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KecceHHX A.B .• nyiUHKOB B. J.1 . . MaHeHKOB A.A. , p- 1518 
TapaH lO .B. 

0pHeHT8UHH rrpOTOHOB 1!: M8rHHTH8H penaKC8UHH B 06ny~eHHhlX 

rronH3THneHax. 

J.1ccne.QOB8H8 llHH 8MH1.f9CK8Q nonHpH38UHS1 npOTOHOB H M8r'HHTHQSI penaK

COUHS1 npOTOHOB H HeCnapeHHbiX aneKTpOHOB B nonuaTHfleH8X 1 o6nyttegHbiX 
a HgepuoM J>eaKTope. YlaMepeuust npoae.neHbi npu TeMnepaTypax 1,6 K, 
4,2 K If 77 K . nuHBMH'IeCKHA: KoacPQ:JuuueHT ycuneHHSI nonSipH38UHH npo
TOHOB He 38BHCifT OT TeMnepaTypbi o6p83U8 H H3MeHS19TCH OT 20 .00 34 
OT o6paaua K o6paauy . PaccTOHHHe Me}K.a.y TO'IKBMH MBKCHMBnbHblX aHa

l.feHnlt OTpHU8T9nbHOr'O H 110fl0)KHT9nbHOrO K03QXt)HUHeHTOB yCHn9HHH ( B 

¢YHKUHH MBrHHTHOr'O nonsJ.} p 8C TeT C ITOHH>K9HH9M TeMnepaTypbl, t.tTO 

06'bSICHSI9TCS1 BnHSI.HHeM ~JneKTpOHHOft CflHH- CflHHOBOA Kpocc- penaKC8UHH. 

noK838H0 1 l:ITO .D.HH8MHt{9CK8SI nonSipH38UHSI B HCCne.OOBBHHbiX o6p83U8X 

Bbl3bi B 8eTCSI H8CbJWeHHeM sneKTpOHHOrO nap8MarHHTHOrO pe30H8HC8 

.n.onro>KHBYWKX pa.aHxanoa nonu:eHoaoro Tu:na . PeaynbTBTbi o6cy>K

ll8JOTCSI H Cp8BHHB8lOTCSI C ¢eHOMeHonOrH'IeCKOA: TeOpHeA .OHH8MHtte

CKO A: nonBPH38UHH H SI.D.epHOA: M8rHHTHOA penBKC8UH H . 

flpenpHHT 06"~»eAHHeHHOf'O MHCTHTyTa liAepHbiX HCCJie,noBaHHia . 

,lly6Ha. 1964. 

p - 1518 

Kessenikh A.V., Luschykov V.I., ManenkovA.A. , Taran Yu.V. 

Proton Orientation and Magnetic Re laxation in lrrediated P olye thelene. 
The dynamical proton polarization a nd the mo.gnet i c relaxation of 

protons a nd unpaired electrons in polyethelene irradiated in the nuc l ear 

reactor have been investigated. The measurements were made a t the tempe

ratu.res t.6°K, 4.2°K and 77°K. The dynamical enhancement facto r of the 

proton polarization does not depend o n the 'sample temperature and vories 

from 20 to 34 for different sampl es. The distance between the maximum va

lues for the negative and positive e nhancement factor (as a function of the 

magnetic field) is becoming longer with the decrease in temperature what is 

accounted for the effect of electron spin- spin cross relaxation. It is shown 

that the dynamical polarization in the samples under investigation i s due to 

the satur a tion of the electron paramagnetic resonance of the long-lived r a

dicals of the C~ - CH - ( CH • CH) n - CH 
2 

r type. The results are 

d i scussed and compared with the phenomenological theory of the dynamical 

polarization and nuc l ear magnetic relaxation. 

PreprinlJoint Institute for Nuclear Research. 
Duma. t964. 



Bse.nenKe 

B CBSI3K c ycneWHbiM paaaKTKeM 3KcnepKMeHTBnbHol! TexHKKK nonyqeuKs. opKeHTK

poaaHHbiX s..nepHbiX MKweuel! {OHM) MeTOLlOM .nKHaMKqecKol! nons.pKaauKK s..nep { nnH) 

3HaqKTenbHbil! HHTepec npe,ncTaBn>IIOT nOHCKH pa3H006pa3HbiX CKCTeM, npHl'OLlHbiX ,anSI 

OHM. B HaCTOSIIUel! pa6oTe no.nao.ns.TCSI HeKOTOpbie HTO!'H KCCne.noaaHHl! nnH B o6nyqeu

HbiX nonH3TIIneuax { n3), HaqaTbiX B/ I/, 121 , 

PeaynbTaTbl 3KCnepHMeHTa conocTaBnSIIOTCSI c <PenoMeHonO!'KqecKol! TeopKel! nnH K 

s..nepHOR Mal'HKTHOl! penaKCaUHH, 

Ha ycTanoaKe
111 

H3Mepeuo oTHOCKTenbuoe aoapacTaHHe s..nepKol! nons.pKaauHH 

) npK HaCbiiUeHHK 3neKTpOHHOl'O napaMal'HHTHOl'O peaoKauca {3nP) 

B HeCKOnbKKX o6paauax n3 BbiCOKOl! nnOTHOCTK, o6nyqeKHbiX B KaHane H.nepHOl'O peaKTOpa. 

Ko3¢tPHUHeHT JlnH H3Mepeu npH 77°K, 4,2°K H I ,6°K no OTHOCKTenbHOMY aoapacTaHHIO 

CK!'Haita H.nepnol'o Mal'KKTHO!'o peaoHanca {HMP) npoTOHOB. YacToTa !'enepaTopa CBY, 

HaCbllUBIOIUe!'O 3nP, V = 9400 Ml'U OCTaaanacb B HaWK X 3KCnepKMeHTax nOCTOHHHOl!, a 

Ma!'HHTHee none H H qacToTa HMP cooTBeTCTBeHHO MeHHmlcb, qTo noaaonHno uaCbiiUaTb 

npeHMylUeCTBeiiHO OLlHH K3 nepexo.nOB C OLlHOBpeMeHHbiM K3MeHeHHeM OpHeKTaUHH 3neK

TpOHHOl'O H H.nepHOl'O cnHHOB. npH HeKOTOpOM 3HaqeHHK H = H+ K03tPtPKUHeHT nnH '1 

.aocTHran MSKCHMSnhHoro nono>KHTenbHOro 3Hatf.eHRSI 77+ , a npH H- H ua6n10.nanac b 

MaKCHManbHaSI OTpHUaTenbHaH JlnH, xapaKTepHayeMaH 3HaqeuHeM '1 

HaMH H3MepeHbi TaK>Ke apeMena H.nepuol! H 3neKTpouuol! cnHHpeweToquol! penaKca-

UHH { T 
lSI 

H 1
13 

) , K3yqeHbl npHpo.na I{ KOHUeHTpaUIIH napaMal'HIITHbiX ueHTpOB { n U) 

B I{CCne.noBaHHb!X o6paauax n3, CHHTbl cneKTpbl HMP o6nyqeHHbiX I{ ueo6nyqeHHbiX n3 

npK KOMHaTHOl! TeMnepaType, 

I. 06maH xapaKTepiiCTHKa Il3yqeHHbiX o6paauoa n3 

J.1ayqaniiCb o6pa3Ubl 1{3 n3 HH3KO!'O naaneHHH, He nOLlBep!'aBWHeCH cneuHanbHOl! 

oqHCTKe OT npnMecel!. Cpe.nHHe MoneKynHpHble aeca n3 .no o6nyqeHHH, onpe.neneHHbiG! 

no BH3KOCTK paCTBOpOB, 3KCTpanonHpOBaHHOl! K 6eCKOHeqHOMy pa3Be.neHHIO, ne>KanH B 

npe.nenax M = to5
- 2,3·10

6 
• V1ccne.noaaH TaK>Ke o.nHH o6paaeu n3 BbiCOKOl'O .naaneHHH 

c M =I ,3. 10
5

• CTeneHb KpHCTannHqHQCTH ueo6nyqeHHblX n3, onpe.neneuuas. HaMK MeTO.nOM 

HMP {no cooTnoweHHIO HHTe!'panbHbiX KHTeHCHBHOCTeR wHpoKol! 11 yaKol! nHHKl! H.'V\P 

npn KOMHaTHOl! TeMnepaType, KOTOpbie MO>KHO, cne.nyH/ 2 /, OTHeCTH K npOTOH aM aaTOpMo-

3 



>KeHHOA KpHCTannv. qeCKOll H 8MOpcjJHo ll cp83bl n 3 , COOTBeTCTB eHHO ) ' LlOC THr ana 90% . B o6-

p aa u e BbiCOKOrO .08BlleHHst KpH C T81111H'-IHOC T b H e 1Ip8BbiW8118 65% . 

0Gpa3Ubl o6n y « anHCb B KaHan e "nepHoro p eaKTOpa npH 60-70°C B Te4eHHe 20 qacoB . 
17 -2 

i--1HTerpanbH8" l!03 a o6n y4eHH51 COCT8Bn5lna OKOnO 7 •1 0 Hei!Tp. CM 

Vf aaeCTH O , '-IT O llpK ne H: C TBHH HB n 3 H8il:TpOHOB H HOHH3HpytoLUHX H 3 lly4eHH fi npOHC-

XO.n HT B OCIIOBHOM OTW8fl118HHe 8TOM O B H OT MOl18 KYll b l (Cf~ )
0 1

a M8HbWei:l CT8 ri €H H H.D, e T 

npo u ecc necTpyKUHH o( p a3pb1B CB"Bell C -C ). 3a c•1eT ocso6on HBW HXC51 cB"3eii BTOMOB C 

B II OllHMe pe o6 p83YlOTC H CWHBKH Me>Kny M0118KY118MH, llBOAHbiE' C85131.f, HllH ace Hec napeHH biA 

aneKTpoH n o Kan HBy eTc" B HeKoTopoA qacTH MBKpoMoneKynw, o6 pa3Y" F -ueHTp (cso6on

Hblll paLlHKan). n 0 LlaHHblM peHTreHOCTpyKTY pH Or O aHaRH3a, KpHCT8nnH4HOCTb n 3 npH o6-

ny«eHHH nanaeT. npHMeHeHHe MeTOLla .flMP Lln51 onpeneneHHSl KpHCTannH4HOCTH o6ny«eH-

H bJX ll011HM8pOB OK83biB88TC g H 8B03MO>K H LIM 1 nOCKOllbKY H 8 YHH8 8 T np OSIB1151TbC 51 J10K81lbH851 

38 T OpMO>K8HH OC Tb BHyTp8HHViX LlBH>K 8 HHH: B fl011HMepe 1 o6yCl10B118 HH8SI CWHBK8M H M€>K.lly 

M0118KY118MH, '-IT O BbJ3bi888T Y B811H'-1 8 Hl1 8 BKllBD.B WHpO K O J:t 11MHHH 1 H 8 38BHC51LU88 OT .UBllbH E

/3/ 
ro nop."Ll Ka (KpHcTannl'l«f!OCTH) o CneKTpbl .flMP o6ny «CHHblX " Heo6n y«eHH bJ X o6pa3uos 

n 3 npl'IBOLlSITC" Ha pl'IC. I 0 

Yc TaHosne Ho (eM. HanpHM/p
41 

), «To nenoKal1H3aUHSI HecnapeHHOro 3ne KTpOHa yaenH-

'-IHBae T cTa6H:nbHOCTb ceo6o.aHoro pa.awKana e o6nyl.leHHbiX nonH.M epax. TaK, apeMH >KH3HU 
0 

anKHnbHbiX panv.Kano B -( CH
2 

-CH -CH
2

) - npli 300 K liC'<HCnSJeTc" qaca MH, anKHnbHbiX 

p anHKanoB -(CH - CH-C.'I =CH- C.'I f - cyTKaMH, a nonHeHoBblX panHKanoa - (CH - CH-
2 2 2 

-(CH~Cll)n -CH2 J · - MeC I! UaMH. YaenH4eHHe Ll03bl H speMeHH o6ny4eHHII, a TaK>Ke noB bi WeHHe 

TeMnepaTypw, npH KOTOpO~ eeneTCH 06llyYeHHe, cnoC06CTBY~T yeenH'-IeHH~ BbiXO.ll8 HBH6o

Jle e CT86HilbHbiX ll OllH e H O B bi X p8Ll HK81lOB . 6n81"'0.ll8pH H811H1.fH IO 6DllbWOf'O 4KC 118 Hepa3peweH-

HblX KOMITOHeHT CBep XTOHKOll CTpyKTypbl B CfleKTpe 3nP, nHHHSI 3nP fiOnHeHOBblX pBLlHK a

nOB HM eeT BHLl Cl'IH r n eTa C cj:IyHKUHel! cpopM bl nHHHH, 6n H3KOll K rayCCOBOi! KpHBOll , H C WH

p>! HOll Me>Kny TD«KBMH c M a KCHMan bHOll KpyTH 3Holl t.; =23 " · H a wH 1'1 3MepeHH51 cneKTpoa 

3n p H BpeMeHH >I<H3HH CB060LlKbiX paLlHKanOB flOKa3anH, «TO B H3y'!eKH bl X o6 pa3u ax o6 pa-

3YJOT c11 paLlHKanbi n om<eHoaoro THna. CneKTpbl 311 P npencTaBnHJOT so s cex o6pa3u ax 

C HHrn e T C g-cpaKTOpOM /1, =2,00, t.; = 23-25 B, '<11CnO nu B 06 pa3 uax npH xpaHeHHH Ha 

B03Llyxe B TeqeHHe 60 cy TOK yMelibwanOCb 11pHMepHO BLlBOe ( npl'l KOMHBTHOll TeMnepaType) . 

flocne BbiLlep>KKH o6 p a3u a B Te«eHH e 90 MHH np11 !00°C 'l HCn o nu He H3MeHHnOCb. 

Ha6monaeweec" nocne BbJLlep>KKH o6pa3ua npH 300°K ( Ha B03Llyxe) a Te4eHHe 

2-3 cyTo K naneHHe Ko3cpcpHuHeHTa .LJ.n.fl cnenyeT npHnHcaTb B1JHIIHI1JO nHcpcpyliLllipyJOwero 

B n3 KHC110pon.a, B CBH31i C I.J eM OKO::J8110Cb llOile3H biM Xp8HHTb o6p83Ubl B >KH.QKOM 830Te. 

KoHue~<Tpauull IIU 8 o6pa3uax onpenen11n8Cb flO c paBHeHHlO lfHTerpanbHblX HHTeHCHBllO-

CTeH: CHrHBilOB 3nP OT o6p83U8 H 3T8liOH8 C H3BeCTHbiM 1HfCilOM crntHOB . 3Hlll.J.8HH51 KOH-

UeHTpaUHif n U B HCcneLlOBaHHblX o6p83UaX ne>KBnlt B n p enenax 

CneKTP 3nP o6ny«eHHbJX 113 npi!B OLlHTc" Ha pHc. 2 . 

4 
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2. Vi3MepeHH51 .QnH 8 o6nyqeHHbiX f13 

VfaMepeHHSl H B pHLl.e o6paauoa, npoae.o.eHHbie HBMH, noKaaanH, 
I I ,2/ 

~TO 8 COrn BC HH C , 

K09tPtPHUHeHT .[lnH 8 n3 He 388 HCHT OT T eMnep8TJpbl 8 06n 8 CTH I ,6° -77° K. 3HaqeHH51 Tf 

Jln>l ecex HccneJl088HHbiX o6p aau o 8 ne>KanH 8 npeJlenax OT 20 JlO 34. 

Ha 'leTbl pex o6paauax n3, H3 MepeHH biX nep80H8 '!8n bHO H npKH8Jlne>K8UlHX K OJlH Ol! 

TeX HOn OrH'IeC KOll cep"H• 6bin8 06Ha py>KeH8 nHHel!H8 51 388"C"MOCTb K09 tPtPHUI<eHT8 .QnH OT 

c p eJlHero M On e KynHpH OrO 8eCa n3 JlO o6ny'l e Hif51. 0JlH 8KO 1<3Mepe HHR H8 pa3nlf'!HbiX o6paa -

uax, npoaen.eHHbie acne.a aa 3THM, noKaaanH, 1.fTO Hen oc pe.o.c TaeHnaH K oppenRU JHl Me>K.ny 

K09,PqJH UI<eHTOM .[lnH Tf H HC X OJlHbiM 3 H 8 '1 e HHeM U OTCyTc T e yeT. He o6Hapy >KH88eT-

C SI T 8 K>Ke 38B HCHMOCTb TJ OT KOHUeHTp8Uifl< nu B Jll<8n830He 3-8,5·t0
18

cM -
3

• Mbl C'lll' 

T8eM, 'ITO paa6p OC 3H8'1eHHll Tf OT C peJlH ero 3H 8'1 eHI< R ( JlnR H3MepeHHbiX H8MH o6 p aa-

UOB c pen,Hee OTHOCHT enbHOe OTKnOHeHHe ., OT caoero cpenH e r o 3 HB4 eHHSI .O.OCTHran o 

20%) on peJlenHe TCR ,PaKTo~aMn T exHonoruqec K o r o nopHJlK8 H 8 oco6eHHOCTK H a nHqH e M npH-

Mecel!. Han6onbwee a HaqeHHe ., 6bino n o ny'l e Ho Ha HBK6onee 'IH C T biX o6paauax. ViaMeH e -

HH e >Ke KOHUeHTp8UHH n U, B tt8CTHOC TH npH B03 p8CT8HHH HHTeHCHBHOCTH o6ny'-leHIHI 1 co-

npOBO>K.Q8eTCSI TBK>Ke 6onee CHnbHbiMH HBpyw e HHHMH CTpyKTypbl nonHM e pa, "'TO .QOn>KHO 

B K8KOl!-TO Mepe M8CKHp088Tb 8nHRHHe KOHUeHTp 8UH H nu H8 K09tPcjJHUH eHT .[lnH. 0JlHH 

H3 HCXOJlHbiX o6p83 U08 o6nyqanCR Jl88>KJlbl 
1

H, XOT51 KOHUeHTp8UHSI nu p 83nKq8n8Cb npu 

3TOM a nonTopa paaa, H3 MepeHHH ., JlBnH 0JlHH8K08bll! pea ynbT8T. 

Pea ynbT8Tbi HaMepeHHll .nnH " p e naKcau"" C8eJleHbi a Ta6nHuy 1. 

3. 3 8 8HCI<M OC Tb K 09cj>Cj?HUHeHT8 .[lnH OT M8rHHTHOrO nonS! 

Ha I<CCneJl088HHbiX H8 MH o6paauax n3 o6Ha py>KeH 8 TeMnepaTypH.!ISI 3 8 BHCI<MOC Tb pac 

C TOSIHI<SI Me >KJlY M 8 KCHMJM8MH nonO>KHTenbHOl! H OTpHU8TenbHOl! .QnH lin= ~-H-. C no

HH>K e HH e M TeMnepa Typbi p accTOSIHH e Me>KJlY M8KC"MYM8MH 8oapacTaeT. P accTOSIHHe Me>KJly 

M 8 KCHMYM8MH 38B HCeno T8K>Ke OT HHTeHCHBHOCTH o6ny1.feHHSI. npH 77°K HMeno MeCT0 1 B 

/5/ 0 
cornac"" c 

1 
lin=- li; np" 4,2 K lirf 5 0 9 " 67 9 (c ooT8eTCT8eH HO JlnSI o6 p aa-

uoe, noJl8epr8IOUlHXCSI 6onee cHnbHOMy H 6onee c n a6oMy o6nyqeHHIO), np11 1,6° K li ,., 65 ~ 
n 

K 90 9 . OT o6paaua K o6paauy npK o6nyqeHUH 8 OJl" H8K08biX ycno8HSIX pacc T OSI HH e Me>KJlY 

M8KCHMYMBMH np 8 KTHqeC KH He MeHSinOCb. HaMH ycT8HOBneHo, qTQ senHI.fHH8 tl n He MeH51-

eTCSI 8 wHpOKHX npeJlenax H3MeHeHHR MOUliJOCTH CBY, nHWb npH MOUlHOCTH uopS!JlKa 

Q,QQ4 M8T (M8KCHM8nbH8SI MOUlH OCTb renep8T 0 p8 20 M8T) OTMe'leHO HeKOTOpOe yMeHbwe

HHe p8CC T ORHHSI Me>KJlY M8KCHMJM8MH. K09 tPtPHUHeHT .QnH npH COOT8eTCT8JIOUleM H3MeH e · 

HHH MOWHOCTH CHH>K8nCR B 6 p83. 

Ha pH c . 3 noKaaaH a 388HCHMOCTb Ko9cpcpHuHeHTa .nnH (np" ,PHKc" p o88HHOM aHa q e 

""" '18CT0Tbl 3n p) OT M8rH"THOro nonS!. 

5 



4 . 3 aBHCHMOCTb Koacj:JqJHuneHTa Dll51 oT M OWHOCTI! CB '-1 

VlaM e p aHI!R KOacl"lm uMeHTa Dll51 71 B 38BI!CHMOC TH OT MOlllHOCTK C B'-1 1¥ 
r noKa-

aanK , 'ITO (eM. p11c. 4) np11 4 ,2° K u nR paa nii'IH biX o6paa uoa: 

ru e A =1 71.,az-J 1 a 

11 = 1 +A 
wr I a 

1 + IV /a 
r 

- MOLUHOCTb, C OOTBeTCTBYIOW851 3 H 8 Y:eHH IO 
171 - 11 

71 =~. B H8WHX 

11 3MepeHIIRX npH ll06pOTHOCTH pe30H8TOp8 ) ~ 2000, OK838nOCb a "' 0,01 55 MBT, 'ITO COOT
-3 

aeTc TayeT aMnnHTy ne BbiCOKO'IBC TOTHoro nonR ycpeuHe HH OA no o6pa3uy H .:: 2,5· 10 a. 
13 

5. Vl3Me p eHHR RllepHOll pen8KC 8 UHH npH 4 ,2 II !,6°K 

Vl3MepeHHR RllepHOi! pen8KC8UKK ocyweCTBnRn i<Cb 06bi'!HO nyTeM 3aT! KCK CKrH ana 

51MP nocne Bb!KnlO'!eHI!R CB '-1 - MOWHOCTH, KaCbiW8!0WeA 311 P . HaMH 6bwn npoaeneHbl 

T8K>Ke H3MepeHHR pen 8KCaUHH no 38TIH CII CI!!'Hana 5JMP noc n e CHR THR H8Cb!UieHI!R 5JMP. 

PenaKca uH OH Hbie 113Me peHHR, npoaeneHHbl e o60IIMH cnoco6aMH, ll8!0T Hlle HTH'IK bie p eaynbTa 

Tbl. H e KOTOpb!e THTIII'!H b!e pen n KC 8 UH OHH b!e 38BHCHMOCTH CH rH ana 51MP npHaene Hbl Ha pnc .5 . 

Vl aMepRn OC b T8K>Ke T -apeMR HapacTaHnR nn51 n oc n e BKn!O'!eHHR MOWHOCTn CB'-1, 

nocTaTO'IKOA nnR nonHo r o K8C b!UleHHR 311 P. llp11 T =4 ,2° K .:a_ -=- 1 , a npH 1,6° K 
1 

..'.L 
T 

'" 
:: 0,5 nnR ncex 11 3 y'!eHHbi X o6paauoa . '" 
Y pH.0.8 o6p83UOB HB6niOJJ.BnBCb penaKC 8 UH O HH 8fl 38BHCH M OC Tb , KO T0p8S1 Oll HCbiBBeTCSI 

c yMMOll nayx aKcnoHe HT c xapaKTepi! CTH'IeCKHM H areMeHaMH T' H T" " o THocnTenbHbi -
,H IH 

MH aecaMH n ' H a" . O.O.HH H3 o6pa3uoa o6ny1.1ancg .naa>K.Ubl a paanHl.jHhiX ycnoaHSIX, H o6a 

T' · ' 
p aaa o6Hapy>KHn nayxaKcnoHeHTHY!O penaKc auH!O. B e nH'!HHb! ~~~ ....;,.. He aaa HcenH oT 

TeMnepaTypbl . HaM He ynanOCb CBR38Tb HaT!H '!H e llBYX 3KCnoWeHT B RllepHoll penaKC8UHH 

CO CTeneHb!O KpHCTa nnH'IH OCTH HC XOllHb!X 06pa3UOB 11 3, CKOpee BCero 3 lleCb T8K>K e Hrp8!0T 

p OT!b K8 KHe-mr6o CTpyKTypHb!e OC06eHHOCTH o6pa3UOB, BnHR !O WHe Ha HepaBHOM e pHOC Tb p ac

npeneneHI!R nu. A II8 TIH3 aaaHCIIMOCTH Me>KllY o6p 8TH Oll aenH 'IHHOll apeMeHH penaKcauHH H 

KOHUeHTpaul!eli llU .'i TIOKaaan, 'ITO 3T8 38BHCIIMOCTb npH6TIH>KeiiHO OTIIICb!BBeTCR cj:JOpMy-
-1 a 

n o li T :::-con s ! .'V , r ne a = I - 2. 

'" 
BpeMR penaKC BUHH T ( T' H 

'" 1R 
Type. ilpH 4 ,2° K T :: 40- 100 ceK, 

I II o 151 _ 
Hb! M npH 77 K T - 2 ceK . 

'" 

T" ) 

'" np11 

np1!6TI II>Ke HHO o6paTHO n po n OpUH 0 118TibHO TeMnepa

!,60K T :. 90 - 230 ceK (eM . Ta6n. I ) . n o naH

'" 

6 . Vl 3 M e peHHR 3T!eKTpOHHOll p enaKCBUHH 

VJaMepeHHR BpeMeHH aneKTpOHHOll CTIHH-pe W e TO'!HOll pen8KC8Uifll 6hlnH OCyUieCTBneH bl 
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MeTO.QOM HMrtynbCHOrO HBCbJll.leHHR/
6/ B :aneKTpOH Holl penaKcau1111 npH 4,2°K Ha6monaeTcR 

nnHTenbHOCTb~ nopRJlKa I0-4ceK 11 nnHHHan 3KcnoHeHTa c xapaKTe-KOpOTKD~ 9 KCrtOHe HTB C 

pHCTI<'!eC KHM epeMeHeM oK o no I ceK. 0THOCJ<TenbHbJl! sec KopoTKoll 3KcnoHeH T bJ nanaeT 

C yaenHt~eHH eM .UnHTenbHOCTH HBC biLUBIOWero HMnynbCa, 8 ee xapBKTepHCTHt~eCKOe BpeMH 

He 3BBJ<CJ<T OT TeMJJepaTypbl. 3TO CBH)leTenbCTByeT 0 TOM, 'iTO Mbl Ha6n~)laeM HBpRJlY 

CO CIIJIH-peweTO'iHOll penaKCBUJ<el! ( )lfiJ<HHaR 3KCIIOHeHTB) CnJ<H-CniiHOBy~ Kpocc-penaKca

UH~ B HyTpll W11p11Hbl HeO)lJJOpOJlHO YWKpeHHOll RIIHIIJ<. 06paTHaR BefJH'iHHa apeMeHH CnHH

peweTO'iHOl! penaKCaUHII CIIRbHO 3aBHCH T OT TeMnepaTypbl npH nepexone OT 77° JlO 4,2°K 

II npJ<6nH)I{eHHO nHHel!HO B )lJ< a naao He renlleBbiX TeMnepaTyp. npll 77°K 1 = 3·10 - 3 
ceK. 

Pena KcauHOHHbJe aaeHCIIMOCTH cHrHan a 3nP cM. Ha pHc. 6. 

7. 06cy)I{Jle'!lle peaynbTaToa 

npe)l{)le '!eM nepel!TII K 06Cy)l{)leHII~ 3KCnep11MeHTanbHbiX peaynbTaTOB J MI>I OCTBHOBIIM

CR 11 a HeKOTOpbiX o6m11x sonpocax Teop1111 JliiHaMII'!eCKoll nonRp11aau1111. PaccMOTpiiM CIICTeMy 

n nnepHbiX 11 N :aneKTpOHHbiX cn11110B I = I/2, S = )/2 C MarHIITHbiMII MOMei!TaMII f1>I , 

" rllpoMarHJ<TII biMJ< OTHoweHIIRMK YR , y
3 

• )lnn HaJ<6onee npocToro cnyqan, Korna 

Ka)l{)lb!l! RJlepHbll! CnJ<H HenocpeJlCTBeHHO B3aJ<MO)lel!CTayeT C O)lHJ<M :aneKTpOHHbiM CnJ<HOM, 

cxeMa 3HepreTHt~ecKHX cnHHOBbiX ypoaHeA: a MBrHHTHOM none H 0 npe.ncTaaneHa Ha pH c. 7. 

8 COCTOHHHH TepMH1.feCKOrO p8BHOBeCH51 C peweTKOA 3HB1.feHH51 nOn51pH38UHH H.UepHbiX 

II :aneKTpOHHbiX cnJ<HOB p = n+ -n_ " P- N+-N- rne N n ·N n n - --~-~-- • ....... + , + , .. , _ - 1.1Hcna cnMHoa, 

no II npoTJ<B nOnS!, onpenenn~TCR COOTHOWeHJ<RMII p
0 

= th yfl t; He 
2k 1 

OpJ< e HTHposaHHbiX 

y fi Ho th _a __ _ (no BonbuMaHy ). p 
2k T 

JmHaMII'!eCKaR nonRp113aUIIR (aoapaCTBHJ<e p JlO senii'!J{H nOpRJlKa p 
0

) CTaHOBIITCR B 

npHHUHne B03MO)I{HOl!, ecnJ< nyTeM aoa 6y)I{JleHJ<R peaoHaHCHbiX n epexonoa Me)I{Jly KaKol!-

n H6o napoli yposHel! ynaeTCR BbipasHRTb aaceneHHOCTb 3TJ<X ypoaHel!, HO, KpOMe Toro, cyme

CTsyeT He KOTOpbll! penaKcauHOHH b!l! MexaHJ<3M, aa C'!eT KOTOpOrO J<JleT JlaRbHel!wee nepe

pacnpeneneHHe 3 aCeneHHOCTel! Me)I{Jly Me)I{Jly OJlHIIM H3 HaCbill.laeMbiX II KaKHM-nJ<60 

B cnyqae :a¢¢eKTa Osepxayaepa HaCbill.la~TCR '!J<CTO :aneKTpOHHbJe cnKHOBbie nepeXOJlhi, 

a pOnb nepeKa'!HBa~mero penaKcauJ<OHHOrO MexaHI!3Ma HrpaiCoT KOM6HHJ<poaaHHbie nepeXOJlbl. 

3¢¢eKT Osepxayaepa (cM/
71

) Ha6n~naeTcR, KaK npasuno, e o6nacTK HH3KHX nonel! " Bbi-

c TO'!KH a peHHR nonyqeHJ<R OHM :a<P¢eKTHBHbiM MeTO)lOM OK B38fi 8Cb nnH npH H8Cbl 

ll.leHHH ":aanpell.leHHbiX" (KOM6J<HJ<pOB8HHbiX) nepeXOJlOB, KBK 3TO HM eeT MeCTO B H8WeM cny

qae. 3necb ponb nepeKa'!J<Ba~mero penaKcauHOHHoro MexaHJ<3Ma KrpaeT '!J<CTO aneKTpOHHBll 
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pen a KC8UHR, KOT O p a R OT a n e K T p O HH O-H.llepH biX C llHHOB bi X B38HM OLl.e AC TBUA no 6 0 n btl!e A 

'la CTH 3aBH C HT c n a6o. 3 n e KTpOHH a S! p e n a KC a UKS! M O>KeT O K a a a T bC S! UOC T aTO'I HO 6bi C TpOl! 

H npH !IOBOflbHO HH3KHX T e Mnepa Typax H B hiC O KH X nOnHX 1 'ITO H e 0 6 X O.ll H MO .ll nSl non y q eH HH 

Ll. OCT8 TQqHQ BbJCQ I( H X a 6c On iO THbiX 3 H 8 lf e HHR H LJ.e pH O A: n o nHpH38UHlf., 

3¢¢e K T Ose pxayae p a H a6m o u aeT C R a C HCTeMax, o 6na u a10wHx ou H o p ou Ho yw Hpe HH Oll 

nHHI!el! 3nP, TO f'Ua K a K .[lnfl 11p11 H a C b i UleHI!II KOM6 HHHpOBaHHbi X n e p exOU OB B T a KI! X C ll

/8/ 
CTe M 8 X npaKTHqe CKH H eB03MO>KH 8 , OOC K OnbKY H8C bll.U810 T C H O.OH OB p eMeHHO .ll.B 8 nep e -

xou a , seuy w 11 e K n o nRpKaaui!H p aanH'IH bi X a H a K o B. 

npH M8rHKTHOM p83Be.ll, e HHH 1 T O e CTb fi pH yM e H b W e HHH K O H UeHTp8U HH 116p 8M8rHH T HbiX 

Ue HTpOB, H llpH llOHI!>K eHHH T e Mne p a T y p b l 60nblU HHC TB O nHHKll 3n p C T aHOBH T C S! HeOU HOp o u 

HO yWHpeHHbiMH, K ,PyHKUHS! <fJop Mbl nHHHH 3n P COO TB e T C T ByeT ,PyHKUHH p ac n peuen e HHS! 

C fiHH OB no 3 H 8 "1 e HHHM nOKBnbHbiX none A .. 3TO LJ. e n aeT B 03M O>KHbJM p aa.nen b H Oe H8Cbtll.l e HHe 

K OM6HHHpOB8HHbi X n e p eXO.D.O B 1 ee.uy ll.lHX K n o nHpH3 8 UHH p aan t.PIH biX 3 H 8 KOB, a a>K e .UnH WH

p OKKX nKHHl! ( wHpHH a n11HHH /!1. 3 > 2 Ho 
181

) • 8b1 6 op >K e C IIC T e M c u oc T a T O 'iH O y a K o ll y • 
nHHH e l! 3nP ll03BOnS!eT ll Ony'IHT b BbiC ~KHe 3 H a 'l e HHS! K 03<fJ<fJHUH e HTa UHHa MK'IeC K Oii !IOnS!pH-

3aUHH. TeopHS!
181 

yKa3biBae T H a u sa npKHu H n Ha n b H hiX a aTpyuHe HH Sl B oc y wec Tan e HHH Me-

TOU a .[lnf! n pH HaCbiUleHHH K O M 6 HHHpOBaHH b iX n e p e X OU OB • .[len o B T OM, 'I TO C llOHH>K eHH-
T -1 

( 1 + ~ ___1_11 J, 
.'1 T 

e M K OHUeHTpauHH nu K0 3 q,¢HUHeHT .[lnfl yM e HbWaeTCS! nponOpUHOHanbHO 

'" rue r, .. " T - ape M e Ha Ru e pH o ll H 3 n e KTpOHHOl! p e naKcauHH, n " N - 'IH c na RUep-
13 

HbiX H 3n e KTpOHHbiX CllHHO B B o 6 paaue . C yMe HbW e HH e M K OHUe HTpaUHH nu 3TOT MHO>K H

Tenb yMeHbwaeTC S!. C B03 pacTaHHeM >Ke K OHUe HTpaUHH nu CnHH-Cn HH OB bi e B 38HM OU e liC TBHS! 

B e UyT K Bbipa BHHBaHHIO <fJaKTOpOB H a CbiUl e HHS! 11 0 BCeM n e p ex ou aM B HyTpH WHpHHbl nHHHH 

/ 9,11 / 
a a C 'l e T Kpocc-pena K CB UHH , 'ITO T a K>Ke C HH>KaeT K03 <fJ<fJHUH e HT .[ln.H. 

TaKOB hi B b iB OU b i npocTol! ,PeH o M e H o norH'Iec K o ll T eo pHH .nn.H. 

npH C p8BHe HHH 3 KC !I e pHM e HTanbHbi X peaynbTaTOB no .[lnfl H M a f'HHTH Ol! p e n a KC a UHH 

B o6ny'leHHbiX n3 C B biBOUa MH npOC TOl! <fJeH OM e HOnOf'H'I e CKOl! T eO pHH, KOT Op b i e H3 nO>K e Hbl 

BbiWe, HaMH 06Hapy>KeHbl c n e UyiO UlHe npOTHB Ope'IHS! : s o -n e pBbiX , paC CT OS!HH e M e >KUy MaK

CHMyMaMH nonO>KHTenbHOll H OTpHUaTenbH Oll .[lnfl OKa3an OC b 3 aBH C S! UlHM OT T e Mnepa Typbi, 

Torua KaK Koa<jxpHuHeHT .nn.H OT T e MnepaTypbi He aasHC HT. Bo-sTo pbiX, y>K e n pH 77° K 

npocTaR ,PeHOMeHonorH'IecKaR T e opHR .nn.H He uaeT snonHe yuosneTsOpHT e n b Horo cor-n a -

T -1 
CHS! C 3KCnepHMeHTOM, n OC K OnbKY <fJaKT Op p e naKCaUHH paseH ( 1 + ~ ~) "- 0,1, 'ITO C 

N T " 
y'<eTOM 6onbW Oll UlHpHHbl nHHHH 3nP u a eT B03MO>KHOe 3 Ha'leUHe K03,P,PHdHeHTa y c KneHHS! 

-1 

) = 7-1 5 
.'1 T 

'I :::- __ o_ ( 1 + .E_ ~ 
~'3 N T " 

cpaaHeHHIO c Ha6niOuaeM'o ll 

• npK 4,2°K aHanOf'H'IHaS! OUeHKa u a eT 1J ::: 1 no 

aenH'IIIHOl! '1:. 20-30. n ocn eu He e npo THBopeqne C .Q 8 HH biMK 

3 KC n e pHMeHT8 1 n o -BHLlHM O MY, cne.a.y e T C OfiOCT8BHTb C p8C X O)I{1J.eHH e M H3M e p e HH Oil 38Bif-

CHMOCTH 1 OT T C TeOpHell npOCTpaHC TBe HH Oll UH,P,Py a HH S!U e pH Of' O C llHH8 / 10/ 
1st 1 3 • 

8 



EcnH OTHeCTH Ha6monaeMy JO HBMH B a n eKTpOHHOll p enaKCBUHH nn>~ HHY IO 3 KcnoHe HTY K 

CllHH-peweTO'IHOJl pell 8 KC8UH>!, 8 KOpOTKyiO - K Cll HH-CilHHOBOJl Kpocc-pe118KC8UHH (COIIOCT8B-

neHH 9 C p eaynbT8 T8MH .apyrHX 8H8nOrHl{H biX H3Mep e HIHl:, B l.{8CTHOCTH 38B HCHM OCTb B9Cll 

KOpOTKOil 3KC llOH 9 HTbl O T JJ.nHTenbHOCTH H 8 Cb1Ul810ll..l9f'O HMnynbC8 1 He OCT8B fl51 9T COMH9 HlH1 

B rrpaBHilbHOCTH aTor o oTHeceHHSI) , TO Teo pHS! n aeT 7,
51 

:::: 10
6 

ce K. 8
1 

!OJ HMeeTCSI yK a -

38H H e HA. TO, \ITO B OT.Q9nbH biX c nyl.f8SIX X8p8KTepHC THt.t9C KH M apeMeHeM .anH 3fl9KTpOHH O -

SlnepHbiX C llHHOBbiX B 38KMOneJlCTB HJl 6yneT B p eM SI CllH H-CrH!HOBOJl 31le KTpOHHOil KpOcc-pe 

ll8KC8UHH T,, , K OTOpoe cnenyeT n o nCT8BII T b B COOTBeTCTByJOil..lYIO cPOPMYliY / !Q / BM 8C TO 1
13 

8 nocnenHeM cnyqae nony'IHM nnSI speMeHH SlnepHoll penaKcauHH aHa'leHHe 6onee 6nHa-

Koe K 3KCnepHM8HT81lbHOMy . onHaKO Ti ll He n o n>KH O 38BHCeTb OT T eMnepaTypbl. r . P. Xy -

UHWBHIIH/IO/ o6p 8 THII H8We BHHM8HHe H8 TO, 'ITO T 8Mile p aTypH 8 SI 38BHCHMOCTb npH 3TOM 

MO>KeT 6b!Tb o6yCil0BileH8 38BHCHMOC T biO OT T8MllepaTypb1 T8K H83biB8eMOrO •panHyca 

.UHcPcPY3HOHHOrO 6apbepa • , TO eC T b MHHHM81lbHOrO p aCC TOSIHHSI Sln e pHOrO CllH H8 OT 3118K

TpOHHOrO, H8 KOT OpOM B38HMOne JlCTBH 8 nByX COCenH>IX SlnepHbiX Cll HH OB ( Benywee K nHc!J

cPY3HH llnepHOll ll01111pH38UHH), rrpeBblw8eT B38HMOneliC TB><e Sln e pH o r o Cll HH 8 C 3 1leKTpOH

HbiM. XOTSI KOIIH'IeCTBeHH ble OUeHKH B yrrpoweHHOJl cc!Je pH'!eC KH CHMM8TpH'IHOJl MOnenH CITH

HOBOJl nHcPcPY3HH H8CTOilbKO rpy6bl nilS! 061ly'leHHOrO n3 C ero C HilbHO nellOK81lH30B8HHbi

MH nu, 'ITO rronpo6HOe o6Cy>Kn8HHe MOnellH Cll HHOB OJl nHcPcPY3HII/ JQ / B H 8weM cnyqae 

He KM 99T CMbiCna, MO>KHO CK838Tb, t:IT O y LJeT BflRSIHRSI CflHH- CflHHOBbiX aneKTpO HH btX B38HMQ-

.aeJlCTBIIR H8 pe118KC8UHIO Slnep ynyqwaeT corn ac He T eOpiiH C 3KCllepH M e HTOM. 

YKa>KeM, 'ITO yqeT c rrHH-cllHHOB biX B38HMoneRc TBHl! nn" onHopon Ho -ywHpeHHbiX nH

HHl! 3n p He yny'!W 8 9T COrllBC HSI C 3KCll 8 pHM8HTOM, a, H8ll p0THB (cp8BHH C peayllbT8T8MjB/ ) , 

BeneT K CHH>K9HHIO '1 • 0nH8KO B c nyqae HeonuoponHO ywHp8HH biX llllHHl! 3n P llOIIO>Ke-

HH e M9HH9TCH, flOCKOnbKy O.O.HOBp9M9H H8 SI nepeOpH9HT8UHH a n eKTp OH HbiX Cll HH OB C p 83flHl{

HbiMH p930H8HCHbfMH tt8CTOT8MK MO>KeT cny>KHT O .QOllOnHHT9nbHblM HCTOttHHKOM 9 HeprHH 

nnSI rrepeOpHeHT8UHH SlnepHOrO CIIKH8. 

YnnHHeHHe speMeHH a neKTpOHHoll pen a KcaunH T,.
3 

c noHH>K8HHeM T eMrrepaTypbl sene T 

K TOMy, 'ITO CllHH-CilHHOBW8 3118KTpOHHWe B38HMOnel!CTBHSI (Kp0CC-p8118KC8UHSI ) B 3H8'1 11Tellk 

HOl! M8pe Bb!p8BHIIB810T cP8KTOpb1 HBCb!We HHSI 3nP nnSI CllHHOB C p831lH'IH biM 3H8'18 HHeM 

p930H8HCHOl! 'IBCTOTbl. npH 3TOM ac!Jc!JeKTHBHbiM CT8H OB HTCSI H 8Cb1W8HII 8 H8 Kpb!llbSIX IIHHHH 

3nP, TO eCTb B03MO>KeH pOCT paCCTOSIHHSI M8>Kny M8KCMMYM8MH nn.H. npouecc ycTa 

HOBileHHII paBHOB8CHbiX a H8'18HHll aneKTpOHHOll nonS!pHaauHH P(h) nnSI crrHHOB c p aaH biMH 

3H8'18HHSIMH pe30H8HCHOll '18CTOTbl (HIIH pe30H 8 HCHOrO llOIISI h llpH cPHKCHpOB8HHOl! 

qacToTe 3nP >s ) rron'IHHileTc" ypasHeHHJO crreKTpanbHoll crrHHosoll nHcPc:PyaHH/1 
11 : 

1"
1 

d P(h) : " ' G(h) P"(h) + 2a 1 G'(h)P'(h)- 2a 2 G')(h) P' (h)- P (h) + P (h), 
13 dt 0 0 
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r.ne G(h) - cPYHKUIHI cjJopMbi nHHHH 3nP c ueHTpoM npH h = 1l , a= 8h '1/ T I "r2 , 8 h -
I / o 13 

- HeKOTOpblll HHTepaan , COOTBeTCTBY!OlUHll O.llHOpO.O.HOII WHpHHe 3nP (wHpHH8 CnHHOBO-

ro naKeTaJ. npH HeKOTOpOM 3H8'1eHHH h = lJ .llOCTHraeTC!I nonHOe H8CbJ!lleHHe 3nP 

p (ll)- 0 • 3Ha'!eHHe s.nepHoll nonspH38UHH, cpe.o.Hee no o6pa3uy npH 3TOM onpe.nenseTcs 

38BHCHMOCTblO P(h) H BbJpa>KaeTcs npH6nH>KeHHO a aH.ne: 

r.ne 8 = __r__a 1l, 

Y,. 

<p>:_J G(h)l 
G(h+8) [P(h+ll)-P(h)] 

2 +(3 [G(h+8)+ G(h-8)1 

G(h-ll)[P(h-ll)-P(h)] l dh, 

2+{3 [ G(h+ll) + G(h -8)] 

f3"'VT"'C o 

C
0

- sepO!ITHOCTb Kpocc-penaKcauHOHHOro nepexo.na, conpoao>K.na!Owerocs o.nHospeMeHHOl! 

nepeopHeHT8UHell .llBYX 3neKTpOHHbiX H O.O.HOro !I.O.epHOrO Cn HH8 (TO eCTb 3neKTpOHHOro 

CnHHa C pe30H8HCHbJM noneM h H CnHH8 C noneM 1J + [j COBMeCTHO C B38HMO.O.el!CTBY!O-

!UHM C HHM !I.O.epHbJM CnHHOM) • 

npHBe.O.eHHbJe BbJWe cjJopMynbJ nony'leHbl C npe.nnono>KeHHH, 'ITO: 

I. Y'IHTbJB8lOTC9 Kpocc-penaKcauHOHHbJe B38HMO.nellcTBH9 Me>K.ny nepexo.naMH c 6nH3KH-

MH pe30H8HCHblMH 1.18CTOT8MH; 

2. C'IHTaeTCSI, 'ITO K8>K.llblll s.nepHblll cnHH B38HMo.nellcTayeT nHWb c O.O.HHM nu; 

3. npeHe6peraeTC9 BnH!IHHeM H8CbJ!UeHH9 KOM6HftHpOB8HHbiX CnHHOBbiX nepeXO.llOB H8 

nonspH38UH!O aneKTpOHOB. 

3aBHCHMOCTb 'I OT 1
13 

, H86nJO.ll8eMBS1 B :3KCnepHMeHT8X, K8t{eCTBeHHO COOTBe-r-

CTByeT 38BHCHMOCTH < p > OT napaMeTpa a , npe.O.CK83bJB8eMOl! npHBe.O.eHHbJMH cjJOpMynaMH: 

paCCTOSIHHe Me>K.O.y M8KCHMYM8MH '1 .non>KHO paCTH c pocTOM a , TO eCTb c pOCTOM T13• 

npH pa3yMHOM Bbi60pe 3H8'1eHHII napaMeTpa a 'IHCITeHHbll! pacqeT nOK838IT COrnacHe 

C 3KCnepHMeHTOM no nOp!I.llKY BeiTH'IHHbl '/ H no 38BHCHMOCTH 71(1J) (CM . pHC. 8). 

3aKnJ01.feHHe 

8 xo.ne HacToswell pa6oTbJ: 

I. Vfccne.O.OB8H8 .llHH8MH'IeCK89 nonspH38UHSI npOTOHOB B 06ny'leHHbiX nonH3THITeH8X 

npH 77°K, 4,2°K H I ,6°K. KoacjJcjJHuHeHT .O.HHBMH'IeCKOII nonspH38UHH 'I B Hccne.nosaH

HbiX o6pa3uax Kone6ancs a npe.nenax OT 20 .no 34. BnH!IHHe TexHonorH'I e CKHX cjJaKTopos, 

II KonH'!eCTBeHHas oueHKa Bh 3aTpy.O.HHTenbHa. M bi npe.nnonaraeM, 'ITO oh""- 61lloca 

(a Haw eM cnyqae ::. 0, I 3), r.ne 6/l ._ aenH'IHHa H3MeHeHH9 noKanbHoro nons, co3.na- • 

B8eMOf'O aneKTpOHHbiM CflHHOM, npH H!~eHeHHH ero OpHeHT8UHH B MeCTe H8XO>KneHHSI ere 

6nH>Kal!wero coce.na . npH 6onee BbiCOKHX TeMnepaTypax senH'IHHa 8h MO>KeT 6b1Tb o6ycnos-

neHa MO.llyiT!IUHell 3cjJcjJeKTHBHbiX ITOK8ITbHbiX M8rHHTHbiX nonel! BHyTpeHHHMH .llBH>KeHHSIMH B 

peweTKe. 
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speMeHH o6ny'!eHHSI ,Hcxo.oHoro MoneKynRpHoro seca o6pasuos s HeKOTOpbiX npenenax 

C ylUeCTBeBHO He CK83biB89TCS1 H8 aenHttHHe 1] 

2. PacCTOIIHI!e Me>K.oy MaKCHMyMaMH OTpHuaTenbHOll II nono>KHTenbHOll nns:~ l'l n 
pacTeT C nOHH>KeHI!eM TeMnepaTypbl, V13MepeHbl speMeHa CnHH-peWeTO'!HOll penaKCaUHH 

SJ.!lepH bi X H a n eKTpOH H biX CnH.HOB, KOHU9HTp8UHR nap8M8rHHTHb1X ueHTpOB B 06nytteHH biX 

nonH3THneHax. YcTaHonn eno, 'ITO aenH'IHHa K03cpcpHUHeHTa nns:~ H saBHCHMOCTb paccToii-

HHII Me>K.Qy MaKCHMyMaM H nns:1 He MOryT 6bJTb 06'biiCHeHbl npOCTOJI cpeHOMeHonOrH'!eCKOll 

TeOpHell nns:~ . Ha6mo.oaeMall saBHCHMOCTb 611 OT TeMnepaTypbl o6'bSICHReTCSI c y'!eTOM 

Kpocc-penaKcauHH BHYTPH wHpHHbi Heo.oHopo.oHo-ywHpeHHoll nHHHH 3nP. 

3. OnpeneneHa np11po.oa napaMarHHTHbiX ueHTpoa a nonH3TI!neHax, o6ny'!eHHbiX a H.oep· 

HOM peaKTope. YcTaHosneHo , 'ITO B HCcne.ooaaHHbiX HaMH o6pasuax Ha6mo.oanHCb pa.oHKMbi 

THn a nonHeHOBbiX C CHRbHOA D.9flOK8flH38UH9A HecnapeHHOrO 3fl9KTpoH8. 
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O~pa3eu 

n3 II I/ 

T a ~ n R u a I 
Pe3ynbrarH 113MepeHHR nn II penaxcaURH B nonR3THneHaX npH 4, 2°K 

HCXO.II;HOe 
M 

9,23 · 10~ 

KoHueurpau!a _3 IlU N · I Q- ticu 

4!1 

11 (ceK) (I ( 3) 

3I!3 TiH=20! 5 64!4 
T" IH=HXl! 20 

Ilpi!Me'laRHe 

OKpac Ka 
cserno-~ypaa 

4 =0, 25 ____________________________________ __________ ,. _ _ ______ JL _________ _________ ____________ _ 

IT3 n/1/ 6, 35•I05 4+! 24!3 T~IH=2Q!5 67!4 OKpacKa 
T IH=IOQ!20 cserno-~ypaa 

·~ =0 25 --------------------------------------------------------&----1--------------------------
IlJ u(I/ 4, 78· IO 5 4!I 2I! 2 T• IH=20!5 64!4 OKpacKa 

r" cserno-~ypaa 
1H=IOQ!20 

·~ =0, 25 
-------------------------------------------------------~-------------------------------
IT3 I 121 2, 3·I06 5, 2! 0,5 28! 3 70!IO 52!5 O~pa3e u nony

npo3pai!Hblll 
~ypblll CO CBeT
nHMH BKJIIl'leHH-

---------------------------------------------------------------------------a~----------
rr :J rr/2/ 9,5· !05 8,5,:0, 8 34!3 39_:5 5Q!2 O~pa3eU ~ypHII 

nonynpo3pa11a. 

ll3 w/2/ 4,78•10 5 5,8_:0, 5 2Q!2 T~ IH=I0!2 49_:2 O~pa3eU ~ypHII 
T rH=40_:5 g~n~~~~~E:"· 

_ ~:. =O 5 BKnD'IeHHRilll 
-------------------------------------------------------·-----1--------------------------
Il J IY/21 ro5 5, 9_:0, 5 33_:3 80_:IO 52_:2 O~pa3eU nony

npo3pai!Hblll c 
uaccHBHHU ue
npo 3pai!HHM 
BKnJ>'IeHHeu ----------------------------------------------------------------------------------------

Il:J y/2/ I , 3•I05 2, 8_:0, 3 
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24+3 ll3uepeHHR np11 
770K, nonH3TII
JJeH BHCOKOrO 
JtaBJJeHIU.O~pa
:JeU np03pa'IHHII 
C BKJIIJ'IeHI!IIIlll 
DY3HpbKOB,Jte£jlop
llllpOBaR np11 o~
JJy'l eHHII 



a) 6) 

• · 

T a) 

...l . I 

PHc. I. npm13BOJlHbie cnrHanoa nornotueHH51 HMP npoTOHOB a n onH a Tnne na:'$ npH 300° K. 
a ) BbiCOKOKpnc TannH'IH biil noni!3THneH H1!3Koro Jl8BneHI!51 M = 9,23· 10 ; 

6 ) nonH3THneH BbiCOKor o n.asn eHHfl M = lJ3·to
5

; 

B) o6ny '! e HH b!ll B Te'!elllle 20 '!8COB B SILlepHOM peaK TOpe nonii 3 THn eH C IICXOJlHbiM 

M =9,23·105 
(o6paaeu n3 t1 11 

) . 

13 



,_-: . 'Wfr-: ;r~rn -~~ -~ ; 
' ; I ; I -, -1 [;;J.~ : i 
• • I I ' 

: : ! : ! . 
; I- - j :-- [tl-1--- - - I 

- - T t.; : 

I j -- ~ - ---[ ·-' -

I I -~~~--

.. j 'I - 1-- f--1-'-. . 

' 1-1- -- 1-1-
1 ! ill I : 'k '\ ' - - i-1-1- --11-~~b 

. - • ~ t -v r_ 
I I : . ! • ',/' P" 
1 I - I '_ --t i- - - f- - - -, 
: f- i · • I i 

F !-H_ I r I _ T 1 •• 

-f I f.- - - - h . t 1-· -t 
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PKC, 2. npoK380.0.KBR CKrKana nornomeKJIR 3nP npK 300°K 

8 n3 
121

, N •/8,5±_0,8/·t0 18
cM-

3 , !'J.' 
9

•23:t_2a. 
31-

Ha To A >Ke cneKTporpaMMe c KrKan 3n P Cr 8 A/
2 

0 
3

• 

2~~----------~~----~ 
1,0 

t 
?(JI) ,.......,. II "' 

PKc. 3. 3 a8 KCKMOCTb KOacpcpKUKeHTa .C.HHBMK'IecKoA nonRpHaauKH 

8 061ly'leHHOM n3 OT MBr'HHTHOr'O nOll!! n pH 77° K 4 ,2 ° K. 
)lnR CpB8H e HHR npHBO.!lKTCR cpO p Ma npOH380.0.HOA CKr'HBila 

nornomeHKR 3nP. _ 
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a ) 

~-1 

f- I mtu 
1.11 

0,5 

Ill Wz {MIJ/11} 

P 11 c . 4. 3 aBI!C I! MOCTb TJ oT MOW HOCTH r eHe p aTopa CB '-i np11 4,2 ° K . 

PHc. 5. PenaKcauHOHH Die 3 8 BHCHMOCTH cHrnanos npoTOHHOro MBrHHTH o r o pe3oHanca 
B o6ny'I8HHbiX n3 np11 4 ,2° K. 

a) npl! BKniO'I8HHOll MOIUHOCTI! CB'-i A - HaCbiiU8H1!8 fi.'\\P, 5 - HaCbiW8HI!e 

fl MP CHRTo; B - MOWIIOCTb CB'-l B biKniO'!eHa; 

!5 



6) 

a) 

I '*-1 I I I I I r-~'11' r I I _ " 

r) 

, ' I j 
,--+--~ [--.:-r 
: ' ' ---.!+- - - • 

PHc. 5. PenaKcSUHOHHbie aaaHCHMOCTH cHrHanoa npoTOHHoro MarHHTHoro peaoHaHc a B 

o6ny'leHHblX n3 npH 4,2°K, 

6) CpaaHeHHe KpHBbiX HapacTaHHH H paapyweHHH nonHpH38UKK, nony'leKHbiX Ha 

cneKTporpaMMe I a/; 

a) BoccTaHoaneHHe nonHpK3SUKH npH CHHTHK HSCbtWeHHH H~P B OTCYTCTBKe 

CB4 MOWHOCTif B n3 / 2/ onHCbJBSeTCH O.O.HOA 3KCnoHeHTOA; 

r) BocCTSHOBneHHe nomipH38UHH npK CHHTHH HSC bJWeHKH H~P B n3 

OllHCbiB8eTCSI .UBYMH 3KCnoHeHT8MH. 

16 

/ 2/ 

PHc, 6. PenaKcauHoHHSH aaaHc 

a.) npH 4,2°K HSCbllL 

H 'ISCTOTOA cne.D.Ol 

6) npH 77°K .o.nHTen 
2 MCeK, 



I 
1 I 

-r-~-- ~ 
... •. ' I 

I 
I 
i 
j 

1 
I 

t 
' 

'HBnOB npOTOHHOrO MBrHHTH Or O pe3 0 H8HC8 B 

p aa pyweHH!I non!!pH3 8UHH, n o ny'l e HH hi X Ha 

CH!ITHH H8Cblll!eHH!I HMP e OTCYTCTBHe 

bJB 8 eTCH O.OHOA :3KCllOH9HTOA ; 

CH!ITHH H8Cb1W9HH!I 51MP B n3 

H, 

16 

/ 2/ 

I 
I 
I 

I 
( 

I 
1 
I 

a) 

6) 

PHC. 6. PenaKC8UHOHH8SI 38BHCHMOCTb CHrHanoe 3nP B n3 
/2/ 

a) npH 4,2°K H8CbJW9HHe ITp!!MOyronbHbiMH HMnynbC8MH CO CKB8>KHOCTbiO 1/2 
H '18CTOTOA cneJlOB8HH!I 0,1 ru. 

6) npH 77°K JlnHTenbHOCTb H8Cb1W810Wero HMUYUbC8 50 MKC e K, M9TKH BpeMeHH 

2 MC9K, 

17 



~ 

PRe. 7. CxeMa aHepreTRqeoKRX yposHell R30nRposaHHOl! rrapbi ( aneKTpOHHbill 11 HLlepHbill 

CIIIIH, B38HMOLlel!CTByiOIUIIe Me>KLIY co6ol! S<=f•=Jh ) • 
CpeLlHIIe sepoHTHOCTR penaKCBUHOHHbiX rrepexuaos c cooTBeTCTBy iOIUKM R3Me

HeHPieM MBrHHTHOrO KB8HTOBOrO 1.{11 Cna m: 

fun
1

=!_1 -V1 ; t.m.=!_l -"t 
t.(m.+m

1
)m0

0
- 11 0; t. (m.+m 1 )=+2 - w2 

CpeLlHHe sepoHTHOCTH rrepexoaos, RHLlYUKposaHHbiX BHeiUHHM paaKoqacTOTHbi¥ 

noneM a 
1 

, a 0 , a 2 • .. .... 

CTpenKII coOTBeTCTBYIOT 3H8K8M, yKB3 biB8IOIUHM Ha opHeHTBURIO cnRHOB S 11 I 
B M8rHHTHOM none. 

"l 

~--~-----+------~-----~ 

P11c. 8. CpasHeHIIe TeopeTRqecKoll 38BHCHMOCTII Koa<j:J<j:JHUHeHT8 

LlHH8MRqecKOJI IIOI!RpH38UHH rytff) , IIpll 3H8qeHHH II8p8-

MeTp8 LlHcpcpy3HK 2 a =3,5 t.~ (cpyHKUH>I cpopMbl IIHHHH 

G(h) s pacqeTe
0 

B3RTa H3 3KcnepHMeHTa) c aKcnepH

MeHTOM npH 4,2 K. 8bi6paHHoe 3HaqeHHe a rrpHMe,PHO 

cooTBeTcTsyeT Bh ::: 3·10-l a, ~a'=.. I ceK,T12 ~ 10-"ceK 

(an>! OLIHOrO CIIHHOBOrO II8KeT8), T.e. YCIIOBHRM 3KCne

pRMeHT8. 

f 


