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lisytieHHe B38HMO'AettCTBIDI BeKTOPHlilX Me30HOB C a~oHaMH CblI'pano BH-
'A8ID~yIOCH ponb B pasBHTHH WH3HKH BHCOKIDC 3Heprntt. B H8CTOH~ee BpeMH 
npo6new B38HMO'AellCTBHH.BeKTOPH1DC M630HOB C 8'APOH8MH H WOTOHaMH npo
'AOnXaIDT 38HHM8Tb 3HaqHTenbHOe MeCTO B WH3HKe BHCOKIDC 3Hepritt. 

06maH WH3HqecKaH KapTHHa npouecc9B C ytI8CTHeM BeKTOpHl,IX M630HOB 
aHanornqHa wnazqecKott KapTHHe npoueccoB c ytiaCTHeM nro61,JX 'Apyrmc a'Apo
HOB. To xe caMoe MOEHO CK838Tb 06 o6mmc· TeopeTHqecKHX OCHOBaX OilHC8HHH 
B38HMO'AefiCTBHH B6KTOPHWC Me30HOB C 8'APOH8MH. 

TeM He MeHee B38HMO'AellCTBHe BeKTOPHHX M630HOB C a~poHaMH B H6KO
TOPHX acneKTax HMeeT CBOID ~neUHWHKy. 'Aeno B TOM, qTo B PH'Ae cnyqaeB 
HBCTB6HHO npOHBnHeTCH YHHBepcanbHHtt xapaKTep B38HMO'AefiCTBHH BeKTOPHHX 
M630HOB C 8'APOH8MH. C TeopeTnqecKott TQqKH speHHH weHOMeHonornqecKoe 
npoHBneHHe YHHBepcanbHOCTH B38liMO'AeHCTBHH BeKTOPHb!X M630HOB C 8'APOHa
MH MOXeT 6HTb OTpaxeHHeM Toro W8KTa, qTo B OCHOB8 B38HMO'AellCTBHH BeK
TOPHWC Me30HOB C 8'APOH8MH neXHT TeopHH Hea6en8Bl,JX Kann6poBoqHHX nonen 
THna Teopnn ffHra-Mnnca [r] . 

B 'AHCC8pTaqHH paccMaTpHBaIDTCH TeopeTnqec1rne IlOCTpoeHHH, OCHOBaH
HH8 Ha H'Aee yHHBepcanbHOCTH B38HMO'AellCTBHH BeKTOPHHX Me30HOB C a~poHa
MH, H npe'AnaraIDTCH HOBH8 3KCnepHMeHTH MH nonyqeHHH HeTpHBHanbHOtt HH
wopMaqHH O 'AHH8MHKe B38HMO'A8llCTBHH B6KTOPHliX Me30HOB C 8'APOH8MH. B CO
OTBeTCTBHH C 3THM 'AHCCepTaUHH COCTOHT H3 'AByx qacTett. 

IIepBaH qaCTb 'AHCCepTa~HH "<PeHOMeHonorruI BeKTOPHOit TeopHH CHnbHl,JX 
B38HMO'AellCTBHll. YHHBepcanbHOCTb H BeKTOpHaH 'AOMHH8HTHOCTb 11 06'.rle'AHH!leT 
nepByIO H BTOPyIO rnaBH. B Hett paccMaTpHB8IDTCH 'AB8 H8H6onee xapaKTl3PHH8 
qepTH weHOMeHOnOrHH B38HMO'AettCTBHll B8KTOPHWC M630HOB. C 8'APOH8MH H WO
TOHaMH: 

a) YHHBepcanbHOCTb B38HMO'AelicTBHll B8KTOPHHX Me30HOB C 8'APOH8MH H 

6) 'AOMHH8HTHOCTb B8KTOPHblX Me30HOB B sneKTPOMarHHTHOM TOKe 6'APO
HOB ( VDM ). 

B nepBott,qacTH 'AHCCepTaqHH (§ I - § 21) Hccne'AyIOTCH B03MOXHOCTH 
W8HOMeHonorHqecKOrO HCITOnb30B6HHH IlP8'AITOnOXeHHH O TOM, qTo B OCHOBe 
B38HMO'AettcTBHH B8KTOPHHX Me30HOB C 3'APOH8Mli (a 6HTb MOXeT H B OCHOBe 
Cllnb!Il,!X B38liMO~ettCTBHtt B006~e) neXHT TeOpHH Hea6en8Bl,JX Kann6poB6qHbJX 
nonett. BnepBHe H'AeH ffHra-Muca 'Ana nocTpoeHHH peanbHOtt weHoMeHonorn -
qecKott cxew B38HMO'AettCTBHH a~pOHOB HCITOnb30Ban CaKypaH B CBOett H3Bec
HOtt pa60T8 [2] 0 B8KTOpHott TeOpHH CHnbHliX B38HMO'AettCTBHii. Ha'AO OTMe
THTb, qTo B TO±BpeMH 6HnH yKa36HllH TOnbKO Ha cymeCTBOYaHHe f0

-Me30Ha. 
3apHXeHHH8 ~ -M630HH 6HnH OTKPHTH BCKOpe nocne IlOllBneHHH pa6oT CaKy
paH. 
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B nepBOil rnaBe (§ 4 - § 9) HayqaeTCH MO'AeJib O'AHOnHOHHoro 06MeHa B 
BeICTopnon TeopHH MR peam-1HH 'frN-fN . Peam.iHH TIN--pN HMeeT 
HPKO BupaxeHHNil nepu~epHqecKHil xapaICTep. Ha onuTe Ha6JIIO'AaeTCH cymecT
BeHHafl KOHUeHTPaUHH co6uTHil npH MaJimc nepe'Aaqax HMnyJibca ltl . EcTecT
BeHHoe TeOfeTHqecKoe o6~HCHeHHe 3TOMY 'AaeT MO'AeJib O'AHOnHOHHOro o6MeHa 
( OPE ) [3J , B KOTopon npe'AnoJiaraeTcH, qTo a11nJIHTY'Aa rrpouecca onHcbl1la
eTcff O'AHOil 'AHarpaMMOit C 'ff -Me30HHNM nOJIIOCOM B t -KaHane, pHc.I 

1,(<f) . f(K) 
------7~ 

N(P1) 

I 
l ri 
I 
I 

PHc.I. 

N(Pa) 

O'AHaKO O'AHOilHOHHNM 06MeHOM B qHCTOM BH'Ae B npHHUHile HeJibSH o6~HC
HHTb Ha6JIIO'AaJOmyJOcH Ha OilUTe cnHHOByIO MaTPHUY nJIOTHOCTH f -MeaoHa. Ta
KHM o6paa OM BNPUCOBblBaeTCH CJie'AyIOmaH KapTHHa: c O'AHOil CTOPOHN O'AHOnHOH
HNit o6MeH HrpaeT 'AOMHHHpy10myio poJib B ceqeHHH npouecca 'lrN- j N npH 
MaJINX nepe'Aaqax, C 'Apyron CTOPOHN OH He 13 COCTOHHHH o6~HCHHTb MHOrHe 
BaXHNe Ha6JIJO'Aa10mHeca Ha onuTe qepTu npouecca .nPH MaJiux nepe,naqax. 

MeXaHHSM O'AHOnHOHHOrO 06MeHa MOXHO OITHCWlaTb Ha HSU!Ce WeHOMeHOJIO -
rHqecKHX JiarpaHXHaHOB. 8TO o6CTOHTeJibCTBO 61:lJIO HCITOJibSOBaHO HaMH B pa-
6oTaX [4,5] MR HCnpaBJieHHH He'AOCTaTKOB MO'AeJIH OPE c IlOMOJJ1b!O a~eKTID3 -
HOro JiarpaHXHaHa BeKTOPHOit TeopHH CaKypaH, § 5 HaCTOHIJleil 'AHCcepTaUHH. 

MO'AeJIH O'AHOnHOHHOro o6MeHa, pHc.I, COOTBeTCTByeT a~eKTHBHNil Jiar
paHXHaH B3aHMO'AeitCTBHH 

- __.,_. ....... __., -.. 

X int = ;/1iNN N y5 L NTL + tf r,r, f JU 1f x 7} 'Jt · (I) 

B BelCTOPHOit TeopHH CHJibHNX B3aHMO'AeitCTBHil a~elCTHBHNil JiarpaHXHaH, OilH
CNBalOIJIHil MexaHHSM O'AHOITHOHttoro odMeHa, npHHHMaeT BH'A: 

- - _,,,, _. _. -P 

;;(,d ==- f r,NN N l/L N 1i..: ff f'f' Jf< =- (2) 

- ... - -T _. -
::: ~1iNN N rs '[NJt+fs, fp (NI df N + 1," of 1t) . 
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Ha pHc.2 'AJIH peaKUHH 'FN-fN npHBe'AeHN 'AHarpaMMU, cooTBeTCTBYl(JIJIHe 
MO'AHWHUHPOBaHHOMY O'AHOITHOHHOMY 06MeHy B BeKTOpHon TeOpHH, MHor,na TaKyx> 
MO'AeJib B JIHTepaType no aHaJIOrHH C WOTOPOlK'Aemrnu HaaUBaIOT 11tk eMue !,om 
mode£" [6] • OqeBH'AHO, qTo aMnmi:TY'Aa, onHcUBaeuaa 'AHarpaMMalllH pHc.2., 

IlOJiyqeHHUMH HS JiarpaHxHaHa (2), HBHO Y'AOBJieTBOpHeT YCJIOBHIO coxpaHeHHH 

1i f 

ii 5l 
--,---~ 

I 

'Tr I 

N 
N N N N 

N N 

a) d) l) 

PHc.2 

H30BeKTOpHoro BelCTOpHoro TOKa, C lCOTOpuu CBHSaH .f -MeSOH. 

YqeT 'AllarpaMM pHc.26)H 2B), He HSMeHHH cymecTBeHHo do/dt , uoa
BoJIHeT o6~HCHHTb 6ea CB060'AHUX ITO'ArOHoqnux rrapaueTpOB HaH60Jiee xapaK
TepHue qepTu Ha6mo'AaromHXcH Ha OnbJTe 3JieM6HTOB CnHHOBOit MaTPHIUI nJIOTHOC
TH j -M630Ha IIPH MaJINX nepe'Aaqax /ti!::: 0.2 (I'aB/c)2. B § 6 noKaaaHO, 
qTo MO'AeJib 60pHOBCKHX 'AHarpauu, PHC.2, xopomo OITHCUBaeT 3JieMeHTU CITHHO
BOtt MaTPHI.\I>l ITJIOTHOCTH £ -MeaoHa ( s>,v,) B peaKUHH. r,-p - _p-p ITPH 
2 I'SB/C < q,l, <: 4 I'aB/c [s] ' Haq1rnaH C 9/, = 4 I'aB/c B 3TOit peaICUHH 
cymecTBeHHyJO POJib HrpaeT W -06MeH •. B peaKUUH 1r- P - _p 0 n. · npe'AJIO
XeHHaH HaMH MO'A6Jlb OITHCUBaeT nee cymeCTByIOJJ1H6 'AaHHNe no CITHHOBOtt MaTpH-
ue nJIOTHOCTH .f° -MeaoHa rrpH 2 I'aB/c ..c. ii, ~ I? .2 I'aB/C [ 7] . 

.l!MifxIJepeHqHaJibHOe ceqeHHe npoqecca B MO'AeJIH 6opHOBCKHX 'AHarpaMM 
6JIH3KO K 'AHifxIJepeHqHaJibHOMy ceqeHmo qHcToro O'AHOITHOHHoro 06MeHa H He co
rnacyeTCR C 3ICCnepHM6HTOM. BMeCTe C Teu STa MO'A6Jib 'AaeT npaBHJibHyro 
3HepreTHqecKyro aaBHCHMocu d.0/dt rrpH MaJINX ltl . IIoaToMy 'AJIH corJia
coBaHHH c. 3KCnepHMeHTOU 'AOCTaToqHo BBeCTH 06JJ1Hil WOPM~KTOP, aaBHCHJJ1Hil 
TOJibKO OT t. OTMeqaeTCH, ~TO a6cop6qHOHHaH MO:zleJib BHJihffMCa [a], lIOJI
HOCTblO TOX'AeCTB6HHa MO'AeJIH 6opHOBCKllX 'AHarpaMM C 06JIU!M ~OPM~KTOPOM. 

B § 7 paccMaTpHBalOTCH H60'AH03HaqHOCTH Bu6opa weaoMeHOJIOrHqecKoro 
BaaRUO'A6i1CTBHH .P -MeSOHa C 8'APOHaMH B TeopHH, B KOTopoM .P -Meaoa 
CBHaaH C COXpaHHfil~HMCH H30BeKTOPHhlM BelCTOPHliM TOKOM. IlOKa3UBaeTcH, qTo 
Pff'A 'APYrHX TeopeTHqecKHX B03MO~HOCTett, OTJIJ'lqaux OT (2), H6Y'AOB~eTBOPH-

;..,'\i!"' •• 
·'~,"'.: 1 ~ 'i;· 
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TeJI»Hll no TeM HJil:I l:IHUM np1:1qJ:1HaM. OTMeqaeTCfl, qTo Bonpoc O HeO'AH03Haq -,. 
HOCTHX B ·Bu6ope weHOMeHOJior1:1qecKoro JiarpaHlKl:laHa He B03Hl:IKaeT, eCJil:I yq1:1-
TUBaT» a6cop6nmo B KaHOHHqecKott wopMe, COOTBeTCTByIOil!ell IlOJIHOMy nornome
Hl:ID Hl:13illHX napn1:1aJI»HblX BOJIH B s -KaHaJie Tl:lna 8 -CJIIHryJIHPHOCTett. B 
STOM cnyqae aMnJIJIITY'AH peaKnHJ/1 He 3aBHCflT OT BE6opa l:ICXO'AHOro awweKTl:IB-
Horo JiarpaHJKJ/laHa [ 7] . ~~ 

B § 8 o6CyJIC'AaIDTCfl ycJIOBl:lfl np1:1MeHJ/IMOCTl:I Hamett MO'AeJil:I l:I ee CBH3» C 
'APyrHMl'.I BUCOKOSHepreTl:llleCKl:IMM MO:zt~JiflMH [7] . YKa3UBaeTCfl, l!TO 3WWeKTJIIB
HOCT» MO'AeJil:I 6opHOBCKHX 'AHarpaMM.B mJ/lpOKOtt o6JiaCTl:I auepr1:1n 'An.fl peaKnHJ/1 

Tt-P-fn. npeJK'Ae Bcero CBH3aHa c ManocnD A2-o6MeHa np1:11t(:!',.Q.2(I'aB/c)2. 
IToKasaHo, qTo MO'AeJI» 6opHOBCKHX 'AHarpaMM ycTottq1:1Ba np1:1 MaJiux ltl no OT
HomeHHID K a6cop6u1:10HHHM nonpaBKa~. ,l\Jifl yqeTa a6cop6n1:11:1 aunJI1:1Ty'Aa ynpy
roro pacceHHl:lfl BH61:1panac» B BJll'Ae 

T
! . • At 
el ::::, l s<stot e (3) 

ITapaMeTp a6cop6u1:11:1 (c1:1na a6cop6UJ11J11) 

A =- C °tot /8:JrA (4) 

KOSWWHnl/leHT .f..c OTJIJ:lqaeTCfl OT I I eCJil:I Cyll!eCTBeHHH Heynpyr1:1e npoMelKy
TOqHue COCTOflHJllfl. 

ilpl/1 t =-0 OTHOCJ/ITeJI»Hafl ·BeJI1:1qJ11Ha a6cop6uHOHHblX nonpaBOK iIOPfl'AKa 2 . 
f AA -;:; 0. i . 3'Aec» jU-Macca nHoHa. c pocToM ltl a6copCiu1:10HHHe no-
npaBKl:I 0CiycnaBn1:1Ba10T na'AeHHe do/dt , Heo6xo'AJ11Moe 'An.fl on1:1caH1:1H aKc
nep1:1weHTaJI»HblX 'AaHHWC. yqeT a6cop6n1:1J11 BO MHOrl/lJC OTHOmeHl:lflX, ioTH H He 
6yKBan»Ho, CBD'AHTca K ~opuJ11poBaHHD oCimero woPMW8KTopa. Kpoue Toro noKa
saHo, qTo HOPMHPOBKa npH t=O aMnJIHTY:zt Tpa'AJ11n1:10HHblX aCicopCinJ110HHUX MO
'AeJiett O'AHOnl:IOHHOro 06MeHa Ha 6opHOBCKl:le 'AJllarpaMW (c ToqHOCT»IO 'AO qJie
HOB fLA.A.) HaKJia'AUBaeT Ha napaMeTpu a6cop6nm.! yCJIOBl~e 

A= c°t
0
t/S1tA = 1, (5) 

KOTopoe COOTBeTCTByeT ITOJIHOMY nornomeHmo HJ/13illHX napnJ11aJI»HWC BOJIH Tl:llla 
g -CHHrynapHOCTett B S-KaHaJie [9] • IJpH 3TOM yCJIOBJ/11:1 Bee MO'AeJIH O'A

HOlll:IOHHOro· oCiMeHa C aCicopCin1:1cHHUMl:I norrpaBKa~J/1 TOlK'AeCTBeHHll 'APYr 'APyry, 
1:1 aunnl/lTY'All peaKUJ/11/1 He saBHCHT OT BuCiopa JIICX~Horo weHOMeaonor1:1qecKoro 
narpaHlKJ/laHa B BBKTOPHOtt TeopHl:I. 

Bo BTopott rJiane (§ IO - § 21) l:ICCJie;ztyioTCfl npl/lJIOlKeHl:lfl MO'A0nl:I BeK-
TOPHOl.1 'AOMl:IHaHTHOCTl:I K peaKnHflM 'jf-p - .f n. H r N - ri± N • 

i :., 
, '( ·, 

l ·-· 
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llpe:ztnOJIOlKeHl:le O 'AOMHHaHTHOCTl:I BeKTOpHUX Me30HOB B 3JieKTPOMarHl:ITHOM 
ToKe a;ztpoHoB BnepBue CiuJio C'AeJiaHo B pa6oTax HaM6y [10] , ~paaepa 1:1 ~yJI
Ko [II] 'An.fl o6~flCHeHJ/lfl 3JieKTPOMarHHTHOtt CTPYKTypu HYMOHa. renn-MaHH l:I 
3aKapattceH [12] n0Kasan1:1, qTo 3TO npe;zinoJIOlKeH1:1e Henocpe'ACTBeHHO CBH3aHo 
C YHHBepcaJI»HUM xapaKTepoM B3al:IMO'AettcTBHfl BeKTOPHblX Me30HOB C a;zipoHaMH 
Mo;zteJI» BeKTOpHott ;l!OMl:IHaHTHOCTH n03BOnHeT CBfl3aT» WOTOnponeccu C qJ/ICTO 
a;zipoHHHMl:I peaKUl:lflMl:I l:I B HaCTOflll!ee BpeMH flBJifleTCfl OCHOBOtt nOHl:IMaHHfl npl:1-
PO'All Baal:IMO'AettcTBl:lfl WOTOHOB C a;zipoHaMH. Bo MHOrl:lx CJiyllaHX V]M :ziaeT 
Y'AOBJieTBOPl:ITeJI»H06_KOJIJ:1qecTBeHHOe onncaHJ/le rrponeccoB C yqacTHeM ~OTO
HOB H noqTJ:I Bcer'Aa npaBHJI»HO\ onHcHBaeT l:IX KaqecTBeHHUtt xapaKTep.Mo;zteJI» 
BeKTOPHOtt ;l!OMHHaHTHOCTJ/1 B nppHnHne He MOlK6T 6UT» TOqHott l:I Hae He ;l!OJillC
Hhl 06ecxypaJK1:1BaT» ee HapymeHim. HanpoTHB, HapymeHHe Mo;zieJI1:1 nee npoc-

. "' Tettmett WOPMe CTaBHT PH:zt Teop~J1:1qecKHX npo6JieM, pemeH1:1e KOTOPHX MOlKeT 
cnoco6cTBOBaT» BllflCHeHmo 'AHHaMHKH CHJI»HUX B3al:IMO;ztettcTBHtt • 

IIpe;zicKasaHHH VJJM 'An.fl KBas1:1;ztByxqacT1:1qHwc peaKn1:1tt He ;zionycxaIDT o;zi
HosHaqHott l:IHTeprrpeTanHH. Tpy;ztHOCtl:I CBH3aHU C. BhlCiOpOM Cl:ICT6ML! OTcqeTa,B 
KOTOpott ;l!OJIJKHU npoBepHT»Cfl 3TH npe;ztcKaaaHHfl [I3,I4]. 8TOT Bonpoc Mfl 
peaKnztt. 1,-p - ('.>

0

ft 1:1 tN - fl"± N paccMaTp1rnaeTc 1 ;zioBoJI»Ho no;zcpo·6-
Ho B §I2. Mo;zceJI» nonrocHott BeKTOPHOtt ;ltOI.G!HaHTHOCTl:I WDPMYJil:lpyeTCfl 2lJifl l:IH

BapJ11aHTHUX aMnJIHTy;zc, He HMerom1:1x KHHeMaT1:1qecx1:1x oco6eHHOCTett. 0Ka3hlBaeT-
Cfl, qTo B 8TOM CJiyqae npe:ztcxasaHJ/lfl VDM :ztna ceqeH1:1tt, ycpe:ztHeHHHX no 
HanpaBJieHHHM cn1:1Ha · HaqaJI»Horo HyKnoHa H np.ocyu1irnpoBaHHmc no HanpaBJieH1:1-
HM CnJIIHa KOHeqnoro HyKnoHa,:ztoJIMHhl BUilOJIHflT»Cfl 
Bcex c11cTeuax, B KoTopmc peaKn1:11:1 r,--p-.f tt 
CiJIH3KyIO Kl!HeMaTHKy. 

np1:1 BhlCOKl:IX 3Heprz.ax BO 
H r N -rr±. N HMeIDT 

B § I3 npl/lBO~HTCH cpaBHeHHe npe;zccxasaH1:1tt V]M c aKcnep1:1ueHTOM. 
KpaTKo, Ha KaqeCTBeHHOM YPOBHe, oCicyJK;zcaeTcfl B03MO~HOCT» o6~HCHeHJ/lfl Ha
pymeHJ/lfl VDM B ee npocTettmelt wopue :ztna 06MeHOB HaTypaJI»HOtt qeTHOCT»IO 

_ B t-KaHaJie peaxn11tt rr-P- j>°n. H '(N- 1t±N . JJ.na 3TO!t ~6JIII npe;zc-
,./JiaraeTCfl _yl!eCU Bl:lpTyaJI»Hhltt nepeXO;lt r-KBaHTa B TfllK6JIHit .P -Me30H. 

B § I4 ITOKaaaHo, qTo MO:zten» B6KTOpHott ;ltOMHHaHTHOCTH :ztna l:IHBapHaHT
H!,JX aMnnHiy;zc EaJia ( B«ll), He 1:1ueIDm1:1x KHHeMaT1:1i:recx1:1x oco6eHHocTett [Is], 
H YCJIOBJ/le coxpaHeHJ/lfl BeKTOpHoro TOKa npHBO;ltflT K HOBHM HeTpl:IBl:laJI»HUM 
rrpe:ztcKa3aHIDIM. HaMH [r6] H He3aBHCl:IMO CaKypa1:1 l:I llo [I7] 6HJIH nonyqeHH 
COOTHOllleHHfl MeZ)ty aMIIJIHTy:ztaMR C IIPO:ztOJI»Hott H nonepeqHHMl:I nonap1:13anHHMU . '. . f -ll630Ha. ·· 

ITOflCHHM KpaTKO CYT» :zteJia. Bunumeu MaTpl:lqHutt 3JieMeHT H30BeKTOPHOi1 
qaCTR orrepaTopa 3JieKTPOMarHHTHOro TOKa 
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. 2, 

(N /j; (o)/ftN) ~ f; m,{K2. <N/j;(o)/ft"N). (6) 

BoeeM:& IIIHBap1-iaHTHJ,iX aMIIJUfTY]I; OIIHeb!BaIOT 3TOT MaTpH'lHb!H 3JieMeHT [rs] 
. 2, 

Br ( 2.) mf 1 Bf t z i S,t,K ~T~ i(S, ,fi ). 
JS' rnl K 

(7) 

YeJIOBHe eoxpaHeHHH TOKa HMeeT BH]I; 

K2(B~ + 2B{) + (s-ni2+ t-~2.-K2.) B~ - (t-}'2.-x 2
) B~ = o, 

f 2. 2. o.f 

-~:-1.ZB1-+(~-m2 -+ t-~ -K )y+(K2+_p2....:t)e{=-o. 
(8) 

3]1;ee:& m - uaeea HYRJIOHa. 
CooTHomeH111H (8) B o6meM enyqae He .n.a10T HIIIKaKol.t HHWOPMau111111 o peaK

UIIIH fr'N-,PN • ,lleJio B TOM, llTO Bf III B{ He ]l;aJOT BKJia.n.a B peaJI:&Hhl!1 
npoueee, B eHJIY yeJIOBHH 1' Ji ct=- 0 • COOTHOllieHIIIH (8) no eymeeTBY HBJIHIOT
eH orrpe]];eJieHHHMIII Bt 111 5~ . 0;\Hairn B paMRax VDM STIii eooTHOll!eH111H Mo
ryT 6b!T:& HeTpHBl1aJI:&Hb!Mlll. ;i(ellc:TBl1TeJI:&HO, qT061,1 e]l;eJiaTL npe]];eKaSaHIIIH,eBH-

3bll3aJOilll18 aMIIJIIIITY]l;bl qi111suqee1rn;; npoueeeoB p r N - 'jj N ll 'Jf N --f N , 
aeo6xo;n1rno npe]];rroJiaraTL, qTo JI11160 Bee &i , m160 Ka1rne-To me KOM6uHa
uu111 He saBllleHTfOT M2., IIpe]];IIOJIOJKIIIM ,llJIH HaqaJia,. qTo Bee ~ He saBllleHT 
OT K2., T.e. B, saBllleHT OT K2. TOJILKO IIOJIIOeHbl!.I o6pa30M, TaKoe Tpe6oBa
Hllle IIIMeeT eMUeJI, KOHeqHo, TOJI:&KO nplll 6oJI:&illllX S, TaK KaK rrp111 WIIIKelllpOBaH-

.HblX S l'I t saBueuMocT:& oT K2. B B~ BXO]l;IIIT eme qepea u"'K2.+zm.2.+_p2·-s-t. 
EeJill 

fl f . 
B, (s, t, o) = 5, (s,t, Kz) 1 

TO eOOTHOIIleH1rn (8) eTaHOBHTeH HeTpHBlllaJI:&Hb!Mlll [r6,!7] 

s s: - < t -;t2) r{ =- o , 

-P/ +i5f_ t-p2.Bf=O 
5l6 2. a 1 

S'+ .f+ f'_ B1 2.B" f\-o, 

Bf +i Bf ~o. 
'f 2. a 

(9) 

(IO) 

r 
i 

I 
J, 

,··,~(~ 
/ y ... 

t 
.JI ,I 

'1)' 

l 

-9-

COQTHOllieHllfl OCTaBJIHIOT HeSaBl'ICHMblMll 'l6Tb!pe llHBapnaHTHble aMITJIIIITY]\1,1 1113 
meCTIII, Ollllebll3al0illlllX pean:&HblH rrpouecc, ll ll03TOMy, B np11Hu11ne, uoryT 6b!T:& 
rrpoBepeHbl 3RCnepHM6HTaJILHO, KaK eJie]l;CTBl1e 3TIIIX paBeHeTB BOSHIIIKalOT eooT
HOllieHIIIH MeJK]l;y err111paJI:&HblMIII aunJIIIITy]l;aMIII e npo;noJI:&HOH Ill rronepeqHb!Mlll llOJIH
p111sau111HMIII f" -MeSOHa [I6,!7]. 

.B § IS 111syqa10TeH eooTHOIIleHIIIH M8JK]l;y em1paJI:&Hb!MH aMnJIHTy]l;ar.rn B t -
RaHaJie B paSJilllqlib!X MO]l;eJIHX Pe]l;JKe [r6] • CooTHOllieHllH (IO) ;noJIJKHbl BblTIOJI
HHT:&eH ,llJIH BKJia;noB e o;n111HaKOBOtl aeHMllTOTHKOH ( S >> /ti 1 tn 2. ) , IIOSTO
MY B TOM eJiyqae, Kor.n.a Bee 06MeHbl IIIMelOT pasHoe ae111MIITOTllllleeKoe IIOBe.n.e
Hllle, eooTHOllieHlllfl (IO) HaKJI8]1;!,iBalOT eBHSH Ha pa3Hble en111paJI:&Hble aMTIJillTY.D.b! 
e O,ll.lllHaKOBbllllll KBaHTOBb!MH qHeJiaMIII B t -KaHaJie. H TOJI:&KO D TOM eJiyqae' 
Kor.n.a paSHble 06MeHbl HMeJOTO,ll.lllH8KOByJO aeHMIITOTHKY, eOOTHO!ll8HHfl (IO) eBH-
3b!B810T aMnJillTY]l;!,i e paSHb!Ml'l KBaHTOBblMH queJiaMl'l B t -KaHaJie. TaKall e11Tya
Ulllfl MOJ!teT HMeT:& MeeTo, HanpHMep, IIPIII 11-'lic. 11 KOHenHpau11111"' a ·ra~l!(e B 
eJiyqae 11 KOHenllPHPYJOilllllX 11 pas pea OB e KBaHTOBb!MH trHeJiaMIII JI Ill 'Ji;: Ii B 
a6eop6UHOHHb!X MO,ll.8JIHX, B IIPHHUHIIe, e111Tyaul'lfl MOJKeT 61,1T:& 6oJiee CJIOJKHOtl, 
Ha!lpHMep, ,ll.Jill HeKOTOpb!X BRJia,ll.OB eooTHOllieHlllfl (IO) 6y.n.yT BblllOJIHHT:&eH, a 
,ll.JIH .n.pyr111x HeT. COOTHOIIleHHH (IO) MoryT BOo6me HapymaT:&eH. B ,ll.HeeepTa
UHIII Mb! llblTaeMeH BblHeHIIIT:& STIii BO!lpoebl, a TaKllte eTapaeMeH BblfleHHT:& ~IIIHa
MllltreeKHe np111qHHbl HapymeHHfl TaM, r.n.e 3TO B03MOlKHO. HanpMMep, B § IS rro
R838HO, trTO rrpe.n.noJIOl!teHHe (9) ,llJIH BKJia,ll.OB A2-TpaeKTOPllH Pe.n.me npOTMBO -
petrliT euJI:&HOMy 06MeHHOMY BblPOlK~eHHID, a TaKJKe eymeeTBYJOillHM no,ll.rOHRaM. 

CooTHOmeHIIIH MelK.n.y en111paJI:&HUMIII aMIIJIHTY.D.aMH B S -RaHaJie,Bb!TeRa10m111e 
1113 (IO), HM6IDT HaH6onee rrpoeTOti Blll.D., § I6. Bb!IIHIIleM lllX [I7] 

M H {?- (MH M H . ) 
i,·oi ==- z'Ci!t i•ti - 1._,1 7 2 .2. r-t;l Z.' .l Z.' Z 

(Ila) 

.MH :::-~MH 
-i• 0i ,r;;;:2t -i•-ti 

2. , 2. y-L. L .2. ' 2. 
(II6) 

COOTHOllieHHH (IO) MOlKHO rrpoBepllT:& B OllblTax C noJIHpl130B8HHb!MH HYKJIOHaMH 
B peaKuuHx :r,-p--fn. .• fl"-p- e+e-n. 111 e-N- e-r,±N. 
B HaeTOH~ee BpeM!! HX MOlKHO rrpoBepHT:& KOeBeHHhlM IIYTeM npH no.n.rOHKe. 

Hm160Jiee y.n.a'lHbll.t enoeo6 npoBepKIII HOBIDC rrpe.n.eKasaHH!.t VD M 6un 
npe,ll.JIOlKeH CaKypa111 H qo [r7] . 8TH aBTOpb! IIO aMIIJIHTy;naM WOTOpOlK,ll.8HIIIH 
BOeeTaHOBHJIIII B MO,ll.8Hl'l B6KTOPHOti ,ll.OMHH8HTHOeTH aimJIJ4TY.ll.b! peaKUIIIH 

0 O 

~-P-j> rt e rrorrepetrHb!MH rroJIHp111aaUHHMH .P -MeaoHa. 3aTeM c noMom:&10 
ypaBH6Hlifl (II6) npli K2. = m! 6blJia IIOJiytreHa aMIIJIHTy,ll.a e npo,ll.OJI:&HOH no· 
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JIHp1rna[.\Heli .f -Me3oHa, -! ; of • AMIIJIHTy'Al,I, BXO,lUIIl\lie B COOTHOmeHHe 
(!Ia) H COOTB~TCTBYJOII\He 06MeHy RBaHTOBblMlf qHcJiaMH Ar-MeSOHa B t -KaHa
Jie, qHcJieHHO MaJ!bl. Peaym,TaTbl pa6oT [!7] Y'AOBJieTBOPHTeJibHO corJiaCyioTCfl 
C 3RCrrepm1eHTOM, § I7. B IIOCJieAHee BpeMH HOBble IIPe'ACRaaaHHH VDM HeOA
HORpaTHO o6Cyiit'AaJIHCb c pa3HIDC TOqeK 3P6HHH. 06uqHo cqHTaeTCH, qTo Y'AO
BJieTBOPHTeJibHOe COrJiac11e C ·oITUTOM peayJibTaTOB pa60T [!7] HBJIHeTCH IIO'A
TB6PllC'AeHHeM HOBUX rrpe'ACRaaaH11tt VJJM • 

B § IB MU IIORaaUBaeM, qTo Ha caMOM AeJie xopomee corJiac11e ITP6'ACKa-
38HH!i CaRypaH H qo c SRcrrepHMeHToM B o6JiacTH ltl :!:; o.r (r:rn/c )2 CBHAe
TeJI1>cTByeT B nepByio oqepe'Ab B IIOJ!b3Y crrpaBe'AJIHBOCTH MO'AeJIH BeRTOPHOtt 
'AOMHHaHTHOCTli 'AJIH HHBapHaHTHOH a1.mJIHTy'Al,I B~ , CO'A6pllCail\ett r, -Meaoii
HUtt IIOJIIOC, [ !8] . 

Bupa3HM CIIHpaJibHlle aMIIJIHTy'Al,I, BXO,lUIII\He B COOTHOmeHHe (II6) ,. qepea 
BP 2. 2. HHBap:11aHTH1Ie 8MIIJIHTY'Al,I i. IlpH K = mf 

M_:. i = V;_Jz[(m;+t-1/-)B:(s,t)-sB~(s,t>] 
2.10.a f' ' (I2a) 

MH f' 
_i._1i =-tit (s,t). · 

2,, 2. J (!26) 

Ilp:11 M8JIIDC /ti MOllCHO rrpeHe6peqb HeITOJIIOCHUMH qJieHaMH B (I2a), TOrAa 

MH ,r+i:: f. 
_i•oi ~v-t/z m.1 83 (s,t). 

2. ' 2. ' 
(I3) 

Ha (I26) H (I3) cJieAyeT, qTo cooTHomeaue (II6) B o6JiaCTH MaJIIDC It/ 
. H 

rrpH6JIHJKeHHO BUIIOJIHHeTcH rrpocTo IIOTOMy, qTo B ·a1.1rrJIHTyAe M f.. 
0
.t. 

f -~· 2, rJiaBHUM flBJifl6TCH BKJia'A ~3 , CO'AePlXalllett fl" -Me30HHUtt IIOJIIOC~ 

~aJiee Im IIORaaUBaeM, qTo OTRJIOHeHHH TeqpeTHqeCRlfX IIP6'ACRaaaHHtt pa-
6oT [17] OT 3KCIIePHMeHTaJibHIDC 'AaHHUX ITO f 0 -pOlX'A6HlilO B 06JiaCTH 

o.r (I'3B/c)
2

~ /ti~ 0.2(I'3B/c)2 MOllCHO HHTepnpeTHPOBaTb Kai( CHJ!bHOe ~a
pymemrn VlJM 'AJifl HHBapHaHTHott aMII1.IHTy'Al,I B~ , HecoAePlXalllett ~ -Meaoa-
Horo IIOJIIOCa [ IB] • . . 

B .§ n ;Al;aeTCfl 6CT6Cf:8&HHOi Teopeuqecxoe 067>HCH6HHe Hat1'A6HH01! 
K 2. -aaBHCHMOCTH aMITJIHTy'Al,I fl 2. B MO'AeJIH O'AHOIIHOHHoro 061.!eHa c rrorJio-

Il\eHIIeM [rn] . . 
Hame 06:oHCHeHHe OTKJIOH6HHfl IIPe'ACR838HHtt pa6oT [r7] OT 3KCII6PHMeH

TaUHUX AaHH!iX rrpH 0.2(I'sB/c)2 ~ ltl:;;,, O.I(r::rn/c)2, TaR lKe RaK H cauia: 

----.---------- -~ ----·-

"' 
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ST~ rrpeACRa3aHIDI, TeopeTHqecKH orrpaB'A8HO TOJ!bl(O B TOM CJiyqae, ecJIH B 
o6JiaCTH /ti~ 0.2 (r::m/c )2 MOlKHO rrpeHeCipeqb BJ!HflHHeM A2-06MeHa '. 8TOT 
Borrpoc IIO'APOCiHO OCiCyiit'AaeTCfl B § 20_. 

lia aHaJIHaa, IIPOBeAeHHOro B § IB-§20 CJieAyeT, qTo BblIIOJIH6HHe rrpe'A
CRaaaHH!i pa6oT [r7] rrpH ltl~ o.r B ocHoBHoM cBHaaHo c BurroJIHeHHeM VJ)M 
'AJ!fl 3JI6KTPOMarHHTHOrO WOPMq)clRTOpa 1f -M830Ha. 8TOT peayJibTaT rrpaRTH-
qecKH MO'AeJ!bHO HeaaBHCHM. 

BTopaH qaCTb 'AHCcep~aUHH "AHOM8JlbHble s~eRTbl, o6yCJIOBJl8HHble SJieR
TPOMarHHTHblM f 0

-W -CM8filHBaHH8M B peaRI.\HflX C POlK'AeHHeM BeRTOPHb!X Me-
30HOB11 o6~eAHHfleT TpenIO H qeTBepTYJO rJiaBl,I. B Hett HCCJie;ztyeTCfl B03MOlK
HOCTb IIOJiyqeHHfl HOBOH HHWOPMaUHH O B3aHMOAeliCTBHH BeRTOPHblX M830HOB C 
aAPOHaMH aa cqeT 3JI8RTPOMarHHTHOro rrepeXOM MelK;zty 'ABYMfl COCTOflHHflMH,xa
paRTepHaH TOJ!bl(O 'AJlll POlK'AeHHfl f o H aJ -M830HOB, IIOTOMY qTo 3TH ttaCTHl.\bl 
HMeIOT CiJIH3RHe Maccu. 

Eme B I96I rOAY rnamoy oCipaTHJI BHHMaHHe Ha B03MOlKHOCTb 3HaqHTeJib
Horo CM8filHBaHHfl _p0

- C,() - peaoHal!COB aa cqeT SJieKTPOMarHHTHOrO B38HMO
'AeliCT.BHfl [ I 9] : 

If): lf)o-f lw>o /w).:: lw>0 +Elf)o, le.I -;;;.0,03-=:-o.oe, (!4) . 

rAe I _p0 :>o H tw>o COCTOf!HHfl C onpe'AeJieHHblM a11aqeHHeM H30TOIIHqecRoro 
CilHHa H (r -qeTHOCTH, 

B HaCTO!lfilee BpeMH flBJI8HHfl f 0 - W -HHTepwepeHD;l'!H] CIIeRTpe Mace 
!lf+ r,-' o6ycJIOBJieHHUe 3JI8RTPOMarHHTHhlM CMemH.BaHHeM f H (,() -Me30HOB' 

HHTeHCHBHO HCCJie'AYJOTCfl B Oilh!TaX C BliCOKOtt CTaTHCTHROtt, CM., HanpHMep, 
o6aop [ 2o] • liHTepecHaH HHWOPMan;HH o 'AHHaMHRe peaRn;Htt 1,-p - c.u rt 
H !Jf-p_- _p 0

tt. , ROTopyio MU HayqanH B rrepBoli qacTH, nonyqeHa yiite celi-
qac B HHTepwepeHn;HOHHblX OilHTaX, CM., HanpHMep, [21] • . 

B CBfl3H C B03MOXHOCTblO nonyllaTb HOBYJO HHWOPMan;HIO O 'AHHaMHKe rrpo
uecCOB C POlK'AeHHeM BeRTOPHb!X Me30HO.B IIPH HCCJie'AOBaHHH sqxj)eRTOB, o6yc-

o 
JIOBJI8HHIDC SJieRTPOMarHHTHb!M p - W rrepeXO'AOM, ocoCieHHO HHTepeCHhl pe-
aKn;HH, B KOTOPb!X no TeM .HJIH RHUM 'AHHaMHqecRHM npHqHHaM 'AOJilKHO rrpoHcxo~ 
'AHTD ycHJieHHe 3THX s~eKTOB. 

Bo .BTopoli ~aCTH 'AHCCepTal.\Hlf (§ 22 - § 27) Mb1 paccMaTpH.aaeM rrpo-
ueccu 

+ 
1i-N-w(N_,ti), rJiaBa 3, 

0 N - r,-+ri- IJ , rnaBa 4 § 25, 
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e+e- - g;+r,-r,0
, rmrna 4 § 26, 

3KC11ep111MeHTaJI:&HOe 1/JCCJie;r\OBaHllle .EtOTOPblX HatIIIIHaeTCH B H8CTOHil!ee Bpellll. 

Mb! IIOKa3blBae11, OCHOBblBaHc:& Ha COBpeMeHHWC TeopeT111tieCKI/IX rrpe;ricTaBJieHllHX 

Ill CYilleCTBYJO~llX 3KcnepHMeHTaJI:&HblX ;riaHHblX, tITO B 3TllX peaKUllflX CJie;riyeT 

Ollllll;r\8T:& aHOMaJI:&HO ()QJIT,lllllX aqxileKTOB (!0 
- W - IIIHTepitiepeHUJ/1111 [22 - 2~. 

AMilJIIIITy;r\bl POllt;r\P,HHH r,+']i- 111t•r,-j(-• B 06JiaCTH f° H w -peaoHaHCOB C 
0 

ytieTOM P - W CMemHBaHHH 3aIIHCblllaIDTCH 1l Blll;lle: 
J i 

T (r,+'JT-)= 9'f1'1i (A -&:~:w)+ Aw 'trrir, E 
</Jim) f "~ 'A)w (m) 1 

(15) 

·T -+ _ •) {f wJ1( (A A ) A 1' f/w3r, 
{1i :r, Ji :c.1.>w (m) tv +£ f' - 'iJ .f (m) E,, • (16) 

3;riec:& A_y H Aw -aMilJIIIITYM .f H W-pOlK;r\8Hllff.1Jy=mv-m-irv;z (V::f~w), 
m - 111HBap111aHTHaff ?.!acca 'Jf+Jf- H '.Jf+Jl-1/ 0 

cHcTeM B itiopMyJiax (IS) H (16) 
COOTB8TCTB8HHO. 

0 . 

3JieKTPOMarHI/ITHOe f - W -CM81llHBaH111e IIPHBO;r\~T K a~eKTaM ;r\Byx cop-

TOB. Bo-nepBblX, H3MeHffeT MaCCOBbln CileKTP pacrra;r\HblX Ill/lOHOB - BTOpble tIJie

Hbl B (15) H (16). BO-BTopux, H3MeHHeT aMnJIHTy;r\bl polll;rieHHff B8KTOPHUX Me-

30HOB - tIJieHbl rrponopu1,rnHaJI:&Hble E, B CK06Kax nepBblX tIJieHOB B (15) ll 
(16). 

. 0 
.llo He;riaBHero BPeMeHH CtIHTaJioc:&, 'ITO 3qxj_leKTbl j' - W -cMem111BaH1lH 

CYill8CTBeHHbl TOJI:&KO B Cil8KTpax Mace !Jf+!lf- -M830HOB, T.K. rf/r.., =IS. B 

Tpeuen rJiaBe, § 23, § 24, aHaJill31'1pyeTCH BJII/JffHHe ~o - w -CMeIIIHBaHllH 

Ha aMilJIHTYM poJK;rieHHH W-MeaoHa B peam~1rnx· 1f±N--w(N,A) .. , 
YKa3blllaeTCH Ha B03MOJKHOCTI, 3HatillTeJI:&Horo HapymeHllH ll30TOillltleCKOll CHM-

+ MeTpllH rrpll MaJiblX rrepe;riaqax llMIIyJI:&ca B aMIIJillTy;riax W -ppJK;r\8HllH, ~-N-
W (N ,ll), aa ctieT rrp1111ecH aMnJillTY1 f-poJK;rieHHa, Tr±N--f(N,M , 
o6ycJIOBJieHHOi1 3JI8KTPOMarHHTHblM _f - W - rrepexo;rioM [ 22 ,23] • 3Kcrre pll

M8HT8JI:&HOe H3ytieHHe 3TOro aqxileKTa llHTepecHO 'AJlfl BblffCHeHHff CBOi1CTB 06-
MeHOB 1l t "-KaHaJie. 

B tieTBepToll rJiaBe paccMaTpHBaroTcH peaKUHH j'N-(p,w)L1-- 'F+'it-1). , 
§ 25, H e+e--(p°,W)1f 0 -T,*:Ji-:li 0 

, § 26. IloKa3aHo, tITO B 3TIDC pe-

8KUHfiX coo6palltemm, CBH3aHHble c SU(3)-c11MMeTp11ett, rroaBOJIHIDT OlillMT:& 

aHOMaJI:&Horo YCllJieHHH y0 
- w -HHTepitiepelll.\llH B ·crreKTpe Mace 'Jf+l"- -Me-

30HOB ITO cpaBHeHHJl C yJKe ll3ytieHHblMH 3KCrrepHMeHTaJI:&HO peaKUllHMH [24,25]. 

··i4,.· J ····1· ., . ~ ~.i.-

- I3 -

3KcrrepHM8HTaJI:&HOe 1113YtI8Hlle 3Toro 3qxj_l8KTa 1l peaKUJ/1111 rN-11 +,r-,{\ 
MOllteT CJIYlKIIIT:& xopometi IIPOBepKOit rrpe;rinoJioJKeHIIIH 06 OKTeTHOli i'.\OIJIIIHaHTl!OC

TIII Pe;r\l!Ce-06.MeHOB B t -KaHaJie [24] • 
MccJie;rioBaHHe a Toro awitieKTa B peaKUIIIH e* e- - '.Ji +fl"-'.lf 0 

rrosBOJIIIIT 

BblflCHHT:& SU'3) -CTPYKTYPY aJieKTpoMarHIIITHoro TOKa · BO BpeMeH111 rro;z\o6Hoi1 

o6JiaCTIII i 2> I (I'3B/C )2. Oco6eHHO 1/JHTepeUHO IIICCJie;r\OBaT:& paCCMOTpeHHblH 

HaMIII aqxIJeKT B o6JiaCTIII HOBblX BeKTOpHblX pe30HaHCOB f' (1250) 111 _p'(l600) 
[25] , 3KcneplllM8HTaJI:&Hble y~a3aHlllfl Ha CYill8CTBOBaH111e JtoTOPblX ITOITBI/IJIIIICI, B 

rrocJie;r\Hllle ro;z\bl. 

Ha Ham B3I'Jlfl'A 3ICCII8PIIIIJ8HTaJI:&HOe 1/JCCJie;r\OBaHHe npe;ricJCa3blBaeMb!X BO 

BTopoil tiaCTIII 'AIIIC.cepTau111111 3qxj_l8KTOB Il03BOJII/IT YTOtIHllT:& ;r\lllHaMIIIRY pol:i;riem,rn 

BeKTOPHblX M830HOB Wllll ;ria~e 1113M8HllT:& HeKOTopue HalllH rrpe;ricTaBJieHlllfl O Heli. 

Kpoue Toro STIii 3qxj_l81CTbl MOryT 6b!T:& llCJIOJI:&30BaHbl ;l\Jlfl YTOtIHeHlllfl napaMeTpOB 
0 f - W -cMem111BaHIIIH. 

OCHOBHUe peayJI:&TaTU ;r\1/JCCepTauHIII HeO;r\HOKpaTHO ;r\OKJia;z\b!BaJIIIIC:& Ha cec

CIIIHX OT;rieJieHIIIH H;riepHOli w11s111K111 AH CCCP, BcecoroaHux III Mellt;riynapo;rimrx KOH

wepeHUIIIHX, COBemaHIIIHX, C8MIIIHapax Ill ony6JIIIIJCOBaHb! B pa60TaX [4,5,7,14,16, 
18,22-25]. . 
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