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8B8A8H~e 

830~MOA8~CTB~8 nonHP~30BOHHOrO onT~48CKOro ~3ny48H~~ c·oTOMOM~ 
np~BOA~T K 3~~8KT~BHO~ op~eHTOU~~ HASP 6norOAOPH CBSPXTOHKOMY 830~

MOAS~CTB~~ MemAY sneKTPOHHO~ o6ono4KO~ ~ HAPOM/J/. 8 ~8TOA8 OnT~48C
KO~ HOK04K~/ 2 / CTeneHb nonHp~30U~~ HAPO MOmeT AOCT~rOTb 100%, OA-
HOKO OHO ocy~eCTBnHSTCH 30 BPSMH, COOTBSTCTBY~~ee HSCKOnbK~M CnOH
TOHH~M nepeXOAOM C B036ymASHHOrO ypOBHH OTO~O H~ OCHOSHO~ (10-? -· 
10-6 c). 8 podore/3/ 6~no nOK030HO, 4TO np~ AOCTOT04HO 6onbmO~ MO~
HOCT~ U~pKynHpHo-nonHp~30BOHHOrO ~3ny48H~H B03H~KQ~T pa6H-OCUHnnHUHH 

(~HAYU~POBOHH~e nepeXOA~ MSmAY OCHOBHMM ~ B036YMA8HHMM YPOBHHM~ 

OlOMO), np~BOAH~~e K nepasnosecnoft 3aceneHHocTH aToMHNX cocToHHHH· 

C po3n~4H~M~ npoeKU~HM~ nonHOfO MOMSHTO •. XOTH B 3TOM cny408 CTeneHb 

nonHp~30U~~ HAPO M8HbW8 (1~50%,B 30B~C~MOCT~ OT cn~HOB HAPO ~ 

sneKTPOHHO~ o6ono4K~), BPSMH, Ht06XOA~M08 AnH nonHp~30U~~. yme He 
cBH30HO -c penoKcou~e~ so36YmAeH~R~ ·a onpeAenHercH sen~4~Ho~ csepx
TOHKoro poc~enneH~H ~ MOmeT AOCT~raTb 10-10 c. TOKO~ cnoco6 n03BOnH-
8T ocy~eCTBnHTb S~~eKT~BHY~ nonHp~3QU~~ KOPOTKOm~BY~~X HASP C BpeMeHO

M~ m~3H~ AD AOne~ HOHOCSKYHA. 
Bo3MomHoCTb nonHp~30U~~ HASP KoporK~M (An~renbHOCTb~ 10-

8 
c) 

~MnynbCOM no3epHoro ~3ny4eH~H 6wna npoAeMOHCTp~pOBOHO B Home~ npeAW~ 
AY~e~ podore/4/ HO np~Mepe POA~OOKT~BHWX RASP 

22~ ~ 24~. np~ o6-
ny4eH~~ QTOMOB HOTP~H B ro30BO~ ~038 61o1no AOCTHrHYTa cTeneH& nomlPH3a·· 

U~~ HASP ,.,10%; ~3M8P8HHOH no OH~30TpOn~~ f-1.13nY4BH~R YK030HHWX HYK
n~AOB. 0AHOKO STO nonHp~3QU~H, YCPBAHBHHOH 00 MHTep&any &peMBHH MBI
AY no38PHbiM~ ~MnynbCOM~ (80 MC), CYIIIBCT88HHO 3QB~CI.1T OT stleKTOB 
A8nOnHp~3QU~~ HASP ~-nOSTOMY He no3BOnRBT ASTOnbHO CYA~Tb 0 npouecce 
op~eHTOU~~ HAPO np~ B3Q~MOA8~CTB~~ OTOMO CO CBSTOBbiM ~3nY48H~8M. 

nnH noH~MOH~H npouecco op~eHTOU~~ HASP npeACTOBnHeT ~HTepec 

~3Mep~Tb creneHb ~X nonHpH3aUHH cpa3Y ~e nocne na3epHoro HMnyn&ca. 

3T~ ~3MepeH~H MOmHO B~nonH~Tb ABYMH cnoco60M~. 

~ O~n.es;;;;;;niiih<t\ tmC'mfj'l' l ~a~~3hl~_ Hcc~r.!onaucrO 
~. ~~~sm-._ . _ "''~ 
·--.~ :......- 't='£!Db. 



1. npHMO~ cnoco6, 3aKn~4a~~H~CH B H3M8P8HHH yrnoso~· aHH30TPO

nHH paAHOaKTHBHOfO H3ny48HHH KOPOTKOmHBy~ero H30Mepa CO BP8M8H8~ 

mH3HH, cpaBHHMUM C AnHTenbHOCTb~ na38PHOfO HMnynbCa. 

· 2. KocseHH~~ cnoco6, CBH3aHH~~ c H3MepeHHeM yrnosoro pacnpeAe-
neHHH H nonHpH3a~HH CB8TOBOfO H3ny48HHH H3 B036ymA8HH~X aTOMOB. 

CsepXTOHKOe B3aHMOA8~CTBH8 MSmAY aneKTPOHHO~ o66n04KO~ H HAPOM npH

BOAHT ~ OPH8HTa~HH HAPa, H 3TO BW3~BaeT A8nOnHpH3a~~~ H crnamHBOHH8 
yrnosoro. pacnpeAeneHHH wnyopec~eHTHOf9 H3ny48HHH H3 B036YmA8HH~X 

aTOMOB/5/. noaTOMY H3M8P8HHa 3THX sen'H4HH TaKme n03BOnH~T CYAHTb 0 
CTeneHH nonHpH3a~HH HASP npH OnTH48CKOM B036ymA8HHH aTOMOB. 

npoB8A8HH8 H3M8P8HH~ nonHPH3a~HH H yrnosoro pacnpeAeneHHH 

P830HaHCHOrO wnyopec~eHTHOfO H3ny48HHH aTOMOB 23Na, B036ymAa8MbiX 
KOpOTKHMH HMnynbCaMH nonHPH30BaHHOfO n038PHOfO H3ny48HHH B COCTOH

HHH P1; 2 H P3; 2 (OnTH48CKH8 nepeXOA~ ~1 H ~2), H liBmteTCH ~enb~ 
npeACTaBnSHHO~ pa60TW. 

Yrnosoe pacnpeAeneHHe H nonHpL-130YHH IDnyopecyeHTHoro H3ny4eHHH 

BenH4HHW CB8PXTOHKoro pac~enneHHH B COCTOHHHHX P112 (190 Mr~) 
H P312 (16-60 Mr~) COOTB8TCTBYIDT BP8M8HaM ~10- 9 C. 3TL-1 BP8M8Ha 

MeH b me speMeH mL-13HH so36YmAeHHbiX aT OMOB Na An~ HX cnoHTaHHoro pac

naAa s ocHOBHoe cocTOHHHe·(l,6·10-8 c). nonoMy nonHPH3a~HH HAPO 

MOmeT npoHCXOAHTb L-1 npL-1 ero B3aHMOA8~CTB~H C B036ym,ll8HHO~ 3n8KTPOH
HO~ o6on04KO~ aTOMa. 

PaCCMOTPHM npo~ecc OpHSHTa~HH aTOMa H HApa npH·norno~SHHH nH
H8~HO HnH ~L-1PKYnHpHo nonHPL-130BaHHwx WOTOHOB H npoaHanH3HpyeM yrnosoe 

pacnpeAeneHH8 H nonHpH3a~H~ wnyopec~eH~HH npH CnOHTaHHOM H3ny48HHH 

B OCHOB~oe COCTOHHH8. npL-1 3TOM OCb KBaHiosaHHH Z L-1 BH8lliH88 M~fHL-1TH08 
no~e 6y,lleM HanpasnHTb no na3epHoMy ny4y s cny4ae ~HPKYnH~Ho nonHPH30-
saHHo~o H3ny48HHH H no B8KTOPY nonHpL-13a~HH CB8Ta npH era ~HH8~HO~ 
nonHPH3a~HH. ATOM xapaKT8PH3Y~TCH nonHWM MOMeHTOM F , HBnH~~HMCH 
seKTOPHO~ cyMMO~ MoMeHTOB HAP a I H. aneKTPOHHO~ o6ono4KH11 a TaKme 
npoeK~He~ M Ha OCb KBaHTOBaHL-1H ~ • npasHna OT6opa no MarHHTHWM KBaH

TOBWM 4HcnaM pa3pemaiDT nepeXOA C KaKoro-nH60 nOAYPOBHH OCHOBHOro 

COCTOHHHH aTOMa /FJ1) He 6onee 48M Ha OAHH nOAYPOB8Hb B036YmA8HHOfO 
COCTOHHHH /FMMJI) , H MaTpH~a nnOTHOCTH B036ymA8HHOro COCTOHHHH 

HBnHSTCH AHaroHanbHO~ no MarHHTHWM KBOHTOB~M 4HCnOM: 

.}JMM:# :..._ 0MM-:JJM • 
3Ta MaTpH~a B~pamaeTCH 48P83 HenpHBOAHMW8 

paHr KOTOPWX AnH YPOBHH C nonH~M MOM8HTOM 

~~HL-1H WOTOHa co cnHHOM ~=1 orpaHH4eH: 

2 
•. 

( 1 ) 
T8H30PHW8 onepaTOP~ Jk~/ 6/, 
F H npH AHnonbHOM norno-

r -'' '' '¥. '~. ,•. 

K ~ F H I{~ E.S. ( 2) 

npH 3TOM K=1 ~OOTB8TCTBY8T nonHpH3a~HH, a K=2 - BWCTpaHBaHH~ cnHHOB 
aTOMOB (HnH H~~p). HBHWe BWpameHHH AnH T8H30~HWX onepaTOPOB npHB8A8~·· 
Hbl B/7/. CHCTSMY aTOMOB, C BbiCTP08HHbiMH cnHHaMH xapaKT8PH3Y~T napa- .• 

MerpdMH A0 H A2 , Koropble nponop~HoHanbHbl 3Ha4eHHHM oneparopos 

(:Too> H_ < T20 > ,ycp8AH8HHWM no KOMnOH8HTaM CBepXTOHKO~ CTPYKTypw •. 
BenH4HHbl <TOo> =1 so scex cny4aHx. · ' 

/If=< T.zo> =~<FM/3F{-F2/F~(!='+J).. '(3) .. 
AHanorH4HO AnH CHCT8MW nonHpH30BaHHWX aTOMOB BBOAHTCH napaMeTp ~ :. 

PF . . < Tto> ;_ ~ <FM/Fz/ FM J.--1:. • · (4) 
4epe3 3TH napaMeTpW BWpamaeTCH HHT8HCHBHbCTb wnyopec~eH~HH nOA yrnoM· 

?J K HanpasneHH~ na3epHo'ro ny4a c 3aAaHHO~ nonHPH3a~He~/S/: 
1,JV;fi~ 'f/) d:: C [1'+ %11J (1- 3C<Js2 il+ 3Sin:zvCQsij]Cos2~)t( 5) 

· . -+ ~ PF 0/s z1Sc.'rt2.fl), · 
rAe C - HOPMHPY~~H~ MHOmHTenb, yron ~ onpe,llenHeT non~pH3a~H~ na3ep-

. HOrO H3ny48HL4H (_ft =0 ,llnH nHH8~HO~ H :!: 7fi4 AnH ~HpKynHpHO~ nonHpH-

3a~HH), a yron 'f' -nonHpH3a~H!O wnyopec~eH~HH. npH ~HPKYnHpHO~ nonHpH-

3a~HH 'f=O, 'a npH nHH8~HO~ nonHp~3a~HH', 'f'=O, ecnH B8KTOP nonHpH3a~HH 
ne~HT B-nnOCKOCTi ~aAa~~ero H pe30HaHCHO pacceHHHOfO H3ny4~HHH 
( ]rp = f ii ), L-1 ·. ¥' == 7Tf2, ecnH seKTOP nonHPH30~HH nepneH,llHKY nH
peH 3TO~ -nnOCKOCTH ( f9J = l.1. ) . 3TH HanpasneHHH B8KTOPOB OTHO

CL-1T8nbHO nnOCKOCTH H yron paCC8HHHH noKa3aHW Ha PL-1C.1. 

M3 s~pameHHH (5) BHAHO, 4TO L-13 H3M~peHH~ yrnof~~o pacnpe,lleneHHH 

L-1 nonHpL-13a~HH wnyopec~eH~L-1L-1 MOmHO onpeAenHTb~ napaMeTpW BWCTpaHBaHHH 

H nonHpL-13a~HH aTOMa, KOTOpWe n03BOnH~T CY,llHTb H 0 nonHpH3a~HL-1 H,llpa. 

/I!:Jll 
11a3epa 

8eHmop . 
nonJtpu3Qquu 
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PHc.I. HanpaBneHHR pacceRH
Horo.~opec~eHTHoro Ksny
~eKKR ~) K ero BeKTOpa no
iutpa3811KH ('f) • 



3Kcnep~MBHTOnbHOR' YCTOHOBKO 

CxeMa 3Kcnep~MeHranbHO~ ycraHoBK~ AnR ~3MepeH~R yrnoaoro pacnpe
AeneH~R ~ creneH~ nonHP~30U~~ IDnyopecueHTHoro ~3ny4eH~H npeACTaaneHa 
HO p~c.2. ~CT04H~KOM ~MnynbCHOro CBBTOBOrO ~3nY4BH~H cnym~n na3ep 
Ha Kpac~Tene (POAaM~He 8 ), B036YmABH~e KOTOporo npo~3BOAHnOCb TBBPAO
TBnbH~M na3epOM Ha OCHOBB MOHOKP~CTanna ~TTp~~-an~M~H~BBOrO rpaHaTO 
( nT~nY-7)' pa6oTaro~HM B pem~Me MOAYJl~poBaHHO~ A06r:10THOCT~. CaeTOBhiB 
HMnynbCM ~Men~ An~TenbHOCTb 10 HC, 40CTOTy CnBAOBOH~H OT 12,5 AD 100 fQ 

~ MOmHOCTb AD 15 KBT. 4nH nony4eH~H~BBTO C n~He~HO~ Hn~ Kpyroao~ 
nonHpH3aq~e~ HCnO"'nb30Ban~Cb n~He~HbiB nonRp~3aTOPM ~ nnacT~HK~ B 4BT
aepTb An~HM BOnHM, noMemaeMMB HO nyT~ ~3ny4eH~H. 

PHc.2.EROK-cxeMa 3Kcne
PHMeHTaRbHO~ ycTaHOBKH: 
Vill-HMnyRbCHhl~ Ra3ep, 
3-3epKaRo, 
IT-RHHeAHhl~ nORHpH3aTop, 
K-KroneTa c napaMH 23Na, 
·~3Y-qoTOYMHO~HTeRb ~RH 

C'G'eTa qloTOHOB,_ 
AA-aMnRHTYlUibJA aHaRH-

~ 3aTop HMnyRbCOB. 

Pe3oHoHcHoe ao36YmAeH~e aroMas IVa opoaoA~nocb a KBapueao~ 
K~B~Te o6beMoM ~1 eM': K~aera c·noMomb~ cn~pan~, 4epe3 Koropy~ 
nponycKancH aneKTP~4BCK~~ TOK, Morna HarpeBaTbCH AD TBMneparypM 
20boc, ~ c ee noMomb~- MOIKHO 6hrno MeHHTb AaaneH~e napoa NCl • 4ro6br 
caecr~ K _M~H~MYMY npoqeccbr nepenorno111eH~H ~cnycKaeMhiX ai-oMaM~ Na 
~OTOHOB, nnOTHOCTb era napoa ADnmHO 6MTb H~me 1010 OT/CM', T.K. ce
YBH~e B30~MOAB~CTB~H B pe30HaHce 10-1° CM 2 • 3TO COOTBBTCTBYBT AaB-
neH~~ napoa Na a K~aere 4.10-6 Topp. -

Per~crpau~H pe3oH~HCHO pacceHHHoro IDnyopecu~HTHoro ~3ny4eH~H . 
npo~3BOA~nacb c noMomb~ ~oroyMHDmHrenH (e3Y~54), pa6o~a~111ero a pem~
Me cQera DA~H04HMX ~OTOHOB. AMn~~TYAHOe pacnpeAeneH~e c~rHanoa c e3Y 
H3MBPHnocb aHan~3aropoM ~Mnynbcoa AH-4096 ~ cnym~no Mepo~ ~HTeHc~a
Hocr~ pe3oHOHCHO POCCBHHHOro ~3ny4BH~H np~ pa3n~4HMX yrnax ~ 3Ha4e
H~1l!X nonHp~30U~~. eoroyMflom~renb 6~n 3·aKpenneH, a c noMOIJlb~ c~creMhr 
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3BPKOn MBHllnOCb HanpaaneH~e na3epHoro ny4a Ha KffiBBTY H TOK~M o6pa-
30M BM6~panCll yron ~ ·' nOA KOTOPMM ~3MBpllnOCb POCCBllHHOB ~3ny4BHHe. 
4nll KOHTpOnR 30 HHTBHCHBHOCTb~ na3BPHOrO H3ny4BHHll, npOWBAWBrO 4epe3 
K~BeTy, cnym~n ~OTOAHOA /<l>.q/. 

4T06M YCTpaHHTb AB30PHBHTOQHIO aTOMOB, Bhl3biBOBMY~ cny4a~HhiMH 

nonRMH, K~BBTO nOMBIJlOnOCb B AOCTQT04HO CHnbHOe none (AD 200 rc), 
C03AOBOBMOe napo~ KOTYWBK renbMrOnbltO ~ H.OnpaaneHHOB no.na3epHOMY· 
ny4y; 4nR 3aiJlHTbl OT 3TOrO nonR ~OTOYMHOmHTBnb; 30.1JlHmanC-R iiepMaJIJlOeBbL'\1 

3KPOHOM ~ pacnonarancR B 70 CM OT 30Hbl B036YirlABHHll QTOMOB Na. npH 3TOM 
TeneCHM~ yron AnR per~CTPOU~H pacceRHHOrO H3ny4BHHll COCTOBnRn 
0,05 CTBPOAHaHa. 

B Ka4BCTBB KOHTpOnbHOro onwra, n03BOnHBWero CYAHTb 0 npaa~nb
HOCT~ pa60TM YCTaHOBK~, 6Mn~ npoBBABHM H3MBPBH~ll CTeneHH nonRpH3aQHH 
H yrnoaoro pacnpeAeneH~R ~nyopecqeHTHoro H3ny4eH~ll· npH o6ny4eHHH 
napoa Na n~He~Ho nonHPH30BaHHbrM caeToM Ha 41-n~HHH. B :noM cny4ae 
~nyop~CQBHTHOB H3ny4BHHB AOnmHO 6MTb Henonl!pH30BaHHMM, a ero yrnoaoe 
pacnpeAene~~e - H3oTponHMM/ 9/. 3TH H3MepeHHR no3ao;~n~ aaeciH non
paaKH HO ~3MeHeHHe TenecHoro yrna npH ~3Me~eHH~ yrna I H HO ocna6-
neH~e pacceRHHoro H3ny4BH~ll H3-3a nonRpOHAOB. 

Pe3ynbTaTw H3MepeHH~ 

Ha on~caHHO~ ycTaHoaKe 6~n~ npoaeABHhr ~3MepeH~ll yrnoaoro 
pacnpeAeneH~R ~ nonRpH3aQ~H ~nyopecueHTHoro ~3ny~eHHll npH HacTpo~Ke 
no3epa Ha Kpac~Tene Ha 41-n~HH~ ( A =589,6 HM) H 42-nHHH~ . 
( ~ =589,0 HM). -WHpHHa nHH~H reHepaQHH COCTaBnRnO 20 rru, n03TOMY. 
B036ymjeH~e npOHCXOAHnO H3 o6eux KOMnOHBHT CBBPXTOHKO~ CTPYKTYPM 

ocHoaHoro $112-cocTORH~R. MomHoCTb ~3ny4eH~ll cooTa.eTcTaoaana Ha4any 
HacwmeHHll OnTH48CKOro nepeXOAa. ITpH 3THX ycnOBHRx'6wn~ npOBBABH~ 

CnBAY~mHe 3KCnepHMBHTM: -' 
1~ np~ o6ny4eHHH n03BPHMM CBBTOM OAHO~ ~3 nonllpH3aQH~·( lfi -BeK-

-t -TOP nonRp~3aQHH nem~T B nnoC~OCTH paCCBRHHll, HnH j~ -BBKTOp nep-
neHAHKynllpeH 3TO~ nnOCKOCTH) H3MBpl!naCb 3aBHCHMOCTb CTeneHH nHHB~HO~ 

nonl!pH3aQ~H pe30HaHCHO~ ~nyopeCQBHQHH ( ft ) OT yrna ee HCnycKaHHR 
OTHOCHre·nb HO na3epHoro ny4a 7J : 

R (zt)=== [u(v')-{-~.(v} . (6) 

__ ~.._ ljj(zJ/~J..dvJ 7J; 

JAB Jjj(V) H f..L('/J} COOTBBTCTBY~T yrny \fJ=O ~lnH If/=~ (pHc.1). 
. F 

CreneHb nHHB~HO~ nOnllpH30QHH CBl!3aHa C napaMeTpOM BMCTpaHBaHHH A2 
COOTHOW8HI18M 

. 3/lf SinZlJ 
R_(-J}= Ltr11J(t-3Cosz1J) (7) 
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2. ~3MepHnOCb 30B~C~MOCTb OT 
lilHTeHC~BHOCTI!l ilJnyopecueHU~~ ( p:_ 

. -r . ~ 

yrno J. OTH6C~TenbHOro ~3M8HeH~H. 
) np~ ~3MeHeH~~ nonHp~3o~~~ 

no3epHoro ~3ny4eH~H ( lif HO i.L ) ! 

-1 -1 
0 I:::= J..t .. - }ff 
r'- -, -, 

j.J.. -1- !.!! . 

F <' 2-<J. p_'- 31!2 ..>ln. v 
· ~.-- 8-JI:(z+3Sin 2 z/). 

_.; 

(8) 

(9) 

3. np~ o6ny4eHI!l~ U~PKYnHPHO n~nHp~30BOHHWM ~3ny4eH~eM ~3MepHnOCb 

creneHb n~He~Ho~ nonHp~30U~~ non yrnoM 90°.0Ho CBH30HO c nopoMerpoM 
BWCTPO~BOH~H COOTHOWeH~eM 

/IF= L;PL 
a. 3- P'-

(10) 

4. B sr~x me ycnos~HX ~3MepHnocb 30BI!lC~MocTb creneH~ Kpyroso~ 

nonHp~30U~~ Pc or yrno ~: 
_ l~(v) -1-(v-} 

l{(V)- lr(ll) +l ... (v} 
( 11) 

3TO Ben~4~HO onpeAenHeTCH KOK nopoMeTpOM BWCTPO~BOH~H, TOK Ill 
napaMeTpOM nonHpH3aUHH: 

GPF c~s-.J- · . 
fc (v)= Lt+IIJ(t-3Cas7l) · 

( 12) 

npHMepw ~3MepeHHWX pocnpeAeneH~~ npeACTOBneHW HO p~c.3, 0 fll?Me
peHHble 3H04eH~H Pt. , P c ~ nony4eHHble c noMOlllbiO BblpomeH~~ (7), (9) » {12) 

nopaMeTpbl nonHp~3DU~~ A~. ~ PF - s ro6n.1 ~ 2. 
fiwn~ npoBeAeHW TOKme ~3MepeH~H ~OB~C~MOCTI!l CTeneH~ nonHp~30Uiillil 

ilJnyopecueHU~I!l OT MOutHOCTI!l na3epHoro ~3ny4eHI!lH. 0AHO ~3 TOK~X 30B~C~
MOCTe~ (AnH A1-n~HI!ll!l c UlilPKYnHpHo~ nonHP~30UI!le~) npeAcTasneHo HO 
Plllc.4. AnH YAD6crsa cpasHeH~H c pac4eTOMI!l no ocl!l DPA~HOT ornomeHa 
creneHb nonHp~3DU~~ HAPO (onpeAeneH~e ee poccMorpeHo Hl!lme), o no oc~ 
o6cu~cc - napaMerp ~ , npeAcrosnHIOlll~~ coda~ nnoutOAb ~Mnynbca no-
3epHoro ~3ny4eH~H: r 

i3 = f W(i}dt, 

" rAe W(t} - MrHoBeHHOH MOutHOCTb na3epHoro ~3ny4eH~H, T -Anl!lrenbHOCTb. 
(13) 

~MnynbCO. np~ Anl!lTenbHOCa ~MnynbCO MeHbiUe speMeH~ penOKCOU~Iil B03-
6ymAeHHOrO YPOBHH oToMa creneHb nonHp~3DU~~ npl!l n106o~ ilJopMe ~Mnynbco 
.3~B~C~T TOnbKO OTero nnoutOA~/ 1 0/. · 
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.f 
l I 

,f 
~l 

"P.% L, o. 

20 ~ 

10 t 
0 

0 

. Pc,% 0 

IJO ~ 
J 

20 ~ 

0 
0 

nepeXOA 

$1/2~p3/2 

PHc.3. 3aBKcHwocT& cTeneHH 
JIIIIHeRHott CR..) w ~peym{p-

. HOt\ ( f'c) fiOJIHpH3~H (pJiy-

I 
opecQe~H OT yrna pacce-

• mmtr (!}) • • 
• 

• 
0 

30. 60 . !JO to 

0 
0 

• 
0 

• 

30 60 90 ,. 

To6n~ya 1 
nopaMerpw swcrpal!lBOHI!lH, nony4eHHWe s onwrax 
' C n~He~HO nonHp~30BOHHWM ~3ny~eH~eM 

PL. (90°) 

0,14(2) 

OnbiT 

0,19(3)*. 
0,16(3)** 

AF 
2 

POC4eT 

0,20 
0,20 

* ~3 ~3MepeH~~ no n.1 
** 1!13 ~3MepeH~~ no n.2 

Ta6n~yo 2 
nopoMeTpW BWCTPO~BOH~H Ill nonHp~30U~~. nony4eHHWe B onWTOX 

C U~PKYnHPHO nonHp~30BOHHWM ~3ny4eHI!leM 

nepexoA 

S112- P112 
s112- P3;2 

Pt. (90°) 

0,07(2) 

Af 
2 

onWT POC4eT 
Pc(5o) 

0,31(6) 
0,10(3) 0,14 0,38(6) 

·7 

onwr 
PF 

POC4eT 

0,35(6) 0,40 
0,27(6) . 0,33 



~3 p~c.4 ~~AHo, 4To np~ onpeAeneHHo~ Mo•Hocr~ nc3epHoro ~3ny4e-. . -) . . 
H~H H06niDA08TCR ,MOKC~MYM CT808H~ nonRp~30~~~ RAPO. Ben~4~HO MO.HOCT~ 
OOP8A8flH8T 4~CTOTY .Pa6n·-~Cl\Hnmu.\nii J7... :. 

·· . .f2.·~cWG(;{), (14) 

G(;l.}- ·MOTP~4Hhl~ ane~eHTnepexOA!J, c.- Koa~~~~~eHT nponop~~oHonbHoc
T~. MOKC~MOnbHOH nonRp~30~~H COOTB8TCTBY8T TOKO~ MO.HOCT~, np~ KOTO

po~ nep~OA pa6u-ocl\unnHl\Hii 6n~30K K An~renbHOCT~ ~Mnynhca ~3ny4eH~H. 
l 

06cymASH~e pe3ynbTOTOB 
...J· 

~3 Ta6n.1 ~-2 B~AHO, 4TO 30 dA~H n038PHhl~ ~Mnynbc (10-8 c). AOC
T~f08TCH 3H04~TenbHOH CTeneHb BhiCTPO~BOH~H (AO 1~%) -~ nonHp~30~~~ 

(AO 35%) OTOMOB. 4T06bl CYA~Tb 0 CT808H~ op~eHTO~~~ HASP, H806XOA~MO 
CPOBH~Tb 3KCnep~M8HTOnbHhle 3H048~~H napOMSTPOB BhiCTPO~BOH~~ (A;:) 
~ nonHp~3a~~~ (PJ ) c poc4eTHhiM~ c y4eToM csepxroHKoro B30~MOAe~cr
B~H. 4nH :lTOfO Bb14~CneHO MOTp~~h nnOTHOCT~ OHCOM6nH OTOM6B, HOXO-. 

' ' AR-~XCH B B036YmA8HHOM COCTOHH~~.(ypoBH~ _P~/ 2 ~n~ P
3

;
2

). 4~0fOHOnb-
Hhl8 aneMSHThl MOTp~~hl nnoTHOCT~ nponop~~OHOnbHhl B8pOHTHOCTHM aneKT

P~48CK~X A~nonbHhiX nepeXOAOB ~3 OCHOBHOfO COCTORH~H B B036YlliA8H~oe: 

~7. 
20.---------------------~ 

10 

0 
0 

f t f 
ft 

nepexoA 

$1/2--.. p1/2 

Si12~ P112 

$1/2:-- p3/2 

.S/1/2-- p3/2' 

t ~ 
' . t t t 

Pwc.4. 3aBHCHMOCTb cTe

neHH DORffPH3aqHH R~pa 
23Na. <Pr) OT napaueTpa 

s 10 IS ~ 

Z npH B036~~9HHH ~I
nHHHe~ QHpKyRRpHO DORR

pH30BaHHOPO H3~qeHHR 

H3 O~HOA KOMnOHeHThl 

cBepxTOHKo~ CTPYKTYPhl 
(F =I HnH_ 2) 

Ta6n~~a 3 
napaMeTpbl BhiCTbO~BOH~H ~ nonRp~30~~~ HAPO 

nonHp~30~~H 

n~HS~HOR 

~~PKYnHpHOH 

n~HS~HOH 

~~PKYnHPHOH 

8 

AI 
2 

0 

0,09 
0' 11 

Pr 
0 
0,31 

0 
0,20 

) 

( 15) ( , " ") ..P.:trM 7"F•f1",.... W' :JFM-:1 F 'M • . 
BepOHTHOCT~ nepeX~AOB MOlliHO BbiP03~Tb 4epe3 3 j- ~ -6J - K03~~~~~8HThl: 

VI(JFM-J'F'/1') =C(t?F+f)(2Fit+f} ({;: ~:){l;, tt{} . ( 16) 

. r 
Pacc4~TOHHbre TOK~M cnoco6oM 3H04eH~H napaMerpos A

2 
~ Pp 

np~BeAeHw s ra6n.i ~ 2.· B~AHO xopornee cornac~e aKcnep~MeHranbHhiX 
3H04eH~~ c pac4eTHhiM~ c y4eToM csepxroHKoro B30~MOAe~crs~H. 3ro 

03H0408T, KOK yme OTM840nOCb BbiWS, 4TO MOMSHT norno•eHHOfO aTOMa~m 

nonHp~30BOHHriro ~OTOHO pacnpeAenHeTCH M8lliAY aneKipoHHO~ 060n04KO~ 

H HAPOM, BCnSACTB~e 4ero B03H~K08T op~eHTO~~H HAPO. 4nR OO~COH~H C~C

T8Mhl op~eHT~POBOHHhiX HASP ~cnonb3YIDTCR napOMeTpbl BhiCTPOHBO~~H (A~ ) . 
~ nonRp~30~H~ (P[ ). 0H~ BhiPOlliOIDTCH TaK ~e,KOK H' B cny40e OTOMOB, 
48P83 H80PHBOAHMhl8 T8H30PHhl8 onepOTOPhl~ 

11! = < Tzo (!)) -b <F11/3]ff -J.af Ft;~(l-ri), ( 17) 

~--a< 0u {f)) :=_Z. < FM/ l;: / FM ~ . ( 18) 
~.1'1 . -

napOMSTphl, on~ChiBOID-~e C~CT8Mhl op~eHT~POBOHHhiX OTOMOB ~ RA8P 1 CBH30~ 
Hbl COOTHOW8H~8M 

< 7; (f)> =<7; {F)> <FI[Tx(l)/!F>CF (19) 
'f. r. <Fil 7idF)IIF> x ' 

rAe CF = L' cF;; F(i!F+f) 
I I ~ I(2l-r f) 

l/7idl)// ~ l/Ti<( F)(/ - np~BeAeHHtre MOTPH4Hbre aneMeHTbr 
COOTBSTCTBYID•ero onepOTOpO. 

nonb3YHCb 3T~M~ COOTHOrneH~RM~, MOlliHO nony4~Tb ~3 ~3M8P8HHhiX 

3H04eH~~ A~ H PF (ra6n.1 ~ 2) 3H04eH~H napaMerpos A~ ~- PI' Koropble 
np~B8A8Hhl B T06~.3 • . 

~3 ra6n. 3 B~Afio, 4TO npH o6ny4eH~~ aroMas Na nonHp~30BOHHbiM 
na3epHhiM ~3ny4eHHeM B03H~Kaer 30MeT~OR creneHb op~eHra~~H HAep. 0Ha 

· HBnHSTCH MOKC~MOnbHO~ AnH 41-n~HH~,-T.K~ B 310M cny408 B~Cb· BHOCiMhl~ 

B OTOM MOMSHT POCXOAYSTCH HO H3M8H8H~e HOnpasneH~H ero CO~HO. 

6onee A~TOnbHhl8 CB8A8H~H 0 M8XOH~3M8 op~eHTO~H~ HAPO MOlliHO no

ny4~Tb ~3 30B~CHMOCT~ CT808HH ero nonHp~30~HH OT MO.HOCT~ n038PHOfO 

H3ny4eHHH. 4nH pac4era aro~ 30BHCHMOCTH Heo6XOAHMO pernHTb ypasHeHHe 

:lBOniD~HH ~TOMHO~ MOTP,H~:,. ~nOTHOCTH/ 11 /. npH ycnoB~H, 410 AJlHTSnbHOCTb 

n038pHoro HMnynbCO MBHbW8 BpeMSHH wnyopec~eH~HH, 0 CB8pXTOHK08 B30H

MOA8~CTBH8 B .OCHOBHOM COCTORHHH OTOMO MHOfO CHnb~ee, 48M B B036ym~eH

HOM, BhiPOlli8HH8 AnH CTeneHH nonHpH30~HH HAPO HM88T. ~HA 
o/ I +J-t ;:r. :z 

P- = ~ t()o/o -z :J? (FjJJ 1)Sin.?~, c2o) 
_.! . ( c?i + f)(2J-t- I) M=:-F t1 2. 

9 



r AB f>t11 1-1 X11 - nopoMeTpLJ nolli!Pl-130I.ll-11-1. 8LJPOIKBHI-1e_ Alii! ~ 1-1 XN 
1-1 1-1x HOHHpeTHbJe se/ll-141-1Hbl np~-1' P03111-14HbJX 3H04BHI-1i!X 1 , J 1-1 F nony-

. /11/ . . 
4BHhl s po6ore • 

~3 BbiPOIKBHI-1il ( 20) ClleAier OCI.jl-111111-1PYIOII11-1H. XOPOHTep 30Bl-1Ct-1MOCTI-1 

creneHI-1 nolli!Pl-1301.jt-11-1 i!APO OT M01i1HOCTI-1 ll03epHoro l-1311Y4BHI-1il (pt-1c.4). 

MO~Ct-1MO/IbHOe 3H04~Hl-1B ~ COOTBetcrsyeT TOHOH M01i1HOCTI-1, npt-1 HOTOPO~ 
30 speMil l-1MnYilbCO 'l-1311Y4BHI-1il npOI-1CXOAI-1T lll-1Wb OAI-1H l-1HAYI.ll-1POBOHHhlH 

nepeXOA B B036YIKABHHOe COCTOi!Ht-1e OTOMO (pe1Kt-1M ~-t-1Mny~bCO). ~3 Pl-1C.4 

Bt-1AHO, 4TO npOBBABHH~H ~Hcnept-1MBHT nOAT~BPIKAOBT POC4BTHYJO 30Bt-1Ct-1-

MOCTb. 6onee .swcoHoe :JHcnept-1MBHTOilbHoe--3Ho4eHt-1e Pr o6bi!CHileTci! reM, 

4TO t-13-30 Wl-1POHOH lll-1Hl-11-1 reHepO~t-11-1 (20 rru) B036YIKABHI-1e npot-1CXOAI-1T 

1-13 scex HOMnOHBHT CBBPXTOHHOH CTPYHTYPhl. 

npoBBABHHhle l-13Mepe'Hl-1il CTeneHt-1 nOilHPI-1301.jl-11-1 OTOMO 1-1 i!APO 23Na 
1-1 ee 30Bt-1Cl-1MOCTI-1 OT M01i1HOCTI-1 1103BPHOrO l-1311Y4BHI-1il nOH030111-1, 4TO npt-1 

nnorHOCTI-1 M01i1HOCTI-1 l-13/ly~eHt-1il swwe 103 Br/cM 2 B03Ht-1HOJOT pa6H-ocuHnnH

I.ll-11-1 30CB/IBHHOCTI-1 HOMnOHBHT CBBPXTOHHOH CTPYHTYPhl ~TOMHhlX YPOBHBH. 

np~-1 :JTOM npOt-1CXOAI-1T 6hlCTPOiJ. nOili!P[,13bl.jt-1il i!APO 30 BPBMil, onpeAe/I~BMOe 

BB/J[,14[,1HOH CBBPXTOHHOro POCII1Bn/leH[,1H. 3TO BPBMil MOIKBT AOCT[,lrOTb AO/IBH 

HOHOCBHYHA, 4TO n03BOillier OCYi11BCTBili!Tb 3WWBHT[,1BHYJO nOI1HPI-1301.jl110 HO-
OTHOIKI-1BY11111X ilABp. 

8 30HilJ04eH[,1B OBTOPhl BhlPOIKOIOT 6/IOrOAOPHOCTb r.H.¢1Jeposy 

[,1 ~.U.OraHBCi!HY 30 nOAABPIKHY pa~OThl,/~.B.HoyMoBy/- 30 no/le3Hhle 

At-1CHYCCI1[,1 B H040/IbHhlH nept-10A ee BhlnO/IHBHI1i!, 
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