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1. BBeaenmne
bespasmeprnoe umcio PeliHonbaca urpaer KIHOUEBYIO poiib B (u3HKe. ITO
Oe3pa3mepHoe aOCONMIOTHOE uucio PelHonblca HE 3aBUCUT OT MHEPLUAIbHON
CHCTEMBI U OIIPEAEIISIETCA KaK KOPEHb HENMMHENHOTO YpaBHeHus. Yucno PeliHonbaca
Cpelpl ompeaenseT BONHOBYH (yHkuuio ypaBHeHus lllpenunrepa. OHO urpaer
BaXHYIO pOJIb B HEIMHEMHBIX JIU(D(PepeHIMaIbHBIX YpPaBHEHUAX B YaCTHBIX
IIPOU3BOJIHBIX, OTAEIISAS JAMUHAPHBIA TEUCTBUTEIBHBIA PEKUM OT KOMIUIEKCHOTO
TypOyneHTHoro. Kpurnueckoe uncino PeiiHonbAca onpenenseT nepexon oT KU3HU
KUBOM CHCTEMBbI K €€ cMepTh. B camom jene KOMIUIEKCHBIA, TypOYJICHTHBIH,
YJIbCUPYIOLIUI PEKHAM U1 )KUBOU CUCTEMBI HEBO3MOKEH, OHA CYIIECTBYET TOJIBKO
B JJaMUHApHOM pexuMme. Ha ocHOBaHMM CBOMCTB umciia PeiiHOIbACa IOCTPOEHO
pas3nyre >KMBOM M HEKHMBOM CHUCTEMBI M OTHEJIEHA JKU3Hb OT CMEPTH YKUBOU
cuctembl. BrpiBeneHa ¢opMyna (YHKIUOHMPOBAHMsI OpraHU3Ma, Kak IpH

HOPMAJIbBHOM HOTpC6J'ICHI/II/I 9HCPIruu, TaK U IIPU SKCTPEMAJIIbHOM.



2. OTan4ue ;KUBOT0 OPraHU3Ma OT HEKUBOTO

OCHOBHBIM OTJIMYMEM >KUBOTO OpPraHW3Ma OT HEXKHUBOTO SIBISIETCS MEPEMEHHOE
JNEWCTBUTEIBPHOE YMCIIO PEWHOJNBACA y CI0KHOTO OpPraHrW3Ma, NpHU IMOCTOSHHOM
KOMIUIEKCHOM uwncie PenHonpaca y HexuBou mnpupoasl. [Ipuuem y cioxHOro
YKMBOTO OpraHu3Ma 4duciio PeitHosbaca CONEpKUT MUHUMAJIBHYIO MHUMYIO 4acThb
Opy CyMMapHOM JIAMUHApHOM JIeMCTBUTENbHOM pexkume. OOpazoBanoch
JICUCTBUTEIBHOE NEPEMEHHOE 4YHCIO PelHOsbACAa B pe3yJibTaT€ €CTECTBEHHOTO
oTOOpa, MyTeM KOMIIEHCAIIUU MOJIOKUTEIbHON U OTPUIATENIbHOW MHUMOM YacCTH.
[IpyueM y OIHOKJIETOYHBIX OpPraHMW3MOB C MaJOW Maccoud 4ucio PeliHoisbraca
KOMIUIEKCHOE, B CHUJIy KOMIUIEKCHOCTH 3HAYEHHUs MATEPHAIbHOM 4YacTH, U y HHUX
IIEpEMEHHOE Ynciio PeliHonbACa, T.€. OHM NPOSIBISIOT MOJIEBBIE CBOMCTBA Uy HUX
MPOJIOJDKATEILHOCTh JKU3HU OOCCIICUMBACTCS 3a CYUET JCNCHHs. Y CIIOXHBIX
OpPraHu3MOB ITPOU30ILUIA KOMIIEHCALIMS MOJ0KUTEIBHON U OTPULATEIbHOM MHUMOM
4acTH, U Yucio PeliHobACa IEVCTBUTENBHOE, YTO IPUBEIO K KOHEUHOMY BPEMEHU
YKU3HH KUBBIX OPTraHU3MOB J0 00pa30BaHUS MHUMOM YacCTH, OCTaTKa Pa3BUTHUS U3

HEKWBOW MPUPOLBI.

OTKyza MOJHO CHAENaTh BBIBOJ, YTO OJHOKJIETOYHBIC OPraHU3Mbl HMEIOT
IIOJIOKUATENIBHYIO M OTPULIATENIBHYI0O MHUMYIO 4acTh, KOTOPasi y MHOTOKJIETOYHBIX
OpPraHM3MOB MHHMAas 4YacTb KOMIIEHCHpoBajachk. HO comiacHO KBaHTOBOU
MEXaHHUKE, KOMILJIEKCHO-COIIPSKEHHOE PEIIEHUE COOTBETCTBYET OTPULIATEIIBHOMY
BPEMEHU. 3HAUWUT OJHOKJIETOYHBIE OpraHU3Mbl >KMBYT C BO3pacTaHUEM U
yObIBaHMEM BPEMEHM. DTO MO3BOJIMIM MM CAMO OPraHU30BaThCs U MPUOOpECTH
CIIOXKHYIO CTPYKTYpy, TaKk Kak OJHTpONMs y HHUX pacteT u YyObiBaeT. T.e.
OJIHOKJICTOYHBIE OPIaHU3MBI )XUBYT B Pa3HbIX HAIlpaBJICHUAX BpeMeHHU. [losTomy u
BO3MOKHO Pa3MHOKECHUE IIyTEM JEJICHUs. Y MHOTOKJIETOYHBIX OPIraHU3MOB JIpyron
MEXaHU3M pa3MHOXKEHUSA, He JeneHueM. Kpome TOro, MHHMBIE YacTH Yy

MHOT'OKJICTOYHBIX OpPraHHM3MOB KOMIICHCHUPOBAJIUCDH. YeM cloxHee OpraHusm, T.C.



yeM OOJIbIIE ero MaccCa, TCM MHHMas 4aCTb PCIICHUA MCHBIIIC. 210 OTPaXXCHO B

KOMITJIEKCHOW KHHEMAaTU4YeCKOW BS3KOCTH v =ih/(2m)+v,, YeM OOJbIle Macca

Oopranui3ma T€M €ro MHUMas 4aCTb MCHBIIIC.

Ilepemennoe umcno PenHonpaca npegnosiaraerT  B3aMMOACMCTBHE  C
OKpy)Xarollel cpenoi, norpedieHne dSHeprum u ee pacxojoBaHue. Ecmu
OJIHOKJICTOYHBIE OpPTaHU3Mbl O0JIAJAIOT MOJIOKUTEIBHOW U OTPULIATEIHHOU
DHEPrUe€ M KX B3aHUMOACHUCTBHE C OKPYXAKOUIEH CpPEelIOd MHHUMAIbHOE, TO
MHOTOKJIETOYHBIE OPTaHU3MbI HYK/Iat0TCS B TUTaHUH, T.€. HOTPEOJIECHUH SHEPTUU U
ee pacxomoBanue. OIHOKIIETOUHBIE OPraHU3MbI OOPA30BAIMCH B TypOYJIECHTHON
cpene, Irie UMEETCs MOJIOKUTENbHAs U OTPULIATENIbHAs MHUMas 4acTh. IIpu 3ToM
IIOJIOKUTEJIBHOM MHUMOM 4YacCTH COOTBETCTBYET OJHO HAIPAaBICHHE BPEMEHH, a
OTPULATEILHON MHUMOW 4acCTH APYro€ HANpaBIeHUE BPEMEHM. [[elicTBUTENbHASA
4acTh JKMBET B OJHOM HallpaBiIcHUM BpemMeHU. Ho Bkiajg MHMMOM 4acTu 4uciia
Pentnosbica B AEHCTBUTENBHOE YKCIIO PEelHOMIBICA HE 3aBUCUT OT 3HAKa MHHUMOU

4acTH B CHUITY (POPMYJIbI
R = Re[R(¢,r)]+ 2 Im[R(¢,r)]sin Im R(¢,r)(t —1,)

CMepTh oOpraHusma, 3TO TEpexo] K KOMIUIEKCHOMY, KOJeOronemMycs,
MOJICBOMY 4YHCIy PelHOJbACAa C NEMCTBUTEIBHOM YACThIO, MPOINOPLUOHAIBHOU
KpuTHUecKkoMy unciy Pelinonbaca. HexxuBas npupoaa kak Obl SBISETCS yMEpPIIEH,
IpUYEM C TOCTOSHHBIM KOMIUIEKCHBIM 4unciioM Pennonpaca. Ho ymepmmii
CJIOKHBIA OpraHu3M 00JIaJJaeT MEPEMEHHBIM KOMIUIEKCHBIM 4MCciIOM PeliHoibzca,
T.e. 00JaJaeT MOJIEBBIM HMIIYJbCOM M JHEpPruei. ITO CBSI3aHO C TEM, UTO Y
KOMIIJIEKCHOI'O IIEPEMEHHOT0 4ucia PeliHosblca mMeeTcs MHUMas IepeMEHHas
(aza, KoTopas onpeaeseT AeiCTBUE, a IPOU3BOIHAS OT IEPEMEHHOTO IEHCTBUS 110
BPEMEHH PAaBHA YHEPTUH, U IPOU3BOIHASI OT IEPEMEHHOTO JEHUCTBUS 10 KOOPAUHATE
paBHa uMIynsCy. IIpu 3TOM yMepHmIMii 4YelOBEK COCTOMT M3 CIyCTKa YaCTHIL

BaKyyMa, OIPCACIAIOMNUX CAUHOC JJICKTPOMAIrHUTHOC, TI'PABUTALIMOHHOC WJIA



3BYKOBOE MOJIE. DHEPIusl U UMITYJIbC Y YMEPILEro YeJOBeKa He MaTepuajbHbIe, a

ITOJICBBIC.

Ho gem oTnmnuaercs pemeHus 1y HE)KUMBOM NMPUPOABI, OT PEIICHUS KMBOU
npupozsl. sl HEKUBOW MPUPOJBI CIIPABEIIIMBO IIOCTOSHHOE 4MCIIO PeliHonbaca,

JOKaXXEM 3TO.

HpI/IHHI/IH HCOIPCACIICHHOCTU OIPCACIACT MUHHUMAJIbHBIC MHHUMBIC YaCTH YHCJIa

Perinonbaca. Jist sneMeHTapHBIX YaCTULL CIIPABEIJIUBO
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yuciio PelHosbaca y aroma  BOJAOPOJA KOMIUIEKCHOE M ONKCBHIBACTCS
TypOyJeHTHbIN pexxuM. Kputnueckoe uucio PeliHombca onpeensercs yIBOCHHOM
00paTHOI BEIMYMHOM TJIaBHOTO KBAaHTOBOTO yMcia. [IlpuuemM MHUMAas yacTh yucia
PeitHonbca comepxuT nenbra GyHKIHMH, ITO3TOMY TOBOPUTH O MOAYJE WiH (ase
yucia PeliHonbica He npuxoautcs. [loacuutaem kauecTBEHHO yeMy paBHa (aza

YJICHOB C JieJIbTa (PyHKIHEH
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T.e. dha3a HeXKUBOH MPUPOJIBI paBHA KOHCTAHTE MUHYC CKAQ4KHU B OT/ICILHBIX TOUKAX.

JleiicTBre, ONMMChIBAEMOE KBAaHTOBOW MEXaHUKOHM, HE HempepbiBHas (yHKUHUA, a
ONMCBHIBAIOTCS CKAYKM KOHEYHOM aMIUIMTYIbl. HO 3TM CKayku CTpeMATCS K HYIIO
TaK KaK BBIIOJIHAETCS YCIOBUE o — 0, AeabTa (PYHKIMS YMHOXKAeTCs Ha 3TOT

napamerp.

B 10 ke Bpems y )KHBOM IPUPObI YUCIIO PeliHOIIbICA IEpEMEHHOE, JIAMUHAPHOE C
MaJjiIoii MHUMOM 4acThlo, HEe 00pasyrolieil TypOyJeHTHBIN peKUM, HO 00pa3yromien
cnaboe moJsie. DTO MOJE CBA3AHO C KOMIUIEKCHOW KHMHEMATHYECKON BS3KOCTHIO

v =ih/(2m) + v, ¥ TIpH OOJIBIIION Macce Tejla, MHUMBIN YWICH UMEET OUeHb MaJICHbKOE

3HaueHue. Ecim nercTBuTenbHast KWHEMAaTHIECKast BI3KOCTb CTPEMUTCS K HYJIIO, TO
B CUIIy JieJIeHHs yncia PeliHonbaca Ha BA3KOCTh, MHMMAas 4acTh yucia PeliHoibaca
MOJKET BO3pacTd, W 1mosie Oyaer OorpoMHbIM. [lpudem wMexnay CXOTHBIMU
OpraHu3MaMu BO3MOJKEH PE30HAHC, YHHUUYTOXKCHUE JEUCTBUTEIBHOM 4YacTU

2
a,
BSI3KOCTH, HampuMmep 1o dopmylie v, =v,, .

. , T.e. NpeBpalIeHue

— o, - 2idw,
NeICTBUTENBHON BA3KOCTH B MHUMYIO IIpHM pe30oHaHce. IIpu 5TOM HEObLIUIBI O

COOOIIEHNH, TEPEAAaHHOM Ha OTPOMHBIE PACCTOSIHHS, 0€3 yKa3zaHus croco0a

COOOIIICHUS, MPUOOPETAIOT HOBBIN CMBICIL.

HaMI/IHapHOC peuIiCHUEC, O3Ha4YacT pa3BUTUC OpraHusmMa OT MaJloro 4Ywuciia

Petinonpaca K KpUTHYCCKOMY R = (R, —+/R. — Pa)p(t,r) ¢ pocToM Oe3pa3sMepHOro

Imax

napametpa 3¢dexkTuBHoro aapieHus P. [lpu ycmoBum R. =P, a = j | @
0

()| dt

max

HacTynmac€t CMCEpTh, HCﬁCTBHTCHBHaH qaCcTb 4YHCJIA PCﬁHOHBHC& paBHa
KPUTHUICCKOMY M HAYMHACTCA KOMIIICKCHOC PCIICHUC. HpOI[OJ'DKI/ITeJ'IBHOCTB ZKHN3HHU
onpeACIIACTCA MOAYJICM 9aCTOTBI, TaK KaK 4aCTOTa MOKCT OBITH KOMILJIEKCHOM Ipr

KJIMHUYECKOU CMCpPTH. ApTCpI/IaJ'II)HOC AAaBJICHUC  MCHACTCA 11O  3aKOHY



t
P(t)a :j o(t)dt ¥ MOXKET YMEHBIIATHCS M YBEITUUUBATHCS, 3P PEKTUBHOE 1aBIECHUE
0

OonpeAcCIACTCA MOAYJIEM YaCTOTblI M MOXKCET TOJBKO PacCTH. HpI/I 9TOM BCJIHNYHMHA

paBHa o@(t,r)=1+In[l+Z+E(t)/E,], TpA DOTOM BEIUWYAHA FE(f) ITO DHEPrus

notpedisieMasi OpraHu3sMoMm, E, =mv |, (f)| SHEPrus pacxoayemasi OpraHu3MOM,

max
7Z  ompenensieTcs JBWKEHUEM OpraHu3Ma, MPUYEM DHEPrus JIBWKCHUS
omnpenaeysieTcss norpedisieMont sHeprueid. bez morpebnenHus sHeprum U 6€3

ABUIKCHUA OpraHu3mMa €ro 4uciio PCﬁHOHLI{C& PaBHO KOMILICKCHOM KOHCTAHTE

YacroTa onpeesaeTcs o dbopmyre

B kAT
ih+2mvin[l+Z+ E(t)/ E,]

@ pax (7) =6.9-10°AT,m=10""g,v=0.0lcm” /s;AT =1 U npu

HyJ‘ICBOﬁ J0JIC qacTung BaKyyMa OIpCAcCIIACT BpCMA KN3HU
R 2

t, =—<=767-10"s =2430year
w

Ho 4to  sBasercs  OCHOBHbIM  (pakTOpoM,  OOyCIaBIMBAIOUINM
IPOJIOJDKUTEILHOCTh KU3HH KpoMe Ooje3Heil. Oxa3pIBaeTcsi, HaJMYME YaCTHIL

Bakyyma, He c(hopMHUpoBaBIIMXCA B d3JIeMEHTapHyro uyactuiy. Dopmyna as

o L, 1 : mm
KMHEMaTUYECKOM BI3KOCTHU TeJla ONpPENesaeTcs KaK ii(—+—)+v —> ih+———v,

my m am+my

4Y€M MCHBUIIC O0JId 4YaCTHIl BaKyyMa <« , TEM MaKCHMallbHasd 4aCTOTa MCHBIIC, U
SHAYUT HNPOAOJDKHUTCIIBHOCTb KU3HU oonwire. Macca qacTullbl BaKyyMa paBHa

m, =107 g . Ilpu none yacTul BaKyyMa paBHOH HyJII0, 00pasyeTcs MaKCUMajlbHasl

IPOAODKUTENBHOCTD ku3HU 2430year. Yem Oousbliie 10711 4acTUIl BaKyyMa, TeM
00JIbIlIE YACTOTA U NIPU UX JI0JIE, PABHOM 1, BOZHHUKAET OrpOMHas 4acToTa 1 OblcTpast
cMepTh. HopManbHas 10715 4acTHIl BaKyyMa paBHA BeHMUUHE o =3-107°' mpu 3TOM
IPOAOKUTEILHOCTD J)KU3HH paBHa 78.4year . [Ipu g0je yacTuil Bakyyma o =2-107"
IPOIOJDKUTENILHOCTD JKU3HU paBHa 116 year. [Ipu none wactun Bakyyma a =5-10"

IPOJOJKUTEIBLHOCT )KM3HU paBHa 47.7 year. Kak Mbl BUUM JI0JIs1 YACTHIL] BaKyyMa



MCHJACTCA B Y3KUX IIPEACIax, oOecneunBas MMPOAOJIZKUTCIBbHOCTL JKM3HH B I1OJITOPA

pa3a OOJIBbIIIC M MCHBIIIE.

[IppyeM MakCUMaJIbHOE BO3JCKHCTBUE OKA3bIBAIOT YaCTUIBI BaKyyma C
HauMeHbIen maccor. Hanmensplien Maccou cpei MyJIbTUIIOJIEN YaCTUL] BAKyyma
UTPAIOT AUIOJIH, U UX JOJII0 HaJ0 YMEHBIIUTH B MEepBYIO ouepean. MIx macca Ha 9
nopsiAKoB MeHble. OHHM COOTBETCTBYIOT paHry paBHOMY |, WM TJaBHOMY
KBAaHTOBOMY UHCIly, paBHOMY |. Bomopona nMeer rimaBHOE KBAHTOBOE YUCIIO, PABHOE
1, ¥ OH MPUCOEAMHUT AUTIOINB K c€0€, YMEHBIIIUB €T0 JIOJTF0 B CBOOOJHOM COCTOSHUMU.
[IepeHOCUMKOM BOOPOAA IO BCEMY OPTraHU3MY SIBJISIETCS KPOBb, HO HY’KHO BBECTHU
B KpOBb MaJyl JI03y BOJOpOAa, 4YTOObI HE BBI3BATh KECCOHHYIO OO0JE3Hb.

EcrectBeHHO OKCIICPUMCHT BHAa4YaJIC HAJ10 ITPOBOJUTH HA MbIIIAX.

Htoro dhopmyna kM3HU YesIOBeKa Cleayromnas

R=(R - RZ‘i' kAT
¢ ¢ ih+2mvin[l+r+Z+ E(t)/ E,]

0

dt[1+In[l+7+Z + E(¢)/ E,]g(t,r)

be3 morpebienust sHEpPrum OpPraHW3M MPEBPATUTCA B HE JKUBYIO MAaTEPHUIO C

NEPEMCHHBIM KOMIIJIICKCHBIM YHUCJIOM PeitHonbACA 3a cUET 4ieHa g(tr). OTOT 4jIeH

OMKCHIBAET YMCTBEHHYIO c(epy >KM3HU UYeJOBEKAa M I0CJIE€ CMEPTH IMPOJOJIKAET
CyIeCTBOBaTb. MO3I' COCTOMUT U3 YACTHI] BaKyyMa CM. pazzen [4], KoTopble mocie
CMEPTH MPOAOJIKAIOT (PYHKIIMOHUPOBATH, HO Yxe B Buje noss. [Ipuuem umeercs
3amac MPOYHOCTH OpraHu3Ma 7 B TEYEHUM KOTOPOTO OPraHu3M MOXKET He
nOTPeOIIATh SHEPTUIO, HO MPOJOJDKATh JIAaMUHAapHOEe peiieHue. Mmeetcs B Bumy
paboTa JIeTKMX MO TNOTpeOJICHHIO Kuciaoponaa. Eciu BoBpemMs HE MNOJIKIIOYHTH
noTpedeHre IHEPTHH, TO HACTYIAeT CMEPTh opranu3Ma. Ho 3Tu skcriepuMeHTsI ¢
HYJIEBBIM NOTPEOJICHHUEM SHEPIMM CKa3bIBAIOTCS HA MPOJOJIKUTEIBHOCTD KU3HU.
[Tpo1OIKUTENEHOCT OTCYTCTBUSI NMHUTAHUSI PETYIUPYETCS APYrod KOHCTAHTOM,
MEHBIIEH 4eM 7 . J[pyroe 3kCcTpeManbHOE CBOMCTBO, HAXOXKACHHUE ITPU NOBBIIICHHOMN

WIM TIOHW)KEHHOM TeMIlepaType TOXKe peryinupyercs koHctaHToi. Ho oHO
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COOTBETCTBYET JKCTPEMAJIbHOMY TMOTPEOJICHUIO TEIJIOBOM B3HEPruM, KOTOPOE

YMCEHBIIACT SHCPIrur0 OpraHru3ma.

bonesnu nposBisioTCs B yBEJIHMUEHUN YaCTOThI KOJIeOaHUH U, KaK peakius Ha
YBEIMYEHUE YaCTOThI MOBBIIICHHE TEMIEPATyphl, U KaK CIECACTBUE YBEIHMUYCHUE
KUHEMaTU4YEeCKOW BSI3KOCTH. DTHU BO3JEHCTBUS NPOTHUBOIOJIOXKHBIC, YBETUYCHHE
KMHEMaTU4YEeCKOW BSA3KOCTH CHI)KAET 4acTOTy Kosiebanuil. Eciu Obl He ObLIO
MOBBIIIEHUS] TEMIIEPATyphl, TO MOBBIIMIEHUE YACTOTHI POCIO Obl HEOTPAHUYECHHO.
CymectByloT 00JIe3HH, KOIJa YacToTa pacTeT HE OrpaHUYeHHO, U PpOoCT
TEeMIIepaTypbl HE YCIIEBAET 32 POCTOM YaCTOThI. DTO MPUBOIUT K CMEPTH OPraHU3Ma.
[Ipu 5TOM BO Bpems Oosie3HH UMeeM yMeHblIeHHEe 3G (HEeKTUBHOW KMHEMaTHYECKOM
BS3KOCTH TIPU BBICOKOM dYacTtoTe KosieOaHuil. DdQexTuBHas KUHEMaTHUUYeCKas

BA3KOCTb HAXOAUTCA B CTAITMOHAPHOM COCTOSHUHU Y 3/IOPOBOTO YCIJIOBCKA.
Vo = Vo In[l+ E(t)/ mvy | @y, () [1>vIn[l+ E@)/ mv | @, () []=v,;5v, <V.

YMenbpmienne 3(QGEKTHBHOM KUHEMATHUYECKOW BS3KOCTH - OTO TIPOSBIICHHUE
Oone3Hu. JlekapcTBa yMEHBIIAOT KUHEMATHYECKYIO BA3KOCTb W YMEHBIIAIOT
4acTOTy KojeOaHu#, 3HauuT >(PQPEKTUBHAS KUHEMATHYeCKas BSI3KOCTb pacTerT,

sbdexTuBHAS MakcUMaibHas o, (f) YacTOoTa KOJeOaHW YOBIBA€T W YEJIOBEK

max

BbI3IOpaBinBaeT. lmMeercs CBA3b MEXAYy TEMIIEpATypOM M YacTOTOM, IpH

HOPMaJbHOM CYIIECTBOBAaHWU OpraHusMa, ero mnoAnuTku. OHa ompenensercs
dbopmynon

kAT . ~
mV(T) | a)max (t) ‘_ 11’1{1 T+ E(t) /[mv(T) | a)max (t) ‘]} ,mv(T) ‘ a)max (t) |_ F(ATa E(t)ama ‘[) .

[Tpu yBenMYEeHUHM YaCTOTHI OPTaHW3M YBEIMYHMBACT TEMIIEPATYPy, JJISI CHUKCHUS
YBEJIIMYCHUS YACTOTHI, U OIIATH JJIsl BO3BPAILCHUSI B HOPMAJIBHOE COCTOSIHHE HYKHBI
nexapctBa. Ecim Ob1 opraHu3M HE yBETWYHBAJI TEMIEPATYPY, TO U3MECHUIUCH OBI
napameTpbl (HOPMYJIbI, MOBBICKIACH OBl PA3HOCTh TEMIEPATYp, W TOBBIMICHHAS
yacToTa ObUTa OBl HOPMAJIBHOM, M TakUM O00pa3oM YacToTa pociia Obl

HEOTPAaHUYEHHO, YTO TMpHUBEJO OBl K CMEpTH opranu3ma. lIpum CcHIKEHUU
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TEeMIIepaTypbl, OpraHu3M Obl CHU3WJ YacTOTy, MHAU€ TEMIIepaTypa CHIKAJIACh Obl

A0 I'PpaHNYHOI'O 3HAYCHHA ITapaMCETPOB - IIOCTOSIHHOM TEMIICPATYPhbI TCIIA.

Pa3zBuTre pebeHka COMpoOBOXKIAETCS POCTOM apTEPUATLHOTO JaBJICHUS, U B
Bo3pacte 18 yer ero poct mpekpamaerca. Jlanee HaOmrogaeTcss MOCTOSIHHOE
apTepuaibHOE JaBICHUE Yy 3I0pOBBIX JHOACH, HO 3(h(EKTUBHOE IaBICHUE

MEJIJIEHHO, HO PAaCTET, T.€. YaCTOTa | w(¢) | HE HyJieBas. CTapbie JIIOAM KaTYIOTCSl Ha

MOBBIIIEHHOE apTepHalibHOE JaBiieHHe. T.e. HOpMaJIbHOE pPAa3BUTHE OpraHU3Ma
conpoBoxaaercss poctoM 3¢ dextuBHoro napieHus. CylecTBYIOT OTKJIOHEHHS,
KOT/Ia apTepUabHOE JIaBIICHUE YMEHBIIIACTCSI, HO 3TO 00JI€3Hb, 1 K HOPMAJIHHOMY
Pa3BUTHIO OpraHu3Ma He OTHOCUTCA. Ho BenruMHa 4acTOThl MPU OMPEEICHUU
BPEMEHU KU3HHU OEpPETCs 10 MOAYJII0, U OTPHIIATEIIbHAS 9acTOTa TOKE MPUBOIUT K
pocty 3(G(dEKTUBHOrO JaBJiCHUS, MNPU CHUKEHUU apTEpUaIbLHOTO JIABJICHHUS.
VYcnoBue pa3BuTHs opraHu3Ma, nosbleHue 3 PexTuBHOrO naBienus. [lpuuem uem

MEIJICHHEE POCT aApTEPUATBHOrO JABJIEHUS, YEM MEHBIIE YacToTa |w(f)|, TEM

JUIMHHEE XU3Hb opranusma. [Ipudyem pocT 3¢(eKTUBHOrO NaBICHHS - 3TO 3aKOH
IIPUPOABI, U MBI TOJIBKO MOXKEM €r0 3aMeJINThb, HO NPEKPATUTHh HEBO3MOXKHO. I]o-
BUJIUMOMY, JTO CBSI3aHO C Pa3HOM TEMIEPATypoM pa3HBIX 4YacTeW Tena M Kak
CJIIEICTBUE TIOBBIIIEHUE OHHTPOIMU IIPU IIOJIOKUTEIBHON TeMmIieparype. Yem
TEMIEpAaTypa pa3HbIX YacTel Tena OJMkKe, TeM HPOAOJIKUTENBHOCTh KU3HU

OOJIBIIIE.

Konebanue AaBJICHUSI YMCHBIIACT KU3Hb YCJIOBCKA, B CAaMOM JICJIC HOpMHpOBaHHBIﬁ
HHTCTpalI 3a ICPHUOa YBCIUIUTCA BUCTBCPO, U, 3BHAYUT, IPOJOJIKUTCIbHOCTD KU3HU

3a Mepuoj yMEHbIIUTCA B 4 pa3a

T/2

T
APa='[ |sina)t|da)t=2'[ sin wtdwt = 4 (2.2)
0 0

KakoBbl CBOWCTBa pacTeHUM, Kakoe y HUX uucio PeliHonbaca? Pactenus
Pa3MHOXAIOTCS JAEJIECHUEM WJIA IYTEM OIBUIEHUS. Y HHUX €CThb MHOTOKJIETOYHBIE

XPOMOCOMBI, U 3HAYUT OHU UMCIOT MaJlyl0 MHHUMYIO 4acCTb, o6pa3y;1 JIaMI/IHapHBIﬁ
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pexum. Ho umeercst nocTossHHAsE NENCTBUTEIIbHAS YaCTh, KAK Y HEXKUBOM IPUPOJIBI,
HO MHHMMas 4aCThb KOMIIEHCUPOBAJIACh KaK y MHOTI'OKJIETOYHOr0 opranu3Ma. Ho He
JKUBasl IPUPOJAa UMEET KOMIUIEKCHOE IIOCTOSIHHOE 4ncio PeliHombaca, a pacTeHus
HYJIEBYI0O MHUMYIO 4acThb MPH JIEHCTBUTEIBHON 4YacTH, 00Opa3yiouleil KOHCTaHTY,
KOTOpasi U3MEHAETCS CO BpeMEHEM. BpeMms KHW3HM ONpenernsercs Kak y KUBOU
IPUPOABI, C TEM XK€ MEXaHW3MOM Pa3MHOXKEHUS IIyTEM OIBUICHUS W JICJICHUS.
Jlenenue — 310 CBOMCTBO OJHOKJIETOYHBIX OPraHW3MOB, HO TaK KaK MHHUMas 4acTb

KOMIICHCHUPOBAJIACh, 3HAYUT PACTCHUA PA3BUBAIOTCA B ITOJIOKUTCIIBHOM BPCMCHMU.

bbUIn mONBITKK CO31aTh )KUBYIO IPUPOY U3 HE KUBOW, HO KOMIIEHCALIUU
MHHUMOM YacTH HE pEaM30BBIBAINCH, BpeMs BIEped M Haszaa He ObUIo
OpPraHW30BAHHO, & 3HAYUT MHOTOKJIETOYHBIM OpPraHM3M HE peaau3oBbIBajics. B
pe3ynbTaTe OJHOKJIETOUHBIA PEKUM C pa3HbIM HAMpPABICHUEM BPEMEHHM HE ObLI
pealin3oBaH, a C HUM M MHOTOKIETOUYHBIH pexuM Toxke. OOpa3zoBaiuCh
OJIHOKJIETOYHBIE CUCTEMBI C OJIMHAKOBBIM HAIIPABICHUEM BPEMEHU )KU3HH, KOTOPbHIE
NOTPEOISIIM MHOTO SHEPIrUU, a MHOTOKJIETOUHBIE OPTaHU3Mbl HE OOpPa30BBIBAIIM.
OIHOKJIETOYHBIE CTPYKTYpPbl C pPa3HBIM HANpPaBIEHUEM KH3HU HE MOTPEOISIOT
MHOI'O 3HEpPruH, JJISI BPEMEHU Ha3aJ HYXHa IOJIOKUTENIbHAs DHEPTHUsl, a BIEPE]
oTpHULaTeNIbHasA, B CyMME MUHUMaJIbHasA Heprus. [ 00pa3oBaHus KU3HU, HYKHBI
BEIECTBA C pa3HbIM HANpaBICHHEM >XHU3HU. HO y HEXHBOW OpHpOABI OFHO
HalpaBjeHue Xu3Hu. B TypOyieHTHOM pexume oOpaszyeTcsi Kak MOJOKUTENbHAs,
TaK W OTpUUATE]IbHAs MHHUMAs 4YacTb. T.e. CMENIMBAaEMBbIE BEIIECTBA HY>KHO
NOAJIEP)KUBATh B TYpPOYJEHTHOM pEXKHUME, TOI/Ia BO3MOXHO 00pa3yroTcs

MHOT OKJICTOYHBIC OPIraHHU3MBEI.

3. CymecTBOBaHHE MOCJTE CMEPTH C TOUYKH 3peHust pu3nka

C Toukwu 3peHus (pu3nKa OMMCaHbI TAKUE TIOHSITHS, KaK «paiy, «am», «Agamy,
3arpoOHas >kKu3Hb. BbICKa3bIBaeTCs TUIoOTe3a O BO3MOXKHOW 3arpOOHOM KM3HH C

TOUKU 3peHust pusuku. OObSICHEH SKCIEPUMEHTANbHBIN (DaKT JIBHKEHHE BIOJIb
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TYHHENST BO BpeMS KIMHUYECKOW CMEPTH. OJTO JIBUXKEHUE COOTBETCTBYET
TypOYJICHTHBIM JIMHUSAM TOKa, MO KaXXIOW M3 TPEX MPOCTPAHCTBEHHBIX OCEH,
U3MEHSIOLIUXCS 110 CUHYCY, 00pa3ys amurc. ConyTCTBYIOIIME YaCTHUIbl BaKyyMa

3aIlOJIHAIOT OTOT JSJIJIMIIC.

Ilo-BunmMomy, BO BpEMEHA 3apOKJICHUS PEJIMTHUM, CYLIECTBOBAI KOHTAKT C
0osee pa3BUTON LIMBUIM3ALMEN, KOTOPBIE paccKa3aiu, Kak MPOMCXOAUIIO Pa3BUTHE
YeJI0BEYECTBA. JTO OBUIO HE IOHATO PEIUTHO3HBIMM JACSTENsIMU, U OHHU
NEpPEeUHAYIIA TaKUe MOHATUSA, KaK «pail», «am», «Anam» u 3arpoOHas Ku3Hb. S
BO3BpAILAI0 IIEPBOHAYAIBHBIA CMBICJ 3TUX IOHATHA. Bpems XKHW3HM CHCTEMBI
ONPEIENAETC UHBAPUAHTHOW BEJIMYMHOW OJMHAKOBOM B Pa3HbIX MHEPLMUAJIBHBIX
cucTeMax KOOpPJHWHAT, PABHOM IPOM3BEIACHUIO TEMIIA XU3HU HA JUIMTEIBHOCTH
KU3HU U OINpeIENsIeTCS YHUCIIOM Peiinonpaca

2
. [ mc 0 mc k . mcs cs Va
i| odt-kdx, =il (—uu’/c+—uud)ds=i— > —=—=——=Re /2. Ilpn
j 1 1 I ( h 0 h k ) h 2V 2V cr p

JOCTH)KCHUHM KPUTHYECKOrO 4uciaa PelHonpaca BO3HUKACT KOMIUIEKCHBIN
TypOyJICHTHBI PEXUM, YTO JIsI OpraHW3Ma HEBO3MOXKHO W HACTYIAET CMEPTh.
Yucno PeliHonbca ”HBApHAHTHO OTHOCUTEINIBHO MpeoOpazoBaHus JIopeHIia Tak Kak
OepeTcs CKOPOCTh OTHOCHUTEIHLHO HETIOJIBIPKHON HAa OSCKOHEYHOCTH Cpefpbl, T.€. B
aOCOJIFOTHOM cucTemMe KoopauHat. MHTepBana CoaepXUT CKOPOCTh BO3MYIIEHUS B
MIPOCTPAHCTBEHHOM YaCTH, TaK BO3JCHUCTBUE HA CTEPKEHDb OCYIIECTBIISIETCS 34 CUET
pacnpocTpaHeHus1 00JaCTH BO3MYIIICHHS CO CKOPOCTBIO BO3MYIICHHS. Tak Kak Ha
TeJla HENPEPHIBHO JCWUCTBYIOT BO3MYIIAIOMIME BO3ACHCTBUA, TO CKOPOCTh
MPOCTPAHCTBEHHOM YAaCTH OMNPEAENISIETCS CKOPOCTh0 Bo3MyIleHUsA. CKOpOCTh
JBI)KCHUS B aTMOC(epe Ha TEJIO MOCTOSIHHO JAEHCTBYET CUIla, TaK KaK JICUCTBYIOIIAs
CWJIa TMPONOPUMOHAIIBHA CKOPOCTH, W 3HAYUT HENPEPbIBHBI BO3MYILAOIINAE
BO3JCUCTBUS. B ciydae ABMXKEHHS C MaJIOW CKOPOCTbIO BMECTO HMHTEpBaia
3alIMChIBACTCS KOHCTAaHTa, M JBWXKEHHE 0€3 ydacTHsl 3BYKOBBIX BOJH HE BHOCHUT
BKJIAl B TMPOJODKUTEILHOCTh KU3HU. ToJbKO nedopmamuu Tema mpu
pacpoOCTPAaHEHUH  3BYKOBOW  BOJIHBI ~ BHYTPM  OpraHM3Ma  YMEHBIIAIOT

NPOAOJIKUTCIBbHOCTE  KH3HHU. I[BI/I)KCHI/IC C MOCTOSIHHOHU CKOpPOCTBIO, IIPpH
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OTCYTCTBUHU PACIIPOCTPAHCHUSA SBYKOBOﬁ BOJIHEBI B TCJIC OpraHnu3Ma, HC YMCHbLIIACT
NPpOAOJDKUTCIIBHOCTL JKM3HHU, TaK KakK paCTYI]_[I/Iﬁ HHTCpPBAJI 3aMCHACTCA Ha

KOHCTAHTY.

TedyeHne XU3HM OpraHU3Ma AaHAJIOTMYHO pabOTe 4YacoB, TOJBKO Y YacoB
KpuTHdeckoe yucio PeitHonbaca 6ombie. M 9acel, 1 opraHu3m MpoSIBISIIOT ce0s
KaK 3BYKOBBIC, THIPOJIMHAMHYECKHE CUCTeMbl. Korma 9ackl (QyHKIIMOHUPYIOT, TO
UX KoJeOaHHe CBSI3aHO CO 3BYKOBBIMHM BOJHAMH, PaCHpOCTPAHSIOMIUMHUCS B Tele
yacoB. Eciy 4ackl OCTaHOBUIIMCH, TO HUKAKasl MOCTYNATEIbHAS CKOPOCTh 4YaCOB HE
MO>KET IPUBECTH UX B IEUCTBHE, YAChl HE (PYHKIITMOHUPYIOT U BPEMS HE U3MEHSETCA,
HeT AedopMallMii 3a CYET 3BYKOBBIX BOJIH. AHAJOTMYHO HA OPraHU3M JEHCTBYIOT
3BYKOBBIC BOJIHBI U CBSI3aHHBIE C HUMH JIepopMaIiuu, KOTOPhIC OMPEACIISIIOT BpeMs
YKW3HU OpPraHu3Ma J0 KpUTUYECKOro yncia PeiiHosnbaca. JBukeHne ¢ moCTOSHHOM

CKOPOCTBIO HE U3MEHSET Jiehopmaluu.

DTO COOTBETCTBYET | O3JICKTPOMAarHUTHBIM 4YacaMm. Bpems CHCTeMBI
U3MEHSCTCS, TMOoKa (QYHKIMOHUPYIOT JJICKTPOMArHMTHBIE 4Yachkl. Tak Kak
3JIEKTPOMATrHUTHBIE Yachl CBS3aHbI C BPAIICHUEM JJICKTPOHA, & OHO TOCIIe CMEPTH
OpraHu3Ma HEe U3MCHSCTCS, 3HAYHT JTUTEIIBHOCTD JKU3HH OpTaHU3Ma HE 3aBUCHT OT
JJIEKTPOMArHUTHBIX YaCOB M HHUKAaKOTO COKpAICHHS BPEMEHH Yy OJu3HEIna
MyTEIMIECTBEHHUKA [0 CPAaBHEHUIO C OJM3HEIOM JOMOCEAOM HeT. D(PGheKTh
YCKOpPEHUSI OJMHAKOBO JIEHCTBYIOT Ha CUCTeMy. BoJjblilioe yckopeHue OJIM3Hea
MYTEIISCTBEHHUKA C MaJIOW MacCOM OJIMHAKOBO M3MEHSIET €r0 METPUICCKUN TEH30D
C M3MCHCHHEM METPHUYSCKOTO TEH30pa IUIAHETHl ¢ OOJIBIIONW MacCod W MajbiM
yckoperueM. [lomywaercs, 4To Ha OJIM3HElla MYTEHICCTBEHHHKA W JOMOCEIa

JIEUCTBYET OJIMHAKOBBIM METPUUYECKHUM TEH30P.

Ilepemennsbiil pazmep y uuciia PeliHONmbICA W3MEHSETCS y KMBOW MPUPOJBI IO

2
3aKOHY Re=Re, —+/Re’ — ot = 2;{“ 0= 12(;; ,t,, =Re’/w=80year ¥ IIpU PaBEHCTBE
e,, N

HYJIIO KBaJpaTHOTO KOPHS Re’ =@t uucino PeiiHonblca paBHO KPUTHUECKOMY U

HAYMHACTCS KOMILJIEKCHOE, TypOYJEHTHOE, KOJICOIONIEECs pPEIICHUe, 4YTO IS
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OpraHu3Ma HEBO3MOXXHO. [lonydaercs, 4TO CMEPTHM OpraHu3Ma COOTBETCTBYET
KPUTHUYECKOE YnCIIO PeliHOIIbICa U 1aniee MPOAOIKAETCS KOMIIJIEKCHOE PELICHUE C
MOCTOSIHHOM JIEMCTBUTEIBLHOM YAaCThIO M PACTYIIEH MHUMOW 4acThro. HoO MHMMas
4acThb OIPAHWYEHA BO BPEMEHHU. U PAHO WM IO3HO BPEMsI OCTAHABIMBACTCS U

oOpazyercs GUKCUPOBAHHOE KOMILIEKCHOE PEIICHHUE.

Ho ne Bce monu oguHakoBbie. Y ogHuX (a3a — nmepeMeHHas (QyHKIUs, U
TOT1a OHMU 00JaAIOT MOJIEBOM SHEPrUeil U UMIYJIbCOM, TaK KaK MPOU3BOJHAS OT
¢da3bl WK OT IEHUCTBUS MO BPEMEHU paBHA MOJIEBOM SHEPTUH, a MPOU3BOAHAS 110
KoOpauHaTe - umIysbcy. Eciu ske (haza paBHa KOHCTaHTE, TO MPOU3BOIHBIC PABHBI
HYJIIO, U YMEpUIMi 4eloBeK He o0jagaeT HU dHeprueu, Hu umiyiascoM. Ho ato
MI0JIEBbIE SHEPTHUS U UMITYJIbC, KaK K IpUMepy coHeuHas sHeprus. OHa He CBsi3aHa
C MaTepHaJbHBIMU TEJIaMU, a SIBJISETCS MoJeBbIM oOpa3oBanueM. [lomydaercs, uto

JIOJU IIOCJICE CMCPTH CYIICCTBYIOT B BUC KOJ'IC6J'IIOHICFOCH I1O0JIA.

[Ipu ciryqaiilHOM paBEHCTBE HYJIFO MHUMOM YaCTH PEIICHUS, YACTULIBI BAKYyMa
IEPEMEIIAIOTCS KaK eAMHOoeE Leoe cM. popmyny (3.1) ¢ MHUMOI YacTbio, paBHOU
HYJII0, HET CUHYCOUJAIIBHOTO NIEPEMELIMBAHNS U COXPAHAIOTCS TAKME CBOKMCTBA KaK
JAHK, mamsars oprann3ma u ero cporctBa. [lociie cmepTy npu paBEeHCTBE HYJIHO
MHUMOW 4YacTW, MOJe He oOpasyercs, HET MHUMOW (a3bl M YacTHULBl BaKkyyMma
pacIuibIBasiCh 00pa3yroT xKUBOM opranuizM. OOpasyeTcs JaMUHApPHOE PELICHUE U U3
COCTOSIHMSL KOMBI OPTaHU3M BO3BPAILAETCs K HOPMAJIBHOU IESATEIBHOCTH. MOYKHO B
3TOM Cily4ae roBoputh o cymectBoBanuu JIHK, mamsatu u ¢pyHkmoHupoBanuu
4yacTeil opraHu3Ma, T.€. CYLIECTBOBAHWU OopraHusma nocie cmepTth. CocTosHHe
KOMBI - 3TO KOMIUIEKCHOE PEIICHHE ¢ IOCTOSHHON MHUMOM 4acThI0, KOTOPOE ITOCIIE
BBIX0JIa U3 KOMBI ONMUCBHIBAETCS JEHCTBUTEIBHBIM perieHrneM. COCTOSTHUE KOMBI

OIMKUCBIBACTCAA BBCIACHHCM MHHMMOMN CTCIICHHU mepoxoBaToCT HJIM MHHMOTO

3aTyXaHUsI Yy 4YacTOTHI Re:ReC,,—\/Reﬁ,,—a)(lﬂ‘ﬁ)t. N xommnekcHoe pelieHue

oOpasyeT TyHHelb, 00pa30BaHHBI MaJIOl MHHMOW YacThbiO, BHYTPH KOTOpPOH W

CyllecTByeT opranusm cMm. popmyiy (3.2). Ho mocne cmeptu, MHMMAs 4acTh pacTeT
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C POCTOM BpPEMEHH U 00pa3yeTcs MOJIEBOE pellleHre. DTOT POCT BPEMEHU OTPaHUYEH

KOHCYHBIM MOMCHTOM, Pa3HbIM JJIS Pa3HbIX OPTraHU3MOB.

Brickaxy npeanonokeHue, 4To NmoJieBasi FHEprus Mocjie CMEPTHU HE COCTOUT
U3 JIEMEHTAPHBIX YAaCTHII, a SIBJISIETCS YacTUllaMK Bakyyma cM. [1]. Ouu o6pa3ytor
AJIEKTPOMATrHUTHOE ¥ TPABUTAIIMOHHOE TIOJIE U, TTO-BUANMOMY, 00pa3yroT MOJIEBYIO
SHEPIUIO YesioBeKa nociie cMeptu. Ho B Bakyyme yacTHIlbl BAKyyMa UMEIOT OYEHb
MaJIEHBbKYIO IIOTHOCTG. [ [TOTHOCTH 3JIEKTPOMAarHuTHOTO U IPABUTALIMOHHOTO MOJIS
TOXE HUYTOXHAS, Mbl UX HE 3aMEYaeM, 3TO Pa3pPEKECHHBIN a3, Kak U BaKyyM C €ro
yactuuamu. Ho KOHLIEHTpHUPYSCh, AIEKTPOMAarHUTHASL U TPABUTALIMOHHAS SHEPTUU
OKa3bIBAIOT OTPOMHOE BIMSHHUE. Tak M MOJEBasl SHEPIUs IMOCIE CMEPTH MOMKET
KOHIICHTPUPOBAThCA Y HEKOTOPBIX OpraHu3MoB. Yepmnaercs HHEPrusi YacTuil

BaKyyMa U3 CpCAbl, TaK 4TO €C HCIOCTATKA Y OPIraHU3MOB HCT.

Ho 4yem omnmuaercs pemeHus il HEKMBOW IPUPOABI, OT PELICHUS KUBON
npupoabl. st HEXKUBOW MPUPOABI CIIPABEIIMBO MOCTOSIHHOE 4ncino PerHounbaca,

JIOKaXKEM DTO.

[IpyHIMII HEONPENEIEHHOCTH ONPEAEIIET MUHUMAIBHBIE MHUMBIE YacTH YMCIIA
Pentnonbaca. [{ns anemMeHTapHbIX YaCcTUL] CIIPABEIJIMBO

2imAxAV

mAxXAV > h/2;ImAR > 1;AR = 2

YUrto oO3HayaeT 4YTO MHMMAs YacThb 4YMCIA PEHHOIBACAa DIEMEHTAPHBIX YACTHI]
oonbiie 1 u ans yucna PeliHonbaca 3eMEHTapHbBIX YaCTHI JIAMUHAPHBIA PEXUM

HEBO3MOeH. UTo cooTBeTcTBYET (hopmynam (BbiBO (hopmyiibl cMm. (2.1))

2 1y —
L= 2 g 22 ggin -2 ims(C %y - 2in(l+ 1)S()
137nh n n k=1 ) 4o

gucino PeliHonpaca y aroma BOAOpPOAA KOMIUIEKCHOE M OINHCHIBACTCSA
TypOyneHTHbIN peskuM. Kputnueckoe uncio Pelinonbaca onpeaensercs: yIBOSHHOM
0o0paTHOM BEJIMYMHOM IIABHOI'O KBaHTOBOro uucia. Ilpuuem MHHMMas dacTe yucna

PeitHonbaca comepxuT nenbra GyHKIMH, ITO3TOMY TOBOPUTH O MOAYJE WiH (ase
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qHuciia PCﬁHOHL,Z[C& HE IIPUXOAUTCH. HOI[C‘{I/ITaCM Ka4CCTBCHHO 4YCMY paBHa (basa

nenabTa QYHKIUN

%] + &+ 2m)(1 + 1) exp[~ %]}
2o 2 a,o

% = ® = —arctan 2/m” —limzr: {(% +27m, ) exp[—
oc— |

T.e. (I)asa HE )KUBOM IIpHUPOJAbI paBHA KOHCTAHTC MUHYC CKAa4YKH B OTACJIbHBIX TOUKaAX.

JleiicTBre, onuchIBAa€MOE KBAaHTOBOW MEXaHUKOHM, HE HempepbiBHas (yHKUHUA, a
ONMCBIBAKOTCS CKa4KH KOHEYHOW aMIUIMTYZAbl. HO 3TH CKauKu CTpEeMSTCS K HYIIO
TaK KaK BBIMIOJIHAETCSA YCIOBHE o — 0, AenbTa (PYHKIHS YMHOXKAeTCs Ha 3TOT

napamerp.

[Tonywaercsi, 4To y HE XUBOM NPUPOABI JAMUHAPHOTO PEIICHUS HET, OHa
CYILIECTBYET Kak ObI IOCIIE CMEPTHU U y HE XKUBOU Mpupos! (pa3a paBHAa KOHCTAHTE,

H, CJIICA0BATCIIbHO, DOHEPIUSA U UMITYJIbC COOCTBEHHOTI'O ITOJIS PaBHBI HYJLO.

WNHuas cutyanus y )KUBOW IPUPOJBI, SHEPTUS U UMITYJIbLC PAaBHBI 4yncCily PeliHobaca
KaK 10 CMEpPTH, TAK U KOMIUIEKCHOE PELICHUE I0CJIE CMEPTH, YMHOXEHHOMY Ha
pelieHue-QpyHKIUIO JTUHEHHOW CHUCTEMbl WM PEIICHHE MPECTABISICTCS B BUJC
psana, rae kospuuueHThl paBHbl 4uciy PeliHonbaca Ajii JTaMMHApHOTO WM
TypOYJECHTHOT'O KOMIUIEKCHOTO peXUMa. 3HAUUT SHEPTUS U UMITYJIbC TIOCIIE CMEPTH
CYLIECTBYIOT B BHJI€ COOCTBEHHOTO IOJISI, U3MEHSIOTCS B IPOCTPAHCTBE U BO
BpEMEHM U HUMEIT BUJ (yHKuuu. [IpoucxoauT paHo win Mo3aHO (uKcanus
BPEMEHHM M MHUMas 4YacTh UMEET KOHEYHOE 3HaUCHUE, U HaOII0al0TCsl KojaeOaHus

C aMIUIATYOM MHAMOMW YacCTH.

Paccmotpum pemienrie ypaBHenus Hawe-Ctokca st cepsl st onmucaHust
0JIsL, CO3/TAaHHOTO YeJIOBEKOM Iocie cMepTu. Perenue i cepbl Xxapakrepusyer

pelIeHue sl MPOU3BOJIBHOrO Teja. OHO UMEET BU CM. [2]

R =Y [ReR,(6)-+iTmR,(6)licos(® -6, + )1 - +—-1/4

=1 2 26 26 (3 1)
4 ) . 3 1 . .
R, ‘Ra; [ReRz(ez)+lImR1(91)]lCOS(l9—l91+%)[1—E—4§3]/4
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[ToncunTtaem (asy, CO3AaHHYIO 3TUM pEIIEHUEM

4
® =arg{d’ [iReR,(§,)~ImR,(6,)]cos(6 - 6, +%
I=1

4 V4
D" ReR,(6,)cos(6 -6, + 5)

=1

)}

® = —arctan Z
> ImR,(6,)cos(6 -6, + %)

=1

I[J'I}I HaXOXACHUS UMITYJIbCA IMTOACUUTACM IIPOU3BOJHYIO OT (I)&?)BI

4
o0 _ I;Re R,(6,))ImR, (6,)sin(6, —6,)
o F +13 T
[Z ReR, (9/ )cos(fd — 49/ + 5)] + [z ImR, (9/ )cos(6 — 6}1 + 5)]
=1 >

Ota KoHeuyHas PyHKLKS, BO3MOKHO oOpararomascs B Hojb. [loncuntaem umMmysbce

X; COSQ

p k=1

po D5 00,0000 00 |xsing
ox, ox, 00 ox, oo | r

_s1n0;k:3

7

B nr060M ciydae perieHue COIEpKUT «IIPEHUCIIONHION», OECKOHEYHOE 3HAYCHHE
UMITYJIbCA IIPU YCIOBUHM r =0 . Bo BCeleHHON OECKOHEUHOCTh UMITYJIbCca 00pa3yercs
BHYTPH TPaBUTALMOHHOIO paJdyca, MPUYEM BHYTPU IUIAHET U 3BE3J JITOMY
COOTBETCTBYET OIPOMHAasl TEMIIEpaTypa, YeM He «a» g Bepyromux. Ho Tyt Hago
CKa3aTh. YTO YMEpILIME OPTaHU3MBbI IPEBPALAIOTCA B I10JI€ B BUJC YaCTHULl BaKyyMa,
Y HUKAaKUX KOTJOB C YEpTSIMU B «aay» HeT. EcTh BbICOKas Temmeparypa Ipu
00JIBILIOM UMITYJIbCE U TUIOTHOCTU MATEPUU. bOJIbIII0M UMITYJIbC U INIOTHOCTh TAK¥KE
COOTBETCTBYET CIIMHY DJJIEMEHTAapHBIX YACTHI, OHM HAXOASATCS TOXKE BHYTPHU
paanyca 3JIEMEHTapHOW 4YacTULbI, KOTOPBIA MOXHO Ha3BaTh 3JIEKTPUUYECKUM

T'paBUTAIMOHHBIM PaINnyCOM.
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Tenepp 0 «pae». HaiimemM KOMIUIEKCHBIE JIMHMM TOKa J3TOTrO MOJA IO
KOMILJIEKCHOM CKOpPOCTH WJIM 4uciay PeiHonpAca (BCE NEpPEMEHHBIE B 3TOM

ypaBHEHUU Oe3pa3MEpHEBIC)

dx
7"= ReR, (x,,x,,x,)+ilmR, (x,,x,,%x;);x, =x, (t,x,,x5.L)
t

N3 sToro YpPaBHCHUA OIPCACIIAIOTCA KOMINICKCHBIC JIMHUN TOKA, IIPUYICM UMCIOTCSA
HC JOCTYIIHEBIC O6J'IaCTI/I, rac CKOpoOCThb OIPCACIICHA, a JIMHHUK TOKAa HC JOXOIST. Ha

PUCYHKE ONMCaHbl TUHUU TOKA NPU 00TeKaHUU Chephl.
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B aT0if oOnacTu HET MpEeANUCaHHBIX CKOPOCTEW 4dacTwl] Bakyyma. [lpuueM oHu
00pa3yroT TUCKpeTHOe penieHue ¢ gopoxkkamu Kapmana cm. [2]. [Tomnas cBoGona.
UYem He «pait». OOpa3yroTcst OHU BOJIM3U OT TOBEPXHOCTHU TeJa, B atMocdepe 3eMiu
B oOjakax U B BOJHOH cpeze. llepBbie opraHu3Mbl 00pa30BAIKNCh B «paro» M3
JTMCKPETHBIX 00pa30BaHUMN «pash», OTCIOJIA U TPOUCXOKACHHUE «AaMay KaK IEPBOTO

JKUBOTO CyIICCTBA

JleficTBUTENBHBIE TPACKTOPUH 00pa3yroTcs o Gopmysie

v (t,x),x).L)=Rex, (t,x,x).L)+Imx, (t,x’, x5 .L)sinJ. Imx, (u,x.,x).Lydu (3.2)
0

U3 stux GopmMyIt onpeaessroTcss TPAaeKTOPUH YaCcTHIl BaKyyma mociie cMeptu. OHu

onpenenstoTcs GopMoil ymepilero opranusma 1 ero yuciaom Pelinonbaca popmyna
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(3.1). Ilpuuem BpeMss paHO WIM T[O3JHO OCTAHABIMBAECTCS Yy MHUMOTO

ko3 dunrenTa u odpazyercs peieHue

t
v (t,x),x).L)=Rex, (t,t,,x],x3.L)+Imx, (¢,t,,x/,x5.L) sinJ. Imx, (u,t,,x.,x5.L)du
0

2
cr

Imx, (¢,,x],x).L) = o(t, —t, ), (t,x,x;.L), 0, =R

U1 obpasyercst crnokHas KOHPUTypanus JIUHUK Toka. [Ipudem ecnm Bpemsi ObICTPO
OCTaHOBWJIOCH y Kod(puruenTa, To HabII01aeTCA Majiasi MHUMOM 4acTh, M TOBOPST

O TYHHCJIC, B KOTOPOM IIPONUCXOAUT IBUKCHHUC.

YMepiie opraHu3Mbl 00pa3yroT MOJI€ U3 YAaCTHIl BaKyyma, KOTOpPbIE B CBOIO
ouepenb 00pa3ylOT T'PAaBUTALMOHHOE, JIEKTPOMArHUTHOE TOJIE€ U 3JIEMEHTApHBIC
YaCTHILIbI, U3 KOTOPHIX (POPMHUPYIOTCS OpraHU3Mbl, PACTEHHUS, TJIAHETHI U 3BE3/IbI.
Ecnu HOBBI opranu3m chopMUpOBAJICS M3 YaCTUIl BaKyyma, O0Opa3yrolux B
IIPOIIUIOM >KMBOM OPraHU3M, TO OH MOKET BCIIOMHHUTH IPU3HAKU IPEIBIAYIIECH
xn3Hy, ero JIHK u mamsaTe coxpaHuWIUCh B BUJIE YAaCTHI] BAKyyMa WJIM MOJIS. JTO
Ha3bIBaeTca peuHkapHaus. Ho 31o penkue cioydan, 4aCTULBI BAKyyMa JBUTAKOTCS
10 CTPOTO OMPEJCICHHOMY 3aKOHY C Majioil (DMKCUPOBAHHOW MHUMOM YacCThIO,
IIPUYEM PEATU3YETCS B 3TOM CIIy4ae NapajuieIbHOE IEPEMELLIEHUE YaCTULl BAKyyMa,
TaK Kak MepeMelInBaHrs MHUMON CUHYCOMIAIbHON yacTH ciadoe, hopmyna (3.2),
BCE€ MPOUCXOJUT B TYyHHeNE, OOpa3oBaHHOM MHHMMOW YacTbio. Ho B cuiy

MHOT'OYHCIICHHOCTH YaCTHI] BaKyyMa MOJy4aeTCsl HE MPEICKa3yeMOoe pelICHuE.

PaboTa ronoBHOro mo3ra sIBIsieTCs 3arajakod Juisi yueHbiX. B pazpene 4 s
BBICKa3aJ1 MPEATON0KEHHUE, YTO MO3T 00pa30BaH YacCTUIIAMHU BaKyyMma, KOTOPBIX B
MYJIBTUIIOJNE YacTHI] Bakyyma umeercs 2" anemeHToB. Ho nis yHKIMOHMpOBaHUA
TOTO MO3Ta HEOOXOAWMBI HEHPOHBI, KOTOPHIC SBIAIOTCS HANPaBICHHBIMU
AHTEHHAMM, YIOPaBISIIONIMMU JCSTEIbHOCThIO YacThll Bakyyma. be3 Hux
yhopasisioniasi nporpamma Oyzaetr mnotepstHa. Kak e MoOKeT BUJIETh TYHHEIb
YeJI0BeK, 00pasyromuii mose 6e3 ria3 u MaTepuaibHOro cojiepkanus. Ckopee Bcero

1oJie-Mo3r 00padaThiBaeT HHPOPMAILIMIO O HAIMYUU YaCTUIl BaKyyMa U COXpaHSET
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3Ty MHGOPMALMIO B BUJE PACHOJIOKEHHUS YacTHI[ Bakyyma. JTa WH(opmanus
COXPAHSIETCS U YEJIOBEK IMPHU BBIXOJI€ U3 KOMBI OMUCHIBAET TYHHEIIb, 10 KOTOPOMY

JIBUTAJICS.

Cnegyer pa3nuuaTh, 4YacTUIbI BakyyMma, OOpa3ylollue IMOJie, U YaCTHUIIbI
BakyyMa, c(OpMHpOBaBIIMECS B MaTepuasibHoe Teno. IlepBeie o00pa3yioT
paCILIBIBAIONICECS] PEIICHHE C MaJO MHUMOW YacThlO. 3HAUEHUE MHUMOM 4acTu
ONPENCIISIET CTENEHb MEPEMENINBAHNS. BTOpbIE OMUCHIBAIOT MATEPUAIBHOE TEJIO.
OTianymne aHaJOTUYHO OTJIMYUIO 3JIEKTPOMArHUTHOTO WJIM T'PABUTALMOHHOIO IMOJIS

OT MAaTCPpHAJILHOIO TCJIA.

[Tpu 3TOM yacTuIBl Bakyyma 00pa3yloT 1oJie, MPONOpIUOHAIBHOE MTOCTOSIHHON
[I1aHKa, YMHOXXEHHOW Ha wyacToTy 3ByKoBoro moas 10'rm, korma uacrora
BUIMMOIO 3J€KTpoMarHuTHOro moss 10%°rm. DTy OSHEPrui0 O4YeHb CIOXKHO
OOHApYXHUTh, OHA TOpPa3l0 MEHbILIE YeM HHEPrus BUAUMOro usnyudeHus. OHa
COOTBETCTBYET JJIMHE BOJIHBI 3JICKTPOMArHUTHOTO MOJISI, PaBHOM KM IIpU OYEHb
MaJjIoi aMILIUTY/IE HanpsKeHHOCTH B 10° pa3 MeHbIeit, yeM BUAUMBIH criekTp. Ho
ATO IOJIE€ JBHXKETCS B IMPOCTPAHCTBE, MO3TOMY HAJAO0 MEPATH IOJIE B MOMEHT
o0Opa3oBaHMsl KIMHUYECKON CMEPTH, WM B MOMEHT NMpEKpalleHUs KIMHUYECKOU

CMCPTU C TOYHOCTBIO JJO ABMIKCHUA 110JIS1 HA I kM.

MokHO 71 O0IIAThCS C YacTUI[AMHU BaKyyma, 0Opa3yrolIMX MOJIe YMEPIIUX
opranu3moB? Eciu MHUMas 4acTh Maja, TO OpPraHu3M c1abo pacIuibIBaeTCA U Majio
NEepPEeMENIMBACTCS U BO3MOXXHO M3 ATHUX YACTUIl Bakyyma oOpa3yercs HOBBIU
opranusM. K coxasienuto, Korja opranu3mM HaXOAUTCS B PACILIBIBYUATOM COCTOSIHUU
noJisi, 0OIIeHne C HUM HEBO3MOXXHOE, JI0 TeX IMOp, MOKa M3 YAaCTHI] BaKyyma HE

chopMHpyeTcsi OpraHu3M, TaKOe OOIIEHIE HEBO3MOXKHOE.

4. Yactuubl Bakyyma u paéora Mo3ra
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qaCTI/IHLI BaKyyMa HC TOJIBKO ABJIAIOTCS OCHOBOM JJIA 06pa?>0BaHI/IH QJIEMCHTApPHBIX
YacCTHUI, JICKTPOMAIrHUTHOTO U T'PABUTALIMOHHOI'O I10JIA, HO 1 O6p33}I}OT OCHOBY IJIsA
BBIYMCIUTEIbHON MaIuHbI. OHU COCTOAT U3 MYHLTI/IHOJIeﬁ paHra n, COCTOAIMUX 13
HqaCTHUIbI 1 aHTU4YaCTHUIIbI IInanka B xonmdecTBe 2" IOTYK. Onpez[enﬂeT KOJIMYCCTBO

YaCTUI] BAKyyMa UX Macca U Iie4o aunoJisg cm. [1].

PabGoTa denmoBedeckoro Mo3ra MOKET MPUHUMATh PEIICHUS, KOTOPhIE HE O]
CUJIy BBIYMCIUTENIbHON MamuHe. [Ipuuem, CymecTByIOT MHIUBUIYYMBI, KOTOPHIE
CUMTAIOT, KAK BBIYMCIWTENIbHASA MallMHA B MPOCTEUIINX oOrepanusx. ['oBopsT, o
HOBOM (pu3MKe, KOTOpasi OMUCHIBACT MO3T 4YeJioBeKa. 1 He pasfensio 3Ty TOUYKY
3pEHUSA, U CUHMTAK, YTO, MAHUITYJIUPYS C YACTHIAMH BaKyyMa, MOXXHO ONHUCATh
BBIYHCIIUTEIBHBI  KOMILJIEKC, pa0OTAIMMIA CO CKOPOCTHIO CBETa, KOTOPBIN
ABJISICTCSL 3BYKOM [IJII YaCTHI] BaKyyma. 3allMCh YMCJIa COCTOUT U3 HAIUYMS WU
OTCYTCTBHUSI YAaCTHUIl BaKyyMa OTIPEICTICHHOTO PaHTa, pa3iaraéMoro mo o0OpaTHbIM 1
NpAMBIM  CTEeNEHAM  MyJbTunosied.  Ilpsmas  CTENeHb  COOTBETCTBYET
MOJIOKUTEIIbBHOM MHUMON 4YacTH MacChl MYJBTHUIIONSA, W oOOpaTHas CTENeHb
COOTBETCTBYET KOMILUIEKCHO COMNpPSKEHHOW Macce. 3aloMHHAIOLEe YCTPOMCTBO
0o0pa3yeT rpylmna MyJbTUIIONEH, MMEIoIas MOCTOSHHBIA cocTaB. CIOXEHHE U
BBIUUTAHUE YHUCEJI OYEBUJIHO sl MynbTunodien. I[lpousBenenue u paeneHue
OCYIIECTBJISIETCSI KaK B BBIYMCIMTEIIBHOM MamuHe. JlelcTBHE COCTOUT B
MEPEMENICHUM YaCTHUI] BAKyyMa B MO3T€ YEJI0OBEKA, MOJ1 JEUCTBUEM DJICKTPUUECKOTO
1OJIsSI, BHIPA0ATHIBAEMOTO HA OCHOBE MpHEMa perentopamu curHaia. bosbimas
Pa3pSIAHOCTE U OBICTPOJEHCTBUE BBIUUCIUTEIIBHOTO YCTPOMCTBA IO3BOJISIOT
pemarh  CJIOXHBIE TMPOOJIEMBI  pPacloO3HABAHMS, TPUHATHS  PEIICHUA W
COTIOCTaBIICHUE OJTHUX 00BEKTOB APYruM. Takke MOHATHO JIOTHYECKOE MBITIUICHUE,
KaK COBOKYITHOCTb OTlepallvii HaJ1 o0pazamu, cpopMUPOBaHHBIMU U3 Uncell. Bee 1o
MIPOUCXOJIUT ABTOMATUIECKHU, AITOPUTMBI pa3padaThIBAIOTCS B JETCKOM BO3pacTe, B

mpoiiecce 00y4YeHus B IIIKOJIE, YHUBEPCUTETE WIIH IPYTOM YICOHOM 3aBEICHUM.
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5. KBaHTOBasi MEXaHMKA U KOPOHABHUPYC

OnucaHvue KBaHTOBBIX CBOMCTB MAaTEpPHHM PEATMU3YETCA C MOMOUIBIO OJUHAKOBOM
CKOPOCTH BO3MYLIEHUS — CKOPOCTH CBETA YACTHI] BAKYyMa U YPaBHEHHUSI KBAHTOBOU
MexaHuku. [Ipennmaraercs npyras KBaHTOBAash MEXaHMKA, ONMCHIBAIOIIAS KUBOU
OpPraHu3M C ITIOMOILBIO CKOPOCTH BO3MYLIEHUS, pABHOM CKOPOCTH 3ByKa. Onnucanue
JIEMEHTAPHBIX YaCTHUL] CO CKOPOCTBIO BO3MYLICHUS, PABHOW CKOPOCTH 3BYyKa C
noMoniplo ypaBHeHuss HaBbe-CTokca ¢ JACHCTBUTENBHOM KHHEMATUYECKOU
BA3KOCTBIO, OIIMCHIBAET KBAHTOBHIE CBOWCTBA OpraHU3Ma >KMBOW IIPUPOABI.
Boruncnen mapamerp XapakTepHU3yIOMUNA BUPYCHl. JTO 4acToTa KoJeOaHUW WM
BOJIHOBOE umcio. Ha mrammax KopoHaBUpyCa HYXHO BBIYHCIUTH COOCTBEHHYIO
4acTOTy KoJieOaHMM KOpOHaBUpyca M Jajee o00JydyaTb OpraHu3M C 3TOH
pe3oHaHCHON YactoToil. Torga m30OuparenbHO OyAeT pas3pyllieH KOPOHAaBHPYC U

HMMYHHUTCT 3aBCPIINUT €0 OKOHYATCIbHYIO JINMKBUAAIIUIO.

Ecan KoMOTOHOBCKOE BOJIHOBOE YMCIIO AJIs1 CKOPOCTH CBCTA OIIPCACIIACTCS 110

2
o mc
q)OpMYJ'IC JJIA KOMIITOHOBCKOM YaCTOTBI w = P a aHaJIOTUYHOC IIOHATHUC Y

2

C o
3BYKOBBIX BOJIH PABHO @ =1 2S . HpI/I‘ICM BBCACHUEC MHUMOMU €IWHUIIBI U ACIICHUA
14

Ha 2 HEOOXOAMMO, IIOTOMY YTO 3TO CHAENAHO JUId eAMHO00pa3us GopMyll, TaK Kak

. h
KHHEMATHIECKAs BAKOCTh BAKYyMa PaBHA v =i . O¢ddexTrBHAT TOCTOSAHHAS
m

Ilnanka paBHa h, =-2imn/p, W 3HAYUT COOCTBEHHAs! PHEPTUS IMOJIOKUTEIbHAs

2 2 2 3
: c .
E = %;a)n = l%;q =e— . MHTEpBaN ¢ yueroM BoJIHBI 1e bpoins pasen
&n"mn lén"m™n c,
2
mc mc meds . c,ds
wdt — kdr = uéds/c—7u,§ds = =i U COBIAJACT C BBIUYKUCICHHBIM C

fi 2v
ITOMOIIIBIO 3ByKOBOM BOJIHBI, TAK KaK 3ByKOBas BOJIHA obOnamaer PEAATUBUCTCKUMU

CBOMCTBaMH CO CKOPOCTBIO BOBMYIICHUA, paBHOﬁ CKOpPOCTH 3BYKa.
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HOHy‘{aCTCH, 4TO BPEMs KH3HHU OpraHU3Ma OIPCACIIACTCA HHBapHaHTHOﬁ

o .S
BEJIIMUUHOU i
2v

Re=Re, —Re’ — ot = 2;”

=iRe=iRe,. DBbuucium wu3MeHeHue ywucina PelHoubaca

, TJIe BeJIMYMHA BHEIIHETO PACTymiero 0e3pa3MepHOro

cr

2r
JIaBJICHUS paBHA P = ot; @ = Ota dopmyna onpeaenseT pa3BUTHE OpPTraHU3Ma.

JlamMuHapHBIA pexuM ymucna PelHoibica OrpaHuYeH KPUTHYECKUM 3HAYEHUEM, U

IpU YCIOBUU Re =Re, KBaJpaTHbIA KOPEHb PaBEH HYJIO Re’, = @t U HaUMHAETCA

KOMIIJICKCHOC Typ6yJ'ICHTHOC PCUICHUE, YTO MAJIsI OpraHu3Ma HCEBO3MOXHO H

HaCTynnacT CMCpPTh.

B cuty moJ0KUTENBHOCTH 3HEPTUM BOJHOBas (PYHKIMS OMUCHIBAET CBOOOHBIC

YaCTHUIbI, 4 HC CBA3aHHOC COCTOsIHUC, U PABHA

R, = (21 1)' —HM__exp(—ikr)(2kr)’ F(— +1+1,21 + 2,2ikr)

OpUueM Kak IMOKa3aHo B [4] BoiHOBas (YHKIUS BELIECTBEHHAss U UMEET

ACUMIITOTHKY
R, = Zsin(tr + Linkr—Z1+6)
r k 2

HqueM CKOPOCTb NIOTOKA KOMIIJICKCHAsI 1 UMCCT BHU/I

alnR 1
Vo =v(——2+ —_kv ——=kv) |ind(kr—a,)+V. =
=V Zl kr—a, —i0 Zl r=a)tVop ]
k’O N kny ’
—kvz ins(kr —a )+7zzkr0,z Vo —— | = In(x-a,)|"=
n=1 n=1 a, n=l _N x—-a, n=1

[IpuueMm uucno PeitHonbiaca ayist 6akTepuil 1 BUPYCOB UMEET MHUMBIM OTPOCTOK,

V kny
pasMepoM B CHUCTEMY Re=-— . —Z ind(kr —a,) + 7ikr,. CylnieCTBOBaHHE MHHMOIO

n=1

OTpPOCTKa I[J'IPIHOﬁ B pasMCp CHUCTCEMBI CICAYCT M3 KBAaHTOBOM MEXAHUKH M HE

MMOATBCPIKAACTCA B MUKPOCKOIIC, CBA3U CJIIMIIKOM TOHKHC. Onu pCaIin3yroT CBA3U
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OaKTepuil U BUPYCOB CO BCeM OOBEMOM JAHHOTO opraHuszma. [Ipuyem »TH CBs3u

IMOJIC3HBIC JJIA OpraHni3Ma, 3a CUCT HUX IIPOUCXOAUT YIIPABJIICHUEC OPraHUu3MOM.

BTop:keHue NOCTOPOHHEro BHpyCa TOXKE NPHUBOAUT K CBS3IM OpraHu3Ma, HO
O€CIOJIe3HbIM, UTPAIOIIUM Pa3pYIIUTEIbHYI0 poib. HO Kak OTIWYUTH pa3HbIe
BUPYCHI, KaKUM NPHU3HAKOM OHHU XApPAKTEPU3YIOTCSA? IDTOT NpPU3HAK BOJHOBOE
YHCII0, WIM YacToTa KojeOaHuil Bupyca. Hamo y mramMmma Bupyca ompeneiauTthb
4acTOTy ero kosiebaHus U Aaiee o0JydaTh ¢ 3TOW YAaCTOTOM OpraHU3M, paspyiias
JAHHBII BUPYC 3a CUYET pe3oHaHca. Pe3oHaHC MPUBOIUT K CMELIEHUIO YaCTULI,
POMOPIIMOHAILHOE BPEMEHH, T.€. CBSI3M C OPraHU3MOM OOpPBIBAIOTCS, OTPOCTKU
pa3pylIaloTCs, U pa3pylIEHHbI KOPOHABUPYC YAAISETCS U3 3aHUMAeMOil 00JacTu.

Ho BHecy 10Ky AerTs B npeanoiaraeéMblid AITOPUTM YHUUTOKEHUS KOPOHABUPYCa.

qa’p,
16n°m’n’

I[CJ'IO B TOM, 4YTO PC30HAHCHAas 4aCTOTa MHHUMAas @, =i 4dTO IPUBOAUT K

IeHCTBUTENLHOM 4acTOTe, paBHOU Q, =+2w, ++/20, sinw, t 1 HyXHA NeHCTBHTENbHAS

4acToTa, MEHSIOIAsCS 10 3TOMY 3aKoHY. Hajmo moctpouTs unnydaresns ¢ popmymoit

t
JUIS U3JIyY€HHOI'O CUTHala s(t) = sinj (@, + @, sinw,uldu =sin(w,t +1-cosw,t). Takxe
0

KaKk B MHKPOMHPEC HMCIOTCA 3apsaibl OJICKTPOHA MW IIPOTOHA, W OHHU CO34AaI0T
QJICKTPOMArHuTHOC II0JIC, B MHUKPOMHPC HMCHOTCA 3apAldbl 3BYKOBOI'O IIOJIA,
KOTOPBIC CO3AaI0T 3BYKOBOC IIOJIC CM. [5] B kauectBe 3apsAa0B 3BYKOBOI'O IIOJIA

BBICTYIIAIOT 6aKTCpI/II/I, BUPYCbl M KIJICTKH OpraHm3imMa, KOTOPBIC KOJICOTIOTCS C

2

MHHUMON KOMIITOHOBCKOM YacTOTOU = JTa 4yacTtoTra B JICUCTBUTEIHLHOM

2v

IPOCTPAHCTBE pPaBHA ® = \/_ COTJIaCHO (PU3UYECKOMY CMBICITY

2V

MHHMMOM BEJIWYHUHEI.

B HU30TPOITHOM TBEPJAOM TCJIC NMCCTCA ABC CKOPOCTH KOJ'Ie6aHI/I$I, IMoJIsIpHasA U

aKcuanpHasg. AKCHAIbHBIE Yy TIONEPEUHbIX KoyeOaHUul divu, =0,u, =rotA U

NOJISIPHBIE 'y TPOJOJIbHBIX KOJeOaHWH rom, =0,u, = gradp . YTOOBI aKCUANbHBIN
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BCKTOp CACIaTh MOJIIPHBIM, HAI0 YMHOXXHUTH €0 Ha MHUMYIO €JIMHUILY u =u, +iu,.

TemnepaTypa y 3TUX BEKTOPOB pa3Hasi y MOJSPHOTO BEKTOpa MOJOKUTEIbHAs

T, =mu; /2= m(ﬂ)2 /2, a 'y  aKCHaIbHOTO  BEKTOpa  OTpHUIlATEIIbHAS
PC

T =—mu’/2= —m(ﬁ)2 /2. Takum 00pa3oM B M30TPOITHOM TBEPAOM TEJI€ MMEETCS

t

JBE TEMIIEpATypbl, IOJOXKUTEIbHAA U OTPULIATEIbHASA, U UMEETCS BO3MOKHOCTD
YMEHBIIATh CBOIO DHTPONIMIO. Tak KaK B TBEPJIOM TEJIE UMEETCS ABE TEMIIEPATYPHI,

9Ta CUCTCMa HCPABHOBCCHAs.

Ho B Mukpockone 0akTepuu ¥ BUPYChl BBITJISASAT Kak >KMBbIE CYIIECTBA, OHU
Pa3sMHOXAIOTCS JACJIEHUEM, YMHUPAIOT, JABUTAlOTCS. B KBAHTOBOW MEXaHUKE
CYLIECTBYIOT PEAKUMHU B3aUMOJCHCTBUSA, KOTJA COIJACHO 3aKOHY COXPAHEHUS
HHEPTUU U UMITYJIbCA, U3 JIBYX YaCTUIl 00pa3ylOTCs JABE APYTU€ YaCTHUIIbI, MU OJTHA
YyacTHUlla pacragaercs Ha JBe apyrue. Mnm u3 aByX dacTull oOpasyercss OjHa.
DJleMEeHTapHas YaCcTUlla UMEET KOHEYHOE BPEMS JKU3HU, U YMUPAET, pacnaaasich Ha
0oJiee MeNKUE 3JIeMEHTapHble YacTUllbl. HO MX HUKTO HE HA3bIBAET )KUBBIMH. JTO
KBaHTOBBIE OOBEKTH. B3auMOJEUCTBHE AJIEMEHTAPHBIX YaCTHUI[ COOTBETCTBYET

B3aMMOJICHCTBHIO OAKTEpUI U BUPYCOB, UX POXKICHHUIO U CMEPTH.

6. OIIMCAHME C IIOMOILIBIO YACTHUI] BAKYYMA KU3HU U
CMEPTHU OPTAHU3MA

B naHHOM cTathe BBOAUTCS NOHATHE KOPHS M3 TEMIEPATypbl, KOTOPBIM HMEET
NEHUCTBUTENBHYI0O M MHHUMYK 4YacTb B TYpOYJEHTHOM pEXKHUME, U TOJIBKO
JNEUCTBUTEIPHYKD YacTb B JaMUHapHOM. JleWcTBUTENbHAs 4acTb KOpHSA
COOTBETCTBYET  ITOCTyNaTEIbHOM CKOPOCTM 4YacTHL, a MHHMMas 4acTh
CPEIHEKBAIpaTUUHOMY OTKJIOHEHHIO, PAaBHOMY KOpHIO M3 KOJeOaTelabHOH H
BpamiareiabHOM dactu osHepruu. KomebaTenbHOe M BpallaTrelbHOE 3HAYCHHE
CKOPOCTH 2JIEMEHTAPHBIX YaCTUL MOXKET OBbITh, KaK IEHCTBUTENBHOM - JAMUHAPHOM,

TaK ¥ MHUMOW - TypOyJeHTHOH, BenuuuHOH. Temriieparypa, COOTBETCTBYIOIIAS
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K0JIe0ATEJIbHBIM M BPAILATENIbHBIM CTENEHSM CBOOOJBI, ompeaesercss Mo Kak
IIOJIOKUATEIIbHAS, WM OTPULATENIbHAS B 3aBUCHMOCTH PACCMaTpPUBAECTCS KUBas
IpUpOJia WIN 3JIEMEHTapHble yacTullbl. MiMeercs aBe Gopmysbl Ajii CyMMapHOU
TEMIIEPATYPHI )KUBOM U HE )KUBOU IIPUPOJIBI, U BKJIAJl B CYMMAapHYIO TEMIIEPATYPY B
Jr000M cityyae OyIeT OJI0KUTEIbHBIN, HO TEMIIepaTypa U SHEprusl KoiaeOaTeIbHbIX
U BpallaTeJbHbIX JBWXEHUN OTpHULATEIbHA. JTa KiIacCHU(UKAIMs CBs3aHA C
OOJBIION TUIOTHOCTBIO 3JIEMEHTAPHBIX YaCTUI[ U MaJlOM IUIOTHOCTBIO >KMBOM
IPUPOABl M C OTIMYAKOLIEHCA JIUHAMHUYECKOW BS3KOCThIO. IlosoxkurensHOE
3HAUEHUE DHEPIrUU MPOUCXOAMUT IPHU OOJBIION IUIOTHOCTH M MAajoM pa3Mepe
3JIEMEHTApHbIX YacTull. JKuUBbIE OpPraHU3Mbl HMEIOT OOJBIIYI0 MAacCy U Malylo
wioTHOCTh. WX KoneOarenbHass M BpallareibHash HHEPrUst W TeMIeparypa
OTpHUIaTeNIbHA, YTO COOTBETCTBYET YOBbIBAHUIO SHTpoNUU. [Ipn yOpIBaHMM SHTpONIUN
IPOUCXOINUT C€aMO OpraHu3auus >KABOrO opranusmMa. Ho mnpum mnmurensHOM
yObIBAaHUM SHTPONMM 00pa3zyeTcss KpUCTAIUIMYECKas CTPYKTypa, KoTopas
COOTBETCTBYET NOPSAKY U HYJIEBOMY 3HAYEHUIO dHTponuu. Ho yacTubl Bakyyma,
oOpa3ylolye JJIEMEHTAapHbIE YaCTULBl IpPU IEPEXOAE K KPUCTAUIMYECKOU
CTPYKTYpPE HMMEIOT MaIyl JCHCTBUTEIBHYK) KHHEMATHYECKYHO BSI3KOCTb, 4YTO
IPUBOJUT K IOJIOKUTENBHOM TEMIIEPATYpPE U POCTY SHTPONHU. B CcBA3M ¢ pocTOoM
TEMIIEpaTypbl pacTeT KUHEMAaTHU4eCKas BA3KOCTb KIETKH, KPUCTAIMYECKas
CTPYKTypa paspyliaercs, y Hee oOpa3yeTcsi oTpulaTeibHas TeMIlepaTtypa, U OHa
CHOBa MOXET CaMO OpPraHM30BBIBATHCS. [[pOMCXOAUT B CBSI3M C POCTOM BPEMEHHU
YMEHBILIEHUE HHEPIMM KIIETKH, BpeMsi OOHOBJICHHS YBEIMYUBAETCS, DHTPOIUSA
o0Opa3yeT KOHCTAaHTy, KOTOpas SIBISIETCS €€ MaKCUMyMOM. MakCUMyM 3HTPOIHH,
3TO MNpEKpalleHue TEII000MEHa M CMEpPTh OpraHu3Ma. bblIo OLEHEHO cpenHee
BpeMsi OOHOBJICHUS OPraHU3Ma MPU HOPMaTbHON SHEPTUU KIIETKH, OKa3aiach [udppa

5 JICT, YTO COBIIAAACT C OKCIICPHUMCHTOM.

5.1 OnpeneneHue XaOTUYECKON U KOTE€PEHTHOM Y4acTh JUIOJIEN
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OmnuiiemM 00pa3oBaHKUe KPUCTALINYECKON CTPYKTYPhI U3 YaCTHUIl BaKyyMa, 4TO
OyZIeT UCITOIB30BAHO TP TOCTPOCHUH OMHUCaHus KIeTKU. K cucteme HeTmHEHHBIX
nuddepeHnalbHBIX YpaBHEHUN CBOAMTCS CHCTEMa YypaBHEHUM JABUIYKCHHM
Hprorona, onuceiBaromue B KOMIUJIEKCHOM IIOCKOCTH 3aJady JABWXKEHHS st N
JIATIOJIEN, TTOJ IEUCTBUEM CUJIBHOT'O 3JIEKTPOMArHUTHOTO MOJISI AUTIOJIeH. YacTuubl
BaKyyMa oOpa3yroT JAUIOJH. YpaBHEHUE JIBMKCHHUS C YUETOM CUJI, JCHCTBYIOIIMX

MEXTy AUMOJISIMU, UMEET BU]I

dz Xl N 3rkp\/(rkp,dp)(rkp,dk) ~

222[ 5

)
dr” myc a” r;
P

k#p

V(rkp’dk) dk\l (rkp’dp) ] Lz_y
'\/(rkp9 )r];g 2\I(rkp9 )r];g 2 m,

r,=r-r,d, =1/,

p>-p p

f,=F,(x,..xy) (5.1.1)

I'ne 7, oOpasyromias yacTull Bakyyma cM. [6] c¢Tp.66, a XapakTepHbIA pasmep

CHCTEMBI, B CIy4dae 3JIEMEHTApHBIX YacTHIl paauyc aroma bopa, B ciiydae KuBOU
KIIETKM €€ pa3Mep. AHaJOTMYHOE PABEHCTBO IOJIYYaeTCs IPU HCIIOIb30BAaHUU
ypaBHeHus: HaBbe - Crokca, ONMCHIBAIOIIEE KBAaHTOBYIO CHUCTEMY. YpaBHEHHE
Habe-Ctokca, coorBercTByromee ypaBHeHUIO Illpenunrepa, BBITIIAIUT TakUM

obpazom

o, w7, o, :—la—U+VAVl,V=ii,Vl __lﬁalnl//
ot ox;, m Ox, 2m m Ox,

OkBUBaJIEHTHOCTH ypaBHeHus penunrepa u HaBbe — Ctokca cMm. [6] cTp. 58-59.
[Ipu paBeHCTBe rpajuieHTa MOTEHIMAala HyII0 00pa3yeTcsl MOCTOSHHOE 3HAYCHHE

CKOpOCTH BCEH CHCTEMBI Ipru OmnpcACsiCeMOM pPACCTOAHUMU MCIKAY 4YaCTUIaMHU
. h

BaKyyMa. I[I/IHaMI/I‘ICCKaH BA3KOCTH pPaBHaA /J-l-lz—pb, rac HCIIOJIBb3YCTCA
m

IIJIOTHOCTB I[BHF&IOIH@ﬁC?I HYaCTHUIIbI.

KOOpI[I/IHaTBI IMOJIOKCHHUA PAaBHOBCCUA LA 9TOM CHCTEMbl HEIMHEHHBIX

ypaBHEHUH ONPEIENSIOTCS U3 YpaBHEHUN
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k k P
3(2 ) (z ds+|k_p|Aae7dp)(z ds+|k_p|Aae9dk)]
s=k

Z { m=p s=p _

k
e (> d,+|k—p|Ae)’ ]
s=p
p P k k
N z ( ds+|k_p|Aae9dk) Z (Z ds+|k_p|Aaeadp)
L L 1/(5.12)
— P
N 20@,)> dtk-plAe)] 2, d+ k- plAe)
§=p s=k

/[(Zk: d,+|k-plA,e)’T"}d, =0

s=p
N

D> A4,d,, =0

k=—N

N3 pemieHns 3TOM CUCTEMBl HEIMHEMHBIX YPABHEHUMN OMPENEIATCS 3HAYCHUS
d,=d,(p,k_,...ky),k,=n npu nemplx 3HaueHusx p,k. llpuuem OyayT
BBIJICJICHO CYCTHOC KOJIMYECTBO HampasiaeHui d,, BIOJIb KOTOPBIX HMECTCs
JIUCKPETHAsl CTPYKTypa. JTa CHCTEMA HENMHEHHBIX ypaBHEHUN umeer 2N +1
pa3sHbIX KOMIUIEKCHbIX 3Hayenui d,. T.e. umeem 3(2N +1)> 3HaveHwmit

d,, . k,a=—N,..,N. UtoObl cucrema JIUHEHHBIX YpPaBHEHHH OTHOCUTENIBHO d

ka>
MMella peIeHre HeoOXOIMMO HyJieBoe 3HadeHue onpexpeimrens |4, |=0, rae

matpuua A, aHTHCHMMeTpHYHa, Cpeau pelIeHHil 3TOH HeINHEHHON CHCTEMBI

YPAaBHEHUM  CONEPKUTCA  KPUCTAUIMYECKAss  pelmeTka Npu  YCIOBHH

k -
Z d, =(k+ N)d, nomy4aercs TOXKAECTBO ;3
P i— (k—Dp)

k#p

=0,p=-N,..,N.TyrHano

CKa3aTb, 4YTO 06pa3yeTc;I HHTCIPAJIBHOC YPABHCHUC C CUCTHBIM KOJIHNYCCTBOM

pELIEeHUI 1 COOCTBEHHBIX 3HAUCHHI.

HavanbHoe npuOIMKEeHUE 3HAYEHHS] ONPEIEIUTENS ONPEIEISIeTCsS MpU

yenosun (d,,d;)=6,, . VI3 paBeHCTBA HYIIO ONPEENUTENs ONPEJEIsieM Havaio
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k
OTCYETAa KPUCTALUINYECKOU PEUIETKH Z d,+|k—-p|A,e,k=-N,..,N. Kaxnomy
s=p

HallpaBJICHUIO, 3aBHCAIICMY OT BCIHWYUHBI & KpHCTaHHHqCCKOﬁ PCUICTKH,
COOTBCTCTBYCT CBOC Havdajlda OTCUCTA, HJIU COOCTBEHHOE YHCJIO. HpI/I OIIPCACIINTCIIC

pPaBHOM HYJIIO, OImIpcaAcIsiICM C TOYHOCTBIO A0 MHOXKHUTCIIA BCIMYUHBI dka’

HOPMHUPOBAHHAs 0 3HAYEHUIO 3Heprun B hopmyie (5.1.6).

TemnepaTypa BpamateiabHOrO0 M KOJEOATETbHOTO NBIKEHHUS B BSI3KOW cpene

ompenenseTcs mo Gopmyie
kT, =m< (iV)* > exp{-2iarg[u + ihp, /(2m)]} . (5.1.3)

da3a B 3KCIIOHEHTE COOTBETCTBYET TMHAMHYECKOW BA3KOCTH B unciie PeriHomnbaca.
Yucino PeitHonbaca MOKHO OMUCATh, KAaK UMEIOIIEE TEUCTBUTEIBHYIO BA3KOCTh, HO
KOMIIJIEKCHYIO CKOpPOCTh. B JBYyX TpeNeNbHBIX CiiydasX >KMBOM U HE KUBOU

IPUPOABI TEMIIEpaTypa MO0 OTpULIaTeIbHA, JINOO0 MOJOKUTEIbHA.

HNmeem popmyiy aiis TeMiepaTypbl

\/kTZ :|\/k(TZJ_rTn) +i\/¢an ] (5.1.4)

m m m

I'me mepBbli wieH mnpaBod dactu (5.1.4) wucmonab3yeT JeWCTBUTEILHYIO
MOCTYNATEIbHYI0 CKOPOCTh MOJIEKYJ, a BTOPOM WIEH BpallaTelbHYI0 U
K0JIe0aTEeNbHYIO CKOPOCTh. BepxHuii 3Hak TeMIrepaTypbl OMUCHIBAET TYPOYICHTHBIN
peXUM y OaKkTepuil U BUPYCOB, a HUHKHUI 3HAK 3TOT K€ PEXKHUM Y DIIEMEHTapHbIX

JaCTHII. HO,IIKOpCHHOC BBIPAKCHHUC ITOJIOKHUTCIIBHO BCCTAa.

[Tpu mamnoi macce U OOJBIION MIOTHOCTH YaCTHIIbI ACUCTBUTEIbHAS YaCTh
TEMIIEPATYPhI BPAIATEILHON U KOJIE0ATeIbHOW YacTH NostoxkuTensHas 7, >0, kak
3T0 cienyet u3 (5.1.3), u popmyna onuceiBaeT TypOYJICHTHBIN PEXUM HCIIONb3YS
HIWKHUM 3HAaK y 3JeMeHTapHbIX yacTull. [Ipm Oombiioll macce BpamiaTesbHas U

KosiebarenbHas yacTh Temneparypa 7, <0 oTpuuaTenbHas Kak 3TO CIENyeT U3

(5.1.3), W HyXHO HCINOJB30BATh BepXHUWA 3HaK. dopmyna onuceBaeT
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TypOyJICHTHBI KOMIUIEKCHBIN PEXHUM, YTO COOTBETCTBYET TeMIepaType OakTepuid
¥ BUPYCOB, KaK HMEIOIIUX OOJBIIYI0O Maccy, yeM 3JeKTpoH. ClenoBaTenbHO, B

TypOyJEHTHOM DeXUME IoJIHas 3Heprus papHa kly. O0GO3HauMM TeMmImepaTypy
OJIHOrO Buja dHepruu 7;. B maMuHApHOM pexuMe OHAa OJMHAKOBA Ul Pa3HbBIX

BHUIOOB OHCPIHH. B JJaMHUHApPHOM PCKUMCE I BBIIIOJHCHHUA PABCHCTBA SHCPIHUHU

MOCTYNaTeIbHOTO JBUKEHHUS TUTFOC SHEPTHUS KoJiebaTenbHas U BpalllaTesibHas paBHA
CYMMapHOH 3Hepruu, corinacHo ¢popmyne (4) /7, (1 + J2)=+E =, /T . OHeprus B

Clly4ae JIaMHHApHOro pexuma pasHa 3717 =375 /(1 + \/5)2 <Ts, 4TO MPHUBEICT K

BBIJICJICHUIO SHEPTUU MPHU [IEPEX0/I€ OT TypOYJIEHTHOIO PeXUMa K JaMUHAPHOMY.

OTmeuy, yTO KiaccHU(UKAIMs Ha NEPEeXo] OT TypOyJIEHTHOIOo pexuma K
JaMUHAapHOMY OpWTHMHAJIbHA M B JIUTEpaType HE paccMaTpuBajach, Kak H
TypOYJEHTHBI PEXUM TEUEHUs C KOMIUIEKCHOM CKOpocThto. B nureparype
UCIOJIB3YETCSI TOJIBKO JIJAMUHAPHBIN PEXKUM C OJJMHAKOBOM TEMIIEPAaTypOil y pa3HbIX
creneHeir cBoboabl. [IpoBepkoil mpengaraeMoil uaen TypOyJIEHTHOTO peXHUMa
SBIIIETCSL BBIJCJIICHUE DSHEPIUM IMPU MEPEXOoJe OT TypOYJIEHTHOIO pexuma K
JamMuHapHoMy. B ruapoanHamuke npu mepexone OT TypOyJIEHTHOro pexuma K
JaMUHAPHOMY BBIICTISIETCS HEPIHsi, YTO OTPaXE€HO Ha rpaduxe KodPduireHta
CONPOTHBJICHUS B 3aBUCUMOCTU OT yucia PelHonpaca cMm. [9] ctp. 25 Fig 2.
Nmeercss mMuHuMyM Kod(d@uilMeHTa CONMpOTUBICHHUS MpH uucie PeitHombiaca,

paBHOM 2300, 3HAUUT MUHUMYM JaBJIEHUS WIH SHEPIHH €IUHULIBI 00BEMA.

IIpOOKUTENBHOCT  KU3HM ~ OPraHW3Ma  COOTBETCTBYET  OTHOLIEHHIO
JNEUCTBUTEIPHON M MHUMOM YacCTH TEMIEPATyphbl, IIPH MX ITOCTOSSHHOM MOJYJIE,
KOTOPBIM MBI M MeEpsieM C IIOMOILIBIO TepMoMeTpa. Ilpmuem mHMMas yacts,
COOTBETCTBYIOILIAasl KOJIEOATENIIbHBIM W BpPALLATEJIBHBIM  CTENEHSIM  CBOOOJBI,
MeHnsiercs. [Ipyn HyaeBol MHMMOM 4acTH HACTYIIAET CMEPTh OPTaHU3Ma, IPH €TO HE
HapylIeHHOM (YHKIMOHHUpPOBaHMM. [Ipy 3aMKHYTOM LUKJIE pa3BUTHs KIETKH €€
KosneOaTenbHass W BpalllaTelbHAas YacThb OSHEPIUUM NPOXOAUT 4Yepe3 HOIb U

CTAaHOBUTCSI TO TOJIOKUTEIBHOW, TO OTpuUarenpbHod. Ho ammuryna 3Tux
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KoJieOaHUM TPOMOpIIMOHANIbHA JHEpruu kietku £ cm. dopmyny (5.1.6) u

OoTpunaTteciibHasa TCMIICPATypPa BOCCTAHABIIMBACTCA.

KOpeHB N3 TCMIICPATYPBI MOKXCT MMCTH IIPOU3BOJIBHOC 3HAYCHHUC, BIIJIOTH 10
OTpHUIATCIBbHOI'O Yy I[CﬁCTBPITCJILHOﬁ qacTH. KOpCHL N3 TCMIICpATyphbl CBA3dH C

KBaaApaToOM CKOPOCTH COOTHOICHHUCM

2kTy

m

=x(u +1iv)

2kTy

m

2 2 .
=u” —v° +2iuv

Kak onpenensiTh MHUMYIO YaCTh KOPHSI U3 TEMIIEpaTyphl 3TO OobIIast mpodiema.
KomrekcHass CKOpoCcTh BOCCTAHABIMBAETCSI C TOYHOCTHIO 0 3HaKa. [Ipu MHUMOIM
TEMIIEpaType UMEEM PABEHCTBO MOJAYJIEH IEMCTBUTEILHOW U MHUMOW CKOPOCTH C
TOYHOCTBIO J10 3HaKa. [Ipu oTpuiateIbHOM MHUMOM YacTH, 3HAKU JIEMCTBUTEILHOU
U MHUMOM 4YacTH MPOTHUBOIOJIOKHBI, TIPH MOJOKUTEIBHOW COBIaaT. B olmem
CIy4ae CKOPOCTh YAaCTHI] MO KOMIUIEKCHOM TEeMIEpaType BOCCTAHABIMBAECTCA C
TOYHOCTBIO J0 3HaKa. B sKcrnepuMEHTe Mbl MEpSEM TMOJIOKUTEIbHBIA MOIYJIb

= uz + V", 1 BOCCTAHOBUTH HCIZCTBHTCHBHYIO U MHUMYIO 4aCTb

TeMIIEpaTypbl

CKOPOCTHM HEBO3MOXHO. Ho B cnydae Haau4usi TEIMJIOBOIO H3IYYEHHS, OHO
IPOIOPILUOHATBHO V° (1-a), rne 3HaueHUE « ONpEAeNseT W3Iy4aeM Mbl WIIU

noTpebisieM sHepruto. [lpu TNOMOXKHUTENbHONW STOM BETUYMHE MBI H3ITydaeM
3BYKOBYIO SHEPIHIO, NMPU OTPUIATEIBHONM TOJBKO MOTpeOIsieM sHepruio. MoxHO
ONPECIIUTh U3IYYEHHYIO SHEpruto. TpeHue yBeITuYuBaeT MOJYJIb TEMIIEPATYPHI,
IIpU 3TOM 3aTpadyuBaercs >Heprus. M3iaydeHne 3ByKOBOM BOJIHBI IPOUCXOIUT MPHU
YMEHBIIICHU U TeMrepaTypbl 10 3HA4YCHUS TeMnepaTypbl

2Ty

m

=u’ +v* —v*(-a)=u’+v’a, TIe u,v CKOPOCTH TEIIOBOTO JIBHKEHHS.

HNHoe MOBCACHUC IIPpU THAPOIJHMHAMHYCCKOM HM3JIYUCHUMU 3a CUCT MHHUMOM

TypOyneHTHOM d4actu moToka. Ilog gedicTBMEM BHENIHErO0 BO3ACUCTBUS
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IIOBBIIIAETCA CKOPOCTh IOTOKA, MMEETCS TPaJUEHT CKOPOCTH, W TeMIeparypa
noTtoka pacrer. B TypOyJeHTHOM pexuMme B cliydae KOMIIEHCAIlMU KBajpara

IIOJIOKUTENBHON U OTPUIATENILHONM MHUMOW 4acTH =+ 2iu,v, U 3a CYET MHUMOMU

OTPULIATEILHOM YacTH IOTOKA —vg s dexTrBHAS TemIepaTtypa TypOyJIEHTHOM

YacTU TMOTOKA CHWXXAETCA, U TEIUIOBAas JHEPTUsl MOBBIMIAET YMEHBIICHHYIO
b (HEeKTUBHYIO TeMIepaTypy MOTOKAa, MNPOUCXOJIUT YBEIMYECHHE TeMIEpaTyphl
MOTOKa B TypOyJEHTHON cpene, MpU MOHMXEHUU TEMIIepaTypbl B JaMUHAPHOU
4acTH MOTOKA. TepMOMETp MepseT UCTUHHYIO, a HEe 3(DPEKTUBHYIO, TEMIIEPATYPY
MOTOKa, TaK KakK CKOpPOCTb Ha €ro TMOBEPXHOCTH HyneBas. DQdheKTuBHASA
TeMIepaTypa, ONpeaessioniasi SHEPTUI0 MOTOKA B JIJAMUHAPHOM U TypOYJIEHTHOM

MOTOKE OJMHAKOBA, HO MEHBIIE MEePBOHAYAIILHON HCTHHHOW TeMIepaTyphl. ITO
TIPOMCXOUT 33 CUET M3TyueHHs SHepruu IponopiuoHamsHoe v (1 — o). DTo Tak

Ha3bIBACMOC TCIINIOBOC, HCIIPCPBLIBHOC H3JIIYYCHHC IIOTOKA. OHpC,IIGJIHGTCH I10

H3JIYYCHHUIO, MHHUMAsA 9aCThb IT'MAPOIUHAMHUYCCKOTO TCUCHM .

Kaxk ONpCACIINT MHUMYIO YaCTb KOpPHS M3 TEMIICPATYpPbl, OHA OCTACTCA

2kTy

m

MOCTOSIHHOM W PaBHOM =u’ +via, re W3JIy4YEHUE DHEPIUUA MPOMU3OILIO.

[Inaun pe6eHKa npn poxXACHUHU, HpPHU OTCYTCTBHUM BHCHIHCTO BOSI[GﬁCTBH?I,
OIIPCACIIACT BCIIMYNHY SHCPIUU IlJIavda Vz (1 - CX) , YEM JOJbIIC ITPOIJOJIKACTCA IIJIaYb

pebeHnka ©0e3 BHEIIHEr0 BO3ACHCTBUS, TEM MHUMas 4YacTh OOJbIIe H
MPOJOIKUTEILHOCTh KWU3HU ONpEAeNsieTcsl, HO JaJbHEHIIUi 1ad peOeHKa
ONPENEIISIETCS BHEIIHUM BO3JCHCTBUEM MW Ha BEJIMYMHY MHUMOW 4YacTu
TeMmnepatypsl He BiausieT. [Ipu ycnoBun o >1 pedbeHok He muayeT u ymupaet. Kak
OTJIMYUTH IJ1a4 O€3 BHEUTHETO BO3/IEUCTBUSA, ONPEIETSIONIEr0 MHUMYIO YaCTh KOPHS

U3 TEMIIEPaTyphl, OT IIaya C BHEITHUM BO3JCHCTBUEM HE pasperinmas npodema.
Ilnau Ge3 BHemIHero Bo3jeHcTBHs onpenensercs uneHoMm v (1—a), u sBuseTcs
CAMHUYHBIM, TIPU 33IaHHOM (¢ He ToBTopsercd. [1nau ¢ BHEIIHUM BO3EHCTBHEM

ompejieNseTcsl UIEHOM THAPOJMHAMHYECKOro mMoToka u paseH vo(l—a) u
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OPUBOAUT K TIOBBIICHUIO TeMIEpaTypbl TypOyJIeHTHOW 4YacTu Tena, TIpu
OJIMHAKOBBIX A(PPEKTUBHBIX TEMIlepaTypax MpPU CHUXKEHUH TeMIIepaTyphbl

JAMUHAPHOUW YacTH Tena.

CornacHo THAPOJAMHAMHYECKOMY  pacdeTy TypOyJIEHTHOTO  pexuma
JNEeUCTBUTEIbHAS YaCTh TEMIIEPATYPhl CHUCTEMbI OIPENEISETCS €€ KPUTHUYECKUM
yucnom PeitHonbica, B TypOyJI€HTHOM pEKHUME MEHSETCS TOJIbKO MHUMAs 4acTh.

k(Ty +T,)

m

3HAUUT BEJIMYHHA SIBISIETCS. KOHCTaHTOM. M3MmeHeHue OHCPIUHU

KOJIeOaTeNbHBIX U BpallaTeIbHBIX CTEIIEHEeW CBOOObI M1 CyMMapHOW TeMIEpaTyphl
MPOUCXOUT HA OJIHY U Ty K€ BETUUYMHY. 3HAYUT U3MEHEHHUE TeMIIepaTyphl Tela
OTpEe/IeIISIETCS. U3MEHEHUEM PHEPTUM KOJeOATEIbHBIX U BpalllaTeIbHBIX CTENEHEN
cB00ObI. OxyIaiuB TeJI0 Ha 1 Tpajyc Mo BpEeMEHH BOCCTAHOBJICHUS TEMIIEPaTyphl
MOXHO CYAWTh O TeMIlepaType BpallaTeldbHbIX M KOJeOaTeNbHBIX CTENeHEH
cB0o00b1. Kondduiinent, onpeaensonmii BpemMs: petakcaiyy 3aBUCUT OT SHEPTUU
KoJeOaTeNbHbIX U BpallaTeNbHBIX CTerneHel cBoOoabl. TakuM o0pa3zoM MOKHO
ONpPEC/IUTh 3HAYEHWE MHHUMOM CKOPOCTH, U, CJIEIOBATEIbHO, OTPHUIATEILHYIO

TEMIICPATYpPY MHHMOM 4aCTH, 1 BBIYMCIINTh BPCMs )KU3HW OpraHu3ma.

HyxHO ompenenuts KOHCTaHTY 7;,, COOTBETCTBYIOLIYIO KPUTUYECKOMY

yuciy PeitHonbca B TypOyieHTHOM peskume. OTHOCUTENNbHAS 10151 KO3 dULIMeHTa
TEIUIONPOBOJAHOCTH MPU TEMIEpaType >KUBOTO opraHuzma coctapiseT 1/40 mpu
u3MeHeHun Ttemneparypsl Ha 10 rpamycoB. Ilpenmonaras, 4yto kKo3QduUIMEHT
TEIJIONPOBOJAHOCTH MPOTOPIMOHANICH KOPHIO U3 TEeMIEpaTyphl KOJeOaTeIbHBIX U

BpalllaTeIbHbIX CTEIEHEW cBOOOABI, moirydaeM 3HaueHue 7, =309 -5-40=109,

paBHOE HOPMAaJIbHOW TeMIlepaType Tejla MUHYC MOJOBHHA Pa3HOCTU TEMIIEpaTyp,
COOTBETCTBYIOIICH OTHOCHUTEILHON TETUIONPOBOIHOCTH, YBEINUYEHHOE B BEJIMUUHY
obpatHoi nonu ko3 duimenta teronpopoanoctu 40. Mtoro nonyyaem hopmyiny
JUISL OTPUIIATEILHON TeMIlepaTyphl KOJIEOATENbHBIX M BpalllaTeNIbHBIX CTEMEHEH
cB00O/IbI MPUMEPHO paBHYO 7, =—200°, IpONOPLUOHAIBHYIO CPEIHEMY BPEMEHU

KU3HU. DTa BenuuuHa Oepercs B (opmysie ajii CKOPOCTH YacTHIl BaKyyMa CO
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3HAKOM  MHHYC. Mep;m OTKJIOHCHHUEC OT KBaJpara CpCcaHCro BpCMCHU
BOCCTAaHOBJICHUA OXH&)KHGHHOﬁ TEMIICPATYpPbl TCJd, IMOJYYHM OTKIOHCHHC OT

T, =-200°, u, cnegoBaTelIbHO, OTKIIOHEHUE OT CPEJHETO BPEMEHU KU3HHU.

Y noxapHbIX OpH TOXape HaONIOJAeTCs MPUCTOCOOJIEHHOCTh K
YMEHBIIECHUIO TOBBIIIEHHONW TeMIIepaType MpHu Mokape. ITO MPOUCXOJUT 32 CUET
CHIDKECHHSI TeMIepaTypbl KOJeOaTeIbHBIX W BpallaTelIbHBIX CTENEHEH CBOOO/IbI,
TEMIEPaTypy KOTOPBIX MOXKHO yMEHBIIUTh, YMEHbIIAS DJHTPONUI0. Y
TPEHUPOBAHHBIX MOKAPHBIX COOOIIEHUE TeIjla MPHU OTPHUIATEIBHONU TeMIIepaType
BpalllaTeNIbHBIX M KOJIEOATENbHBIX CTENEHEH CBOOOJBI BBI3BIBAET YMEHBIICHUE
TEMIIEpaTypbl 3THUX CTENEHEW CBOOOJbI HAa OTrPAaHUYEHHYIO BEIMYMHY 32 CUET
CHWXEHUS dHTpornuu. Ho npu He MOJTHOM BOCCTAHOBIIEHUHM MHHUMOM 4acTH KOPHS
U3 TEMIepaTypbl HAOIIOA€TCSl COKpAIEHHUE BPEMEHU JKM3HU, KOTOPOE

MPOSIBIISICTCS B pa3HbIX 00JIe3HAX U 00Jiee paHHEH CMEPTH OpraHu3Ma.

J1st 5KMBOM MPUPOBI OCHOBOM SIBJSIETCSl OoJiee KpynmHOe oOpa3oBaHue, YeM
DJIEKTPOH, TOATOMY BEIWYMHA MHUMOW JUHAMWYECKONW BS3KOCTH MECHBIIEC
JNEUCTBUTEIFHON JMHAMUYECKOW BS3KOCTH BOJBI, U3 KOTOPOM M COCTOUT KHUBas
KJIETKA. 3HAYUT aHAJIOT TEMIIEPaTypPhl, Xa0TUYECKOE JBIKEHNE OaKTepUid U BUPYCOB
UMEET OTPHUIATEIBHBIA KBAAPAT MHUMOTO CPEIHEKBAAPATUYECKOTO OTKIOHCHHS U
TeMIlepaTypa U dHEPrus OTpUIaTeIbHA. JTO MPUBOAUT K MOHMKEHUIO SHTPOIUU
JKUBOM MATEpPUUM M €€ OpraHu3alyH, MO CPAaBHEHUIO C HE >XKUBOW MaTepHei,
TEMIIepaTypa KOTOPOW TIOJIOXKHUTEIbHA, W, CJICAOBATEIILHO, JYHTPOIHUS pPacTeT.
N3menenne sHTporuu omnpeaenserca 1no dopmyne Tds=dU + pdV wu npu
OTpHULIATETFHOM TeMIepaType BpalaTeIbHOW U K01e0aTebHON YacTH MPUBOIUT K
CHIUKEHUIO DSHTPONHH, TPU HEPABHOBECHOM Tporiecce C TpeHmeMm. llpu
MOJIOKUTENBHON TeMIepaType BpallaTelibHOW U KoJie0aTeIbHON YacTH HHTPOMNUs

PaCTCT Y HCPABHOBCCHBIX ITPOLICCCOB C TPCHHUCM.

HpI/I 9TOM CTCIICHDb OQHTPOITNH CUCTEMBI XapaKTCPU3YCT BCIIMUNHA
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dln(ﬁ)N N
s=kIn2N +1-n)l;—C—=In—+1=InN. (5.1.5)
dN e
N
['me BennMuuHA 7 KOJIMYECTBO COBIIAJAIOIIMX 3HAYCHUU Z Z2,4C, - B ciydae
a=—N

KPHUCTaJUIMYECKON CTPYKTYphl SHTPOIMS pPaBHA HYJIO, TaK KAaK BCE pPa3MeEpPHI

N
Z &1a€, COBHANAIOT.
a=—N

[ToHuKEeHME SHTPONUU MPUBOJUT K MEPEXOY K PEHICHUI0 cUCTEMBI (5.1.6)
C YBEJIMYHUBAIOMIMMCS KOJMYECTBOM COBMAJAIONIMX JIEMEHTOB, T.€. B Mpeneie K

KPHUCTaJUIMYECKON CTpyKType. COTJIacCHO ONPEAENCHHUI0 JHEPIUU B CIUIOLIHOU
2 v 2 .
cpene, oHa paBHa E =_[ PV “dxdydz =—2J PR dxdydz. Ho xapakTepHbIii pazmep
v a vy
JIBUTAIOIIETOCS Tejla, 3TO NPOWJIEHHOE pPACCTOSHHME Z, 3HA4YUT ¢opmyna s

2
DHEPruu UMeEeT BUI E, = Z—Z(J. PV  dxdydz + @), E = I PV dxdydz + @ . TIpudem TaK
a vy v

KaK JKMBOM OpraHHW3M TEpseT JHEPrUI0 M3-3a TPEHUS, NPOUCXOIUT MOAINUTKA
sHEepruM W dopmyna IS DHEPIHMM  BBINNISLAUT  TakuM  00pa3oM

2. [z =57 |+57]

Ez = P E Ziz 9HCPIrusd NOAIMNTKHA 3a OAWH JICHb, IPHYCM YCBOCHUC
a

2
o |4
9TOU SHCPTUHU 3aBUCHUT OT ABHUIKCHUA OPraHU3Ma. Bennuuna blz = —2051-2 TCpsaACMast

p
SHEPTrHs 3a OJIMH [ICHb, TI¢ V KHHEMAaTHUYeCKas BSI3KOCTh CPeJibl, V/, XapakrepHast
CKOpPOCTh KIIETKH, C Majo MEHSomMUMC Kod(pdhuunreHTom al.z, BEJIMYMHA O
IIPONOPLUOHAIbHAS NPOMIEHHOMY PAcCTOSHHIO 33 OIUH JeHb. OHeprus E/E,

YMCHBIIACTCA, U 3aMCIJISACT IMPOLICCC IICpPEX0da K KpHCTaJIJIPI‘lCCKOﬁ CTPYKTYpC,

BpCM:I OOHOBJICHHS KICTKH YBCIIMYNBACTCA. I[J'I?I YBCIIMYCHUS ITPOAOJLKUTCIIBHOCTHU

JKU3HU HAOO0 Pa3HOCTb Ziz - blz ACJIaTh HYHGBOﬁ, T.C. HC IICPCCAAaThb, U HC HCAOCAATb
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M YBCIIMUCHUA TIPOAOJIKHUTCIBHOCTH JKHU3HU. 3,[[0p0BBIﬁ OpraHu3m ACJIacT 3Ty

BEJIMYMHY HYJIEBOM, UCIIOJb3Ysl BHYTPEHHHUE PECYPCHI OpraHu3Ma. YToObl OpraHu3m

MOT MCIOJIb30BaTh BHYTPEHHUE PECYPCHI, HEOOXOIUMO ABUTATHCS, T.€. YTOObI é}z

He paBHsAIach Hymo. Torna Bemmunna [| z7 — b’ |+67]E/ E, Gyner onTHMabHa,

ypaBHCHI/IG OanaHca OHCPIUH BBITJTIAONUT CJICAYIOIINM O6p2130M

k p
[(sta 3dp )][(sta Qdk]
s=p s=k

2 2 2
szg E Zl: [lz; —b; [+6] 1E/ E, N om, 72
2 - “Zma &4
0 k=—N "¢ (Z dsa,Z dsa)3/2
k;p k#p
p p N
sta a’Z :Z staca+|k_p|Aae
a=—N s=k s=k a=—N
(5.1.6)

[TIo mepe pa3BuTusi opraHus3Ma, BEpXHssl 4yacTh paBeHcTBa (5.1.6) pacrer, 3HauuT

KO3 PULIUEHT ¢, yOBIBAaeT, UAECT CTPEMIICHHUE K KPHUCTAJIMYECKOH CTPYKType C

YMCHbBIIAOIIUMCA IICPHUOAOM.

CornacHo [7] kmHeMaTHyecKas BSA3KOCTb KPUCTAJUIMUECKOH CTPYKTYpHI,
OPraHW30BAHHOW YACTHIIAMHM BaKyyMa, M3 KOTOPBIX COCTOSIT 3JEMEHTapHbIE
YaCTHULbI, TPABUTALMOHHOE, SJIEKTPOMArHUTHOE I10JIE€ ¥ 3JIEMEHTHI )KUBOM MPUPOIbI
ompenensercs mo  dopmyne  v=ca/3=3-10""2/3=10"cm? /s, Tne
c=3-10"cm/s  ckopocts cBera, a=10"cm XxapakTepHBIl pa3Mep YACTHIL
BaKyyMa, TIpH CpeHell KHEMAaTHIeCKoi BSI3KocTH Bogbl v = 0.01cm? /s . Tlo mMepe
yBesnnyeHus: jeBod yactu (5.1.6), B KieTKax »XUBOTO OpraHHW3Ma IPOUCXOAMT
NOHM)KCHUE KUHEMAaTUYECKON BA3KOCTH, CHCTEMA MEPEXOIUT K MOJIOKHUTEIbHBIM
TEMIIEpaTypaM IIpU BBINOIHEHUU YCHoBUA 7/4 <arglu+ihp, /(2m)]<3zx/4 n
BO3pAaCTaHUE DJHTPOINHH, KOTOpass M MPHUBOJUT K OTCYTCTBHUIO  CaMoO

OpPraHnM30BaAHHOCTU OpraHrU3Ma.
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Ho kak KOJIMYe€CTBEHHO OIIPCACIINTL BpEM: JKHU3HU OpraHU3Ma. I[JI}I 9TOT0 HaI0
BOCITIOJIB30BATHCA paBCHCTBOM

kT,As/a,An=| Am < (iV')* > exp{=2iarctan[3np, /(2 p,mcaa, )]} /(At,3V ) V)]

OTtkyna umeem auddepeHupys mo 0e3pa3MepHOil KOOPAUHATE U O0e3pa3sMEPHOMY

BpEMEHH MpH Oe3pa3MepHOl CKOPOCTH, PaBHOM €IMHUIIE

Ar =Vl 2 3np, Ay =y _
"3yl 3np, 2 2p,mecaa’ n(2N +1-n)
2p,mcaa,

P 1+(

|4 2 an B an+1

3V2 ) ( 2pmcaa, | 3hp, V4 5 2N +1-n)
3np, 2p,mcaa,

N

2 2

FI[C BCJIMYMHA PACCTOSIHUA MCXKAY 4YaCTULlaMHU paBHO 4, =( E dnuacna) )
a=—N

KOTOPBIC OIIPCALCIIATCA N3 PABCHCTBA

n

N

2 _p2452 — b |+67
I/ng£ I.ZZI:HZI i |+l]£ |kT| < |+ ]£:
¢’ E, a* E, uc’ a’ E,
k N N
2\/[(2 S, 24,0 S T
i L s=pa=—N -N s=k a=—N
k=—N a2 k 3/2
- (Z Z dnsa ’ Z Z dnsa)
ih e i

Yto mo3BojseT IMPOU3BECTU OLCHKY BPCMCHH KH3HU KIICTKH, CYMMY 3dMCHHM

OJIHUM YJICHOM, YMHOXXHWB Ha KOJIMYCCTBO YICHOB, IIOJTYYHUM
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52 N 2 2 2
z; —b’ | +0;
c? Eo a’ Ey e’ E, a’ £,
k D
2 [(stna9dpn)][(zdsna’dkn]
. I"y s=p s=k
_a_2 k k
(Z dsna’Z dsna)3/2
s=p s=p
k#p k#p
At=) At Del v %o
Zn: ! sz,,: ln(2m/m Ty 3V In(2m/m, 1)
2001010y 6 g0 sec
3-15°48
r,e  2.84-3.107°17
a ; -a,,)=a =0.022
" S(n +1)“2 Z (= ) = = av, Je  2.895.15-1079
Kunemarndeckas BSI3KOCTb BO/JIBI U pasmep KIIETKH paBHBI
v=0.0lcm” /sec,a=2.895-10"cm. Hcnonb3yercs COOTHOILICHHE

kT|e V,e &*
,Ub02 R

IJle XapakTepHas CKOPOCTh KICTKH paBHa V), =15cm/s.

Boiuuciaum Bpemsi OOHOBJIEHHS OpraHuM3Ma, €cClIM JUIMTENbHOCTH (pa3bl camo
OpraHM3allid COCTABIIET cpenHee BpeMsa Af. J{IMTEenbHOCTh BPEMEHHU KU3HU
KJIETKH MPU POCTE SHTPONMH TOpa3f0 MEHbIIE, TaK KaK OHO MPONOPLUHOHAIBHO
KMHEMaTUYECKOU BSI3KOCTH, KOTOpask MPH MOJIOKUTEIBHOU TEMIEpaType y KUBBIX
opranu3mMoB Maina. CpenHee BpeMs, 3a KOTOPOE pacHafercss OJHA KJIETKa IO
KpaiiHe#t mepe oauH pa3 At=t/N, rme ¢ Bpems OOHOBJEHHS opraHuzma, N
KOJMYECTBO KIETOK B OpraHm3Me. 3HauuT BpeMs pacmaza N =10'C kierok, T.e.
BpeMsi OOHOBJICHHS opranu3Ma paBHO ¢ = AtN =4.9year. J1o sBiseTcs peaabHOU
cpenHeit undpoit 0OHOBIECHUA KJIETOK OpraHu3Ma Ipu HOpMaJbHbBIX yclnoBusx. [Ipu

YMEHBIIEHUU DHEPruu KIETKU TMepexo]l K KPUCTAIUIMYECKOM CTPYKType

3aMCIJIACTCA U BPpEMS €€ OOHOBJICHHS YBCIINYNBACTCA.
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VYMmepias KiieTka UMeeT KPUCTAIUIMUECKYIO CTPYKTYPY, 00pa3oBaBIIyOCS 3a
BpEMs JKM3HH, B KOTOPYK) OpPraHM30BaJMCh 4YaCTHULBI BaKyyma, C MaJIOU
JNEHUCTBUTENBHOM BA3KOCTBIO NP MOJIOKUTEIBHON TeMIlepaType KoieOaTeIbHbIX U
BpallaTelbHbIX cTeneHeil cBoOoasl. IlojoxkuTenbHas Temmeparypa paspylliaer
KPUCTAUINYECKYK0  CTPYKTYpy  M3-3a  MOBBIMIEHUSA  OJHTponmu.  Pacrer
NEHCTBUTENbHAs KUHEMAaTHYeCKash BSI3KOCTb, CHOBAa 0O0pa3yeTcsi OTpULATENIbHAs
TEeMIepaTypa MU KJIEeTKa BHOBb OXHBaeT. HeoOpaTuMo yMeHbLIAeTCsl 3HEPIus

KJIETKHU, ¥ OHA 00pa3yeTcsi C MEHbILIEH SHEPTUEH.
VY noxwioro opraHuzMa y OOJIBIIMHCTBA KJIETOK YMEHBIIAETCS 3HEPIUs

E
KIICTKH —. HpI/I JKU3HU B OTHUX YCIOBUAX OSHCPIUA CHCTCMbI OIIPCACIIACTCA
0

2 42,52 E
[z = b |+0; ]E— KOTOpasi yMEHbIIAaeTCs 10 Hyssl. Bpems oOHOBIIEHHS KJIETOK
0

YBETMYHUBAETCS, MPOTIECC OOHOBIICHUS 3aMEIJISIETCS, YTO MPOSIBIISIETCS] B yTOHUCHUN
KocTed. lIpM yMEHBIIEHWH SHEPrMU KIETOK YMEHBIIAETCS OTHOLICHHE MEXKIY
KoJie0aTeIbHON 1 BpaIllaTeIbHOW TeMIepaTypou, SBIISIIOIICHCS €€ MHUMOM Y4acThIO
Y JCUCTBUTEIIBHOM 4YacThiO, PU HU3MEHHOM MOJyJe Temmeparypsl. [Iponecc
pa3BUTHSL OCTAHABIIMBAETCS, TAK KaK SHTPOIUS CUCTEMbl HEM3MEHHA, U HMEET
MaKCUMAJIbBHOE€ 3HAY€HHWE, MHHUMAas 4YacTb TEMIIEpaTypbl CTPEMUTCS K HYJIIO,
BHEIITHWE BHUPYCHI MPOHUKAIOT B OpPraHW3M, MMMYHUTET HE paboTaer, Tak Kak

SHEPrus KIETOK HyJieBasi, OpraHu3M O0JIeeT U yMUpaeT.

I[OKa}KCM, 4YTO SHCPIruA KIICTKHU HCO6paTI/IMO YMCHBIIACTCA. Ecau 3ammcath

dbopMyy OTHOCUTENBHO (ha3bl SHEPTUU KIIETKH

3
n nyrh

‘ t 3
a)t:j c(t)/adtzj cexpliarg(v +i i h)/Z—iarg(v+i
m

0 0 e m7

)/2]dt/b,

B KkBaHTOBOM MEXaHHUKE 4YacToTa HJaCTulbl CUYHUTACTCA 3aJdaHHBIM
nmapamMcTpoMm. Ho IIpr OIMMCAaHNH BHYTPCHHUX CBOMCTB TCJa, 4acToTa OIPCACIICTCA

YPOBHAMU OSHCPTUHU, SHCPTUA KOTOPBIX OIPCACIIICTCA 3HAYCHUCM IIOCTOSIHHOM
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HHaHKa, KOTOpasd MOJIydnJia AOOIMOJIHUTCIIBHOC ClIaracMoc. HpI/I 9TOM MOKHO
I10JIB30BAThCS OOBIYHBIM 3HAYEHUEM ITOCTOSTHHOM HJ'IaHKa, HO BBCCTH IIOIIPABKy Ha
JaCTOTY H3JIYUCHHUA, CACIIAB €C KOMIIJICKCHOM. 3aBUCUMOCTh OHCPIUMU KIICTKHU OT

BpeMeHU ompenensiercs hopmynoit exp(iw-t), T.e. CO BpeMEHEM SHEPrusl KJICTKA

3aryxaet. [Ipu 3Tom monydaem ¢azy KOMIUIEKCHOM CKOPOCTH B MAaTEPHAITBHOM TeEJIe

nr'h ,n0r3h
argow =arg(v +1 )—arg(v +i ), TIle n, KOHLEHTpAIMs 4acTUl] BaKkyyMa
y y
P JEUCTBUTEIBHOM 4YacToTe, » - CPEOHHU paanyC, COOTBETCTBYIOLIUU

pPaCCTOAHNIO MCKAY HaCTHUIAMU BaKyyMa.

N3  dopmynbsl s BEIUYUH @-t, BOCIOJIb30BABIIUCH (HOpMYJIOn
arg(l1+iN)=x/2-1/N, mpu OONBIINX 3HAYCHHWSIX N, pasjaras SKCIOHEHTY,

[l —ivm,(1/n—=1/ny)[(r’n)]
b

MoJIy4acM 3HAYCHUC YaCTOThI KOJIEOAHHS @ =

W3 sToil opmynbl, moiayyaeM BpeMsi, HAUMHAs ¢ KOTOPOTO YIPYyrue CBOMCTBA

1 _ihr3 nny b n

Imo cvm, n—n, cvm,

YacTHI] BaKyymMa yMeHbIIaTcs 1 =

5

n
——— =const ~1. KonuuecTBo vactul] B equHUIIE 00bEMA CBSI3aHO C
n—n

0

Bemnunna

pasMepoM KieTkn popmynoi nr> =1. OnpenennuM BpeMs CYIIECTBOBAHHS KUBOI
KIETKH C yYeTOM KOJIeO0aHWS OT  KPUCTALIMYECKOH  CTPYKTYphl B
CaMOOPIraHU3YIOLIUNCA OpraHu3M U OOpaTHO, T.€. BPEMs, KOTJla HEprusi KIETKU

yMeHbIIOCh B 2.73 pasa. [lpu sTom BenmumHa @ ompeaensercs mno Qgopmyie

2

e _
b= r, = > [TocnenHsisa BeIuyrHA 1JIs DJIEKTpOHA paBHa b =2.84 -10 Bem.

m,c

-13 127
T:i ho_2.84 130 10_57 =10"s=30year.
cvm, 3-1070.0110

v
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Kunemaruueckas BI3KOCTb BOJBI PABHYIO V = 0.0lcmz /s . BennynHa Macchl HJaCTuIl

57
Bakyyma y kBapkoB paBHa m, =10"" g cm. [6]. Ilo ncredenun 3Toro BpeMeHH, BO

BCCX KJICTKaX MHOT'OKpPAaTHO HpOfI,Z[)I OOHOBJICHHE U CMCPTh, DHCPI'UA KIICTKH YIIAACT

B 2.73 pa3a u ynpyrue CBOMCTBA KJIETOK YMEHbIIIATCS.

Kak MOXHO OOBSCHUTH 3axBaT KJIeTKU ApyruM BupycoMm? Korma kierka
nepeleT B KpUCTAIMYECKylo a3y, €€ BO3MOXKHOCTh CaMOOPTaHU3AlNU
UcyepnaHa U Tak Kak KoseOaTesbHas W BpallaTelibHas dHEPIUsl HyJIeBas, BUPYC
MOKET TPOHUKHYTh B HEe, MPUHOCS C COOOW OTpPHUIATENbHYIO TEMIIepaTypy,
KOTOpasi MO3BOJISIET KJIETKE C BUPYCOM CAMO OPraHU30BBIBATHCA MO MPOTrpaMMe
BUpyca. bakrepuodaru oOHapyX HUBaIOT JPYIyl0 4YacTOTy 3HEPIUU KIIETKH,
IPUHECEHHYI0 BHPYCOM, U B MOMEHT II€pEX0Ja B KPUCTAUIMYECKOE COCTOSHUE
KJIETKHM, INPOHUKAIOT B KIETKY M BOCCTAHABIMBAIOT DJHEPIMIO0 KIETKH, M OHA
BBI3JIOPABIMBAET W HOpPMaJbHO pa3BuBaeTcsi. OIWH pa3 BBUIEYHMB KIETKY,
OakTeprodarn 0o0pa3yroT pe30HAHC Ha YACTOTE KoJieOaHUs IHEPTrUu BUpYca, U
Jlajiee pearupyroT Ha 3HAYEHHE €r0 SHEPIHH, NMPOSBIAIOIIEECS B KOMIITOHOBCKOU
yactoTe KojeOanuil. Korma oH mepexoguT B KPHUCTAUIMYECKOE COCTOSHUE,
OakTepuodary M3MEHSIOT €ro SHEPIUI0 JO COCTOSHUS HOPMAaJIbHOM KIIETKH.
OOpa3oBaB MHOKECTBO PE30HAHCHBIX YaCTOT BUPYCOB OakTepuodaru MmoBBIILIAIOT

MMMYHHYIO 3aIIUTy OPraHU3Ma.

Beruncnimm  temmeparypy, COOTBETCTBYIOUIYK)  BpAIIATEIIBHOMY H

KoJiebaTeTpHOMY ABMKEHHIO 110 (opmyine ansa sHepruu [ebas cm. [8] §54, e
pasMmep KieTkn a =2.895-107¢m, OTKyna ompenenuM o0beM KIeTkH V , mMacca

3 2744 3/2
s sz V, re an kT e
KJIeTKH m =10""" g, moay4aeM ypaBHEHHUE m—2 ayg=m—— =

2 ade 10K

Breraucnsss w3 3toit popMynibl TeMrepatypy BpamiaTeIbHOTO M KOJEOATEIBHOTO
nBKeHus, mnoiayuuMm T =309.5°K, 4To sBiseTcs BEJIMYUHOU, OJM3KOU K
HOpMaJIbHOM  Temneparype opranuzma 1 =309.6°K. DOto Temmeparypa

COOTBCTCTBYCT IIOCTOSIHHOM CYMMC TCMIICPpATYpP IIOCTYIIATCIIBHOTO IABHIKCHUA H



43

BpAIllaTEIbHOIO C KOJIEOATENbHBIM JIBH)KEHUEM U COOTBETCTBYET KHHETHYECKOU
HSHEPI'UH CO CKOPOCTBIO, PABHOW XapaKTEPHON CKOPOCTH. BKitax B moCTynaTeabHyI0
DHEPIUI0 TeJla MHUMOM YacCTHM KOMIUIEKCHOM CKOPOCTH ONIpENEseT KOPEHb M3

MHUMON  Oe3pasmepHoit dactu. [losTomMy xapakTepHass CKOpPOCTh paBHa

m 1835-0.9-107%7
V,=c. —P =1.4.104 835-0.9 850 =149cm/s, npu UCIIO0JIb3YEMOM
"\dm 4-10
XapaKTEpHOU CKOpOCTH 15cm/s, riae cKopocTh 3ByKa B OpraHru3Me UMEET 3HAUCHHE
¢, =1.4-10°cm/sec. B aToii opMyne BBeIeH SMIHPHUECKHi KOXpUIMEHT Y4,

CBSI3aHHBIN C MCPpOX0OBaATOCTAMU ITOBCPXHOCTH IIPOTOHA M KIICTKHU. BaKTepI/II/I,

xuByme npumepHo 6.9 nueil npu temmneparype 309.4°K B xkenyake, UMEOT
pasmep a=4.15-10""cm W xapakTepHyI0 CKOPOCTb V,=199.6cm/sec kortopoit

cooTBeTcTBYeT Macca m=10""g. KomuuecTBo GakTepmii B xemymke B 1.3 pasa

MPEBLIMACT KOJIMYCCTBO KIJIICTOK OpraHU3Ma.

5.2 Brrunciaenue KOMILUIEKCHOM CKOpPOCTH ABUKXCHUS BHYTPH JKMBOU KJIETKHU

JKuoii oprannsm coaepxut 90 mporeHTOB BObI. 3HAYUT JABUKEHHUE €r0 KIETOK

OMMCBIBAETCS C MOMOIIBIO ypaBHEHHMEM HaBbe- CToKca 1715 Tena ¢ Majioil Maccou

%+ Vk%:—ia—Uﬂ/AVl,v =V, +ii,V, :_izéln :
ot ox,, m Ox, 2m m Ox,

Pemaercs BHYTPCHH:A 3a/lada IO OIPCACIICHUIO TCUCHNUA BHYTPU KIICTKH. Tak kak
I'paHua KJICTKHW CUJIBHO M3pE3aHa, €€ MOKHO IPCACTABUTH C IMOMOIIBIO C(I)epBI C

KOMIUTIEKCHBIM pagnycoM. CylecTByeT JaMUHapHOE pelieHne BHe chepbl

3a a’ 3a a°
V. =ucos@(1——+—=YV, =—usinf(l - ———).
: ( rooo2p3 Yo ( 4r 453
o .a R
Jlyist BHyTpEHHEH 3a/1auy PEIIeHUe MOTydaeTcsl 3aMEHONH — = — .
rooa
R3 3R R’

3R
V. =ucos@(l — + —=)V, =—usinf(l - — ——).
s ( a 2a3) ¢ ( 4a 4q°
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Orta 3a/a4ya pelieHa JIjs BHEITHOCTH cepbl. AHAJIOTHYHOE PELICHHE MOTydYaeTcs
JUT BHYTpeHHOCTH cdepbl cM. [9] cTp. 31. daza paszmepa Tena u paza KOMIIEKCHOTO

paanyca OOJDKHBI COBIIAAATh argR =arga. HpOI/IBBOJIBHOC TCJIO MOXHO CBCCTH K

chepe ¢ KOMIUIEKCHBIM paaumycoM cM. [10], rae ¢asa xommiuekcHoOro paauyca
oTpaxaet (opMy Tela, a ero MOAYJb ONpPEesieT pa3Mep Tea.

Kak 5310 cnemyer w3 pemieHuss 3anaddl  CYUIECTBYIOT JIB€ 00JacTw,
NOJIYJAarOIIMECS W3 YCJIOBMS pABEHCTBA HYJIIO CKOPOCTH, HOPMA&JIBHOH K
MOBEPXHOCTU O0JACTH M HYJIEBOM CKOPOCTH BIOJb TpaHulpl. llomyuaercss nBe
00JacTH, TaKk Kak KOMILJIEKCHAsi CKOPOCTb MMEET JABE KOMIIOHEHTBI, U YCJIOBHUSA
oOpazoBaHus 3TUX oOinacteld aBa. llepBoe ompezgenser HopMmanb K KBajapary
JEHCTBUTENLHON YacTH, a BTopas popmMy 0co0o0it 30HBI IO MHUMOI yacTu. Bropas
o0nacTh ompezenseT HopMalb 0 MHUMOM 4acTH, a GpopMy IO JEHCTBUTEIBHOU
gacTh. OTa 00JacTb COAEPKUT IUCKPETHOE paclpeaesieHue CKOPOCTH U B
YaCTHOCTH BUXPEBYIO JOPOXKKY, KOTOpasi 00pasyeT cnupaib, aHajgorndnyro JIHK
KJIeTku. Ota BuxpeBas aopoxka uiau JHK conepxxut nmonnyro mHpopmanuio o

CTPYKTYpE KJIETKH, TAK KAK CTPYKTypa BHUXPEBOM JOPOKKH 3aBUCUT OT CBOMCTB

KJIETKH, TaK KaK OCTOSIHHOE yucio PeltHonbaca R,[x,y,z(x,y)]= Rlo ,=1,..,3, Ha

IpaHuIle 0COOOM 30HBI, TJIC R,0 CKOPOCTh CHCTEMBI KOOPJAMHAT, MOXHO
AHAJIMTUYECKH TPOJOJDKUTh Ha Bechb 00BeM KiIeTku R, (x,y,z),/=1..3 u

BOCCTAaHOBUTH paclpeielIeHue CKOPOCTH CPebl B KIeTKe. YacTh TpaHuIlbl 001acTu
COOTBETCTBYET OINPEICIICHHON YaCTU CKOPOCTH B KJIETKE. ITO COOTBETCTBYET TOMY,
yt0 yacTh JIHK oTBeTCTBEHHA 3a Onpe/ielICHHbIN OpraH Tejia. JTa rpaHuiia o0JacTu
ONpENEIsAeT CBOMCTBA KJIETKH, a M0 HAa4YaJbHOMY 3HAYEHHIO uucia PelHoibaca
TpaHUIIBl OMpeNeNseTcsl BUXpeBas IOpoXKKa. ITUX obnactel obpasyercs [Be,
KOTOpBIE SIBJISIFOTCS HEHTPOM KJIETKH U IIPU AEIEHUH KJIETKU pa3AeistoTcsa. BHOBb
oOpa3zoBaBIIascs KjIeTKa oOpa3yeT BTOpPYI 00JacTh, U CHOBA KJIETKA MOXKET
JICTUTHCS.

Ho 4ro 3actaBnsier KIETKYy OEIHUTHCS, NPU HAJIWYUHM JBYX LEHTPOB BHYTPHU

KJIETKH. OITO MpouCXoauT B IIpoHecCe CYHMCCTBOBAHUA OTpHHaTCHLHOﬁ



45

TEMIIepaTypbl U YMEHBUIEHUS SHTPONUMU KIETKW WIM OaKkTepuu, WKW BUpYcCA.

3HTpOHI/I$I ABYX O6paBOBaBHII/IXC$I KJICTOK MCHbBIIC SHTPOITNHU OI[HOI>’I KJICTKHM TaK KaK

In N~ Nlnﬁ +Inv272N >2In(N/2)!~ Nlnﬂ +2InV7N ;N >>1,

e 2e

a moja JEWCTBUEM TPEHHUSI MNpU OTPULATEIBHOW TeMmepaType HUIYT MPOLECCH
YMEHBIIICHUSI SHTPOIUU, CJIEAOBATEIbHO, W MPOLECCHl JAeieHUst KiIeToK. [lpu
YMEHBIIIEHUU MOJTIYJISl OTPUIIATEIILHON TEMITEPATYPhl, CHUYKACTCS SHTPOIHS KIETKH,
BO3HUKAIOT COBIAJAIONIME MO pa3Mepy YacTUIBI BakKyymMa © 4Yucio N
YMEHBIIIACTCS, YTO MPUBOJUT K POCTY SHTPONUU TMPU JEJICHUU KIETKH, H,
CJIe0BaTEIbHO, HEBO3MOXKHOCTU JeieHus. [Ipyu MoJoXKUTENbHOM TeMmmepaType
MpOIECC JAEJCHUSI KIETOK HEBO3MOXKEH, TaK KaK NPUBOAUT K YMEHBIICHUIO
SHTPOTIHNH, a MO ICUCTBUEM TPEHUS SHTPOIIUS IOJDKHA PACTH MPHU TTOJIOKUTEIbHON
temriepatype. CTpemiieHne K TPOJOJDKEHUIO poja UMEIOT MPOCToe (U3HUECKOE
00BbsICHEHHE, TOJ| JACHCTBUEM TPEHHUS, CHUCTEMa CTPEMUTCS JCIUTHCS, MOHHUMKas
SHTPONUIO. AHAJOTUYHOE OOBSICHEHHE CEKCYaJlbHOTO CTPEMIJICHUS MY>KCKOTO
OpraHu3Ma, BBIJEIUThH CIEPMY, MO CTUMYJIUPYIOIIUM BO3JECHCTBUEM CUJI TPEHUS,
MOHWYKAsl SHTPOMUI0. BUOIOTHYECKH, TyTEM €CTECTBEHHOTO 0TOOpa ATO BBI3bIBAET
MOJIOKUTENIbHBIE SMOLIMH KaK Y My»CKOT'O OpTraHHU3Ma, TaK U Y AKEHCKOTO.

B uem 3axmouaercs 0Oose3Hb KIeTKH. Bo-TiepBBIX, BO BpeMs O0oJie3HH
MOBBIIIIAETCA TeMIIepaTypa, YTO MPUBOIUT K POCTY MOAYJsA KojeOaTeabHOU U
BpalllaTeIbHOM  TEMIIEpaTyphl, T.€. K CTPEMJIEHUIO K KPUCTAIIMYECKOMY
coctosiHuo. [Ipu Temmeparype 41°C HacTymaeT KpUCTALIMYECKOE COCTOSHUE
YacTHI[ BaKyymMa M CMEpPTh opraHu3Ma. bojie3Hu mpu MeHblIed Temmeparype
BBI3BAHbl BHEJIPEHUEM IOCTOPOHHHX BHUPYCOB, MEPECTPOUKE KIETOK U MOTEpe
WHIUBUAYAJIBHOCTH KJIeTKU. Ee QyHKIMS U3MEHSIETCs, U €€ BKJIaJ B ACSATEIbHOCTD
opranu3ma wucuezaeT. Eciam OOJIBIIMHCTBO KJIETOK HE BBUJICYHTH, TO HACTYIIAeT
cMepTh. JledyeHne BO3MOXKHO 3a CUET BHEAPCHHS XMMHUYECKHX U OMOJIOTHYECKHUX
BEILIECTB, U3MEHSAIONIMNX COCTaB KJICTKH, YHHYTOXAIOIIMX BPEIHOE BO3JICHCTBUE.
[TpodummakTika JedeHns] COCTOUT B 3apaKEHUE KJIETKH MAJILIMH JI03aMH BPETHBIX

BO3JICMCTBUM W CTUMYJHMPOBAaHME MMMYHHOM CHCTEMBI Ha OOpbOy ¢ HuMH. B
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HaHBHCﬁmeM HMMYHHasd CHCTEMa CMOXET YCIICIITHO 60pOTBC}I C BpPCIHBIMH

BO3/ICHCTBUAMHU, JIJIsl KOTOPBIX BHIPA0OTANICS UMMYHHUTET.
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