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llpe.IJ)Iaramlla.si pa6oTa TIOCBfil.UCHa E03MOJKHOl\'iY M8XBIDI3MY 

BJUtfiHrul COJIH811HOii BKTMEHOCTM li8 cep;n;eqHo-cOCy,nMCTYJO CMCTGMY 

lJOJIOB8lfB • 

B pa60T8 Ha OCHOBC o6o6qeiDIS:I HaM60Jiee :BSJKHHX OlibiTHHX 

I(BHIIblX [;Q np6Jier;le COJIH811H0-3m.:JlruX CB.H3e:iri SPTOpOM Ehi.[.PUraeT

C.H ri'lllOT€33, COrJiaCHO ROTOpoH O.U:HHI;! H3 (ilaKTOpoB EH8lilH8H Ope-
. . 

)1.bl, I<.OTOpaiii MOJKeT 6LYTL OTBGTC!TB8HHliiNJ 38 pa3H006pa3HLI8 SIJ3Jl8-

mm, C:M3BHHH8 C npo.HBJI81llie?,1 COJIHGliHOH BKTHBHOCTH E 6MOC<flepe 

leMJIH, SIBJISieTC.H k:I3MeHGHMe Ma::'HHTHOI'O ITOJ.iJI]eM.JlM BO Epet.J1CHM. 

Bnep:eHe ~aHHBR pa6oTa 61ma ~OJIOEDHa Ha o6~eJia6opaTop

HOIVJ cm.mHape Jia6opaTopHn SI,.IJ;ej)IlblX 1"po6j1er.: :e I969 ro:rzy, a E 

liOCJieJJ;CTEHH OHB HCO)J;HOKpaTBO ,ItORJIB!T,HEBJIBCL Ha CGi',iHHapaX E 

Pfl.ItC HayqirnX HHCTHTYTOB CTpaHH ¥1 ECTpGllBJIBCL C OI:pe,n;eJieHHHrv: 

HHT8pCCOM. 

llOJIY"CIOHHHO BBTOpo:M CO:Bl\ili;CTBO C COTpy,rumR.a;~rn. IT ;,'~OCROEC

ROrO MG,IUfi.lMHCR.OrO WiCTitiTyTa H1v1. lJMporo:sa (ItOimH CTSTI>l'l ITpM

JiaracTCH) l3 I~7.2 roJJY 3RCLepHlv1CHTBJIJ>ID:le .na:mwe, CEk-LitGTGJI.bCT-

BYJX!lHG 0 HGCOiVJHeHHOM :BJillJIHID1 I.iG.I(JieHHO MG~SI EO Bper.1eilli 

MSrHlriTHbiX liOJieii MSJIOii HBITp.fDK1~HHOCTH Ha ITpo,rtylU.UD) ~ra (JU13Q

reli1WRUI) 6aRT8pWIMl'l t.Cot\C\2("), ll03BOJIJDO'l' B HBCTOJI!l{ee Bpe

ivJ.f:I npe.ncTaBHT]) aTy pa6oTy t~wraTeJJ.IDvl, KHTepecyrouu·L:jCR npo6Jie

Ivloi1: COJIH811HQ-3GMHHX CBSI3ei1:. 

B.¥1, JlaiDIJIOB 

I~ H~ I974 ro~a. 
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ilOC~HmaeTOR O~OTROM 

naMRTH A.R.qw~e~cKoro 

(!897-1964) 

BBE].lEHVlE 

K H80TORllteMy ~peMeHH H8KOnneH 60R~WOU CTaTHCTKQeCK»~ 

MaTepi'IaJI, no'Kaaw~aiOlltH.H IPYHKUVIOHaJI&HyiO aa:eHOHMOCTit paam-ttmhiX 

R!JieHH~ ! 6HOC!flepe 3eMJIH OT HSMe~eHHR COJIHeqHOI aKT~~HOCTH. 

OT OTJIHliHR ~ TOJiillHHe M UMKijHqnooTH ~ cne~ax ro~o~Nx 

KOJieJ.:( na cpeaax 6oniamHx .ztepe~.ie:n,TrraMenenH~ oocTa:ea KpoeVI,.ztHHa

MHKH HHfl>apKTO~ :w HHCYJIIaTo:n, a Tamtee HapymeHH~ ~eaTeJI:r,uocTH 

cep.zt6l~HO-COCY.ztHCTOH CHCTeMhl qeJIOJ,e}ta ~0 :epeMR MarHHTHbiX 6yp"h, 

,1(0 nep:WO,l(HlleCKHX OTKJIOHem.n1 ~ cpn.ztHeM ,l(JH'!He TeJia TflJI.CKVI-'l'afW n 

6eayCJIO~HO Kp8TKVIH H .ztaJieKO HeiTORHhlU nepeqUHbrrpMMCpOB ~08MOhl

HOrO l!JIHRHM.R COJIHJ.:(a Ha nponeoCbi, IIPOMCXO.ztfi~JtHe :e lKH:nOti H HCJKH:now 

npi'Ipo.zte 3eMJIH. 

ilOaTOMy O,lUIOL-1 11'3 aKTyJI:DHbiX aa.ztaq COJ\peMeHUOH Hl1.YICVl 

R:BJIRIOTCR ITOHCKH rvrrroTea, MeX8HH3MC ll, MO.zteneM, npot~ecco:e -n IUUCO L\ 

TO CTeneHH 06~ROHff10~HX COJIHCliHO-aeMHNe CllfloH. 

3Acc:o npeJit,l(C :ecero nooc5xo.zt~MhT caMhte ,l\eTa11:&HhH''. VI 'T'IIlll'I'''.trJ, · 

Hble HCCJie,li;Oli8HHfl liJHtfiHHfl Ha JKH!hle opraH:H8Mbl aJieKTplll'tf:C ICI!TX 11 

MarHHTHbtX ITOJie·H (I )-(2), Oc5Jia.ztSIOiqHX 00060 llbl,IteJieHHhiMH Cl'!Oi~C'J.' r.:Hm 

ITO KOOp,74HHaTaM H :epeMeHH,TaK RaK MHOrOliHCJieHHble ::HWIIf':jJV!M(!li'J';urJ.

Hhle ,1.1;8HHhle 0 npOH:8RCIU1HX COJIHeliiiO~ 8KT¥1l!HOCTH :e Chtoorf1cpe ~~r~r,l!PT 

! ITOCJie,74BHe r0,74hl TeOHO Y~flSH~aiOTCij He rrpOCTO 0 HBJIHQHCM CORHOQ

HO~ SKTH!HOOTH, U :8 c50JILillO~ CTerreijH C TeMrrOM ee HSMeHeHMH. 

.· 



2. 

B ~onpoce H3ylleHHR ~RHflHHH CORHeliHO~ SKTH~HOCTH Ha 6HOC

IlJepy 8eMnM Co~eTcKoMy CoJOay npHHa,JJ;neJKHT o6merrpHaHaHHbii1 npviOpvrTe'I 

A.Jl.liPIJKe~cKH£1 (1897-1964 r.r.) nc' npa~y MOJR:eT OliHTaTr,oR po;n;o

Hallan•HHKOM renH06KonorHH. WM no aTHM ~onpocaM ony6nvrKo~auo 104 

paCSOTlll (Ha HHX 21 Ha pyCCKOM H 83 - Ha HHOCTpaHU~X H3hlKaX). 

B o~owx paHHMX pa6oTax (I9I5-I928 r.r.) A.JI. li»me~cK~H 

~nep~Ye yKaaan Ha OOHO~e CTaTHOT~KH,liTO TOJI:DKO MHOrvre anH;n;eMVIlleO 

KHe aaCSone~aHHR (qyMa,xonepa,rpHnn;TH!IJ H T.,JJ;.) 'CVIHXpOUHO OJT.e;n;yJOT 

~ COOT~e~CT~HH 0 KSMeHeHHeM ypo~HR COBHeQHO~ aKTVI~HOCTR, HO VI 

;n;pyrHe npo~ecc~ ~ 6HOCrfJepe 8eMBH He R~BHJOTCH HCKRJOqeH~0.M VIS 

aTOrO npa:BMRS H liTO IIPVI paCCMOTpeiUU'I qJH81110ROrHtleCKVIX nponecoo" 

l5 JlCVI:BOM opraHHSMe HeRb3R ynycKaT:D H8 ITORR apeHHR aneKTpVItlCCKOA 

H uarHHTHOe ITOBH, KOTOpble IIOCTOfiHH') confcT:BO~DRVI H conyTCT:8YiflT 
.e, 

paa:BHTHJO H co:BpmeHcT~o~aHVJID ~ce~ 6vroc4Jepbl JR:vr:nott npvrpo~N. 
tf: I 

OTKPWTHe A.JI. tJvr:JICe~cRDro (191B-19I9 r.r.) 6HoJiorwH~cKoro 

H llJH8M'leOKOrO ).l;etiCT1H'lff OTpHt~aTeJI:DHbiX MOHO:e Ha JK»~Oti oprUHV13M 
~/ 

ITOCBYliHRB OCHO~SHH8M ,1J;Jlfl C50JI:blliOrO ~HKRa pa60T, 3aJIOJ/Cv1 r_,mVJX rJ)yH;TFl-

a r. ,, 9t if. 
MeHT HO:BOYl HayKVI - vHOJIOrWIOCHOVl Et8pO:vr:H:vr:'*'viKaL{:HH, peayJIJ::.'J'3.'J'hl 

KOTOpOM :vr:MeiDT npaKTI.1lleCKOe 31IUl!eHil6 H HaiUJIH npwtMt'HieH:vr:e ~ Me,l\H ·· 

I~HHe ,npOMbiiiJJieHHOCT111 H ceJI:bCROM XOc HWCT:Be • 

Jior:wqecKHM npo.l{OJIJR:eHVIeM vr aa:8epllJeHHeM npe,l\hl;n;yntvrx pnoo'J' no 

reJUf06HOJIOrHH H 6v1:0JIOrVIllCCKOJti aapOV:lOHH!IJHI\a~HJ1 fl'8VIJIJ.1CFJ pn6o':Phl 

A .JI. q:vr:JKe:8cKoro no :vr:ccJie,l\o~an vno CTPYKTyphl ,It:BvUicyme HCH Kpo:rnt, a 

TaK~e paCSOTbi no SJieRTpOM&rHHTHNM O:BO~CT:BaM KpO~VI(6)-(7) 
• 



3. 

·JlJIR TOrO, 'liT06bl fiOHffT:i SHa·qeHHe STKX pa60T He06XO)tHMO 

XOTR 6hl KpaTKO OC:eQTM:T. CO~ep:HC8HHI~ H HCTOpHIO flO;ltHIIM&.eMbiX lS HHX. 

JSonpocoJS. 

C TeX nop KaK JSnepJS~e nEenOHC IJS 1870 r.l yKaaan, 'liTO 

OTT8.JIKHJS8.HHO O)tHOHMeHHO aapR~eHHbiX JSSJSemeHHHhiX lS EH~KOCTH 'li&CTHU 

O~Ha 9T ~pyro~ fiJSnffeTCfl CHJIO~,nper~TCTJSYJO~e~ c6nH~eHHIO STMX 

'li8.CTKU,HX CnHTiaHHIO H JSbiTia~eHHIO H3 paCTJSOpa,~eH od onpc~enRJOme" 

ponH aneKTPK'lleCKHX aapff;&OJS qoJiyt~HJlH. nmpoKoe pacnpooTpaneHHe R 

nernH lS OCHOJSY pR;na npe;ncTaJSneHHH KOJIJIOM,ZJ;JIO~ XHMi'IH, a T8It3JC6 CTa

JlH npoHHKaTi JS Me;n:ltH\HHY ¥I 6HoqwraHKY. B HaCTOR~ee JSpeMR npHnnTo 

C'liHT&T.,'liTO H8JIH'l1He aneKTpH'liOCKHX aapff;ltOJS,HX KOJIH'IeCTJSO H IIOJiflp-
, 

HOCT~ o6yCJIOJSJIHJSSeT yCTO~'liHJSOCT:i )t~CnepCHO~ CHCTeMW 6eRKOJSbiX 

CTPYKTYP JS ~HJSO~ KJieTKe. 

YJKe :a 20-e ro~bl j pn;l\ aJSTopo:s l~apaye ,ruc>ep, lloH;nep, Konno 

H ;np.l HayqaeT pon:& aneKTPKt~ecKoro aapR;~ta,rnalSHhiM o6paaoM, c 

KnHHH'IeCKO~ TO'liKH apeHHff - CKOpOCT~ TIOTepH ancKTPKlleCH~X aapH~OB 

apHTPOUHTaMH rrpH oce;&aHHH KpacHotl Icpo:eH 6hlna onpe.ztennmntetl np111 

8HQJIHSe HOpMaJI:&HOrO HJIH IIaTOJIOrH'IeC:KOrO COCTOflHl'Iff opraH~3MA. 

K Hat~any 30-x ro;noJS ony6JIHK011auawe JS HaytlHOH netra:I·vr rwmcR.-

ahlJSaHHR H H86JIIO,ZJ;eHHfl lS OTHOilleHHH STeKTPW'lleCKOrO aapR.ztR MOp10JIOrH
/I 

qeoKHX l'l KOpnycKiilpHbJX SJieMeHTOJS KJ>OJSH tP8KT.III'leCKH npH~eJillf IC IlOCTa-
.I 

HOJSKe npoc>neMLI HayqeHVIff sJieKTPHllec:Hoi1 cTPYKTyphl KPOIIH 11 t\eJlOM. 

B I928 r. rrpowecoop A.~.qVI~e~cHH~, HayqaJSW.IIIH lc 1915 r. I 
~ei1cT:BHe na.opraHHaM <})aKTopo~ JSHemHei1 cpe~LI I JS qaoTnocT.v~,coJmr.q

HLIX lSOSJ.cy"ll{eHm~l SKCnep.-uAeUTUJI:bHO yCT8HOJSHJI JSnHRHHe XpOMOCq1CplfhiX 

- -·--!C;limeK Ha OKOPOCTJ, occ:n;aHHff I~paCHO~ KPOlSH(
3). Tor:n;a JKe /1928 r.l 

HM dwno OTKPhiTO !JI.IIIflHHe nHKJitfqecKoM ,zteaTeJI:&HOCTH ConHI.Vl na 'li'ICToTy '· 

~· 1..... w 



4. 
~HW&PKTO~ H HHcyn~T0~(4 ). B Haqane 30-x r.r./ y A.R. q~~e~oKoro 
coapena co~epmeHHO onpe~eneanan To·qKa apeHHfl H a · K p o :B • 

K 8 K H 8 a 11 e K T p ~ q e 0 •:t y 10 C H C T e M y 11 0 e 

:B p e M a cJ a n a H o Jll p y 10 ~q J 10 o K o n o T o q K ~ 

C 11 0 e r 0 p a 11 H 0 11 e C Jll fi (S). 8neKTPH'IeOKHe C110HOT!a 

KP011H CTQTJIICTJII'IeCKH Y11fl8~11aiDTCfl 0 IPJIISJIIqecKHMH waKTOpaM~ 11HemHe~ 

cpe~H I o KOHneHTpanHe~ aapOHH011 11 aTMOC~epe,c reoMarH~THWMH 

lSOSMYIIleHi'lfiMH/. 

C. 8TO~ KOHnenuHel He~~SH H' ·cornaCHTJ.OH,110llOMHH!, 'ITO 
i 

8:B01110Ui'lff mHSHH mna 11 TeCHelwel C11H8JII 0 :BeqHO HSMeHRJOmHMOff 11HeW
i 

HHM MHpoM,o6yonoJSH11WHM ~HHaMwKy 6HonorHqeoKHX H WHSHOnorHqeoKHX j 

nponecooJS,npoTeKaiOiqHX :BHYTPH opraHHaua JS ynopH~oqenHNX, 11aaHMo

o1!RaaHHWX COOTHOWeHHflX. PaooMaTpH!afl cero~Hfl qeno!eKa K8K 6wo

KH6epHeTHqecKyJO CJIICTeMy,nerKO fiOHHT~,qTO CTaHp!ReHHe H pS311JIITHe 

ero opraHHSMa npoTeKano 11 ycno11HHX HaHH'IHH aneKTpHqecKHX ~ 

:MarHHTHWX none~. PaccMaTpH1!aT~ a110RIOUHJO H cymeoT:Bo~aHMe ~H11HX 

opraHHSM011 6ea aToro dwno Obi rnyC5oKo uenpa11HH:&HbiM. 

•C H 0 T eM a 11 0 a A y X- K p 0! ~ , T • e • 

o ~ c T e M a o C5 ~ e H H H o p r a H H s M a o 11 H e m -

H e ~ 0 p e ~ 0 ~ , ff!HHeTCff OSMOl !a~HOU H C8MO~ OT:BeTCT~eH-
11 

HO~ sa ~HSH:&. 0Ha HaXO~JIITOfl ! H e n p e p H 11 H 0 M ACMCT~~H 

11 Te'leHHe :Bcel XHSHH H npeKpamenHe ee paC5oTH oaHaqaeT oMepTb 

opr8HH8M8. A.J.qH~e~OKJII~ He TORhKC oC5paTHH H8 nee np~CTanhHOe 

11HHM8HHe,Ho M Hanpa!HH o~o~ oHn~ P.a oaMoe no~po6noe H ~oeoTopon-

Hee HCOHe~0!8HHe oTO~ C~CTeM~.OH caHHHCfl npo6neMo~,HHK~M ~0 Hero 
-- ------

He aaTpOHyTO~ -~ H H a M ~ K 0 ~ n p 0 C T p 8 H 0 T ! e H H 0 -

C T p y K T y p H bl X a H C a M 6 n e I 11 ~ ~ ~ m y m e U -
C fi n 0 C 0 C y A a M K p 0 11 M H R ~ H e H H R M H , 

C ~ ft 8 a H H W M H C a T H M H ~ H H a M M ~ e C K H 



s. 
n 0 ~ ! H ~ H W M H C T p y K ~ y p a M M ! H 0 p M e M 

n pH naT 0 B 0 r H H. HM 6ana OTKpWTa CTpO~Hafl·M ~88HM-

C!H38HH&ft !O :Bcex c~omc ~acTHX H WYHKUHRX ~MHaMH~ecKaR cTpyKTy

pa KPO!H,npo~Ho o:eHaaHHaH c MaKpccHoTeMaMH opraHHSMa. 3TH o6ruHp-
I: r

1 

HYe HCCBe~0!8HHfl 6biJIH A.JI. qHme:eCFl:HM ony6JIHK0!8Hii ! 60JiltWO" I&HOI'O 

rpacpMH ( 6) • 
II 

B aTo~ pa6oTe HM npoaHaJU'l8M[PO:BaH :Bonpoc o npooTpacT:BenHOM 

pacnOJIOJJteHitiH apHTPOUHTO~ ! KpO!O~'OKe H TIOK888HO, 'ITO npH HOp-
. . 

M8JiltHOM COCTOflHitiH opraHH8Ma !88HMHOe pacnOJIO~eHHe apHTPOUHTO! 

~OB~HO 6~Tlt CTporo ynopfl~O'IeHO ! npocTpaHCT~e KpO~eHOCHOrO cocy-

• ~8,! TO !peMR K8K paaHHllHhle na60Jl8~8HHfl, a T8KJP:e !08}J;e~CTJH'IH 

!HeWHiOC !PHBH'IeCKHX fllaKTOpO! /HanpHMep,!08Myll(eHHfl !H6WHero aneK

TpM'IeCKOrO H M8rHHTHOrO ITOJieil, H01lH8Hpyi011(8H pa~H8UHft/ ~OJI)I[Hbl 

HapymaTlt aTy CTporyro CHCTeMy. 

9T& npo6JieMa K8K ! TeopeTHtH'CKOM, TaK H :B SKCnep:HMeHTUJI:bHO.: 

nnaae 6btJia nocTa:eJiena ua o6cy~eHHe :Brrep:Bble. 

TipOCTpaHOT!BHUaH CTPYKTypa ~~~HJKyiUeHOH KpO!H-"aepKano" COC'l'O 

~.r 
HHH opraHHaMa. 0Ha onpe,neJIHeTCH PV!~pO~HH8MH'IeOKHij~JieKTpO,nlllllFiMH-· 

'leCKHMHIJ~pyrHMH CHH8MH,~eWCT:BYIDIUJIIMH H8 apHTpOU¥1TW :B KJ)QJHHIOM 

pycJie M npeTepne:BaiDmHMH OTKJIOliBHMfl OT HOpMN npH pa~e naTOJIOrH4CC 

KHX COCTOHHHM.YCTOU'Illl!OCT:& VI, cne;~O!aTeJILHO ,IPvt8V10JIOrH'teCKHe riiYHIC

~MH pa~~aniHO-KOn»ue:BNX CHCTeM S}HTpO~HtO:B aa~HCHT He TOn»KO 

OT reMO~HH8MH'IeCKHX ~BKTOpO~,HO ~ OT KOnHqecT~a SHeKTp~qecTna, 

H8COMOrO Ka~NM OT,n;en»IIhlM 8pV!TpO l_\)1TOM • 9TO nocne,n;Hee 06CTOfl'.rCJih·

CT!O,TIO MHeHHID A.J.qVlme»cKoro,VlrpaeT oqeH» cymeoT~eHHYID pon:b ~ 

--- npe,J;OT:Bpa~qeHHH o6paao:BaHHH spV!TpO~Jr1TaMH TPOM6o:e (?). 
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6. 

9TH pa60TU SH8MeHO~BRH HO~~~ Ka~eCT~eHHU~ nepeXO~ He 

TOJI::&KO ~ aayKe 0 KpO~H tHO PI ~ 8ReKTpOfllHSHOROrHH ~oo6rne, nOCKOR::b

Ky :B HHX paccMaTp:rnsaeTCH. KRroqe~OW "yaen" JICH:ftbiX CHCTeM,~ KOTOpOM 
I,, 

oKaaanHc~ aa:aHaaau ~oe~HHO !a~He~mHe H:aneHHH KaK !Hemne~, TaK 

. H :BHyTpeHHe~ cpe~hl opraHHSMa,OTKphl:BBH TeM CaM~M WHPOKOC none 

BHTepe&HhlX H MHoroo6emaromHx Hccne~o~aHH~. 

BaHHaR pa6oTa H:anHeToH peayn::bTSTOM TmaTen~aoro » ~eTan~

Horo Hay~eHHH Tpy~o:a A.JI. l!HJKe:BoKoro no cTpyKTYPHOMY anammy H 

aneKTpOMarHHTHblM C:BOHCT:DSM ~:BVfJICYIItetiCH KPO:ftVI H ,llSJI::bHe~IIIHM paa:ftVITVI 

eM ero KOH~enUHH 0 TOM,~TO aneKTpHqecKH~ aapH~ KpO:BVf npe~cTa~-
: 

naeT O~HH Ha OOHO:BHUX noKaaaTenei1 HOpMan»Horo HHH naTonoruqec

Koro cocTOHHHH opraHHaMa qeno:BeKa ~ uenoM. 

llpH IT0~6ope MBTepriiBRa ,ltJIR 8TO~ pa60Tbf a~TOp nOJU'IMBJI, tt'J'O 

I 

8HBRH8Hpyfi Te HHH Hllb!C ff:BJieHHfi,OTJIOCHmHXCff K', COHHeqno--aeMJibiM 

C!ff8fiM 1 CHe~yeT no~XO~HT::b K HVIM C onpe~eneHHO~ OCTOpOJKHOCTbiD,TUK 

KaK ~ame oqea::e, ToqHoe co:arra~eHVIe HaMeHCHH~ paaJIHqHYX rtHAeKcon 

COHHeqHO~ 8KTifl~HOCTVf 0 XO~OM pa~a rrpouecOO! ~ o6mHpHOM VI MIIOro

rpaHHOM MHpe 6HOCfllepN 3eMJIH,KOr~a K03~MUHeHT KOppeRAU~H COOTnrT

CT!yiOmKX KPH:BbiX 6JIM30K K e~VlliHl~e ,He M02ICCT CJiyJKiiT::b emn flOJTHbiM Vi 

OKOHqaTen::bHhiM ~oKaaaTen~cT~OM nenocpe~cT~enno~ npHQHHJio-cne~cT

!6HHO~ O!fi8H paccMaTpH:aaeM~X R~JieHH~. 

Bna o61JHOHeHHH peayJroTaTo:e cTaT~CTHIU1 H ~~L-iCT!IviTciu.noro 

nOIIHM8HHH !lJrta¥IqeCKOVI npVIpO,l(H paCCMaTprreaeMbiX H:Bnem1i1 H006XO,l(mW 

sHaMPie OOHO!HhiX aaKOHOMepnocTe~ npo u;ecco:a, o6ycna:enr~~:eaJorrlV1X Te 

MHr1 iiHtie COJIHeqno-aeMHble C:8R3lll, H, KBK CRe~CT1HfC 8TOrO, IWIII~pCTIIHC -- ___ .. __ 
MO~eHil npO~eOCO!,~ei1CT!He KOTOphlX: MO}f(HO npo:aepHT.:& :e Jia6opaTOiJIIH:X 

YCJIO!HfiX. 



?. 

B pa6oTe o6ocHo~u~aeTcH H npe~naraeTcR uo~en» MexaH~a

Ma ~e~CT~Hfl CORHeqHOH 8KTH~HOOTH Ha oep~eqHO-COOy~HCTyro M Hep~

HWe CHCTeM~ qeno~eKa. 

rHnOTeaa 0 MeXaHH3Me paa~HTHR oep~eqHo-cocy~HCT~X H 

C~H38HHbiX C Hi1MH Hep~H~X aa60Jie~aHVIti 1SO ~peMR MarHVITHbiX 6ypi 

· CfaaHpyeTcH Ha :noaMymeinm aJieKTpwleCKoro 6anaaca Kpo:n~ rrpH 

1S03HHKH01SeHVIH :BCJie~CT:B~VI 8BKOHa llJieKTpOMarHVITHO" HH~YKUHH 

CZ>apa;zteH :AOnOJIHVITeJI»H~x OTP¥H.~aTeJihHbTX aapR;ztO:B :zs Kpo:zseHOCHO" 

CHOTeMe feJIO:ZSeKa HS-38 6hlCTpWX TIC» :npeMeHH HSMeHeHH" MarH~THOrO 

non11 3eM.1IH. 

lieaycno~Ho, cep~eqHo-cocy,]j,HCThle .aa6one:zsaHHH R~JIHJOTCA 

oqeH~ CJIO&H~M,MHOrorpaHHhlM H nnw~eJiiH~M npouecCOM 1SO ~pOMeHH, 

\ 381SHC.fi~HM OT 60JI~illoro KOJIMqOCT1SB paaH006paaHNX napaMBTpo:zs. 

Pa~ a:zsTopo~ :zs HaqecT:zse ocHO~Horo ~aK~opa cq~TaeT HenpH

:ZSHJI~Hoe HJIH Hepau~OHSJIDIIOe TIHTaHHe,a HMeHHO,qpeaMepHOe noTpo0-

JieHH6 mttnK,CO,I\epJKaU\CVl 60JI:&IUOe KOJI~qecT:ZSO XOJI6CTepHII8 VI HanWJ(8ti -· 

HYX ~HpH~X KHC~OT. 

Co!eTCKKe ItJHmTr'Ir.I,.HCTbJ no o·rpm.(aiOT po~Tr'I pauHoHanbtroro 

fiHTaH»ff 1S npO<J>HJiaRTHKe cep~oqHO-C<>Cy~MCTidX sa60Jie:zsaHMH, HO 

C'IKTIDT 6onee :zsaJKHhtM He.eporeHJnlle (JaKTOpbl. 

].lJI.fl noc~e,nnero :npeMerm xapaKTepH~M n:enHeTcfl 11aMr.H~fo1e 

TO'IKH speftM.R COCTO.fi!Uei1 .lS TOM, 'ITO F.:e XOJiecTepHH VI HaOblll\f.lHHble 

lltHp~, a caxapo3a - OCHO~HOi1 .lSYlHOJJE Ir1lt oep,I\etlHO-COCY~YTCThiX aaC50Jie-

:zsaHH~ E bK ~paMaTwqccHoro WY1HaJia - .HH~apKTa MHOKap~a. 

-- ------

• 



B. 

0;ztH8KO apryMeHTbi, rrpH:80;zJ;HMble :e 881ItHTY TOH. HJU'I PIHOi-l 

ToqKH apenua K qacTo 6aa"pyromHeoa Ha aHanHae reorpa~HqeaKoro 

pacnpocTpaueHMH cep;n;eqno-cooy,nMoThiX aa6one:nanML1,Hx c:naaH c 

KJIMMaTOM HJIH aKOHOMKqecKHM yKna;n;ou ~naHn,oco6eHnocTHMH nHTanHH 

H T.~.,ft:8JIH~TCH H8DOUHTHhiMH H He~OCTaTOqHO y6e;ztHTeJinHWMH,eCRH 

npH 8TOM He npHH~MaeTCH :no :8HHMaHHe fl!JieKMft 1 0:8ft88HHWe C H8MCHe

HMeM COJifteqHO~ 8KTH:BHOCTH. 

llOCTaHO!K8 !Onpooa 0 !JIHHHHH OOJIHeqHO~ 8KTH!HOOTH 

Ha cep,neqHo-cooy,nHcTyro H Hep:eHble CHCTeuw qeno!eqecKoro oprauHa

ua se ft!JIHeTca no:noi-1. 

B naoToH~ee :epcMH npHaRaeTca Ha ocHo:ee oTaTHCTHqec

KKX ,li;8HHbiX Henocpe;ztCT!CHH8fl C:8fi8& HSMeHeHHti OOJIHeqaoi4 aKTH!HOC

TH C HapymeHHHMH ;zt8flT8RhHOOTH cep,neqHO-COCy~HOTO~ K Hep:nH~X 
I 

cHcTeM qeno:eeKa. 

lame 6onec,:n PH~e pa6or yKaaw:nancn KOHKpcTHH~ nwA 

U)AyqeHMft ,a HMeHHO, :e .ztiB'l COJIH8liH:)TX 6ypn OCHO!HOe :n1HHIHV1C Hrt 

opraHH8M qeJIO!eKa OKaabl:naiOT SJICK'rpHqecKHe 1.1 MarHHTHbJe nOJIH. 

O;nHaKo 6ea yqeTa aa:eHCrtMOOTH cooTa:enRJOutHX nJIC'IC'l'pwwr~

Koro H MarH~THOro TIOJieti OT npOCT)aHCT:BeHHbiX ·KOOp.zt~HaT ~ :npC,1flHH, 

8 T8KJCe ~ea r'.ICTIOJI:&ao:eaH~H 061UHX :38KOHO:B SJI8KTpO.ztJHtnM~IO'I, HOCJieAO

!aHHft TIO npo6neMe COJIHeqH0-3CMHhlX C:BHae" HOCJIIJIH H HOCRT OTI~Ca

TeJiltHhl~ H :8 60JinilleVt CT8ITOliH CTaTJ1CTHqeCICH~ xapaKTep. 

B ~amww pa6oTe rrpe,nnpJmHTa rronhiTKa ~cnpa:tH1To a'J'O'l' 

He;ztOCT8TOK H !HHM8HHID quTaTOnfl rrpe,nnaraeTCH KOHKpeTHBfl MO;zJ;CJib 
··- ------

' 
J cocy,nHCTY~ CHCTeMy qeno:eeKa, qTo rrpe.ztoorrpe~enHRO ! c~oro oqepcJto 

K&K paononoJCeHHe,TaK ~ caMo co,nepJICaHHe MaTepHana. 



9. 

I rna1a. 9JlEKTPOMArHl'ITHOE ilOJIE r'I OPrAHN'I3M 

qEJIOBEKA 

§ I. 3neKTpH~ecKoe none 8eMnH. 

~ocne~o~aHHe aTMocwepnoro aneKTpRqeoT~a H npo~e~eHHMe 

COOT~eTCT.lJyiOmHe pacqeTbl ITOKaaanH,tzTO 3eMJJff o6na~aeT OTPHUaTeJJi

HHM aapH)(OM 1 0pe,lJ;Hffff ~eJU'I'U'IHa KOTOpOrO OQeHH~aeTOfl I 500 TlllC • 

KynoH. 

B &TMOO~epe,oKpy~aru~~U 3eMJIIO~HMeeToH ~epTHKan~Hoe aneKTPH

qecKoe none 0 rpa~HeHTOM OKOJIO !Q()-120 J/MeTp. 

3HaK ITOJJJf noKaSH.lJaeT TaK~e To,qTO SeMRR aapff~eaa OTpHUaTen~HO. 

B OTOyTOT.lJHe KaKHX-JUlOO rrpe;l\MeTO.lJ Ha pO.lJHOM MecTe xapaKTep 

paonpe:zteneHH.fi aK:aHrroTeHilHaJiei1 rroKa a a a Ha puc. I. 

+3008 --------------

+200" -------------

' E = too 8/M 
+1008 --------------

----------·-----i 0 
~7,_.7,_7.,.7~7,-7-r-:17_7.,.7-r-7r7-r-7r7-r-7.,......,7,_.7.,......,7,_.7..,. 

3eMnP 

P11c. I. 

PIOIIJll"\1\~.111'1 II lilt" llfl'l'f~ II 11,l1fl Jlfl llflll, : ,,... ,~ 111"1 lA. 

B aTOM OJiy'lae aRlHUIOTeH r.(MaJJVJ npe.zto'l·a~JIHIDT Jil1IH1H mlpaJIJWJin

~'tl-~_j~eM,lle 0 nepena;z.tOY HanpmKeHHfi MCJK~Y HHMH OKOJIO !00-120 ~~M~'l'P• 



I 

IO. 

llpu noue~eHHH ~enoEeKa ua 8eunro Hne ero nepeMe~eHHH 

K&pTHHa SKBHTIOTeH~Man~n MeHHeTCH,HMeH B~ 9 HS06paEeHHN~ Ha 

PKO. 2. 

3)tec:D yEe B OTnetnte OT nepBOrO pMCYHKa SKBHJtOT6IH\HBJI:&Hhle 

JIHHHH H8rH68IOTCfl. IlpMlleM,XapaKTep.}aCnpeJteneHHfl SKBHJtOTeH~HaJiei.1 

6yl(eT TSKO:B, 'ITO 6y;n:eT HeKOTOpaH, OT.1IHliH8H OT HYJifl, p88HOCT:D noTeH

~H8JIOlS UeJJt.1ty ronOBO:ki lleJIOBeKa H ertl HOrauM • 

P1.1C. 2. 

Paonpe~eJieHtiO noTou r~lllaJia o ICOJro ttnJw:rw ten, 

CTOH~ero Ha pOBHOM MeCTe. 

C STO~ TOqKH apeHHH,qOJIOBeKB,H8X0,11;H~erOCff Ha 3eMJie,MOMHO 

paCCMaTpH:BST:& KaK HeKOTopyiO 6VIOKvt6epueTHlleCKyiO CI1CTeMy, JtO;l\IUI!OlJCH-· 

HYIO B aneKTPH'IeCKyiD CeT:& 8TMOC~epN H B nptiHQHJte rOBOpvtTb 0 aapR~O

!OM 6anaHoe qenoBeKa,KaK o;n:Horo Ha BOauoaHNX yonoBH~ ero ~onro

JieTue£1 XH8HH. 

---- ·----- ---

f'', . 



··•". II. 

TaK K&K o6~~~ aapH~ 3eun~ oTp~uaTeneH H H~ B KSKHX uacwTa 

6ax ue conocTa~~v c cyuuapu~u aapfl~OM qenoBeqecKoro opraH~ava,To 

cTanwouapHoe HJIH paBHOBecuoe cocTOflH~e aap~oB BRYTPH opraueaMa 

B08MOSBO JIHWb ~Jifi OTPMUaTeJI:&HUX HOHOB. 9TO n08BOJIHeT B OBO~ 

oqepe~b roBopHT» o cnpaBe~nHBOCT~ ~e~ A.n.qH~eBcKoro o npe:sann

pym~eu H 6narOTBOpHOM BJIHHHHH OTPMU8Ten»HUX HOHOB Ha opraHH8M 

qeJIOJeKa ( ~ ) 
• 

K !Popuyn~pOJKe aapH~OBOrO c:anaHC8 H ero BOSMO)ICHOM SKCne
i 

pmueuTan:&BON no~TBepJlt,lteHHH Bepuevc:H uecKoJI:&Ko noa~Hee. 
I 

i 

:uta OCHOBHlf.X C.BO~OTB aneKTplll'leOKOro nona 8TMOc{flepY OT
( <"6)- (\o) 

ueTHM cne~y~~~e: · 

I. C yBennqeHHeM BNCOTU aneKTpM'IeCKOe none UOCTOHHHO 

OCJia6eBaeT H Ha BUCOT8X OKOJIO 50 KM. OHO 6nHSKO K Hyn~. 

· Bonma11 'l!acn noT6HJ1Halla L/ = j'£ 1. oly,\ . (I. II) 

npHXO~HTCft Ha uanue BUCOTU. 

2. PaauocT~ noTeHunanoB ue~y noJepxuocT:&~ aeune H :sepx

BHII CROell 8TIIOOWepu paBHa UO'ITH 

U= 400 w 
9Ta paaHOCT:& noTeHunano:s o6ycnoBJieHa cnoeu nonoE~Ten:&Ho 

HOHH8Hp0!8HHUX HOHOB,06HapyxeHHHX H8 !UOOT8X OKOno 50 KM. H 

oTpnuaTen•HuM sapn~ou 3eMnw. 

3.' CwnoBue ~~HHH aneKTp~qeaKoro nona aTuooq,epu HanpaBneuH 

C:Bepxy OT nonOEHT61IiHOrO CJIOH aap~~OB K OTPHUaTeJI:&HO aapHEeHHO" 

Seune. 

---- --------- Me~y JepxuwvH OJIOHMlll aTuoc!J.>epN H no:sepxHocT:&IO 3eMJIH 

.npOHCXO~HT flOC'l'OHHHOe B88HMO)t6~C'l'BHe HJII C:BOeo6p88HW~ aneK'l'pH

qeCKBl KpyrOBOpO'l'. 



12. 

B:BW;lly TOrO,'ITO 3eMJifl no OTHODieHMIO K 8TMOC!f>epe aapmKCHa 

OTpM~aTeJiaHO,TO fiOJIOEMTCJibHHe aapR;llH yoTpeMJifl~TCfl CBepxy :BHW8, 

a OTPHU8Te1IaHYe - CHHSY B:Bepx, o6paaya :aepTMKaJibHY~ TOK npO:BO;llH-

IIOCTH. 

PfauepeHMfl npOBO,ll;HMOCTW,O,ItCJI8HHble BO MHOrMX MeCTax, B 

OOJiiWHHCTBe CJiyqaeB TIOKS3biB8IDT H81IH~He TIOJIOEHTCJiiHO~ npOBO,ItMMOC

TH,'ITO 06:&flCHflCTCfl BJIHRHH8M 38MHOrO TIOJIR H Hanpa:sneHH8M CHJIOBbiX 

JIHHH~, OK8H'IH:B8JO~HXCfl Ha OTpHr~a TeJI.DHC• S8Pfl1K8HHO:tl 3eMJie • 

YOT8HOBJI8HO, liTO Ha O,ll;Hil KBa.ztpaTHbli-l MeTp no:sepXHOCTH 

8eMJIH nona.haeT TOK C TIJIOTHOCTiJO OKOJl:O : \ ~ \()\?.. ~ ~'--
I 0 . 

nonuaa npo:rso.ztHMOOTi aTMocwep~ onp$;llenaeTca K&K 

(!.12) 

K+ -r;lle H K - KOS~H~W8HTbl TIO,ItBH~HOCTH ,ll;Jifl TIOJipEHT8JiiHbiX HJIH 
i 

OTPMU8TeJI.DHYX HOHOB COOTBCTCTB8HHO, p± - 'IHCJIO TIOJIOZHTCJiiHbiX 

HJIH OTPHUSTeJI.DHNX HOHOB B e,n;HHMUe OO:&eMa, e - 1 aapa.zt 9JieJCTpOHa • 

0THOWCHHe fiOJIOJitHTCJiiHbiX aspON'lHOB K OTPHU8TC1IiHbiM B e,7.V1HHL{C 

06:&eua H88YB8CTCfl KOS~WHI~HCHTOM YHMnOJIRpHOCTH M onpe,n;eJIRCTCfl 
i 

K8K + 
K L =I 2 p- ' 

fipO:BO,ll;HMOCTi STMOOif>epN 06yOJIOBJICH8 H8JIH'IHCM B HC~ paaJIHli-

HYX HOHOB. K HHM,HSTipHMep, MOryT OTHOCHTiOfl MOJieKyJibl KHCJIOpO~a 

JIHOO 0 H80biTKOM 3JI8KTpOHa,JIH00 C ero H8,ItOOT8TKOM. llOJIO~HT8JinHO 

JIH60 OTPHU8TCJiiHO aapR~8HHbl8 HOHbl BOa,ztyxa MOryT C06HpaTi BOKpyr 

ce6a ;llpyrHe HOHN, o6paaya cryoTKH aapa.zto:a,.ztpe~~yro~vre B sneKTPHlleo-

xou none aTuocwepw 3eMn~. 

B HaOTOH~ee BP6Mft O,ltHOU HB OOHOBHYX npH'IHH TIORBneHHfl 

IOHH8RpOJaHHHX aTOMOB H MOAeKyA npHHHTO CqHT8Tb KOCMH'IeCKHe JiyliM, 



(~ ! 

I 

13. 

TaK K8K B 3TOM CJiyqae CT8HOB~TCR ROHRTHbiM,TIOqewy pacTeT B6JIK'IHH8 

HOHH88UKM e~HHHU:bl o6~eMa EOa~yxa C BbiOOTO~. 

flOTOKH li8CTHU 60JI~IDHX 3Hepr~~-~JieTaR H3 KOCMHli6CKOrO 

npOCTp8HCTB8 ~ STMOC~epy 3eMJIH,TIOCrORHHO npO~OJI&aDT E He~ !Ce 

HO~He H HOBHe 6biCTpYe HOHY. 

Heo6XO~HMO HM6T~ E BH~y,'ITO KPOMe 6HCTpMX HOHOB KOCMHli60-

KOrO npOHCXO~eHHR, B STMOC~epe 3eMJIH HSXO~HTCfl Oli6H~ M8JI~e KOMOq

KH TIHJIH,OC066HHO,TIOCJie BOJIH6HHtf, a 118~ MOpHMH H OK68H8MH BO~HHSH 

nHJI:&, KOTOpYe H8 C:BOeti TIOEepXHOOTH MOryT HMeT~ 88pR~bl H 6HTJ, 
i 

HCT011HHK8MH Me~JI6HHHX HOHOB. 
' · -12. a I ~ 

XOTJI npOBO~HMOCT:D a TMOmpepbl 3eMJil1 H Mana J ~ .(,() { li <. , HO 

06~Hli TOR nOJIOJIKT6JI:&HHX aapH;llOB ,,7.(0~Tl1r8IOUll1X 3eMJIIO, COCTaBJifle.T OKO

JIO !800 8Mnep. EcTeCTE6HHO,liTO npH T8KOM 60JiiiDOM TOKe,KaK TIOKaau-, 

B8lOT' OUeHKH, OTPHU8T6JI:DHYH aapfl;zt 3e·\l.1U1 ~OJIJKeH 6N HC1163HYT:D Ecero 

JIHID:D 88 30 MHHYT • O~HaKO 3TOrO He n:poHCXO~HT, H 3eMJifl :8 H3:06CTHhlX 

MacmTa6ax :epeMeHH aapHJKeHa no-npeJR:tteMy oTprn~aTen:&Ho, ri noTOHI~VI~JJ 

~ BOB~yxe nOJIOJICHTeJieH,OCT8B8flC:D np-=!KTHlleOKH HOHSMCHHHM. 

BbiCOKOil 
npofJooUHOCm6 

+ . ~- ~ 
50000/f ---------- ·----

P11c. 3. 

.. •/. 
I' 



14. 

CTaC5wJI.iHOCT.i aneKTpvttrecKVIX c:eo~cT:a aTMOC(j}Rpbl,cxeMaTwtrec

KH noKasaaaaa aa pwc. 3, noA~epmw:eaeTcH na o~aoM ypoBae,KaK 

cqHTaiDT ytreaue,aa ctreT rpoao:eol ~eaTeJI.baocTw,npwaocnmel B BeM-. 

Jill !800 aMnep oTpw~aTeJI.iHoro aneiCTp.vttrecT:ea. 

8JieKTpwqecKoe noJie aTMOC!flElpli no~:eepJCeHO MHOrOJIOTHHM 

nepwo~.vttreCKMM,rO~OBUM,CyTOtrHNM 11 anepM0~£1treCKMM KOJiedaHHHM, 

C:BHS8HHNM 0 KOCM£1treCKHMH,reOW118HG8CKHMH H M8T80pOJIOrHtr8CKHMH 

a~neawHMH. TaK,Ha p.vtc.4 npwBe~eaa cpe~aecyTotraaH :eap.vtauwn 

aJieKTPHtreOKOro nOJIH 8TMOCW&Plio 

Pvtc. '+. 
Cpe,l\HHH oyTotman naplllai~IIIfl r pHJ\IIIOHTa IIO'fOJII~IIJHJta 

aTMOC(j}ep~ B HCHYID noro,l\y H8,1.\ OKeaHaM.vt. 

Xa,paKTepaNM a:enneTcH TO, trTO none aTMoctflepbi Mean eTcH 

np.vt<SJIHSHTeJI.iHO aa ± IS % 11 .ztOC_TvtraeT c~oero MaKCHMaJI.itwro aaa

qeaws :e 7 qac. wetrepa no M.vtpOBOMY BpeMeaw,a caM MaKc.vtMYM ae 

88BHCHT 0~ TOtrKH Ha6JIID,l\8HHH.llOC118~Hee OC5~HCHH8TCH TOM,trTO Ha 

BliCOTaX nopH~Ka 50 KM. HMeeTCH 0110~ ITOJIOmHT811.bHO aapH~eHHbiX 

. -----HOHOB, OdJIS,l\SIOIItWX 60JI.blli0it 8811MyTaJI:&HOtit COCTa:BJIHIOnte~ npO:BO,ItHMOCT£1, 

KOTOpafl H JICRJIIDtraeT MeCTHhle BapwauH:d pa8HOCTH ITOT8HUVI8JIOB Me~y 

Seune~ H :eepxae~ tracT.iiD aTMocwepu. 

' ) 

'·cj 



IS. 

KaK yEe yKaaLmaJioo::&, MOJIHJtm :s aTMoc{pepe H:BJIHIOTCH TeMVI 

HCTO~HHK8MH 60JI::&WVIX OTpVIQaTeJI::&H~X TOK0~ 9 KOTOpNe no~~epmVIB8IDT 

OTPHQaTeJI::&Hblti aapfl.zt 3eMJIH npaKTHtrecKJIJ aa o~HOM ypoBHe. MaKCVIMYM 

KPM~O~ 88BHCHMOCTH aanpHmeiiHOCTH SJieKTPM~eCKOrO nOJifl QTMOC{pepu 

OT Bp8M8HH 06~RCHfl8TCff OOOTBeTCTBYIDil(VIM no BpeMeHH /I9 qac. no 

rpHH:BVI~Y I MaKCHMYM rpoaOBOH ,It6fl'J'8JI::&HOCTH faa cyTKH Ha 3eMJie 
3 

npOHCXO,ItVIT OKOJIO 50.10 rpoaf. 

HaJIH'lH8 CJIOH nOJIO:lKVI'l8JI::&HJ.,[): sapH,ztO:! H8 BbtOOTe OKOJIO 50 KM • 
I 

0 60Jiltm~ti TIO B8JIH'tlVIHe 88VIMyTaJI::&HCttt COC)Ta~JIHIDII(e~ npOBO.ztVIMOCTVI 

TIO OB06MY ,zteUOTBVIID 8KBVIB8JI8HTHO c:<t>epe VIX xopomo npOBO~Hmero 

"veTanna". 

B STMX ycJIOBVIHX ,ztei1CTBR8 ~·aKoti XOpOWO npoBO,Itffll(8H cq,epbl 

~OJ1'1ff.HO npHBO,ItHT::& K ,zteMnWVIPOBaHHID 6biCTpWX HaMeHeHVI~ 8JieKTpVIqec-
i 

KOrO TIOJiff !0 BpeMeHVI OT BTOpraiDII(:VXCff B OKOJIOaeMHOe npOCTpaHCTBO 

TIOTOKO! aapHJICeHHhiX ~aCTVII~, VICXO~fllt,HX OT COJIHIJ,8 K8K :8 rO~bl ero 

OTIOKOtiCT!Hfi,TaK VI B ro,ztN 6ypHOH aKTH:!HOCTVI. 

B To Ee ~peMH,HanpHmeHHOCT::& sneKTPVIt~eoKoro noJIH 3eMJIVI B 

MeCTHWX M8CmTa6ax MOJICeT 6b1Tn TIO.ztEepmeHa peSKVIM KOJ1e6aHVIflM. 

VICCJI8,It0B8HVIHMH OTMet~eHa T8CH8fl CBH3:& Mem~y KOJie6aJH1HM~1 

HanpR'1ff.8HHOCTVI 8J18KTPVI'l8CKOrO ITOJifl 3eMJIVI H HSM8H8HH8M MCTeopo

JIOrHtleCKHX <t>aKTOpOB (TeMnepaTypa,BJI8JICHOCT:&,npoapaqHOCT::& BOS.ztyxa, 

H8JIH~He 06JiaKOB,CKOPOCT:& BeTpa VI T • .zt.). 

llpH rpoaaX,JIVIBHHX,MeTeJIHX VI ~pyrHX fiBJieHVIHX npVIpO~bl 

HanpR'1ff.8HHOCT:& SJieKTPVI'tleCKOrO nOJIH 3eMJIVI MOHfleTCfl B ~OBOJI:&HO 

-- ··--- -WHpOKHX npe,JJ;eJiaX ( .ztQ HeCKOJI::&KHX TbiCHtl !OJI:&T Ha MeTp) • 



!6. 

§ 2. MArHIII'I'HOE ITOJIE 3r:MJI~ 

Mara:wTaoe noJie SeMJIH B KaJ!t,1l;ott TO'IKe npocTpaHcT:ea xapaK-

TepHayeTCH uarHHTHNM CKJIOH8HH8M,MSrHHTHUM HaKDOH6HH8M 9 ropH-

80HT8J11tHO:t H :aepT~KaJI:oaot1 cocTaBJifliO~HMH noJIR I cu. pHc.5 I 

PHc. 5. 

P '/' f\3nOlltOIH10 M:ll'll Wl'IICH'O JIOJiil . 1111 OOO'J'fl J~ nlf 1'1ll(fllll :1JI 1 • '1': I!'ILI • 

H - ropHSOHTaJI:OHSR COCTaBJIRIODtaH, ~~- BepTMH:tlnt;nan COCTfl HJHIII)If(:l II 

3eMHOrO DOJIH t ,U - M8rHHTHOe ClCJIOHOHVle, J- MarHHTHOO HHKJIOHCHV1 1) • 

(JI)·-ll~\ 
~3B8CTHO,'ITO ~arHHTHOe none 3eMJIH 06Jia~aeT paaJIJ1qHWM~ 

!apvraQMHMH H MO~eT 6MT:O npeACTSBJI8HO CYMMO" ~BYX none~ - OOCTOflH

HOrO H nepeMeHHOrO • fiepeMeHHOe ITOJie He:BeJIHKO H KSK npa1H1JIO He 
! 

npe:auwaeT aecKOJibKHX nponeHTOB oT Ha6JIIDAaeuoro. 

Aaan:wa MSrHHTOrpaMM ITOKB8hlBSeT~qTo :B pR~e CJiyqae! BSpHaUVlW 

MarHMTHOrO DOJIR npOVICXOAHT TIJISBHO, a HHOrAa HM8IDT 6ecnopRAOqHblL1 

-- '---- xapaKTep. I B nep:BOM CJiyqae :eapHaQVIH MarHHTHOro ITOJIH H88biBBIOTOH 

CnOkOMHliMH t a BO BTOpOM B08Myll(eHHI:HH1. 

i ,, 
f 

•' 
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.1(JIH CTIOKOHHhiX :eapVI8l(JII~ Xap9.KTepna CTporaR nep¥~0,1U1llHOCT:D 

/COJIHe'tiHO-CyToqabJe BapVIal(HVI,JiyHHO-CyTOqHhie !SpVI8l(HH C nepVIO~OM 

pa:BHHM JIYHHhiM CyTKaM,rO~OBhle !SpVIill(HJII 9 :BapMal(JIIK C nepVIO,J\OM,paBHblM 

CJTK8M JII CBRSBHHhiM C BpameHHeM 8eMJIJII :BOKpyr CBOeM OCH H T•A• /. 

}{JIR !108MYIIt6HHhiX B8PH8l(KL1 TaKlfte TIPHCYIItJII HeKOTOpbJe rrepHO

,ltK'tleCKJIIe nyJI:DCal(HH MarHVITHOrO llOJIH/BOSMYuteHHhie CyTOllHhie 138pVIai~JIIH 

C rrepHO~OM,pa:BHhiM COJIHeqHhiM CyTKaM,MarHJIITHhie !lapHal(HH C rrepHO,ltOM, 

:BeJIH'tiHHS KOTOporo JieHCHT B npe.zteJISX OT HeCKOJI.DKHX MHHyT ,ll;O 

KHX_06KJf1}1./. 

I MArHVITHAH AKT~IBHOCT:O 

MoCK/,o Ha2HUmo2pt1tp Tencpepo 1 ,, 
fl f4 f6 f8 ltl l2 

""-"-- --- ~.-- ..... --r ~ """-~ ... 
""""'" - z __.... --

r"' ...,.. ~....-. 
~ ._ 

~ ... .a _.. 

---~ ~ .. /.{4 
'"·" ~ f16 ~ ~ .._ 1.-. .... ["YY- "11' -v ~ 'T 

.,. 
I 

-- --··-- - --
~--~ r-.l.-· --!-· 1-- -" ~-~- ·-·~ f- -"·--" ~····-· ""' ..... _.t·,• ..-...... ~ ,; . _ .. ,. -····•< '--- ·~- -

Pvrc. 6. 

RpoMn 11 Tn'Jomw Jto'l'oporo Mf11 1 11Wl'HOII nn.nn lt1nrrr.r'l'IH''"1'f' o''''l'' . 

tllll'l't1Jl ftUU 11 Jill tH 11.111 ~w Mill I' 111 1111 , 1111: t "' n11t1' 'PI I Mltl'lh1 'I' tto i m'l'ltlli '11m. 

Ha pwo. 6 npHBe.ztena TVITIVI'tiHaR Marnvr~orpauMa "cnoKoUHoro .ztHn". 

H, 
t. 

- ------ MarHHTorpaMua .1\Hff 6ea MarHHTnoro :eoaMyrneHHH /"cnOTwi1noro 

mm" /. B11P'I'1HCf\JTT1flt.IO llpitMJ,J(l' ·'flliHIOt.Jr1 fi'I'Mfl'I'H Ill. llprtMW'I l,l /I. 'r\, .. fill 

8HOHW6" OpftMW6,KOTOpUe qepTHTCR Jiy~aMH O!eTa,OTpa~eHHWMJII He-

I.'') .. •i 
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I8. 

no,zt:BHlltHHMH aepKaJiaMH. '1.
1 

II, ~· ·· KPH:Blie, KOTOpble 'lepTfiTCH 

Jiy'I8MW CBeTa,OTpaEeHHbiMW TIO,ltBH~HliMH aepK8JI8MH Tpex COOTBeTCTBy

JJDtlt!X M8rHPITHHX B8pPIOMeTpOB, to , tIt - 38TIHC:O TeMnepaTyphl 

:aapHOMeTpOB. 

OneuKa HHTeHCPIBHOCTH reouarHHTHHX :eoaMyDteHwi-i npowaBo

.ztHTCR no o6menpHHRTOa xapaKTepHcTnKe,TaK HaaHBaeMoro K-wa.zteKca. 

TaK,HanpHMep, B nHTH6an»HOa mKane K-HH.zteKca 

0,0 - MarHHTHOe none CTIOKO"HOe 

0,5 cna6o BOaMymeHHOe 

t,O yMepeHHO BOSMyll(eHHOe 

I, 5 CHJl:&HO :aoaMyDteHaoe 

2, 0 O'IE:H:& CHJI:&HO liOSMYilleHHOe 

llfttcJieHHOe onpe,zteJieHHe K-PIH.ztEiKC8 OCHOBBHO H8 onpe~eJIOHliH'i 

M8KOP.IM8JI:OHOrO OTKJIOHeHvlfl B03MYU(eHHOrO MarnHTHOro ITOJifl OT ypOl~

HH, OOOTBeTCTByiDII(ero CTIOKOMHOA cyTO'IHOA B8pPI8~HH • 

.l(JIR K8JK.ztOli1 reOMarHMTHOLii UlPip~-~bt Cyll(eCTByeT CBOfl lllltaJia 

K-HH,zteKca,,ztaromaH CBHa» Me~y MaKC~MaJI:&HhiMH aMnJIHTy.ztaMH Tpex

l{8COBNX OTKJIOHeHH* ITOJIH OT ypOBHH CTIOKOMHOrO ,ltHHe 

TaK, aanpPIMep, B Ta6nHue I, ,ztaH K-PIH.zteKc w cooTBeTcTnyKJ
<Jrs) 

OTKJIOHeHHH ITOJIH. 

Tipe,zteJibl 
PI3MeHeHHH 
8MTIJIHTY.ztLI 
:a raMMax 

0 

0 

'l'a6nana I 

5 IO 20 40 70 I20 200 330 500 

I 2 3 4 5 6 7 8 9 

~3yl{eHPJ:e B8pH8I.(PIA TIOJIH TIOK838HO,'ITO M8rHHTH8fl aJCTHBHOCTb 

TeCHO OBH88H8 0 COJIHeqHOA 8KTPIBHOCT:&ID,O,ltHPIM H3 npOHBJieHH~ KOTO

pol RBJIHeTOH nHTHoo6paaoBaTen:oaan AeRTen:oaocT:o Conuua. 

" 
I ..... ,. 



I9. 
3a Mepy CORHeqao~ aKTWBHO~TH npHHHTO TaK H88~B88MOe 

liHCBO Bon:&~a ~ , onpe~enHeMoe qHcnoM naTeH H qwcnoM MX rpynn 

npK OnTHlleCKHX H86RI0,1t8HT!IHX aa no Be PXHOCT:DIO COBHI~a. 

CBHS:D M6ilt.ztY MarHWTHOk1 8KTi'IBHOCT:&IO H COBHeliHOW 8KTHBIIOC

T:&D BHHBBeHa HS cpaBH8HHfl COOTB6TCTBYIO~KX ,1t8HHNX aa OTHOCHT8R~HO 

6on:&mol npoMemyTOK BpeMeHH. 

Ha pHC. 7 noKaaaHN rpSWHK~ COBH611HO~ H MarHHTHO~ 8KTHB

HOOTH aa nepHO.zt I830-I930 r.r. 

P1r1c. 7. 

ConnottHan " MaruwrllflH tllt'J'IflliiOO'I' '' nn "'"'M" o IIJ ~~' 

no I930 r.r. I no lO.EapTeJr&cyfw- 'H'IcJio connn'tlll~x 

nFITeH, J11 - KH~eKC MarHfftTJIOi-1. 8KT~!HOCTH. 

Jlla HKX OT118TBHBO BH,ztHO,liTO B rO.ztW MaKOKMyMa CORH8ttH~X 

fifiT8H HMeeT M8CTO H M8KCHMYM MarHH!rHO~ 8KTKBHOCTH C nepHO.ztOM 

OKOBO II JieT. 

06Hapyilt8H8 nOBTOpHeMOCTh M8J1Hir1THOH 8KT1r1BHOCTH ttepe3 27 

CYTOK, CBH88HHOe C BP8ll\8HIII6M COJIHU,H BOI\pyr C!OeH. 001r1 lr1 o6ycJIOJ3-

JI6HHafl TeM,liTO OOBHeqahJe flffTHa cymeCTByiOT ,1tBVIT8JI:DHOe BpOMfl, .B - -·--· ---
TelleHHe H~CKOJI:DKHX 060pOTOB COJIHUau 
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20. 
MArHVITHblE EYPI1 

MarHMTHhiMH 6ypRMH aaa&IBa)JT peaKHe aerrpa:rnm:oaoti wopMbl 

KOJie6aHHfl. MarHHTHOrO riOJifl. 80MJiv! KaK DO B6JIHtHfH6 
9 
T8K H riO Han

P8BJI6HH~ I CM,pHo. 8,9 /. 

IH~IIpilf9i11. ,..._ _____ _....,___ 

PIIIC. B. 
(IJ' ! 

MarHHTorpuMMa II, Z , o6oopaaTop~H Boo~hwno 

BO ~peMR 6ypH 6-7 HOR6pfl. !957 ro~a 

P~o.9. 

: .. ,_, 
•' 

,, 
' 
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2I. 

MarHHTorpaMMa ~HH c MarHfllTHO~ 6ypeiii. TipHl.U~e~0 lo -"6aa:viC

HHe" npfiMHe, KOTOpble qepTHTCH JIY'i8Mlll C:B8Ta, OTpaJtteHHbiM~ HOITO;zt:BVI 

HWMJII aepKaJI8Mfll. II, l,~ -KpHBNe,ROTOpble 'i8pTHTCH Jiy'iaMH CBeTa, 

OTpa~eHHblMJil ITO;I.t:B~mHblMJil aepKanaMfll Tpex COOT:B8TCT:ByromVIX MarHH 

:BapmoMeTpo:B, tH - sanVIc~ Te~nepaTypu :BapVIoMeTpo:B. 

AH8JIJIIB MarHJ~ITOrpaMM ITOK8SHBS.eT,'iTO MO~HO :BY~eJifllT~ O;ztHH 

HJIJII HeCKOJI~KO neplllO;ztOB,ITpO~OJI~fllTE:JI~HOCT»ID :B HGCKOJI~KO 'i8COB,BO 

:BpeMfl KOTOpYX KOJie6aHfllfi M8rHfllTHOI'O ITOJIH OC06eHHO :BeJIHKH H 

CSecnopH~O'iHY. 
! 

;llJifl :Bhl;z.teJieHJilH 8KTVIBHbiX neplllO;I.tOB eme HO npe;ztJIOJlt8Hb1 06'b8KT 
I I 

I 

Hble KOJI"qeCT:BeHHNG KpVITepVIH lll ITO~~TOMJ,8H8JIJII3 MarHVITOrpaMM BO 
, I 

:BpeMfi 8KTVIBHOrO nepv10;lt8 :B 60JI:&IUJIIHCT:Be:CJIJ'i88B cyCS'b8KTl1Bllhl~ 

xapaKTep. 

O;naaKo Hs:secTao, 'iTO CSoJI~WIIlHC}T:BO aKTVI:BHbiX nepHo;n;oB /80 'f<l 
' 

aat~waaeTCfl B npoMeJICYTKo :spoMeHH OT ? ;n;o I? qaco:n no MVIPOBOMY 

JpeMeHH. 

KoJIHqecT:BO MarHJ~ITHbiX CSyp~ 111 J~IX fllHTeHCJ~IBHOCT~ HSMenReTcH 

:B 88BfllCHMOCTIIl OT O;lt¥iHH8;ltl.\8THJI8TH JrO l.\11KJI8 COJIHB'IIHOiii 8KTVIBHOC'I'VI 

H oT ceaoaa. 

Becao~ ~ oceHiiD,BO BpeMa pasHo;n;eHCT:B~fl MarHHTHWe 6ypVI 

6YJ8DT 'iame,qeM SVIMOiii H JIGTOM. 

PaaJIVI'i8IDT ;ztBa BH;z.ta MarawTHbiX CSyp' - noJIRPHble VI M~POBHo. 

llOJiflpHble 6ypH 0b1B8IDT OCOCSBHHO OVIJI~HbiMVI B BNCOKV!X mwpOT8X C 

8MITJIHTJ;ll;O« ;I.tO COTOH raMM ( ~ = IQ-S apcTe;zta) Ill npO;z.t01tlltVITCJIT,-

HOCT•D ;11;0 H8CKOJI~RHX 118COB. 

6onee I VI CSNcTpNe KoneCSaHVIH MarEVITHoro noJIR 3eMJIVI,oco6eaHo,cHn 

Hble B BbiCOKHX VI CpG;ztHfllX m.vipOTaX. · -

'' . 



22. 
Cpe~Hftft npO~OR~HTenhHOCTb M~pOBNX 6yp• OOCTa~nffeT OKOBO 

2-3 CYTOK. 

MarHHTaoe none MHPO:Boti 6ypa 06hlt~Ho paooMaTpVI:aaiOT KaK 

cyuuy Tpex none~. 

M -= S cl + '1J sit + ~ll i ( 2 • I ) 

SJ- BOSMynteHHe oyTotmoti :aapHauvnt,onpe~enfleMotl KaK paaHOOTh 

CyTOllHNX :B8pH8UHH no. BOaMyiJ.teHHblM ,nHRM H OyTOllHblX :B8pHSl(HL1 no 

CDOKO~HNM ~HffM. 

?Jfi - anepHO~Vlll8CKOH B8P.£18IJ;~UI Mai'HHTHOI'O DOJifl, OTOllVIThlBaeMO~ 
· OT uat~ana ~ypH, 

S(}i - B~P118I.U1H nOnfl, KOTOpbte npOFIBBfiiOTOfl :B peSKI.iX 1-1 IWilpO :RVIJih-
1 

HhiX H8UOHeHHfiX MSrHVITHOrO nonR. 

6ypw. 

8 t6 Zlf U ~~ ~. 0 

Pvte. IO. 

AnepHO~VIlleCKHe :oapliiOlVtJII na pttnJJt1'11ff,IX ori(:'JJIJ!It'J'n · 

JV~ n x I 11 o G • 1 I' 1 " M 1 • 11 .V I 



23. 

Ha pac. II noKaaaHa HaMeHeHHe Kon~qecT~a 6yp• oT ro~y 

K ro~y M HX qeTKaR CBHSh C COHH8qHO~ 8KT~BHOCTh~. I968 VI 1969 r.r 

npe~nonara~Tcff 6onee aKTHBHUM~,qey npe~mecTBy~~He ro~~ conHeqHon 

8KTHJHOOTH I956 - I957. 

Wll 

l~-1~~--~~~------------

PL'lo. IJ 

4Hcno 6ypi no ro~uM I lU'lU-1957 r.r.1. CnnomnoH 

nHHMei1 ;nano tuwno 6yp:o IN I, npephiJmcTott -

OTHOCHTenJJHoe qt-tcJio COJIHCliHhiX nHTeH I vV I. 
BHRSY - ro~hl, cneBa - MacwTa6~ B e~HHvtuax. 

DpHMan ,napaneJIJJHaH mKan~ ~eT-HyneBaH nHHHR /no 

"CnpaBOqH~Ky H~~SM"I· 

Ha~~8HH8H CBH81J COJIHeqHol aKTHEHOCTt1 C MBrHHTHhiM~ 6ypRM~ 

~aeT B03MO~HOCT1J WX aapaHee nporH03HpOBBTh,qTO RMeeT y~e B 

H8CTOH~ee BpOMR 6on1JrnOe npaKTJqOCK08 SHaqeHHe He TOnJJKO 0 TOqKII 

ape-HVIR OU8HK~ BOSMO)J(HOCTOi-1 HapyWCHHR pa~vtOC::eRavt H TeJierpu!Jia, lWIC 
_ _.. --------

Y~H~HM B ~an1JaelmeM c uon•ro coa;naH~H cneuVIan1laoi1 npe~ynpn~MT8nL-

HO'"-npo{bLiJI8KT:r.rqucKo U cnylltc5hl. 



24. 
tia COJIOCT8BJI8In1H 061I(HX OBI)~CTB SJIBKTpHtrBCKOro £-1 MarHHTHO

ro nOJIR 8BMJIH CJie~yeT, liTO B Jl8]JHO~bl COJIH8llHO.i1 8KTMBHOOTVI lWMJI 
.. 

H6HTH SJI8KTpHtr8CKOrO H MarHMTHOrO JIOJIR 38MJIH MoryT ~CflhiT.h!Da Tb 

aaatrHTeJI.bHbie KOJie<5amur KaK no l18JIHtrHHe, TaK H rro aarrpBnenmo. 

He06XO~HMO 00060 OTM8TVIT.b,llTO B nepHO~H MarHHTHOW 8RTHB

HOCTH M1 0C068HHO,BO BPBMff MarH:V.THbiX 6yp:&\MOryT 61iT:& 3H8'1MTBJI:&-

HHMH no B8JIH'IMHe IIpOHSBO~Hhle no BP8M8HH OT MarHHTHOro JIOJIH 

< ( ';)/1/Jf ) ' , !leCMOTpa na MHJiyJO ,1\(lCOJIIOTHyJO BeJIII'IIIHY OOJIH, 

§ 3. ConaettHaH aKTVIBH.OcT:& M RponeHOCHaff CVICTeMa lJeJIOBoim. 
I 

:B 60JI.blllOM [{HKJie pa6oT, JIOCBflllteHHbiX YCT8HOBJI8HHJO COJIHCtfH 

SBMHbiX CBflSeti KaK npaBVIJIO IIpOH330~HTCfl COJIOCTaBJIBHHe PH~a npoqe 

COB, npOHCXO,ltffii(HX Ha 88MJI8, C O~H0Bp8M6HHOM perHCTpanHe£1 K8I<HX

JIH60 C06blTHH, IIPOHCXO~fill(HX na COJ£HUB. 

B aacToHmee BpeMH qacTo aa Mepy conHe~aol SKTHDHOCTH 

npHHMM810T TaK HSShiBaeMbiB '111CJia :E.QJI.b!IJa, onpe~eJifl8Mli8 K8H: 

VJ-=h+lof (I.3.I) 

r~e h - 1U'JCJIO JIHTCH, ,f - 'IVICJIO rpymi JlffT8H • 

nJiff XapaKTBpHCTVIKVI COJIHB'IHO~ 8KTVIBHOCTH BBB,ltBHbl JIOMVIMO 

U~)-· l~'6) 
'Uteen Bon:ocpa,pfl~ .ztpyrHx MH~er<COB. 

K HHM OTHOCffTCff! 

I. nnoma.ztb rrRTen, 

2 • JIJIOII(a.zt::& H ffPKOCTI1 gJHKCJIOB, tPJIOKKy.n, BOJIOKOH, 

3. HPI<OCT:D VI IIPI1TfiJKeHHOCT::& 06JI8CTei1 MOHOXpOMaT""lWOiWl'O 

HSJiytrBHJIIR COJIHBlJHOPii((JpOHbl, 

4. HHT8HCHBHOC~b pa.ztVIOH3JIYG8H~H COJIHQ8 VI ~pyrVIe. 

DepeqwoneHHMe xapaKTepncTHKM npocT~,o~HaKo OHH ne OTpnmu~T 
' 

.I(HHSMHKH paaBHTHH nepTy6ai.J,HOHHMX npor~ecooB Ha Conal(e no Bpet.WIHJ. 
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25. 

TaR, HanpHMep, nerKo coc!ra:oHT:& pH~ KOM6HHau~d;t V\., - qHcJra 

ITffT6H M .; - liJ/ICJia rpynn ITHTeH, npH KOTOpOM 'llHCJJ8 BOJibtfJa 

'N - 6y~yT O~HHBKOBhiMH H TBKUM o6paSOM He OTpaJKaT:& OTJIHqHyiO 

,1tpyr OT ~pyra COJIHetmyro 8KT'HBHOCT:& • 

ilOSTOMy rrpaBbi Te BBTOphi, KOTOphie ~Jiff OQeHKH COJIHC'llHOti 

8KTI4BHOCTH TipH HCCJIB;zJ;OBBHVlffX ee CBR3H C 6VlOC!IJepot1 3eMJIV1 rrpe,l.\JI8-

raiOT :oMecT.o 'llHCeJI Bon:&wa - ,ZJ;PYPHe xapaKTepMcTHKH. 

B qacTHOCTM 6onee.rrpanHn:&HO~ xapaKTepHcTHKOA ooJIHeqHo~ 
I 

SKTMBHOCTH HBJIH6TCR TIJIOTHOCT:O TIOTOKa pa~MOBOJIH, rrpeAJIOM8HHBR 

H. rr. UVIM8XOIH1q( .~9 ) ' KOTopar. MO)f(eT' 6b1Tb CBfl38H9.~ He TOJI:hKO 

C H8~8JIOM C01IH6'llHOli BKTMBHOCTVl, HO H 0Tp8)f(8Tb B8PhiBHO" xapaK

Tep BOSMytneHM~ H8 COJIHI~e • 

· XapaKT6pHblM B oTOM OTHOlU6HMH HBJIROTCR. BblCK83hlJ38HJIIR 

B.A. Pb1BKHH8 0 CBR3H COJIHeqaoH BKTVlBHOCTH 11 1 cep,ZJ;e'llHO-COCYAMC

TblX 8860JICB8HMti, B KOTOpbiX OH OTMel!aeT poeT aa601ICBBHV!i1 HTOI'O 

THIT8 B nepHO;zJ; H8pBCT8HMH COJIHC'llHOI SKTV1BHOCTM,OC06eHHO,B nep

Bii6 2-4 ,Zl;H.fl. 
( ~ ) " TaK B.A.PhiBKMH npMXO~MT K BhiBO~y · ,qTo B OTJIMq~e 

OT donee npOCThlX TBCTOB /XHMM'lleCKMB,JieHKOUMTOpHhlO, yponoH:& 

apTepMaJI:&Horo ~aBneHVIR VI ~p. I npH paaBHTMH MH~apKTa Mnouap~a 

H66JiarOITP,MHTH08 B03~0WCTB!IIC CBH3aHO He CTOJI:OKO 0 a6COJIIOTH01i Ll 

CYMM8pHOi1 BBJH1'll11HOti COJIH8l!HOH a::tTJIIBHOCTH, CKOJillKO C TOMTI~e ___ _ 

pacTa ~ · BeJI~'I:!IIHOi1 npenwueinm Hcxo,gHoro ypoBHH. Bcne~c'l'Al1e :J'l'OI'n · 

]la3iCe B ro]lbl MvtHMMyMa He6on:omvte :soaMymeHH.fl MoryT oRa sa T:n ana-
I 

ll 
tUIT6JiltHOe 6:ROTp0fJHOe B03,1.(8t1CTB11'~ • 

... 



26. 

B pado'l'e K.~.HOBHKOBoiii, T.H. llaHoBa H A.n. UiymaKOBa 
··• . 

fi0K888HO ( 21, ) 
' 

' 
I I ' J • ~·, 

l ) '.' f ' 
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PHC. 12. 

tlTO npH Olt111'bflb!X BOaM,YH!OII~HX MllPIIllli'IHH'O JIOJIII : lr:MJIV1 li'l' lA ll•h Jll"l f I 

MHOKap~a doJI.bHhie rrorvt6aroT B II pa:3 qarne, a npvt O'WH:& c H.n.orw :< 

BOSMyll(eHvtffX M8rHH~'HOrO llOJIH B 16 j)88 tiSU(e, t16M np11 CJ18UHX B03M,'{·

Iq6HHHX MarHHTHOrO IIOJIR 3eMJIJif. 

8TH ~lt1cppbi HarJIR,zJ;HO BJif,1l;Hbi HB npvrBe,n;eHHOrO pvrcymm T?, 

Ha KOTOpOM np11:Be,n;eHO tiVICJIO CMOpTeH, npHXO,]l.fiiJ(HXCR H8 O,l{HH JJ;CILE. 

MarHHTHO~ 6ypH B 88BHCHMOCT~ OT vtlmeKoa HHT8HOHBHOCTK 6yv~ 

K :a 6aJIJiax. 

fiptt aTOM CJIO;JtyeT llO,l.\tlCpiCHY~'L, qTQ :B llRTJif68JinHO~l ClllO'I'CMC 

VIH,11;8KO XapaKTepvtayeT Mai'HJifT08KTl1BIWe ,1l;HH, 8 He B03MymOHV1H MarH~T-

HOrO fiOJI.fi 8eMJIVI BO BpeM.R VIX oyp:&, KOr,n;a KOJie08HJMI HltTfH!G mmo,;'J'~1 

uarHHTHoro noJI.R oco6euuo BOJI.ll'lKvr. 
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27. 

A.Jl.llM31CeBcKMtt oco6oe BH:W\oiaHHe oc>pamaeT Ha ,nettcTBVIe pea

KMX TOJI'tlK006paaHbiX 11MDyJI:&CHbTX <f)iiKTOpOB COJIHe'tlHOtt 

YCBO!HO H88B8HHbiX HM ~ - l'I8Jiyqe3HeM. 
( 22 ) 

TaK no STOMy BOnpocy A.B. qw~eBCK~tt DHllieT "Mo~HO 

,l(ODyCTHT:&, QTO VI3Jiy'tleHHe BJIVI.A:8T H8 C5eJIKOBO-KOJIJIOH~HbTC CHCT8Mhl 

KPOBH, JIHMtPhi, KJieTO'tiHYIO npOTOUJiaaMy H Bhl3biBaeT B JHUC KOJIJJOH,7.tH0-

8JieKTpHqeCKHe 113MeHCHl1.A:,KOTOpbie BJieKyT aa COC50tt KOa~yJIHUHIO 

KOJIJIOH.nOB 11 TeM C8MbiM,npl1 HaBeCTHhiX yCJIOBVIRX naTOJIOrViqecKOe 

COCTO.RHH6 opraHH3Ma f'l npHB0,1J;flT ero K KaTaCTpoti>e". 
! 

BaEHO B aToM BbiCKa3hiB8HVIH To,qTo VIMeeT MecTo y;n;apHoe 

JIIJIH MMnyJI:&CHOe B03,7J;81iiCTBVIe,cnocoC5HOe paCCTp8IriB8T:& yCTOiiiqlt1BOCT:& 

~JriSHOJIOrHQ8CKHX npoueccon B Op~lHf'l3Me 'tleROBeKa H8 T8KOe BpCMH, 

npH KOTOpOtt OH He VIMeeT H806X0,7J;MMOrO BpeMeHfri ,7J;JIR BOCCT8HOBJie

HH.R ycTO~Ql1BOCT11 uapyruaeMbiX npOJ~eCCOB • 

ro:sOpR 0 BH8IJ1Hei1 cpe;n;e VI 0 ee BJIJri.A:HHM,Mbl TaK~e rOBOpl1M 

M 0 KOCMVI't18CKOM npOCTpaHCTBe , OKpy~aiOJUHM 3eMJIIO J11 ;n;ei-iCTBYIOlllVIM 

HS ee 61100~epy SJieKTpOMBrHHTHbiM noneM,M8HRIOmMMCfl BO BpeMeHVI 

H ! npOCTpaHCTBe. 

ConHeQHan aKTVIBHOCT:&, nponJ3JIHIOntancn B nonBJieHHM nnTeH, 

MSBep:JiteHHil VI T.;n;., COTipOBOJK,Z.taeTOfl Ha 3eMJie CHJI:&HeliimVIMH BOoMY-

11\eHHflMM Marm-tTHoro nomt, rpa;n;vreH'ra noTen:uHana aTMocQJepnoro 

aneKTpHqeCfBa,HapyllleHHHMH B paC5oTe npOBOJIO'tiHOiii 11 pa;n;l10CBH3l1 

H MHOrVIMH ;n;pyrVIMl'I aHOM8Jil1HM~ B ~lTMO-,rHAP0-,6HO-,JI~TOCQlepe 

yqaOTKO:S.DOTOKH aapn~eHHbiX qaCTMI.(.JIIOHHSHpOBaHHbl~ CJIO~ 3CMHOH 
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2U. 

8TMOC<lJ8pbl BCJie;ztOTBHe BblCOKOi..i am1MYT811:&HOH npOBO~Tt1MOCTiti aa;ztep

EMBaeT tJ8CT:& 8318KTpOM8rHVITHOro CTI8KTpa. ]vrm:r, BOJIHbl ~Jll1HOH OT 

20 M6Tp0B H MBH:&me tJ8CTHtJHO npOHV'IK8IOT H8 TIOBepXHOCT:& 38MJI~ B 

OOJI86JI6HHOM BH~e. 

B OTHomeaVIvr noTOKOB aapHJKeHHhiX qacTii'I.U npvraHTO CtJvtTaTb, 

qTQ OHH He ;ltOCTHraiOT nonepXHOC~~H 3eMJIH. B BepXHVIX OJIOffX aT

MOCW8Phl oavr Bhl3hiBaiOT HOHVIaauvriO a OTKJIOHfliDTCH MaravrTHHM noJIOM 

3eMJIH. 

lqTo JKe BJIHfleT Ha aaMeueJiae pH~a npoueccoB Ha 3eMJie npvr 
i 

npOHBJieHPIVI COJIHeqHOVI 8KTt1BHOCTJIJ? 

KaKoe-n:v~c>o cneuvHpllltiOCJWe vraJiy'leHt1e ~ooene HaM nevranecT 

HOB, JIH60 :B03MYIIlBHl'Ifl 81IBKTpOMar:-IVITHOrO TI01lfl ~ ero OdbltJHbfX 

xapaKTepHOTHK, K KOTOpbiM 1l\1lli:O :B onpe~eJIBHHblX npe;neJiaX a;ztanTH-

po:eaJICH :vi tJeJIOBetJeCKHU oprBHt13~, a 6aKTep~~Jl:&H8fl KJIBTKa, H 
l 

:eHpycN rp~nna. 

~8B8CTHO,tJTO ~~3HGHH~C npouecc~ npO~CXO~ffT R -~~KMX 

cpe~ax opraHHaMa, B pacTnopax J onpe~eneHHO~ KOHneuTpau~e~ 

TIOJIOJKY1T6JI:&HbiX H OTPHU8TCJU}Hb1X ~OHOB. C ;ltBHJIWHVIOM VIOHOB CBfinHHa 

SJI8KTPir1tJ8CK8fl aKTViBHOCT:& TK8H.e ~, 6VIOTOKOB B M08ry, CBP.z\1\0, MH111-

nax VI T .~ • VI K8RVI8 C5bl He 6L1JIVI CJIOJKHble ffBJ18HVIH, npovtCXO~Hll~~e 

BHYTPM opr8Hiti3Ma, l111H OT.1\eJI:OHOi1 KJI8TitVI, OHVI o6ycJIOB118Hbl B ltOIW'l

HOM CtJ8T8 8118KTpOMarHHTHWMW CH118MVI. 

8apfl;ztbl VI KOMTIOH0HTbi HanpmK8UHOCT8H ~~318KTp~tJ8CKOrO M 

MSrHVITHOrO noJieti, onpe;ztOJifliOII(:vJe cWOKTPOMarHii'I.THbie CJII.Jlhl ,;IJ;OJDKHll 

y;ztoBneTBOPflT:& ypa:aHeiUIHM MaKcBenna: ...... 
--- &~ £ " f u>f f. -;j 

- ......,.. { 
~· -~ 1. [j' £ v-] r/Av 13 -= o ·"U;t 13 = .-r ~- + .~ 

/.')/<1 t E. 
(I.3.2) 

.. ~ 
. ,, 



29. 

-E - :seKTop nanpnzeHHOCTH ~neKTpHqecKoro nonn. -8 - :seKTOP narrpnmennocT~ uarHHTHoro nonn. 

V8M - cKopocT:& pacrrpocTpaHeHHff aneKTpoMarHHTHbiX BOnn B 

paccMaTp~BaeMow cpe~e. -t - nnOTHOCT:D TOKOB • 

K ypaDnen~nM MaKcBenna B ~opMe ( I.3.2 ) neo6xon~Mo 
~odaBHT~ ypaBH8HMe 38KOH8 COXp8H8HHH aapn~a B 0Kp80THOOTH 

I 

paOOM8TPMBS8MOH TQqKH B B~~e 

( I.3.3 ) 

YpaBHeuy,e (I .3. 3) flBJIHeT<:H ypatmeHJ,teM HenpepbmiiOC'l'l1 H 
I 

OHO yKa3b1BaeT Ha TO,qTO llOJIHbl~ ~OK qepea 88MKHYTYID llOBepXHOCT:& 

pa:seH yMeH:DW8HHID aapR~a BHyTp~ BTOti ITOBepXHOCT¥1. 

EcnH KpoBeHOCHYID c~cTeMy qenoBeKa paccMaTpHBaT:& KaK 

yCTOt1liHBYID BO BpeMeHH CTIICTeMy AHI111KYll\HXCfl MHitpoaJieMeHTOD KpOBVI, 

necymHX Ha OBOe~ TIOBGpXHOCTH 38]lfl;nH,TO CIIIJib1 90TB8TCTBeHHN8 aa 

ycTOHqHBOOTn 8TO~ CHCT8MN,6y~yT CJIIJISMIII 8J18KTpOMarHIIITHOro ~ 

rH;ztpO;ztiii.H8MHqeCitarO VI rpaDl1T8H~O.iHOrO rrpOHCXOJK,1(8HJIIH • 

II pH ananiiiae aneKTpOMarmtTahlx CHJI /nocJiemui.e B npr1 nuvme 
I 

onHCHBaiDTCH c noMom:om ypannon~~ MaKcBenna,xoTn Ill onpe~8JIBHI~~e 

KOMTIOHeHT CJIIJI MOJKeT B HaCTOHmee BpeMR He npeACT8BJIHTLCR B03MOM-
··•-

HbiM Mbl 6y.neM TIOHV!MaT:& no.nr ·3t) C, A OOBOKYTIHOC'l']; BHyTpeJUIIIIX 

... - i ____ __ll opraHHSMe qeJIOBeKa J1I ;L\OII03IH\·'IT3n:&HHX OT BHeWHHX B OltpyJ!CBIOU~e~i 
I • 
I 

....... .... •4> 

e, -= P.:>12.-+ P->r~. 
( 1.3.4 ) 

~ J' . " ,. .• 



· H npOH3B0,7.(HHX no BpeMeH:H OT KOMllOH8HT TIOJIR 

-- ........ 
r;ne f~ , J"" ~tn-t. , 8~-0i. 
~YH~RMH napaMeTpOB )n. 

()£ 
M 7if cpe.ztN. 

30. 

(1.3.5) 

YpaBHen:we .ztBV~memm Ka·Koro-JIVI6o M:t-!KpoaneMeHTa KPOBH, 

Hecymerol na cnoeti nonepxHOCTVI aapH;n CV no;n ;neUcTBMCM aneitTpmmr- •. 

H'HTHblX, rH.ztpO.ztMH8MI!lti8CKlr1X JII rpaB:HT8J.U•10HHHX CJIIJI, MOryT 6biT:b aanHca

HH B QC)~eM BVI~e R8K 
._,. - . 

'J~.f. r"'"' /';!" ·~ d f 'cl/3 ..... ' r zr + r 11{ 
tn '()tz :: r;" \ [.~ 5,. '"ct ' ;dt 'f\f,,P,9}) +rd. ,-"-' (I.3.6) 

r,1.1;e oL -:: X,y, ~ - npOCTpaHCTB8HHI:W KOOp]:tHH8
1

Tbl, t - Rpey.m, 
'lf 

m - Macca ti8CTHIJ;hl' f.-~v I - xapaKTepV~ayeT rM.n;po;IUI!H8Mt·rqecity 10 
r"f' r T1M · 

Cl'IJIY, 8 r,.(, - rpaBIIIT8l.\VIOHHyro CJII.1IY, ~ - aJieKTpOMBI'HVITHyiO 

CVIJiy. 

B qacTHOCTH nepeHoc KPOD:biO neoc>xo;nV~Moro KOJIV!qecTna KHcno

po,7.1;a K paaJIHtiHNM opraHaM onpe,1.1;e~l8TC.fl HHTerpaJI:bHOM ITODepXHOCTLIO · 

apHTPOUVITOB,KOTOpan 6y.zteT MaKCJIIWlJI:bHOH TOJibKO TOr.zta,KOr,7J;a apMTpo~ 

QHTN B npOCTpaHCTBB KpOB0HOCHOrO COCy.zta 6y.n;yT 1!180JIJIIpOB8Hbl ,1.1;pyr 

OT ,npyra C TIOMOII.t:&JO 8JI8KTpOM8rHJIITHhiX: VI rM.ztpO.ztlllH8MVIti8CIU!X CVYJI • 

BKJI8,7J; B BTOT allJtlJeitT rpaBJ,1T81~MOHHOW CVIJihl 6JI:vt80K K HyJIIo BCJI8,7J;CTIH1e 

ee TIOCTOHHCTB8 B npe,l(eJiaX reOMCT]H1·ti6CKHX paaMepOB qeJIO:BOtiOOitoT'O 

, OpraHHSM8o ·- -------· 
Via ypaBH8Hl'l.fl (I.3.6) J1I COO~rHOIII8Hl'IH (1.3.4) l'l (I.3.5) 

BH,ZtH0 1 tiTO ycTO~tiVIBOCT:b T8KOM OVICTBMW 6y.zteT onpe,nenHTOH HO TOR~KO 

KOMTIOH6HT8MH SJIBKTpOMarHHTHbTX no;Ie~, HO VI HX npOV13BO,ZtHbiMW TIO 



f 

.... 3I • 
'JP, o£ 

BPBMBHH. B TOM CJiyqae,Kor.n;a( -~·t)cpe,ZJ;bl = O( ~)cpe,n;bl =0, 

'ITO fiBJI.ReTCH Ha:HC50Jiee TVIIIllll.JHbiM, paC5oTa KpOBeHOCHO~ CinCT8Mbl 

qeJIOBeKa HOpMaJI:&Ha 111 ycTowqrtma, no npVJ 6btcTpNx 11aMeHeH:HHX 9JIBKTP 

MSrHMITHOrO IIOJifl 3BMJil1 CJIB,ZJ;yeT OHVJ,ZJ;BT:O ,ZJ;Jiff pa60TU KpOBBHOCHO~i 

OHCTeMU HapymeHVJA ee yCJIOBMA yCTO~'I~BOCT~. 

TaK I<aK qeno:seqeCimi1 opraHMaM KSK 6110K~6epHeT~qecKafl 

CHCTBMa B TeqeHVJe MHOrOBBKOBOA { 1 BORIDU~H CBOero paaB:HT~fl a~aTITVJ

pOBSJICfl K BH8111H.VIM yCJIOB~fiM 8JieK1'POMarHVtTHO:L:i cpe,ZJ;Jl 3eMn~, TO MO)ft

HO rOBOpVtT~ B oe5meM CJiyqaq 06 OCHOBHHX yCJIOBHRX ycTOWtiVtDOro 

OynteCTBqBSH.VIfl opraHMaMa tiSJIOBBRa. 
i 

ne!moe YCJIOB:VJO 

p~ ~ Jo-roz. +J'r· 6))1 (I.3.7) 

r,zte f HBJifleTCfl tPYHK~118W IIJIOTHOCT11 38Pfl,lt0B OTp~u~aTeJJ:bHhiX 110HOB 

I 
K~cJiopo.zta,nocTynaromMx B oprauHaM 11a BOB.ltyxa ~epea nerRwe qenoFe-: 

Ita, f - TI1IOTHOCT:b aapH,n;OB D K8KOi1-TO TO'IKe, HBXO,llfllUB~CH BHy'l'pH 

oprauHaMa. 

O.ztHHM 113 110HOB,uco6xo,n;HMHM .ztJIR paank1THR M113HM B 611oc~epe 

3eMJIVI,HBHJICR 11 RBJIHOTCH VIOH K11CJIOP0,7.48,3H8K aapRl(8 KOTOporo 

onpe.zteJifleTCH ero XVJM.VIqecKO~i H 6110JIOrVJqecKO~ SKT11BHOCT:biD np~1 

peaKQHflX C .ztpyr~MH BJIBM8HTBMH, a TSK•e OC06BHHOCTflM.VI 8JIBKTp~qec

KOrO ITOJI.R 3eMJUJ • 

ro:sOpH 0 XHMHqeCKOitl. VI (h10:10rVIqeCKOL1 8KTJIIBHOCTI1 ITOJIOJKIIJTfJJfb~ 

HOrO MJIVI OTPk1U8T8JLbHOrO l10H8 CJie,(yeT ynOMHHyT:o ( ~ ) , l1TO 

I • K0:111i.}JHL(JIIOHT .ltWfJrJlySvrvt OT]HU{BTBJIJ,Hb!X MOHOB, HC381H!fCVlMO OT 

·;... ____ _j:'_9_rO KBKO.U raa B08l(yXa l10H1130B8Th,60JI:&ille K09tfJW111UVIBH'ra .ztY!rlJrilYHWn 

llOJIOEVITOJI:&HOrO HOHa,qTo RBJIRBTCH. cymeCTBBHHUM ~V!811IKO-XI!1MVIQOCKY!M 

W8KTOPOM. 



32. 

2 • IIO,ltBitiJ!CHOOT:& OTpVII.:(BTOJI:&HblX li'JOHOB 60JI:&JUe IIO,ltBVIJKifOOTii'J 

IIOJIOJJtRT8JI:DHblX • 

3. R3 OOIIOOTBBJIOHii'Jff li'JOHrt3llQii'JOHHNX OII0006HOOTe" TBKJKO 

one.ztyeT 6on:&man crrooo6HocT:& npmmBo;zrr~T:& paoiJlenneHRH MOJieRyJI 

OTPHI.tSTOJI:DHbiMlll ROHBMlll _., qeM IIOJIOJKm~eJI:&HbiMH • 

TaRHM o<5paaoM no ~VHPWY3l1lll, IIO.ztBH.JKHOCTH, oco6eHHO VIOHH3HPYJO

IqeM CIIOC06HOOT.H OTpHl{BTOJI:&Hbie li'JOFbl BKTHBHee IIOJIOllt.HTeJI:&HhiX. 

Ham'lli:He 6on:omoro oTpliiQaTeJI:&Horo aapR.zta 3eMJIH, Haxo.ztRIJlePooR 

aenocpe.ztCTBOHHO B KOHTBKTO ·0 <5MOC~epoH,.ztOJIJKHO OKBBhiBBT:& OT86HJirt-

3HPYIOifl86 
1

1

1

.zt8£iOTBHe HB KOHQOHTPBI.tli'l'IO li'J .ztHHBMitfqecKOe paBHOBeOvte 
I 

OTPHI.tSTeJi:&HblX HOHOB B 8,1l;VIHvH.\8 0<5'beMa 8TMOOW8PW • 

MlOCJI6,1tOBBH1MIMH IIOKB3BHO, liT J OltpymaiOml1.f.ii HSO B03.ztYX BOer.zta 

HOHH8HPOBBH /11.0 I.I03 
aapOMOHOB B I OM3/. 

EoJI:&mHM I.UUCJIOM HCcJie.ztonaHVIi1 yoTaHOBJieH'p ( ~ ) , t~To 

OTPMI.tSTeJI:&HbJe aapol10Hbl OI\83b!B8IOT H l.(8JIOM Ha OpraHii'l'3M 6JiaronpvmT

HOe .zteiilOTBii'J8 t a IIOJIOJKHTeJI:&Hbie U8p0l10Hhl t B COOTBeTCTB~Ut C JIIMOI011{~1Mlfo" 

Off H86JIIO.zteHHHMJII, CJie.ztyeT paCCMa TpHJJB Tl> K8K ae6JiarorrpHHTHblt1 ljla KTOp • 

ATMOOcpepHbl.U BOB.ztYX, npocpHJI:&~'POBBHHhiW llepea CJIOL1 Ba Tbl l1 TCM 

CSMhlM JIHIDeHHhli aapH.ztOB,ITpH B03,11;8~CTBMH HS opraHHBM JKMBOTHhiX 

IIPHBO.ztHT HX K oep:&e3HbJM aa60JI8BBHMHM, a aaTeM qepea OrpaHHqAHUNH 

cpoK K CMepTH. AHBJIIti3 opraHii'J3MOB IIOrVIC5mHX JJCHBOTHhiX IIOKB3bJB88'1', 

qTO HX rHC5eJI:& ffBRffeTCfl peayJILTBTOM HapyrueHHff HHTeHCHBHOCTH OKHCRH

T8JI:OHO-BOOCTBHOBHT8JILHHX rrpOL(80COB. 

A.~.qHmeBCKHM 6Hno aKcnepHMSHTaJI:ono ycTanonneHo,qTo 

OTpl"'t.taTeJI:OHble HOHH KHOJIOpo,na B OCHI)BHOM npOHit11\BIOT B OpraHTII3M 
·-·-----

llepea ,lt~XaTeJII>Hhriii annapaT 11 aa'l'eM :a KPOBffHoe pycno, TeM caMbiM 

IIOCTOHHHO OT86HJIHSHpyroT cyMMapnyro JIOBepXHOCTl> apHTpO~~TO!,Heo6xo

,ltlU.fYIO .ztJIH npOrtSBO~CTBB Bcex OI\HOJIWreJI:&HO-BOCOTaHOBHTeJI:OHhJX npOI~ec-

OOB B opraa»aMe • 

• 
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33. 

flOSTOMy B03;l(YX TIOMen~eUHti, B KOTOpbiX qeJIOBBK npODO;l(JriiT 90% 

:atHSHH H B KOTOpOM OTCyTCTBYIOT O~~pHu;aTeJI:&Hble HOHhi KHCJIOpo.zta B 

.ztOCTaTO'!HOil KOHUeHTp8IV'IH,CTIOC06CTByeT na.zteHHIO 881l{HTHHX CHJI opra

HHSMa H B KOHetiHOM CtieTe K ero npelK;l(eBpeMeHHOMy HSH8IDHB8HHK> H 

CTapeHHIO. 

0TCIO;&a O;l(HO 118 OCHOBHhiX yCJIOBHM HOpMaJI:&HOil lKl18He;l(eHTBJI:O

HOCTH t~eJIOBeKa fiBJIHBTCH TO,'ITO l OKpymaiOII{eM H8C npOCTpaHCTBe 

DJIOTHOCT:& OTPY1U8T8JII>HYX V!~HOB KflC~OpO.zta He .ztOJIJKHS 6b1T:& MeH~IDe 

H6KOTOpdli1 K~!t1TH'l8CKOM BBJU'IllHHbi, T. e. 

, Po~ <- ·i)c~- "- c;: 
' .i - I' ._ f) 1 ( I • 3 • 8 ) 

w ;/ ' I 

0TibiTbl A.JI.tt.HJKeBCKOrO 0 J!U1BOTHblMMt,BOS;&yX K KOTOpbiM TIO.zta-

B8JICff t~epea onpe.zteJieHHhlil CJIOM B8TY VI T8M C8MblM JIV!lli8HHYil BCeX 

aapH.ztOB,rOBOpHT 0 TOM,llTO rVI68JI:O JKHBOTHbiX B reayJI~TaTe napyrue

HHR OKHCnHTeJILHO-BOCCTaHOBHTenLHWX npOQeCCOB B HX OpraH~3Me 

nacTynaeT B Tet~enHe neKOToporo npoMemyTKa BpeMeHH( ~ >. 

HaJIMt~He TaKoro Roneqnoro MHTepnana BpeMeH1tl, Kor.zta nnoTHOC1'I> 

aapfi.ztOB aspOHOHOB B03ll,yXa B ycJIOBl'IfiX 8KCTIBpltlMeHT8 .ztOJIJKHa 6b1Tb 

TIO'ITH palmoti HYJIIO, DpltBO;IJ.l'IT K BblB•),ZJ;y 0 HaJiltJlHUI HeKOTOpblX KOMDBH

CaTOpHbiX WYHKu;t.it1 no BoccTaHOBJieinuo aapH)J;OBoro 6ananca KPOBl'I 

BHyTpH opraHH3Ma EHBOTHYX. 

flO-Bl'Il(t1MOMy MOry'l' Cyii{CCTBO:~aTI> H l.ztpyrfle l'ICTO'IHl1KVI riOTIOJI

HeHHff aapH.ztOB Ha apvrTpOl(l;fTaX npH HX .ztBHJKeHHH TIO CJIOJKHO~ ceT~1 

KPOBOCH86JiteHlUI oprarmSMa qeJIOBeita. 

BTopoe ycnoBvre 

- '. · ··-c.~, ~it [B"fz + 8fW ( rt,.vf.)} ~= c, 
(1.3.9) 

c.t, ~It Cg-r· +fy,,(f~)] "C ~ 



34. 
8TO YOROBHe xapaKTep~ayeT ycToU~~BOCT~ KpOBeHOCHOM CHCTe

Mhl '18ROBeKa K y;n;apHbiM B03;ZJ;8MCTBHHM 3R8KTpOM8rHHTHOrO npOviCXOJK;n;e

HHH1CBR38HHOrO C npO.RBJ18H~8M CORE8'1HOU BKTHBHOCTH. 

CTaTHCTHqecKHe wcone;n;onaHHR A.J.qHJKeBoKoro aaBHOHMOCTH 

OO~eH OMepTHOCTH OT H3MCH8HH.R MaTHHTHOrO TIORR,T8K H 60JI80 00Bpe

M8HHNe wccne;n;onaHHfl, B qacTHOOTH, E.A. PNBKHHa B JeHHHrpa;n;e, 

K.~. HOBHKOBO~,T.H. TiaHOBhlM,A.IT.lliymaKOB~M B CBep;n;JIOBCKe no BOnpo

cy yqa~eHHR 'IHOJia HH~BpKTOi H HHCJJI~TOB BO BpeMH MBrHHTH0-8KTHB

HNX ,llHe~ MoryT ObiT~ 06'DRCH8Hbl C TIDMOI~:&IO COOTHOID8HHH (I .3.9) • I 
I 

TaK Ha p~o. 13 ;n;aao ceMe~cTBo yope;n;HeHHhlX KPHBNX no 68 

odopoTaM COJIHI.(a B cpyHKI.(VTii1 cyTOtiHO::"o o6opoTa COJIHI.(a ,paBHoro 27 

86MHLJM CYTKaM. 

PVTc-. 13. 

(lM'1lJ'I'Ir1 11'1' hrt'111H•IfdJfllllli 11'•11'1'1''' ""'""'! 11 lt'•fll(t•·lllf•tr '·t•ttl1 I• ·I,., 11t 

OHOTeMbl: 3'/20 OJlY 4/.HJ B; .S-/~llliiiJ M vltW u. l.Y 'H!U H f! Mt; iJ'J.' Ill 0'1' WH)OJI I; liitiJIIIVl 



35. 

cep~e'IHO-COCy~VICTOi1 OVICT6Mbl VI OT.:ip'leCKOH ~pflXJIOCTVi :8099 OJiyqa

eB, 4-~VIH8MVIK8 CJiyqaeB CMepTVI OT aa60JISB8HVIH opraHOB ~WX8HVIfl: 

4579 OJiyqaeB; 5-~JtiHaMitiKS OJiyqaeB CMepTVI OT paaHHX npltitiitiH 

/KpoMe y6VIi1CTB:35244 onyqan/. no A.].~VImeBcKoMy.KoneHrareH. 

no 27-~HeBHOMY nepltiO~Y o6pa~eHVIfl OOJIH~a.Cpe~Hitie VIS 68 060pOTOB 

Cona~a. 

flo Op~VIH8T8M OTJIOmeHW B8pVi8~ViVI HanpnmeHHOCTVi MarHVITHOrO . 

TIOJifl 3eMJIVi VI qwoJia OJiyqaeB CMepTVI OT paaJIVIqH~X llpVi'IHH. 

, Conna,nea}'le aTVIX HBJieHIIIH noaBOJIHeT roBOP}'IT:& o oBH8Iti 

B8pV18UH~ MarHitiTHOrO ITOJIH 3eMJIIti VI qHoJia OMepTeA 'ISJIOB8K8 OT 
. i 

paaHbiX npH'IHH. KoaipqJiti~VIeHT KOppeJIHll,VIH ', HeKOTOpHX H8 8THX KPHBhiX 

6JIHSOK K e,ztHHVI~e. 

O~HaKo cne~yeT no~qepKH~T:&,qTO yope,ztHeHitie KPOBH npo~aEe

.neHo llOtiTM aa 6 JieT VI TOJILRO 6naro,napfl 60JIL~OMy rrpoMemyTKy Bpe-
i 

MeHH HHTerpaJI:&Hafl KpVIB8H B = B (!) OTp88VIJia ,ztOOTSTO'IHO TOqHO 

o{)!.' . '"llo. 
ycpe.ztHeHHyiO BSJIJtilU'IHY c:::. l ,f " , T8K KSK 

't 
/3({) , J i-t at =- .<: "%l >. t (I.3.IO) 

0 

.VI CKpblJia TeM CSMblM y:napHbi.Li Xapai:Tep B08;ztei-1CTBVIR 8JISitTpOMarHVIT-

HO~ cpe~N,eCJIVI B KaqeOTBe reJIJtiOI,eO~VISJtiqeoKOrO HH,zteKCa ITOJIL80-

BST:&Ofl XO,ztOM M8rHitiTHbiX BOSMy~eHJ'!i1 8eMJIVI, a He \~IX npO!Il8E0;1lHOL1 
I 

BO BpeMeHH. 
I 

Ha parree npHBe~eHHOM pncyHKe I2 rrpe~cTaBJieHa ~IIIarpaMMa 

'IHOJia CMepTeW OT VIHrpapKTa MviOitap,zta sa OTHOCHTeJI:&HO KOPO'£KV!vi 

~ '· _____ @OMemyTOK BpeMeHiti B 88BVICVIMOC'!'l1 OT VIHTeHCVIBHOCTJti HSMSHeHVIi1 

uarHVITHoro nomr SeMJm B nHTa6an:&HolA C)IICTeMe. 



36. 

He ro:eopfl o neqa.nhH~x noc.ne~cTBHHX :en~HH~fl MarHHTH~x 

6yp~ H8 paaB~T"B MH~BPKTOB MHOK8p~8,M3 npHBB~BHHOro. pMCYHKa 

tleTKO :B~BH ~J.1HBM~qeCKMt;i xapaKTBp 3TOt1 01Hl8M t np~ KOTOpOM 60JI.h

Hlie norH68IOT B 16 pas qatne np~ HH,11 BKCB M8rHMTH~X B08MYU\Bmt~i 

K = 2, qeM np" HH~eKce K= 0,5, H€CMOTPH Ha ero aeonpe~eneHHOCT~ 

H cy6'beKT¥1BHOCTn B OUBHKB B03MY~BLH~ MBrH~THOrO TI0.1Iff 8BM.1IVJ:, 

TpeT:&e ycno:evre 

i 

8TO COOT~OWBHVIB TIO CMHCJiy BKBVIB8.1I(JHTHO paCCMOTpBHHIO qeJIOBBKB 
' 

. KaK 6~0KH6epHBTVIqB~KOA CHCTBM~ TIO~K.1IIOqBHHO~ B 3HBKTpHqecKyiD CBTh 

8TMOC~BpN. PaaMBpHOCTh KOHCTBHTH (;3 COOTBBTCTByeT - "Hanpff~BHMO 

B BOJI:&TaX ~B.1IBHHOB ua COTipOTVJ:BJIBHJIIB" • 

BOSMOJKHOCTh Hanvfcam'IH 'I'8KOrO COOTHOmeH~ff B B¥1,11;8 (I .3. I I) 
I 

OCHOB8H8 He TOJI~KO HB TOM,qTO qeiDJBBK H8XO~HmHMCR Ha ITOBCpXHOCTVI 

8etm~ 6y;neT HMeT:& oT.nVItmyro oT uyn:r paaHOCTn noTeHI~wtanon/ ~\j ·:/= 0 I 
Me~y M8KymKOH qe.nOBBKB.VJ: ero ITHTK8MVJ: 9 a TBKme H8 TOM,qTo ,11;JIR 

0081l8H:Jrm TOKOB H CBR3llHHOrO C Hit'IMWf MBrH~THOrO IT0.1IH -:1{~-'ii' I 

•••• B paaJIVJqnHx opranax qenoaeKa, aeo6xo;nvtMa aJteKTpO!(BVJJ~ynlnn 

CH.na, 

iHBO" OpraHVJ:3M H8. BCBX CTB;ri.HffX CBOero p88BHTHfl V!MBJI H 

MMBeT HBTIOCpB~CTBBHH~U KOHTBKT 0 3.118KTPVIQ80K~M TIOJIBM Vi TOKBMVI 
I 

HBXO;ztfl~TtiMVICff B BTMOOclJepe 3GMJlVI. CTCIO~a MO)KHO npe;nnonara'l'J,, qTo 

BHeceH~e B opraHmaM qenoneKa H3 Ene ;nononH~TenhH~X TOKos,o6yonoB-

nenHbiX KOCMVJ:qBCKV!MH q)8JCTOpaMVI t MO»:eT B~8B8T:& B TBX 'VInVI HHblX opra-

---- Hax HapymeH~H pa:euoBecahlx rrponecc:o:e VI npVIBBCTVI ocna6JieHHhili opl-,a

H~aM K KaTacTpo~e. 



3?. 

fipe,ztCT8BJIRCT HBOOMHBHHbJti iiHTepeo XOTfl 6bl IC8lleCTBBHHO 

paCCMOTpeT:o pfl,l{ pa6oT,OBfl38HHhiX C HBMBHBHHBM xapaRTBpJIIOTJIIK Kpo-

OoHOBhiBaHc:o Ha H.zte.Rx H pa6oTax A.~.~JIIJKBBCKoro M.TaKaTu 

0 1935 ro,zta JIICCJie,ztyeT,OTKpbiTyro JIIM,,1tl18rHOOTJIItiBOICyiD peaR~JIIID KPOBR 

H8 Bblfi8,zteH:He lt13 Hee 6emtoBhJX TeJl npH BBB,zt8H£Uf B KPOB:& HBitoTpb!X 

XMMJIItiBCKHX peaKTl'IBOB £1 HaSBaHHYlO peaR~:vte~ "r- " 
r fJ // .J. .1 . (2~) I r-'t,e~c~·tA;:!·'~o!U ·- z~aeGt~~u 

pl'SI(f.lllll 
11 f' 11 IIpOi!CXO;!~IIT, KOI',lla 'IICII!iTyeMbll! ~adopaHT 

<Sepyut:e.ti poB:&, Ha,ztellt.uo MaoJiwpoBaJIJW:n oT 
1

3eMJIH ( I ~ I 3eMJifl =0 
I 

c TOtiKJII apem·tR ypa:sHem·ur /I. 3. II/ ) • 

B STOM CJiyqae KpOB:&, KaK KOJIJIOVI~Hblii paCT:BOp IIO~:eepJKBHa 

BCeM BOB.ztBiiiCTBJIIflM SJIBlCTpOM8rHVITIWti CpB,l{bl, OICpy;MaiOII.\Bti tiBJIOBCICa • 

PeaK~Hfl "!= " HMeeT OTllBTJJ~Bo BhlpaMeHH
1hiM cyTOttHbJX xo~. 

llpH STOM .ztO 8CTpOHOMVItiBCKOro MOM€HT8 BOCX0,1.(8 COJIH~a IlpVJMepHO 
..()Hii.-

aa 6-8 MHHYT~apacTaeT Ha 20%. 

B TeqeHvre .ztHH peaiC~Hfl "~·" noapacTaeT,HO nocne aaxo~a 
. COJIH~a BHOB:O YMBHLII18BTCH, 

Y:seJiritteHHe COJIHBtJHoti aRT:vtBHOCTH, CB.Raannble c npoHCX:OAAAIH;eM 

rpynn COJIHBt{HbiX IlflTBH qepea ~8HTp1JILHhiM MBPri.ztH8H IIO\ITJII DCCrAa 

COTip0:BOJK,lt8BTOff TIO,Itl>CMOM peaitJCvH1 "r- ", ROTOpaR :B 0Bfl3vt C :7'J'VIM 

OTqeTJU1BO OC5HapyM:v~:saeT II-JJeTHlt1i1 ;~lt1KJI H 27-.ztHBBBhii1 nepHol( Bapw\)\tH'l 

CKOpOCT¥1 Bhiii8,1(BHl'Ifl 6eJIICOBHX TOJI Nl':3 Cll130p0TICH KPOBlt1 qeJIOBeHa • 

fipOB6piC8 BJHIRHL1fl Ha XO)( pemc~vm "F" 0BBT8 ,yJI:&TpatlJl10JIWl'OJlhfX 

·- ----JiytreLi, pa;n;:vtOBOJIH Mflri-coro pCHTrBHOBc:ICOrO l'I31lYllBHJIIfi, r8MM8-Jiyqet1, He liTpO 

HOB B TeX .ztOaaX,KOTOpNe ~MBIDT MBC~,O B 6HOO~epe 3eMnH,.ztana OTp~ua
TeJI:&HbiLi OTBeT. 

I ·": 



38. 

JKeCTKHe penreHOBCitVle Jiy'lllll C ,ItJIHHHOH BOJIHN OT 0,1 ,ItO 

0,07 A /anrcTpeM/, raMMa-Jiy'llH PI H6WTpOHM H .zta*e H8MTpVIHO DN3hl

B810T YB8JIVIqeHVI8 peaK~VIH "\='", HO ~'OJI:DKO np:vr TSKHX l'iHT8HCVIDHOCTHX, 

KOTOpNe He cymecTBYIDT B np:vrpo,zte. 

B V!CC1le,nonaHVIHX peaK~lH'I "\::1", npOB6,It8HHbiX C TIOMOllllliO 

aBt~tauHH, c5hlno oc5aapymeno ynenit1.'1lOHit1.e ee no Mepe BoapacTaHIIIfl 

BbtCOTN • liTO STO TaK 9 TaKaTa ,ItOK€,3811 C IIOMOIIf&IO 8KCIIepHMeHTOB 

B c5apoKaMepe,Kor,na noHMMOHVIe ,naBneHMH I ao ne DHCOTN, a sTo 

BS'JK.HO/ H~ BblohiBaeT It1.3M8H8HMH peai:~HH "F "• 
I 

H~ Menee liHTepecHyro ~ naJKHYIO peanr.r,vtro KponewnopHJ,tX opraHOB 
I I (24)-~7) . t 

Ha COJIHB'IlHYJO aKTVlBHOCT:D VlCCJie,nye~· H .A. JUyJilli(, pac5oTaiOn\Vli1 u Co 'lVI. 

TIIM co6paHO III o6pac50T8rl0 300 TbiC .aH8JIIII30B KPOBTA H3 pn~a 

CTpaH,IIpOl13Be,neHHhlX B paBJIM'!HhiX reorpa~W'I8CKHX TQqKaX. 3eMJIM 9 

OTC.TOHmvtX ,npyr OT ,Z(pyra TbtCH'!Jtl IU!JIOMeTpOB B nepHO,Z( H8CKOJI:bKVIX 

C01lH8'1lHMX ~l1K1lOD lii IIOKB3BHO,'IlTO I:OapacTan:vre 00JIHO'IlHOi1 BKTWBHOC

TH ,yB8JIHti8HVI8 'lliiiCJia ROilNiliOK V1 npc,Tyc5epBHUOB IlflVJBOJJ;liiT TIOtlTV'I 

TIOBCeMeCTHO K YMOHl>1118Hlii10 60JibiX KftOBfiHhiX EtJI8TOK-JI8VTKOILIII'l'OB 0 

O,ItHOBpeMeHHblM YBGJIIII'Il8HV!GM CO,Z(Cp~E.HliiH B KpOBH JlliiM~OUV!TOB. 
' 

B 'STHX 60Jl:b111111X lll KpOTIOTJIVlllhlX VlCCJIC,ZJ;OB8lHHIX oyutec'rBeHHHM 

fiBJIHeTCfi TO, 'liTO peaKIT,l1H KpOBVJ aal:VTCIIIT TaKHW OT liiVlpOTbl. 0000UH

l!OCT:D ee B TOM, 'liTO npVI :3-T.OM 3TOM Ha 8KBaTope B Jt:Q0BIIf_.!!£._Q_T~~_&~ 

npaKTJilqeCKVJ HHKBKHX OOJIHC'IHO OO~CJIOBJIBHHHX l13MCHeHMM. 

Cne,ztyeT oTeMeTl1TI> cymeoTnef:Hyio oco6eHHOCT:o Ita It pcmCL~l1R "P ': 
T8K VJ 1l8£iKO~WLAJlHbiX TGCTOB IliyJI:&nc.;'llTO 0Hl1 9 I\8l\ TIJIBBVIJIO,fl:HJIHIOTCH 

_____ F_~By1l:&TaTOM CTaT!IlCTV!lleCKO t1 o6pa6CtTitlii peayJI:&TaTO::B SKOTiepmoJ1eHTOl~ 

sa OTHOCVJT631llHO 6on:r,ruo~ 
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39. 
ARTOpbl, rOBOpfi 0 C:VlHXpOHHOCTH COOTBBTCTByiOII(JIIX KpvtBblX C 

KPH:BO~ COJIHeqHoi1 aKTI1BHOCTJti,;no6aBJIHIDT o6blqno MaJio aliaqvtMoe B 

TBKOTe CJIOBO 
11

TIO'({Tvt 11 ,HO 0'({8Hb c:rmecTBeHHOe H ;naromae B08MO~HOCTb 

:ztJIH TIOCTpOeHvtfi HOBbiX rHDOTea 0 IABXBHHSMe BOS~eKCTBHH COnHB'({HO~ 

pa,ztH8~11H Ha ItpOB:& tiBJIOBeKa HJU'l H8 :ztpyrMe qJiitSHKO-XHMHtiBCKJne npo

~eOCbl B 6vtocwepe 8eMnvt. 

TaK, HanpHMep, Ha p!itc. I4 .. BSF!Toro Ha pa6oTbi H. A .lllyn:o-

ua ( X7 ) noKaaaHa aaBvtCHMOOT:& Jrethtou;vtTapHoro TecTa "A" B rol.(o- . 

:sou ero xo~e. 

w 
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,. 
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40. 

Pvte. I4. CHnxpoHuocT:o % WYHKUHOHaJI:LHDIX nei1KoneHHtt 

c 'UICJIOM coJIHettHblX miTeH B !954-1959 r.r. 1 no ,7J;BHHNM a.A.CeHttVI

II(eBoti H JI.H.KpVIKonuonoti,XocTa 28492 oJiyttaH/: L1 -% 
JietiKoneHVIH C tiVICJIOM JieHKOUHTOB HVI~e 5000: L .t - HHme 

3000. I no H.A.lliyJI:ouy/. 

£18 IlpitiBe,7.1;eHHOrO rpaqlVIIia fiCHO BVI~Ha OVIHXpOHHOOT:L TeCTOB 

Q9) 
B TOJKe npeMR II. T. UHMaXOBH'I B CBOelit pa6oTe rrpe,7.1;11araeT 

~. HOilOJI:080B8T:L B KatteCTBe VIH,lleKoa COJIH8tiHOH SKT~BHOCTVI IlJIOTHOCT:O 

ii llOTOKa pa~VIOBOJIH OT COJIHUa VI npVIB0,1J;HT HHTepeCHbl~ rpaqmK, llOK8.3hiBa

IOII(VIil 'ITO JielitKOUVITApHhie T80Tbi lllyJI:&I(B paoX0,7.1;fiTCfl 0 tiHQJlaMIJI BOJI.D!Pa. 

/lKIIlJHWH JIVIIIttH/, q111ceJI BOLb!]Ja /ll:flt!C'J'VIIJ/ VI IIJI'J'I''l'J';'J ;, 11'1'! r,J·:, 

pa,7.1;VIOBOJIH Ha ttacToTe 200 Mrr~/TOHKaH JH1HVIR/. 

/no H.IT.UIIIMaxoD~tt/ 

8TO paCXOJK,7.1;0Ht18 XOpOlliO D111,7.1;t:O lll3 pV!C. I 5, na KO'l'OpOM 



41. 

xapaKTepHO,liTO xo~ TecTOB lzyn:nua nyqme cornacyeTcH c xo~oM 

noToKa pa~MOBOHH,lleM c xo;n;oM lit-iCon Bon:&ti>a. 

TaK Ha weBpan:o l1 MapT I960 r. npl1XO~HTCff CHH!PaaHOCT:& :eoa

pacTaHHff pa~:wonoToKa :w KP11BOL1 llHOJia nei1Koneart~, a neTOM I96I r. 

MaKCHMYM 3IOHKOIT6Hl1H TaKme COOTBe~~CTByeT M8KCHM83I:OHOMY cpe;n;He

M60ft~HOM,Y aHaYeHHID pa~l10ITOTOK8,HO He M8KCHMyMY ~HCeJI Bon~ti>a. 

K coJKaJieHitno, Hccne~oBaHrtff no rrpo<5neMe "conmw-ttpo:e:o" B 

OCHOBHOM HBJiffiDTCff CTaTHCTHllGCKl1M~!,KOr;n;a aa ycpe;n;HeHHBM pa83111ll-

HOrO po;n;a TecTOB MOJiteT ycit0JI:&aaTJ, ,nl1HaMJ;uca npouecco:e, a qepea • 

Hee H KJIIOll K MBXaHl18MY B08,1.4eticTBUff COJIHI..\a He TOJihKO Ha KpOB:b 
i 

~63IOB6Ka 1 HO l1 H8 BCID 6JIIOCcpepy 3e~mVI. 

TaK KaK paBHOnecvre npOL(ecoon B mvrnoi1 11 neJK11BOL1 npvtpo:zte 

B OBOe~ OCHOBe HMeeT 83IeKTpOMarHiiTHyiO CTpyKTypy,RJICKTpl1li8CKHe 

H MarHV[THhte ITOJI.fi KOTOpOii y,ZJ;OBJICTJ!OpffiOT ypaBHOl;fVlOM MaKOBeJIJia, TO 

B KaqeoT:ae · HH,1.4eitcOB con.neqHoL1 aK~~IIiBHOCTVI DMeoTo t~Mcen BoJI:&!pa/'}J I 
rrnoma~H oonHet~HhiX nHTen 1'6 I, a ~'amKe ;n;pyrVIx :wu;n;eKCOB Monmo 

HOITOJI:&80BST:& npaBble tf80TVI ypa:aHeHID1 MaKOBeJIJia,paCCMD.Tpvman B llLX 

S316KTpOMarHVITHble xapaKTep:VICTHKH (iliiOCW6Pbi 3eMJIH K8K W81CTOpbi ,noavy

llleHrte KOTOpbiX B KaJK,Zfhtt1· MOMe HT :apeMOHM 88BHOHT OT COJIH6'iHOlii flKTLH~

HOOTH Hamero CBeTVIJia. 

B cooT:aeTCTBMH c aTVlM Ha ypa:aHBHHM I 3.2 I B Kat~ecTBe 

HH,1J;6KOOB npvr HCCJI6;IJ;OBaH.VIHX BJITrtflHWI OOJIHe'iHOi1. 8KTVIBHOCTVl Ha 6vro

cwepy 3eMJIVl MOlKHO 'VICITOJI:bSOBa T:& OJ[e~yromvte: 

I. nJIH aaPHAOD CPOAU 

(I.3.I2) 
+ 

r.zte f- flJIOTHOOT:& ITOJIOJ!niTCH:&HhlX H OTpMr~aTeJI:OHbiX ~OHOB B e;n~HHUe 

0<5'D8Ma BOS~yxa • 

.,.. 1-l:;'. 
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42. 

Cne~yeT OTM8TMTn 1 tlTO STa xapaKTep~OTMKB He HBnHeTOfl npH

MO~, a TOnnKO KOOB8HHO~,T8K KBK TIOHBneH~e ~OnOnH~TGRnH~X 38pfi~O 

B TOtlKBX TipOOTp8HOTB8 HCcne~yeMOrO npouecca B03MO~HO B TOM cny

qae,KOr~a aneKTp~qecKOe M MBrHHTHOe none 8eMnH HOTINT~BaeT 6NCT

pHe TIO BpeMeHH BOSMy~eHMH. 

2. nnfl MBrHHTHOrO TIOnH OP68H 
'CJBL · 

/of - ~nfl KOpOTKHX HHTepBanOB BpeMeHH 
_.,. ~ ~. p; 

! l B (t) = .~ ff.t tt:t 
0 

I 

_I ~JIH 60JinlUHX npOMeJKyTI\011 BpeMeHH • 

~ 3. Auanora~uo AJIH 3JieKTpwqecKoro nona 
lJc. fat - ~JIH KOpOTlgtX HHTGpDBJICIB BpeMeH~ 

ErtJ ~ J :ff ret 
0 

-~nfl 60JinlllHX TipOMeJICyTKOF· Bp8M6HH. 

(I.3.I3) 

ope;g¥ 

(I.3.I4) 

4. B COOTBOTCTD~H C paHee B~CKB38HHhlMH npe~JIOZ8HHflMH H 

KaK OJie~CTB~e (I.3.I3) H (1.3.14) - TIJIOTHOCTi SHeprHH 8J18KTpO

MarHHTHOrO TIOJIH,Onpe~eJIReMyro KaH 

S " f [ t. u:,~jt• + u:;~<K'~J (I.3.I5) 

HecMoTpfl Ha Toy. tiTO r.morot~wom3HHble vtCcJiel-(OBBHvUJ BJit1ntnJH 

Ha opraHH3M ZHBOTHOPO :JJICKTpOMBrHHTHbiX BOJIH paaJU'ItlHOLi ,ll;JllilHLI JlC 

,ll;BJIH e~e OKOHtlBTeJILHOrO OTBOTa BBe;genwe XOpaKTCpHCTHKH (!.3.!5) 

BTIORHe onpSB,ll;BHO,TBK KBK. 8TQ COOTHOIUCHHQ TIOJiyt~aeTCH KBK Cne;gCTB~Q 

YPBBHeHH~ MaKcBeJina. 

:: ··- -------



I 
"I; 

43. 

n r~ABA. CTPYKTYPA M FORb 8EEKTP~qECKOrO 3APffnA 

KPOBVI ITO t[I/1JKEBCKOMY 

§ I. CocTaB KPOB~ 

JKMSH:b BbiCOKO-OpraHVIcOBaHHblX opraH¥J3MOB B TOM ti¥JCJie 

M qenoBeqecKoro opraavraMa neBGaMomaa 6ea o6ecneqea¥JR paaJivrqHblX 

opraHOB KHCJIOpO~OM K BemeCTBaNVI ~JIH ITVIT8H¥Jff H CTpOVITOJI:bCT»a 

KneTOK, a TBK~e OTBO~R ~po~yR10~ ~X ~Vf3HB~BRTBJI:bHOCTVI. 

[ Bee aTo ocymecTBRHeTcH D opraavraMe o~aoM Ma rnaBnen-
, 
I 

IDHX CHOTBM - HpOBBHOCHO}i C:vrCTBMOi-1, pa60T810II(Bii ITO 88MK11YTOMY 

uvrKny "Boa~yx-KpOB:b-paaJIVI"t!Hhie opraHhi - RPOB:&-Boa~yx". 

CornacHo cymecTnyromvrM npe~cTaBJIBHVIRM KPOB:b qenoBeKa 

COCTOHT il3 pR;n;a MY!Kp03JIBMOHTOB,HaXO;ZJ;RtnVIXCfl B CB0806paaHOM 

KOnnOH;ZJ;HOM paCTBOpe. I 

B "t!OJIOBBCKOM opraHVI8M8 VIMBBTCH OKOJIO llfiTltt-lliBOTJ.1 

JIVITPOB KPOBH, vra 6on:ollloro 'H1CJia MIIIKpoaneMeHTOB KPOBIIT spvrTponviTht 

13 
HJIVI Kp8CHblB Kp0Bf1Hhl8 TBJI:Ol(8 COCT8BJIHIOT OKOJIO 2, 7.10 C CYMMnp-

HOitl. no:aepXUOCTJJ\0 OftOJIO 3000 1m. MCTpOB, TpOM60I~VtThl "-I, 5. 10I2, 

JieHKOUMTbl ~3,5.IOIO :vr orpOMHOrJ qJtTCJia 6eJIKOBblX MVIUBJI C o6me~ 
flOBBPXHOCT:blO 400 THC.KB.MeTpOB. 

0TMBTVIM,qTO apVITPOU:viT~ COCT8BJifllOT 36% OT o6moro 
' 

06'.beMa KPOBVI VI: fiBJIHIOTCfl 00060 Bb1~8JI8HHbiMVI tJ8CTJ.IIUaMvJ ICaH: no 

CBOeftt cpOpMe, TaK liT no CBOillM lJlYH {f~lllflM /B HOpMe Ha 714 spwrpOtr,T·1-

TOB npHXO~VITCfl TOJI:OKO O;l(l!lll JIO~i WllJ1T/. 

MHorooopaa_Hhr c})yaKit,vrw 8.JVITPOU\1TOB-rasoo6Men, pe:r,y JTfli\l'lR 

VIOHHOrO COCTana ITJW3Mbl ltp0BL1, Iep8HOC VI3 paaJIV1llHb!X OpPaHOB 

npo;n;yKTOB pacmenJiemm 6eJIIWB, vr:3B8C'l'Hhi CBO~iCTBa 8PliiTpOl~VITOE 
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a~copoupoBaT:& fl~hi 11: yqacTBOBaT:b B nporteccax HMMYHVITeTa Jll T .~. 

reoMeTpwqecKaR ~OpMa 8pHTPOU~Ta,nOKB88H8 H8 pwc.I6. 

Cpe~HHA ~VIaMeTp spHTPOUHTa /HOPMOQHTa/ 7-8 MHKPOR, a 

T01I~HH8 OKORO 1,5-2 MHKPOH. 

XapaitTepHa ero ;n:vrciWBH;l(HaR JIIJH1 6HCKB11Tooc5pa~maR rJlOpMa, 

KOTOpaH Oc5na;naeT H8JIIc50R:&lli8M IIOBepXHOCThiD IIO Cp8BH8HJIIID C mapOM 

TaKoro ~e o6~eMa. 

. I 

I I Vll.l • 1 ' ) • I'' ; ( H1' 111' ,. ~I I IIIII H IHI 1) ,, j Jl M; l . tJ il-1 'I' J I I I I I 1/1' j ' t • 

Hanlt1:t!JIIe c5on:ome11 nonepxHoc T ~ y spVJTpou,WJ'OB ~~Ic rtO.fntJ~HOl'J 

~opM~ no cpaBHeHHro c ruapoM TaKoro ~e oc5~eMa oc5na;naoT 6eaycnoH

HhiM npevrMy~ecTBOM B BomonneHvrH era OCHOBHOH wynrtr\VIH-TpaHcnop'l'.J 

raao:e. 

Eo1111 pacoMa'J'Pt1BH'I'I> tlJopMy apWl'POU11TOB o 'l'OtlfUl 3fH1HIIlH m•n 

B08MOJKHbiX 81IeRTPIIlll8CI-Cl1X CJ30L10'1'B,'l'O CJie;l(J'8'1' o6paTVITb Q()(l()oc Hili,1fVlH 

\ • i 

H:l-18 HS TOM, liTO OHa H8110MviH88T :VI DOBTOpH8T ~~opMy HfH-t60JW8 JI,Y 111!111X 

IIO T8XHV!tt8CKVIM IIOKa3RT8JIHM lWH,11;8HCBTOpOB, JIICTIOJ11>3Y8Mh1:X B COBpr!

M6HHO~ 8118KTpO- Jll pa;n~oTeXHJI!Ke. 

8Ta 8HBJIOrJIIR, ItOIH~\iflO, H(~ flBJIH8TCH CJiyqa ViHOti t 8. '1'8C HO CDil :1a-

Ha H oc5yOJIOBJI8Ha ero !IJymtUVlfiMJii Jll CBO~OTJ38MJII KpOB8HOCHOLi C\t1C'.I'f>r·.1 1,! 

qenOB8Ka B QBJIOM. 
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BosMoxmocT:& :BhiTIOJIHHT:& :saJimeUmyro lflynKIWIIO opram1sMa o6ecn 

~HBBTh ~OCTBBKy K~CJIOpo~a pasJI~tiHHM opranaM,OCHOBBHa HB HBJI~q~H 

BHYTPM apHTpouwTa oco6oro nHrMeHTa - reMorno6MHa. l 2 i) 

reMOrJI06~H COCTOHT WS 6eCUB8THOH 6eJIKOBO~ qaCTH-rJI06~

Ha H OKpameHHO~ qacT~ - reMa. 

0C068HHOCTL reMa COCTO~T :B TOM,tiTO OH B CBOCM COCTBBB 

~MeeT MeTann - ~eneao. HaJiwqwe ~eJiesa B CJIO~HOH MOJieKyne reMorno-

6HHa onpe~eJIHCT ero 38M0tiH.T0Jl:OHHe .CBOtiCTBB CBfl8hiBBT:b Vi OT,ltBBBT:& 

KMCJIOpO~ ]TBM,r~e STO H806XO,ltl1MO. 
' I 

:reMorJio6vm coo;n;~mreTcfl c In1cnopo;n;oM no !IJopMyne 
! I 

( 2 .r • r) 

T.e. O~HH BTOM }K8R838 CBH3~BU8T O.ztHY MOJieKyny KHCJIOpO~n. 

HaJIHtiW3 meJieaa B reMorJio6HHe upe;n;cTaBJIReT HCitJIIOttVITeJI:&Hbl~i 

l1HTepec 0 TOtfKVJ 3p8HLHI MBJlHVJTHbiX CB0£1CTB KPOBH, Ha KOTOphiC emo 

B I845 r. o6paTwJI nnvtMBHVIe M.<Papa;n;eU ~ npoBeJI HCC1lel.tOBaiH'Iff 

MBrHMTHbiX CBO~CTB cyxo~ KPOBVI. 

Hayqenme MarHHTH~X cno~cTB.KPOBH noKasano,qTo MarHVITHN~ 

MOM8HT JKeJieaa B KpOBvt pa3JIVll!HbJX lltlt!BOTHbiX TIOti'l'Vl O;IJ;VJHBm>B ( 2 S ) 

/5, 1+3,5,46, 5,35 - M8rHVITHbl8 MOM8HThl JKOJieaa B KpO:RVl ICOpOBhJ 9 ()J-II~J.l 

Ill ll8JIOB8KB COOTBOTC'l':BOHHO/ • B O;IJ;HOM 3pHTPOUVITe tleJIOB8f\R VlMCfJTCH 

29 X I•IO-I
2
r. reMOrJI06VIHB npw CJ;n;epmaHMH B HOM menoaa 0,335%. 

BTopbiM JIICKJIIO"lJIA'l'OJI:OHHM 11 aaMetiaTeJI:&HHM, no cBomny amP18HIIllO, 

CBOICTBOM SpJIITPOU~TOB HBJIH8TCH TJ,qTO OHJ/1 HB CBOeU nonepXROCTM 

/M~H BHYTPJ/1 CBOero o6~eMa/ HOCyT OTPJIIUBTBR:&H~e aapHnu. 

7 YKaaauHoo cnoiticTBO ctmTaeTCfl ;:nwnepitiMOHTBJILHO ycrranomir:H
L u oo 01-~o '1. c h o '' f; ?.,Y._et11r..J1 fd,_; 

HbiM H ,1tOKa8SHHbiM, ~'8K~~ Haabi:Ba.eMOti peBKUitiH OCe~aHJtHt ~Jp:vtTpOL1,lt1rl'OB 

/POS/ • 

.. 
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ilO~XO~ K BHaJIItf8y npOQBCCOB B KPOBH,paccMaTpHB88MOil CO 

B08MH B3BellieHHbiMl1 B nel ~OpMGHHHMVI 8Jl8MeHTBMK,KBK KOJIJIOH~HO" 

CHCTeMe,ne fiBJIFieTCfi HOBhiMI.'I. ~MeeTCFI PH~ pa6oT,B KOTOpbiX KpOB.:O 

CO B8BeW8HHbiMH B He~ 8318M6HTBMl1 paccMaTpHBBeTCfl KBK KOJIJIOH~HBfi 

CHCT6MB,HBXO~fiiJ.tBfiCfl B paBHOBOCHOM COOTOfiHHH. 

0.ztHaKO TOJI.:ORO COBCTCitOMy yqeHOMy 6HOtPH3HKY, nporpecoopy 

A.R.qHJKeBcKouy,nocne~oBaTeJinHO pa6oTaromero na~ npoC5neMBMK KPOBVI 

B Te'leHHe ~eCRTKOB JI6T ,y~aJIOC.:O B~1JIOTHyiO TIO.zt0£1T~ K pemeH~IO J30Tlp0-
. 

co:s cTpyKTypu .ztBHJicyme:Licn KPOBH 11 np.111no~HHT:D aaBecy Ha~ Ta~iuo~i 
i 

npor~ecco~ Jll Mexaim3MOB, oC5ecneqvmaromHx pa:anoBec.ltle H ycTontr.ltlBOcTr, 
I 

paC50Thl KPOB8HOCHO~i CHCT8Mbl ti8JIO:BOKa. ~\ 
~Q,;o,G.I 

A.R.qH~8BCKH~ /I95I,I953,I~~59/ BHCTyTIHJI 0 COBepmeHHO HOnoM 

K OpHrJrUiaJillHOiii Teop~eti ~It1H8M.Vltl8CI:H ~BIUCYH(8HCfl KpO:BVi. 

Cornacno ero npe~cTaBJieH.ItlR~r KPOB.:o,cocTorrmaa ~a orpoMnoro 
I 

trPJCJia qacTHih no.zttrvtHena cTporoi1 Of'raHHaa~.ltlH, no Kpat1HeL1 Mepe, ,zpm 

ee rJiaBHOg COCTBBHOH tJaOTH-KpacacH KpOBH. 9pHTPOUHTbl CMCIDBHH He 

B XBOTHtJ8CKOM C5ecnOpfi~Ke, a TIO~tJMHfiiOTCH D CBOe:Li BHyTpnmwt1 crrpyrt

Type B KPOBflHOM pycJie OprammMa, CTpOrt1M 83ROH8M rtlf~pO~V1ffaM~mVI 

H 93IBKTpo~~HaMHKH,qTo 8JIGKTp~qecKK~ 3Rpfl~ HB SpHTportKTBX H.ero 

rBOMeTpHtr8CK8fi qJOpMa He CJiyqatiHhi, a HBOC50pOT, flBJifliOTCfl C318~CTBMCM 

MHoro:.eeKo:soti a:sonronLn'I pasBMTvtfl op.raHHaMo:e. 

Kpo:aenocHaH cHcTeMa tJOJIOBe:m flBJIHeTcH, ItBK noitaabmaeT B 

C:BOMX paC50TaX lfl11K8BCKH}i, l1CltJIRl4VITe:IoHO CTpOi1HOL1 qmavttJeCKOi-1 VI 

reoMeTpHtreCKOW OprBHV13anHeti, R KO'ropo~ ~OJilKHhJ TIOCTOflHHO CYIItOC'l'nO

BBTll CTBC5JilJUi3tttpyiOIJ.tl1B rpaKTOpbi, npe~oXpBHfliOII(He npOI~COObl B ff.P01HIHOM 

·.· ·-' ----pycne OT nepexo~a :a TepMo~rtnaMYiqec:Koe pa:anoBecvre. 

EcTeCTBeHHO B03H.VlKaeT BOnpoc 0 TOM,KBK M011CBT TaHaH CUCTe

Ma KPOBH npH CTOJl'& orpOMHOM '41.'ICJie ee MVIKpOaJJeMeUT013 cymec'l'JJOBa Th 

ycToUtrHBO B TetrenHe ~JivrTeJI~noro ~ 
...... · .D ,gf•CMCHiti. B To JKe npeMR rt31WCTno, 



lt'7. 

~TO ~eM cnomHee CMCTeMa ~ ~eM ee ~yHKU~~ pa3H006paaH9aTO OHa 

M9H66 CTa6~n~Ha H ycToUq~Ba BO BpeMeH~, eon~ ~Ta C~CTOM8 ~ CB08~ 

BHyTp6HH8" OpraH:VI38l\~Iti ne MMC8T ~Jlfl ee COCT8BHhiX 'i8CTet1 C06CTB8H

HbiX c~cTeM cTa6:vrn:vraauiti:vr ~ qeTKO~ BHyTpenuet1 oprau~aau~~ npouecco:s 

B npocTpaHCTBO ~ BO Bp8M8H:VI. 0TB8! cne~yeT ItiCKaT~ B ~~HaM~qeCK~ 

~!It1zymet1cH KPOB:vr no A.].q:vrmeBCKOM~. 

OcHOBH~MM ~epTaMM ~MHaMiti~ecKow cTpyKTYPH KPOBiti B KPOBH
(.6) 

HOM pycne qenoBeKa HBnHIDTCH one~y~~Itie: 

~· nBitimeHHe KPOBW CO ~ceu:vr·ee MitiKpOBR8M8HT8Miti no~q~HaiDT-

Cff 38KOHak riti~pO~HHBMHKiti. 
2. flpOCTp8HCT"BeHHOe pacnonomen~e BpitiTPOUitiTO:B 13 KPOBHHOM . 

pycne TBKOBO,qTO cyMM8pH8fl TIOB8pX1lOCT~ BC8X apitiTPOU~TOB 13 opra

HJil8M6 qenOBCKa OCT88TCH, npV!M8pHO, 11HB8Piti8HTOM T • e • 

S .. ~ ~ ~ /~; e ... , d. I 
(.; L ( 2.1.2) 

· r~e S1
;_ -TIOBCPXHOCT:O O;ZJ;viHOqnoro 

.. 
i. - apHTPOUV!Ta. 

8TO yOROBVJC OTpamaeT TOT ;KVJ3H8HHO B8JKHbit1 fpaHT, TipVl KOTOpOM 

~nff CT8UVIOH8pHOrO Iti ~HWT8RbHOrO c;rmecTBOB8HWff opraHM3M8 H006XOA~

Ma npHM8pHO TIOCTORHH8fl BO Bp8M8HV! CKOpOCT~ TIOCTynneHitiff KWCROpO;ZJ;H 

K KJ18Tlt8M opraHH3M8 VI COOTBCTCTBYJOll\Bfl CROpOCT:O OTBO;l(8 HCHymHbiX 

npo~yKTOB JK~3H8~8ffT8RbHOCTW. 

BoaMomuooTL cymeoTBOBBHV!ff npe~enbno 6on:omoU cyMMapuo~ 

TIOBepXHOCT~ ap:vrTpO~MTOB KBK WHBapnatiT8 BO npeM8HH o6ecncqMB8CTCfl 

116 TOR~KO ~B~JKCHJ118M 8pVITpOll,JIITOB n)~ ~ei1CTBllleM cep;D;T\8 Halt JlaCOCa, 

HO xapaKTepHOM OC06eHHOCTLID WX 9R8RTpOM8rH~TH~X noneli,np~ KOTO-

-··--- ----
poH B TpeXM8pHOM npooTpaHCTB8 cocy:n;a apiiiTPOUIIIT~ OCTaiDTCff ~30RII1pO-

B8HHNMJil ~pyr OT ~pyra. 

' -~"''1"'' , ... 

r··. 
I. ··•'!' 
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3. BoaH~RHOBeH~e ~MHaMH~ecRH ycTo~~~BOM cT~RTyp~ spl!iTpo

LtHTHHX ROJI8J~ npH TIOCTOflHCTB8 rvr~pO~HH8MJIIli8CRJIIX C~ 
H8ROTOpOti npe~eJI:&HO~ IWHLJ;8HTp811,JII~! SpJIITpOU~TOB B e~JIIHTtHte 06'.beMa 

J1I onpe~eJieHHOM liVICJie 31I8M8HTBpHhiX aapH~OB BHyTpH 06'beMa JIIJiftt Ha 

TIOBepXHOCTJII 0~\-iHO'IHOrO apMTpOli,JIITE, • 

§ 2. 

]lBHJKeH:t1e RPOBJII no aaMRHyToMy U.VIRJIY ":soa~yx-Rpon:&- paaJmq

uble opraHbl- RPOB:o-Boa~yx" npoTIIcxo~TIIT no~ ~e~cTBTIIeM cep~I~a ,pa6o

TaiO~ero JaR H8COC VI 3JI8CTTIJtniblX CORpameHMH COCy~JIICTblX CT8HOK apTe

pJII~ H B8H, C06I~aiOmVIX RPOBVJ RVIH8Tl!fll8CRYIO aHeprHIO. 

KpoBeHOCHBR cVJcTeMa · qeJioBmta ffBJIHeTcff oqeH:D cJioJKnoti cHcTe-
1 

MO~,BeJIJIIliJIIHa TIJIOTHOCTJII aHeprVIJII B paaJIHliHHX ceqeHMHX cocyAJIICToro 

pyCJI8 M8Hff8TCff B mvrpOKVlX npe~eJiaX. nocTaTOliHO yKaaaT:O HR TO,liTO 
I 

CKOPOCT:& RpOB:vt no cocy~aM npe~cTaBJifi8T B8JIJ.1li~HY, H8M8HfliOUlYCfl :B 

UIJIIPOIWM ~HanaaoHe npVI nepexo.n.e o•r o~Horo cocy~a K ~pyrm~y. 

TaR, HarrpJIIMep, CROpOCT:b KpOBJti B aopTe COCT8:BJI.fi8T 500 MM/Celt., a D 

M81IKHX apTepJIIflX 40-50 MM/CeK., D ttamiJIJifip8.X OHa 'M8H:&IIIe B 600-BQQ 

paa,lleM B KpyTIHhiX COCYABX. 

YliJtiTbtBafi, 'ITO 1cpoB:b He fiBJI.fieTC.fi JH:Jf'l,1J.KOCT:OIO, a npe~c·ranmwT 

B 60JI:&llieM CT8TI8HVl CJIOJKHNn KOJIJIOVlAH~~ paCTBOp,TO V!CTIOJI:OBOBBH~e 

38ROHOB rVJ,1J.p0,1J.V!HBMVIKJII 6AayCJIOBHO flBJIReTpH yze npw6JIVIM8HWOM W 

HOCHT 6ea 8KCnepWM8HTBJI:OHOM npOB3pKJII K8tiACTB8HHHU xapaKTep. 

Vicnon:oaoBatn1e rcpwTopvtoB PciliHOJI]),1J.Ca notmablBaeT • lJTO nrnr.vump· 

HOe ,1J.B~~e~H8 ~H~KOCTW UpOMCXO~JIIT TOr,1J.B 9 KOr~a CROpOCTM ~BWmGHWR 

~H~KOCT* V M8H~lli8 ·TaR HB3HB38MO~ H~MHe~ KpJIIT~qecKOU CKOpOCTW 

V Kf , onpe~enHeMoti Rai< 

(2.2.1) 
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Typ6yneHTuoe ~BvnKemm npoHcxo~HT Tor~a, Kor;n;a oKopocT:o 

,ZI;BY'l~6HY'lff ~Y'l,ZI;KOOT~ 6y;n;eT 6on:ome TaK HaaH~aeMOH ~epxHe~ Kp~TY'll!CC

KO~ CKOpOOTH V "-f· 6 

L;'f' t ... 'if J X f.!, M'/<U~V (2.2.3) 

r;n;e f2.e- 'QHCJIO Pei1uoJr&;n;ca,paBHOe 2000-2300,;n;JI.fl ItpyrnhiX Tpy6 

C rJIS,ZI;KHM~ CT8HKaM~, 

cl - ,ZI;VIaMCTp Tpy6hJ B CM 1 

7. - K0:3cpcpHUl'ICHT Bff3fc0CTH >ICVi;ZJ;KOCTJ.1, 

J': - y;nen:&HaH fiJ'IOTHOCT:b }l(vt,~KOCTNI, 
.f.:)) . - Ha3hl~aeTCH KVIHOTJI!l!GCK<>i1 BHSKOCT:OIO. 
0 

I '
1 l." C:~f:,-\ ·: "\~- ... ~ 1 v6'' ":: O, c· ~.~ 1. 

· (' I I 

~ ~o, o 35 - BHSIWCT:& l~OJII>Hoi1 H:p•)BJII B Hyaaax, np11 

o ! r 
0 - y;n;eJibHbJti Bee l\8JlbHOh ICpOBJI1,p8BHb!U !,06 - 3 

CM 
IlpHMeHeHMe KplliTCpl'!cB Pei1Ho.rr&;n;ca nOI\aShiBaeT, 'ITO 

I. 'l'yp6ynenTHhiL1 pe}J(VIM KPOBI)TOKa ITal!HHaeTcH B o6Jiac'l'VI 

cep~l\a 1.1 3UKaHllv1Ba8TCH B cocy;n;ax, AMGJOII(Ir1X ,ZI;J(laMeTp OKO.JIO 21 MM. 

2 • B OOcy;n;ax 1 IIIM810ll(JtlX ,11,lllaM8'rpbl B VlHT8pBane 2!-18 MM, JIIMUC'1' 

M8CTO HeycTOi1llVl.BbiU pemHM. 

3 • JlaMHHapHbli1 pe)IU'1M Hal.JJ(IH8•3TCH B COcy;n;ax, HH810lltN'IX I8 MM 

H coxpaH.FieTcrr ;no caMhiX yaKHX Hanffl.riJIHpoB. ' 

Bonpoc 0 IU1HOMaTVJKC DpnTpi)UfflTOB B RpO:BOHOCHOM pycJie 

.fiBJlff8TCH KpatiHe B8JKHbiM, Taft KaH (JJO)rAa 8pM'l'pOL\VITa V1 ero qlV131/10JIOr~

·····-- ~.CKH8 {f)yHKL\Ii1H 'l'8CHO C:BR38Ilhl C OC,)6eHHOCTflM:t1 ero ,1(B11JitoHIMI • 

IIOB:r,t~VIMOMy cJie;n;yeT npe;nno.rraraT:o, qTo B cocy~ax He TOJIF.KO 

C JISMir1H8pHbiM XapaKTepOM ;ZJ;BviJKeHVifl 1 ::iO 1r1 0 Typ6yneHTHbiM HMeeT MeCTO 
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TIOCTOffHHBfl TBH~BHU~fl R ynopfl~OQ~BBH~IO npOCTpBHCTBBHHOW CTpyKTypH 

BPHTPOUHTOB M,BepoHTHO,Bonpoc o npocTo o xaoTHqecKOM .pacnonomeJIHH 

sp~TPOUHTOB cne~yeT CQHTBT:& MCRRIDQBHHHM BBvray aeliCTBMfl ynopH~O

qeHHhiX TIO HBTipBJIGHMHM B npocTpaHCTBB COCy~OB CHJI I'VI~pO}:\vUiaMTII\180-

KOI'O M SJIBKTpOMBI'HHTHOI'O xapaKTepa. 

TeH~BHUl1H r~ ynopH~oqenHoMy pacnoJiomen~ro spVTTpOTJ.VJTOB npn 

JiaMHHapHOM TIOTOKB KpOBM B cocy~ax o6yCJIOBJIBHa pfl~OM BBMHNX I'¥,l{p0-

,7lVJHaMH'IBCKIDC ~BKTOpOB, o6yCJIOBJIBHHbTX cnenH~HH:Oi1: I'BOMBTpVI~ ap~TpO-

UHTa. 

llpeBBJIHpOBBHMB ;zrw.lMBTpa SpiiiTPOUVITa HB.zt BI'O TOJIII(VJHO~ t TIOllTrA 
! I 

B l!BTbipe paaa, o6yCJIOB.THr:BaC~' ero ~Blll)!CBJH'IEJ ~ CJIOHX KpOBVI paaHbTX 

CKOPOCTB~,T.e. V1M88TCH paaHOCTb CKOpOCTBli KpOBBTOKB OTHOCVITBJibHO 

paaJI~l!HbiX TO'IBK 8pHTPOUVITa. 

8Ta Jlt8 OC060HHOCT:.& cpopMhl u pliiTPOUMTa npMBO~MT K TOM.V, tl'l'O 
I 

OH CTaHOBVITCff B TIOTOK8 KPOBW B TBKOB TIOJIOmBHMb,FOI'.ztB ero 06Te-

K88MOCT:& MBKC~MRJI:&Ha, a COTipOT.IIIBJI8HHe ~B~JKOH~to IIOTOKa TIJIB3HH 

KpOIH'I 6y~eT MVIJH1MBJ1:&HOil1. 

HaJivttuw rpa~LtJDHTa crwpocTo ~1 Ha paaMepax spirtTpottvtTa vr 

TpeHHH ero o IIJiaaMy H:poHvr ,l{OJOKHO flp:vmo~VIT:& It rronnJienmo ct-ur v; 

MOMeHTOB CVIJI ,aoJricT:ByiOIUMX Ha paCCMo:i TplrlBaeMEJ~ apvrTpOT~VIT • 

PaccMoTpwM TPM BOaMomuwe c:~eM~ npe.ztnonaraeMoro pa3Memeu~R 

apHTPOUHTOB B TIOTOK0 TIJIB3Mhl KpOBVI. 

ilepBaff CXCI'.n 

PVJc. 17. 



51. 

1{ apMTPOUHTY ,pacnOJIO:lKGHHOMY nepneH,ztHKYJIHpHO TIOTORy TIJ183-

MH KPO»H,6y,zteT np~nomena cwna 

(2.2.4) 

r;n;e 6 V - p83HOCT:& CKOpOCTei\ n;183Mbl KPOBH )tJifl ;D;BYX ~JilaMeTpaJI:&-

HO npOTHBOTIOJIOmH~X TOQCK, 

t:t - K08lPqJIIIIJ;JII8HT Tp€UJIIH llOTOKa TIJI83Mbi 0 60itOBYIO TIO.BGPXHOCT:& 

apMTpou;wr.a 

CvtJia np~ 'l'aiWM noJIOJiteHl'liii apHTpou;HTa 6y;n;eT coa,ztaBa T:& 

OTipOK:vi;D;NJ38IOII(J,d1 MOM8IIT paBHbiW 

(2.2.5) 

r;n;e '-t- ;li;JII8M8Tp apVtTPOHVITa. 
I 

flCHO :via npT1B8,1J;8HHblX paccym;~eH:vJ.t1 t QTO Ta;Koe ITOJIOlfWTHle 

apHTPOUHTa 6y;n;eT HeycTO~iqVI_BbiM, a paCTIOJlO!t8HV1Fl apVITpUI'liTOfl 1! 

08'18Hllll'l OOCy,ll;OB, MHJIOJH~pOH'J'HbiM • ( H'IC .18) 

P~tc. IS. 

~· . I 
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BTopaH cxeMa 

Pacnono*eH~e apMTPOU~TOB B ITOTOKe rrnaaMN ITOKaaaHO 

Ha p:wo. I9. 

:; •,) .' •. ,.·.;i·. · ..... :. '· '· ·.·.'. ;}t:.·.'.·:.!::.! .. ·;·. ~! 

•• ! ...... --= -=== 
"'" 

L------------
1 

I 

i 

. \1.·.·· :,';.;.:-.·.; .': .· .. ·;;~·.';ii:,'.'·,· .. ;, :;-. ·• 

Pvw. I9. 

-=· s::i:Jll.--
I 

-·--- -·- i- - --
1 

. I 
I 

PaaHOCT:& CKOpOCTCi1 ·" v : ~- vf 
I 

oKopocTeiti no TOJIH(llllie sp~TpOJ~VITa 11 coa:naeT ua rrnooitoil nonepxHoo ·-

TH apMTPOUMTa CMJIY 

r-:: /~\ ·~· g (2.2.6) 

H OTipOKMAHBaiDm~~ MOM8HT 

M =F·£ (2.2~7) 

r;ne 

TSK KSK OITpOKM~NBaHHID nperrflTCTB~IDT COC.,II;HMG cnOM ITJI88MN KpOBW. 

llpe;nnonaraeMoe pacrronomeHVIe spMTPOUHTOB B aToi1 cxeMe rrmm-

aano Ha p:wc. 20. 
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53. 

I ' 

BTopan: cxfn1!8 pacnoJIOJKE~HVIfi npVITpo LU1TOB B cparHlOJH1VI o 

nepBo~ o6na~aeT HBHNM rrpemMymecTBOM ~ 6on~me" ycToUqMBOCT~m. 

TpeT:&fi cxeMa 

. ,1,1 :,, ,Ill I !,.,1,: • .,:,.., •• 1,..,.1,.> .. II 1 ...•. .,.; ;·· .... , ............... ;;~ , .. , .... , ... ' d. 

' ' =·i~~-=-1=-
: ...... -_...-------- ---

PVI!!. ;'I • 

:. 



B 3TO~i CXOM8 8IJWl'J101f,lrlT l(HvDKO~'Cil ymcoii CTOpOIIOii B COOTTWT

~'Bl'IH c MmtenMaJioHoii ooTuJWGMOCTJ,JO 11 Hl1HV1Mt1JIT,HHM conpO'l'IIJDJIOIIVlCM 

. OQTOI\Y nJJ8.3MH ICpOm1. CooTBOTCTBYlrJfl(eO ~~BVJJ!{CHHG 8pV1TIJOLT,Il'l'Cl cxm.m- r 

vPIGCitvt no 1m an 110 na p11c. 21. 

flpVI 3'l'OM na OOKO:BbiO nonepXHOO'l'V1 3pV1TPOUI1TU oy,7~0T ,neiicTBO-

.-- (";}- ' _,. 
1- :=. /-:.. v I •l I ~) (2.2.8) 

(2.2.9) 

JtoTophiH Bht3hUHleT :Rpa1nenvre 8!H'ITpouwra :aoKpyr cnoero MrHoecnuoro 

tteHTpa. )J,a HIHHI cxeMa pacnono;rcen:vm 8pWL'POUJ.1'1'a oo.na,naeT oe sycno:n

HLIMV! npeit1MY11(8CTB8MVI B cpaBHGHiliVJ C ,I(BY1~ff nepBLIMIII. 

OcHOBHbiMili npenMyn~ec'rBa~m pacno.flmKeHVJH apwTpOL~IIITOB n TIOCJIC)~

HeU OX8M8 HBJIRJOTCA~ 

I) naJivttJv.e npamaToJI:&IJOro 7\BvUIC·31ntH iJPVITPOIU1TU ,o6yc.nonneH

Horo acJ)(liOKTOM pa3HOCTili CKOpOCTeii no ,IPial!tO'l'PY :JIH1TPOHH'l'a BOltpyr 

Mrnonenuoro uenTpa, 

2) TIOH J3JIOHl1El npall\GHI!lf1 y spVI'l'pO i_\t1TOB BOJtpyr BH;l\GJI0lll!OrO 

IWlillClBJIOHHfl riPOAC'l'aBJJH8T J\paviHO B8JlWbJ.·i fDaKT,'J'alC IWK npVI 3TOM 

pacnOJIOJJWHL1C ::JpVl Tp0f~ltTT013 HaV!OOJI88 yeT JLitJ~lJlO vi TI07VV:'l fllif.I,mnc 'l'Cfi 

rwpOCKOTIV1tJ8CKV!M CTG6IliRV13WpymmMM 8~~eKrOM. 

Kpai1nc na;rmiJlM rpatcToM HBJJHeTcH ro, l.ITO npnn(eiiwe apwrpoll.LI'I'on, . 

JAL~f~l HI\HX nHyTpvt cnonro ooHmo. mm ua c rwn1i noncpxHOCTI'l Jnn~clt'j'rqHn.ro 

,nyaJILHOrO r.mrHMTIIOI'O TIOJUt :JIH1TpOIT,VlT8 • TIOCJIC;JJ.ll88 CRO~C'rl'O l!OiJ r~OJIHC;'r 

pacc;sa ':t'pVIna Tb Ka:!Cl\hH'l DPHT poI ~~lT lW l\" "a TI811'1CIIT3pHbiH" Mfll'Hl1TH!C, a fq)ODb 



55. 

TeKyncy-IO no cocy;n;aM qeJIOBO~ecKoro opraH~aMa-ItaK JKIIf;ZJ;IWCT:o o6na,zJ,alo

lllY10 8JIBKTpW!8CKV!MVl 111' M8rHVITHbiMV1: CBOf.:iCTB8MVI • 

Bo BTopoi cxeMe pacnonomeHVIH apHTPDUVITOB a~~eKT paaHoc

Trn CKOpOCT8VI MOJI\8T BhlBO;ZJ;VIT:& opl~TPOUIIIT liJ3 TIOJIOJlt8HIIIfl p8BHOB8CIIIH, 

HO He C006IU8T:& BMY Bp81~B·H~ff - 0,1\HOrO IllS H8V1BhlrO,l\HB~Dn1X Dvt,l\OB 

,l\BHJKBHVIH, COllpOBOJ!t;ZJ,810Il~CrOCfl, K8K rrpaBvtJIO, MVIIU1:M8Jl:&Hb1M Trem~eM np~1 

MHH~MaJlbHOR aaTpaTe 8HeprVIVI. 

~a 8H83IIII38 npMB8,1J,BHHhlX CXBM paCTIOJIO~BHIIIR 8pUTPOUIIITOB 
' 

CJie;n;yeT COrJiaCVIT:&CR C TeOpMeW A.~.~~JKBBCKOrO,COrJiaOHO KOTOpOM 

H8VI60Jiee 1 BepOHTHO~ CXOMOW 6y;n;eT Ta,npJIJ KOTOpOW B CBtiOHMIII COCy

~a o6ecnetiVIB8BTCH M8KCVIM8JILHOB paccpe;n;OTOqBHMB 8pJIJTpOI\If1TOB,tiTO 

V1M88T M8CTO B pa;n;MaJI~HO-KOJILUBBO~ MO~BJIV1 1 TIOK838HHO~ CXBM8TVltiBC

KH Ha pHC. 22. 

,.,,, , , . 
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CymecTBGHHhlM ~pyrmM ~oEo~oM B nonbay pa~»an:ouo-Kon:oue

BO~ MO~enM,ffBRfliOTCfl pacqeThl A.],qM~BBCKOrO KOHQBHTPBU~H 9pHTpo

QMTOB B B~MHHQB 06~BM8 KpOB~. 3TH pacqeTN npvtBO~HT,qTo R panMBBi 

HO-KOnbQBBOI MO~envt pacn01TO*CHHfl HpHTpOQHTOB C onpe~entJHHhl~H 

npOMBJJtyTKBMH MBJK~y IJ'HMH B ItoR:bt~e VI MBJK.D;y KOR:OQBMl1 B OpTOrOHBJTb

HOM CeqeHHH COCy.l(a ,~01DKHB 6hiT:& HOpMB1TbHBH KOHTT,OHTpBI\Hff ilpHTpOLtH

TOB I 5• ro6 
apHTPOL\HTOB :s I MM3/. 

HadJII0~8JOI!lH8Cfl T01T:OKO B C B81ImX M88KaX KpOBVI MOHOTHbiB CTOJI
! 

6HKl1 apvtTbOUHTOB HBJIHIOTCR 061TOMK3M~ ynopa~oqenuoU pa~HaRbH0-
·1 

ItOJibl{8BO~ CTpyKTyphT l(!JOBM, Crl!OpMVIpOBBBIUVIf!CA. no~ ~ei1cTBH8M r.VI,Z(J)O

~HHBMHqecKHX :vi BJIBK'fPOMBrHVI'rHbiX ·ll8.ItTOp013, HrpaiOI!lVJX OCFIOBHylo pOJIJ, 

13 ~BffTBJibHOCTH cep~equo-cocy;n,I.'lQT·).M C ~CTCMbl qenOB(Hi8 • 

)lJIH np:vi6JIHJ!f.BHHOrO BbP-lvtCJI·3H:viH liVICJia 06~pOTOB 3PVI'l'POU,l1T8 
! 

B B~MHHUY BPBMCHH 3BM8HHM napa6o.nHqecKOe pAcnpe~OJIBHHO CKOpOcTeU, 

KOTOpoe HMeeT MOCTO rrpVI JiaMVUiapHOM IIOTOKC KPOBM, DO J,HaMA'l'flY 

apvtTpOI~HTB JIMHeih-IhTM, ITOJiaraH, liTO n!WpOCTb ero l~8HTpa TAJKACT£11 

(2.?.10) 
r~e V~1 M ~2. - ClW!)OCTVi IIOTOW3. KpOBM: ,1J,Jifi ,1J,:AYX ;LtWlMATpHJJ:hHO 

pacnoJIOlKBHHhiX TOlleR A1 w A 
2 

c:ooTB8TCTBOHHO. 

C yqeToM Taro, 111'0 poclipeneJinmw crwpocTet1 B opTorowlJIJ,

HOM 08'1BHvU1 VIM88T rwpa60JIIFWCfi.V!W H!1~, l!0.11yqvtM npw6m11JteHIWA BHp!:l:!W...;.. 

H:HB ,ItJIH CKOpOCTVI QeH'J'pa ap.l'l"l'f>OLI,11"8 :R IH'l~C 

(?.?.II) 

r~e i .. KOOp,Z\L1!I8 Ta L~ewrpa ~l}HTTpOT~VfTB, OT'IVITa HH8fl OT 0Ct1 cocy~n, 
do - ~¥'IaMeTp 8pWTpOll,VITa. 



I 

3H8H CKOpOOTb apmTpou~~a ~RH era U8HTpa H TOqK~ AI' 
JierKO H8HT:H tU'ICJIO o6opOTOB B €,ZJ;VIHHUY Bp8M8HTII C TIOMOII\biO 0001'HO

W8HTIIH 

(2.2.12) 

Ha ypaBHGHl1H no.nytil1M Ol:l eH:& npocToe BbipameHHe ;zr,nH 

tmOJia o6opOTOB 8pl1TpOI~V1Ta BOK:fyr c:aoero U8HTpa B e,ZJ;VIHTIIUY BpeMe 

HH 

(2.2.!3) 

T.e. qHCJIO o6opOTOB JITIIHGMHO paCTOT no Mepe y,ZJ;BJI8HTIIH OT OCTII 

cocy,ZJ;a 

MaKcVIM~hnoe trf1cno o6or oToB 

~ .:: R. - ~~ , T • C • 

.i " . r ·- ct . ] 
n.A-,(,\1\.. ·~ ._ .~ ll - JR . 

] I fC.' 

fipTII yCJIOBTIITII, liTO t( L.<:.. f.l_ 

ro ,ZJ;H8TI030Ha p83M8p0B apTepwU H B8H, TIIM88M 

. . ,;l ~ J..: 
I l ,. ~- ·--

""'""~ .,.. n 
·'• i'\..-

(2.2.!4) 

(2.2.15) 

HaiiOMHJftM, l!TO JT8MV1H8pHbli1 TIOTOK :B OOOTBeTCT'Bv1VI C !{pVTTe

pTIIeM Pet-iHO.TIT>tJ;ca cyii~ACTByeT B c ocy~ax c l!;l-'taMeTpOM pnBHbiM vt 

MCRee I8 MM, COXpa llfll1Cn }ITI.HOTn ;~0 CGMblX yartvtX ItBTI~iJJHpo B • 

B ueHTpe cocy,ZJ;a 1JVICJIO o6c~poTOB panHo ny.mo, trTo OTf>OJ!WA'r 

rrapa601ITII'I80ftltl~i xapat\T8p pacnp(:,n;eJieHVTHI CICOpOCTeil'i no OpTOT'OHHJTJ,

HOMY celleHVIIO cocy;n,q. Bo3NOJKHOC'Th 38 MeHa napa6oJIVI'lOCitO ro pu enlJA 

HV18M BblT8KaeT Vi3 TOJ'O, l.ITOd _.:_Q C11p8B8JJ.JIVI BO B 

coM B ;n;ecHTbJC ;n,on~~ MM, TaJt 1mK ,n;VlaMeTp nopMor.r,wra I opE~mwro. no 

paaMepaM spVITpOU,viTa/ COCTa ll.TilWT 'BCArO 8 • I0-/4-CM • 



58. 

§ 3 • 3a~mqa Hl!Tfl 110 paC1WTy PVI!-(p0.1(11HBMl!Tlf80ROi1 CVIJibl 

7-(GiiCTByJOu~e1l HB 3]l11TPOUV!T 

PacoMOTpwM .n:nmKeHVIe rf.pOm'l B Rpo:senooHOM cocy,n:e pa,nV'y-

ca fl , oc:& 2: 6y:n.eM rrpe;nnonara~·:o Hanpa:BneHHOti :B,ItOJI:& npHMOJIItTHe~i-
aoro H 6esrpan:vrtriwro cooy~a. . , 

1.,3i) 
Tor.zta VIa ypaBHGHVJW C•roiWc np:vr npeao6peJKeHHl!T MBCCOMblM11 

OHJISMVI H ytreTe CVIMMeTpWH ITOTOKa ITA83Mbl KPOEVI 

i v 2, :: ~ ·. I : C \) .;t.. ~ v ( "t.) 
I v ' ~ 
! 

loiM8eM, liTO 

J2E. - "' c· IT + ._;__ .41. .) 
·a~ - ( at 'l z ·t. z 

~II 
(' \i 

' .. /"'\ 
':17.· ·~ ' ( . 

(2.3.1) 

(2.3.2) 

(2.3.3) 

TaK KBK B COOTHOID8Hl!TM (2.3.2) JIGBBR lfBCT:D flBJifleTCH 

qlyHKUHei1 TOA:DIW ): , a npa.nRH: 4HCT:& - TOJI:&RO 'l , TO MOJitHO 

llOJIOJKl!TT:& 

06rnee pomeH!If(:l (2.3.2) MfiJKHO npe.ztc'l'BBVlT:& cne.ztyiOJJ~11M 
o6pasoM( ?>!. ) 

J. \ = -··-
it~ 



59. 

flOOT0flHHhl8 Cr VI C2 OTIJ: 8t~8JH1M VIS oqeBvl~HhlX YOJIO:Bt-iL1, 

qTQ npH Z = 0 OKOpOOTh TeqeH~R ~OJtmHa 6hJT~ orpaHHqeHa, T.e. 

CI = 0 , a rrpH orrpe~eneHHn c2 ~ononbayeM rpaHHqHoe yono:sHe 
V = 0 rrpH l = I< 

l{JIH 

ll 

U :: ~ vJ.Jil cl ~ 
0 

CeqeHWH rtpOBBHOCHOrO cocyna 

(/ 
\/Cf =. ;~:l 

C yqeTOM (2.3.8) 
nonyqi'IM 

r~ z - ·---- ~? 

a ~nn rrepena~a ~anneHH~ 

(2.3.6) 

c 2.3 .a) 

(2.3.9) 

.J.£. _ P~ ·- P., &~ Vcr 
- o·*- ·- · e ~ R- (2.3.to) 

~
1

eOpO'N140ClC\11C p:wqo~'bl 110 rJlO!WjmlM ({2.3.9) VI (2.3.10) !(:HIT 

npeKpaOHOB OOBD/1/(nflfiiO C po:JyJI.h'l'a',_'1J.Mt1 OHH'l'OB. 

Mbl ITpH:SBJitll 3,U8Cn no;n;po6Hh!W BH:SO~ pacnpe;n;eJJGfH1H CROpOC'J'()li 

KPOJHI B opToroHaJrbHOM K TIO'I'OKY cmiCHti.L1 cocy~a, qToCihl noica3n 'J'b, TJ'J'o 

Ha 8pHTPOI.\L1T HB 6yll,eT l\8 iic Trona TJ, rVI;n;pO,II;VIHmH~llCCKafl CV'!Jt3, IltHI p f.JI ( ~ P 

H8fl K OCVI COCy~a ( '~- == 0 ) , •rai\ F8K IIpii Jt8MVIH8pHOM ~Et'l!IWIHH1 NJ3 --

KOti JKVI~KOCTVI nepenak ~aBJWHVI~i ITO pa~VIYOY paBeH HYJIJO T. e.~~~~-0 



60. 

8TO 08HB qaeT, liTO rw;n;p0,7J,VIH8Ht1'liBCRBH CYIJI8, C'l'PBMfJU\Bff np.Jtt'l!CB'l':b 

apYITPOURTH K OCVI cocy;n;a,MOZBT DO:JliYlRHyT~ TOJibKO 38 OtteT BpameHMR. 

apvrTpOIJ;VITB llOKpyr CBOBM OCJII VI COB,11;BHYIH :BOKpyr KBJK,7J;OrO ap1r1TpOL(JIITB 

llHXpenoro ,1I,~VlEBHWH ITJIBBMN «POFH. 

TipVI TBKVIX ycnOBVIHX onpe;n;eneHVIB ra;n;po;n;YIH8MW'li8CROH CMJIY He 

RBJIHeTCH rrpOCTOW 88,1I,B.'liOW VI B HBCTOHIUee BpeMH BhiXO;n;vrT 88 paMKYl 

;D;8HHOtl pa60Thi. 

3HBHl'IB 8JIBJCTpONl8I'!H'~THhlX C BOiliCTB KpOBVI HBJIRBTCH 0,1\HOW 

Yia WYHl.\aMeHTaJILnhrx rrpo6JICM o~w~h3IHm, TaR naR ono noanoJiflf~T 

TipYICTYITVIT~ K TIOVIC~aM ,1\G~CTBOHHN): Mep 60p:&6~ C HapymBHVlRMH Beaeq-
I 

HOrO KpOB006pnmeHMfl - 0,1J;HO~ "8 C~MhiX OCTphiX ppo6JieM COBpeMBHHOO-

TVl,pemeHVlB KOTOpO~ HBT VI ITO ce~ ,7J,BHb. 

8neitTpoMarHVITHblA cBo~icTna n:pom1 npem;n;e Bcero o6ycnoBJIAHhl 

TeM, tiTO liB TIOBBPXHOCTVI 8P\1Tp011,1W8 VlJIVI JHiyTpVl ero 06'IJeM!l YIM88TCH 

,1\0BOJI:DHO 3H8lJVIT8JLfJHOfl 'H1C.lTO 8JIBICTpOHOB, a TBK)K8 OC060i1 ri10pMO~J, 

ITpVl KOTOpO~ 8JH'!Tp01\V!T ITO,l( ,n;etiCTJHilBM rvr;n;pO;D;VlHBt~~qeCitt1X q)BKTOpOB 

Yl8-3B Bpa~AHVIH DOKpyr CBOOM 00~ CTBHOB~TCH MBrH~TVIKOM. 

B 8TOi1 crms':t ~~op}m spw:rpo1~11Ta 6eaycnoBHO He H:BJIHeTcn HO 
I 

CJiyqa~HOW, a OTpam:acT CIH1l(ii1tQV!qi)CKlt1.8 8tlHOHOMepHOCT11 CH8.6Jif81UTIT 

M rrepeHOCB RVlCJJOpO;n;a f{ l{J!CT1\8M :1 OTBO,ZJ;B ITpO,Zl;y.KTOB 11X JKY13lW

,I\eHT8JI:&HOCTVI, B IW'l'OpO~J l'11,7J,p0,1.(H ~IBMfl!liCCKVl8 t1 8JI8ltTpmmrHWI'Hhl8 

l ____ ~aKTOpbl flBJIHlOTCfl onpc;n;eJJHIO!l!,Vrt-.H'I. 
I 

Bonpoc o BHYTP8HneH cTpyKTJpe spwrporr~ITa ,pacnpe.ztD.IIUHIIJ:V1 

B HeM sapfl,ZJ;OB HBJIRCTCR Kp3UHe CRO*H~M VI B BTO" pa60T8 COnCOM 

He aaTpar~~aeTcR. 



61. 

B ~aJI:&Hei1mcM npvr anaJTVT3e :meRTpoMarHVITHbiX OBoi1cT:s 6y~eM 

paocMaTpHBBTI> apvrTpot~l1'l' B BL'I,l~e mr;nm~pliiita c pa:nHOMepHbiM pacnpe~e

neH~eM aapa~OB EHYTPJII ero o6~cMa ltJIVI Kpyrnoro BRTKa c nocTORHHO~ 

mmetiHoki rrnoTHOCTI>Rl 3BPH~OB no ~mme ero OKPYJKHOCTH. 

Bb16op TOVl LUlU V1II0~1 l3 33I6K~~pl1ll6CKOM OTHOJn6HVI11 M0~8JU'I 

apHTPOUVITO:B OCHOBbiJ3aeTCR npem~e BC:ero Ha OTpeMJI6HRH Ham60Jiee 

npOCTO :VI ~OCTynHO paCCtiVTTaTL SJieK~~pvitieCKHe 11 MarH~THhie X8p8KTepnc-. 

THIUI KPOBVJ, I)ffTaRCn TJOHHTn 111, COXpa!IliiT:O OCHOBHbie tiOpTbl fll'~13VI'~'H3CKVIX . . 
aaROHOMepuocTeM,o6ycnannwBa~~wx pE~6oTy KponeHocaoM OHCTeMhl BNOOK0-

1 

OpraHH80:B8HHhiX opr81JI/13MOB. 

TaK np11 aaa.mme pammJr:&uoL ycTOWtiVIBOOTvt 6onee y~oc5no 

8P11TPOUHT paccMaTp~IBA.Tl> ltBit 3D.pfiJf\E:HHhii1 Bt'ITOK, a npH it8'lPC'l'B8HHOM 

paCCMOTpeHV!VI 83HMyTaJI:nno11 yCTOVitlVIJ;OCTVi KBK aapR:IKeHHbli1 l~VJJlillH~pVJ!( 

KOHe'IHOn B8JIVJqMHN. 

KaK B nepBOM, TBK II RTO}JOM CJiytHlflX 0 cJll13:V!'IeCltOH TOliKttl 

3p8HVJR ooe MO~GJIVI p::l.cnpnAo.nemm 38 pH~OB 1HIYTPH apN'!TpOLU'ITa HIIJIRIO'P

Cfl 8KBHB83IOHTHWMM ~llyr ,n;pyry,w6o ~pH 8HBJIH3e YCJIOB:V!H yoTOHqnnoCTM 

,1(BVJJKeHJ.1fl :3pii!Tpoqwro 13 IlO~ 7J;ei1CTBV1:8N 3JI8KTpOMBrHH't'HhlX 11 rn~pO,IT,~llfB ivl vl

tieC.KVJX CHJI I1X pam~ep ncer7~a OC'N:.l8'I Cfl 3HaliVJ'l'OJI:bHO MGH:&IIJVlM IlO 0p1=1 n flt)

Hl-HO C pa~HyCOM COCy;l(a, a cyrvrr.tapJihl~i sq,qlGRT B03~0~1CTBTIIH Ci-131 Tli)n:ll[/~n 

Bcero onpe,](enneTcR ooHniN tiMCJIOM ~JJeMenTapHhiX aapa,n;o:a Tll:JIVI o6·hermoiri. 

llJIOTHOOT:OIO aapH;z40n ~1 IIJIO'T'HOC'.rr,IO TOKOB , nprn HllXOJKJJ.OHJ,'lil1 KOTO-

pbiX xapaKTep pacn peJ(eJWIITIIH 3.'3 !lH,7J,OB BHyTpn apviTpOJ~TilTa H RJIHWl'CH 

BTOpOCTeneHHhlM (JlHitTOpOH. 

,UJifl Bhl'I:V!CJieiU1H C TllJI OTTD.Jll\ltl138 Il[!'[R M8.JK,ZJ;y ~nyMH :lplr1Tpllll,ltl'J'af\111·1 

6y,n;eM paCCMaTpTIIBBT~ KGllill;UH ~p~TpOQWT KaK KpyrJIHL1 HTIITOK 8K~~BAJICJIT-

HOrO pa,nHyca Z0 :..~ 3,37•10-6 Me~:pa (no ,naHHbiM qmKeBcKoro) Iti Hecyn\r:'t 



62. 

Ha CBoei1 OHPYlltHOCTJii a a pH,n; G.. , onpe;7.~eJIHeMhii1 ItaK 
c 

'-_ (; ·=- J. :JT c c ()~ ( 2 • 1~ • I ) 

r,n;e 0~ - JIY'IHBMHaH TIJIOTUOCTI> 38pH)~OB. 

ITpM pacqoTe CJIIJI 6y,n;eM npe~IronaraT~ TaKme,qTo apHTpoumT~ 

! npOcTelrneM Cnyqae pacnonaraiDTOfi KOHU6HTpMqHQ OTHOCY'ITBJI~HO 

,n;pyr Apyra o o6meh oci>m,KaK noKanaHo Ha pMc. 23 

.,. -...:---:t---,.,--
1 - -- ' 
I • • ·l 
' .. . ... -. ~.. .. I ..... ... ~ . . .. .,....,-

··---- 'Z 

)
-, ') 7 · vl c • .: . ..> • 

/nyrmTvrpcm ycJtOmi () TIOlt: I :H II It J 1[10 pM!t :l p WI' fHl 11,1/1 'til ''J'() /II~., In! II VI; t '!,' tl 

;t}tflt1JH1JJIJII'l'llhlll r~M.V l\11'1'tllf/ • 'I 11 1,11,11 IIIJ'I'Illlll,l/lil.ll,flfl 1/llt 1111 l:if.l'·j 

88.pHJ!(rJHHPM HI• T1WM .H ll!HJC'J'!JH HO'rBCl MOJI<HO 3all JI[Q!l '.l'l1 ~ IH1/1,0 

, 1- l1i lc d ':( , 

u ~ ;;~ ~i~~'~if;2~-2~~s~f? , (2.'1. 2) 
Cl 

r,n;e t - ,1J;Jii8.7IOH:'J'ptnJOCftafl TIOCTORHHBH KpOBH, B~ Cli!CTeMe 

Z,- pal(JiiyC BWl'Ita, 

Z, 't - KOOp,n;viHa'J'bl 'l'OqKltl l!ltGJilOlJOHilm. 

ITepexo,n;H If HOTibiM nqJcr,1eiiHbiN ~; = :r+.! ~ no;ny-qYIM 
~cy ~ 

U • 4~~t _f. ·v?v~)'·;i~~~lit,?j 
/.(, 



63. 
KounoneuTLI r1oJIH Haii,n;eM ~a yoJIOBI1fl 

-
Itls COC'lTHOUJI3H1TR{2(4 .If) l!TW~eH iPlfl COOTU:BJI.fiiOII(ViX HarrpmlteHHOCTVl 

110Jifl 

i.(.z, ·l t!p. 
~ u~ .. ~J. ;tL4'lc z ~.-. ~'!'> JYZ 

:ty2 [(Zo + ~_) - J ·~ SI-J.j(l )~ ] c.{.J~ . 

J i[10• ~>· ·l' -4~. 2 ~ •• /B rtt ,, ~.: ... r 

(2.L~.5) 

(2.4.6) 

ll TIOCJie,n;yiOU{CM oy;n;cr,! VTHTCpeCOBBT:&Cfl ITOJI8M TOJI:&ItO TipVI '2 -= l(' , 

'ITO OOOTBeTOTnyeT CJiy'4:uo, IWr.n,a :-1pV1TpOL(lt1Thl C'I'poro COCHflT. 

~JIVI 

r:z.te 1-: '2 : ,., 

(2.4.7) 

(2.4.8) 

r-(--Y., f) - , I c ·~ "' TIOJJHLm ~,.runmTIIqncitVJvl RiTer pan -ro pol{a. 

np11 K=I Mn 'I((IO ,TI;Jlff Dbl'l VlCJJ•~mUI FepTVlltaJJ:oHOLi COCT8.B.1JHKJ11r~~ii 

HaTipFDK6HHOCTVT 8JIC iVJ'p~1q nCIWJ'O IIOJHI DOCTIOJI:080Ba ~':OCfl paaJIO.II{flffVIeM 

sJIJit1rrTwl.leCitoro HHTclrpa.na I -ro pol( a :B pH~ no CT8IT8HHM 

·.· i ---- __ f. (Jc, f) ~ d t ·i.- (JL - ·1-) K,z +... ~ 1. 
I I2 2 · • J 

r,zte K =I - K = 0, .A_ :-.;~ ..:t_ 
~ KI2 

.,. 



64. 

3H8H:vie 8JICRTpOCTaT11T!eCI-tOrO ITOJIH IT03:BOJifleT Hai1TH O:viJiy 

OTTaJIK"BaH,JMi ll.BYX 1HlOJI~pOBa HHbiX 0 ClOCHbiX sp~TpOIJ;HTOB • 
I 

Ha aneMeHT ;n,yr~ BToporo ap:v~Tpou;HTa 6y~eT 7J.6~CTBOBaTn 

3JieMeHTapHaH CHJI8 

dfi::: c/Qo £~ { ~,i) ·--~ ~dAji £:e {~. z) 
a Ha :sec~ 8PMTPOUHT 

r _ 
2

itr 6: ·lc {- ~ i,;· =- .ir,·Ze :)€ £tC'lc, l) 
~~ - .. \ € ;., 

:J 

Yt~VTThi:BaH, qTo ua apMTpor~~Te c.ocpelJ.OTOt~eH 
I 

COOTHOWeH~e (2.4.1!) MOMHO nepenMCaT~ K8K 
I ·2 

~-~fl ! ~0 [ r• -~) 
,..i: .: 2!i'tllt~~ j}'lel; l 1.]'Yz ( K,, l 

(2.4.10) 

(2.4.11) 

sa pH~ ' 0 ~ 21ilc Oe. 

B aaKJITOtieHJilcj cne;n,yeT o~'MeTHT:&, t~To onpe,ZJ;eJieHIIle cmt paoTaJI

_Im:eaHt~~H Me'J!Clf.Y l(BYMfl ; ipL1'rjJOT.~U'.l'aM~ 11MCf1'l' CMhTOJI, IWr,ZI;a :lpVI'J'p01~1!1Tht 

H30Jill!pO:B8Hhl ,ZJ;pyr OT ,ZJ;pyra. ECJrl,i HW OHVI aaMitHYTbi /co6paJibt/ B 

KpyrO:Bble aaMRHYThie 1\(.:noqr::.vr, '1'0 CJI8)(yeT O»i:H7J.8 Tn l!8CTl1t{HOi1 IWMITCH

car~Hllf paoTaJiftvtBahli~VlX 3NHCTpOCTaTII!l[8CI<HX C~IJI Vl3-3a 831t1MY'l'8JLbHOt1 

Cli!MM6Tpli1JII B pacnOJIOllf8Hvll1 8JH!Tp01.LVI~'OB B KpyrOBO.~l U8110'4KO. 

Xapai<Tep pacnpe;n;eJiemm ~}JieJt~·pooTA.THqeciCVTX 111 MarHHTHbiX 

O:viJI dy~eT paccMoTpen oT~en:ono. 

BbrpaJKeHr1e (2.4.I?) npelJ.O'l'aBJreHo E CHOTeMe C.L/ , r.z~o 

paCCTOflHvUI 'Z. Bblp8JiW!OTCH :B MElT pay, aapH~ B ICYROH8X, I RyJIOH 

oo~ep.mMT 0,6. ro19 
3JIOltTpouon' a Cll na paccTaJIKL1.BaHv1H Fe J3blpG1!UlC~1'--

~ .,..., 
CH B H:OIOTOH8X np1.1 ,1(H8JTeiCTinTl10CIC011 TlOCTOHHH01i KP01H1 C ::: r· ~""<:< .. ~·1 r.:: ". 

J.(Jifl nepexo;n;a 11pvt Bhll.fVIC.JleiH'IJlX :B CVICTGMyCf('F He06XO;ll~MO 

OL1JIY f7 BbipaavtT:O B AiiiHaX, I30CIIOJI:030B8Bllll1C:O COOTHOIIIOHL1CM 

5 I H~IDTOH = IQ ~vtH (2.~.13) 

(2.4-.14) 

• 



65. 

r~e aapH.zt (.,._0 BbTp:3J!C0H 13 8Jl8KTpOCT8Tl!lll8CK:vtX e~:fi1HVIL\8~,1. 1 1(. :B CM, 
ere' 

8~ . - ,1tV18Jl8RTpVIT.JeCl\8fl llOC~l'OHHHaH KpOB!tf B CVICTeMe CfC ~ paBHOfl 

85,5. 

§ 5. MarHVITHoe npwnvlceHvre JJ.13YX VI30JivrpoBaHHhiX apvtTpon¥ITO:H 

. B ,naHHOM paccMoTpeHVIVI 6y~oM npe~nonaraT~,qTo npama~mVIilcn 

8Pli1TPOUVIT, l1M810II\vii1 Ha CBOei-1 IlO:Bep:x HOCTVl 8JieMeiiT8pHble 88pfl;z.thl, 8IUlV113n;J 

JI8HT6H BV!TOtmy pa;n11yca 'l ~ C TOKON % , KOTOphii1 CJIA~YJOlll;VIM o6p830M 

ClSH88H C 1KOJIVIT.JCCTJ30M uJICMCIFflR !JHHX 38pH.ztOB 
I 

Vl T.JVICJIOM odopOTOB 

:B O,ItHy ceK • :BOltpyr cnoei-1 OCVI 

'\,f - r:· ( 
· Jo - h ~o -= I\ I\ I,6·ro-I 9~Mnepa (2.5.1) 

I 

MarHVITHOC ITOJT'}, C03~UBn"HiTOO E li!TTWM C TOKOM MO'}J\110 OTil'ICBT:b 

0 flOJ.flOm:&IO CJiel-\ylnH(VIX" J3Hp8iKOHfl[ii( ) 

- ~ .Jc ~ - - . . ~ ,_ + ·z..Z· .,. ~ z. - ] 
Bt .. ~ i [Oe•V'\ZlJ Vt L-1-(1~, q- )·1- (~t-- 'l)' • ~ l EU.:, r).. ( 2' 5. 2) 

( ') r- 7 ) 
l .• • )e:J 

n ·- ... I.Jt ::v , ( 2. 5 ·'t) 

PaCCMOTpTIIM THV liil'W,/:L~ilCTJ311\3 "RVtTTi.OD, TWr,na OHVI COOCHbl 

(cM.plllc •. 23). 

B 8TOM CJiytmc CVfJJ8 B:V1.m:,o,n;ei·:cTBl'Ifl oy;zr,eT onpe;n;eJUJTI,CH 

·-·~------KaK (?.S.5) 

nocJie npeoc>paamnll ~m 

(2.5.6) 



GC • 
. > ..... 

r;l:\e 6' L !/1' ·- yroJI OTCl!t1TbrB8 fn"hlil OT d ~ VT ~ 

BcJie~cTnMe cmMMeTpwm m onwnaKOBoro HanpauneHHIT TOKOB cmna 

:B38HM0,1t8HCT:Bvt.f! M8:tKJI.Y MariiHTTrHMH TIOJifHm aprrTpOl~KTOD 6y7J.AT OVIJIOi;j 

npwTameHJMI. 

Ko11mnHF~.HT~ nomi, KOTopoe onpen;enneT owny npWITHJKemut, 6y;u,e'r B·t • 
XapaKTepHO, liTO ,IJ,JIR COOCHhiX B.viTKOJ3 BeJifllqJIIHB KOMITOH8l!TH 8.1 Ciy;n,eT 

onmuaKona ;u.nn Bcex 8~CMeHTnB. 

TIOOK01Il>Ky TOFVi B 060VJX KOHTypax 0,11;HH8KOJ3hi, TO OJ.t1!8 onpe,1(e-. . 

JIMTCfl KBK · l6 

r:: ~ ':J. ~'I. (z,, z ~·z., ,I.) '?., Jd.f :=. u- Zc J.. ~ (7,. ~·'lo. ~) (2.5.?) 

110/.WTa:BJiflfl 3IIfJllCH1;H-'! 1-WMrTOHCHTbl P,'l'(io, ~~ l) ¥18 (2 .5 • 2) , 

(2.5.8) 

CJie;ztyiOiltero COO'fHOliJC:Hvifl 

Fz"'j F;n "" .f (n, .~,to) (2.5.9) 

llpH 

(2. s r·n) .. - . -

TO paB6HCTBO ClUI BO:J~,W?{HO, KOr,n;a 8.113llmTHtteCI-tMi1 liiHTerpaJI ~Toporo 

po,1ta i="(k1, f) yxo;u,VIT G oecicoHelwocT:r, T. e. ~tor;na Kr ~ :L 



r.zte 

67. 

HHTerpan rrpH Kr I, To 

(2.5.II) 

one~yeT,tiTO sneKTpocTaTwtiecKoe pacTBRKMBBHHC He MO*eT OhlTL 

1PBBHO:B81n8HO :J.7IImTpOMG.I'HlifTHbiM :1p:vtTFf/IC8HI1CM. 8HaqeHl18 napaMeTpa 

~~'"\-o =0, 5 COOT fW'JlC':I.'BynT TaKOMy TIOJ10*6H:UIO, KOr~a SpHTPOUHTbf 

HBXO~ffTCH :BTI1IOTnym K. ~PY! :rr,p:IJ:'~r •. 

CJie~ye~.· OTMeTt11'.b, TITO no)to6noe paccMoTpeHtJie 6ananca 

8316KTpOCTaTvrqecFWX M MUI'TIWl'HblX CMJI ,7J,Jiff lt:BYX li180JIHpOl\8HHJ,JX 

3pvtTpOI.(~TOB HC U'fp8JiCG.eT npC~liQJ[BraeMOti p8,Ztl18J1:0HO-KOR.Dqe:aoV! 

CTpyRTyphl 3pL1Tpoq~1TOB Tipl'l HX lFIDIWHHH B COCy.zte VI OBH38HHhTX C 

HHMH 81I6KTpOMBI'IH1TIILIX CtW. EC.JIVi CtUITBT:O .ztOKB38HHbiM, liTO Ua none 
I 

XHOCTVI 8PIIITp0Hr1~'nB ~1MOI{)~'CH OTpL1 na TOJI:&Hbl8 88pH.zthl t TO fTOMI~MO rr-t~po 

,1tli1H8Mit1tJ8ClU1X C ~1.11, 0CIIOJ3 HbiM !If 0 T!lJIBMVI 6yl1,yT CVlRhl, OOyCJJO:BJI8HHHC 

B8BJIIMOl1,GltJCTBHCM :1apm!WHHOrO 8pV1TpOqtJIT8 C M8rHWTH11M 11 3JlOJCTJJOC'I'8-

THti8CKHM JlOJIHMH, liOJiyqaJOIIU1N.MCH B peayJI:bTBTe KOJIJICKTHBHOrO ,l(BV!;f{(o}

HV!fl B KpOBOHOCHOIT COCy,]te noeL-! C :mon:yiiUOCTV'I 8Pl'ITPOI(HTOB C 88.~PII
HOti KOHJ~8HTP8L\t18L llX B 8,JF!jHVT1~8 )6.&cMa • 

§ 6. BanlilMO,l(c ~lcTrmr. 8pvrTpon !I~ra c MarmlfTHhiM noJieM 

If.POBCHOCfiOPO DOCy.zta : 
I 

Vl3BCCTHO, tl'I"O CI'IJIH ,)~C~ICTJ3~'10mvre D 381-(8HHOM MarJIMTHOM ITOJJe 

Ha H860JI1>IDYIO TipOl3•1.TI0THJyJD fi8TJIK> c: TOICOM ::J~ MOJICHO 3aJU1:CaT:n B 

(:Y~) 
CJie~yromeM BM~e · · -~ 

d f =- ~ ( • ;~ {/) 11 'I ~~ 
' (2.6.I) -

r.zte 11 - e,Ztl1Hl'I'THll~J BCI\'l'Op HF1Tipf:.BJit1HHb1M 1i I10:B8pXHOCTVT ~ no 

s HOpMaJJvt, c.t - 8JI 8Tv'OHT nJI OI~n.nn pa COMa Tp!t1BaCMOJ4 IT8TJIH • 



68. 

PaBBHCTBO (2.6.!) OTpaMaeT TOT ~aKT,qTo ManeHhKYID neTnro 

MO-HO paCCM8TpHB8Tb KaK MBrHMTHH~ ~~non~~ 

B ~8RbHBHm~x npeo6pUBOBBHV'HX BOCITOnbayeMCR TeM,qTO cymecT-

:eyeT C.7Je~yromec B8IfTOpH08 paneHCTI:O -
vcr: s) -=- (s, v)~ ... tr; c-v fi 1l+ (rrv) B + 

+ r~[V·BJ)-=- (itv) j;~ ·• (lr :~ct ~] ('2.6.2) 
L• ~ - _. 

Tait KaK onepaTop 'f/ He ~ei1cT:syeT t:a i1 , To nep:ehle ,n;:ea qnena 

odpamaroTcn B nynh 

I 0TCI0,1l;[-J : ' ... 

(~7 V) ... g -=- . i (i ,'"I~) - [ll . 'l (" t B J I 
! 

(2.6.3) 

Yq:HTbiBBH COOTHOiliCHTJIO (2.6.3·) VI :BJ::JipaJKBHV18 (2.6.!) MO>KHO 

nepen~caTb B cnA~yromeM BM~e . .,. ,ir t J(' v(~r·B)ciS- ·':JC' l•""· <~,LijJc:ts 
llpe,n;nonarae:·~, tiTO B paccMa'lpru~aeMOM cny~ae - ·-lt)'l B = ~"' ,. , ./ ,, 

r;n;e ~~ - MBrHVITRaH npOHW~ReMOCTh RpOBVI B CVICTBMB -J - DJIOTHOC'fn TOIUl B 1Cll0B8HC CHOM COCy~e 

CII1~TOMH Jcnop,TT,Illlt\'1' HH(IpnHa eJIO/l,ytoll\VIM oCipH:I(lM: 

------· ... ·----~---
1 

R --:--1 ----. 

:4 

I 

I - --2- ., 
I I 
1

1U 
--~~~-----J'. 

rvrc. ;'If.. 

··j.:;: .·· il:l: 

(2.6.4) 

(2.6.5) 

t 



69. 

B HBnpaFJIOHHM OCH ~ TeqeT TIOTOK KpOBH C TOKOM ~ ~ 
·~ . ": _, 

TIJIOTHOCT:OID TOIW J .- J;·t2'L , 

r~e R- pa~~yc cocy~a. 
BHyTpH croy~a paOCMOTpMM 8pHTpOUHT C SKBVIBBJIBHTH~M 

pa~HyCOM 'le , no ITOBOpXHOCTH KOTC poro TB'tf,BT TOK ~jc , CIHt3aHHbiW 

0 ·aapfl~OM HB SJH'I'I'POUHTO Vl CitopOOTl·IO BPBtnBHitifl OTHOOitiTBJI:OHO era 

UBHTpa COOTHOIIWHJ·J:·~M (2.5.1). 

IIoJJaraR, l• To R Marm . .-tTHOM o~~HomeH:vrVI apVITPOUHT MOJKHO aaMe-

Hir'IT:& BVITKOM c 11'01WM r,~::-··-:--. H ........... ;;:&' MOJKHO HBTIJIICBT:O TIOJIHYIO 
--~ 

OHJIY F , 1 ~e~oTByfmP.Yl'J na TAif.Oitl JH1TOJC KBK 

F = .;e v s ; r r~ c:t s - jc s co- u t P: J c1 s < 2. 6. 6 ) 
s ~ 

Paonpe;n;c.riCHI!lB MH/J;ylf.l~HVI :nnyrepr!! KpopeHOOHoro cocy~a 

VIMBBT RVl,n i'' ~~ •2 11 
.. 

R't =c, H'l. :: c) 8-r ·· · ... J. 1r R.~ 
' 

(2.6.7) 
H j 

. r.~e ·Z, - Jwop:n;v' flfl'l'a npOLi!3BOJtF>H0.1 TO'tJKVl BHY'l'Pli'l cocy;na. 

IIonarAn, wrn np'.1TPOTf.r11T aaHtlfM•leT cTporo pa;nvraJI:&Hoe noJIOJitc:·-
-~ . ..-

HVIB,nOJiyq'VlM jl j'), :- r,\( . TEU\. KBK tifH:TerpiilpO:BHHVIB J;1pOVI3!10}J;t1TOfl HO 

ROHTYPY apt~Tpo 1 r,wt·a, ':l'IJ :1nrnlClllMC!GT:O VIHl\YKIT,I1.:VI Ay. OT 'G 1 ~W}KI!O 

npe~cTaBI/lT:O GJit;/J;:; i'JH\1/llfi o6pH~JOM (CM.pvtc.24) 

~.o~ ·~'-1 (t·.,. ''~;~ 4' r) 
f?:,l/1 = -4---- • .Z,.r,{(l (2.6.8) 

r~e -z - KOOp,ZJ;l!TliD.~'a W!HTpa 3pliiTpOQHTa, 

~~~f./ 1- KOOp;n, ],(fi:J 'l'i>l nt~prn.,1HHITOii TOqJCIII 1·1HTerpl1p0:88HMR ITO TW rJ~ ypy 

3PTr'ITPOUitiTa. 

Pac•tpB:B(HT liC>,'f,liJITCl'fJ<J;;q:.,qrJr, ip~ HKI(JIJVl J3 COOTHOIIICHVI:£1! (2 .G .G) 
_.. -

·- ·----~- yqVJTbiBaH, wro 11 ilafli·:M CJI;)'lHJe [::'·tc:·t B ]'l. ·= ('Ut B) l 

' 
(2.6.9) 

r: . 



70. 

£~!a :Bblp8}ft0Hl''H ( 2.6 • 9) noJI;ptii!P rroJI:&KO O~HY KOMDOHe'I'Y 

CvtJIU 

F ~I ~- - J~.l ~!~l. 
l .~ .:t r, r< 

1!3 TIOJIYlJOHilOI'O ypaD 1HHvm: (,2 .6 .IO) 1H'l,Zl;HO, liTO :B8aVIM0,7te1icTn~e. 

MarHVITHoro noJIH ~p~TpouwTa c Mar1MTHWM noJieM oocy.ZJ;a,KoTopoe o6-

paayeTcH OT ,1J;D 11:t\f' 1!'1H B 118M BCOX 38pm!WHHblX Ml'tntp08JIOMOHTOB KIH>BV! t i 

npvtBO,ZJ;JIIT K ITOfiJPif.: HlJIO pa,L\:VIHJI:hHOti JL1JibT t H8.TiflU::BJifiHHOi1 K t\OHTpy CO-

cy71.a. 
·-1"1 . . 

TIO~vtMO CHRN ~l Ha B~TOK C TOKOM:vtnM HB 

8pvtTPOI.\Wl', HMeiOIJ(i,I~J Ha CJ308i-1 I10B0pXHOCTvt; aapH,1J; 

BPR mmoJ~VILicH 

,,ZJ;eiAcT:ny 0~' 

KPYTHli.\VILi MOMOJI'J' 
........ :"'lP 

N ~ [.l"lo g J 
TipH CTporo PU.7F18JTbHOM 

( r, r. II) '-•"• 

TIOJTOEOHTivt spvrTpOUMTa MOMOHT C~JT, 
I 

aw&WIGt>i:>t;.~:~. ,··-:- ·-·-;:··- ... · .... -... ~ ... .......,;;;;.wclliWi31iJlii'IUW'r-t·i ~----~ ._ ... _ ..-....... 

8TOT Sq)({Jo IC'l' Il0,7.~0UOH TOHY ,!J,O~iCTBIIIIG, ItOTopoo OK8 8hTB8CT MUI'~J WL'· 

noe none 3eM.mi nn cTpomcy IWMnoea, Hor.n,a ee OTKJIOHfliOT oT noJio:w.e

Hl1:H p8BHOR801/IH. II ;H1 '1.'3I{QM O~rKJIOll 8HIIHi CO CTOpOHbl MarHWl'HOrO IIOJIH 

8eMJI11: uattVIHae•r ,l(n 1C'l'JlOJW 'l'J? na c:•r poJmy MOMewr Cl1JI, onpe,w~JmeMo i·t 

yp&J3HeHVT8M ( 2 .().I [) , ,V,O 'l'E;X nop, ITOKa OH He C'l'8H8T p8:BIIbiM rryJm, 

a npi-1 OTKJIOHO!Ull .. l 'l0.TlO}iCCI1:V10 3QMT1'0Lfttl'ra OT pa.7JVIi1JI.:bHOrO Wl Jlf)~'Q_ 

HativtH88T lJ.8~iCT:BOTI lTb TIOMm~O l'l1,7lJ'OOKOTIT!iti80KOrO MOM8HT8 ,rmr.WH'r 

Cl1.7l,CTpeMHII\l'IXC51 IJf)8Bp8TJ1To ero 1: OTporo pa~HaJILHOe HOJTOJIWIH1C. 



71. 

•lf*iili 51 

• 

MaKCJ.1MaJI:&Hbi~l KPYTfllltvlW MOMeHT ITOJIYliVlM TOr,na, KOr;l\a MeJKn;y 

HanpaBJieHI.1eM vtH;n;yitl\YIH B H rr.TIOCKOCT:&IO, B KoTopoi1 naxo1rviTCH ;Jpt1Tpo

UHT, 06Jia;n;aiOIItl'IM MarHI'ITHhiM MOMO HTOM /10 , dy;n;eT npmmi1 yroJT ( ~ J ~ • .Jj ) 
. 

TaK KSK ~ 8TOM cnyqae KpyTHilti.1M MOM8HT 

tJ ~ fS tVIc :& 1 (2.6.12) 

Ente pas rro;n;TieprtHCM, liTO ItpyTHIUVIPi : MOMeHT N npVI cTporo 

r~:n;t-t8JT:hHOM H01IQ)JWHvlTt:1 ~lJH1T}JOI~l!l'ra TOJK;l(rOT:FlCHifO IJflfH'lH HYJIIH. 

Tartl1M o6paaoM, nnJHFII/IC 8JfOMt) H'l'apmJx- ::wpn.n,o n /:JJH~JC'I'POHnH/ 
I 
I 

HB ITOBej)XHOCT¥! Mlt1Rp0311CM8IITOB KpO.BIII VI l1X XApa:KTep ;ZJ;JHrTJ!f.OHVHl :A 

Kp0138HOCHOM cocy;n,e, a ~meiHIO: 13pameHMA 8p1!lTpOWifTO:B BORpyr cnoe ti 

OCI-1 H npf!MOJHHICViHOe ,ZJ;:BHJJWIIJ!te liOTOlW. :ecei1 ltJlOBl~ np:r.1BO.l(vl'l' K. HOHEJIC

HMIO MBrHYITH~x noJieil RpMTPOUilTOH ~~ MarHWTHoro nonn cocyn;o,n~oYIMo

;n;eiicT"BHe Mem;n,y ICOTOpbiMn oc5ycJIOBJtWD8.8T /n npocTpJucT:ee ltpOJ>enooiio

ro COCYlJ.B/ f'::l.;ZJ;lHlJI:hTTYIO Cvmy ,;n;ei,]OTByiOI~YIO Ha apHTPOUVTTH J1 Hl~nl):JBJlfl

HVIti oc~ cocy~a, k1 KPJ'Tffll\ero TIWMeHTa, B03Bpnn~aiOntero apvrTpnr.rAmr_; fl 

cTporo pa~man~Hoe nonomenMe. 

· § 7. BaavtMo;n;eiicTBMe apWPJJOqMTa c :3JIGK~'pocTaTEl1CCKI1M 

noJicM cocynn_ 

fip11' 'B.I:XlJ VICJI8HVI:H: C WJI 8118 KTpOCTa THt.{8CKOro 0 TTBJI!C£11 ~!.liJVl ft, ooy

----CJT01SJieHHbiX HBJII'I'til'ICM !l.TlfliM~HTapHb!X sapH;ZJ;OB Hu :Jp~Tpor..rVJTBX n rm ll.P;J

r~X MHKpOS.1!8MGHTBX l\pORYI, 6y7~CM rrpe,1..1;ITOJiaraT:&, lf'l'O 1/ COCJ'JJ, ViMPnT 

Kpyrnoe ce1tetme ~1 6o3rpamPl':'H H o6e cTopoHH; 2/ iTOJIHH}i napn;l( 

apvtTpOQHTR pRcnpe;l(eneH no Kpyry p&~~yca 

aapn~o:e ~HYTPH cocy;n;a paEnoMepHo • 
• 

; 3/ paonpe,ncnonll!o nc1 'X 

I' • , .. 
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72. 
TipH aTMIX rrpe~noJio~eHVIflX wopMyJibi .zpm KOMITOHAT 8JICH:Tpo

CTaTHtleCiwro ITO.'Tffl nnr!fO DOJIYlli1T:O 0 ITOMO!l\:&10 TeopeMbl r~yCCEI, .nviOO 

rrpe.ztOTSlHIT:O HX :B 0606U{8HHOt1 ciJopMe, I\AR 8TO C](eJiaHO B paooTe ( '?,?) ) 

E.:z. ~ f..p -= c (2.7.I) 

£ ,. .~ J.n [l.icn(R- ih:t] • !B.~ [l- ~·( t~(rl · t)]} 
'l -'ttr ECA.c l . 0 ~ <.1 (2.7.2) 

r~e ~- KOOp.zt~HGTa TOllKM,B KOTOpoV pacCMBTpMnaeTCH TIOJie, 

t - ,ZI;W8JI6KTp~ll8CK8H ITOCTOHHHafl KpOBH B CMCTeMe, 

Ov - oCf·.oeMHHH ITJIOTHOCT:& snpmiWHHbiX tiacTHr.t Kpo1m, 
I ' 

~5 tl - M~TeMaTVIllGCKvtVI Cl1M:BOJI, orrpe,7(CJIH8MOi1 Kait 

~l('jll.X = l btC n ~. C' 
Q t1 

X>c .Jl~c 
R - pa.ztvryc £tpoBeiiocnoro cocyJI,R.. 

L'la :eupa)ltBHJIIfl (2. 7 .2) nerKo H9ti.ZJ;eM, l!TO :et~yTpiii cocyJI,Fl nanpn

meHHOCT:& aneKTpocTaTvrtiecKoro rrOJiff rtp.vt z ~ R ! 

f. -=. . ()\, ·'Z, ( 2 • 7 • 3) 
''l ,2_ ~ Ct-4 

III RHe cocy~a rrpVI 

s~,. tJ l. 

E z. .... 2 e'l.( :z.. c 2 • 7 • ~~ ) 
Ecn11 paccMaTrr,mqTL ::.-pviTpoT~wr rmK aapRJiteHHhiLi BIJITorc, To JI111wii-

HYIO TIJIOTHOOT:O 3BpR~O~ MOmHO onpe,lte:IvrTll RaK 

~ - L~c (2.7.5) - . 
.J 1i l-c 

r.zte ~- JIVIH8HH8fl ITJIOTHOCTlJ aap.A..ztOJl, 

~0 - TIOJIHbiL:i. sapH,ZJ; na apv!Tp01U1Te, 

'Zc, - !3RB11E8JICHTHhiW pa.ztHYC 8 p'Vl'Tj>OlJ,VITa • 

c ·-
1
------· CJIIna,~evicT:syiOmaH co cToponbi ::~neKTpocTaTVJt~eciwro noJm cocy/J,D 

Ha aapnmeHHHll spMTPOUHT MOmeT 6HTb orrpe~eJieHa CJie](yiOmiiiM o6p!l80M 
a- !1i 

Fl~n .. §. .~~ ":,. ~ tz.\ 'f) .:fof (2. 7.6) 

II''. '~·' 



73. 

' r~e 't.. : rr.,'(~)- paccTOHHJtie oT oclll c :>cy,zta ,zto aJieMeHTa .ztyrTA dl:: t-'J ,)/./ 

TaK KaK /oM.pJtic.24/ 

(2.7.7) 
r~e ~ -paccTOffHMe neHTpa splllTpon~ra oT oo~ cooy.zta,To nocJie 

HHTerpHpOBaHMfl (2.7.6) TIOJIY4liiM,qTJ 

F - ~V' .~1.:, ~~ (2.7 .8) 
'2.- - ~ .:: CA.( ..... '-

Ytn'IThiBaff, tiTO ~ =rifi·te 5e BbJp,:lJIWHvte ( 2 • 7 • 8) MOlKHO ncpenHca T:O 

(2.7.9) 
' 

0Jie~yeT OTMOTMTb,qTQ )J,OMCTB~e 8~8~TpOcTaTTAqecRoro TIORH 

cocy,n;a Ha aapm~teHHLli1 spr1T·pon,1·TT, y ROToporo no npe.ztJIOJKCHvtKl napr:m 
' 

}J8'8TiOM8pHO pacnpe~G.TI!_}H no OlfpyJKH(V~'I.'TIJ pn~VIyoa ~~"'J , 8!tf'V11mJH'JITHOPO 

AeLicTBfiiiO,ItaK 8TO CJIG.ztYO'r VJ.S/1].9/, ~Or.zta :eec:& Sapfl~ apWT'POrT,VI'ra 

oocpe.ztoToqeu B ero QeHTpe. 

llpe)J,OTBBJIFICT TIIIITOpec HatiTVI iJQOTHOIIJeHVIe MGJK,1.(y p8,7~!118JI1HbJMVI 

CJilJ18MW,06ycJIOBJ18HHhlMJtl K8K 8JIBKTpOOTaTJ!lqCcKVIM pacTBJIKMBBHWer•,TaK 

lll BSaliiMO)J,8~0TBV18M MarHitlTHNX TIOJie" spuTpOQMTOB ~ KpO!CHOCIIOrO 
I 

oooy.zta. 

~3 OOOTHOmeHHM (2.6.!0) Itl (2.7.9) CJie,1.(yeT, qTo 

i"l j_ ~ ~ ~ ::t, fVlo I r. I rl~n I = f.' ~ < 6'. ;;._~-;:;_-· ( 2 • 7 • I 0) 

TaK K8K TOK aapmKCHHbtX llfTAKpoaJieMeHTOB KPOBVl. MOJKHO B811 1'1-: 

caT:& :s :s:vt;Zte 

(2.7.11) 

r~e ~1r- Cpe)J,Hflfl ORO~OCTD KpOBJtl B OOOy~e, 

lG - pa;zJ;Myo cocy~a,To oooTHOW~Hfl1e (5.50) MO*HO nepenHcaT:& 

f'l ,, 1'1 



1 F{ f ~~h /= ~ s;s. ,. 1.c >~~.,.II··"· 'd/ ?.(!. l cz. 7• rz) 
§ 8. 3JieTpOMarHV!THHe Clt1.1IH B :I.QJI:bqenbiX CTpyKTypax 

3pV!Tpo L~vT'l'0:3 -----·-
Kaic yJ!Ce panee yKaabmaJioCJ) ,;~:BT!f)!{eHV!e Kp01m :e Kpo:eenoenHx 

cocy~ax npO:LJICXO~tiT no;n ~eiiiCTB1.10M :W8KTpOMarm1THbiX ttl rt1,ZUW1J;WHHM:L~Iqec 

KHX CV'I.JI, o6yCJI9BJIJJI:B8Kill\I1X R ITpOCTpaHCTBe COcy;n;a CTporyKJ reOM8'l'PIII'lf~C

KylO OpraHH38l~VliO paCIIOJIO:ii\CH11H :-1pWl'])QI~V'ITO:B • 

TaK Ha pvrc. 25 noRaaano ce 1renV!c KP0"8enocHoro cocy11;a t1 

npe~rroJiaraeMoe pacnpe~eJirJTvH1 ::;plllTj)OT~lliTOD, Kor~a OHT!t rrpV! c nfH3M ,n;r:wr~n 
I 

HHH C06paH~ ~ pa~MBJI~HO KOn~UCBhl8 CTpyKTypN. 
I 

.i 
I• 



75. 

3JI8KTpi1ti8CIClti8 C !llliL 

nJIH YICCne;n;o~aHYIR xapaKTepa pacnpe,neJieH.IIIH ~JIOKTpOMRrHHX 

OVTJI B KOJI!JL~A:BOi1 L~ATIOtlf\8 spVI'l'pOD)tT'T'·)B TipE,"nTIOJIOJKVlfvf, liTO YIX MO.!Khn 

pa3~8pHyT:o HB npHMym JI.IIIH~ID. B 8TO~ CJiytJRO 6y,neT ltiM8T~ 60CKOHeqn~M 

H860p spYITPOUVITOB KOHA"4fJOl-i Hl'tif•I-THbJ .~ ·A.o , OT.I(eJieHHHY ;n;py11 nrp .1tPY118 

pnlmbn~YI npo~~f'JKYTKaMIII J "lo • 

S N 

2l., 
P~~rc. 26 

Tn-n, TJOitoan HHqf1 IHl p.1110. 26 H nncJTOJ(J'liiH\r'~" lHl~l nn.rn1'T' n'r"' ''"·1'J'r• n ,, ''" 
I 

llliUil'l''t lllt1'11/,'•JIVt'l'l• ll.lrl.illtill''il'll·l ''·"';flf'lllll.1rtl'lll1 11'11tti'tl tlttllll Ill (;1'1111·1 

,neiiiCT:ByKJn\ '' J.H:i :Jpllf'l'1)0lJ.ltiT, 06J'C.110].Tiei:J:dr:: P8!1'!1lJvWM liB HfH.~ O~'piFl,U'l'eJfr · 

HhTX sapH;zJ;OB VI :Bpan(OHVl8M SpltiTpOJJ;fiiT3. 1Wl(pyr OBOeil OCH TIO,I\ ;n;e ilC'l':HI!leH 

rw,npo,nwHa~wqeoKfiiX own. 

~oxo,nH~e npe,nnonomenKH: 

I • 3p!!rTpor._p,'1'bl upt'i paCtJA~'e IWMITOHeHT SJI8HTp.llltJeCJtOI'O ItOJIH 

QqWT8IDTCfl BCne,nCTBJtie ltiX CWM~ATpW.IIl OTHOCrrTeJILHO OC~ BpomoH~fl 

aeno;ztBlti:l!CHhiMYI. 

2. TIJIOTHOCT:o aapH;JJ;OB BHYTPH o6':DeMa spliiTPOJ~vtTa noc'l'OHHna. 

fiOTeHnHan TaKO~ CMCTAM~ npe;n;CT8EWM E 06hlqrroU ~OpM~ 

u = . .L f ~cit, I (2.B.I) 
--~ ·------- l.f.!;f.. ;_, )l.,.. 

r;zte J~ .: Ov·(x',.Yrrz?- ocheMaaH n.JIOTHOCT"& aapH;n;o:e :eHyTpw 8JHlTponVITI-i, 

onpe~eHHeMBfl RBK 
(2.8.2) 

•·i· ';''·' 



76. 
rl(e J. j,_o - TOJillUIHia 8p!t1Tp0Ul.1~~a, 

'2. ~- pacCTOHHJtT8 M8'JKlJ.Y TOtn:oH H86JII0,7\8H:vlff ( tt., Y, · 'l;: ) V1 

nepeMeHHot1 TO'IKOL-1 ( ~ ',.Y: -l 1 
) sJJeMeHTapuoro o6:oeMa (,-(," '. 

06:oeMHYIO nJIOTHOCTI> npe,ZJ;C:T8lH1M :e BH,ZI;e npo:wa:rw;neHl1f:l ,ZI;BYX 

OOMHOJKHTeJieti 

0:, = o~ (it') os (s') (2.8.3) 

r;n;e 0~ - JH'IHe~lHafl IT3IOTHOOTL aapHJI.O"R ITO OOH 
' c-

{)s- ITODOpXHOC'l'Hafl rTJIOTHOCT.b • 

1

B 06ll{eM CJiy'lae ~ , n.; . MOryT 6b!T:& <VYHIW,ltlHMli 

KOOp;n;~Ha '! paccMaTpVI:BaAMhiX aapFI,ZJ;O:B :F3HYTPV1 8pvtTp0}\11TOR. 
I 

Ecm1 no 0011 TI!Meerr Mec~ro nepviO.D;Jil'lecJwe pucnpe.rteJionwo 

aapH,ZI;OH ~HyTpl.1 8pHTPOU~TOB,TO ~rO MOMHO npo~OTB"RTIIT~ cnenyruml1M 
o6paaoM 

0-c- ('l') =- ~ _t(;l') (2.8.4) 

B COOTHOili8H:t1lll (2.8.4) ~ - JivJHetimHI ITJIOTHOCTI>, a 

WYHKL\Hfl J ( :i:1 
) npeJI.cTaBJIHe·r nepHO,l(lllttecttoe p:=wrrpc,7{e.noinw 

TI1IOTHOCTV1 0.0 3BDJtiCHT!l88 'I'OJit){Q OT fWOplJ.V!H8 Thl 'e I • 

B rrpOCTeWJll8M CJiyttae, TOr~~a cpymn~VIH St ( ·l1
) tilH8P~' JHll( 

IlpfiMOyrOJII>HWKB C 3MITJIHTYJI.OB oua Mome'J~ CibiTI> paaJiomona 13 

PHli. <I>ypi>e B ~1,11;~~ _ /,, 
1 

1"-.J /'o ') . ~ 'C"" I ~1fl hJ .J; llc • . 
0 ""' LC :s. ...;;;.c. L_ ""'m . - C! !). .) 

... ·"'" - 'll hJ=o 
J.~- paccTOHHvre Mem~y Il,eH'~paM!II 

~X::' 
1::. e . 

3p:VTTP0Ult1TOB 

~.,=I 
,.J.m=2 

np11 01 = 0, 

npvt 111 = I,2,3 • • • 

(2.8.5) 

Tor,n;a ,li;Jifl COBOH:ymiOCTVi TIC!pliO,ZI;VIlJ8Clf.H pacnpeAAJieHHbJX 110 
,.----------

00'1 apliiTpoJ~YITO:B u,vrJHIH.D;pvrqec:ttoii lflopMhl noTeHr~Via.rr MOJKHO npoZ(CTB~ 

:BVIT:& KaK 

(2.8.6) 



r~• 

(2.8.7) 

(2.8.8) 

B~pazeH~e (2.8.7) B uenOM npe~CTBRRITBT ITOTSHQMBR 3RBRTpO

CTBT~1.18CKOrO rronH H8TIO~Bw•n~x,rrep~o~~qecKH pacrrpe~encun~x aapn-

)!C8HHhiX ap~TpOL\r'ITO:B ITO OCVI ·~ P. "PTif,"'t:C' Jlfl}~B (J>yp:&e ~ r~e rrep:Bb!i1 t!JICH 

OITHCblBaeT cpe~Hee TIORO, a BTOpoi4 - ITOJit~ B Jml-tC C0130l{YIIHOCTVI 

T'A.pMOinnt ~ 

B rrdcne}J;yron~eM cpe~ueM noneM ~H~'opecoeaTI,cH He 6y~eM, trait 
I 

I 

KBK OHO lie npe;ncTaBRHCT :zT.RH HBO HH'repec',a VI HC li!MeeT COOTJ3eTC'l'By¥1-

mei1 aHaJIOT'Hlll npm pac~MoTpAH~H T81JAHWH KPOBM Ka~ aapRmAnuoU m~~

KOC'TIM l3HyTp~ !{pOBCIIOCHblX cocy~OB. 

nnH Onpe~ABAHMR COC~8BnHIDm~X 8ROKTp1111.18C~OT'O nonn,onp8~8RR
i 

1011\VIX yCT0Hl.ITABOC'J'J> npwr pOTT,VITOJJ ~ Kpyr0110i1 L~8TI01.1Ke pnCCMOTpW~ 

HHTerpaJI EH,l\B 
+..-.c '/l.' 
J. tu•i' " (2.8.9) 

-~ ~. ·to V{l-t:,.)'L+-~z ~- "l.'l.- J. ·~ e~(:t-1/;) 
r,ne ·'Z, 1 •vr ~ f - KOOp~r,rnaTbl nepeMeHHOB TOtHCVJ t a ~ vr ~ !·WOp,ztVTH~~·rr.J 

Tn•nm HBOJIIO,l\CHVlfi 'B ntm~H.l\P1~l.IOOKCU CW1TCMe KOOp,n;vmaT • 

IIo11aran ~-l'=-( VIMocM 
r;-m · ;! - tro' . .if•., ... -

~ ·'i;('t ··1.') == ~ ·'1!;!;; el-~ ~;c:''J- 'bill io ~ · ),1l1 ·-:t; IJ 

Mn~ .~ I 
~·---- . , r r c~ [ill {;! • )J - ~ () -= 
.. ,~ i ·'tc ..,.cc YJ 21 't.'zt-"Z.l.· •• ~;~({·'-1'/ 
J, tn•~ { ~,,., ; cl;r ( ) = ~ ·~o ~ (·~: -:tc ~ ~~r/·+'/}Z~:J.-z,z.'~('f-'1') 2.8.IO 

-----::;;- Y'tlliiTbl:BaH, 'tiTO L~ 11 

f 1;1r1J... ~fj _ 1· rJitu~._, 'tll·~·;--·.~-··•t2.8.II) 
c•~-:--- · - f\. 0 ·~~ ~·.. ·• l't. l:t lf7 J ~ 

0 Zo 'V(l+tz~~7. 1 z.·2·t•tt·&~6 "-v 

r,ne 

I. . .. , 



BHpaMeHne (2.8.II) cnpa]e~nH~o rrpu ycnoB:vr~ 

tiTO ·1/t.Z t- ?..'2-.t·'tz.mfS t ·~ 0 

J(0 [ r:;:J 1/z'l.+'7.'z.-.:l..t'l~G './ - L\HJinH;n;pvrqecKan rpytm.u,mt 

TpeT:&ero po~a :vrJn'l WYHICJJ.WH Max,n;oHaJr&;n;a. 

C yqeTOM Bbipa:lltetn!H (2.8oii) rroTeHn!-78.11 L/ z MOJI{HO aan:wcRT:& 

:B :BH~e • I ' ~ . r-;m ~o ~ 
U : Q N !!.... )" ~t1 .,-;- CG~ /;m l k~ [~'V~t'Z..z''·llt~5]c.1~2.8.I2) 

2 4 n-tJ.{.,..r, Zo 2. 1r 11·1 • .l::.c '!\1 ° f 0 .. ' 
~s1 S , 

Ilp~ ,ZJ;aJI:&HOHlli"')~.w TlfUI'f1Drrr~poBarHtH1 no ,· BocnoJI:nayeMCfl 'l'eopeMo11 
I ' 
' . . " •• I 

c.nomeu:vm ;ztJIH I\rA:JILm~p.YitiOet~o vi. wymcr~r11 vr 'l'peTMH'O po;n;a, cornn~uo 

IC [ /iHI v' ~ 1£ ,., - • ·1 - l~"' [ 1itl1 I) t] 1- [.fi'lll , J + ·- ~- ...... '> ..... , f;•#l ~ /-...! - \ ·-~ "' ...l "" 
0 .Y. ~ .,.... "' - ... w ... """"~' ""' • 0 . 0 .. " 11;;• .,.0 . ... ' 

I 
2 4. z 

(2.8.I3) 

(2.8.1'+) 

B H8llieM cnyqae KapTMHR ITOJIBM K TIOT8HQM8JIOB He 8BDHCMT 

OT KOOp,1J;i11H8Tbl '/) "' , T. e. , 

~.:. r JJ;; il'·"~ .~ a!C~ '.7 ,. ' ... ~ r~;?. J r. rr. k'; 'l' 1 
npvt ~ 7 'Z' (2.8.15) 

np:vr 



7j). 

B nocne;nyrou~eM 6y;IJ.eM MHTepecoRa T:OCfi non eM BHyTpt1 u,H.TIHH

~p~~ecKoro aapRmeHHOrO 8pMTpO~WTB. nnR ~)TOrO CJiytiaH TIOTBHIJ,MBJI 

MOmHO npe~CTBB!tl'r:O CJie.l(YIOil(VlM o6paaOM 
.. I 4 cc ~~ U : ~1V "- ;- ~ . _ $,11' r.m_ t; . r.-1: 1 ! , .£!. , 

2 4!r~ 2/to ./; Zo ./, :;;::; ll J ~ l-o rn 

J K [.!!!! 'l.] ~ I l·-~ z.] - I [·'Ip.!. ·z,-Jf._lo k1 (0!!- 'lc) -l o f 0 • 1. te . e ~0 • • lo . 

(2.8.17) 

n~~ ~HTerpmponaHMH BHYTPH 1J,t1Jlt1H~Pt1tiBCKOro crycTKa 
I 

:!OCTIOJI:&3~:BaJIMC:O TeM, tiTO ( ~"~ ) 

(2.8.18) 

,1lJIH 06JiertieHWR W.1XOJrt;n,eH:VIH I-WMITOHBIIT npeo6paayeM BblpaJ!W -

HHe (2.8.17) 0 TIOHOli(:OlO COOTH0Il!8lfllfl 

ko (!~; ~)~ I1 (~~1 ~) + Io(~~~ ~)~ 1\1 (Ei:- t)·=-
"" ' 

= ·z. [Ko(){) I 1 ()() + /(, (() Ic (~).1, (2.8.19) 

r;IJ,e X :. .tn1 Z / l;
0 

SaMetiaH, tiTo I1 (<) .: Ie1 
(x) , a t\, (x) !: - K: (x) 

npa~yiD tiaCT:& COOTHOllieHWH (2.8.19) nepent1mGM B t1B~e 

1~'! [ 1\.(x) 1: (x) - l<~(x) I,()() j 
t1Jit1 ° oornacHo ( :, ... l ) 

(2.8.20) 

[K,(,c) I.~(,<) - ~<".: 6<) Ih (~) J ~ .;t (2.8.2I) 
( 9To n:enHeTcH nponcrtnaHOM rpyHKU,YlH EecceJIR) 

COOTHOlliBHHe (2.8.20) npe~cTaBHM KDK 

(2.8.22) 



C yt~eTOM (2.8.22) TIOT8HIT,V1;3,JI 7J:JJH nepeM8HHbiX COCTa:BJIHIOJirvrx 

(2.8.23) 
KoMrroHeHTht noJIH onpe.ZJ;eJiltTM JII3 ycJIO!HIJH 

E ..: -:f ~,;;t/ (-1 
0TJ~YAA ,7(.1IH p87J;VIaJI"bHOh COQTHBJiffiOU\CH IIOJIH HMeeM 

i "' .. I r-= Ac. , 
: i, er~ . ~ j ~'". ~. ,.~JI. .h'"f'H~. li·~ :Cc .rr- t z "-c rr~ . 111 ........ .\ .;z.... , • 

1t-1 s I A.t, •t.e 

(2.8.2?) 
E eN I" -p··'"' . : ·" 1 

..L ::. ~lt 'J f • t ~ 111-1( ·-. ,5111 ·. • .Jj,~;J · 
AI; ·'i «;. ~·~~ lc i:c I.. c 

· D~ , · l~ C£-> i<, c'i: )} (2.8.28) 

B nocne~yiDmeM 6y~eM MIITepecoraT~cR KOMrrOHBHToil sJIAKTp~qecrro-

ro rrOJIH E-e, TaR RaR ailam13 8JIOR'lpoMarHit1THhiX nonet-1 no ocH Z nos-
1·~·-----· 

' BOJI:It1T 0~8J18Tb Kat~eCTBeHHH" BHBJI:It1~ BSHMYTBJibHOM ycToMq~BOCTH 

• "! 



• 
Jt13 COOTHOIU8H1U1 (2.8.28) ~:Vl~HO,'ITO np:v1 .le = '"c, T.e. 

KOr~a ap~TPOUY1TH HBXO~HTCR BTinO~Hyro K ~pyr ~pyra KOMllOHeHTa 

ilOJifl 

E - ~ .l =C (2.8.29) 

3pHTpOnHThl,VIM8ID~W8 HB CBCBU ITOBBpXHOCTY1 OTpMQ8T8JibHH8 

38pfi;D;bl B KOJI:&IJ;O:ROi1 u;enOtiK8 o6pasyiOT C06CTBBHHLT8 "MTIIIi.pO-ITOJIH", 

xapaKTep pacnpe;D;RJIBHWH KOTOp~X ~OKa38H HB pMO. 27 

8*1. E• 
i 

'I 2~ £y, 
/'; £. 

---~---. 

""-s% 
'8,. 

Pille. 27 

MaiwwMaJI.:onoe auatJetme nunpmiteHHOCTTII BJteKTpvrtJro<oro noJm 

6y;n;eT H~ OCTII !pB~BHMR op~TpO~~Ta npfii t = 0 

(~ ::. C:?ri (p.s'.3o) 

Til 6y;n;eT y6hrBBT.:O B OOOTB8TCT13V1Vl 0 (2.8.28) llJHII TipH6JIVJJK8HvH1 It 

Kparo apmTpou;vrTa (~ ~?~ ). 

Jlml onpe~eJieinm cvrJihT ~eticT:Jyromevl na aapH:l!teHHHli 0 pwTpo1~~1'1' 

CO CTOpOHbl OCTBJibHNX naU;n;en cpe;~Hee 3HBlJ8HH8 HanpnZOHHOCTn 

TIOJI.fl ~ £1. ~ , OTip8,1J,8JIH8MOe RB!-\ • 

Z If l'o 
~ l c/ { J E l: ,~lz- (2.8.31) 

0 



yq~THBBR (2.8.28) nocne liHTerpMpOD8HMH ~nH ycpe~H8HO~ 

HanpffJKAHHOCTlft ffOJIIT ~ /; l ":> HMCCM 

£ Q Ji / -' 'le 
;' ..... .:. 0 ( • • I 'O [" I'Uo. It h.o .., l J rc ' " l: , r . t •••• ~~ -· ....... "' -.t E. 1h0 t Z..e lc ~ • ,If 'o 

(2.8.32) 

apV1TPOUHT8. 1J COOT:Bery'CTBVfVI C (2.8 •. 51) l10JIY'llllM, "<ITO 
G.:z / . 

L. ~rJIJ--;, -:: · . c ·--~ .) ilt ·!! ~: [t~~ !J.o -1 ] J;- ' 
.:1. ii&...l("C r.·r.c z. lc · . 4 .fiho 

{. "( I ( .. II~) · .· ( tl.'c) }· (2 s 33) ' . ·co- 1- ~ 1 1: /\., . la.c " . • • 

~~ COOTHOlli8HM8 (2.8.33) B~~HO,qTO npvr CMMMeTpvrtiHOU Vf 

o~HKBKO~NM pacnonomeF~vr 3P~Tpnr~MTO~ ~ KOnbue,nocnc~HHe uoxonnrrcA 

-s cocTOHHY'IVI prr"Hnll!ncvm no~ ;ne~icTrHteM conor~yrruoro snnwt'pliFiec rtOT'P 

nonn. TipH M3MOH8HVlT1 TIOJIOJ!WH\H1 ;JptlTpOF,lll'T'~ ~ r;·~;, vlJTVl VIHYIO G'J'OPOP:;' 

no 00~ Z HB HB~0 HOqmH8AT ;ne"C~:BOBBT~ p88HOCTHRH 8JI~KTPW'lAC

KaR CTIIJIB,KOTOpBH o6p8TMTCH B Hyni TOJibKO TOP~8,KOr~a np~TpO!~WTW 

D KOJI])l.J,6BOW IJ,8ITOtiK8 rly;TT.yT paCTIOJIC 1Jl-teHbl HB o;nVIHBY.O-eOM p8CCTO'tf!IV1i/i 

~pyr oT ~pyra,o6ecnettvmaR TeM ca~lbiM cTa6VT.mmanr·, · :1 pwrporv.i'1'0l'! no 

:1:::1V!.MyTy. 

(2.8.33) OaHatiaeT, l.ITO Cl:IJia liGIIpG..HJIOHB BJICBO npl~ nepm.Wli\'';Hill~ 

ap!t1TpO~MTa :enpaBO 11 nao6opoT, ec;m onpe~P..TIHT:b 3 11Yl'~f1Tr~t:H~'JO Clll.IT.f 
?n . 

L !=" ~ > ;n;eiicT~YKJIUYJn Ha JICFY11i nono:srl[ny apHTPOL~I1TR. 

§ 9. MaruvrTHbie CViJihi 

Tip¥ pac-qeTe Mai'HI.1THhlX CV! JI 6ynPM TaKJKC npA/~ITOJHlT'~l ~l'T>, 11'1'0 

ap~TPOU.V!.Thl L18 KOJibi~eBO~i rwnormitl paa:aepnyTLJ na 6e.arpnHMqnym HIJHMyTo 

0 JlOCTO.fiHHblMVi npoMelKyTKBMW 110 0011 '1 Vi paBIThlMft! ~l • 
MarH~THblil MOHenT e;nVIHViiJ,bl o6·beMa apMTpou,V!.Ta Y'IJH1 Ha~mrnH-

qeHHOOT~ M 6y~eM npe~nonaraT]) JOCTOHHHO"· 

·~. 1"'1 !''1. j--1 



Tor~a, TTOJiaraH, liTO a~mJIVI'ry,I(a HaMarHvrt.JeHHOCTlJ!. Mo TIOCTOHH 

Ha E rrpe~eJiax w~pHHhi 3pVITPOLU1Ta :lito, HaMarHVJl!eHHOCT:b M, HaK VI 

paHee ;npe~cTaBV1M R 1n1~e cJie;n;yK1JJ{tJro po~a ~yp:oe 

·· , .,. /"/p ~ 1 ~; ... J.u. i~:" . Ji 111 ~ 1 

f./ { l. ) 1i' L ~;.. ,., . I C c S :.t. 
• I ;tl -. (' }1 ~0 (2.9.I) 
TipH sTnx ;n;onymmnmx CRa;mpHbiii noTennVIaJI nepwo;n;t'lqecinf 

pacnpe;n;eneHHblX ITO OCVI ;e pa:BHOtmpHO HaMarH:VftteHHbJX apvrTpom.YTO'" 

MO)!t8T dbJT:O npe,l(CTaBJIOH. c~.~Yif'Il!VIl~ _o6pa30M 

.:...: ·"'-:. ~· I ~._ 'f -=.L .t fvlo ~ ""~• litH 1;; t.~ ;.,,.l:' eli, \ G._ 
() ~ tl :;. ~ 1'' f)l · .i:c cJ l Z ft" 

ru: 'I ~ .,c: ~ 

(2.9.2) 

VlHTepocyflC:& TOJI:OI\0 TTOTeHI~VIIiJTOM Y.,
1 

t OTI'HCLIJ38Killi,!11M 

881HtC'HMO~T:& MarHVJTHOrO TTOJIH OT HpOCTpaJCT'ReHHbTX KOOp~Vilf8 T 
., I 

BHYTPVI Ron:oueBow cTpyKTyphl ~P~TJlO~VITOB,nonyqVIM no anaJTorV1H c 

(2.9.3) 

Vl3 (S.m3) ltlw~r.M 

( ., 'l r- \ 
(. • . • ) I 

l~'HT COOTll8TCTBYK'Il!Tr1M TOKOBbiM KOH'rypoM, TTOJiyl!HM VIHTO pCCJlfltl(f18 Hn G 



BJi. 
!hlpameaVTe ;n;nfl pR;n;vraJinHOW H:OMITOH•:lHThl vtH;nym~vrPI noJIH A~ :e 

1n1;n;e 

p,'l • -4.r - 14~~.~ :z. ~;,,r .I., >~II p. I (~ ~) 1(, (~~<) (2.9.6) 
'"" J. ~ l~ , J"' '~ 

~Jllil :8 COOT1'8TCTl3fiiYT C Tt1M,l.JTO MOi\IIO 3RMeH1!1T:& 

hi :::1 :. ::10 ~ ~ 1 G_~ ' ( 2. 9. 7) 

r;n;e f1 - 'lltlCJIO o()opOTOB spHTpO!~VlTa B I CeK., a~ TIOJIHhlW aapn;n 

no npe~nono~eHPIID cocpe;n;oToq~rrH~A no 6oKonon noBepxHOCTYT 9PVTTpo-

(2.9.8) 

nnH BWlJMCJJOHVIfl C~n llpli!TijmeHVIH,06ycnOBJIOHHHX Bpam3H~8M 

spl!tTPOUl1TOB BOH:pyr C BOAL-1 OCV! VI HaJIVIqvteM aapfl;D;O:B :rmyTlJVI l't:X 06hR

MB 1 ycpe~HVIM ItOMITOIIeHTY nonrr R"l. rro o;n;aol1 l-13 noJIO:Bl!tH oc5om.m :JpvrT--

pon:~~~Ta i\-0 2 rr 

.:..A~> =- lJ~'~ ~ d l- ~ Bt. cl Y' 
0 ~ 

(2.9.9) 

V!Jllil ITOCJie VTHTerpVIpOBAHHR 
.JI /'} ... , I - .~ )-" ~ G. ~ l-o 

<. £"l~ / I,- I - ? ' • . l. 
. -- , • t..c '"o 

'I ( .7ftc J j ( ( ~~) 
I ~ '~ (?.9.IO) 

B cnyqne COOCHHX KOHTypon CHna MBrH~THOrO ~aaHMO~r:WGTRHH 

B COOTBeTCTB~H C (?.5.5) onpe~enReTCR cne~yH~MM o6pasoM 

F;' == ~L: 1~ ~· [d ··&~ x ·ri J rz.9.II) \ . 

. TIOCKOR~Ky TOK~ B :Jp~TpO~MTBX ~poma~m~XCA BOKpyr CnO~X 

, l ____ ·-oceiJI O~VTHBtW"BhT, TO 0'-l':rr~ W1T'Hf~TliOrO D311li!MO~C~·ic'J'~VIH Ciy;n;wr ODJH"/1/!-
, 

JIHT:bCff T.OJl:bKO KOMTIOHCH'l'Oll R.t VI MO>IteT 6LTT:& npe.zV~'1'8""JJCH:l l\8 ff 

(2.9.12) 

"\:·:<· .,.. • . 



I 

BJ . . 
~JIVI rrocne rro;ncTaHonKVT :BhtpaJiteHVIR LB~ ~ nR (2.9.10) ~ (2.9.12) 

:A lHI;z(e 
.. 2 l 

~ r"" > - ?-tr r h ~:, 
""' ,_i . - {l.o 

I (.fito) L/ ( .T:l ~ \ 
• .l \ 1\.0 r\ 1 \. t,~ ) 

(2.9.I3) 

~a ~HpameHHR (2.9.8) ~ (2.9.13) 
VI ~eHReT c~o~ aHaK npvt nepnxo~e 

"nOp;z(VIHBTN qepea HyR&. TaK KaR CMnU M8rHMTTTOrO naa, MO~nUcT~HR 

;nnR cnyqaR COOCHHX spwTpOQHTOB onpo~~nfliDTCfl ~O~ITOJICHTU~ nonn 

{l,t = ~~'t ( 'l, t., 4 ,1 .. , I 1, '-' ~ , .f') . ) TO B COOTJ!eTC TMI~ Q 

VI3?.~eHP.HW:; .. ~TT"'KA KOMnoaeTa l1H.z4YT<U,VITII Bt 6yl(yT M6IIHTnCR II{ MTPH '""-" 

• 

!0~ [(enoqKe OVIJIH Mf.lPHlt'tTHOrn npi1'J'fl)K8HVJH H!JIHIOIT'CH yp8 fl.JWfH3triCHHHi•;1 ,.,, ' 

oTHoawTenlluo Itoop;7pmo•r~;1 -~ .:.- o ( F 1 ·=a ) 11 "AIJT_,rnisT 

:e ~ettCTIWe 'r'"'.TT1!'0 TOr,LJ.a, KOT'Jl;O 8I·HTPOU1-1T. BCJI8.ZJ;CT.BHe W:lfqrx-JTTifOO 

CVIJI BCTynaiDT ! ;z(80CTB~8 aJieKTpOCTSTVIq~cKVIe c~nN. 

8Ta CO:BOKyrmocTo 81!1JI oyJJ/ T .n;eLic'rDO:BPTJJ ,no T':x rrm~u, 

3p 'l'POU:VITbl. OHOiia BO.i!rf.JI'l' 0TI'OT'O C ~~MMP-'rpi-PIHOG TlOJIOJli.8H:V!f'! Il IWJThf\f'

l'OH L~eiTOtiiW, i3 CO.HH MarHWl'HHG 1ti 8Jl8KTpClCTaT!·PIC'CK!.fe C!~Jlf,J W~ CT8--
' 

HYT OTIH'l':O pa~HWflVI HJ.1!lt1. 

TaKVIH of5p8 soH pacoPo~'I1eHl.-'J "R w=~pPO'~ nr1t-10JB1JKP.H','1 .\;rlf .1(1'Jlf'-· 

1·--------
! 

OTPVII.\a TeJJ:&HO aaprn~eHHHX spv1Tpou;vtTn~, TIOI\aabiBacT MX: Y.z:lL~ ~~ '~'T''' nr) rryru 

rapMOH~m ~ ~e~ecoo6paaHocT~. 



86. 

TaK npl!l paccMOTpeHMM .zt~MBeH~rr pa.ztMBJI1RO-KOJI1UeB~x cTpyK

Typ apvrTpOitVITO:B OCHOBHblMitT Cl'IJlflHL'.I, o(}ocn~1HrJ~aiOJ~l~M~ HX yCTO~'niiDOCT:O 

» pa~~8JI:OHOM HBITpADJIOHI!lV! flEJifliDTCfl! 
-~9 . . 

I. rH.ztp0,1J;IIIH8MVI"40CKHO CHJihl rl f: ro;n; t 1'03HtHt810~l1P. rrpVl 7.rAVIJI(fl -

lnnt Kpo:rm no cocy.n;av no.zt ;n;eMcT:svreM cep.n;na KaK Hacoca, npMJTOJKf:lH-

HUP p'!l,'tT.~"JJT.fiO K K8Ji(,1(0MY 8p.t1TpOL~VlTY VI ,ztei1CT:8YIOI.IlVl8 no Hanpa:B118HHI'l 

K ocH cocy;n;a ( 'l -=-- (J ) • 

2. MarHP!THHe CV!11hi,noJiyt~aiO!.Il:vrecfl :e peayJI:oTaTe :A8UHM0.7\eL1-

cT:B:vrff MB~H~THOI'O D011fl 8pV!TPOUiilT8 C NarH~THhiM IT01ICM :8 COCy~e, 

06paayTOilt~MOff OT l(lH1JKeHvHI B HeM DOeX aapfDK8HHhiX MVIRp081IeMeWI'OB 
I 

i 

-M ! . 

9Ta C~Jia J:.!. fi~JifleTCfl TBKICO pa~.t'laJI:CHOL1 C~IJIOU, nprT110JlCP,HJHHi 

K Ka'IC~OMy SpVITpOU,lTTY V1 norrpa:BJICH"iOtl R ueHTpy cocy.n;a • 

Ba:ntHhl\i cJTc.n;cTJH'IeM, :m,i~·r~ItaiOJUm~ V1a anRJI:vraa :enr-t vn,1o~e t~err rH1lJ 
I 

Mai'HIIfTHOrO ITOJifl ;)lH1TpOJU1Ta C M8I''UiTHblM noJieM KpO:BeHOOBnro COC~

.n;a, R~JIRSTOfl ITORBJICHVIA MOM8HT8 Cl1JI,ITOM~MO rMpOCKOITHQnCKOrO,KOTn

pb!ll H8'It1HaeT JJ;l'HW'J'.BOBUTL HB apHT])QI~MT TOJI:OKO ITpVJ OTH'JJOlWHI!l11 CPO 

rronomeHHH oT pa;n;~nn:oHoro. 

3 • muroh Jlop,;HTfl, OH[l0~GJI1IeMO~ K8It 

-+ 

, {I . • •l/J' ~ .... 

~ ~- Q ,"' L v i1 .I 
r.zte V - li:Jc'l':/IT1-1'I'P.JILHaH CIWpOC'J'T, UCHTpa 'T'fUlf8CTl1 8pV1TpOTJ,WJ'tl, 

Qo - ITOJIHhTV1 3C1Pfl.~ 3P11TIJ0ltv!Tct, .... 
R - viH.ztYIW,vrri MaruVtTT[OT'O noJrfi 1':fyTpV1 Kpo.nc Hocnoro eooy.IJ;:1. 

L1a ~OTHomeHI!lA ( 2. 9 .I'f) ~ .LarrpaBJieiH1R c HJionux JIIiliH1i1 VTH?~yic-
n -.'7 

____ Jl~~ ITOJifl l~ CJie,ztyeT, t!TO CVIJia /- ~ TafOKe nanpa:Bl[OHa flO [)3/J,Vtycy 

R ueaTpy oocy,zta. 



81. 
CTpeMHT~CH OJKaT:& 

Kon•ne:ehle nenoqKH aprtTpo~rtTo:e no pa,ztrtyoy H yMeH:&mHTn pacoTorr

HHH Me~y OT~eJI:&HUMH sprtTpO~HT8MH B CSMO~ KOJI:&Ue:eoU nenOqKe. 

4. 8JieKTprtqecK~e CHJihl OTT8JIKH:B8HHR ~~~~ ,~elioT:ey~

JqHe H& K8JI,7lH~ aprtTpO~HT H 06yc.nO:BJieHHUe O<S~rtM aapR~OM,H8XO,ztfi

~HUOft BHYTPH cocy~a. 

Xa. ·~ ~ . " ~" paKTep ~61.1CT:Bl1R STO:.i O~Jibt r "\.. fi:BJifleTOfl ITpOTl1:80 

HLIM Tpe~ npe~hl.ztY~VIM,TaK K8It 8Tii OHJia CTpeantT•Cfl paaop:eaT• 

KOJI:&l\e:B~Jl uenOqKy aprtTPOI.\.viTO:B 1'1 O~BHHyT• HX no pa~Hycy K CTeH-
, 

Kau oooy.zta. 

Ypa:eHeHrte ~BHJKeHMH O~J!HOqHoro apHTPOI.\HTa 15 pa,ztrtaJinHOM 

H&npalSJI6HHH ITO.zt ,zteHCT:BHeM CHJI UOliCHO npe~CT:BSHT:& B 06~~teH ¢lopMe 

KSK 

(2.9.!5) 

r~e \~ - Macca ap~Tpo~~Ta. 

K ooJKaJieHrtiO Ha.WTrt pemeErte ypa:eHeHrtH (2.9.!5) rt npo:nec

T~ COOT:BeTCT:By~~HH 8H8JIH8 pa~H8JI»HO~ YCTO~q.vi:BOCTH :8 H8CTOHmce 

:speun ae y~aeTcfl,TaK KaK He nnpe~eneao aHaJIHT~qecKoe :e~paJKe-

HHe ~JIH rH~pO~HHSMHqecKoM CHJI~ • 

( G ) n'-' 1. ~) -% 
B paOoTe onpe;~~elleH nOpli;IIOK Cllll I 'l " Gt)-\() ·10 r.JA 

n 3 ~JIH COCY.ztOB pa,ztHyCOM ""' =(! ,4-I .4.10- ) OM. OOOT:BeTCT:eeuno • 

'' ''\.q n ~ n -~~ 
llonaraa nopn~oK :eeJmqrtH r 'f..."' npa:eKJI:&HhlM Ha ycno:eHH r "\. .• = r"\--· 

Hali~eM,qTo 6aJISHC CHJI 15 (2.9.15) BOSMOJfCeH,eCJIH K8)!t~I-li1 aprtTpOl~HT 

: -----;MeeT IIHYTPH C!IOero oO:&eMa ro?J_ IO 4 
aneKTpOHOII. 0TMOTIIM ''ITO 

KHCJIOpO,.Hhlii sanae O~HOrO sprtTpO:~HTa COCT&BJIReT 109 MOJieKyJI. 



88. 

m rJIABA. OPrAH1113M liEJIOBEKA KllK ITPJIIEMHblvl KOHTYP 

8JIEKTPOMArHVITHO~i 8HEPrJIIJII 

c~s-' § I. Oco6eaaocTH Man oro Kpyra Kpo!oo6pall(eHJIIH - v 

Cep,1t~e !apocnoro qeJioBeKa ~!MeeT paaMep c KynaK H :BeCHT 

OKOJIO 300 rpaMM,COCTSBJiflfl TaKJIIM odpaSOM OKOJIO 0,4-0,5 % l5eca 
!Cero qeno!eqecKoro opraaHaMa. 

Cxeua ycTpoticT:aa cep,1tna H nocne,ltO!aTeJI:&HOOT:& ero padOTbt 
l50 l5peueHH noKaaaHa Ha p111c. ·28 

f ' ~ 

:I 
'I 
I 

• 

P111c. 28 



89. 

Cep,n;~e HMeeT .Irea npe,nct,p,n~ui-;zrea Meny,not~Ka ·(:a ceqemnt 

noKaaaao I - :8eHa, 2 - npe,D;cep;ztlte, 3 - :ateny.noqeK, 4 - aopTa, 

5 - CT:eopqa TlllH K118118H, 6 - 11011JllJHHble KJI8118Hbl) • 

flpe,n;cep;ztHH H ~e11J,D;O'IKK OT;zteneHbi .ztpyr OT ,n;pyra HenpOHM~aeMOH 

neperopo,D;Ko~. 

J(JIH Toro,'IT06b1 cep,n~e pa6oTaJio KaK Hacoc,neperoHHfl 

Kpo:e:& no COCy,D;HCTOH CHCTeMbl qeJIOlSeKa lS HYJKHOM Hanpa:eJieHVIH,MCJ!t.ztY 

npa:8YM npe.ncep,nHeM tot meny,no'IKOM HMeeTcfl TpexcT:eopqaTN" KnanaH, 
I I 

a MeJfC,ll;y iJielSbiM npe,ncep;ztHeM PI Jie:8I~M JKeJiy;L\O'IKOM-,D;lSJXCT!Op'I8Tbl~ 
I . 
i 

HJIK MHTpaJI:OHbiH KJianaH. 

HeoCSxo;ztVIMafl HallpaBJieHHoeT:o .ztlSVlllteHVIH KpO:eVl oCSecnel.lLteaeTOfl 

T8K H88bllSSeMYMVl TI011JJIYHHhiMVl KJI8Jl8H8MVI ,paCITOJIOJleHHhiMVl MeJJt,ZJ;y JieJJblM 

JICeJiy,D;O'IKOM VI aopTOLl H npaDbiM >ICe;!ly;D;O'IKOM H Jie,rO'lHOH apTepVle" • 

nonynyHHHe KJianaHhl no;n;o6Hhl Tpeu no;n;oraaHHbiM .npyr .ztpyry Icnpw.imitaM 

OTKpYThle KOHUbl KOTOpbiX Hanpa:eJie>Ihl :e CTOpOHY ;D;lSVIJR:emm KpOIH'I. 

PaCSoTa ITOJIY11YHHbiX KJianaHO:e OCHO:eana Ha TOM, liTO ITO,ZI; ~a DJW

HHeM KPOlSH OHW npl!lJKL1M8IOTCfl K CT 1~HK8M OOCJ,D;O:e, OTKpht~afl ,ZJ;OCTyrr 
• ! 

I'IOTOKy KpOlSVl, a llOCJie npeKpatneH~fl ;na:eJieHVlfi OHVl,H8110JIHflfiC:O ttp011J,J09 

TeCHO np"JieraJOT ;n;pyr K ,IJ;pyry,aaKphi!Sfl TeM C8MbiM ,D;OC~yn KpODI!l n 

oCSpaTHOM Hanpa:eJieHHH. 

06bi'IHWI ptotTM pa60Tbl cep;n;ua COCT8:811HeT OK0110 70 paa ! MHHJ~ 

Ty, npH'IeM pa6oTa cep.ztua EO :epeMeHVl npOHCXO,D;HT ! CTporo" TTOC3IC

,1J;0!8TeJI:&HOCTJII. 

ICaQbiH T~JIIKJI Cep;n;eliHO~t ,neHTeJI:OHOCTH H8lit1H8eTCfl C 0].\HOn!)C

. -----MeHHOrO COKpaiiteHI!lfl ( Cl!lCTOJihl) o6evtX npe.ncep;nt1H • 

lJIHTeJI~HOCTh CHCT03Ib1 rrpe)tCep;nwH ! HOpMe COCTB!11HCT OKOno 

O,I ceK. flpm aTOM ,na:enearte :e npe,I~;cep,1J;iiHX no:elllmaeTcH Ha Hec.KoJJ»-
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KO MM. pTyTHOro CTOJI6a 11 Kpo:e:o £1:3 IIOJIOCTet;i npe~cep~l'I_t1 tJepes 

npe~cep~ao-zeny~oqaue oTnepcTHH :lepeKaqH:ea~Tcfl :e ~eny~oqeKH. 

Henocpe~CT:BeHHO ncicne OK03qSHHff CHOTOJIY- npe~oep~HH 

aaqVIaaeTcH cttcTona o6evtx :~~teny~oq::to:B o611(ei! npo~on~ttTeJI:&HOCT:&IO 

OKOJIO 0,3 CeK. 

3a ct~eT 61:loTporo aapacTaH~ff ~a:eJieHHR :e ~eny;noqKax :e Teqe

HHe oqeaa KOpOTKOro HHTep:eaJia :epeMeHH nep:eOH8'18JI:OHO aaKpMB8IOTCR 

npe~oep~ao-zeny~ot~KonYe KJianaHY, ~ saTeu npH6JIHSvtTeJI:&Ho sa 

0,05 ceK~ ma-sa npo~on~aromeroca y:eeJIVIt~eHHH ~a:eneHttfl :e ~eny~oq

Kax paCKpY!8IOTCff TIOJiyJiyHHhle KJISTiaHN H KpO:e:& ycTpeMJIReTCfl :e·cHCTe

MY CSon:&moro M Manoro Kpyro:e Itpo:eooc5pan(eJIMH. 

llpH npeKpanteHlUII CHCTOJibl me.riy,ztO'IKO! HaqvmaeTCfl HX paccJia6Jie

HHe H o6maa nayaa OT,ztblxa (~HaoTo.fla) l(JIH :ecex OT;l(eno:e oep.zu~a 

npO~OJI.HTeJI:&HOOT:OIO OKOJIO 0,4 CeK. 

llOCJiel(O:ft8TeJI:&HOCT:O pa60TI:l cepl(Ua TIO OITHC8HHOMy UMKJiy 

oqeu:& xopowo noKasana aa pHc. 28,, *'*ii'IM JC!n_'"•1".~·~""7-~ 

nonomeatte I - coKpamenHe npe,ztcepl(H~,:e pesyn:oTaTe HoTo~oro 

KPO:Bi nepeX0,7VIT VIS npe,ztcep,ztii!H ! :ICeJiy,ztoqKH • 

ll - COKpamenll!e ( C.V!CTOJia) ~~~JIY;l(O'IK0:8. 

m 11 IY - nepHo~ OT,zvxxa (.ztHaoTOJIN) cepl(equoili Mbllnt~hl. 

XapaKTepHO, 'ITO HHTep:eaJI :ept~MeHH, 15 TelleHMe KOTOporo ICpO:Bll 

Hat~HH&eT nocTynaT:o :e ne:eoe rrpe,ztct~pl(He, t~· 0, 7 ceK. 

Ka1t,2toe coKpameHHe1 meny~oqRo:e Bb1<5pacbl:eaeT Hpo:e:o o6·H~MOM 

OKono 60-70 CM
3

, np.V!t~eM HS npanoro JKenyl(Ot~Ka :e neroqHyiO apTepvno, 
' __ :__-a--Ha Jle:Boro zenyl(oqKa - :e aopTy. 
I 
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Kpo~~ ~a ne~oro ~eny~O'lKa ~HOpacH~aeTca ~ aopTy no~ ~a~

neaHeu 140-ISO MM.pTyTHoro cTonoa, a ~a npa:eoro ~eny~O'lKa np~ 

aaa~HTen~ao Mea~meM ~a:eneHHH,'lTo oo~acaaeTca oco6eHHOCTRMH reMo

~HHSMKKH Manoro Kpyra Kpo:eooopamea~a. 

ManN~ Kpyr Kpo:eooopameaHa cocTo~T Ha npa~oro npe~cep~Ha, 

npa~oro ~eny~o~Ka,nero~ao~ apTepaH H nerKHX,~eTHpex neroqu~x 

~ea, :ena~a~mHx ~ ne~oe npeAcep~~~~,~oTopoe ~NnonaaeT ponn peaep~y

apa,nepHo~u~eCKH norronaaDmeroca :s Teqea~e HHTep~ana ~peMeHH OKono 
\ 

0,7 ceK • 

.1{a11nea~e 11 M81IOM Kpyre KPOBOOOpameHHH ~ 6-7 paa MCH:&ltle, 

~eu ~ ~on~moM. STo oc511RCHReTca Teu,~To cocy~HcToe pycno oom;rnoro 
Kpyra. 

IIpH oc5H'lHHX ycRO:ZH1ffX MHHyTm,zZi o611eu Kpo~H KaK ~Jifl 6on:uworo, 

TaK H .ztna uanoro Kpyra npfliMepHo c•~HHaKo:e, a ~HaMeTp apTepvron M~tJIO 

ro Kpyra ~ 5-7 paa 6om;me, 'leM .ztHa MeTp apTepHoJI oon:&moro Itpyra. 

. 0,1.1;HWM H3 :BSJKHbiX reMO).tHHSMV.qecKHX TIOK838Teneti Kpo.eoo6paH(C:

HHH ~ MSBOM Kpyre H~BfleTCfl OOI>eM KpO:BH, KOTOprdt MO!CeT H8XO,ll VTTCH 

! K8E,li;N~ ~SHH~~ MOMeHT 11 nerO'lHNX COCy.ztaX. 

IJpHHHTO C'lHTST:&,qTo ! nerK~X MOJKeT H8XO.ztHTCR OT 6% ,2(0 26% 

~ceit KPO:BH opraaHaMa (oT 500 .zto I500 MHnn~MeTp011). 

BeJIH'l~Ha Kpo:eoTOKfll no ManoMy Kpyry Kpo:eoo6pamenvrR oHpcl(r;

naeTca MHHYTHHM 06~eMOM CCp.zt~a H 8 TIOKOe COCT811RReT 3,5-5,5 JIMTpa. 

IlpH ycHneaHoi-i !f>ViBM'lecKot1 pa6oTe :e ~Bfll'lHHa KP0110TOKa MOJiteT 1mpoc'l'H 
,1.1;0 30-40 11HTP011 ~ MHHyTy. 

Cnel(w!f>Hq;ecKHM noKaaaTeJieM r~~MO.ztHHSMHKH Manoro Rpyra HTlJIFJeTcR 

· K011HqecT!O KPO!H TIPHXO.ztA:nteeca :B enHHH~y :BpeMeHH Ha e,24mn1 IW ~eca. 

8TO B011H118CT:BO KpO:BPI ~ 200 paa :8bllli 1~ .ztaiKe ! ITOKOe, qeM COOT:BeTCT"5yJO-
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~He noKaaaTenH ~nR ~pyr~x oprano~ ~ TKauel oprau»aMa. 

BpeMH,~ TeqeHHe KOToporo KPO~b co~epmaeT nyT:& OT npaBoro 

seny~Ol!Ka ~o ne~oro npe~cep~~H no paan~l!HNM ~aHHMM cocTa~naeT oT 

6 ceK. ~o II ceK. 

PaaHOCT» ~a~neH~*,o6ecnel!K~aiD~HX TeqeaHe Kpo~» ~ ManoM 

Kpyre COCTS~nHeT ~cero I0-I2 MM, liTO H~nHeTCR Henocpe~CTB6HHMM 

oTpameHHeM He6onbmoro conpoT~~neHHR cocy~HcToro pycna Manoro 

Kpyra. 

jo~uoti l!IS cyntecT~eHHMX o:::o6eHHOcTeL1 ICpo~oo6pan~envm ~ 
! 

MBROM Kpyre npe~CTB~RRIDT apTep~o-~eHOSHNe BHBCTOMBSN HRH myHTN, 

qepea KOTopwe Kpo~D MOJiteT ;zu~~ra T:&ca :s o6xo~ nerotiHhiX 1tarr~n1m po n. 

8TH myHTN ~NrronnRIDT pon:& 6y~epH~( peaep:syapo:e ~nR npcnoTnpamnTt~R 

neperpyaKH npa~oro JKeny~OTIKa cep;~l'(a. Tip lit aTOM KPOB:& nporremaiDnlaH 
' qepea TaKHe myHTN,eCTeCT~eHHO,He 06oramaeTCR KHCROpOl(OM. 

B nerOTIHNX KarrHnnapax, a JIIX rro~epxHOCT:& cocTammeT 

I40 K~. MeTpo~, ~eu:oanaa Kpo:eJ> · oc:,o6oJK)taeTca OT yrneKI1CJioro rRB:t 

H npaKTJIIlleCKJII HacwmaeTCR KJIICROpO~OM. 

Cpe~aee ~peMH raaoo6Meml ~ KanHnnapax nerKHX cocTaBRAGT 

OKORO 0,75 CeK. Jr1 XapaKTCpHO,liTO ~ 8TO :BpeMR,npJIIM8pHO,pamiO IICpVIO· 

~y pa6oTN cep~ua aa fftCKBIOlleHVIeM J'peMeavr cHcTonN npe~cep~111i1. 

TaKHM o6paaOM OCHOBHMMti OC06eHHOCTRM~ reMOAHH8Mi11KJII 

Ma~oro Kpyra Kpo~oo6pan.teH11H HBJIH~JTCH ( .y; ) • 
• 

I) ManNL1 nepena~ ~aEJieHH~to6ecrreqvr~aiDm»A ~BII1meHMe Kpo:e111, 

H KaiC cne~cT~He aToro sHaliHTen:&Ho 6on:&mHA paaMep apTepHon. 

2) 6on:&maR ITOBepXHOCT:& JierKHX OKOXO 140 K~.MeTpo~ vr HBRJII-

liMe ! HHX 8HOCTOMB80:B -myHTO!,ITO KOTOPhiM KpO~:& MOmeT ~JmraT:&Cff 

:a o6xo~ neroqHNX KarrVInnapo:B. 
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3) H8JIH'IIH6 ~ K8~~H~ MOM6HT ~peMeHH ~ M8JIOM Kpyre 

ropaa~o 6onLmero o6~eMa KPO~H He TOJILKO no ~enHqHHe,Ho H no KOJIH- · 

qeoTJSY KPOJSH, np~t~xo~HmeUca aa e~HHHHY ~eoa. 

KOHTYP aneKTPOMarHHTHO~ 8HeprHH 

Kpo~eHOCHaH CHCTeMa fllSHf!eTCH OCHO:BHO~ OHOTeMOH onpe~e

Jlfl~~e~ HOpMaJILHyiD ~HaHe~eHTCRLHOCTL qeno~eqecKOrO opraHH3M8 9 TBIC . . 
K8K ~Jifi OHa6~eHHH ~eex opraHOlS H TK8Hei He06XO~HM nOCTOHHH~~ npH-

TOK ITHTSTenLHHX ~emecT~,KHCJIOpO~a H T.~., 8 T8K~e OTlSO~ HeHy~H~X 

npo~yKTOlS ~H3He~eHTeJILHOeTH. 

Bee 3TO oeymeeT:BnfleTefi KpaUHe rpaH~H03HO~ CHeTeMO~ 

KpO:BeHOOHNX OOey~o~,HMeromHX oOmyr npOTRX8HHOOT• OKOJIO 95 Thlef!q 
. I 

Ha p~t~e, 29 noKaaaHa o6mafl exeMa KPOlSeHOCHO~ e~t~CTCMhl 

qenoJSeqeeKoro opraHHaMa. Ee xapaRTepHo~ oeo6eHHOCTLro HlSnHeTcH 

HaJIH'IIHe :B pa~e MeeT qeno:BecKoro opraHHSMa ~t~a eocy~olS VI Ran~nnnpo:B, 

aeeymHX apTepHaJILHYID :BeHOaHyiD KPOlSL,06paaOlS8HHH lS BH~e aaMKHyTHX 

KOHTypo:B, 

3~eOL H ~anee no~ 38MKfYTHM KOHTypoM 6y~eM TIOHHM8Tb Ta

KYID reoMeTp:~t~ro Bpo:BeHOCHo£1 e~t~cTeMh:, Kor~a lS Te'CieH:~t~e ItoHe'IIHOro :~t~HTep

:Bana :BpeMeHH :B paccMaTpH:BaeMo£1 e~~TeMe JSOaMO~Ho co:BeprnHTL o6xon 

no aaMKHyTon KPH:BoU. 

llpH aTOM o6xo~e He yqv.Tbi~aeTCfl paaJH1"4~t~e MeJK.z\Y apTcp~ti-

8JILHO~ H :BeH03HOM KpO~LID,T8K K8K noene~Hflfl paccMaTpMBHCTCfi KBK 

. ·--an~KTponpOlSO,ZViJn8H JKVI~KOeTL, e:Bo.Ue~·:sa KOTOpOU M8JIO MeHHJOTCfi Ha-aa 

H8HH11Hfl HJIH OTCyTOTlSMfl :B HeL1 Onpe:~eJieHHOn '18CTH ltHCJIOpO~a· HJIH 

yrneKHOJIOTW, 



); 

f 

i 
. I 

• 

I 

- ""7- A •. 

! 
I , 



9'+. 

EesycJI0:8HO cTporoe o6ocHo:~aH~e Itt HaxoJtt~eH~e aaMttuyTbJX 

KOHTypO! :8 TOM PIJIH HHOM MeCTe qeJI1):8eqecKOrO opraHHSMa ITOTpe6yeT 

~eTaJie:&Horo aHaH~ttfi reoMeTpHVI KPO:B 13Hocamc cocy~o:8, a TaJtJtte ot~em:, 

:8HHM8TeJI:&HOrO PI TII{aTeJI:&HOrO l'Iay-qe:iUlfi ! HHX :8CeX OC06eHHOCTei1 

~HHaMWKH ~:ewJtteHHfi Kpo:B~tt. 

Ha pwc. 30 cxeMaTwqecK~tt R~e~cTa:eJieH MaJibJI Kpyr Kpo:eoo6pa

~eHHH,KOTopu~ :8 TeqeHHH KOHeqaoro HHTep:8aJia :speMeHH,MOJitHO 

pH:saT:& KaK aaMKHYThli1 KOHTYP·· 

PHC. 30. 

w ne:noro OTJ\OTBneu~m neroqnoiti apTeptH1), 
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3) ~eT~peX nerO~H~X BeH C apTepH8RbHO~ KpO~biD M 

4) ne:noro npe:ztcep;ztHfl,:BbinCtnHHIOmero ponb peaep:nyapa :no 

:npeMR CRH~a KPOBH flO,ZI; ;zte~CTBHeM cep;ztu;a K8K Hacoca. 

06paao:nau1.1e TaKoro aaMKHyToro » aneKTponpoBO,ZI;flll\ero 

KOHTypa o6ycnoBneHo cneu»WHKOH t•eoMeTpHH Manoro Kpyra » WYHKUHO

Han:&HiliMH OC06eHHOCTflMlll pa60Tbl Ct:p;n;u;a BO :BpeMeHH. 

Bo :BpeMfl CHCTORbl npe;ztcep:ztHti (--\.. =0,! ceK) KOHTyp paaoM-
. . 

KHYT, a :BO :BpeMfl CIILCTORbl meny,n;OtlKO:B H 06nte.M ;D;H8CTOR~ cep;n;u.a H8 
I 

:BpeMfl fl =0, 7 ceK. :B Man oM Kpyre o6paayeTcfl aaMKHYTbt~ aneKTpo . 
1 

npO:BO,ZI;flli\H" KOHTyp,KOTOpbl~ MO~HO paccMaTpH:BaT:& KaK npMeMHbiW 
I 

KOHTYP aneKTpoMarHHTHO~ aHeprHM~ 

BpeueHHafl ;n;MarpaMMa pa6oTbl npHeMHoro KOHTypa ~ ManoM 

Kpyre Kpo:eoo6pameHlllfl noKaaaHa Ha pMc. 3I. 

T 

PVIC. 3I. 

1:\ IIOJIOJI\1~11V1111 

HaqHH&eT 88MNK8TbCfl. 
T - nepaoJJ; pa6oTbi cep;n;r\a. 
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Conaue HEnHeTcH cna6orrepeMeHHOi a~es~o~,ypo~eH~ "anyqe

HHH KOTOpO~ MeHHeTCH BO EpeMeHH,06HapyzM~aH ~ cpe~HeM UHKnK~HOO 

rrpouecca o rrepHo~oM OKano II neT. llpo~onxHTen~aocT~ oT~ennHHX 

UHKnOE Kone6neTOH OT ? ~0 I? neT. 

Bo EpeMH MaKOHMyMa ·oonHeQHOH aKTHEHOCTH,rrpHaHaKOM KOTo

po~ y~enH'leHHe ~H0318 OOJUieqHhiX ITHTeH, EeC~Ma ~aCTbTM H:BJieHHCM 

H~n.RIOTCH COnHe'IHble BCITHUIKH, ICOTOpbte TIO Q~OeMy cynteCT~y npe~CTaB

nHIOT KpaTKOEpeMeHHhle rrpoueccbl E3PhiBHoro xapaKTepa,Kor~a aaaqeHHe 

rrpOH8~0~HHX OT rrapaMeTpOE,XapaKTepHSYIO~HX ECllbiWKH,MOryT ~OCTH~ 

raT• 6on~WHX EenH~HH. 

\ 
\ 
\ 

P 7') IIIC • .:Jr • 
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Bo :epeMH conHeliHhiX :ecnhlmeK Hs aKTH:BHhiX oC5nacTe£i CoJIHt~a 

HHT8HC~BHO :BbiC5paCb1B8IDTCfl ITOTOK~ C031HeqHoro Be~eCTBa ~Jl~ DOTOKH 

aneKTp:v~qeoKH He~Tpan:&Horo rasa. 

CornacHo rHnoTeahl qerrMeHa,ecJIH TaKoe oCSnaKo conHeliHOro 

:ee~eoT:ea :eh1C5pacbiBaeTcH H3 aKTH!HhiX oCSnacTeH ConH~a,To nonyqaeT

Cfi KapTHHa,noKaaaHnan na puc. 32. 

TaK KaK ConHue :epamaeTcH :eoKpyr c:eoel ocH C5NcTpee,lleM 

3eMJifi, TO JlOTOKH BbiC5pomeHHOrO CC,JIHel{HOrO BenteCTBa C5ylJ,yT lJ.OCTH

raT:& aamy nnaHeTy caalJ,H. 
I . 

np~ aToM Ha orpoMHhiX paccTOHHHRX oT ConHua o6naKo raaa 

OCTaeTCfi 83leKTp~qeCKH HeiTpa31:&EbiM 9 HC50 rrpOTHmeHHOCTb 8BMHOrO 

MarHHTHOrO IT011fi Ma3lbl ITO cpanneEHID C pa~CTORHHBM OT 3eM31H 71,0 

ConHua. 
I 

Ha paCCTOflHH~ Tpex H1IM'I qeTblpex lJ.H8MeTpOB 3eM31H OT ee 

no:eepXHOOTH OC53laKO 33leKTPI.1liBCKtJ: HeHTpaJI:&HOrO rasa H8'HIJltaeT 

HOITiiThlB8T:D B08;&Bt1CTBHe MarHVITIIC,rO TI011fi 3BM1IM'I • 
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CxeMaTHqecKH xapaKTep ~aaHMo~e~cT~MH aneKTPH~eCKH 

HeHTpan:&Horo raaa,cwcToamero Ilia pa~Horo KOnJII~ecT:na Hono:s 11 

aneKTpOHO~ C MarHIIITHHM noneM 3eMnJII ll0KS88HO ycnOBHO Ha pHC.33. 

llpM ~88JIIMO~e~CT~~JII C MSrHIIITHNM noneM 3eMnH DOTOK HOHJII3JII 

po~aHHoro rasa Ha~~HaeT cenapHpo:naT:&ca He TOn:&Ko no aHaKy aapH

}.ta,Ho H no MaccaM aapmxeHHhiX ~acTHI\. 

3TOT npo~ecc npOJIICXO~JIIT ~ KOCMJIIqecKOM npOCTpaHCT~e 

Henocpe~CT~eHHO llpVIMbiKaiOutiiiM K 3eMJie '£II npH~O~HT K llOH:eJieHVIID Dbl

}.teBeHHN~ no sHaKy TOKO~ aapazeHHNX qacTH~,cxeMaTHqecKH noKaaan-
1 
I 

HNX Ha ~li'IC. 34 

PVIc. 34 

: . ~ 
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TaK ItaK 15b16poc COJIHetmoro 15emecT15a Ka aKTK15HbiX oc5nacTeti 

COJIHUa KMeeT 158pbiBHOi1 xapaKTep, TC 1 riJIOTHOCT:D aapHJteHHbtX '18CTHft 

15 e~HHKQe 06~eMa,HX CKOpOCT~ 15 KOCMH'IeCKOM H OKOJIOBeMHOM rrpocTpaH• 

CT15e 6y~eT ~YHKQKeti EpeMeHH, T.e. 

j' ± -: j) t. ( t) 

vt: =- v f(t:) (3.3.!) 

r~e J'• v - IT1IOTHOCT~ K CKOpOCT:O liOHHSHpO:eaHHbJX qacTHI~, 
t - 15peu.a. 

Bcne~CT15He aToro MarHHTHoe rrone,coa~a15aeMoe cerrapKpo:eau

HbtMH H 151:11~6JI6HHbJMH ITO SHaKy nytmaMVI aapHJK6HHblX t18CTHQ, :5 rrpOCTei-1-

meM l5H~e MOJICHO npe~CTaJBIIT:O CJie;ztyiOiltHM 06paaoM. 

(3.3.2) 

MarHVITHOro fiOJIH TOJI:&KO OT rrpocTpaHCTBeHHbiX KOOp,7VIH8T • 

~JIH ITPOH8150~HOH MarHHTHOrO TIOJIR 110 :epeMeHH HMeeM 

;1 B± [Clf'-t · + · ~ + · ~ ~ \f±J - · ) 
~t = Cit v -(t +.~ -lt ~- 1- ((,.~; 'l J (3.3.3) 

TaK KaK nJIOTHOCT:& aapnmeHHblX qacTKU ._f t =- .P 1:(t) 
OTpamaeT 158PhiBHOti xapaitTep ;zteRTeJIJ,HOCTH SKTl1:rmoro COJIHI~a, •ro Ha 

aeMHOH no:eepXHOCTH 8TO c5y~eT npOfiJlJIHT~Cfl :8 1Hf~e HenpaJHIJI~HbiX V'I 

peSKIDC KOJiec5aHHH MarHVITHOrO TIOJifl, I:or.n;a 8Ha'leHHe npOH8:Bp,l\HOi1 
' ;:)~± 

MarHHTHOrO n011ff . /;.) t MOilteT 7-(0CTv~raT~ 60JI~IIJV1X :eeJU1tiHH. 

ECJIH TOKH TeKyT CHMMCTpt1qH(' OTHOCl1TCJI~HO MarHHTHOrO 3Jt:Ba'l'O-

pa Ha~ Ce15epHbiM H IOJKHblM llOJiyrnapHfiMH 38MJIH, TO K011e6aHlt1ff llOJifl flO 

!peYeHH 6y~yT IrfMeT~ peaKO !blpaJiteHE:hit-1 lllHPOTHhlti H !hiCOTHblti xapaKTep. 



roo. 
Kone6aHHfi uarHHTHoro ncnn,;~;ocTHr&JO~He aepe;D;KO CSon:.mHx 

!eJIH'fiHH HMeJOT MeCTO T8Kllte l5 06Jl:acTH SOH flOBftPHWX CHJIHH£l aa 

011eT lSTeKall~HX Ty;J;a TOitolS. 

Cy~eCTBeauo£t oco6eaaoc~•10 no;J;o6awx l508My~eaH£l uarauTao

ro flOJift 3eMJIH ftBBfteTCH TO,'ITO :reBH'IHB& 8MfiJIHTY~ !08My~eHH£l 
' ~ouua JSoapacTaT:. npH nepeMe~~teF..HM OT SKlS&!'opa,ua KOT,pp~u. ee · 

I ' 

IH&11eHHe 6BH3KO K HyJIIO,K flOJIHpE.WM 80H&U,r;D;e 8MflBHTy~a KOJie6a

HHI flOJift 6y;J;eT M8KOHM8JIIIHOHe 

\ fipH'fleM Jr'I3 0611\HX 0006paJJ:eaH£l CT&H015~T011 flOHWM, 'ITO 

H8H60n•mee l508MYuteime 6y;D;eT ZCDWTbtlSQTi ropH80HT8JiiH8fl COCTalUifl

mmaH aeuaoro non11,TaK KaK oaa H:enaeTcft pesyn•TaTOM cynepnoa~

UHB noneA,lS08HHKaJOntHX Jlit60 OT !:CTpe'IHO HanpalSBeHHWX TOKOll :B 

flOBftPIIWX 06JiaCTHX,JIH60 OT O,J;HHBKO:BO Hanpal5JI~HHWX TOKO:B,npOXO~fl

mHX CHMMeTpH1iHO OTHOCHTeBJ.HO SI«:JSaTOpa 15 OKOJI08eMHOM npOCTpaJICT:Be 

3eMJIMe 

TaKHM o6paaoM ll nepno,1.t~ conHO'IHOii aKTHl5HOOTH,oco6eHuo 

llO llpeua ee M8KCHMyMa,6Hocwepa 3eMnH Henocpe~cTlleHHO no~~epraeT

CH lSOa~eticTlSHJO nepeMeuuoro ~o :rpeMeHH uarHHTHoro nonn,ICor,l\n. 

8B8'1eHHft npOHSlSO~HWX KOMflOHeHT HanpH~eHHOCTH llOBff no ~peMeHTII 

MOryT ~OCTHraT• SHQ'IHTen•HWX BeBH'IHH ! Te11eHHe KOHe~HOrO HHTep

!&Ba !peMeHH. 

llpH aenocpe~CTl5eHHOM llCa~eHCTllHH ua qenol5e'leCKHH opra

HHSM nepeueaaoro llO llpeMeH11! MaraHTuoro nonH,HMeJO~qero ~en•Ta

o6pasaw£t xapaKTep H oTpaJitaiOIItHe :eapWllHWe npoueccH aa Connr~e, 

.. - -·--~:& IIQBOII Kpyre KpO:B<?06paiiteHJMi KS.K 38MKHyTOM aneKTponpO:BOl(Rif\eM 

KOBType (6Y.p11!c.30,Ha KOTOpOM ~OKaaaHW BerO'IH&ft apTep~R,npa~OO 

H Be!oe nerKoe,'leTwpe neroqawx :eeuw H aanonun~•eecH Kpoll•IO 



IOI. 

JieBoe rrpe;ztcep;l{VIe) aa npeMH CTIIC:TOJibi :meny;n;o"ltKOB 1rt o6me~ ;n;TI!acTo

JIY cep;zt~a B03H¥1KaeT aJieKTpO.ztBH*YmaH CHJI8 • 

~C= ~~~ ('N S) "eplll\a, 
(3.3.4) 

• np~BO.ztHutBH K ITOHBJieH~IO B COCy){~CTOM pycne M8JIOrO Kpyra aJieitTpH 

~eCKOrO TOKB,KOTOp~H MO*eT HB}>ym~T~ ycTolq~BOCT~ pa60TH cepAeq 

HO-OOCy,l\HCTO~ CHCTeMhl tieJIOBeKHe 

B COOTHOWeH~lH (3.3.4) napaMeTp l\NS)xapaKTepHayeT 

aJieKTp~qecK~e OBO~CTBB 38MKHy~roro KOHTypa (t!IIICJIO "BHTICOB 11 \t\l 

III HX UJIOU{B,Zf& s ) B M8JIOM KPYP~ KPOBOOClpBllleH~H. DTOT napaMeTp 

no;ztneJKHT nocne;ztyrom.eMy ::mcnepmMeHTBJI~HOMY onpe;neneHwro. 

PeayJibTaToM Bos;ne~cTB~H Ha opraHHaM qeJioBeKa nepeM~H

aoro BO BpeMeHH MBrHVITHOrO ITOJIH flBJIHeTCH OOJierqeHHe yoJIOlH1L1 

o6p830BBHHH TpOM60B B MBJIOM K~yre KpOB006pameHHH HJIVl ITOOTORH

HOe aepnHoc paa;npaJKeHitle. 

8TOMY CTI00060TBYIDT VI oco6eHHOCTJII MBJIOrO Kpyra KpOB0-

06pameHVIH B cpannenHw c 6oJibWHM,a HMeHH0,60JihWHe paaMcpH 

OOCY.zt~CTOrO pyCJI8 ~ COOTBOTCTBeHHO aTOMY ClOJiblllee npoc~rpaHOT.BO 

• BpeMH ,ItJIH p83BJIITJIIR pa.ztV18JI~HO~ HeyCTO~~~BOOT~ ,ItBVlm~HVIfl 8PitlT

pOUTIITOB. 

. ···- , --~-.0··---

tllaT8JibHblt1 ItlCXO;zT,, VlW~apRT MTilOKap,na lf1JH1 kiHCYJIJiT, JU160 

liiSOHTOqHoe HepBHOe rrepeHanpH~eHHe,B~eKylll,ee 38 COOO~ D03MOm

HOCT~ OOBeprneHVlfl qeJIOBeKOM B OOJIJillieM KOJIVItieCTBe TeX VInltl HHWX 

OlliJII60K,HJilii npo~eCCJIIOHBJI~HOO E800JieB8Hliie B KOHeqHOM VITOrC 

Onpe.ztenReTCH l/IH~VlBvl}.\yaJILHblTvH'I OCOOeHHOCTRMTII a.ztOpOB:&fl lJ<'}ROB~If:l 

~ t nepByiD Qqepe~~ COCTOHHMC!I ero B88~MOCBR38HHNX Mem.ny 0060~ 

OHCTeMbl CBepTbiB8HM1R KpOBl-1 VI ItepBHOi-1 Cl1CTeMbl. 

, ·'''I"' 



I 
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I02. 

S,ztec:& CJie,ztyeT oco6o fi(')~tJr.:~tfH~iT:O 'lJTO mvrpOICO rgcrrpooTpa

HeHHOe MH~'Trfl: (') HtW6bi MaJibJX ne-r:···tnUH1X, VIJIVl M8JibiX ~O~AX COJIHe'IH<Jtt 

8KTJIIBHOCTH,~eiiicTByiOIUHX Ha 6J1IOCCp1~py 3eMJIH JII IlpP!BO~fiinHX K KaKHM 

JIH60 peay.1IJ>T8T8M,ll0 cymecTBy MO:tteT OKasaT.DC.fl HenpaBJIIJI:&HbtM, T8K 

K8K, HanpHMep, B MeXSHJIISMe ,ztettcT:BJII.fl COJIHetrH0£1 8KTJt'IBHOCTJII Ha 

cep~etrao-cocy~HcTyro vr aepBHyro cacTeMbt trenoBeKa OCHOBHHM napaMeT

pou BHemHeM cpe.ztbt, onpe,zteJIHIOinftiM 're· viJIH JIIHbte Tr1SMeHeHJII.fl, HBJifleTCH 

npoHSB0.1JHaH noJIH no BpeMeu~t?:,~t.J a He a6coJIIOTHafl BeJIHliHH~ B. 

saueTMM,~To ~JIH nonytreHHH aaaqJIITeJI:&HO~ BeJIHqwHa I 
He Tpe6yeTC.fl 60JI.DlliJIIX a6COJIIOTHbtX SH8treHH~ 9 JII60 no onpe.zteJieHJIIID 

'\)~ 6. ~ ~'?..- ~l. 
' (3.3.5) tt = . ~*. -= -:~,- -lj, 

r~e ~.2. , ?.> 1., ~ 2 , -\: ~ HBJIHIOTCH paaaocT:&IO 
1

.ztBYX 6JIJIIS1tl'lx· K 

§ 4. POJI.D renapHH8 JII S8MKHYTbtX KOHTypOB B OpraHl'ISMe 

'leJioBeKa 

qe.noBeqecKvrU opraaHaM,no~BepraromeUcH B npouecce 

CBOe~ MHOrOBeKOBOH SBaJIIOUJIIJII nepvrO~JilqecKOMY BOS,IteHCTBJIIIO COJIHe'I

HO~ aKTHBHOCTH c MaKCHMyMOM,qepe,ztyromMMHCH B cpe.ztHeM qepea II 

JieT,eCTeCTBeHHO,,ltOJI~eH 06Jia,ztaT.D KOMITeHCaTOpHbtMJII BOSMO~HOCTHMJII 

no npe.ztOOTBpameHHIO Hapymeuvrfr1 ycJIOBJIIH yCTOM'IJIIBOCTJII )tBJIUiteHVIfl 3plll-

TPOUHTOB B KPOBeHOCHOM pycJie npH BBe)teHHH B Hero C IT9MOm:&ro Mar-
·- -·---·---

I HHTHOrO BOJIR SJieKTpJIIqeCKHX aapR.ztOB. 



I03. 

K qHcny ~emecT~,~wnonHHID~Hx xouneacaTopHYe ~YHKQHH ~ 

oep~eqao-cocy~HCTO~ cHoTeue qeno~eqecxoro opraaHaua,oTHOCHTCfl 

renapHH. 

renapna Hs~ecTea xaK ecTecT~eHHY~ a"THKoarynftHT,oeina~aiD

~H~ enocoeiaocT•ID npe~oT~pa~aT• c~epTw~aaHe KPO!H c oeipaao!aHHeM 

TPOIICio~. 
( •?;.6 ) 

Kax yKaaaHo ~ paeioTe "••• 3Ta ocoeiaH cnococ5aocTb 

oc5yono~neaa TeM, qTo renap.vr-H H:nnaeTcft "aneKTpvrqecKo~" MoneKynoii, 

a Cion•mafi ~enHqHaa (renap~H n:nnfleTcfl rnra~Ko~ MoneKyno~) noano-
1 

I JI116T eMy. HMeT• Ha c:noe~ no:nepXHOCTH MHOllteCT!O OTpHnaT~UI:DHblX 

aneKTPH'IeCKHX aapn;n;o:a. ~MeHHO c5n.aro;n;apn HanHqHro aT~x aneitTplrt~ec-

KHX aapft,J;O:B renapHH Oc5Jia;n;aeT Cll0<:06HOCT:DIO ~illllOXH.fiT:i MHOrHe HX 

C!OHX WYHKIJ;H~, Kacaro~Hxcn perymuvn11 co,~;epJR:aHHfl ~ xpo:nH Jit1IIH;n;o:e VI 
I 

:ne~ecT:B,~WBLI~aromHx c:nepTu:naH~e xpo:nH ••• " ! 

flo,J;qepKaeu eme paa,qTo ocao:naoe c:nogcT:no renapHHB ~wnon-

MT:.,Cieaycno~ao,oqea• cnoEHbTe q>yHKIJ;HH no npe~ooT:npanteH.vno o<1pa·

HHT•,6eaycno~ao,oqea:. cno~Hble q>yHKIJ;HH no npe;n;ooT~pa~eHHro o6paao

~aHHH TpOMCiO! ;li;OXJICHO CihlT• C:Bfl38HO C H8XHqHeM Ha ero no:nepXHOC'J'H 

oTpHn;aTen:.uo aneKTpHqecKHX aapR.zto:n, T. e. renapHH ! xpo:neHoonoti 

CHCTeue qeno:nexa :awnoJiafleT pon• ~~oqHe~m~ro perynnTopa aaprr~o:eoro 

CiaJiaaca KPO!H. 
i 

KaKO! KouxpeTaw~ MexaaHaM perynnn;HH sapa~o:eoro 6anaHca 

KPO!H?I 

9TO O,l(HH H3 OCHO:BH:WX :eonpOOC•:B 6y,11;ymHX HHTepeOHhiX M l'aJfCHeH

----HX- HCCJie~0!8HH:t.i ! o6meit nporpaMMe llOHCKO! ,J;e~iCT!eHHbiX Mep H 

cnocoeio~ 1 neqeaHH cep,ll;eqao-cocy~HCTWX aa6oJie:aaaHit qeno:neKa. 

, 



104. 

O;~tHSKO H8 OITl'IOaHHOI'O paHe·~ lS 06-HX qepT&X MeXaHHSMS 

ycTo~q:w:zsooTM ;zt:BHJiteHHH apHTpou.rTo:e :zs KPOJUIHOCHOM pycne qeno:Beqcc

Koro opraamsMa,no-:zs~HMOMy,cne;zty•'T npe;~tnonaraT• aenocpe~cT:zseH

aym H KOJIHli6CT:BeHHYID O:Bfl3it Me~y OTpHnaTe~HWMH aneKTp~qeCKHMH 

aap.fl;zt&IIH,BaXO)lftlltHMOfl KaK HS apHTponHTaX,TQK H H& BHI'8~KIDC: M011e

KyJiax renap:waa c :zsosMozuocT•m nepepacnpe)leJieHHH aapn~o:zs Me~y 

HHIIH. 

B C:B.fiBH c aTHM :zsonpoc o nen~ooo6paaHocTH H cpyHKIVt.fiX Tex 

HJUI RHWX 88MKHyTWX KOHTypo:zs, HMeiCllltHXCft lS paaJIHliHWX uecTaX qeno

Be'leOKOI'O. opraa:wsua npHo6peTaiOT ooo6wtt HHTepec. 

C O,ltHOii CTOPOHii JII060~ IllS aaMKHyTiaiX KOHTypo:B C )tOCTSTOliHhiM 

OOHO:BaHHeM MOEHO paCCMSTPIIIlSST:r. KBK np:weMHHK aJieKTpOM81'HHTHO* 

SHeprBH,KOTOpan npeo6pasyeTCR :B OHJIY SSKOHa ~apa,lteft B TOK OTp~H{H-
1 

TeAaBO aap.flzeHHWX sapR;ztOlS. 

A STO OSHaqaeT, liTO 3SMIUIYTDIH KOHTyp lS KpO:BeHOOHO~ 0YteTel\W 

B yCJIO:BB.fiX ITOCTOHHHOI'O lSOS;zteiiOT1HHI He6on•moro ITO :zseJIHlU1He nepcw~u

HOI'O :BO :zspeMeHH Mai'Hl'ITUOI'O ITOJifl ( "KJIHWe" Ha MSI'HHTOI'paMMe CIT01toi1-

HOI'O 1(Hft CU.pHO .6) MOJKeT CJIYJKVIT:D ·J~HHM H8 HCTO'IHHKO:B ITOIIOJJJIOJH1fl 

oTpHnaTen.uwu:w aapa~aMVI opr~u:waMa qeno:aeKa. 

0TCD;zta IIOEHO ,ltOITyCTHT.,liTO HQJIHqHe 3811KHyTWX KOHTypo:B 

:zs opraa:waMe qeno:zseKa, cnoco6HbiX :zsoonpHHBMaT• aJieKTpouarH~THyiO 
i 

SHeprHJ> 1ftBJifteTC.F.I JtiiiSHeHJIO~ Jie06XO)~HMOCT.I> H OT:zseqaeT HOpMaJI:r.HHM 

ycno:BH.flll ;a;nmTen:r.aoro cymecT:BO!aHHn 11eno:aeKa 1 cpe;zte o NeHRIOII(HMcn 

:BO JpeMeHH Mai'HHTH~U ITOJieM. 

• -·-----· C ;a;pyroM OTOpOH~ npH CHCTeM~lTHlleCKOM :B03~e£tcT:BHH Mai'HHTHOro 

nonR npH 60JiiWHX SHat~eHHHX~~ro~~lSNKHYTWe KOHTypa KaK npHeMHHKH 

8JI8KTpOM&rHHTHOl aaeprHH MOryT 6W~'i HCTOliHHK811H p&OCTpOHCT!a Hep!-

I .. ··••r· 



105. 

ual OHOTeuw qeno:aeKa H oT:aeTcT:aeHflliJ.U1 aa o6paao:aaHHe. TpoM60:I'. 

noaToMy onpe;ZJ;eJieHJile nayqno-o6ocno:aaauwx }(OS :aos)le~cT

:awn nepeueaawu :ao :apeMeHH MarHHTHWM noneu Ha opraHHSM qeno:aeKa 

ftlSJifteTCft O;D;HO~ H3 aKTyan•nux 38;D;aq CO:apeueHHO~ 6HO~H8Ji1KH. 

8TO :aa~HO He TOJI.KO ;D;JIH nOSHaHHft 06~HX aaKOHOMepHOC

Tel pa60TW oep~eliHO-COCY~HCTO~ CHCTeMW qeJIO:BeKa 1S ~eJIOM,HO H ;D;JIR 

pemeHHft no:ace~ue:aHHX sa;D;all Me;D;H~HfiW uacTon~ero :apeMeHM. 

K 11HCJIY TaKHX aa~ali,MOEfla OTHecTH,o6ecneqeaHe Mep no 

npe~ooT:apa~aHH~ npoweccHoHaJI»Hwx aa6one:aaHKI,aanpMMep, y MamHHMC

TO:B aneKTpO:BOSO:B, no;zt:aepraiOutHXC.fi :BOS;D;e~CT:BJill> Jii3MeHeH~d1 llOCTOfiHHO

ro TOK&,ZHSHe06ecneqeHHe KOCMOH8:BTO:B,pa60Ta KOTOpWX 1S OTKp~TOM 

KOCMOCe CTaHO:BHTCfl y HaC Ha rJiaSaK o6~11HWM aaHflTHeM,Jil PR~ ~pyrHX. 

flpH pemeHHH yKaSaHHMX :BOllpOCO:B MW CHO:Ba CTOJIKHeMCff 0 
'! 

npo6neuo~ renapHHa,ero onpe:ztexn~~e~ H uuororpaaaol pon•m :a aneK-

TPHllecKou 6anaace KpO:aH. 

TOT WaKT,liTO HaH60JI:&mee KOJIHlleCTlSO renapHHa CO}(ep~HT

Cft B nerKHX,ro:aopHT o uaH6onee :aa!HOM H nep:aocTeneHHOM saaqeaHH 

SaMKHyTOrO KOHTypa 1S MaJIOM Kpyre KpO:B006pa~eHHR. 

I llo-:aH;ztHMouy, MOlKHO cy:ztHT:& o aua11eHHH H uecTe saMKHYTI~x 

KOHTypo:a • opraHH3Me lleJIO:BeKa no KOJIHlleCT:ay H CKOPOOTH lSW;zteJIHe

IOl'O renap:waa. 

-··-----

§ 5. SKcnepuueHTaJI»Hwe ;ztaHHwe H rwnoTeaa ;zte~cT:BHfi 

C01IB6~HO~ 8KTM!HOCTH Ha cepaeqHO-COCY!HOTYID 

H Hep:anyiO CHCTeMii qeno:aeKa 

B p~e pa6oT noKaaaHo,qTo Kpo:a• H Kpo:aeT:aopuwe opraHw 

fllSJiftJ)TOJI 0118H:i 11YTKHNH BH~HKaTopaMH OOJIHeqHOit &KTH:BHOOTH. 



I06. 

HnoHCKHMH yqeHWMH (M.TaKa'l~a,T.Mypauy,C.TaKaTa) o I935 

ro~a Hoone~yeTcH peaK~Hft KPO~H Ha oonaeqaoe HanyqeaHe H aas~aH

Haft HIIH peaKnHe~ "p n • 

.IapaKTepHo~ oco6eHHOCT:iiO peaK~HH "F " ft~JmeTcn TO, ~To 
OHa HYeeT OT1leTXH~O ~upa*eHHhl~ cy~~OllHW~ X0~ 9 88~HCHT OT~WCOTW 

H HBXHeTCft O~Oeodpa3HWM HH~HKaTOpCIM OOXHellHO~ tilKTH~HOOTH,TaK KQK 

npoxoaxeaHe donitmHX rpynn naTeH qepes neaTpan•aw~ uepn~HaH ConHqa 

. oonpo~o-..aeToft ~cer,1ta no~l>eMou XO)(a peaK~HH " " • 

. l(n11 peaKnHH "F" xapaKTepnw. II-neTHH~ · UHKX H 27-;JtHeBHW" 

nepHo;~:,c~hsaHHii~ c o6panteaueM Conuna BOKpyr c~oeit ocH. 

CyutecT~eauo TO, ~To peaKnHn 11 P 11 npon:BnHeTon JIHIDJ. npH 

JCXOBHH xopome~ H80Xfil.\HH ~OHOpa H na6opaaTa,6epyutero KpO~It. 

B aTOM CJiyqae H ;J;OHOp H na6opaHT HO;Jt~epJCeHbl ~OeM H3MeHetHUtM lmem

H6~ ope;~tY ,a HQJIH1lHe npHeMHOrO KOH~~ypa B MaXOM I Kpyre Kp01I006pante

HHft npe~pautaeT HcnwTwBaeMoro ~ c~oeo6pasaw~ peaoaaTop,qyTKo 

pearHpyDDtH~ Ha KOXe6aHHfl aneKTPH1l60KOrO H MarHHTHOrO none~ 3CMJI~. 

TOT g)aKT' liTO peaK~Hfl "r " uadJIIOJ;aeTOH JIHWJ. npH yono:rnm 

XOpome~ HSOJIH~HH OT 3eMXH AOaopa U nadopaHTa,ro~OpHT 0 ~XHfiHHH 

H8 KPOBJ. 110JIO~aKa He TOXitltO BpeMellHWX KOJiedaHVI.~ uarHHTHOrO llOJifl 

3eMJIH, BO H BXHJIHHft HaMeHeHHti KOHI.\f,BTpaqHH OTPHU&TeJIJ.HLIX HOHO~ 

KHOJIOpo~a ~ e~HHH~e 06~eMa ~OBAyxn npH y~eJimqeHHH HJIH yMeH~WeH~H 

TeunepaTypw oKpy~aro~e~ ope~~. 

Co~eTOKHY ~paqoM H.A.illyn~~eu ycTaHo~neua ~pyraa ae 

Meaee BiZH&R pe&KURfl KpO~eTBOpHMX opraHO~ Ha COJIHeqayro &KTHBIIOCT•, 

8 HMeHHO ,yMeHJ.WeHHe ~ KpOJJH Jie~KOJ~HTOB C O,J;HO~peMeHHWM y:neJIH'IeH~-
-~... -------- .. 

eM nuuwo~HTO~ npH ~ospacTaHHH conHe~ao~ aKTH~HOCTH. 

H.A.myx.~ npHmex K TaKHM ~u~o~aM nocne odpadoTKH H aHanM

aa 300 TRc.aaanHao~ Kpo~u,~sHTWX :s paaxH~HWX cTpaaax CCCP,~Tanuu, 

BenJ.rHa,tpaH~HK,AHrJIHH H T.~. 



I07 •. 

Kpa~He :aa~H~M :a~:ao~oM H.A.IDyn•~a n:anneTcff To,~To y 

Ce:aepaoro H lOJICHoro noniOoo:a Kpo:ai 6onee HHTeHcH:aHO pearlllpyeT ua 

HaMeHeHHe oonaeqno~ aKTH!HOOTH, a :a aoaax,npHnera~mHx K aK~aTopy 

.-a:ae B nepHO)I;W M8KCHM81ll)JIOH OOJIHeHH0£1 &KTH!HOCTH cymeoT:aenHIIIX 

HSMeHeHH£1 ! KPO!H He H86JIID~aeTOR. 

TaK no a To My :aorrpocy H. A. Illyn:a~ nHmeT: " Mw 6pa1n1 anaJIH31at 

KpO!H y KOpeHHOrO HaCeJieHlilfi Coq~ ! nepHO~W MaKOHMyMOB C011H0l.IHO~ 

S.KTHBHOOTPI B !957 ro;zty. 1biCJIO nei4KOLU1TO! HHXCe 3000 :B O;ztiiOM Ky6vr

qeCKOM MHJIJIHMeTpe OTMetlaJIOCJ. eJKe,ItHeBHO H ~0!01lltHO B 8Jt8~1t1Te1J:n-
, 

HHX KOJIH~eCT:Bax.llpH na~eHlilfJ C011Hel.IHOH 8KTHBHOCTH STO CTano pe~-

KOCTiDe B aTO ~e :apeMfi B ReHliiHrpa.zte T8KHe ffBJieHHR 6NJI1ti eme qac

TW. A no )1;8HHWM,nonyqenn~M lila 3anonnpiH,qHcno HX ocTa~anoo» 

)(O:BOJiiHO BWCOKHM. B TO :ace :apeMff B nepHO;J; M8KOHJAYMS COJIHe11HOi1 

aKTHBHOCTH HaH:ahlcmero a a nocne;J;.H:He oTo JieT, HH y JKHTeJie L1 AcppHim, 

HH JIIHJ;oueaHH, aaMeTnwx l'laMeaeHHM :a t~HcneHHOCTH 6enhlx KPO:BffHhTX 

Tenen ue aaueqanoc:~.l ••• " 

TaKHM o6paaoM peaKo :ai:JpaJJCeHHWi1 mHpOTHWfl xapaKTcp Jic~i,r.o-

nKTOpfi:wx TecTo:a lllyn»~a nenocpe.zti}T:aenno y:a.flaw:aaeTcR o oeint~1Mn 

88KOHOIIepHOOTf1MH pacnpe.zteJiefU·ift :~OSMymeHHL+i M8rHHTHOrO nOJHI 8eM:rJJ!1 

BO BpeiiH COJIH6'1UOti aKTHBHOCTVI. 

JiiHTepecHwe Hocne~oJmHHfl c I949 ro~a :a JiipKyTcKe npo1I07VI't'-

cn A. T. nnaToHo:noit no c~epThlnaeMocTVI KPO:BH a;D;opo~hiX JIIfl~eilt. 

B peayJiiTQTe IIpo:ae~eHHbiX HCCJie,It0~8HH£1 ycTaHO~JieHO, liTO IIORaaa TCJT:£, 

c:aepTW:B&eMOCTH KpOBTtt HCTih1Th113aeT KOJie6aHHff ! onpe.zteJieHHOM cvurx:po

HH&Ue C HBU:eHeHHfiMH OOJIHeliHO~ 81CTJIIBHOOTH. 
-- -------

XapaKTepao, llTO ;D;JIR onpe.zteneaao.K qacTH JIIO,lle£1 cnoco6nocT.r. 

KpO!H K c:aep!l'LT:aaH~tiO :ao :npeMH MaltCHMyMa I957-58 r .r .noHHJimeTcn, 

a B Toae :apeMH ;D;JIH ,~;pyro.K qacTJII JIIO.zte~-c:aepTw:aaiOutaa onoooonocT:It 

KPGBH UOBWm&eTcft. 

11'' 
' ', .... ~ 



IOB. 

~paaeyacKMMK yqeaLIMki (:.epaqaMH M.~op ,r .Cop,11;y H acTpomm 

~ .Banno ) sa nep»o.zt o I922 no I942 ro.ztw coCipan-.1 6ont.mo11 WlTepH-

831, KO!OpWt-1 D08:80JIVIJI HM ycTaHOlHI~~:r, 0:8HS:r. MeJK,J;y npOXOJIC,1J;OH~eM COJI

HeqHYX mlTeB qepea ~eHTpaJI:LHhiH Meplll]J;HaH COJIH~a H 0600TpeJUWM 

oep.]te11ao-cocy,1J;HOTWX aa6one:aarmi1. 

Ha OOH0:8e CTaTJIICTliUti.1 rppaHizy3CKHe yqeawe npHDIJifft K l'blJ'IO

J.Y, liTO 80% cnyqaeJS o6ocTpeuJile c~:p,1J;e't1Ho-oocy;D;HCT~X sa6oJie:naHvt~i 

CHHXPOHHO oo:ana,1J;aiOT c y:8eJliiitieHitwM. COJIHe'IHO~ aKTVIJSHOCTH, npom~Jio·

HMeu KOTOpO~ f[8JifleTCff DffTHOOOpaiiO!aTeJiliHS.fi ,1J;effTeJX:iHOCT:& C M81WVJ

yYMOU,DOJiy1laiO~JIIMOfl llpH npOXOlY~eHHVl llJI!TeH qepes ~eHTpa11l.JIH~ 

uep~HaH Cona~a. 

Hayqan conaeqao-aeMHhle c:eHaVI B.A.PWI'KHH npfft sa6oncnn

HHHX HH~apKTa MVIOKap~a c I960 nc I963 r.r. 1S HeHVIHrpa~e ycTaHo

:8VIJI, liTO 1S nepVIO,ltbl no:numeHMiff COJIE et~H0£:1 aKTirf!HOCTH HB6JilO.JtHCTCfi 

60Jiee 1SWOOKOe tUICJIO OJiyqae:n VIHrpapKTa MVlOKap,l{a • 

BaJIHO, 'ITO npvr aHaJIHae CJSHBH y:eeJIHTieHMff cnyqae:n »nrJ·n.pir

Ta UHOKSp.zta 0 OOJIHeqnoi1 aKTVI1SHOCT:r.IO B.A.PW1SKHH np:v~meJI J~ :zm:no.ny, 

liTO He 86COJIIOTHaff Vl CyMMapHaff :eeJIH'IHHa COJIHe11HOtt 8KTJIIDHOC1.'J'I 

ftBJifieTOB OCHOBHOH 1S 06oopeHHH Cep.zt611HWX sa6oJieJSaHHH, a OKOJI.ltO 

ee Teun M :eeJIHtnma npe:eblmea~m Hcx:o.ztaoro ypo:.eHa. 

CBep,ltJIOJSCKHe :.epaqH IC.Il>.H:>:.eHKOJSa,T.H.llaHoJS VI A.IJ .. IH,ym:~-

KOB, HSyllaft np06JieMy reoMarHHTH.bie 1SOSMyJiteHJIIfl H HHqiapR'l'hi ~HlOirHJI,IJ,~, 

npHWJIH K :!LIBO,lty( :U ) , " liTO II)Vl CJIIJII.HUX MarHHTH:WX C)ypnx OT 

HH~apKTa UHOKap,J;a 601liHble norH6aJOT :8 II paa lla~e,a npH C~TJii>HHX 

: MarHHTHWX <Syp11x - ,~;aJite 1S I6 paa 1ta~e, l:leM npM cna6wx Marn VITHHX 1----·--· 
I Jilt . 

I uypJIX. Bee STH ;J;SHH:We CTSTHCTllllle()KH ;ltOCTOBepaw •••• " 



109. 

B TO Ee ~peMff HMeeT~H pff,J; HCC3Ie~o~aTe1Ie«,KoTOp~e He 

H&XO,J;JtT aaKOHOMepHOCTei1 MeJJt,Zty tJOJIHe'IHOM SKT~~HOCT:iiO ~ 060oTpe

HKftMH aa60Jie~aHHtt cep~eqHO-COOJ,1J;11ICTO~ CHCTeW 'leJIO:Beita • 

CTon:a npoTJII~opeqJIInhle peay1I~TaTw o6~ncHHIOTOH TeM,'ITo 

pR,J; ODWTO~ np0~0,1J;H3IOH ~ TelleHHe ,1J;OCTaToq~o ,1J;JIHTe3I~HOrO ~pCMeHH 

H 5'1'0 DOB~OJIHJIO Ha~TK onpe,JJ;e3IeHHy~ OTaTHCTH'IeCKYIO aaKOHOMep

HOOT:i, ~ TO ae ~peMff ~pyraH qa~T:i 8KCnepHMeHTO:B npo~O~Hnac:r., 

nO-~MAHYOMy, ~ OTHOC)I!TeJIJ.HO KOpOTKHit HHTep:rJaJI :rJpeMelll!l 1 KOr;l\a 
I 

peayJI:iTBTY o6pa60TKH,eCTeOT~eHHO )J;OJIEBW paCXO~JIIT~Ofl C npJIIllffTUMH 

B XO,J;e 8KCnepHMeHTO:B Jlla,1J;eKCaMH COJIHeqHO~ QKTK!HOOTH,ItOTOphle no 

oBoeuy onpe~enen111ro OTpa~aroT ycpe)J;neuuwe no :apeMeHH nponcccw 

aa Connue. 
I 

Bcne,JJ;cT:nHe Toro,qTo np111nnT~e 111 ~no~~ npJIIn~Mnouwe 

HH,J;eKCW C03IHe'IHO~ SKTH:rJHOCTJII H:BJIHIOTCH ~1Ifl Ka~oro JIICCJie~nnaTC-

3Iff paaJIHliHblMH H ~ UeJIOM He OTpalKaiOT )t~tHaMJIIKH npor~eCCOI'i lW Cn:rm

ue,TO H caMH peayn:oTaTbi no HayqeHHIO conneqno-aeMHI>IX cnnacH :n 

60JIJtWHHOT!e O!OeM HOCHT CTaTHCTHtiBCKH£1 K HH)tK:BH)(YS.JiiHhl~i xapruc ·· 

Tep. 

9To :a c:Boro oqepe~~ ae noa:eonaeT aa 6aae TaKnx ~ccnc~o

:eaHH~ npo:aecTH 111x o6o6ntarom11Ii1 anan111a K nonwTaT:acn BhtHCIH1T:Ft 

KOHKpeTHW~ MeXaHH8M ,JJ;eHCT:Dlrifl COJIH8liHO~ ai<TH!HOCTH Ha TeX J.1JU1 

HHWX npe:.cTa:eHTe1!e~ 6:v~oc£l!cpbl ~.eMJIH. 

EcT:a JIH JJ conpeMOHHO~ JKH8HK H JJ 6on:om111x MacmTn6ax 

__ : ... ___ !cno:aHn .-na npocpeccJIIona1I:&Hoi1 pa6oTw JIIO,J;eM ,ana11or111quwe yc11o-rnm 

!08~e~CTBHft Ha opraHHSU qe3IO~eKa COJIHe~HO~ aKTH~HOOT~?! 

l(a,eoT:a! 
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IIO. 
8TO npo<I>ecCHH JIIO,Jteti, cner;HaJI:&HOCT:& KOTOpUX CBHaaHa C 

OdcnyEHB8HHeM aneKTPOMexaHH8MOB ,pa60TaromHX Ha TIOCTOHHHOM TO-
' 
Ke npH HX fiOCTOHHHOM ~KR~qeH~R H B~Kn~qeHHHe 

Tor~a :8 yCROJHifiX ~:v.maMVJqecKM MeHR:IOIJ(6MCH TOKOlW~1 HarpyaiUI 

L~Ul~)opraHHoM qeno~eKa 6y~eT no~BepraT•cH :eos~eHCTBHIO nepeMeH

Horo DO :BpeMeHH MarHHTHOrO TIOR.R. 

Pesyn:&TaTOM no~o6Horo BOa~e~cTBHH ~onEHO 6~T» npo~eccHOHan»

Hoe paccTpO~CTBO cep~eqHO-COCy~HCTOM H Hep:BHO~ CHCT6M. 

K npo~eccMHM,y KOTop~x cne~yeT npe~nonaraT» paccTpo~cTBO 
cep~eliHO-COCY~HCTOH VI Hep:BHOH CHCl'eM,OTHOCHTCR:: 

- BO~HTeRH aneKTPOBOSOB, Tpo~nneL16ycoB, KpaHOBIJ(HKH, pa6oTalOIJtvH~ 

Ha. Kpaaax C HCTIOR:DoO:BaHVJeM TIOCTOH HHOrO TOKa ,<l>VI3HKH H nepCOHD.JI, 

S8Hf1Thl£i Ha pa6oTe TIO o6cRyJKYID8HUIO COBpeMeHHbiX ycKOpHTeJieL1 ,pa6oT:·t!o-

IJ(HX no :BpeueHH B HMnyn»cHOM peJIU1M';, H p.R~ ~pyrH;x: npocpeccvt~i, VIMeJOnn;x 
i . . 

no po~y OBOe~ ~eR:TeR:&HOCTiti Herrocp~'~CT:BeHHhiH KOHT8KT 0 VIC'l'OqHVJKa!H'I 

nepeMeHHQrO BO BpeMeHH MarHHTHOrO DORfl. 

K liHcny HeHsBecTaux ~o cerl) BpeMeHH napaMeTpo:s :siinw•w11 

cpe~H,~ononHHTen:oao OTHromarommc yenOBHH pa6oTbl Ha Ce:sepe,ocor5cu

HO B pa£ioaax,Henocpe~CT.BeHHO TipHMUK8~1l(HX K SOH8M TIOJI.RpHlllX CHHlllH:, 

cne~yeT T8KJK6 OTHeCTH 6onee CHR.DHUe 1\0S~eHCTBHfl MarHHTHbiX ()ypi> l!'1 

lleJIOBelleCKHit opraHHSM C TIOCTOflHHOii TeH~eHUH6M K COOTBeTC1'BYIOif{OHy 

paccTpoUCJT:sy cep~eqHo-cocy~vwToi1 n aep~Hoit CHCTeM qenonCim. 

B nocne;ztHHe ro~hl :a neqaTYI c~~ano :see 6on•me H c>on:r,mc noamiWJ' r:. · 

CH SKOnepHMeHTQJI:&HblX ~8HHbiX, CBVI,zte ~~eJibCTBYIOlltlr1X npm.tO, HJIVI ICOC ne II il 0 

0 TOM,liTO 8JleKTpKqecKHi1 aapff~ KPOliK ffBJIR:eTCH O~HPIM :H8 OCHODIIbiX 
- , ... -----

TIOK&SaTeJie~ HOpMaJiiHOrO :HJIH naTaJICirHlleCKOrO OOCTOHHHH opraHHSMa 

qenoJeKa 1 uenou. 
j I ( 



III. 

TaK,uanpVLMep ,BhicTynaR Hi3. XY Koarpecce naype~TOll Ho6e

Jie:BCKO~ npeMHH 11 HIDHe I965 ro~a,aMepHK8HCKH~ npoweccop YOJITep 

BpaHHTeH coo6mHJI o6 o6napy~eHHH aJieKTPHliecKoro noTeHQMana Me~y 

KPOll:bD H CTeHK8MH KpOBeHOCH~X CtJCy~OB,KOTOPN~ npe~OT:BpamaeT 

C:BepTH:BaHHe KpOBH • ECJUI ycTpaHwr:r, STOT IIOTeHn;HaJI, TO MO:lfteT 

paaliHTJ.Cfi TpOM60a ( ~7 ) • 
,ll-p ,lloHaJI:o,n Xa66ap~ ,Xl'IM:iiR Han;HOHaJI:&Horo 6rupo cTan;n;apTon 

CiliA, npo:BO,ztHliiUHH 11 TelieHvte pH~ a neT HCCJie~o:eaHHe c:eepTbiBanvm 

KPOIIH :B :8811HClfiMOCTH OT VIOHHblX aapH~OB lfl811eCTHhiX MaTepvtaJIOB, 
I 

C006JnHJI, llTO ycnex 11MIIJI8HTIIIpO:BaH:Ilfi HJIH 88MeHhl Yli8C?:'ROB CHCTeMhl 

Kpo:aoo6pameHMR aa1111CHT oT IIIOHHOH np11po;n;u HCIIOJIJJao:eanHoro M3'l'CfH1 ,, 

na. ,ll-p Xa66ap~ no~11epr JIIClll.l!Tam,fiO miaCTMacco:eble MaTepVIaJihi, ltl3 

KOTOpNX llbiiiOJIHHJil'IC:b cep.ztOliHhie K~laiiaHbl H MCityCCTB~HIHhie apTepliHI 

H J~SeHH, H ycTaHOBJIIJI t liTO IIJieTeHNt~ HeWJIOHO:Bble l'I Teq>JIOHO:Bb!C HCICye

CT:BeHHble KpO:BeHOCHhie cocy;n;bl 9cpci>t,KTH:BHN 6Jiaro.ztapR · TOMy, '41'0 06JW ·

;ztaiOT He60JI:OIUHM OTpHn;aTeJI:OHhiM aapH:ztOM, 06ecnelil'I:B810ll(JI1M aamvTTY 

npoTH:B :BHyTpeHuero KPOliOTelieHVIH .. 

0H OTMeTr'IJI TaKJKe, liTO 11 JUIBOW :BeHe MOlKHO HCKyCC'l'DCHHO 

Bb18:88T:b C:BepTb111aHHe KpOBH rryTeM :!:Be;zteHHR 11 Hee HHTKH,HecymcW 

0TpHD;8TeJI:&HNtf aapR:zt • 9cp<l>eKTH13Hhl~' H8pO;ztHble cpe;ztCT:!a t IIpHMCIUICMblC 

;ztJIH OCTQHOIIKH KpO:BOTetieHlflff TaKMn,KaK rrayTHHa lfiJIH me:eaTeJI~H~~ 

Ta6aK t TOJite HecyT OTpHI(aTeJI:DHbiC aapH:zt~ ( ~~ ) • 

B I956 ro71.y rpyrrna npalieVl Me,ztlrfn;x-mc.Koro uenTpa n l)pyruu1no 

:BbiCKaaana npe;ztiiOJIOJKeHVIe, liTO 'TypCiyJieHTHOCT:b, ecTeCT:BeHHO :503IHmn.JfJ

utaH :B aeKOTopux yliaCTKax KponeHOCHO~ c~cTeMbl, llbl3bl:5aeT npit onpc.7~C:l·· 

I 

neHHNX WHSHOJior~lieCKlfiX ycJIOBHfiX VI no:zt:ztepxVJ.:eaeT npon;eccu paaB£-tTYIH 

aTepOOKJiepoaa. ~-p qapnia ~PVI.C UCKYOOT!eHHO :BHa:BaJI Typ6yJieHT-



II2. 

HOOT~ KpO~OTOKa E O~HOM yqaCTKe lipTepHH codaKH,llOCHe qero ~ 3TOM 

yqacTKe 6HnH odHapyJKeHbl pesita BHj)aJKeHHHe aTepocKnepoTvPICCKHe 

nopallteHHH ( ~9 ) . ( ~ · 
\.\.\0 

VlHTepecHoe coo6IneHHe- biJW ony6JmKa:eaao o padoTax aMcpH-

KaHcKoro HHJKeaepa J{JK.Bona 11a yHH~5epcHTeTa :s C~t~paxayaax (mTaT 

H:&IO-~OpK), KOTOpbl~ npiiiMeHHH ,'ZVIfl C~HHTiilfl Kap,ItMOrpaMM HH~yiti~IIIOHHhlC 

,n;aTllHKH,pearlilpyiO~He aa MarHHTHoe none,cos,n;a~aeMoe ,IteHTeR•HocT»Rl 

cep,Itua. Paspa6oTaHHhlM HM MeTo;n; llOSliOJIIIIJI CHHMaT:Q Kap,ItHOrpaMMY 

JS TelleHKe O,ltHOH MVIHYTbl. 06 anaJIOJ:'KllHbiX pa60T8X CTSJIO lilS:eecTHO 
'('Jl) 

aac JS Co10se: JS BopoHeJKe aaytiHhle OOTPY.ItHHKK llOJIHTeXHH'llecKoro H 

Me~HUHHCKOrO HHCTIIITyTa COS~aRVI MarHHTOKap;ztHOrpaq,JiltieCKH~i annapn ~I'. 

CJIOJKHOCT:& aa;zta llH saKJIIO'llaJiac:n :e pt,riiiCTpauHH H ananHae OtiOH.D cJia --

6blx llO HallpHllteHHOCTH MarHHTHbiX llC)Jiet.i llpV! HaHJil,llJHi llOMeX OT MarHVi'i'·· 

HOrO llOJIH CaMOH 8eMJIVI, OT npOMbllli;IeHHbiX ycTaHOBOK H dbiTO:noH 

SJieKTpoceTH. IlpVI60p COCTOHJI 113 Jl.IH~YKUIIIOHHOrO ;ztaTTJMKa, :Bld00JW'J.Yi1·· 
I 

OT:BHTeJI:DHOro YCIIIJIHTeJIH VI cneuVJaJIJ)HOrO perHCTPIIIPYIOII\ero ycTpot1c~·n:1. 

Hccne,ZJ;o:zsaHJMI npo:eo,n;HJmc:r. :zs crreuHaJI:&Ho.ti cTaJI.ono:£:1 Ka6111nc, 

mrpa:zsmeit pon:& MarHHTHoro aitpaHa. B peayn.oTaTe 6biJI co6pnn qpcs

:Bblllaitao HHTepeCHbl" Ma TepHaJI. MarHHTOKap;ztHOrpaMMbl ll08:BOJH1Jllll IH)J{y -

lUJTit npHHUHrr:wan.:DHO HO:ehle c:ee,n;eH:wH o padoTe cep,ZJ;ua, ero aaoomnm

HHHX H OTKPiiT:& nyT:o K paHHe~ ,n;Hal,HOCTHKe uenoro pa,1.1;a aa6oJienrumi·i 

( ,ZJ;HCTpO~HH MHOKap~a,rHrrCpTpOWVIH cep~eqHUX M~lliU H ,ZJ;p.). Pfl~ 

fi:BJieH;d:t, YOKOJI.08a:BIUHX OT SJieKTPOKHP,7J;HOrpa~iUI, OKSSSJIOCL :B03MOJKHUM 

yJI&BXH:BaT:& C llOMOII\:0~ MarHVITOKap,n;uorpaWH'lleOKOrO llpH6opa. 

B uat~ane 1967 ro~a :e JleH:vtHl'pa,n;cKOM yHH:eepoHTeTe, JJ Rac5o-

paTOpHH ~HSHOJIOrHTieCKO~ KH6epHeTMKH 6~JI C,ZJ;eJiaH MO~HNU aoimHpyro

~Hit JOHJIHTeJI:i • C ero llOMO~:&Kl rpyrrne yt~eHbiX BO rJia:Be C npoqJCCCOJ>OM 
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II3. 

ll.rynHe:BbiM y;ztaJIOClt aaperHCTpvtpo:raT;r, Ha paCCTOHHHH SJieKTplit.'leCKOe 

llOJie,:BOSHHKaiO~ee npH 6HeHHH cep~~a H HMeiO~ee tiSCTOTY STOrO 

6.HeHHH( '-\~ ) • PHTMHt~ecKaH nyJI:&Cal\-'iH nonR noa:BOJIHJia 1m;n;em1T:& ero 

! X80THqeCKOM CMemeHHH llOJie~ 9 »08HHKaiOmHX !OKpyr MYCKyJiaTyphl 

qeJIO:BeKa. ,llaTt~HK npw6opa 6bJJI OTHecea OT Tena aa 25 eM - 6oJILme 

ae noa:BOJIHJia KaMepa,aamwmaromaH np.H6op OT 6on:&mo~ co:noKynuooTH 

aneKTpHqecKHX noneU,npouwaw:BaiOmkix npocTpaucT:no nro6oro conpeMen

aoro noue~eHHH. 

Jl-p Po6epT Jleiiavm;n;mep 111 qapn:&a Kynep rr111myT :B lltypuaJiax 

"EaTTeJilt TeKHMKaJI peB:DI011 ( HIOH:& I965 r~), 'ITO OCHO!HJ:JM npenfl'r-

CT!HeM npH H8rOTO!Jie.H11JH HCICyCCTBeHHbiX cep;n;e~, cep;n;e'IHhTX KJiaJiu

HO!, apTepMH M nepenOHOK flBJIH8TCtl HeOOBMeCTHMOCTlt 60JIJ)JIJIIHCTJm 

MaTep.HaJIO:B-nOJIHMepHblX w ;n;pyrwx - c KPO!:&IO 1/IJIH, npon(e ronopH, 

!biSI:ri:BaeMbl" HMH a!fJ!IJeiCT C:BepThl:nau11J il Kp0!111 ( '1~ ) • 0,llfi8KO np~llHHY 
8TOrO OHH lUi,llHT,rJiaBHbiM o6pa80M, l3 MeXaH.HqeCKHX C:BOiiiCTJW.X llJHlWJ

HHeMbiX NaTepHaJIO:B, a OTCIO,Ita HCOH 1/IX llO;l(XO;zt K paapemeHJ,.110 rrpOOJit;i1: 

II0111CKH llJISCTMSCCJ:rl C :808MOJICHO MeH:bW11l.M K08~1111\1116HTOM Tpemm, npe.Jl,;IJ··· 

PHTen:.aaa: o6pa6oTKa nJiacTMaccbl rpacp~TOM, a aaTeu renapMnoM, n. 11e 

! aJieKTpHt~eCK~X Cl!OHCT!SX KpOB~,aHaH111e KOTOpbiX noaBOJiffCT npvtcTy-· 

ITHTlt K pemeHHIO nO,It06HI:riX npo6JieM I) npHHU111n~aJIIaHO HO!J:riX TO'IeK ape-

H.Hfl, 

B eypaane " Catleac H:&roc" aa I966 r. anpen» Mecn~ cooc5u~r:nw, 

ttTO :waueaeaHe aapn;n;a cTeHOK KPO!f,HOOHbiX cocy;n;o:B MoJKeT 6H'l'i, npw,m-

aoU o6paao:naHHH TpOM60» • 

· ··- ------- Dpe](nonaraeTcH, 'ITO :nHyTpeanHH no:nepxaocT:& Kpo:nenocHHX 

COCY.1(0:B HMeeT OTpH~a TeJI:&HbiH SJieK~~PHt16CKHH aapfl,ll H nOCKOJI:DKy 

I ... ,. •:·• 



III!-. 

CTeHKSM~ KpOBeHOCHhlX COcy;n;OB He OyllteCTByeT B38HMHOrO ITpl'l-

Kor;n;a B peayn:&TaTe ecTeCTBeHHbiX npoueccoB HJIJII B peayJII>Ta

Te BOa;n;e:£iCTBHfl TOKa 3JICKTPPI'4ecKJIIii aapfl;n; CTeHOK KPOBCHOCHbiX cocy

;n;OB MeHHeTCfl HS TIOJIOmJIITCJihHbi",TO B 3TOM MecTe MO~OT p83BHThCH 

TPOM6oa. 

llpaKTJIIqecKHM BbiXO;zJ;OM ~3 ~SKJIIX ~CCJie;n;OBaHJII.iA ffB~JIOCh 

HeHCTIOJih80B8HJIIe TIOOTOHHHOrO TOKa 0 UeJihiO npHOCT8HOBJIOHJMI KPOBO-

TC'lJeHHfi. 

~okTop Co.iriep coo6mHJI ( ~~ >, 'tiTO cnepThiBaHHe KPOBH y;n;anocr 

ycKOpHTh B TbiCfi'IY paa,tiTO B CBOIO Qqepe;n;r, TI03BOJIHJIO npVIOCTaHaBJIJil

BSTh KpOBOTC'tleHJIIH,KOTOphle ;24pyrt1M CllOC060M npHOCTaHOBFIT:b 6HJIO 

HeB03MO!CHO. 

8 A K B D q E H ~ E 

B pa6oTe paCCMOTpeu npe;n;roJiaraeMbiW MeXaH~3M DOB7(CiiC'l'JH1H 

COJIHe'tiH0£1 SKT~BHOCTJII Ha cep;n;etmO-·COCy,JtHCTyiO C~CTeMy tU!JJn ncma. 

8TOT MeXaHJII3M Onpe;n;eJIHeTCfi pfi,ltOM B38JIIMOCBfi38HHHX cf1rllC'l'OpnH. 

Bo BpeMH COJIHC'IHOM 8l(TJIIBHOCT:H, npOHBJieHJIIeM KOTOpO~i HDJHi C 'J'~

Cfi TifiTH006paaOBaTeJihH8fi ;n;eHTeJihHOCTh COJIHQa, Ha TIOBepXHOCT~ 3eM

JIJII t B38:JIIMO;n;eMCTBJIIH C MSrHHTHbiM ITOJJ eM 3eMJIJII TIOTOKOB COJIHC'IIIHX 't:l u '1' 1111, 

HMeDT MeCTO MarHHTHhle 6ypJII. 

llpH 3TOM KOJie6aHJIIH 3CMIIOrO MarHHTHOrO TIOJifl npOflBJIHIOTCH 

rJISBHNM 06pa30M B peaKOM J113MeHeHJIIJII BeJI~'ti~HN Jll HanpaBJICH~fl rOpJII-

80HT8JihHO~ COCT8BJIHI011t0~ DOJIH. 

·- ------ XspaKTepHO.iA QC06eiUIOCT:biO MarH~THNX 6yph fiBJIHeTCfl TO, tiTO 

8MTIJIKTy;n;a rop~SOHTSJI:&HOM COCT8BJIHIO~e~ TIOJIH ;n;oJimHa BOapacTaTb TIPM 

nepeue~eHHH OT 3KBaTopa,Ha KOTOpOM ee 3H8'tleHJIIe 6JIJII3KO K HYJIID, K 

..... , ., .. , . 



LIS. 

TIOJiflpHSM SOHBM, r~e OHB 6y;zr.eT ~OCT~raT.D MBKCl1MBJI.DHNX anaqem1~i • 

CJie~OBaTeJI.DHO B nepHO~hl COJIHeqaoi1 BKTHBHOCTH,OC06eu

HO BO BpeMfl ee MBKC~MyMa,6~0C~'pa 30MJIH Henocpe~CTBeHHO TIO;II.HOp

raeTCfl Boa;zr.e~cTBHID nepeMenuoro BO BpeMeHH MarHHTHoro nonn,Kor

;zr.a SHaqeHHff llpO~SBO~HhlX OT l1HlJ.:7KUHH TIOJifl HO BpeMeHH MOryT 

;zr.ocTwraT:o auaqHTeJI:&HHX BeJIHqHa B TeqeHHe Koaeqaoro HHTepBana 

BpeMeHH. 

TaKOe B03;zr.ei1CTBVJ.e MBrJH'ITHOrO TIOJifl Ha 'KHBYID l1 He:IIU1BYJ<J 

npHpo;zr.y 3eMJil1 HOOtiJT YH~lBepcaJI:&IIbiH xapaKTep Ha lKHByiD VI HeJ!ntl3yJO 
I 
i ! 

np:v~po;zr.~ 3eMJIH HOCVIT yn~BepcaJI.D11bli1 xapaKTep 11 fiBJIReTCH O,l{IH1M vW 

OCHOBHHX cpaKTOpOB , onpe~eJIHRJir~t!X B11VIfiHHe COJIHeHl!HOH 8KTVIJHIOC'1'11 

Ha oep;zr.equo-cocy;zr.ncTyro CM:CTeMy qeJioBe:ka. 

J(pyr:v~M BBJ!CHHM <PmcTopoM HBJifleTcR TO, liTO Mam~L1 Itpyr 
i 

KpOB006palJ46H11fl B oprBII11SMC qeJWBeKa B Te'ti6Hl111 KOHel!HOrO ~HTCp-

BaJia BpeM6H11 MOlKHO paccMaTpHBBT.D KBK np~eMHbJI KOHTyp 3JieKTpO

MarHHTHO~ auepr~H. 

8TOT KOHTyp COCTOVIT HS CJie;zr.yrom11x SJieMeHTOB: 

1 I) Hs npaBoro VI JICBOro OTBeTBneH»fl neroqao~ apTepM~ 

' 2) ;zr.Byx nerKHX c noBepxuocT:&ro KanHJIJIHPOB B I40 KB. 

3) 'tleTbipex JierOl!H~X BOH 

4) neBoro npo~cep~nrr,nhlnOJIHHID~ero pon.o peaepHyapa no 

BpeMfl CJIHBB KPOBVI UO;II. ;II.O~CTBVIOM cep;zr.ua KBK HBCOCa. 

Boa;zr.eMcTBVIe ua liOJIOBeqecKVI.M opraaHaM nepeMeuaoro Bo 

. BpeMeHH uarHHTHOrO TIOJIH B CH1Iy 3ai\OHB ~apa;zr.eH np~BOl-(VPl' K ITOHJJJII~-
... ··- i -·--- ---

1, , HVIJO B MBJIOM Kpyre KPOB006pall(eH~fi , KBK 38MKHyTOM KOHType TOitOB, 

KOTOpiie CBOHM ;II.OTIOJIHHTeJI.DHhiM 81.£eKTPl1'tleCKHM TI01leM MOryT HapymaT:& 

I'• i •'. • 



!Jd.,4hUJ1.bHYlO yCTOi1tH1BOCT:& ;ztBVD!CeHPill 8p.1.1Tp011,HTOB B COCy;ztaX H npHJ30-

,ltMT:& K Cl'IHXpOHHOMY HSMCHeHJIIJO B GOOTBeTCTBHH Bhlpa60T8HHhlMH 

M~eKCSMH C011He'tiHOi1 8KT111BHOCT111 061l{eW K8pT711Hbi KPOBH. 

~aTS11:&Hbli1 NICXO;z(, 711IHpapitT MHOitap,na H11H PIHCy11:&T, 111160 

Ha6HT0'4HOe HepBHoe nepeuanpaMeHMe,BneKymee sa codoH BOSMOmiiOCT:& 

COBepmeHHfl qe110BeKOM B 6011:0IIIeM Jto11H'tleCTBe TeX H1IH HHJ,JX Olli:H60K, 

H11H npoweccHoaan:&noe aa6oneBanHe B KoaeqnoM 111Tore onpe,nenHeTcH 

HH;ztHBH,Ztya11:&HblMPI OC06eHHOCTHMJ.1 Sj~OPOB:&fl qeJIOBeKa H K011.1.1lleCTBCH

HblMH XapaKTepHCTHK8MH nep~MeHHOJ~~ MarHHTHOrO TI01Ifl. 

B CBHSH c aTHM BoammaeT ocTpaH neo6xo,nHMOCT:b paapa6oTit11 

HSY'4H0-060CHOB8HHbiX cpe;ztCTB 381l{J1Tbl opraHPISMS qeJIOBeKa OT C01IHCtl· 

HO£i SKTHBHOCTH. 

Oco6enuo, BamrhiM cJie;nyeT <}liHTaT:& onpe,nenenwe ,nonycTvn,rr,rx 

;zt03 0011ylleHHfl paaJIVlliHhiX opraHOB qenoBeKa nepe~.~eHHbTM BO npmH~ll VI 

M8rH:HTHbJM TI011eM, T • e • H8XO:HC.7J;e H:He npe;zteJI:&HO ,npnyc THMbiX 8H8 'IC H H VI 

()?., i*, BpeMeHH 1r1 qacToThl l'IX noa,nei1CTBVIH, TaK Kait TOJIMtO coBo

KynnocT:& 8THX BCJil'l'Il'IH 6y;a,eT npe)~Oonpe;zteJIHT:& Te HJI:H HJible BOS/~di

CTBliUI MarHHTHOrO nona Ha opraHPIHM qeJIOBeKa • 

Heooxo}I;HMO oco6o no.nqepKnyT.:&,qTo Bec:&Ma mHpoKo pacupo

cTpaaeaaoe MHeuPie o RK06bl M811blX BeJIH'IHHaX,l'IJIH MSJihiX .n;oaax con

HeliHOit SKTHBHOCTH ,}.\eHCTByJOII{111X ua 0Hoccpepy 3eMJIPl no cynteCTHy 

MOJiteT OK838T:&Cfl HenpaB111JI:bHblM, TSIC KSK ,HanpHMep, B MeX8HY13MC 

;zteHCTBHfl COJIHetmoti 8KT£11BHOCT.l.1 HH cep;zte'tiHO-COCY:ztHCTyJO C£11CTCMY 

~enoBeKa ocnoBHblM napaMeTpoM BnornneL1 cpe;zti», onpe;ztenmonn~M Te vJJU1 

MHble HSMeHeHr'lfl, flB11fleTCH npOl13BO)tHSfl HH:ztYKI\HPI no BpeMenvr)~ ;'0t , 
: (\ ae aocoJIIOTHafl Be1Il1.lll1Ha B. -- , .•. --... --~ 

B aaKJIIOqenHe aBTop C'tll1.THeT CBOHM ;ztonroM npwnecT.l.1 rnyrio

KyiO CSnaro;ztapnocT.:& HHne Ba;ztlt1MOBne: T.IHJJCeBcKoL1 aa nocTOHHuoc, ueJIC

HanpaBJieHHoe CO;zte~CTBl1.e l1 pasHOOTOpOHHIOIO TIOMO~:& npPI HaTIHCBHHH 

3TOH pa60TH. 

• ,., •!'''• ... 
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B. c. Jleeatuea; B. if. J{aHUAOB, M. r. P,CUR>Ii)oea, c. c. Bc.toKpbiWt/\0 u B. A. DQ;!Q'I 

8JlH.J111HC 1\\E,LVIEIUIO MEII5110~HXCst DO BPE,\\CIIIf MArtiiiTIIblX UOJJEA 
IIA UPO,lJ.YKl-'UIO •MrA >, JJH30rEIUlh!Mit. liAKTEPIUit\\11 E. COLI 'K12 (A) 

II MOCKI,)DCKHi\)tC,!J.IIU,IItlCKIIft !!IICTIITYT JIM, nnporona (nocrynll.1ll ;.30/X 1972 ro.~a) 

K iwcromrtcM~ llfl('MCIIII llaKOri.'ICII 6o.'lbruoil 3Kcnepm!euraJtblll·lii MaTe· 
p118Jt, nO~TIICJl)l{~DIOUJ.Ilii 1>aJ<T D03~C kTDIUI l\l:tfliiiTHL>IX IJO.'Jeii 118 6110.'10fii4C• 
CJ<HC 06'bCI<Tbl (5, 7, 9)", 0)l.!laKO 3J(Cijepm.!CIIT8.'1bllblC pe3y.'lbT8Tbl 

t. uepe~Ko npornnopcttunw H gatt::tcTyJo nnoxo nocnpou:mo.n.uMw. B 3Jialii!TCJib· 
1101i Mepe 3TO o6uHCHHeTCSI TCM, liTO !3 6o.'lblllllllcrne 3KcncpuMeuron ucno.'lb3Y• 
CMbiC l\18flll1TIIbiC riOJJH xapai<TCpii3YIOTCH B. K8J<Oii·JHIOO TOlii<C 001,CMa 6e3 
y11era ero pacnpc.n.cJJCHJHI no npOCTf'8l!CTBCIII!hJ;o.r Koop.n.mraral\1 u nanpanncn· 
IIOCTH BCI<TOpa llli,!I,YIHUIII. l . ; -

. .Mbr usytraJJH ;~rlic'mnc D<'pTHKanwo lr roprlioura.rJh!JO rwnpaoJICIIIIJJJX ;o.wr-· 
'llll1'Jlh1X IJCMCii1 M~','\.'1('11110 Mf'IIJI!flfl~l!ll!'ll fl!-1 llf1tii.H•!llt 1 ft ;j·all!llrJ l!1111'"i'rt"tlll!l~ 

1WIH!! l~iiJII~II~ II ropllgOII:t:BJ!biiO uanpaDJICI!IIbiX DOCTOnllllbiX Mal'UIITIIbiX no:rcii 
na· Hpo.ll.YKlliiiO <~~Ira llJI30fCIIHbiMII 6i!KTCp11m.lll. . . 

· I )J.JJSI C0:3,!1,31UUI 3KCncpm.tCUT8Jibi!Of0 1\18rHIITHOro IJOJIH, Me.VICIIHO l\I('IISJ~ 

• 

· ' · · JQW.ero~R no npeMeuu, ucnon&sonann cneuua~'lbHYJO ycrauooKy; ocuonuoii ee , 
qaCT&IO JlBHJIHCb ABe 8sanMno nepnenJJ.HKynnpuo .. pacnono>Kenuble MarnnTIIble 
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CIICTCMhl, h"'"" '-' , '-"1'0pJ,JX COCTOHJJa 113 )\BYX J([I'I'YJUCJ<, JHICIIOJIOii{CIIIJJ,IX 

no ooc cropollbl pauo1JCro oobcMa. O;tna MarHJJTII:UI cllcrcMa co3J\aJHIJJa JJOJJC 
C DCpTIII\BnbHbiM HanpaDnCHIICM DCJ\topa Hanpml<CIIJIOCTII, ,npyrMI -- C ropH· 
30IItanbllbiM, 06e CJICTCMbl DJ<JII01Ian11Cb 1100'1CpCJ\IIO D L(CIIb 3JICJ<T)lOIIHT311liH 
ot .nnyxnonynepuo.nnoro DhmpmntTCJIH co crna>r<IIIHJIOLL\IIM qmJibtpoM. Dpu 
3TOM nanpH}I<ennocrb MarHHTHoro nonH n • paooqeM oo'bcMe Morna .nocr11raTb 
3 a. B ycraHOBKe npe.nycMoTpena 8031\IO}l<HOCTb H3MCHCHHH llOJH!piiOCTH Mar
JIIITHOro nomt Ka>~moii 113 cucreM •. ToK DbmpmmreJIH, I<OT01biH peryJmponanu 
npu noliiOlUII aarorpancqmpMaropa, apamaeMoro .nnHrareneM, HMcn nuno
oupa311YIO <}x>pMy C .ltniiTCnbHOCTbiO napaci'aiiHH aMilJIHTY.ltbl B O.ltiiOM HMnynbCC 
320 c. DocroRHHoe MarHHTHoe noJie co3.nanaJIH B ycranoaKe npu orKmoqenHII · 
.nanrarenR, apamaJOmero anrorpaHc<}JOpMaTOp. , 

_Bnaro,napR HaJ1H'l1110 JJ.DYX ManUJTIIbiX CHCTCM, llHTBCHbiX OT OJI.IIOfO H 

roro }l{e HCTO'IHHKa, 1\JO}I<HO ubrno H3Y'lBTb noposm? BJ(HRHHC K~K rop1130IITaJib· 
~' HO, T8K H BCpTIIKanbHO HanpaDJICHIIbiX MBfiiHTIIbiX nonei'f, MCIIHJOlUHXCH DO 

· npeMCHII. 3I<cnepHMCHTbl npoDOJ(Hnll O.ltHOB)JCMeiiHO B Jl.'lYX ana,TIOfll'lllb!X 
· ycraHonKax,- o.nna H3 I<Oropbrx 6brna onbrTIIoii (DKJIIO'Ianoci. 3nCI<rponurmme), 
a ,npyraH KOHTpOnbHOii (ue DKnl01lanocb 3nCKT)JOilHTaHne). B pa60'lHX 06'bC· 
MaX yctaHaBnllBanu TC)Jl\IOCTaTbl, ll3rOTOBnCHHblC H3 HCMarHilTIIblX Matepnanon, 
B KOTOpblX nOA!l.Cp}I<IJDanacb TCMneparypa 37±0,1°. 

KonwtecrBeHllbiM l<pHTepneM, no3nonnnmliM ouenHTb EJinnnne MCJ(nenno' 
MellfliOLUCrOCfl DO DpeMeiiH MafHJITIIOrO llOJIH Ha OllbiTHblH LUT-'IMM, cny}lmJI TIITp 
lj>ara a nn3oren11oii J<ynhrype: . . ' 

.llnR 113yqem1H MarHHTHoii IIH.ltYKt(JHI lj>ara 6brna ncnom.3ouana MCTO.D.IIl<n,. 
npuMeHHel\taH JlJIH lltcne.noaannH IIH.ltYKLUIII <Para YJibtpa<jiHoneronbtM H3JIY· 
qeHJreM [2 I .. Cyro'lHYJO Kynhrypy, pa3ne.nenny1o 1 : 100, no.npamrmann .no 
KOHUNITpaurm 1,5 X ~0 1 (37° c a3patuteii), nocne . qero B J<OnwtecTae 5 MJI 
noMeLUaJIII B Mari!IITHoe none D qami<C Dcrpn. Docne B03JJ.CI;crnmr MarmrTHbtM 
fiOJICl\1 6aKtepHH pa3BO.ltHJlll B 10 pa3 CBC}I{CH lliiTaTeJibHOH CJlC,IlOH II llOMCU(an:u 
B TCpMOCTaT ,llJIH .ltODOJIHIITCnbHOH HHKy6aU.HII npH 37° C' a3pauueit • ,' 

Konnqecrso cao6o.nnoro <Para a onbrTHoii n KOHTponbnoii KYJihtypax on· 
pe.ne.nnnn no c;.rpenroMnunuonoii Mero.nuKe Beprann [2, 31. 3qxpeKT mteHn· 

Banu K03cjJij>HUIICHTOM HH.ltYI<llllll <jlara K =. ~on: 
1 

paBHblM OTHOUICHIIIO TIITpa 
K. 

<Para B onbrrnoii npo6e K rnrpy <para n Konrponbnoii. B paliore ubrnn ncnonb• 
aoaaHhi cne.nyJOlUHe wraMMbl: E. coli 1(12 (A.)- Jm3oreHnbiH no q>ary A. mraMM, 
na KoropoM n3yqann IIH.l\YKUHJO <Pfra; E. coliC StrR -' un.nm<aropllbiH wraM~ 
JlJISI <Para A., ycroflqnnbtii K 500 e.n. Str/MJI. · · 

Cpe,nbt: }I{J.IJlKaH cpe.na .nnH Dblpamrmamu't J1113orenHhlX (·aKrepni-i- 6ynb· 
. OH 6biqbero cep,nua C ,ll,pO)I{}KCBblM f11Jlp0JIH38TOM, MHCO·IlE:OTOJlllhlli oynbOH • 

(MDI>) - cpe,na ,llJIH BblpaUJ,HB811lfH IIHJ(HKaTopr;oro WT8MM8, cpe,na ,nnH TilT· 
poBaHIUl <Para- 1,3% MHCo-nenTOHUblii arap (MDA) C ,nouanneHI!CM MgS0 4 
B Kouuenrpaumt 0,01 M. BepXHHU cnoii- 0,7% MDA. Cpe.na ,nJIH pa3ne.ne~ 
nnil- 0,85% pacraop NaCI. . ·1 

B J<ynbType E. coli K12 (A.), naXOJl.lllllllCikH n Teqenne qaca n rop1130H· 
ranbHO nanpannennoM, MenmomeMCH no npeMeHn MaruHTIIOM none, ne ubtno 
OOHapy}l{eHO OTnHIIHii OT KOHTponH B THTpe CD0{50.ltHOf0 <iJara H1 tmcne }I{IJ3HC· 
CI]OC061lb1X 6aKTCplfH. Dpn ,nonoJ1HHTCJ1bHOH IIIII<yoaUHH OllblTIIOH H 1<011Tponb· 
noii npo6 nne Marunr11oro nonfl TIITP <Para n onhrrnoii npo6e, nat~mlaH c 50-ii 
MIIIIYTbl, ynenHliHBanCH no cpaBHCIIUIO C KOIITpO.tlbiiOH H ,llOCTIIr Mai<CHMyMa 
lla 120-ft MHHyte (eM. pHCYHOI<).J . 

Ko3qxpnuneHT uu.nyKUHn q>ara B .9TOM cJtyttae 6biJI paaen K = 3,3±0,08 
·- -npJt-P-< 0,01. DpH .9TOM OllbiTUaSJ U 1<011TpOJ1bH8SI npo6bi 11e pa3nntranncb 

no KOHUeUTpaUHU }J{JI31Iecnoco6HbiX 6aitTepnu. YaenHtfeHUe • .91<CD03HUIIII B 
MarHIITHOM none .110 3 q ,llano 6bnee BbiCOJ<He K03qxpHUHCHTbl HH,nyKUHH: 3,21± 
!1::0,07 < K < 5,49±0, 11. npu P < 0,01. · . 

B aepTnKaJJ&Ho uanpannemmM MeHHJOUleMCR no apeMeuu MaruHTHOM none 
'He 6wno BWJIBJJeHO p~3HHUW B npoAyKUHH <Para B KOHTpo.llbHbiX H OnbiTIIbiX npo• 
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6ax r<aK npil ~1acouoii (/( = I ,08± 
± 0,07 npn P < 0,01 ), nm 11 rrpn 
3-•wconoir 3KCI103IIIOIII ( K = 1,12 ± 
±0,08 Jl)l( p < 0,01) . 

B or. hiTax c nocrommhrM ucp
Tlfl<aJJblfhll\t 11 roprr3orrTa;rr.rrr.rM !lrar
IIIITrrr.rM TIOJJCM nanpml<CIIIIOCT!,IO 3 3 
3t{)(jJCI<Ta IIIJ~YKHIIII tjmra IH' Ghr.no 
o6uapy>J<€IIO 1111 11p11 traronofi, 1111 
npn 3-llaCJBOH 31{Cfl0311ll111! (llMI Bep
Tifl<aJJbHO uanpanJJCIII!oro noJJH /( = 
= 1,09::1;:0,07 npn P<O,OI JlJIR 
3J<cno3HJJJ H 3 ll, K = 1 ,06±0,07 
npu P < 0,01 ,nJIR 31<cno311llllll I q;. 
,nJJn topH30HTaJJhiiO Hanpan.ne1moro 

of===;:=:::::;::;::=::;t;:_-!-=----:!i:--:l.:-=-t · noJJH I(= 1,08±0,07 npu P < 0,01 
t.JNcn' 90 t20~o~uH.·; . .nJin 3Kcno3mln" 3 tr, I(,_, 1 ,07+ 

lionePuu 
M02HUTHOM 

none 
.1/000/!HUmt'l!bHO!I 

UHt<JOO[/UII 

±0,08 npu P < 0,01 .nmr 3r<cnmu
n.rm 1 'I). · 

, I;l11T8TCJ1blf3fl CpC'Jl3, IIOJlBC'pl'• 

Hn.nyKUH!I ¢ara A Mat'IIHTnbrM noneM y .rrnao· nyTafi B 1 C4CJIJIC :i ''· B03Jtl'i'rC'rurrro 
renrrblx 6aKrepnii E. coli 1<12 (A). . 1\lCHmor.u.er•JCH no npeMCH!J MarrmT
Non- TIITP cjlnra 8 onhiT, NK - 8 KOHTpo.ne: . uoro TIOJIH, He 01{33biBaCT DJIJIHHHR 
191!Cn"" I 't. JlnneftlfopaCTYlllee no opeMenu nom•, Hll Ha IIHT€HCIIDHOCTb paCTa Jlll30fCII• 
Jlo OCII OPAIIIIBT - TIITP cjlara. O • 

HbiX aKTCpHJ!, Jill Ha ypoBCllb npo-
JlYKUIHI ¢ara. B ropH3onra.nbuo uan

paBJJeHHOM noJJe ,nJJH 6aKrepHif K = 1 ,05±0,06 npn P < 0,01, JI.JJH <fmra I( = 
= 1,06±0,08 npu P < 0,01; B aepmKaJibHO nanpaB;IeHnoM noJJe JlJJH oaKTe· 
puff K = 1 ,09±0,07 npH P < 0,01, JI.JIR qJara K = 1 ,OI?±O,OG npn 

, p < 0,01.· J13 3TIIX .ZJ.8HHbiX CJJe,nyer, liTO HMCCT ME'CTO nenocpe,ncTDCllllpe 803· 
,neHCTBHe MarHHTIIoro nOJJJI na JIII30fCIIIlbiC. oai<TCpiiH. 1 

Tal<lfM o6pa30M, J<al< cne.nyCT 113 pc3yJibTaTon 'lponeJtCIIllhJX onr.t1'on, ua 
npo,nyi<IlUIO q>ara DJIIUICT TOJibKO 113Mt'IICJIIIC DO DpCMCIIIl I'Opll3011TaJILilO 118• 

. . fJ/1 
,npanJJeiiHOfO MafHHTHOfO DOJJJI, T. e.07, a He a6COJIIOTIIOC 3118l!CIIlle 

noJJH H. 
TaK KaK npll onpe.n.enermn 1111CJJa }KII31iccnoco6HbiX oaltrepnii B KOilTpo

JIC H Ollb!TC He noJJy•Ieuo JlOCTODepnoii pa3UIIIlbl, To OO!Iapy>Ke!IHOC yneJJ!f· 

IJeH!tC npo,nyKUHH <!Ja~a JIH30fCIIIU>IMif 03KTCIJIIHMH IIOCJIC ltX 11pC6hinaUill1 8 
Mar.HI;fTHOM llOJie MO>I(flO OTKCC'rll 38 C!JCT liii.ltYI<UHII 1porpara rop1!3011TaJihliO • 
H811p8BJICHHbiM, MCIIJl!Oll\CMCR DO npeMCIIIf M31'lll!TIIhl\f llOJICM, 

Hnrepecuo OTMCTHTb, liTO JiarenTHbrii · nepuo.n. I; cJJyqae ounapy>I<enHOJi 
II8MH HHJlYKUHH npo¢ara M8f1111TII!JIM llOJICM HC GTJ1lltfaCTC51 no JlJIIITC.TJbiiOCTJI 

. OT JI8TCHTHOfO nepno.n.a npH ,npymx DIIJ1.8X IIHJlYI<t~ll I (Mal'llllTilOC TIO.'JC 50- . 
60 IIHIH, peurreuoncKoe 'H3JJyHenne 50 llfllll, yJJbTp<•¢HoJJeTonoe- 60 Mil H). 
no BCJIHl!IIHe K03qxpHUHCHT8 K oonapy>I<CIIIIYIO H8MJI lfHJI.YI<flliiO rpara B ro· 

• pH3011T8JrbiiO HanpaBJICIIIIOM MCHHIOili,CI\ICH DO BJ>CMCHII M8rHifTIIOM TIOJIC IIIO>KJIO 
cpaBHIITb C HHJtYKUneii MaJibiMH .ZJ.038MJI (18 P) peiJTfCHODCI<OfO H3JJY'lE'IIIIR 
c 3HeprneA 15 K3B 14 ]. 

HanooJJee HHTepeCHOH H 3aCJJY>I<IIAaiOLL(Cif BHIIM81II!H, no UaiiiCMY MHCIIIIIO, 
SIDJISICTCR .ll.OCTODepno OOllapy}I(CIHiaR pa311Hil8 B ,neiiCTBlllf MCIBIIOll{IIXCH DO 
BpeiiiCIIII fOpH30JIT3JibliO It BepTIIK8JibiiO HanpaBJJCHllblX M8fiiiiTIIbiX llO.TJCii. 
5IBJJncTcSI JIH 3To csm'kTno npncyLUHM TOJJ&I<O JI113oreHubiM oaKTepmtllf E. coli K 12 
(A) JIJIII II .n.pyrHM OIIOJIOrHl!CCKIIM OO'bCI<TaM, DOKB>KYT ,naJJblleiiume OllhiTbl. 

floJJyiJeHllbiC pe3yJihT8Tbl llO.ll.TDep>K,naiOT runoTe3y, DbiCK83aHHYIO OJlHIIJ\1 
. ...----"""'a~·-anropoa cTaTbJJ [6 ), t~To B npouecce nmmHHH MarnuTHoro noJIR ua 6nonorn-

IJecKHe OO'beKTbl cymecTBeHHOIM tlJaKTOpOM SIBJJ~eTCJI ~~. T. e. H3MeHeHHe. 
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BO apeMCUII nanpml<CllllOCTII M3flli!Til0f0 nonS! H, a ne Cfl) aoCOJliOTIIOC ~113'1C· 
· nne. Tatme npc;monmi<enne DhtTCKaer n. H3 o6mux paccy)J<Jtcnuii npn Gonce 

WllpOI<OM paCCMOTpCIIHII Bonpoca. 
npn 3113JI113C cpaKTOpOB BIICIUHCi{ CpCJlbl, nOMHMO o6t.I'IHbiX XCipfli<TCJlliCTill< 

(rer.mepatypa, )1,3BJICIIIIC, BJl3>I<HOCTbf pa)1,11;lHIISI II T • .D,.), JICOUXO)l.IIMO riJlllllH· 
M3Tb BO Dllll~tallliC II 3JlCJ<TpOM3fHHTII~IO 06CT3110DKy, xapaKTCpiiCTJII<aMII KO• 

ropoii stDJUttOTCst: E- tianp~t>I<ennocT~ g~ei<TpnttecKoro noJHJ 3eMnH; ~f-
113Menetme nanpst>KeuuocTH 3JICKTpnttecKoro nonn 3e~mn; B- HHAYKL(Ilst 
r.~arunrnoro nom1 3eMJIH, B = JL0p.H, rAe H- uanpst)JceuuocTb MarHHTnoro 

. ~8 . 
noJUI 3eflfJnt; ru- lf3MCliCHJte HHllYKUltH M3fHHTIIOf0 TIOJJSI 3CMJJH BO npe· 

MCHII; p- nnornocTb 3apst>KCHHbtX qacrnu 8 euHnmte c•6beMa; e,. p.- oTno· -CIITCJlbHbiC AH3JJCKTpHtiCCK3SI ll M3fHliTH3H npOI111l(3CM·JCTH; '\'- llJIOTIIOCTh 
TOKOB. 

Bee 6 napaMeTpon, onpe.nemnOLunx 3JICKTpoMafl!IITHYIO o6crauom<y nncm~ 
ueii cpe,llbt nccnen.yeMoro o6bCKTa, 8XOD.HT n ypannem:st Mm<cnenna, a raK 

· K3K 833Hr.IO.IlCi"tCTDllH MC)KJly MOJICK.YJI3MH H B >KHBOit, 1: B l!C)I<HDOH npnpo,ne 
HOCHT 3nCKTpOM3fllllTJiblii Xapat<tep, TO npaBOMCpllO ,nonylli.CHHC, 'ITO npOTC· 
l<310Ili.IIC BO DpCMCIIll npOUCCCbl B TCX liJIH HllbiX 6liOJIOflltlCCI<ItX 06'bCKT3X Ha• 

: XOARTCfl 8 .ZUIH3MH11CCKOM paBHOBCCHH C 3JlCKTpOMarHHTHbiMH XapaKTCpHCTH· 
K3Mit BHCWHeA CpCAbl. . 

, Ecnu renepb conocrasnTb cyTOllUbte H3Menenust 8C• opelrfeun nnoruocTeii 
9HCprHH MarnnTHOrO "(.nJin rop113011T3nbllOH COCT30JIH10ll\CH) H 9JieKTpH11CCKOro 
(.DJUI aepTHK8JibHOA• COCT88JISIIOUI,CH) noneii, TO nonyttnM: 

· oH 
1-loi-'HTt 

- -lOs, 
()£ ' 

e0eEy 

i. 

WH- fJo!LHI, WE- !oeE~ 
.-.2 t -2 

. COOTBCTCTBCHHO (B CHCTCMC CJ.1) fiJIOTHOCTH ?HCprnH M;lflll1THOf0 U7H H 3J1CIC•. 
rpnttecKoro l\r'E noneii; f.t0 , e0 - Marnnman u Ali3JieKTpnttecKan nponHuae-

1 .
.. , MOCTh nai<yyMa. Dpn oueHJ<e npmtHTO, tiTO ~l = 1, .e = 80 . .n..rut 6J.!O!Iomtteci<IIX 

06'bcKTOB. . . ., . 

H3 nonyttenuoro coornonfemtn BI1JI.HO, ttTo li3MeHenne no npcMenH nnor· 
HOCTII 311eprun M3fllliTHOf0 nOJISI 3eMJI,H 3H8tliiTCJibiiO UOilblliC 110 cpADIICIII!lO 
C li3MCIICHHCM 80 ·npeMCIIII IIJIOTIIOCTit 3JICKT()IIliCCI<Of0 nonS! 3eMJIIL 

B npouecce gnomounH 6nonornttec~ne cncTCMbt nameii nJmncThl na nccx 
ypoBHSIX JIX pa3BIITitH cpopMHpOB3JliiCb jl pa3DHI3aiOTCH nOA B03,ll,CikTI3HCM mar· 
HHTHoro nann 3eMJIH. Ecrecraenuo npe.nnonO>KHTb, qTo n npouccce C8oero 
pa3BIITHH 6HOJIOfHliCCKit.e CHCTCMbl 1 H3XOAHCb B JlllH3MHtiCCKOM paBHOBCCHit 
c Maruurn&tM noneM 3eMnu, CMornn npncnoco6HTbCR K neMy H ero BJIItmme 
MO>ICeT BXOAHTb B HX HOpMy peaKUitH. 8 CBSI3H C 3THM OC06bli'I llHTepec npe.n· 

iJB 
CT8BJJJilOT 9KCnepnMCIITbl1 B KOTOpblX ar::O. 

KaKoB npe,ll,nonaraeMhtii MCXaHU3M ,ll,Ciicn3mt Men.nenno r.~enmmnnxcn . 
no npeMenu MarnnTllhlX noneii? B uacTOHI.LlCe npeMn 3acnymnnatoT 6ont.rnoro 
BIIIIManHst pa6oThl, Bbtnonnellllbte na MOnet<ymtplloM ) ponne. Oco6t.tii tmtcpec 

1• 8 3TOM rtnalte npCACT3BJIHlOT HCCJICJlQB31lllSI CBOiicTB 3JICI<Tp01101\ D 6IIOJIOfll· 
... I tteCKHX M8KpOMOJICKyJISX [8, 9 ), C K3)KJ{OH T3KOii cno>KHOii MOJICt<yJioii CDR· 

~-- .•. 38HbJ-.cneuH$llttCCKHC TOKH, OOp330B8HHbte ABII>KCHIICM .D,CJIOI{3nl\30B3HIIb\X 
· ! ; sneKtponos. A npH H3MeHeHHll Maru~oro noJIH so 8peMeHH cneAyet O>KHD.aTb 

l . . ..; as' . . . . 
·'. no 33KOHY CllapSAeJI ·rot E -T t T. e. B03Mylll.eHHH OP;OCTp8HCTBeUHOH H 

I 
f . 
I 

I 

I_ 

apeMennoA xapaKtepHCTHK ASH>KcHHJI A~OK8Jiij30B8HH~x 'JJeKtponoa a 6Ho· 
· noraqecKHX MaKpoMo.nekynax. · 
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• BbtBO).J.bl 

1. Bo3JtCilctnne n'a JJII3oreti!IMH rittaMM E. coli K1~! (A.) nbc.itcJJ.onaTCJJh· 
llblMII mmyJJbC3MII MarlliiTIIOfO nom! C MC).J.JICIIIIO MCIIHIOJJ~CiiCH 11:111p51>l<CII· 
IIOCTbiO IIMI1YJJbC3 OT 0 JtO 3 9 33 320 ~,.,.yneJil!ti!JDaCT 11flOJI.YI<HIIIO <jwra A }1.0 

.· 

6 pa3 no Cp3DIICHIIIO C I<OIITpOJJCM (IIHJt)'I<L~HH npmjmra). 9cj><pCKT OUllapy}J<CH ' . 
TOJibi<O B M3fiii!TIIOI\f none C I'Op1130HT3JlbHO HanpaBJIC!Uihll\1 DCI<TOpOM H3!1pH· 

1 >I<CHHOCTII H KOJIJittCCTDCIIIIO 38DIICeJI OT BpCMCIH! · D03,neikTIHIH (tt11CJ13 lnii1YJJh· 
con.). B ananomqnoM neptm<aJI&Ho nanpanneunoM Marnm·noM none IIIIJtYI<i~JJII 
np<Xj>ara ne oGnapymeno. • 

2. fJOCTOHHHbiC .BO DpCMCHH. ropii30HT8JibHO H BCpTIIKaJibHO HanpaBJICIIIlbiC 
M3ffJIITHbiC 110JISI HC Bbl3blB310T H3MCHCHUH B npo,nyKUHI' <!Jara Jlll30fCIIHblMII 

,. 03KTCpHHMH. . 
3. H36HpateJJbllaSI HIIJJ.YKUHH npo<Para A. MeJJ.nenno ~enHtoiUHMIICH ropn· 

30HTaJJbHO. HanpaaJJeiiHhiMH MarrmTHhiMH noJJHMH CBHJICTCJibcmycT, qto B I,. 
6no.'lor'nqecKHX MaKpoMoJJer<yJJax, yqacTayrorunx B npor~eccax rm.nyruum, cy· , j. 
l.llCCTBYCT npOCTpaHCTBCHH3fl nOJJJipH38Uim ).J.CJJOK3JIH30Il3lUlblX 3JlCl<Tp0110B. 

J1 H TEPA T Y P A. I. L w off A., SimI nor y Itch L., K j e I d g a a r rl N., 1\nn. 
inst. Pasteur, 1950, v. 79, p. 815.-2. Bert ani .G., Advanc. Virus Res., 1958, v. 5, 

'p. 151.-3. Bertanl G .• J. Bact., 1951, v. 62,_p. 293.-4. Marcovich N., Etude, 
Radiobiologiqut du srsteme lysogene E. coli K.l2 (11.). Paris, 1957.-5. J en n i • 
son M. W., J. Bact., 1937, v. 33, p. 461.-6 . .UaHHJtOB B.· 11. B KH.: .Marepnanbl 

· 4·A HSY'IHOA KOHijlepeHUHH f!O npo(SneMe: ~KJtHMST H cep.lle'IHO·COCY.Ili1CT8!1 natoJJormt:&, 
M., 1969, c. 16. -7. Busby D. E., Space Life Sci., 1968,. v. I, N9 1, p. 23.- 8. n 10 Jib· 

· M a H 5. SneKrpoHII&R 6HoxitMHR. M., 1966.-9. C e H T • .n be p .llb H A. Bne.~tenne n cy6· 
, MO.IIeKymrpnyJO CSHonorHto. M~, 1964. • . 
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H3YlJEHHE SOHCOMHbiX .«<JAK.TOPOB rEMOJIHTHlJECK.OA AM<.THBHOCTH 
· ·. B ECTECTBEHHbiX nonYJI}llJ.H}lX KHlllElJHbiX OAJIOlJEK 
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l(ypCKHA Me)I.HUHIICKHH . HtiCTIITYT (nocrynHna 23(X 1972 ro.na) 

. l ·~ . 

KaK cTano H3BecTno Jl3 paoO'rbt Smith H Halls· [ 11 ], OJJ.IIH 113 3nllcoMni>tX 
)I.CTCpMHH3HTOB H3CJIC).J.CTBCHIIOCTH KlllliCttHOH naJIOlJKH, fi83D31IIlhlii 3BTOpar.m 
Hly-<PaKTOp, KOHTponupyeT npHsnaK. reMoJJHTnqecKoii at<THBHOCTII. Cne.nyer 

· no).J.qepKHYTh, liTO cnocoGnocTh rmrneqnhrx nanoqeK npo.nyunponaTb reMO.'lH31111 
paCCM8Tp11D8CTCSI HCI<OTOpbtMH aDTOpaMJI ( 1, 3, 8 ll JJ.P. ) l<aK 0]\llll 113 cyu~CCT'
llCIIIIhlX npH31laKon naTorcnl!ocTII E. 'coli. OJJ.nm<O 31111CO\IIIh1C <jnmTophl, I\011· 
T)JOJlllpytOUUiC ret.toJIIITIItiCCI<YIO aKTHBIIOCTb I<HUJCtlllb!X naJJoqeJ< (1-IIy·<jlat<· 
TOphi), H3yqenbt erue OttCIIb M3JIO. J1MCIOTCSI Jllllllb OTJtCJtbllbiC C006ll~CHHH 0 

• pacnpOCTp311CIIIIH Hly·<!Jal<TOpOB 'B CCTCCTBCHI!b!X nonymtUIISIX KIHI!CqHbiX 

1 naJJoqeK qeJJoneKa If >ImnaTHhJX [4, 7, 11 ) n D3anMOJJ.eiicTBHH 3THX Bllexpor.~o~ 
· COMilbiX $aKTOpOB C JJ.PYrHMH 3DHCOM3MH (6, 12-14). 

Mbt noctamtJJH ncpeJJ. co6oii CJJC.Z:\YIOI.llllc 3a,naqn: H3Y'IIITh pacnpoctpancn· 
IIOCTb fCMOJIHTHlJCCKH aJ<TIIDHbiX l<tiUJCqHbiX nanoqei< II ;:-J1y-<jlat<TO(l00 D CC· 
Tf:'CTBCIIIIbiX nonynmumx E. coli y Jtetefi ncpnhiX 2 neT >J<H3IIII, uonhH~,,x ocT· 
phtMII I{IIIUC111lb1MII 33UOJICIJ3111UIMII p:t3JIII'IIIOfl 3TIIOJIOriiii; ycTIIIIOiliiTh, lUll(' 
ttacTo y E. coli, Bht.ll.enenHbiX OT 6oJJbHbiX ).J.cteii, co•IetaJOTCH np11311arm neKap· 

.c.mewwii ycToii'IIIBOCTH, J<onnu.miOre!JIIOCTJI u reMOJJHTHqecKoii ar<Ttmnocrn, 
a T3K>I<C BbiHCIIHTb BJIHfiiiHC nepBb!X JJ.BYX CBOHCTB Ha Tp3HCMIICCIIDHOCTb np113• 
118K8 teMOJIIITIItJCCI<Oft 8KTII8HOCTII, 

C u.enbto onpe,o.eJJeJUUI yKasnnHbiX Bblwe npn3naKoB 6blnn n3yttenht · no• 

•. · · nynstUHH KHWe'IHhiX nano'leK OT 100 ,o.ereA. JJ.mt BblstonennH ueo,o.uopo,o.uocTtt 
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nonymJu.nrt KHtue'IJ' 
D CpCJJ.IICM no J00 Jl. 

I DcpnuqnbtH nocen··,t 
J<IIIUC•JIIbli n~.'IO'I(~J:·

qaJIIIOI co cpe,!I.Oii 3 
Jl8ltllfl D TCpMOCTa1·( 
q>m<auJm BenbcKor· 
JIIIllllbtMII cpeJJ.a~m: 

[IO 1, J.l{IH lt3Y'If'llll 
T116IIOTiiKH: HCO~III 
nenTpatlmt 25 .W\<' · 
croi't arap llJISI oJt 

·E. coli qJ Ko.rJIIU 
B8JIH MHCO·nCTITOHI 
llhtrt nrap, cp<';~y : 
ry. Kpommoii nr: 
arapa na ncpr!':'p 
TOll 113 CTCpll.'lbltr 

Kumc•mbtC tw 

, e nonyJimtllflX, n 
H3 DCCX 10 0 

uhtJIII rel\IOJJIITII'tt·• 

neKapctneuuoii Y' 
TOJ!bi<O K O]l.ll<?r,ty 
J<OJIIIIUIJIOrCIJIIOC.I l 

Dplll\ICIICIIIIIX I 
JloqeK OT Ka>K,'J.91' ) 
o6Hapy>1<11Tb, ttTO. r 
Ka HDJIH101'Cfl D :1!. 

t!CCI<OH ai<TJIBIWC'"I 
oullapy>I\Cllhl fl'\ll 

OUJ!aiL<lJIII OT 1 ;t 
9 UOJihlii·IX -- OT 

CottC'1 <II lilt' 11 

1<1lpCTilt'IIIJOfl )'C"I 
CI<IIX 1\IIUIC111lloiX 
,'liiTII'ICCI\Oi'l CII\1T 

BbiM n paumc a • I 

DOCTbiO K 0,1110~1 j 
Hai<OBOii lJ3CT01 1 

· 

ycTofltiiJDOCTbiO 
CTDCIIIIO 71 1<.'101 1 
JIIITJIII('C 1\11 X 1\,'1(1 i 
lfCTa.•JCH C lltJIUI .I 

Tpanc.MIICCII 
1 

cnocoGy, on uc a Jt 
1111T3TCJibiiOii C}' 
C.'IY>I<ll.111 IICilhlT. 
IICI10Jih30D11.111 4 I 
E. coli P Gi8, r I 
:311JICOM lllll'Tl,l1 I 
E. coliC GOO·'-: 
IIII:IMOII :noro Ill I 
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