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06.AH XAPAKTEPMCTMKA PA60TY 

AKryonbHOCTb npo6neMw. A11WWY3HOe pocceHHI1e He~TpoHoB; peHTr~Hoe
CKI1X ny4e~ 11 CBBTO HBnHBTCH BOMHB~W\1M 11HCTPYMBHTOM AnH 11CCnBAOBOH\1R 
HOAOTOMHOM.CTPYKTYPU WI1POKOro Knocco Ol!bSKTOB, CPBA11 KOTOPWX noni1Mepw 
30HI1MO~T AOnBKO He nocne~Hee MBCTO. Oo'cpOBHeH\1~ C pocceHH\1eM CBe~O 11 
peHTreHOBCKI1X ny4e~ pocceHH11e He~TpOHOB ol!nciAOeT.PR~OM npei1My.eCT~. 
0CHOBHOR OTni1411TenbHOR 4epTo 3TOrO M~TOAO 30Kn~40BTCH B TOM, 4TO pocceR
H11e He~TPOHOB npOI1CXOA11T HO RAPOX 11CCneAyeMoro Be~eCTBO 11, cneAOBOTenb
HO, po3ni14HO AnH•P03HW~ 1130TOnOB. Honpi1Mep, OMnnMTYAU KorepeHTHOro poc
CeHHI1H AnH RABP BOAOPOAO (H) 11 Ae~TepMH (D), KOTopue, KOK npoe11no, exo
ART B COCTOB noni1MepHo~· ~oneKynu, OTni140~TdR He TOnbKO ~0 B~ni14\1He, HO 
11 no 3HOKy. TOK,.Ae~Tepl1pOBOHHOR (M84eHOH) MOKPOMoneKyno CTOHOBI1TCR 
BI1A11M~~ AnH He~TPOHOB B MOTPI1tte, COCTORI!le~ 113 npOTOHI1pOBOHH~X (HeMe4e-

. HbiX). MOn(JKY n TOKOrO Me 'coCTOBO, B TO epeMR KOK . H~ . AnH peHT~eHOBCK11X. 
ny4e~\ Hl1 AnR CBBTO 3JI1 ABO'COPTO uoneKyn HeOTni1411Mbl.· TOKI1M ol!p030M, 
ynpyroe KOrepeHT~Oe pocceHH11e TennoBbiX HeMTpOHO~ H~PHAY C MeTOAOM 1130-
TOnHoro 3~Mel!leHI1R, no CYI!l~CTBy, ~BnHeTCR eAI1HCTBeHHbiM npHMbiM CTPYKTyp
HbiM MeTOAOM, no3BOnH~1!111M onpeAeni1Tb KOHWOPMOltl1~ MOKPOMOn8Kynbl rionl1uep
Horo MOTep11ono e reepAo~ ID03e (. i.n. &~.t.fk . ) • 

Op11 11CCneA~BOHI1RX ~?ni1M8PHbiX pOCTBOpOB pOCCeHHI18 H8~TP~HOB TOKM8 
MOM8T B PHAe cnyyoee AOTb AOnonHI1TenbHY~ CTPYKTypHy~ 11HIDOPM0ltl1~ no 
CpOBH8HI1~ C POCC8RHI1eM peHTreHOBCKI1X ny4~~ 11 'ceeTO. 3TO CBR30HO'c npi1-
MeH8HI18M M8TOAO BUP110ltl1~ .KOHTPOCTO, KOrA~ nnOTHOCTb OMnni1TYAb1 KOr8p'H~
Horo pocceRHI1R POCTBOPI1TenH n8rKO 113M8HHeTCH CM8W11BOHI1BM KOMnOHeHTOB, 
coA8PM01!111X po3ni14Hble 11ioTonw (e npocTe~W8M cny4o8 113MeHH8TCH cocTci~ 
CM8CI1 THMeno~ 11 nerKo~ BOAbl). • ' . . 

Bce·aKcn8pi1MeHTOnbHb18 11ccneAoBOHI1R AO~Ho~ poi!OTbl BblnonH~Hbl c no
MOI!lb~ .Monoyrnoeoro po6c~HHI1R He~TptiHOB. 00A MonoyrnOBbiM POCCeRHI18M 
H8~TpOHOB (MYPH) nDAP03yMeBOeTCR ynpyroe K~r8P8»THOe ,POCCBRHI18 Tenno
BbiX H8~TPOHOB B ol!nOCT~ MOn~X 3H04eHI1~ MOAYnH·eonHOBOrO eeKTOPO poc
C8RHI1H :,.)e , T. 8~, deR<I, r A8. R -· xopoKTepHY~ P03Mep H80AHOPOAHOCTetl 
113Y40eMoro O!lbeKTO, 0 at. onp8AenReTCR BblpOI!IeHI1eM . aL = 1·17r /.J. s..in.%. , 
rAe .A - An11HO eonH~ 11cnonb3Y8Moro H3ny48HI1H 11 B - yron pocc8HHI1R. 

UenbB HOcTOR•eA po6orw HBnHeTcR 11ccneAOBOHI18 c noMOI!lb~ uonoyrno~ 

eoro POCC8RHI1R H8~TPOHOB CTPYK~YPbl YM8P8HHO KOHL\BHTPI1POBOHHbiX p.OCTBOPOB 
non11an~Krpon11n)e, ·a To~ me KOHWOPMOltl111. i.ioKp'ouoiieKymi rpeGHeo6poJHbiX 
·11111AKOK~I1riTonni14~CKI1X rioni1Mepo~.· . . .. . . ' . ' 
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Hoy4HQ~ HOBM3HO pofiOTY COCTO~T B cneAYID~eu. 

I. C03AOHO op~rMHOnbHOH YCTOHOBKO MOnoyrnosoro pocce~HMH He~TPOHOB 
no M8TOAY BP8MeHM npon8TO HO MMnynbCHOM peOKTOP8 ~6P-2. 

2. B POMKOX MOA8nM, Y~MT~BOID~e~.r~APOTOQMID MOKPOMOHO, Bn8pB~8 HO 
: .. 1'! .;~ ~ .· i-'~1:- "C"-.• ~. f_L': </.'' ~ .,:•)~ 

OCHOBe C04eTOHM~ AOHH~X uonoyrnosoro·pacc8~HM~ He~TPOHOB M P8HTreHOB-
CKMX ny4e~ OQeHeH~ 4MCnO ~3fi~T04H~X MOn8Kyn BOA~~ fMAPOTOQMO~OM_cnoe, 
CTB~~Hb. 1KO~A8H~aa~~ .. ripoTMe'6~0'it'o~' k,/'M 'Ai, npeA~6~elio "~J2ueAypci '..\n~ 
onpe~~j~~~H-pa~~TO~~Mi·u~~jy~rio~~MOH~~~~ dfiHOpy~eHd·36~~~~M~tib io4K~-

. '. . . . ; ',J . - ·. ; . -
KOMneHCOQMM nonMMOHO OT CTeneHM He~TpOnM30QMM, KOTOPO~ TOKffie HBn~eTC~ 

cneACTBMeM fMAPOTOQMM nonM~OHO. nony48H~ CPBAHM8 ~H04eHM~ ~OCCTOiH~~ 
M8mAY. MOKPOMOHOMM nOnMMeTOKpMnOBO~ KMCnOT~ An~ P03HYX CTeneHe~ ee He~

TPOnM30QMM. 
3. C OOMO~biD MOnoyrnOBOfO POCC8RHM~ H8~TpOHOB B08PB~8 npoBeABHO 

MC'CneAOBOHMe KOHif!opuoqMM ~CHOBHO~ qenM rp86HeofiP03Horo liiMAKDKPMCTonnM-. 
48CKOfO nonMCMnOKCOHO B CMeKTM4eCKO~ W038. YCTOHOBn8HO, 4TO MOKPOMOne
Kyn~pHY~ KnyfioK STOfO nonMMepci OHM30TpOn8H. 0np8A~n8H: npo8KQ~M POAMYCO 

.MHepQMM f?q ~ ~ OHM30TpOnHOfO KnyfiKO B HOnposneHMM, noponn8nbHOM M nep

neHAMKyn~pHOM OCM liiMAKOKPMCTOnnM48CKOfO ynOPHA048HM~. 
4. Po3pOfiOTOH M8TOA onp8Ae~eH~~ np08KQM~ POAMYCO MHepQMM OHM30Tpon

HYX MOKPOMOn8KJnHpHYX Kny6KOB C nOMO~biD·KOnbQ8BOro MHOfOHMTeBOfO AeT8K~ 
TOPO YCTOHOBKM MOnoyrnosoro pocce~HMH H8~TPOHOB, JOKniD40ID~M~CR B HOno
ffi8HMM HO A8TeKTOp HenpoHMQOeMOfO CeKTOPMOnbHOfO SKPOHO. 0npeA8neHM on
TMMOnbHY8'YCnOBM~ npOB8AeHMR SKCn8pMM8HTO AnR Tpex TMnOB C8KTOPMOnbHbro 
.SKPOHO. 

. 5. npeAnOlii8HO HOBOH MOAenb OHM30TPO~HO~ CBOfiOAHO-C04neHeHHO~ qenM 
liiMAKOKPMCTonnM4ecKoro nonMMepo a CM8KTM4ecKo~ if!038. 

6. npeAnOllleHO HOBOR MOA8nb rpefiHeofip03HO~ CBOfiOAHO-C04neHeHHO~

qenM lii~AKOKPMCTOnnM4eCKOfO nonMMBPO B HeMOTM48CKO~ ~038. 
7. npoBeA8HO MHTepnp8TOQMH SKCnepMM8HTOnbH~X AOHH~X uonoyrnOBOfO 

POCC8RHMH H8~TPOHOB HO OCHOB8 npMHRTYX_MOA8ne~. BnepBY8 YCTOHOBn8HO, 
4TO OCHOBHOR Q8nb MOKpouoneKynY rpefiHeofip03HOfO liiMAKOKpMCTOnnM4eCKOfO 
nonM~8pO.B CMBKTM4eCKO~ ~038 pocnOA08TCR HO KB03MABYMepHYe cyfiKny6KM, 
_COBAMHeHH~8 npoXOAHbiMM cerueHTOMM, ofipa3yiD~~M~ Aeif!8KTbl e. cnoe Ue30f8'
HOB. 40HO OQBHKO KOriM48CTBO AB~BKTOB, npMXOA~~MXCR HO OAHY MOKPOMOn8-
KynRpHyiD qenb. noK030HO, 4TO OHM30TpOnMR MOKPOMOn8KYn~ptioro KnyfiKO lii~A

KOKPMCTOnnM4eCKOfO nonMM8PO_B H8MOT~48CKO~ ~038 RBnReTci cneACTBM8M 
KOppenHQMM MBIIIAY Me30feHOMM ~ CBfMBHTOMM QBHTpOnbHOfO Xp86TO. 40HY KO-' 

nM4eCTBeHHb18 OQ8HKM .STO~ KOpp8nRQMM. 

npOKTM4eCKOe 3H046HMe pa60TY. Pa3p060TKO M C03AOHMB Bb1COKOS~if!8K

T~BHO~ YCTOHOBKM uanoyrnoeoro'pocceRHMR He~ipoHoe no BP8MBHM nponera 
HO MMnynbCHOM peOKTOpe ~6P~2 n03BOnMnM ,npoBOAMTb HQ He~ C~CTeMOT~4eCKMe 
MCCn~AOBOHMR WMpOKOfO KnOCC~ ofibeKTOB C p03M8POMM H80AHOPOAHOCTe~·or 
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eAMHMQ AD COT8H OHfCTpeM~ ~ccneAOBOHMR HO STO~ YCTOHOS.KB.CTPYKTypy 
pOCTBOPOB-nOnMuepoB, non~M8POB B TB8PAOM COCTORHM~, fi~O~OfM4eCKMX M 
APYfMX 06beKTOB npM3BOHY CAenOTb cy~eCTBBHHbl~ BKnOA B peweHMe ~YHAOMeH
TOnbHYX npo~nBM-~M3MKM nonMuepoB, ~M3MK~ TBepAOfO reno M fiMO~M3MKM. 
nony4eHH~e pe3ynbTOTY MYPH MccneAaBOHM~ rMAPOTOQMM cpaBHMTenbHO npocT~x 
06beKTOB- POCTBOPOB non~MeTOKpMnOBQ~ KMCnOTY MMeiDT BOffiHOe 3H04eHMe,B 
nOHMMOHMM OCHOB oprOHM30QMM 6onee cnOffiHbiX CTpyKTyp, .TOKMX, .HanpMM8p, _ 
KOK 6MOnOfM4eCKMB_MOKPOMOn8Kynbl (4HK, PHK, 6enKM) B HOTMBHOM COCTORHMM • 
Po3p060TKO M8TOAO MCCn8AOBOHMR OHM30TpOnHMX 06beKTOB, ·npMfOAHOfO An~ 

M3MBP8HMR_60nbWO~ OHM30TPOnMM, 0 TOKIIIB'AOCTMfHYTOe B podoTe ~OHMMOHMe 
CTPYKTYPbl rpe6Heo6p03HbiX mK nonM~epoB, 6e3yCnOBHO, OKOIIIYTCR none3Hb1MM 
npM M3Y4BHMM APYfMX KnOC~OB 4~CTM4HO•ynopRA04BHHbiX ·o6beKTOB, TOKMX,-HO-

. ._, .. '. 

npMMep, KOK BbiCOKOMOAYnbHYe nonMuepbl npM npOM3BOACTBB M3 HMX nneHOK M 
BOnOKOH, np04HOCTb KOTOpYX B.3H04MTenbHO~ Mepe onpeAenReTCR OHM30TPO
nMe~ MOKpouoneKynRpHo~ qenM 

Ha 3a•MTY .BYHOCATCA: 
- npHMOe SKCnepMMeHTOnbHOe AOK030TenbbTBO cy~eCTBOBOHM~ ·fMAPOTO

QMOHH0~·060n04KM 40CTM4HO M-M nonHOCTbiD He~rponM~OBOHHO~ nonMKMCnOTY. 
OqeHKM, CAenOHHble HO OCHOBe ~KcnepMMeHTOnbHbiX AOHHbiX, 4Mcna M36biT04HYX 
uoneKyn BOAbl B fMAPOTOQMOHHOM cnoe M CTeneHM KOHAeHCOQMM npOTMBOMOHOB. 
06HOpyllleHMe 30BMCMMOCTM T04KM Kb~neHC~QMM nonMMOHO OT CTen~H~ He~TponM-
30QMM. ·a~peAeneHMe poccroH~MH.MeliiAY MOKPOMOHOMM nonMM8iaKpMn~8o~ KMc-
noTbl AnR po3HYX ~reneHe~ ee He~rponM30QMM. . - · 

- HoBOR .MOAenb OHM30TpOnHO~ CB060AHO-C04neHeHHO~ qenM m~AKOKp~c-
Tann~4eCKOfO non~uepo B cueK~~4eCKO~ lj)a3e·. · ·. - . · ' · · · 

- HOBOR MOAenb rpefiHeo6p03HO~ CB060AHO-C04neHeHHO~ qen~ liiMAKOKp~c

TOnn~4eCKOfO non~Mepo B H~M0~~4eCKO~·~a3e. 

- MeTOA onpeAene~~~ npo~KU~~ PDAMYCO MHepq~~ oH~3orponHYX uaKpo
uone~yhRPHbiX Kny6KOB c·noMO~biD"KOnbqeo6ro·MHOfOHMTeBOfO AeTBKTOp6 jc~ . . . . - ~- ... - , 

-TOHOBK~_ ManoyrnOBOfO pocceRH~R ue~TpOHOB.· 

· - ·od~apymeH~e aH~3orpon~~ uaKpouoneKynHpHoro Kn~6Ka ocHooHo~ qen~ 
rpefiH~b6pa3HOf0 liiMAKO~P~CTOnn~qe~KOfO no~~~~no~co~a·a CMekT~4eCKO( if!h-

3e;-Ko~~OPMOQ~H OC~OBHO~·qen~, cofnac~O ~OTOPO~ OCHOBHOj ~p~~eT MOKpO

uoneKynbl p03ABn~eTCH HO KB03MABYMepHble cy6Kny6K~, pacnonolii~~Hbl~ B CO~ 
CeAHMX npouelllyT04HbiX cnORX M P03AeneHHble Me3oreHHbiM~ cnOAMM~IQnpeAene

H~e P03Mepa cy6Kny6ROB'~ ~X-IIIBCTKOCT~~ OqeHKO KOn~qecTBO Ae~eKTOB ~ 

SHepr~~ ~X'06P030BOH~R. 

Anpo6aqMA prifiaTY-H ny6nMKOUMM. bcHooH~e pe3ynbTOT~;~~nomeH~u~·o 
A~CcepTOQ~~.~A~K~O~biBOn~Cb HO cneAYID~~X KO~~ep~Hij~H~: MeliiAYHOP~AHO~ 
KOH~epeHQMM ~.,3~~~CKOA OnTMK~ A~Hri~~~~CK~X-~Bn~~~~ ~ n~oqei6~B B MOK
pouoneKy nHpHY~ C~CT~MOX" ( nparo ,' 4CCP. 1984); Bcecoio3HO~ WKOne '·,;M-ono-

'3 



yrnosoe pacceHH~e peHrreHOBCK~x ny4e~ ~ He~rpoHos" (3seH~ropoA, I986); 
2-0M BCeCOID3HOM C~Mn03~yMe "M~AKOKp~CTOnn~4BCK~e non~Mep~~ (CY3AOnb; 

_I987); IX cosemaH~~ no ~cnonb30BOH~ID pacceHH~H He~rpoHoB s ¢~3~Ke KOH
ABHC~POBOHHoro COCTOHH~H (CsepAnOBCK, I987); I0-0~ uemAYHOPOAHO~ A~C

. KYCC~OHHO~ KOH~epeHQ~~ "Manoyrnosoe pacceHH~e ~ conyTCTBYIDm~e MBTOA~" 

(nparo, 4CCP, I987); MemAYHOPOAHO~ KOH~epeHq~~ "m~AKOKp~crann~4BCK~e 
non~Mep~" (60PAO, ~POHQ~H, 1987). 

no TeMe A~cceprauH~ ony6n~KOBOHo~O ne40TH~x pa6or. 

06beM pa60TY. ~~CCBPTOQ~H COCTO~T ~3 BBBABH~H, 4BT~peX rnos, 30-
KniD4BHHH ~ cn~cKa nHreparyp~. Pa6ora ~3nomeHo Ha I32 crpoHHUOX uaw~Ho
n~cHoro TBKCTO, COABPm~T II T06n~q, 3I p~cyHOK ~ cn~COK n~Teparyp~ ~3 

I47 HO~MBHOBOH~~. 

CO~EPIAHME PA60T~ .. 
Bo BBBABHMM AOHO 060CHOBOH~B OKTyOnbHOCT~ npo6neM~, C~OpMynHpOBQ

HO qenb pa60T~, AOHO OHHOTOQ~H OCHOBH~X pe3ynbTOTOB ~ccnBAOBOH~H ~ ~X 

npOKT~4BCKOR QBHHOCTb, AOH~ B~HOC~M~e HO 30m~TY nonomeH~H H o6moR CTpyK
TYPO pa6or~. 

B ~ep~oR rnase nPBACTasneH n~reparypH~~ o63op aKcnep~MeHTOnbH~x 
~ccneAOBOH~~. npoBeAeHH~x c nouombro uanoyrnosoro pacceHH~H He~rpoHoB c 
H040na CBM~ABCHT~X roAOB no HOCTOHmee BPBMH, CTPYKTyp~ non~MepoB B P03-
n~4H~X orperOTH~X COCTOHH~RX. np~BBABHO CBOAHOR T06n~QO CpOBH~TenbH~X 

XOPOKTep~CT~K HBKOTOp~X non~MepOB, ~3MBPBHH~X C nouombiD MYPH P03H~M~ 
OBTOPOM~. 

~0 BTOPO~ rnaoe AOHO on~COH~e YCTOHOBK~ MOnoyrnOBOrO POCCBRH~R 
HB~TPOHOB no MBTOAY BpeMeH~ nponeTO HO ~MnynbCHOM peOKTOpe_ ~6P-2. On~
CQH~ KOHCTPYKU~H YCTOHOBK~, ee anBKTPOHHOH annaparypa, nporpOMMHOB 
o6ecne4eH~e ~ npOQBAYPO npeABOP~TenbHO~ o6pa60TKH 3Kcnep~MBHTOnbH~X pe-
3ynbTOTOB. npeACTOBneH B~A POCC4~TOHHO~ ~YHKU~~ pa3peweH~R np~6opa, 

AOH~ OQBHK~ ~CKOmeH~~. BHOC~M~X BID B 3KCnep~MBHTOnbH~e pe3ynbTOT~. 
0CHOBH~e Y3n~ YCTOHOBK~ ~306pameH~ HO p~c.I. napaMeTp~ YCTOHOBK~ np~se
ABH~ B T06n~qe I. 

TpeTbll r naoa nocsHmeHa ~ccneAOBOH~HM c nouombro uanoyr nosoro pac·
ceHH~II CTPYKTyp~ POCTBOPOB non~aneKTpon~TOB. HOM~ 6~n~ ~ccneAOBOH~ 
YMBPBHHO KOHQBHTP~POBOHH~e paCTBOp~ POA~KOnbHO non~Mep~30BOHHO~ MBTO
Kp~nOBO~ K~CnOT~ ( nMK) C MOnBKY nllpH~M BBCOM I5000 B '])!/.. 0 • 

np~ Hehpan~30U~~ pOCTBOPO nMK pacrsopaM~ .N4tJJ) ~n~ J..i O.Jj HO 
KOPT~~e MOnoyrnosoro pOCCBRH~R nOIIBnReTCII AOBOnbHO W~POK~" MOKC~MYM 

- . cO 5 
POCCBIIHHO~ ~HTBHC~BHOCT~. Ero nonomeH~e nponopq~OHOnbHO ' , rAe C -. 
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Ta6n~qa I. napaMeTp~ YCTOHOBK~ MYPH HO ~6P-2. 

I. noroK rennos~x HB~TPOHOB HO o6pa3qe np~ W = 2 MBr, ~ = 3, 3xiO 7 

H. CM-ZC-I. . 
2. 40CTOTO nOBTOPBH~II ~MnynbCOB MOmHOCT~ j = 5 fq. 
3. ~n~Ha nepso~ Konn~M~pyrome~ 6a3~ )_1 = 13,5 M • 
4. PacCTOHH~e ABTBKTOp-o6pa3eQ /.,2 _. 

~~ no3~UI1~ I 2 3 4 5 6 7 8 
--

ABTBKTOP I 
L2, M I,417 2,930 4,475 6,0I5 7,565 9,I05 I0,630 II,725 

ABTBKTOP 2 
' 

L2' M I,917 3,430 4,975 6,5I5 8,065 9,605 II,I30 I2,225 

POA~YC QBHTpOnbHOrO OTBepcT~R ABTBKTopa I-IOO MM; ABTB~TOPO 2-40 MM • 
5. PaA~YC Konn~Maropa KI - R1 = 20; 30; 40; 50 MM. 
6. POA~YC KOnn~MOTOPO K2 -R2 = 3,5; 7; I4 MM. 
7. BHyrpeHH~~ /(3 ~ BHBWH~~ /('-/ POA~YC~ ABTBKT~PYIDm~x Koneq. 

f ABTBKT~pyrom. I 
KOnbQO 

ABTBKTOP I 
RJ I R.lf' MM I23 

I 53 

ABTBKTOP 2 
R'!:.IR'I' MM 65 

85 

2 

I 53 
I83 

85 
I06 

3 

I83 
213 

I06 
I27 

4 

213 
243 

I27 
I48 

5 

243 
274 

I48 
I68 

,. ' 0 

6 

274 
304 

I68 
I90 

8. ~Hana3oH ~cnonb3yeu~x !n~H.sonH ~- 0~7ti2 A 6 
9. ~Hana3oH nepeAOHH~x HMny nbcos dt- 8xio-3 tO, 7 A- I. 

IO. 0THOCHTBnb HOII AHCnepCHH ~YHKUH'I P03pe~eHHH .A 'ae/de. 

tr- ABTBKTHp. 
KOnbQO I 2 3 4 5 6 

7 

304 
334 

I90 
2II 

7 

8 

334 
364 

2II 
232 

8 

ABTBKTOP I 
ABTBKTOP 2 

O,I237 O,I023 0,087I 0,0759 0,0676 0,0600 0,0544 0,0508 
O,I623 O,I305 O,I077 0,09I7 0,0792 0,07I5 0,0632 0,0557 

BY4HcneHHH npoH3BBABH~ AnH cneAYIDmHx ycnos11~:· 

AeTeKrop I - no3HUHII tr- 6,R, = 30 MM, R2 = I4 uu; 
AeTeKrop 2 - no3~U~II tr- 8, R,= 20 uu, R2.= 7 MM.· 
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l ,I /L,/J 
L, 

KOHQBHTPOQ~R non~Me

po B POCTBope. 3TOT 
UOKC~MYM MOmHO ~H

TepnpeT~POBOTb C no
MO.biD peweT04HOM MO
ABn~ n~~COHO ~ Ko-
40nbCK~. cornocHo 
KOTopon B POCTBope 
B03H~KOIDT ynOPRA0-
49HH~e o6nocT~, co
Aepmom~e noponnenb
H~~ cTepmHeo6po3H~e 

uoKpoMone KY n~. Cyme
eTa yeT TOKme onbTep-

P~c.I. 0CHOBH~e y3n~ YCTOHOBK~ MOnoyrnoeoro poe- . HUT~BHOR MOABnb 
. AB meHO, KOTOPOf CBRH~R HB~TPOHOB no MBTOAY BPBMBH~ nponeTO. 

I - OKT~BHOR 30HO ~6P-~ C rnOBH~M ~ AOnOn- POCCMOTP~BOBT Hepe
H~TenbHMM nOAB~mH~U~ OTpomOTenHM~; 2 - rpe- ~ynHPHYID CTPYKTYPY 
6eH40T~n 30MeAn~Tenb; 3 - uexoH~ 4 ecK~~ npe- ~3 qenen c orpoH~-
p~eoTenb; 4 - cMeHH~n Konn~MoTop KI; 5 -
MOH~TOPH~n ABTBKTOp; 6 - IDCT~pyeM~" Konn~

MOTOP K2; 7 - o6po3eq; 8 - BOHOA~ee~n poc
ce~BOTenb; 9 - KOnbqeeo~ MHoroH~Teaon Ae
TeKTOP pocceHHHMX HenTpoHoa; IO - AeTeKTop 
npHMOrO ny4KO. 

4BHHO~ r~6KOCTbiD. 

Ho~6onee nopo3~Tenb

HMM ~ ~HTepeCHMM 

OK03~BOBTCH npOT~BO

nonomHM" XOPOKTep 
30B~C~MOCT~ ~HTBH

C~BHOCT~ A~~POKQ~OH-

HOfO MOKC~MyMri OT 
CTeneH~ HenTpon~3oq~~ o( B KOPT~He uonoyrnoaoro pocceHH~H AnR ABYX 
T~nOB ~3ny4BH~H. B HenTpOHHMX ~ccneAOBOH~HX ~HTeHC~BHOCTb MOHOTOHHO 

. YMBHbWOnOCb C 0(_ 1 B peHTrBHOBCH~X B03pOCTOno. 
3Hcnep~MeHTOnbH~e KP~Bwe pocceRH~H (3oB~C~MOCTb pocceHHHon ~HTeH-

c~BHOCT~ oT h = tf:rj .>.. S4"~ B/.2 , rAe ~- .iln~Ho aonHw ~3ny4eH~H; () 
- yron POCCBHH~H) AnR ABYX B~AOB ~3ny4eH~H npeACTOBneHO HO p~c.2, 3. 

00 nonomeH~ID MOKC~MYMO Jt~ MOmHO HOnT~ COOTBBTCTBYIDmee euy 6par~ 
fOBCKOe POCCTOHH~e c(8 = 27!r;f)lm. 0ony4eHHMB TOK~M o6p030M ~3 ~Merom~x
CH AOHH~X 3H04eH~H d8 AnR .HenTpOHHMX 3KCnep~MeHTOB HBCHOnbKO' MSHbWe, 
4eM AnH peHTreHOBCH~x. 

3T~ po3n~4~H, CBH30HHMe C nepeXOAOM OT OAHOfO T~no ~3ny4eH~H K 
APYrouy, ~HTepnpeT~POBOH~ a po3Aene 3.1 c nouombm npeACToane~~n o6 o6-
P030BOH~~ f~APOTOQ~OHHOrO cnOH BOAW BOKpyr 30PRmeHHMX ~OHOB, KOTOp~" 

. ~MeeT 6onbwyro no CPOBHBH~ID C o6~4HO~ BO.AOM nnoTHOCTb • 

6 

·, 

i 

I 
:I 

II . 

I 

100 

50 

.,;- ...... --- ...... 

.., ..... <--.0.6 '-...~ 
//' 

/ 

..,"' 

P~c.2. ~HTeHc~BHOCTb uonoyrnoeoro 
POCCBHH~H peHTfBHOBCK~X-~Y~ 

49~ OT pOCTBOPO OMK B J)2_o: 
----- - npoT~BO~OH~ JVQf; 

' loT --- - npoy~BO~OHbl N ; 
4~CnO HO _Kp~B~X ·o603H040IDT 
cTene~b HenTpon~3oq~~.· 

30HOH pocce~H~R.AnR c~cTeu~, 
cocToHmen ~3 AOMeHoB, BHYTP~ KomAo
ro ~3 HOTop~x non~uepH~e qen~ An~-

0 1 _
1 2 Han L pocnonomeH~ ·noponnenbHo, a 

~HM coM~ AOMeH~ pocnonomeH~ cny4onHo, 
TOK 4TO B qenoM POCTBOP ~30TponeH, 

np~ h.. L. .:>.:> f ~MeeT B~A ( Bo~H
wTe~H 6.~., 1963) 

]{h)=- \ F{lLJ\
2

. l13{h..)\2j;rh,~ (I) 

rAe F(h)- ounn~TYAO pocceRH~H dAHO~ qenbro, o I e:.(h)\
2

- ~HTep~epeH
q~oHHOH ~yHKQ~H, XOA KOTOPO~ onpeAenHeTCH B30~MH~M pocnonomeH~eM_qene~. 

Oon~uepHyro qenb ~ r~APOTOQ~OHH~~ cno~ MOmHO npeACTOB~Tb B B~Ae_OA
HOPOAHOfO q~n~HAPO ~ h~n~HAP~49CKOfO cnoH, XOPOKTep~3yeM~X_P03MS~OM~ 

'[1 ~ '!2 1 ~ ~36~T04fi~Ml-1 no CpOBHBHt.IID C pOCTBOP~Teneu nnoTHOCTHMl-1_ OM
nn~TYAM. pocceHHt.IH J't t.1 -.fi. Ce4eHt.~e TOKO~ MOAent.~ ~ POA~onbH~~ pocnpe
AeneH~H .fJ. ~ .f.2. noH030H~ HO p~c.4. 

B aTOM cny4oe ounn~TYAo'pocceRH~H J=(ltJ~ueeT B~A 

F{h} = .z LC1l1-+ 'lrz.) .P1.. ':11 (h.z.zJ/tz, ~.z. .,. '1f1 C.p1-.P2) :J1 Ch ~)jh-z.J '2 
> 

rAe ~ ~ ~ - 06bBM~.q~n~HAPO ~ q~n~HAPl-148CKOfO cnoH, COOTBBTCTBBHHO; 
~1 (x) - ~YHHQ~H 6eccenH nepaoro nopHAKO. . 

B poccuoTp~aoeMon o6nocT~ h np~ oqeH04HbiX po3Mepox MOAen~ '11= 0,4 
.. M, 'l.<.= 0,7 HM h.t.., <. h.:z.z:<.1 ~ 060 3H04.8H~H ~YHKll~~ Cj'{U}=2:ft(Ll)jU 
6n~3K~ H I. Bn~HH~e Hethpon~3oq~~ pocTaopo Ho F[h) onpeAenHeTCH cneAym
•~u~ np~4~HOM~. He~Tpon~30ll~H K~cnoT~ conpoaomAOeTcH ee ~oH~3ou~e~. 
X~M~48CKOH ~OpMyno MOHOMepHoro 3BBHO np~ 3TOM MBHHBTCH C C4H502D 
AO C 4-H 5 0~, 0 nnOTHOCTb pocceRH~H .fi CT~HOB~TCH n~He~HO~ ~YHKlll-18~ ~ 

,!1 ·= at +-. f.1 o<.. (3) 
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nJ~---.~---,--~r----~----~-- Bropo~ ¢aKrop, ue
HHID~M~CH npM Her,TpOnM-
3QUMM pacrsopa, - Ha
pacraHMe fMAPOTOUMOHHO~ 
o6on04KM HQ MOHM3MPOBQH
H~~ OCTOB nonMMepa. 
04eBMAHO, 4TO cdorBeT
CTBYID~QH A060BKQ K QM
nnMTYAe pacceHHMH TOKme 
nMHe~HO CBH3QHQ C C>L . 

No li 

.. ~ .. ~ 
g:~~ q~~ 

1 

0,2 

0,1 

0~------L-------~--~~------~------~~--J 
0 2 0 2 

h (HM-1) .f:t. 1("~ = 

PMC.3. To me, 4TO HO PMC.2 np" He~TPOHOrpaiDM-

4eCKO~ CbeMKe. neBOH 40CTb PMCYHKQ -
npOTMBOMOH~ ~\f4~ npOBOH - npOTMBO"OH~ 

I .+ 

= o<.. &.21/i (4) 

fAe BenM4"HQ gt. 'IIi He
M3BeC~HQ. Kou6MHMPYH 
BblpameH"H (I), (2), (3) 
M (4), nerKo nocrpoMTb 
nMHe~Hym or o( IDYHKUMID, 

....... , . 

onMC~BQID~YID 30BMC~MOCTb ~(o() 

F( ~) = 111 Y'(u.,) { a.1 +" o( l &1 + Jo X. V' ( U1, li.eJ]} (5) 

• -4 ~Fjlv 10 HM<f 1 'P, . 

4 
2 
0 1 F-:-'. · 

-2 r 

·~ ~ . -- .. 

0 Q.2 0.4 0,60,8 .1 HM r 

PMC.4. nonepe4HOe C646HM6 MOAenM fMAPOTMPO
BQHHO~ MOKPOMOneKynbl M pacnpeAeneHMH 
M36b1T04HO~ nno~HOCTM aunnMTYAbl poe- _ 
CBHHMH (BepXHHH KPMBQH - He~TPOHbl, 

HMmHHR KPMBOR - peHrreH): ---- -
CX..= I; .r...-- - o(.= 0, 6. 

f,;i_ '112 
f AB 'l:. == ~- 6e3p03MBPHOH KOM6MHOUMH, 

0 "1 
nponOpUMOH nbHQH prHOCMTBnbHOMY BKnOAY fMAPO-
TOUMOHHO~ 06ono4KM B riunnMTYAY pacceRHMH; 

lf{u,, Uz.} = !:f'[u2.) 
+ ~Cu1) 

!!(it~)- Y'(«.,) 
2. 

+ 
u., 

Y(ut) U/-ul (6) 

8 

? 
!.I 
;i 
il 
i: ·;. 

- ID/HKUMH, Y4MTbiBaro~aH napauerpbl MOAenM; u1 = h"lt; ·lf2.=hz2 • AnH yKa-. 
30HHbiX B~We napaMeTpOB h , "!.1 " 'tz Cf/= 0,89 M cna6o MeHHeTCH npM MX 
M3MeHeHM"· 3H04BHMH KOHCTQHT, COAepma~MXCH B (5), npMBeAeHbl B T06nMU~ 2. 

Ta6nMua 2. 3Ha4eHMH nnorHocre~ aunn"TYAbl pacceHHMH (s I0-4 Hu-2). 

Be~ecrso 1)2.0 nMK/ .2)2. 0 
H3ny4eHMe 

..Po gi Qi 

He~TPOHbl 6,40I -4,02I -0,607 
peHTreH 9,427 2,368 0,0 

..Po= ~ :::Z 8i cf.}/A , rAe ,4 Ct. •- CYMMQ KorepeHTHbiX aunnMTYA no 
uoneKyne;' d- nnorHocTb; M - rioneKynHPHbl~ sec; .JIA- 4"cno AsoraApo. 
AnH nM~ npMBeAeHLI 3HQ4eH"H "36b1T04HO~ nnoTHOCTM B IDopMe ./1 = ..fo -_f:D,~p= 

= a1 +o<..g1• nnorHocn nMK d = I, 30 r /cu 3• 

np" nOACTQHOBKe MX B (5) " (I) CTQHOBMTCH 04eB"AHbiM, 4TO npM 
O,I <X < 0,8 MHTeHCMBHOCTb pacceHH"il He~TpOHOB yueHbWOeTCH C POCTOM 
<X.' a peHTreHOBCK"X ny4e~ - B03POCTOeT. npM· X = 0 (6e3 y4eTQ fMAPOTQ
U"") AnH He~rpoHoB AOnmHa Ha6niDAOTbCH npor"sononomHOH 30BMc"uoctb, a 
AnH peHTreHOBCKMX ny4e~ MHTeHC"BHOCTb nepeCTQeT 30B"CeTb OT a(. • TOKMM 
o6p030M, Kamy~eecH npoT"Bope4"e•3Kcnep"MeHTOnbHbiX AOHHbiX pa3peweHO. 
Pa3n"4HOH 3QB"CMMOCTb MHTeHCMBHOCTM AMIDPOKUMOHHOfO'n"KQ OT CTeneH" He~

TponM30UM" o( npM peHTfeHOBCKO~ M He~TPOHorpaiD"4eCKO~ CbeMKOX CBMAe
renbCTByeT o cy~ecrseHHO~ ponM rMAPOTOU"" MOKPOMOHO B IDoPMMPOBOH"" aro~ 

"HTeHCMBHOCTM. 
Huero~MeCH aKcnepMMeHranbHble AOHHble.no3sonHroT onpeAenMTb senM4MHY 

X B (5). KoM6MHOUMH BblpameHM~ (l) M (5) MOmeT 6b1Tb npeACTOBneHO B BMAe 

n"He~Ho~ IDYHKU"" o<:. 

J_Ico(yj{I(o{=.Jf= 1-.c.c1-o{.J <7> 

Ecn" M3 3KcnepMMeHTOnbHbiX AOHHbiX onpeAeneHO BenM4MHQ C, TO X MOmHO Bbl
pa3"Tb CnBAYID~MM o6p030M 

x. = ~ (-c- - _1_). _j_ 
.P 1-C. £t 'f' 

(8) 

3Kcnep"MBHTOnbHble AOHHble B npeACTOBneHMM (7) np"BBABHbl HQ PMC.5. 
• Anil 46Tblpex MccneAOBOHHbiX cny4aes senM4MHa x nemMT B MHTepsane 

0,2-0,4. BenM4MHO 

'lr/'1 L\ ..Jio = ~ 1\10 

9 

· .. " ~ (9) 
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oC. 

PMC.5. nMHBOPM30BOHHOe npeACTOBneHMB 30BHCH
MOCTM OMnnHTYA~ pocceRHMR OT CTeneHH 
He~TpOnH30LJMH (sepXHRR 40CTb:pHCYHKO 
- He~TpOH~, HHmHRR - peHTreH). 

MMeeT CMLICn YCPBAHeHHoro M3ClLIT04HOrO 4MCRO 
uoneKyn BOALI B TMAPOTOLJMOHHOM cnoe, npMX~AR

~MXCR HO OAHO"J MOHOMepHoe 3BeHO ( 1fM H 1fO -
MOnRpHLIB OelbeMLI MOHOMBPHOro 3BeHO H pOCTBO
PMT6M1). 4HcneHHLie 3H04BHHR ,6.Afonpi1BBABHLI B 
roeinMLJe 3. 

EcnH j> - AOnfl KOHABHCHPOBOiiH~X. npOTMB0-
110HOB a· rHAPOTOLJHOHHOM cnoe, MX BKnOA.nerKO 
y4eCTb 

e..N.t_ - 1). .J{o - . .PJL 
f.o 

(IO) 

rAe CI" ~0 - OMnn~TYA~ pocceflHMfl npor~so
MOHO M MOneKyn~ BOA~. 

B roeinMLJe 3 AOHLI senM4MH~ tl'.fJ1 " j3 Anfl poJm14H~x npoTMBO~oHos, 
·BLI4~CneHHLie B npeAnOnomeHMM, 4TO AnR peHTreHOBCKMX M He~TPOHH~X 3KCne

PMMeHTOB 3TM sen~4MHLI AOnmH~ COBnOAOTb. 
ToKMM oeipoJou, npocre~wM~ -y4eT rMAPOTOLJMOHH~X a~~eKTOB noJsonMn 

Oel~RCHMTb 30B~CMMOCTb MHTeHCMBHOCTM A~~POKLJ~OHHOrO MOKCMMYMO OT CTene
H~ He~TpOnM30lJMM, 0 TOKme OLJeHMTb 4MCnO M3ClLIT04H~X MOneKyn BOALI B rMA
POTOLJ~OHHOM cnoe (~~!~I) M AOnM KOHAeHc~pOBOHH~X npOTMBOMOHOB •. 

ToeinMLJO 3. 

~3ny4eHMe • npoTMBOMOH A .No &x A ./'1ft :P 
He~TPOHLI .N"'-+ I,08 0,36 I,OI 0,36 
peHHeH .A/(1.+ I,37 2,8I8 
'He~TPOHLI /...i+ 0,81 -0,2I4 0,90 0,83 
peHrreH J...i+ I,07 0,564 

AMnnMTYALI pocceRHMR gi npMB!JAeHLI B eAMHMLJOX I0-5 HM' Eo = I ,·9I5 
(He~TPOH~) M 2,8I8 (peHTreH). 

P03Aen 3.2 nOCBR~eH MCCneAOBOHMID POCTBOPOB nonMMBTOKp~nOBO~ KMC
noT~ MBTOAOM BOPMOLJMM KOHTPOCTO. 8 cny4oe·pocceRHMR He~TPOHOB BOP~OlJMfl 

K~HTpOCTO ocy~eCTBnReTCfl nyTeM M3MeHBHMR M30TOnHoro COCTOBO CMeCM 
H20-D20. 3TO AOCTMrOnOCb CMeWH~OHMeM MCXOAHLIX POCTBOPOB C KOHLJeHTPO
LJMe~ 42 r/n s H2o" ~ 20 npM.Tpex creneHRX He~rponMJOLJMM o(= 0, 0,6" I. 

10 
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ti 

"' 

KoK " s npeA~>~Ay~eu cny4oe, 3KcnepHMeHTOnhHO oeiHapymeHHOR JOB~CH

MOCTh T04KH KOMneHCOLJH~ POCTBOpO (B 3TO~ T04Ke HHTeHCHBHOCTb KOrepeHT-· 
Horo POCCeRHMR.POBHO HyniD) OT CTeneHH ero He~TpOnH30LJMH OelbflCHRBTCfl 
HOn~4HeM Y non~HOHO rHAPOTOLJ~OHHO~ OelOn04K~. 

B p03Aene.3.3 C noMO~hiD npeAnomeHHO~ ·rMAPOTOLJHOHHO~ MOAenH HO OCHOBe. 
C04eTOHHR AOHHLIX peHTreHOBCKO~O H He~TPOHHOrO MOnoyrnosoro pOCCeRHHR > 

(Anfl KoTopwx nonomeHHR AHIDPOKLJHOHHLIX MOKC~MYMOB po3nH4HLI) YAOnocb on
peAen~Tb "~CTHHHLie" POCCTORHHR uemAY nonHMOHOMH npM P03HLIX CTeneHflX 
HB~Tpon~30LJMM o( ( TOCin. 4). npM o( :::>" 0,4 pOCCTORHMR MB*AY nOnl'lMOHOMM 
MOmHO C4HTOTb OAHHOKOB~MM. 3TO XOPOWO cornocyeTCR C TBOPBTH4eCKH~M 
npeACTosneHMRMH, cornocHo KOTOP~M csepx HeKoroporo noporosoro 3H04eHMR. 
o( BOKpyr MOKPOHOHO npOHCXOAHT KOHAeHCOlJMfl npOTMBOMOHOB M 4MCn0.30PR~. 
AOB HO nonHHOHe CiOnbwe He ysenH4HBOeTCR. 

ToeinHLJO 4. nMK +oL.fl!o.OJ) B lJ2.CJ. 

eX.. hx hN Rix-Rf# Rfx RJN {)2. h.o .lJ 
HM-I HM-I HM 2 HM 2 HM 2 HM-2 HM-I HM 

0,2 0,80 0,95 0,34 0,25 -0,09' 0,3I I,25 5,8 
0,4 I,OO I,I5 0,40 0,27 -0,!3 0,,27 I,35 5,4 

0,6 I,I5 !,25 0,54 0,30 -0,24 ·O,I4 I,32 5,5 
0,8 I,I5 1,30 0,6I 0,28 -0,33 O,I8 I,36 5,3 

I,O I,IO !,30 0,65 0,24 -0,4I 0,2I I,35 5,4 

KOHLJBHTPOLI~fl POCTBOPO nMK 0,052 r/cM 3• hx H hN- 3KCnepi1MBHTOnbHO, 
nony4eHH~e 3H04BHI1R nonomeHHR MOKCHMYMO AnR peHTreHO 11 He~TPOHOB, COOT-2 2. . . 
sercrseHHo; Rq.x-~fj.N -. aKcnepHMeHTOnbHO HJMe~eHHOR poJHOCTb KBOAPO-
TOB POAHYCOB 11HepLJH~ nonepe4Horo CB4BHHR LJBnH AnR ABYX BHAOB H3ny4eH11R; 
RfJX H R~IV- B~4HcneHHLie HO ocHoBe npeAnomeliHo~ MOAenH 3H04~H~R pO.AHY

cos 11HepLJI111 nonepe4Horo Ce4eHHR AnR ABYX BHAOB H3nY4BH11R; 6( - nopOMeTp 
MoAen11; Jto" ~- BLI4HcneHHLie HCT~HHLie 3H04eHI1R nono~eHHR AHIDPOKLJI10HHo
ro MOKCHMYMO H COOT~eTCTBYID~He 11M POCCTORHHR MemAY nonHHOHOMH~ 

B 4ereeproH rnoae npeACTOsneH~ peJynbTOT~ MYPH 11ccneAOBOHH~ oH~

JoTponHo~ KOHIDOPMOLJ~M ocHoBHO~ 11en11 rpeeiHeoeipoJHLIX m~AKOKPMCTonn~4eCK~x 
non~Mepoe. npeAnomeHLI crpyKTYPH~>~e MoAenM KOHIDOPMOLJ~~ uoKpoMnneKyn~ 
rpeeiHeoeip03HLIX mK non~MepoB B CMeKT~4eCKO~ ~ HeMOT~4BCKO~ MB30ID030X. 
~OHO. ~HTepnpeTOLJ~R AOHH~X uonoyrnoeoro pocceRHHR HB~TPOHOB HO mK-nonH
MepOX C nOMO~biD npeAnomeHHLIX MOAene~. 

THn ueJomoJLI rpeeiHeoeipoJH~x mK nonHMepoe onpeAenReTCR, KOK npoaH
no, xopoKTepou ynoKoBKH Hx,CioKoswx IDPOrMeHTOB. OnpeAeneHHe ·THno Me3o
ID03~ Ciwno H ocroercR npeAMBTOM MHoro4HcneHHLIX HccneAOBOHH~ poJnH4HLIMH 
TPOAMLJHOHH~MH MBTOAOMM (pocceRHHB CBeTo, peHTreHOBCKMX ny4e~ MAp.). 

II 



0AHO~O XOPOWO ~3BeCTHO, 410 HeKOTOp~e mK no~~~ep~ c OA~HOKOB~M 
crpoeH~eM Me3oreHH~X rpynn, HO P03~~40~~~eCR no X~M~4eCKO~ np~pOAe OC
HOBHO~ ~en~ ~n~ no AB~He CBR3K~, COeA~HR~~eH Me30feHHY~ rpynny C non~
uepH~M OCTOBOM, ~~~e~T P03B~4H~e T~n~ Me30ID03, 4eHCTB~TeBbHO~ ABOHCTBeH
HOR np~pOAO MOKPOMO~eKyn mK non~Mepoe~ CO~eTO~~OR B ceGe B30~MOAeHCTBY~
~~e uemAY coGa~ ue3oreHH~e rpynn~ HOPRAY c non~uepH~M~ ~eno4KriM~, AOnm
HO npoRB~TbCR a KOHIDopua~~~ MOKPOMO~eKy~~. B. CBR3~ c ar~M B03H~Koer 
aanpac 0 CBR3~ KOH~OPMO~~~ MOKPOMO~eKy~~·CO CTPYKTYPHO~ opraH~30~~e~ 

.J 
Ue30ID03~ ~K no~~Mepa. CrpyKTypy OCHOBHO~ ~en~ mK non~Mepa HeB03MOmHO 
onpeAe~~Tb c noua~h~ TPOA~~~oHHwx peHrreHorpa~~4eCK~x ~n~ aneKrpoHo
rpoiD~4eCKWX MeTOAOB. 3TO CBR30HO C TeM, 410 OCHOBHO~ BK~OA B CYMMOPHY~ 
OMn~~TYAY POCCeRH~R MOHOMepHoro 3BeHO TOKoro non~uepa AO~T Me3oreHHMe 
rpynn~. Ma~oyr~OBOe pacceRH~e He~TPOHOB B C04eTOH~~ C MeTOAOM ~30TOnHO

ro 30Me~eH~R OTOMOB B ~3Y40eMO~ MOKPOMO~eKy~e n03BOnReT pe~~Tb 3TY 30-
A04y. • OGbeKTY ~ccneAOBOHMR (p03Aen ~.I). 

4nR npoaeAeH~R MYPH ~cc~eAOBOHW~ KoHIDopuo~~~ OCHOBHOH ~en~ rpe6He
o6pa3H~x mK no~~Mepoe ~a KaiDeApe BMC MrY (Kocrpou~H c.r., W~Goea B.n.) 
6~n~ C~HTe3~POBOH~ C~eAY~~~e no~~MepM 

rAe 

(CH?J)J....:. St· -t-o-f (CHz.)tO- $1 (Oi3)3 
R . 

R = J -C.H.2 -CH2. - C.l·h- 0- @-@-CN 

. l-CD2.-CDH -C.D2-0-: @-@-01 

(I) 

en> 
CO CpeAHe~ CTeneHb~ nonwuep~30~~~ <It>= 63. 0CHOBHMe CBO~CTBO 3T~X 
no~~Mepoe np~BeAeH~ a raGn~~e 5. 

TaG~~~Q 5. CBO~CTBO mK no~~c~~OKCOHOB c ~eH~~6eH300TH~M~ Me30-
reHHMM~ rpynnau~ 

~om1uep Teuneporypa ~03bl ~ ~030Bble 3HTO~hn~" IDa3oaoro 
CTeK~OBOH~R, nepexoAbl, nepeXOAO 

t. oc t 0c L'l Hnp, 4m/r 
' I 35 SA I44 I • 4,2.:!,0,2 

n 36 SA 138 I 4,3.:!,0,2 

4n~ He~TPOHOrpaiD~4eCKMX ~CCBeAOBOH~~ DbiB~ npMrOTOB~eHbl CMeCM 3T~X 
no~MIIepoa C BeCOBOH KOH~eHTPO~~e~ no~~Mepa fi B. no~MMepe I C (;6) = IO% 
M 30%. Bee ~6pa3~bl Dbi~M MOKPOCKOnM4eCKM ~pMeHT~POBOHbl B MOrHMTHOM nonb 

12 

\ 
I 

1 
{ 

I 

2 T np~ MeAneHHOM O~~OmAeHM~ ~3 ~30TPOnHO~ ID03bl AO KOMHOTHO~ ~eMnepa
Typ~. CKOPO~Tb OXBOmAeHMR o6pa3~0B B o6~0CT~ TeMneparyp I55-I40°C COC
TOB~Rna· I rpOAYC/40C. 

~CCBeAOBOHMR Op~eHT~pOBOHH~X o6pa3~0B GwnM npoBeAeHbl HO YCTOHOBKe 
~YPH HO peOKTope ~6P~2 (p03Aen 4.2). 4~R KOmAoro 06P03~0 C onpeAe~eHH~M 
C(}j) MCnOBb30BO~OCb CTOHAOPTHOR npo~eAYPO ~3MepeHMR, 30K~~40~~0RCR B' 
nocneAOBOTenbHO~ 3KCn03~~~~ o6p03~0 M 10~0 me o6p03~0 C 3TO~OHHblll POC
ce~BOTeneM ~3 BOHOA~R. 4~IDIDepeH~~OBbHOe Ce4eHMe POCCeRH~R, OTHeCeHHOe 
K eA~H~~e 06beMO o6p03~0,npM 3TbM ~MeeT BMA 

d .2 (;;e) 

dJl 
Is J2.v 

Is ... v -I5 ··Rs 
Tv·dv.(dZ) en> 

d c/J2 y' 

rAe 15 - ~HTeHCMBHocrb pacceRH~" o6po3~au: fs+v- ~HTeHCMBHOCTb pac
ceRH~R oGpaJ~oM 11 pacceMaore~eM ~3 aoliaAMR; J25 M .f2v- re~ecHbl.e yr Bbl, 
nOA KOTOpbiM~, COOTBeT~TBeHHO, C o6p03~0 ~ BOHOA~eaoro pacce~BOTenR B~

AeH Aerekrop pacceRHMR; cl - ron~~Ha oGpa3~a; Tv. dv ~ ( d2~J2>v
nponycKaHMe, TOB~~HO ~ AM~IDepeH~~OBbHOe Ce~eHMe pacceRHMR BOHOAMR. 
AHanor~4HOR npti~eAYPO ~3MepeH~R npoBOAM~OCb A~~ 16Hoeoro oGpa3~a (non~
n~neH ~m1 oopa3e~ c <:. (.1>) ·= O%), coAepma~~x aKe~ea~eHTHoe Ko~~4ecrao 
npOTOHOB. 

np~ ~3MepeH~RX HO MHOrOHMTeao~ KOBb~e~OH AeTeKTop YCTOHOBK~ MYPH, 
He "Me~~"N 03MMYTOBbHOn 4YBCTB~TenhHOCT~, HOK~OA~BOBCR CeKTOp~OBbHbl~ 

KOAMMeBbl~ 3KPOH B B~Ae 6a604K~. reouerp~R 3KPOHO ~ ycnoB~R npoBeAeH~R 

aKcnep~MeHra c H~M GunM onrMMM3MPOBOHbl (P03Ae~ 4.2.2). 
~3MepReMOH B 310M CBY40e Ben~4~HO~ RBBReTCR 

n2. 2. 2 R2 
R2 

. == ""'' + R.i. +- Ru - OJ. < Cl>1.2 'f . <CDS1~> 2 2 :.> (12) 

f?..i 
2 z r rAe 

2 1 UJ5 2.Y' d ~ 
i:-1 !:!'..'· -

2 . • . . 

2.;. s,;,.._(!f~- ~')eo:s (Y'2.' +Y'/) 
<Ct>s.2.~> 

3AeCb 
ropa. 

l::'f 
2 • • -

2 ( !f~c-Y'/) 
l::a1 

2 • • 2 (. g:_- ~') 
ie1 

i 
~ 2 - a3~MyranbHYe yrnbl, orpaHM4~Ba~~"e OTKP~Tble Y40CTKM 

> 2 
04eB~AHO, 4TO R<~2v> 30B~c~r or <t.:>52!f> n"HeHHO. 

3H04BHMR ~HTeHC~BHOCTeH MOBOyrnoaoro POCCeRHMR HeHTPOHOB B 

(13) 

AeTeK-

30BMC~-

MOCT~ OT MOAY~R BOBHOBoro BeKTOPO POCCeRHMR a! , COOTBeTCTBY~~~e p03-
M14Hb1M !:J' 1 

( if'- yro~ MemAY DIICCeKTp~COH OTKPYTO~ 40CT~ KOAM~eaoro 3K
POHO ~ HanpaaneHMeM BeKr'opa mMAKOKP~CTOB~M4eCKOro ynOPRA04eHMR S ) 
npeACTOBBeHbl HO p~c.6. 

.. 
13 



tnl 

. " 
Jt' .10'.1;' 

PMC,6. 30BMCMMOCTb MHTBHC~BHOCTM.MOnoyrno~ 

BOfO pocce~HM~ HB~TPOHOB OT MOAYn~ 

BBKTOPO pocce~H~~. MJMepeHHO~ An~ 
opMCHTMPOBOHHOfO mK non~c~nOKCOHO 

np~ poJH~x yrnox op~eHTOU~~ o6poJuo 
Sf 1 orHoc~renbHO ACTeKropo. Becoeo~ 
KOHUCHTPOU~~ 40CT~4HO AB~Tep~pOBOH

HOrO. non~r.wpo e o6poJue c. (:b) · = 
= 30'%. 

noeopory KOAM~eeoro 3KPOHO HO yrnhl 
ff/= 0°, 30°, 45°, 60° ~ 90° COOTBCTCTBYIDT 
3H04CH~~ <.£..1529'>= 0,83, 0,4I, 0, -0,4I ~ 

-0,83, Bhl4~CneHH~e C OOMOmbiD (13). 3Kcne-
p~MeHTOnbHO onpeAeneHHhle 
npeACTOBneHhl HO p~c.7. 

R.2 . 
3H04CH~~ <.U>:S 2.Y'> B JO_B~CtJ,MOCT~ OT < (.05 2.<:1> 

R 2A2 

500 

400 

300 

200 

0.41 0.83 1 

P~c.7. 3oe~c~MoC1b ~JMepeHHO~ e MYPH 
aKcnep~MeHTe een~4~H~ R ~ tDj 2. <;~> . 

OT < C.O-:i2.Y'> An~ o6pOJUO C KOHUBHT
pou~e~ Ae~rep~poeoHHoro non~Mepo 

c. (D) = 30%. 

R2. . 
3Kcrponon~u~~ <wsl!f) K JH04eH~~M 
<W52l;/> 1 POBHhlM -I~ +I, AOCT KBOAPO
Thl npoeKU~~ POA~YCO ~HBPUM~ MOKPOMOneKy
n~pHoro Kny6Ko ocHoeHo~ uen~ mK non~Mepo 

Rl t1 Rli. COOTBBTCTBBHHO. 

PoJAen 4.3. 3Kcnep~MeHronbHhle,peJynb
roru, nony4eHHhle c noMombw MYPH ~ ueTOAO 

CBKTOp~onbHOrO 3KPOH0 1 co6poH~ B T06n~ue 6. TeMneporypHO~ JOB~C~MOCTb 
uemcnoeeoro nep!ilOAO JJ npeAcToeneHa B ra6n~ue 7. 

-1 -0.83 -0.1.1 

<Cos 2'1') 

oororyw ~ 4PB3Bhl40~HO Horn~AHYID ~H~OPMOU~ID 0 CTPYKType op~eHT~po
BOHHhlX lliK non~MepOB B CMBKT~4CCKO~ ~038 MOIKHO nony4~Tb np~ ~cnonb30BO

H~~ An~ MOnoyrnoBO~ A~IDPOKU~~ ABYMCpHoro noJ~U~OHH0-4YBCTB~TenbHOf0 
ACTBKTOPO HenrpOHOB. Ho p~c.8, 9 npeACTOBneHhl 10K~e KOPT~Hhl 1 nony4eH
Hhle HO peOKTope CTOU~OHOpHoro AB~CTB~~ MomHOCTbiD 5 MBT B raM6ypre An~ 
liiK non~c~nOKCOHO C C. (,0) = 0 ~ e(l)) = 30%, COOTBCTCTBBHHO. POJHOCTb 
MCIKAY KOPT~HOM~ HO p~c.9 ~ 8 ~Jo6pOIKCHO HO p~c.IO. rop~30HTOnbHhle ce-
4BHM~ 3TO~ P03HOCT~ - n~H~~ POBHon ~HTCHC~B~OCT~ OOKOJOHhl HO p~c.Il. 
0H~ npeACTOBn~IDT co6o~ ann~nChl 1 no COOTHOWCH~ID ocen KOlOPhlX 1 KOK ~ B 
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c.(b) 

30% 

IO% 

To6n~uo 6. Pe3ynbTOThl MYPH aKcnep~MeHro, nony4eHHue An~ cuec~ 

no8~MepoB I ~ n. Bee npoeKU~~ POA~YCOB ~Hepu~~ YK030Hhl 
B A. 

t = 2o0c t =II5°C t =175°c 

Rl, R0,83 RO,'+I Ro ~0,4I ~0,83 ~ 
CMCKT~K ~Jorpon 

R ~iso 

. 0,83 

7 ,9!, 8,4!, 9,3!, I0,6!, II I 5!, I2,7!. I3,05!, 
0,5 O,I3 0,20 0,30 0,46 0,46 0,5 

9,9!, I0,4!, I5,3!, I5,8!, 9,87!, I2;9!, 
0,2 0,17 ~ 0, II 0,2 0,40 I,IO 

To6n~uo 7. TeMneporypHo~ JOB~c~Mocrb cMeKT~4ecKoro MBmcnoeeoro 
nep~OAO :/) An~ o6paJUO c c ( 1J) = IO% ( B A). 

t = 2o 0c t = 75°C t = II5°c 

:b 25,I2!,0,0I 24,53!,0,0I 24,23!,0,0I 

X~y X~Y 

P~c.8. Kapr~Ho Monoyrnoeo~ He~rpoH

Hon A~IDPOKU~~ An~ o6pOJUO 
P~c. 9. To me, ~To Ha p~c.B An~ o6-

poJua C C (i)) = 30%. npH
cyTCTBHe B o6p03UC MOKPO
MOneKyn C 40CTH4HO AenrepH
POBOHHhlM~ cne"cepOMH npt-~ee
no K noHeneHHID uonoyrnoeoro· 
pocceHH~H MCIKAY·A~IDPOKUHOH~ 

HhlM~ MOKCHMYMOMH. 

c c.(-;6) = 0%. 

IS 



X~y 

PMc.IO. P03HOCTb MBMAY HapTMHOM~ HQ 
PMC.9 M 8. 

- a 

0 
00 

°

0t o. -~~~ 't 0
0. ~ Oo, 

-- · o•o <::::;) 
0 

- _, .oV Q 

~;~~· 
-~~/( ( 

o:~ 
0. 

a o • tJ o;~ 

P~c.II. n~H~M p~a~aH MHTeHc~aHac

r~, o6pa3oBnHH~e rop~30H
ranbHWMM C848H~HM~ HapT~H~ 

npeA~Aymeu cny4ae, MomHo onpeAen~Tb napa- Ha p~c.IO. 

MeTp aH~30TpOn~~ MOHPOMOneHynHpHoro Hny6HO 
a ( tt =R.J../R11 ), Ha BCBX p~cyHHaX BBilTOp HOpManM H nnOCHOCT~ CMBHHI-
48CH~X cnoea HanpaaneH no oc~ X. 

B pa3Aene 4.4 npeAnomeHa MOABnb aH~30TponHOH CB060AHO-C04nBHBHHOH 
uen~ mK non~uepa a cueHT~4ecHo~ ~a3e. 0Hn oGnaAaer cneAYIDm~u~ caoncraa
M~: 

I. Uenb coaepwaer HBa3~ABYMBPH~e cny4a~H~e GnymAaHHH B nnocHacr~ 
CM8HT~48CKOrO cnOH TaH, 4TO· aCHOBHO~ xpe6eT MaHpaMoneHynw HQXOA~TCH B 
npouemyT04HOM cnoe, pacnonomeHHOM MBMAY CnOHM~ M830reHOB. r~6KOCTb Ta
HOtl AByuepHO~ uenM xapaHT8PH3Y8TCH cerMeHTOM KyHO g.L ~ 

2: Me~AY npouemyro4HWM~ cnoHM~ uenb coaepwaer cny4a~Hwe 6nymAaH~H 
C waroM, POBH~M MemcnoeBOMY pacCTOHHHID 1) • 

J .. nepeXOA 4epe3 CMeHTM48CH~~ cno~ CHnbHO 3aTPYAH6H, TaK 4TO BB
POHTHOCTb nepeXOAa M8MAY CnOHM~ p MHOrO M8HbWe BepOHTHOCT~ warOB CB0-
60AH0-~04neH8HHOH uen~ a nnocHocr~. (npH p = I/3 aepoRTHOCTb warn so 
BCeX Tpex HOnpaaneH~HX OAMHQHOBQ), 

B peweT04HOL1 fAOAe·n~ ~YHHUMH. npocrpaHCTBBHHoro pacnpeAeneH~H OAHOro 
cerMeHTa CB060AHO-C04n8H8HHOH uenM MM88T B~A . 
9 ( ~, ~, i) = f [ 6 c x- 2)) + t C.x + 2>)] d'C:J). J'OJ. p + 

+i [cc~.,.g_t)-t 8C~t g.J1 tcx)-S(e)· 
1;e +· 

+ il cf (r:- h)+ 8 (e + C.t)] S'(x) · d'{:J)· ";P 
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(14) 

rAe f- ABnbTQ QyHHU~H 4~paHa. CPBAHH~ HBaAPOT POCCTOHH~H MBMAY HaHUOMH 
CB060AHa-C04nBHBHHO~ UBnH HM88T BHA . 

< h2 > = .JI/<. ( ::ZJ 2 > (15) 

rAe .N - .4Hcno cerueHTOB uenH , 'i - POAHy'c aetnop OAHoro cerueHra KyHa, 
a (. ( ;:z:'i·> AaBTCH B~POIKBHHBM 

<(7::)2.> =}d:~:dJdZ.-j(x.,:;,e.)(x.z.+:;z.+i-z._} (16) 

C Y48TOM (14) H (16) nony4aeM BM8CTO (15) 

< h. t.> :::: .A/ l Z .. {1-;_P) ~_i + pD2] (17) 

HnH AnH npoeHUH~ 

h2 •1. ,'1\2.. 1 2. fl 1-D p2 
.( x::> = .JV P .u ' < n.i > = < nl > = ./11 T b.J. (18) 

nonHaH HOHTYPHOH AnHHa uen~ AOBTCH BNpameHH8M 
1'1 . . 

).., = ,2; <. ' -;;,\ > = .A/<. I Z[ I > (19) 
i=f 

HnH c y4erou (14) ~ (16) 

j. = .)./ l ( 1- p) g.L + p u 1 (20) 

AHanorH4HO AnH· POA~YCO ~HBPU~H H era npoeHU~~ MOMHO 3anHCQTb 

. Rj = < h. z. > I b < 2 o 
,') 2. ..N 2 
"tt == 'plJ (22) 

R2. = .N (1-p) &2. 
'.L G 2 '.L (23) 

r 

rAe R11 H R.i.- npoeKUH~ POAHyca 'HHBPUHH a Ha·npnaneHHHX, napannenbHOM 
(X) H nepneHAHHYnHpHNX (y,%) BBKTOPY HopuanH K nnocHaCTH CM8KTH48CHHX 
cnoea. B.ypnaHeHHHX (20), (22) H (23) aKcnepHMeHranbHO onpeAenHeMYMH 
ueroAOM MYPH HBnHIDTCH aen~4HHY R11 ; R..L H ']) , HaHr·ypHaH AnHHO uenH J... 
H3B8CTHQ H H8H3B8CTHYMH HBnHIDTCH napaMeTpY QHH30TponHO~ CB060AHO-C04ne
H8HHO~ USnH .fi/, g..L H p. 

C Y48TOM HOH84HO~ TonmHHN npouemyT04Horo CnOH npeACTaBHM (20) B 
BHA8 

L = »tC1-p)(g.L+.O) + pD] (24) 

rAe ~ - cpeAHHH HOHTYPHOH AnHHa, npHXOAHmnHCH Hn OAHH H3nou cao6oAHO
co4neHeHHoL1 USnH B npouemyT04HOM cnoe. B HOBNX 'o603HQ48HHHX .#;1=./lf.p ; 
.J.fJ..=-.N-.!:/11; L,, =.M1-l); Lj_ = L-:L11 YPOBHeHHH (22)-(24) npHHHMatOT · 
BIIA 17 



2. 
R" = t .N,, :!J2. (25) 

2- J\1 g 2. R..L=L~'..L 
' 2. 

(26) 

L.L = .N.L ( g.L r L1) (27) 

rAe.JVg~ ~- cpeAHee 4~cno cerueHTOB ~en~. op~eHT~poeaHH~x BAOnb oc~ 
m~AKOKP~CTann~4eCKOro ynOPHA04eH~H (nepneHA~KynHpHO CMeKT~4eCKOMY cnow) 
~ nepneHA~KynHPHO e~. ~ 

Ben~4~H~ K11 ~ ;/) ~3MepHWTCH B MYPH aKcnep~MeHTe, noaror.~y J/11 

MOMHO onpeAen~Tb ~3 B~pameH~H 

J1
11 

= GR,f 
1J2 

(28) 

rAe .!In - 4~cno npoxoAH~x cerMeHTOB ( Ae~eKTOB) cueKT~4ecHoro cnoH, np~
XOAHut~XCH •HQ OAHY MOKPOMoneKy nHpllyW ~enb. ~I npOXOAHblXeocerMeHTOB P03-
6~BOWT ~enb HO .1{},+1 KB03~ABYMepHbiX cy6Kny6KOB. T~n~4HOH KOH~OPMO~~H 

MO~pdMoneKynHpHO~ ~en~ CMeKT~4eCKOro mK non~Mepa nOH030HO HQ p~c.l2. 

P~c.I2. KoHIDPMO~~H ~eHTPOnbHOro xpe6Ta rpe6Heo6p03HO~ MOHPOMOneKyn~ 
mK non~uepa B CMeHT~4eCHO~ ~03e. KB03~ABYMepH~e cy6Hny6K~ 3, 
nemaut~e s npoMemyTo4H~x cnoHx I, CBH30Hbl npoxoAHbiM~ cerMeHTa
M~ (AeleKTOM~) 4, npOXOAHut~M~ 4epe3 cno~ Me3oreHOB 2. 

Ha OCHOBOH~~ 3HCnep~M~HTOnbHbiX AOHHbiX MOnoyrnosoro pacceHH~H He~
TPOHOB MOAenb 003BOnHeT onpeAen~Tb Ben~4~Hbl 

g.l = ~;_ l1 + X - ~ 2. j (29) 

.A/L J...L r 1 _ 2. .x + s -:x..'l.] 
tJ_ L 

rAe 
2. 

p 0 12 R.L . ..1 
bJ.. = -x;- , J: = 00 , a raKme. 

L b_L 

P = .Ntt/ ( .Nu -r·Jti.LJ 

(30) 

(31) 

18 

B P03Aene 4.5 o6cymAOWTCH nony4eHHble aKcnep~ueHTOnbHble pe3ynbTOTbl 
( Ta6n. 6. 7) HO OCHOBB np~HHTO~ ;~OAen~. nony4eHHOe 3H04eH~e R/1 n03BO
nHeT CABnOTb BbiBOA 0 TOM, 4TO OCHOBHO~ xpe6eT MOKPOMoneHynbl mK non~c~

noKCOHQ pacnonomeH 6onbwe 4eM B DAHOM npoMemyT04HOM cnoe. CpeAHee 4~c

no AeleKTOB, np~XOAHut~XCH HQ OAHY MOKPOMoneKyny, Bbi4~CneHHOe C nOMOutbW 
( 28), .J/r1 ':':; I, T. e. ~enb B cpeAHeM COCTo~{ ~3 ABYX cy6Kny6KOB. CPSAHH H 
npoeK~~H POA~YCO ~Hep~~~ cy6Kny6Ka B HOn~aeneH~~. HOPMOnbHOM K OC~ M~A
KOKP11CTOnn~4eCKOrO ynopHA04eH~H, f?Lt= 12 A. Ben~4~Ha 6erMeHra KyHa 
cy6Kny61ia, Bb14~6neHHOH C OOMOIItbW ( 29), POBHO €.l = 31 A ( np~' o~eHKe 
np~HHTo 1::1 = 5 A). CpasHefi11e aro~ sen~4~Hbl 6 sen~4~Hot1 cerMeHra KyHa 

· · p i:!oo ,- ( () iSo~./_ ( 
AnH ~ 30TponHoli la3bl b = 1:> "'IJ ~t,;; 18,7 A s ra6n. 6 yKa3aHa npoeK-
~~H nonHoro POA~yca ~Hep~~~) noK03biBaer, 4TO np~ nepexoAe ~3 ~3orpon

Hotl·la3bl B CMeKT~4eCKYW npo~CXOA~T 3H04~TenbHOe ysen~4eH~e MeCTKOCT~ 
OCHOBHO~ ~en~. 'BepOHTHOCTb npOXOMABH~H ~en~ CKB03b cnotl M630reHOB, O~e
HBHHOH C nOMOIItbW (31), POBHO p = 0,19. 

TaK~M o6pa3oM, MYPH ~3MepeH~H no3son~n~ ycraHoB~Tb aH~3orpon~w 
MOKPOMOneKynHpHoro Kny6~a rpe6Heo6p03Horo mK non~c~nOKCOHO B CMBKT~4eC
KOH la3e. 

nepexoA mK non~c~noKcaHa ~3 ~3orponHo~ la3bl s cMeKi~4ecKyw conpo
somAaercH He6onbw~M yse~~4eH~eu nonHoro POA~yca ~Hep~~~ Kny6Ka. np~. 
3TOM MOKPOMOneKyna OCHOBHO~ ~en~.P03AenHeTCH B cpeAHeM HQ ABO KB03~

ABYMepHbiX cy6Kny6Ko, MeCTKOCTb KOTOpbiX 3H04~TenbHO npeBOCXOA~T mec~

HOCTb MOKpOMOneKyn~ B ~30TPOOHO~ I03e. Cy6Kny6KH neMOT B COCeAHHX npo
MemyT04HbiX CnOHX. Cy6Hny6H~ COBA~HBHbl OAH~M npOXOAHbiM terMeHTOM, KOTO-
p~~ o6pa3yer AeleKT B cnoe Me3oreHoB. \ 

B pa3Aene 4.6 npeAnollleHa MOAeni. rpe6Heo6pa3Ho~ cso6DAHo-co4neHeH
Ho~ ~en~ mK non~Mepa B HeMOT~46CKO~ I03e. 3TO MOAenb n03BOnHeT HQ OC
HOBOH~~ AOHHbiX Manoyrnosoro pacceHH~H He~TPOHOB o~e~~Tb BTOpOH MOMeHT. 
IYHK~~~ pacnpeAeneH~H op~eHTO~H~ Me3oreHOB OTHoc~renbHO ·cerueHTOB ~eHr-· 
panbHOro xpe6TO. MoAenb HBnHeicH MOA~~~KQ~~e~ CB060AHO-C04ne~eHHO~ ~e
n~ B.KyHa (p~c~I3). 

KoppenH~~H MeMAY Me3oreHHbiM np~secKoM ~ ~eHTpanbHblu xpe6rou onpe
AenHeTcH IYHKllt-~e~ pacnpeAeneH~!!-} • 30B~CH111e~ OT yrnos MeMAY ett. ~ 
~c s KOMAaM·cerueHre. BepoHTHOCTb KOHKperHo~ KoHIDPMOll~~ lien~ AOeTCH 
supameH~eM N 

_pCJL~,JL~, ... ,J2.~,JL;)= l~ }c~e~).f<w~l)c,'JC.fa.Jti/.t (32) 

. . .....,h. ~c 
rAe aJl = Sfn.{}diJd!J , C.W(i= e, ·~z , Q f!_- CTOT~CT~4eCK~~ ~H-
Terpan, nony40eMbl~ ~HTerp~posaH~eM 4~c~~renH s (32) no seeM ~rnau. 
IPyHKli~H Jj - IYHK~HH yrnosoro pacnpeAeneH~H Me3oreHOB, a sen~4~Ho~. 
onpeAenHBMO~ B 3KCnepHMeHTe, HBnHeTCH ee BTOPO~ MOMeHT ~n~ napaMeTp no
PHAKO 
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P~c.I3. MOAenb rpe6Heo6p03HO~ C8060AHO~ 

C04neHeHHO~ qen~ ~K non~Mepa 8 

He~aT~4ecKo~ ID03e. KamAU~ cerMeHT 

3TO~ qen~ XOPOKTep~yeTCR ABYMR 
-+ -eA~H114HbiM~ 8eK TOp~t.H1 e i 11 et, 

Hanpa8neHHI>IM~ 8AOnb Me3oreHHoro 

np~8eCKO H 8AOnb cerMeHTO .KYHO 

OCH08HO~ qenH; Yi- yron tAeMAY , e.,. .tiC. 
HI1M~. i 11 oi. - yr nu MeMAY HOnpa8-

neH~eM HeMOT~4eCK~ro ynopHA04eH~R -2. , HOOP08neH~eM Me3oreHHOrO np~-

8eCKO et ~ H0~08neHHeM cerMeHTO 

OCH08HO~ qen~ ef, COOT8eTCT8eHHO. 

""i_i- POAHYC 8eKTop, HOOP08neHHI>I~ 
~3 H040na KOOPAHHOT 8 POCCei180ID

~11~ qeHTp cerMeHT~. 
~ . 

.s lt. = J 9 ( UJd B h)(3 {.f)-5 {}h._ i) 12 ~h-eh cl en. (33) 

0 

napaMeTp OOPRAKO cerMeHT08 OCHOBHO~ qen11 onpeAenReTCR 06b14HbiM 06-
P0 30M 

SC. = j_ (J < (..0.12.{JC:;>-1) 
2 (34) 

PRA P03YMHUX npeAnonomeHH~, a TaKme npocrux npeo6pa3080HI1~ n0380-

nlleT C8R30Tb 8en~411Hbl ~~ · 5 t 

sc.= sn..sJ (35) 

rAe Sf MOMHO H0380Tb "napaMeTPOM OOPRAKO", KOTOPbl~ OOPBAenllBTCR IDYHK-
QI1e~.!. . c. .. 

napaMeTp OOPRAKO S MOMHO 81>1P03~Tb. 4epe3 napaMeTp OHI130TP001111 ~. 
anpeAe~ReMu~ c noMo~biD MYPH 3Kcnep~MeHTa 

. . 2.- RJ.. - &J - < ( e 1. ) 2. > a. - --2.- - -2- - c. 2. -
R" t" <: C e" ) > 

~n~ 

1-a..2. 
-t + zo..2. 

r;c:.= 

1- s~ 

1+2!JC. 
(36) 

(37) 

AnR 3H04eH~~ napaMerpa aHH30Tpon~~ a= I, 25 11 Q = I, I, nony4eH

Hux· 8 MYPH 3KCnep~MeHTe pd3HI>IM~ OBTOPOMI1, MOMHO CAenOTb oqeHK~ 

~c::.(I,25)2: -I/8, ~'(I,I) ;::5 -I/2 (38) 
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Ecn11 napaMeTp HeMOT~4eCKOrO ynOPRA04eH~R Sn~38eCTeH, TO C nOMO~biD (35) 
MOMHO HOI1T~ Sf . npnMeM AnR oqeHOK S k= 0, 5. Tor AO AnR S j nony40eM 

COOT8eTCT8eHHO 

sfo ,25) = -I/4, sfo,o = -I/6 (39) 

0THOCIITenbHblt1 napaMeTp OOPRAK·O st , 'orHeCeHHbll1 K MOKCI1MOnbHO 803-
__. -+c. 

MOMHOMY (np~ en.e = 0, T.e. KOrAO Me3oreH nepneHA11KynRpeH cerMeHTy 

OCH08HOI1 uen11) ~~ -I/2, donee HOrnRAeH . 

st (1;2.s) = f:}(1,2s)/S~= 1/2 j st (1,1J== 1h (40) 

3H04BHI1R st 113 ( 40) OOK03bi80IDT, 410. KoppenRQI1R MeMAY M·e3oreHOMI1 11 qeHT

panbHI>IM xpedTOM 3H0411TenbHO AOMB np11 He6onbWOI1 OHI130TPOOI111 Kny6KO. 

TOKI1M o6p030M, 113MepeHI1ll npOBKQ1111 POA11YCO 11Hepql111 OHI130TPOOHOro 

Kny6KO 8 HeMOTI14eCKOI1 ID03e MeTOAOM MOnoyrno80ro pacceRHI1R HBI1TpOH08 

no38onRIDT nony411Tb 11HIDOPMOQ11ID o KoppenRQ1111 8 opl1eHTOUI111 Me3oreHHbiX npi1-
8BCK08 11 cerMeHT08 OCH08HOrO xpe6TO. 

B 30KnD46HMM 113nomeHbl OCH08Hb16 pe3ynbTOTbl padOTU. 

I. C03AOHO YCTOH08KO ~anoyrno80ro pacceRHHR He~TPOH08 

8peMeHI1 nponeTO HO 11MnynbCHOM PBOKTOpe ~6P-2. 
no MeTOAY 

2. 3Kcnepi1MeHTOnbHO 11CCneA080HO CTPYKTypa'yMepeHHO KOHQeHTPI1P080H~ 

HbiX POCT80P08 noni1MeTOKPI1n080!1 'K11CnOTU. B POMKOX MOAe~l1, Y411Tb1BOID~el1 
r11APOTOQ11ID MOKPOHOHO, OQeHeHbl 411CnO 1136biT04HbiX Mon~Kyn 80Abl 8 r~APOTci

Q110HHOii cnoe ,6.JI.,-:::.I 11 CTeneHI1 KOHAeHCOQ1111 npOTI180110H08 ~i + 11 .fi/,f. 
06HapymeHO 30811CL1MOCTb T04KI1 KOMneHCOQI111 noni1110HO OT.CTeneHI1 Hei1TpOnH-

30QI111, 4TO TOKme R8nReTCR cneACT811eM r11APOTOQ~11 noni1110HO. Ha OCH08e 

C04eTOHI1R AOHHbiX Manoyrno8oro pacceRHI1R Hei1TpOHOB 11 peHrreH08CK11X ny-

4el1 npeAnomeHO npoqeAYPO AnR onpeAeneHI1R POCCTORHI1ll MeMAY noni1110HOMI1. 

nony4eHbl cpeAHI1B 3H04eHI1R POCCTORHI111 MeMAY MOKPOI10HOM~ ncini1MeTOKpl1nOBOI1 

KHCnOTbl AnR P03HUX CTeneHel1 Be Hel1rpan~30QI111 HOTpl1e8biMI1·npoTI180110HOMH •. 

3. C OOMO~biD MOnoyrno8oro pacceRHI1R HBI1TpOH08 npo8eAeHO 11CCneA080-

HI1B KOHIDOPMOQI111 OCH08HOI1 QBOI1 rpe6Heo6p03HOrO MI1AKOKP11CTOnni14BCKOrO no

ni1CI1nOKCOHO 8 CMBKTI14BCKol1 ID03e. YcraHo8neHo, 4TO MOKPOMoneKynHPHbll1 

KnydoK 3TOro nonHMepa odnOAOeT OHI130TPOOHBI1. OnpeAeneHbl npoeKQ1111 POA11Y

CO 11Hepq1111 OHI13orponHoro Knyd~a R11 11 ~~ 8 Hanpa8neHI1RX, napannenbHOM 
11 nepnBHA11KynRpHOM OCI1 M11AKOKPI1CTOnnl14eCKOrO ynOPRA04BHI1R. 

4. Pa3p060TOH MeTOA onpeAeneHI1R POA11YCO 11HepQI111 OHI130TPOOHbiX MOKpo

MoneKynRpHbiX Kny6K08 C OOMO~biD KOnbQe8oro MHOrOHI1TB80ro AeTeKTOPO YCTO

HOBKII MOnoyrn080rO POCCeRHI1ll Hei1TpOH08, 30KniD40ID~I111CR B HOnomeHI111 HO 

AeTe~TOp HenpOHI1QOBMOro CeKTOPI10nbHOrO 3KPOHO. OnpeAeneHbl OOTI1MOnbHble 

ycnOBI1R np08BAeHI1R 3KCnBPI1MeHTO AnR rpex Tl1nOB CeKTOPI10nbHOfO 3KPOHO. 

5. npeAnOMBHO MOAenb OHI130TPOOH0&1 C8060AHO-C04nBHBHH0!1 qen11 M11AKO
KPI1CTOnnl14eCKoro non11uepa e cMeKTI14ecKol1 ID03e. 
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-6. npeAnomeHO MOAenb rpe6Heodp03HO~ CBOOOAHO-C04neHeHHO~ ~en~ 
m~AKOKP~CTOnn~4eCKOfO non~uepo B HeMOT~4eCKO~ ~03e. 

7. npoeeAeHo ~Hrepnpero~~H 3Kcnep~ueHronbHUX AOHH~x uonolrnosoro 
·pocceHH~H He~TPOHOB HO OCHOBe np~HHTUX MOAene~. 

' YCTOHOBneHO, 4TO OCHOBHOH ~enb MOKPOMOneKynu mHAKOKP~CTOnn~4eCKOfO 
non~uepo B_ CMB~T~4eCKO~ ¢o3e pocnOAOeTCH HO PHA KB03HABYMepHUX cy6Kny6-
KOB, COeAHHeH~UX npOXOAHUM~ cerMeHTOM~, OOP03YID\ll~MH Ae~eKTU B cnoe Me-
30feHOB. AoHo o~eHKo Kon~Yecrso Ae~eKros, np~XOAR\llHXCH HO OAHY uoKpo-

- .J 
MoneKynHPHYID ~enb. 

noK030HO, 4TO OH~30Tpon~H MOKPOMOneKynHpHoro KnydKO m~AKOKP~CTOn
n~4eCKOf0 non~uepo B HeMOT~4eCKO~ ~03e RBnHeTCH cnBACTB~eM KOppenH~~~ 

uemAY ue3oreHOM~ ~ cerMeHrou~ ~eHrponbHoro xpedra. AoHu Kon~YecrseHH~e 
o~eHK~ 3TO~ Kopp'enH~~~ HO ocHosoH~~ ~uem!ll~XCH 3Kcnep~ueHronbHUX AOHHbiX. 

0CHOBHWe pe3JnbTOTW 1 ~3nomeHHble B A~CCBPTO~~~, gnydn~KOBOHbl B cne-
AYIDI!l~X padorox. eo 
!. YcTOHOBKO Monoyrnosoro pocceRH~H HB~TpOHOB no MBTOAY BpeMeH~ npon~TO 
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