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Pa6OT8 Bb1IlOHH8H8 B'Ra6opaTOPHH T8OP8TllqecKOH qJH3HKH 
06~8,llHH8HHOro HHCTHTYT8 H,ll8PHb1X llCCH8,llOB8HHR. 

0~HUH8HbHb18 onnOH8HTb1: 

,llOKTOP ~H3HKO-M8T8M8THqecKHX H8YK 

,llOKTOP ~H3HKO~M8T8M8THqecKHX H8YK 

AOKTOP qiHa0Ko-MaTeMaTH11ec~rnx HayK 

R.)l.Enox0ttueB 

B.M.CTpyTHHCKHtl 

B.A.XO,ll8Hb 

B8AY1118H opraHH38UHH - HHCTHTYT T8Op8THqecKolt g)H3Hl<H, KH8B. 

8811!HT_8 ,llHCC8pT8UHH COCTOHTCH 11_ 11 ______ 1990 r. B __ qac. 

H8 88C8,ll8HHH Cil8UH8HH3HPOB8HHOro COB8T8 .71047.0l.Ol npH Ra6opaTOPHH 
TeopeTaqecKotl WH3HKH 06~8,llHH8HHOro HHCTHTyT8'H,ll8pHb1X HCCH6,llOB8HHll, 
r. )ly6H8 lv!OCKOBCKOtl o6naCTH. 

Anope~epaT paaocnaH 11 11 ________ 1990 r. 

C ,llHCC6PT8UH6il MOXHO 03H8KOMHTbCH B 6a6nHOT8K8 OHHH. 

YqeHutl C6KP8T8pb CneuaanaaapOB8HHOro COB6T8 

K8HAH,ll8T qJH3HKO-M8T8M8THq8CKHX H8YK -
B.11.!ypaBneB 

OEli\AH XAPAKTEPHCTHKA fAEOT~ 

AKTyanbHOCTb T8Mb1. 11ccne,llOB8HH6 KOnneKTHBHblX BO36YXA8HHH 8TOMHb1X 

H,llep H8 OCHOBe MHoroqaCTHqHoro ypaBH8HHH illP8AHHrepa np8,llCT8BHH8T co-

6olt B8XHYJO 38,llaqy TeopeTHqeCKOH HA8PHOll qJH3HKH. B cany H3B8CTHb1X 

TPYAHOCTell, BO3HHK8JOIIIHX npH CTporoM p8CCMOTp8HHH H83B8HHOH npo6H8Mb1 

(He ,llOCT8TOqHo xopowo onp8,ll8H8Hb1 CHHH, ,ll8HCTBYIOIIIH8 M8XAY HYKHOH8MH B 

HA8PHOM B81!18CTBe; M8T8M8THqeCK8H CHOlitHOCTb 38,ll8qH MHOrHx Ten) 6onb
woe 3HaqeHH8 npHo6peTBJOT nocne,llOB8T8HbHb18 npH6HHX8HHb18 M8TO,llbl~ewe

HHH, T.e. M8TO,llb1, KOTopue, BO-nepBblX, HCXOAHT HS nepBNX npHHUHilOB 

AHH A8HHO!t aa,1taq0, BO-BTOpux, HBHHIOTCH npaKTHqeCKH peanHayeMblMH H ag_i

qieKTHBHblMH H, B~TpeTbHX, MOryT 6b1Tb, B npHHUHne, p8CWHP8Hb1 ,llO TOqHblX. 

K H8CTOHl!l8MY BP8M8HH H8KOnneH o6wHpHb111 3KCnepHM8HT8HbHbll1 M8TepH

an no CTPYKType_K8K THlit8Hb1X, T8K H ,llOCT8TOqHO nerKHX H,ll8p. 8TOMY cno

co6CTBOB8HO npeJKAe Bcero TO o6CTOHT8HbCTBO; qTQ BO MHOrl!X CTp8H8X MH

pa HaqanH pa6OT8~b ycKopaTenH TH~8Hb1X HOHOB H 6blnH nonyqeHbl HOBble 

,ll8HHb16, OTHOCHIIIH8CH K TOH O6H8CTH H,ll8pHOlt qJH8HKH, KOTOP8H p8H88 K888-
H8Cb H8,llOCTynHoll AHH HCCH8,ll0B8Tenetl: 6OHbWH8 CilHHbl, BblCOKHe SHeprHll. 
IlOHBH8HH6 ycKOPHTenelt C BblCOKllM KaqecTBOM nyqKOB H IlOCTOHHHO8 COBep

W8HCTBOB8HHe T8XHHKll 8KcnepHM8HT8 Il08BOHHHO H8M8PHTb SHeprHH rHr8HT

CKHX H3OCK8JUl.pHb1X p83OH8HCOB ,llO MYHbTHnOHbHOCTll A=4 H H3OB8KTOpHb1X 

- ,llO >-=3, M8rHHTHb1X P83OH8HCOB C A~2, noaBomrno H3M8PHTb aHeprHH H 
B6POHTHOCTH B036Ylit,ll8HHH MHOlit8CTB8 OT,ll8HbHb1X YPOBHetl, KOTOpble paHee 

H6 YA8B8HOCb paapemHTb. 

HHK8K8H TeopeTHqeCK8H MO,ll8Hb He B COCTOHHHH BocnpOH8B8CTH BC8 STO 
p83HOOc5paaae p83OH8HCOB H y'pOBH8H C HX 3H8KTpOM8rHHTH.liMH H npo-qi,um 

CBOHCTB8MH. )la B 3TOM Boo6111e-To H H8T oco6oro CMb1CH8. Eonee none3Hb1MH 
B T8KO1i CHTyaur,rn ,llOHlitH.li 6b1Tb IlO,llXO,llbl, IlO8BOHHIOil!H8, .HCXO,llfl H3 nepBblX 

npllHUHilOB, OilHCb1B8~b ,llHH8MHKY paanHqHblX HHTerpanbHblX xapaKT8PHCTHK 
H,llp8 H, K8K CH8,llCTBH8, BOCilPOHSBO,llHTb IlOHOlit8HH8 U8HTPOH,llOB 6onbmHX 

rpynn ypOBH8H H cyMMBPHYJO BepoHTHOCTb HX BO86ylit,ll6HHH. HBHHHCb CBoero 
po,na npaBHHBMH CYMM, T8KH8 IlO,llXO,llbl ,ll8JOT npaKTHqecKyJO BOSMOlitHOCTb pac
qeTa MHOrHX 8KCnepHM8HT8HbHO H3M8PH8Mb1X HA8PHb1X xapaKT8pHCTHK, H T8M 

CBM.liM MO~YT CT8Tb H8,ll8XHb1M RHCTPYM8HTOM ,llHH npoBepKH H8WHX npe,llCT8B

neHH1i O qJH3HK6 8TOMHOrO H,llpa. 

TaKHM o6paaou, IlOHCK HOBblX IlO,llXO,llOB, cnoco6H.HX CqJOPMYHHPOB8Tb 
nplic5HHE8HHH, onep.HpyJO~He co BC8BO8MOEHb1MH HHTerpanbHblMH xapaKT8pHCT.H

K8MH H~ep, H YK88b1B8IOil!HX nyTb, K8KRM MOX8T 6b1Tb ocy~eCTBH8H nocTeneH
Hblll nepeXO,ll OT STHX npH6HHE8HRH K e~e 6onee TOqffOMY OilHCBHHJO, npe,n

CT8BJUl.8T co6on 8KTY8HbHYJO H BBXHYJO npo6neMy. 
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UenbIO paooTbl HBnHeTCH paapa6oTKa HOBoro MeTo,lla TeopeTnqecKoro 

OilHC8HHfl ;n;HH8MHKH HHTerpanbHblX xapaKTepHCTl1K MHOroqacT11qHblX CllCTeM H 

aayqeHHH C ero noMOillblO paBHOBeCHOli (jJOpMbl H KOnneKT11BHoro 'ABHllt6Hl1H B 

8TOMHbIX H;n;pax: aHeprHH H B6POHTHOCT6H B086yJK;n;eHHH r11raHTCKHX pe30H8H

co:ii (H30CK811HPHbIX H H30B6KTOPHUX, aneKTpWrnCKHX H_ M8rHHTHbIX) 11 Hl13KO

nellt81!1RX MO;n; paa~aqaoli uynbTanonbHOCTH BO BP8i11810i11HXCH 11 HeBpa~BIOilll1XCH 

H;n;pax, npe;n;CK888HH6 H accne;n;OB8Hl16 HOBbIX MO;n; B030Yllt;D;6Hl1H. 

HayqH8H HOBH3H8 H np8KTHqeCK8H U6HHOCTbo 

BnepBb16 peweaa npo6neM8 88MblK8HHH 6eCKOHeqHoli uenoqKa yp8BHGHl1ll 
11 ra;n;po;n;aHa1.rnqecKoro11 Tana, nonyqaei.mx as ;n;HHBM.1qecKoro y paBHBHliH ;n;nH 

qiyHKUHH BnrHepa (uaTpHuu nnoTHOCTa). 
COOTB8TCTB6HHO, BnepBue MOMSHTH'qJYHKUHH BHrHepa B qJ830BOM npocT

paHCTB6, nonyqeam~e nyTeM peweaaH nonyqemrnx a;n;ecb c11cTeM ypaBHeHatt, 
npm.1eHHIOTCH ;n;nH nayqeHHH ;D;Hll8MHKH HIITerpanbliblX xapaKTepHCTHK 8TOMHO

ro H;n;pa. Paapa60T8H oparHH81lbHblli M8TO;n; onacBHHH WDPMbl H KonneKTHBHblX 
B030Yllt;D;G!II,lii 8_TOMHblX H;n;ep C llOl,!OillblO 3THX. MOM6HTOB. 

BnepBble npo;n;eMOIICTpapoBaHa B8JKHOCTb yqeTa ;n;e(jlopMBUHH noBepxnocTa 

~epMH MY1lbTHil01lbHOCTH. ~>2 npa aayqeHHH KonneKTHBHblX B030YiJ!;D;GHHli. 

BnepBb18 06HapyJK6Hbl H accne;n;OB8Hbl HH3KOJI8JK8~He (CYi116CTB8HHO HHllte 

rKP) H30CK811HPHble H H30B8KTOPHble BHOP8UHOHHble B030YJK;D;8HHH BO BP8i11810-
IIIHXCH H;n;pax. 

BnepBb18 npo;n;eMOHCTpHpOB8HO, qTO onpe;n;e11H10ey10 p01lb B B08Hl1KHOB0HHH 

CTBTHqecKOli ;n;eqiopM8Ullll a~OMllbIX H;n;ep HrpaeT onepaTop KHHSTHqeCKOli 

8Hepr,HH. , 
BnepBb16 onpe;n;eneHO nonoJKeHHe ueHTPOH;D;OB Hll3K0118llt8i!IHX (Halite COOT-

B0TCTBYIOi11HX rP) ~- ll 2+ COCTOHHHH. , 

IlonyqeHHbl8 B ;n;accepTBUHH peaynbTBTbl 38M6THO yrny6Hna CYi118CTBYIOillH6 
npe;n;ciaBneHHH o CTPYKType H;n;pa. PaapaooTBHHblli a;n;ecb no;n;xo;n; noaBonaeT 

COB0Plll6HIIO no,-HOB_OMY BarnHHYTb Ha KOnneKTHBHYIO ;D;HH8MHKY Mep. HB11HlJCb 
CBOeoop83HblM npaBH110M cyMM, OH oona;n;aeT H6M811blMH npe;n;CK888T811bHblMH 

B03MOJKIIOCTHMH H Il08B011H0_T ;D;OB01IbHO CKpOMHblMli BblqHcJU1Te1Ibll!JMM cpe;n;cT
B8MH nonyqaTb npaKTaqeCKH ToqHyIO HllqJOpM8UHIO 06 ycpe;n;11eHHUX, HllTerpanb-, 
HblX xap8KT8pHCTHK8X 8TOMHhlX H,llep, qTO H6M81IOB8lltHO ;n;nHCHCT6M8TH88UHH 

aKcnepHM61lT81lbHblX ;D;BHHblX. 

Ena aamHThl BbIABHrBIOTCH CJIBAY!Omae OCHOBHbl8 peaynbT8Tbl 1 nonyqeHHble 
B AHCcepTar.um: 

I. _IlOCTP06H8 6eCKOHeqH8fl CHCT8M8 ;D;HH8MHqecKHX HHTerpanbHhlX COOTHO
weHali, KOTOpbIM ;11;01IlltH8 Y.llOB118TBOPHTb WYHKUHH BHrHepa (M8TPHU8 nnOTHOC
TH). 06HapyJKeHo, qTO OH8 p886HB88TCH Ha H638BHCHMhl8 KOHeqHhJ6 IlO,llCHCTe

:i.m. 
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2. Y,ll8110Cb IlOK888Tb, qTO K8lit,ll8H H3 3TllX Il0,llCl1CT8M OllHCblB86T ;n;,rna

MHKY onpe,ll8116HHOro 1,1ynu11nOnbHOro MOM6HT8 H,llp8 (MHOroqaCTliqHoi1 CHCTe-

Mbl) • 
3. Paapa60T8II opHrHil81Ibliblll M6TO,ll OilHC8HHH KonneKTHBHblX B080yllt;n;e-

HHil 8TOMHblX H,llep C DOMOillblO 8THX Il0,llCHCT6M. 
4. ilOK888HO, qTo ,llliH8Ml1KY T6H80pa 11Hepuan paHra n 

onncuB8Tb coBMeCTHO c ;n;nHaMHKOil TeHaopoB ABBnBHHli Bcex 

HSOOXO,llHMO 

paHroB OT 2 

;n;o n. 
5. !lpOB6,ll6Hbl pac:qeThl paBHOB6CHOtl qiopMbl BP8i11810illHXCH H;n;ep, 8 T8KJK6 

aneprllk H B6pOHTHOCT8/,t B080Yi,{,ll6Hllfl o+ ,I+ ,2+ ,3+ ,4+ ll 1- ,2- ,3- ypOBHS/,t 

KBK C noBepi<;!iOCTHblM H8THlK6HH6M B npllOJIHlK6HHH" H6CiiillM86MOro mi;pa, T8K 
li C B88llMO,lle/,tcTBlleM CKllpMa; IlOK888HO, qTO B p8MK8X p83BHTOro IlO,llXO;D;8 

B08MOlltHO 01111C8HHe cnpe ,llOBblX llIHPllH BHOP8UHOHHbIX B080Yllt,ll8HHli. 
6. Hpe,llCK888HO p8Cil!6Il1IiiHl-16 rKP BO BP8Li18!01!1llXCfl H~pax; OOHapyllteHbl 

Hl18K0118lK8i11116 MO,ll.hl C IlOMOillblO KOTOphlX MO)liliO OO'I>HClillTb H801IIO;D;86Mbl6 3KC

nepllM6HT8JlbHO r-nepeXO,llhl 11 B,ll01Ib11 ~ 11HHl111 C t,./=2 H td=I; OOH8py
JK6Hbl ll nccne,llOB8Hbl H8BHOP8L\llOHHhl6 MO,ll!J ObICTpOBP8ul810li.lllXCH H,llep. 

7. Yp8BIIGHHH ,llBl1JK6HHH I OilHC!JB810i!lll6 KB8,llpynm:l'>Hbl8 KOJie68HllH Bpama

lOu\HXCfl H,llep, npllB6,ll8H!J K K8HOHHqeCKOMY Bmi;y 11 npoKB8liTOB8Hbl. 
8. ~OK888HO, qTp onpe,ll611HIOillYIO p01Ib B B08HHKHOB8HHH CTBTnqeCKOU 

,ll6WOPM8U11H 8TOMHbIX H,ll6p HrpaeT onepaT9p KllHSTHqecKotl 8Heprnu. B1,1qnc

neHH06 p8CillenneHne I'ICP ll8-88 ,ll.6W()pM8UllH OJIH8KO K 8KCnepHMeHT81lbHOMy. 
9. PaccqHTBH!J (C CH118MH CKHpM8) 3HeprnH H BSpOHTHOCTH B030Y~Ae

HHH 1180CK8JIHPHhlX 11 H80B6KTOpHbIX MO~OilOllbHblX H KB8,llpynonbHblX rar8HT

CKl1X pe80H8HCOB, 8H6prllll H B(MI)-(jlaKTOphl HH3KOJI8lK8i116M hil-MO;D;!J (rll
raHTCKOro yrnoBoro peaoHaHca) - peaynbT8T!J Hennoxo cornacyIOTCH c aKc

nepnMeHTBn:bHblMH ,ll8HHhlMH. 061,HCH8HO H8011IO,ll86M08 8KCnepl!M81ITOJI:bHO 11 pac

Ul6Illl8HH811 MOHOil01IbHOro pe80H8HC8 B ,ll.6q!OpMl1POB8HH!JX H,llpax. 
IO. PaccqnTBHbl aHeprnn ll BepOHTHOCTll B030Yllt,ll6Hl1H OKTYilOJlbHblX H 

reKC8,ll6K8IlOJl:bHblX H80CK81IHPHhlX rP, 8H8prHH H B(M2)-qiaKTOpbl M8rHllTHbIX 
KBB,llpynonbHhlX peaoHaacoB. B uenoM peaynuaThl pacqeToB Hennoxo corna

cyIOTCH C aKcnepHMSHTOM. !lpe,llCK888HO nono~eHHe M8rHHTHOro OKTYilOJ!bHOro 

pe80H8HC8o 
II. Onpe;n;eneHO nonOllt6Hlle U6HTPOH;D;OB HH8K0116lK8i11HX (HHJKe COOTB8TCT

BYIOU!HX rP) 3- ll 2+ COCTOHHHli. !lp6,llCK888HO, qTO llX llK118;11; B SB!lC ;D;OJ!lE0H 

COCT8B11HTb OK01IO 307~ H 20% COOTB6TCTB8HHO. Collp6M6HHbl6 8KCnepID.leH
T8JlbHbl8 ,ll8HHb18 He npOTHBopeqaT 8THM npe,llCK838HllHM. 

12. Ilpe,l).CK838H!J M80CK81IHpHb16 ,llllil0JlbH8H H KB8,llpynonbH8H MO,llbl TOpOH,ll.
HOro Tllna, BbICOKOneJK8il166 r+ C?CTOHHH6 B11Xp6BOM npapo;n;u; ,llB8 H30B0KTOp
HhlX OKTYilOJlbHblX peaOH8HCa, H8 O,llHO 113 KOTOPHX HM6IOTCH 8KCnepHM6HT81Ib

H!J8 YK838Hl1H. 
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Anpo6agHH AHeeepTagHH 

0eHOBHbl6 MaTepHanbl .11.HeeepTaUHH H60,l\HOKpaTHO l\OK1Ia,l\blB81IHeo Ha ee
MHHapax JIT(il Olt!Hlil, 1:1.'f(il (KHeB), H1lttil~ MrY, il!A3 HM. KypqaToBa, l1HH (KH
eB), Pil!AH HM. XnonHHa, cry (C.:apaTOB), ~!HiAH3 EAH (CoqiHH), IPN (Opes), 
ISN (rpeHo6no), TU (u!IOHXBH) CRN (CTpaeeiypr). OHH 6mm TaKiK6 npe.1:1eTa
B1l6Hll ll ,l\OKna,l\blBanlleo Ha 36 ,38 !,'.I 39 CoBeillaH1rnx no Hl\6PHOH eneKTpoeKO
nHH H eTpyKType H,l\pa, BeeeOI03HblX TeMaTTt1qeeKTt1X eeMHHapax (,Ily6Ha, 1981, 
1982, 1988; 0.1:1eeea, 1985, 1987; HaMaHraH, 1986; CapaToB, 1988). MeiK
llYHapo.1:1aoii WRone no K01l1l6KTHBHOH H,l\6pHOH ,l\HHaMHK6 (Poiana Brasov, Py
MblHllH, 1982), BeeeOI03HOli mKone-eeMHHape no WH3HK6 TH~61lblX HOHOB (YlK
ropo.1:1, 1984), Meiit,llyaapo.1:1aoil mKone no eTpyKType a.1:1pa (AnymTa, 1985), 
MeJK,l\yHapO,l\HOll WK01!6 no aKTyanoHblM npo6neMaM Hl\GPHNX HayK (l{y6a' 1986)' 
Mellt'AyHapo.1:1HoM eHMn03HYM6 11 H0Beiim11e ,l\OeTHJKeHlrn B Hl\GPHOli qJH3HKe 11 (Ho
BOeH6HpeK' 1987)' MBJK'AYHapO,llHOil KOHipepeHu,rn: 11 1136paHHble Bonpoebl eTpyK
TYPbl a.1:1pa 11 (,Ily6Ha' 1989)' i,ieJK,llyHapO}.(IIOli WK One no (J)H3HK6 H,llpa (l,us
sois•, 1989), eeKUHll no TeopeT11qee1rnii w11a,me YqeHoro CoBeTa 011fH1 · (1983) 

lly61111Ka1JHH 
Ila peaynoTaTaM .1:1ueeepTau11H onyCinllKOBaHO 19 pa6oT. 

06'.beM ·paCiOTbl 
~HeeepTaUllH eoeTOllT H3 BB6,l\6HllH, nHTH rnaB, 3aKnIOqeHHH ll 13 np11-

1IOliC6HllH. OHa eo.1:1ep;KllT 247 eTpaHHU MamHHOnHeHoro TeKeTa, BKnJOqaa 3 Ta6-
1lllUbl, 42 plleyHKa 11 6H6n11orpaqiHqeeKllll en11eoK 1!HTepaTypbl 1,'.13 202 Ha3B8-
Hllll. 

CO,ilEPiKAli l1E P AEO'rbl 

Bo BBGA6Hllll KpaTKO ll31IOiK6H8 noeT8HOBK8 !pHaHqeeKOH aa.1:1aqu ll o6oeuo
B8Ha 8KTya110HOeTI, H B8iKHOeTI, 11eene.1:1yeMbIX npo611eM. 

B nepnoii rnaBe 11anara10TeH oeHOBHbl6 n0110iK6HHH M6TO,l\8 MOM6HTOB (BH
pHalloHblX TeopeM). B paa.1:1ene I.I yp8BH6HH6 ,l\11H M8TpHUbl n110THOeTll j= 
= .f'(t,, i2-) 

it dj = [H,}] dt · 

e nOMOUlo!O npeo6p830B8HllH BHrHepa 

Jl - -t) ( / -t'ft"/1 _ r 
t (t.1 f, = rt711,>3 J e .J>( z. + y , 

- :i ) 1-'t - T t pe,,::! 
I 

npeBp8Ul86TeH B ypaBH6HHe ,l\11H QlYHKUHll BHrHepa /{~ f, f) 

qi= l:.. -Jinfl(v.~ ~f - v.~ v.')]H ·I ?t /; .2- t p I' T- w ) 
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(I) 

(2) 

(3) 

r.1:1e Hw - Burttep-o6paa raMll11oTOHllaHa H • Baemttee exo;t\eTBO aToro 
ypaBH6HHH e KllH6TllqeeKllM ypaBH6HH6M EOlloUM8Ha-B11aeoBa (KOTOpoe nony
qaeTeH ua (3), ee11H oeTaBHTo TonoKo nepB!lli qneH pa3noJKeHHH M B . 
PH.1:1) HaBO,l\HT Ha Mble1!o BOCil011o30BaToeH H3BeeTHblM B eTaTHeTnqeeKoil qiu-
3HK6 npHeMOM. BblnueuBaIOTeH paanuqnble MOM6HTbl ypaBHeHHH (3) no HMny11b
ea1A (paa.1:1e11 I.2), B pe3y1!oTaTe qero no11yqaeTeH 6eeKOHeqHaH eneTeMa 
3auenlIHIO:l(llXeH ypaBHeHHii 11 ru.1:1po.1:1utta1.inqeeKoro 11 THna ,l\11H nnoTHOeTit.f(~) 

- D I eKopoeTll U(7i) , TeH30pa .n.aBneHHii ,r't. (£) u TeHaopoB 1· ... ,d-t') 
6onee BueoKoro paHra. 

(llopuyn111pyeTeH npo611e1,1a pae~ennemrn aTHX ypaBHeHHti. Ilpe7111araeTeH 
enoeoei ee pemeHllH e noMo~oID BHpuanoHux TeopeM ~aa.1:1paeeKxapa-Jle60BH
ua • HMeHHO: eem1 ypaBH6HHH 11 ru.1:1pO,l\llHaMuqeeKoro 11 Tuna llHTerpllpOB8TI, 
no KOOP.l\H!laTaM e paa1111qHblMll BeeaMH (pa3,l\81l I. 3), TO nonyqaeTeH 6eeKO
HeqHaH e11eTeMa Bllpll8lloHblX ypaBH6HHii, 06na.1:1a10~aH aa14eqaTe1IbHOH oeo6eH
HOeTo!O - OHa paena71aeTeH Ha KOHeqHble no.1:1eueTeM!l ypaBH6HHil ,ll]lfl T6H30-
pOB onpe.1:1e11eHHoro paHra. 

Hanneaau nHTo KOHeqHblX He3aBHellMUX eneTeM BllpHanoHllX ypaBHeHHH 
(nHTo BllpHanoB). BllB6,l\6HU Bee ll3BeeTHble HHTerpanbl ;t\BHlK6HllH, eo71epJKa
~ueeH B HllX: queno qaeTHU, HMnynoe, yr1IOBOH MOM8HT, nonHaH 3HeprHH 
H,l\pa. 06eyJK,l\aIOTeH eBOHeTB8 Bllplla1!0B (pa3,l\61l 1.4). 06paU1aeTCH BHllMaHlle 
Ha B03MOJKHOeTo ,l\BOHKOro HX TOnKOBaHHH. C O,l\HOH eTopOH!l - 8TO npoCTO 
Ha6op ,l\HHaMuqeeKHX llHTerpanoHblX eoOTHOill6Hllil, KOTOpUM ,l\01IJKH8 YJ:\OB116T
BOPHTb WYHKUHH Buraepa. C .1:1pyroil CTOpOHU, MOJKHO eqHT8To, qTo KaJK,l\Uli 
BllpHall Onlle!lBaeT ,l\HHaMllKY T8H30pOB 1/,i f'J,;; f(,r,f,t) ft ~- ••• 1', Xt . ~,: ... X., I' I~ r l t , , '.z. r '" 1r"' K+z. ,,, 

onpe.1:1e11eaaoro pattra n ( K npo6eraeT 3HaqeHHH OTO 710 n ), xapaKTep11-
ay10U1uX paenpe.1:1.eneaue HyKnOHOB He T01loKO B KOOP.l\llHaTHOM (Mynuunono
HUe MOM6HTU H,l\pa), HOH B HMnynoeHOM npoeTpaHeTBe, Q,llHaKo B 8TOM eny
qae Bee BllpHanu YiK6 H61lo3H equTaTo H63aBlleHM!lMll, TaK KaK B3aHMO,lleileT
BH8·(KpOMe oeuunnHTOpHoro IlOTeHuuana) B npHHUHlle MOJKeT eBH3aTo T6H30-
Pbl Beex paHrOB. Ho TaKoro po.n.a eBH3ll BnonHe IlO,ll,l\aIOTeH npH61IHlB:8HHOil 
Tp8KTOBKe, npuqeM oqeBH,llHa npoue.1:1ypa noene.1:10BaTenoHoro yToqHeHHH npu
CinHJKeHuil. Ilpll TaKOM llO,l\XO,lle eTaHOBllTeH TaK~e oqeBH,l\HblM BaJKHUli ~8KT: 
;t\11H KoppeKTHOro onaeaHHH 3B011IOUHH MOM6HTa H,l\pa MY11bTllnOnbHOeTll A 
HYJKHO yqeeTo ,ll6qJOpM8UHIO noBepxaoeTH ~epMH Beex MynoTHnOnoHOeTeti 
Bll110To ,llO ). • 

B CTaTuqeCKOM c11yqae, KOr.n.a HHqero He 3aBHellT OT BpeMeHH, Bee BH
puanu npeBpa~aIOTea B 6eeKOHeqHoe qucno ye1IOBHH paBHOBeena, KOTOpue 
MOr,YT 6UTo HCil01lb30B8Hll, B qaCTHOeTll, ;t\1IH ~HKCaUHH napaueTpOB ~OPM!l 
H,llpa. 

B paa.n.ene I.5 IlOKaaaHo, qTo Bapua~HH BllpHanoB HB1IHIOTeH Y.1:I06HUM 
HHeTpyMeHTOM l\1lfl uayqeHH.ii ;t\BHJK6HHil M8110H aunnllTY.llll KOHeqH!,JX eueTeM 
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(H;n;ep). CqiopMYilllPOBBHhl npaBirna Bap1rnu1-rn HHTerpam,Hh!X Be1m1urn. Aatt 

8H8lll13 KOppeKTHOCTl1 l1Cll0llb3yeMbIX npH6naliteHHiii; IlOK838HO, qTo ;n;nH HX 

cnpaBe;n;nHBOCTH B8lKHYJO ponb HrparoT KOHeqHue p83Mepu H;zipa. 

B paa;n;ene I.6 npo;n;eMOHCTPHPOB8H8 npHHUl1Ill18llbH8H B03MOlitHOCTb OllH

C8HHH Kp88BhlX CTOllKHOB8Hlilt H;llep C IlOMOll(blO Bl1pl18JibHhlX y p8BH8HHi1. 

Bo BTOpolt rnaBe nocpe;n;CTBOM BHPl18llbHhlX yp8BH8HHW ;z\JIH T8H30pOB 

BToporo· pattra uay1:1a10Tca 1fmryph1 paBHOBec11a 11 KBa;n;pynonbHhle Kone6amrn 

BP8ll!810ll(HXCH a;n;ep B npH6nl1llt8HHH H8ClitHM88MOro H;n;pa C p83KliM KpaeM. B 
paa;ziene 2.1 HCcne;n;yIOTCfl Bl1pH8Jiblihl8 ypaBHSHHfl ;z\JIH CT8UHOH8pttoro cny

lJ8H. Ona npe;n;CT8BJIHIOT co6o.tl 68JI8HC ;n;aBneHUH, KYJIOHOBCKl1X, H;ll8pHhlX 11 
ueurpo6elltttux CHJI (ro11ttee, 11x MOMeHTOB) H ;n;a10T CBfl3b napaMeTpoB iJ.iopMhl 

H;n;pa (qiHryp p8BHOBeCHH) co CKOpOCTblO Bpall(eHHH. ~OpMa H;n;pa annpoKCHMH

pyeTCfl cqiepOH;z\8MH l1 3llJIHilCOH;ll8MH. Teuaop H;n;epHhlX CHn ecTeCTBeHHLIM o6-
p830M paa;zienHSTCH H8 o6~eMHYIO H IlOBSpXHOCTHyJO 118CTH, npHIISM nocne;n;HHH 

napaMeTplrnyeTCfl IlOBSPXHOCTHhlM H8Tfl)i(8HH8M. P8CCM8TPHB8JOTCH TOJlbKO cgie

PHIISCKHe B OCHOBHOM COCTOHHHH H;zipa - ;n;eqiopM8Ul1H B03HHK8eT B HHX H3-38 
Bp8ll(8HHH. ilOK838HO, IJTO T8H30p ;n;aBneHHll H 06b8MH8H tIBCTb T8H30p8 

H;n;epHhlX CHn He BXO;D;HT B OKOHtI8Tem;HyJO giopMyny, CBH3h!B8JOU(y!O napaMeTphl 

;n;egiopM8UHl1 H H88KCU8llbHOCTH co CKOPOCTbJO BpameaHH Jl, TBK tITO OH8 
OK83hlB88TCH TOllt;n;8CTB811HOlt qJOpMyne ru;n;po;n;HH8MHtI8CKOil MO;n;em1. ilpoBe;n;eHbl 

p8Ctl8Thl CgJBpOH;D;BlloHhlX H 8JlilllllCOH;D;8JlbliblX WHryp p8BHOB8Cl1H ;D;JIH p83llHq
HhlX attaqeHHti napar,AeTpa ;n;ennMoCTH X, ;n;att RX 11o;n;po6tth!11 attaJI11a. ilpe;n;
CKaaatth! HBJI8HHH r11r8HTCKl1X 6aK-6ett;n;11ttra, H giop-6ett;n;Httra, H30Mephl giop

Mhl. lllnn10cTpauueti nony11eHHblX peaynbT8TOB MOlKeT cnylitHTb p11c. I, tta KO-

w 

5 
~ 

6 

PRC, I. 
38BHCHMOCTb H3B8CTHOro B Te
Opl1li ;n;eneHHH napaMeTpa Bpa
ll(emrn Y H;n;pa cqiepo1-1;n;anottol1 
giopMbl OT napaMeTpa ;n;eiJ.iopMa
un11 d npn p83JIHIJHUX 3H8118-
HHHX napaMeTpa ;n;enHMocTn X. 

TOPOM IlOK838H8 38BIIICllMOCTb napaMeTpa Y ( OTHOlll8Hll8 BP8ll!BT8JlbH011 attep

rm1 H;n;pa K IlOBepxHOCTHOiii) OT ;n;egiopci8Ulll1 /. B paa;n;ene 2.2 nyTeM B8po

HPOB8Hlrn BllpU8JiblihlX YP8Bl!8HH11 ;n;nH ·rettaopoB 2-ro pattra nony11eHh1 ypaB
HSHHfl ;D;Bl1llt8Hllfl, OllllChlB8JOli(118 KB8;n;pynonbHbl8 KOJI808Hllfl fl,llpa. .l(HH8MHIJ8C

Kl1M11 nepeMSHHhlMl1 B HIIX cny.tBT B8pl18U11H T8H30pa HHepum1 ¼; H TeHaopa 

,11aBJiett11il /Ill./ • YpaBueHHH paa;n;e1rnJOTCH Ha Aue rpynnu: nono;ic11Te11bHOH H 
OTpHJ.(8T8JibH011 CHruaTypbl. via HHX BLI;n;€nHIOTCfl HH'rerpanu ,l{Bl1JK8HHH, CBH-

38l!Hb18 C COXP8H8Hll8M yrrrOBOro MOMeHT8 ll BHXpeBoro ,llBmKeHHH, 8 T8l(l!(8 

llHTerpam,1, OTp8itt8JOll(lle JKeCTKYiO CBH3o Me;ir,n,y ,11eqiop1.1au11HMH IlOBSPXHOCTH 

~epMl1 H Il0B8PXHOCTH H;n;pa. Bb1B8,ll8Hbl 8H8Jll1Tl11!8CKHe cliDPMY1lbl ;D;Jlfl co6CT
B8HHhlX 1!8CTOT. Ilpo,11enaHbl pac11eTh1 ;D;Jlfl P83Jil111Hh!X H;n;ep C ,llOpO.KKH ./3 -
CT80l11IbHOCTH, P8CCIJHT8HH8fl 3HeprHH rHrBHTCKoro KB8,11pynonbttoro peao

H8HC8 (rKP) COBna,11aeT C ::JKcnepl1M8HT8nbHOH. ilDK838HO, tlTO OH8 onpe11e
llfl€TCH, rnaBHhlM Dtip830M, Be;mqHHOiii HMnynbC8 ~€PMH. ilp11 .fl,¢() I'KP pac

ll(€IlJifl€TCfl H8 5 B6TB€H H3-38 B03HllKHOB€HHfl ]{€qJ0pMaUHII H KOpl10JIHCOBhlX 

CHJI (p11c. 2). B cqiepo11;n;ax KB;K]{OH B€TBH MOlltHO COUOCT8BHTb onpe;n;eneHHOe 

E· 
~I 

30 

2.0 

1.0 

., 

_____ r~ 

r· 

n I - --====--- -· 
10 2!) 28 39,969 7' 9.0 ~ 

-10 981 279"'88:),0 

'""" 

Puc. 2. 
3BBHCHMOCTo cneKTpa KB8.l(pynonbHhlX 

Konec58HHH OT CKOPOCTH BPBll(eHHfl .n.. 
CnnomHhle KPHBhle - c~epo11;n;u, Il5HK
THPHl:l8 - anmmcoH'Ahl. X =0,62(1 4or,), 
EJl,=2,83 M3B, fi,.t.~ (· COOTB€TCTBY-
JOTjl =0,±1,±2. 

3H811€HH€ np06KUHII MynbTlillOJibHOro MOM8HT8 B036Y~]{eHHfl Ha OCo Bp8ll(6HHH: 

/" =0,±1,±2. H TDIIK€ 6HiJ.iYPKBl\Hlt! (JIJIH 154&,. HBilPHMep, 0H8 COOTB€TCTBy
e T yrnoBOMy MOM€HTY / =7ot) OT cneKTpa cgiepOH;!.l;OB 11 0TBeTBnHeTCH11 cneKrp 
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3J1mmco11;n,0B. Ilpl1 Jl, #0 IlOHBllH[OTCH ;n,Be Hl13KOll8lK81l!l1e rJO,Zl;bl. O;n,Ha 113 Hl1X 

po;n,CTB8HH8 n~euecCHOHHOii H l1HTepeCH8 TeM, qT? npH onpe;n,ene!IHOI.! / 

( = 25fam1 15 &) MeHHeT 3H8K /I ' T.e. nocJie 3TOii TO-qKH J'-nepe/(O,l{bl 
H8 3TO COCTOHHl1e ll;n,yT yJKe He C yueHI,llleHHeM / Ha I '' a C YB8Jlllq8Hl18l1l. 
Jlpyraa l1HTepeCH8 TeM, qTQ B TOqKe omj;lypKBUIHI ee .,JHeprliH C'l'8HOBl1TCH 

OTPl1U8Te/lI,HOi1, T8K KBK nocne Toq1<11 6111j;Jyp1<au1111 311JlllllCOll,ZJ;81!:&H8H <lJOpiJa 

CT8HOBHTCH OOJiee BblrO;n,Hoi1 3HepreTuqeCKl1. ,UBH 8H8Jll13 cneKTPOB p83Jll1q

HbiX rpynn H;n,ep. IlpOBO,Z1;11TCH cpasHeHHe co cneKTpOM KJ18CC1lqec1<oiii JKl1,Zl;KOil 

KallJill. IlOK838HO, qTQ 3J!Jll1IlCOl1,Z1;8Jl:&Hbl8 ROH!lJ11rypau1111 ycTotiql1Bbl OTHOCJ.1-

T8Jl:&HO KBa;n,pynoJI:&HLJX Kone 6aH1.1ti np11 JI[OOJ:JX Jl • i3 pas;n,e ne 2. 3 npe;n,nolKeH 

M8TO;n, BhlBO;n,a !lJOPMYllhl ,Zl;/IH KOJ1808T8Jl:&HOiA 3Hepr,rn H;n,pa B TepM!.1H8X ;n,,ma

MJ.1qeCKJ.1X nepeM8HHbiX. Hatt;n,eHO Bbipa.remrn ,l\JIH Hee B T8pMl1H8X V.,j J.1 

/119 B. CJiyqae KBa;n,pynoJI:&HblX ItoJle68Hll}i. C IlOMOll!!,[O 8JirOpl1TM8 oopaT
HOtt sa;n,aq1.1 RJ18CC!1qecr<oii M8X8HllKJ.1 ypaBH8Hllff ,Zl;BJ.1~8Hl1H npHBe;n,eHu R KBHO

HHqecKOMY BH;n,y l1 npOKB8HTOB8Hbl. B pa3;n,ene 2.4 TpeMH cnoco6aMH BblBe;n,e

Hhl lj;JOPMYJibl ,l{Jlfl BepOHTHOCTeti B030Yjj(A8HHH RBa,npynoJI:&HJ:JX HOpM8Jl:&HblX MO;n,. 
B nepBOM cnocooe llCflQJII,3y[OTCH KB8HT0Bbl8 ypaBH8HHH ;Zl,Bl1lK8Hl1H ll BbJql1CJIH-

8TCH M8Tp11qHbliii 3Jl8M8HT onepaTopa KBB;n,pynoJI:&Horo MOM8HT8 MelK;n,y o;n,Howo

HOHHbiM H 6ecipOHOI!HbJM COCTOHlillHMl1. Bo BTOPOM cnoco6e 11CflQJlI,3y6TCH RJ18C

c11qec1<aa ipOpMyJia ,Zl;JIH J.1HT8I!CllBHOCTl1 KBa;n,pynonI>HOro 113nyqellllH, np1.1~eM 

aMUJl!.1Ty;n,a COOTB8TCTBY[Oll!llX KOJie68Hl1ll H8XO,ZJ;llTCH 113 ycnOBl1H paBeHCTBa 

3Heprnu ROJieoaTell:&Horo ABHJK8!111H (B TepMl1Hax v.~i ) J'fi;j ) I!OpMaJI:&l!Oil 
qaCTOTe c.J , YMHQ,!(8HHOti Ha t . TpeT1.1ii cnocoo 38RJI[Oq8eTCH B npHM8H8Hllll 

TeopHll JIHHeiiHoro OT1rn1ma; BBll;n,y ero ymrnepC8Jl:&HOCTl1 B ;n,aJI:&l!eilllleM TOJI:&

KO OH ll llCilQJII,3Y6TCH. Ilpo;n,enBHbl pacqeTbl BepOHTHOCTett B036ym;n,eHl1ff BCeX 

B6TBeii rKP l1 Hl13KOJ18JK8ll(11X (MHrKllX) MO;ZI, B 38Bl1Cl1l.lOCTl1 OT Jl • KOJIJ18KTJ.1B
HOCTI, HH3KOJ18iA81lll1X MOA B03p8CT88T C yBeJrnqeH11eM Jl 11 cpaBHHBaeTCH C 

ROJIJieKTl1BHOCTI,[O OCTall:&HblX MOAB OKpeCTIIOCTl1 TQqKH 611<lJypr<au1111. PacqeTbl 

IlOR83blB8IOT, qTo npl1 Bcex 3naqenl1HX yrJIOBoro MOM6HT8 / OR83blB8IOTCH B03-

MOlKHblMl1 nepe X:O,Zl;hl I B6;Zl,Yllll18 K B036y;K;n,6Hl:IIO 1rnrRott MO;n,bl C yMeH:&1!16HH8M yr

JlOBOro MOM6HT8 Ha 2. IlpH Bcex npe;n,CT8BJIH!Oll(l:IX 11HTepec 3~aqeHl1HX / 

3Heprutt TBKHX nepexo;n,oB £1 !::: th.fl. , T. e. oqen:& onuai<a K anepr11n nepe
xo;n,oB B,ZJ;OJII, 1.1pacT-JlllHl1H. L1M8!0TCH SKcnepHMeHTa JII,HLJe YR838Hl1ff B fl0Jl:&3y 

TBKoro 3iMJ8KTa. Ha OCHOBe 8H8Jlll3a 3HepreTnqec1<11 B3B81!18HHOro npaBJ.1Jia 

cyuM (9BHC) yCT8HOBJ18HO cyu1eCTBOB8Hlle ;n,Byx H8Bl16p8UJ.10l!llblX MO,ZI; B 3J1Jlllll

con;n,aJI:&llh!X 1<omj;lnrypaum1x. B pas;n,e ne 2. 5 npoBe;zieHo ;n,e TaJI:&Hoe 1.1ccne;n,0Ba

Hlle 3Tl1X MO;n,, noJiyqenh! COOTBSTCTBYIDll!J.18 J.1M cneKTPLI ll M8CC0Bhle napaMeTph!. 

B pa3;n,ene 2.6 ;n,eMOIICTpl1pyeTca, R8K B paMKax M8TO;n,a MOM81!TOB MOlitHO llC
CJie;n,OB8TI, cnpe;n,OBble ll!llpl:!Hbl pe30H8HCOB. C 3TOll uen:&ro R HCXO,ZJ;HOMY ypaB

HeHll[O (3) ,l\Jlff ipyHKUllll Bnrnepa ;n,o68BlleH "KoppeJIHUllOl!Hhlil qJieH", OTBeqa[O

~J.1ll MO,Zl;llipHUHPOBaHHOMY i-npn6JIH~81IHID, coxp81Iffl01ll8MY IlJIOTl!OCT:&, J.1MilyJI:&C 
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ll Kllll8Tl1qecKyro 3Heprnro B81l!8CTBa B K8lK;n,Oll TQqKe a;n,pa. PaccquTaHa 3aBH

CllMOCT:& llll1PllH Bcex B8TB8M rKP ll MflrKHX MO.I{ OT CROpOCTli Bpall!8Hllfl. Bpe

Mfl CBOOO;n,Horo nponeTa Z' opanoc:& T8Kl1M, qTOOhl BOCilPOll3BO,ZJ;llJ18Cl, 3KCne

pm;eHT8Jl:&HaH llll1pllH8 rKP npll Ji==O • illllpllHhl MHrKHX MO.I{ 3HatmT8Jl:&HO 
(~ B 25-30 pas) MSHT,1!18 mHpllH rKP. Bee 01!!.1 CJI800 aaBHCHT. OT JL • CJie

,l\yeT OTM8THT:&, qTQ neycToiiqHBOCT:& cipepon;n,an:&HhlX KOHipllrypaunll OTHOCll

T8ll:&HO KB8.l\PfllQJIT,HhlX KOJieoaHHii nacTynaeT yJKe B Toqke 61.11pypK8Ullli 
(I=:: 70 j; ;n,JIH 54&), T. e. 3HaqnTeJI:&HO pan:&me, qeM aTo 6uno 6e3 ;n,ncc11-

nauu11 (f~I80h). 8Jin11ncon,l\aJI:&Hue i<onipurypaul1ll no-npelKHeMy ycTottqnBhl 

np!.1 BC8X yrJIOBUX MOM8HTax, ,Z1;03BOll8HHUX ycJIOBllffMll BeKOBOrO paBHOB8Cllff. 

B pas;n,ene 2.7 paccMoTpeHhl HeBpama[O~Heca a;n,pa, nMero~ue cTaTnqecKyro ;n,e-
1popMau1.1ro. Ilpo;n,eMOIICTp11pOBaHo, qTQ onpe;n,eJiflIDll!YID pOJI:& Bee B03HHKHOBe

lll1!.1 11rpaeT T8H30p ,Z1;8Bll8Hl1}1 - npH 3TOM ;n,OR838HO, qTQ ;n,eipopM8Ulifl B03-

MOlKH8 TOJI:&KO npli 8Hl130TPOilHOM T8H30pe ;n,8BJI8Hlli1. HaJlllqne ;zieipopMaUHll 

npHBO,l\llT K p8Cll!8flll8HllID rKP Ha TP~ B8TBll (/ji/ = 0,1,2), np11qeM pac
cquT81!H8ff B8llllqHH8 pacmenneHMfl cornacyeTCH C 3RCfl8PHM8HTaJI:&HO H86Jiro

,1\88MblM ymnpeHH8M rKP B ·;n,eipopMl1POB8Hllh!X H;n,pax. 
B T08T:&ell rJiaBe npo;n,OJilK8HO u3yq~n11e ipopMU ll KBa;n,pynoJI:&HLIX ROJie6a

HJ.1ll BpamBIOll!llXCH a;n,ep, HO ylKe C pe8JIHCTJ.1qecKHM HYRJIOH-HYKJIOHHhlM B38!.1-

MO;n,ellCTBll8M (cnJiu CKHpMa, BapnaHT SKM'). B pas;n,ene 3.1 nonyqeHu HOBh!e 

Bllpli8Jl:&llhl8 ypaBH8HllH ll pelllel! pa.n; npooJieM, CBH381!HUX C H8JIOR8Jl:&HOCTl,[O 

3TllX Cllll. B paa;n,eJie 3.2 nccne;n,yeTCH ipopMa a.n;pa B COCTOHHllll B8KOBOro 

paBHOB8Cllff. AJIH paBHOBeCHoro 3HaqeHllH T8H30pa ;ll8BJ18Hllll llCilOJI:&3y8TCfl 

npll0Jllllit8Hll8 ToMaca-~epMl1. PaCCM8TpllB8!0TCfl TOJI:&KO cipepo1.1;n,u. IlOK838HO, 

qTQ 38BllCllMOC~l, ;n,e<IJopM8Ull!.1 OT CKOpOCTJ.1 BP8lll8Hllfl oqeH:& 6Jil13Ka K T8KO
BOti; paccqnTairnoii C IJ.OBepXl!OCTHLIM H8THlK81!H8M. B pa3;n,ene 3.3 noJiyqenhl 

HOBble Bh!paJKeHHH ,Zl;Jlff Bapnauuii IlllOTHOCTll, 1rna;n,pynOJII,HOro MOM8HTa, yrno
BOro M6MeHTa u cpe.n;HeKBa;n,paT11qttoro pa,llnyca a;n,pa, co;n,epJKall!He qneHh!, 

OTB8TCTB8HHbl8 38 OOM81!Hhl8 3ipip8KTbl. Bb!B8,Zl;81lhl ypaBH81ll1ff ,Zl;BIDK8Hllff 1 ,Zl;OJI

lK8HCTBYIDllll18 on1.1cu~aT:& KBR 113oc1<anttpHue (IS), Tai< 1.1 H3oBeRTOpHhle (IV) 
KBa;n,pynoJI:&Hhle, ,Zl;llflOJI:&Hble 1.1 MOl!OflOJl:&Hble ROJie08Hl1ff a;n,pa. B paa;n,ene 3.4 
nonyqeHU xapaRT8p!.1CTHqecKlle yp8Bll81!11H .l{Jlfl COOTB8TCTByromux COOCTB8HHUX 

qaCTOT, noJiyqeHhl ipopMyJihl ,Zl;Jlfl BepOHTl!OCTell B030YlK;ll8Hllfl nepequcneHHh!X 

Mo;n,. B pa3;n,ene 3.5 06cYJK;n,a10Tca pe3yJII>TaTu pacqeTOB np11 .ft=0. 8nepr1.1n 

ll30CK8JIHPllhlX 11 J.130B8RTOPHhlX rKP ll r11ra1ITCKOrO MOHOilOJI:&HOro peaOH8HC8 

(I'MP) xopoll!O cornacyIOTCfl C 3KCnepHM8HTOM. IloKa38HO I qTo lllllpOKO liCflOJI:&-
3yeuoe npllOJllllK8HJ.1e, Kor;n,a cqliT88TCH, qTQ HellTpOHhl ll npoTOl!bl ,l\BlllKYTCH 
B ipaae HJll1 npOTllBOipa3e C paBHblMll no BeJ111q1.1He 8Mfllll1Ty;n,aMH, OKa3blBaeTCH 

npaKTJ.1qecKJ.1 TQqHUM .n;JIH H30CK8JIHpllh!X B030Ylit,Z1;8HJ.1ll 1.1 npHBO,ZJ;HT K ~IO% 
omn6KaM ,Zl;Jlff ll30B8KTOpHh!X B030Ylit,Zl;8Hllll. Hall;n,eHO TaKllte, qTQ H8JIOK8JIT,H8H 
qaCTT, CllJI CKllpM8 ;n,aeT 38M8THUll BK118'A B SBIIC - OKOJIO 25%. B pas;n,eJie 
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3.6 npaBe,l\8HhI peaynbT8ThI pacqeTOB 3Hepraii H BepOHTHOCTeil B036Y~'A8HHH 
2+,1+ Ho+ ypoBHen BO BP8:ll8IOilleMCH ll'Ape. IIOK838HO, qTo npll Ji#O o6a 

(JS a IV) I'KP pacmemm10TcH Ha 5 BeTBel1 a noHBnHJOTCH IlHTb HH3Kone.ta

lllliX MO'A (pac. 3). l,iO,l\hI 13 a II' OTBeqarolllHe OTHOCHTe11bHOMY ,!(Blli~eHHio 
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Pac. 3 
8HeprHH o+, l+ ll 2+ B036yJK'AeH11ii B 

38BHCHMOCTH OT 3KCUeHTpllCHT8T8 e 
H yrnoBoro MOMeHT8 /. YpOBHH nepe
HyMepOB8HhI cne,llyIOll!llM o6p830M: ll30-

CK811llpHhI8 - 1(0), 2(0), 5(-2), 

7(+2), 8(-2), 12(+1), 13(-I), 
14(+1), 15(-1); H30BeKTOPHb!e - 3(0), 

4(0), 6(-2), 9(+2), 10(-2), 11(+1), 
16(+1), 17(-I) (B CKOC>K8X YK838HO 
3Haqem1e npoeK!-lllll MY11bTllil011bHOrO 

MOMeHT8 .J1 ) • 
npOTOHHoro ll HeliTpOHHOro yrnOBhIX MOM8HTOB, MOlY.HO ll,l\8HTll(jiHUHPOB8Tb, 

K8K rarBHTCKHii yr1IOBOl1 pe30H8HC. Mx aHepraa ll B(MI)-(ji8KTOPhI (np11 co

OTB8TCTBY!Ol!l811 'A8(jiOpM81.1HH) 611H3KH K 3KCnepHM8HT811bHhlM 3H8'tl8Hl1HM, nony
'tl8HHhIM H8,l\8BHO B ,11e(jiOpMHPOB8HHUX H'AP8X. 06~HCH8HO H8611IO,l\88M08 3KCne
pm,eHT811bHO 11 pacmenneHH8 11 H8 'ABS B8TBH MOHononbHOro fC 30HBHCB, KBK 
C118'ACTBH8 CH11bHoro CM8W11B8HHll MOHOil011bHOro peaOH8HC8 H./3-MO'AU KB8'A

pynOflbHOro peaOH8HC8. 

IO 

B qeTBepTo0 rnaBe C IlOMOUlb!O BHpll811bHb!X ypaBH8Hllii 'A11H TeH30pOB 

TpeTbero paura HCC118,l\yIOTCH B036Y.K'A8Hllll OTPHU8T8.ITbHOi1 qeTHOCTH. B paa

'A8118 4.1 B np1161Il1lY.8Hl1l1 H8Cl!(HM88MOro fl'AP8 C pe3KHM Kp88M nony'tleHhI 

y p8Bli8Hl1H, Oill1Cb!B8lOiJlH8 81IeKTp11qeCKlle OKTYil011bHb!8, M8rHl1THhI8 KB8'APY
n011bHb!8 B036yJK'A8HHH ll 1130CK811HpHylO 1- MO,l\y TOpOll'AHOrO THna. B p83'A8-

118 4.2 8H811H3UpyroTCH peaynbT8ThI pacqeTa 8Hepr11il ll B8pOHTHOCTeii B03-

6ylY.'A81111H 3- COCTOHHHi1. Teopllll 'A98T )I.Ba 3- YPOBllll. IlepBblM - 3TO ra

raHTCKHLi OKTYil011bHblii pe 30H8HC (I'OP) • Ilpa yqeTe p83MblTOCTH KP8ll a,iipa 

ero Il0110lY.8HHe xopowo cornacyeTCH C SKCnepmieHTOM. BTopofi YPOB81ib HH

TepupeTnpyeTCH, K8K l.i61ITPOH'A BC8X 3- ypo:iiueii, 118JY.8ll!HX HHlY.8 raP. Cor

ll8CHO pacqeT8M rap acqepnb1B88T "'70;i\ 9BllC, a OCT811blihl8 ~30% npHXO'AHTCH 

1!8 ,11011!0 6onee HH3KHX 3- ypOBHeli, 't!TO He npOTllBOpeq11T 3KCil8.l)l1M8HT811b

HhlM ,l\8HHhll\l, IIPO'A8MOIICTpllpOB8H8 B8lKH8H pom, OKTyn011bHOi1 'A81Jl0PM81.i~H no
B8JJXHOCTU ~epMH. ITpoaHamrnupoBaHO B11llHHne H8 OKTynonbHb!8 K011868HHH 

KB8HTOBOtl nonpaBKH K ypaBH8Hl1lO Eo1Ibl-!M81!8-B11ac0Ba. ITOK838HO, 't!TO ee 

ponb CH11bHO 38BHCHT OT CTeneHH C8MOCOrnacoBal!HOCTH CP8'All8ro Il011H, 't!TO 

M0l!(8T 'A8ll(8 npHBSCTH K _HC!WlY.81!HOii llHTepnpeTauaa peaynbT8TOB. B p83'A8118 

4. 3 npHB8'A8 Hhl peaynbT8Tb! pacqeTa 8Heprm1 H B(l,12)-qiaKTOpa M8rHHTHoro 

KB8'APYil011bHOro peaoHBHCa. 0Hll Hennoxo cornacylOTCH C SKcnepHMeHTOM, 

ecna npHHHTb BO BHHM8Hlle, qTo Teopaa noKa He Y't!HTb!B8eT CilllHOBb!e CTene

Hll CBOC>O'Ahl. MaTepaan p83'Aeira 4.4 HOC.HT npe'ACK838Te11bHhiii xap8KTep. Pac

cqHT8H8 3Heprllll ll30CK811HPHOro 'Alffi011bHOro 1- B036yl!('AeHHH TOpOll,l\HOro Tll-

,na: E1-Z66 A-1/ 3 MaB. 06CYlK'A8lOTCll B03MOlKHb!e 3KcnepHMeHT811bHb!e yKaaa
HllH HB Hero. B p83'Aene 4.5 nocqaTBHhI cnpe,l\OBb!e WllPllHhI 3-, 2- 111- pe-

30H8HCOB B 'l -np1161Il1lKeHJ,m. IlapaMeTp 'z: B3HT TOT )1(8, 't!TO B rnaBe 2. 
Peay11bTBThI pacqeTa 'A11H 3- a 2- Hennoxo cornacyroTCH c aKcnepuMeHTOM. B 

P83'A811e 4.6 H8Ill1C8Hhl YPBB!leHllll 'ABHlKeHHH 'A11H B036ylK,l\8Hl1L1 OTPllU8Te1IbHOL1 
qeTHOCTH B cnyqae pea11ucT11qecKoro He110Ka110Horo B38HMO'AelicTBHH (5KM"). 
PaccqHT8Hb! aHepra11 H30CK811HPHhIX H H30BeKTOPHhIX 3- H 2- pe30H8HCOB. Ha 
pac. 4 Cp8BHl1B8lOTCH peaynbT8ThI pacqeTOB C IlOBepXHOCTHhIM H8THlY.eHHeM H C 

SKM~ IlonoJY.eHae aaoBeKTOpHoro rap cornacyeTCH c aKcnepaMeHTOM. Ilpe'A-
CKaaaHo T8KlKe ll30BeKTOpHoe 3- B036yl!(~eHae npHMepHO nocpe~HHe Me~'AY 
H30CK8llHPHhlMH rap H Hll3K011elK8UlllM 3-B036ylY.'AeHHeM. 

B IlHToti rnaBe c noMOi!lbIO BllpHanbHhIX ypaBtteHuti 'A11H TeHaopoB BTOporo 
H qeTBepToro paHra aayqaroTca HonneKTHBHhie r+, 2+, 3+ a 4+ Boa6yllt,lleHHH 

B npadnaJKeHHll H8ClKHM88MOro ll'APB C pe3KHM KpaeM. B p83'A811e 5.1 BhIBB'Ae
Hbl cooTBeTCTBYIOl!lHe ypaBHeHHH 'ABHlKeHaa. Bpaa~en.e 5.2 npe'ACTBBnenu pe
ayn.bTBThI pacqeTa aHeprHH nepeqacneHHblX MO'A. Teop11H 'A88T ABB 4+ YPOBHH 

( puc. 5). 0'Al1H HS HHX (HlllY.HHti)_ xopowo BOCnpOU3BO~HT 3KCnepHMeHT811bHble 
~8HHb!e no raraHTCKOMy reKC8'A8K8IlOllbHOMY peaoHaHcy (I'I'P). Ha BTopo~ 

(6onee BhICOKHL1) HMeeTCH oiHo 3KcnepHM8HT811bHOe YK838HHe. ilPO'AeMOHCTpH-
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pOB8H8 llCKnJOqllTSllbH8H B8JKHOCTb yqeTa A8WOPM81.\l!ll IlOB6pXHOCTll 'l>epMl1 
(AIT<ll) BhJCWl!X MYllbTHilOllbHOCTeli. Ilpe,llCK838Hhl nonOJKSHHe M8rHHTHOro OKTy
nonr,aoro pe30H8HC8 (E3+~II6 A-173 MaB) ll Bh!COKOneJKa~er~ ,llimOllbHOro 
ll30CK8llHpHoro pe30H8HC8 BllXpeBOll IlPllPOAhl (Er+~I33 A I/ MsB). Ma 
ypaBHSHUil M6TO,ll8 nonyqaeTCH qerupe 2+ YPOBHH. 0,11nH l13 HJ,}X - rKP, .llPY
roM Y.HTepnpeTMpyeTCH K8K U8HTPOl1,ll Bcex HY.3KOllSJK8~l1X (Hl1JK8 I'KP) 2+ypoB
Hei!. ABa 2+pe 30H8HC8, ne;Ka~v.x BhlWS l'KP, .l{Olllltllhl l1M6Tb B OCHOBHOM Bl!Xpe
BYID npupo,,w; nonoJKeHlrn O,llHOro l13 HHX ( ~87 A-1/ 3 MsB) np8KTnqec1m COB
na,11aeT C npe.l(CK838HllHMl! .l{pyrnx TeopeTHKOB. B paa,11e11e 5.3 paCCq!,!T8Hhl 
BepoHTHocru noa6yJK,11ettuH 2+ 11 4+ peaoaattcoB n nx B«na,11u B 8BITC. Ilo«aaa
Ho, qro o6a 4+ YPOBHH .l{8IOT npHMepHO O,lllfH8KOBhlti BKll8,ll B npa:auno cyMM ll 

nonHOCTb!O ero 11cqepmrnaroT. qTO K8C88TCH 2+cocTOHHMti, TO 3,ll6Cb Hl1JK8ti
Wl1il YPOB8Hb l! I'KP ucqepnhlB8IOT ~20% 11 79% 8BITC COOTBSTCTB8HHO, OCT8B
]lfifl Ha ,l(OlllO .llBYX 6onee B~COKUX YPOBH6ll OKOllO 1%. 

B aa«nroqett11n nepequcnettu octtoBtthle peaynr,TaTu AMCceprauun, a TBKJKe 
o6cyJKA8JOTCH nepcneKTHBhl paaBuTuH MeTo,11a u ero B03MOJKHux npunomettuti. 

B npnnoJKeHUH Bh!H8C8Hhl H8KOTOphle MBT8MBTI1q8CKl!:8 Bonpoc1,1, 8 TBKJKe 
PHA nonesHhlX cooTHowettuil u wopMyn cnpaBoqHoro xapaKTepa. 
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