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O COCTOSIHUU CYIIKU HA JIbHO3ABOJIAX U
SHEPTOCBEPETAIOILAS CYIIIMJIBHA ST MAILIMHA

HOBHKOB 3.B., KOHOBAJIOB B.B.
( KocTpoMckoii rocy1apcTBEHHBIN TEXHOJOTHUSCKUN YHUBEPCUTET,
®I'BY «ArentcTBo «JIeH»)

[IpoaHanu3MpOBaHO COCTOSHUE CYHIWJIBHBIX MalllMHA Ha MPEIIPUSATHSIX
nepBUYHON mepepadoTku ibHa. [Ipeanoskena sHeprocOeperaromiasi KOHBEKTHBHAS
CYIIMJIbHAS MaIIMHA JUIS THbHO3aBOIOB.

KitoueBble ci1oBa: JIbHSHAas TpecTa, AareHT CYIIKM, CYIIWJIbHAas MalllHa,
BO3/yXOpacIpeIeTUTENb.

[Toncyiika TbHSIHON TPECTHI EPE] MEXaHUUECKOM MepepadOTKON SIBIIsSIETCA
BaXXHBIM 3BEHOM IIpoliecca IOJY4YEHHUs TPEMaHoro JibHA U KOPOTKOTO
JIBHOBOJIOKHA. YK€ IATHAECAT JIET Ha JIbHO3aBoAax Poccnn, benapycu n Ykpaunsl
AKCIUTYaTUPYIOTCS, KOHBEHEPHBIE NMAPOBbIE CYIIUIbHBIE MAILIMHBI I JIBHOTPECTHI
CKII-9-7JIM wu  CKII-1-10JTY  (JIY1) [1, 2], xoTopele  SIBJISIOTCS
METaJUIOPHEPrOeMKUMH  (ImuHa Oonee 20 M, mnoTpeOnsiemMas dIEKTpUYEcKas
MotHocTh Oosiee 40 kBT, Terosas momHocTh 350+450 kBT) 1 He ob6ecnieunBaroT
PaBHOMEPHYIO BJI&XKHOCTh CTeOJed Mo UIMHE U ToJuHEe. B cyiecTByromen
HKOHOMUYECKOM CUTYyallMM MCIIOJIb30BaHME TAaKUX MAIIMH He3((HEKTUBHO, TaK KaK
3aTpaThl Ha UX JKCIUTyatanuio MoryT gocturate 40% oT Bcex sHeprosarpar Ha
MOJTy4YeHUE BOJIOKHA.

[Tpoananu3upoBaB COCTOSIHUE CYLIMJIBHOTO O0OpYIOBaHUS Ha JIbHO3aBOJIaX
3a MOCJETHUE TOMABI, CIeIyeT OTMETUTh Cleayoliee. B criy MOBBIIIEHHS 3aTpar
Ha TEIUIOBYIO U 3JIEKTPUUECKYIO SHEPTHI0, CE0ECTOMMOCTh CYIIKH CTajla CIUIIKOM
BBICOKOM, TIO3TOMY TOJbKO HeOOJbIIas YacTh JHbHO3aBOJOB MO-TIPEKHEMY
OKCIUTYyaTUPYET MAIIMHBI IITAaTHO, WCIOJB3ys MapOBYI KOTENbHYIO. M3BecTHO,
YTO Takas SKCIUTyaTalusi MAIlUH C TOYKU 3peHUs 3(PPEKTUBHOM CYIIKU TPECTHI

HauOoJee 1esiecooOpa3Ha, Tak KaKk yKa3aHHbIC MaIIWHBI SBISIOTCS MapoBbIMU. B
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OCHOBHOM HCIIPaBHOE COCTOSTHUE KOTEIBHBIX M COOTBETCTBEHHO MAPOBBIX MAILUH
NOJIEPKUBAIOT 3aBoAbsl PecnyObnmuku benmapych MW HECKONBKO POCCHHMCKHX
npeanpusThid. Jpyrue iapbHO3aBOJbI, MEPEBOAAT CYIIWIKH Ha TOpAYYI0 BOAY
(3aBOJBI, HMEIONIME TAaKyld BO3MOXHOCTb) M OTHOCHTENBHO A((HEKTUBHO
AKCIUTYaTUPYIOT UX (JpHO3aBOAbI KocTpomckoil obmactu). TpeTsH, JTUIIMBIIMCH
KOTEJIbHBIX, NpPU HAJIWYUM OTPAHUYEHHBIX (UHAHCOBBIX CPEICTB, MPOBOJIAT
PEKOHCTPYKIIMIO MAIlIMHbI ITyTeM npuMeHeHus TerioreHeparopos (TBEY, TBAK,
CTT-100 u ap.), paboTaromux Ha JIbHSIHONW KOCTpE WK Ha JipoBaxX. B aTom ciyuae
PEKOHCTPYKIIUST OCYIIECTBIIACTCSA IMO-Pa3sHOMY, HampuMep, MOJ TPaHCIOPTEPOM
W COOKY €T0 MPOKJIAIbIBAIOT CTYIEHYAThIH BO3yXOpaCIPEeIUTEh, B KOTOPBIN
U3 TEIUIOTeHepaTopa IMOJAETCs TOpsSuMid BO3AYyX M HampaBisieTcs B
TOPU30HTAJBHBIM CJIOM TPECThl CHHU3Y. OTOT MNPHEM MPOBOLAT IO JIBYM
HAIpaBJICHUSIM: TI€PBOE, HE HCIOJB3YS LUPKYJIALUOHHBIE BEHTWISATOPHI BHYTPU
MallMHbl, TaK Kak OHM MW3HOLIECHbl MJIM BOBCE OTCYTCTBYIOT, BTOpPOE€ — C
BHYTPEHHUMHU UUPKYJISIUOHHBIMU BEHTWISTOpaMH (B OCHOBHOM SIpOCITIaBCKast
obnacte u PecnyOnuka Tarapcran), mpu 3TOM, HECMOTPS Ha MPEBBIIIAIONINE
3aTpaThl AJIEKTPUUYECKON SHEPTUH, BTOPOM mpueM sBigeTcs Oosee 3(PPEKTUBHBIM.
Hpyroii mpumep pEKOHCTPYKIMHM peaju3yercs IyTeM YCTAaHOBKHA BBIHOCHBIX
IUPKYJSIUOHHBIX BEHTWJIATOPOB U MOJA4el TOpsyero BO3/AyXa B TPECTY CBEPXY
gyepe3 BO3AyXOpasJarolie 30HTHl C paccekarensiMu. MHorue JbHO3aBOMBI, TIPU
OTCYTCTBUM TPEUVIOKEHUH OT 3aBOJIOB H3TOTOBUTEJEH CYLIMIBHBIX MallUH,
CBOMMH CHJIAMH HM3TOTaBIMBAIOT KOHBEKTHUBHBIC MAIIMHBI, KOTOPBIC SIBISIOTCS
OPOCTBIMU 1O KOHCTPYKIIMM W MAaJo3aTpaTHBIMKU B OJKcIutyaTamuu. OIHaKo
pa3paboTka TakMX MaIIMH  BBIMOJHSAETCA 0€3  JOKHOM  mpopabOTKU
TEIJIOTEXHUYECKUX BOMPOCOB (0€3 AOHKHOW M30JISLHMK U pacueToB). HecMoTps Ha
TO, YTO B TAKHX CaMOJICIbHBIX MAIIMHAX UCIIOJB3YIOTCS TEIJIOTEHEPaTOPhl, OHU HE
oOecrieunBalOT A(G(PEKTUBHYIO CYIIKY JBHOCHIphS. [IpumepoM wucmosb30BaHUS
ATOTO  HAMpPaBJICHUS PEKOHCTPYKIUH  SBJSIIOTCS  HEKOTOPHIE  JIbHO3aBOJIBI
Bonoroackoit o6mactu, KOTOpble BO3MOXKHO B CHJIYy HEXBAaTKH (PUHAHCOBBIX

CPEIICTB Ha PEKOHCTPYKIIMIO, BOBCE MCHOJB3YIOT CYIIWIBHYI0 MAIIUHY Kak
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TpaHCTIOpTEp JUIA TMepeAadyd TPecThl OT PYJIOHOPA3MOTYMKA K  MsUIBHO-
TpemaJbHOMY arperaTy, TO €CTh CYIIKY HE MPUMEHSIOT. Takue MpuMepbl UMEIOT
Mmecto B Pecniybnuke Y nimyptust u Peciy6imke TaTapcTas.

Bo Bcex BBIIICONUCAHHBIX CIy4YasX MOJIXOJ] JIbHO3aBOJ0OB K PEKOHCTPYKIUH
CYIIUJIBHBIX MAaIllMH — OJMHAKOBBIM, a WMEHHO, HMEs METaJIOdIHEPTroeMKUe
MalIuHbI, OHU TMBITAIOTCA CAENAaTh CYIIKY HE, CKOJbKO 3(DPEKTUBHOM, a, CKOJIBKO
MaJio3aTpaTHOM, YTO B OOJBIIMHCTBE CIydyaeB HE MPHUBOJUT K Maslo3aTPaTHON U
b (EeKTUBHOMN CyIIKe, TaK KaK KOHCTPYKIMH CYIIECTBYIOIIMX MAaIllMH U CIOCO0
CYIIKU TIOCJI€ PEKOHCTPYKIMN KapAHMHAIBFHO HE MeHsieTcs. B koHeuHoM uTore 3a
MHOTO JIET PEKOHCTPYKIMU CYIIMJIBHBIX MAllMH TOKa HE HaWAeHo Hamboiiee
3G (HEKTUBHOTO pelieHus, TaKk KaKk U He ObUIO CO37aHO NMPUHIMIIHAIBHO HOBOTO
CYIIWIBHOTO 000pyI0BaHUs JIs THHO3aBOIOB.

Hecosepmenctro mammmna CKII-9-7JIM u CKII-1-10JIY (JIV1) o6bsicusieTcs
TaK)Ke€ U TeM, 4T0, HabmogaeTcst He3(pPeKTUBHOE MCIOIb30BAaHUEM areHTa CyIIKH,
TaK KakK CJIOM JIbHOTPECTBI, YJIOKEHHBIM Ha TPAHCHOPTEpPE CYIIMJIBHOW MAIIHWHBI,
UMeeT MyCcTOThI (puc. 1, ouepyeHo OesbIM), BCICICTBHE YETO 3HAYMTEIbHAS YacTh

TCINIOHOCHUTCIIA IPOXOJAUT MHUMO CJIOA M HEC YHACTBYCT B IIPOLECCC CYIIKH.

Puc. 1. Bua ciost JIbHSIHOW TPECTHI HA TPAHCIIOPTEPE CYLIMIIBHOW MAIIUHBI
a — B CKII-1-10JIY1 na npHO3aBoae B Pecniybmnuke Tarapcran;
6 — B CKII-9-7JIM nHa npHO03aBOjIe B KocTpoMckoit o6macTu
DTO MPUBOAUT K HEPABHOMEPHOCTU JIbHOTPECTHI MO BIAKHOCTH (KOMIIM U

BCPHIMHBI UMCIOT PAa3JIMYHYIO BJ'I&)KHOCTB), d 3HAYUT K JOIIOJIHUTCIBbHBEIM 3aTpaTaM
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Ha CyHIKy, Tak Kak Teio B MaTepuald MepelaeTcss He MOJHOCTHIO.
HepaBHOMEpPHOCTh TpecTbl MO BJIAKHOCTH CYIIECTBEHHO CHUXAET BBIXOJl
TPENaHoro JIbHA U MOBBIIIAET €r0 HEJOPAOOTKY.

[IpencraBiieHHBIA BBIIIE aHAIW3 CYUIWJIBHBIX MAIIMH, TOBOPUT O TOM, YTO
COBEPILIEHCTBOBAHUE KOHCTPYKIIMI CYIIECTBYIOIIETO CYIIMJIBHOIO 000pYI0BaHUS
SBIIETCS Mano3()PEeKTUBHBIM. HeoOxonum  KapauHaNbHBIA  MOJXO/,
3aKJTIOYAIONIUICA B CO3MaHWM W BHEAPCHUH S(PQPEKTUBHBIX OTEYECTBEHHBIX,
Majo3aTPATHBIX CYIIWIbHBIX MaIllMH, O00ECIEUMBAIONIMX PABHOMEPHYIO CYIIKY
crebieil mo JAIMHE W B IEJIOM CHH)KEHHE Ce0EeCTOMMOCTH MPOU3BOJCTBA
JbHOBOJIOKHA.

Panee mnpenioskeH HOBBIM C€MOCOO CYIIKM JIBHSHBIX CTEOJieH, KOTOpbIH
pealin30BaH B KOHBCKTHUBHBIX CYIIMJIBHBIX YCTaHOBKAXx W MammHax [3-7].
OTrnuureM STOTO crmocoba CYHIKM OT CYHIECTBYIONIErO, pPealin30BaHHOTO B
mammHax CKII-9-7JIM u CKII-1-10J1Y (JIY1) 3akmodaercss B TOM, YTO CYIIIKa
MPOXOJUT HE MPH MOMEPEYHON MPOJYBKE CTEOJEH TpEeCThl CHU3Y WUJIM CBEPXY, a
BJI0JIb CTEO0JICH MPU TOPU3OHTAILHOM UX 3arpy3Ke.

[To pesynpraTaM MHOTOJCTHHX HcCieaoBaHui [8-12] Ha pa3mIu4HBIX
AKCIEPUMEHTAIIbHBIX YCTaHOBKax JUISt JbHO3AaBOJIOB paszpaboTaHa
sHeprocOeperaroiias, KOHBEKTHBHAs CYIIWJIbHAs MalluHA JJis JIbHOTPECTHI,
oOecrieunBaroIiasi paBHOMEPHYIO CYIIKY cTeOJel, KOTopas COCTOMT M3 JIBYX

MoxyJei (puc. 2).
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Puc. 2. ®ynknproHanpHas TEXHOJIOTHUYECKASI CXeMa dHeprocoOeperaromen
KOHBEKTHBHOH CYIIMILHOW MalTUHbI:
1 — BO3ayXOpacIpeaeIuTeNIH; 2 — CIION JbHOTPECTHI; 3 — BO3AyXOCOOPHUKH;
4 — BEHTWIIATOP JJIA yJIaJICHHsI OTPaOOTaHHOTO BO3/IyXa; 5 — TEIUIOreHepaTop;

6 — BEHTWJISTOp TEIJIOTEHEPAaTOpa; 7 — peBU3UU

AreHT CyImIKM TIOCJI€  TeIUIOTeHepaTopa S  TMOCTymaeT B JBa
BO3/lyXopacnpenenuTens 1, U3 KOTOPhIX PaBHOMEPHO pa3laercs B CYIIMJIbHYIO
KaMmepy, /i€ Ha TPAHCIOPTEpPE TOPU30OHTAILHO YJIOXKEH CIION JBHSHOW TPECTHI 2.
Bo3nyx, nBurasicb M1y BEpXHUM OTPAKICHUEM CYHIMIBHON KaMepbl U HUKHUM
IIUTOM, YCTAaHOBJEHHBIM IOJ] TPAHCIOPTEPOM, MPOJYyBaeT CTEOJU OT KOMIIS K
BeplIMHaM B Moayie Nel, oT BepiiMH K KOMJIIO B Moayse No2 u nanee ygansercs
W3 HUX B BO31yXocOOpHUKH 3. M3 BO3MyXOCOOPHHUKOB HAaCTh OTPaOOTaHHOIO
BO3/yXa BBIBOJAUTCS M3 MAalIMHBI C  TOMOIIBIO BEHTWIATOpA ISl yAAJICHUS
OTpabOTaHHOTO BO3ayxXa 4, a Jpyras YacTh TIOCTYNMaeT Ha PEIUPKYISIIUIO
BEHTHJIATOPOM TeruioreHeparopa 6. Hapyxksbplli BO3ayX depe3 peBH3UU 7

MMOCTYIIAaCT Ha CMCIINBAHHUC C PCHUPKYIIIUOHHBIM BO31YXOM, IOJIYUCHHASA CMCCh
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NOJIAeTCs B TEIUIOTEHEPATOP, B KOTOPOM HArpeBaercs J0 MHapaMeTpoB areHTra
cywku. /lanee MUK HUPKYJISLUKA BO3AyXa MOBTOPSETCS, & 3aKPBITUE U OTKPBITHE
PEBU3UM pETYIHPYET TEMIIEPATYPY CMECH BO3AyXa U COOTBETCTBEHHO arcHTa
CYLUKH.

[IpuMeHeHnEe OBYX MOJYJIEM MO3BOJIAET BO3JICHCTBOBATH HAa MaTepuan C
Pa3HON MHTEHCHUBHOCTBIO TEIJIOBBIX BO3AEHCTBUI HA KOMIJIM M BEPLIMHBI OTAEIBHO
IIyTEM pPEBEpCa areHTa CyIIKH, CBOAS K MUHUMYMY Pa3JIM4YUsl BIAXKHOCTH, TO €CTh
muddepeHnpoBaTh IPoLEce CYMIKU. ITO KpailHe He0OXOAUMO, TaK KaK KOMIIH U
BEpUIMHBI, MOCTYMAIINE HA CYHIKY, YacTO HUMEIOT pPa3MYHYI0 BJIAXXHOCTb.
Kpome Toro, »tm yactu ctediid, Jaxe NpU OJAMHAKOBOM BIAXKHOCTH HMEIOT
Pa3InyHOE KOJIMYECTBO BJIard, KOTOpas AaK€ MPHU PaBHOM TEILUIOBOM BO3/IEUCTBUU

yIajaseTcs U3 HUX o-pasHomy [12].

OOmuii BUI CyIIMJIbHON MalIMHBI IPEICTABJICH HA PUC. 3.

Puc. 3. O6muit Bum mpeniiaraemMoit sHeprocoeperaroiieil KOHBeKTUBHON
CYLIWJIBHOW MAIlINHBI:
1 — pama; 2 — ceTuaThlif TpaHCTIOPTEP; 3 — KIMHOBUIHBIC
BO3JIyXopacnpenenurenu; 4 — BO3IyX0COOPHUKH; 5 — BEpXHEE OIPaKJICHHE

CYIIUIBLHON KaMephl;, 6 — HIDKHUM IIUT
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B wutore paspabortana sHeprocOeperaromas KOHBEKTHBHAs CYUIMJIbHAs
MaliuHa, KOTOPYIO JaBHO KA JIbHO3aBOAbl. OHa peanmn3yeT 3¢G(HEKTUBHYIO
CXEMy MPOJYBKH JIBHOTPECTHI U COOTBETCTBEHHO KOHCTPYKIMIO. MallliHa UMeeT
IPOCTYIO0 KOHCTPYKIINIO, OTHOCHTEIBHO HU3KYIO IIEHY, YMCHBIIICHHbBIC Ta0apUTHBIC
pa3Mepbl, CPaBHUTEILHO HHU3KOE TOTPEOJICHUE TEIUIOBOW M 3JICKTPUYECKOM
SHEPIUU MPH IKCIUTyaTaluu, o0eceuynBacT qudGepeHIMalnio CyIKa cTedei mo
JUIMHE ¥ TOJIIUHE, a TAaKXKe PEryJMpPOBaHUE TPOIecca CYIIKH B 3aBUCHMOCTH OT

W3MEHSIOIIENCS BIIAXKHOCTH CTEOJIEH.
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