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Pa6oTa Bh!Il0JIHeHa B na6opaTOpn:n: Bh!C0KHX 9Heprn:it 
O6benn:ueirnoro n:HcTn:Ty-ra SI,!lepHhIX · n:ccnenosaun:it 



H3Mepemte cettemdt B38HMO,llet1CTBHSI Me30HOB C HyKnOH8MH npH BbICOKHX aaeprH-

HX Il03BOnSieT, Bo-nepBbIX, nonyttBTb onpe.neneHHYJO HHCI)opMBUHJO O npHpo.ne .a-x:Hx B3~:UMO

.nettcTBHA:, 8 TBK>Ke O CTpyxType HyKnOHa (nocxonbKy .nnHHB BOnHbl M930HOB C aHep-, 

rHeA' nopsu1xa Baa MeHbWe pa3Mepoa HyKnoHa), H 1 ao-aTopb1x', cny>KHT.· .nnst _npoaepKH 

HeKOTOpbIX 06uu1x nono:meHHA' TeOpHH, B ll8CTHOCTH, OTf)OCSllllHXCSI K npe.nen~HOMy 

noae.a8muo npoueccoa B38HMo.net1cTBHst. H3Mepeaae cetJ:eHHkl B3BHMo.neBcTBitst Mesottoa 

BbICOKHX atteprHil: C Sl.ll.
0

p8MH Il03BOnSieT. nonyttaTb H8KOT0ph10 CB0.ll.0HHSI O CTpyKType 

SI.aep, 8 T8K>Ke .nenaTb K~CB8HHhie BbIBO.Ohl O xapaKTepe aneMeHTBpHblX B38H~O.ll.0.A-

CTBHil: C HyKnOH8M'.H ■ 

~eopeMa noMep8HttyKa
111

, OCHOBBHHBSI Ha .OHCnepCHOHHbIX COOTHOlil9HHSIX. H ,npe.o-' . ' - . 

nono>KeHHH O IlOCTOHHCTBe nonHhlX C0'10HH8 npil BbICOKHX aHeprHSIX, YTB0p>KJI8e.T,' 'ITO_ 

npH 6qnhWHX aaeprHstX ceqeHHSI B38HMO.ll.8l1CTBHH ll8CTHU H 8HTH'l{8CTHU Ha 0.ll.HH8KOBbIX , 

- ... - . 
MHWeHSIX, B '18CTHOCTH, C8ll8HIHI B38HMO.aeil:cTBHSI 7l. H 7' -M830HOB C npOTOH8MH; 

cpaBHHBBJOTCSI. 3TOT pe3ynbT8T nonyqaeTCSI TBK:>Ke Ha OCHOBBHHH TeOpHH H30TOilHll0CKOH 

HHB8pH8HTHOCTH, ecnH ytJ:eCTb, llTO.IlpH 6onbWHX 9HeprHHX cetteHH0 nepesapH.ll.KH CTpe-

/2/ ,n'-t 
MHTCH K Hynro • Ll.aHHbl0 0 nonHhlX ceqeHHHX B38HMO.ll.0itCTBHSl /(... f C HMnynbC8MH 

6onbllJHMH 2 Bae/c OTCyTCTBOBBnH .no 1959 ro.na. HawH LIBHHbie 
13 

. npH HMnynbCe 

2,9 Eas/c " aaHHbie noHr/
41 

npn HMnynbCax 1,4-4 Eas/c no nonHoM·y ceqemuo 
+ . -t 

B38HMOLieitcTBHH 'jC. p IlOK83BnH, llTO nonHbie C0ll0HHSI B38HMOLieticTBHSI 7( p H 

n.--p c6nH>K8lOTCH, no-BHLIHMOMY, y>Ke C HMnynhCB OKOno 3 Baalc. Mbl npO.llOIDKHnH 

. + 
pa60Tbl DO H3Mep8HHJO nOnHbIX Cett0HHl1 B38HMO.lleitCTBHSI 1{_ p B HHTepaane HMnynb-

COB 2,5 - 5 Maa/c, llT06bI npoaepIITb 9TOT BbJBo.a. 

HMerom0ecg .aaHHbie no B3BHMOLieilcTBHJO K+ p noKaaanH, ttTO npH 812 Masi/DI 

ueynpyroe ceqeHHe K + p cocTaanS1eT acero ,.._, 1 M6 H yrnoaoe pacnpeneneHHe a c.u. M. 

ynpyroro B3~HMO.aei:i.CTBH8 K~ p OCTBeTCSI H30TpODHbIM. via npenaapHTenbHOro coo6-
/6/. 

LUeHH>I cneayeT, 'ITO npH HMnynbcax I - 2 Eas/c yrnosoe pacnpeaeneHne ynpyro-
+ ' ' 

ro B38HMO.OeilcTBHSI K p OK83BnOCh He H30Tp0IlHblM H Heynpyroe cetJeHHe .ll.80'1_' 38MeT-

HbIA: BKnB.ll. B nonttoe C0ll8HHe. 0TcyTCTByJOT .0.8HHbie no ynpyroMy H HeynpyroMy 
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B38RMOJlellcTBHIO K p H ,c p npu. HMnynbCax 60llbWHX 2 B3slc • .!lo CHX nop 

axcnepHM8HTanbHO Eime He ycT8HOBneao, eCTb nH MHO>KeCTBeHHOe pom.neHH8 7'L -Me-

30HOB DPK B38HMOll.88CTBHH K+ -Me30HOB C npOTOH&MH. floKa B CTaTHC;I.Pl0CK08 Teo-

+ 
pHH HB onpe.11eneH 061,eM S38HMOJl8llCTBHll Jlllll coy.11apeH11H K p. l,13yqe1rne Heynpy-

roro ~38H.MOJlellcTSHll K+p, a TllK>Ke 7C.,.f npH .HMfi)'llbCllX 60llbWlfX 2 B3slc 

DpBJlCTABllllBT llOllbWOl! HHTepec. 

B H8CTOHW88 speMSI HM8IOTCH .aaHHb10 no B38HM0.z:teilcTBHIO 

DPOTOHOB npe 601lblllHX 3HeprllllX C ll.ZlpaMn
171

• JlaHHblB >KB no 

K♦• 1C,t -MB30HOS C 51.ZlpBMII npH aTHX a~eprHRX OT$')'TCTB)'IOT 

'J'C- -MB30HOB II 

B3aHMO.z:teHcTBHIO 

nonHOCThlO. TOHK8H 

CTpy&Typa 51.ZlpB M/1110 CK/13 blBBBTC!I HB npouecce S3BIIM0Jl8HCTBH9 qacTl!Ubl 60llbWOll 

aeeprRB. C 11.ZlpBMHe CsoAcTsa ll.ZlPB MO>KHO on11CBTb MOJlBllblO cpepM1<-ra3a. B ·cny,rne I . 

1tor.aa .anHH8 BOnHhl '18CTHI1 MHOro M8HbWe paaMepoB SILl.0P, npHM8HHM8 OIJTH'l8CK8SI 

wo.aen&. J.,f3 auanH38 ll8HHhIX no C8'18HHSIM nornomeHHSI !Ji --M030HOB H.apaMH H non

HWM ceqeHHSIM B38HMOll8R:CTBHH 91 -Me30HOB C HyKJIOH8MH MO>KHO nonyqHTb cae.ae -

HRH O pa3MBpe H npo3paqHOCTH ll.ZlBp, 

Peq,epapy&Mllll palloTB nocs11weea HCCIIBJlOSBHIIIO 9.ZlBpHblX S311IIMOJlBJICTSHJI 

TL'' e #(+ -MB30Hoa npe eMnynbCax 2,5-5 Basic, Ona cOCTOIIT 113 .11syx qacTell. 

A) l-13M8p8Hhl DOIIHb18 ceqeHIIH S31111MOJlBl!CTSll9 7t
4 

-Me30HOS C IIMll)'llbCBMII 

2,72; a;10 ll 4,75 Basic C npoTOHBMH, a TBIOKB ceqea1111 nornoweHH9 K·-M830HOB 

c HMD)'llbCOM 4,75 Basic RJlpBMII 

2,72, 3,70, 4,75 Basic c HJlPBMH 

C, A-l, ll4 , 7C.-, -MB30HOS C HMnyllbC8MH 

C, A.J. , (!'4 , S,i u p-1 . Jlm1 nposepKII H3Me-

pBHhl 0.ZlHOspeMBHHO ceqeHJUI B3BHMOJlBllCTSHR DpOTOHOS C HMn)'llbCOM 2,72 Basic 

C npOTOHBMH H HJlpBMRe 

6) no.11roTOBl18R ODblT no e3yqeae10 eeynpyroro S3BHMOJlBllCTBIIH K+ - H '11:°' -
M830HO& C npoTOHBMH. Pa3p860T8H8 H uana:>KeHa OCHOBH8B '18CTb annapaTypbl ,ang 

, ~ ., 
R3M8pBHHR ceqeeRI aeynpyroro B3BHM0Jl8l!CTSHH l<..-n 7C -M830HOB C HMfi)'llbCBMH 

2,5-5 San, c npoToeaMa, 

"13nO)K8HH8R 8 .aeccepT8UHH pa6oTa RBnSleTCSI tiaCTblO pa6oTbI, BblilOnHeHHOit 

88TOpOM COBM0CTHO C A.C.BoaeUKO, E.A.KynaKOBbIM, M.<P.nHxaqeawM, A.n.nro6HMOfbl►t, 

IO.A.MaTyneaxo, r.B.MenbHHKOBbIM, H.A.Caauub1M, E.B.CMnp11oab1M, B.C.CTaBHHCKHM, 

C10ll IOle1,-qaa, Xa IOaH-g,y H TosapewaMH H3 B10po HOSblX pa3pa60ToK fla6opaTopea 

!lh!COKHX aaeprHll, npase.11eHHbl8 p83)'1lbTBTbl nonyqeHbl B 1959-81 r.r. 4aCTb OCHOSHblX 

·~ 

5 

181 191 1101,111/ 1121 
pe3ynhT8TOB ony6J1HKOB8H8 B P.a6oTax ' . ' ' H '18CTb npe.oaapHT8llb-

HblX JlBHHbli 6blna JlOIIO>KBHB HS l X H X Me>KJl)'HBpOJlHblX KOHcpepBHUHHX no cpH3HKB 

ah1cox11x sHeprHA a KHeae H a PoqecTepe. 

Ll.HccepTdUHSI COCTOHT 113 qeTblpex rnaa. nepaaH rnaaa co.aep:mHT H8KOTOpbI8 BSOll

HblB CSBJlBHHH H KpBTKHll o63op MBTepaana no H3Y'lBHHIO S3BHMOJlBl!CTSHH K·- ii7[:Me· 

30HOB C npOTOHSMH H Sl,Zlp8MH. Bo BTOpoA rnaae OilHC.brnaeTCSI YCTBHOBKa, npHM0HSIBW8HCsi' 

B OilhITSX no H3MepeHHIO nonHblX ceqeHHA H ceqeHHA nornomeHHR,·H ycTBHOBKa, Hana

)K8HH8SI Ha nyi1Ke CHHxpoq:lasoTpoaa, .ong npoae.aeaug OilbITOB_ no aeynpyroMy B38HM0-
·+ . . . 

Jl8JICTSHIO K pH ntp npa. HMll)'llbCAX 2,5-5 Basic. B Tperbell rnaae JlllBTCll onH-

C8HH0 pa6oTbl no lpopMHp0B8HHIO nyqxa. K + - H 7t ~ -M830HOB H H3J10)K0H8 DOCTa

HOBK8 OilblTOB. Pe3yJibT8Thl OilbITOB H o6Cy}K.0.0HHe peaynhTSTOB npOBOJlSITCSI B '18Taep~ 

TOA rnaae. 

3KcnepHM0HT 

0nHC8HHbI0 B .auccepT8UHH HCcne.aoaa~HSI GbinH BbIIl0llH0HbI Ha nyqKe nono.w.:u

TenbHO' 38pSI:m0HHhIX qaCTHll CHHXpOcf:,B30TpOH8 na6opaTOpHH BblCOKHX aHeprH.it 061,e.a.H

H8HHOro u~CT11TyTa a.aepHbIX Hccile.a.oaaHuA. 

A) noJIHbl8 cetteHHSI H ce11eHHSI nornomeHHH H3MepHJ1HCb aneKTpOHH,KOfi M0TO.UOM 

BhI6bIB8HHSI 'IBCTHU H3 nyqxa B ycnOBHSIX xopowea reoMeTpHH. 

MbI HMenH B03MO.>KHOCTb npOH3B0.0.HTb OfibITbI C nyql(QM nonO.>KHT0JlbHbIX .'18CTHU . 

C HMll)'llbC,BMH OT 2,5 Basic .00 5,0 Basic. n)'.'lOK COCTO!!ll 06bI'lHO H3 2-1%,;'-<~;:--

M930HOS0 40 -25 % TC'+ -Me30Hoa, ,.., l % K + -Me3oeos 11 58 - 72% npoToeos. Bhl.oe-
. + _., . . 

nmme K -, ''- -M830HOB H3 nyttKa ocyweCTBJISIJ'JOCb nyTeM onpe.a.eneHHSI HMnynbCa 

H CK~poCTH qacTHU. 

HMnyJlbChI l:18CTHU onpe.aensmHCb MarHHTH08 CHCT0M08, COCTOSIUJ;eit H,3 MBf'HHTHbIX 

none.a. B ycKopuTene, B OTKJIOHRIOlUeM MBrHHTe H B .nayx xaa.opynonbHbIX JIHH3BX. 

CKOpOCTb tISCTHU onpe.o.enSIJ18Cb rB30BhIMH qepeHKOBCKHMH C'l0T'IHK8MH. 

perHCTpHp0B8.llHCb TenecKODOM H3 C'l0T'IHKOB. 

4acTHfihl 

TenecKon COCTOHn H3 .aayx CUHHTHnJ'JSIUHOHH¼>IX C'l0T'IHKOB.( s) , .oayx yrnoBhIX 

raaoablx · 11epeHKOBCKHX cqeTqnxoa ( Y) H o.o.Horo noporosoro ra,3osOro qepeHKoscxOro 
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C'l8T'IHK8 (n ). l-1Mnym,cb( OT C'l8T'IHKOB no.nasamICb Ha 6hICTpyro (5x I0-
9
ceK} cxeMy 

coenaneHHA H 8HTHCOBil8.ll0HHi1. PaaHbIMH KOM6HHBUIHJMH BKmoqemHI cqeT'-IHKOB B cxeM) 

. - -4 
coana.aeHHA: H 8HT~COBil8J].eHH8 Mhl perHCTpHpoaa1m JIH60 oT.nenbHO I~ -Me30HM, 

JIH6o OT.0.0JlbHO K+ -Me30Hhl, na6o OT.ne.1bHO npoTOHbI C HMnynbCOM 2,5 - 5 6aa/.:. 

Eomo o6ecnetieHO no.a.aaneuue (:poHOBhIX qBCTHU B 10 
4 

- 1 o
5 

pa3, ttTO Ll.BBano 11HCTOTy 

+ 
BhI.aeneHHH K -Me30HOB - 99%. 

8 K8118CTB0 MHW0HIJ .QJISI H3MepeHIHI c~qemu1 B38HMO.netk'fBUSl t{8CTJUl C 1IpOTOH8· 

MH HCilOJlb30B8JICH >KH,llKHfi B0.ll.Opo.a B neH0il0JIHCTHponoaoil MHWeHH HJIH >Ke a(p(peKT 

onpe,aemmcH no p83HOCTH H3MepeHHil C nonmaTHneHOM H rparj:,HTOM (CH2-c), npH 

0.0.HHBKOB_OM KOJIHtJ:8CTBe st.aep yrnepo.na B MHWeHH. 

E) CTonroToaxa onhITa no u:ayqemuo !feynpyroro aaanMo.neAcTBHH K + -, 7e+ -

M030HOB C npoTOH8MH. ,·, 

. + ., 
c. uenbJO Bbl.HCH9HH.R noae.o,eHH.R Heynpyroro B38HMonetiCTBHH K P1 7C f npH 

. + 
HMnynbCBX 215-5 ,·E3a/c H COIIOCTBBneHHSI CBOilCTB B38HMOneHCTBHii K p H 7C.''f H8MH 

6brna paapa6oTaHa H Hana>KeHa Ha nyqKe CHHXpo(paaOTpOH8 yCT8HOBK8 nn.R H3Mep0HHH 

neynpyroro aa_aHMo.ne8cTBHSI ~ + p H 'IC.,p . 0Ha npe.o.HaaHaqeHa llnH on.pe.a.eneH.1u1 

qncna H HanpaaneHHii BblneTa H3 MHW0HH BTOpHqHbIX' qaCTHU OT' B38HMO.O.eilcTBHSI 
+ ., ' + . 

K p HnH 7(, p HnH OT pacnall.:f,lpO>K.ll.8HHhlX npH B38HMO.oeiiCTBHH K p HnH 

t " 7t p l{8CTHU B OonbUIOM T8.'18CHOM yrne. 

' + 
TTpH HMnym,ce 2,5-5 5,as/c Heynpyr11e B38HMOJ:teilCTBIIH K pH n-tp IIMelOT 

MHOro B03M0)KHbl_X KBHBnoa, y.noaneTBOp.RIOlUHX H3B8CTHbIM 38KOH8M coxpaHeHH.R. 3T,o 

Tpe6yeT, qT06bl YCTBHOBK8 HMena 6onbUIOe npOCTpaHCTB0HHOe paapeweHHe a xopoUiee 

paapeweHHe no l{ffCny perHCTpHpyeMbl~ BTOpHqHhlX qacTHU, a CBSl3H c qeM Mbl Jlaapa-' 

6oTanH CUHHTHnnSIUHOHHblii ronocKOII H MHOrOKBHanbHY~ aneKTPOHHyro cxeMy. 

YcTaHOBKB cocTOHT. Ha 'tJeTb1pex qacTe8. EnoK-CxeMa noKaaatta Ha p1-:1c. 1. 

1) TeneCKOll H3 CUHHTHllllSIUHOHHblX H rB30BbIX qepeHKOBCKHX C'I0TllHKOB H 6bICTpOi.J: 

CX0Mbl coananeHHil H 8HTHCOBII8.0,8HHii1 C IIOMOIUblO KOTOporo Bbl,Oen.RlJHCb cnyqaH, 

KOf'J:18 qacTHUhl (K+ - HITH ?f"' -Me30H_) B3811MO,aellcTBYIOT C npOTOHOM _B MHI1l8HH 

>KHLIKOrO ao.oopo,oa. 11MnynbCbI C 6bICTpoa CX0MbI coana.lleHHA: ynpaaJI.RIOT 20 K8H81Ib

HOA aneKTpOHHOA cxeMoA. 
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2) 50 - caHTHMeTpoaa11 MHW0Hb manKoro aonopona (061>eM 22 naTpa), aaro

ToaneHHa!I H3 neHononacTapona. B MHweHa conep>KHTC!I 3,5 r/cM
2 

aonopona Ha nyq-

1te •. Llns perHCTpiumH BTOpH'{HblX t{8CTHU H3 MHWeHH, Bbin0T8IOWHX Ha 6onbWH0 yrnhl. 

MHW0Hb OKpy meHa 5 CUHHTHnn1111HOHHblMH C'l8T'IHK8MH paaMepoM - 500 X 500 MM. CaeT 

OT 1<a>Knoro CJIHHTann11Topa co6apaeTC!I onHHM lpOTOyMHO>KHTeneM Tana <l>3Y-50. 

3) C11aHTann1111HOHHblll ronOCKOn C nepeKpb1B8IDIUellcu CHCTeMOi! CllHHTHnn!ITOpoa. 

3TOT ronocKOR pacnonoiKeH 38 MHW0Hbl0 H npe.a.Ha3H8'10H .a.nst perHcTpauHH BTOpHq

HblX 1l8CTHU H3 MHW8HH, Bbln8T8IOWHX anepe.a.. 6 KOnbU8BblX. H 16 CeKTOpHbIX CllHHTHn

n!ITOpOB ot5pa3yIDT OKono 100 !1'188K nn11 onpeneneHHH 'IHCna BTopH'IHblX qaCTHll H HX 

npocTpaHCTB8HHblX KOopnaHaT. CaMblil 6onbWOi! KOnbU0B0li CUHHTHnnHUHOHHblll C'leT-

'IHK HM88T JlHaMeTp I M0Tp. Bee CllHHTHnn!ITOpbl npoCMaTpHBanacb qJOTOyMHO>KHTen11-

MH Tana <l>3Y-33 am1 <l>3Y-24; Ha uy'IKe c,rnxpoq,aaoTpoHa npoaep11n11c1, aq,q,e1<THBao

CTH perHCTp8UHH t{8CTHU KOnbll8BblMH H C8KTOpH~MH cqeTqHK8MH. OttH COCTaBnSlllll 

-95%. 

4) 3neKTpoH11a11 MHOrOC'l0T'IHKOBau CHCT0Ma, Hana>K0HHa!I Ha ny'IK0 CHHXpoq:,a30-

TPOH81 HM80T 20 xaeanoa. OHa p~6OT88! B~ecTe co CUHHTHnHUHOHHbIM ro.a.ocKOUOM 

H .ct88T HHQ)OpM8UHJO THll8 ".o.a' H "HeT• 0 TOM, K8KH0 a3' cqeT'IHKOB B ro.nocKone 

cpat50TMH onHoBpeMBHHO c ynpaenHIDIUei! rpynnoli cueT'IHKOB a TenecKone, 

CxeMa ".o6paKa Ha nonynpoaonHHKOBblX naonax a Tpaonax, .!lsanuaTb nsoi!HblX 

cxeM coananeaall nocne· ltHCKpHMHHaTopa 6blcTpoll ( 5 aceK) cxeMbl coananeHai! 

(cM. pac.I) HM8IDT·paapewaIDIU08 Bp0M!I 25-30 HC0K H 'IYBCTBHT0nbKOCTb, y;ioaneT

BOp!!IDillYIO Tpe60BAHH!IM BblCOK03<pqJatTHBHOli · pa60Tbl C ra30BblMH qepeHKOBCKHMH 

C'l0T'IHK8MH H t5onbWHMH (;iaaM0Tp ,.., I M0Tp) KOnbll0B blMH CUHHTHnn1111HOHHblMH. 

C'l8T'IHK8MHe 

CxeMa Il8MSITH cot5paua HS nonynpoao.o.HHKOBbIX sneM0HT8X. B K8'18CTB0 38IlOMHHa

IDIUHX !1'180K B MaTpHuax CHCT0Mbl ucnonb30B8Hbl q,eppHTOBb10 KOnbua C np11Moyron1,

Holi neTneli racTepeaaca nna M3.!l-1. CxeMa naMHTH o6ecne'lasaeT Hane>KHYID 

3anHCb 8 cot5blTHA 38 IIHIUI B K8>KJlOM H3 JlBan11aTH K8Hanoe. MepTB00 apeMH pera

CTpaUHH IJ8 Rp0Bb1W80T 10 MKC0K0 

C'IHTblBaH~e HH<pOpM8UHH C M8TpH11 npOH3BOnHTC!I B RpOMe>KyTKH Bp0M0HH 

Me>Kny llHKnaMH BblBOna nyqKa H3 CHHXpoq,aaoTpoHa ( 15 CeK). l-1HtpOpMaUH!I BbIBOnHT"" 

Cl! ua nepq,opapoaaHHyID nneaKy nyTeM npo6aeaau11 oTaepCTHll Ha nocnenHell. 
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Ha 9TOR ycT8HOBKe npOBOllHTCSI OilblT_no H3yqeHHIO ueynpyrHX B38HMO.O.eACTBHA 
.,, . + ~ 

'T( r H K p Ha RY'IK0 CHHxpotpa30TpOHa., Ha nepBOM aTane 3KCRepHM0HT npOBOJlHT"" 

CSI COBMeC~HO C H3MepeHH0M nonaoro ceqeHHSI a:3aHMo.neAcTBHSI_ 7C.,.p H K+ p C 

· MHlll0HbIO· H3 >KH.QKOrO BOUOp0,0.8 JlilHHOil 1,66 M0Tpa. roJlOCKOll CTOHT 38 MHW8Hbl0 

- ~ o+45° 
H BblpeaaeT yron H3 110HTpa MHW0HH B na6opaTOPHOli CHCT0Me V = 12 -3. 50 • COOT-

~~ o+l5° • + 
B0TCTBYIDIUHil yrny B c.n.M, V =38 -130 nn11 ynpyroro B3aHMonellCTBIIH K p 

npu HMnynbCe 5 6as/c0 

Ha BTOpOM STane B OllbIT8 6y.a.eT HCilOnb30B8TbCSI MHWeHb >KH.QKoro BO.O.opo.aa 

.a,nHH08 50 CM, OKpy:>KeHH8SI 5 CUHHTHnHUHOHHbIMH C'18T'IHK8MH H ro.nocKOilOM, KOTOPbI0 

6ynyT peracTpaposaTb RO'ITH ace BT0pH'IHb10 qaCTHllbl ( ./2..~ftt), BblneTaIDIUHe H3 

MHW0HH, qTQ .aaeT B03MO>KHOCTb YBH.l10Tb nonHyJO -K8pTHHY Heynpyroro B38HMo.aeA

CTBHH. 

AnnapaTypy BO3MO)KHO T8K>K0 HCilOnb3OB8Tb ll.nSI Onpe.aenemrn: llHCna 7l. O -Meao• 

HOB, pomneHHblX np11 B3aHMOneliCTBH!IX ,r.+ p anu K + p. 

p e 3 y n b Ta T•bl 

B Ta6~.;uax I; II, Ill, I Y npuae'neHbl 'nony'IEiHHble naHHble no nonaoMy ce'leHHID 

B38HMonei!CTBH!I 7t1p· ·u . pp H naHHble no C0'10HH!IM nornoIUeHH!I 7' + H K + "'."M03o

HOB H npOTOHOB Hi:tp8MH. npHB8.ll.0HHbI8 .ll.8HHbl0 nonpaeneHbI HS 'paccesrnHH anepe.a.' 

no 9KCnepHM0HTanbHblM JlaHHblM H1IH no OilTHqeCKOA TeopeMe H H8 KynOHOBCKOe paccea-

( 
14/ ' 

nae (c acuonb3oBaHH0M peayn1,TaTOB pacqeTa illTepaxallMepa • B naHable o ceqe-

HHHX 7(, ,t -Me30HOB BH0C8Hbl T8K>K8 nonp8BKH Ha npHM8Cb / -Me30HOB B ny'IK8. -

?ona /"' -Me30HOB B nyqKe H3Mepanacb 9KCnepHM0HTanbHO H1IH Oll8HHB~8Cb TeopeT»

'10CKH. 

Ta6nnua 

nonable ceqeHHH Bq8HMO.ae8CTBHH 7(.,. -Me30HOB H npOTOHOB C npOTOH8MH 

Bs8HMO.Q08CTBH0 
l-1MnynbC nonaoe ceqe-

6aa/c HH0 M6 

7c'p 2,72 28,2 .:!:. 2,3 

7C" p 3,70 30,0.:t. 1,2 

"fl"f 4,75 29,3 .:!:. 1,4 

PP 2,72 44,7 .:!:. 1,7 
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Ta6nHua 11 
CeqeHHH nornoI.UeHHH K'.-Mesoaos Ha llllpax 

BaaHMOllellCTBHe 
vlMn:,m,c CeqeHu,e norno-
Eas/c M.E 1U8HHSI 

J<" C 4,75 136 :!:. 21 

I{" ,4-l 4,75 254 :!:. 33 

I<''~ 4,75 430 :!:. 120 

T a 6 n H u a ·· 111 
+ 

CeqeHHSI nornomeHHH 1i -Me3OHOB HB H.Opax 

BaaHMo,a.eAcTBHe vlMn:,nbC 
Eas/c 

CeqeHHe nornoweHHH 
ME 

n" c. 
'Tl .. SH 

~t~ 
n"c.. 
Tt,.A-i 

Tl" C« 
7r.1 s" 
7tt"' 
nte 
n+ A{ 
7t. f C4-l 

7C ts., 
n+pt 

BaaHMOllellcTBHll 

pc 
ps., 
fr' 

2,72 208 :!:. 7 

2,72 1299 :!:. 110 

2,72 1989 :!:. 120 

3,70 201 :!:. 12 

3;70 368 :!:. 19 

3,70 758 :t. 64 

3,70 1298 !. 150 

3,70 1996 :t. 187 

4,75 187 :!:. 8 

4,75 358 !. 12 

4,75 726 :!:. 37 

4,75 1276 :t. 80 

4,75 1973 :!:. 170 

T,.,. 6 n H u a IY 
Cett0HHH nornomeHHH npoTOHOB HS H,Opax 

vlMn:,nhC 
Eas/i:_ 

2,72 
2,72 
2,72 

CetteHHH nornomemu1 
ME 

259 + 8 
1221 ~ 110 
1726. :!:. 105 

11 

O6cymnenHe 

A) Ha PRC. 2 IlOK838Hbl .ll.8HHble no no.rtHOMy ceqem110 B38HMO,llel1CT~~(Sl 7r"'f 
H n-p B HHTepaane HMnynbCOB 1 - 5 63B/c nonyt-1e1IHbJe H8MH, a T8K)K8 .llpyriIMH 

8BT0p8MH. 3TH .ll.8HHbie Il03BOnHIOT cn.enaTb cneay10LUHe BbIBO.llLI! 

I. B HHTepaane HM□ynbCOB 2,5 - 5 63;/c nonuoe C8'-leHHe B38HMO.OeilCTBlHI 

~ 
Jt.,.-M030HOB C npOTOH8MH p8BHO,...,,, 29 ME H B npe.a.enax 3KCnepHM0HT8JibHbIX 011rn:60K 

OCT8eTCSI IlOCTOSIHHbIMe 

2. vf3 06WHX X0ll0B nonHblX ce•IeHHil B38HMOllei!CTBHil 7t ,ff 11 n7~ (puc.2) 

BH.OHO, llTO B npe,aenax 3KCnepHMeHTaJibHblX OWH60K nonHbie ceqemrn: B38HMO.Uei1:CT3HSI 

7(.Tf' H n-p B HHTepB8°Jie HMilYJibCOB 2 15 ·- 5 63B/C C6JIH)KaIOTCSI B COOTBeTCTBIHf 

C npC>JlCK838IUIS!Mfl Te0peM (!) H (2) 0 paBeHCTBe Ce'leHHi! 7C"f 'H np Ilplf 60nb~ 

WHX 3HeprHHX. Cne.ayeT 0.ll,HBKO yqeCTb, l{TQ 3.lleCb Cp8BHHB8IOTCSI M9>K.llY co6oH 

pe3rnbT_aTbl p83JIMqHbIX OilbITOBe 

3. no TeopHH H3OTOilHl{0CKOi1 HHB8pH8HTHOCTH H3 npe.c.bILlYWero BbIBO,lla cne.c.yaT. 

'!TO Ilplf 3THX HMH:fnbCax.ceqe11HS1IlepeaapRllKlf ( i[. --tf-;,l( 0+h; n" .... ~i'l;/') 
CT8HOBSITCSI a,ecb~a M8JlbIMHe -l-1 IlOJIHOe ceLJ:e1mel 838HMO,llei1cTDHSI_ 7r~~ I K~~opoe 

Tpy..:l.HO H3MepaTb 3KCnepHMeHT8JlbHO, TO)Ke c6JIH)Kaeica co 3H8tieHH9MH, IIOJIHblX ceqe

HHA: n.,,.,, H 7( ;, • TaKHM o6paooM, B 3TOM HHTepaane HM nYnbC8 IlOJIH~Ie ceqe

HHR B38HMO.00tiCTBHSI n-t -Me3OH"'."'HYKJIOH y)Ke M8JIO 38BHCSIT OT H3OTOIIlPieCKOf'O CIIHH8 

CHCTeMble 

4. J.13 COilOCT8BJI0UHSI peaynbT8TOB H3Mepemu1 IlOJIHbIX ceqeHHii B38HMO,neticTBHSI, 

7(.,.-Me30HOB C IlpOT.)H8MH C IIOJIHbIMH ceqemrnMH B38H:Mo.neHcTBHH K~-Me30HOB, no

n:,'leHHb!MH uaweil rp:,nnoi! 191 • 1121 " LlP;'I'HMlf BBT0paMlf 161 •1131 BHllH0, 'lT0 non

Hbie ceqemut ·aaaHMOaeil:cTBHR 7[-+ f s HHT:psa~,e HMJJYJibCOB 2,5-5 Eaa/c OCTBIOT

ca 60JJbI1.le. tf0M cet:1eHHQ B38HMoneitCTP.H9 K p. via 8H8JIH38 KpHBblX 38BHCHMOCTH 

-+ + 
TTOJIHblX cet:1eHHH B381fMOneilcTAHB 7(. p H K p OT 3Heprmt MOJKHO .!J.YM8Tbl l!TO 

COOTH0W8HH8 a; (7f.~f} ::> Cf.t ( J<tp) 6:,neT cnpaaennHBb!M H B o6naCTH HM

IlYJlbCOB1 6onhwnx 5 Basic. 

E) AttanH3 .naHHhlX no ceqeHHSIM nornomem1a a,npaMn /L.,. - u K+-MeaoHoB H 

npOTOHOB naeT cnenyromae 38KOHOMepHOCTH. 

I. yf3 ,naHHf-,JX .n,1a 7[ -I -Me3OHOB (Ta6n11ua 111) BH.ll.HO, LITO C yaen11qeH.HeM 
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8.TOMHOro aeca SI.aep (A) ceqeHHSI nornoIUeHHSI 7(-+ -Me3OHOB SI,apaMH pacTyT Me.n

neHHee, qeM aTOMHhl8 aeca. C yaenHtI8HH8M. STOMHOro aeca pOCT C0'18HHSI 

nornoweaffg CTBHOBHTCSI 6onee MenneHHblM H .anSI si.o.ep, H81.J:HHBS1 c ono~a, 

pOCT ceqeHHSI npOHCXO.UHT nponopUHOH8nbHO A213• 3TO 03HaqaeT, qTQ rrptt 6onbWHX 

8TO~HblX aeca~ 51,llpa CT8HOBSITCSI IlOflHOCTblO HenpoapaqHblM .o.nst ?r..,. -Me3OHOB H 

nosTOMY pocT ceqeHHSI nornoweHHSI nponopunoHaneH yaenHqeHHIO re~MeTpHqecKoro 

ceqeHHH s.apa. 

+ . 
2.. J.13 cpasHeHHSI ceqeaHA nornouteHHH .z::x.nsi 7[ -Me30HOB H npOTOHOB npH 

eMnynbCe 2,72 Bse/c (Te6m,ua Ill, IY) BHllHO, '!TO ce'!eHHR nornoIUeHHR yrnepo11OM 

npoTOHOB 6onbllle, qeM 7C.,. -Me30HOB. 3To o6DSICHSl0TC:_SI TeM, 'ITO Il0.11H08 ceqeHHe 

B38HMO.ll0ACTBHSI C npOTO·H8MH npOTOHOB 6onblll0 t{SM ?r. + -M030.HOB npH 9TOM HMilYJib• 

ce (cM. Ta6nuua 1) H noaToMy .anS1 nerKHX aneMeHTOB S1.apa 6onee rrpo3paqHb1 .nnn 

?r""-Me30HOB, qeM .nnH npoTOHOB. npe.ll.cTaaneHHIO O M0HbWeil npo3paqHQCTH nerKHX 

Rllep K npoT°OH8M° COOTB0TCTByeT H TOT cpaKT, '!TO o6naCTb nponopUlIOHBllbHOCTH A 
213 

C0'10HHA nornomeHHSI s.npaMH npoTOHOB 38XBSTbIBSeT H T8KH0 nerKHe SI,npa, KBK yrne-

~"' po.o.., B OTnHqHe OT Toro, 'ITO HMeeT M0CTO !lJISI 'Jc,, -M030H0B~ B COOTBeTCTBIHI C . 

8THM cne.ayeT 0)KH,Q8Tb, qTO Ha Tex, g,npax, KOTOPbI0 IIOJlHOCTblO ~enpo3paqHbI ,QJISI 

tt•-Me30HOB ( s,, ~ ) cetieHHSI nornolUeHIHI ~POTOHOB y)Ke. He ,llOll)KHbl npeBbiwa·Tb' 
. I + . 

ceqeaua nornoIUeHHSI 'Tl -Me30H0'3. 3TO .aeilCTBHT0JlbHO Ha5nro.aaeTC9 HS OilbITe. 

3. Ha pnc. 3 npnae.neHbI .aaHHb1e, xapaKT8pHayro11rne npoapaqHoCTb g,nep pa.3-
. ·, _;, " ... + - ~ 

JIHqHoro 8TOMHOI'~ aeca .ang B38HMO,a,e8CTBHH C 7[ H K -Me30H8MH C HMilYJlbCOM 

4,75 Basic. Bene'IHHbl pa11eycoe llllep ·( fl. ) B3l!Tbl H3 llBHHblX no pBCC0l!HHiO sneK

TpOHOB Ha e11pax 115/, KaK BHllHO H3 ~ec. 3, npo3pa'IHoCTb llllep cpe~Hero· BTOMHoro 
+ . -t ~ 

aeca' JJ,JISI K -Me30HOB M0Hbwe· 38BHCHT OT 8TOMHoro aeca, qeM llJISI 7C. -Me30HOB. , 

4. CornaCHO OllTHtI0CK08 MO.ll,0JIH, ceqeHH0 Heynpyroro BaaliM0.0.0liCTBHSI 'ic. -Me-

30HOB C Hllp8MH .llJIH rayccosa pacnpeJJ.enemu1 nnoTHOCTH HyKnoaos B g,opax 

I f C't.J =A n-1/4.a.- 1 e -1:¼_ .... 
HM00T BHll / 18/ 

A<J: -CJ.:.. ( 7f A") .,. 7t a 1 £0,t 7 7-+-4. n•f'I - E.-(-. ,4 <r;..-f'll 7. 
• 7[ AL ' '7l A .. /)' 

r.n~, E; - HHTerpMbHBH aKcnoaeHTa1 a. - napaMeTp pacnpe.neneHH9 B3HT LIJIH 

paaahlx e11ep H3 pa6oT XocpIUTBllTepa 1151 • 
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. E~nH aaaTi. Cf",r•/'I =29.::!:.2 Mo" (cM. Ta6nuua I H nyaKT A-3 9Toro pa3pe-

aa) , To no aToH tPopMyne nony11e10TCS1 cne.ay10urne aua11ettnH ceqeuuSI ueynpyroro 

B3aHMOL1eilCTBJfSI rc,.-t -Me30HOB C s.apaMH. 

Ta6naua y 

Ce11emrn: Heynpyroro B38HMO.aeRcTBHSI 5'i + -Me30HOB C sinp~MH, paccqMTaHHLl8 

no OilTH1l0CKOA Mo.nenH 

er-* c n~ ~) 

0'44 ( n-t,At.} 

er-kt ( 7t"; e-) 

er~ cnt,1,.1 

er~ c n: P'J 

+8 
= )98 -JO M6 

·-13 
s 375 +)

2 
M6 

755 ::: M6 

= 1112+38 
-32 

+40 
= )800--40M6 

l,13 cpBBHeHHSI C Ta6nHneA: 111 BH,llHO, 11TO B npe.aenax SKCnepnMeHTB.'IbHbIX OWH-+ 

6oK SKCnepHM8HT8.TlbHO H3MepeHHbI0 B8JlH'IHHbl ceqeuu~ nornoUlCHHSI cornacyIOTCSI C 

paccqnTBHttbIMH no OflTH'lecxo.n Teopuu aaaqeHHSIMH ceqeauit Heynpyroro saauMo.aeR.-

CTBHSI. 

.llnSI TSl)KeJ1bIX 3JieMeHTOB STO cornacue XOTSI H H0CKOJlhKO Xy*e, HO T0)1<8 

y ilDBneTaopHTenbHo. nocxonbKY a uaMepsreMyro Ha onbJTe aenHquuy ceqeaug nornome

HHst BXO.ORT, soo6me roaopH, KSK C0'10HHSI -Heynpyroro B38HM0.08A:CTBHSI, TaK H ·cer::1e

HHe H8.0H(pp8KUHOHHOro ynpyroro pacceHHHSI. "TO cpaBH8HHe LI8HHbIX TB 6nHUbl 1 y H y 

nOK83bIB80T, 11T~ B03MO)KHblil: BKJIB.O. ynpyroro ue.0114>paKUHOHHOl"O pacceSIHHSI uesenHK. 
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