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OnbITbl no ynpyroMy pacceHH!IIO qacT!IU co BpeMell 3HaMe

lllITbIX 3Kcrrep!IMeHTOB Peaepcpopaa !IrpaIOT rrepBOCTenennyIO POllb 

B cp!I3l!Ke aneMenTapllhlX qacTIIU, !I6o Oll!I J:18IOT !IllcpOpMaU!IIO, Ha!I-

6onee npHMO CBH381111YIO co CTpyKTypofi ue11Tpa pacceHH!IH !I J:llI

HaMHKOH B38!IMOJ:leHCTB!IH, 

ilBYX'I8CT!I'I118H peaKU!IH ITOIIIIOCTblO xapaKTep!IayeTCH aMITH!I-

Tyaofi pacceHH!IH A ( s , t , a ) , s - KBaapaT a11epr!I!I 

B c,U,M,, t - KBaapaT qeTb1pexMep11oro rrepeaa1111oro lIMrrynbca, 

a - CIT!Il!OBbie rrepeMel!Hbie, 

B o6naCTH BbICOK!IX 3Hepr!IH ( s > 2 
(faB) ) nonnoe Boc-

CT8110BHeH!Ie cpyHKU!IlI A noKa 11eB03MOMIIO, 8Kcrrep!IMeHT811bHO 

yaaeTCH !I3MepHTb cneayIOIUl!e Ben!I'Illllbl, 

I, ~ .. IAl2 
dt 

(lI3MepeH!Ie a11cpcpepe11u!Ianb11oro ceqen!IH), 

2. 
. k 

ImA(t .. O) .. -a 
4 i7 tot 

(!IaMepen!Ie nonnoro ceqe1111H), 

3, ReA(t .. O) 

( a11anHa yrnoBoro pacnpeaeneH!IH np!I ManhIX 

IIOBCKoro pacceHH!IH), 
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B o6nacTl! Kyno-



3aa!IC!IMOCTh A oT crrllHOB l!CcnenoaaHa cna6o. B HeKoTo

pbIX peaKUll.HX !13MepeHa ITOJI.Hp!13aU!I.H rrponyKTOB paccesrHll.H. 

Llnsr neT8JibHOro ll3y'-!eH!rn cpyHKUllll A (a) Heo6xonl1Mbl Ollb!Tbl 

~-
c rronsrp1130SaHHbIMI! ITY'-IK8MI! I! Mlll!JeH.HMll. Pa60Tbl S aTOM H~rrpas-: 

nemm TOITbKO Ha'-ll!H8IOTC.H. 

HecMOTp.H Ha To, '-ITO Ha6op SbIITOnHeHHblX K HaCTO.HllleMy 

BpeMeHII Ollb!TOS I - 3 He srsnsreTC.H IIOITHbIM, rrony'-!eHHbie a pa3-

Hb!X na6opaTop1rnx /WHHbie 06 yrrpyroM paccesrHl!ll 11pencTasnsr10T 

6oraTb1ii MaTepnan nnsr rrposepKll II pa3S!ITl!.H OCHOSHbIX Harrpasne

Hllii Teopllll: 

I) aKCllOMaTll'-!eCKOll: Teopl!I! _rronsr; 

2) n11crrepc110HHblX COOTHOllleH!IH ll rrpasnn cyMJ\i; 

3) Teopl!I! KOMrrneKCHbIX MOMeHTO_s. 

Bo scex Tpex cnyqasrx pe'-lh l!LJ.eT o rrpoaepK·e !I ycTaimsne

H1111 rpaHIIU llpllMeHIIMOCTll Sal!rnell:wnx rrocTynaTOB !p!l311KI! MIIKpo

Ml!pa: rrpll'-IIIHHOCTI!, YHl!TapHOCTI!, nopeHU-IIHSap11aHTHOCTH, aHan11-

Tll'-!IIOCTII, 
/ 1-8/ 

LlnccepTaUl!.H H811l!CaHa Ha OCHOBe pa6oT . ' B KOTOpbIX: 

I. ITpenno*eHa HOBasr MeTonnKa perncTpaUHll yrrpyroro pac

cesrH!I.H.rrpoTOHos Ha 11poT011ax II srnpax, 

2, Pa3pa6oTaHHoii MeTon11Kof1 rrpoaeLJ.eHo 11ccnenosam1e pp -

!I p d - paccesrHl!.H s llHTepsane a11eprllll: I 4 10 fas. 

3. MeTOAOM rronyrrpoaonu11KOSbIX neTeKTOpOB, coenl!HeHHb!X 

C 3BM, 113Mepeu rrapaMeTp HaKITOHa nmppaKU!IOHHoro KOHyca 

pp - pacce.HH!I.H a HHTepsane aHepr11ii 10 4 70 fas. ~Kcrrepl!Meu

TbI Sb!IIOITHeHbl Ha Cl!HXpoqia30TpOHe S ily611e II ua rrpoT~HHOM 

CIIHXpoTpoHe Y-70 11HCTl!TyTa qlll311KII Bb!COKIIX aHeprllii s Ceprry-

xoae. 

Pa6oTbl OTHOC.HTC.H K rrepnony 196:?-I 969 r.r. 

ilnccepTaU!I.H COCTOl!T !13 3 rnaB. 
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fnasa I • 8Kcrrep11MeHT B llHTepsane aHeprHll: 1 ➔ 10 ras, 

Pa3pa6oTKa MeTonHKII perncTpaU!lll y rrpyrl!~ 

paccesrHnli rrpoTol{os Ha rrpoToHax II smpax 

B rnase I !13naraeTc.H MeTon11Ka perHcTpaUHll 

- ./1,2/ . 
yrrpyrux pacce.HHll!I ll npnBOA.HTC.H pe3ynhTaTbl aKcrrep11MeH-

/3 5 7/ 
TOS Ha Cl!HXpocpa30TpoHe no pp-u pd - S3al!Monell:CTBII.HM 1 1 

, 

CylllHOCTh MeTona MO*HO Bb!paanTb TaK: 

a) perncTpnpyeTC.H yron II l!MnynhC STOpH'-IHblX qaCTllU, PO*

!J,eHHblX Ha BHyTpeHHeii M11WeH11 YCKOPll:Tensr B llHTepBane yrnoB 

70-90° n: 11:MrrynhCOB 40-500 Mas/c ( B cnyqae llpOTOHOB); 

6) l!CIIOITh3YeTC.H MllllleHb C AOCTaTO'-IHO MaITblMII pa3MepaMII 

II Maccoft C TeM, '-IT06bi He IICKa*aJill:Cb yrnbl II llMl!ynhCbl BTOp~'-1-

HblX '-!aCTHU; 

B) Heo6xonllMblll BbIXOA qaCTIIU C Manoft Mll:llleHU AOCTIIraeT

C.H peanu3auueii pe*IIMa 06nyqeH1Isr, llp1I KoTopoM ycKopeHHhili 

rry'-IOK MHoroKpaTRO rrepeceKaeT MllllleHh. 

06wnli yrrpomeHHblll B!IA arrrrapaTypbl IIOKa3aH Ha p!!c. _I. 

YcTaHOBKa CMOHT!lposaHa Ha OAHOM ~3 IT!IHeliHblX rrpoMe*YTKOB 

ycKOp!!Tensr. -B rrpouecce ycKopeH!I.H BIIyTpeHHl!ll .IIY'-IOK Po Bapll

aulleft Bb!COKOll qacTOTbl HaBOAllTC.H Ha TOHKYIO rronllaT1IJieH0By10 

MnllleHb ITM TOITlllllHOll 0,5 - 3 MK II MHoroKpaTHO UIIpKynllpyeT 

qepe3 Hee, M1IweHb rronBeweHa K MexaH!l'-!eCKOMY IIPIIBO.llY Ha· KBap

ue-Bb!X H!IT.HX " 7 MK. 0Ha rrepllO.[(ll~IeCirn BBOAIITC.H B pa6oqy10 

o6naCTh KaMepbl rrocne Ha'-!ana UIIKJia YCKOpeHll.H. tJacTIIUbl OTA8'-lll 

npoxonsrT no llOHOl!pOBOAY I ll perl!CTpn:pyIOTC.H n1160 aMynhCIIOH

Hb!MII KaMepaMII, n1160 rronyrrpoBOAHllKOBblMII KpeMHl!eBb!Mll neTeK

TOp8MII, Tp!! He3aB!ICIIMblX CUIIHTIIITIT.H!UloHHblX TeneCKOll8 TI' T 
2

, 

T 3' HanpasneHHbJe Ha M!lllleHb, cnyMaT nnsr HacTpoliKII peMIIM8 06-

ny'-!eHIIR II 1103BOJI.HIOT (rrocne K8JI1I6poBK11 no HaBeneHHOll aKTIIS

HQCTII B M1IllleH1I) orrpenenl!Th IIOTOK llpoTOHOB, 118.[(810lllllll Ha Mll

weHh ( MOHIITOpuposaHl!e IIY'lKa) • 

5 



Bb16op paaMepa M11111e11n n pe)KnMa o6ny'!emrn nenaeTcsi Ha oc110-

aa11n11 KllHeMaTllKll 113yqaeMOI'O npouecca npn Y'l~Te TeXHl!'!eCKIIX 

xapaKTepl!CTIIK YCKOpl!Tensi (o6naCTb YCTOM'IIIBOCTll ny'!Ka, CKOpOCTb 

pocTa :mepr1111 n np,), 

ITpn ¢11Kc11poaa1111oli aHepr1111 nepBH'IHoro ny'!Ka non onpeneneH

HbIM yrnoM K Ml!IIIe1111 B a11epreT1I'!eCKOM cneKTpe BTOpll'!HblX qac

TIIU Ha6monaeTCSI n11K, COOTBeTCTBYIOIIIIIM ynpyroMy pacceSIHIIIO· 

( pllC, 2) •. ll!HpHHa MaKCIIMyMa 0DbSICHSl0TCSI B OCHOBHOM cnenyJO

IIIIIMII npll'll!HaMH: l) yrnOBbIM paa6pocoM nepBll'IHOI'O ny'!Ka; 2) He

TO'l0'1HOCTblO Mll1110HII n neTeKTOpa; 3) MHOI'OKpaTHbIM pacceSIHll0M 

qaCTIIU OTJ:{a'!II B MIIIII0Hn-nneHKe, ¢011 B03HIIKaeT rnaBHbIM o6pa30M 

OT Heynpyroro B3al!MOJ:{0MCTBIISI nepBll'IHOI'O ny'!Ka C sinpaMII yrne- _ 

pona B M11111e1111. HeKoTopasi qaCTh ero 06ycnoane11a 06m11M pan11a

u110HHbIM noneM ycKop11Tensi, ITonO)K0Hll0 n11Ka B 8HepreTl!'l0CKOM 

cneKTpe aaa11c11T OT yrna 11a6n10nemrn, ¢011oaasi )Ke '!aCTh cneKTpa 

OT . yrna npaKTll'!eCKll ne 3aBllCllT ( pe'!b nneT O Man OM yrnOBOM llH

TepBane 1'10 = :t,.2°). 3To OOCTOS!TenbCTBO l!cnonh3yeTCSI nm1 ll3Mepe-

Hl!SI ll Bbl'll!TaHIISI ¢011a, q11cno qacTIIU B nl!Ke nponopu11011anhHO 

Al!¢¢epe11u11anbHOMY ce'!eHl!IO B na6, Cl!CTeMe, ITpl! ManbIX l!Mnynh

cax, rne pacceSIHl!e B Ml!IIIeHll
0

-nne11Ke aen11Ko, CBSI3h Me)Kny ce'!e

HlleM 11 11a6n10naeMbIM 'lilcnoM '!aCTl!U 6onee cno)KHaSI, Paapa60Ta11a 

COBOKynHOCTb nporpaMM nnH COBMecnIOli o6pa6oTKll cneKTPOB, 

Paape111a1011IaSI cnoco611ocTb MeTona onpenenSieTCSI TO'IHOCTblO 

ll3MepeHUSI l!MnynhCOB qacTllll OTJ:{a'!l!, B aMynhCllOHHOM Bapl!aHT0 

npo6ern '!aCTllll c R < 100 MK ll3MepSIIOTClI C TO'IHOCTblO :t_2 MK, 

CooTBeTCTBYJOIIIee paape111e11l!e 1'1p "'3 Maa/c, llnll no. yrny B c,u,M, 

1'10 C,U,M, "' o, 1°, llnll no KBanpaTy '!eTb!pexMepHOI'O nepenaHH0-
2 

ro nMnynhca At"' 0,00!)4 (faB/c) , 

·Bb1C0Koe yrnoBoe I! a11epreTn'!ecKoe paape111e1111e o6ecne'!l!BaeT 

HaJ:{e)KHOe 0Tnene1111e ynpyrnx CODb!Tllli OT KBaanynpyI'llX ( Ha CBSI-

3aHHbIX npoToHax), ITpoBeneHbl cneul!anhHbJe BKCnepl!Mel!Tbl C yrne

pon11oli ll anJOMl!HIIeBoli Ml!IIIeHHMII, noKa3aBIIIHe, '!TO BKnan KBaan

ynpyrnx co6b1Tnli npe11e6pe)KnMo Man, 

' 
6 

Onl!CaHHaSI MeTOJ:{l!Ka OTnl!qaeTCSI npOCTOTOM II BMecTe C TeM 

o6ecne'!l!BaeT Db!CTpb!M ua6op CTaTIICTl!KH, B aMynhCl!OHHOM BapnaH-
4 

Te rpynna npocMoTpIII!!KOB 5 qenoBeK 11a6npaeT 2,10 ynpyrnx 

co6b1T11li aa nonrona pa6oTbI, 

YrnoBoe paape111e1111e MeTona BbIIIIe, qeM paape111e1111e MaI'HIIT

HhIX cneKTpOMeTpoB, rne I'OJ:{OCKOnbI 11n11 IICKpOBbJe KaMepbl pe

I'IICTPIIPYIOT Ob!CTpy!O pacceSIHHYIO 'IBCTIIUY. 3To npenMymecTBO 
. /4/ 

yBenll'IIIBaeTCSI C pOCTOM a11epr1111 nepB!!'IHOI'O ny'!Ka 

Ba)KHO OTM0Tl!Th, '!TO np11 113Mepemrnx B o6naCTII KynoHOB

CKOI'O pacceSIHl!SI ( yrnbl DbICTpoli '!aCTl!Ubl B na6, Cl!CTeMe 0 ·n < 1 °) 

'IBCTl!Utl OTJ:{8'111 OK83b!B8IOTClI B yrnoBOM IIHTepBane ( 6nn3KOM 

K 90°), KHHeMaTn'leCKll aanpeme11110M nnH 11eynpyrnx npoueccoB 

C pO)KJ:{0Hll0M nl!OHOB, 

CymecTB0HH8SI nonO)Kl!TenbHaSI '10pTa MeTona nposiBnlI0TCSI 

np11 113Y'l0Hllll npoTOH- neliTpOHHOI'O pacceSIHIIH: l!J:{8HTll¢11Kau11si 

no. KIIH0MaTIIK0 neliTpoHa OTJ:{a'!l! rapaHTI!pyeT Bb!J:{ene1111e TOnhKO 

KorepeHTHOI'O paccelIHIISI Ha neliTpoHe KaK uenoM, llpyrl!e M0TOJ:{bI, 

KaK npaBnno, He CIIOCODHbl J:{IICKpllMIIHl!pOBaTb cny'lall C paaBanoM 

neliTpoHa, 

HenocTaTKOM paccMOTp0HHOli MeTOJ:{llKII SIBnSieTClI H0B03MO)K

HOCTh pa6oTbl Ha BH0IIIHIIX ny'!Kax qacTl!U, 

HaMepeHHbJe nn¢¢epe11u11anhHb1e ceqe1111si a11anna11p0Ban11ch no 
/16/ 2 

n11Tep¢epe11u1101111oli ¢opMyne EeTe , B o6nacTll ltl <0,2(rsa/c) 

crrpaBeJ:{nllBO COOTHOIIIeH11e. 

da --= 
dt 

2 2 2 
C[AJ +A, +Ao -2Ao 

<j, 
(A, +2nAJl'n 0 )]. 

1-.(b t+C t
2

) 
2 J J 

~) A J =v( dt opt e 
- MHl!MBSI 'IBCTh aMIInllTYAbli 

( l) 

b J - rrapaMeTp HaKnoua; A r = a A J nelicTBl!TenbHaSI 'IBCTb 

aMIInllTYAbl pacceSIHIIS!i 

nouoBCKOI'O pacceSIHIISI 

HyKno11a; 

2n F .{fil Ac= 
k 0 2 

F(8)=exp(.Lb t) 
2 J 

7 

aMIInl!Tyna KY-

cjlopM¢aKTOp 
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2n= 137{3 na6, 
<p ~; t = - 2p 02 ( 1 - cos 0 ) ; 

k Q 

rae 0 - yron pacceH mm B C,ll,M, MeTO/lOM Hal!MeHbllIHX KBaa- .,;. 

paToB onpeaenHnnch napaMeTpbI b J , a C • 

B pa6oTe, KOTopaH 6bma BbIIlDnHeHa B Hl63 

CJ. 
/3/ 

r, DnHCaH-

HhIM MeToaoM, anepBbie 6bma H3Mepeaa peanhHaH 'IaCTh aMnnn

TYllhI pp -pacceHHllll npll 6 H 10 T'aB, 

B Ta6n, 1 npeacTaBneHbl pe3ynhTaTbl SKcnep!!MeHTDB no 

p d -pacceHHlllo: Jll!(pcjJepeHunanbHbie Ce'IeHHll ll napaMeTpbI, BXD

/lll!Ill!e B cpopMyny ( 1), O6cy)K/leHl!e n aHanH3 nonyqeHHbIX aaHHblX 

npoBOlll!TcH B rnaae ID 

fnaBa II • 3KcnepHMeHT a IIHTepBane SHepr!!li 10-70 faB, 

ITp!!MeHeHne 3BM Ha mrnm1 c perncTp!!pVJOllleli 

annalli!..I.Y.P.oli 

Om!CbIBaeTCll aanbHelilllee ycoaepllleHCTB0BaHl!e MeTDlll!KH, 

Pa6oTbl ll/lYT no· /lBYM HanpaBneHl!HM: a) 38Mel!a SMynhCl!I! 

11a nonynpoBO/llll!KDBbie neTeKTDpbI, CBH3aHHbie qepe3 KO/l!!py!OlllYJO 

sneKTpDHl!KY c 3BM; .6) pa3pa6oTKa BMeCTO nneHO'Ilrnli Ml!llleHI! 

CTpyli11oli CBepX3BYKOBO!i ra30BOli BO/lOpO/lHOli Ml!lllelll!, 
/8, 15/ 

8 Bap11a11Te C nonynpoBO/lHl!KOBbIMI! aeT9KTOpaMI! llOCTl!ra-

eTCll TpexMepHbili a11an113 l!HcpopMa!lllll: 0/lllOBpeMeHHO ll3MepHeTCll 

1) yron BbmeTa 'IaCTl!llhI !13 Ml!llle1111 ( 110Mep cpa6oTaBlllero aeTeK

Topa, CM, pacnonO)!(eJme Si - /l0TeKTDPOB no OTHOl!Ielll!IO K. ny'IKY 

H Ml!llleH!\ 11a p11c, 1); 2) a11epr1rn 'IaCTl!llhI ( aMnnHTy/la c11r11ana, 

nonyqe11110~0 c neTeKTopa); 3) a11epr!!H nepBH'IHoro ny'IKa B MoMeHT 

perHCTpau11·u aa1111oro co6bITIIH ( BpeMH, oTC'Il!TbIBaeMoe oT Ha'Iana 

lll!Kna ycKope1111H), 

ITpHMe11e1111e MHoronapaMeTpoBoli cneKTpoMeTp11qecKoli ycTa

HOBKI! no3BOnHeT cymecTBeHHO ycKOp!!Tb nony'IeHl!e cp!!31!'IeCKllX 

pe3ynhTaToB, TaK KaK n11cpcpepe11u11anb11oe ceqe11ne paccesi1111H 113-

MepHeTcn 0/lllOBpeMeHHO B 8-16 yrnOBbIX TO'IKax. Ba)!(l!Oe npe11-

8 

~~--

MymecTBO BbITeKaeT l!3 B03M0)!(110CTII pa60Tbl npl! Henpepb!BHOM 

c6poce nepB!!'IHoro ny'IKa 11a Ml!llleHh B npouecce ycKope1111H, 

B Ka)!(JlOM lll!Kne ycKopeHl!H 06nyqe11He Ml!llleHI! /lnl!TCH 1-2 ce

KYll/lbl, 3a STO BpeMSI SHeprl!H nyqKa 11enpepb!BHO MeHHeTCSI Ha 

aen11q11Hy 25-+50 faB, Koa11py10man annapaTypa pa361rnaeT BCJO 

!!HcpopMa!ll!IO Ha 64 BpeMeHHbIX KaHana. TaKl!M o6pa30M, 0/ll!H 

SKCnep!!MeHT 1103BOnHeT H3Mep!!Tb /l!!cpcpepeHUl!anbHOe ceqemie 

ynpyroro pacceHHl!ll B 8-lA yrnoBblX TO'IKBX II a 64 aHepreTl!'Iec.

Kl!X l!HTepBanax. 3BM, BKnJO'IeHHBH B nl!Hl!IO C per11cTpiipyJOlUeli 

annapaTypoli, 06ecneq11aaeT KOHTponh pa6oThI annapaTyphI- 11 yc

Kop11Tem1 I! aBTOM8Tl!38lll!IO npouecca o6pa6DTKH /l8llllblX SKcnepll

MeHTa. 

LlnH npl!eMa, 3an11c11 ll a11anH3a nocTynaromeli l!HcpopMa!ll!ll 

6bma pa3pa60TaHa Cl!CTeMa nporpaMM, OcTaHOBl!MCSI BKpaTue nHlllb 

11a cpyHKllHHX nporpaMMbI1 ocymecTBnSIJOllleli 11e11ocpencTBe1111y10 

CBSI3h annapaTyphI c 3BM. 

1. Ko11TpOnh paBHOMepHOCTII c6poca ny'IKa 11a Ml!lllel!b, 

2. ITpoaepKa 11anH'Illll II npaBHnhHOro nopSI/lKB BpeME!HHblX MeTOK, 

3, ITpoBepKa Hanll'Illll 1111cpopM81ll!I! no BCeM MOlll!TOpHblM 

ll cneKTpOMeTpl!'IeCKl!M KaHanaM, 

4. OueHKa CTa6HnhHOCTll BO BpeMeHI! Ka)!(/lOro KaHana cpaB-

11e11HeM QTl!Olllel!l!ll C'IeTa B nI06bIX 113 lll!X B pa3nll'IHbJe MDMeHTbl 

apeMeHH, 

5, ITocTpoe11He r11cTorpaMMhI cneKTpoB, 

6, ITepHO/ll!'IeCKaSI oueHKa lllllpllllbl cneKTpOB B Bb16pal!HblX 

aeTeKTopax II onpenene1111e oTHollleHHH cHrHana K cpoHy no BceM 

KaH8naM ann KOIITpOnll uenoCTII Ml!lllellll, 

On11ca1111b1M MeTonoM npoBeaeHo HccneadB8HHe ynpyroro 

pp -p8cceSI11HH B HHTepB8ne aHeprH!i 10 - 70 faB 118 ycKop11Tene 
/8/' 

Y-70 HHCTHTyTa cpll31!Kll BbICOKl!X a11epr11li • XapaKTepHblli 

Bll/l /lllcpcpepe11u11anhHOrO ceqeHHSI nOK83811 118 p!!C, 4, J.13Mepe11HH 

OTHOCSITCH K n11Tepa8ny nepe1l8HHhIX HMnynhcoB 0,008 < I t I < 
2 < 0,12. (raa/c) I! BbIIlOnHSIIOTCSI C TO'Ii!OCTblO 2-+3%. AH8nl!3 

ceqe11Hli np0Beae11 no cpopMyne (1). Onpeaene11 napaMeTp H8Kno118 

a11cppaKUl!OIIHOro K0HYC8 b J K8K cpyHKllllll SHeprHH, 

9 



OcHoaHaSI uenb paapa6oTKll raaoaofi aonoponHofi MurneHu 

aaKnroqaeTCSI B ycTpaHeHllll yrneponHoro ¢oHa ll yMeHbllieHllll MHO

roKpaTHOro pacceSIHllSI BTOpllqHbIX qacTllU B MllllieHll, 3To noaBO/lllT 

npucTynllTb K npeUII3l!OHHbIM ll3MepeHl!SIM peanhHOii qacTll aMnnn::: 

TYJlhl pacceSIHl!SI, 

CTpyiiHbJe annapaTbl npuMeHSI/ll!Ch paHee JlllSI_ paannqHbIX 

ueneii, B qacTHOCTll, Jl/lSI ¢opMl!poBaH11SI ra30Bb!X MllllieHeii B Tep

MOSI)lepHbIX ycTaHOBKax. ITpe)l/lO)KeHne npnMeJrnTb raaoayro MllllieHb 
/14/ 

Ha UIIK/lllqecKOM ycKopl!Tene npuHa)l/le)Kl!T K • .U. ToncTOBy • 
/6/ 

B Jll!CCepTau11ro BOW/la pa6oTa . no C03JlaHuro. M0)le/111 CTpyii-

Horo annapaTa JlllSI yCKOpl!TenSI Y-70. HafiJleHbl KOHKpeTHbJe TeXHll

qecKl!e pernemrn npo611eMbI ¢opM11poaaH11SI II y11aa1111aaH11SI caepxaay

KOBoii CTpyn B BbICOKOM BaKyyMe. <PopMl!pOBKa CTpyn ocymecTBllSI

eTCSI cepneii conen, paa)leneHHhIX KaMepaMII c OTKaqKoii, Y11aa1111-

aaH11e OTpa6oTaHHOro raaa. JlOCTl!raeTCSI re1111eBbIM KpuoreHHhIM 

K0H)leHcaunoHHbIM HacocoM. ITpl!BOITIITCSI 111111rocTpau11SI )leHCTBl!SI 

pa6oqero aapnaHTa cTpyii11oii Murne1111 11a ycKop11Te11e Y-70. 

rnaBa III • flpoaepKa JieKOTOPhlX cnencTBIIH llOKa/lhHOH 

KBaHTOBofi Teopnu rronSI u Moneneii 

agpol!HhIX B3al!MoneiiCTBllii 

B rnaBe III noMemen pe¢epaT TeopeTuqecK11x pa6oT, oTHocSI-

IUIIXCSI K uayqaeMoii TeMe, ITpOBOilllTCSI neTa/lbH0e cpaBHeHl!e nony

qeHHhIX peaynhTaT0B .11 naHHbIX npyr11x aBT0p0B C rrpencKa3aHllSIMll 

Teop1111, 
. ' 

Ha p11c. 3 npnaeneHa C0B0KYIIH0CTh ony6mIKoBaHHhIX )laHHhIX no pe-

anhHOH qaCTII aMnnl!TYilhl npoToH-HeiiTpOHH0ro pacceSIHllSI, BenuquHa 

apn = ReA pn (0) / lmA pn (0) 

BbIX pacrrpeneneHllH pp- II pd 

BbJqucneHa Ha 0CHOB8Hl!II yrno

pacceSIHl!Sl B 0611aCTll KYll0H0B-

cKoii llHTep¢epeHu1rn. ITpuaneKanach Monenh pacceSIHllSI 11a )lefiToHe 
/9/ 

r11ay6epa~¢paHKo • ilpyrnMu aBTopaMu ucnonbaoaanach Monenh 
/101 

XappnHrToHa , yqllTbIBaromaSI BKnan HeKorepeHTflhIX co6b1Tllii. 

10 

ilnSI cpaaHeHllSI naHa )lllCnepCII0HHaSI Kpl!BaSI. ITpoTllBOpequfi 

c Teop11eii HeT, 

ilaHHb1e, nonyqeHHhJe rrpn aHepruu Bh1rne 8 f'aa, cornacyroTCSI 
/18/ 

c rrpencKaaaHHSIMll Teopn11 nonrocoB Pen)Ke • 

Ha OCH0Be aKCll0M Teopllll JI0/lSI B pSine pa6oT rronyqeHbl 

orpaHuqeHHSI Ha rroaeneHue aMrrnuTyllhI yrrpyroro pacceSIHllSI npn 
/12/ 

BbJC0KllX 8Hepr1rnx 
/13/ 

B pa6oTe nonoaa n Mypa · BbrneneHo cnenyromee HepaaeH-

CTB0 nnH aHaqeHuii n - oii npouaBonHoii aMnnHTYIThI ynpyroro 

pacceSIHllSI npu t = O: 

1 d"A(s,t) 1 1 a2 n 
---[-----] >-....;;_--[(1+---) tot ]• 

A(S,0) dt n t= 0 (2n + 1) n! 2n+ 1 ' 16 ,ra el 

a tot - rronnoe ceqe}rne, ael - ceqettue yrrpyroro pacceSIHllSI, 

HeBbIIIO/lHeHne X0TSI 6b! onHoro 113 n HepaBeHCTB r0B0pllllO 

6bI 0 HapymeHl!ll YHl!TapH0CTll ll aHa/lllTllqH0CTll, 11MeSI aKcrrepllMeH

Ta/lbHbJe na11HhJe o aennqnHe u rroaeneHllll aMnnHTYilbI yrrpyroro 

pp - n pd - pacceSIHHSI a 06nacT11 ·1 t I < n, 2 ( raa/ c) ~ MbI 

npoaepl!llll BbIIIO/lHllM0CTh yKa3al!llbIX BbJllle H~paael!CTB nonoaa 

u Mypa, KaK noKaabrnaeT pac_qeT, 11epaae11cTBo n-M nnH rrepaoii 

ll BTOpOII np0ll3B0IlllblX aMnnllTYilbl pp ll pd ynpyroro pacce-

SIHl!SI B 06nacT11 aHepruii 1 ➔ 10 raa cnpaaennuao. flnH unnrocTpa

uun BbIII0/lHllM0CTII HepaBel!CTB n-M naeM Ta6n. 3 nnSI 8Heprllll 

10 r:rn a cnyqae pp - 11 p d -paccenHHSI, 

11ccnenoaaHne paccen1111n qacTHU B 0611acT11 nn¢paKulloHHoro 

nuKa B HaCT0SIIUee apeMSI npencTaBnSieT B 0CH0BH0M llHTepec C Toq

Kll 3pe1111SI pernel!llSI npo6neM Teopllll K0MnneKCHoro MOMeHTa, OnnH 

ua aKTyanhHbIX aonpocoa - aTo rrpupona nonroca floMepa11qyKa, On 

non)KeH orrpenenSITh paccen11ue acex qacTuu rrpu npenenhHO 6onhllloii 

a11epruu S ➔ ~. Ecn11 BCSI KoHuerrunH aepna, TO ceqenue 

da 
~ "' exp ( a~ t r n s) 

I I 



IIpll qn!KCl!poBaHHOM t ll pacTy!lleM s rranaeT: nmppaKUIIOHHblll 

IIIIK cylKaeTcg, Ho Ilpll 3Heprugx no 100 raa 3T0T OCHOBHOll acp¢eKT, 

rrpencKa3bmaeMbill Teopuell, TpynHo Ha6monaTh, TaK KaK oH nm1 

6onbIUl!HCTBa peaKu11ll CllnbHO 3aMaCKl!poBaH BKnanoM npyrux II0-

mocoB, Tpe6yIOTCg T0'IHbie l!3MepeHng u MHororrapaMeTpOBb1ll aHanua 

naHHblA, 

IToKa gcHoro rrpencTaaneHng o MecTe rronIOca IToMepaH'!yKa 

cpen11 npyrux II0nIOC0B Pen)l(e. HeT, CymeCTBYIOT pa3Hble MHeH11g 

o aen11'!l!He HaKnoHa era TpaeKTopu11 a;. Pgn aaTopoB rronaraeT, 

'!TO a 
p nonlKeH 6bITb paBeH HynIO II Torna OH smngeTcg ¢11Kc11-

poBaHH0ll, He penlKeBcKoro Tl!IIa oco6eHHOCTblO, Llpyrne aBT0pbl 

Ha 0CH0Be aHannaa C0B0KyIIH0CTll 3KCIIepl!MeHTanbHbIX naHHbIX II0 

TT p - paccegHl{IO B o6nacT.II Bb!C0KHX 3Hepr11ll rrp11xongT K BbIBony, 
, +0 16 . 

'!TO a p = o, 7 -0: JO • IT0-a11n11M0My, 113MepeHne rrapaMeTpa 

HaKnoHa yrrpyroro pp -paccegang B IUHpoKoll 06nacT11 aaeprnll 

gangeTcg yna'IHOfi B03M0lKH0CThIO nng orrpeneneHng aaKnoaa TpaeK

Top11n IToMepaa'!yKa, nocKonhKY BKnan era a aMrrnnTyny paccegang 

noMHHllpyeT. 

C npyroll CT0p0HbI, 11ay'!ea11e noaenea11g napaMeTpa aaKnoaa 

B aaa11cnMocT11 OT aaeprn11 B IUHpoKoM n11anaaoae aaeprnll naeT 

B03M0lKH0CTb conocTaBIITb .3KCnep11MeHTanbHbie naHHbie co cnenCTBll

gMI{, BbITeKaIO!llllMII 113 06m11x npllHUIIII0B coapeMenaoll Teop11n. Ha-
/12/ 

rrpnMep, B pa6oTe 6bm nony'leH BbIB0n o TOM, '!TO npl! Bb!C0KHX 

aneprngx napaMeTp naKnona nH¢¢epeaunanbaoro ceqenl!g ynpyroro 

paccegal!g '!aC'J:l!U He nonlKeH BoapacTaTb C poCT0M a11epr11n 6bICTpee, 

'!eM fn
2 

S • 

Ocnoanoll peaynhTaT pa60Tb1 - ¢y11Ku11g b J ( ti, ) - rrpl!aenea 

Ha pllC, 5, 3nech lKe C06paHbl aHanorll'!Hbie 113MepeHHg npyrHX na-

6opaTOpllll II HaIU11, paHee nony'leHHbie Ha cnHxpo¢aaoTpoHe naHHhie. 

OTHOCHTenbHag T0'IH0CTb ll3MepeH11g aenH'lllHbl bJ, 1,7%, 

T,e, BbJIUe, '!eM BO acex npenbIAYlllllX pa6oTaX. 

PeaynhTaThI l!3MepeHng napaMeTpa HaKnoHa, nony'leHHbie B nan

HOM 3KCnepl!MeHTe, 0ITl!Cb1Ban11cb ¢YHKUHell anna 
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t 

l 
l 

ni 
i,•'t 
!_ '\ 

f 

l 
e'i 

l 

l 
I 
) 

;t' 
;t 
/i I 
f/, 
i/ 

l 
I 
j 
\ 

rne S 

b1 

ho 

b J = b O + 2 b 1 f n S, 

KBanpaT nonHoll aHeprn11 a c,U,M, ITpn aT0M oKaaanoch: 

0,47:!;_Q,09} 

6,8 .:t_0,3 , 

)(2 24,8 npn '!Ilene aKcnepnMeHTanbHbIX 

TQ'!eK, paBH0M 20, 

• I 17/ 
B paMKax Tpanl!Ull0HH0ll rrgTl!IT0nlOCH0II Monenn PenlKe 

TaKoe aHa'!eHne npHa·on11T K cnenyIOme,ll aenH'IHHe HaKnoHa Tpa

eKToplllll! nonIOca IToMepaH'!yKa; a 'P = 0,40 .:t. ~,09, 

KaK BllnHo ll3 nanolKeHHoro BbIIUe, 3aBHCIIM0CTb bJ OT fnS 

B npenenax OIUH6oK n11HellHa, PeaynhTaTbI naHHoro aKcnepl!MeHTa 

He np0THB0pe'!aT BbIB0naM 0 TOM, '!TO napaMeTp HaKnoHa He nonlKeH 

paCTl! C 3Hepr!!ell 6b!CTpee, 'leM fn 2 s • 

OcHOBHbie peaynbTaTbl II BbIB0Jlbl 

1. Paapa6oTaH HOBhill MeTon perncTpaun11 ynpyroro pacce

g11ng np0T0H0B Ha IIp0T0Hax ll nnpax B o~naCTII BbIC0Kl!X a11epr11ll, 

011 C0CT0llT B crreKTpoMeTpnpoBaHllll MenneHHb!X. BT0pll'IHblX '!aCTllll, 

o6paayIO!llllXCg Ha BHyTpe1111ell MIIIUeHII UIIKnn~ecKoro ycKopnTenH, 

MnIUeHb pa6oTaeT B pelKHMe MH0r0KpaTHblX npoxolKneH11ll ycKopge

Moro ny'!Ka, MeTon npHMeHeH B nayx aapHanTax: a) crreKTp II yrnhI 

BT0pll'IHblX '!aCTHU perncTpnpy10T9g __ KaMepaMn Hnep11oll ¢oT03Myn.r.-

Cl!Hi 6) cneKTpoMe.Tpnpoaaaue aeneTcg 11a6opoM nonyrrpo-

aonHHK0BbIX neTeKT0pon,. CBH3aHHblX C 8BM. B 3T0M cny'!ae ocy

mecTBnneTcn TpexMepHbill a11anna 1111¢opMaU11H: yron - aaeprnH BT0-

pH'IH0ll qaCTl!Ubl - a11eprng nepBll'IH0r0 ITY'!Ka, 8To IT03B0ngeT npo

Bonl!Tb ll3Mepeang B KalKn0M UHKne ycKopeHllll B IUllp0K0M IIHTepaane 

aneprnti (nng Y-70 /',. li, .. 50 raa), 

2, HaMepeHa •peanhHan '!aCTb aMnn11Tynb1 pp- H . pd - pacce

n1111g MeTonoM aHannaa l!HTep¢epe11unn Kyno110BcKoro II gnep11oro 

aaaHMonellcTBnll B 1111Tepaane aneprHll 1-10 raa, Bb1'!ncne11a pe-

anb11ag qaCTb aMIInllTYnbI paccegHllll, ITpoaene110 cpaBHeHl!e c npen-

CKaaa1111gMl! nncnepcnoHHblX COOTHOIUeHnll. To'!HOCTb ll3MepeHnll He 

ycTyrraeT T0'IH0CTH, nocTnrHyToll B npyrnx na6opaTop11gx, Hccne-

13 



I 

J:IOBamie pp -pacceSIHIISI B 06nacT11 ManhIX yrnoB Ha 2 rona oITe

pen11no aHanor11'!Hhie pa6oThI UEPHa II EpyKxeBeHa II B cymecTBeH

Hofi Mepe IIHIIUllllpOBano HOBOe HanpaBneHlle 11ccnenoBaHllll B SKCITe-

pnMeHTe ll Teopllll, 

ITpoTHBOpe'!llll C Teopnefi HeT, ,;.. 

3, l1aMepeH'napaMeTp HaKnoHa n11cppaKUHOHHOI'O KOHyca 

pp -pacceSIHHSI KaK cpyHKUIISI SHeprllll B o6nacTII 10-70 fsB, 

To'!HOCTb ll3MepeHHSI 1, 7 of 2%, '!TO Bbl Ille TO'IHOCTH 

Bcex npyr11x OITb!TOB, Ha OCHOBe ITSITIIITOn!OCHOll MOJ:1en11 PemKe 

Bbl'IIICneH HaKnOH TpaeKTOp1111 BaKyyMHOI'O nonroca IToMepaH'!yKa 

a 'P = 0,40 :t_ 0,09, 

4, ITpo11aBene11a paapa6oTKa Monenn raaoBofi BOJ:10pOJ:1Hofi 

CTpyfiuofi Mlllllellll nm1 UIIKnll'!eCKOI'O ycKop11TenS1, Ha OCHOBe STIIX 

l?eayn&TaToB 6bm coanaH pa6oq11fi Bap11a11T armapaTyphI, KOTopag 

neficTByeT cefiqac Ha Y-70, 
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l 
2 
3 
4 
5 
6 
7 
8 
9 

IO .u-
12 
13 
14 
IS 
16 
17 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Ta6nHua la 

,l!i!~~epeHUHanhHOe ceqeHHe ynpyroro p-d pacceHHHH 

1,696 

(9 ,2.:t,O o 7) M5H 

M5H ( 97, 8.:t,O, 5) ~ 

e"' C.II.M. 
-;/;j""" M 6 H 

el'ii,CTl!Jl'a):l 

4,07 
4,12 
4,23 
4,23 
4,29 
4,5o 
4,50 
4,81 
5,13 
5,44 
5 75 
6'07 
6'68 
7'16 
8'93 

15 165 
' 

98,2.:t,4,I 
99,8.±,4,l 
95,4.±,4,0 
95,0.:t,4,0 
85,8+3,5 
82_,3+2,4 
86,3+3,4 
82Jl+2,2 
80 16+2,0 
75,ITl,9 
72,2+2,5 
72,6+1,8 
65,9+1,5 
61,4+1,4 
47,m 3 
12, ?T±o,s 

2,784 

(ID,3.:t,O, 7) M5H 

M6H (202,4.:t,l,O)c;:;;;,;;;:-

a, ;,/Ifft M6H c_.u_.M. & c.u.M. 'iJiij ~ (9' 

2,75 
2,85 
2,96 
3,07 
3,17 
3,29 
3,37 
3,40 
3,40 
3,40 
3,45 
3,52 
3,72 
3,73 
3,89 
.3,98 
4,I3 
4,46 
4,54 
4,89 
4,90 
5,19 
5,30 
s,s7 
5,66 
5,99 
6_,56 
7,30 
8,46 

ID,8 
n.2 
I3,6 
14,6 
IS,6 

16 

172.:!:,9,o 
169.±,8 10 
172.±,7,0 
172.:t,7,0 
160+6,2 
161+6,o 
157+8,5 
I5B+S,s 
163+8,5 
158+5,3 
157+6,5 
147+6,0 
142+8,0 
151+4,S 
144+5,0 
154+4,5 
143+5,0 
138+4,0 
I32+4,5 
126+3,5 
II8+4,0 
121+3,5 
II6+8,0 
II~6±3,0 
IOb,5+3,0 
103, □+3,0 
92,2+31 0 
70,7+2,5 
54_,5+2,0 
28,2+1,5 
23 6TI 0 
II':r+o's 
8!s+o:5 
s,~o,s 

2,28 
·2,30 
2,35 
2,41 
2,44 
2,48 
2,57 
2,65 
2,68 
2,70 
2,76 
2,88 
3,02 
3,14 
3,20 
3,33 
3,68 
3,75 
3,77 
3,78 
3,82 
3,84 
3,94 
4,06., 
4 1!0 
4,37 
4,61 
4,74 
5,31 
5,41 
5 147 
6,49 
6,57 
6,79 
7,76 
8,03 
9,31 

4,848 

(9,5.:t,O, 7) 'M5H 

(373.±,2) ~ 
cTepaa. 

;/a'__ M6H 
"i/uf -;;;;,;-;;. 

306.:t,II 
286±15 
315.:t,ID 
302±II 
307+I3 
313+10 

287+T3 
287+!3 
277+12 
292+10 
272+12 
260+8 
276+15 
261+8 
259+10 
230+8 
204+10 
206+6 .. 
212+14 
208+7 
202+10 
2omo 
206+6 
I86'FG' 
177+8 
166+6 
152+5,0 
145+5 0 
124+4!2 
12m,o 
IIm,o 
74+2,7 
1m o 
68+2;5 
45+3,0 
35;9+1,5 
rn,2±1,0 

Ta6nHua 16 

nH!WlepettuHanbHoa ceqeaHe ynpyroro p-cl. pacceHHHH 

PC: 6,87 ras 

~: (9,6±0,7)M6H. 
r.a 7 3 ) M6H 
'.Q:J: ( 54 .t cTepaa. 
~lo ..1:!2!!.,_ 

,If! · CJ• ,J;' cTepaa. ,,.,._ c,; c.n,M. '"i/Ii_ 

l 1145 
2 1,49 
3 I,67 
4 I,71 
5 1,91 
6 l,93 
7 2,95 
8 2,32 
9 2,37 

ID 2154 
II 2, 76 
12 2,92 
I3 3,26 
14 3,33 . 
IS 3,76 
16 4,66 
17 4,74 
I8 6,07 
19 6,62 
20 7,65 
21 8,35 
22 9,78 
23 9,83 
24 
25 !01 37 
26 II ,67 
27 12,64 
28 

673 ± 142 
604 ± 50 
517 .t 21 
488 .t 22 
531 ± I8 
469 .t l3 
465 .t 12 
479 ± l3 
441 ± IO 
397 ·.:t 13 
399 :!: IO 
347 ± 8 
314 .:t 9 
285 ± 8 
249 ± 5 
161 ! 6 
159 ± 4 

74,0±2 
54,0.:tl,5 
26,8.:tl,O 
16,4.:t,l,O 
s,4±o,s 
5,6.:t,0,5 
6,0±0,5 
4,4±0,s 
l ,27,to,·23 
l,03,t0,23 

17 

8,89 fss/c 

(9,3±0, 7) M6H, 

(7II±l9) ..M2!L. 
W cTepa.a. 

L)f (if\)- M6H 

f7 C,U,M. 'i/;;;;- CTeea.a 

1,36 817.:t,53 
l ,48 7I4,t28 
1,64 671±20 
I 1 76 637±20 
1,94 563,:t30 
2,13 570,tl7 
2,16 556±17 
2,33 537±14 
2,37 490.:t,15 
2,63 463 ±13 
2,65 441,tI3 
2,99 388±II 
3,08 377±II 
3,20 360±10 
3,51 316±12 
3,80 2,44,tIO 
4,31 170±!0 
5,37 86.:t.2,3 
5,42 78,2±5 
6,32 42,4.t I,4 
7108 20,4,t 1,0 
7,62 14,2± 1,0 
8,88 3,85.t o,6 

10,9 ras/c 

(9,1±0~7) M5H, 

(857+32) ...!>12!L 
- 1 cTepan. 

• a6' M6H 
0c.u,M, 7w cTepaa. 

I,16 
I,20 
1,30 

1135 
I,42 
1,58 
1 158 
1174 
I,74 
1196 
1,96. 
2,12 
2,12 
2,33 
2,51 
2,51 
2,79 
2,82 
3,19 
3,21 
3,79 
3,83 
5,08 
5,87 
6,32 
6,42 
s,16 
8,22 

940,:t42 
964.:t,45 
944.t45 
886,:t40 
839.t30 
8ID.t30 
756.t22 
726±25 
734.t22 
650+22 
633±20 
594.t20 
574.t25 

.,_ 

5 33.t20 
509.±14 
489±20 
423±15 
445±I3 
338±II 
339±I3 
233± 8 
24I.tl2 
88,7±2,5 
46,l,tl,6 
30 18,:tl,2 
26,2.±,1 10 
4,45.:t0,7 
4,36,:t0,54 
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