P MOXKET OBbITh

VIUIOTHEH CHJIB()OHOM WJIH APYTHUM CIIOCOOOM.

Puc.4.11. Kauaromieecs COIIO C MPOCTHIM MIAPHUPOM U CHIBL(OHHBIM
yIUIOTHEHHEM: 1 — oCHOBaHME COTUIa; 2 — HAKOHEYHUK COTUIa; 3 — BKJIAbINT; 4
— 0Ch; 5 — cuiIb(POH; 6 — 3aIMUTHBIC KOJIbIA

B 1moBOpOTHBIX coriax HUCKIIIOYAETCS 3PO3Us MaTepralia B MECT€ COCAMHEHUS

MOJIBMXKHOM YacTHU COTula C HemoJBMXKHOW. OHaKo ocTaeTcs mpobiieMa IMOIBHKHOTO

109



TEPMETUYHOTO COEAMHEHHUS COILJIa C KOPITYCOM KaMephl.
4.6. Tero3amura COIIOBBIX OJJOKOB
C yBennueHHeM BpeMEHU paOOThl JBUTATENS CBBIIIE 5C €eMKOCTHOTO OXJIaXKIACHUS
COIIa CTAHOBUTCSl HEJOCTATOYHO. B jomosiHEHHE K HEMY NPUXOJIUTCA MPUMEHSThH
npyrue Oosnee dddexkTuBHBIE CMOCOOBI Teruio3amuThel. [lpu 3ToM  comio
YCJIOXKHSIETCS U CTAHOBUTCSI COCTABHBIM.

B o0co0o0 TskenbIX YCIOBUSAX HAXOJUTCS 30HA KPUTUUECKOTO CEUEHUS, TJe
BEITMYMHA TEIUIOBBIX IMOTOKOB B CTEHKY MakKCHMajbHa. B TO ke Bpems yBenmueHUe
IJIOMIAIM KPUTHUUECKOTO CEYEHUs 3a BpeMsi padOThl JBHUrareiis B OOJBIIMHCTBE
ciyyaeB jgomyckaercss He Oonee 5%. [losTomy B mepBylo ouepeib BO3HUKAET
HEOOXOJUMOCTh YCHJIGHHOM TEIUIO3allUThl ATOM  30HBI. Takass MecTHas
TEIUIO3AIUTAa BBIMOJHIETCS OOBIYHO B BHAEC BKJIQJAbIIIEH M3 TYroIIaBKOTO
Marepuala, KOTOphle YCTAaHaBIMBAIOTCA B MPOTOUYKM corula. Tak Kak BKIJIAJBIII 3a
BpeMsi paOOThl JABUTATENS MOXET Pa3orpeThcsl A0 BEChbMa BBICOKOUM TeMmIepaTyphl,

MCXKAY HUM U KOHCTPYKHPIeﬁ COIlIa IIPOKIIaAbIBAIOT clIon TCIIIIONU3OJIALIUH.

Puc.4.12. CocrtaBHbIE cOIUIa: g — C METANIMYECKOW HEeCymeld KOHCTPYKIHEH u
TEIUIOU30JIILUOHHBIM TOKPBITUEM; O — TO €, C AOJSLHOHHBIM TMOKPBITUEM; 8 — CO
CTEKJIOIUIACTUKOBOW HECYIIEH KOHCTPYKIMEH M aOJIALMOHHBIM MOKpbITHEM: 1- BKiaabI,
2 — TeIJIOW3OJSIHUS BKIAABIIIA; 3 — TETUIOM3OISMOHHOE TOKPBITHE; 5 — abIsIIuOHHOE

IIOKPBITHUE, 6 — MeTayuIMYeCKast 3aKJj1aiHasl ACTallb, 7 - HaIIpaBJICHUC CJIOCB IIOKPBITHUA
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CorutoBbIe BKJIQIBIIIM PaOOTAIOT B UCKIIOYUTEIBHO TSDKEIBIX YCIOBHAX. OHHU
MOJIBEP)KCHBI JPO3UHM IMOJ JIEHCTBHEM BBICOKOTEMIICPATYPHOTO IIOTOKA Ta30B,
HECYIIETO TBEP/IbIC YaCTHUIIBI.

N3 MexaHMYecKHX Harpy3oK HauOoJiplliee BIMSAHHE Ha UX pabOTOCIOCOOHOCTh
OKa3bIBAIOT TEPMHUCCKHEC HAMPSDHKEHUS, KOTOPbIE MOTYT BBI3BaTh PACTPECKUBAHUC U
paspylieHHe BKJIAABIIICH. [ CHUKCHHSI TEPMHUYECKUX HAIMPSDKCHUH HEOOXOIUMO
Ha3HAYaTh 3a30pbl MKy BKJIAQJIBIIIEM M KOHCTPYKIIHECH C YYETOM TEPMHYECKOTO
pacuIupeHus NETANEN

DT 3a30pbl  YacTO 3alOJHSAIOT YHOPYTMM MaTepHaIoM, OJHOBPEMEHHO
BBITIOJTHSFOIIMM POJIb TEIUTOM30Jinu. OcoObIi cliydall Harpy»KeHHs, XapaKTepHbIH
JUIS BKJIQJBIIIECH W3 MaTepHaiOB C HHU3KOW TEIUIONPOBOJAHOCTBHIO, HA3BIBACTCS
TEIUIOBBIM ynapoM. [Ipu 3amycke ABHUrareis MOBEPXHOCTHBIC CIIOM BKJIAJIbIIIA
OBICTPO HArpeBalOTCS JIO BBICOKOW TeMIIEpaTyphbl, B pPe3yJbTaTe Yero MOTYT
BO3HUKHYTh TaKHE TEPMHUUCCKHE HANIPSDKEHUS, YTO BKJIAJIBIII Pa3pyIIacTcs.

Martepuaibl, HCIIOJIb3yeMbIe JUISl U3TOTOBJICHUS BKJIAJbIIICH, MOXHO Pa3IeiIUuTh
Ha JIBE TPYNIBI: pa3IndHbie (hOPMBI rpaduTa U )KapOIPOIHBIE MaTCPHAIIBI.

I'padut paboTocnocobeH 1o Temmnepatyp, OJU3KUX K TeMIepaType cyoIuMainu
(3770 K). OHako mpu BBICOKHX TEMIIEpaTypax Pe3KO YBEIUYHBACTCS €ro dPO3us, a
rpa)UTOBBIC BKJIAJBININA KPYIMHOTAa0APUTHBIX COIUI MOTYT pa3pymiaTbCs W OT
TEPMHUYCCKHUX HaNpsDkeHWd. Bo wm30ekaHWe 3TOro K MEXaHUYECKHMM CBOHCTBAM
rpa¢uTa, HAYIIET0O HAa W3TOTOBJICHHE BKJIAQJBIINICH, MPEIBIBISIOTCS BBICOKHE
tpeboBanus. K Hemocrarkam rpadura Kak TEIJIOM3O0JSIIIMOHHOTO MaTepralia TakkKe
OTHOCHUTCSI €r0 OTHOCHTEIIBHO BBICOKas TerutonpoBoaHocTh (A = 186 Brt/(Mm-Tpan)
0,045 kkan/(M-cTpam), BCICACTBHE YErO BO3MOXKCH 3HAUUTEIIBHBIN pPa3orpeB
HECYILIEW KOHCTPYKIWH.

[ToBbIIICHHE PO3MOHHON CTOWKOCTH TpaduTa JOCTUTraeTCs BBEACHHEM B €TO
CTPYKTYpPY KPEMHHUs, B pE3yJIbTaTe Yero MOJydaeTcsl CHIUIMPOBaHHbIA rpadut. B
HACTOSIICe BPEeMsl BKJIAQJIBIIIA COIUT HM3TOTABIMBAIOT, B OCHOBHOM, M3 TaKOT'O
rpaduta [17].

JIJs M3rOTOBJICHUS BKJIQIBIIIICH BHICOKOHATPSKCHHBIX COTUT IMPUMEHSIOT TaKKe
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MUPOJTUTHICCKUN TpauT, OTIMYAIOIMIUICSI OPUEHTUPOBAHHBIM HAIPABICHUEM
KpUCTAJUIOB. B HampaBlieHMH OpWEHTAIlMH TETUIONPOBOIHOCTh Marepuaia B 50-
1000 pa3 Beimre, a KO3PGUIUEHT TUHSHHOTO PACITUPEHUS HECKOJIbKO HIKE, YEM B
nonepeyHoM. [lo cpaBHeHHIO ¢ OOBIYHBIM TpaduUTOM ATOT MaTepuana obagaet
OONBIIMM TIPEACIIOM MPOYHOCTA M OOoJyblIe CTOMKOCThIO K 3po3un. llpu
M3TOTOBIICHUN BKJIAJIBINIA CTPYKTYpa MHporpaduTa 0OBITHO OPUEHTUPYETCS TAKUM
oOpa3oM, 4YTOOBI HaWMEHbIIAsh TEIUIONPOBOAHOCTh ObUIA B HaNpaBJICHUH,
MEePHEHIUKYIIPHOM K OCU corula. BeneacTBue HU3KOM TEIUIONPOBOAHOCTH B 3TOM
HAIPaBJICHUH 110 TOJIIIMHE BKJIABIIIA BO3HUKACT BRICOKHIA TPATUCHT TEMITEPATyPhI
(mo 700-800 K ma 1 MM Tommunbl). TemnepaTrypa KOHCTPYKIIUN CHUYKACTCS U €¢
MOJKHO JiejlaTh M3 0oJiee JISTKOro, HO HETEPMOCTOMKOro mMarepuana (IiacTMacchl,
amomunns). OJHAKO TPEUMYINECTBa MUPOrpaduTa COXPAHSIIOTCA TOJBKO JI0
Temmneparypbl TnoBepxHoctd Briameima 3150 K [15]. Tlpu Oosee BBICOKHX
TeMIepaTypax 3po3usi €ro Takas ke, Kak M y oOblyHOTO Trpaduta. B HacTosiiee
BpeMsl pa3Mepbl JeTaliel U3 mnuporpapura OrpaHUYEHbl BO3MOXKHOCTSIMU
TEXHOJIOTUU MTPOU3BO/ICTBA.

W3 »apompoYHbIX METAJIOB ISl BKIJIAIBIINICH COTUT MMPUMEHSIOT BOJb(pamM u
mommOneH. Temmeparypa miaBneHus Bodbhpama 3640K, a momyctumas
temriepatypa creHku Bkianabia 3480 K. IIpu aToit Temmneparype Boiabhpam uMeet
npeuMyIecTBa nepen rpadutoM, Tak Kak 0oJjiee CTOEK K TEIIOBOMY yAapy U
spo3un. [Ipu Goisiee BBHICOKHUX TeMIepaTrypax CTEHKH MPUXOJUTCS MPUMEHSTH BCE-
Taku rpadut. TeMneparypa miaBjaeHUs MOJUO/IEHA HIKE, UeM Y BoJb(pama, u aJis
W3TOTOBIICHUS BKJIABINICH OH MOXKET TMPUMEHSTHCS TOJNBKO B CIIydae TOIUIMB C
HU3KOM TeMmieparypoil ropeHus. OgHako MOJIUOAEH, a TaKXe TaHTajdl YacTo
UCIIOIB3YIOTCS JUIsl U3TOTOBJIEHUS MEHEE TEIJIOHATIPSIAKEHHBIX 3JIEMEHTOB COTLI.

B cnyyae 3HauuMTENbHOrO BpEeMEHU PAOOTHI JABUTATENS, MOMHUMO 3aIUTHI
KPUTUYECKOTO CeUeHUsI, He0OX0oquMa o01as Teruio3amniuTa coria. [Ipumeps Takux
KOHCTPYKIMI ToKa3aHsl Ha puc.4.12. B xoHcTpykmuum Ha puc.4.12a, a oOmas
TEIUIO3aIUTa 00ECIIEYNBACTCSl TETUIOU30JIUPYIOIIUM MOKPbITUEM. B cBs3U ¢ Tem,
YTO JOMYCK HAa U3MEHEHUE T€OMETPUU JOKPUTHYECKOM U 3aKPUTUYECKOU yacTen

CcoInIia 6OJ'IBI]_IC, 9CM KPUTHUYCCKOI'O CCUCHUA, I TCIUIO3AIIHUTBI 3TUX YYACTKOB
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IIMPOKO TPUMEHSIOTCS adiupyrontue nokpeitus (puc. 4.12, 6, B). BeimomHstoTcs
OHM M3 acOECTOBBIX M KBApLEBbIX TKAaHEH, MPOMUTAHHBIX (PEHOJIBHBIMH CMOJIAMHU.
Teruio3amuTHOE MOKPBITHE H3rOTABIMBAECTCS OTAEIBHO HAMOTKOM JIEHTHI Ha
OOJIBaHKY U 3aT€M KPEMUTCS K HECYIEeH KOHCTPYKIUH.

C yBennueHueM BpeMEHHM padOThl U apaMeTpoB paboyero mpouecca B KaMmepe
oboctpsiercss mpobnema Terio3anuTel  comn  PJITT, ocobenHo B wmecte
KpuTudeckoro cedyeHuss. I[loatomy B Hacrosuiee Bpemsi BeIyTcsli paOOThl IO
CO3JAHUIO OXJAXJAeMbIX BKIaJbIIed H coml. IlpuMeHeHHe HNPOTOYHOTO
oxnaxnaenusd B PAATT npuBoguT K 3aMETHOMY YBEIUYEHUIO MACChl KOHCTPYKLIHU.
bonee mnpuemsieMbl B 3TOM OTHOIIEHUMM pa3jiUMYHbIE BHUABl BHYTPEHHETO

OXJIAXACHMUA.
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Jlexrus 18
4.7. IIpo4HOCTH TOIIMBHBIX 3apPs/I0B

TBepaple pakeTHbIE TOIUIMBAa MPEICTABISAIOT COOOH MOJIMMEpPHI, s KOTOPBIX
XapaKTepHa CHJIbHAS 3aBUCUMOCTb MEXaHUUYECKUX CBOMCTB OT TEMIIEPATYPBI, CKOPOCTH U
BpeMEeHM HarpyxkeHus. llomumepsl MOryT HaxOIWTBCSI B TPEX COCTOSIHUAX:
CTEKJI000Pa3HOM, BBICOKORIACTUYHOM M BA3KO-TEKydeM. HHUTpOIE/It0/I03HbIE TOMINBA
IpPU OSKCIUTyaTallMOHHBIX TEMIlepaTypax HaxoAsATCs OOBIMHO B CTEKJIO0Opa3HOM
cocTostHUU. OHM UMEIOT OTHOCUTEIBHO BBICOKMM MOAYJIb YIIPYTOCTH U MAJTYIO BEJIUYNHY
npenensHoil nedopmanuu. [lpu  oTpunaTenbHBIX TeMIepaTypax OHHU CTaHOBATCA
XpyIKUMH. B pacderax HUTPOLEIUIIOIO3HOE TOIUIMBO MOYXHO pacCMaTpUBaTh Kak
YOPYTUH U H30TPOITHBINA MaTEepHAIL.

CMeceBoe TOIUIMBO MPEJCTaBIsAECT COOOM MOJIMMEpP, B KOTOPOM YACTULbBI OKHUCIUTENSA
UTPAOT POJIb HAITOIHUTENA. MeXaHN4eCKHEe CBOMCTBA CMECEBOr0 TOIIMBA B OCHOBHOM
OnpenesstoTcss (U3MYECKUMU CBONCTBAaMHM TOPIOYErO0 - CBA3YIOIIET0, B KayeCTBE
KOTOPOTO 4YacTO HCIIOJB3YKOTCA  BBICOKOXJIACTHYHBIE Marepuanbl. [loatomy B
OOJIBIIMHCTBE CIIYyYaeB CMECEBBIEC TOIUIMBA B 3KCIUTYyaTallHOHHOM JIMAMAa30HE TEMIEPATYP
TaKKE€ HAaXOAATCA B BBICOKODJIACTUYHOM COCTOSSHUHM M JOJDKHBI PACCMaTPUBATBCSA Kak
BSI3KO-YyIIpyrast cpena, oOiajgaromias peoJOTHUYECKUMH CBOWCTBAMH (3aBHCHMOCTBIO
MEXaHUYECKUX CBOWCTB OT BpeMeHH). JIJisi 3THUX TOIUIMB CBONCTBEHHA IIOJI3YYECTh H
penaKcanus HarpsHKEHUN.

PU3NKO-MEXaHNYECKUE CBOMCTBA HEKOTOPBIX TBEPABIX PAKETHBIX TOILUIMB IPUBEICHBI B
mutepatype. OpHUEHTHPOBOYHBIE MEXAHUYECKHE XapPAKTEPUCTUKU TBEPABIX PAKETHBIX

TOIUIUB MIPUBEJICHBI B CIEAYIOIIEH Tabaule

[Ipenen npouHocTu CranpapTHbIi Koappunment
Ha pa3pbIB, MOJIYJb YIIPYTOCTH, JUHEHHOTO
Matepuan MlIla Mmna pacimupeHus
Hutpouemmonoznoe | 20°C  10...20 20 150-10°
TOTUTHBO 60°C 6...10 5
CwmeceBoe TorumBo | 20°0C 2.3 10 100:10°°
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Crans C145 600 210000 10-10°

,HJ'I?[ CPaBHCHHA B Ta6J'H/II_Ie MNPUBCACHBI MCXAHNYCCKHUEC XaPAKTCPUCTHUKH CTAJIM.

Kak BunHo, mexannueckue cBoictBa TPT BecbMa HU3KHE, TOITOMY Jake HEOOIbIITUE
Harpy3kKu MOTYT pa3pyllIuTh 3apsjl, BbI3BaTh OOpa3oBaHHE TPEIIMH, YTO MPUBOJUT K

B3PbIBY JABUT'ATCIIA.

4.7.1.1lpounocmo 6x1aono020 3apsaoa

BxnagHo# 3apsa HaXOAHMTCA B YCIOBHUSAX BCECTOPOHHEIO CXKATHSA JaBJICHHEM
MPOIYKTOB cropaHus. Takoe Harpy>KeHHe HE SIBISICTCS OMACHBIM I 3apsiia. Bo Bpems
MoJIeTa Ha 3apsij] TakKe MEUCTBYIOT CHIbI MHEPITUH, a PU paboTe MBHUTATENS JaBICHUE Y
3aJIHETO TOPIIA BCJICICTBHUE MOTEPHh B KaHAJIaX 3apsiia MOXET ObITh MEHBINE AABICHUS Y
nepeaHero Topra (puc.4.13 ). Bo3Hukaromiee mpu 3TOM OCEBOE YCHIIAE ONPEACIIACTCS
BBIPAKCHUEM

P=m, j+ (. -p2)F, (1)

rIe M, — Macca 3apsja; ] — YCKOPEHHUE PaKeThl, P; — JaBJICHUE Ta3a y MepeIHero

TOpIIa 3apsia; P, — AaBJICHUE Y 33 JHETO TOpIa; F, — ruomniaae 3aqHero Topia 3apsa.
E

Puc. 4.13 . PacuerHas cxema mpu pacdeTe Ha MPOYHOCTH BKIATHOTO 3apsiaa
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DTO ycwiHne NPHXKUMAET 3apsijl K COIUIOBOM PELIETKE U MOXKET BbI3BaTh 3HAYUTEIbHbIC
KOHTAKTHBIE HAINPSHKEHHUS.

Ecnu HanpsbkeHUs! PEeBBICAT Mpeiesl MPOYHOCTH MaTepuana TOIUIMBA, TO BO3MOYKHO
paspylIeHue Win cmsthe 3apsiaa. OnmacHOCTh BO3pACTAaEeT IMPHU IMOBBIIMIEHUH HAYaJIbHOU
TEMIIEPATYpPHI 3apsiia, KOTOPOE MPUBOAUT K Pa3MATYEHHUIO TBEPAOTO TOILINBA. [loaTOMY B

IMOBEPOYHOM PACUCTE ONPECACILIIOTCS HAIPSXKCHUS CMATHUA Ha 3aHEM TOPLE 3apsaa.

rae Fo,—Tomans omopHOM MOBEPXHOCTH TOPIIEBOM YaCTH 3apsa.

Heob6xoaumo, 4To0bl o, < [O'CM], rae [am] — JIOIIyCKaeMO€ HaNpsDKEHHE MIAIIKH

TBEPAOTO TOIUIMBA HA CMATHE TIpH TeMriepatype 3apsiaa +50°C.

Takoii pacdyeT MPOBOIAT ISl CIIy4asi 3alyCKa pakeThbl, MPU KOTOPOM M., |, P1 — P2
UMEIOT MaKCUMaJIbHOE 3HAUCHUE.

Bo3MOXHBI ¥ Apyrue pacdeTHbIC CIydad BKJIAIHOTO 3apsijia, Hampumep, MpoBepKa
YCIIOBHSI COXPAHCHHUS MPOJOIHLHON YCTOMYMBOCTH IMAIICK MO .JICHCTBHEM OCEBBIX CHII
WJIM OTIPEJICIICHHUE CTENICHU MEePEKPBITHS KAHAJIOB VISl MPOXO0/a T'a3a BCICACTBUAC CMSITHS
TopIa mariek [2].

4.7.2 IIpounocms cKpeniénHHulX 3apso0o8

JIIS  M3TOTOBIIGHHSI CKPEIUICHHBIX 3apsI0B OOBIYHO HCIOJB3YIOTCS CMECEBBIC
TOTUIMBA, W TIPH UX pacyeTe HEOOXOIWMO yUYUTHIBATh BpeMeHHOU (akTop. MeTomuku
MOTOOHBIX PACUYETOB MPHUBECHBI B JINTEPATYpPE; OHU BEChbMa CJIOKHBI U B OOJIBIIMHCTBE
CJIy4aeB BBIMOJIHAIOTCS ¢ moMoIisio OBM. OmHako mpu Ha4abHOM MPOCKTUPOBAHHUH
OBIBaeT JOCTATOYHBIM PACCMOTPEHUE TOJBKO yHpyrux aedopmarnuii 3apsga. OqHuM u3
OCHOBHBIX DPACUETHBIX CIIy4acB SIBIIACTCS HArpyKeHHE 3apsa JTaBICHUEM IMPOTYKTOB
CrOpaHus 0 MOBEPXHOCTH KaHana (puc.4.14 ).

B pesynbrate 3TOTO 3apsii pacTATHBAETCS B OKPYKHOM HAMPABICHUU, HO JKECTKHE
CTCHKA KaMephl CrOpaHWs OTpPaHUYMBAIOT JTU Aedopmaruu. s omnpeneneHus
HanpsbKeHu u  gedopManuii 3apsiia. UCHONb3yeTcsl penieHue 3afgaun Jlsme ans
TOJICTOCTEHHOTO TOJIOT0 IuiauHApa. [lpu paccMoTpeHWr MOKHO MPUHATH, YTO CTCHKA
KaMepbl CropaHus aOCOTIOTHO JKECTKas, TaK KaK MOAYJIb YIIPYTOCTH MaTepuaia CTEHKH

Ha HCCKOJIBKO ITIOPAOKOB 6OJ'IBIHC, 4cM Yy 3apsdnaa. B IMOIICPCUYHBIX CCUCHHUAX 3apsga
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BO3HUKAIOT CXKXHMAKOIIUC pPaJHUAJIBHBIC HAIIPSKCHUA 0y W PACTATUBAIOIIME OKPYIKHBIC

HaIPsPKCHUSA 0y, KOTOPBIC U ABJIAIOTCA OIIACHBIMU.

S IS W ——

Puc.4. 14. PacyeTHas cxema CKpeIIEHHOTO 3apsja

HaulOonbielt BeTUYUHBI OKPY)KHBIE HANPSKEHUS JOCTHUTAIOT Ha MOBEPXHOCTH
KaHaja. B ciaydae HMIMHIPUYECKOrO KaHala OHU PAaBHBI

~1-m® -2y,

o, = ’
’ 1+m2—2,qup

(@)

rne m = /R, a r u R—COOTBETCTBEHHO paJMyChl KaHala M HApyKHOH MOBEPXHOCTH
3apsna; u, —kodpunueHt Ilyaccona tomnusa, p, — pacC4eTHOE JaBJICHUE ra3a.
Ha HapyxHO#1 mOBEpXHOCTH 3apsija paauaibHble HANPSIKEHUS PaBHBI JIaBJICHUIO 3apsija
Ha CTEHKY KOpIyca, B3SITOMY C OOpaTHBIM 3HAKOM:

_2m*(l-p,)

O T lim —2u "

Otcroa BUJHO, YTO B Hayase pabOThl ABUTATENA P < p, . [0 Mepe BbIropanus 3apsna
pacTeT m W YBEJIUYUBAETCA JIaBJICHUE p.;. B KoHIle paboThl nBuratens npu m = 1 Ha
CTEHKY IEHCTBYET HABIEHUE P = pp. 1l03TOMy cuMTaeTrcs, 4TO HaaM4Ue 3apsiia He
TOBBIIIAET MPOYHOCTH CTEHKH, HO 3aIlUIIACT €€ OT Harpena.
Jl1s 1enocTHOCTH 3apsia HeoOXoauMo, 4ToObl aAedopManus pacTsKEHUS & Ha

IOBCPXHOCTH KaHajia HE MPEBhIIAIa JOIIYCTUMOI'O 3HAYCHUS .

_(@=m)(+ p ) -24,)
fy_ (1+m2—2,uT)ET ppg[fy]
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rae E.—wmonyis ynpyroctu TomuuBa ( padoTa ABUraTessi He IPOA0KUTEIbHA, TTOITOMY
MOJKET UCIIOJIb30BAThCS CTAHAAPTHOE 3HAUCHUE MOJTYJISL YIIPYTOCTH).
W3 mocieHero BEIPAKEHUS OMPEIEIIETCS MUHUMAIBHO JOIMYCTUMOE 3HaUeHue m. JIis
coBpeMeHHbIX TomuB [g,] = 15...20%, nomyctumoe m =- 0,4—0,5 .

Ha BennunHy HanpspkeHUM B 3apsiie OOJIbIIOE BIMSHUE OKa3bIBaeT KOI(PHUIIMEHT
[Tyaccona, BenwmumHa KOTOporo mius cmeceBbix TormmB 0,35—0,5. PesmHOmomoOHBIC

Tornuea (4, == 0,5) mepeaoT 1aBjIeHHe Kak KUAKOCTh. [Ipu sToM Besne o, =0, =—p, .

JIpyruM pacyeTHBIM CIIy4aeM SBISETCS IMPOBEPKA MPOYHOCTH CKIEHMKH 3apsija U
cTeHKH Kopmyca. [lpu oxyiakJeHun KaMmepbl CKaThe KOpHyca OOBIYHO CYIIECTBEHHO
MEHBIIE, YeM 3aps/ia, U OH CTPEMUTCA OTOPBATHCA OT CTEHKU. Bo3HMKaroIIee mpu 3TOM

paarualdbHOC HAIIPAXKCHHUEC B CKIICHUBAIOIICM CJIOC

(t,—t)fa, —a, )L-M*)E,

o, = ,
1+m? —2u,

rae t,—HadanbHas TeMieparypa 3apsjia u Kopiyca;
t—remnepaTypa nocie oXJaxaeHus;

(aT -a, )—Koaq)(bHuHeHTLI JUHEMHOr0  pacllMpeHuss  TOIUIMBA W KOpIyca

COOTBETCTBEHHO.

Hanbonpmieit BenmuuuHbl pa3sHOCTh tp—t gocTuraeT mpw OCTHIBAaHUHW 3apsja IOCie
3aJIMBKH €T0 B KaMepy.

B0O3MOXHBI Take€ pacyeTHbIC CIydad, OTHOCSAIIMECS K HA36MHOW SKCIUTyaTallHH.
OCHOBHOM W3 HUX - ompejaeneHue AedopMaIvu 3apsaa Moja ACHCTBHEM CHIIBI Beca
BCJICJICTBHE IOJ3y4ECTH TOIUIMBA. BenuunHa €€ He JOJKHA BBIXOJIWTH 34 JIOMYCTUMBIE
MpEIEIIbI.

IIpoextupoBanue PATT He orpaHMyMBaeTCs PACCMOTPEHHBIMHU BBIIIE PACUETAMM.
Ve Ha 3Tane 3CKU3HOTO MPOEKTUPOBAHUS MPOBOJATCS AHAINA3 TEXHOJOTUYHOCTHU
AJIEMEHTOB KOHCTPYKIIMM M MPOTHO3MPOBaHUE CE€O0ECTOUMOCTH HX HPOU3BOJICTBA,
NENaeTCsl OIEHKAa WX HAJICKHOCTH. TONBKO € YYE€TOM TaKHX OLEHOK BO3MOXEH
000CHOBAaHHBIN BBHIOOP KOHCTPYKTUBHBIX PEIICHUN M CHUXKEHHE 3aTpaT MpU OTpaboTKe

ABUTaTCIIA.
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