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~HnMan CTaapononbcKoro nonHTeXHHWecKoro MHCTMTyTa, 4epKeccK 

Boa MomHOCTb oTKnoHeHHH TpaeKTOPH~ aapHmeHH~x 4aCTH4 H3or HyT~ 
MH MOHOKPHCTannaMH 6~na BnepB~e npeAC Ka3aHa B pa6oTe/1/, B 3TO~ 
pa6oTe YTBepmAanOCb, 4TO TpaeKTOPHH 48CTH4, 38XBa4eHH~X B pe~HM 
KaHanHpOBaHHH, 6YAYT cneAOBaTb 38 HanpaeneHHeM H30rHyT~X KpH
CTannorpa~H4eCKHX nnOCKOCTe~ BnnOT b AO HeKOTOporo KpHTH4eCKOrO 
pa AHyca, H 6~na AaHa 0 4eHKa 3 To r o pa AHYC a . ·C 4enb~ npoeepKH 
3Toro npeACKaaaHHH e 1979 rOAY Ha CHHXp~aaoTpoHe OH.!ll1 6~n npo
BeAeH 3KCnepHMeHT, B KOTOPOM ny 40K npOTOHOB , nonaBWHX B pe~HM 
KaHanHpOBaHHH, OTKnOHHnCH Ha pa3nH4H~e yrn~ B AHana30He AO 
25,7 MPa A/2/ , P e ayn b TaT~ 3Kcne pHMe HTa/2/ 6~nH nOATBe pmAeHbl 
e UEPHe H nl1.!l~/3,4/. 

B AaHHo~ pa6o Te n peACTaeneH~ pe ayn b TaT~ 6onee AeTan~Ho~ o6 -
pa6oTKH 3KCnepHMeHTanbH~X A8HH~X no OTKnOHeHH~ TpaeKTOPH~ npOTQ
HOB c 3Hep rHe~ 8,4 r3B/2/ , 

3 KCOEPHME HTAnbHA.!l YCTAHOBKA 

OonomHTenbHO 3apHme HHble 48CTH4~, BOWeAWHe B KPHCTann nOA y r
J18MH OTHOCHTenbHO KPr-IC T 8nllOrpa~l1 4 e K11X Ol.E:i1 I'IJII'I 111101...1\Lh .. 1 t::V. "1t::h t> 

we He KOTOporo KPH TH4eCKOrO , MOryT 38XB8T~BaTbCH B pe>KHM YCT0~-
4HBOrO ABHmeHHH e HeM, Haa~eaeMw~ KaHanHpoeaHHeM . KpHTH4eC KH~ 

yron xapaKTepHayeT npeAenbHY~ nonepe4HY~ KHHeTH4ecKy~ 3HeprH~ 
4aC TH~~ H onpeAenHeT ycnoeHe ee aaxeaTa e npo4ecc KaHanHpoeaHHfl. 
~H npOTOHOB C 3HeprHe~ 8,4 r3B, KaHanHpoBaHH~X nnoCKOCTb~ /111/ 
B MOHOKpHcTanne KpeMHHH, KPHTH4eCKH~ yron cocTaBnHeT 60 MKPaA. 
3To 3Ha4eHHe KPHTH4eCKoro yrna onpeAenHno a HaweM 3KcnepHMeHTe 
Tpe60B8HHe K T04HOCTH H3MepeHHH BXOAH~X H B~XOAH~X yrnoe. 

3KCnepHMeHTanbH8H YCTaHOBKa, Ha KOTOPO~ H3y4anHCb 3~eKT~, 
CBA38HH~e C npoxomAeHHeM npOTOHOB C 3HeprHe~ 8,4 r3B 4epe3 KpH
CTann~, OnHCaHa B pa6oTax/2,5/, PerHCTP84HH KOOPAHHaT 48CTH4 
npOH3BOAHJ18Cb C noM~b~ CHCTeM~ H3 20 npe4H3HOHH~X APe~~OB~X 
KaMep, o6DeAHHeHH~X e TPH 6noKa. Yrnoeoe paapeweHHe ycTaHoBKH 
AnA BXOAH~X yrnoB B OCHOBHOM onpeAenHilOCb MHOroKpaTH~M pacceH
HHeM B 6J10Ke KaMep, yCT8HOBJ1eHHOM nepeA KpHCT811nH4eCKO~ 

MHWeHb~. To4HOCTb H3MepeHHH B~XOAH~X yrllOB COCT8BJ1Rila 10 MKP8A 
H onpeAenRnacb rnaeH~M o6paaoM KOOPAHHaTHO~ T04HOCTb~ APe~~oe~x 
KaMep H 6a30~ MemAY HHMH, paBHO~ 11 M. KOOPAHHaTHaR T04HOCTb 
/CT8HA8PTHOe OTKJlOHeHHe/ KamAO~ nllOCKOCTH APeH~OB~X KaMep 6wna 
He xyme 100 MKM. CpeAHeKB8AP8TH4HOe OTKnOHeHHe pacnpeAeneHHR 
yrnoe pacceRHHR COCTaBnRno OKOJ10 80 MKP8A AllA K8*AO~ npoeK4HH, 
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B 3KCnep~MeHTe ~cnonb30Ban~Cb MOHOKP~CTann~ KpeMH~H, Bblpe-
3aHHble a B~Ae npHMoyronbH~x napannenen~neAOB TaK, 4TO nnocKOCTb 
/111/ 6bma nepneHA~KynHpHa nepeAHel1 rpaH~ o6pa31..1a. An~Ha Kp~
cTannoe BAOnb ny4Ka COCTaBnHna 20 MM. np~ OTKnOHeH~~ ny4Ka Ha 
pa3n~4Hble yrnbl ~cnonb3oean~cb Kp~cTannbl c TOnlii~HaM~ 1 ,8; 0,9; 
0,5 MM. 06pa3el..l ~3r~6ancH np~ noMOUI~ Tpex cTanbH~x pon~KOB. 

nepeAHHH 4aCTb o6pa31..1a 6blna BblnonHeHa e B~Ae nonynpoBOAH~Koeoro 
AeTeKTOpa C 3neKTPOAaM~ pa3MepoM 3x8 MM2, 4TO n03BOnHnO ~3Me
pHTb ~OH~3ai..I~OHHble noTep~ 4aCT~LI• 

Bbl.t:\EilEHHE 4ACTHL.l, KAHAilHPOBAHHbiX B nPHMbiX 
H H30rHYTbiX KPHCTAililAX 

YMeHbWeH~e ~oH~3ai..I~OHHbiX noTepb np~ KaHan~poeaH~~ nonom~
TenbHO 3apHmeHHbiX 4aCT~I..I no CpaBHeH~~ C ~OH~3ai..I~OHHbiM~ noTepHM~ 
e pa3op~eHT~poeaHHOM Kp~cTanne HBnHeTCH OAHOH ~3 xapaKTepHbiX 
4epT 3TOrO 3$$eKTa. 3TO B~AHO, B 4aCTHOCT~, ~3 p~c.1, rAe np~
BeAeHbl aMnn~TYAHble cneKTpbl c~rHanoe oT 4acT~I..I, npoweAw~x 4epe3 
AeTeKT~PY~liiY~ 4aCTb npHMOro KP~CTanna. n~K B o6nacT~ ManbiX aM
nn~TYA /50-250 KaHanbl Al..ln/ e cneKTpe ~oH~3ai..I~OHHbiX noTepb cooT
eeTcTeyeT nOTepHM KaHan~poeaHHbiX 4aCT~I..I /p~c.16/, B TO epeMH 
KaK cpeAH~e noTep~ Ha ~oH~3al..l~~ 4aCT~I..IaM~, He nonaew~M~ e pe
m~M KaHan~pOBaH~H, COOTBeTCTBY~T APYrOMY n~KY C MaKC~MYMOM OKa
no 300-ro KaHana AUn.CTaK~M o6oa3oM. no een~4~He ~oH~3au~~ MOmHo 
BbiAen~Tb 4aCT~I..Ibl, KaHan~poeaHHble e nepeAHel1 4acT~ KP~CTanna. 
,[lonH TaK~x co6biT~H onpeAenHeTCH KaK w~p~HOH yrnoaoro pacnpeAe
neH~H BXOAHOrO ny4Ka, TaK ~ een~4~HOH KP~T~4eCKOrO yrna KaHan~
poeaH~H. W~p~Ha yrnoeoro pacnpeAeneH~H BXOAHoro ny4Ka Ha nonye~

coTe COCTaBnHna OKano 600 MKPaA. HecKonbKO ynpOUieHHO MOmHo C4~
TaTb, 4TO 4aCT~I..Ibl, naAa~~~~~e Ha Kp~cTann noA yrnaM~ 6onbwe Kp~
T~4ecKoro, He nonaAYT e pem~M KaHan~poeaH~H ~ npoe3a~MOAel1cTBY~T 
C Kp~CTannOM, KaK C a'MOji<)>HbiM TenoM. 

AnH npoToHoe, npoweAw~x pa3op~eHT~poeaHHbiH Kp~cTann KpeMH~H 
An~HOH 2 CM, cpeAHeKBaApaT~4HbiH yron MHoroKpaTHOro pacceHH~H 
COCTaBnHeT OKOnO 650 MKPaA. no3TOMY Ha <)>OHe W~POKOrO yrnoeoro 
pacnpeAeneH~H MHoroKpaTHO pacceHHHbiX 4aCT~I..I, He nonaew~x e pe
m~M KaHan~poeaH~H, B pacnpeAeneH~~ BbiXOAH~X yrnoe B~AeH Y3K~H 
n~K, o6ycnoaneHHbl~ KaHan~poeaHHbiM~ 4acT~I..IaM~ I p~c. 2a/. AonH 
KaHan~pOBaHHbiX 4aCT~LI B pacnpeAeneH~~ no BbiXOAHbiM yrnaM CYl!leCT
BeHHO B03pacTaeT /p~C. 26/ np~ BbiAeneH~~ C06biT~H ~3 n~Ka B o6-
naCT~ Manblx ~oH~3ai..I~OHHbiX noTepb /50-250 KaHanbl Al..ln/. nocne 
oT6opa no 3TOMY KP~Tep~~ ypoeeHb <)>oHa noA n~KOM ynan 6onee 4eM 
B 10 pa3, B TO epeMH KaK B~COTa n~Ka yMeHbW~naCb Ha 30-40%. 

noTep~ HeKOTOPOH AOn~ KaHan~poeaHHbiX 4aCT~I..I np~ OT6ope no 
M~H~ManbHOH ~OH~3al..l~~ MOmHO 06cHCH~Tb OC06eHHOCTb~ pacnonome
H~H nnocKocTel1 /111/. KaK ~3eecTHO, 3TH nnocKOCT~ OTCTOHT APYr 
OT APYra Ha paCCTOHHHH 2,35 ~ 0,78 aHrCTpeM. 4aCT~I..Ibl, KOTOp~e 

2 

0,6 

0,3 

100 

0,9 

0,6 

200 

. . . ····· . 

300 

I I 

I 

100 200 300 

. 
• 

• • 

... .. 

A 

.... . .... 
400 500 

·. ··. 

6 

····· ...... 
400 500 

PHc. I. CneKTPbi HOHH3a~HOHHbiX 
ITOTeph npOTOHOB B KpHCTanne, 
HOpMHpOBaHHhle Ha 3Ha~eHHe ITOTepb 
B MaKCHMyMe: a/ - pa30pHeHTHpo
BaHHbiD KpHCTann, 6/ - KpHCTann 
OpHeHTHpOBaH nnocKOCTbiD /III/ 
B~Onb OCH rry~Ka. 

nonanH e pemHM KaHan~poeaHHH 
B o6naCTb C ManbiM MemnnoCKOCTHbiM 
paCCTOHHHeM, 6YAYT HCnbiTbiBaTb 
nOBbiWeHHble noTepH 3Hepr~H Ha 
HOH~3ai..IH~ H3-3a 6onee BbiCOKO~, 

4eM Aame B aMop$HOM Bel!leCTBe, 
nnoTHOCTH 3neKTPOHOB. Ha pHc.3 
noKa3aHo pacnpeAeneH~e, nony-
4eHHoe npH Bbi4HTaH~~ cneKTpa 
HOH~3ai..IHOHHbiX nOTepb B pa30pHeH
THpoBaHHOM KpHCTanne /p~c. 1a/ H3 

KAHAI\tj AL1n .;~Hanor~4Horo cneKTpa AnH op~eH-
THPOBaHHoro o6pa31..1a/pHC. 16/.B nony4eHHOM pacnpeAeneHHH KPOMe 
n~Ka ManbiX HOHH3ai..IHOHHbiX noTepb OT4eTnHBO B~AeH n~K B o6naCTH 
6onbWHX HOHH3ai..IHOHHbiX noTepb. no-B~AHMOMy, 4aCTH4HO OH o6ycnoa
neH yKa3aHHOH Bblwe npH4HHOH. KpoMe Taro, npH BbiCOK~x 3HeprMHX 
eCTb 3aMeTHaH AOnH 4aCT~LI, KOTOPble nep~OAH4eCKH nepeceKa~T 
M.VVI\... 1 c:tJiiiUI f.Jc:t\i}n'"'lt:\...1'\.Vlt:: lliiU\...1"\U\... 1 Y1 IIU.£\ y •.. JI0Mi.ri, 0Jia.-i~~v1Miti " r\~i.-iliri:..;C, 

CKOMy. TaK~e 4aCT~I..Ibl, HMeH caoeo6pa3HY~ TpaeKTopH~, 6YAYT 6onb
wy~ 4aCTb epeMeHH npOBOAHTb B o6naCTH noB~WeHHOH 3neKTPOHHOH 
nnoTHOCT~ H HCnbiT~BaTb noebiWeHHble HOH~3ai..IHOHH~e noTepM. Aanb
Hel1wee o6ora111eHHe BbiUOPKH C06~T~H KaHanHpOBaHH~MH 4aCTHI..IaMH 
MOmHO OCYl!leCTBHTb, noTpe6oBaB, 4To6bl OHM He_paCCeHBanHCb Ha 
yron 6onbwe 3aAaHHoro /100 MKPaA/ e npoeKI..IHH Ha KPMCTannorpa
<)>H4ecKy~ nnocKoCTb /pHc.2e/. B pe3ynbT?Te oT6opa no 3TOMY KpH
TepH~, B AOnonHeHHe K KP~Tep~~ no ~OH~3a1..1HH, eenH4~Ha $OHa nOA 
nHKOM KaHanHpOBaHH~X 4aCTHI..I, o6ycnoeneHHaH HeKaHanHpOBaHHbiMH 
4aCTHI..IaMH, yMeHbw~nacb e111e e 3 pa3a. H3-3a KOHe4Horo pa3peweH~H 
YCTaHOBK~ no yrny pacceHHHH 3T~M me KPHTepHeM 6blnO OT6poweHO 
bKono 30% KaHanHpoeaHH~x 4aCTHI..I. 

KaK coo6111anocb a pa6oTe/2/, OTKnoHeHHe npoH3BOA~nocb Ha yrn~ 
0,5; 1,0; 2,0; 3,0; 4,7; 12,0 H 25,7 MPaA. J\I1H 4aCT~I..I, KaHanH
poeaHHbiX a H30rHyT~x KPHCTannax, cnpaeeAnHB~ ace np~3HaK~, o Ko
TOPbiX ynOMHHanOCb BbiWe. npH OTKnOHeHHH Ha yrnbl 6onbWe 2,0 MpaA 
B~AeneHHe 3<)><)>eKTa CYl!leCTBeHHO o6ner4aeTCH, TaK KaK B pacnpeAe
neHHH C06b1THH no BbiXOAH~M yrnaM AnH 4aCTHI..I, npoWeAWHX MOHO
KPHCTann, nHK KaHanHpOBaHHbiX 4aCTHI..I OTAenHeTCH OT nHKa MHOro
KpaTHOrO pacceHHHH /pHc.4/. Co6~THH, B KOTOPbiX 4aCT~I..Ibl Bbl6blnH 
~3 pemHMa KaHanHpoeaHHH B H30rHyTOH 4aCTH KPHCTanna, HaXOAHTCH 
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Bb!XO,!l;Hb!M yrnaM ,IJ;nH npOTOHOB ,npo
mep;mHX opHeHTHpOBaHHbJii: npHMOH 
KpHCTann, nonyt.teHHbie a/ 6es 
OT6opa C06biTHH, 6/ C OT6opoM 
no MHHHManbHOll HOHH3a~HH, B/ 
C OT60pOM no HOHH3a~HH H yrny 
pacceaHHH B ropH30HTanbHOfi nnoc
KOCTH. 

PHc.3. PesynbTaT Bb)t.{HTaHHH cneKT
pa HOHH3a~HOHHbiX noTepb B pas
OpHeHTHpOBaHHOM KpHCTanne /pHc,Ja/ 
Hs aHanorHt.tHoro cneKTpa p;na opH
eHTHposaHHoro KPHCTanna /pHc.l6/. 
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KAHAAbl AUn 

Me>KAY nHKOM MHOrOKpaTHO pacce.AHHbiX 4aCTHLI /nOA HyileBbiMH yrnaMH/ 
H OTKilOHeHHbiM nHKOM KaHailHPOBaHHbiX 4aCTHLI• ~Oil.A KaHailHpOBaHHbiX 
npOTOHOB B OTKilOHeHHOM nHKe COCTaBil.AeT 2-3% OT BCeX 4aCTHI..I, npo
WeAWHX 4epe3 KPHCTailil, a npH OT6ope no HOHH3ai..IHH OHa B03pacTaeT 
AO 20-30%. 

~EKAHAIJHPOBAHHE B H30fHYTbiX KPHCTA.fl.flAX 

0AHOH 1-13 BalKHbiX xapaKTepHCTHK 3~~eKTa KaHailHPOBaHH.A C T04KH 
3peHH.A B03MOlKHbiX npHMeHeHHH .ABil.AeTc.A AilHHa AeKaHanHposaHH.A /pac
CTO.AHHe, Ha KOTOPOM 4HCI10 KaHailHpoBaHHbiX 4aCTHI..I yMeHbWaeTC.A 
BABoe no cpaeHeHHIO c nepeoHa4ailbHbiM/. OnpeAeneHHe 3TOH AilHHbl 
cy~eCTBeHHO OUiler4aeTC.A B 3KCnepHMeHTe C H30rHyTbiMH KpHCTaililaMH. 
B 3TOM c11y4ae YAaeTc.A npocTpaHcTeeHHO pa3Aei1HTb 4acTHI..Ibl, Bbl6ble
wHe H3 pe>KHMa KaHailHPOBaHH.A Ha pa3HOH r11y6HHe H30rHYTOrO KpH
CTailila. ~aHHble no OTKilOHeHHIO TpaeKTOPHH 3ap.A>KeHHbiX 4aCTHLI Ha 
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PHc.4. Pacnpep;eneHHH co6biTHA no BbiXOp;Hb!M yrnaM AJlH 
t.taCTH~, npomep;mHX H30rHYTblll KpHCTanil /yron OTKilOHeHHH 
2 0 Mpap; ssepxy, H 25, 7 Mpap;, BHH3Y I, nonyt.teHHble 

' ' ~ a/ 6es OT6opa C06NTHH, 6/ C OT6opoM no MHHHManbHOH 
................................... 
.I:.&.V.&.t..&'.I....J"""~.I..&'.I.t 

N r----------------, PHC. 5. p acnpe,o;eneHHH t.tHcna p;eKaHa-Jt 1 1 ~ nHpOBaHHbiX t.taCTH~ no rny6HHe 11 ttlthht.-l a B H30rHyTOH t.taCTH KpHCTanna ,!l;nH 
T I yrna oTKnoHeHHH 25,7 Mpap;, nonYt.teH-

f Hble c oT6opoM·/a/ H 6es oT6opa /6/ 
50 

'}ft.ftl!f. _!. u no HOHH3a~H • fiyHKTHpHble KpHBbie, 
H + ++tt Hso6paxeHHbie Ha pHCYHKax, npose-

p;eHbl OT PYKH • 
oL----2L--_~1--~0~-7--~2~~3~ 

N,~----------------------1 5014.1 pa311H4Hble yrilbl n03BOil.AIOT TaK>Ke 
il_tll t 6 H3 y4HTb 3aBHCHMOCTb AilHHbl AeKaHa-
r-1 IlHPOBaHH.A OT paAHYCa KpHBH3Hbl 11'if t KpHCTailila. 3aMeTHM, 4TO npH HC-

25 f qr '\ nOI1b30BaHHH H3rH6a~Q~qero YCTPOHCT-
f ' f Ba C TpeM.A pOilHKaMH ypaeHeHHe yn-

t- -U-+,±tU!Jtlt. j~l pyroi:1 IlHHHH H30rHyToro KPHCTailila 

L--~~--~--:---~--T~T, __ r~·~·~~~onHCbiBaeTc.A KPHBOH TpeTbero no-
0 -2 -1 0 2 3 P.AAKa/ 6/. npH 3TOM MHHHMailbHbiH 

Z(MM) paAHYC H3rH6a noi1y4aeTC.A MeHbWe, 
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4eM paCC4~TaHH~~ B npeAnonomeH~~ nOCTOAHHO~ KP~B~3H~ ~30rHYTO~ 
4acT~ Kp~cTanna. 3HaA xapaKTep Ae~opMa~~~ Kp~cTanna, MomHo AnA 
KamAOro yrna OTKnOHeH~A onpeAen~Tb T04KY B~XOAa 4aCT~~~ ~S pe
m~Ma KaHan~poeaH~A. 

~eKaHan~pOBaHH~M~ C4~Tan~Cb TaK~e C06~T~A, B KOTOP~X 4aCT~
~~ oTKnoHAn~cb Ha yron Sa B ~HTepeane 3om<6a<6c-3oc, rAe Om c -
CTaHAapTHOe OTKnOHeH~e pacnpeAeneH~A MHOroKpaTHO pacceAHH~x' 
~ OTKnoHeHH~X Ha yron 6c KaHan~poeaHH~X 4aCT~~ COOTBeTCTBeHHO. 
B 4acTHOCT~, np~ oTKnoHeH~~ Ha 25,7 MPaA AeKaHan~poeaHH~M~ 

C4~Tan~cb 4aCT~~~. nonaew~e e A~ana3oH yrnoe oT 2,1 AO 25,5 MPaA. 
~A 3Toro cny4aA pacnpeAeneH~e 4~cna 4acT~~. e~6~ew~x ~3 pem~Ma 
KaHan~pOBaH~A Ha AaHHO~ rny6~He KP~CTanna, nony4eHHOe Ha OCHOBe 
pacnpeAeneH~A 4aCT~~ no B~XOAH~M yrnaM, np~BeAeHo Ha p~c.5. Hy
neeaA T04Ka COOTBeTCTByeT o6nacT~ M~H~ManbHOrO paA~yca Kp~B~SH~, 
oTp~~aTenbHaA o6nacTb - 4acT~ ~sorHyToro KP~cTanna, rAe paA~YC 
KP~B~3H~ YMeHbWaeTCA C pOCTOM z. 

06naCTb An~H ~30rHyTO~ 4aCT~ OT -3 AO +4 MM COOTBeTCTByeT 
OTKnOHeH~~ Ha yrn~ OT 2,1 AO 25,2 MPaA. B~AHO, 4TO B nepeo~ 
4aCT~ ~sorHyToro Kp~cTanna /-3 MM<z<O/ ~3 pem~Ma KaHan~poeaH~A 

B~6~no SHa4~TenbHO 6onbWe 4aCT~~, 4eM BO BTOpO~ /0<z<4 MM/. 
3To noATBepmAaeTCA TaKme Ta6n. 1, rAe np~eeAeH~ AOn~ AeKaHan~
poeaHH~x 4aCT~~ o, onpeAeneHH~e AnA cny4aee c OT6opoM ~ 6e3 oT-
6opa no ~OH~sa~~~ no ~opMyne 

0 = 
F2 

r 2 ..- r 3 

F2 - 4~cno 4acT~~. AeKaHan~poeaHH~x Ha paccMaTp~eaeMoM y4aCTKe, 
F3 - 4~cno 4acT~~. npoweAw~x AaHHY~ o6nacTb e pem~Me KaHan~po
eaH~A. 

AonH qacTH~ o, AexaHanupoBaHHhlX B H3orHyToM Ha 25,7 MPaA 
KPHCTanne KpeMHHH npH OTKnoHeHHH nnocKOCTb~ /JJJ/ 

Auana3oH llepBaH nonoBHHa BTopaH nonoBHHa 
PaAHYCOB H30rHyToro KpHCTanna H30rHYTOro KpHCTanna 
/eM/ 6e3 oT6opa c OT60pOM 6e3 oT6opa C OT60pOM 

/%/ /%/ /%/ /%/ 

19,5-24,3 29,6.:!:_3,2 16,8.:!:_1,2 16,5.:!:_2,9 13,1.!_1,1 

24,3-32,4 24,8.:!:_2,6 I 5, 2.:!:_1, 0 12,2.:!:_2,7 11,1.:!:_1,0 

32,4-48,6 24,0.:!:_2,2 14,7.:!:_0,9 11,5.:!:_2,7 10,2.:!:_1,1 

48,6-97,2 8,8.:!:_2,5 10,6.:!:_1,2 
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HHTepecHo OTMeT~Tb, 4TO AOnA AeKaHan~poeaHH~x 4acT~~ np~ 
npoxomAeH~~ nepeo~ ~ BTopo~ 4aCTe~ ~3orHyToro Kp~cTanna e npe
Aenax OW~60K ~3MepeH~~ He 3aB~C~T OT paA~YCa Kp~B~3H~ KP~CTanna. 

3TO 06DACHAeTCA TeM, 4TO AOnA 4aCT~~, AeKaHan~poBaHH~X sa C4eT 
yeen~4eH~A Kp~e~sH~ KP~cTanna, o6paTHO nponop~~oHanbHa paA~YCY 
KP~B~SH~/7,8/, B HaweM cny4ae, KOrAa ~opMa ~sorHyToro KP~CTanna 
On~c~eaeTCA napa6ono~,paA~YC Kp~B~SH~ B AaHHO~ T04Ke TaKme o6paT
HO nponop~~OHaneH pacCTOAH~~ OT 3TO~ T04K~ AO cepeA~H~ ~SOrHyTO~ 
4acT~ Kp~cTanna,~ n03TOMy sae~c~MOCTb AOn~ AeKaHan~poeaHHbiX 4ac
T~~ OT rny6~H~ npoXOmAeH~A KP~CTanna 6yAeT n~He~HO~.~nA y4aCTKOB 
Kp~cTanna OA~HaKOBOH An~H~ 3TO AaCT OA~HaKOBY~ AOn~ 4aCT~~.e~-
6~BW~X sa c4eT YKasaHHoro MexaH~sMa. 

np~ OT6ope C06~T~H no M~H~ManbHOH ~OH~Sa~~~ paSH~~a B AOnAX 
4aCT~~, AeKaHan~poBaHH~X B nepBOH ~ BTOPO~ 4aCTAX ~sorHyTOrO 
Kp~CTanna, SaMeTHO MeHbWe. np~4eM B 3TOM cny4ae cy~eCTBeHHOe 
YMeHbWeH~e AeKaHan~poeaH~A Ha6n~AaeTcA e nepBOH nonoe~He ~3or
HyToro Kp~cTanna. 

Cy~ecTeyeT ABa MexaH~sMa, sa c4eT KOTop~x 4acT~~~ e~6~ea~T 
~S pem~Ma KaHan~poeaH~A B ~SOrHyTOM KP~CTanne. nepe~H npeACTae
nAeT co6o~ o6~4Hoe AeKaHan~poeaH~e sa c4eT pacceAH~A Ha 3neKT
poHax ~ Tennoe~x Kone6aH~Ax aToMoe peweTK~ c y4eTOM Toro, 4TO 
nonomeH~e paBHOBeCHO~ TpaeKTOp~~ B ~SOrHyTOM Kp~CTanne CMe~eHO, 
B pesynbTaTe 3Toro CMe~eH~A 4aCT~~a c onpeAeneHHo~ 3Hepr~eH 
nOAXOA~T 6n~me K KP~CTannorpa~~4eCK~M nnOCKOCTAM, rAe ~CnbiTbi

BaeT 6onee c~nbHoe pacceAH~e no cpaeHeH~~ c 4acT~~e~ c TaKoH 
me noneOe4HOH 3Heor~e~ B nOAMOM KD~CTanne. BTOOOH MeXaH~SM 
/Ha3oBeM ero ~eHTpo6emH~M/ ~MeeT MecTo np~ nonaAaH~~ 4aCT~~~ 
B ~SOrHyTy~ 4aCTb KP~CTanna /~n~ B o6naCTb C MeHbW~M paA~YCOM 
Kp~B~SH~/, rAe Ha Hee Ae~CTByeT MOA~~~~~poeaHH~H noTeH~~an/7-9/: 

( ) P·v 
UMOA Y Unp(y) + -- y, 

R 

rAe Unp - nOTeH~~an npAMOH nnOCKOCT~, P, V -- ~MnynbC ~ CKOPOCTb 
HaneTa~e~ 4aCT~~~. R - paA~YC ~sr~6a Kp~cTannorpa~~4ecK~x nnoc
KocTe~, y - KOOPA~HaTa 4aCT~~~ B nnOCKOCTHOM KaHane. ~e~CTB~e 
3TOrO MexaH~3Ma SaKn~4aeTCA B. TOM, 4TO ~z•-sa yMeHbWeH~A noTet-<:
~~anbHO~ AM~ 4aCTb 4acT~~ c 6onbWO~ nonepe4HO~ 3Hepr~e~ np~ no
naAaH~~ e o6nacTb AeHCTB~A MOA~~~~~poeaHHoro noTeH~~ana CKa4KOM 
/Ha An~He OAHoro Kone6aH~A/ e~6~eaeT ~s pem~Ma KaHan~poeaH~A. 

B HaweM cny4ae ~s-sa HeOAHOPOAHoro ~3r~6a en~AH~e ~eHTpo-
6emHoro MexaH~3Ma AeKaHan~poeaH~A 6yAeT eospacTaTb no Mepe npo
AB~meH~A 4aCT~~~ K cepeA~He ~sorHYTOH 4aCT~ Kp~cTanna. TaKoe 
AeKaHan~poeaH~e MOmHo 6~no 6~ onpeAen~Tb e 3Kcnep~MeHTe c Kp~
CTannaM~, ~30rHyT~M~ C noCTOAHHOH KP~B~SHOH. Hs-sa OTCYTCTB~A 
TaK~x AaHH~x M~ non~Tan~cb o~eH~Tb AOn~ 4aCT~~. e~6~eaw~x ~3 

pem~Ma KaHan~pOBaH~A 3a C4eT ~eHTpo6emHOrO MeXaH~SMa, KOCBeHH~M 
nyTeM. 

C 3TOH ~enb~ ~s AOn~ 4aCT~~. AeKaHan~poeaHH~x Ha paccMaTp~
eaeMoM Y4aCTKe Kp~cTanna, B~4~Tanacb AonA 4aCT~~. e~6~ew~x ~s 
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KaHanHpOBaHHR Ha nepBOM MHnnHMeTpe nocne T04KH MaKCHManbHO~ 
KPHBH3H~. B 3TO~ o6naCTH ~eHTpo6e*H~~ MeXaHH3M Y*e OTCYTCTBYeT, 
B TO *e BpeMR TpaeKTOpHR 4aCTH~~ e~e He CMe~eHa K CTeHKe KaHa
na. nony4eHH~e TaKHM o6pa30M o~eHKH H COOTBeTCTBY~~He TeoperH-
4eCKHe eenH4HH~/7/ npHBeAeH~ a ra6n.2. 3aMeTHM, 4To AnR co6~
TH~ 6e3 OT6opa no MHHHManbHO~ HOHH3a~HH 3KCnepHMeHTanbH~e O~eH
KH BenH4HH~ ~eHrpo6e*HOrO MeXaHH3Ma 3aMeTHO npeBOCXOART Teope
TH4eCKHe npeACKaaaHHR/7/, B TO BpeMR KaK AnR co6~TH~, OTo6paH
HbiX no MHHHManbHO~ HOHH3a~HH, Ha6niOAaercR Hennoxoe coenaAeHHe 
3THX eenH4HH. TeopeTH4eCKHe o~eHKH ~eHrpo6e*Horo AeKaHanHpoea
HHR onpeAenR~TCR npOCTpaHCTBeHH~M pacnpeAeneHHeM 4aCTH~ B Ka
Hane, a raK*e cHnbHO aaBHCRT oT 8~6opa napaMerpoe MOAenH,8 4acr
HOCTH MHHHManbHOrO pacCTORHHR OT nnOCKOCTH, npH KOTOPOM 4aCTH~a 
YAeP*HBaercR 8 pe*HMe KaHanHp08aHHR/8/, nony4eHH~e 3KCnepHMeH
ranbH~e AaHH~e MO*Ho Hcnonb308aTb AnR AanbHe~wero yco8epweHcr-
808aHHR TeopeTH4eCKHX npeACKa3aHH~. 

YMeHbWeHHe ~eHrpo6e*Horo AeKaHanHp08aHHR AnR co6~TH~ c MHHH
ManbHO~ HOHH3a~He~ 06oRCHReTCR KaK o6ora~eHHeM HaWe~ B~60pKH 
4aCTH~aMH C MeHbWe~ nonepe4HO~ 3HeprHe~, TaK H OT60pOM 4aCTH~, 
nonaewHx a o6nacrb c 6onbWHM Me*nnocKOCTH~M paccroRHHeM. KaK 
yKaa~eanocb 8~we, 4aCTH~~. nona8wHe 8 o6nacrb c Man~M Me*nnoc
KOCTH~M pacCTORHHeM, 6YAYT HCn~T~BaTb 6onbWHe HOHH3a~HOHH~e no
repH H cHnbHee pacceH8aTbCR. 

B ra6n.3 npHeeAeH~ aHa4eHHR AnHH AeKaHanHpo8aHHR, onpeAeneH
Hble AnR 4eTblpex o6nacre~ IAnHHO~ 1 MM Ka*AaR/ 8Topo~ nonoBHHbl 

" -··-··- -------····- -----------· 04-VI.;tUI HY I Ul U 1\.~YH .• 1 dJIJict. ,U.JIIo"'nct HCI'\.ctna.llrltJVcanr•n v•••·"···H""'"'n"•uv~o~ r•w 

npeAnono*eHHR, 4TO 4Hcno 4acrH~ 8 KaHane naAaer 3KcnoHeH~HanbHO 
c rny6HHO~ npoxo*AeHHR KPHcranna, H 8~4HcnRnacb no cneAy~e~ 
4JOpMyne: 

t•ln 2 
F2+F3 ) 

ln( F
3 

3AeCb t - AnHHa o6naCTH, Ha KOTOPO~ onpeAenRnOCb AeKaHanHpo-
8aHHe, 8 HaWeM cny4ae pa8HaR 1 MM. Ha OCHOBe AaHH~X no AeKaHa
nHp08aHH~ B o6naCTH 6onbWHX paAHYCOB KpH8H3H~ KPHCTanna MO*HO 
CAenaTb O~eHKY AnHH~ AeKaHanHp08aHHR 8 npRMOM KPHCTanne, KOTO
paR cocra8nRer 0,59+0,06 CM. AaHHoe 3Ha4eHHe nony4eHo ycpeAHe
HHeM AaHH~x no AeKaHanHpo8aHH~, npH8eAeHH~x 8 ra6n.3, a cny4ae, 
KOrAa or6opa no HOHH3a~HH Her, AnR A8YX nocneAHHX o6nacre~ KpH-
cranna. 

3AXBAT B PEl!<I-1M KAHAJU1POBAH~UI 

BHYTPI-1 06bEMA 1-130rHYTOrO KPI-1CTAnnA 

B pa6ore/4/ 6~na 8~CKa3aHa rHnoreaa 0 TOM, 4TO 8HYTPH H30rHy
TOro KpHcranna eo3HHKa~r 6naronpHRTH~e ycno8HR aaxeara 8 pe*HM 
KaHanHpo8aHHR 8 roM cny4ae, KOrAa rpaeKropHR 4aCTH~~ coenaAaeT 
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Ta6nHu;a 2 

~OnH qaeTHJJ;, Bbi6b!BmHX sa etieT 
u;eHTpo6eEHoro MexaHHsMa /%/ 

06naeTb Ha 
KpHeTanne/MM/ 
/eM.pHe.5/ 

~HanasoH 

p~yeoB 

/eM/ 6e3 OT60pa e OT60p0M TeOpHH/7/ 

Ot-1 19,5-24,3 13' 1_::4' 3 3,7_::1,6 3,0 

-I t-2 24,3-32,4 8,3_::3,9 2, 1_::1 ,5 3,0 

-2t-3 32,4-48,6 7,5_::3,6 I , 6_:: I , 4 3,0 

Ta6nHu;a 3 

~nHHbl AeKaHanHpOBaHHH /B eM/ AnH BTOpOH nonOBHHbl 
H30rHYTOH qaeTH KpHeTanna 

06naeTb Ha 
KpHeTanne/MM/ 
/eM.pHe.5/ 
yrn1>1 HsrH6a 
/MpaA/ 

4,7 

12,0 

25,7 

4,7 

12,0 

25,7 

C OT60p0M no HOHH3aJJ;HH 

Otl H-2 

0,55_::0,03 0,52_::0,03 0,68_::0,04 

0,60_::0,04 0, 51_::0, 04 0,64_::0,05 

0,49_::0,05 0,59_::0,06 0,65_::0,08 

Ees oT6opa no HOHH3aJJ;HH 

0,42_::0,04 0,46_::0,05 0,59_::0,07 

0,45_::0,06 0,41_::0,05 0, 70_::0, 12 

0,39_::0,08 0,53_::0,13 0,57_::0,15 

0,62_::0,04 

0,57_::0,05 

0,62_::0,07 

0,62_::0,08 

0 , 5 1.!_0 , 08 

0,75_::0,24 

C KacarenbHO~ K H30rHyTO~ 4aCTH KPHCTannorpa4JH4eCKO~ nnOCKOCTH, 
B YKaaaHHo~ pa6ore npHBOARTCR 3KcnepHMeHranbH~e 4JaKr~ a nonb3y 
cy~ecr808aHHR raKoro 34l4leKra. 3ror 34l4leKT 6~n Ha38aH a8ropaMH 
1106oeMH~M11 aax8aroM. HH*e npH80ARTCR peaynbTar~ Hawero 3KcnepH
MeHTa, Korop~e raK*e Moryr o6oRCHRTbCR cy~ecr8o8aHHeM 11o6oeM
Horo11 aaxeaTa. Ha pHc.6a noKa3aHa 8epoRTHOCTb aax8aTa 8 pe*HM 
KaHanHpOBaHHR 8 3a8HCHMOCTH OT yrna BXOAa 4aCTH~~ 8 KpHCTann 
OTHOCHTenbHO nnOCKOCTH /111/. KaHanHp08aHH~e Co6~THR OT6HpanHCb 
no OTKnOHeHH~ 4aCTH~ B H30rHyTO~ 4aCTH KPHCTanna. BcneACT8He 

9 



p 

A 
Q10 

0.06 

0.02 

-600 -300 0 300 600 
pr-~~~----,,~~~=6~--, 

0020 ,, 
II I 
j ljj 

I IIIi~ I \',,,II~ 
\,,, l 

0.016 

0.012 

0008 

0004 

-600 -300 0 300 600 

PHc.6. BepoHTHOCTb saxBaTa npo
TOHOB B p~ KaHanHpOBaHHH 
B 3aBHCHMOCTH OT yrna BXOAaB KpH
CTann B cnyqaHx a/ 6es oT6o-
pa C06bJTHH H 6/ C OT6opOM no 
yrny pacCeHHHH B ropH30HTanbHOH 
nnOCKOCTH, 

ManoH cTaT~CT~K~ pacnpeAeneH~e 
6~no nony4eHo cyMM~poeaH~eM AaH
H~x AflR yrnoe OTKflOHeH~R Ha 3,0; 
4,7; 12,0 ~ 25,7 MPaA. H3 p~c.6a 
CfleAYeT cy~eCTBOBaH~e yrnOBOH 
ac~MMeTp~~ e 3axeaTe 4acT~~ e pe
*~M KaHan~poeaH~R. BepoRTHOCTb 
3axeaTa 4aCT~~. naAa~~x Ha Kp~

cTann noA 6onbW~M~ yrnaM~, eo3pa
cTaeT B HanpaeneH~~, COOTBeTCT
By~~eM ~3r~6y Kp~cTannoe. Ha6n~

AaeM~H 3<1>$eKT ac~MMeTp~~ "3aMa-
3aH11 Han~4~eM MHoroKpaTHoro pac
ceRH~R B npRMOH 4aCT~ Kp~CTanna 
~ KOHe4H~M pa3peWeH~eM ycTaHOBK~ 

no yrny exoAa. ApryMeHTOM e nonb-
3Y Toro, 4To yrnoeaR ac~MMeTp~R 

9(~~) ~C~VniMV~In ~d~~dld ~d~1n4 ~ ~e~ 

*~M KaHan~pOBaH~R B~3BaHa 1106"beMH~M11 3aXBaTOM, CflY*~T TOT IJ)aKT, 
4TO 311l$eKT CY~eCTBeHHO yMeHbWaeTCR, ecn~ OT06paTb C06~T~R C Ma
n~M yrnoM pacceRH~R e rop~30HTanbHOH npoeK~~H, coenaAa~~eH 
c nnocKoCTb~ 11111. TaKoe pacnpeAeneH~e npeAcTaeneHo Ha p~c.66. 
OrpaH~4eH~e no yrny pacceRH~R e nnocKocT~ I 111 I BbiAenReT co-
6~T~R, B KOTOP~X 4aCT~~~ npown~ BeCb KP~CTann B pe*~Me KaHan~
poBaH~R. Cy~eCTBeHHoe yMeHbWeH~e np~ 3TOM ac~MMeTp~H 3axeaTa 
B KaHan~poeaH~e noATBeP*AaeT npeAnono*eH~e, 4TO oHa o6ycnoeneHa 
4aCT~~aM~, He nonaew~M~ e pe*~M KaHan~poeaH~R np~ exoAe e Kp~
cTann. CpaeH~TenbHO ManaR yrnoeaR pacxoA~MOCTb BXOAHoro ny4Ka 
He no3pon~na B HaWeM 3KCnep~MeHTe ~ccneAOBaTb B03MO*HOCTb 11o6"beM

II Horo 3axeaTa np~ e~e 6onbw~x yrnax exoAa. 
HHTepeCHO OTMeT~Tb, 4TO np~ Han~4~~ 1106"beMHOro 11 3aXBaTa MO*

HO C nOM~b~ MHOroKpaTHO ~30rHyToro KP~CTanna C B~COKO~ 311l$eK
T~BHOCTb~ aaxeaT~eaTb e npo~ecc KaHan~poeaH~R ny4K~ 4acT~~ e~co
K~x 3Hepr~H C 6onbWOH yrnoBOH paCXOA~MOCTb~. 

3AK11104 E H~1 E 

H3r~6a~ee YCTPOHCTBO c TPeMR pon~KaM~ o6ecne4~eaeT ~3r~6 
KP~CTanna, np~ KOTOPOM ero IJ)opMa on~c~eaeTCR KP~BOH TpeTbero 
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nopRAKa. B 3TOM cny4ae M~H~ManbH~H paAHYC KP~B~3H~ e ABa paaa 
MeHbwe 3Ha4eH~R, nony4eHHoro e npeAnono*eH~~ o nocTORHHOM paA~Y
ce KP~B~3H~, 4To He 6~no Y4TeHo e pa6oTe/2/, 

M~H~ManbH~H paA~YC noeopoTa 4aCT~~. AOCT~rHyT~H B HaWeM 
3Kcnep~MeHTe, COCTaBnRn OKOflO 19 CM, TaKOH paA~YC MO*eT 6~Tb 
nony4eH e pe3ynbTaTe np~MeHeH~R MarH~THoro nonR c HanpR*eH
HOCTb~ OKOflO 150 T. 

np~ npoxomAeHH~ 4aCT~~ 4epe3 o6naCTb Kp~CTanna, rAe paA~YC 
~3rH6a yMeHbWaeTCR lnepeaR nonoe~Ha ~aorHyToH ero 4acT~I, AnR 
cny4aR OTKflOHeH~R Ha 25,7 MPaA Ha6n~AaeTCR AOnOnH~TenbH~H 
11~eHTpo6e*HbiH 11 MeXaH~3M ~X B~fi~BaH~R ~3 pem~Ma KaHan~pOBaH~R. 
,[lonR 4acT~~, AeKaHan~poeaHH~x c noMo~b~ 11~eHTpo6e*Horo 11 Mexa
H~3Ma, Cy~eCTBeHHO yMeHbWaeTCR np~ OT6ope 4aCT~~ no een~4~He 
M~H~ManbHOH ~OH~3a~~~ B npRMOH 4aCTH KP~CTanna. 3TOT IJ)aKT yKa-
3biBaeT Ha TO, 4TO 4aCT~~~ 11nOMHRT 11 0 CBOeH nepBOHa4aflbHOH no
nepe4HOH 3Hepr~~ Aa*e nocne npoxo*AeH~R 1 eM Kp~cTanna e pem~Me 
KaHan~poeaH~R. 

Ha aHan~3a ~HTeHc~eHocT~ e~6~eaH~R 4aCT~~ ~3 pem~Ma KaHan~
poeaH~R eo BTOPOH nonoe~He ~aorHyToro Kp~cTanna np~ pa3n~4H~x 
PaA~ycax KP~B~3H~ nony4eHa o~eHKa An~H~ AeKaHan~poeaH~R npoTo
HOB C 3Hepr~eH 8,4 r3B B npRMOM KP~CTanne KpeMH~R, KOTOpaR co
CTaBnReT 0,59+0,06 CM. 

B pa6oTe nony4eH~ 3Kcnep~MeHTanbH~e AaHH~e. CB~AeTenbCTBy~
~~e e nonbay cy~ecTeoeaH~R "o6"beMHoro" 3axeaTa e pe>K~M KaHan~
ooeaH~R. 

B aaKn~4eH~e aeTOPbl e~pa*a~T 6naroAaPHOCTb npoiJ)eccopy A.M.6an
A~HY 3a nOAAePmKy ~ ~HTepec K pa6oTe, n.r.MaKapoey 3a noMo~b 
e opraH~3a~~~ H npoeeAeH~~ 3Kcnep~MeHTa, rpynne H.M.HeaH4eHKo 
3a coaAaH~e c~cTeMbl oH-naHH-nporpaMM. AsTop~ 6naroAaPH~ nepco
Hany C~HXpoiJ)a30TPOHa nB3, a TaK>Ke KOnneKT~BY; o6cnym~Ba~eMy 
3BM EC-1040 na6opaTOP~~ B~COK~X 3Hepr~H, 3a noMO~b B pa6oTe. 
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H3naTenbCKHA OTnen OO~enHHeHHOrO HHCTHTYTB RnepHYX HCCnenoBaHHA 

&ynraMoe H.K. M AP· 1-83-725 
Mccn-.o .. HMe ycToA~MBOCTM TpaeKTOPMM KaHanMpoeaHHWX npoTOHOe 
B M30rHYTWX MPMCTannax 

KpaTMO onMCaHW OCHOBHWe napaMeTpw ycTaHOBKM, Ha KOTOpoM M3y~anac~ 
B~T~ OTKnOHeHM~ TpaeKTOPMM aap~•eHHWX ~aCTM~ M30rHyTWMM MOHOKPMCTan
n-..., nS!eACTa~HW paCnpeAeneHM~ COOWTMM no BWXOAH- yr n- ~ npoTOHoe, 
n~x ~pea npAMQA M M30rHyT~ MOHOKPMCTannw, nony~HHWe nPM MCnon~-
3DaaHMM paaHWX MPMTepMBB OT6opa. npMeeAeHO onpeAeneHHoe Ha OCHOBB 3KCnepM
MeHTen~HWX A8HHWX aHa~eHMe AnMHW AeKaHanMpoeaHM~ npoTOHOe c aHeprMeA 
8,4 rae B KPMCTann8 MpeMHM~ /nnocKOCT~ 111/, KOTOPQe COCTaan~T OKonD 
0,6 CM. 11otgaaHO, ~TO npM npoXO*ABHMM npoTOHOB ~pea o6naCTio KPMCTaMa, 
rAe ~YC KPMBM3HW YMeH~aeTC~ /M3rM6a~ee YCTpoMCTao He o6ecne~Meano 
nocTORHHOro PIAMyca MPMBM3Hw/, MMeeTc~ AononHMTen~H~ MexaHM3M aw5weaHM~ 
~aCTM~ M3 pe~ KaHanMp088HM~. 

PaeGTa ewnonHeHa • flaeopaTOPMM awcoKMX 3HeprMM OHRH. 

Bulgakov N.K. et al. 
lnvettlgat lon of Channeled Proton Trajectory Stability 
In Bent Cryttals 

1-83-725 

A brief description of main characteristics of the spectrometer 
applied In an experiment on the study of devlatlon. of channeled particles 
Is given. Outgoing angle distribution for channeled particles passing 
through straight and bent crystals with different selection criteria· are 
thown. The estimate of the channeled length for the straight silicon 
cryttal (plane 111) Is 0.6 em. It is shown that at proton passing through 
a crystal region where the curvature radius decreases (the bending device 
did not provide a constant curvature radius), an additional dechannellng 
mechanism Is present. 

The Investiga tion has been performed at the Laboratory of High 
Energies, JINR. 
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