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OBECIEYEHUE JJUHAMMYECKOM
YCTOMYMUBOCTU KOMITIPECCOPA CUHTE3-TA3A
IPU 3AMEHE ILJTABAIOIIUX YIIJIOTHEHUHA HA
I'A3OAUHAMMNYECKHUE KOHIEBBIE YIINIOTHEHUWS

HcauenkoB A.A.% IOpko B2 Kyxapes HE?

AHHOTADNUA

Paccmompen  xomnnexc — meponpusmuii, — 00ecneduu8aloOwux — OUHAMUYECKYVIO
yemouuugocms Komnpeccopa cunmes-2aza nos. 401 npu 3amene Macisanblx yniomHeHuil Ha
2a300uHamuyeckue  Kouyesble ynaommuenusi. Ilpusedenvl pesyromamsl — pacuemos,
noomeepaicoarowmue YyerecooopasHocms U IQHeKkmusHocms NPUHAMBIX MEXHUYECKUX
pewenuil. Boinonnen ananus nycka azpezama ¢ yCmaHno8IeHHbIMU CYXUMU YRLOMHEHUSIMU.
KaroueBble cioBa: cyxoe Tra3oqMHAMAYECKOe YIUIOTHEHHE, JAMHAMHKA POTOpPA,
KPUTHYECKAasi 4acToTra BajonpoBoiaa, <¢opma KojedaHuii, JAMHAMHYecKasi
YCTOHYUBOCTH

B 2011r. pupma « PEMC» npoBouia MoIEPHU3AIIIO KOMIPECCOPA CHHTE3-
raza no3. 401 na KupoBo-Ueneukom 3aBojie MUHEpaAIbHBIX YAOOPEHHUH C LEIBIO
3aMEHbl MaCIISTHBIX YIUIOTHeHWi koprycoB Hu3koro (KHJ), cpemnero (KC) mu
Beicokoro (KB/I) naBienus Ha cyxue ra30IMHaMHYCCKUC KOHLCBBIC YIUIOTHCHUS.

! Mcauenkos Anekcanap ANeKCaHAPOBHY, TEXHAYECKHIT TMPEKTOP — IIABHBI HiKerep, 3A0 «3aBox
Munepansubeix YnoOpennit Kuposo-YUenernkxoro Xumunueckoro komOuHaTta», nep. lloxapusid, 7,
613040,r. Kuposo-Yeneruk, Poccus.

IOpko Biagumup MBanoBud, 3aB. Olopo pacuyeroB W mporpammupoBanusi, OOO «TPU3», yi.
MaumHoctpoureneit, 1 , 40020r. Cymsl, Ykpausra.

Kyxapes Hropr EBrenmseBny, 3aM. TriaBHOro KoHcTpykropa, OOO «TPU3», ym.
MammHoctpouteneit, 1, 40020r. Cymbl, YkpaunHa.



W3BecTHO, 4TO MEpeBO KOMIIPECCOPOB Ha CyXHE Ta30BBIC YIIOTHEHUS, TIOMHMO
pelleHnsT TEXHUYECKUX 3ajiad, CBA3aHHBIX C oOecredeHneM paboTocrocoOHOCTH
HETIOCPEACTBEHHO Y3JI0B CYXHMX VIUIOTHGHHH, CONpPSKEH C HW3MEHEHUEM
JUHAMHUYECKOTO COCTOSIHUSL CHUCTEMBI BaJONpPOBOAA. MacisHble YIUIOTHEHHS
001aar0T KECTKOCTBhIO M JeMII()UPOBAHUEM MACISIHOTO CJIOS M CIIy’KaT CBOETO
pola [OMONHHUTENBbHBIMU OmopaMud Jis  poropa. Ilpm ycraHOBKe CyxXHX
VIJIOTHEHUH BMECTO 3THX ONOpP Ha POTOpPE MOSBISIIOTCS OMOJHUTEIbHbIC
HaBEILICHHBIE MAacChl, YTO BIUSIECT HA KPUTHYECKHE YaCTOTHI BpAIICHUS POTOpA, H,
COOTBETCTBEHHO, Ha BEJIMYMHY 3alacoB IO ATUM yactoTaM. Kpome Toro,
CHIDKaeTcs ob1iee AeMn(pUPOBaHUE CHCTEMBI 32 CUET YCTPAHEHHUS MACIISTHOTO CIIOS
ymnotHeHu#d. [losToMy 3amMeHa MacisiHBIX YIUIOTHEHHH Ha CyXHE Ta30BbIe
VIJIOTHEHUS! TpeOyeT THIATENbHOTO Yy4YeTa WX BIWSHUA Ha JIHUHAMHYECKHE
XapaKTEePUCTUKN CHCTEMBI BaJIOIIPOBOA.

s mpoBemHHS OKCHEPTH3BI BO3MOXKHOTO HW3MEHEHHUS JTWHAMUYECKOTO
COCTOSIHUSI CHUCTEMBI BaJONPOBOJA, BBHI3BAHHOTO 3aMEHOW KOHLIEBBIX MAaCISHBIX
VIUIOTHEHMIt Ha  cyxue rasoguHamumueckme, upma «PEHC» mpu
NPOCKTHPOBAHUH Y3JIOB CYXHX Tra30BBIX YIUIOTHEHHH KOMIIpeccopa CHHTE3-Tasa
no3. 401 obparunacek B ¢upmy «TPU3». beuta mocraBieHa 3agada HE TOJBKO
OLIGHUTH BIHMSHUHE TAakOW 3aMEHbl Ha JUHAMHYECKHUE  XapaKTEPUCTHKH
BAJIONPOBO/Ia, HO M, B Cllydyac HEOOXOAMMOCTH, ONTHMH3HPOBATH POTOPHYIO
CHCTEMY arperara c Lelbl0 obecreueHHus ee OUHAMHUYECKOW YCTOHYMBOCTH H
HEOOXOIUMBIX 3aMlacoB 110 KPUTHUECKUM YaCTOTaM.

Juis pemiennst 3ToH 3aayl Ha MEPBOM 3Tare OB BHIOJIHEH pacdeT JUHAMUKU
BAJIONPOBOIa B HMCXOJHOM COCTOSIHHH, CO INTaTHBIMHA Y3JaMH OIOPHBIX
MOJIINITHUKOB ¥ MacCJISTHBIX YIIJIOTHEHUH.

Banonposog arperata mo3. 401 cocrout u3 poropoB KH/, typounsr, KC/| u
KB/, mocnemoBaTelbHO COEIMHEHHBIX MEXIy co00W 3y04aTeIMH My(QTamu.
PacuerHast cxema BaJionpoBo/ia MpUBEeHA Ha PUCYHKE 1.

KHJI Typbuna KCJ KB/I

PI/ICYHOK 1 —PacueTtHas cxema BaJIOIIPOBOJA arperara

H
|

Pacuer guHamMWKM ~ BalOMpPOBOJA  BBIMOJNHSUICS HA  KOMIIBIOTEpE C
UCTIOJb30BAaHUEM METO/Ia KOHEUYHBIX JJIEMEHTOB. B pacueTe yYMTBHIBAIUCH
KOA(PQUITUCHTHI KECTKOCTH OMOPHBIX MOJIIUITHUKOB M MACISHBIX YIUTOTHEHUH,
KOTOpBIC OMPEACISUTNCH M0 CIEIMAIBLHOW TporpaMMe pacueTa JTUHAMHYECKHUX
KOA(UITUCHTOB MaCIISTHOTO CIIOSL.



B pesynbrate pacuera ObliM omnpeaeieHbl (popMbl COOCTBEHHBIX KoJeOaHUN U
KPUTUYECKHE YacTOTHl BpallleHHs BaJONpPOBOJAA arperara. 3HAYCHHs IIEPBBIX
BOCBMHM KPUTHYECKHX YacTOT BaJONpOBOAa TNpuBeAeHH B Tabmume 1, a
COOTBETCTBYIOIIKE UM (POPMBI KoJieOaHHi — Ha PUCYHKE 2.

Ta6m/1ua 1 —3nauenus KPUTHYCCKHUX YaCTOT BaJIOMpPOBOAA arperara IITaTHOM
KOHCTPYKIIMM M 3aracoB IO KPUTUYCCKUM YaCTOTaM OTHOCUTCIIBHO pa60qeﬁ
HaCTOThI

. 3anac no
Howmep kputnueckoit Kputuueckas .
KPUTUYECKOH
YaCTOTHI 4yacTora, 00/MUH 0
yacTtote, %0
1 4646 141
2 4768 135
3 5714 96
4 6098 84
5 14042 20
6 15197 26
7 15719 29
8 16460 32

Kak BupHO M3 pe3ynbTaTOB pacdyeToB BaJONPOBOJA LITATHONW KOHCTPYKLHUH C
MAacISTHBIMH YIIOTHEHUSIMH U IITATHBIMU TOAIIUITHUKAMH, UMEIOTCS TOCTATOYHbIE
3amachl 10 KPUTHUECKUM YacTOTaM I KaKAoro potopa. biike Bcero k paboueit
4yacToTe BpalieHus, cocrtaBmaomed N = 11200 o6/mMuH, HaxomuTcs 5
KPUTHYECKash 4YacTOTa BaJIONPOBOJA, KOTOpas ompeaensiercs 244 coOCTBEHHOM
gactoToit poropa KH/I (puc. 2, ). 3amac no 3Toif 4acToTe i pOTOpa B COCTaBe
BanonpoBoaa coctasisieT 20%,4To sABIAETCS AOCTATOYHBIM.

Ha BtOopoM »Tame pacueToB, ISl OLCHKM BIHMSHUS Ha JUHAMHYECKUE
XapaKTEepUCTUKA POTOPHON CHCTEMBI 3aMEHBl IITATHBIX MACIISHBIX YIUIOTHEHHUH
KOMIIpeccopa Ha CyXue Ta30Bble YIUIOTHEHHsI ObLI BBIMOJHEH pacyeT BaIONpOBOAA
C YCTaHOBJICHHBIMH BMECTO MACISHBIX YIUIOTHEHHH CYXMMH Ta30BBIMH
VIJIOTHEHUSIMH ¥ IUTaTHBIMHA OTOPHBIMU MOJIINIHUKAMHU. 3HAYEHUs IMEPBBIX
BOCBMH KPHTHMYECKMX 4YacTOT BajJoNpBoJa TNpuBeneHHl B Tabin. 2, a
COOTBETCTBYIOIINE UM (OPMBI KoJIeOaHU —Ha pUCYHKE 3.
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Pucynok 2 —®opmbl KosiebaHMii BaJOIPOBOAA ITATHON KOHCTPYKIIUH
JUTSL Pa3IHYHBEIX COOCTBEHHBIX YacToT: a) Ny = 464606/muH; 6) N, = 476806/MuH;
B) Nz = 571406/muH; 1) Ny = 609806/MmuH; 1) Ns = 1404206/muH; €) Ng = 15197
06/vuH; k) N; =1571906/MuH; 3) Ng = 1646006/ Mun
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Tabmuma 2 — 3HayeHUS KPUTHYECKHX YAacCTOT BaJONpPOBOAA C CYXHUMH
ymnotHenusimu  ¢pupmbl [PEMC u 1mTaTHRIMM MOAIIMITHUKAMH M 3alacoB IO
KPUTHUYECKUM 9acTOTaM

. 3anac no
Howmep kputnueckoit Kpurtnueckas .
KpPUTUYECKOH
YaCTOTHI 4acTora, 00/MUH 0
yacTtote, %0
1 3627 209
2 4028 178
3 4644 141
4 4646 141
5 12040 7
6 13759 19
7 15023 25
8 15110 26

Kax BuaHO M3 pe3yipTaToOB pacdera BaJOMPOBOAA C CYXHMH YIUIOTHEHUSMHU U
IITaTHBIMHA TIOAIIUITHUKAMH, TIPH 3aMEHEe MACISHBIX YIDIOTHEHHH Ha CyxXue
YIUIOTHEHHUSI TIPOMCXOIUT CHIDKEHHE KPUTHYECKUX YacTOT poTopoB. Hambomee k
paboueil dYacToTe BpalleHUS NPUONMKAETCS S5-I KPUTHYECKAas dYacToTa
BaJIONIPOBO/A, KOTOpas ompeaensercs 2-i coOCTBeHHOH uactoroii poropa KH]I
(puc. 3, n), 3amac Mo Hel B 3TOM ciydae coctamisieT /% /st poTOpa B COCTaBe
BaJIONIPOBO/IA, YTO SBISETCS HENpUeMIIEMBIM. B CBS3M ¢ 3TUM BO3HHKIA
HEOOXOIMUMOCTh MPUHSITHS TOTIOTHUTEIHHBIX MEpP TIO MOBBIIIEHUIO THHAMIYECKOMH
YCTOHYHMBOCTH CHUCTEMBI BaJIOTIPOBOA, OOECTICUNBAIONINX TpeOyeMble 3amachl 110
KPUTHYECKUM YaCTOTaM.

Ha tperpem sTame mpoBOOWIICS DPACUETHBIN aHANHW3 Pa3NUYHBIX BapHAHTOB
MOJIEPHH3AIMH POTOPHON CHCTEMBI arperaTa ¢ CyXMMH Ta30BBIMHU YIUTOTHEHUSIMH,
HaIPaBJICHHBIX Ha TMOBBIMICHHE €€ 3alacoB M0 KPUTHYECKHM dYacToTaM. B mTore
ObT pa3paboTaH KOMIUIEKC MEpPOIPHATHH, 00ECICUUBAIONINX JUHAMUYICCKYIO
YCTOWYMBOCTh KOMIIpeccopa cuHTe3-raza mo3. 401 mpu 3aMeHe MacIisHBIX
VIUIOTHEHWH Ha CyXy€ Ta30Bble YIUIOTHEHHS, KOTOPBHIA BKIIOYaeT B ceds
CIIeTyIOIINe TEXHUIECKHUE PEIICHUS
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Pucynok 3 —®opMbl Koje6aHHii BalIONPOBOJA C CYXUMHU YIIIOTHEHHAMU
¢dbupmel «I PEVIC» 1 ITaTHRIMA TTOAITATTHAKAMHE JIJ1s1 COOCTBEHHBIX YaCTOT:
a) Ny = 362706/muH; 6) N, = 402806/MuH; B) Ny = 464406/ MuH;

r) Ny = 464606/Mun; 1) Ns = 1204006/MmuH; €) Ng = 137596/ MuH;

x) Ny = 1502306/MuH; 3) Ng = 1511006/Mun
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1. YcraHoBKa B3aMEH IUTAaTHBIX OMOPHBIX TMOALIMITHUKOB TPEXCErMEHTHBIX
JeMI(pEPHBIX MOAMUNHUKOB (GUpMbl «TPU3» ¢ MOBBIICHHOH ECTKOCTHIO.
Onopuele mogmmnuukn  ¢upMel  «TPU3» ¢ camoycTaHaBIWBAIOIIMMUCS
BKJIa/IBIIIAMH HAa MACJISTHOM THAPOCTATHYECKOH IUIEHKE 00J1aaloT MOBBIILIEHHBIMH
JeMnUpPYIOMUMI CBOUCTBAMH, YTO TO3BOJIIET YMEHBIIATH YPOBEHb BHOpPALUI
poTOpa B HECKOJBKO pa3 HE3aBUCHMO OT HMX wucTouHuKa [1]. TloBbleHHas
JKECTKOCTb MOJUIUITHUKOB MO3BOJISIET MOBBICUTH KPUTHUECKNE CKOPOCTH BpAILEHUS
pOTOpOB, YBEIWYUTb HUX OTCTPOHKY OT paboyeidl YacTOTBl U MOBBICUTH
JUHAMHUYECKYI0 YCTOWYMBOCTH CUCTEMBI BaJIONPOBOA.

2. YcraHOBKa  JOTOJHUTENBHBIX  JeMIdepoB ¢  BKIaAbllaMd  Ha
TUApocTaTHdeckoM  mojsece.  Ilo3BoisieT  KOMIEHCHMpPOBaTb  CHMKEHUE
IeMrnupoBaHHus CHUCTEMBI, BBI3BAHHOE OTCYTCTBUEM MACISHBIX YIUIOTHEHUH.
[lpunnun fAeHCTBHS IOMOJHUTENBHBIX JAeMI(EepOB aHAIOTWYEH MPHUHLIUITY
JeicTBus aemMdepHbIX TOAMUITHUKOB prupmbl «TPU3».

3. YMeHblIeHHEe MEKONOpHOro paccrostaust poropa KHJ cymmapno Ha 133,5
MM 32 CUeT M3MEHEHHS KOHCTPYKIMH OIOPHO-YyIIOPHOTO Yy3Ja U CMELIEHUS
ONOPHBIX MOJAUIMIIHUKOB K CEpeluHEe KopIyca. OTO IMO3BOJSAET YBEIUUYUTH
JKECTKOCTh Hanbojee OMacHOr0 C TOYKM 3pPEHHS OTCTPOHKH OT KPUTHUECKUX
yactoT poropa KH/I 1 mOBBICHTE €ro cOOCTBEHHBIE YACTOTHI.

4. MOHTaX MEXCEKIMOHHOTO M KOHIEBBIX T'a30BBIX JIAOMPHHTHO—TYHKOBBIX
yIoTHeHu# paspabotku Gupmbel «PU3» ¢ BcTaBKaMH yIJIOTHUTENBHBIX TpeOHEH
u3 marepuana PEEK. Hannune nmyHok mo3BossieT mpeaoTBpaTUTh BOSHUKHOBEHHE
B YIUIOTHCHHU JECTaOMIU3UPYIOINX LUPKYIALMOHHBIX CHJI, BBI3BIBAIOIINX
a’pOJMHAMHUYECKOE BO30YXKIEHHE, B TO BpeMs KaK BCTaBKH M3 IOJIMMEPHOTO
marepuaia PEEK 3a cuer MHHHMMalbHOTO 3a30pa MO3BOJIAIOT CYILIECTBEHHO
YMEHBIINTh TNPOTEYKH Yepe3 YIUVIOTHEHHE M TOBBICUTH OOBEMHBIH  KIIA
KOMIIpeccopa.

5. YcraHoBka naOMPUHTHBIX YIUIOTHEHUH pabounx kojiec ¢upmbl «TPU3» c
BXOAHBIMU JTyHKamMu. KOHCTpYKIHMS YIUIOTHEHUH € JIyHKaMH Ha BXOJE MO3BOJISET
CHHM3HTH 3aKPYTKY IOTOKA T'a3a, BIUSIONIYIO Ha BAOPOAKTUBHOCTD POTOPA.

Pa3paboTka TEeXHMYECKMX  PEUICHHH  OCYIIECTBISUIACH  COBMECTHO  C
MHOTOBapUaHTHBIM PAcUYeTOM IWHAMUKU BaJIONPOBOJA, B PE3YJbTaTe KOTOPOTO
ObUIM  ONpeAesieHbl  ONTUMAalbHBIE KOHCTPYKTHBHBIC IapameTpbl  y3IIOB,
o0ecreynBaroNIie MaKCUMaJIbHBIE 3alachl 0 KPUTHYECKHM 4YacTOTaM. 3HAUYCHHS
NEePBBIX BOCBMH KPUTHYECKHX YacTOT BAJONPOBOJAA C CYXHMHU YIJIOTHEHUSIMH
dupmsr «'PEMC» n nommmmankamu u gemmgepamu dupmsl «TPU3» Ha poTopax
KHI, KCJ, KBJl (oxoHuaTenbHBIN BapHaHT) NPHUBEACHBI B Tabnuie 3, a
COOTBETCTBYIOIINE UM (HOpPMBI KoJieOaHU — Ha pUCYHKe 4.



Tabmuma 3 — 3HayeHUS KPUTHYECKHX YAacCTOT BaJONpPOBOAA C CYXHUMH
ymnotHenusiMu  pupmbl «I PEMC» u nogmunHukamMu u aeMndepamu (GUPMBI
«TPU3» na poropax KH/I, KC/I, KB/l 1 3anacoB o KpUTHYECKUM YaCTOTaM

. 3anac no
Howmep kputnueckoit Kpurnueckas .
KPUTHYECKOU
YaCTOTBI 4yacTora, 00/MUH 0
yactore, %
1 4083 174
2 4610 143
3 4646 141
4 4712 138
5 14891 25
6 15295 27
7 15571 28
8 15891 30

[Tonmy4yeHHbIe pe3yabTaThl PacyeTOB MOKA3bIBAIOT, YTO KOMILJIEKC MEPOTIPHUITHH,
HANpaBIICHHBIX Ha TOBBIIICHUE JUHAMUYECKOH YCTOWYMBOCTH BaJONPOBOJIA
arperata mo3. 401, peanuzyemsiii ¢upmoit «TPU3» coBMecTHO ¢ yCTaHOBKOM
cyxux ymiotHeHuii ¢upmsl <«TPEMC» m03BONSIET MOBBICUTH 3amachl 110
KPUTUYECKUM YacTOTaM OTHOCHTEIBHO pabodell 4YacTOThl BpalleHHs IO
CpPaBHEHHUIO CO IITATHOM KOHCTPYKIHMEW BajompoBojia. MUHUMAaIbHBIA 3amac 1o
KPUTUYECKUM YacToTaM MJisi BaJONIPOBOJAA MOJEPHU3UPOBAHHOM KOHCTPYKLIUH
cocraBisieT 25% (M. Ta6:1.3), uro Ha 5% BhIIE, YEM B BaJOMPOBOE IITATHOM
KOHCTPYKIMH (CM. Tabu1.1). DTo Mo3BONISET cenaTh BBIBOJ O LEIECOOOPa3HOCTH
3G(GEKTUBHOCTH  TPUHATBIX ~ TEXHUYECKHMX  PEHICHWH 10  IMOBBIIICHHUIO
JUHAMHUYECKOH yCTOWYMBOCTH BaJloNpoBoa arperara no3.401c cyxuMu razoBeIMH
ymorHerusiMa Gupmbl «I PEHAC».

B nepuon mpoBeneHUsI KamMTAIBHOTO PEMOHTa HAa KOMIIPECCOPHOM arperare
cuHTe3-raza 103.401 ObUIM YCTAHOBJCHBI CyXHE ra30JWHAMHUYECKHE YIJIOTHECHHUS
npousBoacTBa HIID «'pefic - MHKUHUPUHT», a TaKKe JTAOMPUHTHEIC YITIOTHEHUS
Y TIOIITHITHAKOBBIE Y316l TTpon3BoicTBa OO0 «TPU3».

ITyck xommpeccopa 11.07.11 npousBoamicss B aBTOMAaTHUYECKOM PEXHUME
corjacHo mporpamme mycka. I[Ipu mogbeme o6opotos kommpeccopa ot 0 mo 7 000
00/MHMH ypOBHW BHOpanuy He NPEBBIIIATH AOMYCTUMbIX 3HadeHuid (1,5 mmic —
cpabarbiBaHne TpeAylpeanTenbHoi curHanm3amuu). Taxk Ha 7000 06/MuH
BuOpanus cocrapmsuta: KHJ[ - 0,406...0,881munc; KC] - 0,298...0,6521mc;
KB/ - 0,452...0,706uuic. He3naunteapHBIH BCIUIECK BUOPALIMK OTMEYAJICS MPH
nepexojae dYepe3d KpuTHueckue 000poThl portopoB: 5 280 o6/mMuH — mepBas
kputndeckas yacrora KH/I.



a) 6)
TSN A S A N W O ol k)
B) r)

) e)

x) 3)

Pucynox 4 —®opmel konebaHni BaIONPOBOAA C CyXHMH YIUIOTHEHUSAMH
¢upmbl « PEUC» u noamunankamu Gupmel «TPU3» 1151 COOCTBEHHBIX 4acTOT:
a) Ny = 408306/muH; 6) N, = 461006/MuH; B) Ny = 464606/MuH;

r) Ny = 471206/Mmun; 1) Ns = 1489106/MmuH; €) Ny = 1529506/ MuH;

%) Ny =1557106/mumH; 3) Ng = 1589b6/Mun
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Crenyromuii Habop 060pOTOB H0oKeH ObUT mpoucxoauth ¢ 7 000 06/MuH 10
9000 o6/ mumH. HO (haKTHUECKH KOMIIPECCOP pa3OrHAiCS 3a KOPOTKHIA
npomexyTok Bpemenu g0 11 406 06/mMuH, mocne vero Obula JaHa KOMaHIa Ha
OCTaHOBKY U B TEUCHUE IATH MUHYT KOMIIPECCOpP OBUT OCTAHOBJICH.

Ilpu HaGope 0OOPOTOB YPOBHM BHOpanMy HE TMPEBBINIATH JOMYCTUMBIX
sHadennii. Tak Ha MakcUManbHBIX oOopoTtax 11 406 06/MuH 3a(HUKCHPOBAHBI
cienyromue 3HaueHus BuOparm: KHJ[ - 0,475...1,104 mumnc; KCI -
1,083...1,198mu1c; KB/ - 0,547...0,59%muc.

C HabopoM 000pOTOB MPOM3OIIET POCT AABJICHUS HarHETaHWS M pacxoja rasa
Ha BCEX CEKIHUAX KOMIIPECCopa, OJHOBPEMEHHO YMEHBIIHIOCH JIABJICHHUE
BcackiBaHusa Ha nepBoil cexiuu (¢ 21,808 «kr/cm? mpu 7 002 06/mMun no 20,232
kr/cm2 mpu 11 40606/MumH).

Ilpu pe3koM CHIKEHHH OOOPOTOB IMPOMW3OIIET MIHOBEHHBIN POCT BHOpAIMH Ha
BCEX KOpIycax Komrpeccopa. MaKkcUMallbHOE 3HA4YeHWe BHOpAIUH JUIS KaXIIOTo
kopryca cocraBwio: KHJ[ — 7,452...8,53%vmiic npu vacrore Bpamenus 9 697,5
o6/vun; KCJIT — 8,219...9,98%miic npu vactore Bparenns 9 103,506/vum; KB —
3,008...3,83Mm1c npu yactote BpamieHus 6 57300/MuH. XapaKTepHO, YTO Ha ITUX
e 000pOTax MpH pa3roHe KOMIIPECcopa BEICOKHX YPOBHEH BHOpAIN HE OTMEYECHO.

IIpowusorien pocT AaBJICHUS Ha BcachlBaHWU TepBol ceknuu: ¢ 20,232kr/cm?
npu 11 406 o6/mMun mo 23,42 xr/cm?2 mpu 4420,5 o6/mun. Pacxomsl rasa 1o
CTYTICHSM CHU3HIUCH, & JaBJICHHUS HA HATHECTAHWH KAKIOW CEKIMM B HAYATHHBIN
MOMEHT cOpoca 000pOTOB MPOAOHKAIA BO3PACTATh.

- Puarn.lct.(1P57): 36,36 kr/cm? npu 11 406 06/muH.....39,29 xr/cm? nipu
9697,506/MuH, BpeMenHo# nuTepBan 1 muH 12 cek;

- Prarn.2ct.(1P59): 65,696kr/cm? npu 11 40606/MuH ..... 69,504kr/cm? ipu
10 62006/muH, BpeMeHHOM nHTEpBan 33 CEK;

- Prarn.3ct.(1P61): 104,4kr/cm? npu 11 40606/muH ....... 122,24kr/cm? nipu
10 09806/muH, BpeMeHHO# nHTEepBan 51 cek;

- Puarn.4ct.(1P63): 126,6kr/cm? mpu 11 406 06/Mun ... 154,32xr/cm? npu
10 17006/muH, BpeMeHHO# nHTEepBan 48 cex.

Takum oOpa3oMm, mpu OBICTPOM CHIDKEHHH OOOPOTOB TYypOWHBI OTHYETIMBO
BUJIHO TIPOTHUBOJABJICHHE CETH, 3alHparollee KOMIpeccop. OTO TMpHBEIO K
CMEIICHHI0 paboueil TOUYKU B 30HY HEYCTOMYHMBOW pabOTHl — 00JIACTH MOMMaXKa.
BcenencrBue Beicokoit BuOparuu poropoB KHJ/I n KCJ nmpousonuio yBeaudeHne
3a30pOB B JAOUPUHTHBIX  YIUIOTHEHUSX, UYTO  YBEIWYMIO  BIHSHHC
MUPKYISIHOHHBIX a3pOAMHAMHYECKUX CHII Ha pOTOpa.

[Moce HENMPOIOIKUTENFHONH OCTAaHOBKM OBUI MPOM3BEACH IOBTOPHBIA MYCK
koMmrpeccopa. Tak kak koprryca HJI u B/ yxe nmenu 3HauuTeNNbHBIE AePEKTH B
YacTH 3a30pOB IO JAOUPUHTHBIM YIUIOTHCHUSAM M COCTOSIHUIO TONIHITHUKOBBIX
V3JIOB, TO MOXHO TOBOPHTH O (DaKTHUYECKOM OTCYTCTBHM KaKUX-ITHOO
JeMI(GUPYIOIUX U yaepkuBaroux cuil. [loatomy poct BuOpammu poropos KH/T
u KCJI, a 3arem u KB/JI mpousomien yxe Ha oboporax 7 500...7 70®6/MuH.
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[lo pe3yapraTaMm IycKOB KOMIIpeccopa Ha CyXHX TIa30JAWHAMHYECCKHX
YIUTOTHEHUSAX MOXHO CIENaTh CIEIYIONINe BRIBOBI: IIPH pa3roHe KOMIpeccopa a0
11 406 oO/MuH ypOBHM BHOpanuMH pPOTOPOB Ha BCEX YACTOTAaX BpAICHUS
HaxXOJIMJIUCh B Tpeneiax MOMyCKaeMBIX 3HAUCHHUH. YCIIeNTHO OBUTH TPONICHBI U
nepBble KPUTHUECKUE YaCTOTHI POTOPOB, BUOpauus He mpeBbimaia 1,5 munc. 3to
CIY’)KHT TIOATBEPXKJACHUEM HAAe)KHOTO JeMN(GUPOBAaHUS U TWHAMHYECKOMH
YCTOMYMBOCTH POTOPHOM CHUCTEMBI KOMIIpECcOpa, a TakKe €€ OTCTPOMKH OT
KPUTHYECKHX YacToT. V3-3a HapyIeHHs TEXHOJOTHYECKOTO perjiaMeHTa ITycKa
KOMIIpeccopa MPOU30LLIO CMEIICHUE ero pabodell TOUKM B 30HY IOMIIaXxa, 4To
BBI3BAJIO PE3KHUI POCT BUOpALNH, TOBPEKACHHUE Y3JIOB JTAOMPUHTHBIX YILUIOTHEHUH
M TOJIIWIHUKOB, M CHENajJ0 HEBO3MOXXHOW JaNbHEHWIIYI0 OKCIUTyaTalHio
KOMIIpeccopa € CYyXMMH Ta30JWHAMHUYECKHMH YIJIOTHEHUSMH Ha JAHHOM JTarle.
OpHaKko MOJYYEHHBIH OMBIT SKCIUTyaTalliM KOMIpeccopa cuHTe3-rasa mo3. 401c
CYXUMH YIUIOTHCHHSIMH BO BpEMs €ro pasroHa a0 4actoTel BpamieHus 11 406
00/MHMH TIO3BOJISIET C ONTHMU3MOM CMOTPETh B Oynyllee W CBHICTEIBCTBYET O
penreHnu mpoOIeMbl 00ecTieueHus] THHAMHYECKOH YCTOWIHBOCTH.
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PROVIDING DYNAMIC STABILITY FOR THE SYNTHESISGAS
COMPRESSOR WHEN REPLACING FLOATING SEALSWITH GAS-
DYNAMIC END SEALS

Alexandr |1sachenkov,
Fertilizer plant of the Kirovo-Chepetsk Chemical Complex

Vasly Martsinkovsky, Vladimir Yurko, Igor Kuharev,
TRIZ Ltd

SUMMARY

Complex of measures providing dynamic stability for the synthesis gas compressor pos.
401 when replacing oil seals with gas-dynamic end seals is observed. Calculation results
confirming reasonability and effectiveness of the taken technical solutions are given. The
unit start-up with the mounted dry sealsis analyzed.

Keywords: Dry gas-dynamic seal, rotor dynamics, shafting critical speed, mode shape,
dynamic stability
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