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AHHOTSUH!I 

.Qn11 HCCU9Ll0BSHH!I yruOBblX pscnpe.aeneHHii p 9 SKUHii MHOT"'OH y KuOHHbiX nepe .Q S'I npH 

B3SHMO.QeltcTBHH CuO>KHbiX !1Ll9p 6wn 1IpHM9H9H M9TO.Q f'SMMSCU9KTpOCKOUHII, J.1.Q9HTH <j:>H -

KSUH!I KOH9'1Hb1X npo.ay KTOB peSKUHH npOH3BOLlHuSCb no 
xspsKTepHbiM f'SMMS-ny -

'ISM H nepHO.Qy nonypSCUS.QS, 3Kcne'pHM9HTbl 1IpOBO.QHuHCb HS UHKuOTpOHe LlU!I YCK0p9HH!I 

T!I>Ken&IX HoHoa OJ.1 RJ.1 • 

.QnSI OT.QeneHHSI KOH9'1Hb1X npo.ayKTOB p9SKUHH nepe.QS'IH OT npo.a yKTOB pSCIIS.Q S COC 

TSBHOT"'O S!Llps npHMeHSincSI yrnoaoii c6opHHK, c n o>KeHHblii H3 Tpex. <j:>onbr - sn iOMHHH e a olt 

H 2-x 30U0Tb1X . 

B peaynbTSTe on&ITOB 6&mH n o n y 'leHw yrnoB&Ie pscnpe.aen e HHSI .an!! cne.a y iOIUHX pe -

2o II 20 24 20 2 2 
SKUR A Cpb!BS H IIO.QXBSTs: (Ne , -d)F , (Ne ,+p+.Jn)Na 

1 

(Ne, +d)Na • 

B KS'i9CTBe MHW 9 HH HCnonbaoaanHcb Cu 
63

'
61 Rh1 03 Ta 181 , •Au 191 , H u 2 " 

npH o6ny'<eHHH HOHSMII A 
40 

MHW9HH H3 Au
191 

Hs6niO.QSUHCb yrnoawe p s c np e.ae -

40 3J 40 , , 40 41 40 4J 
neHHSI.QUS!pesKUHH(A,-p)CIJ (A 1 -2p)S ,(A

1
+ n)A H (A, +p+2n)K 

nony'i9HHble yrnOBble pscnpe.aeneHHSI IIOKS3biBS IOT CHUbHY IO 3SBHCHMOCTb OT Z 

SI.Qps MHW9HH, THUS p 9 SKUHH / cp biB-nO.Q XBaT / H 'IHCnS nep e.aaaa eM b!X 'iS CTH U , .Qena e T CSl 

IIOIIbiTKa IIBTepnpe TaU HH 1Ip9.QCTSBU9H H bi X pe3y ubTSTOB C IIOMOIUbiO LlByX M 9XSHH3MOB p eaK 

UHH nepe.aa'<H. 

"-
Abstr a ct 

A gamma-spectroscopy method was applied for investigating the angular dis tributions of t.h e multinuc leon 

transfer reactions in the iotemction of complex nuclei. The end reaction products were identified both by cha

racteristic gamma-rays and the half-life. The experiments were carri ed out on the heavy ion cyclotron of the 

Joint Institute for Nuclear Research. 

To separate the end products of the transfer reaction from thos e of the compound nucleus decay we used a 

rin g - shaped catcher foil consisting of three foils- one aluminium and two golden ones. 

The angular dis tributions have been obtained for th e follo wing stripping and pick-up reactions 
2 0 1. 20 2 4 2 0 22 

(Ne ,-d)F ,(Ne ,+p +3n)Na , (N c +d)Na 

63 65 JO$ Il l 191 23 1 191 
As a target we used Cu • , Rh , Ta , Au and U • In bombarding Au target 

with A 
40 

ion\' , there were observed the angular di~tributions for the raactions (A 40
, -p ) Cl 30 

, 
40 ,, 40 41 40 43 

( .4 1 -2p)S • (A 3 + n)A and (A 
1 

+ 'p + 2n)K • 

The augular dis tributions oobtsiDed point to a str,ong dependence on Z of the target nucleus, of th e type of 

rea.ctioo (stripping-pick np)and of the number of particles transferred. An attempt is made to interpret the 

obtai.ned results by two mechanisms of the transfer reactions. 
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Bse.aeHHe 

Y r nosble pacnpe.aeneHHH B peaKUHH X nepe.aa'IH HyKnoHoB n pH saaHMo.aellcTBHH "'e>K

LlY cno>KHbiMH H.apaMH Hccne.aosanKcb aKcnepHMeHTanbHO a p11.ae pa6oT
11

-
81

• B ocHos-

HOM B 9TIIX pa60T8X paCCM8TpiiBanaCb nepe.aaqa O.llHOrO H8l!TpOH8 B pa3Hb1X ycnOBHHX 

SKcnepaMeHTa. AeTopaMH 6blno noKaaaHo, 'ITO nepe.aa'la o.aHoro HyKnoHa .anH aHeprnn 

HeneT8JOll{IIX HOHOB, 38MeTHO M8HbW8ll KynOH OBCKOrO 6apbepa, cpaBHIITSnbHO XOpOWO 

onHcbleaeTcH TyHRenbHbiM MexaiiH3MOM Spel!Ta 11 36enH
191 

C pOCTOM 9H8prHII H8n8T8JOU{IIX '18CT!<U Bb1W8 KynOHOBCKOrO 6 epbepa CyWSCTBeH

HYJO pOnb B onpe.aeneHHH TpaeKTOpllll ROlla B 8KT8X nepe.aa'IH 11rpaeT Ji.ll8pH b!H 1IOTeH

UIIan/1Q-131, 'ITO npHBO.llHT K YM8HbW8HHJO Tpe()yeMoro TeOpHel! T yHH8nbHOro M8X8HH3-

Ma naKnoua KpHBbJX ce'leHHH e npe.acTaeneHHH J 6' jJ R.min . 

BKnJO'IaJOwHecH nornomeHnH HaneTaJOmax qacTHu npa Kaca T enbHhJX cTonKHOBeHHHX, 

a T8K>K8 Q6UlH8 KB8HTOBO-M8X8HH'18CKII8 CBOl!CTBa 1IpOU8CCa paCC8HHHSI CHllbHO orpaHH

'IHB810T 1Ip11M8HIIMOCTb 'KnaCCII'IeCKOll' TyHHenbHOll TeOpHH .llnll c ny'laH Ha~6apbepH bJX 

qacTHU. 

YrnOBble pacnpe.aen eHHH B peaKUHHX nepe.aa'lll o.aHoro H y KnoHa .an11 aHeprHH Ha 

neTaJOlllHX KOHOB Bb1W8 KYllOHOBCKOrO 6apbepa, ,JtpOMe oMaKCHMyMa, CB H3aHHOrO, s epOSIT

HO, c 6apbepHb1M npoueccoM, II MeJOT BTopoA MaKCHMyM np11 ManbJX y rnax. B c nyqae 

911eprHi\, 3Ha'IKT8nbHO npeBOCXO.ll llll{KX KY1IOHOBCKHll 6apbep, H nerKKX M HWeHeA MaKCK-

MyM B yrnOBbiX pacnpe .aef18HHHX 1IOHBnH8TCH np11 ManbJX yrnaX H cna.a.aeT 

11pHMepHO 3KCllOHeHUK8nbHO K 601lbWIIM yrnaM. 3TH OC068HHOCTH yrnOBb!X 

pacnpe.aeneHHII npH nepe.lla'laX O.llHOrO HYK1IOHa nerKOM Y ll .llPY M oryT 6b!Tb Ka'l e CTB8HHO 

01IRCaHbl C 1IOMOWbiO KBa311K118CCH'IeCKKX TeOpHA/lQ-
121

.0.aH8KO 9 TH TeOpRII llOKa H e BKnJO'Ia

IOT e ce6A HBHO MexaHH3Ma peaKUHII 11 cTpyKTypbl noee p xHocT ell KacarowaxcH H.aep. Y11cno 

napnHanbHbiX sonH 11 cooTeeTCTByromaH ¢opMa sepOHTHOCTK nepe.aa'IK B KaHane I ( 

Bb16RpaJOTCSI B 3Ha'IVTenbHOA CT8118HK npOH3B01IbHO. 

• /4 5/ 
B pa6oTax ' Hccne.aoeanacb aaBHCHMOCTb yrnoeoro pacnpe.aeneHKH OT nepe.a a'IR 

HyKnOHOB Ha pa3H b18 KOH8'1H bl8 ypOBHH • npH 9TOM CYlll8CTB8HHOrO pa31IH'IHSI B y rno-

BbiX pacnpe.aeneHHHX He Ha6nro.aanocb. B aToM HeT Hll'lero HeO>KH.llBHHoro, T.K. paanH

'IKe B 3H8'18HHSIX nepe.aaBB8MOrO MOM8HTa, COCT B BniiJOll{88 2-3 8.lliiHIIUbl li , Mana 110 

cpaBH8HHJO C yrnOBbiM MOM eHTOM HaneTaJOUl8rO H.apa 1IOpll.llK8 H e CKOnbKIIX .ll8CSITKOB 

e.llHHHU. 
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B c ny'l8e n e peL\8'1H HeC KOIIbKHX HYKIIOH O B OOW8H K8pTHH8 npouecc8 noK8 He O'leHb 

H C Ha. Vf 3 M OL\e iiH nepeL\8'1H He38BHCH M b!X '18CTH U B CK01Ib 3HWHX coy L\8peHHSIX, npeano

>K 9HHO H Kay ¢MaHOM H B o nb¢ f'8Hf'OM, a T a K >K e H3 aKcnepuM e HTOB, nposeaeHHhiX 8BTOp a -

M H, cn e .ayeT fiOJI O>K 9HHe M8KCH MyM 8 ll,)H M 81l biX y rnaX. C T 9 M, "'TO MO .ll 91lb yHHB 9 pC81lbH8, 

MO >KHO He COf'II a CHT b CH , OCOOe HH O L\ IIH CII Y 'I8 H TH >Ke)I b!X MH WeH e fi. nepeaa'l8 HeCK OIIb KHX 

H YKII O H O B MO>K9T K L\T H B B H L\ e aC C OUHHpOBaH H biX r py nn , 'ITO MO>K9T npHBeCTH K 08pbep

H hiM npou eccaM , noX O >K HM Ha n epeaaq y OL\Horo HYKIIOH8. I M aKcHMYM L\II!I p e aKUHH cpbi

s a H e cKOIIbKI< X '18CT HU, OTB9 '1 8 IOWHli y rny Pe3ep¢opa8, nony 'l e H s p860Te
131

. He3aBI<cH-

/ 3 / 
M aS! nep 9L\8'18 H e CKO IIbKKX HYK IIOHOB / s , n o -BH L\HMOM y , He M9HbWe L\Byx / M O>KeT 

pe8nH 30 B8TbC H c 3 8M e T HOii sepOSITHOCTbiO npH oonbWHX nepeKpbiTHHX nose pXHOCTHbiX cno

es H aep. npu 3TOM aeliCTBHe HL\epHOf'O UOT e HUH81Ia Oy aeT CHIIbH biM / l O /, 'ITO HCKIIIO'Ia-

eT B03MO>KHOCTb n O!IBneHHSI M 8KCHM Y M8 B Y f'IIOBOM pacnpea e neHHH, OTBe'laiOW9Nl L\BH>Ke-

HHIO '1 8 CTHU no Pe3ep¢opaoscK o lt Tp8eKTOpHH c -r.:: 1,4 f . 
B H8'181I9 3T0f'O f'OL\a r.H. ¢nepOBbiM H 8BTOpOM H8CTOHwelt p800Tbl Ob!II8 noc

TaBneHa npo6neM8 uccne aoB8HHH yrnOBbiX p8cnpeaeneHHli s pe8KUHHX nepeaa 

'IH B 38BHCHMOCTH OT THU8 peaKUHH / cp biB-nO L\ XBaT / , 'IHCII8 nepeaaB89MbiX 'laCTHU H 

z SIL\pa MHW9HH. Ha O CHOBe MO L\ eiihH biX npeaC1'aBneHHli H npeL\biL\YWHX 3KCnepHM e H

T81IbHblX L\8HHbiX M O>K HO OhinO o>KHL\8Tb, 'ITO p83HHU8 B xoae y rnoBbiX p8cnpeaeneHHA s 

UOCT8BIIeHHOM 3KCU9pHMeHTe o y a e T 38MeTH8 • 

.lln!l ua e HTH ¢ HK8UHH H onpeaeneHHH ce'! e HHH o 6pa30B8HHH npoay KT O B pe8KUHH Obin 

npHMeHeH MeToa r8MM8.-cn e KTpOcKonHH. HeKOTOpb!M npeHMywecTBO M aToro MeTOL\8 HB

nHeTc H so3M O >K H OCTb ero npHM e HeHH!I a nH HL\ 9 HTH ¢ HK8UHH npoay KTOB c M8ccolt oonbwe 

20 . Tp y aHocTh uccneaoB8HHH n e pea8'1H H y Kn oHos H8 p83Hbie ypOBHH KOHe'!Hb!X npo-

a y KTOB !IBn!le TCH HeaocT8TKOM aToro MeTOL\8 . H8nH'!He H30Me pHb!X cocTOHHHA Haep

npoayKTOB T8K >K e MO >K eT HHOf'L\ 8 YCIIO>KHIITb HHTepnp9 T8UH IO flOIIy'I9HHhiX pe3ynbT8TOB. 

3KCU 9 pHMeHT81IbHaH 

~ 

Cpeau nerKHX Raep c R "- 20 y aooH biM L\flH p9f'HCTp8UHH 

H B Me Hb w eA cTeneHH Na.21 
CKOUHH S!Bfl!IIOTC!I F" Nc/'t 
Koll K 40, yaooHbiMH !!Bn!IIOTC!I R"1 

, C£" 531 I< ~~ ~ 

MeTOL\OM f'8MM8-Cfl9KTpo· 

• B cn y '!8e M 8 C C bi, 6 nu3-

npH OOII y 'l e HHH MHW9H e ll 

N lo R"o HOH8MH ( H 3TH H L\p8 00p83yiOTCSI C L\OCT8TO'IHO OOflbWHM Ce'! eHHeM, 'ITO U03-

BOflSI9T npHMeHHTb MeTOL\ f'8MM8-c neKTpOCKOUHH L\flSI HCCfl9L\OB8HH!I yrnOBbiX p8Cnpeae

neHHli MHOf'OHYKflOHHbiX p98KUHA nep9L\8'1H. 

CneKTpocKOUH'IecKHe L\8HHble KOHe'IHbiX npoayKTOB an11 H3 y 'leHHbiX pe8KUHA n e pea8-

'IH cyMMHpyeT T86nuu8 1. 
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Ta6nHua 

PeaKUHR T H n 

T,/1. r: (Ks a) fr {Ks~ ~: pacnaaa 

( N/ 0,-J) F'' ,B+ 112 M 511 - 2 

( N/0 
I.,. J) Na.ll. I'+, I< 2,6 r 511 1275 '1,8 

( 'V/0 
1 p+3n) Nc/" !'-, J1.1T. 15 '1 1370 2750 1 

{R"o ,+11),A '~1 ;r 110 M 1290 - 0,99 

(R"o,- p)(l J9 ;9- 56 M 1520 1 2 70,240 0,29 

{ R"0 , - 2p)S 111 lr 2,85-1 1880 - 0 , 7 

( fllfo 1 p+Z.n) K 'fJ fl - 22 ,5 '1 600 J70,J90 0, 4 7 

lipHBeae HH bie speM eHa nepHoaos nony pacna a a H saeprHH raMM a -nHHHil { f 1 ) 

11BnRIOTCS1 Ta6nH'IH biM H ll8HHbiMH. 3 B93llO'IKOfl 0 603H8'1 9 Hbl raMMa- n HHHH , n o KOTOpbiM o n

peaenRnOCb ·Ce '!eHHe yrnOB biX p a c npea eneanll. Kos qxpnuHeHT bi , o npe aenRIOWHe '!Hcno raM 

Ma-KB8HTOB Ha OllHH paCriSll M8T9pHHCKOrO Sl llpa 6bin H B3S1T bl 11 3 /
14 •

15 1 
HnH Bbi'IHCn9 Hbi 

Ha OCHOB9 OT HOC HTenbHhlX HHT9 HCHBHOCTe fl • 

0 6ny<teHHR npo soa Hnncb aa sa y Tpeaa e M ny'! Ke UHKn oTpoaa . CxeM a y cTporicTsa, Ko 

Topoe IICriOn b30B8nOCb B SKCri9 pH M9HT8 X, nOK838Ha Ha pHC. l. Jly HKTII p HOfl npRMOfl 181 

0603H8'1 9HO H8npa BneHH9 ny'!Ka T R>KSn biX HOHOB H OllHOBpeMSHH O OCb UHn HHll pH'19 CKOr O 

COCy lla , B KOTOpOM y KnSllbiBanaCb CHCT 9M8 C60pHbiX ¢onbr. 

C6opHHKOM KOHe'IH bi X n poayKT OB p ea KuHil 6 bma 15/ a ono TaR cj:J onbra / 5 1 B c ny<tae 

o 6n y <JeHIIR IIOHa MH /Ve
20 

11 16/" nna THHOBa ll cj:Jonbr a a nR HOHOB R l(o • t.{HcT o Ta MaTe 

pHana c6o p HbiX cj:Jonbr B o6onx c n y<ta11x 6 bma 99,99%. H aaua qeuHe a s y x ne pB bi X cj:Jon br l 3 / 

H 14 / , T OHK Oii 8niOMIIHII9 B Ofl lOT 5 llO )5 )" B p 8 3 H biX SKCn 9 pHM 9 HTaXjH 30n OT Oi! 5f' 

COC TOllnO B 38ll.{I!T9 C60pH Ofl cj:lon brll OT 11p0llYKTOB COCT8BIIOr O ll llpll II 38ll9 p)!{8 HII II npoay K-

TOB p e aKUIIH c su eprH eil Hll >~<e ycT aHoBn eHHoll. T onw 11 aa a niOM IIHH SB biX cj:Jonbr 131 n oa -

6Hpanacb TaK , 'IT06bi a eaaB HCH MO OT yrn a Bbin9Ta onpeaeneua oro p erH CTpHpyeMor o np o-

llYKTa peaKUHH e r o a a e prHll o T Be'lana npH Mepuo no cTOli H HO ~ c pea u ei! s e nH 'IHHe ~ 
p eaKUHH 120,21 I 

Co6H pa ro wu e cj:JonbrH H3 aonoTa npH MSHllnHCb an11 I<CKn iO 'ISHI<ll BTOpH'!H biX p e aKUHil 

/ ua-aa BhlCOKOrO KynOHOBC KOrO 6apb epa l . 

lln ll p erHCTpaUHH npOllyKTOB llll9p n y« Ka B Ll_Hana30H9 y rnOB OT 

UJ9Hb 12 / a HaM 9TpOM 5 MM 6 bina yc TaH OBn e a a no a y r noM 30° K _ocn c 6opuoro UHnHHll

pa . B o speMll o6n y <teHHll Konn eKTop T OKa 17 I , Kop nyc unnHI! llPH'I ec Kor·o c o c y a a H KonnH

MaTop ny<JKa 111 o x na>K a anHCb aoa o i! . 

5 
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Co611 pa10lll11e cjx>nbrll nepen o6ny'leHIIeM 6brnll MapKIIposaHbi 11 '~BCTII'IHO HanpeaaHbl 

H8 KyCKII, OTBe'l810llllle LlllanaaOH y yrnos 7,5°, 0 e pBbie LlB8 K YC Ka npl! M8nbiX yrnax OT

KnOHeHII!I npOLlYKTOB pe8KUIIII peaaniiCb WHpiiHOfl 3,8°. O oc ne o6ny'ieHIHl OTL(enbHbie Kyc

KH co611paiOme li <flonbrH aa><<IIMani!Cb Me>«ny aniOMIIHIIeBbiMII nnacTIIHBMH TOJlllliiHOll 1 MM 

anH nonHOA 8HHHrHnHUHH ll03HTpOHOB, nocne qero npOBOaKnHC b H3M e peHHH H8 CUHHTHnnHUHOH-

HOM rBMMa-cneKTpOMeTpe, 

LlaHHble cneKTpoMeTpa cne.:~yiOllllle: 

KpiiCTann -
II 1'J N~ J {Tl) - 1,5' x 

tPOTOyMHO >l< I!Tenb - 60 '11 F 
aHanll3aTop aMnniiT Yllbl - AV!-100. 

C'I~T'iiiK raMMa-Ks a HTOB n o MemeH s CBIIHuoso->«eneaHbill llllliiK paaMepoM 5 00x500x500 MM 

II TOnlUIIHOl! CTeHOK 60 MM, 06lUBll paapeW810lUBll CnOC06HOCTb cneKTpOMeTpa pBBH8 npiiMepHO 

C1H 
8% llnll raMMa-niiHIIII s 1662 Kas /. C'!eT'IIIK 6bm KanH6posaH nnH a6coniOTHbiX Ha-

MepeH IIll raMMa-aKTHBHOCTII nyTeM Bbi'IIICneHIIfl OTHOCIITeUbHOl! a<fl<fl eKTIIBHOCTH HB aneK

.TpOHHO-C'IeTHOl! M8WIIHe II 113MepeHHll OTHOWeHIISl niiK-CyMMB C TO'IHOCTbiO He xy >« e 3%, 
f 

Bo apeMH 113MepeHII Il Kan116posKa aHeprllll nposon11nacb c noMOlllbiO raMMa-nHHHll 1130TO· 

Z 'S' ( 7H ( 60 
nos 11 s H o · 

0ony'leHHbJe raMMa-cneKTpb! BH8UII311pOB8UHCb MeTOllOM, OlliiCBHHbiM a 116 ,Ill/, 

Llnll Bcex KOHe'iHb!X nponyKTOB p e aKUHII I /= 18 ' M •. 1 " • .JI'f1 • (£ 31 , S38 
II KI(J 

nposoallnCH aHan11a cnana co speMeHeM xapaKTepHbtX raMMa-niiHHl! nnH Ka>«noro KycKa. 

nonyqanocb xopowee cornacue c Ta6nH'IHbtMH naHHbtMH KaK no nonynep11ony, TaK a no 

• .. A/ llf c H SJB K l(j ~HeprHII raMMa-ny'!e l!. V!HTeHCHBHOCTb raMMa-niiHIIII IY(t , l , B CpenHeM 

Ha nopllllOK npeBbiWana ¢o11 C'!eT'IIIKa, 11 

Tp0H8MII II T OpM03Hbi MII 113Uy'leHIISlMII, 

8KTHB8UIIIO C0611p810lUIIX <flonbr 6biCTpbtMII HeA-

F1B n'l1 
B cny'lae 11 n a¢¢eKT np eBbiwan <floH 6onee 'ieM Ha nsa nopllllKa. 

"iHCUO OTC'IeTOB B <fJOTO-niiKe ll 8HHOrO npOllYKTa B MOMe HT OKOH'I8HIISl o6ny'leHIISl 

6panOCb 113 rpa<fJHKOB Bpe~leHHOrO CU8ll8 8KTHBHOCTII nyTeM 3KCTp8UOUSlUIIil, 3KcnepH

MeHT8UbH8Sl s e nii'IHHa ce'!eHHH Ha eniiHHUY yrna onpenen Hna c b no q,opMnyne: 

Jo 
df 

2-A"·t/( (~) 
[1- €J(p(-ilt(J]'f, · f,Q R · Ni Nr{ll f) 1 o 

rne: Rk - '!IICUO OTC'IeTOB B <floTo-nHKe B MOMeHT OK OH 'I8HII!I 06ny'leH HH B ellHHHUY 

BpeMeHH J tk - BpeMH o6ny 'l eH HSl, :1 - KO HCTa HTa pacnana, f~ - KOa <t>ci:> HUIIeHT, 

onpenen HIOWI!il seTBb raMMa-n epexona, £ .Q A - a.p<fleKTI! BHOCTb pe rH c Tp auHH raMMa-

KBBHTOB / tpa T O- nHKa/ C ll8HHOH 3HeprHeii I N'i - 'IHCUO HOHOB 1 OpOWellW HX qepea MH -

Mr W9Hb, - 'lllcno Hnep 
2 

I 1 CM /, A v MHW e HH - yr n o saH W HpiiH8 llBH-

.. oro KycKa, Koa<fl¢HuHeHT 2 B 'IHCUIITen e onpe n enHeTcH reoMeTpH ell aKcnepll -

6 



M e HTa / npnM eH eHa nonoBHHa unnHH~pH'<ecKor o c 6opHHKal. B HeCKOnb KHX o6nyq e unnx 

c .. H,I> . R;01 
• T ... 111 

• R ... 11 ~- H {jlJS HOHaMH rvltl .. R 'tO 6blnK nony q e Hbl y rno 

Bble pacnpe~eneHKH ~n11 cne~yrownx p eaKuH ll c pbrea H no~xeaTa: {tV/~ -J) F'1 , 

{Ne10
1 

pt3n}IVa l'f (fr'e l.
0

1 cl} No. 22 
C u y '<KOM noHoe A'~0 11 MKweHbro R,/'f 

6 blriH H3y'l e Hbl peaKUIIK: {R'~0, - p)(£ 1~ (R'(~ - 2p)SJ'. (R" 11
, n)R"f ' (R'(OJ p+ln)K'IJ. 

B cnyqae fYt:
10 

e o~uoM o6ny '< e HJHl o npe ae nHnRCb oaHoep eMeHHO yrnOB bJe pac npe~ene-
HH!I Tpe x KOHe'< HblX npoayKTOB; F 11 Net Z'f H Na.zz I, e cny'<ae R l(o a n11 qeT br-

pex : f31 CL 19 A I(( R K 'I! 3 H eprH!I HOHOB R"o co c T 8Bn nna 215 M~e H 

HOHOB fVt: 10 - 1lf1 Msa / o~HHBKOBO JlriH ece x MHW e Heil/ . 3HeprHH, nep eC'IH TBHHB!I e cue -

TeM y ueHTpa Mace, H ee pa3HH L1a no c paeHe HHIO c K y noHOBCKHM 6apbepoM npeacT aen e H bl 

a T86nnue 2. E CB o6o a H a'< aeT Bbi COT Y K y noHOBCKor o 68pbepa . 

P e aynbTB T bi o T a enbH biX o6n y '< e Hn ll noKaaaHbl Ha pHc . 2 ,3,4 ,5 ,6 ,7. Y rnbl OT KnoHeH HH 

C(LRtJ a BHbl 6ea riOITp8BOK H8 OT KU OHe HH!I npO~YKT OB p e aKUilll B MarHIITHOM n o ne 

UHKnoTpoHa / 1 ,5°-2 ,7° I. KpHB br e , np nee~eHH bre H8 pncyHKax , !IBUSIIOT CH sKcnepnMeHT anb-

Hb!MH . CTaT HCT H'IeCKH e OW H6 KH B 6 0 ri bW HHC TB e cny 'l 8eB Manbre • .Qnn p eaKUH H 

{ Nt 10, pt 3n} fr'at'f 

(IVio,-J)Ft' 
II X B e nH'I HH a 38K riiO 'la e TCH B n peaenax 5-20%, .Qn!l peaKUIIII 

OW H6 KH n peHe6pe >K II MO M a nbi , 3 a HCKriiO'I e HHeM K pa il HHX T O'I e K ~rill 

R~'J H Cu P ,' ' . r~e ow11 6 K11 aocTII r aroT .... 25%. B cnyqanx B03MO >K HOCTII p aau o r o 

n p oe eaeH HH Kp i!B biX CT aT HCT II'IeCKHe OWII6KII riOK a3aH bJ: / piiC, 7 / - ( 110 )SJ' peaKu~H R ,-lp 
(·M·z•, + cl ) "'.,a . K / pii C , 5 / - p eaK UKH , t•c n p ii'<IIHOH Bbi 6 p OCOB T O'IeK a nSI cpe~ HII X y r nOB 

B peaKUK H Cpb1B8 ael1TOH8 H8 MeJl ll MO>KeT 6bJTb UpKMeCb 3 0riOT8 B MIIUJeHII, TBK Ka K 

a n!! o6ny q e HH!I HCri0rib3 0 B8ri8Cb Me a b He CaMOli BbiCOKOli 'IHOT OT bl, 

.Qa HH bie yrno eblx p8c npeaen e HHll a n 11 pe a KU HH { 1Ve10 
1 
tJ) 1\1.:\zt 

nepnoaa p ac n aaa KoHe'IHOro npo~yKTa (2,6 ro~8) HBn!lroT c !l 3H8'<HTe n b HO M eH e e T o '<

H blMH. C TaTHCTH'< eCKHe otuH6K H B sTOM cnyqae paBHH IOT C!I "" 30% a 'n11 Man biX y rnoe 11 

B bJWe 100% - am• Kpali HHX T O'IeK, 411Cri 0 OTC"l e TOB B fiiiK e aHHIIriin!I UHOHHOli riHHHR 

N,.11 n ony '< e Ho a peaynb'1' 8 T e H3MepeHHll n poaon >K HT enbHO CTblO 2-4 '<8c a • .Qn11 noun >Ke

HHst Q:lo H a B 3THX H3Mep9HHSIX C'-19T4H K nonOnHHT enbH O fiOM9LU8nCH B >K e ne3H bli\ SI W HK , 

T o n w iiHa cT eHO K KO T oporo pasHa 60 MM . Cep nn naMepe HII li H8 coae p >K8HHe Nal.l a 

KYC KaX C06HpaiOUleil .ponbrH n pOBOJl HriKCb qepea 2,5 - 3 MeCS!Ua noc n e o 6ny 'l e HHSI, 6 binO 

npoe eaeHO HeCKOribKO KOHTpOrib llblX H3MepeHIIH a n!! fiOHCKOB aonr O>K IIBY UJHX ,-+_ a KTIIB

Hbl X n p n Mecell . B s T ifX Ori biTa x ycT aHoene u o, 'IT O n p n M e ce l! c n o n y n e pu oaoM p acn a a 8 ao 

aec KOn hKHX Mecstuee B aaMeTHOM K01Htti eCTBe HeT. K poMe Tor o1 .nnst M8n hiX yrnoe nonyttancSI 

ri iiK nHHII H N041l - 1270 K31l HHTe HCII BH OCTbiO, OT Be'< a romell aH HHrlln !IUIIO HHOl! nuHnH . 
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T a 6 n H u a 2. 

( :J, tj: Nzo R 101 NlD Tc 111 N, lO R tH N,zo U133
+ Nt'" R1H+ R"o ' 

h ... I! Q + c LJ + f i 

I 

Ecrr ( ff3 .4) 107 118 127 128 130 180 
I 

I 

E C8 ( ft3!J)* 44, 5 62,5 91 96 106 160 I 

Ec,., -Ecs l 62,5 55,5 J6 J2 24 20 
I 

T a 6 n Hua .f. 

t\'\H w e Hb Rhto3 TatB1 J:lutH uus 
()) 

P eaKUHH \ \ rm:lt R min((} Yo{f) r.,.:" R m<,Jf) io {f) lfrn°tAit Rmitt {f) Yo{f} rno:r Rm.·n{f} r., (t) 
(tv/~ -cl) F18 40 10 , J 1 ,4 5J lJ, 2 1 ,54 60 12,8 1 ,54 69 lJ,J5 1,5J 

(¥/~ p+1n}fr'..z - - - 57 12, 85 1,51 65 12,7 1,49 72 1J,l 1,49 

(V/0
1+d)Na21 47 9, 75 l , J2 49 1J,85 1,6J 56 13,95 1,66 6J 14,J 1,61 

( Rqo,+n) R'{t - - - - - - 80 14,6 1,58 - - -,_____ 
-* £ C B - Bbl'<Hcne lw Ll i!SI 7":: 1 ,4.10-H C H 



3T H Il8H Hbl 9 rO B O pQT B II0 flb 3Y . npa BH n bH O CTH npeacT B BneHHW X ceq e HH~ . 

n y T eM CyM MH pOBaiUIH C8 '1 8H Hll .ll ii SI OT .ll8IIbHblX KYC K O B IIOII Y 'l 8 Hbl acj:>cj:>8KTHBHbl8 

C8'18HHH pea K U HH H a OOI!Hb! H yro n 4n. 

T a 6 n 11 u a 3. 

M H wenb-ce'!eHI! e /H 6/ 

P e aK UIIH c~ 63,(> R~t1o3 Tct -181 R;9+ uHs 

{ Ne zo, + d) NQ.n -r,3 "" 2 ....... 3- """' 4,5 "" 7,3 
( lO ) N.Z" Ne 1 +p+3n o: 0,1 7 0,07 0,8 """' 0,4 "" 0,6 
(M/o,-d) Ft' 5 4 6 7,5 "" 12 

T a 6 n " u a 4 . 

P eaKUHR - ce'leHI!e I 11 6" I 

M 11 we H b (A I(~ +n}A'f' (A"0}-p)Ce' (R"o,-lp)S3& (R'f: +p+2n)kfl 

Rw1H 15 10 3 1,8 

noK a 3 al! H bl8 B Ta6nH UBX 3 H 4 3cj:>cP8K T HBHbl8 C8'18HHS! .oaHbl B M 6 . 3 Ha K OM IV 

060 3 HB48Hbl M8H 88 TO'iHb!8 .llBHHbl8 C OWH6Koi1 OOpll.O:Ka 5 0 % . 0 THOC!1T8IIbHO Mana S! ae -

IIH'lliHa 3cj:><tJ8KTHBHoro C848HHS! p8BKllHH ( Nc 10
, +p + 31l) tVttt'f Ha pO.ll HH 1 T a6nHua a .. 

R 103 
h I CB il3aHa c HeKOTopoll a6cop6nHeii KOH8'1HOro npo.uvKT a H MO>KeT paccMaT p H-

BBT b C51 TOflb K O KBK HH>KHH.J'I npenen. 

Ha pHc . 8 H 9 n oKaaaHbl nonyYeHHbre yrnoBbre pacnpe.uene H>!SI na p a 31l biX M H we-

HSIX B CHC T 9M9 ueHTpa MBCC C yYeTOM nonpaBOK HB OTKJlOH9HH.51 B .\18 rH H TH OM Il0Jl9 UH K

IIO T pO H a .on" peai<uHii { Ne.10

1 
- d} F 1B " { N'e lD 1 1-p + 3 fl.) N1:~ coo T BeT c T aen n o T O >Ke ca 

Moe .on>r peaKu>di c HOHaMH R'lo .o aHo na p;rc . 1 0 . !.1Hcj:>rp epenu Han b Hbi8 ceqeHHil a a a 

B H C H MOCTH oT yrna O T KnoHeHHSI I '( eM! naHbl B en.»Hnuax cM
2/ c T epan H aH . 

nep8C'I8T B C H CT8My U8 H Tp a MaCC npoBO.lll!IICSI C UOMOUlbiO cj:>O p Myn .ll iiSl H 8p8II llTH-

1 21 1 /) 
BHC T c K o r o cnyYaSI • B enHY HHa ~ - peaKIH! H np H HHMaiiBCb p aB H Oli 15 H 25 J'v\"B COOT-

seTcTBeHHo ann A'a.''l H F 11 
, xoTSI neHcTBHT9JlhH8Sl e e nHYH Ha 113-3 a ycn o sw A 9Kcrre-

pHMe HT a ITa6nH u a 21 3aKniOY8H a a npe.uenax 0 - 40 M a a . n epe.oa qa H y K IIO HO B c 

6onb u.toH no T epe A a HeprK H Me H ee aepo~THa , YeM n epe.nalla Ha n epabt e B 0 3 6y>K.oe HH bi e 

ypOB HH /
4

I KpOM8 TO r O , npeo5pa30B8 H ~8 B CHCT8MY U8 HTpa MBCC O T HOCHT B DbH O cna6o 

38BHC HT OT 9HeprR H , TB K t.I TO OIU H6KH rr peo6pa30BBHHSJ H 9 npeB bi WBIOT 3%. 

8 Ta6nHU9 5 npeaCT 8Bfl 9H b1 B bP·I HCneHH SI HBHMeHbWer o c6 nH >K9H H51 H a n e TB IO lUHX. 

lJ: BI.' T H U K SI U P 8 M HW9HH .llDQ Kpa~ HHX M B K C HMy M O B y riiO B hl X pacnp e.o en e HHA B 
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' npe.nnono}l(eHIIII llBH}I(eHIISI no Peaep,Pop.noscKol! TpaeKTOpHH. Bbi'<HC/leHHSI npoBOllHilRCb 

no ,Po pMyne: R,.,;,.:: 'lt2~~-el(1+csec~), r.ne E - aHeprHSI HaneTaiOwHx '<BCTHu 

a cllcT eMe ueHTpa Mace . Benii'<RHa To: Rminj{ R/J + R
1
'l'J) , npe.ncrasneHHBSI a 

T 8D/li!Ue 5
1 

Bbi'H!C/leHa llllSI CllY'<BSI llBR}I(eHRSI H8/leT8!0WHX '<8CTIIU no K8C8Te/lbHOll K 

Sl ll py MI!WeHH TpaeKTOpHH. 

()f5cy>K.neHHe pe3yllbT8TOB 

f1olly'<eHHb!e B H8CTOS!Well pa6oTe yrllOBb!e pacnpe.neneHIISI Cpb!Ba II /l0.£lXB8T8 

HecKOilbKIIX '<aCTHU np11 saaRMo.neli c TBI!II HOHOB Ne10 
H A"0 

c cpe.nHHMK H TR>KenbiMH 

MHW8HHMH SIBJHIJOTCSI nepBbiM 3KCfl8pHM8HT8nbHbiM M8T8pH8JIOM 1 YK83biB8lOWHM H8 38BH

CHMOCT b npOU 8CC 8 nep8.08"'1H OT liHCJI8 nepe,naB88MbiX 1.{8CTHU, THll8 pe8KUHH R z 
Slllpa M HW eHI!, 60ilbWIIHCTBO pe8KUHll HCC/lellOB8HO 3KCnepHMeHT8/lbHO BnepBbie, ll03TOMy 

6y.neT uenecoo6paaH biM no.nqepKHYTb HeKOTOpbie oco6eHHOCTH nony'<eHHb!X peaynbTaTOB. 

Ce'<eHIISI p eai<uRJI cpbiBa .nel!ToHa { /le10 
1

- J} F11 
H8 BC8X MHW9HSIX /aa HCK1Il0"'18HH9M Me-

llH / I!MeiOT, KPOMe llOllbeMa B CTOpOHY M8/lb!X yrllOB, pe3KO Bblpa>KeHHbiJI M8KCIIMYM 

np11 6onbWRX yr nax, KOTOpbill cecTeMaTH'<eCKR nepeMewaeTCSI c Z Slllp8 MHWeHH 

/pHc. 8 /. f1ono}l(eHHe aToro MBKCHMyMa oTseqaeT yrny Peaep<Pop.na llllSI KacaTellbHOli 

TpaeKTOpHII c )'0 ::: 1,54 f . MRHHMYM Me>K.ny MaKCIIMyMaMH y senH'<HBaeTcSI c poe-

TOM z MHllJ8HH 1 OD.HSKO ero Il01IO>K8HH8 flO OTHOW8HHlO K Kp88BOMy MSKCHMyMy OC-

T88TCSl 
t; _,.1"/ r,,·,. . 

npH6m!}l(eHHO nocTOSIHHbiM. l 1 :::::1,55. TaKyiO KBpTHHy MO>KHo nony-

'IIITb B cnyqae H8/lO>KeHIISI HeKOTOpOl! KpHBOll H8 KpHBYIO C 3KC/lOHeHUH8/lbHb!M C/l8llOM. 

KpHBb!e llll!! pe8KUHH ( AltL~ tp +3n) !Vet( /pHC, 9 / HMeiOT DOnee C/lO>KHb!ll BHll. 

KpoMe MBKCHMYMOB npH MBil biX yrnax 11 yrnax Peaep,PopJ;~a c 1'0 ::::: 1,5f , flOSIBJIH-

e T CSI ll0 0 8 BO'<Hb!ll M8K C RMyM . f10ilO >KeH I!e ero C pOCTOM L CMewaeTC!! B CTOpOHY 

MB ilbiX yrn os. 8 cny<tae R.J.103 
n ono>KeHI! e aToro MBKCIIMyMa cosna.naeT c y rnoM Pe

aep,Pop.na, o.nHaKo a cny<tae Me.nHoll Mll weHR e r o nono>KeHHe cMeweHO a cTopo Hy 6onb

w HX y rllOB npiiMepHO H8 15° . 

f10SIB/leHHe ll008BO'lHOrO M8KCHMyMa llpH cpellHRX y r/lBX, BepORTHO, H80/l!Oll8eTCSI 

TaK,Ke B cny'jae no.nxsaTa .neti TOH8 Ha U231 
/piiC. 6/ . MaKCIIMYM npH cpe.nH RX yr

nax nnSI peaKUHR n onxaa H'l H neAToHa, a TaK m:e a cnyqae nepe.nal.£H TpHTHSI 

( R"0 +p+l n) 1<"3 /pile. 10 / He MO>KeT Ob!Tb OObSICHeH KB8HTOBo-MeXaHH'leCKOH 

cj 
1 

.. "' ,.,., / 21 I 0 D. H ) p8KUH8H "-VpayHXO\,.pepa 1 T 8K K&K non>KeH H8 nlO.D.8TbCH BO BC9X cny'-lBHX H YHC-

110 TBKHX MaKe nMyMOB .non>I<Ho DbiTb 6onbwe. 3ToT .no6aBO'lHbiH MBKCHMYM MO>KHO o6b

HCHIITb CKOpee HBneHMHMH KBa3HMOneKynHpHoro B38MM009ACTBHH OCTOB- QCTOB, '-l9M n H¢-

(
AilD d)Ffl C"'') Uj 

paKuHeH . TaK >Ke nnHHHbie "xaocTt.I" n nn peaKuHii 1rt J- Ha L( :'1 Rk , 
~03MO>iCHO J CKOpee o6ycnosn 9Hbl ' 10neKynstpHbJM nOBOpOTOM, 8 He KBBH T OBO- M9XaHHt.J9CKUM OTpa

>I< eHIIeM oT 6apbepa. 
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,ilnSl peSKURil C HOHSMH 
n 'lo N /puc. 10/ 6onbwoe pa3ITH'!He B xoae ceqeHIIii npoSJB-

ITSleTCSl B 06ITSCTII MSITb!X yrnOB . 

Bee aTH pacnpeaeneHHSl nony'leHbi npH OJlHOH aHeprHH, TSK 'ITO pa3HHUa Mo >KeT 

6btTb cBSJ3aHa TOn b KO c oco6eHHOCTSlMH p!"SKUHH aaHHOH nepeaa'<H. Haao, oaHaKo, uc

KflK>1..1HTh B03MQ)KHOCTb OTH9C9H H SI H86ntO.U89MOif p83HHUbl 38, cqeT nepe,n8B8 9MOf-O 

R"0 L 
'ISCTHUSMH yrnO~OrO MOMeH T S, TSK KSK yHOCHM b!H Sl)lpOM MOMeHT '7 100 tr 
K poMe Toro, IICcneaosaHHbte peaKuHH SlBITSliOTCR cyMMoll nepeaa'l Ha pa3nH'IHbte ypoBHH 

KOH94Hb1X Sl,llep. 

3HS'IHTeiTbHO MeHbWS!! Bep O!!THOCTb Cpb!BS ilBYX npOTOHOB npH CHITbHOM )leHCTBHH 

!!)lepHOrO ITOTeHUHSITS fOTKITOHeHH!! HS MSllbte yrnbJI BMeCTe C cj:JSK1'0M ITO'ITH O)lHHSKO 

BOrO Ce'leHH!! CphlBS H ITOJlXBSTS aeliTOHS B 3TOli o6naCTH / piiC. 3-6 / roBOpSlT o6 yqac
/ 2/ 

Till< He3SBHCHM0ll nepellS'IH 'ISCTHU npH CK0llb3!!WHX CTOITKHOBeHHSlX 

OTBe'!SIOT yr-
KpaeBbte MSKCHMYMbi yrnOBbiX pacnpeaeneHHii B peaKuHRX c 

1'
0 

= 1,58 { 1Ta6 nuua 5/. Cnaa ce-

'!eHHll B CTOpOHY MSllhlX yrnOB KpaeBhlX MSKCHMyMOB SlBrr!!eTCSl ITO'ITH OJlHHSKOBhlM JlllSl 

T 111 n,?'1 
p83Hb!X peaKUHH, TSK >Ke KSK II B cnyqae Cpb!BS )leHTOHS HS MHLUeHSlX 1<3 ex , rr-

u 2 38 
" /puc . 8/. 

TaKHe <?>co6eHHOCTH nepe.aattH Ha TS:DKenhiX MHweH51X, KBK .aeH»<eHHe HaneTaiOW.HX 

HOHOB ITO KyllOHOBCKOli TpaeKTOpiiH II OJliiHSKOBhlli xapaKTep KpiiBhlX Ce'leHHSl DpH OTKno

H9HHSlX H8 6onhWH9 yf"flbl H938BHCHMO OT 1..fHCfl8 nepenaB89MblX '-18CTHU, YK83biB8lOT H8 

TyHHenbHbtll MeXaHH3M peaKUIIH. OaHoBpeMeHHO nonyqaeMa!! senH'IIIHa acj:Jcj:JeKTHBHoro 

ceqeHHSl Kp89BWX M8KCHMYMOB H M8fl8Sl p83HHU8 B ceqeHHH B 38BHCHMOCTH OT '-IHCn8 

n e peaaaaeMbiX qacTHU yKS3btBa JOT, s e poSlTHO, Ha TO, 'ITO B 6apbepHbtX npoueccax nepe-

)l8 '18 !{)leT B BHJle SCCOUHHpOBSHH b!X rpynn H Y KITOH OB. 

,il aHHbte noaxaaTa H'~ " aeliTOHa / puc. 61 noKS3btBSJOT, 'I T O pa3HI<Ua a acj:xj:Je KTHB

HbiX c e'l e HIISlX Kpa e BbiX M S KCIIMyMoB H e6onbwaSJ - oT 2 ao 4-x pa3. B cny'<ae H e3 aBIICH

M oll n e peaa'IK HyKnOH OB 3 TS p a3HKUS aon>K Ha 6 btTb 3H S 'IIITenbH O 6onb we . KpoMe T o r o , 

SKT H e3SBHCHMOll n e p ellS 'I H '! e T btpeX H Y KITO H OB ( p t 3rt)T YH H e iTb HblM npo u eC CO M JlOrr>K e H 

6btTb a oo 6 we npe H e 6p e>K H MO Ma n btM . 

B 3aKn iO'I e HII e aBTo p C 'IHTa e T CBO H M n p ii Sl TH bi M aonr oM B btp a 3HTb H C Kp e HHIO IO 6nar o 

aapH oCTb r. H. <Pn e posy 3 a u e H H b te y K a 3 a HHSl, llliC K ycc ii H , a T aK >K e 3 a cnoco6c TBYJOLUH ii 

aeny 14HTe p ec K 3 T Oll pa6o T e . ABT OP T B K >Ke r ny60KO 6 naroaapeH C . M . n oni4KS HOBY 38 

lte HHOe o 6 c y >K a e HH e p e3ynbT B TOB aaHH Oil p a6oT bi . B btpa >K aiO 6 n aroaapHOCTb B.B. B o nK o 

By " co TpyJl HIIKSM e r o r pynn bt 38 n oMOLU b B npo s eae HHH 3 K C n epHMeHT OB , r p ynn e 3 K c 

n nyaT a U H H u uK noTp o Ha M 3V1 38 o6ec n e •t e HH e 6e cne pe6oil Hoil pa6oT hi . Aa T o p c 6nar o 

aap HoC Tb iO OT Me'!aeT 60 ITb WYID p a60TY 3 .,il . n oKpOBC K O H B npOBe)leHH H 3KcnepH Me HT OB 

" o6 p a6oTK e n o ny'l e HH btX p e3y ITbT S T OB . 
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