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BBEAEHHUE

KypcoBoif TpOeKT BBIMOJHAETCS CTYJIEHTaMU, OOYYaIOIIMMHUCS IO
HalpaBJIeHUsIM TOAroToBKH «Metamnyprusi» U «MarepuanoBeieHUE U
TEXHOJIOTUM MATE€pPUaJIOBy, MOCJE 3aBEPIICHHS MPOU3BOJICTBEHHON MPAKTUKHU U
NpoCIylIuBaHusi KypcoB «MarepuanoBegeHue», «TemnomaccooOMeHn» u
«OCHOBBI TEXHOJIOTUYECKOTO MPOIIecca TEPMUUIECKONH 00paOOTKM.

B mpormecce paboThl Hajg MPOEKTOM M MPU MOCIEAYIONICH €ro 3aluTe
nepes; KOMUCCHEHN CTYJIEHT JOJDKEH MOKa3aTh YMEHHE CaMOCTOSITEIbHO PEIIUTh
TEXHUYECKUE BOMPOCHl MPOU3BOJCTBA: MPOCKTHUPOBAHUE TEXHOJIOTUUYECKUX
MPOIIECCOB, pacyeT M KOHCTPYHpOBaHUE 000pyoBaHus. Pa3paboTka yKa3aHHBIX
BOIIPOCOB JIOJKHA MPOU3BOJIUTHCS C MCHOJb30BAHUEM TEOPETHUYECKUX 3HAHUM,
MOJIYYCHHBIX TIPU U3YUYEHUU KYPCOB METAJLTYPTrUYECKOTO ITUKJIA.

1. OBbIHUE CBEJIEHHUA O KYPCOBOM INPOEKTE
1.1. COAEPKAHUE KYPCOBOI'O IPOEKTA

KypcoBoli DIPOEKT COCTOMT W3 PACYETHO-TIOACHUTENBHOM 3aIlUCKU
ooveMoM 40-50 cTpaHull PyKOIMUCHOTO TeKCTa U rpaduuecko yactu (2,5...3,0
nucrta popmara Al).

Pacu€THO-nOsICHUTENIbHAS 3aliCKa BKIIOYAET B CEOsL:

— TUTYJIbHBIN JIUCT;

—3a/1aHuUE;

— aHHOTAIMIO WU pedepar;

— OIJIABJICHHE;

— CpaBHEHHME OTEUYECTBEHHBIX U 3apYOEIKHBIX TEXHOJIOTHIA U PELICHU;

— TEXHOJOTHUYECKYIO YacTh;

— BBIOOD, OMIMCAHKE U pacyeT 000PYIOBAHHUE;

—IUTAaHUPOBKA y4acTKa (OTIeTIeHUs);

— OoubnuorpaduyecKuil CrucoK;

— MPHIIOKECHHUE.

[IpaBuna odopmiieHUS TUTYJIBHOTO JIMNCTA, AHHOTAIMM, OTJIABJICHHS,
BBEJICHUS, Pa3/leJOB MOSICHUTEIbHOM 3aliCKH, Trpauueckoro Marepuaia H
CIIUCKA UCTIOIh3YEMOM INTEepaTyphl 1aHbl B cTaHAapTe npeanpustus «Kypcosas
U BBIMYCKHas KBanu(dukanmoHHass pabota. TpeOoBaHMs K COJCPKAHHUIO H
opopmienuto. CTIT FOYpI'Y 21-2008» [1].

['padmyeckas 4acTh KypCOBOTO MPOEKTa COACPKHUT CIACAYIOUINE YEPTEKU:

— HaArpeBaTeJIbHOI0 YCTPOMCTBA UM Teuu — 1...2 nucra;

— PEXHUM TepMUYEeCKoi 00paboTku u cBoiicTBa ctainu — 0,5...1 nucr;

— IMJIAHUPOBKY y4acTKa Wiu oTaenenus — 0,5 nucra.



— XUMUYECKUNA COCTaB CTaJU U AUarpaMma pacrajia nepeoxJiakJeHHOTO
ayctenuta — 0,5...1 nuct

1.2. TEXHOJIOTHYECKASA YACTb ITPOEKTA

[Ipy BBIMOMHEHWH STOTO pasfena CTYAEHT BBIOMpaeT Marepuan u
ONTUMAJIbHBI TEXHOJOTMYECKUA TMPOIECC €ro TEPMHUYECKOM 00paboTKH,
o0ecreunBaIIMe  IMOJTYYeHHE  BBICOKOKAYECTBEHHOW  MPOIYKIUU  TPH
MUHUMAJIbHON cTOMMOCTH 00pa®oTku. [laHHBIA pa3gen BKIOYaeT B ceOs
CJIEYIOIIE OCHOBHBIE MOIPA3/IEIIbI:

— KpaTKoe OIHCaHWE YCJIOBUW paboThl JeTaliell WM Ha3Ha4YCHHE
METaJITyprUYeCKUX Moy (hadpuKaToB;

— KOMIUIEKC TpeOOBaHUMU, MPEAbSIBISIEMbIX K MaTepually IeTald WU
nosydadpukara;

— 000CHOBaHME BBIOOpA MapKU MaTepuaa;

— 000CHOBaHHME pexuMa TEPMUUYECKOW 00pabOTKH JeTayneld Wiu
nosty(haOpuKaToB U3 BHIOPAaHHOM MapKHU MaTepuaa;

— aHaJn3 BO3MOXKHBIX BUJOB Opaka, CBSI3aHHBIX C TEXHOJOTHYECKUM
MPOIECCOM TEPMHUECKUN 00pabOTKH U MEPHI 10 MPEAYNPEKIACHUIO Opaka;

— 00BEM, CpeZICTBa U METOIMKA KOHTPOJISI KAYECTBA MPOYKITHH.

[Ipu ananuze ycnoBuil pabOThI U31E€TUSL YUUTHIBAIOTCS:

— BEJIMYMHA MAKCHUMAaJIbHOM HAarpy3KH, KOTOpas MOXKET JIeHCTBOBaTh Ha
U3JICHE B YCIOBUSAX IKCILTyaTalllu;

— XapakTep TMPWIOKEHUS HAarpy3ku (IMHAMHYECKas, CTaTH4ecKas,
3HaKOIEPEMEHHAsl, KOHTAKTHAas U T.1.);

— TeMIlepaTypHbI€ YCIOBUS pabOThI U3eus (TeMIepaTypHbIi HHTEpBaJ,
MOCTOSTHCTBO TEMIEPATYPHOTO BO3AECUCTBUS U T.I1.);

— HaJIMYKME arpecCUBHOM cpeibl;

— TUI TpeHUs (CKOJbXKEHHE WM Ka4eHHE), UCTBITHIBAEMOIO U3JIEIHEM B
IPOLECCE IKCILTyaTallluu;

— XapakTep u3Hoca uzzenus (abpa3uBHBIN, OKUCTUTENBHBIA U Ap.).

Ha ocHoBe aHamu3a ycinoBHil paboThl U3JEIUs pa3padaThIBAIOTCS
npeabsIBIsieMble K MaTepuady TpeOoBaHHs, 00ecrednBaronfe MaKCUMaIbHYIO
JOJITOBEYHOCTh ¥ HAMITYUIITY0 pab0TOCTIOCOOHOCTh KOHCTPYKITUH.

[Tpu BEIOOpE MaTepHaia yYuTHIBAIOTCS CIEAYIONTNE (PaKTOPHI:

— BBIOpaHHas Mapka MaTepuaia J0JKHA 00€CTIeUUTh TIOCTIe TEPMUYECKOM
0o0paOOTKM H3AENusl TOJYyYEeHHE TaKOro KOMIUIEKCA MEXaHHUYECKHX H
CIIy’)KEOHBIX CBOWCTB, KOTOPBIH OOECHEUUT HEOOXOAUMYIO HAJIeKHOCTh H
JOJITOBEYHOCTH JAHHOTO U3/IENINS B YCIOBUSAX SKCILTyaTalllu;

— BpIOpaHHass MapkKa CIUlaBa JOJDKHA HEOOXOJUMBIMU XOPOLIMMHU
TEXHOJOTMUECKUMHU CBOICTBaMHU;

— BhIOpaHHAas Mapka Marepuaia J0JKHA ObITh OTHOCHUTENIBHO JIEHIEBOM B
METAJTyPrUYecKOM  MPOM3BOACTBE W HKOHOMHUYECKHM  BBIFTOJHOM B
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MalIMHOCTPOEHUHU, T. €. o0ecrneynBaTh MHUHUMAIbHYIO TPYAOEMKOCTb
00pabOTKH M MUHUMAJILHBIN pacxoj BCIIOMOTaTeIbHbIX MaTEpUasIoB, TOIJIMBA U
AIEKTPOIHEPTHUH.

Bribop marepmana OCYIIECTBISICTCS HA OCHOBAHWHM CPAaBHUTEIHHOTO
aHanu3a (QU3NYECKUX, MEXaHUYECKUX M TEXHOJOTHYECKHX CBOWCTB IBYX-TPEX
MapoK cTajieid (CIJIaBOB), W3 KOTOPBIX HM3TOTOBIISIOTCS aHAJIOTUYHBIE JCTaJH
JIPYTUX MOJEJICH MalliH U 000PyI0BaHU.

BriOpanHyt0 MapKy Marepuanga XapaKTepu3ylT IO  CIACAYIOINUM
MMOKa3aTeNsM:

— 10 XUMHYECKOMY COCTaBy (ONHUCHIBAIOT BIUSIHUE JIETUPYIOIINX
AJIEMEHTOB Ha CTPYKTYpPY, CBOMCTBA U KPUTHUECKUE TOYKU CTaJIN);

— 110 MEXaHUYECKUM U (PU3NYECKUM CBOWMCTBAM;

— MO TEIUIOCTOMKOCTH, JKapONPOYHOCTH, TEPMHUUYECKON CTOMKOCTH,
W3HOCOCTOMKOCTH;

— 10 TEXHOJIOTMYECKUM CBOMCTBAM IPH Pa3IMYHBIX BUJIaX 00pabOTKH;

— 10 XUMUYECKOU CTOMKOCTH U T.II.

Bce NepeYnCIICHHbIE XapaKTePUCTUKU CBOMCTB JTOJKHBI
WJUTIOCTPUPOBATHCS AuarpaMmaMu U rpaduxkamu. [lanee njis BIOpaHHOM AeTanu
Ha3HAYal0TCsI W OOOCHOBBIBAIOTCS TEXHOJOTMYECKUE PEXKUMBI TEPMUUYECKOU
obpabotku. IlpuBogutcs rpaduxk  TepMOOOPaOOTKM U COCTaBIISIETCSA
TEXHOJIOTUYECKasl KapTa TEPMHUYECKON OOpabOTKM KOHKpeTHOW paeranu. B
TEXHOJIOTUYECKOM  KapTe  TEePMHUUECKON  00pabOTKM  JOJKHBI  OBITH
MPEAYyCMOTPEHBI BCIIOMOTaTeIbHbIE (OUMCTKA JAETaJe OT OKaJuHBI M Macia,
mpaBKka) W KOHTPOJbHBIE (OMpeaesieHne TBEPAOCTU, TIIYOMHBI CJIOSI TOCHE
XUMHUKO-TEPMHUYECKON 00pabOTKM M JAp.) omepamnuu 3AeCh KE MOKET OBITh
MpPUBE/ICHA MAapUIpyTHas TEXHOJOTHS W3rOTOBJIEHUS [AaHHOW [ETalld WU
nostydabpukara.

B stom paspene mnpuBOASTCS BHIBI BO3MOXKHOrO Opaka AeTaneil u
MEpONPUATHSA 110 €r0 UCIPABIECHUIO U PEA0TBPAILICHHUIO.

O0BbeM TEXHOJIOTHYECKOM YacTu KypcoBoro npoekta 15...20 crpanuil.

1.3. BBIBOP U OIIMCAHME OBOPYAOBAHUA

OcHoBaHueM [JIsi BbIOOpa M pacyeTa KOJIMYECTBAa TEXHOJOTHYECKOTO
0o0OpyZOBaHUsl CIyXaT TojoBas mporpamma, 3QQGeKTUBHBIM (QOHII BpEeMEHH
paboThl 00OPYIOBAHUS M €TO TPOU3BOIUTEIBHOCTD.

B sToT paznen BXomAT:

— BBIOOp M KpaTKOE OMNHCAHME OCHOBHOIO, JOMOJHUTEIBHOIO U
BCIIOMOTaTeIbHOTO 000PYI0BaHMUS;

— omnMcaHue pa3pabOTaHHBIX B MPOEKTE KOHCTPYKLUH;

— TEXHOJIOTUYECKUE U TEXHUYECKUE XapaKTEPUCTHKU pa3pabOTaHHOIO U
CTaHJIAPTHOTO 00OPYI0BaHMUS;

— pacueThl OCHOBHOT'O ¥ BCIIOMOTaTeIbHOIO 000pYA0BaHNUS;
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Boi6op o000pynoBaHus TPOBOASAT IyTEM COMNOCTaBJIeHUS 2...3 THUIIOB
HarpeBaTeNIbHbIX, OXJIAKIAKOMMUX U BCIOMOTATEIbHBIX YCTPOMCTB, MPUTOJHBIX
JUTSL BBITIOJIHEHUSI TIPUHSTHIX B MPOEKTE OMEpalvii TepMHUUEecKoi 00paboTKH, U
O0OOCHOBBIBAIOTCSl MPUMEHEHHE HamOoJee HKOHOMUYHBIX M COBEPIICHHBIX B
TEXHUYECKOM OTHOILUEHWU KOHCTPYKLUHWA, KOHTPOJHMPYEMBIX arMmochep H
OXJIAXKJAIIKUX Ccpea. TeXHUYeCKHe XapaKTEpPUCTHUKUM IPOEKTHPOBAHHOIO U
BBIOpAaHHOTO MO CHpPaBOYHHKAM OOOpPYAOBaHHWs TMPHUBOMAATCA B BHJE TaOJHII,
KOTOPBIE MOKHO BBIHECTH B IIPHIIOKECHHE.

3aTreM  BBINOJIHAKOT  pacyeTbl BpPEMEHM MW  HarpeBa  JeTalei,
TEIUIOTEXHUYECKUE PACUYEeThl TEPMHUYECKUX TM€Yeld U YCTAaHOBOK, pPaCyeThl
HarpeBartelield U TOPEHUS Ta30BOr0 TOILIUBA.

2 .PACUETHASI YACTH ITPOEKTA

2.1. PACYETBI BPEMEHHU HAI'PEBA 1 OXJIAKAEHUWSI
METAJUIA ITPU TEPMUYECKOU OBPABOTKE

HarpeB meramia sBiisieTCs OJHOM M3 TJIABHBIX OIEpalMii TEPMUYECKOU
00pabOTKH, XapaKTepU3yeMOH TeMIIEPATYPOH, MPOIOJKUTEILHOCTBIO HArpeBa U
CKOPOCTBIO OXJIAXKIACHHUSL.

[TpoIOIKUTENPHOCT, HArpeBa 3aBHCUT OT croco0a Mepefadd Teria
HarpeBaeMoOMYy U3JIEJUI0. B COOTBETCTBMM C 3THM pa3jiMyaroT JBa METOJa
HarpeBa: |)mpsiMOl HarpeB — HarpeB MeTajla BHYTPEHHHM TEIUJIOM,
TCHEPUPYEMBIM BHYTPU H3ACNUs (DJICKTPOKOHTAKTHBIM, WHIYKIMOHHBIN);
2) KOCBEHHBIII HarpeB — HAarpeB MeTajla BHCITHHMH WUCTOYHHMKAMHU Tera (B
TOTUTMBHBIX U DJIEKTPUYECKHUX TIe€Uax, OTKPBITHIM (paKesom).

[Ipu BbIOOpE MeTOona  HarpeBa  M3JIETUH  HEOOXOJUMO  YUYHUTHIBATH
TEXHOJIOTUYECKHE TpeOOBaHUS TEPMUYECKOW OOpabOTKM U  CKOPOCTH,
pPaBHOMEPHOCTU U TOYHOCTHU HarpeBa J0 yCTaHOBJICHHOW TEMIEPATyphl, a TAKKE
HPKOHOMHYECKYIO I[€JI€CO00Pa3HOCTh MPUMEHEHHS BbIOMpaeMoro crocoba
Harpesa.

B Hactosiiiee BpeMsi B TEPMHUECKHMX II€XaxX 4Yalle MPUMEHSIETCS KOCBEHHBIM
HarpeB B I€4ax, NMPU KOTOPOM MPAKTHUYECKH HE OTPAHUYUBAIOTCS pa3Mepbl U
dbopma uznenuid, B mupokoM uHTepBasie (ot 100 o 1400°C u BbIIIE) MOXKET
3a/laBaThbCsl KOHEUYHAas TeMIepaTypa HarpeBa, OOECHeuYMBaeTCs BBICOKAS
PaBHOMEpPHOCTh M TOYHOCTh HAarpeBa 10 3aJaHHOW TeMIepaTyphl, a Takke
BO3MOJKHA MTPOJOIHKUTETIbHAS BRIECPKKA U3/ICTIHI MPU 33JaHHOHN TeMIepaType.
Jlns HarpeBa Mpu TepMHUYECKOM 00padOTKe W3AENUi W3 CTalu U CIUIABOB
NPUMEHSIOTCS KaK JJIEKTPUIECKHE, TaK U TOTJIMBHBIC TICYH.



2.1.1. TeopeTuyecKkue OCHOBBI HATPeBa MeTaJlJIa B MMeYax

Ha moBepXHOCTM HarpeBaeMoro B IE€YU W3AETUS MPOTEKAET CIOMXKHBIN
TEIUIOBOM npolecc, BKJIFOUYAIOLTHI BCE BU/IbI OrennoobmeHa:
TEIUIONPOBOAHOCTh, KOHBEKTHBHBIA TEIUIOOOMEH U TEIUIOBOE W3IyYEHUE
(mygencmyckanue). OCHOBHBIMH (opMaMu TEIIOOOMEHA, OMPEASISIONUMU
HarpeB u3Jeius B Ta30BOM Cpele TMe4M, SBIAIOTCA JIyUYEeUCIyCKaHHe M
KOHBEKTHUBHBIN TEIIO00OMEH. His BBICOKOTEMIIEPATYPHBIX u
HU3KOTEMIEPATYPHBIX TI€UeH, MO Pa3IudHbIX aTMocdep, 3amoHAIOIINX
paboyee MPOCTPAHCTBO I€4Yed, [UIsl pPa3HbIX CIUIABOB  COOTHOIIECHHE
MHTEHCUBHOCTEH STHUX (OpM TEII0OOMEHa pPa3NIUYHOE, UTO OTpakaeTcs Ha
IPOLIECCE HAarpeBa U3EIHil.

WMHTEeHCUBHOCTh TEIUIOOOMEHA MEXAy TBEPHAbIM TEJIOM U OKpY)Karollen
Cpelloll MPUHATO XapaKTepu3oBaThb KOAIP(HUIMEHTOM TEIUIOOTAAYM O, C
KOTOPBIM  HETOCPEJICTBEHHO CBSI3aH  YACNbHBIM  TEMJOBOM MOTOK Ha
ITOBEPXHOCTH HarpeBaeMoro teina (. [1o 3akony HeroToHa

q=o (tn— tros), (1)

rae tp — temmneparypa cpeasl (nieuun), °C;tnop — TeMmepaTrypa MOBEPXHOCTH
HarpeBaemoro Tena (u3genus),°C.

VYuuThiBas  CIOKHOCTh  TEIJIOBOTO  MpOLECcCa Ha  IOBEPXHOCTH
HarpeBaemMoro uszaenus, Kod(Q(UIMEHT TemIo0TAaYd CUYUTAIOT —CIIOXKHOU
BEIMYMHOM, KOTOpass paBHa CcymMMe  KOX(PQUIIMEHTOB  TEIJIOOTIAYH
JYYEUCITYCKAaHUEM Ol1 U KOHBEKIIUEH OLk:

o=out + o . (2)

MeTonpl omnpeneneHusl O W Ok BBEIOMPAIOTCS B 3aBHCHMOCTH OT YCJIOBHMA
TeriooOMeHa B Teuyd. BenmnumHa o MeHsieTcs B MPOIECCE HArpeBa W3JCIUH,
OJIHAKO B pacy€Tax MpOAOJIKUTEIBHOCTA HArpeBa M3CIUA ITH U3MEHEHHUS HE
YYUTBIBAIOTCS, M IPUHUMACTCS CpeAHEE 3HAUCHUE OL.

B 3aBucumMocT# OT yciioBHii TermaooOMeHa U crnocoda padoThl neuu (eyu
HEMIPEPBIBHOTO WM  IEPUOJAMYECKOTO0  JICUCTBHS)  BO3MOXKHBI  TPH
MPUHITUITHATBHO PA3IMYHBIX CIIy4asl HarpeBa uzaenuid. Bo-mepBeIx, HarpeB mpu
MOCTOSTHHOW ~TeMIeparype TeYd W TEePEMEHHOM TEIUIOBOM IIOTOKE Ha
MOBEPXHOCTH W3JACNUA. OTOT ClOydyall HarpeBa XapakTepeH s meden
MEePUOINYECKOTO JEHCTBUS, B KOTOPBIX TEIJI0O K H3JACIUI0 TEepelaeTcs B
OCHOBHOM 32 CYET TEIUIOBOTO M3IyUYEHHUs, a TAKKE ISl SJICKTPUIECKUX TIeUeH ¢
WUCKYCCTBCHHOW IUPKYJIAIHNEH BO3Ayxa (KOHBEKIIMOHHBIE TI€UM), HMEIOITUX
HeOOoJbIIME pa3Mephl pabouvero MpOCTPaHCTBA, U Teyeh-BaHH. Bo-BTOpBIX,
HarpeB IpH NEPEMEHHOUW TeMIIepaType MeYu, HO TOCTOSHHOM TEITIOBOM ITOTOKE



Ha MOBEPXHOCTHU M3JENHs. DTOT Cilydail HarpeBa HaOII0JaeTCsl B METOIUYECKUX
nevyax ¢ npeodsaaHueM TeIIo0OMEHa JIy4eHCITyCKaHHEM, a TaKKe B Iedax
NIEPUOINYECKOTO NIEUCTBUS NPU PE3KOM IaJICHUN TEMIEPATYPHI [IEYH B MOMEHT
3arpy3Ku B I1€Yb XOJOJAHOW MAaCCUBHOM CAJKU U3JeIui. B-TpeTbux, Harpes npu
IIEPEMEHHOM TEMIIEpaType II€YM M IIEPEMEHHOM TEIJIOBOM IIOTOKe. Takou
IIPOLIECC HArpeBa XapaKTEPEH sl KOHBEKIMOHHBIX NeYei, UMEIOINX OO0JIbIINE
pa3Mepsl paboyero NpoCTPaHCTBA.

Jns pacuéra mpoIOKUTENBHOCTH HArpeBa H3ACIMM B IIEPBOM Cilydae
HEOOXOJMMO 3HATh BEIWYMHY KOI(PPHUIMEHTa TEIIOOTAAYd U TeMIepaTypy
IIeYl. BO BTOPOM CIIy4yae HEOOXOJIMMO MPEIBAPUTEIBHO ONPEAETUTh YAEIbHBIM
TEIJIOBOM ITOTOK HA IOBEPXHOCTU U3Jenus. B TpeTbeM ciydae 4acTo 3aJaroTcs
KO3 (PUIMEHTOM TEIUIOOTIA4YM U 3aKOHOM M3MEHEHMsI TEMIIEPATyphl IIEUH.

Ilocne 3arpy3ku XOJIOJHOIO U3JENIHS B I€Yb IPOUCXOJUT UHTECHCUBHBIN
HarpeB €ro IMOBEPXHOCTHBIX CI0€B. HarpeB LIEHTPAIBHBIX CIOEB IIPOTEKAET C
MEHBIIIEN CKOPOCTBIO U3-3a TEPMUYECKOIO CONPOTUBIICHUS u3nenus. M3Mmenssacs
II0 BEIUYMHE, OH MOXET COXPAaHATHCSI B TEUYEHUE BCErO BPEMEHHM HarpeBa
U3eNHsl. OTO 3HAYNATENIBHO YCIOXKHSET OINPENEICHHE BPEMEHH Harpesa
U3 JIETIHS.

Bennunnaa mnepenana TeMreparypsl IO TOJNIIMHE H3AECIUS 3aBHCUT OT
OTHOLIECHHUS] TEPMHUYECKOTO COINPOTUBIEHUS H3ACHUS K TEPMUYECKOMY
CONPOTHUBJICHUIO MEpPEAAUn TeIjla K €ro MoBEepXHOCTU. UeM OoJiblle yKa3aHHOE
OTHOUIEHWE, TeM OOoJblIe Mepenaj TeMIeparypbl MO TOJIIWHE u3aenus. B
TEOPHUH TEIJIOOOMEHA OTHOILIEHUE BHYTPEHHETO TEPMHUUYECKOIO COMPOTHUBIICHUS
K BHEIIHEMY TEPMHMYECKOMY COIPOTUBICEHMIO Ha €ro IOBEPXHOCTH
ompenesercss yucaom buo.

. S/A aS
Bi= ===, @)

/o A
rae  S/A— BHYTpEHHEC TEPMHYCCKOE COMPOTHBIICHHUE H3ICIUSA; S—
XapaKTEPHBIA TE€OMETPUYECKUN pa3Mep W3AENUs: ISl IJIACTUHBI — IOJOBUHA
e€ TONIIMHBI TPH JBYCTOPOHHEM HArpeBe M TOJHAs TOJIIMHA B Cliydae
OJTHOCTOPOHHETO HarpeBa, s IWIMHApPA W IMapa — WX PaJaRyChl;A—
KOA(Q(PUIIMEHT TEerIONpPOBOMHOCTH MeTallia;l/o— BHEIIHEe TEePMHUYECKOe

COMPOTHUBJIECHUE;0.— KOI(PPHUIIUEHT TEMIO0TIauu.

Ecnu BenuumHa Bi Oim3ka K HYJIO, TO TEPMUYECKUM COIMPOTHUBIICHUEM
U3JIeTUsl MOKHO TpeHeOpeyb, U €ro HarpeB OINpEIeNsieTcsl TOJbKO BHEIIHUM
TerooOMeHoM. B 3ToM cnydae mepenaj Temmeparypbl IO CEUEHUIO H3IEIUS
MOYKHO HE YYHTBIBaTh IPHU ONPEACIICHUN BPEMEHU €T0 Harpesa. Takue uzaenus
Ha3bIBAIOTCS KTOHKUMM.

3a YCIOBHYIO TpPaHHIy MEXAY TOHKMMH M MAaCCUBHBIMU HW3JEIUSIMHU
IPUHUMAIOT TAaKO€ CEYeHHe, Uisl KoToporo yucio buo pasHo 0,25; npu 3Tom
3HayeHUH Bi MakcUManpHBIA TEpenaj TeMIepaTypbl MO CEUEHHUIO H3eIHs



cocraBisier 10 % OT pa3HOCTH HAYAJIBHBIX TeMIlepaTryp uzaenus {p U BHEIIHEH
cpensl, To ectb At=0,1(tn—tp). Takum oOpasom, ecim Bi< 0,25, pacuérsr
BBITIOJIHAIOTCS 10 (dopMmyiaaM  JJIi  TOHKHX  W3ACTUH, eClIu  Ke
Bi> 0,25 — no MeToauke, MPUHITOM JIJIs1 MACCHBHBIX M3ICIIHIA.

[Ipu pacu€rax MOPOJOKUTECILHOCTH HarpeBa H3ACIHA HEOOXOAMMO
TaK)Ke€ 3HATh WX TEIUIO(PU3NYECKUe CBOWCTBA, MPEXKIE BCETO IUIOTHOCTH Y,
YACIBHYIO TEIIOEMKOCTh C M KO3(P(GUIMEHT TeIIONPOBOAHOCTH —A. Jls
METa/UIOB W CIUIABOB YKa3aHHBIC IapaMeTpPbl HM3MCHSIOTCS C H3MCHCHHEM
TeMIiepaTypbl. J[s yMEHBIIEHHS IIOTPEHTHOCTH pacdEéToB CcleAyeT Oparth
CpeIHHE B  pacCMaTpMBaeMOM  HWHTEpBaje  TeMIEpaTryp  3HaueHUs
TEII0(PU3NIECKIX KOHCTAHT.

2.1.2. Oco0eHHOCTH pacyéTa CyMMapHOro Ko3(puimeHTa
TEMJIOOTAA4YH B YJIEKTPUYECKHX M TOIJIMBHBIX Mevyax

PaccmoTpum  ompezaenieHHe  CpeIHMX  3HAY€HUHM  KOA((UIMEHTOB
TEIUIOOT/IaYd HAa TMOBEPXHOCTU H3JCIUMN, HArpeBaeMbIX B JJICKTPUUYECKUX WU
TOIUUIMBHBIX T€Yax.

OnekTpuyeckue mneyu. B anmekTpuueckux mnedax 0e€3 HCKYCCTBEHHOMU
[UPKYJISIIMA BO3yXa OCHOBHBIM BHJIOM TEIJIOOOMEHA, ONpEeIeNsIONUM HarpeB
U3JIeNUi,  SBJISETCS — TEIUIOOOMEH  JydeucmyckaHueM.  KOHBEKTHBHBIM
TEIJI000MEH B Pe3yJibTaTe CBOOOIHOTO JBUKEHUS BO3AyXa OKOJIO MOBEPXHOCTH
HarpeBaeMoro M3Jeausi MMeeT HEOOJIbIIYI0 WHTEHCHUBHOCTh M KOA(DOUIIMEHT
TEIUIOOTIa4Yd KOHBEKIIMEN B HArpEeBaTEJIbHOM KaMepe Me4Yel CONMPOTUBIICHUS C
temrepatypoil Bbime 700 °C npuOIMKEHHO MOXKET ObITh HPHUHAT PaBHBIM
10...15 Br/(M*K). [lna Gonee HU3KHX TEMIIEPATYP OH MOXKET OBITh MOJCYUTAH
no oJHOW u3 (OpMyJ, HU3IOXKEHHBIX HUXKE B paszjieliec 0 KOHBEKTHBHOM
TEIJI000MEHE B TOTUIMBHBIX MEYaXx.

B yacTHOM ciiydyae mpu HarpeBe HM3JEIUi U3 allFOMUHUEBBIX CILJIABOB B
HU3KOTEMIIEPATYPHBIX KOHBEKIIMOHHBIX Te€Yax BeJIMYMHA KO3 dUIMEeHTa
TEIUIOOTIAYH JIyYEHCIyCKAaHHEM HEBEJIMKAa M3-32 MaJjoll CTENEHU YEPHOTHI
W30CIUIL:

Temneparypa neun, °C 100 200 300 400 500 600

o1, B/ K) 19 | 36 | 63 | 101 | 152 | 218

KoaddummenT tenmootnaun KOHBEKIIMEH B 3TOM clydae uMeeT OoJbliiee
3HAUYCHUE U MOKET OBITh BBIUMCIICH TIO0 CIeayromel Gpopmyre:

aK:k'WO’S, (4)

riae k— ko3 GHUIMEHT, 3aBUCSIINI OT TeMIIepaTyphl MEYH:




Temmneparypa neuu, °C 100 200 300 400 500 600

K 481 | 419 3,74 3,37 3,20 | 3,09

W — CKOpPOCTb BO3JIYIIIHOT'O IMOTOKA B paboyeil kamepe neuu, M/c.
Koadbdumment TternooTnaun mgydeucliyckaHueM B 0OIIeM cliydae
omnpezensercs no Gopmyne

4 4

TH TM
100 100 (5)
our=Crp- ,
Tn _TM
rne Tnp u Ty — TeKyllue 3HAYCeHUs TEMIIEpaTyp COOTBETCTBEHHO IE€YU H
metasia, K; Crp — npuBeneHHbIN KO3POUIIUESHT U3TyYSHHUS
_ C,
nmr !
1 F 1
LEYE ] (6)

Em FH €n

rae Co=5,67 Br/(M?>-K*) — xoHcTaHTa M31ydeHus abCOIIOTHO YEPHOIO TENA; Em
— CTENeHb YEPHOTHI HArpeBaeMOro METAJIa; €y — CTEMEeHb YEPHOTHI KIAJKU
neun; Fy — TemioBocnpruHUMAarOmIas MOBEPXHOCTh HArPEBAEMOTO METajlIa, M,
FI1 — MOBEPXHOCTH HATPEBATEILHON KAMEPHI IIEUH, M.

[Ipu w©HarpeBe B CpeAHETEMIEPATYPHBIX OJJICKTPHUCCKUX Ie4ax ¢
BO3IyIIHON aTMocdepoii 3Hauenue Crp~2,5...3,0.

[Ipy wu3MeHeHUM TeMIiepaTypbl B pabouell Kamepe IeYd CpeaHee
3HaueHue KodPuIeHTa TemIo0TIauu onpeaesercs no Gopmyre:

4 4 4 4
THH _ TMH . THK _ TMK

100 100 100 100 (7)
\/(TI'IH _TMH )(TI'IK _TMK )

H ~K
CHPCHP )

rae o U o — Kod(hOHUIMEHTHI TEMIOOTIAuN U3TyYEHHEM COOTBETCTBEHHO B
HayaJle W B KOHIIE TEMIIEpAaTypHOIO HWHTEpBaja HArpeBaeMoro Merajia,
Br/(M*K); Tny 1 Tyn — TeMIeparypbl COOTBETCTBEHHO IE€YM M MeETallla B
Hauyane HarpeBa, K; Tnx u Tmx — Temmeparypbl COOTBETCTBEHHO MEYH U
MeTaria B koHue Harpesa, K; C, u C[, — mnpusenennbie kodpduuuenTs

M3IydeHHs COOTBETCTBEHHO B Haualle M KOHIE Harpesa, Br/(m?-K*).

Ecnn B mpouecce HarpeBa M3AEIUN TeMIleparypa B HarpeBaTeIbHOU
KaMepe OCTAETCS HEM3MEHHOM, TO
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) i) || (i)
100) (100) ||\100) {100 ®)

\/(Tn _TMH ) '(Tn _TMK)

Og =Cpp -

[Tpu onpeneneHuu oy B IEYH C MOCTOSTHHOM TEMIIEPATyPOd MOKHO TaKXKe

MOJIb30BaThCs (PopMyIIoit
100 100 9
=Cpp- ®)

T Ty~ Ty ’

cp
rine Tmep — CpeaHsis 3a BpeMs HarpeBa Temiieparypa uinaenus, K :

Tmep = 1/3 (tmut2 tvx) + 273, (10)

rae tyn ¥ tux — TemmepaTypsl W3ACNHS COOTBETCTBEHHO B Hadalle M B KOHIIC
TeMIIepaTypHOI'0 HHTEepBasa Harpesa, °C.

Cpennss TemnepaTypa HarpeBaeMoro Meramia (Tvep) MOKET OBITh TaKKe
ompeeieHa mo Gpopmyse

100 ) 2 |\ 100 100 ) | (11)

B neuax ¢ mocrosiuHOoM Temmeparypoit (700...900 °C) koadduiueHt
TEIUIOOTJAYM  W3IyYEeHUEM  MPUOIMKEHHO  MOXKHO  MOACYUTATh IO
AMIIUPHUYECKON popMyIie:

T 3
anzO,O3CHP£ﬁ] . (12)

TonnvBHbIE TTeYH. J[FIMOBBIE Ta3bl, 3AMOTHSIONINE paboyee MPOCTPAHCTBO
TOTUTMBHOW TI€YM, TEPEJa0T TeIJI0 JYYEHUCITyCKAHHUEM U KOHBEKIIHEH
HarpeBacMbIM M3JENUSIM U CTeHKaM meud. [lociemnue M3mydaroT TEIuio Ha
usnenusi. Bece aTu mpoiiecchl YYUTBHIBAIOTCSA TP OMpenesieHuu K03 huiineHTa
TEIJIOOTIAYH.

KoaddumuenT remnoornaum paccunTeiBaeTCs o Gopmyiie:
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4 4

T - Thtep
or=5,67Kem 100 100 , (13)
r _TMcp

rae Tr — TeMiepaTypa JAbIMOBBIX Fa30B B paboyeM npocTtpaHcTBe neun, K Ty
— CpelHss TeMIlepaTypa HarpeBaemMoro meramia, K; ey — creneHp 4epHOTBI
noBepxHocT u3fenusa; K— Ko3h(UUMEHT, YYUTHIBAIOIIUN B3aMMHBIC
IIPOLIECCHI JIYYEUCITyCKaHUs JbIMOBBIX ['a30B, U3/1E€JIMS U CTEHOK NEYH.

[To manubiM I'.JL.ITonska, koadduiment K Beipaskaercs GopMyIioit:

(1-g)+o

ol | (14)
ley +e (1-gy)] . + o

K=

I/i€ & — CTENEHb YEPHOTHI IBIMOBBIX Ia30B, (>— CTENEHb PA3BUTHS KJIAJIKH, €€
YUCJICHHOE 3HAY€HUE MPUOJIM3UTEIBHO PpAaBHO OTHOIICHHIO CyMMapHOM
BHYTPEHHEl NOBEPXHOCTHM CTEHOK U cBoja MneuunFr k BocnpuHHUMAaromien
TEIJIOBOE U3JIy4eHUE MOBEPXHOCTH MeTaiia Fy:

®=_". (15)

CTerneHb YEpPHOTHI JBIMOBBIX T'a30B 3aBUCHT OT MX cocTaBa. B cocraB
IICYHBIX JBIMOBBIX T'a30B B OCHOBHOM BXOAT a30T (N2), yriuekucibiii ra3 (CO,)
u BojsiHOM map (H20).

OnHO- ¥ JBYXaTOMHBIC Ta3bl UMEIOT HUYTOXKHO Malyl0 HHTCHCHBHOCTb
TEIUIOBOIO  W3Ny4deHHs. [lo3TOMy CTemeHb YEepHOTHI JBIMOBBIX Ta30B
OIPEICIISICTCS U3 BBIPAKCHHUSL:

SFZSCOZ + B' SHZO ) (16)

IIe €co — CTCNCHb YCPHOTHI YITICKHCIIOTO Ia3a; €, o — YCIOBHAS CTCNCHb

YEPHOTHI BOJSHOTO Tapa; 3 — MompaBOYHbIN KOIPDUIIMEHT Ha MaplyagIbHOE
JaBJICHUE BOJSHOTO Tapa.

CrereHp 4YEpHOTHI Ta3a 3aBUCUT OT €r0 TEMIIepaTyphl, MapIUATBEHOTO
naBieHuss P u cpenHei d3HPEeKTUBHON JIIMHBI Jydel Soep B paccMaTpUBAEMOM
razoBoM 00béMe. Bemmuuna p, H/cm’*(aTM) 4mcieHHO paBHa OOBEMHOM HOIE
raza B COCTaBe MPOAYKTOB TopeHus. Bennmuuny S NpHOIMIKEHHO MOXHO
OTIPEICITUTh U3 BBIPAKCHUS:
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Y,
S20=(08..0.9) = m, (17)

rae V — o00bEM, 3al0JIHEHHBIM M3JIyYaloluM Ta3oM, M3 F — turomampe Bcex
CTEHOK, OTPaHMYMBAIOLIMX TOT 00BEM, M.
JUist ompenesneHust CTENCHH YePHOTHL .o M €,y oM KOdpQuuueHTta [

NPUMEHSIOTCS HOMOTpamMMbl (puc. 1).

8C02 PCOz.SBID'A KH/M 1962
0,15 pr——mxr- 19‘:;) - \‘:\\
—— | "
0,10 T =P
0508_ =T 1,962 ~ I
0,06 0.981 \\\\ u
0.04 0.4903 \‘\ \\
003 == s IS NS
0.02 === N
0,015 [t SR
0.010 _ums_m%\\ S
0.008 o= IS SN N
| 0.03924 \\\ \\
0,005 ~ N
\\
0,003 N
0 400 800 1200 1600 T,°C
a
!
0 ;C’ i
0’4 [ M PHw(;'S'_)Ll)., kH/M 13
:q P~ h-‘—-"""-.. - - 196 R I ] —_
O,J\ . - \1’5‘\1 \\
N - o, T N e P 5=0 1 «H/
ol NS =T oS >
0,10 \\\3%\\\\ 512 /V
? ‘"\ O8> \" ~ ] » 725
0’08 \\,\ M ‘ ) = s
006N =N ™~ N 2 > V
H \ ~UN 5:.90 ~ 0~ N g A
NSNS | [
’ &
0,03 \\‘\\ % \\\\ BN IR / V/A 300
4 2 >
0,02 Pt & . g
0 6] 5 \;\\ 03?;)/ \\\\ Q = /,/
0,010 \\%f SNINNONOR
0,008 NINSNSNL X 1.0
0,006 SO 0 01 02 03 04
0:0050 200 200 \1200 \1 6(’)\0 EF,OC lNapunansHoe JaBIeHHe BOASHOTO Napa PH20
6 6

Puc. 1. Homorpammel mis onpezenenus crenern 4epHoThl CO2 (a), H20 (6) u
nornpaBoyHoro kodpguiuenra B ()
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MHuoxurens K B 3aBUCMMOCTH OT CTEIEHM YEPHOTHI IEYHBIX I'a30B H
cTeneHu pa3Butusa kianku npu P*=0,85 u B*=0,95, tme PB*=em+er(l—em),
MOYKHO OTIPENETHTh 10 TpaduKy, npeanoxxkeHHomy J1.B.ByapuasiM (puc.2).

K CTeneHp pa3BUTHA W'
KJIaIKH ®O=5 mﬂ
08 , 2l
4

2 Ay
5 0.6 g
E )éﬁ/y 3
% 04 /// 2AI
> ﬂ/ —— B"=0,95
1 ———B*=0.85
0.2 ¢ B =0,
0
0 0.2 0.4 0.6 08 €r

CreneHb YCPHOTBLI IICUHbIX I'd30B

Puc. 2. I'paduk nns pacuéra muoxutens K

Takum 00pazoM, MPUBEIECHHBIN KO3()PUIUEHT U3ITyUeHUS raza, KJIaakd h
MeTallia, BXoIAmui B dopMyny kKodpdulMeHTa TEIIOOTAauYd H3ITYyYEHUEM,
3aBHCHUT OT CTETICHH YEPHOTHI METaJUla U Ta30B U CTEMEHU Pa3BUTHS KIIAIKH.
Ero 3nadyenuwe OyneT yBENMWYMBATHCS TP TOBBIIMIEHUHW €v U € U CTEICHH
pa3BUTHS KJIAAKH (TO €CTh IPH yBeaudeHuu Fr u ymenbienuu Fy).

[Tpu marpeBe B miameHHbIX nedax ¢ £u=0,8, £r=0,30...0,35 n ©=3,0...3,5
3HaueHue npoussenenus 5,67 -evK=Crxvm=2,7...3,3. [lpu Harpese B 3aUTHOM
atmocepe (I1C-0,6) Crxv=1,4, a nas armocdepst JJA —Criv=1,2.

MHTEeHCMBHOCTh KOHBEKTHBHOTO TEIJIOOOMEHA B paboueM MPOCTPAHCTBE
MeYr 3aBHUCHUT OT CKOPOCTH JBIDKCHHUS JIBIMOBBIX Ta30B, a TaKXKe OT HX
dbu3ndeckux CBOWMCTB, (OpPMBI W Ppa3MEpPOB  HArpeBaeMbIX  W3JEIHM,
TEMIIepaTypbl Ta30B M KiIanku. J[[as cpemHereMriepaTypHbIX TeueHd, He
UMEIOIINX MPUHYAUTEIBHON ITUPKYJISIUHA TTEYHOU aTMOC(HEphl, OH MOXKET OBITH
npunat pasabM 10...15 Br/(m? K).
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[Ipu BBIHY>KIEHHOM JABUKEHUU BO3/TyXa UM JBIMOBBIX Ta30B B KaHAJIaX B
yCIIOBUSIX HauOoJiee XapaKTepHOTO JUId Teded TypOYJEHTHOTO pexXuma
KO3 (PUIIMEHT TETUIO0TIaYM KOHBEKIINEH paBeH:

Wo8
W Ku KHZO ’ (18)

oK — Z
rae W — CKOpPOCTb IBHMKCHUS I'a30B, M/ C; 0— SKBUBaJICHTHBIN JUaMETp KaHaja
(171 KaHAJIOB KPYTJIOTO CEYCHUS d =4S / P, M; 3necp S— momans cedeHus

kaHana, M?, P— mnepumerp cedeHus, M); Z— Kod(QDUIMEHT, 3aBUCAIIMH OT
TEMIIEPATYPhI IBIMOBBIX Ta30B, 8 UMEHHO:

tn, °C 600 800 1000 1200 1400
Z 1,99 1,77 1,61 1,48 1,39
K. — xoadduuuent, 3aBucsumid OT OTHOIICHHMS JIMHBI KaHala L k ero
nuametpy d:
L/d 2 3) 10 15 20 30 40 50

K¢ 1,40 1,24 1,14 1,09 1,07 1,04 1,02 1,00

KHZO — K03 (HUIMEHT, BEIMYMHA KOTOPOTO 3aBUCUT OT COJICPKAHUS BOJSHBIX

IIapOB B ABIMOBBIX I'a3aX HWJIKM BO3JYIIHOM IIOTOKC!:

H.0, % 0 2 5 10 15 20 25 30

Ku,o 1,00 1,18 1,24 1,29 1,34 1,39 1,43 1,47

KoadduimenT remnoornaun KOHBEKIMEN Tpu TypOyJIEHTHOM JIBUKEHUU
BO3/lyXa WJIM MPOJIYKTOB CrOpaHUs B KaHajgaX MOXHO OIPEACNIUTh TaKXe C
MOMOIIIBIO CIIEAYIOMICH MPUOIMKEHHONW (DOPMYIIBI:

W0,75
ok =442 (19)

rae Wo— npusenénnas (0 °C; 1,013:10° H/m? wim 760 MM PT.CT.) CKOPOCTb
JBMKEHHUS Ta30B, M/ ¢; 0 — DKBHBAJICHTHBIN JUaMETp KaHAJA, M.
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Ecnm u3BecTHa cKOpocTh ra3oB W nipu Temrepatype t, °C, To

Wo = 273 W 20
0o—- ———— .
273+t (20)

JI71s1 BBIHY>KJIEHHOTO JBUKEHUS Ta30B BAOJb MJIOCKOW MOBEPXHOCTH MPH
OpuOIMAKEHHBIX  pacuétax KOG UIMEHT  TEeIUIOOTAayu  KOHBEKIHUEH

OTIpeJIeIIAeTCs 10 ciieayromuM Gopmynam [2, 6]:

a) MpU CKOPOCTH JBUKEHUA razoB Wo< 4,65 m/c:
JUUISL TPOKAaTaHHOM IMOBEPXHOCTH ok = 5,81 + 4,25 wy,
JUISL IIIEPOXOBATOM MTOBEPXHOCTH Ok = 6,16 + 4,49 wy;

0) IpH CKOPOCTH IBIOKEHUS Ta30B Wo> 4,65 M/C:

. _ 0,78
ISl TPOKATaHHOM IOBEPXHOCTH Ok = 7,53 W',

. _ 0,78
JUISL IIEPOXOBATOM MOBEPXHOCTH ok = 7,94 W' ™",

2.1.3. OnpenejieHue BpeMeHH HArpeBa u3/ieJINil B TEPMUYECKHUX MeYax ¢
MOCTOSIHHOW TeMIlepaTypoi

Bpemss HarpeBa TOHKMX HM MACCHBHBIX JeTanedl (Wiau Jeraleu,
PacroIOKEHHBIX B OJWH PsiJl HA TI0JTy) B KaMEPHOU MEeUYM WIIA COJITHON BaHHE C
MOCTOSTHHOM TEMIIEPATYPOIl MOXKET 6I>ITI> ompeseneHo mo Gopmysam:

Gc -t
T, =—2,3-1 -
oF gt -t (21)
Gc t
=——23-1
K oFoe gt -t (22)

rne G — macca geranu;

C — cpeaHss yaeiabHas TeIIOEMKOCTh;

o — K03 (OUIMEHT TeTI00TIauH;

F — akTuBHas MOBEPXHOCTb, TO €CTh IMOBEPXHOCTh, BOCHPUHUMAIOLIAS
TETJI0 OT BHEIIHEN CPEbI;

t, — TeMneparypa neuu;

tun U tyx — HavaJIbHAS ¥ KOHEUYHAsl TEMIIEPATypbl HArPEBAEMOT0 U3JIEINS;

¢ — K03 (ULMEHT 3aMe/IJIEHUs] HarpeBa.

®opmyna (21) ucnosb3yeTcss MpU pacueTe BPEMEHHW HarpeBa TOHKHUX

W3IEIuH, T.€. Koraa kpurepuil buo menpie 0,25:
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_ oS
A

TJIe 0L — CYMMAapHBIi KO3 GUIIUEHT TEMI00TAaYN KOHBEKIIUEH 1 U3ITyUICHHEM;

S — Mo0BWHA TOJIIIMHBI TUTACTHHBI WM PAIUyC MIWINHIPA;

A — cpenHuil KOA3((OUIIMEHT TETUIONPOBOJIHOCTH B MHTEpBAJC TEMIIEpaTyp
ton U Ly

[Ipu Bi>0,25 w3menusi cieayeT cuuTaTh MAacCHBHBIM W TIpU pacyeTe
BPEMEHH €ro HarpeBa Mmojib3yrTcs dhopmyiion (22), coaepxaiiet kodphuireHt
3amejieHnsa HarpeBa ¢. Koaddumment ¢, B cBoo oudepenb, OnpeaemnseTcs o
cieayomum Gopmyiam:

1) Anst TUTaCTUHBI, HATPEBAEMOM C ABYX CTOPOH

Bi (23)

1
¢=——7,
1+ 1 Bi (24)
3
2) s MAJIMHIpa
1
¢ = ,
1+ 1 Bj (25)
3) nos mapa
0= 1
1+ é Bi (26)

Pacuer BpeMeHM HarpeBa MAaCCHUBHBIX M3JCIIUA B Cpele C MOCTOSHHOMN
TEMIIEpaTypoil MOXKET ObITh TaKXe MPOM3BEIEH M IO BCIOMOTraTeIbHBIM
rpadukam [5].

®opmyst (21) u (22) npuMEHSIOTCS AJIs ONpeieJICHHs] BpEMEHH HarpeBna
B HHU3KO- U CpeIHETEeMIIepaTypHbIX Ieyax. B ciydae mpeoOnagaHus B medu
JYYUCTOTO TEMI000MEHA, KOTOPhI UMEET MECTO MPH BBICOKHX TEMIIEpaTypax,
BpEeMs HarpeBa TOHKUX U3/ENUi ONpenesstoT no Gopmyie

__Go 100 T (Tu
oF (T v T ) T 27)
100

3nece G — macca merania;
¢ — CpelHssl yJelbHas TeIUIOEMKOCTh METaJlla U UHTEPBAJIE tyy U tyy;
Cy— K03 (PUITMEHT H3ITyUYeHUS,;
T, — TeMmepatypa neuu;
\y — TemmeparypHas QyHkius (tabdi. 1);
Tux ¥ Ty — HavanbHAA U KOHEYHAs! TEMIIEPATYPhI METAILIA.
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3asucumocts Y (T/T, ) or T/T,

Tabnumal

T/T, y(T/T,) T/T, y(T/T,) T/T, y(T/T,)
0.2 0.2 0,56 0,5718 0,01 1,1332
0,24 0,2402 0,60 0,6166 0,92 1,1659
0,28 0,2803 0,64 0,6639 0,94 1,2463
0,32 0,3207 0,68 0,7122 0,96 1,3563
0,36 0,3612 0,72 0,7655 0,98 1,537
0,40 0,4012 0,76 0,8229 0,99 1,713
0,44 0,4434 0,80 0,8864 0,994 1,842
0,48 0,4854 0,84 0,9599 0,998 2117
0,52 0,5277 0,88 1,0389 0,999 2293

2.1.4. OnpenesieHue BpeMeHH HarpeBa u3/ieJIuil B IeYyax nepuou4eckoro

AeHCTBUSA

HarpeB TOHKHX u3aeJui

BpeMs HarpeBa TOHKOrO HM3JENUs B DJIEKTPUYECKOW NEYH MEPUOJUYECKOIrO
JNEUCTBUS 3aBUCUT OT HAYaJbHOW TEMIEPATYPbl M3JEIHS W MOIIHOCTH IIE€YU.
['pacdux HarpeBa u3aenus NpUBEIEH Ha puc. 3.

t

T

Puc. 3. I'paduk HarpeBa TOHKOTO U3JIECTHS B TIEYaX NEPUOANIECKOTO JIEHCTBUS
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[Tpouecc HarpeBa pa30MBarOT Ha /1Ba dTarna.

[lepBbIil 3Talm — OT Hayaja HarpeBa 0 JOCTIDKEHUS B KaMmepe Iedu
3aJaHHOM TEMIIEpATypPhl HArpeB M3IEIUN OCYIIECTBISECTCS IPU IOCTOSHHOM
TEILUIOBOM IOTOKE. TeIuIoBOM MOTOK, BOCIPUHUMAEMbIN €IMHULIEN TOBEPXHOCTH
HarpeBaeMbIX U3AEIUN,

PH - PHOT
g, =", (28)

n3q
rae Py, — mouHocTh neuu; P — MOIIHOCTD TEIUIOBBIX NMOTEPh Meuu; Fysy —
TEIUIOBOCIIPMHHUMAIOIIAs] IOBEPXHOCTD U3EIUM.
JIns BBICOKOTEMIIEpATYpHOM II€YM YpPAaBHEHUE TEIJIONEPENAYA IPUMET

BH/I
TY (T..)
=Cp || 2| | 2] . 29
a P (100) 100 (29)
3nech Cpp — npuBenEHHBIN K03 PULIMEHT TydencyCKaHus:
5,76
Cnp = ]
B B (30)
81/]3}1 Fl'[ 81'[
TAC €; U €y — CTENEHb YEPHOTHI MEYHOM Kianku W m3aenus; Fu; u Fy —

MOBEPXHOCTh M3IENHS U CTEH MEYHOU KaMepbl; Ty U Ty, — TEKyIIMe 3HAYCHHS
TEMIIEPATYP NEYU U U3JIEIIHS.

KoHenm mepBoro u Hayajo BTOPOrO dTala  XapaKTEPU3YHOTCS
JTOCTH)KEHHEM 3aJIaHHOTO 3HAYEHUs TEeMIIepaTypbl paboyero mnpoCTpPaHCTBA.
TemnepaTypa TOHKUX U3AEIIHIA B COOTBETCTBUU C (POPMYIIOM:

T 14 4 q
t =100-4| - | —— —273. (31)
100 C,

p
KonnuecTBo Temia, BOCOPUHATOE M3AENIMEM 3a MEPHO MEpPBOTo 3Tara,
PaBHO (| Fusy T1, TIIE€ T1 — AJIMTENBHOCTH MEPBOIO ATana. ITO TEIUIO NOUIET Ha

! "

HarpeB M3JENKs OT HaYalbHOM TemnepaTypsl t,. 1o t, , mosTomy
" !/
qn Fnszlrl = GC (tmn - tmz{ ) (32)
Y, CIIEJIOBATEIBHO,
Ge(t! -t
L U Y (33)
qn szl

rne G — macca uznenuii; C — cpenHss yneiabHas TeII0EMKOCTb.
JInst HU3KOTEeMITepaTypHBIX MeYell YpaBHEHHE TEIIO0TIa4u OyAeT UMETh
BU/]I

qn = (amn + (x‘KOHB ) (tn - tmu ) ' (34)
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3nech Oy — TEIUIOBOM IOTOK, BOCHPUHMMAEMBIN E€IUHMIIEW IOBEPXHOCTH
U3JIENNS, — MOXET OBbITh onpeAenéH u3 ypaBHEHUS (8), a Oy — KOdGOULIMEHT
TEIUIOOTIa4YH U3JIyYECHHUEM:

T 4 T 4
(100) | 100 (35)
amn = 1] '
P tn _tm):l

KoahpumumeHT Olops I TIEUEH ¢ €CTECTBEHHOW KOHBEKIIMEH OH MOXKET OBIThH
IPUHAT paBHBIM B cpearem 10 —15 Br/(m?-°C).

C yuérom O9TOro Ui MOMEHTa BPEMEHH, COOTBETCTBYIOIIETO
JOCTHKCHUIO 33JJaHHOTO 3HAYCHHSI T, OyJIEM UMETh

T 4 r \4
— il _ | _mr "o gn
= Con (100) 100 [FO(Et): (30)

JImuTeapHOCTh MEPBOIO 3TAMa T1 MOXKET OBITh onpeiesieHa u3 ypapHeHus (13).
B TeueHue BTOpOro 3Tama HarpeB H3Jeaui OyJIeT OCYIIECTBISITHCA MPHU
MOCTOSTHHOM TeMIIepaType IMeuu, U BpeMsi HarpeBa MOXKET OBbITh OMPEIETICHO MO

dopmye (21).

HarpeB MacCUBHBIX U31eIHI

Kak u B ipeapiayiemM ciydae, pa3duBaeM MpoIecc HarpeBa Ha JiBa dTara:
IIEPBBIM 3Tall — HArpeB MPU MOCTOSIHHOM TEIUIOBOM NOTOKE, BTOPOW 3Tam —
Harpes pu MMOCTOSIHHOM TeMIeparype [e4n (puc. 4).

t

A

Puc. 4. I'paduk HarpeBa MacCUBHOTO U3JIEIHUS
B JIEKTPUUYECKOU MEUU NEPUOIUIECKOTO AEUCTBUS
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Ha mepBom 3Tane uznenust OyAyT HarpeBaThCs TEIJIOBBIM MOTOKOM (p,
KOTOpbIN ompezensercs no ¢opmyine (8). Bpems mepBoro mepuoja Harpena

r':0,382/a UIsE OECKOHEYHOM 1uiacTuHbl Tonmumuon 2S u t'=0,25 Rz/a IS
O0eckoHeuHoro IwmHApa. K KOHIly mepuona B H3ACIUA YCTAaHOBUTCA
PeryJsipHbIA TETIOBOM PEKUM, XapaKTePU3YIOIIHICS TOCTOSHHBIM BHYTPEHHUM
TEMIICPaTypHBIM IepenafnoM At = S/2\ mia miactuHel U At =Q,R/2A mwis
ATUHAPA.

K koHIy mepBOro M K Hadajay BTOPOTO IEpHOJa HarpeBa TeMIiepaTypa
TIOBEPXHOCTH IUIACTUHBI JocTurHet t'  =1,27At=1,2709,S/2\, a TeMnepatypa
nentpat=0,27q,S/2\;
wit  mummeapa  t =15At=15q,R/2x u t,=05At=0,5q,R/2A. B
NanbHEHIIeM BO BpeMsl HarpeBa B PEryISIPHOM PEKUME TeMIlepaTyphbl
MOBEPXHOCTU U IEHTpa M3JAeHUs OyayT YBEIMYHMBATHCS MPONOPLUHUOHATBHO

BPEMEHHU C MOCTOSIHHON CKOPOCTHIO0. Bpemst perynsipHoro pexuma MOKET OBbITh
OTIpEeJICIICHO TI0 (hOpMYyJIaM: JIJIs TIIACTUHBI

=S (tr, =t (37)
d,
a U1 IIHHIApa
coR
T'= Zan(thB ~t.,), (38)
rac C — CpeI[HH}I yI[eJ'IBHaH TGHHOéMKOCTB; p — IIJIOTHOCTH MaTepI/IaJ'Ia; S —
IOJOBUHA TONMMHBI u3genus; t'  w t/ =~ — TeMmepaTypa IOBEPXHOCTU

W3JIeTUs B HaYaJle U B KOHIIE PETYJISIPHOTO pexuMa; R — paanyc nuinuHapa.
OTcroa IIMTENbHOCTD MEPBOro ATana HarpeBa OECKOHEUHOM MJIACTUHBI

2
T, =T+1"= 0,3S—+ @(t;'% —t'), (39)
a g,
a OECKOHEUHOTO IMJIMH/IPA
R> ¢pR
T,=17+1"=0,25—+—(t' -t ). 40
s 2 2g (e ~tn) (40)
TemrepaTypa MOBEPXHOCTH M3EIHs K KOHITY TIEpBOTO dTara
14 4
" =100-4 (T—j ~ %973, (41)
100 C

mp
Bropoii 3ram HarpeBa W3A€NIMS OCYILECTBISAECTCA IIPU IOCTOSTHHOU
TeMriepatype neud. Ilpu pacu€re Hy* HO y4YUTHIBaTh, YTO K MOMEHTY Hayaia
BTOPOrO0 3Tafna MO0 CEYEHUI0 u3Aenus (sl  IUIMTBI)  YCTaHOBUTCS
napaboM4yeckoe pacupeneneHue Ttemmeparypsl. Ilpy 3TOM MOXeT OBITh
MPUHATO CPEHEE 3HAYEHUE TEMIIEPATYPhI B CEUEHUN U3ICTUS: ISl TUTATHI
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"o gnm

t! =t/ —0,7At, (42)
JUTS AIHHAPA

"o gn

t! =t/ —0,6At. (43)
B sTOoM ciywae pacdy€ér BpEeMEHM HarpeBa Ha BTOPOM OJTale 10 3aJaHHOU
TeMIepaTypbl MOXET OBITh OCYIIECTBIEH C HCIOJIb30BaHUEM TI'padrKOB
I[BBy,Z[pI/IHa C TEM JIMIIb HM3MCHCHHUECM, YTO OTHOCUTCJIBHBIC TGMHGpaTprI
OymyT

t _ t”
e — 1 T10B
I10B tn _ tc”p (44)
u
t _ t”
0,="—".

[Tpu pacuére BpeMEeHM BTOPOIO 3Tala HarpeBa MAaCCUBHBIX U3JEIUNA B YHUCIIO
buo nmoacTaBngroT cpenHre 3HaYeHHs K03 PHUIMEeHTa TETIO0TAAYH CL.

Pacuét BpeMeHu HarpeBa HACHITHBIX HEMOHOJIUTHBIX 3arpy30K MOKET
OBITh OCYHIECTBJIEH TaK >K€, KaK M MOHOJMTHBIX, C y4€TOM HX HACHIITHOU
IJIOTHOCTH M 3KBUBAJIEHTHOTO KO3 (PHIIMEHTa TeIIONPOBOAHOCTH (TabII. 2).

Tabmauia 2

HacpinHas IUIOTHOCT ¥ 9KBUBAJICHTHBIM
KO3((PUIIMEHT TETTONPOBOAHOCTH A HACHIITHBIX 3arpy30K

Hacpimnas
Bun 3arpy3ku IUIOTHOCTB, | A, Bt/(M-°C)
Kr/M°

CrasibHble Menikue 0oThl U raiiku (d=10...12 mM) | 1650...1800 4,65
Crasipubie mapuku (d=10...12 mm) 4400 6,98...10,5
Cranpabie pomku (d=12...30 Mmm) 4350 8,14...11,6
CranbHble TOHKHE KOJIbIA 1600 17,4...19,8
CranpHbIC TETaTN B METAJUTMYECKON CTPYKKE 2000 0,81
CranpHas poBoOJIOKa B OyHTaxX — 2,3...3,5
Cromna IUCTOB TOMIUHON 1 MM — 0,47...0,58

Ecnm 3amada mepuoja BBIIEPKKM 3aKIIOYACTCS JIMIIb B CHWKECHUHU
BHYTPEHHETO IIepernajga Temneparyp 10 OIpEeAeN€HHOTO0 MUHUMYyMa, TO IIpU
HarpeBe MacCUBHBIX TeJ IIpH f; =CONSt MOXHO, 3a1aBIIMCh 3TUM JOITYCTHUMBIM
BHYTPEHHHM [IE€PEIAT0M, IOJYyYUTh €ro B KOHLE BTOPOrO 3Tama Harpesa.
CrenmoBarenibHO, J1Ba MEPHOJIa — HArpeB M BBIIEPKKA — B JAHHOM Ciydae
CJIIMBAIOTCS B OJIMH.
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2.1.5. Oco0eHHOCTH pacyéTa MHOT030HHBIX MEeTOANYECKHUX Mevei

IIpy HanWuMM B METOAMYECKON II€YM HECKOJIBKHUX 30H MOXKHO, IPUHSB
IIOTOHHYIO MOIIIHOCTb HarpeBaTellel B IPeAesax KakA0u 30HbI IOCTOSHHOM,

1) BBIAEpIKATD KENATEIBbHYIO CKOPOCTh HArPEBA;

2) YCTaHOBUTHh B TEPBBIX 30HAX, IJ€ H3AENUS €€ XOJOJHBIE,
MaKCHMaJbHYIO MMOTOHHYIO MOIIHOCTh HarpeBaTesel B LeisX (hopcupoBaHUs B
HUX IIpollecca HarpeBa, MU B TO XK€ BpeMs OOECIeYuTh BO3MOXKHOCTD
BBIPAaBHUBAHUS TEMIIEPATYPHBIX IIEPENAJ0B B IOCIECIHEN 30HE;

3) obecrneynTh CPaBHUTENHHO HEOONBIINE KOJIEOAHUS TEMIIEpPaTyphbl
HarpeBaTeliel 1o AJIMHE €Y U TEM CaMbIM XOPOILIEe UX HCIOJIb30BAHUE.

JUIMHBI OTAENBHBIX 30H MOTYT OBITh U OJIMHAKOBBIMM, U pa3inyHbIMU. B
OCHOBHOM OHM BBIOMpAIOTCS MCXOJAS U3 KOHCTPYKTHUBHBIX COOOpaXKeHUI;
JKeJIaTeIbHO JIMIIb, 4YTOOBI OHM ObLIM HE oueHb Benuku (1,5...2,5 M i
TOPU30HTAIBHON ey U 1...1,5 M 11 BEpTUKAIbHON) U HE OYEHB OTINYAINCH
IpyT OT Apyra.

Korma 3amana KpuBass HarpeBa H3JEIM BO BPEMEHH, OIPEICIICHHE
CYMMapHOIO BpPEMEHM NpeObIBaHUS WU3JEIUN B IMeYd M JJIUHBI neun L He
COCTABJISIET 3aTPYJHEHMM, TaK KaK ITOCJIEIHSS CBSI3aHA C BPEMEHEM Harpesa T
COOTHOILIEHHEM

Et
L=—, 46
: (46)

rae E — 3amanHas npon3BOAUTENBHOCTD M€YHU; § — MOTOHHAS 3arpy3Ka.

Ecnu pnvHa meun ompezgeneHa, To €€ MOXHO pa3OuTh Ha 30HBL. [lo
KpMBOM Harpea JUisl Hayaja M KOHIA Ka)JI0W 30HbI OMPENENSI0T TEMIIEPATyPhI
U3JIeTUH, a 0 HUM — y/IeJIbHbIE TEIUIOBbIE TOTOKH 30H: JJISl TUTUTHI

cpS
30HBI = (tKOH.HOB.I/BZ[ - tHa‘I.HOB.H3H ) ! (47)
a,
a JuIsl HAJIUHAPA
cpR
TSOHbl = ( KOH.ITIOB.U3/Q - tHa‘i.l’lOB.l/I3,£l ) ) (48)
24,
31ech (; — MNOCTOSSHHBIM TEIUIOBOM IOTOK 30HBI; txonmopmsn M lhawmosmsn —

TEeMIEpaTyphl U3JIENIUI B KOHIIE U B HAYaJIe 30HBI.
Boipaxenust (47) u (48) nelCTBUTENbHBI JJI BCEX 30H, KPOME MEPBOM;
J1s1 He€ JTOJDKHO OBITh YUYTEHO BpeMsl Ha4albHOTO Meproa Harpena Ti.
[TonyueHHble 3Ha4Y€HUSI (; JOJDKHBI OBITH MPOBEPEHBI C TOYKU 3PECHUS
JIOMYCTUMBIX TeMIIEpaTyp MEUHu:

T 4 T 4
—C_ | | o e | ], 49
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rae T, — MakCHMalbHO JOMYCTUMAsl C TOUKU 3PCHUSI CTOMKOCTH HarpeBaTtelei
Temneparypa mneds; T, — TeMmmeparypa MNOBEPXHOCTH H3eNMil B KOHIIE

JTAaHHOU 30HBI.

[Ipuy  npenBapuTenbHBIX  pacu€Tax  TeMmeparypa I€Yd  MOMKET
npuHUMaThcss MeHbled Ha 50°C 3HaueHuil TemmepaTryp, peKOMEHIYEMbIX IS
HarpeBaTEJCH.

Korpna kpuBast HarpeBa HE 3aJaHa, CTPOMM €€ UCXOHS W3 BO3MOXKHOTO
OpUOJIMKEHUST K ONTUMAIbHOM KPUBOM, COOTBETCTBYIOIIECW HArpeBy Mpu
ty=const. [na sTol menu, 3amaBasch JIMHOW 30H 1,5...2,5 M um omnpenenss
COOTBETCTBYIOIIEE BpeMsi MpeObIBaHUS M3JEIMN B KaXJIOH 30HE, HAXOJIUM
YACNbHBIN TEIJIOBOM MOTOK A TOCJIEIHEN 30HBI, TEMIEparypa HU3IAEIUN B
KOTOPOM M3BECTHA (KOHEUHAas).

N3 BeIpakeHu

T30HBI = CpS (tKOH.HOB.I/BZ[ - tHa‘I,HOB.I/BH) (50)
Oy
u
CpR
TSOHLI = ZL(JH (tKOH.HOB.I/ISH - tHa'-I.HOB.PISﬂ ) (51)

MOYHO ONPEACIUTh TEMIIEPATYPY MOBEPXHOCTU U3JEIUN B HA4dajle MOCIEIHEN
30HBI WJIH, YTO TO K€ CaMOe€, B KOHIE MPEABIAYIIEN 30HbI, YTO NO3BOJUT HAUTH
yAEJIbHBIA TEIIOBOM MOTOK ATOW 30HBI. [[efcTBYs Takum 00pa3oM, MOJIydaem
TEMIIEPaTypbl U3ACIUN B KaXKJIOU 30HE U, TOWIS1 10 HA4aJIbHOW TEMIIEPATYPHI UX
HarpeBa, CTPOMM KpHMBYIO HarpeBa M3Aeiaud. EciM 4uciao 30H IOIY4YUTCA
JIPOOHBIM, TO HaJO0 CKOPPEKTHPOBATh MX [UIMHBI B Ty WM HWHYIO CTOPOHY, a
3aT€M IOBTOPUTH pacu€r, Ha4yuHasg C ITOCIEAHEHM 30HbI, U IIOJIYYUTH
TEMIIEpaTypbl U3AEJINK B HA4YaJIe U KOHIIE Ka)K0M 30HBI U Y/EIIbHBIE TEIIOBBIE
NOTOKU. 3Hasg BpeMs MNpeOblBaHUS B 30HE T U €€ JUIMHY, MOXHO IO
cooTHolIeHHI0 L =ET/Q yTOYHUTH MPOU3BOJAMTEIBHOCTD MEYU WIIH 3arpy3Ky
Ha 1 M JJIMHEBI IEYU.

B Tex cnydasx, Korjga 3agaHa MAaKCHUMAJbHO JOIYCTUMas CKOPOCTb
HarpeBa m3aenuid V (°C/4), MakCUManbHBIM yAENbHBIA TEIJIOBOM IMOTOK HE
JOJKEH MPEBOCXOUTD: JIJIS INTACTUHBI

g, =VvcpS, (52)
a JUIsl LWINHAPA
q, =6,5vcpR. (53)
OOBIYHO Vyake 331AETCS TSI IEPBOI 30HBI.

Ecnm 3a1aH MakCHUMaJIbHO JOITYCTUMBIN NEpenaj TEMIIEpATyp B U3AEIUN
At, TO MaKCUMAaJIbHBIM yAETbHBIA TEIUIOBOM MOTOK HE JOJKEH ObITh OOJbLIE,
yeMm
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At
g, =2A 35 (54)
JJIA ITITaCTUHBI 1
At
q, =2\ Y (55)

JUTS IIFUTAHIPA.
OOBIYHO Aty 3a0aETCS T TOCJIEIHEN 30HBL.

3. TEIIJJOBOM PACUET NNEYMU
3.1. METOAUKA COCTABJIEHUA TEIIJIOBOT'O BAJTIAHCA

TennoBoi pacy€T meyu CBOAUTCS K COCTABJIICHHMIO TEIJIOBOrO OanaHca,
KOTOPBIA TPENCTaBIAET COOOM ypaBHEHHE, CBS3bIBAIOLIEE MPUXOJ M PACXO]
tera. Ilpy NpOEKTUPOBAaHMM MEYM TEIJIOBOM OanaHC HEOO0XOauM Ui
OIPEJENICHHS pacxo/ia TOIIMBA U BHIOOPA TOIJIMBOCKUTAIOIIMX YCTPOICTB AJIs
TOIUIMBHBIX I€YEH WM MOIIHOCTH HarpeBaTelIbHBIX YCTPOWCTB M pacuéra
HarpeBaTelsied JUIsl SIEKTPUYECKUX TIeUei.

Jlia TepMuueckux neded HauOosiee pacrnpocTpaHEH TEIIOBOM pacyér,
OTHECEHHBIN K €JMHUIIE BPEMEHHU paOdOThI MEYH.

BBuay Toro, 4To B TEIUIOBOM pacy€Te TOILIMBHBIX IIEYEH CTaTe MpHUxoaa
U pacxojna Oojblie, 4eM B pacuére SJIEKTPUUYECKHX Ie4el, paccMOTpUM
TEIUIOBOM PaCYET TOIIMBHOM IIE€UH.

3.1.1. [IpuxoaHbie CTATHH

1. Tenno om copenus monausa
Q, =Q;B, (56)
rae Q° — Hu3IIas TeIIOTBOPHOCTH TOIUIHBA; B — "acoBoii pacxox Torumsa.
2. Qusuueckoe menyo moniuea
Q; =BC.t,. (57)
3nech Cy — cpeAHsis TeMI0EMKOCTh TOILTMBA; I, — Temmeparypa moJjaBaeMoro B

neYyb TOILIUBA.
3. Qusuyeckoe menio noo0ocpesaemo2o 8030yxa

QQ)B = aL() BCBtB ! (58)
rae o — koddumuent n3dpiTka Bo3ayxa (1,05...1,17); Lo — Teopernuecku
HEOOXOIMMOE KOJMYECTBO BO3AyXa Ha CAWHUILY TOIUIMBA, C; — CPEIHSS

TEIIOEMKOCTh BO3yXa; t; — TemIieparypa 1oJaBaeMoro B ne4b BO3AyXa.
4. Quzuueckoe menio Hazpesaemoo Memaiid

Quu =1lc,t,,. (59)
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3nech /] — npoOU3BOAUTENBHOCTD NIEYH; Cy — CPEAHSSA TEIUIOEMKOCTh METAJIA;
ty — TemmepaTypa 3arpy>kaeMoro B Ie4b MeTajuia.

5. Tenno sk30mepmuuecxkux peaxyuti (K HHAM OTHOCSTCS PpeaKIuu
OKHCJICHHUS MeTaJljaa)

Q.= @ , (60)

rae ( — YyJelbHas TEIJIOTa SK30TEPMUUYECKOM peakiuu; M — Macca
MPOPEArNPOBABLIETO BEIIECTBA; T — BPEMS PEAKIIUU.

Takum 00pa3oM, eclid HarpeBaeTCcs XOJIO0IHbIN, HE TOJOTPETHIN METalI, a
TOIUIMBO W BO3JIyX TOXE€ HE T'PEIOT, TO IMPHUXOJ TEIUIA BBIPAXKAETCSH TOJBKO B
TEIUIe OT TOPEHUS TOILIMBA (TIepBasi CTaThs).

3.1.2. Pacxoanbie cTAThbH

1. Tenno na nazcpes memania
QM = HCCP (tMK - tMH ) : (61)
3nech /1 — npon3BoaUTENBHOCTD Neun; Cep, — CPENHAA TEIUNIOEMKOCTh METAIIIA
B MHTEpBaje temueparyp orT tyy 10 tw tuwe — Temieparypa BBIIpyKaeMoro us3
neyu Meraia; ty, — TeMneparypa 3arpykaeMoro B Ie€4b METaJuIa.
s meden mepuoinueckoro AeMCTBUA

QM = TECcp (tMK - tMH )’ (62)

u
riae G — Macca u3nenui, a T, — BpeMsl HarpeBa U3JIeJIUN B ITCUH.

2. Ilomepu menna na nazpes npucnocooieHull

Qup = UuCopp (L —L,)- (63)

3nech (up — Macca npucrnocoOaeHnit, HarpeBaemast B eIuHUILy BpeMeHH; Cepnp
— CpeIHsIS TeIIOEMKOCTh MeTajljia MPUCIOCO0IEHUs B HHTEPBAJIe TEMIIEPATYP
ot ty 10 t; ty — Temmeparypa 3arpy’kaemMoro B Medb NPHUCIOCOOJEHUs; by —
TEeMIIepaTypa BBITPYKaeMOT0 U3 TIEYH MPUCIIOCOOTICHUSI.

3. Tenno, mepsemoe e6cieocmaue menionpogooHocmu Kiaoku. Ilpu
CTAI[MOHAPHOM TEIUIOOOMEHE TOTepH TeIla 4Yepe3 MHOTOCIOMHYIO KIIAJIKy
OTIPENICTIAIOTCS 10 (hopMyIIe

Qu="5"73 . tOs 1
Lo —2 4+ (64)
ME AR, ME o R
B KOTOpO# t; — Temmeparypa pabodero mpocTpaHcTBa neun; {p — Temmneparypa
BO3/IyXa B IIeXe; S1, S, S3 — TOJIIMHBI OTAETBHBIX CIOEB KIAAKU; A1, A2, ..., An
— KOd(ppUIIMEHTHI TEIIONPOBOAHOCTH cioeB; Fi, Fz, ..., Fn — cpennue
IJIOMAAN CIOEB KIIAJKH; O — KOA(D(HUIMEHT Terionepeaayn OT HapyKHOM
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NOBEPXHOCTU KIAJKU B OKpYXKalIlylo cpeny; Fu,p — IUIomanbs HapyKHOM
MOBEPXHOCTH KJIAJIKH.

Jna onpenenenus Fi, Fz, ..., Fn n Fup HEOOXOIMMO HMMETh 3CKHU3
(GyTEepOBKH MEUH, MOIb3YACh KOTOPHIM PACCUUTHIBAIOT pa3Mephl KakIA0ro CJIOA,
IpUIEM YIPOIIEHHO OHU MOTYT OBITh HAWICHBI TIO JUArOHAJIBHBIM CTHIKAM.
3Hasg OTU pPa3MEpPbl, MOXHO OLCHUTh BHYTPEHHIOW Fg, M HapyxHYIO Fiqp
MJIOIIA/IA KK, & TAKXKe MIIOMATU MEXKIY OTAEIbHBIMU closiMu F1p, Fas,

| R A
i
/4112 l
7

7
-

\
\

AR

HHap
Hy

7
i
/!
i / t
e o’ i Puc.5. Ockus k pacuéry
- noTephTeIia
5

S ] TEIJIONPOBOJHOCTBIO Yepe3
CTEHKY IIeYH

bhap

\

4

vee I[anee PACCUYUTBIBAIOT CPCAHUC ITLIOIIAAN OTACIbHBIX CJIOEB:

F = \ Fu “Fi2 3 F,=\F, Fy,u1.n (65)

Kosddumment rtemnmonepenayn OT HapyKHOM TMOBEPXHOCTU KIAIKUA K
OKpY’Karomell cpene o, NPUHAMAT O00bMHO paBHeIM 18 Br/(M?> K) mna
mIaMeHHbIX nededt u 12 Br/(m? K) ms snexTpuueckux. MeHbIIME 3HAYECHUS Ol
JUTSL DJIEKTPUYECKHUX Teuei 00YCIIOBJICHBI TEM, YTO 3TU M€Y UMEIOT OOJIBIIYIO
TEIUIOU3OJISALIMI M, CJIENOBATENIbHO, MEHBIIYI0 TEMIIEpATypy BHEIIHEH
MOBEPXHOCTH KIIJKH.

KoaddunmeHTsl TEmIonpoBOJHOCTH OTHEYHOPHBIX TEIJIOU30JISIIUOHHBIX
MaTepuasioB 0OBIYHO PACCUUTHIBAIOT 1O (PopMyIie

A=a+b-t,, (66)
rae a8 u b — mocrosiHHBIE, XapakTepusylolue Matepuan; o, — CcpemHss
TeMIlepaTypa CJosl.
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Ecnu npussaTh TeMneparypy BHYTPEHHEW TIOBEPXHOCTH (PYTEPOBKH
paBHOM Temmeparype rneuu t, u 0003HaUUTh TeMIEPATyPhl MEXKIY OTAEIbHBIMU
cinosiMu yepe3 tio, trs U T.A., a TeMIepaTypy Hapy>KHOW MOBEPXHOCTH KIIAIKU
gepe3 tuap, TO CPEIHUE TEMIIEPATYPHI IIEPBOTO, BTOPOTO U APYTUX CIOEB

2 'Y 2 7Tt

Jlmst Toro, 4ToOBl  MPaBUIBHO  OMPENETUTh  KOAD(GUIMEHTHI
TEIJIOMPOBOJHOCTA  OTACNBHBIX  CJI0EB, HeoOxomumo 3HaTh 1. Pacuér
TEIJIONOTEPh Yepe3 KIAAKy MPOW3BOAAT MeToaoM mnpuommkenus. CHauana
3a/IAI0TCS. KAKUMU-TM00 3HAYEHUSIMHU t, 3aTeM onpenessaioT TEIIONOTepU Yepes
KIaaKy Q. [lociie 3Toro yrouHstoT nojiydeHHble 3HAUCHHUS.

TeruioBele TOTEPHU YEPE3 KIAAKY
Qm — tn _tO

R,+R,+...+R, +R,, '

tlzt’.l.Z_tHap -t _t23_t12 . -t :tn_tn—l . (67)

(68)

3neck Ri, Ry,..., Rn — TemnoBble CONPOTUBIEHUS CIOEB KIAAKU; Ry —
COIPOTHUBJICHHUE TIEpeIaue TEIIa OT IIOBEPXHOCTH KJIAJIKK OKpYKarolIek cpee.
TernnoBoi NOTOK, TPOXOASIIUN YEPE3 CTEHKY, IIOCTOSHEH, TO3TOMY

Q _ tn _tn,n—l . Q _ t12 _tHap .
KII R ! KII Rl

n

(69)

U T.J., OTKyJ1a
tHap:tlz—Qle:tn—Qm(Rl+R2+...+Rn). (70)

Ecin mnonydeHHble B pe3yibTare MPOBEPKU TeMIEpaTrypbl OyIyT
OTIIMYAThCS OT BHIOpaHHBIX He Oosiee yem Ha 10°C, To pacy€r mpousBenéH
npaBuiIbHO. ECiM pazHUIa NpeBBIIAET 3Ty BEJIMYUHY, TO 3aMA0TCH Luap, tio, ...,
thn-1, OJM3KUMU K MOJYYEHHBIM IIPU MPOBEPKE, U CHOBA MPOU3BOJAT Pacuér u
MPOBEPKY JI0 TE€X MOp, OKA IPOBEPKA HE JACT XOPOILIErO COBIACHUS.

Pacuér mnortepp Temia 4epe3 MHOTOCIOWHYIO KIIAJIKy MOXET OBITh
BBITIOJIHEH C TPUMEHEHUEM KOMITBIOTEPA.

4. [lomepu menna usznyueHuem 6 OMKpulmsle OKHA U 08epYybl

T 4 T 4
=57¢F | - == AT, 71
Q,. =575 10| (555 (71)
rIe € — CTENEHb YEPHOTHI HU3Iy4aeMOro Tejia (CTEHKH Ie4YHd, NMEYHBbIE Tras3bl,

HarpeThIiil MeTasn);
F — nmomaaes oTBEpCTHS;
¢ — K03 dULMEeHT quarpapMUpoBaHuUs;
T, — abcomoTHas TeMIeparypa U3JIyqdaroliero Tejia;
T, — abconroTHas TemepaTypa Bo3ayxa B IIEXe€;
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T

At =—"" — OTHOCHTEJHLHOE BPEMs, B TEUCHUE KOTOPOIO IBEPLA OLIBAET
To61u
OTKPBITOM;
Torp — CYMMApHOE BpEMsl, KOrja ABEpLa ObIBAET OTKPBITOM BO BpeMs

paboTHI Neuu;
Tosm — OOIIIEe BpeMsi pabOThI IEUH.

5. Ilomepu menna, 00yClOGNEHHblE  («MENIOBLIMU  KOPOMKUMU
3AMBIKAHUSIMUY

JInst TepMUYECKHX Teueld MHOTHMX THIIOB TIOTEPH TEIUIa BCICICTBHE
HapyIIEHUs CIUIOMHOCTH KJIAaJKH (TEPMOMApHBIMU TpPYOKaMH, BBIBOJAMH
HarpeBaTeliel, HANpPaBJSIIONUMA M OCSAMH POJIMKOB M T.I.) PEKOMEHIYETCS
OLICHUBATh BEIMYNHON, paBHOM 50% OT MOTEpH TEILIa CTCHKAMMU.

Q,.=(0,1...0,5)Q, . 72

6. [lomeps menna ¢ omxo0AUWUMU OLIMOBLIMU 2A3AMU
Quune = BVl (73)
rae Vi — 00beM IpOAYKTOB TOpPEHMs], MOJIy4aeMblil MPU CTOPAHUU €AMHULIBI
TOIJINBA;
Ins — TEIIOCOCPIKaHUE TPOTYKTOB FTOPEHUSL.
JInst mpeiBapUTENBHBIX OLEHOK PEKOMEHAYETCsl PUHUMATH CIIEIYIOLINE
TEeMIIepaTypbl IPOAYKTOB CTOPAHHUSI, IOKUIAIOIINX N€Yb:
a) METOJUYECKUE NIEYH MPU XOJIOTHOM MOCAIE YTIEPOIUCTON CTaId —
t,r =800...1000°C, B cpenneMm t,.=900°C;
0) MOMyMETOIWYECKHE TEeYH C TMOMITYYHOM 3arpy3koidl M BBITPY3KOM
n3nenui t,, =1050...1100°C;
B) KaMEpHbIE NEYM C MOILUTYYHOH 3arpy3KOil M BBITPY3KOW W3AEIUd —
tor =t + (50...100)°C.
7. [lomepu menna c oxnasxicoaroweii 60001l
Qu =D.C, (L, -t,), (74)
rae D, — yacoBoii pacxoa BOJIbL;
Cs; — TEmI0E€MKOCTb BOJIBI,
t, — Temnepatypa HarpeToi Bojsl (t; =45...50°C);
tx — TemMreparypa xoJ0aH0# BojbI (ty =15...20°C).
8. [lomepu menna Ha akKKyMyasAYuio 8 cloe K1aoKu

Quicer =VerPerCon (teper =1, ) (75)
QaKK.H = % ' (76)

o
3nech V., — 00BeM CII0s KIIaIKH;

Pen — IIOTHOCTL CJIOS KIIAJAKH,
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Cen — CpenHsisi TEIIOEMKOCTD CJ0S KIIaJIKH;
tcp.cn — CpelHss TeMIlepaTypa B KOHIIE HarpeBa Closl KJIaJKH;
t, — TeMmeparypa Bo3ayxa B LIEXE;
Ty — BpPEMs IIUKJIA, TO €CTh BpeMsI HEIPEPHIBHOUM paOOThI MEUH.
Jlnst medeit ¢ OONMBIIMM THUKJIOM PAOOTBI dTa CTAaThsi HOCHUT YCJIOBHBIM
XapakTep U CYyIIECTBEHHOTO 3HAYCHHS HE UMEET.
9. 3ampamvl menna Ha Hazpes KOHMPOIUPYEeMOU amMocghepbl
Q. =0,.C,, (L~ 1), (77)
r71e (. — cpeauuit pacxoa armocheps [10];
Ccp — cpenHsis TEMI0EMKOCTh aTMOc(hephl B MHTEpBalie Temnepatyp t...1o;
to, tx — HavyanbHAs U KOHEYHAS TEMIIEPATYPbI AaTMOCHEPHI.
[Tpoune nmorepu temna cocTaBisdroT 3...5% 0T Qpacx. 181 AneKTpUYECKUX
nedeit He pacCYUTHIBAIOT Q uny Qpue, @ T TIAMEHHBIX Qpope.
[Ipuxonnas crTaThd [ DJIEKTPUYECKUX II€4e OJHAa — TEIIO,
BBIJICTISIIOINICECS TTPU MTPOXOKACHUU AIEKTPUUECKOTO TOKA Yepe3 HarpeBaTeIIn.
Pe3ynbTaThl pacueToB BCEX PACXOAHBIX U MPUXOAHBIX CTATed CBOMST B
ta0Jymity (Taoi. 3).

Tabmuua 3 — TenoBoi OataHc eun

Cratpu ipuxonia | KBt | % Cratbu pacxoja kBt | %
1. Tenmo, 1. ITone3noe Temio
MOJTYYEHHOE TIPH Ha HarpeB MeTalia
C)KUTaHWHU TOIUIMBA 2. Tenno,
2. Temno, pacxoayeMoe Ha
BHOCUMOE HarpeB
MOJOTPETHIM MPUCTIOCOOICHUI
BO3AyXOM 3. Temno. Tepsiemoe
3..... TETUIONPOBOJHOCTD
10 uepe3 KIaaKy
Ieun
4......
Hroro 100 | Utoro 10
0

Pacxon Temna onpenensioT W3 ypaBHEHHUs TEIJIOBOro OanaHca.
[TonyyenHoe 3nauenue ypenuuuBaroT Ha 10...20% (c yuerom ¢dopcupoBaHus
HarpeBa U BO3MOKHOCTU paOOThl NIEUYM Ha XYAILIMX COPTaxX TOIIMBA) IJIA Nedeit
HenpepbiBHOTO aeiicTBust U Ha 20...100% nnanedei nepruoandeckoro JeiCTBUS
. Takum o6pazom,

B,..=011...1,2)B. (78)
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Jns BNEeKTpUYECKUX IeYel YCTAHOBOUHYIO MOIIHOCTH OINPEIECISIOT M3
pacyeTHOM:
N, =@25..LJ15)N .. (79)

Koadpduument mnone3Horo AeUCTBUS Uil  TEPMHUYECKUX  Tedei
onpenensercs no GopmyJe

= 100%. (80)
pacx
rjae Q, — Terio, uayllee Ha HarpeB MeTajlia;
Qpacx — CyMMapHBI€ 3aTpaThl TEIUIAa NE€YbIO BBIOPAHHON KOHCTPYKIIUH.

O6wruno KIIJ[ TormuBaeiX nedeit 10...40% , a anextpuyeckux 50...80%,
TaK KaK B MOCJICIHUX HET MOTEPh TEIUIA C OTXOASAIIUMHU razaMu. DJICKTPUICCKHE
neun (BanHwl) umerotr KIIJ 30...40%, nmoToMy 4To MHOTO TeIia W3JIy4aeTcs
3€pKajiOM BaHHBI.

3.2. PACUET DJIEKTPUUYECKUX HATPEBATEJIEN

OCHOBHBIE YCIOBHBIE ObO3HAYEHU A

a — k0>(p(OULUEHT TeMIEpPaTypOIPOBOIHOCTH, M%/C;

C0=5,67 B1/(M?-K*) — xoHCTaHTa H3]IydeHHsI aOCONIOTHO YEPHOT'O TENA;
il — TemnoéMkocTb, [Ix/(kr-K);

D, d — auamerp, M (111 IPOBOJIOKH MM);

F — myomaas MoBEpXHOCTH, CEUEHHS, M2,

f — gacrora Toka, I';

G — Macca, KT}

0=9,81 M/c? — yCKOpEHHE CHJIBI TAKECTH;

h — mar Mexay BUTKaMH, MM;

H — BrIcoTa, rmyOuHa, M;

| — cuia Toka, A;

L — minmHa, M;

| — ayMHA IPOBOJIOKU WIIH JICHTHI OJHOTO 3JIEKTPUYCCKOTO HarpeBaTels, M;
N — MOIIHOCTh TeIIoBas, JIeKTpudeckasi, BT (mpy MHIYKIIMOHHOM HarpeBe
P);

N — KOJIMYECTRBO;

Q — KOJIMYEeCTBO TEIIOTHI, JK;

(| — IUIOTHOCTB TEIJIOBOrO NOTOKA, BT/M?;

R — conpoTuBnenue snekTpudeckoe, OM;

R — ynensHOe TerioBoe conpoTtusieHue, K/BT;

I' — [OJIHOE TEIIoBoe conpotusnenue, (Mm% K)/Br;

I — paguyc, M;

S — TommHa CIOEB KIAIKU, M;
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T — temnepatypa o abconroTHoM 1mkaie, K;

t — temnepatypa o crorpaaycHoi mkaine (I{eascus), °C;

U — nanpsokenue, B;

W — ynenbHas HOBEPXHOCTHAs HArpys3Ka Harpeparens, Br/cm?,
o, — ko3 puument Temnooraadn, Br/(m?-K);

B — TemnepaTypHbIi K03pdunuent Gpusndeckoil Beanuunsl, K1
Y — IUIOTHOCTB, KI/M>;

O — aKkTHBHAas INIyOMHA MPOHUKHOBEHMSI TOKA, MM;

€ — CTETICHb YePHOTHI TOBEPXHOCTH MaTepHaa,;

N — KO3 (UIIMEHT MOJIE3HOTO EHCTBUS;

A — ko3 dunment TerronporoaaocTr, B1/(M-K);

p — YIEJIBbHOE 3JIEKTPOCONPOTUBIICHHE, MKOM M;

Y — CcyMMa, CyMMapHOE;

G — HamnpsbkeHue, [1a;

T — Bpems, C;

® — korpdurment nuadparmupoBaHus;

® — CTEICHb Pa3BUTHS KIIAIKH;

3.2.1.Knaccudukauusi, MaTepnaibl 1 KOHCTPYKIHH HArpeBaTeJieii

[{enpto 3JIEKTPUUECKOr0 pacyeTa Meyel CONMPOTUBIICHHUS SIBISIETCS BBIOOD
MaTepuajia HarpeBaTesiel U OINpEeNEeTeHue UX NeOMETPUUYECKUX PA3MEpPOB MPH
U3BECTHBIX pazMepax pabouyero NpoCTpaHCTBa, TEMIIEPATYPe U MOILHOCTH MEYH.

HarpeBarenbHble 3JIEMEHTBI SIBISIFOTCS OJHOM M3 BaXXHEMIIUMX YacTeu
BCSKOW DJIGKTPUYECKOM I€YM CONPOTUBIICHUA, M OT HX HAAEKHOCTH B
3HAUMTEIHLHON CTENEHU 3aBUCUT HaEXHOCTh €€ paboThl. PaboTa HarpeBaTenei
IPOUCXOAUT OOBIYHO B OYEHb TSDKEIBIX YCIOBHSX, YacTO MpPH MPEAesIbHO
JONMYCTUMBIX I Marepualjia, U3 KOTOPOTO OHU BBHINOJIHEHBI, TEMIEpATypax.
[To3TOMy AOJATOBEYHOCTh HAarpeBaTelied 3HAUYUTENBbHO HIXKE CpOKa CIY>KOBI
JIPYTUX 3JIEMEHTOB Ieuel (KpoMe KapoyHOpHBIX JeTalled, HAaXOIAIIUXCSl B 30HE
BBICOKHMX TEMIEpPATyp).

Cpox ciny»0bl HarpeBaTesei 3aBUCUT OT LIEJIOTo psiaa pakTopoB: padouei
TEMIIEPATYPHI, XapaKkTepa €€ U3MEHEHHsI BO BPEMEHU, KOHCTPYKLIUHA U Pa3MEPOB
HarpeBaresisa, BO3JEUCTBUA Ha Hero armochepbl mneun. Ilpu pacuére
HarpeBaTelIbHbIX  JJIEMEHTOB  JJIEKTPHUYECKUX  MEYE  CONMPOTUBIICHUSA
KOHCTPYKTOp JOJKEH BBIOpaTh THUIT HarpeBaTeliel W Marepuan s uXx
WU3TOTOBJICHHUS, ONIPEACIIUTD UX Pa3MEPbl — CEYECHHUE U JUIMHY — U Pa3MECTUTH
UX BHYTpHU neuu. st pelenns 3TUX 3a/1a4 UMEIOTCS UCXOJAT U3 CIIETYIOLIUX
IIPEANIOCHUIOK.

1. Best 3abupaeMast 3J€KTPUYECKOM MEeYbI0 MOIITHOCTh BBIJICISIETCS B €€
HarpeBaTeNIbHbIX 3JIEMEHTaX B BUJE TEIUIA U MPU YCTAHOBUBIIEMCS TEIJIOBOM
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pexume (Tak Kak HarpeBareinu oO0JaJaroT, Kak MPaBUIIO, MaJIOH TemIOBON
UHEpIMEH, B HUX BecbMa OBICTPO YCTAHABIMBACTCS CTAlMOHAPHBIA PEKUM)
JOJDKHA OBITh TIEpe/laHa HAarpeBaeMbIM U3JCNUAM U KIIAJKE Me4Yd. YpaBHEHUS
TEIUIONEpeaayl MEXJy HarpeBarelisiMH, HarpeBaeMbIMU U3JCTUAMH U
(byTEepOBKOM TI€YM JTAIOT CBSI3b MEXKIY MX TeMIIepaTypaMu, MOITHOCTBIO TICYH U
pa3zMepamMu HarpeBaTelIbHOrO JIEMEHTA.

2. MomHOCTb, BBIJiesieMasl B HarpeBaTEIbHBIX dJIEMEHTaX, JOHKHA OBITH
paBHa pacu€éTHOW MOIIHOCTA TI€YM U, CJEAOBATEIbHO, COMPOTUBIICHUE
AJIEMEHTOB JIOJKHO COOTBETCTBOBATH 3TOM MOITHOCTH U HAIMPSKEHUIO TUTAHMUS.

3. HarpeBarenu mODKHBI OBITH pa3MENIEHBl BHYTpPH pabodero
MPOCTPAHCTBA MEYH. DTO TpeOOBAHME TAK)KE HAKIIA/IbIBAET U3BECTHBIC YCIOBUS
Ha pa3Mepsbl (0COOEHHO JITMHY) U KOHCTPYKIMIO HarpeBaTEeIbHBIX 3JIEMEHTOB.

Kpome ToOro, moKHbI OBITb, €CTECTBEHHO, HM3BECTHBI (PU3UYECKUE
CBOMCTBA M MAKCUMAJIBHO JOMYCTHUMBIE TEMIEPATYpbl SKCIUTyaTaluu
MaTepUaIOB, IPUMEHSIEMBIX JIJI1 HATPEBATEIIbHBIX 3JIEMEHTOB.

ONEKTpUYECKUE  TE€YH  CONPOTUBICHUS  OTHOCATCS K  TpyMNIme
HarpeBaTelbHbIX YCTPOWCTB KOCBEHHOTO HAarpeBa, B KOTOPHIX TEILIO,
BBIJICTISIEMOE DJICKTPUUYECKUMHU HarpeBaTEIbHBIMUA JJIEMEHTAMH, MepeaacTcs
HarpeBaeMbIM M3JICIUSAM TpEeMs CHOCOOAMH: U3JIyYCHUEM, KOHBEKIIUEH W
TEIUIONPOBOAHOCTHIO. oM Kaxaoro croco0a OmpeaesieTcss TEeMIepaTypoi
MeYu, €€ KOHCTPYKIMEH, TO €CTh HAIMYMEM IUPKYISIHOHHBIX BEHTHJISTOPOB
WM MENIajoK, TUIOM U PAacloJIO)KEHHWEM B TMEYM CaMUX HarpeBaTesiei.
Hanpumep, HarpeB B BaKyyMHBIX I€4ax UAET TOJBKO MyTEM JTYYHCTOTO Criocoda
nepefayu Terjia, a B NeYax-BaHHAX M B I€Yax C KUIAIIUM CIOEM — BCEMH
Tpemsi criocobamu. B mewax ¢ ra3oBoil cpemol mpu TeMIeparypax BbIIIE
600...700°C npeobnagaeT W3Ty4deHUE, a HWKE — KOHBEKIUS, JOJS KOTOPOM
YBEIIMYMBAETCS MIPU HAJIMYUU B M€YU LIUPKYJISIIIUOHHBIX BEHTUJISITOPOB.

C yuerom cmocoba mepenayd TeIMJa W PACIOJIOXKEHUS B TEUYU
HarpeBaTeid JIEKTPUUYECKUX MEeYE CONMPOTUBIIEHUSI MOKHO Pa3feUTh HA TPH
IPYIIIIHIL.

[lepBas rpymnma — HarpeBaTeNM C TEIUIOOTAAYEl IPEUMYIIECTBEHHO
U3IIyYeHUEM WU C80000HO-usmyuaroujue Hazpesamenu. OHU HUCTOIb3YIOTCA B
neyax ¢ ra3oBod cpenoit u padoueit temmneparypoiur 600...700°C u BbIie 6€3
NPUHYAUTEIBHON HUPKYJSIUU aTMOC(hepbl, B BaKyyMHBIX I€4aXx BO BCEM
WHTEpBAJIC TEMIIEpaTyp W B Medax-BaHHAX C HApPYXKHbIM OOOTPEBOM THIJIS.
HarpeBarenu pacrnonararoTcs, Kak MpPaBHIO, HA BHYTPEHHUX MOBEPXHOCTSIX
pabouero mpocTpaHcTBa Meur. Matepuan HarpeBaTelieli — BBICOKOOMHYECKUE
CIUTaBBI U CTaJH, KapOOPYHI, TUCUIUITIU] MOJIUOAeHA U TpaduT.

Bropas  rpynmma —  HarpeBaTelIbHBIE  JJIEMEHTBI  II€UYE€H  C
MPEUMYIIECTBEHHOM KOHBEKTUBHOM TEIUIO0TAaueH (koHeexmusHbie
Hacpesamenu). OHU OOBIYHO MPUMEHSIIOTCS B HU3KO- U CPEIHETEMIICPATYPHBIX
neyax (g0 600...700°C) c BO3AYyUIHOM WM KOHTPOJUpYyeMoil aTMocdepoi, a
TakXe B reuyax-sanHax j10 600°C.
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B 3TOM ciydyae pacrnoyiokeHHbIe B paboueM MpOCTPaHCTBE HAarpeBaTesH
BCErJa OTHENEHbl OT HarpeBaeMbIX W3JACIUNA DSKpaHaMH, SBISIOIIUMHUCS
AJIEMEHTaMH CHUCTEMBbI NMPUHYAUTEIHON HUPKYJSIUU MEYHOM cpennl. YacTo B
ra3oBO3JYIIHBIX II€4aX HarpeBaTelid BOOOIIE BBIHOCATCA U3 padodero
MIPOCTPAHCTBA B BHUJE OTACIBHOTO Kajopudepa, oO0TpeBaroIiero audo BCIO
neyn, MO0 ee OTIAeIbHYI0 30HY. Bo Bcex ciydasx B medd MMEeTCs OAWH WIIH
HECKOJBKO MOIIHBIX  ITUPKYJSAIHUOHHBIX  BEHTHJISTOPOB, HAIPABIISIONINX
BO3AYIIHbIA WM TAa30BbIM MOTOK IO 3aMKHYTOM CXE€ME: BEHTHISTOp —

HarpeBatenu  (kamopudep) — HarpeBaemas cagka —  BEHTHIATOP.
KonBekTuBHbIE HarpeBaTeNd HW3TOTOBISIOTCA TOJBKO M3 METAJUTMYECKUX
MaTepHaJIoB.

Tpetpst rpynma — HarpeBaTelbHBIE 3JEMEHTHI C TEMJIOOTIadel

TEIJIONPOBOJHOCTHIO (3axkpvimule Hacpesamenu). OOBIMHO TaKWe HarpeBaTeln
3aMypOBaHbl B OTHEYNOPHBIA CJIOW KIAJAKM TI€YM WIH 3aKIOYEHBbl B
METaJUIMYECKYI0 TPYOKY, 3alOJIHEHHYIO TECKOM-3JIEKTPOU30JSATOpOM (KBapil,
nepukias). [locnennue nomyunnu HazBanue TOH (TpyOuaThiil 35IeKTpUYECKUIA
HarpeBareisib). HarpeBaTenu 3akpbhITOrO THIIA TPUMEHSIOTCS Yalle BCErO B
nabopatopHbix medax, a TOHb — B meuyax-BaHHaX U B OBITOBBIX
AIIEKTPOHArpeBaTENIbHBIX MPUOOPAX.

3akphIThie HArpeBaTeId W3TOTOBIAIOTCA TOJBKO W3 METAUNIMUECKUX
MatepuasioB. Temao OT HarpeBarelis 3aKpbITOrO THIIA MEPENaeTcsl TOJIbKO
TEIJIONPOBOJAHOCTBIO Yepe3 CJOM OrHeynopa WM H30JIATOpa, a YkKE C
MOBEPXHOCTH METAUNIMUECKON TpPYOKM WM BHYTPEHHEH CTEHKM IE€UYd —
U3ITyYeHHUEM M KOHBEKIMEW (WM TOJBKO OJHUM M3 CIOCOOOB) B pabouee
MIPOCTPAHCTBO MEYH.

JIns1 M3roTOBIEHUS HArpeBaTesiel NPUMEHSIOTCSA Pa3JIMUHbIE MAaTEpUAIIbL:
METAJJIMYECKHUE CIUIaBbl, BHICOKOJIETUPOBAHHBIE CTAM U YHMCTHIE TYTOILIABKHE
MeTasuibl, rpadUT B pa3audHbIX (OpMax, OKCUABI YTIAEPOa U MOJIUOACHA.

Merannuyeckue wmaTepuaibl — 3TO CIUIaBbl M CTald C BBICOKUM
OMUYECKUM COMPOTUBJICHUEM. K HUM IIPEABSIBISIOTCS CAEAYIONME TPEOOBAHUS:

1) BbICOKOE OMHYECKOE COMPOTHBIICHUE W HHM3Kasi €ro 3aBUCUMOCTh OT
TeMIepaTyphl;

2) BBICOKasl >XapOCTOMKOCTh U YIOBJIETBOPUTEIHLHOE COMPOTHUBJICHUE
MOJI3yYECTH;

3) xopomas IUIACTUYHOCTh B COCTOSIHUM TIOCTaBKM W  TOCJE
OMPEICICHHOTO CPOKa IKCILTyaTalluH;

4) 6nu3kue 3Ha4YCHUSI KOA(PPUIIMEHTOB JTMHEWHOTO PACIIUPEHUS CaMOTO
CIUTaBa M OKMCHOM TIJICHKU, 00pa3yromiencs Ha HeM;

5) Xopotiasi CBapuBaEMOCTh M IIACTUIHOCTD JIJISl yI00CTBA M3TOTOBIICHUS
¥ THOKYM HarpeBaTers;

6) HU3Kasi CTOUMOCTb.

HarpeBaTtenu mpOMBINIIIEHHBIX W JIA0OPATOPHBIX TMEYEH W3TOTaBIMBAIOT
U3 CIEAYIOIINX MaTepUasoB.
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1. Huxpomer: X20H80 (X20H80T, X20H&0-H), X15H60 (X15H60T,
X15H60-H). Temneparypa ux oskcrutyatanuu — g0 1000...1200 °C B
3aBUCUMOCTH OT Mapku. Ha 6a3e HUXpOMOB pa3paboTaHbl CIUIaBbl C J00aBKOU
amomunna — XH7010, XH60KO3. Bce HUXpOMBI — OYE€Hb JOpPOTHE
MaTepualibl U3-3a BRICOKOTO cojiepxkanus Hukens (60...85%) u xpoma (10 20%).
[IpeumyimecTBa HUXPOMOB — XOpOIIas IUIACTUYHOCTH (ake TMocye
OTPEJICTICHHOTO BPEMEHHM OJKCIUTyaTallid) W BBICOKAs OKaJTUHOCTOUKOCTb,
KOTOpast ONPEACIISACTCS CACAYIOMUMH (PaKTOPaAMH:

— IUTOTHAsl OKUCHAas TUieHKa Ha 0a3e okcuaa CryOs, mOKphIBaroas BCIO
MOBEPXHOCTh CIUTABA TMPU MEPBOHAYAIHLHOM HArpeBe, MUMEET OYCHb HHU3KHMA
ko3 bunmreHT nuddy3un KUCIopoaa yepes Hee;

— CKOpPOCTh pPOCTa OKHUCHOM TIUIEHKHM (TI0 TOJIIHUHE) COCTaBISET
0,05...0,32 Mwm/rom TpW YCIOBHHM, 4YTO 3Ta IUICHKA MEXAaHWYECKH HE
pa3pyliaeTcs Ha MOBEPXHOCTU METAILNIA;

— KOd(PGULIMEHT JUHEHHOIro pacCIIUPEHUs] HUXPOMA U €ro OKHUCHOU
IJICHKA TIPAKTUYCCKHA OJIMHAKOB, MOATOMY IPU MHOTOKPATHBIX H3MCHCHHSX
TEeMITepaTyphl TUICHKA HE OTCIAauBaETCS C TIOBEPXHOCTH CILIABA.

2. XKenezoxpomoantomuHuenbie craBbl: X13H04, X15105 (pexpanu) u
X23H05, X23K05T, X27HO5A (xpomanu). TemnepaTrypa uX dKCILTyaTalluu —
10 800...950 °C s pexpaneit u g0 1200...1400 °C qs xpomaneit. CTORKOCTB
ATUX CIUIaBOB B JIBA-TPU pasza HWXKe, yeM y Huxpoma. OHM HMEIOT HU3KYIO
HAYaJIbHYI0 IUIACTUYHOCTh M CUJIbHEE OXPYMUYUBAIOTCS B Ipoliecce
sKkcIuTyaranuu. ['uOKy mpoBoJIOKH ceueHueM Ooliee 4 MM U JIGHTBI Oojiee 2 MM
HE0OXOMMO MPOBOAUTH C MPEABAPUTEIBHBIM MOJOTPEBOM, TaK KaK OHH UMEIOT
OYCHb HH3KYI0 IUTACTHYHOCTh TIPH KOMHATHOW Temmeparype. OCHOBHBIC
JIOCTOMHCTBA JTHUX CIUTABOB — 3HAYUTEIHHO Oo0jiee HHM3Kas CTOMMOCTBH TIO
CpPaBHEHHUIO C HUXpPOMaMH M 00Jiee BBICOKHE TMpEeIbHBIC TEMIIEPaTyphl Y
xpoMasneii. KOHCTpYKTMBHO MeETaJNIMYECKUE HarpeBareau Jiroboro TUma
BBITIOJIHSIOT W3 KPYIJIOW TPOBOJOKK B (opMe 3Wrara WiIH CIUpPAIA W U3
TJIOCKOM JIGHTHI B BUe 3ur3ara. Ha puc. GrnpuBeneHsl pa3MepHbIe MapaMeTph
HarpeBaTesieu:

L — myMHa HarpeBaTessi B TOTOBOM (CBEPHYTOM) BHJIE, M;

dg — mMameTp BBIBOAA, MM;

t— mar cniupanu, mMm;

e— II1ar MmoJy3ur3ara, MM;

D — nuametp cimpanu, D=(4...9)-d, mm;

H — BBIcOTA 3UT3ara, Mm;

d — auameTp MPOBOJIOKHU, MM;

a, b — TommuHa ¥ MIMPHUHA JIEHTHI, MM.
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Puc. 6. Tumbsl KOHCTPYKIIMH METAJLIMYSCKUX HAarpeBaTesie: a — MPOBOJIOYHAS
criupaib (11.C.); 6 — MPOBOJIOYHBIN 3Ur3ar (11.3.); 8 — JIEHTOYHBIN 3uUr3ar (J1.3.)

CeueHue NMPOBOJIOKA M JIEHTHI TOCTUPOBAHO. B IPOMBINUIEHHBIX IEedax
NPUMEHSIOT TpoBOJIoKy d > 4 mm, neary — b =1,0...3,2 mmcm=Db/a=5...20
(vame m = 10); B 1abopaToOpHBIX MeYaXx — TOJIBKO MpoBOOKY d = 1...5 mm.
Bennuunna L nokassiBaeT cyMMapHyIo JUIMHY BCEX CEKLUI OJTHOI'O HarpeBaTes,
KOTOpasi CBsi3aHa C pPacUeTHOM BenmuumHOW | uwepes mar cnwpanu t wim mar
MOJIy3UI3ara €, a TaKkKe uepe3 quaMeTp cnupainu d uiaum BeicoTy 3ur3ara H.

3. B BakyyMHBIX I1€4ax, KpOME HUXPOMA, 4aCTO UCIOJIb3YIOT MOJHOIEH U
Bosib(ppam. VX mpuMEHSIOT M3-3a BBICOKOHM Temmeparypsl miaaBinenus — 2200
°C nna Mo u 2500 °C g W. Metamndyeckue HarpeBaTelld BhITIOIHSIOT B BUJIE
CTEp)KHEW WJIM CIUIOIIHOTO JIMCTA, OXBAaTBIBAIOIIETO HArpeBaemMyro caiky. B
BAaKyyMHBIX Me€4ax MPUMEHSAIOTCS TaK)Ke JiBa THIA IpaUTOBBIX HarpeBaTeleu:
CTEp)KHEBbIE W THUINA TKaHU. ['paduT MOXHO UCHOJIB30BaTh B TMe4yax C
HAYTJIEPOKUBAIOIICH aTMOC(hepoil Wilh ¢ HEUTPaIbHON a30THOM aTMocdepoii.

4. B ra3zonanonHeHHblXx mnedax ¢ temneparypour 1200...1600 °C
IPUMEHSIOT HEMEeTauInuecKkue marepuainsl: kapOoopyna (SiC) v aucuiamiumg
monuoaeHa (MoSiz). KapOopyHi MokeT paboTaTh Kak B OKHCIUTEIBHOMN, TaK U
B BOCCTaHOBUTENbHON aTmocdepax. Ero mpenenpHas pabouas TemmepaTrypa
1450 °C. Hucwmunua MoiaubaeHa uMeeT mnpeaeiabHyto temneparypy 1600 °C.
KapGopyHaoBble ¥ AUCHIMIIMIOMOJIUOIECHOBBIE HArpeBaTeNd H3TOTOBISIOTCA
0OBbIYHO B (hOpME OJHO- M JIBYXXOJOBBIX CTepxHEH (mpsiMoi HarpeBarens u U-
oOpa3HbIi).

3.2.2. Pacuer HarpeBareJiei

B ocHOBe Bcex pacyeTHBIX METOAMK, HE3aBUCMMO OT NPUHAJICKHOCTH
HarpeBaTeyied K IEpBOM, BTOPOM WIIM TPETHEU TPYIIIE, JIEKUT ONPENCIICHUE
YAEIBbHOW OBEPXHOCTHOM Harpy3ku Harpesaresiss W. Tak kak U3 NpakTU4eCKUX
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COOOpaKEeHUI CeueHHe MaTepualia HarpeBaTess BhIpaXKaeTcs B MIJIIMMETpPaXx, a
€ro JUIMHa — B METpax, TO JJIS MPUBEJICHUS K yIOOHOI pa3MEpPHOCTH B CUCTEME
CH ynenpHyI0 NOBEPXHOCTHYIO HArpy3Ky MPHUHATO BbIpakaTh B BaTTax Ha
KBAJPaTHBIA CAHTUMETP PEalbHOM IOBEpXHOCTH HarpeBarens (Br/cm? wm
kB1/M?). OHA 3aBHCHT OT TEMIIEPATYpPhl HArpeBa M3JElHs, CIocoba Iepenadu
TeIIa, KOHCTPYKIIUK, MaTepuaga U TEMIIepaTyphl HarpeBarTels U psla APYyTrux
(bakTopoB.

Bo Bcex caywasx ans pacueta HarpeBareieil HeoOXOIMMO HMETh
CJIEIYIOLIME UCXOHBIE TaHHBIE!

Ny — yCTaHOBJIEHHYIO MOIIIHOCTb BCEH MeUr WU KaXXJ0i €€ 30HbI B KBT,
KOTOpasi ONpENeNsieTCs B pe3ysbTaTe pacyeTa TEIUIOBOTrO OajlaHca C YYETOM
kod(ddummenTa 3anmaca mMomHOCTH ksan= 1,2...1,6. UeM OombIlie MOITHOCTH H
pa3Mmepsl 1euu (30Hb1), TEM MEHbIIE OepeTcs KodPOUIMEHT K3arr;

U— namnpsokenue nuratomeid cetu, B. st Havyana pacyeTa npuHUMAETCS
npombiiiuieHHoe Hanpspkenue (380 wium 220 B). B mporecce pacuera oHO
YTOUYHSETCS U MPU HEOOXOJUMOCTH B CXEMY BKIIIOUAETCS MOHIKAIOIINM, pexe
—TOBBIIAIONIUN TpaHCHOPMATOP.

tv— TemmnepaTtypa HarpeBa Mmeraiia, °C. B 3aBUCUMOCTH OT HEE U C
ydyeToM crocoba mepenayd BbIOMpaeTcs Marepuai HarpeBarelii H  ero
MaKcUMasbHas paboyas TeMreparypa:

th= tw+ (50...200) °C ; (81)

pt  — VYACIBHOE  DBJIEKTPOCONPOTUBIECHHE MaTepuana, MKOM'M
(Om*MM?/M). OHO BBEIOMpPAETCS B 3aBUCMMOCTH OT IPUHATOM ty.

3aTeM  paccuMThIBaeTCA  yJAelibHasi  MOBEPXHOCTHAs  Harpys3ka
W.,onpenensercs ceueHue u JnuHa HarpeBatens. llom «HarpeBarenem» B
JAHHOM CJly4ae MOHHMMAETCS MPOM3BOJBHOE KOJIMYECTBO IMOCIEI0BATEIBHO
BKJIIOUGHHBIX CEKIIMH OJIMHAKOBOM KOHCTPYKIIMH, (OPMBI, CEUEHHUS U
BBITIOJTHEHHBIX U3 OJIHOTO MaTepuala.

YacTo mpuxoauTCs CHayaja BBIOpaTh YMCJIO HarpeBarelieil, U Torjaa B
pacueT BBOAUTCSA Ni — MOIIMHOCTH oJHOro HarpeBarens: Ni = Ny/n, rme n —
YUCJIO HarpeBaTeseu.

B naGopaTopHbIX W HEOOJBIMX MOJYMPOMBIIIUICHHBIX I€YaX YHCIIO
HarpeBaTesied MokeT ObiTh 1, 2 wim 3. [ mpOMBINIIEHHBIX TEYeH YnCIIo
HarpeBaresiel KpaTHo 3, Tak KaKk OHM BKJIFOUEHBI Ha Tpex(da3HbIN TOK.

PacyeTHble METOOMKU HarpeBartesiel MEepBOM, BTOPOU U TPETbEU TPYIIII
pasznuyarorca crnocodboM BbluMcieHHs W B 3aBUCHUMOCTH OT THMA Meperaydu
TeIyia OT HarpeBaTeNsl K M3JeNUI0, KOHCTPYKIIMM W MaTepualia HarpeBaress U

psna Apyrux (hakTopos.
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Pacuer cBO0OIHO - M3/JIy4alOIUX HATpeBaTeJiei

WcxoHble naHHbIE U1 pacyeTa:
Ny — ycTaHOBIIEHHasi MOIIIHOCTH NI€4H (30HKI), KBT;
U — Hanpsbxenue, B;

Pt — YIeIbHOE OJJICKTPOCONPOTHURIICHHWE MaTepuajia HarpeBaTels,
MKOM* M;
FvuaFor— COOTBETCTBEHHO aKTHBHas TETUIOBOCIIPUHUMAIOIIIAS

MOBEPXHOCTh CAJKd MeETaUla W TEIUIOU3JIydarouiasi IMOBEPXHOCTh CTEHOK
paboueli KaMephl 1euu (30HBI), Ha KOTOPBIX Pa3MEIIEHBI HArPEBATENN, M;

€M M €y — COOTBETCTBEHHO CTENEHb YEPHOThl HArpeBaeMoro MeTajia u
caMuX HarpeBaTeieu (epnpakThuuecku Bcerga paBHa 0,8, eqlpu HarpeBe B
BO3JIYIIIHOW U JIPYroil OKUCIUTENbHOM atMocdepe npuHumaercsa Ttakxke 0,8, a B
3alUTHOW — BBIOUpAETCs, HanpuMmep, 1o [2]);

tvUtg—  COOTBETCTBEHHO  KOHEYHas TeMIlepaTypa MeTaia |
Harpesatenei, °C; nmociennss onpezaensercs mo Gopmye (81);

N — 4KCJIO HarpeBarelie B me4yu (30HE); OOBIUHO MPUHUMAIOT €O
kpaTtHeIM 3, Torma Nj; = Nz/N — MOIIHOCTH OJHOTO HarpeBaTels, KBT.
MoIHOCTh, MPUXOJAUIAsCs HA OJWH HarpeBaTelb HE JOJDKHA MPEBBINIATH
15...20 kBt. Ecnu MomiHoCTh, mpuxonsmasics Ha oAHy ¢a3zy, Oyner Oosblie
3TOrO 3HAYEHUs, OCYLIECTBISIOT BKJIIOYEHUE HarpeBaTelied B HECKOJIBKO
MapAJIICITbHBIX LIETIEH.

[Ipu pacuére moxOMparoT MaTepHall HarpeBaTeNls U ONPEAEIISIOT:

— JOMYCTUMYIO JE€UCTBUTEIbHYIO YAECIbHYIO OBEPXHOCTHYIO HAarpy3Ky
narpesarens Wy, Br/cm?;

— CceueHue HarpesaTelis (JuaMeTp MpOBOJIOKU d, MM MIJIM CEUEHUE JICHTHI
axb, MM, ISt IEHTBI OOBIYHO NPUHUMAIOT M = b/a = 10);

— JUTMHY HarpeBaTens |, m;

— JIIMHY HarpeBaTessi B CBepHYTOM Bujie L, M.

HarpeBatenu MoryTt pacrnojiaraTbCsi Ha OOKOBBIX MPOAOJBHBIX CTEHKaX,
CBOJIE M Ha TIOJly, M IO3TOMY B pacyeTax HUCIOJIb3YIOT pacUeTHbIE pa3Mepbl Been
KaMmephl neun uiu ee 30Hb1: Lp, Hp, Bp.

Cpok ciyxObl HarpeBatess, 3aBUCSIIUNA OT YCIOBUM OKHUCJICHHUS €ro
IIOBEPXHOCTH, OIPEIEISIET JAOMyCTUMAs yIelbHas MOBEPXHOCTHAs HArpy3ka —
MOIIIHOCTb, BBIIEISIOIASACS C €IMHHLBI IMOBEPXHOCTH HarpeBarens. s ee
HaXOXKJEHUSI BBOJMUTCS NOHATHE HcanbHOro Harpeparens. [lon maeanbHbIM
M0JIpa3yMeBalOT HarpeBaTeib, KOTOPBI 00pa3yeT ¢ U3/AETUEM JIBE CIUIOIIHbIC
napajuiebHble IUIOCKOCTH IPHU YCIOBUH, YTO BCE BBIIEISIEMOE HarpeBaTesIeM
TEIJIO MOTJIOIIAETCS METauIOM, a TEIUJIOBbIE NOTEPU ITOW CUCTEMBI PaBHBI
HYJIIO.

B peasibHOM cilydae MOBEpPXHOCTh TEIJIOOTAAYM HarpeBartelis, paBHasi €ro
MPOU3BEJCHUIO TMEPUMETpa Ha €ro pa3BepHyTYI0 MJIWHY, TO €CTh JUIMHY
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IPOBOJIOKA WJIM JIEHTBI, U3 KOTOPOM OH M3rOTOBJIEH, OYJET OTIMYaThCA OT
TEIJION3IYYaroleldl INOBEPXHOCTH CTEHOK II€4M, Ha KOTOPBIX pPa3MEIIECHBI
HarpeBaTellu.

[Ipy omnpeneneHun  yIEIbHOW  NOBEPXHOCTHOM  MOIIHOCTH  IOJ
TEMIIEpaTypoOil HarpeBareisl MOJPa3yMEBAIOT €ro MaKCHUMAJIbHYI0 pPadbouyro
TEMIEPATypy, OMPEICISIONIYI0O CPOK CIy>KObl HarpeBareisi M3 YCIOBHI
OKHCIICHHS: B II€4ax NEPUOAMYECKOTO JEHUCTBUA — MAKCUMAJbHYIO
TEMIIEPATYpy HarpeBaTels B NEPUOJA BBIACPKKH, B IE€4aX HENPEPHIBHOTO
JEUCTBUS — TEMIIEPATypy B KOHIE KAKJIOW 30HBI.

B wmpeanpHOM ciydae gomycTumasi ynelibHAas MOBEPXHOCTHAs HArpyska
omnpeaensercs no rpaduky (puc. 7) wim mo Gopmyiie

4 4

T T
Wy =Crp || =L | =] 22| |-107*, Br/em?,
m == o ) {100 (82)
rae Cpp = 1 F5’67 1 , Br/(M*K?%); ey m &y — CTEIEHH YEPHOTHI
+ - M. ~1

em Fer \&n
HarpeBaTelld U HarpeBacMoOro MeTajula COOTBETCTBEHHO; Fcr — MOBEPXHOCTH
CTEHOK II€4d, Ha KOTOpPBbIX pa3MelieHsl HarpeBatenu. [Jna ep=em=0,8 wu
Fm/Fer=0,8 npuaumaror Crp=3,9 B1/(M%-K4).
CBs3b peaIbHO JOIYCTUMOM YJEIBbHON MOBEPXHOCTHON MOIIHOCTA Wy €
uneanbHou Wy BBIpaKaeTcs 3aBUCUMOCTBIO:

Wir = Wy ase -or -oc -op -opon =Wu-os , (83)

TZI€ O, Or, Oc, Olp, Olpoj— MOTIPABOYHBIE KOA(DOUIIUESHTHI.

Oho—  KO3puuueHt  3PPEKTUBHOCTH  HUBIYYEHHs,  KOTOPBIU
IKCIIEPUMEHTAIBHO ompeaeneH [3] Ay HarpeBaTenel pa3IndHOd KOHCTPYKITUH
P MHUHMMAJIFHOM JIOMYCTUMOM OTHOCHTEIHFHOM MEXKBHTKOBOM PAaCCTOSHUU.
OTHOCUTENBHBIM  MEXBHUTKOBBIM  PACCTOSTHUEM  HAa3bIBAIOT  OTHOIICHHE
paccTosiHUS € MeXKIy OCAMHU BeTBe K nauaMerpy d TPOBOJOKH TSt
MPOBOJIOYHOTO 3Ur3ara — €/d, Win K mupuHe b JEHTHI AJI1 JEHTOYHOTO 3Ur3ara
— e/b, nan mara t Mexxay BUTKaMH IMPOBOJOYHOW chupaiu K auamerpy d
poBOJIOKH — t/d. 3HAYEHUS OlrolIpUBEACHBI B Ta01.4.
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Puc. 7. lonnyctumas yenbHas HOBEPXHOCTHAS MOILHOCTb HarpeBaTes 1
MOIIHOCTb, TPUXOASAIIASICSA HA €IUHUILY TUIOAAN (PYyTEPOBKH MPU PA3IUUHbIX
TEMIIEpATypax U3ENns U HarpeBaTens
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Tabmuma 4
3HadeHns KOOPPUIUEeHTOB 3PPEKTUBHOCTH Oso [3]

MuHuManbHbBIC
OTHOCHTEJIbHBIE
Cuctema HarpeBarens o
MEKBUTKOBBIE
PACCTOSIHUS
[TpoBoJsiOUHbIH 3UT3ar 0,68 2,75
JleHTOUHBIH 3UT3ar Ha KPIOYKax 0,40 0,90
To e B ma3zax wim
0,34 0,90
Ha BBIEMHBIX pamMax
[IpoBoJiouHas criMpajib Ha MOJIOYKaX 032 200
WM Ha KEPAMHUYECKUX TpyOKax ’ ’
To ke B TpyOUaThIX ma3ax
. 0,22 2,00
71a00paTOPHBIX MeYei

=
L
HE
s £ 3 1/2 /rl
il ARVA
E o
51,5
C"): b
JEQ //
é%l,?a 1 =1/
5 2 i’ /

= 1,1
Sg b N__}V |e.e.t
S g b’ d
Egoag
S 0O 1 2 3 4 5 6 7

Puc.8. 3aBUCUMOCTh OTHOCUTEIBHOIO HKCILTYaTallHOHHOTO
pacxoja MaTepuaia HarpeBarelsi OT OTHOCHUTENIBHBIX
MEXBUTKOBBIX pPacCTOSTHUN. 1— MpoBOJIOUHBIN 3ur3ar; 2
— JIGHTOYHBIN 3Ur3ar; 3 — MpPOBOJIOYHAs CIIUPAIb

or — KOB(l)(I)I/IL[I/IeHT mrara, 3aBUCHT OT OTHOCHUTCIIbHBIX MCKBHTKOBBIX

pacctostHui. [Ipy MUHMMAaJIBHBIX OTHOCHUTEIBHBIX MEXBUTKOBBIX PACCTOSHHSX
(tabn.4) or= 1. Ilox >KCIUIyaTallMOHHBIM PAcXOJOM ITOHHUMACTCS Pacxoj
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Marepuana HarpeBarens 3a 1000 u paborei Ha 1 kBT ycTaHOBIEeHHOMU
MOIIIHOCTH.

Kak BusiHO U3 puc.8. KpuBbIE 3aBUCUMOCTH 3KCIUTYyaTallHOHHOTO pacxoia
OT OTHOCUTEIBLHOTO BHUTKOBOI'O PAaCCTOSHUS HMEIOT MHUHHUMYM: ISt
MPOBOJIOYHOTO 3ur3ara e/b=2, g mnpoBoJIOYHOW croupanu t/d=4, s
IPOBOJIOYHOTO 3ur3ara e/d=3,5.

N3 cpaBHeHUsT HarpeBaTeyiedl NpU ATUX BEJIWYMHAX OTHOCUTEIBHBIX
MEKBUTKOBBIX PACCTOSIHUM BUJHO, YTO IPU PAaBHOM BBIAECISIEMON MOIIHOCTH
Harpesarels, pasMENIEHHOro Ha 1 M? MOBepXHOCTH (PYTEPOBKH, OIMHAKOBHIX
CpOKax CIy)KObl M OJWHAKOBBIX TEMIIEpaTypax Iedd 0oJjiee AKOHOMUYHBIM
SIBJISIETCSI IPOBOJIOYHBIN 3UT3aro00pa3Hblii HarpeBaTeNb.

ONTUMAJIbHbIE WHTEPBAJIbl OTHOCUTEIBHBIX MEXBUTKOBBIX PACCTOSHUN
JexaT B Ipenenax: Juisi  JeHToyHoro 3ur3ara  e/bonr=1,4...2,6; s
npoBosioyHor  crimpanu  t/dopr=3,2...4,8; 4 OPOBOJOYHOrO  3Wr3ara
e/dom=2,5...4,5.

B Hacrosiee BpeMsi B MPaKTUKE KOHCTPYUPOBAHUSI C IEIBIO CHUXKECHUS
TEMITepaTypbl CTPEMSATCS TPUHUMATH CICAYIONME 3HAYCHUS MHHHMAIbHBIX
OTHOCUTEJIBHBIX MEKBHUTKOBBIX pacCTOSTHUM: 171 JeHThl €/b=0,9; nns cnupanu
t/d=2; nnsa npoBoiouHoro 3ur3ara e/d=2,75.

Hcnonb3oBanue PEKOMEHAYEMBIX ONTUMAJIbHBIX obacreit
OTHOCHTEIBHBIX MEXBHUTKOBBIX  PaCCTOSHUUN JaeT 3HAYUTEIBHYIO
HKOHOMHUYECKYIO 3P(HEKTUBHOCTh, 4 UMEHHO:

1) yMeHbIIAIOTCS EAMHOBPEMEHHBIA M DKCIUTyaTallMOHHBIN PacXobl
Marepuana, Tak, Hampumep, mnepexon c¢ e¢/b=0,9 Ha e/b=2 nmns neHToYHOTrO
HarpeBatens u ¢ t/d=2 Ha t/d=4 11 TpOBOJIOYHOTO CIIUPAIIBHOTO HarpeBaTeys B
1,5 paza cHmXaeT pacxo/ AeUIIMTHOTO CIUIABA;

2) TOBBINIACTCS HAJIEKHOCTH JIFOOOW CHUCTEMBI HarpeBaTeseil Oiaromaps
YBEJIMUYEHUIO I1ara U YBEJIMUUBACTCS PaJINyC THOKU;

CnenmoBareabHO, MOXKHO CJEJIaTh BBIBOJ, YTO JUJIS OOJBIIMHCTBA THIIOB
MPOMBINUICHHBIX  JJIEKTpornedelt  Haubojiee  palMOHAJbHBIM  SIBJISIETCS
MPUMEHEHUE TMPOBOJOYHOr0 3Ur3arooOpasHoro Harpepatens. [IpoBonouHbI
CIUpaJIbHBIN HarpeBaTeb JOJDKEH MPUMEHATHCS JUIIbL B T€X CIydasiX, Koria
MIPOBOJIOYHBIN 3WMI3aroo0pa3HbIil HarpeBaTelb MO TEM WM WHBIM TPHYUHAM
HENPUEMJIIEM. 3nadenust or omnpenenstor no rpadukam (IIpunoxenue
[1.3.6), HO ymoOHee W TOYHEE HAXOAUTh UX IO Tabnuie 2, MOCTPOCHHOW Ha
OCHOBaHMHM d3THX TIpadukoB. JInmsd yKa3aHHBIX BBIINIC  ONTHMAJIbHBIX
MEXKBUTKOBBIX PACCTOSIHUM 3HAYCHUSAO BBIJICIICHBI }KUPHBIM LIPUPTOM.

oc— K03 ¢uuMeHT, yuuTbiBaroumi 3aBucuMoctb Wy ot Crp, Korma
CTEIMEeHb YEPHOTHI HarpeBaTelis eguiid MeTajla €y U TeM Oosiee 00€ HE paBHBI
0,8 wm cootHomenne Fy/Fer< 0,8, On  ompenmensiercs 1o  rpaduky,
npuBeAEHHOMY B [9] mim 3 BhIpakeHUs

42



Qe = 3 (84)
Tabmuna 5
Br16op xosddunmenTa mara or
t/d; e/d,; or t/d; e/d; or
e/b I.C. I.3. 1.3 e/b I1.C. I.3. 1.3
0,6 — 0,40 0,68 2,8 1,33 1,01 1,88
0,7 — 0,45 0,80 2,9 1,37 1,03 1,90
0,8 — 0,51 0,91 3,0 1,40 1,04 1,92
0,9 — 0,56 1,00 3,1 1,43 1,06 1,93
1,0 0,52 0,60 1,09 3,2 1,46 1,07 1,95
1,1 0,57 0,63 1,18 3,3 1,49 1,09 1,97
1,2 0,62 0,66 1,26 3,4 1,52 1,10 1,99
1,3 0,68 0,69 1,33 3,5 1,55 1,11 2,00
1.4 0,73 0,72 1,39 3,6 1,58 1,12 2,01
1,5 0,78 0,74 1,45 3,7 1,61 1,13 2,03
1,6 0,82 0,76 1,50 3,8 1,64 1,14 2,04
1,7 0,86 0,79 1.54 3,9 1,66 1,15 2,05
1,8 0,91 0,82 1,58 4,0 1,69 1,16 2,06
1,9 0,96 0,84 1,62 4,2 1,74 1,17 2,08
2,0 1,00 0,86 1,65 4.4 1,78 1,18 2,09
2,1 1,04 0,88 1,69 4,6 1,82 1,19 2,10
2,2 1,09 0,90 1,72 4,8 1,86 1,20 2,11
2,3 1,13 0,92 1,75 50 1,90 1,21 2,12
2,4 1,18 0,94 1,78 55 — 1,23 2,14
2,5 1,22 0,96 1,80 6,0 — 1,25 2,16
2,6 1,26 0,97 1,83 6,5 — 1,26 -
2,7 1,29 0,99 1,86 7,0 — 1,27 —
olp— K03 bumeHT COOTHOIIIEHUS TEITIOBOCIIPUHUMATOIICH

FvuTenonsnyyatomeid mnoBepxHocred Fer, y4HMTBIBaeT BIMSIHUE pPa3MEpOB
CaJIK! M 3aBUCHT OT oTHOIeHus Fy/Fer:
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F
or=0,4+1,2( M _ 0,3) mpu 0,3 <—-<0,8, (85)
FCT CT

npu Fy/Fer> 0,8 mpuamMate ap= 1, a ipu Fu/Fer< 0,3 HarpeBaTenns «He BUIAT
CaJIKy M HaJI0 pacCYUTHIBATh CUCTEMY «HArpeBaTe)lb — KJaJKa» ¢ dp = 1.

opon —  KOIPQPHIMEHT, YYHTHIBAIONIMK  3aTEHEHHUE  IOJIOBBIX
HarpeBaTeliel poJMKaMy B POJIbIaHIOBBIX Ievax [7]; ais Apyrux meuei opoyn=L1.

[Tox pacyeTHOH MOBEPXHOCTHIO U3IEIHS MOIPa3yMEBACTCs TOBEPXHOCTD,
oOpallieHHast HEMOCPeACTBEHHO K Harpesatesssm. Ha puc. 10 ona o6o3HaueHa
NYHKTHPOM. B ciiydasix a u 6, Korja TOJIIMHA CaJKH BO MHOI'O pa3 MEHBIIIE €€
JUIMHBI W TIMPUHBI, HArpeBaTeIM B IICYM JACNATCA Ha JBe Trpynmnsl (puc. 9):

OCHOBHBIC 1 , y KOTOPBIX 6OJ_IBIHa$I H0JIA BBIACIIACMOTO
1 1 1
- LOXLLLLLL LLLLLLLLLDLLLLLLL LY SLALLLLLLEXLLL L 2L
Z C 4
g 2 L A V A L
4 23 o 7]
A R N o /] 3 “
/ === “ 7] 7] “
7 “ 3‘5 174 %
“ V
18 3 A 7 o
A 7 -
% A V 7

N
N\

7
I II7T7I77 Y. T Yy 7/,
1 1 1

a 4] 8

Puc. 9. Omnpenenenne TEMIOBOCIPUHUMAIONIEH TOBEPXHOCTH CAJKHU CII0KHOM
dbopMBI: @ — TOHKas IJJaCTMHA;, 6 —COCTaBHAas Cajka, 6 — OTJIMBKA. 1 —
OCHOBHBIE HarpeBaTelil; 2 — HarpeBacMble M3JENHs; 3 — HarpeBaTeiau s
KOMITCHCAIIMH TOJIHKO TETIOBBIX MOTEPH YePE3 CTEHKH

B Ttakux ciydasx mpu pacuere W) yUUTBIBAE€TCS TOJIBKO NOBEPXHOCTh
u3zenus, oOpallleHHass K OCHOBHBIM HarpeBaTesisiM, M COOTBETCTBEHHO
MOBEPXHOCTh CTEH, 3aHATHIX UMHU.

Onpenenus IOMYCTUMYIO YAEIbHYIO MOBEPXHOCTHYIO MOIIHOCTH Wi,
NepexoAsT K pacyeTy KOHCTPYKTHBHBIX M JJIEKTPUUECKUX MapamMeTpoB
HarpeBarels.

Jlns HarpeBartenei U3 Marepuaia Kpyrioro cedyeHus (IIpoBojioka, MpyToK)
paccYUTHIBACTCS IUAMETD:

d=343-3 , MM (86)
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n JJIWHAa:

(87)

Jl1st HarpeBaTenel u3 MaTepuala NpsIMOyTOJIbLHOTO ceueHus (JIEHTa), IPU
COOTHOIIIEHUH CTOPOH b/a = m, pacCUMTHIBACTCS TOJIIIMHA JICHTHI:

NZ.p
a=236,8- =1 , MM.
i/U2~Wﬂ-m.(m+1) (88)

I[J'II/IHa JICHTHBI JJIsI HArpe€BaTCJIsA COCTABUT!

U?-N,-m

1, =136- ,
! Vb W2 (m+1)’

M. (89)

[Tony4yeHHbIe 3HAYEHUS] CEUCHUSI OKPYTJISIOTCA 10 OJIMKaWIIero 3Ha4eHHs 10
['OCT (ITpunoxenue 11.3.9), nyuiie B 6ombiryto ctopony. [locne onpenenenus
pa3MepoB  HarpeBareis  MPOM3BOJAUTCS  MpEeABapUTENIbHAas  IPOBEpKa
MPaBUIILHOCTH BBHIIIOJIHEHHOTO pacyeTa.

[IpoBepka pacuera HarpeBaTels.

1. PaccuuteiBaeTcs JaeiicTBUTenbHas (peasibHasg) IOBEPXHOCTHAs
Harpy3ka HarpeBarens Wop:

We= 10° 0 (90)

HP

rne Fup — nelicTButenbHas (peasibHasi) MOBEPXHOCTb HarpeBaTelis, KOTOpas
paccumThIBacTCs 4epe3 IUIMHY | 1 mepuMerp MmonepevyHoro CeYeHus: MPOBOJIOKH
nd unm eHTsI axb.

W, — W
P A 100%. Eciu 8>+5%, To

WI[
HAJ0 TepecyuTaTh HarpeBaTellb C HM3MEHEHHWEM €ro Iara Wil HEKOTOPBIX
VCXOJHBIX JaHHBIX (HAIpPsDKEHUS, KOHCTPYKLIIMH WM MaTepHaia).
3. Eciin 6<+5%, To npoBepsieTcst TeMiiepaTypa HarpeBartesis:

2. BbunciisieM MOrperHocTs O =

Wy 107ty +273 *

t,y =100-4
CHP'OLZ 1

~273,°C (91)
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Ecnu mnonyueHHas temmeparypa Oouibllie JOMYCTUMOW JUIsl TPUHSITOrO
MaTepuaia HarpeBatrensi, TO BblOupaeTcsi Oojee >KapOCTOMKUN Marepuan u
MIPOU3BOIUTCS MepepacyeT HarpeBaTes.

3aBepliaeTcd pacyeT HarpeBaTeleil MPOBEPKOM pa3MElIeHUsl HX Ha
COOTBETCTBYIOIIMX CTEHKAX TMEYHOW KaMephl. [lpuMepsl pa3MmenieHuss u
KpeIJICHUs] HarpeBaTenel B meun npuBeneHbl Ha puc.10. J[ms pasmemenwus
HarpeBarejied HaxoAsT WX JJIMHY B CBEepHYTOM Bujae L u momans,
3aHUMAaEeMYIO0 UMHU.
[ns cnupanei:

[t
Le= nC—D, M. (92)
Jns 3ur3ara:
_ Ige M
T H+057’ (%3)

JlnamMeTp cupaiy MPUHUMAETCS B 3aBUCUMOCTH OT pa3MePOB, MOIITHOCTH
u temneparypbl neun D=(5...14) - d no ta6m.6. [{ns maGopaTopHbIX Meden
pekoMmeHayemoe cootHouieHue D=(4...9)-d. Beicota 3ursaroo0pazHoro
HarpeBaTesi IPUHUMAETCA MO JaHHBIM Tabi. 7 u 8.

[Ipyn BepTHUKATLHOM pa3MEIIEHWH HAa CTEHKAX 3WUT3ard IMOABEIIMBAIOTCS
Ha KPIOYKAX WM MITBHIPSAX, HA TIOAY YKJIAJIBIBAIOTCS HAa OTIOPHI 3aTHYTHIMH BHU3
KOHIIaMH, a Ha CBOJIE JTMOO MOABEIINBAIOTCA HA KPIOUKaX, JIN00, KaK 1 Ha MOy,
JexaT Ha omnopax B mupokux mazax (puc. 10). Ilo cooOpaxeHusim
paborocnocooHocTH 1ipu ty< 1000 °C momyckaercs MpUHUMATh MUHUMAJIBHBIH
quamMeTp npoBosioku d = 4 MM, TOJIIMHY JICHTHl @ = 1 MM, a Jjajee Ha KaxK[ble
100 °C MUHMMAIBHO JOMYCTUMBIN TUaMeTp MPoBOJOKK d yBenudyuBaeTcs Ha |
MM, TOJIII[MHA JICHTbl — Ha 0,2 MM.

3atemM mpoBepsieTcsl pa3MEIEHUE HarpeBaTeNsl Ha OTBEIEHHOM ISl HEro
MTOBEPXHOCTH CTEHKH (1M0oja, cBoaa) Fy, koTopast yauTeiBanack mpu pacuere Wp.

Ecnu HarpeBatenb pasmemiaercss Ha OTBEJEHHBIM MOBEpXHOCTU Fy ¢
ommnbkor < 5 %, TO pacueT MOXHO CUMTATh 3aKOHYCHHBIM. B mpoTHBHOM
ciiydae HeEoOXOIMMO CHayajga M3MEHHTHh 3a30p h B JOMYyCTUMBIX Tpeaenax, a
€CJIM 3TO HE JACT MOJIOKUTEIHHBIX PE3yIbTAaTOB, U3MEHUTH IIIar CIUpPAIU t HIn
3ur3ara €.

Ecnmm ty ocraercs MeHbIIe MaKCHMaJIBHO JOIYCTUMOM IJIi TPUHSATOTO
MaTepHuaa, TO Ha 3TOM pacueT HarpeBareieil CYUTaeTCsl 3aKOHYEHHBIM.

MakcuMalbHbIC W ONTHMAJIbHBIC JUTMHBI M TIOBEPXHOCTH JICHTOYHBIX H
IPOBOJIOYHBIX Harpesartelei, pasMeniaeMelXx Ha 1 M2 (yTepOBKY, IPUBEIEHEI B
npuioxenuu 11.3.7 n 11.3.8.
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Tabmura 6

PCKOMCHI[YCMI)IG OTHOHICHUA ITNAaMCTPOB CIIMPAJIN Du ITPOBOJIOKH d

Otnomenue D/d mns

Otnomenune D/d mns

ty, °C HarpeBaresisa Ha TpyOKe U3 HarpeBaresis Ha MOJIOUKE U3
XpoMais HUXpOMA XpoMaJis HUXpOMa
ke 1000 6..12 6..14 6...10 6...10
1000...1200 6...10 6..12 5.7 5.9
1200...1300 6...10 - — —
Tabnuma 7

[IpenenpHas BrICOTA MPOBOJIOYHOIO 3ur3ara H, Mm
B 3aBUCMMOCTH OT Marepuaia U crnoco0a pa3MeIeHus B IeYn

Mecro u Huxpowm, d, Mmm Xpomaisb, d, MM
CII0co0

kperienus | 6..7 | 8..9 | 10..11|12...14 | 6...7 | 8..9 | 10...111| 12...14
¢BOL, 215 | 250 | 280 | 300 | 150 | 170 | 190 | 210
Ha KpIOLIKaX
To, 240 | 300 | 350 | 380 | 180 | 210 | 240 | 270
Ha omopax

[Ipu pa3menieHnn 3Ur3aroB Ha BEPTUKAJIBHBIX CTEHKax nmpuHuMmaroT H He Oosee
600 MM 17151 HUXpoma (tp< 1200 °C) u 450 mm nia xpomans (tu< 1300 °C)

TaoOmura 8
[IpenensHas BbICOTA JIGHTOYHOTO 3ur3ara H, MM B 3aBUCUMOCTH

OT €ro TEMIIEPATYPHI, IIUPUHBI JICHTBI U PA3MEIIECHUS B I1€UU

[upu H B MM B 3aBHUCHMMOCTH OT MaTepuaia, ty, °C

Ha Y OPUEHTAIMU TJIOCKOCTHU HarpeBaTeis

JICHTBI XpoMaJib, XpOoMaJib, HUXPOM, HUXPOM,

b, MM BEpTUKAJIbHAS TOPU3OHTAIbHAS BEPT. TOpU3.
ty, °C| 1100 | 1200 | 1300 | 1100 | 1200 | 1300 | 1100 | 1200 | 1100 | 1200

10 250 | 150 | 130 | 180 | 140 | 120 | 300 | 200 | 200 | 160

20 370 | 230 | 200 | 250 | 200 | 150 | 400 | 300 | 300 | 220

30 420 | 280 | 250 | 300 | 230 | 170 | 450 | 350 | 320 | 270
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Puc. 10. Ilpumepsl pa3menieHus: U KperieHUs HarpeBaTeneil B AIeKTPUUYECKUX
revyax COMpOTHUBIICHHUS.

Criipajiu B TpyOuaThiX (@) U OTKPHITHIX (6) Ma3ax, Ha MOJIOYKAX BEPTUKATBHBIX
CTEHOK (8...0) U B ma3ax (e) unu Oankax (o) moaa;

3WI3ard Ha pamax (3), B ma3ax () WM Ha KpIOYKaxX CBOJA, HA IITHIPSX (1, M, p)
WK TI0JI0YKaX (#) BEPTUKAIBHBIX CTEHOK M B Ma3ax noja (o, n);

MPOBOJIOYHBIN 3UTr3ar — 3...K, M, N; JEHTOUYHBIN 3Ur3ar — 3...7, H, 0; JIMTOH
HarpeBaTellb U3 XpoMalisa — p
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HPUJIOXEHUA

Hpunoxenne 1

OCHOBHBIE TPEBOBAHUS K O®OPMJIEHUIO
MNOSICHUTEJBHOM 3AIINCKHA

1. Tekct mnosicHuTenbHOM 3amucku BbimosHsercss nmo ['OCT 2.304-81
PYKOIUCHBIM CITOCOOOM YEPHBIMU YEPHUJIAMHU WIIM MAcTOW Ha OJHOU CTOPOHE
nucta 6esoit Oymaru popmara 210x297 MM.

Jomyckaercsi TEKCT NOSICHUTEIBHOW 3alUCKU  BBINOJHATh CHHUMU
YEepHUJIaAMU WUJIU NACTOM.

Bricota OykB u mudp He menee 2,5 MMm. C pa3penieHus pyKOBOAUTENS
npoekta [I3 Moxer ObITh OTMEeuaTaHa dYepe3 jaBa HHTepBasia. PopMynbl B
MAIlIMHOMHUCHBIA TEKCT BHOCATCS OT PYKH.

3arojoBKM M MOJ3arojoBku [13 He mog4EPKUBAIOTCS W HE BBIJIEISIOTCS
JPYTUM IIBETOM.

Onucku, omnedyaTku W TpaduyecKue HETOYHOCTH, OOHApyKEHHBIE B
MIPOIIECCE BBIMOJHEHUS TIOKYMEHTA, JOMYCKAETC UCTPABIATh MOJUYMCTKON WU
3aKpalliBaHueM Oeloil KpackoilT M HAaHECEHHMEM Ha TOM JKE€ MECTe
UCITPABJICHHOTO TEKCTa PYKOIMHUCHBIM (MM JPYTrUM) CIIOCOOOM UE€pPHOM MacToi
YEpHUJIAMHU WUJTU TYIIBIO.

2. PaMKy ¥ OCHOBHbIE HAQAIMCH Ha JIUCTAX MOSCHUTEIBHOW 3alHUCKH
KypCOBOTO ¥ JUIUIOMHOTO TMPOEKTOB CJEAYeT BBINOIHATH MO (opmam B
cootBeTcTBUM ¢ ['OCT 2.106-96 u 'OCT 2.104-68 (mpuz. 1). B popme 2a (puc.
3) nomyckaetcs onycTuTh rpadsl (14), (15), (16), (17) u (18).

3. Tekcr 113 gomkeH u3naraTbCs KPaTKO, TEXHUYECKA U CTUIUCTUYECKHU
rpamoTHo. He gomyckaeTcs JOCIOBHOE BOCIHPOM3BEACHUE TEKCTa U3
JUTEPATYPHBIX HCTOYHUKOB, HE PEKOMEHAYEeTCs OOLIMPHOE OMHCAHHUE
oOIlIeU3BECTHBIX ~ MaTepuanoB.  JlOCTaTOYHO  MPUBECTH  TEXHUYECKYIO
XapaKkTepUCTUKY U MPUHIUNHAIBHBIE OCOOCHHOCTH, MMEIOIIUE 3HAYCHUE ISl
MPOEKTA.

[Ipy MOBTOPHOM OMPEACIICHUH TE€X WJIM WHBIX MMapaMeTPOB U BEIUYUH
JOMyCKaeTCsl TMPOMEXKYTOYHBIE BBIKIAIKA OMYCKAaTh M TMPUBOAUTH JIUIIb
KOHEUHBIE PE3YJIbTaThl CO CChUIKOM HAa METOAMKY MX TOJIYYEHUS WU CBECTU UX
B TaOJUILy.

4. 3anucka JOJKHA pa3lieNaThCcsl Ha pa3fesibl U nojapaszzaensl. KaxaoMmy
pasziely TOSCHHUTEIbHOW 3amuCKU TPHCBAWBAETCI HOMEpP, 0003HAYaEMBIH
apabckumu 1 pamu 6€3 TOUKH.
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[Ipy HamMuMM MOAPA3AENIOB UX HOMEPA COCTOSAT M3 HOMEpaA paszfena u
MOPSIAKOBOIO HOMEpa MoApasfesia ¢ TOYKOM MEkXIy HHMHU. B KOHIE Todka
TaKke CTaBUTCS (Hampumep, 2.3.).

[Tonpaznen nomyckaercss pa3OMBaTh Ha IyHKTHI, HyMEpalHs KOTOPBIX
BBINIOJIHACTCS aHAJIOTM4YHO, HampuMmep, 1.2.3 o3Hagaer: pasgen IepBbIi,
NOAPA3JEN BTOPOU, ITyHKT TPETHM.

HanmenoBaHue pa3ienoB W MOAPA3JAEIOB JOJKHBI ObITh KPAaTKUMU M
COOTBETCTBOBATh COJEPKAHHUIO. 3alHCHIBAIOT 3TH HAUMEHOBAHUS B BHJIE
3aroJoBKa C
ab3ana (orcrymieHne Ha 15-17 mm) cTpouHbIMM OykBamHu (KpoMe NEpBOM
MIPOTTMCHOM ).

[IepeHOCHI CJIOB B 3arojlOBKax HE JONMYCKAlOTCA. TOYKy B KOHIE
3aroJIoBKa He CTaBAT. ECIM 3aroloBOK COCTOMT M3 JBYX NIPEIJIOKEHHH HUX
pa3ensaoT TOUKOM.

5. PaccrosiHue Mexay 3arojloBKaMu M ITOCJIEIYIOIIUM TEKCTOM JIOJHKHO
ObITh paBHO 15 MM. PaccTosiHMe MeX Iy 3aroJloBKaMM pasjiesa U nojapaszienna —
8 MM.

PaccrossHne Mexay TOCIEIHEN CTPOKOM TEKCTa M TMOCIEAYIOUIUM
3arojnoBkoM pekomenayercss 10—15 mm. Ilpumep BbIMOSHEHHMS TEKCTa aH B
MIPUIIOKEHUH 2.

6. [IpuMeHsieMble TEPMUHBI U ONPENETIEHUSI JOJDKHBI ObITh €IMHBIMUA U
COOTBETCTBOBATh YCTAHOBJEHHBIM CTaHAApTaM WM, IMPU HUX OTCYTCTBHH,
SBIIATHCS] OOLIEIPUHITHIMUA B TEXHUYECKO JIUTEpaType.

7. Ilpm Hamuumu pacdy€ToB B MOSICHUTEIHHOW 3amuCKe, OHU B OOIIEM
CJIly4au, JOJKHBI COEPKATh:

— 3CKU3 WJIM CXEMY PACCUUTHIBAEMOIO U3JIEINS;

— 3aj71a4y pacuera (C ykazaHueM, 4To TpeOyeTCsl ONpeIeTUTh);

— JTaHHbIE I pacyéra;

— YCIIOBUS pacy€ra;

— pacuer;

8. YcnoBHble OyKBEHHbIE 0003HAUEHUS MATEMAaTHUYECKUX, (PU3NYECKUX U
IpPYrUX BEJIUMYHMH, a TAaKXK€ COKpAIEHUS CJIIOB B TEKCT€ M HAIIUCAX IO
PUCYHKaMHU JOJKHBI COOTBETCTBOBATH rocynapctBeHHbIM crangaptam (I'OCT
2.321-84).

Ecnu B 3amucke mnpuHsATa oco0as CHUCTEMa COKpAIEHHUs CJIOB WIH
HAaUMEHOBAHUMN, TO JOJKEH ObITh MPUBEIEH NMEPEUYCHb MPUHSTHIX COKpAILEHUM,
KOTOPBIN nomeniaroT B koH1e [13 nepea cnuckoM JuTepaTypsl.

9. HanMeHOBaHrE W3JIenUsl HA TUTYJIBHOM JIMCTE, B OCHOBHOW HaJIIMCHU
[13 u nmpu nmepBOM yNOMHHAHUU B TEKCTE 3alUCKH JIOJDKHO OBITH IMOJIHBIM H
OJMHAKOBBIM C HAaUMEHOBAHMEM €r0 B OCHOBHOM TIpaUuecKOM JIOKyMEHTE
(I'OCT 2.105-95). B nmocnenymomeM TeKCTe€ JOMYCKAaeTCs yNOTpeOssaTh
COKpPAILlCHHOE€ HAauMEHOBAaHUE W3JEIUS M MPOU3BOJBHBIN MOPSIOK CIOB B
HauMeHOBaHUU, Hanpumep, «Pama Tpakropa JID3T-250 B cOopey.
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10. 3HayeHUs CHMBOJOB U YHMCIOBBIX KO3(POUIMEHTOB, BXOMSIINX B
dbopmyIbI, JIOJKHBI OBLITH MIPUBEJICHBI HETOCPEACTBEHHO o
COOTBETCTBYIOIKUMU (hOPMYJIaMu, HAIpUMED:

S=Vt, (1)

rje S — MPONACHHBIN MyTh, M;

V — CKOpOCTh IBHXKEHUS, M/C;

t — Bpewms4, c.

Bce ¢opmynsl 1omkHBI OBITH MPOHYMEPOBAaHBI apaOCKUMHU LudpamMu B
CKOOKax, KOTOpbIE pacrnojiaraloT MNpoTHUB (QOpMyNbI B KpallHEM MpaBOM
MOJIOKEHUH.

Cchulku B TekcTe Ha HoMep (OpMysbl JalOT B CKOOKax, HampuMep, «...B
dbopmyie (1)...».

11. Korza B TekcTe 3alyiCKU MPUBOJUTCS PAJl YUCIOBBIX BEJIUYUH OJHOU
Pa3MEPHOCTH, €IMHMIIA HM3MEPEHUS YKa3bIBACTCS TOJBKO B KOHIE psla,
Hanpumep: 10, 15, 47 kB.

EauHuiel u3MepeHuss B TEKCTe CJIEAyeT NPHBOJWTh B €AUMHHUIAX
MexyHapoaHon cucteMbl (CH) — mo 'OCT 8.417. Jlonmyckaercst IpUBOAUTH B
KPYTJIBIX CKOOKaX psAOM C BEIMYMHAMU B MIPUHATON CUCTEME €AMHUIL] 3HAYEHUS
BEJIMYMHBI B CUCTEME €AMHUI] UCIIOIb30BAaHHON B IEPBUYHOM JOKYMEHTE WM B
pabore.

12. Bce mmmoctpanuu B I13 (3cku3bl, cxembl, rpaduku) Ha3bIBAIOTCS
PUCYHKaMH M MX HYMEPYIOT B mpenenax paszena. Homep pucyHka B pasnerne,
Harpumep, puc.l.l. [omyckaercsi CKBO3Has HyMmepalMs PUCYHKa B Ipenesax
BCETr0 JIOKYMEHTa, Hanpumep, puc.2. Ha Bce muntoctpaunu B Tekcte 113 1oymkHEI
OBITh CCBUIKHU (IIepBasi — JeJaeTcs B BUJE «puc.5.3», a Ha BCe MOCIEAYIONIUE B
BUJIE «CM. pucC. 5.3». MumrocTpanuu AOJDKHBI pa3MEIIAThCS B TEKCTE HE paHee
TOM CTpaHUWIbl, Ha KOTOPOM COAEPKUTCS TEpBas CChbUIKA Ha HEE, HO
HE0O0s3aTeNIbHO Ccpa3zy ke TMoclie A3ToW ccbuiku. WimocTpanuu  UMEIoT
HAaMMEHOBAaHWE M  MNpU  HEOOXOAUMOCTH  TOSCHUTENIbHbIE  JaHHBIC
(mogpucyHOUHBId TekcT). [lpumep BBINOJHEHUS PUCYHKOB TIPUBEACH B
IIPUJIOKEHUH 3.

13. Mnmoctpanuu, TaOMUIbl, TPOrpaMMbl U Jpyrue JAOKYMEHTBI IS
pacuéroB Ha OBM wninm TEKCT BCIOMOraTEIbHOTIO XapakTepa IOMYyCKaeTcs
naBaTh B Buje npuioxkenud K [13. MmmocTpamuu u TabIuIbl B IPUIOKECHUAX
HYMEPYIOTCSL.

B tekcre 113 Ha Bce mpuiiokeHUst TOJKHBI ObITh CCBUIKH, a B OTJIaBJICHUU
[I3 cnemyer nepedyucianTh BCE NPWIOKEHUS C YyKa3aHUEM HX HOMEpA H
3aroJIoBKa.

[Tpu BbIMycKe NPUIOKEHUIN OTIEIBHBIM JOKYMEHTOM B BUJE albOoMa Ha
€ro TUTYJBHOM JIMCTE MOJ HAMMEHOBAaHUEM YKa3bIBAIOT CJIOBO «lIpuinoxenuey.
OcHoBHYI0O Haanuch (popma 2) MOMEIIAIOT Ha CTPaHMIIE, CIAEAYIOIIEH 3a
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TUTYJIBHBIM JIUCTOM, & Ha MOCJIEAYIONIMX CTPAaHUIAX — HAJIUCh 10 GopMme 2a
(mpuioxenue 1, puc.3 u 4).

14. Iludposoit matepuan 3anucku opopmisiercs B Buae tadnui] no 'OCT
2.105-95 kaxmast Tabnuia 1opKHA OBITH TTpOoHYMepoBaHa. Hymepamwmst Tabimi
MIPOU3BOJUTCS TI0 TAKOM K€ CXEMe, YTO U PUCYHKH (B Ipeenax pas3zena, IJIaBbl
6o Becero Tekcrta [13). Tabnuia u ee HOMep MOMEIAETCs Ha/l IEBBIM BEPXHUM
yIJIOM €€ Ha YpOBHE JIEBOTO Kpas mojis Tabmuusl. Ha3Banue TaOIHIIBI
NOMENIAeTcsl nociae HoMmepa TaOmuubl. Ilpumepbl BBINOJHEHUS TaOJIHIL
MPUBEICHBI B IPUJIOKEHNUH 4.

Ecnmu crpoku unmu rpadpl TaOnMIbl BHIXOAAT 3a (opMaT CTpPaHUIIHL,
TaOJUILy AENAT HA YaCTH, KOTOPbIE B 3aBUCUMOCTH OT OCOOCHHOCTEH TaOJIHUIIbI,
NEPEHOCIT HA JIPYTUe JUCThl WM MOMEIIAIOT Ha OJTHOM JIUCTE PSAJOM HIIU IO
nepegHell 4YacTblo, MPU 3TOM B KAXKIOW 4YacTH TaOJMIBI TOBTOPSIIOT €€
3arojioBok U OokoBUK. CinoBo «TaOnuia», €€ HOMEp U 3aroJIOBOK YKa3bIBarOT
OJIMH pa3 HaJl MEPBOI YacThIO TAONMILIbI, @ HAaJl IPYTMMH YacTSAMM IUIIYT CIOBA
«[Iponomxenne TabnuLbD) ¢ yKazaHUEM €€ HoMeEpA.

I'padpy «Ne m/m» B Tabmumy He BrIodaroT. [Ipu HeoOxoaumocTH
HyMepaIiy MoKa3aTeiel Wi IPYTruX JaHHBIX MOPSAKOBBIE HOMEpPA YKa3bIBaIOT
B OOKOBMHE TaOJIMLIBI IIEpE]T €€ HAUMEHOBAHUEM.

[ToBTOpsitonmiicss B Tpade TaOMMIBI TEKCT JOMYCKAeTCs 3aMEHATH
CIIOBaMHU «TO JKe», KOTOpBIE Jajiee 3aMEHSIOTCS KaBblukamu. He momyckaercs
3aMEHATH KaBbIYKaMH B TaOJHIIAX MOBTOPSAIOIMINECS MU(PPHI, MATEMaTHUECKUE H
JpyTHe CUMBOJIBI, MApKH MaTepuaioB u T.1m. Ecou nuudpossie nanHbie B rpadax
TAaONUIBl BbIPAXKEHbl B PA3JIMYHBIX EAMHMUIAX (PU3NYECKUX BEIMYMH, HX
YKa3bIBAIOT B MI0J13ar0JIOBKU KaXKI0W rpadpl.

CrnoBa «0boiee», «He Ooyee», «MEHee», «He MEHEe» M JIp. JOJDKHBI OBbITh
NOMEIEHbl B OJHOW CTpoke WM Tpade Tabauubpl € HaWMMEHOBaHUEM
COOTBETCTBYIOIIETO MOKa3aTeys (Mocie eAMHUIIBI (PU3NIECKON BETUUHHBI), €CIIN
OHHU OTHOCSITCSI KO BCEH CTpOKe WM rpade.

YucnoBble 3HAYEHUS BEJIMYUH B OJHOW rpade MODKHBI UMETh, Kak
MPABHUIIO, OIMHAKOBOE KOJIMYECTBO JACCSITHUYHBIX 3HAKOB.

[Tpu ykazanum B TabIWIAX MOCIEIOBATEIBHBIX HMHTEPBAJIOB 3HAUCHUH
BEJIMYMH, OXBATHIBAIOIINX BCE 3HAYCHUS psAa, mepen HUMU numyT «OT... J0...
BKIItO4Y.», «CB... J0... BKIIOY.». B HWHTepBane, OoXBaThIBAIOIIEM YHCIA psaa
MEXIy KpaHUMHU YHCIIaMU psAfia B TAOJIHUIIE JOMYCKAaeTCsl CTAaBUTh THPE.

WuTepBasipl 4nces B TEKCTE 3alMCHIBAIOT CO CIOBAMHU «OT» H «J10» (MMes
B BUIY «OT... J10... BKJIIOYUTEIBHOY»), HAPUMEP «...TOJIIMHA CJIOS AOJKHA
obITh 0T 0,5 10 2,0 MM» Unu yepe3 Aeduc, HarpuMmep «mi. 7-12», «pucyHok 1-
14». Tlpenensl pa3MepoB YKa3bIBAIOT OT MEHBIIUX K OOJBIINM.

15. IlpaBuia BBIMOJHEHUS JUarpaMm, H300paxaromux GyHKIHOHAIBHYIO
3aBHCHMOCTh JIBYX WM 0oOJiee MEPEMEHHBIX BEIUYMH B CHUCTEME KOOPIWHAT
yctanaBimuBaloT  pekomenganuu ECK]I[ P50-77-88. Jlmarpammbr  1j1s
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UH(OPMAIMOHHOTO U300paKEeHUS (G YHKIMOHATBHBIX 3aBUCHUMOCTEN
JIOTYCKAeTCs BBIMOJIHATH O€3 IIKaJl 3HaYCHU N BEJTUYHH.

B npsiMoyronsHO#M cucTeMe KOOPIUHAT HE3ABUCUMYIO NIEPEMEHHYIO, KaK
NpaBUJIO, CIEAyeT OTKJIAJbIBaTh Ha TOPU30OHTAIBHOM ocu (ocu abcuucce),
ITOJIOKUATEIIbHBIEC 3HAYCHHUSI BEJIMYMH OTKJIAIBIBAIOTCA HA OCU BIIPABO U BBEPX OT
TOYKM Hayana oTcuéra. B amarpamme Oe3 IIKam OCH KOOpJAMHAT CIEAYeT
3aKaHYMBATh CTPEJIKAMH, YKA3bIBAIOIIUMH HAIIPABIICHUs BO3PACTaHUS 3HAYCHHUU
BEJINYHH.

[Ipy BBINOJIHEHWH [OHWArpaMM B MPSIMOYTOJIBHON (HPOCTPAHCTBEHHON)
cucTeMe TPEX KOOPAMHAT (PYHKIIMOHAIBHBIC 3aBUCMOCTH CIEAYET U300paxkarh
B akcoHoMeTpuueckoi npoekuuu no I'OCT 2.317069.

B aumarpammax, u300pa)kalomMX HECKOJbKO (GYHKIUNA Ppa3InYHBIX
MEPEMEHHBIX, @ TAKXKE€ B JAMArpaMMmax, B KOTOPBIX OJHA U Ta K€ MNEpPEeMEHHas
JOJKHA OBITH BBIpa)KEHA OJTHOBPEMEHHO B PA3JIMYHBIX CAMHUIIAX, JOIMYCKAETCS
UCIIOJB30BaTh B KAauecTBE IIKaJd KakK JIMHUM KOOPAWHATHOW  CETKH,
OTPaHWYMBAIOLINE TIOJIE JHarpaMMbl, TaK M TPSIMBIE, PACIIOJIOKECHHbBIC
napajieIbHO KOOPJAUHATHBIM OCSIM (MPUJIOKEHUE 3, puc.2).

Yucna y mkan cienyer pa3Melarb BHE MOJIA AUarpaMMbl U pacIiojiaraTh
TOPU30HTAJIBHO; JTOMYCKAeTCs MpPH HEOOXOAMMOCTH HAHOCUThH YHMCA Y IIKal
BHYTpPH IOJS AuarpamMMbl. MHOTO3HAaYHbIE YMClIa IPEANOYTUTEIIBHO BBIPAXKATh
kak kpatasie 10", roe N — nenoe uncno. Koadpdumment 10"cneayer yxaspiBaTh
JUISL JAHHOTO MAIla30Ha IIKaJIbl.

Hwuarpammsel cnepyer BbIMONHATH JuHuAMU 1o ['OCT 2.303-68. Ocu
KOOpJAMHAT, OCH IIKaJ, OIPAaHWYMBAIIIME II0JE€ JUarpaMMbl, CIIEAYET
BBINOJIHATH CIUIOIIHOW JIMHUEH. JINHUM KOOPJIMHATHOW CETKH U JECIUTEIIbHBIE
LWITPUXU CIIEYET BBINOJHATH CIUIOIIHON TOHKOW JINHUEH.

EquHunbl u3MepeHusi ciaeqyeT HAHOCUTh B KOHIIE IIKAaJIbl, MEXKIY
MOCJICTHUM W TMPEANOCIECTHAM YWCIaMU IIKalbl (MPU HEJOCTaTKH MecTa
JIOTyCKAeTCsl HE HAHOCUTb IMPENINOCIeIHee 4YHCIO), WIM BMECTE C
HAaMEHOBAHHUEM IIEPEMEHHOUN BEJIMYMHBI IOCIIE 3aIISTOW, WIM B KOHLE IIKAJIbI
MOCJIE MOCJIEIHET0 Ynciia BMECTe ¢ 0003HaYCHHE IEPEMEHHON BETMYUHBI B BUJIE
Ipo0u, B UUCITUTENE KOTOPOM HAHOCIT 0003HAYEHHE MEPEMEHHON BEJIMYMHBI, a
B 3HAMEHaTesie — 0003HaYeHUE €MHUIIBI U3MEpeHUs (IPUIIoKEeHUE 3, puc.2).

EnvHuiel u3mepeHust yrioB (Ipaaychl, MHUHYTBI, CEKYHJIbI) CIEIyeT
HAaHOCUTbH OJIMH pPa3 — Y MOCIEIHETO YHUCIIA [IKAJbI.

JunarpaMmMa MOXET HMMETh TMOSICHUTEIbHYI0 4YacThb (TEKCTOBYIO,
rpauyecKyio), pa3zbsACHAIONIYI0 NPUMEHEHHBIE B JAMarpaMMme OOO3HAuYeHUS,
KOTOpasi pa3MeniaeTcsl Mocjie HauMEHOBAHUS UarpamMMbl WJIM Ha CBOOOIHOM
MECTE IOJISL UarpaMmbl.

[lepeceuenne Hammuced W JUHUM He pomnyckaercsa. [Ipum HemocraTke
MeCTa CJIEYyET IPEPBATh JUHUIO.

16. Hymepariust TUCTOB MOSICHUTEIHHOM 3aMUCKH JOJIKHA OBITh CKBO3HOM
U1 TEKCTAa W TPWIOKEHWM, HAauyuHas ¢ TUTYJbHOro Jmcta. IlpocraBisercs
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HyMepalusl ¢ TPEThEero JUCTa (TUTYJIbHBIA JIUCT U TEXHUYECKOE 3aJaHUE HE
Hymepytotrcs). Homep nucrta mpoctaBisieTcsi B OCHOBHOM HAJIIUCU CIIpaBa
BHU3Y.

TUTYIBHBIN JUCT ABISETCS MEPBBIM JUCTOM MOSICHUTEIBLHOW 3amucKku. B
MPUJIOKEHUHU 5 AaH TUTYJIbHBIA JUCT IJI1 KYpCOBOIO MPOEKTA U B MPUIOKECHUU
6 — 715 AUTUIOMHOTO TIPOEKTA.

17. AnHOTanMs nomeniaeTcs Ha TPEThbEM JIUCTE MOSCHUTEIBbHOM 3aIINCKH,
uMeroeM ocHOBHYIO Haamuch o gopme 2 'OCT 2.104-68 (nmpunoxenue 7).
Annortaimust (B coorBerctBuu ¢ ['OCT 7.0-84) mpencrtaBiseTr KpaTKylo
XapaKTEPUCTUKY MPOEKTa C TOUYKH 3PCHHS COJCPKaHMsI, Ha3HAYCHHS, (OPMBI U
npyrux ocobOeHHocTed. OHa BKIIIOYAET OCHOBHYIO TeMY MPOOIEMBbI, IEIH
pabotel. B aHHOTanMM yKa3bIBalOT, YTO HOBOTO HECET B cebe JaHHas padoTa.
[IpuMep BBITIOTHEHNS AaHHOTALIMU IPUBEIEH B IPUIOKEHUH 7.

18. 3a aHHOTamuel IOMEIIAETCS OIJaBJICHUE, B KOTOPOM BHOCSATCS
HOMEpa M HAWMMEHOBAHHWE pa3/CiOB U TMOJAPA3ACIOB C  YyKa3aHUEM
COOTBETCTBYIOIIMX CTPAHUI, CIHCOK JIUTEPATYPbI, NEPEUEHb MPUIOKECHUN U
JIpyroi TOKyMEHTAI[UU, OTHOCSIIEHCS K KyPCOBOMY WJIM AUIIJIOMHOMY ITPOEKTY.
[IpuMep BBINOTHEHUS OTJIaBICHUS MPUBEACH B MIPUIIOKECHUH 8.

19. B xonue II3 npuBOAUTCA CHHCOK JIMTEPATYPBHl, HOPMATHBHO
TEXHUYECKON JOKYMEHTAallMM U JPYTUX JOKYMEHTOB MCIOJIb3YEMbIX IIPU
BBIUCPUMBAHUM YEPTEKEH CXEeM U cocTaBiieHUH 3anucku. CcbUulka Ha
JUTEpaTypHbIE UCTOYHUKU JEIAeTCsl YKa3aHUEM IMOPSIKOBOTO HOMEpa Ha ATOT
HMCTOYHUK, 3aKJIIOYEHHBI B KBajJpaTHble CKOOKH. Ecin B OIHOW CCBHUIKH
HEO0OXOJMMO yKa3aTh HECKOJIbKO MCTOYHHUKOB, TO UX HOMEpaA YKa3bIBAIOTCS B
OJIHUX CKOOKax B MOPSKE BO3PACTAHMS Yepe3 3alATyI0 WK TUpe (€CiIu HoMepa
CJIEYIOT MOApsiA, HanpuMmep, [5—9]). Criucok auTepaTyphl COCTaBIsAETCS JIMOO B
an(aBUTHOM TOPSIKE, TUOO B MOPSIIKE UCTIOIB30BAHMS UICTOYHUKA.

20.  Cpemudukanuu,  CONPOBOXKAAIONINE  COOPOYHBIE  UYEPTEXKH
JTUTIJIOMHOTO M KYPCOBOTO TMPOEKTOB, OMPEACISIOT COCTaB M300pakEHHOTO
U3J1eNIUSI U HEOOXOIUMBI JIJIs KOMIUIEKTOBAHUSI KOHCTPYKTOPCKUX JTOKYMEHTOB U
MJIAHUPOBAHMUSI 3aITyCKa U3JIeNUs B TPOU3BO/ICTRO.

Pexomenayercss ¢ y4eOHOW T1IelbIO COCTaBJICHHE —CrHElnU(PUKAIINA,
COMPOBOXKAAIOIINX YEPTEXKHU OOMMX BHUJOB. VCMONHSIOTCA crenu(pUKaUU Ha
OTIENBbHBIX OTaHKax A4.

Kaxxaplii paszzen 3anucbiBaeTCs B BUE 3arojioBka B rpade cnenudukammm
«HanmenoBanue» u mnomuépkuBaetcs. [lpumep 3amonHeHus crenudukanuu
MPUBEIEH B IPUIOKEHUH 9.

PexomennytoTcs ciemyroniue InpaBujia 3amojiHeHus crnernudukanuu. B
BEPXHEH TIOCJI€ TOJOBKM CHENU(PUKAIMK CTPOKE C MPOMUCHOW OYKBBI
3alUChIBA€TCS HAMMEHOBAaHUE pazlena U nogdyépkupaetrcs. OTCTynamT OIHY
CTPOKY U BIIHCHIBAIOT HAMMEHOBAaHUE CHEIMUMUIMPYEMBIX JTOKYMEHTOB C
COOTBETCTBYIOIIUMH  0003HaueHWsiMU. OtTcTynaror emé OfHy CTPOKY
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3aMKMCHIBAIOT CIAEAYIOIMMA pa3zen, noauépkuBas ero. C OTCTYIUIEHUEM B OJIHY
CTPOKY BIIUCBIBAIOT 3JIEMEHTHI 3TOTO pa3fena u T.1.

B cnemudukaiusax yueOHbIX MPOEKTOB JOMYCKAETCs MOCIE 3alliCU BCEX
HAaUMEHOBAHMUW DBJEMEHTOB JAaHHOTO pas3fena (0COOEHHO B  paszzaenax
«CrannmaptHeie u3genusi» u «Marepuaibl») TpPOMycKaTh ABE-TPU CTPOKH IS
JONIOJIHUTENBHBIX 3amuced. MOKHO pe3epBUpOBaTH M HOMEpa IO3WLIMM,
KOTOpPBIE MTPOCTABJISIOTCS B CHCHM(PUKAIIUIO TIPU 3aII0JTHEHUN PE3EPBHBIX CTPOK.

JlormyckaeTcsi COBMeIeHHE crienu(ukauii co cCOOpOYHBIM YePTEKOM IpU
YCJIOBUU UX pa3MeIleHus Ha Jucte A4.

Odopmienue Oudamorpaguu(cnricka JIUTEpPaTypbl) MPOU3BOAUTCS B
cootBercTBUM ['OCT 7.1-84 110 cieayrommnmM OCHOBHBIM ITpaBUIIaM.

a) ®amwius ¥ wHULMAIBL aBTopa. Ecim aBTOpOoB He Ooisiee Tpex, TO
NIEPEUNCISIIOTCS.  BCE, €CJIIM  aBTOPOB 4YETBIPE, TO BCE YETBIpE aBTOPA
YKa3bIBAIOTCS IOCJI€ Ha3BaHUS KHUTU 4epe3 Kocyr uepTy ( / ), Touka mocie
KOTOPON HE CTaBUTCS, HO MHUIIMAJIBI KAKJIOTO aBTOpa JOJKHBI ObITH BIEpEIU
ero gamwmmun.Ecnu aBTOpoB 6oJiee YeThIpeX, YKa3bIBAIOTCS MEPBbIE TPU aBTOPA,
a J1ajiee BMECTO OCTAJBHBIX MULIETCS «H JIp.»

0) Ha3Banume ucrouHuka npuBoauTca 0Oe3 KaBblueK. CoOKpallleHHE He
nomnyckaetcs. Eciii ecTh MoA3arojloBOK, OH MUILETCA ¢ OO0JIBIION OYKBBI MOCHE
OCHOBHOTI'O M OTAensieTcs ApoeTouneM. [locie Ha3BaHUs CTaBATCS TOYKA U THPE.
Ecnu nmeeTcst peaakTop, yKa3bplBalOTCA €ro MHULMAIBL U (haMUJIUS MOCIEe KOCOM
yeptel: / [lox pen.<unuimansl U GaMuiaus peaakropa> . AHAJIOTMYHO, €CIU
UCTOYHHUK TEPEBOAHON, B OuOIMorpaguu yKa3bIBalOTCS MEPEBOAYHUK H
penaktop: / Ilep. ¢ anrn.: <ununumansl U pammwimu nepeBoguuka>. [lox pen.
<vHULDMANBl W Qamuwinsg penakropa>. OTaeiabHbIE KHUTH, CO3/1aBacMbIe
KOJUIEKTUBOM aBTOPOB, OMOIMOrpauuecku MOTYT HAUMHATHCS C HA3BaHUS, a He
¢ dhamunuii. B sToM ciydan (amMuiiid aBTOPOB YKa3bIBAIOTCA TOCIE Ha3BaHUS
yepe3 / <UHUIMAJbl U (haMHIIMKA aBTOPOB>.

B)Mecto wuznmanusi (TOpoJ, TEpen KOTOPHIM CTaBUTCS TOYKAa W THUPE)
nuuercss ¢ O00JpIIod OYKBBI MOJHOCTBIO, MOCJIE Ha3BaHHS TOpPOJa CTABUTCS
nBoeroune. Jlomyckarorcs Toyibko cokparenus M., J1., CIIO.

r) Ha3Banue mznmatenbcTBa mumiercs ¢ OOJbIION OYKBbI 0€3 KaBBIUEK.
Ecnu B Ha3BaHuE M3aTENbCTBA BXOIUT clIOBO «M3marenbcTBO», €ro MUIIyT
cokpamieHHo «M3n-Bo», 0e3 KaBblYeK, a CaMO Ha3BaHUE MOXET ObITh B
KaBbIUKax (Kak B opurunHaine). [lociie n3narenbcTBa CTaBUTCS 3amsTasl.

n) Ton w3manua. CnoBo «rom» He numercs. Ilocie roxa
(4eTBIPEX3HAYHOIO YKCJIa) CTABUTCSI TOUKA U TUPE.

e) Cnenyromuii 3IEMEHT — TOCJE TUPE YKa3bIBAETCS 00beM MCTOYHHUKA
(KHUTH) B BUIC Yncia ¢ OYKBOM «C.» (CTpaHMI).

k) Ilpu ccbulke Ha CTaThu W SKypHaJIbl YKa3bIBalOTCA. (pamwmmms u
uHUIManel apTopa. Hazanue cratbu / Ha3zBanue xypHana. — ['of BeIITycka. —

Howmep xypnana.— Homepa cTpanuil, 3aHnmaeMblie ctatbell (Hanpumep, C. 40—
45).
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Ipuiaoxenuss opopMISIIOT Kak MPOJODKeHHE 3amucku. Kaxkmoe
PUJIOKEHNE HAYMHACTCSI C HOBOW CTPAHMIIBI, B TIPABOM BEPXHEM YTy MHUIIETCSI
cioBo «lIpuoxeHune», CTaBUTCS €ro HOMep apaObcKkuMu nudpamu 6e3 KaBbIUeK
U cuMBOJIOB No, THINETCS Ha3BaHHE, KOTOpoe OQGOpMIISIETCS Kak 3arjaBHe
pa3zena W TNPUBOAMUTCA B OIJIABJICHMH, 3aTe€M CIEAyeT COJep)KaHue
npunioxkenusi. Eciu B 3amucke MMeeTcs JHIIb OAHO IMPHIIOKEHHE, TO €ro He
HYMEpPYIOT.

9. Chenudukanuu, COMPOBOXKTAOIINEC YEPTSKA OOIMMUX BHUJIOB,
ucnonustorcs cornacHo ['OCT 2.108-68 na otnenpHbIX O6maHkax ¢popmata A4 u
npuBojsaTcs B [13 mocne npunoxxeHusl.

Crerudmkanuy B 00IIeM CIydal COCTOSIT U3 Pa3AesioB, KOTOPhIE 0OBIYHO
pacrofararTcs B CICIYIOIICH MOCIeI0BATeIbHOCTH:

— JTIOKYMEHTAITHS;

— KOMIUJICKCHI;

— cOOpOYHBIC CTUHUIIBI,

— MPOYUE U3AEIUS;

— MaTepuabl;

— KOMILJICKTHI.

Ipuioxenue 2
OPOPMJIEHUE ' PAOUYECKOI'O MATEPUAJIA

1. YepTexu U CXeMbl JIOJDKHBI OBITh BBITIOJHEHBI Ha JIUCTAX OCHOBHBIX
dopmaroB ycranoBieHHbix ['OCT 2.301-68. ®opmar yeprexa oOmnpeaensercs
pa3MepaMu BHEIIHEW PaMKH, BBIIIOJIHEHHOM TOHKOM JMHHUEW. JIMHUM pamku
YepTeka HAHOCAT Ha PACCTOSSHUM 5 MM OT BHEIIHEW W BBIITOIHSIOT CIUIOLIHOU
OCHOBHOM JIMHUEH. [[7151 OpOonTtopoBKH YepTexeil B allbOOM OCTaBJISIOT Y JIEBOTO
Kpast iucta (B mpenaenax Gopmara) CBOOOAHOE MoJie MUPUHOM 20 MM.

B tom xe IT'OCT 2.301-68 ycraHaBiuMBarOTCs OCHOBHBIE U
JOTIOJIHUTENbHBIE (opMaThl uepTexeld. 3a OCHOBHbIE NPUHUMAIOT Gdopmar
841x1189 mm um apyrue Qopmarbl, MOJyYEHHbIE MYTEM MOCIEAOBATEIIHBHOTO
JeJICHWs €ro Ha JIB€ paBHbIE YaCTH MapajuleibHO MEHbIIEH CTOPOHE
COOTBETCTBYIOIIETO hopMara.

O603HaveHHs ¥ pa3Mepbl OCHOBHBIX (hOpMaTOB yKazaHbl B Ta0. [12.1.

JlonomauTenpHbIe (OpMATHl 00Pa3yIOTCs YBEIUUEHUE KOPOTKHX CTOPOH
OCHOBHBIX ()OpMATOB Ha BEIIMYUHY, KpaTHYIO0 uX pazMmepaM. Hampumep: A0x2,
Adx8 u T.1.
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O603HaveHus ¥ pa3mMepbl GOpMATOB YEpTEKEN

Taomuma I1.1

O6o3HaueHue O6o3HaueHue
Paszmepsbl, MM Pa3zmepsl, MM
dbopmara dbopmara
A0 841x1189 A3 297x420
Al 594x841 A4 210x297
A2 420x594 A5 148x210

2. N3o0pakeHuWe W3JAENHsA Ha YEPTEHKE BBIMOJHIECTCS B MacIirade,
ykazanHoM ['OCT 2.302-68 (ta6u. I1. 2).

Ta6nuua I1.2
Macuita0Obl 1J1 U300pakKeHHs] U3IEIHM

MacmraObl 1:2;1:2,5; 1:4; 1:5; 1:10; 1:15; 1:20; 1:25; 1:40; 1:50;
YMEHBITICHUS 1:100; 1:200; 1:400; 1:500; 1:800; 1:1000
Harypanphas 11

BCIIMYMHA

MacmrraGk: 2:1:2,5:1;4:1; 10:1; 20:1; 40:1; 50:1; 100:1
YBCIMYCHUA

3. Jns womocTpauuu JOKJIaJa OpH  3allUTe MPOEKTa JIOMyCKaeTcCs
U3rOTOBJIeHUE (Ha OTHenbHbIX Juctax ¢opmata Al u A2) mnakaroB (I'OCT
2.605-68) ¢ oroOpaxkeHneM HEOOXOIUMBIX OMOJHUTEIBHBIX MaTePUATIOB:
rpaduKoB, 3CKU30B, CXEM KOHCTPYKUUH, popMyn U T.1. IlnakaT 1omkeH uMeThb
TaKOW >K€ BHJ, Kakod uMenu Obl yBeaudeHHble (ororpaduueckum mnyTEM
CXeMbl, TaOMUIBl M T.I., TO €CThb JOJDKEH HMETh MPONOPLUOHAIBHO
YBEJIMYEHHBIE MO TOJIIUHE THUIBI JIUHUN, TUPPOBbIE, OyKBEHHbIE 0003HAYEHUS
U HAANMCH. YKa3aHWs O [MPUHAIICKHOCTH IUIAKATOB K ONPEIEIEHHOMY
JUIUIOMHOMY IIPOEKTY JOJDKHBI TOMEIIAThCS B IPAaBOM HIDKHEM YIJIy HX
000poTHOI cTOopoHbl. PaMKka Ha muiakaTax He fenaercs. 4. Hauepranue,
OCHOBHO€ HA3HAUYECHWE W TOJIIMHBI JIMHUKA YEPTEXKEU BCEX OTpacieu
npombituieHHOCTH onpeaeneHbl ['OCT 2.303-68 (cm. tadu.I1 3).

CneunanbHOe Ha3HauYeHHE JUHUN (M300pakeHHe pe3bObl, MUIUIEB,
IPaHULIBl 30H C pa3JIMYHOM IIEpPOXOBATOCTbIO W T.A.) OIpPEACNICHbl B
COOTBETCTBYIOIIIMX  CTaHjaprax  EIMHOM  CUCTEMBI  KOHCTPYKTOPCKOU
nokymentauu: ['OCT 2.308-79, TOCT 2.309-73, TOCT 2.311-68, TTOCT
2.409-74 wu np.

Bb160p KOHKPETHOW TOJIMIMHBI S CIJIOMIHONM OCHOBHOM JIMHUM 3aBUCHUT OT
BEITUYMHBI U CIIOKHOCTH U300paKeHUs, a TaKkKe OT (DOPMBI uepTexa.
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Tonmmua JTUHUK OJHOTO W TOTO K€ THUIIA JOJDKHA OBITH OJMHAKOBA IS
BCEX H300paXKEHWM Ha JaHHOM YEpPTEKE, BBIUCPUMBAEMBIX B OJMHAKOBOM

MacIiTaoe.
HauMmensbiias ToJIIMHA JIMHUA, BBIIOJHEHHBIX B KapaHjaaiie, 0,3 M.
Tabmmna I1 3
HaunmMenoBanue, HauepTaHue M TOJIIMHA JIMHUA
HaumenoBanue Hauepranue Tonmuua

CrutoniHasi OCHOBHasI

S=(0,5...1,4) mm

CrutonHasi TOHKas

Or S/3 10 S/2

CrtoniHasi TOHKas ¢ M3JI0MaMHU
(ITMHHBIE IMHUUA O0OpHIBA)

«F

CrutonHasi BOJIHHUCTAs

3..5 5...30
HITpuXxmyHKTHpHAS TOHKAs —«—
]_HTpI/I)EHYHKTI/IpHa}I 3.4 3..8 OrS/2 1023 S
YTOJIIEHHAS ] ; ] ——
[ITpuxoBas 1.2 2..8 Or S/3 10 S/2
8...20
PazomknyTas : OrSnmo3/2S

5. OcHOBHas HAJMKHCh HA YEPTEKAX PACIOJAraercsi, B IPaBOM HUKHEM

yray. B y4eOHOW KOHCTPYKTOPCKOW JIOKYMEHTAllMd HMMEIOTCS HEKOTOphIC
cnenupuyeckrue OCOOCHHOCTH 3aroJHEHUST OCHOBHOW Hammucu. B rpadswi,
IpOHyMepoBaHHbIe LM(ppamMu B ckoOkax Ha ( cMm. puc.l — 4, npunoxenus 1),
3aMKUChIBAIOT:

B rpady (1) — HaumeHoBaHus u3Aenusd, Hamnpumep «lopenka
nmkekonHas». B coorBerctBuu ¢ ['OCT 2.109-73 HauMeHOBaHUST W3EIIUSI
JOJKHO OBITh MO BO3MOXXHOCTH KpPAaTKUM M 3alMCHIBAThCS B MMEHUTEIBHOM
najie)ke €IMHCTBEHHOro 4uciia. Eciim HauMEHOBaHUE COCTOMT U3 HECKOJIBKUX
CJIOB — Ha [IEPBOM MECTE NOMEIIAOT UMSI CYIIECTBUTEIBHOE;

B rpady (2) — BHOcuTcs obo3HaueHue nokymenta mo ['OCT 2.201-80.
JIoKyMEHTaM AUIUIOMHBIX IPOEKTOB, OXBATHIBAEMBIX HACTOSILIHM CTAHJIAPTOM
(CTII), npucBamBaeTcs MNpeAMETHOE, O00O3HAUYEHHE  HUKECIEAYIoIen

CTPYKTYpBHI:
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1105 2000 118 0O/ 00 Cb

1 2 3 4 5 6

rie 1 — mmdp cnennanabHOCTH;

2 — roj pa3paboTKu;

3 — mocieaane Tpu MUGPHI HOMEpa CTYJAEHYECKOTO yI0CTOBEPCHHS;

4 — HOMep COOPOYHON €UHUIIBI WIIH CXEMBI;

5 — HOMep AeTaiu (MO3UIMs €€ Ha yepTeke COOPOUHOUN eAMHUILbI);

6 — ob6o3nauenne koma yeptexa: BO — obmmii Bun, Cb — cO6opouHsIif,
['Y — rabaputnbiii, MU — moHTaxHBIN, [13 — nmoscHuTenbHAsA 3anucka, MO

— DJJIEKTPOMOHTaXHbIM, YU — yImakoBOYHBIM 4epTéx, I3 — cxeMma
JJEKTpUYECKass IPUHLUIIAAIBHAL W T.JI. Yeprexy JeTali KOJ  HE
IIPUCBaNBaCTCS.

Ecnu 3anonnsiercs rpada (2) oCHOBHOM HAAMKUCH JOKYMEHTa KypCOBOIO
MPOEKTa, TO CTPYKTypa 0003HAYEHUS TPUHSATA CJICTYIOIIETO BUIA!

OdM-318 23 08 40 00 BO

1 2 3 4 5 6

rae 1 — mmdp axynprera U HOMEpP aKaAEeMUYECKOM TPYIIIIbI;

2 — HOMEp TeMBI 3a/IaHusI Ha OJIaHKe Ka(eaphl;

3 — BapUAHT UCXOJIHBIX JIAHHBIX:

4 — HOMep cOOPOYHON €ANHMUIIBI Ha CXEME;

5 — HoMep nerany;

6 — oOo3nauenue gokymenTa (BO — o6mmit Bug, [13 — nosicHuTenbHast
3ammucKa, 95 — cXeMa AJIEKTPUUYECKOTO MOAKIIOUEHHS U T.11.)

B rpady (3) OCHOBHOW HaaNMUCHU — MaTepuan JeTalud TI0
COOTBETCTBYIOILIEMY T'OCYJapCTBEHHOMY CTaHIApTy U OO0O3HAYEHHE 3TOrO
cranaapra. ['pada 3anonHseTcs TONIbKO Ha YEPTEXKAX JAETAJICH.

O6o3nauenne MarepuanoB mnpousBogutcs 1o ['OCT  2.109-73.
Jonyckaercs Ba BapuaHTa O0OO3HAUYCHHUsS MaTepuasioB, Hanpumep, Ctanb 45
I'OCT 1050-88, nnu ¢ ykazaHMEM COPTAMEHTA:

5x50 T'OCT 103-76
ITonoca ,
Cr3 T'OCT 535-88
Ecin B ycrnoBHOoe o00OO03HaueHHE MaTepuana BXOJUT COKpAIEHHOE
HauMeHOBaHue AaHHOTO maTepuana «Cr», «CUy», «KU», «bp», «AJl» u npyrue,
TO moNHOe HaumeHoBaHue «Cranb», «Cepplii uyryn», «KoBkuii 4yryn»,
«bpoH3a», «AIFOMUHUEBBIN CIUIaB» U APYIHME HE YKa3blBAaIOT, Hampumep, Ct3

I'OCT 380-88;
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B rpady (4) — OykBeHHOEe 00o03HaueHue JuTepbl aokymeHTta nmo 'OCT
2.103-68. I OUIJIOMHBIX ITPOEKTOB MpUHSATA JUTepa «I1», MIsl KypCcOBBIX —
«K»;

B rpadax (5) u (6) COOTBETCTBEHHO YKa3bIBAIOTCS Macca M3CIUS B KT H
MacIITab ero n300paKeHusl Ha TAaHHOM YEPTEeXKE;

B rpady (7) — mOpsAAKOBBIA HOMEp JKMCTa (HAa JOKYMEHTaX, COCTOSIINX
U3 OJIHOTO JIMCTA, rpady HE 3aMOHSIOT);

B rpady (8) — o01Iee KOJIUIECTBO JIUCTOB TOKyMeHTa (Tpady 3amoaHsoT
TOJIBKO Ha MEPBOM JIUCTE);

B rpady (9) — cokpaménHoe 0003HaUCHHE YYCOHOTO 3aBEICHUS W
Kadeapbl, Ha KOTOPOM BBIMOJIHAETCS MpoeKT, Hampumep, HOYpl'Y kadenpa
OMudTT;

B rpady (10) — xapakrep paOOTHl, BBINOJIHIEMON  JIUIOM,
MOJAMKUCHIBAIONINM JTOKYMeHT: Pa3pab. — CTy[eHT, BBINOJHSIOMUNA padoTy;
[IpoB. — pykoBoauTenb mpoekra; KoHC. —  KOHCYJNBTaHTHI IO
COOTBETCTBYIOIIIEH YacTH MpoekTa (Hampumep; T. KOHTP. — TEXHOJOTHUYECKHI
KOHTpOJIb; KOHC. 3K. — KOHCYJNBTaHT O OpPraHU3allMOHHO-PKOHOMHUYECKOM
yactu; Konc. Tb — KOHCYJBTaHT MO OXpaHe TPyJa U TEXHUKE O0€30MMacCHOCTH U
T.1.); H. KOHTp. — HOPMOKOHTpOJNEpP; YTB. — 3aBeAyronui kadeapoii; B
rpadax (11), (12) wu(13) — damuaus nNOANMMCH U UCHOIHSAIOMIMX U
YTBEPKIAIOIINX JOKYMEHT JIUIL U J1aTa;

B rpadmur (14), (15), (16), (17), (18) 3anuchiBatoTCSI COOTBETCTBYIOIINE
HOMEpa JOKYMEHTa, Ha OCHOBAaHUU KOTOPBIX BHOCATCS U3MEHEHUsI B JIaHHBIN
YEpTEXK.

6. Texnuueckue TpeOOBaHMS K HW3AEIUIO, Pa3MENIAIOT HaJ OCHOBHOM
HAJIUCHIO0, & TEXHUYECKYI0 XapaKTePUCTUKY BBIIIE, TUOO HAa CBOOOTHOM IIOJIE
yepTeka B BHUAC TAOMUIBI WIM TEKCTOBOW YacTu. [IyHKTBI TEeXHUYECKUX
TpeOOBaHMI 151 TEXHUYECKOU XapaKTEPUCTUKU JIOJIKHBI AMETH
CaMOCTOSITENIbHYIO HyMepauuio. KaIplii MyHKT 3alMChIBalOT C HOBOW CTPOKH,
NpUYEM CTPOKHU HE JAOJHKHBI ObITH Ooiee 185 Mm.

[Ipyn BBIOJIHEHUW YepTEKa HaA JABYX JHUCTAX U 00JIe€ TEXHUYECKHUE
TpeOOBaHUSI, 1 TEXHUYECKYIO XapaKTEPUCTUKY IMOMEIIAIOT TOJIbKO Ha MEPBOM
macre. B coorBerctBum ¢ ['OCT 2.316-68 3aronmoBok «TexHuueckue
TpeOOBaHMS» HE MUILYT, €CJIM Ha YEpPTEeKE MOMEIICHbl TOJbKO TEXHHYECKHE
TpeOOBaHUSI M HET TEXHUYECKON XapaKTEPUCTHUKHU.

Texandeckue TpeOOBAHUS U3JIaraloT B CIAEAYIOMIEM MOPSIKE:

a) TpeOOBaHMsI K MaTepuaity, 3arOTOBKE, TEPMHYECKOW 00paboTKe U K
CBOICTBaM MaTepHuajia roTOBOM AeTayiu (Hanmpumep, TBEPAOCTh MOBEPXHOCTH),
yKa3aHUsl MaTePUAIOB-3aMEHUTEIICH;

0) pasmepbl (cmpaBOYHBIC, JUTEHHBIC YKIOHBI, PaguyCchl W TIp.),
MpeeNbHbIE OTKIIOHEHUS Pa3MepoB, (POPMBI M PACTIONOKEHHUS TTOBEPXHOCTEH;

B) TpeOOBaHUS K KaYECTBY MOBEPXHOCTEH, OTACIKE U BUJI MOKPHITHS;

I') PacnoJIOKeHUE OTIEIbHBIX JIEMEHTOB KOHCTPYKIIMH, 3a30Da;
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1) TpeOOBaHUS K HACTPOMKE, PEryJIMPOBAHUIO;

€) Ipyrue TpeOOBaHUS K KAaYECTBY U3EIIHS;

) YCJIOBHS U METOJIbI UCTIBITAHU;

3) YKa3aHUsI O MApPKUPOBKE U KJICHMEHUH;

1) IpaBUJia TPAHCIIOPTUPOBAHUS U XPAHEHUS,

K) 0cOObI€ YKa3aHUs KCILTyaTaluu;

J) CChUIKA Ha JAPYTrUe JOKYMEHTHI, COAEpKalline TpeOOBaHUsI K JaHHOMY
U3JICNINI0, HO HE MPUBEIAEHHBIE HA YEPTEXKE;

VYka3zaHHasi MOCIEAOBATEIBLHOCTh SIBISETCS PEKOMEHJIATEIbHOW W TIpHU
HaJJOOHOCTH MOET ObITh U3MEHEHA WM COKpallleHa.

TexHUUECKYI0  XapaKTEepPUCTHKYy  MOMEIIAIOT  MOJ  3aroJIOBKOM
«TexHuyeckas XapaKTepUCTHUKa» OTIEIBHO OT TEXHHUYECKUX TpeOoBaHui. Oba
3aroJ0BKa HE MOYEPKUBAIOT.

7. Ha uepTexxax pacronoxkeHus (M1aHax U pa3pe3ax) TeXHOJIOTUYECKOro,
CaHUTAPHO-TEXHUYECKOTO U IPYroro 000pyA0BaHUS YKa3bIBAIOT:

— 000py/IOoBaHNE — B BUJIC YNPOIIEHHBIX KOHTYPHBIX OYEPTAHUMN WITU
YCJIOBHBIMU TpaUUeCKUMHU H300paKEHUSIMU CIUIOIIHON OCHOBHOM JIMHUEH IO
I'OCT 2.303-68;

— CTpPOUTEIbHBIE KOHCTPYKIIMM — B BHJI€ YNPOUIEHHBIX KOHTYPHBIX
ouepTaHuii crutomHoi ToHko# muauei mo 'OCT 2.303-68;

— KOOpAMHATHBIE OCU 3JaHUs WJIM COOPYKCHUS M PACCTOSTHUE MEXKTY
HUMH OTMETKA YUCTBIX MOJIOB U OCHOBHBIX IIOMIAJIOK;

— TPUBS3KY 000pYJ0BaHUS K KOOPAUHALIMOHHBIM OCAM WM JIEMEHTaM
KOHCTPYKLIUH.

8. VYcnoBHble H300paKE€HUS DJIEMEHTOB 3/IaHUN, COOPYXCHHH U
KOHCTPYKIIMI Ha IUIaHAaX U pa3pe3ax MoJukHbl cooTBeTcTBOBaTh 'OCT 21.107-
78. OTMeTKHu YpOBHSI (BBICOTBI, TJYyOWHBI) BJIEMEHTOB KOHCTPYKIIUUA OT
OTCUETHOTO YpPOBHSI (YCIOBHOM «HYJIEBOI» OTMETKH) YKa3bIBAalOT B METpax C
TpeMsi ACCATUIHBIMU 3HAKAMU.

Ha Bupax (dacamax), paspe3ax U CEUEHUSIX OTMETKM MOMEIIAI0T Ha
BBIHOCHBIX JTHHHSIX KOHTYPA H 0003HAYAIOT 3HAKOM «».

OTMeTKy BBIIIIE «HYJIEBOW» YKa3bIBalOT 0€3 3HaKa, a HIKE CO 3HAKOM
MHUHYC.

Ha mianax OoTMETKM HAHOCAT B MPSMOYTOJBHUKE WM Ha TIOJIE JIMHHUH-
BBIHOCKH. B 3TUX clTydasix OTMETKH YKa3bIBAIOT CO 3HAKOM «+», «—».

9. B Ha3BaHMSX pa3pe30B, CEYCHWN W BHUJIOB YKa3bIBalOT 0003HAUCHUE
COOTBETCTBYIOIIEH CEeKylIel MI0CKOCTH, Hanpumep: «Pa3pes 1-1».

10. Yeptéx 06111€TO BUIA IOJKEH COJIEPIKATD:

a) u3o0pakeHue uzAeaus (BUIbI, pa3pesbl, CEUEHHUs), TEKCTOBYIO YacTh
HAJMUCH, HEOOXOAUMYIO0 ISl TIOHMMaHUs KOHCTPYKTHMBHOIO YCTPOMCTBa
W3J1eJIUsl, B3aMMOJICCTBHUE €r0 OCHOBHBIX YAaCTEH U MPUHIIMIIA PAaOOTHI U3/IEIHS;

0) HauMeHOBaHUE U 0003HAYEHHE TPEX COCTABHBIX YacCTEW M3ACIHS, JJIs
KOTOPBIX HEOOXOJIMMO yKa3aTh JIaHHBIC WJIM 3alUCh KOTOPHIX HEOOXOaMMa JJIst
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MOSICHEHUSI N300paKeHU 00IIero BUa, ONKMCAHUS MPUHIKIIA PabOThl U3IEIUs
u ap.;

B) pa3Mephl;

r) cxemy (eciiu oHa TpedyeTcs);

1) TEXHUYECKHE XapaKTEPUCTUKH.

11. HaumeHnoBaHue 1 0003HAUYCHHS YKA3bIBAIOT:

— HAa TMOJIKaX JIMHUI BBIHOCOK;

— B Tabnuie pa3MelmEHHOW Ha TOM JK€ JIUCTE, YTO U H300pakeHHe
1763 (15K

— B TabJuIIe, BHIMIOJHEHHON HAa OTACIBHBIX JINCTax ¢hopmara A4.

[Ipn wanmuuu TaAOIMIBI HA TOJKAX JUHUM — BBIHOCOK YKa3bIBAIOT
HOMEpa TMO3UIIMHA COCTaBHBIX dYacTed, BKIIOUEHHBIX B Tabnuiy. Talmuia
coctouT u3 rpad: «I1o3.», «O603HaueHuey, «Komn.», «lononH. ykazanus».

12. IlpaBuna wu300paxkeHuss U3AEAUN, a TaKXKe PaCIOJIOKEHUE
n3o0pakenuii Ha yeprexe ycranaBiauBaer ['OCT 2.305-68. O0mue TpedboBanus
K 4YeprexaMm, B TOM uHciie K cOopouHbiM, ycranaBimuBaeT ['OCT 2.109-73.
OdopmieHue YepTeke HEKOTOPhIX U3JEIUNA  ONPENENsoT CIeayIoLre
cTtangapThl: n3oopaxenue pe3posl — ['OCT 2.311-68, npyxkun — ['OCT 2.401-
68, anemenToB nepenay — ['OCT2.402-68...'OCT 2.406-76, 'OCT 2.407-75,
3BE310uek — ['OCT 2.408-68, mumunes — I'OCT 2.409-75, MeTalutmuecKux
koHCTpykiuii — ['OCT 2.410-68, mBoB cBapHbiXx KOHCTpykiuid — ['OCT
2.312-72, nogmmnaukoB kadeHuss — ['OCT 2.420-69, tpy0 u TpyOOIpOBOIOB
— TI'OCT 2.411-72, nnat nedatasix — ['OCT 2.417-91. Yeprexku mrammos
BbIMOJIHAIOTCS 110 ['OCT 2.428-84. PeMOHTHBIE 4YEpPTEXH BBIMOJIHAIOTCS IO
I'OCT 2.604-68.

13. Hanecenne Ha uyeprexax 0003HAYEHUN MOKPBITHIA, TEPMHUUYECKOU U
npyrux BUIoB oOpabotku — mo 'OCT 2.310-68, yka3aHusi Ha yeprexax o
MapKupoBaHuu U kieriMennu u3genuit — no [OCT 2.314-68.
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Hpuaoxenue 3

TEINJMIO®U3UYECKUE U TAPAMETPUYECKUE
XAPAKTEPUCTUKU MATEPHUAJIOB
Tabmuna I1.3.1
[TnoTHOCTE ¥ ¥ KO3 UITUEHT TEIIIOPOBOIHOCTH A
HEKOTOPBIX METAJUIOB U CILIAaBOB [2, 3]

Y, Kr/m®

Mertant unu cias | mpu 20°C A, Br/(mK), pu temneparype, °C

20 200 | 400 | 600 | 800 | 1000

XKeneszo 7880 72 65 53 41 30 28
Cranb 08k 7850 66 56 45 37 29 27
Y10 7830 46 44 37 31 24 26
HuskonernpoBaHHbIE CTAN
50T, 40X, 40XC 7830 49 45 40 34 27 24
IX15, 9XC 7800 43 40 35 30 27 —
30XTC, 20XH3A 7840 40 36 33 29 27 —
30XH3M 7830 38 36 36 32 27 28
BrIicokosiernpoBaHHbIC CTAIN
P18, POM5 8690 24 27 28 27 26 28
3X13, 3X2B8 8200 25 27 27 26 25 27
X18H9 7920 16 17 20 24 27 28
[[BeTHBIC METAJUIBI U CIIIABBI
AIOMUHHN 2700 210 | 220 | 249 — — —
JypanoMuHMit 2750 160 | 194 | 260 — — —
Menb 8940 390 | 378 | 365 | 354 | 333 —
Tutan 4540 152 | 16,3 | 1751 | — — —

63




TaGmuma I1.3.2.
CpenHss TeII0EMKOCTh HEKOTOPBIX METAJIOB, CTAJICH U
cruiaBoB B uHTepBajie Temieparyp ot 0 go t, °C, x[x/(kr-K) [11]

Metann Temneparypa, °C

WM CILIAB 100 | 200 | 300 | 400 | 600 | 700 | 800 | 900 | 1000
zfgfé"m“c“‘e 0,486 (0,507 | 0,503 |0,540 |0,590 | 0,620 | 0,695 | 0,695 | 0,691
Huskonerupopan
HbIE CTAIN 0,486 (0,502 (0,519(0,536 (0,586 |0,645|0,695(0,687|0,674
Kapocroitkue wu
KapOIPOYHBIE
CTAJIU:
XPOMHUCTBIC 0,469|0,486(0,507|0,532|0,599|0,636|0,682| — —
xpomonukenessie |0,50210,511(0,523(0,536 {0,553 (0,561 (0,5690,574 0,582
ANIOMUHUN 0,913]0,938(0,955|0,979|1,022| — — — —
Menb 0,394|0,398(0,402|0,406|0,414(0,419|0,423(0,428|0,435

CreneHb YepHOTHI € JIUIS pa3IMYHbIX MaTepuanoB [2]

Taomuna I1.3.3.

HanmenoBanune Temnepa- g
Typa, °C
Kupnuu nuHacoBbIii 100 0,80
1100 0,85
Kwupriny nmraMoTHBIN 1IepoXoBaThIit 20 0,80...0,90
Huxens, okucnenssiit mpu 600°C 200...600 0,37...0,48
Huxpom 125...1035 0,64...0,76
HuxpoMoBas mpoBoJIOKa OKHUCIIEHHAS 50...500 0,95...0,98
Oxuch aTfOMUHUS 1200...1700 | 0,23...0,40
Cranp OIIMHKOBAHHAS OKHUCJIEHHAS 20 0,28
Cranbp moaupoBaHHAA 740...1040 0,52...0,56
Tiran 600 0,217
1200 0,286
UyryH, okuciaeHHsid npu 600°C 200...600 0,64...0,70
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Taomuna I1.3.4.

I[OHYCTI/IMBIC YACIIbHBIC IIOBCPXHOCTHBIC

Harpysku Harpesareeii, Br/cm?[3]

Meranindeckue Hemerananueckue

Pa6oyas HarpeBaTely U3 CIJIaBOB HarpeBaTeiy u3
TeMIepary

pa )}({2105%(5), X23105T | X27I05T Sic MoSi;
600 2,6...3,2 — — — —
700 2,0..2,6 3,0...3,7 — — —
800 1,6..2,0 2,6...3,2 — — —
900 1,1..15 2,1..2,6 — — —
1000 0,8..1,0 1,6..2,0 3,0 - —
1100 0,5...0,7 12.15 2,2 — —
1200 — 0,8..1,0 1,6 21 —
1250 — — — 18 —
1300 — — 1,2 14 —
1350 — — — 10 —
1400 — — — 5 15
1500 — — — — 13
1600 — — — - 7

Y enbHas MOBEPXHOCTHAS HArpy3Ka
B nevax ¢ kanopudepamu, Br/em?[3]

Taomuna I1.3.5.

CKOpOCTb JIBUKECHUS

TeMneparypa HarpeBa Bo3ayxa, °C

BO3/yXa B MeUH, M/C 200 500
5 3,0..4,0 1,0..15
10 4,0..5,0 1,5..2,0
15 55..6,5 2,0..2,5
20 7,0..8,0 2,5..3,0

[Ipumeuanue. bOnbive 3HAYCHUS TPUHUMAKOTCS 711 MEHBIIINX CEUYCHHM

HarpeBaTesen.
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IT 3.6. 3aBUCUMOCTD Ol OT OTHOCUTEIBLHOT'O MEKBUTKOBOTO
pPacCTOSHUSA JJIS Pa3IMYHBIX THIIOB Harpesatenei [2]

Or

1,8
1,6 <

1,4

1,2
/

1,0

o W

0,6 [

0,4
1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 t/d
NPOBONIOYUHBIU CHUPATILHBL HA2pesamerd

Or
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vd
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[1.3.7. MakcumalibHbIE ¥ ONITUMAJIbHBIE JJTMHBI U IOBEPXHOCTU
JICHTOYHOTO HarpeBaTels, pasMmeraemele Ha 1 M? GpyTepoBku [4]

ITpue/b = 2,0 ITpue/b
Ceuenue,
MM?
lont, M Forr, M2 IMakc, M

2x10 38 0,915 84
1,5x15 25 0,825 55,5

2x15 25 0,860 55,5
2,2x20 19 0,845 42
2,5x20 19 0,855 42
3,0x20 19 0,875 42
2,2x25 15 0,815 33,5
2,5x25 15 0,825 33,5
3,0x25 15 0,840 33,5
2,2x30 12,5 0,805 25 *
2,5x30 12,5 0,813 25 *
3,0x30 12,5 0,825 25 *
2,2x36 10,5 0,802 19 **
2,5x36 10,5 0,808 19 **
3,0x36 10,5 0,820 19 **
2,2x40 9,5 0,802 21
2,5x40 9,5 0,807 21
3,0x40 9,5 0,818 21

*e/b=1,0
**elb=11
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I1.3.8. MakcuManbHbIC ¥ ONITUMAJIbHBIC JUTHHBI H TIOBEPXHOCTH
IPOBOJIOYHOTO HArpeBaTeNs, pasmeraemele Ha 1 M? Gpyreposku [2,9]

3ur3arooOpa3Hblii HarpeBaTelb
Ha Kproukax mpu €/d, paBHOM

CnupanbHbIil HarpeBaTeNb
Ha royioukax mpu t/d, paHom

d, MM 2,75 3,5 2 4
hviake, | Fumaxe, | lont, | Forr, | Imakc, | Fmake, | lonr, | Fomr,
M M2 M M2 M M2 M M?
4 — — — — 200 2,46 100 1,23
4.5 — — — — 180 2,46 90 1,23
5 — — — — 160 2,46 85 1,23
5,6 — — — — 140 2,46 70 1,23
6,3 — — 38 0,745 | 125 2,46 62,5 1,23
7 43 0,95 34 0,745 | 115 2,46 57,5 1,23
8 38 0,95 30 0,745 | 100 2,46 50,0 1,23
9 34 0,95 27 0,745 — — _ _
10 30 0,95 24 0,745 — — _ _
11 27 0,95 21 0,745 — — _ _
12 25 0,95 20 0,745 — — _ _
13 23 0,95 18 0,745 — — _ _
14 21 0,95 17 0,745 — — _ _
15 20 0,95 16 0,745 — — — -
16 19 0,95 15 0,745 — — — -
17 18 0,95 14 0,745 — — — -
18 17 0,95 13,5 | 0,745 — — — -
19 16 0,95 12,5 | 0,745 — — — -
20 15 0,95 12 0,745 — — — -
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I1.3.9. CopramenTt npoBosioku u jieHThI 1o 'OCT 12766.1-77...12766.5-77

I'oCT Bun CoprameHT, MM
IpoKaTa
d= 0,10;0,11; 0,12; 0,14; 0,16; 0,18; 0,20; 0,22;
ITpoBosoka 0,25; 0,28; 0,30; 0,32; 0,36; 0,40; 0,45;
12766.1-77 | XOJOgHO- 0,50; 0,56; 0,63; 0,70; 0,80; 0,90; 1,00; 1,10;
TSAHYTasI 1,20; 1,40; 1,60; 1,80; 2,00; 2,20; 2,50; 2,80;
3,00;3,2; 3,6; 4,0; 45; 50; 56
[Ipokar
12766.4—77 ropsue- |d= 6,3; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0;
KaTaHBIN
a= 1011;1,2;1,4;15;1,6;1,8; 2,0;
Jlenra b= 6;8;10;12; 14; 15; 16; 18; 20; 25; 30; 32;
12766.2—77 | XonomHO- 36; 40; 45; 60;
KaTaHas a= 22:25:2.8;3:0;3,2;
b= 20; 25; 30; 32; 36; 40; 45; 60; 80; 100;
a= 0,10; 0,15; 0,20; 0,22; 0,25; 0,28; 0,30; 0,32;
Jlenra 0,35; 0,36; 0,40; 0,45; 0,50; 0,55; 0,60; 0,70;
12766.5—77 | mmomeHHas 0,80; 0,90;
b= 4;6;8u nanee 1o 60 mm o 'OCT 12766.2-

77

[To TOCT 12766.3—77 BbIlycKaeTCs KanuOpoBaHHbIH mpokaT d=8...10 Mm.
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[1.4.1. OcHoBHBIE TEMIOPU3NUECKIE XapaKTEPUCTUKU

[Tpunoxxenue 4

OTHEYITOPHBIX U TEIUIOM30JIAIIMOHHBIX MaTepraiioB [2, 3, 10]

HaumeHnoBanue u mapka e tmakc,® A, Cp,
Marepuana Kkr/m® C Br/m'K Jix/kr K
OrHeynopHbIe MaTePUAIbI
[ITamoT xmacca A (I1IA) 2160 | 1450 | 0,980+0,278-103-t | 879+0,41-t
[ITamoT xnacca b (I1IB) 1850 | 1400 | 0,923+0,438-103-t | 879+0,41-t
[ITamot-nerkosec 11JI-1,3 1300 | 1400 | 0,442+0,535-10°3-t | 879+0,41-t
[ITamoTt-nterxosec 111J1-1,0 1000 | 1300 | 0,520+0,349-10°3-t | 879+0,41t
IITamoTt-nerxosec 111JI-0,9 900 1270 | 0,400+0,383-10°3-t | 879+0,41t
[HTamoTt-nerxosec 111J1-0,4 400 1150 | 0,100+0,286-103-t | 879+0,41t
HamorHo-TamsKoBbit 600 | 1200 | 0,250+0,267-10°3-t | 879+0,41t
nerkosec 111JI-0,6
ﬁ;ﬁ?;ﬁ“‘mm’m 2800 | 1500 | 2,600-0,750-10t | 447+0,61t
ﬁﬁgﬁ’;@“ KHpITH 2300 | 1500 | 2,310-2,320-103t | 768+0,25-t
Kopynz K (amynn) 3600 | 1850 | 12,20-0,860-10°3t | 630+0,42-t
E%?{HSI‘OBHH FIeTHOBEC 1300 | 1500 |0,710-0,118-10°3t | 630+0,42-t
MynIuTOKOpYHIOBBIN Py _
xuprs MKO, MKIT 2400 | 1550 | 1,570-0,200-10°-t | 768+0,25t
ﬁﬁﬁf;wn FIeTKOBEC 1300 | 1500 | 0,550-0,100-10-3t | 768+0,25-t
MynauTOKpEeMHE3EMUCTBIN a3 _
Herxoec MKPIL-0.8 800 1300 | 0,494-0,145-10°t | 768+0,25-t
MynuTOKpEMHE3EMUCTBIN An3. '
nerkosec MKPJI-0 5 500 1300 | 0,214+0,145-10°-t | 768+0,25-t
Kap6opynn KA 2500 | 1450 | 23,75-10,45-1073t | 963+0,15-t
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[Iponomxkenue npunoxenus [1.4.1

HanMenoBanme u Mapka v, | tmakc,® A, Cp,
MaTepuana KT/M° C Bt/m-K Jox/xr-K
TCHJIOI/IBOJ'IHHI/IOHHBIG MaTCpUaJIbl

JlnaTOMUT 0003KCHHbIIA 650 | 800 |0,110+0,232-103-t | 900+0,02-t
B MOPOIIKE (3aCHITIKE)
Eﬁgggq AHATONITOBRI 500 | 900 |0,105+0,233-10°%t | 900+0,02't
Eﬁgggq AHTONITTOBE 600 | 900 |0,132+0,233-10 %t | 900+0,02't
E‘fl;ggq AHTONITTOBR 700 | 900 |0,159+0,233-10 %t | 900+0,02't
Kupnua nenonuatro- 103, _
virmomerit LUL.A00 400 | 900 |0,077+0,314-10t | 900+0,02-t
Hepmu senyyentbii 200 | 900 |0,060+0,186-102t | 880+0,05-t
B IIOPOIIKE
AcOecT 1UCTOBOM 1200 500 | 0,157+0,221-10°3-t 835
Acbect pacriymieHHEI7 900 | 500 |0,163+0,174-103-t| 835
AuAC
Munepanbuas (mnakosas) | g5y | 750 | 0,059+0,186-10-t | 932+0,19-t
Bata Mapku 150
Munepanbuas (nakosas) | oqg | 750 | 0,060+0,198-10t | 932+0,19-t
Bata Mapku 200
Munepanbuas (nakosas) | o5y | 750 | 0,060+0,198-10%t | 932+0,19-t
Bara mapku 250
Bara xaommuosas BI'B-80 80 1100 | 0,058+0,186-10°2%-t | 941+0,25-t
Bara kaomumosas BIB-200 | 200 | 1100 | 0,058+0,186-103-t | 941+0,25-1
PynoHHBIN Ka0OTMHOBBIN An3. '
viatopnan BLD-150 150 | 1100 | 0,058+0,186-103t | 941+0,25-t
Kepamoniepiurabie 1A.3.
rsmoomt KTI-850 350 | 900 |0,087+0,186-103%t| 920
Botiinok yrierpaduroBblit 0,2
BBIIH-250 250 2000 (B Bakyyme) 835

[Ipumeyanne: ¥ — KaKylasicsa MIOTHOCTh; tyaxc — OpeaenabHas TeMmneparypa

IMPUMCHCHUS

A — KO03(DPUIHUEHT TEerIONPOBOIHOCTH;

cp — yJAelbHad

TEII0EMKOCTh; t — cpeniHsis Temneparypa ciost matepuaina ¢pyrepoBku, °C.
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I1.4.2. Cpenuss TEIIOEMKOCTB IPOCTHIX ra3os, kJx/(M3-K) [2]

T,°C 02 N> H> CO CO; H.0

0 1,3059 1,2987 1,2766 1,2992 1,5998 1,4943

100 1,3126 1,3004 1,2908 1,3017 1,7003 1,5052

200 1,3352 1,3038 1,2971 1,3071 1,7873 1,5223

300 1,3561 1,3109 1,2992 1,3167 1,8627 1,5424

400 1,3775 1,3205 1,3021 1,3289 1,9297 1,5645

500 1,3980 1,3322 1,3050 1,3427 1,9887 1,5897

600 1,4168 1,3452 1,3080 1,3574 2,0411 1,6148

700 1,4345 1,3586 1,3121 1,3720 2,0884 1,6412

800 1,4499 1,3717 1,3168 1,3862 2,1311 1,6680

900 1,4645 1,3846 1,3226 1,3996 2,1692 1,6956

1000 1,4775 1,3971 1,3289 1,4126 2,2035 1,7229

1100 1,4892 1,4089 1,3360 1,4248 2,2349 1,7501

1200 1,5006 1,4202 1,3431 1,4361 2,2639 1,7769

1300 1,5106 1,4306 1,3511 1,4465 2,2898 1,8028

1400 1,5202 1,4407 1,3590 1,4566 2,3136 1,8280

1500 1,5294 1,4499 1,3674 1,4658 2,3354 1,8527
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I1.4.3. ®usnueckue cBoicTBa Bo3ayxa [2, 15]

T, v, cp, A, a, Vv, Pr
°C kr/m® | kIx/(M*K) | Br/(m-K) | 104 m%/c | 108 m%/c
0 1,2930 1,2971 0,0243 0,188 13,23 0,705
100 0,9458 1,3004 0,0319 0,337 23,15 0,694
200 0,7457 1,3071 0,0387 0,514 34,85 0,689
300 0,6157 1,3172 0,0448 0,715 48,24 0,692
400 0,5242 1,3289 0,0505 0,930 62,95 0,697
500 0,4564 1,3427 0,0562 1,155 79,32 0,703
600 0,4041 1,3565 0,0615 1,384 96,75 0,708
700 0,3625 1,3708 0,0666 1,635 115,0 0,710
800 0,3287 1,3842 0,0720 1,885 135,5 0,714
900 0,3010 1,3976 0,0761 2,163 154,8 0,717
1000 0,2773 1,4098 0,0804 2,461 176,7 0,721
1100 0,2571 1,4215 0,0848 2,762 199,1 0,722
1200 0,2377 1,4328 0,0916 3,165 224.,6 0,724
1300 0,2258 1,4453 0,0961 3,415 248,1 0,726
1400 0,2110 1,4529 0,0100 3,780 275,0 0,727
[IpuMeyanne: y —IUIOTHOCTB, Cp — CPENHAS TEIUIOEMKOCTB, A —
TEIUIONPOBOJIHOCTE; d — TEMIEPATypPOIIPOBOJHOCTD;, V — KMHEMAaTHYeCKas

BSI3KOCTh; Pr — uucino [Tpanatis.
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[1.4.4. ®usnueckre CBOMCTBA MPOAYKTOB cropanus [2, 11]

T, v, Cp, A, a, vV, Pr
°C kr/m® | kJbx/(M3K) | Br/(m-K) | 104 m?/c | 108 m?/c

0 1,295 1,359 0,0228 0,169 12,20 0,72
100 0,950 1,370 0,0313 0,308 21,54 0,69
200 0,748 1,381 0,0401 0,489 32,80 0,67
300 0,617 1,397 0,0484 0,698 45,41 0,65
400 0,525 1,415 0,0570 0,941 60,38 0,64
500 0,457 1,431 0,0656 1,213 76,30 0,63
600 0,405 1,448 0,0742 1,510 93,61 0,62
700 0,363 1,460 0,0827 1,843 112,1 0,61
800 0,329 1,472 0,0915 2,200 131,8 0,60
900 0,301 1,485 0,100 2,581 152,5 0,59
1000 0,275 1,498 0,109 3,014 174,3 0,58
1100 0,257 1,511 0,118 3,460 197,1 0,57
1200 0,240 1,523 0,126 3,918 221,0 0,56
1300 0,225 1,535 0,135 4,450 24,1 0,55
1400 0,212 1,548 0,144 5,010 270,5 0,54

[IpuMeyanne: y —IUIOTHOCTB, Cp — CPENHAS TEIUIOEMKOCTB, A —

TEIUIONPOBOJAHOCTh; & — TEMIEPATyPONPOBOAHOCTh;, V — KHHEMATHYECKas
BSI3KOCTh; Pr — uucino [Tpanatis.
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[14.5. TernoBblie 3¢ deKkThl peakiiuii ropenus ra3oB Qrop [2]

Qror, M/
MounekynsapHas
JP— Macca FICXOJ/THOTO IPOIYKTOB
KOMITIOHCHTOB rasa CropaHus
peakuunu
Halkr [malm® | malwm®

CO +0,50, = CO; 28+16=44 10,10 | 12,63 | 1263
Hz +0,50; = ;0 2+16=18 119,1 | 1079 | 10,79
CH; + 20, = 16+64=

=CO, + 2H,0 —44+36 50,06 | 35,83 11,95
CoHs + 3,50, = 30+112=

= 2CO; + 3H,0 —88+64 47,53 | 63,79 12,76
C3Hg + 50, = 44+160=

= 3C02 + 4H20 2132_'_72 46,40 91,28 13,05
C4Hio + 6,50, = 58+208=

= 4CO, + 5H,0 ~176+90 45,77 | 118,67 | 13,19
CsHi12 + 80, = 72+256=

= 5C0O, + 6H,0 ~220+108 45,40 | 146,19 13,29
CoHy + 30; = 28+96=

=2C0O, + 2H,0 =88+36 47,28 59,06 14,76
CsHe + 4,50, = A42+144=

=3CO; + 3H,0 =132+54 4582 | 86,01 14,34
H,S + 1,50, = 34+48=
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