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8 YCJI08l1HX BOJibiU011 llEPEMq.H l1MllYJibCA 

CneQHaJibHOCTb 01 .04.01 - 3KcnepHMeHTaJibHruJ <}>H3HKa 

AaTope~epaT aHccepTaUHH Ha coHcKaHHe yqeHoH 
CTeneHH aOKTOpa ~H3HKO-MaTeM8THqeCKHX HayK 

ny6Ha 1976 



Pa6oTa Bblnonaeaa B Jia6opaTOpmi R.nepRbiX npo6neM 

06'he,IJ;I'IH8HHOro IIIHCTRTYTS R.l(6pHbiX RCC1le.UOBSHHl.t 

~DIIl8nbHbl8 OITDOH8HTbl: 

~nea-KOppecno~eHT AH CCCP C.M. ITonRRBHOB 

.l(OKTOp ~SRKO-MST8MST~6CKHX HSYK r.A. ~eKCRH 

noRTop ~szxo-MaTeMaT~ecRRX aayK B.A. ~onromeRH 

Be~mee aay~ao-RccnenoBaTe~cRoe y~pe~eaze: 

~eHHHrpancRd HRCTRTYT H.nepaoa ~sRKR AH CCCP 

ABTope¢epaT pasocnas " " 1976 ro.l(S 

3aWHTS .l(RCCepTaUHR COCTORTC.fl " " 1977 ro.na 

B ~SCOB HS SSC8.l(SHHIII CD8DR811RSRpoB8HHOrO COBeTa 

~ - 56/3 DpR Jia6opaTOpKIII R.l(epHbiX npo6neM 06'he.l(RH6HHOrO 

HHCTRTYTS R.l(epHbiX RCC118.l(OBaHHft, r. nyoaa. 

C .l(IIICC6pT8DR61 MOXHO OSHSROMIIIT:&CR B 6H611ROT6Ke 

06'he.l(RH6HBOrO HHCTHTYTS R.l(6pHHX HCC116.l(OB8HHI. 

Y~eHH! ceKpeTap:& cnenzallRSHpoBaaaoro CoBeTa 

Ka~T ~SIIIKO-MST6MST~6CKI/lft HSYR 

Kl.A. BaTYCOB 

~CC118.l(OBSHH8 npooeCCOB B38KMO.l(8!CTBIII.fl DpoTOHOB B 

Rl4MIIl JUPBMR 1!: BtcyTpruJ.l(epHHMR tcyKJlOHI!biMR SCCOW18l.IHRMH 

nepe.l(B~ m.m:Y Jll>CS npe.l(C'l'SBJ1Si8T C06ol.t O.l(HO R3 SKTYSJU>H 

nporpaMMe H3Y'I8RHR B38RMO.l(8!CTBRR a.l(poHOB C .fl.l(paMR. 

TaRHe RCC118.l(OBSHIII.fl .l(BDT CB8.l(8HRR 0 BepoHTHOCTR ( 

accollRRpo.BaRRR ~cyKJIOHOB B R.l(pe, o ~szqecKol.t npRpo.lle 

0 M8XSHH3M8 pealt!l~Ut, npRBO,WDIIJil:X K o6pa30BSHDJ Jll BW18~ 

CymecTBeaaoe Tpe6oBaHHe K aKcnepHMeHTSM TaKoro pona c 

H3M8p!{'l'b ce~eHHe BSSRMO.l(Cl!:CTBIII.fl B YC110BIDIX 60Jil>UIOI 

BHY'l'pl'lH,ll.epHI>IM accOIJ,RB.Ql'IJIM, 'IT06hl o6pa3YIII\RCC.!i \lJpai'Me. 

rHD, SHS~TeJU>HO npeBhlmSDmYD 1/lX aaeprHD CBHSH B R.l(p8 

qae MOr1'1' peSJmSO.Ba'l'bCR BCC KSHaJihl peSKI:IIDi, B TOM ~ 

BbiCOKRM ypoBH8M BOS6y~eHRR OCTSTO'IHOrO R.l(pa. KpoMe 

rHIIl 08.!(8~ R o6pesy~C.fl qacTRD npRBO.l(IIIT K YM8HbR 

a~eKTOB nepepacce.f!HRR R nornomeBIII.fl l'l nosBo~eT nonJ 

nocTaBKMhle c TeopeTzqecRHMH npencKSsaHJll.f!MR. 

~ zsy~eBIII.fl BHYTPRR.llCPHhiX acconzauzl.t aaz6onee 

rum KBSSHYnpYroro pacce.RID'I.fl npoTOHOB ayKJIOHI!biMR accc 

KnacTepHa.fl CTpYKTYPS .fl.l(pa CJIYD!T B 3'l'OM cnyqae 

BSDI\8!.!: peaKDIIID, H D011YqaeMS.fl HH\lJOpMSnRR MOlWT 6b1T:& 'I' 

~sy~eHHe ynpyroro pacce.f!HRR npoToHOB BhiCOKO!.t a 

sa 6oJil>mze yr~ aeo6xo.l(KMO .l(JlSi nollY~eHRR cBeneHH!.t o 

COOTB8TCTBY~ HYKJlOHHhiX SCCOIDlSIDll.t B 6o.nee C110llf!l:l 

CTSBJISiCT CSMOC'l'O.f!Ten:&Hbll.t HHTepec .l(nR HCC116.l(OBSHRR D 

MaJihiX paccTOHHIDIX BHYTPH Mpe npz cpnyxryauHoaao.u: c:KS 

H .l(JISi BbiHCH8HHil po1IH KOpoTKO.l(CICTBY~ KOppeJISiDHI 

K.JIBCTepax. 
KBasHYnpYroe paccemme 6blcTphiX npoToao.e .llBYXlll 

B .nerRHX .fl.l(pax, conpo.eo~eMoe 6o.m.mol nepena~el m 

J161!:TpoHSM, Bnep.Bble HS6J1D,11.8110Cb B 3KCnepKMCH'l'SX, Bbll 

.fl.ll8PHhiX npo6neM 81116 B 195? ro.l(Y (JI.C. AllrHpel 14 .l4P · 

po.eaT:& 6o.11ee THKe~e \lJparMeHThl, npenopHR.f!Tble B aTO 

X/JK 3T<P , 2J, II85 
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.la<SoPI'fOJIIII ,uepamc · npo6neM 

.flllepara BCC.Ile.JlOBSHJdt 

AH CCCP C.M. llOJIHR8HOB 

~HRO-MSTeMBTwqecKHX HBYR r.A. ~eRCMH 

SHRO-MaTeM8Twq8CKHX RBYK E.A. noJiromeHH 

y'llpeli,IleHBe: 

HRCTHTYT .a.nepaoA l}lBaHitn AH CCCP 

" " I976 ro.na 

COCTOHTc.a·• " I977 ro.na 

llacenaaHH cneUHSJil1laHpoBBRHoro CoBeTa 

nepHaX npo6neM O~enHReHaoro 

MOZHO 03H8KOM111T~C.II B 61116Jil1IOTeKe 

~ztepHHX l11CCJI8~0B8HMI. 

oeRpeTa~ cneDHaJil1laHpoBaaaoro CoBeTa 

Ra~T qlB3HK0-MaT8Ma~eCKHft HBYK 

Kl.A. EaocyoOB 

\ .. 

. . . 

¥1oolle.li,OBaHHe.nponeoooB_B3anMO.I1BilCTBM DpoTOHOB BliCOKrlX aaeprd c_ner-

IWMK smpaMR H BHYTP>lJI.I1BPffiOOl. .HYK110HH!iMH acCOIIRa!lMMH B YCJIO.BIDIX 60Jl])moi! 

nepe.na'Dil. :zMilY1II>Ca npe.ncTaBlll'iB'l' .co6oil O.J1HO aa axt:vaJIDHI:IX aanpaB1Iem· .B 

nporpa~e R3Y'IJBH111Si .B3~nMO,ItBRC:r"BM a.ll,poHOB. C H.ll,p8MR. 

TaKRe accne.no.saaM .118JlT .c.se.neaM. o .seposrraocm onpe.ne.Jieaaoro _una 

acCOI1RRpa.B8HM HYKilOHOB .B JUI.PB t 0 {bR3R'IJBCKOJ1 DpRpo.Ite 9Tl!X acCOilRBnd. R 

.. 0 MBX8HH3MB peaitWiii, DplU!O,ItlilllHX K o6pa30Bamm _R BWIBTY el!iCTpllX (bparMB!lTO.B. 

CYillBC'l'BB!lHOe TpeeloBaHHe K BR()DBpm.IBHT~M 'l'SKOrO po.na COCTOR'l' .B ,Be~ClXO,lUOlOCTI! 

.RaMePffTb ce-qeame .saaHMO.neilcT.sM B YCJIOBIDIX.60Jl])mol nepe.na'IJR RMOYJIDoa 

.BHYTPM.I1BPHiiM aCCOIIRBUMMt 1JT06!i.o6paayiiJlReCH \IJparMeHTii npaoCSpeTaJDiaHep-
. ' ' . ·.-· . 

rm>, aaa'IJRTBJIDHO npe~JllllYil n a11eprm> crunm .B ~e. Tonxo .B .aTOM CJrY-

'iae MocyT peaJDiaoBa'-:bC.lJ .see KBRaJIIi peaRORH, . .s TOM ~cJie conpoBoJQ18eJrGe 

.BiiCOKHM ypo.sHeM .soaelyll;lteHHH oco;ra'l'<?tiliOro .~a. KpoMe, Taro, y.se.Jiwqeme aaep

r:m li8.118DillHX R oelpasy.llllRXC~ 1J8CTH.Q IIP~O,II;I'l'l' K YMBHl>lllemm ~ltJI8~ B'l'O~ 

. a(b~PeKTO.B nepepacceHmtR: a nornomemm 111 noaBOMeT nOJlY'IJR'l'b peaYJIDTam, co

nocTaBRM!ie c 'l'eope'l'R'IJeoKRMR npe.ncKaaaRRHMR • 

. ~ Hay'IJemm BHYTpna.nepaux accoiiRBuail HaH6onee npHBileKBTe~Hii peaK

rum ·KBaaaynp:vroro pacce.RmtR:·IIpo'l'OHOB HYKilOHHiiMR SCCOURBill/IRMH. 

·I\nao'l'epaa.a CTPYKTYP8 ·· JU!.P8 CJIYlltl'l'l' B aTOM ony'IJae llpm!OR ·IIpli'IHHOI, Bli31i

B8Dmeil peaKaail,R IIO~'IJ8eM8.R'RH(bopM8IIRH MOZBT el!i'l'b 'IJB'l'KO HHTepnpeTHpaB8118o 

¥1ay1Jetme ynpyroro pacce.aiDUt npo'l'OHOB BliCOltOI silepr:m- Jlei'Kmtm ~aMR 

aa 6o1!I>mae yr~ aeoelxo~o .1111.R·D0~1JeHM·c.se.neHH!-o6 a(b~PBRTRBHI:IX 'IJHCJiax 

coo'l'i:le'l'o'l'.BYD!l\HX HYKilOHHI:IX accomtarml: .B 6onee oJIO.E!lliX H.J1P8X0 ._a 'l'ax.ze · npe.n

c'l'aBlll'ie'l' oaMOCTO.RTanDHiii RH'l'epec .11J1.R accne.no.saHH.R·no.se.neRHR HYKnOHOB aa· 

M·anwc paCC'l'O.flHMX .BHYTPR H.ll,pa npH rfiJ!yK'rya!lKOHHO)o! ClKS'r:m H.ll,epHoro BenteC'l'.B8 

R ,MJI'BWiCHeHWI poJm·ROpaTKO.ll,e!O'l'BYJJIIl:I'IX KOpperui.tJIDt HYKilOHO.B BH.J1paX H 

RJIBCTepax. '· 

KBas~npYroe pacce.RHHe el!io'l'pliX npoTOHO.B .11BYXHYK110HH!iMR acoonaaUMMH 

.B JlerKRX max, CODpO~Olii;IlBBMOe 6oJIDmOI ·IIBpe.J181Jeft ZMIIYJIDC8 .BWieTa!lllRM 

.ll,eiTpoHaM, BDepB!ie HaciJm.naJlOCb B BKCDepm.!BHTaXo .BWIOJIHeRHI:IX .B JiaelopaTOpm!l 

H.nepH!iX 'npOdneM eme ·.a !957 rom (~.c. Alt.Tapel. :a .ltP ~X/) .IloD!iTKR sapencTpR

poBaTb-eloJiee 'l'HEeJIIie (bpameaTUi npe.nnpma.ame .B aTo~ paeloTe, noaBOJiaJIH 

x/lK3T<P, 33, · II85 (I957). ---.-·-,----,., Ohe,i\mi:O'!!:::.;:'! tmtrm'JT 
....... -·~<.,,. . en""J··~o-~
"""'"~-'"'""'· ~~··• "A .... aa. 
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YCTBHOB~'& 'l'OnbKO·B8,PXHnD rpaaaqy ce~e~ B~dRBaHHH ~ep Tpn'l'HH HS YpOB

He 2-3% O'l.' ce~eHHH MdRBaHHH .ne!'1'poHoB. Tor.na xe B padoTe JI.H. BnonrHIIe- ' 

aaX/ OoiJ!a ,JtaHa nepaa.R TeopeT~8CKa.R .HHTepnpeTaUR.R TaKI!X npoueccoa.BHCKa~ 
3BH!i0e B· 3'l'O! pado'l'e npe.nnonoxeHRe, ~To R3 n.nep .nonzea_ aadlllUl8'l.'I>CR TaKJKe 

BWI8T donee T,fl.lleJlllX !IJparMeHTOB C3ae, i., AHe), .nOJiroe BpeMI! He HBXO,nlUIO, 

SKCII8pRM8H'1'81!DHOrO IIO.n'J.'B8~8HHH H3-38-Kpa!He HH3KO!.BeponTHOCTR nponec

COB·BH6HBBHHH 'l'SKHX B~COROSHepre~ ~p8rM8HTOB. 

- lleALD HSCT~e! pa60TH JlBHJ!OC'& IIPQB8,II;8HH8 CHCT8M8~8CRHX HCCJ!e,no,aa

HHI IIO :[113Y~8HIDJ B8C'&M8 pe,nKHX• npoUeCCOB B38RMO,!le!CTBHH npOTOHO,B B~CORHX 

311eprd c n.npawt d , 3ae, ~e R ~- H BI!YTP~epi!IOOl HYKJIOHH!lMa acco

UHSURaMH a·ycnoBHRX 6onDmo! nepe.na~ HMOYnDca. 

- Ocodym sa.na~ cocTBB4anH nccne.nosaHHR H.MeTo~ec~e paspado~ Bod

Jiacm ynpa.B4ae~ 'l'peKO.BWC ,neTeF;'l'OpoB R CHC'l'8M ¢0PKHpOBaHR.R.H ~xycHpOBKli 

IIY~B'3SpR3eHHijX ~BCTRQ, odecne~max B03MOXHOCTH Ha,nezaol perHOTpaUHH _ 

aaMe~eaH&x .n4a nsyqeaRS pe.nRHX·npoueccoB B3aHMO.neAc'l.'BHR. 

HexoTopae H3 S'l'RX·MeTo,nn~ecRHX paspadoToK npe,ncTaBJ!ilDT caMOC'J.'OJl'l'enL

HHI HHTepec, a TSKXEl HSmJ!R npiD.l8H8HH8 ,IJ;4a P8!!18HHH npi!KJIS,II;HL!X 38.nB~ OOl!Y

qeHM ,H\HC_IJOJI'&SOB!i~HH qBCTRQ B!iCOKOI SHeprrut B H,I1;8pHO! M8,nRQHHe. · 

B .nHCCepTSUHU HSJIOX8UH pe3y~T8'l.'Ll H8CKOALKHX UHKJIOB HCC1!8,II;OBBHHI, .. . 

BHUanHe~ no ~TRBe H no,n_pyKOBO,II;CTBOM SBTOpa B_ ~60p8'l.'Op~ s,nepHL!X 

npo6neM OHHH, no P~3pa60TKe H co3,naHIDJ ynpaBJIReMHX TpexoB~ .ne'l.'eRTOPQB, 
' ,- . • ~ . • . • • • ~ • • j • • . 

CHCTe~ ~PMHpoBBHHil H_~RYCHpOBRH SSpR.lleHHL!X_qacTHU H IIO HCCJ!8,II;OB8HHD 

nponeCCOB_BSSRMO,neiCTBaH BHCOKO~Hepre~ IIPQTOHOB_C JI8rRHMH ~MH H 

BHY'l.'p~epSHMH HYKJIOHHL!MH 8CCOUKBUH.flMH, _npoae.neHHL!X C HCnaJIDSOB8HH8M 3'l.'HX 

M8'l.'O,nHq8~ft.HX PaSpad~TOR. 

B n_pMOX8HHJI[ R ~ccep~aUQ npn,B?.Itfl'l'Cil, CBe,neHH.fl 0 nJ>HMe_Hemm H8RO'l.'~

]:lliX l'IS pa3pa60'1'8l!HiiX M8'1'0,!tOB ~PMHPQB8HHH H ~RYCHPQBRH 38P.flzeHJmX: qacTHU 

;J1.JISI cos.naHM Me~acRHX npo'!'oHaoro H nn-Mesoaaoro IJY'IRo.B, npe.ltiJasaa~ea
HHX_~ Hsy~eRRa_B03MOXHOC'l'R l!CII0~30B8HKR IIpo'l'OHOB H 0'1'PHUB'l'~HHX-IIH

Me30HOB_B~CORHX aaeprl!l B ~~8BOft T8,P8IIHH OHROJIOrHqeCRHX dOJ!DHHx. 

0CHOBH8JJ ~a_C'l''& pesy~TSTOB, HSJIOEHHBX B JI;HCC8,P'1'8UHH 1 npe,nCTSBJIIDISC'& 

H ,II;ORJIS.nR,BaJISC'& HB 8 M8~H8PQ,nHL!X H I2 COD3HHX ROH~peHUHHX H°CMK003HY

MSX, ozti.ci.mutoaaaa B pado'l.'ax"I-40/ H salllHllleaa auopcQMH CBH.nE);e~CTBaMH. 
]l:/lii:3T~. 33, !295 (!957). 
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llHccepTaltR.R coc:roRT liS mec'l'R rJiaB H npMOllteRHH • 

llepBSH ~SCTD ,nHCC8pTSQHH DOCBHm8HB HCCJI8,II;OB8HIDJ 1 

RIDJ aiiiiBPBTYPll ;J1.JISI _perncTpaQHH pe.n;KHX n:poueccoa. 

pa3padoTKe H co3,na~ 

B II e p B o I r JI a B e . HsnaraDTCR pa6oTu no Hccne,JtoaaHHD 

ynpaBnnewx Tpexoaux xauep c KOH;teHc~poaaHHIDIH cpe,ll;auH. Bo aae,ll;e

HHH Rp8TKO OIIHCSW BRSYSALWe M8TO,nli )(8T8KTHPQB8HHH SapnzeHHHX qac'l.'IW, 

Cy~eCTBOB8BmH8 ,no cepe,nHRH 50 ro,nOB. JlaeTCR CpaBHHT61!DH8H X8,P8KT6,PRCTH

K8 STHX M8'l.'O,II;OB 1!1 O'l.'M8~88TCH H8CTORT8ALR8H Heo6XO,II;RMOCT'& COS,na~ YIIpaB

~eMHX T,P8KOBHX ,II;8'1'8KTOpoB C B,P8M8RHHM pa3pemeHHeM nopa.nKS IQ-6 C 1!1 npo

CT,P8HCTB8RHHM paspemeHHeM H8 XY.lle, '18M' I MM. 

B neJ)ii~M .naparpa(fle ,HSJIOxeRH pe~ynTa'l.'Ll IIO p~spa60TK8 H npaxTnqeCROMY 

ocy~eCTBJieHKD ROBOrO THDS ~8CU8HTHO! KSMepu - ynpaBJIH8MOI .nDMRH8CU8HT

HOI K8M8p!l CO CUHRTHJ14aTOpoM liS IlJlaCTMSCCOB~ HHTel. BnepB~e JIXJMHH8Cll8HT

R8H KSMepa roMoreaaoro mna _6WIB npeinoxeaa 'i! cos.naaa· E.K. 3asolcKRM R 

ero COTpy,nHHKSMH B I9S2 rO,li;~B Jin.mllecu~HT~,~~epax TS~ro THIIS RCDOJID

SOBSJIHC'& HeopraHH'Iecime 'C~H~TO~ THuS Csl< Tt) o6,e_ MO~: Bcero B aec-. ' .. 

KOJ!DRO Icy (jnqecRHX _· ca~THMe'l.'pOB •.. ITouHTKH ~Rt8CTB8~0 y BeJrirniTt. 3'1'0'1' o!h.eM 

HSTSXKHBS~C'& RB '1'0 U,PHHUHIIHSKDHOe orpa~eHHe, ~TO KO~eCTBO CBeTS, IIe

pe,naB88M08 aa ~Toxa'l'o.n ~nextpol!ao . .:ion~H~e.cxoroy;~:rem/c~kTa ( 30II), cTa-

HOBiil11ocL HHze ero IIOPoroBOI ~~CT~HT~HOCT~. '\:, ,: , . . ·. • . 
:~~ ... ~:· ·,_, · .. ~."'. . .! _:\·;,_ . ' 

PemeHRe sosHHKmel sa.na~·-.-· yaeJDI11eHRe ·.nOJIH nepe,naaaeMoro aa ~ToKB-. 

TO,!( CB8'1'8 II,PR O,!tHOBpe~eH~;~\j~~im ;~6Him: pesKO~'l'H '6iuo BDepBLte . 

n_pe,Moaeao aB'l'O.POM B I957 ro.n/V IJYTSM n~eHeHKR CUHHTHJIJIHTopa, aad_paa

aoro Jts .nocTa'l'O~ao 'l'OHRHX (Meaee I w.i) IIJI8CTMSccoBHX. HRTel, n_ HCIIOAL3osa

HM JlBJl8HKR nOJIHOro 'BHYT,PSHHero OT,PS.lleRl'!Jt B 'l'SRHX BOJIORHSX (IIPRRUHIIH sono

ROHHOft On'l'JIKJI). HeCROJIDKO IIOSze aaa.nornqaoe npe,nnoxeHHe H8S8BHCRMO 6~0 
• XX/ . 

c.neJiaHO B cmA PeiHOJID,ncoM ll KO~oaoM. 

C U8Kl>D IIPQB8pxH IIpe,llnO&eRHOrO M8TO,na 6WIH pa3padOT8W ll liCCJI8,II;OB8~ 

HH ,naa BSpaBHTS ynpaBJ!HeMHX ~H8CU8HTHHX KSMep, OT.nH'I8mmK8CR Bp8M8H~_ 

paspemeHHeM H · HMeuiHe pa6o~ o!h.eM_ CUHHTJi111JIHTOpa OKOJIO 2500 cM3 , ~adpaH
aoro II,PHM8,PHO ItS 20 'l'HC~ HHTSI ,nHSM8TpoM I MM/2• 3~ 06ll{SR CX8M80.n;ROI 

HS ROHCTpYXQHI 'l'SKOI ~8CU8H'l.'HOI KSM8p!l IIOKSSSHS HB pHC. I. 

C noMOIIII>D o,naoro Jl3 TSKl!X BS,PHSH'l'OB JIIJMHH8CU8H'l.'HOI K8M8pH 6WIO n~-

xjllAH CCCP, IOO, 24! (!955). 
xx/Rev.So1en.Instr.~ 0 109B(l957). 
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Pl!c. I )IpRHD;ll:IIIlaliDHaH cxeMB :vnpaBJI.lleMol JIIMitHecneHTHOI ,IGMe pH 
CO CD;ll:HTRilJI.liTOpoMt . HadpaHHHM HS IIJI8CTM8CCOB!iX HRTel!:. ' · 
CH - CnRHTKnnHTOp RS HRTel!:; Oil - O~OKaMepHHI!: 3R6KTpOHHO
OIJTli'I6CKiflt npeodp830BaT6.111>; 0 - OO'LeKTRB;' OOIT -··MHo
I'OK8CK8,ltHlil!: 3R6KTpOHHO-OIJTli'I6CKHll IJQeOdpasOB8T91ID_L . 
!l>A - cPoToanna~T·· q> • ..;. lfJOTOKaTO.It OOIIa; S - axpaa avila; 
X- coneHOH.It; C,6~ -CllHHTRAnffnJ!OHHHe C'leT~; CC-
cxeila coBnB.IteHHI!:; CY - cxeMa · ynpaBJieHRH• ·· 

' ·,, r. 

.. ~ ( 

... ,., ,. 

.:·~ 

. •., 

· PHc~2 ~Torpa~im- Tpexo:S 'xocMR'iecxitx 'laCTRIJ, noeyqeH!rue B yn-
. , •'. • ·· paBJI.lleMOl!: 1IDMHH9CJ:(9HTHOI!: KaMepe C paOQq]!M' 00'&9MOM . . ; . 

CURHTRnJIJITOpa OR0110 2500 CM1
, HaC!paHROrO H3 20000 

· .' IJ118CTM8CCOB!iX HRTel. . . • .. . · ' ' · ' ' 
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qeao aecRORDRO coT cPoTOrp~ TpeROB qacTHIJ xo~ecRoro Hsn:y'leHRH.- Hexo

TOpHe 143 HHX IIOR838HH H8 pliO.·· 2. 0dpa6oTKa IJOJJ;Y'l9HH!iX · cPoTOrpacpru! IJOR838JI8, 

'ITO B STOM CJJ;Yqae Ka]W!H CB6TJm18JICH TOqKS H8 nneHRe,IJ_pHM9pH0'C00TB9TCTB:1'9T 

CB9'19HIUl OT.Jt6.111>HOI!: HRTH • · ' . · '\;' ·,.:._ 

TaKHM odpasOM ,B pea:y.111>T8T9 STHX 3KCIJepRM6HTOB, 6Wia .JtOKaS8H8 IJp8KTK'l9C

KaH BOSMOli!HOCTl> OC:I'Ul9CTBJ19HM IJpRI'O,IUiOl!: .lt1lJI perHCTpaURH. peJlllTHBHCTCRHX · • : 

'l8CTHIJ'YIJpBBJI.li9MOI ~H6CU6HTHOI!: KaMepH C IJOJ163HHM 00'&9MOM CJ:(HHTHJlJI.liTOpa 

RS nJiaC'l'MBCCOB!iX HRTeit .JtO. 250) CM3 , RM8II!I9il Bp9M8HH09. paspemeHRe H8CRORD

RO MRKpoCeR:I'H.It R .IJpoCTp8HCTB8HHOe paspemeHRe OK0110 1 MM. · 

Bo BTOpoM· naparpacpe KSJIO:IeHH pad9Tii IJO aaam13:Y IJpKHURIIH8.111>HiiX BOS

MOXHOCTel C03.Jt8HI4H ynpaBJI.lleMOI ~OCTROI KaM9pH K'IJODRTR9 ee OCYUl8CTBJie

HKJI/4• .. 5~ Ha OCHOBe np0B8,lt8HHHX paC'l8TOB ,IteJiaeTCJI BimO.lt, 'ITO I(VT9M pemc

Tp8J:(HK CBeTa, pacCeHHHOI'O OT OIJTK'l9CKKX HeO~Opo~OCTeit B .npospa'lH!iX cpe-

• .Jt8X, IJp8.JtCT8BJI.li8TCJI BOS~lKHHM COS.Jt8Tl> 6acTpo,IteitCTB:VII!IYD :I'Ilp8BJI.li9M:yD JtH.It;_ 

ROCTH:I'D RaMep:y>C paspemallltll!l( .Bp9M9H9M M9HLme; .. 'l9M IO'";§_.,c, · I',ll9 'B R8'18CT

B8 padoqero B81119CTB8 MOJIHO 0:V.Jt9T RCIJOJILSOB8Tl> -T8RH9'·HSK60JI98 RHTepecHHe' 

DJU(OCTH, KaK :D,JtKKI BO,llOpo.It, ,IteilTepKI;-· reJIRit I4 '.ltP• _ · • · •'· 

llOK838HO; qTO KS BC9X ·pa~HiiX M9X8HR3MOB odpaSOBSHKJI OIJTK'l9CRHX 

H90~0po,llHOCTel npoXO,ll!lllti!.MK ·KOHRSKP:I'Illl!HMK '18CTHIJ8MH :I'.It8PHH9 URJIRH.JtPK'l9C

·RK8 BOJIHil MOr:I'T BHOCII!Tl> IJO.ItSBJlllDIIHil: BKJia.lt · B C9'19HR9 · paCC9HHRH CB9T8 'IJO.lt 

M8JlHMRYI'JI8MK:B·TaRHX B91119CTB8X;xax BO.lt8 K mi,JJ;KRJl:BO.llOPO.ll·IJOJIH09 pacceJI

HH9 'CBeTa,• 00:VCJIOBJ18HH08 STRM 'M8X8HKSMOM .ItJIJI ·peJIJITHBKCTCROI'O TpeKa e,llK- · 

HK'lHOI · ,lUIKHH!KBK IJOKaS!lBaDT -OUeHRH, COCT8BJI.li8T COOTB9TCTB9HHO • I0-9 --~- • K 

.Io"7II.cy2~- ; ': :' · --.:. , ·:· , .. , .. , 

r :'. lloxa S8HO · TSR:Ie ; ·'ITO 1 MOJI8R:I'JIH.PH08 'pacceJIHRe i CB8TB 'HB i JIBJI.li9TCJI rnpeiiilT

CTBK8M .lt1lJI Ha6JID.IteHKJI OIJTK'l8CRKX aeo~opo~OCTel: OT Y.ItSPHHX'BOJIH;'IJO MBTQ-

113 'TeiiJlepa . .ItS :Ill· B, CJJ;Yqae · perHC'rpaURH: acpcpeKTa · OT MKHKMa.111>HO HOHKSKPY~ 

'18CTHIJo 
.• ·:_.. ; ; . ,: '· 1 :"• ,:.:. ·h ,,~" '•• t.:.~~;·. ,,., ';;: • j"'-,,·..-·· \.:- ··~ < 

~,lijlyrol npK'lKHol, uemaii!Iel:aadJm,JteHIUl'CJia6ax onTK'leCKKX' aeo~opo,IUIOC

Tel B IJpoSpa'lH!iX · cpe.Itax~·' JIBJllle'rCJI cPoH''OT' OttTK'l8CRHX'· sneMeHTOB' CaMOro. Te.:.. 

H9BOI'O' IJpHdopa' (OCTSTO'lHI>le. CBlJJIH' B 'JmH38Xo' H8COBepmeHCTBO''OitTK'lBCKKX IJQ

B8pxHOCT81, .JtHflxP.Ysaoe OTpaliBHKB OT IJOB8pxHOCTH JDIIHSill: sepK8JliK .JtP~) .'C-'· 

Ue.111>D OIJpe,llaneHKJI orpaHK'leHlill!: TSROI'O cPoH8 K BOSMOEHOCTK perHCTp81IlllK Tpe-
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KOB ti8CTHn CT~HeBw, MeTo,i£oM' 6Wm:BHIIrumeai. HSMeJ)emm IllipSMeTpOB' cepdao 

-BHnyc:ltaeMOro TeHeBOI'<>"n.PH6opa ~·5tl51. STJ! HSMepeHKiJ noit'asi:um, 'ITO 
tiYllCTBiiTeiii>HOCTL 'oreHeBoro MBTo.ita COC'l'SBIDJe'l' iro noiiHol,cr Ce'lemm pecceH.IJ.:. ;' 

. .IJllJI CBeTa 2. I0-
6 

CM
2

, H IIOCKOm.ey HB1160Jiee OIITRMHCTa-.ieCDe, O!lB.IJKH Ce'leHIDI 

pacce'imrui CBeTa aa JtiDIHe B I C~l Tpeita peir.wmsni:TCKOI imcrima B 'im.JtKoc'l'H 

IlpaBOMT K 3itaqe!IHD' OKOJIO m:-9 cl?, TO OTCDJta 'cine.ItYe'l',' 'lto'peJIH'l'Hin'!CTc

KRlt · T~K Ile.Bo:iMolltH<J in:l61iDMn c nor.ioiitD~ 'reae.iioro np:R6opa IIAB-45I~ rrci:-illl

.nm.ioMY, B ''cymecTBYD!IeM BapaaHTe TaRo! npil6op des JtaKHX-JIHCio TexmecKHX 

:VJIY'lllle!Id II nepe.ne.JioK MOmiO IICIIOIILSOBaT:& TOIILKO ',ItJIIi perHC'l'PB!lHH PeJISTR

BRC'l'C'Kl'IX'E)tep' cpe,mmi II TJDteJI!tt SJieldeHTOB, HBtlHHBH, npiDilepHO c lleJiesa. B 

aTOM ci:Yqae dE/dx :vseJm'lHTCH 6oJiee 11er.i aa· Tpll IIOIJH.nK8 no· c:Pa.BHemm c o.n-· 

HOSap.ti.nH!iMii.pe1I!ITRBHCTCKID.IIi 'lSCTKnaMH~ H CB'leHHe pacceH.IJHH CBeTa Ha TpeKe 

e.itima;molt' .n}mail Bo3,iiacTeT .no 'I0-6 c~. .. .. 

' : . PaCCMOTpemi BOSMoJ!Hile ilyrn YCOBepmeHCTBOBaHHH 'l'eHeBoro M8TO.Jt8 pe:rncT

pa!lHH: 3TO. no-nepma. cos.naHHe TeHeBoro npil6opa. 06J!a.Jt8DI!ero MeHLm.; 

'lllcnol.t OnTH'leCKJIX SJieMeitToB; Bo-BTOp!iX, 11cnonsoBaHHe rO:ixorpa~ecKHX Me'

To,noB rameHHH WoHB B CBMOM Rsodpalltemnr. 

~ B 0 '. B .r 0 p ii I r 1I a B e ' ,ItJICCep'.Pe.tin KSJIOJ:eHH 'pes:YJIL'l'a'l'H 

pa:Jpa'6oiKII \i' cos;taHHII lioBoro Tl!na'.neTeKTopa - ynpaBJI!IeMol nsoTpomicil pas

PJWioif'KBMepi. HB'IBno 60-x ro.noB OSHBMeHoB8noc~ JtpYmmM co6HTHeM B' aRcne

PHMeHTam.Hol WHSmte ,-'la·cTau· BllcoKHX · aaep:rnlt - COSMHReM HOBorci 'l'peRo.soro 

np116opa - HCKPQBolt K8'MePll· 11 6HCTPHM BHe.ni>eHHeM MeTo.IiHKH :e:cKpoBwc RaMep 'B 

npaRTHRY WIISH'lecKoro aRcnepRMeHTa~ illHpoRoe npHMeHeHHe HCKpoB!iX-KBMep· 

06&JJCHH1IOCL.'1'6M, 'l'l'O 3TOT Me'l'o,n perHCTpaUHB 'laC'l'H!l 061IB.lt81I OC06eHHOCTJJMH, 
' . 

O'l'KJHBBD!IHMII: npBH.QJ:imanao· HOBHe ··llo3MoK8oc'l'H • t~~tanecp;oro attcnepi!Mea'l'a s 

YC1IOBHmc co.BpeMeamii YCROpll'l'Melt.' ., • •:.' 

· · BMecTe c Te'M y:ae Ha nepBoM sfane'llcnoJILsoBaH11JJ :HcRp(>Bwi: ruiliep 'cor'am 

O'leBII,IUIHMH K H6ROTOIJie orpaHH'leHrui 8'1'0! HOBOI ll6'1'0,JtHRH: 

a}. Hel!ao'l'pOrtllocrrL~ B HCRpolllli KaMe.Pa'x He YMe'l'CJJ IlrutY'lHT.L 'l'peu 'lBC-

'l'Hti, n,POl:o.ItmitRx no.il :yrJioM 661ri.me 45° :it aaripaBJieBDl i»JuJ. ' ~. 

·6} B·:Hcit:Pomfr Rar.lepax HEim.SH nony'lHTL • 'l'peRH·~acTH!l; 'oc'l'aHaiunwamtKX:.. 

CH B·rase pa6o~ero 06~eM8 KBMep!i.-· . i>' "'· 
.:•· '·>';· 
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B) HcRpoBHe RaMepH ,naroT MaJio HHWGPMBUHH o6 noansapyromen cnoco6aocTn 

periiCTpl'IpyeMHX tiaCTH!l 0 TaR RaR aqxpeRTRBHOCTL o6paSOBaHIDI TpeKOB II IIX Rp

KOC'l'L C1IB60 SHBRCRT OT B81IH'li!Hll nepBH'IHOft II1IOTHOCTH HOHR38IlHH. 

B HatiaJie BTppol rnaBH .nae'l'CH KpaTKHI o6sop npe~no~eHnn, aanpaaneaaux 

HS YCTpaHeHHe YK838HH!lX He,nOCTBTKOB IICKpoBHX KSMep,H OTMe'laeTCR RX He~ 

WeRTRBHOCT.L. ·nanee paCCMSTpHBaeTCH I1pi!HUI!Ilii81I.LHO HOBSR B03MOlltHOCT.L 1130T

pOIIHOn per11cTpaUHH TpeitoB sapJJllteHHHX tiaCTHll, B TOM qacne: n ocTauosa.emaxca 
. ·1 

B rase pa6oqero o6beMa KSMepll, cocToJJmeR B TOM, tiTo rasoBoe ycHneHHe orpa-

HHtiR.BaeTcH B npe,nenax, npH KOTOpiDC ~BHHHOe paSMHOllteHHe nepBH'lHHX aneKTpo

HOB DpoiiCXO,ItHT eine JIORa.m.HO, a yBeJIHtieHHe HpROCTH TpeRa, aeo6XO,ItHMOe ,n1I!I 
~ 

woTorpaW!!poBaHHH,ocymecTB1IJJeTcH c noMom.LID MHoroRBCKS,naoro ycRnnTenJJ cBeTa. 

0CHOB8HH8H HB STOM IIPHHUIIII9 HSOTpOIIH8JJ paspH,nHaR KaMepa 6Hna:OCYllt8CTB1I9Ha 

HaMil B I963 ro,ey/6, ? ' B, I 2/ • B I964 ro)J3 aHa1IOrll'lHOe npe,n~o~eHae 6H1IO 

Bll.ltBRHYTO rRrll:l'I lliHe!AepoM n peann:Joaauo HMR Ton:&Ko B I966 ro~~/. 

B IlepBOM naparpa/Pe BTOpolt rnaBH OIII!Clffi86TCR Ilpi!HuHII ,nencTBHH H30Tpon

HOlt pasp,g,!Ufolt KaMepH, ee nepBoe npa_KTHtiecKoe. ocymecTBneane n Hccne.noBaHI!e 

OCHOBH!lX napaMe'l'poB. 06maH CXeMB RSOTpoiiHOit p88pJJ,nHOlt KaMepll DpRBe~e!la HB 

p11c. 3. 

BoSMOlltHOCTL HCIIOIILSOBSHHJJ H8~81I.LHOn C'l'a~ raSOBOrO pa3pH.Jt8 ,U1IJJ IIO

ny~eHIIR TpeKOB SSpJJllteHHHX tiaCTH!l H3ytlanac:& H8 STOlt YCT8HOBKe IIYTeM iPoTO

rpaWHpoBSHHJJ -pespH.nOB, paSBHBaiDmaXCH B rase' npH p831IH~aHX SHatieHHJIX H8llpJJ

ZeHHOCTH a1IeRTpH'leCROro-IIOJIJJ, Ilp111IOllteHHOro K aneKTpo,naM K8MepH IIOC1Ie Ilpo

XO~eHHH IIOHHSHpy~el 'l8CTH!lll qepes ras. E!iJIO YCTSHOBneHo, 'ITO B RaMepe, 

aanoJIHeHHolt . iexHI!'lecRH 'IHCTllll reJIHeM ~o .Jt8B.neH11JJ I aT np:e: HaiipJJllteHHOC'l'H 

IIOJIJJ ~5 RB/CM II ~'l'eJILHOC'l'H BHCOKOBOIILTHOro H1lfiiY~C8 OK01IO O,I MKC, 

K01IH'leCTBO CBeTa, o6paSyDIDeroCR ~ OT,ne1ILH!lX aneKTpoHHilX 1I8BHHBX, ,nOCTS

TOtiHO ~ perHCTpaUHH, II neno'IKa JIBBHHOK, paSBHBSD!DRXCR B61IHSH TpaeKTO

pi!H sapazeHHOit 'lBC'l'KQH,06pasye'l' TpeR. HpROCTL II pasMep 1I8~HHOR CHJILHO sa

BHCH'l' OT HBilpJJllteHHOCTII npK1IOllteHHOrO II01IJJ 0 O,nH8KO cymeCTBYeT IIHTepBa1I SHS

qead HSIIpJJlleHHOC'l'll Il01I!I (5 RB/CM-'E'-5,3 RB/CM}, B KO'l'OpoM ROJIH'leCTBO H 

HpROCTL 1I8BIIHOR B TpeKaX "nepneHJUmY.1I!IpHO" II01ID II "no IIOJIIl" Ilp8KTR'leCKH 

O,ni!HSROBO Ilpll O,ni!HSROBOI HBIIpHllteHHOCTR IIOnJJ. IToaTOMY B YKBSBHHOM HHTepBa-

X/Preprint CERN,64-JO,June '16 (1964);66-14,Apr11(1966). 
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l!e Hanp~ll9HHOCTH ll011JJ TpeKH perHCTp:apyXlTCH HSOTpollHO. Jlam,aelmJee ll0Billlle

HH9 8Mlll!HTY~ HMllYllDC~ BHSHBae~ nepeXO~ alleKTpDHHHX llBBHH B CTpHMepH H 

B03HHKHOB9HH9 O~OrO HCKpoBoro KBH8ll8, 38MI>IK810019rD. M9l!t3ll9KTpo~Hfi npoMe

~TOK (B Cny~ae perHCTp8URR."llO llOl!Xl") Hl!H ll9ll0~ HCKpOBHX K8H8llOB (B Cl!Y-

• ~e perncTpaunn "nepnea.zuucyMpao nollil") •. 

Ilpn H8llpllllt9HHOCTH ~6,5 KB/CM KBMepa paCioTaeT B pelllliMe OCI!l'IHOil HCKpo

BOil K8Mepu. Ilpn H8ll0l!H9HHR KBM9pH TSXHH~ec;m 'lliCruM H90HO~ TpeKH llORBJ!S.I

XlTCR npn H8llpllllt9HHOCTH llOJ!S.I ~3,2 KB/CM H HHTepB~ll 3,'2 KB/~M-'~3,4 KB/CM 

RBJ!S.I9TCR B 3TOM cny~e OCillBCT:bil HSOTpollHOfi perncTpamm: Tp9KOB. Ha pnc. 4B 

npnae~elili WoTOrpa<PlJ:H TpeKOB KOCMH~9CK~ ~8CTHU B KBMepe C M9l!r~3ll9KTPO~HHM 

npoM9li;YTKOM 20 OM, npOXO~IIliDC ITO~ paSHHMH yrllBMH .K HanpaBJISHIID 3ll9KTpH~ec

KOrO llOJ!S.I B K8Mepe. 

BoSMOlltHOCT:b llO.JlY~SHHR TpeKOB CIHll8 HCCll9~0B8H8 T8Kl!re npn ~8Bll911HRX ra-

sa B KBMepe MeH:bme o~on .aTMoccpepu H npn ee •mrronaeHI!II pasl!H~Hmm ra-

SOBHMH CMSCRMH C USJIDD nony~eHHR MBKCRM8ll1HOH RpROCTH TPSKOB B .ll8BllHHOM. 

pellRMe H onpe,n;elleHHR Bl!HRHHR pa3~HHX ,llOCiaBOK H8 BpeMR ll8MRTR T8KOlt K8-

M9pH. Ewro llOJIY~SHO, ~TO OllTIIUaJILHOI! B CMI>!C.Jle,J'IpKOCTH Tp9K8 RBJ!S.ISTCR CMSC:b 

Ne+0,5% A't ' I! BBe,lleiDre TaRoro ra~a, KBK cce4 B 'KOHU9HTp8llHII ll0pll.ll;K8 I0-6 

ll03BOJIH9T C,ll9ll8T:b Bp9MR ll8MRTH B KBMepe M9H:bW9 MHKpoCeicy~. Iiiil!O HSY~SHO 

T8Kl!re Bl!HRHR9 WHpHHU BUCOKOBO~THOrO RMny~ca'Ha K8~9CTBO perHCTp8llllll 

Tp9KOB. 

Bo BTOpoM naparpacpe npnae~eHH pesy.riDTaTH nsy~eHHR paelom nsoTponuon 

paSpll~Oft KBM9PH C H8ll0l!H9HH9M pa3~HUMH.rasa~m,BK~H 'lliCTHfi BO,IlOpo~/9{, 
¥13 JIHTepaTypu CIHll8 l!3B9CTH8 TOJIDKO 0~8 IlOOOTKB HCilOllD30B8T:b BO,UOpo,ll; B 

HCKpoBOft KBMepe ( 0• HeitJI,x/). All ropy 3TOfi paelom He Y.ll8llOC:b ,llOCTHtiL 

3<fxP9KTHBHOI! paCIOT.U KBM9p.l C MSli[gllSKTpo,llHHM llpoMe~TKOM 3,2'MM, H8ll0l!H9H

HO! BOJlOpoJlOMo Bo,llopo.uiioe H8llOllH!lHH9 paap~ KBMep C CloJIDl!Il!M llpoMSJR;YTKOM 

npe,UCT8BJIR9T 3H8'lliT9nDHHil HHTepec KBK MHill9H:b .UJ!S.I ll3Y~9HRR p83Jll!~HHX·rrpo
ll9CCOB BSanMO~e!cTBRR aneMeHTapHUx ~acTnu, noaTOMY CIHllH npoBe.ueuu ooom c 

nellDXl BHRCHeHHR paCIOTH pa3pll~ KBMep C 'lliCTHM H2 - H8IlOllH9HHeM. EHllO 

BHRCH9HO, ~TO npH llO,Ua~e H8 KBMepy HMny~Ca E=20 KB/CU ~T9llDHOCT:bJO OKO

AO 0,1 MKC. C 38Jl9pllKO! 0,6 MKC llOClle·llpOXO~SHRR KOC~SCKO! ~8CTHllU 

~epes o6LeM K8M9pH,MOllHO llOl!Y'lliT:b pas~n;, llOK8llH30B8HHHfi BCil!H3ll Tp89KTO-

X/ Nucl.Instr.and Meth. 20 1 154 (196)). 
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PP!c,4 ~TorpailJHR TpeROB B RSOTPQITHOI paSp!I,IlHOI RaMepe, a, 6- crepe04JOTO
l'pa~HH TpeKOB Me~eHHUX R OCTaHOBHBWEXCR MeSOHOB, CHHTHe ~epes 6o-

. ROBae C'l'eHRR HSOTpoiTHOI paspgnnol RaMepu, a) Pacna~ nH-MeSOHa C 
aaepr:ae! !5 UaB aa ~ery. 6) 3axsar MD-Mesoaa ~M aeoaa c :acnyc
RBHReM 'l'Hlle1IOI! 38p!IlleHHO! ~CTiUlbl, B) ~'l'Ol'pa~HH TpeKOB ROCMH'iec
ROI'O RSny~eHHH, ITpOXO,Will!ilX ITO~ paSIUiMH yrnaMH K H81Tp8BJierum S.J1eK
Tpl!'ieCROl'O ITOJIH, r) Crepe$TOl'jlaqJHH TpeKOB 'l'HlleJI!iX Sap!IlleHHUX 
'IBCTlUI, rrpoxo~ ~epes Hsorponnyn paspH~!J KaYepy Merpoaoro 
pasMepa. 

10 

p!m ~aCTRnEJ He381lRCHMO OT Yl'118 MeJQt.V TpaeKTOpl'!eft. R. HanpaBJieHReM ITOIDI, ITpl'!

~eM K~eCTBO RS~t~aeMOro CBeTa·~OCTaTO~HO ~ perHCTpaUI'!H TpeKa. 

B. rper:&eM naparpa~e onxcaH MeTa~ yMeHLmeHHH HCRBlleHHI (~cropcd) a . 

S.J16K'1'poHHo-on~eCKHX ITpeo6paSOBaTe.J1HX, RCITO.J1:&3Y6MHX ~JIH YCR.J19HRH HpKOCTR 

TpeKOB B HSOTPQITHUX pas~ KaMepa:x/!0/ ~ · JlJIH YM6HLW9HHH TBKHX HCRalleHRfi 

6a.J10 ITpe~OlleHO ITOMeii(8TL OOII B · CR.J1LH06·' O~Opo~oe. RJIR H60~0po~oe Mal'HHT- J· 

HOe n~ef!l/,·Ilpa yBe}ll!'ieHJm HBITpHlleHHOCTR MBI'HHTHOI'O ITOIDI .J18p-MOPQBCKI'!1i 

pa~c npe~eCCHH MOlleT YMeH:&WRTLCH ~a· TBKOI CTeneHR, ~TO ero Be~~Ha B 

~0! IT1IOCKOCTR Me~ RBTO~OM R SKp8HOM CTBHeT MeH:&me pasMepa npe~e.J1LHO 

paspemaeMoro MeMeHTa, saBRCHII!ero TO.J1LRO aT xapaRrepacrRK pas~e1II'!re.JILHUX . 
IT.J16HOK Mell;llY RBCRSMMH OOila. 

IlpoBe,IteHHae SKCITepRMeHTH ITORB38JIR' BOSMOEHOCTL YCTpaHeHRH RCRaltead 

HS06p81teHHH B MHOI'OKBC~ 00Ilax C HeO~Opo,ItHRM SJieKTpl!'ieCKI'!M IT~eM 

nyTeM ITOMellleHRH RX B MBI'HRTHae ITOM (o~opo,ItHae li.JII'I HeO~Opo,ItHae C MOC

KOCTLD C:I!MM6Tplm) HaiTpHlteHHOCTLD 1000 - 3000 apcT, 0TCYTCTBRe llt6CTKHX · 

'l.'pe6oaaad K ae~ae aanpHJteHHH Ha RBCKB,Itax, K ~PMe RMIIYJI:&coa aanpHlle-

" HHH H C'1'86R.J1LHOCTR · Mal'HHTHOI'O ITOJIH ITpe,ItCTBBJIHeT SHa~T6.J1LHOe npeHMY1116CT

BO paCCMOTpeHHOro' MeTO~a nepe,tt .JlPYrHMH BOSMOllH!lMH MeTo,ItaMH YM6H:&meHRH · ' 

~CTOpcHH. · Cy111e~TB6HHaM ,ItOCTORHCTB~M M6'1'0,Ita HBJIR6TCH CT86KJILHOCTL :1'1306-

paltBHRH, Hea6xo.ttHMBH B YCTBHOBRBX, npe~aSHa~eHHUX ~ TO~HUX RSMepeHH!, 

Jle:ltCTBRT6.J1LHO, · Ma6ae BHemHKe · MBl'HRTHae · ITOIDI, HSMeHeHRe H81TpH1teaMA, CMe-

1!18DIIH6 li!S06paltBHHe ~p;yca, He MOl'YT RmmTL HB RS06pa~teHRe B peJtHMe CR.J1:&

HO! ~KYCHpoBRR, TBK RBK OHO "JteCTKO• ITPRBH38HO K MBl'HR'l.'HaM CRJIOBW .JIR

HRHM, T.e. ~KTI!'i6CIW K KOHCTpyKTRBHaM MeMeH'l'BM (RBTYWKBM, COJI6HOR,It8M), 

COS,Ita~ CRn:&H06·M8l'Hli!THOe ITOJie. 

B ~eTBepTOM naparpa~e onxcaaa ,ItBa.aapRaHTa :asorponaax•paspH,ItHUX KB

Mep 60.J1Lmoro o~eMB, npe,ItHasHa~eHHUX ~ npoae,tteHHH ~s~ecKHX aKcnep:a

MeH'l'OB HB ITY~X 38p!IlteHHQX ~ac~ OT CHHXpo~oTpoHa J{a6oparoplm H,Itep-' 

HUX npo6.J1eM OIDIH. Pa6o~ o~er.'t ITepBOl'O B8PH8HT8 KaMepu/
23/ ITpe,ItCTBBJIH

eT C06o:lt n1IOCKH:It KOH,lt6HC8TOp C pasyepOM SJI6RTpo~OB 90x90 CM
2 

R M6ZS.J1eR~ 
pO,ItHiiM 3830poM 30 CM, 0ITTI!'i6CRBH CXeMa RaM6pH ITOSBOMJIB perHCTpl'!poBBTL 

CBeT, npoxo,ItiDIIHI -qepes 60KOBYD CTeg:ey RaMepH, H COBMemaTL HS06pa1teHRH 

.ItBYX crepeonpoe~ c yrJIOM 90° Ha ~TOKBTO,tte o,llHoro OOIIa. 
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. Eo BpeMII onpo60Balll!H 8TOI KBM6j:H Ha CKHXpo~O'i'poHe 6WIO ·n0113'1~HO 

geCKOJII>RO Tl:lCH'I Ka.npclBB peEI!Me pel'KCTpa.QIDI Me)tnaHHI:lX npoXOJtmiiHX ll1!-Me3o- : 

HOB·H ocTaHOBOK MOOOHOB B aeoae :ra: reKaH. •Ha p:ra:c. 4a, 6 noxasaHI:l C'i'epe~

TorpaiPJm·CJ13'1BeB·pacna.~ta·aa JieTY nn-r.iesoHOB'C saepr:ra:el IS MsB :ra: oc'i'aHOBOR 

.MD-MeSOHOB Brase KaMePQ C ITOCX6.1lY~ 38XBaTOM ~M R·SMHCCHel T&&enOI 

sapgEBHHOI 'IBCTKUI:l. 0nHCaHH8H HSO'i'poiTHaH paS~H RBMepa 6H118 HCITO~SO

BaHa B'sxcnepKMeHTaX ITO CpaBHeHKD BpeMeH EHSHH ITH-nnDC H TIH-MHHYC Meso

HOB/I4/ · H Jl11H HSMepeH:w:t BepoJITHOCTH. KC!lYCRB!Il!H TJIJI61lllX · 38PJilleHHI:lX 'IBCTH!.l 

npH SaXBaTe OCTaHOBHBWKXCJI MD-M6SOHOB ~aMH·HeOH8/I5/ •. 
BTopol . .eapRaHT HSOTpoiTHOI paSPJI.IlHOI RBMepu dun npe.llHBSHS'IeH ~ HC

cne.llOBBH:w:t pe~ npo~eCCOB BSBKMO.IleiC'i'BHJI Bl:lCOROSHepre'i'H'IHI:lX npoTOHOB C 

.neriDOOI ~MH/IG/. Pa6o'IKI o6beM arol xaMeJH n~cTaBJ!JieT cociol rurexc.ra

rJiacoBI:ll xopo6: c pasMepar.m I00x70 c~ H MeJ~Uzy3JleRTpoJlH&IM sasopoM 30 CM. 

Bl:l6paHH8H KOHCTPY~ nOSBOR&118 npoCM8TpHB8TL pa6o'JHI o6ieu KaMaPI:l·'lepes 

Bepxmtl ITOJI,Ynpospa'IHI:ll 3116K'l'po,!l K OCyJIIeCTBHT:& CTepeCMiloTOrpaQ)KpoBaHHe 'i'p~ 

KOB C · yrJIOM MeJ~Uzy 'OII'l'H'IeCKHMH OCHMH npoeK!lHI, paBHI:lM' 30° 0 K COBM61J1eHHeM 

HS06paxeHHI npoeKQHI HB WoTOK8TO.Il6 O.llHOro·30llao ilpn OTHOCKT~HOM OTBepc

THH o<h.aKTHBa 1:3 H K0~8H'l'8 yM6iWII8KBJI· !:22 ~ J«)<i'l'JII'H,7'l'O paspeme

HKe B npoc'l'p&HC'l'Be' pacio'lero ~8118 RBMEIIB oi!D..fo-4 111M, Ba JI!O~ 4r IIpm!& -

.llaHI:l· cTepe~TorpaqJHH TpeKOB TJIJreJll:lX sapgxeHHI:lX · 'Uic~, nepeceRBDJntX o6'L;;. 

eM KaMeiJi 1 ; npH YC'l'SHOBK6 ee B paspese \P<)R;YCllll!YDI!8I'O R8H8JI8 Jerllm.'HOI'O 

cneKTPoMeTpa. · 

TaKHM o6pasoM,B ·pesy~TaTe HCCX8.1lOBaHKI, Oll1!CaHHI:lX B 3TOI rJiaBe, 

COS.IlBH HOBI:ll ynpaBJ1JI6MI:ll Tp6KOBHI npnciop - HSO'l'ponHBJI paSPJI.IlHaH R8M6pa 1 

06Jia.ll8llli8JI ITOJIHOCT:&Il HSOTpoiiHI:lMH CBOICTBaMH, IIOSBONm!ISH pacioTSTD C pas

.IIK'IHiiMH raSOBHIIIH HanOJIHeiD!II)!J!, Blt1IIl'IBJ! "'JJIC't!ill BO,IlOpo,Jt, J( DIMIIIBH lS Dij!po

KHX npeJle~i JlHHelHyll SBBHCHMOCT:& KHTerpa~HOI SIPROC'l'H Tpexa 0'1' HOHJISH

PYilJIIEl! cnocodHOCtH pei'HcTp:ra:P,YeiiHX 'UIC~. B 3UJI111laHlle CXe.ztie! 0'1'M6'1'H'l'll, 

'ITO HSO'l'PoiTHBJI PaS~ KaMepa 61lJia H8S8BHCHMO npe.MOJ16Ha Jl OCYJ119CTBJieHa 

paHDme,. 'laM CTpKMepflilJI RBMepa. iloc.ne,1U11m XO'l'JI K 06JlB,ltB.S.'1' B HeCROJIDJIO pas 

JlY'DIIHM • ITpoC'l'paHCTB6HHI:lM paspemeHlleM, He JiBJIJia'l'CJI. ITOJIHOC'l'Dil · HSO'l'po!IHHJol 

TpeROBI:lM DpH60PQM H3~38 CRnbHOro K3MaH9H:w:t JIPKQCTH TP6R8 B SSBHCHMOC'l'H 

OT YrJia MeJ~Uzy aanpaBJieHHeM its:ra::mlll!H 'laC~ H aanpa.BJieHHeM a.neR'l'pHtJecROro 
nona. 
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B. T p e T :& e a r n a B e Jli'ICCepTamm nsnoJKeHI:l pa6om.·no pas-

pa6oTKe CHCTeM qJopMHpoBaH:w:t. qJoKYCKpoBRH H OT60pa ny'IKOB sapnZeHHI:lX •'JaC

Trul; o6ecrie'IHBWKX ·awcmaeHHe ocao.eaol nporpaMMI:l axcriepHMeHTBJIDHI:lX :ra:ccne

'.lloBaHHI, ·a Tarute aame,IllllHX npHMeHeHHe a Jlpyrruc <PRsHtJecKI'IX H npHKJiallHI:lX 

SaJl8'18X. B nepBOM naparpa~ OUKCI:lBSaTCJI npe.llJIOEeHHlll aB'l'OpoM MBTO.Il ynpaB

nJieMOII!: peracTpa~ ocTaao.eox MD-r.~esoao.e B rase :asoTponaoft KSMePI:l, ocHOBaH

Hill HS qJopr.!HpoBaHD Dy'IRB MeSOHOB C nOJIYllllipl!HOit npo6eroBH0,I r/cM
2 

/I
3
/. 

C ITOMOJIIDil '3TO!t Me~OJlHKH 61:lJI nony'leH 1JHCM ny'IOR OTp~aTeJI:&Hmt • MD-MeSO

HOB C 'aaepr:ra:el 4,3 MsB, BePoaTHOCTD ocTaHOBRH KOTOporo B KSMepe MeTpoBoro 

pasMepa~ HBIIOJIHeHHOlt HaOHOM ]1.0 Jl8B1leH:w:t r'a-f, JlOCTm'aJia 75%. 'ilpK 3TOM 

np:ra:Mec:r,.oTp~aTenDHI:lX·nn-MesoaoB B.T;KOM.ny'IKe 6ana'Meaee s,Io-
3

• Ea11H 

TSKXB ITOJIY'I6HI:l ny'IKK Me.lllieHHI:lX DR-MeSOHOB.C aHePI'Ke! ITOPff.llKB IO MsB H RH-

'l'aHCRBHOCT:&Il OT I JJ.O IO c -I. 

Eo BTOpoM naparpaqJe. onncaa MeTO.Il qJo!cyc:apoBRH saPffxeHHI:lX 'IBCTRu oT yc-

xopRTeJiel! nyTeM WoPMKpoBSH:w:l MSrHHTHOro U011H •B sasope OTKnOHSII.Xl16rO MSrHH

Ta, no.~to6aoro noJID MSrRHTHOI! xBSJJ.PYITOJII>Ho! JIHHSH, c'noMOJIIDil xenesHI:lX 

6pycxo.e/I7 I. B · aaaJIHTH'IecxoM BH.Ile 6l:lm no1J3'1eHI:l WoPMYJII:l, no~.eo11JIDIIlie 
C~BHHTe~HO npoC'l'O paCC'IHT8'1':& r~JlHeHTI:l MBraHTHI:lX·nonefi OT nPfiMoyroRDHI:lX 

:mJieSHI:lX 6pyCKOB c Y'IBTOM B11HJIH:w:l nomDCHI:lX HaROHe'IHHKOB. 

Paspa66TaHHI:lA MeTO.Il wQKYCI!poBRH aamen'npm.~eaeaKe np:a WoiJMHpoBSHRH 

ny~ Ke,JtJieHHHX yesoao/IS/, npH COS.IlB~ o.lutonne'IHOro MarHHTHOro cneKTpo

MeTpa c qJOKYCHPYillllKM KaaSJIOM, OnHCSHHI:lM 'a cJie.I(YriJ:teM naparpaqJe, H B ~enoM 

. pJI.Ile cPRSH'JecKI'IX aKcnepKMeHTOB JtliJI llOBI:lmeHM. HHTeHCHBHOCTH BTOpH'IHI:lX IIY'I-

KOB, sapazeHHI:lX 'ISCT~. 
'!~·"':"''"- ··:J··~··· · .•. · ~(·•!~ •. ·• ;, ' B TpeT:&eM naparp~e OITHCI:lBSeTCJI OA!JOIDie'IHI:ll MarHHTHI:ll cneKTpoMeTp· C 

woKYCHPY- ':RafianoM i.i :Prso'li~niroa pasPJ'I.IlHol KaMe pol. ·.llllll. pei'KcTparimt 'peJl-

~ npoueccoB JIJlepHI:lX 'asaHM~.IlelcTBHtV161. · , ... ' ' 
· ITpli ~mcne.iioBaiimi 'Tinwi' npc)i:ieccio.e no'lm '.Bcer.llB BosmmaeT ·sa.llB'Ia aa

.n'eJrHolt H.lleiln~'i:Um '.B.fopwlmix sapaJKeHM 'tJacTlU!, ·Herio'cipe)tcT.ee.Hao c.Msi:m

, HllX c E:s:Y'Iae~<>a • peaxniieit~ :B ri:Pl!ciTcT.eo '6o.niiiioro ·~aa 'noc.ro.POimerC> 'li'sJI.Y-
. · , . , · .; . . , , ' , " ~: • ~· . ". r ~. , · • 1.· •. , , · · . _, . •• ·.,, 

'leHHJI, OJlHOBpeMeHHO o6paSyllJIIeroCSI B MHmeHH. B TaX C1J3'1aJIX;· ROr.lla OJlHO no-
'. ~ 

JieSHOe C06i:l'l'He npHXOJlH'l'CH Ha Jl6CHTRH H COTHH MKJIJIHOHOB COllYTCTBYiJuiHi' sa-

l'':l 
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pREeHHHX ~8CTRQ, BOSHHKaeT He06XO~MOCTh HCnOn&30B8Th BCe ~OCT,YnHHe ~aK-.. ~- . . ' '. .. . . . ·-~ ' ' ~ - ' ' 

TOp!i OT60pa no 'f8KJIM,napaMeTpaM, KBK HMI!.YnDC ~8CTRQ!i (MSrHB'l'HHI 8H81Ill3), . - ~ .. -:. . . : - . ._ ' -~ . ' \ . -

BpeMli. Tipolle'l'a 0 , HOJIJI98JlHOHHHe noTe pH, npo6er HJill TIOIIH8Ji 3Hepl'KH. KpoMe '1'0-
, . . . . •'·. -- ' . -. -. ' ' -. ', ' ' . . - -- . . . ,-._ ' - . ~ . . . ; . . 

ro,.npH HCCile~OBBHHH HCKJ!Dtm'l'en&HO pe,ItKHX C06UTH! TipHXO~'l'CR ~OTIOJIHH'l'eJIDHO 
~- ., . -~ . . ' ' '. . :. ,· . . : -·_. ' . . 

npn6eraTD. K BHS:Y.I:JnDHOit H~KB!IHH ~8CTH[l, ~11H OTCeHBaHHH CJzy~eB H81IOJEeHM 
- - . • i ~ ' - - - . . . . ' . . 

~8CTHll HIIH, CJIY~8ftHUX BU6pocoB perHCTpHp:YDmel arrnapar,ypu. 
_.. . . : :; . ' - ~ . '- . - . :. - . 

06~aR cxeMa crrexTpoMeTpa, paspa6oTaHHoro n cos~aaaoro no npe~oxeann 
. '.< ' • . . ' 

8BTOpa, TipHBe~eHS Ha pnc. 5. 0CHOBHin.m. 31IeMeH'l'8MH CTieKTpoMe'l'pa H_B11HilTCR! 

OTKIIOHRillJIHfi M8rHHT C CHCTeMOit ~e_lleB!lX R011,1IliMBTOpoB, ~K:yCHpyD!IHI K8H811, 

TIOSBOJIIU:IIlltlt TpaHCUOp'l'HpclB8Th OT06paHHHe ~8CTRQ!i B 6ec!f>OHOB08 TIOMe~eHHe, 
' - -. . -

H30TpoOH8Ji pasp~aH KBMepa, pasMe~eHHSH B paspese {flo.IcyCHpyllllero KBH8JI8_, 

. H pernCTPll,PYillli8R a,nnapaTypa H3 P8311H~H!lX KOM6HH8JlHft CJlHH'l'H1111HII1!01!HilY. c~eT

~HKOB. EllOK-CXeMa SlleKTpoHHKH TI03B011H118 OC:Y~eCTB11HTh C TIOCJie~~el 06pa-

60TKOI Ha CBRSH C :313M O,JUiOMepHHlt H MHOrOMepHHI 8H811H3 *co6UTH! CO Bcex 

cnHHTH1111H!IHOHHWt C~enHKOB, HSMePflTh CTieK!l'p!i no BpeMeHH Tipo.lle'l'a MeJUtY 6a-
, '' 

30BIIM,H C~eT~KBD • TI01I;Y~Th KOMdHHHpoB8HHHe ~yXMepm.te CTieKTp!I ITO 8M_II11H-

Ty~e n speMeHH nponeTa. CxeMa B~Ba118 Taxxe.nMUyncu ynpasneHHH ~ sa

TIYCKa HSO'l'POIIHOI pa1~1 KBMepu. 

B!l6paHm.te napaMeTp!i CTieKTpoMeTpa TIOSBOXKIIH ~eHT~RQHpoB8Th nenul 
•'. - ' ~ 

p~ BechMa pe.mmx npooeccos ynpyroro pacceaHHH rrpoTOHOB Hasa~ aa ~x 
;<' •. ' • - ; . ~- . 3

lie, _ ~e . n .'Zl 11. npooeccoB KBasnyrrpyroro paccenHHH rrpo'!'OHOB aa BHYTPK-

a'~epHUX H;KIIOHHUX 8CC~OH8JlHRX B YCJIOBHHX 6o.n&mol nepe~a~ HMUyJIDC8/l6 , 19 , 

20, 21,·22, 23/, KO'l'Opie -paaee ae y,naBanoch o6aapy~Th, a Ta~ nponeccu 
< • ' -~ - • ·:. l. . • ' • - ~ • - . 

O~HO~HOro 06pa30B8HHH Me30HOB HB ~YX- H TpeXHYKJIOHHUX BHY'l'p~epm.tX 

8CCOOH8JlHRX/
24

• 25, 26, 2?/ DpJtqey TipHMeHeHHOM BCeX BOSMOIHWX ~~M8'!'-
• ·• ·- •. ' " ~- :. ' • • ., ~ ' ' •. !" -. • .. 

POB OT6opa 38PffZBHH!iX ~CTRQ :Y.lt8-110CL ~OC'l'~ HHJEHel rpaannu ce~eHHH pe-

rHCTpHpyemx npooeccos aa yposaeio-34 ~M2JcTe~'rm,/IG/. 
. . . / . ' '' 

KpoMe Toro ~.H~CKOJIDKO MO~poBaHHOM BBPIIBH'l'e (puc. ~2) ~neRTpo-
MeTp c qoxycHpy~ KBHanoM 6un npmMeaea ~~ nany~eais Me~acxoro npo-

.. ·. . - ~ .. -__ ' ' - . ' ' ., 

TOHHoro nyqxa c 9Hepreel O'l' roo ~0 200 MaB c ~eJIDil HSJ~eHHR BOSMoKHOC'l'el 

HcnoJIDsosaHHR nporoaos BliCOKHX aaeprmt s Jll'~eBol TepaTIHH oHKono~ecKHX 
6on~28, 29/. . . ..... · - . . ". 

14 

PRc.5 06maH cxeua MarHH'l'Horo cneK'l'poMeTpa c (floxyc.apylllJIHM Ka
HanoM H uso'l'ponaol_paspg~ol KaMepol ~ per.acTparmn 
peJI,ltHX ni1QneCCOB. BKY - BBKY:YMHBH KaMepa CHHXpcliiHRJIO
'l'pclH8;' OH - O'flt1IORmll!lHe itBa~nOJIDHHe Haca~; P - Bli-

. Be~eHH!il TIPQ'l'OHH!il ny~oK; QM:.l, OM-2 - O'l'KJIOHHJl!Ill'le 
MBI'HB'l'!I· MKJI- MBrHHTHaR KBa~noJIDHa.fl IIHHsa; M- Mli:.. 
meRh; MR - MOHHTOll!!SJr. KBMepa;- C3 - csuanoBBR 38l!lHTa; 
K '- ROJIJIHM8'l'Op!ii BT - BBKY:YMHHI '!'p&Jt'!'; M<l>JIIlK - MBrHH'l'..; 
m.te KBBJUlYTIOn&HHe JIHHSII ~KYCHP:YIIllero KBHaJia; HPK -
H90TponHa.fl p8SPRM8R KBMepa j C, -C~ - CJlHHTHJIIIR!IHOHHHe 
o~eT~. · 

!. 
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B qetBeptou naparpa~e tpet:&ea rnaBu HsnozeHu pa6otu no cos~aHKD mHpo

xoyron:&aon MarHHTHQil nRH3H ~na ~KYCHpDBKH DR-Me30HOB, nna cy~eCTBeHHOro 

ynenaqeHHH HHTeHCRBHOCTeA Me30HHUX ny~OB aBTOpoM duno npe~nOlKeHO HCnOHL-

30BaT:& MeTO,Iijl liiHpDKOYIUHLHO! ~I\YCHpOBKH, npRBO,Mllll!e K YBemqeiUID aKcen

TaHCa no TenecHOMY yrny npHMepao aa ~a no~/301. CpaBHHTe~aoe ~sn
xo-TeXHH'l:eCKoe COnOCTaBneHHe ~YX BOSMOEHUX MeTO~OB TaKO! ~OKYCHpOBKH C 

nOMOm:&D TOpO~n:&HHX H HeO.MOpO~ aKCHaHLHO-cHMMeTpR'l:HUX MBrHHTHHX none! 

noKaSano, 'ITO XOTSJ coneHO~HLHUe nRH3H. C HeO.MOpa~HUM noneM SJBnHilTCSJ do

nee TPY~OeMKHMR B OTHOmeHHH pac'l:eTa, OHH cy~eCTBCHHO npome B ocymecTBneHRR 

/30, 32/, Ha OCHOBe ~eTan:&HUX pac'l:eT~B Ha 3BM dWIO YCTa.HOBnea/32/, 'ITO 

~na urnpOKoro Knacca HeO.MOPO.MUX, aKCRB.HhHO-CHMMeTpH'IHUX none!, YCHneHHUX 

aa xoHUax nnn HMeD!Ili!X_pacnpe~eneHHe no~ aa ocn c npona~oM nocpe~ae, 

BCer~a MOJKHO HaRTH TaKoe ceueactBO TpaeKTOpd, ~ KOTOpux BHnOnHSJilTCSJ YC

nOBHSJ mHpoKoyro~HOft ~KYCHpDBKH C Te~eCHUM yr~OM SaXBaTa OKO~O O.MOIU 

CTepa~aHa npH MHHHManhHUX ~epH'IeCKHX H XpoMBTH'IeCKHX adeppanRSJX, 

AllTopoM dun npe~nOJKeH H paspadoTaH BapRa.HT coneao~.HLHoft BHSH, coc

tos~en RS Hadopa HMeBmHXCSJ B paCITOPHXeHHR rOTOBUX Ka:rymex B03dy~eHHSJ OT 

MarHHTa-coneHO~ TRUe MC-4, 3TOT BapHaHT ~sa, llOKBSaHHUft Ha paspese 

A-A,PHc. II, dun ocymecT~ea B ~dopaTOPHH SJ~epHUX npod~eM OHHH B I974 ro

~/3I/. C nOMOm:&IO TaRo! nRH31i, HMeBmel TenecHUft yro.n SaXBaTa OKOJ!O 0,4 
; 

CTepa~, dana nOny'l:eHU DR-MeSOHHUe uY'l:KH, KO'rOp!:le no HHTeHCBBHOCTH H MOT-

HOCTH OCTaHOBOK Ha O~H- TpH nOPH~a npeBumaJOT aaanOrH'IHiie napaMeTpu cy

mecTBYDmHX DY~OB KaK Ha CHHXpoUHKnOTpoHe ~dopa:ropHH SJ~epHUX npo6neM 

OMnH, Tax H Ha ~P.YrHX YCKOPHTenSJX Taxoro xe THUa B CCCP H sa pydexoM. 

B q e T Be p To a r.~ a n·e npRBO.MTCSJ ~a npHMepa ~HSH'l:ec

KHX 3KCnepHMeHTOB no nepBOMY npHMeHeHHD M8TO~ HSOTponHiiX paSPH~ xa

Mep Ha ITY'l:KaX SaPH~eHHiiX 'l:aCTHD OT YCKOpRTe~ • 

. B ne!l.BoM rraparpaifle ooocaa. axcnepHMeHT no YTO'l:HeHHJO BpeMeH DSHH sa-

PHlleHHUX llH-MeSOHOB, BlinOnH8HHiii ITYT8M perHCTp8l.lHH pecniutoB ITH-U8SOHOB He 

ne:ry B H30TponHO! pes~oft KBMepe, HenO~H8HHOft reHHeM DdO HeOHOM ~0 ~B

neHHSJ i eT/I4/~ llpH aTOM 6an npru.!eHeH Me:ro~ i{loJNHpoBa~HSJ ~'l:KB Me~neHI!IiX 
nH-Mesoaonii3/, -~rrHCaHH!lft B Tpe:r:&c! rnaae ~ccepreQRH •. KaMepa nosnonana 

~eKTRBHO pernc:rpnpoBaT:& pacna~ UK-M830HOB C 3Heprneft I5 KsB Ha flYTH 50 CM 
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BHYTPH pado'l:ero o6:&eMa, npn STOM O~H Cny'l:al pacna~a ripRXO~TCSJ, npHMep

HO, Ha IO KB~poB'c :rpeKBMH BXO.Mllli!X nH-MeSOHOB~ PesyHLTaT HSMepeHHSJ D 

STOM 3KCllepHMeHTe nony'l:eHnpn'npoCMOTpe I9 TUC, Ka~poB C UH-MeSOHIIUMH 

TpexaMH; aa xo:ropux sapernctp!!pOBaHo I300 cny'l:BeB paciia.na. ITocne ycpe.n

HeHHSJ no HeSaBHCHMOMY npoCMOTP,Y Tp8Mi1 JUidopaHTaMH, BBe~eHHH nonpaBOK H 

onpe~eneHHSJ norpemaocTH pesyn:r,:ra:ra 6uno nonyqefio sHa'l:eHne o:raomeHHSJ ape

Mea DSHH llH-lliiilC H llH-MHHYC MeSO HOB, paBHOe 0, 9s±o ,06, 'ITO. B npe,nenax 

onrndox He npoTRBOpe'l:HT CPT-HHBaPHaHTHOCTH BsaiiMO~eilCTBHSJ. BliSiiBaiCI!iero 

pacna~ UH-MeSOHOB, 

nocne sanepmeHHSJ nepnoro s:rana sxcnepnMea:ra, noxasanmera,· 'l:To npe.n

noJKeHHUM MeTO~OM ILOZHO npoHSBeCTH cpaBHeHHe BpeMeH DSHH SaPHlKeHHiiX IIH-Me

SOHOB C TO'l:HOCT:&D OROno !%, dune ony6nHKOBaHa pado:ra KOnyu6HHCKO~- rpynnu 

(Eap~OH,H ~p.)X{nony'l:HBmel OTHOllieHHe BpeMeH EHSHH nn-nnDC H UH-MHHYC Meso~ 
HOB,paBHOe I,004±0,007, 0HHC8HH8SJ B 3TOM naparpaifle pado:ra duna nepBUM npH

MeHeHHeM H30TponHiiX.pa3PH~IIUX KBMep B ~aH'l:eCKOM SKCnepHMBHTe. Ha · UpHMepe 

STOft padOTii 6una 8KcnepHMeHT8HLHO' llOKBSeHa BOSMO!HOCT:& n'nepcneKTHBHOCTL 

RSY'l:eHHSJ npo~eCCOB pacna~ Hec:ra6HrrbHiiX 'l:8CTRQ B ynpaBnSJeMUX HSOTpOUHUX 

:rpexoaux KaMepax don:&moro pasMepa.• 

Bo BTOpoM naperpa~e Hanarae:rcSJ pado:ra no HSMepeHHD eepoRTHOCTH rrcnyc

RaHHSJ TRlKenux 3apillK8HHiiX 'l:8CTHU npH SaXsaTe ~ -MeSOHOB R,npaMH 'HeOHa/!5/ 

l1Sy'l:8HHe SMHCCHH TSJlKeHHX SaPHllteHHUX 'l:eCTHD, COUpoBOll\naDme~ SJ,nepllbiH saXBaT 

~ -MeSOHOB, nOSEOnSJeT UOny'l:aTL none3HYD HHWoPM8llHD 0 MexaHHSMe SaXBaTa 

MIOOHOB SJ~MH •. Talllie SepillKeHHiie 'l:aCTHillf (HSOTOIIbl BO~~po~a fi reriHSJ) He o6-

pa3YDTCSJ Henocpe~CTBeHHO B aneMeHT8pHOM 8KTe 'l:eT!ipexifJepMHOHHOrO BS8HMO

~e!CTBHSJ MIOOH8 C npOTOHOM Mpa, HO MOryT HCflYCK8TLCR irndo ncnapeHHeM HS 

- aosdyJK,neHaoro SJ~a, BOSHHKBil!lero ~pn y.. -saxna:r~, 7mdo nudaBa:rE.cSJ 11s R.npa · 

aelt:rpoHaMH npSJMoro npouecca )J.. + p _..n +V , · nmr, aaxoaeu, rionyqaiOT :JHep- · 

rHD, ~OCT8TO'l:HYD ,ItnH BliXO,i(a HS 11.iJ.pa, BCne,nCTBHe KOppenamm HYKnOHOB SJ,ztep-

aoro nemec:raa. .-t"'' 

THD, 

O.nflaKo HHSKBSJ BepoSJTHOc'T:& ·npo~ecca HCDYCKBHHSJ TSJlKeH!iX' SaPHlKeHHiiX 'l:aC

HeOdXO,lU'IMOCT:& perHCTpanHH 'l:BCTHD C M8JIUMH npoderaMH H BHCOKHe Tpedo-

BaHHSJ K 'l:l!c'roTe MIOOHHoro ITY~a saTpy~JOT sKCnepHMeH:ran:&aoe nccne~oBaHlle 

STOro SJBneHHSJ, "'rax, .no I968 ;rb$ OTCYTCTBOBaJill ~a!llrue ~-lKli 0 nonHOH eepa:.. 

X/ Ph,ys.Rev.Lett., 16 1 775 (1966). 
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JITHOCTH. SMHCCHH 88PJJ.E8HHiiX lJBCTR!l npR )4 -3axB8Te B npoCTOM .BellleCT.Be C 

z,.: 2. Ocao.BH&e axcnepRMeHTa.m.~me pa6om B aToM aanpaBJiemm 6aJIH BRnOJIHe

H& ilJoTOSM;VJn.CROHHOI MeTQ.II.mtO:Ii, 'lTO He no3.BOJIIUIO BimeJIHTl> COOOTRJI 3aXBa'l'S 

MDOHOB ~MH·onpe~eneaaoro sneMeHTa. 

B RSJiaraeMOI pa6o'l'/IS/ MeTO~OM R30Tponao!t pa3p!JJlBOft KaMepJ 6wta RS

Mepeaa .BepoJITHOCT:& 3MHCCHH saPJJ.E9HH!iX 'lJBCTR!l c npo6eror.r, 6om;me npo6era 

nporoHo.B c saeprzeA I,I MaB. nPR )4 -saXBa'l'e ~M Ne. CxeMa rix>Pil'!po.BalU!IJI 

ny'lRa R nony'leRRR OCTaHOBOR MDOHa .B rase KaMepY OnRCaRH B TpeT:&el rJia.Be 

~ccepTamm. B 3RCnepRMeHTe 6WIO nonyqeao HeCKOJI:&RO 'l'HCJI'l ~.B, RS KO'l'Q

p!iX no plUJ3 RpRTepze.B 6WIO OT06paRO !759 OCTaHOBOR f- -Me30RO.B, 42 O~QRY

'leBHe a.Bes~_R 9 s.Bes~ c 'lRcnoM ~'left 6onee o~oro. C y'le'l'OM MS~ no .Be

~e nonpa.BOR, ~ .BepoHTHOCTR o6pa30BalU!IJI 3apRZBHRHX lJBC'l'KO nQRY'lBHO 

SHa'leHRe W = 0,20±o,04. 

TaRHM o6pasoM,c noMOm:&D paspa6oTaaaoro MeTo~ ynpaRnHeMol perzcTpa

mm ocTaHOBOR .Brase RSOTponaoft Pa3PJtllHOft RSMepa anepBHe y~oc:& HSMepRT:& 

.B YCAOBRHX HH3KOrO nopora perHC'l'p80HH nO~D .BepoJITHOCT:& HCnyCRSHRH 'l'JIXe

~ sapRxeHH!iX 'lBCTKO npx saxaaTejt -Mesoao.B B 'lHCTOM .BellleC'l'Be (aeoae) H 

TeM CaMHM nO~T.Bep~Tl> cnpa.B~IDIBOCT:& 3axnD'leHRH 0 6anee .BHCOKOM .BHXO~e 

3apJIKBHH!iX 'laCTHU npH )A -3aX.BaTe .B ~XC a'l'OMHHM HOMBpoM ~ = 5 ~~!0, 

nony'leHHM paaee ~na ~erRHX ~ep ri>oT03MYJI:&CHOHHOi Me'l'O~I. 

B n e p B o M n a p a r p a ~ e n H T o ft r n a B a ~ccep-

Tawm RMOZB!Ul pa6om no ynPJroM;V pacceJimm 6HCTPHX npo'l'OHOB Rasa~ Ha Jm

pax ~e. 'i!e x':tJ16• 19• 21 • 221. Hccn~o.BaRHe ynwroro pacceHHRH npoTo

HOB ~erKRMH ~MH aa 6an:&mHe yrJIH npe~cTSRnHeT onpe~eJieHaaft IR'l'epec c 

aecxan:&KHX TO'leR speHHH. Taxoe pacceHHRe conpo.ao~eTCH 6an:&mol ne~~a

'left RMny.m.ca ~ KaR QeJlOM3 H ReCeT .B ce6e Hari>opMSQHD 0 BHCOROHMnyJI:&CH&X 

ROMllOHeHTax .B01IHOBOI ilJ.Y.HKOHH ~· :&iJICHeRHe MeXSHJI3M8 nepe~'lll 60JI:&moro 

l!Mnym;ca CJia60CBH3aHHOI CHCTBMe I!YltJIOHO.B 6e3 ee_ p83.B8JI8 He06XO,ltllMO JtJ1H no

~'leHJllli Hari>oPMSillDI 0 ROpo'l'RO~eiCTBYII!lHX ROp~ ~epaax flY.IUIOHOB, 8 

T~RKe 0 .BBPQH'l'HOC'l'H onpe~eneHHOrO 'l'HD8 aCCOOHH.POB8HJIH I!YltJIOHOB .B 6~ee 'l'H

K~ H,IU>ax. 

O~axo ]J.O !968 ro~ sxcnepueaTaJI:&aae ,11,8HHHe o pacceJIHJI][ npo'l'OHOB c 

3HeprJiel I02-I03 llaB .BO . .BCBM HH'l'ep.BBJie yrmB 6WIH H3B6C'l'HH 'l'OJI:&RO ,JlJIJI. ;cl.-
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- pacceHHHH. SxcnepRMeH'l'H no pacceHmm npoToao.B c saeprze! .Blm!e !50 MaB 

H~MH 'i!e ~BanK C.Be~eHHH TOJI:&RO 06 ynpyroM pacceJIHHH Bn~p~h).B HHTep.Bane 

yr~o.B oT 0 ~o 60°, TaR 'lTO ceqeRHe pacceHHHH·aasa;tt·6ano .He:as.BecTao ~aJKe no 

nopll.ItRY .aeJIH'lRH& • .llaHlme no 'y~pyroMY pa_qc~mm npoToHo.B .Baco~ saeprd H.n

paMH 3 He ~';ci'.aoo6~e oTCYTCTB~BaJIH •. IToaTOMY npe~cTa~o saaqHTen:&aafi HH
' ' Tepee npo.BeCTH:H3Y'lSHHe YUJUroro paCCMHHJI'6HCTpHX npOTOHO.B H333~ Ha ~-

pax ~e, 'i!e Ht~iH 6onocTaBHT:& nanyqe~e 'pesy~:&TaTa c TeopeT~eCKHMH 
~.. '. . . 

npe~cRBBaHHJIMH. · 

JlJIH perRCTpaf:IHH ~ep O~~'lH. ~e, 4He H~4 61lJI Hcnon:&SOBBH O.Ili!Onne'l

RHI cneKTpoMeTp C WoRYCHPY~M R8H8~0Mt OllHC8HH&fi .B TpeT:&efi rnaBe ~HccepTa-
. .. ' •'./ ... 

nHH H noxasaaaal Ha pHC. 5. ff.neH~QHH. ~ep =ire H 4He OCYIJleCTs:mJJacb 

no Be.IDI'lHHe s<JxPeKTH.BHoro HMny.n:&ca, apeMeHH npaneTa Mell';llY 6aso.BHMI!' c'leT'lH

xaMI!, HOHH38f:IHOtniHM rioTepHM H nanao! sHeprHH HJIH npo6ery. llp~ H,ne~TH!'PH-' . ; . 
xamm ~ep Zi xpoMe: Taro ,Hciion:&sosa.nac:& ~Torpai'PH'lecY..aH perucTpaniDI Tpe-

xos .B H30TPonHO! pasp~dfi K8Mepe/I6/ ~nH-HCKnxne~ cnyqafiHHX. OT~~eTOB H 
. ' . . ; 

Ba6poco.B annapaTYpa. Paspa6oTaHHaH sxcnepHMeHTa.n:&HaH MeTo.nHKS ,IIOSBQnHna 

H3,D;eJKHO ODpeJlenHTL .Be.nH'lHa; ceqe:M pacCeJIHRH llpOTOHOB Hasa~ H~ ~ax =ire 

H 4He 6es rue paBsana H sepxHHn npe.n;Ein ·ceqea~ ynpyroro pacce.HHIDI IIPOTOHOB 

H83M Ha ~e'.t/-aa·ypo.BHe::Io-34 cM2/cTepM. IIony'leHH&e HaM!! pesyn:&Tam 

.BMecTe-c ~rHMH H3BeCTHHMH ~aHH&MH no pacceHHHD 6HCTPHX npoTOHOB-Hasa~ r . . .. . . 

aa ~erxruc ':a.n;pax npHBe~eaa aa pzc. 6. 
. ~.,: 

CpaBHHTenoaae·oneHKH ~<JxPepeanHan:&aoro ce'leHHH ynpyroro pacceamm 

6HCTpmc: npoTO~OB Hll!ia.n; B C.U..M. H8 OCHO.Be. npe]J.noJEeJaoro Jl~H. EJioxiirueBHMX/ 

~HDKTYa~oaaoro Me~HHSMB nep~a.m 6o.n:&moro RMnyn:&ca JierKHM ~aM 6~ 

c~eMHH iiaMI! no CJiemuitea «X>P!.IYJJ:e~ .BMTO! H3 '.Pa6om Jl.H. E~OJrnHneBa H 
XX/ • ' . . 

K.A. ToxTapo.Ba 'd-' . d ( n• · .) ,-11 ·( ''\ 
•.,. · ·· d~" ( P:, iao1 =- <!(A) a~e,. T; tso; · w11 & 1 , 

r~e dc::,.(rk -,lU!<JxPepeltilHanaoe ce'qeHHe ynpyroro pp- HJIH pn -pacceHHRH. 

A .{.'6(A)4A2 ' a W,.(R}.aepOH'l'HOC'l'l> uecoroaaxo~elnm HYMOHOB ~ B ci6JJacTH 

p~ca ~-:-no.Pit,nxa h/cv.; r~e <y-nepe.naHH!iii JI.IlilY RMny;il.c. Bwmcneaaae no 

3'l'Oft ri>oooire saa~e!OOI.d<S",./anpHBe.n;eH& Ha p:ac. 6 .B 38.BHCRMOCTH OT aaeprHH 

HMe'l'aDillero npoTOHa Tp• Bepxasm n.PIMIH ~ Kai.n;oro ~ COOT.BeTCTBYeT . 
2 . 

<! = A , HliKHHH 't = A. Bec:&MS cHJI:&HSH sa.BHCRMOCT:& ~<JxPeperuma.noaoro ceqe-

xlx3T~, 2!..... Ie95 (I957); 
xx/ OKHH, P4-40I8, J{y6Ha (1968) •. 
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Kt-1HEll14fCK.CIQ · 3HEPn4tl HMETAIOillEro nPDTOJ¥1 h 11.c. T;.MJ 

PHe.6 yiJpyroe pa2eemme 6seTftiX rrpoTOHOB Hasa,n Ha s.npax d , 
· He, ~He H :Z; • • ; • , + - .ztnHHHe aaeTOH!Ilel pa60m; sa- c. 

l!l'l'IJHXOBaHHlle 06JiaeTH Ha IJHC. 6 - pae'!S'l'II!ie iJUeHRH JlR~. 
· ~peHUHam.IIliX ce'leHHI ~rrpyroro paceeSIHHSI 6HC'l'J:IiX npo- ·· 

'l'OHOB Hasa~ ija OCHOBe qmyKTYSUHOHHoro MexaHH3MB. 

. '· '• 

.,'~ ,~ 

> ~ ' ~ • 
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HIDI OT 3Hepi'lm HBJieTBIOI!lliX IlpoTOHOB- orrpe~eJllle'l'eSI. MHOlmTe.neM ~frp)~·rp .t., 

'l'liK .RBK Bee OeTaJIDHHe COMHOlmTeJIH B ifioPMY1Ie ~1ISI daiA/4Jl. .B .ltHBIJ830He aHep-

I'lm IOO - IOOO. MaB 'HBJlHIOT_CSI rrpH61IHsuem.ao rroeToHHHHMR. . .. 

, TaKHM o6pasOM, sKenepHMeHTa.m.HHe. ,IUlHHHe no ynpyroMY paeeeSIHHJO. 6HeTpwc 

IIpoTOHOB Hasa~ Ha ~paX 3rre, 'ire 'H-':ti YKB3HB810T Ha 'lpe3BH'lafiHO eRliLHYil 

38BHeHMOe'l':& JlR~epeHURWHOro ee'leHIDI paeeeHHIDI H83a;t KBK OT, 3HSpi'lm Ha~ , 

JieTaiJlllero IIpo'l'OHa, TSK H OT MaeeOBOrO '!He1Ia JJ~pa-Mlm!eHH. COIJOCTBBllSHHe 

Beex HMeiJlllHXCSI 3KenepHMeHT8ll:&HllX ~BHIIliX e IIpWle.neHIIHMH · 'l'SOpeTH'lee,KHMH 

O[JeHKaMH IJ03BOJlHST np~TH B. B!lBO.nY, · 'l'l'O if>JiyxTyaqHOHH_Hlt MeXBHH3M IJepe~a<rn 

60JI:&moro HMIJyJI:&ea ,JlerKHM SI~paM, npe~liOJKeHHHli Jl.lf. MOXHHIISBUM, IlpaBHliDHO- · 

oiJHeHBaeT BeliH'lHay H aaepretaqecKyD saBHCHMOCT:&·.ztH~epeanaam.aoro.ceqeanR 

B .ItHanasoae aaeprHft Ha.JieTaiOI!lliX rrpoTOHOB IOO - IOOO -MaB ~IIIJ acex cTa6Hm.-

' IIliX JierKHX H~ep OT .neiiTpona .no 'Zt 
Bo BTOpoM rraparpawe ODHeaH 3KCIIepHMeHT IJO H3y'leHHJO aaepreTH'leCKOH 

38BHCHMOeTH ynpyroro paceeSIHHSI IlpoTOHOB ,neiiTpoHaMH · B HHTepBalie 360 ~ ; 

670 MaB /
23/. l{1ISI 60Jiee ,neTaJI:&HOit IIpoBepKH He TOJI:&RO. cpnyKTYBUROHHOH MO.!( e-

.. 1IH, HO H .l(pyrHX B03MOlltHUX MeXBHH3MOB ynpyroro paeceSIHHSI npoTOHOB Haaa~ , 

HeeoMHeHHHii HHTepee npe,nCTBB1ISieT H3y'leHHe OC06eHHOCTeit B aHepreTH'l~CKOH 

H yrJIOBOJ! 38BHCHMOeTH ee'leHHSI ynpyroro. paceeSIHHSI IJpoTOHOB e 601ILIUOit rre-· 

pe,na'leit HMIJy.m.ca JierKHM H.npaM. TaK,~1IH HHTepnpeTamm pd. -paeeeHHHSI aasa.n 

np'H aaeprHSIX Burne IOO MaB, K HBCTOHIUSMY BpeMeHH npe,nJIOJKeH pa,n MeXBHH3MOB 

(no~aT aeitTpoRa, o.naoKpaTaoe paeeeHHHe,-~ofiaoe pacceSiaae) H npose.neHH 

pae'leTH, KOTOp!le Ra'leCTBeHHO npaBHliDHO OIJHeRBaiOT Oeo6eHHOCTH TBKOrO pae

eeJIHHSI ,... poeT ,na~epeaURa.m.aoro ee'leHHSI npH rrpa6mimeHHH K I80° H 6HcTpoe 

na,neHHe STOrO eeqeHHSI e poeTOM aHeprHH HaJieTa!OillWC npoTOHOB. O~HBRO BOil-
• . 

poe 06 OTHOCHT_El.liLHOfi pOJIH STHX MeX8HH3MOB npo~OJIXae'l' OeTaBaT:&CJI OTKp!lTUM. 

lxmee Toro, B nocJie,naee BpeMR ony6JIHKOBaHH pa6om, B KOTopux Y<rnTRBaeTCSI •. 

BOSMOEHOe BlillRHHe·aa ynpyroe paeceJIHHe B036y~eHHSI HYKJIOHOB. TaK,B pa6oTe 

Kparra a YR1IKHaaxlrroKasaao 1 'lTO ,nllff aaeprHii HaJieTalllllWC-IIpoTOHOB 400·- I200 

'MaB ,ItOMHHaPJDI!HM MOlleT, 6U'l':& MexaHH3M pacceJIHHSI, OURCHBa e_r.mlt . Tpeyro.m.aoft 

~itHMaHOBCKOft;,nHarpaMMoit,, B O,nHOlt H3 BepiUHH KOTOpol\ ~eT BHPTY81ILHHlt.-, 

nponeee .P+N-9d~1t. HsaeeTao, 'ITO STOT nponecc HMeeT xopomo BHpaJKeaault pe-

x/ . ' , . ._ ... : ~- , : ' ' . 
Nucl.Ph,ys. ,_!!ll,4n(1969). 
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30H8HCH!iit xapaKT_ep,' ,C.BR38HHHil: c BOaCSy~ea:aeM pe30H8HC8 A(3,2, 3,:n. Ilo

STOMY TBKOI M6X8HR3M ~OAX8H npKBO~Tb K MSKCRMYMY B·aaepre~eCKOI 38BH

CRMOCTR ynpyroro pd -pacceRHHR•H838~ np:a.aaepr:a:a npoTOHOB.600-700 MaB.· 

Paaee R3B8CTHH8 SKCOepRMeHTanDHHe ~HHHC HC'HCKHD~KK TBKOI BOSMOMHOCTH, 

TaK KBK np:a saepr:a:a Blll!le 700. !.taB aaCS~SJioc:& peaKoe n~eHHe ce'leHHR aaaa~ 

C poCTOM aaeprJm, 8 CHCT8M8TH'16CKRX li3MepeHJd ,lt}I!J aaepr:al HRlle, 700 1(3B He 

npoH3BO~JlOC:&. 

c. uen&D npoBepKR aToro npe~oJ:eHJm HaMl!f·CSlilm nurronaeHH aKcnepRMeHTH 

no HSMepeHHD ce'leHHR ynpyroro p~-pacceRHJm H838~ B ~0830H8 360-670 M3B,, 

r~e pe30H8HCHHI!: MCX8HH3M ]llCCeJUmli, CCJIH OH RBJIJICTCR ~OMll:Hl'lPYill!HMt ~OJllleH 
npoRBRT:&CR H8H00Jlee ·· OT'ICTmtB0/23/ • IlOCTBHOBKB OII!lT8 . 611118 c5.JIH3KB K OOHCBH

HOMY paaee B nepBOM naparpa<Pe 3TOI!: rllBB!l. YMeH:&meHRe aaepi'I!H ~OCTHr8JIOC:& 

TOpMOlEeHHeM npoTOHOB B 81!u.m:HHCB!lX !PKn&Tpax, YCT8H8BmtB8eM!lX HB BllXO~e 

ny'IKB RS KaMepY CHHXPOORKJlOTpOH8 nepe~ KOJllmMSTOpoM n KB8~00nDHOi!: JlHH-

301!:, i{loKYCHpyBX!lel!: ny'IOK HS Mll:illBHb. )WI KBJmCSpoBKH Ce'leHJm ynpyroro pd.

pacce.fJlmll B TCX :r;e YCJIOBRRX R3M8pill1CR BllXO~ ~e!TpoHOB HS pearunm P+~d+r.:'. 

ilO~'IeHH!le ~HHHC'BMCCTC CO BCCMH H3BCCTH!lMR H3 XHTCPBTYPH H3MepeHHHMH ce

'lCHRR ynpyroro p~-pacce~HHR npe~cTaBJieHH aa p:ac. 7. Kax ~o :as aToro 

pHCYHKB, aaepreTH'ICCKM.38B:Il.C:IDIIOCTb RMeeT.'qCTKO BHp8llt8HHOe "nJie~o"'B OCS

nac:nt aaeprHH~700 MaB,r,D;e,cornacao ynoJurayroll paOote Kparra,YIIJIRRHa ltalt 

pas II ,ltOJIJ:CH HaxO,ltHTbC.R,JiaRCIIllj'll 3HepreTH'I6CKOII 3aBHCIIliOCTH·3TOrO npouecca. 

Katt8CTBCHHO ·taKOe noBe~eHRe CC'ICHRR MOMHO Oc51>1!CHRTb, npe~OJlODB,: 

'ITO B aaepreTH'ICCKOM HHTepB8118.0T0,L.no 3 raB OCHOBHYil po1Ib Hrp81lT, no 

Kpal!Hel!: Mepe,.IlBS MCXSH:Il.3M8 paCCCI!HRR -.OCSMCHHHI!: R peSOHSHCHHI!:, BKJ18.D; KO-

. TOpllX B ce-qeaHe ynpyroro paccei!HRR H838.Il-KOJ:CT peSKO MCHI!TbCR B 38BHCH

MOCTH OT aaepr:a:a HaJieTamtRX npoToHoB. Ha p111c. 70 npe,ncTaBJieHH pesyJIDTaTH 

.HeCKOJibKRX B8pH8HTOB p8C'l8T8 ,lt}I!J 3TRX .IlBYX M8X8HR3MOB paCCeRH:Il.l! H8 yroJI. 

100°. MOJtHO BH,lteTb, 'ITO ,ll8lle. npn y'leTe :b -COCTOI!HM .IlC!TpoHa R · RCOOnD30-

B8HJm HaHCSOJiee 060CHOB8HHllX i{loMaKTOpoB .neii:TpoH8, OCSMellHHitMexaHH3M He 

BOCnpOH3BO,li;HT oi::oOeHHOCTH CC116HH.R,Ha0no,JtaeKOII B0JIH3H .:JJreprHK· 700 lfaB, 

H ripHBO,ltHT R 3Ha'ICHKD CC'ICHH.R npH 3TOit aueprliH 0 npHKepH.O .B ,JtCCliTb pas 

MCHLme Ha0XD,D;aeKOro.B TO ze apeWll TaROit MCXaHH3JI'ITpH0XH3KTCXLHO npa

BHALHO OUHCUBae~ fiOBCACHHe CC'IeHH.R npK K8HbmHX. H 00JibmKX 3BeprK.RX Ha-. 
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Jie!6DIIIIIX npO!OHOB.C )lpyroll CTOpOHH 0 Ce'leHHe pd.-pacceaHIIJI 0 BH'liiCJieHHOe 

I\p:lrrn n YHJIKI?!~ Ha ocH?Be_ peaoaaHcHoro uexaHHaua, oxaauBae:rca nponop

!1110HaJibHW.! ceqeHliD peaK!11111 P+P.:-• cl+Jif-l! nO:l!Oily,xax H Ce'leHHe 3TOll peax

!1HH,HMee:r UaXCH!.ly!.l-llpll 3HeprHH HaJie!~D~IIX npOTOHOB OKOJI0.700 M3B.Pe3KOe 

npeoOna)laHHe oOweaHoro uexaHHswa np11 weHbmRX ~HeprHHX npHBO.llHT K "cwa-. . . ' . 
3UB6HIID" 'IHC~~ pe30H6HCHOrO llOBe)leHI!S C~'leHHS B0JIH311_700 M3~ II sanon-

HeHIID Olltll)laeu~ro 'nnp0BaJI6" B :mepreTH'leCKOll 3aBHCIIUOCTII p:l-pacceaHHa. 

PeaoHaHC~! MexaHH3M pacceHHI!H, B rrpEKQHne, MOEeT ITpoHBJ!HTbCH H npR 

pacceHHER nerron.;n H,lijlaMH, 6onee cno!UIHMR, treM ,llel!TpoH. lloaTOMJ JJ,a1IbHe:lt- _ 

WRe aKcnepHM~HTa1IbHHe n:ccne,lloBaHRH ynpyroro npoTOH-H,IlepHoro paccenHHH, 

B03MOXHH8 yxe TO~KO HB "weaOHHUX" ~OpRKaX, oco6eHHO HHTepecHH ,llnH BHHC

HeHI!H BOllpoC~ 0 TOM, H8CK01IbKO OOII!IIM ,ll1IH 3TRX nponecCOB HBnHeTCH MexaHHSM 

B036y~eHRH OapHOHHUX peSOHBHCOB. 

B m e C T 0 :It r ~ a B e ,lli!CCepTa!1RR RB~OXeHH paOOTH ITO RCOJie,llO

BBHKD rrponecCOR B33RMO,lleftcTBRH rrpoTOHOB BUCOKRX aHeprn::lt C HYK1IOHHHMH acco

UIIB!1RHMH.B ~erKRX H,lij)BX. 

B nepBo~: naparpa/fle paccuarpm!anrca aKcnepRMeHru, cBHaaHHHe c BHORBa

HHeM OHCTpnt: ·~e .. H 4He /flparMeHTOB R3 Jie~ H,Itep rrpoTOHaMR c aHeprn:e:lt 

665 MsB. -.' . 

ilepBse 3KCITepHMeHTH rro_BHORBaHKD BHCOROaHepreTR'IHUX ,lle:ltTpoHOB OanH 

BHllOJIHeHH B Jia6opaTOpRi'l H,llepHHX ITpOOIIeM em_e. B !957 ro,llY, O,llHaKO ,ItO !968 

ro,lla BHOHBaaHe donee THllte~ H,Ilep He rro.ll.llaBanocb HaO.~eHRID n:s-sa HCIUOO-
'· -· ;-, 

'IRTenbHO ·Man~R -BePoHTHOcTn TaKRX rrponeccoB. UeJID. pa6oT, oiTI'!caHHHX B aTOM 

naparpa/fle, cocToniia 'B Hsw~peHRi'l cetre~ ruiaaeyrrpyroro paccenHRH rrpoToHoB . : ' .._-,- .· .. 
c aHeprHeft 6~? MsB Ha Tpex- H trerupexgyKnoH~ accoUIIanRHx B·J!erKI!X H,lijlax 

ITpH MaKCHMBJ!DHO! nepe,ItB'Ie iHMUYJIDCB BH1IeTalOOliiM_ /flparMeHTBM ,ll1IH oneHKH 3/fl/fleK-
• ·- 1. ·-~ '. 

_TRBHOro 'IHCJIB . TBRIIX BCCOnHBUII! B YC-1IOBMX MIIHI!MBJIDHOro. BJIHHHIIH BTOpH'lHHX 

rrpoueccoB/
20 

• 21 • 221. Tax ze xaK n B OliHTBX rro yrrpyroM:; _p;~cenmm rrpoTo

HOB HB SI.Il];BX ~e H ~e, OIIHCBHHHX B IISITO:It r.naBe ,lli'lCCepTB!1RR, npRMeHeHI!e 

O,llHOITJ!e'IHoro MBrHHTHoro crreKTpoMeTpa C /floKYCHpyDl{RM KBH31IOM H H,ll6HTR/flH

KB!liiH 'IBCTHU no a/fl/fleRTRBHOM;i' HMITYJIDCY, BpeMeHH nponeTa, l'IOHRSBUIIOrumM no

Te paM l'I ITOJIHO:It 3H8prHH, IJOSBOJIR1III HB,ll8lltHO BH,lleJIRTb H saperRCTpllpoBBTb npo

!l8CCH KB83:HYITpyroro paCCeSIHHSI rrpoTOHOB Ha Tpex- H trerupexayK1IOHHHX BCCOUII-

24 
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anRHX B .nerKnx·~x. PesynDT8TR RSMepaHRH cneKTpoB ~e H. 4He, no~~eH
H!le B 3THX YCJIO-!JHmco HB H.npaX :tt , Be·, C,. 0 norutSBH!l HB pRC. 8. XapaKTep

HO!l. ococleHHOCnJJ H86JIJJJtaeM!lX cneKTpOB HBnfieT_CH llHK B BllXO.Ite remm HS :Z1 0 

Meaee ~eTKO BRpaEeHH!lit npH BllXO.Ite HS Be. Ha H~X 12c H IGQ Ha6mQnaeTCH 

TOnDKO onpe.neneHaaH HeMOHOTOHHOCTb B yMeHDmeHHH BRXO.I18 npH BOSpaCT8HHH 

HMllYnDC8 remm:.·. Ha pnc. 9 npHBe.IteH!l ,IJ.aHH!le 0 Ce'leiDmx ynpyroro R KB8SH-
.. , x/ 

ynpyroro pacceH~, nonyqeHH!le aaMH R B paCSoTe ~.C. AmrHpeH~H .ItP· no B!lCSH-

samuo .neliTpoHOB~ a TaiUte OTHomeHHe ce'leHH:It KBasnynpyroro H'ynpyroro pacce

HHHll, RMeiO!llee. B .Jl.MllYnDCHOM .npHCSnHJKeHHH CM!lCJI nonaoro SqilieKTHBHOro 'tffiCM 

HYKIIOHH!lX 8CCOilH8nRll. (}J.rul y,no6CTB8 Cp8BHElliiDI STH OTHomeHHH, OclOSHB~eH

H!le ~epes n~ ; .!lo.neneH!l Ha senn'tffiaY A/m, r.ne m -'tffic.no HYKHOHOB B acconna

rma). Hs nony-,jei!H!lX HaMH .MHH~ cnemeT, ~To ·nollH!le 3ifxlleKTHBH!le 'tffiCIIB 

Tpex- 1i 'lerilpeXHYKIIOHiillX 8CCOIJ;I'l8nRii, cnocOCSH!lX BOCnpHJriiMaTb CSOJII.Illlte nepe

,IJ;8HH!le HMIJYnDCH. Ccy= 8- IO<P-1), c TO'IHOCTblO.I10 MHOll!:H;eJljJ I,5-2,6JmSKH K 

SH8'18HHD A/ni • Ha pHC. 9 nOKBSBH!l T8KE8 pesyXbTBTH pac'leTa 3<P<PeKTHBH!lX 'IH

cen p-oCSono'IKR Ha ocl!oBe oCSono'le~Hoii Mo.n;e.nn. 

TaKHM o6pasoM,B U~JIOM H86IDQnaeMaH COBOKYnHOCTb .118HH!lX MOlKST 6HT'b 

OclhHCHeHa, CSes .118T8nDHOrO.Y'IST'8 BTOp~HRX s<P<PeKTOB nepepacceHHHH, B npeAllO

IIOlKSHHii, 'ITO MSXBHHSM: oCSpaSOBBHHH CSHCTp!lX <PparMeHTOB B HSY~eHHO:It oCS.naCTR 

:meprn:lt cocTORT' .. B npllli!OM ssanMo.nellcTBHii npoToHa c HYKIIOHH!lMH accol{BBnHHMH, 

· npn~eM s<P<Pe.KTHBH!le 'tffiCIIB TaKHX acconnaUHft, cnocoCSaux socnpHHHTb CSon»mYIO 

nepe.na'IY HMOYn»ca, 6nnsKR K SHa~eHRHM, paccqJ!TaHHm.t B paMKBx oCSono~e'IHol! 

Mo.nenn .11M p-oCSo.no'IKR~ 

Bo BTOpaM naparpa<Pe HS~raeTCH SKCnepHMeHT' no 3Hepre~eCKO!l SBBHCH

MOCTH ce~eHHH BHCSHBaHRH 6HCTp!lX ,ne!TpoHOB HS. H,ri.ep ;t, , Be H' C npoTOHBMH C 

3Hep~e:ll 38(}..665 MaB/24~ B p!l,lle pacloT HeO,nHOKpSTHO YKBSUBBJIOCb, 'ITO ,IJ.aEe 

nponecc BR6HB8HHH ,nel!:TpOHOB HOCHT .110BOnDHO CIIOliU!Hl!· xapaKTep. IlOMHMO npo

necca p + [ 11p] h~o P +d , onpe.neneHHYD po.nn MOEeT HrpaTL pacceHHHe aa [nPl

napax B CHHrneTHOM COCTMHH!i C HSOCllHHOM T=l: p +(np]s:o;r;1 p +d 1 JmclO 

Ha[nrij-napax: p + [nn)S= o:;..,n+d • 3,necb KBa.npaTH!le cKoCSKH oCSosaa~aDT, ~o 

HYKIIOHH!le napu H8XO,nflTCH BHYTPH H.ItPB MHmeHH. B STOl!: CHTYBUHH Heo6xo~ 

HOBaH 3KCnepHMeHTaJILHM HH<PoPMBI:IHH. B ~8CTHOCTH 1 npe.ItCTBBMeT HHTepec 

C.P8BHSHHe 3HepreT~eCKOI 38BHCHMOCTH BUXO,IJ.a ,ne!TpoHOB 1 KB83HYnpyro BR6H-

x/X3T~,33, II85 (1957). 
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B38lf.!lX H3 H.npa, C COOTB8TCTBYJO!I1Cfi 3aBHCHMOCT:&JO yrrpyroro pd. -pacce.amm, 

KpoMe roro,~n.a cBe~eaR>1 o rronHoM ~cne ayxnoaHHX accoqrraqrrn B nerxnx ~

pax (ae TOn:&KO B p-, HO 11 B S -oclOl.!OtJKe) HCOclXO~O BWICHRT:&, KaK BJIH!IIJT 

aa ce'leHHe BllclHBamm \Ppameara yrrpyrne n aeyrrpyrne BaarrMo~eicTBM rra.uaiO

!l1ero rrpoToaa n liuneTalO!l1ero \IJparMeara c HYKnoaaMH H~pa Mmiiean. llocTaHOBKa 

::JKCII8pl1M8HTi/
24

/ rrpaKTH'l8Ciill COBII~aeT C IIOCT8HOBKOfi OII!lTa ITO H3Y'l8Hlll0 

aaepreTH'l8CKOfi 3aBHCHMOCTH YIIpyroro pd -paCCC.ffHRR, OIIHC8HHOro B rrpe.!Ul,ny

!I18H rnaBe ~cccpTaQrui. BHcoKoaaepreTn'lH!le Y'l8CTKH crrexrpa ~efiTpoaoB, Bucln

Bae!f.lle na ~~ep ::tL, Be 14 C rro.n yrnoM 5,5° K aarrpaBJieHHJO rrpoToaaoro rry-qxa, 

clUJIH H3MepeHU rrpn aHeprnn HaneT8lO!I1HX IIpOTOHOB 666, 578, 484, 382 MaB, !To-

JIY'leHHUe pesyn:oraru rrpe,ncTaBJieHU aa pRe. IO. EJIR KoJIH'l8CTBeHHOrO CpaB-

HeHM 3HepreTH'l8CKOU 3aBJ1CIIMOCTII ~a3J1YIIpyroro pacce.ffHHH IIpOTOHOB .nBYXHYRJIO

JIOHHUMH 8CCOUH8lliiHMH C aaepreTH'l8CKOU 3aBHCHMOCT:&JO CB06Q,nuoro pd -pacce.II

HHH clUJIH B!liiOJIHeHU p8C'l8TU BJIHHHHH H8 CC'lCHHC BllclHBaHM ~ei1TpOHOB YIIPYrHX 

n aeyrrpyrliiX B3aHMo.neicTBHi1 rra~aJOmero rrporoaa H B!ll.teraJO!I1ero .nei!:Tpoaa aaa

Jiorn"<Iuo TOMY, KaK aro 6Hno c~eJiaao B pa6orax B.A. KaJIHHKHHa H B.JI. IIIMo

HHHa X! B HCCJie~eMOfi OclJiaCTH 3HeprnH KOaiPJ)HqrreHT 1f , KOJlli'lCCTBCHHO xapaK

TepR3YJOII111i1 3TQ, B~HHe, H3MCH.ff8TC.ff He 6oJiee 'leM Ha 10%, II03TOMY Ha6~

CMOe B rrpe~eJiaX_OmHclOK 3KCIIepHMCHTa IIOCTO.IIHCTBO OTHOWCHM CC'leanfiK£aan

yrrpyroro B!lclHBaaH.ff n yrrpyroro pd -pacce.IIHHH (PJ!:c, lOB) yxaaHBaeT aa To, 

'ITO MCXaHH3M yrrpyroro pd -paCCC.IIHHH .IIBnHCTC.II, IIO-B~OMY, orrpe~e1l.ffl0Il1HM 

n rrpn pacce.aaJffi :· ~poTOHOB aa MYXHYKJIOHHHX accounaiiMX. .Un.a ~pa 12c clwro 

rrponaBe.neao KOJIH'lecrBeaaoe cpaBaeane BeJlli~HU aqxpexrnBaoro ~cna ,ztefirpoa.:.. 

HllX aCCOQHaQHi1,paCC'II1TaHHOrO B OclOJIO'lC'lHOH MO~eJIH,C 3KCIIepHMCHTaJI:&HilM 3Ha

'l8HJO!eM n4. ::lxcrrepHMeuraJI:&aoe aaa"<Ieune fld. no .naaHUM aacroamefi paclcim co

craBJIHer4,9 ± 0,3, pac'leraoe aaa"<Ieane nellti!T B rrpe~enax 4,2 - 5,4. Tax KaK 

CaMa TO'IHOCT:& paC'lCTOB aclCOJIIOTH!lX 3Ha'lCHHH aqxpeKTiiBHUX ~CeJI B 060JIO'l8ll-

. HOi1 Mo.nem! COCT8B1l.ffeT ::!:5CJ%, TO TaKOe COBIIa,neHHe 3KCII8pHMeHT8.l.t:&JruX ll pac

'l8THUX 3Ha'I8HHH MOJK!IO C~TaT:& BIIOJIHe Y~OBJieTBOpRT8JI:&HUM, 

B Tper:&eM rraparpaqie rrpe,ncTaBneHU peayn:oraru naMepemril: crreKTpoB .a,nep 

remUI-3, TpHTM n renHH-4 B narepBaJie HMIIYn:&coB oT IOOO .no 2000 MaB//251. 
MoJKHo Oli:l:,l\aTJ:,., 'ITO B 3TliiX yC.JIOBMX IIpa.IIBn.ff!OTC.II II .npyr11e B03MOlKHUe liP.ff!f.llC 

peaK!Ulll KBa3J1CBOclO,I\HOro B3aHMO)(eilCTBJ1ll IIpOIOHOB C HYKJIOHH!D.!J1 aCCOI.lHallHliJ.fil, 

x/ OJ;lUl, P4-6 298, P4-6 299, J!.y6ua ( I972). 
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B qacTHOcTn, II.PJIMUe pealtllllll Mesoaoo6pasoBaHnJI Ha Ta!GIX accorrnallllJix. B 

3TOM cnyqae OTHOCl'!Te1IbHO HHTeHCnBHHMll MOI'YT ClHT:b pealtllllll, l'IMel!J!Illl'e ClHH8p

HHfi xapaKTep, KOr.ltll B "alleMeHTBpHOM" S;KTe B38l'IMO,JtefiCTBllJI !IpoTOHS C 8CCO

Ul'l8ll1efi B03HRKa!OT ,JtBe 'lBCTill!H- IIROH H nerKoe .H.JlPO (~, ~e, ~e). lfgyqe

HHe TBKllX KB83HCBOClO,JtHHX IIpouecCOB Me30HOOClpa30BBHH.H II03B011.HeT IIOliY'll'IT:b 

,llOII01IHl!Te1IbayiO RHWoPMSUl'l!O 0 Bepo.HTHOCTH HYKliOHHOrO accOIInHpOBBHllJI no CpaB

HeHHIO c rrpoueccaMn KBasnyupyroro pacce.HHH.H. TaR, aarrpnMep, rrpn KBasnynpy

roM BHCl'iBaann .nei!TpoHoB BosMolltH!l rrpoueccu: p+ cnpJT=7 ptd, p+rl"'p]T:l' 

-? p+d, p+ [nn)T-:j n+d c yqacmeM T01II>KO [ np]-u [rtnJ-nap B paann'lHHX nsocrrn

HOBHX COCTO.HHR.HX. B TO ~e BpeM.H B Dpoueccax Me30HOOClpa30B8HH.H Ha .JtBYXHYK

liOHHHX aCCOUUBIJH.HX B03MO~ ItB83RCBOClO,Jt!me ClRH8p!me peaKUnn, B KOTOpuX 

rrpe.ncTaBneHu Bee THIII1 rrap~rux accounaunil HYKliOHOB, BK1IIO'la.H H accorrnaiinH 
2 • ' r J • 'H [PP] -nap: p+[np]T=0,1.._-n++H, p+[nn)T,t+TC +H, p+._npT=o,rli+ e, 

p+[nnJT~"IC+
1

H~, p+(pp)T=,....Tl++lle .• 

B Ka'!eCTBe rrepBoro mara .Jtli.H oueaKH BKna.na 6nHapaoro KaHana Mesoaoo6pa

soBaHH.H B CIIeKTpaX ClHCTp!iX .H,llep reliH.H R TpHTH.H, HBMR ClHliR H3Mepe!m CITeKT

pH aTnx .H.Uep/
25

/, o6pasyiOII\llec.R rrpn coy,n;apeann npoToHoB c aaeprnen 665 M~B 
c .H.D;PBMR 'J.t, B~ l'l C B Oel118CTH 3Heprnn 3He, ~ H 4He ,. KHHeMBTH'leCKH COOT-

p +d~ n· +-
3He 

1 
BeTCTBy~efi npoueccaM MeSOHOOClpaSOBSHR.H B peaKUl'l.flX: 

'3 ~ - ~H . l . ~ ptd_J< .. :+H, p+He-11++ e, P+H.-'Jt'+He. 

ITocTaHOBKa aKcnepnMeHTa 6una 6nnsKa K y~e ouncaaaon B I n 2 napar-

pa@ax 3TOI r118BH 38 l'!CK1IIO'leHneM HeKOTOpHX YCOBepmeHCTBOBaHHfi, C,Ue118HHHX 

B CB.H3H C HeOClXO,lll'IMOCT:b!O YMeH:&WeHllJI nopora perncTparrnn H3Y'l8eMHX 'laCTMD. 

B paccMaTpnBaeMHX nsMepeHH.HX Mnmean na ;ti, Ben C ycTaHaBllllBannc:& B Ba

KYYMHOM ClOKCe H KOliH'!eCTBO Be~eCTBa B rrepBOM Cl830BOM C'!eT'll'!Ke ClHliO YMeH:&

WeHO c 0, 7b r/c~ .no 0,22 r/cM2 •. 

B II01!Y'leHHHX TBKl'IM OClpaSOM CITeKTpaX ~e, ~ H ~e, IIOK838HHHX HS 

pnc. II, ,It0CT8TO'!HO 'leTKO BH,Iteli.HeTC.H TOJibKO IIHK KB83HYDpyroro pacce.HHH.H. 

B 0Cl118CTH 3HeprHfi, KHHeMSTH'leCKH COOTBeTCTBYDmaX KB83HCBOClO,ItHHM dHHSPHHM 

npoueccaM MeaoaoodpasoBaHH.H, aadmqnaeTc.H TOll:bKO peaxoe yBenn'!eHHe BHXO.zta 

dHCTpHX .H,Uep ~e, ~ H ~e. 0TCYTCTBne 'leTKO BHpaSeHHHX IIHKOB B 3TOI Od-

113CTR 3Heprnfi 3H8'll'!Tell:bHO OTliR'laeT 3TH CIIeKTpH OT cneKTpoB .ztefiTpoHOB, r.zte 

H8Cl1IIO,It8eTC.H HHTeHCRBHHi nnK, CB.H38HHHH C KB83HCBOdO.JtHHY. ClHHSPHHM npo-
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PHc.II.C~exrpa sneij rexna-3, TPHTRs n rennn-4 ~ HHTepBane HMnYll:bcoB OT IOOO 
·. ',go·'2000 MsB,c; B!idHBaeMYX·HI B,Itep IIO.Jt yrliOM 5,4°R IJY'!KY !IpoTOHOB, 
~ 8.JtP8 ''C B BH,Jte rayCCOBHX RPRBHX C KOp~OpOM OmHdOR DPRBe.ztefiH 
pacqeTH!ie Ce'!eHHH OdpaSOBSHHB BWCOROaHepreTH'!HHX ~parMeHTOB B IIpmMiiX 
B,Itepl!liX peSIUlJ!J'IX ltB83Qnpyroro paCCeJIHHB !IpoTOHOB HS .llBYX-, . Tpex- H 
'le~peXHyKnOHH!iX·BCCO~QBBX H ~HHSPBHX nponeCCOB Me30HOOdpa30B8Hn.H 
HS .ltBYX- H TpeXHYKliOHHBX SC~OUHSUH.flX. 
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uecCOM Me30H006pa30B8Hllit p +[NJ-. li-k/ H8 B:YKJIOH8X BHYTPH R.Itpa • 

Ha6ruqn:aeMOe pa:urntme cneKTpoB ,n:eftTpoHOB H 601ree TRllteJII:lX qipa!'LieHTOB 

Ka'leCTBeHHO M:>lKHO 06'biiC.Hl'IT:& pa3Jlll'IHOi!: yr.JIOBOH 38Ill'IC:IIMOCT:&IO .n:niP!PepeBUl'I8JI:&

HHX ce'!eHRH nponeccoB M830H006pa30B8HnR B HYKJIOH-HYKJIOBHUX l'I aYKllOH-R.Itep

H!lX coy,n:apearutx, a.·TaKJKe npoueccaMR napaoro Mesoaoo6pasoBaHRR, BOSMOlltfloro 

TOJI:&KO B peaKUrutX p + O.WJ- .tll" +
3
He ('H) 1A P + [3N]- .fiT+ 1le :11 ,l(BJO!IIer~ He

npepHBH!li!: :Y'IBCTOK CDSKTpa R,l(ep ~e, ~ :II ~~ MSJ!rJtY 11BilCOK03H8preTl'l'!HliMR 11 

H 11Hl'I3K03H8pr8TH'IHHMH11 TIHKaM:II 6:11H8pHUX peaKU:IIi!: Q,n:ZHO'IHOro M830H006paso-

BaHHR. 

B '!eTBepTOM naparpaqie BH8Jlll3:11pyiDTCR nOJI:y'leHHHe :mcnepHM8HT8Jn;,Hll8 

,l(8HH!le no cneKTpaM 6UCTpHX R.Itep re~ H TpHTl'IR, 06pa3:YJO!IIl'IXCR npR B38l'IMO

,n:ei!:CTBH:II npoToaoB c aaepr.Hei!: 665 MaB c ~erKHMH R.ltPB~26, 27/. 

Cpe,l(:ll B03MOlltH!lX M8XB.Hl'I3MOB o6pa30B8Hl'IR 61lCTpHX qiparMeHTOB (x) C :mep

raef! B COTHH MaB H8l'!60JI:&WHi!: HHTepec npe,n:CT8BnR»T npRMUe RiepHUe peaKUHH 

THTia p+ll~ ~+X +B , B KOTOpHX 6UCTpHe 'laC'l'KQ!l !j H X o6pasymcR IJYT8M nPR

MOro B38HMO.It8i'lCTBllit npoTOHB C R.l(SpH!lM ~CTepOM [C) B 6l'!HapHOM npouecce 

p + [c ]_, !I+ X • 0CT8TO'lH08 RJtpo B B03HHK88'1' npH 3TOM IJYT8M BHPTYBJll>HOro pac

na.n:a R,n:Pa-MmiieHH A - B + [cJ • 

EaiP<PepeHUl'IaJI:&Hoe cetieHRe o6pasoBaHHR qiparMeHTOB x B npoueccax THna 

[I+ A-'> ~+X + S 0Il8HHB88TCR C nOMODtDID M8.1tYill!l8f!, iPc,PMY.JIH: 

dr:r/dS'l. (p,'.llc) = ~ M;t.~n,,(c,) Mf, · do-/dS2.(pc, ~x), 
KOTOpaR OT1lllll88TCR OT BHpal!teHHR, nony'l88MOr.O B TIJIOCKOB~OBOM npH61IHlleHHH, 

.ltBYMR 06CTORT8JI:&CTBBM:II. CyMM:IIpoBa.Hl'Ie npol'!SBO,l(:IITC.R no BCeM THTIBM KJiaCT8poB, 

[c,], RMeiOIIIHX pa3Jlll'IHI18 3H8'!8Hl'IR HSOCUl'IHB T R ero npoeKTIHl'! T;1 , HO .n:oiJYC

KaJO!II:IIX 6naapaoe o6pasoBa.Hl'Ie 'laCTHTI y H x B rrponeccax p + [ci) .... ~tlC • .llrui .Y'Ie

Ta HCKal!te.Hl'I.R BOJIH H8JI8TBIDIIIHX·IIpOTOHOB B R.n:pe MHlli8Hl'! H HCIJYCKa8MHX qipar-
• ' • ' • • . ~ < - ' ' 

MeHTOB B OCT8TO'IHOM .R.n:pe BBO.n:HTCR iPaKTOp () , : BH'll'ICJISHHlli!: ,nJIII H8KOToporo 
. : .. ' . ···, .. , -

ycpe.ItHeHaoro · pcnpe~enelll!JI tt~c~epoB (ctJB · R~e i.mmeHR;: Pacc'l!JIIIa.HHHe no 
' 0 ! I,, 0 I ' •0'' 

3TRM iPc.PMYJiaM .n:HiPiPepeHil:IIBJI:&H!le 'M'le.Hl'I.R o6pa30BaiD!J'J' 6!lCTpHX qiparMeHTOB Jtllii 

R.n:pa I2c noKasaHU aa pac. II. 

ITpoBe.n:eHHUf! aHaJIIis nosBOJIIIeT c.n:enaT:& CJI8AYD~He BHBO~: I. 06pasoBa

Hne R,n:ep ~e H ~e c :JHeprReli BHDie 350 !laB rro.n MaJlllM:II yrJiaM:II K npoTOHHOMY 
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Pac.I2. OdlliBR cxl}~ loJlMli.PQll8au· Me.IOUlHacKHX npo'l'OHHoro (I) R IIH-Me":" 
BOIIIIOI'O WJ UJ'DtOB B IW!HJD[ CHHXPQQJ!Mo'fpo!la· JiadopaTopmJ: · 
.a.n:epHHX npod.neM OIDIH. Ce'leHKe no A-A noKasHBae'f BepTHKam;HUI 
paspes llH-fi!880HHOI IIIHpoKO;yro.u,llol MSr.Hl'I'fHOI Jll!H3K J[ npone.nyp-
H.oro noMell!eau. · · 
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ITY'IK3 c aaeprReit 665 M3B np:a BSaRMo,neticTBIDI C Jlei'KRMR ~aMR MmiiBHR MOllteT 

6HT:& B OCHOBHOM o6'bSICHeHO llpm.lHMR MBPHHMR peaKIIKHMR ,nBYX .TRllOB: a) KBaSR-' 

ynpyrmd pacce.f!HReM npoTOHOB Ha KJIBCTepax: p+[3HJ~t<I+ 1He I" p+(ljNJ-.N+'\if. 
' ' 

6) peaKIJ,R.f!MR o,nHHo'llloro Mesoaoo6pasoBaHR.f! aa. KJIBcTepax; f+[~Nl- 1\ • lte, 

p+ [3N'J-1f+lie • Odpa'soaa!!Re 6HCTpHX MBP TPRTH.f! B TBX JKe yCJIOBR!JX, no-BH

,nHMOMY, TaKllte MOllteT 6HT:& CB.f!SaHO C peaKDRHMH ynOM.f!HYTOrO T:ana, O,nHBKO B 

STOM cny~e np.RMOB cpaBHBHRe pac~eTa C SKCnepHMBHTOM SaTpy,naeHO B 06J1BCTH 

KBBsEYnpyroro nHKB oTcyTCTBReM aKcnepm~eaTaJI&HHX ,naHHHX o ce~eHl'!H ynpyro

ro p3H-pacce.f!HR.f! aasa.n. 2. Cor~cHe pac~eT!IHX saa~em ce~eHR.f! o6pasoBa

HM MBP ~e, ~ H 4He C SKcnepRMBHTOM MOllteT 6HT:& nony~BHO npR CJie.J(Yil!lll'lX 

ycJIOBMX: a) noJIHHe si{xPeKTHBHHB ~CJlB aYKJlOrunix acc~OBBIXHI (KJIBCTepoB) 

paBHH saa~eHR.f!M, nony~eHHHM :as pac~eToB B o60Jlo~e'l!loti Mo,ne1I:Il · MPB, 6) Hc

KaxeHRe B01IH ITB,nBDm:llX,rpoTOHOB H o6pasyDmRXCH 6HCTpHX ~~rMeHTOB y~TU

BaeTC.f! B ITpR6J1HlltBHHH np~onRaenliHX TpaeKTOp:llti, ·a ~eKTHBHOB npocTpaHCTBeH-
• ·.,:,._,j, 

aoe pacrrpe,neneHRe KJiacTepoB·nMeeT BR,u;,.npoMeli!;YTO~HHl!: Mel!JlY pacnpe,neJieHReM 

TRna S'('<l R vfN, r,ne JC~)·-~1IOTH~~~:& pacnpe,neJleHR.f! MBPHHX fiYKJlOHOB, B) B 

peaKUHHX Ha .nBYXHYK1IOHHHX ltJIBCTepaX Y~THBBDTCH He TOJI:&KO.,nel!:TpoHHHe It1IBC

Tepu, HO H KJiaCTeJH c .:IISOCITRHOM T=1. 3.1WeD!IIHeCH B HBCTO.f!!!IBe,.~peM.f! SKCITe

pRMBHTaJI&HHe H TeOpeT~BCK:Ile pesyJI&TBTH YKBSHBBDT HB CY!!IBCTBeaHYD:p01I:& BOS-

6y~eHR.f! (3/2, 3/2) 6apRoHHoro pesoaailca B npoueccax ynpyroro pacce.f!HR.f! 

npoTOHOB c aaeprilen. 400 - 700 Mall .ner~amm.m MpaMR - d, 3_H H ~e. 
B n p H J1 0 lit e H R H K ,nHCCepTaUHR npHBO,nfiTCH CBe,neHR.f! 0 ITpRMeHe-

Hl'IH paspa60TBHHHX HaMR CHCTBM ~pMRpoBaHR.f! H ~KYCHpoBKR sap.RllteHHHX ~C

THU B TBKRX npRK1Ia,nHHX HCCJIB,J(OBaHH.f!X,KBK H,nepHa.f! MB,nHIT:IIHa. 

B nepBOM naparpa~ ,naeTC.f! KpaTKKI o6sop OCHOBHHX oco6eHHOCTel npH

MBHBHH.f! T.f!JKe.JIHX ~.BP.f!JKeHHHX tta CTRll, B JIY~llllOI. Tepalll'IH/S4/ • , 

0TMe~eTM '· .qTO HaH60Jiee peaJI:&HHM B HaCTO.f!!llee BpeM.f! .RB1I.f!eTCH npHMe

HeHRe ,1(1I.f! JlY~eBOl!: TepaiTRH npoTOHHHX ny~B OT ,nel!:CTBYD!!IHX HJlH cnellHBJI&HO 

coopylltaeMHX ycxopHTMe!. IIepBHe pa6oTH c npRMeHe!D!eM TH:&eJ!IlX saP.f!JKeHHHX 

~CTHU Ha~c:& B CmA H lliBeUHR. 0CHOBHHM HanpaB1IeHReM 9THX HCCJie,J(OBaHJ!I 

6HJIO ycneDIHoe HCnOJI:&30BaHHe ysKRX ny~OB sap.RKBHHHX ~CTHU W1.f! UeJlel 

pa,nHOHelpo:mpyprHR. B TO lite BpeM.f! e,JtH~B nonHTKH npRMeHBHJ!H npOTOHHHX 
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ITY~B B OHROJlOrl'IH ,nJI.f!·Henocpe,nCTBBHHOro o6ny~eHH.f!naT01IOrH4eCKHX o~rOB 

He n~ny~ CKOJI:&-HH6y,n:& SaMeTHOrO paSBHTH.f!. 

Eo BTOpoM naparp~e IIpnnoxeHHli nsnaraJJTCSI paooTu no nonyqemm I! 

HCITOJ1:&30B8HHD nepBoro B CoBeTCKOM Covse MB~CKOro ripoTOHHOro ny~ 

c aaepr:~~el .no 200 M3ll , cos.naHBoro Ha pHHXpommnoTpoae 680 1.!313 Jia6opaTo

Pim .H,nepHHX npo6JleM B anpeJle 1970 ro.na/28 • 29 • 35/. rnaBHoit neJI&IO HaMe

~eHHOi!: nporpaMMH pa60T no npoTOHHOi TepaiTRH 6!i1IO RCnO.JI:&SOBaHHe ll!l1poKHX 

npoToHHHX rry'l!loB ,II,1I.f! o6JlY~eHmJ r.ny6oKo pacnOJlollteHHHX onyxonel. 06maH 

CXBMa nony~eHHH, ~PM:IlpoBaHR.H H TpaHcnopTHpoBK:Il Me,nHOHHCKoro npoTOHHOro 

ny~ c sHeprRel OT 100 .no 200 M3B noiasaaa Ha pnc. I2.(I) 

B npoQe.nypHOI :II llYJl:&TOBOI KOMHBTBX paSMBlliBHO ~OSHMeTpH~eCKOe, DCTH

pOBO~HOe H BCITOMar8TeJI&HOB 06opy,nOBaHRe, paspa60TaHHOe ~1I.f! KOHTpo1Ili sa 

XO,J(OM OdJIY~BHH.f! 601I:&HHX H 6HOJ10rR~BCKRX 06~BKTOB Ha Me,nHURHCKOM ITPQTOH
HOM ny~e/36, 37, 38/ • 

C .neKB6P.f! 1967 ro.na no HDn:& 1974·ro.na Ha Me,nHDHHCKOM npoTOHHOM rryq

Ke !a6opaTOpHH .R,nepHHX npodneM OHHH cneQHaJlHcTaMH HacTHTyTa aKcrrepHMeH

TBJl:&HOI H RJlHHRqecKol oHKonorHH AMH CCCP Bo r.naBe c A.H. Py,nepMaHOM ny

~eBa.H TepaiTH.f! mRpOKRMR npOTOHHHWK by~MH BHCOKHX aaeprHI 6aJia npoBe~eHa 

B 06Jllel CJlOZHOCTH 87 60JI&HHM C pas,~lti:lMH TRllaMR 31IOKa4eCTBeHHhiX o6paso

B8HHI ( 31IOita~eCTBBHHHe. OITYXOJIH KOD; paK ropTaHH, ITHllleBo,na,, JIBrKOrO, 

31IOXB~BCTBeHHHe OITYXO~ KOCTei)/33/. 

.Kmm~ecKRI OITHT/39/, HaKOillXBHHHI fia MB,IUUlHHCKOM npoTOHHOM ny~e . 
!a6opaTOpHH .f!,nepHHX npo61IeM OHHH, ITOKB38Jl aecoMIIeHHYD uenecoo6pasHOCT:& H 

rrpeHMYJllBCTBB npHMeHeHRH npoTOHOB BUCOKHX 3HBprRl!: B .JIY~BBOI TepaiTHR OHKO

JIOr~eCKRX 60J1:&HHX H MOXBT CJlYXHTf OCHOBOft ,nJI.f!, npKMeHBHHH B Me.nHUHHe 

.npyrHX T.f!KBJI!iX Sap.RKBHHHX ~CTRll. 

B TpeT:&eM naparpa~e IlpH1IOXBHHX onHChiBaJJTCli pa00Thl no C03~aHHJJ H npH

MBHeHRII Me.nHUHHCKoro ITR-MeSOHHOro ny~ Jia6opaTOpl'IH .H~epHHX npo6.JieM OHHH. 

B nocJle,nHHe r~ B ~SHKe ITR-MesoHHHX BSaHMo.nencTB:Ill nony~eH 6oJI:&mon 

SKcnepHMeHTaJIDBHI MaTepHBE, ITOKBSHBaD!!IRA, ~TO HBH6o1Iee 3~BKTHBHHMR ~ac

THilBMR JW'I. JIY~BBOI TepaiTRH l!JIOita~eCTBeHHHX o6pasoBaHHI, nO-BHJO!MOMY, 6y.nyT 

OTPilll8TWHiie IIH-MeSOHii c 3Hepi'JUIIOI 0!' 25 ,no 100 l.isll. !{ COEBJiemm, ,no noc-
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ne~Hero BpBMBHR HCIIORh30BaTh OTpHllaTenDHUB llll-MB30HU B TepaiTHH paKOBHX 

sa6oneBaHHfi He npe,D;CTBBJll!nOCh B03MOJK!lHM, TaK KaK ~JIJ! IIOJJY'IeHllR B OnyXOnH 

~03H B !50 6ap HBOclXO~O OCTBHOBHTh npHMepao 10
8 

llll-MB30HOB B Ka~OM KY

C)uqeCKOM caHTRMeTpe onyxonn. 

B Jia6opaTO~Hl! .H~eplillX npo6neM owrn: no npe.nnciJKeHIOO aBTOpa/30/ 6HJI 

paspacloTaH H OCY!llBCTBJIBH BapHaHT nrnpoKoyrOJI:bHOfi COJlBHOH,D;anhHO:Ii: nHH3H C 

HBO~OpO,D;HUM BKCHBnhHO-CHMMBTpH'li!HM IIOlleM, OnHCaH!fOll B Tp6Theli r.JiaBe .IU'IC

cepTallHH, u Ha ee ocHoBe B 1974 ro.ny arrepnue B MHpoBoli npaKTHKe cos,n;aa 

MB~HHCJmli llH-MB30HHUfi llY'IOK C rrapaMeTpaMH, ,D;OCTaTO'IHUMH .D;JIJ! npoBe.D;BHllR 

paMOclHOJIOrH'IBCKHX H HBKOTOpHX KnHHH'IBCKHX HCCJIB,D;OBaHRfi/Jl' 40/. 06lll3R 

cxeMa WoPMHpoBaHHH 3TOrO ny'!Ka, BMBCTB C BepTRKanhHHM paspe30M nrnpoKO

yrOJ!hHOH J!HH3H H rrpone,eypHoro IIOMB!llBHRH, IIOKa3aHa Ha ·pnc. 12(Il) • .llJIJ! ITH-MR

HYC-MC30HOB C aHeprHeil: OKOJIO 30 :J:J}J npn IIOTOKB 670 M:JD .IIPOTOHOB 1,0 .;. 

1,5.10
12 

c-
1 , rra.n;aiO!llRX Ha MmiJBHh H3 Me.IU'l, rroeyqeHU cne.nyJO!llHe rrapaMeTpu 

ny'!Ka: IIOJIHaH RHTBHCHBHOCTh 1,0.;.1,5.107 C-I , WIOTHOCTh IIOTOKa 1,0 .;-

1,5.105cM-2. C-I, IIJ!OTHOCTh OCTaHOBOK 5+7.104 r-1. C-I B BO,Ite • .llJIJ! nyq

Ka llll-IIJJJOC-MB30HOB 3TH napaMeTpHB 3,5.;. 4 pasa BHI!le. ~OlllHOCTh ,It03H B nH

Ke Bparra ,ItJIJ! ny~ OTpHllaTenDHHX IIH-MB30HOB COCTaBJIHeT OKOJIO 3, 5 .;. 

5,0 pa.n/MRH/33/. 

liOJIY'IeHHU:Ii: ilY'IOK OTpKQaTenDHUX llll-M630HOB HCII0nh3YBTCJI B HBCTOH!llee 

BpeMH cneunaJIHcTaMH ns Oaxo~ornqecxoro aayqgoro oeaTpa AMH CCCP ~ npo-

Be,n;eH!lR PB.IU'I06HOJIOrl!'leCKHX H npe,ItKnHHR'IBCKHX HCCJ!B,ItOBaHR:Ii:, OTHOC.H!llRXCH K 

nyqeaoil: TepanHH OHKOJIOrH'IBCKHX 60nDHUxf33, 40/. 

B 'IBTBepTOM naparpa~e KpaTKO paCCMOTpeHU nepcneKTHBU RCIIOJih30BaHRH 

IIpoTOHOB H llll-M630HOB BUCOKOH aaeprHH B. MB.ItKQRH,/33/ C HCIIOnhSOBBHHBM 

paspaclOTaHHHX MBTO.D;OB WOpMHpoBaHilR H WoKYCHpoBKR sap.HZSHHHX 'laCTHll IIOCJie 

saBeprneHM peKOHCTPYK!-~HH CHHXpoiDIKJIOTpoH~ Jia6opaTOpHH H,Itepnux'npoclJieM 

OMHH B CHnDHOTO'IHU:ii ~asoTpoH, paCC'IHTaHHOH Ra YBenH'IeHHe BHYTpeaaero TO-
... !,'· • •' I • , . : ! , ' 

Ka IIPOTOHOB ,D;O 50 MKA (BMBCTO CY!llBCTBYKllllRX 2,3 MKA) H .Ha YBenH'IBHUB HHTBH-
~ ' .• . . ' '. i .. \ . -· . . 

CHBHOCT~J:J_H~e,n;eaaoro _ny'IKa npRMepao B 100 pas. 

... Q~n;aeTCH, 'ITO IIOTOK OTPHliBTBJ!hHUX IIH-MBSOHOB B ~KYCB nrnpo~oyro~~ 

ROil:~ J!HHS~ BOspacTeT ;0 109 C-l . , '1~0 OclB.CI!~'IHTMO!llHOCTh .D;03H B Ma~KC~-. . .- .. , . -.·-. , -. .. ··-" 

Me ~OSHoro pacnpe,n;eJieHRH OKOJIO 100 pa,n;/MHH. llpe,eycMaTpHBaeTCH BOSMOlKHOCTh 
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o,D;HoBpeMeaao:n pac>oru aa ycxopnTe~e KaK Wl<IsRKaM axcnepHMeHTaTopaM, TaK n 

Me~. 

0 C H 0 B H H e p e S Y JI L T 8 T H ~HCCept8llHH WOryT 

cli:ITh KpaTKO ciPoiJMYJIHpoBBHI:I CJI6.ztYIOO!HM o6pasoM: 

I. no pas.neey MeTO,It~ecKRX paspa~OTOK: 

1. BnepBHe npe,n;noJKeaa u .cos.naaa .JJJOMHaecoeaTHaH KaMepa co CURRTHirJIHTopoM 

HS IIJIBCTMaCCOBHX HHTe:ii, IIQSBOJIRBillaH YBBnH'IRTL pa6o'!Hi OO'hBM KaMBpH ,ItO 

2500 CM
3 

R RCIIO.nbSOBBTD CIIHHTH~PYKlllRB BB!llBCTBa, CO,n;epJKa!llRB B CBOBM CO

CTaBe BO,Itopo,n;. 

2. TeopeTR'!ecKH pacCMoTpeaa npRHIDIIIll~nDHBH BOSMOlltHOCTh cos.naaRH ynpaa.JI.H

eMoit .lm,D;KOCTHO!! KaMe!H H OIIpe,ItMBHU TBXHR'IBCKHe YCJIOBRH HB OIITR'IBCKHe 

rrpn60PI:I, aeo6xo,D;KMHe ~ ee ocymecTBJielfRH. 

3. BnepBHe rrpe,ItJIOlltea. paspa60TBH H COS,ItaH HOBH!! TpeKOBHfi ,D;eTeKTOp - YII

p8BJIH6Ma.fl nsoTporraa.fl paspg,D;Ha.H KaMepa .c HanoJIHeHReM paMH'IHHMR rasaMH, 

BKJIKJ'Ia.fl qncTU!! ao,n;opo.n. Paspa6oTaa MeTo,n; rrpaKTH'IeCKH noJIHoro ycTpaae

HRH HCKalltBHR:Ii: B S~BKTpOHHO-QIITH'IBCKHX npeo6pasoBaTeJIHX, pa6oTaKl!llRX B 

pelltHM~ MHoroxpaTaoi! MBrHRTao:li: ~KYCHpoBKH • .llJIJ! rrpoae,n;eH!lR WRSR'Iecxux 

3KCII8pHMeRTOB Ra IIY'IKaX SapH~HiillX 'laCTHO OT CHHxPQOilliROTpoaa .~Oopa

TOPH!d .fi,ItepHI:IX rrpo6JieM 0lli!l1 paspacloTaHU, COS.D;aHU H onpoOOBBHU HSOTpon

HUe pasp.H.IUrue. xaMepu c paOO'IHM. oCl'heMoM aruroTh .no IOOOx700x300 MM3 • 

4. Paspa6oTaHU MeTOJtH WoPMHpoBaHM ny'!Ka Me,ItJieHHUX Mesoaoa H ynpaa.JIHe-

MOit perHCTPallHH OCTaROBOK B rase HSOTpoiiHOfi pasp.H~Oli KaMepu, onpe,n;e

.JIRBllillX HOBHB.BOSMOlltHOCTR RCIIOJIDSOBBHHH TaKHX KaMep ,n;JIJ! HSY'I6HM CBOHCTD 

M6,ltJ16HHI:IX H OCTaHOBHBnrnXC.fl MBSOHOB. 

5. PaspadoTaa npocTolt MeTo,n; ~KYCHpoBKH sap.HllteHHUX 'IBGTHO nyTeM ~pMHpo

BalfldH IIOJIH B sasope OTKROHJ!IOUlero Mai'HHTa, .·UO,ItOOHOrO IIOJIJO B MBrHHTHOH 

KBB,ItpyiiOJIDHOl! .mmse, lJOSBo.JIHilnrn:ii B HBCKOnhKO pas YBBnH'IRTh HHTBHCHB~ 

ROCTH aoropH'IHUX llY'IKOB sap.HllteHHHX 'IBCTHU npH npoae,n;eimH WHSR'IecKIIX 

axcnepHMeRTOB Ha ycxopHTeJI.Hx. 

6. Tipe,ItJIOllteH, paspaOOTaH H COS~SH O,n;HOlJJ16'1HH:Ii:.MarHHTHI:Ifi ClJBKTpoMeTp C 

~KYCHPYKlllRM KBHBROM, .HSOTpoiiRO:Ii: pasp.H.D;HO!t KaMepoft H CHCT8MOH perHCT-

PBOHR 'laCTHll, nosa~nrnii H,n;eRTH~poBaTh qpesBH'IBitHO pe,D;KHe upo- · 
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IJCL:Cbi B HYKiiOH-.f,,il,CpHbiX coy,nape!IIDIX C CC'lCHID!Ma BITi!OT:b ]1,0 I0-
34

cM
2
/cTe-

pa.n. 

7. BITepBble ITpe,unollteHa, paspa6oTaHa H cos.naaa nrn:poKoyroil:&Ha.fi MarHRTHa.fi 

i!i!H38 C HCO,UHOJ>O]J,HbiM 8KCH8JI.bHO-GIDJIMCTpR'lHbiM MarHRTHHM ITOJICM H 8KCeiT

TaHCOM ITO TCi!CCHOMY yrrry OKOJIO 0,4 CTepa,n.· C ITOMO!!U>IO STOlt JIRH3bi YBe- · 

i!I1'1CHa !IJIOTHOCT:b OCTBHOBOK IIH-MRHYC Me30HOB !IpHMepHO B 100 pas H 

· !Ii!OTHOCT:b OCTBHOBOK IIH-ITJIIOC Me30HOB npHMepHO B 1000 pas ITO CpaBHeHHID 

c cymecTBYml:i!MH rrytiKar.m B Jia6opaTopu .fi]J.epHHX npo6neM Ol1illi. 

IT.·C HCII011:&30B8HReM paspa60T8HHbiX MeTO]J,OB perRCTpa!IHH R WoPMllJ>OB8HR.fl ITY'l

KOB 'laCTRO ITpoBC]J,CH8 cepH# wasR'!eCKRX-SKC!IepHMeHTOB H8 CRHXJ>OURKi!O~ 

··'TPOHC Jia6op8TOPRR H.nepHbiX !Ip061leM 0:11illi, H BITepBHe BHIIOllHCHbl CHCTCMa

TI1'lCCKRe RCCi!C]J,OBB!IIDI !IpoiJeCCOB B38RMO]J,CfiCTBIDI !IJ>OTOHOB BHCOKRX SHep

rnii c· llerK11Mll. .fi]J,paM11 H BHYTpiD!]J,epHbiM11 HYKllOHHbiMH 8CCOilli8JliD!Mli B YC110-
• 

BH.fiX 60i!:&lliOli ITepe]J,alfll HM!IY il:&CB, B KOTOPHX !IOlfY'leHbl .CJie]J.YIOl!1Re HOBHe 

pe3Y1l:&T8TH: 

b. Ha ITpl'!Mepe pa60TH ITO CpaBHeHHID BpeMeH lKii3HR 'X+ H 'JC -Me30HOB 3KC!IepH

MCHT8ilbi!O IIOK8381!8 B03MOlKHOCT:b l'l3Y'lC!IIDI npoueCCOB paCIT8]1,8 HeCT86l111:&

HbiX 'laCTRU B'R30TpOITHbiX KaMepaX 601lblliOrO pa3Mepa. 

9. · Onpe,UeneHa BCpOllTHOCT:b HC!IYCK8HIDI T.fllitC.llHX 38P.fiJKeHHbiX 'l8CTR0 ITpH 38XB8-

TC OCT8HOBl1BiliRXCll f -MC30HOB B 'IHCTOM BemecTBe - HeCHe. 

IO.BITepBue 113MepeHbl Bec:&Ma pe,UKHC ITpoueccu yiTpyroro pacceJIHIDI 6ucTpHX 

npoTOHOB aasa.n aa nerKl'!X .fi]J,paX 
3

He H 
4

He. Onpe.nenea sepXHRli npe.nen ce

'leHR.fl TaKoro npouecca Ha .fl]J,pe'~,. YcTaHOBileHo 6ucTpoe·YMCH:&Illei!He ceqe

I!IDI pacceJIHIDI H838]1, C J>OCTOM aHeprRR H81leT810l!1RX ITJ>OTOHOB R YBCJIH'lei!HeM 

8TOMHOrO Beca .fl]J,p8 MHilJei!H. llOK83BH8 COIIOCT1lllll!JOCTb 3KCITepHMeHTBJlbHblX 

]1,81!HbiX C TeopeTR'leCKHMI1 OUeHK8MI1 H8 OCHOBC ~lfYKTY8IlliOHHOrO MCX8HR3M8. 

II.)leTall.bHO onpe.neJieHa aaepreTR'leuKa.fi saBRCHMOCTb ynpyroro pd.-pacce.fiHR.fl 

aasa.n. Bnepsue o6aapylKeHo npo.fiBJieHRe pesoaaacaoro MexaHR3Ma B ynpyroM 

pd-pacce.fiHRR H838]1. B ]J.R8naaoae aaeprnit 360 - 670 !.!aD. 

I2.BnepBbie saperncTpRpoBaHbl npoueccbi BH6RBaHIDI 6HCTpbiX ~e R ~e ~parMeH
TOB. 06HapyJKeHU MaKCRMYMH R HCMOHOTOHHOCTH.B BHCOKOSHepreTR'lllHX Y'laCT

K8X CIIeKTpOB 3TRX .fl]J,ep, KOTOp!le MOllt!IO IDITeprrpeTli'J)OBa'ri> RaK pe3y]n;T8T 
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KB83HYIIpyroro pacce.fiHID! BHCOK03HepreTR'lHUX ITJ>OTOHOB Tpex- H''lCTHpex

HYKJIOHHHMH 8CCOORBOIDJMR B JierKRX .fi]J,paX. lloK838H8 COIIOCT8BHMOCT:& ~eK

TRBHHX 'lHCeJI 8'1'HX BCC0!1R8.o:Wi C paC'lCTBMR ITO OOOiiO'Ie'IHOH MO]J,ellR. 

I3.:1iayqeHH cneKTpu 6UCTJHX H,Uep ~e, ~. ~e B imanaaoae RMIIYil:&COB 1000-

2000 MaD/c H IIORY'leHO YKa38Hne Ha CYmeCTBOBBHRe rrpooeccoB O]J,RHO'lHOro 

Me30H006pa30B8HIDI !IpR B38l1MO]J.eiiCTBRR !IJ>OTOHOB C ]J.BYX- H 'lCTHpeXHyK

llOHHHMR accormaUIDIMR B ne!'KRX H]J,pax. 

m. Paapa6oT8HHHe MeTo]J,!l: WoPMRpoBaHIDJ H clJQicycnpoBKn IIY'IKOB 3Bp!IlKeHHbiX. 'laC

TU.U H81l11lR T8Kllte Clle,UYJ)mee !IpHMel!eiD!e ·.B. !IpHR118]J,HbiX HCCJie,UOBBHIDIX c ' • 

I4.BnepBHe B CoBeTCKOM·COI03e paspa60TBH H C03,n8H Me]1,RORHCKnli. IIpOTOHiillH · 

JIY'lOK C COOTBeTCTBYIOU!RM ]J,03HMeTpR'leCKHM, IOCTRpOBO'lHUM R BCIIOMaraTeilb-

. HHM o6opy]J,OB8HReM ]1,1lll .H3Y'leHIDI B03MOJKHOCTR ITpHMeHCHH.fl ITpoTOHOB IlliCOKOH 

3HeprRR B ~'leBoit TepaiiHH OHKOi!OrH'leCKRX 601lbHHX. C ITOM0ll1:&10 lliRpoKHX 

IIpoTOHHHX !IY'lKOB CIIe.QRa11HCT8M11 llHCTHTYT8 3KCIIepRMeHT8ilbHOli R'KilHHR'lec

KOJ!: oRKOnorRR AMH CCCP 6uno _BnepBHe ocymecTBJieao netieHne sHa'l!J:Te~Ho

ro 'IHC118 OHKOJiornqecKHX 60il:&HHX~ · KJJH!IH'lecKHi! OITHT', HaKonneaHU_lt aa Me

]J.R.QRHCKOM npoTOHHOM IIY'IKe Jia6opaTopnn sr.nepHUx npo6neM Olliill, nmtasan 

.HecoMHeHHYD nenecoodpesaocn npliMeae!DI.fi- npoToHoB llucoRHX · aaeprnft. H me 
' . 

6e3yCJIOBHUe npeRMYl!1eCTBa ITO CpaBHCHUIO C HCIIOilb30B8BiliRMRCll paaee B~U8MR 
aJieKTpoHHO~TOHHOrO R3i!Y'leHID!; 

15. BnepBlle B MMpoBol!: npaKTHKe Ha OCHOBe nrn:poKOYrOil:&HOit MBr.IIHTHOl!: .i!HH3H 

003]1,81! IIR-MRHYC-MC30HHHit !IY'lOK B!ICOKOfi HHT6HCllBHOCTR C COOTBeTCTBYIO

mHM o6opy]J,OB8HHeM !IpoUe]J.YpHOro·IIOMe~eHID! ]1,1lH HCITOilbSOBBHRR'B Me,URKo-

6ROJIOrR'leCKHX H wasH'l6CKHX HCC1le]J,OBBHIDIX. Ha 3TOM JIY'lKe, H8'IRH8.fl ·c 

1974 ro.lt8, :yae npoBe.zteHII wm IIPQJIO.IIf'l'CB .PBJUI06HoJIO'I'H-qecne ,JI npe,UKJIH.,:; 

HH'leCKRe HCCJie,UOBaHR.fl, 8 T8Kllte BLIIIOi!HeH liHitJI ~nsnqecm 3KC!IepHMeHTOB 

noorrpe~eJieHHDMHOXeCTBeHHOCTH HefiTpoHOB, B03Hl1Ka~ IIPH 38XB8Te OTpR~ 

OBTeJlbH!iX Im-Me30HOB T.fl~ H]J,paMH H ITO H3Y'l6Hml a4$lKT8 06pa30B8- · 

Hl1.fi BUCOKOC!IHHOBbiX .fi,UepHbiX H30MepoB. 
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