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HCTOPUYECKUE 3TAIIbI PA3BUTHUS U ITIEPCIIEKTHUBBI
COBEPIHIEHCTBOBAHMUSA KOHCTPYKIIUU
I'MIPABJIMYECKUX UHCTPYMEHTOB
3apunos H.H., ITonkos B.®., Kpernnnn M.B.

Ypumckuii cocyoapcmeennwiii HeghmsaHoU mexHu4ecKuil yHusepcumem

Paccmompenvt  cnocobvl  eviepysku He@maHO20 KOKCA U3 PEaKmopos8 YCHAHOBOK
sameonennozo xoxcosanus (V3K). Ilpoananusuposanvl Mexanuueckue memoovl 6blepy3Ku
KOKCa, ucnoavsosasuiuecs 8 muposoti npakmuxe 0o 1938 cooda. Iloxazano npeumyujecmeo
2UOPABIUUECKO20 CNOCOOA 8bI2PY3KU KOKCA, UCNOIb308AHUE KOMOPO20 UHUYUUPOBATO PA3GUINUE
npoyecca 3amedNieHH020 Kokcosanusi. [Iposedén ananuz cogepuieHcmeo8anuss KOHCMpPYKyull
euopasnuueckux uncmpymenmos 3a nepuoo c¢ 1938 no 2005 ee., paspabomarmvix
compyonuxamu  BHHHHepmemaw u bawHHUHHII. Ha ocuose ananuza HayuHo-
UCCned08amenbCkoll U  NAMEHmHOU  Jumepamypvl  pazpabomansvl  OCHOGHbIE HANPABIEHUS.
COBEPULEHCMBOBAHUSL KOHCIPYKYUL 2UOPOUHCTNPYMEHTNOS.

I'uapaBiarueckuil crmocod BHITPY3KH KOKCa M3 HEOOOTPEBAEMBIX PEaKTOPOB Ha
NIePBBIX yCTaHOBKaxX 3ameluieHHoro kokcoBauus (Y3K), skcrtyaTHpoBaBIIUXCS 3a
pyOexom, He ucronb30Bajcs. M3HavanpHO IS 3TUX LeNedl MPUMEHSUTUCH pa3IndHbIe
MexaHuueckue metos [1.2]:

- TpU TIOMOIIM TpPOCa, KOTOPBIA OMpEAETICHHBIM O0pa3oM YKIIAJIbIBAJICS B
peaxkTope mepes 3aroHEHHEM €r0 ChIPheM KOKCOBAHWS, a 3aTeM C TIOMOIIBI0 JIeOeIKH
TPOC W3BJIEKAJICS W3 ammapara, paspylas TMpH 3TOM MacCuB Kokca. CrereHb
paspylleHHs] MacCMBa KOKCa B peakTope Oblla HE3HAYMTEIbHOH, a OCTaBIIYIOCS B
peakTope OCHOBHYIO YaCTh MacCHBa KOKCa BHITPY>KaJl BPYUYHYIO;

- TIpY TOMOIIM OOBEMHBIX PEIIETOK, yCTAaHABIMBAEMBIX BHYTPH aIllapara,

- C TIOMOIIBI0 MEXaHWYECKOT0 OYpeHUsl, BKIFOUAIOIIETO B ce0s HEeNbIii KOMIUIEKC
000pyI0BaHUS MO MOABEMY — OMYCKaHUIO M BpallleHHIO pabouero opraa;

- BBITPY3Ka KOKCa U3 anmaparoB ¢ TOMOIIBIO B3PHIBOB.

Bce mepeunciienHsie cocoObl OKa3anuch Maliod((HEKTUBHBIMU KaK C TOYKH
3pEeHNs] TEXHUKO-9KOHOMUYECKMX MOKa3aTelNel, Tak U B TUIaHE OXpaHe TPyAa U TEXHUKH
0€30MacHOCTH, MOXKapo — M B3pPBIBOOE30MACHOCTH. YUUTHIBAs OUYEHb CEPbE3HbIE
HEIOCTaTKM TMEepBOHAYAIBHBIX METOJOB BBITPY3KHM KOkKca H3 peakropoB Y3K, B

HacTosIed paboTe OHU HE pacCMaTPUBAOTCS.
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Hcnonp30BaHne cUCTEM TMAPABINYECKON BBITPY3KH KOKCa MO3BOJIMIIO PELINUTH
Lenbld psiag mpoOiieM: 3HAYUTENbHO CHU3UTh TPYJOEMKOCTh M TMPOJOJIKUTEIBHOCTh
BBIMOJHEHHUsI paboOT, CHHU3UTH JI0 MHHMMyMa T0Xapo — U B3PBIBOOMACHOCTD.
[IpumeneHne MeToJa THIPABIMYECKOM BBITPY3KM MaccHBa KOKCa M3 peakTopa
VMHUIMMPOBAJIO UHTEHCUBHOE Pa3BUTHE CaMOT'0 MPOIECcCca 3aMEITIEHHOTO KOKCOBaHUS.

['unpaBnuueckuii crnocod BHITPY3KH KOKCa U3 PEaKTOPOB KOKCOBAHMSI BIEPBbBIE
Ob11 ucnoab3oBad Ha Y3K CIHIA B 1938 rogy. C 3TOro MCTOpUYECKOrO MOMEHTA IO
Hacrosimee Bpemss Ha Y3K (kak 3apyOeHbBIX, TaK M OTEYECTBEHHBIX) MPUMEHSICTCS
TOJILKO THJIPABIMYECKUIN CIIOCOO BBHITPY3KH KOKCA U3 PEaKTOPOB KOKCOBAHMS.

IIpu  pewenun  Bompoca  NOBBIEHUS  3(G(EKTUBHOCTH  Ipolecca
TUIPaBIMYECKOrO yAalieHus: He(TSIHOTO KOKca M3 peakTopoB o0co0oe BHUMaHUE
YAETSIOCh COBEPUICHCTBOBAHUIO KOHCTPYKIIMHM THAPOUHCTPYMEHTOB. OCHOBHBIMHU
pa3paboTYMKaMyU KOHCTPYKIUH THIPOMHCTPYMEHTOB Ui YJaleHHUsT HEPTSIHOTO KOKca
u3 peaktopoB Y3K O6putn unctutytel BHUWHedTemann (r. Mocksa) u baitHUU HIT (r.
Ypa). CrenpamucraMd 3THX HHCTHTYTOB Obula paspaboTaHa Iieiast  Cepust
THIPOMHCTPYMEHTOB  Pa3NIMYHBIX  KOHCTpyKimil. [Ipomecc coBepiieHCTBOBaHUS
KOHCTPYKIUH THUAPOMHCTPYMEHTOB B TEUCHHE JIUTEIILHOTO BPEMEHU HOCHUI
3BOJIIOLIMOHHBIN XapakTep.

Jlist mepBeix Y3K nncturyrom BHUMHedTemam Obu1 pa3paboTad KOMIUIEKT W3
Tpex uHCTpyMeHTOB: Tuapoaonora ['J[-1 u ruapopesakoB ['P-1 u I'P-2. ['unpomgonoro
I'/I-1 G0 mpenHazHavyeHo it OypeHHs] HEHTPaTbHOW CKBa)XKMHBI B MAacCHBE KOKCA.
bypeHue neHTpanbHON CKBaXMHBI NMPOM3BOAMUIIOCH MATHIO OYypOBBIMHM COIUIAMH, W3
KOTOPBIX IIEHTpajibHOE HMeeT OypoBoe oTBepcTHe auamerpoM 12,0MM, a yeTbipe
OCTaJIbHBIX (PacIoJIOKEHHBIX MO YoM 45° k neHTpanibHomy) — nuamerpoM 10,0mm.
B xopniyce rugpononora I'J[-1 10n0JHUTENBHO MPETyCMOTPEHBI BA COMIA JUAMETPOM
3,0MM, C MOMOIIBIO KOTOPBIX JBE CTPYH HANpPaBISUIMCh Ha MacCHB KOKCa CHU3Y BBEpX
nox yraom 30° K BEPTHKAIBLHOM OCH M OBLIM MpeTHA3HAUEHBI IJIS MOJIPE3KH KOKca ¢
HENbI0 yNydllleHusl yclaoBui ero oOpymieHus. [locie mepBoi MPOXOIKH CKBa)XKHMHA
pacmmmpsiiace 10 1000...1200 MM, 3aTeM BBIKIIOYAICS HACOC BBICOKOTO JABJICHUS,
JEMOHTHPOBAIIOCH TUAPOJIOJIOTO, yCTaHaBIUBajcs ruapopesak ['P-1, kotopsiM auamerp
CKBOXHMHBI yBenumumBaim 10 1,6...2,0M. Beirpy3ka ocTajqpbHOM dYacTH KOKCa

IPOU3BOAMIIACH THApOpe3akom ['P-2.
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[Ipu wucnonp3oBaHMKM KoMIulekTa ruapouHcrpymento [/[-1, I'P-1 u I'P-2
HeoOXoauMo OBUIO B Tpolecce OCBOOOXKICHHS peakTopa OT KOKCa HEOJHOKPATHO
OCTaHaBJIMBAaTh HACOC BBICOKOTO JABJICHUS JJISi CMEHBI MHCTPYMEHTOB IIPU NEPEXOJE C
pekuma OypeHus: Ha PeXHUM pe3Kd U Hao0opoT B ciiyyae 0Opa3oBaHMs 3aBAJIOB KOKCa B
pasrpy304HOM JIIOKE€ peaKTopa KOKCOBaHMs. 3aMeHa MHCTPYMEHTOB TpeboBaiia
BBITNIOJTHEHMSI 3HAUUTEIBHOTO 00beMa TPYIOEMKUX paboT M OOJIBIIUX 3aTpaT BPEMEHHU.

C uenbro CokpalieHus TPYJOEMKOCTH paboT mo 3ameHe ruapopesaka I'P-1 na

I'P-2 BHUMHedremam paspabortan komOuHUpoBaHHBIN ruapopesak ['K, B koTopom
ObuTH cOBMeIIeHBI QyHKIMKU HHCTpYMeHTOB ['P-1 1 I'P-2.
[Ipn wucnons3zoBannn wuHCTpyMeHTa ['K pacmmpeHne CKBaKMHBI ITPOU3BOIWIOCH
HIKHUMH M CPEIHUMH coIulaMu. BepxHsist mapa comen B 3To BpeMsi Obula 3ariylieHa
npoOkamu. ['mapopaspylieHne OCHOBHOM MacChl KOKCa MPOU3BOAMIIOCH BEpXHEH H
CpEeIHEN Mmapou corel.

Onepanysi CMEHBI COIeNl MEHEee TPYJA0eMKa U 3aHUMAET MEHbILIE BPEMEHH, YEM
3ameHa ruapope3aka ['P-1 na I'P-2. Onnako, ¢ BHenpenuem ruapopesaka ['K, Bompoc
CHIKEHMsI TPYJOEMKOCTH, B Cllydae Mepexoja ¢ pekuma OypeHHsl Ha PeKUM PE3KH U
HAOOOpOT, KapJAWHaJIbHO He Obul  pemeH. B mocnenyrommx — pa3paboTkax
BHMMHedTemam KOHCTPYKIMH THUIPOPE3aKOB COBEPIIEHCTBOBAINCH, OBLT CO31aH
yauBepcanbHbii ruapope3ak (YI'P), KOTOpPBIM BBHINONHSINCH BCE OMEpalvu: OypeHue
LEHTPaJIbHON CKBAYKUHBI; pa3pyLIEHUE MACCUBA KOKCA M 3a4MCTKa CTEHOK PEaKTOPOB.

Hcnonp3oBanue YHUBEPCAIBHBIX T'MJIPOUHCTPYMEHTOB KOHCTPYKLIUU
BHUHWHedTemam CHU3MIO TPYyAOEMKOCTh PadOT, BBITIOIHIEMBIX OOCTYXHBAIOIIUM
IEPCOHAIOM, COKPAaTWJIO BpPEMs OCBOOOXKIEHHsI PpEaKTOPOB OT KOKCAa M OKa3alo
3HAUUTENIBHOE BIIMSHHME Ha pa3BUTHE IIpoLecca TUAPOYNAJICHHs M 3aMEJUIEHHOTO
KOKCOBaHUSI B 1ejoM. O/HAaKO KOHCTPYKLIMH OTHX pPE3aKOB HE OBLIM JIMIICHBI
HEJOCTaTKOB M C POCTOM MOTPEOHOCTH B HEPTIHOM KOKCE HE CMOIJIM YIOBJIETBOPUTH
TpeOOBaHUS MPOTrPECCUBHO PAa3BUBAIOIIETOCS MPOLECCA 3aMEAJIEHHOTO KOKCOBAHMSL.

JlanpHeliee pa3BUTHE KOHCTPYKLMM THAPOMHCTPYMEHTOB IOIYYWJIO B
pa3paborkax bammHWW HII, B KOTOphIX OCHOBHOE BHUMAHHE YJENSAJIOCH MOBBIIIEHUIO
TUIPOJIMHAMUYECKUX CBOWCTB CTPYM, CHIKEHHIO TabapuUTHBIX pa3MEpOB M Beca
MHCTPYMEHTA, YMEHBIICHUIO BPEMEHHU Ha MEPEKIIOYECHNE THIPOUHCTPYMEHTA C PEeKUMa

OypeHHsI Ha PeKUM Pe3KU U Hao0OopoT.
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Corpymaukamu bamtHUW HIT 6bu1 mpoBeneH 0oiblioil o0beM HaydHO-
HCCIIE0BATEIbCKUX pabOT, HAa OCHOBE KOTOPHIX OBLIO pa3pabOTaHO HECKOJIBKO
KOHCTPYKUMH KOMOWHUPOBAHHBIX M YHUBEPCAIBHBIX THUAPOMHCTPYMEHTOB: ['P 2-4,
I'Kb-1, TPY-2, T'PY-3P, T'PY-4P wu TIPVY-5/1-25 [2...6]. [l mOBBIIICHUS
KOMITAKTHOCTH CTPYH OBUTH HMCIIOJIb30BAaHBl YCIIOKOMTENIHM MOTOKOB BOJBI Pa3IMYHBIX
KOHCTPYKLIMHA M COIUIa YJIy4IIEeHHOW KOHQuUrypauuu. s nepexkirodeHus coren ¢
pexxrMa OypeHHs] Ha PeXHUM Pe3KH U Ha0OOpOT HCIONIb30BANICSA KIIAMIAHHBIA MEXaHU3M
nepeximovyenust ([PY-1A), mnpuHIMO JEWCTBHS KOTOPOro OBUI OCHOBaH Ha
peryiupoBaHuM Hamopa Bobl. OJTHAKO M3-3a THAPOOOPA3UBHOTO U3HOCA YIIJIOTHEHUH U
KJIallaHa HaJIe)KHOCTh pabOThl KIJIAMAaHHOTO MEXaHU3Ma NEPEKIIIOUEHUN OKa3aloch
HEYJIOBJIETBOPUTEIHLHOM, B CBSA3H C YEM B MOCJIEAYIOMIUX Pa3paboTKax B KOHCTPYKLHUSAX
THJIPOPE3aKOB Il TEPEKITIOUEHHs] comen OblT MCIIOJb30BaH PYYHOM MOBEPXHOCTHBIN
30JI0THUK.

B 1964...1968 ronax corpyaaukamu bamtHUW HIT 6w11 pa3zpaboTaH, UCTIBITaH
M BHEJPEH B MPOU3BOACTBO YHUBEPCANbHBIN ruapope3ak ['PY-2 [7, 8]. OtnnuurensHoi
0c00eHHOCTBIO KOHCTPYKLUH ['PY-2 0T paHee U3BECTHBIX SBISETCS UCIIOIb30BAHUE JUIS
(dbopMUpOBaHHUS KOMIMAKTHBIX CTPYH BEpPTHKAIBHBIX KOHYCHBIX CTBOJIOB  CO
BCTPOECHHBIMHM B HUX YCIIOKOMTEJSIMU MOTOKA U PYYHOT'O TIOBOPOTHOTO 30JI0THHUKA IS
TIEPEKIIIOUCHUST COTeNl ¢ pekrMa OypeHusi Ha pexuM pe3ku. [mapopesak [PY-2
AKCILUTYaTHPOBAJICS Ha OTCUECTBEHHBIX YCTaHOBKax 1m0 1975 rona [7,8].

C 1975 roga na oteuectBeHHBIX Y3K BBeneH B OIKCIUIyaTalldio THAPOpE3aK
I'PY-3P-170 konctpykimu bammHWUUW HIT, xoropslit mo nanHsiM aBTOopoB [7, 8] umeer
Ooyiee BBICOKHE TMOKa3aTelNd NpU OypeHHH IEHTPAIbHOW CKBaXHHBI (CKOPOCTH
MPOXOAKH — 110 2,5M/MUH), IO MTPOU3BOJUTEILHOCTH M TPAHYJIOMETPUIECKOMY COCTaBY
BBITPY’KAaEMOT0 KOKca.

Onnospemenno ¢ ['PY-3P-170 B bamHWW HII Owsima pa3zpaborana HOBas
KOHCTpyKIus rtugapokomiuiekca [PY-5/[-19 ¢ He3aBUCHMMBIM BKJIIOYEHHEM W
NEepEeKIIoUeHHeM OypHWIIBHBIX M PEXYIIMX comed, KoTopeid B 1976 romy mporen
NpOMBINUICHHBIE UcTbITaHUST Ha HoBo-bakmackom HII3 u Obl1 pekoMeHIOBaH IS
ucronp3oBanus Ha npyrux Y3K [2, 3, 7].

[IpoMbIlsieHHBIE UCTIBITAHUS U SKCIUTyaTalMsl THIPABINYECKUX UHCTPYMEHTOB

koHCTpykimn bammtHWM HII BeISIBWIIM MX TPEUMYIIECTBO HE TOJIBKO TIEPE] paHee
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NPUMEHSBIIMMUCS OTEYECTBEHHBIMH, HO W JIYYIIUMH 3apyOeKHBIMH OOpa3amH.
CrnenyroluM  3TanoM pa3BUTUS  OOOpYJOBaHUS JJsi TUAPOYJAJCHUS SBUJIAUCH
paszpabotku bamHWUW HIT ruapopesaka I'PY-3P-250 u ruapokomiiekca ['PY-5/1-25
JUIsl KpYTTHOTOHHAKHBIX YCTAHOBOK C peakTopaMu nuamerpom 7...8m [2, 3, 7].

Cnenuanuctamu bammtHMUM HII, BHecmiuMy 3HAYUTENLHBIA BKJIAX B CO3JAHUE
KOHCTPYKUMUA THAPABINYECKUX HHCTPYMEHTOB, sBIsAOTCA K.T.H. [loxomenko H.T.,
K.T.H. bpona3 b.1. u n1.1.H. Ky3nenos B.A.

HecmoTpss Ha 3Ha4yWTenbHBIM TMporpecc B OOJACTH COBEPIICHCTBOBAHUS
THJIPABIMYECKUX MHCTPYMEHTOB, PaOOTHI B 3TOM HAIMpPABJICHUH HE MPEKPAMIAIOTCS JI0
HACTOSIIIIETO BPEMEHH, YTO CBHUJICTEIBCTBYET O HAJWYMM HEPEUIEHHBIX MpoOJIeM B
MAaHHOW 00JacTH. DTO CBSI3aHO TaKXE€ C MOBBIIIEHHEM €IMHUYHON MOIIHOCTH
otedecTBeHHBIX Y 3K, B cOCTaBe KOTOPBIX CTAJM UCIOJIb30BATHCS PEAKTOPHI TUAMETPOM
7,0M, a TaKKe C COKpalleHHeM IHKIa paboTel peakTopoB a0 48 dacoB. DTu
00CTOSATENTLCTBA BBIABUTAIOT HOBBIE TpeOOBaHMS K TMPOIECCY THAPABINYECKON
BBITPY3KM KOKCa W3 PEAKTOPOB, OCHOBHBIMH H3 KOTOPBIX SIBJIFOTCS: YBEIWYEHUE
MPOU3BOAUTEIIBHOCTH CHUCTEM, CHH)KEHHME DSHEpro3arpar M YBEJIMYEHUE BbIXOJA
KPYITHOKYCKOBBIX (3JIEKTPOAHBIX) (ppakiiuii He(TIHOTO KOKca.

AHanmu3 HAay4YHO-TEXHWYECKOM W IIATEHTHOM JIMTEpaTypbl ITOKa3bIBAECT, YTO
NEPCIEKTUBHBIE  TUIPOMHCTPYMEHTBI  JOJDKHBI  OOECeuMBaTh  THIPABIUYECKOE
pa3pyllieHHe KOKCa B PEAKTOpPEe C MHUHUMAJIbHOM TIUIONIAJbI0 KOHTAaKTa CTPYH C
MacCHBOM KOKCa, MaKCUMAJIbHOM CKOPOCTBIO (SHEPTHEN) CTPYH U CHHDKEHHUEM BPEMEHH
KOHTaKTa CTPYHU JI0 MOMEHTA pa3pyllIeHUs KOKCa. YBEIUUYEHUs] CKOPOCTH CTPYU MOKHO
OOUTHCS TyTEM TMOBBIIMICHUS AABJIEHUS >KUJIKOCTH WU CHW)KEHHS THIPaBIMYECKOTO
conpotuBnenusi. CrenoBaTeNbHO, MpPH pa3paboTKe HOBBIX KOHCTPYKIHMH OyIyT
UCTIONB30BAThCS  pa3NU4YHble  OOTeKaTenu, CMa3Kh U YCHOKOWUTENH  CTPYH.
OnHoBpeMeHHO OyayT COBEpIIEHCTBOBATHCS HMCTOYHUKH DSHEPrHMHM, TaK Kak C
YBEIIMYEHUEM JABJICHUS KUAKOCTH MOBBIIIAETCS MOLIHOCTh NMPHUBOAOB. IOCKOIBKY B
HACTOSIIIIEE BpEMsI SKOHOMUSI 3HEpPro3aTpar SIBJIAETCS OJHMM W3 PEIIAIONINX YCIIOBUH,
TO BO3MOXHO TPUMEHEHHME AaKKyMYJSTOPOB JHEPruM, Hampumep, B BHIE
MEXaHUYECKOTO MaxOBHKa, WM TpeoOpa3zoBaresied HU3KOMOTEHIIMAIBLHON HHEPTUU B
BBICOKOITOTEHIIUAIBHYI0, HAIPUMEp, WCIOJIb30BAHUE THUIAPABIMYECKOTO TapaHa B

CTpyHHOU TEXHHUKE, yJIbTpa3ByKa B P€30HAHCHOW YacToTe, BUOpAIMH U T.J1.
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CHmXeHHEe BPEMEHHM B3aWMOJCUCTBUS CTPYH C TPETpagodl TpPHUMEHSETCS B
pa3paboTKe HMMITYJIBCHBIX HHCTPYMEHTOB. MITyJbCHBIE THAPOWHCTPYMEHTHI HMEIOT
OOJIBIIION KJIACC THITOPA3MEPOB, UCTIONB3YIONINE pa3IMYHbIE BUIBI SHEPTUU OT BaKyyma
10 B3pbIBa. JlanpHeillee X COBEPUICHCTBOBAHUE OYJET MPOUCXOIUThH B HANPaBICHUU
TIOBBIIIICHYS HAJIE)KHOCTH MEXaHU3MOB CO3IaHUS UMITYJIbCA.

[lepcrieKTUBHBIM HAIPaBICHHEM HHTEHCU(UKAIIMK TpoIecca THAPOYIAICHUS
KOKCa W3 PEaKTOPOB OOJIBIIMX TUAMETPOB SIBJISIETCS CO3/IaHUE THIPOMHCTPYMEHTOB C
W3MEHSIOIIMMCS BEUIETOM COIIEN, C HENbI0 UX MPUOIMKEHUS K pa3pyliaeMoOMy MacCUBY
KOKca. M3BecTHbIC crmoco0 W yCTpoiicTBa, peanmsyromie dToT npuniun [9, 10],
PeIyCMAaTPUBAIOT OYpPEHHME MEHTPATBLHON CKBAXKHHBI M TIOCICIYIONIME pa3pylicHUE
MacchBa KOKCa BEPTHUKAIBHO HAIPABICHHBIMH CTPYSMH BOJIBl C TPUPANICHUEM H
panuajgbHBIM TIEpPEeMEIIEHHEM COMeNl THIPOMHCTPYMEHTA TMOCie KaKIOW MPOXOIKH.
I'uIporHCTPYMEHT BBITIOJIHEH B BHJIE TIAPHI COTEN MIAPHUPHO 3aKPETJICHHBIX HA IITAHTe
U CHa0XXEHHBIX MEXaHHU3MOM yIpaBjieHHs. Beirpyska kokca (mociae mpoOypuBaHHS
CKBOXHWHBI)  MPEIyCMAaTpPUBAeTCs  METOJOM  Hape3aHWs B  MacCHMBE  KOKca
WIMHIPUYECKUX KOJell BEPTHKAIbHO HaIPaBJICHHBIMH CTpysSMHU BoJbl. OOpyiieHue
KOJICIl CYMTAETCS BO3MOXHBIM 3a CUET KWHETHYECKOW JHEPTUU BBICOKOCKOPOCTHBIX
HAllOPHBIX CTPYH, WCTEKAOIIMX W3 COMeN THIPOWHCTpyMeHTa. OOpymieHUIo
MPETSATCTBYET IMWIMHAPUYEcKas GpopmMa cPOpPMHUPOBAHHBIX KOJICI] U WX OOJBIION Bec.
DT0 00CTOATEIHCTBO OTPAaHMYMBAET TONUIMHY Hape3aHHbIX Kouserl 10 100...150mwm.
VYeenudenue Tonuubl cios 10 300...600MM, Kak 3TO NpeayCMOTPEHO maTeHTaMu [9,
10], ¢ menbi0 yBETWUYEHHUS BBIXOJA KPYMHBIX (Dpakiuif, AemaeT ero cXojJ C MacChBa
NPaKTUYEeCKH HEBO3MOXKHBIM IPH CYIIECTBYIONIMX JIABJICHUAX U pacxoaax Boabl. Kpome
TOTO, MPU pPe3Ke KOKCa KOJIBIEBBIMU IWIMHIPUUYECKUMHU CIOSMHU «CBEPXY — BHHU3»
3aTpyIHEH CTOK BOJBI M3 CHOPMHUPOBAHHBIX CTPYysIMH Ma30B. [loaromy paspyiieHue
KOKca Oy/IeT OCYIIeCTBISATHCS 3aTOIUICHHBIMH WIIM TIONY3aTOIJICHHBIMH CTPYSIMH, YTO
3HAYMUTENILHO CHUXAET 2P (HEeKTUBHOCTH TpoIiecca.

[Ipr wcnonb30BaHUM THIPOMHCTPYMEHTA C W3MEHSIONIMMCS BBUICTOM COTIEI
[10] HeoOxomuMo oOecrieunBaTh rapaHTHPOBAHHBINA 3a30p MEXIAy MAacCHBOM KOKCa U
THIPOMHCTPYMEHTOM (BBIIBUTAIONIUMHKCS COTUIAMH), KOTOPBIH MOXET ObITh 0OecreueH
YBEIIMYCHUEM paJHaJIbHOTO pa3Mepa Hape3aHHBIX IMa30B. PacueTsl MOKa3bIBAIOT, YTO

pasMCp 11a30B OOJIKCH ObITb He MeHee 150MMm. DToO O3Ha4acT, YTO MIIHWPHWHA IIa3a
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MPEBBIIACT TOJIIMHON BHICTyINA KOKCa, C(POPMHUPOBAHHOTO B IMpOIIECCe THUAPOPE3KH, U
rapaHTHPYET BBIXOJ MaJIONEHHBIX Menkux (pakmuii 6onee 50 %. Takum obOpazom,
JTAHHOE YCTPOMCTBO HE MOXET OBITh 3(PPEKTHBHO HCIOIB30BAHO, ITOCKOIBKY HE
o0OecrieunBaeT yBEJIUYEHHUS BBIPAOOTKM DIEKTPOIHBIX (PaKIMi KOKca, HEOOXOIUMYIO
MIPOU3BOIUTEILHOCTD U HAJIC)KHOCTH €0 PabOTHI.

Taxum obpazom, co3nanach CUTYyaIus, Korjia KOHCTPYKIIUH
THJIPOUHCTPYMEHTOB  TMPAKTHYECKH  WCYEPNATd  BO3MOXKHOCTH  JAJIbHEHIIETO
COBEpIIICHCTBOBAHUS MPHU TPATUIIMOHHOM TOIXO0Je K UX pa3paborke. OcHaiieHHe
THJIPOMHCTPYMEHTOB  CTAIlMOHAPHBIMH  COTUIAaMH  HE  TO3BOJISIET  ONTHUMAIBHO
WCTIOJB30BaTh DJHEPTeTUYECKHE CBOWCTBA CTPyH M OOYCIaBIMBAeT HapacTaroliee
nepen3MeNbueHre KOKca B Mepr(epHiHbIX 30HaX PEeaKkTopa, Tlie CKOHIIEHTPUpPOBaHA
OCHOBHas 4acTh KokcoBoro MaccuBa (80...85%). Dto oOycnaBnuBaercs TeM, 4TO B
MpOIECCe YBEIMUEHHUSI JUaMeTpa CKBAXKMHBI PACCTOSIHHE OT Cpe3a CTallMOHAPHOTO
comjia JI0 MacCuBa IIOCTOSHHO YBeJIWYMBaeTcs W B 5...8 pa3 mpeBbImIaeT IMHY
HanOoJiee KOMIAKTHOTO M JHEProeMKOTr0 HA4ajbHOTO y4YacTka cTpyu. VCKIrOUnTh
OTpUIIATENILHOE BIIMSHUE PACIIUPEHUS THAPABIMYECKUX CTPYH U CHUKEHHUS UX
SHEPTrOEMKOCTH B 30HE 320051 MOXKHO JIUIIIb MPU UCIOIB30BAHUN THAPOUHCTPYMEHTOB C
M3MCHSIOIIMMCS BBIJICTOM COIUIa. B 3TOM cilydae TpenoCTaBIIIeTCS BO3MOXKHOCTH
WCTIOJIB30BaTh HauboJIee YHEPTOEMKYIO YacTh CTPYH — €€ HadalbHbIH Y9acTOK, YTO TPHU
BCEX MPOYMX PABHBIX YCJIOBUAX CYIIECTBEHHO YIYUYIIUT TEXHUKO-DKOHOMUYECKHE
MOKa3aTeNH Mpoliecca THAPABIMYECKOro yajJeHus Kokca u3 peaktopoB 1 Y3K B nienom
32 CYET YBEJIHMYEHUS BBIXOJA DJIJIEKTPOJMHBIX (PAKIUH KOKCa, TMOBBIIICHUS
MPOU3BOIUTEIILHOCTH U CHIDKEHHS DHEPTETHUECKUX 3aTpaT. Mcrmonp30BaHue MPUHIIATIA
NpUOIMKEHUS COTIeN K MACCUBY KOKCa MO3BOJISIET CHU3UTh MOIIIHOCTh HACOCa BBICOKOTO
naByieHus: (MPUMEPHO B 2 pasa), YBEIMYHUTH MPOU3BOAUTENIbHOCT, Y3K M yaydimuTh
IpaHyJIOMETPUICCKUI COCTaB KOKCA.

Co3manue W BHEJAPEHHE B MPOU3BOACTBO THAPOWHCTPYMEHTOB C IEPEMEHHBIM
BBIJICTOM COIUIA CIEPKHBACTCS HEOOXOJUMOCTBIO PEIICHUS CIIOKHBIX TEXHHUUYECKUX
3a/a4, 00yCIIOBICHHBIX CHEIM(PHUKON Mpollecca TUAPABINYECKOr0 YIAICHUS KOKca W3
peakTopoB Y3K: HEBO3MOXXHOCTh OCYHIECTBJISTH BHU3yallbHOE HaONIIOJeHHE 3a
TMHAMUKOW pa3pylIeHHss MacCHUBa KOKCAa, HETOCTOSHHBIN JHaMeTp CKBaKWHBI 10

BBICOTC pcCaKTopa. Hepe‘II/ICHCHHHC Q)aKTOpLI CACPIKHUBAIOT CO3JaHUC W BHCAPCHHUC

O Hedrerasooe aeno, 2006 http://www.ogbus.ru



JaHHOTO TUIla THAPOWUHCTPYMCHTOB. O,Z[HaKO pa6OTBI B OTOM HalpaBJICHUHU HC
npekpamiatorcss Aropom [11] mpeyiokeHa KOHCTPYKLHUS THIPOMHCTPYMEHTa C
pa3IBMKHBIMU COIUIAMH, B KOTOPOW CTpyehOPMHUPYIOIIUE CTBOJBI BBIMOJTHEHbI
ITOBOPOTHBIMU B BEPTUKAJIBHOM IIJIOCKOCTH. B ciydae nmazeHus KyCKOB KOKCa ¢ BEpXHEU
YacTU peakTopa oba CTBOJA MOBOPAYMBAIOTCS OTHOCUTEIHLHO TOPU30HTAIBHOM OCH,
0CBOOOXIast TPOCTPAHCTBO JJIS MPOXOXKIACHUS KOKCa K pa3rpy30u4HOMY JIFOKY PEaKTopa.
[locne mnpoxokaeHuss KYCKOB C TOMOMIbIO CIEUHUAJBbHOTO YCTPOMCTBA CTBOJIBI
BO3BPALAIOTCS B TOPU3OHTAIBHOE MOJIOKEHHUE.

[Ipu Bcell mNPUBIEKATENBHOCTH JAHHOW KOHCTPYKUMH THApPOpE3aKa €ro
3¢ PeKTUBHOE WCIOIB30BAaHUE HE TPEIOCTABISETCS BO3MOXKHBIM TI0 CJIEAYIOIIUM
00CTOSITENECTBAM:

- B JQHHOM YCTPOMCTBE BpAILEHHE CTBOJIOB II0J BO3JACHCTBUEM BHEIIHUX
yIApHBIX HAarpy30K BO3MOKHO TOJIBKO B BEPTHUKAJIBbHOM MNIOCKOCTH. B TO e BpeMs mipu
BBITPY3KE KOKCa paJuajbHble pa3Mepbl CKBaXHHBI HE MOTyT (opMHpOBaTHCS
NPaBWJIBHOM TeoMeTpuyeckoil ¢GopMbl, B CBA3M C YeM BO3MOXKHO 3aKJIMHHUBAaHHE B
TOPU30HTAJILHOW INIOCKOCTH CTBOJIOB U UX IIOJIOMKQ;

- TIpU MAJICHUH KYCKOB CBEPXY Ha Pa3JBHKHBIE COIJIA MOTYT OBITh pa3IUYHbBIE
BapUaHThl X KOHTaKTa. BO3MOXXHO MajieHne Kycka Ha OJIHO COIUIO C OOJIBIIION BBICOTHI
U ¢ OONBIION CKOPOCTHIO MaJeHHs, YTO MOXKET MPHUBECTH K IOJOMKE CoIlia JIMOo K
PE3KOMY OTKJIOHEHMIO IITAHTH OT BEPTUKAIBHON OCH C MOCIEIYIOIINM yAapOM BTOPOro
coIia O MaCCUB KOKCa | T.J.;

- TpU BBICOKHX CKOPOCTSIX TMaJeHUs KPYMHBIX KYCKOB OOJIBIION Macchl
INPUMEHSEMOE TOPUIHEBOE YCTPOMCTBO, B CHUJIy CBOEH WHEPIUOHHOCTH, HE MOMKET
OBICTPO TIEepeMeIaThCsl, OCBOOOXKAasi MPOXO MaJAIoIUM KyCKaM H, CJIEIOBaTeNIbHO,
OyzaeT nmoaBeprarbesi OOJIBIINM yIapPHBIM Harpy3Kam.

OI[HaKO y HECMOTpPA Ha OTMCUYCHHBIC HEOOCTAaTKH, HC IIO3BOJJIAIOIIUC
WCIIOJIB30BATh TAHHYI0 KOHCTPYKIUIO B TPOMBILIUICHHBIX YCIOBHSIX, CIEAYET OTMETUTB,
BXHOCTh JTOM pa3pabOTKM Kak OJHOTO W3 OSTaloB TOMNBITKH  CO3JaHUS
THJIPOMHCTPYMEHTOB C COIUIaMH, MPUOIIKAIONIMMHUCA K MAacCHBY KOKCa TpU €ro

PaspymicHU BLICOKOHAIIOPHBIMU CTPYSIMHU.
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AHanu3 Hay4YHO-UCCJIENAOBATEIbCKOM W TaTEeHTHOW JUTEpaTypbl MO3BOJISET
CeNIaTh BBIBOJI, YTO B OJFDKaMIIel MEepCrEeKTHBE B COBEPIICHCTBOBAHUN KOHCTPYKITUH
THAPOUHCTPYMEHTOB MOTYT OBITh HCTIOJIb30BaHbI CIACAYIOIINE OCHOBHBIC HATIPABJICHHMS

- WCIIOJIb30BaHUE PA3JIUYHBIX METOJOB BO3ACHCTBUS Ha pa3pyllaeMblii MacCUB
KOKca: yJiap, KyMyJisiliisi, KaBUTallMs, pacKalbIBaHUE, CPE3, U3JI0M, pa3pbiB, BUOpALIHS;

- HCTOJB30BaHHWE PA3JIMYHBIX BUJOB CTPYH: HEMpPEpbIBHAs, MPEPHIBUCTAS,
OJIMHOYHAs, MHOTOCTPYHHasl, ogHoda3Has, MHOro(da3Has, CTpys B CTpye, UMITYJIbCHAs,
BUOpUpYIOIIas;

- HCIIOJIb30BAHHME PA3IMYHBIX BHUIOB COMEIN: IWIMHApHUYecKue, auddysHble,
KOH(Yy30pHBIC, OBaJIbHBIC, TIJIOCKHE, BUHTOBBIE, KOHCHUIAIBHBIC, C YCIIOKOUTEIEM, C
BO3OyAHWTENIeM, C BOPCOM, D3JIaCTUYHBIC, CO CMa3KOW, C THAPOMOAIIAITHUKOM, C
ra3oMo/AMIUITHUKOM, ¢ 00TEKaTeIeM, C aHTH3aBUXPHUTEIIEM;

- MCMOJIb30BaHUE PA3IUYHBIX KOHCTPYKTUBHBIX MATEPHAJIOB ISl U3TOTOBIICHUS
CONEJ: CTallb, IBETHOW METajul, CIUlaB, METaJUIOKEpaMHKa, KOpPYHH, IIacTMacca,
pe3uHa, HEHbIOTOHOBCKAsI Macca;

- COBEpIICHCTBOBAHUE KOHCTPYKIMU THIPOMHCTPYMEHTa B IEIOM OyaeT
HaIpaBj€HO Ha! YJIYy4ylI€HHWE KOHCTPYKIHMH BOJIOMOJBOASAIIMX KaHaJOB K COIUIaM,
pElIEeHHEe  BONPOCOB  JHWCTAHUMOHHOTO  YINPABJIECHUS  PEXKUMAMU  IIpollecca
TUAPOYAAJICHUS; MEXaHU3AIMK W aBTOMATH3allUN TIEPEKITIOYCHUST OYPOBBIX U PEKYIINX
coren; co3fanue 60see COBEPIICHHBIX THAPOMHCTPYMEHTOB € Pa3/IBUXKHBIMU COTUIAMH;
ONTUMU3ALNIO B3aUMOJIEUCTBUSI BBICOKOHATIOPHBIX CTPYM C MAacCHMBOM KOKCa IyTEM
W3MEHEHUSl yrJla B3aWMOJICHCTBUS C pa3pyllaeMbIM MacCHUBOM KOKca; pa3paboTKy
WHCTPYMEHTOB THAPOMOHUTOPHOTO THIIA U C PEAKTUBHBIM MPUBOIOM BpaICHHUS.

JlanpHEUIIMM HAayYHO-TEXHUYECKUH TMPOrpecC B  TOBBIMIEHUUA TEXHUKO-
SKOHOMHYECKUX TIOKa3aTesel paboThl THAPOUHCTPYMEHTOB OyIE€T UATH TaKXKe 10 MyTH
yBEIMYCHUST TIOTHOCTH cTpyH (p), ckopoctu ctpyu (C), oobema xwumkoctu (V),
naBieHUs KUAKOCTH (Py) M yMEHbBIIIEHHS IO Id KOHTAKTa CTPyH ¢ mperpanoi (S),
BpeMs aeticTBus ctpyH Ha nperpaxny (T), mmuael crpyu (L) — paccrostHue OT cormia 10
Tperpajibl U yriia packpeITus cTpyu (o).

PacueTsl moka3biBaroT, 4To HamOolee dPPEKTUBHBIMYU HAMPABICHUSIMH TATBHEUIIIETO

COBCPHICHCTBOBAHUA THAPOMHCTPYMCHTOB  ABJAKOTCA  YBCIWMYCHHUE CKOPOCTU U
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YMEHBIICHUE yTJIa PACKPBITHS CTPYH, COKpAILEHHs] PACCTOSHUS MEXIY CPE30M COTlia U
MacCHBOM KOKca.

Jis  gocTukeHHsl TMoJIokKHUTenbHOro 3ddexkra HeoOXoaumMo T00MBaTHCS
MHUHHMMAJIBHOTO TSITHA KOHTAKTa CTPYHM C MPErpazoi, MaKCUMaJIbHON CKOPOCTH CTPYH H
CHWKEHUSI BPEMEHHU B3aUMOJCUCTBUSA CTPYH C NIPIpasoin.

YMEHBIIUTh TSITHO KOHTAaKTa MOXHO, MPHUMEHSS KOMIIAKTHBIE CTPYH, HampuMmep,
KyMYJISITUBHBIE.

VBeNIWYEeHUsT CKOPOCTH JKHJIKOCTHOM CTPYH MOXKHO JIOOMTBCS IyTeM
YBEIUYEHUS JaBICHHUS JKUAKOCTH M CHIKEHHS THAPABINYECKOTO COMPOTHUBIICHUS.
CrnenoBarenbHO, OyIyT UCIIOJIB30BATHCS Pa3IMUHbIE OOTEKATENN, CMA3KH, YCIIOKOUTEIU
cTpyi. OJHOBpEMEHHO OyAyT COBEPIIEHCTBOBATbCS MCTOUYHUKU SHEPIHM, TaK Kak ¢
YBEJIMYEHUEM JaBJICHUS KUIKOCTH MPONOPLHUOHAIBHO PACTYT U MOLIHOCTH MPUBOJIOB.
[TockonbKy SKOHOMHS HEPro3aTpaT SBISETCS OJHUM U3 PEIIAIOUINX YCIOBHUH, TO, KaKk
MOKa3aHO paHee, BO3MOXKHO IOSIBJICHHE aKKyMYJISTOPOB SHEPruH, HAIpUMEpP, B BUJE
MEXaHUYECKOT0 MaxoBUKa M TpeoOpazoBaTesieil HU3KONOTEHLMAIbHON SHEPrUuu B
BBICOKOTIOTCHIIMAJIbHYIO  (MCIIOb30BaHUE THAPABIMYECKOTO TapaHa B CTPYHHOM
TEXHHKE, yJIbTpPa3ByKa B PE30HAHCHOHM yacToTe, BHOparmu U T.1.). [10MOXKHUTENbHBIN
3¢ (deKT MOXKET 1aTh CHUXKEHHE BPEMEHH B3aUMOJICUCTBUS CTPYHU € MIPETPasioi, KoTopoe
MOJKHO  pealu30oBaTh [P MCIOJb30BAaHMM  HMMITYJbCHBIX  THAPABINYECKUX

HHCTPYMCHTOB.
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