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I. BBe,neHHe 

Ynpyroe IT-p- pacceHHHe npH SHeprHftX HaneTaD~X llZOHOB 40 H 

50 raB HCCH6.l{OB8A0Ch C nOMO~D 3KCnepHM6HT8HhHO« JCT8HOBKH /I/, 

npe~CT8BH6HHO~ Ha pHc.I. naaHHe, HaKOllneHHHe STHM cneKTpOUeTpOU 

Ha MarHHTHNX H6HT8X 1 HCllOHh30B8HHCh ~H BN.l{6A6HHH C06&TH« HSy~ae

MOrO npo~ecca C nOMO~hD nporpauu, OllHC8HH&X B / 2/. nnH B&~HCA6HHH 
,nH~epeH~8AhHOrO C6~6HHH IT-p ynpyroro paCC6HHHH H606XO.l{HMO 6&AO 

yqecTh norepH co6&rHI,o6ycxoBxeHHHe ae~exrzauocr&m cnexrpouerpa 

H BKI8yDOKRHYTHX nporpaKK. 

2. ~6KTHBHOCTh BOCCT8HOBA6HHH TpaeKTOpH« qaCTH~ 

B_cneKTpoueTpe 

ilporpauua llOHCKa H peKOHCTPYK~B C06HTH« "TRACKFIND!NG" 

HCllOHh30B8A8 .l{8HHH6 0 KOOp.l{HH8T8X HCKp, BOSHHK8D~ B Kauepax 

B,nOAh rpaeKTOPH~ ~acra~. BoccraHoBHeHHe rpexoB BenOCh nocne,noBa

renhHO B rpex 6noxax xauep. B 6xoxe I pacnonaranHCh 5 HcxpoBux 

xauep s.C.I - s.c.s H o,nHa napa nponop~oHaHhHHX xauep P.C., B 

6AOK8 IT•cen IICKpOBHX Kauep S.C.6 - S .C.I2 H B 6AOK6 IH-wecn 

HcxpoBHX xauep s.C.I3 - s.C.I8. O,nHa xauepa B 6noxe I H no ,nBe 

B 6nOK8X IT H IH 6HHB nOBepHyTH H8 yron 45° OTHOCHT6AhHO ,npyrHX. 

ITorepH C06&THl 1 Bii3YB86UH8 H8~eKTHBHOCThD BOSHHKHOBeHHH 

HCKP B xauepax H BOCCTaHOBX8HHR rpeKOB qacTR~, 

onpeAenaAHCh c nouo~m nporpauUH '' S P E C E FF " • 

~eKTHBHOCTh perHCTpa~H KOOp,nHH8T npoX03,n6HHH ~8CTH~ B Ka

uepe Onpe,neHRn8Ch no .l{8HHHM BOCCT8HOBHeHHHX C06HTH~. nnH BOCCTa

HOBJieHHH rpeKa nporpauuo~ "TRACKFINDING" ,nocTaTo~o 6&Ao 

H8AJ4qHe HCKp Ha TpeKe XOTR 6H B 3-X Kauepax HS 6-TH B 6nOK6 I, 

4-X H3 7-KH B 0XOK8 il H J-x H3 6-TH B 0nOK6 W.IT03TOKY KOXHO OYXO 
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OT0HP8TD C00HTHH 1 ~BS KOTOpHX 3TH Tpe60BaHHR y~OBB8TBOpSBHC~ H8-

38BHCHUO OT TOro,OH~8 HHH He OHHa HCKpa B HCCHe~yeuoa Kauepe. 

ITo TBKHU COOHTBHU flO,l{CllHTHBBHHCD B6JIH'lHHH Nxy t Nxo t Nyo t 

N no cJie.nyiD~Y npHaHaxau: 00 . 

a) Nxy - ecu BCKpa Ha TpeKe KBK B ropHSOHTBJIDHOa X,TBK 

H B B6pTHK8HDHO« Y nHOCKOCTHX, 

6) Nxo - 6CTD BCKpa B X, HO H6T B Y 1 

B) N 0 - 6CTD HCKpa BY, HO BeT B X, . y 

r) N00 - BeT BGKP HH B X,HH B Y nJiocxocrax. 

llpOCTHe BHllHCHeHHH ROSBOJIHDT onpe,neJIHTD ~6KTHBHOCTD B03-

HHKHOB6HHH HCKpH B aaaope HCKPOBO~ Kauepw Egap H ~eKTHBHOCTH 

EX H Ey C~eua HH~OPYBUMH ~8TllHK8MK B X H Y nBOCKOCTHX K8Mepw 

HS CHCT6YH YPBBH6HH~: 

/

Nxy=Ex·Ey·Egap·N , 

Nx0 =Ex ·(1-Eyl·Egap· N , 

Ny0 =(1- Ex )·Ey ·Egap · N 

N00 =(1-Exl·(1-Eyl·Egap·N , 

IIICKJIIOll8H N - llHCJIO npome~mHX tiBCTBfto 

llpH BOCCT8HORn6HBH TP86KTOpHft TBKKe TpeOOB8JI0CD
1 

llTOOH 

XOTH OH 0,l{H8 HS ~Byx noBepHyTHX K8Mep K8K B 0JIOK6 IT,TaK H B 

6JIOK6 ill nOSBOJIHH8 yCT8HOBHTD 1 tiTO Tp6KH B X H Y nJIOCKOCTRX STHX 

OJIOKOB HBJIHDTCH np06KitHHMH O~Horo H Taro xe npOCTp8HCTBeHHOrO. 

~6KTHBHOCTD YCT8HOBJI6HHH npocrpaHCTB6HHOrO COOTBeTCTBHH Tpe

KOB ER B OJIOKe onpe~eJIMBCD pemeHH6M cne.nyJOUIHX .JP8BH6Hill: 

N1 = £1· N 

N2 =£2. N 

N't2=£1 £2· N ' 

ER =1- (1-£1 ). (1-£2) 

.. 

II 

r,ne N12 - llHCHO COOHTHI, KOr~a npOCTP8HCTB6HHOe COOTB6TCTBHe 

yCT8H8BJIHB8JIOCD RO 068.X flOB6pHyTWM K8UepaM 0HOK8 O~HOBp6U6HH0 1 8 

N1 H N 2 - no O~HOit BS HHX. 

~6KTHBHOCTD BOCCT8HOBJI6HHH TpaeKTOpHI COClHTH~ onpe,neJIHJI8CD 

cJie.nyJOUIHY oelpaaou: 

R R 
E = E1 · Eu · Eur·En ·Em , 

r~e E1 , Eli , Em - B6pOHTHOCTD flOHRn6HIIH He M6Hee ti6Y 

31 4, 3 HCKp H8 Tpexe B 6JIOK8X !,IT H ill COOTB6TCTB6HH0 1 C Yll6TOY 

xoppeJIH~a uea,ny perHcrpaitHel acxp B X H Y nJiocxocrsx, E~1 H E~rr -

B6pOHTHOCTD yCT8HOBJI6HHH npocrpaHCTB6HHOrO COOTBeTCTBHH ues.ny 

TpexaUH B X H y nJIOCKOCTHX B 0JIOK8X IT H m. 
Uo,neJiapoBaHHe coelHTHit uero~ou UoHre-Kap~o c nouo~DID c~osHol 

nporpauuw, .JllHTHBBJO~eit,B ti8CTHOCTII 1 BJIHHHHe ~OHOBHX HCKP B xauepax, 

T8KS6 OCY~6CTBJlHJI0CD ~H onpe~eJieHHH ~6KTHBHOCTH BOCCT8HORn8HHH 

TpeKOBo 0~B8KO cpaBBeHHe STBX ~BYX Y8TO~OB 1 npOB8,l{8HB08 H8 tiBCTH 

8KCnepHU6BT8JlDHOrO U8T6PH8JI8 1 H8 BY&BHBO K8XHX-~H00 38M6THWX H6CO

OTB6TCTBBit B BWllHC~H6UKX ~eKTHBBOCTHX. STO 06~HCHH6TCH BHCOKOft 

~6KTHBHOCTDIO BOCCT8HOBJI6HHH Tp86KTOpHa tiBCTHUev98%},nOJIYll88UOit 

aa-aa xopomero peSHua paoorw cnexrpouerpa ( HeBe~HKO llHCJIO cny

qaeB, xor.na aa BpeuH naMHTB xauep qepea cnexrpouerp npoxoAHT do

nee O,l{HOit 'l8CTH~ ) B H6S8CTCKHX KPHT6pH8B fl0HCK8 H BOCCT8HOBJI6-

HHH TP6KOBo 

3. reouerpaqecxaH ~eKTHBHOCTD 

PaaMepw • pacnonoaeHBe noCJie~ueR napw nponopitHOHB~DHHX xauep 

P.C., qepes xoropwe .nonZHH npoxo.n-~~ rpaexropHH oroopaHHHX co6w

~••/2/, Be nOBBOAKI. perMcTpMpOBB~~ Bee C06Y~•a ynpyroro n-p-pac

C6HBKH B BWOPBHHYX KK!Ipaaaax nepeASHHHX qerwpeXKMDY~DCOB -t 
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( cu. pHc.2). Onpe~eneHHe reouerpHqecxoft ~eKTHBHOCTR perHcrpa-

IU'IH co6biTHft npH KBJt.llOY t ocyllleCTllJIHJiac:& nporpawoft "GEOMEFF" 

DO H8~,ll€HHbiM C06b1THRM P8CC€HHHH. 

Ilocxon:&xy reouerpH'Ilecxaa ~eKTHBHOCT:& E
9 

( t) npH ~aHHOM t 

38BHCHT OT HYnyn:&Ca H napaueTpOB TP86KTOpHH nepBHqHorc DHOH8 H 

ncnoxeHHH BeprnHHbl pacceaHHH, ~H xa~oro co6biTHH onpe~enanac:& 

nap!U'Ian:&Haa <$IleKTHBHocn £i ( t l • IloBopoT TpaexTapHB oro6paH-

aoro co6HTHH Ha yron ~ Baxpyr rpexa nepBHqHoro nHoHa (paaHr-

PbiBaeu no paBHOM8pHOMy 3aKOHy)OCJIII8CTllJIHJICH TBK, qT06H yron pac-

C6HHHH 8 H HYnyn:&e BTOpHqaoro nHOH8 Pn , onpe~enaeMble no Ho-

BbiM Tpexau, COXp8HH1IHC:&o ~HC110 C1IJ'Il86B n , KOr~a HOB8H TP88KTO

PHH npoxo,l!Hna qepea nocne,l!H~~ napy xauep P.C., B qHcxo paahlrpaH

HbiX C00b1TH~ n 0 = !00 n03B011RnH onpe~enftT:& ~6KTHBHOCT:& perHCT

PBIU'IH T8KOro C06b1THH 

£i (t) = n;no • 

BaBeweaHaa reouerpHqecxaa ~eKTHBHOCT:& perHcrpa!U'IH co6biTHA 

npH ,llaHHou t orrpe,llenanac:& no ~opuyne 
~ -1 

Eg (t) = N(t)· ( L Ej(~) 0 
1=1 

r~e N(t) - 'llMCXO R8A,ll8HHbiX C06b1THA npB nepe,l!BHHOM HMnyn:&ce t 

reoU8TpH'Il6CK8H ~6KTHBHOCT:& 0Dp6,1!81IH118C:& TBKJt6 Y€TO~OM 

MOHTe-Kapno. KCXO,l!HbiYH ,l!BHHHMH npH STOM cnyJtHnH pean:&Hble napaweT

pbi TpaeKTOpHA B HMnyn:&COB nepBH'IlftbiX DHOHOB, aaperHCTpHpOBBHHbiX B 

CITe~an:&HbiX H3M6p6HHHXo ~eKTHBHOCTH, nonyqeHHbl6 060HYH M6TO,ll8MH, 

XOpomo M6X,lly C060l cornaCOBbiB811HC:& 9 'llTO YKB8b1B8110 H8 OTCJTCTBH6 

38M6THOro ~6KT8 HB-38 BOSMOJtHOrO H6TQqHoro SHaqeHHft HCTHHHbiX 

napauerpoB ny'llKa npH pa6oqax HauepeHHHX. 

4. ~8KTHBHOCT:& perHCTPBUKB C06H~I npo~eCCOpOM 

AHanoroBoe pemam111ee ycrpoAcTBO ( npo~eccop) paapemano 

6 

., 
~' 

.j 

J 

sanycx HCKPOBbiX xauep TOH:&Ko ror.lla, xor,lla yron pacceHHHft, orrpe,lle

naeMbl~ npH nouo~ nporrop!U'IOHan:&Hbl~ xauep P.c. nu6o B X,nH6o B Y 

llJIOCKOCTH,6bln 6on:&me 38~8HHOrO. HaHH'IlH€ HnH OTCYTCTBH€ CHrHana 

paapemeHHH Ha aanycx, Bblpa6aTHBaeworo npo~eccopow HeaaBHCHMO B 

X H Y llJIOCKOCTHX, 38DHCbiB8HOC:& H8 MBrHHTHYD H€HTY B BH,lle 'llMC€11 

"011 H11H 11! 11 COOTB8TCTB8HHO. ~6KTHBHOCT:& perHCTpa~HH C06biTHft 

npo~eccopow onpe~enanac:& " DESEFF " c noMOIIILD arolt HHijlopYa~HH 

H TpaexropHI oroOpaHHHX C00YTHI /2/. 

~H xa~oro ~HKCHPOB8HHoro yrna pacceaaHH Sx , onpe,llenaewo-

ro B llJIOCKOCTH X, DO,llC'IHTbiB811HC:& 'llMC118 C06b1TH~ t-lx)8x) H Ny(8x) , 

KOr,lla BHIT011HHJIHC:& C118.llJDIIIH6 YC110BHH: 

I) ~)8x ) - ecn "!" H B X, H B Y llJIOCKOCTRX, 

2) Ny(9x) - 6CT:& "!" B Y H 11H60 "0", XHOO 111 11 B X llJIOCKOCTHX. 

AHanorH'IHO ~R yrna Sy rro,llcqHThiBanuc:& BeJIH'IHHH 

I)tv!xyl8yl - ecn "!" H B X,H BY nnocxocrax, 

2)Mx(Ely) - 8CT:& "!" B X H 1IH00 "0", XHOO "!" B Y llJIOCKOCTHX. 

~eKTHBHOCTH B~paOaThiBaHHH npo~eccopow cHrHana paaperneHHH 

B D1IOCKOCTHX X H Y B 38BHCHYOCTH OT COOTB6TCTBJDIIIHX npoex~~ yrna 

pacceaHHH £x(8xl 

AYiliiiHY !Popuynau: 

JI Ey(Syl ( cu. pHc. 3 ) orrpe,llenHnHc:& no cne-

fx(8xl = Nx)Sxl/ Ny(8x) , 

ty(Sy l = t-~,..;ey l!Mx(Sy l • 

SIP!PeKTHBHOCT:& perHCTPBUHH 1ID6oro C06b1THH, Hllellmero yrnbl 

pacceRHHH 8x H 8y , 6hlJia PBBHB: 

£=1-[1-fK(8,)JI1-£y(8yl! • 

Ho, sHaH aljlif>eKTHBHocn perHcrpa~HH xall,lloro co6hiTHH £i ( t) npH 

~8HHOY t • H€TPY.l!HO nony'CIHT:& HCXO,llHOe 'IHCJIO C06!iTH~ N'(t) 

7 



Nltl 

N'(tl= ?= E:i~tl 
t= I 

r,lle N (t) - lUICJIO Haa,lleHHWC C06hiTHm pacceHHHH npH nepe,ll8HHOM HM-

nyJil>C8 t 

~eKTHBHOCTl> perHCTp8~H C06hi!Hft npo~eccopou 

£(t)= N(t}/ N'(t) np11 ... t ~0,002 (r3B/c)
2 

6Wia 
2 

paBua 0,?5 z 6hlcTpo BoapacTana, ,llocuraa I npz - t ::o,oos(raB/c). 

5. HexoTophle ,llpyrze nonpaBKH, BHeceHHhle npH BhlqHc~eaxx 

,llH~peHUHBJil>HOro ceqeHHH , 

Kpoue OCHOBHhiX nonpaBOK1 ynOMHHYThiX BhiW6 1 H806XO,l!HMO 6hiJIO 

onpe,lleJIH'fl> p~ .llPYrHx nonpaBoK. 

TioorepH co6hiTKA, Bhi3BaHHhle HeToquocTI>D onpe,lleneHKH BepmHHhl 

pacceHHHH Zint , uaxo,JtKJIHC:& c nouonm nporpauw " ZCUT" • 

HeToquocn B onpe,lleJieHHB BepmHHhl pacceHHHH .!::. Z 3&BMCHJia or yrJia 1 

pacceHHKH 8 no aaKoHy: 

L0. Z ""fiR I 8 

r,lle ~R - TQquQCTl> "cmHBBHRH" rpeKOB 640KOB I K ll B U8H!pe 

MHW6HH. OHa onpe,~teJIHJI8Cl> no ,lt8HHhiU KBMepeHKA, B KO'fOpHX perHCTpH

pOB8JIHCl> rpaexoropaH qacTHU ny~a, npoxo,~tH~ qepea cnexorpouerp 

6ea B88HUO,lt8ACTBHI. lJR K8X,ltOI oroqxz pacceRHHR B 06JI8C'fH BO,ltO

pO,ll8 BBO,ltH.I8CJ. Oi11110Jta f1Z 1 paahlrphiB8eU&H no rayccy • qHC.JlO C0-

6hiTBI1 B KOTOphiX onpe,~te.Jlft8U8ft !8KHU o6paaou 'f0~8 pacceHHHft OK8-

3hiB8JI8Cl> BH8 Bhl6p8HHOft 06Jl8C'fH MHmeua/2/, B03p8CT8Jl0 C yMeHI>me

HHeU yrna 8 1 HO COC'f8BJlRJlO He donee IO!' B6DBK DHHU8Jll>HOro 

yrxa 8min 

3aBKCHUOCtK pacnp8A8.18H~I ~BOBhiX COOY!KI &a DOCtOpOBH8M B8-

~8CtB8 npH orcyrcrBHH BO,~tOpoAa (nycras MXK8HJ.) H ero aa.~aqaH (no•
BaR MHmea:&) or t -HeaAeKBa!Hhl.lloaroxy Aa&Hhle,no.Jyqeauh!e npx nycrol 

ux•eBR,BhlqHta ... CJ. 13 AaHHYX, n·O.IytltHHhiX UpH TIOJIHOI 101•8HH, C yqetOM 

uxoroxparsoro paccesaas aa so,~topo,~te. 

8 

#-

Cne,llyeor YTIOMHHYTl>, qTo TBKXe BBO,llKHHCl> nonpaBKH HB YHOrOKpaT

HOe pacceHHHe/3 ,4/ H yrnoBoe paspeweHHe cneKTpoueTpa / 5/ 

( ~8 = 0,I4 YPB.ll ) 1 norno~eHHe qacTHU, cnyqa~Hhle BHTHCOBTIB,ll6HHH 

H T.,ll. 

6. 3aJti!Dqeuxe 

ABTOphl cqHTB~T CBOHM ,llOJirOU no6naro,llapHTl> .llHP6KUH~ *~B8 

38 npe,llOCT8BJ16HHYil BOSMOXHOCTl> pa60Thl Ha 8BM I C l-!906 H ,llHpeK

~~ HB8 OHRH sa noCTOHHHOe BHHU8HH6 H TIO.ll,llepXKy. 

Mhl TBKX6 TI0Jll>SY8MCH CJiyqaeu BhlpBSHTl> TIPHSH8T6Jll>HOCTl> 

B.~.AnoKHHy, A.A.~epeB~HoBy, D.A.MaTyneHKO H B.R.ConoBI>HHOBY sa 

TIOYO~l> H TIOJI6SHhl6 06CYX.ll6HHH npH npOB8,ll8HHH ,ll8HHO~ pa60Thlo 

0Y'l0K 

~ 
.lllH. S1 

-~--;.----.. .. _..___.. ~ 
~ " 

~nnJTJJn;n;;7;;n;~nnJT.IfnJT.ItnJTttnJTttnJn;r,;;n;r.77nJT.tJnJ7!TJJn!7JTJinJT!?nJnJT.JtnJT?tnJT!T.J?nJni!~!IT/InJTII~lnTnTnTn7 
P.o. apooopuoJILIJr.BaR MMtpa c.c. 'lepeaKoBCul C'lenn 
s.c. •cxpo:au KUepa (B) noBePHYTa.R KUepa 
8 1 .1. CD;UI'!'U.I.IIQIOBBIII C'lenn 

PHc.I. Cxeua 8KCnepHU8HTB~LHOA YCTBHOBRM. 

·~t-----------~---
... 
... oor.a 

40 r.s ... 
<>.2 

.... ~"' OPl -... fo 

PMc.2. reouerpwqecxas ~eRTHBHOC~l> cneKTpoueTpa. 
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PKc.3. ~eKTHBHOCT» perKcTpa~HH co6UTH~ nponeccopou B 

K8~0~ nnoCKOCTH B 38BKCHYOCTK OT yrna pacceHHHH. 

CyuuapHaH ~eKTKBHOCT» E = 1 - ( 1 - Ex ) • (1 - E>' ). 
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