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P.B. Kpacnos
(Vrpaina, /Ininponemposcok, [Hinponemposcokuil HAyioHaIbHULL YHIGepCUmem 3aii3HUYHO20 Mpa-
Hcnopmy imeni akademixa B. Jlazapsina)

OIIIHKA BILIMBY IEPEIPIBY I30JISALII EJIEKTPOABUT' YHA
KOMITIPECOPA EJIEKTPOIOI3JIA IOCTIMHOI'O CTPYMY EP-1, EP-2
P HEHOMIHAJIbHUX PEXKUMAX POBOTH HA TEPMIH ii CJIYKBU

YMOBU eKkcmulyaTalli JOMOMDKHHMX EJIEeKTPUYHMX MAIIUH PYyXOMOTO CKIIaay
Ay’e CKIaJH1, a JOCIIKEHHSI poOOTH €JIEKTPOJIBUTYHA KOMIIpecopa B HEHOMIHANb-
HUX PEKUMaX € JOCUTh aKTyaJbHUM, OCKUIBKH, SIK MIOKAa3y€ CTATUCTHKA BUXOAY 3 Ja-
1y €JEeKTpPOJABHUIYHIB KoMmIipecopiB enekrponoizais EP-1, EP-2 B JlninponeTpoBch-
KOMY JIOKOMOTHBHOMY Jierio [3], 3a ofuH piKk eKCIuTyaTallii 3a MPUYHHOI0 MPOOOI0
13011111 IKOpst 1 OOMOTKH MOJNIOCIB OpakyeTbes Bif 12 1o 56 eneKTpoABUTYHIB KOM-
pecopiB, K1 3rigHO 3 poOoToro [1] moBHHHI O0e3BiAMOBHO MpaitoBaTtd npotsrom 10
pokiB. [IpyyoMy eneKTpUYHI MOIIKOIKYBaHOCTI (IIporap 0OMOTKH SIKOPSt Ta 0OMOTKH
TOJIOBHOTO TTOJIFOCA) CKIIA/Ial0Th X OCHOBHUI 00csT. [IpHunHOI0 1IbOMY € HEdiTKa Ta
HEeHaJ(liiHa poO0Ta CUCTEMHU 3aXUCTY €JIEKTPOJBUTYHA KOMIIpecopa Bij MeperpiBy Ta
nepeBaHTaxeHsb [3].

[1in HEeHOMIHAIBHUM PEKUMOM POOOTH €IEKTPOJABUTYHA KOMITpECopa Ciif po-

3yMITH IyCK Ta PoOOTY NpH 3HIXKEHIM TeMrepaTypl HaBKOJUIIHBOTO CEpEeOBHINIA,
3HIKEHIM a00 MIABUIIEHIN HAIpy3l B KOHTAKTHIA Mepexi. Y HalloMy BUIIAJKY Hac
I[IKaBUTh MPOIEC MYCKYy EJIEKTPOJBUTYHA, TaK K caMe MiJl 4ac MyCKy HOro 130s1is
HalOUIbILE MIJJISTaE TEPMIYHOMY BILTUBY ITYCKOBUX CTPYMIB.
JlocniJpKeHHsI, TPOBE/ICH] paHilie 3a JOMOMOTOK CTBOPEHOI MaTeMaTUYHOI MOJEl
[5], m03BONMHMIN OTPUMATH 3HAYCHHS CKBIBaJCHTHUX CTPYMIB, IIO MPOTIKAIOTH Y KO
AKOpsl €JEeKTPOJIBUT'YHA KOMIIpecopa MiJ yac Horo mycKy MpHU pi3HiA TeMmrmeparypi
HABKOJIMIIHLOTO CEPEIOBUIIA T Pi3HINM HANPy3i B KOHTAKTHIM Mepexi, (puc. 1).

OTpuMaH1 3HAYEHHSI €KBIBAJICHTHHUX CTPYMIB OyJI0 BUKOPUCTAHO SIK BUXIIHI
JaH1 ISl BU3HAYEHHS BEJIMUMHU MEPErpiBy 130JIsL11 IKOPS €JIEKTPOABUTYHA KOMIIpe-
copa [6].

Cnin 3a3Ha4yMTH, O HaOLIbIIE 3HA4YEHHA |, AOcCATraeThCs Mif 4Yac IyCKYy
MIpU TeMIepaTypl HaBKOJUIIHBOTO cepenoBuina —50°C Ta Hanpy3i B KOHTaKTHIN Mme-
pexi 4,0 kB 1 cknanae 38,4 A, a naiimeniie — npu 0°C Ta Hampy3i B KOHTaKTHINA Me-
pexi 2,4 kB 1 cknanae 26,76 A.
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TemepaTypa HAEKQITHIIHEOTO CEPEIOBHITA, IP. LEBCis

Puc. 1. 3anexHiCTh BETUYNHU €KBIBAJICHTHOTO CTPYMY BiJl TEMIIEPAaTypH HaBKOJIHITHHOTO CEPEIO-
BUIIA TTPH PI3HUX 3HAUEHHSX HANIPYT'W B KOHTAKTHIA Mepexi

JUi1 BU3HAYEHHS BEJIMYMH TEPErpiBYy SKOPS E€NEKTPOABUIYHA KOMIIpECOpa Iij
4ac KOro MycKy Ipu pi3HUX YMOBAX aBTOP CKOPUCTABCS TEIJIOBOIO CXEMOIO 3aMILLIECHHS
Ta METOJIOM BU3HAYCHHSI MIEPETPiBY, SIKU JCTATLHO OMUCAHUH y poboTax [6,7]. Pe3yib-
TaTH PO3paxyHKiB MEeperpiBy Npu pi3HUX YMOBAX MYCKY HaBezeHi B Ta0. 1.

JlJist OTpUMaHHS Pe3yJbTaTIB 100 TEPMIHY CIYKOM 1305111 IPU MPOBEIECHH]1
JOCJIIJPKeHb OyJIeMO BBaXkKaTH, 110 TPUBAIICTh MYCKY 3MIHIOEThCS B Mexkax Bia O 10
10 c. 3araryBaHHs yacy MycKy NpY 3HUKEHHI TEMIIEpaTypy HaBKOJIUIIHBOTO CEPeo-
BUIIA MOB’ I3aHE 3 BUHMKHEHHSAM CHJIA TEPTS CIOKOK B KIHEMAaTHMYHUX Mapax 1 Cui
TEPTS CIMOKOI0, 110 00YMOBIICH1 HAsSBHICTIO 3aCTHUTIIOl 3Ma3Ku. J[ianma3oH temmeparyp,
IIPU SIKUX €JIEKTPUYHA MalllMHA MOBUHHA HOPMAJIBHO MpaIloBaTH, ckiajaae Big —o0 10
+40°C 3rinHo 3 pobororo [2]. Hac mikaBuTh Miana3oH MIHYCOBHX TeMIIEPATyp, TOMY
MoAANbIII JOCHIKEHHS OyAyTh IpoBOoAUTHCS Jyis Temiiepatypu Big —50 go 0°C.

Taomung 1
Pe3yabTaTn po3paxyHKiB neperpiBy ABHI'yHAa KOMIIpecopa NMPH Pi3HHX YMOBAaxX MyCKY

TemmepaTypa HABKOJIMIIHKOTO cepenopuma, ‘C
0 -10 —20

[Tapamerp

Hanpyra koHTakTHO1

. 24 3,0 4,0 2,4 3,0 4,0 2,4 3,0 4,0
Mepexi, kKB

3HauYEeHHs €KBIBAJICH-

26,76 | 26,95 | 27,08 | 26,8 | 27,13 | 27,3 | 27,3 | 27,53 | 27,89
THOTO CTpyMy, A

3HAUCHHS 2¢ | 31,3 | 318 | 321 | 314 | 322 | 326 | 326 | 332 | 34
meperpisy | 4c | 624 | 633 | 639 | 625 | 641 | 649 | 649 | 66 | 67,8
i30SI 6c | 932 | 945 | 954 | 935 | 958 | 97 | 97 | 986 | 101

mpu PBBHIA o T 08 51901 | 111 | 1088 | 1115 | 1120 | 1120 | 1148 | 118
TPUBAJIOCTI
nyciy 8c | 1237 | 1255 | 126.7 | 1241 | 1272 | 1288 | 1288 | 131 | 1344

9c¢ 139 141 | 142,3 | 139,3 | 142,8 | 144,6 | 1446 | 147 | 150,9
10c | 154 | 156,2 | 157,7 | 154,5 | 158,3 | 160,3 | 160,3 | 163 | 167,3




[Iponosxxenus tadma. 1

TeMnepaTypa HaBKOJUITHBOT 0
[apamerp EMIIEpaTypa HABKOJ oro cepesiosuia, C

—30 —40 —50

Hanpyra koHTakTHO1

. 2,4 3,0 4,0 2,4 3,0 4,0 2,4 3,0 4,0
Mepexi, kKB

3HauYEeHHs EKBIBAJICH-

2895 | 292 | 29,7 | 324 | 328 | 341 | 356 | 37,17 | 384
THOTO CTpyMy, A

2c 36,7 | 37,3 | 386 | 459 | 471 | 509 | 554 | 604 | 645

3Ha4YeHHs 4c 73 743 | 76,8 | 91,5 | 93,7 | 101,3 | 1104 | 120,4 | 128,55

neperpisy 6¢ 109,1 | 111 | 1148 | 136,6 | 140 | 151,3 | 164,9 | 179,8 | 1919

130 7c | 127 | 129 | 134 | 150 | 163 | 176 | 192 | 209 | 223

npu pi3HIN
TpuBanocti 8c | 1359 | 147,3 | 1524 | 1814 | 1859 | 2009 | 219 | 238,7 | 254,8

yCKy 9c¢ 162,6 | 1654 | 171,7 | 203,7 | 208,7 | 225,6 | 246 268 286

10c | 180,3 | 1834 | 189,8 | 2258 | 2314 | 250,1 | 272,6 | 297,2 | 317,2

AHani3youud OTpUMaH1 pe3yJbTaTH, MOKHA 3pOOMTH BUCHOBOK, IO MYCK MPHU
CHOPMaJIbHUX YMOBAaX» MPOXOJUTh 0€3 MEePEBUILEHHSI MAaKCUMAJIbHOI'O 3HAaYEHHS I1e-
perpiBy st JaHoro knacy isomauii (knac B —t - =120°C). A npu ynopijbHEHOMY

MyCKY, 3aJIE)KHO BiJ] MOr0 TPUBAJIOCTI, MEPErpiB 3pocTae OUIbIIE AOMYCTUMOTO 3Ha-
YeHHS 1 THM CaMHUM CKOpPOYY€ TepMiH CiIy>kOu 13oJsiuii. Sk BugHO 3 Taba.1l skmio
MyCK 3aTATHETHhCS OUTbLI HIK Ha / ¢ IpHU HAmpy3l B KOHTakTHIN Mepexi 4 kB, To ne-
perpiB 130JiALlii MOYHe HAOIMXKATUCS 1O JONYCTUMOIO 3HAYEHHS B)KE MpPHU TeMIlepa-
Typ1 HaBKOJIMIIHBOTO cepeaonuia —10°C.

[Ipu TpuBanocTi mycky / ¢ 1 TemMnepaTypi HaBKOJUMIIHBOro cepenoBunia —10°C
neperpiB ckiaae 113°C. Ilpu temneparypi HaBkonumHboro cepenosuma —20°C 1
TpUBANOCTI MycKy 7 ¢ neperpiB ckiaae 118°C, a npu TpuBanocti nycky 8 ¢ neperpis
nocsirue HeOe3neuHoro 3HaueHHs 134,4°C, To6To npoOaemu, MoB’ si3aHi 3 MeperpiBoM
1301511111, TOYMHAIOTh YK€ BHUHHUKATU MPHU 3HWKEHHI TEMIIEpaTypu HaBKOJIMUIIHBOIO
cepenoBuiia Hux4de 3a —10°C Tta 3aTiaryBaHHi 4yacy MycKy OUIbII HIK Ha /—8 ¢ mpu
Harpys3i B KOHTakTHii mepexi 4,0 kB.

Omxe HailOUbILIKK neperpiB 13osawii qeuryna JIK—409 komnpecopa EK—7b cno-
CTEpIraeThbecs MpH 30UTbIIEHOMY 3HAUYEHHI HANPYTry B KOHTakTHIN mepexi — 4,0 kB. Axne,
SKILO PO3MIIAIATH MPOOJIEMY JIUILIE 3 TOUKHU 30pY 3aTATYBAHHS Yacy MyCKy OUTBII HIXK SIK
Ha 7 ¢, TO sIK1 O 3HaYEHHs HaNPyT'd B KOHTaKTHIN Mepexi He OyJau B MOMEHT IIyCKY, BCE
OJTHO HEeOe3MeUHUH MeperpiB 130JiL1T BIIOYAEThCS, a PI3HUL JIUILIE B TOMY, HACKUIBKH
3MEHIIUTHCS TEPMIH 11 eKcIuTyaTallii. ToMy po3risiHeMo npo0deMy 3MEHIIEHHS TEPMIHY
CIIy>KOM 130JIS1111 NP BIUIMBI Ha HET TemmepaTyp, Ha SKi BOHA HE pO3paxoBaHa, Ta BU-
3HAYMMO HACKUIBKU LIeH TepMIH CKOpouyeThes. HarpiBoCTIMKICTh 130JIALIHHUX MaTepia-
JIIB pi3HA IS PI3HUX KJIACIB 130JIA11T 1 00yMoBIieHa [2].

VY BuUmajky NepeBUIICHHS AOMYCTUMHUX TEMIEpPATyp, CTPOK CIIYkKOH 130JALil
0e3 MOILIKOKEHHS PI3KO 3MEHINYETHhCS 3a CKJIAJAHUM JIOTapu(MIYHUM 3aKOHOM.
[IpoBeneni TpuBani AOCHIIHKEHHS BUSBUJIM, IO CTPOK CIYXOU 1307511l Kiacy B, ska
BUKOpUCTOBY€EThCs B ABUTYHI J[K-409, Moxe OyTu BUpakeHHI eMIipuyHO0 Gopmy-
7010 [4]




TB — 8>§1.05 x@" 0,094% , (1)
ne Ty —TepMiH CITy>KOHM 130511111, 110 BUMIPIOEThCS pokamu; t —neperpis 1305, “C.
L1 mocmikeHHs A03BOJMIN C(hOPMYITIOBATH TaK 3BAHE «IIPAaBUJIO BOCbMH I'pa-
JyC1B», BIAMIOBIHO JI0 SIKOTO MiABUIIEHHS TemnepaTypu Ha 8°C Ouiblne J0myCcTUMO-
ro 3HWXKY€E CTPOK CIIykOu 1305111l BABIYi. [Ipy boMy BBakaemo, 110 3TiIHO 3 poOo-
Toro [1] HOpMaTUBHUE CTPOK eKcruTyaTarii i3oisiii enexkrpoauryna JJIK—406 kommn-
pecopa EK—/b nopisHioe 10 pokam. 3rigHo 3 LIUM BUPA30M 3aJIEKHICTh I (t ) MOX-

Ha MOJaTH y BUTJISA1 Ta0. 2.

Tabnuus 2
Pe3yiabTaTn po3paxyHkiB TepMiHY CJIyk0M i30/1511ii IBUTYHa KOMIIpecopa
NPH Pi3HUX YMOBAX NMYCKY

Mapamerp TeMni%aTypa HaBKOJIUIIHBOTO CGpGZ[OBI/IH;J(,), °C
Hamnpyra koHTakTHOT 24 30 40 24 30 40
Mmepexi, kB ’ ’ ’ ’ ’ ’
SHAUCHHS CKBIBAICHTHOTO | g g 27,13 27,3 27,3 27,53 27,89
cTpymy, A
Tepmin cryx6u 8c | 69poxu | 51poku | 4,4poku | 4,4 poxu | 3,6 poxu | 2,6 poku
130JTsIIIiT TP ) )
PISHIX 3HAUCHHSIX 9¢ | 1,6poxu | 1,2poku | 1,0pik 10pix | 0,8poky | 0,6 poxy
TPUBAIIOCTI IYCKY 10c | 146 ni6 | 102 no6u | 84 no6om | 84 mobu 66 110 44 nobu
[TponosxxeHHst Tab1. 2
Mapamerp TeMrepaTypa HaBKOJIMIIHBOTO cepeosuma, C
=30 -40 -50
Hamnpyra kon-
TAKTHOT 2,4 3,0 40 2,4 3,0 40 2,4 3,0 40
Mepexi, kB
3HayeHHd €KBi-
BAJIEHTHOTO 28,95 | 29,2 29,7 32,4 32,8 34,1 35,6 37,17 | 38,4
cTpymy, A
10 10 10 2,12 15 193 55 15 5
Tepmin 6¢c . . . . . . .
P ; POKIB | POKIB | pPOKIB | pPOKy | PpOKY IH1 JTHIB JTHIB JTHIB
cyxou
bonii | 7 |87 | 73 | 46 | 05 | 124 | 37 | w1 2 18
npn POKY | pOKY POKyY POKY mobu 110 110 no0u | roauH
pizHHX 8 2,3 285 175 11 8 2 8 1,2 17
3HAYCH- ¢ POKY 1io 1io 1io 1io nobu | rogun | TOAM- | XBH-
f;;Ba_ 0. | 6 | 51 29 15 18 | 44 | 38 | 48 | 1xpu-
ocTi ¢ 110 moba 110 110 rogua | roau- XBU- XBH- JINHA
nycky 13 9,5 ) 4.2 2,5 26 3.2 19ce- | 3ce-
10c¢c 5 s 5110 | rogu- | romu- XBU- XBU- B I
g a HU HU JIUH JIMHU yiA yiA




[Ipu TemmepaTypi HaBKOJMIIHBOIO cepenoBuina Buiie 3a —10°C cyTTeBUX
npo0eM MO0 YNOBUIBHEHHS MYCKY, a BIAMOBLAHO 1 MEPErpiBy 130J11i, 0 MOXKE
BUKJIMKATH CKOPOYEHHS ii HOPMATUBHOTO CTPOKY CIIY»KOHW, HE BUHMKA€E, a MPHU 3HU-
KEeHH1 TeMrnepaTypu Huxk4de 3a —10°C Ta 3aTaryBaHHI 4acy MycKy OUIblIe HIXK Ha / C
CTPOK CIIy’kKOM 3HaYHO CKOpouyeThcs. Hanmpukiaz, SKIo 3aXUCT €IEKTPUYHOT Mallu-
HU 3a OYy/Jb-SIKOI0 MPUUYMHOIO HE CIPALIOBAB 1 TPUBAIICTh MYCKY CKJlana 8 ¢ mpu TeM-
nepaTypi HaBKOJIMIIHBOTO cepenoBuiiia —10°C, To TepmiH ciyx0u 130711111 BIATOBIA-
HO CKJIaJie: MpHU Harpy3i B KoHTakTHIA Mepexi 4,0 kB — 4,4 poky, 1m0 Ha 56 % Huxue
BiJl HOpPMATUBHOIO; TP HaIpy3i B KOHTakTHIA Mepexi 3,0 kB — 5,1 poky, mo Ha 49
% HuKYe Bl HOPMATHUBHOIO, a MIPU HANpy31 B KOHTAaKTHIN Mepexi 2,4 kB — 6,9 poky,
110 Ha 31 % HuKkye BiJl HOPMAaTUBHOTO.

31 3MEHIIEHHSM TeMIEPATYPH HABKOJIMILHBOIO CEPEJOBUINA CUTYAIllsl yCKJa-
nHIOEThCS 11e Oubiie. Tak, npu —20°C Ta TpuBasiocTi MycKy 8 ¢ TEPMIH CIIY»KOH 130-
TSIl cKiIazie: mpy Hanpy3i B KoHTakTHI Mepexi 4,0 kB — 2,6 poky, mo Ha 74 % Hu-
KY€ B1Jl HOpDMATUBHOI'O; MPHU HaIpy3i B KOHTakTHINA Mepexi 3,0 kB — 5,1 poky, 110 Ha
49 % Huxue BiJL HOPMATHUBHOTO, a MPU Hanpy3i B KOHTaKTHIA Mepexi 2,4 kB — 4,4
POKYy, 1110 Ha 56 % HUKYE BiJl HOPMATHUBHOTO.

Cain TakoX PO3MIISIHYTH, 10 BIAOYBAETHCS 3 130JISLIIE€I0 TIPY 3HMXKEHH] TeMIepa-
TypU HaBKOJMIITHBOrO cepenopuia 10 —30°C, Tak sIK iICHYIOTh BHUIAQJIKK €KCIUTyaTarli
PYXOMOT0 CKJIaay Npu AaHiid TemnepaTypi. Tak, npu TpuBaiocTi mycky 8 c 1 Hampy3i B
KOHTakTHIN Mepexi 4,0 kB TepMin ciyx0u 130sm1ii ckiane Bcboro 175 110, mo Ha 95,2
% MeH11€e Bl HOPMATUBHOTO; TIPU HANPy3i B KOHTaKTHIN Mepexi 3,0 kB TepmiH ciyxou
13omsL1i ckinane 285 116, mo Ha 92,2 % meHile BiJf HOPMATUBHOIO, a NP HAIMpPY31 B KO-
HTaKTHIA Mepexi 2,4 kB — 2,3 poky, 110 Ha 76 % MeH111€ BiJf HOPMAaTUBHOTO.

OTtpumaHi pe3yabTaTH JOCTIIKEHb MOBHICTIO KOPENIOIOTHCS 31 CTATUCTUYHUMU
JTaHUMHU BUXOJY 3 JIaJly €IEeKTPOJIBUTYHIB KomiipecopiB [3] y IHINpONeTpOBCHKOMY JI0-
KOMOTUBHOMY JI€TI0, TOOTO MOKa3ytoTh, 110 AIMCHUN TepMiH O€3BIIMOBHOT POOOTH 3HAa-
YHOT KUIBKOCTI €J1€KTPOJIBUT'YHIB KOMIIPECOPIB CKOPOUYEThCA K MiHIMYM Ha 50 %b.
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