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OEIUAH XAPAKTEPJACTIAKA PAEOT!i 

AKTyanbHOCTb npo6neMl:l. JA3yqeHHe npoueccoB o6pa3oBrumH qacTHU c 
6onbllillM rrorrepe'llillM HMIIYnbCOM B a.npoH-alJJ)oHHWC H a.npoH-anepmrx. 
B3aHMoneacTBIDIX npH BliCOKHX 9H8pI'HHX HBnHeTCH O.znrnM H3 M8TonoB 
HCCnenoBaHHH BHYTpeHHea CTpYKTYPli a.npoHOB H rrpocTpaHCTB8HHO
-Bp8M8HHOa KapTHHli o6pa30BaHHH qacTHU B CMbHOM B3aHMoneacTBHH. Y'J!.8 B 
rrepBax aKcrreIJHMeHTax B Haqane 70-TliX ronoB 6ano o6HapymeHo H3MeHeHHe 
rroBeneHHH HHKJII03HBHOro c~qeHHH pomneHHH qacTHU npH rrorrepe'llI!lX 
HMIIYnhcax B!1Ill8 I raB/c, qTo HHTeprrpeTup<>Banocb KaK rrpo8BJI8HH8 
CTPYKTypa alJJ)OHOB. Ilpe~omeHHaH ,llJIB o6~HCH8HHH 3THX 
~aHHliX {tleHOM8HOno~ecKaH _rrapTOHHaH Mone~ mecTKlfX CTO~OB8HHI 
rro~~a BrreqaTnruomee rro~TBepmneHHe o6Hapyme:imeM a.npoHHliX cTpya c 
6onbllillM rrorrepe'!HllM HMIIYnhCOM. nanbHeamee ee pa3BHTHe cBH3aHo c 
rrpHM8H8HH8M KBaHTOBoa xpoMo,mmaMmm: (KXlI), B paMKax KOTopoa 
oKa3anocb B03MOmHliM Hcrronb30BaHHe MeTonoB TeopHH B03MYJn8HHI 6naronapH 
ManoCTH KOHCTaHTli CB83H rrpH 6onhmoa rrepenaqe HMIIYnbca, He06XO,lll!MOa 
~nH o6pa3oBaHHH qacTHUli 6onbmoro pi. B HaCTOHfil88 Bp8MH MO~e~. 
OCHOBaHHaH Ha meCTKOM KXJI B38HMoneacTBHH KBapKOB H rJIIOOHOB C HX 
rrocnenYxmea 4JparMeHTaURea B a.npolill, HBnHeTcs o6merrpHHHToa ~H 
o6~HCH8HHH pomneHHH qacTHU c 60~llillM norrepe'!HllM HMIIYnbCOM, a eG 
OCHOB1Ill8 rrpe~cKa381ill8 KaqecTB8HHO nonTBepmnelill. 

B ~anbHeamHx HCcnenoBaHHHX H806XO,lll!Ma neTanbHaH KOnHqecTB8HHaH 
rrpoBepKa KXJI, np8T8H.IIYDU8a Ha po~ TeopHH CMbffifX. B3aHMo~eacT~. 
BKJil()qag PM rrpencKa3aHHliX Ha eG OCHOB8 ~OilOnHHTenbmrx. 3q4ieKTOB. 0,ll;lrnM 
H3 HHX HBJI88TCH M8X8HH3M "BliCmmt TBHCTOB", Ha KOTopaa Cym8CTBYIDT 
9KCil8pHMeHTanblill8 YKa3aHHH B pane rrpoueccoB (o6pa3oBaHHe npHMl:lX 
nerrTOHHliX nap B a.npoH-a.np<>HHliX B3aHMoneacTBHHX, r~6oKoHeyrrpyroe 
pacceHHHe nenTOHOB Ha a.np<>Hax, 'ltp-C06liTHH c nBYMH CTpYHMH 6o~moro pi 
npH OTCYTCTBHH crreKTaTOpHoa CTpYH no HanpaBJieHHID rry~a. pomneHHe 
npHMl:lX M830HOB C OO~llillM pi). B po:ameHHH qacTHU C 6onbllillM norrepe'lllliM 
m.my~COM TaKoa M8X81ill3M AOJDKeH rrpoHBnHTbCH, B OCHOBHOM, npSIMl:lM 
o6pa30B8HH0M M8~0HOB C 6onbmHM pi. ,n.rui B~eneHHH TaKHX C06li~ MOmHO 
BOCil0~30BaTbCH T8M, qTo npHMO po:ameHHlie M8301Ill H8 ~8MT norrepe'lH!llt 
HMIIYAbC C llPYI'HMH a.np<>HaMH, K8K B cnyqae o6pa3oBaHHH qacTHU BO 
4JparM0HTaUHH KBapKOB HnH rJIIOOHOB. 

IlpH H3yqeHHH a.npoH-anepmrx. coda~ c pomne:imeM qacTHUll 6o~moro 
pi 6ano o6HapylK8HO HBJI8HH8 aHoMa~Horo YB8~0HHH ceqemra TaKHX 
rrpoueccoB c pocTOM. aToMHoro Baca H.lq)a. HaH6onee npe.n;rroqTHTe~HliM H3 

.. Vla•e~-· IHlfflYT •~•.u l{cieio.nauaQ 
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IIp0,UJ!OlK0HlillX o6~HCH0Hill!: &Toro 3if$3KTa HB~H0TCH rrpe.nno~oJKeirne 06 
o6pasoBamrn qaCTHJ.Ul c 60JU,lJlliM rrorrepeqHHM HMIIY~bCOM B HeCKO~bKIDC 
rrepepacceHirnmr. Ha OT,ne~bHHX HY~OHax H~a. 

K HaCTOHll!0MY Bp0M0Hll IIpOBe.neHo MHoro 3KCIT0pllM8HTOB ITO usyqelillID 
a~oH-a~omrux H a~oH-MepHblx B3aUMo,nettcTBID! c o6pasoBairneM o.na:on 
llJm. H6CKO~bKllX qacTHU C 60~blllliMll rrorrepeqHb!Mll HMIIY~bCaMU. Eo~blliHHCTBO 
H3 &TUX 3KCIT0pllM6HTOB Blffi0~6HO B llHK~HBHon H~ rro~yllHK~ID3HBHOtt 
ITOCTaHOBKe. BHHC~OCb, 0.!Ul8KO, qTo .n~H .neTa~bHOro usyqelillH M6Xalill3Ma 
TaKHX rrpoueccoB H IIp0B6pKH OilllCHBaIDl!ITTX llX MO,ne~en JKe~aTe~bHO 
rro~yqeHHe 6o~ee rro~on HHitx:>pMaUllll o co6HTllll_B ue~oM. 

ue~bID ~ccepTaUHOHHOtt pa60TH HB~HeTCH usyqelille %-p H %--H~O 
C06HTID! C po~elilleM qaCTHJ.Ul 60JU,lliOro rrorrepeworo llMITY~bCa, B KOTOpHx 
.neTeKTHpYIDTCH rrpaKTuqecKH Bee BTOpHqHble sapHJKemrue qacTHUH. Mcrro~b3YH 
&Ty HHitx:>pMauuro, MOmHO IIp0B6CTH 6o~ee .neTa~bHOe cpaBHelille C 
rrpe.ncKasaHHHMH Mo.ne~en, rrpe.n~omemrux .n~H oITHcaHHH o6pasoBairnH qacTuu 
C 60~bllillM p.J.. .KOHKpeTHO rrepe.n aBTOpOM ~ccepTaUllll CTOH~ c~e~rnme 
sa,naqu: 

- IIpOBe.neime MO,ne~oBaHHH Ha 8BM .n~H orrpe.ne~elillH reoMeTpllll 
ycTaHOBKH, OU6HOK BHXO,ItOB IT0~63Hb!X C06HTID! H itx:>HOBHX yc~OBID! rrpu 
paspa6oTKe nocTaHOBKH 3KCrrepUMeHTa; 

- yqacTHe B ITO~OTOBKe 
CT8THCTHKH Ha YCKOpHTe~e; 

&KcrrepHMeHTa~bHott arrrrapaTypu H Ha6ope 

- BH6op KpHTepHeB OT6opa HCC~e~eMHX C06HTID!, yqaCTHe B C03,It8Hlill 
rrporpaMMHoro o6ecrreqeHHH CHCTeMH o6pa6oTKH ~H~bMOBoro MaTepua~a H 
aHa~se rro~yqemrux ,naHHllX; 

- H3yqelille OCHOBHblX xapaKTepHCTHK sapHlK8HlillX qaCTRU COIIpOBOlK,It8HllH 
B %-pH %--H~ co6HTHHX c po~eHReM qacTHUH uO~bmoro rronepeqHoro 
llMITY~bca; 

- cpaBHeHHe .namrux no %-p BsaUMo,nettcTBHHM c KXll-Mo,ne~bID 
lK6CTKIDC CTO~HOBeHill!: B CTa~apTHOtt CX6Me ~arMeHTaUllll KBapKOB H 
r~IDOHOB (HarrpHMep, ucrro~b3YH Mo,ne~b CTPYHU JIYIUO, a TaKJKe oueHKa 
BK~a.na MeXairnsMa BHClliIDC TBHCTOB, rrpe,ncKa3aHHOro B paMKax KXU,B 
o6pa3oBaHUe qaCTRU C 60~bllillM rrorrepeWHM llMITY~bCOM. 

Mcc~e.noBaHllfl, ITO~OJKemrue B OCHOBY ~ccepTaUHOHHOtt pa60TH, 6H~ 
Blffi0~6Hbl aBTOpOM COBM6CTHO C yqacTHHKaMU COTpy~qecTBa 011RM 
()IyuHa) - M~B8 AH KasCCP (AJIMa-ATa) - M~B8 (UottTeH-Eep~) - UM~M 
(Ey,narremT) - M~ BapmaBCKlli! YHRBepcHT8T (BaprnaBa) - M~ qcAH H H.nep1m:ll: 
ll6HTp Kap~oBa YHRBepCHTeTa (Ilpara) - 11RMH8 BAH (C~HH) ~ M~ AH rccp 
(T6H~CH). 
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HayqHb!Mli pesy~bTaTaMH, Ha KOTOpHX OCHOBaHa ~ccepTaUHH, ~ffiOTCfl 
c~e~IOOllle: 

I. IlpoBe,neHbl pacqeTH ,UJIH nocTaHOBKli 3KCnepUMeHTa no HsyqeHHIO 
a~OH-a~OHHHX H a~OH-H,nepHb!X B3aHMo,nettCTBlli! C 06pa30B8Hll6M 
sapHlK6HHOtt qaCT:imH 60~blliOro rronepeworo llMITY~bca B U8HTp8JibHOtt 
o6~acTH 6HcTpoT rrpu HMITY~hce 38 rsB/c Ha ycTaHOBKe PKCK (CTpHMepHaH 
KaMepa B MarHHTHOM no~e). 

2. Ilpe.n~oJKeHbl H pea~SOBaHbl a~opHTMil ,UJ!fl rrpocTpaHCTB8HHOa 
peKOHCTPYKI.UIB BepmHH C06HTID!, pacrra.noB V° -qacTRU H B3aHMo.nencTBd 
,-KBaHTOB B KOHBepTopax, a TaKJKe a~opHTM ,UJ!fl HHTerpHpoBalillH 
~(lxf)epeHUHa~bHblX ypaBHeHill!: rrpoxo~elillfl sapHlK6HHOtt qacTHUH B 
Heo.na:opo.na:oM MarHHTHOM no~e. 

3. Paspa6oTaHa CHCTeMa ~a1,1uqecKoro pacrrpe,neJiemm Ha6opoB ,naHHHX 
Ha MarHHTHHX ~8HTax H 06C~lKIIBalillH HMII ,UJIH pelKl!Ma pas.ne~8Hllfl BpeMeHR 
B onepauuoHHon CHCTeMe oc EC 8BM. 

4. Ilpe.n~oJKeHa CTPYKTypa xpaHelillH . 3KCrrepHM8HTa~bHOro MaTepHa~a H 
paspa6oTaHo rrporpaMMHoe o6ecneqeHRe ,n~H HHTepaKTHBHoro pelKHMa 
o6pa60TKH .naHHHX B CHCT8Me pas.ne~elillH BpeMeHR. 

5. rro~qeHbl cpe~e 3HaqeHRH MHOlK6CTB6HHOCTen sapHlK6HlillX qacTRU,· 
corrpoBo~alOOlllX qacTRUY 6oJU,moro rrorrepe'llioro llMITY~bca B %-C, %-Cu H 
%-Pb co6HTHfil. Ha6~,naeTCfl yBe~qeHUe 'IHC~a BTOp~ qacTRU o6ma. 
3HaKOB sapH,na no cpaBH6HHIO C HeyrrpyrHMH %--H~ B3aHMo,neacTBHSIMH, 
rrpHqeM H8H6o~ee saM8THO pacTeT MHOlK6CTB8HHOCTb H,n6HTH~BaHHllX 
IlpoTOHOB( c llMITY~bCOM ~ o,5 rsB/c) Ha THlK8~ ~ax. 

6. rro~qeHbl cneKTpH 6HCTpoT H norrepe'IHHX llMITYJll,COB sapHlK6HHHX 
%-MesoHOB, corrpoBo~al!lllllX qacTHUY 6o~bmoro norrepeworo HMITY~bca B 
%-p, %-d, %-C H %-Pb B3aHMo,nettCTBHmr..C pOCTOM 8TOMHOro Beca ~a 
MHlli6Hll A 6HCTpOTHbl6 pacrrpe.ne~8HllH C,nBHraIDTCH B o6~aCTb tllparMeHTaUHH 
MHlli6Hll,a cpe~e nonepe~e HMITY~bCH YM6HbIDaIDTCfl. lllHpHHb! 6HCTpOTHHX 
pacrrpe.ne~eHill!: c~a6o 3aBHCHT OT AH saMeTHO yme, qeM COOTB8TCTBYIOOlll6 
IDllpHHbl 06H'lHHX Heyrrpyrux %-C C06HTd. 

Ha JierKHX ~ax cpe~e p.J.. %-M830HOB, 3HaK sapMa KOTOpHX 
rrpOTHBOITOJIOJKeH 3HaKy sapMa TpHrrepHon qacT:imH, 38M6THO 60Jiblli6 

.3HaqeHm!: rrpH o~aKOBHX 3HaKaX sapMa, rrpHqeM nocJie~e MaJio 
QTJiuqaIDTCfl OT Cpe.!UlllX p .J.. BTOpuqHHX % -M830HOB B Heyrrpyrux %-p H 

%--MPQ B3aHMo.nencTBHfil. OTMeqeHHaH pa3HRUa B cpe.!UlllX p.J.. YM6HbmaeTCH 
c pocTOM A, H B %-Pb C06HTHHX rrpaKrnqecKH HcqesaeT. 

7. 11HKJno3HBHble cneKTpH no nonep8'IHOMY HMITYJibCY qacTRU, OT06paHHHX 
TpHrrepHon CHCTeMon B %-p, %-d, %-C H. ,%-Pb B3aUMo.nettcTBHmr., 
arrrrpOKCHMHpOBaHbl saBHCHMOCTbID e-b·p.J.. B o6JiaCTH p.J.. > I,4 rsB/c. 
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YM8Hbill8HH8 napaMeTpa b C poCTOM aTOMHOro Baca H,llp8 MID!l8HH 03HaqaeT 
H3M8H8HH8 A-38BHCHMOCTH ceqeHHH o6pa30B8HHH qacTHU (JOJlbillOro P.i. 
C pOCTOM A,Ha6Jll0.ll8BID88CSI B 3KcnepHM8HT8X, B KOTopux 6UJJO o6HapylK8HO 
8HOM8~H08 YB8J!H'I8HH8 ceqeHHH T8KHX rrpoueccOB C poCTOM 8TOMHoro Beca 

Sl,llpa. 

8. MayqeHU 83HMYT8JlbHUe KoppeJJSIUHH aapSilKSHHUX qacTHU COIIpOBOlK,1!8HHH 
c TpHrrepHO"lt qacTHUe:8 B 'lfp, 'lfd H 'lt-C C06UTHHX. BepoSITHOCTb BUJleTa 
qacmu COIIpoBOlK,1!8HHH no.n a3HMYTaJlbHUMH yrJJaMH, 6JIH3KHMH K !80° 
OTHOCHT8JlbHO HarrpaM9HHH norrepe'Illoro llMITYJlbCa TpHrrepHOlt qacTHUU, 
aaMeTHO yBe~aeTCSl C pocTOM a3HMYTaJlbHOro _yrJJa. TaKoe yBeJIHqeHHe 
KoppeJJSIUHH 60Jlbill8 .llJlH qacTHU ll3 UBHTpaJJbIIOlt 06JlaCTH 6UCTpOT, qeM .llJlH 
qacTHU H3 o6JJacTe8 ~parMBHTaUHH, H HaMHoro CllJlbHee .llJJH qacTHU 
COIIpOBOlK,I!SHHH c noBumemmM p .i. ( > 0, 6 raB/ c).. 

9. IlpH H3yqemm nap IIpOTHBOIIOJJOJKHO 3apHlK8HHllX qacTHU, cyMMapHUlt 

rronepe'IHUlt HMIIYJJbC KOTopux rrpaKTnqecKH rroJJHOCTbID KoMIIeHcupyeT P.i. 
TpHrrepHOlt qacTHUU, 06HapylK8H qi)TKHa CHrHaJJ OT p

0

-M830Ha. IlpH 
H8nOJJH08 KOMII8HCaUHH rrorrepe'IlillX HMIIYJlbCOB CHrHaJJ p0 -M830Ha Hcqe3aeT, 
0THomeHHe ceqeHHH rrpouecca %-p ► h± (p .i.> I, 0 I'&Bic) + p

0 + X, r.lle 
p

0 
-M830H Bl1Jl8T88T I!pOTHB Tpnrrepnofi qaCTHUll . H HM88T l'.JOJlbll0:0 

nonepe'IHlllt HMITYJJbC (~p.i.>- 0,25 I'&Blc), K ceqenuro·TaKoro JKe rrpouecca 
683 o6pa30BaHHH p0 -M830Ha, COCTaBJJH8T 0,03 ± 0,0!. 

IO. IlpOB8,ll0H aHaJIH3 yrJJOBHX pacrrpe,lleJJeHHlt IIpO.llYKTOB pacna,lla, 
Bll,ll8Jl8HHUX TaKHM o6pa30M p0 -M830HOB. 06napyJKeHa BUCTpoeHHOCTb no 
cmrny: 3Jl0M8HT CIIllliOBOlt MaTpHUU IWOTHOCTH p:

0 
B IIOIIepeqHolt CHCT0M0 

OTcqeTa (BepOHTHOCTb paBBHCTBa HYJIJO IIp08KUHH CIIBHa p0 -M830Ha Ha OCb, 
rrepIIBH.llHKYJJHPHYID IIJJOCKOCTH ero p0lK,1!8HHSl) COCTaMSI8T 0,86 ± 0,23. 
II. IlpOB8.ll8HO cpaBH8HH8 noJJyqeHHUX ,naIIlillX MSI %-p B38HMO,lleltcTBH8 C 

pe3YJlbT8T8Mll pacqeTa ITO .IIYHJI-MO,ll8JIH C yqeTOM M8X8HH3M8 BllC~llX TBHCTOB 
,llJlH o6pa30B8HHH IIpSIMUX M830HOB C (}OJlbillHM norrepeqIJHM 

HMIIYJlbCOM. P .i. -cneKTp TpHrrepHUX qacTHU xopomo corJJacyeTCfl C 
p83YJlbTaTaMH BHqHCJJ8Hlllt no MO.ll8JIH, HO cpe.n;HSISI MHOlK8CTB8HHOCTb qacTHU 
COIIpOBOlK,1!0HHSl Burne, a llX norrepe'IHlllt HMIIYJJbC HHJK8, qeM IIp8.1lCKa38HHll8 
ITO MO,ll8JIH 3HaqeHHSI, B IIp8.llIIOJlOJK8Hllll, qTo o6pa30B8HH8 BH,ll8Jl8HHUX no 
3KCil8pHM8HT8JlbHUM .1l8HHUM IIpSIMliX p0 -M830HOB 06YCJJOBJl8HO M8X8HH3MOM 
BllClllHX TBHCTOB, 0 'IBM CBH,ll8T8.JlbCTBY8T BHCTp08HHOCTb llX CTIHHa, BllXO.ll 
TaKHX p0 -M830HOB B 4 + 6 pa3a Burne, qeM IIp8.llCK83aHO MO,ll0JlbID. 

Hay'IliaSI HOBR3H8 HCCJl9.llOBamn\ COCTOHT B nOJJY'Iemm ,naHHUX O BC8X 
aapHlK8HHHX qacTHUaX COIIpOBOlK,1!8HHSl B co6UTHSIX C o6pa30B8HH8M 'I8CTHUU 
60JJbWoro nonepe'Ilioro MMilYJlbCa. no rrpoBe,neHHSI OIIHCaHHoro B .ztHcceprallID'! 
3I<CnepHN8HTa noJJHoro HCCJl8.llOB8HHSl COIIpOBOlK,ll;8HHSl CII8UH8JlbHO mi 
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.1l8Jl8Jl0Cb, a HM810lllH8CSl ,naHHUe SlMSIIDTCSl BH60pKo8 C orpa:HH'IeHHO"lt 
CT8THCTHK08 p83YJlbTaTOB R3MepeHHSI C06HTH8 HeyrrpyrHX B38MMO.ll88CTBH8, 
IIOJ]yqeHHUX Ha IIy3HpbKOBHX KaMepax. IIpe.ncTaBJJ8H_Hll8 p83YJlbTaTH SlBJlSIIDTCSl 
He3aBHCHMUM IIO.llTB8plK,1!8HH8M CYm8CTBY!OlllHX 3KCnepHM8HT8JlbH1lX YKaaauna H8 
BKJJa.n MexaHH3Ma BHCillHX TBHCTOB B o6pa3oBaHHe qacTHU C (JOJlblllHM P.i.· IlpH 
3TOM H3yqeHHe CIIllliOBHX xapaKT8pHCTHI( p0 -M830HOB C (}QJlbmHM rrorrepe'IHUM 

llMITYJlbCOM rrpH TaKoa BHCOKOlt 3HeprHH IIpoBO.llHJlOCb Bil8pBH8. 
IlpaKTHqecKaH UBHHOCTb noJJYqSHHllX pe3YJlbT8TOB COCTOHT B 

CJl8.1lYIOOl8M: _ 
P83YJlbTaTH cpaBHeHHSI IIOJJYqemrux .naHHUX C MO.ll0JlbID, OCHOBaHHO"lt Ha 

KKn, MOrYT CTHMYJIHpOBaTb .naJJbHe-itmee ee pa3BHTH8 H C03,llaHHe HOBUX 

MO.ll8Jle11 .llJlSl a.npoH-H.nepHUX C06HTH8 C o6pa30BaHHeM qaCTHUU 60JlbillOro P.i.• 
a TaKJKe T00p8THqecKHe BH'IHCJl0HHSl K~aKTOpOB .llJlSl .ztHarpaMM C IIpSlMUM 
pOlK,1!0HH0M M830HOB. Co6HTH·Sl, noJ]yqeHHUe IIpH peKOHCTPYRllID'l H3MepeHH8, a 

TaRJK8 IIpH reHepaUHH .naHHUX ITO MO.ll8JIH, 6Y.1lYT HCnOJJb30BaHU MSI 
rrpoeKTHpOBaHHSl HOBHX 3RcnepHMeHTOB no H3Y'I8HHID o6pa30BaHHSl IIpSlMUX 
M830HOB C (JOJlbillHM rrorrepeqHUM HMIIYJJbCOM. 

B HacTomnee BpeMH B CBSl3H C rrpoe~THpY0MHMH 3KCrrepHM0HTaMH Ha 
HOBUX YCROpHT0JlSlX B03pacTaeT BHHMaHHe K 6HCTpHM aJJrOpHTMaM HaXOlK.ll8HHSl 
B8plll1IB MHoroJ]yqeBUX C06HTH8 B rrpocTpaHCTB8, H IIp8MOlK8~8 B 
.llHCCepTaUHH pemeHHSI MOJKHO paccMaTpHBaTb KaR BKJl8.ll B 3TH HCCJl8.llOB8HHSl. 
AHaJJorwmaSI rrporpaMMa MH HaXOJK,n8HHSl BepmHH H CTPYRTYPa ,naHHllX 
HCnOJlb3Y0TCSl IIpH o6pa6oTK8 "pe3YJlhTaTOB 3KCnepHM8HTa no nayqeHHID 
C06HTH8 C o6paaoBaHHeM µ♦µ--nap, BHIIOJJH0HHOM Ha ycTaHOBKe PMCK. 
M3JJOlK0HHll0 IIpHHUHIIU o6pa60TKH .naHHUX IIpHM8HSlIDTCSl B 3KcnepHMeHT8 no 
HCCJJ8.llOBaHHID p-Sl.npo Heyrrpyrux B38HMO.ll811CTBH8, IIpoB8.ll8HHOM Ha TOM JKe 
cneKTpOM8Tpe. 

PeaJIHaoBaHHasi_cncTeMa .nHHaMHqecKoro pacrrpe,neJJeHHH Ha6opoB .namrux 
Ha M8rHHTHllX Jl8HTax BKJJID'I8Ha B orrepaUHOHHll.8 CHCT8MH Ha 3BM EC-1033 H 
EC-1060, H ncnOJlb3Y8TCSl TaRJK8 OCTaJlbHHMR noJJb30BaTeJJS!Mli peJKHMa 
paa,neJJeHHSl BpeMeHH, pa6oTalOlllHMH C MarHHTHHMH Jl8HTaMH. 

CTPYKTypa ,II.RCC8pTaUHH • .lfuccepTaUHH COCTOHT H3 BB8.ll8HIDI., 'I0Tllp8X 
rJJaB, 38RJUOqeHHSI H CIIHCRa UHTHpY0M011 JIHTepaTYPH, BRJl.IOqalOOlero 86 
HaHMeHoBaHHlt. 06~eM .llHCCepT8UHH 130 CTpaHHU, BRJJID'IaSl 26 pHCYHROB H 12 
Ta6JJHU. 

lurpo6aUHSI pa60TH. OCHOBHUe M8TO.llllqecKHe H (%&!:anqecRHe 
p83YJJbTaTU, Bome,nmHe B .llHCC8pTaUHID, .llOKJJa.llHB8JIHCb 8BTOJ>?M Ha 
M8JK.I!YH8po.n;HUX pa6o'IHX COBemaHHSIX COTpY.n;HH'I8CTBa PMCK; 61:iJIH 
rrpe.ncTaMeHU Ha MelK.llYHapo.nnyro KO~p8HUHID no (fla3HK8 BHCOKMX 3HeprHA B 

Bpa11TOH8 (1983), Ha XXII MelKJlYHapo.ztHYID Ro~peHUHID no (%&!:aHKe BHCOI<lll 
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&Heprmt B Jie~e ( 1984), Ha EBpO(fIH3W10CKYIO KOH(f,epem.urn ITO tf,H3llli8 

BhlCOKliX 3HeprH8 B YrrrrcaJie (1987), Ha XXVl MelK,llyHapO.llHYIO KOH(f,epeHUH!O 

no t1)li3HKe BllCOKliX &~el:rmt B MIOHXeHe ( 1988) H OITyu~KOBaHli B Bl1.ll8 

rrperrpl1HTOB OlffiM[l, 2 , 4~ 1: a TaKJK8 B 3apyue~OM lKYPH8JI8r 3 i. 

C01IEPJKAH11E JIJ,ICCEPl'Al.llIB 

Bo BB8.ll8Hl1ll ctf,opMy~OBaHa U8Jlb ,lll1CC8pTaUl10HHOtt pauOTll, 

OuOCHOBHBaIOTCH aKTyaJibHOCTb, HaytJ:HaH HOBI13Ha l1 rrpaKTl11J:8CKaH U8HHOCTb 

rrpoBe.uemmx HCCJl8.llOBaHH8, KpaTKO l13JIOlK8HO co.uepJKmrne ,mlC88pWHU-ll1. 

B ITepBott rJiaBe I1pl1BO,lll1TCH orrn.cmrne ITOCTfll!OBKH 3KCIT8pl1M8HT3 ITO 

H3YIJ:8Hll!O 'l(p l1 ?t- -H.upo COublTHA C o15pa30B3Hl!8M '!aCTHUU /J(JJlhlllOPO 

ITOITepetJ:HOPO HMITYJibC& mi U~J,-l8 MarHUTHOI'O CII8KTPOMO'l'Vl co CTpHMepHOll 

KaMepott (YCT3HOBKa PMCK). CIT8KTpOM8Tp paCITOJIOJKOH Ha H&CeITap!ipOBaHHOM 

nylJ:Ke OTPliUaT8JlbHO 3apHlK8HHliX IJ:8CTHU (Kl'l!-13JI 43) CeprryXOBCKOPO 

yCKOpHT8JIH Y-70. CocT.<iB ITYIJ:Ka npn HMITYJJbC8 38 r::iB/c: ?t--=K-:p = 98% : 

: l,?% : 0,3%. MI-IT8HCl1BJ-IOCTb rrepBHIJ:HllX IJ:aCTllU COCTaBJJHJJa"" 5·I0~ 38 

UHKJJ, a ero pa3upoc ITO liMITYJJbCY ub!JI "" I%. ITepBI11J:J-lbl8 IJ:8CTI1Ull 

perHCTp11pOBa~Cb T8JI8CKOITOM }!3 6 CUI1H'l'l1JIJJHUHOHHUX C'-!OT'!HKOB, .llJIH 

Bll.ll0Jl8HHH copTa B3aMMO.llettcTBYIOll!8lt 'l&CTHUU l1CITOJIL!30KlJiliCb 4 ra30BlxX 

ITOpOPOBUX '-!8p8HKOBCKliX C'li)TIJ:HIW. 

OcHOBHOtt IJ:aCTL!O CITFJKTPOM&Tpa HBJI.H&TCfl Tp8X333(ipHafl CTpliM&p!I~JH 

K&M8pci pa3M8paMv. 4,'/ X O,J X 0,8 M
3

• ITOM>!ll!8Hl.rnH B M3PlillTI-108 ITOJ!t> 

1-1arrpHlK8HHOCTbJ() "' I ,L T. CirnxpOHHUO BUCOKOBOJibTHUO HMITYJJbCll C 

aMITJIHTY non "" i 400 FD ill )!JIWl'OJJLIIOCTi,~i W IIG, rmpauaTb!Ba&Mble 

renepaTopoM MapKca li (jiopr,mpor:nTeJIOM THna EJIIOMJliltl!I, CC13NlflaJJl1 B KaMepe 

· 3JJ8KTpl!IJ:8CK08 ITOJI8 H&ITpHlK8Hl.f0CTh~j -,, 20 K.B/cM. KaMGpa l!aITOJJHHJiaCb 

T'!'J3()f,;Oi1: CM8Cb!O ITpH aTM0r.cp.-;p!IOM Jl,<JB.W:JfillH, COG'I'OH!i\811: 11!3 ,,, 70% Ne, ,,, 30% 

He I'! "" I% l1306YT8Ha. Bpi)Mil llilMHTH T -2 MKC )J.l,CTHl;:cJJlO(:L C llOMOlllblO MaJIOll 

,nol'.iaBKH SF 
6

• T.fyBCTBl!Tfl,il!,llblfl r,01,0M /{QM8pU rrpocMaTplmt1JJCR BOC6Mb!O 

r;/:i1,8KTHB8MH ('I&Tb!pe CT•.'fJOf•JWfJii), J{::,,K)J,Utl: H3 JWTOpllX HM•JJl llBYXKaCKa.llHblll 

3.n8KTpOCT&'rW-I8CKHA yOIJJHTFJJli, :lpKOGTI'!. G TIOMOIJ\b]() '1'8Jl8Bl13l10HHOI'O 

MOH.HT0pa, WJ 3I<paH KOToporo BUBO)fillJJaCb 11p08Klll1H DHYTP8HH8PO Oub&Ma 

IWM8pbl ITOCJJ8 cpauaTUB!=lHHH BUCOKOBOJ!bTHOll CHCT&MU, ocymecTBJIHJICH 

wmpep1muun KOHTpOJJb Ka'l8CTB3 QiOTOI'p&QiHpyeMUX COl'.JLI.Tllll. 

B 3KCIT8pHM8HT8 liCIT(JJJb30BaJ!liCh JKH,llKOBO.llOPO.llJ-laH (,nellTep11eBaH) 

MilJlil;Hh ~ .f!,ll8pHI18 Mlill!OJ-IH. 

OCHOBI-lhlMli ll8T8KTOpaMH Cl'.!CTeMU OTuopa 38pHJKeHHOll IJ:aCTllllbl C 

uOJJb!Ul'JM ITOITflp8'-llillM UMIIYJJhCOM (?., I raB/C) HBJJH!OTCH TPH 
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MHororrpOBOJIOIJ:Hble rrporropUHOHaJJhlille 

MarHHTa Ha,ll CTpl!MepHo-a KaMepo-a 

, r /~ 
Y~x 

ts 

KaMepu, YCTaHOBJJeHHlle B maxTe 

(CM. pnc. l). TaKoe ITOJIOJKSHHe 

~1 I ~ .. --~1', l __),I ' npanop~uOHAnbHble I\JIMep1>1 -
Pile. I. CxeMa 3KCIT0pl1MeHTaJJbHO-a YCTaHOBKH. 

COOTB8TCTBY0T ITOJIHpHOMY yrJJy B c.u.M7 a.upoH-HYKJJOH OKOJIO 90°.C 

ITOMOIIU>lO IIpOITOPUHOHaJJblillX KaMep perncTpnpy!OTCH ropH30HTaJJbHaH (y) H 

BepTID<aJJbHaH (z) KOOp,lll1HaTU ITpOXOlK.ll0Hl1H IJ:aCTHUll qepe3 IIJIOCKOCTl:I 

KaMep. Sa.naBaH KOppeJJ.Hl.tHOHHy!O MaTpHllY COBITa,neHH8 M0l!UlY CHrHaJiaMH OT 

BepTID<aJJbHUX IIpOBOJIOK .llBYX K8Mep, MOJKHO OTuHpaTb BT0pl11J:Hlle IJ:8CTHUU ITO 

3HalJ:eHll!O ropl130HT8JlbHOll COCTaBJJHIOO!e-a :liMIIyJ!bCa (ITepIT6HJll1KYJ!HpHO'lt 

rJJaBHOll KOMIIOH0HT0 MarHHTHoro ITOJJH), a BCJl0,I(CTBHe liX reOM0TplllJ:0CKOro 

ITOJJOlK0HHH - n ITO B0Jll11J:l1H0 ITOITepetJ:Horo :liMIIyJ!bCa,. PeaJlbHO HCITOJ!b30B8Jll1Cb 

TpH MaTpHUU COBITa,neHH8: Mel!UlY Y-KOOp,lll1HaTaMH B ITepBo-a ll TpeTbe'lt 

KaMepax, BO BTopo-a ll Tp0Tbett KaMepax, a TaKJKe MelK.llY Z-KOOp,lll1HaTaMH B 

ITepBOit H Tp8Tbeit KaMepax. IIopor ITO ITOITepetJ:HOMY HMIIyJJbCY sa,naBaJJCH 

ITepBO'lt 113 3Tl1X MaTpHU, H M0HHJJCH B oOJiaCTH (1,0 + 1,5) r&B/c. 

CnrHaJJU OT IIpOITOpUHOHaJJbHUX KaMep ITOCTYITaJ!l1 B KAMAK-perHCTpbl C 

0,llHOBH0paTOpHUMI1 sa.ueplKKaMH, r.ne JIOI'HIJ:0CKH CYMMHlJOBa~Cb ITO IJ:0Tb!p0M 

COCe,nHl!M KaHaJJaM, IJ:TO orrpe,neJIBJIO mar ITO KOOp,lll1HaTe I ,2 CM. 

00'be,lll1HeHHUe CHrHaJJU ITO,llaBaJ!l1Cb Ha MaTpHUU COBITa,neHH8, BblITOJJHeHHUe Ha 

OCHOBe KOMMYTaUHOHHllX ITOJJett C .znm.InlllMl1 HJll1 Tp8H3HCTOpHUMl1 KJIIOIJ:aMH. 

,UOITOJIHHT0JlbHO l1CITOJJb30BaJiaCb cxeMa ,llJIH ITO,ll8BJJeHHH CJJy'laeB C OOJJblllliM 

'IHCJJOM KJiaCTepoB-CpaOoTaBllJHX coce,nimx ITpOBOJJOK B OT}(0JlbHllX ITJIOCKOCTHX 

KaMep. 3a,nepJKKa pemeHlla o perHCTparnm coOUTHH OTHOCHT0JlbHO 

rrpoXO)KJl0Hl1H IJ:8CTHU IJ:0pe3 YCTaHOBKY COCTaBJIHJJa 0,4 MKC. 

.OimcaHHaH CHCTeMa rrpopaOoTaJJa Ha YCKOpl1TeJJe Y-70 ~ 1500 IJ:8COB, H 

c es IlOMOIIU>JO OUJJO saperHCTpHpoB8HO "" 220 TUCH'! Ka.itpoB Ha pa3HUX 

MID.110HHX. 
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Bo BTopoa r~aBe oimcaHa o6pa6oTKa Tio.nyqeHHoro li)ll~bMOBoro 
MaTepHa~a. ()Haqa~a 6RJIH onpe.ne~eHR KpHT8pHH ,llJIR OT6opa Ka~OB, 
KOTOpRe B OCHOBHOM CBO.llRTCR K H8~HIO B3aHMO,lleitCTBHR B MIDU8HH H 

npHCYTCTBHH cpe.zm BTOpH'llillX 'laCTHU c~e.na OT 'laCTHUR, TIOTia.naianea B 
IlpOTIOpUHHa~bHR8 KaMepR. 0T06paHHRe C06RTHR sapHCOBRBaJIHC~ H npo8KUHH 
M8,lla, COOTB8TCTBYIW\H8 O,llHOit 'laCTHU8, pa3M8'l8JIHCb OnHHaKOBRMH 
HOM8p8MH. IlOJIY'l8HHR8 TaRHM o6pa30M pHCYHKH HCTIO~b30BaJIHCb IlpH 

H3Mepemm C~8.llOB Ha TIO~yaBTOMaTH'l8CRHX. npH6opax. Pesy~bTaTR H3MepeHHit 
o6pa6aTRBaJIHCb nporpaMMOit reoMeTpH'l8CK08 peKOHCTPYKUHH 
(MO.llH(fllmlip<)BaHHaR B8pCHR CTaH,llapTH08 nporpaMMU HYGEOM 
CERN-6H6JIHOT8KH), Ha BXO,lle KOTopoa KalK,1Ul8 c~e.n paccMaTpHBa~CR KaK 
OT.ll8~bH08 O,llHoqacT~Oe co6RTH8. B pesy~bTaTe He Tpe6oBa~OCb 
nporpaMMHoro OTI03HaBaHHR c~e.na Ha pasHRX cTepeonpoemnrnx, 'ITO 6R~o 
saTpY.llHHT8JlbHRM H3-3a 60~bID08 MHOJK8CTB8HHOCTH BTOpH'lHRX 'laCTHU H 
OC068HHOCT88 KOHCTpYKUHH OTITHqecKoa CHCTeMR ycTaHOBKH. Iloc~e TI8pBoro 
H3M8p8HHR Y.llOB~8TBOPHT8~bHO peKOHCTpYHpoBa~OCb ::. 80% c~e,llOB, ~oxo 
peKOHCTpYHpOBaHHRe c~e,llhl H3M8pRJIHCb TIOBTOpHO. 

Paspa6oTaHHaR aBTOpoM nporpaMMa VEDIT co6Hpa~a c~e,llhl B co6RTHR H 

Haxo.zm~a B8pIDHHR B npocTp8HCTB8. 0Irn:CRB8IDTCR .llB8 BepcHH 3TOit 

nporpaMMU. B TiepB08 peKOHCTpYHpOBaHHRe B IlpOCTpaHCTB8 c~e,llhl 'laCTHU 
co6RTHR npo.no~aIDTCR OT TI8pBoit H3M8p8HH08 TOqKH K BepIDHHe H 
HTepaUHOHHRM crroco60M Hm8TCR TO'!Ka, paCCTORHH8 KOTopoa OT BC8X C~8.ll0B 
MHHHMa~bHO. BTopaR nporpaMMa pemaeT sa.naqy onpe.ne~eHHR Tio~oJKeHHR 

B8PIDHHR M8TO,llOM HaHM8HbmHX KBa~aTOB C HCTIO~b30BaHH8M Koppe~RUHOHHRX 
MaTpHU OmH60K, Ha8,lleHHRX IIpH npocTpaHCTB8HH08 peKOHCTpYKUHH C~8.llOB, H 

HCTIO~b3Y8T ~eapH3aUHID Tio.nyqeHHRX ypaBHeHHit. IlporpaMMa 
BOCCTaHOB~8HHR BepIDHH B npocTpaHCTB8 MOJK8T TaKJKe saMeHRTb HHil)opMaUHID 
06 0,llHOM c~e.ne 'laCTHUR B C06RTHH, 'ITO o6ecTie~aeT B03MOlKHOCTb 
TI8peMepa TO~bKO H806XO,llHMRX C~8.llOB. 

MsMepeHHR MarHHTHOro TIO~R annpOKCHMHpOBaJIHCb aHaJIHTHqecKHMH 
BRpaJKeHHRMH. rro~e MarHHTa MO,lle~oBa~OCb 3KBHBa~eHTHRM MarHHTHRM 
TI0~8M, cos.naHHRM Ha6opoM 0Tp83KOB JIHHHa C 3~8KTpH'l8CKHM TOKOM. 
To~OCTb TaKoa annpOKCHMaUHH ,COCTa~eT ,i 0,5% OT 3HaqeHHR r~aBH08 
KOMTI8H8HTR MarHHTHoro TIO~R. 

IlpocTpaHCTB8HHaR peKOHCTPYKUHR C06RTHR IlpOBO~acb B 
IIp8.llIIO~OJK8lillli U8HTpa~bHoro Ilp08UHpoB8HHR C~8.ll0B Ha ~eHKy. )lJIR 

onpe.ne~eHHR OTITH'l8CKHX KOHCT8HT (TIO~OJK8HHR U8HTpa npoeUHpoBaHHR H 

K0~8HTOB ,llHCTOpCHH) BHa'la~e HaXO~OCb npeo6pa30B8HH8 H3 

MOCKOCTH M8HKH B MOCKOCTb B8pXHe8 p8TI8pHo8 ceTKH ," paCTIO~OlK8HH08 
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Ha,ll CTpHMepHoa KaMepoa, B BH,ll8 pa3~0JK8HHR TIO opToroHa~bHRM 
no~oMaM. ( .no., 7r0nopR,llKa B~qffT8~bHO) • Kos®}mm:eHTR IlpH no~oMaX 
onpe.ne~RJIHCb ,llJIR KalK,lloit CTepeonpoeKUHH no H3M8p8HHRM H306paJKeHHit 
JIHHHit H nepeKpecTHit penepHoa C8TKH Ha ~eHKe H COOTB8TCTBYmtHM 
reo.nesHqeCKHM H3M8p8HHRM. 3aTeM M8TO.llOM HaHMeHbmHX KBa~aTOB 

H8X0,1U'.!Jlli lieHTp IlpOeJ(UHH .ll~H K8JK,llOI'O Or'.i'b8KTHBa KaK TOqKy nepeceqemrn 
IlpRMRX, C08nHHHIW\HX HHlK!IHe penepHRe KpeCTR (no.n CTpHMepHoit KaMepoit) C 
HX npoeKUHHMH Ha ~OCKOCTb BepXHea penepHoa C8TKH, HCTIO~b3YR 
reo.nesHqecKHe KOOpnHHaTR HHlKHHX Kp8CTOB, H3M8peHHS! HX no~OlK0HHR Ha 
~eHKe H Ha8,lleHHRe K03llXfMUH0HTR npeo6pa30BaHHR. 

B KOHUe r~aBR IlpHBO.llRTCR OCHOBHRe TOqHOCTHRe xapaKTepHCTHKH 
cneKTpOMeTpa. 0IDH6Ka IlpH peKOHCTPYKUHH no~OJK8HHH TO'lKH B IlpOCTpaHCTBe 
COCTaMHeT .ll~H ropH30HTa~bHRX KOOpnHHaT::. 0,35 MM H no BepTHKaJlli B ~ 

5 pas xyJKe. IlOJIYIDHpHHa Ha no~yBRCOT8 pacnpe.ne~eHHH no 3$lleKTHBHRM 
MaccaM .ll~R K0 -M83QHOB COCTaB~ReT 8,4 MsB/c2 

, ,llJIR A -'laCTHU 2,2 
MsB/c

2
.0npe.ne~eHa BeJIHqHHa saTpaBo~oa Omru:lKH H3MepeHHH KOOpnHHaTR Ha 

~eHKe - 30 MKM, KOTOpaH Y'lHTRBaeT Bee Heonpe.ne~eHHOCTH, CBH3aHHRe C 
arrnpoKCHMaUHea MarHHTHOro no~H, HaxolKlieHHeM onTH'leCRHX. KOHCTaHT H 
OmH(JKOit caMoro H3MepeHHH, H COOTB8TCTBY8T IlpHB8,ll8HHRM TQqHQCTHRM 
xapaKT8pHCTHKaM. TaKoe 3HaqeHHe THIIHqHo ,llJIH cneKTpoMeTpOB co 

CTpHMepHRMH KaMepaMH. 
TpeTbR r~aBa noCBflll\8Ha CHCT8Me o6pa6oTKH ,llaHHRX, KOTopaH 6R~a 

C03,llaHa B HHTepaKTHBHOit CHCTeMe pas.ne~eHHR BpeMeHH (CPB) Ha EC 8BM. 
CHaqa~a 6R~o paspa6oTaHo nporpaMMHoe o6ecne'leHHe .n.nR nHHaMHqecKoro 
pacnpe.ne~eHHR Ha6opoB ~aHHRX Ha MarHHTHRX ~eHTaX B CPB. OHO 
npe.ncTaMH8T co6oa ,llBa acceM6~epHRx MO.llY~S!, TPH KOMaHnHUe npoue.nypu H 
H8KOTopue .nono~eHHR K CTaH,llapTHRM IJ~OKaM CHCT8MR • .IDrnaMHqecKoe 

pacnpe.ne~eHHe n03BO~R8T ycTaHaBJrn:BaTb H saMeHRTb TOMa MarHHTHRX ~eHT 
Ha HMJI, a TaKJKe IlpHCBaHBaTb - IlpOH3BOJ!bHR8 dd-HMeHa ~OORM Ha6opaM 
.naHHRx H noSHUHOHHpOBaTb MarHHTHYID ~eHTY Ha Ha'la~o sa.naHHoro Ha6opa 
.naHHRx. 8TH B03MOlKHOCTH OTCYTCTBYIDT B CTaH,llapTHOM q)HpM8HHOM 
o6ecneqemm CPB. 

BcR HHil)opMaUHR O Ka~ax C06Hpa8TCR B Ha6opR .naHHRX Ha T.H. 
KOHTpo~bHRX M8rHHTHRX ~eHTaX, npHqeM OnHH Ha6op .naHHRX COOTB8TCTBY8T 
O,llH08 TRCf!qe Ka.npoB. )lJIR O,llHoro K~a cos.naeTCH H8CKO~bKO ~orH'l8CRHX. 
saimcea pasHRX THIIOB, ynopH.noqeHHRX no THIIy, a HHil)opMaUHH o pasHRX 

Ka~ax YIIOPfl.llO'l8H8 TIO HOMepy Ka~a. CHaqa~a ~ BC8X Ka.npoB .naHHoa 
TRCflqff C03,llaIDTCR saimCH THII8' HO~b - OimCaTeJIH. IloMe 8TOrO MOICHO 
.no6aMRTb ~YrHe ,ztaHHRe: 3aimCH THIIa I - HHil)opMaUHR, saimC8HH8H Ha MJI 
B xo.ne 3KCnepHMeHTa (TpHrrepHRe .naHHRe), 38ImCH THTI8 2 - .namme 
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llpOCMOTpa. 38ImCH TID18 4 - pesyJibT8T cdopKH O,llHOro UllKJI8 

H3MepeHHtt rrporpaMMott VEDIT,3aimCH TID1a 15 - cdopKa codUTllfl TIO naHllliM 
H3 rrpe.znnecTBYIOO.lllX 3aimcett. 3aimCH · TIOCJI9,llH9PO TllTia, llJIH 'laCTb 

m$)pMaiurn H3 HID:, TiepeimCUBaIOTCfl Ha JISHTY cyMMapHUX pesyJibTaTOB 
(DST). IlpH JII060M nodaBJieHHH llJIH 3aMeHe naHHUX Ha KOHTpOJibHUX JI9HTax 

IIpOHCXO,ll;l{T TiepesaimCb Bcero Hadopa naHHUX TIO COBOKYTIHOCTH MarHHTHUX 
JieHT. STY oTiepaumo ocymecTBJIHeT BO Bcex rrporpaMMax, KOTopue 

MO.lm(lJmUipYIOT HHtf,opMaUHIO Ha KOHTpoJibHUX Jl0HTaX, CTISUHaJibHO cosnaHHafl 
cTaHnapTHaH TionrrporpaMMa. KpoMe Toro, aTa TionrrporpaMMa rrpll 
TiepesaimCH IIpOBO,ll;l{T KOHTPOJib CTPYKTypu YTIOpflnO'l0HHOCTH HHtf,opMaUHll. 
OimCaHHaH opraHH3aUHH naHllliX llM60T BUCOKYIO CT9TI9Hb HaneJKHOCTll B 
CMUCJ!e U8JIOCTHOCTH li H8IIpOTHBOp8'lllBOCTH naHllliX. 

3anycK odpadaTUBalO!llllX nporpaMM llpOBO,ll;l{TCH c TepMllHaJia B 
HHTepaKTHBHOM pel!rnMe C TIOMOmhlO Bhl30Ba paspadOTaHllliX KOMaHnHUX 
npouenyp CPB. CosnaHa llepapXH'lecKaH CHCTeMa TaKHX rrpouenyp, KOTOpaH 
HCTIOJ!b3Y8TCH KaK rrpu odpadOTKe ll3MepeHUtt, TaK H Ilpll TIOJIY'l9HHH 
OKOH'laT8JlbHUX pesyJibTaTOB. ~CTIOJ!b30Ba~e 3TOtt CUCT9MU' TI03BOJIH9T 
sanyCTHTb B9Cb UllKJI rrporpaMM · odpadoTKH O,llHOtt KOMaHnott C TepMllHaJia. 
HeKOTopue rrporpaMMU llMSIOT MHTepaKTHBHUtt pel!llM padOTU (HanpllMep, MOlKHO 
BMelilaTbCH B npouecc cdopKll codUTMH), nJIH KOToporo HCTIOJ!b3YIOTCH 

acceMdJiepHUe MOnyJ!ll, OdCJIYJKllBaIOUUie TepMllHaJIU TllTia EC-7920 B pel!rnMe 

TIOJIHoro 3KpaHa. 
B KOHUS Tp8Tbett rJiaBU IIpllBO,ll;l{TCH OimCaHHe pac'!eTa aKC8TITaHca 

YCTaHOBKH ll B0COB codUTMtt. B CJiy'!ae, Korna B COdUTllll cpe.im BTOpli'lHUX 
'laCTHU TOJ!bKO O,llHa. 'laCTMU8 TIOTSHUHaJibHO MOlK8T IJUTb TpMrrepHott (rrpH 

, TIOBOpoTe COIJllTllfl BOKpyr OCR TIY'lKa · MOlK8T IJUTb BuneJieHa CHCT9MOtt 
OTuopa), MOlKHO MeTonoM MOHTe-KapJIO paCC'lliTaTb TauJ!lll.\j' BepOHTHOCTett 

OTuopa TaKott 'laCTllUI,I B saBMCllMOCTll OT nBYX TiepeMeHlIUX, HarrpllMep, 
TIOTiepe'!HOro llMTIYJ!bCa H TIOJIHpHoro yrJia (C OCblO TIY'!Ka) B JiadopaTOpHott 
CllCT8Me • .lIJIH 3TOro pasurpuBaJICH asllMyTaJibHUtt yroJI (B TIJIOCKOCTH 

TI8pTI9HnMKYJIHPHOtt TIY'lKY) B rrpenBapMT9JlbHO orrpeneJISHHOM MHTepBaJie. 
3aBMCllMOCTb aKC8TITaHca OT p~ ll TIOJIHpHoro yrJia B JI.C. TIOKa3aHa Ha pHc. 
2. .lIJI.H COdUTlitt, B KOTOpux llM88TCH dOJib!Il8 O,llHOtt TIOTSHUHaJibHO 
TpllrrepHott qaCTllUI,I, H901JXO~O Bll'lHCiHTb aKC8TITaHc nJIH Kamnoro TaKoro 
COIJUTllfl OTneJibHO, HO HX 'lHCJIO COCTaBJIHeT noJ!ll rrpoueHTa OT odmett 

CTaTMCTllKll. 
B 'l0TBepTott rJiaBe H3JIOlK6HU ~ll3H'l8CKH6 pesyJibTaTU. TIOJIY'l6Hllli6 

B 3KCTI9pUMeHT8. OrrpeneJieHU cpenJIBe 3Ha'leHHH MHOlK8CTB6HHOCTett 
3apHlK8HllliX '!aCTllU, OTpHUaTeJibHO 3ap.HlK9HHUX 'laCTHU H BHsyaJibHO 

IO 
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PHc. 2. 3aBHCllMOCTb 8KC6TITaHca 
oT TioTiepe'lHoro llMTIYJibca p~ H 
JiadopaTopHoro TIOJIHpHoro yrJia 
8 ~ TIOJ!OlKHT9JlbHO sap.HlKeHHUX 
TpHrrepHUX 'laCTllU IIpll HCTIOJib-
30BaHHH fln6PHOtt MlllI!6HH. 

Mn9HTM(IJmmpoBaHHUX TIO HOHH3aiurn MenJieHHUX llpOTOHOB (C llMTIYJ!bCOM ! o.5 
raB/c), conpoBomnaiwmx 'laCTHUY dOJib!Iloro TIOTiepe'!Horo llMTIYJibCa B %-C, 
%-Cu H %-Pb COIJUTHHX. PesyJibTaTU rrpHBeneHU B TadJ!llUe 1, rne ~ 
cpaBH8HHH TIOKasaHU TaKJKe cpenJIBe MHOlK6CTB9HHOCTll COOTB6TCTBYIWUll. 

TadJ!llUa 1. CpenJIBe MHOlK8CTB9HHOCTH Bcex sapHlKSHHUX 'laCTllU, 

OTpRUaTeJibHO sapHlKeHHUX 'laCTHU H BHn&JieHHUX 

llpOTOHOB B COdUTHHX_ C odpa30BaHHeM 'laCTllUU 

dOJiblDOro p~ H B HeyrrpyrHX %-A B3aRMonettCTBHHX. 
a TaKlK6 HX pa3HOCTH. 

C Cu Pb 

p~ 10,2 ± 0,2 14,7 ± 0,3 20,8 ± 0.4 

<Nch> tnel 7,3 ± 0,2 10,1 ± 0,4 15,6 ± 0,6 

Ii 2,9 ± 0.3 4,6 ± 0,5 5.2 ± 0.1 

p~ 4.5 ± 0, 1 5,5 ± 0, 1 6,7 ± 0,1 

<lv> !nel 3,5 ± a, 1 4.0 ± 0,2 4,8 ± 0,2 

Ii 1 ,a ± a, 1 1 ,5 ± 0,2 1,9 ± 0,2 

p~ 0,1 ± o.o4 2.2±0,1 5,5 ± 0,2 

<N > p !nel 0,5 ± 0.1 1.4 ± 0,1 3.7 ± 0,2 

Ii 0,2 ± a, 1 a.a ± a, 1 1 .a ± o.3 
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qacTHU B HeyrrpyrHX 'IC--smpo B38HMonettCTBHHX, H8~8HHH8 B .npyroM 

3KCnepHM8HT8 Ha YCT8HOBKe PJ/lCK. MeTO,nHKa oOpaOOTKH H nonpaBOK 6HJJ8 
npR noJJYqeHHH oOoRX p03YJlhT8TOB npaKT~8CKH 0,nml8KOBa, CJJenoBaTeJJbHO, 
BJJHHHR8 CHCT8M8~8CKRX OIDHOOK npH cpaBH8HHH OyneT MllliHM8JlbHHM. 
Cpe.ItHHe MHOlK8CTB8HHOCTR qacTHU, conpoBOJK,I!8JOOUD( qacTHUY C OOJJblllHM p .,_, 
38M8THO BH!Il8 3Haqemn!: nJIB HeynpyrHX coOHT~. npHqeM pa3HOCTb 
MHOlK8CTB8HHOCT8tt paCT8T C 8TOMHHM B8COM H.npa MHlll8HH A. HaHOOJJbill~ 
OTHOCHT8Jlb~ pocT pa3HOCTH H80JIIDnaeTCH MH M8M8HHHX npoTOHOB. TaKoe 
TIOBeneHHe MOlKHO oO'bHCHHTb YB8JJH'l8HH8M. C poCTOM A noJJH coOHT~. B 
KOTOpUX qacTHUa C OOJJblllHM nonepeqHHM HMtlyJJbCOM"polK,I!88TCH B H8CKOJlbKRX 
nepepaccemmHX _Ha oTneJJbHUX HYKJJOH8X H.np8. 3THM OOH'lHO OO'bHCHHIOT 

T8KlK8 8HOMaJJb~ pocT ceqeHHH o0pa30B8HHH 'l8CTHU C OOJJblllHM p .,_ C 

YB8JJH'l8HH8M 8TOMHoro Beca H.npa MHllleHH. 
ITOJJY'l8HH cpe.ItHHe 3HaqeHHH OHCTpoT H . .mmnepcRH OHCTpOTHUX 

pacnpenemn!: MH 'IC-M830HOB conpOBOJK,I!8HHHH B 'IC-p, 'IC-d, 'IC-C H 'IC-Pb 

COOHTHHX C o0pa30B8HH8M 'l8CTHI.1,U OOJJbmoro nonepe'!Horo HMTIYJJbca. 
Cpe.ItHHe 3HaqeHHH OHCTpOT YM8Hbill8IOTCH C poCTOM 8TOMHoro Beca H.np8 
MHlll8HH, a WHpRHH OHCTpoTHUX cneKTpoB CJJaOo 3aBRCHT OT A. 
CJJenoB8T8JlbHO, qRCJJO accornrnpoB8HHHX sapHlK8HHHX 'laCTRU B oOJJaCTH 
®8rM8HTaURR HaJJeTalOOlero 'IC- -M830H8 Il8n88T, a B 00JJ8CTR ®arMeHTaURR 
MHlll8HH pacTeT C yBeJJH'leHHeM A. CpaBHeHRe C pe3YJJbT8TaMR, TIOJJY'l8HHHMR 
MH HeyrrpyrHX B3aHMO'A8ttCTB~ H8 nponaHOBOtt IlY3HpbKOBOtt KaMepe Ilpll 

HMTIYJJbC8 'IC- -M830HOB 40 rsB/c, nOK83HB88T, qTQ cpe.ItHHe OHCTpoTH ll 
WHpRHH pacnpeneJJeHm!: no OHCTpoTe 3aMeTHO M8Hbill8 B COOHTRHX C 

oOpa3oBaHHeM 'lBCTHil.U OoJJbmoro p.,_. 
B TaOJJRUe 2 IlpllB8'A8HH cpe.ItHHe 3HaqeHRH nonepe'lHUX HMTIYJJbCOB 

'l8CTRU conpoBOJK,I!8HRH B T8X lK8 COOHTRHX, MH pa3HUX KOMORHaum!: 3HaKOB 
aapMOB TpRrrepHott qacTHUH R 'l8CTR1\ conpOBOJK,I!8HRH. Cpe~ nonepe'!HHtt 

HMTIYJJbC B CJJY'l88 npoTHiionoJJOJKHUX 3H8KOB 3apM8 38M8THO BHme, '18M MH 
0,nml8KOBUX 3H8KOB, np~eM 3T8 pa3HRU8 YM8Hbill88TCH C poCTOM aTOMHoro 
Beca H.npa MHlll8Hll, ll MH 'IC-Pb COOH~ npaK~8CKH RC'l8388T~ B TO JKe 
Bp8MH cpe~ nonepe'!HHtt HMTIYJJbC B CJJY'lae O,nmlaKOBUX 3HaKOB aapMa 
TpHrrepHott qacTHUH H 'l8CTRU conpoBOJK,I!8HHH CJJaOo OTJJH'l88TCH OT 
3Haqemn!: MH BTOp~ 'laCTRU B HeyrrpyrRX B3aHMonettCTBRHX.. C pOCTOM 
aTOMHoro Beca H.npa MHlll8Hll 3aMeTHa T8Hn8HUHH K YM8Hbill8Hll!O cpenHHX 
nonepe'lHHx HMTIY~bCOB 'laCTRU conpoBolK,I!eHRH. TaKoe noBeneHRe nonepe'lHUX 
HMTIYJJbCOB YK83HBaeT Ha npRCYTCTBR8 lK8CTKRX npoueccoB B 'IC-p 
B3aHMonettCTBRHX, R YB8JIR'I8Hll8 BKJJana nepepacceHHm!: B . o0p830B8Hll8 
qacTHUH OOJJbWOro nonepe'!Horo HMTIYJJbC8 C poCTOM A. 

12 

TaOJJHUa 2. 3Ha'leHRH cpenHHX nonepe'lHUX RMITYJJbCOB 'l8CTRU 
COilpOBOJK,I!8HRH B COOHTHHX C o0pa30B8Hll8M 'laCTHUH 
OOJJbmoro p.,_, a TaKJKe BTOpH'lHHX 'l8CTHU B HeynpyrRX 
B3aRMonettCTBHHX 

<p.,_>, MsB/c 

'IC - 'IC 
. 

ine1aattc 367 ± 2 384 ± 2 
'IC-p p.,_ > 1,0 rsB/c trigger+ 381 ± 6 379 ± 7 

p.,_ > 1,0 rsB/c trtgger - 359 ± 11 ·419 ± 12 

'IC-Il ine1aattc 344 ± 6 362 ± 8 

'IC-d 
P.,_ > 1,0 rsB/c · trigger + 384 ± 7 364 ± 8 

P.,_ > 1,0 rsB/c trigger - 348 ± 12 404 ± 13 

ine1aattc 3(54 ± 1 378 ± 1 

'11:-C 
p.,_.> 1 ,o rsB/c trigger+ 354 ± 4 365 ± 4 

p.,_ > 1 ,o r::.B/c trigger - 349 ± 5 389 ± 5 

P.,_ > 1,3 rsB/c tr.fgger ± 380 ± 7 408 ± 7 

p.,_ > 1,0 rsB/c trigger+ 302 ± 4 360 ± 3 
'IC-Pb P.,_ > 1,0 rsB/c trigger - 293 ± 7 364 ± 5 

p.,_ > 1,3 f&B/c trtgger ± 318 ± 9 392 ± 7 

CneKTpH no nonepe'IHOMY RMITYJJbCY TpHrrepHHx 'laCTHU B OOJJaCTH P.,_> 
> I,4 rsB/c annpOKCRMHpOBaJJHCb 3KCITOH8HUH8JlbHOtt 3aBHCRMOCTbIO: 
- e-b·p.,_. IlOJJy'leHHHe 3Ha'l8HRH rrapaMeTpa HaKJJOHa b IlpHB8'A8HH B 

T80JJHU8 3. Ero YM8Hbill8Hlle C pOCTOM aTOMHoro Beca H.npa MHlll8Hll 
COOTB8TCTBY8T HBJJ8HHIO 8HOMaJJbHOro YB8JJH'l8HHH C8'l8HHH oOpa30BaHHH 
'laCTHUH C OOJJbillllM P.,_ Ha H.npax C poCTOM A. 

TaOJJHua 3. 

'IC-p 

IIapaMeTpH HaKJJOH8 b P.,_-crreKTpOB TpHrrepHHX 
'laCTRU (dN/dp.,_ - e-b·p.,_ ) 

trigger p.,_> ·1 ,4 rsB/c 

-n;-d -n;-C 'IC-Pb 

4,23 ± 0,32 4, 13 ± 0,39 4,01 ± o. 13 3,20 ± 0,24 
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H3yqaJJHCb TaKme 83HMYT8~bHhle Koppe~RI..Urn 'I8CTHU COIIpOBOlK.n9HHR C 
TpHrrepHo:lt qacTHUe:lt B ?t-p, ?t-d H ?t-C B3aHMo.nel1cTBHRX. BepoRTHOCTb 

Bll~eTa 'I8CTHU IIpOTHB TpHrrepHOll 'I8CTIDJ,!1 3aM9THO YB9JJH'I9Ha, IIpH'I9M 
TaKoll 8$I)eKT 60~bme BHpameH MR ?t-p C06UTH:lt, 'ISM .n~R ?t-C C06UTH:lt, a 
Taue B c~qae OT6opa qacTHU COIIpOBOlK.n9HHR C ITOBllill0HHhlM ITOITepe'IHh!M 
HMIIY~bCOM (> 0,6 raB/c) ITO cpaBH0lill10 co 3Ha'I9HHRMH MR Bcex 
accornmpoBaHHh!X qacTHU. Ilo~qeHhl COOTB9TCTBYIOlllH9 K03(flliHUH9HTll. 
aC:HMM9TpHH a3HMYT8~bHhlX pacrrpe.ne~eHH:11. A3HMYT8~bHhle Koppe~RI..Urn TaKme 
CBH,neTe~bCTBYJOT O 38M9THOM B~a.ne mecTKHX rrpoueccoB B POlK.n9HH9 
'IaCT:mJ,11 60~bmoro P.,_ B ?t-p B3aHMo.nel1CTBHRX, H ero YM9Hblll0HHH BO 
B3aHMo,ne:ltcTBHRX Ha a.npe. 

C ue~blO BllRCH8lillR poJJH MexaHH3Ma BllCillHX TBHCTOB rrpH IIpRMOM 
o6pa3oBaHHH M030HOB C 60~bmHM ITOITepe~M HMIIY~bCOM B meCTKOM 

CTO~OB8HHH ITapTOHOB (T8KH8 M830Hhl 3a6HPaJOT ITO~OCTb]Q rrorrepe~ll 
HMIIY~bC, B03HHKillH:lt B 06MeHe, He .ne~R ero C OCTa~bHhlMH rrpo.nyKTaMH 
(f)parMeHTarurn, KaK B CTaH,napTHllX meCTKHX rrpoueccax) IIpOBO,UH~OCb 
H3Y'I8lill8 nap IIpOTHBOITO~OmHO •3apRmeHHh!X qacTHU COIIpOBOlK.n9HHfl, 

CYMMapHllll rrorrepeqHlll! HMIIY~bC KOTOpllX rrpaKTH'I8CKH KOMII0HCHPY8T P.,_ 
TpHrrepHO:lt qacT:mJ,11. 0,UHHM H3 HaH6o~ee BepoaTHh!X KaHa~OB BllCillHX 
TBHCTOB B ?t-p B3aHMo.ne:ltCTBHRX RB~ReTca rrpouecc uil • gp0

• Il03TOMY B 
?t-p C06UTHRX OT6HPaJJHCb c~yqaH C ITapaMH ?t+?t--M830HOB, MR KOTOpllX 

a3HMyTa~bHhl:lt yro~ Cf> HX cyMMapHoro HMIIY~bca C HarrpaB~eHHeM HMIIY~bCa 

TpHrrepHO:lt qacTHUU Y.UOB~eTBOpReT yc~OBHID cp > 162,5°. H3Y'I8JlHCb 
CII8KTpll 3®,eKTHBHllX Mace TaKHX CHCTeM B pa3Hh!X o6~aCTRX 3H8'I0HH:lt 

rrepeMeHHo:lt Ap.,_= p~+ p:·cos cp , rne p~ - ITOITepe'IHhl:lt HMIIY~bc 
?t+ ?t- -CHCTeMU H p: - IIOITepe'IHhl:lt HMIIY~bC TpHrrepHO:lt 'I3CTHUU (Ap .,_ -

H0CKOMII0HCHPOBaHHhl:lt rrorrepe'IHU:lt HMIIY~bC). Ha pHC. 3 IIOKa3aHU nB8 TaKHX 
crreKTpa: B c~yqae rrpaKTH'IeCKH rro~oa KOMIIettcarurn (Ap.,_> - 0,25 raB/c) 
BH,U&H 'I8TKH:lt CHrHa~ OT p0 -M830Ha, IIpH Herro~oa KOMII&Hcarurn (- 0,25 
raB/c > Ap.,_> - 0,50 raB/c) TaKO:lt CHrHa~ OTCYTCTBY&T. CrreKTpll 

3®,eKTHBHhlX Mace arrrrpOKCHMHpOBaJJHCb p-BO~OBllM pacrrpene~&HH&M 
Bpe:ltTa-BHrHepa C (f,oHOM, 33.U8HHllM BUpameHH&M BG(Mff) = q(~)-e-~-~ 

B H8CKO~bKHX M~aCTRX ITO Ap .,_ • B pe3y~bTaTe IIO~'I8HO pacrrpene~eHHe 
OTHOill8HHR C9'I8HHR rrpouecca C o6pa30B8HH8M 3apameHHO:lt qacT:mJ,11 C 

60~blllHM p .,_ H p0 -M&30Ha, Bll~&TalOll\&PO IIpOTHB TpHrrepHO:lt qaCTHUU, K 
C&'I&HHJO o6pa3oBaHHa qacTHUU C 60~bmHM p .,_ TIO rrepeMeHHo:lt Ap .,_, OHO 
neMOHCTPHpY9TCR Ha pHC. 4. 3aMeTHO YB9JJH'I8HH& TaKoro HOPMHPOBaHHoro 
C8'I&HHR B KOHU& crreKTpa, IIpH rro~oa KOMII&Hcarurn rrorrep&'IHhlX HMIIY~bCOB. 
B 06~3CTH Ap.,_> - 0,25 I'&B/c 'IHC~O C06UTH:lt C o6pa3oBairn:eM p

0
-M930HOB 

COCTaB~ReT (3 ± I)% OT BCeX ?t-p C06b1TH:lt C poMeHHeM 'I3CTHUU 

6o~bUJoro p.J... 
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PHc. 3, CrreKTp 3®,eKTlIBHllX Mace MR ?t+?t--KOMOmiaum!:, 

a3MMyTa~bHlll1 yro~ KOTOpllX Y.UOM9TBOpaeT yc~OBHJO (4.6), a rrepeMeHHaa 
Ap.,_, orrpe.ne~eHHaa B (4.7), HaXO,UHTCfl B mITepBa~e: 
(a) -0,5 raB/c < Ap.,_ < -0,25 raB/c; (b) Ap.,_ > -0,25 raB/c. 

'!..._0.2 

~ 

\· \, ff I i~ ' -~ ·r~, .. 01 
11.p.1.GeVjc 

PHc. 4, HopMHpoB8HHOe pacrrpe.ne~eHHe p0 -M030HOB, Bll~9T8JOlllHX TIO 

a3HMYTY IIpOTHB TpHrrepHOll 'I8CTHUH .(q> > 162,5°), TIO nepeM8HHO:lt Ap.,_ • 
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JAsy'laJIHCb T!lKlKe IIOJIS!PH3aUHOHHH6 CBOt!:CTBa BU,neJiemrux TaKHM 

o6pasoM p0 -Me3OHOB. CIIeKTPll ~KTHBHUX Macc 'lt'lf .nJIR HeCKOJ!bKHX 
liHT8pBaJIOB IIO cos eT (0T -yroJI BUJ!8Ta 'lt B CHCTeMe ITOKOSI 
%+%-OTHOCHT8JlbHO OCH, nepneH.n;HKYJ!RpHOtt K IIJIOCKOCTH polK,!leHHR 
%+%--ITOITepe'lHaR cHcTeMa), aIIIIpOKCmmpoBaJIHCb TeM me cIToco6oM. 
IloJIYqeHHoe pacnpe,neJieHHe no cos eT HMeeT MHIIBMYM rrpH cos 0T= 0, qTo 
YKa3UBaeT Ha YB8Jlli'l8Hli8 BepoRTHOCTli JJ;JIR HYJI8Boro 3Ha'I8Hlifl rrpoeKUHH 
CIIHHa p0 -M83OH8 Ha OCb, ITepneH.n;HKYJIRPHYIO IIJIOCKOCTH polK,!leHHR no 
cpaBHeHHID CO 3Ha'l8Hli8M JJ;JIR H8ITOJ!RpH3OBaHHOrO p0 

-M83OHa (;). 
AmlpoKCHMaUHett yrJfOBOro pacrrpe,neJI8HliSI noJiyqeHa oueHKa TaKott 
B8p0SITHOCTH - 8JI8M8HT8 CilliHOBOtt MaTpliU:!l: nJIOTHOCTH p:

0 
B ITOnepe'lHO:lt 

CHCTeMe, OHa rrpHBe.neHa B Ta6.mme 4 • S.necb JKe IIpHBe.n;eHH 3HaqeHHR B 
.npyrHX CHCT8M8X. .l{JIR oueHKH CHCTeMaTH'!8CKHX Olllli6OK HCITOJ!b3OB8JlliCb 

.npyrHe M8TO,lll:l HaXolK,!leHHR q)()Ha, MaKCHMaJibHll:8 OTKJIOHeHHR COCTaBJIRJ!li ~ i 
YKa3aHHoa CT8THCTH'I8CKOtt OIDHC5KH. . 

Ta6.mma 4 OueHKH 3H8'lelilitt 8JI8M8HTa p
00 

CilliHOBOa MaTp:HUbl 
IIJIOTHOCTli B rronepe'lllott, I'OTWJ)H,na-J{JKeKCOHa H 
CIIHp8JibHoa CHCT8Max OTcqeTa . ,nJIR Bll:,neJieHHHX 
p0 -Me3OHOB. 0lllli6Kli - CT8THCTH'I8CKH6 

CHcTeMa Poo X2/q.c.c. 

ITOITepe'lHaR 0,86 ± 0,23 0,1 I 3 

I'OTWJ)H,na-J{JKeKCOHa 0,14 ± 0,23 0,2 I 3 

CIIHpaJibHaR 0,04 ± 0,22 3,6 I 3 

Ha6JIID.ZJ;8Hli8 IIpRM:!l:X p0 -M83OHOB H HX CilliHOBaR BUCTpoeHHOCTb 

KaqecTBeHHo· COOTBeTCTBYIOT rrpe,ncKasaHHRM, OCHOBamruM Ha MexaHHsMe 
BUCIDHX TBHCTOB. ECJ!li B IIpOU8CC8 UU ➔ gp0 rJIIDOH H8XO,!J;liTCSI Ha MaCCOBOt!: 
IIOBepXHOCTli, TO CilliH o6pasoBaHHoro p0 -M83OHa 6y,neT CliJ!bHO Bll:CTpoeH, a 
B S-KaHaJibHOtt CIIHp8JibHOtt CHCTeMe BepoRTHOCTb HYJI8BOro 3HaqeHHR 
rrpoeKUHH CIIHHa 6y.neT 6JIH3Ka K HYJIID, 'ITO COOTB8TCTBY8T ITOJIY'I8HHOMY 
3H8'I6HHID. TaKyIO HHTeprrpeTaUHID no.n;TBeplK,!laIOT TaKJK8 HM81Wlli6CSI .namrue 0 
pOCT8 CilliHOBOtt Bll:CTp08HHOCTH p0 -M83OHOB C YB8Jlli'I8Hli6M p~ B pp 
B38HMO.ZJ;8tl:CTBHRX H OTCYTCTBHH ITOJIS!pH38UHli p0 

-M83OHOB, o6pa3OBaHHHX B 
pp COC5UTHRX. C .npyrott CTOpOHH, M8KCliM8JlbHOe sHa'IeHHe 8JI6MeHTa 
CilliHOBOtt M8Tpilll.H IJJIOTHOCTli P:o B ITonepe'lllott CHCTeMe JJ;JIR ITOJIHOCTblO 
Bll:CTpoeHHoro p0 -M83OHa B CIIHpaJibHOtt CHCTeMe MOJK8T 6UTb 0,5. B CJIYqae, 
ecJIH 3KCITepHMeHT8JlbHOe 3HaqeHHe .nettcTBHT6JlbHO OKaJKeTCR Billie 8Toro 

rrpe.neJia, .n;JIR OC5'bRCH8HHHSI TaKoro ~KT8, ITO-BH.Dl™OMY, Ha.no 6y.n;eT 

rrpHBJie'Ib HHTept:iepeHUHOHHll8 ~KTll. 
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B KOHUe rJiaBU IIpliBO,!J;liTC~ cpaBHeHHe noJiy'Iemrux .namrux .n;JIR %-p 
B38HMo.nettCTBlitt C pe3YJibT8TaMH pacqeTa no JJYIU{-MO.ZJ;eJIH. !ACITOJ!b3OBaJIHCb 
.n;Be rrporpaMM JJ;JIR reHepaUHH MO.!l;6JIHPY6MHX COC5UTHtt: O.ZJ;Ha ,nJIR JK8CTKHX KXJ{ 

rrpoueccoB C yqeTOM M8X8Hli3MOB BllClliHX TBHCTOB TWISTER 1 .2, H BTopaR 

.n;JIR "MRrKHX" HeyrrpyrHX B3aHMo.nettcTBlitt JEI'Sfil' 6~2. JIBa nOJIY'IeHHHX 
. Ha6opa B3B0lliHB8JIHCb ITO ceqeHHIO • JK0CTKHX rrpoueccoB, H0ITOCpe,ncTB0HHO 

paccqHTaHHOMY rrporpaMMott, H 8KCITepHM0HT8JlbHOMY ceqeHHIO HeyrrpyrHX ~-p 
B3aHMo.nettcTBlitt ITOCJie BllqHTaHHR ceqeHHR .nH~paKUHH. reHepHpoBaHHHe 
co6UTHR rrporrycKaJIHCb qepes rrporpaMMY, MO.!l;0JIHPY!OlllYIO 8KCITepHM0HT8JlbHYIO 
ycTaHOBKY, H cpaBHHB8JIHCb c He norrpaBJI8HHh!MH Ha 8KC0ITT8HC 
8KCITepHMeHT8JlbHll:MH .naHHUMH. 
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Pll:c. 5. CITeKTp ITO rrorrepe'lHOMY HMIIYJibCY TpHrrepHHX qacTHU B %-p 
COC5UTHRX (TO'il<H c Olllli6KaMH). I'HCTorpaMMH - pesyJibTaT pacqeTa ITO 
JJYlU{-MO.ZJ;eJIH: JJ;JIR MRrKHX co6UTlitt - IIYHKTHpH8SI JillliHR; JJ;JIR JK8CTKHX 
rrpoueccoB - mTpHXOBaR JIHHHR; .n;JIR BUCmHX TBHCTOB - mTpHX
IIYHKTHpHaR JIHHHR; cyMMa MRrKHX H lK0CTKHX rrpouecCOB - cnJIOIDHaR JIHHHR. 

Ha pHc. 5 IIpHBO.l(HTCSI cpaBHeHHe CIT0KTpoB ITO nonepe'IHOMY HMIIYJibCY 

TpHrrepHUX qacTHu C MO.!l;8Jlbl0 H ITOKa3aH TaKl!e npe,ncKa31illaeMWl BKJl8~ 

pasJIH'lH:!l:X rrpoueccoB. O6HapyimBaeTCR xopomee corJiacHe .naHHHX c MO.n;enbm, 
IIpH 8TOM .!l;OJISI MRrKHX co6uTHA cpe.zw OTOC5paHHol CT8TJIICTH}(J! no 
JJYIU{-MO~eJIH COCTaBJIReT ~ i• a rrpoueccOB BWClllHX TBKCTOB ~ 71. 0.Dell() 
Cpe.nHRR MHOEeCTB6HHOCTb OTpMI.l8T6JlbHO sapRJleHHlil qacTJlll ·CODpOBOllle-

17 



3aMeTHO BHllle, '!eM rrpe.ncK83HB88T MO,U8Jlb, a cpe.numt ITOIT8p8'IHI111 HMIIY_JILC 
COIIpOBOJK,Zl8HHH HHJKe rrpe.n;CK838HHOro 3H8'l8Hll.fl. 3TH ,!J;Btl (p8KTa • CBH3DHH 
.npyr C .npyroM, H B MO,!J;8Jlll , BepoHTHO, neo6xo,n;HMo OITTHMH3Hp0Bf1Tb 
¢eHOM8HOJIOrH'leCKH8 ITapaMeTpH, KOTOpHe yrrpaBJIHIOT q>parM8HTaUHe11 UB8THOtt 
CTPYHll (6HJ!ll HCITOJ!b30B8Hll CTan.napTHlle 3H8'l8HHH). A3HMYT8JlbHil8 
KOppeJIRJ.Um corJiaCHO MO,!J;8Jlll HeCKOJlbKO CHJlbHee ITO cpaBH8HHIO C 
8KCITepHMeHT8JlbHllMll ,n;aHHHMH. 

Ha6J110,naeMoe o6pa3oBaHHe rrpRMHX p0 -Me30HOB B 4 + 6 pa3a Burne 
rrpe,ncKa3aHHoro ITO MO,!J;eJ!ll. CJie,nyeT OTM0TllTb, 'ITO B nett Y'ITeHH 
norrpaBKH, CBH3aHHHe. C 06MeHOM MRrKHX rJIJOOHOB, T.H. K-q>aKTOpH, 
3H8'l0HHR KOTOpHX MoryT ,!J;OCTID'8Tb T8KllX B8Jlll'IHH. BoJiee Toro, ll B 
.npynrx 8KCITepHMeHTax, B KOTOpHX .neJiaJiaCb ITOIIllTKa orrpe.neJieHHH 
OTHOCHT8JlbHOro BKJla,n;a M8X8Hll3MOB BHCllillX TBHCTOB, ITOJIY'leHH 3H8'!8HHR, B 
2 + 4 pa3a rrpeBlllli8lOUU'l8 OU8HKH ITO KXU (ue3 YK838HHHX ITOIIp8BOK). 

B 38KJIIO'l8HHH KpaTKO CYMMHpYIOTCH OCHOBHHe pe3yJlbT8Tll, KOTOpHe 
rrpHBe.neHll B o6mett xapaKTepHCTHKe ,!J;HCCepTaUHOHHOtt pauOTll,IIpllBO,lJ;RTCH 
BHBO,!J;l1 ll uJiaro.napHOCTll. 
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