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BBenenue

B ocHoBY Hacrosiel nmporpamMMbl MOJIOKEHBI CIIEIYIOIINE TUCHUIUIMHBL: TEOpEeTHYeCKas
MEXaHUKa; TEOpHs HAASKHOCTH U I(P(PEKTUBHOCTH, TEOPHUS IMEPEXOIHBIX MPOLECCOB; TEOPHS
ONTUMM3AIMK;,  TEPMOJAMHAMUKA;  (PU3MKO-XMMHYECKHE  3aKOHBI  TOPEHHUS;  METObl
IpeoOpa3oBaHusl SHEPruu; TEOpHUs IMPOEKTUPOBAHMSI M TEXHOJOTUS CO3JAHMs JIBUraTelied u
SHEProyCTaHOBOK JICTATEIbHBIX AamMapaToB; TEOpHUsl KoJeOaHUU; Teopusi BEPOATHOCTH U
MaTeMaTHUYeCKasi CTATUCTHKA; MAaTEeMaTHUYECKOEe MOJAEIHPOBAHUE PabOUYMX IMPOLECCOB U ITANOB
YKU3HEHHOTO 1IMKJIa JBUTATENe U SHEProyCTaHOBOK JIETaTEIbHBIX arapaToB.

[TporpamMmma pa3paboTaHa SKCIEPTHBIM COBETOM BhICHIeH aTTeCTallMOHHOW KOMUCCHH
MuHnucrepcTtBa o0pa3oBanus Poccuiickoit ®enepanuui 10 aBUAIMOHHO-KOCMHUYECKOW H
pakeTHoOW TexHuke npu yyactuu MAU(TY) um. C. Opmxonuxuaze, MI'TY um. H.O. baymana,
HAI'Y um. H.E. Xykosckoro u [IUAM um. I1.1. bapanosa.

1. ABMALIMOHHBIE IBUTATEJN H IHEProyCTAHOBKHU
JeTaTeJIbHbIX aNlapaToB

1.1.  BoszoywHo-peaxmuenvie Ogueamenu (BP/]). Knaccudukamuss ¥ NPUHIUIBL ACHCTBUS
BPJl. [Buratenu mpsiMod u HenpsMmou peakiuu. OCHOBHBIE MapameTpbl, XapaKTEPHU3YIOIINE
BPJI. Tepmoaunamudeckue nukiasl BPI. Pa6oter u KI1/I, 3aBucHMBbIE OT OCHOBHBIX MMapaMeTpPOB
pabodero mporecca U ycaoBuid mosieta. DPpPeKTUBHAS U BHYTPEHHSS TATa. TSATOBas MOIIHOCTD,
nonsblid ¥ nosietHbid K11/ aurateneii. [lytu coBepuiencrsoBanus BP/ kak qBuxkuTens.

Bxonubie ycrpoiictBa BPJl. OcHOBHbIE mMmapameTphl, XapakTepu3yroliue padoTy BXOTHBIX
YCTpOMCTB. BO3MOKHBIE TUIIBI BXOJHBIX YCTPONCTB JUIsl CBEPX3BYKOBBIX CKOPOCTEH IOJIETA.
Breixoansie yctpoiicta BP/] (peaktuBubie comna BPJI). [IpuHiunuansueie cXeMbl JO3BYKOBBIX
U CBEPX3BYKOBBIX BBIXOJHBIX yCTpoiicTB. OCHOBHBIE ApaMETPhl XapaKTEPU3YIOLIUE UX padoTy.
Cormno JlaBasns 1 BBIXOJIHBIE YCTPOMCTBA APYTUX CXeM. PeBepcuBHbIE yCTPOICTBA.

Tunbr xamep cropanuss BPJI. TpeGoBanuss k kamepam cropaHus. OCHOBHBIE MapaMeTphl,
xapakrepusytonme ux spdexrtuBHocTh. TorumBa BPJI. Tumbr ¢opcaxubix kamep TPAD u
TPAA®D. Kamepsr cropanus CIIBPJI. Ilpuniunsl opranuzanuu pabGouero mnporecca B
MPSMOTOYHBIX KaMepax CrOPaHMs pa3iIuyHbIX cxeM. [IpuHIMnuansHbele CXeMbl 101a4U TOILIIMBA
B KaMepbl CrOpaHusl JBUTATEIICH.

Kommnpeccop u TypOuna B cucreme BPJI. OcHOBHBIE cxeMbl M TpeOOBaHUS K KOMIpeccopaMm U
typounam ['T/[. OGnacte u nuHUS pabOYMX PEXKUMOB Ha XapaKTEPUCTUKAX BEHTUIISATOpa U
KoMmmpeccopoB npu ux pabore B cucreme TPJl u TPIJI. I'panuisl ycToiunBOil padOTHI
KoMmripeccopa. JIByx- u Tpexkackamubie komrpeccopbl B cucteme TPJl u TPJl. CrmocoOsl
oOecrieyeHns ycTOMUMBOW paboThl Kommpeccopa. OCHOBHBIE THIBI M MapaMeTpbl TYpOMHHBIX
cryneneit I'T/I. OgHocTyneHuaThle 1 MHOTOCTYTIEHYaThle TYpOUHBI.

Knaccugpukamus ['T. IlpeumymectBa W HenocTaTku pa3nuuHbix Tunos [T/, nuamazon
BO3MO>KHOT'O IPUMEHEHHS IO CKOPOCTHU U BbICOTe nosjera. [lonsTue pacueTHoro pexxuma padboThl
asurarens. llemp W mopsgok  TepMoradoaumHamudeckoro pacuera. KoHcTpykuus u
npoektupoBanue I'T/I.

TypOopeaktuBusie (TPJ[) u typbopeaktuBHbie ¢opcupoBannbie (TPA®) nBurarenu.
[Tapamerpsr pabGouero mnpomecca TP u TPA®. 3aBucuMOCTh YACHBHBIX TapaMeTPOB
JIBUTaTeNlell OT MmapaMeTpoB pabodero Impolecca W yclIoBHH monieTa. BrnusHue mapamerpoB
pabouero mporecca W THIA JABHTaTels Ha yACIbHYIO Maccy. OnTHMalbHBIE TapameTphl
JIBUTATeNIel M UX 3aBUCUMOCTH OT YCIOBMH MojeTa. BBICOTHO-CKOPOCTHBIE U APOCCENbHBIE
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xapakrepuctuku TPl u TPI®. Mertoasl pacuera XxapakTepucTuk nBurarens. Konebanus
KoHCTpyKiuid ['P/I.

TypOopeaktuBHable nByxkoHTYpHbIe (TP/J) u TypOopeaktuBHbie ¢opcupoBannbsie (TPJII)
neuratenu. Knaccudukanus TP/ u TPIJI® mo cxeme NpoTOYHOM YacTH U poTOpa ABUTATEIS.
[Tapamerpst pabouero nporecca TP u TPAD. 3aBucuMocTu yAeIbHON TSATH U YACTHHOTO
pacxona tomnuBa TPJIJ] oT mapameTpoB pabouero mporecca U CTENEHH JIBYXKOHTYPHOCTH.
TPAJA co cmemeHueM 1oTOkOB. ONTHUMaNbHOE pacHpe/esieHue HHEPruh IO KOHTYpaM.
OntumaneHass  CTENEHb  JABYXKOHTYPHOCTH.  BBICOTHO-CKOPOCTHBIE M JIPOCCEINIbHBIE
xapakrepuctuku HedopcupoBanHoro TPJJl. VYnensusie mnapamerpsr TPIAJAD c  oOmei
dopcakHoit kamepoii u ¢ (QopcaxkeM B HapyKHOM KOHType. BBICOTHO-CKOpOCTHBIE U
npoccenbHble Xxapakrepuctuku TPIPD. Meroasl pacuera xapakrepuctuk TP D.

Typ6oBunToBBIe, TypOOBanbHbie I T/ u 3HeproycranoBku. TypooBunTOBBIC nBUTaTenH (TB/I).
OnTumalibHOE pachpeieliecHHe CBOOOAHOW YHEPTHMH MEXIY BHHTOM U PEAKTUBHBIM COILJIOM.
Bnusinue napamerpoB pabouero mpoiiecca Ha yAeIbHYI0 MOIIHOCTb, YAEIbHBIM pacXo]] TOIINBA
u yaenpHyro mMaccy TB/I. /IBurareinn u 3HEProyCTaHOBKHM C pereHepauueil Teria. BeiCcOTHO-
CKOPOCTHBIE U JPOCCETbHBbIE XapaKTepUCTHKU. CKOPOCTHBICE BUHTOBEHTHIISITOPHBIE IBUTATEIU
(TBBJ). Bepronerubie ' T/]. CxemMbl CHIIOBBIX YCTaHOBOK BEPTOJIETOB.

JIBUraTenu A caMoJIETOB BEPTUKAJILHOIO U YKOPOUYEHHOTOo B3jiera U nocaaku (CBBII). Obmue
TpeOoBaHusl K cuwioBbiM ycraHoBkam CBBII. Oskexktophbsle yBenuuutenu Tiaru. CpaBHEHHE
pa3IMyHBIX CUIIOBBIX ycTaHoBOK CBBII.

Junamuka ['TJ. Buabl nepexoaHsix pexuMoB. TpeOoBaHuS K JHMHAMHUKE COBPEMEHHBIX
aBUanMoHHbIX naBurateneil. [Ipoueccel mpuemuctoctu u cobpoca raza y TP, TPIAJ u TB/I.
[Tyt ynyumenus npuemucroctu ['T/. Obmas xapakrepuctuka npoiecca 3amycka ['T/I. 3amyck
B 10JIeTe. ABTOpPOTAIIUSI.

HpI/IHLII/IHI/IaJIBHBIe CXCMbI MPAMOTOYHBIX W OCHOBHBLIX THUIIOB KOM6I/IHI/IpOBaHHI)IX IIBI/IFaTeJIeﬁ.
Bo3MoxxHEIE 0051acTH MMPUMCHCHUA. BI/II[LI TOIUIMBA, UCIIOJIB3YEMOI'0 9TUMHU IBUTATCIIAMU.

IIpsMOTOUYHBIE BO3AYIIHO-PEAKTUBHBIE JBUrarenu. YuenpHble mapamerpel [IBP/] u nx
3aBHCUMOCTh OT IapaMeTpoB pabodyero mpoiecca U yciaoBuil nonera. OcobeHHocTH pabouero
npoiiecca rumnep3BykoBoro mnpsmoroyHoro jsurarens (['TIBPJ]). Tsroso-skonomudeckue
xapakrepuctuku [IBP/I.

Kom6unuposanusie BP/[. TypOonpsmoTounsie neurarenu. Cxemsl apurateneil Ha 6aze TP/ u
TPA. PakerHo-typounnsie pasuratenu (PTJ[). Cxewmsl, paGoumii mnpouecc. OOnactu
NPUMEHEHHS ATHUX JIBUTATEICH.

1.2. [eueamenu eunympenneco ceopanus ([BC). ]JlBurarenu BHYTPEHHETO CrOpaHHs Kak
ucrounuk sHeprun. Kmaccudukanus JIBC. OcnoBubie cxembl JIBC. Yetbipex- U AByXTaKTHbBIC
JBUTATENN C UCKPOBBIM 3akKHraHueM. J[Buratenu amsens (4eThIpex- U JBYXTakTHbIE). Paboune
uukisl JIBC. ITytu naneHeimero copepenctsoBanus J(BC.

TepMonuHaMuueckue 1UKIbl pa3auuHblx TunoB JIBC u  uX OCHOBHBIE IIapaMeTpBhI.
WNnaukatopHsie quarpammbl. Pabora mukia. Tepmuueckuid KITJ] nukna. O¢dexkruHas pabora u
sapdextuBnbiil KI1J[. Cpeanee nHIUKATOPHOE aBJIEHUE.

Hannys JIBC u ero BiusiHME Ha XapaKTEpPUCTUKHU. THUIMBI CUCTEM HAJIyBa M WX CpPABHEHHE.
[TpuBoanoit komnpeccop. TypOonannys. Bnusaue nHaanysa Ha napametpsl [IBC.

KonraktHast cucrema 3axuranus. KamunpHoe uwnciio. KOHTakTHO-TpaH3UCTOpHAs CUCTEMa
3aKUTaHMs. DJIEKTPOHHAs OSCKOHTAKTHAsl CHCTeMa 3aXHraHus ¢ aatdukoM Xoima. [{udposas
CHCTEMa 3KUTaAHUSL.
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TokcuuHOCTh BbIXJIONa NnpoaykToB cropanus JIBC. Mertonsl uzmepenust Tokcuunoctu JBC.
JloNOTHUTENbHBIE YCTPOWCTBA CHMIKEHHMSI TOKCHYHOCTH (HEHTpalau3aTopbl, TEpMUYECKHE
pEaKTOPBI, CUCTEMBI PELIUPKYJIALINN).

1.3. Hcnonvzosanue asuayuonuvix  Oeueameneti 01  CO30AHUS — KOMOUHUPOBAHHBIX
9Hepeoycmanosok. HazHaueHne KOMOMHHPOBAHHBIX JHEPrOYCTAHOBOK PpA3JIMYHBIX THUIIOB.
OcoOeHHOCTH CXeM ¢ YyTHJIM3alMeld TeIUla BBIXJIOMHBIX JBUTaTelled U JIOMOJHUTEIbHBIM
MOJBOJIOM TEIUIa IO TPaKTy KOMOMHHUPOBAHHOM 3HEPrOyCTaHOBKU. OTKPBITHIE U 3aKPBITHIC
VTUIW3alMOHHbIE  [MKJIBL.  THUOB  maporeHepupymmux  ycrpoilictB.  Knaccudukanus
KOMOWHUPOBAHHBIX YHEPrOYCTAaHOBOK Ha 0a3ze aBMannoHHbIX [ T/I.

[Tonsitue 06 r3pdexruBHocTr KITJl ycTaHOBKH B KO3 HUIIMEHTE UCIIOIB30BaHUS TEILIA.

Hcronb30BaHuE «POIHOM MITH CIIEUAILHO CO3/1aBaeMoii CBOOOIHOM TypOuHBI. PenykTopHbIe 1
0e3peayKTopHble CXeMbl. BO03MOXXHOCTM  HCHOJB30BAHUS  ABMALMOHHBIX  PEILyKTOPOB.
IIpomexyTOUHBIN ITOAOIPEB.

CxeMbl ~KOMOMHUPOBAHHBIX YCTaHOBOK CO  CpPEIHCHANOPHBIM, HU3KOHAIIOPHBIM |
YTHIM3UPYIOIUM TTapOTreHepaTopoM MIIM BOJOTPEUHBIM KOTJIOM. CXeMa C HCIOIb30BaHUEM
raoreHeparopa aByxBambHOro [T/l u omnpeneneHue ero mnapamMeTpoB IIpH JEMOHTaXKe
KOMITpeccopa HU3KOTo AaBieHus. dopcupoBaHue ra3oreneparopa 1no o00poTaM u TeMIeparype
rasa.

Bo3moxkHble cxembl UCIHONAb30BaHus uMcxoAHOro TPJIJI moyiHBbIA WM YaCTUYHBIA JEMOHTAX
BEHTWISITOPA, Yy3/a MPOMEKYTOUYHBIX CTYIEHEH, OmpeleleHne MapaMeTpoB TYpOUHBI IPHU
JEMOHTaXXE y3JIa KOMIIpeccopa HU3KOro jaaBieHus. Cxema ¢ pa3MelnieHueM KOHJEHCATOpa BO
BHEIIIHEM KOHTYype. Mcronp30BaHue MOTHOTO IBUIaTeNsl — ajlbTEpHATUBA Ucoab30Banus ['TY
MOBBIIIEHHOW MOILIHOCTH.

[Tytn 1 MeTOJbl JATbHEHIETr0 COBEPIICHCTBOBAHUS KOMOWHHPOBAHHBIX YHEPrOyCTaHOBOK Ha
0a3e aBUAIMOHHBIX JIBUTATEIECH.

2. PakeTHble IBUTaTEJIH

2.1. Obwue e6onpocvt meopuu paxemmuvix Osucameneu. Tunbsl pakeTHbix nsurateneit (P/]).
Knaccudukanus PJl. Pakerneie aBurarenu Ha xumudeckux tomnuBax: JKPI, PATT, I'P/.
SAnepHble pakerHble apuratenu. JlazepHsle u conHeuHsle aBurarenu. OcoO0eHHOCTH U o0nacTu
IIPUMEHEHHU pa3InyHbIX TUIIOB PJI.

Vpasuenuss Taru PJI. Koadduumentsr mnoneznoro aeiictBust Pl (TepMUYECKH, TSITOBBIMH,
oOmuit). Xapakrepuctuueckue mnapameTpbl PJI: yIenbHBIM UMITYNIbC, XapaKTepPUCTHUECKas
CKOPOCTh, KOA(DPUIMEHT TATU CoIUIa, yaenbHas macca. Ouenka noreps B kamepe PJI. Pacuer
TATU U YAETBHOTO UMITyJIbca Kamepsl P/l ¢ ucronp30BaHNEeM Ta30JMHAMUYECKUX (DYHKITHHA.

VYCTpoHCTBO 1 OlLIEHKa COBEPIIEHCTBA COmes. Pexumbl HEIOpAaCHIMPEeHUs U MepepacuInpeHus.
Tsra kamepsl IpU OTPHIBE IOTOKA OT CTEHOK COIUIA. AHAJIN3 U OLIEHKA IIOTEPh B COIUIAX.

BricoTHas xapakTtepuctuka. PerynupoBanue BhICOTHOCTH coruia. J{poccenbHasi XapaKTepuCTHKA
KP/I.

OcHOBHbBIE CBEJEHHUS O >KUIKHUX, TBEPJbIX W TMOPUAHBIX PAKETHBIX TOIUIMBAX U UX (PU3MKO-
XUMUYECKHE XapakTepuUCTUKU. Torumsa rugpopearupyromux PJl. BocruiameHeHue TOILIUB.
OCHOBBI PaCYETOB TEPMOXUMHUECKUX CBOMCTB TOILIUB.



OcoOeHHOCTH KOHBEKTHBHOTO TEMJIOOOMEHa B Kamepe CropaHus u comie. Meroabl pacdera
KOHBEKTHBHBIX TEIJIOBBIX IIOTOKOB Ha OCHOBE DEUICHUS YPaBHEHWH MHOTPAHWYHOTO CJOSI.
PacueTsl KOHBEKTHBHOT'O TEIUIOOOMEHA HAa OCHOBE TEOPUH MOA00US.

JlyuucTblii Tem1000MeH B YCIOBUSIX KaMmephl cropanus u coruia P/I. PacueT my4ncThIX TEIIOBBIX
MOTOKOB.

Temno3amuTHEIC IMOKPBITUA 1 MEXAHNU3MBI UX Pa3pyIICHU.

2.2. JKuokocmmusie pakemusvie osueamenu (/KP/]). IIpouieccbl B KaMepe CropaHusi U UX pacyer.
Bri0op u onpeeneHne OCHOBHBIX IMapaMeTpOB KaMepbl cropanus. [IpuBeneHHast UTMHA KaMephbl
CTOpaHMsL.

Oco0eHHOCTh IIpOLECCOB B TIa3orcHeparopax (O,Z[HOKOMHOHCHTHBIX U ABYXKOMIIOHCHTHBIX,
OKHCIIMTCIBHBIX U BOCCTaHOBI/ITeJIBHbIX). OCOOCHHOCTH U CXEMBI TCIIO3allIUThl CTCHOK KaMEPhbI

XKPJ.
HeycroitunBocth pabouero mporecca B XKP/I.

Tunsl cucrem nonaun B JKPJ| u obnactu ux mpumenenus. Pacuer M BBIOOpD ONTUMAIbHOMN
CHCTEMBI TMOJIaY B 3aBUCUMOCTH OT Ha3HAUYCHMUSI IBUTATEIISI U SHEPTOYyCTAHOBKHU.

[Tpunuunuansaeie cxembl THA. Pacuer ocHOBHBIX mapameTpoB TypOuH u HacocoB THA.
CoBMecTHas paboTa HaCOCOB C TYpPOUHOM.

®daxTopsl, omnpeaensionme 3koHoMuuHOCTh cucteMbl THA. [loTepu B Hacocax, TypOuHaxX u
MarucTpassx.

Ocob6ennoctu pacuera JXKPJI ¢ moxkuranuem.

PerymupoBanue taru JXKPJ] ¢ noxxuranuem. Pacdyer u BbiOOp ontumanbHbIX mapamerpoB JKP/I.
Junamuka u perymupoBanue JKPJ[. Tuner JKPJl manoil Tiaru: XUMHUYECKHE U DIEKTPO-
XUMHUYECKHE C KaTaIUYECKUM pasiokeHueM. OCHOBHbIE TEHACHIIMU U MEPCHEKTUBBI Pa3BUTHUS

KPJI.

IToBbIIIEHNE HAZEKHOCTH, pecypca, MHOTOKpaTHOCTH npuMeHeHus JKP/I, coznanne nBurarenei
C IITyOOKUM peryJlupOBaHUEM TATH.

2.3. Paxemmnvie ogucamenu nHa meepoom monause (PHTT). OcHOBHBIE CBeleHHUS O (U3HKO-
XUMHYECKHX 3aKOHAaX TOpeHHs OalmucTUTHBIX U cMmeceBbix TPT. 3aBucumoctu ckopocTu
ropenust TPT ot gaBieHus u Ha4aIbHON TeMIIEpaTyphl. DPO3HOHHOE TOPEHUE.

OO6mmue 3aKoHBI U3MEHEHHsI (POPMBI AJIEMEHTA 3apsija B mpoiecce ropenus. Tumsl 3apsinoB TPT.
[ImoTHOCTE 3apakeHusi KaMepbl CrOpaHHs, OCHOBHBIE OTPaHWYEHHS IUIOTHOCTH 3apa)KCHUs.
Pacuer ocHOBHBIX THTIOB 3apsa0B TPT.

Cenenusi 0 razogMHaMuyeckux (yHKIUAX. PacueT TedeHMs] ra3oB IpHU pa3InyHBIX (opmax
3apsoB TPT. Teuenue raza B npencomnioBoM o0beMe KaMmephl. TeueHue raza uepe3 MeCTHBIE
CONPOTHUBIICHHUS.

[Ipomiecc BocmiameHeHUs oOcHOBHOro 3apsga TPT. Beibop Tuma u  Maccel  3apsja
BOCIJIAaMEHUTEJIBHOTO ycTpoiicTBa. [IpubnmxeHHbIN pacueT U3MEHEHHUs JIaBJIeHHs B Kamepe Mpu
3aIyCKe IBUTaTells.



Crioco6s1 perynupoBanus Tiru PJATT mo BenuuuHe: NpeACTapTOBOE pETyIUpOBAaHHE U
peryiaupoBaHre B TOJIETHBIX ycioBusX. CrocoObr otceuku Taru. Ilytm coszmanus PITT c
MHOTOKPAaTHBIM BKJIIOUEHHEM.

HeycroitunBocth pabouero npomecca B PIITT.

[TpuHIMIHATBHBIE CXEMBI THOPUIHBIX PAKETHBIX IBUTATEJICH, MOJEIN TOpeHUs B HUX. Pacuer
OCHOBHBIX ITapamMeTpoB padouero nporecca ['P/I.

Ilepcnextusel pazsutus PATT.

2.4. Hoepuvie pakemmuvie osueamenu (AP/]). OcHoBHBIC cxeMbl W mapameTpsl P/, obmactu
npuMeHenns. OcuoBuble nokaszarenu SAP/] ¢ TBeprodasusiM peaktopoM. OCHOBHBIE 3JIEMEHTHI U
cxeMbl, TpeOboBaHMsI K HUM. OCHOBHBIE XapaKTEPUCTUKU pabouux Tesa. MeTo/sl mpeoOpa3oBaHus
sHeprun. lloHarue o xapakrepucTukax pabodero Ipouecca M OCHOBHble nokasarenu SPJ] c
ra3o(a3HbIM peakTOpOM.

2.5. Kombunuposanusie paxemuvie ogueamenu. Vicmonp3oBaHue pabouero Teina W3 BHEIIHEH
cpenbl. DKeKTOpHbIe Hacauku. JKUAKocTHBIE BO3AylIHbIe pakeTHble asuratenu (JKBPI) u ux
cucreMsl nojxayu. Jlazepusie P/I.

3. DJleKTpOpaKeTHbIE IBUTATEIN U JHEPTreTHYECKHE YCTAHOBKH KOCMUYECKHX
anmapartoB (KA)

3.1. [lsucamenvhnvie, 3Hepeemuueckue u 3Hepeocunosvlie ycmanosku. IlotpeOnoctn KA B
OOpTOBOI DHEPreTUKE MW HEOOXOAMMOCTH CO3JIaHMsI JHEProcuwyioBbIX ycTaHoBok (DCY) wu
anexkTpopakeTHbIX aBurareneit (OP/1), sneprernyeckux yctaHoBOK (DY) pa3aM4HbIX THUIIOB.

Knaccudukarus, TpuHIMNAATEHBIE CXEMBI 1 OCHOBHBIE XapaKTEPUCTHKH HCTOUHUKOB YHEPTUU:
COJIHEYHBIX, XMMUYECKHX, SJCPHBIX U PaJIuon30TONHBIX. CHCTEMBI peoOpa3oBaHUs SHEPTUU B
AIIEKTPUYECKYIO:  TypOOMAalllMHHBIE,  MarHUTOra30JIMHAMHUYECKHE,  TEPMOAMHCCHOHHBIE,
TEPMODIJIEKTPUYECKHUE, TEPMOIIEKTPOMEXaHUYECKHE, JJIEKTPOXHUMHUYECKHE. TeriooOMeHHbIe
anmnapathl U XOJOIWIbHUKU-U3Iy4arenu. [IpencraBienne o MexaHu3Max yCKOpEHUs pabodero
tena B OPJI. Knaccudukanus OPJl. PaGouune mpoueccsl B aBurarensix. CTpyKTYpHBIE CXEMBI
OCY, BV u OPJY. B3zauMocBsi3b uX napaMeTpoB U XapakTepucTHK. TpeOoBaHus K pabouum
tesiaM OCY 1 061acTu MX IPUMEHEHUS.

3.2. Hcmounuku nnazmvl U 3apPANCEHHbIX dacmuy. OMUCCHUS 3apsHKEHHBIX YacTHIL.
TepMOdIEeKTpOHHAasE M aBTOIJIEKTpPOHHas HMmuccus. Dusndeckue mNpoueccsl U OCHOBHBIE
3aBUCUMOCTH. OMHccHsl HOHOB. (OCOOEHHOCTM MOBEPXHOCTHOM HOHHM3auuu. BrusHue
AIIEKTPUUYECKUX MOJIEH U MIa3Mbl HA SMUCCUOHHBIE XapaKTePUCTUKU. BTopuuHast 371eKTpoHHas U
MOHHAsl HMHCCHs, ajicopOanus U JecopOanus, HCIapeHUe U KaTOJHOE paclbUICHHUE.
XapaKTepUCTUKU MPUAIIEKTPOAHBIX CIIOEB.

Fa30pa3pﬂ11HHe HUCTOYHHUKH IIJIa3Mbl W HOHOB. HpﬂMafl n CTyneH4yarasd HOHH3aluA. CxeMnl
ra3opa3pdaHblX HNCTOYHHMKOB HOHOB UM HUX XAPaAKTCPHUCTUKHU. Ponp MarHuTHBRIX mMOJEH B
HCTOYHUKAX HOHOB. Paboumne MmponecCbl B UCTOYHUKAX. OCHOBHBIE IMOTECPU DSHEPIUH. Pacuer
napamMmeTpoB HUCTOYHUKOB HOHOB. 3aBI/ICI/IMOCTI/I, ONPCACIIOINNE 3HAYCHUC TIIOJIHOTO TOKa.
chopeHI/Ie IJ1a3Mbl U 3apAKCHHBIX YaCTHII. Biusane SJICKTPUYCCKNX W MAarHUTHBIX ToJIel Ha
ABWIKCHUC TJIA3MBbI U 3apSIPKCHHBIX YaCTHUII. PazauuHbIe MEXaHU3MBI YCKOPCHUH. Knaccn(bmcaunﬂ
yCKOpHTeHeﬁ n )IBHFaTeHeﬁ. HBI/IFaTeJ'H/I " IBWKUTEIIN, UX OCHOBHBIC XapPaKTCPHUCTHUKU.

3.3. Hsudxxcumenu c mennogvim YCKOpeHuem nomoxda. IJEKTpOHarpeBaTeIbHbIE JIBUKHUTEIN
(OBHO). Cxembl W 0OCOOEGHHOCTHM pabOuYMX TIpoIeccoB. TpeboBaHUS K HarpeBaTtelsiM |
KOHCTPYKIIUU TIPOTOYHON YaCTH.



[InasmeHHBIE ABMKUTEIM C TEIUIOBBIM YCKOPEHHMEM (JIeKTpoayroBele asurarenu— OJJ1).
Cxempl W mnpuHOUIBl AeicTBUS. OCOOEHHOCTH pPabOYMX TPOIECCOB, IMOTEPH DJHEPTUU U
UMITyIbca B JBIKHUTENAX. MeToAbpl pacuera XapaKTEepPUCTHK  3JIEKTPOTEPMUUYECKHX
(37IEKTPOAYTOBBIX ) IBUKUTEIICH.

HMnynbcHbIE TIa3MEHHBIE TBMKUTENN C TEIUIOBBIM yCKOpeHHeM. CXeMBbl ¥ MIPUHLIUIIBI paObOTHI
JBIDKUATENIEH € ra3oo0pa3HbIM pabO4YMM TEJIOM, C JKUAKMMU M TBEPABIMH JAUAJIEKTPUKAMH.
OcobenHocT paboumx MPOLIECCOB M METOJBI pacueTa XapaKTepUCTHUK. BiusHUE pazIHuHBIX
(akTOpPOB Ha XapaKTEPUCTUKHU JIBUKHUTEICH.

3.4. [Jeudxcumenu c¢ 31eKMPOMASHUMHBIM YcKoperuem naazmvl. OCHOBHBIE IIPEICTABICHHS.
OpHoMepHBIE TEUEHMS M UX IPUMEHEHHE K pacueTy IapamMeTpoB IBIKUTENA. | 'paHMIIbI
npuMeHeHus oaHoMmepHbIXx MI'J[-teuenmii. [IBymepHble TedeHus miaa3mbl. OcoOeHHOCTH
TEYEHUs IIa3Mbl B JBIDKUTENAX. XapaKTepHble 00JIACTH TEUEHMsI U Ipouecchl B HUX. BbiOoop
¢$u3nUecKoil 1 MaTeMaTHYECKOW MOJIENIN TPOIIecca YCKOPEHHUSI IIa3MBbl.

CxeMbl M TPUHIUIBI JISHCTBHS TUIa3MEHHBIX JBIDKUTENICH C DIIEKTPOMArHUTHBIM YCKOPCHHUEM
mia3mbl.  OcoOeHHOCTH paboyero rmporecca KOAKCHAIbHBIX TIJIa3MEHHBIX JIBIDKUTENICH ¢
COOCTBEHHBIM MarHUTHBIM I10JIEM.

TopueBble CHIIBHOTOUHBIE IBHXHUTENH. CXeMbl M OCOOCHHOCTH paboumx mporeccoB. Pacuer
[IapaMeTPOB M HUHTETPAJIBHBIX XapaKTEPUCTHK JBMWKUTENeW. Kpusuc TeueHus, npencibHbIC
pexumbl. HeycToHuMBOCTb U pa3BUTHE KOJI€OaHU TOTEHIIMAIA U TOKA.

TopueBble XOJUIOBCKHE IBMXKMUTENU. CXeMbl M HPUHLUIMBI JAEHCTBHs. XapaKTEpHbIE 30HBI U
obOnactu pabouux mnporeccoB. Posib OTAENBHBIX MEXaHU3MOB YCKOPEHHS U CO3JAHMS TSTH.
BausiHue BHEHIHEr0 MarHUTHOTO MOJS Ha XapaKTEpUCTUKH. MeToIbl yHpaBieHUsS BEKTOPOM
TATH C MOMOIIBIO0 BHEITHUX MarHUTHBIX MOJIEH.

NMiynbCHBIE IJIa3MEHHBIE IBUXKUTEIN € 3JIEKTPOMArHUTHBIM YCKOpeHHEM. CXeMbl U IPUHLIMIIBI
nevctBus. Mogenu yckopeHusi pabouero Tenma. Pacuer mapaMeTpoB M XapaKTEPUCTHK
JIBIDKUATEICH.

3.5. Jeusxcumenu c anekmpocmamuyeckum yckoperuem. IIpoueccsl yCKOpeHNs HOHOB U IUIa3Mbl
JNEKTPUYECKUM MoJieM. VOHHO-ONTHUYECKHE CHUCTEMBI C DJIEKTPUYECKUM U MArHUTHBIM
BOSHGfICTBI/IGM Ha IIOTOKH YaCTHII. MGTOI[I)I pacdu€Ta HOHHO-ONTUYCCKUX CUCTEM U MAapaMCTpPOB
MOTOKa HWOHOB. BrnusHue pa3nuyablx (QakTopoB HAa (DOKYCHPOBKY HOHOB U IUIa3MBI.
Heiirpanuzanus noHHOrO noToka. Pabouune mporiiecchl KaTo10B-KOMIIEHCATOPOB.

JIBIDKUTENN C 3aMKHYTBIM Apei(OM 3JIEKTPOHOB U MPOTSHKEHHON 30HOM yckopeHHs. CXeMbl U
OCHOBBI pabouero npouecca. Pacnpenenenue noreHnuana U KOHIEHTPALUU 4YacTUL[ B KaHaJle.
Ponb M30MALMOHHBIX CTEHOK YCKOpHUTEIbHOTrO KaHana. Konebanus v ux BIUsHHE Ha pabounit
npouecc. XapakTepUCTUKH IBHKUTEIICH.

JIBIDKUTENN € 3aMKHYTBIM Jpei(oM 3JIEKTPOHOB M YCKOPEHHIl HOHOB B aHOIHOM CIIOE.
XapakTepHble OCOOEHHOCTH TMpoieccoB. Poib HMCTOYHMKOB Mia3Mbl. BiusiHue pas3iandHbIX
(akTOpOB Ha MapaMeTphl MJIa3Mbl U IOTOKA HOHOB.

Honnble asuxutenu. Cxembl U NPUHIUIBI 1eHCTBUS TOBEPXHOCTHBIX U OOBEMHBIX UCTOUYHHKOB
MOHOB. OCHOBHBIE IPOLECCHl B MCTOYHMKAX HOHOB. B3aMMOCBS3b NPOIIECCOB B HMCTOYHMKE
WOHOB W HMOHHO-ONTHYECKON cucTteMme. Pacuer mapaMeTpoB M XapaKTEPUCTHK JABUKUTEIIEH.
OcCHOBHBIE TIOTEPH MAacCChl, UMIyJIbca U HHepruu. OcoOeHHOCTH pPabOYMX MPOIECCOB B
JBHKUATEISX HA IEPEMEHHOM TOKE.

KonnonnHele IBUKUTENN € JIEKTPOCTaTUYECKUM PACIBIIIEHUEM U YCKOPEHUEM TSHKEIIBIX 4aCTHUI]
U noseBble ABurarenu. Cxembl M mOpuHUUN AeiicTBUs. OCHOBHBIE OCOOEHHOCTH paboUMXx
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nporeccoB. TpeboBanus K pabounm TenaM. J{ucrepcust 4acTUIl IO Macce U yAebHOMY 3apsay U
ee BIMAHME Ha paboumii mpouecc. XapaKTEPUCTUKM MCTOYHHMKOB 3apsKEHHBIX 4YacTUI[ U
neuxuTenei. OCHOBHBIE TapaMeTphl MTOJIEBBIX JBUTATENEH.

3.6. Memoowl uccrneoosanusi pabouux npoyeccos ogudxcumerneti. MeTobl TUarHOCTUKY TIJIa3MBlI,
MOTOKOB 3apsDKEHHBIX YACTHUI. JJIEKTPOCTATHUYECKUE 30HJbl, MAarHUTHBIE 30HJIbI, MbE30 U
TepMO30HABL.  CHeKTpaJlbHbIe  METOABl  W3MEPEHUs  IMapaMeTpPOB  IUTa3Mbl. Y CIIOBHUSA
MPUMEHUMOCTH OCHOBHBIX METOIMK OIPEACIICHHUS MapaMeTpoB IUIa3Mbl. MeTOJbl My4YKOBOM
JTUAarHOCTHKHU (3JICKTPOHHOW, MOHHOH, aTOMapHOW). YCJIOBUS NPUMEHHUMOCTH, TOTPEITHOCTH
OTJIENIbHBIX METOJI0B. JlazepHast IMarHOCTUKA U OCOOEHHOCTH €€ MPUMEHEHHUs K OIpPECIICHUIO
napameTpoB I1a3Mbl. MUKPOBOJIHOBBIC METOBI OTIPEICTICHUS ITAPaMETPOB TIa3MBl.

3.7. Cucmembl numanus Oeudcumeneu. B3anMOCBS3b Y3JI0B JIBUraTE€IbHON YCTaHOBKHU.
OcHOBHBIE CHCTEMBI, OOecreunBaroIue padOTy 3JIEKTPOPAKETHOH JBUIATENbHON YCTaHOBKHU
(OPL1Y) kak cI0KHOTO KOMIUIEKCA 3JIEMEHTOB PA3JIMYHOr0 HazHaueHUs. CTPYKTYpHBIE CXEMBI
B3aUMOCBs3eil y3i0B ¢ DPJIY c cuctemamu muTaHus pabOYMM TEJIOM, SHEPruei, cucTeMamu
peryJIMpOBaHUs ApaMETPOB U T.J. BiusHue ocobeHHOCTEH pab0vYHX MPOLIECCOB ABIKUTENCH Ha
BBIOOp THIIA CHCTEM.

Cuctembl nutanus padbounm tesoM. CUCTEMbI TUTAHUS AIEKTPOIHEPTHUECH.

B3aumoCBs3p TapaMeTpOB M XapaKTEPUCTHK CHUCTEM NHTaHHA C IapaMeTpaMH W
XapaKTepUCTUKAMU JABIKUTENEH, MX cucTeMaMu U Apyrumu asemeHtamu OPJIY u OCYV.
B3anMHoe corimacoBaHue CTaTUYECKMX M AMHAMHUYECKUX XapakTepuctuk OPJIY u ux cucrem.
CornacoBanne pabOTBHI DIEKTPOPAKETHBIX IBUraTeNiell pa3jW4yHBIX CXE€M M Ha3HAuYeHHs C
CHCTEMOM YHEPrONMUTAHUS U SHEPTeTUUECKON YCTaHOBKOA.

3.8. I'enepamopul u yckopumenu niasmol, 3apsAdNCeHHbIX NYYKo8 u yacmuy. Pacuet napaMeTpoB u
XapaKTEPUCTUK TEHEPAaTOPOB M YCKOPHUTENIEW pa3inMYHbIX cxeM. OnTruMu3anus NapameTpoB.
KoHCcTpyKuust reHepatropoB W yCKOpuTenel. TEeXHOJOrusi NpPOU3BOJCTBA, HCHBITAHUA U
MPUMEHEHUE TEHEPaTOpOB U ycKopuTenel. B3ammonaeicTBue MOTOKOB IJIa3Mbl, 3apsiKEHHBIX
YACTHUI] U TyYKOB C MTOBEPXHOCTHIO TBEPJIOTO TEJIA U OKPYKAIOUIEH CPEHOil.

3.9. Ucmounuxu sHepeuu 01 KOCMUYECKUX IHEP2OCUNLOBbIX YCMAHOBOK. JIydncThle UCTOUHUKU
OSHEpPruu. XapaKTEPUCTUKU COJIHEYHOTO M3JIYyYECHHs B OKOJIO3EMHOM M MEKIUIAHETHOM
npocTpaHcTBe. KOHIIEHTpaTOpBl COJTHEYHON YHEPIHUU, OCHOBHBIE BUIBI M UX XapPAKTEPUCTHUKH.
[Tpuemuuku nyunctoil sHepruu. CeleKTUBHBIE IMOBEPXHOCTHM W HUX pOJb B IOBBIIIEHUU
(P PEKTUBHOCTH UCIIOIb30BAHUS COJIHEUHOM SHEPTHH.

SnepHple 2HEPreTUYeCKHe YCTAHOBKM KOCMHUYECKHX amnmapartoB. OcobeHHocTH pabouyux
IIPOLIECCOB, MAPAMETPOB, XapaKTEPUCTHK U KOHCTPYKIMH AAEpHBIX peakTopoB JIA. HeittponHo-
¢bu3nyecKkuil ¥ TEIUIOBOM pacueTsl peakTopoB. PacnpeneneHue mapamMerpoB B aKTUBHOM 30HE.
PerynupoBanue moumiHoctu. Kpyrosas um TeHeBas 3amuThl OT u3iydeHus. Cucremsl OoTBOJA
TerJa. 3arycK A1epHOM SHEPreTUYECKON YCTaHOBKM B KOCMHYECKOM ITPOCTPAHCTBE.

Paguon3oTonHble HWCTOYHUKH DHEPTrUU. BHIBI palMOaKTUBHBIX TOIUIMB. XapaKTEPUCTUKU
PaZMOU30TOINHBIX TEIJIOBBIX OJOKOB. PerymupoBanue TerioBoro motoka. OcoOeHHOCTH
SKCIUTyaTalliu PaIiOM30TOMHBIX UCTOUHHUKOB.

XUMHUYecKre UCTOYHUKH OHCPTHH. BI/IJII)I U XapaKTCPUCTUKHU CHCTEM KOMIIOHCHTOB. CucreMnl
XPaHCHUA U IOAA4YU. BaJ'IJIOHHBIC, KPUOTCHHBIC, CBA3aHHBIC CUCTCMBI H UX XaPAKTCPHUCTUKU.

3.10. Duepeemuueckue ycmaumogku ¢ conneuHviMu oOamapesmu. OCOOEHHOCTH W 00JacTH
UCTIONIb30BaHUsl (DOTOANEKTPUUYECKUX HDHEPreTHUeCKHX ycTaHOBOK. OCHOBHBIE MPOIECCH B
dboTodMeKTpUUECKOM TIpeoOpa3oBarene Ha p-hN-mepexoae. OOpazoBanme map. I[lporecch
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nepeHoca 3apsna u  pekomOuHammu. [lorepu osuHeprum u  KIIJ[ ¢dorosnexTpuyeckoro
npeoOpazoBarensi. Bo3aMokHOCTH TOBBIICHUS 3)PEKTUBHOCTH.

XapakTepuCTUKU MpeoOpa3oBarenel, BIMSHHE HAa HHUX TEMIIEpaTypbl, paavanuu. MeTojsl
HOBBIIEHUS] CTOMKOCTM W HaaexHocTH. CosiHeuHble Oaraped, CHCTEMbl PpacKpbITHSA,
OpHueHTaluM, pesepBupoBanus. Xapakrepuctuku u KIIJ| comneunsix Oarapeid. CormacoBaHue
XapaKTePUCTHK C NOTPEOUTENAMHU.

3.11. Onepeemuueckue ycmaHo6Ku ¢ mepmodiekmpudeckumu cenepamopamu. DPU3NKO-
JHEPreTUYECKHE OCHOBBI TEPMODJICKTPUYECTBA. BHIBI TEPMOIIEKTPUUECKUX MATEPHUAJIOB.
bamanc sHeprum u KIIJ[ TepMO3IeKTpUYECKUX TIeHepaTopoB. KackagHble TEPMOAIEMEHTHI.
Pacyer TepMonneMeHTOB. Pacdyer MHOIO3JEMEHTHBIX TEPMOXJIEKTPUYECKUX TI'E€HEPATOPOB.
OcHOBHbBIE XapaKTEPUCTHKU. TepMO3JIEKTPUUECKUE TIEHEPATOPHl SAEPHBIX SHEPreTUUYECKUX
YCTaHOBOK.  TepMO3JeKTporeHepaTpbl €  PAaJIMOM3OTONHBIMA ~ UCTOYHMKAMHU  DHEPIHH.
HanexHOCTh ¥ UCTIIBITAaHMS] DHEPIETUYECKUX YCTAHOBOK C TEPMODJIEKTPUYECKUMU IT'€HEPAaTOPAMH.
CornacoBaHue XapakTepPUCTHK C MOTpeOuTensiMu. BpiOop u onTumu3zanus MapaMeTpoB
HYHEPIreTUYECKUX YCTaHOBOK. Koncrpyxknus JHEPreTUYECKUX YCTaHOBOK c
TEPMO3JIEKTPUUYECKUMHU TIeHepaTopaMu U MX 371eMeHTOB. OCOOEHHOCTH ydeTa TEepMHUYECKHX
HanpspkeHu. TexXHOnorus Npou3BoOACTBA YCTAHOBOK U UX DJIEMEHTOB.

3.12. Duepecemuueckue  yCmMaHo8KU ¢  MEPMOIMUCCUOHHBIMU  NPeoOpa308amessimu.
TepmonnexkTponHas amuccus. [Iporeccel Ha 3€KTpoJaX TEPMOIMUCCUOHHOIO ITPpeoOpa3oBaTess
(TOIT). CHmkenue pabOTHI BBIXOJAa METAJLIOIICHOYHBIX MOKpbITHH. [Ipolecchl mepeHoca B
MEXIJIEKTPOIHOM 3a3ope. Helrpanuzauus oObemHoro 3apsana. Pexumbr paboter TOII:
BaKyyMHbIH, MU y3noHHBIH U IyroBoi. DnekTtpudeckue xapakrtepuctuku TOIl. Brusaue
napameTpoB pabouero npouecca, KOHCTpyKuuu u Texnonoruu Ha KI1J{ mpeoGpa3oBaTers.

PeakTopbl-reHepaTopbl ¢ TEPMOIMUCCUOHHBIMU NpeoOpa3oBarensiMu. BiusHue pacnpeneneHus
TEMIEPATypbl W SHEProBBIIEICHUS Ha mapaMerpbl reHeparopa. OJHO3JIEMEHTHbIE U
MHOI'O3JIEMEHTHBIE 3JIeKTporeHepupymoume kaHaiabl. OcobeHHocTH KommyTauuu. Ilotepu
DHEPTMM  HAa  DJJEKTPOJAAX M KOMMYTAllMOHHBIX  IEPEMBIYKaXx.  XapaKTEPUCTHUKU
TEPMOSMHUCCUOHHBIX TE€HEPATOPOB IPU IIOCTOSHHBIX TEMIIEpaTypax JJIEKTPOJOB U IIPHU
MOCTOSIHHOW ~ TEIJIOBOM MOIIHOCTH. OHEProMacCoBbIE XapaKTEPUCTHKU HSHEPreTHUECKUX
ycraHoBok ¢ TOII. Hane:xxHOCTh M MCTIBITaHUS NTapaMEeTPOB YHEPreTHUECKUX YCTaHOBOK ¢ TOIIL.
OcoOeHHOCTH yyeTa TepMUYecKuX HampsbkeHui B aneMeHTax TOII. KoHcTpykium ycTaHOBOK U
UX DJIEMEHTOB. TEeXHOJOIrHs IMPOU3BOJACTBA, COOPKM W 3ampaBKku ycTaHoBok ¢ TOIl m wux
JJIEMEHTOB.

3.13. DOHepeemuueckue YCMAHOBKU C MEPMOIIEKMPOXUMUYECKUMU NPeobpa308amenimu
(TOXII). Tlponecchl mepeHoca HOHOB B TBEPABIX M 3aryIIEHHBIX 3JIEKTPOJIUTAX TOJ JEHCTBUEM
nepenasa JIaBJIE€HUS, pPa3HOCTH KOHIEHTpauui pabouero KOMIOHEHTa. TepMmoauHaMuKa
TEPMODJIEKTPOXUMHUYECKOTO TIpeoOpa3zoBanus. [Iporeccsl Ha ra3oaudPy3nOHHBIX JIEKTPOJaAX.
[Tponeccrl ucnapenus, peKTU(GUKALNUU U KOHAEHCAlMKU pabodero komnoHeHTa. Boeibop pabounx
KOMIIOHEHTOB, Tojadya pabodyero KOMHOHEHTa. OJHOKOMIIOHEHTHbIE M JIBYXKOMIIOHEHTHbIE
cxembl TOXII. Xapakrepuctuku TOXII. Pacuer napamMeTpoB M OCHOBHBIX pPa3MEpOB.
DOnepromaccoBbie xapaktepuctuku. KII[ TOXII. Beibop m onTumMuzamusi SHEPreTUYECKHX
ycraHoBoK ¢ TOXII. Panmonsoronnsie ycrtaHoBku ¢ TOXII. OcoOeHHOCTH KOHCTPYKLIHMU H
TEXHOJOTHH yCTaHOBOK ¢ TOXII.

3.14. DHepeemuueckue ycmaHo8Kku ¢ snekmpoxumudeckumu eenepamopamu (OXI). DneMeHTHI
ANEKTPOXUMHYECKON KUHETHKU. DJIEKTPOXMMHUUYECKOE paBHOBECHE. J[BOMHON 3IEKTpUYECKUN
CJIIOM Ha TPaHUIE METAUI—HJIEKTPOJIUT. DJIIEMEHTApHbI aKT AJIEKTPOXUMUYECKOW pEaKLUu.
[IpoxoxneHne TOKa 4yepe3 SJIEKTPOJIAT. Buasl mossipu3anuu: OMUYECKas, aKTUBALMOHHAs W
KOHLIEHTpAallMOHHAs. TepMoAMHAMHMUYECKU, aekTpudyeckuil u TokoBbid KIIJ[ reneparopa.
Temnepatypubiii kodbdumuert IC. Buabl 31eKTpOXUMUYECKUX TEHEPATOPOB W TOILITMBHBIX
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aneMeHTOB. [IpumenseMble paboune KOMIOHEHTHI. Y eNbHas YHEPTUs U yAelIbHAs MOIIHOCTb.
OntuMusanus napaMmeTpoB dJIEKTPOXUMHYECKOro reHeparopa. CHCTeMbl XpaHEHUs M NOJA4Yn
KoMIoHeHTOB B OXI. bamioHHOE, KpUOT€HHOE M CBSI3aHHOE XPAaHEHHWE KOMIIOHEHTOB.
Oneprerudeckue yctaHoBku ¢ DXI'. CornacoBanue xapaktepuctuk DX ¢ moTpeOuTensiMu
sneprun. CoBmecTtHas padora DXI' ¢ npyrumu uUcTouHHMKaMu sHeprud. ['eneparuBubie DXI.
Koncrpykuun ycranoBok ¢ OXI' u ux snemeHToB. Haje:KHOCTh M MCHIBITAaHUSL SHEPTETUYECKUX
ycraHoBOK ¢ OXI'. TexHonorus mpom3BOACTBa, COOPKM M 3alpaBKU ycTaHOBOK ¢ OXI' m mux
3JIEMEHTOB.

3.15. Duepeemuuecxkue ycmanogxku ¢ macnumozuopoounamuyeckumu (MI]]) eenepamopamu.
Teuenuss miua3Mbl B CKpPEUICHHBIX JJIEKTPUYECKOM M MarHUTHOM mnossix. WHTerpupoBaHue
YpaBHEHUM OJHOMEPHOIO JBWXKEHHS U1 4YacTHbIX cirydaeB. JlokanbHbii anamu3z MI'/I-
TeHepaTOpOB.

Beibop cxembl M pacder mapameTpoB MOIIHOM MIJI-yCTaHOBKM OTKpBITOTO IIMKJIA Ha
XUMHUYECKOM HCTOYHMKE 3HEpruu. Snepusie miasMeHnble MI'J[-yCTaHOBKM 3aMKHYTOTO LIMKJIA.
Kunkomerammmyeckue MI'JI-yCTaHOBKM C  SICpPHBIM M PAJUOU3OTOIHBIM HCTOYHUKAMHU
SHEPruu. OHEProMaccoBBIE XapaKTepUCTHKU. Hane)kKHOCTh M HCHBITAHMS — YCTaHOBOK.
Koncrpykuus ycranoBok c¢ MI'/l-renepatopamu. TexHonoruss mnpousBoactBa MI/I-
TEHEPaTOPOB.

3.16. Duepeemuueckue ycmanosku c¢ napomypoozcenepamopamu. Cxema MNapoOTypOMHHBIX
JHEPreTUYECKUX YCTAaHOBOK. BriOOp pabodero Tenma. Pacuer mapameTpoB TypOMHHOIO KOHTYpa
yCTaHOBKH. BwiOop mapamerpoB. OrpaHUYCHHS 1O KaBUTAIMH U yUYET TMEPECOXJIAXKICHUS TPH
BbIOOpE TemriepaTypsl nukia. OnpeneiaeHne napaMeTpoB TEIII00OMEHHBIX KOHTYPOB YCTaHOBKH
U MHOTOINapaMeTpUYecKas ONTHMH3AIMSA. XapaKTePUCTHUKU IMAPOTYpPOMHHOW YCTaHOBKHU.
OcoOeHHOCTH 3allycKka B YCJIOBUSAX IMOjeTa. JHepromaccoBble xapaktepuctuku u KIIJ]
YCTaHOBKH. TEXHOJIOTHS MPOU3BOJICTBA, 3alIPABKU M HCIIBITAHHIA.

3.17. OHepeemuueckue ycmaumoexku c¢ e2azomypbocenepamopamu. Cxema Tra30TypOMHHBIX
HSHEPTreTUYECKUX YCTAHOBOK C COJIHEUHBIM, SIACPHBIM U PaTUOU30TONMHBIM MCTOYHHKOM TEILIA.
3aBUCHUMOCTh BBIOOpa pabouero Tena OT YpPOBHS MOIIHOCTH YCTaHOBKH. BiusHuHe mapaMeTpoB
pabodero mpoliecca Ha YAEJIbHbIE MapamMeTpbl YCTaHOBKH. ONTHMHU3aLMsA apaMeTpoB.
CoBMecTHas paboTa ra3oTypOOKOMIIpEccopa M €ro XapaKTepUCTUKU. 3alyCK IHEPreTHYECcKOi
YCTaHOBKH C Ta30TypOOreHeparopoM. Y caoBHs oOecrieueHusl HaIeXXHOCTU YCTaHOBKHU.

3.18. Ilopwnesvie u pomophvie 3HepcemuyecKue YCmMaHo6KU. JHEPreTUYECKHE YCTAHOBKH C
nsurareneM CrupiauHra. OCOOEHHOCTH HCIIOJIb30BAHUS COJHEYHBIX M PaJMOU30TOIHBIX
UCTOYHUKOB Teruia. Paboumii mnpomecc. Bpibop u oueHka mnapamerpoB. YjaelabHbIE
xapakrepuctukun u KIIJI. OcobeHHocTu obecnedeHHs pecypca W HAJAEKHOCTH YCTAaHOBKH.
XapaKTepUCTUKN yCTAaHOBKH. (OCOOEHHOCTM KOHCTPYKIMH U OOECNeYeHUs JUINTEIbHOU
npo4yHocTU. PoTopHble 3Heprermyeckue ycraHoBKU. OcoOeHHocTH pabouero Imporecca.
Y nenbHbIE TapaMeTphl U XapaKTEPUCTHKH.

3.19. Kombunuposanmwvie u 3Hepeocuiosvie yCmaHo8Ku. JHEPreTHIECKNE YCTAHOBKH C KACKaJIOM
npeoOpazoBanus. lloBeimenne KIIJ u  ynenpHBIX XapaKTEPUCTHUK TPU  ONTUMATHHOM
KackanupoBaHuu. Beibop cucrem npeoOpa3zoBaHus AJ1sl IEPBOrO U BTOPOTO KacKa/0B.

KomOuHupoBaHHbIE  SHEpreTUYeckHe  ycTaHOBKH.  lcmonb3oBanue — Hakonurene
AKKyMYJIATOPOB JUIsl oOecredyeHus 3aJaHHOro JOMYyCKa IO HANpsDKeHUI0 OOpTOBOM ceTu mpu
U3MEHeHUn Harpy3kd. KoMOMHUpOBaHME pPa3MUYHBIX DSHEPreTHUYECKHX IOACUCTEM IS
oOecrnievyeHus 3a/laHHbIX, B TOM YHCJI€ KPATKOBPEMEHHBIX, UMITYJIbCOB SHEPIOMOTPEOICHHUS.
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CoBmecTHast paboTa 3JIEKTPOPAKETHOTO JBUTATENS M JHEPreTUYECKON YCTaHOBKM B COCTaBe
SHEPrOCUJIOBOM CHUCTEMBI. YBSI3Ka MapaMeTpoB. XapaKTEPUCTHUKH NMPHU U3MEHEHUW Harpys3KH.
Oco0eHHOCTH 3ammycKa yCTaHOBKHU U JiBUTaTeneid. HeycroitunBeie pexxuMbl paboThl.

3.20. Ilpoekmuposarue u 6b100p napamempos, uda u 0OIUKA IHEPSOCUTOBOL YCMAHOBKU U ee
noocucmem. OOmue npoOIEMBI MPOSKTHPOBAHMSI JHEPTOCUIOBBIX, JHEPreTHYECKHX U
JBUTATEIbHBIX YCTaHOBOK. KOMIIOHOBOUHBIE CXEMBI YCTAHOBOK C Pa3IMYHBIMU HMCTOYHUKAMU
SHEPIruH, Pa3INYHBIMH MIPEOOPa30BaATEIIMU M JBUTATEISIMU. BiusHHE 3amaud IMoJieTa W TUIIA
JIA na BbIOOD cxemMbl. MHOTOMapameTpudeckasi OnTUMHU3ALUS.

4. IlpoexTpOBaHHE KOHCTPYKIUH TEMJI0BBIX,
3JIeKTPOPAKETHBIX BUraTeeiil U JHePreTHYeCKUX YCTAHOBOK
JieTaTeJbHBIX aNnapaTon

4.1. Ilpoyecc npoexmuposanus u e2o ocovennocmu. Gopmanu3zanus nporecca MPOSKTUPOBAHUS
o craausM u 3anadam. Ctaauu mporecca NpoeKTUPOBAHUS, LIETTH U BO3MOKHOCTH IPUMEHEHUS
st Hux CAIIP. Knaccudukanus, ocobennoctu u paznosuanocta CAIIP. 3agaua ctpykTypHOTrO
CHMHTE3a. 3ajJaya MapaMeTPUUYECKOro CHHTEe3a W aHaim3a. [[pUHIUNBI HHTEPAKTUBHOTO
npoekTupoBaHus. OCOOCHHOCTH CUCTEMHOTO MOAX0/a K MPOSKTHpOBaHUIO. Mepapxus mporecca
MPOCKTUPOBAHUS. YPOBEHb KOHIICTIMH. YPOBEHb MMUTAIIMOHHOTO MOJEIUPOBaHMS. MeToabl
pelieHuss 3a7ad CTPYKTypHOro cuHTte3a. Mopdonorndeckue Meronbl. TpanchopmanmoHHbIe
MeToabl. MeToapl pelieHus 3amad  napaMmeTpuueckoro aHanu3a. OIHOKpUTepHalbHAs U
MHOTOKpHTEpHAIbHAs ONTHMH3alKs. BBIOOp KpPUTEPHEB ONTUMAIBLHOCTH. MeTOAbl TPUHATHUS
peuieHu TpoeKTHpoBUIMKOM. Kpurepuu BbpiOOpa. MeTonbl 3agaHusi NPEANIOYTCHHUS Ha
MHO>KECTBE YaCTHBIX KPUTEPUEB. IKCIIEPTHHIC CUCTEMBI.

4.2. Aesmomamuzayus npoekmupoéanus u KoHcmpyuposarus. 1IoHATHE CUCTEMHOrO MOAX0AA K
nocrpoeHnto CAIIP. Jlpuratenp kak CIIOKHas CHCTEMa M IPUHLUIBI €€ JACKOMIIO3HIIHU.
[Tonsrtue nndopmanmonnoit monenu CAIIP. Cucremsl u noacucremsl CAITP. MaremaTuueckoe
MOJIEJIMPOBAaHUE IIpoLecca NPOEKTUPOBAaHMA. MHTyHTHBHas KOHLENTyalbHas MOJENb U €€
YCIIO’)KHEHHUE 0 Mepe yueTa pa3inyHbIX ¢akTtopoB. [londarue Bepudukanun neiicrsuil. Tunossie
cTpykTypbl noacucreM CAIIP — npoexkTupoBaHus, BbIMYCKa KOHCTPYKTOPCKOW TOKyMEHTAllUH,
TEXHOJIOTMYECKON MOATOTOBKU NMPOU3BOICTBA. IHTErprpoBaHHBIE CUCTEMBI KOHCTPYUPOBAHUS U
TEXHOJIOTHH.

4.3. Mooenuposanue ¢ CAIIP. Mamemamuueckoe mMooenuposanue Kaxk cpeocmao Uccie008anus
CHIOJCHBIX MexHU4eckux noocucmem osuecamens. Kinaccudukanus mMaTeMaTHYECKUX MOJIEIEH.
TpeboBanmsi K MareMaTHdeckuMm MojensM. OCHOBHBIE 3aJadd, BO3HHUKAIONIME IIPU
MaTeMaTHYeCcKOM MojenupoBanuu ¢ ucrnoibzoBanuem CAIIP. 3agauu rugpora3o-anHaMUKH.
3amaun Teruionepenavyn. 3ajayd MPOYHOCTH. 3ajaud JHUHAMHUKH W PETYIUPOBaHUsS. MeTombl
pelieHrsT BO3HUKAMOIIMUX 3aJad. MeToa KOHEYHBIX dJeMeHTOB. KommbioTepHas rpaduka u
reoMeTpuueckoe MojaenupoBanue. [lmockoe w  oObeMHOEe MojenupoBaHue. Oneparuu
BU3YyalIH3alluu ABYXKaMepHOW rpaduku. MeToapl aHalM3a CTaTUYECKUX PEKUMOB. MeTombl
aHaJIM3a TMEePEeXOJHBIX MPOIEcCoB. [IpoeKTHpPOBaHHWE ONTUMAIBHBIX CHCTEM M KOHCTPYKIIAN
TEIUIOBBIX, DJIEKTPOPAKETHBIX ABUTATENCH U YHEPTEeTUUECKUX YCTAHOBOK.

4.4. Ilpoepammnoe obecneuenue CAIIP. Knaccudukamus mTporpaMMHOTO 0OeCreueHus.
Cpenctsa pa3paboTku porpamm. PacueTHo-onTMMHU3alIMOHHBIE CUCTEMBI.
I'papoananutnueckue cucrembl. ['padudeckue cucrtembl. CUCTEMBI aBTOMATH3aIlMH BBITyCKa
KOHCTPYKTOPCKOM JoKyMeHTanuu. CHUCTEMBbl TEXHOJIOTMYECKON IMOArOTOBKH IPOU3BOJICTBA.
Cuctembl 6a3 maHHbIX. CHCTEMBI MPUHATHS PEIICHWH. DKCHEpTHBIE cUCTeMbl. [IporpaMmbl

HaunOosnee ynotpednsembix cuctem CAIIP (MATCAD, AUTOCAD, MATLAB, NASTRAN).
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S. TexHoJi0rusi NPOU3BOACTBA TEIIOBLIX,
3JIEKTPOPAKETHBIX ABUTaTeIeH M JHEPreTHYeCKNUX YCTAHOBOK

JETATC/IbHLIX almnaparoB

5.1. [Ilpoussoocmeennviti u mexuonocuveckuil npoyecc. CTPYKTYpPbl TEXHOJOTHYECKOTO
mpoiiecca. JTambl TEXHOJOTMYECKOrO TMpollecca W BHABI ONepaluii, KOHLEHTpalus u
mubdepennmanus omnepauuii. Onepanuonnsie mnpunycku. Krmaccudukanuss o6opynoBaHus.
TumnoBble cXeMbl OpraHU3alMd MPOU3BOJCTBA TEIUIOBBIX JBHUTATENIed W HIHEPreTUYECKUX
yCTaHOBOK. OpraHu3allMOHHO-TEXHUYECKUE METOJbl COBEPILIEHCTBOBAHUS IPOU3BOJCTBEHHOM
CTPYKTYpBhl. OJKOHOMHYECKass J(PQPEKTUBHOCTh BAPUAHTOB TEXHOJOTHMYECKUX IPOIIECCOB
M3TOTOBJICHHS] OCHOBHBIX JIeTaJICH.

[TorpemHocTn 00paboTKu. ['J1aBHBIE COCTABIAIOMINE CYMMAapHOW MOTPENTHOCTH OOpabOTKHU IO
ucxomHomy pasmepy. CyMMHpOBaHWE TOTPEHIHOCTEH. DKOHOMHUYECKas IelIeco00pa3sHOCTh
YPOBHSI TOYHOCTH M3TOTOBJIICHUS JIETalei TEIIOBBIX JIBUTATENEH M SHEPTeTUYECKUX YCTaHOBOK
JIA.

Knaccugukarus noBepxHocreit u 6a3. [IpuHimn coBmenienns 6a3 npy NOCTPOCHUU OTIEpaui U
YCTAaHOBJICHUM IIOpsAAKa Olepaluil B TEXHOJOTMYECKOM Ipolecce. BcrnomorarenbHble
yCTaHOBOYHbIE 0a3bl, nepBuYHbIE 0a3bl. [IpaBuiio BeiOOpa 0as.

[ToBEepXHOCTHBIH CJIOW U KCILTYyaTallMOHHBIE CBOMCTBA JETAJICH.

IloHsAiTHE TEXHOJOIMYHOCTH KOHCTPYKLIHMM W3JENMs, Yy3/1a, JETald, TEXHOJOTMYHOCTh
marepuaioB. KpuTepuu OIEHKM TEXHOJIOIMYHOCTH. JTamnbl OTPAaOOTKM TEXHOJIOTHYHOCTH.
TexHOJIOTMYHOCTh JEeTAIeW M3 METAUIMYECKUX M HEMETAUIMYECKUX MaTepUalloB B CBA3U C
0COOEHHOCTSIMM MEXaHUUYECKOH, 3IIEKTPOPU3NYECKOH, IJIEKTPOXUMHUECKOW M Jp. UX BUJIOB
0o0paboTku.  TeXHOJIOrMYHOCTH  KOHCTPYKIMHA  JeTajeid, TMOJYYeHHBIX  OOBEMHBIM
neGOopMHUpPOBaHMEM M JIMTBEM C [PUMEHEHUEM CBAapHBIX M TMasHBIX COEAMHEHU.
TexXHOIOTUYHOCTh AeTANIEH U3 JIMCTOBBIX M KOMIIO3UIIMOHHBIX MATEPUAJIOB.

[TpuHIMIBl pa3paboTKKU TEXHOJIOTHUECKOTO MpoIiecca.

5.2, Memoovr obpabomku  KOHCMPYKYUOHHBIX ~ Mamepuanog. OCHOBHBIE IMPOOIEMBI
00pabaThIBAEMOCTH COBPEMEHHBIX KOHCTPYKIIMOHHBIX MaTepuanoB. (DH3MUECKHE OCHOBBI
00pabOTKM KOHCTPYKI[MOHHBIX MaTepuasioB. Meroabl 00paboTku mnoBepxHocTed. Pu3MKo-
XUMHYECKHE METOIbl O0pabOTKM MarepuaioB. TEeXHOJOTHS W3TOTOBICHHS paJdallIOHHO
onacHbIX y3710B. CrenuanbHble TEXHOJOTMUECKHE METOJbl H3TOTOBICHMS JJIEKTPOAOB H
HIIEKTPOTCHEPUPYIOLIHNX Y3JI0B.

5.3. Texnonocuueckue memoovl RNOGLIUEHUS HAOEHCHOCINU menjoesblx, JJIEKMpPOPAKENTHbIX
osueamenell U dHepPeeMmuUecKUx YCmaHo80K J1emamenbHblX annapamos. BimsHue XuMHIecKoro
cOCTaBa M CTPYKTYPHO-()a30BOr0 COCTOSHUS MOBEPXHOCTHOTO CJIOS Ha HM3HOCOCTOMKOCTH H
KOPPO3UOHHYIO CTOMKOCTb. YIPOYHEHHE MOBEPXHOCTHBIM IJIACTUYECKUM Je(POPMUPOBAHUEM.
['pynnbl METOIOB MOBEPXHOCTHOM TepMUUecKoil 00paboTku. TexHONI0rus 3MeKTPOHHO-ITy4eBOM
U JazepHoi (KBaHTOBOW) Tepmuueckoi oOpaboTku. Tepmomexanuueckas oOpaboTka,
0COOEHHOCTH CTPYKTYpHOTO COCTOsIHMS. [lOBBIIIEHME S3KCIITyaTallMOHHBIX CBOMCTB JeTajew.
3alUTHO-YIIPOYHSIONINE MOKPBITUSA. XHUMHUKO-TepMUUecKasi oOpaboTka. JlazepHas oOpaboTka.
HoHnHoe nerupoBaHue.

54. Mexauus’auwz u asemomamusayus I’lpOUS’GO()CWlGCl menjaoesblx, JJeKMpOpaKentHoblx
osueamenei u IHEpcemMuU4YeCKUx YCmaHOBOK JiemamelbHblx annapanmoe. TexHomorugeckoe
OCHaIlICHHEC IIpOU3BOJACTBA. MeTonga IMPOCKTUPOBAHUA CpEaACTB MEXaHHUu3alluu.
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Crangaptuszanuss ¥ yHHUDHKAIUS MPHUCIIOCOOTICHH: COOPHO-pa30OpHBIE U YHUBEPCAIBHO-
CcOOpHBIE MPUCTIOCOOICHHUS.

CucremMbl aBTOMATHYECKOTO YIPABJICHHUS, YCTPOHCTBA M ammaparypa aBTOMAaTUYECKOTO
YIIPaBJICHUSI TEXHOJOTMYECKUM MPOIECCOM; aBTOMATH3AIMsl KOHTPOJISI TOYHOCTH OOpabOTKH.
ABTOMAaTHYECKUE JIMHUH. DKOHOMHUYECKas 3(P(PEKTUBHOCTh aBTOMATHYECKON JnHUH. ['nbkoe
aBTOMATU3UPOBaHHOE  NPOM3BOACTBO.  [IpombimuteHHsle  poOotel.  [lepenanaxuBaemast
ABTOMATH3UPOBAHHAsI OCHACTKA.

5.5. Texnonoeus cOOpKU menyosvix, 3IEeKMPOPAKemHblX Ogueamenei U dHepeemuidecKux
YCMAaHOBOK Jiemamenvhvlx annapamog. POopMbl OpraHu3alMu COOPOYHBIX paboT, CpeAcTBa
MeXaHM3allul U  oOopynoBaHue cOopouHoro 1exa. Kpurepun oneHku cOOpoyHOU
TEXHOJIOTUYHOCTH KOHCTPYKIIMH, €€ 3HAYCHHE JUIA YHU(PHUKAIMH ¥ aBTOMATH3alUU MPOILECCOB
coopku. [IpoekTrpoBaHHe TEXHOJOTMYECKOTO Mpolecca COOpKU. TeXHOIOrHuecKue MeTObl
JOCTIDKEHUS 33JJaHHOM TOYHOCTH COOPOYHBIX mapaMeTpoB. KOHTPOJIb OCHOBHBIX COOPOYHBIX
apaMeTpoB: 3a30pOB, OMEHUs, CIIOCOOHOCTH, LEHTPOBKU COOMpaeMbIX y3i0B. bamancupoBka
potopoB. Crenu(puuHOCTh MOHATHS TOYHOCTH OaJaHCHPOBKH, pacyeT AOMYCTUMBIX 3HAYCHUN
nucbanmaHcoB uig MpoekTupyeMbix uznenuil. OOGopynoBanue ansi OamancupoBKH. CrocoOsbl
HU3KOYAaCTOTHOM M BBICOKOYACTOTHOM OanaHCUpPOBKU pOTOpoB. OCHOBBI aBTOMAaTH3aLUU
MPOEKTUPOBAHUS TEXHOJIOTHUECKUX MPOIIECCOB OATaHCUPOBKH.

Oco0eHHOCTH TEXHOJIOTHMH U3TrOTOBIICHUS U COOPKH Y3JI0B U 3jieMeHTOB DPJIY u DV,
XapakTepHble TpeOOBaHUs K YUCTOTE U3TOTOBJICHUS U COOPKU 3JIEMEHTOB. METO bl TEXHOJIOTHH
B aTMoc(epe MHEPTHOTO ra3a U BakyyMe. 3anpaBka niesouHbiMu MetauiamMu JPJ1Y, DY u ux
y3710B. M3roToBieHue TerioBbIX TPYO, CUCTEM MOJauU Le3Us U T.1. MeTaliokepaMiuiecKue
Y3716l 1 0COOEHHOCTH UX cOOpKHU B cocTaBe nojacuctem DPJIY u OY. OGecnieyeHue TOUHOCTH U
KOHTPOJIUPYEMOI YUCTOTHI COOPKH 3JEKTPOTHBIX CUCTEM. Y3JI0Basi U 0011ast cCOOpKa U3JIEIHA.
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16



nox pea. B. A. Mouceesa, B. A. Tapacosa. - M. : U3g-so MI'TY um. H. O. baymana,
2008. - 379 c.
Ox3emmuisipoB B HTB CI'AY Bcero: 1.

15. Poccmiickas osHiukimoneauss CALS. ABHanMoOHHO-KOCMHUYECKOE MAIIMHOCTPOCHHUE
[Tekcrt] / [rn. pen. A. I'. bparyxus]. - M. : HULL ACK, 2008. - 607 c.

Ox3emmuisipoB B HTh CI'AY Bcero: 5.

16. ToncronoroB, Apnen IlerpoBuu. CHCTEMBI OXJIXJACHHUS TIOPIIHEBBIX JBUTATEINEH
BHyTpeHHero cropanus [Tekcr] : [yue6.mocodue] / A. I1. Toncronoros, U. B. Komomun
; @enep. areHTCTBO 10 0OpazoBanuto, Camap. roc. adpokocMm. yH-T uM. C. I1. Koponera.
- 2-e u3n., mepepad. u jor. - Camapa : U3n-so CI'AY, 2009. - 167 c.

Ox3emiursipoB B HTh CI'AY Bcero: 10.

17. KoncTpyupoBaHue OCHOBHBIX VY3JI0B M CHUCTEM AaBUAIMOHHBIX JIBUTaTelied W
SHEPreTUYEeCKUX YCTAaHOBOK [DIEKTPOHHBIN pecypc]| : anekTpoH. y4ued. mocodue / C. B.
®ananees, H. U. Crapues, [. K. HoBukoB ; Munobpuayku Poccuu, Camap. roc.
aspokocm. yH-T uM. C. I1. KoponeBa (Hai. uccnes. yH-T). - DIEKTPOH. TEKCTOBBIC JIaH.
(1 ¢aitn: 11,4 M6aiir). - Camapa : [6. u.], 2011. - on-line. - 3aru. ¢ Tutysn. skpana. - 0.00
Ox3emmusipoB HTb CI'AY HTB CI'AY Bcero: 1.

18. ®opmupoBanue napamerpudeckux 3D-mozeneil (reoMeTpudeckux Mojenel) Aeranen
a’POKOCMHUYECKON TEXHUKH B cpejie mporpaMMbl ADEM [DnektpoHHbIil pecypce] : yueb.
nocobue / M-Bo oOpaszoBanust u Hayku P®, Camap. roc. aspokocm. yH-T um. C. IL.
Koponesa (Hau. uccnen. yu-t) ; coct. B. H. T'aBpunos, B. U. Msamenko, C. C.
Komaposckas [u ap.]. - OnekrpoH. nad. (1 ¢aiin : 1,86 Mo0aiit). - Camapa : 13a-Bo
CT'AY, 2010. - on-line.

Ox3emiuisipoB B HTb CI'AY Bcero: 1

19. ®opmupoBanue napamerpuueckux 3D-mozeneil (reomerpuyeckux Mojenen) aeranent
a’POKOCMHUYECKOM TeXHUKU B cpene mnporpammbl ADEM : yue6. mocobue / M-Bo
obpaszoBanust u Hayku P®, Camap. roc. aspokocm. yH-T uM. C. II. Koponesa (Harr.
uccnen. yu-1). - Camapa : M3a-so CT'AY, 2010. - 1 a51. ont. auck (CD-ROM)
Ox3emmisipoB B HTh CT'AY Bcero: 1

20. Enenes, /Imutpuii BanepreBuu. KoMmnbroTepHsie ceTu [DnekTpoHHBIN pecypce] : [yueO.
noco6ue] / /1. B. Enenes ; M-Bo oOpa3oBanus u Hayku P®, Camap. roc. a3poKocM. YH-T
uM. C. I1. Koponesa (Ham. uccnen. yu-t). - Onekrpon. nas. - Camapa : U3g-so CT'AY,
2010. - 1 a5 ont. guck (CD-ROM). - 3ara. ¢ tutyn. skpana. - 0.00
Ox3zemmsipoB B HTb CT'AY Bcero: 5
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21.

22.

23.

24.

25.

26.

27.

N3ydeHne KOHCTPYKIMH ABUTATEIEH C MCHOJIb30BaHUEM 3D- mMopeneil ux 3J€MEHTOB:
Merton. ykazanus/ Coct. B.C.MenentbeB, A.C.I'Bo3zes, .C.JIexxun. — Camapa: WU3a.-Bo
Camap. roc. aspokocm. yH-Ta, 2006. — 25 c.

Ox3emiuisipoB B HTb CI'AY Bcero: 10.

N3yuenne xoHctpykiuu JIBC ¢ coBMecCTHBIM HCHOJIb30BaHUEM IMakeToB ANSYS,
ADAMS, SolidEdge: Meton. ykazanus/ Coct. B.C.MenentseB, A.C.I'Bo3nes,
1.C.JIexun. — Camapa: U3a.-Bo Camap. roc. aspokocM. yH-Ta, 2006. — 53 c.
Ox3emmuisipoB B HTB CI'AY Bcero: 10

®dananees C.B., bonmapuyk I1.B. JlaGopaTtopHblii MPakKTHKyM IO TPOSKTHPOBAHHIO
AJIEMEHTOB JBHUIaTeled C MHCIIOJIb30BAHUEM I1apaMETPUUYECKOrO0 MOJEIMPOBAHUA U
CAD/CAE. Camapa, 2007. — 80 c.

Ox3emmsipoB B HTB CI'AY Bcero: 1

QananeeB, Cepreii BuktopunoBuu. IlpoexkTupoBaHue CTyNEeHU LEHTPOOEKHOTO
KOMIIPECCOpa C HCIOJB30BAaHUEM IAPAMETPUUYECKOTO MOJEIUPOBAHUS [DJIEKTPOHHBIN
pecypc] : yue6. mocobue / C. B. dananees, M. Kinycadek ; M-Bo oOpa3oBaHUs U HAYKH
P®, Camap. roc. aspokocm. yH-T uM. C. I1. Koponesa (Ham. uccnesn. yH-T). - D1eKTpOH.
TekcToBbIe faH. - Camapa : U3a-Bo CI'AY, 2010. - 1 s ont. guck (CD-ROM).
Ox3emiussipsl B HTB CI'AY Beero: 1

Crapues H.U. IITeopermueckuii kypc aucuuiuinHbl "KoHCTpynpoBaHHME OCHOBHBIX
y3JI0B M CHCTEM aBHAIIMOHHBIX JABUTATENCH" [DIEKTPOHHBIA pecypc]| : JIeKTpOoH. yueO.
nocobue / H. U. Crapues, /I. K. HoBukos, C. B. ®ananees, A. M. YnanoB ; M-Bo
oOpaszoBanus u Hayku P®, Camap. roc. aspokocM. yH-T uM. C. II. Koponesa (Har.
UCCJEA. YH-T). - DIEKTPOH. TeKCTOBbIe faH. - Camapa : [0. u.], 2010. - 1 1. ont. duck
(CD-ROM).

Ox3emmisipoB B HTb CT'AY Bcero: 1

Jlanckuii, Anaronuit Muxaiinosuy. PaGounii nporecc kamep cropaHusi Maopa3MepHbIX
I'TH [Tekct] / A. M. Jlauckuii, C. B. Jlykaues, C. I'. MaTtBeeB ; Camap. Hayd. HEHTP
PAH. - Camapa: Uzn-so CHIIL PAH, 2009. - 334 c.

Ox3emiursipoB B HTh CI'AY Bcero: 30

Co3naHue TpPEeXMEpHBIX T€OMETPUYECKHX BUPTYaIbHBIX MOJENIEH Kamep CropaHus
[DnexTponHsbIit pecypc] : yae6. mocodue / C. I'. Matsees, C. B. Jlykaues, M. 0. Opnos
[u nmp.] ; Camap. roc. aspokocm. yH-T uM. C. II. Koponesa (Ham. uccmen. yH-T).
DnekTpoH. TekcTtoBblie nMaH. - Camapa : U3a-Bo CTAY, 2010. - 1 s1. ont. auck (CD-
ROM). - 3arn. ¢ xonteiinepa. - 0.00 [TapamnenbHble W3JaHUS: SIEKTPOHHBIH aHAIOT :

Coznlanue TpeXMEpHBIX T€OMETPUYECKHX BUPTYaJbHBIX MOJENEeHd KamMep CropaHus :
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yue0. mocooue / C. I'. Matsees, C. B. Jlykaues, M. 1O. Opinos [u ap.]. - Camapa : U3na-
Bo CI'AY, 2010 on-line
Ox3zemiursipoB B HTb CI'AY Bcero: 1

28. Pean, A. A. Ilcuxonorus u negaroruka [ Tekct]: [yae0. mocobue mist By30B]/A. A. Pean,
H. B. bopnosckas, C. U. Pozym. - CIIG. [u ap.]: ITurep, 2009. - 432 c. - (YuebHOE
nocooOue).
Ox3emiursipoB B HTb CI'AY Bcero: 1

29. Jlenooe obmienue [Tekct] : yue6. mocodue / aBT.-coct. M. H. Ky3Henos. - 2-¢ uza. - M.:
Hamxop u K, 2008. - 528 c.
Ox3emmsipoB B HTB CT'AY Bcero: 10

JIOTOJTHUTEIbHAS JIUTEPATypa

1. benoycoB, A.H. Teopuss U pacuer aBUAIMOHHBIX JIOMATOYHBIX MamuH [TekcT]/ A.H.
benoycos, H.®. Mycatkun H.®., B.M. Pagpko - Camapa: ®I'VII “UsparenbctBo
Camapckuii qom neuatu”, 2003. — 334 c.

Ox3emiursipoB HTb CI'AY HTB CT'AY Bcero: 172.

2. I'puropreB, B.A. BpiOop mapaMeTpoB ©  TEpMOra30JUHAMUYECKHE PacCUEThI
ABMAIMOHHBIX Ta30TypOMHHBIX jaBurareneit [rekct]: VYuebnoe mocobue / B.A.
['puropse, A.B. XKnanosckuii, B.C. Ky3pmuues, .B. Ocumnos, b.A. [lonomapes. — 2-¢
u3n. — Camapa: CT'AY, 2009. — 201 c.

Sx3emmsipoB HTh CTTAY HTB CI'AY Bcero: 31

3. Teopusi, pacueT W TPOEKTUPOBAHHWE ABUAIMOHHBIX JIBUTATENEH M OSHEPreTHYEeCKHX
ycraHOBOK:  YueOHMK. KH.3. OcHoBHble mnpoOnemsl: HavanbHbli  ypOBEHb
IPOEKTUPOBAHUS, Ta30JMHAMHUYECKasl JIOBOJIKA, CIELUAIbHbIE XapaKTEPUCTUKU U
kouBepcust  aBuanmoHHelx [ T/Ilog o6m. pen. B.B. Kymaruma — M.:
MammnocTpoenue, 2005. — 464 c.

OxzemiuisipoB HTb CI'AY HTB CT'AY Bcero: 106

4. BepronetHsie Ta30TypOuHHbIe nBUTaTenu [Tekct] : [Monorpadus / B. A. I'puropnes, B.
A. 3penos, FO. M. Urnatkun u ap.] ; mox obmi. pea. B. A. I'puropeeBa, b. A.
ITonomapesa. - M. : MammnocTtpoenue, 2007. - 490 c.

Ox3emiursipoB B HTb CI'AY Bcero: 134

5. ®ananee, Cepreit BuktopunoBuu. [IpoekTupoBaHue CHCTEM aBHAIIMOHHBIX JIBUTATEIICH
¢ ucnonp3oBanueM CAD/CAE-makeroB : [yue6. mocobmue] / C. B. damanees, A. C.
Bunorpanos ; ®@enep. areHTcTBO MO 00pazoBaHuio, Camap. roc. aspokocM. yH-T uM. C.
IT. Kopounesa. - Camapa : U3n-Bo CI'AY, 2007. - 55 c.

Ox3emiuisipoB B HTb CI'AY Bcero: 40
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6.

7.

8.

9.

®dananees, Cepreii BukropunoBud. [IpoekTupoBaHue cUCTEM aBUALIMOHHBIX JBUraTeeu
¢ ucnonp3zoBanueM CAD/CAE-nakeroB [DnekTponHblit pecypce] : [yue6. mocodbue] / C. B.
QananeeB, A. C. Bunorpagos ; ®exnep. areHTCTBO 1o oOpazoBanuto, Camap. roc.
aspokocm. yH-T uM. C. I1. Koponesa. - Dnektpon. aas. (1 daiin : 3,26 Moaiit). - Camapa:
N3n-8o CT'AY, 2007 on-line.

OxzemiursipoB B HTb CI'AY Bcero:1

Teopernueckue OCHOBBI TNPOEKTUPOBAHMS TEXHOJIOTHYECKUX IPOLECCOB PAKETHBIX
neurateneit [TekcT] : TeXHOIoTHsI Ip-Ba KUIKOCT. paKeT. IBUraresel : [y4el. it By30B
no cnenuaibHocTu "Paker. nBuratenu" HampaBlieHMs MOAroT. "JlBurartenu jerar.
anmaparoB'| / B. B. Bopob6eii, B. E. Jlorunos. - U3na. 2-e, nepepad. u gor. - M. : [Ipoda,
2007. - 462 c.

OxzemiuisipoB B HTb CI'AY Bcero: 31

CrapueB, Huxonaii MBanoBuu. KoHCTpykuMs y370B aBUAIIMOHHBIX JBUTATENCH:
KoMIIpeccop [DNeKTpoHHBIN pecypc] : anekTpoH. yuebd. mocodue / H. U. Crapues, C. B.
®dananees ; Camap. roc. adpokocM. yH-T uM. C. I1. Koponesa. - Dnexrpon. TekcToBsie
naH. - Camapa : CT'AY, 2006. - 1 s51. onrt. guck (CD-ROM).

Ox3emmsipoB B HTb CI'AY Bcero: 1

[lerpoBuueB, Muxamn Anekcanaposud. Cucrema sHeprocHaOXeHHs OOpPTOBOTO
KOMIUIEKCa KOCMHUYECKMX amnmaparoB : [y4e0. mocobue] / M. A. Ilerposuues, A. C.
['yproB ; @enep. areHTcTBO 10 0Opa3oBanuio, Camap. roc. aspokocm. yH-T um. C. II.
Koponesa. - Camapa : U3n-so CI'AY, 2007. - 87 c.

Ox3emmuisipoB B HTh CI'AY Bcero: 40

10. Eroperues, Butanmii Cepreesuy. TorumBa XMMUYECKHX pPAaKETHBIX IBUraTeneil: [ydeo.

nocobue]/B. C. EropsrueB, B. C. Konmpyces; denep. areHTCTBO 10 00pa3oBaHUIO,
Camap. roc. aspokocm. yH-T uM. C. I1. Koponesa. - Camapa: 13a-so CI'AY, 2007. - 71 c.
Ox3emmuisipoB B HTh CI'AY Bcero: 40

11. Bapuaru, 1O. T'openme. ®usnueckue M XUMHUYECKHE AaCMEKTbl, MOJEIUPOBAHUE,

AKCIIEPUMEHTHI, OOpa3oBaHue 3arpsi3Hsamomux Bemects/ 0. Bapnaru, VY. Maac, P.
Ju661n// Tep. ¢ anrn. I'.JI. Aradonosa. Iloxg pexn. I1.A. Bnacosa. -M.: ®usmaraur, 2003.
-351c.

Ox3emmuisipoB B HTB CI'AY Bcero:1

12. lunenko, A.A. JlazepHo-onTHYECKHE METOJBI JMATHOCTUKH TPOIIECCOB TOPEHUs: y4eO.

nocobue/ A.A. lunenko, B.B. bupiok, C.B. Jlykaues, C.I'. MarBeeB -Camapa: 131a-Bo
Camap. roc. aspokocm. yH-Ta, 2006. -187c.

Ox3emiuisipoB B HTb CI'AY Bcero: 10
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13. Crapues, Hukomnait iBanoBuu. KoHCTpyKIIUst 1 TpoeKTUpOBaHUE Kamepbl cropanus ['T/]
[Tekcr] : [yue06. mocobue myis By30B 1o HampamiaeHuro moarot. 130200 "/IBurarenu
nerar. anmaparoB", mo cnenuansHocTH 130201 "ABunan. aBuratenu M dHEprer.
ycranoBku"] / H. W. CrapueB ; ®enep. areHTCTBO Mo oOpa3oBanuto, Camap. roc.
aspokocM. yH-T uM. C. II. Koponesa. - Camapa: Uzn-so CI'AY, 2007. - 119 c. -
(ITpuopureTHBIe HaoOHANBHBIE TPOEKTH "ObOpa3zoBanue"). - ISBN 978-5-7883-0673-5:
221.00 p.ITapamnensHble n3nanus: anekTpoHHbld ananor: Crapues H. 1. Koncrpykuus u
npoekTupoBanue kamepsl cropanus [T/l : [yue6. mocobue 1ist By30B MO HalpaBICHUIO
noarot. 130200 "JIpuratenu mnerar. anmapartoB", mo cneunanbHocTH 130201 "ABwmar.
neurarenu u sHepreT. yctaHoBku'"| / H. W. Crapues. - Camapa: U3a-Bo CT'AY, 2007 on-
line. - ISBN 978-5-7883-0673-5 (LLlugpp CI'AY:6/C774-361457)

OxzemiuisipoB B HTh CI'AY Bcero: 40

14. Kponb, Bnagumup Muxaiinosuu. [Icuxonorus u nemaroruka [Tekct] : mjs cTyleHTOB
TexH. By30B / B. M. Kpoub. - U3x. 2-e, mepepad. u nom. - M. : Beicr. mk., 2004. - 325 c.
- (YuyeOHUK 1151 BY30B).

Ox3emmusipoB B HTB CI'AY Bcero: 3

15. HemoB, PoGept CemenoBuu. Ilcuxonorus [Tekct] : yueOHuUK : [ BbICHI. mel. y4eo.
3aBenenuii]| / P. C. Hemog. - M.: Beicmi. o6pazoBanue, 2005. - 639 c.

OxzemiuisipoB B HTb CI'AY Bcero: 1

16. barypun, O.B. DkcnepuMeHTaIbHOE ONpEACICHHE XapPaKTEPUCTHK Malopa3MEpPHBIX
JIOTIaTOYHBIX MamuH: y4ued. mocodue / O.B. barypun, U.b. [Imutpuena, A.B. Jlanmus,
B.H. Marsees- Camapa: uza-so CI'AY, 2006. — 64 c.

Ox3emiusipoB B HTb CI'AY Bcero: 10

17. PacueTHoe ompeneneHNe XapaKTEPUCTUK AJIEMEHTAPHBIX JIONATOYHBIX BEHIIOB TYpOWHBI
[DnexTpoHHBIN pecypc] : a1ekTpoH. yuebd. mocodbue / O. B. barypun, B. H. Matsees ;
Camap. roc. aspokocm. yH-T uM. C. I1. KoponeBa. - DnekTpoH. TeKCTOBbIE U rpad. IaH.
(376 Mobaiir)

[TapannensHble U3MaHUA: SAEKTPOHHBIN aHaor : batypun O. B. PacuetHoe onpenenenue
XapaKTEPUCTHK 3JIEMEHTAPHBIX JIOMATOUYHBIX BEHIIOB TYpOUHBI : [yue6. mocobue] / O. B.
barypun, B. H. Marsees. - Camapa : Uzn-so CI'AY, 2007 on-line. -ISBN 978-5-7883-
0522-6 (IlIupp CI'AY:6/b 287-253002)

Ox3emmuisipoB B HTB CI'AY Bcero: 1
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