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BBEAEHHE 

KaK DOKa3aHO B/t~B cny4ae nepeXOAa K DOB~WeHHO~ ~HKnH4HOC
TH pa6oT~ KYTH AOnmH~ 6~Tb ycoaepweHcTaoaaH~ cy~ecTay~~He Ae
TanH MarHHTHO~ CHCTeM~. npH 3TOM ~Bn~eTC~ He06XOAHM~M 3~~eK
THBHOe oxnamAeHHe KaTyweK III cTyneHH cmaTH~. 0AHaKo An~ ocy
~ecTaneHH~ MOAePHH3a~HH CHCTeM~ OXnamAeHH~ Tpe6yeTC~ H3MeHHTb 
KaK H30n~~H~ BHTKOB KaTyWKH, TaK H COOC06 MeXaHH4eCKOrO Kpen
neHH~ ee Ha cTanene. OnpeAeneHHe Heo6xOAHM~x An~ npoeKTHpoaa
HH~ TeXHH4eCKHX napaMeTpOB 6~no npaBeAeHO C DOMO~b~ MOAenbH~X 
HCD~TaHH~, pe3ynbTaT~ KOTOp~x DpHBeAeH~ B HaCTO~~e~ pa60Te. 

3nEKTPH4ECKHE, TEnnOBWE H MEXAHH4ECKHE HArPY3KH 

KaTyWKH MarHHTHO~ CHCTeM~, KaK H3BeCTHo/1~Harpyma~TC~ HM
nynbCH~M TOKOM B HeCKOnbKO KHnOaMnep. 8 H30n~~HH npH 3TOM 
B03HHKa~T CYl!leCTBeHHble Hanp~meHHOCTH 3neKTpH4eCKOrO non~ /2 /. 
8 CHCTeMe KaTyWKa-cTanenb DO~Bn~~TC~ TaKme MeXaHH4eCKHe H 
Tennoable Harpy3KH. 3neKTPH4eCKHe H Tennoa~e napa~eTpbl An~ 
paCCMaTpHBaeMOrO cny4a~ DPHBeAeH~ B Ta6n. 1 /CM.' l//. npH 3a
AaHHO~ reaMeTpHH KaTyWeK H HX B3aHMHOM pacnonomeHHH, OOKa3aH
HOM Ha pHC. 1a, MeXaHH4eCKHe Harpy3KH onpeAen~~TC~ cneAY~~HM 
o6pa3oM. EcnH ~opMa HMnynbca TaKa a KaTywKe npeAcTaan~eT co-
6o~ nonyaOnHy CHHYCOHAbl, TO ~OpMa 3neKTpOMarHHTHbiX CHn BO 
apeMeHH 6yAeT TaKaR me, KaK Ha pHc. 16. An~ npoeKTHPOBaHHA 
cHcTeMbl KaTywKa-cTanenb Heo6xaAHMO npemAe acero 3HaTb aKcH
anbHY~ COCTaBn~~~y~ CHny, Ae~CTBY~~y~ MemAY KaTyWKaMH. Ee 
MaKCHManbHOe 3Ha4eHHe OmHAaeTC~ Ha MeCTe KaTyWeK ill CTyneHH, 
T.K. paCCTO~HHe MemAY HHMH MeHbWe, 4eM paCCTOAHHe MemAy APY
rHMH KaTywKaMH. 

Pe3ynbTaT~ pac4eTa senH4HH~ MaKCHManbHO~ aKcHanbHO~ cHn~, 
nony4eHHble C DOMO~b~ pa3HbiX MeTOAHK /3,4•5/ /HaOpHMep, MeTo
AHKH ODpeAeneHHA CHn~, B03HHKa~l!le~ B npAMOnHHe~H~X OpOBOAHH
KaX C TOKOM, onpeAeneHH~ Ae~CTBY~l!le~ CHn~ MemAY napannenbHO 
pacnonomeHH~MH KaTyWKaMH C TOKOM H T.A./, OpHMepHO OAHHaKOB~. 
Hcnonb3YA napaMeTp~, npHBeAeHH~e s Ta6n. 1 It/ H Ha pHc. 1, 
MOmHO DOnY4HTb BenH4HHy MaKCHManbHO~ aKCHanbHO~ COCTaBn~~
l!le~ CHn~ AnA KaTyWKH Ill CTyneHH, KOTOpaA COCTaBnAeT OKOnO 
80 KH,npH4eM 3Ta aMnnHTyAa AOCTHraeTCA CDyCTA 0,5 MC nocne 
BKn~4eHH~ TOKa. 

npeAnonaraeM, 4TO AnHTenbHOCTb nepHOAa OCHOBH~X KOne6aHH~ 
CHCTeM~ T CYl!leCTBeHHO Me~bWe speMeHH MemAy HMDYDbCaMH tp ,3AeCb 
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PHc.l. MarHHTHaa CHCTeMa /a/ 
H TOKOBaa MeXaHH~eCKaH Har
py3Ka /6/. 

PHc.2. MaKCHManbHaa oceBaa 
COCTaBJIHIOIJiaH CHJibl B 3aBHCHMOC
TH OT ~HKJIH~HOCTH. 

T,2rr ~ v..:g. 
rAe m- Macca cHcTeMw; 

F 

/1/ 

c =XX- 12! 
~eCTKOCTb npy~HHWi 

~X - nepeM€lii€HHe 1..1€HTpa T.A~eCTH CHCT€Mbl; F- CTaTH4eCKa.A 
aKcHallbHa.A c~na. 

B 3TOM cny4ae AeAcTB~TenbHO HaAO y4~TweaTb aMnn~TYAY aKc~
anbHoA c~nw. B APYrOM cny4ae, ecn~ T>>tp~HePI..I~.A CHCTeMw een~
Ka ~ Ha KaTywK~·AeAcTeyeT ycpeAHeHHa.A eo epeMeH~ tp aKc~anb
Ha.A c~na. Ee aMnn~TYAa cyllleCTBeHHO MeHbWe, 4eM e nepeoM cny4ae. 
Ben~4~Ha peanbHO eo3HHKa~lileA HarpysK~ HaXOA~TC.A e AHanasoHe 
M€~AY Ha3BaHHWM~ npeAeJlaM~ /pHC. 2/. 

nPOEKTHPOBAHHE H30nRUHH KATYWKH. 
MEXAHH4ECKHE nAPAMETPbl. 
KaK y~e ~sno~eHo e /1/, oxna~AeH~e o6MOTOK KaTyweK ocyu\ecT

en.AeTc.A c noMOlilb~ 3neKTpo~son~PY~lii~X cne1..1~anbHO npo¢~n~poeaH

Hwx A~CKOB. OH~ pacnonara~TC.A Me~AY P.AAaM~ o6MOTOK /p~c. 3a/. 
Ha A~CK~ AeAcTeyeT c~na, B03HHKa~lila.A np~ npoTeKaH~H TOKa no 
DTAellbHI:>IM B~TKaM /p~c. 36/. WHp~Ha KaHanoe oxna~AeH~.A E Bbt6~
paeTc.A TaK, 4To6w npor~6 npoeOAH~Ka He Mewan npoTeKaH~~ Macna 
no 06MOTKe H He npeBbiCHJl npeA€1lbHO ADnyCT~MOro 3Ha4eH~.A All.A 

2 

a 

6 ;# 1 i, 

2 1 -il 
. I 

KI'IM t.•t 2oot - F.1= F21• Fz 

PHc.3. CxeMa pacrroJiolKeHH.A BHT
KOB B KaTymKe III cTyrreHH I a/ 
H cxeMa AJI.A pac~eTa MaKCHManb
Horo rrporH6a rrpoBo~HHKa /6/. 
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Puc.4. MaKCHManbHblli rrporH6 
ITpOBO~HHKa B 3aBHCHMOCTH OT 
paccTO.AHHH orrop If =5 KA, 

1 EI =2,5 .Jo 4 HcM~Qz=60 H eM-/. 

AaHHOrO MaTepHana. Jln.A 01..1€Ht<H MaKCHMaJlbHO B03MOlKHOro 3Ha4eHH.A 
f He06XOAHMO 3HaTb KPOMe BeJ1~4HH~ aKCHaJlbHOA C~nW Fz H Me

XaHH4€CKHe napaMeTpw npoeOAH~Ka I E- MDAYilb ynpyrocTH, I -
MOM€HT HH€Pl.IHH/. H3 OpHeHTHpOB04H~X 01..1€HOK cneAyeT, 4TO B yny-

~ F 
4ae Harpy3KH TOKOBWM ~MnyJlbCOM i =5 KA eenH4~Ha CHnW q =~ co-

. z [( 
CTaBn.AeT OKOno 60 H/cM ;e(- AnHHa npOBOAHHKa o6MOTK~/. np~ 
3TOM HaAO y4HTbiBaTb, 4TO BHTKH, pacnonOlK€HHbl€ Ha Kpa~ 06MOTKH, 
HarpylKeHbl CHJlbHee, 4€M B 1..1€HTpe, a H3M€H€HHe aKCHanbHOA 
CHnbl no paAHYCY .ABn.AeTC.A H€3Ha4HTenbHbiM. 

npeAnonara.A eenH4HHY lK€CTKOCTH E.I~2,5·10 4 H CM 2,no ¢opMyne 
4 

q z' e 
fmax 

384· E. I 
/3/ 

nony4~M 3aBHCHMOCTb MaKC~ManbHOrO npOrH6a OT paCCTO.AHH.A AD 
onop e /pHc. 4/. H3 pHCYHKa B~AHO, 4TO B cny4ae npeAenbHOro 
3Ha4eH~.A nporH6a ~ 0,1 MM MaKC~MaJlbHO B03MO~HOe 3Ha4eHHe f 
AOnlKHO COCTaBJl.ATb OKano 70 MM. 

fHAPOAHHAMH4ECKHE nAPAMETPW 

0CHOBHOe Tpe6oeaHHe npH C03AaH~~ OXJla~A€HHbiX KaHaJlOB COCTO
~T B TOM, 4TO An.A 3aAaHHOA ~X reOMeTpH~ AOn~HO OCYlii€CTBJl.ATbC.A 
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PHc.S. MoAenb AnH rHAPOAHHa
MHqecKHX HCllhlTaHHH. 

PHc.6. CKopocTb noToKa H non
Hoe AaBneHHe y BhlXOAa sasopa 
B SaBHCHMOCTH OT 06~eMHOrO pac- ~ 
XOAa H TeMnepa TYPbl Macna. 
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He TOnbKO paBHOMepHOe Te4eH~e oxna~Aa~~eH ~~AKOC~H,HO H XOpOWaR 
Te"nonepeAa4a.6~n~ npoeeAeH~ nonHoMacwTa6H~e HCn~TaHHR MOAenH 
C BOAOH. nony4eHH~e np~ 3TOM pe3ynbTaTbl MOryT nepeHOCHTbCR Ha 
Macnooxna~AaeMy~ KaTyWKY, T. K. npo~eCCbl Te4eHHR ~HAKOCT~ ~ 
TennonepeAa4~ npH OAHHaKOBOM 4~cne Pei1HonbAca16/ noA06H~ •. Pae
HOMepHOCTb Te4eHHR 6~na ~CnhlTaHa C nOMO~b~ MaCC006MeHaf7~npH 
3TOM MO,Qenb 6blna CMa3aHa KpaCKOH Tylose, CM~BaHHe KOTOPOH np~ 
npoTeKaHH~ ~HAKOCT~ RBnReTcR Mepoi1 TennonepeAa4H. 6hlno npoee
AeHo ~cnhlTaHHe 4eThlpex eap~aHTOB npo~~nR KaHanoe. Ha pHc.5 
H306pa}KeH ny4WHH eap~aHT C T04KH 3peHHR paCCMOTpeHH~X "Ei'bi'iii'e 
Tpe6oeaHHi1. 

AnR onpeAeneHHR napaMeTpOB CHCTeM~ oxna~AeHHR He06XOAHMO 
3HaTb nepenaA non?o/o AaBneHHR npH npoTeKaHHH ~HAKOCTH 4epe3 
KaTywKy. CornacHo 6 nony4HM: 

p 4 v1 )2 • 
~Pv=(;· 2(rr·Dmdh 141 

rAe(;- r~APOAHHaMH4eCKHH ~aKTOp; V1 - 06DeMH~H paCXOA ~HAKOCTH, 
npoTeKa~~ei1 4epe3 OAHH sasop; p - nnoTHOCTb; D m- cpeAHHi1 AHa-
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'i I' I 
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I 

MeTp KaTyWK~; dh- rHAPOAHHaMH4eCKHH AHaMeTp KaHanOB (dh=2~; 
s - WHPHHa 3aaopa. 

nony4eHHble Ha MOAenH pe3ynbTaTbl noKa3anH, 4TO (; MO~eT an
npoKCHMHpoeaTbCR 3MnHpH4eCKOH $QpMynOH 

89100 (; = 89100 
Re 

. 
4V1 

rr•Dmv, /5/ 

rAe Re- 4~cno Pei1HonbACa; v - KHHeMaT~4ecKaR BR3KOCTb. 
C y4eTOM pe}K~Ma 11 BhlCaChlBaH~R 11 ~HAKOCTH H3 KaTyWKH /B KOTO

pOM AaBneHHe Macna Ha BXOAe paBHO aTMOC~epHOMy/1/AaBneH~~ 
I"' 0, 1 Mna/ I Ha. pHc. 6 npHBeAeHa 3aB~CHMOCTb AaeneHHR P AHa Bbi
XOAe OT no;roKa V 1 np~ pa3HbiX TeMnepaTypax Macna. 1-13 e~pa~eHHR 

2V1 
v =----

rr Das 

Da- Hapy~HhlH AHaMeTp KaTyWK~, MO~HO nony4HTb Ba~H~H AnR Tenno
nepeAa4H napaMeTp cKopocT~ Te4eHHR v I eM. p~c. 6!. 

TEnJlOBbiE nAPAMETPbl 

no MeTOAHKe TennOBOH ceTK~ /tfonpeAenRnCR TennoBOH pe~~M 
BHYTPH KaTyWKH. l-13 CXeMbl, np~BeAeHHOH Ha PHC. 7a, B~AHO, 4TO 
TennonepeAa4a Me~AY npOBOAH~KOM ~ MaCnOM ocy~eCTBnReTCR C OA
HOH CTOPOH~ 4epe3 6aHAa~, a C APYrOH CTOpOH~ 4epe3 6aHAa~ H 
A~CKH. 3TH nyT~ Y4TeH~ Ha pHc. 76. TennoeaR MO~HOCTbPK,nepe
AaHHaR C npOBOAH~Ka B Macno 3a C4eT BbiHY~AeHHOH KOHBeK~HH, 

MO~eT 6~Tb HaHAeHa H3 B~pa~eH~R 

PK=aK • 0 K'~e Ill 
rAe "K- K03~H~~eHT TennonepeAa4~; OK- noeepxHOCTb, 4epea 
KOTopy~ ocy~ecTenReTcR TennonepeAa4a; ~e- pa3HH~a TeMnepaTyp 
noeepXHOCTH npOBOAH~Ka ~ Macna. 

np~ O~~AaeMOH CKOpOCTH Te4eHHR Macna B KaHana X / V < 1 M/ C, 
CM :p~c. 6/ nOTOK RdnReTCR naM~HapHbiM. K03$$H~HeHT KOHBeKTHBHOH 
TennonepeAa4H onpeAenReTcR no <t>opMyne 

a/ 
R 
~ 6/ 

on·onopHble 
Lllo'I(IH1 

T p- TpaHC.ci>OPHaTOpHoe 
Mae no 

P--!! Pf .Jn -'on 
P' I.J, 
~ 
~ R~.n n Rk.rp 

Rx (n. on)~ renn c.onporHane ... ,. Ja C'if!'T reni"'If'tPP8CCtQHOC.TM 
Rk.rp- renn c.onpoTHBneHHA la c~er KOHBeK~MH 

PHc.7. K pacqeTy TerrnorrepeAaqH: a/ TennorrepeAaqa BHYTPH 
06MOTKH , 6/3KBHBaneHTHaH TerrnoBaH CXeMa, 
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AM 0,33 0,1 PrM 0,25 
aK=0,15-(ReMFTM) (OrMPrM) (-) 

dh Pr0 
/8/ 

Re = v • dh /9/ 
JJ 

/10/ 
3 

Or= g·$dh(Oo-OM) 
JJ2 

3AeCb PrM.Pro- 4HCno npaHATna AnR TeMnepaTyp~ Macna HnH o6MoT
KH' Or - 4HCno rpacro<)la' $ - K03<!><!>Hl.IHeHT Tennoeoro pacwHpeHHR. 

nony4eHHble H3/9/ eenH4HHbl .v ,A,$ RBnRIOTCR KOHCTaHTaMH MaTe
pHana. C noMOIJibiO e~pa>KeHHi1 /8/ + I 1 0/ H KOHCTPYKTHBHO Bbl6paH
HOi1 B~COT~ KaHanoe dh=3 MM nony4aeTCR 3aBHCHMOCTb K03<)l<!>Hl.IH
eHTa arf(v) AnR pa3HbiX TeMnepaTyp Macna /pHC. 8/. TennOBble 
conpOTHeneHHR RA,RK onpeAenRIOTCR no181Ha 

~x12 
RA = • 

1,2 At. 2 .o 
/11/ 

H 

/12/ RK =-~1~ 
aK·O 

rAe0- noeepXHOCTb, 4epe3 KOTOPYIO OCyl!leCTBnReTCR TennonepeAa-
4a B eAHHHI..Ie AnHHbl npOBOAHHKa; ~X 1 ,2- TOniJIHHa 6aHAa>Ka HnH 
AHs;:_Ka; A1,2 - K03<)l<!>Hl.IHeHT TennonpoBOAHOCTH. 

11CXOAR H3 3Ha4eHHi1 0=0,69 CM~~Xl0,02 CM, ~X:f0,1 CM, A1= 
=0,15 BT M- 1 K-; 1 A2 =0,3 BT M- 1 K- 1 H Bblpa>KeHHi1 /11/,/12/ no-
ny4HM: 

-1 
RA 

1 
= 22 BT • K , 

-1 
R A = 48 BT • K • 

2 

Harpee oxna>KAa10111ei1 >KHAKOCTH onpeAenReTCR no /10/ H3 

pv 
~0 =--. 

BX.Bb!X. Cp V 
/13/ 

-1 -1 8 -3 11cnonb3YR 3Ha4eHHR c =2, 09 BT • c· r K ; P=O, 4 r· CM H AaHHble 
Ta6n. 1/1(MO>KHO nony4HTb 3aBHCHMOCTb TeMnepaTyp~ oxna>KAaiOIJiei:l 
>KHAKOCTH OT 061>eMa npOTeKaiOIJiei:l >KHAKOCTH V H 4aCTOTbl nOBTOpe
HHR HMnynbCOB TOKa /pHC. 9/. C POCTOM 1..1HKnH4HOCTH pa60Tbl yc
KOpHTenR nHHei:lHO pacTeT H TeMnepaTypa 6lBbiX.Ha B~XOAe AnR 
3aAaHHbiX BenH4HH ~ Ha4anbHOi1 TeMnepaTypbl. C pOCTOM f Heo6-
XOAHMO yeenH4HBaTb V.B 3TOM cny4ae aK yeenH4HBaeTCR H npoeoA
HHK OXna>KAaeTCR 6onee HHTeHCHBHO. 
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PHc. 8. Ko3¢MPH~HeHT Tennonepe- PHc. 9. 06'beMHbiH pacxop; B 3aBH-

p;aqH B 3aBHCHMOCTH OT CKOpoc- CHMOCTH OT llOBbWeHHH TeMnepa-

TH llOTOKa H TeMnepa Typbl Macna • TYPbl Macna H ~HKJIHqHOC TH. 

Ha pHc.10 npHBeAeHa aaeHCHMOCTb cpeAHei:l noeepxHOCTHOH TeM
nepaTypbl 06MOTKH H CpeAHei:l TeMnepaTypbl Macna OT V AI1R pa3HOi1 
4aCTOT~ nOBTOpeHHR HMnyilbCOB. no11y4eHH~e pe3y11bTaTbl noKa3~ea
IOT, 4TO AO 4aCTOT nOBTOpeHHR f-25 r1..1 H npH 061>eMe npOTeKaiOIJiei:l 
>KHAKOCTH V ~ 1,5 M3 4-1 npeAeilbHaR TeMnepaTypa COCTaBilReT He 
6onee 08 =0o =80°C.B 3TOM cny4ae Heo6xoAHMo o6ecne4HTb TeMnepa
Typy Ha BXOAe CHCTeMbl 0Msx';20°C. 3TO MO>KHO CAeilaTb C nOMOIJibiO 
Ten11006MeHHHKa. npH nepeXOAe Ha f=50 r1..1 HY>KHO yBe11H4HTb CKO
pOCTb,npOTOKa /V>7 M3 4-1/ AI1R TOro, 4T06bl npeAeilbHaR TeMne
paTypa He npeeocxOAHila npeAeilbHO AOnycTHMyiO /eM. pHc. 10/. 

3nEKTPI14ECKAR nP04HOCTb 

Be11H4HHa Ha?pR>KeHHR, npHKilaAbiBaeMoro K o6MOTKe, MO>KeT co
cTaenRTb 30 KB 1 ~B pa6o4eM pe>KHMe HaH6onbwHe rpaAHeHTbl noTeH
LIHana O>KHAaiOTCR Me>KAY Ha4a110M H KOHI..IOM npOBOAHHKa BHYTPH Ka
TYWKH H Me>KAY COCeAHHMH PRAaMH o6MOTKH. B nepBOM CI1y4ae H3011R
l.IHR npeACTaBnReT co6oi1 6aHAa>K H MaCileH~H npoMe>KyTOK, 80 BTO
pOM CI1y4ae 3TO rpaHH4H~i1 CilOi:l AHCK-MaCilO /pHC. 11a/. AilR Ol.leH
KH Bbl6paHHbiX pa3Mepoe H3011Rl.IHOHHbiX npOMe>KyTKOB MO>KHO HCXOAHTb 
H3 TOrO, 4TO np04HOCTb MacneHOrO npOMe>KyTKa BeilHKa, 4TO HCKI110-
4aeT B03MO>KHOCTb ero npo6oR. 0AHaKo Heo6xOAHMa nposepKa npo4-
HOCT~ noeepXHOCTH MaCnO-AHCK. AilR 3TOi:l 1..1e11H npoBeAeHO HCnb!Ta-
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Puc.IO. TeMnepaTypa o6MOTKH H 
Macna Y BXOA8 H BhlXOAa Oxn~~
IQei% CpeAf>J B 98BHCHMOCTH OT 061>
eMHOrO paCXOA8. 

HHe MOAenH H30nR~HH 06MOTKH npH 
a03Ae~cTaHH Ha Hee nOCTORHHOrO 
HanpRmeHHR /pHC. 11 6,a/. no 
~YHK~HH pacnpeAeneHHR npo6HaHo
ro HanpRmeHHR, H3o6pameHHO~ Ha 
PHC. 116, a, aHAHO, 4TO nOCTORH
HOe HanpRmeHI-ie U u 0 ,02 =21 KB 
I-130nR~I-1R a~Aepm1-1aaeT. npl-1 nepeHo
ce 3Toro pe3ynbTaTa Ha peanbHYO 
KOHCTPYK~HO HeOUXOAHMO Y4HT~
aaTb ee 66nbwyo npoTRmeHHOCTb. 

C noMO~bo TaK Ha3~aaeMoro 3aKOHa yaenl-14eHHn/11/ 

p_(N) =1-(1- p~l))N 
I I 

/14/ 

(1) 
rAe N- ~aKTOP yaen!-14eHHR, Pi - KaaHTHnb 4>YHK~HH pacnpeAene-
HHR MOAenbHOH H30nR~HH, PfN) - KB8HTHnb ~YHK~HH npH yaenH4eHHH 
H30nR~HH Ha aenH4HHY N,nony4aeM, 4TO Uu 002 yMeHbwaeTCR AO 
12 KB /a HaweM cny4ae N-50/. Y4HT~aaR, 4~0 Hs-sa KaasHnHHe~
Horo pacnpeAeneHHR HanpRmeHHR no o6MOTKe H30nR~HR Me*AY PRA8MH 
HarpymaeTCR HanpRmeHHeM He 6onee 6 KB, MOmHO OmHA8Tb, 4TO 
MemaHTKOaoro npo6oR He npoH30HAeT. KaTyWKH pacnonomeH~ a HeMe
TannH4eCKOM repMeTH4HOM 6aKe - CTanene. MemAY aHTK8MH KaTyWKH 

.~ 

H CTeHKOH KaMep~ aAre3aTOpa a pa6o4eM pemHMe a03HHKaeT pas
HOCTb noTeH~Hanoa /CM. pHC. 11a/. Hcn~TaHHe CTeHKI-1 CTanenR npH 
nOCTORHHOM HanpRmeHHI-1 noKasano, 4TO CpeAHRR 3neKTPH4eCKaR 
HanpRmeHHOCTb MaTep1-1ana cTeHKH cocTaanReT oKono 6 KB/MM. B pa6o-
4eM pemHMe BenH4HHa 3TOH HanpRmeHHOCTI-1 COCTaBnReT OKOnO 
3 KB/MM. no3TOMY B pa6o4eM pemHMe npo6oR c KaTyWKH Ha KaMepy 
aAresaTopa He omHAaeTcR. 

MEXAHH4ECKA~ nP04HOCTb CTAnEn~ 

AnA 06ecne4eHHR CHCTeM~ oxnamAeHHR Ubln pa3pa6oTaH HOB~H CTa
nenb. OH a~nonHeH H3 cTeKnoTeKcTonHTa c nonHypeTaHoM. npH pa-
6oTe aAre3aTopa TOHKHe CTeHKH CTanenR BOCnpHHHMaOT B03HHKaO
~He 3neKTpoMarHHTH~e-cHn~. AnR npoaepKH pa6oTocnoco6HOCTH cTa
nenA He06XOAHMO 3HaTb KaK BenH4HHY ero nepeMe~eHHR, TaK H BenH-
4HHY MeXaHH4eCKOH np04HOCTH. C nOMO~bO TeH30AaT4HKOB 6~na on
peAeneHa 3aBHCHMOCTb nepeMe~eHHR OT CTaTH4eCKOH Harpy3KH. 
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Puc.II. K uccneAOBaHuro sneKTpu
~ecKoA npo~HOCTH: a/ MeCTa, 
KOTOphle paCCM8TpHB8nHCb C TO~
KH speHHH sneKTpH~eCKOH npoq
HOCTH, 6/ MOAenb AnH HCCneAO
B8HHH HSOnHJ~HH OnOpHOrO AHCK8, 
B/ BepOHTHOCTb npo60H B 98BH
CHMOCTH OT npo6HBHOrO HanpH
JKeHHH. 

Hs pHc.12 BHAHO, 4TO, KaK H 
omHAanocb, nepeMe~eHHe pacTeT 
nHHeHHO C nOB~WeHHeM Harpy3KH, 
a TaKme TO, 4TO npeAenbHOe 3Ha-
4eHHe X"' 1 MM 6~no AOCTHrHyTO 
npH HarpysKe F"' 13 KH. 3TH 3Ha-
4eHHR MO*HO nony4HTb H C no
MO~bO paC4eTa C y4eTOM meCTKO
ro saKpenneHHR c OAHOro KpaR 
cTanenR /eM. pHc. 12/. Hs 

pHc.2. BHAHO, 4TO peanbHO B03HHKaO~aR HMnynbCHaR Harpy3Ka ne
~ npeAenax OT 80 AO 2,~ KH npH 4aCTOTe nOBTOpeHHH f=50 r~ 
H aMnnHTYAe TOKa B KaTyWKe i "'5 KA. CTanen b MeXaHH4eCKH HaAemeH, 
ecnH MaKCHManbHOe AHHaMH4eCKOe nepeMe~eHHe MeHbWe npeAenbHO 
AOnycTHMoro npH cTaTH4ecKOH HarpysKe I= 1 MM/. 

AnR onpeAeneHHR MeXaHH4eCKOH np04HOCTH peanbHOH CHCTeM~ CTa
nenb-KaTyWKa 6bma paccMoTpeHa MOAenb c npy>t<HHIWH /pHc. 13a/. 
npeAnOnaraR, 4TO Ha Macey m B03AeHCTSyeT CHna B BHAe 

F(t)= { 
F . 2 

0 sm w t 

0 

AnA 

An .A 

O~t.<>:to. 
/15/ 

t ~ to • 
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PHc.l3. K HccneAOBaHHID AHHaMH
qecKoA npoqHOCTH: a/ MOAenb 
AnR pacqeTa, 6/ OTHOCHTenbHOe 
AHHaMHqecKoe nepeMe~eHHe s sa
BHCHMOCTH OT OTHOCHTenbHOH co6-
CTBeHHOH qacTOTbl H OTHOCHTenb
HOrO AeMU~HpOBaHHR, 

• 

PHc.l2. ~e~opMa~R cTanenR 
B SaBHCHMOCTH OT Harpy3KH. 

6 
12 

~1; 

0.8 

0.6 

Q4 

0 0.5 t 

F(tl • F.sin'wt 

F(t 

o.25 .. ~ a 

c 0 

1.0 

AHHaMH4eCKOe nepeMe~eHHe Xd nony4HM H3 ypasHeHH~ 

t 

.. - · 2 w9 
Xd+ Dxd +w 0 xd=--F (t). 

c 
/16; 

B HHTepecyiO~eM Hac A14ana30He t ~ t 0 

F -8t o e · 8to 
xd(t) = 2C I 0 II A(coswe t- e coswe (t-to )) 

8 t0 - B(sinwet- e sinw e(t-t 
0 

))!, 
rAe 

/17/ 

2w 2 8 2 2w 2 
A=(--) [ 1-3(-) -(--) ]. 

we We we 

B=(_£_)(2c.))1(~)2 -3+(2w)2]. 
we we we we 

10 

D = [(~)2 +(l- 2w )2 ][(.i_/+ (l + 2w)l, 
we we we We 

8 2 
we= wo vl-(-) 

we 
D=28, 

C - K03()l()l111..1HeHT >KeCTKOCTI1, 8 - K03()>()>111..1HeHT AeMn()>HposaHI1~, 
c- 2rr 1T 

wo= y' ---co6CTBeHHa~ 4aCTOTa, w = - = - • 
m T t 0 

Ao cHx nop paccMaTpHsanocb cTaTH4ecKoe nepeMe~eHHe 

Fa 
xstat =-c· - /18/ 

Ha pHc. 136 npHBeAeHa 3aBHCHMOCTb xd v --- OT 3Ha4eHHH napaMeT-
X..fltat 

poe co6cTseHHO~ 4aCTOT~ w 0 11 3aTyxaHI1~ D.Y4HT~sa~ nponopLIHOHanb-
HOCTb Me>Kqy c~no~ H nepeMe~eHHeM, MOlKHO OL.IeHI1Tb MeXaHH4eCKyiO 
Harpy3KY (x d , F d ) H cpaBHI1Tb ee c npeAenbHO AOnycTI1M~MH 3Ha4e
HH~MH (x,F).B AaHHOM cny4ae /F=13 KH, x=1 MM/ An~ -xd 

----1 
X stat F=Fo 

/ 

' 
X ---1 F -X t =----f' D sat F=Fo Fa- \Wo, ) /19/ 

F MO>KHO nony4HTb npeAenbHoe 3Ha4eHHe napaMeTpa ---=0,16, npl14eM 
Fa 

F0 =80 KH, t 0 =1 Me, f=l/2t 0 
Ha PHC. 13 nony4aeTc~' 4TO npl1 o/wo=0,25 npeAenbHOe 3Ha4eHHe 

C06CTBeHHO~ 4aCTOT~ fo=85 r1..1. 
B~we paccMoTpeHO B03Ae~cTBHe Ha c11cTeMy KaTywKa-cTanenb 

TOnbKO OAHOrO HMnynbCa. PeanbHO Ha CI1CTeMy Ae~CTByeT cepH~ HM
nynbCOB. EcnH npeAnono>KHTb, 4TO B03Ae~cTBHe npeAbiAYI.!.Iero HM
nynbca 3aKOH4eHO He nonHOCTbiO, TO B03MOlKHbl BbiHY>KAeHH~e KOne-
6aHH~ H Aame pe30HaHCH~e ~sneHI1~. Ha pHc. 14 nposeAeHa KPI1BaR, 
noKa3~saiO~a~ rpaHI1LIY npeAenbHO AOnycTI1MbiX Harpy3oK. TaK, Han
PHMep, B cny4ae CHCTeM~ C napaMeTpaMH f 0 =85 r1..1 8/w0=0,25. 4ac
TOTa nOBTOpeHH~ AOn>KHa 6b1Tb MeBbWe 45 r1..1, 4T06bl 11CKni0411Tb e~
HY>KAeHH~e KOne6aHH~. 

1.0~-------7-r-1 

---1"-" 

0.5 

0 

o6nacrb 
BbiHYMJleHHbiX 

KOne6aHH~ 

pa6o'<aR 
o6nacrb 

0.25 w
0 

o.s 

B 3aKnl04eHI1e MO>KHO CAenaTb 
B~BOA 0 TOM, 4TO C nOMO~biO npoc
TO~ MOAenl1 MO>KHO nony4HTb Ba>K
HyiO HH()>OpMaLIHIO, KOTOpa~ xapaKTe
PH3yeT AHana30H HaAelKHO~ pa60T~ 

CHCTeM~ KaTywKa-cTanenb. An~ Hc
nonb30BaHI1~ 3T11X pe3ynbTaTOB npH 

PHc.l4. 0THOCHTenbHaR co6cTBeH
HaR qacTOTa B SaBHCHMOCTH OT OT
HOCHTenbHOrO AeMU~HpOBaHHR. 
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pac4eTaX peanbHO~ KOHCTpyK~HH He06XOAHMO 3KCnepHMeHTanbHOe On
peAeneHHe napaMeTpOB CHCTeM~ /co6CTBeHHOH 4aCTOT~ H 3aTyXaHHR/. 

TEnllOBbiE HcnbiTAHH.R PA604ErO MAKETA 

,l\.nR npOBeAeHHR TennOBbiX HCn~TaHH~ fibln H3rOTOBneH pa604H~ 
MaKeT CHCTeM~ KaTyWKa-cTanenb. 1-iCXOAR H3 ycnOBHR OAHHaKOB~X 
Tennoe~x noTepb KaTywKa 3anHc~eanacb 3KBHeaneHTH~M nocTORHH~M 
TOKOM. 3KBHBaneHTH~H TOK onpeAenReTCR no B~pameHH~ 

~ t 0 • f 
I 3KB.: 1 -v-2--. 

A 

rAe i,to - aMnnHTYAa H AnHTenbHOCTb TOKOB~X HMnynbCOB COOTBeT
CTBeHHO, f - 4aCTOTa nOBTOpeHHR. 

I-13MepeHHR npOBOA~n~Cb C nOMO~b~ 25 TepMonap. ,l\.nR oxnamAe
H~R KaTyWK~ 6~na C03AaHa C~CTeMa B~CaC~BaH~R Macna H3 KaTyWK~ 
C nOMO~b~·CTPY~HOro Hacoca. npOTOK Macna np~ 3TOM COCTaBnRn 
~ =2,3 M3/4. CpaeHeHHe nony4eHH~x pe3ynbTaToe c pac4eTOM no 
MeTOAY Tennoeo~ CTeHK~ npoBeAeHO Ha p~c. 15. 1-13 PHCYHKa,B~AHO 
xopowee coenaAeHHe pe3ynbTaTOB. Ecn~ o6ecne4~Tb npoToK V = 
=2. 3 M 3/4 H AOnycT~Tb HarpeB KaTyWKH AO 190=80° C npH 19 Bx.=20° C, 
TO KOMnneKC KaTyWKa-cTanenb MOmeT np~MeHRTbCR AO 4aCTOT noe
TOpeH~R 25 +30 r~. B 3TOM cny4ae nOCTORHHaR TennonepeAa4a 
C~CTeMbl COCTaBnReT OKOnO 45 C, T.e. nocne 2,25 M~H OT Ha4ana 
~~Kna CHCTeMa fiyAeT HaXOA~TbCR B YCTaHOB~BWeMCR pem~Me. npH 
KpaTKOBpeMeHHOM neperpeee 06MOTKH CHCTeMa MO~eT fi~Tb B aeap~~
HOM pem~Me. 

120,..----------
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~====-:.....__---;------jt!ldM OX 

10 20 30 40 50 
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X A MlMepeH~ote • pat"4eT 

BbiBOAbl 

PHc.IS. CpaBHeHHH pacqeTHb~ H 
H3MepHTenbH~ AaH~x TennoBoro 
peJKHMa oxnaJK,ZJ;eHHH KaTymeK III 
~TyneHH /o6~eMHblli pacxoA Macna 
v .. z,3 M 3 q-t/. 

C nOMO~b~ MOAenbH~X HCn~TaHH~ ~ TeOpeTH4eCKHX O~eHOK Onpe
AenRnHCb MeXaH~4eCK~e Tennoe~e H 3neKTpH4eCKHe napaMeTp~ CHCTe
M~ oxnamAaeMaR KaTywKa-cTanenb. Tennoe~e Hcn~TaHHR nonHOMacw
Ta6Ho~ MOAenH noKa3anH xopowee coenaAeHHe pe3ynbTaToe pac4eTa 

12 

~ 3KCnepHMeHTa, H3 KOTOP~X cneAyeT, 4TO KOMnneKC MOmeT npHMe
HRTbCR AO 4a~TOT noeTopeH~R ~~KnOB /25 + 30/ r~. AnR o6ecne4e
H~R ~HKn~4HOCTH 50 r~ He06XOAHMO nOBbiCHTb 3<l><l>eKT~BHOCTb CHCTe
Mbl oxnamAeHHR . 

AeTop~ npH3HaTenbH~ B.C.AneKcaHAPOBy, 3.A.Tep-MapTHpocRHY, 
B.H.MHPOHoey, B.r.Hoe~Koey, B.C.Wee~oey ~ A.M.Xoxnoey 3a 
none3Hble AHCKYCC~H. 
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