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Ilpo~ecc nornomeHHH OCT8HOBHBWHXCH OTPH~8T8JlbHUX MDOHOB H 

UHOHOB HBJlHeTCH ~8HHUM H B8CbM8 cnenHl])HqeckHM HCTOqHHKOM q>Hanqe

CKOil HHq>OpMBUHH. STD o6ycmiBJl8HO TeM, 'llTO npH 88XB8TO B H,ztpo BH,0-

CHTCH 6oniman aaepr1rn H aynenoil uunynic. H,zteHTHq>HKBUHH npo.ztyKTO; 

P88KUHH, B88HMH8H KOppenHUHH BllJl8T8, 'HX. aaepreTHqeCKHe cnexTpU 

,lt80T l308MOEHOCTL nonyqHTb HHTepecaue CBe,zteHHH KBK O CTPYKType HA

pa, TSK · JI wexaaHa11e npmua pe'8:KnHff. 
HeCMOTpH Ha CBOD qeT»epTbBCKOBYD HCTOPHD, nponeccu norJIOUl8-

HHH MDOHOB H nHOHOB OC?aBaJIHCL cna6o H3j"ll8HHIDLH 3KCnepHM8H?MbHO. 

8TO,B nepByD oqepe.ztL,o6ycnoBJl8HO TPY.ztHOCTbD nOCTBHOBKH COOTBBTCT

BYDlllHX 8KCnepHM8HTOB. 

B q>H8HK6 'llBCTHU BllCOKHX aaeprHff B nocne.ztaee Bp8MH HAST cepb

eaaoe o6HOBJl8HH8 MeTO.ztHKH.HCCJl8.ztOB8HHil,, B OCHOBe xoroporo· 

Jl6XHT 6ypaoe K8'1l8CTB8HHOe p88BHTH8 8Jl6KTPOHHKH. YB8HH'llHJl8Cb H8-

'A8llHOCTL, ,ltOJlrOBB'llHOCTb 8Jl6M8HTOB, pacmHpHJlHCL HX l])YHKUHOH8JlLHU8 

B08MOllHOCTH. SneKTpOHHBH annaparypa HBHH8TCH cei!qac MBTepH8JlLHOfl 

6aaoff qJHa,necxoro axcnepHM8HT8. Mu y6e.ztHJlHCL B 8TOM HS· C06CTB8H

HOM onuTe. TOJIHO cepL83HU8 lf ne11eaanp8BJl8HHU8 paapa60TKH CHCT8MU 

norHqeCKHX 6JIOKOB H8HOC8KYH.ztHOro ,ztH8ll880H8, paapa60TKH nponopnuo

H81lbHUX K8M8P C 8H8JlOrOB!ilM c~eMOII HHq>OpM8UHH noaBOJlHJlH H811 ycnem~ 

HO aaBepmHTb ~HKJl HCCJl8AOB8HHfl no 88XB8TY MDOHOB,H nHOHOB H'APBIIH, 

BUilOJlHHTb npenHaHOHHU8 H8118p8HHH Bp8K8HH U3HH IlOJlOXHTCJlLHOro IID

oaa. HM8HBO ll03TOMy,B . .ztHCC6PT8UHH YA8Jl8HO 60JILmoe BHH118HH8 OCB6-' 

1116HHD 118TOAH'll6CKHX .. BonpocoB. 

nxccepranHH.COCTOHT HS 5 rnaB. B nepBoff rnaBe OllHC8H8'CHCT8-' 

M8 11oraqeCKHX 6lIOKOB. _H8HOCBKYH.ztHOro 'AH8ll830H8. Paapa60TK8 nponop- • 

UHOHBJJLHUX K8118p C 8H8JIOrOBUM .. CMMOII HHq>Op118UHH nOCBHUl6H8 BTOPBH 

rnaBa.- Onucamm q>H3H'll8CKHX HCCJlB'AOBBHHil. llOCBHlll8Hll OCT8JlbHU6 paa

'A8nli AHCC8pT8UHH, 8 HM8HHQ: ·'.rpeTLH rna:ea ,- HcnyCKBHHe aapm,emrnx 
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qacTHI.t np.u aaDaTe OTpuuaTenLHl:lX u10onoB impa!.IH SL, S, Ca. H Cu, 
tleTBepTall rnaBa - HCIIyCK8HHe 38pflllteHHl:lX,~8CTHlt IIPH aaxBaTe OTpH

naTelILHblX nHOHOB impa1m '8•, C., Ae, ,S' a ,Ctt' Cc{ H (!'I H . , 
IlllT8ll rnaBa - npen.uaHOHHOe aauepeHHe BpeMeHH lKH3HH IlOIIOlltHTelILHOro 

UIOOH8. 

~accepTaUHll HaIIHCaHa Ha OCHOBe pa6oT, B~nonHeHHblX IIDA PYKO

BOACTBOM 8BTOpa B 1967-1974 r.r. B ia6op8TOPHH llA6PHblX_Ilp061IeM 

06beAHH6HHOrO HHCTHTyT8 imepHHX HCCIIeAOB8HHn. OCHOBHble peaylILTaTbl 

HCCII8AOB8HHil ony61IHKOBaHbl B CTaTI,HX, coo6~eHHHX OJAflH H aBTOpCKHX 

CBHA8T81ILCTB8X/l-20/. 

1. 

K 1970 r. KpyIIHble HCCIIeAOBaTelILCKHe neHTPbl BO Bcex SKOnepH

ueHTaX yze HCnOIII,30B81IH CHCTeMbl norHtleCKHX 61IOKOB, cnoco6HHX pa-

60T8TI, no BpeMeHH paapeweHHH BnnOTI, AO AHanaaoHa· H8HOOeKyHAHblX 

AIIHT81II,HOOT81. BIIOKH B3aHMOOOrlI8COB8Hbl no BXOAHblM H BblXOAHblM 

SII6KTPHtl60KHM napaueTpBM, nHT8HHIO, BblnOIIH6Hbl B eAHHOM uexaHHtle

OKOM CT8HA8pTe. oTO Bb13B8HO TeM, tlTO TOIII,KO 61IOKH 6AHHOil OHOTeMH 

B OOCTOllHHH o6eoneqHTI, Heo6XOAHMYIO r.u6KOOTI, H B88HM088MeHHeMOCTI, 

npH npoBeAeHHH 3KOnepHMeHTOB. BeoLua oy~eCTBeHHble H onenH~HqecKHe 

Tpe60B8HHll aa OX6MHbl8 peweHHH IlpH60pOB HBKIIB~blBaeT IIPOH3BOACTBO 

npa uaccOBOM BblllyCK8 61IOKOB. lenaTelILHO, tlT06bl 61IOKH 6b!IIH npOCTbl, 

B TOM qaone H B cauott Baeott H KBBIIH~HUHPOBaHHOtt qacTH - HaOTpol

Ke. OH.II AOJllltHbl 6b1TI, npOCTbl He Ha 6yuare, a no o6~euy KOJWtl80TBY 

88TpaqeHHOrO Ha HX npoH3BOAOTB0 BPOMBHH, BKIIIOtlaH HaOTpottKy. Ilox

H8ll OHCTewa, paapa60T8HH8H HaMH O yqeTOII BblOKa38HHl:lX Bb!WB nonollte

HHli, COAepzHT OKOIIO 40 HamLeHOBaHHK 6nOKOB/I-9l.~ono1IHHTe1II,HO 

npHHHM81IOCI, BO BHHMaHH8 TO,.liTO OHB ~OJIXHB pa60T8TL KaK eAHHOe 

1.tenoe B KOMillieKCe O H3MepHT8JII,HO-Bbl'l14CJlHT61II,Hblll neHTPOII_ JIHn. IlpH 
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paapa6oTKe 1W OT8HABPTH30B8llll HB TOfilKO M8X8HHtl6CKl48 paauepbl,, 

HOH WIOrHe oxeMHble peweHHH - T8KHB,KaK 38~HT8 BXOAa OT nepeHa

IlpHllt6HHI, Bl:lXOA, sneueHTbl ~pMHpOBKH AlIHTelILHOCTH CHI'HalIOB HAP• 

9TO y6ucTpHno H ynpOCTHIIO paapa6oTKY SIIBKTPH'leCKHX oxeu, netlaT

HblX Ill18T H HBCTpOIKY rOTOBHX 61IOK~B. C nOMO~I,10 neHTpafilHblX SKOII8-

pHM6HT81ILHl:lX uaoTepCKHX OltffiH IIPOH3BOACTBO 61IOKOB 6uno" opr8HH30B8-

HO B T8KOM·MBOWTB6e, tlTO MbI cuornH o6ecneqHTI, annapaTypott noTpe6-

HOCTH Beel na6opaTopaH. K HBCTO~euy uoueiTy Buny~eHo H s~cn11ya

THpyeTOH 6onee 2500 61101toB. K annapaType npoHBHnH HHTepec cTpaHbl

yqacTHHltbJ omrn H :imorHe oprBHHaan1m. MHorae HS HHX CMOrlIH YAO

BJ18TBOPHTI, ,CBOH noTpe6HOCTH qepes USM, tlTO YK88blB8eT H8 HBA8~

HOCTI, H TBXHOIIOrHtlHOCTI, HBWHX paapa60TOK. 

C yqeTOII OK888HH0ro, ooqTeHo B03MOXHhlM orpaHHtlHTLCH OIIHC8HH

e11 Yanott tlBCTH 6lIOKOB p83Horo THna. CIOAB OTHOCHTCH Te li3 HHX, KO

TOPHB H8H6onee HHTepecHbl, nOCKOJIBKY COAePEBT HeCTBHABPTHhle peme

Hlill H Mory,: A8TI, o6~ee npeACT8BHeHHe O CHCTeue B uenou, CpeAH 

HHX mHpOKOAH8Il880HHlitt npeo6paaoBBTe1II, BpeMH-8MnlIHTYA~ C SII8KTPH

qecxa11' paapemeHHBY I ,4 nceK. {cu. pHC. I)' COBil8A6HHll O 6blCTpOAett-
' ' ,. 

CTBHeY CBbJW8 100 Mr~ H IIHHHMBHI,HliM BpeueHHli~ paapemeHHeM_l HC8K 

( CM. pHc. 2) • 

II. , 

CBIIH no ce6e MOCKH8 YHOrOHHTHHble nponop~HOH8JII,Hli6 Ctl8TtlHKH 

HaBeCTHH ABBHO. Pa6oTa HX xopomo Hayqeaa. Teu He YeHee, B08BpaT 

K nponop~HOHBIII,HliM Ctl8TtlHK8M 8CTI, cep1,e8Hbltt CKBtlOK B T8XHHK8 ~H-

3Hqecxoro SKCnepHll6HT8. OCHOBOtt 3Toro OKB'IKB HBHIIBCI, Moryqafi aneK

TpOHH8H T8XliHK8 COBpeYeHHOro nepHOAB - HHTerpailHbJ8 cxeuu, SBM. 

IlponopnHOH8JII,Hli8 KaMepH, HCno111,ayeMbJe B noBCeAHeBHon npaKTH

Ke ~H8Hqecxoro 3KCnepHMeHTa OTHHtlBIOTCH 601II,WHM KOHCTpyKTHBHliM 
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PHc. I. IlpHHIUlnHam.uaa cxeua lllllPOKOAHanaaouaoro npeoOpaaoBaTena 

BpeMH-8IIIIJIHTYA8 C paapemeHHeM I,4 ncex. 

Puc. 2. IlpHuuznzanLHaa cxeua OnoKa coBna~eHHI c paapemeuzeu 
I uceK H ONCTPOAeMcTBHeu IOO Mru. 



MHoroo6pasueu. Teu He ueHee npHHUHnH c~eua unqopuanuu c HHX AO

BORbHO npocTu. C nouo~bD nponopUHOH8RbHHX KBU8p ARH sapRX6HHHX 

qacTHU UOJ!tHO onp~A8RHTb KOOPAHHBTU U8CT8 nponeTa, BpeKR, HOHHS8-

UHOHHU8 IlOT8PH, qucno OAHOBp8U8HHO nponeTeBmHX qacTHU. EcnH onpe

A8nHTb BC8 napaueTpU 'AnR H8CKOHbKHX O'AHOBpeueHHO nponeTeBWHX qac

THU, TO noTpe6yeTCR WHWP8TOP HOUepa HHTett, a HS KBZAYD HHTb - KO

'AHPOB~HK Bp8M8HH, KOAHPOB~K HOHH88UHOHHUX noTepb. IlOK8 8TOT cny

qatt HepeaneH. B USHH Hy:Ho OT qero-TO OTK888TbCH, TOrAa CHCTeua 

HHif,opMaUHH ynpOCTHTCH. 

B o6naCTH cpeAHHX aHeprHH Ml!0~8CTB6HHOCTb nponeccoB H8B8JIHK8. 

ropasAo 6onbmea suaqeuue uueeT coxpaHeuue BOSUO:HOCTH usuepeuua 

HOHH88UHOHHUX noTepb qacTnn. Hamu ycHRHH K8K paa H 6unu cocpeAO

TOqeuu ua paspa6oTKe ueTOAOB aHanoroBoro c~eua uuwopuanuu c npo-. 

nopnuouanbHHX Kauep u noBumeHHH ToquoCTH onpeAeneuua KOOP'AHHST 

qac!HU/IO-IG/. B AHCCep.TaUHH H8ROE8HU TORbKO Te·ueTO'AH, KOTOpue 

paSBHTH HaUH BnepBue. 

IlpeAnOX6HHH no ucnonbSOBBHHD nponopnuoHanbHOH Kauepu 'AnR OA

HOBpeueuHoro onpeAeneHHH o6eux KOOPAHHaT U80T8 nponeTa 88PHX8HHOH 

qacTHUU Hee HOHHSaUHOHHUX llOT8Pb oqeHb SKOHOUHquu H npoCTU (cu. 

puc. 3). PaccuaTpHBaeTCR o6uquaR TpexaneKTPOAHBH KOHCTPYKUHH KB-
' uepu. TOK HHTH I, B03HHKWHH nocne npoxO~'A6HHR 38pHX8HHOH qaCTHUU 

qepea Kauepy, 'A6HHTCR Ha 'AB8 COCTaBnRD~He IA H IB o6paTHO npo

nopnuoH8HbHO conpoTHBneHHRU COOTB6TCTBYD~X yqacTKOB nenH. 0THome

HH8 TOKOB IA/I AaeT B03UOUOCTh onp8A8RHTb OAHY KOOPAUHaTy, 

Ic/I - ApyryD. Ilpu STOU cau TOK I nponopnHoHaneH HOHHSaUHOHHUU no

T8PHU qaCTHUH• 

3A8Ch H806XOAHMO o6paTHTb BHHU8HH8 Ha TO, qTo H8 KBTO'AHOU 

aneKTPOA8 curHalli:l uaBO,lUITCH OAHOBpeueHHO H8 H8CKOnbKO HHTett. Benu

quHa CHrHana ua KaJQOH HHTH onp8A8HH6TCR ea paCCTOffHHeu OT U8CT8 
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Puc. 3. Cxeua coeAHH8HHR HHTett B nponopnuouanhuoa xauepe. 
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B03HHKHOB8HHH naBHHH HOBOB H8 8HOAHOU HHTH. Hcuo, qTQ pacnpeAene

HB8 H8B8A8BHHX aapHAOB H8 KSTOAHH8 BXTH'·6YA8T BM8Tb CHKK8TpHqHyD 

topuy. B03HHlCmHe TOKB 6y~yr CYMKHPOBSTbCH HS KOHnax llOT8HUHOM8Tp8 

C B8COM, nponopnHOHSnbBHK HOM8PY HHTH. ~8KTHq8CKH npH 3TOM 6yA8T 

H3M8p8HO nono~eHH8 nenTpS THZ8CTB pacnpeAeneHHH HSB8A8HHHX aapa

AOB. STO H ll03BOJIBer H3M8PHTD KOOPAHHBTY qacrBIU,I C TOqHOCTbD, H8-

1moro nyqwe,qew paccrosHHe we%,lty HH?llllX (cw.pHc.4).R B pRAe cny

qaeB noreanzouerpHqecxHI wero~ 01.eua xn~opwanzx ueer npeHMYJlleCrBo 

nepeA nH~poBw, aanpHwep, raxroc, xax Hawepenae xoop.J,;HHar qacran 

ll8,ltaD~HX HaKBOHHO X nxocxocrH X8ll8PW,H3M8p8HH8 XOOJ).JtHHar neurpa 

T.lllt8CTH ny~a, H3M8P8HH8 KOOPAHHST r&KK87KBSHTOB no nonOE8HHD 

neHTp8 THEeCTH o6p830BSHHOro B KOHBeprope 8R8KTPOBHO-~OTOHHOro 

nHBHH. 

m. 
Il8pBH8 8KCnepHM8HTSnbBH8 HCCneAOBSHBH nponeccOB norno~eHHH 

OCTSHOBHBmHXCH OTpHnarenbHllX MDOHOB MPSKH C BHneTOM 38pHE8HHHX 

qacTHU nOK838JIH, qTo nonyqeHHYD axcnepHK8HT8BbHYD HH~puanH~ H8-

B03MOXHO HCTOnKOBSTb H8 OCHOBe TO!bKO HCll8pHT8XbHOrO M8XSHH3M8 

H3-38 6onbmoro BHXOAS BHCOK08H8PrHqHl,IX aapa&8HHHX qacran. ~JIB HH

repnpeT8UHH 3THX peayJDT8TOB npHWROCb npHBneqb T8KZ8 nponeccu 

npauoro norno~eHHR KDOHOB HS ABYXHYKXOHHHX KX8CTepax. 0AH8KO He

AOCT8TOqHo 8A8KB8TH8H M8TOAHlC8 1 HCllOXb30BSHH8H B npeAHAY~ 8KC

nepHM8HT8X1 He noaBonana B006~e HRH ll03BOnana TOXbKO orpanHqeHHO 

HA8HTH~HUHPOB8Tb 38pU8HHH8 qacrwtH no M8CC8M H, cneAOBarenbHO, 

CBRDHO orpaHHqHBSX8 B03MOXHOCTX ASRbHelmero pa3BHTHH Hamme npeA

CT8Bn8HHI O M8X8HH3Me 38XB8T8 orpxnarenHllX IIIIOHOB CROZHHMH HApS-

KH. 
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B HBmHX pa6oTaxfI?, IB/ Y'ABHOCb p83'A8llH~D npOTOHH, 'A8ttTpOHH 
j . 

H TPHTOHH, H3M6pHTb HX 3HepreTHqeCKH8 cneKTpH H B8p0HTHOCTH BHne-

TOB,COOTB8TCTB8HHO,npH 3H8prHHX BHme IS, IB H 24 MaB. Pa60T8 BH

nonHeHa Ha M630HHOY 1:aHane CHHXPO~KHOTPOH8 ~a6opaTOPHH H'A6PHl:lX 

npoOneu. B 3KCll6pHM6HT6 HCnonb30BBHCH nyqox OTPHU8T8llbHHX MDOHOB 

C HMnynLCOM 96 MaB/C. Ha PHO. 5 npHB8'A6H8·6noK-CX8M8 3KCnepHM6H

T8nbHOtt YCT8HOBKH. B pa6oTe npOBO'AHHCH Tpexwepautt 8H8HH3 co6HTHtt: 

H8M8PHnHCL aaeprHH 88pHX6HHOff qacTHUH, ee HOHH38UHOHHH6 llOT6PH H. 

BP6MH XH8HH MDOH8 HS 'ABHHOM HApe. 06pa60TK8 8KCll6pHM6HT8HbH08 HH

~OpM8UHH npOBO'AHll8Cb C llOMO~bD 8BM B8CM-6. 

Ha pHC. 6 npHB6'A6HH 3Hepr6THqecKH6 Cll6KTPH npOTOHOB H 'A6tt

TPOHOB, nonyqeHHH6 OT 88XBBTB MDOHOB HB cepe H KP8MHHH. CneKTPH, 

nonyqeHHH6 HS 'APYrHX HAPBX, HU8DT Il0'A06Hutt BH'A: OHH npoCTHPBDTCH 

'AO 50-60 MaB H uoryT 6HTL oxap8KT6p1,0BSHH nnBBHOl 3KCllOH6HUH8nb

HOtt 38BHCHMOCTbD. Cp8BH6HH6 nonyqeHHl:lX aaepreTHqecKHX cneKTPOB C 

HM6D~MHCH A8HHHMH npH uanux aHeprHHX 88pHE6HHHX qacTHU IlOK88HB8-

6T, qTo C yBenHqeHHOU aHeprHH Hcny~eHHHX qacTHU Cll6KTPH HBqHH8DT 

Il8'A8TL M6'AH8HHee. 8TO rOBOPHT O cueae 'AOMHHHPYD~ero M6XBHH8U8 aa

XB8T8 npH nepeXO'A6 OT KBHl:lX aHeprutt 38PHX6HHl:lX qSCTHU, r'A6 OCHOB

H08 BKH8'A 'A86T pe80H8HCHHtt M6X8HH8M 88XB8T8, K OonbWHM aHeprHHM, 

KOr'AB HaqHHBDT npeo6n8'A8Tb npoueccu npHuoro 88XB8TB KDOHOB. 

Ha PHO. 7 npHB6'A6HH a6conDTHH6 B6pOHTHOCTH BHHOTOB npOTOHOB 

npH p88Hl,IJC noporOBHX aaeprHHX B 88BHCHMOCTH OT 88Pfl'A8 H'APB. IlnaB

HHe KPHBH6 Anfl HarnHAHOCTH o6~6'AHHHDT COOTB6TCTBYD~e axcnepHM6H

TBHbHH6 TOqKH. MOZHO lllf'A6Tb, ~o BHXO'A npOTOHOB HS 8KT 88XB8T8 

npH aaeprHHX BHme IS MaB paCTOT OT (B.?i:o.6)•Io-3 'AllH Kp6MHHH 

'AO (I3.4±I.O)•Io-3 'AHH KBnbUHH, r'AO 'AOCTHr86T MBKCHMyua, a 88TeU 

Cll~'A86T 'AO (6,0±o,7)•I0-3 'Allfl M6AH• 
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Puc. 5. Bnox-cxeua YCTBHOBKH (88XB8T MDOHOB). I, 2, 4 - CUHHTHn

HHUHOHHHe cqeTqHKH; 3, 5 - nonynpOBO'AHHKOBH6 'A6T6KTopu; 

6 - cneKTpoueTp D..1; M - MHmeHb. 
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MIOOHOB Kp8MHH8M H cepoil. 

14 

• 

I 

C:J 
I 
i 
i' /. 
) 

r 
t· ... 

I 

CJJ8AY8T OTM6THTh llOJJYQ8HHYIO B pa6oTe cpaBHHT6JlhHO .BUCOKYIO 

3MHCCHIO A6HTPOHOB H TpHTOHOB 60JJhWHX 3HeprHil. B QBCTHOCTH, npH 

aaXBaTe MIOOHOB HB KP6MHHH OTHOCHT8JlhHUH BKnBA A6HTpOHOB B llOJIHUil 

BUXOA aapHllteHHUX QBCTHU ,l!OCTHraeT 33%. C yB8JIHQ6HHeM aapaAa ~pa 

OTHOCHT6JlhHUH BUXO,I! A6HTpOHOB ll8'A88T AO I7% Ha M6'AH• BUCOKHil BU

XO'A THllt8lli:lX O'AH038PH'AHUX qacTHU 60JihillHX aHeprHit B npoueccax I.ID

aaXBaTa yKa8UBa8T Ha norno~eHHe MIOOHOB 6onee CJIOEHUMH KJIBCTepaMH, 

qeM ,l!BYJCHY.ltJIOHHHe. 

IY. 

CornacHO COBP8M6HHUM TeopeTHQ6CKHM npe'ACT8BJI6HHHM H 3KCne

PHM6HT8JihHHM 'A8HHUM 1 npH 38XB8T8 OCTBHOBHBWHXCH OTpHU8T6JlhHUX 

DHOHOB ~paMH HMeIOT MeCT.O npHMH8 npoueccH, npH KOTOPblX norJIOiU6HHe 

llHOHOB H,1!8T Ha H8KOTOpott uanoHyKJIOHHOil accouHaUHH H'APB - KJIBCTe

pe. CoBOKYllHOCTh 3KcnepHM6HT8JlbHblX H TeopeTHQ6CKHX pa6oT, KOTOpble 

HM810TCH B HBilleM pacnopHE8~HH, e~e H8 B COCTOffHHH pewHTh O,l!H03H8Q

HO Bonpoc O MexaHH3M8 norno~eHHH DHOHOB ffApaMH, Il03TOMY ,1!8JibH8H

mee YT~QH8HH8 H HaKOllJI8HH8 HOBUX 3KCll8l)HM8HT8JlhHUX peaynuaTOB 

B8CbMa ~eJJaTeJibHO~ STD nonoxeHHe, B H3B8CTHOH Mepe, onpe,1teJIHJIO 

uenH H 3a'A8QH HaCTOH~ero aKcnepHM6HT8, B KOTOpOM co cpaBHHT8JlbHO 

xopowen CTaTHCTHKOit 6unH H3M8p8HU 3HepreTHQ6CKHe cneKTpU npOTO

HOB, A8ilTpOHOB H TpHTOHOB OT 38XB8Ta OTPHUaTeJibHUX llHOHOB pa3JIHQ

HUMH H,1tpaMH/I9/, 

Pa6oTa BUllOJIH6H8 HB M830HHOM KaHane CHHXpOUHKJIOTPOHa Ra6opa

TOPHH ff;!le·pHblX npo6ne1,1. B:-onure ·HCllOJ!b30Banca nyqoK -OTPHU8T8JlbHUX 

llHOHOB C HMilYJibCOll,180 l,IBB/C, Ha pHC. 8 npHB8;!l8H8 6JJOK-CX!lMa 3KC

nepHM8HTaJibHOtt Y~TBHOBKH, PerHCTPBUHH 38pfflK8HIIUX QBCTHU npOBO,l!H

nacb C llOMO~bKJ 'ABYX T8JI8CKOllOB C d.E.. ld!lf. H £ -CQ8TQJ,!K8MH. B 

aKcnepHM8HT8 npOBO'AHJICH Q8THp8Xll8PHUil 8H8JIH3 COOUTHit: ;!lJlff KBllt;!lOrO 
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PHC. ?. A6COJIJlTH8H B8POHTHOCTL BHn8T8 npoTOHOB (AnH p83HHX nopo
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Pzc. a. BnoK-CX6M8 yCT8HOBKH (38XB8T nHOHOB). I-4 - C~HTHnnHUH

OHHH8 cqeTqHKH; 5-7 - nonynpoBO]UiHK?BH8 'A8T8KTOpH; 6, 8 

- cneKTp0M8TPH C. 'j ; M - WfW8HL. 
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C06!iTHH H8M8pHnHCL 8HeprnH ll HOHH80~HOHH!i8 noTepn 88PHllt8HHllX 

qaCTH~. SttcnepHM8HT npOBO,llHllCH H8 nHHHH c 8BM MHHCK-22. 

8HepreTnqeCKH8 cneKTPli aapHllt8HHIDC q8CTll~, nonyqeHH!i8 OT aa

XB8T8 IlHOHOB H8 6epnnnnn, nOK088Hli H0 pnc. 9. CneKTPli, H8M8P8HH!i8 

HB OCT8llLHliX MHW8HHX, HM8IDT T0KOil lite xapaKTep H npOCTHpaIDTCH ,llO 

90+IIO MaB. Ha pnc. IO npHB8,ll8Hli BepOHTHOCTH Blill8TOB npoTOHOB B 

88BHCHMOCTH OT 88PH.ll8 H,llpa npH paaHmc noporOBIDC aHeprHHX. IlnaB

Hli8 KPHB!i8 ,llllH HarnH,llHOCTH o6~8'AHHHIDT COOTB8TCTBYIDIIIH8 8KCnep.lUl8H

T8llLHli8 TOqKH. M.OlltHO BH,ll8TL, qTo B~O,ll npoTOHOB, K0K H B npo~ec

cax .Ul0-80XB0T0, HM88T M0KCHMYM Ha K·anL~HH. Ecn 8KCnepHl48HT0llLH08 

YK088HH8 H8 TO, qTo M8KCHMyM ~OpMHpyeTCH B OCHOBHOM 88 cqeT npo

TOHOB cpaBHHTenLHO M8nHX aueprnil. 

B oC!naCTH nerKHX.H,llep HM88T M8CTO cy111ecTB8HH08 nepepacnpe

,ll8ll8HH8 M8llt.llY OTHOCHT8llLHWIH BKll8,ll8MH B!iCOK08H8PrHqH!iX cE> 25 MaB) 

f' 1 d, H t : C yBenHqeHH8M 88pH,ll8 H,llp8 ,llOJIH npOTOHOB paCT8T, 8 

,llOnH ueilTpOHOB H TPHTOHOB COOTB8TCTB8HHO Il8,ll8IDT (c.u. PHC. II). B 
o6nacTH THlltenux H,ll8p 88BHCHMOCTL OT i! no~H npeKp8U(88TCH. Ta

Koe IlOB8,ll8HH8 OTHOCHT8llLHllX BIDCO,llOB 88PHE8HHllX qacTim OT 88pH,ll8 

H,llp8 B ycnoBHHX Kll8CT8pHoro M8X8HH8M8 88XB8T8 IlHOHOB MOJ!t8T 61:iTL 

CBH88HO co CTpyKTYPHliMH CBOttCTB8MH nerKHX H THzenux H,ll8p. 

EonLmott BliXO,ll THlltenux O,llH088pH,llH!iX qaCTH~ roBOPHT O CyU(8CT

B8HHOM BKJ18,ll8 M8X!3HH8M8 88XB8T8 IlHOHOB Ha 6onee pnoll!HliX Kll8CTepax, 

qeM ,!(ByxHyXJIOHHlle. CBH8H_ .c 8THM B pa60T~ npoB8,ll8HO cp8BH8HH8 

H8MepeHHliX auepreTHqecKHX cneKTPOB aapffllteHH!iX}IBCTH_~ c_ TeopeTHtJe-. 

CKHMH cneKTp8MH, p8CCtJHT8HH!lMll Ha OCHOBe CX -qaCTHtJHoro M8X8HH8-

.ua 88XB8T8 IlHOHOB/23/. Cp8BH8HH8 IlOK881iB88T 1 t!TO B p8MK8X TOJILKO 

O,llHoro OC-qacTHqHoro 11exaHHaua norno~eHna uenbSH O.llHOBpeueuuo 

cornacOB8TL ,ll8HH!ie no 8MHCCHH npOTOHOB, ,ll8ilTPOHOB H TPHTOHOB. B 

tl8CTHOCTH, H86JIID,ll88TCH xopomee cornacHe B cnyqae TpHTOHOB (cw. 
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88XB8T8 IlHOHOB HAP811H B 88BHCHMOCTH OT HX 38PH'A8• 
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puc. I2), O,llH8KO npH 8TOM HMeeT ueCTO cy~eCTBeHHOe p8CXOJ!,D;eHHe 

Mea,lly H311.8p8HHl:lll H paccqHT8HHllll. cneKTp8UH AJIB npOTOHOB. STO roBo

pHT O TOM, qTo B p8CCll.8TpHB88MllX npo1.1eccax 38XB8T8 K BHneTy BllCO

KOaHeprHqHHX npoTmHOB ,llOnEeH npHBO~TL H ,llpyroa, no-BHAHUOMY, 

ABYXHyKnOHHllff M8X8HH3M 38XB8T8. nonyqeHHll8 peaynLTBTH noaBOJUlDT 

yTB8plK,ll8TL, qTo B npo1.1eccax nornOU(8HHfl OTpHI.IBTenLHllX IlHOHOB cnox
HllMH HAPBWI H8RL3H roBopHTL 06 O,llHOII. KBKOII.-TO MeX8HH3Me 38XB8T8. 

,1lnH p83HllX K8H81!0B peBKI.IHff BK118,ll Toro HJIH HHoro MeXBHH311.8 88XB8-

T8 ,ll01la8H 6HTL p83HllMo 

Y. 

Ilpe1.1aaHOHH08 H311.epeHHe BpeueHH EH3HH nonouTenLHOro KDOH8 

aueeT 6onLmoe auaqeuae AJUI Teopaa. CKopocTL pacna.1ta MDOHa onpe.1te-

11HeTCH npo1.1ecco11. f< f- - e"' + )1 + Y J B KOTOpOII. yqacTBYDT 

T011LKo nenTOHH. B pa11.Kax ( V-A )-:reopaa a:ro noaBon11eT :roquo BH

qacnHTL OAHY H3 ~YHA8K8H:l.'811LHHX BenaqHH ~H3HKH - KOHCT8HTY cna6o

ro B38HMO,lleacTBHll/24/: 
2 f 92 rt4i' 

G = 'C 111s c+ {{- 1111 2 / ma ) f l"'r} , 
'14 r • 'It 

r.ite mf - ll.8CC8 ll.llOH8 t m. - 148CC8 8ll8KTpOH8 t tf'" - p8,llH81.1HOH

B8H nonp8BK8, 1:,. ·- Bp811.H EH3HH .MIIOH8. Gyll(8CTB8HHO, qTo 'B H8CTO

llll(88 BP8ll.H OCHOBH8fl norpemHOCTL auaqeHHll KOHCTSHTll o6ycnoBR8H8 

· omH6Koa BenHqHHll BP8148HH EH3HH MDOH8. 

AH8RH3 ony6nHKOB8HHllX pa60T BllHBH11 H8KOTOplle cyll(eCTBeHHlle 

11.STO,llHqecKHe orpaaaqeHHH HB ,llOCTHEHMYll TQqHQCTL H3Kepeuaa Bp8ll.8HH 

U3HH ll.llOHa. TaK, B Tp8,llH1.1HOHHOH Il0CTBHOBK8 annapa:rypa, perHCTpH

PYD~aH Il03HTPOH OT pacna.1ta MllOHa, Hll.88T ll.81llla Tenecauil yron. STO 

CHHZ88T CKOpOCTL aa6opa CT8THCTHKH H 38TPYAHH8T OT60p noneauux 

C061lTHil npa conocTaBneaim 8KTOB perHCTP81.1HH Il03HTpOH8 C OCT8HOB-

22, 

,./_ 

0 

12 
C (mpumoHbt) 

,,,-------- t "t I r·1··--. 
," I~ I ............ 

20 40 

3HepwR (M36) 

,, 
', ', 

\ 

Pac. ·I2. SHepreTxqecKHil cneKTP TPHTOHOB npH 38XB8T8 IlHOHOB 

yrnepo.1tow. IlyHK:rHp - cneKTP B npH6nueuHH ~aaoBoro 06i.

e11.a, cnnomaaH nHHHH - pacqeT ua ocuoBe anL~a-qac:rHquoro 

.Jl8X8HH3ll.8 38D8T8/'63/. 
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KOli IIDOH8. 0CT86TCH MHOro B03MOXHOCTeli 'AlIB npoHRKHOB6HIDi ql()HOBHX 

C06HTHit. MaJIHli TeneCHHli yron C03'A86T ,li 'Apyroe cy~eCTBeHHOe 38TPY'A

H6HH6. IlpHXO'AHTCH CqHT8TLCH C B03MOEHHII BKH8'AOII 3WW6KT8 8CHW6T-

PHH BHneT8DIIU{X ll03HTpOHOB. Il03TOIIY OCT8TOqHoe uarHHTHOe none B 

M6CT6 OCT8HOBKH IIIDOH8 H606XO'AHMO 'AOBO'AHTL 'AO ypOBHH COTHX H 'A8E6 

THcffqHux 'AOneli apCT6'A8. Kpo11e Toro, 'AO CHX nop H6'AOCT8TOqHo.aw

W6KTHBHO HCllOHL30B8nCH TOT W8KT 1 qTO llOSHTPOHU p8Cll8'A8 BUCOK08H6p

reTHqHu. 

B OCHOBY 116TO'AHKH H3M6P6HHli H811H nonoxeaa H'A6H perHCTpaqHH 

.ll03HTPOHOB qepeHKOBCKHM 'A6T6KTOPOM ·» ycnoBHHX 4.1i-reoweTpHH120-

-221. 9TO ll03BOnHno peSKO llOBUCHTL CKOpOCTL H86opa CT8THCTHKH, 

yweHLWHTL ~OH H ll0'A8BHTL BKn8'A 8~6KT8 8CHWl6TpHH BUH6T8 ll03HTpo

HOB. 

Ha puc. 13 npe'ACTaBnena 6no1t-cxe11a ycTBHOBKH. Ona cocrour 

Bcero HS Tpex 'A6T6KTOpoB. CqHHTHmIHqHOHHUe cqeTIU!Kil l H 2 cnyxaT 

'AnH perHCTp8qHH Bn6T8DIIU{X IIDOHOB. BO'AHHOli noporOBUff qepeHKOBCKHJt 

cqerqHK (~SY 3, 4) perHCTpHpyeT TOHLKO ll03HTPOHH p8Cll8'A8• 9HeprHH 

IIDOkOB llO'A6Hpanaci T8Koli, qro6u OHH OCT8H8BnHB8JIHCL B ~eHTpe 06~

eua P8'Aff8TOpa qepeHKOBCKOro cqeTqHK8. B 8THX ycnoBHHX TeneCHHli 

yron perHCTpaqHH llOSHTpOHOB COCT8BnH6T 4!C. IlpH H8M6p6HIDiX OT6H

_panHCL nHmL Te co6UTHH, KOTOpue COOTB6TCTBYDT llOHBneHHD TOHLKO O'A

HOro WJOH8 (CT8PTOBoro) H O'AHOro ll03HTPOH8 B TeqeHHe iJIHTenLHOCTH 

HMnynica BOpOT. B 8TOM cnyqae nonyqeHH8H 

6TCH llpOCT6itmett wopwynoff : 

g>(t) = II e->-t + 8 , 

KpHB8H p8Cll8'A8 OllHCHB8-

r'Ae t - BP611H, A - CKopocn pacna'Aa MIDOHa, II u 8 - no-
CTOHHHHe. 

CyMM8pH8H CT8THCTHK8, Ha6p8HH8H H811H 38 100 qacon pa60TH· 

YCKOPHTena, COCTaBnHeT 109 noneanux C06UTHit (c11. PHC. 14). T~a-
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Puc. 13. BnoK-CX6M8 ycT8HOBKH (HawepeHH6 BP6M6HH ~H8HH MDOH8) 
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TenaHUA 8H8nHs B08MOlltHUX CHCT8K8THqecKHX omH60K llOK888n, qTo OHH 

H8KHOro HHZ8 AOCTHrHyToro HBKH YPOBHH CT8THCTHqeCKOA TO'!HOCTH. 

B KaqeCTB8 HTOra BCero 8KCU8pHK8HT8 (4 C88HC8 HS ycKOpHTene) 

KU nonyqHnH cneAYD~88 8H8q8HH8 BP8K8HH EHSHH nonouTenaHOro KDO-

HB: 

Tr= (2,1971:r±o,ooooa) MKceK. 

~nH cpaBH8HHH B T86nH~8 1 OHO npHBO~HTCH BM8CT8 C pesynaT8T8MH 

npe~mecTBYIO!llHX pe6oT. 

Te6nH~8 1 
-

Jla6op8TOPHH ·ro~ BpeMH U8HH MDOH8 {MKC8K) 

UEPH 1%2 2,198 ±0,001 

CHsTn I972 2,2026 ±o,0008 

CaKne I973 2,1973 ±o,0003 

~8HH8H pa60T8 1974 2,197Il±o,ooooa 

B HTOre npo~enaHHOA paoOTli y HBC HM88TCH B08KOEHOCTD cy~eCTB8HHO 

yToqHHTa 8HaqeHH8 B8nHqHHU KOHCT8HTU cne6oro B88HMOA8ACTBHH, KO

TOp8H Tenepa PBBHB: 

G = (1,43583±o,oooo3)•10-49 spr•c»3 • 

OCHOBHIIB PE3YJihTAT~ 

I. Paspa6oTaH mupoxutt xownneKc cHcTe»u sneKTPOHHUX noruqe

CKHX 6nOKOB H8HOC8KYH~Horo ~H8ll880H8. HOBH8H8 KOHCTPYKTHBHUX pe

m8HHA 88KpenneHa 8BTOPCKHMH CBHA8T8naCTB8KH.0pr8HH30BaJl M8!KOCepHH

H&A Bimycx 6noKOB B paWta:x: .IDilI ORHH,~TO Il03BO!H!O o6ecneqHTh CT8H

~8PTHUKH 6nOK8MH (2.500 WT) npaKTHqecKH BC8 SKCnepHK8HTU. 
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2. BnepBue npe'AJIOJKeHu H peaJIH30BBHU M8TO'All aHanoroBoro c~e-

1.1a HH,\lJOPMBl.lHH c nponop1.1H0Han1,Hux KBM~p, llTO no3BonaeT O'AHOBpeueH

HO H3ll8,PflTJ, HOHH381.lHOHH!l8 noTepH ll8CTHl.t H 'AB8 KOOP'AHHBT!l M8CTa HX 

nponeTa. IlOK838HO, llTO B ~Me CJIYll88B IlOT8HUHOM8TpHll8CKH.ll MeTO'A 

C~8M8 HH4JOPM81.lHH, B 0TlIHllH8 OT UH~pOBOro, ll03BOllll8T nonyllHTJ, npo

CTP8HCTB8HH08 paapeweHHe H8MHoro nyqwe, ll8M paCCTOllHHe Mellt,lly HH

THMH B KBuepe. 

,3. Bnep~ue H3118peHU BUCOK03HepreTHll8CKHe llBCTH cneKTPOB 

(E >15 IJaB) npoTOHOB H ;ite.llTpOHOB npH 38XB8T8 OTPHUBT8llbHUX MllOHOB 

ll'APBMH s l, s, Ca., Cq. IlOK838HO, llTO aaepreTHtJ8CKH8 cneKTPll 

3KCilOH8Hl.lH8lll,HO Cll8'A81lT 'AO 50-60 MaB. IlonylleHU a6COllllTHU8 BepOHT

HOCTH Bllll8TOB npOTOHOB H 'A8.llTpOHOB. C'A8H8Hll OU8HKH B8pOllTHOCTe.ll 

BUH8TOB TPHTOHOB. 

4. YCTBHOBneHo, IJTO BUXO;!t npOTOHOB B 38BHCHMOCTH OT aapH'AB 

ll'APB HM88T MBKCHMYII B pa.noae K8Hbl.lHll. BHXO'A 'A8.llTpOHOB C y1.1ea1,we

HH8M 38Pfi'A8 H'Apa YB8IDl'IHB88TCH H 'AOCTHraeT 30% OT o6~ero KOlIHll8CT

B8 38pHllt8HHUX_,,qacTHl.l 'AJIH xpeUHHll. Ha OCHOBB_HHH non:yll8HHUX peayn1,

T8TOB IIOEHO YTB8Pllt'A8TJ,, llTO npH 38XB8T8 MllOHOB fi'APBMH npo1.1ecc 

. H'A8_T H HS 6onee., CHOJtHUX KHBCTepax, ti:eu 'AByxHyKnOHHU8. 

5. HawepeHu 3HepreTHll8CKH8 cneKTpU npoTOHOB, 'A8.llTpOHOB H 

,,TP~TOHOB ~pH 38XB8T8 IlHOHOB fi'APBM~ 8~,c,·Ae,.s,ca.,Cu,Cd,P4 . 
Bee cneKTp!l npoCTHp81lTCfl 'AO IOO MaB. YCT8HOBJI8HO, llTO B8POHTHOCTJ, 

BUH8T8 npOTOHOB B 38BHCHMOCTH OT 38PH'A8 MPB TSK xe, KaK H npH Mll-

38XBBTe, Hll88T M8KCH11j'll B_pa.lloHe K8Hbl.lHH. 
: ·~ . , 

6. YCT8H0Bll8H0 1 llTO BUXO'All ;it8.llTpOHOB H TPHTOHOB C Yl48HbW8HH-

e1,1 aapHAB · fO!pa cy~eCTBeRHo .· yBenHllHBBDTCH H ;itOCTHraDT ,cooTBeTcT

BeiIHo ,40% H 20% OT 06~ero BUXO;!t8 38pllllt8HHIDC tJ8CTHll H8 6epHn:HHH. Ha 

OCHOBaHHH nonyqeHHWI: Hmm H HM81JD!HXCa 'AaHHHJC MOJtHO yrBep:1,1tar1,,qro 

npOl.l8CC 38XB8T8 OTPHll8T8n:bHIDC IlHOHOB'HeB03MOlltHO OilHCBTJ, K8KH.14~TO 
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O;!tHHM M8X8HH3MOM. CJI8'AY8T OTM8THTI, cy~eCTB8HHllil BKJIB'A norno~eHHH 

IlHOHOB Kll8CT8 paMH THna 3tte, 4He H BUlll8, oco6eHHO B O(iJIBCTH JierKHX 

fi'A8p. 

7. IlpOB8'A8HO H3MepeHH8 BpeMeHH JKH3HH IlOJ!OlKHT8JIJ,HOro MIOOHB. 

PerHCTPBllHll noaHTpOHOB qepeHKOBCKHM ;!t8TeKTOpOM B ycJIOBHHX 4 

reoueTpHH Il03BOJIHJia peaxo y:11enHllHTb citopocTb na6opa CTBTHCTHKH, 

YM8HJ,WHTJ, ~OH, llO;lt8BHTJ, pa;it J.18W81l~HX a:ppeKTOB. nocTHrHyTBll TOll

HOCTJ, B 4 paaa Jiyqwe cy~eCTBYIO~ero MHPOBOro ypoBHll. 

rf' = (2,I97II±o,00008) MKCeK. 

8. HauepeHHOe $H8ll8HHe BpeMeHH lffl3HH llOJIOlltHT8J!J,HOro UIOOHa 

Il03BOJ!HJ!O YTO'IHHTJ, BeJIHllHHY KOHCT8HT!l CJI86oro B38HMO'A8.llCTBHH: 

C = (I.43544±o,oooo3)•I0-49 apr•cu3• 

nocTHrHyTaH TOIJHOCTI, H8CTOHT8J!J,HO Tpe6yeT ;!t8JII,He.llwero yny11weHHll 

TOttHOCTH p8Cll8TOB pa;itH8l.lHOHHO.ll nonpaBKH. 
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