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B npaKTRKe nocTaHOBKi! aKcnepRMeHTa c noJJHpKSOBaHHO~ npo­

TOHHO:lt MRill6Hl>Kl (IIIIM), r.11:e BTOpK'llili6 sap.R:llteHHHe '18.CTl!IJ;ll peaK­

nIDI OKa3HBaDTCJi B CWl:&HOM MarHBTHOM nOJie, BOSID!'.KalOT onpe,D;eJleH.+ 

HHe Tpy,D;HOCTR, CBH3aHHl:l6 c BOCCTaHOBJleHKeM ICRH6MaTR~ecKoro 

yrJia ~CTl!ll;ll. 

c 9TO~ TO"ilG! speHRH .D:Jlli IlJlaID!'.pyeMoro HaMR 3KCilepRMeHTa no 

zsMepeilltll acl!IMMeTpRR "ry ce~eHIDi q,oTopOllt,I(eHRH o,D;HHO~Horo rm:oHa 

Ha IIIIM [I] npoBe,neHO HCCJ16,D;OBaHKe TO~OCTK BOCCTaHOBJleHM yrJ14 

npoTOHa oT,n:a~. CxeMa aKcnep:HMeHTaJI:&HO:lt ycTaHOBKR z. np:mman 

pac~eTa MoHTe-KapJlo .D:J1H sxcnepRMeHTa no xccJie,n:oBaID!'.Kl 3a.BKCK-

MOCTR T (EK , 9~) B pea:mpm 
. y 

a+p--p+9To (I) 

e• 0 0 npx ~ = 60 , 80 x EK= (0,7 - I,5 ) raB on:e:ca.HH B pa.60-

Te (2] . 
UeJlecoo6pa3HOCT•,~Be.D:eHWI MeTO,D;H'leOKOro xcCJle,n:OBB.Hl!H rro 

BOOCTaHO!WleHHll yr:na pOE,Itemul aapimeHHOI WlCTHWi B . xo.n:e IIJUUIK·· 

po:ea.HilH sKcnepRMeHTa o6ycJloBJ1eHa .JJ;BJ'MH !fmtTopaMK. Bo-nerBm:, 

llpH paspa6oTKe MeTO,Jl;HKK BOCCTaHOBJ16HBH yrm npOTOHa o-ma~ 

BWIBJUll)TCH nyTK y.ny~eHKH ero TO~OCTJII K Bl:lT6KaD!IR6 K3 9TOrO 

~r•--------~----------.....-Bpe••P."""~" .HSll11.CK.mi . -
j;t. . ' . • ... i'Ctil» 



Tpe6oBa.HIDI, ·rrpe;n'hfiBJl.S:eM!le K sKcrrepHMeHTa.JlbHoii ycTaHoBKe. Bo­

-BTOp!:lX, rrocKOJll>ey sHeprrur rrepmr'llwro 0 - KBaHTa E 0 , np:a 

KOTOpoli !IpORCXO;n:RT BsaRMo;neiiCTBJIIe, BOCCTaHaBJIRBaeTCR nocpe;n:CT­

BOM KRHeTR'IecKoii sHeprmr npoToHa oT.n;a'!H Tp :a ero yrJia Bp , TO 

R KO.JllI'IeCTBO R3MepaeMHX BO BpeMa 3KCIIep:aMeHTa TO'ieK B ;naHHOM 

sHepreni:'leCKOM ;n:RC1IIa30He 3aBJIICRT OT Toro, c KaKOH TO~OCT:b!O 

OHR orrpe~eJlll:IOTCJI B SKCIIepRMeHTe. 

To~ocT:r:. orrpe;ne.neHIDI KHHeT~ecKofi sHepr:a:a rrpoToHa 3aBHCRT 

OT T0.71.I1l'1Hhl CIUIHTRJIJlliTOµl R COCTa.BJllleT t:. Tp= :!: 3,2 MsB. 

To~OCTb orrpe;ne.neHIDI yrJia OT;na~ OOy~OBJieHa TO~OCTb!O BOC+ 

CTaHOBJieH:IDI ero R3 R3MepeHHoro B ZKCIIepzMeHTe yrJia, KOTOPHH 

co;nepuT B ceoe KRHeMaTIPrecIGilt yroJI rrpoToHa oT;na~. yrM oTKJio ... 

HeHruI ero B l<laI'HHTHOM IIOJ!e IIllM, yrM MHOrOKpaTHoro pacce.mm:a: B 

Be~eCTBe MIDneHR H KOHCTpyKTRBHHX 3JleMeHTOB MmJJeHR. B H3MepeH­

HI:lH yrM BXO;n:RT 7aIOKe yrJIOBOe H KOOp,IJ;JIIHaTHOe pa3pemeHHe CHCTe­

Mll MHororrpoBMO~X rrporroprntOHaJil>Hl:lX Ka.Mep (MIIK). 

Ilp:a pa3pa60TKe MeTO,IJ;JIIKR BOCCTaHOBJieHIDI yrJia !IpOTOHa RCII0Jll>-

30Ba.J.m:Cb crreKTPH npOTOHa OT.n;a~ Ka.K no Ha'i~bHOtt KRH8TH'ieCKOH 

3Heprz:a, TaK H ITO KRHeTH'ieCKOH 3Hep!'HR c B~eTOM ero noTep:r, B 

o6pa3n;e MHrneHH, rroJiy'ieHHHe paHee rrp:a pac'ieTe MoHTe-Kap.7Io. 

PaccMOTPeHHI:le MeTO,IJ;JIIKR BOCCTaHOBJiemur yrJia npoTOHa OT;natrn: 

rrpIDl!eH.fLJll'rCb K COOHTHIO, mlJIRIOU1eMyCH pe3yJI:r:.TaTOM MO.JJ:eJllipOBaHIDI 

,YCJIOBHH 3KCilepm~eHTa. Koop;n:RHaTH TO'iroI B38.l!!MO.n;eiiCTBIDI sToro co-

6HTIDI II~IOTCH nyTeM KX paBrtOMepHoro po3HrpHma B 06.JiaCTH rre­

pece-qemur ny'IKa c MW11ea:&1!,yrJm npoTOH.a onpe;neJllmTCH KX paBHOMe:p.. 

HHM poaHrpllllleM B ;n:Halll3.30He TeJiecHoro OXBaTa .n;eTeKTOpa, Kl'lile-

'l'K'I8CKaH sHeprrur onpe.n;eJIJieTCH po3Hrp.blllleM CIOOKTµl no Ha'ia.JlbHO~ 
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rumeTlf'J:eCKOii aHepr:aH rrpoTOHOB oT.n;a'lli • IlocJie y-qeTa d E/ dx rro­

Tep:r:. H MHOrOKpaTHOro pacceHHHH !IpOTOHa, IIp0HCXO,ll;iilllHX B o6paau;e 

I"1l'Imerrn, rrpOCJieJiama.eTCH TpaeKTOPIDI 'iaCTHUJI .n:o .n;eTeKTJIIPYRJ111eH mw­

TeMH. Mo;neJIBpOBrume COOHTWI 3a:BeprnaeTCR perFICTpaD;:lieH ero B 

rrpo6eJKHOM C'!eT'imte, COOTBeTCTBYRlI18M 3HeprHH COOHTRff rrp:a .IJ;aHHOH 

IDIHeMaTmte 3KCIIepID11eHTa, rpHKCliPYRJTCH ero yrJilJ. H KOOp.IJ;HHaTH B 

l1ITTK. 

Ha sTOM sTarre K 3aperMcTpJIIPOBaHHOMY co6I:JTMRJ IIP:liMPJ.JcrIOTcR 

,IJ;Be MeTO.IJ;HKR BOCC~aHOBJieHIDI HCTHHHOro yrJia !IpOTOHa. 

B o6eHX rrpou;e;ny:t:ax BoccTaHOBJieHRff yrJia npeir..n;e· Bcero Y'i:l'.!TH­

BarDTCR yrJIOBOe H KOOp.D;HHaTHOe paapemeHH.fl CHCTeMH MID\. OHR paB­

HH COOTBeTCTBeHHO :!: I,5.rn-3 pa;n H :!: 0,513 MM. 

B nepBoii MeTo.IJ;HKe Ha 3aperzcTp:apoBaHHoe.co6HTHe Ha.KJia,Il;l:lBa­

eTc;:r r.JarmITHOe IIOJ!e TOM JKe B8JIH'IHHI:l, 'ITO li rrpli 3KC!IepHM8HTe ,HO 

o6paTHOro HaIIµlBJieHH.fl. Ilo;n B03;neHCTBReM TaKoro ITOJ!R 'iaCTHII,a Ha-

1IliliaeT ,IJ;BHraT:bCH "o6paTH0 11 H3 ;neTeKTOpa B MlliU8Hb. KmieTmecKaR 

sHeprrur 'iaCTHIW orrpe;neJIReTcH rryTeM po3HrpHwa crreKTpa rrpoToHoB 

oT;na'!:a rro I<HHeTR'!ecKo:li sHeprm:I c y-qeTOM ero d E/ d..x rroTep:r, B 

MHWeH:a. c 3TO:li 3Hepr:aeii '!aCTRIJP. ;n:BIDK8TCR BITJIOT:b ;no nepece'IeHRR 

ee TpaeKTOPHH co CTeHKOll Ml'IlIJ8HH. To'ilta B3aHMO.IJ;8HCTBM orrpe,n:b.ilH­

eTCR rryTeM paBHOMepHoro p03HrpHwa KOOp.D;HHaT x, ~, ~ B rrpe;ne­

J!ax o6JiacTI'! rrepece'!eHIIB !IY'iKa. c MIBIIeH:r:.ro. I\lrneTMHecKaR aneprIIB 

rrpoTOHa OT,IJ;a'!H BOCCTaHaBJIHBaeTC.fI nocpe;ncTBOM y'IeTa Tex dE~dx 

IlOTep:o, KOTOpHe npOR30!lIJJIU rrpl'I rrpoXOiK,n;emm: rrpOTOHOM nyrn: OT 

GTeHKH MHll!eHH ;no TO'iKl'I B38.l:IMO;nelicTBHR. YroJI rrpoTOHa OT,IJ;a'!ll IIO­

Jiy'IaeTCR B pe3y.7ll>TaTe y'ieTa MHoroKpaTHoro pacceRHIIB Ha 3TO?;J 

ITyTH H HHTerpJ!IPOBaHIDI TpaeKTOpm-i: npoTOJia ;no TO'!KR B3aHMO,IJ;eHCT­

BRff. 
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BoccTWiOBJieHRHil B pesyJII:,TaTe TaKott npo~e,nypH yrOJI H eCTD 

lUll!eMaTH'lecxztt yrOJI rrpoToHa OT.D:a'll!. TaKaSI rrpo~e,nypa rrpoBO;ItKTCH 

,1tJlfl 60JII:,lllOro 1ll!CJia CMO,ll;eJIHI>OBaHHl:iX C06Hm, pacCMaTpm38.eTCH 

pa3HOCTD MeJK,Dy BOCCTaHOBJieHHHM K pa3HrpaHHHM yrJiar.m. ilo 3TOH 

pa3HOCTH CTpoRTrul KJlllllWi, cpe,IJ;Hee 3.Ha'IeHHe KOTOpoli eCTD rrorrpa:s.­

xa K BOCCTaHOBJieHHOMY yriry, a ,n:rrtcnepcza - TO'IHOCTD .Il,aHHOH Me-

TO,nID<H. 

K 3TOMY ~e C06HTHIO rrpm~eHHeTCH BTOpaa MeTO,Il;J<ll\8. BOCCTaHOBJle~ 

HIDI KHHeMaTK'!ecxoro yrJI.a. npoToHa. 

Ilpe.D;BapHTeJll>HO 06JI.a.CTD MliillJeHH, rrepeceKalCII18fICH c rry~OM, ,D;e: ... 

JIHTCH Ha ceTKY c rua.roM I MM. KHHeni:'Iecxaa aHeprza rrpoToHa H3-

MeH.ll:eTca c ma.rm~ 25 MaB B 06.Jlac'l'l'! 125 - 400 MsB, ox:saru:sameli 

lUll!eMaTK'!ecey10 06.nacn HCCJie,nyeMoil pearu.um (I). BepTl'IK8Jli:>HHH 

yro~ rrpoTOHa lf H3MeWieTca B rrpe,D;e.nax ~ 3° B ;ItKarra3oHe Te~ecT 

noro ox:saTa ycTaHOBKH. Ilp:rrt IiaJ"¥(OM 3.Ha'IeHHH yrJI.a. lf c ma.roM r0 

~,.JIR: ~oft KPIHeTH'Iecxott aHeprPIH H3 y3JlOB ceTIG! rrpoBo,n:rrtTCH HH­

Terpupo:saHHe TpaeKTOPPIH rrpoTo.Ha c y'IeTOM npo~eccoB, npo:rrtcxo,n11-

unoc B MH111eHH. 

B pe3¥JII:,TaTe Taxoli npone.DYPH npn pa3~HHX 3Ha'IeHIDIX ~ ITPH 

~OM 3Ha'IeHPIH KHHeTK'!ecxott aHeprnn HMeeM KPHBYIO yrJia oTK.l.IO­

nemm npOTO.Ha B Marmi:THOM IIOJle IlIIM ITO 06.JiaCTH Mmll8HH, ee cpe,D;­

Hee 3.Ha'IeHHe H ;ItKcrrepcH10. Pac'IeTH rroxa3aJIH, 'I';.'O npH ITepexo,D;e 

OT lf = 0 K lf = 3° cpe,D;Hee 3Ha'IeHHe yr.na oTKJioHeHHH c,D;BHraeT­

ca B CTOPOHY MeHDlllHX 3Ha'IeHHH, a ;ItKCITepc:w:r coxpaH.ll:eTca. CJie.no­

BaTeJIDHO, ,I(Jlfi ~106oli KHHeTK'!8CROtt aHeprnK npOTOHa MOltHO IlOCTpo­

HT:b KP.llllYIO yrm OTKJIOH8HM IIO 06.JiaCTl'I MHmeHK. 

IlocJle yqeTa yr.r.oBoro pa3pe111eH:wt cncTeM!l flflIK .D:Jlff paccMaTpH-

6, 
....... 1 

t 

:saeMoro co6HTHR orrpe.neJIRIOTca ero KHHeTK'!ecxaa aHeprru=r no 

CTBOM p03Hrpllllla CITeKTpa ITO Ha'18.JibHOft 3Hepnm npOTOHa, 0 

Hee 3Ha'l:8HHe yrJla OTK.l.IOHeHIDI, lllHPHHa KPHBOH OTK.l.IOHeHHH. 

B8HHOe 3.Ha'l:eHHe yr.na OTK.l.IOH8IDIB ITOJiytJaeTCH rrocpe,l(CTBOM 

rpffilla lq)HBOH, COOTB8TCTBYIOill8H .u,aHHOH SHeprHH H ,l(aHHmzy 3 

HHBJ yrJia 'f . llcTHHHHH yrOJI ITPOTO.Ha OT,D;a'IH onpe,D;eJIReTCSl 

BH'l:liTaIDIB H3 yrJia perncTpa~ npOTOHa B Milli MrHOBeHHoro 

Im.ff yrJia OTK.l.IOHeIDIB. 

CTpoa uo pa3HOCTH BOCCTaHOBJleHiroro H pa3HrpaHHoro y"JJ 

KPID3H8' IlOJiy'IB.8M nonpaBicy K BOCCTaHOBJl8HHOMY yr.ny H ero 

ey. 

HcCJle,l(OBaHKH TO'IHOCTH BOCCTaliOBJleHHoro yrJia npOTOHa 0 

'l:H H3 pearu.um (I) ITpoBe.neHH ,IT,1lli 3HepreTK'!ecxoro cnexTpa 

ro rrpo6e~oro C'I8T'l:HKa B YCJIOBHHX KHH8M9.THKH 3KCilepHM8HT 

Pesy.lll>TaTH HCC~e,D;OBaffirn: ,IT,1lli CIT8KTPOB B ~OM npo6eJK 

cqeT'IKKe rrpH pa3JIH'IIillX KHHeMaTK'!ecronc yc~oBHJDC sxcrrepHMe 

OCHOBaHH Ha CTaTHCTHKe B 300 C06HTHH. IlOJiy'IeHHHe 3Ha'I8HK 

HOCTeli ,I(Jlfi KB.l!OJ:Oro 3HepreTK'!8CKOro CITeKTpa ITO npo6~M 

'IHKaM npHBe,l(eHH B Ta6Jl.l,2,3,4. ,lJ.7m .HarJIJI,Il;HOCTH KB.l!OJ:OMY 

HK!O TO'IHOCTl'I IlOCTaBJieHo B COOTB8TCTBH8 cpe,D;Hee 3Ha'IeHHe 

rHH ,IT,1lli .u,aHHoro rrpo68lKHoro c'l:eT'IHKa. 
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I 

Ta6.mma 1 
Ta6Jmua 3 

e;= 60°; Ej' = (0,77 - 1,23) faB; Tp = (140 - 190) MaB. 
e;= b0°; Ex= (CJ,7 - 0,95) raB; Tp = (150 - 226) MaB 

HoMep furnefiN8CKB.H 1 M8T0,!:(11Ka I1 M8TO,ll;:IIBB. 
. C'I8T'llil\a aHeFirIDI, (rpa..n:) ( rpa,n;) 

1laB 

HoMep I\lrneTlf'I8C:KalI 1 M8T0,!:(11Ka II M8TO,ll;llli3. 
C'I8T'llllta 8H~;gl'ID!, (rra.n:) (rpa.n;) 

r.aB ·-

R1 145,42 -0,201;t0.764 -L,576±0,713 

R2 157,3b -0,263±0,734 -G,473±0,675 

R3 167,59 -0,526+0,711 -0,427±0,634 

R4 178,76 .-0, 193±0' 696 -0,339±0,612 

Rs 188,52 -0,237±0,601 -0,326±0,605 

R1 186 ,39 -0,044j:0,~99 -0,240;t0,633 

Ra 195,60 -0' G34:t0 '605 -0,196±0,591 

R3 205,17 -0,045±tJ,644 -0,19&±0,605 

R4 214,07 -0,0ID:tCl ,574 -0,097:t0,547 

Rs 222,81 -O,U64:1;0,63I -0,140±0 ,584 

-

Ta6.700Ji9. 2 
Ta6.imua 4 

" 0 Bgr = 60 ; Ex= (1,0 - 1,5) raB; Tp= (200 - 240) ~.l:ill. e; = 8C0 ; EX= (G,&5 - I ,2) raB; Tp = (250 - 310) MaB. 

HoMep 
furneTH'!8CI\aH 1 M8TO,IJ;HKa C'i8T"!Yllia II M8TO,ll;ID<8. 
8H8fsI'ID1 , (rpa.n;) (rpa.n;) 

t aB 

HoMep I\Jrn e Tme CI<B.H 1 M8T0,!:(11Ka I1 M8TO,Il;lil:Ka 
ctreT'l:ID<a 8H8~TIIB, (rpa.n;) (rpa.n;) 

Ma 

R1 204,94 -0,202±0,619 -0,353±0 ,5'66 R1 258,91 0,026:t0,547 -0,077:t0,51G 

R2 213,87 -0,143;t0,605 -0,28b±U,552 Rz 266,65 O,G52:t0,5I2 -0 027+0 ·105 , - ' 
I 

R3 222,73 -0,095±0,573 -O,f40j:0;549 R3 274,40 0,004±0,5II -U, UG9±D,1li9 
. 

R4 231,40 -O,I44:t0,559 -G, 2II ±CJ, 5II R1t 261,87 -O,OOl:t0,513 -U,OH±0,.1£7 

Rs 240,02 -0,096±0,533 -0,197:t0,4b9 

-
Rs 289,31 0' 037!°' 548 -O,II7;t0,505 

. Rs 296,52 O,OI<l+0,486 -0,010+0;472 

R1 303,78 0,020+0,494 -0,021+0;470 
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Ka.It BH,WiO li3 TaOJIHIJ;' IIpli ooenz M8TO,IU'II\aX c yBe.JmtieHHei'.1 

3H8PI'l1I'l tfa.CT:l'IIJ]:l yMeHLUJaeTCR: ourn:O:r<.a BOCCTllifOBJIC!Ill.iI yrJia. 

CpaBHelllie pesyJThTaTOB W>YJC M8TOWIR IIOI<a31rnae·r' 'ITO rrpli OT­

JIWUIB B rrorrpaBKe K BOCCTaHOBJ18HHOl\1Y y:r:ey' O!illiOKa B ooen:.: M8TO­

inmax rrpaKTli'IecIIB coBrra,naeT, ,n;aJKe B CJiy'!ae rrpnMeHemm BTopoil: 

lll8TO.ll;liro1: OHa HeCKOJThKO M8HLllle. 0,n:Ha:KO BTOPM r,1eTo,n;mm OOJia,n;aeT 

CYlllCCTBCHHHM rrpeHMYIIleCr"'\l OTHOCliTeJibHO nepBOH. 0Ha 3aK.11!0'IaeT­

CR: B 3Ha1!HT8JThHOtf 3KOHOf,Illli v'!8THOI'O BpeMeHH Ha 3B'..1, II03BOJI@O­

lll8H COK:paTHTL BpeMR: 06pa60TKH 3KCIIepHl\18HTaJThHHX ,n;aHHhr/. IIOCJie 

rrpoBe,n;eHHR: 3KCII8Plill18HTa rrpmnepHO B 50 pas. 
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