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I'naBubiit uwxenep .. AKOBJIEB

B ocHOBy Hacrosmux MeTOIMYECKHX YKa3aHWH IOJO0XKEHBl MaTepHajbl 3KCIEPHUMEHTAIBHBIX
pabot I1O "CorozrexsHepro".

Metoauyeckre YKa3aHHS YCTaHABIMBAIOT TOPSAIOK OpraHU3allM{, MPOBEAEHUS U 00paboTKH
Pe3yIbTaTOB TEIUIOBBIX UCIIBITAHUIN TAPOBBIX TYPOHUH.

B nanHO#l paboTe He paccMaTpUBAIOTCS BONPOCHI, CBA3AHHBIE C HCIBITAHUSAMH BIAXXHOIAPOBBIX
Typour ADC n BcrioMoraTensHOTo 000pyI0BaHUs TypOOYCTaHOBOK.

Meronnyeckue ykazaHus NpeaHazHaueHbl i nepcoHana npeanpustuil 10 "Corosrexsnepro”,
CHCIHATH3UPOBAHHBIX HAaJaJOYHBIX OpraHm3anuii, cayx0 Hamagku POV u 150 u mexoB Hamagku
3NEKTPOCTAHIIH.

B cocraBnennn Meroauueckux ykasaHu npuHuManu ydactue uHxeHepsl M.A. YXOBOTHH
(MI'TI O "Corwosrexsuepro"), E.M. MUXAMJIOBILIEB, I0.A. ®JIAK (FOxrtexsmepro), C.H.
KAIOKOB (Ypanrexsnepro), B.I'. BEJIOYCOB (Cubrexsuepro), I'.B. PYIIAKOB u C.B.
PBIBAYKOB (Cpena3rexanepro).

A. OCHOBHBIE YCJIOBHBIE OBO3HAYEHUA

H 06 Enuanna usmepenust
AMMCHOBAHE OIHATCHIE! S cucteme CHU| B cucteme MKC

Pacxon cBexero napa G, /94 /94
Pacxox mapa perynupyemoro or6opa Ha:

MIPOU3BOJCTBO G, T/9 T/9
TEIUTO(PHUKALIHIO G, T/9 T/9
Pacxopn nurarensHO# BOIEI Gum /4 /4
Pacxop ceTeBoit Boanl Geem /4 /4
Pacxon mapa Ha pereHepaTUBHBIN MTOIOTPEBATEND Gj T/4 T/4
Pacxo 0CHOBHOTO KOHJIEHCATa Ha JIeadparop G f /94 /9
IIpoune pacxosl BOABI U Mapa G T/4 T/4
JlaBrieHue cBexero mapa Po MIla Kkre/em’
JlaBrieHue B kaMepe peryiupyomei cTynesu Py.em MIIa Kkre/cm’
JlaBnenue napa B Kamepe peryirupyemMoro oroopa Ha P, MIla Kkre/em’




MPOU3BOJICTBO

JlaBienne mapa B TEIIO(QUKAIIMOHHBIX 0TOOpax:
BEPXHEM

HIDKHEM

peryaupyeMom

JlaBnenue napa B 0TOOpax Ha pereHEPALHIO
JlaBnenue B KOHAEHCATOPE TYPOHHBI
Temmnepatypa cBexero napa

Temneparypa ceTeBOl BOABL:

IPsIMOU

oOpatHOU

[ToBBIIeHNE SHTATBIINY CETEBOI BOABI
Temmnepatypa HachIIIEHUS

Temneparypa nuraTeabHON BOBI (OCHOBHOTO
KOHJIeHCaTa) Mocye MoJorpeBaTeNns
Temmneparypa nuTaTeabHOI BOJBI (OCHOBHOTO
KOHJICHCATa) Iepe]] MoJ0rpeBaTesieM
OHTaNbIUS:

napa

KOHJIeHCaTa

MUTATENBHONW BOJBI

JpeHaxa

ITonpaBka kK U3MEPEHHOMY JIaBJICHUIO
Temmnepatypa oXnIaKIArOLWEN BOABI IEpe]
KOHJICHCATOPOM (TI0CJIe KOHIeHCaTopa)
Harpes oxnaxaaronieil BoJbl B KOHACHCATOPE
TemneparypHslil HalIOp

Hcnonp3yemelii Teruionepenaz
Pacnonaraemsiii Temonepenan

Brytpennnit orHocuTensHbIi KI1/]
DneKkTpuuecKas MOIIIHOCTh TypOoarperara Ha BBIBOJIaX
reHeparopa

Bryrpennsas momuocTs LIBJL

Buyrpennss momHocts LIH/T

CyMMapHbI€ JJIEKTPOMEXaHUYECKUE TIOTEPH
TypOoarperara

O011ee KOIMYECTBO TEIUIOTHI, OJBEIEHHOE K TypOHHe
OT KOTJIa

OTIyCcK TEMIOTHI:

B IIPOM3BOJICTBEHHBIN 0TOOD

B TEIIO(UKAITMOHHBIN 0TOOD (TEIUIO(pUKAIIMOHHAS
Harpyska)

VY enbHBIA Pacxo]] TEIIOTH Ha BEIPAOOTKY
JNEKTPOIHEPTHH

VY nenbHast BBIPaObOTKaA 3JIEKTPOIHEPTHH TTAPOM:
MIPOM3BOJICTBEHHOTO 0TOOpa

TEIUTO(PHUKAIIMOHHOTO 0TOOpa

HunmuHAp BEICOKOTO IaBICHUS

Humuaap cpemHero 1aBiIeHUs

HunmuHap HU3KOTO AABICHUS

Perymmpyemslii TerutopuKanoHHbIH 0TO0Op

BepxHuuii TernopuKkamoHHbIH 0TO0p

Hwxanit TernopukanoHHbi oT00p

YacTh cpeiHero JaBIIeHUS - OTCEK TYPOUHBI OT KaMephl
perymupyemoro I1-or6opa no kamepst BTO (mpu
JBYXCTYIEHYATOM IIOJIOTPEBE CETEBOM BOJBI) H 10
kamepsl HTO (ipy oTHOCTYTIEHUATOM )

YacTp HU3KOTO JABICHUS - OTCEK TYPOUHBI OT KaMEPBhI
HTO no konnmeHcaropa TypOHHBI

[TpomexyTounslit orcex Typounsl Mexxay BTO u HTO
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OxyaguTens napa yIIOTHEHHH oIy — —
ITomorpesarens ceTeBoil BOAbI I1CB — —
CanbHUKOBBIN TOAOTpEBATENb I1C — —
Juamerp TpybonpoBosa D MM MM
Bapomerpuueckoe naBnexue B k[la MM PT.CT.
[Tompagka k moka3zaHUsIM OapoMeTpa AB klla MM PT.CT.
[ToTepu TEIIOTH B OKPYKAIOMIYIO CPeny Quom xJx/q KKaJI/q

IIpumeuanne. CoOTHOLIEHHE OCHOBHBIX €IMHUI] M3MepeHHi B obeux cucremax: 1 xrc/cm” = 0,0981 Mlla; 1
kkas = 4,1868 kJIx.

B. IEJTA U 3AJIAYU UCIIBITAHUI, UX KJTACCUDUKA LIS

OCHOBHBIMU IICTISIMH HCITBITAHUNA SIBIISTIOTCS OIICHKA (DAKTUYECKOTO COCTOSHUS TYpOOYCTAaHOBKH U
e¢ Y3IIOB; CpPAaBHCHHC C TAPAHTUSAMU 3aBOJIA-M3TOTOBUTENS U TOIYYCHUC JAHHBIX, HEOOXOJAUMBIX JIJIS
IUIAHUPOBAHUS W HOPMHPOBAaHUSA ee¢ padOTh; ONTHMHU3AIUSA pPEKHUMOB W  OCYIICCTBICHHE
MEPUOTUIECKOTO KOHTPOJII 32 J(PQPEKTHBHOCTHIO e¢ paboThl C BBIJAYeH pEKOMEHIAIMA 110
TIOBEIIIICHIIO SKOHOMHUYHOCTH.

B 3aBucuMocTH OT 1ieneit paboThI ONpeneNsItoTCs 00Imuii 00beM UCTIBITAHUN U U3MEPEHHUH, a TaKkKe
TUTBl TPUMEHSIEMBIX TpuOopoB. Tak, Hampumep, HCHBITAaHUS MO | KaTeropmw CIOXHOCTH (Takue
UCTIBITAHUS HA3BIBAIOTCS TaKKe "0aJaHCOBBIMHU" HJIH MOJHBIMH) TOJIOBHBIX 00pasiioB TypOuH, TYpOUH
MOCJIe PEKOHCTPYKLHMH (MOJEPHH3aLMK), a TakkKe TYpOMH, HE MMEIOIIUX THIIOBOH SHEpPreTH4ecKou
XapaKTepUCTUKH, TPEOYIOT OONbIIOro o0beMa HM3MEpeHHMH MOBBIIIEHHOTO Kiacca TOYHOCTH C
00s13aTeNIbHBIM CBeJICHHEM OajlaHCa OCHOBHBIX PacXoJI0B Mapa U BOABIL.

ITo pesynpTaTaM HECKOJBKUX HCIBITAHWNA OJHOTHUIHBIX TYpOMH MO | KaTreropuu CIIOKHOCTH
pa3palaThIBalOTCS THIIOBBIE DHEPreTHUECKHE XapaKTEPHCTHKH, JTAHHBIE KOTOPBIX MPUHUMAIOTCS 32
OCHOBY TIpH ONpEAeTICHNH HOPMAaTUBHBIX IIOKa3aTeield 000pyIOBaHMUs.

IIpu Bcex mpoumx BuAax ucHbITaHui (o |l Karteropmm CI0KHOCTH) peUIarOTCs, KaK MPaBHIIO,
YacTHBIC 33/1a4H, CBS3aHHBIC, HAPUMeEp, ¢ onpeaencHneM 3(pPeKTUBHOCTH peMOHTa TypOOyCTaHOBKH
WIA MOJCPHU3AINH €€ OTICIBHBIX Y3JI0B, MEPHUOAMYCCKIM KOHTPOJEM COCTOSHHS B TEUYCHUE
MEXPEMOHTHOTO  IIEPHONA, OKCIICPHUMEHTANBHBIM  HAXOXICHHEM  HEKOTOPHIX  IOMpPaBOYHBIX
3aBHCHUMOCTECH Ha OTKIIOHEHHE IapaMeTpPOB OT HOMHHAJBHBIX W Ip. Takuwe HCHBITaHUS TPeOyrOT
3HAYUTEIbHO MEHBIIET0 00BeMa HU3MEPEHHH M JOIyCKAIOT IIHPOKOE HCIIOJIB30BaHME IITATHBIX
mpHrOOPOB ¢ MX 00s3aTeIbHON MOBEPKOH 10 M MOCHIE HCIBITaHUs, TeIUIOBas cxema TypOOYCTaHOBKH
OpU 3TOM JIOJDKHA OBITh MAaKCHUMadbHO NPHOIMKeHa K TpoekTHoi. OOpaboTka pe3yabTaToB
UCTIBITaHUH To || KaTeropum CIOKHOCTH IMPOBOIUTCA IO METONY "TOCTOSHHOTO pacxoja CBEXKEro
mapa" (cm. pasa. E.6.2) ¢ wucmonb3oBaHWEM TOMPABOYHBIX KPUBBIX IO JIAHHBIM THUIOBBIX
SHEPreTUICCKUX XapaKTEPUCTHK HITH 3aBOJIOB-H3TOTOBUTEIICH.

Hapsimy ¢ mepedrcieHHBIMHA WCTBITAHHUS MOTYT MpPECIeoBaTh W Ooyiee y3KHE IIeH, HampuMmep,
OTIpeNieNIecHue CPaBHUTENFHOW J(PQPeKTHBHOCTH pexkuMoB ¢ "orcedeHHeM LIH/I" mms TypOun T-
250/300-240, HaxosKjeHHE MOMPABOK K MOIIHOCTH HAa W3MEHEHHE JaBJICHUS OTpabOTaBIIEro mapa B
KOHIIEHCaTOpe Tpu paboTe IO TEIUIOBOMY TpaduKy, OIpeIeliecHHe TOoTeph B TeHepaTope,
MaKCUMaJIbHOH MPOITyCKHOM CITOCOOHOCTH MapoOBITyCKa U MPOTOYHON YaCTH U T.J.

B nHacTosmmx MeToauuecKux yKa3aHHAX OCHOBHOE BHHMAHHE YJEJICHO BOIPOCAM, OTHOCSIIHMCS
JIMIIb K WMCIBITAHMSM TYpOHMH 1O | KaTeropuu CII0KHOCTH, KaK MPEACTABISIONIMM HAHOOJIBIIYIO
CIIO)KHOCTh Ha BCEX JTamax. MeToauKa NPOBEACHUS HCHbITaHUK 1Mo |l xareropum CIOXXKHOCTH HE
MPECTaBUT OONBIIMX TPYIHOCTEH IMOCIEe OBJIAJIEHUS METOJUKOW MPOBENEHUs HCHbITaHud 1o |
KaTeropuu CIOXKHOCTH, TaK Kak HCHbITaHWsA 1o |l kareropmm cioXHOCTH, KaK HpaBMIIO, TPeOyroT
3HAYUTEIHHO MEHBIIET0 O0BhEMa HM3MEPECHHH, OXBATHIBAIOT Y3JBI M DJEMEHTH TypOOyCTaHOBKH,
KOHTPOJHpyeMble TO | KaTeropuu CIOKHOCTH, COCTOSIT W3 HEOONBIIOrO KOJIUYECTBA OIBITOB, HE
TPeOYIOMIIX COOIIOICHHS CTPOTUX U MHOTOYHCIICHHBIX TPEOOBaHUH K TEIJIOBOM CXEME U YCIOBHUAM HX
MPOBEICHHUS.

B. IPOTPAMMA UCIHBITAHUN
B.1. O01mue mooxxeHus

Ilocme dYeTkoro BEIACHEHHS IelIcH W 3a7ad KCIBITAHWM IS COCTaBJICHHS HX TEXHHYCCKOU
MpPOrpaMMbl  HEOOXOJMMO TINATEIHHO O3HAKOMHUTBCS C TypOOYCTAaHOBKOW H HMETh TIOJHYIO
“HPOPMAITHIO O:

- COCTOSIHMU U €€ COOTBETCTBUU MPOEKTHBIM JIAHHBIM;

- BOBMOXKHOCTSIX €€ C TOYKHM 3pCHHs 00CCICUCHHS pacxojia CBEKEro Iapa U mapa perylupyeMbIX
0TOOPOB, a TAKXKE IIEKTPUICCKON HATPY3KU B HY’)KHOM JIHANa30HE X U3MCHCHUS;

- BO3MOXHOCTSIX €€ IO TOJCPIKAHUI0 BO BPEMs OIBITOB MapaMETPOB Mapa U BOJBI OJHM3KHUMH K




HOMHHAJIBHBIM U TIOCTOSTHCTBA OTKPBITHSI OPTaHOB MapOpPacIpeaeIeHIs;

- BO3MOXHOCTH pPabOThl €€ TpU TPOEKTHOW TEIUIOBOH CXeMe, HAJIWYUM OTPaHUYCHUH |
MPOMEXXYTOUYHBIX TTOJBOJOB M OTBOJIOB IIOCTOPOHHETO Mapa M BOJABI M BO3MOXKHOCTH MX HCKIFOUCHHUS
WM B KpallHEM Cllydae yuera;

- BO3MOXXHOCTSIX M3MEPHUTEIHHON CXEMBI T10 00ECTIEIEHHIO TOCTOBEPHBIX U3MEPEHUH ITapaMeTpOB 1
pacxozoB BO BCEM ANANA30HE UX N3MECHEHMUS.

Vcrounukamu nmojydeHus yKa3aHHOH MH(QOpMaLul MOTYT sIBIAThCS TexHnueckue ycnosus (TY) Ha
MOCTaBKY 00OpPYIOBaHMs, WHCTPYKIMHU IO €r0 SKCIUTyaTalluH, aKThl PEBH3HH, BEIOMOCTH IE(EKTOB,
aHaJIM3 OKA3aHUH ITATHBIX PETUCTPUPYIOLIMX IPUOOPOB, OMPOC NEPCOHANA U T.1I.

[Iporpamma wucmblTaHuii JOMKHA OBITH COCTaBJeHa TakUM 00pa3oM, 4YTOOBI IO pe3yjbTaTaM
NPOBEICHHBIX OIBITOB MOIJM OBITh pPaccyMTaHbl M MOCTPOSHBI B HEOOXOJMMOM AMaIa3oHe
3aBHCHMOCTH KaK OOIIMX ITOKa3aTesed SKOHOMHUYHOCTH TYpOOYCTaHOBKH (PacXoJOB CBEXEro Iapa u
TEIIOTH! OT 3JEKTPUIECKOW HAarpy3KH M Pacxo[OB Iapa peryIupyeMbIX OTOOpOB), TaK M YacTHBIX
MoKa3zaTesel, XapakTepr3yommX 3(PQPEKTHBHOCTh OTAEIBHBIX OTCEKOB (IMUIMHIPOB) TYPOHMHBI M
BCIIOMOTATEIbHOTO obOopynoBaHus (Hanpumep, BHyTpeHHHMe KIIJI, maBiaeHuss 1O CTymeHsM,
TeMITepaTypHBbIC HAaIlOphl HOAOTPEBATENEH H T.1.).

OOmue moka3aresnn SKOHOMUYHOCTH, TOIyYCHHBIE TI0 MCHBITAHHUIO, MTO3BOJITIOT OLIEHUTH YPOBEHB
TypOOYCTaHOBKM O CPaBHEHMIO C TapaHTHSIMU W JaHHBIMH 10 OJHOTHITHBIM TypOHMHaM, a TakKxke
ABJIAIOTCA UCXOAHBIM MaTCpuajIoOM Ui IJIAHUPOBAHUA U HOPMHUPOBAHUA €€ pa60T1>1. YacTHbIe ke
IIoKa3aTciimn 3(1)(1)6KTI/IBHOCTI/I IMyTEM HMX aHajin3a U COIIOCTAaBJICHUA C MPOCKTHBIMU U HOPMATUBHBIMHU
JaHHBIMU TIOMOTAlOT BBIABUTH Y3JIbl U JJICMCHTHI, pa60Tanu11/1e C MOHMKECHHOM 3KOHOMHWYHOCTBIO, U
CBOEBPEMEHHO HAMETUTH MEPHI 110 YCTPAHEHUIO 1e(EeKTOB.

B.2. Crpykrypa nporpaMMsbl UCIIBITAHUI

TexHn4eckast MporpaMma UCIBITAHUH COCTOHUT U3 CIEAYIOIINX Pa3/eioB:

- 3a71a4M UCIIBITAHNUS;

- TepeveHb PEeXMMOB. B 3TOM paszmene g KaXIOH CEpHM PEXMMOB YKA3bIBAIOTCS PACXOJIBI
CBEJKETO Iapa M Iapa B peryIupyeMble 0TOOPHI, AaBICHHS B PETYIUPYEMBIX 0TOOPaxX M 3JIEKTpHUYECKas
Harpy3ka, a TakKXKe KpaTKas XapaKTepHCTHKA TEIUIOBOH CXEMBI, KOJMYECTBO OIBITOB M HX
MIPOIOJIKUTEIBHOCTB;

- o0mue ycyIoBHsI MPOBECHUS UCTIBITAHNIN. B 3TOM pazzerne yka3pIBaroTCs OCHOBHBIC TPEOOBaHUS K
TEIJIOBOH CXeMe, JAr0TCs Mpeiesibl OTKIOHEHHUS TapaMeTpOoB Mapa, CIocod oOecredeHus ITOCTOSHCTBA
pexxuma u T.1.

IIporpamMma MCTIBITaHUI COTIIACOBBIBACTCS C HAYaJbHUKAMHM I[€XOB: KOTJIOTYPOHMHHOTO, HAJAAKU U
UCTIBITaHNH, anekTpudeckoro, [ITO m yTBepkaeTcs TJaBHBIM HHXKCHEPOM 3JIEKTPOCTaHIMH. B
HEKOTOPBIX CIy4asX, HalpuMep NpH TPOBEACHUM HCIBITAHWH TOJOBHBIX 00pasloB TypOuH,
MpOrpaMMa COTJIACOBBIBAETCS TAKXKE C 3aBOJAOM-N3TOTOBHUTEIIEM 1 YTBEPXKIACTCS TJIaBHBIM HHXEHEPOM
9HEPTrOCUCTEMBI.

Pexomentyemble B kauecTBe 00pa3iia NpUMEphl COCTAaBIICHUS TPOTPAMM JaHbl B IPHIOXKEHUSIX 1, 2,
3.

B.3. PazpaGoTka nporpaMm HcnbLITAHUI A1 TYPOMH Pa3IMYHbIX THIIOB
B.3.1. KonneHcanuoHHble TYPOMHBI U TYPOMHBI ¢ MIPOTHBOAABIEHHEM

['maBHBIMHU XapakTepUCTUKaMU TYpOHH 3TOTO THIIA SBIISIOTCS 3aBUCHMOCTH Pacxoja CBEXEro Iapa
W TEwIOoThl (TIOJIHOTO M YAENBHOTO) OT JJIEKTPUYECKOHW Harpy3kd, IIO3TOMY OCHOBHAsl 4acTb
IpOTrpaMMbl HCIBITaHMS TMOCBSIIEHA ONbITAM JUIS MOJIy4eHHs MMEHHO 3THX 3aBUCHUMOCTEH. OIBITHI
HOPOBOJATCA IPHU MPOEKTHOM TEIUIOBOM CXeMeé U HOMHHAJbHBIX IapaMeTpax Iapa B JUala3oHe
3JIEKTpUUYECKUX HAarpy30K oT 30-40% HOMUHAJIBHOH 10 MAKCUMAJIbHOM.

[t BO3MOXKHOCTH TIOCTPOCHHUS XapaKTEPUCTHK TYpPOHWH ¢ IPOTHBOJABICHHEM BO BCEM AMAIa30HE
M3MEHEHHUS TOCIETHET0 MPOBOIUTCS JTHOO0 TPU CEPUH OMBITOB (MIPH MAKCHMAaJIbHOM, HOMUHAJIEHOM U
MHUHHMAaJIBHOM IPOTHBOJIABICHUSAX ), THOO TOJIBKO OJHA cepHs (MIPH HOMHHAJIHHOM IPOTHBOAABICHNN)
1 OMBITHI IO OTIPEIENICHHIO MTOTIPAaBKX K MOIITHOCTH Ha N3MEHEHNE MMPOTHUBOIABICHUS.

Br1i6op mpoMeEXyTOYHBIX HArpy30K OCYIIECTBIAETCS TakuM oOpa3oM, dYTOOBI OXBaTHTh BCe
XapaKTepHbIE TOUKH 3aBHCUMOCTEH, COOTBETCTBYIOIINE, B YACTHOCTH:

- MOMEHTaM OTKPBITHS PEryIHPYIOMINX KIIAIIaHOB,;

- IEPEKJII0YEHUIO UCTOUHUKA MUTaHUA AeadpaTopa;

- Iepexo/Iy ¢ MUTATEIBHOTO 3JIEKTPOHACOCa Ha TypOOHacoC;

- MOJIKJIFOYEHHIO BTOPOTO KopIyca Kotia (111 TypOuH 1y0ib-0J10KOB).

KonuuecTBo OMBITOB Ha Ka)I0W U3 HArPY30K COCTABIISIET: 2-3 MPU MaKCUMAaJIbHOM, HOMUHAJILHOM U
B XapaKTEePHBIX TOUKaX U 1-2 Mpu NpOMEKYTOUHBIX.



[IpomomKUTENEHOCTD KaXKIOTO U3 OMBITOB 0€3 ydeTa HaJlaJK! PEXHMa COCTaBIseT HE MeHee | 1.

Ilepen OCHOBHO# YacTHIO UCIIBITAHUS IUIAHUPYETCS MPOBEICHUE TaK HA3BIBAEMBIX TApPHPOBOYHBIX
ONBITOB, IENBI0 KOTOPBIX SBISICTCA COIOCTaBICHHE pAacXOJOB CBEXEro Iapa, IOJyYEeHHbIX
HE3aBHUCHMBIMH CIIOCOOAaMH, YTO MO3BOJHUT CYIWUTh O "IUIOTHOCTH'" YCTAHOBKH, T.€. OTCYTCTBUHU
3aMETHBIX HEYYTCHHBIX IIOJBOJIOB IIapa M BOJBI WM OTBOJOB WX M3 IuKkia. Ha ocHoBe aHamm3a
CXOJVMOCTH CPaBHHBAEMBIX pAacxXoZ0B AETaeTcs, KPOME TOrO, BBIBOJ O OOJbIIEH HAlIEKHOCTH
OINpeZieJIeHUsT Kakoro-nmbo W3 HUX, B OTOM ciydae HpH 00paboTKe pe3yiabTaToB BBOAUTCS
MONPaBOYHBIA KO3()(UIKMEHT K pacxo.ly, HOIyYeHHOMY IpyruM criocoboM. [IpoBeneHre 3THX OIBITOB
MOXeET OBITh OCOOEHHO HEOOXOAMMO B TOM Cilydyae, KOIJa OJHO M3 CYKAIOIIUX H3MEPHUTEIbHBIX
YCTPONCTB YCTaHOBJICHO MJIU BBIIIOJIHEHO C OTCTYIUIEHHEM OT npaBui [4].

Crnenyer yuumThIBaTh M TOT (aKT, YTO pe3yibTaThl TAPHUPOBOYHBIX OIBITOB MOTYT OBITH
UCIIONIb30BaHbl /st 0ojiee TOYHOrO OIpENeNieHUs] pacueTHbIM myTeM BHyTpennero KIIJ| LIHZ,
MOCKOJIBKY B 3TOM CIIydac YHCJIO BEJIWYMH, yJaCTBYIOIIMX B YPaBHEHHH SHEPreTHUECKOro OanaHca
YCTaHOBKH, CBEJICHO K MUHUMYMY.

Jlnst mpoBeAeHNs TApUPOBOYHBIX OIBITOB COOMpPAETCs Takas TEIUIOBAasl CXeMa, IIPH KOTOPOH pacxon
CBEJKETO Tapa MOKET OBITh MPAKTHYECKN LIEJIMKOM M3MEpPEH B BHJE KOH/AEHcaTa (WX oTpabOoTaBIIETO
mapa Juii TYpOMH C TPOTHBOJAABICHHEM), YTO IOCTUTACTCSA IIyTEM OTKIIOUCHHUS pEreHepaTHBHBIX
ot6opos Ha [1B]] (6o nmepeBoga nx KOHACHCATa Ha KACKaIHBINA CIIMB B KOHAEHCATOP), A€a’3parop, 1o
Bo3MoxxHOCTH Ha ITH/I (B ciydae, ecnu MMeeTcsi yCTPOMCTBO ISl M3MEPEHUS pacxojia KOHJIeH caTa 3a
KOHJICHCAaTHBIMHM HAacOCaMM) U BCeX OTOOPOB Ha OOIECTAaHIMOHHBIC HYKABL. [Ipy 3TOM JOJKHBI OBITH
HaJIeXKHO OTKIIOYCHBI BCE MOJBOJBI IIapa M BOABl M OTBOJABl HX M3 LHKIA TypOOYCTaHOBKH U
o0ecreyeHo paBeHCTBO YPOBHEH B KOHJICHCATOPE B Hayase M KOHIIE Ka)KAO0T0 OIBITA.

KosmdecTBO TapupOBOYHBIX ONBITOB B IMANa30HE U3MEHEHHS pacxoja CBEeXEro napa oT MUHUMyMa
0O MakCHMyMa COCTaBISIET HE MeHee 7-8, a MPOJODKHTENBHOCTh KaXIoro He MeHee 30 MHH mpH
YCIOBUM €KEMHHYTHOH 3allMCH IIEpenajioB AaBICHUNA Ha pacXoloMepax M IapaMeTpoB CPeXbl Mepen
HHUMU.

[Ipn oTCyTCTBMM HaJeKHOH 3aBUCHMOCTH HM3MEHEHHSI MOIIHOCTH OT JaBJICHHS OTPabOTaBIIETO
napa BO3HMKaeT HEOOXOIMMOCTb B IIPOBEJCHMH TaK Ha3bIBAEMBIX BaKyyMHBIX OIBITOB, BO BpEMS
KOTOPBIX TEIUIOBasl CXeMa INPAKTHYECKH COOTBETCTBYET COOMpacMOW AJsl TapUPOBOYHBIX OIIBITOB.
Bcero npoBozsTCcs ABE CEpUM OIBITOB C N3MEHEHHEM JIaBJICHUS OTPaOOTaBIIEro mapa OT MHHUMYMa J10
MaKkCHUMyMa: OfHa - pH pacxoxe napa B YHJI, 6mu3kom Kk MakcuMalIbHOMY, a BTOopas - mopsiaka 40 %
MakcumanbHoro. Kaxkmast u3z cepuit coctrout u3 10-12 ombITOB €O cpeaHei MpOoJOIKUTEILHOCTRIO 15-
20 wmuH. Ilpu mIaHUpOBaHMM W TPOBEIEHHHM BaKyyMHBIX OIIBITOB CIIEAyeT 0CO00 OTOBOPHUTH
HEOOXOIMMOCTh O0eCHeYeHns: MUHMMAJIBHO BO3MOXHBIX KOJIeOaHMH Ha4yaJbHBIX M KOHEYHBIX
MapaMeTPoB T1apa C IeTIbI0 UCKIIOYCHHS WM CBEJICHHUS K MUHIMYMY ITOTIPaBOK K MOITHOCTH TYpPOMHBI
JUISL UX ydeTa M, cliel0BaTeIbHO, MOy4YeHHs HauOoee MpecTaBUTeNIbHON 1 HaJAeKHOW 3aBUCHMOCTH.
B rmporpamme ciemyeT Takxke OrOBOPHUTH CIIOCOO HCKYCCTBEHHOTO HM3MEHCHHMS JIaBJICHUSA
0TpaboTaBIIEro mnapa OT ONbITA K OMBITY (HAampuMep, BIYCK BO3JyXa B KOH/EHCATOpP, CHIKEHHE
JaBJIeHUs pabovero mnapa rnepes HKEeKTOpaMH, H3MEHEHHE Pacxo/ia OXJIaXKAAoIeH BOIBI U T.11.).

Hapsimy ¢ ykazaHHBIMH MOTYT OBITh 3aIUIAHMPOBAHBl W HEKOTOPHIE CIHENWAIbHBIE OIBITHI
(HanpuMep, 1O OIPEAEICHUI0O MaKCHMalIbHOM MOIIHOCTH M TPOIYCKHOH CIOCOOHOCTH TYpOWHBI, CO
CKOJIB3AIINM JaBJICHHEM CBEXEro mapa, 1o TmpoBepke 3(P(EeKTHBHOCTH OT BHEIPEHUS Pa3IHYHBIX
Meponpustuit anst onpeaenenns KITA ITH/ u T.1.).

B.3.2. TypOGuHBI ¢ peryaiupyeMbIM 0TOOPOM Napa Ha Terio(puKaLHnIo

Typ6uns! storo tuna (T) BbIMONHEHHI 1M00 ¢ OXHOM cTyneHblo T-0TOOpa, B3ATOrO M3 KaMepsl
nepesl peryJupylonM OpraHoM (3To, Kak IpaBWIO, TYpOMHBI CTapblX BBIIYCKOB M HEOONBIION
MOIIHOCTH, Hampumep, T-6-35, T-12-35, T-25-99 u ap., B KOTOPHIX OCYIIECTBIICH OJHOCTYNEHYATHINH
MIOZIOTPEB CETEBOW BOJBI), TNOO C BYMS cTyneHsMHu T-oTOopa, 07iHa 3 KOTOPHIX IHTAETCs U3 KaMephl
nepen perynupytomum opranom (HTO), a Bropast - u3 kamepsl, paciiojoXeHHOH, KaK IpaBHiIo, HA JBE
crynenu Beire nepsoid (BTO) - ato, Hanpumep, TypOunsl T-50-130, T-100-130, T-250/300-240 u
JIpyTHe, BBITyCKaeMble B HacTosImiee BpeMs W pabortaiomme Mo Ooyiee HKOHOMHYHOM CXeMe C
MHOTOCTYEHYATBIM TTOJIOTPEBOM CETEBOW BOJBI.

B TypOmHaxX ¢ MHOTOCTyNEHYATHIM, a MOCIE COOTBETCTBYIOMIEH PEKOHCTPYKIHH M B TypOMHAX C
OJTHOCTYIICHYATHIM IIOI0TPEBOM CETEBOM BOJBI B IENAX YTWIM3AIMHU TeIIa OTPabOTaBIIEro mapa mpHu
peXMME TEIUIOBOTO Tpaduka B KOHICHCATOpPE CIECIHMAIBHO BBIAENEH BCTPOEHHbIM mydok (BII), B
KOTOPOM TIPOMCXOJIUT TPEIBAPUTEILHBINA MTOJOTPEB CETEBOM BOJbI mepes nogadei ee B [ICB. Takum
00pa3oM, B 3aBUCUMOCTH OT KOJIMYECTBA CTYNEHEH MOA0TrpeBa CETEBON BOJBI PA3IMYAIOTCS PEXKUMBI C
onHoctyneHyarsiM nojorpesom (BkimoueH HTO), nByxcrynenuarsiM (Bkimouensl HTO u BTO) un
TpexcrynendarsiM (BkiaroueHs! BIT, HTO u BTO).

OCHOBHO# 3aBHCHMOCTBIO, XapaKTEpHO! U1 TYpOMH 3TOTO THIIA, SBJSIETCS JHarpaMma pexHMOB,
OTpaXkaloliasi CBsI3b MEXIY pacxXoJaMH CBEXero mnapa u mapa B T-oTOOp W 3JeKTpHYEcKOM



MOIIHOCTBIO. Byaydn HeoOXoquMoi IS Lenel IITaHNPOBAHUS, AUarpaMMa PEeXHUMOB SIBJISICTCS B TO XKe
BpEMS HCXOJHBIM MAaTEpHAlIOM IJIsi pacdeTa W HOPMHPOBAaHHMA HKOHOMHUYECKHX IIOKa3aTelel
TypOOYCTaHOBKH.

JuarpaMmbl peXKHMOB AJsT pPabOTBI TYpOWHBI IIPH OAHO-, ABYX- M TPEXCTYMEHYATOH CXeMax
MOZOTPEBA CETEBOW BOMBI MPUHUMAETCS IBYNOJIbHBIMU. Ha nX BepXHEM IoJie TTOKa3aHbl 3aBHCUMOCTH
MOITHOCTH TYpOWHBI OT pacxoja CBEXEro Imapa IMpH padoTe M0 TeIIioBOoMy TIpaduky, T.e. C
MUHHMMAaNbHBIM IpomnyckoM napa B UH/I u pasnuuneiMu naBnenusmu B PTO.

HixHee monie quarpaMMbl PeKHMOB COAEPIKUT 3aBUCUMOCTH MaKCUMaJbHOW TeIro(UKalMOHHON
Harpy3Kd OT MOIIHOCTH TYypOWHBI, COOTBETCTBYIOIIUE BBIMICYHOMSIHYTHIM JIHMHUSM BEPXHErO IOJI.
JlonoNHUTENFHO Ha HW)KHEM II0JIE HAaHECCHBI JIMHHWHU, XapaKTepU3YIOIIHME 3aBUCHMOCTh W3MEHEHHMS
JJIEKTPUYECKOH MOIIHOCTH OT TeIIOQUKAIMOHHONH HArpy3kd Ipu paboTe TypOMHBI IO
JNEKTpUUECKOMY TpaduKy, T.e. IpH mporyckax mapa B [IH/I, 60apIIMX MUHUMAJIBHOTO (TOJBKO JUIS
OJTHO- ¥ JBYXCTYIEHYIATOT 0 ITOJIOTPEBA CETEBOM BOJIBI).

JletHme pexuMbl pabOTBI TYpOMH TIPH  OTCYTCTBHHM  TEIUIOQUKAIIMOHHONH  HATrpy3KH
XapaKTepU3yIOTCs 3aBUCHMOCTSIMU TOTO )K€ THIA, YTO M AJISI KOHACHCAIIMOHHBIX TYpOHH.

[Ipn wcnelTaHnsAX TypOMH 3TOTO THNA, KaK M JUIS KOHJCHCAIIMOHHBIX TYpPOMH, MOXKET TaKxKe
BO3HUKHYTH IOTPEOHOCTh B HKCIIEPUMEHTAIBLHOM ONPECIICHHH HEKOTOPBIX MONPABOYHBIX KPHUBBIX K
MOIITHOCTH TypOWHBI Ha OTKJIOHEHHWE OTIEIbHBIX MapaMeTpOB OT HOMHHAJIBHBIX (HAIIpUMeEp, NaBICHHS
otpaborasiiero napa wiu napa PTO).

Takum 06pa3om, IporpamMMa UCTIBITAHUN TypOUH 3TOTO THIIA COCTOUT U3 TPEX Pa3/ieioB:

- OIBITBI HA KOHACHCALTUOHHOM PEIKUME,

= OIIBITHI JJId NOCTPOCHU JUATrpaMMBbl PEKUMOB;

- OIIBITHI JJId NOJTYUYCHH NOIMPaBOYHBIX KPUBBIX.

Hwxe paccmarpuBaeTcst KaxIbIii U3 Pa3eioB B OTICIBHOCTH.

B.3.2.1. KoHaeHCauMOHHBINA PEXUM C OTKIIOYEHHBIM PEryIaTopoM aasiaeHus B PTO

OTOT pas3zmen COCTOMT W3 TPEeX dYacTed, aHAJOTMYHBIX YKa3aHHBIM B IIPOrpaMMe HCIIBITaHHH
KOHJICHCAIMOHHOM TypOWHBI (TapUpOBOYHBIE ONBITHI, OMBITHI MPU HPOEKTHOM TEIUIOBOH CXeMe H
OTIBITHI JUIS OTIPEIEICHUS MONPaBKA K MOIIHOCTH Ha M3MEHEHHE NaBJICHWS OTpabOTaBIIETo mHapa B
KOHJIEHCATOpE) U 0COOBIX MOSICHEHUH He TpedyeT.

OpHako BBHIY TOTO, YTO, KaK MPaBHUJIO0, MAaKCUMAJBHBIN PAacXoj] CBEXKEro Mapa B TApUPOBOYHBIX
OMBITaX A TypOWH 3TOrO THUIA OMpeJesseTcss MakCHMaibHbIM mnpomyckom B UH/I, oGecneuenue
nepenaja JaBJICHUH B CYXKAIONIMX YCTPOHCTBAX Ha JIMHUSAX CBEXKEro Mapa B JAMANa30HE CBEPX ATOTO
pacxofa A0 MaKCHMaJIBHOTO MPOBOAMTCS JHOO IPH IPOCCETHPOBAHUHU CBEXKETrO IMapa, JUOO 3a cueT
BimoueHust [1B/] ¢ HampaBieHneM WX KOHJEHCAaTa TPEIOIero mapa B KOHJEHCATOp, OO MyTeM
BKJIFOUEHUS PETYJIMPYEMOTr0 0TOOpa 1 ITOCTETIEHHOTO €ro yBeinndeHus [1].

B.3.2.2. OnbITsl A1 NOCTPOEHUS AUArpaMMbl PEKUMOB

W3 ommcaHHO# BBIIIE CTPYKTYpHI JWAarpaMMbl CIEAYeT, YTO IS €€ IMOCTPOEHUs HeoOXOAnMOo
MPOBECTH CIIETYIOIINE CEPUH OTIBITOB:

- TeIUIOBOH rpaduk ¢ pa3nnuHbIMH faBieHusIME B PTO (11 moydeHHs: OCHOBHBIX 3aBUCHMOCTEH
BEPXHETO M HWKHETO MOJIs TuarpaMMsl. 1 KaKI0ro U3 peKUMOB € OJJHO-, IBYX- U TPEXCTYNEHYaThIM
MOJIOTPEBOM CETEeBOH BOJBI IUTaHUpyeTcs Mo 3-4 cepuu (6-7 ONBITOB B KaXAOH) C pazIHYHBIMU
MOCTOSHHBIMU JaBieHuAMH B PTO, paBHBIMH WM OJM3KUMH, COOTBETCTBEHHO, K MAaKCHMAaJIbHOMY,
MUHUMaJIBHOMY W cCpegHeMy. Jlmama3oH HM3MEHEHHs pacxoja CBEXEro Iapa OIpeaersercs, B
OCHOBHOM, OTPAaHWYCHHAMH IO KOTIy, TPeOOBAHMSAMH HHCTPYKIIMH M BO3MOXKHOCTBIO HAJIEKHOTO
U3MEPEHUs pacXoJI0B;

- DJICKTPUUYECKHH TpadMK ¢ TOCTOSHHBIM JapieHneM B PTO (anst mosdydeHHs 3aBHCHMOCTH
M3MEHEHHSI MOIIHOCTH OT W3MEHEHMs TeIUIO(QUKAIMOHHOW Harpy3ku). JUIs KaXIoro m3 pexMMoOB C
OJIHO- M ABYXCTYNEHYaTbIM MOJOrPEBOM CETE€BOIl BOABI IPH HEM3MEHHOM DACXOJE CBEXEro mnapa
iaHupyercs 1o 3-4 cepun (5-6 ONBITOB B KaXK/10M) ¢ MOCTOSHHBIM JaBieHneM B PTO u nepemeHHON
TeIIO(UKAIMOHHON Harpy3kod oT Makcumyma 10 Hyins; [IBJl pekoMmeHmyeTcs OTKIIOYHMTBH JUIS
obecrieueHnss HanOOJBIEH TOYHOCTH.

B.3.2.3. OmbITHl AJ11 TOCTPOCHUS MOTMPABOYHBIX KPHUBBIX K MOIHOCTH Ha OTKJIOHEHHUE OTIENbHBIX
MapaMeTpoB OT MX HOMHUHAJIHHBIX 3HAYCHUI

Heo6xoauMo mpoBeCTH CIAEAYIONTHE CEPUH OIBITOB:

- TEIIOBOH TpauK C MOCTOSHHBIM PAcXOJOM CBEXKEro Iapa W NMEepeMeHHBIM naBieHueMm B PTO
(s ormpeniesIeHus MONPAaBKK K MOLITHOCTH TypOWHBI Ha n3MeHeHue fAasienus B PTO). lns pexumMos ¢
OJTHO- M IBYXCTYICHYATHIM (MJIM TPEXCTYIIEHYATHIM) MOJOTPEBOM CETEBOM BOIBI MPOBOIUTCS IO JBE
cepuu 1o 7-8 OMBITOB MPHU MOCTOSHHOM PACXOJ€ CBEXEro napa B Ka)JIOW M M3MEHEHUU JaBJICHUS B
PTO or munumyma no makcumyma. M3menenue nasienuss B PTO mocturaercs myTteM H3MEHEHUs
pacxona cereBoit Boabl uepe3 I[ICB mpu MOCTOSHHOM OTKPBITHMM KJAlaHOB CBEXEro mnapa u



MUHUMAJIBHOM OTKPBITHH MOBOPOTHOH nuadparmer YH/I.

ITomorpeBareny BRICOKOTO IaBJICHUS OTKIIOUEHBI IS TIOBBIIICHUS TOYHOCTH PE3yIbTATOB;

- ONBITHL JJIS pacdeTa IONPaBKA K MOUTHOCTH Ha M3MEHEHHE NaBIICHUS OTpabOTaBIIETO Iapa B
KoHzeHcaTope. IIpoBosTCs BE cepru OMBITOB MPH pacxoax mapa B KoHaeHcatop mopsaka 100 u 40
% makcuMmanbHOTO. Kaknast cepust coctout u3 9-11 OmMBITOB IPOJOIKUTEIBHOCTRIO OKOJIO 15 MUH BO
BCEM JMalla30He W3MEHEHHs MaBICHHS OTPAa0OTABIIETO Mapa, OCYIISCTBISEMOTO ITyTEM BITyCKa
BO3/lyXa B KOHJCHCATOp, WM3MEHEHHUs pacxoJa OXJaXKIaollell BOIbI, OaBJICHHs Mapa CoOILIaMHU
OCHOBHOTO 2>KEKTOpa WJIM pacxoja MapoBO3AyIIHON cMecH, OTCaChlBaeMOM U3 KOHJIEHCATOPA.

B.3.3. TypOuHBI ¢ peryjupyemMbIM 0TOOPOM Napa Ha NPOU3BOCTBO

TypOuHbl 3TOrO0 THIA MMEIOT BEChbMa OTPAHMYEHHOE PAcCIpPOCTPaHEHHE M BBITYCKAIOTCS JHOO
koHneHcannonHeMH (1), mbo ¢ mpotuBogasienueM (I1P). B obonx cmyyasx aumarpamMma pekUMOB HX
pabOTHl BBINOJHACTCS OMHOMOJIBHOW M CONEPXKHUT 3aBUCHMOCTH JIEKTPHUYECKOM MOIIHOCTH OT
pacxozoB cBeero mapa u napa [I-otdopa.

Ilo ananoruu c pasn. B.3.2 nporpamMmma UCHIBITaHUN TaKXe COAECPKUT TPU paszena.

B.3.3.1. Pexxum 6e3 IT-ot6opa

Heo06xoaumMo mpoBeCTH CleyIOMUE OIBITHL:

- "TapupoBounsie”. [IpoBoaaTCs MpH yCIOBUAX, YKa3aHHBIX B pa3a. B.3.1 u B.3.2.1;

- IIPY HOPMAJIBHOH TEIUI0BOM cxeMe. IIpoBOAATCS ¢ OTKIIOYEHHBIM PEryjsaTopoM AasieHus B I1-
0TOOpE MpH OCTOSTHHOM JIaBJICHUH 0TpadoTaBLIero napa (Juist TypouH tuma [1P).

B.3.3.2. OnbITsI A1 NOCTPOEHUS AUArpaMMbl PEKUMOB

BBuny Ttoro, uro map B kamepe I1-oTOopa Bcernma sBISE€TCS HEPETPETHIM, TOCTATOYHO IIPOBECTH
OHY CEpHIO OIBITOB C pETYIHPYeMbIM OTOOpOM Tapa, II0 pe3ynbTaraM KOTOPOH 3aTeM
paccuuThIBatoTCs U cTposarcs xapakrepuctuku UB /I u YH/I, a 3aTrem quarpamma pexuMoB.

B.3.3.3. OnbIThI A1 HOCTPOEHUS NONPABOYHBIX KPUBBIX K MOIIIHOCTH
ITpu HE0OXOAMMOCTH MIPOBOIATCS OIBITHI IS ONIPEeNICHHS ONPAaBOK K MOIITHOCTH Ha W3MEHEHHE
JlaBJIeHMs 0TpaboTaBIero napa u napa B kamepe [1-ot6opa.

B.3.4. TypOouHbI ¢ 1ByMsI peryJiupyeMbIMU 0TOOpaMM napa Ha NPOU3BOACTBA U HA
Temopukauuio (tuna I17T)

JuarpamMmma peXUMOB Il TYPOHH 3TOTO THIA MPHHIUIHAIHHO HE OTIMYACTCS OT TPAIUIIMOHHBIX
muarpamMMm  aByxotOopHbix Typomn IIT-25-90 wu IIT-60-90 (130) ¢ oOOHMM BBIXOJOM
TEIUTO(PUKAIIMOHHOTO 0TOOpa W TAKXKE BBIMOJTHICTCS ABYIOJIBHOMN, IIPH 3TOM BEPXHEE ITOJIC OIHACHIBACT
PSKUMBI C TPOW3BOJACTBEHHBIM OTOOPOM, a HIDKHEE - C TeIDIOQUKAIIMOHHBIM TPH OJHO- H
JIBYXCTYIICHYaTOM ITOJIOTPEBE CETEBOW BOIBL. TakuM 00pazoM, IJI IMOCTPOSHHS IHAarpaMMBI HYKHO
HUMETh CIIEYIOIINE 3aBUCUMOCTH:

- momHocte# LIB/] u ITH/I oT pacxona mapa Ha BXOJie IPU BEIOPAHHBIX 32 HOMUHAJIBHBIE JaBJICHUS
B [1-ot0ope u PTO u HyneBoit TermmopukannoHHON HArpy3Ke (/151 BEPXHETO MOJIs);

- I3MEHEHUS] CYMMapHOH MoIIHOCTH niepekmodaemoro otceka (I10) u YH/I st AByXCTyIeHIaToro
nogorpesa 1 UHJI 11 0MHOCTYIIEHYATOTO TIOJIOTPEBA OT U3MEHEHHS TETIIO(PUKAITMOHHON HArpy3KH.

B mensax mnonmydeHUs: yMOMSHYTBIX 3aBUCUMOCTEH HEOOXOIUMO TPOBECTH CIEAYIOUIUE CEpUr
OIIBITOB.

B.3.4.1. KoHaeHCalMOHHBINA PEXUM

B sTOM pexuMe npoBOASTCS OMBITHIL:

- "tapupoBounsie” (IIBJl m perynstopsl naBieHUss B OTOOpax OTKIIOYEHBI). Takue OIBITHI
MPOBOJIATCS TIPH TEIUIOBOM CXeMe YCTaHOBKHM, COOpaHHOHM TakMM 00pa3oM, YTO Pacxojl CBEXEro Iapa,
MPOXOIAIINN Yepe3 PacXxogOMEpHOE YCTPOHCTBO, MOKET OBITh MPAKTHYECKH IIEITUKOM H3MEPEH B BHIE
KOHJIEHCATa C MOMOIIBIO CY)KAIOIIEro YCTPOMCTBA, yCTAHOBICHHOTO HA JIMHUHM OCHOBHOTO KOHJCHCATa
TypOuHbl. KosmyecTBo ombITOB cocTaBisieT 8-10 ¢ MpoAoODKUTENBHOCTHIO Kaxaoro 30-40 muH (cMm.
pa3a. B3.1 uB.3.2.1);

- JUId pacueTa MONPaBKM K MOIIHOCTH HAa HW3MEHEHHE JMaBJICHHWA OTPadOTaBIIEro Imapa B
KOHZICHCcaTtope. Perymsatopsl naBiaeHHss B OTOOpax OTKIIOUCHBI, pEreHepanusi OTKIIOYCHA, 3a
uckmouenuem [THJ] Ne 1 u 2 (cm. pazg. B.3.1);

- U ONpENENICHUs TMONMPaBKM K MOINHOCTH Ha U3MeHeHue maapieHus mapa B PTO (IIB]]
OTKJIIOYEHBI, peryisrop nasieHusi [1-orGopa Bkitouen). [IpoBomsrcst 4 cepuM C IOCTOSHHBIM
pacxo oM CBexero napa (o 4-5 omeITOB B Kax0i), B JBYX U3 KOTOPBIX CTYNEHSIMH OT MUHUMYMa 0
MakcuMmyMa u3Mensiercs nasinenue B BTO, a B 1Byx apyrux - B HTO;



- IIpU TIPOEKTHOM TemyioBoil cxeme. [IpoBOIATCS TIpH YCIOBUSAX, aHAJIOTHIHBIX YKa3aHHBIM B pa3i.
B.3.1.

B.3.4.2. PexxuMbl ¢ IpOM3BOACTBEHHBIM 0TOOPOM
IlpoBogutcs cepus U3 4-5 ONBITOB B JAMana3’oHe pacXomoB OT MAaKCHMAJIBHOTO HpH

KOHJICHCAIMOHHOM pexkuMe (G ') 10 MakCHManbHO IOIyCTHMOTO IIpH MONHOW 3arpyske LIBJI mo

0 KOHO
Hapy ( Ggmlcc )

3nauenue [1-ot6opa BbiOMpaercst mo ycioBusaM TOLl, Mcxonas W3 XKenaTelbHOCTH OOecreueHHs
perynupyemoro aasneHus 3a LIB/] Bo Bceil cepun OnbITOB.

B.3.4.3. Pexxumsl ¢ TeIUIO(GHUKAIIOHHBIM OTOOPOM I10 3JCKTPUUECKOMY TpaduKy (U MOITydeHHS
3aBUCHMOCTH U3MEHEHHS MOIIHOCTH OT N3MEHEHHS TEIUIO(PHUKAMOHHON HATPy3KH)

OTH peKUMBI aHAJIOTHYHBI IPOBOJMMEIM IIPH UCTIBITaHUAX TypOuH 0e3 I1-oTdopa.

151 pexXUMOB € OJJHO- U [BYXCTYIEHYATHIM IIOAOIPEBOM CETEBOM BOJBI MpHU OTKIIOUEHHBIX [IB/] n
HEM3MEHHOM pacxoJle CBEXKEro mnapa mpoBogurcsi mo 3-4 cepuu K3 5-6 OMNBITOB B KaXOOH C
MOCTOSAHHBIM JaBieHueM B PTO, GMU3KUM COOTBETCTBEHHO K MHMHUMAIBLHOMY, IPOMEXYTOYHOMY U
MaKCHMaJIbHOMY.

TemnodukanonHas Harpy3ka U3MEHSETCsl OT MAKCHMYyMa JI0 HyJIsl B KXKJIOW CEPHHU OMBITOB IyTeM
M3MEHEHUs pacxojia CETeBOU BOAbI uepe3 TpyoHsle myuku [1CB.

I'. MOAI'OTOBKA K HCIIBITAHUAM
I'.1. O0mue moj1o:KeHUus

[ToaroroBka K HCHBITAaHUAM OOBIYHO MPOBOAWTCS B JABa JTama: IEPBBIA OXBATHIBAET PaOOTHI,
KOTOPBIC MOI'YT U JOJIKHBI IPOBOJUTHCA CPABHUTCIBHO 3a10JII'0 OO0 HCHLITaHHﬁ; BTOpOﬁ OXBaTbIBACT
pa6OTLI, KOTOPBIC IPOBOJAATCA HCIOCPECACTBECHHO NEPEA UCTIBITAHUSAMU.

[TepBriii 3T MOATOTOBKH BKIIIOYAET CIEAYIOIINE PabOThI:

- IeTaJbHOE 03HAKOMJIEHHE ¢ TypboycTaHoBkoi u KUII,

- COCTaBJICHHE TEXHUYSCKOM IIpoTrpaMMbl UCIIBITAHUSA

- COCTaBJICHHE CXEMBI JKCIEPUMEHTAIBHOTO KOHTPOJA (CXEMBI W3MEpPEHHH) U IepedHs
MOATOTOBUTEIBHBIX PadoOT;

- cocTaBlIeHHE NepeyHs (crenudukanii) HeoOX0ANMBIX KOHTPOJIBHO-H3MEPUTEIbHBIX PHOOPOB,
OCHACTKH U MaTepHasoB.

Ha BTOpOM 3Tane noAroTOBKU BBIMOIHSIIOTCSA:

- TEXHWYECKOE pPYKOBOJICTBO M HaJA30p 32 BBHINIOJHEHHEM MOATOTOBUTENBHBIX paboT Ha
000pyIOBaHUM;

- MOHTAX M HaJlaJKa CXCMBbI H3Mep6HHﬁ;

- KOHTPOJIb TEXHUUECKOTO COCTOSIHUS 000py10BaHHS U TEIJIOBOH CXEMBbI IIEpPE]] UCIIBITAHUEM;

- pa30MBKa ITyHKTOB U3MEPEHUH TI0 KypHaJIaM HaOJIIOCHUH;

- coCTaBJIeHHE pabodnX MPOTpaMM Ha OT/ENbHBIE CEPUH OIBITOB.

I'.2. O3HakoMiIeHHe ¢ TYPOOYCTAHOBKOI

[Ipn o3HaKoMIIeHHH ¢ TYpOOYCTaHOBKOM HEOOX0ANMO:

- U3Y4YUTh TEXHUYECKUE YCIOBUS Ha IOCTaBKY U MPOEKTHHIE JaHHBIE 3aBOJA-U3rOTOBUTENS, aKTh
TEXHHYECKUX OCMOTPOB, KypHAIBI 1e(h)eKTOB, SKCILTyaTalMOHHbIE IaHHbIEC, HOPMBI 1 HHCTPYKIIMH;

- M3YYUTbH TEIUIOBYIO CXeMYy TypOOYCTAHOBKM C TOUKH 3PEHHUS BBLABICHHS M IIPU HEOOXOAMMOCTH
yCTpaHEHHUs JHOO0 ydeTa Pa3iuYHbIX MPOMEKYTOUHBIX ITOJIBOIOB M OTBOAOB Iapa M BOJBI HAa BPEMS
MIPOBEICHUS NCIIBITAHUS;

- ONpEeNenuTh, KaKue HW3MEpEeHHs HeOOXOOUMO MPOM3BECTH IS PEUICHHS 3ajad, MOCTAaBICHHBIX
nepex WcmeITaHHEeM. [IpoBepHUTh MO MeECTy HaJW4Yhe, COCTOSHHE M PACIOJI0KEHHE HMEIOLIIXCS
W3MEPUTENIBHBIX YCTPOWCTB, MPHUIOJHBIX K HCIOJB30BAaHHUIO BO BpEeMs HCIBITAHHSA B KadecTBE
OCHOBHBIX WIIN TyOIHPYIOIIHX;

- BBISIBUTDH ITyTE€M IIPOBEPKHU IO MECTY M ONPOCA IKCILTYaTALMOHHOTO NEPCOHANA, a TAK)KEe U3y4EeHUs
TEXHUYECKOH TOKyMEHTAI[H BCE 3aMEUYCHHbIE HEHCIIPaBHOCTH B paboTe 000py10BaHMs, Kacarouuecs,
B YacTHOCTH, IUIOTHOCTH 3allOpHOM apMarypbl, TEIUIOOOMEHHBIX amnapaToB (pereHepaTUBHBIX
noporpesatened, [ICB, xonmeHcatopa W T.1.), pabOThl CHCTEMBI PEryJIHMPOBAaHUs, BO3MOXKHOCTH
NOJJIEP)KAHHUSI YCTOMYMBBIX PEKMMOB HAarpy3KH M IapaMeTpOB Iapa (CBEXEro M peryiupyeMbIX
0TOOpPOB), HEOOXOAMMBIX BO BPEMS HCHBITAHHs, pabOTBHl PEryJsTOPOB YPOBHS B pEreHepaTUBHBIX
MOAOTPEBATENSAX U T. .

B pesynbrare npenBapuUTENBHOTO O3HAKOMIIEHHS C TypOOYCTAaHOBKOH HEOOXOIMMO HYETKO



IPECTaBIATh ceOe Bce OTIIMYMA €€ TeIUIOBOI CXeMbI OT NPOEKTHON M IIapaMeTpoB Iapa M BOABI OT
HOMHHAJIBHBIX, KOTOPbIE MOTYT UMETh MECTO IPH UCIIBITAHHH, a TAKXKE CII0OCOOBI IIOCIEAYIOIET0 yueTa
STHX OTKIOHEHHU IIpH 00paboTKe Pe3yIbTaToB.

I'.3. Cxema n3mepeHuii ¥ nepevyeHb MOATOTOBUTEIbHBIX PadoT

[locne neranbHOTO O3HAKOMIIEHHS C TypOOYCTAaHOBKOW M COCTABJICHHSI TEXHHUUYECKOH MPOrpaMMBI
UCIIBITAaHUH CIIelyeT MPUCTYIHUTh K Pa3padOTKe CXeMbl U3MEPEHUH C MepevyHeM N3MEPSeMbIX BEJTHYHH,
OCHOBHBIM ~ TpeOOBaHHMEM K KOTOPHIM SIBIISIETCS  OOECHEYCHHWE BO3MOXKHOCTH  IOJYYCHHMS
NPE/ICTABUTEbHBIX JaHHBIX, XapaKTEePU3YIOUIMX OKOHOMHUYHOCTH TypOOYCTaHOBKM B II€JIOM U
OTJENIBbHBIX €€ JIEMEHTOB BO BCEM JHANla30HE PEKMMOB, HAMEUEHHBIX TEXHUUECKOH mporpammoit. C
9TOI LeNbl0 NpU pa3paboTKe CXeMbl U3MEPEHUH PEKOMEHAYETCS IMOJIOKHTh B OCHOBY CIIEAYIOLIHE
MPUHIUIIBL:

- MCTOJIb30BAHUE [UISI U3MEPEHHUS] OCHOBHBIX IapaMETPOB Iapa W BOJBI, MOITHOCTH T€HEpAaTOpa 1
pacxooB AaTINKOB U MPUOOPOB MaKCHUMAIbHOM TOYHOCTH;

- obecnieyeHne COOTBETCTBHS INPEIEIIOB M3MEPEHHH BHIOMPAEMBIX IPHOOPOB MPEANOIaraeMoMy
JMana3oHy U3MEHEHUS (PUKCHPYEMbIX BEIHIVH;

- MakcUMalbHOE IyOJNMpOBaHME W3MEPEHHH OCHOBHBIX BEIMYMH C BO3MOXHOCTBIO HX
COIOCTABJICHUs U B3aUMOKOHTpOJIs. [lokiroueHne QyOaMpOBaHHBIX JaTYMKOB K Pa3HBIM BTOPHYHBIM
npudopam;

- UCIIOJIb30BAHUEC B Pa3yMHBIX NMPEACTIaX MTATHBIX U3MCPUTECIbHBIX HpI/I60pOB " JaTYUKOB.

Cxema n3MepeHuil o TypOOyCTaHOBKE BO BpeMs HCIIBITAHUS, TIEPEYHHU ITOJIIOTOBUTENLHBIX paboT
(c ockmM3aMM M UYepTe)KaMH) M TOYEK HM3MEpEHHH, a TakkKe CIHCOK HEOOXOAMMBIX KOHTPOJBHO-
M3MEPHUTENBHBIX TpHOOPoB (cnenndukanus) oQopMIMIOTCA Kak INPHIOKEHHE K TEXHHIECKOU
porpamMMe.

I'.3.1. CocraBiieHue cxeMbl H3MePEeHUI U NepeYHs] NOATOTOBUTEIbHBIX PA00T AJ1s1 TYPOMHBI,
Haxojsielcs B IKCIIyaTaluK

TemoBass cxeMa TypOOYCTaHOBKM BO BpeMs MHCIBITaHMS JOJDKHA O00ECHeYuTh HaJeKHOe
BBIJICJIEHHE 3TON YCTAHOBKHM M3 OOIIEH CXEeMBI IEKTPOCTAHIIUH, a CXeMa M3MEPEHHUH - MPaBUIBHOE U
10 BO3MOKHOCTH HETOCPEACTBEHHOE OIPE/Ie/IEHNE BCeX BEINYHMH, HEOOXOIUMBIX JUIS peIIeHus 3a1ad,
MOCTaBJIEHHBIX TEpe] HCIbITAHHEM. OTH W3MEPEHHUS MOIDKHBI JaBaTh YETKOE IPEICTaBICHHE O
pacxoaHoM OanaHce, MpoIecce pacuIMpeHus napa B TypouHe, paboTe CUCTEMBI TApOpaCIpeiesIeHUs U
BCIIOMOTAaTeIbHOT0 000pynoBaHus. Bece 0TBETCTBEHHBIE M3MEPEHUs (HAIpUMep, Pacxol CBEXKEro mapa,
MOIITHOCTh TYpOWHBI, TTApaMeTPhl CBEXKETO M OTPaOOTaBIIEro Mmapa, apa MpoMIeperpeBa, pacxom U
TeMIepaTypa IHTATEIbHOH BOIBI, OCHOBHOI'O KOHJICHCATa, [aBJICHHWE W TeMIepaTypa Iapa B
PEryIupyeMoM 0TOOpE U PSIIl APYTUX) HEOOXOIUMO TyOIMpOBaTh, HCIOIB3YS P 3TOM IOAKIIOYCHUE
HE3aBUCHMBIX TIEPBUYHBIX MPeoOpa3zoBareneil K AyOIHPYOIIUM BTOPUIHEIM IIPAOOPAM.

K TemmoBoi#t cxeme mpuiiaraeTcs MmepeueHb TOYCK M3MEPECHHH C yKa3aHWeM WX HAaUMCHOBAHHS U
HOMeEpa To CXeMe.

Ha ocHoBanum pa3pabOTaHHON CXEMbl M3MEPEHUN W JETaTbHOTO O3HAKOMIICHHUS C YCTaHOBKOMH
COCTaBIIICTCS TEepeUeHb MOATOTOBUTENBHBIX Pa0OT K HCHIBITAHUSAM, B KOTOPOM YKa3bIBAaeTCs, I U
KaKhe MEpOINpHATHS HEOOXOAWMO BBINOJHUTH U OpPraHW3allid TOTO WIM HHOTO HW3MEpPeHHs W
MPUBEICHNS CXEMBl WIH O0OpYAOBaHHMS B HOPMAIbHOE COCTOSHHE (PEMOHT apMaTyphl, YCTaHOBKa
3ariymeKk, OYHMCTKAa ITOBEPXHOCTEH HarpeBa MOJOTrpeBaTeNiel, KOHIEHcAaTopa, YCTpaHEHUE
THPaBJIMYECKUX HEIUIOTHOCTEH B TEIUNIOOOMEHHBIX ammapaTax u T.J1.). Kpome toro, B mepeune padoT
IpeycMaTpuBaeTCs, €CIM ATO HEOOXOJMMO, OPraHHM3alMsl JIOMOJIHUTEIBHOTO OCBEICHHS B MecTax
HaOJIOZEHNH, YCTAaHOBKA CHUIHAIBHBIX YCTPOHCTB M M3TOTOBJIEHHE pa3JIMUHBIX CTEHIOB U
NPUCTIOCOONIEHUH JUII MOHTaXKa NEPBHYHBIX IpeoOpa3zoBareniei, COeTMHUTEIbHBIX (MMITYJIbCHBIX)
JIMHUH ¥ BTOPUYHBIX TPUOOPOB.

K mepedHIO TOATOTOBUTENBHBIX PAa0OT 00S3aTENBHO JOJDKHBI OBITH HPHIIOKEHBI ICKH3bI Ha
M3TOTOBJICHWE HEOOXOAWMBIX TIEPBHUYHBIX HW3MEPUTENBHBIX YCTPOWCTB (00OBIIIEK, IITYHIEpOB,
TEPMOMETPHUYECKIX THJIb3, W3MEPHUTENbHBIX CYXAIOMUX YCTPOMCTB M T.O.), 3CKH3BI MECT BpPE30K
YKa3aHHBIX JeTalieil, a Takke pa3IMYHbIX CTEHIOB M IMPHUCIOCOOJCHWH U YCTaHOBKH IPHUOOPOB.
JKematenpHO Tak)ke MPHWIOXKHUTH K MEPEUHIO CBOAHYIO BEAOMOCTH Ha MaTepHaisl (TpyObl, apmarypy,
Kabenpb u T.11.).

[lepeuncnennple BHINIE TEPBHYHBIE H3MEPHUTENBHBIE YCTPOMCTBAa, a Takke HEOOXOIUMBIE
MaTrepuabl IoI0MPAIOTCs MO ACHCTBYIOINM CTaHapTaM B COOTBETCTBHH C MapaMeTpaMH U3MepsieMon
CpeAbl ¥ TEXHUYECKUMH TPEOOBaHUSIMU.



I'.3.2. CocraBiieHHe cXeMbl H3MEPEHHIi U MePeYHs MOATOTOBUTEILHBIX PadoT 115l BHOBD
MOHTHPYEMOii TYpOUHBI

Jl51s1 BHOBP MOHTHPYEMOM TypOHHBI, B YaCTHOCTH T'OJIOBHOTO 00pasia, TpeOyeTcsl HECKOIBKO MHOU
MOAXOA K COCTaBJICHHIO CXEMBI M3MEPEHHH (MM SKCIIepUMEHTambHOro KoHTpons - OK) m Bblmade
3aJaHus Ha TOATOTOBUTENBHBIE PAOOTHL. B 3TOM cirydqae moAroToBka TypOWHBI K UCIIBITAHUIO JOJDKHA
HAYMHATBCS YK€ IIPU €€ MPOEKTUPOBAHUM, YTO BBI3BAHO HEOOXOJMMOCTBIO MPEAYCMOTPETh 3apaHee
JIOTIOJTHUTENbHBIE BPE3KU B TPYOONPOBOJBI JJIsl YCTAHOBKH M3MEPHUTENBHBIX YCTPOWCTB, TaK KaK MpH
COBPEMEHHBIX TOJICTOCTEHHBIX TpyOompoBosax u OoibmIOM 00beMe W3MEPEHUH, BHI3BAHHOM
CJIOKHOCTBIO TEIUIOBOW CXEMBI, BBIIIOJIHUTH BCE OTH PadOTHl CHIIAMHU 3JIEKTPOCTAaHLHUM TOCIe CAadyu
000pyIOBaHUs B HKCILTYaTaI[MIO OKa3bIBAETCSI MPAKTUUECKH HEBO3MOXHBIM. Kpome Toro, B mpoekt DK
3aKJapIBacTCs 3HaUnTeNbHbIH 00beM KUII n HeoOXOMUMBIX MaTepuaoB, KOTOPbIE 3JIEKTPOCTAHIIMS
HE B COCTOSIHUH IIPUOOPECTH NPH HELEHTPAIN30BAHHOM NX MOCTaBKE.

Tak ’xe, Kak W TPH IOATOTOBKE K HCIBITAHHWIO YK€ HAXOIIIIUXCS B SKCIUTyaTallMM TypOWH,
HEOOXOANMMO CHaJajga M3YYWUTh TEXHHUYECKHE YCIOBHS HA IMOCTaBKY M IPOEKTHHIC JaHHBIC 3aBOZA-
M3TOTOBHTENS, TEIJIOBYIO CXeMy TypOOYCTAaHOBKM M €€ CBsI3b C OOIIEH CXEeMOH 3JIE€KTPOCTaHLUH,
O3HAaKOMUTHCS CO IITATHBIMH H3MEPECHUSMH ITapaMeTpOB Iapa M BOJBI, PEIINTh, YTO MOXET OBITh
HCIIONI30BaHO BO BPEMs HCIIBITAHMUS B KAUECTBE OCHOBHBIX MJIM AyONUPYIONUINX H3MEPEHHH, U T. 1.

Ilocne BBIICHEHUS NEPEUUCIIEHHBIX BOIPOCOB MOXKHO NPHUCTYNUTh K COCTaBICHUIO TEXHHUECKOTO
3a/laHys IPOEKTHOW OpraHu3alliu Ha BKJIOYEHHE B paboumii npoekT ctaHunoHHbIX KUII npoekra 9K
JUISL TIPOBEJICHUS TEIUIOBBIX MCIBITAHUH TYpOOYCTaHOBKY.

B Texnuueckoe 3amaHue Ha npoekTupoBaHue DK 10MKHBI BXOJUTH:

- MOSICHUTENIbHAs 3alHiCKa, B KOTOPOH M3JIaraloTCsi OCHOBHBIC TPEeOOBaHUS K INPOEKTHPOBAHUIO U
MoHTaxXy cxembl OK, mombopy u pacmonoxkenuto KWII, naroTcs NOsSCHEHHWsS K ammaparype
peructpanuy MH(GOpManuK, 0COOEHHOCTSIM NPUMEHEHUs] THIIOB IIPOBOAOB M Kalesel, TpeOoBaHUS K
MIOMEIIEHHUIO, B KOTOPOM IIpeAronaraeTcs pasMecTuts mut OK, u T.1.;

- cxema OK TypOOyCTaHOBKH C HANMEHOBAaHNWEM M HOMEPaMH HO3UINH H3MEPEHHS;

- cierukanus va KUIT;

- OTIPOCHBIE JINCTHI TSI 3aKa3a PACXOAOMEPOB C CYKAIOIMMHU YCTPOHCTBaMH;

- CXEMBl W YEpPTEeXKU Ha M3TOTOBIEHHE HECTAaHAAPTHOTO O0OpYyIOBaHMs (IIMTOBBIE YCTPOMCTBA,
CerMeHTHbIe nadparmpl, 3a00pHbIE YCTPOWCTBA JJIsl U3MEPEHHUS BAKyyMa B KOHAEHCATOPE U T.1I.);

- CXeMbl TpYOHBIX COENMHEHUH IpeoOpa3oBareneil NaBieHUs M PAa3HOCTH JABJIECHHH, B KOTOPBIX
MIPUBOJATCS pa3NUYIHbIC BAPHAHTHI MOJKITIOUCHHS UX C YKa3aHHEM HOMEPOB MO3UINI H3MEpPEHHUIA;

- IMEepevYeHb M3MEepseMbIX IapaMeTpoB C pa30MBKOW MX IO PErHCTPHUPYIOIIMM mpubdopam ¢
YKa3aHUEM HOMEPOB MO3ULIUMN.

Mecra Bpe30K M3MEpUTEIbHBIX YCTpoicTB s DK Ha pabounx dyeprexax TpyOOIpOBOAOB OOBIYHO
YKa3bIBAIOTCS TPOCKTHUPYIOMIEH OpraHu3aleldl M 3aBOJOM-M3TOTOBUTENEM (KaXIblii B CBOEH 30HE
MPOEKTUPOBAHMS) COTJIACHO TEXHHYECKOMY 3aJaHuio0. B ciaydae orcyTcTBms rae-nmbo Ha deprexax
MECT BpPE30K 3TO JIeNIaeTCsl MPEANPUATHEM, BBIIABIINM TeXHHYecKoe 3ananne Ha DK c oOs3arensHON
BU30H OpraHU3ally, BEITYCTHBIIECH TaHHBIA YEPTEXK.

Momnrax cxembl DK XemaTenpbHO OCYIIECTBHUTH BO BpeMs MOHTaxa mTatHoro oopema KUII
TypOOYCTaHOBKH, YTO MO3BOJISET NPUCTYNUTh K UCIBITAHUSIM BCKOpE MOCIE BBO/Ia TypOOYCTaHOBKH B
9KCIUTyaTaIHIo.

B kagectBe mpuMepa B TNPHIOKEHUAX 4-6 TOKa3aHBl CXEMBI OCHOBHBIX HW3MEPEHHH NpH
WCTIBITAHUAX TypOUH pa3HBIX THIIOB.

I'.4. Ilon0op KOHTPOIBLHO-U3MEPHUTEJILHBIX IPHOOPOB

Iox6op KUII npou3BOOUTCS B COOTBETCTBHU C IEPEYHEM, COCTABJICHHBIM HAa OCHOBAHHU CXEMBI
W3MEpEHU PU UCTIBITAHUH.

JUIst 3TOM 1eNM TOJDKHBI MPUMEHSATHCS TOJBKO TaKUe MPUOOPHI, MOKa3aHUsS KOTOPBIX MOTYT OBITh
MPOBEPEHBI MTyTEM CBEPKHU ¢ 00pa3noBbIMu. [IpHOOPHI ¢ YHU(PHUIIMPOBAHHBIM BHIXOJAHBIM CUTHAJIOM JIJIS
aBTOMATHUYECKON PETUCTPAlNU TMapaMeTpOB IMOAOUPAIOTCS MO KJIacCy TOYHOCTH M HAJAEKHOCTH B
SKCIUTyaTaIiy (CTaOUIBLHOCTD MTOKA3aHUN).

B mepeune KWII, HeoOXOauUMBIX [UIsi HUCHBITAHWUH, JODKHO OBITH YKa3aHO HAaMMEHOBaHHWE
M3MEepSEMON BETMIHMHEI, €€ MaKCUMaIbHOE 3HaYeHHe, TUII, KJIacC TOYHOCTH U IIKajia mpudopa.

B cBsa3u ¢ GonpmM 00BEMOM H3MEPEHWH TPH HCTBITAHUU COBPEMEHHBIX MOIHBIX TMapOBBIX
TYypOUH pETUCTpalds H3MEPSIEMbIX TapaMeTPOB BO BpEMs OIBITOB YacTO MPOM3BOAUTCSA HE
HAOJIOMATENIIMU [0 TpUOOpaM TPSMOTO JACHCTBHS, a aBTOMATHYCCKHUMHU PETHCTPUPYIOIIAMU
npubOpaMu ¢ 3aMUChI0 MOKA3aHWW Ha JUATPAMMHOM JICHTE, MHOTOKAaHAJLHBIMU PETUCTPUPYIOIIUMU
YCTPOMCTBAMH C 3alMChI0 Ha NEepQOJICHTE WM MAarHUTHOM JICHTE WIH SKCIUTyaTallMOHHBIMU
UHPOPMAIMOHHO-BhIUCTUTENbHEIME KoMIuTekcamu (MBK). B sToM cnydyae B kadecTBe MEPBHYHBIX
U3MEPUTEIILHBIX YCTPONCTB NPUMCHSIOTCS HM3MEPHUTEIbHBIC YCTPOMCTBA € YHU(PUIIMPOBAHHBIM



BBIXOJHBIM TOKOBBIM CHTHajgoM. OJHAaKO B yCIOBHSX 3JIE€KTPOCTAHLMH (BHOpalms, 3albUICHHOCTb,
BITUSTHUE DJICKTPOMArHUTHBIX ITOJICH W TIP.) MHOTHE U3 dTUX NMPUOOPOB HE 00ECIICUNBAIOT HEOOXO0IUMO
CTaOMIBHOCTH TTOKAa3aHUH M HYXIAIOTCS B MOCTOSIHHOW peryimpoBke. boiee mpeamoyTHTen-HBIMU B
3TOM IITaHE SBILSIFOTCS BBIMYCKA€MBIE B IOCIEAHEE BPEMsI TCH30PE3UCTOPHBIE INPe0oOpa30BaATEIH
"Can¢up-22", obmagaromue Tpu BBICOKOM Kkiacce TtouHoctH (mo 0,1-0,25) mocraTownOit
cTabuiabHOCTRIO pPaboThl. Cremyer, OXHAKO, WMETh B BHIY, YTO TPHUMCHSAA BBIIICYKAa3aHHbIC
npeoOpa3oBaTeny, HauboIee OTBETCTBEHHbIE M3MEpeHMs (HarpuMmep, AaBieHUs B peryiaupyemom T-
orbope, BakyyMa B KOHJIEHCAaTOpE W JIp.) JKelaTelbHO AyOiaupoBarh (1Mo KpaifHed mepe, B HepHO.
HaKOIUICHHUS ONbITa pabOThl C HUMHM), UCTIOJB3YS PTYTHBIE IIPHOOPEI.

1 u3MepeHus nepenaja AaBJIeHUN B CyKaOLEM YCTPOUCTBE IPUMEHSIOTCS: 10 AasieHus 5 Mlla
(50 krc/em®) mByxtpyGHble mudManomerpsr JIT-50 CO CTEKISHHBIME TPYOKAMH, a NPH JABICHHH
cebiie 5 MIla - ogoTpyOHBIE qudManomerpsl JJTD-400 co cranpHbIMH TpyOKamH, YypOBEHb PTYTH B
KOTOPBIX OTCUUTHIBAETCS BU3YAJIBHO T10 MIKAJIE C TOMOIIBIO MHIYKTUBHOTO yKa3aTelsl.

Ilpu aBTOMAaTHU3UPOBAHHOM cHUCTEME Il M3MEPEHUs Iepenaia OaBICHUNW IPUMEHSIOTCA
npeoOpa3oBaTen ¢ YHH(DHUIMPOBAHHBEIM BBIXOAHBIM cHrHasioMm Trma JIMD xmacca tounoctu 1,0
Kazanckoro mpubopoctpoutensHoro 3aBoma, tuma JCD xmacca tounoctu 0,6 Psszanckoro 3aBoma
"Temmonpubop" M yIOMSIHYTBIE BEIIIE TEH30pE3UCTOpHBIC TpeodpazoBarenn "Cangpup-22" ("Candup-
221/1")  MockoBckoro  mpuOOpocTpoHWTeNbHOTO  3aBoma  'Manomerp” u  Kasarckoro
MPUOOPOCTPOUTENIEHOTO 3aBOJIA.

B kauecTBe nprOOPOB NPSIMOTo NEUCTBHSI, U3MEPSIOIINX AaBJIeHHE, I AaBieHuii coie 0,2 MIla
2 KFC/CMZ) IIPUMEHSIOTCS NPYKUHHBIE MaHOMETpHl Kiacca TouHoctd 0,6 Tmma MTH MockoBckoro
MpUBGOPOCTPOUTENHHOrO 3aBoAa "Manomerp", a s gasienuii Hike 0,2 MIla (2 krc/cm?) - pryTHBIE
U-o0pa3Hble MaHOMETPBI, OAHOTPYOHbBIE YallleYHbIe BaKyyMMETpbI, 0apOBaKyyMMETpHYECKUE TPYOKH,
a TaKKe MPYKWHHbBIE BaKyyMMETPBl H MAHOBAaKyyMMETpPHI Kitacca TouHOCTH 110 0,6.

K aBTrOoMaTWdeckuM YCTpOHCTBaAM I HM3MEPEHHs [aBJICHWH OTHOCSTCS MpeoOpa3oBaTenu ¢
yHH(PHUIIUPOBAaHHBEIM BHIXOAHBIM curHaiaoM MII-D, MC-D, MAC kmacca Touroctr 0,6 MOCKOBCKOTO
MPUOOPOCTPOUTENHEHOTO 3aBo/Ia "MaHOMeTp" U TeH30pe3ucTOopHBIe peodpa3osarenu "Carmdup-22 11"
u "Cangup-22JIA" Toro e 3aBoa-M3rOTOBUTEIIS.

B kadecTBe BTOPHYHBIX NPHOOPOB B KOMIUIEKTE C NPEeoOpa3oBaTesIIMH AABICHHS U Iepenaaa
JaBIeHUl ¢  yHUQUIMPOBAHHBIM  BBIXOJAHBIM  CUTHAJIOM  MNPUMEHSIOTCS  aBTOMAaTHYECKHE
noteHromeTpsl KCY-4 nubo MHOTOKaHaJIbHBIE CHCTEMBI aBTOMaTHdeckoi perucrpanuun PYM, K-
200, K-753 u gp.

ITpu BBIOOpE MPHOOPOB AT M3MEPEHUs] Pa3sHOCTH JAaBJICHUH, a Takxke naBieHuil 1o 0,2 MIla (2
Kkre/cm?) crieyer HMeTh B BHJLY, YTO HAHOOJIBIIYIO TOYHOCTH 0OECIICUHBAIOT JTHIIb PTYTHBIE PHOOPHL,
MPUMEHEHNE KOTOPBIX PETIaMEHTHPOBAHO CYIIECTBYIOIIMMH HOPMaMH Ha NPOBEACHUE HCIBITAaHHUH, B
yactHOCcTH TpaBuiaaMu MOK. Oxnako B Hacrosiiee BpeMsl IPUMEHEHHE PTYTH Ha 3JIEKTPOCTAHIHUSIX
CCCP 3amperieHo 1o yCJIOBHSIM COOJIIOAEHHS MPABUJI OXPaHbl TpyAa W TEXHUKH OE€30IIaCHOCTH, YTO
PE3KO OTpaHMYMBAET BO3MOXKHOCTH HCIIOJIB30BAaHMSA PTYTHBIX HNPHUOOPOB NPH HCHBITAaHUAX (TEM He
MEHee B PAJE CIIydaeB IIPH 0c000 OTBETCTBEHHBIX M3MEPEHHAX 03 HIUX 00OMTHCH TIOKa HEJIb3s).

Jns u3MepeHus 3JIeKTpUYecKOW MOIHOCTH TeHeparopa INpH NPOBEICHWH HCIBITAaHWN MapOBBIX
TypOHH OOBIYHO IPUMEHSIOTCS 0HO(a3HbIE TabopaTopHBe BaTTMETpHI [15056/2 xiacca Tounoctu 0,1,
J15016/2 xmacca tounoctu 0,2, J15004/2 xmacca tounoctu 0,5 wmnam TpexdasHbie abopaTopHbIE
BatT™MeTpbl J[575/3 kmacca tounoctu 0,2, J15031/2 wiacca touHoctu 0,5, a Takke 3JICKTPUUCCKUE
cueTurku kiacca TouHoctr 0,5 CA3Y-M680 u knacca Tounoctu 0,2.

IIpu aBTOMATU3MPOBAHHOW CHUCTEME HU3MEPEHMH JUIsI M3MEPEHMs JJIEKTPUUYECKOH MOIIHOCTU
TeHeparopa MpUMEHSIOTCS peodpazoBaTeny akTHBHON MomHocTH E-748H/2 xmacca Tounoctu 0,25, a
JUIL HM3MEpPEHHs] PEaKTUBHOM MOIMHOCTH - mpeoOpaszoBarens E-849H/3 kmacca Ttounoctun 0,5
Butebckoro 3aBojia H3MEpUTEIBHBIX IPHOOPOB.

Jns u3MepeHHst pacxoia 3JIEKTPO’HEPTMH Ha 3JIEKTPOJBUraTelb HCIONB3YIOTCS OJHO(Aa3HbIE
BaTtT™MeTphI [15004/2 xiacca TounoctH 0,5 WM AIEKTPHYSCKUE CUSTYMKH Kitacca TouHocTH 0,5.

Jns  w3MepeHuWst TeMmIeparyp 1P HCHBITAaHUSIX TYpOMH TPUMEHSIOTCS B OCHOBHOM
TEPMOAIIEKTPHUYECKHE TIPeoOpa3oBaTeIn HOPMAIBHBIX CTATHYECKUX XapaKTEPUCTHK XPOMEJIb-KOTIeNb U
XpOMETb-aTIOMeNh (IPH 3TOM TEPMOIJIEKTPHUECKHE IpeoOpa3oBaTeNl XapaKTEPUCTHKH XPOMEIb-
KOTIETIb SIBJISTIOTCS O0JIee MPeTOYTHTENbHBIMI BBUAY OoubIero 3Ha4eHus ux Tepmo-3/1C npu manHOH
TEeMIIepaType) U TepMOIIpeoOpa3oBaTeNnr CONPOTHBICHUS HOPMAIBHBIX CTATHYECKUX XapaKTEPHUCTHK
50IT m 100I1 (mmatwHOBBIE) M pexe xapakrtepuctuk S0M (Mmenmbie). TepmosnekTpudeckne
TEPMOMETPBI OOBIYHO MPUMEHSIOTCS ISl U3MEpeHHsI TeMiieparyp napa coitre 200 °C.

[Ipn ucnbpITaHuy TYpOMH aTOMHBIX AJICKTPOCTAHIMN HAIIIH IIHPOKOE MPAKTHIECKOE MIPUMEHEHHE
TepMonpeoOpa3oBaTeIN CONPOTUBIICHNSI HOPMAIIbHBIX cTaTnyeckux xapakrepuctuk 1011, SOIT n 10011,
uMeroiye HanboJsee cTabWIbHbIE XapaKTePUCTUKH U BHICOKHH KIIaCC TOYHOCTH.

TepModIeKTpUYECKHE TEPMOMETPHI MOTYT NPHUMEHATHCS KaK 3aBOJICKOTO, TaK M JabOpaTOpPHOTO
U3TOTOBIIEHHUSI.

OObryHO TpUMeHsIoTCsT TepMoniekTpudeckue Tepmomerpel 1 XK-0179 (TXK-0515) u TXA-0179



(TXA-0515) wu Tepmonpeobpaszoarenu comnportusienus TCII-0879 wu  TCII-5081 Jlyukoro
npuOOPOCTPOUTENBHOTO 3aBoja. He uckimodaeTcs NMpUMEHEHHE NpeoOpas3oBaTeneil HMHOTO THIIA,
KOTOpBIC TIOAOMPAIOTCS TI0 KIACCY TOYHOCTH M XapaKTEPHUCTHKE HE XYK€, YEM Y PEKOMEH/IOBAHHBIX, B
COOTBETCTBHM C JEHCTBYIOIIMMM KAaTaJoTaMH MJIM TI0 HOMEHKIATYpEe MW3JCIHUH OCHOBHOTO
MPOM3BOJICTBA 3aBOAA-M3TOTOBUTEIS.

PTyTHBIE TEpMOMETPHI MPUMEHSIOTCS B OIPAHUYCHHOM KOJIMYECTBE B OCHOBHOM IIPH M3MEPEHHH
HU3KUX TemmepaTyp. O1o TepmomMeTpsl TJI-4 Ne 1-8 ¢ nenoit nenenus 0,1 °C u co mxanamu no 50 °C,
TJI-2 Ne 1-4 ¢ nenoit nenenus 0,5 °C u co mkamamu o 100 °C u TJI-1 Ne 1-5 ¢ nenoii aenenns 1 °C
co mkanoii 0-100 °C.

B kauyecTBe BTOPHYHBIX NPUOOPOB JUISI TEPMOIJIEKTPUUECKUX HpeoOpasoBaTeneidl MCIOIb3YIOTCS
MEepEeHOCHBIE NMOTEHIUOMETphl nocTossHHOro Toka III1-63 kmacca Tounoctu 0,05 JIbBOBCKOTO 3aBoja
"Mukponpudop", apromatnueckue norennuomerpbl KCII-4 knacca tounoctu 0,25-0,5 MockoBckoro
MpUOOPOCTPOUTENHFHOTO 3aBoAa "MaHoMeTp" ¥ pa3iWYHbIC MHOTOKAaHAJbHBIC PETUCTPUPYIOIINE
cucrems! (PYM, K-200, K-753 u np.).

BroprunbiMu mpubopaMu U1 TEPMOIPEOOpa3oBaTesieii CONPOTHBICHUS SIBISIOTCA NEPEHOCHBIE
MOCTHI TIOCTOSTHHOTO Toka MO-62 kmacca tounoctu 0,1 JIpBoBckoro 3aBoma "Mukpompubop",
aBTomMaruyeckue MocTbl conportuBieHus KCM-4 xnacca TouyHoctu 0,25-0,5 MockoBckoro
npubopocTpouTenbHOro 3aBoga "ManHoMeTp', a TakXKe BBILICYNOMSIHYTbIE MHOTOKAaHAJIbHbIC
PETUCTPHUPYIOIIUE CUCTEMBI.

I'.S. BeinoJjiHeHHe MOATOTOBUTEIBHBIX PA60T Ha 000PYAOBAHUH

B 3amauy TeXxHMYECKOrOo PYKOBOJCTBAa M HaJI30pa 3a BBINOJHEHHEM MOJTOTOBUTEIBHBIX paboT
HETIOCPEICTBEHHO Ha 000PYIOBAHUH BXOIUT:

- YTOYHEHHE Ha MECTE 10 CXeME BHOBb MOHTHPYEMOTO WM CYLIECTBYIOIIET0 00OPYIOBAHHS MECT
BPE30K, KOHTPOJIb 32 IPaBUIBHOCTHIO YCTAHOBKH MEPBUYHBIX H3MEPUTEIHHBIX YCTPOICTB;

- TPOBEICHHE PEBM3MH CYXAIOMMX YCTPOUCTB (amadparM wWIM COIUI), HCIOIB3YEMbIX IIpH
UCIIBITaHNH;

- paccTaHOBKa M3MEPHUTEIbHBIX HPHOOPOB M KOHTPOJIb 32 MPABHIBHOCTHIO MX IMPUCOCIUHEHUS,
MPOKJIAJIKa COSMHUTENbHBIX JIMHUI 1 BTOPUYHOW KOMMYTallMKM peoOpa3oBaTeriei;

- KOHTPOJIb 32 BBIITOJTHEHUEM BCETO MEPEYHs MOrOTOBUTEIBHBIX PabOT U yCTpaHEHHUE BBISBICHHBIX
HEHOpMaJbHOCTEH B paboTe 000pyI0BaHUS M HETUIOTHOCTEH 3aIIOpHON apMaTyphI;

- noBepka KUII ¢ cocTaBieHneM MpoTOKOJIa, BEIUNCICHHEM U IOCTPOSHHEM HOIIPABOK;

- yCTaHOBKa MPUOOPOB Ha paboune MecTa U UX OTJajKa.

I'.5.1. Opranu3anusi OCHOBHBIX U3MepeHU i

OT nNpaBWIBHOCTH W TOYHOCTH HM3MEPEHHH 3aBHCUT MPEACTABUTEIBHOCTh PE3YJIBTATOB BCETO
ucnelTanns. HeoOxonmmasi BBICOKasi TOUHOCTb HCIBITAHWI (TTOTPEIIHOCTD ONPENIeNICHUs KOHEYHbBIX
pe3ysbTaToB AoipkHA OBITH mopsinka 0,5-1,0 %) npeabsiBiaser crporue TpebOBaHMS K BHIOOPY MECT H
CIOCOO0B M3MEpEeHHMsI, KJIacca TOYHOCTH H3MEPHUTENbHBIX YCTPOMCTB, MX IOBEPKH WM INPABMILHOCTH
MPUMEHEHUS.

Kak yxe ormeuanoch paHee, /A TOBBIIIEHHS TOYHOCTH U HAJEKHOCTH H3MEpPEHHH
MpeaycMaTpUBAETCsl AyOTUPOBAHNE U3MEPEHUH TeX MapaMeTpoB, OT KOTOPHIX CYIIECTBEHHO 3aBHCHUT
TOYHOCTH PE3yJIbTATOB HCIBITAHHS.

C ydeTroM KJlacCa TOYHOCTH BBITYCKAEMBIX B HACTOSIIEE BPEeMs INPOMBIIUICHHOCTBIO CPEICTB
M3MEpeHull, WHAMBUAYaJdbHOW TrpagynpoBkn CHM u nyOnupoBaHus H3MEpeHHH IOTPEIIHOCTH
OIpEeIeNIEHUs] OCHOBHBIX BEJIMUUH NIPH UCTIBITAHUAX HE TOJDKHA MPEBBINIATE CIEAYIOIUX 3HAYCHU:

Pacxox mapa (cBexwii, OTOOPHBIN) 0,7-1,0 %
DneKkTpuueckast MOIIHOCTh 0,6-0,8 %
JaBnenue:
ceoie 0,2 MIla (2 KI‘C/CMZ) 0,6-1,0 %
amke 0,2 MITa (2 kre/cm®) 2,0 MM pT.CT.
OGapomeTpudeckoe 0,5 MM pr.CT.
Temmepatypa cBexero u 0TOOpPHOTO mapa 1,5-2,0 °C
Temmneparypa KOHAEHCATa 1-1,5 °C

I'.5.1.1. I3mepenue pacxonoB napa u BOJbI

OnHUMH M3 OCHOBHBIX W CJIOXHBIX M3MEPEHUI IPU HMCHBITAHUSX MAPOBBIX TYPOWH SIBISIOTCS
M3MEPEHUs PAcX0/0B Mapa U BOJBI, KOTOPHIM MO3TOMY JOJKHO OBITH yJIEJIeHO 0c000€ BHUMAaHHE IPpU
NPOBEIECHUH OATOTOBUTEIBHBIX PaboT.

[Ipyu TETIOBBIX UCTIBITAHUSX COBPEMEHHBIX MOIIHBIX MApOBBIX TYPOWH /ISl ONPEENICHNs] PacX010B



mapa U BOJBI MCIONB3YIOTCS, KaK MPaBHJIO, CTaHJAPTHBIC CY)KAIOIIUE YCTPOMCTBA (M3MEpHUTEIbHBIC
CyXKalOIllue YCTPOWCTBA), YCIOBHS MPUMEHCHHS, H3TOTOBICHHUS W MOHTaXa KOTOPBIX YETKO
PETIaMEeHTHPYIOTCSI COOTBETCTBYIOIINMHU TIPaBIIaMH U HOpMamiu [4, 13].

Cuctema U3MepeHHs pacxoja Mapa WX BOJBI C TIOMOIIBIO CTAaHAAPTHOTO CY)KAIOIIET0 yCTPOHCTBA
COCTOMT M3 HEIOCPEICTBEHHO CY)XKAIOIIEro yCTPOWCTBA, COCAMHWUTENBHBIX (MMITYIbCHBIX) JUHUHA U
BTOPHYHOTO TIpHOOpa.

KoHeTpyKumnsi CyKaromero ycTpOWCTBa M CHOCOO €ro YCTaHOBKM JIOJDKHBI 00€CredYHBaTh
BO3MOKHOCTH TIEPHOIMUYECKOIO OCMOTpPaA C LIEJIBbI0 MPOBEPKU COOTBETCTBUSI TPEOOBaHMSM IpaBuil [4].
Ha sHepro0nokax co CBEpXKpUTHYECKUMH MapaMeTpaMH, a TakKe Ha aTOMHBIX JIEKTPOCTAHIHSIX, T1e
B LIEJIIX MOBBIIICHUS HAJSKHOCTU yCTaHABIUBAIOTCS CBApPHBIC CYXAIOIUE YCTPOMCTBA, TIIATEIbHBIN
KOHTPOJIb TEXHUYECKOTO COCTOSHUSI ¥ U3MEPEHHE MOCIIEeIHUX JOIKHBI IPOBOAUTHCS HETIOCPEACTBEHHO
nepeJ UX yCTaHOBKOM B TPyOOIPOBOI.

Bce noToku, mojuiexxaiiue N3MEPEHHIO IIPH MPOBEACHUH TETIIOBBIX MCIIBITAHUH, MOXHO Pa3AeinTh
Ha JIBE TPYIIIIEIL.

K nepBoii rpymnmne otHOCSTCS:

- OCHOBHBIE IIOTOKH, KOTOpBIE HEIOCPEACTBEHHO (OPMHPYIOT TJIABHBIE MOKAa3aTeH
TypOOyCTaHOBKH (B YAaCTHOCTH, MOITHOCTh M PACXOJBI TEIUIOTH) M MO3TOMY JOJDKHBI M3MEPATHCA C
HaWBBICIIEH TOYHOCTBIO: MUTATENbHAS BOAA HA KOTEJ, OCHOBHOM KOHAEHCAT Ha JIea’spaTop, CBEXKHUH map
Ha TypOuHYy, ap Ha MPOMIIEPETPEB, ap B peryiupyeMbie 0TOOPHI;

- MoOOYHBIE TIOTOKH, KOTOPBIE HEOOXOAWUMBI JUIi HOPMAJIbHOH paboOTBl TypOOYCTAaHOBKH H
YUUTBHIBAIOTCS, HANpUMep, IIPU COCTABICHHM pAcXOJHOro OajmaHca WM ISl JeTaIbHON
XapaKTEePUCTUKHU COCTOSHHS Y3JIOB M DJIEMEHTOB TypOOYCTaHOBKH.

Ko BTOpOIi rpymme 0THOCATCS, B YaCTHOCTH, PACXO/IbI Mapa Ha KOHILEBbIE YIJIOTHEHHSI TYpOUHBI U
OTCOCHI OT HUX, KOHJICHCAaTa Ha YIUIOTHEHUE MUTATEIbHBIX HACOCOB U T.J.

Jns  noctmkeHHss HEOOXOIMMOI TOYHOCTH HW3MEPEHHs pacxona IIpU BHIOOpE CY)KaloIeTo
YCTPOMCTBA pPEKOMEHyeTCs BbIOMpaTh oTHOmeHue aunamerpoB d/D mis comma 0,25-0,50, a s
miadpparm  0,30-0,65 [13]. Ilpm »>TOoM HEOOXOAMMO TaKKe YYHUTHIBATH JOMYCTUMYIO IIO
TEXHOJIOTHYECKUM YCIJIOBHSIM OCTaTOYHYIO ITOTEPIO JABJICHHUS M3MEPSIEMON CpeIbl U HAIWYNE MPSIMBIX
Y4YacTKOB TPyOOIPOBOAA TOCTATOYHOM JIIMHBI B COOTBETCTBHH € TpeOOBaHMEM [4].

[Tpu BBIOOpE MECTa YCTAaHOBKHM CYXKAaIOIIEro YCTPOWCTBA IIOMUMO TPeOOBaHMM, U3JI0KEHHBIX B [4],
HEoOX0onuMO yOemuThCsl, YTO 4Yepe3 Hero OylIeT NPOXOMUTh BECh PacXoll H3MepsieMOW Cpeibl.
Cyxaroliee yCTPOMCTBO yCTaHABIMBAETCA Ha JOCTATOYHOM PACCTOSHMM OT MECTa BO3MOXHOTO BBOJA
Kakoro-im0o MOTOKa B OCHOBHOW (M3 COOOpakeHMsl BBIpaBHHBaHHs OOIIEro NoToka). M3mepenue
TEeMIIepaTypbl CMECH Ul TOCIEAYIOIIEro ONpeNeNeHus IUIOTHOCTH B 3TOM CIIydae TakXkKe CIelyeT
MIPOU3BOIUTH BO3MOXHO JAJIBIIE OT MECTa BBOJA JOMOJHUTEIBHOIO MIOTOKA C IENBI0 TOCTHKECHUSA UX
Ka4eCTBEHHOTO CMEILICHHUS.

[Ipn ycTaHOBKE Cy’KaroLIero yCTPOWCTBAa Ha TPYOONPOBOJE NMUTATEIHLHOM BOABI CIEAyeT UMETh B
BHUJLy, YTO MEXAY HAM M MOJOTPEBATEISIMH BRICOKOTO JaBJICHHUS HE JOJDKHO OBITH OTBOJIOB (Ha BIPBICK
B KOTen M 1p.). B mporuBHOM ciyqae HeoOXOOMMO 0OECIeunTh H3MEPEHHE TAKHX IOTOKOB C
MaKCHMaJIbHOH TOYHOCTBIO.

CyKarole yCTpOWCTBa Ui M3MEPEHHUs pacxXoja OCHOBHOTO KOHJEHcaTa TYypOWHBI OOBIYHO
yCTaHaBIMBaIOTCS Kak 70 pereHepaTuBHbIX [IHJ[ (Ha cTopoHe HarHeTaHWs KOHICHCATHBIX HAaCOCOB),
TaK U 3a MOCIEAHUM U3 HUX (TIepPe Jea’paTopom).

Cyxaroniee yCTpOHWCTBO Ui M3MEPEHHsI pacxojia OCHOBHOTO KOHjAeHcaTa mepen mepBbiM [TH]]
(cTopoHa HarHeTaHUs KOHJEHCATHBIX HACOCOB) OJDKHO OBITH PACIOJIOKEHO TOCHIEe 0TBO/IAa KOHIEHCaTa
Ha PEIUPKYISIUI0 ¥ IPYTHX OTBOJOB, BO3BpAIlaéMBIX B KOHAEHCATOpP, BO M30eXaHHE KOJBIIEBOTO
MOTOKA, MCKAXAMOLIEro HM3MEpeHHe ACWCTBUTENBHOIO pacxona koHiaeHcata udepe3 IIHJ[. Ecau mo
KaKMM-TH00 TPUYMHAM CY)Kalolllee YCTPOHCTBO HAa CTOPOHE HArHETAaHWs KOHJCHCATHBIX HAcCOCOB
OTCYTCTBYET, TO PEKOMEHJYETCs YCTAaHOBUTb IIOCJIEJOBATENBHO CO IUTATHBIM JONOJHUTEIbHOE
CyXarollee YCTPOWCTBO Ha TPyOOIPOBOC OCHOBHOTO KOHCHCaTa 3a mocieaaum [TH/T.

Hanuune n1ocTOBEpHOro N3MEPEHNUs pacxo1a KOHJEHCaTa I03BOJISIET:

- CO3/1aB YCJIOBHSI PaBEHCTBA PacXo0B Uepe3 Cy)Kalolue yCTPOWCTBa Ha TPyOOIPOBOAAX CBEKETO
mapa M KOHJEHCAaTa, COIOCTaBHTh 3aT€M pE3YNbTaThl MX H3MEpPEHHs, KOHTPOIHPYS TEM CaMbIM
MPaBUIBHOCTH PaOOTHI IPUOOPOB M TEPMETHIHOCTD TETNIOBOM CXEMEI,

- [0 Pa3HOCTHM M3MEPEHHBIX PacXxoA0B KoHJeHcata 1o u nocie [THJ[ B ycroBusix HopMmaibHOU
CXEMBI OLIEHUTH TOYHOCTH OIIPEICNICHHS PAacXOI0B OTOMPAeMOTo IMapa IO YPaBHEHHSIM TEIIOBOTO
OayiaHca, a Tak)Ke CYJUTh O TUIOTHOCTH TpyOHBIX myukoB [TH/I.

YcTaHOBKa CyKAlOLIUX yCTPOWCTB HA BHOBb MOHTHPYEMOH TypOOyCTaHOBKE NPOM3BOAUTCS IOCIE
OKOHYaHHS OIEpaLyii IPOMBIBKU 1 NPOYBKH COOTBETCTBYIOIIMX TPYOOIIPOBOIOB.

Ha mpakTuke mpu IpoBEAEHUM HCIBITAaHUM, KaK MPaBUIIO, UCHOJB3YIOTCS IITATHBIE CYXKAIOLIHE
YCTPONCTBa AMSl U3MEPEHHsI PacXOJ0OB CBEXKEro Mapa, MUTAaTeNbHONW BOJABI, OCHOBHOTO KOHJEHCATa,
cereBod Boabl W JAp. IlepBuuHble npeoOpasoBaTenu Iepenasa JaBICHUH yCTAHABIMBAIOTCS
NapajuleJIbHO IUTAaTHBIM mpubopam. B 3ToM cityyae HeoOxoauma TIIATeNIbHAs NPOBEPKa YCTaHOBKU



CYXAIOIIET0 YCTPOMCTBA, KOHICHCAIIMOHHBIX COCY/IOB, HMMITYJbCHBIX JIMHUH B COOTBETCTBHH C
HopMamu [4].

B 0co00 OTBETCTBEHHBIX CIIydasX MOXET IIOHAJOOUTHCA BCKPHITHE (DIAHIIEBHIX CyKAIOMINX
YCTPONCTB, KOHTPOJIbh UX TEXHHYECKOTO COCTOSHUS U m3Mepernue. [Ipu 3ToM n3MepeHne BHYTPEHHETO
IMaMeTpa CYXaloIllero yCTPOicTBa ClieAyeT MPOU3BOANTH HE MEHEe, YeM B BYX IPOTHBOIIOIOKHBIX
HAIpaBJICHUAX C IUTFOCOBOI 1 MIHYCOBOM CTOPOH INTAHICHIUPKYJIEM HIIHM IITHXMAcOM, a BHYTPCHHUI
JIUaMeTp TpyOOompoBOJa - B CEYEHHUHM HENOCPEICTBEHHO IEpej CYXKAlOLIMM YCTPOWCTBOM W Ha
paccTosiHUM JBYX JAMAMETPOB OT Hero. Bce pe3ynbraThl W3MEPEHHH JOJDKHBI BHOCHTBCS B
COOTBETCTBYIOIIUE AKTHI.

B mocnennee Bpemsi Bce Oosbliiee NMPUMEHEHUE HAXOST BBapHBIE CYXKAIOIIUE yCTPOWCTBA, YTO
MOBBIIIAET TPEOOBAHUSI K KOHTPOJIO 332 UX COOTBETCTBHEM YEPTEkaM, COCTOSHUEM U ITPaBHIILHOCTHIO
YCTaHOBKH BO BPEeMsi MOHTaXa.

[Ipr HECOOTBETCTBHH IITATHOTO CYXKAIOMIETO YCTPOWCTBA TPEOOBAHMSM HOPM CIEAYET MPHHATH
MepHI K IPUBEICHAUIO €r0 B COOTBETCTBHE C HUMH (3aMeHa CY)KAIOIIEro YCTPOMCTBA, KOIBIIEBEIX KaMep,
W3MEHEHNE PACIIONOKEHHUS YPaBHUTEIBHBIX COCYIOB U T.1.).

[ToOouHBIE TIOTOKK TAKIKE M3MEPSIOTCS C TIOMOIIBIO CTAHAAPTHBIX CYKAIOMIUX YCTPOUCTB, OTHAKO
TpeOOBaHMUS K yCTAaHOBKE U BEIOOPY WX THUTIA MEHEE JKECTKHUE, YeM IPH U3MEPECHUU OCHOBHBIX TIOTOKOB.
Tak, B 4aCTHOCTH, B 3THX CIIy4asX JOMYCTUMO COKpAIlleHWe ITMHBI IPSMOTO ydacTKa TPyOOmpoBoda
JI0 3HauUeHus, onpenessieMoro [4], ycraHOBKa 6€CKaMEepHOTO CYXKAIOIIeTo YCTPOHUCTBA U T.1.

Crnenyer MOMHUTH, YTO NMPHU NMPOEKTUPOBAHUU CYXKAIOIIMUX YCTPOMCTB Ha JMHHUAX OTcOca Iapa oOT
KOHIIEBbIX yHHOTHeHI/Iﬁ IUJINHAPOB Typ6I/IHbI HeO6XO}II/IMO 06ecne‘me MHUHUMAJIBHYIO TIIOTEPIO
JIaBJICHUS] B HUX A MCKIIOYEHHUS HApYIIEHUH HOpManbHOW pabOTHl YIUIOTHEHHH M BO3MOKHOIO
MIOBBIIICHHS OCEBOTO YCHIIUS Ha POTOP.

YuuTeiBasg TPYAHOCTH HEIOCPEACTBEHHOTO W3MEpPEHHs pacxola Ilapa Ha pereHepaTHBHEIC
MOJOTPEBaTeId W €ro JApeHaka C TMOMOINBI0 CYKAaIOMIero YCTPOWCTBAa, pacxXomsl TMmapa B
pereHepaTHBHEIE OTOOPBHI ONPENENIAIOTCS, KAk TMPABHIIO, W3 YpaBHEHHS TEIUIOBOTO OallaHca
nmogorpeBatens. s pemmeHuss 3TOTO ypaBHEHHS JOJDKCH OBITh HM3MEPEH PsIl BEMWYHH (pacxof
oborpeBaeMoro KOHICHCATa WJIM THTAaTeNbHOH BOABI depe3 MOJOrpeBaTelb, TEMIIEpaTypa
oborpeBaeMoil BOABI O M TOCIE MOJOTpEBATENs, IapaMeTphl TPEIOIIero mapa W TeMIeparypa
KOHJIeHcaTa rperomero napa). Eciu B momorpesarens BHOCHTCS TEIUIOTA C JIPEHAKEM IOJ0TpeBaTeNs
6oJiee BHICOKOTO JIaBJICHUSI, TO HEOOXOJMMO 3HATh TAKXKE PACXOJl 3TOTO JIPEHaXa U €ro TeMIepaTypy.

OpFaHI/I?)aHI/ISI N3MEPECHUA YKa3aHHBIX BCJIMYUH JOJDKHA YIOBJICTBOPATH CJICAYIOUNIUM Tpe6OBaHI/IHMZ

- Bech pacxoJ o00orpeBaeMoro KOHJEHCaTa WM MHTaTeIbHOH BOJa, NPOXOAAILIEH uyepes
nmoaorpesareyib, HU3MEPACTCA CyKaroIUuM yCTpOﬁCTBOM, H3rOTOBJICHHBIM W YCTaHOBJICHHBIM B
COOTBETCTBUU C TpeOoBaHueM HOpM [4]. B ciydae oTimuusi AEWCTBUTEIHHOTO pacxoia oOT
U3MEPEHHOTO CYXKAIOMIMM YCTPOWCTBOM (UTO, Hampumep, MMeeT MecTo B Hekoropeix [THJ] mpum
KacKaJHOM CIIMBE KOHJCHCAaTa TPEIOIIeT0 IMapa ¥ TOoAade ero CIWBHBIMH HAcOCaMH B JIMHUIO
OCHOBHOTO KOHJICHCATa) 3TO OOCTOSATEIBCTBO JOJKHO OBITH YYTEHO B YPaBHEHUH TEILIOBOTO OamaHca
COOTBETCTBYIOIIETO ITOIOTPEBATEIIS;

- DaBIICHHWE W TEMIIepaTypa TPEolIero mapa U3MepsIOTCs Mepel BXOJOM B MOAOTrpeBaTelb IOCIEe
3aMOpHOH 3aJBIDKKU HA PACCTOSHUH HE MeHee 2-3 M OT IMOCIIEIHETO B IEX HCKIFOYCHUS BO3MOXKHOM
TMOTPEITHOCTU UBMEPCHUA TEMIICPATYPHI OT BJIUAHUA KOHACHCAIIUU T1apa B IMOJJO0I'PEBATEIIC,

- TeMIepaTtypy KOHAEHCaTa TPEIOLIETo Iapa HEOOXOIMMO M3MEpSTh IOCNIEe IOAOTrpeBaTems, HO
00513aTeNEHO IO PETYIISATOPa YPOBHS, YTOOBI HCKITIOUHUTE BIMSHUE IPOCCETUPOBAHMS B PETYIUPYIOIIEM
oprase;

- TeMIIepaTypa 000rpeBaeMoro KOH/AEHCATa WIH MATATeIbHON BOABI U3MEPSAETCS HEITOCPEICTBEHHO
Ha BXOJHBIX M BBIXOJHBIX MaTpyOKax momorpeBateirsi. [Ipu Hammauu oOBoAa MO BOJIE HEOOXOIMMO
M3MEpSATh TeMIlepaTypy 3a OOBOJHOHM 3a/IBWKKOH IOCie INepeMelIMBaHUs OCHOBHOTO W OOBOIHOTO
MOTOKOB.

B Tex cxemax, B KOTOPBHIX KOHAeHcaT rpetomero napa ITHJ[ oTBomuTcsi ¢ MOMOIIBIO CIMBHOTO
Hacoca, pacxoj Iapa Ha IOJIOTPEeBaTeNIl MOXKHO ONPENeNINTh, OpPraHu30BaB M3MEpEeHHE KOHJEeHcaTa
TPEIOLIETO Mapa C MOMOIIBIO CYXAIOLIETO YCTPOWCTBA, YCTAHOBIEHHOrO IOCIE yKa3aHHOTO Hacoca,
OJTHAKO M3-3a PEe3KMX KOJIeOaHUil Mojaun Hacoca 3TO M3MEPEHHE YacTO OKAa3bIBAaeTCs HEHAAe)KHBIM. B
3TOM Ciy4ae PEeKOMEHAYEeTCS OTPETYIMPOBATh OTKPHITHE 3a/JBMKKH HAa CTOPOHE HAarHETaHMs Hacoca
TakuM oO0pa3oM, UYTOOBl KoylebaHWs ObBUIM CBEAGHBl K MHHHMYMY, a YpOBEHb KOHJICHCaTa B
MoJIorpeBaTesie He TOBBIIIAJICS.

OmnpeneneHne pacxoja mapa Ha MOJOTPEBATENN MO M3MEPEHHUIO KOHIACHCATAa TPEIOIIETO Mapa ero
(apeHaka) cyXaroIIMM YCTPOWCTBOM TMPAKTUKYETCs TakkKe B pereHepaTtuBHbIX [IBJ], B KOTOpBIX
NPEyCMOTPEHO OXJIAXKICHHE KOHJEHCaTa TPEIoLIero Mapa B CIelMalbHOM oxjiaaurene. Hammuue
OXJIaUTENs MO3BOJISIET W30ekKaTh BCKUIIAHUS KOHJEHCATa TPEIOIIero Inapa BCJEJACTBUE MaJICHHS
JIaBJICHUSI B CYXKAIOLIEM YCTPOWCTBE, KOTOPOE B ITOM CIy4ae MOJDKHO YCTAHABIMBATHCS MEXKIY
MOZOTPEBATEIIEM U PErYJIITOPOM YPOBHSL.

M3mepenne KOHJEHCATa TPEIOLIEro Napa pereHepaTHBHBIX I00TpeBaTeleil HU3KOI0 U BHICOKOTO



JABIICHUS C TTIOMOIIBIO CY)KAIOIIUX YCTPOICTB HE ABISIETCSI OCHOBHBIM M3MEPEHUEM JUIS OIpEIEIICHHS
pacxoza mapa Ha IOAOTPEBAaTENb, a CIY)XHT JIMIIb B KauyecTBE AyOIMPYIONIETO, MOTOMY YTO, Kak
NpPaBWJIO, B MECTaX YCTAHOBKH CY)KAIOIIETO YCTPOWCTBA OTCYTCTBYIOT HPSMOJHMHEHHBIE YYaCTKH
TpyOOIIPOBOAOB JOCTATOYHON JJIMHBI, YTO MPUBOJUT K JTOMOTHUTEIBHON TOTPEIIHOCTH U3MEPEHUSL.

Jlns m3MepeHust pacxoa OXJIaXIarome BOAbI Ha KOHICHCATOP CYLIECTBYET HECKOIBKO CIIOCOOOB.
[Ipu HeOONMBIIMX qHaMeTpax HUPKYJISIHOHHBIX Bo0BOIOB (D < 800 MM) pacxon oxJakaaromieil Boabl
MOXHO M3MEPATh HOPMAJILHBIM CYKAIOIIUM YCTPOHCTBOM C MaJIbIM HEPENAA0M JIaBICHHUIN BCIICACTBHE
MaJIorTO pacHojaraéMoro Hamopa, NpH OONBIINX JHAMETpPax NUPKYISIMUOHHBIX BOJOBOJOB - C
MOMOIIBI0 CETMEHTHBIX TuadparM Win ocpeaHsIomeil TpyOkn U ocpenHsomero kpecta. B kauectse
BTOPUYHOI'O MpuOOpa, H3MEpSIONIEro Iepenaja aBJIeHUH Ha CerMEeHTHOM nuadparme wim
ocpenHstomieil TpyOKe W OCpenHsIOmeM KpecTe, HpUMeHstorcs [1-o0pasHble ABYXCTEKOJbHBIE
JrMaHOMETPBI, ITO3BOJISIONINE H3MEPATH IIEpernaj] HeIOCPEICTBEHHO B METPaxX BOJSHOTO CTONOA.

Pacxon mapa Ha 2KEKTOp OIpPEAENSeTCs pacdeTHBIM IyTeM II0 TEOMETPHYECKUM pazMepam
MApOBBIX COIUT M TapaMeTpaM Iapa repes HUMH.

Jns m3MepeHus mepemnazsa AaBICHUH B CY)KAIOIIEM YCTPOWCTBE MPUMEHSIOTCA OXHOTPYOHBIE H
IBYXTpYOHBIE TH(MaHOMETPHI, 3aMONHAEMBIE PTYTBIO WIIM JPYTOi KUIKOCTBIO, HE CMEIINBAIONIEHCS C
BOJIOH, C INIOTHOCTBIO OOJBIIE IMIIOTHOCTH BOJBI, HIIM IPUOOPHI sl U3MEPEHUS PA3HOCTH JIABICHUH C
YHAGUIMPOBAHHBIM  BBIXOJHBIM  TOKOBBIM  CHTHaJIOM  (MeMOpaHHBIC, CHIB(QOHHBIE  WIH
TEH30PE3UCTOPHBIE AN(PMAHOMETPHI).

TpeboBanus k qudMaHOMETpaM, UX YCTAHOBKE U COCAMHUTEIBHBIM JIMHUSIM TOJPOOHO M3JI0KEHBI
B mpaBmwiax [4]. Ocoboe BHUMaHHE CJeayeT oOpaliaTh Ha paclojoXKeHHE IupMaHOMETpa
OTHOCUTEJIBHO CY’KaloOIllero YCTPOMCTBA, NPaBHIBHOCTh YCTAaHOBKM KOHJCHCAIMOHHBIX COCYHOB,
IUIOTHOCTH COETMHUTEIBHBIX JIMHUI U YPAaBHUTEIbHBIX BEHTHJICH AU(MaHOMETPOB.

[epen BrimtOYeHHEM JU(MAHOMETpA, a TAKXKE MEPHOTUYECKH BO BpeMs ero paboThl HEOOXOAUMO
TIIATEJIBHO NPOJYBaTh COCAWHMTENbHBIC JIMHUM B LEJAX yJaJCeHUS M3 HHUX BO3/yXa, HOCIE Yero
CJIelyeT BBDKAATh HEKOTOPOE BpEMs, IOKa COCIUHHTEIbHBIC JIMHUM W KOHJIICHCAIIMOHHBIE COCYIBI
OXJIaZIATCS A0 TeMIIEpaTyphl OKPYKaloIieil Cpeaa, ¥ TOIBKO MOCJIE 3TOr0 BO30OHOBUTH H3MEPEHHE.

[Ipn moncuere pacxoma uepe3 CyKaromlee YCTPOHCTBO HEOOXOIWMO 3HATh IUIOTHOCTB
MPOTEKAOWIEH CpeAbl, KOTOpasl OMpENesIeTCs] KOCBEHHO 0 M3MEPEHHIO TeMIEpaTypbl U JIaBICHUS
HETIOCPEJICTBEHHO TMepell CYKAaloIUM yCTpOWCTBOM. ['Wilb3a Ui HM3MEpEHUs TeMIlepaTypsl
yCTaHaBJIMBaeTCs Mepel CYKaloIIM yCTpoiicTBoM Ha pacctosauu (15 + 20) D ot wHero. Jlomyckaercs
TaKXKe U3MEpEeHHe TeMIIepaTyphl 3a CYKAIOIIUM YCTpoicTBOM Ha pacctosHuu (5 + 10) D mocrne Hero.
JlaBrieHne napa JOJDKHO OMPEAEIATHCSA TOJIBKO Ha OCHOBAHUH TOKA3aHUSI MAHOMETPA, MOIKITI0UEHHOTO
Ha IIJIFOCOBOM CTOpOHE Ju(pMaHOMETpa (MMITYIIBC MTEPe]] CY>KAOIIUM yCTPOHCTBOM).

I'.5.1.2. 3MepeHue 31eKTpHIECKONH MOIITHOCTH

OnHUM U3 OCHOBHBIX HETIOCPEICTBEHHO H3MEpSEMBIX IIOKazareliel pabdoThl TypOOyCTaHOBKH
ABJISIETCS 3HAYCHHUE 3JIEKTPUYECKOW MOIIHOCTH Ha BBIBOJAX I'€HepaTopa, JUIl ONpeNeNICHHsT KOTOpOH
cJlelyeT TPUMEHSTh NMPUOOpPHl M M3MEpUTEIbHBIE TpaHC(HOPMATOPHI TOKA M HAINPSDKEHUS BBICOKOTO
KJIacca TOYHOCTH.

C 3T0i1 1enb0 0OBIMHO MPUMEHSIOTCST OAHO(A3HBIE NPEIM3NOHHBIE BATTMETPHI, BKIIOYaeMble IO
CXeMe JBYX BaTTMETPOB, Tpex(a3HbIA BaTTMETp W OHIEKTpHUYECKHH cueTduk. [y TpexdasHbIX
TEHEPaTOPOB C 3a3eMJICHHON HEHTpasbl0 pEKOMEHIYyeTCs HMPUMEHSTh CXeMy C TpeMs OZHO(a3HBIMHU
BarTMeTpaMu. Kaxaplii U3 3THX CIOCOO0OB MMEET COOTBETCTBYIOIIME MPEUMYIIECTBA U HEAOCTATKH.
Tak, B 94aCTHOCTH, TIpH NMPUMEHEHHH OJHO(MA3HBIX BATTMETPOB HAapSy C MEHBIIEH IEHON JeNeHIs
KT ¥ BO3MOXKHOCTBIO HEMOCPEACTBEHHOTO OIpEeNeHNs] COS® 10 OTHOIICHWIO MX IOKa3aHUH
TpebyroTcs Ba HaOmopatens. B To jke BpeMs, XOTS NpU NpUMEHEHHH Tpex($a3zHOro BaTTMETpa M
TpebyeTcsl b OAWH HAOJIO/AaTeNb, OAHAKO LieHa JAEJIEHHs IIKaJbl BATTMETPA M, CIIE0BATEIbHO,
BO3MO)KHasi TOTPEITHOCTb BO3PACTAlOT; KPOME TOro, JUIA OIpenelieHHs COSQ HEeoOXOAMMO
WCIIONIb30BaTh JOMONHUTEIbHBIE TPUOOpEl. C  yd4eToM OTHUX OOCTOATENBCTB BBIOOPY crocoba
N3MEPECHNA MOIITHOCTH [JOJIKCH NPEANICCTBOBATH TH_[aTeJ'[BHBII\/'I AHaJIn3 KOHKPETHBIX yCHOBHﬁ u
TpeOOBaHUH K UCIIBITAHUIO.

J1st BO3MOKHO 60Jiee TOYHOTO U3MEPEHUSI MOIIHOCTH Ha 3a)KMMax reHepaTopa peKOMEH IyeTcs:

- BbIOMpaTh W3MepHUTENbHBIE TpaHCGOpMaTopsl C (HaKTHUECKOH IOTPEIHOCTBI0O B pabodmx
npenenax uzmepenuit 1o (0,1 + 0,2) % u nmpuHUMATH MEPHI, CBOJSIINE TIOTPEITHOCTH UX K MUHUMYMY
(BBHIY CIIOXKHOCTHM ydeTa INocJieJHHX). B wacTHOCTH, BO mM30ekaHHe Neperpy3Kd HaJo INpOBEPSTH
(bakTHYECKYIO Harpy3Ky U3MEPHTEIbHBIX TPaHC()OPMATOPOB, CBO/ISI €€ K MUHHUMYMY;

- UCKJIIOYHTH BPEJHBIE BINSHUS Ha TOYHOCTh U3MEPCHUS;

- IPUCOEANHSITH U3MEPHUTENBHBIE TPUOOPHI KaK MOXKHO OJIMDKE K BBIXOJHBIM 3aKMMaM U 10 JIF000ro
OTBETBIICHUS, IO KOTOPOMY MOJKET IIPOUCXOJNUTH YTE€UKA WU ITOJBOJ SHEPTHH CO CTOPOHBI;

- NCTIONI30BATh OJJHOBPEMEHHO JIBa HE3aBUCHMBIX CII0CO0a M3MEPEHHUS.

B Tex cxemax 3KCIIEpUMEHTAIBHOTO KOHTPOJIS, B KOTOPBIX PETHCTPANNs MOKa3aHUN MPOU3BOIUTCS
aBTomMartmdecku (¢ momoisto npudopos PYM, KCV u T.1.), A5 u3MepeHuss MOIITHOCTH TTPUMEHSFOTCSI



npeoOpa3oBaTeny ¢ YHU(UIINPOBAHHBIM BBIXOIHBIM TOKOBBIM CHT'HAJIOM.

I'.5.1.3. I3mepenne naBieHUs

Jns m3MepeHust JaBiIeHUsT BOABI WM Iapa IPH UCTBITAHUAX NMPUMEHSIOTCS MPHOOPHI pa3iIMIHBIX
THIIOB: TIPYXUHHbIE MaHOMETpHI, U-00pa3zHble MaHOMETpHI, OXHOTPYOHBIE PTYTHBIC YallCYHbBIC
BaKyyMMETpPHI, 0apoBaKyyMMETPHI, 0apoMeTp U IPUOOPH ¢ YHH(PHUINPOBAHHBIM BBIXOIHBIM TOKOBBIM
CHTHAJIOM.

VYCTpoHCTBO 11 M3MEpEeHUs JaBJIEHUs CpeAbl COCTOUT U3 3a0opHOro mrymepa (3abopHOro
OTBEPCTHUS), COSAMHUTEIILHOU TPYOKH U caMoro npubdopa (mpeodpa3opareis).

JaBnenus, u3MepsieMble BO BpeMsl TEIUIOBBIX HCIBITAaHUHA MapOBBIX TYPOHMH, MOJDKHBI OBITH
cratnyeckuMmu. s storo 3abopHas TpyOka (IITyLiep) ycCTaHaBIMBAeTCs 3a00PHBIM OTBEPCTHEM
3aloJUTMII0 C BHYTPEHHEH CTEHKOH, NpW 3TOM HalpaBjeHHE MOTOKa JOJDKHO OBITH MapaiieibHO
IUIOCKOCTH OTBEPCTHS W BOJMM3M HETO HE JOJDKHO OBITh HMCTOYHHKOB OTKIOHEHUS W 3aBUXPCHHSA
MOTOKaA.

Hus oTkmroueHns mpubopa y Mecra 3abopa (mocie mTyrepa) OOBIYHO YCTaHABIMBACTCS TakK
Ha3bIBAEMbliA KOPEHHOH 3alIOPHBIA BEHTUIIb.

CoenuHuTeNbHAS TPyOKa BHYTPECHHHM OuaMeTpoMm 6-10 MM TNpoOKIameiBaeTcs MO KpaTdamiei
Tpacce 0€3 W3JIOMOB W CIUIIOIIMBAHMS Ha IOBOPOTAX, JOIDKHA OBITh T€PMETHYHA, NOCTYIHA JUIA
0CMOTpa 1 HE U30JIMPOBaHa, YTOOBI 00JIETYNTh KOHJCHCALIUIO 1apa B HEHl.

B kauecTBe COeAMHHUTENBHBIX TPYOOK NPUMEHSIOTCS TPYObl OECIIOBHBIE XOJIOJHOTSHYTBIE WA
XOJIOZIHOKAaTaHble U3 YIJIEPOAUCTBIX MJIM JIETMPOBAaHHBIX CTalell B 3aBHCHMOCTH OT IapaMeTpoB
nsMmepsieMoii cpensl. [londop ux npou3BoIUTCS 1O copTaMeHTaM Ha TpyOb! neiictByromux ['OCT.

[Tpu m3mepenun naeieHus napa wiu ropsued Boxsl (f > 100 °C) mepen MaHOMETpOM AeiaeTcs
CHEIUAIbHBIA THAPO3aTBOP (€cnu OH He o0pasyercss B APYroM MecTe TpyOKOW) i 3aluThl
YYBCTBUTEIBHOTO 3JIEMEHTA MAaHOMETPA.

Jns ynaneHus BO3IyXa W3 COCIMHHUTENBHOW TPYyOKM Kak IpU BKJIIOYEHHM MaHOMETpa, TaK H
MIEPHONYECKH BO BpeMs €ro paboOThl Iepe] HUM YCTAaHAaBIMBACTCA NPOIAYBOYHBIH BeHTWIB. [locie
MPOTYBKN COCIWHUTENBHON JIMHUHM HEIb3sl Cpa3y INPOU3BOIAWTh W3MEPEHHE, a CIeXyeT BBDKIATh
HEKOTOpOE BpEeMs, TOKa COCAWHHUTENbHAs TPyOKa OXJAaIWTCA W 3aIOJHUTCS KOHACHCATOM. UTOOBI
yOenuThCSl B 3TOM, HEOOXOIUMO Ha OLIYIb ITPOBEPUTH TEMIEPATYPY TPYOKH OT MeCTa IPUCOCTMHEHHMS
JI0 MaHOMeTpa (TpyOKa J0JKHA OBITh XOJIOHO).

3amonHeHHe TPYOKHM KOHJEHCATOM HEOOXOOMMO [UIS HAAEKHOTO OIpEAETICHHS IIONpPaBKH K
MOKa3aHMSAM Ha Pa3HOCTh OTMETOK IIPUCOETUHEHNUS U YCTAaHOBKH ITpHOOpa.

Hasnenne ceemme 0,2 MIla (2 KFC/CMZ) HU3MEPSICTCSL IPYKUHHBIM MaHOMETPOM, a TakKke
M3MEPUTENIBHBIM IIpeoOpa3oBaTeneM ¢ YHU(DUIMPOBAHHBIM BBIXOAOM. MaHOMETPHI JOJDKHBI OBITh
pacIooXeHbI TaK, YTOOBl HA HUX HE NepeaBajach BUOpAIUst U 00eCcIIeYnBAINCh OTCUETHI TOKa3aHUH
6e3 ommOKM M3-3a Mapajulakca, T.€. YCTAaHABIMBATBhCS BEPTHUKAJIBHO, HHIIIEIEM BHU3 W XOPOIIO
3aKpeIUIATHCS.

YcraHaBIMBaeMbli AL UCTIBITAaHWH TIPYKHHHBIH MaHOMETp JOJDKEH UMETh TUNIOMOY TOCHOBEPKH C
HETpOCPOYCHHOI aTOH M MPOTOKOJI TIOBEPKH.

Jlarenne mmke 0,2 MIla (2 krc/cm?) u3MepsieTcs MOCPEICTBOM pPTYTHBIX U-06GpasHbIX
MaHOMETPOB, MPYXHHHBIX MAHOBAaKyyMMETPOB UM  W3MEPUTENBHBIX  IpeoOpasoBarenedl ¢
YHU(UIIUPOBAaHHBIM BBIXOJOM. J[nmmHa kojeH U-oOpa3Horo maHomeTpa JOJDKHa COOTBETCTBOBATH
MaKCHUMaJIbHOMY 3HAa4eHHIO NaBieHUs. i1 oOecrieueHHs HAJEKHOCTH H3MEPEHHH HpHOOp IOIKEH
pacrioyiaraTeCsl HIDKE TOYKH TIPHCOENMHEHHS, a COeIMHHUTENbHAs TPyOKa IODKHA OBITH 3arlOJHEHA
Bomoi. CoenmHeHWe WMIYIbCHON TpyOkum c¢ U-o0pasHeIM MaHOMETPOM (MaHOBaKyyMMETPOM)
BBITIOJIHSETCSL TIOCPE/ICTBOM PE3MHOBOI BaKyyMHOH TpyOKM depe3 MeIHBIA MM CTalbHOW TPOHHHK C
BHYTPEHHUM JuameTrpoM 6-8 mMM. Ha cBOOOIHBEIM KOHel TpOWHHMKa TakXKe HaJeBaeTcs pe3nHOBast
TpyOKka HeOONBIION AJIMHBI M TIIYIIUTCS C MOMOLIBIO 3akuMa. HasHaueHnwe TpoiHMKa - 00ecHeYHTh
HaJIe)KHOE 3allOJIHEHWE HMITYJIbCcHOH TpyOkn Bomoi. CoenmHutensHas TpyOka k U-oOpasHomy
MaHOMETpY Ha TpyOomnpoBojax napa u ropstaeii Bogsl (t > 70 °C) Takke JoIKHA UMETh y MecTa 3abopa
"KOpeHHOW" 3arOpHBI BEHTHIIb M JOCTATOYHOHN JUIMHBI (He MeHee 1-2 M) TOpH30HTAIBHBIN yU4acTOK Ha
OJIHOM YPOBHE C 3a0OpHBIM ITylEepoM. [IpeamouTuTensHel ycTaHOBKa y IMITylepa 6-7-BHTKOBOMH
CIHMpaJId, HAMOTAHHOW B TOPHM3OHTAJBHOHN IUIOCKOCTH, WM KOHIACHCAIMOHHOTO COCyJa. ODTH MEpPHI
rapaHTHpyeT HEeM3MEHHOCTh MOIPAaBKH HA Pa3HOCTh OTMETOK IPHCOECTMHEHUS W YCTAaHOBKH mpubopa
IIpY M3MEHEHUH YPOBHA PTYTH B KOJEHaX. PTyTe B oTKpwrIToM KojieHe U-00pa3HOro mMaHoMmeTpa BO
n30ekaHue ee UCTIApEHUs JTOJDKHA OBITh 3aJTMTa CII0EM TIHUIEPUHA TOJIIIUHON B 2-3 MM HJIH BOJIOM.

YunThiBass 3HAYMTENBHOE BIHMSHHE MAABICHHUS B pEryiaupyeMoM T-or6ope Ha 3KOHOMHUYHOCTB
TypOOYCTaHOBKH, JUIsi OpraHU3alMKM JOCTAaTOYHO TOYHOTO €ro M3MEPEHHs] PEKOMEHAYETCS Kpome
coOmoieHuss oOMMX TpPeOOBAaHMM OpraHM30BaTh TAKXKE W3MEpPEHUE TeMIleparyp Iapa B TOM JKe
CCUCHWW WJIM BOJM3M HEro B IEIX IOCIEAYIOIIEr0 CpPaBHEHHS COOTBETCTBYIOIIETO JABJICHHS
HACBILIEHUs] C JABJICHHEM, W3MEPEHHBIM MaHOMETpoM (B ciydae BIaKHOro mnapa). Ilpm Hammyun
BO3MO)KHOCTH MaHOMETP KeJIaTeJIbHO MOMEIaTh HeMOCPEACTBEHHO HA TPYyOOIpOBO/IE AJIsl CBEICHHS K



MHUHUMYMY 3Ha94CHUS MONIPAaBKU HA BBICOTY NIPHCOEANHCHUSI.

Jns caydasi, koraa u3MepseMoe aBJICHUE CHIIBHO M3MEHSETCS NMPH MEPEXOAE OT OAHOTO PEXHMA
paboThI K Ipyromy (HampuMep, AaBJICHHE B IIPOMEXYTOYHOH CTYIECHN KOHACHCAIIMOHHON TypOMHBI) 1
MOXET OBITh KakK BBIIIE, TAK M HIDKE aTMOC(EPHOTO, PEKOMEHIyeTCs MapauieIbHOE NPUCOCTNHEHIE
PTYTHOTO ¥ MPYKHHHOTO MaHOMETPOB UYE€pe3 TPEXXOJOBOH BEHTHIIb WM C 3allOPHBIMU BEHTHILIMU
nepes KakapM nprdopoM (06a mpubopa pacroyaraloTcesi HIKe TOUYKH npucoeanHeHus). TpedoBanus k
YCTaHOBKE B JIAHHOM Cly4ae Te e, 4YTo U T1pu ycraHoBke U-oOpazHoro MaHoMeTpa
(MaHOBakyyMMeTpa) pH u3MepeHuu nasnenus Huxe 0,2 MIla (2 KFC/CMZ).

[Ipn w3MepeHuu naBneHuid mapa HamHOro Hmwke armocdepnoro (30 xlla u Huxe) OOBIYHO
NPUMEHSIOTCS OJHOTPYOHBIE PTYTHBIE MPUOOPHI (OJHOCTEKOJbHBIE BAaKyyMMETPBI C MOIBHKHBIM
CTaKaHUYMKOM WM OapoBakyymmerpudeckue TpyOku) wmnm U-oOpasnble MaHoMeTpbl. Ilpu
ABTOMATH3MPOBAHHBIX HW3MEPEHMSIX NPHMEHSIOTCS Ipeobpa3oBare aOCOJIOTHOTO [JaBlCHUS C
YHAGHUINPOBAHHBIM BEIXOAHBIM CHIHAJIOM.

YkazaHHbIE MPHUOOPHI JOJDKHBI PACIONAraThCsl BBINIE TOYKH MPHCOCIWHEHMS, PU HX yCTaHOBKE
JIOJDKHBI OBITH TIPUHSATH MEPBI, YTOOBI COSAMHUTENbHAS TpyOKa He 3anoiHsIack Bogoil. C 3Toit nensio
3a00pHOE OTBEPCTHE U COCAMHUTENbHAs TpyOKa JOIKHBI MMETh BHYTPEHHHUH THaMeTp HE MEHEe 8 MM.

CoenunutensHass TpyOKa IOJDKHA HMETh HENPEPBIBHBIA YKJIOH OT mpudopa K TOYKE
MPUCOETUHEHHS C TAKMM PAacdeTOM, YTOOBI KOHJICHCAT MOT CBOOO/IHO CTEKaTh B MApOIPOBOI. Y MecTa
NPUCOETUHEHHS TNPHOOpPa K COEAMHHUTENIBHON TpyOKe JOJDKeH OBITh YCTAHOBJIEH CIEUUaIbHBINA
TPOMHUK C 3a)KMMOM Ha CBOOOJZHOM KOHIIE C TeM, 4YTOOBl HMETh BO3MOXKHOCTH MpPOJYyBaTh
COCIMHUTENIPHYIO TPYOKY M yIAIIsITh U3 HEe Biary, KOTopas MOXXET CKONUThCS BHYTpH. Bo Bpems
NPOIYBKH NPUOOpP OTKIIOYAETCS OT HWMITYyJbCHOW TpyOKHM BTOphIM 3akumMoM. CoelnuHeHHe
BaKyyMMeTpa C TPOWHHMKOM, a IOCJEIHEro C HMITYyJbCHOW TPYOKOH NHpPOWU3BOMUTCS C IMOMOLIBIO
PE3UHOBOI BaKyyMHOU TPyOKH.

Bonpimoe BHUMaHHME IOMKHO OBITh YAENEHO IUIOTHOCTH COCOMHHUTENbHON JuHHH. CKOpOCTh
MaJCHNS PTYTHOTO CTOJIONKA B BAKYYMMETpPE IPH ITOJTHOM 3aKPBITHH "KOPEHHOT0" BEHTWIIS HE JOJDKHA
npeBbImaTh 5 MM 3a 5 MuH. CTeKIIsTHHAs TPyOKa BaKyyMMeTpa JOJDKHA HMETh BHYTPEHHHI THaMeTp He
meHee 8-10 MM, 4TOOBI CHU3UTH 1O MHHMMYMa TIONPaBKy Ha KalWIIIPHOCTh. MUIIIMMETPOBAs IIKasa
BaKyyMMETPOB JOJDKHA OBITH BHITIONTHEHA W3 CTAbHON KIICHMEHOM JTHHEHKH, Y3KUH, 3a0CTPCHHBIA Ha
ypoBHe "HyJs1" KOHEIl Kbl KOTOPOH OMyCKaeTcs B CTakaH ¢ pTyThio. OTCYET yPOBHS PTYTH JOKEH
MIPOM3BOUTHCA MO BEPXHEH TOUKE MEHHUCKA.

Bonee mpeamodTHTENBHBIM SIBISETCS HCIONB30BAaHHE BMECTO YallleyHOro Bakyymmerpa U-
0o0pa3HOro MaHOMETpa C METAJUIMYECKOW IIKaJoil M CTEKISHHBIMH TpyOKaMH OJMHAKOBOTO
BHYTpPEHHETO auaMerpa. lIpuMmeHeHme »3Toro mnpubopa MO3BOSIET HCKIIOYUTh IIONPaBKH Ha
KallWISIPHOCTh, MEHUCK M PETYJINPOBKY HYIS, IOBBICHB T€M CAMBIM TOYHOCTh M3MEPEHHS TaBICHUS
0TpaboTaBIIEro napa.

Ocobo criemyer ymnoMsHyTh 00 OpraHM3alMd TOYHOTO M3MEPEHHs CTATHYECKOIO JaBICHHS
oTpaboTaBIIero mapa TypOMHBI Kak IapaMeTpa, 3HAYMTENbHO BIMSIOMIETO HETOCPEICTBEHHO HA
3HaUCHHME 3JIEKTPUYECKOW MOIIHOCTH. B 3TOM ciydae, mpuHMMas BO BHMMaHHE Majoe 3HAaueHHE
JIaBJICHUS, coueTaromeecs ¢ OOJBIION CKOPOCTBIO IOTOKA, HEOOXOJMMO O00ECHEeYHTh OPTaHM3ALHIO
u3MepeHusi B HamOoJiee IPEICTABUTEIFHOM CEUCHHH C WCKIIOYEHHEM BIMSIHUS JHUHAMHYECKON
cocraBisonie. Takoe u3MepeHne MOXET OBITh, HAIpUMEpP, OCYIIECTBICHO HEMOCPEICTBEHHO depe3
CTEHKY MepexoAHOro mnarpyOka (ropyioBuHbI) KoHaeHcaTopa [10]. OObYHO OBIBaeT JOCTATOYHO
M3MEPATH Ba-4eThIpe AaBIeHUA (II0 OTHOMY-/ABA C KaXKJIOH CTOPOHBI TOPIOBUHBI KOHAECHCATOPA). [t
MOITHBIX MapoBbIX TypOuH TOC 1 0coO0eHHO HU3KOOOOPOTHBIX BIAXKHOMAPOBEIX TypouH ADC B CBSI3U
c OONBIION TUTOMAABI0 TOMEPEYHOTO CEUEHHUsS] MEePeXOJHOro MNaTpyOka KONMYECTBO H3MEpEHHH
JIaBJICHUS] YBEIIMUMBAeTCS. B 3TuX cilyyasx Juis m3MepeHusl CTaTHMYEeCKOTO JABJIEHUS NMPUMEHSIOTCS
CrelyajbHble BaKyyMHBIE 30HJBI, MOAPOOHOE ONWCAHWE KOHCTPYKIMH M YCTAaHOBKM KOTOPBIX
npusesieHo B [10]. Kak n3BecTHO, Bce NaBiieHUs, M3MEPEHHBIE ONMUCAHHBIMH NIPUOOpaMK Pa3IMYHBIX
TUIOB (KpoMme TpeoOpas3oBaresieil aOCOJIOTHOTO JiaBJieHHsT M 0apoBaKyyMMETPOB) SIBIISIOTCS
M30BITOYHBIMH, TIO3TOMY JUIS Hepecuera HMX IOKa3aHWH Ha aOCONIOTHOE JaBJeHHE HEoOXO0ANMO
M3MepsATh aTMoc(epHOe JIaBJICHHE C MOMOUIBIO PTYTHOTO OapoMeTpa WIM C IOMOIIbI0 Oapomerpa-
aHepouza, OBEpEHHOro Mo 00pasmoBoMy Oapomerpy. Ecimu Takux mpuOOpOB HET, TO aTMOC(EpHOE
JABJICHUE OTpEAesIeTCs 10 JaHHBIM MECTHOH METEOpPOJOTHMYECKOH CTaHIMKM M TEpHoAa,
OTBEYAIOIIETO BPEMEHHU OIIBITA, C MOCIEIYIONMM BBEJICHHEM IOMPAaBKH HA Pa3HOCTh YPOBHEH MEXIy
pacrioyio’KeHIEM METEOCTAHITIH U PACIIOIOKEHHEM IPUOOPOB B MAIITTHHOM 3aJle.

I'.5.1.4. I3mepenue TemrepaTyphbl

YCTpOWCTBO [T U3MEPEHHsS TEMIEpPaTypbl CpPEAbl COCTOMT W3  3allUTHON  THIIB3HI,
TEepMOTPeoOpa3oBaTesl, COSMHUTEIBHBIX MPOBOIOB X BTOPHYHOTO PUOOpA.

K  TepmompeoOpa3oBaresisiM  OTHOCATCS:  PTYTHBIA ~ TEPMOMETpP,  TEPMOIJICKTPUUCCKUI
npeoOpa3oBaTenib  (TEPMOIICKTPUUCCKUN TEPMOMETP) U TEPMONPEOOpPa30BATEIbh COMPOTUBICHUS
(TEepMOMETp CONPOTHUBIICHUS). PTYTHBIE TEpMOMETpPHI NpPU MPOBCACHWUU HCIBITAHUNA B HACTOSIICE



BpeMs NPUMEHSETCS JUIIb A OTPAaHHMYCHHOTO YHCIa M3MEpPEHHH, B OCHOBHOM IIPH TeMIIepaTypax
Hke 50 °C (IMpKyYISITUOHHAS BO/A, OKPYKAIOIIWKA BO3MTyX, "XOJIOMHBIN" crail TepMOIIEKTPHUECKUX
TEPMOMETPOB H T.I1.).

To4YHOCTP HM3MepeHHs TEMIIEpaTyphl 3aBHCHT OT TPABIIIBHOCTH HW3TOTOBIICHHS M YCTAaHOBKH
3aIIUTHOM THNB3BI, OT 3HAYCHHS IIOTPEIIHOCTH W CTa0WIBHOCTH TepMompeoOpa3oBaTens
(TepMOAIIEKTPUIECKOTO TEPMOMETPA HIIM TEPMOMETPA CONPOTHBIICHHS), OT Ka4eCTBA U MPABIIIEHOCTH
MPOKJIAJIK COCANHUTENIBHBIX POBOJIOB, OT OPraHU3aluK "X0JIOJHOTO cras” M OT Kjacca BTOPUYHOTO
npubopa.

OcHOBHBIE TPeOOBaHMS K M3TOTOBJICHHUIO U YCTAHOBKE 3alIUTHBIX THIIB3:

- TWIb3a JOJDKHA OBITh YCTaHOBJICHA HABCTpEYy IIOTOKY WJIM NEpHeHAUKYIspHO emy. [Ipm
NEePIEeHANKYJISIPHON yCTAaHOBKE KOHEI T'MJB3bl JOJDKEH 3aXOJHMTh 32 OCh TpyObl Ha 7-15 MM B
3aBHCHMOCTH OT JuamMeTpa TpybomnpoBosa. [Ipu ycraHOBKe MPOTHB MOTOKA (B KOJIEHE) KOHEI THIIb3bI
JIOJDKEH HaXOAWTHCS B CEpeauHe eTo (0 MPOJOJIFHON OCH TPYOHI);

- TOJNIOWHA THJIB3Bl JOJDKHA OBITh MUHHMAIBHOM, MCXOAS M3 YCIOBHIA HEOOXOAMMOM MPOYHOCTH.
Hapyxsple wacTH THIB3BI W OOOBIIKM JOJDKHBL OBITh MHHHMAJIBHBIX pPa3MEpPOB M  XOPOIIO
H30JIUPOBaHKI (0COOCHHO IPU M3MEPEHUH BBICOKUX TEMIIEPATYp);

- MaTepual 3allUTHOW THIIB3BI M OOOBIMIKH MOJDKEH COOTBETCTBOBAThH ITapaMeTpaM H3MepsIeMO
Cpensl;

- 3allUTHBIC TUJIB3bI JOJXKHBI OBITh YHUCTHIMH U HMETH XOpOI]_II/Iﬁ KOHTAKT MECKAY AOHBIIIKOM
THIB3Bl M TepMolpeoOpa3oBaTesieM; KOHBEKIIMOHHBIE MOTOKHM BO3JyXa BHYTPH TEPMOMETPHUECKON
THIB3bl JIOJDKHBI OTCYTCTBOBAaTh, JUISl YETO TEPMOIPeoOpa3oBaTelb ClEAYeT YIUIOTHUTh acOeCTOBBIM
IIHYpOM y MecTa BBOJIa €T0 B 3aIUTHYIO THJIb3Y.

OcoObiii moxxon TpedyeTcs K HM3MEPEeHHI0 TEeMIIepaTyphl IEperperoro mnapa 3a HWIMHIPaAMH
TypOHWHBEI ¥ B OTOOpax B TeX CIIydasX, KOTJa OTCOCHI Mapa H3 MPOMEKYTOUYHBIX KaMep YIUIOTHEHUH
BaJla OTBOJATCS WJIM HEMOCPEACTBCHHO B BHIXJIOMHON NAaTpyOOK WWIMHApA, WX B TPYOOIPOBOI
otbopa. B 3ToM ciydae m3-3a OIHM3KOTO PACIOJONKECHUS TEPMOMETPHUICCKON THIIB3bI K HWIHHAPY U
BIHMSHHS OTCOCHOTO TIapa W3MEpPECHHas TeMIepaTypa Iapa 3a MIIMHAPOM HIH B OTOOpe Oyner
HETIPEICTaBUTEIbHOM. B Takmx ciydasx memecoobpa3sHo MpOM3BOIUTE U3MEPEHUE TEMIIEPATyPhl CMECH
Ha PacCTOSHUM 3-4 U OT MeCTa BBOJa OTCOCHOTO Tapa W OTACIHHO TEMIIEPaTypy M PacxoJ OTCOCHOTO
napa W3 yIUIOTHEHMA, a TeMIlepaTypy Hapa 3a IHJIMHAPOM WM B OTOOpE ONpeneNsiTh KOCBEHHO IO
YPaBHCHUIO CMCIICHUSA ITOTOKOB. Ecin ecTb BO3MOXXHOCTh OTBECTH OTCAChIBAEMBIN OT YIJIOTHEHUS T1ap
MOJAJbLIe OT HMJIMHIPA, TO MOXKHO OPraHM30BaTh HEMOCPEJICTBEHHOE M3MEPEHUE TeMIIEpaTyphl Hapa
3a HWJIMHAPOM WX B 0TOOpE, HO MPU 3TOM TEPMOMETPHUECKYIO T'HIIB3y HEOOXOAMMO YCTaHOBHUTH Ha
OTBOAAIIEM MApONPOBOJIEC HA PACCTOSIHUM HE MEHEe 2 M OT KOpITyca IIIIHHIPA.

I[J'IS[ HU3MEPCHUA TEMIIEPATYPHhI BJIAXKHOIO Iapa JIy4lIe UCIOJIb30BaTh T'UJIb3bI, PACIIOJIOKCHHBIC BHE
30HBI OOJIBIIAX CKOPOCTEH.

[Ipr m3MepeHWH TeMmmepaTyphl OXJKIAMOMEH BOABI IOCIE KOHICHCATOpPa B TPyOOIpPOBOHAX
0ONBIIOTO AMaMeTpa MEeIecO00pa3HO YCTAHOBHUTH MO 2-3 THIB3BI B OJHOM CEYEHHH TPYOOIPOBOAA,
PAaCIIONIOKEHHOM TS JIYYIIETo TepeMelInBanns Boasl Ha paccrosHuu (3 + 5) D ot xoHgeHcaTtopa.
JmiHY THIB3BI IPH 3TOM PEKOMEHIyeTCs] MPUHUMATh He Ooiree 320 MM.

Kak yxe oTmMedanoch BhINIe, IS H3MEpPEHHS TEMIEpaTyp IpPH HCIBITAHWK MApOBBIX TYpOUH
NPUMEHSIOTCS  TEPMOJJIEKTPUYECKHE TEPMOMETPbl U TEpPMOINpPeoOpa3oBaTesid  CONPOTHBICHUSI.
COCI[I/IHGHI/I@ MEPBBIX HU3 HUX CO BTOPUYHBIMH an60paMH BBIIIOJIHACTCA KOMIICHCAIlMOHHBIM
MPOBOJOM, MaTepHal KOTOPOTO JIOJDKEH COOTBETCTBOBAaTh MaTepHaly  TEPMOAIIEKTPOIOB
nmpeoOpaszoBarersi, WM KaOeleM; TepMONpeoOpa3oBaTeNM COMPOTHBICHUS COCIUHSIOTCA  CO
BTOPUYHBIMU npn60paMH MCOHBIMHU NIPOBOJAMU MPEANIOYTUTEIIBHO 10 ‘-IeTBIpeXl’IpOBO}IHOﬁ CXeMe It
WCKITIOUEHHS BIIUSTHHS CONPOTHBIICHUS COSAMHUTENBHBIX IIPOBOJIOB Ha PE3YJIbTAaThl H3MEPEHHH.

KomriencanonHble poBOJia HE JOJDKHBI HUT/IE KacaThCsl TOPSIYMX IOBEPXHOCTEH, 00pa3oBBIBATH
METIN ¥ NOABEPraThCs AIEKTPOMAarHUTHOMY BO3JICHCTBHIO.

B KkauecTBe BTOPHYHBIX NPHOOPOB AL TEPMOIIEKTPUUECKHX TEPMOMETPOB HCIOIB3YIOTCS
MEPEHOCHBIE  TTOTEHIMOMETPHl  IIOCTOSSHHOTO ~ TOKa, aBTOMAaTWYeCKHE  MOTEHIHOMETPHl U
MHOTOKaHaJIbHBIE PErHCTPUPYIOINE YCTPOICTBA.

IlepenocHsii noTeHIHOMeTp moctosHHOro Toka III1-63 sBisercs Hanboxee TOYHBIM MPHUOOPOM,
OJIHaKO TpeOyeT BBEJCHUS IMONMPABKH HA TeMIepaTypy "XOIOJHOTro" cras, MOMemaeMoro OOBIYHO B
TEPMOCTATHYECKUH COCY/I C MAaCIOM HJIH TAIOIIHM JIBIOM.

BropuunbiMu nipubopaMu Jisi TEpMOINpeoOpa3oBarTesieil CONPOTHBICHUS SIBISIOTCS TEPEHOCHbIE
MOCTHI TIOCTOSHHOTO TOKa, aBTOMATHYECKHE MOCTHI CONpPOTHBICHHS W MHOTOKaHAJIHHBIE
PETUCTPUPYIOIIKE YCTPONUCTRA.

I'.5.1.5. Onpenenenue TeropUKaMOHHON HATPY3KH

TemnodukanyonHas Harpy3ka HpPU HWCIBITAHUW JOJDKHA ONPENeNIATHCS JBYMSI HE3aBHUCUMBIMU
Crioco0amH: 10 pacxojy M HarpeBy CETEBOH BOJIBI U II0 pacxojaM KoHJeHcara rperouiero napa [ICB u
UX TEIUIOUCIIONIB30BAHUIO.



IIpn mpuMeHeHMH mepBOro crocoda JIs JOCTOBEPHOTO H3MEPEHHS pacxola CETEeBOW BOJEI,
MIPOXOJIAIIET0 TOJbKO depe3 ycTaHoBKYy IICB wucmbIThiBaeMol TypOWHBI, HEOOXOIUMO OOECIICUNUTH
IUIOTHOCTD apMaTyphl, OTCEKAOMeH TPyOOIIPOBOIBI CETEBOW BOABI JAHHOW YCTAaHOBKH OT COCCIHHX.
W3mepenne pacxoja OCYIIECTBISICTCS JTHOO TPAAWIHOHHBIM CIIOCOOOM C TIOMOUIBIO CY’KAaIOIIEro
YCTPOHCTBA B KOMIUICKTE C JIU(GMAHOMETPOM, JHOO IIyTeM NPUMEHEHHUS yIbTPa3BYKOBOTO
pacxomomepa [20], pazpaboranroro MOU.

Ocoboe BHHMaHHE CIEIyeT YACIUTh OOECIEYeHHI0 MaKCHMAJIBHOH TOYHOCTH ONpeACIeHHs
HarpeBa CETEeBOW BObI, YeMY B HAUOOJbLIEH CTEIEHH YIOBIETBOPSET HENOCPEACTBEHHOE M3MEPEHHE
JTOW BEJIMYMHBI C TIOMOIIBIO CIIEIIHATBHOTO NMPUOOpa, PUKCUPYIOIIETro Pa3HOCTh TEMIIEPATyP, KOTOPBIN
UCIIONIB3YET B KAYSCTBE NIEPBUYHBIX TPeoOpa3oBaTescii TS pPMOMETPHI conpoTuBieHus. [Ipu oTcyTcTBUI
TAKOro MmpuOOpa PEKOMEHIYETCS MPUMEHSATh TEPMOMETPHI COMPOTHBIICHUS B KOMILUICKTE C MOCTaMU
00 PTYTHBIC JIaOOpaTOpHBIE TepMOMETpPHI ¢ meHoU nenenus 0,1 °C, ycraHaBIMBacMbIC B 3aJIUTHIC
MacJIOM TWJIB3Bl. YUUTHIBas OONBIION OUAMETp TPYOOIPOBOIOB CETEBOW BOJIBI, IS ITOBBIMICHUS
TOYHOCTH W3MEPEHHUSI PEKOMEHIYyEeTCS yCTAaHABIMBATh B OJHOM CEUCHHH 1O 2-3 TEpMOMETPHUICCKHE
TWIB3eI THHON 10 300 MM.

I[Ipy npumMeHeHWH BTOpOro cmoco0a HW3MEpPEeHHEe pacxola KOHIEHcaTa TpeoImero mapa
OCYILIECTBIIICTCS TAaKKe C MOMOIIBIO CY)KAIOMIET0 YCTPOMCTBA W OCOOBIX CIIOKHOCTEH HE BBI3HIBACT,
KaKk ¥ OIpeJelicHHe SHTANBINHM KOHJCHCATA TPEIOIIEro Iapa 0 W3MEPEHHBIM TeMIIepaType M
napneHuto. OcHOBHasi po0OJieMa 3/1eCh - 9TO HAXOJXK/ICHHE SHTANIBIHMK Mapa, KOHACHCHPYIOILETocs B
I1CB u sBistomierocs, Kak IpaBUIIO, BIAXKHBIM.

Kaxpiii u3 crnocoO0B onpeeacHus TerTo(GUKAIMOHHOW HATPY3KH MMEET CBOHM MPCHMYINECTBA U
HEJOCTaTKU. B YacTHOCTH, NpH HCIOJIb30BAaHUM IEPBOrO CI0CcOo0a HCKIIOYAETCsl IOTPELIHOCTb,
CBsI3aHHAs C OIpPEJCICHUEM OHTAJBIIMM W TEIUIOMCIOIB30BAaHUS TPEIOIEr0 Hapa ¥ H3MEpPEHUEM
pacxomoB €ro KOHICHCATa, 3aTO 3HAYMTEIBHO BO3pACTAlOT TPEOOBaHHWA K TOYHOCTH H3MEPCHUH
Pa3HOCTH TEMIIEpaTyp CETeBOH BOABI M ee¢ pacxoja. [Ipm HCHONB30BaHUHM K€ BTOPOTo cmocoba
UCKJIFOYAIOTCST YIOMSHYTHIE HETOYHOCTH, CBS3aHHBIE C W3MEPEHHSAMH II0 CETeBOH BoOAe, 3aTo
BO3HHUKAIOT JOMOJHHUTEIBHEIC MOTPEIIHOCTH, OOYCIOBICHHBIE OOBIYHO WMEIOIMMH MECTO
3HAYUTEIBHBIMHA KOJICOAaHUSAMH TMOKAa3aHUH pPacXOIOMEpOB, a TAKKe MPUOIM3UTEIHHOCTHIO 3HAUYCHUS
TEIUTONCIIONB30BaHUS Tperoero mapa. C yaeToM CKa3aHHOTO CTAaHOBHTCS TOHSATHOW HEOOXOIUMOCTH
obecrieueHns: MaKCUMaJbHOW HaJeKHOCTH OMNpeAeiIeHHs] TemIo(GUKallMOHHON Harpy3kud JABYMs
HE3aBUCHMBIMH CIIOCOOaMH.

I'.5.2. IToBepka KOHTPOJIbHO-U3MEPHUTEJILHBIX NPUOOPOB

W3mepurensHble TPUOOPHI TOHKHBI TOIBEPTaThCsI MOBEPKE J0 U MOCIIE IPOBEACHHS UCIIBITAHUN IO
o6pasioBeiM CH Ooee BBICOKOTO KJlacca TOYHOCTH, YTO SIBIISIETCS OMHUM W3 (P (PEKTHBHBIX cpencTB
MOBBIIIEHHUS TOYHOCTH U3MEPEHHUSL.

B ciyuae HecTaOMIBHOCTH XapaKTEpUCTHK mNpubOopa (mpeoOpa3oBaTels) ero MoBepKa OJDKHA
MPOBOJUTHCS JI0 U MOCIIE KaXKAO0H CEpHM ONBITOB B TEUCHNE BCETO MEPHO/A UCIIBITAHUS.

[ToBepka TPYXHUHHBIX MAaHOMETPOB IPOBOJMTCS Ha TI'PY30HOPIIHEBOM MAaHOMETPE C MOMOIIBIO
Tpy30B WM 00pa3loBOTO0 MaHOMETpa B pabodeM janara3oHe U3MEPEHHH INpU NpsIMOM U OOpaTHOM
XOJe.

TepmodnekTpUYeCKHE TEPMOMETPHI U TEPMOIPEOOPa30BaTENId CONPOTUBIICHHS TAKIKE MOBEPSIOTCS
710 ¥ IOCJIE UCIIBITAHUM.

TepmonnekTpudeckie TepMOMETphl ToBepsitorcs depe3 50 °C m momemnaroTcss BMecTe C
00pa3loBBIM B JJEKTPUUYECKYIO TPyOUaTyr0 BEPTHUKAIBHYIO Tedb (B KauyecTBE OOPa3IOBOrO OOBIYHO
CII’KHT IUIATUHOBBIN TEPMORIICKTPHUYECKUI TEPMOMETP).

[ToBepka TepMonpeoOpazoBaTelieii COMPOTUBIICHNS IIPOU3BOJUTCS B TEPMOCTATAX 1O KOHTPOIBHBIM
To4YKaM: mpu Temneparype Tatomiero jpnaa (0 °C) u Temneparype kuneHust Boas! (oOpasnossiMm CU
OJTHOBPEMEHHO CIIY)KUT TaK)kKe JJabopaTOpHBIA PTYTHBII TEPMOMETpP BBICOKOTO KJIacca TOYHOCTH).

[Ipubopsl, u3MepsIOImIME pPA3HOCTh JaBlieHWH (andMaHOMETpsl MeMOpaHHbIE, CHIb(OHHBIC,
TEH30PE3UCTOPHBIE), OBEPSIOTCS B KOMIUIEKTE C KaHAJIOM U3MEPEHHs] K BTOPUYHBIMH ITPUOOPAMH.

OneKTpuUecKne M3MEepUTEIbHBIE MPHUOOPHI (BaTTMETPHI, aMIEPMETPHI, BOJIBTMETPHI, CUCTUHKH)
JOJDKHBI TPOMTH MO WCHBITaHUS W, €CIM HEoO0XOAWMO, TO M TIIOCIEe HWCIBITAaHUS TOCHOBEPKY.
W3mepurensHele TpaHC(hOPMATOPhl TOKA W HAUPSIKEHHS TOJDKHBI MMETh IPOTOKOJBI 3aBOACKHX
WCIBITAHUH C YKa3aHUEM UX IOIPEUIHOCTEN MPU pa3InyHON Harpyske.

IIpy wWCHONB30BaHUM ABTOMATHU3WPOBAHHBIX CHCTEM U3MepeHWi Tuma PYM  Hamboisee
IeTIECO00PAa3HO IeNlaTh CKBO3HYIO ITOBEPKY KaXXIIOTO H3MEPHUTENLHOTO KaHama (mpeoOpaszoBarens +
COE/IMHUTEIILHBIE IPOBO/IA + aBTOMATHUYECKAsl PErNCTPUPYIOIIAs CUCTEMA).

ITo pesynabpraTaM MOBEPOK NMPHOOPOB COCTABISIOTCS NMPOTOKOJBI U CTPOATCS IpaduKh MONpaBoK,
KOTOpBIE YUUTHIBAIOTCS IPU 00paOOTKE Pe3yJIbTaTOB UCIIBITAHUH.



I'.5.3. YcranoBka npuGopoB Ha pafoune MecTa M UX 0TJIaKa

ITocne mpoBeneHNs MOBEPKH BCEX HM3MEPUTEIBHBIX NPHOOPOB NPOM3BOAWTCA YCTAaHOBKA HMX Ha
paboune MecTa ¢ COOIOACHNEM BCEX BEIIICH3I0KEHHBIX TPEOOBaHHIA.

Ocob6o cuemyer cka3arh 00 YCTaHOBKE PTYTHBIX NpuOopoB. IIpym uMX yCTaHOBKE IOJKHBI OBITH
NPUHATEL BCE HEOOXOIMUMBIE MeEphI MNPeAOCTOpoXHOCTH. C 3TOH IETpI0 PTYTHBIE MPUOOPHI
YCTaHaBJIMBAIOTCS B CTOPOHE OT MPOXOJOB, IOA CaMUM NPHUOOPOM MOMEIAETCs] IPOTHBEHb C BOMOM
Just cOOpa BO3SMOXKHBIX YTEUeK PTYTH, NMPHHUMAIOTCS Mephbl IPOTHB BHIOpoca PTYTH u3 mpubopa B
MIOMEIICHHE.

HeobOxonumo Takke oOpamaTte BHUMaHHE Ha TO, YTOOBI MPUOOp 3aHUMal CTPOTO BEPTHKAIBHOE
TMIOJIO’KEHHE, OBUT XOPOILO YKPEIJIeH U He MOJBEPralicsl HarpeBy U BUOpauuu.

Jns 3aMBKM pTYTHBIX TpHOOpOB (mudmaHomerpoB, U-00pa3sHbIX MaHOMETPOB, BaKyyMMETPOB)
CJIeyeT MPUMEHATh OYMIIEHHYIO PTyTh. OYHUCTKA PTYTH NMPOU3BOAMUTCS BATOI MM YHUCTOH BETOIIBIO, &
TaKOKe IyTeM IIPOMBIBKH €€ KOHJEHCATOM.

Jlns BBeleHMSI MONPABKH HA TEMIICpaTypHOE PACIIMPEHHE PTYTH MPUOOp AOIDKEH OBITh CHAOXKEH
TEPMOMETPOM.

[lepen BkmIOYeHHMEM HPHOOPOB B pabOTy COEAMHHTENbHBIE TPYOKH NOIDKHBI OBITH TIIATEIBEHO
MPOIYTHI M ONIPECCOBAHBI.

TepmomnpeoOpa3oBaren JODKHBI OBITh  XOPOIIO YIUIOTHEHBI B 3allUTHBIX THUIb3ax, a
BBICTYIIAIOIUEC YaCTH 0OOBIIIEK U TUIb3 TIATCJIbHO 3aU30JIMPOBAaHbI, BCEC COCIUHUTEIIbHBIC KOHTAKThI
JIOJDKHBI OBITh HAIEKHO YKPETJICHBI.

[MTocne cOOpKHM cXeMbl N3MEPEHUI HEOOXOIUMO MPHUCTYIHUTH K MPOBEPKE €e PadOThl, aHATU3UPYS
MPEICTaBUTENBHOCTh U3MEPSIEMBIX BEJTMYMH C TIOMOIIBIO KPUTEPUEB, U3TOKEHHBIX najee (cM. 1m./1.5.5).
3areM, MOJY4HB IOJIHYIO YBEPEHHOCTh B Ha/Ie)KHOH paboTe mprOOpoB, MOXKHO NPUCTYITUTH K IPOBEPKE
paboTHI OTAETHHBIX y3JIOB M MPOBEICHHIO MPEABAPUTEIBHBIX OMBITOB AJISI KOHTPOJIS 32 BHINOJHEHUEM
OCHOBHBIX TPEOOBaHMI K TOTOBHOCTH TYpPOOYCTaHOBKH K OCHOBHOMY HCIBITAHHIO.

I'.5.4. OcHoBHBIe TPeOOBaHMSA K TYPOOYCTAHOBKE Nepe HCIbITAHHEeM

OJHUM M3 Ba)KHBIX MOMEHTOB B IIOJI'OTOBKE TypOOYCTaHOBKHU K MCIIBITAHHSM SIBJISETCS JIOBEACHHE
ee /10 HOPMaJbHOTO COCTOsIHMA. Elfe 10 cocTaBieHHs MEpedHs MOATOTOBUTENBHBIX PaboT IOIKHO
OBITH OOpaIieHo ocoboe BHUMAaHUE Ha COCTOSTHHE 000pyIOBaHUS U TEINIOBOM CXEMBI C TeM, YTOOBI BCe
3aMeueHHbIe HEHOPMAJIbHOCTH MOTJIHM OBITh YCTPaHEHbI B IIEPHUOJ| MPOBEACHUS IOATOTOBUTEIBHBIX
paboT, BO BpeMs KallUTaJIbHOTO, CPETHETO MM TEKYIIEro PEMOHTA.

OcHoBHbIE TpeOOBaHMSI, KOTOPHIM JIOJKHA YAOBIETBOPATH TYpOOYCTAaHOBKA M €€ DJIEMEHTHI Mepe
UCTIBITAHNEM, TIPUBECHHI B TA0M. 1.

Tonpko yOeAMBIINCE B HAZC)KHON pabOTe H3MEPUTEIHHOI CXEMBI M TOTOBHOCTH TYpOOYCTaHOBKH C
TOYKH 3PCHUS BBITIOJTHEHUS TpeOOBaHWI Tabn. 1, MOXXHO MPHCTYIUTHh K MPOBEACHUIO HCIBITAHUHA B
COOTBETCTBHUH C COCTABICHHOH MPOTpaMMOH.

Tabmuma 1
JeMeHT TpeboBanue Cnoco6 KoHTpOIIs
TypOOYCTaHOBKH

Cucrema 1. HopmansHast n ycToitunBas pabora Bo |IIpoBepku B meproa MOATOTOBKH K
PeryIupoBaHUs U BCEM JIMara30He Harpy30K HCTIBITAHHUIO, IPEIBAPUTEIIbHEIC
apopacrpeieIeHus OTIBITHI

2. Bo3MOXXHOCTB (pUKCAIIIN CHCTEMBI

rapopacnpeaeraeHns IoCPEeICTBOM

OTPaHUYUTENS MOIIHOCTU WU

CIIEIHAIBHOTO TIPUCIIOCOONICHHS

3. PacueTHas nocnegoBaTebHOCTh

OTKPBITHS PETyIUPYIOIUX KIalaHOB
IIporounas yacth Y 10BIETBOPUTEIBHOE COCTOSTHHE OKcIIyaTallMOHHAS TOKyMEHTAalHs,
TypOUHEI JIOTIATOYHOTO ammnapaTa U yIiIOTHEHUH, BEJIOMOCTH PEMOHTOB,

OTCYTCTBHE COJIEBOTO 3aHOCA IIpeBAPUTEIbHBIE OIBITHI
Cucrtema 1. IInoTHOCTB M YMCTOTA TPYOHBIX ITy4KOB |[IpOBepKH B IEpuO MOATOTOBKU K
pereHepanuu, UCTIBITAHHUIO, IPEIBAPUTENBHEIE
yYCTaHOBKa JUIs OTIBITHI




nogorpena cereBoii  |2. COOTBETCTBHE MMOKa3aTesei

BOJIBI (TemmepaTypHBIi HAMop, MOJOTPEB BOJIHI,
MepeoXTXKICHNE KOHIECHCATa U T.11.)
pacyeTHBIM JaHHBIM WIIN JAHHBIM
UCTIBITAaHUH OJHOTHUITHOTO 000pYyIOBaHHS
3. HanmesxHast paboTa peryasTopoB
YPOBHSI, UCIIPaBHOCTh yKa3aTeled ypoBHA
4. [I1OTHOCTH OOBOTHBIX JTHMHUMN

5. IlonHOE OTKpBITUE apMaTyphl Ha
apoIpoBoax 0TOOPOB

6. Hannune orpannunrtensHbIX Anadparm |BusyanbHbI KOHTPOIIb
HaJUIeXalllero pasMepa Ha Tpyokax orcoca
[1apOBO3IYIIHOM cMecH

Konpencanmonnass  |1. UncToTa moBepXHOCTH TPYOOK Ilo TemMnepatypHOMy Hamopy,
yCTaHOBKa MOIIHOCTH U HaTlopy
IUPKYJSIIMOHHOTO Hacoca,
BU3yaJIbHO
2. Bo3mymiHas IIOTHOCTB N3mepenne pacxona Bo3ayxa,

MPOBEPKA CKOPOCTH MAACHUS
BaKyyMa, 3all0JIHCHUE BOJOU
apoBOr0 NPOCTPAHCTBA

3. BoxsgHas MIOTHOCTH XUMHUYECKUU aHAIIU3, IPOBEPKA
9NEKTPUYECKON ITPOBOAUMOCTH
KOHJIeHCaTa

4. HopmansHas paboTa peryairopa IIpocMOTp AuarpaMMHBIX JIEHT

YpOBHS pPETUCTPATOPOB pacxoa

KOHACHCATa, BU3YAJIbHOC
Ha6J'I}0,I[eHI/Ie 34 YPOBHEM B

KOHJICHCATOpE
Typ6oycranoBka B ([IpubnusnTensHOE COOTBETCTBHE OOMIMX |AHAJIN3 OOIIMX PE3yJIbTATOB
eTI0M ToKazaTesie 3KOHOMUYHOCTH JJaHHBIM MPE/IBAPUTEIBHBIX OIIBITOB

3aBOJICKOTO pacueTa, UCIIBITAHUM
OJTHOTHUITHBIX TypOOYCTaHOBOK, THIIOBBIX
SHEPreTUYECKUX XapaKTEPUCTHK U T.J.

JI. IPOBEJEHUE UCTIBITAHUI
J.1. PaGouas mporpaMmma ucnbITaHuii

Ha ocHOBaHMHM TEXHHYECKOH MPOrpaMMBl COCTaBIsIeTCS pabodas MporpaMMa HWCIBITAaHUN, B
KOTOPOH KOHKPETH3HPYIOTCS HEOOXOAWMBIC YCIIOBHS TPOBEIACHHS TEX WU HHBIX ONBITOB B IEIIX
MOJYYCHUS Pa3IIMIHBIX XapaKTePUCTUK TYPOOYCTaAHOBKH.

B pabouell mporpamMme YKa3bIBaKOTCS LEJIb HCIBITAHHS, XapaKTCPUCTHKA PEXUMA U YCIOBUS,
HEOOXOIUMBIC TIPU TPOBEJCHHH OIBITOB (METOJ TOAJCPKAHUS MOCTOSHCTBA pPEXHMa TYpPOWUHBI U
mpenenbl KoJieOaHusi OCHOBHBIX MapaMeTpoOB); KOJMYECTBO OMBITOB MpPH JAHHOW Harpyske, gara U
MPOJOIHKUTEIFHOCTh KaXKIAOTO W3 HHUX, KOHKPETHU3MPYIOTCS OCOOCHHOCTH TEIUIOBOW CxXeMbl (Kakoe
o0opymoBaHHe HAXOAWTCA B paboTe, Kakas apMarypa JO/DKHa OBITh OTKpBITA, 3aKphiTa W T.O.) U
KaJIeHIapHBIN TpaduK MPOBEICHUS OIBITOB.

Kpome Toro, B pabodeil mnporpamMme VKa3bIBaeTCS OTBETCTBEHHBIH TMPEJICTaBUTENb OT
ANIEKTPOCTAHIIUN IS TIoa0opa HaOmomaTenei, GUKCUPYIOMUX TMOoKa3aHUs MpUOOpOB, oOecTIedeHIs
HEOOXOUMBIX BO BpEMs HCHBITAHUN PEKHMOB pPAa0OTBI TypOOYCTAHOBKH M YBSI3KH Pa3IHYHBIX
BOIIPOCOB C ONIEPATUBHBIM [IEPCOHATIOM.

Pabouast mporpaMma MCHBITAHUI JOJKHA OBITH PACCMOTPEHA M COTJIACOBAHA C KOTIOTYPOUHHBIM
LeXOM, LeXOM Hanaaku, osnekrpouexoM U LHTAW wu yTBepkleHa TIJVIABHBIM HHXEHEPOM
3JEKTPOCTAHIINY, TTocie Yero cornacoBbiBaetcs ¢ POY (II90) u mepenaercs BhIICYKa3aHHBIM [IEXaM U
JIe)KYpHOMY IE€PCOHATY.

J.2. TloaroToBKa mepcoHaia v NpodHbIe oNbITHL. YacToTa 3anucu noka3aHuii npudopos

K yyacTuro B MCIBITAHUU TIOMUMO CIICLHAIU3UPOBAHHOIO MEPCOHAIA (PYKOBOIUTEIb UCIIBITAHUI 1
ero MOMOIIHKUKK) HpUBIIEKACTCS IITAT HalOronareneil. 3aHATHIA HAa HCHOBITAHUHM TEPCOHAN JIOJDKCH
ObITh 110 Havasa paboOThI COOTBETCTBYIOIIMM O0pa3oM TPOMHCTPYKTHUPOBaH. UseHBI OpuTassl,
MPOBOJISINECH HMCIBITAHHS, JTOJKHBI OBITh O3HAKOMJICHBI PYKOBOJUTEICM HUCIBITAHUN C MPOTPAMMON,




HeIsIMM M 3aa4aMM  HCHBITAHUS, OCOOEHHOCTSAMHM JaHHOM TypOOYCTaHOBKH, OOS3aHHOCTSIMHU
Y4aCTHUKOB paboTel M T.J. To ke, HO B Oojiee dJIeMEHTapHOH ¢GopMe MOHKHO OBITh COOOIIEHO
HaONIOZaTeNns M, OCHOBHAs II€NIb MHCTPYKTa)ka KOTOPBIX [OJDKHA OBITH HAIpaBlicHa Ha OOydeHHE
NPaBIJIBHOMY MOJB30BAHMIO MNpHOOpaMy, BEICHHWIO 3allMCH IIOKAa3aHUM NPHOOPOB B JKypHAJE
HaOJTIOZCHNUS U HA COOMIOJCHNE TEXHUKH 0€30MaCHOCTH IIPH HCIBITAHUH.

O Hayane NMPOBENEHWS WCIBITAHHUA JOBOIUTCSA 1O CBEICHHS BCETO IEPCOHANA JIICKTPOCTAHINN
pacnopsKeHUEM WM MPUKa30M TJIaBHOTO HHXKEHepa.

OCHOBHBIM OIIBITAM MO HporpamMme 00s3aTeNbHO MOJDKHBI IMPEALIECTBOBATh MpEABapUTEIIbHbIC
(poOHBIE) OMBITHI, MPOBOAUMEBIE MPH PEXHUME, KOT/Ja B paboTe HAXOAUTCSI MAaKCUMaIbHOE KOJIMYECTBO
npuOOpoOB M y4acTBYIOT Bce HaOmronarenu. [IpoOHBIE ONMBITHI CyaT A 0OydeHHs HaOitoaaTesnei
NPaBHWJIBLHOMY OTCUETY MOKa3aHW{ MPUOOPOB M BEICHUIO JKYPHAJIOB HAOJIONEHHS, OKOHYATEIbHOU
MPOBEPKH PabOTHI TypOOYCTAHOBKH, M3MEPUTEIIBHBIX YCTPOHCTB M IOJIyYEHHS OPHUEHTUPOBOYHBIX
JAHHBIX, UCIOJIB3YEMBIX BO BPEMSI IPOBEICHNSI OCHOBHBIX OIIBITOB.

PykoBoguTens MCHBITAHWH B X0J€ MPOOHOTO OMBITAa JOJDKEH ONPEACIUTHh PAllMOHAIBHBIC MEPHI
obecrieueHns MaKCHMAaJIbHOTO IIOCTOSIHCTBA MapaMeTpOB CBEXKETO Mapa, pPacxoJoB KOHAEHCATa,
MUTATEIbHON BOJIBI, Iapa B PEryaupyeMble 0TOOPHI, CIIOCOOB! PEryIMPOBAHUS M KOHTPOJIS OTICIBHBIX
IapaMeTpoOB M PACXOJIOB B XOJI€ UCIIBITAHNUSI.

[Io oxoHuaHWMM HPOOHOTO OMBITA MOCJIEAHUA YaCOBOW NPOMEXYTOK 3aluceil pEeKOMEHIyeTcs
MOABEPTHYTh 00pa0OOTKe, BBEs K CPEIHMM 3HAUYCHHSIM HU3MEPEHHBIX IapaMeTpoB BCe HEOOXOIMMBbIC
MONPaBKH, IPOBEPUTH YBS3KY PACXOAHOTO OanaHca TypOOYCTaHOBKU M OTAENBHBIX ITAPaMETPOB.

3anuch 3HAYEHUI OCHOBHBIX BEIMYHH (INEKTpUUYEeCcKass MOIIHOCTh M PacXojibl) BO BPEMs OIBITOB
MPOU3BOIUTCA dYepe3 1-2 MHH, BTOPOCTCNEHHBIX WM YCTOWYMBBIX BEIHYMH - 4epe3 3-5 MuH,
JUINTENIHO YCTOWYMBBIX BTOPOCTENEHHBIX BeluuuH - uyepe3 10-15 mMuH (TemmepaTypa Bo3ayxa y
PTYTHBIX IpUOOPOB, OapOMETPHICCKOE TABICHHUE).

B ompITax cokpameHHOH NponomKuTenbHOCTH ("'TapupoBOUYHBIX", "BakyyMHBIX" H T.J.) YacTOTa
3amcedl mapaMeTpoB MOXET ObITh yBenWdeHa (B 4aCTHOCTH, (pukcamusi AaBIEHHS B KOHTPOJBHBIX
CTYNEHSX M 0TPaOOTAaBIIIEro Mapa MPOU3BOIUTCS €)KEMHHYTHO).

3amucu B XKypHallax HaOJIOAEHUH JOIDKHBI TPOU3BOAUTLCS OJHOBPEMEHHO 10 00IIEMY 3BYKOBOMY
CHTHady (CHpeHa, KOJOKON W T.II.), JaBaeéMOMy uepe3 Kakable 3-5 MuH. Bpems 3ammcu mokasaHui,
OCYILECTBIIIEMBIX pa3 B 1-2 MHH, onpeaesnseTcs 0 CeKyHIOMEepaM.

J.3. JonycTuMmble K01e0aHUS OCHOBHBIX MIAPAMeTPOB

BaxupIM TpeGoBaHHEM K TypOOYCTaHOBKE IIPH HCIBITAHHM SIBISETCS NOCTOSIHCTBO PEXHMa €e
paboThl, uTO ObecrneunBaeTCs] MUHUMAIBHBIM OTKIOHEHHEM IapaMeTPOB M PAaCXOJ0B OT CPEAHHX 3a
OTIBIT 3HaYCHUH U (uKkcanueil opraHoB napopacnpenenenus. IlocnenHsst ocymecTBiseTcs 100 myTeM
BBOJIa OTPAHMYMTENS MOIIHOCTH, JHMOO TPUMEHEHHEM CIIENHAIbHO M3TOTOBJIECHHBIX YIIOpPOB,
JMMUTHPYIOIINX OTKPBITHE KIIAIIaHOB.

B tabn. 2 [3, 18] mpuBeneHBI NpenenbHO NOMyCTUMBIE OTKIOHEHHS OTHCIBHBIX MapaMeTpOB OT
HOMHMHAQJIBHBIX 3HAYEHUH U OT CPEIAHETO 3 OMbIT.

Tabnuma 2
MaxkcumanbHo MakcumanbHO
Tapaverp JOITyCTUMOE OTKJIOHCHHE JIOMTyCTUMOE
CPEIHEro 3HAYCHHUS OT OTKJIOHEHHUE OT
HOMUHAJIBHOTO CpECAHETrO 3HAYCHUA
HauanbHoe naBnenue mapa, % +3 12
Hauansnas Temneparypa mapa, °C +8 +6
Temneparypa napa nocie npomneperpesa, °C +8 +6
JlaBieHnne mapa B Kamepax peryiampyeMoro oroopa, % — +1
JlaBnenne oTpaborasmiero napa, % +25, -10* 15
Pacxop oxnagaromiei Boasl, %o +10 —
Koaddunuent momHocTH +0,1; -0,05 +0,05

* OTKJIOHEHHE MOXET BBIXOJMTbh 3a YKa3aHHbIC MpPEAeNbl NMPU HAJIMYMU HAZAEKHON CETKH IIONPaBOK K
MOIIIHOCTH Ha U3MEHEHHUE NaBJIeHUs 0TpabOTaBLIEro napa.

Ocoboe 3HaYeHHE HMEET MOIACPKAHUE BO BPEMs OIBITA MHHHMAJIBHOM pa3HUIBI PAcXOJOB
MUTATCIBHOW BOJBI W CBEXEro mapa (i HEONOYHBIX TYpOHMH), 4YTO TO3BOJIIET HK30CKATh
BITOCJICIICTBHH TPYAOSMKHX MEPECUYETOB C OONBIIMM KOJIHYSCTBOM mpuOmmkeHuidl. Kak mokaspiBacT
OTIBIT MPOBEJICHUSI UCIIBITAHNI, MAKCUMAJIBHO JIOMYCTUMAsI, C ATOW TOYKH 3PEHHS, Pa3HUIA PACXOJ0B
cocrapsieT npubmsuTeapHo 5-10 %.




J.4. IlIpoaoaKuTETbHOCTH ONBITOB

HopManbHast TpoOIDKATENEHOCTE OIBITOB IIPH YCTAHOBUBLIEMCS PEXKUME COCTABIISET: OIBITOB 110
OTIpeNIeIeHUI0 YKOHOMHYHOCTH TypOOyCTaHOBKH - 1 4, "TapupoBodHHIX" onbITOB - 30-40 MUH, OTIBITOB
C TIepeMEHHBIM JIaBJICHHEM oTpaboTasmiero mapa - 10-15 mun.

J.5. PyKoBOACTBO HCIIBITAHHEM, KOHTPOJIb 32 PadoToi TypOOYCTAHOBKH M H3MEPUTEJIbHBIX
npuOOpOB BO BpeMs NPOBeICHUS HCTIBITAHUI

HenocpencTBeHHO mepel HayajaoM OINBITOB PYKOBOAWUTENb MCIBITAaHUS JOJKEH YTOYHHUTH
00513aHHOCTH TTOMOIITHUKOB 110 TIPOBEPKE TEIJIOBOW CXEMBI, KOHTPOJIIO 338 PEKMMOM, YCJIOBHH ONBITOB
1 U3MEpEeHH, a Takke M0 MHCTPYKTaXKy W KOHTPOIIO 3a paboToil Habmonarenel, yOenuThCs B TOM,
YTO pEeXHM TypOOYCTAaHOBKH COOTBETCTBYET TpeOyeMoMy, COXpaHss 3a co0o0il JHIIs HACTPOMKY
pexnMa, o01ee HaOMIOJEHUE 32 XOJOM OIIBITA M ONICPAaTHBHBIN aHAIIN3 €r0 PE3yJIbTATOB.

[ToMOUmTHUKM  pPYKOBOAMTENS  HCIBITAHWS ~ JOJDKHBI  IPOBEPUTH  COOTBETCTBHE  CXEMBI
TypOOYCTaHOBKM YCJIOBHSAM OIBITA, BKIIOYHTh W3MEPUTEIbHBIC MPUOOPEI M YOEOWThCS B HX
TOTOBHOCTH, IPH 3TOM 0co0oe¢ BHHMaHHE CIEAyeT OOpaTWTh Ha PTYTHBIE HPUOOPHI (IPOIYTH
BaKyyMHbIC HMMITYJIbCHBIE JIMHUU, MPOBEPHUTb, HET JHM YTEYKH PTYTH, YCTAHOBUTH HYJb IIKAJIbI
BaKyyMMETPOB); IIPOBEPUTH MIOKA3aHUS OCHOBHBIX HU3MEPUTENIFHBIX NMPHOOPOB, TEPMETHYHOCT TPYOOK
1 "KOpeHHBIX" 3alOpHBIX BEHTWJIEH; MPOBEPUTh UCIPABHOCTh CHUCTEM IHUTAHHUS U JIOTOJHUTEIHHOTO
OCBEIICHUS H3MEPUTEIHHBIX TPUOOPOB.

Ilocne Havana ONBITOB UM B XOJA€ HCHBITAHUI CIEHUATN3MPOBAHHBIN NEPCOHANT KOHTPOIHUPYET U
IpOBEpSIET:

- MTOCTOSTHCTBO pEXHMa TypOOYCTaHOBKH M COOTBETCTBHE IIAPAMETPOB 3TOTO PEXHMMa TpeOyeMbIM
3HaYeHWsIM (cM. pas3z. .3);

- o01ee coCTOSTHUE TypOUHBI M €€ OTACNBHBIX 3JIEMEHTOB;

- YPOBHH B IIAPOBOM IPOCTPAHCTBE PEreHEPATUBHBIX U CETEBBIX IIOAOTPEBATENEH U KOHACHCATOPA;

- MPaBWIBHOCTh 3aIlMCH MOKA3aHWH HM3MEPHUTENbHBIX NPHOOPOB HAOMIOAATEISIMH M PETYISPHO
JIeNIaeT COOTBETCTBYIOIIME OTMETKHU B JKypHallaX HaOIIOIeHHU;

- ucnpaBHocTs Bcex KUII u coBmaseHne noka3zaHui OCHOBHBIX M TyONHPYIOMIHUX IPHOOPOB;

- Tepe] HayaJoM OYEePeAHOTO OIBITa MPOM3BOIUT NMPOIYBKY HMITYJIBCHBIX JIMHUH BaKyyMHBIX
pHUOOPOB, MPOBEPSIET M YCTAHABIMBAET HYJIb IIKAJIBI PTYTHBIX BAKYYMMETPOB.

Bo Bpems npoBesieHHS ONBITOB PYKOBOAWUTENb MCTIBITAHUS ITOCTOSIHHO BEJET JHEBHUK, B KOTOPOM
JIOJDKHBI OBITH OTPa)KEHBI: KpaTKas XapaKTePUCTHKA TAHHOTO OMBITa (MOIIHOCTB, PACXOJbI CBEKETO
mapa W Iapa B peryJupyeMbli OTOOp, JaBIE€HHE B PEryJMpyeMOM OTOOpe, ITOJIOKEHHE OpIraHOB
pErynupoBaHus | T.J.); BpeMsl Hayajla M KOHIIA OITbITa (IPeABapUTEIbHOE); YPOBHH B TETNIOOOMEHHBIX
anmnapaTax; 3JIeMEHTbI 000pyI0BaHHs, HaXOsMecs: B paboTe, 1 0COOEHHOCTH CXEMBI, PyKOBOIUTENb
3alMCBIBACT BCE 3aMeUaHWs W COOOpaKeHHWs, Kacalolluecs BEAEHHS OIbITa, paboThl NPHOOPOB,
HEHOpMaJbHOCTEH B paboTe 0OOpyIOBaHMS, a TaKXKe YCTOWYMBOCTH pEXKHMa W MapaMeTpoB;
3aIMCBIBACT PE3yJIbTATHl IPUKUIOYHBIX TOACUYETOB.

OnepaTHBHBIM KOHTPOJB 32 PEKUMOM TypOOYCTAHOBKHU U €€ 3JIEMEHTOB BO BpeMs KaX/I0TO OIbITa
BEZIETCS TI0 CIEAYIOIINUM KPUTEPUAM:

J.5.1. CxognMoCTh pacxoJ0B CBEXEro Iapa, HEMOCPEACTBEHHO H3MEPEHHOTO M BBIYHCIICHHOTO
IIyTeM CYMMHPOBAHHUS APYTHX PAacXoAoB (HallpuMep, OCHOBHOTO KOHJEHCATa Ha Jiea’dparop, OTOOPOB
Ha [IB]], mpoTedek 1o KOHIIEBBIM YIJIOTHEHUSM H T.1.),

J.5.2. CXomuMOCTh pacxoJ0oB MO TypOOYCTaHOBKE, H3MEPEHHBIX C IIOMOIIBIO CIICLHAIBEHO
YCTaHOBJICHHBIX ITPUOOPOB M IITATHBIX.

J.5.3. CxonuMocCTh pacxoJOB Mapa Ha CETEBbIE MOJOTPEBATENIN, U3MEPEHHBIX M0 KOHAEHCATy U
BBIYMCIICHHBIX [0 YPaBHEHMIO TEIJIOBOTO OajaHca Ha OCHOBAHMH M3MEPEHHBIX PacXoja CETeBOW BOJIBI
U ee IoJorpesa.

J.5.4. CxomuMocTh IyONMpYIOIIMX HM3MEPEHHH MapaMeTpoB Iapa M BOJBI M 3JIEKTPHUYECKOU
MOIITHOCTH.

J.5.5. CormocraBieHue pe3yibTaTOB HM3MEPEHUN OTIEIbHBIX IMapamMeTpOB JJISl  BBISBICHUS
BO3MOYHBIX OIUOOK H3MEPEHUN WIIM HEHOPMAIBHOCTEH B paboTe 000pyaoBaHusI.

IIpm TakoM COTOCTaBICHWH JIOJDKHBI JIOTHYECKH VYBS3BIBATHCS MEXAY cCO000H ciemyromniie
BEJINYMHBIL:

- TABJICHHS CBEXETO Tapa Mepe]] Cy>KalIuMu ycTpoicTBamu, niepen ['T13, 1o 1 mociie cTOmopHBIX
KJIaIlaHOB 1 32 MOJHOCTBIO OTKPBITHIMU PETyIHPYIOIINMHE KiIallaHAMM;

- IaBJICHUS 11apa 3a PEryJUpyOUUME KIallaHaMi U B KaMepe PeryJnpyoniel CTyneHH;

- JaBJICHWS Tapa B KaMmepax OTOOpPOB M II€pe] COOTBETCTBYIOLIMMH IIOJOTpeBATENIMH (IS
KOHTPOJISI TPaBWJILHOCTH HW3MEpPEHUs] MJaBJCHUs B OOJACTH HACHIIEHHOTO Iapa MOXET ObITh
UCIIOJIb30BAHO €TI0 CPAaBHEHHE C HAWIEHHBIM 110 U3MEPEHHOM B TOM K€ CEUCHUH TeMIlepaType);



- JaBJICHHUS 110 XOAYy IIapa B TypOHHE;

- IaBleHMS IIapa B KaMepe IPOW3BOACTBEHHOIO OTOOpa M Iepell CY)KarollMM YCTPOWCTBOM Ha
COOTBETCTBYIOLIEM TPyOOIPOBOIE;

- TEMIIEpaTypHI 110 X0y Iapa, KOHAEHCATa, IUTATeIbHOW U CeTeBOIt BOJBI (B TOM YHCIIE 10 U [OCIe
BPE3KH TPYOOIIPOBOIOB, OOBOISIINX ITOIOTPEBATEID MITH TPYIIILY IIOAOTpeBaTeiei);

- TeMIepaTypa KOHJIEHcaTa IPEroLIero rnapa rnojorpesareieii 1 KOHISHCATOpa H COOTBETCTBYIOLIAs
TeMIlepaTypa HaCHIILCHHUS.

J1.5.6. ITpubnn3nTeapHOE COOTBETCTBHUE MOIYYaEMbIX B pe3yiIbTaTe ONBITOB 3HAYCHUI TapaMeTpoB,
pacxosioB, AMEKTpUYECKOH MoIHOCTH U BHyTpeHHHX KII/l nmnmHIpoB rpaduyeckuM 3aBHCHMOCTSIM,
COCTaBJICHHBIM Iepe]] HCIBITAHUEM Ha OCHOBAHUH PACUYETHBIX MJIM SKCIICPUMEHTAJIBHBIX JTaHHBIX.

J1.6. OcoOeHHOCTH NIPOBEICHUS] HCIIBITAHMI, XapaKTepHbIe I TYPOHH ¢ peryiupyeMbIM
TemI0(pUKAIHOHHBIM 0TOOPOM

J.6.1. Bo Bpemsi mpoBeneHHs OMBITOB IO CHATHIO XapaKTCPUCTUK TYpOWHBI Ha PEXUMax IO
TEIJIOBOMY TpadWKy C MHHUMAaJIbHBIM OTKPBITHEM MOBOPOTHBIX auapparm YHJ[ mocTtosHHOE
nasnenue B kamepe PTO mopnepkuBaeTcs MyTeM H3MEHEHHS pacXol0B CETEBOI BOABI yepe3 TpyOHbIe
nyuku [1CB.

IInoTHOCTH 3aKkphITHS 3aBIKEK Ha 00BOAHBIX JHHUAX [ICB KoHTpomupyeTcs comocTaBiIeHHEM
TeMIIepaTyp A0 U MOocie UX BPE3KU.

J1.6.2. OnbITH NpU MOCTOSSHHOM faBiieHHH B PTO crnemgyeT mpoBOAMTE 1O BO3MOKHOCTH B OAMH
JIeHb IpU OJM3KUX TeMIlepaTypax OOpaTHOIl ceTeBOM BOABI B LENAX YMEHBIICHUS IOMPaBKU K
MOIITHOCTH Ha €€ OTKJIOHEHHE 0 OTAEIbHBIM OIBITAM.

J.6.3. [Ins moBbIIEHUS HAJEKHOCTH H3MEPEHHs] PacxoJoB KoHJeHcaTa rpetomiero napa IICB
PEKOMEHAYETCSI B Ka)XKJIOM OIBITE ITyTeM PETYIHPOBAHUS OTKPHITUS HANOPHBIX 3aIBHXKEK HAaCOCOB
HalWTH TOT YpPOBEHb B MOAOTpEBaTele, IIPU KOTOPOM KOJIEeOAHUs MOKa3aHWH pacxoOMEpoB OyayT
MHHHUMAaJIbHBIMHU.

E. OGPABOTKA PE3YJIbTATOB UCIIBITAHUM
E.1. O6padoTka ucxonnoi ungopmanun
E.1.1. Pacuer cpeaHuX 32 ONBIT 3HAYEHU I BeJIMYUH

Ha nepBom 3rare 06pabOTKH MPOBOAMTCS TIIATEIbHBIN aHAIN3 UCXOIHON HHPOPMAIMK (KYpHAJIOB
HaOJIOZEHUH, OuarpaMM M JIGHT NPUOOPOB aBTOMAaTHYECKOW pPErHCTpalMh), a TakkKe 3amucedl B
JTHEBHUKE PYKOBOJMUTENS HCIBITAHWS B LEJSAX BBIABICHHUS 3aBEAOMO HEIPAaBWIBHBIX DPE3yJbTATOB,
HEJIONYCTUMBIX OTKJIOHEHHUH peXXnMa BO BPeMs OIIbITa, IPYOBIX OMINOOK M MPOIMYCKOB B 3aIUCSX H T.1.

[ocne cooTBeTCTBYIONIEH OTOPAKOBKM JaHHBIX MPOU3BOAMTCS OKOHYATENIbHASI pa3MeTKa OITBITOB C
Y4eTOM CTAOMIBHOCTH 3HAYCHUI M3MEPEHHBIX BEJIMYMH M 3aT€M pacdeT CpeaHeapu(pMEeTHUECKOTO
3HaYCHMS MMapameTpa 1o Gopmyie

n

2%

X =1t (1)
n

re X - cpemHeapudMeTHUECKOE 3HAYEHHE MApaMeTpa;

Xi - 3HaUEHHE apamMeTpa B TeUEHHE OIbITA;

N - KOJIMYECTBO 3alKCei mapaMeTpa B TEICHUE OIIBITA.

@opmyna (1) saBnsgercs oOmed a7 Bcel COBOKYITHOCTH TapaMeTpOB, H3MEPSIEMBIX Kak B
aOCOJIIOTHBIX, TaK M B OTHOCHUTENBHBIX €IMHHIAX. B cilydae 3HAUNTENBHBIX KOJEeOaHWH IepenanoB
JIaBJICHUI Ha M3MEPUTEIHHOM CY)KaloleM ycTpoiictse, nocruratomux 20 % u Gojee OT cpegHero 3a
ONBIT 3HAUYCHHMS, BBIYMCINETCS CpEJHEEe 3a ONbIT 3HAYEHHE KBAJPaTHOTO KOPHS M3 KaI0ro
n3MepeHHoro rnepenana. Jlanee, ucxons m3 cpenHeapu(PMETHUECKUX 3HAYEHHH, MPOBOJHUTCS pacder
JEWCTBUTENBHBIX 33 BpeMs ONbITa 3HAYEHUI JaBJIEHWH, TeMIlepaTryp, NepenajoB IaBICHUH
(xBapaTHBIX KOPHEW U3 MepenajoB) U T.I1.

Crnemyer OTMETHTh, YTO NMPHUMEHEHHE aBTOMATH3UPOBAHHOM CHCTEMBI M3MEPEHHMH HAaKJIa/JbIBaeT
HEKOTOpBIE OCOOEHHOCTH Ha TEPBUYHYIO OOpabOTKYy pe3ysbTaToB HCHBITAHHI IO CPaBHEHHUIO C
UCTIBITAHMUSAMH, TIPOBEICHHBIMH C TIIOMOLIBIO PYYHBIX HPHOOPOB, HUTO BBI3BAHO NPHUMEHEHHEM
MEPBUYHBIX IpeoOpa3oBarTeneii ¢ yHu(UINPOBAHHBIM TOKOBBIM CUTHAJIOM, @ TAK)KE C HCIIOJIb30BAHUEM
MHOTOKaHAJIbHBIX PETUCTPHUPYIOIINX YCTPOIHCTB.



E.1.2. Pacuer aeiicTBUTEJIbLHBIX 3HAYEHHH BeJIHYHH

E.1.2.1. Pacuer naBinenunit
Pacuet nelicTBUTENbHBIX 3HAUEHUI AABICHNUN, U3MEPEHHBIX C IOMOILBIO IPYKUHHBIX MAaHOMETPOB,
MIPOM3BOIUTCA IO (hopMyIie
P =Pt B, AP + D )
T7ie p - JeMCTBUTENbHOE 3HAUCHHE U3MEPIEMOTO IaBICHHUS;
PDusu - 3HAUCHUE JaBJICHUS, U3MEPEHHOI'0 C IOMOIIBIO MPYKUHHOI'O MAHOMETPA;
B, - bapomeTpuyeckoe AaBiIeHHE B TEUCHHUE OMbBITA;
AP ypuc - IONIPAaBKa Ha BBICOTY MIPUCOECTUHEHUS MAHOMETPA;

Aanuc
AP = 0 3

3nech AH,,,. - Pa3HOCTh BBICOT MEXAY LIEHTPOM MaHOMETPa U MECTOM BPE3KH MMITYJIbCHOM JIMHUH,
M (€ciIi MAaHOMETP PacIojIOKEH BhIIIE MecTa Bpe3kH, T0 AH,,,,. > 0, eciu HuKe, T0 AH,,,,. < 0;

AP,y - WHCTpyMEHTalbHas TIONpaBKa, oONpeneisieMas IyTeM CpPaBHEHHS C IOKa3aHUSIMH
00pasmoBoro mpudopa (Jare BCero rpy30MopIIHEBOTO MAaHOMETPA).

JaBienusi, uaMepsieMble ¢ MOMOIIbI0 U-00pa3HbIX MaHOMETPOB, NPHBOIATCS K ACHCTBUTEIBHBIM
3HaYCHHUSIM 110 popmynam (4) u (5).

Jdnst U-o0pa3sHbIX MaHOMETPOB, 3aJHMTBIX PTYTBIO W YCTAaHOBJCHHBIX HH)KE MECTa BPE3KH
UMITYJIbCHOW JIMHUH

. B,+ h,—h 1-0,0001815t H,, —h—h,

- ) (4)
735,6 10000

rIe p - AeHCTBUTEIbHOE 3HAUYCHUE H3MEPSEMOTO TaBIICHHUS;

B, - bapomeTpudeckoe faBieHHe B TEUCHHUE OIBITa, MM PT.CT.;

h; u h, - BBICOTBI CTOIOOB PTYTH B JIEBOM U IMpaBoM KoJieHax U-06pa3Horo MaHOMETpa, MM PT.CT.;

t - remneparypa cron6oB prytu B U-006paznom manomerpe, °C;

H,cn - pa3HOCTB BBICOT MekAy "0" MIKaIBl 1 MECTOM BPE3KH UMITYJIbCHOW JTMHUU, MM;

h, - BbIcOTa cTON0A BOJIBI HAJl PTYTHIO B MPaBOM (OTKPBITOM) KoJieHe U-00pa3Horo MaHOMETPa, MM.

Hdns U-00pa3sHbIX MaHOMETPOB, 3aJMThIX PTYTHIO W YCTaHOBJCHHBIX BBIIIE MECTa BPE3KH
UMITYJIbCHOW JIMHUH

B,+ h,—h 1-0,0001815t h_,—h
p: 0 2 hl __82 «17 (5)

735,6 10000

rae hy m hy - BBICOTHI CTONOOB BOXBI HAJ PTYTHIO B JIEBOM U NIPaBOM (OTKPHITOM) KosieHax U-
00pa3HOrO MaHOMETPA, MM.

JlaBnenust, u3MepseMble C TIOMOIIBIO OJTHOTPYOHOTO BaKYyMMETpa, 3JIMTOTO PTYTHIO, IPUBOJATCS
K JI€HCTBUTEIBHBIM 3HAUESHUSM 1O popMyIIe

B, -h,, 1-0,0001815t —Ah,

— (o] usm , 6
P 735,6 ©)

rae h,,, - BeICOTa cTONOA PTYTH B BAKYYMMETPE, MM PT.CT.;
Ah, - onpaBka Ha KanmWUIIPHOCTh B 3aBUCHMOCTH OT BBICOTHI MCHHUCKA M BHYTPEHHETO JIHaMeTpa
TPYOKH, MM PT.CT.
IIpn m3MmepeHnn BakyyMa B KOHJEHCATOpE C IOMOIIBI0 OapoBakyymMMeTpa KOHCTpykmmn BTU
JEeWCTBUTENHHOE JABJICHUE PACCUMTBIBACTCS 1O (hopMyIie
h,, 1-0,000163t

usm

- , 7
P2 735,6 )

Juns wm3MepeHnss OapOMETPHUYECKOTO [aBICHHS B 3aBHCHMOCTH OT XapakTepa WCIBITaHUH
UCTIONB3YIOTCSL PTYTHBIE OapoMeTpel M aHepowAsl (NpyKHHHBIE OapoMeTpsl). JlelicTBUTEIBHOE
3HauYeHHE O0apOMETPUYECKOTO JABJICHHS, M3MEPEHHOTO PTYTHBIM 0apoOMETpOM, OIpeAeNsieTcs Mo
¢hopmyne

B =B, 1-Kt +AB,_, 8)

o

rae B, - IelCTBUTENbHOE 3HaUCHHE OAPOMETPUIECKOTO JABJICHUS, MM PT.CT.;

B, - n13MepeHHoe 3HaueHHe 6apOMETPHICCKOTO IABICHUS, MM PT.CT.;

K - ko3(ddunueHT, yduTHIBAIONMIMIA TEIUIOBOE pacIIMpeHHEe PTYTH W Marepuaia IIKaisl (U3
nmacropTa 6apomMeTpa);

t - Temmeparypa ptytu B 6apomerpe, °C;

AB,,. - THCTpyMEHTaJIbHAs MoTpaBKa (OepeTcst U3 macmopra 6apomMerpa), MM PT.CT.

JeiicTBuTeNnbHOE 3HAUCHHUE 0APOMETPUUECKOTO JABJICHUS, H3MEPEHHOTO aHEPOUIOM, OTIPEIEISIeTCs
o popmyie



B =B_ +AB, (9)

s
rze AB - IONIpaBKH 110 MAcIOpTy aHEPOHIa.

B ciydae mpoBeneHHs yNpOIIEHHBIX HCIBITAHWN M OTCYTCTBHSA 0apoOMETpa MOXKHO IOJIb30BATHCS
MOKa3aHUAMH OJDKalIell METeOCTaHLUH, YYUTHIBasg IPU STOM PAa3HOCTb T'€0JIE3UYECKUX BBICOT
MEKIy METEOCTaHIMelH 1 MECTOM, I'Jie TPOBOASATCS UCTIBITAHHUS, 110 (hopMyJIie

AB, =AH -0,09, (10)

rne AB, - monpaBka K 0apoMeTpUUECKOMY AaBJICHHIO Ha Pa3HOCTh IEOJE3WYECKUX BBICOT MEXIY
METEOCTaHIMEeH 1 MECTOM, I'Ie IPOBOIATCS UCHBITAHUSA, MM PT.CT.;

AH - pa3HOCTb TEOAE3WYECKHX BBICOT MEXIy METEOCTaHLUWeld W MEeCTOM, I/i¢ HPOBOSTCS,
UCIIBITAaHHS, M.

Cnemyer OTMETHTh, 9YTO TpH mpuMeHeHHH U-00pa3sHBIX MaHOMETPOB W  OTHOTPYOHBIX
BaKyyMMETPOB, 3aJHTBIX PTYTHbIO, BBOAWTCS MOIpPaBKa Ha TeorpadMYecKylo IIUPOTY MECTHOCTH U
BBICOTY HaJl ypPOBHEM MODs 110 hopMyJie

Ah, =h_ 0,0026cos2¢—0,0000002H (11)

usm

rae Ah, - IorpaBka K IIOKa3aHHIO Ha MIMPOTY MECTHOCTH U BEICOTY Hall YPOBHEH MODS, MM PT.CT.;

N, - ©3MeEpeHHas BRICOTA CTONIOA PTYTH (Pa3HOCTH BBICOT B MPUOOpPE), MM PT.CT.;

¢ - reorpaduuecKas MUpPOTa;

H - BbICOTa HAJl ypOBHEM MOPSI, M.

JlaHHyI0 TONMpaBKYy 1€JIecO00pa3HO BBOJUTH TOJBKO TMPU 3HAUYUTENBHBIX OTKIOHEHMAX
reorpaMyecKoil MIMPOTHI MECTHOCTH, T/I€ INPOBOJUTCS HMCHBITaHHE, OT 45° u mpu OoJybIIOM
MPEBBIIIEHUH HaJl YPOBHEM MODSI.

E.1.2.2. Pacuer Temnepatyp

[Ipn npuMEHEHNN TEPMO3NIEKTPUYECKUX TpeodpazoBaTeneii (TEpMOUIEKTPHIECKHX TEPMOMETPOB)
B Ka4eCTBE BTOPHYHBIX PHOOPOB BO3MOKHO HCIIOIb30BaHNE IIEPCHOCHBIX MTOTCHIIHOMETPOB, JAFOLIIX
MOKa3aHWsi B  MWIIMBOJIBTMETPaxX, W AaBTOMAaTHYECKUX TNPHOOPOB, MAIOMIMX  MOKA3aHHSA
HerocpeJcTBeHHO B rpaaycax Llenbcus. Ilpu umcrmonb3oBaHMM TNEPEHOCHBIX IOTEHIIMOMETPOB
HOCTOSHHOTO TOKA PacdeT TeMIIepaTyp NPOU3BOAUTCS CIEAYIOIUM 00pa3oM:

1) yuuteiBaeTcs TemmepaTypa "xojnoaHoro" cnas mo gopmyie

va =mV_ +mV

usm x.cn? (12)

rae mV,,, - tepmo-3J1C, u3MepeHHas MepeHOCHBIM TOTEHIIMOMETPOM, MB;

MV.., - tepmo-2JIC "xomomHoro" cmasi, HaleHHAs 1O TaOIUIe HOMHUHAIHHON CTaTHYCCKON
XapaKTepUCTHKH COOTBETCTBEHHO M3MepeHHOH Temneparype (°C) "xomomHoro" cmasi, MB;

2) nanee IMV mepeBOIUTCS MO TaOJIHMIle HOMUHAIBHON CTATHYECKOW XapaKTEPUCTHKU B TPaaycChl
Henbenst (t,.,);

3) melicTBUTENBbHAS TEMIIEpaTypa HaXOIUTCS Mo popMyiie

t=t_ +At

UM m.n !

rie t - nelicTBUTENbHAS TeMIIepaTypa, U3MEpEHHas TEPMOIIIEKTPHYECKUM TepMoMeTpoM, °C;

t,s - TeMmeparypa, IOJy4eHHash COOTBETCTBEHHO XMV 1o Tabinile HOMUHAJIBHOW CTAaTHYECKOM
xapakTepucTuk, °C;

At,, - TOnpaBKa Ha OTKJIOHEHHE JICHCTBUTEIHFHOH XapaKTEPUCTUKH TEPMODJIEKTPHUECKOTO
TepMOMETpa OT CTaHAapTHOH, °C.

[Ipn ucnonb30BaHMM ABTOMAaTHYECKMX IPHUOOPOB pacyeT JEWCTBHUTENBHBIX TEMIIEPaTyp
MPOU3BOUTCS TI0 hopMyIie

(13)

t=t, , +At  +At

usm

wie (14)

rae t,,, - TeMmeparypa, u3MepeHHasi aBTOMaTH4ecKuM npudopom, °C;

At,,. - FHCTpYMEHTAJbHAS TONPaBKa K MPUOOPY, OmpenenseMast IyTeM CpPaBHEHHS ¢ 00pa3IOBBIM
nprbopoM 110 1 mocie ucneitanui, °C.

Ilpu w3MepeHnm TeMmmeparyp ¢ TOMOIIbIO  TEPMOXJIEKTPHUECKHX  MpeodpazoBaTeneid
COTIPOTHBJICHUS C TIEPEHOCHBIM MPUOOPOM TeMIEepaTyphl OMPEIEIISIOTCS 0 TabIUIaM HOMHHATBHBIX
CTaTUYECKHUX XapaKTCPUCTHK.

E.1.2.3. Pacuer nepenasoB gaBieHun

[Ipubops! I U3MEpPEeHUsT Pa3HOCTH JABJICHUN WCIONB3YIOTCS JJIS ONPENESIICHUS PacXoaa mapa u
BOJIbI, THUAPABIMYCCKHX COMPOTUBICHUI B TPyOONPOBOAAX, PETYIUPYIOIIMX KIAlaHaX, 3aropHOM
apMaType M TeIUIOOOMCHHBIX ammnaparax. OTH NPUOOPEl MOTYT TAK)KE UCIOJB30BAThHCS IS U3MEPCHUS
YPOBHSI B pa3NWYHBIX COCyHax. B aBTOMaTH3MPOBAHHBIX CHUCTEMaxX M3MEPEHHH MPUMEHSIOTCS
npeoOpa3oBaTeny ¢ yHU(HUIIMPOBAHHBIM TOKOBBIM CHT'HAJIOM, TIPH MPSIMBIX U3MEPEHUSIX MPHUMEHSIIOTCS
U-o0pa3Hbie B OTHOTPYOHBIE TH(HMAHOMETPHI.

PaszHocTh faBieHHWi Ha Cy’KaloIIEeM YCTPOMCTBE [JIi HM3MEPEHHs pacxoja Iapa Wi BOIbI



NPUBOAMTCS K JIEHCTBUTEIBHOMY 3HaUeHHMIO 110 popmynam (15)-(17):
1) mpu npuMeHEeHnH TTpeodpazoBareeit ¢ yHHPUIHMPOBAaHHBIM TOKOBBIM CHUTHAJIOM
Ap=4Ap, K +Ap,,, (15)
rae Ap - AeCTBUTEIBHOE 3HAUEHUE PA3HOCTH JaBJICHUI;
APy, - Pa3HOCTH AaBJICHUH, N3MEPEHHAs B YCIOBHBIX CIUHUIAX, MA, MB;

. krc/cm®  kre/em?
K - mepeBoHOM K03 (GUIMESHT U3 YCIOBHBIX SIUHUI] B A0COTIOTHBIE, X B ;
M M

Ap e - THCTPYMEHTaJIbHAS TIONIPaBKa, ONpPECICHHAs ITyTeM CPaBHEHHUS ¢ 0Opa3OBBIM NMPHOOPOM
JI0 ¥ TIOCJIE MCTIBITAHUH, KIC/CM”,
2) npu npumeneHnu U-o0pa3HbIX 11u(pMaHOMETPOB, 3aII0JIHEHHBIX PTYThIO,

H= h+h, 1-0,0001815t (16)

rae H - nelicTBUTENbHOE 3HAUEHUE PA3HOCTHU AABJICHUN, MM PT.CT.;

3) npu IpUMEHEHHH OTHOTPYOHBIX TH(MAHOMETPOB, 3aIIOTHEHHBIX PTYTHIO,
2

H=H |1-0,0001815+3L |, (17)
usm D2

rae H,,, - BpicOTa cT0JI0a PTYTH B 1U(MAHOMETPE, MM PT.CT.;
d; - BHyTpeHHHUIA AUaMeTp TPYOKH Au(MaHOMETPA, MM;
D - BHyTpeHHHI AUAMETP YaIIKK AU(GMaHOMETPA, MM.

E.1.2.4. PacueT MacCOBBIX pacxo0B Mapa M BOABI
Ha ocHOBaHMM TOJTyYeHHBIX ICHCTBUTENBHBIX 3HAUCHWH DPA3HOCTEH IABICHUI Ha CY>KaIOIIMX
YCTPOHCTBAX MPOU3BOAUTCS pACUET MAaCCOBEIX pacxoaoB mo Gpopmymam(18) u (19):
1) ans pa3HOCTH JaBIICHUHA (kre/m?)
G =0,01252aeKd Zﬂpry 10°°, (18)
rae G - MaccoBbIil pacxo] mapa Win BOIbI, T/4;
o - K03 umment pacxona, onpeaensercs o [4];
€ - IONPaBOYHBINA K03 (DUIIMECHT Ha pacIIupeHne cpeabl (1 BoIsl € = 1), onpenenseTcs mo [4];
K; - k03 uiueHT, yIUTHIBAIOMINN TEIUIOBOE PACIIMPEHHE MaTepHaia CYKaloIIero yCTpPOHCTBa,
onpezensercs 1o [4];
d - BHYTpEHHHIT IHAMETp CY)KAIOIIETO YCTPOHCTBA, MM;
AP - IeHCTBUTENFHOE 3HAYCHHE PA3HOCTH JaBJICHHUIT, H3MEPEHHOH Ha IH(pMaHOMETpE, KIe/M;
Y - IVLIOTHOCTb U3MEPSIEMOI1 cpeabl, onpenensiercs mno [4], KI/M;
2) ans pa3HOCTH JABJICHUH, MOIYIEHHONW B MIJUIUMETPaxX PTYTHOTO cTOjI0a,
G =0,04445a¢K?d?\[Hy -10°2, (19)
3neck He MPUBOJUTCS MOAPOOHAs METOMKA pacyeTa MacCOBBIX PAaCX0J0B, TaK KaK OHA W3JI0KEHA B
[4], xoTopast oOs3aTenbHA JIA W3Yy4YEHUs BCEMHM DPAOOTHHMKAMM, 3aHUMAIOLIMMHUCS HCIIBITAaHUSMH
TypOMHHOTO 000PYIOBaHUS TEILIOBHIX AnekTpocTannuii (TIC).

[Mpumeuanne. [lpu wu3MepeHUH pa3HOCTH JaBleHWH B Meramackaiasx B ¢Gopmyny (18) BBOgHTCS
JTOTIOJTHUTENBHBINH K03 dUIeHT, paBublii 3,13.

E.1.2.5. Pacuer anekTpu4eckoil MOIIHOCTU F€HEepaTopa U AIEKTPOABUIaTeNeld BCIIOMOTaTebHOIO
000pyI0BaHUs

OnekTpuyeckass MOIIHOCTh Ha BBIBOJAX TIeHEpaTopa OOBIYHO M3MEHSETCS 10 CXEeMe JBYX
BAaTTMETPOB 1P  HUCHBITAHMAX C  HCIIOJIBb30BaHWEM NPHOOPOB mpsmoro neWcrtus. Ilpm
ABTOMATH3MPOBAHHBIX CXEMaxX H3MEPeHHH NPHMEHSIOTCS NpeoOpa3oBaTeNyd  MOLIHOCTH €
PETUCTPUPYIOMIUMHE YCTPOHCTBAMHK PA3IMYHBIX TUIOB. IIpn MCIIONB30BaHUN CXEMBI IBYX BaTTMETPOB
MOIITHOCTb ITOJICUMUTHIBAETCA 10 (hopMyIIe

N = pl + p2 Kmm KmH '1076 ! (20)

m
rae N, - anekTpudeckas MOIHOCTh, MBT;
Koum - K03 duienT tpanchopmaiuu TpanchopMaTopa TOKa;

K - K03 dunmenT Tpancdopmannu TpaHchopmMaTopa HarpsHKEHUs;
P1 ¥ p, - IOKa3aHus BaTT™MeTpoB (BT)

p=aC,,;

P, =a,C

(21)
(22)

6m2 !
3/1€Ch Ol M Olp - TOKa3aHUsl BATTMETPOB, JIEIL.;
Cym1 1 Cyypo - IOCTOSIHHBIC BATTMETPOB, B1/ne.
IIpu uCHONIB30BAHUU aBTOMATHU3MPOBAHHBIX CHUCTEM H3MEPEHUS C MpeoOpa3oBareiieM MOIIHOCTh
MOJICUUTHIBACTCS IO (hOpMyJIe



N, =C,K

K, 11-107°, (23)
rae N, - anekTpudeckast MOIHOCTH, MBT;
C,,, - TOCTOSTHHAS. HOPMHUPYIOIIEro mpeodpazosareis, Br/MA (MB);
11 - moxa3aH¥si BTOPUYHOTO PETUCTPUPYIOMIETO YCTPOUCTBA, YCII.E/.
IIpu ucoNBb30BaHUM CXEMBI TPEX BATTMETPOB pacyeTHAs POPMYJia IPUHIUMACT BHT
N, = aC,, +aC,,+aC, . K, K -10° (24)

OnHUM U3 MapaMeTpoB, XapakTepH3YIOIIUX paboTy TeHepaTtopoB, sBISETCS KOI(PGHUIUEHT
MOIITHOCTH COSQ. IIpn n3MepeHnsax mo cxeme ByX BaTTMETPOB COS( ONpenersieTcst o Gpopmyie

Pt D,
2 2
2\/p1 — PP+ P,
[Ipu nmpumeHeHNN TpeoOpazoBaTesss MOITHOCTH HEOOXOANMO U3MEPATh PEaKTUBHYIO MOIIHOCTE. B
9TOM cityyae COS( ompenensiercs mo popmyie

Cosp = (25)

cosp = % , (26)
«f -+N »

rae N, - anekTpuyeckast MOIIHOCTh HA BBIBOJIaX F'eHeparTopa (akTuBHasA), MBT;

N, - peakTHBHas MOIIIHOCTh T'eHepaTopa, MBap.

MorHocTs, noTpebiigeMas 3JIeKTPOJBUTATENIAMHU, MOXET H3MEPATHCS AaHAJOTMYHO MOIHOCTH
TeHepaTopa, a TaKXKe C IMOMOIIbI0 CUCTYMKOB 3JIEKTpHUYECKOW sHepruu. IlepBblii MeTon OOBIYHO
NPUMEHSETCS TIPH HW3MEPEHWH MOIIHOCTH, MOTPeOIsIeMOH KPYNHBIMH — 3JICKTPOJBHUTATEISIMH,
HarpuMep, MATATENHBIX HACOCOB, IUPKYJISIMOHHBIX HACOCOB U T.I. [I7Is1 BCEX OCTAIBbHBIX H3MEPEHUH
OOBIYHO TIPUMEHSETCS CUYETYMKH SJIEKTPUYECKOH MOIIHOCTH. MOIIHOCTh HOTPEOUTENsT MPH 3TOM
paccuuTbiBaeTcs 1o Gopmyie

N = an—an() , (27)
T

rae N,, - MOIIHOCTh MeXaHu3Ma, KBT;

C - TOCTOSHHAas CuUeTyMKa, BKIodHaromas B cebs KodQduIMeHTh TpaHchopMaluu
TpaHcdopMaTopoB ToKa U HaNpsDKeHUs, KBT-4/00;

Ny ¥ N; - TOKA3aHUS CUETYNKA B KOHIIE U HayaJle OIbITa, 00;

t - IpOIOIKUTENBHOCTD ONBITA, MUH.

E.1.3. HaxosxaeHue 3HTAJbIUIA apa U BOAbI

OHTaJbIIUM Tapa ¥ BOJBI, HeoOXommmble aus omnpexaeneHus BHyTpeHHuUX KIIJ mummHApOB
(OTCEeKOB) M COCTABIICHUsS YpaBHEHHWil TeIIoBOro OajiaHca MojorpeBarteiiell, ONpeneNsoTcs Mo i-S-
JarpaMme JIn0o ¢ OMOIIBIO CHENHATbHO BBIIOJIHEHHBIE rpadMuecKuX 3aBUCUMOCTEH, MOCTPOSHHBIX
1o JaHHBIM [ 16] mnu ¢ ucnons3oBanreM IBM.

Crnenyer MMeTh B BHIY, YTO JOCTaTOYHO HAJIC)KHBIM MOXET CUMTAThCAd HAXOXKICHUE SHTAIBIINH
napa JIMIIb Ipu ero neperpese He menee 15 °C [3].

E.2. Pacxoanblii 6anaHc TypoOyCTAaHOBKH

OCHOBHBIM BOIIPOCOM, pEIIaeMbIM Ha 3TOM 3Tare, SBJISETCS OIpeaeieHue JeHCTBUTEIBHOTIO
pacxoja CBEXKEro mapa Ha TypOuWHY BO Bpemsi ucmbiTaHus. C 3TOH [ENb0 B KaXKIOM H3 OIBITOB
COTIOCTABIISIETCSl PACXOJ] CBEXKEro Mapa, HEMOCPEJCTBEHHO W3MEPEHHBI C MOMOLIBIO CYXKAOIIUX
YCTPOWCTB B MApONpPOBOJAAaX IMeped TYypOWHOW ¥ BBIYUCICHHBIA C HCIOJIH30BAHUEM HM3MEPCHHBIX
pacxoJ0B OCHOBHOTO KOHJICHCATa Ha Jlea’parop, mapa B peryaupyeMbie OTOOpHI, pacXOJIOB Mapa Ha
[1B/], HaliieHHBIX 1O ypaBHEHMSM TEIUIOBOTO OamaHca, M Pa3IMYHBIX BTOPOCTETICHHBIX ITOTOKOB Tapa
MW BOIBI B CXeMe TypOOYCTaHOBKH (i TypOuWH, paboTaromux B OJOKE C TMPSIMOTOYHBIM KOTJIOM,
M3MEPEHHBIN PacXoJ CBEXEro mapa JOJDKEH, KPOME TOTO, CPaBHUBATHCA C M3MEPEHHBIM PAaCX0a0M
MUTATeNIbHOW BOABI). JI7sl BBIMIOJNIHEHUS PAcXOAHOTO OajaHca HEOOXOAMMO OIMPEeNeIuTh 3HAYSHHS
pacxooB TMapa Ha pereHepaTHBHBIC IMOJOTPEBATENH, NMUTATEIbHBIE TYpPOOHACOCHI, MPOTEYKH Iapa
yepe3 KOHIEBBIC YIUIOTHEHHSI POTOPOB TYPOMHBI U IITOKU CTOMOPHBIX M PETYIUPYIOIIUX KIAMAHOB,
YTEUKH Mapa W BOAbl U3 LIMKIA; YYECTh M3MEHEHMsI YPOBHS B KOHAEHCATOPE U B pereHepaTHUBHBIX
MOJOTPEeBaTEIAX.

E.2.1. Onpenesnenne pacxo10B napa Ha pereHepaTHBHbIE MOAOrPeBATEH

Pacxompl mapa Ha pereHepaTHBHBIC IIOJIOTPEBATENM PACCUMTHIBAIOTCS, KaK MpPaBWIO, IO
00IIen3BEeCTHRIM YPaBHEHHUSM TEIUIOBOTO OajaHca ¢ WCIOJIB30BAHWEM HAMIEHHBIX paHee DHTAIBITNI



mapa ¥ BOJBI M M3MEPEHHBIX PACcX0I0B IMUTATEIHHOM BOIBI M KOH/IEHCATA.

IIpy HanWMYMK YACTUYHOTO IMEpenycka MUTATeIbHOW BOJIBI MMOMUMO TPpYOHBIX mydkoB I1BJ] u3-3a
HETTOTHOCTH KJIallaHa aBapHMMHOTO O0BOAA UIT HAXOXKICHHS pacxoia Iapa Ha TOAOorpeBaTelh B
YpaBHEHHH TEIJIOBOTO OajlaHca CIEeAyeT HCIONB30BaTh 3HAYEHHE pacxola MUTATEIBHOW BOIBI,
MIPOXOIAIIETO JIUIIG Yepe3 TPYOHbIi my4dok (G,,,,), KOTOPHIH onpeaenseTcs U3 ypaBHEHUS CMEIICHUS

i—i

_ uwM num num
Gnum - Gnum W ' (28)
num num

rae G2 - pacxop MUTATEIbHOW BOABI, H3MEPEHHBIH C MOMOIIBIO CYXKAIOIIEr0 YCTPOWCTRA;

num

s mpy6 HA
(A

s 2§ - OHTaJBIHMU MUTATEILHOM BOABI COOTBETCTBEHHO IIOCNIEC CMEIICHHS ¢ OOBOIHBIM
MTOTOKOM, Ha BBIXOZIC U3 TPYOHOTO ITy4Ka u nepex rpymmoit [1B/].

Hwmxe B kadecTBe mpuMepa mpuBeneHsl Gopmyisl (29)-(36) mia pacdera ypaBHEHHH TETJIOBOTO
Oanmanca TPUMEHHUTETFHO K CXeMe BKIMIOUeHHWs mnoporpemareneit TypOuusl K-200-130 JIM3,
MPE/ICTABICHHON B NPHIOXKEHUH 7. B cBsA3M ¢ Tem, 4TO yKa3aHHas CXeMa HE MOJKET OXBATHTH BCE
MHOTOOOpa3ue CXeM BKIIOYCHHS MOJOTrpeBaTeNel, IPEACTaBICHHBIC 3aBUCHMOCTH  HY>KHO
paccMmarpuBarh Kak METOAUKY COCTaBJICHUs (POPMYII, IPUTOIHYIO JUIS JTIOOBIX CXEM:!

- pacxon napa Ha [1BJ] Ne 7 (G,7) paccuutbiBaercs mo ¢popmyie
_ Gnum Inum7 _InumG +Qnom . (29)

G

n7
n? 'op7

- pacxon mapa Ha [1BJ] Ne 6 (G,¢) paccuntbiBaetcs mo Gpopmyie

Gnum Inw776 - Inum5 _Gn7 I()p7 - I()pG + Q)wm

e — 'ops
- pacxon mapa Ha [IBJ] Ne 5 (G,5) paccuntbiBaetcs mo ¢popmyie
i H H ecm  recm  xrecm
num InumS - Inum5 - Gn7 + GVIG IdpG - IbpS + Gnum Inum - Inum + Qnom .
G, - o , (31)

ls—1
rae G, - pacXox muTaTenpHOM Bobl yepe3 [1B/];
Vs Vs Ipums - PHTAJIBIINM [TUTATEIBHOM BOAbI Ha Beixoxe u3 IIBJ Ne 7, IIBM Ne 6, IIB/ Ne 5
(3mech U manee HaXOASTCS COOTBETCTBEHHO TEMIIEpaTypaM U JaBIICHHUSIM);

i’ _ - 3HTaIbIMA UTATENBHOM BOBI Ha BXxoe B [IBJ] Ne 5;

numS

op5

srecm Fecm
! 1

e, %" - SHTaJNBIMM MHUTATEJBHOW BOJBI Ha BXOJE B JONOJHHUTEIBHBIM BCTPOCHHBIN
napooxiaaurens [IBJ Ne 5 u Beixoze u3 Hero;

1,7, 1,6, 1,5 - SHTATBIMH napa Ha Bxoze B [IBJ] Ne 7, TIB/T Ne 6, TIB/] Ne 5;

i0p7, lopsy 1ops - PHTANBIHMHU OpeHaxa Ha Bixoge u3 [IBJ] Ne 7, [IBJ] Ne 6, [IB/] Ne 5;

G - pacxoj MUTATEIbHOM BOJIbI Uepe3 AOTOIHUTEIbHbIH BCTPOCHHbIH mapooxiaautess [IBJ] Ne

num
35;

Quom - TOTEPH TEIJIOTHI OT MOJOrpeBaTellsi B OKpYXawollylo cpeay. OObIMHO NPHUHUMAETCS
MOCTOSIHHOE 3HA4YeHWE JUIs KaKAOro IMOJOrpeBaTelisi M0 3aBOJCKMM JaHHBIM ISl HOMHHAJbHOW
HarpysKw;

- pacxon mapa Ha I[THJI Ne 4 (G,4) paccuntbiBaetcs 1o gopmyie

Gn4 _ GA-A |x.4 _lx-a o . (32)
La— I()p4
- pacxon mapa Ha ITHJI Ne 3 (G, 3) paccunTtbiBaeTcs o gpopmyie
GK4 ixa _iés _Gn4 iap4 _iaps +Qnom
G,; = _ ; (33)

In3 op3

-1
- pacxon mapa Ha I[THJI Ne 2 (G,;) paccunTtbiBaeTcs 1o gopmyie

G,->G i,—i, = >G,, 1 . —i , +
anz x4 Z nd,3 K2 ;-cl Z n4,3 “op3 op2 Qnum; (34)

Lo~ 'opz

- pacxon napa Ha ITH/I Ne 1 (G,;) paccuntbiBaeTcs 1o popmysie

Gnl _ Gh‘4 - ZGnlf,S,Z : iKl - il:l + Qm)m , (35)

Inl -1

opl

rae G,y - pacxon konaencata mocie [THI Ne 4;

iear 13, b2, 1,1 - DHTANBIMHK KOHIACHCATa Ha Beixoze w3 ITHJ] Ne 4, TIHT Ne 3, ITHT Ne 2, ITTH/T Ne 1
(31ech U anee HAXOAATCS. COOTBETCTBEHHO TEMIIEpATypaM U JIaBIICHUSM);

i/, i/, - DHTAIBIMH KOHAeHcaTa Ha Bxozxe B [TH/I Ne 3, ITH/I Ne 1;



1,4y 1,3, 12, 1,1 - DHTAIBINSA Mapa Ha Beixoae u3 ITHIT Ne 4, TIHJT Ne 3, TTHJT Ne 2, ITH/T Ne 1;
Topas 1op3s lop2s lop1 - SHTATBIMH ApeHaxka Ha Bbixone w3 ITHJT Ne 4, TIHT Ne 3, TTH{ Ne 2, TTHJT Ne 1;
- pacxon mapa Ha neaspatop (G’) B cxemax GJOYHBIX TypOOYCTAHOBOK OOBIMHO ONpEENseTcs

HCTIOCPEACTBECHHBIM U3MCPCHUCM. Ecan xe HU3MEPCHUE pacxXoda OpraHu30BaTb HEJIb3d, TO BO BPEMHI
HUCIBITAHUH CO6I/[paeTCfI TCIJIOBasA cXE€Ma C Ho,uaqei/i napa OT HNOCTOPOHHEr0 HMCTOYHHKA, TaK KakK
paccuyuTaTtb TEIIOBOM 6anch JAcadparopa B OIBITHBIX YCJIOBUAX HE BCCrJa BO3MOXHO H3-3a
OTCYTCTBHSA BCEX Heo6X0;[I/IMI>IX JaHHBIX:

H H H H H H yni.oouc H 1
Gnum IKO_IK4 _ZGn577 Idp5_|K4 _Gmm.kj Imm.m_ll\'ll +Gn Ivn.z_lk4 +Qnom

— : . (36)
i —i

n x4

G’ =

rae G, - PACX0[ UTATENBHON BOIBL;
G - pacxox mapa 3 ieasparopa Ha COOCTBEHHBIC HY>KIbI SHEPro0JIoKa;

Gum.x - PACXOJ TIApa, OTCAChIBaeMOro ot mTokoB kianaHoB LIB/1 u LICJ] B neaspatop;
G,5.7 - pacxon apeHaxa [1B]/] B neaspatop;
i) - DHTAJIBIIMS TIMTATEILHON BOJIBI HA BBIXOJIE U3 J€a3paropa;

I - SHTAJIBIIMSI OCHOBHOT'O KOHJICHCATa Ha BXOJIE B Jiea’paTop;
i’ - SHTANBIHSA CYXOTO HACHIIIEHHOTO Mapa MpH IaBIEHHH B Jea3paTope;

lum.<x - QHTAIBIUS [IApa, OTCACKIBaEMOro OT mTokoB kiananoB 1IBJ1 u IIC/I B neasparop;
i5p5 - HTANBIUS KOH/CHCaTa rperotero napa [1B/l, mogaBaemoro B neasparop;

:0

I - SHTANBINS TPEIOIIETO Mapa, II0AaBaeMOr0 B IeadpaTop.

n
B panpHelinieM Ipu pacyeTe IPOEKTHOW TEIUIOBOM CXEMbl IPUHUMAETCS, YTO Ha J1€a’parop
MoJIaeTCs map u3 0TOopa TypOUHBI U PacXo. Mapa onpeaensercs mo Gpopmye (57).

E.2.2. Pacuer nporeyex 4yepe3 KOHIeBbIe YIIJIOTHEHUS] LUJIMHAPOB

Bo Bpems ucnbITaHUA HE BCET/a yOaeTcs MOJYYHUTh IMOJHBINA 00BEM IaHHBIX, HEOOXOAMMBIX UIS
CBEJICHMS PACcXOJHOTo OajaHca KOHIEBBIX YIDIOTHEHHH M OIpENENICHHS YTE€UeK Iapa M3 IMIMHAPOB
TypOHMHEI, T.. TPOTEUYEK Iapa 4epe3 NepBble 00OHMBI NMEPEeIHNX W 3aJHUX KOHIIEBBIX YIUIOTHEHUH
portopa. B aTom ciydae, ecnu 3a30pbl IO KOHILIEBBIM YIUIOTHEHUSM HAaXOAATCS B MpeJeNax 3aBOACKHUX

pacyeTHbIX JJaHHBIX, IPOTEUKH Yepe3 000iMBbI (G:; ) MO>KHO OTIpeIeNsTh 1o GopmyIte

on 06 pacu

Gy =~ (37)

omc

rone G2, G2 - pacxoja mapa, OTCAachIBAEMOro 4epe3 OMmmKaimiyro K o0oiiMe mo xoay mapa

omc

KaMepy COOTBETCTBEHHO 10 3aBOJICKUM PACUETHHIM JAaHHBIM U B YCIIOBHSX OIIBITA (TI0 H3MEPEHHIO);

06 pacu
G,

Ecan HeT HuMKakmx I/ISMepeHI/Iﬁ pacxodga mapa Mo KOHUEBBIM YIUIOTHCHUAM WA q)aKTI/I'-IeCKI/Ie
3a30pbl 3HAYMTEIILHO MPEBBIIIAIOT PACUETHBIE, TO PacyYeT MPOTEUYEK yepe3 000UMBI MOYKHO MPOBONTH
o hopmysam (38) u (39):

- mpu &> 0.85

p, JZ +15

- [IpOTCUKa Iapa 4epe3 O6OI71My 110 3aBOACKHM PACYCTHBIM AaHHBIM.

G;’; = 3,6-10“27rDy5 (38)
- mpu P, < —0’85
p, ‘/Z +1,5
00 - gp
anf =3,6-10 27ZD},5 —1 (39)

Z+15v, "

VR o 2,
TZie p1 ¥ p, - AABJICHHE Tapa Iepe] U 3a 000MMOH yIIIOTHEHHH, KIc/cM
Z - 9HCTI0 YCHKOB,

G,f; - TIpOTEeUKa mapa yepe3 06oimy, T/4;

D, - cpeanuii auameTp yruioTHEHUS, CM;

d - pauanbHbIA 3a30p MO YIUIOTHEHHIO, CM;

g-9,81 m/c%

L1 - VAETBHBIA 00BeM Tapa mepes; 000MMOH, onpeneNsaeTcs Mo JaBICHUIO P; U TEMIlepaType mapa
nepes 060iMoii, MY/KT.

[Mpumeuanune. [lpu u3mepenuu paBieHust B Meranmackamsix B Gopmynst (38) u (39) cimemyer BBecTd



JIOTIOJTHUTEIIbHBIC KO (HUIMEHTHI, paBHbIE COOTBETCTBEHHO 9,81m 3,13.

Ot GopMynbl MPUTroaHBI A OONBIIMHCTBA THIIOB KOHLEBBIX YIJIOTHEHWH, NMPUMEHSIEMBIX B
TypOOCTPOCHUH.

I/IHOI‘IIEI, €CJIM D3TO IIO3BOIACT CXEMa I/ISMCpeHI/Iﬁ, JUISL OLCHKH 3HAYCHHA OTCOCa Iapa oOT

VIUTOTHEHHA, COpachIBaeMOTO B TPYOOIIPOBO 0TOOpA OT TYpOMHBI Ha pereHepaTHBHBINA OJOTPeBaTEIh
(Gome), MOKET HCTIONB30BaThCs hopmyia (40):

Gzzmc = an % ! (40)

rue G,j - pacxo[ rperolero napa Ha pereHepaTHBHBIH 00T peBaTelb, T/4;
i m

" I, - SHTANBIHSA Iapa 0T60pa COOTBETCTBEHHO [0 M MOCJIE BPE3KU TPYOOIPOBOIA 0TCOCA;
i,me - DHTATIBIINSA MAPaA OTCOCA.

E.2.3. CocTraBieHue pacxofHoro 0ajanca TypoOyCTaAaHOBKH

CocTaBiieHHEe pacXoJHOro OamaHca SBISETCS OTBETCTBEHHBIM JSTalloM B 00pa0OTKe HaHHBIX
UCIIBITAaHHM, TPeOyeT MOJHOTO 3HAHWS TEIUIOBOH CXEMBI TypOOYCTAaHOBKM M DHEProGJIOKa B IEITIOM,
yTeyeK W MpoTedeK mapa ¥ BoAbl B mukie. OOBIYHO pacdeT pacxomHOro OanaHca TypOOYCTAaHOBKH
CBOJUTCS K ONPEIETICHHIO pacXo/ia CBEXKEro napa HeCKOJIBKIMH He3aBUCUMBIMH CIIOCOOAMHL.

Tak, B wactHocTH, ansd cxembl Typomnsl K-200-130 JIM3, mpuBecHHOW B NPHIOXKEHUH 7,
YpaBHEHUSI PACXOIHOTO OalaHca BRITJIAIAT CICAYIOIINM 00pa3oM:

a) PacxXoj CBEXEro Iapa, ONPEAeNsAeMbId MCXOAS U3 U3MEPEHHOIO pacxoja IHUTaTeIbHOW BOABI

(paccuUTHIBACTCS TONBKO JUIL GIOYHBIX CXEM C IPIMOTOYHBIM KoTiIoM ( G, ):

num
GO = Gnum _ZG)W‘I 1 (41)
rae G, - pacXo/1 MUTATEILHOM BOJIBI HA KOTEIT;
XG,,, - CcyMMapHbIe YTCUKHU Mapa U BOJBI HA yYacTKe MapoBoasHOro Tpakta ot [IB/] mo cromopHbIx

KJIallaHOB TypOWHBI (MPOIYCKH apMaTrypbl Ha JpeHa)Xkax, IMOCTOSHHO JEHCTBYIOIINE JPEHaXH,
MOCTOSIHHBIE M NIEPHUOINYECKHE POTYBKH KOTIA U T.1I.);

0) pacxo] CBEKEro mapa, ornpeaesiieMblii UCXO/I U3 H3MEPEHHOTO pacxoja mapa Ha IpOMIIeperpeB
nnoy.
( Go ) "

. __ wm.kn. I{BJ] ny L{BJ] sy {BJ] ny L{BJ] np.K1.nn
GO - Gnn + GnG + Gn? + Gym + G[nﬁ + G[oﬁ + GIomc + AGym ’ (42)
rac Gn” - pacxoa mapa Ha MpOMIICPErpeB;
G, - pacxox mapa Ha [IB/] Ne 6;

G,7 - pacxox mapa Ha [IB/] Ne 7;

G;f‘”’l""""'”Bﬂ - IPOTEYKH T1apa 110 IITOKaM CTOIIOPHBIX M Perympyonmx kiananos LB/I;
G”* - npoteuka mapa yepes nepByio 060iMy TiepeaHero yrmnotHenus LB/

G - npoteuka napa uepes nepByro 060itmMy 3aHero ymiornenus LIB/I;

G» usna

4 - pacxoq mapa, OTCachlBaeMOr0 U3 MEepBOM KaMephl nepeaHero yiwiorHenus [[B/I;
AG;Z"”'”” - YTEUKH Iapa 4epe3 NpeoXpaHnuTeNIbHBIC KITallaHbl IIPOMIICPErpeBa;
B) PACXOJ CBEKETO Iapa, ONpeAeIeMbI HCXOI U3 M3MEPEHHOT0 pacxojia OCHOBHOIO KOHJEHCATa
salTHA Ne 4 (G, ):
G, =G, +G,,+G,,+G,, +G’ +G}‘fj:"’”'”3ﬂ +Gy“jﬂ""’”'”aZ -

cH YhL.nH 1 yni.nu nn K BHT
=D G =G+ G —G +AG! + Y G, G

6np

(43)

rae G, - I3MEepEeHHBIH pacxo OCHOBHOTO KoHAeHcaTa 3a [THJT Ne 4;
G,5 - pacxox mapa Ha [IB/] Ne 5;
G/ - pacxoj apa Ha J1ea’parop;
G;fj:"""”” - IPOTEYKa Napa Mo MTOKaM CTOMOPHBIX U PETyIUpyoIuX kianados LIB/I;

G;:;’”‘"”Cﬂ - IPOTEUKa Iapa Mo MTOKaM CTOIOPHBIX U peryaupyomux knanaHoB LICI;

ZG;'” - pacxoj mapa Ha COOCTBEHHBIC HYXIbI (Ha YIUIOTHEHHWS, HA OCHOBHBIC KEKTOPHI U Ha
KEKTOP YIUIOTHEHUH);
G™™ - pacxom KOHIEHCaTa OT YIUIOTHCHHUH MUTATEIBHOTO HACOCA B KOHICHCATOP;

G”™"™ - pacxo[ KOH/ICHCATA Ha YIUIOTHEHHS MUTATSIbHOTO HACOCA;

G, - Pacxo/i MUTATEILHON BOBI HA BIPBICK B IPOMIIEPETPEB;



AG:; - UIBMCHCHHUC YPOBHA B KOHACHCATOPEC B TCUCHUC OIIbITA,

szm - YTCUKM mapa U BOABI B TEIIJIOBOM CXCMC Typ6I/IHI>I (HpOHyCK MpeAOXPAaHUTCIIbHBIX

KJIallaHOB TPOMIIEpErpeBa, MNPOMYCKA apMaTypbl Ha JApeHaXkaX, HEIUIOTHOCTH BO (DIaHIEBBIX
COCIMHEHUSX U T.1I.);

G - pacxon konneHcata u3 6aka Huskux Touek (BHT) B koHeHCaTOP.

Bonpmryro momorps nmpu onpeAeneHUU ACHCTBUTEIBHOTO PAacXoja CBEXEro mapa MOryT OKa3aTb
pe3ynbTaThl NpOBeIeHHs "TapHUpOBOYHBIX" ONBITOB. IlyTeM cpaBHEHHS B Ka)KAOM M3 TaKUX OIBITOB
U3MEPEHHBIX PACXOJOB CBEXKET0 Mapa M KOHACHCATA OMNpENeNseTCs CPEeOHUH IONpaBOYHBII
K03((HUINEHT, ¢ MOMOIIBIO KOTOPOTO 3aTeM KOPPEKTUPYIOTCS 3HAUECHUSI N3MEPEHHOTO pacxoja mapa
BO BCeX ombITax [1].

[omydeHHBIE Pa3HBIME CIIOCO0AMH 3HAYECHUS PACXOI0B CBEXKET0 Iapa Jajnee CPaBHUBAIOTCS MEXKIY
co0oil. 3Ha4eHUs] OTKIOHEHHH XapaKTEpU3yIOT KadeCTBO IIPOBEACHHBIX OIBITOB M HAJEKHOCTB
KOHEYHBIX pe3ynbTaToB. IIpu xopormeil opraHu3anny UCHBITAHNH (M3MepeHHs, cOOpKa CXEMBI U TIp.)
MaKCHMaJIbHOE pAacXOXJCHHE B 3HAYEHHUIX pacxoja CBEXKEro Mapa, OIpPEACICHHOTO JOOBIMU
crioco6amu, He JI0JDKHO TpeBbIath 1-2 % (Oonbiast mudpa OTHOCUTCS K MUHUMAIIbHBIM Harpy3Kam).

[Tpu TakoM pacxXOoXkJIEHUH COIOCTABISEMBIX 3HAUEHHH W OTCYTCTBUHM (DAKTOPOB, MO3BOJISIOLIMX
OTJaTh NPEANOoYTeHHE KAaKOMY-JIMOO OJHOMY M3 HMX, B KadecTBE JCHCTBUTENBHOIO IPUHHUMACTCS
CpEIHEB3BEIICHHOE U3 CPABHUBAEMBIX 3HAYCHUH.

IIpu 3HaYUTENBHBIX PACXOXKIEHHUSIX 3HAUEHUI pPacXo/0B CBEXKEro Hapa, HaAWIEHHBIX Pa3TUUYHBIMU
crioco0amm, ClexyeT NMPOBECTH NIyOOKWH CpaBHUTENbHBIN aHamW3 B LENAX BBIACHEHWS HamOoiee
HNPEJCTaBUTENBHOIO 3HadeHUsA. OCHOBHBIMH KPHUTEPHSMH, HUCIOJIB3YEMBIMH HpPH TaKOM aHaJH3e,
SBIISIIOTCS CIEAYIONIHE:

- COOTBETCTBHE CYKAIOIIMX YCTPOHCTB M MECT WX YCTaHOBKM TpeOoBaHWsAM [4], Hammdme
MPOTOKOJIOB TEXHUYECKOTO OCMOTPa ¥ U3MEPEHUI];

- KauyecTBO pa0OTHl BTOPHYHBIX NMPHUOOPOB, HAZEKHOCTh CHATUS HUX TPATYyUPOBOYHBIX KPHUBBIX,
Y4acTOTa M aMIUIMTY/a KoJieOaHNi CTOIOMKOB PTYTH B TU(pMaHOMETPaX;

- abCOJIOTHBIC 3HAYCHUS MEPEeNa OB AaBICHUH (CIeqyeT yUYUThIBaTh, YTO UX 3HaueHus1 meHee 60-70
MM PT.CT. HE MOT'YT CIYHTAThCS TOCTOBEPHBIMHU);

- HAQJEXKHOCTh OTKJIIOYEHHUS BCEX yTEYEeK M IPHCOCOB Tapa W BOIBI, KOTOPHIE HE MOTYT OBITH
KOJINYECTBEHHO OI[CHEHBI;

- HaJEeXHOCTH ONpEJCJICHNUs] Pa3JIMUHBIX IIOTOKOB Tapa M BOABI B (HOPMYyJaX BBIYUCICHHOTO
pacxoja CBeXero mnapa;

- XapakTep NPOTEKaHWs 3aBUCHMOCTH [JaBJICHWS Iapa IO CTYNEHSAM TypOMHBI OT KaKIOTo U3
COTIOCTAaBIISIEMBIX PACXOJIOB CBEXKETO Mapa;

- pe3yJbTaThl pacuera SHEPreTHYecKOro OanaHca TypOOYCTaHOBKHM C IIOMOIIBIO KaXKIOTO U3
COIIOCTABIISIEMBIX PACXOJIOB C HAXOXKICHHEM OHHTAJIBIIMM OTPAaOOTABIIETO Iapa M MOCIEAYIOUM
cpaBHenueM BHyTpeHHero KITJ] YH/I ¢ manHbIMU 3aBO/1a-U3TOTOBUTENS WIIM UCTIBITAHUI OJTHOTUITHBIX
TypOuH;

- pe3ynpTaThl CpaBHEHHS 3HAYEHHH YIENBHOTO pPAacXoAa TEIUIOTHI, pPACCUUTAHHBIX C
HCIIOJIB30BAaHUEM KaXKAOTO M3 COMOCTABISIEMBIX PACXOAOB, C JAHHBIMH 3aBOJA-M3TOTOBUTENS HIN
WCTIBITAHUH OAHOTHUITHBIX TypOUH.

E.2.4. Pacuer Tem1opuKauMoHHON HATPY3KH

Kak yxaswiBanocs B pazn. I'.5.1.5, TerurodukannoHHas Harpy3Ka MPH HCIBITAHUH PACCYATHIBACTCS
JIByMsI HE3aBHCUMBIMH CIIOCOOAMH - IO PAacXO/ay U HarpeBY CETEBOM BOJBI H IO PAacXojaM KOHJIEHCaTa
rpetorero mapa IICB U ero TemIoncnoih30BaHUIO. BBIOOpP OKOHUYATEIHHOTO 3HAYCHHS TEILIOBOM
Harpy3kd Il WCIOJIB30BAHMSI B TIOCIEAYIONIMX pacdyeTrax IMPOU3BOJUTCS B KaXKIOM KOHKPETHOM
WCIIBITAHUW Ha OCHOBE COTIOCTABIICHUS JAaHHBIX, MOTYYSHHBIX TI0 000MM crocobam, 1 UX TIATeILHOTO
aHaju3a.

E.2.4.1. Pacyer TeruiopuKanmoHHON HArpy3KH MO PACXO1y ¥ HarpeBY CETEBON BOJIBI

TemnodukannoHHast HArpy3Ka B 3TOM ClIydae onpeaenseTcs mo Gopmyiie

Q" =G,_,Ai,,10°. (44)

E.2.4.2. Pacuer TermoduKalMOHHOW HArpy3KH IO M3MEPEHHBIM pacxojaM KOHJCHCATa TPEIOIIero
napa [ICB u ero Tenioucnoib30BaHHIO

TemnodukanmonHas Harpy3Ka B JAHHOM CJIy4ae onpeelsieTcs mo hopmye

Q;zﬁ :|:GK61 inl_idpl +Gp, in2 _iopz :|'10731 (45)

rie Gys1, Gis2 - U3MEPEHHBIC PACcXO/IbI KOHJICHCATA TPEIOIICTO Mapa;
i1, 1,2 - SHTAJBITUK IPEIOLIETO MApa;
iop1, lop2 - PHTAJIBIINK KOHZEHCATa rpetomiero napa [ICB;



Geems Algen - COOTBETCTBEHHO PACXOJI CETEBOM BOJIbI U MOBBILICHNE €€ YHTABITHH.

OHTaJbIUs Mapa TPH HCIIOJIB30BAHMHM BTOPOTO CHOCO0Aa MOXET OBITh ONIpelesieHa UCXOIs U3
HAYaIbHOW TOYKH, COOTBETCTBYIOUICH MOCIETHEH 10 XOXy Kamepe oTOopa C MeperpeTsiM IapoM, u
BHyTpeHHUX KIIJ[ oTcexoB ot »Toit kamepsl mo BTO m HTO, momygaembIX 1O pacdeTy 3aBoja-
m3rorosutens. [lorpemHocTs 3TOro Merona oOyclOBIEHAa TJIAaBHBIM 00pa3oM HEAOCTATOYHO
HaJIS)KHBIMH PACUCTHBIMHU XapPaKTEPUCTHKAMH MPOMEXYTOYHOTO OTCEKa W HEBO3MOKHOCTHIO TOYHOTO
OTIPEZIETICHUSI COCTOSTHHS B KaMepe 0T00pa ¢ MeperpeTsiM MapoM.

Ha ocHoBaHMM aHanmM3a 3aBOJCKHX MAaTepHalOB M PE3yIbTaTOB HCHBITAaHWN TypOuH THma T B
JMama3oHe pacxoJI0B CBexero mapa cebiiie 60-70 % HOMHUHATIBHOTO BBISBJICHO, YTO CPEIHEE 110 000UM
MOAOTpEBATENSIM TEIIOUCIIONB30BaHUE TPEIOLIETo Mapa cocTaBisieT nopsaka 2340-2390 x x/xr (560-
570 kkan/kr) s Typ6un ¢ npommeperpesoM T-250/300-240 u 2180-2220 xJ[x/kr (520-530 kkan/kr)
Juist TypOuH 0e3 mpommeperpesa (OJIM3KOe K 3TOH HOcienHeld BeJIHYMHE 3HAuYCHHE OTMEYEHO U JUIs
TypOuH Trma [IT B Tex e quama3oHax pacxXoJ0B CBEXEro mapa u mapa Ha Bxonae B I{TH]). OT1o maet
BO3MOXKHOCTh YHPOCTUTH (popmyny (45) B Tex ciydasx, KOTOa 3TO AONMYCTHMO, C TOYKH 3PEHUSL
TOYHOCTH PE3yNbTaTa.

[Ipn HeOGompmmx (B mpexenax 1-1,5 %) pacxokIeHUSIX 3HAUYCHMH TEIUTO(PHUKAMOHHONW HarpysKH,
BBIYMCIICHHBIX 110 O0OOMM CIIOCO0aM C OJMHAKOBOM CTENCHBIO IIPEICTABUTEIBHOCTH, B KadecTBE
JIEWCTBUTENPHOTO €€ 3HAYCHUs AJISI MOCHCTYIONIMX PacuyeToB BO BCEX OIBITAX MOXXHO NPUHHMATH
cpenneapumerndeckoe. Ilpn HamMuuMM 3HAYUTENBHBIX PACXOXKICHUH BBIOOPY IEHCTBUTEIHHOTO
3Ha4YeHHs TEIUIOQUKAIIMOHHOW HAarpy3kd JOJDKEH IPeALIeCTBOBAaTh  THIATENBHBIA  aHANu3
CPaBHHUTEJIBLHOM JIOCTOBEPHOCTH H3MEPEHHMH MO KaxaoMy M3 crnoco0oB. K OCHOBHBIM (akTopam,
paccMaTpUBaeMbIM NIPH TAKOM aHAJIU3€, OTHOCSTCS, HAIIpUMED, CIEAYIOIIHUE:

- COOTBETCTBHE CYXKAIOIIMX YCTPOWCTB M MECT HX YCTAaHOBKH TpeOoBaHusM [4], Haiuuue
MIPOTOKOJIOB UX TEXHUYECKOTO OCMOTPa M U3MEPEHUI;

- 3HAUEHHE aMIUIUTY/IbI KOJIeOaHUH CTONOMKOB PTYTH B TU(pMaHOMETpPAX;

- JOCTOBEPHOCTh M3MEPEHHS HarpeBa CETEBON BOJIBL.

E.2.5. Pacuer pacxoa0B 10 cTyieHIM TypOMHBI

INocne ompexpeneHus] NEHCTBUTENBHOTO PACXOla CBEXEro Hapa B KaXIOM H3 OIBITOB MOXHO
NEePEeXOJUTh K BEIYHCICHUIO PAacXOJIOB Iapa 10 CTYNEHSIM TypOHHBI 0 KOHACHCATOPa, UCTIONB3YS IS
ATOrO paHee BBIYKMCICHHBIC 10 YpaBHEHHSM TEIUIOBOrO OaaHca pacxoJbl Iapa Ha pereHepaTUBHbIC
MOJOTPeBaTeNH, U3MEPEHHbIE PAacX0/bl Napa B peryaupyeMble OTOOPHI M JIaHHBIE 10 NPOTEYKaM Iapa
Yyepe3 KOHIEBbIE YIUIOTHEHUs IMJIMHAPOB TYpOWHBI W VYIUIOTHEHHs ILITOKOB PETYJIMPYIOIIUX U
CTOTIOPHBIX KJIAIIaHOB.

Llenbio ompexnesneHUs] PacXomOB Iapa depe3 BCE OTCEKM TYpOMHBI BIUIOTH 10 KOHAEHCATOpa
SIBIISICTCS, BO-TIEPBBIX, COCTABJICHHE YpPAaBHCHMS OSHEPreTHYECKOro Oananca TypOOYCTaHOBKU C
BBIYMCIICHHEM JHTAJBIIMU OTPaOOTABILErO Mapa, a BO-BTOPBIX, OCTPOCHHE 3aBUCHUMOCTEH JIaBICHUM
0 CTYIEHSIM OT PAcXoJa Yepe3 MOCIeAYOIINA OTCeK.

Hdus cxembr TypOunel K-200-130 JIM3, mnpenctaBieHHOH B MPHIOKCHUH 7, YpaBHEHHS
paz0aIaHCUPOBKU PACXOZOB MO OTCEKaM BBHITILIIAT CIACAYIOLIMM 00pa3oMm:
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CK8
rae G, - pacxo cBexero napa Ha TypOuHy (mepen cronmopHeiMy Kinanadamu [[B/T);
G4 . pacxom CBeXero mapa Ha BXoJe B MpOTOUHYIO uacTs [IBJI (HOCie pPeryaupyrommx
6x

knamanos [[B/T);
G - pacxon mapa uepe3 crynenu ot naposiycka LIBJI mo | or6opa;

10-12
G2* - pacxon mapa gepes ctynenw ot | 10 Il 0t60poB;



G usjq

CK6

- "ckBO3HOH" MOTOK Mapa depe3 [[B/];

G - pacxon mapa nocne LIBJI;
G - pacxon nmapa na IICJ] nocne perynupyromux kianaxos L{CJI;

G2 - pacxon mapa gepes cTynenu ot maposmycka I{CJT 1o |11 ot60pa;
G - pacxon mapa gepes crynenu ot Il 10 IV 0160poB;
G*# - pacxon napa uepes cTynenu ot [V 10 V o160poB;

G’** - pacxon mapa depes cTynenu ot V 10 VI ot60pos;
Gl

CK6

- "cxBo3HOH" moToK mapa uepe3 LIC/;
G HHI

6x

pacxon napa Ha Bxoze B LIH/I;
G’** - pacxon mapa depes cTynenu ot maposmycka I{HJ] 1o YII ot6opa;

G’*?" - pacxon mapa depes cTynenn ot YII oT60pa 10 KOHeHCATOpa TypOUHEL,

G - "ckposHOM" pacxon napa uepes LTH/T;
GX™ - pacxon orpaboTasiuero napa (Ha Bbixoze u3 L{H/T);

G, - pacxop mapa B KOHACHCATOP TypOUHBI;

G - pacxoy mapa 4epes nepsble 060iiMbl yrioTHenuit LIH]T B koHneHcarop;

G;"™ - pacxon napa, 0TCackIBAEMOTO U3 BTOPOi Kamephbl epeHero yrnothenns LB,
GXHP1 - pacxos napa, 0TCacklBa€MOTO U3 MEPBOH KaMephl 3a1Hero ymnoTHenus LIB/I;
G/ - pacxos mapa, 0TcachlBaEMOTr0 U3 MepBoil kamepsl niepenHero ymuotaenus LIC/T;
G2 M - pacxon mapa uepes nepsyro 06oitmy 3aanero ynnotaenus IIC]T;

G4, Gz, G2, G, - pacxomsl mapa Ha IMOJOTPEBATENN HU3KOTO AaBIeHHs, cOOTBeTCTBeHHO [TH/I Ne
4, TIHJ] Ne 3, TTH/T Ne 2, TTH/ Ne 1.

E.3. Pacuer 3HTaNIBIIUM OTPA0OTaBILIEr0 Napa

Hnst onpenenenust BHyTpeHHero oTHocutenbHoro KITJ[ ITH/I, a Takxke mJis HEKOTOPBIX IPYTHX
pacyeroB, paccMaTpHBaeMbIX Jajee, HE0OXOJIMMO MMETh 3Hau€HHE SHTAJbIIMU OTpabOoTaBILIEro Iapa,
KOTOpPOE HEBO3MOJXKHO ONPEAETUTH IO NPSMBIM H3MEpPEHHSIM IapaMeTpoB BBUAY TOTO, YTO Tap Ha
Beixyione [{TH]I koHIeHCAITMOHHBIX TYpOUH SIBISIETCS, KaK MPABHIIO, BIAKHBIM.

CymecTBYIOT KOCBEHHBIE METOJBI OIpPEACNICHUS] JHTAJIBIIMKM OTPabOTaBIIEro Iapa, OAWH H3
KOTOPHIX OCHOBaH Ha pacyeTe TEeIUIOBOro OajlaHca KOHAEHCAaTopa, B APYIOM HCHONIb3yeTcs OamaHc
TeIVIA W MOIMHOCTH TypOuHBL Cleayer OTMETHTh, YTO CcHoco0, OCHOBaHHBIM Ha OajaHce
KOHIIeHCaTopa, TpeOyeT BBICOKOW TOYHOCTH HW3MEPEHHUs pacxola OXJIAXKIAromleH BOJABI, TaK Kak
HOTPENIHOCTh B H3MEPEHUH 3TOT0 pacxozaa Jaxe B 1 % maer norpemHocts B onpeaenennn KITI ITH
npumepHO 5 %. [Tockonbky Hanbolee pacTpOCTPaHSHHBIH METOI U3MEPEHHS PacXo/1a OXJIaKJaroIeit
BOJIBI C ITOMOIIBI0 CETMEHTHBIX AMadparM JaeT IMOTPEeImrHOCTh OKoJo 3 %, TO CIOCO0 OmpeeneHus
SHTANBIMKA OTPabOTABIIETO Mapa, MCXOAsd W3 OalaHca KOHAEHCATOpa, MPUMEHSETCS OYECHB DPEIKO.
Hwxke npusemena ¢opmyna (46) s pacuera sHraneiuu otpadorasmero B ITHI mapa (iy),
MPUMEHHUTEHHO K CXeMe, MTOKa3aHHOW B MPHIIOKEHUH 7. DTa ¢popMyiia moJiydeHa u3 OalaHca TeTUIOTHI
1 MoIHOCTH TypOuHbl u mo3BosisieT onpeaenuts KITJ IIH/] ¢ tounoctero 3 %. ITomydenue Gomnee
TOYHBIX PE3YJAbTATOB 3aTPYJHUTENHHO, TAK KaK HA MOTPEIIHOCTH OMPENCICHHUs I, CKa3bIBAIOTCSI
OImMOKH U3MEPEHUH MIPAKTUIECKH BCEX MapaMeTpoB TypOUHEI (B TOM YHCIE PACXO0B U MOIIHOCTH):

H H _ wmkn B swm.kn B xnyUBAiny UB] 13l I3l >3y UBI sy IBA
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e G,,, - pacXoj mapa mocjie NpoOMeXyTOYHOTO Meperpesa;
G, G' G",G", G, G", G" - pacxons mapa coorserctsenno 8 I, II, I, 1V, V, VI u VII
0TOOPBI TYpOHUHBI;

Ip - DHTAJBIHUS CBEKETO Mapa;
i, - QHTAIBIINS [IAPA TOCIIE MPOMEKYTOYHOTO MePerpeBa;



i;‘;’;""7‘”3ﬂ - DHTAJbIHMS Mapa, 0TCACHIBAEMOT0 OT IITOKOB Ki1ananoB LIB/;

i ¥ spTaneus mapa, MPOTEKAOMIETO Yepes epByIo 0060iiMy nepennero ymiotaerus L[B/I;

lo6

i, it i iy iy i, 0" - seransnuum mapa, cootserctsento I, 11, 111, 1V, V, VI, VII o160pos;

n?t 'n Y 'm0y Tpoy Ty Ty
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- HTaNIBNM napa nocie LIB/;

i,2"" - sHTaneus mapa, MPOTEKAKONIEro Yepe3 MepByko 060iiMy 3aaHero yrmnotaenus LB/

i” - suTanenus napa, NPOTEKAIOIIETo Yepe3 NepByio 06oiMy nepeanero yriotHenus [[CJ;

i;‘;”'”'”c” - SHTAJBIHNA N1apa, 0TCACHIBAEMOro OT IITOKOB KkinananoB LIC/;

i”#4 - spTanemus mapa, NPOTEKAIOMIETO Yepes epByIo 060iiMy 3aauero ymiotaenus LIC/I;

lo6

N,, - aMeKkTpu4ecKas MOIIHOCTh Ha BBIBOJIAX T€HEPATOPA;

2AN,,, - CcyMMapHBbI€ AJICKTPOMEXaHMYCCKUE TOTEPU TYpOUHBI M TCHEPaTopa;

YAQ,,, - CyMMapHbIe TCIUIOBBIC MOTEPH TypOoarperata B OKPYXKAIONIYIO CPEIy, MPUHUMACTCS IO
ormenke [15].

E.4. Pacuer BHyTpeHHero oTHOCUTEeNbHOTro KII/I unnunapos (0TcekoB) TYpOMHBI

OCHOBHO# BEJIMYMHOM, XapaKTepu3ymouied ypoBeHb d3GPEKTUBHOCTH IMIHHIpA (0TCeKa) TYpOUHBI,
SBIIICTCA €r0 BHYTpeHHUI oTHOcuTenbHbIN KI1/I.

OO6bIyHO 3HaUYeHHE BHYTpeHHero oTtHocutenbHoro KIIJI ompenensercs oT COCTOSHUS mapa mepen
MApOBIYCKHBIMH OpraHaMu (M), OOHAKO B psAIC CIyd4acB MOXET BO3HHKHYTh HOTPEOHOCTH B
OIPE/ICNCHNN 3HAYCHHS ITON BEIMYMHBI OT COCTOSHMS Hepex cormamu (77.;), T.e. ¢ HCKIIOYCHHEM
MOTEPh OT JIPOCCENHPOBAHUSA B KiamaHax (1,,). Bayrpenauit KIIJ[ oT cocTosHuUS mepen coliaMH,
XapaKTepu3yIOIMUH 3 (HEeKTUBHOCTh IPOTOYHON YACTH, MOXKET OBITh PACCUHUTAH IO JAHHBIM OITBITOB C
MOJIHOCTHIO OTKPBITHIMU TAPOBIYCKHBIMU KJIAMIAHAMHU JINOO C MOMOIIBIO OCTPOSHHUS mpoiecca B i-S-
nuarpamme (puc. 1).
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Puc. 1. Pacuer BHyTpenHero otHocuteapbHOro KIIJI ¢ moMoInsio i-S-auarpaMMel

Ha puc. 1 mokasaH nporiecc pacmmperns napa B mumHape (otceke) TypOunsl. Touka 1 sBruseTcs
HAyalioM Ipollecca ¢ mapaMeTpamu mapa Po, to, Ip. Touka 1' xapakTepusyeT COCTOSHHE Mapa IMocie
OpraHoB MapopacHpeeNeHus, T.€. CTONOPHBIX U PErYIUPYIOIUX KJIAaHOB. DHTAJIBIIMS [1apa B TOUKax
1 u 1' Hem3MeHHa; P, — P, - THAPABINYECKOE CONPOTHUBICHHE OPraHOB NAPOBITyCKa.

Touka 2 XapakTepU3yeT COCTOSIHUE Mapa Ha BBIXOJIE U3 MUIMHAPa (0TCEKA) C mapaMeTpamH Po, by, .

Touku 2t u 2't ABNAIOTCS KOHSYHBIMH TOYKAMHU aTua0aTHYECKOr0 MPOIecca PACIIUPEHUS U3 TOUCK

1 u 1" no naBneHwus p,.
BuyTpennuii orHocutenbHbli KIIJI munuuapa (otceka) ompenensiercs kak otHoiuenue hi/H, ot
COCTOSIHHS I1apa ITIepe]] OpraHaMu MapoBITycka u kak N, /H) oT cocrosHus 3a opraHamu napoBIrycKa

0 CIeAYIONUM GopMyJiam:

i, —i
noi = -0 -2 ; (47)
Io I2t
r_ io_iZ . 48
Noi =7, (48)
I, =1y
rae 7o, 1. - BHyTpeHHHe ortHOcutenpHble KIIJ[ mmmunapa (oTceka) OT COCTOSIHHUS mapa

COOTBETCTBCHHO IIEPE U 3a OpraHaMU MapoOBITyCKa.



OHTaJbIUM TIapa J0 U MOcie MWIMHAPA (OTCeKa), a TaKkKe B KOHIE aguabaTHIecKoro Imporecca
pacIIMpeHus HaXOIATCA II0 COOTBETCTBYIOLIMM [IaBJICHHSAM U TEMIIEpaTypaM C IIOMOIIBIO TaOJIMI
BomssHOTO mapa [16]. Bo3MOXHO Takke HX ONpeAelicHHE 10 YpaBHEHISAM TEPMOJMHAMUYECKOTO
COCTOSIHHS T1apa, 9YT0 0COOCHHO yI00HO IpH 00paboTKe maHHBIX Ha DBM.

[Ipu onpeneneHny SHTAIBINN MTapa IMOCIe MIIHHpPa (0Tceka) ocoboe BHUMAaHUE CIeAyeT 00paTUTh
Ha PAacIIONIOKCHUE TOYECK W3MEpEeHHi TeMmIeparyp. B HEKOTOPBIX CilydasX 3HAYCHHE TOW BENMYHHBI
NPUXOJUTCS ONpEAENIATh M3 YpaBHEHUs CMelleHHs. Hampumep, eciu H3MEpeHHs TeMIepaTyp
OpraHH30BaHbl B TPYyOOIPOBOJIE TIOCIE MecTa MOJBOAA OTcoca Tapa u3 nepexHero yruiotHenus: LIBJI,

i) cnenyet onpenensts o hopmyse

661X

SHTaNBNUIO Mapa Ha Beixoze u3 LB/ (
GllBﬂ + GﬂyUBlZ i’ = GnyllB/Iin,vllB/Z

- [IBI 8bIX lome xnn lomce lomce

i = , (49)
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rne G - pacxop mapa nocie LIB/;

G ny L{BJ]

lome

- pacxond napa OoTcacblBacMoOro u3 nepBoﬁ KaMEphbl MEPCAHETO YIIJIIOTHECHUA HBH,

HA

|XM - OHTAJIbIINA MMapa MocCjIC CMCUICHHU A,
i Ui

loe = DHTAIIBIIHA MAPa, OTCACBIBAEMOT0 M3 NIEPBOM KaMephl NepeaHero yniaotHeHus LB/

3nauenuss BHyTpeHHUX KIIJI OTHENbHBIX OTCEKOB MEXIY JABYMsI pEreHepaTUBHBIMH OTOOpaMu
TypOUHBI, HaliJICHHBIE TI0 COCTOSHHMIO Mapa B NapoNpoOBO/IaX HA COOTBETCTBYIOIINE TI0I0TPEBATENH, HE
MOTYT CUHTAaTbCA JOCTATOYHO MPEACTABUTEIBHBIMH KaK BBUAY BIHSHUS BBICOKOTEMIIEPATYPHBIX
HaJ0aHIa)XHBIX IEpEeTeYeK, IOAMEIINBAIOINXCSA K OTHOCHTEIHHO HEOONBIIMM pacxojJaM Ilapa Ha
MOAOTPEBATENH, TaK M H3-32 OONBIIOTO BIHMSHUS IIOTPEHIHOCTH W3MEPEHHs TeMIlepaTyp mpHu
HE3HAYUTEIPHOM TEIUIONEpenane MeXAy CTyneHsMu ortoopoB. Ilo »tum mnpuumHam Haumboiee
noctoBepHble 3HaueHUss KIIJI MoryTr OBITH MOJMy4eHBI, BO-TIEPBBIX, JHMIIb IPHU HAIHMYHUH TOYEK
M3MEPEHUI TeMIlepaTypsl U AAaBJICHHUS B KOHIIE IpOIecca, PACIOIOKEHHBIX B MIOTOKE Mapa O0JIbIIOro
pacxoja, U, BO-BTOPBIX, IIPHU JOCTAaTOYHO OOJBIIOM TeIulonepenane orceka. Iloatomy ¢ Haubombeit
TOYHOCTBIO YAAeTCs onpeAenuTs Juilb BHyTpeHHue KIIJ| munuaapoB, paboTalomuxX HEIUKOM B 30HE
MeperpeToro napa ¢ U3MEpeHUEM IapaMeTpOB B BEIXOAHBIX ITapOIPOBOIaX (pecUBEpax).

Hnst mpubmmxenHont onenku KITJ [IHJI, paGotatoiero, kak mpaBuio, B 30HE BIKHOTO Mapa,
KOHECUYHYIO SHTANBIHIO (ip) CIEAyeT MPUBECTH MO0 K TOCTOSHHOMY JABJICHHIO OTPabOTaBIIEro mMapa B
KOHJICHCAaTope, MO0 K IMEePEMEHHOMY B 3aBHCHMOCTH OT pacxoja Iiapa B KOHIeHcaTop. B mpomecce
NpUBEJICHAST HEOOXOIMMO CHAayana OIPEACINTh IONPaBKy K MOIIHOCTH TYpOMHBI HAa JaBJICHHE
oTpaboTaBIIero mapa Mo ceTKe MOMPAaBOK WM IO "yHHUBepcaJdbHOU" KpuBoH. Jlamee paccuuTeiBaeTCs
U3MEHEHHE DSHTalbnuM napa Ha Bbixoge u3 I[HJ/I mpu nepexome Ha HOMHUHAIBHOE [aBICHUE
0TpaboTaBIIero napa B KOHJAEHCATOpe Mo hopMyJe

AN ,860
I, = GI(H/Z ’

8bIX

(50)

r1e Alp - U3MEHEHHE SHTAIBIINH [apa;
ANp; - onpaBka K MOITHOCTH TYpOHHBI NIPH MEPEXoje OT OMBITHOTO K HOMHHAJIBHOMY JIaBICHUIO
1apa B KOHIEHCATOpE, MOJIIy4eHHas C Y4€TOM HMCKIIIOUEHUS BIMSAHMSA PEr€HEPALMU HU3KOIO JaBJICHUS,

MBT (cm. pa3z. E.6.5);
GuHA

861X

- OMIBITHBIN PAacxo/ 0TpabOTaBIIETO HApa.
[puBeneHHas SHTANBIHS 0TpaboTaBiero mapa ( i,” ) onpenesnsieTcs mo Gpopmyiie

I .

i,y =1, +Ai,, (51)
i€ iy - ONBITHAS SHTAJBIHUSI OTPA0OTABIIEro Mapa, onpeessiercs mno popmyie (46).

E.5. Pacuer BHyTpeHHeil MOIIHOCTH I[HJIMHAPOB (0TCEKOB)
Just TypOuH C peryaupyeMbIM OTOOPOM Tapa B IMEJSAX MOCIEAYIOIMIEro MOCTPOCHHS TUarpaMMBI

PEXUMOB HEOOXOIMMO OIPEeNIUTh BHAaUaje BHyTpeHH00 MomHocTs LB/ (UB/I) n ITH/I (YH).
MomnocTs [IB/] B yCIIOBHSX OMBITOB pacCYUTHIBAETCS 1o hopmyrie

3
N =[G+ 3G, i, o 52)
860
rae G - ckposnoit pacxon mapa uepes 1IB/I (monyuen u3 6ananca pacxonos - Pasu. E.2);
h"" - ucnions3oBannerii Temnonepenan LIBJ] no kamepst IT-ot60opa:
h*% =i —i ;
Zan i,—1, - cymMma mpousBeJieHMi 3Hadenuii 0TOOpoB mapa u3 IIBJl Ha pereHepaTHBHBIE

MOZOTPEeBATENH U TEIJIONePenaIoB OT Havyaja mpolecca 10 KaMepbl COOTBETCTBYOLIETO 0TOOpA.



Ilo u3MepeHHoi B YCIOBHAX OIBITOB dIeKTpudeckoi MomHoCTH ( N ") ¢ ITOMOIIBIO KPHBOH ITOTEPh

TypOoarperara ( ZANW =f N ), onpenensercst BHyTpeHHssA MomHOCTs LIB/] o dopmyme

NS = N2+ D AN, =N (53)

E.6. [IpuBeeHne ONbITHBIX JAHHBIX K HOMHHAJbHBIM [IApaMeTpPaM U NMPOEKTHOM Ten10Boii
cxeMme

Bo Bpems npoBesieHHsI UCTIBITAaHUN HE BCErja yAaeTcs coOpaTh TEIIOBYIO CXeMy TypOOYCTaHOBKH,
MOJTHOCTBIO COBIAJIAIONIYI0 C MPOEKTHOH. DTO MOXKET OBITh BBI3BAHO HAJIMYHEM JOMOJHHUTEIBHBIX
MOCTOSIHHO JICHCTBYIOIIMX MOTpEOUTENeH TemIoThl (Ma3yTHOE XO3SIHCTBO, Kajopugepsl KOTia,
OTOIUICHHE), OTKJIOHEHUSIMH PacXo/ia IHUTATENbHON BOIBI OT Pacxoja CBEXEro mapa il HeOJIOYHBIX
YCTaHOBOK M T.II. KpoMe TOro, B ONpelNeNeHHBIX Npefeaax MOTYT OTKIOHATbCS OT HOMHMHAJIBHBIX
3HaYCHHWI HadaJbHbIE U KOHEYHBIE MapaMeTphbl Mapa, MOXKET HapyllaTbCs IJIOTHOCTh apMaTypsl Ha
ooBomax IIBJ w ITH/I, mo ycmoBuAM pabOTHl KOTIa BO3MOMKEH BIIPBHICK NHTATEIBHONH BOIBI B
MPOMEKYTOUHBIN MapoNeperpeBaTenb ! T.1.

B mensx momydeHHs XapaKTEpPUCTHK TypOOyCTaHOBKH, KOTOpbIe ObUIM OBl yOOOHBI JUIs
UCTONB30BaHUsl  JKCIUTyaTallMOHHBIM  IEPCOHAIOM,  3aBOJOM-H3TOTOBHUTENIEM,  HPOEKTHBIMH,
KOHCTPYKTOPCKHUMH U HAJIQAOYHBIMH OpPTaHU3AIMSIMU, PE3yJIbTaThl UCIBITAaHUH ClIeqyeT NPUBOIUTE K
enHbIM  ycsioBHsiM. OOBIYHO BBIOMPAIOTCS JIBE CXEMBI, K KOTOPBIM IPHUBOJATCS PE3YJIbTATHI
ucneitanuii. IlepBas - peanbHas (9KCIUTyaTallMOHHAs), T.e. Ta, HpPU KOTOPO# (akTHuecKH
IKCIUTyaTUpyeTcst TypOOyCTaHOBKA; BTOpas - CXeMa, IMPHU KOTOPOW CIIPOEKTHPOBaHa TypOOYCTaHOBKA U
BBIJIaHBI TOKa3aTeNu ee paboThl (rapaHThiiHas cxema). DKCIUTyaTallMOHHAsi W TapaHTHHHAs CXEMBbI
MOTYT COBNAJaTh MEXIY COOOH, HO BO3MOXHBI M OTJIMYMS, BBI3BAHHBIE BKIIOYEHHEM B TEILIOBYIO
cXeMy TypOOyCTaHOBKHM JOMOJIHUTEIBHBIX JIEMEHTOB, HE IPEAYCMOTPEHHBIX 3aBOIOM-U3TOTOBHUTEIIEM,
100 H3MEHEHHEM MapaMeTpoB paboTel TypOOyCTaHOBKH. XapaKTEPHCTHKH, IOTy4aeMble IIpH
9KCIUTyaTal[HOHHOW CXeMe, HEOOXOAMMBI Ui HOPMHPOBAHMS M aHayn3a padOThl TypOOYCTaHOBKH B
peanbHBIX YCIOBHAX, a MPU FapaHTHUHHOW CXeMe - Uil CPaBHEHMs C TapaHTUMHBIMH MOKA3aTeIsIMU
3aBO/Ia-U3rOTOBUTES.

Ha mpaxTuke daie BCero HCIHOJIB3YIOTCS JIBA METOJa TNPHBEACHHUS DPE3YNbTAaTOB HCIBITAaHUH K
HOMUHAJIFHBIM TapaMeTpaM Hapa M MPOSKTHOH TEIUIOBOW cXeMe: IPH HEH3MEHHOM PAacXojie CBEKETo
napa Ha Typouny (G, = CONSt) u mpyu HEU3MEHHOM IOJIOKEHUH OpPraHoB mapopacmpenereHust [[B/]
(h,,= const).

IlepBbIif MeTOX MpenoaraeT UCIOIb30BaHNE, KaK IMPaBMIIO, 3aBOJICKUX ITOIPABOYHBIX KPUBBIX Ha
OTIIMYHE MMapaMeTPOB Mapa OT HOMUHAJIBHBIX U MONPABOK HA OTIIMYHE TEIUIOBOH CXEMBI OT MPOEKTHOH,
MOJCYUTAHHBIX Ha OCHOBE OINBITHBIX TEIUIONEPENA0B.

Bropoil Meron 3akimodaeTcss B ONpeAEICHUH 3HAYEHUH PacXoAa CBEXKEro Mapa M JIEKTPUYECKO
MOIIHOCTH NpPH HOMMHANBHBIX YCIOBHSX IIyTEM HX IIepecueTa C COXPAaHECHHEM HEU3MEHHBIMU
ONBITHBIX 3HaUeHUH BHyTpeHHUX KII/I.

Hwxe Gyner paccMOTpeH KaX/Iblii U3 METOJIOB B OTJEILHOCTH 1 IIPOBE/ICHO UX CPaBHEHHE.

E.6.1. BbIOOp HOMMHAIBLHBIX APAMETPOB M YCJIOBMIi

Ilepen HawamoM mepecdera 1o JOOOMY M3 METOJOB, pa3yMeeTcsi, HEOOXOAMMO IPEXkIE BCEro
BBIOpATh YCIIOBHSI, K KOTOPBIM MPHBOJSTCS PE3yIbTaThl UCIIBITAHHS.

TakuMu yCIOBHUSIMH, ONIPEICISIFOIMMH, HATIPUMED, TPOCKTHYIO TEILIOBYIO CXEMY, SIBIISIOTCSI:

- PaBEHCTBO PACX0JI0B MUTATEILHON BOJBI M CBEXKETO I1apa;

- 3HAUCHHE JIaBJICHHS B JIeadpaTope;

- 3HAUEHMS pacXOJOB CBEXEro IMapa, INpH KOTOPBIX IPOM3BOIATCS H3MEHEHUs B CXeMe
(mepexiroyeHns: kamep oTOOpa mHapa Ha Jea’paTrop, W3MEHEHHE HANpaBICHMS JPEHa)KeH CHCTEMBI
pereHepanyy M T.1I1.);

- HarpeB MUTATEeJILHOM BOJIBI B HACOCE U T.JI.

HoMuHanbHbple napaMeTpbl, K KOTOPHIM IPUBOJTCS PE3YJIbTAThl HCIBITAaHHS, KaK MPaBHJIO,
COOTBETCTBYIOT yKa3aHHBIM 3aBOJIOM-M3rOTOBHUTENEM B TexHuueckux ycioBusx (TY) Ha mocraBky
TypOUHBI, OHAKO B psijie CIy4aeB C Y4ETOM OCOOEHHOCTEeH KOHKPETHBIX YCJIOBHH SKCILTyaTaliu
HEKOTOPBIE U3 [TApPaMETPOB MOT'YT OTJIMYATHCS OT BBIJIAHHBIX 3aBOJIOM -H3TOTOBUTEIIEM.

E.6.2. Ilepecyer NpH MOCTOSIHHOM PacXojie CBeKero napa (Ha npuMepe KOHAEHCAUOHHOM
Typouns1 K-200-130 JIM3 - cM. npuioxenne 7)

E.6.2.1. Onpenenenne HOMUHAIBHBIX pacxooB napa Ha [1B/]
Homunanbhele pacxomsl mnapa Ha [IBJ[ COOTBETCTBYIOT YCIOBHMSIM paBEHCTBA PacxXoJ0B



MATATELHON BOABI M CBEXKEro Mapa, a TaKKe SHTAIBIIMHM MHUTATeNIbHOW Boxabl Ha Bxoae B [IB/I,
OTBEYAIOIIEH PacYeTHBIM 3HAUCHUSAM JIaBJICHHUS B IeadpaTope M HarpeBa BOJBI B MUTATEIHFHOM Hacoce.

Pacyer HaumHaeTcs ¢ mocCIeaHEro 1Mo Xoxy muTarenbHoi Boga [IBJ] Ne 7 u Benmetcs mo hopmynam
(54)-(56) (o603HaueHus cm. pasa. E.2.1):

H GO Inum7 B InumG + Qm)m .
G, = — , (54)
In7 - Ir)p7
. P R
H GO InumB - Inum5 - Gn7 I()p7 - I()[)G + Qnom .
Gne = - . ’ (55)

e~ I()pG

G = GO inum5 numS ZGWG op6 ()p5 +Q)wm , (56)

n5
IVIS IdpS

(Bemuumna i), . =i +Ai

num5 non Y

rae i, - pacyeTHas SHTaJbIHS IUTATENILHOI BOABI HA BBIXOJE U3 J€a’spaTopa, a Ai,,, - HOBBILICHUE
SHTAJIBITHH MTUTATSILHOW BOJBI B MMUTATEILHOM HACOCE).

E.6.2.2. OnpeneneHue HOMMHAIBHOTO pacxo/a apa Ha Jea’spaTop
3HadyeHue pacxoz[a napa OT TypOMHBI Ha Iea’3paTop ONpenessieTcs mo popmyie
H 1H H § Hom yni.soic H  HOMm
GO Z Gn5 7 I()[lS - IK4 - Gmm.)c'l Imm.m - Ix4 + Gn Iyn,'t - IK4 + Qnum
)

HY

G = (57)

T HOM
-1

n k4
rae ans 7+ Gumxn G - COOTBETCTBEHHO CyMMa HOMMHAIIBHBIX pacxojoB mapa Ha IIBJI,

pacxoaoB napa OT ITOKOB KJIAIIAHOB B ACA3PATOP, HAa YINIOTHCHUS U 3KEKTOP (BCG, KpOMEC pacXxoJ0B Ha
HBI[ NPUHUMAKOTCA 1O HEIMMOCPEACTBEHHBIM U3MCPCHUAM, JAHHBIM HCIBITaHUA OJHOTHUITHBIX Typ6I/IH
WA TCIJIOBBIX paCcYCTOB 3aBOAd- HSFOTOBI/ITCJB[)

10

i’y 07, Ly 1yny - SHTAJIBIIMK COOTBETCTBCHHO OCHOBHOTO KOHJIGHCATA IIepe]] ea’spaTopoM, mapa

K41
0T60pa Ha aeaspatop, 0TCocCa OT HITOKOB, KJIAIIAHOB U MOJIa4YU Ha YIUIOTHCHUSA U 3KEKTOP.

b.6.2.3. Onpenenenne HOMUHAIBHBIX pacxoaoB mapa Ha [TH/]

Pacuer Benercs ananoruuno I1BJ1 (cBepxy BHHU3) oT [THJ] Ne 4 x ITH/I Ne 1 mns ombITHOTO pacxoja
koHzaeHcara uepe3 [IHJ[ Ne 4, ckoppeKTHpOBaHHOIO Ha HM3MEHeHWe pacxoioB mnapa Ha [IBJl u
Jeaspatop 1o Gopmyie

=G,-> .G, -G (58)

Crenyet 3aMeTHUTb, YTO NPH HAJTMIUN 3HAYUTEIBHBIX PACX0XK/ICHUH PacXo/10B MUTATEIbHOU BOJBI 1
CBEKETO Iapa MOXKET BO3HHKHYTh HEOOXOAMMOCTH B JIOTIOJHUTEIHHOM KOPPEKIMN PacXoAoB Ilapa Ha
MOJOTPEBaTeNId M Jea’paTop METOAOM IIOCIIeA0BATENbHBIX MPUOIMKEHNH, BBI3BAaHHAS 3aMETHBIMHU
M3MEHEHUSAMH JIaBJICHHUS U TETUIONCIIOIb30BaHuUs IPEIOIIETO Mapa, a Takke TeMIIEPaTyPHBIX HAIlOPOB.

E.6.2.4. PacueT MOIITHOCTH M YAEIBHOTO Pacxo/ia TEIUIOTH! P HOMUHAIBHBIX YCJIOBHSIX
[MTonpaBka K MOIIHOCTH B YCJIOBHSIX OIBITOB HA HECOOTBETCTBUE TEIJIOBOWH CXEMBbI MPOEKTHOM MPH
HEU3MEHHOM PacxoJle CBEeXEro Iapa BBOAUTCS 110 GopMyiie

AN = D AG, hIF+AGI "+ Y AG,
“ 0,86

rae AG,, AG? - pasHHIa pacXoJI0B mapa B 0T60p Ha Kaxaslit ITBJI, [THJI u neaspatop B yCIOBHAX

: (59)

OTBITOB U MPH NPOEKTHOI! TENJI0BOMH cXeMe;
h'™, h’™, h™ - ucnonbzoBaHHbIi Teronepenag 0 KOHEYHOH TOYKH pACIIMPEHHS

COOTBETCTBEHHO OT COCTOSIHHUS B oTOOpe Ha kaxawld [IBJI, TTHJ] u measpatop, KKajl/Kr. DHTaIbIHI
mapa B KOHEYHOW TOYKe IpoIlecca pacIiupeHus], HaXOIAIIecsl B 30HE BIAXKHOTO Iapa, OMpeiesieTcs
W3 YpaBHEHHUS YHEPTeTHUECKOro OaaHca TypOOyCTaHOBKH JIMOO MO PACYETHBIM JTAHHBIM.

Br16op KOHEYHOH TOYKM TpoIecca 3aBUCHT OT THIA TYpPOMHBI M MPHHATOTO crocoba obpaboTkm
pe3yJabTaTOB UCHBbITAaHWN. B wacTHOCTH, JIsl MPUBEACHUS K PAacUeTHOW TEIJIOBOMl CXEME OIBITOB Ha
KOHJICHCAllMOHHOM peXUMe (TYpOMHBI BCEX THIIOB) KOHEUHON TOUKOM SIBIISIETCSI KOH/IEHCATOP, OIBITOB
Ha peKMMax M0 TEeIIOBOMY I'paduKy ¢ MHOTOCTYNEHYATHIM II0I0TPEBOM CETEBOM BOAbI (TypOuHBI ¢ T-
orbopom) - kamepa BTO nmm HTO, onbitoB anst mocrpoenust xapakrepuctuku B/] (typOunsr ¢ I1-
otbopom) - kamepa [1-orbopa.

Jis mepecueTta pe3ynabTaTOB UCIBITAHUS Ha NMPOEKTHYIO TEIUIOBYIO CXEMY HHOIJA MPUMEHSETCS
METO]I, OCHOBAaHHBII Ha MCITOIH30BaHUH KOI((DUIIMEHTOB IIEHHOCTH [6].

Janee pe3ynbTaThl HCOBITAHANA KOPPEKTUPYIOTCS HAa OTKJIOHEHHUE ITapaMeTPOB CBEXKETO Mapa U mapa



MIPOMIIEPETPEBA B YCIOBHUSAX OIBITOB OT HOMUHAJIbHBIX 3HaUeHUH. [1opsiiok KOpPEKTUPOBKH 3aBUCHUT OT
TOTO, B KaKOM BHAC IIPEACTABIICHBI 3aBOJICKHUC IIOIIPABKU - K BHCKTpI/I‘{CCKOﬁ MOIIHOCTH HJIN K
YAEIBHOMY PAacXOy TEIIOTHL.
Ecnu 3aBoackue NONpaBKU JaHbl K 3JEKTPUUECKOHM MOIIMHOCTH, TO KOPPEKTHPYETCS OIBITHOE
3HAYCHUE MTOCIIETHEN. CyMMapHaﬂ nonpaBkKa K MOIIIHOCTH Awa HaXOJUTCA 110 q)opMyne
AN,, =AN_ +AN, +AN, +AN , + AN (60)

rae ANpo, ANy, ANgy,, ANp, - TTOTIpaBKH K MOITHOCTH Ha OTKJIOHEHHE NABJICHUS W TEMIEpaTypbl
CBEKETro Mnapa, TeMIepaTyphl Ilapa NpoMIeperpeBsa U AaBjieHHst 0TpadOTaBILIEro Napa OT HOMHHAIBHBIX
3HAYCHUMN;

AN¢gs,, - TIOTIPaBKa HA OTKJIOHEHHE COS(Q OT HOMHHAJIBHOTO 3HaUCHUs (Tprtoxenwue 8).

s onpenenenus nmonpasku ANy, BHadane HAXOANUTCSA 3HAUCHHUE JIABICHUSA OTPaOOTABIIETO mapa ¢
Y4eTOM H3MEHEHHs pacxo/a Iapa B KOHJECHCATOp W3-3a OTJIMYHMH OINBITHBIX 3HAYeHHWH OTOOPOB Ha
pereHeparmIo 1 ea’paTrop OT COOTBETCTBYIOIINX POEKTHOI cxeme 1o Gopmyite

o
G,+ Y AG, +AG,
GZ

[TompaBka K MOIIHOCTH Ha OTKJIOHEHUE P, OT P, ONPEIEISETCS MO CETKE MOMPABOK, MOJYYEHHON

cosg !

(61)

cX on
P, =D,

6o OKCIICPUMCHTAJIbHBIM IIyTCM, 1100 1O JaHHBIM 3aBOJa-U3IrOTOBUTECIIA.
Takxum 06p330M, IIpHU pacxoAe CBCIKEIo mapa, paBHOM OIBITHOMY, 3JICKTpUYCCKasA MOIIHOCTL IIPpU
HOMHHAJbHBIX TapaMETpax nu HpOGKTHOP‘I TEIUIOBOM cXeMe OIPCALIIACTCA 11O (I)OpMyJ'Ie

N, =N +AN, +AN,,, (62)
s pacyera ynesnpHOTO pacxona TEIUIOTHl HEOOXOJMMO IMOCTPOUTH ClieAymolue TpaduuecKue
3aBUCHMOCTH:
- SHTAJIBNNS MUTATENBHON BOJIbI 32 mociequuM 1B/l oT pacxona cBexero mapa (puc. 2);
- pacxox mapa Ha IPOMIIeperpeB MpH MPOeKTHOH TeroBoil cxeme (G,,), OT pacxoja cBexero napa
(puc. 3). 3mauenue G,, paccuuTbiBaeTcs no (opmyne, ykazauHoi B pasa. E.2.5, kak GYY npu

HOMHUHAJIBHBIX pacxojax Ha [IB/] Ne 7 u 6;

- HOMHMHaJIbHBIE JaBienus napa 3a LB ( p,™" ) u nepen LICI ( p¥“) ot pacxona ceexero mapa

(puc. 4);
- sHyTpenHui KIIJ] [IB/l oT pacxoaa cBexero mapa, MpUBEJEHHOT0 K HOMUHAJIBHBIM ITapaMeTpam,
o hopmysie
"v
G =G, [P (63)
pOUU

s 1B,
- OHTAJIbIIMA Tapa, Mo4aBacMOro Ha IPpOMIICPETPECB ( |2H < ), OT pacxoJia CBEXKCTO Iapa.

3Ty 3aBUCUMOCTb MOXHO pacCUYuTaTb € TOMOIIBIO i-S-I[I/IanaMMI)I, 3aJaBasiCh pas3IMYHbIMU
Pacxo/laMu CBEKETO Mapa  ONpeseNss no rpadukam puc. 4 u 5 Benuuunsl 757 u P ;
- SHTAJBNHUA Mapa mocie mpomieperpesa (i,,,) OT pacxoia CBEXKEro mapa. JHTAJBIUI MOXHO

"
enn 2

OIIPENIENUTh C TIOMOLIBIO i-S-IuarpaMmsl mpu t
ex
e

3a/1aBasACh pas3/IMIHbIMU pACXOdaMU CBCIKEIO Iapa u

noxydast 1o rpaduky puc. 4 3HaueHHs P

C nmoMoLIbI0 TOCTPOCHHBIX 3aBHCHMOCTEH, 3a[aBasich 4epe3 paBHbIC MMPOMEKYTKH 3HAYCHUSIMU
pacxoma CBEXEro mapa, MOXKHO OIpPENeNuTh Bce cocTaBisionme ¢opmyisl (64) mis pacuera
YIEIBHOTO pacxo/a TeIUIOTHI PU IPOEKTHOM TEIJIOBOM CXeMe U HOMUHAJIbHBIX ITapaMeTpax:

GO iO - inum + Gxnn iznn - igBﬂ Q
= =0 64
4, N N (64)

m m

rae i —i =~ - PasHOCTb YHTAIBIIMH CBEXKEro apa 1 NUTATEIbHON BOALL,
i, — i, - pa3sHOCTB SHTAJIBLNHIA Mapa 10 ¥ MOCjIe MPOMIIEPErPeBa;

G, — pacxo mapa, UIyIIero Ha poMIIeperpes.

B tex TypOoycTaHOBKax, y KOTOPBIX B COCTaB TEIUIOBBIX CXEM BXOJT ITUTATEIbHBIE TYpOOHACOCHI,
MOIIHOCTh, TNpPHHUMaeMas JUIl pacdeToB YAENBHOTO pacxoja TEIUIOTHl, HAXOJIUTCS KaK CyMMa
MOIIIHOCTEH Ha BBIBOJAX I'€HEpaTopa M BHYTPEHHEH TypOOIpWBOJA MUTATEIBHOTO Hacoca. B aTom
cilydae B 3HaMeHaTesne (Gopmyiibl (64) MOsBISETCS JONOJHUTENBHBIN WIEH, NMPeCcTaBIsIomuil cooon
BHYTPEHHIOIO MOIIHOCTB TypOONPHBO/a MUTATEILHOIO HACOCA B AKCIUTyaTAlMOHHBIX (TapaHTUITHBIX)
ycnoBusix. TOYHO Tak K€ YUYUTBIBAIOTCS JAPYTHE MEXaHU3MBI C TypOONPHBOAAMH, HAIPHMED
TypOOBO3IyX0ayBKH 3Heprodsokos 800 MBT.

Ha sTomM mnpuBeneHne SKCIEPUMEHTANbHBIX NOAHHBIX K HOMUHAIBHBIM YCIOBHSIM CUHTAETCA
3aKOHYCHHBIM. 3aBUCUMOCTH Gy, Q,, (,, 0T N,, mpuBOasATCS Ha rpadukax puc. 6.

I'padrueckast 3aBUCUMOCTH MOJHOTO PAacXojia TEIJIOThl HAa TypOUHY OT MOIIHOCTH C JOCTaTOYHOM



CTEINECHBIO0 TOYHOCTH NPEACTABISIETCS B BUAAE MPSIMOI MTMHUK. VIHOTAA 3Ta IMHMS MMEET U3JI0M B TOUYKE,
B KOTOPOH NPOHMCXOAUT HEIMPONOPIMOHAIFHOE U3MEHEHHE SKOHOMHYHOCTH 33 CYET pabOoThl KaKoro-
0o y3ma, Jame Bcero opranoB maposmycka [[BJ]. Todka u3noma B TakoM ciIy4ae IpH IMOCTPOCHUHU
pPacxomHON XapaKTEpPUCTUKH IOJDKHA OBITH COTJIacOBaHa C AMAarpaMMOM MHapopacHpenesieHHs H
COOTBETCTBOBATh PAcXOy CBEXEro mHapa, MpH KOTOPOM HAYMHAECT OTKPHIBATHCA OAMH W3 KJIAIIAHOB.
Jns ycTpaHeHUs! BIMSHHA CyOBEKTHBHOTO (DakTOpa IIPU NOCTPOCHHH PACXOAHOW XapaKTEPHCTHKH
HEOOXOAMMO 3Ty 3aBUCHMOCTh MONy4yaTh B BHAe ypaBHeHus Q = a + bN , Ilpu stom crmemyer
MOJIB30BAThC  METOJOM HAMMEHBIIMX KBAJpaTOB, KOTOPBIM 3aKito4aeTcss B  ONPEAEICHUU

K03(PULNEHTOB:
bznZ NQ -2 N> Q.
YN - SN
azz Ni ZZQi_ZNiZ NiQi
Y N, - SN,
roe N - KOJIHMYECTBO 00pabaThlBacMBIX OIBITOB, II0 KOTOPBIM COCTaBIACTCS pPacXomHas
XapaKTepUCTHKA;

N; - aexTpruecKkast MOIIHOCTH B i-M ombiTe, MBT;

Qi - pacxo TemIOTHI B i-M ombITe, ['Kas/d.

3amaBasch yepe3 OMPEICICHHBIA WHTEPBAJ MOIIHOCTBIO, MOXKHO OMPEACIHUTh YICIbHBIA PacXoj
TEIUIOTHI HA TypOuHy i octpoenus 3asucumocth ( = f (N,,) mo hopmyne

q :(b+%j103 (64a)

Ha paCXO,I[HOﬁ XapaKTCPUCTUKE H€O6XOI[I/IMO YKa3bIBaTh YCJIIOBHA, IIPHU KOTOPBIX OHA IMMOCTPOCHA, 4
HMMCHHO: JaBJICHHUC U TEMIICpATypa CBCIKEI0O Iapa, TEMICparypa mnapa nocjic nmpomMineperpesa, Bakyym B
KOHACHCATOPEC, AABJICHUC B JACA3PATOPC, MOTCPU AABJICHHA IMapa B TPAKTC MPOMIICPETrpeBad, HAI'PCB
BOJbI B IUTATCIIBHOM HACOCC, PACXOAbI Tapa u3 OT60pOB Typ6I/IHLI CBCPX HYXI pereHepanun 1 1p.

Loum
tmm,x

/
—

Go

Puc. 2. 3aBucuMocTh TeMIEpaTyp M SHTAIBIINHN MUTATEIBHOM BOABI M KOHJEHCATA ITOCIIe
MOJIOTPEBATENIEN OT PACX0/a CBEXKEro mapa

Gam-a#

&y

Puc. 3. Pacxobl mapa 1o oTcekam TYpOHHBI B 3aBUCUMOCTH OT PAacxo/ia CBEKETo mapa



5han 57 5%

a)

Puc. 4. 3aBucUMOCTb 1aBieHNUs Mapa 10 CTYHEHSAM OT PacxXo/I0B Iapa:
a - 4epe3 MOCIIeYIOIIYI0 CTYIIEeHb; O - CBEXKETro Iapa;
1 - Typ6una c [T-or6opom; 2 - KOHAEHCAIIMOHHAS TypOnHa

YUBA

ol

Puc. 5. 3aBucumocts BHyTpeHHero otHocurenbHoro KIIJI LIB/] ot pacxona cBexero napa

Gob B, %

Ky

Puc. 6. 3aBUCUMOCTB MOJTHOTO U YZIEIBHOTO PACXO/I0B TEMIOTHI U PACX0/a CBEXKETo Mapa Ha
TypOMHY OT 3JIEKTPHYECKOH MOIIHOCTH Ha BBIBOJaX FeHEpaTopa:
1,2 1 3 - COOTBETCTBEHHO MOJIHBIN, YAEIbHBII pacXo bl TEMIOTHI U PACX0/]] CBEKETO Mapa Ha

TypOuHYy

[pu HanmM4YKMK 3aBOJCKUX MOIPABOYHBIX KPUBBIX K YACIEHOMY PACXOJY TEIJIOTHI EPecyeT BeAeTCs
B IPUBECHHON HMKE MOCJIEI0BATEIILHOCTH.
on'
PaccuunThiBaeTCs CKOPPEKTHPOBAaHHAS MOIIHOCTh TypOoarperata B ycioBusix ombita (N2") mo
¢hopmyne

No" = N2 + AN, + AN, + AN, (60a)

cosg

o o ’
OmnpenensieTcst CKOPPEKTHPOBAHHBIN ONBITHBIN Pacxo]] TEIUIOTH Ha TypOuHy ( Q)" ) o gopmyie
on' _ on ion son ! on! 1 1
QO - [GO I0 - Inum + GXVW! I?IIII - IX"" } 2 (6 1 a)
rae G - OMBITHBINA PacXo]] CBEKETO mapa Ha TypOuHy;

’ v o
G - pacxon mapa Ha INPOMEXYTOYHBIH INEperpes, IOIYYCHHBIH IOCIE NPHUBEICHUS OIBITHBIX
JIAHHBIX K TIPOEKTHOM TEIJIOBOM cXeMe;

son
Io

- OIIbITHAsA SHTAJIbIINA CBCIKETO Mapa nepea Typ6I/IHOI71;



son !

i”” ° - CKOPpEKTHpOBaHHAas OIbITHAs DHTAJIBIIMS IHUTATEIbHON BOABI, MOCTYMAIOIICH B KOTEN M3
CHCTEMBI pereHepanuy TypOoyCTaHOBKH;
i’ - CKOPpPEeKTHMpPOBaHHAas OINBITHAs OHTANBNUA mapa, mnocrynatomero B LICJl mocne

IPOMEXKYTOYHOTO IIeperpeBa;
i - CKOPpEKTHPOBaHHAsl OIBITHAsS OSHTANBOMS Mapa, MOCTYIAKIIEr0 Ha MPOMEKYTOUYHBIN

xnn

Tieperpes.
(v v v !
Onpenensercss CKOPPEKTHPOBAHHEIH ONBITHBIN yIENbHBIH PacXo TEIIOTH Ha Typ6uny (") mo
¢hopmyne
on'
on' __ Qo
a, = N (62a)
m
HaxoauTcs yienbHbIi pacXoI TETIOTH Ha TypOHHY NPH HOMHHATBHBIX YCIOBHAX 10 (OpMYITe
_ ! to . po t1LCH . Apnn
6, = arar e
q9 9 q q
rie ), af, o', a”" - nompaBku K yICNHHOMY DacXofy TEIUIOTHI Ha OTKJIOHCHHE

COOTBCTCTBCHHO TCMIICPATYPHBI U JAABJICHUS CBCKCTO Iapa, TCMIICPATYPHhI Iapa MOoCJC MpoMIeperpena,
MOTCPHU AABJICHUA B TPAKTC NPOMIICPLETPCBA OT HOMHUHAJIBHBIX 3HAYCHH.

E.6.3. Ilepecuer npu HeM3MEHHOM I10J102KEHUHM OPraHOB NapopacnpeaeaeHus (Ha npuMepe
KOH/IEHCALIMOHHOI TYpOUHBI €3 npoMIeperpesa)

XoJ mepecyera COCTOUT U3 TPEX ITAMOB U MILTIOCTPUPYETCS B i-S-auarpamme puc. 7 u [1].

/2

Puc. 7. Cxema nepecuera Ha HOMHHAJIBHBIE TApaMETPhI IPH HEM3MEHHOM I0JI0)KEHUN OPTaHOB
apopaclpeieNICHUs:
1 1 2 - COOTBETCTBEHHO JABJICHUE U TEMIIEPATypa CBEKETO Mapa B YCIOBUSIX OIBITA;
3 1 5 - COOTBETCTBEHHO JIaBJICHNE U TEMIIEPaTypa CBEXKETO Mapa P HOMUHAIBHBIX YCIOBHUSIX;
4 - "¢ukTHUBHAL" TEeMIepaTypa CBEXero mapa; 6 u 7 - COOTBETCTBEHHO JaBlIeHUE 0TpabOTaBIIero
mapa B YCJIOBHSIX OIbITa U "' (PUKTHBHOE"

E.6.3.1. Onpenenenue "(HUKTUBHBIX" pacxojia CBEXKETO Mapa U ANEKTPUIECKON MOIITHOCTH
Ha mepBoM »3Tame mnpuBeneHHs] MPOHM3BOJUTCSA IEPEXOJ MPH IOCTOSHHBIX SHTANBIHIIX W3
HavalbHOM (Po, t,) U KOHEUHOH (COOTBETCTBYIOIIEH KOHIly aquHa0aTHUECKOr0 paCIIUpeHus (py, iz

TOYEK MpOLecca B YCIOBUSIX OIMBITa A0 HOMHHAIBHOTO HayajibHOro napieHus ( p) ) u "QUKTUBHBIX"

H

. 4
HavanbHOH Temmepatypsl (t? ) u naBnenus orpaborasmero napa ( pf = p, ==
o

B pe3yibTaTe TAKOro ImnepexoAaa pacxoJ CBEXKEro Imnapa MW MOIIHOCTH (HOCJ'IG,HHSISI BBUIY
HCU3MCHHOCTH Tennonepenazla) U3MCHAKOTCSA JIMIIBb IMPOTTOPHIHUOHAIBHO HAYAJIbHOMY JTaBJICHUIO:

! =G Lo (65)
P,

N?= N7 +AN_ Po
P,

Sall

rae G, G? - COOTBETCTBEHHO ONBITHBII 1 "(PUKTHBHBIIA" PACXOJIBI CBEXKETO MAPa;

: (66)



N, N? - cooTBeTCTBEHHO OMBITHAs U "(UKTHBHAS" MOIIHOCTH TypPOHHBI;

AN, - cyMMapHas MompaBKa K MOIIHOCTH HA OTKJIOHCHHE TEIUIOBOW CXEMBI OT MPOCKTHOH (CM.
pa3xm. E.6.1).

E.6.3.2. BBeneHne mompaBKH Ha OTKIOHEHHWE "(QUKTHBHOH"' TeMIepaTypbl CBEXEro Imapa OT
HOMUHAJIbHON

Ipu nepexone mo uzobape p! = const or "¢uxrusHOU" TemmepaTypsl cBexkero mapa (t?) no

kv !
HOMHMHAJBHOI (t)) pacxox cBexxero napa (G.” ) u momHocts ( N} ) onpenenstores mo Gpopmynam

Gr =Gy [Pl (67)
pDUO
' Gr o
N7 =N? Zo | 14 | 68
m m Gad; 100 ( )

Te Oy - HOMpaBKa K MOIIHOCTH 3a CUET pa3innyus "(QUKTHBHON"' W HOMHHAIBHON TeMmepaTyp
CBEXero mapa (1o IOMPaBOYHOHN KPUBOIL).

3navyeHne "QUKTUBHON" TeMIepaTyphl CBEXKETO Mapa MOKET OBITh OIPENeNICHO HETIOCPEICTBEHHO
10 i-S-Juarpamme npH i, U po 100 1o Gopmye
@ H I: _ ia
=t o, (69)
o o

Cc

P
e o, i - COOTBETCTBEHHO DHTAJBIHS CBEXKETO Mapa B YCIOBHUX ONBITA H IIPH ) ;
C, - yaenpHas TEIIIOEMKOCTb IPU IIOCTOSTHHOM JaBieHuu [16].

E.6.3.3. BBenenue mompaBkd K MOLIHOCTH Ha OTKJIOHEHHE OINBITHOTO JaBJICHUS OTPabOTaBLIErO
napa OT HOMHHAJIBHOTO

Jis coxpaHeHHUs: HEM3MEHHOro TeIulonepenajga Mmocie Mepexoja B HayallbHYI0 TOYKY IIpolecca,
COOTBETCTBYIOIIYIO HOMHHAJIBHBIM 3HAYCHHUSM JaBJICHHS W TEMIEpaTypbl, "(uUKTHBHOE" aaBieHHE
oTpaloTaBIIero napa HEOOXOAMMO IEpPEeCcYUTaTh Ha "IMPHUBEICHHOE'" NPOIMOPLHUOHAIBHO H3MEHEHHUIO
pacxosma CBEXero Iapa, OOyCIOBICHHOMY H3MEHEHHEM HAYalbHBIX IapaMeTpoB, W W3MEHEHHIO
pacxozia uepe3 MOCIIeHUE CTYIEHH, BBI3BAHHOMY OTKJIOHCHHEM YCJIOBHH OIBITHOM TETJIOBOH CXEMBI
OT MPOEKTHBIX, IO opmyIIe

ng

T? G” G,+AG,,
J2% S

=p? |2 =
P2 T P> G” G,

o

; (70)

rae G; - pacxoz nmapa uepes MOCIeJHUE CTYIIEHU B YCIOBHAX OIIBITA;
AG - N3MEHEHHEe pacxoja Hapa uYepe3 IOCIEAHHE CTYNEHH BCIIEACTBUE OTKIOHEHMS YCIOBHH
TEIJIOBOM CXEMBI OT IPOEKTHBIX.

OKOHYATENBHBII MMepecyeT MOMIHOCTH OT "MpHBEICHHOro" naBieHus orpaborapuiero mapa ( p,’)

Ha HOMHHAJIBHOC (p;) IIPOU3BOAUTCA Ha OCHOBAHUHU TaK Ha3bIBaCMOM CETKHU TIIOIIPAaBOK, HOHy‘IeHHOI\/’I

7100 B pe3yNIbTATE MPOBEAECHUS CIIENUATBLHBIX OTBITOB, OO MO PACYETHBIM JaHHBIM.

TakuMm 006pa3oM, OKOHYATEIBHOE 3HAYEHHWE ODJIEKTPUUECKOW MOIIHOCTH, COOTBETCTBYIOIIEE
NPOEKTHOM TEIJIOBOM CXEME M HOMMHAJIBHBIM HAYaJbHBIM MApAMETPaM M JABICHUIO OTPa0OTABIIETO
napa, onpezensiercs o GopmyJie

N, =N +AN, = N +N, oo [14% |, AN (71)
m m p2 m ox G(m 100 p2
o

rae ANp; - TonpaBKa K MOITHOCTH Ha OTIMYHE p,” OT p, , ONpeensemMas 110 "CeTke IMonpaBok".

3HayeHHe YAETHHOTO pacxojia TEIUIOTHl PACCUUTHIBACTCA, KaK M B METOJE IPHUBEACHUS IIPH
HEM3MEHHOM pacxojle Tapa, ¢ TOH JMIIb pa3HMIEH, YTO BCE KOMIIOHEHTHl (GopMyisl (64)
ONpPENENAIOTCS B 3aBHCUMOCTM OT PACXOAa CBEXEro Iapa, INPHUBEJEHHOTO K HOMUHAIBHBIM
napamerpam (G)” ).

E.6.4. ConocraBJjieHue Pa3/IMIHbLIX ME€TOA0B NMPUBEACHHUSA ONBITHBIX JAHHBIX K HOMUHAJIbHBIM
Ycia0oBUsIM

IIpu wucnonb3oBanun nepBoro meroga (G, = CONSt) mepexoj K HOMUHAJIBHBIM HAdallbHBIM
mapameTpaM Iapa TOpd  HEM3MEHHOM pPAacXoA€ BBI3BIBACT HEOOXOAMMOCTH  IEPECTaHOBKHU
pEeryIupyromux KIanaHoB, YTO CONPOBOXIAETCS B CBOIO odepenb M3MeHeHueM BHyTpeHHero KIIJ|
TypOuHbI (unmHapa). [ToaToMy a1 yMEHBIIEHHUsST BO3MOKHOIM MOTPENTHOCTH, CBSI3aHHON C HEY4ETOM



3TOTO M3MEHEHUS, WCIBITAaHUA HEOOXOAWMO IMPOBOIUTH C MUHHMAJBHBIM OTKIOHEHHEM HadalbHBIX
mapameTpoB (0COOCHHO HaBICHHS) OT HOMUHAJIBHBIX 3HAUYEHHH, T.€. CTPOTO B MpefeaX, YKa3aHHBIX B
pa3a. [1.3. Crenyer ogHaKO OTMETHTH, YTO (DaKTHUECKOE 3HAUCHHE BBIMICYIIOMSIHYTOH BO3MOXKHOM
MOTPEIIHOCTH BECbMA HEBEJIUKO. Tak, HanmpuMmep, €Ciau NPUHATh BO BHUMaHHUE, YTO HA COBPEMEHHOM
000pyIOBaHUH peabHbIEe OTKIOHSHHS JaBICHUS CBEKETO Iapa OT HOMHHAIBHOTO HE MPEBHIMIAIOT, KaK
npaBuio, 2 %, a gons LIBJl B OamaHce MOIIHOCTH HE3HAUWTENbHA, TO 3HAYEHHE ITOTPEITHOCTH
OTIpeJIeNICHUs] yNIENbHOTO pacxojia TEIUIOTHl OT Heydyera u3MmeHeHus BHyTpenHero KIIJ[ LIBJ mpu
MPUBEJCHUH PE3yIbTaTOB K HOMHHAIBHBIM MapameTpam He npessicut 0,09 %.

Bropoit Meron (B HpOTHBOIOJOXKHOCTH IIEPBOMY) IO3BOJIIET IpU MEpecdyeTe COXPaHUTh
BHyTpeHHuil KIIJ[ Heu3sMeHHBIM, OJHAKO 3TOMY COINYTCTBYET IMOSIBICHHE JOTOJIHUTEIbHBIX
MOTPEIIHOCTEH, CBS3aHHBIX, HANpUMep, C MOMYIIEHHEM MpPSIMO HPONOPLUOHAIBHOTO H3MEHEHUS
pacxoloB Ha pEreHepaluio OT pacxoja CBEXEro Iapa, C HCHOIb30BaHUEM TIpapUYecKuX
3aBHCHMOCTEH, SKCTPAIIOJIALNH H T.JI., @ TAKKE OOJBIINI, YeM B TIEPBOM METOJEe, 00BEM MePeCcIeTOB.

Ha ocHOBaHWHM BBIIEM3IOKEHHOTO MOXHO CHEJIaTh BBIBOA, YTO TIIEPBBI MeTon Ooiee
MIPEANOYTUTEIIEH.

Hapsiny ¢ paccMOTpeHHBIMM METOJAaM{ NPUBEACHUS PE3YJIbTATOB WCHBITAHUH K HOMUHAJIbHBIM
mapamMeTpaM W MPOEKTHOH TEIUIOBOH CXeMe MOXET OBITh MPUMEHEH TPETHH METOd, B KOTOPOM IIPH
COXpaHEHMH pacxoJa CBEXKEro Iapa HEU3MEHHBbIM, CyMMapHas MONpaBKa K ONBITHOW MOILIHOCTU
orpezesseTcs MyTeM pacueTa U3MEHEHHI TeIUIoNepenaaoB U pacxoI0B napa o OTcekaM TypOuHbI 0e3
HCIIOJIB30BAaHUsI 3aBOJCKMX IIONPABOYHBIX KPUBBIX M C KOppeKkTupoBKoi BHyTpeHHero KIIJ| Ha
OCHOBAHUU OIBITHBIX JAHHBIX..

Orot MeTo (cM. MpUJIOKEHHE 8) 1eIeco00pa3HO HMCIOIb30BaTh Mpu Haguuuun DBM (Hampumep,
"Uckpa-1256", "Mckpa-226") B ciryuae HEBO3MOXKHOCTH COOPKH TEIUIOBOI CXeMbI 0€3 CYIIECTBEHHBIX
OTKJIOHEHMI OT NPOEKTHOM, a Takke NpH HaJUYUKU 3HAYUTENIbHBIX OTKIOHEHUH HaydajdbHBIX
apaMeTpoB napa.

IlepBbIit MeTOA IPUBEAECHUS PE3YIBTATOB UCIIBITAHUS K HOMUHAJIBHBIM YCIOBUSAM NPU HEU3MEHHOM
pacxoie CBEXEro Mapa U C MCIOJIB30BAHMEM 3aBOJCKUX IONPABOYHBIX KPUBBIX PEKOMEHIYETCS B
KayecTBE OCHOBHOTO.

Bropoit MeTom MOXET NPUMEHATHCS IMPH O0O0pabdOTKE pe3yIbTATOB CHECHHANBHBIX OIBITOB C
JPOCCETMPOBAHNUEM CBEXXET0 Iapa, MPOBOJUMBIX IPHU MOTHOM OTKPBITHH PETYIUPYIOMNX KJIAalaHOB,
HalpuMep Ul OMpENeNeHUsT XapaKTepUCTHK TYypOMHBI B 30HE MAaKCHMAlbHBIX pacxojoB (TpH
HEBO3MOXKHOCTH 0 3KCIUTYaTallMOHHBIM YCIIOBHSAM OCYIIECTBUTH IOJIHYIO 3arpy3Ky TypOMHEI 110 Hapy
C HOMUHAQJIBHBIM JlaBieHueM). MIHOTIa 3TOT METOA MCIIONIB3yeTCs U MPH pacueTe xapakTepuctuk [TH]]
B TYpOMHAX C peryJupyemMbIM 0TOOpOM Tapa.

B HekoTophIX cly4asx IeJecoo0pa3sHO NpPHMEHEHHE TpeThero Meroja (0e3 HCIOoIb30BaHMs
3aBOJICKHX ITOTIPABOYHBIX KPHUBHIX IIPU HEM3MEHHOM PacXO0Jie CBEXKETO 1mapa).

E.6.5. OnpIThI 10 Onpees1eHHI0 MONPABKHM K MOLIHOCTH TYPOMHBI HA M3MeHeHHe JaBJIeHUSs
orpadoraBuiero napa ("'BakyymMHble'" ONbITHI)

OMBITEI 10 ONPEJICNICHHIO TONPAaBKM K MOIIHOCTH Ha JaBJeHHE OTpaboTaBIIero mapa TpeOyioT
CHenHanbHOM COOPKHM TEMJIOBOI CXeMBl U MHHMMAJIBHOTO OTKJIOHEHHS HAadaJbHBIX NapaMeTpoB Hapa
nepex TypOWHOW, uYTOOBI HCKIIOYUTH BIHSHHE BceX (AKTOPOB, KpOME BaKyyMa, Ha H3MEHEHHE
MOITHOCTH. J{JIsT 3TOTO OTKITIOYaeTCs MaKCHMajJbHOE KOJIWYECTBO PETEHEPATHBHBIX II0IOTPEBATENEH,
BCE IIOCTOPOHHHE HCTOYHHKH W TIOTpeOWTEeNM TeIUla, NMHUTaHWE TYypOONPHBOJOB MEXaHH3MOB U
JleaspaTropa MEepeBOIUTCA Ha TOCTOPOHHUH HCTOYHUK. KOJNMYECTBO OTKIIIOYAEMBIX IOIOTpEBaTeNeit
orpezieNsieTcsl U3 CIICIMAIBLHO IPOBEAEHHOW CEpHM OIBITOB, IPU KOTOPOH coOMpaeTcs HOpMallbHas
TEIUIOBAsl CXeMa, a 3aTeéM IPOBEPSETCs BIMAHUE MaKCUMAIbHO BO3MOYKHOIO M3MEHEHMs BaKyyma Ha
paboTy pereHepamnuu, T.e. OIpPENEISeTCs, 3a KaKuM IOJOTpeBaTelIeM HE MEHsETCS TeMIeparypa
KOHJIeHcaTa (NMHUTaTeJIbHOW BOABI) IIPH BCEX 3HAYEHMSX JaBJEHUs oTpaboTaBuiero mapa. Vcxons u3
pe3yJIbTaTOB TAaKOW MPOBEPKH INPH COOPKE TEIJIOBOW CXEMBI ISl MPOBEIEHMS OIBITOB IO CHSTHIO
MONPAaBKM K MOIIHOCTM Ha JAaBJIeHHE OTPabOTaBLIEro Iapa BCE MOCIEAYIONINE MO XOIy BOJIBI
MOJOTPEBaTEeN 3a IIOCIECIHUM, PEarupyroIldM Ha HW3MEHEHHE 3TOTO JAaBJICHHSA,, JOJDKHBI OBITh
OTKJIFOUEHBI OT OTOOPOB TYpOUHBI (0OBIYHO OCTaTOYHO OocTaBUTh B pabote [THJ Ne 1 u [THJI Ne 2).

s momy4eHns: pe3ysbTaToB B IMIMPOKOM JIHAra30He M3MEHEHHsI 0OBEMHOTO pacxojia mapa uepes

TNOC/IENHIO CTYNeHb (XapakTepusyeTcsi mokasateneM Po/G.'”') ombITel TpoBOASTCS TIpH JABYX

pacxonax mapa B UHJ] (G*) - makcumanbno Bo3moxHoM u 0,4-0,5 oT Hero. IIpu 3TOM ONBIT ¢

MaKCUMalbHO TJyOOKMM BAaKyyMOM JKEJaTEJIbHO IPOBOAWTh TIPH MAaKCHUMAIBbHOM pacXoje
UPKYJSIIAOHHONW BOIBI Yepe3 KoHnaeHcartop. Hambonee mpennodYTUTeNsHO MPOBOIAWTE 3TH ONBITHL B
3UMHEE BpeMsl T0/1a, KOTla NMEIOTCS HaWIyqIIine BO3MOXXHOCTH ISl JOCTHKEHHS TIyOOKOTO BaKyyMa
H, CIIEOBATEIHHO, TTOIYIEeHHUS TONMPAaBOYHBIX KPUBBIX K MOIITHOCTH B ITMPOKOM JHANAa30HE H3MEHEHUS
MOCJIETHETO.



Xoxa 06pabOTKH OIBITOB MO OMPEACICHUIO TIOMPABKA K MOITHOCTH HA JaBJICHHWE OTpabOTaBIIETO
mapa rmokasaH B Tabnuiie npuioxeHus 9 (cm. takke [1]).

Wuorma, mampmmep s upuBenenus KIIJ I[IHJ] x HOMHHamBpHOMY BakKyyMy, TpeOyeTcs
OTIPECTNTh 3HAUCHHE W3MEHEHHS MOIIHOCTH TOJBKO 3@ CUET MOCJIEAHEH CTYNEHH, T.€. MOCTPOHUTH
"yHUBepCcaJbHYI0" KPHBYIO TIONMPAaBOK K MOIIHOCTH, WCKIIOYas BIMSHHE pereHepanuu. OTa
JIOTIOJTHUTENbHAS MOIpaBKa K MOIIHOCTH cTyneHed I[HJ[ 3a cueT OTKIIOYEHHS COOTBETCTBYIOILUX
ITH/T paccuutsiBaetcs mo Gopmyie

AN, = D AG; i, i,
860
rre XAG;j - u3MeHeHue pacxo10B napa B otoops! Nj TypOuHBI;
I,msi - SHTAIBIIASA Tlapa B ot6ope N;;
i, - 9HTaNmBIHKs 0TPaOOTABLIETO Mapa.

Hcxonst W3 BBINIEU3JIOKEHHOTO BO BPEMS OINBITOB JIOJDKHBI IIPEAYCMATPHBATHCS CIEAYIOLIHE
M3MEpEeHUs: MOIIHOCTH Ha BBIBOJAX TEHEpaTopa, TEMIIEpaTypbl W JaBJIEHHS CBEXEro Iapa,
TeMIlepaTyphl Mapa Hociie MpoMIIeperpesa, JaBieHus napa B 3-4 KOHTPOJIBHBIX CTYIEHSX, BaKyyMa B
KOHJIeHCaTope, MapaMeTpoB Mapa B KaMepax OTOOPOB Ha BKJIIOUEHHBIE MOJOTPEBATENH, TeMIepaTyphl
KOHJICHCAaTa Ha BXOJE BO BKJIIOYEHHBIC IOJOIPEBATENIM U BBIXOJE M3 HUX. B KauecTBe KOHTPOJBHOM
CTYIEHH OOBIYHO BBIOMPAIOTCS KaMepbl 0TOOpa, MaKCUMaJIbHO NPUOIMKEHHbIE K BBIXJIOIY TYPOHHBI 1
OTKITIOUCHHBIC OT IOJOTpeBaTeNs (HampuMmep, kamepsl otOopa mapa Ha [THJ[ Ne 3 u 4). Ocoboe
BHHMAaHHE CJIEIyeT 00paTuTh Ha U3MEPEHHUsS BaKyyMa M MOIIHOCTH. YacToTa 3alnCH BCEX YKa3aHHBIX
BBIIIE TTAPAMETPOB JI0JDKHA OBITH HE MEHEe OJJHOTO pa3a B MUHYTY [1].

, (72)

E.7. Pacuer u mocTrpoeHne 0CHOBHBIX 3aBUCHMOCT€ii /1J1sl TYPOUH € peryJupyeMbiM 0TOOpOM
napa Ha renjiopukanuio (tuna T) npy HOMHMHAJIBHBIX YCJI0BHAX

Ecnu nnst KOHIOCHCAMOHHBIX TypOMH paboyuMii IUana3oH XapaKTepH3yeTcsl 3aBUCHMOCTSIMH
Pacxo/I0B CBEXKETo Mapa U TEIUIOTHI OT JIEKTPUYECKONW MOIHOCTH, TO ISl TYPOUH C PeryarupyeMbIMU
oTOOpaMM Mapa OH OIHUCHIBAaeTCS OUArPaMMON PEXUMOB, B KOTOPOHW 3JIEKTpHUYECKas MOIIHOCTh
ABJIsIeTCS (DYHKIMEH JIBYX WM TPeX NepeMEHHBIX.

Tak, B wacTHOCTH, AMAarpaMma peXHMOB Al TYPOMH C peryaupyembiM T-0TOOpOM COIEp)XUT B
BEPXHEM M HIDKHEM TIOJSIX 3aBHCUMOCTH  COOTBETCTBEHHO, pacxojJa CBEXero mapa u
TeIIO(UKANMOHHON Harpy3kH OT pa3BHBAEMOH 3JIEKTPHYECKOW MOIHOCTH Ha pEeKHUMax paboThl ¢
MUHUMAaJbHBIM NponyckoM napa B UH/[ u paznuunbix naBinenusx B kamepe PTO. JlononHurensHo Ha
HIDKHEM TIOJI€ HAHOCATCSA JIMHHH, XapaKTEpU3YIOIUE 3aBUCHMOCTb H3MEHEHHUS JIIEKTPUYECKON
MOIITHOCTH OT TeTIO()UKAIMOHHON Harpy3Ky Ipu paboTe TypOHUHBI IO AIIEKTPUIECKOMY TpaduKy.

Huxe nokaszan nopsiok pacuera KaxxJ10i U3 yKa3aHHbBIX 3aBUCUMOCTEN.

E.7.1. Pacyer 1 mocTpoeHNe XapaKTEPUCTHK PeKMMA M0 TEIUIOBOMY rpaduky
3aBUCUMOCTSD "dIEKTpUUYECKasi MOIIIHOCTb - PACXO]I CBEXKETo mapa"

Pacuer 5TOi 3aBUCHMOCTH TIPOM3BOIUTCS (HAITPUMED, TIPH HEU3MEHHOM PacXojle CBEXKETo Tapa) B
OCHOBHOM  QHAJIOTHYHO  OMUCAHHOMY JUISi  KOHAEHCAIMOHHBIX TYpOMH CO  CIIEAYIOUMMHU
0COOEHHOCTSIMH:

- OHTaJIblIvA- I1apa B KOHEYHOH TOYKE npouecca (lg) B CJIyda€ BJIQXKHOT'O IIapa OIpPCACIIACTCH
IicB
Pp

TEIUIONCIIONB30BAHNE TPEIOIIETO TTapa COOTBETCTBEHHO BepxHero win HxHero [ICB (B 3aBucumocti
OT CXEeMBI MOJOTPeBa CETEBOH BOJBI: BEPXHETO - NIPH ABYX- M TPEXCTYIIEHYATOH, HIDKHETO - IpHU
OJTHOCTYTIEHYATON);

- OmpenAersieTcs JAOTONIHUTENbHAS MTONpaBKa K MOIIHOCTH Ha OTKJIOHEHHE TeMIIepaTypsl 0OpaTHOM
cereBoii Boasl (AN,y);

- paccuUMTHIBaeTCSA AJIEKTPUYECKass MOIIMHOCTh TIPH PACUYETHOH TEIUIOBOM CXeMe, HOMHHAJIBHBIX
napameTpax u onsITHOM jaaBienud B PTO (N ).

H S IICB S I1ICB H +T1ICB
HpI/I6JII/I>KeHHO 13 BbIpAXKXCHUSA |2 :l()pc +A|nc , roe 1 n Aln - OHTAJIbIIMA KOHACHCaTa H

Takum o6pazom, [T 3aBEpIICHUS pacdeTa JAaHHOW 3aBUCHUMOCTH OCTAeTCs JIMIIb BBECTH MOIMPABKY
K MOIITHOCTH HAa OTJIMYUE OIBITHOT'O AABJICHHUS I1apa B PTO ot IIPUHATOI'O 32 HOMUHAJIBHOC. qu/ITBIBaﬂ,
YTO a0CONIOTHOE 3HAYCHHWE ATOW IONMPAaBKM MOXET OBITh MHOTJA JOCTAaTOYHO 3HAYUTEIBHO, B
HEKOTOPBIX CIIydasx, HECMOTpPS Ha HaJMIWe 3aBOJICKOH TIONMPABOYHOW KpHBOH, IeIecooOpa3Ho
OTIPEIETATH €€ JOTMOTHUTEIBHO SKCIIEPUMEHTAIBHBIM IIyTEM, [UIS YETO MPEAIaraloTcs ABa crocooa.

IepBrIii cnocob - ¢ NMOMOIIBI0 0O0pPaOOTKM JAHHBIX CIICIMAIBHBIX OIBITOB IPH MCKYCCTBEHHO
n3MensieMoM Aasienun napa B PTO (cm. pasza. B.3.2.3)-cocTout B OCHOBHOM U3 CJIEIYIOIINX 3TAIOB!

- BBE/ICHUE C MIOMOUIbIO 3aBOJICKUX KPUBBIX MONPABOK K MOIHOCTH HAa OTKJIOHEHUE ITapaMETPOB OT



HOMHUHAIBHBIX - AN,,,;
- BBCJICHUC MOTPABKY K MOIITHOCTH Ha OTKIIOHCHUE PAcXoJia CBEXKEro mapa B KaXJIOM M3 OIBITOB OT
cpennero no cepunt (AG,) mo popmyie
_ pid
AN,; =AN; AG,, (73)

rac ANAG - YACJibHasdA moIpaBKa K MOIITHOCTHU Typ61/IHI)I IpyU U3BMCHCHUU pacxoZa CBEIKETO Iapa Ha
0

1 T/4, oripenensieMast yTIOM HAKJIOHA XapaKTEPHCTUKU peKUMa TI0 TeIUIoBOMY rpaduky, MBT-4/T;
- paC‘{CT 3HAYECHUN BHGKTpI/I‘ICCKOI\/'I MOIITHOCTH B KAXXIOM H3 OIIBITOB, HpHBC,Z[eHHBIX K HOCTOHHHOMY
pacxoy CBEKero Imapa 1 HOMHHAJIBHBIM ITapaMeTpam, 1mo Gopmyie
j— m .
N,=N" +ANAGD +AN,,, +AN_,; (74)

- pacyeT U NOCTPOCHHE YHUBEPCATHHBIX 3aBUCHMOCTEH N3MEHEHHS MOIITHOCTH OT AABJICHUS Mapa B
PTO no xaxxnoit cepuu ONBITOB C MOCIEAYIOUUM UX COBMEILIEHUEM B OJIHY (puc. 8);

- pacueT U MOCTPOEHUE CETKHU MOMNpaBoK Ha AasieHue napa B PTO usBecTHBIM MeToOM (pHUC. 9).

Bropoii cnocob - ¢ TOMOIIBI0 CpaBHEHUS] MOIIHOCTH U AaBieHus B PTO B pa3iuuHbIX ombITax Ha
peXMMax 10 TEIIOBOMY IpadHKy - COCTOUT B CJIETYIOLIEM:

- JUI1 KaXKA0# cepuu OMBITOB ppro = CONSt, MPOBEACHHBIX C MUHUMAJIBHBIM OTKJIOHEHHEM pprp OT
CPEIHEro MO CepPUH, HAHOCUTCS JIMHUS 3aBHCUMOCTH - "3JIEKTpUYecKas MOIIHOCTh - PacXoJl CBEXKEro

mapa" N/ =f G, (manpumep, muHuu 1-1, 2-2, 3-3 puc. 10);

pLl
Ger

Foro

GL‘T

Puc. 8. "VYHuBepcanbHbIe" KpHUBBIE IOMPABOK K MOIITHOCTH Ha M3MeHeHHe AaByieHus napa B PTO:
G.,, - pacxon napa 4epes cTynens, npeamectsytonryto PTO; AN - n3MeHeHre MOIITHOCTH OT OTIbITa
K OTIBITY BHYTPH cepHH; | U 2 - cepuy ONBITOB MPH PA3IMYHBIX PacXo/ax CBEXEro mapa

AN

Pera
Puc. 9. CeTka monpaBok K MOIITHOCTH Ha W3MeHeHHe AaBieHus napa B PTO mpu moCTOSHHBIX
pacxojiax 4epes CTyIleHs, npeamecTsyouryto PTO:
1, 2, 3 - cepuu OIBITOB NPH NOCTOSHHBIX pacxojiax yepes crynens nepen PTO

b

#;
Puc. 10. 3aBucuMOoCTb pacxoja CBEXEro mapa oT NEeKTPHUUECKON MOLTHOCTH IPU peXKUME 110
TernjaoBoMy rpaduky



- 3Q1aBajACh PA3IMYHBIMH 3HAYCHUSIMH Gy, MOXKHO IMOJYYHTH IS KaXIOTO M3 HHUX 3HAYCHHS
U3MEHEHUs 3JeKTpudeckoir momuHoctu oT naeieHuss B PTO (AN;, AN,...), Ha OCHOBaHHWH Yero
CTPOWTCS CeTKa MOMPaBOK K MourHocTH rmpu G, = const (puc. 11), ¢ TOMOIIBI0 KOTOPOH OKOHYATEIHHO
yrouHsercs Kaknas u3 3apucumocreii N, = f (Go);

4N

pP?'ﬂ

Puc. 11. IlonpaBku K MOIIHOCTH Ha U3MeHEHUE naBieHus napa B PTO npu NoCTOSHHBIX pacxoaax
CBEJKETO Tapa

- B CIlyJae 3HAYMTEIBbHBIX OTKIOHEHHWH naBieHus B PTO B OTHENBHBIX OIBITAX OT CPEIHETO IO
CEepHH C MMOMOIIBIO MOTYYEHHOM CETKH TTOMPABOK BHOCHUTCS COOTBETCTBYIOMIAS KOPPEKIIUS K MOIITHOCTH
B KaXXIOM H3 HUX, HPpU HeOGXOI[I/IMOCTI/I HU3MCHACTCA HAKJIOH paHee HpHBe[[eHHOﬁ 3aBUCHUMOCTH
N,, = f (G,) 1 yTouHsIeTCS ceTKa MOMPaBOK U T.1I.

Ananu3upys o0a crmocoba pacueTa MONPaBKM K MOIIHOCTH Ha M3MeHeHHe aaBinenus B PTO
(AN ), crmeayer TIOMHHTH, 9TO IMONYYEHHE JTOCTATOYHO HAJEKHOW TOTPABKH TEPBBIM CIIOCOOOM -

3amavya JOCTATOYHO CIIOKHAS BBHIY TPYAHOCTH IO 3KCIUIYyaTAllMOHHBIM YCJOBUSAM OOCCIICUCHUS
HEOOXOIUMOHN BBIICPKKH BPEMEHH IS CTAOWMIIM3AIMH TEeMIIepaTyphl oOpaTHOHM ceTeBOil BOIBI IpHU
Mepexo/ax Ha HOBBIH PEXXHM CO CTyIEHYaThIM W3MeHeHneM aapieHus B PTO. Dto Bieuer 3a coboit
HEOOXOIMMOCTh BBEJICHUS 3HAYUTEIHHBIX IMONPABOK Ha OTKIOHEHHUE TOAorpeBa ceteBoii Boawl B [ICB
OT PacYeTHOTO, 3aYaCTYI0 COM3MEPHMBIX 10 3HAYCHHUIO C CAMHM H3MEHEHHEM MOIIHOCTH (IIPU 3TOM
ClIeZlyeT y4YecThb, YTO CaMmoO 3HAYCHHE TAKOH IOTPAaBKH, PACCUMTHIBAEMOE 3aBOJIOM-H3TOTOBHUTEIEM,
TaKKe HE MOXET OBITh MPH3HAHO [IOCTATOYHO TIPEACTABUTEIBHBIM U3-32 JIONOJHUTEIHEHOM
MOTPEIIHOCTH, CBSI3aHHOW C HEOOXOJUMOCTHIO WCIOJIB30BAaHUS MPHU pacueTax XapaKTePUCTHK
nepexrodaeMoro otceka). C Ipyroil CTOPOHBI, Aa)Ke MPU HAJUUUK HAJIEKHBIX IKCIIEPUMEHTAIBHBIX
3aBHCHMOCTEH Ha peXHMMax 10 TEIUIOBOMY TpaduKy MOmpaBKa, ONMpEIe/iCHHAas BTOPBIM CIIOCOOOM,
MOXET TaK)K€ OKa3aThCsl HEJOCTATOYHO TOYHOW HW3-3a MPHUHATOTO B pacueTe JIOMYIICHHs] O MPsIMO
MPOMOPIIMOHAIEHOM XapaKTepe 3aBUCUMOCTH M3MEHEHUs] MOITHOCTH OT nasieHust B PTO. Ilostomy
penieHre o BBIOOpE crocoba BBENEHUS NAHHOW MOMpPaBKU CleAyeT MPUHUMATh B 3aBUCUMOCTH OT
KOHKPETHBIX YCIIOBUH.

Takum 00pa3oM, €CITM TPU COCTaBICHWH IMPOTPAMMBI HCTBITAHUS OyIeT HPUHATO PEmIeHHE 00
OTIpeNIeICHHH TIONPAaBOK K MOIIHOCTH, HANPUMEP C TIOMOIIBI0 BTOPOTO CHOCO0a, TO MOXKHO HE
MPOBOJUTH CIEIHATBHEIC OMBITH (CM. pa3f. B.3.2.3), a COOTBETCTBEHHO YBEIIUYHTH JI0 5-6 KOJTHMYECTBO
OCHOBHBIX CEpHii OIBITOB 110 TEIUIOBOMY Tpaduky (cM. paszn. B.3.2.2).

MOoMIHOCTh TypOWHBI, COOTBETCTBYIOIIAS HOMUHAILHBIM YCIOBUSM M IPUHATOMY 32 HOMUHAJIBHOE
nasienuio B PTO, onpenensercs o Gopmyse

N, =N, +AN, (75)

Io mosy4eHHsIM maHHBIM cTposiTcs 3aBucumMoctd N, = f (G,) st BepxHero mosst darpaMmbl B
[IOJIHOM IMana3oHe U3MEHEHHUS Ppro.

Prro

3aBuCHMOCTD "TerIo(UKaMOHHAs Harpy3Ka - pacXo/l CBeXero mapa"

TemnodukanyonHas Harpyska INpH HOMHMHAJIBHBIX MapaMeTpax M IPOEKTHOW TEIJIOBOW cXeme
paccunTbiBaeTcs 1o Gopmyie

Q,=Q"+ ZAGW. +AGyy; +AG,,, A .10, (76)

n
roe Q. - TemodUKaLMOHHAS HAPY3KA B YCIOBHUSIX OITBITA;
ZAan - cyMMapHas IIOIIpaBKa K 3HAUYCHHSM PEreHepaTHUBHBIX OTOOPOB NpPH NPHBEICHUH

TETJIOBOM CXEMBI K MIPOEKTHOM;
AGuyy1, AGpypyr - cOOTBETCTBEHHO M3MeHeHHMs pacxonoB napa B YH/I u va I[TH/] 3a cuet npuBenenus
nasieHus B kamepe PTO u temriepaTypbl 0OpaTHO# ceTeBOM BOJIbI K HOMUHAIBHBIM 3HAYCHUSM;



Ai"" - tennoucnonb3oanue rpetoutero napa s IICB.

Io nauHBIM pacdera crpostes 3aBucuMoctd Q,, = f (N,,) (puc. 12) st HUKHETO TIOJST THArPaMMBbI
PEXUMOB TIPH TEX Ke JaBJcHUsIX B kamepe PTO u B TOM ke quanasone, uto u 3asucumoctu N, = f(G,)
(cm. puc. 10).

a

¥y

Puc. 12. 3aBucuMOCTb TeTO(GUKATHOHHON HATPY3KU OT SJICKTPUIECKOI MOIIIHOCTH TIPH PEKUME
0 TETUIOBOMY rpadMKy U MOCTOSIHHBIX AaBieHusx B PTO (muuum 1-1, 2-2, 3-3)

E.7.2. Pacuer U nocTpoeHune 3aBHCUMOCTH H3MEHEHHSI MOIIIHOCTH TYPOMHBI OT
Ten10pNKANNOHHOI HATPY3KH NPH padoTe MO ITeKTPUYECKOMY rpaduky

Beuny otkmouenus IIBJ] B 3Tux omelTax HEOOXOJMMO BBECTH IOINPAaBKM K MOIIHOCTH JIMIIb HA
BO3MOJKHBIE HEOONBIINE OTKIOHEHUS pacxoioB cBexkero mapa (AN, ) IO OTAENBHBIM PEXHMaM OT
0

cpenaero mo cepur (73) W mapaMeTpOB Mapa MW TEMIIEPaTyphl OOpATHOW CETEBOW BOIBI OT
HOMUHANIBHBIX 3HaUeHUH AN,,,, AN, (IpuHUMaeTcs, 4TO OTKIOHEHUs faBieHus B PTO MuHUManbHeI).
Torpaa mo kakxaoMy OIBITY HOMHUHAJIBHBIC 3HAUCHUS IIICKTPHICCKON MOITHOCTH H TEIUIOQUKAIIOHHOMN
Harpy3KH oTIpenenseTcs mo GpopmyiamMm

N, = N2 +AN,; +AN, +AN,,; (77)
Q, =Q +AG,AI""K (78)

m pee !

rre K., - Koo puIrenT, yauThIBaBIINHI Pacxo/ sl Ha pereHepaTUBHbIE 00T PEBATENH.
Makc

[TpuHKMast 32 Ha4aJIBHYIO TOYKY OIBIT C MaKCUMaIbHON TerouKaunoHHoi Harpy3kon ( Q) wu

Mun
m

COOTBETCTBEHHO MHMHHMalbHOW MomIHOCTBIO ( N'™'), MOXXHO HaWTH MO ONBITAaM KaXXJOW Cepuu

OTKJIOHEeHHsI OT 3THX 3HaueHuit (AQ, u AN,), o kotopsim crpositcs 3aBucumocti AN, = f (AQ,,).
HakiioH mocienHux yCpemHsieTcs W ompenesieTcss cpefnuii yriooit koadounuent K, = AN/AQ,,
XapaKkTepU3yOHi H3MEHEHHUE MOIIIHOCTH OT TEIUIO(MUKAIIMOHHON HArpy3ku (puc. 13).

DTOT CpeAHuii yraoBoil ko3 UIMEeHT, MPUHIMAEMBIii 332 OCHOBY TPH TOCIIEIYIONIEM TOCTPOSHUU
HIDKHErO T0JISl TUarpaMMbl PEXHMMOB, [0 PE3yJibTaTaM HCIBITAHHA TypOMH 3TOro THma (XOpOIlo
COTJIACYIOIIIMMCSI C 3aBOACKHMH MaTepHaiaMiu) cocraBisieT mopsiaka 44-48 xBra/I'[Ix (185-200
kBT-u/T'kan).

M

4,

Puc. 13. 3aBHCHMOCTB 3JIEKTPUYECKON MOITHOCTH OT TEILIO(MHKAIMOHHOW Harpy3KH Mpu
HEM3MEHHOM PACXO/IE CBEKETO Mapa

E.7.3. lnarpamMmma pe:xuMoB
Kak ymomuHanoch BBIIIE, THarpaMMbl peKUMOB IS OJTHO-, IBYX- M TPEXCTYIEHYATOTO MO0TPEBa

CETEBOM BOABI UMEIOT OJUHAKOBYIO CTPYKTYpPY (pHuC. 14): B X BepXHEH W HIDKHEH YacTAX HAHOCITCS
JUHWAW, XapaKTepH3yIoIue pabdoTy TypOMHBI 1O TEIUIOBOMY TIpaduKky C MaKCHMAIbHOM



TEIUTOPHUKAIIMOHHON HArpy3Koi mpu MOCTOSHHOM naBieHuu B PTO (juuum 1-1, 2-2, 3-3 ...) (cM. puc.
10 u 12).

g,

Puc. 14. OOwmwmii B AnarpaMmbl peKHUMOB:
1, 2, 3 - peskuMBI pabOTHI IO TEIUIOBOMY I'paduKy

Jluany npu mpoMexyTOUYHBIX AaBieHusx napa B PTO paccuuThiBaroTcst MO0 € MOMOIIBIO CETKH
nonpasok (cM. puc. 11), 1ubo uHTEpHONALUCH.

JUIs pexMOB C OHO- U ABYXCTYIIEHYATHIM IOJOIPEBOM CETEBOI BOABI HAa HIDKHEE II0JIE AHArpaMM
HAHOCHUTCS JIOTIOJIHUTENIFHO CETKa MapaJIeTbHBIX JHHUHM (IIYHKTHD), XapaKTEepU3YIOUIUX H3MCHEHHE
3NEKTPUYECKOI MOITHOCTH TypOUHBI OT TEIUTO(PHUKAIIMOHHON HAarpy3KH (cM. puc. 13).

Pe3ynbraTel ONBITOB IPH KOHAECHCALIMOHHOM PEKUME C OTKIIIOYEHHBIM PETYIATOPOM JaBlIeHUs B T-
0TOOpE pPACCUUTBHIBAIOTCA M TPHUBOIATCA K HOMUHAIBHBIM YCIOBHSM METOAOM, aHAJOTMYHBIM
OTMCaHHOMY JUTA KOHACHCAIIMOHHBIX TypOuH (cM. pasn. E.6.2.1-E.6.2.5). [lomydeHHBIC 3aBHCHMOCTH
pacxoJ0B CBEXKEro Mapa, MOJHOIO M YAEIBHOIO PacXoJOB TEIUIOTHI OT 3JIEKTPUYECKOH Harpy3ku
HaHOCATCS JIMOO0 Ha TMarpaMMy PEeXHMOB, OO Ha OTAENbHBIN rpaduK.

Crenyer 3aMeTUTh, YTO OIMCAHHBIE CTPYKTypa W (opMma IuarpaMMbl PeXHMOB COBPEMEHHBIX
TypOun ¢ T-orOopoM (B YacTHOCTH, C OJHOCTYNECHYATHIM IIOJOTPEBOM CETEBOIl BOJBI) BIIOJIHE
NPUTrOJHBI M JJIsi TypOuWH npexHux BbiyckoB (T-12-90, T-25-90 u nap.), auarpammbl pexHMOB
KOTOPBIX TPAJAHUIMOHHO PACCUYMUTHIBAIMCH JJIS IOCTOSHHOTO JaBleHHUS B kKamepe T-orbopa, 4To mpu
HEOOXOIMMOCTH W3MEHEHHUS JaBJICHHS 3acTaBiUIO MOJB30BATHCS IONPABOYHBIMU KPUBBIMH C
COOTBETCTBYIOIIUM YBEIMUEHUEM MOTPEUIHOCTH PE3yJIbTaTa.

E.7.4. IToka3aTen 3KOHOMHUYHOCTH

OCHOBHBIMH MokKasarejisiM1, XapaKTECPpU3YHOIMUMHU 3KOHOMHUYHOCTH Typ60yCTaHOBKI/I, SABJIAOTCA
YIENBHBIA PacXo/l TEIUIOThl Ha BBIPAOOTKY AJIEKTPOIHEPTUH U YyJIENbHAsI BHIPAOOTKA AIIEKTPOIHEPTHU
Ha TEIUIOBOM HOTPEOJICHHH.

VienbHBIA PACXOd TEIUIOTHI MPHU OMHO- M JBYXCTYIIEHYATOM IIOJOTPEBE CETeBOH BOABI ((,,)
paccUUTHIBAETCS C UCIIOJIb30BAHMEM ITOCTPOCHHOM JarpaMMbl PEXHMOB TI0 GopMmyiie

— Q,-Q, 3
a, N, 7N 10°, (79)
rae N,,,, - BHYTPEHHSSI MOIITHOCTh TYpOOTMTATEIHHOTO HACOCA.
Io pesynpraram pacueToB cTpostcs rpaduueckue 3aBUCUMOCTH (,, = T (N, Q,) npu mocTosHHBIX
nasneHusix B kamepe PTO (puc. 15).
Jns pexuMa ¢ TpexcTyNeH4YaTbiM II0JJOTPEBOM CETEBOH BOJBI YAEIBHBIH pacXoj] TEIUIOTHI
paccunTbiBaeTcs 1o Gopmyiie

mnu

AN A
q, =860 1+¥ +%1O3 (80)

m m

rre AN, - cymMMapHble otepu TypOoarperara (puc. 16);

Q,» - IPOYHE TEIJIOBbIe IOTEPHU, NIPHHUMAaEMble PaBHBIMU Ul TypOuH MomHocThI0 100; 50 u 25
MBT cootBercTBeHHO 4,94; 2,56 m 2,05 I'Ix/4 (1,18; 0,61 u 0,49 I'kan/4). [23]:

o pesynbraTam pacuera CTPOHTCS Tpadudeckas 3aBucumMocts g, = f (N,,) (puc. 17).



¥

Puc. 15. 3aBUCHMOCTD yIEIBFHOTO PacXoa TEIUIOTHI OT IEKTPUIECKO MOITHOCTH MIPH
MOCTOSHHBIX Q,, (uaMM 1, 2, 3 ...)

ZANry

Ny
Puc. 16. 3aBUCUMOCTD CyMMapHEIX IOTEPh TypOoarperaTa OT ANEKTPHICCKON MOIITHOCTH

%

:

Puc. 17. 3aBUCHMOCTD yIeNBHOTO pacxoja TEIUIOTHI OT AIIEKTPHUECKON MOIITHOCTH IPU PEXHUME C
TPEXCTYNEHYAaThIM MTOJJOTPEBOM CETEBOIT BOABI

YnenbHast BBIpabOTKa 3IEKTPOIHEPIUH Ha TemioBoM notpebnennn W, onpezaensercst mo o0wei
thopmye
an
o =—"110%, (81)
Q.

rae N” » - TOJIHasl MOLIHOCT, IPOM3BOJNMAs HA TCIIOBOM MOTPEOJICHUN.

Jns HaxoXAeHusT MOIIHOCTH NZZd)’ WCXOAS W3 TOTO, YTO 3HAYECHHE BBIPAOOTKH Wn:'[’ﬁ

MOCTOAHHOM PACXOJ€ CBEKCTO Ilapa HE 3aBUCUT OT TEIIOBOM Harpysku, NpUMCEHACTCA CJ'[CI[yIOIIII/Iﬁ
I/ICKYCCTBGHHLIﬁ IpueMm:

pu

Mmakc

- Tekywas TeroQuKaloHHas Harpy3ka Q, 3ameHseTcs MakcUManbHOH Q IIpY  3TOM

m >

COOTBETCTBYIOLICEC U3BMCHCHNE MOIIIHOCTHU ANm HaxoJuTcCs 110 (bOpMyJ'Ie
_ Makc
ANm - Qm _Qm ch ) (82)

rae Kep - cpenauii K03 GUIMEeHT H3MEHEHHS 2IEKTPUYECKOI MOIIHOCTH [IPH N3MEHEHUH TEIJIOBOH
Harpy3ku, KBt-a/T' [k (kBt-u/I'kan);

- C y4eTOM TOTro, 4TO U3 BCEro MoToKa mapa, Beixozsuiero u3 UCJ/] u nmpoMexyTOuHOro oTceka u
pasnoro (G,™ +Gjy, +G,,), KOHAeHCAIMOHHBIH NOTOK cocTaBiseT Ggyy (MHHMMAIBHBIA pacxon
napa Ha Bxoje B YHJI), MOIIHOCTh, MPOM3BOAMMAS HA TEIUIOBOM MOTPEOICHUH, OMpEaesieTCs Mo
(hopmyne

(83)

G,ww«t
mo _ — m
Nm(p - N"’ ANm G,lec G,mm G
m + YHT + nl

(l'[pI/I 9TOM, Ha OCHOBAaHHMH JaHHBIX HCHOBITAaHUH M 3aBOJACKHUX pacucTOB, MOLIHOCTH LIHI[ napu



MUHUMAaJIBHOM IIPOIyCKe Iapa MPHHATA paBHOU HYIIO);
- yIelbHas BEIpaboTKa HaXOIUTCS IO (hopMyIie
Makc
"’:’l/l = Nm _ANm makc Gm MUH }RKC = IICB Nm _AN’” (84)
M J M H Makc MUH
Gm + GLIHE + Gnl Qm Aln Gm + G‘]H,ZZ + Gnl

m
Ipu mocrpoenun rpaduka sasucumoctd W

BBIPAOOTOK  CIEAyeT  MNPUBECTH K  OJHOMY  MPOU3BOJBHO  BBHIODAHHOMY  3HAYCHUIO
anekrpomexanmdeckoro KIIJ n,, (manpumep, 0,975) ¢ TeM, 9TOOB IMETh BO3MOXHOCTh IIEPECUUTATH

0T pacxofa cBexero mapa (puc. 18) Bce 3HaUCHHUS

W, Ha 100yt TpeOyeMyro dIeKTPHICCKYI0 HarpysKy 1o dpopmyre
W m
Wm _ mg 0,975 N 85
"= 0,975 (85)

rae 0,975 - mnocrosHHBI 3nekTpomexanudeckuil KIIJ[, x KoTOpoMy IpUBEAEHBI YIENbHBIC
BBIPA0OTKH BO BCEM JMAIa30HE AUArpaMMbl PEIKHMOB.

T
Wrp

G,

Puc. 18. 3aBUCHUMOCTD yICbHOW BBIPAOOTKH DJICKTPOIHEPTHUH HA TCIUIOBOM MOTPEOICHHH OT
pacxojia CBeXero napa npH MOCTOSIHHBIX pprp (MuHUA 1, 2, 3)

E.8. PacueT U nocrpoenye 0CHOBHBIX 3aBHCHMOCTEH VIS TYPOMH C peryJimpyeMbIMH
0TOGOpaMH Napa Ha NPOU3BOACTBO M Temnodukanuio (Tuna I'T) npu HOMHUHAJIBLHBIX YCJIOBHAX

E.8.1. BcnoMorare/ibHble XapaKTepPUCTUKH
Pacuer xapakTepHCTHK JUIs TYPOHH 3TOTO THIIa COCTOHUT M3 CJICIYIOLIUX JTAIIOB.

E.8.1.1. Pa3banancupoBKka BHyTPCHHEH MOITHOCTH TYPOMHEI IO HIIMHAPAM (OTCEKaM) B YCIOBHIX
OIIBITOB
B pesynbraTe 3aBeplleHHs JTOTO OJTala ONPENENSIOTCS 3HAYSHUS] BHYTPEHHHX MOIIHOCTEH

B[ on , LH]T on
N, P

UIHHAPOB (OTCEKOB) TYpOUHBI ( ), KOTOpBIE OYyT MOJIOKEHBI B OCHOBY JTATbHEUIITUX

pacueToB (cM. pasn. E.5).

E.8.1.2. IlpuBenenmne xapakrepuctuku LB/l k TpOEKTHOW TEIUIOBOW cXeMe W HOMHHAIBHBIM
napameTpam

BBenenne monpaBok K MOIIHOCTH HPU HEU3MEHHOM pacXoJe CBEXKEro IMapa Ha OTKIOHEHUE
TEIUIOBOM CXEMBI OT PAacYeTHOW MPOM3BOIHUTCS B COOTBETCTBHU C yKa3aHMAMH pa3n. E.6 mo oOmeit

dhopmyie
10° L
AN, :%ZAGW i, =i, (86)
rne AG,j - pa3HOCTh pacxomoB mapa B otOop u3 L[BJ/l B ycrnoBusX ONBITOB M NPH NPOEKTHOH
TEIJIOBOW CXeMe;
i,j - 1, - TeTONIEpema OT Kamepsl j-ro ot6opa 10 kameps I1-orbopa.
IMpusenenne mommuoctH 1B/l Kk HOMHHANBHBIM HauyalbHBIM IapaMeTrpam mapa (p), t') u

JAAaBJICHUIO B KaMepe H-0T60pa (p:) MMPpOU3BOAUTCA C MOMOIIBIKO BCHIOMOT'ATCJIbHBIX MOMNPAaBOYHBIX

KPUBBIX, ITOCTPOCHHBIX 11O i-S-l]I/IanaMMC. PacueT Taknx BcroMoratejabHBIX KPUBBIX JJIA IMPOIECCOB,
MPOTEKAMNIUX [ETMKOM B 00JaCTH MEPErpeToro mapa, JOCTaTOYHO MPOCT M BBHINJISAWUT (Ha MpUMepe
pacdera TOMPaBOYHOTO KOIPPHUIMEHTa K MOIIHOCTH OT M3MEHEHHUsS TEeMIIEpaTyphl CBEXKEro Iapa)
cienyromumM oopaszom (puc. 19).
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Puc. 19. K pacuety nompaBku K MOIIIHOCTH Ha U3MEHEHHE HaYaIbHON TeMIIepaTyphl mapa

3ajaBasch OTKIOHCHHSIMH HAdallbHOW Temmeparypbl Ha 15, £10 ... °C (mpu p), p) = const),
MOXHO OIPEICIUTh COOTBETCTBYIOIUE Teronepenanbl Hy, Hos
ko3 dunmenT k MomHocTH o, = H / H, HaHocuTcs Ha rpaduk (puc. 20).

.., 3areM HOHpaBO‘IHHﬁ

AHaNorn4HeIM 00pa30M pacCUMTHIBAIOTCS W TNPECTABISIIOTCS B BHIE I'paUKOB IMONPABOYHBIC
K03((ULNEHTH! Ha OTKIOHEHHE P, OT HOMHUHAIBHBIX 3HaYeHuil (puc. 21).

dy,

o~

+ —— —— + t,
0% -5 AT R

Puc. 20. ITompaBouyHas KpuBasi K MOITHOCTH Ha M3MEHEHHE HAYaJIbHOW TeMIIEpaTyphl mapa

e
I o~ "

Puc. 21. ITonmpaBouHas KpuBas K MOIITHOCTH Ha N3MEHEHHE HAYaJILHOTO JaBICHUS Iapa

YaensHas nmomnpaska k momHocty [IB/l Ha m3MeHeHune naBieHus B kamepe [1-ot6opa (An kBT-u/T),
PACCUMTHIBACTCS C MOMOIIBIO I-S-IHArPaMMBbl TIyTEM OIPEIeTIeHHsS M3MEHEHHUS TEIUIONepenaaoB mpH
3aJaBaéMOM OTKJIOHEHWH JABJIECHUS OT NPUHATOTO 32 HOMHUHAIbHOE U HEU3MEHHOM BHyTpeHHeM KII[]
nocnequux crynened [IBJ (puc. 22). Jlns KaXIoro OTKIOHSIONIETOCS NaBIeHHS BeIWIMHa AN
ornpezensercs 1o Gpopmyie

860 860
An = ARPE——prm = —— AR (87)
10 10
e AhT AR®T - cooTBeTCTBEHHO W3MEHEHMs pPAcMoJaraeMoro M  HCHOJIb30BAHHOTO

teruonepenaaos [IBI;

n.cm

1" - Bayrpennuit KI1/] mocnexnnx cryneneii LIBJ (1o pacdery 3aBona).



Ahy,

Puc. 22. K pacuety ynenbHON NONpaBKU K MOIIHOCTH Ha OTKJIIOHEHHUE JaBieHus B kamepe I1-
otbopa:

Ahi = Aho Noiy An = L
0,86

Y aenbHylo monpaBKy K MOIIHOCTH Ha M3MEHeHUe AaBieHus B [1-0TOope MOKHO TakkKe MOTYIHUTh
SKCIEPUMEHTAIIBHO.

I'paduk m3mMeHeHHsT AN B 3aBUCHMOCTH OT JaBJICHUs ITapa B kamepe [1-otOopa npeacrasieH Ha puc.
23.

ah
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Puc.23. YaenpHas monpaBka K MOITHOCTH Ha H3MEHEHHE JaBIICHU rmapa B kamepe [1-orbopa

IMonuas monpaska k mormHocTH LIB/] onpenensiercs o dhopmysie
AN/" = AnG1, (88)

ipn
1B, o
rae G - ckBo3Hoil motok mapa uepes LIBJI.
Takum oOpa3zom, BHyTpeHHssT MomHOCTh LB/l mpy mpoekTHOH TeIuioBOW cXeMe M HOMHHAJIBHBIX
napaMeTpax COCTaBHUT

N/ <[ NS 4 AN, g, +ANI2Y (89)

I pn

[IpuBeneHHass K HOMHHAIBHBIM YCIIOBHSIM XapakTepuctuka [IB/l moxasana Ha puc. 24.

ung
i
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Puc. 24. Xapaxrepucruka L[B/]
E.8.1.3. Pacuer xapakrepuctuku [{B/l u ee mpuBencHre K HOMUHATIBHBIM MapaMeTpam

Iocne pazbanaHcHPOBKH MOLIHOCTH TypOoarperara B YCIOBHSAX OIBITOB M BBIJICIICHUS BHYTPECHHEH
moiuHoctu LIBJ] ocraBmasicss momHocts [IBJ] cOOTBETCTBYET B YacTH OIBITOB KOHJEHCAIIMOHHOMY



pexuMy ¢ HeperyaupyemblM pgaBieHneM B PTO, a B OCTaNBHBIX OIBITaX - PEKAMaM C
TeII0(UKAITMOHHOW Harpy3kod W peryaupyemMbiM AaBienneM B PTO. Beumy Toro, 4to mpuHsTas
(hopMa BepXHEro Mo JUarpaMMBbl PEKUMOB IPEATIONaraeT OTCYTCTBHIE TEIUTO(PUKAITMOHHON HAarpy3KU
IPHU YCIOBHO IIOCTOSHHOM naBieHuMu mapa B PTO, mins ero mocTtpoeHWss HEOOXOTUMO HMETh
cooTBeTCTBYIONyI0 Xapaktepuctuky [IBJI (pu Q,, = 0 u ppro = CONSt).

Xox pacueTa W TIOCIIEAYIOMIETO ITOCTPOSHHS TaKOH XapaKTePHCTUKH COCTOWT W3 CICAYIOIINX
3TAaroB.

PacueT 1 mocTpoeHue 3aBUCMMOCTU U3MEHECHHUSI MOIITHOCTH TVDGI/IHI)I oT TeHHO(bHKaIII/IOHHOﬁ
Harpysku 1npu pa60Te 10 SJICKTPUYCCKOMY FDad)I/IKV

XoJ pacdeTa M IOCTPOCHUS AaHHOM 3aBHCUMOCTH IO pe3yjibTaTaM CIELUUaIbHOW CEpUHU OIBITOB
a0COIIFOTHO MACHTHYEH paccMOTpeHHOMY Aiis TypOuH 6e3 I1-otOopa 1 0coObIX mosicHEH He TpedyeT
(cwm. pasn. E.7.2).

IIpuBeneHne OOBITOB ¢ TEIIO(GUKAIMOHHON HAarpy3KOW K KOHACHCAIIMOHHOM CXKHUM

IonpaBka K MOINMHOCTH B YCIOBHSX OIBITA JUIS TPUBEIACHHSA PEKAMa K KOHICHCAIIMOHHOMY
MOJICUUTHIBACTCS 10 (hopMyJIie

AN, = Q,, K¢p, (90)
rze Q,, - TerIoUKaoOHHAs Harpy3Ka B YCJIOBUSX OIIBITOB;
Kep - cpennuii kod(h(GUUMEHT W3MEHEHHS MOIIHOCTH IPH H3MEHEHHH TemIo(pHKalMOHHOM

Harpy3ku, MBt-u/I"J[ox (MBt1-u/I'kan) (cm. pasa. E.7.2).

Pacuet nmonpasok k remionepenany 1B/l Ha OTKJIOHEHME HaYaJbHbBIX JABJICHUS M DHTAJBIIMU Iapa
OT HOMHHAJbHBIX 3HAUCHUN

IonpaBka x Ttemonepenanxy LIH/[ Ha OTKIOHEHHE HAYalbHOTO AABJICHUS C YYCTOM BIIUSHUS
KOHEYHOW BIIAXKHOCTH IPOLiEcCa PACCYUTHIBACTCS IO CIOco0y, omucaHHOMY B [1], ¢ McHoyib30BaHUEM
i-S-MarpamMMBbl BOJISTHOTO mapa (puc. 25).

A
-
Sox
2 e

Puc. 25. K pacuety nomnpasku k teruionepenany [{H]I va otknonenue naBnenus B kamepe I1-
otbopa

H

Jnst HadyalpHBIX TOYEK HPOLIECCOB mpu i = const u p, = p.; pr =l Kkre/em?, prx2 Kkre/em?,

sajasiuch BHyTpeHuM KIT IIHJL 7™, MOXHO oNlpesenuTh TOYKM TepecedeHHs TOIUTPOIIbI
pacumpeHust ¢ KpuBOM HacwiieHus (x = 1) u ¢ u300apoit p, (xp) W 3HAYEHHS HMCIIOJIB30BAHHBIX
TEIIONepenaaoB B 30HAX meperperoro u BiaxHoro mapa (h'?, h™). 3arem momcuuThIBAacTCS IS
KaX0# 13 Touyek 3HayeHus "npusenenHoro” remwronepenazaa (h” ) no dopmyne
1+x
np __ |nep 2 |61
h” =h +Thi . (91)
INonpagka K Temonepenany Al KaI0ro 3Ha4eHus HadyanpHOro aasnenus K" ompepensiercs kak

OTHOLIEHHE "MPUBEAECHHBIX" TEIUIONEPENai0B MPH HOMHMHAJIBHOM M OTKJIOHEHHOM HadalbHBIX
JaBieHusx (puc. 26).
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Puc. 26. IlonpaBouHas kpuBas K Temionepenany LIB/l Ha oTknoHeHne naBieHus B kamepe [1-
otbopa:

" mpu p;

pno_ !
K” - hnp omkn

i npu p,

IlonpaBka k Temonepenany LIHJ[ Ha OTKIOHEHME HAYaIbHOW SHTANBIMM OT HOMMHAJIBHOM
paccunThIBaeTCS aHAJOTWYHBIM 00pa30M NPH HEM3MEHHBIX HA4aJbHOM M KOHEYHOM JIaBIICHUSX (pHC.
27).

IIpuBenenue momtHocty 11H/I kK HOMMHAJILHBIM ITapaMeTpaM I1apa B HayaJie ¥ KOHIIE Mpollecca

\ [
‘ i \

Puc. 27. IlonpaBouHas kpusas k Temnonepenany [IB]l Ha oTkiioHeHHe SHTanbmuu B kKamepe 11-
otbopa:

ig
Ky

IIpuBenennast BHyTpenHsisi mowmHocth LIH/] npu HeusmeHHOM pacxozae mapa Ha Bxone B LIH/I,
PaBHOM OIIBITHOMY, TIOACUYHUTHIBACTCS 110 (hOpMyJIe

N/ =0,6 N/ +AN, K"K +0,4 N +AN_ +AN , +AN_, +AN_, (92)

rne AN,, - mompaBka k mommHoctu L[H/] Ha oTkiIOHEeHHE HaBieHHS OTPabOTaBIIETO IMapa OT
HOMHHANBHOTO. OmpenenseTcs MO SKCIEpUMEHTAIBHON ceTke TmompaBok [l], mo pesynbraTtam
WCIIBITAHWH OJTHOTUITHBIX TYPOHMH WJIH 1O 3aBOJICKUM JTAHHBIM;

AN, - TompaBka K MOIIHOCTH Ha OTKJIOHEHHE TeMIepaTypbl OOpaTHOW ceTeBOH BOJIBI OT
HOMHWHAJBHOM;

ANg - TompaBKa K MOIIHOCTH, YYWTHIBAIOIIAs OTIUYME B OTAEIBHBIX OIBITaX TEMIEPATyphl
OCHOBHOTO KOHJIeHcaTa 3a nocienuum [TH/[ oT npuHsTON 3a pacueTHylo.

Koapdpuumenter 0,6 u 0,4 B dopmyine (92) YyUIHTHIBAIOT OPHEHTHPOBOYHO IIPU OTCYTCTBHH
TEIUTO(UKAIIMOHHON Harpy3ku cooTBeTcTBeHHO gonu MmomHocteit UYC/ u UH/I. cnonp3oBaHue 3THX
KO3 (PHUIUEHTOB NMPOJUKTOBAHO HEOOXOIUMOCTHIO BBEICHUS IMONPABOK HA OTKIOHCHHE JABICHUS U
sHTanbnuu napa nepea L{H/ mume k Mmomuoctn YC]l BBULY HEONPEIEIEHHOCTH MapaMeTpOB Nepen
YH/ u ee MOIIHOCTH NP M3MECHEHHUH TEILUTO(PHUKAIIMOHHON HArpy3Kd M pacxonoB mapa B [1-otOop B
YCIIOBUSAX BEPXHETO MOJIsI TUarpaMMbl pexuMoB. [lociie BBeACHHS BCeX YIMOMSHYTHIX IOIMPaBOK
motmHocTH [I[BJl Mo ombiTam OyayT paznudaTbes MEXKIY COOOH JIMIND 32 CUET pa3indus JaBJICHHUHA B
PTO. CoorsercrBytomas nompaska AN oo » KOTOPas MO3BONAT npuBecTH MomHocTh [IH/T Bo Beex

OMbITaX K TOCTOSHHOMY jaBieHuio B PTO, momkHa omnpenensiThesi Mo 3aBOJCKUM IOMPAaBOYHBIM
KpPHUBBIM. B HEKOTOpBIX Ciydasx, HampuMep, KOTJa 3TH KPHUBbIE OTCYTCTBYIOT, COOTBETCTBYIOIIAs
MOTPaBKa MOXET OBITh ONpe/ieNieHa SKCIIEPUMEHTAIBHBIM ITyTeM ABYMsI CIIOCOOaMHU:

- NEepBBIH - C TOMOIIBIO OOpPAaOOTKM pPE3yJbTaTOB CIIEHHANBHBIX OIBITOB IPH HCKYCCTBEHHO
nu3MeHsieMoM JAasieHun napa B PTO ananorndyno typounam 6e3 [1-otdopa;

- BTOPO# - MyTeM CpaBHEHHS MEXay co00# ombiToB ¢ Q,, = 0, Q,, # 0 pu pa3aIHYHBIX TaBJICHUAX B
PTO. Cytb 31Ooro cnocoba cocrout B cieayronieM. Ha rpaduk HaHOCSTCS TOYKH IO BCEM OIBITaM,

COOTBETCTBYIOLIME ONBITHOMY pacxofy napa na sxone B LIHJI (G, ) u npusenenHodl MounocTu

’
IHJT (N, a muausa (1-1) NpoBOAMTCS JNMIIB TIO TOYKAM, COOTBETCTBYIOIIMM KOHIEHCAIIMOHHBIM
OMBITaM, B KOTOPBIX TEIUIO(QHUKAMOHHAS HAarpy3Ka OTCYTCTBOBaIA (puc. 28).
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Puc. 28. 3aBucumocts BHyTpeHHe# MomHocTH [{H/] 1 naBnenus 8 PTO ot pacxona mapa Ha BXoze
B UC/]

Ha stom ke rpaduke npoBoautcs tuHuUs (2-2) 3aBucumocty nasienus B PTO ot G

'y 10 TEM XK€

omnbitaM (0603HaueHs O) ¢ Q,, = 0 ¥ OTKIIOYEHHBIM PETYIIATOPOM TaBICHUSL.

3atem npu Gjy, B KakKIOM M3 ONBITOB € TerOpUKAIMOHHOH Harpyskoi (oGosmauensr [)
HaxXoAsTCsl pa3HOCTH MolqHocTed M aAaBieHud B PTO B 3TOM ombITE U B COOTBETCTBYIOLLEM
koHneHcannonHoM pexxume AN =N —N/; Appro = p° - p". Tlo Haiinennsm 3HaueHmsiM AN, Appro

oTpeneNseTcs 3HaueHHe YAEIbHOH MOompaBKH K MOIIHOCTH N, MB1/MIla (MBT1-cM%/kr) Ha CAVHUILY
otkionenus nasnenust B PTO no gopmyne (93), a 3arem ctpoutcs rpaduueckas 3aBUCUMOCTD (pHC.
29).

AN

Appro

(93)

N,

L]

8x
Evc,a
Puc. 29. 3aBucuMOCTb yAETBHOM MOMPaBKH K MOIITHOCTH OT pacxoja napa Ha Bxoze B UC]]

Ipy HamuM4YMU MOCTPOCHHOW 3aBUcuMocTH N, = f Gy AN KaXJIOTo OIBITA ONpeensercs

3HA4YCHUC nyd, a 3aTEM IIOoIIpaBKa K MOIIHOCTH I10 (bopMyHe
AN[)PW = A}?PTOny() ' (94)

rae Appro - pa3HOCTb ONBITHOTO U HOMUHANIBHOTO AaBieHuit B PTO.

HeobxonuMo ykasath, 4TO, Kak yIMOMUHAIOCH BbIme (cM. pasa. E.7.1), Hu oawmH U3 CriocoOoB
IKCIIEPUMEHTAJIFHOTO OMpPEETICHHUs TOMPAaBKH K MOIIHOCTH Ha OTKIOHeHHWe naBieHus B PTO He
MOXXET OBITh PEKOMEHIOBAaH B KAUECTBE YHUBEPCATHHOTO B OCHOBHOM H3-32 HEOOXOAMMOCTH BBEIICHUS
psAoa MOMOJHHUTENBHBIX TONMPABOK W JOMYIIEHWH (B YaCTHOCTH, O MPSMO TMPOTOPIMOHATHHOM
W3MEHEHUH MOIIHOCTH OT JamBieHus B PTO mpu mpuMEeHEHHH BTOPOTO CIIOCO0a), CHUKAMONIUX UX
TOYHOCTH. [103TOMY BOTIIPOC O IeIecO00Pa3HOCTH HCIIOIB30BAHUS STHX CHOCOOOB JIOJKCH PEIIATHCS B
KaXXJOM Cllyyae KOHKPETHO B 3aBUCHUMOCTH OT YCJIOBUN MPOBEJEHUS OIBITOB, [UaNazoHa U3MEHEHHUs
nmasienus B PTO, cxeMsl 1 T.10.

OxonuarenbHOe 3HadeHue wmomHocTH I[HJI, mpuBeneHHOE K HOMHHAIBHBIM MapamMeTpam,
onpezensercs o Gopmyse

N = N 1 AN (95)

[To moyryyeHHBIM 3HAYCHHUAM CTPOUTCs Xapakrepuctuka [[H/I mpu HOMHHANBHBIX TapaMeTpax mapa
B HayaJie ¥ KOHIIE mpoliecca u nmocrossuaoM AapneHnu B PTO (puc. 30).

Cnemyer OTMETHTh, 4YTO IIONpaBKa Ha OTKIOHeHHWe JnaBieHus B PTO s pexumMoB ¢
OJTHOCTYIICHYATHIM IOJOTPEBOM CETCBOW BOJBI MOXKET OBITh IOJNy4€HA JOCTATOYHO HAJICKHO
JKCICPUMCHTAIBHBIM MYTEM JIHOO pacyeToM aHaJOTMYHO mompaBke K MomrHocTu 1IB/] Ha u3meHeHue
nasienus B [T-otbope (cm. puc. 22 u 23).

Prro
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Puc. 30. Xapaxrepucruka LIH/] npu mocrossaEOM naBinenuu B PTO

E.8.1.4. [Ipoune BcoMoraTeIbHBIE 3aBUCUMOCTH

Kpome xapakrepuctuxk UBJI n [IHJ nns mocienyromiero pacdera M HOCTPOEHUS AUarpammbl
PEXUMOB HEOOXOIUMBI CIIEAYIOIINE BCIIOMOTaTelNbHbIe 3aBUCUMOCTH:

- pacxozasl mapa: ckBo3Horo uepe3 L[BJI, na Bxoae B UC]/] u Ha neaspaTop, a Takke KOHEUHas
SHTANBNNSA NHUTATEIBHONH BOABI OT PACXOfa CBEXKEro Mmapa. OTH 3aBUCHMOCTH, IOCTPOEHHBIE IO
JIaHHBIM pacueTa xapaktepuctuku [[BJIl, ypaBHeHus TermoBoro OanaHca jea’spaTopa H IO Mepecuery
JaByicHUs B 0TOope Ha mocieanuii [1B/], mokasaus! Ha puc. 31;

e &
=\
6, [
62 ~ bt /
~ thur /-_
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Puc. 31. 3aBucumoctu pacxomoB mapa yepes LIBJI (pu p, = const), Ha Bxoxe B UC/]
(mpu Q,, = const) u B geaspatop (pu Q,, = const), a Takke KOHEYHON TEMIIEPaTyPHI H YHTAJIBITHA
IIUTATEIIHLHON BOZBI OT PAacXo/ia CBEKETo Hapa:

- - - - - TeMIeparypa; -sHTanbnust; 1 u3 -npup, =16 kre/em?; 2 w4 - npu p, = p,

- JIaBJICHUE Mapa B KaMepe MPOU3BOJCTBEHHOT0 0TOOpa oT pacxoaa Ha Bxojae B UC/I. 3aBucumoctsb
CTPOWTCS IO OIBITAM C TIOJTHBIM OTKPBITHEM MapoBIycKHBIX opraHoB YC/I (puc. 32);

- SHTaJBIUS Tapa B KamMepe IPOM3BOICTBEHHOIO OTOOpa OT pacxona cBexero mapa. Kpusas
paccumThIBaeTcs ¢ moMoIbo 3aBucumocTr BHyTpeHHero KITJ[ LIBJI (cM. puc. 5) npu HOMHHAIIBHBIX
HAYaIbHBIX YCIOBUSAX U JIABJICHUH T1apa B KaMepe MPOU3BOJICTBEHHOTO 0TOOPA M MPOSKTHOU TETLIOBOM
cxeme (puc. 33);

- CyMMapHbIE IOTEpU TypOoarperata OT 3JICKTPUUSCKOW MomHOCTH. KpuBasi moTeph CTPOUTCS MO
JTAaHHBIM 3aBOJIa-U3rOTOBUTEIS (CM. puc. 16).

h

Gle

Puc. 32. 3aBucuMocThb naBieHus mnapa B kamepe [1-orbopa ot pacxona napa Ha Bxoze B UC/I nmpu
OTKPBITBHIX MAPOBITYCKHBIX OpraHax



&,
Puc. 33. 3aBucuMocTs »HTANBNNH Mapa B kamepe I1-otOopa oT pacxoma cBexero mapa

E.8.2. Inarpamma pe:xumoB

OCHOBHOM 3aBHCHMOCTBIO, XapaKTEPU3YIOIIEH Uana30H BO3MOXKHBIX PEXUMOB PabOTHI TypOUHBI 1
B3aHMOCBSI3b PACXOJIOB CBEXKETO M OTOOPHOrO mapa C 3JIEKTPUIECKOM MOIIHOCTBIO, SIBISETCS
JuarpaMma pexuMoB.

BepxHsii uacTh JAuarpaMMbl OIMCBIBAET DPEXHUMBI 0€3 TEIUIOQHUKAIMOHHOW Harpy3Kd IpH
Pa3NUYHBIX PAcX0Aax Mapa (TEIUIOTh) B MPOM3BOJICTBEHHBIH OTOOP M YCIOBHO IPUHITOM HOCTOSHHBIM
nasieHun napa B PTO (mpumep pacueTra BepXHero Mo oKaszaH B npuiioxeHuu 10).

Ha HmxHee mone auarpaMMbl HAHOCHUTCS CeTKa NMapaJuICNbHBIX JIMHUHA 3aBUCUMOCTH HW3MEHEHUS
JJIEKTPUYECKON MOIIHOCTH TypOWHBI OT €€ TeIUIO()UKAIMOHHOH Harpy3ku (T.. MOIIHOCTH
nepexiogaeMoro orceka + ITHJI amst pexuMoB ¢ OBYXCTYHNEHYATHIM IMTOJOTPEBOM CETEBOH BOIBI H
momHOocTH LIH/I 115t pe’KMMOB ¢ OZJHOCTYIIEHYATHIM ITOJIOTPEBOM CETEBOM BOIBI).

[TocTpoeHHas muarpamMMa peXMMOB ITOKa3aHa Ha puc. 34.

by

o

Puc. 34. OOmwmii BUJ AMarpaMMbl peKUMOB:
| - 30Ha €CTECTBCHHOTO MOBBINICHUS MaBieHus B kamepe [1-ot6opa; 2 - murus Q, = const

Crnemyer 3aMeTHTh, YTO JHAarpaMMa PeXHMOB Uil TypOouH ¢ ogHuM [I-0TGOpOM paccumThIBaeTCS
Tak ke, KaKk ¥ BepxXHee Iojie TaHHOH auarpaMMel (amst TypOuH trmna I1T) ¢ Toil nmume pasHuLel, 9To
nmasiieHue mapa B PTO B aToM ciydae m3MeHseTcs MporopIoHansHo pacxony B IIH/I, Tak kak BBHIY
orcyrcTBUs T-0TOOpa mapoBmyckHble opraibl B YH/I OTKPBITHI TOJTHOCTHIO.

E.8.3. [Toka3zaTen 3KOHOMHUYHOCTH

OKOHOMHUYHOCTh Pa0OTHl TypOOYCTAaHOBKM XapaKTEpPH3YeTCsl TEMH K€ IOKa3aTelsMH, 4TO U Y
TypOuH ¢ T-0TOOpOM: yZAENBHBIM PAcXoJOM TEIUIOTHI Ha BBIPAOOTKY AJIEKTPOIHEPTHH M YIEJIBHOMN
BBIPAOOTKOH 3JIEKTPOIHEPTHH HA TEIUIOBOM HOTPEOICHHH.

Y aensHbIH pacxo/l TEIIIOTH pH paboTe TypOMHBI B 30HE BEPXHETO IOJIS AMAarpaMMBI PEXXIMOB 6e3

TeropUKannoHHOro otdopa (g, ) onpenesnsiercs o popmyie

=2 210 (%)

Ilo pesynpraram mnoacueroB mno ¢opmyine (96) (cm. npunoxenue 10) crpourcst rpaduk
q,=Ff N ,Q, , Ha KOTOpBIi HAHOCATCS TaKXkKe JMHHH IOCTOSHHBIX pacxogoB mapa B UC]]

acr = f N,.Q, (puc.35).
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Puc. 35. 3aBUcHMOCTD yIEIBHOTO pacxo/a TEIUIOTHI pU paboTe 6e3 TerIo(pUKAUOHHOH Harpy3KH
OT 3JIEKTPUYECKON MOLTHOCTH:
-_— . 6x -—
1-Q,=const; 2 - Gy, =const

OmpeneneHue  yAENBHOTO — pacxofa  TEIUIOTH NPH  HAIMYMH  IPOU3BOACTBEHHOH W
TETIO(UKAINOHHOM Harpy30K COCTOUT M3 CIEAYIOIIIX TaloB:

- TpHUBEICHHUE peXrMa K (UKTUBHOMY C OXHUM - [I-orOopoM ¢ momompio kodddummerta K,
XapaKTepU3YyIOUIETO HM3MEHEHHE JJICKTPHYECKOM MOIIHOCTH OT TEIUIO(PUKAIIMOHHONW HAarpy3KH
(TaHreHca yria HaKJIOHA JTMHUH HIDKHETO IOJIs JUarpaMMBbl PEXXUMOB), TIo (opmyrte

no__
Nm - Nm + KQm ’ (97)
n

rae N - GUKTHBHAS MOIIHOCTh TypOHHBI IPU pexume ¢ ogHuM I1-oT6Gopom;

N,, - ©cxomHAst MOITHOCTH TYpOHWHEI 1ipu padote ¢ [1- u T-orbopamu;

- HaxXOXKAeHHKe 10 rpaduky puc. 35 3Hauenus 0, i GUKTUBHOrO pexkuma B pyHkun N u Q,;

m
- Beruucnenue Q, —Q, =N’q”;
- OmpeieJICHUE HCKOMOTO 3HAYCHUSI (], 10 popmyIie
g, =" "yp (98)
m N

VYrnenbHas BBIpaOOTKA OJEKTPOIHEPTHUH I[apOM IMPOM3BOJCTBEHHOTO OTOOpa oOmpenessieTcs I1o
hopmye

m

N n
n:’([J = - 103 (99)
Q,

Cymmapuast  snextpuueckas MowmwHocTs N, TpOM3BOAMMAs OCHOBHBIM IOTOKOM  I1apa,

0T6I/IpaCMBIM Ha HOPOU3BOACTBO, U HNOIOJHUTCIBbHBIMHU NOTOKAMH 0T60pH0r0 napa Ha aeasparop u
HBI[, O6CCH€qHBaIOH.[I/IMI/I MOAO0IrpeB BO3BpAaTa KOHACHCATA 3TOr0 IIapa OT TEMIIEPATypbl BO3BpaTa 10
TEMIICPATYPhbI Ha BBIXO/IC MUTATEILHOMN BOAbBI U3 HBﬂ, OIIPCALCIIACTCA 110 (1)0pMyJ‘Ie
B, 0— 0—i
Niu ﬂﬂaw Gn +Gn ! _Gn )
n 3
N’"‘i’ = G G&r G()—n ! (100)
n + + n

ucn

rme N/

- BHyTpeHHsst MmomHocTh LIB/I;
MNox - PTeKTpoMexannueckuit KIT/1;

G’™", G - pacxoibl FPEIOIIEro Napa Ha J1ea’paTop COOTBETCTBEHHO Ha pexuMax ¢ [1-0T6opoM u

6x
uc

VYaenbHast BIpaOOTKa 3JIEKTPOIHEPTUH MApOM TEIUIOPHUKAMOHHOTO O0TOOpa PaCcCCYMTBHIBACTCS IO
dhopmyie

KoHIeHcannonHoM tipu G, = const .

Nn’:lq’) 3
W, = —410°, (101)

Jlnst onpesienieHys.  MOLIHOCTH, NPOM3BOAMMON mnapom Temtodukanuontoro orbéopa (N,),

MpUMEHSETCS IPHUEeM, aHAJIOTHYHBIN OMUCaHHOMY B pa3a. E.7.4:
- Ui peXWMa C HYJIEBBIM OTIYCKOM Tella B TeIIO(UKAIMOHHBIH OTOOp (BepxHee Ione
JarpaMMBbl PEKUMOB) HAXOIUTCS MAaKCUMATBHBIN 0TOOpP TMapa Ha Terio(GuKaIuio mo GopmMyie

G = 1K, Gif, ~Gi, (102)
e K, - koodduuuent perenepanuu, xapakrepusyrommii gomo ordopos Ha ITHI ot Gg, . Kak

TIOKa3aJIi PACY€EThl, OH Mano 3aBucHT oT Gji, W cocTapnset, Hanpumep 1ist Typounsr [1T-80 mopsinka
0,12;



MUH A2 v
Gy, - MuHMMabHbIA pacxon napa B UHJI (nmpunnmaercss mo pesyiabraTaM HMCIBITAHMA WM

pacueTy 3aBOAA-U3TOTOBUTEIIA,
- OIpEeaeAeTCd M3MEHEHHUE MOIITHOCTH Typ6I/IHI>I 3a CYCT B3ATHA MAKCHUMAJIBHOIO 0T60pa Ha

o opmyne (104):

m

me
MAKC
AN, =K, Q" (103)
Makc

G

m Makc MUH
G, +Gyyy
[lonmydeHHble yKa3aHHBIMH CIIOCOOAMH 3HAYEHHs YJCIbHOM BBIPAOOTKH TOKA3bIBAIOTCS Ha

rpadukax B pyHkmu G, u Q, (puc.36).

terutodukanuio 1o popmye (103) u 3nauenne N

N7, = N, =NZ, —AN (104)

K T
er h’w |

G, 6y

Puc. 36. 3aBucuMocTr yaenpHON BEIPAOOTKH 3IIEKTPOIHEPTHH Ha TEIUIOBOM HOTPEOICHUH OT
pacxopa CBeXero napa:
1-Q, =const

7K. AHAJIM3 PE3YJIbTATOB UCIIBITAHUI

AHanu3 pe3yibTaTOB HCIBITAHUN BBIMONHSACTCS TJaBHBIM 00pa3oM IMyTEM HX COIMOCTABJICHHUS C
TapaHTHHHBIMU 3HAYCHUSIMHU, TAHHBIMH HCIIBITAHUA OJHOTHITHBIX TYpPOWH, THITOBBIX SHEPTETHICCKUX
XapaKTepUCTHK, PACYCTOB  3aBOJOB-U3TOTOBHTENCH W  Mpovyeld  HOPMATHBHO-TEXHHYECKOM
JIOKYMCHTAITUH.

IMomoOHOE comocTaBieHHE MPOBOAMTCS KaK IO dJIEMEHTaM TYpOOYCTaHOBKH, TaK W IO OOIIMM
IOKa3aTeIsiM DKOHOMUYHOCTH.

7K.1. AHaIu3 pe3yJbTaTOB MCNIBLITAHMIA 110 3JIEMEHTAM TYPOOYCTAHOBKH
7K.1.1. Cucrema napoBnycka TypOMHBI

PaboTta cucreMbl MapoBIyCKa XapakTepusyercs rpaduKaMd 3aBHCUMOCTEH JaBieHHS 3a
PETyIUpPYIOIUME KJIallaHaMHu  (p,;), B Kamepe peryiaupymoneil cryneHu (p,) ¥ yria MOBOpOTa

KyJJa4KOBOr'0 BaJyia (() WIK noabeMa mopurHs cepsomotopa (Ne) ot pacxona ceexero napa (G ) (puc.
37).

Pie) Vo Lye

Y
6 7 ,5,'03/7

np o
Puc. 37. 3aBHCHMOCTb JaBICHMS 32 PETYJIUPYIOMINMH KiIanmaHamu ( p.¥ ) B KaMepe peryupyromnieit
cTynenH ( p,’ ) ¥ yriia IoBOpOTa KyJIauKOBOrO Baja () UM NO/IbEMa MOPLIHS CEPBOMOTOPA OT

pacxopa cexxero mapa ( G)” ) npu HOMHHAIBHBIX [TApaMeTpax

Pacxoj cCBexero mnapa, IPUBEIEHHBIH K HOMHHAJIBHBIM HadalbHbIM mapamerpam (G7),

o
BBIYUCIISCTCS MO CIEAYIOMHIM (hopMyIam:
- U KOHJICHCAIIMOHHBIX TYPOUH



Gr =g [P b . (105)

(106)

TZie P2, P, - COOTBETCTBEHHO JaBJICHHE B KaMepe PerylupyeMoro oroopa (IpoTHBOJABICHUE) ITPH

OIIBITHBIX 1 HOMUHAJIBHBIX YCIIOBHSIX.
JaBieHus napa 3a peryJupyroluMH KJIalaHaMH IepPeCUUTHIBAIOTCS Ha HOMUHAJIBHBIC ITapaMeTphl
0 CIEAYIOMHM (hopMyTIam:
- JUIs1 KOH/ICHCAIIMOHHBIX TYPOHH

P = poLe; (107)

(108)

JlaBnenus mapa B KaMepe peryIHpYIOIIEeH CTYIIEHH MPUBOIATCSA K HOMHUHAIBHBIM IapaMeTpaM Mo
CIIey oM popMyIIaM:
- U1l KOH/ICHCAIIMOHHBIX TYPOHH

n, pg .
Do =Py (109)
P,
- U1 TYpOWH ¢ peryIupyeMbIM 0TOOPOM (IIPOTHBOIABICHHIEM )
2
. A W,

IIpu amanmmse rpaduyeckux 3aBHCHMOCTEHl OCHOBHOE BHHUMaHHE OOpaIlaeTcss Ha COOTBETCTBHE
MEePeKPHITHH B OTKPBITHH KJIAIIaHOB, a TAK)Ke 3HAYCHWH IOTEpPh AABICHUS B IOJHOCTBIO OTKPBITBIX
PETYIMpPYIONINX W CTONOPHBIX KiamaHax TpeOoBaHusM HopM [ITD n 3aBOACKMM HHCTPYKIUSIM H
pacderam. OcoOblii MHTEpEC NPECTaBIISET ONpeJeieHHe MaKCHUMalIbHOM IMPOIyCKHOW CIIOCOOHOCTH
MapOBITyCKa 1 MPOTOYHON YaCTH MPH ITOJHOCTBIO OTKPBITHIX PETYINPYIONINX KilalaHax.

K.1.2. JlonaTo4Hblii annapar, yIVIOTHEHUs B IPOTOYHOM YacTH

CocrosiHME IPOTOYHON YacTH TYpOMHBI XapaKTepH3yeTCsl JaBIEHHEM Mapa I0 CTYNEHSIM H
3Ha4YeHHEM BHyTpeHHero oTHocuteapHoro KI1/I nMiInHApOB U OTCEKOB.

Jnisi BBISBJIGHHMS COOTBETCTBUSI HPOXOJHBIX CEUYEHHH COIUIOBOrO M JIONATOYHOIO armapara
pacyeTHbIM JaHHBIM 3aBOJA-MU3TOTOBHUTENS] W  TUIIOBBIM OJHEPreTUYECKHUM XapaKTepHCTHKAM
HCTONB3YIOTCS rpadudeckre 3aBUCUMOCTH (CM. puc. 4) NaBiCHUI mapa mepej CTymeHSMHU (p.,) OT
OIIBITHBIX PacXo/I0B Ha BXoJie B nocienytomue crynenu (G, ., - cM. puc. 4, a) u B Typouny (G, - cm.
puc. 4, 6). 3aBucuMOCTb puc. 4, a 1151 KOHAESHCAMOHHBIX TYPOMH CTPOUTCS IIPU OIBITHBIX JIAaBICHUSIX

DPems @ AT TYpPOUH C peryiupyemMbM OTOOPOM Iapa - IpH AABICHUH p.., CKOPPEKTUPOBAHHBIX C

nomoIipio Gopmysbl DroreNiss Ha OTIMYKE ONMBITHOTO JABJICHUS B KaMepe peryImpyeMoro otdopa,
PAacCIIOJIOKEHHOTO TTOCTIE CTYTIEHH, 0T HOMUHAJIBHOTO:

P =\PL DL+ D) i (111)

3aBucuMocTh puc. 4, 0 Ui KOHICHCAIIMOHHBIX TYpOWH CTPOMTCSI TPH ONBITHBIX JABICHUSX,
CKOPPEKTHPOBAHHBIX Ha OTJIMYHME YCJIOBHUI TEIUIOBO CXEMbI OT MPOEKTHBIX, BBI3BAHHOE, HAIPHMED,
OTKJIOHEHHEM pPacxoj/ia MUTATEJIbHON BOJBI OT CBEXKEro Iapa, YaCTHYHBIM MEPEHyCKOM MHUTATEIbHON
BOJIbI TIOMMMO TpyOHBIX myukoB [1BJl, M3MeHeHHEM HampaBJeHUsI OTICIbHBIX IOTOKOB B CXeMe, C
MOMOIIBIO (hPOPMYJIBI
H

P = P, 112
me pCWl G ( )

cm

rne G =G, +AG,,

(3nech AG,, - CyMMapHOe M3MEHEHME PacXoja Mapa Yepe3 CTYNEHb NP NPUBEIEHUU TEIIOBOH
CXEeMBI K TIPOEKTHOM).

Jlns TypOuH C OTGOpPOM Tapa 3aBUCHMOCTh puc. 4, © cTpoutcs mis jgasieHuit  p'”



CKOPPEKTHPOBAHHBIX Ha OTIMYHUS TEIUIOBOW CXEMBI OT MPOEKTHOH W OIBITHOTO JABJICHHS B Kamepe
perynupyeMoro otdopa, pacroyioKEHHOTO IIOCIe NAaHHOW CTYNEHH, OT HOMHHAIBHOTO, C TIOMOIIBHIO

thopmyBI

" 2 " 2
2

P =\ Png™ | | Pig |+ P (113)
cm cm

Crenyer 3aMeTHTbh, YTO HEOOXOAMMOCTH KOPPEKLHUH JaBJICHHH MO CTYNEHSM Ha OTKJIOHEHHS
YCIOBUH TETUIOBOM CXEMBI OT MIPOCKTHBIX 3aBHCUT OT MX 3HAYCHHS.

Kak 6p110 moguepkHyTO BhIIIE (cM. pa3z. E.4), ocHOBHOIT BeTHMYMHOH, XapaKTepU3yIOIIeH KauecTBO
paboThl mMIHMHApA, ABISETCS ero BHyTpeHHHWH oTHocuTensHBIH KIIJI, mpencraBmseMbrii OOBIYHO
rpadu4ecku B 3aBICHMOCTH OT pacxoja Iapa Ha BXoJle B MINIMHAP (O0TCEK) TypOHUHBI, IPUBEICHHOTO K
HOMHMHAJIBHBIM NapameTpaM. [lonydeHHble B pe3ysbTaTe UCHBITAaHUS 3HaueHUs BHyTpeHHux KIIZ{
IWJIMHAPOB CPAaBHUBAIOTCS C 3aBOJCKMMH DPACUYECTHBIMU JAHHBIMH WM JaHHBIMH HCIIBITAHUH
OJTHOTHUITHBIX TypOUH.

Hawnbosee xapakTepHBIMH NpUYMHAMH CHIDKCHUs] 3HadeHus BHyTpeHHero KIIJI mwimHopa
SIBJISAFOTCA:

- MMOBBIIIEHHOEC APOCCECIIMPOBAHNE B IAPOBIYCKHBIX KJlallaHAaX;

- yBeNMYEHHE 3a30pOB B JIONATOYHOM ammapare u MexIuadparMEeHHbIX YIUIOTHEHHUSX MO
CpaBHCHHUIO C PACYCTHBIMU 3HAYCHUAMU,

- HECOOTBETCTBHE IIPOXOJHBIX CCUCHHWH pacdeTHBIM, HaJWMYUE 3aHOCAa IPOTOYHOW YaCTH,
BIHSIOINIET0 Ha poduibHble motepu u 3Hauenus (U/C,);

- IUTOXOE COCTOSIHUE, H3HOC JIONATOYHOTO arapara 1 T.1.

Kak MOXHO BHAETh, TaKWe NPHUYMHBI CHIKEHHS SKOHOMHYHOCTH, KaK HEYIOBJICTBOPUTEIHHOE
COCTOSIHHE JIOTIATOYHOTO anmapara ¥ yBeJIMUYCHNE 3a30POB B IIPOTOYHON YaCTH, MOTYT OBITH BBISIBICHBI
JIMUIb ITYTEM TIIATEJIBHOI'O OCMOTPAa U pPCBU3UHN OO0 WJIN MMOCJIC UCIIbITaAHUA.

7K.1.3. KoHueBble yNJIOTHEHUS] HUJIMHAPOB TYPOUHBI

D¢ GeKTUBHOCTh KOHIEBBIX YIUIOTHEHUH IMJIMHIAPOB TYPOMHBI M IITOKOB KIIAIlaHOB BBISBISIETCS
MyTEM COIMOCTABJICHUS OIBITHBIX PAacxXoJI0B Iapa, OTCACHIBAEMOIO OT IPOMEXYTOYHBIX Kamep
ymmotHeHuH (cM. pasn. E.2.2), ¢ naHHBIME 3aBOa-U3TOTOBHUTEIIS.

I'paduaeckue 3aBUCUMOCTH TPOTEUCK Mapa depe3 00OHMBI YINIOTHEHHI W B OTCOCHI TIPUBOMATCS B
(hyHKIMK pacxoa mapa B COOTBETCTBYFOIIUH IMIAH/P.

Tpu cnenyromux pazgena (JK.1.4-XK.1.6) mocBsAIIeHB JaHHBIM, XapaKTEPHU3YIOMIUM 3PPEKTHBHOCTD
OCHOBHBIX TEIDIOOOMEHHBIX AamllapaToB TypOOYCTAaHOBKH: pereHepaTWBHBIX moporpesareneit, [ICB,
KOHJICHCATOpa ¥ BCIIOMOTATEIILHOTO 000pYyIOBaHU. XOTs KOJIHIECTBO H3MEPEHUN TI0 TIEPEUNCIICHHBIM
3JIEMEHTaM IIPHU PACCMAaTPUBAEMBIX HCIBITAHUAX TYpOOYCTaHOBOK MPEIyCMaTPUBACTCS B 3HAYUTEIHHO
MeHbIIEM 00beMe, YeM TpeOyeTcs AN UX AeTaIbHBIX HCCIEeIOBAHNHN, OJJHAKO UMEIOIINECS N3MEPEHUS
MO3BOJIIIOT OMPEAETUTh "BHEIIHWE" TIOKa3aTeld TEeNJI0OOMEHHHUKOB, JIOCTATOYHBIE ISl OICHKHU
3G GEKTUBHOCTH UX PaOOTHI.

7K.1.4. Cucrema pereHepanuu

D¢ GEeKTUBHOCTh CHCTEMBI pEreHepaluH XapakTepu3yeTcs B KOHEYHOM cueTe 3HAYCHUSIMU
TEeMIlepaTyp INHTATeJLHONH BOJBI M KOHAEHCATa 3a KaXABIM II0JI0TpEeBaTesieM, IOKa3aHHBIMH B
3aBUCHMOCTH OT pacxo/ia CBEXKEro Iapa WM Napa Ha BXOJE B COOTBETCTBYIOLIMH OTCEK TYpOHMHBI (CM.
puc. 2).

[Ipy MOHMXXEHHMH TeMIlepaTyp BOABI MOCIE MOJOTrpeBaTess MO CPAaBHEHUIO C PAaCUYETHBIMU WM
OKCIIEPUMEHTAJIbHBIMU JaHHBIMH 110 AHAJIOTHYHBIM TEIUIOOOMEHHHKAM CJEIyeT IPexae BCEero
ompenenuth ero Ttemmeparypueiii Hamop (°C) St (HemorpeB BOIbI OTHOCHTENIBHO TEMIIEPATYphI

HaCI)IIIIeHI/Iﬂ) B 3aBUCUMOCTH OT yﬂeHLHOﬁ TEIUIOBOM Harpys3ku ( = % , TJIC Q u F - cooTBeTCTBEHHO

TCIJIOBAs HArpy3ka U MOBEPXHOCTb IOAOTPEBATEIIA - PUC. 38.
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Puc. 38. 3aBUCHMOCTD TeMITEpaTypHOTO HAIIOpa IIOA0TPEBATENS OT yISIFHON TETIIOBOM HATPY3KH
at = tS - tK (tnum)

PacueTHOoe 3HadyeHHMEe TEMIEPAaTypHOro Hamopa IpM HOMHUHAJIBHOM TEIJIOBOW Harpyske
nojorpesatens B cootBerctBuu ¢ OCT 108.271.17-76 He nomxkHO npesbimatk 1,5-2 °C u 3 °C
COOTBETCTBEHHO JJIsI IOJI0rPeBaTeNel C OXJIaJANTEISIMU Mapa 1 0e3 TAKOBBIX.

[TpuunHamMu HerorpeBa BOJBI MOTYT SIBUTHCS CIIEAYIOLIHE (haKTOPHI:

- TIOBBIIICHHAs OTHOCHUTENIbHAs IOTEpsl AaBJICHUS B TPYOONPOBOJE T'PEIOIIEro Iapa OT KaMepsl
or6opa 110 nogorpesarens (6onee 4-5 %);

- BBICOKHI YPOBEHb KOHAEHCATa B KOPITYCE;

- N3HOC WJIM HEIIPaBWIILHBIA BEIOODP AMAaMETpa IMOAIOPHBIX MIaiH0 MEXly X0laMH BOJbI;

- 3arpsI3HEHUE TOBEPXHOCTH TPYOOK;

- yXyJLeHne mapoBoii miotHoctu kopycos I[TH/, paboTatomux mox BaKkyyMoMm;

- IUT0Xast OPTaHU3aIMsL 0TCOCA BO3/AyXa U T.JI.

OnmHOM M3 BaXHBIX XapaKTepPUCTUK 3()(EKTHBHOCTH IIOAOTPEBATENs, BIMAIOIINX HAa OOUIMH
YpOBEHb JKOHOMHYHOCTH TYpOOYCTaHOBKHM, SIBISICTCS 3HAUYCHHE IEPEOXIXKICHHUS KOHJIEHCaTa
TPEIOIEro Mapa OTHOCUTENBHO TEMIEepaTyphl HACHIIEHHUs, KOTOpas JOKHA COCTaBJIATh Hopsaka 10-
20 °C nmpu HaJIM4Mu oxyiaaurens apeHaxa u 1-2 °C 6e3 Hero.

B cootBerctBum ¢ [7, 8] B ciiyyae HEOOXOAMMOCTH MOTYT OBITh NPEICTABICHBI U JpYyrHe
3aBHCHMOCTH, XapaKTEepHU3YIOIIHNEe MOKa3aTeIn paboTHl MojoTpeBarTeneii, HapuMep, TEMIIEpaTypHOTo
Haropa OT JaBJCHHS B OTOOpE M Pacxoda BOJBI, THAPABINYECKOTO CONPOTHUBIEHHUS OT PAaCUETHOTO
xommnekca G’v, u T.1. B kadecTBe 06001IeHHOTO KpuTepHs SOHEKTHBHOCTH MOIOTPEBATENS MOKET

HCIIOJIb30BAaThCA TAK)KE €r0 OTHOCHUTSIbHBIA TCMHepaTyprIﬁ Hamop, paBHBII\/‘I YaCTHOMY OT ACJICHHUA
TEMIICPATYPHOT' O HAIlOpA HA 3HAYCHUEC TOAOTPEBA BOJBI.

7K.1.5. KonaeHcartop u ceTeBble IOAOrpeBaTe/ I

Konnencarop u IICB, sBistomnmecs IpakTHYECKH HEOTHEMIIEMOM 4acThI0 TypOOYCTAaHOBKH, CaMbIM
TECHBIM 00pa3oM CBsI3aHBI C TEIIOBBIM IPOILIECCOM B HEH U, CIIeI0BATENbHO, CYIIECTBEHHO BIUSIOT Ha
OCHOBHBIE TIOKa3aTenu ee 3 dexkruBHocTr. Tak, Hanpumep, st Typounst T-250/300-240 moBsimeHue
TEeMIIepaTypHOro Hamopa KoHaeHcaTopa Ha 1 °C maeT CHM)KEHHE MOIMHOCTH MPHONM3UTENEHO Ha 550
kBt, a B momorpeBaremsix cereBoit Bomsl (IICT'-1 m IICI-2) cootBerctBeHHO Ha 440 m 300 kBT.
Otciona TOHATHO, 4TO TpeOOBaHMS K IONIEP)KaHWIO IOKaszareneil paboTel koHaeHcartopa u IICB
OJIM3KMMU K pacyeTHBHIM HAMHOTO BBIIIE, YEM JUIS IPYTUX TEIUIOOOMEHHBIX alnapaTos.

VYuuteiBass crnenuQuKy peKHMOB HOpPManbHOH paboTel koHzaeHcatopa u IICB (paspexenue B
MApOBOM MPOCTpPaHCTBE, Oojiee HHU3KOE KA4eCTBO OXJIAKAAIOMIEH BOABI IO OTHONICHHWIO K
KOHJICHCHPYIOLIEMYCsl Tlapy M Ap.), 0co00e BHUMaHHE NPH aHAJIU3e WX COCTOSHUS CIIEAYeT yIeNATh
BO3AYIIHOW IJIOTHOCTH, HAIMYHIO OTJIOKEHUH Ha BHYTPEHHHUX TOBEPXHOCTSIX TPYOOK M COOTBETCTBHIO
IUTOIAAX  TOBEPXHOCTH TEIJIOOOMEHa pacyeTHOMY 3HAUueHHIO (B YAaCTHOCTH, KOJIHYECTBO
3arIymeHHbIX TPYOOK).

OCHOBHBIMH XapaKTEPUCTHKAMH, ONPEACITSIIOMNMH 3((EeKTUBHOCTh KOHIIEHCATOPA, SBISIOTCA
3aBHCHMOCTH JaBJCHUs OTpaboTaBiiero mapa (p,) W TeMiepaTypHoro Hamopa (Ot) oT mapoBoi
Harpy3k# (G;) MpH MOCTOSIHHOM pacXo/ie OXJIAKAAIOUICH BOABI M Pa3IMYHBIX e TeMIeparypax Ha

Bxoje (t ), IMEBIINX MECTO MpH UCTbITaHuH (puc. 39).
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Puc. 39. 3aBucuMocTh BakyyMa (@) U TEMIIEpaTypPHOTo Hamopa (6) B KOHJCHCATOPE OT pacxoja
oTpaboTasiiero napa ot =t —t;

JloIONHUTENBHO B ciIydae HEOOXOIMMOCTH MOTYT ONPENENAThCS IepeoXiakIeHHe KOHACHcara,
3HaYeHHE IPHCOCOB BO3AyXa B BAKyyMHYIO CHUCTEMY, THIPABIMYECKOE CONPOTHBICHHE M JApYyTHe
MOKa3aTeNH, XapaKTepu3ykomue padoTy koHaeHcaropa [10].

Heo0xoquMbIM MmokazatesieM JUIsi OpUEHTHPOBOYHOTO KOHTPOJIS 38 PacX00M OXJIXKAAIOIIEeH BOIBI
yepe3 KoHaeHcaTop G,,, (IpU OTCYTCTBHHM €ro NpSIMOTO H3MEpeHUs) sBIsieTcs ee momorpeB (At),
MOKa3bIBaCMbIil B 3aBHCUMOCTH OT pacxoja napa B kouaeHcarop (G,) (puc. 40).

Atp

Puc. 40. 3aBHCUMOCTD HarpeBa OXJIa)IaOIIeH BOJIBI OT PacXoja 0TpadOTaBIIEro mapa
G,525

GO‘CJ
AL,

[omydeHHbIe pe3ysbTaThl CPaBHUBAIOTCS C AAHHBIMH HOPMATHBHBIX XapaKTEPUCTHK IO KaXIOMY
TUIy KOHJEHCATOopa..
Kpurepun apdexruroctu [ICB Te ke, 4To U y pereHepaTHBHBIX 00T PEBATENEH.

7K.1.6. Bcnomorare/jibHOe 000py10BaHHe

Ha HanmeXHOCTP M IKOHOMHYHOCTH JKCIUTyaTallMM SHEpPro0jioka OKasbIBaeT BIMsSHHE pabdoTta
pa3IMYHBIX MEXaHU3MOB, TaKMX, KaK MHUTaTeJIbHbIC, LUPKYJSIMOHHBIE, KOHJIECHCATHBIC HACOCHI,
cimBHble Hacock! ITHJL u np. Ipu ananm3e ux paboThl cienyeT oOpamaTs BHUMAaHHE HA COOTBETCTBHE
UX XapaKTEPUCTHK pEXUMaM pabOThl SHEProOJIOKa, PalMOHAIBHOCTH CIIOCOOOB PperyIHMpOBaHMS
HAaIoOpoOB U MPOU3BOJUTEIBHOCTEH HACOCOB, BO3MOXKHOCTb IOAJEPKAHUS ONTUMAIIBHBIX PEXKHMOB
9KCIUTyaTallK | T.JI.

7K.2. AHaju3 pe3yJIbTaTOB UCNBITAHUI MO TYpPOOYCTAHOBKE B 1[€JIOM

Iocne comocraBiieHUs] JaHHBIX [0 OTAENBHBIM DJIEMEHTaM CIEAYeT MPUCTYNHUTh K CPaBHEHHIO
00X TMoKa3aTenel SKOHOMHUYHOCTH TYpOOYCTaHOBKH, B YaCTHOCTH, 3HA4eHHS YJICIHLHOTO pacxoja
TEIUIOTHI (Iapa) W yIEJbHOW BBIPAOOTKH 3JEKTPOSHEPTMH Ha TEIUIOBOM moTpebmeHun. Taxoe
CpaBHEHHE OOBIYHO WJUTIOCTPHpYETCS TaOnuuedl, B KOTOpOW NPHUBOAATCS aOCONIOTHBIE U
OTHOCHTEJIbHBIE PACXOKACHHsSI 3HAUCHWH 110 JaHHBIM HCHBITAaHHS C TapaHTUHHBIMH WIN JIPYTUMH
3HAUCHMSIMH 110 BCEM CpPaBHHUBAcMbIM pexxuMaM. CpelHee OTHOCHUTENIBbHOE PacX0oXKJIEHHE YKa3aHHBIX
3HAQUEHWH TPUHUMAETCs 3a OCHOBY NPHM CpPaBHHUTEIBHOH OLIEHKE YPOBHS HKOHOMHYHOCTH
TypOOyCTaHOBKH.

ITocne ¢opmanbpHOrO CpaBHEHMs IOKa3aTesiedl HEOOXOAMMO IPOBECTH JIONOJIHUTEIBHBIA aHAIN3
NPUYUH PAcXOXKIACHUS MEXAy HHMH. YacTHYHO, KaK TIPaBMIIO, PACXOXKICHHE MOXKET ObITh
KOJIMYECTBEHHO OOBSICHEHO CYMMapHBIM BIHSHHEM pasnudHbiX (akTopoB (cM. pazm. XK.1).
OcraBmasics HEOOBSCHEHHOH dYacTh pACXOXICHUS MOXKET WMETb MECTO, HalpuMmep, H3-3a
HEBO3MOXKHOCTH HAJEKHOW OIEHKH 3KOHOMHUYHOCTH OTCEKOB (LMJIMHIPOB), pabOTAlOIMX B 30HE
BJIQXXHOTO I1apa, 3HA4YECHUs] 3JIEKTPOMEXaHMUYECKHX MOTeph TypOoarperara, HalIudusl HEYYTEHHBIX



MPOTEYEK Yepe3 HEeIUIOTHOCTH apMaTyphl M OPYTUX (hPaKTOPOB, BIMSAIOMIMX HA SKOHOMHYHOCTH (TIPH
OIIEHKE PAaCXOKICHUS HEOOXOIUMO YyIECTh M MTOTPEITHOCTD UCTIBITAHNU).

HeoOxonuMo Takke naTh 3aMeyaHHWA II0 KadecTBY pPabOTHI OTHENBHBIX 3JIEMEHTOB W Y3JIOB
TypOOyCTaHOBKH, HETIOCPEICTBECHHO BIHUSIOMINX HA €€ SKOHOMHUYHOCTB, cTaHIHOHHBIX KUII, cpenctr
ABTOMATH3AIAN BeICHUS PEKUMOB U T. 1.

3. OLIEHKA TOYHOCTH PE3YJIbTATOB HCIIBITAHUM
3.1. O61mue moJaoKeHus

3.1.1. Pe3ynbrartel HCHBITAHMH BCerJa HMMEIOT HEKOTOPYI0 HETOYHOCTb, OOYCIIOBICHHYIO
CyMMAapHBIM BIIUSHHEM IOTPELIHOCTeH M3MEpeHUI 3HadyeHUM, HCIOJIb30BaHHBIX 3aT€M B pacueTax.
OmeHKa TOYHOCTH pE3yJIbTAaTOB HCIBITAHMH MOXKET TNPOU3BOAMTHCA KaK B OTHOIICHWH OOIIMX
MoKazaTesael 3JKOHOMHYHOCTH TYpOOYCTaHOBKH B LIEJIOM (YAETbHBIN Pacxo]] TEIUIOTHI, MOIIHOCTB), TaK
U MIPUMEHUTENBHO K TIOKAa3aTeNsiM, XapaKTepu3yomuM 3G GeKTUBHOCTE ee oTAeNbHbIX y310B (KITJ]
OTCEKOB, JABJICHUS 110 CTYIICHSIM).

O1eHKa TOYHOCTH PE3YNIBTATOB TEIIOBBIX HUCIIBITAHNI MApOTYPOMHHBIX YCTAHOBOK ITO3BOJIACT:

- ONpENeNsTh C 33JaHHON CTENCHBIO JOCTOBEPHOCTH IOCTUTHYTHI YpPOBEHb TEXHHYECKOTO
COBEpILIEHCTBA TOJIOBHBIX U CEPUHUHBIX 00pa3I[0B MapOBBIX TYpOUH;

- OLIEHMBaTh COOTBETCTBUE (HAKTUUYECKUX IKOHOMUYECKUX IOKa3arTeliell 3aBOJCKMM TapaHTHUsIM,
3 PEeKTUBHOCTh PEKOHCTPYKTHBHBIX, PEMOHTHBIX U JPYTHX MEPOIPHSATHIH;

- pa3pabaTbIBaTh MPOTPECCHBHBIC TUIIOBBIE XapaKTEPUCTUKN 000PYIOBaHNS;

- 00OCHOBBIBaTh BBIOOpP CPEACTB M3MEPEHUI W H3MEPUTENBHBIX CHCTEM B IIEJIX oOecreueHHs
3aJJaHHOTO YPOBHS TOUYHOCTH PE3YJIGTATOB UCIIBITAaHHH.

3.1.2. OueHka TOYHOCTH UCIBITAHUN 0a3WpyeTcs Ha MPABHIHLHOM y4eTe MOTPEIIHOCTEH N3MepeHHH
napaMeTpoB pabOThI TYPOOYCTaHOBKH.

3.1.3. TlorpemHocTs pe3ysNbTaTOB MOXHO NPEACTABUTh KaK CYMMY METOOWYECKHX H
MHCTPYMEHTAJIBHBIX TOTPEIIHOCTEH.

K ucroyHMKaM METOAMYECKHX MOTPEIIHOCTEH IpH TNPOBENCHHU HCIBITAHUI MOXHO OTHECTH
HEYYTEHHBIE YTEUKH B TEIUIOBOW CXeMe, TEIUIOBYIO MHEPLHIO YCTAHOBKH, YIPOIIECHHUS U JOMYIICHHUS B
METOAMKAX NMPOBEACHUSA 1 00pabOTKH Pe3yNbTaTOB UCTIBITAHUI.

HHCTpyMEHTaIbHBIE HOTPEIIHOCTH OOYCIIOBICHBI MOTPEIIHOCTAMH H3MEPEHUIl M ONpenensroTcs
METPOJIOTHYECKUMH XapaKTEePUCTUKAMHU CPEJICTB H3MEPCHUH.

MeTtoaudeckre HOTPEIIHOCTH SIBISIOTCS CHCTEMAaTHYECKUMH W JIOJDKHBI OBITh INPEIBAPUTENBHO
BBISIBJICHBI, OIIGHEHBI M HCKIIOYEHBL. B CBA3M C ATHM NPHUHSATO, YTO MOTPEIIHOCTh PE3yIbTATOB
UCTIBITaHWUH OTIPEJIeNSeTCs] HHCTPYMEHTAIbHBIMH MTOTPEITHOCTSIMU.

3.1.4. JIns oueHKH 3HAUYE€HUN MOTPEIIHOCTEN M3MEPEHUH NMpU MPOBEAECHUH TEIIOBBIX HCIBITAHUN
NPUHAMAETCS, YTO OHM MMEIOT HOPMAJIbHBIN 3aKOH pacrpeneneHus. [Ipu 3ToM TOYHOCTb pe3yabTaToB
WCIIBITAaHHSl BBIPA)KACTCSl MHTEPBAIOM, B KOTOPOM C JIOBEpUTENbHOH BepositHocThio P = 0,95
HaXOAMTCSI CyMMapHasi IIOTPEIIHOCTh U3MEPEHUSL.

3.1.5. Pe3yapTHpyYIONIyIO OLIEHKY MOTPENIHOCTH MCHBITAHUH NMapOBBIX TYPOHH CIEAYET ONpPECIsITh
M0 YJeJIBHOMY PacXo/1y TEeIJIOTHI Il KOHJCHCAIMOHHBIX TYpPOOYCTaHOBOK U yJEIbHOMY pacxojy Iapa
JUTST TeTI0(DUKAITMOHHBIX.

3.1.6. OmpeneneHne OCHOBHBIX BEIMYWH, MCHOJIB3YEMBIX IPH IOJACYETE MOTPEIIHOCTEH, TaHO B
npwioxxeHuu 11.

3.2. UcxonHble JaHHbIE H OCHOBHbIE IOMYLIIEHUS

3.2.1. VcXOomHBIMM JAaHHBIMU Ui OLEHKH TOTPEUIHOCTEH SBIIIOTCS METPOJIOTMYECKUE
XapaKTePUCTUKU CPEACTB U3MEPEHUI, NMPUBEIECHHBIE B UX HOPMATHBHO-TEXHUYECKOW ITOKYMEHTALUU
(HTJD.

3.2.2. [orpemHOCTs MPUMEHSIEMBIX MPH HCIBITAHUSIX PabOYUX CPEICTB U3MEPEHUIN MOXKET OBITh
CYIIIECTBEHHO CHIDKEHA C TIOMOIIBIO WX TOBEPKH CPEICTBAMU HM3MepeHHUs 0oJjiee BBICOKOTO Kiacca
TOYHOCTH. BBISIBJICHHBIE TP TOBEPKAX CHCTEMATHYECKHUE MOTPEIIHOCTH pabounX CPEICTB M3MEPEHUI
WCKITIOYAIOTCSl BBEJCHHEM IMMOMpaBoK. llocie MOBEpKHM OCHOBHAS MOTPENTHOCTh pabOyero CpeacTsa
W3MEpEHUs] OILICHWBAETCS MO0 METPOJOTHYECKHUM  XapaKTEepHCTHKaM 00pasmoBoro mpubopa,
JIOTIOTHUTEIBHBIC - 10 TEXHHIESCKUM JaHHBIM pab0overo CpeacTaa.

Ha cramum nmpoekTHpoBaHHMS CHCTEM W3MEPEHHH IS OLEHKM IOTPEIIHOCTEH MCIIONB3YIOTCS
MeTposoruueckue xapakrepuctuku no HTJI 3aBonos-usrorosureneit u 'OCT.

3.2.3. B neiictByromieit B Hactosimee Bpemss HTJ] 3aBofoB - m3roroBureneil mpuOOPOB 3aar0TCs
CJEeIyIONINE METPOJIOTrHUECKHE XapaKTEPUCTUKHU CPEACTB U3MEPEHUN:

- IPEJIeIT AOIMYCTHUMOTO 3HAYCHHSI OCHOBHOM MOTPEITHOCTH (OCHOBHAS TOTPEITHOCTH);

- IPeJIeIT AOIMYCTHUMOTO 3HAYCHHS BapHaIiy (TIOrPEIIHOCTh BapUaIUii);



- HanOONbIINE JOMYCTUMBIE U3MEHEHUS MOTPEITHOCTH NPH OTKJIIOHEHWHN BIUSIONICH BEIMYUHBI OT
HOPMAJIHOTO 3HAa4eHHS (JOMOIHUTEIIbHBIE TOTPEIIHOCTH).

[Ipenensl AOMyCTUMBIX OCHOBHOW M JIOTIOJHMTEIBHBIX IOTPEIIHOCTEH BBIpaXkaroTca B (opme
a0coIOTHBIX (A), IPUBEICHHBIX () WIIX OTHOCUTENBHBIX () MOrPEIIHOCTEH.

3.2.4. Tlpn moxcdere MOTpEIIHOCTEH pabodMX CPEACTB H3MEPEHUS IPHHUMAIOTCS CIEIyIOIIHe
OCHOBHBIC JJOMYIICHHS:

3.2.4.1. OCHOBHOW TPHWHIMI OIEHKH IOTPEUNTHOCTH H3MepeHHs - "cBepxy', T.e. Iydlle IaTh
3aBBIIICHHYIO OIICHKY MOTPENTHOCTH H3MEPEHHMS, YEM 3aHIKECHHYIO.

3.2.4.2. BeposiTHOCTh HAXOXIECHUS MMOTPELIHOCTH B 33aHHOM HHTepBajie (+3) paBHa 95 %, npu

1)
OTOM CPEAHEES KBAAPATHUICCKOE OTKJIOHEHHE TOTPENTHOCTH PABHO O = E .

3.2.4.3. JluHaMH4YeCcKHe TOTPEIIHOCTH CPEACTB M3MEPEHHH HE yUHTBHIBAIOTCA, TaK KaK WCIBITAaHUS
MPOBOAATCA IPH CTALMOHAPHBIX PEKUMAX PaObOTHI TypOOYyCTaHOBKH.

3.2.4.4. TlorpemHOCTH TIepeAadn HHPOPMALINH 10 JTHHUSAM CBSI3U NIPEHEOPE)KUMO MAalbl, B HUX HE
BO3HUKAIOT KaKHe-THOO0 TOMEXH.

3.2.4.5. Ilpenen 1onycTUMOro 3Ha4eHHsI OCHOBHOM MOTPELITHOCTH MOBEPSIEMOI0 KaHajla U3MEPEHUS
WIN TIprOOpa B INEPBOM NPUOMIKEHHH NMPUHUMACTCS PaBHBIM YIBOSHHOMY IIPEAENIY JOIyCTHMOTO
3HAUCHUsI OCHOBHOH MOTPENIHOCTH 00Pa3I0BOT0 CPEeACTBA, HCIOIb30BAHHOTO IIPH IOBEPKE.

3.2.4.6. TorpemHocTn, 00yCIOBIEHHbIE BPEMEHHBIM JIpeH(OM IOKa3aHWH CPEICTB M3MEPEHUH,
HCKIJIIOYEHBI BBEJICHHEM IIOIPAaBOK, PACCUUTHIBAEMBIX C Y4E€TOM IOBEPOK 10 M IOCJIE NPOBEACHUS
WCIIBITaHUH.

3.2.4.7. Cny4aiiHple NOTPEIIHOCTH CPEACTB M3MEPEHUH, BBI3BAHHBIC BapHallell, He YIUTHIBAIOTCS
BBUJIy MHOTOKPaTHBIX HaOJIOAEHHH NpU HM3MEPEHHAX IapaMeTpoB IIyJIbCHPYIOIEH cpensl (mpu
W3MEPECHUSX, OCHOBAaHHBIX Ha EAWHUYHBIX HAONIONCHUAX, BapHALMIO TNPHOOPOB HEOOXOAMMO
YYUTHIBATH).

3.2.4.8. Tlpm BuU3yaspHOM OTCYETE IIOKa3aHWH BTOPHYHOTO IIPHOOpa TOTPEIIHOCTh OTCUeTa
MPUHAMAETCS PABHOH ITOJIOBUHE IICHBI ACTEHHS Kb,

3.3. OueHka norpemHocTell H3MepeHus TEXHOJOTHYeCKUX apaMeTpPoB

3.3.1. Ilpu HCHBITAHUSAX BBIMOJIHAIOTCS TPSIMbIE H3MEPEHHS TEXHOJOTMYECKHX I1apaMeTpoB C
MHOTOKpPAaTHBIMHA Ha6J'IIOI[eHI/IHMI/I.

ITopsimok 06paboOTKH pe3yabTaTOB MPSIMBIX U3MEPEHHI;

- U3 pe3yIbTaTOB HAOIIOAEHUI HCKITFOUAOTCs IPyOble OMMUOKY U IPOMaXH;

.- TOJICYUTHIBAIOTCS CPEIHIE PE3yIbTATOB HAOIIOICHHH;

- BBEICHHEM IIONIPABOK MCKIIIOYAIOTCS OIIEHEHHBIE CUCTEMATHUECKHE TTIOTPEIIHOCTH;

- paccuUMTHIBAIOTCS 3HAYEHUsS] IapaMeTpoB (TeMIeparyp, AaBIEHHs, pacxola W MOIIHOCTH) H
MPUHAMAIOTCS KaK Pe3yJIbTaT NMPSIMBIX N3MEPCHUH;

- OLIEHUBAIOTCS TOTPELIHOCTH N3MEPEHNH TEXHOJIOTHUECKHUX ITapaMeTpPOB.

3.3.2. M3mMepenue Kax10ro apaMeTpa MO>KHO IIPEJICTaBUTh KaK KaHaJl, COCTOSIINH N3 HECKOJIBKUX
MOCJIE/IOBATENILHO COCJMHEHHBIX 3BEHBEB, Pa0OTAIOIIMX NPU Pa3JIMUHBIX BHEUIHUX YCIOBHAX (CM.
npunoxenue 11).

3.3.3. Kaxmoe 3BeHO M3MEPEHUI NMEET OCHOBHYIO U JIOTIOJIHUTEIHHYIO TIOTPEITHOCTE!

3.3.3.1. Ilox OCHOBHOW TOTPEIIHOCTHIO IIOHWMAETCS IOTPEIIHOCTh CPEICTBA H3MEPEHHil,
HCIIOJIB3YEMOT'O B HOPMAJIBHBIX YCJIOBUAX.

CpenHee KBaJpaTHYeCKOE OTKJIOHEHHE OCHOBHOH MOTPEIIHOCTH G, 4., U3MEPHUTEIBHOTO KaHala
(6e3 ydera Bapmanun) paBHAETCS KOPHIO KBAaAPAaTHOMY M3 CyMMBI KBaJpaTOB CPEIHHUX KBAaJPATUIHBIX
OTKJIOHEHHUH OCHOBHBIX ITOTPELIHOCTEH BCEX BXOASIINX B KaHAJ 3BCHBEB!

G oien =\/Za§,ﬁ , (114)

e G, i — CPeIHee KBaAPaTHIECKOEe OTKIOHEHUE OCHOBHOM MOTPEIIHOCTH i-T0 3BeHa.

3.3.3.2. Ilog DONOMHUTENBFHOW MOTPEUTHOCTHIO MOHMMAETCS M3MEHEHHE MOTPEIIHOCTH CPEeICcTBa
M3MEpEHUs], BbI3BAHHOE OTKJIOHEHMEM OJHOW W3 BIMSIONIMX BHEUIHUX BEIWYUH OT HOPMAaJbHOTO
3HA4YEHHUs WJIM BBIXOJOM €€ 3a Ipelelibl HOPMAaJbHOW 00JacTH 3HaueHHH. TakuMU BIHSIOIUMHU
BEJIMUMHAMHU MOTYT ObITh, HAPUMEP, TEMIEpaTypa OKPYKAIOLIET0 BO3/yXa, HAIPsDKEHHE U 4acToTa
WCTOYHMKA ITUTAHUS U JIIP.

Cpenree KBaapaTHIECKOE OTKIOHECHHE TOIOIHUTEIBHBIX IIOTPEIIHOCTEH Gl o(E,) H3MEPHUTEILHOTO
KaHaJIa ONPENeNUTCA KaK KOPeHb KBaApaTHBIA M3 CyMMBI KBAaJpPaTOB JIOIOJHUTEIBHBIX IOIPEIIHOCTEH
3BEHBEB!

(115)




rae 6a16i(€,) - cpeaHee KBaapaTHYECKOE OTKIOHECHHE JOOTHUTENbHOM HOTPEIIHOCTH i-T0 3BeHA U3-
Al.oi

3a OTKJIIOHEHHS K-TO BHEIIHETO (akTopa, paBHOE

IIpu pacyerax IONOJHUTENbHAS NOTPEIIHOCTh puHUMaeTcst mo HT /1.
3.3.4. CpenHee KBaIpaTHIECKOE OTKIOHCHUE TTOTPEITHOCTH N3MEPUTENFHOTO KaHana (O, ,,) paBHO

Owu = O-j.f)x.u +O—§/.a S
3.3.5. OTHOCHTENBHAS MOTPEIIHOCTh M3MEPEHHUS TEXHOJIOTHYECKOTrO IapaMeTpa ¢ JOBEPUTEIBHOM
BEPOSTHOCTEIO 95 % paBHa
=42 G,,.
3.3.6. Ilpm wucnonp3oBaHUU N IyOIMPOBAaHHBIX PABHOTOYHBIX M3MEpPEHH, KOTAa B pacdeT
NPUHUMAETCS CpeHeapu(pMETHICCKOe 3HAYCHHE MTapaMeTpa, CpellHee KBaJpaTHIecKoe OTKIOHECHHE U
OTHOCHUTEJIbHAS ITOTPEIHOCTE M3MEPEHUS ONIPEISIISIOTCS KaK

., = Tew y§=42 5,
n

3.3.7. B mpunoxenun 11 naHel NOApOOHBIE NPUMEPHI OIEHKH IOTPEIIHOCTEH OTAENBHBIX
TEXHOJIOTHYECKUX MMapaMeTpoB (IaBJICHUs, TEMIEPaTypsl © Jp.), KOTOpble Oa3HpyrOTCAs Ha
METPOJIOTHUECKHUX XapaKTEPUCTUKAX CPEJCTB U3MEpeHHit. Tam ke JaroTcsl KOHKPETHBIE PEKOMEH AN
MO CHIDKCHHIO MOTPEIIHOCTH C YUETOM CHeUU(GUKN H3MEPEHHS TOTO HIIM HHOTO MapameTpa.

JIst  CHIDKEHHST TOTPEIIHOCTH M COOTBETCTBEHHO TMOBBIIIEHUS TOYHOCTH  HM3MEPEHUS
TEXHOJIOTHYECKUX apaMEeTPOB CIEIYeT:

3.3.7.1. IIpumeHSTH TOBEpKY pabOUuMX CPEICTB U3MEPEHHS M U3MEPUTEIBHBIX KAaHAJIOB B IEIIOM,
HCIIONB3Ys 00pa3oBble MPHOOPHI OOJIee BBICOKOTO KITacca TOYHOCTH.

3.3.7.2. Ucnonp3oBaTh IyONMHpOBaHHBIE W3MEPCHHS, OCOOCHHO i HambOoliee OTBETCTBEHHBIX
apaMeTpOB.

3.3.7.3. CrpeMuTbCAd K MaKCUMaJbHO BO3MOXHOMY CHM)KEHHIO JOIOJIHUTEIBHON MOTPEIIHOCTH,
MOCKOJIbKY BCIICAICTBUE OOJBIIOTO YHCIA CPEACTB H3MEPEHUH MPU HUCMBITAHUSX TOYHBIA y4YeT
OTKJIOHEHUS BIMSIONIMX BHENIHUX BEJIMYMH BO BpEMsl OTBITOB KpaiiHe 3aTpyanuteieH. Cremyer
3apaHee MPUHATH BCE BO3MOXKHBIE MeEpPBI, YTOOBI 3TH BEJIWYWHBI UMENN 3HAYCHUS, ONMM3KHE K
HOpMaJbHOMY, yka3anHomy B HT /I cpenctBy usmepeHus.

3.3.7.4. TlonOupars BTOPHYHBIC MPUOOPHI TAKMM 00pa3oM, YTOOBI pabouUMii AHANA30H M3MEPCHUS
HAXOJMJICS B MpejeNiaXx CPeHeN TPETH IIKaJIbl, IPU STOM II€Ha JeJIEHHUs IIKabI JODKHA 00ecrednBaTh
HY>XHYIO TOYHOCTb OTCYETA.

3.3.7.5. 3HaueHue TEXHOJOTUYECKOr0 IMapamMeTpa JAOJDKHO OIpEelNesTbcsl Ha OCHOBAaHUU

JIOCTAaTOYHO OOJBIIOTO YMCIIa HAOMIOACHUH N, YTO MO3BOJSAET YMEHBIINUTh CIydalfHYyIO OIIHOKY B Jn
pas.

I[Tpu 3TOM B Cityyae 3aMeTHBIX KoJieOaHMi mapaMeTpa BO BpeMsi OIIbITa YUCIIO HAOIIOACHHI JOJKHO
OBITH YBEIINYEHO.

3.4. OueHka NOrpemHocTeil KOCBEHHbIX M3MepeHMit

3.4.1. 3HaueHus ynenbHOro pacxoja TEIUIOTHI, yAenbHOro pacxofa mapa, KITJ[ nunueapos u
JIpyTue AOJKHBI PacCMaTpPUBAThCs KaK pPe3yJbTaThl KOCBEHHBIX U3MepeHui. [lorpemHocTs pe3ynpTara
KOCBEHHOI'0 U3MEPEHUS! CKIIQAbIBAETCS U3 IOTPEIIHOCTEN N3MEPEHNUS TEXHOJIOTHYECKUX NTapaMeTpPOB.

3.4.2. BausHue NOrpenHOCTH U3MEPEHNUS G, ,j KaXI0ro napameTpa Xj Ha MOTrpPEeHIHOCTh KOHEYHOTO
nokasaresst (KOCBEHHOTO M3MEpEHHs) Y| 3aBUCHT OT Buaa popMynbHO# 3aBucumocth Y, = f (Xg, Xo, ...,
Xj) ¥ XapaKTepu3yeTcs TaK Ha3bIBAEMBIM KO (PUIIMEHTOM BIUSAHUA M.

KosdhpummeHnTsl BIUSHUS OTpPaKalOT OCOOEHHOCTH pacyeTa pe3yJbTUPYIONMIETO TOKa3aTels,
ompenenseMble KOHCTPYKIHEH M TEIUIOBOH CXeMOW TypOOYCTaHOBKH, CIIOCOOOM ydeTa TEIUIOBOW U
AIIEKTPUUIECKOH SHEPTHUH, OCOOCHHOCTSIMU CXEMBI U3MEPEHHS U JIp.

Pacder xon(duIreHTOB BIMSHASA Ui TypOWH Pa3NUYHBIX THUIOB BBITIONHAETCS IMyTEM aHaIW3a
KOHKPETHBIX 3aBHCHMOCTEH pacxoja TEMJIOTHl M OCOOEHHOCTEH CXEMBI W METOAWKH BBIIOTHEHUS
HU3MEpEHUI.

3.4.3. Takum o00Opa3oMm, Al ONpENENeHUs] IOTPEHIHOCTH pPe3yJibTaTa KOCBEHHOTO H3MEPEHHs
HEo0X0IMMO:

3.4.3.1. B cooTBeTCTBUU C PEKOMEHNAIMSIMHA DPa3l. 3 pPacCUUTaTh HOTPEITHOCTH Oy, KaXIOTO
napameTpa Xj, y4acTBYIOILIET0 B pacueTe KOHEUHOI o oKa3aTes Y.

3.4.3.2. Beruucanth K03((OUIHUEHTHI BIUSHUS M)j HOTPELIHOCTH U3MEPEHUs KaXKA0TO IapaMerpa X
Ha MOrPEeLIHOCTh KOHEUHOr0 IoKa3aTens Y.

KoadhpummenTs BIUsHUS BBIpaXaroTcst B popMme
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T Xjo U Y|o - 3HAYCHUS TTapaMeTpa U MOKa3aTelst, COOTBETCTBYIOIINE PACUETHOMY PEKUMY pabOThI
TypOOyCTaHOBKH.

Belpaxenust ansd  Ko3(GUUMEHTOB BIMSHUS ~ ONPENEISIOTCS IMyTEM  I10CIe0BaTEIbHOTO
muddepeHuupoBanus GOpMyJIbl W pELICHHS YPaBHEHUS OTHOCHTENILHO YAaCTHOW IIPOU3BOJHOM
BBEIOPaHHOTO TTOKA3aTeI.

3.4.3.3. BeraucnuTh cpenHee KBagpaTHYSCKOS OTKIOHEHHE NOIPELIHOCTH Pe3yibTaTa KOCBEHHOTO
M3MEPEHUs Oy Kak

S 2
> mo,,
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OTHOcUTENbHAs TOTPEUIHOCTh  pe3ysibTaTa KOCBEHHOTO M3MEPEHHsT C  JOBEPUTEIbHOU
BEPOATHOCTHIO 95 % paBHa

8V| = iZO'V|.

3.4.3.4. IIpumeps! pacuera MOTPEIIHOCTH pPe3ylbTaTa KOCBEHHBIX M3MEPEHHH (yIenbHOro pacxoaa
terutoTsl ¥ KIT/I munuHApoB) naHbl B npuitokeHuu 11.

W3 mnpuBeneHHBIX NPUMEPOB BHAHO, YTO OCHOBHBIMH ()OPMHUPYIOLIMMH B IOTPEIIHOCTH
OTIpeNIeNICHUs YIEIBHOTO PacXo/a TEIUIOTHI SBIIIOTCS IOTPEIIHOCTH OIPENeICHUs PacXxoJa CBEKETo
mapa Ha TypOOYCTaHOBKY W (B MEHBIIEH Mepe) MOIIMHOCTH Ha BBIBOJAX reHeparopa. [loatomy mpu
MIPOBEICHUH HUCTIBITAHUI HANO YIENUTh 0CO00€ BHUMAaHHE TIOBBIIICHHUIO TOYHOCTH ATHX H3MEPCHUH.
Y4uuTBIBasA, YTO OIEHKA IMOTPEITHOCTH M3MEPEHHS YIACIBFHOIO pacxo/ia TeIUIOTH TOBOJIBHO TPYIO0EeMKa,
B OOJIBIIITHCTBE CIYYaeB C TOCTATOYHOHN CTENECHBI0 TOYHOCTH MOYKHO CUHUTATh, UTO

=11 [o? 2
Oy, =L1Jog +oy .

IlorpemHocts onpeneneHuss BHyTpeHHero oTHocurenabHoro KIIJ[ munmuHzapa (oTceka) 3aBHCHUT B
OCHOBHOM OT MOTPENIHOCTEH N3MEPEHNUs TEMITEpaTyp Mapa B Havae ¥ KOHIIE MIPOIecca PacIINpeHNsI.

3.4.3.5. JIng cHIKEHUS TOTPEITHOCTH JIOO0TO M3MEPHUTEIHHOTO KaHajda HYXHO CTPEMHUTHCS B
MEPBYIO OYepe/b YMEHBIIATh TOTPEITHOCTH 3BEHBEB; NMEIOIE HanOoIbIllee 3HaUCHHUE.

[Tpunoxenne 1

TEXHHUYECKAS ITIPOTPAMMA
NCIIBITAHNU KOHAEHCAIIMOHHOU TYPBUHBI TUIIA ... CT. Ne ...

YTBEPX/AIO:
['maBHBIN HHXEHED

(HaI/IMeHOBaHI/Ie 3HCKTpOCTaHHI/II/I)

(bammmnus, u., 0.)
«__»

1. Henn paboTHI:

1.1. Ompenencane (aKTUIECKOH SKOHOMHYHOCTH TypOoarperata INpH pa3IMYHBIX PEeKUMAax
paboTHI.

1.2. TIpoBepka rapaHTuii 3aBoJa-U3roTOBUTEIIS 110 YIEIbHOMY PacXo/y TEeloTa U MOLIHOCTH.

1.3. CocraBneHue TEIJIOBBIX XapaKTEPUCTHK Typboarperara.

1.4. AHanu3 paboTHI OTACTBHBIX Y3JIOB TypOoarperara u TEIUIOBOH CXEMBI.

1.5. Pa3paboTka pexoMeHAalWili 10 TOBBIIICHHIO SKOHOMHYHOCTH M ONTHMHU3AINH PEKHMOB
paboTHI TypOOYCTAaHOBKH U SHEPTOOJIOKA B I[CIIOM.

2. Jlns pelieHusl yKa3aHHbIX 3ajad IPOBOASATCS CIEAYIOIUE CEPUU OIBITOB:
2.1. "TapupoBouHBIe" OMBITHI (BCETO 8 OMBITOB MPOAOIDKUTEIBHOCTEIO 30 MUH KaXkKIBIH).
VYcnosust: Perenepanus otknmrodena, kpome [THI Ne 1 u 2.

Harpyska, % HOMUHaIBHOM MaxkcnmanpHas™ 70 | 65 | 60 [ 55 | 50 | 40 | 30

KonnuecTBo omnpIToB 1 1 1 1 1 1 1 1

* Onpepensiercst THCTPYKIMEH 10 SKCIUTyaTaluH.

2.2. OCHOBHBIE ONBITHI TI0 CHSTHIO TEIUIOBOI XapaKTepHCTHKH TypOoarperara (Bcero 18 ombIToB



MIPOJOIHKUTETHLHOCTRIO | U Ka)IbIi).
VYenosust: TermoBast cxema TypOOYCTaHOBKH ITPOSKTHAS (pEereHepalysi BKIIOYCHA OTHOCTHIO).

Harpyska, % somuHansHOM | MakcumansHas | 100 [ 95 [ 90 [ 85 [ 75 | 65 | 50 | 40 | 30
KonmgectBo onbITOB 2 3 2 2 1 2 1 1 2 2

2.3. OmbITHI U1 pacdeTa NOMPaBKH K MOIIHOCTH Ha M3MCHEHHE JaBJICHHs OTpabOTaBIIEro mapa B
KoHIIeHcaTope (Bcero 2 cepuu 1o 11 OMBITOB MPOAOIDKATENEHOCTHIO 15 MUH KaXkKIbIit).
VYenosust: 1. Perenepauuns otkntouena, kpome ITHJI Ne 1 u 2.
2. JlaBneHne oTpabOTaBIIETO TTapa U3MEHACTCS OT OIBITA K OIIBITY IIyTEM BITyCKa BO3LyXa
B KOH/IEHCATOD.

[aBnenue
orpaboTasuiero napa, |[Munumansnoe|0,04|0,05/0,06(0,07(0,08/0,09|0,10(0,11|0,12|MakcumansHOe*
Kkre/cm’
Pacxon|MakcuMaabHBIN 1 1 1 1 1 1 1 1 1 1 1
napa B (40 % 1 1111111 ]|1f1 1
IOHA  [makcumansHOTO

* Onpenensiercss HHCTPYKIUEH MO SKCILTyaTaIlliH.

2.4. CrieninanbHbIe CEPUHU OIIBITOB.

2.4.1. OneITHl C MEperpeTsiM MapoM B BBIXJIOMHOM maTpyOke TypOunbl st onpenaenenus KITJ]
ITH/I (Bcero 8 ombITOB NPOJODKUTENBHOCTBIO 1 U KA IbIi).

VYcnosust: Pereneparus otkiroucHa, kpome ITH/] Ne 1 u 2. B ombITax maBieHue oTpabOTaBIIETO
rapa UCKYCCTBEHHO IMOBBIIIaeTcs (yKa3aTh croco0) J0 MOMy4YeHUs! IeperpeToro napa Ha BbIXJIOIE.

Harpy3ka, % HOMUHAaJIbHOU 75 70 65 60 55 50 40 30

KoanuecTBo OnBITOB 1 1 1 1 1 1 1 1

2.4.2. OnBITHI CO CKOJB3SIINM JaBICHUEM CBEXKEro mapa (Bcero 12 ombITOB MPOAOKUTENBHOCTHIO
1 9 KaxIpIif).

VYenoust: ONBITEI TMPOBOAATCS TPU TPOCKTHOW TEIUIOBOM CXEME M TIONHOCTBIO OTKPBITHIX
PETYIUPYIOMUX KiIamaHaX (MIM YacTH KIAITaHOB) TOCJIE OCBOCHUS TAaKHX PEKUMOB IO YCIOBUSIM
paboTHI KOTJIA ¥ BCIIOMOTATEIIEHOTO 000PYIOBAHUS.

Harpyska, % HOMHHaIbHON MaxkcumanbHas 1001 90 | 80 | 70 | 60 | 50 40

KonnyecTBo ombIToB 2 2 1 1 2 1 1 2

IIpumeuanue: B 3TOT paszlen MOIyT BKIIOYATHCS OINBITHI MO OIPEIETICHUI0 MaKCHMajabHOM MOIIHOCTH U
MaKCUMAJIbHOH TPOIYCKHOI CIOCOOHOCTH TYpOWHBI, ONBITHI C OTKIIOYeHHBIMH [IBJl, OMBITHI 1O TpOBepke
3¢ ()EKTHBHOCTH OT BHEJPEHUsSI PAa3INYHBIX MEPONPHUSTHIL U T.JI.

3. O6mume ycIoBus MPOBEACHUS UCTIBITAHUN:

3.1. OTknoHEHHS TIapaMeTPOB Mapa He MPEBBIMAIOT YKa3aHHBIX B Tabn. 2 pasn. /1.3 HacTosmmx
MeToaudyecKknx yKa3aHui.

3.2. MuHUManbHas TPOIOJDKUTEIFHOCTh KaXJIOTO OIBITAa JaHa 0e3 ydera MPOAOIDKHUTEIBHOCTH
HAJIAJKH PEKUMA.

3.3. Bce oT60pEI apa oT TypOMHEI Ha TIOCTOPOHHHE HYKIBI OTKITFOYCHBL.

3.4. [ap Ha nea’parop nmogaeTcs U3 0Toopa TypOUHBI (KM OT TOCTOPOHHETO UCTOYHHKA).

3.5. Jlna 3amucu TMOKa3aHWA MPHOOPOB AJIEKTPOCTAHIUS BBIACISACT B PACHOPSDKCHHE OpUTaIIbI
Coro3TexdHepro HabIoaTeNIel B KOJTHYECTBE ... Yell.

3.6. OTBETCTBEHHBIM OT QJICKTPOCTAHIIMM 3a IPOBCIACHUC HUCIBITAHWA Ha3HA4Ya€TCA TOB ..., B
00s13aHHOCTH KOTOPOT'O BXOJIUT; oOecrieueHre SBKM U 4eTKoi paboTel Habmomateneid, odopmiieHue
3asiBOK Ha PEXHMM B COOTBETCTBHM C pabodel IMporpaMMoii, KOHTPOJIb 32 CBOEBPEMEHHOH cOOpKOH
TEIIOBOM CXEMBI B KaXXI0M OIIBbITE.

3.7. Ha xaxxIyr0 CepHIO OIBITOB COCTABISICTCS KallCHIapHas paboyast mporpaMma.

CormacoBaHoO: CocraBuTeu:
Hauvansauk KTI] PykoBoautens ucmbITaHUS
Havansnuxk HTAU oT COI03TeXdHEPro
Hauvansaux [THUU

HauanpHuk s5ekTpornexa
Hagansauk [TTO



[Ipunoxxenne 2

TITPOTPAMMA WCIIBITAHU
TYPBHHBI T-100/120-130 YTM3*

1. KonaeHcauMOHHBII peskuM C OTKJIIOYEHHBIM peryjasaTopoM aasJjenus B PTO

1.1. IB/1 OTKJIIOYEHBI

1.1.1. OnbITH U1 TAPUPOBKHU PacX0J0MEPHOI0 YCTPOIiCTBa Ha TPyOOIPOBOIE CBEKETO Hapa (Bcero
10 OmBITOB MPOAOIKUTENBHOCTHIO 30 MUH KaXIbIi).

VYcnosus: Perenepanus otkmoueHa, kpome ITHII Ne 1 u 2

Pacxon cBexxero mapa, /4 | 150 | 190 | 230 | 270 | 300 | 330* [ 360* | 400* [ 440* | 480*

KoanuecTBo OnBEITOB 1 1 1 1 1 1 1 1 1 1

* IIpuMeHsieTcs OZMH U3 MPUEMOB, OIMCAHHBIX B pa3d. B.3.2.1 HacTosmmx MeToAnYecKuX YKa3aHHH.

1.1.2. OnbITHI A7t pacyeTa MONpPaBKU K MOIIHOCTH HAa U3MEHEHHE JIaBJICHHS 0TPaOOTaBIIEro mapa B
KoHzeHcaTope (Bcero 2 cepuu 1o 11 onbITOB MPOIOKUTENEHOCTBIO 15 MUH KaXKIbIi).
VYcnosust: 1. Perenepanus otkimouena, kpome ITHJ Ne 1 u 2.
2. JlapneHue oTpaboOTaBILEro Iapa U3MEHSETCs OT OIBITA K OIBITY ITyTeM BITyCKa BO3yXa
B KOH/IGHCATOP.

I[aBJIeHI/IC 0Tpa60TaBmer0

napa, Kkre/om? Munnmansroe| 0,04 10,05 0,06 |0,07|0,080,09(0,10|0,11{0,12|0,13

Pacxon cBexxero napa, 1/4:
cepus 1-280 1 1 1 1 1 1 1 1 1 1 1
cepus |1-150 1 1 1 1 1 1 1 1 1 1 1

* Coz{epmaHHe ITYHKTOB, KaCaroluxcs neJn WCIIBITAaHUHN 1 06IJ_II/IX yCJ'IOBI/Iﬁ, AHAJIOTUYHO NPUJIOKCHUIO 1.

1.2. TemoBas cxema MpoeKTHAS (BCEro 9 OMBITOB IMPOIOIDKUATEIIFHOCTHIO | 1 KaKIIbIi).

MoruHocTh Ha BeIBOAax, MBT 45 65 80 90 100 MaxkcumanpHas

KonnyecTBo ombIToB 1 1 2 1 2 2

2. OnbITHI € NOJOTPEBOM ceTeBOI BOAbI, HE00X0AMMbIe [JIsl IOCTPOEHHUS IMArPAMM PeKUMOB

2.1. PexxumMsl TemnoBoro rpaduka (moBopoTHbIE aradparMbl 3aKpITHI, TEIIOBAs CXeMa IPOEKTHAs)
2.1.1. OpHOCTyneHYatblii momorpeB (Bcero 3  cepWH, COCTOSIIHE W3 7  OIBITOB
MIPOJOIHKUTETHLHOCTRIO | U Ka)IbIi).

Pacxox cBexero mapa, T/4 250 [ 290 | 330 | 370 | 400 | 440 |Makcumanbubiit

HM3meHeHre MOITHOCTH Ha BRIBOJAX
2.
(MBT) nipu pyro, paBHOM (Krc/cM©):

0,5 55-110
1,2 50-100
2,0 40-90

2.1.2. JIByXCTymeHYaThli MOAOTpeB (Bcero 3  cepuM, COCTOSIIUE W3 7  OIBITOB
MIPOIOJDKUTEIBHOCTBIO | 4 KayKabIit).

Pacxon cBexero napa, 1/4 250 | 290 | 330 | 370 | 400 | 440 | Makcumanbhsiii

3MeHeHne MOIITHOCTH Ha BBIBOJIAX
2.
(MBT) ppro, paBHOM (Kre/cm®):

0,6 60-100
15 50-110
2,5 45-100

2.1.3. TpexcrynenuaTelii moAorpeB (Bcero 3  cepud, COCTOSIIME W3 7  OIBITOB
MIPOJOIHKUTEITHFHOCTRIO | U Ka)IbIi).



Pacxon cBexxero napa, T/4 250 | 290 | 330 | 370 | 400 | 440 | MakcumanbHbiii

M3MeHeHre MOIIHOCTH Ha BBIBOJIAX
2.
(MBT) psro, paBHOM (Kre/cm”):

0,6 55-100
15 45-110
2,0 40-100

2.2. Pexxumsl ssiekrpuyeckoro rpaduka (I1BJ] oTKIIroYeHb!)
2.2.1. OgHocTyneH4aThlii NoAorpeB (Bcero 3 cepu MO 6 OMBITOB IPOJODKUTENBHOCTBIO) 1 d
KKIBIN).

Pacxox cBexxero mapa, T/4 330

Tennoduxanmonsas Harpyska, ['kan/a 140 | 1056 | 75 | 55 | 35 | 0

M3menenne MoutHoCTH Ha BEIBogax (MBT) mpu
Prr0, PABHOM (Krc/cm’):

0,5 80-95
15 70-85
2,0 65-80

2.2.2. JIByxcTymeH4aTelii momorpeB (Bcero 3 cepud Mo 6 OMBITOB IMPOAOJDKHTEIBHOCTRIO 1 U
KKIBIHN).

Pacxox cBexxero mapa, T/4 330

Tennodukanonnas Harpyska, ['kan/1 145 | 105 | 75 [ 55 | 35 | O

W3menenne MoutHOCTH Ha BEIBogax (MBT) mpu
2y.
Psro, PABHOM (Kre/cM”):

0,6 85-110
1,5 75-95
2,5 67-87

3. OnbITHI ¢ OIOTPEBOM CeTeBOI BOJbl, HEO0X0AMMBbIE 1JIfl ONpeaeeHHs MONPABKH K
MOIIIHOCTU TYpOUHBI HA u3MeHeHue aaBJjenus B PTO (Temnosoii rpaduk, 1B/l oTk/1104eHbI)

3.1. OaHOCTYNCHYATHIH MOMOTPEB (BCETO 2 CEpHH IO 7 OMBITOB MPOJOIDKUTEIBHOCTEIO 40 MUH
KKIBIN).

ﬂaBHEHHeHapaBHTO,KFC/CMZ 0,5 | 0,7 | 0,9 | 1,2 | 15 | 1,8 | 2,0

M3menenne momHocTy Ha BeIBogax (MBT)
IPU Pacxo/iaXx CBEIKEro 1apa, paBHbIX (T/4):

270 62-50

360 85-70

3.2. JIByxcTyneHuarelii 1ojorpeB (Bcero 2 cepuu mo § ONBITOB MPOAOIDKUTEIbHOCThIO 40 MHH
KKIBIN).

Jlayienue mapa B BTO, krc/cm” 06 | 08 [ 11 [ 14 ] 17 | 19 | 22 [ 25

N3menenne MOIIHOCTH Ha BBIBOJAX
(MBT) mpm pacxomax CBeXero mapa,
paBHBIX (T/9):

300 73-55

400 100-80




Ipunoxenne 3

TITPOTPAMMA WCIIBITAHU
TYPBHUHBI I1T-80/100-130/13 JIM3*

1. KonaeHcauMOHHBIH pexum

* ConeprkaHHe IYHKTOB, KaCAIOIIUXCS LIEIM HCIIBITAHUN U OOIIUX YCIOBUH, aHAIOTHYHO IPMIIOKEHUIO 1.

1.1. ITogorpeBaTenu BBICOKOIO AABJIECHHUS OTKIIOYEHBI. Peryistopsl masiaenus II-orGopa u PTO
OTKJTFOYEHBI.

1.1.1. OmbITH U1 TAPUPOBKHU PacX0J0MEPHOI0 YCTPOIiCTBa HA TPyOOIPOBOIE CBEXKETO Hapa (Bcero
10 omBITOB MPOAOIKUTENBHOCTHIO 30 MUH KaXIbIi).

VYcnosus: Pereneparnus otkmoueHa, kpome ITHJI Ne 1 u 2.

Pacxoj cBexxero napa, /4 150 | 190 | 240 | 270* | 300* | 330* | 360* | 400* | 440* | 470*
KonmuecTBo onbITOB 1 1 1 1 1 1 1 1 1 1

* JIpuMeHsieTcsl OJIMH M3 MPUEMOB, OIMCAaHHBIX B pa3l. B.3.2.1 HacTosimmx MeToanyecKux yKa3aHHi.

1.1.2. OnbITHI A7 pacyeTa MOMpPaBKU K MOIHOCTH Ha U3MEHEHHE JIaBJICHHS OTPaOOTaBIIEro mapa B
KOHJIeHcaTope (Bcero 2 cepuu 1o 11 ombITOB MPOAOIIKUTENBHOCTEIO 15 MUH KaXkKIblit).
VYcnosust: 1. Perenepanus otkntouena, kpome [THI Ne 1 u 2.
2. JlaBneHne oTpabOTaBIIETO ITapa U3MEHACTCS OT OIIBITa K OIIBITY IIyTEM BITyCKa BO3/LyXa
B KOH/ICHCATOD.

JaBienue oTpaboTaBIIIEro
mapa B KoHAeHcaTope, |MunumansHoe| 0,04 10,05 | 0,06 |0,07|0,08]0,09 (0,10|0,11|0,12 (0,13
Kre/em?
Pacxop cBexxero napa, T/4
cepust 1-220 1 1 1 1 1 1 1 1 1 1 1
cepust 11-100 1 1 1 1 1 1 1 1 1 1 1

1.2. Perynarop pasnenusi B II-otGope BriawoueH. JlaBiaenne B BTO u HTO mnepemenHoe.
IlomorpeBarenn BEICOKOIO JABICHHUS OTKIOYEHEL.

Cepus |. [lepemennoe aasinenue 8 BTO, G, = 200 /4. [IpoBOIUTCS 5 OMBITOB ¢ M3MEHEHUEM Ppor
MHMHHMMAJIEHOTO 110 2,5 kre/eM>.

Cepus |l. Tlepemennoe nasnenue B BTO, G, = 150 1/4. [IpoBOANTCS 5 ONMBITOB ¢ H3MEHEHUEM Ppro
OT MHHUMAJIBHOTO 10 2,5 Kre/cm>.

Cepus I11. TTepemennoe nasienne 8 HTO, G, = 200 1/4. [IpoBOIUTCS 5 OMBITOB C K3MEHEHHEM P70
0T MEHUMAJIBHOTO 10 2,0 Kre/cm?.

Cepus V. Ilepemennoe mpaBnerne B HTO, G, = 150 1/4. [IpoBoauTCS 5 OMBITOB ¢ M3MEHEHUEM
PrTo OT MUHUMaJIbHOTO 110 2,0 Kre/em?.

Bcero 20 onpITOB NpoAOIKUTENBHOCTHIO 40 MUH KaXKJIbIi.

[Ipumeuyanue. Ha naHHOW TypOHMHE BO3MOXHBIH JWANa3oH M3MEHEHUS Ppro M Pyro HA KOHICHCALMOHHOM
pexuMe Ipu pacxojax cBexero mapa 6osiee 150-200 1/4 BecbMa HeBenHK (B omiinuue ot Typoun TM3 tunos I1T-
50, IIT-135), mosToMy mMOJydYeHHBIE B pe3yJbTaTeé OSTHX OMNBITOB 3HAYEHHs IIONMPABOK IeIeco00pa3HoO
HUCIIOJIBb30BaTh I'’IaBHBIM 06pa30M JUIs1 CPABHEHUS € UX 3HAUYCHUAMU, HaﬁHeHHBIMPI PacCuUCTHBIM CII0CO0OM.

1.3. TenioBasi cxema npoeKTHas
1.3.1. Perymaropel naBnenuss B Il-otbope u PTO orkmrouensl (Bcero 7  ONBITOB
MPOJIOJDKUTEIBHOCTRIO | U KasKIbIi).

MomHocTh Ha BeIBOAax, MBT 40 55 70 75 MakcumanpHas
KomnuecTBo OnBEITOB 1 1 2 1 2

1.3.2. Perynsropsl naenenust B I1-otbope m PTO Brmodensl (Bcero 2 cepunm 1O 7 OIBITOB
MPOJIOJKUTEIBHOCTRIO | U KasKIbIi).
Cepus |: p, =13 kre/em?; paro=12 Kkre/em’; cepus ll: p, =13 kre/em?; puro=0,9 Kre/em?.

MomHocTh Ha BeIBogax, MBT 35 45 55 65 70 75 | MakcumanbHas
KomnuecTBo OnbITOB 1 1 1 1 1 1 1




2. Pe:kuMBbl ¢ MPOM3BOACTBEHHBIM, 0TOOPOM
(Bcero 4 onbITa NPOAOKUTEIBLHOCTBIO 1 4 KasKIbIi)

VYcnosus: Perymsarop nasnenns B I1-otbope BiimroueH; p, = 13 Kre/cm?.

Pacxox cBexxero mapa, T/4 350 | 400 | 450 MaxkcumanbHbIH
Pacxopx B I1-ot00p, T/94 80 130 170 180
MomHoCTh Ha BEIBOZIAX (pubmmsuTensHas), MBT 80 85 90 95

3. PeskuMmbl ¢ TenJ10(pMKaNMOHHON HATPY3KOM
(3nexkTpuueckuii rpaguk, 1B/l oTki1r04ensl, peryastop AasjeHus B II-or0éope Bk/104eH,

pn =13 Kkre/em?)

3.1. OHOCTYNEeHYaThIH TOI0TPeB (Bcero 3 cepuu 13 6 ONBITOB NPOJODKUTENBHOCTBIO 1 U KayK/IbIi)

Pacxop cBexero napa, 1/4

250

TemnmodukanmonHas Harpyska, [ 'kan/a

MaxkcuManbHas |

| 30 | 20 | 10 | ©

N3menenue momrHocTH Ha BeIBoJax (MBT)
2y.
IPHY Prro, PABHOM (Krc/cM”):

0,5 55-65
15 45-55
2,0 40-50

3.2. IByxcTyneH4Yarslid mojiorpes (Bcero 3 cepuu u3 6 ONMbITOB MPOJIOKUTEIBHOCTBIO 1 U KayKIbIN)

Pacxon cBexero napa, 1/4

250

TemnodukaimonHas Harpyska, [ 'kan/d

Maxkcumansaas | 80 | 60 | 40 [ 20 | ©

M3meHneHne MomHocTy Ha BeIBogax (MBT)
2.
TPH Ppro, PABHOM (Krc/cMm”):

0,6 50-65
15 40-55
2,5 35-50




[punoxenne 4

PACIOJIOKEHUE TOYEK U3MEPEHMUSI ITPU TEIIJIOBOM UCIHIBITAHUU TYPBUHBI I1T-80/100-130/13 JIM3
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IIpunoxenue 5

PACITIOJIO’KEHHME TOUYEK U3BMEPEHHS ITPU TEIIVIOBOM UCIIBITAHUU TYPBHUHBI T-100-120/130 YTM3
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IIpunoxenue 6

PACHOJIO)KEHUE TOYEK OCHOBHBIX U3MEPEHUI ITPA TEILJIOBOM MCIIBITAHUM TYPBUHBI K-300-240 JIM3

Fays
<~ ~
I
s 2k
B i "‘/4’//
/
&
uuulb EY CCIC L] - Fan\
wl}ﬂ n ™ 3
-
J.@ © qj] L -
bx
R
[\;- T
— <] b= 4 T
| > ~ EEE - J
pd
————T%*T

I 1 Sj- i
£yd s
hy .
8 women df -%:

JBING ¥ Ha iTH 1l
~ | “ (B o b0y

L,
b

T
¢

I,.(\_,_ Y —

I
1 }/E
=
o~
P

Aeaspama,
5 KZ/L"/ cw'g

THING i MHANE  mwanes  \mgwez | msn
N d N pafe L 1<>i - —— — Om acrabroee axexmopa
NP
g : ”LN_N_,J "‘LN_N_—J "1_,“__@_& Hw—ma—5/(zm?e_vf/mmw?
’ H

8 deaspamay 6 ec/omé



[Tpunoxenue 7

NPUHIOUITNAJIBHAS TETIJIOBASI CXEMA TYPBUHBI K-200-130 JIM3
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[Ipunoxenue 8

MNPUBEJEHUE K HOMUHAJbHBIM ITIAPAMETPAM U IPOEKTHOM TEILJIOBOM
CXEME ITPH TIOCTOSAHHOM PACXOJE CBEXKEI'O ITAPA BE3 UCITIOJIb30BAHUA
3ABOJCKHX INIOIMPABOYHBIX KPUBbIX

(HA TIPUMEPE TYPBUHBI K-200-130)

OrtoT cnocol MpUBEICHUS 3aKIIOYAETCs B ONPECIICHUH OTKIOHEHUH B paboTre TypOoarperara ot
ONBITHBIX JAHHBIX NPHU MEPEX0Jie€ Ha HOMHUHAJIBHYIO TEIUIOBYIO CXEMY W HOMHHAJIBHBIE MapaMeETPbI
rapa Mnpu HEU3MEHHOM pacxojie CBEXKEro napa, T.e. ¢ epeMeIlleHUEeM peryiupyromux kiamnaHos [{B/].
IIpu 3TOM yuuTHIBAIOTCS M3MeHEHHe BHyTpeHHero oTHocutenbHoro KIIJl I[IB/] 3a cder m3meHeHUs
MOJIOXKEHNS OPTraHOB MApOBIYCKa, OTKJIOHEHHWE HAYaJbHBIX M KOHEYHBIX IIapaMeTpoB Iapa OT
HOMUHAJIbHBIX 3HAY€HUI, OTJIIMYMS B peajibHOM TEmIoBOM cxeme OT pacueTHOM. [Ipu 3Tom BiusiHUE
OTKJIOHEHHH MapaMeTpoB Mapa M OTIMYMKA B TEIUIOBOH CXEME YYHUTHIBAETCS COBMECTHO IIyTeM
HaXOXKICHUS IONPAaBKM K OINBITHOW MOIIMHOCTH Ha BBIBOJAX TIEHEpaTopa 3a CYET H3MEHEHHi
TEIIONEPena 0B U PacxXoJ0B Iapa M0 OTCeKaM TYpPOMHBI, KOTOpPbIE IMOSIBISIOTCS IIPU IEpexoje K
HOMHMHAQJIBHBIM [TapaMeTpaM U cxeMe TypOOycTaHOBKH. Pacder mornpaBkn K MOIIHOCTH ITPOM3BOAUTCS
MOATAITHO METO/IOM IIOCJIeIOBATENBHBIX MPUOIIIKEHUH U BBITIIAIUT CIETYIOIINM 00pa3oM.

1. BeiOuparorcst yciaoBus, K KOTOPBIM MPHUBOIATCS PE3YJIbTaThl UCTIBITAHUIN: PacXOJ MUTATEIEHOM
BOJBI PaBEH PACXOJy CBEXEro Iapa; JaBlICHHE Mapa B J€a’paTope MOCTOSHHOE WU CKOJB3SIIEE;
JABJICHUS, TPH KOTOPBIX MPOU3BOJIUTCA IMEPEKII0UYeHHEe OTOOPOB Iapa Ha Jea’paTop W CIHMBOB
KoHzeHcaTa Tpetomero mapa [IBJl wa neasparop m I[THJI; 3HaueHHs pacxomoB mapa w3 OTOOpPOB
TypOMHBI CBEPX HYXK] pereHepaliy, HarpeB MUTaTeIbHON BOAB! B MUTATEIIFHOM HACOCE | T.1I.

2. Koppexrupyercs BHyTpeHHHH oTHOcuTenbHbIM KIIJ[ L[B/I, xoTopwlii M3MEHHTCS 3a CYET
[IEPEMELLEHUST OPraHOB IAPOBIIYCKAa JJIsi COXPAHEHUs IIOCTOSHCTBA PacxoJla CBEXEro Iapa Ipu
nepexo/ie Ha HOMHHAIBHBIE JaBlIeHHE W TeMreparypy. i sToro ompexaersercss GUKTUBHBIA pacxo
cexero mapa (G2 ) mo popmyie

Ghum _ gor PV,
o o on H
p, Y,
Buyrpennnit otHocutensHbii KIIJ[ IIBJ] npu mnepexone Ha HOMHUHalbHBIE JaBlIEHUE U

BT n
TeMIIepaTypy CBekero mnapa (7,

o ) onpenensiercst o Gpopmyie

B n LB/ on 1[B]] LB/ ¢puxm
o = 1o +10i i



rue iyéim " - ONMBITHBIA BHYTpeHHUH oTHOCHTENbHEIH KIT/T TIB/T;

nH - puytpennmit otHocutenbHbit KITJT 1IBJI, Haiinennbiii u3 rpapuueckoil 3aBMCHMOCTH
i =f G, coorsercrenno G

7753” Pum - gryTtpennnit otHocHTenbHb KITJ| I{BJl, HaiineHHBIA U3 rpaduaeckoil 3aBHCHMOCTH

LB/ puxm
i =Tf G, coorBercrBeHHo G .

3. JlaBneHus mapa mo oTOOpaM TypOMHBI ¥ IIepell MOAOTPEeBATEIAMH PAaCCUMTBHIBAIOTCS 10
thopmymam:

i+1 on 2 on 2 Gcm ’ tH +273|2 2,
Py =3l Pw ~ T o7 T

Pomc |7 ) v rars2
T2
i+l on 2 on 2 Gclm tH + 273! 2 i+l 2 .
pumﬁj - pumt’{/ - pomﬁ Jj+l G~ m+ p()mﬁ j+l ’

- )
rae p, 17:7; - IaBJICHHE Mapa Iepex mogorpesaTesieM Nj COOTBETCTBEHHO ONBITHOE | mocie (i+1)-

rO NPUGIHKEHHS, KIe/cM?,;

on i+1

P,y D,;, - JaBleHHe mapa mepex npeisaymuM mogorpesareneM (Njj) COOTBETCTBEHHO

ombiTHOE i roce (i+1)-ro mpuOMIDKeH s, Kre/cM;
Do » p'o:nl@ - naBieHue mapa B otoope Nj TypOHHBI COOTBETCTBEHHO OmBITHOE U mocne (i+1)-ro

2.
TPUOIIVHKEHUS, KTC/CM”;
on i+1
pomﬁ j+1? pamﬁ J+l

ombiTHOE U moche (i+1)-ro mpubnimkeHus, kre/em?;

t”, t - ombITHas ¥ HOMHHAJBHAS TeMIleparypa cBexero mapa (amsa oréopos [IBJI) u mapa mocie
npommeperpesa (s oroopos LIB), °C;

G

Jasnenne mapa Ha Beixoge u3 L[B/] maxomurcs mcxons u3 masieHus nmapa nepexn LIC/l ¢ yuerom
NPUHATON MOTEpPH JABJICHHs B TPAKTe Mpomieperpea (AJsi TypOUH C MPOMEKYTOUHBIM HEPETPEBOM
napa).

JI71st IepBOTO IPUOIIKEHUS p! , p! — PaBHBI COOTBETCTBYIONIMM OTBITHBIM 3HAUCHUSM.

- JaBleHHe mapa B mociepyromieM oT6ope (Nji1) TypOMHBI COOTBETCTBEHHO

G,, - pacxo[ mapa uepes HoCIeAyONyI0 CTyEHb OMBITHBIN U TIOCIE i-T0 MPUOIMKEHHS, T/4.

W3MmeHenne naBineHus mapa nepej MoaorpeBaTessiMU MOXKET BBI3BIBATHCS MHOTUMH NIPUYUHAMU, B
TOM YHCJI€ OTIMYHEM PacxXo/a Mapa Ha NOJOrpeBaTellb B HOMUHAIBHBIX YCIOBUSAX OT OMNBITHBIX 33 CUET
pa3nuums pacxoja MUTATEILHON BOJBI M KOHJEHcaTa (BO3MOXKHOE HalMdue 00BOja ITOJOTrpeBaTels,
KoylebaHne ypOBHEH, CXeMHBIE OTIIMYHS), TEMIepaTyphbl MUTATEIbHON BOJIBI M KOHAEHCATa Ha BBIXOJE
u3 Jea’paTopa U KOHACHCATOPA, OTKIIOUEHUEM MM BKJIHOYEHHEM JOIOJIHUTEIBHOIO OTBOJA Iapa
CBEPX HYXKJ PpEreHepalyy, OTKIIOUEHUEM BIPBICKA IIUTATEIBbHOM BOJBl B IPOMEKYTOYHBIN
naporneperpeBareib Koria, a TaKXKe OTIMYMEM HAa4aJIbHBIX I1apaMETPOB CBEXKEro Iapa U napa Iocie
IIPOMIIEpPErpeBa OT HOMUHAJIbHBIX 3HAUYECHUI.

4. MeToi0M MOCJIE0BATENFHOTO IPUOIIDKEHHS ONIPEIeIIeTCs TeMIIepaTypa MUTaTeIbHONH BOABI U
KOHJEHCcaTa 3a nojorpeBarenssMu. Ilpm 3ToM yduTBIBae€TCS WM3MEHEHHE [aBIICHHs Mapa mepen
[IOJOIPEBATEIIEM U U3MEHEHUE TEMIIEPATYPHOIO HAIopa IoJ0rpeBaTells.

t;+1 :t;n + t:’rl _t[m —A§ti+l,

ns

rae ', t)' - Temmeparypa muTaTeqbHON BOJIBI (KOH/IEHCATA) 3a TI0/I0rPEBATENeM COOTBETCTBEHHO

ombITHast ¥ nocne (i+1)-ro mpubnmxenus, °C;
ton ti+1

ns 1 Tns

- TeMIIEpaTtypa HAChIMICHUA COOTBETCTBCHHO ITPU ONBITHOM JIABJICHUH W NPU HaBJIICHUUN
) )
napa nepe nojgorpesareiem ( p, ) nocine (i+1)-ro mpubimkenust, °C;

A8t - u3meneHue TeMIiepatypHoro Haropa, °C.

B sTOM pacyere HCMONB3yeTCsA ONBITHAS 3aBHCHMMOCTH TEMIIEPATYPHOTO HANOpa OT KaKOM-THO0
BEJIMYMHEI, ONpPEACIAIONIEH peXnM paboThl MOJOTpeBaTeNsl - OOIMEH WM YAENbHON TEeIIoBOM
HArpy3Kd, pacxoja Tperoliero napa, JaBieHus Tapa W T.1. Hawmbosee moiaHO omnpenesnser paboTy
nojiorpeBaTeNs yielbHas TEIyIoBas Harpyska, W B JAIBHEHIIMX pacyeTax IO OMBITHBIM JIaHHBIM
UCIIONB3YETCS OTBITHAS 3aBUCUMOCTH TEMIIEPATYPHOTO HATIOPA OT 9TOM BEIMYHHEI,

VienbHble TEIUIOBBIC HArPy3KH IIOJOrPEBaTeNist B OMbITHBIX ycnoBusx (™) u mocie (i+1)-ro
npuGmmkeHns (q') onpenensoTes mo popMynam:

GOI’I i;l’l _ ill)’l

QT;



Gi ii+1 _ii+1
i+l 2 1

q = -

F
i, i;*l, ilI+1 - JHTAJBIMK THTATCIHLHOW BOJBI (KOHJICHCATa) HA BBHIXOJEC M BXOJC B

Ton
|

rnec I, , |
MI0/IOTPEBATENb COOTBETCTBEHHO OIBITHBIC U Tocie (i+1)-ro mpubImKeHns, KKaJI/KT;

G, G - pacxoJ mUTaTeIHFHOM BOIBI (KOH/IEHCATa) Yepe3 MOJ0rpeBaTellb COOTBETCTBEHHO OIIBITHBII
H mocie i-ro npubsmkenus (3aeck Gy, = CONst, GKi =var), 1/4;

F - moma/s MOBEpXHOCTH TEIIO0GMEHa [T0I0rPeBATEIS, M.

VI3MeHEHHE TeMIIepaTypHOTO Hamopa St~ HAXOZWTCS KAK PA3HOCTh TEMIIEPATYPHBIX HAIIOPOB,
HaliICHHBIX 13 3aBcHMocTH St = f () cootBercTBeHHO ' 1 ", T.€. NPEICTABISET COBON H3MEHEHIE
TEeMIIEpaTypHOT0 Haropa MoJIorpeBaTelis 3a CUeT U3MEHEHHS yIeIbHOM TeIUIOBOI Harpy3KH.

ITockonbky qi+1 3aBUCHUT OT t;l , HEOOXOMMO MPOMU3BECTH HECKOJBKO YTOYHEHHN AStm, KaKJbIH

pa3s McxXozs M3 HOBOTO 3Hauenus ). Jlns nampHeinmx pacdeTos mpuHHMaeTtcs 1, KoTopas mocie

MOCJIETHETO YTOUHEHHS OTIIMYACTCS OT IMPEABIAYIIEeTo 3HaueHns He Oonee uem Ha 0,1 °C.

[ ompeneneHus TeMIeparyp NHUTaTENbHOM BOABL Iepel NEpBbIM mocie acadparopa IIBI u
TEMIIepaTyp KOHACHCATA Mepe]l MOI0TPEBATEIIIMHU, PACIIOIOKCHHBIMHU MOCTIC PA3THYHBIX OXJIQJAUTEIICH
napa ¥ CaJlbHUKOBBIX MOJIOTPEBaTeNcil, HEOOXOIUMO UMETh CIEAYIOIUe rpaduIecKre 3aBUCHMOCTH:

AinH =f (Gnum);

A =1f G, ;
At =f G, ;
At”=f G, ,

rzae Ai,, - TOBBIIIEHNE SHTAILIINY IUTATENLHON BOIbI B IUTATEILHOM HACOCE, KKAJ/KT;
Atf”y - HarpeB koHaeHcata B OI1Y, °C;

At" - marpes xonzencara B I1C, °C;

At” - HarpeB KOH/EHCATa B OXJIaIUTEIIE Tapa OCHOBHBIX 3KEeKTOpoB, °C;

G,.um - PacXom MUTAaTEIBHON BOMBI, T/4;

G, - pacxoJ KOHIEHCAaTa Yepe3 COOTBETCTBYIOMINI TEIUIOOOMEHHUK, T/4.

IMpumeuanune. Ecium 06paboTka pe3ynbTaToOB UCHBITAHUH MPOU3BOAUTCs ¢ nomoinsio JLIBM uinn 3KBM, 1o
HE0OXOMMO BCE HCIOJIb3yeMBble Ipaduueckre 3aBUCUMOCTH OIHMCATh YPaBHEHUSMHU B (opMe IOJHMHOMA JTI060ro
HOpsIKa, 00ECIIeYNBAIONIET0 TPEOYEeMyI0 TOYHOCTb.

5. HO,I[C‘II/ITBIBEI}OTCH pacxoJbl Iapa Ha PEreHCPATUBHBIC MOAOTIPEBATEIM BBICOKOI'O M HHU3KOI'O

JTABJICHUH 10 hopMyiamM, peAcTaBIeHHBIM B pa3f. E.2.1 HacTosmmx MeToquaecKknx yKa3aHH.
i+1
nj

- IS IoJIoTpeBatelieit 6e3 oxJiauTesei KoHIeHcaTa TPEIOLIero napa

i+l _ Azon sit+l son i+1 on
AL =AT + i -t

[Tpu 5TOM TEIIIOUCIIONB30BAHHE Mapa B MoIorpesarensx Al HaXOAUTCA MO popMyiam:

om6 om6 !

= I HOZ[OI'])CBaTe.]'Ief/'I C OXJIaAUTCIISIMU KOHJZICHCATa IpCroLIero 1napa

sitl _ Avon si+l son i+1 on i+l on
Alrg/' _Aln/' + Iomﬁ _Ian16 - t2 j-1 _tZ j-1 - At()p/' _Atz)p/’ ’

rae Aijjf’ - TEIJIOUCIIONL30BAHKE Napa B mojorpesarene Nj 0 ONBITHEIM JaHHBIM, KKaJI/KT;
HE!
|0m6
NPUOIIMKEHUST HaXOJUTCS MO HOMUHAIBGHBIM HAYaIbBHBIM IapaMeTpaM Iapa, JaBIICHHIO B Kamepe
or6opa mocie (i+1)-ro u BHyrpeHHeMy otHocutensHoMy KIIJI orcexa (mis or6opos LIBJ] u LIC/]
nprHUMaroTCcs onbeITHEIE 3HaueHust KI1/1), kkan/kr;

i on
om6

- JHTAIBIIMA Iapa B KaMepe COOTBETCTBYMoIIero moxorpeparemo N; or6opa mocne (i+1)-ro

- ONBITHAs SHTAJILIINA 11apa B KAMEPE COOTBETCTBYIOLIEro nojorpesarento Nj oT0opa, Kkaj/Kr;
tan ti+1

ns ' ns

nocae (i+1)-ro npubnwkenus, °C;

- TeMIICpAaTypa HACBIIICHU, COOTBCTCTBYIOIIAA JaBJICHUIO B IOJOIPEBATEIIC Nj, OIIbITHaA U

t;’”j_l, t;*}_l - TeMmIeparypa KOHJAEHcaTa (IUTAaTeJIbHOW BOJBI) HAa BBIXOJE W3 IPENBIIyIIEro

noporpepatens Nj-1 onbiTHas u nocie (i+1)-ro npubnmxkenus, °C;

i+1
A 3:; , At(');/. - HeI0OXJIaXKIeHe KOHJIeHcaTa Iperollero napa nojorpesatens Nj ofbITHOE U Toce

H i+l i+1 v
(i+1)-ro mpubnmxkenus, Haxomutcs coorserctBenno Gon G wu G, G u3 rpapuueckoit

num

3aBuUCHUMOCTH Aty, = f (G, Gy), °C.

HawnbGonee yno0HO pacueT BecTH B TaKOW IMOCIEAOBATEIBHOCTH: CHadaja paccuuthiBaroTcst [IB]]
(HaunHas oT mocienHero mo xoxy Bozawl I1BJI), 3atem aeaspaTop, MOCie 4Yero yTOUHSIETCS Pacxoj
KoHIeHcaTta U paccuntsiBarorcs I[TH/] (HaunHas OT mocieHero 1mo Xoy KOHeH caTa 00T PEBATEIN).



6. PaccuuThIBatoTCS pacxoapl apa Mo CTYMEeHsIM TYpOHHBI 10 (hopMyIiaM, IPEICTaBICHHBIM B Pa3.
E.2.5 HacTosmux Metoaudeckunx ykazanuil. Pacxonsr mapa Ha I[1BJ] u [TH/I mpu 3TOM NMpUHUMAIOTCS
Te, KOTOpPBIE OBLTH TMONYYEHBI TMOCIe mocieaHero npuobmmkenns (i+1). Bece mocroponsue moaBoas! u
OTBOJEI ITapa U BOJBI, OTCYTCTBYIOIINE B PACUETHOI cxeMe, B pa30alaHCHPOBKE TOJDKHBI HCKITFOYATHCS
(HE yuUTHIBATHCS).

7. TloncuwThIBaIOTCS JMaBICHUS TIepe] IIOJOTpeBaTeNIMH (aHAJOTHYHO II. 3  HACTOSAMIETO
npuitoxenust). Ilocne 3Toro nasieHus:, mojaydeHubie mocie (i+1)-ro npubamkeHus, CpaBHUBAIOTCS C
JIABJICHUSIMH, MTOJYYEHHBIMU B i-M npubmkenun. Eciu cpaBHHUBaeMbIe TaBIECHUS PACXOIATCS MEXIY
coboii 6onee uem Ha 0,1-0,2 %, TO pacyer, HAUMHAs OT II. 3 HACTOSINETO HPWIOKCHUS, CICAYET
MOBTOPUTH, T.C. CICNATh elie 0aHO nmpubmmwkenue. Ecmu pacxoxnenue menbiie 0,1-0,2 %, To pacder
3aKaHYMBACTCS U MPOJOJDKAIOTCS JajJbHEHIIINE PacyeThl MO MPUBEICHUIO PE3YJIbTATOB MCIBITAHHHA K
HOMUHAIILHBIM YCJIOBUSIM, T.€. BBIYHCICHUS MPOIOJKAIOTCS OT I1. 8 HACTOSIIIETO MPHIIOKCHUS.

8. Ha crnemyromem sTare TOJCYUTHIBAIOTCS JAaBIICHHUS Mapa B KaMepax oTOOpoB Typboarperara,
MOJTY9YE€HHBIC TIOCIIE TIOCIEHETO YTOUHEHHS 10 (hopMyJIe IT. 3 HACTOSIIETO MPUIIOKECHHUS.

9. OmpenensioTcsi HCIOIB30BAHHBIC TEIUIONEPENaAbl 10 OTCeKaM TYPOMHBI ISl ONBITHBIX H
HOMUHAJIBHBIX YCIIOBHH:

on __ on Lon _on on .
Hi =f p, ’ta ”701' 1 Poms
H __ H L H H H
Hi =f pn’t()’nm"pom6 ’

rae Hi"" y HiH - UCIIOJIb30BAHHBIC TCIJIONICPCHIaAbl B OIIBITHBIX U HOMHUHAJIbHBIX YCIOBUAX, KKaJ’I/KF;

on

pY', p.) - OUBITHOC W HOMHHAJBHOE NaBJICHHS CBEXero mapa (mapa mHociie IpoMIIeperpena),
Kre/em;
t", t - onbITHAs M HOMHMHAJBHAS TEMIIEPATypBI CBEXKETo Mapa (1mapa mnocie npommneperpesa), °C;

0

on

ne, nl - omelTHOE M HOMHHAIbHOe 3HaueHus KII/1 mumuanpos; 7., mst LIBJ] paccuuThiBaeTcs 1o

¢opmyne m. 2 HACTOSIIETO NPHIOXKEHUS, AT OCTAIbHBIX IWIMHAPOB 77,. TPUHUMACTCS PaBHBIM
OIBITHOMY 3Ha4YEHHUIO;
2

Do+ Poms - OTIBITHOE M HOMHHAJIBHOE IaBIEHUS B KaMepax 0TOOPOB TypOMHBI, KIc/cM”,

Pacuer ncnonp3oBaHHOro Teruionepenana s "ckBo3Horo" pacxona napa LIHJ{ B HOMUHaJIbHBIX
YCIOBHUSIX HPOBOJIUTCS TPH AABICHHHM OTPa0OTABIIEro Mapa, IMOJCYMTAaHHOro 1o Qopmyne m. 12
HACTOSIIIIETO MPUIIOKCHHUS.

10. Ompenensercst U3MEHEHHE MOIIHOCTH TypOoarperara Ipu Iepexoje OT OMBITHOIN TeIIoBOH
CXeMbl K HOMHHAJIbHOW (pacueTHO) BCIEACTBHE M3MEHEHHUIl HCIOJb30BAHHBIX TEIUIONEPENaoB U
pacxo/I0B mapa 1o OTCeKam

H " on on " " on on
Z omo Hiomﬁ - Gomﬁ Hiomﬁ + Z Gmcs Hic}ce - Gc}ce Him«x

AN, = ;
" 860
rue AN, - U3MeHeHHe MOLIHOCTH TypOuHbI, MBT;
G) ., G -pacxonsl mapa B OTOOpbI TypOUHBI B HOMHHAJIBHBIX U ONIBITHBIX YCJIOBUSX, T/4;

G!,, G - "ckBo3Hble" pacxopapl Iapa uepe3 wwaMHApbl TypOunsl (LIBJ n LICA+LIHA) B
HOMHHAJIbHBIX U OTIBITHBIX YCIIOBHSIX, T/4;

H! ., HJ . - HCIOJB30BaHHBIC TEIUIONEpenaabl MO OTCEKaM TYpOMHBI B HOMHHAJBHBIX H
OIBITHBIX YCIIOBHSAX,

H! H” - UCrmoyib30BaHHBIC TEIUIONEPENaabl I "CKBO3HBIX" MOTOKOB B HOMHMHAJIBHBIX H

icke 1 Icke
OIIBITHBIX YCIIOBUSX, KKaJI/KT.

11. Haxomurcst mompaBka K MOIMHOCTH HAa OTKJIOHEHHE OIBITHOTO COSQ OT HOMHHAJIBHOTO
3Ha4YeHHs . JTa MOIpaBKa OJDKHA OMPEACNATHCS MO JAHHBIM 3aBOJA-M3TOTOBUTENS TeHEpaTropa o
MOTEPAX B TE€HEpaToOpe MPH Pa3IMYHBIX 3HAYCHUAX COSQ B auamazoHe Harpy3ok 0-100%. Ecmm takne
JaHHbIE OTCYTCTBYIOT, HO wu3BecTHO 3HauyeHue KIIJ| reHepaTopa (Wiu mOTepH B HEM) MpH
HOMHUHAJIbHOM 3HAYE€HHWH COS(, TO MOIPABKY HA OTKIOHEHHE COSQ”' OT COSQ" MOMKHO MPHUOIMKEHHO
OIPENIENUTh CIIETYIOIIIM 00pa3oM:

1) crpourcs kpusas AN’ = f (N,,) npu cosp = cosg”. Cymmapuble norepu B reseparope ZAN’
OTIPEEIAIOTCS 110 hopMyJie

1 _ I
AN =—TN,;
n
2) OInpeaciiaeTCAa q)HKTPIBHaH MOIIIHOCTh I'€HEPATOpa B YCJIOBUAX OIIbITA
cos ¢"
— on .
sz)uxm = N on !

Ccos ¢



3) mo kpuBoit ZAN’ = f (N,,) onpenessitoTest noTepy B reHepaTope MpH OnbITHOH MomHocTH AN, u

(ukTHBHOM MomHOCTH AN

puxm ?
4) morpaBKa Ha OTKJIOHEHHE COSQ”" OT COSQ” MPUOIMKEHHO COCTABUT
_ 2 2
ANCOS(/) - AN([)ulcm _ANnn :
12. Tlo ceTke MOMpaBOK Ha AaBIeHHE OTPAOOTABLIErO Mapa ONpeaessieTcsi MOMpaBKa K MOIHOCTH
(AHp,):

AN, =f p)".p}.G;

on' __

H
— pon GZ

2 2 on !
GZ

’
roe p,", p," - OaBJeHHE OTPabOTaBLIEro Mmapa COOTBETCTBEHHO OIBITHOS U CKOPPEKTHPOBAHHOE
OIIBITHOE, kre/em?;
G.", G, - onbITHBIA U HOMHHAJILHBIH Pacxo]| napa B KOHJECHCATOP, T/4;

p, - HOMHHAJIBHOE JaBjeHHE OTpabOTaBIIEro Iapa, ONpEAeiseTcs [0 HOPMATHBHBIM HIIN

PaCUYCTHBIM XAaPAKTCPUCTUKAM KOHACHCATOPA Typ6I/IHLI B COOTBCTCTBHU C G; , MOXCT TaKX¢C

MMPUHUMATHCA MMOCTOAHHBIM, KFC/CMZ.
13. HomuHaneHas morHocTh Typboarperara (N,,) onpenensercs mo GopmyJie

N, =N +AN, +AN, +AN ,.
14. HoMuHANBHBINH pacXo/1 TEIUIOTH Ha Typouny (Q,) onpenensercs mo hopmysie
QO :[G;m iu _ion 4 +Gan’ iu _iu i|1073,

o num nn nne nnx

cos g

rae G - ONBITHEIN PacXojl CBEXKETO Mapa Ha ( TypOuHY, T/4;

on’ o v -
Gnn - CKOPPCKTUPOBAHHBLIM OIIBITHBIM PpacxXxod Iapa Ha MOPOMIICPETrpeB, MNOJYUYCHHBIM II0CJIC
MNpUBCACHMS ONBITHBIX JaHHBIX K HOMUHAJIbHBIM ITapaMeTpaM U CXEME, T/q;
i - OHTAJIBIIUA CBCKCTO Mapa NpH HOMHUHAJIbHBIX JABJICHUW U TCMIIEPATYPEC, KKaﬂ/Kr,

4

- ’ v (V)
|:::m - CKOPPEKTHUPOBAaHHAA OIIbITHAA SHTAJIbIHSA IMUTATCIbHOW BOJbI, IMOCTYHNANOIICHU B KOTCI U3
CHUCTEMbI pCreHEepaAllun Typ60y0TaHOBKI/I, IocJie NMpUBEACHUA K HOMUHAJIBHBIM IMapaMETpaM U CXEME,

KKaJI/KT;
i” - oHTampmus mapa mocie npommneperpesa nepex 1ICJ] mpu HOMHMHANBHBIX TaBICHUH U

nne
TeMIeparype, KKaj/Kr;
i" - SHTaIBIUs Mapa, MOCTYMAIOIIEro Ha IPOMIIEPErpeB, MOCIE MPUBEACHUS K HOMHHAIBHBIM

nnx
napaMeTpam U cxeMme, KKaJ/Kr.
15. YneneHbI pacxox TEIUIOTH HAa TypOWHY B HOMHMHAIBHBIX YCIOBHSAX ((,) OIpeaensercs Mo

hopmyie

q, = Qg0
Nm

rre Qo - pacxo/ TEeIIOThl Ha TYPOMHY B HOMHHAIBHBIX YCIOBHSX, ['Kau/4;

N,, - MomHOCTE TypOoarperata B HOMHHAJIBHBIX YCIOBUSIX, MBT.

B Tex Typ60yCTaHOBKaX, B COCTaB TCIIJIOBBIX CXEM KOTOPBIX BXOJAT IMUTATCIBHBIC Typ60Hacocm,
MOMOIHOCTh, HNPHHUMAEMasA Ui Pacue€TOB YJACIBbHOTO pacxoda TEIUIOThI, HAXOAWUTCA KaK CyMMa
MOIIIHOCTEW Ha BBIBOJAX TeHepaTropa M BHyTpeHHeH TypOOnpuBOa MUTaTeIbHOro Hacoca. B gopmyre
n. 13 HacTOAIMIEro NPWIOKEHUS MOSBIAETCS JOIOJHHUTENBHBIM WWIEH, HPEICTABISIOMMUA CcOo00M
BHYTPEHHIOIO MOIITHOCTH TYpOOIPHBO/Ia MUTATEILHOTO HACOCA B 3KCIUTyaTallMOHHBIX M B TaAPAaHTUHHBIX
ycinoBusix. TOYHO Tak K€ YYUTHIBAIOTCS JPyTHEe MEXaHU3Mbl C TypOOIPHBOAAMH, HalpUMep
TypOOBO3/1yX01yBKHM Ha 3Heprobiokax 800 MBT.






OBPABOTKA PE3YJIbTATOB "BAKYYMHBIX" OIIBITOB (HA TIPUMEPE TYPBHUHBI K-800-240 JIM3)
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Howmep onbiTa

1

2

) 8

9

10

11

()

18

19

JlaTta npoBeneHus onbiTa

04.03.78

04.03.78

05.03.78

05.03.78

19.03.78

19.03.78

19.03.78

19.03.78

HpO,HOJ'DKI/ITeJ'ILHOCTI) OIIbITA T,
MHH

20

12

20

20

20

21

28

19

MoIrHOCTh Ha BBEIBOJAX

reneparopa N’ MBrt

m

699,70

700,85

677,86

670,42

379,15

372,50

317,79

328,80

Ilo pesynbTaTam
00pabOTKH IEPBUIHBIX
JIAHHBIX

Koadduuuent momraocTH
(ombITHBIN) COSQ”"

0,8959

0,8988

0,8723

0,8682

0,7630

0,7518

0,7188

0,7350

To xe

Temmneparypa cBexero mapa t,, °C

538,3

538,7

540,1

540,3

539,4

539,7

540,4

541,2

Temmeparypa nmapa rops4ero
npomreperpesa t,,,, °C

5445

5443

542,0

542,3

536,3

535,1

536,1

536,2

JlaBneHue napa B KOHTPOJIbHOU
2
CTYNEHH p,, KI'c/cM

6,382

6,400

6,449

6,464

3,537

3,500

3,473

3,503

JlaBneHue oTpabOTABIIETro Mapa
2
2, KI'C/CM

0,0259

0,0257

0,0932

0,1134

0,0235

0,0308

0,1549

0,1270

ITorpaska Ha COS@AN*? kBt

40

10

250

280

440

460

380

380

MoIIHOCTh Ha BBIBOJIAX
reHepaTopa ¢ y4eToM MONpPaBKU
Ha cos¢ N,,, MBT

699,74

700,86

678,11

670,70

379,59

372,96

318,17

329,18

ITo xpuBo#i noreps B
reHeparope, UCXoas 13

on

Nlﬂ
_ on cos
N,=N"+AN"

HomuHanbHOE [aBIcHNE B
KOHTPOJIbHOM CTYIICHH p| ,
Kre/em?

6,4

3,52

Homunanenas remneparypa

cBexero mapa t', °C

H
0

539

539

Homunanenast remneparypa napa
ropsigero npomreperpesa t -, °C

enn 2

543

535

HomunanbsHeli pacxoa napa
yepe3 MOCIEIHIO CTYIEeHb
TypOuHbl Gyyy, T/4

1645

915

[Nompagka i IpUBEICHUS
MOIITHOCTH K HOMHUHAJIbHBIM
YCIIOBHSIM:




Ha N3MEHEHHE JIaBJICHHS B 0,282 0,000 -0,760 | -0,990 | -0,481 0,571 1,266 0,428 Pl =Py r o
KOHTPOJIBHOM CTYNEHU Oy, %0 X = p—KlOO %
Ha U3MEHEHHE TEMIIEPATYPhI 0,056 0,024 -0,088 | -0,104 | -0,032 | -0,056 -0,112 | -0,176 a, =0,08 t' -t
CBEKEro mapa Oy, %0
Ha U3MEHEHHE TEMIIEPATYpPhI -0,131 | -0,114 0,088 0,061 | -0,114 | -0,009 -0,096 | -0,105 a,, =0,0875 t" —t
ropsiuero mpomieperpesa ot,,,, %
cymmapHas a, , % 0,207 -0,09 -0,760 | -1,033 | -0,627 0,506 1,058 0,147 ay =a, +a,+a,,
[TpuBeneHHast MOLTHOCTH HA 701,19 | 700,23 676,90 672,96 | 663,77 | 377,21 | 374,86 366,23 321,54 | 329,67 o,
BbIBOJIax TeHepaTopa N” , MBT N,” =N, (1"'%]
[NompaBka K TaBICHUIO 0,239 -0,018 -0,692 -0,910 -0,456 0,614 1,352 0,563 100 ,
oTpaboTaBIIero mapa Ha App =&y, _m t, -t
M3MEHEHHE PacXofa Oy, %
[puBeeHHOE NaBICHHE 0,0260 | 0,0257 0,0839 0,0926 | 0,1124 | 0,0234 | 0,0310 0,0467 0,1570 | 0,1277 a,
otpaborasmiero napa p;’ Py =D [14'&]
Kkre/cm’
H3MeHeHre MOIITHOCTH Ha -24,29 -23,33 +0 3,94 13,13 -10,98 -8,63 +0 44,69 36,56 —
BbIBOJIaX TeHepaTopa AN”, MBT
IMapameTps! "yHHBEpCATLHON 1,580 1,562 5,629 6,833 2,557 3,388 17,158 | 13,956 —
KpUBOH":
py-10°  xrcwu

(o " oM’
AN™ -14,77 | -14,18 +0 2,40 7,98 -12,0 -9,43 +0 48,84 39,96 —

2 kBTu/T

)
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IPUMEP PACYETA TPEX TOUYEK JINHUH Q, = const IJISI AMAI'PAMM PEKUMOB TYPBUHbBI I1T-80/100-130 P ABYXCTYNEHYATOM
IMOJOTPEBE CETEBOH BO/JbI

ITonpaBka k

VY nenvHas
[TonpaBka k MOIIHOCTH
JaBnenue [ONpaBKa K Buytpennss| Ouransnus| [lonpaska
. MOIIHOCTH IH/ 3a
Tennosas Pacxo Bayrpennss|napa 3a LIB/] ¢|CkBo3HOIi| MOIITHOCTH 1IB/JI Ha MOIIIHOCTh rnapa B Ha YT —— cuer
Harpyska Hana le; Pacxon | MOIIHOCTH | y4E€TOM 30HBI | pacxof LB/l na OTKIIOHCHIE Buytpennss IIH/ npu | xamepe I1- |u3smenenue e —
MIPOU3BOLCT- BXE eB ceexxero| LIB/[ mpu |ecTecTBEeHHOro| mapa |OTKJIOHEHUE or 13 momHocTs UBJ| i, =715 0oTOOpa |3HTAIBITUH Kam ep e T- | seransmum
BEHHOT'O “ napa p,=13 MOBBIICHUS | uepe3 |JaBiICHUS B Pn OT, IIPUBEJICHHAS KKaJl/Kr npu npu P
uc/ 2 Krc/cM” mpu _ l orbopa | BKamepe
orbopa Krc/cMm JaBJICHHUS OB/ IT-oTbope AGoTe B uppro=12| p,=13 | pabote B M-ot60pa
(ETLT) ot 13 P Krc/cMm kre/em® | some EIJ P
crc/on 3one EITJ| or 715
KKaJI/KT
Qu Giy Go N2 P Gy AIT AN/ N/ N Inp(13) Ai, Iy K
I'kan/ua /4 /4 MBT Kre/em® /4 KBT1'u/T MBT MBT MBT KKaJI/KT KKaJI/KT KKaJI/KT —
Bamaemcs | 3amaemcs| Ilo |Ilo rpaduky| Ilo rpaduky Ilo Ilo AN HBA — ANZ2w —  |Tlo rpadmky ITo Ai, = i, =i, * ITo
B rpaduky| pwuc. 24 puc. 32 rpaduky | rpaduky '. o Lo puc. 30 rpaduky | 0,85AI7 Ai, rpaduky
npenenax | puc. 31 puc. 31 | puc.22 | =Gy AIT | =N/ + AN puc. 33 puc. 27
Xapakre-
PUCTUKHU
IH/ puc.
30
30 60 158 16,1 13,0 — 0 0 16,1 12,7 743,8 0 743,8 0,914
30 230 344 479 13,5 297,5 -2,3 -0,68 47,22 43,5 707,7 +2,0 709,7 1,016
30 273 401 56,5 16,0 346,2 -12,5 -4,33 52,17 52,9 704,5 +10,8 715,3 0,998







Oxonuanue npmioxeHus 10

Pacxon ¥ eI HbH [lonnas [lonnas
pacxon
Buytpennss TETUIOTHI Ha yIeiIbpHas Maxcu- yaenabpHas
BuyTpensss TETIJIOTHI Ha .
MOIITHOCTb Temmora, | BBIPaOOTKY BEIpAOOTKA | MAaNbHBINA BBIpaboTKa
MOIIHOCTE | CyMMapHEIE Koneunas BEIPAOOTKY
IH/ npu OnexTpudeckas BOCIPHUHATAsA | 3JIEKTPO- 3JEKTPO- | pacxoj mapa 3JIEKTPO-
N TypOUHEI HOTEPH SHTAIIBIINSA 3IIEKTPO-
peanbHOI MOIITHOCTh .|  Temmo- SHEPTUU TIPU — SHEpPrun B — SHEPTUU
npu TypOO- MU TaTEeIbHON SHEPTHHU TPH
SHTAJIBIINU B TypOoarperara HocuTeneM B | pabore 6e3 apom TeropuKa- apom
pealpHBIX | arperara BOJIBI pabote 0e3 N
kamepe [1- ai KOTJIe TeropuKa- TenodHKa- MIPOM3BOJICT- | IIMOHHBIN TeropuKa-
orbopa Pt IIUOHHOTO BEHHOT'O otbop IUOHHOTO
otbopa HHORHOTO orbopa otbopa
otbopa
L[H]n, m i - n n n maxe m m
N N, ZAN,,, Ny Lo Qo Qo-Qu a, N, W, G, N, W
MBT MBT MBT MBrT KKaJI/KT I'kan/u I'kan/y kka1/(kBty) | MBt | (kBr'u)/T'kan T/4 MBT | (xB1u)/T'kan
N Lt _ N = ITo rpaduxy N, = ITo rpaduky | Dopmyra dopmyna ®opmyna |Dopmyna| Dopmyna ®opmyna |Popmyna| Dopmyna
N N puc. 16 _N” _ZANW puc. 31 (96) (96) (96) (100) (99) (102) (104) (101)
= O, 6 i + P IpH My, Opu My,
. N L =0,975 =0,975
10, 4N/ ”
cM. hopmymy
(92)
13,42 29,52 1,47 28,05 219,4 96,87 66,87 2384 5,84 194 50,6 13,07 497
43,09 90,31 1,98 88,33 250,0 200,38 170,38 1929 8,67 289 183,1 56,27 591
52,96 105,13 2.21 102,92 258,4 230,21 200,21 1945 8,23 274 221,1 67,71 589
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HPUMEPHI OITEHKHA MOTPEITHOCTEN U3MEPEHUI TEXHOJOT MUYECKHAX
ITAPAMETPOB

Ha puc. I1.1 npencraBieHa cxema KaHaJIOB U3MEPEHUS OCHOBHBIX TEXHOJIOTHYECKUX NTapaMeTpPOB.
1. U3mepenne TemnepaTypbl

PaccmoTpuM cityyail u3MepeHusl TEMIEPATYPhI NEPE] CYKAIOIKUM YCTPOHCTBOM Ha NapONpOBOAE
cBexkero mapa typounsr K-200-130.

1.1. M3mepenue IIPOU3BOJUTCS OJIHUM TEPMO3JIEKTPUUECKUM mpeobpa3oBareemMm
(TepmonnexTpudeckuM TepmomerpoM) thma TXA. B kadecTBe BTOPHYHOTO MpHOOpa NPHMEHEH
noteHmmomerp OIII-09 ¢ mmamazonom mmepernit 200-600 °C. Ero ocHOBHas IOTPENTHOCTH
Y0,0:015%-

M3mepeHHoe 3HaueHue TeMIepaTyphl apa nepesl CyKaroUuuM YCTpoHCTBOM paBHO 545 °C.

B cootBerctBun ¢ I'OCT 3044-77 ocHoBHas morpemHocTs TepMoOAC TepMO3IEKTPUUECKUX
npeoOpa3zoBateinieil (TePMOIIEKTPUYCCKIX TePMOMETPOB) XA cocTaBiseT

A"=0,16+2,0 - 10™ (t - 300) mB;
A" =0,16 +2,0 - 10™ (545 - 300) = 0,209 MB,
4yt0 cooTBeTcTBYET A = 4,9 °C (cM. rpagyupoBounbie Tabmuibl no ['OCT 3044-77).
OTHOCHUTENbHAs OTPEITHOCTh TEPMOIIEKTPUIECKOT0 TEPMOMETPa

A" 4,9
0" =—-100=—-1

t
OTHOCHTENbHAS OTPEIIHOCTh BTOPUYHOTO NMpUOOpa I JAHHBIX YCIOBHH

600-200
0" =05——=0,37%.
545

Cpe,Z[Hee KBaJApaTU4€CKOC OTKIIOHCHHUE OCHOBHOM NOTrpeITHOCTU U3MCPUTCIILHOI'O KaHa1a
_ m2 np2 .
5 =1/2J5" 16"

5, =1/2,0,9°+0,37 =0,49% .

Jis yuerta BIHMSHMSA JONOJHUTENBHBIX ITOTPEIIHOCTEH Ha MOTPEIIHOCTh M3MEPEHHS BTOPUYHOTO
nprbopa MpUMeM OTKJIOHEHHE TeMIIepaTyphl OKpyXarmieil cpensl oT HomuHaiIbHOH (20 °C) — 5 °C,
OTKJIOHEHUsI 4acTOTHI - 5% W HanpspkeHus nutatomeit cetn — 10%. B coorserctBum ¢ HT/l npubopa
OII1-09 >TUM OTKIIOHEHHSIM COOTBETCTBYIOT CIIEAYIOMIHE IOTIONHUATENBHBIE TTOTperrHOCTH (%0):

v:=0,05; y=0,5; v,=0,5.

B cootBerctBun ¢ Qopmynoit (115) cpenHee kBagpaTHYeCKOE€ OTKIOHEHHE JIOTIOIHUTEIBHBIX
MOrpeIHOCTeN

0* =0,90%.

1 600-200
(o} e ——
M9 545

CpenHee KBa/paTHYECKOE OTKJIIOHEHHE TIOIPEIIHOCTH M3MEPHUTEIHHOIO KaHalla, COTJIaCHO GopMyiie
(114), cocraBur

\J0,5% +0,05% +0,5? =0,26%.

o, =+/0,497 +0,26% =0,55% .

OTHOCHUTENbHAs OTPEITHOCTh U3MEPEHHS TEMIIEPATyphl & COCTABUT

8=206,,=2-0,55=1,10 %.

AGCOoIIOTHAs TOTPEIIHOCTE N3MEPEHUSI TEMIIEPaTyphl

A=545-1,1-10%=6°C.

[orpemrHoCTh U3MEPEHUSI TEMITEPATYPHI MOXET OBITh CYIIECTBEHHO CHIIKEHA C ITOMOIIBIO TOBEPKH
TEPMOAJIEKTPHYECKOTO TEPMOMETpa MW BTOpUYHOro mnpubopa. Tak, moBepka TEPMOIIEKTPHUECKOTO
tepmomerpa TXA 1o 00pa3loBOMY IUIATHHOBOMY TEPMOJIEKTPUUECKOMY TEPMOMETPY MO3BOJISIET
CHI3UTH ero morpemHocTs ¢ 4,9 mo 1 °C. [loBepka Bcero M3MEpUTENHFHOIO KaHalla CHHXKAET CpeiHee
KBaJIpaTHUECKOe OTKIOHEeHHEe OocHOBHOW morpemHoctu ¢ 0,49 1o 0,21 %. CpenHee kBaapaTHdecKoe
OTKJIOHEHHE MOTPEITHOCTH KaHaJla COCTaBUT ITOCIIE TIOBEPKH

o, =+/0,217+0,26° =0,33%.

I[am,HeﬁLuee TIOBBIIICHUEC TOYHOCTHU PE3YJIBTATOB MAaCT HCKIIOYCHHUC BJIMSAHUA BHCUTHUX yCJ'IOBPIfI,
CO3JA0IMUX JOIOJHUTCIBHBIC TMOTPCIMHOCTH (B JaHHOM CJIyda€ OTKIOHCHUA OT HOPMAaJbHBIX



3HAYCHUH YCIIOBUI pabOThI BTOpUYHOTO pudopa). B atom ciyuae G, , = G, = 0,21 % u 6 = 0,42 %.

Hakonerr mepexon Ha AyOIHpOBaHHOE HW3MEPEHHE TEMIIEPATyphl (IBa TEPMOIJICKTPUUIECKUX
TEPMOMETPA, KaXKIblii M3. KOTOPHIX BHIBEICH HA OTICIBHBIN BTOPHUUHBINA MPUOOP) TO3BOJSIET CHHU3HUTH
OTHOCHTEJIbHYIO TIOTPEIIHOCTH B V2 pas, T.c.

5=2%2_ 1039,
V2

YeMy COOTBETCTBYET aOCOIMIOTHAS HOTPENTHOCTh M3MEPEHHS TEMIIEPATYPhI
A=545-0,003 = +1,64 °C.

Tl —
3 N
R M 7 R e
3
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Temmepapz | pun | —f kun || wwn || mox |-

Puc. I1.1. CxeMBI KaHQJIOB U3MEPEHUSI OCHOBHBIX TEXHOJIOTMYECKHUX TapaMeTPOB:

TT, TH - n3mepurensHsle TpaHCHOpPMATOPHI TOKA U HanpsxeHus; TIM - n3MepuTenbHbIH
npeobpaszosatenb MotiHocTH; UBK - nHbopMaoHHO-BeIMUCIUTENbHBINH KOMILIEKe; CY - cyxkatolee
ycrpoiictso; ITHII - mepBuyHBIN H3MepHUTENbHBIH peoOpa3oBatens; JJH - nenurens HanpsOKeHNS;
KVII - komneHcanoHHbIe yuHsAonme nposoaa; YKHII - yeTpoiicTBO KoMMyTaIuy, HOpMaaIu3aun
1 1peoOpazoBaHus

Takum o00pa3oM, CHIDKCHHE IIOTPEUNIHOCTEH OTHENBHBIX 3BCHBEB HM3MEPUTEIHHOTO KaHaia
MO3BOJIMIIO TOBBICHTh TOYHOCTH H3MEPEHHS TEMIIEPATypHI IIapa MOYTH B 4 pasa.

B npumepe He ydTeHa TOTPEIIHOCTh OTCYETa IMOKa3aHUHA MPHOOpa, KOTOpast TOJDKHA MPHHAMATHCS
PaBHOM ITOJIOBHHE IICHBI JACJICHUSI [IKAJIbI.

1.2. V3MepeHue NpoOU3BOAMTCS OOHUM TepMONIEKTpUdeckuM TepmomeTpom TXA. B kauectBe
BTOPUYHOIO MPUOOPa PHUMEHEH IepeHOCHbIH notenuuomerp I1T1-63.

B coorBerctBuM ¢ 1. 1.1 HACTOSIIEr0 OPUIOXKEHUS OTHOCUTENbHAsl IOTPEIIHOCTh
TEPMOBJIEKTPHUIECKOTo TepMomeTpa coctasisieT 0,9 %.

B cootBerctBuu ¢ HTJ/] ocHoBHas morpemHocTh moreHnmomerpa III1-63 y,, = 0,05 %. B
paccmatpuBaeMoM citydae mpu t = 545 °C V = 22,57 mB. Ilpu BeIOpaHHOM BEpXHEM IpeaeIie
u3MepeHuit 25 MB oTHOcHUTEIbHAs TOTPEITHOCTh

o = 0,05@ =0,055%.
22,57

Cpe[LHee KBaJIpaTU4€CKOC OTKJIIOHCHHNE OCHOBHOU MOTPEITHOCTHU U3MEPHUTEIILHOT'O KaHaJ1a

OK.

o u=i% 0,97 +0,055% = 0,45%.

1 N
JlomoHUTENBHAS TTOTPEIIHOCTh BTOPHYHOTO mpubopa, cornmacHo HTJI, paBHa iz OCHOBHO
MOTPEITHOCTH MPU M3MEHEHUH TeMIIepaTyphl okpyxaromiei cpenbl Ha £5 °C. IMpuanmas At = 10 °C,
1
UMeeM y, = ?0, 05=0,025%.

CpenHee KBaIpaTHIECKOE OTKIOHEHHUE MOTPEITHOCTH U3MEPEHHSI TEMIIEPaTyPhI



2
o — [ o.a57.[0.025 2500
" 2 22,57

OTHOCHUTENbHAS TOTPEITHOCTh U3MEPEHHS TEMIIEPAaTyPhI
§=2-0,45=0,9 %.

=0,45%.

AGCOMOTHAS TTOTPENTHOCTD
A=545-0,9-10%=49°C.
Vcnone3ys MeTopl, yKa3aHHbIE B II. 1.1 HAcCTOSMIEr0 NMPHIOKECHUS, MOKHO TaKXKe CYIECTBEHHO
HOBBICHTH TOYHOCTb N3MEPEHHS TeMIIePaTypEL.
[epBHUYHBIC TEPMOIIECKTPUIECKIE TEPMOMETPHI CICAYET MOABEPraTh CTAPCHUIO U TPALyupOBATh 10
H TIOCIIE OTBITOB.

2. U3mepenue naBiaeHuii

2.1. PaccmoTpuMm citydail u3MepeHus JaBlICHUS TIEpe]] CY>KalolUM yCTPOWCTBOM Ha MapompoBOJIe
cBexkero mapa typounsr K-200-130.

W3mepenne NPOM3BOIAWTCS OJHUM TEXHHYECKHM IIOKAa3bIBAIONIMM MaHOMETPOM C TpelesaMy
u3mepenus 0-160 KFC/CMZ, neHa nenenus 1,6 KFC/CMZ, kjacc ToyHoctu 1,5. VMI3mMepeHHoe 3HaueHue
JaBiaeHuss paBHO 135 kre/em?. Tlocre MOBEPKH 00pa3IOBEIM MaHOMETPOM Kiacca ToyHoctH 0,4
OCHOBHasl OTPENTHOCTh CHU3MIIACH ¢ 1,5 10 MuHMMyMa, paBHOTO nprdamsuTensHo 0,8 %.

[TorpemrHoCTh M3MEPEHUS B IaHHOM CIIydae COCTOMT M3 OCHOBHOM IOTPEIIHOCTH M MOTPEITHOCTH
OTCueTa IOKa3aHUM.

ITorpemHocTh B YCIOBHUSX OIBITA COCTABISACT

5. =08-289_0 0489
: 135

Cpez[Hee KBaJApaTU4CCKOC OTKIIOHCHHUC OCHOBHOI1 MOTPCITHOCTH

_0948 4706,

0.0
AGCOMOTHAS TOTPENIHOCT, OTCYETA COCTABISET MOJOBHHY jejeHus mkamsi A = 0,8 krc/em?,
0,8
oTHOCHTENbHAs - S, =——-107 =0,60% .
135
CpenHee KBaApaTHIECKOE OTKIOHEHUE [OIPELIHOCTH OTCUCTa

o =O’—§O=O,30%.

omc

CpenHee KBaIpaTHIeCKOE OTKIIOHEHUE MTOTPEIIHOCTH U3MEPEHHS
o, =4/0,47% +0,30° =0,56% .
OTHOCHUTEJbHAS MOTPEITHOCTh U3MEPEHUSI
8=2-0,56=1,12 %.
AOCOIOTHAS IOTPENTHOCTh U3MEPEHUS IABJICHUS CBEXKETO Mmapa
A=135-1,12- 10 = +1,5 krc/cM®.
VYBenu4yrMB YMCIIO W3MEPEHHUH JABJICHUS CBEXKEro mapa IO ABYX, MOKHO CHHU3UTh IOTPEIIHOCTH B
2

\/E pas, T.e. 1o 1,0 krc/cm”.

2.2. PaccMoTpuM citydail m3MepeHHs JaBIICHHS MEpe]] CYKAIOMIM YCTPOUCTBOM Ha MapOIpOBOJIC

cBeskero napa Typounst K-500-240.

W3mepenne npon3BOIUTCS NEPBUYHBIM IpeoOpasoBateneM nasieHuss MIID-400 ¢ mpenenom
n3mepenus 0-400 kre/em?, kiace Tounoct 1,0 (OCHOBHAsI TOTPETHOCTD Y, 5 = 1 %0).

B kauectBe BTopuuHOro npudopa npumeneH MBK, ocHOBHas morpemHocTs KOTOPOTO COCTaBIISET
Yoo = 0,2 %.

CpenHee KBaJpaTU4eCKOE OTKIOHEHHE OCHOBHOM MOTPENIHOCTH M3MEpUTENbHOro KaHana MIIO-

MBK cocraBut
2 2
1 (400 1,oj +(@-o,zj ~0,8%.

o, —
w2 255 255
[Ipu BEITOTHEHIH KOMITIEKCHOH IMOBEPKH BCETO H3MEPHUTEIHHOTO KaHAJIa C TIOMOIIBIO 00pa3IoBOro

MaHoOMeTpa Kiacca TogyHocTH 0,2 ero MmpuBeIeHHAs MOTPENTHOCTh COCTABHUT B Ipeaene v, = 0,4 %, a
cpeaHee KBaApaTHICCKOE OTKIOHCHHE



0,4 400 , _
c,, =———-107%=0,31%.
2 255
Jisd 3amaHHBIX BHEMIHMX YcioBUM npuHuMaeM B coorBerctBuu ¢ HTJI ma MIID u HMBK
CIEIYyIOIINE 3HAUYEHUS JONOJHUTEIbHbIX IOTPEIIHOCTEM]:

a) MIID : 4 = 0,3; yar =0,15; y5, = 0,3;

6) UBK: v, =0,1.
CpeaHee KBaJApaTU4€CKOC OTKJIIOHCHHUE HOHOHHHTCHLHOﬁ MOTPCIIHOCTHU UBMEPUTCIIBHOTO KaHaIa
Cpue = @1\/0,32 +0’152 +0,32 +0,12 _ 0,36% .
' 255 2

Cpennee KBapaTHIecKOe OTKJIIOHCHHE CyMMapHO# MOTPEIITHOCTH:
a) 6e3 MoBepKH

o, =+/0,80° +0,36° =0,88% ;
0) mpu moBepKe

o, =+/0,31*+0,36> =0,48%,

4eMY COOTBETCTBYIOT OTHOCHTENBHBIE norpemHoctu 1,76 u 0,96 %.

AOGCOIOTHBIC TIOTPEITHOCTH COCTABILIIOT COOTBETCTBEHHO 4,49 1 2,45 Kre/em?.

[Ipumenenne 1yONMMPOBAaHHOTO M3MEPEHMS B COUCTAHWU C MOBEPKOI M YCTpaHEHHEM HCTOYHHKOB
JOTIONTHUTENBHBIX TOTPENIHOCTEH IO3BOJISET JONOJHHUTENBHO CHHU3HWTH IOTPEITHOCTh H3MEPEHUS
nasiienns 10 0,62 % wmm 1,58 kre/em>.

2.3. OneHuM HOTPELIHOCTh U3MEPEHNUS JaBICHUS 0TPaOOTaBIIero napa (BakyyM B KOHIEHCATOPE).

2
dakTryeckoe 3HaueHue p, = 0,035 kre/cm”.

PaccmoTpumM aBa ciyuast.

2.3.1. JlaBneHue OTpaOOTaBIIEro mapa HM3MEpSeTcs C IOMOIUBIO JBYX PTYTHBIX OJHOTPYOHBIX
BaKyyMMETPOB, IIeHa AeJICHHUS MKaIbl 1| MM, TOUHOCTH oTcyeTa 0,5 MM PT.CT.

bapomerpuueckoe aBieHHE H3MEpSETCS PTYTHBIM HMHCIEKTOPCKHM 0apoMeTpoM, TOYHOCTh
oTcuerta (1mo HoHuycy) 0,1 MM pT.CT.:

B-H 2
P, = ———-1 krc/em”.
735,6
st paccmatpuBaemoro ciydas B = 750 mm; H = 724,3 mm.
W3 Teopun ommbOOK U3BECTHO, UTO €CIH Z = X - Y, TO

5;+0;
0, =——— Te.

X-y

2 2
_VOLH05 50 g 9506,
2 750-724,3
IIpu Hanmuuuu ABYX U3MEpeHUi
1,95

o, =—==138%.

P2 \/E

OTOMY COOTBETCTBYET CpeIHEee KBaApaTHIECKOe OTKIOHEHHE

P2

6}"
0, =—2-=0,69%.

Hpe,uen a6COJ’IIOTHOﬁ NOTrpeIIHOCTU U3MCEPECHUS TaBJICHUS OTpa6OTaBIII€FO rnapa
Ap, =0,035-1,38-102 = +0,00048 rc/cm?.

2.3.2. JlaBnenue oTpabOTaBIIEro Mapa HU3MEPSETCS C IMOMOIIBI0 JBYX TepMompeobpasoBaTeneit
conpotuBieHus (TepMoMeTpoB conporusienns) TCM. @akruueckas Temneparypa 26,36 °C (ps=0,035
Kkre/em?).

B xagectBe BTOpHuHOTO TpHbOpa npuMeHeHs MocTel KCM-4 kiracca Tounoctn 0,25 ¢ npenenamu
m3mepenus 0-100 °C. Iena nenenus mxansi 0,5 °C.

OcHOBHasi MOTPENHOCTh TepMonpeoOpasoBatenst comnporuBieHuss A = 0,5 °C (mo HTJ),
OTHOCHTEJIbHAS
0,5
o = ———+10 =1,9%.
26,36

1 CpeAHCC KBAAPATHUUICCKOC OTKIIOHCHUEC



o, =29 _0,95%.
2

CpeL[Hee KBaJApaTU4€CKOC OTKIIOHCHHUE OCHOBHOM MOTPpEITHOCTU BTOPHUIHOT'O an/I6opa
1 100
o, ==025——=0,47%.
2 26,36

Cpez[Hee KBaApaTUICCKOE OTKIOHCHUE OCHOBHOM TIOTPEITHOCTHU U3MEPUTEIBHOTO KaHajla COCTaBUT

O-m)rcu = \l01 952 + 01 472 = 1, 06 % .

Cornacio HTJ], HauOojbpliee 3HAYEHHE JIOTOJHUTCIBPHONW TOTPEIIHOCTH, BBI3BIBACMOM
OTKJIOHEHUEM BIIUSIOLIMX BEJIUYMH OT PACUETHBIX 3HAUEHUH, HE AOJDKHO IpeBbliaTh 0,2 OCHOBHOU
MOTPEIIHOCTA TEPMOIIPEOOpa3oBatTelisi COMPOTUBICHUS Gy, = 0,2 - 1,9 = 0,38 %, a ece cpenmHee

0,38 0
KBaJpaTuueckoe OTkIoHeHue o, =——=0,19%. JIna BropuuHoro mpubopa Ui 3aJaHHBIX
2
BHEITHUX YCJIOBHH 3TO 3HaU€HUE COCTAaBUT cooTBeTcTBeHHO 0,4 1 0,2 %.
CpenHee KBaIpaTHIEeCKOE OTKIIOHEHUE JOTTOJHUTEIBHOM MOTPEITHOCTH U3MEPUTEIILHOTO KaHaia

o, =+0,22+0,197 =0,28 %),

a cpeAHee KBaJpaTH4YecKoe OTKIOHEHHE CYMMapHOH MOTPENIHOCTH M3MEPEHUs TeMIepaTyphl
JIByMs TepMOMETpaMu

1,06 +0,28°
o, =4————=0,78%.
2
2
[Tockonpky naBieHHWEe OTpabOTaBIIEro mapa oIpeieisercs Mo TabnuiaM BOJASHOTO Mapa Kak
JaBJICHWE HACBIIICHHS, COOTBETCTBYIOIICE TeMmIeparype otpaborasimero mapa ps = f (t), TO

TMOTPECIIHOCTDL €TI0 CKJIaAbIBACTCA U3 HOI'peIHHOCTeﬁ HU3MEPCHUA TEMIICPATYPhI U HOFpeIHHOCTeﬁ T36JII/II_[
BOJISTHOT'O Tapa.

CpenHee KBaJpaTHYECKOE OTKJIOHEHHUE MOTPEIIHOCTH ONpEIeNICHHs JaBIeHHs 0TPadOTaBIIEro mapa
OTpeIeTuTCs 1o hopMyIie

2 2
_ P, t2 Ap2ma§ﬂ _
apz - A n t Ton -
A, P, 2p,
2 2
~ [ 0,002079. 2220 g 7g | [ 29000095 1 55
0,035 2-0,035

(BTOpBIM CJlara€MbIM B IIOAKOPCHHOM BBIPAKCHUU - IMOTPCIIHOCTBIO Ta6J'II/IL[ - MOXHO npeHe6peqL
BBUAY €TI0 MaJ'IOCTI/I).

OTtHOCHUTEeIbHAs MOTPCITHOCTL ONPCACICHUSA AaBJICHUS 0Tpa60TaBmer0 napa AByMsi TCpMOMETpaMu
COITPOTUBJICHUA

5, =2:1,22=2,44%,
a abCconroTHAs
A, =0,035-2,44.10 =0,00085 krc/cm’

(mpu pacdere He YYTEHBI MOTPEIIHOCTH OTCUETa II0 INKaje Hpubopa W 3a CYeT OTKIOHECHHS
TEeMIEpaTypHl 1 OT CpejIHEi 0 CeUeHHUIO aTpyOKa).

CpaBHMBas IOJIy4€HHOE 3HAYEHUE C PE3YIbTATOM, MOJIyUYEHHBIM B MPEABLIYLIEM IPUMEPE, MOKHO
yOenuThCsl, YTO TOYHOCTH ONpPEJNENICHUS JIaBJICHHsl OTpabOTaBILEro IMapa PTYTHBIM BaKyyMMETPOM
MOYTH BJBOE BBILIE, YEM C IOMOILBIO TEPMOMETPA CONPOTUBIIECHUSI.

3. N3mepenne nepenajaa gaBJieHHil

3.1. Usmepenue mpousBoautcs aupmanomerpom JIMD-MU kmacca tounoctu 0,6 ¢ mpenenamu
m3mepennst 0-2,5 krc/cm’, yHUDUIMPOBAHHBIT BBIXOMHOH curHam 0-5 MA. DakTHUECKOe 3HAUCHHE
curnana 4 MA.

daxTHYecKOe 3HaUCHHE Nepenaia J1aBIeHui

Ap = 2,5% =2,0 krc/em’.

CpeaHee KBaJApaTU4€CKOC OTKJIIOHCHHUC OCHOBHOU MOTpEeIIHOCTHU ﬂH(bMaHOMeTpa



0,6 2,5
0,,=—"—=0,375%.
2 2
B kadectBe BTOpHMYHOTO mpubOpa ucmoib3yercs PYM, OCHOBHAs MOTPEIIHOCTh KOTOPOTO paBHA
0,5 %. Cpennee kBagpaTudecKoe OTKIOHEHUE OCHOBHOM norpemnoctd PYM coctaBut

_0525

O-PYM()() -

=0,312%.

CpenHee KBapaTHYECKOE OTKIIOHCHUE OCHOBHOW MOTPELTHOCTH BCETO H3MEPHUTEIBHOIO KaHaja
=4/0,312° +0,375% =0,488% .

Jst IPUHATHIX OTKJIOHEHHH BHELIHUX BIIMSIONIMX YCJIOBHUH CpemHee KBaIpaTHYeCKOe OTKIOHCHHUE

JIOTIOJTHUTEIBHOM MOTPENTHOCTH AU(PMaHOMETPA Gy = 0,35 %, PYM Gpyyye = 0,15 %.
Torma

o

00K

0,. =40,35°+0,15* =0,381%.
Cpennee KBapaTHIeCKOE OTKJIIOHCHHE CyMMapHOH MOTPEITHOCTH
o, =4/0,488° +0,381° =0,619 .
OTHOCHUTENbHAs TOTPEITHOCTE U3MEPEHUS MepeTaia AaBICHHH COCTaBUT
8 = 0,619 -2 =1,24 %.
AGCOIOTHAS TTOTPEITHOCTh H3MEPEHHS Tiepenaia TaBlIeH!H ¢ moMoIsio aupmanomerpa JJMD-MU
COCTaBHT
A=2,0-1,24-10%=0,025 krc/cm’
(B pacuete mpuHATO, UTO Apeidsl Hys1 audMaHomeTpa JJMD-MU u PYM otcyTcTBOBaNM).
CyIecTBeHHO CHU3HUTH 3HaUYeHHE aOCOMOTHON morpemHocTH (mpumepHo a0 0,01 KIrc/cM?) MOKHO
TOJIBKO ITOBEPKOI BCEro WM3MEpHUTENIHHOTO KaHaja C IIOMOIIBI0 O00pa3llOBOI0 MaHOMETpa Kiacca
tounocTH 0,16-0,25 u ycTpaHeHHEM BHEUIHWX BIUSIOIIUX BEIMYWH, BBI3BIBAIOIINX JTOTOJHUTEIHHYIO
MOTPENIHOCTD, & TAK)KE YCTAHOBKOM AyOIMPYIONIEro IEpBUYHOT0 Npeodpa3oBaTels.
3.2. H3mepeHue mepenana AaBICHUN OCYIIECTBISACTCS PTYyTHBIM audmanomerpom J1T3-400,
OCHOBHasl OTPEITHOCTH KOTOPOTO paBHA 5 MM PT.CT. (BKJIIOYast HOIPEITHOCTh OTCYETA).
3HayeHHe U3MEPEHHOTO NIepenaia AaBleHui coctaBisieT 1594 mm pt.cT. (2,0 KFC/CMZ).
OTHOCHTEIbHAS OCHOBHAS IOTPEIIHOCTh

50

5, =——.10% =0,31%,
1594
a CpeAHCE KBAIPATUYCCKOC OTKIIOHCHHUEC
0,31

c,=—=016%.
2

00

AOCOIIOTHAS MOTPEITHOCTh U3MEPEHHUS Tiepernaaa narienuii mugpmanomerpom JJT3-400 cocraBut
A=2,0-0,31"-10=0,006 krc/cm>.

4. U3mepeHue 3JIeKTPUYECKOH MOIIHOCTH Ha BbIBOJAX reHepaTopa

4.1. DOnekTpuyeckas MOLIHOCTb Ha BbIBojJax reHeparopa TI'B-200 wusmepsiercs 1o ABYM
HE3aBUCHMBIM cXeMaM ApoHa.

Kpatkas xapakrepucTika reueparopa:

U, = 15750 B; I, = 8625 A, cosp = 0,85; S = 235000 xB-A.

®dakTudeckas MouTHOCTH paBHa 190 MBT.

B xnacca

Hcnonp3yroTcss M3MEpHUTENbHBIE TPaHC(HOPMATOPHI TOKa A HampsOKeHHS

TounoctH 0,5.

ITpumeHens! aBa 1a0OpPaTOPHBIX BaTTMETpa Kiacca TouHoctd 0,5, o, (IMCIO0 MeNeHuH MIKaIbI) =
150. IMoka3zanus BarT™MeTpOB o1 = 69,9, o, = 139,9.

JIist IpUHSATON CXEeMBI IIeHa JieNieHnsT BaTTMeTpa coctaBisieT K = 905,625 kB1/1°.

CpenHee KBaIpaTUIECKOE OTKIIOHEHUE OCHOBHOM ITOTPEITHOCTH U3MEPEHUS

= 2 2 2
O-uku - \/O-mm + arm-t + o-am +0,

ome *
CpenHee KBaJpaTHYECKOE OTKIOHEHHE OCHOBHOM IIOIPEMIHOCTH TpaHc(OPMaTOpPOB TOKA H
HapsHKCHUSA COCTABIIACT:

O =

mm !

}/mm .L
2 |



N 190000

roe | = o = =8194 A;
\3U, cosp /3:15,750-0,85
o =058625 60,
2-8194
o =Ym Yy 0515750 onq.

"2 U 2 15750
CpeZ[Hee KBaApaTUICCKOE OTKJIOHEHHUE NOIPEIIHOCTH BATTMETPOB Oy, OHPEHACIACTCSI HCXOIAA U3
(hopMyJIBI TIO/ICUETA MOIIIHOCTH
Nm =K (0(,1 + 0(,2).

l au.m \/E

em 2 7/6"1
o +a,

OTcrona

TOE O, Oz - TOKa3aHUA BAaTTMETPOB B JACICHUAX IIKAJIBI.

o =Los 1902 4o,
2 139,9+69,9

Cpez[Hee KBaJIpaTUYCCKOC OTKJIIOHCHHUEC MOIPCITHOCTHU OTCUCTA Oy ONPCACITACTCA KAK

omc -
2 N, o+a,

2 2
o, = 1 9056 +139,9°+69,9 107 = 0,18%.
2190000 209,8

CpeaHee KBaJApaTU4€CKOC OTKIIOHCHUE OCHOBHOM TMOTPCITHOCTHU KaHaJla USMEPCHUA MOIIHOCTH

o, =+/0,26% +0,25% +0,25? +0,18? = 0,47% .

s 3ajaHHBIX W3MEHEHHMH BHENIHHX YCJAOBHUH CpeHEe KBaJpaTHYSCKOE OTKIOHCHHE
JIOTIOTHUTEIBHOM MOTPENTHOCTH paBHO G, = 0,19 %.
CpenHee KBaIpaTHUECKOE OTKIIOHEHHE U3MEPEHHUS MOIIIHOCTH IBYMsI CXeMaMu ApoHa

2 2
\ou, tos 0,472 +0,19 0.36%.
V2 V2

OTHOCI/ITCHLHaﬂ HOFpeLHHOCTL I/I3MepeHI/I$I BHGKT‘quCCKOﬁ MOITHOCTHU C BepOfITHOCTLIO 0,95 paBHa
§ = +2 oy = 20,72 %.

oy =

4yTo coctaBuT Ay = +1,37 MBT.

4.2. Dnexrpudeckass MOIIHOCTh HA BBIBOJIaX TeHEpaTopa HM3MEpSeTcsl IO JABYM HE3aBUCHMBIM
cXeMaM C HCIIOoNb30BaHueM IpeobpaszoBateneil momHuoct E-748 H/2 kmacca tounoctu 0,25 m PYM
kiacca ToyHoctH 0,2. XapakTepUCTHKH T'eHEpaTopa, M3MEPHUTEIbHBIX TpaHc(opMaTropoB ToKa H
HAaIpsDKEHUS ¥ OCTAIBHBIE YCIIOBHUS TE XK€, UYTO | B I1. 4.1 HACTOSIIET0 MPUIIOKEHNUSI.

CpenHee KBaJIpaTHIECKOE OTKJIOHEHHE OCHOBHOH MOTPENTHOCTH KaHaIa H3MEPEHHS

\/0' +0. 0 AT

TA€ G, = 0,26 %;

G = 0,25 %.
CpenHee KBaIpaTHIECKOE OTKIIOHEHUE OCHOBHOM ITOTPEITHOCTH MPeo0pa3oBaTelisi MOITHOCTH
. :@L 0 25 8625 8625 _ 1 1396
) 2 1 2 8194
Cpennee kBajipaTHIeCKOe OTKIIOHEHHE OCHOBHOM morpentHoctd PYM
|
o Tow L 028625 o
2 | 2 8194

Tornma

(o \/O 26% +0,25% +0,13% +0,11* =0,40% .

IIpumeM 1S 3aJaHHBIX HU3MEHEHHI BHEIIHUX YCIOBHUI CpeIHEEe KBaAPAaTHYECKOE OTKIOHEHHE
JIOTIOJTHUTEIBHOM mmorpenrHoctu 6, = 0,19 %.
CpenHee KBapaTUIeCKOe OTKIIOHEHHE MMOTPEITHOCTH U3MEPEHUSI MOIIIHOCTH ABYMSI CXEMaMHU



o o, _\0,40° +0,19°
- -

N N

OTHOCHTeNbHAS OTPEIIHOCTE C BepOATHOCTHIO 0,95
8 =120y =0,62 %.

=0,31%.

AO0comroTHas MOTPECIIHOCTD
Ay ==*1,18 MBT.
Taxum 06pa30M, 00a W3JI0KEHHBIX METOoAa U3MCPCHHSA MOIIHOCTHU obecneunin MMPaKTUYCCKU
OAWHAKOBYIO TOYHOCTb KOHCUYHLIX PE3YJIbTATOB.

5. M3mepenue pacxonaa cBesxero napa Typounst K-200-130 JIM3

W3mepenne pacxonoB perimaMmeHTHpYeTCs [4].

IlorpemHoCcTs H3MEpPEHUs pacxola COCTOUT K3 TOIPEUIHOCTEH CY’KAIOLIEro YCTPOMCTBa,
MOTPENIHOCTEH WM3MEpeHHs TIepernajga MAaBICHHH Ha CYXAIOMIEM YCTPOWCTBE M IOTPEIIHOCTEH
oIpe/ieNieHNs IUIOTHOCTH U3MepsieMoil cpeabl. B o0mem Buzae cpeaHee KBaApaTHIECKOE OTKIOHEHHE
MOTPENTHOCTH N3MEPEHHMS pacxona (Cg) PaBHO

nJIn

TAC O¢y - CPCAHEC KBAAPATHICCKOC OTKIIOHCHUC MMOTPCIIHOCTHU CYKAIOIICTO YCTpOﬁCTBa;
Gaps O-M - Cp€AHCE KBAAPATUYCCKOC OTKIIOHCHHUC MOTPEHIHOCTU U3MEPCHUA NEpECIiajia JaBIICHUM

WU Pacxo/a;

Gap - CPEIHEE KBAJPATHIECKOE OTKIIOHCHHE ITOTPEIIHOCTH ONPEAEICHHS INIOTHOCTH.

5.1. Pacxox cBexxero mapa W3MepseTcs HO JABYM IapoIlpoOBOAAaM C IIPUMEHEHHEM CY>KarOIINX
YCTPOMCTB - coml U audmMaHoMeTpoB pryTHOro 3anonHenus: JJTD-400 ¢ OCHOBHOW MOTPELIHOCTHIO
Ajrs = 5 MM prT.CT.

HcxonHble faHHBIE:

D20 = 0,239 M;

d20 = 0,18212 M,

m = 0,6052;

o = 1,14565;

Ap, = 1,6 krc/em? (1275,2 MM pr.CcT.);

p=135 KFC/CMZ;

t=1545 °C;

Go saxe = 400 1/9 (10 0OTHOMY TTAPOTIPOBOY);

G, = 328 1/4 (110 0OJHOMY TAPOIIPOBOLLY);

H=857,4 MM pr.cT.

OmnpenensieM cpenHee KBaJpaTHYECKOE OTKIOHEHHE IOTPELIHOCTH CYXAIOIIEro YCTpoiicTBa B

COOTBETCTBUH C [4]:
_ 2 2 2
Ocy = Jo?l +0; +0re

TJie G, - CpPeAHee KBAIPATHICCKOE OTKIIOHCHHE TIOTPEITHOCTH KOA(PPHUIIMEHTA PacXoa;

Oz - CpedHee KBaIpaTUYECKOE OTKIOHEHUE IOIPEIIHOCTH IIONPAaBOYHOIO MHOXKHUTEIS Ha
pacumupeHne u3MepsaeMon cpeibl;

OkRe - CPEIHEE KBAJPATHUCCKOE OTKIIOHCHHE MOTPEIIHOCTH KO3(PQHIHMEHTa KOPPEKIIUH HA YUCIIO
Peitnonnca.

Just Hatero ciyvast

o, =0,62 %;

o: = 0,21 %;

OKRe — 0,00 %.

Oy = \/0,622 +0,21° +0,00° =0,65% .

OTHOCHTENbHAS IOTPEITHOCTh H3MEPEHUS TIepenasia TaBIeHui




A 5
5y, =—2>-10° = -10° =0,58%,
H 857,4
rae H - gpaxTidaeckuii nepenam, MM pT.CT.
CpenHee KBaipaTHYECKOEe OTKIOHSHUE IIOTPEITHOCTH U3MEPEHUS Iiepenaia AaBJIeHUH

c =0’—258=0,29%.

Ap

ITorpemHocTs ompeneneHus IUIOTHOCTH H3MEpSIeMOIl cpeabl OIpenensercs MNOTrPEeUIHOCTHIO
W3MEPEHUs MTapaMeTpoB (TEMIIepaTyphl M JAaBICHUS) M HMOTPENIHOCTHIO ONPENEICHUS IUIOTHOCTH IO
TaOMMYHBIM 3HAYCHUSIM.

OOG1uii BUA BeIpaXKeHust Aus npupatuenus hyukuuu o = f (p, t) paBen

mabn "

op op
Ap=—|At+—|Ap+A
Y a op p+Ap

Hepexo,uﬂ K KOHCUYHBIM IPUPAICHUAM U OTHOCUTCJIbHBIM apryMEHTaM, IMOJy4aeM BbIPpAKCHUEC IJIA
CpCAHCTO KBaAPATUYCCKOI'0 OTKIIOHCHUA

2 2 2
O-p: (a_pj .lo—t + a_p .Eo-p +(£O-Ap) .
at), p ») P 2

OrmpezenieHne YacTHBIX MPOM3BOJHBIX BBHIMOJHACTCS M0 TEPMOAMHAMUYSCKUM TAOIMIAM WIH i-S-
JuarpaMmme.

IIpu u3MepeHnu mapaMeTpoB Cpebl Ha Cy)KalolleM YCTpoicTBe B cooTBeTcTBHH ¢ mm. 1.1 u 2.1
HACTOSIILIETO IPUJIOKEHUSA CpelHee KBaJpaTHUECKOe OTKIOHCHHE IIOTPEIIHOCTH H3MEpeHUH
TeMIIepaTyphl U AaBJICHUS PABHBIL:

G = 0,55 %;

Gpo = 0,56 %.

[To Tabnuuam TemaopU3MIECKUX CBOWCTB BOJBI M BOSIHOTO Iapa

(a—”) =-0,067;
at p

6_p =0,311.
op A
Cpennee KBaJipaTUUECKOE OTKIOHEHHUE OTPEITHOCTH OTIPE/IeNICHHUS TUIOTHOCTH
2 2 2
o = —0,0G?-ﬂ-O,SS + 0,311-£-0,56 + 1.%.102 =0,81%.
. 38,37 38,37 2 38,37

CpenHee KBaJpaTHUeCKOe OTKJIOHEHUE MOTPEUTHOCTH M3MEPEHUS pacxo/a CBEKETo mapa Mo JBYM
MapoIpPOBOAaM COCTABHUT

\/0,652 +%-0,292 +£-0,812

OTHOCHUTeNbHAs! IOTPEIIHOCTh U3MEPEHHS PAcX0o/ia CBEKEro mapa
0s =120, =110%.
0 0

AGCOIOTHAS MOTPEITHOCTD JJIsl PACCMOTPEHHOT'O CITydast
Ag =%£7,22 T/9.
0

o =0,55% .

5.2. Ecnu pacuetHslii pacxon ceexero mapa GP ompesernsercs Ha OCHOBAHUM HECKOIBKHX

HC3aBHCHUMBIX I/ISMepeHI/Iﬁ, TO OH IOACYHUTHIBACTCSA KaK Cpe}IHeBSBeHIeHHBIﬁ C Y4€TOM HOIp€UIHOCTH
KaXXJ10T0 UBMCPCHUA.

Hanpumep, ecnu pacdeTHbIl pacxon cBexero mapa G ompeneneH M0 HEMOCPEICTBEHHOMY

u3MepeHnto G, W Mo U3MEPEeHHUI0 pacxo/a MuTaTenbHoi Boabl G, TO
2 2
O-Glmm 3 O-Gaj
G, +

2 2 2 2
O, 05 O, 05

GP =

num !

‘num ‘num

a CpEAHCC KBAAPATUICCKOC OTKIIOHCHUE NOTPCIIHOCTH PACUCTHOI'O pacxoaa CBEKETO mapa



05,06

num

2

GJ - 2
O-Go +O—G

5.3. JIns IOBBIMIEHUS] TOYHOCTH H3MEPEHHH pacxo/ia CBEKETO Mmapa PeKOMEHTyeTCs:

- pacyeTHBI pAacXoh CBEKETO Iapa NPHHUMATh KaK CPEIHEB3BEUICHHBIM M3 MaKCHMAaJIbHO
BO3MO)KHOTO KOJHYECTBA CIOCOOOB €ro OmpeAeneHHus (HEMOCPEACTBEHHOE H3MEPEHHE, pPacXon
MUTATeNBHON BOJIBL, PACXOJ IIapa Ha MIPOMIIEPETPEB, PaCX0 OCHOBHOI'O KOHJIEHCATa U Jp.);

- MICIIOJIb30BaTh yOJIMpyIOLIKe NepBUYHbIE TIPpeoOpa3oBareiu Ui H3MepeHus nepernana (pacxosa)
Ha CY’KalOIIUX YCTPOHUCTBAX U MapaMeTpOB CPebl;

- BBIMOJHSTH MOBEPKU U3MEPUTEIBHBIX KAHAIOB IJIS CHIKCHHMS OCHOBHOM IOTIPEIIHOCTH CPEACTB
M3MEPEHUs IO YPOBHS IIOTPELIHOCTEH 00pa3oBbIX TPHOOPOB;

- UCKJIIOUUTh BIIUSTHHE BHEIIHUX YCJIOBUH Ha MPOLECC U3MEPECHHUS.

6. OnpeneneHue NOrPeMIHOCTH yAeIbHOT0 pacxoaa TemioTsl Typounbl K-200-130

Y aenbHBIN pacxo TEIUIOTH Ha TYpOOYCTaHOBKY PacCUNUTHIBAJICS MO BHIPAXKEHHIO
G, i,—i,, +G,, i, —Ii

qm — 0 [ num N enn xXnn ,
m

rzie 0, - YACIbHBIN pacXoa TeIUIOTH Ha TypOOycTaHOBKY, Kk (kB1-1);

G, - pacxo[1 CBEeKETO Mapa Ha TypOOyCTaHOBKY, KI/d;

ip - HTANBIIUS CBEXEro napa, kJK/Kr;

| 1um - SHTAJBIINS TUTATEIBHON BOABI, K/K/KT;

G,,, - pacxo mapa Ha mpoMIIeperpeB, Kr/a

iy - SHTAIBIINS TIAPA TOPSYETO MpoMIIeperpesa, kJx/kr;

iy - SHTANBIMS Apa XOJIOAHOTO poMIIeperpesa, KJK/Kr;

N,, - anekTpuyeckas MOIIHOCTh TypOoarperara, kBT.

Takum 00pa3oM, NOTPEUIHOCTh ONPENENICHUs] YAEIBHOIO pacxoAa TeIUIOThl (OPMHUpPYETCs U3
MOTPENIHOCTEH BBIMICNIEPEUNCICHHBIX BEJIMYMH WM, WHAade TOBOPS, M3 IOTPEHIHOCTEH HM3MEepeHHH
apaMeTpoB, HA OCHOBAHMUH KOTOPBIX OHH OTIPEEIICHBI.

W3mepenne napaMeTpoB OPraHM30BaHO CIECAYIOIUM 00pa3oM.

DekTpruyecKkast MOIIHOCTh N3MEPSIETCS IBYMS HE3aBUCUMBIMH CXEMaMH JBYX BaTTMETPOB.

3a pacueTHBIH pacXoj CBEKETo Mapa NMPUHSIT U3MEpSieMBI 10 ABYM maporpoBoaaM. Pacxon mapa
Ha TIPOMIIEpErpeB ompenersuics pazbamaHcupoBkodl moTokoB LIBJI. Pacxomsr mapa nwa IIB]]
OIPEICIISIIUCH 110 YPaBHEHHSM TEIUIOBOro OajaHca mojorpeBaTesiei.

TemmepaTypsl mapa H3MEPSUINCh NTOBEPEHHBIMH TEPMOIIEKTPUUYECKIMH TepMoMeTpamMu TXA u
TXK, BeiBeaenHbpiMU Ha moTeHIoMeTpsl DIII1-09 u I1I1-63. JlaBneHus: U3MepsUIHCh MPOMIEAIIUMU
MOBEPKY TEXHUYECKUMHI MaHOMETPaMH.

B ompeneneHun ynenpHOTO pacxoja TEIUIOThl YYacTBYIOT cieaytonue napameTpsl: Go, N, Po, 1o,

’ ’

pxnnr txnm pznm tznnv tnumr pnuml tn?: Pnts t)161 DPn6s t,mm7 ’ t,,umg ’ t0p61 tdp?v Gnum-

[orpemHOCTH WM3MEpEHUI STUX MapaMETPOB PACCUUTAHBI MO METOIWKE, W3JIOXKECHHOW B mm. 1-5
HACTOSIIETO MPUIIOKEHUS, PE3YJILTATHI CBeJIeHBI B Ta0J. I1.1 HACTOAIETO MPUITOKECHHS.

Koaddunuenter BamsHMA (M) HOTPENIHOCTH H3MEpeHHs mapaMeTrpa (Xj) Ha IOTPEHIHOCTb
YAEIBLHOTO Pacxoja TEIUIOTHI BRIPAXKAIOTCS B Oe3pa3MepHOit popme

m o= M| _y Ko
U X — %o )
j qmu

i

Bolpaxxennst anst  k03((GUUMEHTOB  BIMSHUS ~ ONPENEISIOTCS IyTEM  I10CIE0BATEIHHOTO
muddepeHnrpoBaHus (GOPMYIIBI ONpENeNeHus (,, W PEUICHHS CHCTEMBl ypPaBHEHHWH OTHOCHUTEIHHO
YaCTHOM NMPOU3BOJAHOM.

IIpu pacuere K03 HUITMEHTOB BIUSHUS MIPUHATHI CIEAYIOINE 0003HAYCHUS:

G G
— p. _ . _ _ . _ =nl . — —nll . —i i .
a= G ’ Gp _ZGomc.[[Bﬂ +Gnl +Gnl]’ Grm _Go Gp 0 = G » Oy = G ’ qK = lo = byum:
0

o] o]

-1 H . _qnn —1 _F - 1 _ T . —F _
Unn = Vonn = Lonny ﬁ - ’ qn[ - II t{)pl’ qnl[ - In[l tdp[l s Vin = tOpI tdp[l '

A

Onpe,uennM, Hanpumep, KO3(1)(1)I/IHI/I€HT BIIUSAHUA mGD MOTPEIIHOCTU U3MCEPCHUSA pacxoda CBEIKEIO

napa G, Ha NOrPELIHOCTh YAEIBHOTO PACX0/1a TEILIOTHI (.
C y4eToM MpUHATHIX 0003HAYEHUH MOKHO 3aITHCaTh;



G | —i +Gxnn I _i _ Goq)c +Gaqnn _qunn

g, = N N
duddeperunpys oty popmyny mo G,, moxysaem
a,) _g,+q,
d Jo, N,

Kosdduument Biusiaus Mg paBeH

“ \d ) 9 N, aq,

IToacrapnsis 3HaueHUS (), TOTy4aEM

qlc + qnn . G . 1 _ qrc + qnn —
G, - o G + G — G a G -
Nm qu aqnn pqmz qK + q’m _ iq’m
Nm G”
B 1 B 1 1
= G = = a
I C PR R P U
G, g, +q, q.+q,) 1P

AHaNOrM4HO ONpeneNsoTcs K03 UIMEHTHl BIMSHUS OCTAJbHBIX IapaMeTpoB. Pe3yibTaThl
pacdera cBezeHbl B Tabn. I1.2 HacTosmiero npuiuoxeHus. M3 Tabauiel BUIHO, YTO OCHOBHYIO POJb B
(hopMHPOBaHMH TOTPEITHOCTH YJECIBHOTO pPACX0Ja TEIUIOTHI HIPAIOT IOTPEHIHOCTH H3MEPEHHS
pacxozia cBeXero napa 1 (B MEHbIIEH Mepe) 3IEKTPHIECKOH MOIIHOCTH.

7. Onpeaesienne norpemiHocTH BHyTpeHHUX oTHOcuTeabHbIX KIIJ{ B u INCJl Typ6ounbI K-
500-240

Buyrpennne otHocutenbHble auarpamMmubie KIIJ| TypOuHBI ONpenensioTcss myTeM H3MEpeHUs
IapaMeTpoB B Hauase U KOHIIE ITpoliecca paclInpeHus napa B TypOuHe
n, = i1 pl;tl _iz pz;tz zﬁ
: i1 Pt _i21 |:51 Pt p2:| ho
I[J'I?[ OIIpEACICHUA CpeZ[HGKBaI[paTPI‘ICCKOﬁ HNOrpCeIIHOCTU UCIIOJIb3YEM BBIPAKCHUC
2

2 2 2
O-Wui :\/ mplo-pl + m‘lo-ﬁ + mpz Upz + mtz Jt2
Koo pUIueHTs BAMSAHMS MOTPELIHOCTEH M3MEPEHHS OTAEIBHBIX mapaMeTpoB (P i) ps; to) Ha
norpeniHocth  KITJ[  BBIYKMCISAIOTCA —MOCIENOBATENbHBIM  Au(depeHupoBaHueM (HAXOKIECHUEM

YaCTHBIX MTPOU3BOIHBIX) HCXOIHOTO YPABHEHHUSI.
Pesynbratel pacueroB morpemHocTH onpenencuus KIIJA IIBJA u LCH typ6unrsr K-500-240

npuBenensl B Ta0u. [1.3 u 1.4 Hactosimero npuioxenus. B aTux pacuerax k03¢ GHUIMESHTHI BIUSHUS
OTIpeNieNeHbl ¢ TIOMOIIBIO TAOJIHI] TEPMOAMHAMHUYECKUX MPOU3BOIHBIX JUIA BOABI M BOISHOTO Iapa.
ITapameTpsl u3mepsuch ¢ nomoueto mrarioil MBK, npomenmeil nmoepky.

KoapunmenTsl BIMSHHAS MOXXKHO ONPENENUTh NPAKTHYECKH C TOW K€ TOYHOCTHbIO, 3aMEHHB B

HNCXOJHOM YpaBHCHUHN YaCTHBIC IIPONU3BOJAHBIC KOHCYHBIMU NPUPAIICHUSAMMU!
i,—i, Oii h 0Ji
m, P T O T Ol
h h, Jp, h, op

0 0

S | L B
hO hO at1 hO atl

S
P ho apz ho é}pz
oot O
’ ho atz

KoHeuHble TIpUpalieHus JIETKO OINpPENEIIoTes Mo i-S-guarpamme (puc. I1.2) Hacrosimero

IIPUIIOKCHUA.
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Puc. I1.2. BnusiHue norpemHocTeil uamepenus temnepatyp ti, t, u naBneHuii py, p, Ha 3HaUeHHE
WCTIONIb30BAaHHOTO M PACIIONAraeMoro TeIIoNepenatoB:
a - BIUsAHUE 1y; 6 - BIUAHME Py; 6 - BIMAHKE pp U 1)

Tabmuma I1.1

PacueT morpenrHoCcTH yaeJbHOTo pacxoaa TemioTbl Typounbl K-500-240-2 XT3

Cpennee
KBaJ[paTH4ECcKOe
O0600meHHas QYHKIUS BIASHUSL OTKJIOHEHUE )
3HaueHue (myoi)
O6o03HaveHue oy, X MOTPETTHOCTH I~
m. =| 2L o K03 durneHTa
napamerpa P U3MEpeHHs
i Y BIIUSTHUS %
X; =Xjo napamerpa, %
10 nocine 10 nocine
TIOBEPKH | IOBEPKH | TOBEPKH | TOBEPKH
G, 1 1,0687 0,79 0,52 | 0,7128 | 0,3088
[1- aB 1 1+ ]
N, 1 -0,9645 0,43 0,43 | 0,1720 | 0,1720
1-7
Po 1 D [ai ] -0,1127 0,60 0,35 | 0,0055 | 0,0016
[1+ 1-a B] a.\op, ),
ty 1 t, co 0,6777 0,48 0,20 | 0,1058 | 0,0184
[1+ 1-a ] g, °
Prnn 1 p (ai J -0,0407 0,57 0,31 | 0,0005 | 0,0002
1+1[ 1-a B] q, (., )
- 1 t o 0,2395 0,48 0,19 | 0,0132 | 0,0021
1+1/[ 1-a 8] q,, ”
Pen 1 P (ai j -0,0105 0,63 0,35 | 0,0000 | 0,0000
1+1/[ l_a ﬂ] qnn apenn ‘xtm
G 1 t o 0,3388 0,24 0,10 | 0,0066 | 0,0011
1+1/[ 1-a 8] q, "




Prnum 1 P oi 0,0012 0,59 0,32 | 0,0000 | 0,0000
1+ 1_a ﬂ . qK [apnum ]t
toum 1 t.. G 0,5402 0,26 0,26 | 0,0197 | 0,0197
1+ 1-a g q, 7
G oS -0,0148 1,27 0,66 | 0,0004 | 0,0001
1+ 1-a B
Gugs - a,f /[1+ 1-a ﬂ] -0,0215 1,14 0,64 | 0,0006 | 0,0002
Nizrzn y -0,0355 1,5 1,5 0,0028 | 0,0028
1+y
>| 1,0399 | 0,5270
2| 1,02% | 0,73%
o=y mo,
80, (¢ BeposTHOCTBIO 95 %)|£2,04 % |£1,46 %
Tab6muma I1.2
Pac4yer morpemHocTH yaeJIpHOT0 pacxoaa Temiorsl Typonnsl. K-200-130 JIM3
Cpennee
o) |
OGo3nauenue m; =\ — R THUECKOE  |(Myioj)?
OX; Yio LHEHTa I~
X=X OTKJIOHEHHUE,
BIHSIHUS %
Go 1 1,0234 0,88 0,8111
e
1+
N, mN, =-1 -1,0000 0,37 0,1369
Po 1 p, Oi, -0,0496 0,41 0,0004
m =——— 0
" [1+p8 1-a ]q, o,
t 1 t, ., 0,5109 0,23 0,0138
|'nt - - @9 o
" [1+B1-a ], "
Prnn S 1 P O -0,0186 0,48 0,0001
Pan op,
1+ 1 quVl p,\nn
pl-«
tomn 1 0,2438 0,12 0,0008
m[m” — xnn ng,,
1+ ! O
L l-a
DPenn m _ l p:nn 8|2,m '0,0095 0,52 0,0000
" 1 |G 9P,
1+
B l+a
Lo 1 t 0,4734 0,17 0,0065
m == L C Yo
1+ ! O
L l+a
Cum 1 t 0,4198 0,57 0,0573
m == ﬂCE" ererer
1+ 1 0.
| Bl-«a




Prum I 1 P Oy 0,0008 0,66 0,0000
i 1| a p,,
1+———
pl-«a
pn7 . 0,0002 0,88 0,0000
m, = alﬁ(l— J 1+ 1-a /ﬂpﬂ%
’ qnG qn7 aprﬂ
tn7 '0,0032 0,14 0,0000
m = {alﬂ(l— ] H [1+ 1-«a ﬁ] s Chm
n6 n7
i 0,0003 0,89 0,0000
Pre m, =- a,p [1+1 aﬂ]p"G
" )16 apnﬁ
tn6 6 '0,0044 0,17 0,0000
m_ =- a8 [1+ l-a /3} L Che
n6
t .z 0,0063 0,25 0,0000
,,,,M ( |:1+ l-a ﬂ] num7 Cp ,,,,,
;17
t 0,0048 0,30 0,0000
K Loy j } [1+ 1-a p]2ee b C
n6
t()p nl 14 1/77—6 h 0,0000 0,24 0,0000
ap g, q,
mtmrﬂ = - ° + : CI’
' |:1+ l-a ﬁ:| Q.7 Vi
top ne S B %, 4 Vieo 0,0000 0,28 0,0000
e |:1+ 1_a ﬁ] qnG V776 qnG !
mr B af 0,0234 1,07 0,0006
emi 14 B 1-a
3 myo, =10275;
0'=,’Z m,;o; ’ =101%
8 = 2,02 % (c BeposiTHOCTBIO 95 %)
Tabmmna I1.3
Pacuer morpemrnoctu npu onpenenennu KB/ LB/l typounsr K-500-240
3HaueHue Cpeance 2
O603HaueHNe ol Xjo Kkooppu- | o APATHACCIOT ()
m; =|— — OTKIIOHEHUE, %
mapameTpa X ) Y [UCHTA
X =Xjo S bi (o) rocie JI0 rocie
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