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AuaoTauHR 

noK838KO, qTO •aK¢paKp8CK8SI K8T8CTpO¢a• K8 B03KHK88T npH paCCMOTpeHHH &nexTpO

M8f"KHTHOf"O OOnSI B .!lH8f"OR8nbKOM n o ¢a3e npe.acTaBneKHH. 

O.A.Khrustalev 

ON INFRARED SINGULARITIES 

A be tract 

It is shown that in considering the electromagnetic field in the phase diagonal representation the "infrared 

catastrophe " does not appear. 



BepoRTHOCTb H31IY'I9HHR ctJoToaa, ecnH C'IHTaTb ee no TeopHH aoaMyweaKA, norapHctJMH

'IeCKH paCXOaHTCH DpH CTpeMn9HHH '18CT0Thl cPOTOH8 It Ryn~ - 3TO H3B9CTH8H 'HHcPp8Kpac

H8SI IC8T8CTpo4Ja', 

11 I 
C apyroR CTOpOHhlJ Snox H HopaCHK H8 MOaenbHOM npHM9pe OOK838nH, 'ITO TO'IH09 

C9'19HH9 npOU9CC8 C H311Y'I9HH9M ICOH9'1HOro 'IHCna cPOTOHOB p8BH O Hyn~, T,e, BO BC9X aneg-

y -KB8HTOB, 'ITO non-

HOCTb~ COOTB9TCTBy9T nonyKn8CCH'I9CKHM npeacTaaneauRM, 

11pH 001199 TW8T9nbHOM HCcneaOB8HHH np001I9M bl OK838nOCb, 'ITO H OOHyneHH9 C9'19HKH 

H CTpeMn9HH9 ero K 09CKOH9'1HOCTH - nO'ITH OaRO R TO >Ke: B o6naCTH M811bJX 3H9prHl! 

T90pHSI B03MYW9HHA H9npHM9HHM8, 8 cyMMHpOB8HH9 H9KOTOpOrO pRaa aHarp8MM npHBO.ORT It 
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H3M9H9HH~ an9KTp0HHOA cPYHKUHR rpRH8 , 
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8 nopeHUOBOi! K£lnH5pOBK9 CT909Hb non~ca TO'IROR cPYHKURH rpHHa BhlW9 CTe n eRH non~

ca npH'IHHHOR cj) yHKUHH rpHH8, 'ITO H npRBO.!IHT K OOHyneHHIO C9'19HHA ami npOU9CCOB C 

1I~ObiM KOH9'1HbiM 'IHCnOM cPOTOHOB. BeHLIY rpa.QH9HTHOl! HHBapHaHTHOCTR T90pHH STO COpa

eeanHB O anSI n106oA KanH5poBKH. 

¢aKT H3M9H9HHR CT909HH non~ca cPYHKUIIH rpllHa MO>KHO C'IHT8Tb I TBK STO OOb!'IHO R 

Tp8KTyeTCHI npOHB119HH9M B38HM0.09l!CTBHH Kn8CCH'I9CKOrO TOK8 lactJctJeKT R9 38BHCHT OT 

COHRS '18CTHUbll C an9KTpOMarHHTHblM noneM OpH p8BHOM9pHOM aBR>K9HRH, CCT9CTB9KH9l! 

np9LIOOJIO>KHTb, 'ITO 'KactJpaKp8CH8H K8T8CTpo4Ja' CBH38H8 C H9381tOHHOl! OOObiTKOl! p800T8Tb 

B aHarOH8nbKOM 00 'IHCny cPOTOHOB npe.OCT8Bn9HHH .08>K9 B 06naCTH 09CKOH9'1KO Manb!X 

'18CTOT. ;JeACTBHT9nbHO, 9CJIR KOHC'IH09 COCTOSIHH9 Ka>KaOl! pealtHHH, BKni0'18~W9l! 31I9KTpO-

MarKHTH09 B38HMOael!CTBH9, 9CTb COCTOSIHH9 C H90npeaeneHRb!M 'IHCnOM MllrKHX y -KBaa

TOB, TO H9nb3ll npHrOTOBHTb H K8'181lbHOrO COCTOliHHll, KOT OpOe ObJrtO Obi n -ctJoTORHhlM 

COCTORKH9M, 8 OOnbWHHCTB9 cny'l898 3TH cPOTOHbl H9CYW9CTB9HHbl H HMH MO>KHO npeae

Op9'1b, ao ecnu Mbl HHTepecyeMcR HKcPpaKpacaol! o5naCTb~, aToro caenaTb aenb3R • .ilpyroA 

BOnpoc: K8K OT1IH'IHTb "H8'1811bHbll!• cPOTOH OT "KOH9'1HOro'1 9CJIH ero anRHa B011Hbl C T8ROBHT

CSI a eo npe.aeneaao 5onbwoJ\ '? 
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nonpo5yeM 5onee nocneaoaaTenbHO, 'leM aTo aenanocb /eM., aanpKMep /, paccMo-

TpeTb 91I9KTpOMarHHTH09 none B npe.OCT8B119HRH C Jlll8rOH811bHOl! ctJaaoA • 
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8 KYJIOHOBCKOA K81IHOpOBK9 AY • (0, A ) , 

A /2/ 

rae cf>A -aeKOTOpb19 cPYHKUHH Bp9M9HH, a 

3 



x/ 
on&paTop 'IR e n a 'laCT Hu 
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PaccMOTpHM snexTpOK, B3aHMOLleAcTBYIOW H A c anelf TpOM 8T"KRTKbiM noneM. B HKTepe

CYIOW8M HaC npH6nH >KQHHH &neXTpOH MO>KHO C'IHT8Tb HepenRTHBHCT CKHM H OQCCilHKOBbiM, 

0T6pacb1BaH B ypaBHeHHH WpeLlH Hrepa x:BaLlpaTH'IHbJe no 1 qneHbl, nony'IHM 
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p - co6cTB9KH09 3 H8'18KHQ HMilYilbCa snexTpOK8 B COCTOSIHHH t/J • Hcnon&3YH / 2/, no-
o 
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'I' MO>KHO HCXaT& B BRLle pa3nO>K8KR SI 

'I' • ~ c e - t¢v 
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/ 8/ 

/9/ 

x oTopoe B cnyqae cso50LlKOro nonst ( ¢ - <U t) nepeXOLlHT B o5 bi'IK bJA pstll <l>yp&e. B o5-
v v 

weM BHLlQ ypaBK QH HQ /8/ TPYLlHO pew a e M O. npeLlcTaB HM, OLlHaKO , 'ITO Mbl pa3 6 HnH raMHilb" 

TOHHaK B3aRMOL18 A CT B H H s n eKT pOKa C snexTpOMarK HTKblM noneM Ha ABe '18CTH , COOTB9TCTBy-

10WH9 B3aHMOL18ACTBHIO C "MilrKHMH' H '>KeCTKHM' cPOTOKaMH ( <UA) l ) 
< 

• '>KecTKHe " c:Po-

T OHbl 5y.aeM OllHCbiBaTb B llp8LlCTaBJl9KHH 'iHCen 3allOilH9HHSI, a MS!rXH9- B np9LlCTaBJl9KHH C 

.aHaroKan&KOA cPa30A. T or.aa B pa3no>KeHHH / 9 / MO>KHO orpaH H'iRT&Cil OLlHOA rapMOHHxoA H 

TaK KaK 

TO ypaBK9KH 9 /8/ nepeA.aeT B 

f(nA ) e t¢A = I ( J)e·' if?.. , 

aw .. F (c, t) 'l' 
at 
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x/ ------
M bl BBOLlHM onepaTop n A scer .aa s BHLle J l +n A , H35eraR Bblpa>KeKnA BH Ll a VT>: , 

'ITOObl ot5oltTR TpyLlKOCTH , CBH38KHbl9 C OC06eKKOCTSIMH B Kyne. 
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F(t_t)-cpyHXWISl epeM e trH , nonyqa eMaa a pa no.acTaao8xe a. npaay10 'IBCTb /8/ 8 Kll'lec Tse 

</>A IIX Bblp 8>K9HHA .anst CBOOO.QHOf'O snexTpOM8f'HBTH Of'O nona </>A • CU). t ITBKBH 38MaH8 e c-

'l'9CT89HH8 a aacppaxpa c a o A o5nacT H I , c yMMHpo8aaae no A orpaHH'IK8aeTcst o5 nac T~ooJO 'ISCTOT 

c.\ < t • Peweaae sToro ypaaaeHHSI 'I' ( t, t J u p s t -+ 0 CTp9MHT CR J[ a.QBHHU9. 

TaJtHM o6pa3oM, " cpy HKU HR rpuaa· cacT eMbl "snexTpoa + snexTpQMarHHTRoe none c uoc-

T O BHHOA cp830A MBf'KKX tPOT OH08" He CO.aep>KBT BHcpp8Kp8CHbiX OC059HHOCT9A. 

lfT05 bl ny'f W 9 YHCRRTb CMbiCn n o ny'I9HH0f'O, npo.aenaeM HS.Q f'SMHnbTOHRSKOM, COOT8aT

CT8YJO WHM / 4 / , npeo(5pa 30 88HRH, 8H8nOrH'IHble RCnOnb308SHHbiM B M9TO.Q9 Snoxa- HOp .QCRKa; 

ecna 

TO nocne no.acT a H08KH a y p a8Heaae UJpe.aHRrepa 

r .ae 
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'IT O C00T8a T CT8yeT raMHUbTOHRSHy 
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n p HM e HSIR UOC n e .ao&aT e nbHO K8HOHH'I9CKH9 npeo5pa 3 0 88H11SI, onpe.aensteM ble MBTpHU~H 
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00110>K9HHJO 0 TOM, 'ITO IJI B 161 9CTb cpyBltUHOHan TOnbKO OT cpyHKUHA ¢,\ I H '1116Hbl, 

co.aep>KatUHe Bblpa>KeHBR BH.aa a.>. a •• >.• nony"'HM B peaynbTaTe 

.. + 
H • I W>. a. >. a. >.- I 

• >. .>. 
( 
.... ) , 
v (..\ .... 

w >. -(vk>,) 

1111 

B blpa3RB co6cTeeaa ble cpyattuBH H qepea cpa3bl ¢>. B npo.aenae o6paTHble It s, R 

S l npeof5pa30BaHHH, H8A.09M, 'ITO npeot5pa30BaHBbl9 C05CTB9HHble cpyHKUHH HM9JOT BH.O pa3-

110>K6HRSI 191 . 
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