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l-lccneaoaaHll0 3cpcpeKTOB B3811M0Ll0liCTBHll pem!THBIICTCKHX 'ISCTIIU co cpeaoii 

B nocneaHH0 l'Ollhl np1106peno 6on&wy10 3HS'l!IMOCTb, 3TO OBH3aHO, ·C 0.llHOii- CTOpo

Hbl, C yaen11'18HHeM npeaen&HO LlOCTK>KHMhlX ,rnep.r11ii 'ISCTKU, nonyqaeMbIX B na6o..: 

paTOpHhlX ycnoBKHX II, C apyroii CTOpOHhl, C pacw11pll!OWIIMHCll B03MO>KHOCTHMII He-

. non&30B8HIIH B38!1MO.ll0liCTBllll 6hlCTphlX 'ISCTHU C nnaaMOii II LlPYl'IIMII CP0Ll8MH, 

83aHMO.ll0liCTBH0 6blCTphlX 'ISCTIIU co cpeaoii MO>KeT cywecTB8HHO !13M0HHTbCH, ec

n11 B cpeae pacnpocTpSHHIOTCll aneKTP0';:'8l'HIITHbl0 BOnHhl pa3nll'IHOl'O T!lna. Hy>KHO 

OTM0T!!Tb, 'ITO 6on&UJHHCTB0 aonH, pacnpOCTpaHHIOWIIXCH B cpeae, conpoao>KaaeT

CH noxanbHhlMII H3M0H0HKHMH aneKTpOMSl'HHTHOl'O nonH, KOTOphle MOl'YT BnHHTb HS 

LlB!!>K8HH0 'ISCTIIII, 11 ccneaoaaa11e 3cpcp0KTOB B3811MO.ll8iiCTBKll 'ISCTHU co cpeaol! 

np11 aanH'IKir a aeii uanyqea11H upeacTaanl!eT noaToMy 6on&woii HHTepec, nocnea

HHii xpyr aonpocoa aKTyaneH a pllae"acTpOcpH3H'lecKHx npo6neM, H6o a STOit o6nac

TH HccneaoaaHHJI MoryT qacTo acTpeTHT&CH -cpH3H'leci<11e ycnoaHll, 1<oraa 11Me10Tc,i 

Tp!! B38HMO.ll8liCTBYIOWH0 K0M-IlOH0HThl: HanyqeHHe, cpeaa H 6bICTPhl8 'ISCTHUhl, 

HacT011wa,i a11ccepTau1111 nocagweHa Hccneaoaaa1110 npo6neM Teop11H aaa11Mo

aeitcTBKH penHTHBHCTCKIIX 'ISCTIIII C nna3MOii II ;'1PYI;'HMH cpeaaMH LlnH BhlllCKeH!llt 

cp!!3H'10CKOii KapTHHbl HBneaHl! II B03MO>KHOCTII HX Hcnonb30BBHHH B pHLl8 IlpSKTH'lec

KHX 38Ll8tf • 

.ll11ccepT8UHH HM00T 5 rnaB H 5 llp!lnO>K0HHit, 

nepBag rnasa rrocasrneaa. o5rneA TeopnH B~aHMOpeflc:i::BHst pensTHBHCTCKHX ,aq-

THU c PABHoaecHMMH cnenaMH. YcHneaa~e BHRMaaue K aTHM aonpocaM aa11HaaeTCS1 
. Ill 

C xnaCCH'l0CKHX pa6oT 11.E.TaMMS, 11,M,¢>paHK8 no _T00pHII qep0HKOBCKOl'O Ha·· 

nyqBHl!Jt H 3,<l>epMK 
121 

no 3cpcp8KTY nnoTHOCTH an11 HOHH38UHOHHhlX_ noTepb, 0TMe

TKM, 'ITO B3altMO.ll8liCTB!le 38pH>K8HHOii 'ISCTKllbl _c paBK0B0CHOii cpeaoii upHBOLlKT 

He TOnbKO K ·acpcpeKTSM TOpMO>K0HHll 'IBCTHllbl, HO H K H3M0H0HHIO el! aneKTpOMSl'HHT· 

HOit MSCChl. l13M0H0HK0 MaCChl 'ISCTHllhl B nepBOM uopllllK8 no KBS.llpSTy 3Spllll8 

e' M~>KeT 6blTb HarnH.llllO. HHTepnpeTKpOBSHO KSK peaynbTS'.I' H3ny'leHKSI H norno

lll8HHH BHpTyanbHO!'O ·xaaHTS B cpeae B o6nacTH 'ISCTOT, rae LlH3neKTPH'l8CK8ll npo· 

HKU80MOCTb OTnK'IKa OT 0.llHHHllhl, 0TM8'180TCH, 'ITO H3M0H8HK0 sneKTpOMal'HHTHOii 

Macchi 'ISCTHllhl MO>KeT OhlTb CBlt38HO C pa6oTo_A, coaepwaeMol! HSLl 'ISCTHUel! npu 

~epexoae 11a. cpellhl a_ aaKyyM, 

.llnH nonyqeHHll nOTepb 3H0pl'HII H H3M0H8HIISI aneKTpOMSl'HHTHOii MSCChl 'ISCTH"" 

Ubl B cpeae Hcnon&ayeTcH' M0TOLl cpyHKUHii 1pHHa, B nepaoii _rnaae paccMaTp!!BSJOT-

1 , - ' 
CH 3cpcp0~Thl B _nepBOM 11pe6n11>K8HHII no e , 

3 



/ 

;.~, B ,MeTo.ae ~cpyaKUHii: rpuaa H3MeaeuHe 8J10KTpoMaraHTHOA M8CCbl H8XOllHTCR no 

.aellcTBHT0nbHOII .qacTH• 8.ql<p0KTHBHOrO 9HereTHq0CKOro cneKTpa qaCTHUhl B cpe.ae. _Ta

KHM: cnocoOot..; B npe.nene. nonyqeeo KnaccHqecKoe HeKBaHTOBoe Bhipameae:e .onSI •Ha

MeHeHHH•,sneKTpoMarH.RTHoA M8CCbl 'lSCTHUbI. no.ny~eHHbIH peaynbTST npHro.ueH ~ng 

cpe.ll C' CHnbHbIM"·nornoweHHeM, ,Korua llOHSITH0 8He.prHH 9J10KTpoMarHKTHoro IlOJlR ae 

HMeeT:'O.aH03HaqHoro c_MhlC11a. nn!I H30TpOUHhlX H npo3pa'1HhlX cpe.a npH npeHe6pe>Ke-

RHH' npocTJ)allcTBeHHOA · n~Cnepcuett Mo>Kao Bht.nenHTb npononbeyro qacTh H3MeHeHHH . e . 
aneKTpOMarH~THOII MSCChl /', m , CBll3aHHYIO C 9KpaHHpOBKOII npo.aonbHOro Il01111 

t 
'laCTHUbI, H nonepeqeyro qaCTh fJ.m, (?B838HHYIO C ti;cnyCK8HH0M B nornomeaHeM 

(h=c=J) pacnpocTpaHIIIOIUerOCII B .. cpe.ae · tpOTOHa 

t:.'m';;.-·.!t:!_·-~•{arul(,J.,,--1Hnll-,n2 v2 1-' 1 -l)fo(J-v
2 Jl /1/ 

411, . - m .. oo n v · """vI -"t:,. 

,, 
/',·me·=•··· 02 ~ f~dw (,_!_ -,1 Hn 

41rv m .~oo n2 · /2/ 

2 2 
Kmaxv 

w• 
3p.~Cb' .~p -:-:saepr,~,R .. ,qacTIIUbI1 > < v.= + -e~ CK0P0CTb, 11i -Macca, e -aapR.a 

·, -, ", j,. .,;.y,, !, ' , • ,. 

qacTHUhl, n = n(ID) - noKa3aTenb. npenoMnemrn cpe.ai,i. -PeaynbTaT qiaKTHqecKH He aa~ 
", ~~ . . • • - ,. . ¾. 

BHCHT 81',~~-~efl~HH
1
(_)r~ 06bJtl!!~M:_o6paaoM napaMeTpa o6pe3aHHR Kmax /orrpe.uense-

~~~:~- ~~ .·:r~JIO~Hsi ~~fiY,C';f:~~.l?"CT.H ,~aKpOC~_OIIHqeCKOro OnHC8HH8 HJIH, 6onee CTp6ro, .D,Ot

nyqTHMOCTH npeae6pe>KeHHII npoc-rpaHCTB8HHOil .aHcnepcHeil/, 
- . . ·, . . •.· .• , .. '·' . £. . I .• . 

.,3aBHCHMOCTb /';m=/';m, . . + /',m OT aHeprHH qacTHllhl HMeeT cne.ayIOIUHII XQ.a. , .,... •.. "', ., . . e . 
B .ll.ep':11ll,THBll?TCK?M ,npe.ae_J_Ie._ /',m "'/!.m H pacTeT Kai{_!__ C YM0HbWeHHeM CKO-

f V t . ' 

poCTll,, B ynbTpapenll;KB,HC1:CKOM npe.aene KaK Am , TaK H /', m no a6co1110TH0J 

senHqHHe ·.nHHell.ao. pac~YT, c P.oc;fi>M .. aae,pr_HH qacTHUhl •. 0.aHaKo, ·Hx cyMMa .B. npe.aene 

H8 3aBHCHT OT aHept'HH H ,.aoCTllraeT HaChIIUeHHII /aqiqieKT nnOTHOCTHI, BhlqllcneHHII , e · · · . 
· /',m n /',m .an11 Mo.aenH ocnHnn,.Topos, K0Topa11 6hma paccMoTpeHa em;; 

;\ \ "S < \ ,' • ~\ ">· ; ~ ' ' ' . . ,~ '. ' 

¢>epMH ,Q11ll HnUIOCTpaUHH 9tptpeKTS n1IOTHOCTH B IlOTepllX 9HeprHH qacTHU, IlOKa3bIBaeT, 
. " >,, t :' .- - -·. ~\ . " • , f. \ '· • 

/', ffl He 3aBHCHT qTo B ynbTpapenllTHBHCTCKOM upe.aene 

CP"flhli\ B TO _BP,':~ll. ,KaK :;> 0: .aei,tbHOCTH, o6e seni,qHHhl 

OT co6CTB0HHbIX qacTOT e , · 
/',m H /',m OT HHX 

38BHCHT~:-:Kpl!TepH,II B03HHKHOBeH.HII aqicj,eKTa Il110THOCTH B H3MeHeHHll aneKTpOMarHHT-

HO!\ Macc&i, .a,nn Mo.a,enH __ ocuHnnHTOpoa cosna.aaeT c KpHTepHeM aqiqieKTa nnoTHOC.Tll 

¢> epMH,: llnR. noTepb •. TTpn., .aanJK. eHHll . qacTllUhI s.aonb ocH Ka Hana a .ananeKTpllKe se -

11llqHHa, 6,m ' : ,K{IK llOKaaaHO B ft, ~' MO>KeT 38~8THO 38BHC0Tb OT 8HeprHH qac-

THUhl .aa>Ke,a,ynbTpapen!ITHBHCTCKOM np,e.aene, 3TOT aqiqieKT B03HHKaeT .a1111 .aocTa-,. ... . .. · ..... ·x1 ... •·_ .,.- . . . 
TOqHO :-,WHpOKOt~ K~11:an_a;· •.• I,l<?.K8~b-~B80TCSI, qTQ ll_nsi Y3KOI"O K~Hana aenuqaaa /1 m 

T(lK~~.- ~,e, K<;1~\, H;~ ~ "l\~.~~~?1HOtt. c_pe~ __ e. B §6 ~p0~3B0.0.HTCR uccne.a.oaaHH0 BJIHSIHHSI npo

CTpirncTaeHHOII .aHcnElpCHH, Ha . /!.~, •. HanHq11e aqiqieKTa nnoTHOCTH s .. /',m aecbMa 

cyIUecTBeHHO. ,TaK>Ke. npH pacc;,Mo.:peHHH pa.aHaUHOHHhlX nonpaBoK K noTepllM aHeprHH 

qacTHll_/, r.nasa,,21.,.,_, ,:.· ... , , ,; 

M eTo.a <pYHKUHA, f PHlla,..noa12101111"T, _nonyqH'l;b, KBaHTOBhie sepo!ITHOCTH H3MeHeHHH 

x/ Pa.a.uyc .KaHana. ,non>K«:!a aHa-qaT_enbHO npeaocxonHTb n·naaMeHHYIO nnHHY aonHbI w-1 

,,1, ' . - - , ' •~ , ~ .._ o• 

4 

f:I 

l 

COCTOBRHSI penRTHBHCTCKHX qacTRU. vf 3B0CTHbl0 paRE:e cnocofibl, pacq~Ta.: H8IlpHMep, 

JCB8HT0BbIX nonpaso~ K RHT8HCHBHOCTR. qepeHKOBCKOI"O H3nytteHHH ,QCH0BbIB8JIHCb HS·, 

T.H. qieHOMeHonor11qec1toll JtBaHTOBol\. aneKTpo.aeHaMH_Ke,. HCn011b3YICIUell_-JtBaHTOBaHHe· 

ycpe.aH8HHhlX aenHqnH. TTocne.aHHII co.aep>KIIT B· ce6e ·onpe.aeneHHhl8 _B_HYTP0HHH8 npo

THB0p8'1HR R, _!(POMe Toro, Rt3IIpRrO~Ha B TOA o6'nacTH ,qaCTOT, rne nornoweHR_4;- Be• 

nnKO. B .aHccepTaUHH noKa3h!Ba0TCII, 'ITO ecnonb30BSHl!e M0To.aa qiyHimHll rpeHil 

":OBM0CTHO C .aucnepCHOHHbIMH CO~THOW0HHHMH. no3BOnHeT riocnenoaaTenbHO nony .

'IHTb KB8HT0Bbl0 BepOHTHOCTH HCilYCKSHHH aneKTpoMarRHTHbIX Bona. ql;lcTHuea., ;.QnR: -. 

H30TponHoA cpenbI aepOSITHOCTH HCDYCK8HHSI no~E!peqHblX II npononbHblX , BOnH Abl

pa>KeHhl qepe3 MHHMhle qacTH aanaa-:1hlBS,lOIUHX. qiyHKUHII pacnpocTpaHeHHII. no-.:: : 

cne.aHHe CBll38Hhl C nonepeqHOll H npo.a011bHOll .aeaneKTpeqeCKO~. "npOHHUa -

eMocTstMH. Hafl:JleHHble ·aepoSITHOCTH npuronHhl nnsi· nro6bIX- ' yrnoa •pacceHBJJS"' 

qaCTHUhl. TTonyqeHhl KBaHTOBhl8 IlOilpaBKH K npo,aOllbHhlM llOT8p!IM / 6opos-. 

CJCH8 nOT0PH /, KOTOpbie MOryT COOTB8TCTBOB8Tb. TSK>Ke nonpaaKaM K xapa1t• 

T8pHCTHqecKHM IlOTep11M aneKTpOHOB B TOHKllX nneHKax. nmi''noiiepeqHhlX /qepeHJtOB•'' 

CKHXI UOTep,; B 0611acTH npoapa'IHOC.TH H npH npeH06pe>Ke11en' 'npOCT!)SHCTBeHHOI\' .aHC~ 

nepcHell nonyqeHHhlll p':aynbTaT coana.aaeT c TeM: KOTOphlA cnei:tyeT 11a <p~H6Me~<:i- •,., 

norHqecKoll KBaHTOBOII aneKTpo.a1rnaMHKH. TTpoae.aeHHhll\ p·acqaT, Hcm!i·,;,,3y~111.:A KBalt

TOB8HH0 MuxpononeA c nocne.uyromHM ycpena8a~·~M, llojcaabl~aeT ·. ao·;Mor>KH
0

~cTb He·~~, 

non&30B8HHSI ct,eaoMeaonoraqecKO~ KBSHTO-Bo_A anexTpO.aHHa~HKH,· B sTHx·' Y'clJ;Baffx. 
TTony'leHHhle Bhlpa>KeH>1II .ann H3,MeHeHll!I aneKTpoMar;HTHol\ i~:iacc·.:i·;n ·uoTepb' aHep~" 

rHH HM8IOT 6onee WHpOKYlO 0611aCTb npHMeHH~OCTR, a'·qacTHOCTll, OHH' aep,in,i'a· ,:;;M .-, 

cnyqae, Kor.aa cpe.aa HBnsteTCR CHllbHO nornow·aromeA R HCrronh~oaaHH0' q)eaoMeHo.,;;,: -_, 

noruqecKoA KBaHTOBOA sneKTpo.anaaMHKB cTaHoBHTciH Heaaic.oH_HhlM: 

Pa3BHTbIA: MeTon Il03BOJ1S18T nonyqH-:rb o5~He Bhlpa>K0HHSI ~·1111 UOT~pb snep~H·H 

6ea o6hP:lHO ecnqnhayeMoro paa.neneaa~ ea noTepu, CBH38HHb1e c 6nHaKaMn 

H .aaneKHMH coy.aapeHHIIMH. 

EnH3KHM coy.aapeHHHM cooTBeTCTBYIOT 6onbWHe nepe.a'aqH ·HMnym,ca·•· "K ·c 

T.e • .an11 611sa1tHX coy.aapeHHII Heo6xo.aHMO yq~Th!BaTb. KSK K~llHTOBhle ·aqicp~~Thl, Taz· 

H npocTpaHCTBe~HYIO .aHcnepCHIO .aHane~TpnqecKcill npOHHuaeMOCTH> noaToMy '» ,g 7 

nonyqeHo n nccne.aoBaHo Bhlpa>KeHee .anH .aHan!!KTpH,iecKoll 'npciHHuaeMoci11 '·nnaaMhl·'''·'' 

C yqaTOM penllTHBHCTCKHX R KBSHTOBhlX 9<p<peKTOB. P8CCMa1'p1tBa!OTCII 'TaKiie 9lleK_:•· 

TpoMarHHTHhle csol\cTBa H30TponHol\ penHTHBHCTCKoll nnaa,.;hl~ YiaabliiaeTcir iia HO.;, 

Bhll\ BR.a aaTyi<.aHHII aneKTpOMarHHTHhlX BOnH a' ll1183M8 'Ra:,_~•a '6eCCTOnKHOBHTenbHOrO' 

po>K.a8HHII nap II_ IlOKa3hIBaeTCII, qTQ T~KOI\ 8<p<p0I<T' ~03MO>KeH 11HWb.' .ait11 ,. n'n;,_3Mhl 

6onbWOI\ nnOTHOCTH /no.aJ)06H~e HCCnenoBaHHe ·.9<p¢8KTa B TTpltllO~eHHH .. 1 § 28X//; .. 

nonyqeHO Ta1tme Bbrpa>K0HH0 .nnsi MH~Mhlx ·qacTea.··~p'o·HuuaeMOCT~A H a'aTYXBHHH r' 

llaH.aay C. yq{>TOM penllTHBHCTCKHX H KBSHTOBWX 9tptpeKTOB, AHanarH'lHOe· paccM<>Tpe

H110 npose.aeHo .ane nnaaMhI · npH H~nHqlln -MarHHTHoro '~mi' in- 9 /. 

x/ Bonpoc o 6eccronKHOBHTenbHOM po>KneaHH nap nonep0tt:ahiM ·. noll.eM aaTparHBancH 
/19/ 
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nony-reHHb1e ·pe3Y.nhTaTbl '. no3aonS110T aaATH -: ab1pa>K.eHRS1 .anH -· nonepeqHhtX W' 

R npo.nonbHbIX W f ._., noTepbc. 'allePraH· B 0ll,HHHUY BpeMeHH B WHpOKOil of5nacTH 

CKOp.ocTel! aapll.lla H Te.;rrepaTyp : IIIIa3Mbl. JlIIll 6stCTpblX l{8CTHU B xono.a.HoA 

nna3Me nepenSITHBHCTCKHX TeMnepaTyp / v > > VT 

CKOpOCTbl nonyqeao 

vT - cpell.Hstsr Tennoaag 

2. 2 2 
If r = e•w~. IYn 

V 
2m·. 'n v 2 -% 
CJJDe(lp + m.) 

[1-(1+-~.t) lfn[l- •• v ]l 
'• <•. +m.) 

.· 
• • 

W '= e•w• v I (tp+\ .J [fo ~3'-!L 
o• , 2v P lt,,+m.)t..v\; (,+ ;.J. 

p % ' 

v2 t 2 1+½ m
2
et~v2 

((, +m)•-•• v•l• p p • 

/3/ 

/4/ 

l, 

r.lle m. - Macca aneKTpoaa, 

nyqeHbI TaK.ace BbtpameHHR .nnR 

"' = ( 411Ne') 
oo m . 

noTep& 3aeprHH 1/ 

, - IlJI83M8HH8SI ll8CTOTa. no

B cnyqae, KOr!la nepeLtaaa~MaSI 

3HeprHll ae npeBOCXO.llHT w* 2/ 1l11R TSDKenoii HeperiRTHBilCTCKOA '18CTHUbl' 

.llBHlKyIUe~cR B nnaaMe c peIIRTHBHCTCKHMH aneKTpOHHhlMII TeMnepaTypaMH; 3/ JlIIR 

penRTHBIICTCKHX 'laCTHU B yn&:rpapenl!TIIBHCTCKOII nnaaMe .II 4/ Ha COY.llapeHHe c 

HOHSMH nna3Mb1.- nonyqeabl TaK>Ke o5mHe Bb1pameu1tR ZJ.nR noTepb aHef)rHH 6blcTpbIX 

qacTHU B M'.3-rHHTOaKTHBHOA: nnaaMe, yqHTbIB8IOIUH0 KaK 6nH3KHe, TaK H .Ll8Jl0KH0 co-~ 

y.llapeHl'!ll /§ IOI. OoKaairno, KaK Hcnon&ayeMblll MeTO.ll noaBonlleT npocTo nonyqaT& 
. /3 / 

peaynbT8TbI pa60Thl 8BTOpa no H3nyqeHHIO penHTHBHCTCKHX 'ISCTHU B MarHHTHOM . 

none npn _HaIIH'IHH 11a0Tponaoll cpe.llsr. nonyqeHbl Bsrpa>Ke,HH!I .llIIII noTep& aaeprnn 

'IBCTHU npa .0BIOK0HHH BLtOJlb MarHHTHoro nonst H H3MeaeHHSI aneKTpOMarHHTHOA Mac

'Cbl qacTHUbl B nna3M8 npH HBnH'IHH cHnbHbIX MSr"HHTHbIX nonen. 

rpaHHilbI npHMeHHMOCTH nonyqeaab1x peaynbTaToB onpe.!lensuoTcR eo3MO>KliOCTb!1) 

• HCil01Ib30B~HH:R .LlH3neKTpKqecKOA npOHHUaeMOCTH C "ToqHOCTblO .LlO qneHOB et T.e., 

JlOnycTMMOCTb!O npeH-e5pelKeHH!I acj,cj,eKTaMII CTOIIKHOBeHHil. C Jlpyroil cTOpOHbl, 

peayn&TaTbI nony11eab1 Tax>Ke c noMOWbIO OnepaTopa MaCCbt nepaoro nopsruKa no 

• e • BbISICH8HHIO rpaHHll npHM8HHMOCTH SToro npe.ononomeHHSI nOCBSIWeHa rnaaa 2. 

KaaaTOBbI8 aepOstTHOCTH aanytt~HKSI BOJlH '18CTHU0n', IlBHmyweHcst ,B cpe.ae,, n:cnon&

ay10TCR B rnaee 3. 

BTopaR rnaaa .LlHCCepTauHH ll0CBSILU8H8 paccMOTpeHHIO pa.LlH8UHOHHbIX nonpaBOK 

K ngTepHM aaeptHH 5agTHy B qpege, 

B aToll rnaae paccMaTpHBaeTc!I aonpoc o n0Tep11x 9HeprHR ·B cneL1y10meM no

Pll.llKe no e 2 
IT.e. C TO'IHOCTb!O. !J,O 'lIIeHOB e 

4 
H e

4
fn e

2
, /. 11ccne.llyeTCR •. 

Ta, ~8CTb pa.LlH8UHOHHMX nonpaBOK, .nnSI KOTOpltt .LlHSneKTpHqecKaSI npOHHUaeMocTb H8 

paBH8 8.LlHHHue. T.e. M8KpOCK0IlHl.!0CKaSI qacTb pa.uHaUHOHJ;IbIX rronpaBOK K IlOT0pSIM 

;;taeprHH qaCTHU. HaTep0c K T8KOil nocTaHOBKe 38.llS'IH CBH38H C TeM, ~TO, HanpII -

Mep, IIpR HaMepeHHllX HOHH3allHOHHb!X noTepb npll IIOMOIUH cj,oTonnacTHHOK cj,l!KCHpy-

lOTCSI JlHWb 8KTbI, B KOTOpbIX nepea aaaeM8Sl . 3HeprRSI (rj. H0B0J1HK8 • BenHttHHa <u* 
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B 9TOM cnyqae HMeeT nopSI.llOK ,1 - 5 K 8B Hnn, KaK Kpal!Hee, 50 KaB , .. T.e. :;:* «l. 

' . 
OcHOBHblM cpll3H'leCKHM peayn&T8TOM,, nonyqeHHhlM B .3TOll rnaae, HBII510TC211 cne.lly-

10wee )"Taep:'ll0HH0: B' pst]le cnyqaee, ., HHTepeCHbIX C TOqKH 3p0HHR ,B03MO>KHOCTeA 

SKCttepHM0HTcinbHOrO Ha6n10.neHHH, M8KpOCKOilHll0CK8H tt8CTb p8.0H8U~OHHbIX llOllp8BOK 

,:: npoueccy! npoecxo.numeMy a cpe.ne, Mo»ceT 3H8ttHTen&ao npea~cxo11HT& •MuxPo ·-

11acTi:' paneauHOHHbIX nonpaaoK. 

Manag aen_HtJHHa SHeprH~ KBBHTOB, yqacTBYIOlllHX B nponecce, Il03B01lH0T no

c;:TpOHTb npR61.llllKeHHble ypaBH0HH!1 JlIIR CHCTeMbl cj,yHKUHII rp.HHa, B KOTOphlx BO 

acex nopH.nKax T00pHH B03MYUl8HHA YttT0HbI JlHllib ri:epBbI0 'l{Jl0HbI p83Jl0:>K0HHH no' 

3Hepr11H KBaHTOB. nonyqeaa COBOKYllHOCTb rpacj,H'leCKIIX npae11n JlIIII nocTpOeHH!I one 

.PaTopoa n106oro nopR.llKa Teop11H aoaMymeHnll. 3cj,cj,eKTIIBHO npoBe.lleHa nepeHOpMH-

pOBKa nonyqeaaoll CRCTeMbl ypaBH0HHII. llIIll HaXOlK.lleHHR pa)lHaUHOHHhlX nonpaBoK 

HCnOIIb30B8Ha HTTepauHOHHaR npoue.llypa, Il03BOIIHBlllall npaBHIIbHO yqecTb HapRJly C 

'IIIeHaM11 Bll.lla e • qneHbl BH.lla 
84 Pn 82 ~ YcTpaHeH~e naq,paKpacaoll pacxo.ll11'

MocTH iiMeeT onP,e.lleneHHoe cBoeo6paa11e. EcnH B BaKyyMe IIHcj,paKpacnall pacXOJlH:

MOCTb B nonpaBKax K pacceRHH!O B pliMKax TeOpl!H B03MymeHHII MOlKeT 5btTb YCTpa· 

eeaa paccMOTp0HH0M npouecca C HCllYCKSHHGM.M8rKoro KB8HT8, TO B cpene YKB3aa· 

HOii KOMnencaUHII HHcj,paKpacHoll pacxO.llHMOCTH M!lrKIIMH KBaHTaMI! MOlKeT He 5bITb. 

Xopomell IIIIIl!OCTpau11ell cny>K11T npnMep paL1nau110HHh!X nonpaBOK K qepeHKOBCKOMy 

H3IIY'l0HHIO. EcnH BO Beel! HH3K0'18CTOTHOII o5naCTH BnIIOTb .llO w=O Bhinonae-

no ycnoeHe qepeHKOBCKoro Hanyqeal!R · n ( w) v•> l 
, TQ H3JlytieHH0 M8rKoro 

K~8HT8 npH qepeHKOBCKOM eanyqeHHR SIBnHeTcg npoueccoM H3nyqeHHR .llBYX qepea

KOBCKIIX .KBaHTOB, KOTOphlll He CO.lleplKIIT HHcppaKpaCHOII pacXOJlllMOCTH, T.K. paano

meHRe no tIHCny. KB8HTOB .n;ng qepeHKOBCKOI"O HanyqeHHH BilOnHe_ aonyCTHMO /a _oT

IIHqHe OT TOpM03HOro 113IIy'leHHRI: 3To Bll.llHO H3 KnaccnqecKOll cj,opMynhl Jlil!I HH-

T8HCHlSHOCTH '10p0HKOBCKOro eanyqeauH, CO.ttepmameil MHO)KHT8nb w • 11Hcj,paKpac-

~YIO p8CXO.LlHMOCT_~ .. B ,.MaKpOCKOilHqecKHX pailHBUHOH~blX nonpaBK8X ~ IlOT0pHM 3Hepl"": 

rau HeTpy.ttao· rcTpaaH'fb~ eclla yqecTb, tITO ann qacTHUbl, .o.aa*Y111e:ltcs a cpene, 

p
2 

,f. ,Ji' na-aa acj,cpeKTOB, paccMoTpeHablx e rnaee 1. ·noaToMy ycTpaHeene HHcj,p 

KpaCHOII pacXO.llHMOCTH B Jl8HHOM cnyqae HMeeT e;;IlblllYIO aHOnorHIO C COOTBeTCTBy· 
' • .l • 

IOIUell 3a)laqei! .JlIIR II3M60BCKOro C.llBllra / p r m Ha-aa B38HMO.ll0ACTBHS1/, H0• 

lKen11 c. aa)laqell · o. paL111auHOHHblX nonpaaKax K pacce11HH10. s·s,palKeHHe .llIIR rroTep& 

C yqaTOM pa.llnauHOHHb!X nonpaBOK HMeeT BH.ll 

• · W = W1
( 1-~ t,.(..!.£.J) 

rt tll • > 

r)le w, - nOTepH 8HeprHH B o• npn6n11lKeHHII, 

nonpaBKy. 

,',. 

/5/ 

OIIHCbIB80T p8.0H8IUIOHHYIO 

B .llHCC0pTaUHH HccnenyeTC8 3SBHCHMOCTb 6 OT 9H0pI'HH 'l{8CTHU, xa.paKTepHCTHt<". 
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cpeaw H apyr11x cpaKTOpoa;. Tip0113B8.[li!H IIBHbll! pacqeT 3aBIICIIMOCTII ' l',. OT 2 - m 
.CIIIH ~poapa~HblX cpea ~pH - llp8He5pe>K8Hll!I npoCTp8.HCTB8RHOI! .CIHCllepciieA B Clly'lae, 

. Ko,r.tta· aaa11c11MOCT&: no1<aaaTe1111 npe110Mne111111 oT qacTOTbl aa;aeTc11 nnaaMeenol! cpop
Mynoll. TI01taaaeo, 'ITO B npen.ene YllbTpapell!ITIIBHCTCKIIX 9Hepr111! 'lSCTHU OCHOBHOI! 

.:'· 

BKna.a B l',. BHOCIIT o5naCTb 50llblllllX 'lSCTOT, KOraa 3aKOHHO npene6pe>KeH11e npo-

CTpaHCTB8HHOI! IlHCnepcHel! H 11Cll0nb30BSHll8 lllIS3MeHHOrO np1161111>K8HHS1. npoHzBe

.ll8H pac'le'C ITOnpaBOK B YllbTpapen!ITHBHCTCKOM ~p0.ll8-'le C norapHcpMH'l0CK011 

TO'IJHOCTbJO. 

01taawaaeTc.11, 'ITO l',. HMeeT xapa1<Tepnb11! ·xoa ·c 9Heprnel!, B HepenHTIIBH,. 
. 2 . 

cTCKOM npeaene t,._ .. 0 np11 v .. 0 , KBK v • B ynbTpapen11T11BHCTCKOM 

npeaene nonpaBKa f,. .llOCTHraeT HSCbillleHHSI 

. 2 
t,.(-)-2~,~ 

/6/ 
1 . . 

r.ue , .• -- I E,(p) - •PI; "'•• - nnaaMeHHa11. qacToTa, E,(p) - aHa'leH11e • ru.. . . 
acpcpeKTHBH<>ro aHepreTH'leCKoro. cne1<Tpa 'lBCTHUbl a cpeae· B nepiioM npe5ne>KeHHH 

no e 2 • PeaynbTaT /6/ awnncaH c norapHcpM11'lec1<01! TO'lHOCTbIO, Hachilll0HHe Hae• 

TynaeT opn aeepru11x 

_!_z_ » • ;_. = 1 
m -m T" /7/ 

B. L1HCcepTauii11 coaep>KIITC!I ,1u;:cne.C10BSHll8 napaMeTpa (; ·a_ 38BHCHMOCTH OT 

co6cTae11nwx 'laCTOT cpeilw, pac11peae11ee1111 'IBCTIIU cpeaw no aeepreRM n· .upyr11x_ 

cpa~'TopOB. B npaKTll'l8CKH HHTepeCHblX cny'la!IX (; .CIOCTl!raeT 3H8'leHHI! ~ 10-300. 

0CHOBHbl8 pe3ynbT8Tbl 11ccneaoBaH!l!I MaKpOCKOUH'leCK!IX pa.u11aUIIOH
0

HblX nonpaBOK 

MO>KHO pe3IOMHpOJaTb cne.uyIOlll!IM o5pa30M. 

1. MaKpOCKODH'l0CKHe pa.UHSUHOHHble nonpaBKII K noTep!!M 9HeprHH 'l8CTHU MO

ryT_ COCT8Bn>ITb BenH'lHHY 11op!1.QK8 ·1-10 %. 

. 2·; Cyw.ecTBY_eT acpcpeKT nnoTHOCTH an11 OTHOCHTenbHblX p8LIH8UHOHHblX nonpa-

BOK l',. • 3H8'l0HH!I _aHeprnl!, .Cini! KOTOpblX OH HBCTynaeT, 5onblll8 Tex, .lln!I KOTO-

pwx HBCTynaeT 8cpcpeKT nnoTHOCT!I Lin>I 0CH0BHOI! 'ISCTH no-repb. 

3To !IBnH8TC!I cneacTBH8M Toro, 'ITO B cp8BH8HH!I C KpHT8pHeM 9cptpeKT8 nnoTHOCTH 

<t>epMH B KpHTepHH acpcpeKTa nnoTHOCTH P8.ll!IBU!IOHHblX norrpaBOK, /cM. /7 //, co

LI8p>KHTC!I 5onbWOI! MHO>KHT81Ib * -- 137·· ' npH'li!M + ecTb 'l~Cno ITOPR.llK8 

10-30, Ta1<11M o5paaoM, KpnaaR HOHHaaUHR-xMoynbc ·5y.ueT xMeTb xapaKTepHbII! 

XO.ll: nocne '.noCTH>K0HRff• cpepMH8BC,KOl"O nn&T:O .aon>KHO aa6n10.a.aTbCH IlB.ll,eHHe no.: 

T0pb Ha 5-10%. 

3 •. p a.uHaUHOHHbl0 nonpaBKH. K HHTeHCHBHOCTH • qepeHKOBCKoro 11any'l0HHSI LIOC - . 

TynHbl 9KCnep11MeHTanbHOMy H3MepeHH!O. 

K SK OKa3anoc&, TeopeTHll0CKH8 pacq~ThI, Hanom.eHHbI0 BbIW0, cornacyIOTCSI C 

peaynbTaTBM!I 9KcnepHMeHTOB -~o HOHH3BUHOHHblM noTepRM ynbTpapenSITHBHCTCKHX 

aneKTPOHOB B cpOT09MYIIbCHIIX, npoae.ueHHblX B 11a6opaTop1111 KOCMll'l8CKIIX nyqel! 

8 

• 

' 
-~ 

. . /5/ 
<l>MAH r.E.)K.uaHOBblM, M,vl. TpeTbSIKOBOI!, M. HoBBKOM H ·M .H. lllep~aKOBOI! 

npoBO.llHBlllHec~ paeee 9KCnep11MeHTBIIbHble H3MepeHH!! _HOHH3BUHOHHpl! cn~~?5H5\~Tll 

yn&Tpap~nHTHBHCTCKHX ane1tTpOHOB He OTnHqaroTCH .llOCTSTOIIHO BbICOKOA T9qHQCTblO 

!I HeMHOrO'lHC/leHbl, Heo5xo.u11Ma11 B LIBHHOM cnyqae TO'lHOCTb /2-3% I 5bllla _ . .uoc.

T!lrHYTB nlllllb B 
15

•
171

• napaMeTp ' ' oneHeHHbll! .no 110Hl!3BUIIOHHblM noTeHUHa-. 

IIBM AA Bt , npHHHMa8T 3HS'l0HHH (; • 100-200. v!MeeT MecTO Y.llOBII~TBop11;-:_ 

T0nbH00 cornacue C OilbtToM O>KHLl.80MOro BJlHHHHSI pat::Ul8UHOHHOfi nonpaBKH Ha HO~H ... 

aauHOHHblll acpcpeKT KBK no 3HaKy H a;_.nnHTYLie caMol! nonpaBKH i,. (~) ,: TaK :~ ~o 

nonom:eaHIO TOR o6nacTH, rne IIOI1p8BK8 /l.OCTHraeT H8CbillleHHH •. B LI.HC~~pTa~HH np~ 

113B0.tl!ITC!I o5cy>Kaee11e 8KCllepHMeHT81lbHbIX peaynbTaTOB, oueaKa po,111 MHOf'OKpaT

aoro pacce11e1111 11 .upyrex cpaKTopoa. noKa3bIBaeTcR, 'ITO 11a-aa acpcpeKTa nnoTHoc: 

TH .ans p8!lH8UHOHHbJX nonpaBOK ~eoroKpaTeoe pacceHHHe ea HHX He CKa3.bIB89TCSI. 

06cy:m..oatoTCSI B03MO:a<HOCTH H86J110LI.0HHH MaKpOCKOilH'19CKKX pa.O.H8UH0.HHhlX norrpa

BOK .un11 TR>KenbIX 'IBCTIIU H .lllISI .upyr11x perHCTpllpy!OlllllX ycTpoiicT_B. 

rpaHHUbl llPH!-<0HIIMOCTH nony'leHHbIX B rnaae 2 peaynbTBTOB onpeaen!IIOTC!I Ma

lIOCTb!O pa.ueaul!OHHblX nonpaBOK no cpaBHeHHIO C. OCHOBHOfi 'lBCTb!O noTepb. HeKoTo

pble pacqeTbl rnaBbl 2 OTeeceHbl K np11no>KeHl!llM 2 H 3. 

rnaaa TpeTb!I .UHccepTaUH!I nOCB!lllleHa paccMOTp0HH!O. B03.llel!cTBH!I !131Iy-

'leHHlll Ha_ aap!l>KeHHyIO 'l8CT!IUY, .llB!l>KYlllY!OCll B cpeae. Bbiwe yme OTMeqanc!I l!Me

!OW!ll!C!I HHTepec K Kpyry aonpocoa, ca11aaHHbIX c npoxom.ueH11eM 'lac_THn qepea cpe-
~ . 

.uy, B KOTopol! HMeeTC!I aneKTpoMarHHTHOe eany'leHHe. XopOlllO H3BeCTHO, 'ITO B_03-

.uel!cTBHe H31Iy'leHHll Ha aap!!>K0HHY!O 'lBCTHUY B BaKyyMe HeBenHKO ea-aa Manoi! Be

nH'lllH bl ceqeHHH TOMCOHOBCKOrO pacce!IHH!I 
16 I. y CKOpR!OlllBSI c11na eanpaaneuuoro 

llOTOKB 11any'leHH!I B BaKyyMe 
( 

-f ~uk p , rne 

pacceaaeH 1 p - cpeLI.HSISI nnoTHOCTb H3ny'l9HHSI 

Ok -ceqeHHe KO~IlTOHOBCKOrO 

I v« 1 /, v!aoTpOllHOe H3-

nyq_eaue B- BSKYYMe, KaK H3B8CTHO, IIpHBOLI.HT K TopMO>KSHHlO tt8CTHUbI H3J1Yll8HH0.M 

c cenol! Toro me nopR.UKa. 

B rnaae 3 IIOK83bIB80TCR, 'ITO 0CJ1H H3J1Ytt0HH0 ne8cTayeT Ha ·qacTHUY H0 B 

BaKyyMe, 8 B cpe.o.e, TO npOHCXO.O.HT H8 TOJlbKO cyweCTB8HHOe yaenuqeaHe ceqeaHH, 

HO H R3MeHeHHe 3H8K8 a!pct,eKTa. aanpHMep, .O.JlH H30Tponaoro H3Jlf'l0HHH • 3TO 

HMeeT MecTo, ecnH .o.nH qacTHUhI a o6nacTH 'lacToT aaewaero H3IIY'18HHSI Bh1nonaeao 

YCIIOBHe 'lep0HK0BCKOrO !ICllYCKBH!IR nv> 1 . 

YaenH'l8HH0 C0'19RHR MO:m.eT _6bITb IlpOHJ1JllOCTpHp0~8HO npOCTbIMH paaMepHOCT

HblM!I coo5pame11HRMH. B BBKYYMe B03MO>KHO nHWb pacce11HHe. noaTOMy aMnn11Ty-

Ll8 npouecca, COOTBe'l"CTJ3YIOlll8SI · .ll.BYM BepwRHaM I nponopnHOH8JlbH·a a· 
e • a. 

Ce'leHHe·_- e' 
nopuuoean&aan 

BenH"tJHHa • HM010lll8SI p83MepHOCTb KBanpaTa .O.JlHHbl H npo• 
4 2 

e J • 0CTb r O B cpe.o.e npR BhillOnHeHHH ycnOBHSI nv > 1 

B03MO->KHbI KSK npoueccbl qepeHKOBCKoro HCllfCK8HHSI, TBK H rrpoueccbI qepeaxoacxo-

ro nornomeHHH. AMnnl!TY.O.hl 8THX npoueccoa nponopuz:oHanbHhI e , a ceqeHHe- e! 

BTopoA aenHqHHOA paaMepHOCTH .UJlHHbI B_ cett:eHHH '-!O)KeT 6bITb 1IHWb .O.JlHHa Bon-
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Hbl - A •' Ta1<HM ol5pa3oM, cana B03Ll8l!CTBHH H31IY,18HHH ~a '18CTHUY B cpelle B ~ 
- ~ 

- pa3 15on&we • .Ona H3ny'l8HHH, 15nH3l<OrO K MOHOXpOM8TH'18CKOMY, paC'!l!T llpHBOLlHT 

1<' cnellyIOIU8MY Bblpa>KeHHIO LlnH H3M8H8HHH aaeprHH 'laCTHllbl IIOLl B03Ll8l!CTBHeM 

H30Tp011HOro '18p8HKOBCKOrO H3ny'l8HHH-

d, -af•", VP-

/8/ 

o•2irXr(1- 1 J 1 , 
r 00 ~ 1+..$.L. ~ 

n\"'o1 "'o 

rlle A
O

•_ 211 , ru 0_ - qacToTa uanytteHHH. 
, "'on(euol 

l-13M0H8HH0 3H8K8 CHnbl, T.e. acpcpeKT ycK~peHHH, a ae 38MellneaHH, MO>KeT 

l5b1Tb 11pOHIIIIIOCTpllpOB8HO CII0LlYIOlllllM o5pa3oM. MexaHR3MOM, yee1IR'IRBa10waM' ce

qeaHe, BBnHeTCH HH.O.fllRpOB8HHO0 qep8HKOBCKO0 ucnycKSHH0.H nornoweRH0 aneKTpo· 

MarHRTHblX BOIIH. EcnH WP'"'• k) ecTb eepoHTHOCTb CIIOH":SHHOro 'lepeaKOBCKOro 

HCIIYCKaHRH KB8HT8 aaeprRH CU B HM ny nbC8 k ,TO npH aanRqHH sanyqeHBR Ha-

M8H0HHe saeprBH qacTHllbl 0CTb 

1/rj eudeufdklwP(eu,kJ(Neu,•+ll-wp+• (eu:,k) N~ •I. 
0 ' 

/9/ 

Depsbll! 'lnea /9/ 011acblaaeT c11oaTaH11oe R HHLly11aposaHHOe ,R31IY'l0HHe, BTopol!; Ha· 

IIRC8HHbll! H3 cooopa>KeHRl! Ll8T81IbHOrO oana!ica - RHLlYUHpOB8HH08 11orJI01U8HH8. 

,Oel!cTs11e R31IY'l0HHH, onpellen>leTCH pa3HOCTblO HHLlyuaposaHHoro nornoweHRH H eH

LlYIIRpOsaHaoro RCllyCK8HHH. BepoaTHOCTb 'lepeHKOBCKOrO RCnyCKaHRH, 1<81< H3B8CTHO, 

118Ll80T _ C YM8HbW8HJ18M yrna M8>KLlY HanpaaneaaeM KB8HT8 R c,copOCTblO 'laCTHUbl. 

B cany aa1<0Hoa ,coxpaHeHRH nornoweHlle npoacxOLlHT npe oon&wax yrnax, He>Kena 

HCnyCKSHRe. 3TO - npRBOLlRT K yc1<opeHRlO '18CTHII H31IY'l0HH0M. 

Cnoco'l5 pac'laT8 CHnbl, B03Ll0l!CTBHH uanyqeaHH lid qa~~HUY COCTOHT B yq~-

Te nepBbIX- KB8RT0Bb:X nonpaBOK B B0pOHTHOCTRX nornoweHHSI H HCllYCKSHHH. B rna

se 8, HCl101Ib3YIOTCH Bblp8>K0HllH LllIH eepoHTHOCTel!, H8l!LleHHb!0 s. rnase I. PaccMpT

peao .o.eAcTBUe ae T0nbK0 nonepeqabJX aonH, ab H aeAcTBHe npouonhHhIX nnaaMea-

HblX ,BOIIH. 1-1cnonb3Y8Mbll! M8T0Ll pac'leTa 1103BOIIHII H8CIIO>KHblM ny~eM pewHTb • 

aanaqy . 0 B03.0.0ACTBRB uanyqeHHH HS 118CTHllY , ,llBR>KYWYIOCH B M8rRHT0-

8KTHBHOA. nna3M0. PeaynhTSTbl HBnSIIOTCSI KnaccuqecKliMH IHeKBBHTOBbIMHI R, ecTec-r

B8HHO,, 'MoryT OblT(;,, nony'leHbl KllaCCH'10C,CHM nyTeM, '!TO 'Hnn~cTpRpyeTC-H Ha npoc

Tel!weM npHMepe B npHnO>K8HHH 4. K nacCH'10CKR0 paC'll>Tbl 3Ha'IHT01IbHO CIIO>KHee 

a MaTeMaTRqecKOM OTHOIJ.JeHRH H, xpoMe Toro, xaaHTOBbi:R: pactf~T -HMeeT nPeHMy

wecTBO B CHIIY 001Iblll8l! HarnHLlHOCTH. 

B ,§ 17' Lla0TCH 011ea1<a rpaHRII 11pRM8HHMOCTH nony'la0Mb!X pe3ynbT8TOB. noKa-

3f:,IB80TCR;· qTo .peaynbT8Tbl aepubl npH nnoTH?CTRX uaJl:y~eHHSl _MeHbIJ.JHX Tex, .nnB 

KOTOpbIX cuna ao·a.o.E!acTBHSl HanyqeaHR cpaaRHBa.eTCH C MrHOB0HHOA ..aeA:CTayromea 

10 
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CHIIOII. 3THM orpaHR'lllBalOTCH LlOIIYCTHMb!0 IIIIOTHOCTll R31I}''l0HHH ceepxy. OrpaHH'le-

HllH CHR3Y npOHCXOLlHT aa-aa Tpe6osaHHH, 'IT06bl yc,copH10waH cena co CTOpOHbl H3-

nyqeHHR npeBOCXO.O.Hna CHny CllOHTBHHOro TOpMO>K8HHR, pa.CCM~~peaaoro .B rnaae 1. 

_oueHRBaeTCH TaK>Ke pom, 'neneHel!HblX acpcpe,cTOB. 

.Llna qaCTHUbl, ..aBH>KYIUS:ltCR B MarHHTciaKTHBHOtt nnaaMe no BHHTOBott nHHHH, 

HBpR.UY C H3M0H0HH0M 3HeprHH aaxo.a,RTCR TaK>Ke H3M0H0HHSI K0Mll0H0HT HMnynbCOB 

qacTHilhI, nepnea.nuxynstpHbIX R napannen&Hhrx MarHHTHOMy non10. 3To noaaonst.eT aaA

TH H3M8H0HH0 yrna Me>K,ny CKOpOCTblO qacTHllbI H MBI'HHTHbIM noneM. PacCMOTpeHbl 

'!8CTHbI0 cnyqau e8penHTHBHCTCKHX CKOpocTett H Manb1x yrnoa Me>K.ny CK OpOCTblO 

'18CTHUhl H MarHHTHbIM noneM. 

.QnR MB1lbIX yrnoa H aepenRTHBHCTCKHX cxope>:cTeR nonytJeHbI cne,a:yromue BbI

BOLlbl: 

1. BHe 38BHCHMOCTH OT pacnpe.a,eneHHH nnoTH~ciH H3~ytfeHHR aoa:UettcTBHe ua-

nyqeHHSI npHBO.URT K pocTy yrna Me)K..ny CKOpOCTblO 'IBCTHUhl JI M8I'HHTHbIM noneM. 

2. YcxopeHH0 'ISCTHU uanyqeHHeM HMeeT M9CTO B TOM npaKTH'l0CKH HSR5onee 

ftHTepecHOM cnyqae. KOI'LI.4 HHT8HCHBH0CTb H3nyqeHHSI a·cpe.ae nanaeT C pOCTOM 

IIOK838TenR npenoMneHRB. 

§ 19 IIOCBSIIUeH B03MQ)KHbIM acTPOcbH3Htf0CKHM npHnomeHHSlM peaynbTSTOB, no

lIY'l8HHblX B rnaee 8. OopawaeT<l:H BHRMSHHe Ha TO OOCTOHT01IbCTBO' '!TO 

K0CMHqeCK00 p8.llHOH3nyqeHH0 MO :meT IIpHBOLI.HTb K ~aMeTHOMY YCKOpeHHIO aneR' • 

TpOHOB BO BTOpOM p8LlR811ROHHOM nonce 3eMIIH. ,OUeHKH nopHLlKOB senH'IRH npa

BOLlHT K p83YMHblM 3Ha'l0HHHM BpeMeH ycKopeHHH. KocMR'18CKOe P8LlHOH3ny'leHHe 

Mo:meT npHBOLI.HTb TSK)Ke K yaenHqeHHIO Bpe~PHH )KH3HH qacTHU B p8.llH8UHOHHblX 

IlOHC8X Ha-aa pocTa yrna M0)KLJ.Y CKOpOCTblO H noneM. 0TM0'180TCSl T8K>K0,. "l{TQ npu. 

YCK0p0HHH HanyqeHH0M npeHMYW0CTB0HHO YCKOpSlIOTCSI TSl)K.enhIB BOHbI. PacCM8TpHBa-

8Mbll! 'MexaHH3M 1108TOMY MO>K,eT arpaTb pOIIb B npOllCXO>KLl8HRR KOCMH'l8CKHX ny-
/ 

qeA., HCTOqHHiOM KOTOpbIX SIB.JlSIIOTCR B3pb1Bbl caepXHOBhIX aaea.n. TaxoA M0X8HH3M 

MO)KHQ, pa.9cMaTpHB8Tb K8K MexaHH3M HH)K.eKUHH B cpepMH0BCKOe CT8THCTH'18CKOe 

YCKOpeHRe. 

,LlnH sonpocos npaKTll'l8CKOro HCIIOIIb30B8HllH peayn&TaTOB TeopHH B38HMOLlel!

CTBHH Ob!CTpblX 'laCTHU co cpellOli HapHLlY c paCCMOTpeHHb!MR eonpocaMH 6onbwoe 

3HaqeHH0 HMeeT HccneLI.OBSHHe aanaq, K8C810lUHXCR COBOKYIIHOCTH '18CTHU, y.noaneT-

BOpSlIOIUHX ycnoBHSIM KorepeHTHOCTH /rnaa 41. a TB.K)K.9 pSlll.8 penSITHBHCTCKHX ae

lIRH0l!HbIX acpcpeKTOB /rnaea 5 /. 

rnaaa qeTa~pTaH nuccepTauRH noCBHLUeHa uccnenoaaHHIO KOrepeaTHoro nepexo.o.

aoro H3nyqeHHSI. nocKOllhKY npH'IHHOtt B03HHKH0B8HHH nepexoattoro H311Y'l0HHH SlB-

11Sl0TCR nepecTpo:A.Ka co6CTBeHHoro nonst qacTHIIbJ, rrpH nepexone rpaHHUhI paaaena 

cpen, IIOpSl.O.OK cyMM8pHOfi HHT8HCHBHOCTH nepexo~aoro R31lY'10HHSl coana.naeT C ae-

11Hl{HHOA H3M9H8HHSI aneKTpOMarHHTHOA MBCCbI 'l8CTHUbI, paCCMOTP9HHOI'O B rnaae 1. 

EcnH .onH ·crycTKa 'ISCTHU BbIIlOnHeHhl ycnOBHR KOrepeHTHOCTH, TO ero MO)K.HO pac-
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CM8TpBB8Tb KSK Toqe;ablA 3apH.ll aenaqHHbl eN B Macchi Nm. nocKon&Ky sneK-

TpoMaraBTHSR Maces crycTxa pacTeT nponopa.aoaan&ao KBa.apa.Ty qBcna· qacTBa., a 

Macca - nponopUHOH~nbHo_qHcny qaCTRll, TO OTHOCHTen&aaH .aona saeprHH, T~pH0MSH 

crycTKOM sa nepexo.auoe H3nyqeaae,pacTeT c pocToM qHcna_ qacTaa.. Ha xorepeHT

Hble scpcpe1tTbl enepe1,1e 61,100 o6paweHo BHHMaHHe B.Yl.Be1tcnepoM. B yn1,Tpapem1-

TBBHCTCKOM npen.~ne nepexo.aaoe B3nycreaue npeHMYlll0CTBeaao aanpaaneao anepen. 

no&TOMy B yCOOBH8 !U)l"0peHTHOCTH BXOL:IIIT OHWb np0Lt0n&Hbl0 pa3M0pbl Cl"yCTlta •. 

noxa3b1B88TCH, qTO ycnoaue KOrepeHT~OCTH H8 3_8BHCHT OT aaepr~H cryCTKa. M~x

CHMan&RbIA ecpq)eKT T·opMom.e~as nepexo.aa~M aanyqeaHeM B03HHxa8T a· cnyqae, xor· 

LIB nonep8'1Hbl8 pa3M8phl Cl"YCTlta cpaBHHBaIOTC>I C B00H'IHHOA nna3M0HHOA aziaH1,1· 

BOOHbl _1_ B H3ny'ieHHH npH 9TOM arpa!OT pon& ace ~yn&THOOObHl,10 MOM~HTbl. 
"'o• . , ~ . 

noxas1,1eaeTC>I, '!TO eenH'IBHa 0TBOCHT00bHOA noTepH SHeprHH MOlKeT LIOCTHl"1'Tb 

3H1''10HHA, 00p>1;1<8 .8LIHHHllblo nocn8LIHHil C~Y,IaA H1'XOL:1HTCSI Ha l"paHHlle llpBM0HHMOC • 

TB nHH0Aeoro npu6nH~0HHB; HY>KHO .ayMSTb, 0.QH8KO, q70, IIpH BbIIIOnHeHHB aSa.aea

HblX ycnoBBA 9cpcp8KT. 6yaeT MaltCHMan&HblM. 

HapllLIY C lt01"8p8HTHblM H30y'i8HH8M sap!ILIOB paccMaTpHBaeTC!I TaKlKe ltOre 

peHTH00 B31JY'l0HB9-_, TOKOB. 

.Ona soaMo>KaocTH npaKTHqecxoro acnon&a9aa.RHH xorepeaTHoro nepexo~aoro 

B3nyqeaB51 a8>KablM MOM8HTOM 51BnHeTC51 Tpe6oB_8HH~, aaxna.abJB80M00 aa p03KOCTb 

rpaHHIIbl pasaena cpea. :3TOT eonpoc paccMaTpHBaeTcll Ha npsMepe To1<a, •npoxoa11-

wero qepes nepeXOLIHYI0'06nacT& M8lKLIY nna3MOA H BaKyyMOM B cnyqae, KOl"L:11' B 

nepeXOJlHOA o6naCTB nnoTHOCTb nna3Mbl M8HH0TCSI nHaeAHblM o6paaoM. noxaaaao .. 

'!TO ecnH pa3MblTOCTb rpaaaa1,1 pasaena 3Ha'IIIT8IlbHO 6on&we 30Hbl cpOpMHpOBaHHII 

nepeXOLlHOrO uanyqeuHH, TO RRT0HCRBHOCTb nepexo.auoro Hany'tfeRH51 o6pamaeTCH B 

Hyn&. Pa6oTa CHO Ha rpaHaae pasaena npa 9TOM B HYO& He 06pawaeTCH 0 

yj 3B8CTHo
1201 , '!TO K01"8p8HTHb18 9cp.cp8KTbl L:1011 LIBHlK8HH>I sapHLIOB B 6esrpa

HH'CIHbIX cp8LI.8?( XOT51 H yaenuquBaIOT CHny, LI.8ACTBYIOlllYIO Ha OTLI.enbHYIO qa~Tuny: 

HO OHR CSMB npHBO,llHT K DOS1Bn8HBIO cun, CTpeM.SllllHXC51 HapyUlHTb xorepeHT!fOCTb 

/aeycTo.A11:usocTbl. <!>uau11:ec1ta.R npu11:uaa &Toro· coc.TOHT B TOM, 'tfTO npu aanpasnea

HOM _a3ny'leaau nocne.ay10mue qacT.HUbI HCllbl-TbIBaroT neAcTBlte llpe.awecTsyromux BM 

'CISCTHll,. no ae aao6opoT .• Bcne.a.cTBBe aToro cuna peaKUBB, .aeAcTsyrowaa aa oT.aenh-

HYIO 11:8.CTRilY crycTxa, pa.CT~ a.aonb era .onHHbl, qTo H npHBOLIHT\ K P.accacblBSHMIO 

crycT1<a, 

B llHCC~pTSllHH ll0KS3b1B88TCSI, 11:TO xorep~BTiible aq)cl:>eKTbl npu npOX0)1{.Jl0HHR 

rp_aHHilbl p83ll8ff8 cpen. MoryT. npHBO.llHTb K C)K.STHIO cryCTKa. Cs.s:aaao 8TO C T0M, 

tf:To cana, .lleAcTay10maH Ha 11:acTHilbl crycTKa aa rpaanue paa.oena,. ae coanaaaeT . 
C cunoa peaKllHH . n~_peXOllHOro uanyqeffHHJ T8K KSK 'tf8CTb pa6oTbI H,Q0T RS H3Meae-

BH8 ~nexTpOMSrHBTHOA _MaCCbl crycTK~. 

Cnasa nRTaH noca.s:meea aexoTophIM_ aenuHeAHbIM aagaqaM penHTHBHcTcKoA ra-
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30.llBR8MBJOf nna3Mbl. HenuaeAable 38.llS'IB ra30Jl,HH8MBKH nna3Mbl IIP1;'.'.Bnexana BHH

MaHHe B:nocneaiiee Bpeid,r B CBll3H C .TaltllMH BOIIpocaMH, l<aK CTpy1<Typa 6eccTonx-· 

uosuTen&ablx y.o.apabIX Bona, npo6neMa ycx:opeHas · 3aps>K0RBbIX 11acTBn aenuaeAHbIMB

~onaaMa '!_ Lip. Jln11 .. HCClt8LIOBaHHH penHTHBHCTCltHX H0nHH8ilHblX 8cpcpe1tTOB B l"Oa

ee: 5 HCIIOn&3yIOTC!I ypa~H8HH~ p80!1THBHCTCl<OA l"1'30LtHHaMHltH B CaMOCO!"OaCOBaHHblX 

II BH0WH~X nonllx npa TeMnepaTypax, paBHblX Hyn10, OL:IHHM H3 pesyn&TaTOB npo- . : 

BeLteHHOl"O B.1"0488 5 HCC08LtOBaHHS1 penllTIIBHCTCltHX H80HH8ftHblX 3cpq,8l<TOB !!Bnller

CH cneay10wee: C pOCTOM penHTHBH3Ma cywecT1!8HHO pacwHpH8TCll o6naCTb 803-

. MO>KHbIX 3Hatt.eHBA aMnnBTYLl aenua:eAHbIX Bona& .llnH ltOTOpbIX B 
0

D8M1tax RCllOnbay-

0MOl"0 llOJ:l_XO,A.8 He B03HHKaeT MHOrocKopOcTBbIX T8'tf8HHA. B qaCTHOCTH, aMnnaTY'llbl 

Bona MOryT JlOCTHraTb JlOBOnbHO 6pnblllHX 3H8118HHA. l1Hb1MH cnoBSMJt, eenHH8AHb18 

BOOHbl, pac1IpocTpaHIIIOWH8C>1 co CKOpOCT&IO, 60H31toll .1< CltOpocTH CB8Ta, MOl"YT "Hee~ 

TH" 6on&wae· pa3HOCTH OOT8HIIHanoe. noxas1,1eaeTC>1, 'ITO 11ep1I8HL1H1tynHp'lo •Mal"HHT

HOMY non10 MOl"YT pacnpOCTpaHHTbCH CHObHl,18 H80HH8l1Hbl8 snegTpOHHb18 H MarHHTO

_aeyXOBb18 BOnHhI B BR}le 0.llBHO"IH~ HMnyn&coa. nonyqeHBbI0 pe3yn&T8Tbl npe,llcTSB"' 

nsroT HHTepec, B 11:BCTHOCTR, C T0'1KB 3p0HRSI nepeqacneHHbIX Bbilll0 II~o5neM. 

B rnaee 5 paCCMOTpeH TaltlKe .eonpo.c O HenHH8llHOA TeOpllH IIOTepb 9~8pl"HH 

f>OnbWHM aap~.llOM B nnaaMe B ll0K83~H0,' 'ITO npR .llBR)K8HHB Ta1toro 3apsa.a MOryT 

Boa6y.>KJl8TbCSI R0ntiR0AHb18 eonabl C 6o'nbWHMR p83HOCT51MR llOT0HUHanoa. 

B npHOOlK8HHH 5 paccMaTpHBa!OTC!I H01tOTOpble. H8CT81IHOHapHb18. OL:IHOMepHble 

p~nRTHBHCTCKHe JlBR)K8HHSI aapR>K8BHbIX crycTKOB, a T8K>K0 B03HBKBIOill08 IIpH STOM 

xorepeaTaoe aanyqeaHe. 

Pesyn,;TaTbl L1HCcepTa11HH ony6nH1tOB4Hbl B pa6oTax aBTO~a 131 , 11- 181 /21 ,22/ 
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