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1. B n ocnea s ee ap eMR a neqaT>~ s e on soxpaTBO " c pa3BbiX TO'!e K 3peHI!R o6cyJKaa

n>~Cb pe3 y nbT8Tbi 9Kcnep>IMeHTOB Xp>ICTesce sa, $1!T'Ia, KpoHJIHa " Tapne R
11 1

, a KOT OpbiX 

6bin o6s ap yJKeH pacnau aonroJKI.JBywe l! xoMnose HTbi sel!Tpanbnoro K - Me3ona na aaa n >~o-
o 

sa. H a6n iOL!BH>Ie npo u ecca K 0 .. 211 , CTpor o 3anpemessoro np>1 coxpa s e HJIB CP-'!eTHOCTB, 

RBnReTCSI cepbe3Hbi M y Ka3asne M sa OTCyTCTBBe CP->IHBapnaHTHOCTB a senenTOHHbiX pacna

aax CTpa HHbiX 'I8CTBU, X oTSI c na6oe sapywesne C P-nsaapnaHTHOCTB norn'leCKB HB'IBMY He 

npOTHBOpe'lHT, HCHO, ttTO OTK83 OT COXp8H9 HHH K OM6HHHpOB8HHO:A: 'l9THOCTH, K8K OT T01.JHOPO 

38KOHa npnpOL!bi, npnaen 6bi sac K MY'IBTenbHOMY n epecMoTpy cnoJKBBWBXCSI nOHSITBl! B npen

CTaaneasl! 4>n3BKB aneMeHTapHbiX 'IBCTBU. floaToMy tmonse noHRTRbi npen npBHSITbie a pSin e pa~ 

60T nonb!TKB 06"bf!CHBTb a4>4>eKT, 06HapyJKeHHbll! 8BT( 18 MB / ! / ' B p8MK8X TeOpBB, I!HB8pH8HT-

sol! OTHOCBTe nhHO CP-npeo6pa3oaaHB!l. B CBR3B c s TnM Mbi 6bi XOTellB o6p8THTb BHBM8-

/2,3 / 0 
sne sa pa6oTbi , a KOTOpbiX pacnaa K .. 211 

aeHH!l HHTepnpeTnpyeTC!l K8K pe3ynbT8T p ereHep8UBH 

88 60nhWOM paCCTOf!HHB OT MeCT8 pOlK-
0 

K 1 -Me30ROB B cnenn4>H'IeCKOM none 

aawel! ranaKTHKH, B aTHX pa6oTax ranaKTH'IecxoMy non10 npsnHCbiBaiOTC!l o6bi'IHbie caol!cTaa 

xnaccu'!ecxoro nonR, ael!cTay!Omero sa rBnep3apRA Y , npB'IeM npennonaraeTC>I, 'ITO sTo 

none o6naaaeT rpoMaAHbiM panBycoM ael!cTBB>I - nopRAKa 10
22 

CM, flocxonhKY y K0 
- · B K 0 

Me30HOB rsnep38pf!Abl p8BHbl +J H -J COOTBeTCTBeHHO, 9TH 'I8CTHUbl 0 cornacao/
2

'
31

, o6na

A810T a ranaKTH'IecKoM none cpaay JKe nocne caoero poJKneHB>I paBHbiMH no a6coniOTHol! 

BjtnH'tHHe, HO npOTilBOnOnOJKHbiMH no 3H8KY 3H8'IeHH>IMH noTeHUH8nhHOJ! 9Hepr>1B, dTO OOCTOSI-
0 

TenbCTBO B p8MK8X 06bi'IHOll CXeMbl npHBOAHT K o6p830B8HHIO I( l - Me30HOB, pacnan KOTQ-
0 

pb!x BMBTnpyeT pacnan K 0 .. 2" 

Mb! 6b! XOTenB Bblp83HTb CBOe HeCornaCHe C TO'IKOJ! 3peHH>I BBTct>pOB/
2

•
31 

H B A8nh

Hel!weM nonbiT8eMC!l nOK838Tb, 'ITO HX TeopH>I npOTBBOpe'!BT npHHUBny 6nB3KO.nel!CTBH>I, 

KOTOpb!H neJKHT B OCHOBe COBpeMeHHbiX 4>H3H'!eCKBX npenCTaaneHHil , nn!l STOll uenB paCCMOT

pBM B 06rn>IX qepT8X OCROBHble oco6eHHOCTB noaeneRB>I CBCTeMbl, COCTomnel! H3 rBnepaapg

AOB If ranaKTB'IeCKOrO ITOIT>I, flpeJKne acero OTMeTBM, 'ITO OTITB'IJITenbHOA qepTOl! T8KOl! 

cscTeMbl >IBn>leTC>I secoxpaseHBe rBnepaapRAa B npoueccax, o6ycnoaneHHbiX cna6b!M aaaJIMo

nel!cTaBeM. AaanorH'IH8!l csTyanH!l OTMe'Ianacb npu o6cyJKneHBH npo6neMbi aHTHrpaBHTBU>IB, 

npB'IeM ponb runepaapRAa a.necb Brpana TSirOTeiOWa>l Macca, nonoJKHTenhHa!l y 'IaCTBil B 
/4,5 6,7/ x) 

oTpunaTellbHa>l y aHTB'IaCTHil ' • B cooTBeTCTBHB c xapaxTepoM sacTomnel! pa-

60Tbl A8nbHei!mHA 8H8nH3 MOJKHO orpaHB'IBTb Krr8CCH'IeCKHMH nonBMH C HeCOXp8 RKIDWHMC!l 

x) /4 / o 
B pa6oTe ryna o6cyl:<Jl8 eTCSl BITH>IHBe 8HTUrpaBIIT8UHH Ha caol!CTB8 K - Meao-

808. 3aMeTBM , 'ITO T 9 0pHSI, p83BH88eM8 >1 r yAOM, anonHe 8HiliTOrB'IR8 TeOpHH BBTOpOa/2 •3 /, 



aapSI.llOM g • HeaaaHCHMO OT KOHKpeTHoll <jJH3H'IeCKo ll npHpO!lbi aTHX nonell Mbi 6yueM xapa K

TepH30BBTb HX Kp8TKHM T e pMHHOM ''i, -none• • 

2. BoaMolKHOCTb polKueHHSI H yHH'ITOlKeHHSI aapSJuoa a g -none 8 BTOM8THtJ.8CKH 8909T 

K HapyweHHIO ypaaHeHHSI He npepblBHOCTH, T.e. K HeCOXpaHe HH IO g -TOKB. nerKO llOHstTb, 

l.ITO B CBSI.3H C 3 THM Kn8CCH"' 9 CK8SI T90pHH g -non51 .aon>KHB C TpOHTbCSl HHaqe, tJ.9 M 1 H8llpH-

M e p, T90pHR ane KTpOM8rHHTHOrO nonst, B KOTOpo ii COXp8 H 9 HH e 3 n 9 KTpH1.f 9 CKOrO 3apst.0.8 H TO

K8 stBnHeTCSI otteHb aa>KHbtM an e M e HTOM. CnenoaaTenbHO, C BMB .£l HHBMHK8 g -nonst n on>KHa 

CyUl9CTB9HHbiM o6p830M OTnHtJ8TbC H OT .ll.HR8MHKH 0 6 bi'IH biX non e A C COXp8HS110WRIMCSI TOKOM, 

Te OpHSI KOTOpblX u e Ta nbHO paapa60TaHa. n o 3TOil npH'IHHe Henb3SI nOHSITHSI H Bb!DO!l bl KnaCCH'• 

'l eCKOil aneKTPOllHHaMHKH n epeHOCHTb HB g -none 6e3 COOTBeTCTByiOw ero KOH Kp eTHOrO aHa-

nHaa. TeM H e MeHee aTo H e .aaeT HHKBKHX oc aoaaHRH C'IHTBTh, qTo asen e HHe g -non H H e-

C OBM 9 CTHMO C 4>YH.U8 M 9 HT8n b H bl M H npHHUHflBMH H 38fi:OH8MH 1 KOT Opbl e 4>H3HKH C l.IHT810T Y HH

s e pcanbHblMH, B 'laCTHOCTH, y T sep lKueHHe pSJu a a a Topoa
15

-IO / , 'ITO cywecTaoaaHH e aHTHrpa

BHTa UHH (a, cneuoaa Te nbHO, H m o6oro g -nonS!) npoTasope'IHno 6 bi aaKOHY c oxpaHe HHSI 

3 1! eprHH, KaK HaM Ka lKeTCSI, OCI!OBaHO HB HeuopaayMe HHH, 8 pa 6oTa x
17 

,S / p aCCMBTpHBa iOTCSI 

UHKnbt B rp8BHT8UHOHHO M none 3e MnH U RH o6p8TH Mbi X p eaKUHH, B npOU9CCe K OTOp biX M 9 H51-

9 T C SI TRroTe iOWBR M ecca. K o HKpe TH bi M npH MepoM TaK ofi p eaKUHJ1 nanste Tcst aHHHrHn SIUHH 

a n e KTpoH-n 0 3HTpOHHOA napbt. B r a naKTH1.l e CK OM none a H anor H 1.1Hbiil rrp o u ecc npencTaenste T 
0 

c o 6oH , Ha npH Mep, p acnan A -qacTHUht na H y Kn o H H " - Meaou. 

npen n o RO >KH M JlllSl y n o6CTB8 , 1.1TO r' 8 ll8KTHti 9CK09 tl OJle H8 llp8 Bll 9 H O B0pTHK8llbH O BHU 3 . 
0 

H a BbiCOTe H npoHcxonHT pacnau II -+ N + " , a p eay nbTaTe KOToporo rHn epa apSJu , 

n epBOHa 'lanbi!O paBH blll HyniO, CTai!OBHTCSI p aBHblM I. n y CTb nanee Mbl nep e MewaeM CHCTe-

MY N + . TT B .UOJlb CHROBblX llHHHti TIOllH. npH 3 T OM r 8 Jl8 KTHl{9CK09 n o n e COBep waeT pa60T y 

npOTHB BH9 WIUt:X CHJl, rrponOpUHOHBnbHJIO II80p 51 >K 9 HHOC Tit IIOllH, 8 KHH 9 THq eC K8 H 3 H 9 pr'H SI 

CHCTeMhi N +·" He }1 3 Mel!!le TCH. Ha Bbi COTe h < H nponcxou HT o6p aTna !l peaKURSI 

N+ ·TT -+ 11° ' u rimepaa pSIIJ. CHOBa CTaHOBl!TC!I paBHbl M Hy n iO. nou HH Ma!l II 
0 

-'WC Tll UY s s epx 

Ha npe >KHJO IO BbtCoT y , M ht s oo6we He cosepwaeM H l i KBKO ii pa6oT oi . HTaK , nawo A 
0 

-qacTHua 

sepHynacb a uc xonnoe nono>K eHH e , T. e . Ka.3anocb 6bt, - a npe >KHe e 3 H e pre THtt e cK oe coc T O H-

HH9 1 HO a TO lKe ape M SJ none coaepwHno oTnH'IHYIO oT Hy n!l pa6oTy. Mbi, TBKHM o6pa30M, 

HMeeM CB09r'O pO.U8 B9l{Hblft .llBHr'8T9 llb, c yweCTBOB8HH9 KOTOpor:o npOTHBOpeqHT 3 8KOH Y 

coxpaHeHH!I aHeprHH. 

flOCMOTpHM Tenepb, B '!eM OWH6Ka p acCylK/l e HHil TaKara pon a. 0 wn6Ka COCTOHT B 

TOM, 'ITO Mbl He SIBHO OOCTynHpOBanH H3MBHeHHe 3HeprHH Hatlg• cp ( hg -H3 MeHeHHB 

rHnepaapSJua, </> -noTeHuaan non!!) nenocpencTaenHo npH pacnane 11° -+ N +" , a TSK>Ke 

B o6paTHOH peaKUllll N+ : TT-+ 11° TaJtHM o6paaoM, HapyweHHe aaKoHa coxpaneHHSI aHep-

r'HH C C8MOr'O H8f{8Jl8 C0Jl9p>K8R0Ch B R&WHX pac Cy>K.neHHHX H t103TOMY H e ynuBHTenbHO, 'ITO 

OHO npOS!BllnOCb B peaynbTBTe llBKna. Ha CSMOM nene, u alKe eCI!H npHHSITb TO'IKY ap aHH!I, 
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COrnaCHO K OTOpo Q npH H3MeHeHHH 38pHA8 B npouecce peaKUHH noTeHUH8nbH8H 9HeprHH CK8"! -

KOM MeHHeT CH H8 f.g• 'cp TO H T 0f'Ll8 norHtteCKUti BbiBOLl, K KOTOpOMy Mbl rrpHD.9M 1 COCT OHT 

He B TOM, ttTO B npouecce UHKna HapyW89TCR 38KOH COXp8H9HHfl SHeprHH 1 8 B TOM 1 qTQ SHep

reTH"'eCKiie COOTHOllleHHH AnH peaKUHH (aH e prOBblAeneHiie, aenli<£HH8 nopora H T . U .) 38BiiCHT 

OT noTeHUiiana nOnH, T. e . OT TOR o6naCTH npOCTpBHCTB8, B KOTOpOH 9 T B peaKUHH npOHCXOAHT. 

B <£8CTHOCTH, ecnu II. 
0 

pacnan aeTCH Ha BhtCOTe H , TO npu nepeMel!leHHH Ha BbtCOTy 

< H o6paTH8 H peaKUHH aooowe H e 6yueT HMeTb MeC T a , TBK KBK nonHaH a HepruH CHCTeMbt 

N + :rr yMeHblllHTCH Ha aenH<£1iHy, paaHyJO paooTe non H. T aKHM oopaaoM, tlHKn A 
0 

-+N +l'T .. /f 
B TllKHX ycnOBHHX oyne T npOCTO HeOCyl!leCTBHM. 

OnHBKO Mhi non >K H bi oco6o nonttepKHYT h, 'ITO caMa HCXO!IHBSI TOttKa apeHHSI H e HBnHe T-

CH COC TOHTenb HOH, nOCKOnbKY OH8 npOTHBOpe"!HT npHHUHny onH3KOUeHCTBI!H, OT KOTOpOrO HeT 

HHKBKHX OCHOB8 HHA OTK83bJB8TbCH. noTeHUHBnhHBH 3H9pf'Hst He MO>K9T Mf'HOB9HHO M9HSITbC51 

npH Ob!CTpOM H3MeHeHHH 3BPHUB, ecn li CKOpOCTb pacnpocTpaHeHHH B3BHMOneACTBH H He oeCKO

He"!Ha. CoaaaeTCH ane<£aTneHHe, <£TO a ynoMHHYThtx ahtllle paooTax a T oT <jlaY.T HrHopHpyeTcH. 

B eagan c STHM Mbt cttnTaeM HY>HHbtM npoaHannanp oaaTh caoHcTaa g - nonH, He oTCTynaSI 

OT T eX OOlllHX npHHUHnOB <jJH3H"!eCKOH TeOpHH , KOTOpbte COCTBBnHIOT OCHOBY COBpeMetmOrO 

B3T'nHD.B R8 M Hp . K 3 TH M 051UHM ITpHHUHITBM, pa3yM99TCS1 1 OTHOCHTCSI H 38KOH COXp8 H 9HH H 

a Hepru ll. 

3. n yCTb g - none OllHCbiB8eTCH COBOKYilHOCTbiO HenpepbtBHbiX <jlyHKUHi! KOOpAHHBT H 

apeMeHH, K OT Opbte Mhi OyaeM RB3 biBB T b KO MITOHeHTBMH noTeHUHana Ak ByneM C<£HT8Tb, 

'tfTO HCTO't{HHKBMH non H HBnHIOTCSI g - 38pH!lbl H CBSJ38HHbi9 C HHMH T OKH. npe.o nonO>KHM 

nanee, l:f.TO .OBR>K9HH9 38pRn8 B g -none U9nHKOM OIIp9Il,9nSI9TCSI IIpOH3BO.OHbiMH OT KOMIIOH9HT 

noTennaana A k • 3TH npoH3BO.OHble, cor nacHo Hallie if TepMHHonorHH, onpeLlenSIIOT HanpsnKeH-

HOCTb g - nonH F1 • • KoMnoHeHTbi noTe HuHana yuosneTBopmoT CHCTeMe nH<jl<jlepeHUHanb-

HblX yp8BH9HHA, KOHKpeTH bi H BH.ll K OTOpbiX Mbi H9 C1.J:H T89M He06XO.OHMbiM yToqHSITb. 

C<jlopMynHpye M T enepb OCHOBHbte nocTynaTbi, KOTopbte stBnstJOTCH ootUHMH unst ace x 

KnacCH1.J:eCKHX non eH H KOTOpbte , cornacHo HallleH KoHuenuHH, coxpaHSIIOT caoro CHny H ansr 

g -nonH. 

a ) BbtnOnHHe T CH npHHUHn cynepno3HUHH , T. e. peaynbTIIPYJOtUee none CHCTeMbt aapst-

aoa ( TOKoa) paano cyMMe none A, coauanaeMbtX K 8lKAhtM H3 3BpHJlOB (TOKOB). 3TO Tpeoo-

B8HH9 OTHOCHTCst K 8 K K KOM TIOH9 HT8M H8IIpSDK9H HOCTH, TBK H K KOMHOH9HT8M IIOT9 HURana 

g -nonH. 

6) CaollcTaa g - nonH y aoaneTa o pHIOT npHHUHny 6nH3Kone llcTBHfi. 3To anaquT, "'TO 

pO>K.Q9HH9 nnH YHH1.J:TO>K9HH9 38pSI.08, 8 T8K >K9 n106oe 9f"O .UBH>K9HH 9 IIpOSIBnsteTCSI T 01IbKO B H3-

MeHeHHH nonst , KOTOpoe pacnpOCTp8HHeTCH B npOCTp8HCTBe C KOHe"!HOH CKOpOCTbiO, p8BI!Oi! 

CKOpOCTll CBeTa. npH 9TOM B HB<£8nbHbiH MOMeHT apeMeHH H3MeHetme nong npOHCXOAHT 

TOnbKO B HenocpenCTBeHHOH onH30CTII OT 3BpHA8. 
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TaxnM o6 pa30M, H3MeHeHne cocTOstHHst xaxoro-m16o 3apSIJla A MO>K9T OK838Tb 

annstHne Ha 3apstll B , pacnonolKeHHbiii Ha KOHe'!HOM OT A paccTostHnn, TonbKO qepe3 

o npeaeneHHbitl npoMelKyToK apeMeHII, paaHbiii R A a /c 

a) K cncTeMe 3apSIJlbi + g - none npnMeHHM 3aKOH coxpaHeHnst 3HeprnB. 

r) Tax ~<e, xax n 3nexTpoMarHHTHoe none, g - none o6naaaeT 3Heprnetl, KOTOpas 

He npepbiaHo pacnpeaenena a npocTPaHCTae; 3Ta 3HeprnH paaHa HHTerpany no aceMy o6beMy 
x) 

OT 6nnHHetlnoii <jlyHKUHH KOMnoH eHT HanpstlKeHHOCTH ( H, aoo6me roaopst, noTenunana ) g -no-

n st 11 axn~'laeT a ce6st 3Heprn~ a3aHMoaeiicTanq 3apstaoa (npnHunn noxann3aunn 3HeprnH) . 

Q q e Hb B8)l\ H blM SlBnHe TCH TO 06CTOHT 8 nbCTBO, t:ITO 3HeprHS:I B38HMOJl9fiCTBH51 38pru:tOB 

H T OK OU 38KnlOY: 9 H 8 B C03Jl8 B89 MO M HMH none, H, cneJJ.OBBTenbHO, H3M9H9HH9 3H9prHH B38HMo-

ae ilcTanH uennxoM o npeaensteTCH 113MeHeHne M nonst. Mbi MOlKeM nocTaanTb aonpoc o6 3Heprnn 

a3anMoueiicTaiiH xaxoro-nn6o onpeueneHHoro 3a pHaa c noneM ocTanbHbiX 3apstaoa. 3Ta 

an eprnH n peacTaan HeT c o6otl IIHTerpan no o6beMy oT HexoTopotl nHHetlnotl KOM6nHaUHII npo-

H 3B9.Cl 9HHti, - B KB >I<Jl O M H3 KOTOpbiX OJlHHM H3 COMHO>I< HTene:A SJBnsteTCSJ K8K8H-·nH60 KOMJTOHSH

Ta Ha npnlKeHHOCTH (noTeHuna n a ) nonH 3apstna A , a apyrHM COMHOlKnTeneM - KOMnoHeHTa 

cyMMapnoll n anpHlKeHHOCTII nonH ( cyMMapnoro noTeHUHana) acex ocTanbHbiX 3 a pSIJloa. TaxnM 

o6pa30M, npn abmonneHHH n ocTynaTa r) o6maH cTpyxTypa abipa >KeHnst anst 3 Heprnn a3anMo-

ne HCTBHSl B Jl}JHHUH119 T8K851 >Ke KBK H B TeOpHH aneKTpOMBrHHTHOrO JTOnH, XOTSI KOHKp8THbl9 

cp opMynbi MOryT 6biTb n pyrnMlx) 

4. nepeiilleM T e nepb K aHan n3y 3HepreTH'! eCKHX COOTHOWeHHH npn H3Me HeHHH 3apstaa 

B O BH9WH9M CT8TH'I.J:9CKO M g -none . npe;:tnono>KHM, l.ITO HCTOtJHHKOM BH9WHero llORSI s:rans:UOTCSI 

tiBCTHUbi, aapsm KOTOpbiX He MeHHeTCH. B aToM cnyqae g -none HH1.J9M H9 OTnH1.J89TCSI 

OT 06bP·IHblX Kn8CCH1.J8CKHX nonei%. .. .. 
CTb~ E(R) , npH'IeM Mbl MOlKeM 

Ono xapaxTepB3yeTCH noTeHunanoM q)(R) , nanpstlKeHno
-+ 1 

C'IHTaTb 0 'ITO q)(R) ,_ .R , a MO>I<eM npeanonOlKHTb, 'ITO 

cp (;)....,._!_ ei<R 
R 

- llnst HdlllHX llBIIbH€il.uJIIX paccyll<ll eHHtl 3TO uecy w eCTBeHHO. nycTb Te-

n e pb 3apSILI, pacnonolKeHHbiii a TO'!Ke A , 6biCTpO MeHSleTCSl Ha aenH'IHHY tl,g • CornacHo 

npHf'UHny 6nH3KOne liCTBHSl, none 3TOrO 38pSIJla 3a ape MSl tl.t ycne aaeT H3MeHHTbCH 

nHIUb a Manotl OKpeCTHOCTH TO'IKH A 0 06beM KOTOpOH HMeeT nopstll OK ae nH'IIIHbl (ctl.t)
3 

• 

Tax xax 3Heprnst a3an MOilellcTanSl 3apSIJla a g -none HenpepbiaHo pacnpeaenena a npocTpaH-

CTae H SlansteTCS! HHTe rpanOM OT onpea eneHHO!l <jlyHKUHH nonH, TO 38 BpeMSl tl.t OHa MOlKeT 

H3MeHHTbCS! nHIUb H8 Many~ aenH'IIIHy, KOTOpast CTpeMHTCII K Hyn~ npn tl.t-+ 0. 

x) B 'laCTHOCTH, n3aeCTHO, 'ITO a cnyqae aexTopnoro nonst c xoneqnotl Ma ccoA TeH30p 

a H e prHH - HMR¥nbC8, 8, cnenOB8TenbHO , H nnOTHOCTb 9HeprHH, 38BHCHT He TOnbKO OT H8llpH

;K eHHOCTH, HO H noTeHUHAna (CM ., HanpnMep,l 1l f, CTp . 126) . 
xx) 

.... Hanor-.ntHM,_. qTo .. aa e prHH B38HMo.neffcTBHH .nsyx a a pHLlOB a aneKTpocTaTHCTHKe pasHa 

J[E1 E2dr , r Ae E 1 H E2 n a npst M<eHHOCTH 3nexTpnqecxoro nonH nepaoro n aToporo 3apHaoa 

C~OTBeTCTBeHHO . 
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EcnH C'IHTaTb, 'ITO none TO'Ie'!Horo aapaaa s6nH3H Hynu seaeT ce6H KaK _l_ , TO H3Me
r~ 

HeHHe noTeHuuanbHOfi a Hepruu aapaaa so BHewHeM none no nopHaKy senH'IHHW paBHO 

(2) 

3aecb E H </> - HanpHlKeHHOCTb H noTeHIIHan BHeWHero nOIIH COOTBeTCTBeHHO, ~~ - npo

MeJKyTOK BpeMeHH, npoweawHJI C MOMeHTa H3MeHeHHH 38pHa8 H R -CpeaHee paCCTOHHHe HC

T O'IHHKOB g -nonsr OT aapuaa . llnu HHTepecyJOIUHX Hac nponeccos c HeCTa6HnbHbiMH qacTu

uaMH ~ t cocTasnueT Manbte aonH c.eKy u aw . B TO JKe speMn R , cornacuo
12

•
3 1

, uMeeT 

nopHaOK senB'IHHbl""iQ
22 

CM H ylK BO BCHKOM Cnyqae He MeHhWe paaHyCa 3eMnH, n oaTOMY 

OTHOW9HB9 1\W/~g· rp HaCTOn bKO Mano, 'ITO ero B006IUe He HMeeT CMbiCna IIpHHHMBTb B 

Mbt yJKe roaopunu, 'ITO a paae pa6oT TaK HnH HHa'l e HcnonhayeTCH npea nonoJKeHHe, 'ITO 

UpH H3MeHeHHH 3apaaa y 'laCTHUbi, HaXOaHIUeliC!I B TO'!Ke A , e e llOTeHUHanbhaH 3HeprHH 

CKa'IKOM MeHHeTCH Ha BeUH'IHHY ~g • 'cf>( A), rae !). g - l!3MeHeHHe 3apHaa, </> - UOTeHUHan 

g - nonsr. 3To npea nonoJK eHHe, KaK c nonuoll O'!eaHaHOCTbJO cneayeT H3 npeawaymero aHa

nHaa, a KOp!H? npoTuaope'IHT npHHUHny 6nH3Koa ellcTB.iH, MruoaeHuoe H3MeHeHHe noTeHnHanh

HOll 3HeprHH Ha BenH'IHHy hg • 'cf> B03MO>KHO TOnbKO npu 6eCKOHe'IHOll CKOpOCTH pacnpOCTpa

He HHH B38HMOaeliCTBHH. 4T06bt npoaeMOHCTpHpOBBTb 3TO 6onee HarnHaHO, paCCMOTpHM cne

a yJOIUHH IIpHMe p . npeanonm:< HM , 'ITO HeKOTOpaH 'IBCTHUa HaXOa HTC51 B Ue HTpe C<jlepU<I e CKOrO 

KouaeucaT opa c rpoM aau·btM paaHycoM R Eyn eM C"'HTBTh , tfTO g -none aaanorHttHO sneKTpo-

cTaTH'IeCKOMy. Toraa auyTpH KOHaeuc a Topa noTeHUHan aue wHero n onH HMeeT nocT05IHHOe 

3HB'I9 HH e G/R , r a e G - cy >. fMapHbtil aapaa u a noaepXHOCTH KonaeucaTopa, a TO apeMH KaK 

x) 
HaUpH M<e HHOCTb H nnOT HOCTb 3 He prHH BHeWHerO IIOnH paBHbl uynJO , n y CTb T e nepb 3apaa 

'!aCTHUbl 6 btCTp0 MeH HeTCH Ha BenH'IHHY ~ g C TO'IKH 3peHH51 IIpH HUHUa 6nH3KOaeliCTBHH 

TIOT9 HUH81IbH851 S HeprHH l.J8CTHUbi 6 y oeT OCT8B8TbCSI llOCTOBHH O i:f A.O T 9 X n op , ll OK8 HOBblfi 

3 apHa 3 T Ofi 'laCTHUbl He npOB3 aHMOa e fiCTByeT C aap aa a M H, Ha XOa HIUH M HC>I Ha C<jlepH'IeCKOli 

ll OB e pXHOCTH KOH.ll 9 HC8TOpa. I13M 9 H9HH9 TIOT9HUH8llbHOfi 3H9prHJI H8'4H 9 TCSI He p 8 HbW 9 1 "19M 

'lepea apeMH nopHa Ka t • ~ • E cnu 
c 

R - paanyc ranaKTHKH, COCT8BnSI9 T COTHH 

T biC5PI neT. Cn enoaaTenbHO, 

B C<jlepH'Ie CKOM KOHa eHCaTOpe 

0 1.f9 Hb 6 biCTpoe U3M 9 H9HH9 llOT 9 HUHBnbiiOfi SHeprHH 3 8pH0 8 

~ g·G 
Ha BenH'IIIHY .'\.g • '"' • --- B03MOlKHO T OnbKO B cnyqae 

R 
a a nhHOae i!CTBH>I, T . e . IIpH 6eCKOHe'IHOM 3H a 'l e HHH CKOpOCTH C 

lla nbHOae i!CTBHe COBepWeHHO 'lyJKaO a yxy COBpeM eJJHOli <jlH3HKH, If M bl C'IHTB e M, 'ITO 

H 9 T HHK8KHX OCHODBHHi\ BB Oll liTb e ra Jl8 )1(9 npH M9HHTenbHO K T8KOMy H 9 0 6bl'IHOMy 06b9 KTY 

KBK none C H 9COXp8HSUOWH M CSI 38pH..U OM . nosTOM Y K BhlBO!l 8 M , B OCHOB e KOTOpbtX HBH O 

HnH Hest B H O ne >h HT H !le ~ nanbH O!letiCTBHH, no HBW9MY M H e HUlO cn e ,ny e T OTHOCHTbCSl C He,noae-

pneM. 

X) no-BUalfMOMy, DHeiUH e e g - none COOTBeTCTByeT IIOT8 HUU a n y He KyllOHOBCKOrO, a JOKaB

CKOrO Tuna / 12 /. OaHaKo, e cnu paa nyc nei!CTBH>I g - nonn o'!eHb aenHK, ann nawero auanna a 

9TO HeCylU9CTB9HHO, 
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flp08H8IIH3HpyeM Tenepb C TO"'IKH 3peHH!I IIpHHUHIIB 6IIH3KOLJ;el\CTBH!I 3H8KOMblH HBM 

0 
yJKe pacnan A .. N + " B g -none ranaKTHKH, KOTOpoe Mbl KBK H paHbWe 6yneM C"'IHT8Tb 

HanpaaneHHbiM aepTHKaiibHO BHH3, flpH pacnane A
0 

-+ N + : " B HeKOTOpol! o6nacTH npocTpa H

CTBa poJKnaeTC!I runepaap~~n. OnHaKo aa peanbHbte npoMeJKyTKH apeMeHH npaKTII'tecKn He npo-

HcxonHT HHKBKOf"O H3~H9HHSI J10T~HUH8nbHOH: 3H9pf"HH N + T1 no Cp8BH9HHIO C ITOT9HUH8flb-

O 
Holl aHeprHell A -qacTHUbt, flo aaKOHY coxpaHeHH!I aHeprHH KHHeTH"'IeCKB!I aHepf'H!I npn 

3TOM T8K>K9 OCT89TCH H9H3M9H9HHOA: . l{TQ K8C89TCR g -BOflSI 1 TO OHO fiOCT9IT9HHO H3M9HR9T-

C!l, CH8"'18II8 B OKpeCTHOCTH pOAHBWef'OC!I f'Hnep<Sap~~na, 38TeM B 6onee yaaneHHblX Y'!BCTKBX 

npocTpaHcTaa . CnenyeT OTMeTHTb, '!To aToT Bbtaon coaepweHno He aaBHCHT oT Toro, SIBil!!-

eTC!! IIH cyMMapaoe g - none CT8UHOH8pHbiM HflH M9HH9TCSI co apeMeHeM. 

PacCMOTpHM Tenepb UHKII l-+ N +: " • flocne pacnana ua BbtCoTe H , K8K Mbl 

TOllbKO ttTO f"OBOpHflH, HH KHH9TH'l9CK8S1 1 HH llOT9HUH8flbH8H 3H9pr'HSI CHCT9Mbl He H3M9HH9TCS1. 

EyneM Teni?!Jb nocTaTO'lHO 6btCTpo nepeMewaTb CHCTeMy N + : " BHH3. npH 9TOM, O'l9BH!lHO, 

"'ITO g -none COBepWHT OTIIII"'IHYJO OT HYII!I pa6oTy HBA BHewuel! no OTHOWeHHJO K N +." 

CHCTeMOll, B pe3yiibTBTe '!ef'O KHHeTH'!eCKB!I 3Hepf'H!I N + " He H3M9HHTCH 1 8 llOT9HUH8flb-

Hall aHeprH!I yMeHbWHTC!I, flpennonoJKHM, "'ITO Ha BbiCOTe h < H npoHcxoaHT o6paTHB!I 

0 
peaKUH!I N+ : " -+ A . B peaynbTBTe aToll peaKUHH HHKBKHX H<'~MeHeHHH nonHoli H noTeHUHBIIb-

HOll aHeprllH He npoHcxonHT. flepeMeWa!l nanee A 
0 

-"'IBCTHW.I aaepx Ha BbiCOTy H , Mbt 

ecTeCTBeHHO ue coaepwaeM HHKaKoll pa6oTbt no npeoaoneHHJO CHI! non11. TaKHM o6pa30M, Mbt 

B9pHyiiHCb K npeJKHell KOHqmrypaUHH f'Hnep<18p!lnOB, HO nOIIHB!I 3Hepf'H!I CHCTeMbl H3MeHHII8Cb 

Ha aenH'lHHY E(H - h) , rne E - aarrpst>K9HHOCTb nonst. CnenoaaTenhHo,saeprHH B38HMo-

aeiiCTBHSI HeCOXpBH!I!OWHXC!I 38p!!AOB He !IBII!IeTCSI OAH03HB'lHOll <jlyHKUitel! HX B38HMH0f'O pac

nOIIOJKeHH!I B npOCTpBHCTBe. flpH OAHOM H TOM JKe pacnOIIOJKeHHH 38p!!n0B HX 3Hepf'H!! B38HMD-

,ll9fiCTBHH 1 8 3H8'lHT H CyMM8pH09 g - none, 38BHCHT OT Cll0C06a, C llOMOlllblO KOTOpOrO 

Mbt npnwnH K ABHHOH Kon<jJHrypauuH. B '!BCTHOCTH, a peaynbTaTe UHKI!a A
0 

-+ N + " .. A
0

, KOTo-

pbtl\ Mbl TOIIbKO "'ITO paCCMOTpemt, I1pOI<30WIIO H3MeHeHHe CyMMBpHOf'O g - J10flSI, Bbi3B8HHOe 

nepeMeweHlleM CHCTeMbt N +. " BHH 3 , B peaynbTaTe aHeprH!I g -flOII!I yMeHbWlliiBCb liB 

aei!H'lHHy, paBHYJO I!pOH<'IBeAeHHOtl pa6oTe, 

3aMeTJ<M, "'ITO CBMO no ce6e OTIIH'!ll e OT HYII!I pa60Tbl g - IIOII!I IIO 3llMKHyTOMy KOH

Typy npH nepeMeWel!HH HeCOXp8H!IJOWef'OC!I 38p!!AB Hei!b3!1 C'!HTBTb '!eM- TO OC060 Y A IIBHTeiib-

HhiM H aerrpHeMneMbiM . B HeKoTop&tx oTHoweHHSIX aHanornqaaH CHTyauHH B03HHKBeT npH '!tepe

MemeHnH M8f'HHTHOf'O nonJOC8 B.UOnh 38M KHyThiX CHnOBbiX nHHHH 06bt'liHOf'O M8rHHTHOT"O nons, 

HCTO'IHHKOM KOTOpOf'O HBnfleTCfl llOCTOSIHHbiA TOK . 

B 3BKIIJO'!eHHe aToro paaaena Mbt Obi xoTenH OTMeTHTb, "'ITO Ail!! HdWHX ueneil !IBII!IeT-

est nocTaToqH&tM aHanH3 o6uutx caoi\cTB KnaccnqecKoro g - non11. KaaHToaoe paccMOTpeaue 

Mbl C'll!TBeM B p8MK8X HBCTOWeil pa60Tbl HeyMeCTHbiM, TBK KBK Mbl He 38Tp8f'IB 8eM BOIIpD-

ca 0 KOHKpeTHOH A UHBMI!Ke nOII!I. 
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5 . BepHeMCSI Terrepb K npo6neMe pacnaua K~ .. 2" AsTOpbi pa6oT
12

•
3 1 

C'IHTa iOT, 
0 0 

'ITO, so3MO>KHO , 3TOT pacnau csSI3aH He c HapyweHHeM CP, a c nepexouoM K 2 .. K 1 s none 

runepaapS!llOS Haweli ranaKTHKH, 11CXOUHbi M unSI 3THX pa60T S!SnS!eTCS! npeunonOJKeime, 'ITO 

cpaay N<e rrocne csoero po>KuemHI !{
0

- 11 7 - Me30Hbi o6nauaiOT. s r anaKTn'leCKOM none pas-

H bi M H no aenH1.1HHe 11 npoTHBonono>KHbl M H n o 3Ha K y 3HatteH JHIM H rroT eHUHanhHOH s H eprHH . Be

llJ.PtH H a IT OT8HUH8JlbHOi1 3 HeprHH K0
- HJlH ~ - M930H8 p8BH8 npOH3B9.U9HH: IO COOTB9 TCTBYIOW8-

XJ 
ro nmepaapSiua Ha cy MMapHbili noTenun an scex rnnepaapSiuos ranaKTHKH • 3To npeurrono>Ke-

HHe , KaK cpaay cneuyeT na nawe r o o6wero anannaa, S!SHO npoTnsope'IHT npnHunny 6nnaKo

uelicTSHH, nn .. HarnSimHOCTH CHOSa paCCMOTpHM c¢epy c 6onbWHM paunycoM, SHYTPH KOTo-

poli noTeHUHan liMeeT nOCTO HHOe 3 Ha '!e HHe </> , a HanpSI>KeHHOCTb n onS! paSHa HyniO, 

riycTb sHyTpH ctjlepbi o6paayiOTCSI K 
0 

- Me30Hbi H aa c'!eT cna6oro saan MoueliCT oHSI HMeiOT 
0 -0 

MeCTo nepexonbi K ... K • O.aHaKo pa3HOC Tb i\1S)I<t;tY noTenuuanhHbiMH aHepriHIMH 

Me3on oa H e MO>I<eT B03HHKHYTb no T ali npHY.HH e , qTo aa apeMst caoeH >KH 3 HR K 

npOCTO He ycnesaeT np Os3ai!MOUeliCTSOBaTb C rnnep38pS!ll8MH, HBXO!HIWHMHC S! HB noaep XH OCTI< 

3TOli c¢epbi , B peanbHbiX cny'!aSix r>mepaapSillbi, KOTOpbie MoryT snHSITb Ha pa3HOCTb aHeprnl'! 

saanMoueliCTBI<S! K
0
- · H K 8 - Me30HOB, a aKn iO'IeHbi BHYTPH c¢epbi c paunycoM, He npeBLIWaiO

lllHM } Q M . l.J.11 CJlO f'HITepaapSIJlOB, 38KJ110'li8HHblX B T8KOM 06'beMe , p a3yM88TCSI 1 HHtJTO>KHO 

M8J10 ITO Cp8BH8HHIO C TI OJlHbiM qJ1CJ10 M f'H11 8 p38 pH.UOB B r anBK T HKe . noa T OMy npaKT~P!SCKH 

MO>KHO C'IHTaTb , 'ITO a peaynbTaTe n epex oua K 0 
.. J<o- ITOT 8 HllH 8 JlbH8Sl 3H9pf'HSI 

H8 He H3M8HSI8 T CH . 

0 
T aKHM o6paaoM, cxeMa o6pa30B8HHS1 K 1 - MeaoHOB a ranaKTH'LJ eCKOM n one , npea nv>KeH-

HBSJ B p a60Ta x
12 •31 , a T8 KN<0 CXe Ma o6pa30BBHIIII K~ - M030IIOO B none rpaBHTBUHH /

4
/ SJBnS!

IOTCSI HecocTOSITenbHbiMH c T O'IKH apeHHSI npnHunna 6miaKonel'!cTBHSJ, EcJJH cnp aaeunna npnn-
o 

UHTI 6 nH 3KOJ19tiCTBH9 , HB pereHep8UHJO K l - f\1930HOB He r.• Q}I\9T Bl1l·HITb llOT8hUH 8l1 1 C0308B8-

9MbiH. 38p5108MH, HBXOlls:JWHMitCf! Hll rpOM8ll HOf\l paCCTOm-llfU OT H9tiTp8nhH OrO l{ - Me30H8 . 

np08H8l1H3HpyeM T enepb, KllKHM .nonmHO 6bJTb peanbHOe BnHSlHHe g - nang HB CBQ }JC T B8 

H9fiTpanbHbiX I{ - M930HOB . 0KB3blBB9TCH , 3clJQJeK T CYlll9CT B9H HbiM o6pa30M 38BHCHT OT TOrO, 

J1B II>KyT CS1 nn I{ - M930Hb! H.nH H 8 XOJ]H1'CH B COCTOSlHUII TIOKOSl . npe!.lTIOllOii<l-lM CHaqana, l.JTO 

CKOpOCTb K - M930H OB p8BH8 HynJO, T . e . T O lfK8, B KOTOpOfl OHU p0)t(.£18lOTCSl, ' COBTI8.Q8JOT 

c TO'IKOli pacnau a. TaK KaK noTeHuwanbHbiP aHeprHH 1(
0

- H 7 - Meaonos ounHa KOBbixx), uon-

I'O>KHBYilli<H - M930H S1Bl1SI9TCH, T8K }1\9 KBK II B OTC y TCTBHH JlOnH 1 KB83HC T8UHOH8pHblM 

COCTOS!HIIeM, 0 TCI0Jl8 cneuyeT, 'ITO n epeXOll 
0 0 

K2 .. K I e <> TOM cnyqae aoo6we H9B03MO>K9H . 

X) "Hb!MH CnOBB MH, B UBHHO M cny nae Yl , Mbl HM99M neno C KOH¥.p9THbTM npH M9pOM yno-

MHHyTOrO panee H3M9H9HHH 3 HepreTIP-19CKHX COOTH01119Hiil'i B npoue CC BX, COnpOBO>KU810lUHX 

HecoxpaHeHne g - a a p>Ula, K KOTopcMy np Haon nT nueH uanbHoueilCTBHS! B co'!eTaHHH c a aKo

HOM coxpaHeHHSI aHeprnn. 
xx} /2 ,3/ 

lln11 nonefl, PllccMoTpeHHbiX a peanbHDe 3Ha'!eHne paaHOCTH noTeHuHanbHbi X 
3Heprua K0-a K 'l - MeaoHOB na necRTKH nopR/l KOB M 9Hbllle 3HBl.JeHnH, yKa3aHRoro a 3 Tnx 

pa60Tax. 

9 



PaccMoTpHM Tenepb nyqoK K 
0 

- M e30HOB, KOT Opbie o6paayiOTC!! a HeKoTopoll TO'lKe A 

11 llBII"<YTC!I a ranaKTII'leCKOM non e co CKopoCTbiO , OT l!II'IHOil oT HynH. B6nii3H TO'lKH A , cor

nacuo npHHUimy 6nii3KoaellcTBIIH, noTeHullanbHhie aHeprHH K
0

- H 12'-MeaoHoa OllHHaKOBbi , 

OaHaKo aa C<JeT pa6oT bi nonS! aaonb 

l!Ol!OmeHHOH Ha paCCTO!IHIIII R OT 
AB 

n y TII HeliTpanbH bi X K - Me30HOB a TO'!Ke B , pac

A , K
0 

- 11 K 11 
- Me30Hbi 6yayT IIMeTb aellcTBHTen b no 

paanll'lHbie noTenullanbHbie auepr1111 VAB 11 -VAAnponopUIIOHallbHbie pa3HOCTII noTeHUHanoa 

• 0 0 
r anaKTII'lecxoro !lOllS! B TO'lKaX A II B • noaTOMY 6yaeT IIMeTb MeCTO pereHepaUHll K2 .. K,. 

0 0 0 
EcnH m e K - Me30Hbi ll BH h<y TC!I PO aKBIIl!OTeHullanbHOil noaepxuocTH, nepeXOilbi K2 .. K 

1 

CHOBa CTaHOB!ITC!I 3anpeWeHHbiMII (eM, B CB!I311 C 9THM pa60Tb/
13

•
141

), 

0 0 
TaKH " o6pa30M , cornacHo uawe!l cxeMe, nepeXOilhi K 

2 
-+ K 1 e ranaKTHqeCKOM none 

- Me30HOB, JlnH llBHHOrO R aoaMOJKHbi TOllbKO anSI a BIIJKywerocH n y 'lKa HeliTpallhHhiX K 
AB 

KOa(jlcpiiUIIeHT pereHepaUIIII np11 :9TOM 38BHCIIT OT BenH'liiHbl II H8l!paaneHHSI Hal!pSIJKeHHOCTII 

ranB K TII'leCKOrO !lOll!!, noCKOllbKY H8llpaaneHHe HBllp!!lKeHHOCTH !lOllS! fanaKTHKII !10 OTHOWQHHIO 

K l!y'IKY KO - Me30HOB llOlllKHO 38BIICeTb OT apeMeffil cyTOK, apeMeHH roaa, a T B K JKe WHpo

Tbl MeCTHOCTH, KOa{jl(jliiUHeHT pereuepaUHH TaKJKe llOl!JKeH 6blll 6bi 38BHCeTb OT 9 THX (jlaKTo

poa. BoaHHKaeT a onpoc, MOJKe T n11 o6paaoaaHne K~ - Me30HOB a r anaKTH'leCKOM none, yaoa

neTaopSIIOWeM 11p11Hlllll!Y 6n113KOileflcTBII!I, 06bSICUHTb a{jl{jleKT, na6l!IOilaBWII !lC!! aBTOp8MH pa6o

Thl / J / ' C KOllll'leCTBeHUO!l TO'lKH 3peHHSI? H3 T OllbKO 'ITO CK838HHOrO SICHO, 'ITO napaMeTp 

·uecoxpaHeHII!I cp·111 
B Haweii cxeMe He MOJKeT 6biTb yuuaepcanbHhlM , OnbiTbi, npoaeaeH

Hble B p83HOe apeMSI H B p83HbiX TO'lKBX 3eMnH, npHBt!l!H 6bi K p83llH'lHbiM peaynbTaTaM, 

noKB. Mbi H M99M nH~ 90HHCTB9HHbi A OITbiT - S TO OITbiT XpHcTeHceua H ap. EcnH 

C'lHTaTb, 'ITO npH npoaeaenHH on&ITB ycnoBIIH 6hil!H HaH6onee 6naronpHSITHhi H HanpaaneHHe 

ranaKTHqecKoro nong nonHOCTbiD coenanano c aanpaeneaHeM OBH*9HHH 
0 

K - M 930HOB, TO K8K 

l!OKa3biBaiOT npOCTbie OU9HKH, Il l!!! 06b!!CH9HH!I l!Olly'leHHbiX peaynbTaTOB H906XOilHMO, 'lT06bi 

-23 
ranaKTH'l9CK09 l!Olle ae!lCTBOBal!O Ha eaHHH'lHhll\ r llnep38pSIIl C CH!IO!l l!OpSIIlKB 10 llHH, 

3Ta Beml 'lHHa llpHMepHO B 200 p a3 MeHbWe Cllllbl TSIJKeCTH, n el\CTBYIOWefl Ha llpOTOH, no-

CKOllbKY aTOMHbi!l aec He CTporo nponopiXHOHaneH l!Ol!HOMY runepaapSIIly (aa C'leT paanH-

'l li~ MBCC llpOTOHa H He!lTpOHa, 9HeprHH CB!13H HyKl!OHOB B SlApe H HaliH'lHSI 9 lleKTpOHOB, 

rllnepaapSIIl KOTOpbiX paBeH HYliiO), cyweCTBOBBHHe g -!lOllS! C T8KOI! Hal!pS!lKeHHOCTbiO npH

aeno 6hi K KBlKYWSMYCSI OTKl!OHeHHIO OT llpHHllllll8 9KBHB8l!eHTI'IOCTH HHepTHOJ! H T>lrOTeiOmel! 

-5 -6 
Mace a npeaenax aenu'lHHbi nopSIAKB 10 -10 . B To JKe apeMSI H3Be CTHO, 'ITO a OllhiTax 

3Taewa
1151 

H OC06eHHO JlHKKe /
16 1 

6 bll!O li0K838HO, 'ITO 9TOT npHHUHll BblliOliHSieTCSI C TO'l

-10 
HOCTbiO, npeabiwaromell 10 . TaKHM o6paaoM, Mhi aonJKHbi npuaHaTb, 'ITO cymecTaoaaHHe 

ranaKTH'leCKoro !lOllS!, KOTOpOe B p8MK8X llpHHUHUB 6nH3KOJlellCTBHSI 06bSICHSil!O 6b! paCl!Bil 

0 0 / 15,16 / 
K 2 -+ 2 rr KaK a<!><l>eKT pereaepauHH K 1 - Me30HOB, npoTHBope'lHno 6bi aKcnepHMeHTaM • 

HTaK, Mbl llpHXOiliiM K BbiBOilY, 'ITO H eCMOTpSI Ha B03MOlKHOCTb cy w eCTBOB8HHSI g -nonS! 

C UeCOXp8HSIIOWHMCSI 38pSIIlOM B p aMK a X COBpt!M eHHbiX cp11311'leCKIIX l!penCT8Bll eHIIi\, paCll8 1l 



.· 

o II I 
K 2 -+ 2,. , Ha6mouaswHiicg a onbiTe He "OJK eT ObJTb OObSICHeH KaK a<JxjJeKT pereHepa-

o 
UHH K 1 -Me30HOB B 3TOM none . 
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