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I. BseAeuue 

3aAa'!a o6uapy)KeHHll H H3y'!eHHll paAHaui!OHHhiX pacnaAOB ueltTpanhHbiX 6o30HOB, a TaK)Ke 

IIX paCUllAOB Ha 60nbWOe 'lliCUO HeltTpanbllbiX npOAYKTOB ('1° ... 2y,l7'
0 

... 2yH AP.) MeTOAOM acjJcjJeK-

THBHbiX M8CC npHBO.UHT K He06XO.llHMOCTH H9ll0Cp9.0.CTBeHHOrO H3M9p9HllSI HMnynbCOB HeATpBnb

HbiX \IBCTHU pacna.aa H HX H,a9HTHci:JHK8UHH. 3TO, B KOHeqHQM cqeTe, CBOllHTCSI K He06XOllH:

MOCTH per-HCTpani!H Y -KBaHTOB C AOC TaTO'IHO BbiCOKOlt acjJcpeKTKBHOCTbiO II K H3MepeHK IO 

HX 9 H9prKH T8K)K9 C DOCT8TOttHO BbiCOKOA TO'IHOCTbiO. C 3TOA TOttKH 3p9HKSI ny3hipbKOB8SJ 

KSMepa C )KIIAKKM KCeHOHOM B Ka'!eC TBe pa60'Ielt )KHAKOCTK/ 
11 

liBUliGTCll yA 06Hb!M AeTeK-

TOpOM Y -KBBHTOB, B03HHKWHX OT pacna.na t{8CTHU. 

B pa6oTe, nposeAeHHOlt B CaKne
121

, snepBbre 6blna npeAnpHHRTa nonhiTKa no uen oc 

peACTBGHHOMy H3MepeHHIO CUGKTpa 3cpcpeKTHBHbiX Mace ycTaHOBHTb pacnaAbl 'IO ... 2y, OJ O ... 3y • 

0 
'1 - H 0.1° -Me30Hbl pO)KAaUHCb 17'- -Me30HaMH C IIMnynbCOM 1,15 r:B Ha CB06oA-

Hb!X npOTOHaX H B KBa3HCB060AHb!X CTOUKHOBGHHRX C UpOTOHaMH liAGp C , F Rr VI3Mepe-

HH9 3H9prHH y -KB8HTOB OCYW9CTBnstnOCb nyTeM H3M9p9HHSI KpKBH3Hhl cne,aa (npH H9KOTQ

poA: era OllTHMBnbHOA: .OnHHe) K OHB9pCHOHHblX a neKTpOHOB B MSrHHTHOM none, B TSl>KenoA: 

pa6o'lelt )KKAKOCTII ny3brpbKOBolt KaMepbi (cMeCb C5 H5 + CF5 Fir , paAI!aUI!OHHaR eAI!HI!Ua 

AUHHbl t rad ~ 22 CM). B 3TOlt pa6oTe 6biUO fiOKa3aHO, 'ITO AOUyCKSGMaR OTHOCHTenbHaR 

OWII6Ka OTAeUbHOl'O H3MepeHKR 9cpcpeKTIIBHOlt M8CCbl 17'
0
-l!nK '7° -Me30H8 C OCTasnRna 

COOTBeTCTBGHHO 19% II 18%, 'ITO npHBOAIIUO K OWH6Ke B 113MepGHHH 9 Hepl'1111 aneKTpOHa 

senii'!HHOIO nopRAKa 26%. K co)KaneHHIO, IIMnynbC naAa10w11x 17'- -Me30HOB 6hrn Bbr6pau y 

CSMOI'O nopor-a pO)KAeHHll cu 0
, H, ecTeCTBeHHO, pacnaA 0.1° ... ,.o +y ... ay TPYAHO 6b!UO o6ua

py)KHTb, K TOMJ >Ke 06lU8Sl CT8THCTHKa Sy-KOM6HHaUHlt B pacnpe AGJ! GHHH· 6brna HeAOCTa

T O'IHOlt, a CTaTHCTHKa yy - KOMOHHaUKlt B o6n8CTII UHK8 OKOUO MaCC'•l IT OKO R 'IO B pacnpe-

.aeneHHH myy 6hin8 T8K >K9 He COBC9M YllOBneTBOpHTenbHOA.. 
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0THOCHT91lbHO llhiBOLlOII, cnenaHHhiX e pa6oTe EapMRHa 11 np/31 
cnenyeT aaMeTHTb, 

0 0 
'iTO o pacna.ae c» .. rr + )' MO>KHO c.aenBTb aaKnJO'iBHKe nHw b B TOM cnyqae, ecnw, cne.aysr 

0 
np9.llCK838HIHIM T9 0 pKH B03MyW9HliR, npe,aiTOJIO>KHTb, t{TO 89pORTHOCTb p8Cll8ll8 QJ ... }' + }' +y 

npeae6pe)KR!IiO Mana no cpaeaeHifiO c eepol!TH OCTbiO OJ
0 

... ~r 0 + y , a Ha pacnan 

OJ 
0 

... ,0 + y He H81lO)KBHhl J<8XKe-nH6o oco6hie aanpeTbl. B H8CTORLUee epeMR, no-BHLlKMo-

My, H9B03M Q}f(H0 1 OC T8B8RCb HB 'iHCTO 3KCIT9pHM 9 HT8nbHOA TO'"IK9 apeHKSI H Oll Kp8SICb TOnhKO 

HB H9KOTOpb19 I"'90M9Tpllq9CKR9 OC069HHOCTK B KKH9M8TKKe p0a<..0.9HKSI C&.)O H p8CIT8.Q8 

OJ O .... rr
0 

+ )' , 8 T8K.>K9 H8 M9TO.Q, paapa60T8HHblA 8BTOp8MH ynOMHHYTOA pa60Thl, p eWW: Tb, 

npoxo.a.HT nH pacna.n OJ
0 

... ay aenocpe.acTaeaao, HJIH qepea o6paaoaaHH e rrpoMe>KyToqaoro 
0 

COCTOSIHHSI tr + y PeweaKe 3Toro aonpoca, OllHBKO, aoaMO>KHO npw ycnoBKH HaMepeaw:sr 

3 HeprHH }' -KB8HTOB Jt8K KOH9'1Hb1X npo.ayKTOB pacnana llBHH Of:t 'i8CTHUbl H 38TeM nyTeM 

nOCilBLlYIOlllBl! HLl9HT!l<fJHX8UHH Hel!Tp81lbHb!X '18CTHU pacnana ( ITO ... 2 y, '7° -+2y,. •• ) flO HX 

3<fJ<fJeKTRBHbiM M8CC8M, Vfay'l8ll p831lli'1Hbl9 cneKTpbl :;,<fJ<fJeK TKBHbiX M8CC OT BCBB03M0)KHb!X 

KOM6HH8Ulll! HBCXOilbXHX y -.::B8HTOB ,MO)KHQ yCT8HOBHT b B03MO>KHhl9 KBHBnbt pacnana • 

B naHHOl! CT8Tbe co.o;ep)K&TCR nounnHeHHll K npeneapHTenbKbiM peayllbT8T8M, 

UpKBBLl9HHhiM B paHee ony61lRKOB8HHOl! pa6oTe
171

, 6onee nollHOe OnKC8HH9 3KCflepHMBKT81lb

HOl! '18CTH pa6oThi, a T8K)Ke 6onee nonpo6Hoe o6cy)KLlBHife nony'ieHHhix peaynbT8TOB. 

2. 3~tcne pW:M 9HTBnbH8H l.J8CTb 

KceHoHoeaR nyablpbKOB8ll J<8Mepa OV!51VI
111 

3KcnoHHpoeanacb e ny'!Ke rr -Me30HOB 

ClfHxpo¢aaoTpoHa OV!51V!. Paa6poc '18CTHU ny'<K8 no HMnynbcaM onpenenRnC!l eenK'IHHOIO e 

7 % -!0 %, nonep8 '1Hhl9 p83M9pb! ny'IK8 nepen BX OLlO M B K8Mepy COC T8BilllllH 7x!0 CM
2

• 

BHLlHMbil!, 3¢¢eKTHBHhiA o6beM K8M e pb1 KMen paaMepbi 15x25x49 cM
3

, nnoTHOCTb >KllLlKOro 

. /8/ 
KCBHOH8 Px. ~ 2,1 8 -La • p8LlH8UllOHH8ll BLlKHHU8 Llf!HHbl t,.d ~ 4,0 CM • nocxonbxy 

CM 

a<fJ<fJeXTHBHb!l! 06beM K8MBpb! no B b!COTe, l!O OCH <fJO T Orp8cpllpOB8HHll, HMBil M81lhl8 p83M9pb! 

( 15 CM) I< H86f!IOLl81l8Cb H B K OT Op8ll KOppelll!UHH MB)KLlY 3 H e pr11el! y -KB dH TB H yrnOM BbJ-

neTB ero no O TH OW8H HJO K HBnpaaneHHJO ny LIK8 ( 'l{8M M9HbW9 3 HeprKR Y -KB8HT8 1 T eM 

60/lbWe yro11 BhJileTa), T O yroll H8Kil0H8 OCK f!KBHll rp X nnOCKOCTH <fJOTOrpa<fJwpOB8HHll 

6btn llOCTBTO'l{HO qyBCTBKTenbHOA XBpBKTepHCTW:KOA B9p OHTH OCTH perKCTp8UYH y -KB8HTOB. 

Ocb nKBHSl onpe.aenHnBCb TOqKoA rr Xe 8 38HM OJJ.9 ACTBKSI K HBLIBnOM p83 BKTHSI nKBHSI. 

CpenHRll :;,¢¢eKTHBHOCTb perKC Tp8UHH y -KBaHTa c 3 HeprHeA 6onbwe 15 M a e 11 c yrnoM 

H8Kf!OH8 rp ~ 30°, pO)KLlBHHOrO B LlOCT8TO'IHO 60ilbWOI! BHyTpBHHBII 061l8C TH 3<fJ<fJeK THBHOrO 

06b8M8 K8MBph!, COCT8Billlll8 98%. 3TO UpllBOLlHil O K 3Lj' <fJBKTHBH OC TH 0LlHOBpBM9HHOl! perllCT-

pauHK Tpex Y - KB8HT OB, p811HOA 94%. 3<fJ<fJeKTHBHOCTb )1(9 perHCTp8UIIH y -KBBHTOB, 

KM 910lllHX yron Haxnoaa ¢ > 30°, aHB'IIfTenbHO yMeHbllJ81lacb. 

B xone 3 KCnoHwpoeaHHll K8Mepb1 11 nyqJ<e 6h!JIO nony'leHo CBhiWe 1000'10 cTepeo¢oTor

pa¢HR . 38TBM npOBOLlKilCll npOCMOTp K8LlpOB, 01'6Hp81IHCb n o B Ce l! BIILlHMOl! 061l8CTH ny'IK8 

see rr - Xe B3BHMo.a e AcTBHSl c TpeMSI Y -KB8HT8Mif. npll OT6ope TpOBJ< (T8K Mbl 6y!lBM 

4 



B L1811bH9A:W9M H83bi88Tb rr - Xe B38HMOll9l!CTBH!I C Tp9M!I y -xe8HT8MH) npHW9HHnKCb 

Bll a yanbHble xpHTepHH, onpenenReMbl e no Bll llHMOMY cyMMSpHoMy npo6ery acex '18CTII!l 

11KBHH 1 Bbl388HHOrO ll9pBH 'IHblM Y -xB&HTON, H H9fl0Cp9LI.CTB9HHOA K8pTIIHOA p83BIITIUI JlHBHR 

a xaMepe. 

Ecna a) cyMM8pHhlA npo6er nHaHeeblx 'iBC THU oT 3 nepeH'IHbiX y -xaaHTOB roaopan 

06 3H9prHH 38B9llOMO M9Hblllel!, '19M M8CC8 nOKO!I cu0 
, KnH 6) XOT!I 6 bl OllHH 113 niiBHel! 

14 1 
T p:>liXH KCllb!TblB8n BllllKMOe 3H8'iKT9nbHOe o6pe38HK e r paKKU9 ll pa6oqero 06'b9M8 K8M9pb1 ·' 

TO T8X8!1 TpOl!K8 KCKniO'ISnaCb H3 llMbH9l!lllerO o6cy>Kll 9 HH!I, nocne llBOl!HOrO npoCMOTp8 

6blno OT 06paa o 820 Tpoex. 

nocxOnbKY npH 3HeprHH 9 r a a HM99TC!I 60n blll8!1 MHO>K9CTB9HHOCTb B p0>Kll9HHK 

"O -M930HOB, a c p enHee 'iKCnO liY'IKOBblX '18CTHU H8 OllHH CHHMOK 6blnO He6onblllHM, TO 

co6cTaeHHblll <jlou , T,e, <jlou y -xaaHTOB H3 ponHTenbCKOll aae3llbi
1
6bln npH'iKHoll, n pHa o

llHW e ll K H8nK'IHIO K8XOl!-TO llOnH ll068BO'iHbiX nO>KHbiX 
1
Tpoe x c p ellH OT 06p8HHblX TpOeK, a 

T8K>K9 npH'IHHOll ll068BO'!HblX liOT9pb HCTHHHbiX TpOeK, npacyTC TBH9 3THX nO>KHbiX TpOeK 

MO>K8T npHBOllHTb T OnbKO K H9KOTOpOMy 06WeMy nOBbiW8HH IO ypOBH!I <jloHa 8 pacnpenene

HHK 8 cjJ<jJ&KTHBHbiX MACC, a llOT8pH KCTHHHblX TpOeK H3-38 <jloH a, H8p!lllY C llOT9pHMH H3-3a 

H8nH'IH!I ManoA a<jJ<jle KTHBHOC TH p erHCTp8UHH y -KB8HTOB C 60nbWHMH yrnaMH H8KnOHa, 

L1911810T no K906XOL1HMOCTH B 03MO>K H 0:1 OU9HKY TOilbKO HH >KHer o npe.n.ena .0.11R nonHoro c eqe

HK!I pO>Kll9HK!I cu0 
H a HyxnoHax Rll e p Xe 

JlnR Ka>KllOll 113 OT06 p8HH biX TpOeK llBB>Kllbl llpOB OllHnOCb H3M8p eHHe reOM9TpH11 co-

6biTKR K H3MepeHHe cyMMBpaoro npo6era s cex qacTH U e + , e- KB>K.ooro nHBHH a npoeK

UHK H8 lln OCKOC Tb <jJOTOrpa<jJ HpOB8HH!I. J.13MepeHH9 3HeprHH OC y WeC TBnRnOCb no p8H e e 

pa3 pa6oTaHHoMy MeTony
141

, rne 6binH nony'<eHbl xana6poBO'iHble xpaable H none owu6ox 

lln!l H8WHX ycnOBHll 3KCnepHMeHTa. none OWH60K n03BOn!lnO TaK>Ke onpenenHTb lln!l Ka>K-

noro aaperH C TpHpoaaHHoro Y -x88HT8 HHllHBHllyBnbHYIO OWH6Ky B H3 Mepe H IH! ero 3 H8prHH. 

nocne 06C'!8T8 .lln!l K8>Kll0ll TpOl!KH pe3ynbT8TOB H3M9p 9 HHll r90M9TpHH H 11p09KUHH c yMMSp

H OrO npo6era 'IBCTHU xa>Knor o nHaHR no enaH oll nporpaMMe, cocTaane HHOll nn11 3BM M-20 

8blt{HCJlHT911bHOrO U9HTp8 QVf51J.1,Mhi HM 9 JlH cne.n.yiOWHe B 9JlH t{HHbi : - BHLlHMbiA 

npo6er s c e x qac THU nHBHR, B3RToro B HBTypanbHYIO s e nH'IHHy, E k - 3HeprHIO Y - KB8HT8, 

y - K.B8HT8 1 dk - B03MO>KHblA: nyTb p83BHTHR 11HBHSl 1 onpe-

,0911R9MbiA p8CCTORHH9M no OC H JlHBHR OT T Qt{KH 38p0>K.0.9HHR 11HBHR .0.0 T O'IKH nepece'leHHH OCH 

nKBH!I C rp8HHU9 ll 3<jJ<jleXTKBH Or O 06'b9M8 X8M9pbl,litk - yron M9>Klly llBYM!I Y -KB8HT8MK, rpk -

• 
yron HaxnoHa OCK nHBHH K nnOCKOCTH <jJOTOrpa<jJHp088HH!I, Wk -a<jJ<jle KTKBHOCTb perHCTp8UKH y-

xaaHTa , a TBx>Ke 3HB'i9HHH a<jl<jleKTHBHbiX Mace : myy• m 8y H m,oyoT YY- , 3y- H rr 0 
y- xoM6HHa-

UHl! 8 Ka>KllOA TpOAKe. KoppenRUHOHHSSI MBTpHua owH60K, 3ano>KeHH8SI a nporpaMMY, 

ll8B8na ewe 803MO>KHOCTb onpenenHTb OWH6Ky 0Tll9rrbHOrO H3M9p9HHSI yrna M9>KllY y -

KBBHTBMH, L\81k , 3HeprHH Y -xaaHTa a a<jJ<jlexTHblX Mace. To'iHOCTb 8 H3MepeHHH yrnoa 

COC T 8 BJlRJl8 + 1 O 
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rlpH OKOH'i8TenbHOM OT6ope TpOeK, HB C080KyUHOCTH KOTOpbiX 6blnH UOCTp08Hbl CU8KTpbl 

s <jJ<jJeKTHBHbiX MBCC, 6bln BB8Jl8H KOnH'I8CT88HHblll KpHT8pHll OT60p8 no MBI<CHMBnbHO JlOUYCKB-

8MOll <jJniOKTyauHOHHOll owH6K e 8 HSMepeHHH s K e prHH Y -KeanTa
141

• Tpol!Ka, e KOTopoll 

XOTSI 6bi O.UH:H y -K8BKT HM8n OWH6Ky B H3M e peHHH 3H8pl'HH 6onbW8 '18M 25%, HCKniO'IB-

nacb H3 non e 3HOll CTBTHCTHKH. 8 HTOI'e H3 nepBOHB'iBnbHO OT06paHoll COBOKynHOCTH OCTB-

nDCb 387 TpOeK, KOTOpbi8 H 6binH np8JlM8TOM JlBnbH8l!W8l'O o6Cy>KJleHH!l, 

.[lnR onpeJleneHH!l <jJOpMbl <jJOH08biX KpH8biX 8 s<jJ¢8KTH8HbiX MBCCBX 6bln npHM8H8H 

M8TOJl cnyqaAHbiX HCilbiTBHHll, M8T0Jl MoHTe-Kapno. Vlcnonb3y!l 3MnHpH'i8CKHe HHTerpanbHbl8 

pacnpeLteneHHH no yrnaM H sneprHH y -K8BHTOB, nocTp08HHbl8 HB C08DKynHOCTH 387 TpOBK, 

nyTBM 8blpB60TI<H cnyqal!HbiX 'iHCBn HB 38M n o OC060 COCTB8nBKHOll nporpBMMe 

HMHTHpoeanHcb pacnpeLteneHHH myy , may n mtroy DT cnyqal!Hblx yy~ 3y- B "
0 y- KOM6BKa-

ttHll. HopMHpoeKa ¢oH08biX KpHBbiX npoBDJlHnacb no y'IBCTKBM, B3HTbiM ene o6nacTell 

Ha6nJO.aaswHxcst Ha aKcnepHM9HTBnbHbtX rHcTorpaMMBx nHKOB. KpHBbte ¢oaa noKB38Hbl He 

JlnR ecex pacnpeJlenennll, npeJlCTneneHHbiX na pncyHKBX e cneJlyiOLUeM pasJlene. B Tax cny-

ttBSIX, rae He riOK838H (pQH 1 KBpTHHB 6binB no.no6HOJ1:. 

0CTBHOBHM C SI H9MH 0f' O n o .np06Hee HB OUBHKe aenHI.fHHbl OWH60K 1 .ll011yCK89MblX HBMH 

npH H3M9p9HHH 9 HeprHH Y -K.BBHTOB H 3Q:l¢eKTHBHblX M .3CC 1 8 T8K>K9 H8 HX OC069HHOCTHX. 

Ecnn 6bi see nHBI!H H3 oTo6paHKbiX TpoeK no KpnTepH IO Heo6pesaHHDCTH m<BHSl 6binH Heo6pe -

3BHH htMH, TO H3 TOf'O 4J8 KT8, ttTO OTHOCHT9nbH8SI O WH6K8 O TLlBnbHOf'O H3MepeHHSI 3 H9pf'HH 

y -KB8HT8 He 38BHCHT OT KOHKp9THOf'O 3H8t.t9HHH BBnHttHHhl H3M9pS19MOA: 3 H9pf'HH 1 Cn~,nyeT, 

'ITO It 01.1! H6Ka B s<tJ<jJeKTHBHOll MBCC8 ,1. m yy , 6m 8 y H 6m ITO y 6y Jl8T T8K>K e eenH'IHHOll H838BHCH

MOA OT 3 H81.f9HIHI BSniPHIHbl myy , m 5 y H m TTO y COOT89TCTB9HHO. 0,aH8KO B H8W 8 M Cnyqae 

H O l!TH K8>K,[l8SI TpOA:K8 Y -KBBHTOB HMena .a.nn H9KOTOpblX CBOHX nHBHeft p83flH1.f.HYIO CT9fl9Hb 06pe-

3 8HH>I rpaHnu e ll pa6oqero o6be Ma KBMepbi, CTeneHb o6pe 3 8HH>I onpeJlensmacb DTHoweHHeM 

fn{l: R)k/dk • 3TO OTHOW8HH8 0 JlH03H8'lHO onp e Jlen>IBT eenH'IHHy <jJniOKTyBUHOHHOll OWH6KH 

np» H3Mep8HHH 3 H8prHH o 6 p e38HHOf'O nHBHSl. llpH H8110 C p8D.C T8 8 HHOM HC110nb3 0B8HHH ll8HHbiX 

C 3 8 M OTHOCHT8nbH O OWH60K B H 3 MepeHHH 3 H e p r Hii Y - l':B8HTO B B C 8 Y -KB8HThl H3 co-

B DK y n HOCTH 387 TpOeK 6blJ1H p8 3 Jl e J18Hbl HB p!IJl llOJl C OBOKynHOCTell, I'Jl e K8>KJl8Sl llOJlCOB Q-

KJllHOC Tb COCTO~na H 3 y - KBBHTOB c o ,a Hfi a Kos o t:t 8 HeprH e A:. Ehtno ycTBHoaneHo, liTO pac-

upe,a,en e HH8 HH D H.BHD.yBnbHbiX OWH60K n,n~ KB>KD.OA' llO.llC OBOKJflHOCTR liM88T IIpH 6 nH:>K8HHO 

xapaKTe p K JHB O A H OpMBIJbH Oro pacnpe .a.eneHHS1 1 flOIJ O :.iC~ HHe M8KCHMJM8 H WHpHH8 KOTOpOA: 

6bi n H H 8 38BHCHMbl O T HOM8p8 flO.UCOBOKynHOCTIL 3TO 03H8q88T, qTo Cp8.UHSISI OTHOCHT8IJbH8~ 

O W 116 KB OT.aen bHOI"O H3MepeHHH 3H8pf'HH y -KBBHTB B H8WHX JCIIOBHSIX 3KCITepHM8HT8 He 

3 8BH C HT OT 3H8t{9HH51 B8IJH1.f.HHbl H3M8pS18MOA: 3HeprHH. 3Ta OC068HHOCTb, no-aH.UHMOMy, B 

OCHOBHOM o 6ycn8BIJiiB88TCSI H8IJHqHeM M8)f{D.y yrnoM BbiiJ8T8 y -KBBHTa n era 3Heprnell 

ynOMHH88MOA: B biW8 KOppeiiSillHH, KOTOpBSI I1pHB OD.HT K TOMJ, 1.f.TO yCIJOBHSI 06pe38HHSI 1 CT8fl9Hb 

06pe. 8HHSI B KBMepe B cp 8 D.H8M OCT8K>TCSI H8H3M9HHbiMH .DnSI 

l-1 3 3 Toro 

Y -KB8HTOB n1060l! 3 H8pl'HH. 
,1.f' 6m ay 6mtr0 

BbJBOll8 BbiTe K88T, 'iTO cpe.nH~SJ OTHOC HTe nbH8SI OWH6K8 :::c..n:._ , -m-- H ~ 
myy ay m,oy 
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(iy,neT TSK.>t(e H938BHCHM8 OT 3H8qQHRA: BenH1.fHH " 
38KnKPi9HK9 fl0.UTB9p:>t<..U88TCSI T8K.>K e HenocpeLICTBBHHbiM flOCTp09HH 8 M pacnpeLieneHHA: OWH6 0 K 

.nn!l myy , may H m,o y , 

8 peaynbT8T9 T8K0(""0 8H8nH 3 8 OWK60K OK838fl 0 Cb, 'iTO cp8 Ll.HSISI OTHOCHT8nbH8SI OWH6K8 

Y -KsaHTa COCTasmma !0 - 12 % , 4TO 11p11BO.lli!ITO K c p e .n-

11911 OTHOCIIT9ITbHOI! OWII6Ke B Myy 110pll.llKa ~!0% II K cpe .nHel! OTHOCHT9ITbHOI! OWH6Ke B 

m
1

y HnH m,oy nopH.nKa 7-8%. 

npH BB9.ll9HHH KpHT9pH9B OT6opa C06b1THA C y -KBaHTaMII, Tpe6y JO UHI X M9HbW9A 

.O. OflyCK89M O A CT9fl8Hif o6pe38HHSI , Mbl M O>KBM HM9Tb, 0 48BK.O.H0 1 60nbWY lO TOLfHOC Tb B H: 3 M e -

p9HHH 3HeprHH Y -K8aHTOB H 3#9KTH8Hb1X MaCC. 

Ha pKc.! a, b noKa aano pacnpe.nenenue m W , nonyqennoe BMSCTe c cponoM H nocne 

Bbi'IHTaHH!I cpoHa, 3 cpcpeKTHBHaH Macc a m)'Y onpe.nen!lnaCb .[liT!! BC9B03 MO>KHbiX )'Y - K OM6H

nauHA H3 llOITHOrO 4HCna 3 .37 TpOe K. YiHTepsan Ha OCH a6CUHCC Bb!6paH B C OOTB9TCTBHH C 

OWH6KoA, .llOilY CKaeMOI! B onpe.neneHHH m)'Y , 3To pacnpe.nenenHe H ace HH >K enpHBO.llR-

Mble pacnpe .neneHH!! no 3 HeprHR y -KBaHTa H 3cpcpeKTHBHbiM Macc aM m )'Y , m 3y H m,o y 

6hrnH flOCTp09Hbl .llnSI nOr8pH cjJ MH'l9CKOA WKBnhi 3HeprHH H M8CC, flOC KOnbKY npHM8H8HH8 

T8KOit WKan bJ B HBH60nbWOit CT8fl8HH CO OTB9TC TByeT TeM CBOA.C TBBM OWK60K B H3M9p8HHH 

3 HeprHH H 3 cpcpeKTHBHbiX M6CC, KOTOpbl e OTM9'IanHCb BhiW9, 

Ha pHc. I a BMecTe c 3 KcnepHM9HTanbHOA rH c T o rpaMMOA n o Ka a aH nopMHposaHHhiA .-j:>OH, 

nony'leHHhiA: flO M8TO.O.y MOHTe-Kapno . ct:> o pM a flHK8 B o6nBC TH M BC C LI fl O K OSI 17'
0 

-M e30H 8 

fl 0380IT!I9T npe.nnono>KHTb, 'ITO npK6nH>K9HHO OH HM 9 9T cpopMy KpHB OA rayc c a. A nnpOKCHMa-

UHll 3 TOr O UHK6 rayC C OBOA KpHB O A UpHBO.llHT K cne.ny JOIUeMy 3 Ha'IeHHIO MaCChi rr
0 

m,o* !39! 

2 M s B. nonywHpHHB flHK8, OTH9C9HH8H It m"o,onpenenHeT OillH6Ky OT.nen b H Q(""O H3MepeHHH 

myyH COCTa8nlleT !0%. 

nono.>KeHHe nHKB H coananeHtle senH4HHbi owH G KH s m " 0 , on p e n e nHeMoR nonywHpHHoA· 

IIHKB , C senHIIHHO A OWH6Kil 8 myy 1 nonyqeHHOA: Bhi W 8 C IIOMOill bJO M B TpHUbl OWH60K, YKB 3 bl -

889T KBM H8 npaBOMOttHOCTb K KOppe KTH OCTb flOllXO '18, npHM8H8HHOr O B M e TOllHttecKOA pa6o

TQ / 4 / .[liT!l UOCTp09HH!I K8JtH6pOBO'IHbiX KpHBbJX K fiOITll OWK60K, 

nonHoe 'IHCITO rr
0 

-Me30H08 8 UKI<e - OKOITO JJQ, 'ITO npK80.llHT K .[lOCTaT04HO ManoA 

OWH6K.e Ll.nSI cpeLIHero 3H8"19HHK m 17'0 

3. PeaynbTaTbl H o6cy>KgeHHe 

Bocnonb3yeMCH 3HS"'eHRHMH nono>KeHHSI H wHpHHhi nuKa oKon.o Macchi noKOSI rr
0 

, aaA:-

.neaHbiMH no pacnpe.neneHHIO myy (puc,! a, b), H ycTaHOBHM U9 HTp H WKpi!Hy 'sopOT', T, e , 

HHTepsan Mace myy OKOITO m ,o , KOTOpbiM 6y.neM orpaHI!'IHBaTb 3 cjJCpeKTHBHyJO Macey 

nJ06oA H3 Tpex W- KOM6HHaUHll 8 .naHHOA TpOAKe. 
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Ha pHc. 2 a , b n oxaaauo pacnpe.ueneHH e may , x or.ua KKKaKHX orpauuqenHA u a Macey 

myy OT m o6ol! yy - KOM6HKaUHK B ,uaHK Ol! TpOAKe y - KB8HTOB He HBKnB,llbiB89TC H. 

nyHKTHpHOl! UHHH e l! Ha pHC . 2 a UOKaaaKO pacnpe.ueneKHe may C Yl.f9TOM C T8THCTH'l 9CKOPO 

Bec a Ka:>K.UOPO aaperRCTpHpoBaKH OPO y - xBanTa. K ax BK.UHO H3 pee. 2 a, nex B o6nac TH 

M8CCbl OOKOSl HBD. ypOBHe M cjJOH8 on p e.nen SJ e T C SI 601lbW 9 l.J9M .O.BYXKp8THbiM CT8H,n8pTHbi M 

OTK.JlOHBHHeM • 

.[lanee, ua pHc. 3.:.J. , b, c , d, _e noKaa a u o pacnpeneneHHe m"o y co a ce 6onee c y>KHsa

!OLUHMHCSI "ao pOT8MH" .ll11SI mY)" • V13 3 TOr O pS1.08 rHCTOrp8MM Henocpe.O.CTB9HHO B H.O.H 8 T8 

OC069HH OC Tb 1 'ITO no Mepe Cy)f(eHHSl 'so p o T' l.JHCJlO rr
0 

}" - K OM6HH8UHA: yM9HbW89TCSI 

H 93H 8 1.fHT9n bHO, T o r.a. a K8K OTH OW 9 HH 9 CHrH an- Q:lo H 38M9TH O y s eJHftiHB89TCSI. 3 T O rOBOpHT 

0 TOM , t.tTO 3.09C b Mbl ,neACTBHT91lbHO HM99M .09110 C p8Cfl 8,0,0M c..l O -tofT
0 

+)I • 38M9THM, 

0 
'ITO oueuKa 'IKcna noTepHHHbiX rr Y - KOM6RnauK A H3 HHTepBana 684 M aB ~ m,.~ )' <;_ 835 M aB 

n o Mepe C y)KeHRSI "'aopoT' YK83biB89T H8 T O, Y: T O OWH6Ka 8 H 3M9p9HHH m ,o COC TBBnH e T 

llpRMepHO 10 % , 'ITO cornacyeTCH C OUIH6KOl!, ycTaHOBneHHOl! Bb!Uie .U pyPHM nyTeM, npe.a

ll 0 J1 8["851 , '-ITO ITKK HB pHc. 3 b o6ycnoaneH pacna.aoM cu 0 
... rr

0 
+ y , T.K. B03MO>K H OC Tb 

aaMeTH O A .aonH pacna.aa p 0 
... rr0 + y H CKlllOl.J.BeM n o T eM )f{e coo6pa)f{eHH51M, 1.JTO npase .ne-

Hbl B pa6oTe 6apMKH8 II .up/
31

, nony'IHM llyTe M annpOKCHMaUHK fiHKa rayCCOBOl! KpHBOl! 

Cl19.D.J l0Ul99 3 H 8 1.J9HH 9 M 8CCbl 

m CUO , COC T 8B J1HeT 8%. 

wo m wO - 775 :: 12 M :>B; nonyurKpHHa nHxa, OTHeceuH a sr K 

H a pHc. 4 a l b noKaaaHo p acn p e.aeneHH e may , nocTpoennoe .anH T ex TpoeK H 3 •·m:cna 

387, B K OT O p biX Htf O.D. H 8 H 3 Tpex yy- KO M 6HH8UHA H e fl 0fl8.0.89 T B 06118CTb flltK8 tr O -M eao-

na n a pH c. la,b Pac npe.aene HHe .nano .OJHI 2 3 H8 '-t9HHA: w HpHHhi ' sopoT': 

a ) 120 M 3B ~ m ,.o ~ 160 M aB, b) 100 M aB $ m,.o<;.! 80 M aB. 

XO TH 3 TH pacnpe.aeileHHR H H e 06J1B .QBIOT .D.OC T 8 T 0 1.JH O A: CTB TH C T >IKO A:, ·::>LlHBK ) MQ )KHO CK838Tb 1 

1iT'1 3.a9Cb He np·'HIBJ1H9T C51 T 9H.D. e HUHH K HOSIBJ19HHJO flHKB 8 06J18C TH M BCCbl ri 0 K 051 C&.IO • 

C llOM OWblO K 81.{9C TB9HH OrO H K OJ1H1.{9C TB 9H H Or' O Cp8BH9 HHH pacnpe.aeneHHJl H B pHC. 2a, 

b: 3a , b , c , d, e; 4a, b M O)f{ H Q J19r'KO y6e .D.H T C 51 1 qTQ lltf K B 06nBC TH. m C&.IO B OC H OBHO M 

onpen.enH e T C R pacnan.oM C&J 
0 

... 17'
0 +y , a B 03M O>K H B 51 n.on st pacnana cu 

0 
.. y + y +y cocTaAns:~ eT 

B9J1H1.{HHJ, H G npe B bii..U810WyiO flO KpBAH e A Mepe ypOBH51 <}:lOHB. HBMH H e H B lt.ll9H O 38M9TH Or'O 

'IKCna c n y qaes pac na.ua w0 
-+ y + y + y, Ecnu Mbl npe.unono>K HM, 'ITO pacna.u w0 

-+ y + y + y 

He .OOJ1 >K9 H npHB O.O.liTb K K8KoA: - nH 60 C HJlbHOA: K OppellH!lHH B myy O T Y)l - KOM6 HH 8UH A, 

T O n o 1.mcny c nyqdea may , nouanaJOWHX · B HHTe psan 3HaqeHHA Mace 684 M3a ~may~ 

O:::d35 M 3B a pacupe.ueneHHH Ha pH c. 2a, H n o 'IHCny rr 0 y - KOM 6 KnauHA , nona.uarowHx B 

TOT >Ke HHTe pBan Mace B pacnpe.uen e HKR Ha P"C• 4 b , MO>K HO OUeHKTb Be pXHHA npe.uen 

O TH OWeHHH aepOHTHOCTeA H e nocpe.aC T B9HH OrO H K8CK8.0H0r' O pacnan,a w 0 
.. 3y 

w ( w 0 
.. y + y + y) 

R 
W(wo .. ,.o+ yl 

<;_0,2 ± 0, 15. 
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Via psr.aa pacnpe.aenHHHA Ha pHc. 2a , b , 3a, b , c , , e MO>KHO o6Hapy}f{HTb, 

'ITO B o6JIBCTK MBCCbl rP O -Me30H8 ( 1020 M 3B) npostBJlst 9 TCH flKK C OJJ. HOKpBTHb!M CTBH-

JJ.BpTHblM OTKJIOHeHKeM OT yposstst cj:>osta. He KCKJI IO 'l e sto, '<TO 3TB l" pynna ,/ y-KoM6KHBuHll 

MO>KeT 6b1Tb CBSI38H8 C p8.0K8UHOHHhiM p8CTI8.UOM 

pa6oTe BapMKHa H ap/31 
ecTb TBK}I( e HeKoTopoe 

¢ 0 
-+ 1TO + y . 0TM9THM 3.Ll9C b, l.iTO B 

KOCB9HHOe yK838HHe 0 B03MO>KHOM 

0 
CyllleCTBOBBHKK p8Cfl8JJ.8 rr + Y anR 6onee TH>KenoR, 1.feM w 0 

-qacTH:UbJ. XoTR s nHTepa-

Type H HMe!OTCst HeKOTOpbre yK838HHH HB CHJlbHOe flOJJ.8B11eHste B e pOstTHOCTH pO}I(J].eHHSI r/> 0 

no Cp8BH9HH}() C sepOHTHOCTb}() pOJK.lleHHH C£.~ 0 B nyqKe 1T -Me .:::-1 0HOB C HMnynbCOM 

3,7 r 3a/c/
5/, OJ].HBKO JJ.JIR 06118CTII 6J11bWKX 3H8 'leHHA HMflY11bCOB no 3 TOMY flOBOJJ.y HKKBKI!X 

3X.CflepHM9HT8nbHbiX ,0,8HHhlX H9T. 

Jlnst 6~11bW9l! y6eJ].stTeJibHOCTH Bb!B0£18 0 TOM, 'ITO flKK B pacnpPJJ.eneH HH m
8

y ( puc.2a) o6yc

JIOBJI9H B OCHOBHOM p8Cfl8JJ.OM rr
0 +Y, 6blJIH flOCTp09Hbl JJ.HBrp8MMbl Jl811HTU8 £11111 CJiyqast p8Cfl8JJ. <I 

Ql 
0 ~sy.Pacnpeae11estste TO'leK no cj:>strype .!ld11HTu8 CJJ.e118Ho £11111 80 Tpoe K, Bbl6pastHbiX H3 HHTep-

88118 684 M 3 B5 may ~835 M3B ( pstc.2a) .nn11 3HeprHH y -KBBHTOB, B3HTbiX B CHCTeMe noKost, 11 

/6/H -
cp8BHBHbl c pe3y11bT8TBMH pa6oTbl Konbr11oaa " pHc.t>a, b JJ.8HO OJJ.HOMepstoe pacnpeae11eHHe 11o 

mln 
MHHKM8JlbHOA aHeprHH o.nuoro H 3 Tpex y -KsaHTOB, E y . K co*aneuw10, CTBTHCTHKa HenocTa-

TO'iH8, O.D.HBKO see >Ke npoRBnSJeTCH Teu.neHUIHI K pB.BHOMepHoMy pacnpe.neneHIHO. Ha p~rc. 5b uo-

K838HO pacnpe.aeneHHe no 
F. min 

y 
y -KB8 !1 TOB, K0f'.ll8 6binH OT06p8HbJ TOnbKO Te TpOA:KH 

'lTD non811K a HHTepB811 6::\4 M3B ~ m,oy ~ 835 M 3 B B pacnpeae11eHH H m, 0 y Ha pst c. 3c. 

TeuneHUHSJ K paaHOMepHOMY pacupe.neneHH"JO 3.ll9Cb npoHBIISieTCSJ 6onee "Y:eTKO • .QayMepHoe 

p8cnpeae11 e HHe Tex }1(9 8 0 TpoeK no cj:>strype .!lanstTua, npeJJ.CT8BneHHoe H8 pstc. 6a, nocTpo-

9HO .D.nR cny1.f8SI 1 KOI' ll8 He npOBO.llHnOCb ynopRll01.f9HHR y -KB81!TOB B K8}1( JJ.Oll TpO AKe 110 

senKqaHe HX 3 HeprHH, a Ha pH c. 6 b .naHo pacnpe.neneH H e T OlleK, K'or.lla TBKoe ynopHn.o 

qestste npoBOJJ.Hnocb: E 1 < F.~< F: a • Ha JJ.HarpBMMax (pstc. 6a, b I H86nroaaeTC<I 3Haqst -

T 8 flbH8H H8paBHOM8pHOCTb B pacnpe.nenPHHH nnOTHOCTH T0'-1 9K 1 CJ liM8HH O, TO'-lKH 110ll8Ll8!0 T 

B OCHOBHOM B 06JIBCTb, co.nep)K8111Y!O 11HHHH, X8p8KTepHhl e JJ.J!Sl pACII8JJ.8 OJ
0 

11 O + y • 

t::cnH nocTpOHTb pacupencn e HH e TO'ieK .anSI TpoeK, Bbi6paH Hhrx H3 HH:Ka a pacnpene-

neHHH m"OY H 8 pK C . 3c, TO cl)OH, COCTOSII I. HA H3 TOl.i9K B U8HTpe TpeyrOnbHHKB, pe 3KO 

CHK>K88TCR. 3TO rOBOpKT 06 9 KBifB8n8HTHOCTK nayx IIO.llXO.O.OB K BbiS1Bn 8 HHIO pacna.aa 

OT yy - KOM6KH8UH A> C OJJ. HOA C T OpOHbl. K 

00CTp08HH 8 COOTB8TCTBYIDLUHX .llHBf'p8MM .QanKTU8, C .npyroA:. 

0 
Jlanee, ua pHc. 7, noKa3BHO pacnpeaeneHHe w (T.e. TpoeK, Bbr6paHHLrx H3 HHTepaa-

na 684 M 3 B ~ m
11

oy ~ 
I 

833 M 3 B a p8cnpeaeneHHH Ha pstc. 3a 11 3e) no aenst•wste 

v,.,o - CKOpOCTb W O B na6op8TOpHOA CHCTeMe KOOpJJ.HHBT. 
y BVI-(vo/d 'rae 

Pacnpe.aenei¥He noKB3b!BBeT 60JibWOA BKJI8JJ. OT 6blCTpb!X 

HblX Ct>O MO>KHO 06'bRCHHTb 0Tt.i8CTH .0.8J1CTBH8M r!pH~9HH8MbJX KpHTepHeB OT6opa, 8 T8K)Ke 

MBJIOA 3cj:>cj:>eKTHBHOCTb!O p er" HCTp81lHK 

JIHBHS! K /IJIOCKOCTH cj:>OTOrparvstpOB8HHst. 

y -KB8HTOB, HM8lOillHX 60nbWOn: y1·0n HBKnOHB OCH 
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HaxoHeu, Hcxo.as:r H3 KaaecTHOA senHttKHht nonHero ceqeHHH ~ - Xe aaaHMoneAcT-

BHA K H3B9CTHOrO Cpenuero 1lHCn8 B38HMO.U9ACTBHA: H8 O.UHH CHHMOK, MO>KHO OU9JIHTb 

0 -
HH>KHHA npe.aen .a.ng nonHero ce-qeHHsr po>K.aeHHH CLJ a , - Xe &38HMo.aeAcTBHHX. Ou 

OK83BnCSI paBHb!M aXe (OJ
0

) > 7,1 :: 1,6 M6apH, 'ITO B pBC'!eTe HB HyKnOH SIJlpa KCeHOH8 

COCTBBnSieT aN ( OJ
0 

) > 0,24 + 0,05 M6apH. Ce'!eHUe .uaeTCSI C y'leTOM BCeX KBHanOB 

pacna.u8 OJO 

B 3BKnro«eHue Mbl Bb!p8)1{aeM rny6oKyro 6naro.uapuocTb nepcouany CHHxpocpa3oTpOH8 

OvHIYI 3a o6ecneqeuHe B03MO)I{HOCTH npose.ueHIHI .uauuoll p860Tbl, onepaTopaM H pyKoso

JlHTenro SKCnny8T8UHOHHOJI rpynnbi KCeHOHOBOll ny3blpbKOBOl! K8Mepbl 38 nonyqeHHe cpOTO -

rpacpull, n86opaHT8M 11.¥1. Macnosoll, YI.A. MHponro6osoll, YI.H. nonosoll, H.K. CMHpHOBOll, 

r.A. CTpOliKOBOll, A.r. 4eKMeHeBoll 38 npose.ueHHble H3MepeHHSI, COTPYJlHHKBM BU O kHI¥1 

3'1 BbiUOnHeHHe He06XOJlHMb!X Bbi'IHCneHRll Ha 3BM, r.A. OcoCKOBY H 3.M. Kocapesoll 

38 npose.ueHHe Bb!'IHCneHHll no MeTOJlY MoHTe-K8pno, a T8K)I{e r.H. Konhlnosy, YI.M.rpa

MeHHUKOMy 38 KoucynbTBUHH, none3Hhie o6cy)I{JleHHSI H no.u.uep)I{KY B pa6oTe " 11.A. THxo

uosoA 38 06Cy)I(JleHHe pe3ynbT8TOB p860Tbl H 60nblllYIO UOMOlllb B H3MepeHHSIX H o6pa60TKe 

MaTepHan8. 
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Pac.4. Pacnpe.aeneHHe may , Kor.aa HH o.aaa Ha Tpex yy...,. J<OM6uaauHl! ae .aaeT aaaqe-
HHII m , nona.na10mero a HHTepa an 

a) 12cr>'Maa ~ m yy..;. 160 M aa , b) 100Maa ..;.· myy S 180 Maa, 

Ill 

" G 

5 

" 3 

s 
4 
3 
z 

Q) 

0 -1 .. -s {Jf} Bt'ntlt!tl ..--s 
6<1~:!11'1Jr"'J3S,.. • .-

E;~ H•v 

0 -J KOH£ {Jij 8U~0 00 KOI¥6. 

61¥,,. • mJr" tiM,... v 
tiN1,.,,., 1111mrr~!'JO H6v 
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