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H. H. HEHHCEHKO, B. I. XAPYEHKO

YYET 3KCINIYATALLUOHHBIX UBMEHEHHUH
TEMINEPATYPbl NEPEI'PETOIO MAPA NPU PACUETAX
NPOYHOCTH CYOOBbBIX KOTJIOB

B Hactosuiee BpeMs npoBoguTCst GoJbIIAsi PaboTa MO COBEPIIEHCT-
- Boauuio IIpasun Peructpa CCCP. Taxk, B HoBhix [IpaBuiax Perucrpa
CCCP [1] cyuiecTBeHHO H3MEHEHBI H [ONOJHEHB HOPMBI IPOUYHOCTH
CYZLOBBIX KOTJIOB, YTO JA€T BOSMOXKHOCTh CHH3UTb CTOUMOCTb H BEC KOH-
CTPYKLUHH 38 CYeT NPHMEHeHHsl G0Jiee NPOTPECCHBHBIX H TeXHHUECKH
0GOCHOBaHHEIX HOPM €3 CHHXKEHHSI HaNeXKHOCTH U 6Ee30MacHOCTH 06-
CIyUBAHUS CYNOBHIX KOTJIOB. ONHAKO B HHX OTCYTCTBYIOT PEKOMEHAA-
OUH MO ONPEAEJEHHIO DACUETHBIX TEMIEPATyp CTEHOK (fer) S/MEMEHTOB
naponeperpeBaTesiel ¢ TeMIepatypoil meperperoro napa (fme) Gosee
450°C, 6es KOTODBIX HeNb3s YBEPEHHO CYMHTDH O IPABUIBHOCTH BEIGOpA
MaTepHaloB A1 X H3roTOBJeHHS. C IesbI0 BOCIOJHHTH 3TOT IpoGel
JIBUMY nmenn agmupana C. O. MaxapoBa o 3agaHuio Perucrpa
CCCP 6bl10 HCCIELOBAHO BJHSHHE 3KCIJIYATALHOHHBIX dbaxropoB Ha
. TEMIIepaTypPHBIH peXuM Merajaa TPYG napomeperpepaTtesei CYAOBHIX
KOTJIOB, . _ ’

Pesynbratel 3THX MCClENOBAHMH IOKA3a/H, YTO (AaKTOPbI, OKASHI-
BAalOIl¥e BIMSAHHE HAa TEMIEPATYPHBIH peXHM [aponeperpesaTelei,
MOKHO YCJIOBHO PasieNuTb HA KOHCTPYKTHBHbIE H SKCIJIYaTaLHOHHbIE.

Buiusinue KOHCTPYKTHBHBIX (aKTOPOB — TeMIepPaTypPHOH 30HHI pas-
MEIleHHUsT IyYKa naponeperpeBaTesss B ra30xo0/e, CXeMbl BKJIIOUEHHST ero
(MPSIMOTOK HJIM MPOTHBOTOK), crocofa NOABOJA Napa K 3MEeeBHKAM
(Wi meTyIsiM), PAacCHOJIOXKEHUS NAPONEePerpeBaTe]si OTHOCHTEIbHO ¢da-
Ke/a A T. I.— MOXeT GEITh YYTEHO elle Ha CTAJAHH NPOEKTUPOBaHHA [2],
a MOTOMY HeONacHO. JKCIIyaTalHOHHbIE 3Ke MOBBILIEHHUS fop VIHTHIBAT
IpH NPOEKTHPOBAHUM HCKJIIOUATENBHO TPYAHO. IT03TOMY, OCHOBHIBasiChH
Ha Pe3yJbTaTax SKCHEPHMEHTANbHBIX HCCAENOBAHUN H aHaau3€ ONbITA
SKCIIyaTallld OTEYECTBEHHBIX MapOTypOHHHBIX cymos [2, 3], moxuo
YYATHIBATD BJAHSHAE SKCIVIYAaTALHOHHBIX (aKTOPOB HA TeMIIepaTypHbI
pexuM Merasja Tpy6 mapomeperpeBaTesell IPH pacueTax BBeLEHHEM
NOCTOSTHHOM monpasku A# ., . e.

tc-r"——tg:cq_l—Atca:T: (1)
rae tléic“f—pvaeTHoe 3HaueHHEe TeMIIepaTyphl CTEHKH TPYyO mapomnepe-

rpeBate/id, ONPe/ieJIeHHOE TI0 CYIIECTBYIOIEeH MeTonuKe [4].
BennunHa Af°  3aBHCHT B OCHOBHOM OT 3KCIIyaTalHOHHBIX IOBbI-

ITeHH} TEMIePATyphl MeperpeToro napa ¥ NpHHATa paBHOH 15°C.
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Takol 4HMCTO SMIUPUYECKHH MOAXOM K pDENIeHHIO CTOJNb BazKHOTO
BONpoca OGYCJOBJIEH TeM, YTO JO HACTOSIUIEr0 BPEMEHH He yAaBajoch
TOYHO ONpENENUTh NPUYHHBI IOBBHIICHHS] TeMIepaTypbl IMeEperpeToro
napa B 3kcmyaranuy. Ho mockospKy STH ABJIEHHS HE eJMHHUHBL
B B LaJbHeHIIeM MOXKHO OXHJAATh HX MOBTOPEHHS HAa HOBBIX IIAPOTYP-
GHHHBIX CYJaXx, leaecoo6pasHo Gosee MOAPOOHO OCTAHOBUTBCS Ha aHa-
JM3€ NPHYUH TOBHINIEHHS fne B SKCIIyaTallMH M YTOUHUTE ONPEACTEHHE
BenuunHbL A s

Omnbit skcmiryaranuu kotios KBI25K u KBT'34K cBuperennCTByeT
O TOM, 4YTO IPAaKTHUECKH HAa BCEX CyAax C STHMH KOTIaMu HaGniona-
I0TCSl TIEPHOANUYECKHE MOBBILIEHUS fge HA 10—30°C u Gosee (puc. 1),
IpUYeM HMEeTCs TeCHasl CBS3b STOTO SIBJEHHS C MPOLECCOM 3arpssHe-
HWs HADYXKHBIX TOBEDXHOCTEH Harpesa KOT/IOB (IEPHOAD! MOBLIUICHHS
fge COBIANAIOT C NEPUOLAMH MEXLy HADYXKHBIMH UHCTKaMH KOTJIOB).

31ech HeOGX0OAUMO O6PATHTL BHEMAHUE HA TO, YTO YeM XyxKe Kaue-
CTBO TONJIMBA, T€M BBIlle CKOPOCTh BO3PACTAHHUS TEMIEPATypHl Inepe-
rpetoro mapa. Ha puc. 1, @ moKasaHo W3MEHEHHE Iye B IEPUOX paboTsl
KOTJIOB HAa HM3KOKAaueCTBeHHHIX Masyrax. Ilpum paboTe KOTJIOB Ha Ka-
YECTBEHHBIX MAa3yTaX C HH3KHM COAEPKAHHEM Cepbl M MEXaHHYECKHX
npumecelt fge Bozpacraer scero Ha 5—15°C 3a 1000—2000 u.

[Tomo6HOe M3MeHEHHE fpe MOXKET HAOMIOAATBCS B CIAELYIOMHX CJIy-
yasx:

1) sKpaH ¥ IPUTONOUHEIH NMY4OK 3arpsi3HSIOTCH HAMHOTO HHTEHCHB-
Hee, ueM TlapomeperpeBare]b, MM HHTEHCHBHOCTb 3arps3HEHHA
5KpaHa, TNPUTONOYHOTO INyYKa H Tapoleperpesarens MPHMEPHO
OIMHAaKOBa; ‘

2) Ha CTajuH MPOEKTHPOBAHHUS HETOYHO OMpPe/ieNieHbl TePMHUIECKOe
CONPOTHBJIEHHE SKPAHOB, XapaKTePH3yeMoe YCJIOBHbIM K0addunuenTom
sarpsisHenus § U TeMIepaTypa ABIMOBbIX I'a30B Ha BBIXOAE W3 TONKH
fs.1, @ CJefOBaTeNbHO, W TOBEPXHOCTh HAarpeBa NaponeperpesaTess.

W3 ombiTa S5KCIVIYATAHHH U3BECTHO, 4TO TEPBBIA Ciay4ai MaJose-
positen. [TosToMy mesecoo6pasHO paccMOTPETh BTOpOH ciyuai.

Du3NKO-XUMUUECKHe, TEIJIOBEE ¥ a3POJMHAMHYECKHe IIPOLECCH,
NPOMCXOMAAIME B TONKAX CYNOBbIX KOTJIOB, 06pasyioT ype3BbIYalHO
CJIOXHBI KOMIJIEKC, ONHCATh KOTOPHIH MaTeMaTHYeCKH HEeBO3MOXKHO.
[105TOMY aHAJWTHYECKOE PelleHHe 3aKauy TelIoo6MeHa B TOIKE Hens-
GEeXXHO CBSI3aHO C PALOM AONYLIEHHH, KOTOpble BHOCAT B paCyer 3HauH-
TeqbHble morpemsocTd. OQHHM M3 TAKHX KONMYIUEHHH fABJIACTCA yd4er
06paTHON TEMIOOTAAUM SKDAHHBLIX TOBEPXHOCTEH C TOMOIIBIO yCJOB-
HOTO Ko3(bdHIHeHTa 3arpA3HEHHs SKPAHOB, NPUHMMAEMOTO IO OIBIT-
HBIM faHHBIM. [Ipd pacuere TensjoofMeHa B TONKax CYAOBHIX KOTJIOB
KBI'25K u KBI'34K kosdduuuent & G mpunar pasubM 0,9, X0TA
B IeHCTBHTEIbHOCTH OH 3HAUMTENBbHO MeHblie. ITociennne HccIep0Ba-
uus [5, 6] mMoKasaju, YTO YCIOBHBIH KO3 (HIHEHT 3arpsA3HeHus Kpa-
HOB 3aBHCHT OT BHAA CXKHMAeMOTO TOILIMBA, TEMIIEPATyPHOTO pexXuMa
TONKH M KOHCTPYKTHBHBIX OCOGEHHOCTEH JIyYeBOCHPHHHAMAKIIMX MO~
BEPXHOCTEHl HarpeBa.
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Kak u3BeCTHO, YCJAOBHBI KO3 GUIUEHT 3arpsisHenusl SKpanos Ipel-
craBiaser coBoil OTHOLIeHHe Ko3(pouiuenTa 3(GHeKTHBHOCTH 3KpaHHON
IOBEPXHOCTH B SKCIYaTalHOHHBIX YCIOBHSX s K kosbduiesTy 3¢-
(eKTHBHOCTH aGCOMIOTHO UHCTOM SKpaHHOH MOBEPXHOCTH Yo

b 2

Kosdoumuent 3pHeKTHBHOCTH 3KPAHHOH MOBEPXHOCTH
_ In—4o 3
p=toto, ®)

TAE gn= STGoTé — HajAmul TEerI0BOH NMOTOK; & — CTENEeHb Y€PHOTH
TOTKH; Go — KOS((PHUIMEHT JyJeHCIyCKaHusI aGCOMOTHO YepHOro Teld,
T — abconiorHas teMneparypa daxena, K; go— o6paTHbI# TeIJIOBOR
MOTOK, NPENCTABJSIOMEA COO0H CyMMY OTPa)KEHHOro TEIJI0BOro no-
TOKA U COGCTBEHHOrO H3JydeHHs: SKpaHoB, go={1 — Q) qn—l—aCTcoTi;
Qer — 3 heKTHBHAS NOTJOMATEbHAS CIOCOOHOCTH CTEH TONKH; T,
a6COJIOTHAS TEMIepaTypa HapyKHOH 3arpsisHEHHON MOBEPXHOCTH CTEH
TONKH (T. €. TEMIEePaTypa NOBEPXHOCTH HAPYXHBIX OTJIOXKeHul Ha TPY-

6ax), K.
[Toncrasus B BeIpaxenue (3) 3HAUEHHS gn H (o, IOMYYHM
. Qe T 4 i '
pom e — -2 () @

Us Bhlpaxenus (4) CJlelyeT, yTo NPH YCTAHOBUBIIEMCH PERMME
ropennst K0apdunueHT 3PPeKTHBHOCTH SKPAHOB 3aBHCHT B OCHOBHOM
OT TeMIepaTyphl CTEHKH H ee NOIVIOL{aTelbHOM CHOCOBHOCTH, TAK Kak
gr 1 Ty NI pactMaTpuBaeMbIX KOTJOB H3MEHSIOTCS B YSKOM jnana-
30He (&8r==10,63+0,73; Ty=2100+2200K pas KBI34K u Tgp=
=92400=2500 K ‘misi U-o6pasHoro KoTJia) W NMPaKTHYECKH He BJHAIOT
Ha ). L : . :

SdderTuBHAA NOIJIOLLATENbHASL CITOCOGHOCTD YHCTHIX M 3arpsisHeH-
HBIX CTEH TONKH 6ymeT pasmuynol [7].

BoCIONB30BABLINCH peKoMenaanusamu pador [6] u [7], mpuMem nJst
CTIOLIHBIX SKPaHOB 3HaueHHe 3 (eKTHBHOH MOTTIOUIATENBHON CIIOCO0-

HOCTH:
Qor = 0,95 — 17151 a6COIOTHO YHCTHIX SKPAHOB (CTa/b OKHC/IEHHASA,

Ts = 500 =800 K);
@ = 0,87 — 1IN UMCTHIX SKPaHOB (IOCJ]E YHCTKH, T, =500 =+
800 K); " g

Qep = 0,79 — st sarpsisuennbix  skpanos  (T; =800 =+ 1500 K).

Torxa [/ist YACTHIX CILIOIIHBIX SKPAHOB NPH der = 0,87 H T;==800K
YCAOBHBEIH KO3 GHIHEHT 3arpAsHEHUs £E~0,9, a pas 3arpsi3HEHHBIX —
£E=0,7 + 0,8 B 3apucamocty oT T u Ty (pHC. 2).

Takum oGpasoM, npuaumas §=0,9 mpu pacuere TemIoobMeHa
B TONKAX CyZOBBIX KOTJIOB, Mbl HE YYHTBIBAEM 3arps3HCHHA SKPAHHBIX
MOBEPXHOCTEH HArpeBa C TeYeHHEM BpeMeHH. DTO NMPUBOJAT K TOMY,
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yTO B AEHCTBUTENbHBIX ycaoBuax (mpu &= 0,7+ 0,8) rtemmeparypa
ABIMOBBIX Ta30B Ha BBIXOAe U3 TonkHu Oyier Ha 40—80°C Bruue pac-
ueTHOH. UHKIME ClIOBaMH, elle Ha CTaAHM NPOEKTHPOBaHHS Ha 2—3%
3aBBIIACTCA BEJHYKHHA IUIOWIAJH IOBEPXHOCTH HAarpeBa mapoleperpe-
Baressi. KpoMe TOro, mefiCTBHTENbHOE TENIOBOCIPHATHE 3KPAHOB G-
JleT MeHbINEe PACYETHOrO H LJIsl NOAAEPKAHHS TOCTOSHHON MapOIPOH3-
BOJUTENBHOCTH KOTJA MOTPebyeTcs yBeJHUeHHe pacxofa Tomiausa. O6a
3TH OOCTOSITEJbCTBA NMPHBOJAAT K MOBBIINEHHIO TEMNepaTypsl Heperpe-
Toro napa na 10—30°C u Gosee (cM. puc. 1, a u 6).

Us puc. 2 cnenyer, uro npu Ty = const ycaoBHBI KO3(pdHIHEHT
3arpAsHeHNs 3KPAaHOB 34BHCHT TOJBKO OT TEeMIEPATYPhl HAPYKHOTO

£ 10 [
09 L Tp|=2500 K
T —

038 —

" 2100 —~— i
07 T~

: N

08 S

05800 900 oo o 1200 1500 100 KK

Puc. 2. 3aBucuMoCTb yCNOBHOrO KO3(D(PHUMEHTa 3arpssHEHHS 3KpaHOB
CYAOBBIX KOTJIOB OT TEMIEPATYPH HapYXKHOM IOBEPXHOCTH OTJIOXKeHHil
*  (Ha HOMHHANLHOH HarpysKe)

ClI0sl OTJIOXKEHHH Ha TpyGax, sBisiomencs GyHKUHEH TEIIONpOBOLHO-
CTH M TOJIUHMHE CJ10g OToxKeHud. Mccaenosauns (7, 8, 9] nokasmspalor,
YTO NEPBHUHBIH CJIOH OTIOXKEHHH, 06/NaTaloMIMil CBEPXHU3KOH TEILIO-
MPOBOJHOCTBIO, O6PAa3yeTcss BCEro 3a HECKONBbKO uacoB. lIpm aTOoM
TeMIIepaTypa Hapy»KHOH MOBEPXHOCTH 3TOTO CJIOS Bo3pacraer Ha 500—
600°C. 3aTtem HacTymaer craGuin3aums mponecca oGpPasOBAHUS OTJO-
HEHHH U TeMIlepaTypa HapyxKHOTO CJI0SI MEJJIEHHO Bo3pacraer 50 950—
1100°C (B 3aBHCHMOCTH OT KauecTBa TONJIMBA, XHMHUYECKOTO M (pak-
LHOHHOTO cocTapa OT/IOXKeHuH). Ilosromy mpu ompenenenuu & 1o
pekoMeHnyeMbiM ¢opmysam (2) u (3) MOXKHO NPUHEMATh Ts=
== 1200 <+ 1300°C.

ITpuBenennbiit aHaNN3 NPONSBOAUICS B MPENONOKEHUH, 4TO HA K-
paHHBIX TpyGax yxKe 00pas3oBasics CJAOH OTJOXKEHHH ¥ TOJIIMHA ero
OCTaeTCst HEM3MEHHOH, NpUYeM TaKOH, 4TO TeMIepaTypa Hapy:KHOH mo-
BEPXHOCTH OTJIOXKeHuH T3 = 1200 = 1300 K. B neficTBHTEIBHOCTH TOJI-
MHHA CJ0S OTNIOXKEHHH H MX TeIJIONPOBOJHOCTE HOCTOSTHHO H3MEHSIOTCS
(0co6eHHO Ha CTajuH OGPa30BaHMs NEPBUUHOTO CJIOS), T. €. U3MEHS-
I0TCS YCJIOBHBIA KO3 GUILMEHT 3arpsI3HEHHS, TeMIIEPATyPa Ia30B Ha BBI-
XOJle M3 TOUKH M TEeMIlepaTypa neperperoro napa. [lostomy ajs poxa-
3aTeAbCTBA TOIO, YTO MOBHIEHHE fne B SKCIIYATAIMH BBI3BAHO MMEHHO
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HETOUHBIM BbIGOPOM YCJAOBHOrO Ko3dduuyeHTa 3arpssHeHHs SKPaHOB
[pH NPOEKTHPOBAHHH, HEOOGXOJUMO CONOCTABHTL XAPAKTEP ¥i3MEeHEHUs!
g, fa. 7 U Ine 33 TEPHOJ MEKIY HAPYXHBIMH JHCTKAMH.

Ias sToro o6paTHMCs K pe3ysabTaraMm yccaenosanuit [8], B COOT-
BETCTBHH C KOTOPBIMH XapakTep CHHXKEHHs YCJOBHOTO KosbpuunenTa
3arps3HEHHs] 9KPaHOB ONACLIBAETCH BBIPAKEHHEM

E—f=(—Ew) exP [ — R (z— )], ©)

rae & = 1,0 — ycsoBHbI KO3(QOUIMEHT 3arpsisHeHns a6COMIOTHO YHC-
toro skpana; §==0,7—To Xe, noc1e IAYMTEJNbHON SKCIJIyaTauuy; T—
BpeMs PAGOTH KOTJa IOCHe YHCTKH, U; k—TeMn 3arpsisHeHns, 1/u.

TeMn 3arpssHeHdst XapaKTEPUSYeT CKOPOCTb POCTa TOJIIAHEL cos
OTJIOMKEHHE U ONpeNeaseTcs SKCIePHMEeHTaNbHBIM MTYTEM. Tax, no AaH-
HEIM pa6otsl [8], A/t TOMOK ¢ MAa3yTHBIM OTOIUICHHEM 3HayeHne kR Ha
cragny o6pasoBaHHA [EPBUYHOTO CJO oTioxennit Menbwe 0,1 1/4,
a mocje ero crafuamsaliuy, KOTopasi HacTynaer 4vepes 1—20 g, Temn
3arpsisHEHHS MOXKET CHHKATbCH.

[locne cTaGuAH3alKK NMEPBAUYHOTO CJAOS TEMI 3arpAsHeHus ocTa-
eTCsl IPAKTHUECKH MOCTOSHHBIM. [L/I5i KOT/IOB KBTI'34K GbliH IPOBENEHE
pacueThl MO ONMPENeNeHHIO XapakTepa H3MEHEHNs g, 3 fax U Alpe BO
BpEMEHH NPH DasJHYHBIX 3HAYCHHAX k (puc. 3). Kak crnepyer us
pHC. 3, BCe”9TH BeJNHUMHBI CTA0HIMSHDYIOTCHA YXKE HEPES 100—300 u
paGoTEl KOTJIa NOC/Ie HapyXHOH UMCTKH. ComnocraBuB Xapaxrep KpH-
BEIX PACUETHOTO W JEHCTBUTENBHOTO M3MEHEHHS TeMIepaTypEl nepe-
rperoro mapa (puc. 3, &), MOKHO 3KMIOUHTH, UYTO CAEIAHHOE [IpeAno-
JIOXKeHHe O MPHYHHAX STOTO SIBJIECHHA NMPaBUIBHO. Pasauuusi B CKOPOCTH
PaCUETHOTO M JEeHCTBATENBHOTO TOBDILICHHS fze HA HAYAJNBHOM 3Tame
06pa30BaHKs OTJIOMEHHH MOXKHO OGBSCHMTH TEM, 4TO B STOT nepuoj
TeMI 3arpasHeHus Iaponeperpesaresis BBILIE TEMIA 3arpssHEHHI 3K-
paHoB. JTO, BEPOSITHO, U 3aMeJJIACT NPOLUECC MOBBIMICHN tne HA TIEPBOM
srane paGoTh KOTJIa [OC/Ie HAPYHKHOM YHCTKH.

TakuM 06pasoM, OCHOBHOH TPUYMHOH BO3PACTAHHA fre B IpoOLECCE
9KCILIyaTald KOTJIOB THIIOB KBI25K u KBI'34K sBasercsa 3apblile-
HYe IJIONAXM TMOBEPXHOCTH HArpeBa maporeperpesartess Ha CTalMH
NPOEKTHPOBAHHS KaK Pe3yabTaT HETOUYHOTO BBHI6OpA YCJAOBHOTO KO3(-
¢uuyeHTa 3arps3HeHysi S9KPaHOB (8=0,9 Bmecto 0,72—0,73) mpu pac-
yeTe TemMoofMeHa B TONKAX.

Ba)HO TaKKe NOAUEPKHYTb, YTO pacyeT TeINIOOOMEHa B TONKaX
HOBBHIX U-06pasHbix CY[LOBBIX KOTJIOB C MPOMEXKYTOUHBIM IEpErpeEoM
napa [OJKeH IPOU3BOJAUTHCA MPH £ =0,75-+0,77, a #e mpu £=0,9.
B npoTHBHOM cjyyae B IKCIUIyaTallud MOMKET Hab/a0aaThes MOBLILIe-
aue fpe Ha 20—30°C u Goubire. JleHCTBUTENBHO, KOHCTPYKTHBHEIE OCO-
GEHHOCTH STOTO KOT/a (BBICOKAs CTENeHb SKPAHHPOBAHMS TONKH, OT-
'CYTCTBHE PA3BHUThIX KOHBEKTHBHBIX HCHAPUTEJBHLIX IIYIKOB Tpyo6
¥ T. I.) TAKOBBI, YTO BJUSIHUE 3arpA3HEHUs] SKPAHOB HA NapoIpou3Bo-
AUTEJBHOCTh H TEMIepPaTypy Ieperperoro mapa Gyner 3HAUUTENBHO
GoabmuM, ueM B Koriax KBI'34K.
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Puc. 3. VaMeHeHHe BO BpeMeHH YCJAOBHOrO Ko3(ddulkeHTa sarpasHeHus (a), TeM-

nepaTypsl HapPYKHOH NOBEDXHOCTH OTJIOXeHuH (0), TeMIeparyp ABIMOBBIX Ta30B

Ha BHIXOAE M3 TONKH (8) M TeperpeToro mapa (2) NIpH PAa3JHYHOM TeMIle 3arpss-
HeHHUs] 9KPaHOB:

X, O, O, A — sKcmiyaTalHOHHLIE JaHHBIE, COOTBETCTBYIOULHE NmepHomam pabornl xoraa [, 11,

’ ) ’
I1I 1 IV na puc. 1, a; §ll, @ — 3KcIepUMeHTaJbHbIe NAaHHbIE, COOTBETCTBYIOUIHE KPHBBIM [ ¥ 2
Ha puc. 1,6



B 3ak/roueHue cjefyeT OTMETHTh, YTO DeKOMEHJOBAHHAS HAMH AJA
[IpaBun Peructpa CCCP ¢opmyna (1) Oymer cmpaBemiuBa [jsi mna-
porneperpeBaTesiell TONIBKO TeX KOTJIOB, PacyeT TENNOOOMEHa B TONKAaXx
KOTODHIX HPOH3BOAUTCS IIPH YCJAOBHOM Ko3bbunyueHsTe 3arps3HeHUs
sKkpanos, pasuom 0,9, uau O6au3KOM K HeMy. B pacuere KOTJIOB IIpH
£=0,7+ 0,8 monpaBxy Afcr B ¢opmyne (1) MOXKHO He YUHTHIBATh.
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I'.T.TPHIOPEEB

PACYET ATMOC®EPHBIX TPYB HA IPOYHOCTD
U TUAPABJIMYECKUE ITIOTEPH

AtMocdepHras Tpy6a OTBOLUT AP OT NMPeJOXPaHHTENbHOIO KIANaHa
IapoOBOr0 KOTJa B aTMocdepy M ABJSETCS NpPefAMeTOM perJaMeHTauui
[IpaBun Perumcrpa CCCP. B oriuune OT naponpoBOAOB, NOABOAALLIUX
nap K MexaHuaMmam, B atMoc(epHLIX Tpybax Iap NpoTeKaeT CO 3HAUH-
TeabHO OoablupME CKopoctaMu. Ilpu GosmbmioM pacxoje mapa B KoJle-
Hax aTMochepHO# TPyOB BO3HUKAOT 3HAYMUTEJNbHBIE [JHHAMHUECKHE
CHJIBI, COCTABJSIOIIHE HAONOJHUTENBHYID BHELIHIOID HArpysKy 3ToH
TPYyOHhL.

IIpu cpaGaTeiBaHMH TpPeNOXPaAHHTENBHOrO KJIamaHa Ha atmocdep-
HY10 TpyOy OYAYT HeHCTBOBATDH CJAELYIOIINE CHJIBL:

peakuus CTPYH BEIXOASIMIETO Ilapa B cpe3e, HanpaBJeHHAas IIPOTHBO-
MOJIOXKHO CTPYE;
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peaxIuy, BLI3BAHHLIE TEIJIOBBEIM
pacumpeHueM TPYOHI;

JUHAMHYECKHe CHJIBl, BO3HHKAIO-
[pe B KojeHax TpYyo.

s onpeneiieHdss CHJ B3aHMO-
JeHCTBHS IIapa ¢ IOBEPXHOCTBIO
TpyO6Bl IPUMEHHM TeopeMy 00 H3Me-
HEHWH KOJHUECTBA ABUXKEHHS Iapa,
neuraipomerocs B Tpy6Ge. Cuisl,
JeficTBylOLIHe Ha IOTOK I1apa, -Io-
KasaHel Ha puc. 1.

Hcnonp3oBaB TeopeMy O KOJH-
4YeCTBe JBHIKEHHS, NOJyuaeM

- - =\ = _ _
?Q(Cz—cl)—‘Fcr“‘plw—{_pWr Puc. 1. Cxema meficTBUA CHJ IIOTOKA
(1) B KOJeHe TPYGHI

The y— Bec enMHHUB o6bemMa mapa; Q — pacxon mapa; ci, Cz— CKO-
pocTh mapa B HayajJe M B KOHIe ydacTka; Fep— CHJIa BO3AEHCTBHSA
CTEHKM Ha NMOTOK Hapa; pi, p: — LaBjeHHe [1apa B Hauaje H B KOHHE
IPSIMOTO y4YacTKa; » — IIPOXOJAHOe ceyeHHe TPYOBI

YuuThiBasi, uTo AefCTBHE HOTOKA HA CTEHKY F = —F¢q, ¢ IOMOLIBIO
ypaBHenus (1) Haxomum

Fx=% Q (¢1 cos & — € COS ag) 4 (p1 COS 0 — P COS Ag); 1
()

F, =% Q (¢y sin &y — o 8in ag) o ( Py sin @y — Py sin ag). ]

YpaBHenus (2) u (3) NO3BOJIAIT OHNpPeleAsiTE IHHAMHYecKoe AeH-
CTBHUE NOTOKA HA KPUBBIE YUACTKH TPYO M PEakKIUIO CTPYH BBIXOASIIErO
napa.

Ecan atmocdepnas Tpy6a 3akaHYMBAeTCSd IPSIMBIM Y4acTKOM, T. €.
ecnmd oy =0 u ap=0, TO peaklus CTPYH BLIXOAfLIero mnapa OGynxer
onpexejeHa no hopmyie

Fcp=_‘%Qc2—'m(pl_pa'r); (3)

Tl par — AaBJeHHe aTMOChepHOe,

Ecnu armochepras Tpyba 3akaHuMBaeTcs TYChbKOM, TO PEaKLHUS
CTPyH BHIXOASILIETO Ilapa ONpeleNsieTcsl YpaBHeHUsSMH (2), IpH 3TOM
33 p HeOO6XOLUMO IPUHUMATD Par.

Tpy6onpoBon, Haxongmuiicd MeXAYy NIPeJOXPAHUTEbHBIM KJjana-
HOM ¥ MeCTOM 3aKpeleHHus cpesa TPyObl, PACCUHTHIBAETCS HA TEIIO-
Bble DACIUMPEHUs ¥, B HEOOXOAMMBIX CIydYasx, Ha [NONOJHUTEIBHYIO
BHEILHIOIO HArPY3KY.
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[Ipu ycTaHOBUBIIEMCST IBUKEHHH [1apa HA KOJEeHO AeHCTBYeT paBHO-
MEpHO pacmpejefieHHas AUHAMHUYECKAs CHJIa, KOTOpas HAXOJUTCH H3
ypaBHeHu# (2) mpu AONYUIEHHHU i = Cz == C!

F=—2-L Qcsin i B BPY P el B )
¢ ’ ’ @
. _ o X @ tag . af—ay |
Fyp=—2 2 Qc cos 5—— sin 5 ;
Fazl/Ffm‘l‘F?m . ©®)

Ilocne moncraHoBKU Fuy U Fyn B ypaBHeHue (5) mosyyaeMm BhIpa-
KeHHe

Qesin—+-, (6)

roe (=0 — Oy — IEeHTPAJbHLIA Yroa KOJeHa,

B paGote |[l] mpuemnen mpumep pacuera atmochepHOH TpyObl HA
TEIJIOBble PaCUINpPEHUs M IOMOJHHUTENbHYIO BHeNIHOK Harpysky. [Ipu
pacuere OB NPUHATHL CJAEAYIO-
[IMe [aHHBIE: HAPYXKHBIH JHAMETD
Tpy6sl 159 MM, TONHNHHA CTEHKH
TpyOH 5 MM, MapKa MaTepuana —
cranb 20, maBJjeHHe mapa B Tpy6e
(3a mnpenoXpaHHTEJLHEIM KJamna-
HoM) 37,3 xrc/cm?, TeMmmepartypa
napa 247°C. Pacuer mokasaJj, 4To
H3ru6alolye MOMEHTH OT JIOMOJIHH-
TeJbHON [HHAMHUECKOH BHEIIHEH
HArpy3k#H NpH OGOJNBUINX Pacxonax
[Hapa ¥ NPH ONPEIEIEHHOM OuUepTa-
HUY TPYOBL MOTYT OBITh OJH3KHU K MO-
MEHTaM, BBI3BAHHLIM PEAKTHBHBIMU
CHJIAMH OT TEIIOBOTO pacCIIHpEeHMS.

Puc. 2. Pacuetnas cxema mnoru6a ITocKoMbKY aTMOChepHbIe TPY6H

paGoTalOT PENKO W HENPOXOJIXKH-

TeJbHOE BpeMs, Koa(p¢puiueHT 3amaca NPOYHOCTH MO Npefeny TeKyue-
CTH MOJKHO [IPHHSATH PABHHIM €JHHUIIE,

CyulecTBYIOT pasauuHble MHEHHS MO Y4YeTy AMHAMHUYECKOH CHJIbL
Tak B paGorax [2] u [3] cuna paBneHus CTPyH gr = mcdeg CUUTAETCS
pacnpeneseHHOA o AJYMHE KOJIeHa, OJHO CeueHHe KOTOPOTO 3allleMJIEHO
}KECTKO, & K OCBOGOXKIEHHOMY CEUEHHIO KOJeHA MBICJHEHHO NPHKJaLbi-
Baercs cuia Y= mc. Torpa usrubamomue MoMeHTH Mg u My, cooT-
BETCTBEHHO OT pAacClpeflesieHHON HATPY3KH ¢ B CHAH Y, NeHCTBHTEIBHO
6yAyT paBHBI IO BeJHUMHE ¥ IOPOTHBONOJOXKHEI IO 3HAKy, T. €. HX
cymma Oynmer paBHa Hy/aio. ClenoBaTesNbHO, eCIU NPHHHMAThL CXEMY
ILefCTBHS CHJ B COOTBETCTBHHU C PHC. 2, paccMarpHBaeMoe KOJeHO, Ha-
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rpyxKeHHOe g ¥ cuiof Y, 6yAeT HaXOAHTbCS B COCTOSHHH PaBHOBECUS
1 He GyAeT MCIBITBIBATD HHKAKOH M3ru6HoH nedopManuy. ,

[NpuHuMnuanbHasg OMHOKA NOJOOHBIX PACCYXKIEHHH B TOM, 4YTO YII-
pyrasi cucTeMa — KOJIEHO — HafiesIsieTcsl CBOMCTBAMH a0CO/IIOTHO ecT-
KOTO Tesa, KaK 3TO JeJaercss B TEOPETHUECKON MexaHHKe. TOJNBKO Ha-
IeNUB pacCMaTpUBAaeMOe KOJIEHO, 3alleMJIEeHHOe Ha ONHOM KOHIE (CM.
puc. 2), cBoiicTBaMH a6CONIOTHO KECTKOTO TeJia, Mbl BIpaBe NPHJIO-
JKHTh K KOJIEHY, KpOMe PaBHOMEDHO paclpeleleHHON HAIPY3KU gp, Ha-
npumep, cuay Y. B peajpHOM ynpyroM KojieHe Mbl JOJIKHBH B PaBHOM
Mepe YUHTLIBaTh BEJMUYHHB! H HANPaBJEHHA CHJI, COCTABJSIOLIUX BHEII-
HIOIO HATPY3KY, H TOYKY HX NpHaoxenus. CienosarelbHO, B peajbHOM
KoJieHe CHJIBl Y = m¢ NOIPOCTY HET, MOCKOJBKY, BO-IIePBHIX, €€ HeT MO
VCJAOBHIO 32724y ¥, BO-BTOPHIX, OHA HHKAK HE MOXKET fBUThCS ypaBHO-
BEIUMBAIOLIEH paBHOAEHCTBYIOUEH DaBHOMEDPHO pachpejesleHHOH Ha-
IPY3KH HHTEHCHBHOCTBIO §p.

[IpakTuuecky AWHAMHYECKHE CHJIbBl HEOOXOAMMO YUHTHIBATH IPH
GOJIBIIIOM pAacxofe flapa W HaJHYHM HECKOJBKUX YIJIOB IIOBOPOTA IO-
psaxka 90°.

B oriuude OoT maponpoBOAOB, MOABONANIMX INap K MeXaHH3MaM,
B atMocepHbix TpyGax umMeeT MeCTO CBOGOAHOE HCTeUYeHHE Iapa U3
xotja B atMoctdepy. CkopocTh mapa B Tpy6e ycTaHaBJIHBAETCH B 3a-
BHCHMOCTH OT IapaMeTpoB Iapa B KOTJe M BHYTPEHHEero AuaMerpa ar-
MochepHOH TPYOHL.

TuapaBiAuyecKuii pacuer MMEET IeJbl0 ONpPefeJHTb HeOOXOAMMBIN
auamerp TpyObl, mpu KOTOpoM ofecleyuBaeTcsd 3aJaHHBIA IPOMYCK
mapa uepes NpefoXpaHuTeNbHBA KaanaH KOoTJa.

Pacuer atmocthepHOH TpyOGnl Ha THApAaBAHYECKHE IMOTEPH COCTOUT
U3 YeThIPeXx uacTekl:

onpefe/eHHe KPHUTHYECKHX NapaMeTPOB Iapa B INPeAOcXpaHHTelb-
HOM KJIanaHe;

ompejeseHue TapaMeTpoB l1apa Iepel BHIXOAHBIM CedeHHeM TPYOHI;

onpexeseHue THAPABIHYECKUX [TOTEPh IO HJHHE TPYOHI;

CpaBHEHHE CYMMBl THADAaBJIHYECKHX NOTePb M AaBJEHHsS Mapa, yc-
TAHOBHUBINErOCS Tepejl BHIXOAHBIM CeYeHHEM TPYOH!, ¢ KPHTHUECKHM
NlaBJeHHEM B NPEIOXPaHUTENbHOM KJanaHe. _

Kputnueckoe nasjeHne mapa B KjamaHe omnpegenaseM (GpopMyJaoH

k
k~1

s IR

TIo€ Pxp — KPUTHUECKOE AaBJeHHe, KOTOPOE YCTAHABJUBACTCA B KJanaHe
NpY MCTEUEHUH TTapa ¢ KPHTHYECKOH CKOPOCTBIO; Z — IOKAa3aTelb ajHa-
6aThl mapa.

@®opmyna (7) cupaBenmuBa Kak AJA M309HTPONHUECKOIO TeUeHHS,
TaK 4 ISl TEUEHUS C TPEHHEM.

B npenoxpaHuTEBHEIX KJanaHaxX, YCTAHOBJEHHBIX Ha KOJJIEKTOpax
HACHIIIEHHOTO 1apa, BCErga HMeeT MeCcTO HCTeueHHe BJIAXKHOTO Iapa,
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nostomy B (opmysae (7) Heo6x0auMo OpaTh mHOKasaTeJb afuabaThl
BJIa)KHOTO napa. AtmocepHble TPYGHl HOMKHEI BLIGHPATLCS C BHYTDEH-
HUM AMaMeTPOM, IIPH KOTOPOM Ha cpe3e TPyObl HaGJMIOHAETCA KpUTHUE-
ckoe ucreyenue. B saTom ciayyae GymeM HMeTb MUHHMAJbHO HeOOGXOIH-
MBI# BHYTPEHHUH AuaMeTp TPYOHI. .
Il ciyyast KpHTHYUECKOTO HCTEUEHHs! Iapa U3 cpes3a TPYOH HMeeM

m
’

) g

e p}ip — KpUTHYeCKOE JaBJ/leHHe [1apa Ha Cpese; p’,— HAaBJeHHe Mapa

mepen cpesoM; m — MOKa3aTeNb CTEleHH.
[TokasaTe/b cTeneHy 7 onpeessieM 1o GopmyJe:

kalX (1 + EBle) (9)

m=
1 + kaleBbIX

The ARppx — NOKa3aTelb afuabaThl NPY BHIXOJE NMapa U3 TPYOHI; Eppx —
KO3(Q(HIMEHT CONPOTHBIIEHHS BHIXOJA Mapa M3 TPYObl; NPUHUMAEM

‘§Bbrx =1.
U3 dopmyner (8) ompenensieM nasieHHde p;. Tak kax u3 cpesa

TPY6BI TIPOHCXOJHUT HCTeueHHe BJAAXKHOTO Hau cnabo Ieperperoro napa,
TO C JOCTATOYHOH CTENEeHbIO TOYHOCTH MOKHO [IPHHATH, UTO

Py Py

TAe Uy — JeHCTBUTE/NbHBI YebHEL 00beM Napa NpH P, ; U, — YAelb-
HEIH 06beM napa npu py u i',=i.

Ilpu neficTBHTENBHOM TeYEHHH mapa 1o Tpy6e it>1,. Ilpu cpenan-
HOM IOMYyIIEeHHWH YAEJbHHHE 06beM mapa vg nosyyaercs 6oJibilie geHCT-
BUTEIBHOTO. DTO NPHBOAUT K TOMY, YTO B jnajbHefimieM 6yneM HMEThb
HECKOJbKO 3aBBIIEHHBIH CPEeIHHH YAeJbHLIE o0beM mapa aas BCel
TPyOhl, a CIeNOBATENBbHO, H HECKOJbKO 3aBBHILIEHHBIE MOTEPH HaBJIEHUS
IO ee IJIHHE,

Pacxon mapa (Kr/c), COOTBETCTBYIOmIHH HaBfeHHBIM 3HAUEHHSIM P
M U TPH par==1 Krc/cM? u OPHHATOM BHYTPEHHEM jguaMerpe TPYGHL,
paBeH

1

. 2 m—1 m—1 P;
G=o (55T ‘/ng*m—m—j“ : (10)

2

ITo dopmy.sie (10) pacxon mapa MoxeT GHITH MeHbLUE NAaPONPOU3BO-
JUTENBHOCTH KOTJa Had GoJiblle Hee. B mepBoM ciyuae, npuHSB
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B popmyse (10) Beauunny G paBHOH NapONpPON3BOAUTENBHOCTH KOTJIA,
ompenesseM HOBOe OTHOWIeHHe p’/v’) W, HONMYCTHB, UTO SHTAJBIHS

napa Ha cpese TpyOH paBHA SHTAJBIIHH I1apa Nepef NpefoXpaHHTelNlb-
HbHIM KJIanaHoM, HaXOmuM p; u vy . Bo BTOPOM cCiyuae yMeHbIIAETCH

BHYTpeHHHH nuameTp TPYOHl H pacyeT NOBTOPSETC.
[otepro nasaenus mapa (B krc/cm?) no miauHe TpyGompoBojpa Ha-
xonuM no dhopmyJie

L\ G
dpy ) dgﬂ

Ap=0,638 - 10—12(25+x , (11)

rae A — Koa(phuuueHT TpeHus; X & -— cyMMa K03)PUIHEHTOB MECTHEIX
COMpOTUBAeHHH; L — monHasg aauHa TpPy6GonpoBoga, M; dgy — BHYT-

14

penHnit nunamerp TpyOH, M; G —pacxom mapa (sajaH), Kr/4; v

VAeabHBEIN 00beM napa Inepej cpe3oM TPyObi, M3/KT.
JaBneHue nmapa B Tpy0e 32 IpefOXPaHUTENbHBIM KjaanaHoM OyIeT

Pra=Dpa-+Ap. (12)

YnenvHpi#i 00beM napa 3a IpefOXpaHUTENbHLIM KJAaMaHOM OIpe-
JIENSIEM N0 Pxy NPH JONYINEHHWH, UTO SHTANBIHAA Iapa 3a KJalaHoM
paBHa 3HTaJbNUK NMapa nepef kiaananoMm. OnpepenseM cpefiHuit 06beM
napa B Tpybe:

vpm2T% (13)

IIpm HalileHHOM Ucp OLpelessieM HOTEPI0 NABJEHHS Hapa 1o AJHHe
TpYOH ¥ HAaBJEHHE, KOTOPOe YCTAHOBUTCA B TpyOe mocse knanasa. [as
OTIpeJIe/IEHNs [OTEPU NaBJEeHHS N0 JJAuHe TPYGbl OOGLITHO AOCTATOYHO
IBYX NpUOGAUKEHUI.

Ecnu B pesysabTaTe THAPABIMYECKOTO pacuera IOJydYaercs, 4TO
CyMMa NOTepb NaBJEHHS N0 AJuHE TPYObl W AABJEHUS IMEPEN CPE3OM
0oJIbllle KPUTHYECKOTO, YCTAHOBHBIIETrOCS B KJIamaHe, T. €, Pug==<
= p, +Ap>0,8pxp, TO HEOOXOAUMO JIHGO YMEHBIIUTL IOTEPH AABJIE-

HUSI mapa mo AJauHe TPyO®l, JAu6GO YBeJUYUTH BHYTPEHHHH [AHAMETP
TPYOHI.
Ecan pya<<0,8pyp, CI€LyET YMEHBIINTD JHAMETP.
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A. A. BOJIOIIHH

MATPHLbI )KECTKOCTH NPOME)XYTOYHBIX OIIOP
CYIOBbIX MAPONIPOBOAOB

B cBsasu ¢ mpunateimu Perncrpom CCCP npasuiamu pacuera cy-
JOBBHIX TMaponpoBOJOB ! 1enecoo0pasHo yKa3aTh HA BO3MOXHOCTb TPH
pacuere Ha LIBM yuHTHIBATH XKECTKOCTb NPOMENKYTOUHBIX OMNOp, HAJa-
TaloliX Ha IaponpoBOAbl MONOJHHTEIbHbE cBsi3H. [Ipu pacuere mpo-
MEXYTOYHYIO ONOPY CJEeAyeT paccMaTpuUBaTh KaK BETBb NapOIPO-
BOJa, KOTOpas MOXKEeT OTHHMAaTb OIHY HJH HECKOJbKO CTeleHeH CBO-
6o/bl.

Omnucas ¢ MOMOUIBIO MATPHI KECTKOCTH CBSI3H — IPOMEKYTOUHBIE
OTIOPHI, IOJIyYaeM CJOXKHBIH YYacTOK NapoNpoBOAA, KOTOPHIE MOXKHO
paccunrate Ha LIBM. Bynem pasiuuate NpPOMEXYTOUHBIE ONOPHL:
CTepxKHeBble (pHC. 1), TMOABECKH ¥ CTEPIKHEBHIE NDPYKHHHBIE.

Martpuna C Ko HUIMEHTOB KeCTKOCTH 3aMHUCHIBAETCS TaK:

CXX CXY CXZ CXM CXN CXL

Cnx Cny Cnz Cym Cyy Cuy
Cix Cy Ciz Cy Ciy Cyy

DJIeMEHTaMU 3TOH MAaTPHIBI SIBJSIOTCA KO3(DGbHIHEHTH KeCTKOCTH
IIPOMEKYTOYHOH ONOPHI; TEPBLIA HHAEKC B 0603HAUEHHH KO3(hHUIHEHTA
yKashlBa€T Ha yCHJIHe, BRI3bIBaOLlee NehOopMauuio, BTOPOR — Ha mepe-
MelleHHe, BBI3BAHHOE 3TUM ycuiHeM. COOTBETCTBEHHO CMBICAY HHJIEK-
COB Pa3JHyYaioT KO3(Q(HUIUEHTE! JHHEHHOH, YIJIOBOM U JIMHEAHO-yTIVIOBOH
JKEeCTKOCTH,

Ha ocHoBaHWMH TeopeMbl O B3aHMHOCTH pPeaKIHil SJI€MEHTH Mar-
puiust (1), cuMMeTPHYHBIE OTHOCHTEBHO €e NHATOHAJIH, CBSI3aHbl 3aBH-
CHMOCTBIO

Cxy=Cyx;
Cux="Cyu; 2)

e s e

Bce npomexxyTouHble OMOPH! SIBJSIOTCS IIOCKHMH CTEePIKHEBLIMH CH-
CTeMaMH, HCIBITBIBAIOWIMMY, KAaK MPAaBHJIO, IPOCTPAHCTBEHHYIO Ha-
rpysky. [lif TaKuX CTEPXKHEBBIX CHCTEM C NOMOIIBIO TEOPEMbl O B3a-
HMHOCTH peaKUUil U IepeMellleHHi MOXKHO 10Ka3aTh, YTO NPH AeHCTBHH

! Ilpapuna kmaccHHKAUWH W TIOCTPOHKH MOPCKHX CYZIOB. Perncrp CCCP. /1.,
«Tpaucnopt», 1974.
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Puc. 1. CrepxHeBasi IIpOMeXYTOYHAS OMOPa M YCHJHS, ee Je-
(hopmupyIoIie

HarpysKH, HOPMaJbHOH K IJIOCKOCTH CHCTEMBI, HUKAKHX YCHUJIHH B 3TOH
IIOCKOCTH, & TaKxkKe NepeMelleHuil CTepKHeH He BO3HHKAeT.

Taxum 06pasgom, eciu IIOCKOCTb TAKOH ONOPH HA3HAUEHA KOOPIH-
HATHOM MJIOCKOCTBIO ¥OyY, TO HMEET MECTO PaBEHCTBO

Cxz=Czx=Cxy= Cnx=Cx;=Cix= Cyz=Czy= Cyn=
= CNY= CYL= CLy= Cruz= Czm= Cun= Cnm= Cur= CLM= oo,

G

Wan0xuM NpUHUMIHANBHYIO CxeMy pacyera Ha LIBM mo meroxy
nepeMelleHniit TPyOONpOBoa C NMPOMEXKYTOYHEIMHE OMOPAMH, MAaTpHIIb!
JKECTKOCTH KOTOPHIX COJLEPIKaT WeHH B BHE 0.

3aMeHUM B MaTPHIAX KECTKOCTH IPOMEKYTOUHBIX OMOD UJIEHH oo,
HanpuMmep, wieHamu 1,1(1); sra szamuch ykasHBaeT, 4TO C 4ieHaMu
1,1(1) He BbIMOMHsIETCS PACYETHBIX ONmepaUWil, T. €. B HANPaBJECHHSX,
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cooTBeTCTByrOmUX unedam 1,1(1), paBHOBecHe IIONepeyHBIX CeueHHH
Tpy6onpoBoaa 3aBenoMO BhimoJHsercd., lIpuBexeHHe B COOTBETCTBHE
C MOCJEeNHHM YCJOBHEM CHCTeMBl paspellaloliix YPaBHEHHH 3akiwya-
eTCsl B BBIYEPKUBAHWH H3 5TOH CHCTEMB! TeX ypaBHEHHUH, KOTOPhle BhIpa-
JKAKOT YCJIOBHE PaBHOBECHA NO YKa3aHHBIM BBHIIIE HaNpaBJeHHAM, CAE
paBHOBeCHE 3aBeJOMO BHITIOJNHACTCS.
Takum ob6pasom, IPH PaACKPLITHH CTATHYECKOH HEONpelelHMOCTH
paccMaTpuBaeMoro TPYGOIpPOBOLA IO METOAY HepeMelleHHH UUCIO
paspeliaromux ypaBHEHUI CHIXKa-
y eTCS Ha BeJUYHHY #, DABHYIO YUCIY
/ creneHefl cBOGOABI, OTHATHIX €ro
[IPOMEXYTOYHBIMH ONOPaMH.
Ilpu nprMeHeHUH B 3TOM CJIydae
MeToga CHJA noJayumM  GoJbllee
9HUCJ0 paspellalomux ypaBHEHHH,
KOTOpOe elle YBEeJHUHTCH Ha yKa-
3aHHYIO BeJHUUHY N.
CrepxueBas omopa (cM.
g puc. 1). Ilpu omnpepenenun xo3d-
(UIUEHTOB XKECTKOCTH ceueHne b
CTEP:KHEBOH ONOpH INpexnoJara-
€TCS KEeCTKO COeJMHEHHBEIM C He-
MOABHAKHON XECTKOH  KOpPILyCHOH
A . r  KOHCTpYKIHeH, ceuennme A-— xKecT-
' KO COEJAVHEHHEIM C KOJBLIOM OIOPHI,
KOTOpOe IIpeAnoJgaraercd He Iepe-
MEILAIoNIUMCS OTHOCHTENBHO TPYOH!.
Mycrs na puc. 1 X, Y, Z, M, N,
Puc. 2. Venaust, nedpopMupylolie crep- L — KOMIIOHEHTH BEKTOpa CHJH H,
KeHDL OTOpPHI COOTBETCTBEHHO, MOMEHTa, BO3HH-
Kawlllie Ha OIope BCJAEACTBHE ee
B3aHMOJIEHCTBHS ¢ mapompoBopoM. IIpu ompegeneHun KoadduineHta
JHHeHHON )ecTkocTH omophl Cxx OKasbiBaeTcsl BO3MOXKHBIM paccMmat-
PHBATh BMECTO BCeH ONOPHI H3rUO ee OAHOIO CTEPKHA NMPH eAHHHYHOM
nepeMeLleHHd Kogblia onopel Ax =1 (puc. 2). Bosnukapmas B ceue-
HUH A CTepPXKHS PEaKUUs 7xx, yMHOXEHHASA IO YHCIY CTEPXKHEH Ha JBa,
paBHA HCKOMOMY KO3((DHIMEHTY, T. €.
CXX=2rxx- (4)

[Ipu nepeMemenun Ax =1 omopa nedopMHupyercs Kak HOKa3aHO
TOHKOH JUHHEH Ha puc. 3, npuyeM HenedopMHUPYEMBIH CTePXKeHb Ipel-
CTaBJsIET KOJBIO omophl. Ilpu nedopmanus OZHOrO CTEepPKHS (CM.
pHC. 2) BO3HHKAET PEAKTHBHAS CHJIA Fxxt = 'xxCOSO H PEAKTHBHBIA
moMeHT IMN ,, 3aBUCUMOCTb MEXKAY KOTOPHIMH ¥ HepeMelleHHeM Ax =1
IpeACTaBJfeTcs CHAeAYIOmeHd CHCTEMON KAaHOHHYECKHX YDaBHEHHH Me-

Topa cul: dxl xx COSZ O — Bxsmgﬁx coso=1; } 5)
—Bsmxrﬂ‘ cos “‘f‘ammmx:()' (

Wy Fzzf
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Kosddunuentsl nepemerenuil, BXOASIHUE B 5TH ypaBHEHHS, ONpe-
IeNA0TCA 0 QOPMYJIaM AJisi KOHCOIbHOM GaliKy

3 12
B =3yy =357 Bagp = =By =0y, =—opr3
14
Sonam =—E7 > (6)

rfe | — pauna crepxHs; EJ — KeCTKOCTb CTepMKHS IIpH H3THOeE.

i
iy ' 4

A
R
I=

Puc. 3. Cxema gedopMauuu Onops npu mepeMele-
HuH Ax=]

Peuns ypasnennsi (5), HaXOQUM BeJWYHHBI DeakLHi, a 3aTeM KO-
3G UINEHTH KeCTKOCTH (4)

24EJT
Cxx=Treosra - ()

[Tonaras crep:XKHYM ONOPHL HEPACTSKUMBIME, 3aMETHM, YTO CHJA, Ha-
npasiaexHas no ocu Oy (cM. puc. 1, a), He BHI3OBET mNepeMelleHH
KOJIBIA OIIOPHI, T. €,

Cyy=oo. (8
Herpynuo sameruts, uto
Cxy=Cyx= 00;} (9)
CMY= o0,

Onpenensisi KO3 PUIHEHTH KECTKOCTH NPH AEHCTBHH Ha OIIOpYy B ee
mrockoctd MoMeHta M (puc. 1, a), nenecoo6pasHo Moab30BATHCS HaH-
GoJsiee IPOCTOH PaCYeTHOH MOJENbIO Omophl. /s MIOCKOM CHMMETpHY-
HOH CTEepXKHEBOH CHCTEMEI, KOTOPOH SIBJSETCS ONOpa, TAKYI0 MOLENb
MOXKHO MOJIYYUTDb IYTEM BBEJEHHUS MKECTKHX KOHCOJeH.

Eciu paspesaTb CHMMETPHUHYIO CTEPXKHEBYIO CHCTEMY IO OCH CHM-
METPUH M K KaX[OH I0JOBHHE J06aBHTb aGCOMIOTHO KeCTKYIO
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KoHcoab (puc. 4), TO mas
JA060H BHEIIHEH Harpysku
CHCTeMa H3 TpPeX KaHOHH-
YeCKHX ypaBHEHHiI MeToja
CHJI yHOpollaercs, pacha-
lasfch Ha TPH . CaAMOCTOS-
TeJIbHBIX YpPaBHEHHS

8 X1+Am=0; 7
B2 XptBopy=0; (10)
833X 3+ Asm=0.

Ilpr  stom cuay X,
(puc.4) HeoGxomumo pac-

k=]
§ 0,5H noJiaraTb Ha TakoM . pac-
S CTOSHHH Yo OT ocu Ox, uTo-
=9 Obl BBLITIOJHSJIOCEH ycaosue
812=0. (11)
o £ Kpome TOro, mMmeer
5N MECTO DaBEHCTBO
’
O13=1093 =0, (12)
Puc. 4. BecKOHeUHO KeCTKHE KOHCOJH TPH ONpe-
AeNeHNH KO3()(UIUEHTOB KECTKOCTH ONOPH TaK KakK IPOM3BELEHHE H3-

ru6alomux MOMEHTOB B BHI-
paxeHHax Ko3pduuueHtoB O;3 U O3 A TPABOH M JIEBOH IONOBHH
OTIOPHI UMEIOT PAa3JUYHBIE 3HAKH.
ITosbsysce o6meit hopmyIoi Aas onpeneneHus K03 punreHTOR Ne-
PEMEILeHNH CTEPIKHEBOH CHCTEMEL, 3aNulIeM YcloBHe 812 =0, T. €.

lcosa

812=2 5 —(Yo—y)y dy =0, (13)
1]

EJ cosa

rae Ji— MOMEHT MHEPIMH NONEPEYHOrO CEUEHHS CTEePKHS IJIHHOH L.
B Boipaxenue (13) He Bolles wuHTerpan mo JJHHE KOHCOJIH

u cTepxkHa OA, paBHBI HY/I0 O NPHYUHHE GECKOHEUHO GOJIBIION Ke-

CTKOCTH 3TOTrO CTepP:KHsA. ITOJMOXKHUTENBHBIM A1 MOMEHTA OT CHJbl X1 =

=1 Xrc aBjsieTcss HanpapjeHue BHEUIHEro MoMeHTa M (puc. 1, a).
Ws sripaxenns (13) nomyuaem

yo————‘g—lcos a. (14)

Onpenenum cBoGoxHblEe YiIeHH H KO3((UIMEHTH! IPH OCHOBHBIX He-
uspecTHbIX (10). Ilpn 3T0M He BHeceM HHKAKUX M3MEHEHHI B 5TH ypaB-
HEHHS, €C/lM BMECTO BCEH NPOMEXYTOUHOH omophl GyaeM paccMaTpH-
13351;1131 €e TIOJIOBHHY H, COOTBETCTBCHHO, NOJOBHHY BHEIIHE'O0 MOMEHTa
0,5M.
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ITonw3ysace obmer GopMynol AJs% oOnpelefeHus] IepeMelleHud
CTEPIKHEBOH CHCTEMBl M PacCMaTpUBAasi NPaBYyIO NOJOBHHY ONOPHI (CM.
puc. 4), onpenenaum cBoGo HbIE WieHsl ypaBHeHuk (10):

[cosa

Aqrg s — j Yo—y)M dy __ MZcosa
M= 9E] cosa 12E7
lcosa

P yM dy _ Ml2cosa |

M= 9E] “cosa  4EJ

0,5H-+1sina o P y
o X Yy 9 o

Bam= | 9E/ sina ggy (Hl+-Fsin “)'

f 0,61

3Iech 32 HOJOXKHTENbHOE HANpaBJeHHe MOMEHTOB NPHHITO Hampa-
BaeHne M. OrpunaTesapHblH 3HAK IPH Agpr U Aspyr TIOKA3HIBAET, UTO Ha-
IpaBJleHHs 3THX NepeMelieHHH NPOTUBONOJIOXKHEDB cunaM Xi; u X3 COOT-
BETCTBEHHO.
| AHaJIOTHYHO ONpefeseHUI0 CBOGOAHMIX Y/JIEHOB BHIUHMC/IsIEM K03(du-
LMEHTHl IIPU HEU3BECTHHIX B ypaBHeHusax (10):

lcosa
Sur = 5 (Yo—¥)? dy __ 1 [Bcos?a |
T E]  "cosa 9 EJ !
lcosa
8o S‘ g dy 1 [Bcos?a |
n= ) Vs T3 T B |
0,5H+1sln « p : p |
X X
333= -————-=———-.__><
O’SL EJ sina 3 EJ

X (0,75 H2--0,5 Hlsin a +-12sin? a).

Haxonum OCHOBHBIE HEH3BECTHHIE:

A 3 M
wm_ 3
Xl - 11 4 lcosa !
A 3 M
—_— 2 __ 0 ¥ .
Xy= 390 4 [cosa ’ (15)
N — Ay m __ 3 M (H +Icosa)
8= T T3y 4 075H2 ¥ L5HIsino + Bsigta

Hasee nabimem cyMmapHbI# usrubaromuil MmomeHT My u cymmap-
HYIO PABHOZEHCTBYIOILYIO PEaKTHBHHIX cuil R4 B ceueHnu A crepiKHA.
C yuerom BulpaxeHu#l (15) cymmapHBIf H3rHGAOMKAE MOMEHT

My=0,5M — 21 cos aX;— 0,5 HX;—

__ 3 M (H +Isina) 16
8 075H2 4 1,5H!Isina 4 2sinZa (16)
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H paBHOJe#cCTBYyMIONAS

3 M (H + [sin a)
RA=X3=—_4— 0,75H2 + 1,5Hsina -+ 12sin2a * (17)

Teneps OTAEMHM OT CTEDXKHA OGECKOHEUHO IKECTKYI0 KOHCOJb
U ompelenuM Yrjaosoe Aoy U JHHEHHOe Axy NMEpeMeNIeHusl ero ceyge-
HUS A ot M4 u R4

M, R,2sina

A A —

Boy=—F7 9ET
__ 3 ML (H 4 Isina) (/sina~1) (18)

o 8ES 0,75H2 4- 1,5HIsina + 2sin2a °’
M, 2 R, Bsinacosa
L Y _
Axm=—9z7 3EJ

3 M2 (H 41 sina) (0,5 + sin 2a) (19)

T 8E/ 075H2 f 1,5HIsine | 2sinZa  °*

Corsiacno cxeme geopManuy onopsl (puc. 5), Aayr ecTb yroa HOBO-
pora KOJblld OmOPBl (KOJBLO MNPEACTABIEHO GECKOHEUHO MKECTKUM

4

; A(I'M
|

1::‘ M

Puc. 5. Cxema pgedopMalMH IIPOMEXYTOUHON
OIOPE! OT MOMEHTA

crepxHeM AA), Axy — IuHeliHOe IepeMellleHHe 3TOr0 KoJjblla IO
ocu Ox.

Kos¢pdunuenter yrioBolt u JuHEHHO-YII0BOM }KeCTKOCTH OTIOP Bl
onpexensgorcs no GopMyaam:

M 8 (0,75H2+ 1,5H 1 sin a 4 12 5in2 a) X
| Com= bay 3L (H +Isina) (Ising —1) EJ; (20)
i o M 8(0J5H2 4+ 15HIsine + Psin?a) g,
Cxm=Cux= Ax,, — " 3R(H +Isina) ({sin2a 1 0,5) ESi@2))
Cyy=0o. (22)
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PaBencTBo (22) cJaefyeT H3 TOTO, YTO KOJIBIO ONOPHI IOBOPAaYHBa-
eTcss Ha yrox Aoy 6e3 mepeMelleHusi cBoero Ientpa mo ocu Oy. Ko-
shunreHT JUHEHHOH XeCTKOCTH omnopel Czz, KOTODPHIYl COOTBETCTBYET
cusle Z, peficteylollefl mo ocu Tpy6u (cM. puc. 1, a), HafimeM u3 pac-
CYKIEHHH, aHAJOTHYHBIX IPHMEHEHHLIM paHee IIPH ONpejleieHHH KO-
shdunuenta (4), T. e.

Czz=2r,. (23)'

3aBUCUMOCTE MEXAy INepeMeELUcHUAMH W YCHAUAMH JOJd CTEPXKHA
OpenCTaBUTCA CJACAYIOIAMY YPaBHCHUAMHA:

8zzrzz_‘ aZM‘/VI__— 1; }
- 8Mzrzz—l_SMM/VI—_—_O’

rie rup = 0,52, Zo— cuna, nanpasJjensas no ocu Oz, BLHI3bIBAIOL[AS He-
peMmeinenue ceuenus A crepxkus A5 (cm. puc. 1, 6) no Toit e ocu Ha
e[MHHULY JJTHUHBL.

B ypaBuenusx (23) koathdunu-
eHTbl IlepeMelleHuli ONpe/eaeHbl
BHIDAKEHHIMH (6) 0z;=0xx; Osr=
:6Mz=‘6xM-

B aTux BBIpAXKEHHAX NAHHY
CTepXKHSA [ yAOGHO 3aMEHHTH IIPO-
exnueil crepxHs AL Ha MJIOCKOCTD
yOz. JKecTkocTh NpH HU3rHbe CTep-
XHs AB ¢ IMHON ero mpoekuun Ha
nnockocte yOz paBHA KECTKOCTH
IIpH H3Tube CTEepKHS JJIUHOH [, me-
JIEHHOH Ha K03(hduLueHT ruGKOCTH
k>1, KOTOpBIH onpenpensiercs HUKe., T

Crepxenp OA nnunoit [ cocras-
Jger ¢ maockocteio yOz yroa o
(puc. 6), ero mpoekuus Ha IIOC-
Koctb yOz ecthb crepxkens OA’ giu-
HOH ly,=1cos a. ITycTe MOMeHT N, BEKTOP KOTOPOTO NepIeHAuKyAspeH
naockoctd yOz, noodepenno peficrByer Ha crepxkuu OA u OA’. Ompe-
JeMuM yroJa moBopoTra ceveHus A cTepxkHs B miaockoctd yOz. s
3TOTO PA3JIOKHUM B IJIOCKOCTH, HOPMaJbHO# maockoctH yOz, sekrop N
Ha COCTABJISIOLINE: MO OCH CTEPKHSA — Nyp H HePIEHINKYISIPHYIO OCH —
Nyzr. Yrabl noBopora ceuenust A 6YAYyT oT MOMeHTa Nygr

eL))

Nep

Puc. 6. K onpenenennio Koapduuuen-
TOB T'HOKOCTH CTEDXKHS

0 . Nnarl .
usr —— EJ ’
OT MOMeHTa Nyp
By, — e
Kp — GJT ’

rie Jy — reoMeTpuyeckas XeCTKOCTb NPOMUIS CTEpPXKHS NPH KPYYECHHH.
23




BexTop yrsia noBopota 6 ceueus A B IJIOCKOCTH, NapaJjeJbHOH
niockocti yOz, paBeH CyMMe NPOEKIHI BEKTOPOB YIVIOB HOBOPOTA Ha
HanpagJjieHue N

. Nyarl Nl
6 =65 COS a4~ Oyp Sin 0 == —5F cosa—|——G—JT—sma.

IockonbKy Nyagr = N cos o; Nyp = N sina u npu v = 20,3
_ 26
G E’
TO BbIpaXKeHHIO 6 MOKHO NPHAATH BUL
=g—j (cos"’o'.—|—2,6——;—sin2 a). (25)
T
VYroa noBopora ceuenus A’ crepxust OA’ or Momenta N
0 — Nlcosa
T
OrtHoleHue

(cos?a+-2,6 7 sin®a) (26)

ectb Koapduuuent rubkoctu crepxus OA’, T. e. XECTKOCTb NpH H3-
EJ '
rube crepxkus AB (cm. puc. 1, 6) pasHa ——.

Hus tpy6Guaroro ceueHust BhIpaxKeHHe (26) nmpUHUMAaeT BHJ,

L (140,3sin?0). @7)

cos a

k—_.—

Laa crepxHeft H3 TNpPOKATHOH YIVIOBOM pPaBHOOOKOH CTaJau
(FOCT 8509—57) Wi M3 MOJOCH TFeOMeTpHUecKas IKEeCTKOCTb IpH
KpyueHHH Jr, BXOAfAIIAas B BhIpakenuwe (2D), omnpenpensercs CIeLylo-
muM 06pasoMm.

Hast yraoBoro paBEOGOKOr0 npoduas

Jo—— (1—0942-2) b, (28)

raie b — mMHPHHA TOJKH YIJOBOH OZHOOGOKOH MpoKaTHo#l cranu; d—
TOJIHHA NOJKH.

HauGosnbllee kKacaTenbHOE HANpPSKEHHE B CepPeiHHE INJHUHHOH CTO-
poHBl yrioBoro mpotuns t=1,18G0d. 3ameHuB yronq 3aKpy4YHBaHHSA

le .
€ro BhIpaxeHueMm 0 = , HOJYUYUM
Glx
1,18 Ny pld
=, (29)
T

rae Nyxp — KPyTSIUKHH MOMEHT, KIC-CM; [ —[JIHHA CTEP¥KHS, CM.
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Jag nonocsl :
Jo=Foab’, (30)

rae a — HauboJbllasi CTOPOHA IMONEPEYHOrO CeUeHHs MOJMOCH; b — TO
JKe, HauMeHbIuas; kg—xoacp(pnunem, onpefenfeMbli U3 TaGJIHIBL.

% &y k(; _?; &, k(')
1,0 0,6753 0,1406 3,5 - 0,9930 0,2735
1,2 0,7587 0, 1661 4,0 0,9970 0,2810
1,4 0,8228 0,1689 4,5 0,9985 0,2868
1,5 0,8477 0,1960 5,0 0,9993 0,2914
1,6 0,8695 0,2037 5,5 0,9997 0,2952
1,8 0,9044 0,2174 6,0 0,9999 0,2984
2,0 0,930!1 0,2287 7,0 1,0000 0,3035
2,3 0,9564 0,2422 8,0 1,0000 0,3071
2,5 0,9681 0,2494 10,0 1,0000 0,3124
3,0 0,9855 0,2633

HauGosbiiee kacatenbHOe HanpsiKeHHWe B CePeiHHE JIMHHOH CTO-
POHBI IIONEPEUHOTO CEUeHHsI MOJIOCh! T = GObE' . -

3aMeHHB YIoJ 32KPYYHBaHHS O €ro BLIpAXKEHHeM, NOJIYYHM
Niol 4’
=2 k. 381
Jr

Hasa nojocs xoaduuueHT nepep sin? o B BeIpaxeHun (25) MOXHO
npencTaBuTh B Oosee yao6HoM Buie. Ecim mosioca uaru6aercs B mJIO-
CKOCTH HauMeHbIIeH KeCTKOCTH, TO

J 1
== 1 7 N
2,6 5—=0217 . (32)

€CJIH B IIJIOCKOCTH HAUOGOMABUIEH XK EeCTKOCTH, TO

J a\ 1
2,6 5——0217 (T) (,) (33)
Pemus ypaBrenus (24), nalizem
12E7,,
T2z = k{(lcosa)d °
YunuTeiBas paBeHCTBO (23), OKOHYATENBHO MOJNYYAEM
' AUESy,
Czz= £ (Lcos a)3 ’ (34)
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TIe Jy, — MOMEHT HHEPIUH IIOIIEPEYHOr0 CEeYeHHUsI CTePKHS Npu usrube
8 miockoctd yOz; k— Koaddunuent rudkocrty crepxua AL, onpene-
JIsTeMBIH 371eCh U HUXKe N0 hopmyae (26).
Kos¢pduuuenT yriosol :KecTKOCTH ONOpHL (CM. pHC. 1, 6)
N \

CNN= B’ (35)
rae N — MOMeHT, AeficTBYOWHl B mIockoctd yOz; B — yron moBopora
KOJIbIIA ONOPHL,

Kanonuueckue ypaBHEHHSI JJISL 3TOTO CJyuasi, 3aMHCAHHBIE AJsI OJ-
HOTO CTEPXHS, HMEIOT BHI

Bal 22 — S,y M =0; } (36)
- SzN"zz_l‘gNNgjz = B,
rae M= 0,5N.

Bripasus npu pemenun ypasHenuit (36) orHomenue N/B uepes ko-
3¢ uuHeHTE NepeMelleHHd W 3aMeHHB HOC/JeLHHe BhlpaxeHusaMu (6)
€ y4eTOM DPaBeHCTB Oz = Oxx; O.v = Snz= Oyn; Onyn = O, 3amu-
ureM BeIpaxkeHue (3b) B Buje
Cow— 22, (37)
[cosa
Kosdduuuent yraosoit kecrkocta onopsl (puc. 1, 8) Crr= L/y,
rae L — mMoMeHT, neficTBYOIMHA B MIOCKOCTH 20x; Y — BHISBAHHBIA UM
yT0JI IOBOPOTA ONOPHI.
IlpescraBuM MOMEHT B caefyiomieM sue: L=PzH, rae Pz — cuaa,
BBI3bIBaIOINAsA nepeMeliesne Az’ ceyenns A crepxHs, npuueM Az’ =

Az’
=v.0,6H, unn y = 05H "
Teneps MoxeM 3amucaTh
H2P
Cro=-grt (38)
Py ' .
Onpenenus oTHOIIEHKE A, 18 ypasHeHnl
Bzzpz— BzLMZAz’;
8Pz 08, M=0,
3anuiueM BeIpaxKeHHe (38) TakuMm obpasoM:
Cpp = ks (39)

k({Isina)d ’

rae Jx, — MOMEHT MHEpIWH NONEPEYHOTO CEUEHHsI CTEPIKHSA NPH H3THGe
B myockocT yOz; & — onpenensercs no ¢gopmyne (26), npuueM B 3TOM

T
cjayuae mona yriaom a Cjaeayer NOHHMAaTb YrodJl ?—OC.

Hatnigenunle xoadpduuuents xecrxkoctu (7), (8), (9), (20)—(22),
(37), (39) u paBeHcTBa (3) HO3BOJSIOT 3aMUCATh MATPHIY KECTKOCTH
(1) crepxuepoit onopsl no puc. 1, a npu a 5= 0:
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glruis ) y

X razH9

050D 7y

2 rag

(I+ousy) (pusy+ g) ;7

rd

(2 gUIS g7+ 2 VIS 114G + 2 7G10)

(g0+wguisy) (ruis 7+ 1) 7

ra;

D UIS g7 + 2 UIS JHG'] 4 2 £/51°0)

£ o oo (gO0+rguisy) (vuisj+4) gg
8 (guiser +ours 1gp +

+2HS10) 8 —

e(rs007) y

[o 0] o0
28 rave
0.0] (oe] O
£ o LEALRE

8 rave -

27



SanuuieM jajgee MaTPHIY XKECTKOCTH LJIsI TOH XKe NMPOMEKYTOUHOH
onopsl, Ho mpu a=0. Ilpenebperas, Xak ¥ B NPEeABIAYLIEM CAyYae,
nepeMelleHus MY OT IPOAOJBHOH nedopMaluy cTepKHeHN, HAafueM, 4TO
JJIsL paccMaTpHBAEMOH IPOMEXKYTOYHOH OMOPH!

Cyy==00;
Cpm=00; (41)
Cxm=Cyx=o0
H OCTAIOTCA B CHJe paBeHcTBa (9).
Kos¢pounuentn xectkoctd Cxx (7) NPUHUMAIOT BHA

24EJ
Crx=2EL @

AHanOrMYHO BUAOM3MEHSIOTCS KoaGbduuuentsl Kecrkoctu (34),
(37) u (40)

24E/],,
Czz= ——ﬁy— ’

8E/,, ’
Cx N=_ly , (43)

6H2E/
Cpp=l x|

C yuerom paBeHcTB ¥ BhipaxeHu#l (22), (41), (42), (43) martpuna
xecTkocTH (1) cTepxkHeBoit onoph no puc. 1, @ npu o= 0 3anucLBa-
eTcs cJefYIOMNM 06pa3oM:

AEJ,,
— 0 oo o0 o0 o
[3
oo o0 o0 oo o0 o0
2%EJ,,
o0 [e.0] T oo o0 [o.0)
c= (44)
(o 0] o 0 [e.0] (e 0] o0
8E/,,
[o.0) o0 o0 [o.0] ——_l—
2
© o o o w S

MasgTtnukoBas nopeecka (puc. 7). MasitHukoBas moasecka o6Jja-
JlaeT KHMHeMAaTHUYeCKOH HeNIHHeHHOCTBIO, T. €. B HANPaBJeHHH BECOBOH
Harpy3ku nojBecKa 06JiafaeT CBOACTBAMH ynpyroll JuHeiHO-nedopMu-
pyeMOl CHCTeMBI, a B IPOTHBOINOJOXKHOM HAaNpaBJeHHH He OKAa3bIBAeT
CONIPOTHBJIEHUST IepeMelleHHI0 NaponpoBoLa. YCJIOBUMCH HPH LOJTO-
BPEMEHHOM pexHMe paboThl MaponpoBOAa NOJaraTh MasiTHUKOBYIO IIOJ-
BECKY ynpyroi JuHeHHO-AedOpMUPYEMOH CHCTEMOMH, a NPH COTPSICEHHH
CyAOBOro IaponpoBOAd, T. €. IPH KPATKOBPEMEHHOM peXHMe paGoTH,
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6yneM IoJaraTth C MOTPEHIHOCTHLIO B 3allac pacuera, YTOo MasTHHKOBAs

NOXBECKa He OKAa3BIBAeT CONPOTHBJEHHS IepeMelleHHIO0 IapoIpoBOJa.
IIpu nepemeinenun Ax IONEpeyHOro CeUeHHs IapONPOBOLA CTEP-

JKeHb IIOJBECKM MAJIMHOU / OTKJOHSETCS Ha YroJ o; TPeHHEM B LIapHHU-

pax mopaBecku rmnpeHeGperaeM. Ecam Q —

HArPy3Ka, NDUIOKEHHAs K IOABECKe, TO H

CHJIa, BBI3BIBAIOI(AS ~ lepeMenleHue Ax,

oyner b
X=Qiga=Q~LE. (45) /AM
/1

e

’ [
0
Puc. 7. MasitEukoBas 1moa- Puc. 8. MasrTHuko-
BeCKa Bas NpyXKUHHAA
nojgBecka
Koatdunnent nuHedHOH XKeCTKOCTH NOABECKH
X Q
Cxx=%x=77" (46)
ViaMeHuBILeeCs HATSIKeHNe IOLBECKH
Q=-2 . (47)

Cos &

Ilpy OTK/IOHEHHH TOABECKH CeueHHe TPYOhl MOAHHUMETCS Ha BeJH-
yuny [= (1 —cosa).
Otcrona, ¢ yueroM Buipaxenus (45)

. . X L Qtga
Cyx=Cxyr= [(I—cosa) ((1—cosa) " (48)

Koadduuuent kecrkoctn Cyz TakxKe ONpeHeNsieTcss BhHIpaxKeHHEM
(48). OueBnpnno, uto Cxz =0.
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JInHelHbI K03¢hUIHEHT KECTKOCTH
ny= o0, (49)

MOCKOABKY HAedopmauued pacTSIKeHUS WM CKATUS CTEpPKHEH moaBe-
cku npenebperaem. [lonaraem Takxe, YTO MasTHHKOBAafA IOABECKA He
OKa3blBaeT CONPOTHUBJEHHUS YIJOBBEIM IIepEMEIISHUSIM NOIEPEUHOro Ce-
geHHsA TPYOBl. 1A MasTHHKOBOH NOABECKH IO PHUC, 7 MaTpHIlA KECT-
KoctH (1) mpuHHMaer BUL

Q Qtga
A 0 (1 —cosa) 00
Qtga Qtga
[ (1l —cosa) 0 {(1 —cosa) 00
C= 0 0 Y 0 0 0 (50)
0 0 0 00 0
0 0 0 0 00
0 0 0 0 0 0

MasiTHHKOBas NPYKMHHAA NOJBECKA U INPOMEXYTOYHAsg omnopa
C IBYMsl MPYXKHUHHBIMHM NOABECKaMH. MasTHHKOBYIO NOIBECKY M MPO-
MEXYTOUHYIO OIOpPY C ABYMS NPYXHHAMH MOXKHO II0JIaTaTh YHIPYTUMH
JHHEHHO-1eOPMUPYEMBIMH CHCTEMAMH, €CJH TP COTPSICEHUH CYAOBOTO
NaponpoBOJa IPYKUHEL IOABECKH He BHIK/IIOYAIOTCS U3 JeHCTBUS.
B npoTuBHOM ciyyae Ha HHUX CJELyeT PAacClIpOCTPAHSATH TAK¥Ke YCJIOB-
HBIE TTOJIOXKEHHS, KOTOpHe ObIIH IPHHSATHL /IS MasTHHKOBOH NOJBECKH.

Kos¢dunuents xectkoctn Cxx = Czz mJMA MasiTHAKOBOH NOABE-
CKH C NpyxHuHOH (pHC. 8) onpepeasworca no ¢opmyne (46). Kosddu-
HHEHT KeCTKOCTH Cyy = Eew, THE Rew — KO9DQUIHEHT JKECTKOCTH MPY-
3KHHEL

[Ipu oTK/NIOHEHUH MOABECKH NOJ HAEHCTBHEM CHJIH X ee NpYXKHHA JO-
HOJIHUTEIBHO PACTSIHETCS HA BEJIHUHHY -

Q —Q QI —cosa)

- »

Fese key COS @

rae Q' onpenensiercst no gopmyae (47).
Herpynso sakmounuTth, 4T0

X
CVX=CXV= — o
— (1 —cosa) +——~Q Ezimcgsosa )
— Qtge ‘
= 5 : (51)
(~[+ s ) (1 — cos a)

34eCh MONOXKHUTENBHBI 3HAK NPUIHCAH NEPEMEIIeHHI0, COBNAaAAlo-
meMy c¢ HanpasjenueM cuibnl Q. Kosboumuenr Cyz ompenensiercs
Takxke 1no dopmyae (51). Kak u ana mastHukoBo#t nogsecku Cxz = 0.
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MasTHHKOBas NMPYXKHUHHAS NOJABECKA HE OKA3LIBAET COMPOTHBJCHHUS
YIJIOBBIM MEpeMEIleHUsIM [IONIePeUHOro ceueHust Tpyonl. B maTpuie xe-
cTROCTH (1), 3amHCaHHOH JAJIs1 MasiTHUKOBOH INPYXHHHOH IIOJABECKH,
OTJIIHYHBIMH OT HYJIS OKA3BIBAIOTCS ISITh 3J1IEMEHTOB:

Q Qtg @
I Q
(’—l + m) (l — COS a)
gtga kc)x
(—l Focosa ) (I —cosa)
C= 0 Qtga
Q
(l-|- W) (I —cosa)
0 0
0 0
0 0
0 0 0 0
Qiga 0 0 0
(l—i—z}%) (1 — CO0Ss ll)
Q
T 0 0 0 (52)
0 0 o0
0 0 0O
0 0 0 0

OnpenennM Ko3QPUIHEHTH KECTKOCTH JJisi OMOPHLI U3 ABYX MAaSTHH-
KOBBIX TPYXHHHBIX IOABeCOK (pHC. 9, @); CHIaMu TPeHHs WIAPHHPOB
npenebperaeM. 34ech KOJbBLO ONOPH CXEMAaTHYHO IIOKA3aHO B BHAe a6-
COJIIOTHO KECTKOH 6afke C IapHHPAaMHM Ha KOHUAX. KOHCTPYKTHBHO
KOJIbIIO ONOPHI MOXKET GBITh BBHINOJHEHO Pa3/JIMYHBIMH CIOCOCAMM: KHP-
HO¥ JIMHHEH T0Ka3aHo KOJbLO, COeIMHEHHOE C HOABECKAMH Yepes
CTE€PXKHH, WITPUX-YHKTHPOM — BePTHKaJbHas TPy6a, OXBauyeHHAsS
KOJIBIIOM, JIeKAUIUM B TOPH3OHTAJbHON IVIOCKOCTH M HECYIIMM Ha cebe
IBa IMIapHHpa.

Kosddunuents xectkoctn Cxx u Czz onpegensiores no Gopmydae

Cxx=Czz=or. (53)

Kos¢ddunuent xkecrkoct Cyy = 2Rcsm.
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a) p]
B g B
L '

8
1 ! Puc. 9. IIpomexkyTouHas omopa

_—— ¢ [OBYMS IpPYXHHHBIMH TOJA-

B&CKaMH
\L/L

Ananornuno Beipaxenuio (51)

9tga 54
(—[+—Q——)(1—cosa) . &)
2kes COS a

Mowment M, peficTByiomuil B IIIOCKOCTH onopsl (puc. 9, 6), mepeso-
pauuBaer GajJKy Ha yroa O M ypaBHOBEIIMBAETCS MOMEHTOM CHJI, BO3-
HUKAIOUIUX BCJAEACTBHE H3MEHEHHUS HATSXKEHHUS NPYKHH

M=2 (ko - 0,5H0) =, HO.

CYX=CXY=CYZ=CZY=

Orcrona
=FoxH. (59)

HeTpynro 3aKJIHOUHTD, 4TO
Cxm=Cyu=Cux=Cuy=0.
Mowment L (puc. 9, 8) noBopauuBaer 6anky Ha yroa 0’. Cuabl, BH-

3bIBAIOLIKE OTKJIOHEHUE MOABECOK, paBHoe 0,5HO’, cosmaior ypaBHOBe-
UINBAIOUINA MOMEHT, T. €.

L=2(Czz - 0.5HY)=H 20,

rae Czz onpeneneno Beipaxkenuem (53).
M3 3anmucanHOro paBeHCTBA HAXOMUM

L
szz'?,“=H‘%.
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-'Hesanucanable K03(pPHIHEHTH XKEeCTKOCTH PaBHbL. Hymo' Takum 06+
pasOM ManHua JKEeCTKOCTH OTIOPHI MO PHC.: 9 HMeeT BUJL, - ' :

Qe T Qiga |
(—l-{-m)(l cosa) .
Qige 2k |
( l+——Q—)(‘1‘—-COS¢.z)V Lo b
‘ 2kcy COS @ o ' :
c=| o o
. . S (—l-}--Qm)(l—cow)j
0 . 0.
0 0
0 0  ' 0 0
' Lt 00 0
( l+2kc’cosa>(1_cosa) o :
' Q L N ‘,: 1]
o 0 0 0
0 FewH " 0 ' N
0 0-:0 0
o0 o o Ll

B H JIAI':VTA .B. B, JIEBE,HEB
E 14' BO)KEHOK A, ﬂ BJIACOB

PICCJIEI[OBAHI/IE TENJIOBBIX YCJIOBUM PABOTbI
LIYI“YHHbIX ,B,ETA.HEM CYILOBbIX ILI/ISEJIEM

B cynoaom anraTeneCTpoeHnn Bamnenmen SABUISIETCS . 3auaqa
HaJIbHEANIETO : HOBBIIEHHS MOIIHOCTH - CYLIECTBYIOHX " THIIOB CYHOBBIX
IBUFATEJIed U COSHmaHusl GoJiee MOINHBLIX - 9KOHOMHUUHBIX MojeJell, - 06-
Jafal0UIuX BBICOKOM - Ha[eXKHOCTbIO. U GOJBIIUM: MOTOpecypcoM., Q-
HaKO ' IIO- Mepe TOBHIUEHHS YPOBHS . (POPCUPOBKH: -CYNOBBIX , [H3egael;
conpoaomn,aromencn POCTOM .'MaKCHMAaJbHOTO | [aBJIGHHUS - CrOPAHUS . H
COOTBETCTBEHHO "MEXaHHUECKOH « M .-TEMJIOBOY - HATIPAKEHHOCTH,; -3afaua
o6ecrieueHHs ‘BHICOKOMH HaJIeKHOCTH # GOJIBLIOFO MOTOpecypca TpeGyeT
KOMIIJIEKCHOTO pelleHHs psfa’ CAOMKHBIX BORPOCOB.: CIOfA -OTHOCSTCS
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pacuer H ofecreyeHHe ONTHMaJbHBIX PaGOYHX MapaMeTpoB MNpolecca
CropaHusi, KOMIOHOBKA JBHraTels, NPaBH/IbHBIA BEIGOP KOHCTPYKIHH
y3JIOB M 3/IEMEHTOB, a TaKke OOOCHOBaHHBIA BHIGOP MaTepHaIOB AJA
feTaJjiell JIBHTATeJNs, NPH KOTOPHIX MAaKCHMaJbHO YUHTBHIBAIOTCH YCJO-
Bust paGoOTH 3THX HeTajiel, TEXHOJNOI'HS HX H3TOTOBJEHHS M 3KOHOMHY-
HOCTb.

B npakTHKe HMMEOT MeCTO CJyuYay, KOrAa IIOCHe IJIHTEJbHOH 3KC-
IJIyaTaldd JABHUTAaTe/sl C IOBBIIIEHHOH HArpyskoH YyryHHble IeTaJi,
OMBIBaeMble BBIXJIOMHBIMU Ia3aMHM, HNOABEPTalOTCH 3HAYHTEJABHOMY KO-
po6JleHHIO, POCTY U Jaxe pa3pylleHHIO. Bce 3TO B 3HAUHTEIBHOH Mepe
CBSI3aHO C HEJOCTATOYHOR 3KECTKOCTBIO KOHCTPYKLIHMH 3THX JeTaJel,
HaJlMuHeM 3HAUMTEJBHBIX TEMIEPaTyPHBIX TIpPajMeHTOB, NPHBOAALIHX
K BO3HHKHOBEHHIO OOJIbIIHX BHYTPEHHHX HANpPSAXKEHHH, a TaKxe He-
COOTBETCTBHEM COCTaBa H CTPYKTYpbl MaTepHasla YKasaHHHIX jAeTaljiefi
YCJOBHSM 3KCIJyaTaluH.

BwMmecTe ¢ Tem TemsoBble yCJaOBHS PabOTHl pAAa YYTYHHBIX AeTajed
Iuseneli, paGoOTalOIMX NPH NOBHIMIEHHBIX TeMIEpaTypax, H HX BJHA-
HHe Ha CJyXKeOHble XapaKTEePHCTHKH YyKa3aHHLIX JeTajefl H3ydYeHb
B HeZocTaTouHol cremenu. [ToyTu He MMeeTcAa JaHHBIX O BJHMSHHH pe-
JKUMOB 3KCIVIyaTallud JABUrartesiedl (Harpysku Ha pafoueM Baly Ma-
IIMHBI, CKOPOCTH IIEpexofa C OAHOK Harpy3ku Ha ADPYTYIO, MJIUTE/]b-
HOCTH PabBOTH C OIpele/eHHOH Harpys3kKoH, 4uc/ia BKJIIOYEHHH JBHIa-
Tels ¥ IPYyrux (AkTOpPOB) Ha TEIIOBBIE YCJOBHA paloThl Aeraneit
CYIOBLHIX AM3eNell ¢ TypOOHaAAyBOM, paboTalIuX B Cpele ropsuux
BBIXJIOTIHBIX T'230B.

YuuthiBasg 3TO, 4 TakXe HeOOXONHMMOCTb NOBBLIIIEHHS HaAEXHOCTH
H 9KCIIyaTALMOHHBIX XapaKTePHCTHK (CTOHKOCTH NPOTHB KOPOOJieHHd,
POCTOYCTOHYHBOCTH, KApPOCTOMKOCTH, OKaJHHOCTOHKOCTH M Jp.) Yy-
I'VHHBIX feTajell Au3esed, GbJIO [POBEAEHO HCCAEAOBAHHME, LENbI0 KO-
TOPOro SIBJISIOCH BBISIBJEHHE CHJIBI M XapakKTepa BJHAHMS BeJHYHHBI
H crnocofa NpHeMKH HOMHHAJbHOH Harpysku (N), a Takke KOHCTPYK-
UMM JeTajled Ha TemoBblEe YCJIOBHS HX paboThl. B KauecTse Hccae-
JyeMbIX MapaMeTpoB GblIM BBIOpaHBI CKOPOCTH Harpesa M OxJaaxje-
1 HHUSl JeTajled, MaKCHUMaJjbHble TeMIIepaTypbl HX Harpesa, pPasHOCTH
| TeMIepaTyp MeXAY IBYMS pPasjHYHBIMH TOUYKAMHU OJHOH H TOH XKe Je-
TaJd, XapakTep paclpeleseHus TeMIepaTyp IO IOBEPXHOCTH M ceye-
HHUIO AeTajiedl H AD.

OnbiTHHIE paBoTH MPOBOAMJIACH Ha paGoraiomeM ausere 6UH 12/14
(Ne=150 a. ¢, n=1500 oG/MHH) Ha HCIBITATEJbHOH CTAHIHH
JI20 um. C. M. Kuposa. Ha xopnyce Typ6unml (puc. 1,a) u BH-
XJIONHOM KoJiekTope (puc. 1, 6) Obliu BHIOpaHBH 1O 24 TOYKM B Me-
cTax, HanboJjiee XapaKTEPHLIX TeMIIEPATYDHBIX INOJeH, KOTOpble MOryT
NpHUBECTH K (OPMOM3MEHEHHIO HeTased. Bce TOYKHM, B KOTOPHIX MPO- .
f H3BOAMJHCh 3aMephl TeMInepaTyp, OOBCAWHUIH B YCJIOBHBIE TDYHIIBI
i no ceueusm (Taba. 1). B Toukax 3amepa Temneparyp Obliu ycra-
HOBJIEHBl XPOMeJib-aJIoMeNIeBEle TepMonapsl fuamerpom 1,2 Mm. Peru-
CcTpanms MOKa3aHuil TEPMONap OCYIIECTBAAACh 24-TO3HIHOHHEIM 3JIEK-
TpoHHBIM moTeHnuoMerpom tuma DIITT-MO9 ka. 0,5 ¢ aBToMaTHYECKOH
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""CKopocTb ABH}KEHHH ILPlanaMMHOI/I
JIEHTHl CcOCTaBJisiia 1440° fMM/'-I HepeKJIqueHH_ ;Tepmonap Ha samep
NPOU3BOAMIOCE Yepes 5 c, e

KOMIEHCALue# TeMIepaTyphr.

S 2 Tabauya 1-
Howmepa Toyex
Howmep ceyenus _ = .
Kopnyc "l“Xpﬁ.P_l'Hbll“_'J”.r» i Komex?op”a?ijn‘ongﬂoﬁ. ' e
I 1, 2, 3 12,300
11 9,10, 81 = .| 4,5 . o
m 2, 1,2 | 22,23, %4 -«
v 56,7 o | 7,11,13, 15, 17 __
\% 12, 19, 22 6, 9, 12; 14, 16, 18, 20,23
VI 17, 23, 4, 13, 15 | 5,8, 19, 21 .., :
Vil 5, 6, 12, 22 8, 10 ol
Vil 1,7,19, 4. - 6,7 -
X 17,18, 21, 15~ 19, 11 . " .
X 23,14, S, 130 e
XI 13, 16 - | 14, 15 .. :

Mamepenus MPOBOJM/IHCE B HECKONILKO 3Tanos npn pasnanbe pe-
KHUMax paboTel nBuraTess (Tabd. 2),°uTo ABJsAETCH HEOOXONUMBIM s
BBIABJIEHUS SKCIIYaTallHOHHEIX MOMEHTOB, IPH KOTOPLIX Xapaxrepy-
CTHKH TeMIEPaTypPHBIX. yCJIOBPIH nocmramT MAaKCHMaJIbHEIX 3HAUeHHUIL.

Tabauya 2
Homep pexuma I[e'ra:m T '"Pemuﬁ‘? pa‘fow ' -
v 1 } KOpHyC Typ6I/IHbI~ X. X. -—-250/0—500/0~—750/0—1000/0——)( X.
I}v T " - X. X, —IOOG/O—X X,
IH'"} BEEN Komemopg BLIX/IONHOM X K ~1000/ =% %,
lV ' S P N ..X X — 250/0—500/0-—750/0—1000/0—-)( -Xe

e N ‘:;‘ R N

[To nampiv 3amepoB M5t KaX[IOTO H3 CEYEHHH, YKa3aHHBIX
B Tab6u.- 1,  6BIH noCTPOeHH 3aBHCHMOCTH BuAa T°C= f(¢). ‘Ananus
3THX 3aBHCHMOCTeH nOKa3aJk, uTO NPH Tepexoie ¢ PexuMa Ha PEXHM
IpH AUCKPETHOM M3MEHEHHH: HAarpy3KH HA paéoqu BaJy JBHraTes
BpeMs HarpeBa H oxna}KneHm{ ceveHull OJHOM M TOM e TOMNIMHBI
OIMHAKOBO JJIs OGEeHXx - I/ICCJIe,lIyeMbIX geraseir.. O6paboTKa HaHHBIX
TeMIepaTypHbIX usMepesu#l nmo pexumam II u III (cm. radm. 2) Ha
3BM «IlpoMunb» MO3BOJIHIA YCTAHOBHTH HaJuuHe (YHKIHOHAJBHBIX
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3aBUCHMOCTeH (puc. 2,a) cKopocTell HarpeBa Uy H OXJIAXKIEHHS Uoxn
meTajell OT TOJMMHB HX CTEHOK 8. DTH 3aBHUCHUMOCTH MMEIOT BHJ

v, = 86,704 — 5,7625--0,22052 — 0,00383; } 1
Dogn — 37,802 — 0,3475 —0,00332, (0
Iponuddepennuposas Bupaxenne (1), monyuum (puc. 2, 6)
vy =0 — 5,762 —0,440—0,009% |
. g : (2)
Voua =2 = —0,347 — 0, 0065 |

3aBucumoctn (1) u puc. 2,a MOKAa3bpIBAIOT, YTO YMEHbIIEHHE BEJH-
YHHBI O NPMBOAHT K MOBHINICHUIO CKOPOCTEH HarpeBa M OXJaX[JeHHA

. - ul
Ugg;Uoxm U '/2‘1'0!1070 a) - UH; Upxs M—Uzﬁg"I_M 6)
60 ) T
\ \ -
\ 30
50 \
\ Gl N
\ 2,0 T
- A\
T~—JUox /1 10 \\
0 AN~ T ’ vl | N
== -t
. -
‘ 2y 10 20 mm 10 P/ Y

Puc. 2. BiHsiHue TOMUMHEI CTEHOK AeTajel KA CKopo-
CTH 'MX HarpeBa M OXJIdXKLCHUA H paSHOC’I‘b " MeXIy
HEMH

JeTraJje, npnqu‘noCneﬂHHe JOCTUTAIOT CBOHX HaHOOJbIINX 3HAUECHHH
IpH MHHHMAJbHOM TOJIIMHE CTEHOK HCCJIEIYeMBIX JeTasicH, paBHOM
5 MM. HpH 5TOM’ CKOPOCTh. HarpeBa fleTaslell NU3esell B CeUEHHSAX ONH-
HAaKOBOH TOJIUMHBI SHaYHTEIbHO, 6OJIbH.Ie CKODOCTH. HX OXJIaXKACHUS.
B pesysibraTe PasHOCTb CKOPOCTEH WarpeBd M OXJaXK[eHHS jeTalel
Av=0vy—0oxz 'TAKXKE CYIIECTBEHHO . yBenanBaeTcs{ C YMeHbILIEHHEM
TOJIIHHBI UX CTeHOK. Amanus saBucuMoctelr (2) u puc. 2,6 mokxasarg,
YTO TOJ/IIMHA CTEHKH OKAa3LiBAET HAWOGOIES CYLIECTBEHHOE BJHMSHHE Ha
U3MEHEeHHe CKOPOCTH HarpeBa JeTanell u He3HAYHTENBHO BJNALT Ha
H3MEHEHHEe CKOPOETH KX OXJlaKIeHHs.

3aBHCUMOCTH CKOPOCTeH Harpesa eTasell OT TOJHHBEl HX CTEHOK
0py JHUCKPETHOM'MPHEME HOMHUHAJBHON Harpy3ku N, u paGore gBura-

Teasa no pexumam I u IV (cMm. Taba. 2), npeacrTaBieHHBlE Ha pHC. 3,
HMEIOT BHJL: D (0. = 22,6 — 0,3703-0,00508%; X
Vy (25y=9,5—0,13584}-0,00158%; !
Uy (s0)= 15,6 —0,2458-0,0025%%; 1 ‘)
- Uy 15y = 17,8 —0,3408--0,004082; . I

Ve (100y=21,8 — 0,4108 —0,005032,
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HanGoabilie 3HaueHHd CKOPOCTeH Harpesa HaOJMIOLAIOTCS INpU

BRKJIIOYEHHH JBHTaTes Ha X0J0CTO# xox. Bmecre ¢ Tem mpu mpueMe
Harpysku B 25% HOMHHAJIBHOI CKOPOCTH HarpeBa DE3KO CHHKAITCH
M HaxOAsTCs B HHTepBalte 9—
y, 0 6,8 rpax/mun. B maibHeifileM mnpu
- npueme Harpysku B 50, 75 m
' 100% ‘cxopocTs HarpeBa pacTyT
80 ~lzz NOYTH NPONOPHHOHANBHO HAarpyske
, | o —_ (puc. 4), I'lpI/I6uJIH}KaHCb K 3Haue-
S HHUSIM CKODOCTeH HarpeBa neTadnell
%40 25 5 py paboTre ABUTaTe/sT Ha XOJOCTOM
<N
50°/° F—
100 I —
~—— 250 Puc. 3. BimsiHHe TOJIIMHBL CTEHOK
: ] Jetajqed Ha CKOPOCTH HX Harpesa
d 8.0 npu pas3auyHoOM 3HAUYEHUH HOMH-
] "0 10 20 5 HaJIbHOIl HAarpyskd Ha paboueM BaJy
: JAH3EJA
i xony. CpaBHeHHe NaHHBIX, HIPEACTABAEHHBIX HA PHC. 2,4 U 3, MOKAa3bI-
Fi BA4€T, YTO CKOPOCTh HarpeBa TOHKHX CTEHOK JeTaJjeHd auseneir (8=
|
. 20,0

. ¢
' 15,0

; \\\ 10
- \WWs:
\Z

z.2, 25 50 75 100
Ne %

Puc. 4. BausHne HOMHHAJNBHOK Harpysk# Ha CKO-
poCTb HarpeBa AeTaslefl IPH Pas/H4HOH TOJIIHHE HX
CTEHOK

=5 MM) npu Guictpom mpueme Harpysku B 100% B 3 pasa Gosbuie,
ueM HOpH TNOCTeNeHHOM ee mpueMe nmo pexumam [ u IV. B cBasu
C 3THM HaJ0 moJarath, YTO OBICTpHIE Habpoc Harpyskud B 100% noa-
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JKeH BBI3EIBATH TOpasfao 6ojiee BLICOKHE TEPMUUECKHE HANpSKEHHS

B CeHYEHHSX YKAa3aHHBIX JeTaJjiedl, 4eM Te, KOTOPble BO3HHKAIOT MpH
MOCTENEHHOM IIPHEME TO. K€ HATPY3KH.

Ananus saBucumocteil Buna 1°C=f(f) m03BOJHJI BBISICHUTB, B Ka-

E KHX MeCTax M B KaKue 3KCIUNIyaTalHOHHbIE MOMEHTHl TeMIepaTyphl Ha-

! rpeBa jperajiedl NU3eJs NOCTHTAIOT MUHAMAJABHBIX Tmm U MAKCHMAJb-

HBIX Tmax 3HaueHU# (raba. 3). :

Tabauya 3
Temnepatypa netaneit (°C) mpu Harpysxe
I:T?ﬁip Heraun
XX 259% 509 | 75% 1009 X.X.
. ‘ 178 | 281 | 411 | 513 | 610 | 298
K P 85 121 165 196 229 | 109
opIyc TypGUHBL : .
1 prye Ty 176 — — — 605 310
81 : 232 122
1 185 — — — 602 390
94 180 200
py (| Rermextop moixaomwoft | 1g9 | 953 | 405 | 490 | 609 | s02
) 99 141 201 210 215 133

I1 pumeuvanue. B uyncanrene MaKCHMaﬂbeIe 3Ha4YeHHsd, B 3HaAMEHATeJNe — MU-
HHMAaJbHELIE.

3HaueHyus PasHOCTeH MAKCHMAaJbHbIX ¥ MHHUMAJbHEIX TeMIepaTyp
Harpeea MCCAENYeMBIX JeTajedl MpH paboTe ABHraTeNsi ¢ Da3JUUHOMN
HArPY3KOH NPEACTaBJEHH B TabJ, 4.

Tabaruya 4
Pasxocts Temnepatyp (°C) npu HArpy3ske
Howmep =
pexuMa Dlerasn - )
xx. | 259 50, 759, 1009, X, X.

1 } X S 93 160 | 246 | 817 | 381 | 189
Il OPIYE TypOHHH 95 -~ — — | 873 | 188
i } Kosexrop 91 - | = — | 422 | 190
v BBIXJIONHOH 90 127 204 280 394 230

Haunbie Tabi. 3 6blIHM HCIONBL3OBAHEI IS pacyeTa 3aBHCHMOCTEIR
MaKCHMaJ/bHBIX H MMHHMAJIbHBIX TEMIEPaTyp Harpesa feraqell Au3es
OT BEJIMYMHbBI HATPY3KH Ha paboueM Basy ABUraTests B pexkumax I u IV
(puc. 5). DTH 3aBUCHMOCTH HMEIOT BUL:

Tnax=163,9-1-4 461 N,; }

Tmin=100,741,213N,. 4)



VpaBHenust (4) NOKa3HIBAKOT, YTO MaKCHMaJ/bHBIE H MHHEHMaJ/bHEE
TeMmepaTypbl HarpeBa HCCIELYEeMBIX JeTasell, KaK U CJIEeL0BaJo OXH-

[aThb, NIpH yBeaneHHn HArPY3KH IIPH .paboTe ABUrATENsl 1O pexuMaM
I u IV pactyr no JuHEAHOMY 3aKOHY.

T aT?e . - W3 puc. 5 BHAHO, UTO YyBeJudYeHHe
[ Harpy3kd TIIpH VKa3aHHOM DpexHuMe
600 paGoTEl  ABUraTeasl  CIOCOGCTBYET
500 - Takxke # pocty pasHocTd AT =Tyax —
o0 i ] — Tmin MEXAY MaKCHMaJbHLIMU U MH-
N | ~~| HuMaJbHBIMH  TeMIepaTypaMH Ha-
300 / — 2
200 - Tnin
100 =] . Puc. 5. BumsiHue HOMHHANbHOR Ha-
i TPY3KH Ha MaxcuMaJbHble W MHHH-
. T.x. 25 50 75 100 MaJibH bEe TEMIIepaTypol Harpesa
i N % JeTajed H pPasHOCTb MEXAY HHMH
p %

rpeBa Aetanei. O4eBUAHO, UTO 3aBHCHMOCTb AT OT Harpysku Ha pabo-
yeM BaJly ABHTATeNs TAKXKe HOCHUT JIHHEHHBIH XapakTep.

3asucumoctb AT oT BpeMeHum paGOThl ABUraTe/s IPH Pa3JHUYHLIX
pexXuMax IpHeMa Harpy3Kd NpeACTaBjeHa Ha puc. 6.

ITpu pabore pusens mo

pexumam II uw III (cm.
TabJj. 2) HabJaogaeTcs pes-
KO€ BO3pacTaHHe DasHOCTH
TeMIlepaTyp HarpeBa Huc-
cjlenyeMBlX HeTased, Opu-
yeM HauboJbllee ee 3HaUe-
HHE OTMEUEHO Ha BBIXJOI-
HOM  KOJJekTope  (CM. 300
tabs. 4). OnHako pa3HOCTH eff |8
TeMnepatyp Ha ofeux me- 8 o
TaJIsIX TIPH ONMHAKOBBIX pe-
XUMax paboThl IOYTH He
OTAMYAIOTCS APYT OT APpyra. ',\°
YuursiBass, 4TO OJHHAKO-
Bble: Pa3HOCTH TeMIepaTyp 100} —
Ha Kopryce TypOWHBI Ha- .y
6MI08AI0TC  HAa MEHbIIEH 20°C
mawme = (ofycaoiennoft T AT m T T T
pasMepaMu JeTald), YeM 12 2% 36 48 60 s
Ha  BBHIXJONHOM  KOJJIEK-

TOpe, HEOGXOAHUMO CUYHTATDH . Puc. 6. 3aBHCHMOCTb pasHOCTH  TeMieparyp

MEXKJy IBYMSI TOUKaMH OILHOH M TON Xe AeTann
KOpNyC  TypOHHEI Gosee OT BpeMeHH palOTBHl ABHraTess NPHU PasJHUHBIX
TCIIOHANIPKEHHBIM, ~ HEM pexuMax TpHeMa HarpysKH: -
BLIXJIOITHOK KOJIJIEKTOP. 1 — xopnyc TypOHHB! X. X.—25%—50%—75%—100%—x. x.;
C,nenyeT y4ecThb, 4TO ObLICT- 2-—xopuyc TypSuHBI X.X.—100%—X. X.—OCTaHOB; & —

BLIXJIOMHOH  KOJJMEKTOp X. X.—100%—X. X.——0cTaHOB; 4 —
pOe BO3HUKHOBEHHE OGOMb-  suxnomHol KOMMEKTOD X. x.—25%—50%—75%—100%-—x. .

aT ¢

400

40




)

LWIMX Pas3HOCTEH TeMIepaTyp Ha MaJjiofl [JIMHE IO CEYEHHUIO JeTalH
Croco6CTBYeT BO3HUKHOBEHHIO BeCbMa 3HAUHUTEJIBHBIX [0 BEJHUHHE
TePMHUECKHX HanpsxKeHud. IpakTuka mokasana, uTO IpH MHOTOKpAT-
HOM H3MeHEHHM Harpyskd Ha paboueM Bajy Au3esns U OCOGEHHO IIpH
6BICTPEIX NpHEMKe u cOpoce Harpysku.B.100% BO3HHKHOBeHHE TaKHX

0 6 .
T,C ) 7°C D) .
oc a , ’ »
7 ) } 500
d .
Q 500 -
s/
450 450 > \ 2
117N AN
S
A
400 400 . 400 N
: >3
o, ) % . d
5 I L .
350 ‘ - 50%
Y : 300 c v
7 I |
" 300 AN 300 : :
By
: _ . . 200
. 250 250 Ocmarios
’ 25% ' {( 25% 2 , ,
. Tos | — - : :
200 0 200&7 %%0 - 100 T 1 -—
e I =, B ‘ o
IOOED: 100 Hemr - 7 25 .. Homepa y
711315 17 . §9 12 14 16
Homepa maovex © . Homepa modex

Puc. 7. XapaKTép pa'cnpeneneﬂnﬁ TeMNEPaTyp Ha BHXJONHOM Koadektope B 1V (a)
u V (6) ceuenusix u Ha Kopmyce TypOuHH B VI ceuenun (8) mpu pabore ausens
. . ¢ pasauyHOfi HArpy3KOH e )

HAIPSXKEHHH TPUBOIUT K He0oOpaTHMOMY (OPMOM3MEHEHHIO YKasaH-
HBIX ferajell (KOpPOGJIEHHIO, POCTY, MOSIBJEHHIO TpPEILHH).

Hsyuenve xapakrepa paclpefeseHMs TeMIepaTyPHBIX TOJeH 1o
HOBEPXHOCTH  MCCJIEIyeMBbIX JeTased W Ha Pa3juyHoil riayOuHe 0T Hee
[I0Ka3aJo, 4TO Ha BBIXJONHOM KOJJIeKTope HauboJee ONacHBIM C TOUKH
3peHHs] BO3HUKHOBEHHS 3HAYHUTEJbHBIX [I0 BeJHUHHE TePMHUYECKUX Ha-
OPSAKEHUH ABJSACTCS . HCKPHBJAEGHHBIH NaTPyOOK, Yepe3 KOTOPHI
IPOXOAAT BHIXJIONHBIE Trasel u3 1-ro nuiaunHapa (puc. 7, @ u 0).
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3HAunTeNbHOE pas/iiyHe B TeMIepaTypax HarpeBa ero BHYTPeHHeH u
HapyXHOH CTOPOH (cM. Taba. 1, ceuenust IV u V) cmocob6eryer Bo3-
HHKHOBEHHIO TEPMHYECKHX HAaNpsKEHUH, KOTODble MOIYT IIPHBECTH
K KOPOGJIEHHIO yKasanHOro natpy6ka. Hamo mosarats, uto Takoe pas-
JHYHE TeMOepaTyp Harpesa IO CeYEeHHIO NAaTpyfKa CBS3aHO C €ro KOH-
CTPYKUHEH H a3pPOJHHAMHKOH rasOBOH CTPyH BHIXJONHLIX [a30B.

Ilpn msyuenun pacrnpeneseHHs TeMuepaTypHBIX TOJell Ha KOPIyce
TYPOHHBl yCTaHOBJIEHO, YTO CTOPOHA ¢ TOYKamu 6, 9, 22 u 20 (cM.
puc. 1) HarpesaeTcs 3HAaYHTEJNbHO CHJIbHEE, YeM CTOPOHA C TOYKAMH
5, 10, 12 m 24. Bosiee CHIBHOMY HAarpeBy 3TOH .CTOPOHBI CIIOCOGCTBYET
npuseraHve ee K (QJaHly AeTasH — BCTaBKe, KOTOpas HaXOLUTCA
BHYTPH KOpIyca TYpOHHEI M NOYTH CO BCEX CTOPOH OMBIBAeTCH TOpS-
YHMH BBIX/JIONHBIMH rasaMu. BcraBka urpaer posib akkKymyasiTopa, Ie-
Pelalollero Tensio Kopnycy TYpOuHBLI CO CTOPOHHL Touek 6, 9, 22 u 20.
Cropona kopmyca TypGuusl ¢ Toukamu 5, 10, 12 wu 24 npuneraer
K aJIOMHHHEBOMY KOPHNYyCY, B KOTOPOM pacnosaraercs MOAIIMIHUK pO-
TOpa TYpPOHHEL DTOT KOPHyC BHYTPH OMBIBAETCSI MacJOM M MIpaer,
BEPOSATHO, POJb PajHaTopa, KOTOPHIH OTBOJUT YacTh TElJa OT KOpP-
myca TyPOHHBI, O YeM CBHIETeNbCTBYIOT KPHBbIE PacHpefesIeHHs] TeM-
neparyp B VI ceuenun, npencraBiieHHble Ha pHC. 7,6.

YcraHOB/IEeHO TaKKe, YTO B PsLE CEUEHHE HCCAELyeMBIX eTalel
MMEIOT MeCTO BeChbMa 3HAYUTEJbHbIE Nepenaisl TeMuepaTyp, o6pas3oBa-
HHE KOTOpHIX HalJIOfaeTcs B MeCTaX DPE3KOro Nepexofa Tesa 3THX
AeTalell OT “TOHKOTO .CeYeHHs K TOJCTOMYy. B pesysnbrate B yKasan-
HBIX MecTax 00pasyloTCsl TPeIlMHbI, BHI3BaHHBIE NEHCTBHEM TepMHUEC-
Kux Hanpsikenu#. [Ipu paore nBuratess ¢ NOBBIIEHHON HOMUHAJB-
HOH HAarpyskoil B ONpeJe/eHHBIX CEUEHHSX HCCICAYEMBIX JeTajel
BOSHHKAIOT JIOKa/bHbIE Y4aCTKU C ropasgo Gosiee BHICOKOH TeMmepary-
pOH, yem y mpmieramuXx K HHM 30H. Takoe NOBHIIIEHHe TeMIepa-
TYPhI, KAK IPABHJIO, HAGMIONAETCS B MECTaX, Ile MOTOK TOPSYMX BHI-
XJIOTHBIX Ta30B BCTPEYAET CONPOTHBJEHHE HJIH MEHseT HalpaB/eHHe
CBOETO NBHXKEHHS, UTO OOBACHIETCH NpeBpalleHHeM YacTH KHHEeTHYe-
CKOA 3HEPrHH Ta30BOH CTPYH B TEIIOBYI. ECTECTBEHHO, UTO LHKJIH-
UECKOEe MOABJECHHE TAKHX JIOKAJbHBIX YYacCTKOB CIIOCOGCTBYET 06paso-
BaHWIO Ha MX TPAHHIAX 30H C NOBLIIEHHON KOHLEHTPAUMEH U HepemKo
ABJISETCS IPHIHHON BBIXOJA YKa3aHHBIX HeTasell U3 CTPOsL.

- Takam o06pasom, IpoBeneHHOE HCCIENOBAHHE IOKA3AJI0, YTO TEmJIo-
BbI€ YCJIOBHS PabOTHl YYTYHHBIX HeTadeH CYAOBBIX AM3EJIell BeCbMa
CYIECTBEHHO 3aBHCAT OT TAKUX IKCINTyaTaUHOHHBIX OCOGEHHOCTeH pa-
6OTHI ABHraTess, KaK Harpyska H CKOPOCTb €e IPHEMKH. Y CTaHOBJIEHO,
4TO POCT HArpy3kKH W CKODPOCTH €€ IPHEMKH CONPOBOXAAETCS 3HAUU-
TEJbHBLIM INOBHIIIEHHEM TEMIIEPATYD M CKOPOCTEH HarpeBa jpeTaJei,
4 TaKXKe yBeJHYEHHEM Pa3HOCTel TeMIepaTyp MeXAy pasJHYHLIMH Ce-
YEHHUSIMH OJHOH M TOH Ke [NeTajh U CKOPOCTH MX BO3HUKHOBEHHS. Bce
9TO, B CBOIO OUepeib, CIOCOGCTBYET PAa3BHTHIO 3HAUMTENbHLIX TEPMH-
UeCKHMX HaMNpsXKeHHH, BEI3LIBAIOIIUX (DOPMOM3MEHEHHE, a B psange cay-
UaeB M paspyUIeHHE YKA3aMHBIX JHeTaJel, 4TO NPUBOAUT K CHIKEHHIO
MOTOpECYpca H HaleKHOCTH CYLOBBEIX Au3eJell,
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YCTaHOBIEHO TaKXKe, UTO Ha TEIIOBBIE YCJIOBHS PaGoTh AeTaneit
IH3eqell B Cpeje TOPSYHX BBIXJIONHLIX Ta30B OKA3bIBAIOT 3aMETHOE
BIMSHHE TakKhe (AKTOPE, KaK HX KOHCTPYKUHS H KOMIIOHOBKA,
onpefessollas aspoAMHAMHYECKHH XapakTep HLeHCTBHS CTPYH rops-
YHX BBIXJOMHBIX Ta30B. Pasnunuve B TOMIHHAX CTEHOK OTAENbHBIX
CEYCHHH YKasaHHBIX Jerajell IPHBOXHT K HEPABHOMEPHOMY HX
HarpeBy, a2 UX KOMIIOHOBKA CIOCOGCTBYET NOSIBJECHUIO Ha 3THX JETANAX
JIOKaJbHBIX YYaCTKOB, TeMIepaTtypa KOTOPHIX -Pe3K0 OTJAHYAeTCs
OT TeMIIepaTyphl OKPYKaloWuX uxX 30H. OUeBHJIHO, YTO HPU OBLICTPOM
HaGpoce Harpysku B 100% ykasanuble (akTOphHl, B CBOIO Ouepenb, Gy-
AYT CHOCOGCTBOBATH BO3HHKHOBEHHIO TEPMHUYECKHX HANDSKEHHH, KO-
TOpbIe IIPH JJIMTEJBHOH 3KCHAyaTalMH AM3eJsi MOTYT NPHBECTH K 3a-
METHOMY YXYAUICHHIO SKCIJIyaTALHMOHHBIX XapaKTEPHCTUK HCCIELye-
MBIX JleTajell [u3esaell U CHU3UTh UX JOJTOBEYHOCT. -

Takum o6pasoM, yCHeIIHOe pelleHHe 3afaud N0 OGeCHeueHHI0 BHI-
COKOH 3KCNyaTalMOHHOH HAaJEXKHOCTH CYNOBEIX AM3eJell NJOCTHraercs,
C OLHO¥ CTOPOHBI, IPHHATHEM KOHCTDYKTHBHBIX DeIlleHuil, HanpaBJeH-
HHIX Ha OfeClieyeHHe B MHHHMAJbHO BO3MOXKHON CTENeHW paBHOHA-
NPSAXKEHHOrO (B TEIVIOBOM OTHOIIEHHH) COCTOSIHUS ieTanelt, ¢ Apyrof —
NpHMEHEHHEeM JJIsi H3TOTOBJEHHS JeTasjeHd UYYyryHHBIX CILIABOB C IO-
BHIIEHHLIMA (PU3HKO-MEXaHUYECKUMH CBOMCTBAMH. ‘

. Ionyuennble paHHBIE NO3BOJMIM YeTKO COPMYJHPOBATH OCHOB-
Hble TPeOOBaHHUS K (DH3HUECKHM, MEXaHHYECKHM M SKCIIYaTALHOHHEIM
' 'CBOMICTBAM WYYTYHOB, NPHMEHSEMBIX IJs feTajeHl nusened, paboraro-
IHX B CPeAe TOPSYUX BBIXJOIHBIX Ia3oB, M Ha 3TOH OCHOBe MOxo6paTh
CIJIaB, B 3HAUHTEJNbHOH CTENEeHH YIOBJETBODSIOIME TPeGOBAHUAM Tell-
JIOBBIX YCJIOBHE MX paborel. HameueHsl um peanusyrorcss myTu cosep-
IMEHCTBOBAHKS KOHCTPYKUHM JLerased TypOoHaisyBa, 4TO GyHeT Ciy-
XKHUTb JOTIONHUTEJNBHbBIM DE3€PBOM IIOBLIIIEHHSI HANEXKHOCTH H YBeJH-
YeHHST MOTOpecypca CyLOBBIX A¥3eJiel.

®. M. KALIMAH, H. B. COGPOHIOK,
A. M. CEMEHOB

AHAJIU3 MOBPE)XITAEMOCTH I'PEBHBIX BUHTOB CYIOB
THINA 1/x <KPACHOTPALL» :

B Hacrosiulee BpeMsi rpeGHBe BHHTH H3TOTABJIHBAIOTCS B OCHOB-
HOM H3 CIeNHa/JbHBLIX, B TOM YHCJIE MapTaHIOBO-aJIOMHHHEBBIX GPOHS3,
‘M ONBIT HX 3KCNJyaTaldH MOMKET ObITb HCIIOJIb30BAH IIPH COBEpILEH-
cTBoBaHuM peicTBytomux IIpasun Perucrpa CCCP.

B pa6ore [l] cmenama mepBast momslTKa MarteMaTHuecKod oGpa-
GOTKH [aHHBIX 32 HECKOJBKO JIeT SKCINIyaTauuH mo akTaMm PerucTpa
CCCP &kax OCHOBHHIM HOKyMeHTaM Hajg3opa. OXHAKO OGBEKTHBHbIE
BBIBOALI MOXKHO CHeNaTb TOJBKO B TOM CJIyYae, €CJH HCIOJb30BATh



pasiuyHBle HCTOYHHKH TeXHHUeCKofl HH(pOpMalMu ¥ pasSHbie NMPHEMEI
ee 06paboOTKH. :

B  meJsX BCECTODOHHErO H3YyueHHs SKCIyaTalMOHHBIX CBOHCTB
rpeGHBIX BHHTOB W3 MapraHIOBHCTBIX GpPOH3 OBLIH CHCTEMATH3HPO-
BaHbl HamHble 12-7eTHel SKCIVIyaTalUdH rPeOHBIX BHHTOB H3 CH/aBa
«Hosocrou» Ha 22 cymax Ttuna «Kpacsorpan» Banruiickoro MOpCcKoro
HapoXOACTBaA. : :

Anasns mpomssopmics no axraMm pedekraunn KaHOHEpPCKOTO u
PHKCKOTO CYJIOPEMOHTHHIX 3aBOOB. Bcero GBLIO PacCMOTPEHO 105

akToB fedekranuy, 57 U3 KOTOPHIX COAePKaNU

P : S CBeNEHHSI O TOBPEXKAEHHSX HJIH H3HOCE Tpeb-
651~ HBIX BYHTOB. : '
i /\ - JlaHHBle O paclpejeseHHH. TOBPeRAECHUH
041 o - pedextoB oOpabaTeiBaNuCh IO . TOAAM
i 0CMOTpa, * COCTOSIHHIO Ha MOMEHT OCMOTpa H
03 . CHCTEMATH3HPOBAJHCh N0 TPaAMIHMOHHO. IpH-
- usatoii Permcrpom CCCP . xnaccupuranuy
0zl C WCNOJb30BAHUEM CJEAYIOMEeH TePMUHOJNOTHH,
a: ‘ coKpaleHuit ¥ 0603HaueHui: Kopposus — Kp.,
o1 b ' © sposusi — IP., BEIPLIBE — Bp., 3a6ouns — 36.,
| / x—. nonoMku — Ila1., Tpeunsl — Tp., 3arubel Jo-
0T n‘acreﬁr——Br. . :
p. | 361 K3 | 3o Tp. | [To comepKaHHUIO HEKOTOPHX aKTOB, B KO-

T'rcrorpamua n=QBpe}KME_ “TOPBIX OBIIH OTPaXKeHsl AePeKTH KOPPOSHOH-

MocTH  rLpeGHElX Bustop  HOTO H 5PO3MOHHOTO Xapakrtepa, He Npeacra-
74151 CYLOB THita 1/x «Kpac- ~~ BHJIOCH BO3MOXHEIM C IOCTATOYHOU TOYHOCTBHIO

HOTpagy & - OTIpefe/IuTh KeHCTBUTENbHYIO MPUYHHY NPOHC-

' o U XOXKIeHHsl 3THX Ne(eKToB, MO3TOMY B JAaHHOM

aHAIM3¢ COUTEHO LENecOoO6PasHBIM 'O6BEINHNTb 3TH Je(EeKTH H pac-
cMaTpHBaTh X KaK OfHH BUA HederTa — KOPPO3HOHHO-3pO3UOHHEH K3.

[Ipu ananmse yCTaHOBJEHO, YTO Ha Cylax THHA 1/x «KpacHorpan»

34 WCCJeJOBAaHHHIN 12-JeTHHI MEpPHON JIKCIIyaTalMH He NPOH30ULIO

II0JIOMOK TpeGHbIX BHHTOB H TOJBKO Ha BHHTaX NBYX Cy10B OBLIn 06-

HapYKEHBl TPEIHHEL. L
JlaHHBIe aHanM3a O paclpefeJeHny HedeKTOB U IOBPEXAEHHH

TpeGHBIX BUHTOB CBeJEHbl B TabJMIy H IPEACTaBJEHbl Ha PHCYHKE

B BUAe. THCTOrpamMMbl, [Ips MOCTpOeHHM THCTOrPaMMBL IO OCH OPAH-
HAT OT/OMeHa YacToTa NOSBJICHHA OBpeX LeHNsT P, paBuas’ oTHOIIe-
HHIO CyMMBl ONpPejeeHHOT0 BHAA ‘nedekra’ 3a’ Bech nepuHOA HabaIone-
HHS K CyMMe OOLIEro yucia Ae(ekToB 3a 3TOT NEPHOA.
B ¢ooTBetcTBHH € pekoMenmammsmi [1] mammyro THCTOTPAMMY
MOHO ' 3aMEHNTH ' CTATUCTHYECKUM AHAJOroM ' KPHBOH TJIOTHOCTH ' Be-
postHocrell F(x), KOTQPYX BO3MOXHO aNNpOKCHMUPOBATH IO HOP-
MaJbHOMY 3aKOHY CO CPeHHM, COOTBETCTBYIOWAM HanGO/Iee BEpOAT-
HOMY Ae(eKTy, YTO N03BOJIAET HPOU3BOMUTL KOJNUIECTBEHHYIO OUEHKY
SKCIIyaTaIUOHHBIX KauyeCTB TpeGHBIX BHHTOB. Coo
“B pesynbraTe pacuyerd CTATHCTHUECKHX .xap'aK‘TepI‘/Ich-sx'anIy'a‘-
TAIVOHHLIX KAYeCTB rpeGHBHIX BHHTOE CymOoB Tuma T/x «KpacHorpan»
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no Mmeropuke [1] ompemenseM, 4TO CpefHEKBAaApPATHYHOE OTKJIOHEHHE
6=0,686; mpu 5TOM BHHT HMeeT IsiTh BUAOB AedekTa. K13 conocrasie-
HHSL TOJYYGHHHIX De3ysibTaToB ¢ HaHHBIME paGoTsl [1] BmAHO, uTO
CpaBHEHHE MOXKET HOCHTb JHIIb KayeCTBEHHBIH Xxapakrep. B uacr-
HOCTH, ofpallaercsi BHUMaHHe Ha OOJIBUIYIO BEPOSITHOCTb IOSBJEHHA
KOPPO3HOHHO-3PO3HOHHEIX Ae(EKTOB, UTO OOBACHSIETCS SIBJEHHEM Ka-
BHTAlMOHHOH 3DO3HH, XapaKTEPHOH /s TPeOHBIX BHHTOB CyAOB 3TOrO
THUna. 3arubnl Jonacreil M 3a60uHBI, 4YacTOTa MOABJEHHST KOTOPBIX
y rpe6HBIX BHHTOB CyHOB Tuna «KpacHorpaa» CTrosit Ha BTOPOM Me-
cTe, OBYCJOBJEHH JKCHJyaTalded 3THX CyHOB B JENOBBIX YCJIOBHSX
IpH 3MMHHX Tnepexogax B Danrufickom Oacceiine. HesHaunreapHoe
YUCJIO NMOBPEXJEHUH YCTAJIOCTHOTO XapakTepa, a HMEHHO, TPELIHH, H OT-
CYTCTBHE TOJOMOK INO3BOJsIET KOHCTaTHPOBaTh, uTo OpoHsa «HoBo-
CTOH» IIO CBOMM KOPPO3HOHHO-YCTAaJOCTHBIM CBOMCTBAM COOTBETCTBYET
YCJIOBHSIM SKCIUTyaTalld T/X Tuna «Kpacaorpan».

Ananusupysi pe3yabTaThl CONOCTABJIEHHMS, IPUXOJUM K BHIBOAY, 4TO
HCHo/b30BaHyue MerTonuku [l] NpUMeHHTeJbHO K CyAaM KOHKDETHBIX
THIIOB NO3BOJISET NPOU3BOAUTHL KOJHUECTBEHHOE CDaBHEHHE IOKa3aTe-
Jefl 3KCIyaTalud IPEeOHBIX BHHTOB, M3TOTOBJIEHHBIX U3 OJMHAKOBBLIX
MaTepHAaJIOB, HO YCTAHOBJEHHBIX Ha CyAaX pas/MyYHLIX THIOB.

" B xauecTBe OJHOH M3 X4DaKTEPHCTHK IOBPEXNAaeMOCTH TIpPeGHBIX
BHHTOB NPEAJAraeTcsl MCIOJb30BATh CPENHIO HapalOTKy KO HEepBOTO

onpepeneHHoro nedekra fep, KOTOpPas pacCuuThHBaeTCss 1m0 dopmyae

— 1 2 .
bep = n Z ti, (1)

i=1

rie t; —HapaboTKa 10 MOSIBJIEHHs IePBOrO OINPEIE/EHHOro nederTa
y {-r0 BHHTA; N — YHCJO 00C/IE0BAHHBIX BHHTOB. :

B pesysmbTate pacueToB yCTAaHOBJIEHO, YTO CPeiHssa HapaboTka 10
MepBOro OMpeneseHHOro Jedekra AJs rpeCHbIX BHHTOB CYAOB THIIA
t/x «Kpacuorpam» cocraBJ/sier: tKSCp=22 000 u; frp. cp = 36000 u.

W3 ananusa MOJYUYeHHBIX Pe3yJbTATOB CJAEAyeT, UTO CPelHss Ha-
pa6oTKa [0 IEPBOTrO ONpeNeJeHHOTo NedeKTa MOMeET OBITb MCMOJb30-
BaHa JAJA KOJHYECTBEHHON OLEHKH HaJEKHOCTH TPEeOHLIX BHHTOB H
B TO Xe BpeMs MO)eT OblTh HPHHATA 3a KPHTEPHH, ONpedesrolui
rpaHHIy, OTHOCHTEJIbHO KOTOPOH HEOGXOMMMO yCTAHOBHTL GoJiee Kect-
KHe TpeGoBaHus TPH OCBUIETEIbCTBOBAHHH T'PeOHBIX BUHTOB.

XapakTep H3MEHEHHs pacCIpefeNeHHs] IOBPeXIeHHE H HebheKTOB
rpe6HBIX BAHTOB MO TFOAAM PACCMOTPEH Ha IpuUMepe M3MEHEHUs Ko3(d-
¢unuentoB Becomoctd nederra. Kosddunuent secomoctn nedexra
B NaHHOM roxy X;; OnpefessieTcs OTHOLIGHHEM 4YHCJA BHHTOB C i-M
nedheKTOM B j-M TOAY K OOLIEMY uHCaAy Ae(heKTHHX TpeGHbIX BHHTOB
B j-M TOLY. ;

UncJsoBEe 3HAYeHHS KO3)PUIMEHTOB BECOMOCTH AedexTa Aaa rpeb-
HBIX BUHTOB CyIoB THna «KpacHorpai» Takixe IpelCTaBJeHb B Tao-
aune. Cpenuve apudMeTHuecKHe KO3()GHHUHEHTOB BECOMOCTH Ompeje-
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JEHHOTO BHaa medekra 3a 12-JeTHHH mepuoxm axanIyaTaan Fp€6HbIX

BUHTOB ONpeflensioTcs o GopmyJe
12

%, .
Xl:jgl 12 ° ’ (2)

Ucnonbaysa nanusle TabauIp], NOJydaeM CACAyIOUIHE YHCAOBblE 3HA-
genns: Xys =0,62; X3, =0,405; X345=0,265; Xp, =0,0445; X1, =
=0,0486, conmocraB/ieHse KOTOPBIX MMOKA3bIBAET, KAKUM NOBPEXKAEHHIM
u. nedpekram Haubosee nonBepx&eHm rpebHBle BHHTBHI CYAOB THIIA
1/x «Kpacrorpam».

IIps paccMOTPEHHH BOIpOCA O XapakTepe H3MeHEeHHS KOo3(dun-
€HTOB BECOMOCTH AedeKkTa N0 TOAaM CHAEJaHO NpPeANOoJOXeHHE O TOM,
4TO 3TH KO3(D(DHIMEHTH HMET paBHOMEDHOE paclpefesenne. ITO
NPE/IOJOKEHE TIPOBEPEHO Ha KPUTEPHil Pe3KO BBIIEJAIONIHXCH Hab-
qoneruit [2] n BeluncAsercs no gopmyse

Xi'max'—')_{i :
y=lHmE S 3)

rie X;—cpenHue apudmeTHuecKHe KO3(PGUUHEHTHI BECOMOCTH Je-
tekra; S; — cpefHee KBaAPaTHUIHOE OTKJIOHEHHE BEIOODKH;

~5:i=1/N—}_1—}2.| (Xij_)_(i)2; (4)

N=12, uto cooTBercTByeT 12-71eTHeMy nepuony HaOJMIOfeHHs 3a rped-
HBIMH BHHTaMH. '

B cayuae npaBOMepHOCTH CHEJAHHOTO IIPEATIONOKEHHS MOJKHO
BBINIONIHATLCST YCIOBHE

V<L, (%)

rae {, onpenesser IDaHUILy KPHTHYUECKOH 00sacTH KpPHTEpHS H 3aBHU-
cut or N ¥ ypOBHS 3HAYMMOCTH, NPHHATOrO B AaHHOM pacuere 0,05.
Suauenus {, BuIGHparTCs u3 TaOJHI, NPHBEIeHHBX B pabote [3].

Pacuer mokasaJ, uro ycaoBue (5) nnas K03Gb(GULUHEHTOB BECOMOCTH
nedextoB X;; Boinoauumo. CJIef0BATENbHO, MOXKHO MPHHATH, YTO Xi; =
= X;.

CoOTBETCTBEHHO XapakTep H3MeHeHHS pachpefeseHHsl TOBpexie-
HHH U JedekroB rpeGHBIX BHHTOB CymoB THHA T/X «Kpacrorpam»
TaKXe SBJSETCS pABHOMEPHBIM.

IlpencraBiss oXujaeMble 3KCIIyaTAlHOHHBIE MOBPEXKIEHUS Iped-
HBIX BHHTOB KaK COOTBETCTBYIOLIHE BEPOSTHOCTH, MOXKHO OHNEHHThH BO3-
MOXKHOE NOSIBJIEHHE TPELIWH, 3arufoB, MOJOMOK M APYTUX Ae(eKTOB,
a TaKXKe PEIIUTb TAKOH BAaXKHBIH IPaKTHYECKHH BOUPOC, K4K IPOTHO-
3UpOBaHUe NOTPeGHOCTH B IpeGHEIX BUHTAX. .
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comrett

IIpoBeneHHOe HCCNENOBaHHE IIO3BOJISIET 'CHENATh CJENYIOMIHE BbI-
BOzAbl. JlaHHBIE 3aBOJACKHX aKTOB AedeKTaluyu MOTyT OBIThb HCIOJb30-
BaHBl IJIS1 dHAJM3a ONblTa KCIJyaTallud TPeOHBIX BHUHTOB HPH yCJO-
BHH JOMOJHEHHUS HX CBEJEHHSIMH O T'OJe H3TOTOBJEHHS, NATOH IIpenHl-
JyLIero 0CMOTpa, YUC/IOM paBOuyHX YacOB M YCAOBHSIMH SKCILITyaTalHH.

O6mbekTHBHAs OlLEHKa ONbITa 3KCIUIyaTaluu TPeGHBIX BUHTOB MO-
XKeT OBITH CAeJaHa TOJbKO B pe3yJbTaTe aHaJH3a U CONOCTABJIEHUS
HauboJsee BaXKHBIX CTATHCTHUECKUX XaPaKTEPHCTHK HAaJEXKHOCTH, 0Opa-
60TaHHBIX Pa3HBIMHE MaTeMaTHUeCKHUMU METOAaMH. -

PesynpraTel anasnmsa, mosydyeHHble MO "aKTaM AedeKTaHuH, HMEIT
OODBEKTHBHBIH XapakKTep W MOTYyT OBITH IPHUMEHEHHl MJS COBEDLIEHCT-
BOBaHHS (OPM H CPeACTB TEXHHYECKOTO HaJ30pa 3a IpeOHBIMH BHH-
TaMH HHCHEKTOpaMu 0acceHHOBBIX HHCHEKIUH, a mnociae 0000IIeHns
MaTepHaJsoOB  aHasiu3a — AJd -copepuieHcTBoBaHus IlpaBusn Peructpa
CCCP.
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H. ®. TABPHKOB, JI. B. [IABJIOBA

PACYET OTHECTOMKOCTH JIBYXCJIOMHBIX MYCTOTHBIX -
CYAO0BbIX KOHCTPYKUHUH

Hpe,u,en OTHECTOHKOCTHU CyI[OBOI/I KOHCTpYKU,HI/I onpeneaserca Bpe-

\MeHeM OT HauaJia UCHBITaHHSI HA OTHECTOMKOCTb [0 NIPEBLIIICHUS TIEp-

BOHAYA/JIbHOH TeMIepaTypsl Ha HeoOOrpeBaeMOH IOBEPXHOCTH KOHCT-
pykuun B cpenHeM Ha 139°C uam B 11060 TOUKE 3TOH MOBEPXHOCTH
Ha 180°C pnisa xoncrpyxuuu tuna A u 225°C nas KOHCTPYKUuy THna B.

Pemenye 3agaun mo ONpE/S/IEHHIO TIPe/iesla OTHECTORKOCTH ABYX-
CJORHON HYCTOTHOH CyIOBOH KOHCTPYKLHH, H300pasKeHHOW Ha puc. l,
MOxXKeT OLITb INOJY4YeHO B Ppe3yJbTaTe HCIOJb30BAHHSI KOHEUHO-pas3-
HOCTHBIX METOJO0B, B YaCTHOCTH, MeToa 3JeMEHTapHbIX 0(a/jaHCOB
akap. A. I1. Bannuepa. IIpuMeHeHue NaHHOTO METOZA C yYETOM BJHS-
HHSl BJAXKHOCTM MAaTepHajoB HaeT XOpollee COBNAJEHHE OMNBITHBIX
H DacuyeTHBIX 1aHHBIX.

Tak kak 3TOT MeTOH CBA3aH ¢ GOJILIIOH BHIYHCAUTENbHOH paboTol,
TO €ro IpHMeHeHHe oOcCyllecTBaseTcss npu nomoinun IDBM. [as co-
CTaBJICHHsI IPOrpaMMBbl IO pacyeTy Ipejesa OTHECTOMKOCTH ABYXCJO-
HOH- OYCTOTHOH KOHCTPYKLHH, COCTOSIIEH H3 ABYX MJINUT U3OJSLHOH-
HOTO MarepHasa ¢ BO3NYLIHOA INPOCAOHKOH MeXAy HHUMH, BHIBEJEeM
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¢dopmyssl aaroputmoB. C 3TOH Liesblo CeueHHMe KOHCTPYKIHH paslu-
BaeM Ha psA CJOeB paBHON BeanuuHel (cM. puc. 1). Harpes xonct-
PYKLHH OCYLIeCTBJSETCS C OJHOH CTOPOHB IO TeMIepPaTypHOMY pe-
JKUMY «CTaHAapTHOro moxapa» [1].

Ly
lz
/[ z-] 25 z cA0es
‘ 4Y: n=1+z
pz ‘; L n+ A Yz .
- o L n 4Ys I
€z [ L n-1 . I 66“
A 2] W
= 1
12 i Fi
L 1
SN AT T T T T T T I T T T rT T I
S | f
E -
é, ti .
y.ay o Y o e 2 o o o 7 g i croes
/ n=l-i
Pr Ny L+ 7
‘ - L n \
ey = { n-1 \
Ar B \L - j &
. = 4 91
LA I, 7 2l ]
{ : i AY, {
oo o rla b ——

bow
ta
Puc. 1. PacyeTHas cXeMa [ABYXCJOHHOH NYCTOTHOH CYAOBOH KOHCTPYKUHH

Jas ompeneneHus — TeMIepaTyphl HarpeBaeMoll . NOBEPXHOCTH &,
T+ AT cocTaBuM ypaBHEHHE TEIJIOBOTO GajaHca cjos miomaneilo 1 m2

o Ay1
H TONIIHHOU 5
A (2 —t At -1
ay (£, . —fo, ) - 1« At~ 1 ( Le Ay(i' z) AT _

A .
=T1'_gl— 1l (to, '=+Ar_t0, 1:):

rae o4 — KosHPUIHEHT TenJonepefaud OT CPeldbl HCIBITATENbHON JeuH
K naure Ne 1, kkana/(m2- u. °C);

[( ty, -+ 273 )4 ( ty, .+ 273 )4]
1 100 Rt 100
oy = K1+44,96 ——— Z ;

—1 B,'r—tO,'\:

4 3akas Ne 392 49



K1 — kospuuyenT nepejauy Temsa KOHBEKUHEH B OTHEBOH KaMepe,
Kkaj/(m?*- 4. °C) (no maHHBIM 3apyGeXHBIX HCcaemnoBatestell [2] s
YCJIOBHI HCHBITaTebHBIX neuell Ky = 25); S — cTenenb 4epHOTH Cpebl
OTHEBOH KaMepbl; NpuHEMaeTtcsi paBHo# 0,85; S| — cTeneHb YepHOTH Ha-
rPeBAEMOH NOBEPXHOCTH KOHCTPYKUMH [3]; ¢s, -— TeMmepaTtypa Harpe-

Bawlel cpenwi, °C;
s, ,=3451g (8<4-1); 1))

fo,v U l1, ¢ — TeMIepaTypa IOBEPXHOCTH U TEMIEPaTypa MepBOrO CJOS
B NPeNbIAyIIHd MOMEHT BPEMEHH; T — BDPeMsi, MHH; Ay — KO3(pdHLUHEHT
TEIIONPOBOAHOCTH IIUTHI, KKaJ/ (M -4 - °C); At = Ai-+ Bit; y1 — 06beM-
HBIA BEC H30JISIMOHHOrO. MarepraJsa. miuTel Ne 1, kre/m3; ¢y — Temio-
€MKOCTb, KKaj/(kr-°C); cy==Ci+Dit; Ay, By, Ci, Di— K03 duum-
€HTHI, XapaKTePU3YIOIHe H3MEHeHHe TEeMJONPOBOAHOCTH M TEIJIOEMKO-
CTH MaTepHaJja IpPH Harpese, IPHHUMAIOTCH 1O AaHHEIM paGotel [3].

[Tocne moxcTaHOBKY 3HAUEHHH Ay U ¢y ¥ Psifia Tpeo6pa3oBaHUil ITO-
Jydyaem:

Az
o, et ax =", - + 307y Ay, (Cy 4 Dyl «) [al ('tB’ = )T

Al (tlg T tO, 1) +0’5Bl (t% 5 t(:;, 'c)

+ ) Y : ]%f0+mo~ 2

Iist onpeneseHUsT TeMIepaTyphbl fn, v+av B CJOAX mauTH Ne 1 (ma-
IPUMEP B CJIO€ 71) COCTaBHM ypaBHEHHE TEIJIOBOro GajaHca cJosl IJ0-
wageo 1 M? 0 Tonmunol Ayi:

[A+0.581 (B 1, o T2, )] Cuct, s =, )85 ]
Ay
4+ [A+088 By, o T fn, I Gty e~y )71
Ay .
=114y - L(Ci+Dity, o) (tn, vt s —1tn, <)

Thae fn—i,v; fn4t, v— TEMOEPATYPLl B INPeABIAYLUIEM M TNOCJAEAYIOMHX
ClIOAX B NPeAbIAYIIHA MOMEHT BpeMeHnH, °C.
Ilocste psna npeoGpasoBauuit mosyyaem

At
¢ =t : Ay (tn_1, o Ftngr, . — 2, -
noz+Ax n, '\:+v 60“{1A}’%(Cl+Dltn’T) [1( n ‘I,,+ n‘-l-l, ‘1, )+

0,58, (th_1, -ttasr, »— 20, )] =t m,. 3)

Temnepatypa f; w+ar Ha HeoGOrpeBaeMOH I[OBEPXHOCTH II€PBOK
OUIATHl OIpeJeaseTcs] aHAJOTHIHO YpaBHeHUo (2):

At
.ti, T AT :ti, t—[— 30-11 Ayl (C1 +D1t[, 1) %y (tk, T—_tiy 1:)_,_

A (8 v, ) =%, +0,58 (t%—l, =1 L)

o )J=ti+mi, (4)

+
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rie o — Koa(p(;onunem TenJomepefayy OT IJIATHL B MyCTOTY, KKaJ/ (M?X
Xu.°C);

1
ay=Ky Y b, o— b, 496 ———p——X
St
[( t, . +213 )4'. ( t, .+ 273 )4}
\_ 100 A7 100 .
>< ti, T tk,,t ’

K> — koaduiment, 3aBucsAIIyi OT YCJIOBHH KOHBEKTHBHOTO TeIJIOO6-
MeHa B Tycrore; nmpunuMaercss paBHBIM 0,55; S m Sz — cTenesb uep-
HOTBI IOBEPXHOCTEH IUIHT, IPUMBIKAIOUINX K MyCTOTE [3].

Temnepatypa fx, t+ar Ha BHYTpEHHeH. TOBEPXHOCTH BTOPOH IIWTEHL

OnpefenseTcs U3 ypaBHEHHUS

At
tk, 1:+A1-,=t|(, t—l_ 3072 Ay2 (C2+D tx 1) l:a2 (f’i, '\:_tx, 1)+

'A2(t1,1:_ )—*—053(11 t}2(1

+ Ay : ] =t M. ®)

TeMnepatypa fpn, r+ar B CIOAX MJIUTHL No 2 KOHCTPYKUHY Olpejens-
eTcst M3 ypaBHEeHHs, aHAJOTHYHOIO YPaBHEHHUIO (3):

Az : ; .
o wtae =t ot 6015 433 (Cy + Dyt ) 42t H—,l, ’
—Qtn, '1:)—[—07582 (t?l—l, T+t?1+], T_Qti, 1)] =tn+mn. (6)

TeMmnepatypa t; r+ar Ha HeoOOTpeBaeMOl NOBEPXHOCTH IIUTH Ne 2
ONpENeJISIETCS U3 ypaBHEHU:

Az
tz, t+ac T z, 1,'+ 30{2 A}’2 (C2+D tz 1) [as (tﬂ—tz, 1)+

At o — +0,58, (2 . — 12, .
Al s f ) HOS (s ’)]:@+m“ "

rae o3 — Ko3QPUUMEHT TENJIONepesaus OT MNOBEPXHOCTH KOHCTPYKIHH
B OKPYXaIoUIylo cpeny, kraJja/ (m?- - °C);

( t,, 1+273>“_(tﬂ+273)4}
100 100

“3=K3]3/ ty, «— 14,9653 [ Ly o — Iy ;

S3— cTeneHb YepHOTHl HEOGOIPeBAEMON MOBEPXHOCTH ~KOHCTPYKLHH;
K3 — Koapduument, 3aBUCAIIMHA OT YCHOBHH KOHBEKTHBHOTO TEIJIOOO-
MeHa Ha Heo60orpeBaeMOH INOBEDXHOCTH KOHCTPYKLUUH, NPUHUMAETCH
paBubM 1,3.

4* 5L




 Pacuer no ¢opmynam (2)—(7) npousBOAMTCA A0 far=1I(+m<
<< 100. Ecou fpac = t+m > 100, To pacuer BHINOJHsETCS MO popmyse

¢, =tt+m—1t2
Ipu pacuere no gopmyaam (2), (3), (4)
rPy

tq)__: .

K 100 (Cy + Dy.- 100) °

npu pacuete no popmyaam (5), (6), (7)
td’____ rPy

* 100 (Cq9 + Do - 100)

31ech r — CKphITAs TEMIOTa napooGpasoBanus, paBHas 539,6 kxau/Kr;
P,, P, — BecoBasi BJAXHOCTb H30JIIMOHHOIO MaTepHaJa MepBoH 1 BTO-
poit naut, % ; 100 — reMnepaTypa KuneHHs BOJBI, °C.

3navenne ¢ ompenensiercs M3 [ePBOHAUAJBHBIX ypaBHeHHH (2)—
(7) ¢ moGaBieHneM K IPaBOil YacTW 4YJeHa, BHIPAXKAIOIIErO TENJOTY,
HAYULYIO HA HCTapeHHe BOJbl B 3JeMEHTAPHOM CJIOe.

Hanpumep, BoiBefieM Bhipaxenue {9 nua pacuera no gopmyie 3):

1
[Ai (b1, o —tn, )H0.5B1 (ta -1, c— 22, )] v g -+

2 1
A-[A1 (Fagt, =ty 0,58y (fr1— 13, )] As o =

= (fn, < +a:—1n, <) (C1+Dhtn, ) 1AV 1+-r11-1A0>(J)LP‘1— .

ITocse npeo6Gpa3oBanus NOJYUIaAEM:

Az
t = A (¢t t —
ny, ©--Az n,«c+ 60‘{1 AY%(CH“D#,:, 1) [ 1( n_1,1+ ndl, =

— 2%ty )+0,5B; (£2_i, cA-ths1, «— 2tn, )] —

rP1 e . i)
100 (C; + D1ty ) =tp—-My—te.

TIpu tn, r = 100
th__ rPy
* 77100 (C1 + D; - 100)

Anasoruuno onpepensercsa {9 aas mants Ne 2.

Kak 6nL10 OTMeueHO paHee, IpH BeIBoZe GopMya [Js pacyera
nporpesa ABYXCJAOMHON KOHCTPYKIMH € BO3LYIIHOH TIPOCAOHKOH
IIATH pa3GHBAIOTCS Ha pAL CJI0OEB ONKWHAKOBOH TOMIIUHBL AYn.
COOTBETCTBEHHO 39TOH TOJIIHHE ONpEAEseTcss IPOMEXYTOXK Bpe-
MeHH At, uepe3 KOTOPHIi IOCJEI0BATENbHO BBIYHC/IACTCS TEMIepartypa
BO BCEX CJIOSIX. MaKcHMaJspHBIA MPOMEKYTOK BpeMeHH AT, uepes KO-
TOPHIM MOMHO NMPOBOIHTH pacueT, ONpEeeNsercss U3 nepBoHadaIbHOIO
ypaBHeHHs (2), TyTeM TIPyNNHPOBKHM YJEHOB C TEMIEpaTypoii fo, «.
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ITocsne BLHECEHHS 34 CKOOKH fo, ¢ M NIPUPABHUBAHAA K HYJIO Kosq)(pn-
IIMeHTa NPH LAHHOH TeMIepaType, IoJIyyaem

Cyaat Ay + 30
A":max'_--_"_“‘m_q‘Taq— ’

Zinax + Ay

IEe Amay H Cuay — K03QDHUIHEHTH TENJONPOBOAHOCTH M TEIJOEMKOCTH
IpH HaYaJbHOH TEMIEPATYpPE; Omax — MAKCHMaJ/JbHO BO3MOXHAd Be-
JHUHHA K03(hPHUIHEeHTa TellJonepesad.

BriGpaHHEIfl HHTEpPBAJ BPEMEHH JOJIKEH YKJIaJAblBATHCH LEJIoe UU-
CJIO Pa3 B MHTEPBaJ 3amucy Ha JgeHTe DBM.

Tlo paspaGoTauubM aaropuTMaM Gblja COCTABJCHA NpOrpaMMa s
IBM «M-220». [To sTo#t mporpaMMe ObIIH NPOBEAECHBl TEINIOTEXHHUE-
CKHe pacuerhl IpOrpeBa IYCTOTHBIX NMepeBOPOK, COCTOSIHX U3 ABYX
IJHT MEeTalNoCHauTa ¢ 06beMHBIM BecoM 700 Kre/m® 0GJIHIIOBAHHOTO
C HapyXHOH CTOPOHHI JHMCTAMH a/JIOMHHHEBO-MArHHEBOTO CILIaBa TOJ-
wuno# 1,5 MM (puc. 2). OcHOBHbIE XapaKTEePUCTHKH, PACYETHBIE H ONBIT-
Hble TpefeNbl OTHECTOMKOCTH 3THX NepeCOpPOK NpHBeNeHH B Tabiuie.

ToamuHa HJAHT . : TIpeaenx OraecToOiKOCTH,
Howmep R0 IARAT, MM Eggx):(;xfuc;b aéﬁ%%g " ITorpeuwsocTs
él:g‘f'; P, 3—_/°P2, np%ngiru . pacuera, %
3y 8y ? ONBITHBIA | pacueTHbI
1 15 15 0 75 - 38 35 —38
2 16 17 8,3 70 58 54 -7
3 16 17 8,0 120 59 54 —8
4 20 20 12,3 75 83 84 +1,2
5 20 20 15,7 75 85 90 +6,0
6 25 15 9,8 75 80 78 —2,5
7 15 25 6.8 75 74 72 —2,7
8 25 15 6,8 75 74 72 -2,7
Hayanasuele ycnoBust fo, 0=In—1,0=...I;,0=ly, T. € TEMIEpaTypa

IO Hayajia HarpeBa IIPHHMMAeTcs DPaBHOMEDHO pacnpelesNeHHOH M
paBHOI TeMIepaType BHYTPH NOMEUIEHHS.
© O6auuOBKa NJIHT METAJJIOCHJIHTA JHCTaMH aJlOMHHHEBO-MarHue-
BOTO CIJjlaBa B pacuere He YUUTHIBAETCS, TaK KaK OHAa HMeeT HeOOJb-
Y0 TOJILIMHY ¥ 06JajaeT BEICOKOH -TENJIONPOBOLHOCTBIO, BCIENCTBUE
uero GBICTPO MPOTpPeBaeTCs, a ¢ HarpeBaeMOH CTOPOHBI PACIJIABJSAETCA
yepe3 10 muy. OxHAKO NpH pacyeTe CTENEHb YePHOTH HeoOOorpeBaeMol
TIOBEPXHOCTH KOHCTPYKUHH NPHHUMAETCS KakK JJs aJIOMHHHEBO-MarHue-
BOTO CIIaBa.

OrHeCTORKOCTb ABYXCJOHHBIX TepeGOpoK, B OTJIMUHE OT NepeBopoK
CIJIOIIHOTO CeUeHHUS, 3aBHCHT He TOJbKO OT KO3(h(hHIMEHTa TEemIonpo-
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BOXHOCTH M OOWIeH TOJIIKHBE H30JLKH, HO ¥ OT CONPOTHBJEHHS BO3-
AYIHOK NPOCAOHKH TENJOBOMY MOTOKy. ITosTOoMy AByXC/OHHas mepe-
6opka ¢ BO3MYWIHON NPOCJOMKOH LOJNKHA HMETb GOJiee BHICOKYIO OTHe-
CTONKOCTb MO CPaBHEHHIO C IepeGOPKAMH, HE HMEIOUIHMH IPOCJIOHKH.
Onnako ONBITH IMOKa3aji, YTO TEIVIOM30JUPYmas b EKTHBHOCTD
BO3JYLIHOA NPOCJAOAKH CHHXKAETCH INPH IOCTHKEHHH Ha ee ropsueil
CTEHKe TeMIepaTypsl okoJjo 400°C.

Temneparypuwifi mepema; MexXAy TIpPaHHIAMH BO3AYINHOH IIpO-
CJIOAKH TPH TOJNUIMHE INIHT METAJUIOCHJHTA 15 MM K KOHIY OZHOYaco-

! 3

G

Puc. 2. Koncrpykuus ABYXCIOHHOH IyCTOTHOH nepeSopKu
’ H3 IJIHT MeTaJlJTOCHJNTA:

1 — mura MeTaJJIOCHJAHUTA; 2——06JIHLLOBK8 H3 aJlMHHHEBO-Marnue-
BOro cIlaBa; 3 — Npokjajzka H3 acGecTOBOro KapTOHa TOMILHHOM
3 MM; 4 — cTajbHOM LIBeiAep; § — CTaAbHOM JIHCT NPOMOJLHOH me-
. pebopkn
BOTO CTAHAAPTHOTO HCNBITAHUSA Ha OTHECTOHKOCTh cocraBasier 45—50°C
HE3dBHCHMO OT TOJILMHBl BO3LYIIHOH NPOCHOHKH. DT0 0ODbsCHIETCH
TE€M, YTO KO3((ULHEHTH TeMNepaTypPONPOBOLHOCTH BO3AyXa BO3pac-
TalOT C NOBLILIEHHEM TeMIEpaTypHl. TemyoBOH NOTOK uepes BO3AyII-
HYIO NPOCJOHKY 3HAUMTENbHO YBEJHYHBAETCS 3a CUET NEPeNadd Temna
naaydenveM. Tennoo6MeH, NPOHCXOASINMN MEXKAy BHYTPEHHUMH IIO-
BEPXHOCTAMH ILIUT, YUATLIBAETCA B pacyere dopmysnamu (4) u (5).
Pacuer nporpesa mepeGopox NPOU3BOAHJICS NPH CJAELYIOMIMX HaH-
HBIX, NPHHSTHIX B pabore {3] AN OAHOTHNHBIX MAaTEPHAJOB:

A=A,=0,08; B;=B,=0,00007; C,=C,=0,22;
D;=D,=0,00015; 7;=1,=700; r=>539;
§,=0,85; S,=0,96; S;=0,28; #,=20;
K=25; K3=0,55; Ky=1,3;
Ay;=0,004; Ay,=0,0034; At=0,1 (mas nepeSopok [Ne 2 u 3);
Ay;=Ay,=0,005; At=0,1 (a1g BCex OCTAJbLHEIX IEPeGOPOK).
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Ha puc. 3 pas CpaBHeHHH I0Ka3aHbl paCueTHble H ONBITHbIE KPH-
BHle NIpOTpeBa ,ZlByXC.HOPIHOI/I [yCTOTHOH nepe6opKH U3 IJIUT MeTaJlo-
CHAMTA TOJNIIMHOK 151 25 MM ¢ BO3AYINHOH IPOCIOAKOH Mexmy HUMH
75 mM. BecoBast BAaXHOCTh, METALIOCHIHTA K MOMeHTy OIbITA COCTAB-
astaa 6,8%. '
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Puc. 3. Kpusble mporpeBa NyCTOTHOH INepeGOPKH H3 IJIHT MeTaJUIOCHJHTA

CpaBHeHHe BBIYHCAEHHBIX TPEIENOB OPHECTONKOCTH MBYXCJIOHHBIX
nepebOpPOK U3 METaJVIOCHJUTA C BO3LYIIHOH NPOCJIOHKOH U pesyJ/bTa-
TOB OIBITOB II0KAa3aJ0 yIOBJIETBOPHTENBHYIO CXOLUMOCTb MOJYUEHHBIX
JaHHBIX, UTO TO3BOJISIET PEKOMEHAOBAThL NAHHBIHA pacueTHLIH MEeTOX NJIs
IIPAaKTHYECKOrO HCIOJb30BAHHS IPH [POEKTHPOBAHUM IPOTHBOIOKAP-
HBIX IIyCTOTHBIX KOHCTPYKIUH THIIa B.

[lpensaraemMblii pacueTHbINl MeTOJ, He HCKJ/IOYaeT NPOBENEHUS CTaH-
IapTHBIX OTHEBBIX MCIBITAHHH, B IpOlecce KOTOPBIX [POBepsieTcs. He
TOJIbKO INPaBHJbHOCTh pAacyeTa, HO U JBIMOMJIaMSIHENPOHUIIAEMOCTh
KOHCTDPYKIIHH. ‘
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H H JEHHCEHKO, B. I'. XAPYEHKO
FOTOBHOCTb INIABHBIX CYLOBBIX KOTJIOATPETATOB

Onnoit u3 BaxkHEIX (yHKUME Perucrpa CCCP B cOOTBETCTBHHU C ero
YcraBom [1] siBaisieTcst W3yueHHe OCOGEHHOCTEN H HENOCTATKOB CYHOB,
UX KOHCTPYKIHH, 0GOPYI0BAaHHSA M MEeXaHH3MOB U Pa3paGoTKa NpeaJo-
XKeHHui 10 NOBBIUEHHIO HAJIEXKHOCTH H Ge30macHoCcTH cynoB.” Hayumo-
HCC/E0BATENbCKAE M NPOEKTHBIE OPTaHHM3allHH MOPCKOro ¢Jota,
a TaKxKe NApOXOACTBA YAESIOT GOJBIIOe BHHMAHHE MOBBLILIEHHIO Ha-
A€XKHOCTH CYIO0BOr0 060pyA0BaHuA. [JOCTHTHYTHL ONpeNeeHHble YCIeXH
B H3YYEHWH HAJEXKHOCTH CYNOBOTO OGOPYLOBAaHHS (M OCOGEHHO HALEK-
HOCTY TJIABHBIX M BCIIOMOraTe/IbHBIX JBHraTe/efl BHYTPEHHErO Cropa-
Hust). Havathl MccrenoBanus BONPOCOB HALEKHOCTH IVIABHBIX H BCIO-
MOraTeJbHBIX CYNOBHIX KoTJoarperatoB [2], [3]. Hacroamas craTtbs
IIOCBSIII€HA aHA/H3y TOTOBHOCTH IJIABHLIX CYLOBBIX KOTJIOArPEraToB.

ITo onpenenenuio TOCT 13377—67, HafeKHOCTh U3AEITHS 06ycJ10B-
JINBAETCS CBOMCTBAMH G€30TKA3HOCTH, XOJTOBEYHOCTH, PEMOHTONPHIOL-
HOCTH M COXpaHdeMOCTH. IIpu 5ToM 6e30TKA3HOCTb CUMTAETCS IJlaBHOIX
COCTaBJ/SIOWEH HAZEXHOCTH, a B psiie paboT OHA OTOMKAECTBJSETCS
C HaJeXHOCThIO, HameHOCTh C/IOXKHBIX BOCCTAHABAHBAEMbBIX CHCTEM,
K KOTOPBIM OTHOCSITCS H CYAOBBIE KOTJIOArperaTthl, 06YC/OBIHBAETCH
0e30TKaSHOCTBIO M PEMOHTONPUTOLHOCTBIO |, KOTOpbIE SIBJSIOTCS IBYMSI
B3aUMOJONONHSAIOIIMMH XapPaKTEPHCTHKAMH KadecTBa STHX CHCTEM
BHYTPH OGILIET0 CPOKa JOJIOBEYHOCTH.

B paGorax mo TeOpHH HajEeXHOCTH OCHOBHOE BHHMAaHHE VAENSI0CH
HCCJIEJOBAHHIO HEBOCCTAHABJINBAEMBIX CHCTEM, TVJIABHBIM CBOMCTBOM KO-
TOPBIX fABJSIeTCS 0e30TKa3HOCThb. IIpu aHaslH3e HafeKHOCTH BOCCTA-
HaBJAMBAEMBIX CHCTEM YaCTO NPENNONAaraercsi, YTO BOCCTAHOBJEHHE HX
NPOM3BOJHUTCA MTHOBEHHO, XOTS B DeasbHbIX YCJIOBUSIX SKCHJyaTalluH
BpeMsi BOCCTaHOBJICEHHSI KOHEUHO. Takoll MOAXOZ 3aTpynaHsieT H3yueHHe
PEMOHTONPUTOAHOCTH CHCTEM U UX BJMSIHHS Ha HaJeXKHOCTb.

B cynosrix KoT/IOarperaTax BJHsHHE PEeMOHTONPHIOLHOCTH HA Ha-
AEXKHOCTb OCOOEHHO OULYTHMO, TaK KaK BPeMs UX BOCCTAHOBJICHHS CO-
craBiser B cpeaneM 20-—30 u u gocruraer unoraa 80—100 u. ITostomy

L. 151 IpaKTHYECKH HEMPEPHIBHO PaGOTAIOIUX TI2BHBIX CYZOBLIX KOTJIOAFPeratoB
IIOHSITHE «COXPAHSIEMOCTH» JIAIIEHO CMBICJA H 3JeCh HE PacCMAaTPHBAETCH.
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OlleHKa TOKasaTejell PEeMOHTONPUrOAHOCTH TIJIABHBIX KOTJIOArperaToB
HeoOxoAuMa AJis NPABUJNBHOA OHEHKH MX HaLeXHOCTH,
PeMOHTONpHTrOAHOCTD KOTJIOArperatTa 3aBUCHT OT CJOXKHOCTH KOH-
CTPYKIHMH M BeCa OTAENbHBIX 3JeMeHTOB, CBOOOZHOrO A0CTyNa K HHM,
CTeNneHd YHHQUKANUK U CTAHJAPTHU3ALMH apMaTyphl W JAPYTHX »JIeMeH-
TOB, HaJuuusi ¥ KadectBa 3MIla n mokymeHTanuu, a Takke OT KBa-
Jm(bnxauﬂn 06C/AYKUBAIONIETO IEPCOHAJNA H. COCTOSIHHS OKPYXKalollel
cpelpl. PeMOHTONPUTrofHOCTD U G€30TKA3HOCTE IMOJHOCTBIO OIPENEsSIoT
TAaKOE CBOHCTBO KOTJIOArperaToB, KaK FOTOBHOCTh BHINOJHSITH CBOH

Gyukuud. [OTOBHOCTb — 3TO CBOHCTBO, XapaKTePH3YIOIIEE C BEPOSIT-

HOCTHOH TOYKHM 3DeHHs BO3MOXKHOCTb BBLIMOJHEHHS KOTJIOATPEraToM
B HYXKHBII MOMEHT BPEMEHH CBOMX OCHOBHBIX QYHKIMH: obecrneveHue
CYLOBBEIX noTpebHuTesell HEOOXOAMMBIM KOJHYECTBOM IHapa 3aJaHHBIX
napamMeTpoB M BBICOKON 3KOHOMHYHOCTH CHJIOBOH ycTaHOBKH. M3 3TOrO
onpene/ieHHus BEITEKaerT, YTO TOTOBHOCTD IVIABHOTO KOTJIOArperara uMeer
foabHIOe 3HayeHWe JJisi obecrnedeHusl 0e30HACHOCTH MOper1aBaHus
{(0COBEHHO B CJOMKHEIX YCJIOBHUSX).

BriGop mnokasaTesisi FOTOBHOCTH OIpefessieTcsi PeXHMOM pPaboThl
H YCAOBUSIMU 3JKCIJIyaTalldd CHUCTEM.

Pexum paGoThl IMIABHBIX KOTJOArperaToB MOXHO PacCMaTPHBATH
KaK LHKJAYECKH HEperyJspHbil ¢ HeOOJBINUMH Naysamu (Hampumep:
BBIBOJ, KOTJIOAIPEraTOB W3 NeHCTBHSI HAa CTOSHKAX CYAOB) MeXAy HJIH-
TeJbHBIMH TIEPUOJAMH HeIpepblBHONH paboThl. JomMuHHpyOWHMH (ax-
TOpaMH IIPH OlleHKe IOCJEACTBHH OTKa3a KOTJoarperara SIBJSIOTCS OT-
ka3 (¢ TOYKM 3peHHs 0e30IacHOCTH Mopen.naBaHH;{) U BBIHYXJEeHHBIH
NPOCTOH (C TOUKH 3DEHUsT 3KOHOMHYECKOH 3 (eKTUBHOCTH CyAHA).

B COOTBETCTBHM ¢ PEKOMEHZAUUSMH METOAMKM {4] mjs rJaBHBIX
KOTJIOATPEraToOB OJHHM H3 OCHOBHBIX IIOKasaTesled HaJeXHOCTH SBJS-
eTcsi KOo3(hHIUEHT TOTOBHOCTH Kp, NpPEACTaBJSIONIHH - cOO0H BEPOST-
HOCTb TOTO, YTO KOTJoarperar OyAeT paboTocrnocobeH . B HIPOU3BOJIBHO
Bb16paHHbm MOMEHT BPEMEHH B NPOMEKYTKAX MEMAY BBIIIOJHEHHAMH
[NJIaHOBOTO TEXHHYECKOrO 00CJAYKHBAHHS.

PexxuMbl paGoThl rIaBHBIX KOTJOArPEraToB HpI/I6JIPIX(aIOTCH K He-
npepHBHBIM (0coGeHHO Ha TaHkKepax). [last Takux peHMOB OCHOBHBIM
[oKasaTesJeM HafeXKHOCTH SBJsieTcss U KO3(DGhUUHEHT TeXHHYECKOTO HC-
HNOJB30BAHMS, TOXE XapPaKTEPH3YIOIMH TIOTOBHOCTb KOTJOATPEraTos.

BaxHbiM mokasateneM PEMOHTOHNDHUTOJHOCTH IJIaBHHIX KOTJoarpe-
raToB SBJISIETCS BPEeMS BOCCTAHOBJIEHHS, OT KOTOPOTO 3aBHCAT IOTEPH
3KoHOMMYEeCcKOH adpdekTHBHOCTH cynHA. BpemMs BOCCTAHOBJIEHHS TIJaB-
HOTO KOTJIOarperara HMeeT CJOXHYIO CTPYKTYpPy. OHO COCTOMT H3 Bpe-
MeHH OCHApYMKEHUs W JOKaJAW3allu.0TKa3a, BpeMeHH OCTHIBAHHS KOT-
Joarperata (ecau TpeGyercsl ero BCKPHITHE), BPEMEHH BCKDBITHA TOD-
JIOBUH ¥ JIa30B, BPEMEHH YCTPaHEHHs NOCTeJACTBHE OTKa3a, BPEMEHH
3aKPBITHS TOPJIOBHH ¥ J1a30B, BDEMEHH Ha NPOBEPKY M PA3KHI KOTJO-
arperaTa M HesanJlaHHPOBAHHBIX NMOTeph BpeMeHH. OCHOBHOH cOCTaB-
JISIIOIEH BPEMEHH BOCCTAHOBJIEHHS SiBJASETCH BPeMs OCTHIBAHHS KOTJIO-
arperaTa, 3aBHCSIee OT KOHCTPYKIMU KOT/Ja H IpPeBblIIaoLlee I0J0-
BHHY CpPeIHEro BPEMEHM BOCCTAHOBJCHHA.
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- JIOTIONIHUTE/NPHBIME I[IOKA3aTEIAMH PEMOHTONPUTOAHOCTH KOTJIOAr-
peratoB SBJSIOTCS MPOXOJNKUTENbHOCTD NPODUNAKTHK (UHCTOK HADPYK-
HBIX [TOBEPXHOCTEH TPYO € BHIMOJHEHHEM PaGoOT MO NMPOPHIAKTHKE ap-
MaTypsl), TPYLOEMKOCTb X CTOMMOCTh BOCCTAHOBJIEHHS.

d)opMyJIbI IJIsL OUpefie/IeHusI TEPeUHCAeHHEIX NOoKasaTeldell peMOH-
TONPHTOLHOCTH CJIeLYIOLIHE:
CpelHee BpeMs BOCCTAHOBJICHHS

ZZMZW
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CpeoHsass NPOAOJIXKHUTEJAbHOCTD HpO(bH‘JIaKTI/IK
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K03 bHIHEHT TEeXHHYECKOTO HCIONB30BAHHMS B BEPOSITHOCTHOH TpPAaK-
TOBKE
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3nech t;; — BpeMs BOCCTaHOBJIEHHS j-ro KomoarperaTa nmpy i-M

otkase; #7% — Bpems i-it npoHUAaKTHKH  j-rO KoTJioarperara; N —
YHCAO KOTJI0ArperaToB, 3a KOTOPEIMH BeJleTcsl HaGJIONeHHE; f1; —. UHUCIO0
OTKa30B j-rO KOTJOAarperara,

®opMyabl AJs ONpeleseHHs TPYLOEMKOCTH W CTOMMOCTH BOCCTA-
HOBJIEHHSA KOTJ0ArPeraToB NPHBEAEHBI HUKE.

Ouenka nokasaresell HageXHOCTH IPOU3BOAUIACEH IO Pe3yJbTaTaM
paboThl TJIaBHBIX KOTJIOATPEraTOB B PEANbHBIX YCJAOBHAX. JLJIHTEJNb-
HOCTb HAOJIIONEGHHH M MAacCHB CTAaTHCTHYECKHX HAHHBIX ONpeAesJIHCh
NPOJOJKHUTENbHOCTEIO IpoIecca 3Kcmayartanuu. Tak, MJIHTEIbHOCTh
HabJIOfeHul B cpelHeM cocTaBmiaa 8,92 roma KajeHAapHOrO BPEMEHH
KCIUTyaTaluu Kaxaoro u3 12 xormoarperartos tuma. KBI'25, crosnbko
xe gasg KBI'25K u 6,58 rona sxcmayaranuu 18 arperatos KBI'34K
(uto coorBercTByeT 50000 u HApaGOTKH KaxKOIOTO M3 paccMaTpuUBae-
MbIX KOTJoarperatoB). TakuM o6pasoM, CYMMAapHBIE 06C/eL0BAHHBIY
‘mepuof cocrasaser 53,62 cymodser mas KBI25, cronbko Xe mAas
KBI'25K u 59,22 cynoner nia KBI34K,

CoGpaHHbBle MaTepHaJIBl YAOBJIETBOPSIOT YCAOBHAM OJHOPOAHOCTH H
KoppektHocTH. O6paboTKa HX NMPOHM3BOAMJIACH B COOTBETCTBHH C CY-
NIECTBYIOIIHMH METOOUKAMU W HopMmaTuBHbBIME Matepuajnamu (TCOCT
13377—67, TOCT 16503—70, T'OCT 17509—72, TOCT 17510—72,
T'OCT 18322—73 u ap.).
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Bri6op u oneHka nokasarenell 6e30TKa3HOCTH M AOJTOBEUHOCTH,
a TAKXe€ OCHOBHBLIE IPHUYHHBI OTKA30B KOTJOArPEraToB GBIIM PacCMOT-
peunl panee. BrlIo MOKa3aHO, YTO MOTOKH OTKa30B TIVIABHBIX CYHOBBIX
KOTJIOATPEraToB paccCMaTpUBaeMBIX THIOB SBJSIOTCS NPOCTEHIINMH,
a TJIOTHOCTH pacupejiesieHHs OTKAa30B ONHCHIBAIOTCS SKCIOHEHLHAJb-
HBIMH 3aKOHaMH. 3HAYeHHs] OCHOBHHBIX H JONMOJHHTE/NbHHIX MOKasaTejel
HaAeXHOCTH NMPHUBeIEHH B Ta0J. 1.

Tabauya 1
ITokasatean HaJE€XKHOCTH YAABHBIX CYJNOBBIX KOTJOArpEeraToB
Koraoarperartst
HanmeHosanue BeaHunHB
KBI25 KBI'25K KBI34K

Tlapamerp NOTOKa OTKa30B ®, 0,495 - 10-3 0,195 . 10-3 0,295 - 10-3
1 o

HapaGoTxa ma orxas T, u 2020 5120 3390

Pecypc Mexay pemoHTaMH T p, 10 150 14700 21 400
q

CpexnHee BpeMsl BOCCTAHOBJIEHHUS 30 22 17
Ts, 4 .

Kos¢duunenr rorosHoctst Ky 0,984 0,996 0,994

KoappuuneHT TeXHHYECKOTO HC- 0,918 0,973 0,949

noap30Banud Ky, x

TToTepy XOLOBOTO BPEMEHH CYA- 14,3 10,6 15,9
Ha TPH OTKase OXHOTO KOT-
y

Joarperara Tx, oTKas

Cpeznnne Tpymo3aTpaThl Ha ycT- 28,8 21,8 17,8
. paHeHue OXHOTO OTKasa 3or,
Yes.-q

CpeznHeronosele TPYLO3aTPaThl 72 21,8 32,9
Ha BOCCTAHOBJIEHHE KOTNOAr-
e l,-4
rox

CpeHEronoBasi CTOMMOCTB BOC- 79,2 24 36,2
CTAHOBJIEHHA OJNHOFO KOTJO-
arperata IPH  CTOMMOCTH
1 uen-4 B 3KCIyaTalluu
1,1 py6. Cs, py6/ron

perata 3s,

ITpu craTtucTHdeckoii o6pabOTKe NAHHBEIX O BPEMEHH BOCCTAHOBJE-
HHS KOTJI0arperatoB OBLIH MOCTPOEHBl rHcTOorpaMMmel (puc. 1) pacmpe-
LEeJeHUsT BPEMEHU BOCCTAHOBJIEHHUS IVIABHBIX CYIOBHIX KOTJIOArperaTon
tunos KBI'25 (puc. 1, a), KBI'25K (1, 6), KBI'34K (1, 8), u3 KoTopBIX
CIEYET, YTO 3aKOH pacupeeseHus ILUIOTHOCTH BEPOSITHOCTEH GJM30K
K HopMmaJabHomy aas KBI25 u KBI'25K u x ramma-pacrnpeneneHuio
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aasg KBT'34K. IMosayuenHwle pacnpepeseHuss OOYCJHOBJNEHB HATUUAEM
HPAKTHYECKH IIOCTOSIHHOH COCTaBJAONIEH BpPEMEHH BOCCTAHOBJIEHHUS
IPH yCTPaHEHHH GOJIBIIMHCTBA OTKA30B — BPEMEHH OCTHIBAHHA KOTJO-
arperata IpH BEIBOJAe e€ro u3 pedcTBHs, paBHOoro 20—22 y. Tak xax
BO BpeMs OCTBIBAHHUSI KOTJOarperata He BeLyTCS HUKAKHe paGoTHI 11O

0 20 30 4 50 ty

0 20 30 40 50 tyy
120
80}

40

10 20 30 40 50 fzv

YCTPAHEHHIO 0TKas3a, TO [/ OLEHKH NeHCTBHTENBLHOTO BPEMEHH BOC-
CTAHOBJEHMS] BPEMS OCTBIBaHHA OBLIO HCKJIOUEHO U3 PACCMOTPEHHS.
Ilpn TakoMm NOAXOJAe 3aKOH pAacHpeleseHHs] IUIOTHOCTH BepOSTHOCTEN
BpeMeHH BOCCTAHOBJIEHHUS SBJISIETCS 3KCIOHEHUUAJBHBIM (cM. puc. 1,
DYHKTUPHAs JIHHHS), YTO XOPOIIO COIVIACyeTcs ¢ NMPAaKTHKOH 3JKCILIya-
TaluH CJIOXKHBIX CHUCTEM, AJS KOTOPHIX BpeMsl BOCCTAHOBJEHUS SIBJS-
eTcsl CJy4aHHOHR BeNUUMHOH, HAa KOTOPYIO BJHUSET GOJBIIOE KOJHYECTBO
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daxrTopos. AHanu3 pacupeleseHHs YHCTOTO BPEMEHH BOCCTAHOBJEHUS
(6e3 yuera BpeMeHH OCTHIBAHHS) HO3BOJUJ CHEJNATH BAYKHBIN BBIBOA:
BCEe KOTJOArperaThl PacCMaTpPUBAEMBIX THIIOB IPHMEPHO ONHHAKOBO
IPHUCHOCOBIEHE K PEeMOHTaM (YHCTOE BpPEMsS BOCCTAHOBJIEHHS PaBHO
84: 7.8; 6,8 u gma KBI'25, KBI'25K u KBI'34K cooTBercTBEHHO).
IleficCTBUTEIBHO, KOTJIOATPEraThl NOAOOHDB 10 KOMIOHOBKE M KOHCTPYK-
THBHOMY HCIOJHEHHIO OTAENBbHBIX 3/1eMEeHTOB. Pasiuuus BO BpPEMEHH
BOCCTAHOBJIEHHS OODBACHAIOTCS Pa3qUuUdsSMH B YCIOBUSIX IKCIIYaTalUH
¥ KOHCTPYKTHBHBIM HECOBEDIIEHCTBOM HEKOTOPBHIX 3JEMEHTOB KOTJIO-
arperartos.

TpynoeMKOCTh H CTOMMOCTH BOCCTAHOBJIEHHS KOTJIOArperartoB pac-
CMaTPUBAEMBIX THIIOB OTHOCHTEJBHO HeGosblue (cM. Taba. 1) u mpak-
THYECKH He BJAHSIOT Ha NOTEPH SKOHOMHUYECKOH 3((QeKTHBHOCTH CYAHA.

FOTOBHOCTb IMIaBHBIX CYHOBBIX KOTJIOArperaToB BbicOKas, IPHYEM
Yy MOJAEPHH3MPOBAHHBIX KOTJOArperaToB KBI25K u KBI'34K ona
Beie, yeM y KBI'25. OcoGeHHO 4YeTKO BHIHO 3TO M3 CONOCTABJIEHHS
K09 (PUIIHEHTOB TEXHUYECKOTO HCIOMBb30BAHUS KOTJIOArperaTon (CM.
ta6a. 1). TOTOBHOCTb IJIaBHBIX CYLOBBIX KOTJIOArperaToB OKasbIBAET
OCHOBHOE BJIHsiHMEe Ha 5(Q(}EeKTHBHOCTb CY[HA, TaK KaK 3aJePKKH €ro
B NOPTAX, OCTAHOBKM B MOp€, BBIHYXKJEHHbE DEMOHTH Ha 3aBOJaX H
CHIKEHHE CKOPOCTH XOfa CyZHa (mpu paboTe Ha OJHOM KOTJOarpe-
raTe) BBHI3BIBAIOT MOTEPH XOJOBOTO BPEMEHH, a CJIEJO0BATEJbHO, ¥ IIO-
Tepu TpancnopTHOR padoTs [3]. TToTepn X010BOrO BpeMEHH U3-32 OTKa-
30B KOTJIOATPEraToB NPSMO IIPONOPIHOHANbHEl BpEMEHH HX BOCCTAHOB-
neHus. [IpmdyeM OHH HECKOJBKO Goablie NOCHELHHX 3a CUYET 3aTpar
BpEMEHM Ha BHIIOJHEHHE IDYTMX DEMOHTHBIX PafoT, a TakkKe 3a CueT
BpEMEHH BBHIXOa CyJHA Ha HOMHHAJIBHYIO CKOPOCTb. _

CaefayeT OTMETHTb, YTO K IIOTePE XOJOBOTO BPEMEHH MPHUBOAHUT
TOJIBKO 4acTh OTKa30B KoTsoarperatoB. OcTasbHble OTKashl yCTpaHsd-
IoTcsl Ha CTOsIHKaX. JlaHHbie O MOTepPSX XOJIOBOTO BPEMEHW H KOJHYe-
CTBe OTKA30B KOTJOATperaTos HpHBeJeHH B Tafj. 2. 3[ech XKe MpHu-
BeleHBl CBeZeHMS O IOTepsiXx XOLOBOTO BPEMEHM M OTKa3ax KoTjoarpe-
ratos 3apyGexHbX HedTeHaJHBHBIX cymoB neaseiitom ot 40000 xo
83 000 T u ot 83 000 no 200 000 T [5].

Kak cieayer us TaGauIbl, MOTEPH XOLOBOTO BPEMEHH OTEYECTBEH-
HBIX CYIOB NPAKTHYECKH TaKHe XKe, KaK U y 3apy6exHHX cynos. Komn-
YecTBO K€ OTKA30B KOTJIOATPEraToB OLHOTO CYIHA B IOl ¥ 3apyOexHBIX
CYLOB 3HAUHTEJBHO GOJIbIIE, YeM Y OTEUECTBEHHBIX. DTO CBUIALTENBCT-
BYeT O TOM, UTO Ha YCTPaHEHHEe OTKA30B OTEYeCTBEHHBIX KoTJoarpera-
tos KBI'25, KBI'25K n KBI'34K Tparurcs Gospuie Bpemend. OpHako,
CJleflyeT  IOMHWTB, YTO BO BPeMsl YCTPaHEHHs OTKa3a KOTjoarperara
HA OTEUECTBEHHBIX CylaxX NPOU3BOJIHMTCA elle PsSA PEMOHTHHIX H Npo-
¢unrakTagecKux paboT. DTo CrnoCOGCTBYET NMONAEPKAHUIO 6oJee BHICO-
KOTO YPOBHS TEXHHUECKOTO COCTOSIHHSI KOTJoarperatos. B pesyabrare
MeHbIIee UHUCJI0 OTKAa30B 06GYCJAOBJVBAaeT Gojee BHICOKYIO 6€30MacHOCTD
MOperIaBaHusl OTeUeCTBEHHHLIX CYIOB. :

IToTepy XON0OBOTO BPEMEHM CyJHA H3-32 OTKa30B KOTJIOArperaros
ONPEeNeJSIOT MOTePH €ro SKOHOMHYECKOH 5(P(PEeKTHBHOCTH, KOTOPHIE,
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Tabauya 3
Motepu axoHOMHUYecKOH dtheKTHBHOCTH CYAHA ¥M3-3a OTKAa30B KOTJIOArperaTos
Kornoarperatst
Herounnk
HanveHOBaHUE BEJHYHHbI WIH HOpMyaa
. KBI25 KBI25K | KBI34K .
Cpennerogosoe Koamuecrso oT- | CrarHcruueckue 2,5 1,0 1,79
Ka30B OJHOrO KOTJOarpera- J(aHHBIE
Ta nr, 1/ron
B TOM YHCJE:
BHI3BABIINX OCTAHOBKY To xe 0,3 0,33 0,45
CyAHa B MODE foc, 1/TOR
BEI3BABUIKX BHIHYXKICH- ” 0,16 0,07 0,15
HBIH DEMOHT flg, 5, 1/TOX
BBEI3BABIIUX CHHXKEHHE » 0,8 0,4 L1
CKOPOCTH X0Ja CYHHa
Re. e, l/roxn
PacxXoqr Ha TEXHHYECKYIO 3KC- IIpuusito no omsit- 658 637 1100
nayataluio cyaHa B rog R, HEIM JTAHHBIM
THIC, PYO. :
" rog
Kos(uiuent XoxoBoro speMe- | CTaTHCTHYECKHE 0,47 0,47 0,82
nn Ky JAHHBE
CTOMMOCTb CYTOK NpOCTosl cyA- | IIPMEATO 1O ommr- | 3,5 3,5 5,3
THIC. PYO. HBEIM JX2HHBIM
Ha Fup, CyT.
CpenHsasi CTONMOCTb BBIHYXIEH- | To e 1,8 1,3 1,5
HOTO peMoHTa KOTJoarpera-
Ta rgps, THC. PYO.
Cpexnusis morepsl CROPOCTH  XO- . 6 6 4
Ja cynHa IpH OTKase KOT-
Joarperata Av, MuJb/d
Cpennss NpoIo/IKUTENLHOCTD -CraTucTHYECKHE 1,3 0,6 2,2
OCTAaHOBOK CYAHA B MOpe I AHHBIE
IIpH OTKase KOTJoarperara
- Toc,u
CpenHsst NPOLONKHTENBHOCTD To xe 210 160 225
BBIHYKJIEHHOTO PEMOHTA
xorqoarperara [gs, 4
CpelHAS IPORONKHTEILHOCTD " 39 30 55
paboThl CyAHa Ha CHHIKEH-
HOH CKOPOCTH IIpH OTKase
KoTyoarperara l¢. ¢, 4
Cpenneronoseie yORTKH OT CHH- | [IpHHATO MO OMEIT- 44 44 72
JKEHHSI cKopoctw Ha 1 ya HEIM JJaHHEIM
fc. ¢, THIC. pYB./rox
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KotnoarperaTot

H - HcTounnk
AUMEHOBaHHE BEJIUYUHDI Had (opmyaa

KBI25 KBr25K | "KBI'34K
Y6BITKH OT BHIHYXKACHHBIX OCTa- To. ¢ To. c’np 0,055 0,03 0,219
HOBOK cyZHa B MOpe ARoe, |~ 57 — — - :

ThIC. PYO./roj,

YOLITKA OT BBIHYXKAEHHBIX pe- Ns. 875. 8 0,288 0,091 0,225
MOHTOB KOTJIOArperaTos
ARg. 5, THC. py6./rOf

YOBITKM OT CHUXEHHS CKOPOCTH Avre, c?‘c_ c’r\zc, ¢ 0,7 0,35 1,99 .
xona cynHa ARe. c, 365 - 24

ThiC. py6./ron
CyMMapHble TOLOBEIE YOBITKH ARy, c + ARg. 5 + 1,043 0,471 2,434

M3-32 OTKa30B OXHOTO KOT- + AR, ¢
adoarperara AR, Twic. py0./roxn
Ilena otkasa ogHoro xotio- | AR - 1000 0,186 0,084 0,308
arperata Lo, py6./4 7
) o
Ynenvupie notepu skoHoMuue- | Llor +—?— 0,2 0,038 0,313
r

CKOH 3QQEKTHBHOCTH CYAHA
M3-32 OTKa30B OJHOTO KOT-
Jgoarperata /154, py0./u

B KOHEYHOM CYeTe, W XapaKTepu3yiOT HaJeXHOCTb TJIaBHBIX CYHOBBIX
KOTJIOArperaTos,

OlleHKa MOTepbh SKOHOMHYECKO! 3(h(}eKTHBHOCTH CyjiHa H3-3a OTKa-
30B KOTJIOArperaToB INpusefeHa B Taba. 3. Kax ciemyer us Tabua. 3,
OCHOBHOH COCTAaBJISIIONIEH IIOTEPh SKOHOMHUYECKOH 3(h()EKTHBHOCTH
CylHa fABJsSETCS IieHa OTKasa KoTJgoarperara, T. €. YOBITKH, .0BYCJIOB-
JIEHHBIE TIOTEPSMH XONOBOTO BpPEMeHH H3-32 OTKA30B KOTJIOArperaTos.
Bropas cocraBasiiomias — CTOUMOCTh BOCCTAHOBJIEHHSI  KOTJIOarpe-
rata — NPaKTHYECKH He BJHSIET HA NMOTePH 3KOHOMHYECKOH 3ddexTuB-
HOCTH. :

AHaJiM3 CTPYKTYpHl HEHB OTKA3a I03BOJISET 3aKJIIOUHTh, UTO OHA
3ABHUCHT B OCHOBHOM OT IIOTEPb XOIOBOTO BPEeMEHHU BCJIENCTBHE CHHIKE-
HHSI CKOPOCTHM X0Ja CY/JAHA, BHI3BAHHOTO OTKAa3aMH OLHOI0 M3 KOTJIOATl-
peratoB. CpemHsisi IPOXOJKHTEIbHOCTb PabOoTHl CyAHaA ONpeNeNercs
BpEMeHEM BOCCTAHOBJEHHS, KOTOpOe MOXKET OBITh CYIIECTBEHHO YMEeHb-
IIEHO 34 CYET COBEPIIEHCTBOBAHUS KOHCTPYKIMH KOTJI0arperaTos U yJaIyd-
mennst Hagzopa co croponnl Peructpa CCCP 3a npoekTtupoBanuem H
HOCTPORKOH KOTJAOArperatos. B moATBepXKeHHe MOXKHO NPHBECTH AaH-
Hble TI0 3apyGexkHBIM TaHKepam paeisefitom ot 83 000 xo 200 000 T [5],
Ha KOTOPHIX YCTAHOBJIEHH KOTJOarperaThl Gojiee COBEPIIEHHBIX KOHCT-
pykuuii (cm. Taba. 2). IToTepn X0X0BOro BPeMEHU 3THX TAHKEPOB MOUTH
Ha 40% HuKe, ueM Y TAHKEPOB C KOTJOarperaTaMu yCTapeBIIMX KOH-
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cTpyknui. Kpome TOro, M3MeHHJIACh CTPYKTYPa OTKA30B HOBBIX KOT-
JI0arperaToB: YMEHBIIU/IOCH YHCJIO OTKA30B IeperpeBaTesledl H HCIapH-
TeJbHBIX MOBEPXHOCTENl HarpeBa H YBEJIHUHJIOCH KOJHYECTBO OTKA30B
apMaTypbl ‘M KOTEJIbHHIX BEHTHJATOPOB, Ha YCTpAHEHHE KOTOPBIX Tpe-
6yeTcsl MeHblIE BPEMEHH.

WUrax, u3NoXkeHHOe NMO3BOJSIET CHEIATh CAEAYIOLIHEe BLIBOILL:

1) roTOBHOCTb. IVIaBHBIX CYIOBBIX KOTJIOArPeraToB OKa3blBaer Cy-
1IeCTBEHHOE BJHSHHE HA HX HANEXKHOCThb, a CJAEA0BATe]bHO, H Ha 3KO-
HOMHUYECKYIO 3 (eXTHBHOCTh NAPOTYPOUHHBIX CYIOB;

2) roTOBHOCTH OTEUECTBEHHBIX KOTJOArperaTtoB HAOCTATOYHO BBICO-
Kag M MO¥KeT GBITh [MOBHIIIEHA 3a CUET COBEPLICHCTBOBAHHUS KOHCTPYK-
MY TIaBHLIX KOTJIOarperaToB. 'OTOBHOCTB OTeueCTBEHHBIX Komoarpe-
raToB BHIIE, YeM 3apyOGeXHBIX MOAOOHOH KOHCTPYKIIUH,

3) ¢ Ienbio yJIyuIleHHs Haf30pa 32 NMPOEKTHPOBAHHEM, MOCTPONKOH
W SKCIJyaTaluell [VIABHBIX CYIOBHIX KOTJIOArperatoB HeoGXOXUMO
BKJIOYaTh B HOPMATHBHYIO JOKYMEHTALHIO Ha KOTJOArperathl (TeXHH-
yeCcKHE YCJAOBMS M T, II.) OCHOBHBlE IIOKA3aTeNH HaJeXHOCTH: Hapa-
GOTKY Ha OTKa3 - (MJIH napaMeTp NOTOKAa OTKaSOB) Koaq)(pHuHeHT ro-
TOBHOCTH H pecypc

CIIUCOK UTEPATYPH

1 yCTaB PeI‘HCTpa CCCP J1., 1971.

2. TexHuueckasi SKCIUIyaTalHs CHJIOBBIX HapOTyp6HIIHbIX CYHOBBIX YCTAHOBOK.
Und. c6. THUHM®a, Ne 75(220). M., HBHTH MM®, 1970

3. Kacranbckuii A JL, MaHleHKB B. BUIHSIHHE TeXHHUECKOTO COCTOS-
HHMSL CHJIOBOIl YCT4HOBKH Ha HpOB030C1'IOC06HOCTb tankepos. Tpyas LIHHMHMM®a,
shin. 136. JI., «Tparcnopt», 1971.

4. Meroxuxa BbI6OpA  HOMEHKJIATYPEl HODMHDYEMBIX mokasatelell HaNeHBOCTH
TeXHHUeCKHX ycrpoitcrs, MY 3-69. KOMHTeT CTAHIAPTOB, Mep H I/ISI\IepHTe.HbeI‘( npH-
6opos npu CM LCCP 1969. :

5. Chavanet L Quallty of service of steam propulsmn Systems “Buletin
Technique du Bureau Verltas November, . 1974, Paris. :

A. A. KO3JIOB

TEXHH‘]ECKI/Il?f HAA30P 3A T'PEBHbBIMH
SJIEKTPI/I‘IECKPIMH YCTAHOBKAMHU

'pebuble sneKTquecxne ycranoBku (I'DY) cyooB NOCTOAHHOTO
TOKa MOAPa3eNsioTCs Ha TPH CHCTeMBl: TeHepaTop—[ABHUraTe/b, HeH3-
MEHHOTO TOKa M HEeH3MeHHOTo HampsikeHusl. OOBIUHO CHCTeMa reHepa-
TOp—ABUTATENb BBIIOJHSETCS C OrPaHUYCHUEM TOKA IJIaBHOU LIENH, KO-
TOpPOE OCYIIECTBASETCS IyTeM IPHMeHEHHs KeCTKOH O0paTHO# CBSA3H
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IO TOKY, 4TO IIO3BOJISIET IOJYYATh KPYTONAAAIOLIHEe BOJbTaMIEpHBIE
XapaKTePUCTHKH TeHepaTOpPOB. MAarHuTHbI NOTOK TPEGHOIO 3JEeKTPO-
nsuratens (F'D1) He perynupyercst u MeHSETCS TOJBKO ¢ H3MEHEHHeM
KOJIMYeCTBa I€HEepPaTOPOB, BKAKOUAEMEIX B IVIABHYIO llemb. Pa6ouue xa-
PaKTEPUCTHKH STOH CHCTEMbl IOKa3aHBl Ha pHC. 1, a U 6. Mexaunue-
Cxasl Xapakrepuctuka M npuBopsa npu uacrore Bpamenus I'DJ] nuxe
MaKCHMaJbHOM TOKa3blBaeT GOJbIIOH H3GLITOK Bpallalollero MOMEHTa
NPUBOJA, KOTOPHIH HEOOXOAUM /i ycKoperust [/, rpe6HOro BHHTA H
npucoefuHeHHBIX Mace BoAsl. W3 xapaxrepucruku moutnoctn P BHIUM
HeGOJIbIIOe NPEBHIIEHHE MOIIHOCTH (3aIUTPUXOBAHHAS YACTh), HO 3TO
He BBI3bIBAET 3aMETHBIX NEPETPY30K B CHCTeMe, TeM GoJiee ecm pac-
TBOD BHHTOBBIX XapPaKTEPHUCTHK HeGOJbIIOH.

Hasi cynos, uMeromux GOJBIIOH PaCTBOP BHHTOBBIX XapaKTePUCTHUK
(/1€10K0JIOB, GYKCHPOB | T. 11.) TIPHMEHSIETCS CHCTEMa regepaTop—/IBH-
rarejb C TOAJEPXKAHHEM IIOCTOSHCTBA MOUIHOCTH. XapaKTepUCTHKH
3TOM CHCTEMbl B OTHOCHTE/NBHBIX €IMHHUIAX NMOKA3aHBI HA pHC. 1, 8 U e.

Hns nempoKos0B, GYKCHPOB W APYTHX MOLOGHBIX CYLOB HeoOXOAUM
Ooslee WMPOKMH [MANA30H KPHUBOH, 0GECHEUHBAIOLIUE MOCTOSHCTBO
MOLIHOCTH, @ TaKXKe NOBBIUEHHBIA MOMeHT cTosgHKH D)1, M3 Mexanu-
YECKOH XapaKTePUCTHKH CJeIyeT, 4TO MOMEHT crosuku I'DJ] paben
TPEXKPATHOMY HOMHHAJBHOMY MOMEHTY. ITOCTOSIHCTBO MOIIMHOCTH 0o6ec-
NEUNBAETCT OJHOBPEMEHHEIM DEryJHPOBAHHEM MAaTrHHUTHBIX IOTOKOB Ie-
HepaTopa u aBurarens. PeBepc MoMKeT OCYUIECTBJAATBCH KaK 110 IENH
BO30YK/IEHUs TeHepaTopa, Tak ¥ IO Uenu Bo3Gyxuenuss ['D]L. Pegepc
'Sl nyrem u3MeHEHHS €r0 MarHHTHOTO TIOTOKA YMEHBIIAET SHEpTHIO
pekynepaunu. Perynuposanne marsutuoro notoxa I'DJ1 paer Beccty-
eHYaroe TNJIaBHOE CMELIEHHe XapPaKTePHCTHK MOIMHOCTH P=f(n).
Orubaromas 3T0ro ceMeficTBa XapaKTePUCTHK HPECTABJSET coBOl pe-
SYJIbTHPYIONYIO XapAKTEPUCTHKY MOIIHOCTH C YY€TOM PeryJaupOBaHUS
Bo30yxaeHns IO, B aTux cHCTeMax NOMKHBI IPHHHMAThCS Mephl 10
OTPaHWYEHHIO 3HEePTHH peKkynepauuu. OOLIYHO 3HAUEHHE O6PATHOTO
TOKa OTPAHHYHBACTCA: PEry/aupoBanueM Bo36yxaenus D], ymenpre-
HHEM 4aCTOThl BPallleHHsl NEePBHYHBIX ABHraTe/ell MPH peBepce, yMeHb-
lweHueM MaxoBoro moMmenrta ']l (IBYXBSIKOpHOE HCIOJHEHHE HWJH I10-
creaoBaTesbHOE BRaAoueHue I'D/1).

CucreMsl HeM3MeHHOTO ToKa [1] ofecneunBaOT He3aBHCUMOE ynpae-
JIEHNE BEIMYMHON M 4aCTOTOH BPAINeHHUs JIIOGOr0 KONHYECTBA JEKTPO-
ABHTaTesiell, BKIIOYEHHbIX B OJHH TOCHEIOBATENbHEI KOHTYD C reHe-
paTopamy. YnpaB/leHHE 37eKTPOABHIATENSIMH OCYHIECTBASETCS Pery.JIH-
pOBaHMEM HX NOTOKA BO30OYXKIEHHS, a HANpPSKEHHe TeHepaTopa pery-
JEPYeTCsl TaKUM 00pasoM, 4ToObl 3HAYEHHe TOKA B IVIABHON IENH
B IIpoLecce PeryaHpoBaHUs -0CTaJOCh HEH3MEHHBIM. DTH CHCTEMBI, KaK
NpaBHIO, IPUMEHSAIOTCS L5 NaPOMOB, PHIGONPOMBICAOBBIX CYI0B H T. II.
OHH Takxe TMOIPA3NeNSIOTCS HAa ABE TPYIIB: yIpaBiseMble u pery-
JIUpYeMBbIe.

YnpasiisieMble CHCTEeMB HEH3MEHHOTO TOKA NMPOEKTHPYIOTCS TAKHM
06pasoM, 4TO HPH TepeMelleHHH PYKOSTKH I0CTa YIPABAECHUS MOTOKM
BO30YXKIEHHS TEHEPATOPOB M HCHOJHHTEJNbHBIX 3JIEKTPOABHUTaTENEH
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YOpaBJSIOTCS OJHOBPEMEHHO M H3MEHSIOTCS TaK, YTOOBl B CTaTHue-
CKHX pab0oynx TOYKAX BCEro [IHANA30HA PEryJHpPOBAHHUS YaCTOTH
BpPAllleHUs]  HMCHOJHUTEJTBHBIX  3JEKTPOJABUTaTeNeldl  TOK  [JIaBHOH
Leny MOANEPKHBAJNCT NPUMEPHO PABHBHIM HOMHHAJBHOMY 3HAUYeHHIO.
Bremnsis xapakrepucTHKa reHepaTOPOB aHANOFUIHA CHCTEMAM reHepa-
‘TOp—/IBUraTe/b C JKECTKO OGpaTHOH CBS3BIO IO TOKY.

PerynupyeMble cHCTeMbl HEH3MEHHOTO TOKA HPOEKTHPYIOTCS € OT-
JIeJbHBIM CaMOCTOSTENbHO JeHCTBYIONIHM DEeryJsiTOpOM, KOTOPBIH pery-
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Puc. 1. Xapagrepuctuku Momenta I'DJ] u moumnocty I'DY:

1 — cBoGOAHBIN X0 NpPA NOJHOH CKODOCTH CyAHA; 2 — IIBADTOBHBIA DEXHM

JHPYET HAOpSiKeHHe TeHepaTopa OT HYJS OO HOMHHAJBHOIO 3HAYEHHS
B 3aBHCHMOCTH OT [OTpPe0J/sieMOH HCIOJHUTENIbHEIM 3JeKTPOJBHraTe-
JeM molHocTH. CXeMa M XapaKTEPUCTHKA PeryJHPYEeMOH CHCTEMBI IIO-
Ka3aHH Ha pHC. 2.

it ofecneyennss TOYHOCTH MOANEPKAHHA HEM3MEHHOrO 3HAYEHHSt
TOKa IJIABHOM Ilenu HeOOGXOMMMO, YTOOBl CHCTEMa PeryJiHpoBaHus Oblia
6eicrpogeiictayioneii. OOBIUHO B CHCTEMaX HEHM3MEHHOI'O TOK4 MOMEHT
CTOSIHKH He npesnwimaer 1,5 My, ’
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CrcreMbl HEH3MEHHOTO HaNpPsiKEHHs IPUMEHSIOTCS DelKO H B OC-
HOBHOM st 'Y mano# momuoctd. McTOUHHKOM Toka [AJS 9THX CH-
CTeM, Kak NPaBHJIO, CAYXKAT akKKyMyJATOpHble Gataped. Perynuposa-
HHE 4YacTOThl BpallleHHd U peBepc ['D]] l’IpOI/ISBOJJ,HTCH H3MEHeHHeM

BO30YXK/IEHUS [IOCJEIHETO,

I'pebHble 3JeKTpHYECKHE yCTaHOBKH CYOB IePEMEHHOro TOKa MOA-
PasmessoTes Ha JiBe CHCTEeMBI: ¢ epeMeHHOH YacTOTOi BpalleHHs Iep-
BUYHBIX JBHTaTejell (9aCTOTHOe YIpaBJeHHE) U C HOCTOSHHOH yacTo-
TOY BpallleHHs] NMePBUYHBIX ABHraTesNell (eIHHAsI CyN0OBasi 3JeKTPOCTAH-
Ius €O CTaOMIH3HPOBAHHLIMH IlapaMEeTPaMH YaCTOTHl ¥ HANPAXKEHHS
reHepaTopoB).

[Ipn yacTOoTHOM YNpaB/I€HMM H3MEHEHHEe YacTOTHl BpallleHHs mep-
BHYHBIX JBHTaTeNeH ocyulecTBiasiercss B puamnasone ot 20 mo 1009%.
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Puc. 2. Perynupyemas cucTeMa IOCTOSSHHOTO TOKa
' (U n I—Hanpmxenue H TOK r;xam-ioﬁﬁuenﬂ)

Huxe 3TOro nuanasoHa IepefaTOYHOe OTHOLIeHHE "MEX/Ly TeHepaTo-
pamu u ['D]] cTaBOBHTCA NMEPEMEHHBIM — PEryJNHPOBAHHE YACTOTH BPa-
meHus D1 OCYIIECTB/ITETCA H3MEHEHHEM HampsikeHus. Kak Bupum
u3 puc. 3, nyckopoi MomeHT I'DJ] yBenmumBaercs ¢, yBeaneHHeM ya-
CTOTHI TOKA ('-IaCTOTbI BpalleHust TNepBUUHDBIX ,U,BI/Il"aTeJ'IeI/I) '

CucreMnl ¢ eHHOH 3JeKTPOCTAHUKEN MOAPA3Le/SIOTCHA Ha CHCTEMBI
¢ BuHTOM peryaupyemoro mara (BPIH) u cucreMbl ¢ BHHTOM. _¢uxcu-
posansoro mara (B®II). Kaxnas u3 npusenennsix cuctem 'Y Tpe-
OyeT cnenu(HIECKOro MOJIXOAA IPH OCBHAETENLCTBOBAHMH. Kammas
CHCTEMA HMMeEeT CBOH TOK CTOSHKM ['D]/l, mpenessl. peryjupOBaHHS Ya-
CTOTHl BpallleHHs NEPBHUYHBIX JBUTATENEH, MONAEPKaHHE HNOCTOSHCTBA
MOIIHOCTH HJIH TOKAa M T. II. 3HAHHE OCHOBHHIX XapaKTePHCTHK Heo0Xo-
AMMO /sl OLEHKH TEXHHUYECKOTO - COCTOsTHHs 'OV KaK CHCTeMbI B - He-
JIOM, TAK H OTIE/NbHbIX.ee COCTABHLIX UACTEH (reHepaTopOB B036YLLI/I-
renest, TOI u mp.).

HpH OCBHAETE/IbCTBOBAHUH NPOBEPSIETCS COOTBETCTBHE I‘Sy Tpe6o-
BaHusAM M pekomenpanusm Ilpasun Perncrpa CCCP [2):

— pesepc I'D]] ‘B IIBAPTOBHOM peXMMe M Ha CBOGOLHOH Boje HOJ-
JKeH NPOHCXOAUTh 334 BPEMSI, JOCTATOYHOE [IJIsi BHIIOJHEHHS: MaHeBpOB
06eCcrneyrBarIuX 6e30IaCHOCTh CYAHA;
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-~ '000pYLOBAHHE, yCTaHOBJleHHoe HA ‘CyNHe,. ILOJI}KHO OBITE nocta-
TOYHO HaJeXHBHIM;
. .—— MepBHYHBbIE. [BUraTeNU MoryT pa6OTaTb c neperpysxou He MeHee
10% B TeueHue He.MeHee: | uy v,

— BO BPeMs - IGPEXONHDIX pemeOB ray 4acToTa Bpameﬁuﬁ nep--
BHUUHBIX JBHUTATeNeH ; MOXET; HOBHINAThCs He Gojlee yeM HA 10% pac-
YeTHOH YacTOTEL Bpameﬂnﬂ R TP ,
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Puc’ 3. Mexannuecka XapaxTepHCTHKA: ' a—CHHXPOHHOI‘O
I’all 6—np14 YaCTOTHOM .. perynuposa}mu

— npelesbHBIA BBEIK/IIOYaTelb HOJNMKEH OCTAHABIHBATB neanqum
ABHraTelb NpHU HpeBbII.I_IeHHPI 4ACTOTHL. BpameHH;{ 60J1ee ‘yeM Ha 20%
pacueTHoO; K

— IPH OCTAHOBKe OZLHOTO PeHepaTopHoro arperara, HaXOJlHHleI‘OCF[
B NOC/E/0BATENLHOM COEJHHEHHH . C JAPYTUMH; NPEAYCMOTDEHH MepH,
MPEOTBpallIoLIKe ero BpalleH e B 06paTHOM HaNlpaBJeHHH; :

— IOMXKHBI OHITH IPEAYCMOTPEHBl Mephl, OrPaHHUYMBAKOLIHE SHEPTHIO
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pexymepauuH, KOTOpasg MOXKET BhI3BATb YBeJHYEHHEe YAacTOThl Bpa-
IeHNa NepBUYBHX ABHrareneir 6osnee uem Ha 109%.

Bce amnapaTel ynpasieHHs, peJie 3aIUUThl, IIHTH 3JEKTPOJABHKE-
HHSl, TYJBTH, Paclpefe HTeNbHble IMUTH U T, I MIPOBEPSIIOTCA COTJIACHO
TOJIOKEHHSAM HMHCTPYKIHHA IO OCBHAETENbCTBOBAHMIO 3JEKTPOOGOPYLO-
BaHHA cynHa. JIONOMHHTENBHO ClenyeT o6paulaTh BHUMaHHEe Ha COCTOs-
HHE IVIaBHBIX ['€HepaTOPOB M IPeGHBIX 3JEeKTPOABHrATENEH.

B XpynmHBIX 37€KTPHYECKHX MAIIHHAX MOTYT BO3HHKATH I1Apa3HT-
HEIE TOKH, KOTOpBle 3aMBIKAIOTCA NO HYTH: BaJ MAaIIHHHI—pPaGouni
DOAUMMHAK—CTAHHHA—XO0J0CTON NMOAINMIHUK. [lapasuTHbie TOKH MO-
TYyT BO3HHKATb BCJAEINCTBHE CJEAYIOIUHX NPHUHH: aCHMMETPHU MAarHuT-
HOTO TI0JII MAIHHB; HaJHYMs 5JEKTPOCTATHUECKHX 3apsaioB; mpobos
Ha KOpIyc B SIKOPe MAaLIMHEI IIOCTOSSHHOTO TOKa WJIH B pOTOpe TypGo-
refepaTopa NPH HaJIHYMHU 323eMJIEHHST OJHOTO H3 IOJIOCOB.

HaunGomee onacHoil NpHYNHON BO3HHKHOBEHHS NMapasHTHHIX TOKOB
SIBJISTETCS aCHMMETPHS MarHHTHOTO MoJA. Y KPYHNHBIX MAllMH OHa sIB-
JIsIeTcsl Pe3yJbTaTOM HEYAOBJETBODHTENBHOTO COCTOSIHHSA CTHIKOB CTaJd
cTaTopa B TeX CJydasix, KOr4a CcTaTop cobupaeTrcd M3 HECKOJBKHX ua-
CTeH. JKCIIyaTaUHOHHBIMM NPHYMHAMHM HapYIIEHHs: CHMMETPHH SBJIsI-
IOTCA MEXKIYBUTKOBLIE 3aMBIKAHHS M HEPaBHOMEPHOCTb BO3AYILHOTO
3a30pa MexAy cTaTopoM M poropoM. Ilpw BpallleHnu BaJja B HepaBHO-
MepHOM MAarHMTHOM noJje HHAYKTHpyeTcss D[ C, BesHYHHA KOTOPOH MO-
JKeT JOCTHIaTh HECKOJbKHX BoJbT. BuissiBaemuit J1C TOK, 3aMBIKAsCh
IO MYyTH MAaJIOr0 CONPOTHBJIEHHA uYepe3 BaJs, NOAIUMNHHMK H CTAHUHY
MAaIlHHBI, MOXKEeT JOCTHIaTh BEeJIHUYHHBI, ONACHOH HJsi paGOTHl MO LIKII-
HukoB. IIpu mioTHOCTH TOKa MeHee 1 A/cM? HPOUCXOAUT 3JEKTPOXHMH-
YeCKOe pasjoXeHHe Macja, BhI3bIBalolliee ero NouepHeHWe, yXyAlleHue
CBOHCTB M YBeJHUeHHe HarpeBa NOAMIMMHUKOB. Ilpu IUIOTHOCTH TOKA
cpime 1 AfcM? MeXAy NMOBEPXHOCTSMH BKIaibia W Hande o6pasy-
IOTCS. MHKDOCKONHMYECKHE 3JEeKTPHYECKHe NYIH, KOTOpPhle HHTEHCHBHO
pPasbenaloT 3TH NOBEPXHOCTH, BHI3bIBASL HAa HHX INOSIBJEHHUE IJYGOKHX
paxosuH. B pesysbraTe BO3MOXKHBEI «HATacCKHBaHHe» GaGOUTa U CUJb-
HBIH HarpeB HJIM JaxKe NOJNJABJEHHUE BKJAIBINIA,

ITpakTuueckoii Mepoit GoppObl ¢ MapasHTHBIMH TOKaMH SIBJISETCS
PaspriB [enH, 10 KOTOPOH OHH 3aMBIKAIOTCSA. DTO AOCTHIAETCI H30JHPO-
BaHHeM OT (yHAAMeHTHOH WJIHTH CTOHKHM ONHOTO H3 HOALIHIHUKOB
MamWMHE (06BIYHO X0J0CTOr0). BMecTe ¢ MOAMIMIHUKOM AOJKHBE GHIThH
H30/IHPOBAHbl €r0 YCTAHOBOYHBIEC IMWJIbKH H OJMKaHmHN K HeMy daa-
Hell Mac/onposoja (NpH LUPKY/ISIHOHHOH CMasKe) H BOAONPOBOAA
(Ipy BOASHOM OXJIaKAEHHH).

AHa.,0TMYHO 3TOMY HOJIKEH OHIThb H30JMPOBAaH OT KOpHyca Mexa-
HHM3M [JJI51 3aMBIKaHHsI HaKOPOTKO OOMOTKH POTOpPa aCHHXPOHHBIX 3JIEK-
TpPOoABUTaTeNeH ¢ Gpa3HBIM POTOPOM. [1apasuTHBIE TOKHM ynaercsi yMeHb-
AT (HO He COBCEM YHHUYTOXKWTb) LIYHTHPOBAHHMEM IOAIIMITHUKOB
yTEM HaJOXeHMs: Ha o0a KOHLA Bajla MeIHOCETYaThIX IueTok. [logo6-
HEIM Crioco60M INYHTHPYIOTCS MOAUIHIHUKH TPeGHHIX BaJOB.

ConpoTuB/ieHHe H30JAALHH MOAUIMIHUKOBOH CTOHKH JOMKHO OLITH
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ge Huxe | MOM mpu IOJIHOCTBIO COGPaHHBIX Macjonposojax. Ono 3a-
MepsieTcss MeromeTpoMm Ha Hanpsikerne 1000 B mpu xnmaccudpuxaunuoH-
HOM OCBHIETeJbCTBOBAHHH, [JIS Yero BaJ HOJKeH ObliTh NPHIOAHIT H
Mexay ero nandofl M BKIaJpIEM H30JMPOBAHHOTO MNOAIHMIHHKA J10J-
2KHa OBITh HPOJIOXKEHA IPOKIAfKa H3 3JEKTPOKAPTOHA. :

Bo BpeMsi SKCIVIyaTallyM HCNPABHOCTh WSOJISILHUA IOJALIAIHHKA
IOMKHA OBITH IIPOBEpPeHa BOJBTMETPOM Ha Hampsxenue 3 B. 3ame-
PAIOT HanpsiKeHHe MeXAY KOHIAMHM Baja H 3aTeM MeXJy CTaHHHOH H
M30/MPOBAHHONM CTONKOA NMOAUIMIHKKA OPH IIYHTHPOBAHHM MAaCJSHBIX
CJI0EB B NOAIIHNHHKAX. PaBeHCTBO 000HX HAaNpAkKeHHH CBUAETENbCT-
BYeT O XOpOILIeM COCTOSIHHH H30JISIIHH.

IIpp ocMOTpe HOALIMIHHKOB CKOJBXKEHHS IJIaBHbBIX Mamud [V
HeoOXONUMO INPOBEpPATh HX TeMnepartypy. Temmeparypa samepsieTcs
HENOCPeNCTBEeHHO 0K0JIo Gemoro Mera/ia Bkiaaapima {3]. OHa He noJ-
JKHa TpeBLIIATh TEMIepaTyphl OKpyXKalollell cpensl 6oee yem Ha 45°C.
[Mocse 3aMeHBl BKJAjblliell HA BPeMsT MX IPHPaGOTKH TeMIepartypa
TMOAIIMIHENKOB MoxeT gocturath 90°C. Ha Taxkue NOAIIMIHHKH Heol-
xoauMo o6paTUTh 0cof0e BHUMAHME.

I oGHapys:KeHusi H3HOCA BKJafAbllIed CJedyeT 3aMepPUTb BO3AYLI-
HBIM 3a30p MaluHbL 3aMep BbIPAGOTKH NMOJIIHIHHKA MOXET IPOH3BO-
IWUTbCS CHENHaJbHON MHUKPOMETPHUECKOH CKOOOH HJIH IO BBIKHMKaM.
Bennuuna usHOCa ONPENENsieTCs CONOCTABJAEHHEM C NaHHBIMH HpPENbl-
AYHIHX 32MepOB. :

[TpoBepsieTcss cocrosinve GeJOro MeTrasjsa BKJAaiblilieli (BepXHEro
u HuxHero). Meskue orcraBaHus 6a66uTa OT KOpmyca BKJAajeima 06-
HapyHMBAlOT Ha)KaTHeM HJIH NOCTYKHBAHHMEM AEPEBSHHBIM MOJOTKOM
no 6a66ury. B MecTax orcTaBaHMs OyAeT BBILABJIMBATHCS CMa30YyHOe
macao. IIpu orcraBanuu 6a66uTa M0 BCeli OKPYKHOCTH (OCOBEHHO €ClH
3TO MPHBEJO K BHIKPALIMBAHWIO WM IOSBJCHHIO TPEIMH) BKJAabILI
Heo6X0¥MO Mepesanuth, [JOAIHNHUK TOIKeH paboTaTh 10 BCeH NyIHHE
BKJIANBIIA Ha !/s OKPYIKHOCTH.

ITpu ocMoTpe ciexyeT onpefelHTb H3HOC TOPLOB, TaK KaK OCEBBIE
CMellleHHS BaJjia 4acTO SIBJSIOTCS IPHYHHOH MeperpeBoB NOMIIHIHUKOB
(oco6enno T'DI). Ocesoit 3a30p B mopumunHukax I'DJ] mosnxen ObITh
60JIbllIe OCEBOTO 3a30pa B YIOPHOM IIOAIIMIHHKE, B NPOTHBHOM cjyuae
MOJINHIHUK ABUraTe/]sl 6yneT paboTaTb BMECTO YIIOPHOTO M MOXKET pac-
NJIaBUTHCS.

ITpuynHOH NeperpeBoB IOJIIMIHMKOB MOXKeT OBITb Takxke Aedop-
Mamus (yHZaMeHTa Ioc/ie NOCaiKy CyJHA Ha Mesb, HepaBHOMEpHBIH
HarpeB TAHKOB moj ()yHAAMEHTOM IPH NPONapUBaHUH.

3asopsl B noaumunHukax mawup I'DY HyXKHO 3aMepUTh HA NJIaBY
cynna 6e3 puddepenta. IIpu cTOAHKe CyAHa B. JOKE MOXHO 3aMePHUTDb
3230pH TOJBHKO Y MALIHH CO UIMTOBBIMH NOLIUMNHMKaMH. Bo BpeMs
IIBAPTOBHBIX H XOIOBBIX HcIbITaHuA ['DY, a Takke BO BpeMsi Iepexol-
HBIX POLECCOB HEOOXOAHMMO 0OPaTUTh BHUMAHHUE HA KOMMYTAIHIO SJIeK-
TPHYECKHX MaliuH, BesbicKpoBasi KOMMYTAIMS SBJAETCS HEOOXOMUMBIM
YCJI0BHEM HANEXHOH M NJIUTeJbHOH DPaboThl MALIMH MOCTOSIHHOTO TOKA.
OCHOBHBIM KDHTEDHEM B OIeHKe KOMMYTAIUUH ABISETCH COCTOSIHHE
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KOJIJIEKTOpa - U IueToK. lIpu. HOpMaJpHOH KOMMYTalHH: IIOC/AE NPO-
LOJIKHUTENBHON PAGOTHl KOJNJIEKTOD HMeeT. 3alUTHYIO : NIEHKY -KPacCHO-
BaTOro LBeTa ¢ (UONETOBHIM WM Gypo-rony6eiM, orTeHkoM, Ilpu ma-
JIBIX HarpysKax -3alllMTHad IJIeHKa paspymaeTc;I c O6Ha}KeHHeM Mea,
YTO YXYAIIaeT KOMMYTalHo. - . :

C.nenyeT HMeTs B BMIY, YTO Ha npouecc KOMMy'TaU,IfII/I BJIHSIET Le-
Jbifi papg bakTopoB: OHEHHE KOJIIEKTODA, €ro. :3arpsisHeHHe, OTCYTCT-
BHe: §aCOK . HA NJACTHHAX, IPABHIBHOCTb PACCTAHOBKH. LIETOK: KaK IO
LVMHE KOJUIEKTOPA, TaK M:10 €ro Opr}KHOCTH,v=TH_LaTeJI’bHOCTb npn;
THPKU TUETOK H T. II.

OcHoBHOE TpeéoBaHKe npemaﬂBJmemoe K. KOJIJIeKTOpy, Kpome BEI-
[IeH3JI0KEHHOI'0; COCTOMT B .TOM, 4TOOBI IIPH-BPAUIeHWH ¥ HarpPeBE OH
COXPaHST TOUHYIO LMIMHAPHYECKYIO QOPMY H OTACJbHbIE MIACTHHL HE
samajand: ‘m Hé BHICTYHANH 33 OKPYXHOCTbH KOJMJAeKTopa. OGBIUHO
Yy ‘KPYNHBIX MAalI¥H TEIIOBbIE. AePOPMALKHK KOMIEKTOPA -TIPOABASTIOTCS
He'Cpasy, a.MPUMEPHO uepes 100 u -paGoTLL IO HArPY3KOH.

Bo :BpeMs .HCOBITAHUA H. 3KCIIyaTalUH [EePBHYHbIE NBHTATENH [4]
FSV HCIILITHLIBAIOT GOJbIUHE HANPSIXKEHHs Hu3-33 Ieperpy3oxk U Koseba-
HHH HarpysKH. Heo6xonuMo npOBepHTH COCTOSHHE MEPBUYHBIX JBHTa-
TesIeH, . IOCKONbKY KOJeGaHUs U H3MeHeHHsT 000POTOB nnse.nen BBI3BI-
BaIOT ToGOuHbIe ABJEHHS B CXeMe SJIEKTPOJBHKEHHSL. :

HauGosee uyacThIMH HeNOJaAKaMM [u3ejed sBJIAeTCS HeCTaGHJIb-
HOCTb 06OPOTOB NPH PABJIHYHBIX 3arpy3Kax M B NEePEXONHBIX pPeXHMax
I'3Y u3-3a NJIOXOH PETYIHPOBKH BCEPEKMMHOTO PEry/IsTOpa, a TaKXKe
H3-3a  HeJOCTATOUHO. XOpolrel. ofliell - perylupoBKU ausednd. . Peskue
CHHMMKEHHSI YaCTOTHl BpAIEHHs. MOTYT BBHI3BAThb;CPabaThiBaHUSA. 3aLIUThHI
OT CHHXKEeH¥si :060pOTOB, Upe3MePHOe yBeJHdeHne 060pOTOB — CpadaThl-
BaHHe NPEAeJbHOro peryisropa ausens. Muorma nabawonamorcs Men-
JIEHHO. 3aTyXalollue KOJIe6aHI/IH YaCTOTHI BpameHHﬂ ﬂH3eJIH an H3Me-
HEeHUY HAarpy3Kd.. - - TN

OnHo#t M3 HMPUYUH TOTO, YTO llI/I3eJIb He B COCTOSHHH HeCTH He06-
XOA¥MYIO HArPY3KY, MOXKeET ObITh: HELOCTATOUHOE KOJHMYECTBO TONJIHBA,
[OoAaBaeMoro NOAKAYHBAIOIIMM HAacOCOM K HacocaM (OPCYHOK; Hepas-
HOMEepHOe pacrpefejeHre MOIIHOCTH IO IHJIHHAPaM, HEAOCTATOUHAS
HPOAYBKA LMJIMHAPOB, HENPaBUJIbHO OTPEry/MPOBaHHAS BeJHUHHA Ka-
MepBl CKaTHs, mIoxas paboTa GOPCYHOK, GOMBINOMH -H3HOC MOPIIHEBBIX
KOJIell, KJIanaHOB, HenpaBHanaﬂ yCTaHOBKa onepex&emm BHprCKa
HT. A . ;
Hcntiranne FSV HpOI/I3BOILI/ITC$I 110 THIIOBOIL. nporpaMMe U MeTOJILI/IKe
UCOBITAHUH, ono6peHHou PeFHCTpOM CCCP '
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Kopau C. A. Texnuueckass SKCIJyaTalHsi I'DeOHEIX 3J€KTPHYECKHX YCTaHOBOK. M.,
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B. A. BJIATHHHH, [l. B. BUJECOB,
A. A. KO3JIOB, B. A. [IAHOB

O MOYKAPOOMACHOCTH CYIOBBIX 3JJEKTPUYECKHUX
CHCTEM (C3C)

ITo cBenennsm HHCTHTYTa JIOHIOHCKHX CTPaXOBUIMKOB YHCJIO KO-
pabsekpylleHnii 3a IOCJAeNHee BpeMsl LOCTUIJIO HeOHIBAJOTO yPOBHS.
Tosnbko B Teuenne 1973 r. B Mupe noru6jo 53 KpynHBIX cyaHa. Ilpu-
ueM OJHOH H3 HauboJiee 4aCTRIX NPHYHH KATAaCTPOd, OCOGEHHO HA KPyn-
HOTOHHAXHBIX CyAaX, IBUJIMCh B3DBIBE U noxkapbl. Celyac BOZHHKHO-
BEeHHE MOXKAPOB Ha CyAaX HeJNb3d CYHTAThb MaJOBEPOSTHBIM COGHITHEM.
ITo -naHHBIM CTATHCTHKH, eXEeIHEBHO BO BCEM MHpDe NPOMCXOJHT IBa
Takux noxapa [l]. OreuecTsennslil ¢G0T, 6Jarofaps MOCTOSHHEIM YCH-
JIAAM TIPOEKTHBIX, IKCIVIYATHPYIOUIMX H KOHTPOJHPYIOIHX OpTaHu3a-
uui, padoraer B GoJee GIATONPHSITHEIX YCJIOBHAX, OJHAKO K 31eCh
HOTEPH OT NOXKaAPOB ellle 3HayHTEeNABHEE [2].

Pesynbrathl aHaqu3a II0OKasalH, YTO OJHOM M3 NMPUYMH BO3HHKHO-
BEHHs NIOXKAPOB HA CyLax SIBJSIOTCA HEUCHPABHOCTH CYLOBOTO 3JEKTPO-
o6opynoBauys. ITo3ToMy IOBBHIIEHHE €r0 IOKAaPO6E30MACHOCTH OCTAa-
eTcsl aKTyasnbHOH NPOGIeMOlt CyAOBOM 3J1€KTPOTEXHUKH. [/ NPUHATHS
Mep IO NPefOTBPALUEHHUIO BO3TOPAHUH 3JEKTPOTEXHHUECKOTO 06OPYLO-
BaHHs HEOOXOAUMO BHISIBHTH OCHOBHbIE 3aKOHOMEPHOCTH M NPHUMHEI MX
BO3HHUKHOBeHHs. OQHAKO C IOMOLIBIO 'JOCTYNHHIX CPelCTB (ocMOTpa
MecTa IoXKapa, aHaju3a BaxXTEHHLIX JKYPHAJIOB, ONMpOCa JHUYHOTO CO-
craBa M T. [.), HUCIOJB3YEMBIX COOTBETCTBYIOIIYMH KOMHCCHSMH IPH
aHa/luse aBapHM, JOCTOBEPHOE OMNpeje/eHHe - HENOCPENCTBEHHOH IIpH-
YMHBI GOJILIIMHCTBA MOXAPOB OKA3bIBAETCH HEBO3MOXKHEIM. Ualte BCero
9KCNepTHAask KOMHUCCHS BhIHYKJeHa KOHCTAaTHPOBATh HEYCTAHOBJIEHHOCTH
IPUYMHBl BOSTOPAHMS M OTPAHMYUTHCS BBLIABHIKEHHEM OLHOH HJIH He-
CKOJIbKHX THIIOTE3 OTHOCHTEJbHO ee XapaKTepa, YyTo, KaK MPaBHJIO, OKa-
3bIBA€TCS HENOCTATOYHLIM MJisSl PaspaboTKH NPODHUIAKTHUECKHX Mepo-
npuaTui. [10sTOMY 1/ BLISIBJEHHS OCHOBHBIX NPUUHH NOXKAPOB H yC-
JIOBHH HX BO3MOXKHOTO BO3SHHKHOBEHMSI B pPsijie CIy4aeB TpeGyeTcs
NPOBEJIeHHe COOTBETCTBYIOIUX HAYYHO-HCCAENOBATENbCKHX PaboT, I03-
BOJIAIOUIHX, B YaCTHOCTH, Pa3paboTaTh KPUTEPHH OLEHKH. 10¥Kapoornac-
HocTn COC 1 MepOnpHATHS, IPEJOTBPAAIOlIUe BOTOPaHHe 3IeKTPHYe-
ckoro oGopynosanus. IIpy mocraHoBKe HCCAEIOBAaHHI IPefCTaBISETCS
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meslecooOpasHbHIM Ha OCHOBe CTATHCTHKH IOXapoB,  BHI3BAHHBIX
HEHCIPaBHOCTSMHE 3JEKTPOOGOPYAOBAHHUS, OLUEHHUTH CTENleHb ONACHOCTH
pasnuubbix yuactkoB CIC H OTAE/NbHBIX INIOMELIEHHH Cy[IHA C TeM,

- yTOOBl HCCJAEHOBAHHUA IPOBECTH B NEPBYIO Ouepenb IJIA HanboJiee He-

6J1aTONONYUHbIX YYACTKOB 3JEKTPOCHCTEMbI C YYeTOM YCJIOBHH CaMmoro
MOKAPOOMACHOTO MOMeIIeHHS.

TpyAHOCTH TWOJYYEHHS HCUEPNLIBAIONIEr0 CTATHCTHYECKOTO MaTe-
pHaja no oTKasaMm CyLOBOTO 3JEKTPOOOOPYAOBAHHUS IIHPOKO H3BECTHEHL.
OpHako Npu aHaaM3e 3aKOHOMEPHOCTEeH BO3HMKHOBEHHS! CEPbE3HBIX I10-
JKapoB 3a7aua 3HAUHTEJNbHO YIPOILlAeTcs, TaK KaK BCe CIyyan IOf00-
HBIX aBapHil PUKCUPYIOTCS M IOABEPraloTCs 3KCHEpPTH3e COOTBETCTBYIO-
inumu uacnexkouaMu Peructpa CCCP. TlosToMy cBeleHHS, NIOJIYUEHHDbIE
H3 aKTOB OCBHETEJLCTBOBAHHUS, AOCTATOYHO INOJHO OTPaXKAKT pealb-
Hble 3aKOHOMEPHOCTH BO3HUKHOBEHHS N0XKAapOB B NMPAaKTHKE dKCIIyaTa-
uuy (GJOTa ¥ HX CJHeXyeT YYUTHBATH NMPU MPOBENEHHH COOTBETCTBYIO-
IIEX Hay4YHO-HCCJIENOBaTeNbCKHX paboT. Huxe npuBossaTcss HEKOTOPHIe
pe3y/MbTATHl aHANH3a AKTOB OcBHAeTenbcTBoBamus Permcrpa CCCP,
0XBaTBIBAIOIIETO NIOCHTeJHEE AECATHIETHE.

3a yKasaHHHH NepHoj, 0 MHEHHIO 3KCIepTOB, B 58 caydasx moxa-
POB HEIOCPE[CTBEHHON NPHYMHOHN BO3TOPaHMsl SBUINUCH Te HJIH HHBIE
HEHCIPAaBHOCTH 3JeKTPOOGOPYAOBaHUA. B pesysbrate HMEIOTCS Yeao0Be-
yecKHe KEePTBb, YTOHYJIO OJHO KPYIHOe CYAHO, a IOCyAapCTBY HaHe-
CeH 3HAYUTEbHEI 5KOHOMHYECKHH yulepO H3-3a MPOCTOEB CYJNOB U He-
06X0IMMOCTH BBUIOJHEHHS GOJbIIOro 06beMa PEMOHTHBIX M BOCCTAHO-
BUTEJNBHBIX PaboT:

OG6c/enoBanye I0OKAas3ajo, yTo 3a AecATHIeTHe ofllee KONHYECTBO
M0XKapOB, BOSHUKIIMX HA CYAaxX OT HEHCIPaBHOCTEH 3JeKTPOOGOPYHO-
BAHHUS TIEPEMEHHOIO TOKa, IPEBBICHIO COOTBETCTBYIOUIMH IOKasaresb
LM 3JEKTPOTEXHHUECKHX YCTPOHCTB, pabOTalOLIMX Ha IMOCTOSHHOM
ToKe. DTO CBHIETEIBCTBYET O TOM, YTO COBPEMEHHbIE CYAOBBIE JEKTPH-
YecKHe CHCTEMbI IIEPEMEHHOr0 TOKa B Ile/JIOM elie He 00safaloT AocTa-
TOYHOH MOXKapHOH 6e301aCHOCTHIO.

Pacnpenenenne 4yucja MOXapos 10 OCHOBHBIM 3JeMEHTaM CYLOBBIX
3/IeKTPHUECKHX YCTAHOBOK. IPHBeJeHO B Tabauue. B cBs3U ¢ OTCYTCT-
BHEM B psjJe CAydYaeB CBEJeHHH OTHOCHTEJbHO MECTa MX-BO3HHKHOBE-
HUS B TaGJulle NPHUBOASTCA HaHHbBIE O MHHHMaJbHOM ¥ BO3MOXHOM
MaKCHMaJbHOM KOJHUECTBE I0XKAPOB, NPHXOAANIMXCS Ha NAHHBIA 3Je-
ment C3C. ‘

Onpenenenre M0¥XapoonacHOCTH TOTO HJIH MHOTO ydacTka 3JeKTpo-
CHCTeMBI HEOGXOJMMO NDOBOAHTH C YYETOM MOCAEACTBHHA, KOTOPBIE
MOTYT -BOSHMKHYTb B Pe3yJbTaTe IOSBJEHUS 04ara BO3rOpaHud, T. €. He-
06XOLHMO YYHTHIBATH BO3MOXKHOCTH JIOKaJH3aLHU HJIH, Ha000poT, pac-
npocrpanenuss noxkapa. TI03TOMY OLEHKY I0XKapOONacHOCTH OTHE/b-
HBIX aeMenToB COC caeayer IPOBOAUTE IO KOJHYECTBY MPHUXOASIIINXCA
Ha HMX C/IydydeB OOGLIMPHBIX PaCIPOCTPAHSIONIMXCSA TOXKapoB, CIOCO6-
HBIX HAaHeCTH HauGoabiumii ymep6. Kak BugHO H3 TabaHIB, 0C060
ONACHBIMH B IIOXAPHOM OTHOLIEHHH SIBJAIOTCA KalbelbHble CeTH H

)
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- KoanuecrBo NOXAapOB CYAOBBIX JIEKTPUUYECKHX CUCTEM

3 TaraBHbi pacnpe- ) )
. JEKTPUUCCKHE | ponprenpupill wuT KaberpHan cerp Ipouee anexrpo-
Pox TOka Mamuusl (M) (TPL) (KC) oGopynosanne
3JEeKTPOOGOPY-
LOBanHd, , } ; )
B"'?&?";—'gm 2 Pacnpo- 2 Pacnpo- Pacnpo- 2 Pacnpo-
$o | cTpammo- | & | crpansio- | Jlokansubie | crpamsio- | S, | crpansio-
Sz wmHecs SF.| wwecs muecs | Sz uiHecs
Tocrosiuumit| 4 1 2 11 6 9 | — 4
(1—KC) |(4—TIPL1)|{(4—TPILLY)
[lepemennpii| 8 3 2 7 1. 14 — 5
(1—KQC) (3—TI'PLI, (2—KC)
2—-3M)

IIpumeuanne [lpusonuMele WHPPEH COOTBETCTBYIOT MaKCHMAJBHOMY UHCIY
BO3ropaHmii onpeneseHHoro snementa COC ¢ yIeToM TeX ciyuaeB, KOTLa 60Jee
BCPOATHBLIM HCTOUHHKOM IOXKapa fABJSETCH IPYroi 37eMeHT; B CKOOKAX YKAa3aHO KO-
JINYECTBO TAKHX CIyYaeB M NPEATIONAraeMpll HCTOUHHK BOCIJIAMEHEHHS.

IPII. Ha mux Bmecre npukomutca Godee 759 moxapoB B COC kax
NOCTOSIHHOTO, TaK.H IePEMEHHOO TOKA, MPHUEM B CHCTEMAX NOCTOSH-
HOTO TOKa HauboJbllee YHCIO DPAacHPOCTPAHSIOIIUXCS IOKAPOB BO3-
nukiao B I'PHI, a B cucremMax nepeMeHHOT0 TOKa — B KaGeJbHBIX ce-
TsX. Bosropanus us3-za BocmIaMeHeHHs], OGMOTOK 3JEKTPHUECKHX Ma-
WHH B OOJIBIIMHCTBE ‘CJyYaeB HOCHJIM JIOKaJbHBIH XapaKTep.

O1eHKa N0XaPOONACHOCTH CYAOBLIX NIOMEIIeHH} 10Ka3aa, 4TO HaH-
GoJsiee HeONArOMONYYHBIMY SBASIOTCS MAIIUWHHBE OTACHAEHHS, HA KOTO-
pble B CpeaHeM IO BceMy GJAOTYy IPHXOAUTCS 0KOJo 65—709% moxka-
POB, BBHISBAHHBIX HEMCHPAaBHOCTAMYU 3J1eKTPooGopynosanus. TlpuueM Ha
CyHa C MOCTOSIHHLIM M IIePeMeHHBIM TOKOM HPHXOAHTCS COOTBETCTBEHHO
npumepno 70% wu Hemuorum Gosiee 60%. B XHJIBX H GBLITOBBIX MOMe-
HIEeHHAX N0 YKa3aHHBIM HPHUWHAM BO3HHKIO 10—15% moxkapos.

.- HauGosbiunit nnrepec npeacrapisieT onpene/eHte BO3SMOKHBIX IPH-
yuH Bosropanus CIOC mepeMeHHOrO TOKAa H, 0OCOBEHHO, IPHYHH BOATO-
paHua HX KaOeJbHBIX CeTeHl: KaK -caMOro :OMacHOro B HOXaPHOM OTHO-
WEHMH YUACTKA, . .. g
- Jlo maHHBIM [JIs DPOMBINIEHHBIX KabGeabHEX ceTelf, okoso 8009
HX . HEMCIIPABHOCTEH NPUXOAUTES Ha 3aseMisiollne ogHo(asHble 3a-
MbIKaHHs [3]. O COMPOBOXMAIOTCS NPOTEKAHHEM CPaBHUTEBHO He-
GOJIBINAX TOKOB, YPOBHHM KOTODPHIX 3aBHCAT OT 3HAUEHHH AKTHBHOTO H
€MKOCTHOTO CONPOTHBJIEHHUS U30JAAUNH CHCTEMBI (CM. pucyHOK). I[IpHuem
€MKOCTHAsl COCTABJAIONIAs TOKA 3aMBIKAHHS, KaK NPABHJIO, MHOLO:
KPaTHO IPEBOCXOAMT aKTHBHYIO- M sIBJIdeTcs onpepaensioumed. o He-
HaBHEro- BpeMeHH '3aMbikanue Ha Kopnyc B CIOC cumranoch cpaBHH-
TEIBHO GE30MACHBIM DPEeKHMOM, OLHAKO -SKCIEPUMEHTH], BHIIOJHEHHEIE
3a nocaeaHne 2—3 roja, MoKasasu, 4To B KabegX BO3MOXKHO BO3HHK-
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HOBeHHE AKTHBHBIX IIOXKAapPOONMACHHIX MNpPOLECCOB IPH TOKax 3aMblKa-
Husl Ha- Kopmyc, He npespimaromnx 0,8—1,0 A. Tlpebebperasi acum-
MeTpueil CONPOTHBJICHHMH H30JAsALHd (a3 H aKTHBHOH COCTaBJAIOIIEH
TOKA 3aMBIKAHHS, €ro BEeJHYMHY C AOCTATOYHOM [JIs NPAKTHKH TOU-

HOCTBIO MOXKHO ONpeNeNuThb IO (popmyne

[3=30)CU4,,

rae Ugp u C — COOTBETCTBEHHO (as3Hble HANPAMKEHUs U eMKOCTH 1O OT-
Hoenuio K Koprycy. Takum 00pasoM, Hampumep, B KaGeqbHOH CeTH
ocBelleHus HampsaxeHueM Up=220 B axTuBHBIE IOXKapOoONacHeie mpo-
lecchl, BHI3BIBaeMble 3a3eMJSIOMMMH 3aMbIKaHHAMH, MOTYT HPOHCXO-
fuTh mpu emkoctu Menee 7—8 mr®. Comocras/ienue yKa3aHHOH BEJIH-
YHHB €MKOCTH C De3yJbTaTaMM 3aMepOB, BBINOIHEHHBIX HA CyAax (4],

_____ s
o4
11l ! !
0
xas
| Lol Lo
I T I'Wt
Rus Rua: :Ru: :
- R
e aaad ////I.L/L'—IQZLJ.LJLJJ* rar e

CxeMa MpOTEKAHUS TOKOB IpH ONLHO(pA3HOM B3aMbIKAHUHA
B C2C

IOKA3bIBAeT, YTO Ha GOJbILIEH YacTH CyAOB (pasHas eMKOCTb CHCTEMBI
OCBeleHHs] NPHG/IHKAETCA K YPOBHIO MIH TpeBniuraer ero. Taxoe xe
IOJIOXKEH e HABMIoaeTcsi 1 B CHIOBHX KaGeibHBIX cetsix CIC nanps-
sxerauem 380 B. IToxapras Ge3onacHOCTb OLHO(A3HOrO 3aMBIKAHUS HA
KOPITYC MOXKET ObITb OfecreyeHa NPH 3HAYATENHHO MEHBIINX 3HAUCHHUIX
dasHbIX eMKOCTeH, ueM yKa3aHHbBIE BBHILIE. Takum ofpasoMm, Caenyer
I0[BEPrHYTh TIIATENBHOMY H3YYEHHIO NOXKAPOOMACHOCTb peXHMMa Of-
HO(ha3HOro 3aMBIKaHHS HA KOPIYC KaK OJHOTO M3 Hanbojiee BePOSITHHIX
fcTounuKoB noxapoB B CIC mepeMeHHOTO TOKa. Heo6xonumo, B yacT-
HOCTH, ONpeNe/NuTh Ge30nacHbie YPOBHHM TOKOB 3aMBIKAHHs Ha KOPIYC.
Ha ocHOBe VKA3aHHBIX HCCIENOBAHHE 11€1€CO00pPa3HO OrpaHMuYuTDh
B Ilpasunax Perncrpa CCCP pomycTuMble YPOBHH TOKOB 3aMBIKaHHS
Ha KODIYC H, B YaCTHOCTH, OTPAHMYHTH EMKOCTHOE CONPOTHBIECHHE H30-
JISUHH, KOTOpOe, B OTJHYHe OT ee AKTUBHBIX . COMPOTHBJIEHUHA, A0 Ha-
CTOSILLIETO BPEeMEHH He JHMHTHPOBAJIOCH H He NOIBEpranoch KOHTPOJIO.
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B pesyJabTaTte cefiyac Ha psane CyooB CYIIECTBYET BO3MOXKHOCTH BO3-
HAKHOBEHHSI I10KapOONAaCHBIX 3a3eMJSIONHX 3aMbIKaHHH. ‘

BbIBOJbI

N

1. CynoBble a/ieKTpHYECKHE CHCTEMBI B HACTOsIlee BPEMs. HE MOTYT
CUNTAThCS Ge30MacHLIMH B IIOKADHOM OTHOIIeHWH. JIJis ompeiesieHHs
9 (GEeKTUBHLIX MEPOIPHITHH N0 NOBHILIEHHIO IOXaPHOR 6e30macHOCTH
HeOOXOAHMMO NPOBe/leHHe COOTBETCTBYIOIINX HAYYHO-HUCCALO0BATENbCKUX
pabor. o _ '

2. Crnenmyer npusHATh BeCbMa BaXKHbIM HCCJENOBAHHS, HaIpaBJeH-
Hble Ha MOBBIIIEHHE TT0XAPHON 6e30acHOCTH KaledbHbIX ceTell M TJaB-
HBIX PacNpeleNUuTeNbHBIX IHTOB CyJOBLIX 3J€KTPOCHCTEM MEPEMEHHOTO
TOKa. , :

3. Heob6xonumo paspa6oTaTh KPUTEPHH OLEHKH MOXapOOTaCHOCTH
C3C nepeMeHHOro TOK4 H, B OCOGEHHOCTH, CYIOBLIX KaGeJbHBIX ceTel
AJIS UX NOCJEAYIOUIEro HOPMHPOBAHMSA H BKJIOYeHHs B [IpaBuia Pe-
rucrpa CCCP. . , ,

4. HopmupoBanue kputepuer mnoxapoomnacHocTd CIC menecoob-
PasHO NPOBOAMTHL B MEPBYI0 OYEpeAb AJIS YCJIOBUH CYHNOBHIX MallHH-
HBIX OTHEJEeHHH.
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A. A. KO3JIOB

TEXHUYECKHH HAN30P NNPU PEMOHTE ‘
SJIEKTPOOBOPYLIOBAHHH CYIHA v

[Ipn pemonTe 3JeKTPOOGOPYLOBAHHSA CydHA BO3HMKAIOT MHOr00G-
pasHble ¥ CJIOXHBIE BOIPOCH, CBS3aHHBIE C TEXHOJOTrHeH, 06LeMOM H
KayeCTBOM PEMOHTA3, a TaKXKe C HaJeXKHOCTBIO 3JEKTPOOGOPYIOBAHMS
B sKcmayarauuu. Mg Kaxjoro Tuma CyAHa NpenyCMaTpUBAIOTCS
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[JIaHOBbIe PEMOHTHI B TeUEHHE BCErO PacueTHOro CpoKa CIyKOBI CyLHA
[1]. Y3 Bcex BUAOB PEMOHTA, NMPEAYCMOTPEHHDIX rpadpuxoM, paccMmo-
TpeH O6O0JbLIOH 3aBOACKOH PEMOHT, KOTOpHIL HaHboOJlee XapakTepeH
C TOYKH 3pEHHs] Hajg30pa 38 HUM CO CTOPOHBE Perucrpa CCCP.

Bosbluol 3aBOACKOH PEMOHT IPELYyCMATPHBAET BBHIMOJHEHHE pabor,
06YCJHOBNEHHEIX H3HOCOM, MOBPEXKAEHHEM MM BOCCTAHOBJICHHEM 3JEK-
TPOOGOPYLOBAHUS O COCTOSIHUS, AOMYCKaIOLIEr0 JaJbHeHIYIo 9KCIIya-
tanmo. [Ipy TakoM PeMOHTe NPOH3BOASATCA CleAylollne paGoTeL: ToJ-
Has MAM YACTHYHAS 3aMeHa OOMOTOK 3JEeKTPHUeCKHX MalluH, Tepe-
MOTKA KaTyIIeK MOJIOCOB, TOPMO3HbIX MarHHTOB, peéJe H KOHTaKTOPOB,
3aMeHa KOJJIEKTOPOB W H30JIAIMOHHBIX NMPOK/IAN0K, NEpesalnBKa NOoA-
LIIUIIHUKOB CKOJIbXKEHHUs, NPONHTKA OGMOTOK M KaTyllek, HacTpoOHKa
¥ DeryJupOBKa CHCTEM IOCJe peMOoHTa H T. IL AToT BUIL PEMOHTA
O6BLIYHO NPOH3BOAUTCS GeperoBHIMH PEMOHTHBIMM 3aBOJAAMH IO paspa-
GoTanHOl MK TexHosornu. Ha TeXHOJIOrnIeCKHe NPONECChl 0c060 CIIOK-
HBIX ¥ OTBETCTBEHHBIX PaGOT, MPOrPaMMEl BAPTOBHEIX M XONOBBIX HC-
IBITaHKH 3JEKTPOOGOPYN0BAHUSA CyHHA 3aBOJ 00S3aH TNOJNYYHTH 0A00-
penne Perucrpa CCCP. ' : T .

'Bo BpeMsi peMOHTa JIOJIKHBI BHINONHATBCS BCE paGoTH U OCMOTPBHI,
fleo6x0UMBble /IS CBOEBPEMEHHOTO o(OpMJIEHHS UK TOATBEPKACHHUA
K7acCH(HKAIIHOHHOTO CBHACTeAbCTBA ¥ CBHAETENBCTBA HA TOAHOCTD
K IJIABAHWIO, a TAKXe APYTHX JOKYMEHTOB, HPEeLyCMOTPEHHBIX [pa-
sunamu Peructpa CCCP [2].

I. DaexTpHYecKne MAUIMHBE OCBUAETENLCTBYIOTCS BO BPEMi nedek-
TallAd C IeJBI0 ONpefeseHus OOIero COCTOSHHMS MAalIHHbI A o6beMa
Heo6X0AWMOTO peMOHTa. . . . A Coe oo
.- Ilpu BHEWHeM OCMOTpe HEOGXORUMO OGPaTHTh BHHMAaHHE Ha Me-
XaHHYeCKHe NOBPEXIEHHS U Ha CTapeHde M3O0JIILHH, UTO ompejesisercs
o ¢lefyOIIuM NIPH3HAKaM: IOTeMHEeH e iiBeTa, yBeJWYEHUE XPYIKOCTH
¥ Ha/pyde TPeLlHH B JIAKOBOM ILIEHKe, 2 TaKKe pasGyxaHue H30JISILH-
OHHBIX T3 11A30BOH M30JAHMH: BOJBIMIYIO ONACHOCTD. IPENCTABIAIOT
TpelyHbl, 00pasoBaBllyecs B CI0€ H30JIAIAH, B KOTOPHIX CKaluBa-
eTCsI TOKONPOBOMANIAS MEJHOYrONbHAS IIBUIb ¥ BJIATa U3 BO3AYyXA. [Tpn
HeOGXOMUMOCTH HONMYCKAeTcsl HCIbITAHHE 3JEKTPUYECKOH MPOYHOCTH
w3o/AnME HanpsukenueM, paBHeM 1,3 Uy B Teuenue 1 MMH {31.

IIpu ocBUETENbCTBOBAHMN 3JIEKTPHUECKHX MAIIHH HeOGXOoUMO 3a-
MEPHTb COTPOTHBJEHHE H30JANUA OGMOTOK MAIIMHBI MO OTHOLICHHIO
K KOPIYCYy W MeXAY OTHeJNbHBIMH OGMOTKaMH (cM. mpujoXeHue), 3a-
30pHl B MOJUINITHAKAX CKOJIbXKEHHS H KaueHwus, paaGer sxopsi (portopa)
B 0oceBOM. HanmpapJennu {4]. PasGer axops (poropa) He OOJIKEH mpe-
BLIIATH 3HAUEHMH, YKa3aHHBIX B TabJ. 1.

KOoHTpOb pabOTH NOAIIMITHEKOB “KaYeHHs ' 3aK/M0YAETCsT B NPe/iBa-
DUTENLHON TPOBEpKe-UX TeMNepaTypsl (Ha olyNb),;  KOTOpass He HOJ-
JHA TPEBHIIATL TEMIEPaTypy OKpyXaloleH Cpesnl Go/sice ueM Ha
60°C; .4 -B- NPOCHYIIMBAHUE 3BYyKa B HOMIIMIHAKAX IPH MOMOLIH. OT-
BEpTKH, PHCTABAsSeMON OCTpHEM K MOJUIMIHHKY, a PYKOSTKOH K YXY.
PapHOMEPHH I'yJ B NOJIIHNHAKE 6€3 NPUMECH NPYTUX 3BYKOB yKashl-
Baer Ha HOpMaJpHylo ero pagory. Ilpn HOpMasibHOH padoTe Temie-
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Tabauya 1
CMemenHe pala 0O OCH, MM
MOIHOCTD MAILHHBI,
kBT
B OAHY CTOPOHY B 00e CTODOHEI
Jlo 10 0,5 1,0
10—20 075 1,5
30—70 . 1,0 . 2,0
70—125 1,5 3,0
BoJgee 125 2,0 . 4,0
Mawnns ¢ gua- 20/ nuamMeTpa IWeHKH Baaa
METpPOM BaJja
6omee 200 mm

I puMeyaHnue Pasber ycraHaBiusaercs B obe CTO-
* POHHI OT IIEHTPAJBHOIO MOJOMXKEHHS ﬂxopﬁ (poTopa), ompe-
JeJISIEMOT0 MATHHTHEIM HOJEM.

patypa noauMnHUKa nepmmcs{ 3HAYHTENbHO HUKE npeueJIbHon 1 HUXKe
TEMIIEPATypbl KOPIYCa MaUIHHBL.

BrumarenbHOe mpociyliHBaHHE 3ByKa pa60Ta10mero nonmnn}mxa
AAeT BOSMOXHOCTb CYAUTb 00 HMeIOIHUXCS B Hell mederrax. CBHUCTH-
WHi 3BYK OGBIYHO 'yKashiBaeT Ha OTCYTCTBHE CMasKH M IepeMeleHHe
IUAPUKOB HMJIM DOJIMKOB IO CYXHM KoabllaMm. CKpeXeT sB/sercs npH-
3HAKOM 3arps3HeHHs] CMa3KH, IONafaHus B HOAUTHITHHK HHOPOJHBIX ‘TEJ,
TPEHUS ‘B TaGUPUHTHBIX YIUIOTHEHHSX, HHOIAA H HpHSHaKOM MexaHH-
YeCKHX TOJOMOK.

Hasnune paxoBus ‘Ha Ko/bUAx, mapuKax, POJdHKax H [POBEPTHIBA-
HHE BHYTPEHHEro KoJblla MOAMKIHAKA Ha BAJY WM HAPYKHOTO KOJbIA
B KOpIyce BBISBIBAET CTYK B moamHnHuke. CMeulenue Skops (HIH po-
TOpa) B C’I‘OpOHy paboyero u XOJI0CTOrO MOALIMIHAKA U3MEPSIOT CTAJb-
HOH JHHEHKoh ¢ MHJIJIHMeTpOBbIMH I[eJIeHI/IHMPI HJIH My6nH0Mep0M
INTAHT€HIUPKYJIS. ’

Ilpn nedexranuu MOALINNHUKOB KayeHHS 0cO60e BHUMAHHE HeOG-
X0ZHUMO O6paTHTb Ha COCTOSIHHE MOBEPXHOCTeH nerasef 010D H YILIOT-
HAIOMHUX YCTPOHCTB, HA COCTOSAHHE PaGOYHX MOBEPXHOCTEH KOJEL, Tel
KaueHus M CEenapaTopos NOAUIMIHEKA, HA OCEBHIE 33a30Dbl H IOJIHbIE
pajnuajbHble 3a30Pbl MEXAY NOPOXKKAMHU KaueHUs M LIapukaMu (poJH-
KaMH), NONyCKaeMble 3HAYEHHs KOTOPHIX IPHBELEHH B TaGJ1. 2.

[TopmunuyKy, UMEIOlIHe HAK/IENb, - PAKOBHEDI, OTCIOCHHS Ha “6ero-
BEIX JOPOXKKaX H IIapHKAX WJIH DOJNHKAX, a TaKKe I/IMe}OHlHe TOBHI-
LIEHHBIH H3HOC, NOJXKHB GLITh ‘3aMeHeHbl,

ITpu ned)eKTauHH HepaszbeMHBIX IOAIIHIHIKOB CKOJIb}KeHHH He06-
X0JMMOCTb NEPE3aTMBKH BK/IaibllIa U3 OpOH3Bl WIH GaG6ura ompese-
JIeTCsI YBe/NUEHHEM 3a30POB CBhILE NPHBEJEHHEIX B Ta6Ja. 3.
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Tabauya 2

[osnuble PagHATbHbIE 3430Dbl MEXAY Haudoab e
. OpPOXKKAMH KaueHHS H ILAPH.aMH _
B:}:,I:Eg.{::)ﬂu o . ‘ (gojl":l‘aM“). HMM P paﬂlf:;g;-lc;gM;’:lgOpbl Oc;Z]gZAfgi%Ellze
TONKITHUKA, MexIy 10pOK- OIHOTO KOAbUA
MM . — - — KaM¥. KauyeHus OTHOCHTE/JBHO
y HOBBIX WAPHKO- | y HOBHIX POIHKO- u IapHKamu Apyroro, MM
BBIX MOAWHMNHHMKOB | BHIX MNOAUIKMIHHKOB (poaHKaMy), MM
20—30 0,01—0,02 0,03—0,05 0,1 . 0,3
35—50 0,01—0,02 0,05—0,07 0,2 0,3
55—80 0,01—0,02 0,06—0,03 0,2 0,3
85—120 0,02—0,03 0,08—0,10 0,3 0,3
130—150 0,02—0,04 0,10—0,12 0,3 0,3

Mpumeuanns | Palnanphbiii 3a30p B POTHKOBBIX MONUIHIHAKAX H3MEPSIETCS
IIYTOM, TIPOXOASIIMM MeXIy OCOHMOH M PONHMKOM, HJIH MHAMKATOPOM, 3aXKaB BHYT-
peHHIoI0 060iMY H JBHIas HapyXKHYIO. )

9. BeanunHa BO3MOXHOTO pafuajbHOTO INepeMel(eHHs KOHHNa Bajia, HOmYCTH-
MOTO 3a30paMH B NOJLIMNHHKE, ONpeaeJsercs no popmye

14
Sp = Smln Tl"'

rae Smin — MHHUMaJbHbIH 3a30p B NOJIIMNIHHKE, MM; [— pacuyeTHas HJIMHa BaJa, MM;
ll — pacCTosIHHE MEeXAY MOAIIHIIHUKAMH, MM.

Tabruya 3
PaguannHbiit 3a30p, MM, NIPH 4acToTe Bpameﬂuﬁ, 06/ MHH
Huamerp Baja, MM : .
zo 1000 1001—-1500 Goaee 1500
18—30. -0,04—0,093 . 0,06—0,130 0,14—0,28
30—50 0,05—0,112 - 0,075—0,160 - 0,17—0,34
"~ 5080 0,065—0,135 "~ 0,095—0,195 0,20—0,40
80—120° | ~ 0,08—0,160 | 0,120,235 0,23—0,46
120—180 0,10—0,195 0,15—0,285 0,26—0,53
180—260 0,12—0,225 0,18—0,300 0,30—0,60
260—360 .- 0,14—0,250 0,21-—0,380 0,34—0,68

‘o TIpumeuanus: 1. JlAS NONUHIHAKOB ¢ TPHHYLHTENBHOM CMa3KOH BeJHYHHA
3a@30pOB NOMKAA GHTh yBénHueHa Ha 30—B50%. : ‘

2, BenuunHa MAacC/ASHBIX 3330POB KPYIHHIX 3JEKTPUUECKHX . MALIMH - yCTaHABJIU-
BAETCHA HHCTPYKIUHUSMH 3aBOJOB-HITOTOBUTEJEN. .

Ta6s. 3 meficTBuTenbHa Aas Maiud 70 -1000 kBt mpu.jo6oi ya-

croTe Bpalerus (kpome 3000 o6/mun) u xo 200 kBt mpu 3000 06/MHuH.

- Heo6X04UMO IPOBEPHTh COCTOSIHHE G€JOr0 MeTasnna BKJAajblllel
(BepXHEro 1 HYKHETO).
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Has 3aMensl 6a00HUTOB IIPUMEHSAIOTCH CIJIaBhEl HAa aJIOMHHUEBOH H
IIMHKOBOH OCHOBe, Be/jHunHAa 3a30pa B HEPa3beMHBIX MHOJUIHITHUKAX
CKOJIbYKEHHS SJMEKTPHUECKHX MAIIWH NPy TIPHMEHEHHH CIIaBOB HA aJlio-
muHueBoH ocHoBe AMK-2 u AH-2,5 npusegena B Taba. 4.

Tabauya 4
3azop (pa3HOCTb AMAMETPOB Handgnl BaJja
¥ BRJAaAbINEH), MM, NpH yHacToTe
HoMuHAABHBIH BpalieHus, 06/MHH
LUaMeTp BaJa,
Menee 1000 1000 # Goaee
18—30 0,06—0,12 0,10—0,15
30—50 0,08—0,15 0,12—0,18
50—80 0,10-0,18 0,15—0,22
80—120 0,12—0,21 0,18—0,26
120—180 0,15—0,25 0,22—-0,32
180—260 0,18—0,30 0,27—0,37 .
260—360 0,21—0,34 , 0,30—0,41 °
360—500 0,25—0,40 0,33—0,45

Ilpu o6HapyxXeHUH H3HOCA BKJAAABINIEH CAEAYyeT 3aMEPHThL BO3AYIU-
HBIH 3230p MAIKHBI IPH NTOMOIIY 1Iyna.

Heo6xoaumMo OTMETHTH, YTO M3HOC BKJAIBILIIEH CYHIECTBEHHO YXYI-
IMaeT 3JIEKTPHYECKHE XaPaKTEePHCTHKH ACHHXDOHHBIX 3JIeKTPOABHIa-
Tesedl: CHUXKAET KO3((UIUEHT NOJe3HOTO NeHCTBHS H KO3(DOHIHEHT
MOIIHOCTH (COS ), CTAHOBUTCS HEPABHOMEDHBIM H MAarHHTHOE IIOJE;
AKTHBHAS CTaJb CTATOPA M POTOPA HENOHCHOJBL3YETCS B MECTax IIOBBI-
UIEHHOTO 3a30Pa U IepeHachlllaeTcs TaM, rae 3a3op maj. [TosbileH-
Has MHAYKIHS BHI3LIBAET YBeJIWUeHHe TOKA HAMAarHHYHBaHHUS (TOKA
XOJIOCTOTO XOHa) ¥ PeaKTHBHOH MOLIHOCTH, IOTPeOasieMOl ABUTATEeM,
OTYEro CHHUXKEHHE COS @ MOXKeT KOCTUTHYTh 3nauenus 0,01—0,025. Pocr
TOKAa HAMATHUYHUBAHUS NPUBOLUT K YBEJUUYEHHIO IIOTEPh B MEAH, & POCT
HHIYKIYH — K YBeJHUYeHHI0 moTepb B cradu. Of6a 5T 06CTOATENbCTBA
BJIeKyT 3a coGoll cuuxenne KII[ saexkTpoxBuraress.

3a30p B NOALIMIHHUKAX CKOJbXEHUS H3Mepsercsa HeGOJBUIMMH OT-
pe3KaMH CBHHIIOBOM IIPOBOJIOKM MexIy IIeHKOH Baja M BePXHHM
BKJIAJBIIIEM, a TaKxKe MeXJIy BEPXHMM BKJAAJbIIIeM H KPBIIKOH NOA-
munuuka (puc. 1). C 60KOB 3a30pbl IPOBEPAIOTCS LUIYNIOM IPH CHSTOM
BepXHeM BKJajblllle noamunauka. [loc/ie paBHOMEpPHOTO 3aTATHBAHMA
GOJITOB INOJIIHIHUKA H3BJEKAIOT CMATYIO HPOBOJIOKY M 3aMepSIIOT TOJI-
ULMHY OTTHCKOB CBHMHIIA B TOUKAX Cy, Co, d1, de, ds, da.

3asop (B MM) nnockoctu AA onpepensior no dopmyaam

di+dg . © o dy+d
Ay=g 8T8 A2=02___3_‘2“_L
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AHaJIOrMYHO ONpeieNsioT 3a30p MeXAy BKJAabllleM H KPBIIKOH
nomunuEukoB BB o dopmyie

B—a;,— 61+b2:l;b3+b4 .

Benuuunsl A; u Ay AOMXKHBE OTJMUATHCS APYT OT Apyra He GoJee
yem Ha 10%. 3a30p B NOAMHNHHKAX MOXKET TaK¥Ke H3MEPATHCA CIle-
HHaJbHOH MHKDOMETPHYecKoll CcKko06oH,
HOCTABJASEMON  3aBOJIOM — H3TOTOBHTE-
JeM 3JeKTpuuyeckoli Mamuubl. Hsnoc
OIpefensieTcsi CONOCTaBJIeHHeM C [aH-
HBIMY TIPEIBIAYIIHX 3aMePOB.

flran no dyeydy  [Tnanno byayby,

Puc. 1. Usamepenne 3a30posB Puc. 2. HepaBHOMEDHOCTb MEXIYXKeNe3HOro
B IIOJMIHIHUKE: IPOCTPAHCTBA IO OCH 3JEKTPUYECKOH MAIIHHBL:
a — MeXxny melkolf Baja H BEePpXHHM 1 — cratop; 2 — porop; 3 — MOAUIHOHHKH

BKJIAnbimeM; 6 — MEXAY BKJIahilIeM
H KPBIIIKOK MOZIIUNHHKA

HepasnoMepHOCTL BO3AYLIHOTO 3a30pa  (MEXAYKeNe3HOro npo-
crpanctsa) [5] koHTposmpyercs ¢ OGEHX TOPLEBBIX CTOPOH 3JIEKTPH-
yecKOM Mamuubl. [Ipu 3TOM HepaBHOMEPHOCTb BOZAYLIHOTO 3a30pa IO
ocH MamiMHBl jomyckaercss He Gosee 5% HaHMeHBUIErO MOM KaXKAbIM
HOJIOCOM, T. €. y;1 —v<< 0,05y (puc. 2). Msmepennsi BO3AYIIHEIX 3230-
POB [IOJIKHBI IPOU3BOAUTHCS:

a) y MallHH MOCTOSHHOTO TOKa H Yy CHHXPOHHBIX MAIIMH C SBHO
BBIPAXKEHHBIMH OMIOCAMH — IIOJ, KaXKAbIM TOJIOCOM NPOTHB CePefHHbl
NoJIIOCHOro 6alMaka;

6) y aCHHXPOHHBLIX MAIIHH ¥ CHHXPOHHBIX C HESBHO BBIPaXKEHHBIMH
MOMIOCAMH NpH HeGOJBIIHX AHAMETPAaxX POTOpa — B UYETHIPEX TOUKAX,
rpH GOJIBIIKX AMAaMeTPax POTOPa — B BOCBMH TOYKAX. )

CpenuuM 3a30pOM IOJ KaXAbIM HOJNIOCOM  CUHTAETCH CpefHee
apudMeTHYECKOE BCeX NOJYUEeHHBIX 3HaueHult. [Ipyu sTOM OH He LO/IKeH
OT/IMYATBCE OT CPENHEro apu(pMeTHYEeCKOIo BCeX 3a30poB GoJsee ueM
3TO yKaszaHo B Taba. 5.

Ilpu pedexranun Heo6xoauMo ocofoe BHEMaHMe o6pawmarb Ha Co-
CTOSIHMe KoJJekTopa u Koael. Ilpu HepoBHOocTsx Gonee 0,5 MM,
sKcUeHTpuuHOCTH 6osee 0,1 MM u 6uenun cepime 0,2 MM Ha !/3 QJMHB
KOJIJIEKTOPA, H3MEPEHHOr0 MHAYKATOPOM, 3aKPEIVIEHHHM Ha OJHOM H3
I eTKOAepKaTeNeH, TOCAe HHE JOAKeH ObITh IPOTOYEH.
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A Tabauya b
Mainuner Jlonycky BO3AYUIHHIX 3330P0B
CHHXpOHHEBIE He Gonee 10% a7 TMXOXOAHEIX i 5% mis OHICTPOXORHBIX MAIIHH
AcrHXDOHHEIE HepaBHoMepHOCTb — 3a30pa ~ MeXAy CTAaTOPOM M POTOpOM
X = E—oj—— .+ 100% — ne Goaee 10%, rae @, 6 — COOTBETCTBEH-

HO HAHGOMBLIAN ¥ HAHMEHLIIWH 3a30pH. B OTHENBHBIX CIydYasXx
nonyckaercest 10 25% _ :

ITocTostuHOTO Tlox raaBHBIMH IIOJIOCAMHU:

ToKa a) mpu 3a30pax 3 MM H MeHblle M TeTeBod oOMOTKe

) arops — He Gosee 10%;

6) mpu 3asopax CBHlIe 3 MM — He Gonee 5%;

B) NpH BOJHOBOH OOMOTKe 3TH JONYCKH YBEJIHYHBAIOTCH
B IBa pasa.

BospymHsle 3a30phl, H3MEPEHHEIE NOJ, CEPEIHHAMH JOMOJHHUTEIDb-

HEIX TOJIOCOB, MOTYT OTJIHYaThcH OT CpPEeAHero apupMerHue-
CKOTO BCEX 3a30pOB He Oojee ueM Ha 5% Bo Bcex cayuasx

ITpuMeuanue M3 oneiTa SKCIVIyaTalHH KPYHNHEIX MAIUWE NOCTOSIHHOTO TOKa
(KOMIIEHCHPOBaHHHIX) C MeTIeBBIMH OOMOTKAMH H3BECTHBI C/ly4yaH, KOria JneficTBH-
TeJbHble BeNHYHMHL 3430p0B B 2,5 pasa NpeBbIaJH AONYCTHMble 0€3 YXYLIIEHHs
KOMMYyTalud u paGoTe NOANMIHHKOB (NpH HANHYHH M3OJSUHM TOJ ONHHM H3 MOX-
IKNHHKOBLIX CTOSIKOB),

Buenne KoJJIEKTOpAa B TOpAueM COCTOSIHMHM, H3MEPEHHOE HHIHKA-
TOPOM, He JOJIKHO NPEBLINATh 3HAYCHHH, yKa3aHHBIX B TabJ. 6.

BueHHe KOHTAKTHBIX KOJEL HE NOJXKHO mpesblmarts 0,06 MM npu
HOMMHAJBHOH  CKOPOCTH  BpalleHus sJjekrpoisurateneis 1500—
3000 0o6/mun u 0,1 — mpu 1000 06/Mun 1 MeHee.

Cuienyer o6paniaTh BHEMAHHE HA 3a1aC BO3MOXKHOIO HPOTAYHBAHHUS
KoJIIeKTOpa W KoJell. Ha npakTuke BequuuHA 3TOTO 3alaca IpHHHMA-
ercst paBHOH 5—10 MM — s KoJsaekTopoB puamerpom 100—600 mMm
u 10—15 MM — n/1st KoslsIeKTOpoB nuamMerpoM Goaee 600 mm. Hdas ma-
LIHH MOCTOSIHHOTO TOKa 3amac Ha NPOTAauHBaHHE TaKke MOXeT OBITh
TIOJICYUTAH 10 hopMyJIe:

€y =0,5 “4/-510

rae Dy — nuaMeTp KOJJEKTOpa, CM.

Tl MaliiH ¢ MaJbiMH OKPYXHBIMH CKOPOCTSMHM KOJIJIEKTOPA BeJsHU-
yyHa &; nopbimaercs Ha 15—209%. Bo3MOXHOCTH NPOTOUKH KOJJIEK-
TOpa ONpefefisieTcss CpaBHEHHEM pPe3yJbTaTOB NOACYETa C HOMHHAJB-
HBIM A¥aMeTPOM KoJekropa. MIHOrza Ha Toplle KOJJIEKTOpa WIH KoJell
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Tabauya 6

Iuamerp I};;:;Jmex'ropa, qacTOT:ﬁ/BMI;;IU.leHHS{, Butenue, M
Jo 125 Jlo 4000 0,02
Csuimte 125 Jo 1000 0,04
Cariie 125 Ot 1000 mo 4000 0,03
Jo 250 Ot 1000 o 3000 0,03
Or 250 mo 350 Ot 1000 mo 3000 0,04
Or 350 xo 600 Ot 1000 mo 3000 0,05 .
Csmire 600 Ot 1000 zo 3000 0,06

FMeeTcsl OTMETKa 3aBOJla-U3TOTOBHUTENS, A0 KAKOTO AMaMeTpa JAOMycKa-
€TCsl TIPOTOYKA.

IlenTpoBKa BajioB MOXKeT OLITb IIPOBEPeHa HHAHKATOPOM HJIH IO
nonymy®dTaM ImpH MOMOILH CTPEJOK. PesyabTarTsl MPOBEPKH He LOJIXKHBL
npeBbIIATh HOPM, YKa3aHHBIX B TabJ. 7.

Tabauya 7
HopMmbl LEHTPOBKH BAJIOB NO TIOAYMybTaM, MM
Tun Vlyq)Tbl npu MOHTaxe npu JKCIAyaTaluu
Cumelenue Hsaom na 1 m | Cmemenue Hanom Ha 1 M
JKecrxas 0,02 0,05 0,05 0,10
TlanbueBas 0,03 0,10 0,10 0,20
VYupyras nanbuesas 0,05 0,10 0,15 0,20
Kynaukosas sy6uaras 0,05 0,15 0,15 0,20

I1 pUMeUyYaHHE. YKazaHHBIMH HOpPMaMH MOXKHO NOJIb30BATbCA B Cjyuae OTCYT-
CTBHUS NAaHHBIX 3aBOAA-H3TOTOBHTEJIA. Jlais KaX o KOHKI)ETHOI‘/'I KOHCTPYKILHH CleAYyeT
YYATHIBATh TEIJIOBLIE ,ae(popmauun ONOp H CMEIleHHe UIeeK BaJIOB MO neicTBHEM
yCI/IJ'IHﬁ B Iepejlaue W B pesyJbraTe NoAkeMa BAJOB Ha MacC/asIHOM KJIMHE.

Vie/bHOE LaBJeHNE HAXKAaTHS IIETOK IPOBEPSeTCs ¢ YUETOM TPYMIibl
¥ MapKd LieTOK. HaxartHe IeTOK Ha KOJJIEKTOpP MM KOHTAKTHBIE
KOJblla MOJMXHO cocraBaste 0,15—0,4 xrc/cM? B 3aBHCHMOCTH OT
THMA IIeTOK. MeXJay OTHEJbHBIMHU IIeTKaMH OJHOTO CTEepPXKHs AOmy-
CKaeTcs OTKJIOHeHMe 3HaueHMH Haxatusg =+10%; mas wmerox, pacmo-
JIOXKEHHbIX Ha pasHbix cTpexHsax, =20%.

OcBUIeTeNbCTBOBAHHE OTPEMOHTHPOBAHHOH 3JEKTPUYECKOH Ma-
INMHBI MOXKET NPOU3BOAUTBCS HA CYAHE BMeCTe C NMPUBOJHBIM IBUIa-
TeleM (ANS TEHEePATOPOB) MJM C NPUBOJHBIM MEXaHUSMOM  (LJIs
SJIeKTPOABHraTe/NeH).
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Tlepex NMyCKOM 3JEKTPHYECKOH MAaIlIMHBI HEOOXOLMMO YOemuTbCs
B CJenyIolleM:

1) mafixu KOJJIEKTOpa MAallHH MOCTOSHHOTO TOKa XOPOIIHE, T. €.
pa3HHIA COMPOTHBJIEHHH MeXKAY OTAENBHBIMH NJACTHHAMH KOJJIEKTOPa
He mpeBwinaer 10% 147 MallMH CepUHHOTO MPOM3BOACTBA H 5% A
GOJIBIINX MAalIHH, KaK, HApuMep, TpebHble JEKTPOIBUTATENN U TeHe-
paTopH;

2) mafiky POTOPOB ACHHXPOHHBIX 3JIEKTPOABHraTeJeH XOpoIlue,
T. €. IePEXOJHOE COMPOTHUBJIEHHE Kax[I0¥ W3 BCEX NACK He NMPEeBBIILAET
10% oT ma#iki, HMeOIell HauMeHblLlee IEPEXOAHOE CONPOTHBJCHHUE;

3) Bce KPHIIKH, 3AMUTHblE UIUTKH, PE3HHOBBIE NPOKJIANKH, CETKH
U NPOGKH CITyCKHBIX OTBEPCTHH Ha MECTe;

4) ycraHOBJEHO 3a3eMJieHye (IS CYJOB HEOTPAHHHEHHOrO paioHa
IJIaBaHHS B JBYX TOYKAX IO JHArOHaJH);

5) WIeTKH B ILIETKOAEPKATENSX MPUTEPTHl, YCTAHOBJEHBI IIpa-
BHJBHO: PACCTOSIHHE OT OCOMMEI IETKOAEPKATeNs A0 TOBEPXHOCTH
KOJIJIEKTOPA He IpeBblllaeT 1—4 MM B 3aBHCHMOCTH OT THIIA MAalUMHBI;
KpaiiHHe IeTKH He BHICTYNAKOT 3a Kpal KOJJIEKTOpPa ¢ HAPYMKHOM CTO-
DOHBEl M 33 €ro 3aTouky (C YYeTOM OCEBOTO CMEIUEHHs); 3a30p MeXAy
IETKON M CTEHKOH OGOHMBI IIETKOAEpIKATeNsl NOMXKeH ObiTh B Ipene-
gax 0,05—0,35 MM B 3aBUCHMOCTH OT Pa3MepOB MIETKH;

- 6) KoJaeKTOp OTHIH(DOBAH H MPOJOPOKEH;

7) MexaHHYECKHX MOBPEX/ICHHN M30JISUUN HET;

8) KOHTaKTbl COCJMHEHHH HAJEXHO 3aKpeIIeHBl H Kaleab C pesu-
HOBOM H30JISIIIHEN UMeEeT repMeTHUECKOe YILIOTHEHHE;

9) compoTMBIEHHE H30JSANMH He HHKE 3HAUEHHH, YKa3aHHBIX
B NPHJIOXKEHHUH. \

[Tpu peMOHTe MalUMH IOCTOSHHOTO ¥ INEPEMEHHOTO TOKa HanpsiKe-
nuem Bhe 24 B 3aBox «daekrpocunay uMm. C. M. Kuposa pexo-
MEHAYET:

1) mpu ycTpaHeHHH TOJBKO MEXaHHYECKHX MOBPeXAEHU# Jeraew,
CONpHKACAIONHXCA ¢ OOGMOTKON (H30JAIMS HE 3aMeHsJIach), 0OMOTKY
MalllMHbl HCMLITHBaTh Hanpsxkenuem 1,3 Uy B Teuenue 1 MuH;

2) npu peMOHTe H30JSUMH (H30JAIHA OOMOTOK HE pPEMOHTUPO-
BaJach): :

a) KOHTaKTHBIE KOJIblla H KOJJIEKTOP, OTCOEAUHEHHbIEe OT 0GMOTOK,
MCIBITEIBATH O HOPMAaM /il HOBOH MAaIUMHBI, YKasaHHbIM B Talbu. 2.2.1
IpaBun Permcrpa, u. XI [2] B Teuenne 1 MuH, a Ha OTCyTCTBHE
3aMBIKaHusl MeXAy IJjacTuHaMu HanpsxkeHuem 220 B — uepes sammy
B TeueHue 2 ¢; _

6) coGpaHHple YaCTH MAaLIHHBEl C COENHHEHHBIM OTPEMOHTHPOBAH-
HBIM KOJIIEKTOPOM MJH KOHTAKTHBIMH KOJIbILAMH HCINBITBIBATH OT KOp-
nyca wanpsekenuem 1,5 Uyz+500 B, Ho He mMmenee 1250 B B reuenue
1 muxn;

3) mocje PeMOHTa KOJJIEKTOP MM KOHTAaKTHbIE KOJblla, OTCOEAH-
HeHHBEIE OT OOMOTKH (HX H30JALHSI He PEMOHTHPOBAJACh), HCIBITHBATh
or Kopuyca HanpsukenueM 1,6 Ux+750 B, Ho He menee 1500 B B Te-
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yenye | MHH, & Ha OTCYTCTBUE 3aMbIKAHHH MeXAY IIACTHHAMR HAIpS-
xkennem 220 B — uepe3 mamny B TeueHue 2 c; .

4) nocae BOCCTAHOBJEHHS BCEH H3OMAIMHU:

a) 0OMOTKY MaLIHMHBI HCILITBIBATH N0 HOPMAM JJ/Is1 HOBOH MalllHHB,
ykasauHbIM B Ta6i. 2.2.1 ITpaBua Peructpa, u. XI [2]; '

0) KONJIEKTOP M KOHPAKTHBIE KOJbI@ HCHBITHIBATL HAIpSIKe-
uneM, paBupiM 85% Uy, a Ha OTCYTCTBHME 3aMBIKAHHH MeXAy XOJ-
JICKTOPHBIMHU IJIaCTHHAMM — HanpsikeHnem 220 B uepes sammy B Te-
4eHHue 2 c; '

5) Mmocse YaCTHYHOrO BOCCTAHOBJIEHHMS H30JALUH MAaIUIHHb:

a) samacHble KaTyIIKH OOMOTKH (HOC/IE JJIHTEJBHOTO XPAHEHHS)
nepejx BKJIajJKOH HCHBEITHIBAThH HampsizKenweMm 2,25 Uy+2000-B B Teue-
HHe | MHuH; .

0) HOBYIO OGMOTKY INOCJ€ BK/IAAKM B NAaspl Mepej COedMHEHUEM
c 0OMOTKOH €O cTapol H3oJsuuellt ucnbiThiBath 2 Uy+1000 B B Te-
yenue 1 MHH;

B) coOpaHHble YacTH MAIIMHBI, MMEIIlHe OOMOTKH KaK C HOBOI,
TaK M CO CTapod H30JALHeH, HCOBITHIBAT HanpsxKenueMm 1,5 Uy 4250 B,
Ho He MeHee 1000 B B reyenue 1 muy;

6) ecim BoCCTAaHOBJIEHA BCS H30JSIHS 0OGMOTOK, BCe O6MOTKH HC-
NBITHIBATH IO HOPMAaM JJIsi HOBOH MalIMHbLI, YKa3aHHbIM B Taba. 2.2.1
IlpaBun Peructpa, u. XI;

7) mocne peMOHTa MamIHHB — OGMOTKY HCHBITHIBATH HaNpsKEHHEM
1,3Uy B Teuenme | MuH, HO He MeHee !/, HaNPsIKEHHS, YKa3aHHOTO
B 1a6s. 2.2.1 ITpasun Perucrpa, u. XI, a Ha BHUTKOBOE 3aMbIKaHHe —
NOBLIIEHHBIM HAMPAKeHHeM CBepX HOMHHAAbHOTO Ha 30% B TeueHHe
5 mun.

Ecnu npu HcnbITAHMH  OTPEMOHTHPOBAHHOM MAIUHHLI HET CIEIH-
aNbHOr0 O0OPYNOBAHHUA HJIS HCNBITAHHA SJEKTPUYECKOH MPOUHOCTH
H30JIIIUK OT KOPIIyca, MOXKHO OrPAHHUUTBCS HCIBITAHHEM H30JSIHH
BUTKOB HamnpsxeHueMm 1,3 Un, KOTOpOE YACTHYHO SABJSETCS M HCIBITA-
HHeM OT Kopmyca.

Onpo6oBanue 3/MeKTPHUECKOH MAaIIMHbI IPOU3BOLUTCS HA XOJOCTOM
XOLYy; NPH 3TOM HEOOXOAHMO 3aMepUTh TOK XOJ0CTOTo xoaa [y, Tak Kax
[0 €r0 3HAYEHHIO MOMKHO CYAHTh O KayeCTBe PeMOHTAa. IIOBHILEHHBIH
TOK XOJIOCTOTO XOJia YKa3biBAGT HA MEKBHTKOBOE 3aMbIKaHHE B SIKOPE,
NOBPeX/EHHE CEPHEUHHKA SIKOPS, MOBHILIEHHbIE I[IOTEPU HA TPEHHe.
st pBHraTesell MoCTOsIHHOrO TOKa [y cocTaBasier B cpeaHeM ot 10%
(mas manpix mommocre#) mo 4% (4asi GOJBIIKX MOIIHOCTEH).

Il aCHHXPOHHBIX 5JEKTDOABHUTATENEH OPUEHTHPOBOYHO MOMKHO
HOJIb30BATLCH CPEAHUMH JNAaHHBIMH, YKA3aHHBIMH B Ta6J]. 8.

WcnpiTanne Ha HOMHHAJBHYIO CYAOBYKO HArpysKy HPOH3BOJAUTCH
st mamyd 1o 20 kBt He MeHee 2 4, a 60JbUIell MOIIHOCTH — HE Me-
Hee 4 4. [Ipu aTom HeoGxonumo o6palaTh BHUMAaHHE HAa HOCTOPOHHHE
IIyMBl B MauiuHe U pubpanuio. BuGpanus npoBepsieTcss Ha NOMIIAIIHH-
Kax BUOPOMETPOM B TPeX HaNPaBJEHHSX: BEPTHKAIbHOM, FOPH30HTAb-
HO-TIONIEPEYHOM H TOPH3OHTaJ/JbHO-NPOROAbHOM. CobcTBeHHAs Bubpa-

86



H¥s MAIIKEB He NOJXKHA NpEeBBILIATh 3HAUEHHH, yKasaHHbIX B [IpaBu-
gax Peructpa CCCP u B Ta6.. 9.

Tabauya 8

Cpenmue 3Hauenusi J; aCHHXDOHHBIX SJIGKTPOABHTATenedl (B XOJIAX
OT HOMMHAJBHOTO) IpH CHHXDOHHOH uacToTe BpallleHHS, OO/MHH

MomuocTs, kBT
3000 1500 1000 750 600 500
0,1—0,5 0,55 0,70 0,80 0,90 0,95 —
0,51—1,0 0,40 0,55 0,60 0,65 0,85 0,90
1,1—5,0 0,35 0,50 0,55 0,60 0,65 0,70
5,1—10 0,25 0,45 0,50 0,55 0,60 0,65
10,1—25 0,20 0,40 0,45 0,50 0,55 0,60
25,1—50 0,18 0,35 0,40 0,45 0,50 0,55
50,1—100 — 0,25 0,30 0,35 0,40 0,45

NpuMmeuanue JJas KpaHOBHIX 3JIEKTPOLBHraTeNiell 3HaYEHHS TOKa XOJOCTOrO
X0la Bhlle yKasaHuux B ramule B 1,3—1,4 pasa.

. ITo oxonyauum pexumMa HeOOXOZMMO 3aMepPHThb TeMIEepaTypy Ha-
TpeBa MalllMHb, KOTOPAas He [NOJIKHA NpeBHINATh yKasanHoh B [Ipasu-
aax Perucrpa CCCP. VaMepenue teMnepatypsl HarpeBa 0OMOTOK Ma-
HIMHB PEKOMEHIYEeTCs NMPOH3BOAUTH METOLOM CONPOTHUBJEHHS HIH Tep-

MOTIapOH.

s

Temneparypa HarpeBa MOAUINIHHUKOB CKOJIBXKEHHUS IPH IJIHTETbHON
Harpyske He moJxHa npeewimath 80°C, macaa 65°C. Temneparypa Ha-
rpeBa NOAIUHTHUKOB KaueHHs He JoMkHa npeBnimath 100°C.

Tabauya 9

Bnek‘rpmecxue MaLlIHHBl [MePeMeHHOro ToKa

SAEX(T[JH'-IGCKHE MAaWMHb NOCTOAHHOTO TOKA

HomuHaibHas yacToTa
BpameHust, 06/MHH

JlonycTuMbIe 3HAYEHHS
BUOpalUH, MM

HoMmunaapuasg 4acToTa
BpalleHud, 06/MuH

JonycTuMble 3HaYEHHE
BHOpAUKH, MM

6000
4000
3000
1500
1000

750

600

0,02
0,03
0,05
0,08
0,10
0,12
0,16

Ho 1000

Or 1000 no 1500
Ot 1600 %0 2000
Ot 2000 mo 2500
Ot 2500 no 3000

0,09
0,07
0,06
0,05
0,4

ITpuMeyanue YxasaHs AONYCTHMBlE BEJHYMHBI BUOpaUHH B JI0GOH TOUKe
J/MIEKTPHUECKOH MallMHBEl NPH HOMHHAJBHBIX 000OpPOTaX Kak Ha XOJOCTOM XOAY, TaK

¥ NIpY HOMHHAJBHOH

Harpyske.
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Ilocsie 3amepa CONpPOTHBJIEHUS H30JSLHM MAalIHHb B HATPETOM CO-
CTOSIHHH U BHEIIHEr0 OCMOTPa MAaNIMHBI HCHBITAHHS CUHTAIOTCS 3aKOH-
UEHHBIMH,

I1. Daexrpuueckas annapatypa-[6] (IyCKOBbIE PEOCTATHI H DEryJs-
TOPHl BO3OYXKIEHHS, ABTOMATEl, KOHTAKTODBl, KOHTPOJIIEpPHI, MATHHT-
Hble NyCKAaTe/H, peJie, BLIKJIIOUATEIH W INEPEeKMI0UaTe]d PYUHOro Ael-
CTBHS, NPEAOXPAHUTEJNH M T. I.) OCBHUIETEJNbCTBYETCS C IENbI0 OIpe-
JeJleHHsl 06'beMa peMOHTA. '

Ilpu aTom mpoBepsitOTCS: : :

CONPOTHBJIEHHEe H3OJAAUMH MeXJAy mnoaocamu (pasamu) u Kop-
nycoMm;

Pe3HHOBHIE NPOKJAJKH — BBICOXIIHE M MOTPECKABIIHECH MPOKIAIKH
3aMEHHTb;

JIETKOCTb XOJla H OTCYTCTBHE 3aelaHHs TOJBYXKHBIX jeTajefl pbi-
YaroB, POJIMKOB ¥ IOJBUKHOIO Baja;

MeTaJJIHYecKHe JeTaldd annapaTa Ha Ha/Juude KOPPO3UHH (PKABUHHEL
Y OKHCJICHHS) ;

cxXeMbl, Ta0/JHYKH, 0003HaUEHHST W MAPKHPOBKA arnmnapara — CTep-
LIKeCsT WM ¢l1a00 Pa3IHYHUMBIE CXEMbl ¥ HaJ[IUCH BOCCTAHOBUTB;

HAaKOHEYHUKH Kalejeldl U NIPOBOJOB — IOMKEJNTEBIIHE OT Ileperpesa
3aMEHHTS;

COCTOSIHHE H30JAIUU MOHTAXKHBIX COeIMHEHHH — IIPU IOBpEXAEHHH
H30JIIIMH MOHTaXXHble COeUHEHUS 3aMEHHTh; MOMYCKAETCS H30JHPO-
BAThb NOBPEXJAEHHble MeCTa HM3OMSLNUOHHBIMH TPYOKaAMH WJH JIEHTOMH;

COCTOSIHHE H3OJAIHOHHBIX [eTaNel annapara — MNOBPEeXAeHHbIE HIH
[IOTPeCKaBIIHeCs LeTajld 3aMeHUTh;

KOHTAKTHBIE COERHHEHNS,

Cuna Haxartusi (ot 0,2 1o 15 Krc) KOHTAKTOB ONpPEeNsIeTcs Npy-
JHUHHBIM JguHaMmomeTrpoMm. Hopwmasbsas BeluumMHa IIpoBajsia KOHTAK-
TOB—OT 2,5 1o 7 mm. HopmanpHas BesinuMHA pacTBOpPa KOHTAKTOB —
7—21 mmM. YKasaHHble BeJHUYMHBI 3aBUCSAT OT PasMepoB ammapara —
yeM OH OoJiblile, TeM GOJBIIE HOPMaJbHBLIA NPOBAJ H PACTBOP €0 KOH-
TaKToOB. Ecsin HaxaTHe, pacTBOpP ¥ NPOBAJ KOHTAKTOB HE YHIOBJETBO-
PAT 3aBOACKHUM HHCTPYKIIHSAM, 5TH KOHTAKTHI ClelyeT 3aMEHHTb.

KonTaxTsl MHOromoJsiocHOro annapata (T/JaBHBIE, NpedBaPUTEb-
Hble, AyroracuresbHble, OJOK-KOHTAKTBl U Hp.) AOJKHBI 3aMBIKATBHCS
¥ Da3MBIKATBCS OJHOBPEMEHHO WM B HYXHOH NOC/HEA0BATENLHOCTH.
ITocsie mpukacaHus OLHOIO U3 MOJBHKHBIX [VIABHBIX KOHTAKTOB OCTaJb-
Hble MOTYT He JOXOAHTEH [0 CBOHX HEIOJBHXHBIX He (Gojiee ueM Ha
0,5 MM. Eciu cOOTBETCTBYIONHE KOHTAKTHI PA3MBIKAIOTCH M 3aMbIKa-
IOTCST HEOJHOBPEMEHHO M B HENPAaBHJIbHON IOCHEN0BATEJNbHOCTH, HX
CJeAYeT OTPeryAupoBaTh UM 3aMEHUTb.

Ilpuneranue KOHTAKTHBIX IOBEPXHOCTEH M KOHTAKTHOE HaxKatue
py6mnbHUKOB, npenoxpannteseil (ot 200 A u GoJsee) W T. m. TpOBe-
PAIOT LUIYTIOM: :

a) IpH NOBEPXHOCTHOM HaxaTwuu myn toauiuuoi 0,05 MM He goJ-
JKeH NPOXOJUTh O0Jiee ueM !/3 KOHTAKTHOH TOBEPXHOCTH;
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6) npu JHHEHHOM KOHTAKTe IUYyH He J[OJIKEeH NPOXOAUTH OoJjee
yeM Ha /3 KOHTAKTHON JHHHY.

B anmapaTax ¢ LyroraCHTeJbHBEIME KaMepaMH KOHTAKTHl He JIOJ-
JKHBl KacaTbCsi CTEHOK ‘KaMephl WJIM IIACTHH JeHOHHOH pemetku. Pa-
6oTa CO CHATBIMU AYTOTaCUTEJbHBIMH KaMepaMy He JONYCKaercs.

IlpoBepsieTca H3OMSALMUOHHBIA IIOKPOB KATyILEK — HAJHUHE MOBPEX-
JEeHUH U BhITEKaHue IPOIHTOYHOIO cocTaBa. [Ipu aToM Heo6XOZUMO 3a-
MEDHUTb CONPOTHBJ/IEHHE KATYIIKH H, €CJIH OHO HE COOTBETCTBYET 3aBOX-
CKHUM JaHHBIM, KATYIIKYy CJAeJyeT 3aMEeHHTb.

Tax e npoBepAIOTCS NPYKHUHBL MOJABHUKHBIX Yacreldl amnaparta —
KacaHue C JeTajsMH, He CBA3aHHHIMH C ux paborol. [Ipyxuss, HMel0-
Li¥e [OJOMKH, NOTEPSBIIHE YIOPYroCTh HJIH JlonHyBLHHe JLOJIZKHBL
OBbITb 3dMeHEeHHI.

B marHuTHOH cHCTEME MPOBEPSIOTCH JIETKOCTh U TJIABHOCTh JBHKE-
HHS SKODsl M De3Koe OTIajaHue OT CepleyHHKa IOJ [efiCTBHEM BO3-
BPAaTHOH NPYXKHUHEL. BeInyyeHHble HEMATHUTHLIE NPOKJIAKY, CIOMAaHHbIE
mTHQTH B CHCTEMAaX IIOCTOSHHOTO TOKAa H KOPOTKO3aMKHYTBIE BUTKH
B CHCTEMAaX NMEPEMEHHOTO TOKA HEOOXOAHMO 3aMEHHTD.,

[Tocse peMoHTa HEOOXOAUMO [OIOJHHTENBHO [IPOBEPHUTD:

a) NPaBHJIBHOCTb NPHJEraHUs IOJBHUKHOIO ¥ HEINOABUKHOIO KOH-
TAKTOB AKOPS K CEPJEUHHIKY B MACHUTHBIX CHCTeMaX TIepeMEeHHOTO TOKa.
Ilmowanp TpuIeraHus KOHTAKTOB [OJXKHa GBITH HEe MeHee 2/3 Beel
NOBEPXHOCTH INpHJeraHus. DTy IPOBEPKY MOXKHO BBEINOJIHHTb C IIO-
MOWIBIO CJIOXKEHHOTO BJBOE JIMCTA [alHPOCHOH GyMaru ¢ HPOKJAaLKOH
13 KONHPOBaNbHON OyMaru;

6) MarepuaJ 3aMeHEHHBIX YacTeH ammapara;

B) TEXHHUYECKHE XapaKTePUCTHKH.

He nonyckaercs:

NDUMEHATh aJIOMHHUMEBBIE WJIH CHIYMHHOBBHIE JeTalu TaM, TIfe
OHH MOTYT COIPHKACATBECS C HETAISIMH H3 MeAW M HPYFHX IBETHHIX
METAJJIOB; ‘

OLIMHKOBBIBATH HeTaNH H3 IBETHHIX METaJJIOB;

KagMMpOBaThb JeTand, paboTampouiume NpU TeMIepaTypax CBBIIIe
180°C; '

OpuMeHSITE (QHOPOBble HeTajid BMECTO AeTasfiedl W3 APYTHX H30J5-
HHUOHHBIX MaTEePUAJIOB,

[Tpu ocBHAETENBCTBOBAHUY MAIIHHEI B IeHCTBHY:

a) KOHTAKTOP ITyCKOBOTO MJIM TNYCKOPETYJIMPOBOUHOFO peocTara
IOJIXKEeH BKJIIoUaThes pu Hanpsxkennu 60—70% Uy, a oTnananue skops
KOHTaKTOopa NMPOHCX0Aujio B npepenax 256—409% Uy Pene makcumalsb-
HOTO TOKa JLOJXKHO cpaBaThiBaTh npu 250—375% [x;

0) MarHuTHbie NyCKaTeNu IOJIKHBI OOECMeuHBaTh HANEKHYI pa-
60Ty npu HANPSXKEHUH B CETH OT 85 10 106% Ug;

B) 4BTOMATHYECKHH YTOJBLHBIA DPEryJasTop HanpsKeHHST ONOJMKEH
HOJAEPKHUBATL YCTAHOBUBIIEeCS] HANpsSKEHHE PETYJIHPYEMOro reHe-
paTopa NpH BCeX BO3MOXKHBIX IIOJOXKEHHUAX SKOPA PEryJasitopa B Ipe-
menax +2%, a Ipu MOAHATOM [0 OTKa3a sKOPE 3JEKTPOMATHHUTA
YroJbHbBle CTOJNOHKH JOJMIKHBI OBITh C3KATHI CHJIOH OKOJO 1 Krc;
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I) HCTHHHAs TeMIepaTypa 3aMblKaHHs (pPa3MBbIKAaHHS) KOHTAKTOB
TepMoOpeJie ¥ TEeDPMOCHTHAJHM3aTOPOB He NOJKHA OTJAHYATBCA OT 3HA-
YeHHSI TeMIepaTyphl IO IIKaje TepMmopene Gojee ueM Ha *4%;

[) HCTHHHOe 3HaueHHe pejie NaBJEHHUS He NOMXKHO OTAHYATHCH OT
3alaHHOTO 110 IuKaJe pene Gosee uem Ha 0,08 Kre/cm?;

€) TIOrpeliHOCTh yKasaTejell YPOBHS KHUAKOCTH, PabOTalONIMX IO
NPUHIUNY H3MEHEHHS OMHYECKOTO COIPOTHBJIEHHS NMOTEHIMOMETpPA AAT-
YHKa ¥ H3MEHCHHS TOKOB, IPOTEKAIONIHUX N0 paMKaM MAaTHHTHO-3JIeK-
TPUYECKOTO JIOTOMETPa-u3MEpUTENsl, He HOJKHA mpeBHmaTth =+49%
IKaJbl #3Mepenu# npu temueparype 20+5°C;

) CEJICHOBLIE BHIIPSIMHUTENH He NOJXKHBE IeperpeBaThcsd BHILIE 10-
IIycKaeMoOll TeMIepaTyphl; PABHOMEPHHIH Harpes OTAENbHBIX €ro 3aJje-
MEHTOB SIBJISIETCS [10Ka3aTesleM HOPMaJbHON paboTH;

3) mJaBKHe BCTABKH INPeNOXPaHUTENEeH HOJKHBE COOTBETCTBOBATH
3HAUEHHIO TOK4, YKA3aHHOMY Ha CxeMe. YHPYroCTb KOHTAKTHBIX CTOEK
uIu TyGOK npefoxpaHuTesNed NoMxHA ObTh nocratounofl. ITpoGountie
HOpeNOXPaHUTETH NOMKHB OBITh HafeXKHO 3aBHHUeHH. CjequTh, YTOOH
Ha [HEe OCHOBAaHHS NpPeJOXPaHUTENS He OBIO MeTaJJIMYEeCKHX NPOKJIa-
nok. [lpusHakoM mIOXOro KOHTaKTa MeEXJY KOHTAKTHOH CTOHKOH H
[IaTPOHOM TpyOUATOTO NPEeNOXPAHUTENS SBJASETCS 0OyIraNBaHue KOHIOB
(bubpoBoli TpyOKH NATPOHA H NOTEMHEHHe KOHTAKTHBIX HOXKEH HJIH
KOJIITAYKOB. _

II1. PacnpenenutenbHble ycTpoiicTBa, mpefHa3HAUEHHEE IJd pe-
MOHTA4 WJH MOJEPHH3alUH, OCBHIETENTbCTBYIOTCA C I@AbI0 Onpene-
JeHHs OOIUero COCTOSHUS W YCTAHOBJEHHS o0beMa HeoOXOZHMOIO pe-
MoHTa. OcMaTpHBAaIOTCH JeTajJH KAPKacOB LINTOB, IIMHB H MecTa HX
COEHHEHHSI. '

Ilocse peMoHTa Ha 3aBOAe HEOOXOLUMO IPOBEPHUTDH:

1) mpaBHABLHOCTH CXeMBl KOMMYTAIMY M LIHHH IUTA, YKJIALKYy Ka-
OeJsiell U NPOBOJOB; :

2) cOOTBeTCTBHe HAHHBIX BHOBbL YCTAHOBJIEHHBIX HJH 3aMEHEHHBIX
annapaToB YEpPTeXY WJIH PeMOHTHOH BEIOMOCTH;

3) Hajauuue TabJauueKk ¢ HAANMUCAMHU Ha JHUIEBOH CTOPOHE pacrpe-
JeJHTEJNbHOTO HIUTA MW BHYTPH, a4 TaKXKe MApPKHUPOBKY allapaToB U
MOHTAaXHBIX IPOBONHUKOB;

4) HageXHOCTb KOHTAKTHHIX-COEXWHEHHH, 3a3eMJEHHA N KPEenexa;

5) NpaBUABHOCTb HEHCTBHS BCEX alllapaTOB IyTeM TPEXKPATHOrO
BKJIIOYEHHS M OTKJIOUeHHs ux 0e3 TOKa; BaJHKH HOJKHBI Bpa-
maTthes 6e3 3aefaHul M HUMeTb YeTKylo (uKcaluio Ha KaxKIoM II0JOo-
JKeHHH;

6) NpaBUJABHOCTb AEHCTBUS pacCIeNuTeNeld aBTOMATOB — HaKaTHEM
Ha AKOPb PAaCLENHTeNs U JOBeleHHEM ero 10 cepAeyHHKa (aBToMmar
[OJIXKEH OTK/IIOUHThCS) ; ‘

7) cpabaTeHiBaHHe AaBTOMaTa OT JAEHCTBUS pese 0oOpaTHOTO TOKa
BO3JeHCTBHEM OT PYKH Ha KOHTAKTHl peJjie, OT 4ero aBTOMAT MOJIKEH
OTKJIIOUHThCS;

8) compoTuBJeHUE H3OJAANUH pacnpeseSuTeNbHOr0 HTA;
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9) nUBMEeKTPUUECKYI0 IPOUYHOCTH H30JSLUM IOBBIIIEHHBIM HAmpsi-
JKeHHeM. : ‘

1V. duexkTpuueckoe ocBelleHHe OCBUIETEIbCTBYETCH C IENBIO BO3-
MOXKHOIl 3aMeHH HJIW DEMOHTa OTIEJNbHBEIX CBETHJBLHHKOB, BBIIPSIMH-
Tesledl, LITelcesell ¥ COeAUHHTENbHBIX KOpobok. Ilpu stom:

1) Heo6XOAMMO 3aMEPUThb CONPOTHBIAEHHE H3OJIIHH  KaXKAOTO
ugepa, OTXOASALIEr0 OT pacupefeNHUTeNbHOTO LIHTA OCBEIeHHs (BHI-
KJIIOYATeJNb JA0JKEH OBITh BKJIOUEH);

2) npoBepUTH HAJWUYHE U LEJOCTHOCTH 3AIIUTHLIX CETOK H KOJIa-
KOB (HCIOJNIb30BAHUE CBETHABHHUKOB 0€3 CETOK H KOJMaKOB He AONy-
cKaercs); :

3) mpu HEOGXOAMMOCTH THPOBEPHTb BORO3ALIHUINEHHOCTbL CBETHIb-
HHUKOB, BBIKJIOUATEJNEH, IUTENceNell U COeJHHUTENbHBIX KOPOOOK;

4) n30JIHSI MOHTaXKHBIX NIPOBOJOB BHYTPH CBETHJIBHHKOB H 3JEK-
TPOYCTAaHOBOYHOM apMaTtypbl He HOJXKHa OBITh IlepecoXILIel HJIH Oro-
JICHHOH.

CHrgaJpHO-OTIHUUTENbHBIEe (POHAPH HOJKHBI UMeTh BHH3Y KOpIIyca
OTBepCTHE [JI9 yAajJeHus KOHZeHcara. JlaMIel AOJMXKHB GBITH C YCT-
POHCTBOM OT CAMOOTBHHYMBAHHUS, COOTBETCTBYIONIEH MOIHOCTH U THIIA,
TaK Kak B IPOTUBHOM cJyuae He 6yaer obecneuena HeoGXoauMast najb-
HOCTh BHAMMOCTH M HaJeXHAas paboTa KOMMYTATOpa CHTHAJBHO-OT/IH-
yuTeNbHBIX (oHapelt. Kabenp, HAyWHE OT INTENCETBHON pO3ETKH
K (oHapio, NOJNKeH OBITh 3KPaHUPOBAHHBIM, a4 SKPAH M CBETHIBHUKH
3a3eMJIeHbl.

V. AKKYMYJSITOPBI OCBHIETE/JbCTBYIOTCA JJIS OIpENEJeHHsi HeoO-
XONMMOCTH PEMOHTA.UJIH 3aMeHH HX.

l. lenoynbsle aKKyMYaAsaTODb. OCHOBHBIMH IPHUHHAMH [O-
TEPH EMKOCTH 4KKyMYyJsSTOPOB SBJASIOTCS: [JHTeNbHas pabora Ha
CTapoOM WJH NPOCTOM (HEe COCTABHOM) 3JIEKTPOJUTE, NOHMKEHHBIH ypo-
BeHb 3JEKTPOJIUTA, Paspsiibl CAUIIKOM CIaOBIM TOKOM, DPELKOCTb YCH-
JIeHHBIX 3apsJ0B HJIM HX OTCYTCTBHe, CAMOPAa3pAAbl U IJ0OX0e YILIOT-
HEHHE aKKyMyJATOPOB, YTO HPHUBOAUT K IOBBIIIEHHOMY IIONaAaHHUIO
YIJIEKHUCIOr0 Ta3a B SJEKTPOJIHUT.

KoHTposbHEIE 5JEKTPHYECKHE HCMBLITAHHUS ¢ NPOBEPKOH €MKOCTH
KaxJ0ro akKyMyJsTopa B faTapee NPOBOASITCS CAEAYIOIIUM 006pasoM:

NEPBLIA LHKJ — YCUJEHHBIH 3apsia U paspsii TOKOM HOMHHANBHOIO
8-yacoBoro pexuma no Hanpaxesus | B Ha sakuMax KaxKJoro akky-
MYJISTOpa;

BTOPOM LHKJ — 3apsif B TeueH#e 6 4 HOPMAJBHBIM 3aPSAHBIM TO-
KOM M paspsj] TOKOM HOPMAJbHOTO 8-4acOBOTO pexXHMa M0 HaIpsiKe-
Husl 1 B Ha 3aKHMax Ka)Ioro aKKyMyJasaTopa.

ITo naHHBIM BTOPOro LHKJA ONpeNeNsieTcss eMKOCTh KaXKAOrO aKKy-
Mmyasitopa B 6atapee (B A-u):

E=It,

rne / — paspsajHbE TOK, A; { — BpeMa paspsana, u.
Ecan uMeoTcss akKKyMyJsiTOPH, KOTOpble OTHAT eMKOCTb Ha 20%
MeHbllIe OCTAJIbHHX B 6aTtapee, UX ClAeAyeT 3aMeHUTh.
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2. KucaorHbole akKyMyasTopb. OCHOBHOH NPHYHHON MO-
TEPH EMKOCTH aKKyMyJsTOpa SIBJISeTCS cyJjbdaranus — ABjeHHe, NPH
KOTOPOM AaKTHBHAS Macca OTPHUIATEJNbHBIX NJNAaCTHH IEPeXONHT B Ie-
CKOOOpAa3HOE COCTOSHHME, a INOJOXHTENbHblE IIACTHHBEl IOKPBIBAIOTCS
KpUcTaJJlaMU CEPHOKHUCJOTO CBHHILA.

[TosBnenne cyabdaTanuud MOXKHO OOHAPYXKHTb HO LBETY INJIACTHH.
[TosoxkuresbHble IJIACTHHBI M3 TEMHO-KODHYHEBEIX IIPeBpallaoTCs
B CBET/I0-KOPHYHEBBIE HJH OPAHXKEBO-KOPHUHEBLIE, & TIDU CHJABHOHN CYJIb-
arauyy mpuUOGPETAIOT KEJTHE OTTEHOK, pa3byxaloT H KOpoOsaTCs.
OTpuparenabHble MIACTHHB NOKpHIBalOTCH GeibiM HaseroM. Cyabdara-
IHS yKa3blBaeT Ha De3KOe yBeJHUeHHe BHYTPEHHETO COIPOTHBJEHHS
aKKyMyJsTOpa, CHHKAeT HalpsXKeHHe U €MKOCTb.

Cyaptartanus naacTUH KHUCIOTHOTO aKKyMYJSTOPA MOXKET BO3HHK-
HYTb B pe€3yJibTaTe KOPOTKOr0 3aMBIKAHHUA, NIYOOKOrO pas3psina, 4acThix
paspanoB TOKOM GOJBLIOH BEJAHUHHBI, CHUCTEMAaTHYECKHX HEN03apsioB,
HaXOXJeHHUs aKKyMyJsTopa B pa3pskKeHHOM COCTOSHHM B Te4YCHHE
JUIHTEJIBHOTO BpEMeHH, NMPUMEHEHUs CJAMIIKOM KPEmKOro 3JeKTPOJHTA,
paboThl aKKyMyJsTOpa B OYEHb TEIJIOM NOMENIeHHH. YCTPaHHTh 3a-
NYIEHHYIO CyNb(haTalH0 HEBO3MOKHO.

KouTposbuEle 3/1€KTPHUECKHE HCILITAHUS C TIPOBEPKOH €MKOCTH
KaXJIOT0 akKKyMyJjsitTopa B 0arapee NPOBOIATCH CJAEAYIOIMUM 00-
pasom:

a) TPOMBBOINUTCA YCHUJEHHBIH 3apsfi W NPOBEpSeTCs HalpsKeHHe
KaXXAOro axkymyastopa Garaped W IJIOTHOCTh 3JEKTPOJUTA B HEM.
Otcramomue aKKyMyJsSTOPH MOABEPTAIOTCS IOMOJHATENbHOMY 3apsiay;

6) IIPOM3BOAMTCSH Pa3psal aKKyMyJafATopa HOMHHAJBHLIM TOKOM [0
HanpsKenuss 1,8 B. Bo Bpema paspsna 3HaueHHe TOKa NOLAEPKHBA-
eTCsl HEH3MEHHbIM, 4 HaNpaXKeHHe KaxKI0ro akKyMyJssaTopa usMepsercs
He pexe, ueM ojuH pas B uac. ITo maHHBIM 3TOro paspsma ompeness-
eTCsl EMKOCTh, OTHlaBaeMas Kax/JblM aKKyMYJASTOPOM.

HeucnpaBHocTs akxkymyJsiTopa oOnpefensercs IO CJAedYOUIUM
NIpU3HaAKaM:

1) 3amosgajoe IO CPaBHEHUIO C APYTHUMH AKKyMVJASITOpPAMH raso-
BHIJe/IeHHe HJIU TIOJIHOE ero OTCYTCTBHE;

2) MOHMXKeHHOe HAIpPsKEHHe IIPH 3apsae;

3) HOBHILIEHHASl TeMIepaTypa 3JeKTPOJHTA, IPHUEM ero IJIOTHOCTh
He JOCTHraeT HOPMAaJbHOH BEeJHUHMHBl Ia:Ke NIPHU repesapsie;

4) OblcTpOe NOHHXKEHHe HaNPSKeHHs HPH paspsne.

AXKYMYJNTODBI, OKa3aBIIMECs HEUCIPaBHBIMH M OTHAIONIHE MeHee
70% HOMHHAJBHOM €MKOCTH, JNOJXKHE OLITh 3aMEHEHBL.

VI. CaaGorouHoe oGopynoBaHne — aBpajbHas H HOXKapHAs CHCHA-
JHU3alUH, PYJIEeBble YKasaTesu, MallMHHble Tejerpadrl, sjeKTpUUecKHe
TaxoMeTpel M TeaedOHBI KOMAaHJHOH CBS3H OCBHIETEJLCTBYIOTCH
C LeJIbI0 ONpejiesieHusi 06beMa PEMOHTA.

OtgenpHblE 2/IEMEHTHl U YaCTH NPUOOPOB ¥ anmnapaTtos, NpHIIeNiine
B HETrOJHOCTbL BCJENCTBHE W3HOCA WJHU IIOBPEXKIEHHUS, NOAJexKaT 34a-
MeHe HJH PEeMOHTY.

ITocne oxoHuaHMsS peMOHTA CyAHA TPOU3BOLUTCS OCBHUIACTENBCT-
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BOBaHHE CIa6OTOYHOrO OGOPYLOBAHWS BHEHNIHMM OCMOTDOM M B H€H-
CTBHH.

VII. KaGeabHass ceTh. B 3KCNIyaTaLHOHHBIX YCAOBHAX C TEUEHHEM
BPEMEHH IOJ BJHSHHEM BHEUIHHX YCJIOBHH 3/1aCTHYHOCTb H YHNPYTOCTH
pesuHbl  yMeHblIaercs. I1oBepXHOCTb H3OJISLUH KaGens yTpayuBaeT
CBOil TepBOHAuYAJbHHIA BHA, HOKphiBaeTcs TpemmHamu. EcrectBeHHOE
crapenre Kabelsl MPUBOJUT K YXYAUIEHHIO YIPYrOCTH M SJACTHYHOCTH
H30JSLKH, a TaKXe K YXYIIIEHHIO HEKOTOPHX JH3JIEKTPHUYECKHX
CBOHCTB. :

OCHOBHBIM CPeICTBOM IpeJOXPaHeHHs H30JALMHuHM Kabesell OT OKHC-
JHTEIBHOTO CTapeHHs CIyXKaT 3allUTHEIE IOKPOBL (Pe3HHOBbIE LIJIAHIO-
BHle OGOJNOUKH M3 CHHTETHUECKOTO Kayuyyka, TOJMBUHHJXJIOPHLHBIH
OIJIaHT), KOTOphle OTPAHHUMBAIOT JOCTYI BO3AYXA, BJIArH, arPecCHBHOI
XMMHUYECKOH cpelbl, OTHf H CBeTa K INOBEPXHOCTH H3O0JSIUH XKHI
Kabens. »

TenJoBOE *CTapeHHe PE3WHOBOH M30MALUM XU Kalesas xapaxre-
pU3yeTCsi MOCTENeHHOH yTPaTOH TIHOKOCTH M 3JACTHYHOCTH, yBeJHdye-
HHEM ee 3KECTKOCTH, HepexXOsiliell NOCTeNeHHO B JOMKOCTh. HM3-3a mio-
XOr0 YIJIOTHATEJNBHOTO OKOHIEBAHHS KaleseHd MOHMKAeTcs CONPOTHB-
Jenve H30Ja0ud, [109TOMY [JIS TOBHILICHHS CONPOTHBJICHUS H30JIANNK
JIONyCKaeTcsl NOBTOPHaAsi Pas3fieka ero KOHIOB C yHa/ieHueMm Aedekr-
HOTO KOHIIEBOTO Y4aCTKa M3OJISILHH ¥ INJAHra M HAJOXKEHHEeM HOBOH
H30JIFLUN K3 TMONUXJIOPBHHUIOBOM JICHTH.

Bo Bpems GOJIBIIOrO 3aBOACKOTO PEMOHTa MM KJIaCCH(MHKAIHOH-
HOTO OCBHAETEJbCTBOBAHHS NOJKHBLI OBLITH NMPOBEPEHBl HA TrepMeTud-
HOCTb KabeJibHble NMPOXOAHble KOPOOKH H CaNbHHKH, YCTAHOBJIEHHbIE HA
BOJOHENPOHHUIIAEMbIX NlepebOopKax HMKe IJiaBHOH manyOwl. Ilposepka
IPOM3BOAUTCS BO3AYXOM HPH AaBleHHH 3—4 Krc/cm? u3 Iuiaura pua-
MerpoM 12,5 MM, Haxopserocss Ha paccrosHuu 100 MM OT KOpPOGKH
WM canbHuKa. C TPOTHBOIOJOKHON CTODOHBI Nepe6OpKU KabesabHYIo
KOPOGKY H/IM CaJbHHUK IOKDEIBAIOT TYCTON MBIbHON menoi. epmernu-
HOCTb KODOGKM HJIM CaJbHMKA CYMTAETCS JNOCTATOUHOH, eclu HeT Obl-
CTPO JIOMAIOIIKXCS My3blpel. B caydyae OTCYTCTBUSI F€PMETHUHOCTH He-
06XOAMMO 3aMEHWTh YIJIOTHEHHS CAJbHHKOB M IPOM3BECTH AOYIJIOT-
HeHHe TPOXOAHEIX KODOGOK, IIOC/He Yero BTOPHYHO HMCHBITATD HX
repMeTHYHOCTD. :

VIIIl. 3asemaenne. Ha cynax npUMeHsIOTCS:

1) samuTHOe 3a3eMJeHHe AJS 3AIUMTH  JIIOAEH OT NOPAXKEHUA
TOKOM;

2) 3aseMJIeHHe AJsl OTBOJA CTATHYECKOrO 3JIEKTPHUYECTBA;

3) 3aseMJieHMe IJisl 3alUHTH OT NOMEX PafUOIpHEMY;

4) pabouee 3a3eMJICHHE.

3aluTHOE 3a3eMJIEHNEe MOXKET ObITh COBMENIEHO C 3a3eMJ/ICHHEM T
3aIUTLl OT HOMEX pajgyonpHeMy ¥ BBIIOJHATLCS NPH IOMOLIH OJHOTO
323eMJISIOLIET0 IPOBOJHUKA, CeUeHHe KOTOPOTO ONPeesseTcs Mo Be-
JMUMHEe TOKAa MJaBKOH BCTABKM IPENOXPAHHTENs] WIH IO TOKY YCTABKU
apToMara, CedyeHue 3a3eMJAOIINX NPOBOAHUKOB JOJKHO COOTBETCTBO-
BaTth TpebosanusM Ilpasua Perucrpa CCCP.
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IL1si 3asemJieHHs] KOpIyca TaHKepa LOJKEH GbITh YCTAHOBJIEH H30-
JIHPOBAHHBIH OT KOpIyca 3aXHM [JIs1 [PHCOeJHHEHHS CYAOBOTO
3azeMisiomero Kabens. Takxke HoaKHA OGBITH IPeLyCMOTPEHA BO3MOXK-
HOCTb 3a3eMJIEHHSI 3TOrO 3a;KHMa Ha KOPIYC CyJAHA MOCPEJCTBOM Dashb-
enuHuTeNss. CONPOTHBIICHHE H30JALHH H30JHPOBAHHOTO 3ajKUMa M 3a-
3eMJsIoIero kabeas no/kHO GuiTh He MeHee 1| MOM. 3asemasioniee
YCTPOHCTBO HOJKHO GBITH YCTAHOBJIEHO BHE B3DHIBOONACHOH 30HHL

ITpu ocBHIETENBCTBOBAHHHU CJIEAYET UMETh B BHAY, YTO 3a3eMJEHHE
NIaHIMPHOH OOOJOUKH Kalbesasl JOJXKHO COOTBETCTBOBATH AAHHBIM
Taba. 10.

Tabauya 10

Hanna Uupuna Hauna. -~ HTupuna

Huamerp. kabeas, 3a4HCTKH 3a4YHCTKH nponanky nponamky

MM OIIETKH, ONJIeTKH, OIJIeTKH, OmJeTKH,
MM MM MM MM
915 60 6 . 55 4
15—-19 90 6 85 4
19—34 65 10 60 6
34—50 80 10 75 6
Carimue 50 100 10 95 6

MoryT npuMeHATbCS M APyrHe CHOCOGH 3a3eMJIEHHs, OJ0GPEHHbIE
Peructpom CCCP, ‘

HNPHITOXEHHE

MHUHHMAJIbHBIE 3HAYEHUSA CONPOTHUBJEHUSA U3OJASLUNA MEXIY
NOJIIOCAMH (PA3AMH) OTHOCHUTEJIbBHO KOPIIYCA NOCJHE PEMOHTA

3JNEKTPOOBOPYNOBAHHUA
Conporubienue
usoaauun (MOm)
Haumenosanue s1exTpoo60pysosanua npu TeMnepartype

204+5°C u HOpPMaJb~
HOH BJAKHOCTH

T

1. Kaxpas o6MoTka (dasa) s/JeKTPHYECKOH MAIIMHBI HJIH

Tparchopmartopa:
a) momuocTbio f0 100 kBT uau Hanpsxenuem 500 B:
B HarpeToM COCTOSHHY 2,0
B XOJIOLHOM COCTOSHHH 5,0
6) momHocTeio or 100 go 1000 xBr min Hanpske-
HueM 500 B:
B HarpeToM COCTOSIHHH ‘ 1,0
B XOJOZHOM COCTOSTHHH 3,0
3
B) MomHOCThIO Bhmle 1000 kBT uan HampsxeHuem R=P—[{
Buite 500 B B HarpeToM cocTosHUH + 1000
2. Pacnpefe/IHTeIbHbIE IIUTHL 1,0
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ConpoTHBIeHHE
usosganuun (MOM)
HanMmeHnoBsaHHe 3JAeKTPO0GOPYAOBARHA npH TeMmmeparype
20+5°C B HOpMaJb-
HOM BJIAXHOCTH

3. Tlyckoperyaupyiomasi annapatypa (aBTOMATH, NycKa- 5,0
TeJy, KOHTAaKTOPH U T. IL.)

4, Tenerpadn u yrasartelH, TeledOHHHIE KOMMYTATOPHl, Te- 20,0
Je(hOHEl, 3BOHKH M T. 1L

5. duekrpoHarpeBaTelbHEE IPAGOPHI 1,0

6. ITonynpOBOIHHKOBEIE BBINDSIMHTENH 10,0

7. OTHenbHble CHJIOBBIE H OCBETHTEJbHBE (QHAEpH, CETH Te- 1,0

nedonos, TenerpadoB, 3BOHKOB H JADYTHX BU/JOB CHIHA-
JIM3alMH NOCTOSIHHOTO TOKa

8. AxkymyasTopHble GaTapen:

no 30 B
no 110 B
no 220 B

Mpumeuanus: 1. B mymrkre 1 (B): R— CONpOTHBICHHE H3OJSIHK, MOu;
U — HOMHHaJbHOe HalpsKeHHe o6MOTKH ((asbl); P — HOMHHANbHAs MOLIHOCTb, KBT.

9. B nyskre 7 mns Hanpsxkedus 1o 24 B CONPOTHBJEHHE KH3OJAUMH LOJIKHO GHITH
He Menee 0,3 MOw, fusi HanpskeHHd INEPEMEHHOrO TOKa CONPOTHBJEHHE H3OJIANME
JonxHO 6bTh B 1,4 pasa Gosblue, 4eM AJA HaOPSIKEHHsT IOCTOSHHOTO TOKa.

3. Ilng wampsixenuss Beue 500 B compoTuBJeHHE HM3ONSUMH  JIOJMKHO OHITB
2000 OM Ha KaxXXJABRH BOJBT HOMHHAJBHOTO HaNpPSIXKEHHS.

4. MONHMEOTBOAHOE YCTPOHCTBO (MEXAY TONOM MAauThl M MECTOM NpPHCOeNHHe-

—_0 0

.1
,0
,0

HomorpaMMa Ans onpejesicHusi CONPOTHBJACHHSA

N U30J9IHH

100

E750 S 1000 f
[ F -90
g i 3 F500 I

[ St
3 <t 30
Sk = F100 -
ks S50 70
™ [ QO o
N S Lo s 60
3 gFs |
SE>~~__g} 20
Efos  TIHL <4
i S o5~ g0
8t SE Tl =r
2 @ [ \\\\\}&1 -30
3 FO/ 14 =~
Q E -
E: 0,05 % 0,05 20
! S loor 10

S
-0,01 -0
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HHS OTBOASIIMX IPOBOJOB K METa/JJIHYECKOMY KOPIYCY CyAHA MM 3a3eMJSIOMEMY
MeCTy IO HapyXHOH OOIIMBKE NEPEBSAHHOIO MJH KOMIIO3HTHOTO CYLHA) H 3JEKTpHYe-
CKHE COGJMHEHHs] 3a3eMJICHMH NOJKHBI MMETb CONpOoTHBJAeHUe He MeHee 0,02 Owm.

5. ComnpoTHBJIEHHE H3OJSAUMY TOPAYMX OGMOTOK MamuH MOWHOCThIO Zo 100 KBt
na Hanpskenne 500 B X KOHUY . CyWKy (IOC/]e IPONHTKH) LOJIKHO OHITh: CTaTOpa —
Gonee -3 MOwm; poropa — Gosree 1 MOm: sikops — Gojsiee 5 MOm.

6. ConpoTHB/IeHHEe H30JALUMA NPH TEMOEPAType, OTaMuHOK oT 25°C, BBIUHC/ISETCS
10 HOMOrpamMe (CM. PHCYHOK).
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YK 621.181.8 : 536.5

Juer sKcnAyaTAyUOHHBLX USMEHEHUL TeMNepaTyps. NEpezperozo napa npu pacue-
Tax npounocTi cydoseix xorios. Jernuncenxo H, U, Xapuenxo B. I Hayuno-
TexHudecknii c6opuuk Perucrpa CCCP, Bun. 7, 1977, ctp. 3—10. :

ITpu ompepmeneHHd pacuyeTHOH TeMmIepaTyphl CTEHKH I ydyeTa BJMUSHHS SKCIIY-
aTallMOHHBIX W3MEHEHHH TEeMIepaTyphl IIePerpeToro mapa Ha TeMIepaTypPHBIH pPeXuM
Metanana Tpy® mapomneperpeBaresell Heo6XOZMMO JHOO HCIONB30BATH IMIHPHUECKYIO
nonpasKy, Ju6o Oojee TOYHO IPOH3BOJAMTH BHIGOP YCJIOBHOTO Ko3addumuenra sarpsas-
HEEHSl 5KpaHOB IDH pacueTe Temaoo6MeHa B TONKax. IIpuBefeHEl peKOMeHZANHH IO
BBIGOPY YCIOBHOrO KO3(dHuILeHTa 3arps3HEHHs 5KPaHOB CYJOBBIX KOTJIOB.

Puc. 3, 6u6a. 9

YK 621—462 : 539.4

Pacuer armocheprbix TPY6 Ha npottﬁomb u eulpasaudeckue norepy. I'pu-
ropbres I. T. Hayuno-rexuuueckuii cGopHurk Perucrpa CCCP, Bmm. 7, 1977,
crp. 10—15; : :

ManoxeHa MeTOIMKA pacdeTa CYNOBHIX aTMOC(EPHHIX TPYO, SABMSIOUIHXCH Npef-
METOM perjaMeHTAUMH I'IpaBpm Perucrpa CCCP Ha TPOYHOCTH H mnpammecxne
NOTEPH.

Puc. 2, 6u6a. 3.

YIK 624.078.5

Marpuysr ocecTKOCTUL NPOMescyTOUHbLX Onop CYydosulx naponposodos. Bomo -
muH A. A Hayuno-rexnmuecknit cGopuuk Perucrpa CCCP, sBumnm 7, 1977,
cTp. 16—33. ,

[lpenmoxken MaTPUUHHE METON IJA yyeTa xcecmocm NPOMENYTOUHEIX OTOP NIPH

pacuere cy,uom;lx IlapOIIpOBOlIOB Ha OBM.
- Puc. 9, taba.

YHK 621 431 74 : 621. 436

Hecaedosanue Teniosoix ycaosull pa60TbL uyayunmx Oeraaedi cydosevix duseneil.
Jlaryta B. U, Jle6ener B..B, Boxenox E. Y1, Bunacos SI I8 Haytmo—
TEXHHYECKUH céopﬂnx Perucrpa CCCP BhII. 7, 1977, cTp. 33—43.

PaccMoTpeHo BaMsiHHE BeNPUMHBI W cnocoba mpHeMa HOMHHaJIbHoﬁ Harpy3KH,
a TaKkxe KOHCTPYKUWH JeTajeH Ha TemJIOBLle YCIOBUS HX paboThl. [IpuBemeHsl pe-
3yJbTaThl 3aMePOB TeMIepaTypHHIX moJefl Ha pafoTalolleM JBUTATENE.

Puc. 7, taban. 4. .

VIIK 629.12: 532.582.5.037

AHaus nospexcdaemocTu epebuslx BURTOS cy@oe TUng T(x «Kpacnoepaé» K ar -
man ®. M, Codponiok Y. B, Cemenon A. M. Hayuso-Texnudeckuii c60pHEK
Perucrpa CCCP, phim. 7, 1977, ctp. 43—48. : '

ITo nauHHIM amos Zedexranun sa 12-jeTHuii NepHOJ NpPOAHANH3HPOBAH OMNBIT
sKCIyaTaluy IPeCGHBIX BHHTOB 43 Mapr‘aHuOBHCTOH 6ponssl «HoBocToH» Ha cymax
tuna T/x «KpacHorpam».

Puc. 1, ta6a. 1, 6u641.-3..
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YIOK 699.81 : 69.04

Pacuer 02HecTOUKOCTY 08yxCAOLHbIX NYCTOTHOIX cydosoix KoncTpykyud. T aBpu -
®xos H. @, Ilasmosa JI. B. Hayuso-rexmuyeckufi cGopruk Peructpa CCCP,

BHIN. 7, 1977, cTp. 48—56.

ITpeanoxen MeTo[ pacyera Ipejesia OTHeCTONKOCTH 0 NPOrpeBy NMYCTOTHBIX CY-
JZIOBHIX KOHCTPYKIHME, COCTOSIIMX 3 JBYX C/IOEB HM3OJSNHOHHONO MarepHasna W BO3-
JYUIHON TpocaoiKn MexAy kuMu. CocTapjiedsl (OPMYJBL anrOPHTMOB IJIf TPOTpamM-
MHpoBaHus pacdera Ha IBM. [lns cpaBHenus IpHBENEHE! DACYETHHIE H ONBITHEIE
TIpeNieNbl OTHECTONKOCTY NYCTOTHEIX NepeGOpOK M3 METAJJIOCH/IATA.

Puc. 3, Ta6a. 1, 6uba. 3.

YIK 621.181—192.

TotosnocTe 2aasHblx cydosvix Korioaepezaros. Heuuncenkxo H. M, Xap-
genko B. I. HayuHo-rexmmueckuii cSopuuk Perucrpa CCCP, Bem. 7, 1977,
ctp. 56—65.

PaccMOTpeHa TOTOBHOCTh IJVIAaBHBIX CYNOBBIX KOTJIOArperaTtoB Kax OJHa H3 Xa-
PAKTepHCTHK HX Hanexsoctd. Ha ocHoe 06paGOTKH CTATHCTHYECKHX MATEDHAJIOB
06 OTKazax KOTJIOarperatos NapoTYPOHHHBIX CYNOB IPOM3BEJEHA OLECHKA MOKa3aTe-
Jieil uX rOTOBHOCTH. IlonyueHHBE JaHHBIE CONOCTAaBJEHB C NAHHBIMY IO KOTJOArpera-
TaM 3apyGexHHX cygos. Cpenana IONBITKA aHANK3a TOTEPh SKOHOMHYECKOH addex-
THBHOCTH CYIOB BCJEACTBHE 3aTpaT BPEMEHH Ha BOCCTAHOBJEHHE KOTJOArperatos

TIocsIe OTKAa30B.
Puc. 1, taba. 3, 6uba. 5.

YIOK 629.12.004.58

Texnuseckuii Had3op 8a epebubimy atexTputeckumy ycranoskamu. Kosnos A A,
Hayuno-Texnuuecknii c6opuuk Peruncrpa CCCP, Bum. 7, 1977, ctp. 65—73.

Tlon napsop Perucrpa CCCP mocrymaer Bce BO3pacraioulee KOJHYECTBO CYyH0B
¢ rpe6HOl 3/IEKTPHUECKOH YCTaHOBKOH (Cyla aKTHBHOTLO - JIEJOBOTO TUIaBaHAd, na-
POMEI, GYKCHDEL, CYy/Zla TEXHHYECKOrO M DHIOONPOMBICJIOBOTO (JIOTA, nnap6asel U Ip.).
BosHHKIa HEOGXOAUMOCTb ONpEeNeHHs CIeUU(UKH OCBHIETeNbCTBOBAHUA DY, yun-
THIBAS, YTO C POCTOM KOJHYECTBA 3JEKTPOXOZOB INPOHMCXONHT COBEPIIEHCTBOBAHUE
YCTAHOBOK H CO3[AHHE HOBBIX NPHHUMIOB [IOCTPOSHHS cXeM 3jeKTpoisuenus. Ilpu-
BEJIeHE! KPaTKHE XapAKTEDUCTHKH OCHOBHEIX cucreM ['DY u cneumpuyeckue BONPOCH
HX OCBHJIETEJbCTBOBAHHS.

Puc. 3, 6uba. 4.

VIK 629.12:621.316.1.13

0 noscapoonacrocty cydosoix saexrpuneckux cucrem (C9C). Baarunuu B. A,
Bunecos J. B, Koanos A. A, [Tanos B. A, Hayuro-trexnuueckuit c6opHuK

Perucrpa CCCP, Bumn. 7, 1977, cp. 73—77.

Ha OcHOBAaHHH aHaJK3a MHOTOJETHEH CTATHCTHKH II0XKAapOB, BO3HMKIIMX BCJIEN-
CTBHE HEHCIIPABHOCTEH CYLOBOTO 3JEKTPOOGOPYNOBAHHS, MOKA3aHO, 4TO 3JEKTPHUIe-
ckue cucreMbl cymoB (C3C) He 06JafaiT HOCTATOYHOM TOXKApHOH 06e30MacHOCTSIO.
BLIsSBJIeHbl HaufoJee ONacHHE B MOMKApHOM OTHouleHHH siemenTl CIC NOCTOSHHOrO
H TEPEMEHHOTO TOKa, 2 TaKXKe HanGojiee oNacHble moMelienyst cynHa. Ilokasawa He-
06XOMUMOCTh TILATEJHHOFO H3YYEHWS NOKAPOONACHOCTH DPeXHMA OAHO(A3HOTO 3a-
MBIKAHHS Ha KODNYC KaK ONHOr0 H3 HanGoJee BEpPOSITHHX HCTOYHHKOB BOSTODAHHS
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B CYLOBHIX 3JIEKTPOCHCTEMaxX NEPEMEHHOIO TOK4. YKa3aHO TaKXKe Ha HeoGXOIMMOCTb
orpauuuenns u xoutpoast Perucrpom CCCP Toxa sambikanusi Ha xopmyc stux CIC,
B YacTHOCTH, IIyTEM JHMHTHPOBAHHS E€MKOCTHOTO COTPOTHBJIEHWS H3OJALHH.

Puc. 1, Taba. 1, 6uba. 4.

VIOK 629.12.004.58

Texnuueckuii HAO30p npu pemonte saekTpoobopydosanus cydna. Kosnos'A. A.
Hayuno-texunyeckuit c6oprur Perucrpa CCCP, samn. 7, 1977, crp. 77—96.

TTono6panbl MaTepuanbl /s ONpENEeJeHus] TEXHHIECKOrO COCTOfHHS 2JeKTp0060-
PYIOBaHUs, KOTODEIE, B OCHOBHOM, OTBEYAIOT TPeGOBABHMAM Perucrpa CCCP, 32 uck-
JIOUeHHeM OTAEJ]bHEIX BOIpocoB uax mo KotopeM Perscrp CCCP eine He HpHHAT
OKOHUATeJLHOrO peureHus. Pafora mpegmaraercss Ajs OOCYXJAeHHS ¢ LEJbI0 TNOJY-
YEeHHsT OT3HIBOB.

Puc. 3, ta6a. 11, 6uba. 6.



UDC 621.181.8 : 536.5

Inclusion of operating temperature changes of superheated steam in deter-
mination of design temperatures of superheater tubes of ship’s. boilers. Deni-
senko N. U, Kharchenko V. G. Transactions of the USSR Register of
Shipping, issue N 7, 1977, p. 3—10.

When determining the design temperature of the wall, it is necessary either
to use an empirical correction, or to more exactly choose the conditional wall
contamination factor for inclusion of operating temperature change effect on
metal temperature of superheater tubes in calculating heat exchange in furnace.

Fig. 3, Ref. 9.

UDC 621—462 : 539.4

Calculation of atmospheric pipes for strength and hydraulic losses. Grigo-
ryev G. T. Transactions of the USSR Register of Shipping, issue N 7, 1977,
p- 10—15.

The calculation method of ship’s atmospheric pipes regulated by the Rules
of the USSR Register of Shipping for strength and hydraulic losses is con-
sidered. '

Fig. 2, Ref. 3.

UDC 624.078.5

Rigidity matrixes of intermediate supports of ship’s steam pipes. Volo-
shin A. A. Transactions of the USSR Register of Shipping, issue N 7, 1977,
p. 16—33.

Matrix method of taking into account intermediate supports is proposed
to be used in calculating ship’s steam pipes by a computer.
Fig. 9, Table 1.

UDC 621.431.74 : 621.436

Heat conditions investigation of cast iron parts of ship’s diesel engines.
Laguta V. J, Lebedyev B, V, Bozhenok E. J, Vliasov Y. Y. Trans-
actions of the USSR Register of Shipping, issue N 7, 1977, p. 33—43.

The effect of the rated load value and the principles of putting on thereof
as well as parts design on the heat conditions of their operation is considered.
The results of temperature field measurements on the operating engine are con-

sidered.
Fig. 7, Tables 4.

UDC 629.12 : 532.582.5.037

Propeller damage analysis of “Krasnograd” type ships. Katzman F. M,
Sofronyuk I. V, Semenov A. M. Transactions of the USSR Register
of Shipping, issue N 7, 1977, p. 43—48.

Operating experience of propellers made of manganese bronze “Novoston” in
“Krasnograd” type ships is analyzed on the basis of damage report data for the

period of 12 years.
Fig. 1, Table 1, Ref. 8.
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UDC 699.81 : 69.04

Fire resistance calculation of two-layer. ship’s structures with voids. Gav-
rikov N. F, Pavlova L. V. Transactions of the USSR Register of Shipping,
issue N 7, 1977, p. 48—56.

Calculation method of fire resistance limits according to heating of void
ship’s structures consisting of two layers of insulating material and air space
between them is proposed. Algorithm formulae for calculation by a computer
are derived. Calculated and experimental fire resistance limits of void bulkheads
made of metallosilite are givén for the purpose of comparison.

Fig. 3, Table 1, Ref. 5.

UDC 621.181—192

Readiness of main marine boiler unifs. Denisenko N. I, Khar-
chenko V. G. Transactions of the USSR Register of Shipping, issue N 7,
1977, p. 56—65.

Readiness of main marine boiler units is considered as one of the charac-
teristics of reliability. Based on the statistical data of the boiler units failures
in steam {furbine ships, the estimation of the readiness factors is made. The data
obtained are compared to those of boiler units in foreign ships. Attempt is made
to analyse the economic efficiency losses due to the time spent on the boiler
unit restoration after failure.

Fig. 1, Tables 3, Ref. 5.

UDC 629.12.004.58

Technical supervision of electric propulsion plants. Kozlov A. A. Transac-
tions of the USSR Register of Shipping, issue N 7, 1977, p. 656—73.

The USSR Register of Shipping supervises an ever increasing number of
ships having electric propulsion plants (ships having ice strengthening, ferries,
tugs, vessels of dredging fleet, fishing vessels, factory ships, etc.). The deter-
mination of specific character of surveying electric propulsion plants became ne-
cessary, account being taken of improvements of plants developed with the num-
ber of electrically-driven ships and new principles introdaced in the said
plants. Brief characteristics of main electric propulsion systems and specific
. features of their surveying are given.

! Fig. 3, Ref. 4.

UDC 629.12: 621.316.1.13

On fire hazard of ship’s electrical system. Blaginin V. A, Vilesov D. V,,
Kozlov A. A, Panov V. A. Transactions of the USSR Register of Shipping,
issue N 7, 1977, p. 73—77.

Based on the statistics analysis of fires originated because of failures in
ship’s electrical equipment, it is shown that electrical systems of ships do not
possess sufficient fire safety. The most dangerous items of a. ¢. and d. c. elect-
rical systems as well as the most dangerous ship’s spaces are revealed. The
necessity of careful study of fire hazard of one-phase short circuits to hull as
one of the most probable source of ignition in the ship’s a. c. electric systems is
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shown. The necessity of limiting and control by the USSR Register of Shipping
of the short circuit current value of these systems, in particular, by limiting ca-

pacity reactance is indicated.
Fig. 1, Table 1, Ref. 4.

UDC 629.12.004.58

Technical supervision of ship’s electrical equipment under repair. Koz-
lov A. A. Transactions of the USSR Register of Shipping, issue N 7, 1977,
p. 77—96.

Operation experience on supervision of ship’s electrical equipment under re-
pair is described. The problems of determination of technical condition, testing,
surveying and checkings are considered.

Fig. 3, Tables 11, Ref. 6.




