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8 HBCTORLUee BpeMSI B :3KCnepKMeHTBX C aneMeHT&pHblMH 'l&CTHUBMH Bb!COKHX :3HeprH. 

WHpOKOB pacnpOCTp&HBHKe nonyqKnK HCKpOBblB K&Mepbl, npa60pbl :3TOrO TKna perHCTpHpy

IOT Tp9KH 6biCTpblX aapR>KeHHblX 'IBCTKU C BhiCOKHM npOCTp&HCTBeHHbiM ( * 1 MM) H XOpo

WHM BpeMBHHblM ( * 1 MKCeK) pa3p9W9HK9M 0 npH'leM ynpaBnRBMOCTb KCKpOBbJX KBM9p U03~ 

BOnSIBT OT6Hp&Tb K3Y'IB9Mbl9 cny'laH B3BHMOLlellcTBHR aneMGHTBpHblX 'IBCTKU Ha 6onbWOM 

<floHe nOCTOpOHHero RanyqeHHR; 0LlHBKO CpBBHeHHe HCKpOBbJX K&Mep C TBKHMH 

TpeKOBblMK npH60pBMH, KBK ny3 blpbKOBbie H LlH<fl<fly3HOHHble K&Mepb1 0 nOKB3biB&eT Cna6ble 

CTOpOHbl MeTOLl& RCKpOBbiX KBMep: 

1) HeH30TponHOCTb (B HCKpOBbJX K&Mepax He yll&BTCR nony'IBTb TpeKH 'IBCTRU, npo

XOLlliLUHX no.o yrnoM 6onbWe 45° K HanpaeneHHIO nona); 

2) B KCKpOBbiX K&Mepax Henb3R nony'IHTb TpeKH 'IBCTHU, OCT&H&BnHBBIOLUHXCR B raae 

pa6oqero o6'beMa KaMepbi; 

3) HCKpOBbie K&Mepbl LlBIOT Mano HH<flOpMBUHH 06 KOHR3HpyiOLUeJI cnoco6HOCTH perac

TpKpyeMbiX 'IBCTHU, T&K KBK a<fl<fleKTKBHOCTb o6pa30BBHHR TpeKOB H HX HpKOCTb cna6o aa-

BHCHT OT BenHqHHbt nepBHqHOA nnOTHOCTK HOHH38UHH. 

3TH HellOCTBTKH HCKpOBbiX K&Mep o6ycnoeneHbl xapaKTepOM r&30BOr.O paapRLlB, p83BR.

BBIOLU9rOCR B HHX: raaoe o e ycHneHHe nepBH'IHOll HOHR3BUHR 0 Heo6;<0LlHMOe Llnll nonyq&HRR 

LlOCTBTO'lHO RpKOrO TpeKa CTOnb BenRKO, 'IT? npo!leCC naBHHROrO paa .. llo)KeHHR nepBH'lllbJX 

aneKTpOHOB nepeXOLlHT B 6biCTpblll CTpRMepHbiA npouecc, 06paayiOLUHJICR npR :3TOM RCKpo

BOll KBH&n 38MbiK&eT MB>KLly:3neKTpOLlHbiJI npoMe>KyTOK KBMBpbl nOLl yrnOM He 6onee 45° Jt 

HanpaeneHKIO nona, a ero llpKOCTb onpe.oenReTCSI B OCHOBHOM napaMeTp~MH :3n9KTpH'leCKOJI 

uenK HMnynbCHOrO nKTBHKR K&Mepbl, 8 :3TOM . CMbiCne pe>KHM pa60Tbl KCKpOBbiX KBMep aaa

norK'leH pe>KHMy ra30BblX C'leT'IHKOB B reJirepOBCKOJI o6n&CTK, KOrll& eenH'IHHB RMnynbCa 

He 3BBHCHT OT xapaKTepa nepBK'IHOl! KOHK38UHH, a onpe.oenReTCR eenH'IHHOl! npHnO>KeHHO-

ro Hanpsr>KeHHR. 

O.oHa 113 B03MO>KHOCTel! ycTpaHeHRR yKaaaHHhiX KellOCT&TKOB, KBK 6binO noKaaaao B 

pa60TBX/!-4/' COCTOHT B TOM, 'ITO noK&nbHOe p63MHO>KeHKe nepBH'IHbiX aneKTpOHOB' MO>K

HO LlOBeCTH LlO BBnH'IHHbi, npH KOTOpOl! CBe'IBHHe TpeKa MO>KHO <flOTOrpa<fJHpOBBTb, ecnH 

coa.oaeaTb B pa6o'leM o6'beMe K&Mepbi ocuannnpyiOLUee aneKTpH'IBCKoe none BbiCOKol! qac

TOThi. TaK, KaaannepH H .op/31 
c¢oTorpa¢HpoeanH TpeKK a -qacTHU B K&Mepe o6'beMOM 

OKOnO 60 CM
3 

C Me>K.oyaneKTpOLlHbiM npoMe>KyTKOM 1,2 CM, no.oaBaR Ha aneKTpOLlbl K a 

Mepbl aaTyxaiOmee ocunnnnpyiOmee HanpH>Keane c qacToTol! 40 Mru B Te'!eHHe 0,4 MKCeK. 

n o ny'IKT b Tpe KH penHTHBHCTCKHX 'IBCTHU B TBKOl! KBMepe He y.oanOCb, ¢yKyll II .op/
41 
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ccpOTO r'pa cl)HpO BBnli TpeKH penSJTHBHCTCKHX 'i8CTHU B H860nbWOM 06'beMe CM9CH r a 30B 1 riOMe

weHHOA B BOilH OBOll C BHyTpeHHHMH pB3MepBMH 4, 7 X 2,2 CM
2 

0 11pOBOllS!WHll 3/l e KTpOMBrHHT

Hble fiOilHbl c >< B CTOTo ll 5,550 Mru a Te><eHHe 0, I MKCeK nocne npoxo>KneHHR perHCTpHpye

MbTX 1.f8CTHU. noMHMO Tpy,aH.OCT9A 1 CBSI38HHbiX C nonyqeHHeM BbJCOKOtt8CTOTHOrO nons., O.O.HO-

ponHoro no o6oeMy, B03HHKana ueo6xo.OHMOCTb ycTpaHeHHst cpoHOBbiX paapHllOB nyTeM aee

.oe"'"' " raa npHMeCH anKoronst, nornowa10wel! ynbTpBcpHoneToaoe HanyqeHHe paapHllB, 

Jlpyrast B03MO>KHOCTb H30TpOnHOll perHCTpBUHK TpeKOB 3Bpst>KeHHbiX '<BCTHU, B TOM 

ttHCne H OCT8H8BnHB810UlHXCR B ("'838 p860l.f9("'0 06'b9M8 K8M8pbl 1 COCTOHT B TOM, \ITO raao-

808 yCHR8HH8 orpBHHl.f.HB89TCR B npe,o.enax. npH KOTOpbiX n8BHHH08 p83 MHO>K8HHe nepBH"'HbiX 

3n8J(TpOHOB npOHCXO.UHT 8lll8 ROK8nbH0 1 8 yaenH1.f9HH8 SipKOCTH Tp9K8 1 H906XO.llHM08 .llnH Q:>o-

TOrpacpHpOBBHHS!, ocyweCTBil!leTC!I nyTeM HCI101lb30BBHHS! 31leKTpOHHo-onTH><eCKOrO npeo6pa-

30BBTell!l, B HBCTOS!LUel! CTBTbe onKCbiBBeTC II pB3 pB60TBHHB!I B BTOpBMK H30TpOnHBS! pB3 p!!ll

HB!I KBMepa ( VIPK) nnst p e ru c TpB UKH penHTHBHCTCKHX a apH>KeHHbiX 'IB C THU, .oellcTaH e KOTo-

x/ 
pol! OCHOBBHO HB 3TOM npHHUHn e . 

CxeMa H KOHCTpyKUHH xaMepw 

06wa>1 c x e M a VI PK npHae.oeHa Ha pHC , I. OcHOBHbiMH 3neMeHTBMH y c T B HOBKK HBnH

IOTCH: KBMepa ( K), Me>KllY 3/leKTpOllBMH KOTOpOl! HBXOllHTCS! pa60'!Hl! 06oeM r a aa, 3 /leKT

pOHHO- OnTH'IeCKHl\ npeo6paaoaaTenb (30n) H aneKTpOHHBst cxeMa ynpaaneHHH, KaM e pa uH

nHHllpH'IecKoll cpopMbl HMena BHyTpeHHHl! llHBMeTp 20 CM H BhiCOTy 9 CM. 60KOBbl e C TeHKH 

K B Mepbi 6btnH c.aenaHbi H3 nnexcHrnaca, a HB TOpu a x pacnono>KeHbi xpyrnhre n a TyHHbte 3nex-

TpO.O bl, U8HTp8nbHbi8 l.I8CTH KOTOpbiX yTOnW9Hbl TBK, "'TO pBCCTOSIHHe M8>K.Oy nnOCKOCTHMH 

3 n e KTpo .ooa no ocH KBMepbl paaHo 5 eM. Pa.oHyc aaKpyrneHHS! Kpaea BbJCTyna10wel! 'IBCTH 

3 /l e KTpOllB TBK>Ke 6blll pBBeH 5 CM, npH T llKOl! KOHCTpyKUHH KBMepbl cpoHOBble pB3pS!llb1 0 

Bbi 3 B B HHble KpBeBbiMH acpcpeKTBMH 0 HB HB61liOllBilHCb llB>Ke npK pa60Te B pe>KKMe HCKpOBOll 

K B M e p b i H HanonHeHHH o6oeMa TexHH'IeCKH 'IHCTbiM HeOHOM HllK renHeM, Pa 6o><Hl! o6oeM Ka-

M 8 p b1 1 T. e . o6naCTb M9)K.Uy 3n8KTpO!l8MH, B KOTOpoA C03.0 8 8TCSI O.OHOpOD.HOe 3n8KTpH1.f8CK08 

n o n e , C OC TOBilHil OKOilO 500 CM~ repMeTH'IHOCTb KBMepbl o6ecne'!HBBilBCb 6nBrO.OBpH TOMy, 

Y T O .ll8 T 8 nH CKn9HB8nHCb 3riOKCH.OHOA CMonoA. 

KaM e pa pacnonarana cb Me>K.oy .oayMH CUHHTHilllHUHOHHblMH c'!eT'IHKBMH ( C 
1 

, C 
2

), 

OT 6 HpBBWHMH KOCMH><eCKHe ><BCTHUhl, npoXOllS!WHe q e pea pB60'!Hll 06oeM KBMepbl no.o yrnOM 

o T 0° .oo 20° K aepTHKBilH, VIMnynbC co cxeMbl coana.oeHHll ( CC ) nocTynan HB axo.o cxe

M bi ynpaeneHHS!, B OllHOM H3 KBHBilOB KOTOpOl! ( pHC, ( 1 KBHBil 4) cpopMHpOBBilCSI HMnyllbC aa

nyC KB reHepBTOpB BhiCOKOBOilbTHbiX HMnyllbCOB (rBBVf ), npHHUHnHBilbHBS! CXeMB KBHBilB BHB

Il OrH'IHB CXeM e reHep.BTOpB, OnHCBHHOrO B pa6oTe/
5

/ npstMOyr OllbHbll! HMnyllbC llllHTenb-

x/ B nocne.oHee apeMst 6hlllH ony6m!KOBBHhi pa6oTh/
16•171 , onHCbiBBIOwH e paa -

PHllHYIO KBMepy 0 npHHUHn .oel!CTBHS! KOTOp OJ!: C OCTOHT B o6pb!B8HHH CTpHMMepHOrO npo u eCCB 

nyTeM 6biCTporo yMeHbweHRSI HanpsnKeHHOCTH 3nexTpH'IeCKoro nonSI a K8Mepe. TaKost K a 

Mepa He HBnSJeTCH nonHOCTbW H30TpOnHoA, T8K K8K HpKOCTb TpeKa C Hn b H O 38B HCHT OT y r n a 

Me>KllY TpBeKTOpRel! 'IBCTHUhl H HBnpaane HHeM Hanpst>KeHHOCTH nonst, 
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HOCTbiO 2 MKCeK C 8MilllHTynol! no 3 KB 3BilJCKBn reHepBTOp, llOCTpOeHHbill 110 11pHHUHily 

TpBHCcjJOpMBUHH HBnpn>KeHHH CHCTeMOll ,!ll,llHHHbiX llHHHI!/B/ C THpBTpOHOM B KB'IeCTBe KOM-

/7/ 
MYTHpyiOlUei'O aneMeHTB npHHUHilHBrrbHBll cxeMB reaepaTopa npnaeneaa HB pHC. 2. npn 

llOCTynneHHH 3AilJCKBIOlUei'O HMilJilbCB HB CeTO'IHbiJ! TpBHCcjJOpMBTOp I'eHepBTOp BblpB6BTbiBB-

e T OTpHUBTellbHbii! HMilJilbC HBilpSI>K CH V. SI 11pH611H3HTerrbHO TpeyrOrrbHOJ! cjJOpMbl C llllBBHO 

perynnpye MOl! BMilllHTynol! no 70 KB. 8peM!I HBpACTBHH!I HBilp!l)l<eHKSI COCTABil !lllO OKOilO 

6,05 MKCeK, a nonHB!I nnnTerrbHOCTb KMnynhCB DbinB pasHa 0,1 MKCeK. VIMnynbC: nocTynan 

H8 OnKH H3 311eKTpOnOB KBMepbl C 061Uel! aanep)I<KOI! OTHOCHTerrbHO MOM9HT8 11pOXO)I<neHH~ 

KOCMK'IeCKOI! '18CTHUbl 0, 7 MKCeK. !lpyroJ! 3rreKTpon KBMepbl 6blll 383eMneH qepe3 OI'p8HH-

~ 160 OM. 

Cna6oe caeToeoe Hany'leHHe, B03HHK810Ulee a npouecce paaMHO>KeHHR nepBH'IHhtx aneK .. 

TpOHOB B6nH3H Tp8 9KTOpHH '18CTHUbl nonanano qepe3 flflOCK09 OKHO B nneKCHrnBCOBOA CTeH

K e K8Mepbl B 0 6be KTKB THilB *f'ennoc-40' C f io 85 MM H cjJOKJCHpOBBilOCb HB cjJOTOKBTOn 

y c HrrKTenSI CBeTa c yMeHbWeHHeM I: 4. npH OTHOCHTerrbHOM OTBepCTKH 06beKTHBB I : 3,4 

H36pB)I<eHHe TpeKOB, npoxonHBWHX '!epe3 ueHTpBrrbHJIO 'IBCTb KBMepbi, COCTBBil!IBWJIO 40% 

pa6o'!ero o6beMa, nepenaaanocb o6beKTHBOM c paapemeHHeM He xy)l<e 4 nHHHl! HB MM a 

llllOC KOCTH H306pB )I<eHH!I, 

B KBlfecTee ycHnHTens:~ ceeTa 6btn Hcnonb3oeaH MHoroKBCKB.aHhiA aneKTpOHHo- onTHqec

KHll npeo6pB30BBTerrb (3Qn ), OllHCBHHbill, HBilpHMep, B pa6oTe
181

• 3Qn pB60TBrr B pe)I<H

Me JCHrreHH!I, npH KOTOpOM B03MQ)I<HQ cjJOTOI'pBcjJHpOBBHHe HB BbiXOnHOM 3KpBHe 3Qna CBeT!""" 

flbiX T01.f9K 1 C OOT69TCTBYIOlllHX OT,aenbHbiM ¢oT03fl9KTpOH8M 1 HCflyll.l9HHbiM C flOB9pXHOCTH 

nepBOI'O cjJOTOKBTona . !ln!! nonaeneHH!I TeMHOBOI'O cjJOHB HBilp!!)l<eHKe HB BTOpOl! K8CK8n 

n o naaanoc b KMnynhCHO qepea 5 MKCe K nocne perHCTpHpyeMoro co6biTH!I . Heo6xonKMbiJ! 

nnH 3TOI'O OTpHUBTerrbHbiJ! llp!IMOJI'OilbHblll KMilJilbC C BMilllKTJnoll 7 KB B b lpB6BTbiB811CH B 

KAHane 2 cxeMbi ynpaeneHHH (puc. 1). 

VJao6pa)l<eHHe, B03HHKBI01Uee HB BbiXOnHOM 3Kp8He ( 3) 3Qna cjJOTOI'pBcjJHpOBBilOCb Hll 

cTBHnapTHOI! aapocjJoTonneHKe qyacTBKTenbHOCTbiO 1200 en. !OCT. B KB'!ecTae o6beKTnaa 

( o
2

) perHCTP"PYIOlllel! cjJoTOKBMepbi ( P<l>K) 6blll Hcnonb30BBH caeTOCHilbHbil! o6beKTHB c 

OTHOCHTerrbHbiM OTBepcTneM I : 0,85. 3BTBOp cjJOTOKBMepbl HOpMBilbHO OTKpbiT , K nneHKB 

nepenBHI'BeTCH HB onHH KBnp llOCile 3KCI103KUHH. !lnH TOI'O, 'IT06bi H36e)I<ATb ByBnKpOaB

HHH nneHKK TeMHOBbiM cjJOHOM llOCnenHHX KBCKBnOB 11pK pa6oTe KBMepbl B pe)I<HMe pei'HC

TpBUKK penKHX C06biTKI!, llOCTOHHHOe HBilp!!)l<eHKe HB llOCnenHeM KBCKBne 3Qna 6bii10 yc

T8H0Bfl9HO H8 5 KB M9HbW9 H8llpSDK9HHS1, H906XO.OHMOro llflSI HOpManbHOrO ycHn9HHSI H3o6-

pB)I<eHKH. np!!MOJI'OilbHbii! HMilJilbC C BMilllKTynol! 5 KB H nrrHTenbHOCTbiO 0,1 CeK cjJopMH

pOBBilC!I B KBHBne 3 CXeMbl ynpaaneHK!I H nonaaBilC!I HB llOCnenHHJ! KBCKBn 30na C aa

nep>KKOJ! OKOilO 3 MKCeK OTHOCKTellbHO pei'HCTpHpyeMOI'O C06biTH!I , 
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Pa6o•me xapaKTepHCTHKH KaMepbr 

BoaMO>KHOCTb Hcnonb30BBHIHI HattanbHoA C TB.O.HH raaoaoro p aapSID.B .a.nH nonyqeaJHI 

TpeKOB 3apH>K9HHL!X 'laCTHU H3y'lanacb Ha OnHCaHHOl! ycTaHOBK9 nyTeM cPOTOrpac:jlHpOBaHHH 

p83 pR.O.OB 1 p83BHB8lOlllHXC SI B raae rrpH p83 fli.P·JH biX 3HBqeHHHX H8IIpS:DKeHHOCTH HMnynbCHOrO 

aneKTpHqecxoro nonH, npHno.>KeHHoro nocne npoxo>K.aeHHH HOHH3HpyiOweA •tacTHUbl qepea 

J'a3, npH 3TOM KaMepa ycTaHaBnHBanaCb LlBYMH c noco6aMH : a) 3n9KTp0Llbl KaMepbl pacno-

no.>KeHbl BepTHK8flbH0 1 TBK l.ITO Bbi.ll e nSieM ble CUHHTHnRSIUHOHHbiMH Cl.JeT 1U{ K8MH t.J: 8CTHUbl npo

XOL!HT '1epe3 KaM P py non yrnaMH OT 90° no I 10° K H a npaaneHH IO 3neKTpH'IeCKOro nonH 

(pei'HCTpaUHH TpeKOB 'nepneHL!HKynHpHO norrro' ); 6) 3119KTpOLlbl p acrronO>K 9Hbl r'OpH3011-

Tal1bHO, TaK 'ITO 'laCTHUbl npOXOLlHT qepe3 KaMepy llOLl yrnaMH OT 0 ° LlO 20° K Hanpaane

HH!O ITOnH ( perHCTpaUHH Tp9KOB 'no norrro'), 

Ehlno ycTaaoaneao, qTo a KB Mepe, aanonaeHHOA TexHHl.feCKH l.JHCTbiM renH eM .no .aaa-

neHHH I aT npu HanpH>KeHHOCTH n o nH E > 5 KBicM KOITH'IeCTBO caeTa, o6pa3yrowerocH 

B OT.QenbHbiX 9ReKTpOHHbiX .llBBHHBX, .00CT8T0l{H0 ,llRSI perHCTp8UHH 1 H uenoqKa n BBHHOK 1 

pa3BHBa!OlUHXCH B6nH3H TpaeKTOpHH 3apH>K9HHOl! 'laCTHUbl, 06pa3yeT Tp9K, (3Lt 9Cb H b 

narrbHal!WeM nOLl HanpH>K9HHOCTb10 nonH E HM99TCH BBHLlY aMnnHTyLlHOe 3Ha'leHH9 Han

pH>K9HHOCTH C03LlaBa9MOJ'O B KaMepe nOITH) • 

.f!pKOCTb H pa3M9p rraBHHOK CHnbHO 3aBHCHT OT HanpH>K9HHOCTH np"nO>K9HHOr'O nonH, 

OL!HaKo cywecTByeT HHTepaan 3Ha'leH"ll HanpH>KeHHOCTH nonH (5KBICM ~ E < 5,3 KBICM), 

B KOTOpOM KORHqeCTBO H RpKOCTb nBBHHOK B TpeKBX •nepneH.O.HKynHpHO' IIORlO H 'n o IIORlO~ 

npaKTH'I9CKH OLl"HaKOBbl npH OLlHHaKOBOll HanpSI>K9HH OCTH n o nS!, no3TOMy B yKa3aHHOM HH

Tepaane HanpSI>K9HHOCTH nonS! Tp9KH p e rHCTpHpyiOTCSI H30TpOnHO, .QanbHeAwee nOBbiW9HHe 

8MflnHTy.O.bl HMnynbCa Bbl3biB89T nepeXO.ll aneKTpOHHhlX nBBHH B CTpHMepbi K B 03HHKHOB8HH8 

OL!HOr'O HCKpOBOr'O KaHana, aaMb!KaiOlU9r'O M9>K3n9KTpOL!Hblll npoMe>KyTOK ( B crryqae peruc

TpauHH 'no nonro') HITH uenO'IKH HCKpOBblX KaHanoB (B c ny'lae per'HCTp8UHH 'nepn9HLlHKy

nHpHO nonro'). 

rlpH HanpH>KeHHOCTH E ). 6,5 KBICM KaMepa pa6oTaeT B pe>KHMe o6bi'IHOA H C KpoaoA 

Kauepbl . Ha pHc, 3 npHseneHbl c!JoTorpac!Juu TpeKoB B pa6o'!ell o6nacTH HanpH>KeHHOCTK 

norrH, a TSK>Ke cPOTOr'pac!JHH, Hnl1IOCTpHpy10lU"9 npouecc pa3BHTHSI HCKpOBblX K S H a nOB npH 

yBenH'I9HHH H8npH>K9HHOCTH, illHpHH8 nony'laHHb!X Tp9KOB COCTSBnSieT OKOnO 2 ,5-3 MM H 

onp9Ll911SI9TCH B OCHOBHOM p83M9pOM naBHHOK, npH Hanp~>K9HH OC TH nonS! B HHT9pBane 

.. -5,0 Ks/cM < E < 5,3 KBICM pa3 Mapb1 naBHHOK B Hanpa aneHHH nonS! H nepneHL!HKynHpHo K 

HaMy OL!HHSKOBbl, HO npH yaenH'I9HHH H8npH>K9HHOCTH nOITSI p83M9p n aBHH OK no nonro 6brc

Tp0 YB911H'IHB89TCSI, H naBHHKH npHo6peTaiOT B b!TSIHYTY!O cPOpMy, 3asH C HMOCTb pa3Mepa 

aneKTpOHHbiX naBHH B H8npaeneHHH n o nR OT H8flpSI>K8HH OC TH nonR npHB O.U HTC SI H8 pH c . 5. 

KaK BHLlHO H8 cPOTOr'paciJHS!X ( pHC, 3) , TpeKH COCTOSIT H3 OTLlanbHblX naBHHOK H HM910T 

npepb!BHCTbiA xapaKTep, o6ycnOBJ19HHbiJI CTaTHCTH'I9CKHM xap8KT9 p0M pacnp9Ll9119HHSI n e p

BK'IH OA HOHH38UHH BL!Onb TpaeKTOpHH '18CTHUbl H c!JnyKTyaUHSIMH p a3BHTHSI naBKH, 
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Cnea.yeT OTMeTHT h 1 ttTo cpe.llHee liHcno H BH6onee paasHBWHXCSI J18BHH Ha e.a.HHnuy .llnH

HbJ TpeKa ( 1,5 -2 f!BBHHbl Ha CM) Ha nop>I.OOK MeHbWe ilf!OTHOCTH nepB ii'IHbiX 3fleKTpOHOB H 

onpe.oen>teT Ha6mo.oaeMyJO B H C Kpo B b i X KBMepax
1 111 

nnoTHOCTb p a3p>t .O H biX KonoH O K a.oonb 

TpeKa. Cpe.oHee 'IHcno ,PoToa n e KTpOHOB, co3.o a JOWHX H306 p a >K e HHe n a BHH npJt Hanp>t>KeHHOCTK 

E = 5,3 KBicM 6bJnO paaHo npHMepH o .oec>tTH, 'ITO c ooT BeTcTsyeT H c nycKaHJt JO • 6.105 
,Po

TOHOB C .[lf!HHOA BOf!Hbl, COOTBe TCTB YJOLI.IeA o6nBCTH '<YBCTBH T e flbHOCTJt cP OTOK 8 T 0 .0 8 . 

YsenH'IeHHe cseTOCHflbJ o6beKTHB a , C03.0aJOiUero >1'3 o 6 p a >KeHHe TpeKa H a ,PoTOKaTo.oe 

30na .oo I : 1,5 He H3MeHJtno cywe cTseHHO BH.O TpeKos. <t>oTorpa,PHH, npJt a e.oeHHbJe Ha 

pHCYHKax 5 , 9, nony'<eHbi npH cseTocKne n e psoro o6beKTKBa I : I ,5 • Llmt Bbl HCHeHK>I snK>t~ 

IHI>I cPGpMbl HMnynbCa HB WHpKHY TpeKOB 6blf!H OTKflJO'IeHbl .o e MilcPHPYIO WHe KeHOTpOHbl B re-

H e paTope BbiCOKOBORbTH·blX HMnynbCOB 1 H H8 aneKTpO.llbi, K8M9pbl fl0.ll8B8R C SI HMnynbC C Bhi6-

pOCOM of'paTHOA llOTI>IpHOCTH .[lfJHTef!bHOCTbiO 0,5 MKCeK, aMfifJHTy.Oa KOT Oporo C OCTaBf!>lna 

npKMepHo nonoBKHy aMnnKTy.ObJ ocHOBHoro HMnynbCa. TaKoe H3MeHeHKe ,PopM br KMnynbCHOro 

H811p>t>KeHH>I OK83afJOCb 3 KBKBaneHTHb!M (no .[l0CTHr8eMOMY pa3BHTH IO naBHH) ysef!H'IeHJtJO Ha 

20% aMnnKTy.Obi KMnynbCa 6e3 Bbr6poca. Pa3Mep naBHHOK npH aToM HecKOflbKO ysenH'IH-

BBnCst, H, KpOMe TOr01 pa60li8SI o6n8CTb H8ITpRJKeHIUJ YM9HbW8R8Cb, T 8 K K8K npH 

E ~ 4,6 KBICM HHor.oa Ha6nJO.oanKcb ,PoHoswe pa3p>I.Obi B HaqanbHOlt CTB.OHH ( p11c. 4). 

KpoMe H8flORHeHH51 renHeM, .llRSI nonyqeHHH Tp9KOB HCITORb30B 8 ROCb TBK>Ke H 8 flORHeHHe Ka

Mepbl TexHK'IeCKH '<JtCTbJM HeoHoM. TpeKH nOHBnHJOTCH npK HanpH>KeHHOCTH nonH E., 3,2 KBicM,H 

HHTepsan 3,2 < E < 3,4 KBICM HBnHeTcH B 3TOM cnyqae o6nacTbJO H30TponHoll perHcTpauHH 

TpeKoB. Bo3MO>KHOCTb nony'<eHKH -ppeKOB 6bma Kccne.oosaHa TaK>Ke npJt HanonHeHHH KaMe-

phi paanHliHbiMH raaoBbiMH CMeCRMH . OnhiThi co cMeCHMH raaoe MO>KHO paa.aenHTb HB TpH 

rpynnbJ B 3aBHCHMOCTH OT uenH, KOTopaH CTaBJtf!aCb npH HX H3y'leHHH, 

A) Lln>t pa3pa6oTKH H30TponHbJX pa3pii.OHbJX KaM e p 6onbworo pa3Mepa npe.oc TaBnHJOT 

HHTepec CM9CH r830B 1 fl03BOnSIIOlUHe nonyqBTb TpeKH ITpH H8HM9HbillHX 3H 8 t{9HHSIX HBnpg

>KeHHOCTH 3neKTpHtt9CKOro flOflSI. B 3TOM OTHOWeHHH p83nHqHbl9 rB3bl H HX CM9CK MOryT 

oTnHttBTbCSI KBK no eenl>PtHHe a· v , r.ae a -nepBhiA xoa¢¢HuHeHT HOHH38UHH TayH c eH.a.a, 

8 V -.apeA¢oB8SI CKOpOCTb aneKTpOHOB B none, TBK H flO Cfl9KTp8nbHOMy C OC TBBY H HHTe H 

CHBHOCTH H3Ry'I89MOrO CBeTa , C 3TOA TO'iKH 3 p9HHSI 6hiflH HCCne.O.OB8Hbl C M9C H H9 0 H 8 H r e-

nH>I c aproHoM . B cMecH 64% He+ 16% A TpeKH perKcTpHposanHCb, H a 'IKH a l! c 

E = 6,35 KBicM. 3asKCHMOCTb MHHHManbHOA HanpR>KeHHOCTH, Heo6xo.oHMoA .OilH p e rKcTpa -

UHH TpeKOB B CMeCH HeOHa C aprOHOM OT npoueHTHOrO CO.Oep>KBHHH aproHa, noKa3 aH a H a 

pJtc. 6 (KpHBaH I). TaM >Ke (KpHBBH 2) npHae.oeHbJ 3HB'IeHHH MJtHHMBnbHOl! n a npi!>Ke HHOCTH, 

He06XO.[lHMOlt .[lfll! BK3yaf!bHOrO Ha6fJJO.[leHHII HCKpOBbiX K8H8f!OB npK pa3HOA KOHUeHTpa UHH 

aproHa B HeoHe. B pa6oTax
19• IO/ 6brno BbJCKa3aHo npe.onono>KeHHe o TOM, 'ITO B HMnynbC-

HbJX fiOfJHX ManoA npO.OOfl>KHTenbHOCTH Hanpi!>KeHKe npo6011 B CMeCH Ne + A CTaHOBHTCH 
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MHHHMBnbHb!M npH KOHUeHTpBUHH aproHa ~ 10-25%, 0.UHBKO nony'ieHHb!e HBMH .UBHHb!e no,a

TBep>K.UBIOT TOT tPIIKT, 'ITO 3,P,PeKT neHHHHra H8H60nee CHnbHO npO!!BnHeTC!I npH HH3KHX 

3HB'ieHH!IX KOHUeHTpBUHH apro Ha (nop!I.UKB .aonell npoueHTB} .UB>K e B RMnyn bCHhiX non!IX 
- 7 

.anRTenbHOCTbiO w 10 ceK. TaKHM o6paaoM, e CMecH Ne + 0,5% A npH .aaeneHRH 

I aT MO>KH O perHcTpHpoeaTb TpeKH pen!ITHBRCTCKHX q acTH U npH Hanp!I>KeHHOCTH non!! 

E ~ 2,8 K BICM, 

B) BpeM!I naM!I TH KaMepbi on pe.aen!leTC!I cKopoCTbiO Hcqea HoeeHH!I ceo6o.UHbiX 3n eK -

TpOHOB, o6p830B8HHblX B raae H:OHH3Hpy iOW8A tf 8CTHUeA:, n B T8XHH1.f8CKH ttHCTOM rellHH coc

T8B1151 8 T .aecs:ITKH MHKpoceKyHll . TaK. npH .oononHHT811bHoA aa.nep>KKe BbiCOKosonhTHoro HM

nynbca HB 10,5 MKCeK KOnH'ieCTBO naBHH HB e,UHHHUy ,UnHHbl TpeKa B renHH ynano H B 30% 

WHpOK .:> npRMeH!IeMbill a RCKpOBbJX KaMepax c ManbiM H Me>K3neKTpO.UHbiMR npoMe>KyTKBMH 

cnoco6 yM e HbweHlHI paapewa10wero speMeHH nyTeM npHno>KeHHR O"lHlllBKHuero nann, oqe

B H.QHo , M 81103Q:>cj::leKTHB8H .0.1151 K8M e p C 6011bWHM M8>K3118KTpOD.HblM npOM8>KYTKOM 1 T8K K 8 K 

BpeM!I C06Hp8HHH· 3neKTpOHOB B 3 T OM cnyqae C TBH OBHTCH 60nbWHM, no3TOMY npR06peT8IOT 

HHTepec noHCKH ,.q,q-,eKTHBHbiX *xHMH'<eCKHx• cnoco6oe yMeHbweHH!I paapew arower o epeMe

HH, V!aeeCTHO, 'ITO .U06aeneHRe C11HpT8 yMeHbWB eT epeM!I U BM HTH B HCKpOBbJX KBMepax ,a a· 

>Ke B OTCyTCTBHe O'iHWBIOWero nonH
1 II I . no3TOM"y 6hina H3y'ieHa B03M O>KHOCTb pa6oTb! 

V!PK c TBKHM HanonHeHHeM. Pa6oqa!l o6naCTb Hanp!I>KeHHOC TR .an!l CMecu He + 2,6% C H OH 
• s 

Haxo.uunacb e uHTepeane 6,1 < E < 6,4 KBICM, KonH'<eCTBO naeuH Ha e.auHHUY .Uni-!Hbl Tpe-

K B H8CK011bKO YM 8 HbWH110Cb K COC T 8B11 SI11 0 1,4 118BHHbl H8 CM . npH BB8.U8HHH ll00011HHT811b-

HOA 38.08p>KKH BbJCOKOBOJlbTHOrO HMOy11bC8 OTHOCHT811bHO MOM8HT8 OpOXO>K.ll8HKR t{8CTHUbl 

= 5 MKCeK 'IUCnO naBUH HB CM na,aano B .UBB paaa, npu 3TOM yMeHbWanaCb H 
aa.u. 

!!pKOCTb TpeKa, puC, 7, TBK 'ITO np1-1 06Well aa.aep>KKe OKOnO 7 M KCeK TpeKH pen!ITRBU C T C-

KHX li8CTHU He H 861110JJ,811HCh. 

Jlo6aeneHHe K HeoHy 1,3% B031Jlyxa n OB biwan o H anp!I>KeHHOCTb nonH e p a6oqell o6nac

TH Ha 30% . '-!Reno naeHH Ha e .aHHHUy .anKHbJ na.uano a .uea paaa npH eee.aeHHR .aononHH

TenbHOll aanep>KKH Bb!COKOBOnbTHOf'O RMnynbCa HB 9 MKCeK, npH 38,Ue p>KK e 

a an. 
12 MKCeK TpeKH pen!ITHBHCTCKHX qacTHU H e p e rHcTpHpo e anHcb. Pa6oqaH HanpH-

>K8HHOCTb nonSI rrpH BB9.09HK H B H90H napOB BO,Ohl C ,aaaneHH9M 13 MM pT.CT. nO,QHHM89TCR 

TOnbKO HB }Q%, OaHBKO Bp9MSI fl8MSITH B K8Mepe C TBKHM H8nonHeHK9M H9CT86HnhH O H M O

>KeT 6b1Tb CHnbHO H3MeHeHO ,ael!CTBHeM H C KpOBbiX p83 p!I.U OB B 06beMe £'838 , 3TO llOllTBep

>K,UaeTCH H3MeHeHHeM 3,P,PeKTHBHOCTH o6p830B8HHH HCKpOBbiX K8H 8 110B ( npu pa60Te B pe>KH

Me HCKpOBO ll KBMepbl ) B 3 881-!CHMOCTH OT BpeMeHH aanep>KKH HMIIYilbCH0£'0 HBUp!I>KeHHH HB 

3 neKTpo.uax (puc . 8). Boa M O>KHa!l npH'<HHa 3 Toro HeneHHH aaKnJOqa eTCH e .UHCCOUHBUHH eo-

.Ubi IIO.U ,ael!CTBHeM 1-!CKpOBb!X p a3p!I.UOB C o6p830B8HHeM Hel!Tp811bHbiX ni-160 HOHH30B8H-

Hb!X BTOM OB H M On e Kyn , o6nanaiOWHX 6ollbWell 3HeprRell CpO.UCTBB K 3 11eKTpOHy, 'ieM y 

MOII<! Kyn BO.Ubl , 
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no-nH,D.HMOMy, 6onee nepcneKTHBHblM Sl8llH9TCH HCflOllb30B8HHe B K8l{9CTB8 .0068BOK 

T8KHX I'830B , KBK CO
2 

H 3:J 
2 

/ IO,I 2
/, 8 T8K)!(8 COBM8CTH08 ll8 l!C T BHe aneKTpOO TpHua

T8llbHbiX .no6aeoK H aneKTpH q ecKoro nonH, no.a.nep>KHBBlOwero cpe.nHlOlO 3HeprHlO nepeHq

HbiX aneKTpOHOB HB ypoeHe HeCKOllbKHX .aecHTbiX aneKTpoH-aonbTa. OueHKH noK83biB8JOT. qTo 

T8KHM Cfl0C060M BpeMH fl8MH TH B KB~!e pe MO>K9T 6biTb c.nenBHO t.ieHbill9 MHKpOCeKyH.O.bl. 

CnenyeT aaMeTHTb, 'ITO HeKoTopbie aewecTBa MoryT oKB3biBBTb anHHHHe Ha pa6oTy 

KaMepbi, npHcyTCTBYH B raae B HH'ITO)!(HO ManbiX KOHUe HTpBUHHX, TaK, M B n bie ( < I0-4%) 

npKMeCH '18TbipexxnopHCTor o yrnep ona nenBIOT perHcTpauHIO TpeKOB HeB03MO)!(HOl! , AHano

rH'IHOe Ha6niO.aeHKe 6hlno cnenaHo npK pa6oTe c KCKpoaoll KaMe p oll a pa6oTe
1 131 , 

C) noCKOnbKY K8Mepa M0)!(8T 6b1Tb HCnOnb30B8H8 llnSI H3Y 'i8HHSI npoueCCOB B38HMo-

.0.9ACTBHH 3ll8M8HT8pHbiX q8CTHU C 51.0.p8MH ra3006p83HOrO B8LU9CTB8 1 H 8 fl OllHHlOlU9rO K8-

Mepy, H806XO.OHMO H3ytJ:HTb B03MO>KHOCTb BB9.0.9HHH p 83JlH l{HbiX B8WOCTB B HHe pTHbiA r aa , 

COCTBBnHIOlllllil OCHOBHOe H 8nOnH8HH 8 K8Mepb!, C 3TOl! uenbiO 6binH Bb!6p8Hbl aeweCTBB,. 

conep)!( awK:e aonopoll H yrnepon. B cMecH He + 3,3% CH 
4 

nony'ieHbi TpeKK npH Han pH-

)!(8HHOCTH nonS! B HHTepaane 6, 7 - 7,0 KBICM, npH BB8ll8HHH B He II % CH. nony'IHTb 

TpeKH 6binO y)j(e HeaoaMO)!(HO, TpeKH H e perHcTpHpoaanHCb TBK)!( e a cMecHx He 

H He + 5,5% H 
2 

• 

+ 5% C H •• 

0nHC8HHbl9 Bbllll9 OflbiTbi 6btnH Bbl fl 0llH9Hbl npH flOllHOM .Q8Bll9HHH raaa B K8Mepe 1 pas

HOM 1 8 TM., O.nHBKO .O.llSl npOB9.0.9HHH ctmaHtJ:9CKHX 3 KCn 9 pHM9HTOB B H9KOTOpbiX CJlyqBHX, 

HBnpHMep, perHCTp8UHSI KOp0TKOnpo68)!(Hb!X '18CTHU, H3y'leHH8 pacnBllOB H8C T 86KnbHb!X '!ac

THU Ha neTy, MO)!(eT noTpe6oaaTbCH MeHbwee naeneHHe. Hano nHeHH e KBMepbi Ne + 1,3% 

B 0 3llyxa npH llB'IlneHHH 0,5 8TM flOK838n o, 'ITO B 3 THX ycnOBHSIX M O)!( HO p e rHCTpHpOB8Tb 

TpeKH, EblnH nony'leHbl TBK)!(e TpeKH a cMecH Ne + I% A npH naaneHHH 0,26 a TM. P a6o

Ta J.1PK np11 fi0HH)!(8HHOM ll8Bn8HH I! n03BOnHeT nO'!TH nponopUHOHBnbliO Cli H3H Tb aMnnHTYllY 

BbiCOKOBOnbTHOrO HMnynbCB , OllH8KO Tpe6yeT Bb!COKOl! repM8TH'IHOCTH pa6oqero OO'b8M8 

K8M8pbl, 'IT06bl npenSITC TBOB8Tb H8T8K8HHIO 8 TMOCcj:JepHOrO B03llYX8, 

n ony '!eHH8SI B H8CTOS!ll.lell pa6oTe WHpHH8 naHHH on penenHe TCSI B OCHOBHOM llHcj:Jcj:Jy-

3Hell aneKTpOHOB npH p83 MH0)!(8HHH B nBBHHe, H T8K K8K KB8llp8 T pBllHyca llKcPcPY3HH npo-

nopuHoHaneH apeMeHH paaMHO>K8HHH, T O yMeHblll9HHe .O.llHT8llbHOCTH HMnynbCa H a nopR.O.OK, 

no-aHllHMOMy, noaaonHT npHMepHo a TPH p aaa yMeHbWHTb WHpHHy naaHH, CnenyeT aaMe-

THTb, 'ITO npH llnHTenbHOCTH npHn0)!(8HHOrO nonS! 10-
8 

Ce K TpeKH '18CTHU, HllylllHX nep-+ 

fi8HllHKynRpHO noniO, no-BH llKMOMy, MOryT 6biTb nony'!8Hbl 6ea npHM8HHSI ycHnHTenH Sip- , 

KOCTH, T8K KBK CKOpOCTb p a cnpOCTp8 H8HHSI CTpHMepa p 8BH8 10
8 

CM/CeK/ 
151

, H TpeK, 803-

MO)!(HO, 6yll8T o6p830Bb!B8TbCSI B BHll8 uenO'IKH H83888pW8HHbiX CTpHMepOB, 0llH8KO MO)!(

HO o>KHllBTb, '<TO nony'IHTb wHpHHY TpeKa I MM TBKHM cnoco6oM aaTpyllHKTenbHO, a 6onb

waH B9llHttHH8 raaOBOrO YCHll9HHSI .aon>KHB C HllbHO OCJl86HTb 38BHCHMOCTb xapaKTepHCTHK 

Tp8K8 OT nepBH'<HOll HOHH38UKH H npHB8CTH K CHnbHOll 38BHCHMOCTH S!pKOCTH OT Hanpaane

HHSI TpeK8 OTHOCHT9llbH O flOllH. 
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3aKni0'19HHe 

I. Paapa6oTaHa H30TponHaSI paapS!LtHaSI K8Mepa, perHc TpHpyJOWaSI Tpe Ku pemi THBHcT-

CKHX 38pSDKeHHbiX 1.J:8CTHU H938BHCKMO OT yrna Me>K.ny H8npa aneHH e M a n e KTpH1.!9CKOr'O n o nst 

H TpaeKTOpHeA '!aCTHU. 

2. noKaaaHO, 'ITO Tp9KH aapS!>KeHHbiX '!aCTHU HM910T WHpHHy nOpS!LtKa 2-3 MM, a 

BpeMR ll8MSITH B HCllOn h30B8HHbiX CMeCSIX r'830B COCTBBnSieT H9CKOn bKO MHKpo ceKyH.ll . 

3, noKaaaHa a03MO>KHOCTb pa60Tbl KaMepbl npH HanonHeHHH pa60 '!e r o o6beMa paa-

nHt:IHbiMH r'830BbiMH CMeCSIMH, 8 T8K>Ke npH llOHH>KeHHOM .llBBneHHH. 

4, J-1cnOJib30BaHHe r'9HepaTopoa KOpOTKHX HMnynbCOa abiCOKOr'O HanpSI >K9HHSI ( THfiB 

MapKca
1 141

, n116o r TpaHc¢opMauHeA HanpS!>KeHHSl CHCTeMoil LlJIHHHbiX nuHuil
161

) n oaao-

nHT ysenH'lHTb WHpHHy Me>K.nyaneKTpO.LlHOr'O npoMe>KyTK8 .UO HeCKOnbKHX .O.eC fiTK OB C8HTH

MeTpoa. noaTOMy anonHe peanbHa paapa6oTKa l-1PK 60JibWOr'O 06beMa (30x IOOx 100cM
3
). 

5, nnSI OKOH'!aT911bHOr'O abiSICH9HHSI Kpyra 3KC11epHM9HTOB, BbinOfiHHMbiX Ha VJPK, He-

06XOLlHMO aeTanbHOe uayqeHHe pS!aa aonpocoa : 

a) aaauCHMOCTb xapaKTepHCTHK TpeKa (S!pKOCTb, 'IIICJIO naBuH 11 8 eLtHHHUY LlJIHHbl 

TpeKa, WHpHH8 TpeKa) OT aenH'IHHbi nepBH1.{HOA nnOTHOCTH HOHH38UHH; 

a) a03MO>KHOCTb 0LlHOBpeM9HHOA per'HCTpauHH qaCTHU C CHJibHO OTJIH'I810Ul9ACSI HOHH-

3Hpy10UleA cnoco6HOCTbJO; 

c) aJIHSIHHe HOHHOA aarpyaKH pa6o'!ero o6beMa ¢oHOBbiMH qacTHuaMH 11 a npouecc o6-

paaoaaHHSI Tp9KOB, 

B aaKJIJO'IeHHe aaTopbi Bbipa>KaJOT 6naroaapHOCTb ll.M. CopoKo aa nocTOSIHHyJO no

MOUlb a pa60T9 H 06Cy>KLl9HH9 peayJibTaTOB, 
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P" c . I. 

MK 

-, 
L- --

06waH cxeMa VI P K . K - KaMepa, T-TpaeKTOpKH KOCMK'IeCKoll '!8CTHUbi, 
0

1 
-o6'beKTHB

0 
3Qfl -aneKTpOHHo-onTH'IeCKHl! npeo6p830B8Tenb, 3, ( 3 )-

3Kp8H nepsoro ( nocne.aHero) KacKa.aa, MK-MarHHTH 8H KaTywKa, 02 
o6'beKTHB cj:>oToKaMepbi , P <llK-perHcTpHpyiOwasr. cj:>oToKaMepa, C 1 C 7 -

CUHHTKnnHUHOHHbJe C'leT'IHKH, CC -cxeM8 cosna,aeaal!, rBBVI - reHe

paTop Bb!COKOBOnbTHbiX HMnynbCOB, J-5 -K8H8nbJ aneKTpOHHOl! CXeMbl 

ynpasneHHII. 

PK-103 10M . 

3 

...______.t ~~~-~~--rv It--------
------

p H c. 2. npHHUHnH8nbH8H CXeM8 reHe p aTopa BbiCOKOBOnbTHbiX HMnynbCOB. 

f,oKOM 

X OCU,U/1/1 . 

16oM 
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p H c. 3. <l>o TOrpaciJHH TpeitOB pensiTRBRCTCKHX '18CTHU B 'He npH paanR'IHhiX 

3 H8'1QHHRX HSnpR>KQHHOCTR nonR. ( 1-5) - Yf'On MQ>K.lly H a npaaneHRSIMR 

TpeitoB H nonH cocTSMHeT 90-110°. (~-10 1 - yron Me>K.llY uan p a ane -

HHHMR TpeitOB H nonS! COCT8BJISIQ T 0-20 • HanpR>K QHHOCTb n o nH p8BH 8 

COOTBQTCTBQHHO ( 1,6) - 5,0 ItB/CM, (2,7) - 5,15 ItB / CM, (3,8) - 5,3 KB fCM 0 

(4,9)- 5,45 KB I CM, (5,10) - 5,6 Ita/ e M. . 
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P 11 c . 4 . PaaMep n a aHH a 38BHCH M OC T H oT HanpsuKe HHOCTH n ona. 
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I 2 3 

P " c. 5 . <l>oTorp acpKK TpeKoB B He , nony<teliHbie npu Kcnonb30BBHHH BbiCoKoaonbT-

Horo HMnynbC a c Bbi6pocoM. I - Hanp>OKSHHOCTb nong E = 4,45 KB / cM, 

2 - E = 4 ,6 KB/cM; 3 - E = 4 ,6 KB/CM, tPOH OBbll! paapg.ll. 

Enop 
~rC;ot 

5,0 

4,5 

4,0 

2:i , 

2 

X I 

/ 
·X/ 

2,0 ~.....L----1.._...1...._--L,---::~_j__j__..L___j_____j_J__ 
0 - · 5 10 2J. 

p H C . 6. 3 BB if C HMOCTb MHHHMBnbHOl! Hanpg>KSH H OC TH nong, H S06XO.Il lfM OI'O Jlng 

p erlfCTpB UHif Tp8KOB B CMSCH Ne + '7 % A OT npoueHTIIOI'O CO.Il8p>K8HHg 

aproHa. I - perKcTpau"" a p e>K HM e Y!PK; 2 - p e rK c TpauH" a p e>KHMe 

lfCKpOBO l! KBMephl. 
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p H Ce 7. 

N 

100 

50 

0 

. . .. . 

. •· '···~ "*··. 
I 

<l>oTorpa<j:JHH TpeKoa a He 
apeMeHH aa.oep)f{KH ( r 

.. 
'. . . . 
• 

2 

+ 2,6% C2 H5 0H npH paanH'IHbiX 3HB'IeHHSIX 

) BbiCOKOBOnbTHOrO HMnynbCa, a a .a. 
I - aa.o. • 0, 7 MJICCeK, 2 - a 6,7 MKCeK, 

aa.n. 

5 10 

p H C, 8, 3B8HCHMOCTb a<j:J<j:JeKTHBHOCTH HCKpOBOJI KBMepbl OT Bp9M9HH 3B.ll9p)f{KH 

BbiCOKOBonbTHoro HMnynbCa a CMecH Ne + 2% H
2

0 0 - qepea qac 

nocne HBnOnH9HHS1 0 f'i - nocne 500 HHT9HCHBHb!X HCKpOBbiX pB3 pSI-

.llOB B T9'!9HH9 10 MHHyT, 0 - qepea 24 '!BCB nocne pB3pS!.Q08, 


