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Pa6oTa BHITQnHeHa COBM6CTHO COTPY~HftKaMH ~a6opaTOpKK BHCOKHX 

8Hepr:J!Jt, ~6opaTOpJIJI BH'DICJIJI!TeJI:OHOI T9XHJIKJl J1 8BTOMaTJ188.UU 

H. MJicrHryra ~3HKH BHCOKJIX 3HeprHII: AH Kaa.CCP. 

EemiKIIH B.M., BIITTIIOi!:eB c.M. II ilPo 13 ~ 7878 

CIICTeMa raaoooecne•IeHIIS! CTp!IMepHbiX II TpeKOBbiX IICKpOBbiX 
KaMep oOnbiiiOro Oo'beMa CKr-Eo 

0II!IC8H8 CIICTeMa raaoooecrreqeH!IS! lfCKpOBbiX II CTpUMepHbiX KaMep 
oonbiiiOrO oo'beMa, paapaooTaHH8S! ilnl! yCTBHOBOK CKM-200 II AllPOH-44. 
· raaoo6ecrreqea1Ie. KaMepbi rrpo!I3BOiliiTCS! rryTeM rrpoAyBa paoo'lero 
raaa qepea KaMepy, c6opa era B 6annoHbi II nocne)lyromeA pereaepauiiii 

IIOil )laBneHIIeM, 3 
H oMIIHanbHal! rrpoii3BOiliiTenbHOCTb CIICTeMbi 3 M /qac. KoacTpyKTIIBHO 

OH8 ocymeCTBneHa B B!IIle OT)lenbHbiX !jlyHKUIIOHanbHb~X onOKOB, 

CooomeHHe 061.e~HeHHOro HHCTHTYTa li.QepHbiX HCCJie.llOB8.HHA 

,lly6Ha, 1974 

C0I974.01foel)unennwrl uncauaya Jll)epnwx u~cJt;l)osanurl AY6~a 
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0.l{Hl~M liS HaJI60Jiee CY1119CTB9HHNX qaKTOpoB, BJI~ HS xapaKTe

pliCTXKX RaMepH, ~CR ~CTOTS H TIOCTORHCTBO COCTaBa rasa B Hel. 

KaK TIOKaSHBaeT OnHT npHMeHeHJI.Il KaMep B ipKSli'l9CKRX 8KCnepJIM9HTax, 

TPY~Ho pacctiKTHBaT:o Ha xsroToBJieHKe KaMepH, nepBoaaqan:oHHII: coctaB 

raaa B KOTOpOII: He H3U:8HSinCS: OH no T9M RJIR HHHM npKtmHaM, o6yCJIOB-. 

Jl8HHUM raaoB~eJieHKeM HS WBOB H CT9HOK RaMepbl; npo~KTaMK pa3JIOllt9HIDl 

npBMecea noi ~e!CTBH9M 3Jl9KTpH'l9CKOrO pas~a H RaTeKSHH9M B KaMepy 

KOMITOH6HTOB OKpy.Ka~el cpe~H, 06HtiHO BOS~yxa, ' 

~0 Mepe pa3BHTHR'li npHMeHCHIDl HCKpoBHX·H CTpHMepHHX KaMep B 

T9XHJIK9 ~3R'l9CKOrO 8KCrrepnMeHTa paCTYT paaMepH HX tiYBCTBHT~l:OHHX 

06'b9MOB X ,MK CJie~CTBHe, Cyr.!M8pHble llJIOlli~ J;'6PM9TH3JipylOlllWC, 06lltiHO 

TORKKX,cTeHOKo llpH 8TOM OCHOBHO~ npHtiHHOI 3arpaSH~HHff.ra30BOrO 

HanonHeHHR KaMepu RBJiaeTCR HaTexamie.-

0nRcHB8eMaR: Hllllte CRCTeMa paspa6oTaHa wm raaoo6ecnetieHJISI ~Byx

MeTpoBol CTpiMepKo! KaMepH /I/ ycTaHOBKK. CKM-200 H xowmexca 6oJI:o

iox Tp6KOBHX RCKpoBHX KaMep / 2/ YCTaHOBKK "AnpOH-44" • , 

llpoCTeftmxM MeTO~OM raaoo6ecnetieHHH Kav.epH HBJ1H6TCH ITOCTORHHHI 

npo~ tiepes Hee rasa aai:taHHoro cocTaBS. CKopoc~:o npoToxa Q (nfqac) 

npH :UPO~yBe KaMepu· o6'J>eMOM V (JI) 38BHCl'IT OT BeJIU'lHHH 

HaTeKSHHR Bos~a m (% o6'beMa KaMepH/tiac), ypoBHR: ero con;epJKa-
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- ~onycrJIMWt ypoBem. co~eputmH Bos.zcrxa B RaMepe. 

ITepBoHa~an:&HaH saMeua BOS~oro Hano~eHKH KSMepa npa npo~-

ne sa npeMR t(~ac) rpe6yer pacxo~a rasa B cooTBeTCTBXI c /J/ 

y = roo exp < - ..9!- > %. 
Vc 

OTc:Qita C.lle~eT, ~o yxe .ItJUI nepnoua~a.ll:&m>ro HaiiO.llHelDVI RaMepa ~axe 

npx OTCYTCTBJDI HaTeKaHJUi rpe6yeros: npo~:& ~epes uee ORO.llO ~0 · .. ocn.e

MOB .~CTOro rasa .ItJU[ OBIXeHIH ypoBHH co~epzaHIH BOS~a-~o 0,0!% 

o6t.eMa. 

llpH ope~HeM ypoBHe HST8KaHXH BOS~a 0,005% B ~ac B KaMepy 

o6t.eMOM !000 ~TpoB He06XO.!(IMO no~ePEIB&T:& npoTOK rasa Beni~OI 

500 JI/~ac ( Y = 0,0!%), ~0 npll OOBpeMeHHOit OTOXMOCTJI, HSIIpliMep, 

HeoHa oco6ol ~CTOTH, Tpe6yeT su~TeJI:&HilX pacxo~oB. C noBame- . 

uxeK ypoBHSI oo~epelDVI :Bos~a B O"I:PJIMepHo:A It&Mepe ~o O,I%, .~o 
s:Bns:eTCH B~Oit, 6JIJISROI It np~,IteJI:&HO ,ItOnyCTJIMOI, pacxo~ li< 

rasoo6e6ne~eHJie Bee xe · ocr~mcs: o~eHJ> 6oJI:&IIIJIMH> noaTOMY .ItaHHHI cno

co6 B.HaCTOJllllee npeMR xcnoJI:&syercs: o~em. or~eHHo. 

illHpoitoe pacnpocrpaueHJie no~ nxpxyxaiUtOBHHI .cnoco6 rasoo6ec

ne'!eHJIH · 13 , 'fl, np:a: ROT~poM sarps:sHeHHHA ras, naxo~l xs · KaMeps, 

cHoBa nocrynaer B uee, npe~BapxTeJihHO npoxo~ ~epes cne~ax:&HHe 

ycTpoAcr~; co~epJitB.IIlHe Bell!eCTM, xopomo norJIOII!aJOOtl(e KOMnOHeHTH 

BOS.ItYXS (aKTRBHpoBaHHHI yrolf.i,,. UeOJIHTH li JtarpeTHe MeTaJIJill) • 

06JI8,!taSI orrpe~MeHHHMH ,ItOCTOJIHCTBBM1I, IlliPKYJIS1UiioHHHI crroco6· 

He o6ecrie~BB.eT_ Tpe6yeMoro ·IIOCTOHHCTBa COCTaBa rasa B itaMepe, TaK 

KaK a~eKTliBHOCT:& ycTpoiCTB O'IliCTKH SaBliCIT OT KQRX'!eCTBa npoiTYII!eH

HOrO '!epes HIX rasa. 
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Ocuonol paspa6oraHHoA cxeMH rasoo6ecne~eHas:s:Bns:eTcs: HenpepHBHHn 
' - _, • . . -. . - ;:'. J . . . . . . ~-" • • .• 

npo~ KaMepa pa6o~ rasoM co c6opoM x pereuepanxeR ero no~ ~aBxeHH-
• - • . ·- r • - ,• 

eM, ~0 SHa~TeJI:&HO IIOBH!IIaer ~eKTl!I:BHOCT:& O'IRCTRH. llpJrtieM Ha BXO.rte 
- . . ~ . . . 

MO:EeT 6HT:& sapaHee oos~aH ~ooraro~o 6on:&moA sanae rasa, ~o ~aer .. 
,- . . ·-··· -·. . . . . -·-· . 

BOSMO:EHOCT:& no~e~IBaT:& IIOCTOJIHCTBO ero .· OOCTaBa B ItaMepe. B Te-qeHJie-
~ ~ . . . ' . . . . . ) - ' _. 

.JVU!TWHOro BpeMeiDI 6es pereuepaiUtH. PereHepa.u;IDI rasa B _cRcTeMe Mo-

xeT OCYmeCT~T:&CS: Kalt O~OBpe~eHHO C 31tCnepHMeHTOK,TaK H IIOCXe 

ero npoBe~eHHn •. 
.t' 

CKcTeMarasoo6ecne-qeHis: BHnoJIH~Ha ~ ~e O!.It~:&HHX ~YHKURO~ 

HM:&HHX YSJIOB, KOTOp~e n~OCT:&l!l aBTOHOMHH, '!_TO_ ~aeT BOSMO:EHOCT:& 

B C.llyqae_H8,l{06HOCTH pasHeCTX nOCTH rasoo6ecne'!eHHH KaMepH ~ pere

Hepamm rasa. B .CHCTeMY BXO~JiT ·· '!eTHpe. ~SJIH~ no HaSHatteHHI!l ~YHK

UJ'IOHM:&HHX ys_.na, CMOHTRpoBalmwc }Ia nO,ItBl'IJKH!iX TeJieJma.X : IlYr ~ IIJiaT~p

Ma ypaBHOBemeHHHX rasroJI:&.n;epon. (p:Hc.I) ,- IIMK - nxar~pll8. MeM6paHHoro 

ROMnpeccopa (pKc.2), IlBB - IIJiaT!IopMa 6y~epHHX .,6aJIJIOHOB · (p:itc.3), 
. • . - r 

TIFT- IIJiaT~pMa pereHepaun:a: rasa (pKc.4). Coe,ItHHeHHH M~ unaT~p-

MaMX B pa~ peERMax pa6oTH yKasaHH Ha pRe~ 5,6 R ?. 

ITo~ePJ!taHlie B RaMepe·~aBJieHRSl,6AH3XOro K aTKOCtllepHOKy,oCYmeCTB

JIReTCS: c noMOII!:&ID.YPaBHOBemeBHoro rasroJI:&.ItePa (r ,·pRc.5),oTKatiKa, 

KOToporo no Mepe. sanonHeHRH nponBO,ll;HTCa. '~KoMnpe,ccopoM, B:KJIJ!:)"qaeMHM · .· 
·. ::'! .' 

Bp~ XJIX aBTOMaTlitteCKR CXeMOft,_ynpaBns:eMOft KOHUeBHMR BUKHI!lqaTens:- .. 

Mll, ycTaHOBJiemruMB:•Ha rasroJI:&~epe •. 

Ha·pxc.8 npxBe~eHa.cxeMa coe,ItliHeHIA IIJiaT~pMH ypaBBOBemeHHHX 

rasroJI:&~epon. rasroJI:&~ep r 2 npe.ItltSSHa~eH ~ c6opa ras~, c6pacHBae

Moro · xs JIOBymeK JI 8,!tcop6epoB TIFT npJI pereHepa.IJ;D noCJie xx · HacHII{eHJIH 

JI.JIJI BO BpeMR OCTaHOBKll npon;ecca O~CTKH. ~ :Ee OttliCTKa He npoRSBO

.J4HTM ,BTOpo! raSrO.ll:&,Itep MOEeT pa6oTaT:&. O~HOBpeMeHHO C nepBID4, ~0 

nOSBOJIHeT Y.ItBOHT:& pa6o'Ilil o6t.eM rasrO.ll:&~epoB . (2xi M3) • 
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Kaz.:itid xs ocym.ueJiel _ ( o1 + 0 4) npe.ztcTa:BJIJleT coCSol cTam.Hol c~ 
, ' . . ' . 

CY.It ~Flecxol qx,~ c mcyTpemDIM oM.eMOM 4JI, sanOJIHeBHI:iM CeJIJ[-

K8I'eJieM. PereHe~ ocYJIIH:reJUJ ·· npoxsBO.ItJITM nyTeM ero nporpeBamm 

.ItO TeMUepaTypH I00-!20° c noMODti>D MeKTpJ[tlecitol ne'IKI! npx o~o:Bpe

MeHHOM: Upo.ztYB8HD CyxJlM asOTOM C UOCJie.IlYDJtiiM BaRYYMJ[poBaJD[eM. 

TIY~T I c poTaMeTpaMX PTr-PT3 -nosBDXRe;oc~ecTBITb xoHTponb

B~ llpoTOita pa6o-qero rasa, UOCTymu:lll!ero XS 68JIJIOHOB I!BB 11epes 

pe.ztYKTOp. ,llmmasOH ROHTpoJIJq>yeMiiX llpoTOltOB - 0% 5 ,1{0 500 JI/qac. -

TIY~T 2 c MaCJI.BBHMJ[ npe,IJ;oxpamrre.i'IJOOI MII1 JI ~ xcRJIJ)qaeT CJJ.Y

-qaiHoe noBHmeHJie .ztaBJieHJUI Ha llXO.Ite i BHXO.zte KaMepH CBepx .ztonycT:HMHX 

npe,IteJIOB, S8,It8liHYX ypoBRHMI! BaJtYYMHOrD MaCJia. 

KOBT~ "<IXCTOTH rasa llpoXSBO.ItJ!TCJI Ha ny~Te 3 C UOMODti>ID OT

rpa.ztYRpoBaHHHX- pas~KOB - rasopasp.!Wfi:lX .rrqeeit: / 5/. Ha pxc.I2 npJIBe

,IJ;eHa rpa.ztYRpoBO"<IHSH ItpKBaR pas~ ~ HeOHa. 

Ho~am.~ npollSBO.ItJ!T~HOCTb c:acTeMH (3 uf /-qac) K paCSo'D'!e 

,n;aBJ£eHJUI · (.Ito !50 aTM) oCSecnemmamM MeMCS~a.BHI:iM xoMIIpeccopoM MK-

4,5/200. Ha BHXO.Ite xoMIIpeccopa ycTaHoBJieH CSJroit MaCJIOSB.IIIHTH (EM), 

cpa6aTHBaiDIJ1HI n:p11 no.liBJiemm B saRa"<IJ[BaeMoM rase MaCJia (paspymeHJie 

MeMCSpaEH) ~ BJIB.rJ! (no~Hoe HaCHmeHne ocymRTeJiel). ITpx cpaCSaTHBa

HD EM ripoxcXO.ItliT aBTOMaTJ!"<IecKoe srumpamre BHXO.zta ITMK, BI:lKJIIO'leHRe 

KOMIIpeccopa K no.IJ;a'<ia aBapxihioro cm:'~a~ 

Ba.!IJJ:oHH IIBB (!00 ~. 200 aTM) oM.e,ItJIHeHH B TPH rpyrum no TPH 

6~0Ha B·~ol. lD<:SaJi J!S rpynn MOXeT 6HTL UOO'<iepe,IJ;HO HCTIO~»SOBB.

Ha ~ paCSo-qero, sarp.!isHeHHoro MH O'D!llleHHoro rasa. 

PereHe~ sarp.!isHeHHoro rasa oc~eCTBJI.IieTC.Ii H:a IIPr (pnc. 9 ) • 

XoBymKK XI, x2 J! ~cop6eps" AI ~ A4 npe.IJ;CTaBHJIIDT co6ol COCY.ItH, UO,It06-

HHe OCym.JITeJI.IiMo BliyTpJ! ~OBymeK YCTaHOBJieHH pa.ItJiaTOpH C paSBJ!TOI 

· TIOBepXHOCT»D, B Ka"CieCTBe . B,ItCOp61IpYJilnero BeiJl9CTBa HCUM»SOBB.H aKTK- -· 

BKpoBB.HHHI yr~. 
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B oXJIU.D;aeMHX lDfJJ:ltJIM · asoToM ~oBym.KaX npoxcxo.ItXT ·BHMOpa......Mue 
BOltfDlHX napoB, MJrKponpl[Meee:t, cne~am.Ho BBO.IJ;J[MHX B coc'l'aB rasa, a. 

Tamte OJEDeHJie. OCHOBHHX ROMIIOHeBTOB BOS.ztY'XB. npx COOTBe'l'CTByniieM, no

BHmeHJ[J[ ,IJ;aBJieHJI.Ii B HXXo 3'1'0 .ztaeT BOSMOXHOCTb OC~eCTBXH'l'» npe,ItBaPJI

T~HYD 01D[CTltY ,It8llt!~ cmHO sarp.!iSHeHHoro BOS.IJ;YXOM ~ asOTOM rasa, 

ltOTOpHI nocTynaeT npx nepBOHa'<i8JIDHOM sanOJIHeHJ[J[ xaMepH. 

Ka1t UOKaSSJIJi XCTIHTaHJI.Ii, RO~eBT 01D[CTKK HeoHa OT BOS,IJ;YXa . . 

Opl[ COOTBaTCTBYJliiiiX nap~aJibHHX ,ItaBJieHJIJDC B ~OBymKe J! CROpo.CTX npo-
. 3 . . . . 

ToKa 3M f-qac ~soK K IO (ypoBeRD sarp.!isHeHKI cHBianc.11 c 30 .zto 3%) •. 
ITpX STOM ~OBymKa CUOC06Ha Y.ItaJIIITD JIS CMeCJI HeOHa .X BOS.ztYXB.·.IJ;O .! M

3 

BOS.ztY'XB.o 

TOHKa.li O"<IXCTKa OCHOBHOro !tB.nMHJ!TeJI.Ii npoJICXO.Itll'l' B 8,ItCOp6epax: 

(A
1

. + A
4
), Ta.KXe ou~aeMHX ~KIIM asoTo~. copOIUIOHHaa eJOtocu . 

B,ItcopCSepa SHa1D[TeJI»Ho BospaciTaeT c noB:wneHJie~ B HeM .IJ;aBJieBllll 131; 
Ha pxc.IO-npllBe,IJ;eHa SaBllCEMOCT» r~CSXBH O'qJ[CTRJI rasa OT ,IJ;aBJieHJI.Ii B 

a,JtCOp6epe Jlpll UHPitYJI.IiUD! B CJICTeMe 2 M3 H;OHI!-~ co.ztepuHJ!eM 25 ~ :sOs

,IJ;YXa. BpeMH UKPKY~ ~o·o~epe.IJ;Horo JisMeHeHJI.Ii .IJ;aBJieHB.Ii 30 MJIH. 

ITpH ypoBHe CO,IJ;epxa.HJI.Ii BOS.ztYXB. B rase Ha BXO,IJ;e ITPT 0,3%, .a Ha 

BHXO.Ite - O,OI% npoxsBo.!tiTeJI»HOCT» ·ITPr - He MeHee 3 M3/~ac. ITpx 

MeHDW9M ypoBHe Sarp.!iSHemdi B O'qJIIJlaeMOM rase rrpoilSBO.IJ;JlTeJI»HOCTL CJlC-
- ~ - I ~~·-·; '·. ~ .,_ ' • 

TeMH BOSpacTaeT. MaKCHMaJI»Hall qHCTO'l'a Q'qJIIJleHHOrD HeOHa He xyze qeK 

aeoaa •oco6oR qxcroru•.~xB a,Jtcop6ep cnoco6ex norJIO'l'H'l'» I5Q-200 x•rpol 

BOS.It1X8• 
PereHe~ ~oBymeK JI 8,Itcop6epoB rrpoJis~O.ItJlTC.Ii aH&norK'<iHO ocymJI-

TeJIJIM, Ho TeMIIepaTypa IIX xarpeBB. B:wne (200-300°C). -~ yYeHDmeBllll 

noTepb ocHOBHoro HSIIOJIHJ!TeJI.Ii npx pereaeparum 8,ItCop6epoB ~eJiecoo6- -

paSHO TIOCJie CH.IiTII.Ii C HIIX .IJ;»DapoB C lltH.IJ;KIIM aSOTOM C06JipaT». BHnyCRae

MHfi ras B raaM».IteP B Te~eHJ!e o.n;Horo -qaca. ITpx aToM KOHeqHHI ypoBeHD 

7 



::.. 

,·!• 

... 

• 

co~epxaHHH BOS~ Brase Ha Buxo~e ~cop6epa cocTannKH 2-3%, a.no-
~- . . - ' -

Tepn OCHOBHoro Hano~KKT~·He npeBHruanK I%~ 

PHc.Il xapaxTePHsyeT rrponecc BUXO~a HeoHa HS·nor~OTKBmero IOQn 

BOS~a ~cop6epa nocne rrpeKpameHHH ero oxn~eHHH ~KHM SSOTOM. 
~ - . . . . ~ 

IIepe~ rrepBoHatiam,JruM sarro~HeimeM KaMepll pae!otUIM rasoM nMeco

oe!pasHo npo~b ee H rasro~b~epll "cyxHM" aSOTOM (8-!0 o6LeMOB KaMe

pH). KaK noKasHBaeT ~nUT pa6oTH, rr~~e-no~oe!Ho! oc~~B~~ KaMepll 

B pae!otiR! pexmM OCymeCTBnRSTCH C!HCTpee. 

B HacToHmee BpeMH CrK EO ycnemHo ncn~bsyeTCH Ha ycTaHOBRe 

C.KM-200 MH oe!~YJDIBaHHH ~ByxMeTpoBoil cTpHMepHoii KaMe pH ( '""' I M3). 

B .saitiiJOTieKKe aBTopH BHpalltaiOT C!Jiaro~apHOCTb A.M.Ea.Jr.n:mry, M.r .Me-
.. . ' . . ' ~ 

mepHKoBy, JK.C.Tarm(!a~By, H.H.IIaMoBy, H.A.Cammy~ 3.0.0ROHOJ3Y• 

B.A.CBRp~oBy, D.A.CycqBy sa no~epxey pae!OTH; C.A.KpacHOBY, A.I1.3aB-
~ . . . . 

ropo~eMY, T.,U.HMaHC!eKOBY, JI.r.MaKapoBy, BHSCmiDL C!MDmol BKJialJ ll .-·· ' . . .· . . 

paspae!OTRY, HSrOTOBIIeKKe Jt HM~RY CXC'l'eMll Ha _pas.mttmliX STanax pa-. - ' ·.,' .·. .. . . \ . . 

6oTH; B.C.rp1!I'opameHKC), B.K.KyPHTHl!ROBY, A~~.Cae!aeBy, H.~.~ypcoBy, 

oc~ecrBHBmiDLHSrDTOBIIeHKe CRCTeMH; B.ff.Pye!noBy Jl C.E.K~. 

r.B.KYIIJ3HKO, A.r.KoMapoBoil, r.H.Onethnnty, B.H.Tpo~oBy, . npoBe,lllllm.l . . i . 
1 

KOHCTpYJipomume HeKOTOpUX YMOB CliCTeMllj _H.llf.Ba.lra.IWIKOBY sa U~M~IIlD 

npx oTpae!oTKe_TeXHRtieCKoro s~~HHH Ha ~cope!epll. .. 
-1,., ··(·"• 
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Pllc.I. OC!mHA mm ·Ma$pMH ypaBHoBe
meHBUX raa~b~epoB.(BapRBHT 
KOHCTp~ C O~HHM rasro~b~e
poM). · 

9" 

.PHc.2. 
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